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PREFACE 


Selected  Water  Resources  Abstracts,  a  monthly 
journal,  includes  abstracts  of  current  and  earlier 
pertinent  monographs,  journal  articles,  reports,  and 
other  publication  formats.  These  documents  cover 
water  resources  as  treated  in  the  life,  physical,  and 
social  sciences  and  the  related  engineering  and  legal 
aspects  of  the  characteristics,  supply  condition,  con- 
servation, control,  use,  or  management  of  water 
resources  Each  abstract  includes  a  full  bibliographic 
citation  and  a  set  of  descriptors  which  are  listed  in 
the  Water  Resources  Thesaurus.  The  abstract 
entries  are  classified  into  10  fields  and  60  groups 
similar  to  the  water  resources  research  categories 
established  by  the  Committee  on  Water  Resources 
Research  of  the  then  Federal  Council  for  Science  and 
Technology. 

Selected  Water  Resources  Abstracts  is  designed 
to  serve  the  scientific  and  technical  information  needs 
of  scientists,    engineers,  and  managers  as  one  of 


several  services  of  the  Water  Resources  Scientific 
Information  Center.  The  cumulative  SWRA  file  from 
1968  and  monthly  updates  are  available  also  in 
magnetic  tape  through  lease  from  NTIS. 

THE  WATER  RESOURCES  SCIENTIFIC  INFOR- 
MATION CENTER  DOES  NOT  PROVIDE  COPIES  OF 
DOCUMENTS  ABSTRACTED  IN  THIS  JOURNAL. 
Sufficient  bibliographic  information  is  given  to  en- 
able readers  to  order  the  desired  documents  from 
local  libraries  or  other  sources. 

Comments  and  suggestions  concerning  the  contents 
and  arrangement  of  this  bulletin  are  welcome. 

Water  Resources  Scientific 

Information  Center 

U.S.  Geological  Survey 

MS  425  National  Center 

Reston,  VA  22092 
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SELECTED  WATER  RESOURCES  ABSTRACTS 


2.  WATER  CYCLE 
2A.  General 

FLOOD  HYDROCLIMATOLOGY. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Ge- 
ography and  Anthropology. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03663 

HYDROLOGIC  ASPECTS  OF  FLOODS  IN  EX- 
TREME ARID  ENVIRONMENTS. 

Hebrew  Univ.,  Jerusalem  (Israel). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03673 


FLOODS  IN  COLD  CLIMATES. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Ge- 
ography. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03674 

CLIMATIC  INFLUENCE  ON  UPPER  MISSIS- 
SD?PI  VALLEY  FLOODS. 

Wisconsin  Univ.-Madison.   Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03678 


HYDROCLIMATIC  FLUCTUATIONS  OF 
SOME  EUROPEAN  RIVERS  SINCE  1800. 

Centre   National   de   la   Recherche   Scientifique, 

Strasbourg  (France).  Centre  de  Sedimentologie  et 

de  Geochimie  de  la  Surface. 

J.  L.  Probst. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 

Western  Europe.  John  Wiley  &  Sons,  New  York. 

1989.  p  41-55.  5  fig,  5  tab,  41  ref. 

Descriptors:  *Geomorphology,  •Europe,  ♦Hydro- 
logic  cycle,  *Climatology,  *River  systems,  ♦Conti- 
nental hydrology,  Regional  development,  Precipi- 
tation, Evapotranspiration,  Runoff,  Discharge  ca- 
pacity, Catchment  areas,  Air  circulation,  Regres- 
sion analysis,  Rainfall  distribution. 

The  three  main  components  of  the  water  cycle  are 
precipitation    (P),    evapotranspiration    (E),    and 
runoff  (R)  which  results  in  the  difference  between 
the  two  first  components  (R=P-E).  River  dis- 
charges may  be  considered  as  the  runoff  compo- 
nent of  the  water  cycle  in  a  natural  system,  repre- 
sented by  the  drainage  basin.  Considering  large 
rivers  in  Europe,  the  water  cycle  can  be  studied 
most  appropriately  at  regional  scale.  River  dis- 
charge depends  on  several  factors  but  it  may  be 
viewed  as  an  integral  of  the  different  hydroclimatic 
factors  which  have  affected  the  drainage  basin. 
The  river  discharge  fluctuations  in   14  different 
regions  may  be  compared  following  latitudinal  and 
longitudinal   transects.   The   long-term   discharge 
fluctuations  of  large  rivers  may  be  viewed  as  a 
regional  barometer  that  allows  the  identification  of 
the  major  hydroclimatic  periods  which  have  af- 
fected, on  average,  the  river  basins.  In  a  small 
continental  area,  such  as  Europe,  the  river  dis- 
charges fluctuate  more  or  less  synchronously  over 
long  time  periods.  The  progressive  lags  of  the 
hydroclimatic  periods,  going  from  west  to  east  and 
from  south  to  north,  have  not  yet  been  completely 
elucidated,  but  may  be  related  to  the  general  at- 
mospheric circulation  and  more  particularly  to  the 
zonal  and  meridional  propagation  of  the  two-di- 
mensional   pressure   anomaly   pattern.    European 
runoff  fluctuations,  reconstituted  using  regression 
analysis  between  river  discharges,  appear  to  be  in 
phase  with  European  rainfall  patterns.  (See  also 
(W9WB689)  (Fish-PTT) 
W90-03692 


ANNUAL     REPORT     OF     THE     NATIONAL 
BOARD  OF  WATERS  AND  THE  ENVIRON- 
MENT FOR  1988.  (VESI-JA  YMPARISTOHAL- 
LINTO,  TOIMINTA  KERTOMUS  1988). 
National  Board  of  Waters,  Helsinki  (Finland). 
For  primary  bibliographic  entry  see  Field  6A. 
W90-03817 


HYDROLOGIC  SYSTEMS.  VOLUME  I:  RAIN- 
FALL-RUNOFF MODELING. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 

Engineering.  . 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03764 


EFFECTS  OF  CLIMATE  CHANGE  ON  WATER- 
SHED RUNOFF. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 
Div 

D.  M.  Wolock,  M.  A.  Ayers,  L.  E.  Hay,  and  G.  J. 
McCabe. 

IN:  Hydraulic  Engineering  '89  Proceedings,  Na- 
tional Conference  on  Hydraulic  Engineering,  HY 
Div  ASCE,  New  Orleans,  Louisiana,  August  14- 
18,  1989.  1989.  p  673-678,  1  tab,  11  ref. 

Descriptors:  ♦Watersheds,  ♦Runoff,  ♦Climatology, 
♦Global  warming,  ♦Model  studies,  ♦Delaware 
River  Basin,  ♦Climates,  ♦Hydrologic  models, 
Carbon  dioxide,  Temperature,  Precipitation,  TOP- 
MODEL,  Stomatal  resistance,  Precipitation. 

Forecasts  of  changes  in  watershed  runoff  in  the 
Delaware  River  basin  that  result  from  a  range  of 
predicted  effects  of  increased  atmospheric  carbon 
dioxide  (C02)  on  future  precipitation,  temperature, 
and  stomatal  resistance  of  plants,  were  examined. 
A  deterministic  hydrologic  model,  TOPMODEL, 
was  driven  with  stochastic  inputs  of  temperature 
and  precipitation  to  derive  the  forecasts.  Results 
indicate  that  the  direction  and  magnitude  of  the 
changes  in  watershed  runoff  are  dependent  on  the 
relative  magnitudes  of  the  induced  changes  in  pre- 
cipitation, temperature,  and  stomatal  resistance. 
Natural  variability  in  temperature  and  precipitation 
obscured  the  changes  in  watershed  runoff  even 
when  the  simulated  changes  in  precipitation,  tem- 
perature, and  stomatal  resistance  were  substantial. 
(See  also  W90-03825)  (Author's  abstract) 
W90-03824 

GEOGRAPHIC  INFORMATION  SYSTEM/WA- 
TERSHED MODEL  INTERFACE. 

Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div.  •-     _ 
For  primary  bibliographic  entry  see  Field  7C 
W90-03826 

PHYSICALLY  BASED  NETWORK  MODEL 
FOR  TWO-  AND  THREE-PHASE  SATURA- 
TION -CAPIXLARY  PRESSURE  RELATION- 
SHIPS. 

Massachusetts  Inst,  of  Tech.,  Cambridge. 

For  primary  bibliographic  entry  see  Field  2G 

W90-03890 

HYDROGEOLOGICAL  AND  HYDROGEOCHE- 
MICAL  CHARACTERIZATION  AND  IMPLI- 
CATIONS FOR  CONSUMPTIVE  GROUND- 
WATER USE  OF  A  LARGE  GLACIAL-DRJPT 
AQUD7ER  SYSTEM  IN  SOUTHWEST  MICHI- 
GAN. 

Western  Michigan  Univ.,  Kalamazoo.  Center  tor 
Water  Research. 

W.  T.  Straw,  A.  E.  Kehew,  Y.  Darama,  R.  B. 
Wallace,  and  M.  Kasenow. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-237283/ 
AS,  price  codes:  A06  in  paper  copy,  A01  in  micro- 
fiche. Michigan  Institute  of  Water  Research,  East 
Lansing,  Technical  Report  No.  88-G 1569-03,  April 
1989.  114p,  14  fig,  8  tab,  11  ref,  2  append.  USGS 
Contract  no.  14-08-0001-G1569.  USGS  Project  no. 
G1569-03. 

Descriptors:  ♦Model  studies,  ♦Michigan,  ♦Geo- 
chemistry, ♦Geohydrology,  ♦Groundwater,  ♦Gla- 
cial aquifer,  ♦Aquifer  systems,  ♦Consumptive  use, 
Wetlands,  Streamflow,  Evapotranspiration,  Re- 
charge-discharge,  Groundwater  quality,  Finite  ele- 
ment model. 


irrigation  withdrawals  and  both  point  and  non- 
point  source  contamination.  Groundwater  flow 
and  water  quality  in  the  aquifer  was  studied  in  the 
first  year  of  this  project  with  five  clusters  of  nested 
piezometers  and  other  individual  wells.  The  stra- 
tigraphy of  the  aquifer  was  defined  by  drilling  and 
gamma-ray  logging.  Water  level  measurements 
from  nested  piezometers  indicate  regional  flow  to 
the  southeast  with  local  perturbations  caused  by 
lakes  and  wetlands  located  in  depressions  in  the 
surface  topography.  Water  quality  data  from  pie- 
zometers and  domestic  wells  are  being  evaluated 
for  use  in  determining  recharge/discharge  relation- 
ships and  for  defining  horizontal  and  vertical  zones 
of  contamination  with  the  aquifer.  A  steady  state 
simulation  of  the  regional  groundwater  flow 
system  was  developed  to  estimate  the  impacts  of 
groundwater  withdrawals  on  groundwater  dis- 
charge to  streams,  wetlands  and  lakes  in  the  aqui- 
fer. A  2-D  finite  element  model  was  utilized  to 
simulate  the  groundwater  flow.  The  simulation 
model  was  calibrated  to  adjust  the  hydraulic  con- 
ductivities and  thickness.  The  calibrated  model 
showed  that  aquifer  piezometric  heads  and  bound- 
ary fluxes  to  the  stream  were  reasonable.  The 
calibrated  model  also  showed  that  the  method  for 
incorporating  wetland  ET  requires  improvement. 
Therefore,  it  was  concluded  that  the  numerical 
model  should  be  modified  to  incorporate  evapo- 
transpiration as  a  function  of  the  position  of  the 
water  table.  (USGS) 
W90-03891 


The  Schoolcraft  outwash  fan,  a  thick  deposit  of 
sand  and  gravel  extending  eastward  from  the  Kala- 
mazoo Moraine  in  southwestern  Michigan,  con- 
tains a  shallow  unconfined  aquifer  impacted  by 


HYDROLOGIC  INFORMATION  AND  ANALY- 
SES REQUTRED  FOR  MITIGATING  HYDRO- 
LOGIC  EFFECTS  OF  URBANIZATION. 

Washington  Univ.,  Seattle.  Dept.  of  Civil  Engi- 
neering. 

S.  J.  Burges,  B.  A.  Stoker,  M.  S.  Wigmosta,  and  R. 
A.  Moeller. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-109448/ 
AS  Water  Resources  Series,  Technical  Report 
No  117,  June  1989.  131p,  54  fig,  7  tab,  132  ref,  8 
append.  USGS  Contract  no.  14-O8-O0O1-G13OO. 

Descriptors:  ♦Urban  hydrology,  ♦Hydrology, 
♦Hydrographs,  ♦Model  studies,  ♦Watersheds,  ♦Hy- 
drologic data,  •Subsurface  mapping,  ♦Geographic 
information  systems,  Environmental  impact,  Urban 
planning,  Rainfall,  Runoff,  Land  use,  Channels, 
Urbanization,  Rainfall-runoff  relationships. 

The  objectives  were  to  characterize  for  gauged 
and  ungauged  catchments  the  pre-development  hy- 
drology and  to  determine  or  estimate  the  post- 
development  hydrology  and  develop  criteria  for 
runoff  control  measures  to  mitigate  hydrologic  ef- 
fects of  development.  Field  observations  combined 
with  map  and  stereo  aerial  photograph  interpreta- 
tion are  used  to  identify  catchment  features  associ- 
ated with  runoff  production.  Hydrologic  and  geo- 
morphic  processes,  that  are  identified  by  the  proc- 
ess zone  mapping  procedure  developed  include 
areas  of  saturated  overland  flow,  return  flow,  areas 
with  significant  water  detention,  and  channel  seg- 
ments  where   sediment  transport  thresholds  are 
likely  to  be  exceeded.  Process  zone  maps  are  pre- 
pared for  any  proposed  development  configuration 
and  differences  between  them  and  the  predevelop 
conditions  are  summarized.  Changes  in  drainage 
density,  water  detention  volume  and  quick  storm 
response  areas  are  associated  with  their  respective 
downstream  channels.  Examination  of  the  channel 
sections,  bars,  and  substrate  for  channel  segments 
draining  relatively  undisturbed  and  changed  parts 
of  the  catchment,   respectively,   indicate   critical 
channel  erosion  problems  and  erosion  and  deposi- 
tion   potential.    Flow    released    from    mitigative 
schemes,  must  be  constrained  above  the  start  of 
first    order-channels    if    channel    geometry    and 
stream  habitat  are  to  be  preserved.  The  method 
yields  primarily  two-dimensional  zone  maps  and 
channel  segments,  each  having  several  associated 
attributes.  The  information  is  stored  most  conven- 
tionally using  an  appropriate  geographic  informa- 
tion system.  A  relatively  simple  spatially-distribut- 
ed rainfall-runoff  model  for  quantitative  decision 
making  was  developed  using  the  mapped  extent  of 
flow  production  zones  as  subareas  within  subcatch- 
ments.  Upper  soil  (and  litter)  and  lower  soil  depths 


Field  2— WATER  CYCLE 


Group  2A — General 

are  included  explicitly.  The  hydrographs  deter- 
mined for  subareas  (twenty  to  thirty/one  hundred 
hectares)  provide  guidance  for  the  type  and  loca- 
tion of  appropriate  mitigative  measures  to  reduce 
hydrologic  impacts.  (USGS) 
W90-03896 


WATER  TRANSFERS  INTO  GLACIAL  DEPOS- 
F^J?F  A  WATERSHED  IN  THE  GENEVA 
LAKE  BASIN:  WATER  TRANSFERS  IN  THE 
UNSATURATED  ZONE  (ETUDE  DES  TRANS- 
FERTS  D'EAU  A  L'INTERIEUR  D'UNE  FOR- 
MATION MORAINIQUE  DANS  LE  BASSIN 
DU  LEMAN:  TRANSFERTS  D'EAU  LA  ZONE 
NON  SATUREE).  **»*a 

Institut  National  de  la  Recherche  Agronomique 
Thonon-les-Bains  (France).  Centre  de  Recherches 
Geodynamiques. 

For  primary  bibliographic  entry  see  Field  2E 
W90-03912 


MASSIVE  WATER  SCARCITY  NOW  THREAT- 
ENING AFRICA-WHY  ISNT  IT  BEING  AD- 
DRESSED. 

Swedish  Natural  Science  Research  Council,  Stock- 
holm. 
For  primary  bibliographic  entry  see  Field   6D. 

W90-O4004 


RUNOFF   MODELING    UNDER   NOISE-COR- 
RUPTED  RAINFALL  CONDITIONS. 

McMaster   Univ.,   Hamilton   (Ontario).   Dept.   of 
Civil  Engineering  and  Engineering  Mechanics. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-O4021 


SIMULATING       EFFECT       OF       CHANNEL 
CHANGES  ON  STREAM  INFILTRATION. 

Arizona     Water     Resources     Research     Center 

Tucson. 

For  primary  bibliographic  entry  see  Field  2E 

W90-04122 


FLOW  PERSISTENCE  AS  A  MODD7D2R  OF 
SEASONAL  RUNOFF  PATTERNS. 

For  primary  bibliographic  entry  see  Field  2E 
W90-04178 


EVALUATION    OF    INFLOW    TO    MIRROR 
LAKE,  NEW  HAMPSHIRE. 

Geological  Survey,  Lakewood,  CO. 

For  primary  bibliographic  entry  see  Field  2H 
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GEOLOGY,  HYDROLOGY  AND  HISTORY  OF 
THE  WASHINGTON,  D.C.  AREA. 

American  Geological  Inst.,  Alexandria,  VA 
1989.  114  p.  Edited  by  John  E.  Moore,  Julia  A 
Jackson,  and  Joan  M.  Rubin. 

Descriptors:  •Geohydrology,  'History,  'District 
of  Columbia,  Potomac  River,  Hydrology,  Springs 
Geology,  Canals,  Water  supply,  Channel  improve- 
ment. 

Washington,  D.C,  lies  along  the  Potomac  River 
and  is  about  130  miles  (220  km)  from  the  Atlantic 
Ocean.  George  Washington  selected  the  site  for 
the  city  in  1771,  and  the  government  moved  here 
from  Philadelphia  in  1800.  Pierre  L'Enfant,  who 
designed  Washington,  patterned  it  after  Versailles 
France.  Today,  Washington,  DC,  has  more  than 
600,000  inhabitants.  If  the  surrounding  suburbs  are 
included,  the  metropolitan  area  has  a  total  popula- 
tion of  more  than  3  million.  This  book  contains 
articles  that  describe  geologic,  hydrologic,  and 
historical  features  of  Washington,  D.C.  In  addition 
to  the  material  of  more  strictly  geologic  and  histor- 
ical interest,  sections  are  devoted  to  the  Chesa- 
peake and  Ohio  Canal,  The  Patowmack  Canal, 
Potomac  River  Channel  Improvements,  and  the 
District  of  Columbia  Water  Supply  System.  This 
book  was  prepared  for  participants  of  the  28th 
International  Geological  Congress.  A  walking  tour 
allows  the  reader  an  opportunity  to  view  features 
of  topical  interest  and  the  architecture  along  Penn- 


sylvania Avenue.  (See  also  W90-04272)  (Lantz 
W90-04271 


w1tVR?ndDhowDROLOGIC  FORECASTING: 

Proceedings  of  an  Engineering  Foundation  Con- 
ference, Asilomar  Conference  Grounds,  Pacific 
Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  452p. 

Descriptors:  'Hydrology,  •Forecasting,  *Water 
management,  'Data  interpretation,  Economic  as- 
pects, Watershed  management,  Meteorology 
Flood  forecasting,  Drought,  Model  studies 
Streamflow,  Flood  plain  management,  Hydroelec- 
tric power. 

This  conference  was  structured  to  achieve  several 
purposes.  The  primary  purpose  was  to  share  les- 
sons that  were  learned  during  the  drought  of  1976 
and  1977  with  practicing  hydrologists.  During  that 
drought,  methods  that  were  developed  during  wet 
periods  became  unsatisfactory.  Project  forecasting 
for  hydropower,  for  irrigation  supply  and  for  mu- 
nicipal and  industrial  supply  came  under  more 
scrutiny  than  ever  before.  Another  goal  was  to 
remind  the  practicing  hydrologists  of  the  wide 
variety  of  purposes  for  which  the  numbers  he 
develops  can  be  used.  Too  often  the  hydrologist 
sees  only  part  of  a  project  and  does  not  recognize 
the  full  impact  of  his  input;  to  raise  a  few  thoughts 
about  what  the  future  may  hold  for  the  practicing 
hydrologist.  Presentations  are  divided  into  eight 
broad  categories:  (1)  analytic  techniques  in  hydrol- 
ogy-state-of-the-art; (2)  economic  aspects  of  hy- 
drologic forecasting;  (3)  meteorology  and  hydrolo- 
gy; (4)  non-meteorological  data;  (5)  power  fore- 
casting; (6)  changing  needs  in  hydrologic  forecast- 
ing; (7)  flooding  and  flood  plain  management;  and 
(8)  environmental  applications.  (See  W90-04309 
thru  W90-04337)  (Lantz-PTT)  ™»™y 

W90-04308 


2B.  Precipitation 


FLOOD  CLEMATES. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03662 


FLOOD  HYDROCLIMATOLOGY. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Ge- 
ography and  Anthropology. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03663 


WISCONSIN        REGIONAL        INTEGRATED 

LAKE-WATERSHED  ACIDIFICATION  STUDY 

(RJXWAS):  1981-1983. 

Wisconsin  Dept.  of  Natural  Resources,  Madison 

Bureau  of  Research. 

For  primary  bibliographic  entry  see  Field  5B 

W90-O3790 


AUTOMATIC  RAINFALL  LOGGER  AND  SAM- 
PLER FOR  FTELD  USE. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  7B 

W90-03798 


SIMULATION  OF  PRECD7ITATION  BY 
WEATHER-TYPE  ANALYSIS. 

Gee  logical  Survey,  Trenton,  NJ.  Water  Resources 
Div. 

G.  J.  McCabe,  L.  E.  Hay,  L.  S.  Kalkstein,  M.  A. 
Ayers,  and  D.  M.  Wolock. 

IN:  Hydraulic  Engineering  '89  Proceedings,  Na- 
tional Conference  on  Hydraulic  Engineering,  Hy 
Div,  ASCE,  New  Orleans,  Louisiana,  Aueust  14- 
18,  1989.  1989.  p  679-684,  2  tab,  8  ref. 

Descriptors:  'Global  wanning,  'Simulation  analy- 
sis, 'Precipitation,  'Climates,  'Weather  forecast- 


ing, 'Model  studies,  'Meteorology,  'Philadelphia 
Delaware  River  Basin,  Stochastic  analysis,  Hydro- 
logic  models,  Pennsylvania,  Forecasting. 

The  US  Geological  Survey  is  studying  the  poten- 
tial effects  of  climatic  change  on  the  water  re- 
sources of  the  Delaware  River  basin.  This  task 
requires   definition   of  regional   climatic   change, 
which  is  not  provided  by  existing  general  circula- 
tion models.  Therefore,  a  new  approach  that  uses 
weather-type  analysis  as  a  basis  for  stochastic  pre- 
cipitation modeling  was  developed  and  tested  for 
Philadelphia,  PA.  The  weather  types  permit  the 
identification    of   weather    conditions    associated 
with  varying  frequencies,  intensities,  and  amounts 
of  precipitation.   Weather-type   frequencies  were 
used   to  simulate  precipitation   stochastically   for 
Philadelphia  to  produce  estimates  that  statistically 
match  observed  precipitation.  A  new  method  that 
applies  climatic-change  scenarios  to  weather-type 
frequencies  to  simulate  future  precipitation   was 
developed.  This  weather-type  procedure  identifed 
weather  conditions  associated   with  varying  fre- 
quencies, intensities,  and  amounts  of  precipitation 
and  provided  a  physical  basis  for  developing  sto- 
chastic models  of  precipitation.  An  analysis  of  pre- 
cipitation distributions  for  each  weather  type  indi- 
cated   exponential    distributions    for   all    weather 
types.  Assessment  of  the  effects  of  potential  climat- 
ic  change    requires    weather-type    calendars    for 
future  conditions.   Analysis  of  the  weather-type 
calendar  for  the  31 -year  period  for  Philadelphia 
provides  probabilities  of  weather-type  occurrence 
and    persistence.    (See    also    W90-03824)   (Lantz- 

W9O-03825 


SIMPLE  MODEL  OF  DROPLET  SPECTRAL 
EVOLUTION  DURING  TURBULENT  MIXING. 

Washington  Univ.,  Seattle.  Geophysics  Program. 
For  primary  bibliographic  entry  see  Field  7C 
W90-03899 


PERIODICITIES         IN 


INTRASEASONAL 
INDIAN  RAINFALL. 

Washington  Univ.,  Seattle.  Dept.  of  Atmospheric 

Sciences. 

D.  L.  Hartmann,  and  M.  L.  Michelsen. 

Journal  of  the  Atmospheric  Sciences  JAHSAK 

Vol.  46,  No.  18,  p  2828-2862,  September  15,  1989* 

23  fig,  1  tab,  38  ref. 

Descriptors:  'Climatology,  'Meteorology,  'India, 
'Rainfall,  'Precipitation,  'Monsoons,  'Meteoro- 
logical data  collections,  Statistical  methods,  Statis- 
tical analysis,  Seasonal  variation,  Spectral  analysis. 

Spectral  analysis  of  a  70-yr  (1901-1970)  record  of 
daily  precipitation  from  3700  stations  in  India  was 
earned  out  to  search  for  periodicities  on  subsea- 
sonal   time  scales  during  the  summer  monsoon. 
Two  statistically  significant  spectral  peaks  were 
found.  A  40-50  day  spectral  peak  conesponding 
the  Madden-Julian  Oscillation  is  found  over  most 
of  the  portion  of  India  south  of  23  degrees  N.  The 
phase  of  the  oscillation  is  such  that  the  precipita- 
tion maximum  appears  first  over  the  relatively  dry 
southeaster  portion  of  the  peninsula.  Ten  to   12 
days  later,  the  precipitation  peaks  simultaneously 
all  along  the  coast  west  of  the  Western  Ghats  and 
along  a  line  running  across  India  between  20  de- 
grees and  25  degrees  N.  The  precipitation  maxi- 
mum then  spreads  slowly   northward   and  loses 
significance.  Cross-spectral  analysis  shoes  strong 
coherence  between  the  precipitation  patterns  and 
wind  oscillations.   In  addition  to  the  40-50  day 
oscillation,  significant  spectral  peaks  and  coherent 
structures  in  precipitation  were  found,  whose  char- 
acteristics correspond  to  those  of  monsoon  lows. 
These  are  associated  with  a  peak  in  the  precipita- 
tion spectrum  between  about  5  and  7  days,  which 
is  strongest  on  the  Bay  of  Bengal  coast  near  21 
degrees  N.  The  5-7  day  oscillation  in  precipitation 
extends  west-northwest  across  the  breadth  of  India 
along  the  known  track  of  monsoon  lows.  The 
phase  of  the  oscillation  indicates  that  the  precipita- 
tion anomalies  propagate  westward  across  India 
with  a  phase  speed  of  about  5  m/s.  This  oscillation 
explains  as  much  as  20%  of  the  variance  of  precipi- 
tation in  some  locations.  Evidence  for  a  spectral 
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peak  near  15  days  is  sparse,  being  limited  to  a  few 
regions  in  the  north  of  India  where  the  40-50  day 
oscillation  does  not  dominate  the  low-frequency 
variance.  (Author's  abstract) 
W9O-0390O 

IN  SITU  MEASUREMENTS  OF  TOTAL  REAC- 
TIVE NITROGEN,  TOTAL  WATER,  AND  AER- 
OSOL IN  A  POLAR  STRATOSPHERIC  CLOUD 
IN  THE  ANTARCTIC.  .    . 

National  Oceanic  and  Atmospheric  Administra- 
tion, Boulder,  CO.  Aeronomy  Lab. 
D.  W.  Fahey,  K.  K.  Kelly,  G.  V.  Ferry,  L.  R. 
Poole,  and  J.  C.  Wilson. 

Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol  94,  No.  9,  p  11,299-11,315,  August 
30  1989.  16  fig,  2  tab,  73  ref. 

Descriptors:  *Atmospheric  water,  *Clouds, 
♦Water  vapor,  *Air  pollution,  'Aerosols,  •Antarc- 
tica, 'Water  chemistry,  *Water  pollution  effects, 
•Air  pollution  effects,  *Ozone,  •Nitrogen  oxides, 
•Acid  rain,  Nitrogen,  Nitrates,  Chemistry  of  pre- 
cipitation. 

Measurements  of  total  reactive  nitrogen  (NOy), 
total  water,  and  aerosol  were  made  as  part  of  the 
Airborne    Antarctic    Ozone    Experiment    during 
August  and  September  1987.  A  polar  stratospheric 
cloud  (PSC)  was  encountered  on  a  flight  of  the 
NASA  ER-2  aircraft,  containing  concentration  of 
0  8-2.6  micron  diameter  aerosol  particles  greater 
than   1   cu  cm.   The  temperatures  in  the  cloud 
ranged  as  low  as  184  K  near  65  mb  pressure,  but 
they  remained  above  the  frost  point  of  water  ice, 
except  for  short  intervals.  From  knowledge  of  the 
vapor  pressures  over  nitric  acid  condensates,  the 
appearance  of  aerosol  above  the  background  level 
is  consistent  with  the  formation  of  the  trihydrate 
phase,  HN03-3H20.  The  anisokinetic  feature  of 
the  NOy  sample  probe  enhances  the  concentration 
of  large  aerosol  particles  in  the  inlet  by  a  factor  of 
about  9.  NOy  levels  above  20  ppb  by  volume 
observed  in  the  PSC  indicate  that  aerosol  NOy 
species  contribute  substantially  to  the  NOy  signal. 
The  amount  of  aerosol  HN03-3H20  necessary  to 
enhance  the  NOy  signal  to  observed  levels  is  cal- 
culated from  aerosol  impaction  theory  and  is  found 
to  be  in  satisfactory  agreement  with  the  observe 
aerosol  volume.  In  addition,  using  the  saturation 
vapor  pressures  and  an  estimate  of  available  HN03 
in  the  cloud,  the  predicted  volume  of  HN03- 
3H20)  also  shows  satisfactory  agreement  with  the 
directly  measured  aerosol  volume.  These  results 
indicated  that  substantial  aerosol  volume  contain- 
ing HN03  and  H20  is  formed  at  temperatures 
above  the  frost  point  in  the  Antarctic  stratosphere 
in  the  winter  and  spring  months.   Such  aerosol 
formation  is  thought  to  be  the  prerequisite  for  the 
production  of  active  chlorine  in  heterogeneous  re- 
actions and  for  the  large-scale  removal  of  NOy 
through  aerosol  sedimentation.  (Author's  abstract) 
W90-03901 

PHYSICAL  PROCESSES  IN  POLAR  STRATO- 
SPHERIC ICE  CLOUDS. 

National  Aeronautics  and  Space  Administration, 

Moffett  Field,  CA.  Ames  Research  Center. 

O.  B.  Toon,  R.  P.  Jordan,  J.  Goodman,  and  G. 

Ferry 

Journal  of  Geophysical  Research  (D)  Atmospheres 

JGRDE3,  Vol  94,  No.  9,  p  11,359-11,380,  August 

30  1989.  16  fig,  63  ref. 


Descriptors:  *Atmospheric  water,  *Model  studies, 
•Atmospheric  physics,  *Nitrogen  oxides,  *Ice, 
•Clouds,  'Water  vapor,  Acid  rain,  Aerosols,  At- 
mosphere, Air  circulation. 

A  one-dimensional  model  of  cloud  microphysics 
was  used  to  simulate  the  formation  and  evolution 
of  polar  stratospheric  ice  clouds.  The  model  results 
are  in  general  agreement  with  many  of  the  ob- 
served properties  of  these  clouds,  including  their 
optical  properties,  impact  on  water  vapor,  and 
particle  size.  It  was  found  that  the  clouds  must 
undergo  preferential  nucleation  upon  the  preexist- 
ing aerosols,  just  as  tropospheric  cirrus  clouds  do. 
Therefore,  there  is  an  energy  barrier  between  strat- 
ospheric nitric  acid  particles  and  ice  particles,  im- 
plying that  nitric  acid  does  not  form  a  continuous 


set  of  solutions  between  the  trihydrate  and  ice.  The 
Kelvin  barrier  is  not  significant  in  controlling  the 
rate  of  formation  of  ice  particles,  except  ui  air 
parcels  that  have  cooled  very  slowly.  It  wa  found 
that  the  cloud  properties  are  very  sensitive  to  the 
rate  at  which  the  air  parcels  cool.  In  wave  clouds, 
with  cooling  rates  of  hundreds  of  degrees  per  day, 
most  of  the  existing  aerosols  nucleate  and  become 
ice  particles.  Such  clouds  have  particles  with  sizes 
of  the  order  of  a  few  microns,  and  optical  depths 
of  the  order  of  unity,  and  are  probably  not  efficient 
at  removing  materials  from  the  stratosphere.  Sea- 
sonal simulations  showed  that  the  lowest  water 
vapor  mixing  ratio  is  determined  by  the  lowest 
temperature  reached  and  that  the  time  when 
clouds  disappear  is  controlled  by  the  time  when 
temperatures  begin  to  rise  above  the  minimum 
values.  Hence,  clouds  occur  in  the  early  winter  at 
temperatures  that  are  higher  than  those  at  which 
clouds  occur  in  the  late  winter.  The  ice  clouds  are 
not  able  to  remove  a  significant  amount  of  nitric 
acid  through  physical  processes  such  as  coagula- 
tion with,  or  nucleation  upon,  nitric  acid  aerosols. 
Such  removal  may  occur  through  other  processes, 
not  included  in  the  current  simulations.  (Author  s 
abstract) 
W90-039O2 

ESTIMATION  OF  RAINFALL  INBURKTNA 
FASO    USING   THE   ESOC   PRECIPITATION 

INDEX.  ^  ™         t  A* 

European   Space   Operations   Centre,   Darmstadt 

(Germany,  F.R.). 

O.  M.  Turpeinen,  and  A.  A.  Diallo. 

Journal  of  Climate  JLCLEL,  Vol.  2,  No.  2,  p  121- 

130,  February  1989.  6  fig,  9  tab,  12  ref. 

Descriptors:  •Weather  forecasting,  'Burkina  Faso, 
•Meteorology,  *Rainfall,  *Precipitation,  *Seasonal 
variation,  *Climatology,  'Clouds,  'Regression 
analysis,  Weather,  Weather  data  collections,  Satel- 
lites, Remote  sensing. 

Rainfall  is  estimated  in  Burkina  Faso  for  a  full  year 
using  the  ESOC  precipitation  index  (EPI),  a  statis- 
tical cloud  indexing  method  based  on  satellite  data 
from  METEOSAT.  The  EPI  is  converted  into 
rainfall  with  the  linear  regression  calculated  be- 
tween the  EPI  and  the  observed  rainfall  from  a 
dense  network  of  rain  gages.  Only  one  regression 
line  based  on  the  largest  possible  sample  is  used. 
THe  accuracies  of  the  yearly  and  seasonal  ram 
estimates   are   assessed   to   determine   whether   a 
single  EPI-rainfall  relation  can  be  applied.  The 
results  show  that  the  yearly  precipitation  can  be 
estimated  to  a  high  degree  of  accuracy.  On  the 
other  hand,  the  precision  of  the  seasonal  estimates 
exhibits  large  fluctuations.  While  the  dry  season 
estimates  are  reliable,  the  transition  between  the 
dry  and  rainy  season  is  characterized  by  a  consid- 
erable overestimation,  caused  by  the  abundance  of 
cold,  nonprecipitating  cirrus  on  the  northern  side 
of  the  intertropical  convergence  zone.  During  the 
rainy  season,  the  method  suffers  from  a  slight 
underestimation.  To  resolve  the  major  problem, 
that  of  nonprecipitating  cirrus,  a  lower  tempera- 
ture threshold  of  220  K  instead  of  235  K  is  applied 
in  the  determination  of  the  EPI.  The  rain  estimates 
for  the  transition  period  do  improve  slightly,  but 
the  gain  is  offset  by  the  deterioration  of  the  ram 
estimates  made  for  the  whole  year  and  the  rainy 
season.  The  results  suggest  that  the  ram  estimates 
made  with  a  single  EPI-rainfall  relation  are  useful, 
but  that  they  could  be  improved  with  some  type  of 
seasonal  adjustments.  (Author's  abstract) 
W90-03914 


Precipitation — Group  2B 

The  diagnostic  understanding  of  large-scale  cli- 
mate variability  in  the  tropics  was  investigated. 
The  role  and  importance  of  the  Southern  Oscula- 
tion (SO)  over  the  Atlantic,  eastern  Pacific,  and 
Indian  oceans  was  analyzed  and  compared  with 
other  surface  circulation  modes  that  contribute  to 
interannual    climate    variations.    Ship    data,    con- 
densed into  clusters  of  sea  level  pressure,  surface 
wind,   cloudiness,    and   sea   surface   temperature, 
were  studied  using  orthogonally  rotated  principal 
component   analysis.   All   four   ocean-atmosphere 
elements  were  combined  in  the  analysis.  Five  rotat- 
ed principal  components  (PCs)  appear  as  near  opti- 
mal solutions  in  both  boreal  winter  and  summer. 
Most  of  these  circulation  modes  feature  a  highly 
correlated,  kindred  mode  in  either  the  preceding  or 
following  extreme  season,  resulting  in  a  preferred 
2-year   sequence  of  modes   that  starts  with  the 
boreal  summer  SO  mode.  An  overall  shift  in  the 
climate  regime  of  the  tropics  is  found  at  the  end  of 
the  1960s,  heralding  the  recurrent  climate  extremes 
of  the  1970s.  The  SO  is  confirmed  as  the  most 
important  circulation  mode.  In  boreal  summer,  the 
second  and  third  PC,  called  Atlantic  Sahel  and 
global  Sahel  mode,  both  correlate  well  with  Subsa- 
haran  rainfall.  The  Atlantic  Sahel  mode  focuses  on 
the  Atlantic  near-equatorial  trough,  whose  north- 
ward   shift   in   conjunction    with    above-average 
North  Atlantic  SST  has  been  associated  previously 
with  wet  West  African  monsoon   seasons.   The 
global  Sahel  mode  complements  the  Atlantic  mode 
by  emphasizing  features  in  the  Indian  and  South 
Atlantic  Ocean  domains,  in  particular,  in  the  SST 
field  which  shows  strong  negative  departures  for 
abundant  Sahel  rainfall  years,  often  preceded  by  a 
positively  scoring  SO  mode  in  boreal  winter  (i.e., 
anomalously  high/low  pressure  over  the  eastern/ 
western  Pacific).  While  the  Atlantic  Sahel  mode 
relates  better  to  the  year-to-year  variability  of  Sub- 
saharan  rainfall,  the  global  Sahel  mode  features  a 
strong  negative  trend  that  corresponds  best  to  the 
long-term  downward  trend  of  this  climate  feature. 
Since  both  Sahel  modes  correlate  strongly  with 
precursor  modes  in  boreal  winter,  some  of  the 
Sahel  rainfall  variance  may  be  foreshadowed  a 
semester  in  advance.  (Author's  abstract) 
W90-03915 


MODES  OF  TROPICAL  CIRCULATION, 
SOUTHERN  OSCILLATION,  AND  SAHEL 
RAINFALL  ANOMALIES. 

Wisconsin  Univ.-Madison.  Dept.  of  Meteorology. 

Journal  of  Climate  JLCLEL,  Vol.  2,  No.  2,  p  149- 
172  February  1989.  16  fig,  3  tab,  47  ref,  append. 
NSF  Grant  ATM-8722410  and  NOAA  Grant 
NA86  AAD-AC064. 

Descriptors:  'Southern  oscillation,  'Climatology, 
'Meteorology,  'Weather,  'Atmosphere,  •Cli- 
mates, •  Africa,  *Rainfall,  'Drought,  Seasonal  vari- 
ation, Air  circulation,  Statistical  methods,  Weather 
data  collections,  Clouds,  Air-water  interfaces. 


SEA  SURFACE  TEMPERATURES  AND  AUS- 
TRALIAN WTNTER  RAINFALL. 

Bureau  of  Meteorology,   Melbourne   (Australia). 

Research  Centre. 

N.  Nicholls. 

Journal  of  Climate  JLCLEL,  Vol.  2,  No.  9,  p  965- 

973,  September  1989.  8  fig,  23  ref. 

Descriptors:  *Southern  oscillation,  'Climatology, 
•Rainfall,  •Precipitation,  'Australia,  'Climates, 
•Rainfall  distribution,  *Atmosphere,  Weather, 
Weather  data  collections,  Indian  Ocean. 

A  rotated  principal  component  analysis  of  Austra- 
lian winter  (June-August)   rainfall  revealed  two 
large-scale  patterns  of  variation  which,  together, 
accounted  for  more  than  half  of  the  total  rainfall 
variance.    The    first    pattern    was    a    broadband 
stretching  from  the  northwest  to  the  southeast 
corners  of  the  country.  The  second  was  centered 
in  the  eastern  third  of  the  continent.  The  two 
patterns  were  correlated  to  sea  surface  tempera- 
tures in  the  Indian  and  Pacific  oceans.  The  first 
rainfall  pattern  was  best  related  to  the  difference  in 
sea  temperatures  between  the  Indonesian  region 
and  the  central  Indian  Ocean.  The  second  rainfall 
pattern  was  related  to  equatorial  Pacific  sea  surface 
temperatures.  This  relationship  reflects  the  influ- 
ence of  the  Southern  Oscillation  on  both  sea  sur- 
face temperatures  and  Australian  rainfall  but  the 
relationship  between  the  first  rainfall  pattern  and 
the   difference   between    Indonesian   and   central 
Indian  Ocean  sea  surface  temperatures  is  largely 
independent  of  the  Southern  Oscillation.  This  sea 
surface  temperature   difference   may   be   another 
factor  influencing   Australian  rainfall,   somewhat 
separate  from  the  well-known  effect  of  the  South- 
ern Oscillation.  (Author's  abstract) 
W90-03916 


Field  2— WATER  CYCLE 


Group  2B— Precipitation 


TROPICAL  SQUALL  LINE  OBSERVED 
S,™lN?  THE  COPT  81  EXPERIMENT  IN 
WEST  AFRICA.  PART  II:   WATER   BUDGET 

Centre  de  Recherches  en  Physique  de  l'Environne- 

ment,  Issy-les-Moulineaux  (France). 

M.  Chong,  and  D.  Hauser. 

Monthly  Weather  Review  MWREAB,  Vol    117 

No.  4  p  728-744,  April  1989.  6  fig,  3  tab,  27  ref,  3 

append. 

Descriptors:  'Meteorology,  'Weather,  'Storms, 
bqualls,  'Atmospheric  water,  'Air  circulation 
Convective    precipitation,    'Hydrologic   budget, 

Rainfall,  Meteorological  data  collection,  Remote 

sensing,    Radar,    Hydrologic    cycle,    Convection, 

Precipitation. 

The  relative  contributions  of  the  different  process- 
es involved  in  the  water  budget  of  the  22  June 
1981  tropical  squall  line  are  investigated.  The  kine- 
matic  and    thermodynamic    fields   derived    from 
Doppler   radar   data   are   used   to   calculate    the 
sources  and  sinks  of  condensate  in  the  convective 
and  trailing  stratiform  regions  of  the  system.  Both 
regions  play  an  important  role  in  providing  the 
surface  rain.  Fifty-five  to  65%  of  the  total  rain 
precipitated  at  the  surface  is  convective,  while  the 
remaining   35-45%d   is   supplied   by   the   trailing 
stratiform  cloud.  This  partition  corresponds  to  a 
precipitation  efficiency  of  47-45%  for  the  convec- 
ttve  region,  and  45-57%  for  the  stratiform  region 
Though  these  efficiencies  are  of  the  same  order  of 
magnitude,  the  sink  of  water  substance  in  each 
region  (before  reaching  the  surface  is  attributable 
to  different  processes.  In  the  convective  region 
loss  of  water  substance  is  mainly  due  to  the  trans- 
fer of  condensate  into  the  trailing  anvil  cloud  This 
transfer  represents  32%  of  the  condensate  formed 
m  the  convective  updrafts  and  constitutes  an  im- 
portant source  (47%)  of  condensate  for  the  strati- 
form cloud.  In  the  stratiform  region,  the  evapora- 
tion of  precipitation  that  occurs  beneath  the  trail- 
ing anvil  cloud  is  predominant:  33%  of  the  total 
condensate  supplied  to  the  cloud  is  lost  in  the 
mesoscale  evaporative  downdraft.  Cooling  effects 
due  to  this  important  evaporation,  together  with 
those  associated  with  melting,  help  to  maintain  the 
observed  mesoscale  downdraft.  Finally,  this  study 
indicates  that  the  transfer  of  condensate  from  the 
convective  to  the  stratiform  region  and  mesoscale 
evaporation  of  precipitation   may  have  a  direct 
influence  on  the  apparent  feedback  between  con- 
vective-scale  and  mesoscale  airflows.  (Author's  ab- 
stract) 
W90-03921 


PRECIPITATION  UFE  CYCLE  OF  MESOS- 
CALE CONVECTIVE  COMPLEXES  OVER  THE 
CENTRAL  UNITED  STATES. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  At- 
mospheric Science. 
R.  L.  McAneUy,  and  W.  R.  Cotton. 
Monthly  Weather  Review  MWREAB    Vol    117 
No.  4,  p  784-808,  April  1989.  18  fig,  2  tab,  45  ref! 

Descriptors:  'Meteorology,  •  Precipitation,  'Con- 
vective precipitation,  'Storms,  'Weather,  'Atmos- 
pheric water,  'Clouds,  Air  circulation,  Rainstorms, 
Satellites,  Remote  sensing,  Rainfall,  Atmosphere. 

The  mesoscale  convective  complex  (MCC)  is  a 
common  and  particularly  well-organized  class  of 
meso-alpha-scale  storm  systems  over  the  central 
United  States.  As  observed  by  infrared  (IR)  satel- 
lite, the  typical  MCC's  10-12  h  evolution  displays  a 
fairly  consistent  sequence  of  events,  including  the 
monotonic  areal  expansion  of  its  anvil  from  its 
formation  to  its  maximum  size,  followed  by  the 
monotonic  shrinkage  of  the  colder  cloud  top  areas 
as  the  system  weakens  and  dissipates.  Primarily 
within  the  growth  phase  of  this  cycle,  a  character- 
istic IR  signature  reflects  the  MCC  in  its  most 
intense,  mesoconvective  stage,  which  lasts  about  4 
h  and  during  which  the  coldest  cloud  top  area 
reaches  its  largest  extent.  Hourly  precipitation  data 
were  analyzed  for  122  MCC  cases  that  were  select- 
ed from  June-August  1977-83  and  screened  to 
insure  a  reasonable  conformity  with  the  typical  IR 
life  cycle.  On  average,  these  systems  produced  a 
rainfall  volume  of  3.46  cu  km  during  their  life 
cycle,  over  an  area  of  0.000032  sq  km  and  at  an 
average  depth  of  10.8  mm.  Relative  to  a  normal- 


ized, IR-defined  life  cycle,  the  averaged  trends  of 
hourly  rainfall  area,  intensity,  and  volume  all  have 
well-defined  growth/decay  cycles,  but  with  sig- 
nificantly staggered  maxima.  Average  rainfall  in- 
tensity (R),  and  the  proportion  of  measurable  re- 
ports due  to  convective  intensities,  attain  maxima 
early  in  the  life  cycle.  Hourly  rainfall  volumes  (V) 
are  more  symmetrically  distributed  in  time,  with 
the  maximum  occurring  ear  the  largest  anvil  size 
(based  on  minus  54  C  IR  threshold).  Active  rainfall 
area  (A)  continues  to  increase  until  about  1  h  after 
the  maximum  anvil  size.  A  statistical  analysis  of  the 
studied  precipitation  characteristics  provides  an  es- 
timate of  the  natural  interstorm  variability  for  typi- 
cal summertime  MCCs.  A  comparison  of  various 
composite  subsets  of  the  sample  reveals  several 
tendencies:  (1)  smaller,  less-organized  systems 
tended  to  be  'drier'  than  similar-sized  but  better- 
organized  MCCs;  (2)  large  systems  were  'rainier' 
than  smaller  ones  in  terms  of  A,  V  and  R  (3)  large 
systems  tended  to  be  'rainier'  in  the  eastern  part  of 
the  sample  domain  than  in  the  western  part  and  (4) 
the  eastern  systems,  both  large  and  small,  had  a 
more  coherent  and  intense  core  of  heavy  precipita- 
tion through  their  life  cycle  than  the  western  sys- 
tems. (Author's  abstract) 
W90-03922 

JROPOSPHERIC  STATIC  STABDHTY  AND 
CENTRAL  NORTH  AMERICAN  GROWING 
SEASON  RAINFALL.  ««""ii>u 

Illinois  State  Water  Survey  Div.,  Champaign  Cli- 
matology and  Meteorology  Section. 
R.  A.  Peppier,  and  P.  J.  Lamb. 
Monthly  Weather  Review  MWREAB,  Vol    117 
No.  6,  p  1156-1180,  June  1989.  5  fig,  5  tab,  89  ref 

Descriptors:  'Climatology,  'Meteorology,  'North 
America,  'Rainfall,  'Precipitation,  'Rainfall  distri- 
bution, 'Atmospheric  water,  Condensation,  Hy- 
drologic cycle,  Atmosphere,  Weather,  Weather 
data  collections,  Meteorological  data  collection 
Great  Plains.  ' 

The  relation  between  tropospheric  static  stability 
and  central  North  American  growing  season  (May- 

m"if  US,t2-,?mfa11  for  the  tosWy  contrasting  years  of 
1975,  1976,  and  1979,  was  investigated.  Two  exten- 
sive sets  of  meteorological  data  were  used  (individ- 
ual rawinsonde  soundings  for  38  stations;  hourly 
rainfall  totals  for  854-944  locations)  for  the  region 
extending   from   the  Rocky  to  the  Appalachian 
Mountains  and  from  the  Gulf  Coast  to  approxi- 
mately 55  degrees  N  in  Canada.  The  major  objec- 
tives were  to  (1)  ascertain  which  of  the  many 
available  methods  of  parameterizing  static  stability 
are  most  strongly  related  to  the  above  (predomi- 
nantly convective)  rainfall;  and  (2)  quantify  the 
rainfall  variance  fraction  explained  by  static  stabili- 
ty alone,  as  opposed  to  other  atmospheric  process- 
es/conditions. Forty  static  stability  indices  and  re- 
lated thermodynamic  parameters  (SSITPs)  were 
treated.  The  results  pertaining  to  the  first  objective 
were  definite  and  those  concerning  the  second 
were  encouraging.  The  SSITPs  that  correlate  most 
strongly  with  rainfall  amount  consistently  include 
the  lifting  condensation  level  (LCL)  (near-region- 
wide)    and    the    convective    condensation    level 
(CCL)  (western  U.S.  Great  Plains)  for  the  after- 
noon half-day,  and  K-type  and  SWEAT  indices 
(eastern  U.S.)  and  the  CCL  and  convective  tem- 
perature (U.S.)  Great  Plains)  for  the  morning  half- 
day.  In  contrast,  the  SSITPs  developed  for  fore- 
casting severe  thunderstorms  and  tornadoes  corre- 
late poorly  with  rainfall  amount.  Particularly  high 
maximum  afternoon  SSITP-rainfall  amount  corre- 
lation magnitudes  were  obtained  for  the  eastern 
U.S.,  far  above  those  that  earlier  work  yielded 
(Author's  abstract) 
W90-03923 


IMPACT  ON  WATER  SUPPLD2S. 

H.  E.  Schwarz,  and  L.  A.  Dillard. 

Oceanus   OCEAAK,    Vol.    32,   No.   2,   p   44-45 

Summer  1989. 

Descriptors:  'Global  wanning,  'Greenhouse 
effect,  'Drinking  water,  'Potable  water,  'Water 
quality  management,  'Water  management,  'Eco- 
nomic aspects,  Management  planning,  Sea  level, 
Storm  runoff.  Municipal  water,  Water  treatment 
Water  conveyance. 


Senior  managenal  and  technical  people  represent- 
ing nine  major  urban  water  systems  were  inter- 
viewed to  determine  the  impact  of  the  greenhouse 
effect  on  drinking  water  and  on  the  ability  of  water 
systems  to  deliver  good,  potable  water.  Among  the 
conclusions  drawn  were  that  increased  average 
precipitation,  greater  extremes  of  weather,  and 
more  frequent  storms  would  cause  problems  in 
storm  drainage.  The  effect  of  a  sea  level  raise 
resulting  from  global  warming  would  be  increase 
salinity  in  water  moving  upstream  in  estuaries  or 
bays,  causing  increased  corrosion  in  pipes  and 
pumping  facilities.  The  cost  of  maintaining  potable 
water  at  current  safe  standards  would  rise  The 
most  significant  finding  from  the  interviews  was 
the  lack  of  acceptance  of  the  likelihood  and  extent 
of  climate  change.  Most  professionals  questioned 
took  a  wait  and  see'  approach.  (Friedmann-PTT) 
W90-03924 


OBSERVED  AND  MODELED  TREND  OF  SUL- 
J^£LAND  NITRATE  IN  PRECIPITATION  IN 
EASTERN  NORTH  AMERICA. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Energy 
Lab. 

For  primary  bibliographic  entry  see  Field  5B 
W90-03935 


KALMAN  FILTER  MODELING  OF  SPACE- 
TIME  RAINFALL  USING  RADAR  AND  RAIN- 
GAUGE  OBSERVATIONS. 

Ottawa  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. * 
K.  Adamowski,  and  J.  Muir. 
Canadian  Journal  of  Civil  Engineering  CJCEB8, 
Vol.  16,  No.  5,  p  767-773,  October  1989.  4  fig   4 
tab,  16  ref. 

Descriptors:  'Rainfall  distribution,  'Radar,  'Rain 
gages  'Meteorology,  'Depth-area-duration  analy- 
sis, 'Model  testing,  Algorithms,  Data  interpreta- 
tion, Monitoring,  Hydrologic  models. 

Conventional  rain  gage  networks  have  proven  to 
be  inadequate  to  describe  the  temporal  and  spatial 
distribution  of  rainfall,  but  rain  gage  data  combined 
with  radar  data  can  provide  a  very  useful  tech- 
nique for  monitoring  the  quantitative  distribution 
of  rainfall  in  tune  and  space.  A  square  grid  mean 
areal  rainfall  model  is  developed,  which  utilizes 
ram  gage  measurements  and  a  Kalman  filter  state- 
space  model  of  the  Z-R  relationship  from  radar 
measurements.  Results  obtained  showed  good 
agreement  between  the  square  grid  model  and  the 
state-space  model  for  the  three  selected  cells  over  a 
considerable  part  of  the  time  interval  considered. 
The  model  so  developed  can  operate  at  spatiai 
scales  of  the  order  of  a  river  basin,  can  predict 
rainfall  with  at  least  several  hours  lead  time,  and  is 
simple  enough  to  operate  in  realtime  and  with 
reasonable  computational  needs.  The  developed 
method  applies  in  areas  where  radar  information 
exists,  and  it  has  been  tested  for  one  watershed 
(Author's  abstract) 
W90-04024 


CHARACTERISTICS  OF  EXTREME  PRECWI- 
TATION. 

Ohio  Univ.,  Athens.  Dept.  of  Civil  Engineering 
T.  J.  Chang. 

Water  Resources  Bulletin  WARBAQ,  Vol  25  No 
5,  p  1037-1040,  October  1989.  1  tab,  9  ref. 

Descriptors:  'Model  studies,  'Meteorology  'Pre- 
cipitation, 'Rainfall,  Excess  rainfall,  Conelation 
analysis,  Discrete  Autoregressive  Moving  Average 
Process,  Discrete  Autoregressive  Model. 

Records  of  extreme  precipitation  were  investigated 
using  the  Discrete  Autoregressive  Moving  Aver- 
age (DARMA)  process,  which  can  explain  the 
persistence  of  wet  and  dry  spells  that  exist  in  daily 
precipitation  data.  The  results  show  that  the  daily 
precipitation  with  strong  autoconelation  is  in- 
clined to  be  better  fit  by  a  Discrete  Autoregressive 
(DAR)  model.  On  the  other  hand,  those  data  with 
weak  autocorrelations  tend  to  be  best  fit  by  a 
Discrete  Moving  Average  (DMA)  model.  It  can 
also  be  concluded  that  based  on  the  records  from 
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extremely  wet  and  dry  regions  there  is  no  geo- 
graphic preference  regarding  the  selection  of  the 
best  model.  (Author's  abstract) 
W90-04208 

APPLIED  ATMOSPHERIC  RESOURCES  RE- 
SEARCH PROGRAM  IN  THAILAND. 

Bureau  of  Reclamation,  Denver,  CO.  Div.  of  Re- 
search and  Lab.  Services. 
For  primary  bibliographic  entry  see  Field  3B. 
W9O-04260 

DETERMINATION  OF  DESIGN  EVENTS  FOR 
PRECTPITATION  USING  THE  TIME-VARI- 
ABLE DATA  RECORDING  METHOD. 

Technische  Univ.,  Graz  (Austria).  Inst,  for  Hydro- 
mechanics, Hydraulics  and  Hydrology. 
H.  Bergmann,  and  T.  Zeyringer. 
IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  317-327,  5  fig,  6  ref. 

Descriptors:  *Computer  programs,  'Computer- 
aided  engineering,  *Precipitation,  'Data  acquisi- 
tion, 'Design  criteria,  'Meteorological  data  collec- 
tions, 'Rainfall,  Rain  gages,  Austria,  Spatial  distri- 
bution. 

A  new  way  of  low-cost  data  recording  for  precipi- 
tation, providing  high  time  resolution,  has  been 
developed.  From  running  a  dense  network  of 
gages  in  a  small  catchment  area,  it  is  possible  to 
gather  deeper  insights  into  the  fundamentals  of 
time  and  space  structure  of  rainfall  on  a  small 
scale.  The  experimental  basin  in  Poellau,  Austria, 
provided  data  from  seven  gages  over  six  years. 
The  time  resolution  was  one  second,  with  a  gage 
density  of  8.3  sq  km/station,  which  are  stored  on  a 
data  base.  Several  investigations  both  in  time  and 
space  have  been  carried  out.  Parameters  have  been 
developed  which  were  used  for  the  determination 
of  design  events  used  as  input  for  rainfall-runoff 
models.  To  account  for  the  variability,  the  time 
and  spatial  distributions  and  dynamic  parameters 
are  used  to  calculate  'worse  case'  scenarios  for  the 
catchment  area.  (See  also  W90-04274)  (Hammond- 
PTT) 
W90-04299 

MYTHS  AND  USES  OF  HYDROMETEORO- 
LOGY  IN  FORECASTING. 

Miami  Univ.,  Oxford,  OH.  Inst,  of  Environmental 

S  c  i  c  n  ccs . 

For  primary  bibliographic  entry  see  Field  6A. 
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HYDROCLTMATOLOGY-A  NEEDED  CROSS- 
DISCTPLTNE. 

International  Engineering  Co.,  Inc.,  San  Francisco, 
CA. 

R.  F.  Kilmartin. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
160-198,  3  fig,  105  ref. 

Descriptors:  'Climatology,  'Hydrology,  'Water 
resources  management,  'Forecasting,  Irrigation 
programs,  Long-term  planning,  History,  Hydrome- 
teorology,  Stochastic  analysis,  Flood  forecasting. 

Major  irrigation  projects  are  planned  for  long  time 
spans  compared  to  most  human  endeavors,  with 
50-year  planning  periods  not  unusual.  Climatic 
fluctuations  within  the  planning  period  are  custom- 
arily considered  in  design,  but  climatic  trends  per- 
vading an  entire  planning  period  have  not  been 
generally  considered.  Although  the  direction  and 
magnitude  of  future  climatic  changes  over  the  next 
50-100  years  may  not  be  certain,  there  is  agreement 
that  the  climate  of  the  past  3  generations  has  been 
quite  abnormal  compared  to  the  last  millenium  as  a 
whole.  If  the  1000-year  norms  are  robust  and  the 
last  100  are  an  interial  or  random  aberration,  the 
consequences  of  projecting  statistics  from  the  latter 


period  forward  over  the  50-year  period  ahead  may 
be  quite  adverse.  A  new  cross-discipline  hydroch- 
matology,  is  suggested  for  developing  quantitative 
techniques  for  considering  the  effects  of  long-term 
climatic  fluctuations.  The  main  tasks  of  project- 
oriented  hydroclimatology  would  be:  (1)  to  extend 
project  streamflow  records  and  other  project-relat- 
ed climatic  data  as  far  back  as  possible,   using 
original   and  extended  precipitation   data  gotten 
through  transfer  function  relationships  with  tree- 
ring  data  or  meteorological  space  time  fields,  with 
emphasis  on  preserving  low-frequency  events  im- 
portant in  water  resources  design;  (2)  to  investigate 
trends  in  all  available  local  historic  data  and  recon- 
cile them  with  regional  trends,  correlations,  and 
spectra;  (3)  to  process  local  historic  streamflow 
traces  that  are  suitable  for  parameter  estimation  for 
use  in  stochastic  modeling;  and  (4)  to  determine 
what    non-random    trend    parameters    (including 
zero)  should  be  considered  in  the  stochastic  flow 
sequences  for  some  or  all  of  the  planning  period 
ahead.    Statistical   tools   exist   for   accomplishing 
these  analyses,  however,  there  is  evidently  a  need 
for  improvement  in  methodologies  for  analysis  of 
climatological  space-time  fields.  The  infrared  sig- 
nals are  necessarily  weak  in  short  records,  and 
Type  I  error  statistical  inference  procedures  fre- 
quently label  them  as  white-noise  manifestations 
when  global  teleconnections  show  they  are  not. 
(See  also  W90-04308)(Lantz-PTT) 
W90-04319 

PRECTPITATION   FORECASTING   AT   A  NA- 
TIONAL CENTER.  . 

National  Meteorological  Center,   Camp  Springs, 

MD.  Quantitative  Precipitation  Branch. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-04320 


2C.  Snow,  Ice,  and  Frost 

REGTME  BED  SLOPES  OF  CHANNELS  WITH 
A  BUOYANT  BOUNDARY. 

Windsor  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03643 

CORRELATION  OF  SCANNING  MULTICHAN- 
NEL   MICROWAVE    RADIOMETER    (SMMR) 
OBSERVATIONS   WITH   SNOWPACK   PROP- 
ERTIES OF  THE  UPPER  COLORADO  RTVER 
BASIN  FOR  WATER  YEAR  1986. 
Geological  Survey,  Tacoma,  WA. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-03823 

INFTLTRATION  INTO  A  FROZEN  HEAVY 
CLAYSOTL. 

Sveriges  Lantbruksuniversitet,  Uppsala.  Dept.  ot 

Soil  Sciences. 

For  primary  bibliographic   entry   see  Field  2d. 

W90-03984 

TEST  OF  SNOWMELT-RUNOFF  MODEL  FOR 
A  MAJOR  RTVER  BASIN  TN  WESTERN  HIMA- 
LAYAS. „  _     , 

Howard  Univ.,  Washington,  DC.  Dept.  of  Geolo- 
gy and  Geography. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03985 

UNRELIABILITY  OF  COLD-STORED  SAM- 
PLES FOR  ASSESSMENT  OF  CHEMICAL 
PRECIPITATES  OF  PHOSPHATE  TN  ACTI- 
VATED SLUDGE. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-03995 

SPECTRAL  SIGNATURE  OF  ALPINE  SNOW 
COVER  FROM  THE  LANDSAT  THEMATIC 
MAPPER. 

California  Univ.,  Santa  Barbara.  Dept.  of  Geogra- 


phy. 

J.  Dozier. 

Remote   Sensing  of  the  Environment  RSEEA7, 

Vol.  28,  p  9-22,  April/June  1989.  5  fig,  4  tab,  44 

ref,  append. 

Descriptors:  'Mapping,  'Remote  sensing,  'Satel- 
lite technology,  'Snow,  'Snow  cover,  'Landsat 
Thematic  Mapper,  Data  interpretation,  Model 
studies. 

Mapping  of  snow  and  estimation  of  snow  charac- 
teristics from  satellite  remote  sensing  data  require 
that   snow   be   distinguished   from   other   surface 
cover  and  from  clouds  and  that  compensation  is 
made  for  the  effects  of  the  atmosphere  and  rugged 
terrain.  The  spectral  signature  of  the  snowpack  is 
calculated  from  a  radiative  transfer  model,  ac- 
counting for  scattering  and  absorption  by  the  ice 
grains,  water  inclusions,  and  particulates.  In  inter- 
preting the  spectral  reflectance  measured  from  the 
Thematic  Mapper,  or  from  any  other  satellite,  it  is 
necessary  to  account  for  topographic  effects  with- 
out requiring  that  satellite  data  be  precisely  regis- 
tered to  digital  elevation  data,  because  the  poor 
quality  of  most  digital  elevation  data  introduces 
considerable  noise  into  calculations  of  slope  and 
azimuth.  For  a  range  of  snow  types,  atmospheric 
profiles,  and  topographic  illumination  conditions, 
typical  spectral  signatures  for  the  Landsat  Themat- 
ic Mapper  are  estimated.  TM  images  of  the  south- 
ern Sierra  Nevada  are  analyzed  to  distinguish  sev- 
eral classes  of  snow  from  other  surface  covers. 
Snow   can  be   reliably   distinguished   from  other 
surfaces  and  from  clouds  at  all  sun  angles  encoun- 
tered in  the  mid-latitudes.  In  TM  Band  1  or  2, 
snow  is  brighter  than  other  natural  surfaces,  and  in 
Band  5  clouds  are  usually  much  more  reflective 
than  snow.  Large  surface  grain  sizes  can  be  distin- 
guished from  areas  where  the  grain  size  is  finer  at 
the  snow  surface,  using  TM  Bands  2,  4,  and  5. 
Because  of  saturation  in  TM  Band  1,  estimation  of 
the  degree  of  contamination  by  absorbing  aerosols 
is  not  feasible.  (Author's  abstract) 
W90-04189 


COMPARISON  OF  TN  SITU  AND  LANDSAT 
DERTVED  REFLECTANCE  OF  ALASKAN  GLA- 
CIERS. 

National  Aeronautics  and  Space  Administration, 

Greenbelt,  MD.  Hydrological  Sciences  Branch. 

D.  K.  Hall,  A.  T.  C.  Chang,  J.  L.  Foster,  C.  S. 

Benson,  and  W.  M.  Kovalick. 

Remote  Sensing  of  the  Environment  RSEEA7, 

Vol.  28,  p  23-31,  April/June  1989.  2  fig,  1  tab,  34 

ref. 

Descriptors:  'Climatology,  'Remote  sensing,  'Sat- 
ellite technology,  'Alaska,  'Glaciers,  'Reflec- 
tance, Climates,  Albedo,  Atmospheric  effects, 
Data  processing,  Mass  balance. 

Calculation  of  snow  and  ice  albedo  is  necessary  for 
developing  physically  realistic  simulations  of  the 
Earth's  climate  using  general  circulation  models, 
and  useful  for  analysis  of  glacier  mass  balance 
change  using  remote  sensing.  Reflectances  calcu- 
lated from  TM  data  and  corrected  for  atmospheric 
effects  correspond  with  in  situ  measured  reflec- 
tances in  the  nadir-viewing  mode,  and  are  shown 
to  be  related  to  a  glacier's  mass  balance  if  meas- 
ured over  a  period  of  years.  A  reflectance  of  0.895 
for  a  test  site  in  the  Wrangell  Mountains,  Alaska, 
was  calculated  from  TM  Band  4  (0.76-0.90 
microm)  data  and  corrected  for  atmospheric  ef- 
fects. This  value  was  comparable  to  the  in  situ 
reflectance  of  0.90  measured  in  the  same  0.76-0.90 
microm  wavelength  region.  For  the  same  site,  a 
reflectance  value  of  0.79  derived  from  integrating 
over  most  (0.40-3.0  microm)  of  the  reflective  por- 
tion of  the  electromagnetic  spectrum  was  quite 
different  from  the  integrated  reflectance  of  0.95 
calculated  for  the  spectral  range  0.40-1.0  microm. 
This  demonstrates  the  importance  of  using  the  full 
reflective  energy  spectrum  for  calculating  the 
albedo  of  snow,  and  for  obtaining  a  meaningful 
computation  of  a  glacier's  energy  and  mass  balance 
change.  (Author's  abstract) 
W90-04190 


Field  2— WATER  CYCLE 


Group  2C— Snow,  Ice,  and  Frost 

STAGE  DISTRIBUTION  APPROACH  TO  ESTI- 
MATING  ICE  RELATED  FLOODING  PROB- 
ABILITIES. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 
D.  H.  Burn. 

Water  Resources  Bulletin  WARBAQ,  Vol  25  No 
5,  p  953-960,  October  1989.   1  fig,  2  tab,   18  ref 

Descriptors:  Mce  jams,  •Flood  forecasting,  'Flood 
hazard,  Ice-water  interfaces,  Yukon  River,  Data 
processing. 

A  procedure  is  presented  for  estimating  flooding 
probabilities  resulting  from  either  open  water  or 
ice  condition  events.  The  methodology  involves 
individually  fitting  a  distribution  function  to  water 
stages  from  open  water  and  ice  events  and  deter- 
mining the  composite  probability  of  exceedence  of 
any  stage  value.  The  parameters  of  the  two  distri- 
bution functions  are  estimated  using  censored  max- 
imum likelihood.  This  estimation  procedure  pro- 
vides reasonably  precise  and  accurate  estimates  of 
the  stage  resulting  from  open  water  and  ice  event 
flooding.  The  maximum  likelihood  technique  is 
known  to  be  an  efficient  parameter  estimator,  and 
it  was  expected  that  using  censored  maximum  like- 
lihood would  result  in  accurate  stage  estimates. 
The  approach  was  evaluated  with  a  Monte  Carlo 
sampling  program  and  was  applied  to  estimate 
flooding  probabilities  on  the  Yukon  River.  This 
application  illustrated  several  points.  The  data  and 
information  required  to  utilize  the  advocated  tech- 
nique was  demonstrated  to  be  obtainable  for  a  real 
world  application  which  implies  that  the  technique 
has  general  applicability.  (Author's  abstract) 
W90-04199 

2D.  Evaporation  and  Transpiration 

ECONOMIC  ANALYSIS  OF  HARMFUL  AND 
BENEFICIAL  ASPECTS  OF  SALTCEDAR. 

Great  Western  Research,  Inc.,  Mesa,  AZ. 
For  primary  bibliographic  entry  see  Field  3B 
W90-03818 


GENERATION  OF  SYNTHETIC  AND  MISSING 
CLIMATIC  DATA  FOR  PUERTO  RICO. 

Florida  Univ.,  Gainesville.  Dept.  of  Agricultural 

Engineering. 

S.  F.  Shih,  and  K.  S.  Cheng. 

Water  Resources  Bulletin  WARBAQ,  Vol  25  No 

4,  p  829-836,  August  1989.  4  fig,  15  ref.  USDA 

Dept.  of  Agriculture  CBAG-23  project. 

Descriptors:  *Meteorology,  *Model  studies,  •Cli- 
matology, 'Puerto  Rico,  *Climatic  data,  •Evapo- 
transpiration,  Time  series  analysis,  Data  acquisi- 
tion, Regression  analysis,  Historical  trends. 

Climatic  data  such  as  temperature,  solar  radiation, 
relative  humidity,  and  wind  speed  have  been 
widely  used  to  estimate  evapotranspiration.  Most 
of  the  solar  radiation  data  and  portions  of  the 
relative  humidity  data  are  either  not  available  or 
missing  from  the  records  in  Puerto  Rico.  Depend- 
ing upon  the  availability  and  data  characteristics  of 
records,  three  methods  (including  a  regression 
technique,  an  average  of  historical  data,  and  a 
regional  average)  were  used  to  generate  missing 
data  and  a  time  series  analysis  was  used  to  synthe- 
size a  series  of  climatic  data.  The  results  showed 
that  the  time  series  analysis  method  can  be  success- 
fully used  to  synthesize  a  series  of  monthly  solar 
radiations  for  several  stations.  The  regression  tech- 
nique and  the  regional  average  can  be  successfully 
applied  to  generate  missing  monthly  solar  radiation 
data  The  regression  technique  and  the  averaging 
of  historical  data  have  been  satisfactorily  used  to 
interpolate  missing  monthly  relative  humidity.  The 
explained  variance  (R2)  varied  from  0.58  to  0.88, 
which  are  both  significant  at  the  0.05  level  of 
significance.  (Author's  abstract) 
W90-04180 


EARLY  MORNING  CANOPY  TEMPERA- 
TURES FOR  EVALUATING  WATER  STRESS 
IN  A  WHEAT  CROP. 

San  Diego  State  Univ.,  CA.  Dept.  of  Geography. 


For  primary  bibliographic  entry  see  Field  3F. 
W90-04204 


2E.  Streamflow  and  Runoff 

INTERNATIONAL  CONFERENCE  ON  RIVER 

18-20  May  1988,  Wallingford,  England.  Hydraulics 
Research  Limited,  Wallingford,  Oxon,  UK.  1988 
Edited  by  Dr.  W.  R.  White.  445p. 

Descriptors:  *Sediment  transport,  •Rivers,  *Hy- 
drological  regime,  *Regime  streams,  *River  flow, 
•Streams,  *Streamflow,  •Streambeds,  Model  stud- 
ies, Stream  profiles,  Streambeds,  Stream  erosion, 
River  mechanics. 

Major  developments  in  the  understanding  of  river 
regime  which  appear  to  be  changing  both  the 
approach  to  the  subject  and  its  application  were 
the  focus  of  the  international  conference.  Original- 
ly regime  theory  was  entirely  empirical  and  related 
the  equilibrium  dimensions  and  slope  of  the  canals 
and  sediment  load.  Subsequently,  regime  concepts 
were  applied  to  natural  rivers  with  their  variable 
flows  and  sediment  loads.  The  concept  of  a  signifi- 
cant or  'dominant'  discharge  was  introduced.  One 
of  the  most  radical  advances  in  regime  theory  that 
has  occurred  recently  has  been  the  development  of 
an  analytical  or  rational  approach.  This  new  ap- 
proach relies  on  a  theoretical  description  of  the 
dominant  fluvial  processes  rather  than  on  a  purely 
empirical  approach.  The  range  of  application  of 
regime  theory  has  been  steadily  increasing-from 
canals  to  sand  bed  streams  and  rivers  and,  more 
recently,  to  gravel  bed  rivers.  The  purpose  of  this 
conference  is  to  exchange  information  and  to  de- 
velop and  strengthen  the  contacts  necessary  for 
furthering  the  understanding  of  river  regime.  (See 
W90-03627  thru  W90-03660)  (White-Reimer-PTT) 
W90-03626 


DIMENSIONAL  AND  DIMENSIONLESS 
REGIME  EQUATIONS  FOR  GRAVEL-BED 
RIVERS. 

University  of  East  Anglia,   Norwich  (England). 

School  of  Environmental  Sciences. 

R.  D.  Hey,  and  G.  L.  Heritage. 

IN:  International  Conference  on  River  Regime 

Hydraulics  Research  Limited,  Wallingford,  Oxon 

UK.  1988.  p  1-8,  1  tab. 

Descriptors:  'Sediment  transport,  •Alluvial  chan- 
nels, "Bed  load,  ^Channel  morphology,  »Stream 
profiles,  'River  mechanics,  Gravel-bed  streams, 
Model  studies,  Mathematical  equations,  Dimen- 
sional regime  equations,  Dimensionless  regime 
equations,   Comparison  studies,   Regime  streams. 

Several  dimensional  and  dimensionless  regime 
equations  have  been  developed  to  predict  the 
width,  depth  and  slope  of  gravel-bed  channels. 
However,  differences  between  dimensional  and  di- 
mensionless regime  equations  can  cause  problems 
regarding  the  choice  of  equation  for  practical  engi- 
neering application.  In  order  to  address  this  prob- 
lem, existing  regime  equations  and  those  derived 
from  published  field  data  were  reviewed  to  deter- 
mine the  nature  and  the  reasons  for  differences 
between  equations.  Aggregated  data  was  then  used 
to  derive  general  equations  for  engineering  appli- 
cation. Comparisons  between  the  two  approaches 
for  different  data  sets  indicate  that  the  coefficients 
and  the  exponents  of  discharge  and  bed  material 
size  in  the  equations  are  very  sensitive  to  the 
values  of  the  unmeasured  controlling  variables.  In 
addition,  the  dimensionless  equations  are  depend- 
ent on  the  form  of  the  dimensionless  groups  used  in 
the  regression  model.  Given  a  well  ordered  data 
base,  one  in  which  the  measurement  error  is  mini- 
mal and  which  is  defined  by  a  unique  set  of  physi- 
cal equations,  the  two  approaches  give  identical 
results.  (See  also  W90-03626)  (White-Reimer-PTT) 
W90-03627  ' 


DOWNSTREAM  HYDRAULIC  GEOMETRY  OF 
NONCOHESIVE  ALLUVIAL  CHANNELS. 

Colorado  State  Univ.,  Fort  Collins.  Engineering 
Research  Center. 


P.  Y.  Julien. 

IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon 
UK.  1988.  p  9-16,  lfig,  Href. 

Descriptors:  *Channel  morphology,  •Sediment 
transport,  *Alluvial  channels,  *Alluvial  rivers, 
•Hydraulic  geometry,  Hydraulic  models,  Nonco- 
hesive  alluvial  channels,  Mathematical  equations, 
Flow  resistance,  Flow  depth,  Longitudinal  mobili- 
ty, Radial  mobility. 

Alluvial  channels  are  known  to  self  adjust  their 
slope,  width,  depth,  and  velocity.  After  consider- 
ing the  similarities  between  noncohesive  alluvial 
streams,  the  hydraulic  geometry  relationships  for 
channel  width,  mean  flow  depth,  mean  flow  veloc- 
ity, and  channel  slope  were  theoretically  derived. 
The  following  four  fundamental  concepts  were 
considered:  (1)  continuity;  (2)  flow  resistance;  (3) 
longitudinal  mobility;  and  (4)  radial  mobility.  For 
flow  depth  the  exponent  of  water  discharge  varies 
slightly  around  0.4  and  the  exponent  of  sediment 
size  can  be  either  positive  or  negative  depending 
on  the  relative  roughness.  Channel  width  is  pro- 
portional to  discharge  and  sediment  transport  and 
inversely  proportional  to  sediment  size.  The  aver- 
age velocity  is  proportional  to  discharge,  sediment 
size,  and  sediment  mobility.  The  slope  is  propor- 
tional to  sediment  size  and  sediment  mobility  and 
inversely  proportional  to  discharge.  Therefore,  the 
hydraulic  geometry  can  be  written  as  a  power 
function  of  discharge,  bed  sediment  size,  and  two 
mobility  factors.  For  constant  values  of  the  mobili- 
ty factors,  the  hydraulic  geometry  is  then  reduced 
to  a  power  function  of  sediment  size  and  discharge 
(See  also  W90-03626)  (White-Reimer-PTT) 
W90-03628 


DYNAMIC  ADJUSTMENTS  OF  CHANNEL 
WIDTH  AND  SLOPE. 

Bureau  of  Reclamation,  Denver,  CO. 

C.  T.  Yang,  and  A.  Molinas. 

IN:  International  Conference  on  River  Regime. 

Hydraulics  Research  Limited,  Wallingford,  Oxon 

UK.  1988.  p  17-28,  9  fig,  1  tab,  18  ref. 

Descriptors:  •Alluvial  channels,  *Sediment  trans- 
port, *Channel  morphology,  "Stream  profiles, 
•Streamflow,  *River  flow,  Streambeds,  Stream 
discharge,  Width,  Energy  dissipation,  Sediment 
load. 

Rivers  adjust  their  channel  geometry  and  longitu- 
dinal profile  in  order  to  be  compatible  with  the 
changing  hydrologic,  hydraulic,  geological,  and 
man-made  constraints.  Theoretical  analyses  based 
on  the  theory  of  minimum  rate  of  energy  dissipa- 
tion were  used  to  explain  the  impact  of  changing 
water  discharge,  channel  width,  and  longitudinal 
profile  on  the  rate  of  energy  dissipation  of  an 
alluvial  system.  Using  data  from  a  natural  river  and 
stable  canal  to  verify  the  theoretical  analyses  the 
following  conclusions  were  reached:  (1)  The  rate 
of  energy  dissipation  of  an  alluvial  system  increases 
with  increasing  water  discharge  within  a  relatively 
short  study  reach;  (2)  For  a  given  water  discharge, 
the  rate  of  energy  dissipation  decreases  with  in- 
creasing channel  width;  (3)  The  formation  of  pool- 
riffle  sequences  can  increase  the  time-of-travel 
through  a  given  reach  and  reduce  the  rate  of 
energy  dissipation;  (4)  At  high  flows  or  channel 
forming  discharge,  water  discharge  becomes  a  con- 
straint in  the  minimization  process;  (5)  The  up- 
stream and  downstream  boundary  conditions  or 
controls  have  to  be  clearly  defined  in  the  applica- 
tion of  the  theory  of  minimum  rate  of  energy 
dissipation  to  obtain  realistic  channel  width  and 
profile;  and  (6)  Sediment  load  is  a  constraint  which 
should  not  be  overlooked  in  the  minimization  proc- 
ess. (See  also  W90-03626)  (White-Reimer-PTT) 
W90-03629 


PREDICTION  OF  HYDRAULIC  GEOMETRY 
OF  GRAVEL-BED  STREAMS  USING  THE 
MINIMUM  STREAM  POWER  CONCEPT. 

Queen  Mary  Coll.,  London  (England). 

C.  R.  Thome,  H.  H.  Chang,  and  R.  D.  Hey. 

IN:  International  Conference  on  River  Regime 

Hydraulics  Research  Limited,  Wallingford,  Oxon, 


WATER  CYCLE— Field  2 


UK.  1988.  p  29-40,  7  fig,  6  tab,  14  ref. 

Descriptors:  *Alluvial  channels,  'Channel  mor- 
phology, *Sediment  transport,  *Hydraulic  geome- 
try, •Streambeds,  *River  beds,  Gravel-bed 
streams,  Minimum  stream  power  concept,  Veloci- 
ty, Width,  Water  depth,  Mathematical  equations. 

The  hydraulic  geometry  of  gravel-bed  streams  can 
be  predicted  using  the  minimum  stream  power 
concept.  Application  of  the  theory  to  data  for 
British  rivers  shows  that  although  the  predictions 
are  reasonable,  considerable  scatter  exists.  Width 
predictions  are  within  15%  of  measured  values  in 
about  half  of  the  cases  and  about  two  thirds  of  the 
cases  for  depth.  Velocity  is  predicted  to  within 
15%  in  half  the  cases.  The  analysis  tends  to  system- 
atically under-estimate  width  and  over-estimate 
depth  with  increasing  channel  size.  Channels  with 
strongly  vegetated  banks  tend  to  be  narrower  and 
deeper  than  predicted,  while  those  with  weak 
vegetation  tend  to  be  wider  and  shallower.  Veloci- 
ties in  the  channels  with  strong  bank  vegetation 
tend  to  be  higher  than  in  those  with  weakly  vege- 
tated banks  because  of  the  greater  hydraulic  effi- 
ciency of  the  narrower,  deeper  channels.  The  ac- 
curacy of  predictions  of  hydraulic  geometry  can  be 
markedly  improved  by  adjusting  the  calculated 
widths  and  depths  to  account  for  bank  vegetation 
effects.  Adjusted  widths  were  within  15%  of  meas- 
ured values  for  77%  of  the  cases.  The  success  rate 
for  depth  was  73%  and  for  velocity  66%.  It  should 
be  possible  to  incorporate  the  effects  of  bank  vege- 
tation into  the  analytical  procedure  by  increasing 
the  sophistication  of  the  method  of  calculating  the 
bank  slope  index.  (See  also  W90-03626)  (White- 
Reimer-PTT) 
W90-03630 


REGIME  RELATIONS  BASED  ON  DISPER- 
SD7E-FORCE  CONCENTRATION  PROFILES. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Civil 

Engineering. 

K.  C.  Wilson. 

IN:  International  Conference  on  River  Regime. 

Hydraulics  Research  Limited,  Wallingford,  Oxon, 

UK.  1988.  p  41-54,  5  fig,  12  ref. 

Descriptors:  *Channel  erosion,  *Hydrological 
regime,  *  Sediment  transport,  *  Channel  scour,  Bed 
load,  Mathematical  equations,  Shear  stress,  Model 
studies,  Suspended  load. 

Regime   equations  pertain   to  series  of  erodible 
channels  of  different  sizes  usually  involving  solids 
transport  both  as  bed  load  and  by  turbulent  suspen- 
sion.  These  equations   are  based  on  power-law 
design  relations  for  channel  breadth  and  depth  in 
terms  of  discharge,  and  can  be  considered  as  a 
method  of  representing  each  channel  of  the  series 
as  a  vertically-distorted  model  of  all  the  others. 
Equations  of  this  type  must  be  compatible  with 
continuity  conditions  for  both  water  and  sediment, 
implying  that  each  channel  in  the  series  has  the 
same  (time-averaged)  delivered  concentration  of 
solids.  If  all  of  the  solids  are  transported  as  bed 
load,  it  has  been  shown  that  'traditional'  regime 
equations  can  only  be  applied  for  a  range  of  bed 
shear  stress  near  twice  the  critical  stress  for  the 
beginning  of  motion.  In  fact,  the  major  application 
of  the  regime  approach  has  been  to  channels  in 
rather  fine-grained  alluvium,  where  solids  trans- 
port involves  a  combination  of  bed-load  motion 
and  turbulent  suspension.  Analysis  of  this  combina- 
tion requires  a  link  between  suspended-load  and 
bed-load  profiles-to  be  sought  in  a  small  zone  just 
above  the  stationary  bed,  where  shear  stress  and 
solids  concentration  are  often  large,  and  observa- 
tion is  remarkably  difficult.  These  aspects  were 
analyzed  using  a  new  dispersive-force  model  in 
which  the  submerged  weight  of  solid  particles  is 
balanced  by  a  combination  of  intergranular  normal 
stress  and  a  dispersive  force  caused  by  fluid  turbu- 
lence. The  resulting  profiles  give  delivered  concen- 
tration, and  for  given  solids  the  lines  of  constant 
concentration  are  approximated  by  power-law  re- 
lations.   Manipulation    then    produces    'derived' 
regime  relations  for  any  desired  combination  of 
particle  size  and  concentration,  which  compare 
well  with  the  usual  'field-based'  equations.  (Au- 
thor's abstract) 
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REGIME  CHANNELS  OF  AN  EXTREMELY 
ARID  ZONE. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  ot 

Civil  Engineering. 

M.  Nouh. 

IN:  International  Conference  on  River  Regime. 

Hydraulics  Research  Limited,  Wallingford,  Oxon, 

UK.  1988.  p  55-66,  4  fig,  34  ref,  append. 

Descriptors:  *Regime  channels,  'Arid-zone  hy- 
drology, *Saudi  Arabia,  *Flash  floods,  'Channel 
morphology,  *Sediment  transport,  *Alluvial  chan- 
nels, 'Ephemeral  streams,  Channel  scour,  Hydro- 
graphs,  Model  studies,  Mathematical  equations, 
Suspended  sediments,  Regression  analysis. 

Field  observations  were  collected  from  37  ephem- 
eral channels  of  an  extremely  arid  zone  in  Saudi 
Arabia,  and  used  to  develop  regime  formulae  relat- 
ing the  channel  dimensions  and  pattern  to  the 
characteristics  of  flash  flood  and  sediment  flow  in 
the  channels.  Previous  investigations  indicated  that 
in  ephemeral  channels  of  extremely  arid  areas  the 
correlation  of  width,  depth,  and  channel  slope  with 
average  discharge  is  not  suitable  for  studying  the 
variation  in  downstream  hydraulic  characteristics. 
This  is  due  to  the  high  variability  of  discharge 
even  from  one  hour  to  another  during  a  flash  flood 
event,  and  the  large  amount  of  suspended  sedi- 
ments that  are  carried  by  some  (not  all)  streams 
during  the  floods.  In  order  to  describe  the  varia- 
tion of  water  and  sediment  flow  conditions  in  the 
area  the  following  variables  were  selected:  peak 
flowrate,  mean  flowrate,  time  to  peak  flowrate, 
and  duration  of  hydrograph.  In  addition,  different 
definitions  for  the  peak  flowrate  and  the  mean 
flowrate  of  hydrograph  in  the  study  zone  were 
investigated    to    best    fit    the    regime    equations. 
Through  field  sampling  it  was  possible  to  identify 
the  size  distribution  of  the  original  sediments  and 
that  of  the  armoured  layers  and  flash  flood  hydro- 
graphs  for  50  cross  sections.  The  data  was  divided 
into  two  groups;  one  for  the  regression  analysis 
and  the  other  for  the  verification  analysis.  A  ratio 
of  peak  flood  flowrate  for  a  given  return  period  to 
annual  mean  flood  flowrate  was  developed  to  de- 
scribe flow  conditions  in  the  channels.  This  ratio 
was  used  successfully  in  regression  type  formulae 
to  predict  the  dimensions  and  pattern  as  well  as  the 
bed   armouring   characteristics   of  an   ephemeral 
channel  in  an  arid  zone.   (See  also  W90-03626) 
(White-Reimer-PTT) 
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APPLICATION  OF  REGIME  THEORY  TO 
WADI  CHANNELS  IN  DESERT  CONDITIONS. 

Binnie  and  Partners,  Redhill  (England). 

P.  B.  Clark,  and  S.  M.  A.  Davies. 

IN:  International  Conference  on  River  Regime. 

Hydraulics  Research  Limited,  Wallingford,  Oxon, 
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Descriptors:  'Hydrological  regime,  *Yemen, 
•Ephemeral  streams,  *Alluvial  channels,  ♦Sedi- 
ment transport,  'Channel  morphology,  *Flow 
characteristics,  Steep  slopes,  Mathematical  equa- 
tions, Discharge  hydrographs. 

In  South  Yemen  slopes  are  extremely  steep,  chan- 
nel sections  cannot  be  considered  stable  and  the 
ephemeral  nature  of  flows  and  their  infrequency 
raises  problems  as  to  the  nature  of  any  regime 
condition  and  even  to  the  concept  itself.  In  addi- 
tion, the  activities  of  man  have  had  a  significant 
effect  on  the  channel  section.  Therefore,  an  at- 
tempt has  been  made  to  establish  general  hydraulic 
parameters  for  each  reach  in  order  to  allow  for  the 
design  of  a  future  program  for  individual  training 
and  bank  protection  programs.  The  evidence  sug- 
gests that  Bray's  regime  relationship  for  channel 
width  gives  reasonable  values  when  used  with 
representative  flows  of  greater  rarity  then  are  usu- 
ally considered  applicable.  Such  flows  have  been 
estimated  to  have  return  periods  of  between  about 
5  and  20  years  and  there  is  some  indication  that  the 
return  period  is  a  function  of  the  frequency  of 
spate  flows.  Other  available  regime  relationships 
relating  depth  of  flow  and  slope  to  a  representative 
flow  appear  not  to  be  applicable  for  these  very 
steep  channels.  Equations  for  the  slope/discharge 
relationships  have  been  developed  from  the  data 
set  but,  particularly  in  view  of  the  difficulty  in 


Streamflow  and  Runoff— Group  2E 

defining  the  dominant  discharge,  these  must  be 
viewed  as  tentative.  A  relationship  between  the 
channel  wavelength  and  dominant  discharge  has 
also  been  developed  as  this  wavelength  appears  to 
be  a  measurable  parameter  that  might  provide  an 
independent  check  on  the  dominant  discharge  for 
further  work  on  this  type  of  channel.  (Author's 
abstract) 
W90-03633 


CAUSE  OF  RTVER  MEANDERING. 

San  Diego  State  Univ.,  CA.  Dept.  of  Civil  Engi- 
neering. 
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IN:  International  Conference  on  River  Regime. 
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Descriptors:  'Sediment  transport,  'Channel  mor- 
phology, 'Geomorphology,  'Alluvial  channels, 
'Rivers,  'River  mechanics,  'Meanders,  Fluvial 
processes,  Slopes,  Geohydrology,  Valleys,  Time 
span. 

Previous  theses  on  the  cause  of  river  meandering 
are  reviewed  and  criticized  on  the  basis  whether 
the  cause  and  effect  are  identified  in  interpreting 
the  fluvial  processes.  In  the  graded  time  span  for 
river  channel  formation,  the  channel  slope  is  a 
dependent  variable  controlled  by  the  water  and 
sediment  inflows  from  the  drainage  basin,  and  it  is 
the  minimum  slope  needed  to  transport  inflow 
quantities.  The  valley  slope,  which  is  formed 
during  the  much  longer  geologic  time  span,  is  an 
independent  variable  for  the  river  during  the 
graded  time  span.  The  river  slope  cannot  physical- 
ly be  steeper  than  the  valley  slope  for  a  river 
regime.  Therefore,  both  straight  and  meandering 
rivers  may  be  and  have  been  found  in  nature.  For 
distinctly  meandering  rivers,  the  channel  slope  is 
significantly  flatter  than  the  valley  slope.  This  is 
because  the  alluvial  valley  is  usually  formed  during 
the  very  long-term  span  under  various  hydrologic 
and  geologic  conditions  different  from  those  shap- 
ing the  current  channel.  In  the  geologic  time  span, 
the  valley  slope  is  built  up  during  episodes  of 
deposition  whenever  the  channel  slope  exceeds  the 
valley  slope.  But  the  valley  slope  is  not  easily 
reduced  during  periods  of  erosion.  Since  degrada- 
tion is  inhibited  by  sediment  sorting,  the  morpho- 
logical response  to  sediment  deficit  is  to  form  a 
meandering  channel  which  in  turn  reduces  erosion. 
(See  also  W90-03626)  (Author's  abstract) 
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STABILITY  OF  INITIALLY  STRAIGHT 
RIVERS 

Iowa  Univ.,  Iowa  City.  Inst,  of  Hydraulic  Re- 
search. 
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IN:  International  Conference  on  River  Regime. 
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Descriptors:  'River  mechanics,  'Channel  mor- 
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•Meanders,  'River  beds,  Stability,  Braided 
streams,  Straight  rivers. 

During  the  last  two  to  three  decades  stability  anal- 
ysis based  on  small  perturbation  theory  has 
emerged  as  the  methodology  of  choice  for  predict- 
ing meandering  or  braiding  tendencies  of  initially 
straight  streams.  The  state  of  knowledge  of  this 
topic  is  examined,  and  several  stability  analyses  are 
reviewed.  The  most  recent  theories  (by  Engelund, 
Parker,  Fredsoe  Kuroki,  and  Blondeaux)  give  a 
better  understanding  of  the  mechanisms  responsi- 
ble for  meandering  and  braiding,  and  reasonably 
good  predictions  of  the  stability  limits.  The  width- 
depth  ratio  has  the  dominant  influence  on  the  type 
of  river  pattern  that  develops  and  on  the  stability 
limits.  However,  two  other  parameters,  Shields 
stress  and  the  rate  of  depth  of  undisturbed  flow  to 
representative  grain  size  of  bed  material,  are  essen- 
tial to  obtain  complete  stability  diagrams.  Also, 
consideration  of  the  roles  of  bedload  and  friction 
are  necessary  to  obtain  accurate  predictions  of 
instability.  (See  also  W90-03626)  (White-Reimer- 
PTT) 
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BRAIDING. 
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Descriptors:  'Sediment  transport,  'River  mechan- 
ics, 'River  beds,  'Channel  morphology,  'Alluvial 
channels,  Classification,  Model  studies,  Prediction, 
Meanders,  Braiding. 

A  prediction  method  for  planforms  classification  is 
developed  by  extending  the  work  by  Struiksma  on 
bed  deformation  in  curved  alluvial  channels.  This 
work  involved  studying  the  equilibrium  bed  topog- 
raphy in  curved  channels  and  developing  criteria 
for  the  spatial  amplification  of  steady  bed  level 
perturbations.  By  comparing  the  results  of  the  clas- 
sification method  with  natural  rivers  and  laborato- 
ry channels  it  is  shown  that  the  method  yields  fair 
results.  A  major  disadvantage  of  the  proposed  clas- 
sification criterion  is  that  it  requires  a  priori  knowl- 
edge on  channel  characteristics  like  widths  and 
average  depths  during  bankfull  discharge.  By  com- 
bining the  present  method  with  a  method  that 
predicts  the  channel  characteristics,  a  more  univer- 
sal classification  method  was  obtained.  The  rela- 
tion with  the  classic  Leopold  and  Wolman  classifi- 
cation method  is  shown  by  introducing  Lacey's 
regime  equations  into  the  proposed  criterion.  (See 
also  W90-03626)  (White-Reimer-PTT) 
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ABOUT  EXTREMAL  HYPOTHESES  AND 
RIVER  REGIME. 

Bologna  Univ.  (Italy).  1st.  di  Geologia. 

A.  Lamberti. 

IN:  International  Conference  on  River  Regime 

Hydraulics  Research  Limited,  Wallingford,  Oxon 

UK.   1988.  May   1988.  p   121-134,  4  fig,  39  ref! 

Descriptors:  'Alluvial  channels,  'Sediment  trans- 
port, 'Channel  morphology,  'Geomorphology, 
•Hydrological  regime,  'Fluid  mechanics,  'Flow 
characteristics,  'Streamflow,  Hydraulics,  Hypoth- 
eses, Sediment  transport. 

In  the  field  of  hydraulics  or  fluid  mechanics  vari- 
ous extremal  hypotheses  have  been  proposed. 
Three  arguments  have  been  developed  regarding 
these  hypotheses:  (1)  equivalence  between  the  ex- 
ternum hypotheses  leading  to  the  definition  of  the 
equivalence  class  that  has  been  designated  m-extre- 
mal;  (2)  arguments  against  the  minimum  dissipation 
rate  principle  and  the  m-extremum  hypotheses  as 
the  narrowing-slope  argument;  and  (3)  the  propos- 
al of  a  functional  of  the  mixed  type  deriving  from 
the  transverse  equilibrium  theory.  The  set  of  equiv- 
alent extremum  hypotheses  containing  minimum 
stream  power  (MSP)  and  maximum  stream  trans- 
port (MST)  are  in  conflict  with  the  commonly 
observed  fact  that  a  channel  reacts  to  a  restriction 
of  the  natural  width  reducing  the  regime  slope.  It 
is  suggested  that  there  is  no  need  for  an  extremum 
hypothesis,  but  there  is  a  need  for  more  in-depth 
analyses  of  the  transverse  equilibrium.  The  varia- 
bility of  alluvial  flow  characteristics  may  have 
some  effect  which  is  not  accounted  for  by  properly 
choosing  a  typical  discharge  and  a  typical  sediment 
diameter.  Similarly  the  flow  is  supposed  uniform 
and  secondary  currents  absent;  straight  reaches  are 
rare  and  alternate  bars  are  not  well  represented  by 
a  stochastic  lateral  motion  of  sediments;  in  any  case 
even  small  channel  curvature  or  low  but  horizon- 
tally extended  bed  forms  may  produce  a  propor- 
tionally high  transverse  sediment  transport  and 
modify  substantially  the  section  equilibrium.  (See 
also  W9O-03626)  (White-Reimer-PTT) 
W9O-03637 


INFLUENCE  OF  BANK  STABnJTY  ON 
REGIME  GEOMETRY  OF  NATURAL  CHAN- 
NEL. 

Queen  Mary  Coll.,  London  (England). 
C.  R.  Throne. 


IN:  International  Conference  on  River  Regime 
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Descriptors:  'Sediment  transport,  'Stream  erosion, 
•Hydrological  regime,  'Bank  erosion,  'Channel 
morphology,  Model  studies,  Stream  profiles. 

Bank  retreat  occurs  by  a  combination  of  flow 
erosion  and  mass  failures.  Processes  and  mechanics 
of  retreat  depend  on  the  bank  material  characteris- 
tics, but  the  rate  of  retreat  is  controlled  by  fluvial 
activity  at  the  bank  toe  through  the  state  of  basal 
endpoint  control.  It  is  hypothesized  that  the  criti- 
cal height  for  mass  failures  of  cohesive  banks  is  an 
intrinsic  geomorphic  threshold  of  equal  importance 
to  the  threshold  bed  slope  for  incision  in  generat- 
ing complex  response.  Periods  of  channel  adjust- 
ment under  formative  flows  are  separated  by  much 
longer  periods  when  the  form  of  the  channel  large- 
ly determines  the  dynamics  of  flow  and  sediment 
movement.  During  these  periods,  bank  processes 
operate  differently  above  and  below  the  water 
surface,  resulting  in  profile  changes  that  would  not 
occur  under  a  steady  flow.  The  verification  of  the 
model  presented  requires  detailed  accounts  of 
channel  evolution  to  a  regime  condition,  but  the 
results  of  Osman's  aggradation/degradation  model 
quantitatively  replicate  the  main  features  of  the 
proposed  conceptual  model.  (See  also  W90-O3626) 
(White-Reimer-PTT) 
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WIDTH  OF  REGIME  CHANNELS. 

R.  Bettess,  W.  R.  White,  and  C.  E.  Reeve. 
IN:  International  Conference  on  River  Regime. 
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mal hypotheses,  Limiting  tractive  force,  India. 

There  have  been  numerous  attempts  both  to  ex- 
plain and  to  predict  the  width  of  regime  channels. 
Approaches  compared  and  discussed  include;  (1) 
limiting  tractive  force;  (2)  bank  slope  stability;  and 
(3)  extremal  hypotheses  such  as  minimum  stream 
power  or  maximum  sediment  concentration.  The 
approaches  were  compared  using  data  from  canals 
in  India  to  predict  channel  width.  The  best  predic- 
tions were  provided  by  the  two  methods  not  linked 
to  a  particular  physical  mechanism  for  determining 
channel  width,  that  is,  empirical  regime  theory  and 
rational  regime  theory  using  an  extremal  hypothe- 
sis. Many  approaches  only  consider  mechanisms 
for  channel  enlargement  without  the  awareness 
that  the  regime  width  is  the  result  of  a  balance 
between  different  processes  involving  both  erosion 
and  deposition.  A  full  description  of  the  develop- 
ment of  channel  width  may  require  a  knowledge  of 
the  distribution  of  shear  stress  over  the  boundary 
of  a  channel.  (See  also  W90-03626)  (White-Reimer- 
PTT) 
W90-03639 


EFFECTS  OF  GRADATION  OF  BED  MATERI- 
ALS AND  TRANSPIRATION  THROUGH  A 
BED  ON  BED  LOAD  TRANSPORT. 

Kyoto  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
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Descriptors:  'Bed  load,  'Alluvial  channels,  'Sedi- 
ment transport,  'Channel  morphology, 
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ies, Size,  Permeability. 

A  gravel  bed  is  composed  of  widely  graded  size 
material  and  it  has  high  permeability.  Prediction  of 
bed  load  transport  rate,  and  the  effects  of  such 
characteristics  cannot  be  neglected.  The  effects  of 
gradation  of  bed  materials  and  transpiration 
through  a  bottom  due  to  the  high  permeability  on 
bed  load  transport  process  have  been  investigated, 
based  on  the  mechanism  of  bed  load  motion.  Al- 
though these  effects  are  often  interrelated,  they 
were  independently  treated.  The  equivalent  sand 


roughness  of  bed  composed  of  sediment  mixture 
was  evaluated  against  the  standard  deviation  of 
gradation  distribution  of  sediment  size.  Then  the 
logarithmic  law  was  applied  for  flow  over  a  bed 
composed  of  sediment  mixture,  and  sediment 
pickup  rate  for  each  grain  size  was  theoretically 
evaluated  using  the  knowledge  for  uniform  sand. 
Using  the  bilogarithmic  law  instead  of  the  logarith- 
mic law  the  bed  load  transport  model  was  applied 
to  the  situation  with  transpiration.  Considering  the 
applicability  to  the  non-equilibrium  situation  and  to 
sediment-mixture  transport  including  the  sorting 
process,  the  changes  of  pick-up  rate  and  mean  step 
length  for  the  situation  with  transpiration  from 
those  without  transpiration  were  reasonably  evalu- 
ated, and  the  theoretical  derivations  were  verified 
by  laboratory  experiments.  A  bed  load  transport 
model  constituted  by  pick-up  rate  and  step  length 
plays  a  powerful  role,  because  it  is  still  applicable 
for  non-equilibrium  conditions  and  it  quite  well 
represents  the  essential  mechanism  of  bed  load 
motion.  (See  also  W90-O3626)  (Author's  abstract) 
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CHANNEL  CHARACTERISTICS  OF  THE 
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Descriptors:  'Bangladesh,  'Channel  morphology, 
•River  mechanics,  Satellite  technology,  Jamuna 
River,  Stream  stabilization,  Braided  streams. 

Channel  characteristics  of  the  braiding  Jamuna 
River  in  Bangladesh  were  studied  within  the 
framework  of  a  feasibility  study  for  a  bridge  across 
this  large  braiding  sand-bed  river.  Planform  char- 
acteristics were  studied  on  the  basis  of  LAND- 
SAT-images.  The  variation  of  some  topological 
and  geometrical  braiding  indices  over  the  years 
were  studied  for  a  total  of  six  reaches.  The  plan- 
form  of  channel  bends  was  also  studied.  Cross- 
sectional  characteristics  were  derived  from  bed 
level  soundings  made  by  the  Bangladesh  Water 
Development  Board  since  1966/67.  From  the  anal- 
ysis of  the  available  data  it  is  concluded  that  over 
the  last  decades  any  lateral  shifting  of  the  Jamuna 
River  is  not  noticeable.  This  is  in  contrast  with  the 
behavior  of  the  river  since  the  avulsion  at  the  end 
of  the  18th  century,  which  was  followed  by  a 
Western  movement  of  up  to  10  km  in  some 
reaches.  (See  also  W90-03626)  (Author's  abstract) 
W90-03641 


CHARACTERISTICS  OF  FLOW  AT  THE 
INTERSECTION  OF  RIVER  MEANDERS  AND 
FLOOD  RELIEF  (CUT-OFF)  CHANNELS. 

Glasgow  Univ.  (Scotland).  Dept.  of  Civil  Engi- 
neering. 

J.  G  Herbertson,  and  Y.  R.  Fares. 
IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  p  191-202,  6  fig,  2  tab,  12  ref. 

Descriptors:  'Channel  morphology,  'Flow  charac- 
teristics, 'Meanders,  'Flood  channels,  Mathemati- 
cal models,  Flood  relief  channels,  Water  level, 
Velocity. 

A  2-D  mathematical  model  has  been  developed  for 
flow  around  a  wide  gentle  channel  bend  of  uniform 
section  which  is  capable  of  successfully  predicting 
the  vertical  distribution  of  secondary  currents  and 
the  transverse  water  surface  slopes  at  sections 
around  the  bend.  Combining  the  bend  model  with 
the  equation  for  a  broad  crested  side  weir  it  has 
been  possible  to  simulate  the  effect  of  introducing  a 
flood  relief  (cut-off)  channel  into  the  bend.  For  all 
ratios  of  flood  channel  bed  level  to  water  depth  in 
the  main  channel  the  flood  channel  is  more  effec- 
tive in  reducing  water  depth  in  the  bend  than  in 
reducing  discharge.  This  is  brought  about  by  a 
local  increase  in  the  tangential  velocity.  The  re- 
duction in  the  water  depth  is  much  more  signifi- 
cant around  the  outer  bank  due  to  the  redistribu- 
tion of  the  depth  averaged  tangential  velocity  and 


WATER  CYCLE— Field  2 


the  virtual  elimination  of  the  super  elevation  effect. 
It  is  believed  that  the  model  can  be  extended  to  the 
study  of  conditions  downstream  of  the  intersection. 
(See  also  W90-03626)  (White-Reimer-PTT) 
W90-03642 

REGIME  BED  SLOPES  OF  CHANNELS  WITH 
A  BUOYANT  BOUNDARY. 

Windsor  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

S.  P.  Chee,  and  M.  R.  Haggag. 
IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.    1988.   May    1988.   p  203-213,   3   fig,  7  ref. 

Descriptors:  'Channel  morphology,  'Ice  cover, 
•Hydrological  regime,  'Streambeds,  'Channel 
morphology,  Bed  slope,  Buoyant  covers,  Model 
studies,  Sand,  Comparison  studies. 

Laboratory  observations  were  made  of  the  bed 
slopes  of  channels  with  an  erodible  sand  bed  in  the 
presence  of  a  buoyant  cover  made  up  of  polyethyl- 
ene plastic  pellets  which  simulate  an  ice  cover.  In 
addition,  an  analytical  model  was  used  to  predict 
regime  slopes.  A  comparison  of  the  analytical  re- 
sults with  test  observations  was  made  in  the  two 
types  of  channels.  In  the  first  type,  clear  water  was 
allowed  to  circulate  in  a  covered  channel  with  a 
plane  sand  bed  until  equilibrium  conditions  were 
attained.  In  the  second  case,  a  sand  bed  was  built 
up  from  an  initial  rigid  covered  channel  by  depos- 
iting sand  from  a  hopper  at  the  upstream  end  until 
an  aggraded  equilibrium  bed  was  established.  The 
experimentally  observed  mean  bed  slopes  were  in 
good  agreement  with  those  computed  from  the 
theoretical  formulations.  The  bedforms  found  in 
the  tests  were  in  fair  agreement  generally  with 
those  computed  from  the  equations.  (See  also  W90- 
03626)  (Author's  abstract) 
W90-03643 

SEDIMENT  SIZE  AND  CHANNEL  CHANGES 
IN  BRATOED  AND  MEANDERING  GRAVEL- 
BED  STREAMS,  UPPER  DEESJJDE,  SCOT- 
LAND. __  . 

Aberdeen  Univ.  (Scotland).  Dept.  of  Geography. 
J.  Maizels. 

IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  p  215-230,  12  fig,  29  ref. 

Descriptors:  'Alluvial  channels,  'Sediment  trans- 
port, 'Geomorphology,  'Scotland,  'Channel  mor- 
phology, 'Streambeds,  'Sediment  transport, 
Gravel-bed  streams,  Stability,  Roods,  Variability. 


The  possible  contrasts  in  channel  sedimentology 
between  two  upland  gravel-bed  streams  are  exam- 
ined in  order  to  determine  whether  differences  are 
in  response  to  a  given  range  of  stream  flow  events, 
or  whether  the  differences  represent  an  equilibrium 
adjustment  by  each  stream.  Two  streams  were 
selected  from  the  upper  River  Dee  catchment  in 
the  Grampians  of  Scotland.  The  results  suggest 
that  while  large  flood  events  are  responsible  for 
maximum  changes  in  both  fine  and  coarse  gravel 
channel  environments,  the  thresholds  for  change 
are  highly  variable  through  time  and  space.  Stabili- 
ty of  the  system  will  depend  not  only  on  variations 
in  sediment  input  from  upstream,  but  also  on  the 
sequence  of  high  flows  both  during  a  single  storm 
event  and  over  a  period  of  years,  allowing  variable 
periods  for  bed  armour  restabilization.  The  types 
of  change  in  channel  morphology  and  planform 
have  also  been  highly  variable.  The  changes  on  the 
Dee  include  overbank  avulsion,  bar  entrenchment, 
and  rapid  bank  retreat  to  produce  downstream 
meander  migration;  occupation  and  enlargement  of 
smaller  channels;  and  abandonment  of  the  former 
major  thalweg  zone,  while  changes  on  the  Quoich 
include   progressive    confinement    of   the    active 
channel  zone  over  the  1866-1966  period,  followed 
by  its  small  scale  and  local  re-expansion;  dissection 
of  former  attached  bars;  and  downstream  extension 
of  the  confluence  bar  zone.  The  patterns  of  change 
in  each  channel  environment  are  distinctive,  and 
are  likely  to  reflect  the  mechanisms  and  rates  of 
bed  sediment  removal  and  downstream  transport. 
(See  also  W90-03626)  (White-Reimer-PTT) 
W90-03644 


CHANGE  OF  RTVER  REGIME  AND  GRADED- 
SEDIMENT  DISCHARGE  DURING  FLOOD. 

Tottori  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
K.  Suzuki,  and  M.  Michiue. 

IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  May  1988.  p  231-240,  8  fig,  1  tab,  8  ref. 

Descriptors:  'Sediment  discharge,  'Channel  mor- 
phology, 'Sediment  transport,  'Flood  discharge, 
'Regime  streams,  Armor  coat,  Shear  stress,  Math- 
ematical equations,  Particle  size. 

Sediment  discharge  characteristics  of  nonuniform 
sand  bed  during  the  increase  and  decrease  periods 
of  flood  discharge  are  discussed  experimentally  in 
connection  with  the  formation  and  destruction  of 
an  armor  coat.  Sediment  discharge  for  each  gram 
size  of  sand  mixture  can  be  calculated  by  modify- 
ing existing  sediment  transport  formula  of  uniform 
sand  if  the  grain  size  frequency  (i  sub  b)  of  the  bed 
surface  is  known.  The  frequency  i  sub  b  vanes 
with  the  bed  shear  stress  and  can  be  estimated  by 
the  proposed  equations.  The  critical  conditions  of 
the  armor  coat  destruction  is  given  experimentally 
by  Tau/Tau  sub  cm  =  1.1,  where  Tau  is  the  bed 
shear  stress  and  Tau  sub  cm  is  the  critical  shear 
stress  of  the  mean  particles  of  the  armor  coat. 
Calculated  curves  seem  to  fit  the  observed  change 
of  sediment  discharge  with  the  change  of  shear 
stress  fairly  well  although  there  is  some  difference 
between  observed  and  calculated  curves  mainly 
due  to  the  uncertainty  of  the  critical  condition  of 
the  armor  coat  destruction  as  determined  by  the 
equation.  (See  also  W90-03626)  (Author's  abstract) 
W90-03645 

STUDY  ON  THE  STAIRCASE  PROFTLE  AND 
ARMOURING  EFFECTS  OF  RTVER  BED  FOR 
TORRENTIAL  STREAMS  IN  TAIWAN. 

National  Chunghsing  Univ.,  Taichung  (Taiwan). 
Dept.  of  Soil  and  Water  Conservation. 
C.WHo.  „.         „     . 

IN-  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  p  241-250,  6  fig,  2  tab,  7  ref. 

Descriptors:  'Channel  morphology,  'Taiwan, 
•Sediment  transport,  'Regime  streams,  Armoring 
effects,  Staircase  profile,  Streambeds,  Regression 
analysis,  Comparison  studies. 

Due  to  properties  such  as  narrow  shape,  steep 
gradients,  and  torrential  flows,  the  staircase  profile 
often  occurs  naturally  in  Taiwan.  The  effects  of 
the  staircase  profile  on  sediment  decrease  based  on 
formation  and  equilibrium  theories  of  river  systems 
has  been  analyzed,  coordinated  with  indoor  flume 
experiments,  and  verified  with  field  data.  In  addi- 
tion, two  regression  equations  for  deposit,  flow 
discharge,  and  staircase  height  and  interval  dis- 
tance were  analyzed.  The  sediment  decrease  was 
85%-95%  for  the  experimental  study,  and  82%- 
94%  in  Wo-Thuo  creek  and  79%-91%  in  Tong  Hsi 
Keng  creek  for  the  field  verification.  The  armour- 
ing effects  results  for  the  flume  experiments  and 
the  algorithm  models  were  also  in  close  agreement. 
The  results  indicate  the  staircase  profile  has  two 
functions:  (1)  stabilizing  the  river  bed;  and  (2) 
decreasing  the  hydraulic  energy  due  to  hydraulic 
jump  through  the  special  profile.  (See  also  W90- 
03626)  (White-Reimer-PTT) 
W90-03646 


Streamflow  and  Runoff— Group  2E 

Therefore,  a  study  relating  flow  to  channel  geome- 
try and  bed  material  was  undertaken  on  Northern 
Ireland  rivers  using  the  Einstein-Barbarossa,  and 
Engelund  and  White  methods  of  predictmg  chan- 
nel capacity.  It  was  found  that  the  dimensionless 
Einstein-Barbarossa  bed   form   resistance   param- 
eters departed  considerably  from  the  Einstein-Bar- 
barossa curve.  The  basis  of  comparison  that  was 
used  was  the  percent  of  calculated  values  whichhe 
within  a  factor  of  2  of  the  observed  values.  The 
Engelund  method  of  estimating  a  channel  stage 
discharge  relationship  gave  poor  predictions.  No 
prediction  could  be  made  for  bed  materials  having 
D  sub  50  (sieve  sizes  passing  50%  by  weight)  sizes 
less  than  35  mm,  and  above  this  threshold  estimates 
were  approximately  15%  of  true  values  at  bank- 
full  conditions.  The  White  method  was  consider- 
ably better  and  gave  79%  with  some  values  being 
up  to  a  factor  of  8  times  the  observed.  A  new 
equation  was  derived  as  an  empirical  best  fit  equa- 
tion for  use  with  the  Manning  formula  to  evaluate 
bank-full  mean  velocity.  The  equation  is  dependent 
upon  velocity  and  may  admit  more  than  one  solu- 
tion or  no  unique  solution  for  any  given  site.  The 
new  method  achieved   89%   of  values  within  a 
factor  of  2  and  in  all  cases  was  less  than  a  factor  of 
4  off  the  observed  values.  The  new  method  has 
been  shown  to  give  a  better  estimation  of  rough- 
ness coefficient  than  the  White  method  when  ap- 
plied to  Northern  Ireland  rivers.  (See  also  W90- 
03626)  (White-Reimer-PTT) 
W90-03647 


PREDICTION  OF  MEAN  BED  AND  WALL 
BOUNDARY  SHEAR  IN  UNIFORM  AND 
COMPOSITELY  ROUGH  CHANNELS. 

Leicester  Univ.  (England).  Dept.  of  Engineering. 
T.  P.  Flintham,  and  P.  A.  Carling. 
IN-  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  p  267-287,  13  fig,  1  tab,  17  ref. 

Descriptors:  'Hydraulic  roughness,  'Channel 
scour,  'Channel  morphology,  'Streambeds,  Model 
studies,  Mathematical  equations,  Rough  channels, 
Wall  boundary  shear. 

Experimental  procedures  and  data  compilations 
are  presented  which  relate  to  the  prediction  of 
mean  bed  and  wall  boundary  shear  in  uniform  and 
compositely  roughened  channels.  The  experimen- 
tal program  was  carried  out  in  a  tilting  13  m  long 
trapezoidal  channel,  and  the  discharge  was  meas- 
ured using  an  orifice  plate  installed  to  British 
Standard  specifications  and  the  flow  depth  con- 
trolled by  a  louvre-type  tailgate.  The  roughness 
elements  consisted  of  'single  sized'  rounded  river 
gravels,  glued  a  single  layer  deep  to  plywood 
lining  boards.  Equations  were  derived  that  provide 
a  quick  and  simple  method  of  determining  the 
mean  bed  and  side-wall  shear  stress  in  straight 
symmetrical  trapezoidal  and  rectangular  channels 
(45  degrees  <  Theta  <  90  degrees),  in  which  the 
bed  roughness  is  equal  or  greater  than  the  side-wall 
roughness.  The  model  should  be  applied  with  cau- 
tion to  larger-scale  channels  as  Reynolds'  numbers 
will  probably  exceed  the  upper  limit  of  the  experi- 
mental range.  The  model  is  suitable  for  stable  sub- 
critical  and  super-critical  flows.  (See  also  W90- 
03626)  (White-Reimer-PTT) 
W90-03648 


ESTIMATION  OF  FRICTION  FACTOR  IN 
NATURAL  STREAMS. 

Department  of  Agriculture  for  Northern  Ireland, 

Belfast. 

N.  N.  J.  Higginson,  and  H.  T.  Johnston. 

IN:  International  Conference  on  River  Regime. 

Hydraulics  Research  Limited,  Wallingford,  Oxon, 

UK.  1988.  May  1988.  p  251-266,  112  fig,  append. 

Descriptors:  'Bed  load,  'Hydraulic  roughness, 
•Flow  friction,  'Northern  Ireland,  'Channel  mor- 
phology, Comparison  studies,  Velocity,  Einstein- 
Barbarossa  method,  Engelund  method,  White 
method,  Mathematical  equations. 

The  estimation  of  friction  factor  is  of  great  impor- 
tance in  assessing  the  flow  capacity  of  a  channel. 


MULTTPLE  BARS  AND  STREAM  BRAIDING. 

Kyoto  Univ.  (Japan).  Disaster  Prevention  Re- 
search Inst. 

Y.  Fujita,  and  Y.  Muramoto. 
IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  p  289-300,  13  fig,  1  tab,  4  ref. 

Descriptors:  'Channel  morphology,  'Alluvial 
channels,  'Sediment  transport,  'Braided  streams, 
'Sandbars,  Width,  Bar  formation,  Modes,  Hydrau- 
lic properties,  Mathematical  equations. 

Detailed  hydraulic  experiments  were  carried  out 
on  the  behavior  of  multiple  row  bars  and  the 
formation  of  braided  streams  in  three  flumes  with 
widths  of  0.5,  1.8,  and  3.0  m.  The  number  of  bars 
across  the  width  of  channel  is  referred  to  as  the 
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Group  2E— Streamflow  and  Runoff 

mode;  higher  modes  implying  division  of  the 
stream  into  many  parallel  sections.  The  higher 
modes  of  bars  were  observed  to  alter  to  lower  ones 
and  braided  patterns  appeared  in  cases  with  small 
depths.  Bars  in  high  modes  proved  to  have  the 
same  hydraulic  properties  as  alternate  bars.  Several 
results  of  studies  on  alternate  bars  could  be  applied 
to  predict  behavior  of  multi-mode  bars.  It  was 
concluded  that  the  formations  of  bars  in  various 
mode  and  braided  streams  can  be  predicted  by 
using  the  diagrams  developed  which  allow  for  the 
co-existence  of  several  modes.  However,  it  is  nec- 
essary to  examine  the  formative  process  quantita- 
tively from  the  viewpoint  of  sediment  transport  in 
order  to  predict  the  time  required  for  the  alterna- 
tion of  the  bar  mode  and  the  appearance  of  braided 
streams.  (See  also  W90-03626)  (Author's  abstract) 
W90-03649 


BED  FORM  CONFIGURATION  OF  A  RIVER 
BEND. 

National  Taiwan  Univ.,  Taipei.  Dept.  of  Civil  En- 
gineering. 

H.  Y.  Lee,  and  H.  Y.  Ho. 

IN:  International  Conference  on  River  Regime 
Hydraulics  Research  Limited,  Wallingford,  Oxon 
UK.  1988.  p  301-316,  17  fig,  9  ref. 

Descriptors:  'Sediment  transport,  *River  beds, 
*Streambeds,  'Channel  morphology,  Height, 
Wavelengths,  Bed  form,  Model  studies,  Bends, 
Water  currents. 

A  series  of  model  tests  were  conducted  to  investi- 
gate the  bed  form  characteristics,  including  height, 
wave  length  and  orientation  of  a  river  bend.  It  was 
found  that  there  are  significant  differences  between 
the  bed  form  characteristics  of  a  river  bend  and 
those  of  a  straight  channel.  Hence,  traditional  bed 
form  prediction  criteria  cannot  be  applied  to  a 
curved  channel.  In  a  river  bend,  significant  bed 
forms  were  observed:  (1)  The  bed  form  height  and 
wave  length  were  strongly  correlated  to  the  water 
depth,  local  densimetric  Frounde  number  and 
strength  of  secondary  current.  (2)  The  dimensions 
of  the  bed  forms  grew  in  a  streamwise  direction. 
(3)  The  orientation  of  the  bed  forms  were  strongly 
correlated  to  the  strength  of  the  secondary  current 
and  the  transverse  bed  slopes.  In  the  early  develop- 
ing stage,  a  tremendous  amount  of  sediments  are 
carried  from  outside  toward  inside  bend  by  sec- 
ondary currents,  hence,  a  significant  deviation 
angle  is  formed  between  the  bed  form  crestline  and 
the  line  perpendicular  to  the  mean  flow  direction. 
As  time  proceeds,  inward  movement  of  sediments 
reduces  the  deviation  angle  decreases  accordingly 
(See  also  W90-03626)  (Author's  abstract) 
W90-03650 


REGIME    ASPECTS    OF    FLOOD    CONTROL 
CHANNELIZATION. 

Northwest  Hydraulic  Consultants  Ltd.,  Edmonton 

(Alberta). 

For  primary  bibliographic  entry  see  Field  4A. 

W90-03651 


APPLICATION  OF  BED  STABHJTY  CRITE- 
RIA IN  RIVERS  WITH  CONSECUTIVE  RUN- 
OF-RIVER  POWER  PLANTS. 

H.  Scheuerlein. 

IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon 
UK.  1988.  p  355-364,  7  fig,  5  ref. 

Descriptors:  'Alluvial  channels,  'Scour,  'West 
Germany,  'How  pattern,  'River  beds,  'Sediment 
transport,  Erosion,  Controlled  rivers,  Hydroelec- 
tric power,  Barrages. 

Using  the  Lech  River  in  Bavaria  as  an  example, 
the  flow  phenomena  and  the  sediment  behavior  in 
an  almost  completely  controlled  river  were  ex- 
plained. For  one  selected  range  between  two  con- 
secutive barrages  the  stability  of  the  river  bed  was 
investigated  by  means  of  five  different  approaches 
(HJULSTROM,  NEILL,  MEYER-PETER, 
SHIELDS,  ZANKE).  It  was  determined  that  the 
existence  of  an  uninterrupted  chain  of  barrages 
does  not  necessarily  mean  that  sediment  motion 
comes    to    a    complete    standstill.    The    barrages 


simply  function  as  fix-points  in  the  longitudinal 
section  of  the  river.  Between  these  fix-points  sedi- 
ment motion  will  go  on  and  substantial  rearrange- 
ment of  the  bed  configuration  will  take  place.  The 
actual  behavior  of  the  river  bed  between  two  con- 
secutive barrages  depends  on  the  topography  of 
the  river  course  rather  than  on  the  backing  up 
effect  of  the  downstream  barrage.  The  backing  up 
effect  diminishes  with  increasing  discharge  and 
under  certain  circumstances  disappears  completely. 
Consequently  the  range  of  undisturbed  flow  and 
therefore  the  range  of  unhindered  erosion  of  the 
bed  increases.  The  simultaneous  application  of  five 
different  approaches  concerning  verification  of  bed 
stability  showed  that  criteria  based  on  critical  ve- 
locity have  the  tendency  to  produce  optimistic 
results  for  low  flow  velocities  (v  <  2  m/s)  and 
conservative  results  for  high  flow  velocities  (v  >  2 
m/s),  compared  with  stability  criteria  based  on 
critical  shear  stress.  Out  of  all  methods  that  were 
applied,  the  one  from  SHIELDS  proved  to  be  the 
most  balanced  one,  neither  producing  too  conserv- 
ative nor  too  optimistic  results.  (See  also  W90- 
03626)  (Author's  abstract) 
W90-03653 


REGIME  CHANGES  IN  THE  CALEDON 
RTVER  ASSOCIATED  WITH  WELBEDACHT 
BARRAGE:  PHYSICAL  MODEL,  PROTOTYPE 
AND  THEORETICAL  CORRELATIONS. 

Department   of  Water    Affairs,    Pretoria   (South 

Africa). 

J.  M.  Jordaan,  and  D.  Clark. 

IN:   Internationa]  Conference  on  River  Regime. 

Hydraulics  Research  Limited,  Wallingford,  Oxon 

UK.  1988.  p  375-384,  6  fig,  2  tab,  2  ref. 

Descriptors:  'Sediment  transport,  'Regime 
streams,  'Hydrological  regime,  'South  Africa, 
•Reservoir  storage,  Model  studies,  Equilibrium 
condition,  Sediment  transport,  Welbedacht  Reser- 
voir. 

Historical  sedimentology  and  hydrological  records 
were  compared  with  experimental  observations  ob- 
tained by  means  of  a  scale  model  of  the  Welbe- 
dacht Reservoir  in  South  Africa  and  with  theoreti- 
cal and  empirical  relationships  reported  by  Roose- 
boom  and  Van  Vuuren.  The  results  indicated  that  a 
dam  that  is  situated  in  an  area  where  the  sediment 
yield  is  high  should  be  of  the  barrage  type  and 
operated  with  the  retention  water  level  kept  to  the 
minimum  for  the  required  storage.  The  numerical 
and  physical  modelling  techniques,  when  com- 
bined with  adequate  field  data  and  surveys  for 
verification  and  calibration,  showed  good  agree- 
ment for  the  equilibrium  profiles  and  provided 
valuable  information  for  the  prediction  of  future 
behavior  of  rivers  and  reservoirs  undergoing 
regime  changes.  An  equilibrium  sedimented  condi- 
tion is  expected  to  be  reached  on  the  Welbedacht 
Reservoir  within  a  decade,  stabilizing  at  10  million 
cu  m  or  9%  of  the  original  capacity.  At  this  time 
approximately  225  million  cu  m  of  sediment  influx 
will  have  occurred  (twice  the  original  storage 
volume)  and  after  a  reservoir  lifetime  of  ca  25 
years;  when  run-off  some  250  times  its  volume  will 
have  occurred.  At  that  stage  the  system  would 
again  be  considered  to  be  in  a  natural  regime  or 
equilibrium  state.  (See  also  W90-03626)  (White- 
Reimer-PTT) 
W90-03655 


EFFECTS  OF  EXTENSTVE  DREDGING  ON 
THE  RTVER  REGIME. 

Vizgazdalkodasi  Tudomanyos  Kutato  Intezet,  Bu- 
dapest (Hungary). 
S.  Kornis,  and  I.  A.  Laczay. 

IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon 
UK.  1988.  p  385-394,  9  fig,  3  ref. 

Descriptors:  'Hungary,  'Danube  River,  'Dredg- 
ing, 'Channel  morphology,  'Hydrological  regime, 
•Sediment  transport,  'Sedimentation,  Model  stud- 
ies, Field  studies,  Dredging  effects. 

Long-term  and  extensive  dredging  caused  signifi- 
cant changes  in  the  channel-regime  and  in  the  low- 
flow  conditions  along  the  Danube  river  in  Hunga- 
ry. To  explore  the  former  and  to  assess  the  further 


consequences  of  this  activity,  both  hydraulic 
model  tests  and  field  investigations  were  per- 
formed. The  hydraulic  model  tests  confirmed  that 
within  the  river  channel  dredging  pits  must  not  be 
made  shorter  than  the  channel  width  and  wider 
than  about  half  of  it  to  avoid  undesirable  flow- 
disturbances  and  bed-erosion.  However,  the  exca- 
vation can  be  deeper  when  constructing  very  mild 
upstream  and  downstream  slopes  for  the  pit,  and 
the  side-walls  can  be  excavated  vertically.  Exten- 
sive field  surveys  and  samplings  on  a  60  km-long 
reach  of  the  Danube  river  downstream  of  Buda- 
pest confirmed  that  in  excavating  troughs  with 
dimensions  of  500  to  1000  x  100  to  150  x  2  to  4  m 
no  major  refilling  occurred  for  several  years.  The 
measured/calculate  channel-balance  of  15  years 
(including  the  excavated  volumes)  has  shown  a 
certain  refilling  process  which  conforms  to  the 
natural  regime  of  the  river-reach.  Information 
available  on  the  actual  sediment-transport  condi- 
tions were  insufficient  to  confirm  the  channel- 
processes  observed  or  to  provide  reasonable  pre- 
dictions of  the  consequences  of  further  dredging 
activities.  (See  also  W90-03626)  (Author's  abstract) 
W90-03656 


EFFECT  OF  BOAT  TRAFFIC  ON  RTVER 
REGIME. 

Forth  River  Purification  Board,  Edinburgh  (Scot- 
land). 

P.  N.  Garrad,  and  R.  D.  Hey. 
IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  p  395-409,  7  fig,  14  ref. 

Descriptors:  'Bank  erosion,  'Bank  stabilization, 
•Sediment  transport,  ^England,  *Boating,  *Wave 
action,  Bank  vegetation,  Wave  wash,  Piles,  Model 
studies,  Aerial  photography. 

The  Norfolk  Broads  are  a  series  of  interconnected 
lakes  and  rivers  in  Eastern  England  that  discharge 
into  the  sea  at  Great  Yarmouth.  Since  1945  the 
width  of  Broadland  rivers  has  increased  dramati- 
cally, mainly  due  to  wave  attack  by  boat  traffic 
aggravated  by  a  decline  in  bankside  vegetation. 
The  bank  erosion  problem  on  the  Yare  and  Bure 
river  systems  has  become  serious  enough  in  recent 
years  for  considerable  lengths  of  the  bank  to  be 
piled  in  order  to  prevent  undercutting  of  the  flood 
walls.  The  increase  in  river  width  over  historical 
times  was  shown  by  comparing  Ordance  Survey 
maps  dated  1883,  1946,  1963,  and  1976.  For  the 
period  1883-1946  the  rate  of  band  retreat  was  of 
the  order  of  0.3  to  0.6  cm  per  year,  whereas 
current  rates  range  from  6.0  to  16.0  cm  per  year 
for  the  period  1946-1976,  indicating  channel  width 
may  be  changing  by  up  to  32  cm  per  year.  Other 
means  used  to  determine  the  extent  and  mecha- 
nisms involved  in  bank  erosion  included:  (1)  aerial 
photographs;  (2)  sediment  transport  models;  and 
(3)  direct  surveys  of  river  cross  sections.  The  pro- 
gressive increase  in  river  width  means  that  longer 
lengths  of  bank  will  need  to  be  piled  to  prevent  the 
channel  encroaching  within  5  m  of  the  flood  wall, 
unless  erosion  can  be  halted  or  reversed.  In  the 
short  term,  the  most  effective  way  of  reducing 
river  bank  erosion  is  by  controlling  boat  wash. 
This  can  be  achieved  by  reducing  boat  speeds  to  5 
mph  or  less  in  most  regions.  Additionally,  suitable 
management  to  increase  the  resistance  of  the  banks 
to  erosion  by  regrading  and  introducing  protective 
vegetation  may  also  prove  appropriate.  (See  also 
W90-03626)  (White-Reimer-PTT) 
W90-03657 


USE  OF  AN  EMPTRICAL  METHOD  (EROSION 
POTENTIAL  METHOD)  FOR  CALCULATING 
SEDIMENT  PRODUCTION  AND  TRANSPOR- 
TATION IN  UNSTUDTED  OR  TORRENTIAL 
STREAMS. 

Institut  za  Vodoprivredu  Jaroslav  Cerni,  Belgrade 
(Yugoslavia). 

For  primary  bibliographic  entry  see  Field  23. 
W90-03658 


EARTHQUAKES  AND  RTVER  REGIMES. 

Central  Water  and  Power  Research  Station,  Poona 
(India). 
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WATER  CYCLE— Field  2 
Streamflow  and  Runoff— Group  2E 


A.  Bapat. 

IN-  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  p  423-429,  10  ref. 

Descriptors:  'Earthquakes,  'Tsunamis,  'Regime 
streams,  Flooding,  Seismic  effects,  Slopes,  Dams, 
Sedimentation,  Water  quality,  History. 

The  occurrence  of  earthquakes  in  river  regimes 
can  affect  rivers  in  upper  ridges,  plains  and  delta 
regions.  These  effects  are  principally  due  to  fault- 
ing, shaking,  ground  failures  and  tsunamis.  The 
pre-seismic,  co-seismic,  and  post-seismic  effects  on 
rivers  in  India,  New  Zealand,  and  Latin  America 
were  studied.  The  most  significant  pre-seismic  ef- 
fects are  the  change  in  ground  level,  either  sinking 
or  upheaval  of  land.  If  the  slope  is  reduced,  the 
velocity  of  river  water  is  reduced  and  causes  addi- 
tional deposition  of  sediments  and  more  spreading 
of  water  during  flood  periods.  If  the  slope  is  in- 
creased the  velocity   of  water  is  increased  and 
excessive  erosion  occurs.  The  greatest  co-seismic 
effect  is  the  massive  displacement  of  geological 
materials  as  a  result  of  liquefaction  in  river  regime 
encompassed  by  a  high  isoseismal.  Due  to  liquefac- 
tion, landslides  may  occur  and  the  flow  of  a  nyer 
may  be  temporarily  blocked  due  to  the  formation 
of  natural  dams.  The  major  post-seismic  effects  are 
changes  in  river  courses,  heavy  sedimentation,  rise 
in  bed  level,  change  in  granular  and  chemical 
composition  of  sediment,  and  changes  in  water 
quality.  In  order  to  assess  the  likely  effects  of  a 
potential    earthquake    the    following    procedure 
should  be  used:  (1)  Determine  from  a  list  of  histori- 
cal earthquakes  whether  there  is  any  reasonable 
and   finite   probability   of  the   occurrence   of   a 
medium  to  large  earthquake  during  the  foreseeable 
future  or  the  projected  period  of  the  study;  and  (2) 
Work  out  the  likely  levels  of  accelerations  due  to  a 
predicted  earthquake  at  different  distances  and  its 
effect  on  local  geology.  Plot  the  likely  isoseismals 
for  a  few  probable  locations  of  epicenters,  and 
examine  this  with  reference  to  the  river  regime. 
Various  likely  effects  could  then  be  worked  out. 
Future  river  valley  development  projects  could  be 
planned  so  as  to  mitigate  the  earthquake  effects. 
(See  also  W90-03626)  (White-Reimer-PTT) 
W90-03659 


FLOOD  GEOMORPHOLOGY. 

John  Wiley  &  Sons,  New  York.  1988.  Edited  by 
V.R.  Baker,  R.C.  Kochel,  and  PC.  Patton.  503p. 

Descriptors:  'Geomorphology,  'Floods,  'Historic 
floods,  'Flood  plain  management,  Flood  control, 
Flood  damage,  Flood  channels,  Flood  basins, 
Flood  plains,  Flood  profiles,  Regional  floods,  Re- 
search priorities,  Rainfall-runoff  relationships, 
Land  forming,  Geologic  control,  Canada,  China, 
India,  Israel,  Germany,  Jamaica,  New  Zealand. 

Flood  geomorphology  can  be  considered  to  be  the 
study  of  the  role  of  floods  in  shaping  the  land- 
scape, including  the  analysis  of  flood  causes,  flood 
processes,  resistance  factors  to  flood-induced  land- 
scape change,  and  changes  in  flood-related  proc- 
esses and  forms  through  time.  Geomorphologists 
are  also  interested  in  how  the  landscape  affects 
flood  processes  over  varying  time  scales.  A  scien- 
tific, as  opposed  to  an  engineering  or  statistical, 
approach  is  needed  which  is  not  based  on  the 
sometimes   misleading   probability   estimates;   the 
flooding  process  is  of  intrinsic  scientific  interest, 
regardless  of  concerns  for  designing  structures  or 
estimating  risk.  Because  of  its  accelerating  scientif- 
ic growth,  flood  geomorphology  is  an  obvious 
candidate  for  research  symposia  and  published  pro- 
ceedings. To  retain  the  flavor  of  actively  evolving 
research,  various  active  researchers  were  contact- 
ed as  chapter  authors,  as  well  as  contributors  to 
most  of  the  major  topics  for  the  newly  defined 
subdiscipline:  flood  geomorphology.  Contributions 
were  organized  into  five  parts:  (1)  external  controls 
and  geomorphic  measurements;  (2)  flood  process- 
es; (3)  floods,  climate,  landscape;  (4)  paleofloods; 
and  (5)  environmental  management.  Because  most 
flood  research  concerns  rainfall-runoff  flooding, 
this    topic    receives    major    emphasis,    as    does 
modern/Holocene  flooding.  Extensive  flood  geo- 
morphic experience  is  drawn  from  Canada,  China, 
India,  Israel,  Germany,  Jamaica,  and  New  Zea- 


land, in  addition  to  the  immense  variety  of  the 
American  landscape.  (See  W90-03662  thru  W90- 
03688)  (Fish-PTT) 
W90-03661 


FLOOD  CLIMATES. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 
B.  P.  Hayden. 

IN-  Flood  Geomorphology.  John  Wiley  &  sons, 
New  York.  1988.  p  13-26.  9  fig,  14  ref. 

Descriptors:  'Regional  floods,  'Hoods,  'Hood 
basins,  'Climatic  zones,  'Climatology,  'Meteoro- 
logical data  collection,  Classification,  Atmospheric 
water,  Orography,  Mountains,  Precipitation, 
Snow,  Moisture  availability,  Water  resources  de- 
velopment, Vegetation,  Soil  classification,  Geo- 
morphology. 

A  need  has  been  established  for  a  global  classifica- 
tion of  flooding  and  for  a  map  of  the  resulting 
flood  climate  types.  Although  variability  m  basin 
characteristics  prohibits  regionalization  on  a  global 
basis,  the  meteorological  causes  and  potential  for 
flooding  can  be  classified  and  regionalized.  Flood 
climate  regions  are  delineated  on  the  basis  of  mete- 
orological causation,  based  on  the  potential  avail- 
able floodwater  in  the  atmosphere  and  on  the  land 
and  on  the  weather  systems  that  result  in  the 
discharge  from  the  atmospheric  reservoir  of  snow 
and  ice  on  the  land.  The  presence  of  mountains 
that  orographically  enhance  precipitation  and  tend 
to  have  winter  storage  of  snows  complicate  the 
latitudinal  and  longitudinal  symmetry  of  the  distri- 
bution of  the  flood  climate  regions.  Nonetheless, 
the  resulting  regions  should  be  internally  homoge- 
neous in  terms  of  the  kinds  of  flood-generating 
events,  moisture  availability,  and  other  aspects  of 
the  water  resources  of  the  regions  defined.  This 
classification  should  stand  as  a  valuable  addition  to 
the  often  used  charts  of  global  climate,  vegetation, 
soils,  and  fluvial  geomorphologic  features.  (See 
also  W90-03661)  (Fish-PTT) 
W90-03662 

FLOOD  HYDROCLIMATOLOGY. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Ge- 
ography and  Anthropology. 
K.  K.  Hirschboeck. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 
New  York.  1988.  p  27-49.  14  fig,  104  ref. 

Descriptors:  'Floods,  'Hydrologjc  systems,  'Cli- 
matology, 'Time  series  analysis,  Variability,  Statis- 
tical analysis,  Mathematical  studies,  Atmospheric 
physics,  Physical  properties,  Historic  floods,  Cli- 
matic data,  Meteorological  data  collections,  Air 
circulation,  Flood  plain  management,  Hydroclima- 
tology. 


The  methodologies  that  have  been  developed  and 
refined  through  the  years  to  manipulate,  model, 
and  predict  flood  values  have  become  increasingly 
sophisticated.  The  cross-discipline  of  hydroclima- 
tology   is   an   approach   to   studying   hydrologic 
events  within  their  climatological  context.  By  fo- 
cusing on  atmospheric  inputs  to  flooding,  hydroch- 
matology  provides  one  way  to  integrate  the  physi- 
cal sources  of  variability  in  a  hydrologic  time 
series  with  the  statistical  properties  of  the  varying 
series  itself,  thus  both  enhancing  our  understanding 
of  the  flooding  process  and  improving  the  quanti- 
tative assessment  of  its  variability.  In  a  hydroclima- 
tic  approach  to  flood  analysis  the  events  recorded 
in  a  flood  series  are  viewed  not  only  as  numerical 
values,  or  as  isolated  hydrologic  occurrences,  but 
as  real-world  physical  events  occurring  within  the 
context  of  a  history  of  climatic  variations  in  magni- 
tude and  frequency.   The  physical  basis  of  the 
approach  emerges  when  these  events  are  analyzed 
within   the   spatial    framework   of   regional    and 
global  networks  of  changing  meteorologic  features 
and   circulation   patterns.    Although   climate   has 
been  incorporated  into  flood  analyses  in  a  variety 
of  ways,  given  the  broad  space-time  domain  of 
hydroclimatic  activity,  there  is  a  great  need  to  re- 
evaluate  certain   assumptions   about  how   floods 
vary  over  time  in  relation  to  climate  and  to  re- 
examine other  current  issues  in  flood  hydrology 
from  a  new  hydroclimatic  perspective.  (See  also 
W90-03661)  (Fish-PTT) 


W90-03663 

DRAINAGE  BASIN  MORPHOMETRY  AND 
FLOODS.  ,  „     . 

Wesleyan  Univ.,  Middletown,  CT.  Dept.  of  Earth 

and  Environmental  Sciences. 

P.  C.  Patton. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 

New  York.   1988.  p  51-64.   11  fig,   1  tab,  67  ref. 

Descriptors:  'Geomorphology,  'Catchment  areas, 
'Flood  basins,  'Unit  hydrographs,  'Rainfall-runoff 
relationships,  'Drainage  patterns,  Networks, 
Water  yield,  Sediment  yield,  Runoff  forecasting, 
Model  studies,  Geomorphology,  Flood  routing, 
Flood  hydrographs,  Streamflow  forecasting,  Sto- 
chastic hydrology,  Hydrologic  aspects,  Geologic 
control. 

Drainage  basins  are  the  fundamental  units  of  the 
fluvial  landscape,  and  a  great  amount  of  research 
has  focused  on  their  geometric  characteristics.  The 
analysis  of  basin  morphometry  has  been  extended 
to  include  the  interrelationships  between  network 
characteristics  and  the  resulting  water  and  sedi- 
ment yields.  Models  of  runoff,  based  on  the  geo- 
morphic description  of  the  drainage  basin  coupled 
with  hydrologic  concepts  of  flood  storage  and 
flood  routing,  have  been  used  to  create  synthetic 
unit  hydrographs;  these  geomorphic  unit  hydro- 
graphs  are  produced  by  combining  the  known 
probability  of  stream  network  topology  with  a 
stochastic  model  of  storage  and  water  transfer 
between  stream  segments  to  create  water  runoff 
models  that  simulate  the  actual  hydrologic  process- 
es. The  interdependence  of  hydrology,  geology, 
and  drainage  network  composition  provides  insight 
into  the  evolution  of  drainage  systems  and  the 
relative  geomorphologic  importance  of  hydrologic 
processes  of  differing  magnitude  and  frequency. 
Two  problems  have  limited  the  extension  of  these 
methods:  (1)  a  still  incomplete  understanding  of  the 
interrelationship  between  rainfall-runoff  events  of 
varying  magnitude  and  frequency  and  the  compo- 
sition of  the  drainage  net;  and  (2)  a  lack  of  full 
understanding  of  the  methodology  of  the  geomor- 
phic unit  hydrograph.  The  evolution  of  drainage 
basins  is  governed  by  the  interplay  of  flood  events 
that  work  to  extend  the  drainage  net  and  the 
recovery  time  of  the  basin,  which  is  controlled  by 
climate  and  geology.  (See  also  W90-03661)  (Fish- 
PTT) 
W90-03664 

GEOMORPHIC  MEASUREMENTS   AFTER  A 
FLOOD. 

Geological  Survey,  Lakewood,  CO. 

G.  P.  Williams,  and  J.  E.  Costa. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 

New  York.   1988.  p  65-77.  3  fig,   1  tab,  54  ref. 


Descriptors:  'Flood  flow,  'Channel  morphology, 
•Geomorphology,  Erosion,  Sediment  transport, 
Deposition,  Dissolved  solids,  Flood  damage,  Flow 
characteristics,  Historic  floods,  Flood  data,  Parti- 
cle size,  Hydraulic  properties,  Surface  water, 
Streamflow  forecasting,  Flood  peak,  Sedimentary 
structures,  Discharge  capacity,  Roughness  coeffi- 
cient, Spatial  distribution,  Vegetation  effects. 

Stream  channels  are  among  the  most  dynamic 
components  of  the  landscape.  Through  them, 
energy  and  mass  (streamflow  containing  solid  and 
dissolved  sediment  loads)  are  transferred  from  one 
location  in  the  landscape  to  another.  Channels  are 
therefore  a  logical  and  efficient  place  to  investigate 
the  geomorphic  effects  of  force,  resistance,  ero- 
sion, transportation,  and  deposition.  Any  high  flow 
of  water  that  overtops  a  channel's  banks  is  a  flood, 
during  which  a  great  deal  of  geomorphic  transfor- 
mation takes  place.  Studying  the  geomorphic  ef- 
fects of  floods  offers  some  of  the  most  wide-reach- 
ing and  efficient  ways  to  understand  present,  and 
interpret  past,  earth  processes.  However,  the  ob- 
servations, measurements,  and  data  have  been  in- 
consistent. Aspects  that  deserve  more  attention  are 
hydraulic  characteristics  associated  with  sediment 
entrainment  and  deposition,  evidence  of  debris 
flows,  and  well-organized  plans  for  monitoring  the 
landscape's    postflood    recovery.    Features    that 
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Field  2— WATER  CYCLE 


Group  2E— Streamflow  and  Runoff 

should  be  observed,  measured,  or  estimated  after  a 
flood  include:  evidence  of  a  debris  flow  or  water 
flood;  cross-sectional  flow  area;  water  surface 
width;  slope  of  water  surface  and  of  channel;  peak 
flow  mean  velocity  and  water  discharge;  rough- 
ness coefficient;  spatial  distribution  and  volume  of 
deposits;  primary  sedimentary  structures;  particle 
sizes;  grain  lithologies,  shape,  and  roundness  and 
vegetation  affected  by  the  flood.  (See  also  W90- 
03661)  (Fish-PTT) 
W90-03665 


FLOOD  EROSION. 

Arizona  Univ.,  Tucson.  Dept.  of  Geosciences 
V.  R.  Baker. 

IN:  Flood  Geomorphology.  John  Wiley  &  Sons, 
New  York.  1988.  p  81-95.  15  fig,  52  ref. 

Descriptors:  •Geomorphology,  'Flood  damage, 
•Flood  channels,  'Channel  erosion,  'Channel  mor- 
phology, Flood  discharge,  Sediment  discharge, 
Vegetation  effects,  Flood  stages,  Stream  banks, 
Alluvial  channels,  Equilibrium,  Flood  frequency, 
Regime  channels,  Regime  streams. 

Geomorphic  erosion  can  be  analyzed  as  the  dy- 
namic action  of  forces  on  resistant  geologic  materi- 
als. Because  floods  impose  higher  than  average 
forces  on  stream  bed  and  bank  materials,  their 
study  is  critical  to  all  work  in  fluvial  geomorpho- 
logy. In  studying  flood  erosion  an  important  dis- 
tinction must  be  made  between  alluvial  and  nonal- 
luvial river  channels.  Alluvial  channel  characteris- 
tics are  established  by  variations  in  the  discharge  of 
water  and  sediment,  as  modified  by  vegetation 
growth  along  the  banks.  Such  channels  are  self- 
formed  through  the  independent  adjustment  of 
morphologic  variables,  and  are  characterized  by  a 
tendency  to  adjust  toward  equilibrium  or  regime. 
Nonalluvial  river  channels  are  characterized  by 
sufficiently  high  boundary  resistance  that  an  equi- 
librium or  regime  adjustment  among  sediment  ca- 
pacity, water  discharge,  and  morphologic  variables 
is  not  possible  for  most  flood  stages.  Extremely 
intense,  rare  floods  may  overcome  the  high  thresh- 
old for  erosion  in  such  channels,  producing  bound- 
ary roughness  adjustments  that  tend  to  re-establish 
regime.  However,  such  systems  are  sediment-limit- 
ed, and  true  equilibrium  cannot  be  achieved.  In 
contrast,  low-threshold  systems  are  extremely  sen- 
sitive to  floods  of  lower  intensity  and  high  frequen- 
cy; changes  in  sediment  and  water  discharge 
during  a  large  event  generated  very  rapid  re- 
sponses in  channel  geometry  and  bed  roughness 
according  to  regime  relationships.  (See  also  W90- 
03661)  (Fish-PTT) 
W90-O3666 


SEDIMENT  TRANSPORT  BY  FLOODS. 

Oregon  State  Univ.,  Corvallis.  Coll.  of  Oceanogra- 
phy. ^ 
P.  D.  Komar. 

IN:  Flood  Geomorphology.  John  Wiley  &  Sons 
New  York.  1988.  p  97-111.  12  fig,  1  tab,  43  ref. 
Planetary  Geology  Program  of  the  NASA  Grant 

Descriptors:  •Geomorphology,  *Sediment  trans- 
port, »Flood  discharge,  'Flood  damage,  'Sedimen- 
tation rates,  'Sediment  erosion,  Sediment-carrying 
capacity,  Bed  load,  Bed-load  discharge,  Flow  ve- 
locity, Suspended  load,  Particle  size,  Topography, 
Field  tests,  Estimating. 

Exceptional  floods  can  erode  and  transport  vast 
quantities  of  sediments,  resulting  in  major  modifi- 
cations of  the  landscape.  Understanding  the  proc- 
esses of  sediment  transport  and  evaluating  the  rates 
and  quantities  offer  difficult  enough  problems 
under  normal  flow  conditions;  with  floods  the  task 
is  a  true  challenge.  Application  of  sediment  trans- 
port formulas  to  floods  can  require  extrapolations 
by  factors  of  100  or  more  beyond  the  original  data 
base.  Attempts  to  make  estimates  of  transport  rates 
of  sediments  carried  by  a  flood  can  lead  to  ques- 
tionable results.  However,  the  trends  are  clear:  the 
transport  rate  of  bed  load  is  proportional  to  the 
flow  velocity  with  an  exponent  on  the  order  of  3-5 
so  that  floods  can  result  in  dramatic  increases.  The 
increase  in  the  suspended  load  may  be  still  greater, 
direct  measurements  in  a  typical  river  showing  a 


1000-fold  increase  during  floods.  The  quantity  of 
the  fine-grained  washload  can  play  a  significant 
role  in  determining  the  total  quantity  of  sediment 
transported  during  a  flood  and  thus  in  the  amount 
of  erosion.  The  greater  the  strength  of  the  flood 
flow,  the  larger  the  size  gravel  and  boulders  en- 
trained and  transported.  Major  topographic 
changes  produced  by  floods  attest  to  their  ability 
to  entrain  and  transport  huge  quantities  of  sedi- 
ments. However,  due  to  the  scale  of  such  events, 
especially  in  comparison  with  our  laboratory  and 
field  studies  of  sediment  transport  processes,  quan- 
titative assessments  of  sediment  transport  rates  or 
flow  competence  evaluations  require  considerable 
extrapolations  and  therefore  can  yield  only  very 
rough  estimates.  (See  also  W90-03661)  (Fish-PTT) 


RHEOLOGIC,  GEOMORPHIC,  AND  SEDI- 
MENTOLOGIC  DIFFERENTIATION  OF 
WATER  FLOODS,  HYPERCONCENTRATED 
FLOWS,  AND  DEBRIS  FLOWS. 

Cascades  Volcano  Observatory,  Vancouver  WA 
J.  E.  Costa. 

IN:  Flood  Geomorphology.  John  Wiley  &  Sons, 
New  York.  1988.  p  113-122.  5  fig,  2  tab,  54  ref. 

Descriptors:  'Rheology,  'Geomorphology, 
'Flooding,  'Flow  characteristics,  'Erosion, 
'Floods,  'Sediment  transport,  Flow  discharge, 
Alpine  regions,  Basins,  Sediment  concentration, 
Strength,  Rainstorms,  Sediments. 

When  investigating  floods,  especially  in  small, 
mountainous  basins,  one  of  the  most  important 
tasks  is  to  properly  identify  the  flow  process  that 
occurred  in  the  basin.  Variation  in  flow  processes 
are  caused  mainly  by  the  character  and  content  of 
sediment  entrained  in  the  flow.  The  possible  flow 
processes  can  be  divided  conveniently  into  three 
categories:  (1)  water  floods,  (2)  hyperconcentrated 
flows,  and  (3)  debris  flows.  Each  category  has 
some  unique  and  diagnostic  effects  and  products. 
However,  in  nature,  there  exists  a  continuum  of 
flow  conditions  and  sediment  concentrations.  Be- 
cause of  the  fundamental  rheologic  differences 
among  the  three  flow  processes,  it  is  possible  to 
reconstruct  the  correct  flow  process  accurately 
from  geomorphic  and  sedimentologic  evidence. 
Landforms  and  sediment  characteristics  are  diag- 
nostic of  the  different  flow  processes  because  of 
the  rapid  increase  of  shear  strength  with  increasing 
sediment  concentrations.  Difficulties  in  interpreta- 
tion of  process  may  occur  when  a  single  rainstorm 
produces  multiple  types  of  flows  in  the  same  basin. 
However,  the  correct  identification  of  flow  proc- 
esses is  essential  for  understanding  sediment  mobi- 
lization, routing,  and  storage,  proper  design  of 
mitigation  measures,  and  accurate  delineation  of 
hazard  zones.  The  solution  is  accurate  landform 
and  sediment  interpretation  in  the  field.  (See  also 
W90-03661)  (Fish-PTT) 
W90-03668 


FLOOD  SEDIMENTATION  IN  BEDROCK 
FLUVIAL  SYSTEMS. 

Arizona  Univ.,  Tucson.  Dept.  of  Geosciences. 
V.  R.  Baker,  and  R.  C.  Kochel. 
IN:  Flood  Geomorphology.  John  Wiley  &  Sons 
New  York.  1988.  p  123-137.  20  fig,  4  tab,  20  ref. 

Descriptors:  'Sediment  discharge,  'Fluvial  sedi- 
ments, 'Flood  flow,  'Geomorphology,  'Channel 
morphology,  'Channel  flow,  'Bedrock,  Channel 
erosion,  Flow  channels,  Flow  discharge,  Flood 
stages,  Flood  peak,  Suspended  sediments,  Suspend- 
ed load,  Bed  load,  Wash  load,  Particle  size 
Flumes,  Field  tests,  Historic  floods,  China. 

The  distinction  between  alluvial  and  nonalluvial 
river  channels  is  critical  for  the  analysis  of  sedi- 
mentation by  large,  rare  flood  events.  Where  bed- 
rock has  sufficient  erosional  resistance,  narrow, 
deep  confined  channels  may  result.  The  high  dis- 
charges of  extraordinary  floods  are  accommodated 
by  exceptionally  great  flow  depths.  The  rapid  fall 
in  stage  that  follows  from  the  flood  peak  through 
narrow,  deep  bedrock  channels  causes  suspended 
sand  and  silt  to  be  deposited  at  high  flood  levels  in 
slackwater  areas,  and  preserved  as  the  flood  rapid- 
ly recedes.  Such  deposits  allow  the  reconstruction 


of  past  floodwater  surface  profiles,  in  turn  allow- 
ing the  calculation  of  the  flood  magnitude.  Water 
floods  may  have  sufficient  turbulence  to  separate 
entrained  sediment  into  the  three  primary  modes  of 
transport:  bed  load,  suspended  load,  and  wash 
load.  Channel  margin  areas  may  accumulate  slack- 
water  deposits  of  relatively  coarse  suspended  load 
and  wash  load.  Even  very  large  rivers,  such  as  the 
Chang  Jiang  (Yangtze  River,  China),  may  display 
such  sedimentary  phenomena  in  reaches  with  ap- 
propriate geometry  and  erosional  resistance.  Proc- 
esses of  tributary  backflooding  and  associated 
slackwater  sedimentation  may  be  studied  by  simu- 
lation in  flume  experiments.  The  flume  studies  and 
their  comparisons  with  field  studies  are  summa- 
rized to  increase  the  chances  for  selecting  the  best 
sites  for  slackwater  paleoflood  studies  along  bed- 
rock rivers.  (See  also  W90-03661)  (Fish-PTT) 
W90-03669 


RIVER  FLOOD  REGIME  AND  FLOODPLAIN 
STRATIGRAPHY. 

Wright  State  Univ.,  Dayton,  OH.  Dept.  of  Geolo- 
gy- 

G.  R.  Brakenridge. 

IN:  Flood  Geomorphology.  John  Wiley  &  Sons, 
New  York.  1988.  p  139-156.  15  fig,  1  tab,  33  ref. 

Descriptors:  'Geomorphology,  'Flood  plains, 
•River  flow,  'Regime  channels,  'Stratigraphy, 
'Channel  flow,  'Fluvial  sediments,  Alluvial  plains, 
Historic  floods,  Flood  stages,  Flood  frequency, 
Fluvial  sediments,  Meanders,  High  flow,  Arizona, 
Missouri,  Tennessee,  Vermont,  Poland,  West  Ger- 
many, Austria. 

In  order  to  understand  how  river  flood  regimes 
affect  flood  plain  stratigraphic  and  facies  develop- 
ment, it  is  necessary  to  examine  the  fundamental 
processes  involved  in  flood  plain  genesis,  relation- 
ships between  flow  stages  of  various  frequencies 
and  facies  geometries,  and  the  effects  of  alternating 
periods  of  fluvial  stability  and  activity  on  flood 
plain  sedimentation.  Channel  meandering,  in-chan- 
nel  high  flows,  and  overbank  high  flows  are  all 
natural  processes  that  occur  together  to  produce 
river  flood  plains.  Seven  cross  sections  of  late 
Quaternary  flood  plain  alluvium,  from  Arizona, 
Missouri,  Tennessee,  Vermont,  Poland,  Bavaria, 
and  Austria  are  given  as  examples  of  flood  plain 
stratigraphy  and  facies.  Fluvial  history  can  be  de- 
scribed from  studying  flood  plain  sequences  and 
flood  plain  studies  provide  valuable  perspectives 
on  flood-related  fluvial  processes  at  time  scales  of 
100-10,000  years.  Flood  plain  stratigraphy  is  shown 
to  be  a  complex,  but  decipherable,  record  of 
present  and  past  river  flood  regimes,  of  other  as- 
pects of  river  history,  and  of  the  internal  and 
external  geomorphic  variables  that  control  such 
history.  (See  also  W90-03661)  (Fish-PTT) 
W90-O3670 


FLOODS;  DEGRADATION  AND  AGGRADA- 
TION. 

Arizona  Univ.,  Tucson.  Dept.  of  Geosciences 
W.  B.  Bull. 

IN:  Flood  Geomorphology.  John  Wiley  &  Sons 
New  York.  1988.  p  157-165.  3  fig,  1  tab,  29  ref. 

Descriptors:  'Sediment  transport,  'Geomorpho- 
logy, 'Floods,  'Aggradation,  'Degradation,  'Flu- 
vial sediments,  Streamflow,  Sedimentation  rates, 
Erosion  rates,  Equilibrium,  Terracing,  Terrace 
channels,  Base  flow,  Flood  frequency,  Arid  zone, 
Humid  areas,  Particle  size,  Headwaters,  Debris 
basins,  Mountains. 

Floods  are  important  output  processes  of  fluvial 
systems.  The  effects  of  floods  on  the  modes  of 
operation  of  stream  subsystems  range  from  mini- 
mal to  profound.  Variations  in  spatial  or  temporal 
rates  of  aggradation  or  degradation  of  streams 
during  floods  are  a  function  of  whether  or  not  a 
given  reach  is  close  to  or  distant  from  equilibrium 
or  threshold  conditions.  Past  equilibrium  or  thresh- 
old conditions  are  represented  by  terraces,  which 
generally  may  be  considered  as  time  lines  in  stream 
systems.  Net  degradation  cannot  occur  over  long- 
term  absence  of  base-level  fall,  even  where  floods 
are  frequent.  Humid-region  streams  will  tend  to 


12 


WATER  CYCLE— Field  2 


degrade  more  rapidly  than  will  arid-region  streams 
because  their  greater  annual  stream  power  tends  to 
be  more  than  sufficient  to  transport  sediment  yield- 
ed from  hillslope  subsystems.  Massive  influxes  of 
coarse-grained  sediment  into  streams  increase  re- 
sisting power  so  much  that  aggradation  over- 
whelms stream  subsystems.  It  is  important  to  rec- 
ognize departures  from  equilibrium  conditions  and 
how  different  sizes  of  departures  influence  re- 
sponses to  flood  events.  Headwater  reaches  have 
the  greatest  tendency  to  degrade,  and  depositional 
basins  have  an  increasing  tendency  to  aggrade 
downslope  from  where  streams  emerge  from 
mountains.  Prediction  of  the  effects  of  floods 
should  take  into  account  temporal  variations  of  the 
ratio  of  stream  power/resisting  power  that  are 
controlled  in  part  by  feedback  mechanisms.  (See 
also  W90-03661)  (Fish-PTT) 
W90-03671 

GEOMORPHIC  IMPACT  OF  LARGE  FLOODS: 
REVIEW  AND  NEW  PERSPECTIVES  ON 
MAGNITUDE  AND  FREQUENCY. 

Southern  Illinois  Univ.  at  Carbondale.  Dept.  of 

Geology. 

R  C  Kochel. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 

New  York.  1988.  p  169-187.  9  fig,  2  tab,  43  ref. 

NSF  Grant  EAR  77-23025. 

Descriptors:  *Geomorphology,  'Stream  erosion, 
•Flood  plains,  'Flood  discharge,  *River  systems, 
•Channel  morphology,  Flood  frequency,  Flood 
channels,  Sediment  transport,  Hydrological 
regime,  Climates,  Catchment  areas,  Sediment  load, 
Vegetation,  Soil  types,  Cohesion,  Flashy  streams, 
Hydrographs,  Bed  load,  Flow  velocity,  Turbulent 
flow,  Hood  peak. 

The  relative  role  of  infrequent,  large-magnitude 
floods  (those  that  equal  or  exceed  the  discharge 
expected  by  the  50-year  flood)  on  stream  channels 
and  flood  plains  has  been  the  focus  of  considerable 
debate  for  many  years.  Considerably  different  con- 
clusions can  be  drawn  from  observations  of  floods 
on  a  given  river,  depending  on  whether  one  looks 
at  the  amount  of  sediment  transported   or   the 
impact  of  floods  upon  the  landscape.  Climate  and 
hydrology  are  important  parameters  influencing 
the  role  of  floods  of  differing  magnitude  and  fre- 
quency.  Striking  contrasts  in  river  response  to 
large  floods  also  exist  within  similar  climates.  The 
major  geomorphic  variables  affecting  the  response 
of  rivers  to  large-magnitude,  infrequent  floods  are: 
(1)  drainage  basin  factors  (climatic,  hydrology, 
basin  morphometry,  sediment  load,  vegetation,  and 
soils);  and  (2)  river  channel  factors  (channel  gradi- 
ent, channel  and  flood  plain  geometry,  channel 
morphology,  and  bank  cohesion).  Streams  that  ex- 
perience major  geomorphic  changes  during  large 
floods  appear  to  be  characterized  by  flashy  hydro- 
graphs,  high  channel  gradient,  abundant  coarse  bed 
load,  relatively  low  bank  cohesion,  and  channel 
cross-sections  that  enable  flood  discharges  to  be 
accompanied  by  deep,  high  velocity  flows  where 
macroturbulent  flow  phenomena  can  be  initiated 
and    maintained.    The    factors    coincident    with 
streams  showing  dramatic  response  to  floods  but 
having  less  dependence  on  climate  are  high  chan- 
nel gradient,  coarse  bed  load,  and  channel  geome- 
try. Dramatic  channel  response  to  large  floods 
occurs  primarily  when  peak  flood  velocity  and 
depth  exceed  threshold  values  necessary  for  the 
development  and  maintenance  of  macroturbulence. 
(See  also  W90-03661)  (Fish-PTT) 
W90-03672 

HYDROLOGIC  ASPECTS  OF  FLOODS  IN  EX- 
TREME ARID  ENVIRONMENTS. 

Hebrew  Univ.,  Jerusalem  (Israel). 

A.  P.  Schick. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 

New  York.  1988.  p  189-203.  14  fig,  2  tab,  39  ref. 

Descriptors:  *Arid  climates,  'Maximum  probable 
floods,  Fluvial  sediments,  Sedimentary  structures, 
Regional  floods,  Rainfall-runoff  relationships, 
Catchment  areas,  Flood  frequency,  Israel,  Egypt. 

Well  over  one-half  of  the  extreme  arid  area  of  the 
globe  is  not  covered  by  sand  dunes,  and  is  there- 


fore susceptible  to  runoff  generation  and,  given 
sufficient  rainfall  intensities,  to  flooding.  Over  most 
of  the  extreme  arid  areas,  fluvial  forms  are  indeli- 
bly imprinted  on  the  landscape.  In  comparison 
with  values  for  nonarid  environments,  the  maxi- 
mum probable  floods  for  hyperarid  environments 
as  estimated  by  the  slope-area  method  are  clearly 
lower.  The  difference  is  about  one-half  order  of 
magnitude  for  small  catchments  to  one  order  of 
magnitude  for  the  large  ones.  A  true  interregional 
comparison  of  floods  in  hyperarid  environments  is 
not  possible  at  this  stage  of  our  knowledge.  Discus- 
sion of  floods  in  extreme  arid  environments  is 
limited  to  the  results  of  studies  done  in  the  south- 
ern Negev  Desert  (southern  Israel)  and  in  the  Sinai 
region  (northeast  Egypt).  Indirect  methods  for 
magnitude  and  frequency  determination  are  bound 
to  play  an  increasingly  important  role  in  the  under- 
standing of  floods  in  hyperarid  environments.  (See 
also  W9O-03661)  (Fish-PTT) 
W90-03673 

FLOODS  IN  COLD  CLIMATES. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Ge- 
ography. 
M.  Church. 

IN-  Flood  Geomorphology.  John  Wiley  &  S>ons, 
New  York.  1988.  p  205-229.  23  fig,  3  tab,  49  ref. 

Descriptors:  *Cold  regions,  'Floods,  •Geomor- 
phology, *Hydrologic  cycle,  Snow  cover,  Ice 
cover,  Runoff,  Flood  forecasting,  Hydrometeoro- 
logy,  Snowmelt,  Rainstorms,  Glaciohydrology, 
Precipitation,  Flood  channels,  Flood  frequency, 
Landslides,  Moraines,  Frequency  analysis,  Water- 
sheds, River  flow,  Classification. 

Cold  climates  are  those  in  which  the  hydrologic 
cycle  is  influenced  by  the  seasonal  (or  perennial) 
accumulation  of  snow  or  ice.  The  period  of  accu- 
mulation is  sufficiently  long  to  alter  the  pattern  of 
runoff  which  would  otherwise  be  determined  by 
the   distribution   of  precipitation.   The   range   of 
normal  hydrometeorologic  mechanisms  that  may 
produce  flood  flows  in  nival  regions  (regions  in 
which  snow  cover  occurs  for  longer  than  one 
month  in  50%  of  the  years)  complicates  analysis 
and  projection  of  extreme  flows.  A  classification  of 
floods  in  cold  regions  includes:  (1)  hydrometeoro- 
logical  floods:  nival  (snowmelt,  glacier  ice  melt), 
rainstorm,  and  mixed  (rain  on  snow);  (2)  channel 
blockage  by  snow  and  ice:  channel  blockage  by  ice 
(winter  jams,  breakup  jams),  icing,  and  jokulh- 
laups;  and  (3)  azonal  floods  (moraine  or  landslide 
failures).  For  frequency  analysis  nival  floods  intro- 
duce extraordinary  complications  for  the  selection 
of  successive  independent  events  since  snow  condi- 
tions over  the  watershed  may  effectively  impart  an 
unusually  long  'memory'  into  the  flow  record.  The 
relatively  flat  frequency  plots  exhibited  by  such 
populations  of  nival  floods  suggest  that  they  per- 
form relatively  limited  work  to  change  river  chan- 
nel form.   Abrupt  changes  in  river  morphology 
more  often  are  associated  with  major  rainstorm 
floods.  Rivers  with  relatively  high  thresholds  for 
fluvial  work-particularly,  for  moving  channel  bed 
sediments-and  under  influence  of  strongly  skewed 
flow  distributions,  may  exhibit  a  catastrophic  re- 
sponse: most  of  the  geomorphologic  work  is  ac- 
complished by  relatively  rare  floods.   (See  also 
W90-03661)  (Fish-PTT) 
W90-03674 

DEFINITION  OF  FLOOD  PLAINS  ALONG 
ARID-REGION  RIVERS. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Geography. 
W.  L.  Graf. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 
New  York.  1988.  p  231-242.  7  fig,  65  ref. 

Descriptors:  *Stream  erosion,  'Sediment  transport, 
'Flood  plains,  'Arid-zone  hydrology,  'Geomor- 
phology, 'River  systems,  'Flood  plain  manage- 
ment, Flood  control,  Flood  damage,  Engineering, 
Legal  aspects,  Management  planning,  Bank  ero- 
sion, Case  studies. 


Streamflow  and  Runoff— Group  2E 

tial  change  than  rivers  in  other  regions.  Manage- 
ment of  flood  hazards  and  interpretation  of  geo- 
morphic evidence  of  flood  conditions  in  dry  re- 
gions are  faulty  because  these  differences  have  yet 
to  be  adequately  accounted  for  by  geomorphologic 
theory,  engineering  applications,  and  the  law,  en- 
deavors that  do  not  even  share  common  basic 
definitions.  There  are  three  lines  of  endeavor  likely 
to  benefit  the  harmonious  association  between  soci- 
ety and  flood-prone  areas  of  arid-region  landscape: 
(1)  fluvial;  geomorphologic  theory  must  be  ex- 
tended to  account  for  the  special  properties  of  arid- 
region  systems;  (2)  engineering  applications  need 
to  account  for  the  erodible  banks  and  mobile  beds 
often  found  in  arid-region  rivers;  and  (3)  the  ad- 
ministrative and  legal  system  based  on  case  law 
from  humid  regions  must  be  receptive  to  alterna- 
tive interpretations  of  evidence  provided  by  geo- 
morphic and  hydrologic  perspectives  that  are 
firmly  rooted  in  actual  rather  than  presupposed 
conditions.  (See  also  W90-03661)  (Fish-PTT) 
W90-03675 


Geomorphic  features  produced  by  flood  processes 
in  arid  regions  may  be  used  as  evidence  for  flood 
hazards.  Rivers  in  arid  environments  have  funda- 
mentally different  structures  for  temporal  and  spa- 


FLOODPLAIN  EROSION  AND  DEPOSITION 
DURING  THE  DECEMBER  1982  FLOODS  IN 
SOUTHEAST  MISSOURI. 

Southern  Illinois  Univ.  at  Carbondale.  Dept.  of 

Geology. 

D.  F.  Ritter. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 

New  York.  1988.  p  243-259.  16  fig,  4  tab,  35  ref. 

Descriptors:  'Flood  plains,  'Erosion,  'Deposition, 
Environmental  effects,  'Flood  damage,  'Geomor- 
phology, 'Alteration  of  flow,  Sediment  distribu- 
tion, Flood  discharge,  Topography,  Sand,  Gravel, 
Flow  velocity,  Flood  stages,  Bridge  failure,  Sedi- 
mentary structures,  Missouri. 

The  December  1982  floods  on  rivers  in  southeast 
Missouri  received  national  attention  because  of  the 
environmental  problems  created  at  Times  Beach, 
Missouri.  However,  alteration  of  flood  plains  by 
geomorphic  and  sedimentologic  processes  operat- 
ing during  these  rare  large  floods  are  equally  disas- 
trous. Flood  plain  damage  was  widespread  and 
varied  in  magnitude  from  minor  changes  to  signifi- 
cant alteration  of  the  flood  plain  topography  and 
surface  materials.  Overbank  deposition  of  sand  and 
gravel  (as  either  lobate  or  sheetlike  forms)  oc- 
curred on  some  flood  plains,  as  well  as  concomi- 
tant vertical  erosion  into  other  flood  plain  surfaces. 
At  one  site  on  the  Gasconade  River  an  enormous 
lobe  of  sand  and  gravel,  having  two  distinct  sub- 
lobes  composed  of  primarily  sand  or  gravel,  was 
placed  on  the  flood  plain  surface.  Each  sublobe  is 
marked  by  bedforms  indicating  current  velocities 
during  various  stages  of  the  flood.  Bridge  supports 
adjacent  to  every  major  river  in  the  flood  area 
experienced  damage.  (See  also  W90-03661)  (Fish- 
PTT) 
W90-03676 

GEOMORPHIC  RESPONSE  OF  STREAMS  TO 
FLOODS  IN  THE  GLACIATED  TERRAIN  OF 
SOUTHERN  NEW  ENGLAND. 

Wesleyan  Univ.,  Middletown,  CT.  Dept.  of  Earth 

and  Environmental  Sciences. 

P.  C.  Patton. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 

New  York.  1988.  p  261-277.  15  fig,  28  ref 

Descriptors:  'Floods,  'Geomorphology,  'Glacio- 
hydrology, 'Streamflow,  'Connecticut,  'Massa- 
chusetts, 'Rhode  Island,  'Glacial  streams,  'Chan- 
nel morphology,  Valleys,  Sediments,  Sedimento- 
logy,  Geologic  control,  Physiographic  provinces, 
Catchment  areas,  Flood  plains,  Bedrock,  Alluvial 
rivers,  Physical  control,  Flood  discharge,  Sedi- 
mentary structures,  Paleohydrology,  Historic 
floods. 

The  variation  in  geology,  physiography,  and  hy- 
drology make  southern  New  England  (Connecti- 
cut, Rhode  Island,  and  Massachusetts)  an  instruc- 
tive region  in  which  to  evaluate  geomorphic  re- 
sponses of  streams  to  large  floods.  The  inherited 
glacial  landscape  has  had  a  profound  effect  on  the 
hydrology  and  geomorphology  of  modern  drain- 
age basins.  Channel  morphology  and  pattern  are 
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Group  2E— Streamflow  and  Runoff 

partly  controlled  by  valley  gradient  and  sediment 
type,  and  these  are  directly  related  to  the  glacial 
topography  and  sedimentology.  Thus,  the  degree 
to  which  floods  permanently  affect  the  morpholo- 
gy of  channels  and  flood  plains  in  this  region  is 
partly  a  function  of  these  pre-existing  conditions.  It 
is  useful  to  compare  the  flood  response  of  bedrock- 
controlled  streams  in  highland  areas  with  alluvial 
rivers  in  adjacent  lowlands  in  order  to  determine 
the  physical  factors  that  control  stream  response  to 
large  floods.  In  the  highland  drainages  flood  plain 
surfaces  demonstrate  that  sedimentation  during 
floods  is  an  important  process  in  constructing  the 
fluvial  landforms  along  these  rivers.  On  streams  in 
lowland  regions  the  response  to  floods  is  funda- 
mentally different  from  that  described  for  the  high- 
land drainages:  erosion  during  rare  floods,  except 
where  unusual  hydraulic  conditions  exist,  is  not 
great.  However,  in  selected  localities,  slackwater 
deposits  may  accumulate  to  enough  thickness  to 
remain  recognizable  for  several  thousand  years. 
Some  geomorphic  traces  of  catastrophic  events 
and  stratigraphic  evidence  can  be  used  to  evaluate 
the  paleoflood  hydrology  of  streams  in  this  region. 
(See  also  W90-03661)  (Fish-PTT) 
W90-03677 


CLIMATIC  INFLUENCE  ON  UPPER  MISSIS- 
SIPPI VALLEY  FLOODS. 

Wisconsin  Univ.-Madison.  Dept.  of  Geography. 
J.  C.  Knox. 

IN:  Flood  Geomorphology.  John  Wiley  &  Sons, 
New  York.  1988.  p  279-300.  9  fig,  6  tab,  43  ref. 
National  Science  Foundation  Grant  EAR-8306171. 

Descriptors:  •Climatology,  'Flood  frequency, 
•Historic  floods,  'Mississippi  River,  'Paleoclima- 
tology,  Streamflow,  Seasonal  distribution,  Ecologi- 
cal distribution,  River  basins,  Hardwood,  Prairies, 
Snowmelt,  Rainfall,  Statistical  analysis,  Annua! 
floods. 

Historical  streamflow  records  show  that  climatic 
change  is  a  probable  cause  of  changes  in  the  sea- 
sonal  concentration   of  floods   during   historical 
time.  Throughout  the  Holocene  a  relatively  steep 
climatic  gradient  has  occurred  across  the  Upper 
Mississippi  River  basin  and  it  is  associated  with  a 
major  ecotone  separating  mixed  hardwood  forest 
to  the  northeast  from  prairie  to  the  southwest. 
Natural  floods  in  the  Upper  Mississippi  Valley 
result  from  snowmelt,  excessive  rainfall,  and  vari- 
ous combinations  of  snowmelt  and  rainfall.  Nearly 
75%  of  all  floods  occur  during  the  months  of 
March  and  July.   Statistical  analyses  show   that 
magnitudes  of  annual  maximum  floods  correlate 
best  with  magnitudes  of  winter  snow  depth  and 
early  summer  rainfall.  The  magnitudes  of  floods  in 
the  Upper  Mississippi  Valley  reflect  their  season 
occurrence.  Short-term  changes  in  flood  seasona- 
lity suggest  that  the  mean  and  variance  of  flood 
series  often  do  not  remain  stationary  as  the  time 
scale     lengthens.     Long-term     Holocene     proxy 
records  of  high-frequency   floods,   reconstructed 
from  dimensions  of  relict  stream  channels,  also 
indicate  nonstationarity  of  the  mean  and  variance 
of  flood  series.  The  magnitudes  and  frequencies  of 
floods  in  the  Upper  Mississippi  Valley  show  non- 
random  behavior  during  historical  and  Holocene 
(postglacial)  time.  Correlation  of  flood  characteris- 
tics with  records  of  historical  climate  and  with 
fossil  pollen  indicates  that  climatic  change  is  the 
principal  cause  of  the  nonrandom  behavior.  The 
strong  association  of  flood  magnitudes  with  the 
amount  of  winter  snowfall  and  the  amount  of  early 
summer  rainfall  indicates  that  annual  maximum  and 
most  large  floods  tend  to  respond  best  to  the  direct 
effects  of  climatic  activity.  (See  also  W90-03661) 
(Fish-PTT) 
W90-03678 


terns,  Historic  floods,  Channel  morphology,  Sedi- 
mentation, Flood  plains,  Gravel,  Flood  frequency, 
Levees,  Vegetation  effects,  Particle  size,  Valleys,' 
Physiographic  balance,  Case  studies,  Regional 
floods. 

The  frequency  of  high-magnitude  formative  events 
is  apparently  high  for  humid  tropical  regions.  This 
attributes    considerable    importance    to    the    role 
played  by  high-magnitude  episodic  events  in  tropi- 
cal   geomorphology,    especially    as    denudation 
caused  by  a  major  storm  in  montane  wet  tropics 
may   approach   the   mean   annual   erosional   rate. 
Periodic  occurrences  of  large  floods  in  river  val- 
leys resulting  from  episodic  meteorological  events 
occur  on  a  regular  frequency  of  several  years. 
When   such   flood   history   is   combined   with   a 
supply  of  plentiful  coarse  sediment  to  the  flooded 
channels,  the  streams  are  typified  by  certain  chan- 
nel forms  and  sedimentation  pattern:  (1)  channel 
widening,  (2)  bar  erosion  and  chute  formation,  (3) 
flood  plain  scouring,  (4)  increase  in  competence, 
(5)  coarse  gravel  deposition  in  channel,  (6)  trans- 
ve.se  gravel  waves  and  bars,  (7)  flood  plain  deposi- 
tion, (8)  terrace  formation,  (9)  levee  formation  in 
coarse  material,  and  (10)  vegetation  destruction. 
The  prominence  of  the  persisting  forms  will  be 
higher  in  areas  of  high  relief  and  coarser  valley 
sediment.  There  are  at  least  two  instances  where 
the   flood-prone   tropical   rivers   differ   from   the 
standard  model;  the  physiographic  manifestations 
of  such  behaviors  are  one  or  more  of  a  given  list  of 
diagnostic  features  found  in  many  rivers  of  the 
humid  tropics  indicative  of  the  occurrence  of  large 
floods  at  the  interval  of  several  years.  A  large 
number  of  case  studies  on  rivers  of  this  type  are 
required  at  present  to  determine   whether  such 
features   are   at   least   regional   in   character   and 
whether  the  list  is  truly  diagnostic.  (See  also  W90- 
03661)  (Fish-PTT) 
W90-03679 


LARGE  FLOODS  AS  GEOMORPHIC  EVENTS 
IN  THE  HUMID  TROPICS. 

National  Univ.  of  Singapore.  Dept.  of  Geography. 
A.  Gupta. 

IN:  Flood  Geomorphology.  John  Wiley  &  Sons 
New  York.  1988.  p  301-315.  9  fig,  4  tab,  49  ref. 

Descriptors:  'Geomorphology,  "Floods,  'Humid 
areas,  'Tropical  regions,  'Denudation,  'Channel- 
ing, 'Terracing,  Storms,  Erosion  rates,  River  sys- 


PALEOFLUVIAL  ESTIMATES  FROM  DIMEN- 
SIONS OF  FORMER  CHANNELS  AND  MEAN- 
DERS. 

Geological  Survey,  Denver,  CO. 

G.  P.  Williams. 

IN:  Flood  Geomorphology.  John  Wiley  &  Sons 

New  York.  1988.  p  321-334.  4  tab,  72  ref. 

Descriptors:  'Geomorphology,  'Paleohydrology, 
'Fluvial  sediments,  'Channel  morphology,  'Flood 
forecasting,  Estimating,  Meanders,  Flood  channels, 
Cross-sections,  Catchment  areas,  Bed  load,  Sedi- 
ment transport,  Theoretical  analysis. 

Fluvial  paleohydrology  deals  with  the  study  of 
characteristics  of  prehistoric  rivers  and  their  chan- 
nels, important  for  understanding  the  past,  for 
evaluating  past  and  present  trends,  and  possibly  for 
predicting  the  future.  Paleochannels  most  com- 
monly appear  in  the  form  of  exposed  cross-sec- 
tions, abandoned  channels  on  the  earth's  surface, 
and  (rarely)  exhumed  channels.  Based  on  such 
exposures,  paleofluvial  estimates  can  be  made  from 
(1)  paleochannel  bed  sediments  combined  with 
sediment  transport  concepts,  (2)  paleochannel 
cross-section  features,  (3)  paleochannel  planform 
properties,  and  (4)  paleodrainage  basin  features.  A 
paleofluvial  variable  in  some  instances  can  be 
measured  directly;  in  other  instances  it  must  be 
estimated  from  established  morphologic  or  hydrau- 
lic relations;  and  in  still  other  instances,  its  value 
cannot  be  reconstructed  at  all.  Established  rela- 
tions that  are  of  practical  use  in  nearly  all  cases  are 
empirical;  theoretical  and  semitheoretical  relations 
generally  have  not  yet  been  sufficiently  tested. 
Two  paleofluvial  problems  in  need  of  further  re- 
search are  how  to  determine  the  pattern  of  non- 
meandering  former  streams  and  whether  a  paleos- 
tream  was  perennial  or  not.  (See  also  W90-03661) 
(Fish-PTT) 
W90-03680 


Descriptors:  'Historic  floods,  'Geomorphology, 
'Plant  populations,  'Vegetation  effects,  'Flood 
forecasting,  Flood  frequency,  Dendrochronology, 
Bottomland,  Tolerance,  Plant  morphology,  Flow 
duration,  Flood  stages. 

The  magnitude,  frequency,  and  duration  of  flood- 
ing can  limit  or  influence  most  aspects  of  vegeta- 
tion life  history.  Furthermore,  infrequent  floods 
leave  long-term  evidence  of  their  passage  via  den- 
drogeomorphic  features  on  bottomlands.  Floods 
have  two  long-term  effect  on  bottomland  woody 
vegetation:  (1)  periodic  floods  of  varying  magni- 
tude affect  vegetation  patterns,  including  creating 
'new'  areas  such  as  point  bars  for  vegetation  estab- 
lishment such  that  suites  of  bottomland  species 
with  varying  tolerances  to  flooding  develop  as 
bands  parallel  to  the  stream  channel;  and  (2)  infre- 
quent floods  damage  the  bottomland  plants  such 
that  their  growth  form  reveals  the  effects  as  out- 
wardly evident  stem  deformations  or  as  anomalous 
growth  patterns  in  their  serial  tree  ring  sequence 
(typically  both).  Analyses  of  bottomland  vegeta- 
tion yield  useful  information  concerning  flow  dura- 
tion and  the  magnitude  and  frequency  of  large 
floods.  Reliable  prediction  of  infrequent  hydrolog- 
ic  events  is  critical  where  high  flood  stages  may  be 
destructive  to  human  interests.  (See  also  W90- 
03661)  (Fish-PTT) 
W90-03681 


PLANT  ECOLOGICAL  ASPECTS  OF  FLOOD 
GEOMORPHOLOGY  AND  PALEOFLOOD 
HISTORY. 

Geological  Survey,  Nashville,  TN 

C  R.  Hupp. 

IN:  Flood  Geomorphology.  John  Wiley  &  Sons 

New  York.  1988.  p  335-356.  21  fig,  5  tab,  92  ref. 


PALEOFLOOD    ANALYSIS    USING    SLACK- 
WATER  DEPOSITS. 

Southern  Illinois  Univ.  at  Carbondale.  Dept    of 

Geology. 

R.  C.  Kochel,  and  V.  R.  Baker. 

IN:  Flood  Geomorphology.  John  Wiley  &  Sons 

Nt?w  York.  1988.  p  357-376.  18  fig,  1  tab,  48  ref. 

NSF  Surficial  Processes  Program  Grants  EAR  77- 

23025,      EAR-81 19981,      EAR-8229982,      EAR- 

8100391,  and  EAR-8300183. 

Descriptors:  'Historic  floods,  'Sedimentation 
'Deposition,  'Low  flow,  'Paleohydrology,  Flood 
discharge,  Flood  frequency,  Flood  peak,  Gravel, 
Sediment  transport,  Tributaries,  Alluvial  fans! 
Flood  plains,  Vegetation,  Sedimentation  rates' 
Flow  velocity,  Particle  size,  Bedrock,  Fluvial  sedi- 
ments, Mineralogy,  Sedimentology,  Flumes 
Model  studies,  Field  tests. 

Paleohydrologists  have  adopted  two  general  ap- 
proaches  in   the  reconstruction  of  ancient   flow 
histories  of  rivers:  mean  discharge  paleohydrologic 
estimations  and  paleoflood  analysis.  Characteriza- 
tion of  the  magnitude  and  frequency  of  exception- 
ally large  floods  involves  utilization  of  a  variety  of 
techniques    for   estimating    paleoflood    peak    dis- 
charge: (1)  indices  of  flow  strength  derived  from 
studies  of  flood-transported  gravel  and  boulders, 
(2)  erosion  of  tributary  debris  fans,  (3)  flood  plain 
vegetation,    and    (4)    slackwater   sediments.    The 
slackwater  sediment  approach  may  provide  the 
most  abundant  and  accurate  source  of  data  for 
determining  the  recent  geologic  history  of  multiple 
large  flood  events  in  a  river  basin.   Slackwater 
deposits  are  relatively  fine-grained  flood  sediments 
deposited  in  flood  plain  areas  that  are  sheltered 
from  high-velocity  flood  flows;  slackwater  sedi- 
mentation is  the  dominant  form  of  fine-grained 
flood  sedimentation  in  narrow,  deep  bedrock  fluvi- 
al systems,  with  tributary  mouth  deposits  the  most 
common.  Mainstream  floods  can  be  distinguished 
from  tributary  floods  using  observations  of  the 
mineralogy   and   sedimentology   of  the   deposits. 
Continued  flume  studies  and  quantitative  field  ob- 
servations of  slackwater  sediments  are  needed  to 
refine  the  relationships  between  the  following:  (1) 
peak  stage  and  slackwater  sediment  stage,  (2)  peak 
discharge  and  slackwater  sediment  thickness,  and 
(3)  peak  discharge  and  slackwater  sediment  grain 
size.  Promising  trends  have  resulted  from  prelimi- 
nary flume  experiments,  some  of  which  led  to  a 
better   understanding  of  field   observations    (See 
also  W90-03661)  (Fish-PTT) 
W90-03682 


EXTENDING  STREAM  RECORDS  WITH 
SLACKWATER  PALEOFLOOD  HYDROLOGY- 
EXAMPLES  FROM  WEST  TEXAS. 
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WATER  CYCLE— Field  2 


Southern  Illinois  Univ.  at  Carbondale.  Dept.  of 

Geology. 

R  C  Kochel. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 

New  York.  1988.  p  377-391.  13  fig,  6  tab,  28  ref. 

National    Science    Foundation    Grant    EAR    77- 

23025. 

Descriptors:  *Stream  profiles,  *Low  flow,  'Paleo- 
hydrology,  »Historic  floods,  'Flood  frequency, 
Flood  forecasting,  Engineering,  Design  standards, 
Flood  plains,  Flood  discharge,  Flood  frequency, 
Flood  damage,  Construction  costs,  Maintenance 
costs,  Bedrock,  Semiarid  lands,  Flashy  streams, 
Flood  control,  Gaging,  Texas. 

Conventional  statistical  approaches  for  estimating 
the  recurrence  intervals  of  floods  become  less  reli- 
able with  increasing  flood  return  interval.  Signifi- 
cant engineering  design  problems  result  from  the 
variety  of  interpretations  that  can  be  made  froin 
rivers  with  large  flood  outliers.  Underestimation  of 
flood  discharge  and  frequency  will  result  in  fre- 
quent damage  and  repair  costs.  Ideally,  the  design 
of  hydrologic  structures  should  target  within  the 
optimum  zone  where  minimal  initial  construction 
costs  and  maintenance  costs  would  occur,  thereby 
requiring  accurate  estimates  of  flood  frequency 
and  magnitude.  Slackwater  paleoflood  techniques 
can  extend  flood  frequency  records  of  large  floods 
over  thousands  of  years.  These  studies  are  most 
easily  done  in  semiarid  rivers  where  bedrock  chan- 
nels are  common  and  where  conventional  tech- 
niques have  difficulties  with  outliers  in  these  flashy 
rivers.  An  application  of  paleohydrologic  tech- 
niques has  been  made  to  the  interpretation  of  flood 
frequency  in  southwest  Texas.  This  study  indicated 
that  paleohydrologic  estimates  of  flood  discharge 
and  frequency  contained  errors  of  less  than  20%. 
Paleohydrologic  estimation  is  required  to  obtain 
good  estimates  of  recurrence  intervals  of  floods 
whose  return  period  significantly  exceeds  the 
period  of  gaging  observations.  Paleohydrologic  in- 
vestigations such  as  the  slackwater  technique  can 
be  done  rapidly  and  inexpensively  compared  to  the 
costs  of  constructing  major  flood  control  measures. 
(See  also  W90-03661)  (Fish-PTT) 
W90-03683 


HYDRAULIC  MODELING  FOR  PALEO- 
FLOOD ANALYSIS. 

Arizona  Univ.,  Tucson.  Dept.  of  Geosciences. 
J.  E.  O'Connor,  and  R.  H.  Webb. 
IN:  Flood  Geomorphology.  John  Wiley  &  Sons, 
New  York.  1988.  p  393-402.  7  fig,  1  tab,  24  ref. 

Descriptors:  *Flood  forecasting,  'Historic  floods, 
'Paleohydrology,  'Hydraulic  models,  'Flood  fre- 
quency, River  systems,  Geologic  history,  Flood 
stages,  Flood  discharge,  Flow  velocity,  Computer 
models,  Backwater,  Water  surface  profiles,  Energy 
loss,  Channel  morphology,  Flow  resistance,  Geo- 
morphology. 

Studies  of  prehistoric  floods  (paleofloods)  have 
proven  to  be  effective  in  determining  flood  fre- 
quency and  magnitude  relationships  for  certain 
types  of  fluvial  systems.  The  analysis  of  geologic 
evidence  for  paleoflood  stages  is  one  technique  of 
paleoflood  analysis  that  has  shown  considerable 
utility.  A  key  element  in  paleoflood  analysis  is  the 
transformation  of  stage  information  into  accurate 
discharge  estimates.  Computer  routines  for  step- 
backwater  water  surface  elevation  calculations,  de- 
signed primarily  for  flood  plain  hazard  analysis, 
can  be  utilized  to  increase  the  accuracy  of  paleo- 
flood discharge  determinations.  These  models  are 
an  improvement  over  previously  used  paleoflood 
discharge  determination  methods  in  that  they  more 
accurately  account  for  flow  energy  losses  experi- 
enced by  discharges  in  natural  channels.  Water 
surface  profiles  generated  by  step-backwater  rou- 
tines are  primarily  dependent  on  the  modeled  dis- 
charge, the  channel  geometry,  and,  to  a  minor 
extent,   the  flow  resistance  elements.   Computed 
water  surface  profiles  can  be  matched  to  paleo- 
flood water  surface  profiles  defined  independently 
by  geologic  evidence  to  determine  paleoflood  dis- 
charges   and    flow    conditions.    Best    results    are 
achieved  for  hydraulically  simple  reaches  in  stable 
channel  systems  that  contain  several  representative 
paleoflood  high-water  indicators.  Hydraulic  flow 


modeling  can  also  provide  insights  into  large-dis- 
charge flow  hydraulics,  information  that  can  en- 
hance an  understanding  of  flood  geomorphology. 
(See  also  W90-03661)  (Fish-PTT) 
W90-03684 

PALEOHYDROLOGIC  RECONSTRUCTION 
OF  FLOOD  FREQUENCY  ON  THE  ESCA- 
LANTE  RIVER,  SOUTH-CENTRAL  UTAH. 

Geological  Survey,  Tucson,  AZ. 
R.  H.  Webb,  J.  E.  O'Connor,  and  V.  R.  Baker. 
IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 
New  York.  1988.  p  403-418.  9  fig,  5  tab,  24  ref. 
NSF  Grants  EAR-81-19981   and  EAR-83-00183. 

Descriptors:  'Paleohydrology,  'Flood  discharge, 
'Escalante  River,  'Flood  frequency,  'Historic 
floods,  Arid  zone,  Semiarid  lands,  Gaging,  Flood 
damage,  Frequency  analysis,  Rainfall  intensity, 
Error  analysis,  Dating,  Utah. 

One  of  the  most  important  problems  in  the  hydrol- 
ogy of  the  southwestern  United  States,  and  in 
other  arid  and  semiarid  regions  of  the  world,  is  the 
estimation  of  flood  frequency  at  ungaged  sites  or 
sites  with  short  gaging  records.  Frequent  damage 
from  large  floods  that  greatly  exceed  the  100-year 
flood  underscores  the  need  for  improved  flood 
frequency  analysis  in  this  region  of  sporadic  but 
occasionally  intense  rainfall.  The  Escalante  River 
in  south-central  Utah  provides  an  excellent  setting 
for  the  use  of  paleohydrologic  methods  to  recon- 
struct flood  frequency.  Flood  deposits  were  used 
to  reconstruct  a  history  of  large  floods  for  the  last 
2100  years.  Incorporation  of  paleoflood  informa- 
tion in  flood  frequency  analysis  involves  a  synthe- 
sis of  dates  of  events  and  historic  flood  discharges, 
each  of  which  involves  some  error  or  uncertainty 
in  determination,  with  a  systematic  record.  The 
date  of  events,  or  more  importantly  the  period  of 
record  encompassing  the  events,  has  a  marked 
influence  on  flood  frequency  analysis,  because  of 
the  considerable  uncertainty  in  dating  methods. 
Paleoflood  research  would  benefit  from  future  re- 
search on  dating  techniques  and  an  error  analysis 
of  paleoflood   discharge   calculations.    (See   also 
W90-03661)  (Fish-PTT) 
W90-03685 

GEOMORPHOLOGIC  CONTRJJBUTIONS  TO 
FLOOD  CONTROL  PLANNING. 

Washington  Univ.,  Seattle.  Dept.  of  Geological 

Sciences. 

T.  Dunne. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 

New  York.  1988.  p  421-438.  10  fig,  1  tab,  78  ref. 

Descriptors:  'Geomorphology,  'Flood  control, 
•Flood  plain  management,  Floodwater,  Channel 
morphology,  Sediment  control,  Flood  damage, 
Warning  systems,  Reservoirs,  Channel  improve- 
ment, Diversion  channels,  Flood-control  storage, 
Land  management,  Soil  conservation,  Water  con- 
servation, Land  use,  Flood  plains,  Sedimentation, 
Stable  channels,  River  basins. 


Streamflow  and  Runoff— Group  2E 

FLOODS  FROM  DAM  FAILURES. 

Cascades  Volcano  Observatory,  Vancouver,  WA. 
J.  E.  Costa. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 
New  York.  1988.  p  439-463.  15  fig,  7  tab,  112  ref. 

Descriptors:  'Geomorphology,  'Dam  failure, 
'Floods,  'Sediment  discharge,  'Flood  damage, 
•Flood-control  storage,  'Paleohydrology,  Flood 
discharge,  Snowmelt,  Rainfall,  Accelerated  ero- 
sion, Sediment  transport,  Deposition,  Channel 
morphology,  Valleys,  Dam  design,  Channel  scour, 
Flood  peak,  Regression  analysis. 

Floods  resulting  from   dam  failures   usually   are 
much  larger  than  those  originating  from  snowmelt 
or  rainfall.  The  sudden  release  of  large  quantities 
of  stored  water  from  a  breached  dam  can  cause 
great  destruction  to  property  and  potential  loss  of 
life  downstream.  Tremendous  quantities  of  sedi- 
ment and  debris  eroded,  transported,  and  deposited 
downstream  can  cause  significant  modifications  to 
channels  and  valley  morphology.  Dams  can  gener- 
ally be  classified  as  either  constructed  or  natural 
(jokulhlaups,   morainal,   volcanic,   and  landslide). 
The  diversity  of  dam  types,  failure  mechanisms, 
and  down-valley  sediments  and  morphology  make 
the  prediction  of  channel  changes,  scour,  and  dep- 
osition speculative.  For  rapid  prediction  purposes 
when  loss  of  life  or  property  is  involved,  a  con- 
servative peak  discharge  estimate  based  on  enve- 
lope curves  developed  from  historic  dam  failures 
can  be  made  from  knowledge  of  dam  height  and 
volume  using  envelope  curve  equations.  For  re- 
constructing past  flood  peaks  from  dam  failures  for 
paleohydrological   or  sedimentological   investiga- 
tions, regression  equations  with  peak  discharge  as 
the  dependent  variable  probably  provide  a  reason- 
able  estimations  if  dam  height   and   volume   of 
stored  water  are  known.  Dam  height  is  the  best 
independent  variable  to  estimate  peak  discharge 
for  constructed  dams.  Dam  factor  (height  multi- 
plied by  volume)  is  the  best  independent  variable 
for  estimating  flood  peaks  from  landslide  and  gla- 
cial dams.  For  all  kinds  of  dams,  dam  factor  has  a 
lower  overall  average  standard  error,  and  is  an 
approximate  measure  of  the  energy  expended  at 
the  dam  at  time  of  failure.  (See  also  W90-03661) 
(Fish-PTT) 
W90-03687 


Fluvial  geomorphology  can  play  a  more  extensive 
role  in  flood  control  planning  than  is  commonly 
realized.  The  most  useful  applications  are  those 
that  recognize  the  relationships  between  the  con- 
trol of  floodwater  and  the  control  of  sediment  and 
of  channel  form  and  activity.  The  methods  most 
commonly  employed  for  the  reduction  of  flood 
damage  are:  flood  warning  and  emergency  action, 
impoundments,  channel  alteration  and  stabilization, 
diversion  and  storage  of  floodwaters  above  and 
below  ground,  land  management  for  soil  and  water 
conservation,  and  control  of  land  use  on  flood 
plains.  Geomorphology  can  contribute  to  the 
choice  and  design  of  these  strategies.  Geomorpho- 
logic  studies  are  also  valuable  for  extending  infor- 
mation on  flood  magnitudes,  sedimentation,  and 
channel  stability  over  long  periods  of  time  and 
between  river  basins.  Since  mathematical  modeling 
of  these  phenomena  is  still  relatively  crude  and 
unreliable,  geomorphology  is  the  only  means  of 
providing  the  required  historical  background  for 
flood  and  sediment  control.  (See  also  W90-03661) 
(Fish-PTT) 
W90-03686 


TUSCON,  ARIZONA,  FLOOD  OF  OCTOBER 
1983. 

Arizona  Univ.,  Tucson.  Dept.  of  Geosciences. 
P.  L.  Kresan. 

IN-  Flood  Geomorphology.  John  Wiley  &  Sons, 
New  York.  1988.  p  465-489.  21  fig,  1  tab,  48  ref. 

Descriptors:  'Sediment  transport,  'Flood  plain 
management,  'Arizona,  'Alluvial  channels,  'Geo- 
morphology, Hydrologic  aspects,  Flow  measure- 
ment, Flood  damage,  Channel  erosion,  Flow  dura- 
tion, Structural  engineering,  Soil  cement,  Bank 
erosion,  Semiarid  lands,  Flood  discharge,  Estimat- 
ing, Historic  floods,  Flood  peak,  Catchment  areas, 
Channeling,  Land  management. 

Flood  experience  in  Tuscon,  Arizona,  shows  that 
the  dynamic  nature  of  alluvial  channels  in  the 
semiarid  southwestern  United  States  has  important 
implications  for  flood  management  policy.  The 
potential  for  dramatic  changes  in  geomorphic  and 
hydrologic  characteristics  of  alluvial  channels,  in 
response  to  a  single  flow  event,  must  be  considered 
in  establishing  procedures  for  flood  hazard  evalua- 
tion. Erosion  of  channel  banks  represents  a  signifi- 
cant hazard  for  both  large  floods  and  for  lower 
magnitude  flows  of  long  duration.  Structural 
works,  such  as  soil-cemented  bank  protection,  may 
aggravate  bank  erosion  along  unprotected  reaches 
immediately  downstream.  Alluvial  channels  in 
semiarid  regions  must  be  treated  as  total  systems. 
Delineation  of  flood-prone  land  and  the  design  of 
structures  to  mitigate  flood  hazards  are  predicted 
on  estimates  of  the  magnitude  of  discharge  proba- 
ble over  a  reasonable  period  of  time.  Historical 
documentation  of  changes  in  land  use  and  channel 
characteristics  along  the  Santa  Cruz  River,  cou- 
pled with  the  flow  record,  substantiate  a  nonsta- 
tionary  mean.  Given  the  complex  behavior  of  allu- 
vial channels,  the  uncertainty  in  estimating  the 
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magnitude  of  the  peak  discharge  likely  to  occur 
over  a  given  period  of  time,  the  fact  that  flood 
peaks  change  and  usually  increase  as  land  in  the 
drainage  basin  is  developed,  and  the  costs  and 
pitfalls  of  structural  solutions  (such  as  channeliza- 
tion and  bank  protection),  the  wisest  approach  to 
land  management  along  alluvial  river  channels  is  to 
maintain  natural  conditions  by  discouraging  devel- 
opment in  the  geomorphic  flood  plain.  (See  also 
W90-03661)  (Fish-PTT) 
W90-03688 


HISTORICAL  CHANGE  OF  LARGE  ALLUVI- 
AL  RIVERS:  WESTERN  EUROPE. 

John  Wiley  &  Sons,  New  York.  1989.  Edited  by 
G.E.  Petts,  H.  Moeller  and  AL.  Roux.  355p. 

Descriptors:  *Geomorphology,  *Paleohydrology, 
•Alluvial  rivers,  'History,  'Water  resources  devel- 
opment, Hydrologic  data  collections,  Environmen- 
tal engineering,  Environmental  effects,  River  train- 
ing, Engineering,  Case  studies,  Maps,  Channel 
morphology,  Channel  improvement,  Geochemis- 
try, Flood  plains,  Pollution  load,  Alluvium,  Fish, 
Fisheries,  River  basin  development,  Europe. 

Recent  decades  have  witnessed  a  rapid  growth  in 
man's  understanding  of  environmental  changes 
over  the  10,000-15,000  year  timescale  and  in  the 
10-50  year  timescale.  Substantial  efforts  have  been 
made  to  link  space  and  time  but  greater  effort  is 
needed  to  consider  changes  over  the  historical 
timescale  of  100-500  years-the  period  of  intensify- 
ing human  impact  culminating  in  the  creation  of 
truly  manmade  rivers.  The  synthesis  of  information 
from  a  wide  range  of  sources  has  enabled  general 
statements  on  the  history  of  the  large  alluvial 
rivers  of  western  Europe  to  be  made.  Some  of 
these  statements  have  been  compiled  into  a  book 
which  examines  the  sequence  of  early  river  engi- 
neering works;  cartographic  data  analyses  and  ap- 
plications to  channel  change;  a  French  case  study; 
the  use  of  geochemical  analyses  and  flood  plain 
stratigraphy  in  deriving  pollution  histories;  paleoe- 
cological  methods  using  fossil  invertebrates  from 
alluvial  sediments;  a  case  study  of  the  Lower 
Rhine;  reconstruction  of  fish  faunas;  historical  de- 
velopment of  fisheries  of  the  Elbe,  Douro,  and 
Ebro;  and  the  variability  of  historical  models  of 
river  development  as  applied  to  the  Garonne, 
Meuse,  Weser,  and  Rhone  rivers.  This  book  marks 
the  first  step  in  the  development  of  a  European 
Network  of  Scientific  Cooperation  for  the  im- 
proved management  of  large  rivers,  ideally  encour- 
aging and  advancing  the  historical  analysis  of 
rivers  not  only  in  western  Europe  but  worldwide. 
Such  studies  will  contribute  to  more  rational  ap- 
proaches to  river  management,  to  further  resource 
development  and  to  better  conservation  practice 
(See  W9(M)3690  thru  W9OO3707)  (Fish-PTT) 
W90-03689 


HISTORICAL  ANALYSIS  OF  FLUVIAL  HY- 
DROSYSTEMS. 

Loughborough  Univ.   of  Technology  (England). 

Dept.  of  Geography. 

G.  Petts. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 

Western  Europe.  John  Wiley  &  Sons,  New  York 

1989.  p  1-18.  3  fig,  2  tab,  63  ref. 

Descriptors:  *Geomorphology,  •Paleohydrology, 
•River  basin  development,  'History,  'Water  re- 
sources development,  'River  regulations,  Hydro- 
logic  data  collections,  Environmental  effects, 
Flood  plains,  Natural  resources,  Conservation,  Re- 
search priorities,  Scientific  personnel,  Europe. 

Knowledge  of  environmental  change  resulting 
from  our  exploitation  of  land  and  water  resources 
over  historic  timescales  is  necessary  to  improve 
river  regulation  strategies;  to  achieve  sustainable 
resource  development;  and  to  advance  environ- 
mental conservation.  During  the  1980s  there  have 
been  three  major  shifts  in  river  regulation:  (1)  a 
change  from  river  development  to  river  manage- 
ment; (2)  a  move  by  scientists  to  tackle  problems  of 
large  rivers;  and  (3)  a  development  of  multidiscipli- 
nary  approaches  to  both  research  and  manage- 
ment. In  Europe,  all  three  themes  are  embodied 
within  the  'European  Large  Alluvial  Rivers  Net- 


work,' formed  in  1986  in  response  to  an  initiative 
of  the  Council  of  Europe  to  promote  scientific  and 
technical  cooperation,  and  concerned  with  water 
as  a  natural  resource  and  the  interaction  between 
that  resource  and  the  environment.  (See  also  (W90- 
03689)  (Fish-PTT) 
W90-03690 


IMPACT  OF  18TH  AND  19TH  CENTURY 
RIVER  TRAINING  WORKS:  THREE  CASE 
STUDIES  FROM  SWITZERLAND. 

Eidgenoessische  Technische  Hochschule,  Zurich 

(Switzerland). 

D.  Vischer. 

IN:  Historical  Change  of  Large  Alluvial  Rivers. 

Western  Europe.  John  Wiley  &  Sons,  New  York 

1989.  p  19-40.  10  fig,  12  ref. 

Descriptors:  'History,  'Switzerland,  'River  train- 
ing, 'Case  studies,  'Flood  plain  management,  Ero- 
sion control,  Mountains,  Lakes,  Settling  basins, 
Flood  peak,  Sediment  discharge,  Diversion  chan- 
nels, Canals,  Dams,  Flood  discharge,  Hydraulic 
engineering. 

Historically  in  Swiss  hydraulics,  nearly  all  the 
large  river  training  enterprises  and  erosion  abate- 
ment schemes  in  mountain  torrents  were  carried 
out,  or  at  least  begun,  in  the  19th  century.  The 
training  of  the  River  Kander  between  1711  and 
1714  led  to  an  impressive  number  of  other  river 
training  enterprises  in  the  19th  century.  Examples 
of  these  later  works  include  the  training  of  the 
River  Linth  and  of  the  rivers  at  the  foot  of  the  Jura 
Mountains.  In  all  three  projects,  one  or  more  natu- 
ral lakes  were  integrated  into  the  schemes  as  reten- 
tion basins  for  peak  runoff  and  sediments.  The 
forerunner  of  Swiss  river  regulation  schemes  was 
the  diversion  of  the  River  Kander  through  a  chan- 
nel into  Lake  Thun,  involving  an  open  cut  through 
Strattligen  Hill.  At  the  Linth  works,  from  1807 
onwards,  the  river  was  channeled  through  a  canal 
mto  Lake  Walensee.  Lateral  dam  heights  were 
chosen  to  provide  protection  against  even  the  larg- 
est flood  discharges.  The  outflow  of  the  Walensee 
was  improved  and  the  lake  surface  lowered.  Begin- 
ning in  1867,  the  River  Aare  was  diverted  into 
Lake  Biel  through  a  canal;  the  combined  waters  of 
the  Aare  and  Zihl  were  drained  from  Lake  Biel 
through  a  canal;  and  the  upper  Zihl,  lower  Broye, 
and  entrance  of  the  Emme  were  corrected  as  nec- 
essary. The  fact  that  70  years  after  completion  of 
the  first  correction  of  the  Jura  waters  a  second  one 
became  necessary  does  not  speak  against  the  far- 
sightedness of  these  men.  Even  in  river  engineer- 
ing there  is  no  measure  which  is  satisfactory  for- 
ever; not  only  do  the  waters  themselves  and  the 
land  surrounding  them  undergo  changes,  but  so  do 
the  requirements  of  the  local  inhabitants.  (See  also 
(W90-03689)  (Fish-PTT) 
W90-03691 


HYDROCLIMATIC        FLUCTUATIONS        OF 

SOME  EUROPEAN  RIVERS  SINCE  1800. 

Centre    National   de   la   Recherche    Scientifique, 

Strasbourg  (France).  Centre  de  Sedimentologie  et 

de  Geochimie  de  la  Surface. 

For  primary  bibliographic  entry  see  Field  2A. 

W90-O3692 


HYDROLOGICAL  CHANGES  OF  THE  RHONE 
RIVER. 

Grenoble- 1  Univ.  (France).  Lab.  de  la  Montagne 

Alpine. 

H.  Vivian. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 

Western  Europe.  John  Wiley  &  Sons,  New  York 

1989.  p  57-77.  6  fig,  4  tab,  13  ref. 

Descriptors:  'Rhone  River,  'River  training, 
•Flood  plain  management,  *Water  supply  develop- 
ment, •River  systems,  Hydrological  regime, 
Runoff,  Glacial  drift,  Glaciohydrology,  Rainfall- 
runoff  relationships,  Flood  protection,  Irrigation 
effects,  Agricultural  hydrology,  Hydroelectric 
plants,  Drainage  engineering.  Discharge  capacity, 
Stream  discharge,  France. 

Major  manmade  changes  have  affected  both  the 
Rhone  river  (France)  and  its  main  tributaries.  The 


most  obvious  of  these  has  been  the  hydroelectric 
developments  undertaken  during  the  second  half  of 
the  20th  century.  Flood  protection,  irrigation,  and 
agricultural  land  drainage  schemes  have  accompa- 
nied these  developments.  The  natural  parameters 
controlling  the  water  supply  may  be  grouped  into 
two  categories:  (1)  the  change  in  runoff  pattern 
resulting  from  glacial  dynamics,  and  (2)  the  change 
of  the  rainfall  regime  since  the  beginning  of  the 
century.  The  relative  influence  of  natural  and  an- 
thropological factors  can  be  defined  by  using  the 
method  of  accumulated  normalized  deviations;  the 
discharge  and  rainfall  trends  are  determined  in 
order  to  detect  any  behavioral  similarity  or  differ- 
ence between  the  two  variables.  After  examining 
the  discharge  data  and  reflecting  upon  the  impor- 
tance of  the  changes  in  the  annual  and  monthly 
discharge  rates  of  the  Rhone  throughout  the  centu- 
ry, and  on  the  respective  part  played  by  natural 
and  anthropogenic  influences,  four  conclusions 
may  be  drawn:  (1)  little  change  occurred  until 
1950,  thereafter  anthropological  influences  are  evi- 
dent; (2)  the  changes  to  the  Rhone's  hydrological 
regime  decrease  rapidly  downstream,  and  up- 
stream from  Lyon  the  changes  are  less  apparent 
than  in  the  Valais;  (3)  this  downstream  reduction 
may  be  explained  by  a  switch  from  a  simple  regime 
to  a  compensated  regime;  and  (4)  for  certain 
months  there  are  important  changes  due  to  either  a 
combined  natural  and  anthropological  influence 
(February-March-June-July-August),  or  else  the 
pre-eminent  action  of  one  of  these  two  influences 
(See  also  (W90-03689)  (Fish-PTT) 
W90-03693 


USE  OF  CARTOGRAPHIC  SOURCES  FOR  AN- 
ALYSING RIVER  CHANNEL  CHANGE  WITH 
EXAMPLES  FROM  BRITAIN. 

Portsmouth  Polytechnic  (England).  Dept.  of  Ge- 
ography. 

J.  M.  Hooke,  and  C.  E.  Redmond. 
IN:  Historical  Change  of  Large  Alluvial  Rivers: 
Western  Europe.  John  Wiley  &  Sons,  New  York 
1989.  p  79-93.  3  fig,  5  tab,  48  ref. 

Descriptors:  •Paleohydrology,  •Geomorphology, 
•England,  *Maps,  'Channel  morphology,  'Chan- 
neling, 'River  forecasting,  'History,  Lotic  envi- 
ronment, River  training,  Flood  plains,  Braided 
streams,  Data  interpretation,  Mathematical  studies. 

Historical  maps  have  the  potential  to  provide 
much  information  on  large  rivers  including  detail 
of  river  changes.  A  general  background  on  the 
location  and  timescales  of  changes  of  channel  mor- 
phology is  important  for  understanding  the  dynam- 
ics of  lotic  ecosystems.  Historical  studies  are  often 
used  to  predict  future  changes  and  behavior  of  a 
channel,  and  are  much  more  likely  to  be  valid  if  an 
historical  perspective  is  taken  rather  than  relying 
solely  on  contemporary  observations.  Information 
that  can  be  derived  from  historical  maps  includes: 
location  and  distribution  of  instability  and  old 
channels,  length  of  change,  sinuosity,  degree  of 
braiding,  distances  and  rates  of  movement,  areas  of 
movement,  direction  of  movement,  type  of  change, 
change  in  characteristics,  and  flood  plain  ages.  A 
number  of  problems  arise  in  using  such  sources, 
some  of  which  are  associated  with  the  historical 
nature  of  the  sources,  some  have  to  do  with  the 
style  and  accuracy  of  the  maps  themselves,  and 
some  are  related  to  the  methods  of  analysis.  Maps 
which  are  of  potential  use  in  assessing  channel 
changes  along  British  rivers  can  be  divided  into 
four  main  groups:  early  manuscript  maps,  'county' 
maps,  Ordnance  Survey  maps,  and  deposited  plans. 
The  choice  of  method  of  compilation  depends  on 
the  form  of  map  availability  and  the  compatibility 
of  map  scales  as  well  as  on  the  information  re- 
quired. Techniques  for  analyzing  cartographic  evi- 
dence of  the  history  of  river  channels  are  grouped 
according  to  the  form  of  material,  i.e.,  the  map 
itself  or  derived  data  and  to  the  type  of  informa- 
tion required,  whether  qualitative  or  quantitative. 
The  principles  applied  to  British  rivers  may  be 
used  elsewhere.  (See  also  (W90-03689)  (Fish-PTT) 
W90-03694 


CARTOGRAPHY  OF  RIVERS  IN  FRANCE. 

Lyon-3  Univ.  (France). 
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J  P  Bravard,  and  J.  Bethemont. 
IN:  Historical  Change  of  Large  Alluvial  Rivers: 
Western  Europe.  John  Wiley  &  Sons,  New  York. 
1989.  p  95-111.  10  fig,  1  tab,  30  ref. 

Descriptors:  *Maps,  *Hydrologic  maps,  •River 
systems,  *France,  'Information  systems,  Data  col- 
lections, History,  Remote  sensing. 

French  river  maps  have  been  collected  in  surpris- 
ing abundance.  From  the  end  of  the  19th  century 
onwards,  photographs  and  postcards  are  of  par- 
ticular interest  because  they  often  show  rivers. 
Inventories  of  available  material  do  not  exist  in 
many  cases  and  one  need  is  for  these  to  be  com- 
piled prior  to  a  systematic  research  on  the  interac- 
tion between  man  and  river  in  modern  times.  The 
interest  in  these  maps  is  widely  related  to  their 
accuracy,  controlled  with  the  help  of  various 
methods  ranging  from  critical  examination  of  texts 
to  remote  sensing  analysis.  Cartographic  analyses 
are  clearly  a  fundamental  tool  for  historical  studies 
of  change  in  fluvial  hydrosystems  but  in  many 
areas  their  potential  is  still  to  be  exploited.  (See 
also  (W90-03689)  (Fish-PTT) 
W90-03695 


EVOLUTION  OF  THE  PO  RIVER:  AN  EXAM- 
PLE OF  THE  APPLICATION  OF  HISTORIC 
MAPS. 

Pavia  Univ.  (Italy).  Dipt,  di  Ingegnena  del  Tern- 

torio. 

G.  Braga,  and  S.  Gervasoni. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 

Western  Europe.  John  Wiley  &  Sons,  New  York. 

1989.  p  113-126.  3  fig,  1  tab,  8  ref. 

Descriptors:  *Po  River,  'Italy,  'Geomorphology, 
'History,  'Maps,  'Channel  morphology,  'River 
systems,  River  training,  Aerial  photography,  Allu- 
vial plains,  Terrace  channels,  Terracing,  Dating, 
Geologic  control,  Tectonics,  River  beds,  Migra- 
tion. 

The  geomorphological  evolution  of  the  River  Po 
(Italy)  over  the  last  few  centuries  may  be  deter- 
mined through  examination  of  a  reach  between  the 
confluences  of  the  Rivers  Sesia  and  Adda.  Changes 
of  the  river  channel  in  response  to  natural  and 
artificial  influences  have  been  analyzed  by  using 
three  sources  of  data:  (1)  aerial  photographs  of  the 
present-day  river  and  alluvial  plain  have  been  used 
to  map  the  major  geomorphological  elements,  such 
as  terrace  scarps,  abandoned  channels  and  bars;  (2) 
historical  data  sources  such  as  maps  and  docu- 
ments were  used  to  date  the  abandoned  channels; 
(3)  analyses  of  the  natural  events  that  have  influ- 
enced morphological  evolution  and  the  spatial  pat- 
tern of  landforms  allow  the  consideration  of  the 
effects  of  geological  and  neotectonic  activity  to  be 
evaluated.  The  analysis  of  channel  patterns  based 
upon  historic  maps  has  revealed  two  general  types 
of  change:  (1)  the  sudden  and  dramatic  change  in 
the  course  of  the  old  Sesia  river  occurred  long 
before  the  16th  century  (possibly  related  to  neotec- 
tonic movement  that  is  still  active;  and  (2)  the 
more  recent  effects  of  the  neotectonic  movements 
are  causing  the  raising  of  the  external  margin  of 
the  Appenine  chain,  and  the  northward  migration 
of  the  Po  river  bed.  The  synthesis  of  this  kind  of 
historical   and    geomorphological   survey    allows 
consideration  of  the  hydrogeomorphology  of  the 
studied  reach  of  the  Po  river  channel  in  order  to 
assess  future  trends.  (See  also  (W9O-03689)  (Fish- 
PTT) 
W90-03696 


EVIDENCE  FOR  HISTORICAL  HEAVY 
METAL  POLLUTION  IN  FLOODPLATN 
SOILS:  THE  MEUSE. 

Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 

Physical  Geography. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-03697 


PALEOECOLOGICAL  ANALYSES  OF  LARGE 
RIVERS:  SOME  PRINCIPLES  AND  METH- 
ODS. 

Lyon-1  Univ.,  Villeurbanne  (France).  Section  of 
Freshwater  Ecology. 


C.  Amoros,  and  G.  Van  Urk. 
IN:  Historical  Change  of  Large  Alluvial  Rivers: 
Western  Europe.  John  Wiley  &  Sons,  New  York. 
1989.  p  143-165.  10  fig,  70  ref. 

Descriptors:  'Rhone  River,  'Rhine  River,  'Paleo- 
hydrology,  'Ecological  effects,  'History,  'Ecosys- 
tem, 'River  systems,  Palynology,  Silt,  Macro- 
phytes,  Algae,  Alluvial  plains,  Cutoffs,  Midges, 
Backwater,  Radioactive  dating,  Maps,  Deposition, 
Succession. 

The  aim  of  paleoecological  studies  is  the  recon- 
struction of  past  ecological  conditions  and  histori- 
cal changes  of  ecosystems,  using  remains  of  plants 
and  animals  preserved  in  fine  sediments.  Data  are 
required  urgently  to  describe  the  historical  dynam- 
ics of  large  rivers  and  this  is  especially  true  in  a 
European  context.  For  an  insight  into  ecosystem 
functioning  in  the  past,  studies  of  a  broad  spectrum 
of  organisms,  including  algae  and  macrophytes,  are 
essential,  but  studies  of  this  kind  are  still  in  a 
preliminary  phase  for  the  Rhone  and  Rhine  Rivers 
(Germany).  Palynology  addresses  chiefly  the  ter- 
restrial part  of  the  alluvial  flood  plain;  sediments 
from    cutoff    channels    constitute    a    convenient 
matrix  for  preserving  the  pollen  in  chronological 
sequence.  Cladoceran  and  chironomid  remains  are 
abundant  in  unreworked  sediments  from  backwa- 
ters and  cutoff  channels  of  large  rivers.  These  taxa 
are  very  diversified  and  can  afford  adequate  infor- 
mation about  the  functioning  and  the  development 
of  the  aquatic  ecosystems  before  and  after  human 
impacts.  Lead-210  dating  is  possible  when  the  al- 
locthonous  component  in  the  sediment  is  negligible 
but  cartographic  sources  are  most  widely  applica- 
ble. Generally  historical  data  and  granulometric 
analyses  of  the  sediments  provide  adequate  infor- 
mation on  the  period  and  the  conditions  of  deposi- 
tion. Where  it  is  possible,  comparisons  of  the  pa- 
leoecological results  (diachronic  analyses)  with  the 
community  composition  of  present-day  ecosystems 
occurring  at  different  stages  of  succession  (syn- 
chronic analyses),  lead  more  rapidly  to  an  under- 
standing of  the  process  involved  in  ecosystem  de- 
velopment. (See  also  (W90-03689)  (Fish-PTT) 
W90-03698 

LOWER  RHINE  GEOMORPHOLOGICAL 
CHANGES. 

Rijksinstituut  voor  Zuivering  van  Afvalwater,  Le- 

lystad  (Netherlands). 

G.  Van  Urk,  and  H.  Smit. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 

Western  Europe.  John  Wiley  &  Sons,  New  York. 

1989.  p  167-182.  6  fig,  2  tab,  35  ref. 

Descriptors:  'River  training,  'Water  pollution  ef- 
fects, 'Rhine  River,  'Geomorphology,  'Channel 
morphology,  'Ecological  effects,  'River  basin  de- 
velopment, Engineering,  Dikes,  Levees,  Embank- 
ments, Channeling,  History,  Maps,  River  systems, 
Navigation,  Channel  improvement,  Organic 
matter,  Vegetation,  Pollution  load,  Food  chains, 
Benthic  environment,  Sand,  Gravel,  Sedimenta- 
tion, The  Netherlands. 

Human  activity  disrupted  the  natural  sequence  of 
channel  change  on  the  Lower  Rhine  (Nether- 
lands). It  is  possible  that  river  engineering,  such  as 
dikes,  levees,  embankments,  and  channeling,  has 
had  morphological  and  ecological  consequences. 
Interest  in  the  ecological  consequences  of  river 
engineering  and  in  the  need  to  minimize  damage 
did  not  arise  until  recently,  when  the  restoration  of 
the  Rhine  became  an  important  issue.  A  study  of 
river  maps  made  since  1829,  analyses  of  sediment 
cores  from  the  river,  and  ecological  investigations 
carried  out  in  the  Waal  river  valley  show  that  in 
the  Lower  Rhine  channel  fixation  and  constriction 
during  the  19th  century  facilitated  cultivation  of 
the  flood  plain,  thus  allowing  for  the  removal  of 
the  remnants  of  the  natural  vegetation.  It  may  be 
assumed  that  this  caused  a  drastic  reduction  of 
supply  of  organic  matter  from  the  flood  plain  to 
the  main  river.  Physical  constraints  and  a  shortage 
of  food  supply  limit  benthic  communities  in  the 
sand  and  gravel  substrates,  whereas  pollutants 
have  strongly  impacted  the  benthos  of  the  sedi- 
mentation zone.  Even  if  the  pollution  load  of  the 
Rhine  were  to  decrease  to  negligible  amounts,  the 
existing  channel  morphology  would  prevent  the 
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restoration  of  a  diverse  river  ecosystem.  A  balance 
needs  to  be  found  between  safety  demands  for  the 
dikes,  navigation  requirements  and  ecological  man- 
agement of  the  river  basin.  (See  also  (W90-03689) 
(Fish-PTT) 
W90-03699 


LOWER  RHINE:  PALAEOECOLOGICAL 
ANALYSIS. 

Klink  Hydrobiological  Consultants,   Wageningen 

(Netherlands). 

A.  Klink. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 

Western  Europe.  John  Wiley  &  Sons,  New  York. 

1989.  p  183-201.  9  fig,  1  tab,  46  ref,  append. 

Descriptors:  'Rhine  River,  'Aquatic  insects,  *Pa- 
leohydrology,  'Geomorphology,  'Ecological  ef- 
fects, 'Flood  plains,  'Ecosystems,  Stratigraphy, 
Water  pollution  effects,  Sediment  contamination, 
Maps,  Dating,  History,  Cores,  Water  quality,  In- 
sects, Species  composition,  Water  temperature, 
Heavy  metals,  Sediment  distribution,  The  Nether- 
lands. 

Paleoecological  river  research  is  being  performed 
in  the  Netherlands.  The  first  flood  plain  samples 
from  the  River  Rhine  were  analyzed  in  1983  and 
since  then,  progressively,  biological  evidence  has 
been  building  up  concerning  the  history  of  the 
river.  The  lack  of  a  reliable  dating  method  of  river 
sediment  cores  was  a  major  problem,  but  can  be 
partly  overcome  by  collecting  flood  plain  deposits, 
with  minimum  ages  determined  from  old  maps.  As 
a  consequence  of  large-scale  chemical  and  physical 
changes  which  have  taken  place  in  the  Rhine,  the 
insect  fauna  of  the  river  has  changed  completely. 
Eighty  to  one  hundred  insect  taxa  have  disap- 
peared from  the  river  over  the  last  few  centuries. 
Three  important  changes  of  individual  taxa  are:  (1) 
the  distribution  of  species  with  a  southern  distribu- 
tion possibly  caused  by  the  long-term  rise  in  water 
temperature;  (2)  a  positive  relationship  between  the 
deformities  of  headcapsules  and  the  heavy  metal 
content  of  the  river  sediment;  and  (3)  the  decline 
and  extinction  of  Simuliidae,  once  abundant,  over 
the  last  few  centuries.  The  changes  observed  in  the 
Rhine  by  means  of  sediment  analyses  still  stand 
fairly  isolated,  since  no  direct  links  can  be  made 
with  causal  factors.  Research  needs  to  focus  on 
establishing  these  links.  (See  also  (W90-03689) 
(Fish-PTT) 
W90-03700 


CHANGES  IN  FISH  STOCKS  AND  FISHERIES: 
THE  LOWER  ELBE  RIVER. 

Kiel  Univ.  (Germany,  F.R.).  Inst,  fuer  Meeres- 

kunde. 

H.  Moller. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 

Western  Europe.  John  Wiley  &  Sons,  New  York. 

1989.  p  203-220.  2  fig,  6  tab,  80  ref. 

Descriptors:  'River  training,  'Elbe  River,  'Fisher- 
ies, 'History,  'River  regulations,  'Commercial 
fishing,  Parasites,  Pesticides,  History,  Data  inter- 
pretation, Fishing  gear,  Nets,  Rivers,  Shallow 
water,  Eel,  Water  quality,  Tributaries,  Waste  man- 
agement, Czechoslovakia,  Germany. 

The  large  rivers  of  western  Europe  once  sustained 
important  fish  stocks  and  supported  valuable  fish- 
eries. Historic  documentary  data  sources  may  be 
used  to  assess  changes  of  fish  stocks  and  fisheries 
of  the  lower  Elbe  River  (Czechoslovakia  and  Ger- 
many). Conclusions  may  be  drawn  from  compari- 
sons of  published  as  well  as  unpublished  historical 
data  with  results  from  two  recently-made  surveys 
on  fish  biology  in  the  lower  Elbe  River  in  1984  and 
1988.  Quantitative  data  presented  are  restricted  to 
results  from  catches  of  anchor  nets,  the  most  im- 
portant fishing  gear  on  the  river  today.  The  lower 
Elbe  has  suffered  far  less  from  stream  regulation 
than  most  other  large  European  rivers.  Since  the 
beginning  of  this  century,  the  Wadden  area  be- 
tween Cuxhaven  and  Hamburg  has  been  reduced 
by  11%  and  the  shallow  water  area  by  26%. 
However,  serious  alterations  have  taken  place  es- 
pecially in  the  most  important  nursery  grounds  for 
Elbe     fishes    between    Finkenwerder     and     the 
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Schwinge  estuary,  where  more  than  half  the  shal- 
low water  area  has  been  lost.  Despite  these  disad- 
vantages, the  present  situation  maintains  a  rich  fish 
population  which  sustains  a  profitable  business  for 
the  remaining  eight  anchor  net  vessels,  although 
the  most  frequent  species  are  of  no,  or  only  of  low, 
commercial  value.  The  greatest  threat  to  fisheries 
today  is  not  seen  in  any  pollution-induced  decline 
of  fish  stocks,  but  in  the  occurrence  of  pesticides 
and  parasites  in  the  fish,  especially  in  eel.  Encour- 
aging progress  has  been  achieved  towards  a  more 
acceptable  water  quality  by  the  restoration  of  sev- 
eral tributary  rivers  and  by  a  considerable  reduc- 
tion of  waste  input  from  the  city  of  Hamburg  and 
several  industrial  areas.  (See  also  (W90-03689) 
(Fish-PTT)  ' 

W90-03701 


HISTORICAL  CHANGES  OF  THE  GARONNE 
RIVER,  SOUTHERN  FRANCE. 

Centre    National   de    la   Recherche    Scientifique, 
Toulouse  (France).   Centre  d'Ecologie  des  Res- 
sources  Renou  velables. 
For  primary  bibliographic  entry  see  Field  4A 
W90-03704 


RECENT   HISTORICAL  CHANGES   ON   THE 
BELGIAN  MEUSE. 

Facultes  Universitaires  Notre-Dame  de  la  Paix, 

Namur    (Belgium).    Unite   d'Ecologie    des    Eaux 

Douces. 

For  primary  bibliographic  entry  see  Field   6G 

W90-O3705 


HISTORICAL    CHANGES    OF    THE    RIVER 
WESER. 

Wasserwirtschaftsamt  Bremen  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5C. 
W9O-O3706 


ECOLOGICAL  CHANGES  OF  THE  FRENCH 
UPPER  RHONE  RIVER  SINCE  1750. 

Lyon-1  Univ.,  Villeurbanne  (France).  Lab.  d'Eco- 
logie des  Eaux  Douces. 
For  primary  bibliographic  entry  see  Field  4A 
W90-03707 


SYSTEMS  APPROACH  TO  WATER  QUALITY 
MANAGEMENT  DURING  DROUGHT  PERI- 
ODS IN  THE  CUMBERLAND  RJVER  BASIN. 

Army  Engineer  Waterways  Experiment  Station 

Vicksburg,  MS. 

For  primary   bibliographic  entry   see  Field   5G 

W90-03719 


ANALYSIS  OF  1987  FLOOD  OF  WEST  MEM- 
PHIS, ARKANSAS. 

Memphis  State  Univ.,  TN.  Dept.  of  Geography 

and  Planning. 

H.  Kung,  and  J.  R.  Richardson. 

IN:    Proceedings   of  the   Nineteenth    Mississippi 

Water   Resources   Conference.   Water  Resources 

Research   Institute,   Mississippi   State   University 

Mississippi  State,  MS.  1989.  p  63-65.  2  tab,  6  ref 

Descriptors:  'Drainage  canals,  'Flood  control 
•Arkansas,  'Floods,  'Flood  basins,  'Drainage 
area,  'Storm  runoff,  Rainfall-runoff  relationships, 
Soil  moisture  retention,  Soil  water,  Flood  damage, 
Bayous,  Topsoil,  Drainage,  Drainage  patterns, 
Flood  protection.  Clays,  Cost  analysis,  Ditches. 

The  flooding  that  occurred  in  West  Memphis,  Ar- 
kansas, in  December  1987,  was  an  unusual  phe- 
nomenon due  to  its  magnitude  and  extent.  The 
nature  and  causes  of  this  flood  are  reviewed,  along 
with  possible  ways  to  reduce  future  flooding  prob- 
lems. Some  areas  flooded  beyond  the  statistical, 
500-yr  boundary  of  10-11  inches  of  rain  in  one 
event.  The  top  soils  of  the  area  consist  of  plastic 
clayey  materials  which  drain  poorly.  They  have  an 
average  soil  permeability  of  0.11  inches  per  hour 
2.64  inches  in  a  24-hr  period.  The  topography  of 
the  area  consists  of  elevated  barriers  surrounding 
the  area  to  the  north  and  east,  which  constrict  the 
natural  runofT  of  rainwater.  This  lack  of  movement 
in  a  natural  drainage  pattern  has  prompted  the  city 


of  West  Memphis  to  build  ditches  to  assist  in  the 
drainage  of  water.  Ten-mile  and  one  fifteen-mile 
Bayous  are  the  primary  movers  of  drainage  in  the 
city.  At  the  time  of  the  flood,  the  bottoms  of  most 
of  the  major  bayous  in  the  area  had  several  inches, 
if  not  feet,  of  eroded  topsoil  in  them.  A  study  of 
the  Corps,  of  Engineers  suggested  the  building  of 
wider,  concrete-lined  drains  along  a  24  mile  stretch 
of  both  the  major  bayous  to  end  at  the  junction  of 
Ten  Mile  Bayou  and  the  St.  Louis-San  Francisco 
Railroad  line  in  West  Memphis.  The  plan  was 
projected  to  cost  about  22  million  dollars  and  have 
a  cost-effective  benefit/cost  ratio.  An  annual  clean- 
ing program  of  the  city's  ditches  is  recommended 
(See  also  W90-03708)  (Friedmann-PTT) 
W90-03720 


REGIONAL  SKEW  COEFFICIENTS  FOR 
FLOOD-FREQUENCY  ANALYSIS  OF  MISSIS- 
SIPPI STREAMS. 

Geological  Survey,  Jackson,  MS.  Mississippi  Dis- 
trict. 

M.  N.  Landers. 

IN:  Proceedings  of  the  Nineteenth  Mississippi 
Water  Resources  Conference.  Water  Resources 
Research  Institute,  Mississippi  State  University 
Mississippi  State,  MS.  1989.  p  66-70.  2  fig,  2  tab  5 
ref. 

Descriptors:  'Streamflow,  'Statistical  analysis, 
'Flood  frequency,  'Flood  forecasting,  'Mississip- 
pi, 'Flood  recurrence  interval,  'Flood  peak, 
'Flood  data,  Flood  crest,  Statistical  methods,  Data 
collections,  Flood  plain  management,  Estimating. 

An  estimate  of  population  skew  is  required  to 
estimate  flood-frequency  curves  using  the  Pearson 
type  HI  distribution  as  recommended  by  the  Inter- 
agency Advisory  Committee  on  Water  Data 
(1982).  Population  skew  coefficients  may  be  esti- 
mated from  the  error  weighted  average  of  the 
sample  skew  and  regional  skew  coefficient  . 
Weighted  estimating  methods  for  regional  skew 
coefficients  are  suggested,  because  the  sampling 
error  of  station  skew  coefficients  varies  with  the 
record  lengths  of  the  stations.  A  weighted  grid 
isoline  mapping  method  has  been  used  in  this  anal- 
ysis to  estimate  regional  skew  coefficients  for 
flood-frequency  analyses  of  Mississippi  streams. 
The  weighted  grid  mapping  method  was  shown  to 
be  more  accurate  than  the  IACWD  skew  map  in 
two  of  three  homogeneous  skew  regions  in  the 
state,  based  on  a  comparison  of  the  MPRESS  and 
MSE  of  the  two  estimators.  Flood-frequency  infor- 
mation forms  an  essential  basis  for  managing  devel- 
opment in  flood  plains.  The  accuracy  of  flood- 
frequency  estimates  from  records  of  annual  peak 
flow  is  improved  by  correcting  for  bias  in  sample 
skew  coefficients  and  by  using  weighted  regional 
skew  estimating  methods.  (See  also  W90-03708) 
(Author's  abstract) 
W90-03721 


CHANNEL       STABHJTY       OF       SELECTED 
STREAMS  IN  NORTHERN  MISSISSIPPI. 

Geological  Survey,  Jackson,  MS. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-03726 


EVALUATION  OF  ESSTREAM  FLOW  RE- 
QUIREMENTS OF  FISHES  IN  THE  OZARK 
AND  OUACHITA  NATIONAL  FORESTS,  AR- 
KANSAS. 

Forest  Service,  Hot  Springs,  AK. 
For  primary  bibliographic  entry  see  Field  2H. 
W9O-03727 


SUITABILITY  CRITERIA  FOR  ASSESSMENT 
OF  INSTREAM  FLOW  NEEDS  OF  FISH. 

National  Ecology  Research  Center,  Fort  Collins. 

Co. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-03729 


HYDROLOGIC  SYSTEMS.  VOLUME  I:  RAIN- 
FALL-RUNOFF MODELING. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 
Engineering. 


V.  P.  Singh. 

Prentice    Hall,    Englewood    Cliffs,    New    Jersey. 

1988.  480p. 

Descriptors:  'Rainfall-runoff  relationships,  'Hy- 
drologic  models,  'Model  studies,  'Mathematical 
models,  Mathematical  equations,  Linear  analysis, 
Watersheds,  Runoff. 

The  subject  of  hydrologic  systems  has  expanded 
greatly  in  recent  years  both  in  variety  of  tech- 
niques and  diversity  of  applications.  This  book,  an 
outgrowth  of  lecture  notes  prepared  for  courses  on 
hydrologic  modeling,  is  divided  into  three  parts. 
The  first  part,  encompassing  seven  chapters,  pre- 
sents preliminaries   perceived   to  be  background 
information  essential  for  developing  of  hydrologic 
models.  It  constitutes  the  foundation  upon  which 
rests  the  development  of  subsequent  parts:  the  phi- 
losophy of  systems  approach,  definitions  and  con- 
cepts;   types    of   hydrologic    problems    and    the 
models  to  be  developed  to  address  them;  elementa- 
ry functions  and  their  hydrologic  responses  and 
their  applications  to  the  development  of  superposi- 
tion integrals;  methods  of  moments  and  cumulants 
commonly  used  for  estimating  parameters  of  hy- 
drologic models  derived  by  applying  the  elementa- 
ry functions  or  otherwise;  and  seven  additional 
methods  of  parameter  estimation,  some  of  which 
are  of  recent  origin.  The  second  part  deals  with 
system  function  is  derived  by  considering  various 
aspects  of  rainfall-runoff  relationship  that  consti- 
tute the  subject  matter:  watershed  runoff  and  its 
time  characteristics;  different  types  of  mathemati- 
cal models  for  an  effective  rainfall-direct  runoff 
relationship  that  have  been  presented  in  hydrologic 
literature;  both  continuous-time  and  discrete-time 
linear  time-invariant  models;  differential  equations 
and  the  characteristics  of  rainfall-runoff  systems 
that  they  exhibit  as  well  as  the  relationship  with 
conceptual  models  to  include  the  continuous-time, 
discrete-time,  linear  time-invariant  and  linear  time- 
varying  models.  The  discussion  is  extended  to  non- 
linear conceptual  models  and  to  nonlinear  empiri- 
cal models  their  applicability  to  ungaged  water- 
sheds. The  third  part  deals  with  flood  routing.  The 
methods  of  reservoir  flood  routing  are  discussed. 
Linear  and  nonlinear  as  well   as  empirical  and 
conceptual  models  are  included.  Methods  of  chan- 
nel flood  routing  are  discussed  as  well  as  linear  and 
nonlinear,  empirical  and  conceptual,  and  time-in- 
variant and  time-variant  models.  (Lantz-PTT) 
W90-03764 


EFFECTS  OF  CLIMATE  CHANGE  ON  WATER- 
SHED RUNOFF. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2A. 

W90-03824 


HIGH-RESOLUTION     TWO     DIMENSIONAL 
ADVECLTVE  TRANSPORT. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-03827 


PRELIMINARY  ANALYSIS  FOR  TRENDS  IN 
SELECTED  WATER  QUALITY  CHARACTER. 
ISTICS,  POWDER  RIVER,  MONTANA  AND 
WYOMING,  WATER  YEARS,  1952-85. 

Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  5B 
W90-03877 


GRAVEL  TRANSPORT  IN  THE  BRAIDED 
WAIMAKARIRI  RIVER:  MECHANISMS, 
MEASUREMENTS  AND  PREDICTIONS. 

Carson  (M.A.)  and  Associates,  Victoria  (British 

Columbia). 

For  primary  bibliographic  entry  see  Field  2J 

W90-03903 
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COMPARISON  OF  TWO  HYDROLOGIC 
MODELS  FOR  STEEPLY  SLOPING  FOREST- 
ED WATERSHEDS. 

Kentucky  Univ.,  Lexington.  Dept.  of  Civil  Engi- 
neering. 

A.  Q.  Khan,  and  L.  E.  Ormsbee.  

Journal  of  Hydrology  JHYDA7,  Vol.  109,  No.  3/ 
4  p  325-349,  August  1989.  5  fig,  11  tab,  29  ref.  U.S. 
DOI  Agreements  14-08-O0001-G1019  and  14-08- 
00001-1227  and  project  A-104-KY. 

Descriptors:  *Unit  hydrographs,  'Rainfall-runoff 
relationships,  *Hydrologic  models,  'Forest  water- 
sheds, 'Model  studies,  'Model  testmg,  'Forest  hy- 
drology, Comparison  studies,  Catchment  areas, 
Forests,  Calibrations,  Watersheds. 

In  an  attempt  to  evaluate  the  usefulness  of  the  unit 
hydrograph  method  to  simulated  the  hydrologic 
response  of  steeply  sloping  forested  watersheds, 
Clark's  model  was  applied  to  three  watersheds  in 
West  Virginia  and  eastern  Kentucky.  Using  cali- 
bration, Clark's  method  successfully  reproduced 
the  observed  storm  hydrographs  in  these  water- 
sheds   However,    when   subjected   to   validation 
tests,  the  model  failed  to  sustain  its  calibration 
performance.  In  a  similar  endeavor,  a  simple  con- 
ceptual model  that  included  a  quick  response  ma- 
cropore  flow  component  in  addition  to  a  slow 
response  micropore  flow  element  was  also  applied 
to  the  same  three  watersheds.  This  model,  called 
the  extended  kinematic  storage  model,  is  an  out- 
growth of  Sloan  and  Moore's  kinematic  storage 
model.  On  calibration,  the  model  predicted  with 
reasonable  accuracy  the  response  of  these  water- 
sheds. The  results  thus  indicate  that  the  model  is 
capable  of  simulating  the  hydrologic  response  of 
this  type  of  watershed.  When  subjected  to  valida- 
tion teste,  unlike  Clark's  model,  the  extended  kine- 
matic storage  model  survived  the  validation  tests. 
This  study  suggests  that  the  fundamental  hydrolog- 
ic behavior  of  the  modeled  watersheds  is  markedly 
influenced  by  the  seasonal  variations  of  both  the 
surface  and  subsurface  characteristics  of  the  water- 
sheds. The  failure  of  Clark's  model  and  the  relative 
success  of  the  extended  kinematic  storage  model 
may   illuminated   the   potential   danger   of  using 
standard  storm  hydrograph  models  such  as  Clark's 
in  watersheds  where  Hortonian  overland  flow  may 
not  be  the  dominant  runoff  mechanism.  Manage- 
ment decisions  based  on  conclusions  from  readily 
available  but  potentially  flawed  empirical  models 
may   expose  long-term   watershed  planning   and 
management  to  significant  risk.  (Author's  abstract) 
W90-03910 

WATER  TRANSFERS  INTO  GLACIAL  DEPOS- 
ITS OF  A  WATERSHED  IN  THE  GENEVA 
LAKE  BASIN:  WATER  TRANSFERS  IN  THE 
UNSATURATED  ZONE  (ETUDE  DES  TRANS- 
PORTS D'EAU  A  LTNTERD2UR  D'UNE  FOR- 
MATION MORAINIQUE  DANS  LE  BASSIN 
DU  LEMAN:  TRANSFERTS  D'EAU  LA  ZONE 
NON  SATUREE). 

Institut  National  de  la  Recherche  Agronomique, 
Thonon-les-Bains  (France).  Centre  de  Recherches 
Geodynamiques. 

S.  Hamid,  M.  Dray,  A.  Ferhi,  J.  M.  Donoz,  and 
M.  Normand.  .«.«., 

Journal  of  Hydrology  JHYDA7,  Vol.  109,  No.  3/ 
4,  p  369-385,  August  1989.  9  fig,  21  ref.  English 
summary. 

Descriptors:  'Glaciohydrology,  'Aeration  zone, 
•Soil  water,  'Rainfall-runoff  relationships,  'Snow- 
melt,  Overland  flow,  Hydrographs,  Discharge  hy- 
drographs, Soil  profiles,  Soil  water  retention,  Un- 
saturated flow,  Tensiometers,  Catchment  areas. 


Isotopic  and  chemical  studies  were  carried  out 
from  June  1985  to  June  1986  on  a  small  agricultur- 
al morainic  water  basin  (0.14  sq  km)  to  determine 
the  different  flow  components.  Measurements 
were  made  of  precipitation,  soil  water  content,  and 
discharge  at  the  outlet  of  the  basin.  Discharges 
varied  between  6  and  53  L/s  and  reflected  the 
snowy-rainy  regime  of  the  basin,  which  received 
1036  mm  during  the  twelve-month  study.  The  soil 
humidity  indicated  three  periods:  (1)  in  summer,  a 
drying  period  that  affects  a  depth  of  90  cm;  (2) 
wetting  during  autumn  that  modifies  the  water 
content  of  only  the  upper  45  cm;  and  (3)  during  the 


winter  and  spring,  saturation  of  the  soil.  Tensome- 
tric measurements  showed  a  desaturation  with 
upward  water  movement  during  the  period  from 
September  to  November.  Then  a  saturation  of  the 
whole  profile  occurs  from  November  to  June.  The 
data  monitoring  exhibited  two  systems  of  flow 
movement  in  the  soil:  (1)  a  superficial  one,  which 
facilitates  runoff  or  subsurface  lateral  movement, 
linked  directly  to  precipitation;  and  (2)  a  lower 
system,  originating  outside  the  basin.  Hydrograph 
separation  of  discharge  at  the  outlet  indicates  the 
origin  of  the  different  flow  components.  When  the 
runoff  flow  starts  in  the  river  bed  after  the  dry 
season,  it  is  the  sandy  layer  that  provides  the  major 
flow.  Then,  when  the  saturation  level  is  reached, 
one  can  observe  lateral  subsurface  flow.  In  some 
special  cases  (snowmelt),  a  pure  runoff  is  recogniz- 
able, caused  by  the  frozen  soil.  This  study  empha- 
sizes the  essential  role  played  by  the  texture  and 
structure  contrasts  of  the  pedologic-lithologic  hori- 
zons of  the  fluvioglacial  deposits  that  'condition 
the  different  flow  components:  pure  runoff,  and/or 
hypodermic  movement,  and/or  infiltration  to  re- 
charge the  aquifer.  (Author's  abstract) 
W90-03912 

DYNAMICS  AND  SEDIMENTOLOGY  OF  THE 
DEPOSITS  OF  THE  FLOOD  IN  THE  LOWER 
STRETCH  OF  THE  JUCAR  RIVER  IN  OCTO- 
BER OF  1982  (DINAMICA  Y  SEDIMENTOLO- 
GIA  DE  LOS  DEPOSLTOS  DE  LA  AVENDDA 
DEL  RIO  JUCAR  EN  OCTUBRE  DE  1982  EN 
SU  TRAMO  BAJO). 

Universidad  Complutense  de  Madrid  (bpain). 
Dept.  of  Geodynamics.  „.,.„, 

For  primary  bibliographic  entry  see  Field  2J. 
W90-03927 

COMPARISON  OF  METHOD  OF  RESIDUALS 
AND  CLUSTER  ANALYSIS  FOR  FLOOD  RE- 
GIONALIZATION. 

Louisville  Univ.,  KY.  Dept.  of  Civil  Engineering. 
N.  B.  Bhaskar,  and  C.  A.  O'Connor. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  115,  No.  6,  p  793- 
808,  November  1989.  2  fig,  8  tab,  10  ref. 

Descriptors:  'Kentucky,  'Floods,  'Regional  anal- 
ysis, 'Method  of  residuals,  'Flood  forecasting, 
•Cluster  analysis,  Statistics,  WATSTORE. 

The  method  of  residuals  was  used  recently  by  the 
U.S.  Geological  Survey  (USGS)  to  delineate  seven 
flood  regions  for  the  state  of  Kentucky.  An  alter- 
native approach  is  to  use  cluster  analysis  m  con- 
junction with  important  statistical  properties  of  the 
maximum  flood-peak  series.  Applying  the  FAST- 
CLUS  clustering  procedure  of  the  Statistical  Anal- 
ysis System,  five  cluster  regions  were  identified 
using  a  similar  data  base  to  the  one  used  by  the 
USGS  study  (i.e.,  WATSTORE  data  from  Ken- 
tucky). Flood  regions  delineated  under  these  two 
methods  of  flood  regionalization  were  compared 
by  examining  trends  in  important  hydrologic  char- 
acteristics within  each  of  the  regions  and  through  a 
discriminant  analysis  based  on  watershed  physical 
attributes.  Results  show  tnat,  although  cluster  re- 
gions are  in  no  way  similar  to  those  defined  by  the 
method  of  residuals  nor  coincident  with  geograph- 
ic boundaries,  they  are  more  distinguishable  and 
better  discriminated  in  terms  of  hydrologic  charac- 
teristics controlling  flood  response  in  the  USGS 
regions.  Furthermore,  standard  errors  associated 
with  the  regression  equations  relating  the  log-Pear- 
son, Type-Ill  50-yr  flood  estimate  to  watershed 
physical  attributes  are  comparable  under  the  two 
methods  of  regionalization.  (Author's  abstract) 
W90-O3979 


Streamflow  and  Runoff— Group  2E 

matical   models,   Prediction,   Runoff,   Land   use, 
Data  acquisition. 

The  advantage  of  introducing  Landsat-derived 
land-cover  information  into  a  flood-flow  forecast- 
ing model  was  examined.  Two  modeling  alterna- 
tives with  and  without  Landsat  data,  were  applied 
to  10  x  10  km  grid  sizes.  The  land-cover  informa- 
tion was  derived  primarily  from  Landsat  imagery 
and  used  directly  for  rainfall  excess  estimation  and 
runoff  routing.  Runoff  was  calculated  separately 
for  each  of  six  land-use/land-cover  classifications 
for  each  watershed  element.  Without  Landsat  data 
the  model  is  a  lumped-parameter  model,  whereas 
with  Landsat  data  it  is  a  fully  distributed  model. 
The  advantage  of  calculating  runoff  for  each  land- 
use/land-cover  class  separately  is  that  a  watershed 
element  can  be  substantially  larger  than  a  typical 
homogeneous  hydrologic  unit.  The  improvement 
in  predicting  flood  peaks  and  total  runoff  gained 
by  using  Landsat  data  is  at  the  10%  level  of 
significance.  (Author's  abstract) 
W90-03980 

TEST  OF  SNOWMELT-RUNOFF  MODEL  FOR 
A  MAJOR  RIVER  BASIN  IN  WESTERN  HIMA- 
LAYAS. ,  „     , 
Howard  Univ.,  Washington,  DC.  Dept.  of  Geolo- 
gy and  Geography. 
B.  Dey,  V.  K.  Sharma,  and  A.  Range 
Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  3,  p 
167-178,  1989.  5  fig,  1  tab,  11  ref. 

Descriptors:  'Runoff  forecasting,  'Himalayas, 
•Kabul  River,  'Snowmelt,  'Hydrologic  models, 
'Snowmelt-Runoff  Model,  Mountain  streams, 
Temperature,  Satellite  technology,  Remote  sens- 
ing, Simulation,  Data  acquisition,  Mathematical 
models. 

In  the  Snowmelt-Runoff  Model  (SRM),  the  esti- 
mate of  discharge  volume  is  based  on  temperature 
condition  in  the  form  of  degree  days,  which  are 
used  to  melt  the  snowpack  in  the  area  of  the  basin 
covered  by  snow  as  observed  from  satellites.  Pre- 
cipitation input  is  used  to  add  any  rainfall  runoff  to 
the  snowmelt  component.  When  SRM  was  applied 
to  the  large,  international  Kabul  River  basin,  initial 
simulations  were  much  above  the  observed  stream 
flow    values.    Close   inspection    revealed    several 
problems  in  the  application  of  the  SRM  to  the 
Kabul  Basin  that  were  easily  corrected.  Foremost 
among  the  corrections  was  determination  of  an 
appropriate  lapse  rate,  substitution  of  a  more  repre- 
sentative mean  elevation  for  extrapolation  of  tem- 
perature data,  and  use  of  an  automatic  streamflow 
updating  procedure.  These  improvements  led  to  a 
simulation  for  1976  that  was  comparable  to  other 
simulations  on  large,  inaccessible  basins.  As  SRM 
is  applied  to  more  basins  similar  to  the  Kabul 
River,  the  determination  of  suitable  parameters  for 
new  basins  will  be  enhanced.  Additional  improve- 
ments in  simulations  would  result  from  installation 
of  climate  stations  at  the  mean  elevation  of  the 
basins  and  work  to  assure  delivery  of  timely  and 
reliable  satellite  snow  cover  data.  (Author's  ab- 
stract) 
W90-03985 

SIMPLE  APPROXIMATION  OF  THE  HYDRO- 
GRAPH  DOWNSTREAM  OF  A  FLOODED 
AREA. 

Consiglio     Nazionale     delle     Ricerche,     Perugia 

(Italy).  1st.  di  Ricerca  per  la  Protezione  Idrogeolo- 

gica  nell*  Italia  Centrale. 

C.  Corradini,  F.  Melone,  and  V.  P.  Singh. 

Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  3,  p 

179-190,  1989.  4  fig,  3  tab,  13  ref.  NSF  Grant  INT 

84-0205. 


REMOTE  SENSING  AND  FULLY  DISTRIBUT- 
ED MODELING  FOR  FLOOD  FORECASTING. 

Waterloo  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing- 

T.  Tao,  and  N.  Kouwen. 

Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  115,  No.  6,  p  809- 
823,  November  1989.  5  fig,  3  tab,  25  ref. 

Descriptors:  'Remote  sensing,  'Flood  forecasting, 
'Hydrologic  models,  Satellite  technology,  Mathe- 


Descriptors:  'Model  studies,  'Italy,  'Floods,  'Hy- 
drographs, 'Mathematical  models,  'Flood  routing, 
Outbank  flow,  Hydrodynamics,  Runoff,  Flood 
peak,  Errors. 

A  simple  model  for  estimating  the  hydrograph  at 
the  outlet  of  a  reach  crossing  a  flood-prone  area 
was  investigated.  The  first  part  of  the  model  in- 
volves routing  of  the  inflow  hydrograph  through 
an  ideal  reach  with  infinite  vertical  extension  of  the 
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walls.  The  second  part  routes  the  flow  that  deter- 
mines a  two-dimensional  flooding  (outbank  flow) 
through  a  linear  reservoir  that  has  its  storage  coef- 
ficient linked  to  geometric  features  of  the  flood 
plain.  The  model  was  applied  to  various  geometric 
configurations  representative  of  real  areas  in  cen- 
tral Italy.  Its  calibration  and  validation  were  ear- 
ned out  by  comparison  of  the  results  of  a  diffusion 
hydrodynamic  model.  The  hydrodynamic  model 
incorporates  two-dimensional  overland  flow  and  a 
one-dimensional  open  channel  flow.  The  two 
models  were  in  substantial  agreement,  as  revealed 
by  similar  shape  characteristics  of  the  correspond- 
ing hydrographs  and  by  the  values  of  the  peak 
runoff  error,  which  were  lower  than  15%  of  the 
maximum  outbank  flow.  The  model's  validity  also 
was  confirmed  by  a  comparison  of  its  results  with 
observed  outflow  hydrographs.  (Author's  abstract) 
W9O-03986 


NEW  EXPRESSION  FOR  THE  UNCERTAINTY 
OF  A  CURRENT  METER  DISCHARGE  MEAS- 
UREMENT. 

Danish  Land  Development  Service,  Slagelse. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-03987 


RUNOFF  MODELING  UNDER  NOISE-COR- 
RUPTED RAINFALL  CONDITIONS. 

McMaster  Univ.,  Hamilton  (Ontario).  Dept.  of 
Civil  Engineering  and  Engineering  Mechanics. 
G.  G.  Patry,  A.  Kennedy,  and  S.  Potter. 
Canadian  Journal  of  Civil  Engineering  CJCEB8, 
Vol.  16,  No.  5,  p  669-677,  October  1989.  10  fig,  2 
tab,  1 1  ref.  Natural  Sciences  and  Engineering  Re- 
search Council  of  Canada  Grant  A5142. 

Descriptors:  'Model  studies,  'Runoff  forecasting, 
•Surface  runoff,  *Rainfall-runoff  relationships, 
•Hydrologic  models,  'Error  analysis,  Runoff, 
Noise,  Statistical  analysis,  Stochastic  models,  Unit 
hydrographs,  Probability  distribution,  Monte  Carlo 
method. 

Hydrological  models  are  now  routinely  used  in 
planning,  design,  operation  and  control  of  water 
resources  systems.  However,  all  models,  no  matter 
how  complex,  are  approximations  of  the  real  world 
and  consequently  are  subject  to  various  levels  of 
errors.  The  analysis  of  uncertainty  in  hydrological 
models  can  provide  valuable  insight  into  the  limita- 
tions and  advantages  of  various  surface  runoff 
models.  The  benefits  derived  from  such  an  analysis 
are  many:  first,  it  provides  the  modeler  with  a 
direct  estimate  of  runoff  prediction  error  under 
specific  rainfall  conditions;  second,  it  enables  the 
user  to  analyze  the  tradeoffs  between  different 
rainfall-runoff  models;  and  finally,  it  can  provide 
useful  information  for  the  design  of  data  collection 
systems  designed  to  achieve  a  given  level  of  per- 
formance. This  paper  describes  the  application  of 
uncertainty  analysis  to  rainfall-runoff  modeling 
under  noise-corrupted  rainfall  conditions.  The  sta- 
tistical properties  of  surface  runoff  subject  to  noise- 
cormpted  rainfall  conditions  are  examined.  Meth- 
ods of  analysis  described  include  derived  probabili- 
ty distribution,  first-order  analysis,  and  Monte 
Carlo  simulations.  The  techniques  are  applied  to 
linear  and  nonlinear  runoff  models,  including  the 
unit  hydrograph,  and  the  Soil  Conservation  Serv- 
ice model.  (Author's  abstract) 
W9O-04021 


GLUCOSE-MINERALIZATION  POTENTIAL 
OF  EPHJTHIC  BACTERIA  IN  DIVERSE 
UPLAND  ACTD  HEADSTREAMS  FOLLOWING 
A  WINTER  SPATE. 

Hull  Univ.  (England).  Dept.  of  Applied  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
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DISTRIBUTION  OF  AQUATIC  BRYOPHYTES 
IN  RELATION  TO  WATER  CHEMISTRY  OF 
THE  ACID  RIVER  AKAGAWA,  JAPAN. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

For  primary  bibliographic  entry  see  Field  2H. 
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AMELIORATION  OF  STORM-WATER  QUAL- 
ITY BY  A  FRESHWATER  ESTUARY. 

Ohio  Dept.  of  Natural   Resources,   Huron,  OH. 
For  primary  bibliographic  entry  see  Field  2H 
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DEPENDENCE  OF  THE  RESPIRATION  RATE 
UPON  OXYGEN  CONCENTRATION  IN 
WATER  FOR  SOME  RHEOPHILOUS 
MAYFLY  LARVAE  (EPHEMEROPTERA). 

Akademiya  Nauk  SSSR,  Leningrad.  Zoologiches- 

kii  Inst. 

For  primary  bibliographic  entry  see  Field  2H. 
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MICROZOOPLANKTON  GRAZING  ON  PHY- 
TOPLANKTON  IN  THE  RHODE  RIVER 
MARYLAND:  NONLINEAR  FEEDING  KINET- 
ICS. 

Smithsonian     Environmental     Research     Center, 

Edgewater,  MD. 

For  primary  bibliographic  entry  see  Field  2H 
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SIMULATING  EFFECT  OF  CHANNEL 
CHANGES  ON  STREAM  INFILTRATION. 

Arizona  Water  Resources  Research  Center, 
Tucson. 

A.  G.  Guzman,  L.  G.  Wilson,  S.  P.  Neuman,  and 
M.  D.  Osborn. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  115,  No.  12,  p  1631-1645,  Decem- 
ber 1989.  13  fig,  3  tab,  10  ref. 

Descriptors:  'Surface-groundwater  relations, 
•River  flow,  *Streamflow,  •Infiltration,  'Channel 
erosion,  *Bank  protection,  *Soil  cement,  •Hydrau- 
lics, Flood  control,  Recharge,  Computer  simula- 
tion, Rillito  River,  Arizona. 

A  saturated-unsaturated  flow  model  (UNSAT2) 
was  used  to  study  the  effect  of  soil  cementing  and 
channel  widening  on  infiltration  and  recharge  in 
two  idealized  profiles  along  the  Rillito  River  of 
southern  Arizona.  The  channel  sections  associated 
with  the  profiles  are  202-ft  (61.6-m)  and  326-ft 
(99.4-m)  wide.  A  synthetic  10-yr  runoff  in  the  river 
provides  head  values  for  generating  infiltration 
before  and  after  bank  protection  in  these  two  sec- 
tions. Results  from  the  two  base  simulations  are 
combined  to  produce  four  additional  cases.  Soil 
cementing  the  banks  of  the  river  without  widening 
the  channel  reduces  infiltration  and  recharge  by 
15%  for  the  326-ft  wide  channel  and  by  25%  for 
the  202-ft  wide  channel.  Increasing  channel  width 
together  with  bank  protection  increases  infiltration 
25%  for  the  two  sections.  Increasing  channel 
width  without  bank  protection,  however,  increases 
infiltration  by  46%.  Channel  narrowing  with  bank 
protection  markedly  increases  infiltration  rates, 
about  50%  for  the  two  sections.  (Author's  ab- 
stract) 
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GEOMORPHIC  EFFECTS  OF  TWO  STORMS 
ON  THE  UPPER  WAJTAHAIA  RIVER  CATCH- 
MENT, RAUKUMARA  PENINSULA  NEW 
ZEALAND. 

New  Zealand  Forest  Service,  Rotorua.  Forest  Re- 
search Inst. 

For  primary  bibliographic  entry  see  Field  2J. 
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PHYSICAL  HYDRAULIC  MODELLING  OF 
WIDTH  REDUCTION  AND  BED  LEVEL 
CHANGE  IN  BRAIDED  RIVERS. 

Lincoln  Coll.,  Canterbury  (New  Zealand).  Dept. 

of  Natural  Resource  Engineering. 

For  primary  bibliographic  entry  see  Field  2J 
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SOME  RECENT  DEVELOPMENTS  OF  CON- 
STANT-INJECTION SALT  DDLUTION  GAUG- 
ING IN  RIVERS. 

Department  of  Scientific  and  Industrial  Research, 
Christchurch  (New  Zealand).  Water  Resources 
Survey. 


For  primary  bibliographic  entry  see  Field  7B. 
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NITRATE  CONCENTRATIONS  IN  RIVER 
WATERS  IN  THE  SOUTH-EAST  OF  IRELAND 
AND  THEIR  RELATIONSHIP  WITH  AGRI- 
CULTURAL PRACTICE. 

Regional  Water  Lab.,  Kilkenny  (Ireland). 
For  primary  bibliographic  entry  see  Field  5B. 
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PROGRAM      TO      CALCULATE      CHANNEL 
SCOUR  AND  FILL. 

Pacific  Northwest  Forest  and  Range  Experiment 
Station,  Juneau,  AK.  Forestry  Sciences  Lab. 
For  primary  bibliographic  entry  see  Field  2J 
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ESTIMATING  ANNUAL  FLOOD  PROBABIL- 
ITIES USING  FOURIER  SERIES  METHOD. 

Academia  Sinica,  Beijing  (China).  Inst,  of  Geogra- 
phy. 

K.  Wu,  and  M.-K.  Woo. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25  No 
4,  p  743-750,  August   1989.  5  fig,  2  tab,   12  ref. 

Descriptors:  *Fourier  analysis,  *Flood  forecasting, 
•Flooding,  Mathematical  equations,  Canada,  Simu- 
lation analysis,  Data  processing. 

The  Fourier  series  method  is  proposed  as  a  feasible 
non-parametric  approach  for  the  estimation  of  the 
density  and  distribution  functions  of  annual  floods. 
This  method  is  easy  to  use  and  can  estimate  both 
the  density  function  and  the  distribution  function. 
Clearly,  the  goodness  of  fit  to  empirical  data  im- 
proves as  higher  Fourier  terms  are  incorporated, 
and  the  choice  of  a  higher  term  depends  on  wheth- 
er the  inclusion  of  this  term  will  reduce  the  fitting 
error  to  within  a  specified  tolerance  level.  The 
goodness  of  fit  was  tested  by  applying  this  non- 
parametric  method  to  the  annual  flood  data  from 
eight  Canadian  rivers  of  different  sizes  and  in  dif- 
ferent environments  and  to  data  simulated  using 
known  distributions.  Unlike  parametric  methods 
that  assume  that  the  observed  data  follow  certain 
distributions,  the  non-parametric  approaches  have 
no  such  restrictions.  The  results  are  clearly  better 
than  other  parametric  methods,  just  like  other  non- 
parametric  techniques  currently  used  to  estimate 
annual  flood  probabilities.  (Author's  abstract) 
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FLOW  PERSISTENCE  AS  A  MODJFTER  OF 
SEASONAL  RUNOFF  PATTERNS. 

W.  M.  Synder,  A.  W.  Thomas,  and  A.  L.  Dillard. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No 
4,  p  809-820,  August   1989.   8  fig,  4  tab,  8  ref. 

Descriptors:  *Flow  persistence,  'Base  flow, 
•Model  studies,  •Rainfall-runoff  relationships, 
•Runoff  forecasting,  Seasonal  variation,  Mapping, 
Data  interpretation,  Persistence,  Case  studies. 

The  effect  of  flow  persistence  on  seasonal  patterns 
of  watershed  runoff  was  modeled  by  using  runoff 
of  the  immediate  antecedent  month  as  an  index. 
Monthly  runoff  was  expressed  as  a  function  of 
monthly  rainfall,  season  of  the  year,  and  runoff  of 
the  antecedent  month.  The  three  independent  vari- 
ables were  expressed  functionally  as  sliding  poly- 
nomials, thus  producing  a  piece-wise,  form-free, 
three-dimensional  causative  structure.  A  model 
form  allowing  complete  interactivity  of  the  three 
independent  variables  could  not  be  optimized  be- 
cause of  insufficient  data  with  high  values  of  both 
antecedent  runoff  and  monthly  rainfall.  A  model 
with  reduced  interactivity  was  successfully  opti- 
mized. Data  sets  from  five  watersheds  ranging 
from  0. 14  to  398  sq  mi  were  analyzed.  Results  were 
presented  as  a  series  of  contour  maps  that  showed 
contours  of  monthly  runoff  in  the  data  space  of 
season  and  monthly  rain.  In  the  series  of  maps,  the 
patterns  of  the  runoff  contours  changed  with 
changing  values  of  antecedent  runoff.  During  the 
wet  season  of  the  year  the  contours  changed  sig- 
nificantly with  antecedent  runoff,  but  the  changes 
in  the  dry  season  were  minimal.  The  quantitative 
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change  of  runoff  was  more  rapidly  portrayed  with 
cross-sections    through    the    contoured    surfaces. 
(Author's  abstract) 
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HUMAN  STABILITY  IN  A  HIGH  FLOOD 
HAZARD  ZONE. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

S.  R.  Abt,  R.  J.  Wittier,  A.  Taylor,  and  D.  J.  Love. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

4,  p  881-890,  August   1989.  6  fig,   3  tab,  6  ref. 

Descriptors:  *Flood  damage,  *Flood  hazard,  Sim- 
ulation analysis,  Stability,  Flow  velocity,  Flood 
flow. 

The  delineation  of  high  flood  hazard  zones  within 
a  flood  plain  is  usually  independent  of  the  hydrau- 
lic parameters  that  constitute  a  life  threatening 
situation.  In  order  to  define  human  instability  in 
high  hazard  areas,  a  study  was  conducted  to  identi- 
fy when  an  adult  human  could  not  stand  or  maneu- 
ver in  a  simulated  flood  flow.  An  analysis  was 
performed  on  a  rigid  body  monolith  resulting  in  a 
toppling  hazard  envelope  curve  (velocity  v. 
depth).  A  120  lb  monolith  was  then  constructed 
and  tested  to  relate  the  actual  flow  velocity  and 
depth  at  toppling  to  theory.  A  series  of  human 
subjects  (90-201  lbs)  were  placed  in  a  recirculating 
flume  and  tested  to  determine  the  velocity  and 
depth  of  flow  that  caused  their  instability.  The  test 
results  determined  that  the  product  number,  which 
is  the  product  of  the  velocity  and  depth  at  toppling 
of  the  monolith,  closely  compared  to  the  theoreti- 
cal envelope  curve.  The  monolith  results  represent 
the  lower  limit  of  human  stability.  Also,  the  prod- 
uct number  appeared  to  be  a  predictor  of  human 
instability  in  flood  flow.  A  relationship  was  devel- 
oped to  estimate  the  product  number  at  which  a 
human  subject  becomes  unstable  as  a  function  of 
the  height  and  weight  of  the  subject.  (Author's 
abstract) 
W90-04186 


PLUME  OF  THE  YUKON  RIVER  IN  RELA- 
TION TO  THE  OCEANOGRAPHY  OF  THE 
BERING  SEA 

Alaska  Univ.,  Fairbanks.  Geophysical  Inst. 

K.  G.  Dean,  C.  P.  McRoy,  K.  Ahlnas,  and  A. 

Springer. 

Remote  Sensing  of  the  Environment  RSEEA7, 

Vol.  28,  p  75-84,  April/June  1989.  8  fig,  18  ref. 

NASA  NAS  5-28769,  NSF  DPP-840  5286. 

Descriptors:  *Remote  sensing,  *Bering  Sea,  •Satel- 
lite technology,  'Alaska,  'Oceanography,  'Water 
circulation,  'Landsat,  Temperature,  Suspended 
sediments,  Phytoplankton,  Comparison  studies, 
Data  acquisition. 

Physical  and  biological  oceanography  of  the  north- 
ern Bering  Sea  including  the  plume  of  the  Yukon 
River  were  studied  using  satellite  data  in  conjunc- 
tion with  shipboard  measurements.  The  satellite 
data  recorded  by  the  NOAA  Very  High  Resolu- 
tion Radiometer  (VHRR)  and  Advanced  Very 
High  Resolution  Radiometer  (A VHRR),  and  the 
Landsat  Multispectral  Scanner  (MSS)  and  Themat- 
ic Mapper  (TM)  sensors  were  used  to  detect  sea 
surface  temperatures  and  suspended  sediments. 
Shipboard  measurements  of  temperature,  salinity, 
and  chlorophyll  were  acquired  by  the  Inner  Shelf 
Transfer  and  Recycling  (ISHTAR)  project  and 
were  compared  to  digitally  enhanced  and  archived 
satellite  images.  Sea  surface  temperatures  derived 
from  satellite  data  were  generally  higher  than  field 
measurements.  Satellite  data  confirmed  the  known 
distribution  of  water  masses  in  the  region.  Areal 
patterns  of  temperature,  salinity,  and  phytoplank- 
ton distribution,  determined  from  field  measure- 
ments, agreed  reasonably  well  with  patterns  of 
water  mass  distribution  obtained  from  satellite 
images.  Archived  satellite  images  (1974-1978)  were 
used  to  investigate  the  variability  of  the  distribu- 
tion of  sea  surface  temperature  and  of  the  turbid 
plume  of  the  Yukon  River.  Alaskan  Coastal  Water 
(ACW)  first  warms  near  the  coast  in  June  and  the 
process  extends  seaward  as  summer  progresses. 
Turbid  water  associated  with  discharge  of  the 
Yukon  River  progresses  in  the  same  fashion,  ex- 


tending northward  across  the  entrance  to  Norton 
Sound.  Maximum  extent  of  the  plume  occurs  in 
October.  Anadyr  Water  flows  north  through 
Anadyr  Strait  past  St.  Lawrence  Island;  its  extent 
is  variable  depending  on  mesoscale  pressure  and 
local  wind  fields.  (Author's  abstract) 
W90-04194 


NEW  LOOK  AT  FLOOD  RISK  DETERMINA- 
TION. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

C.  Booy,  and  L.  M.  Lye. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
5,  p  933-943,  October  1989.  5  fig,  1  tab,  20  ref,  2 
append. 

Descriptors:  'Model  studies,  'Flood  forecasting, 
'Flood  hazard,  'Flood  frequency,  Hurst  coeffi- 
cient, Canada,  Correlation  analysis,  Flood  peak. 

The  probability  distributions  of  annual  peak  flows 
used  in  flood  risk  analysis  quantify  the  risk  that  a 
design  flood  will  be  exceeded.  However,  the  pa- 
rameters of  these  distributions  are  themselves  to  a 
degree  uncertain  and  this  uncertainty  increases  the 
risk  that  the  flood  protection  provided  will  in  fact 
prove  to  be  inadequate.  The  increase  in  flood  risk 
due  to  parameter  uncertainty  is  small  when  a  fairly 
long  record  of  data  is  available  and  the  annual 
flood  peaks  are  serially  independent,  which  is  the 
standard  assumption  in  flood  frequency  analysis. 
However,  standard  tests  for  serial  independence 
are  insensitive  to  the  type  of  grouping  of  high  and 
low  values  in  a  time  series,  which  is  measured  by 
the  Hurst  coefficient.  This  grouping  increases  the 
parameter  uncertainty  considerably.  A  study  of  49 
annual  peak  flow  series  for  Canadian  rivers  shows 
that  many  have  a  high  Hurst  coefficient.  The  cor- 
responding increase  in  flood  risk  due  to  parameter 
uncertainty  is  shown  to  be  substantial  even  for 
rivers  with  a  long  record,  and  therefore  should  not 
be  neglected.  A  method  of  rationally  combining 
parameter  uncertainty  due  to  serial  correlation, 
and  the  stochastic  variability  of  peak  flows  in  a 
single  risk  assessment  was  developed.  The  mixed- 
noise  model  provides  a  simple  and  fast  tool  for  the 
generation  of  a  data  series  with  a  correlation  struc- 
ture that  corresponds  to  a  given  lagone  correlation 
coefficient  and  a  given  Hurst  coefficient.  (Author's 
abstract) 
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STAGE  DISTRIBUTION  APPROACH  TO  ESTI- 
MATING ICE  RELATED  FLOODING  PROB- 
ABHJTTES. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2C. 
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COMPARISON  OF  REGRESSION  AND  TIME- 
SERIES  METHODS  FOR  SYNTHESIZING 
MISSING  STREAMFLOW  RECORDS. 

Oak  Ridge  National  Lab.,  TN. 

For  primary  bibliographic  entry  see  Field  7C. 
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COMPARISON  OF  STREAMFLOW  GENERA- 
TION MODELS  FOR  RESERVOm  CAPACITY- 
YIELD  ANALYSIS. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

D.  A.  Savic,  D.  H.  Burn,  and  Z.  Zrinji. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
5,  p  977-983,  October  1989.  6  tab,  13  ref. 

Descriptors:  'Reservoir  yield,  'Model  studies, 
'Reservoir  capacity,  'Streamflow  forecasting, 
Comparison  studies,  Statistical  analysis,  Critical 
flow,  Historical  records. 

An  analysis  of  four  streamflow  generation  schemes 
for  the  use  in  the  estimation  of  the  required  conser- 
vation storage  for  a  single  reservoir  is  presented. 
The  comparison  of  the  generating  schemes  should 
aid  in  the  selection  of  an  appropriate  model  type 
for  the  reservoir  sizing  problem.  The  streamflow 
generation  models  are  compared  using  two  crite- 


ria. The  first  comparison  is  between  the  statistics  of 
the  generated  streamflow  sequences  and  the  corre- 
sponding statistics  from  the  historical  record.  The 
second  evaluation  compares  the  median  reservoir 
size  determined  by  each  model  with  the  required 
storage  based  on  the  historical  flow  sequence.  The 
results  demonstrate  that  the  type  3  disaggregation 
model  (MVS)  is  a  superior  generating  scheme, 
relative  to  the  alternatives  considered,  for  the  res- 
ervoir sizing  problem.  It  is  apparent  that  simply 
comparing  the  moments  of  the  generated  and  his- 
torical sequences  is  not  sufficient  to  obtain  an 
unequivocal  ranking  of  the  generating  schemes. 
Three  candidate  models  provided  satisfactory 
agreement  with  the  historical  statistics,  but  the 
storage  values  obtained  with  the  three  models 
were  markedly  different.  The  determination  of  re- 
quired reservoir  capacity  is  controlled  by  the  criti- 
cal flow  period  in  the  inflow  sequence.  It  is  there- 
fore possible  for  a  model  to  adequately  reproduce 
the  historical  moments,  but  do  a  poor  job  of  repro- 
ducing critical  flow  periods.  It  is  therefore  essen- 
tial to  consider  other  aspects  of  the  generated  flow 
sequences.  (Author's  abstract) 
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EVALUATION    OF    INFLOW    TO    MIRROR 
LAKE,  NEW  HAMPSHIRE. 

Geological  Survey,  Lakewood,  CO. 

For  primary  bibliographic  entry  see  Field  2H. 
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COARSE  WOODY   DEBRIS   AND   CHANNEL 
MORPHOLOGY:  A  FLUME  STUDY. 

Oregon  State  Univ.,  Corvallis.   Dept.  of  Forest 

Engineering. 

For  primary  bibliographic  entry  see  Field  81. 
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APPLICATION  OF  THE  U.S.G.S.  DIFFUSION 
HYDRODYNAMIC  MODEL  FOR  URBAN 
FLOODPLAEN  ANALYSIS. 

Williamson  and  Schmid,  Irvine,  CA. 

T.  V.  Hromadka,  T.  R.  Walker,  C.  C.  Yen,  and  J. 

J.  DeVries. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

5,  p  1063-1071,  October  1989.  6  fig,  11  ref. 

Descriptors:  'Flood  forecasting,  'Design  floods, 
'Flood  hazard,  'Flood  maps,  'Model  studies,  Dif- 
fusion Hydrodynamic  Model,  Flood  plain  manage- 
ment, Flood  forecasting,  Indirect  flood  measure- 
ment. 

The  two-dimensional  Diffusion  Hydrodynamic 
Model,  DHM,  is  applied  to  the  evaluation  of  flood- 
plain  depths  resulting  from  an  overflow  of  a  leveed 
river.  The  environmental  concerns  of  flood  protec- 
tion and  high  flow  velocities  can  be  better  studied 
with  the  help  of  the  two-dimensional  DHM  flow 
model  than  by  use  of  the  one-dimensional  model- 
ing techniques.  In  addition,  a  flowpath  reduction 
factor  and  the  effective  grid  area  were  added  to 
the  DHM  for  a  more  realistic  representation  of  the 
field  condition.  In  the  test  case,  some  of  the  pre- 
dicted flood  depth  differences  between  the  DHM 
and  the  one-dimensional  approach  (i.e.,  HEC-2) 
are  found  to  be  significant.  The  DHM  analysis 
resulted  in  a  wider  floodplain,  and  consequently, 
lower  watersurface  elevations  at  some  locations 
that  the  results  from  the  Rood  Insurance  Rate 
Map.  Although  the  DHM  generates  considerable 
information,  it  is  easy  to  use  and  does  not  require 
expertise  beyond  that  required  for  use  of  the  one- 
dimensional  approaches.  (Author's  abstract) 
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HYDROLOGIC  AND  HYDRAULIC  ANALYSIS 
FOR  LAS  VEGAS  WASH  AND  TRIBUTARIES, 
NEVADA. 

Army  Engineer  District,  Los  Angeles,  CA. 

J.  B.  Evelyn. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 

Reduction  Reconnaissance-Phase  Studies.  August 

9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 

CA.  p  1 1-26,  2  fig,  2  tab,  9  ref. 
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Field  2— WATER  CYCLE 


Group  2E— Streamflow  and  Runoff 

Descriptors:  *Flood  forecasting,  'Nonstructural 
alternatives,  •Hydrologic  aspects,  'Hydraulics, 
•Water  resources  management,  Las  Vegas  Wash, 
Feasibility  studies,  Decision  making,  Nevada,  Re- 
connaissance studies. 

This  paper  was  prepared  as  part  of  the  August 
1988  Seminar  on  Flood  Damage  Reduction  for 
Reconnaissance  Phase  Studies  held  at  the  Hydro- 
logic  Engineering  Center.  Although  the  emphasis 
is  on  reconnaissance  phase  studies,  the  hydrologic 
and  hydraulic  analysis  performed  in  support  of 
both  the  reconnaissance  and  feasibility  phase  stud- 
ies for  Las  Vegas  Wash  and  Tributaries,  Nevada, 
are  presented  and  compared.  During  the  reconnais- 
sance phase,  maximum  utilization  was  made  of 
prior  studies  in  order  to  quantify  existing  and 
future  flood  damage  potential,  and  evaluate  alter- 
native flood  hazard  reduction  measures  in  the  short 
time  frames  and  minimal  funding  available  at  this 
phase.  In  the  feasibility  phase,  additional  time  and 
funding  resources  permitted  hydrologic  and  hy- 
draulic analysis  consistent  with  U.S.  Army  Corps 
of  Engineers  guidance  requirements,  but  not  with- 
out accommodation  of  the  needs  and  requirements 
of  the  local  cost  sharing  sponsor.  The  feasibility 
hydrologic  analysis  resulted  in  large  changes  in  the 
discharge  frequency  relationships  for  the  Las 
Vegas  region.  Based  on  the  Corps  of  Engineers 
Los  Angeles  District's  experience  with  the  Las 
Vegas  study  among  others,  several  ideas  with 
regard  to  the  Corps'  current  flood  control  study 
program  are  worth  presenting:  (1)  When  adopting 
hydrologic  and  hydraulic  work  by  Architect-Engi- 
neer firms  or  other  agencies,  one  must  recognize 
that  significant  changes  in  the  technical  results  can 
occur  following  more  detailed  Corps  analyses;  (2) 
Hydrologic  analysis  is  the  first  technical  activity 
on  any  flood  control  study.  Given  the  ripple  effect 
on  the  entire  study  process,  reconnaissance 
through  design  phases,  the  hydrologic  analysis 
should  be  addressed  in  as  much  detail  as  practical 
at  the  earliest  possible  opportunity  in  the  overall 
study  process;  and  (3)  With  the  advent  of  cost 
sharing,  Corps  technical  elements  must  be  pre- 
pared to  use  or  adopt  methodology  that  may  be 
unfamiliar  in  order  to  meet  the  needs  of  local 
sponsors.  (See  also  W90-O4234)  (Lantz-PTT) 
W90-04236 


RECONNAISSANCE  STUDY  FOR  OVERLAND 
PARK. 

Overland  Park,  KS. 

For  primary  bibliographic  entry  see  Field  6F. 

W90-04244 


MINNESOTA  WATER:  A  GEOGRAPHICAL 
PERSPECTIVE. 

Minnesota  Univ.,  Minneapolis.  Dept.  of  Geogra- 
phy. 

C  Gersmehl,  J.  Drake,  and  D.  Brown. 
Public  Report  Series  No.  4,  May  1986.  32p,  36  ref. 

Descriptors:  *Water  resources  data,  *Hydrologic 
data  collections,  'Minnesota,  'Water  resources, 
•Geography,  Available  water,  Water  use,  Maps, 
Water  demand,  Hydrologic  budget,  History. 

A  common  perception  is  that  Minnesota  is  very 
rich  in  water  resources.  Those  who  depend  on 
water  resources  know  too  well  that  the  signs  of 
abundance  can  be  misleading.  Indeed,  Minnesota 
does  have  problems  related  to  the  quantity  of 
water-times  of  excess  or  of  insufficiency.  This 
summary  of  Minnesota's  water  resources  has  three 
parts.  The  first  two  deal  with  geographic  and 
historical  variations  in  water  availability  and  in 
patterns  of  water  use.  The  final  section  presents  a 
variety  of  water  problems  and  issues  that  affect 
resource  users  at  various  locations  and  at  various 
times  in  the  state.  (Lantz-PTT) 
W90-04266 


STORMWATER  MANAGEMENT:  PROCE- 
DURES AND  METHODS,  A  MANUAL  OF 
BEST  MANAGEMENT  PRACTICES. 

URS  Co.,  Seattle,  WA. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-04267 


GEOLOGY,  HYDROLOGY  AND  HISTORY  OF 
THE  WASHINGTON,  D.C.  AREA. 

American  Geological  Inst.,  Alexandria,  VA. 
For  primary  bibliographic  entry  see  Field  2A. 
W90-04271 


COMPUTER  AIDED  DESIGN  SOFTWARE  IN 
FLUVIAL  HYDRAULICS:  PROGRAM  CADRIV. 

Universite    Catholique   de    Louvain,    Louvain-la- 
Neuve  (Belgium).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-04295 


SIMILARITIES  AND  DIFFERENCES  IN  THE 
NATURE  OF  GROUND  AND  SURFACE 
WATER  DATA  AND  THE  IMPLICATIONS 
FOR  DESIGNING  PERSONAL  COMPUTERS 
DATA  SYSTEMS. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2F. 
W90-04301 


IMPROVED    HYDROLOGIC    FORECASTING: 
WHY  AND  HOW. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-O4308 


TECHNIQUES   FOR  THE  GENERATION   OF 
LONG  STREAMFLOW  SEQUENCES. 

Hydrocomp,  Inc.,  Palo  Alto,  CA. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-04310 


PROBLEMS  IN  OPERATIONAL  HYDROLOG- 
IC FORECASTING. 

Sierra  Hydrotech,  Placerville,  CA. 
J.  F.  Hannaford,  and  R.  L.  Hall. 
IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p  47- 
64,  7  fig. 

Descriptors:  'Hydrology,  'Forecasting,  'Hydro- 
logic  models,  'Data  interpretation,  'Streamflow 
forecasting,  'Model  studies,  'Water  management, 
Water  supply,  Error  analysis,  Errors,  Decision 
making. 

There  are  many  techniques,  procedures,  and  hy- 
drologic models  which  have  been  developed  perti- 
nent to  water  supply  forecasting  representing 
methodologies  currently  in  use.  Forecasts  of  water 
supply  which  are  intended  for  public  distribution 
through  the  media  may  be  very  different  in  con- 
cept and  presentation  from  those  intended  for 
water  management  decision  making  and  operation- 
al planning.  Forecast  methodology  for  operational 
forecasting  is  extremely  dependent  on  the  intended 
use  of  the  forecasts.  In  general,  the  shorter  the  time 
period  of  runoff  being  forecast  (i.e.  days  or  weeks 
as  opposed  to  season  or  water  year),  the  more 
sophisticated  the  technique  required.  No  single 
forecasting  technique  has  a  clear  cut  advantage 
over  all  others.  Hydrologic  models  do,  for  the 
most  part,  represent  a  more  sophisticated  and  pos- 
sibly more  realistic  approach  to  simulation  of 
streamflow  than  to  index  correlation  techniques. 
Forecast  error,  particularly  early  in  the  forecast 
season  is  highly  dependent  upon  variability  of 
weather  conditions  subsequent  to  the  date  of  fore- 
cast. This  weather  related  error  decreases  as  the 
season  progresses.  An  accurate  and  realistic  under- 
standing of 'forecast  error',  its  magnitude,  compo- 
sition, and  characteristics,  is  extremely  important 
in  application  of  hydrologic  forecasts  to  decision 
making  in  water  management.  This  applies  to  all 
types  of  hydrologic  forecasting,  whether  water 
supply  or  other  types  of  hydrologic  forecasts.  The 
water  manager  must  understand  the  necessity  for 
developing  operational  plans  contingent  upon  the 
probability  of  certain  climatologic  and  hydrologic 
conditions  materializing.  He  must  recognize  that 
extreme  conditions  could  be  more  critical  than 
those  observed  in  limited  past  record  and  although 
the  probability  of  such  extremes  being  encountered 
might  be  low,  certain  operational  restraints  may 


require  consideration  of  such  extremes.  Misunder- 
standing or  misinterpretation  of  the  nature,  magni- 
tude and  time-relationship  of  forecast  error  may  be 
one  of  the  most  critical  problems  faced  in  water 
management  at  the  present  time.  (See  also  W90- 
04308)(Lantz-PTT) 
W90-04311 


GEOMORPHIC    EVIDENCE    OF    FREQUENT 
AND  EXTREME  FLOODS. 

Wisconsin  Univ.-Madison.   Dept.   of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04322 


AUGMENTATION  OF  HYDROLOGIC 

RECORDS  USING  TREE  RINGS. 

Arizona  Univ.,  Tucson.   Lab.  of  Tree-Ring  Re- 
search. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-04323 


CALIFORNIA  DROUGHT -ITS  EFFECT  ON 
RUNOFF  FORECASTING  FOR  POWER  GEN- 
ERATION. 

Pacific  Gas  and  Electric  Co.,  San  Francisco,  CA. 
G.  J.  Freeman. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
266-273,  5  ref. 

Descriptors:  'Drought,  'Runoff  forecasting, 
'Streamflow  forecasting,  'Management  planning, 
•California,  Powerplants,  Industrial  water,  Flood 
forecasting,  Prediction. 

The  1976-1977  two  year  California  Drought  is  now 
a  recorded  fact.  For  those  involved  with  runoff 
forecasting  and  water  planning,  the  drought  in 
spite  of  its  serious  impact  on  the  state's  resources, 
was  a  significant  event  for  future  water  studies. 
The  drought's  effect  on  runoff  forecasting  in  gen- 
eral will  be  that  the  data  now  exists  for  two  very 
dry  years.  Planning  cannot  ignore  the  possibility 
that  there  will  be  other  years  with  similar  ex- 
tremes. Reservoir  carry-over  the  possibility  of  an- 
other drought  of  similar  magnitude.  Runoff  fore- 
casting during  the  drought  provided  the  input  for 
both  fuel  procurement  and  operational  planning. 
The  methods  used  shifted  from  the  rigid  equation 
method  to  the  more  subjective  'best  judgement/ 
common  sense  approach.'  Inspection  of  rank  or- 
dered data  was  very  helpful  in  accomplishing  this. 
It  is  important  to  have  the  flexibility  to  use  alterna- 
tive approaches  during  an  extreme  situation  such 
as  occurred  during  the  drought.  Reasonable  num- 
bers were  forecasted  as  a  result  of  using  a  subjec- 
tive approach  in  this  case.  The  drought  data  how- 
ever, now  exists  to  develop  equations  with  better 
defined  low  ends  of  flow  than  was  previously 
possible.  The  reliability  of  equations  to  predict 
during  a  drought  situation  has  been  greatly  en- 
hanced as  a  result  of  the  dry  year  data  now  avail- 
able. (See  also  W9O-O4308)(Lantz-PTT) 
W90-04324 


BPA  HYDROLOGIC  FORECASTING  CONSID- 
ERATIONS AND  ACTIONS  DURING  THE 
1976-77  DROUGHT. 

Bonneville    Power    Administration,    Vancouver, 
WA.  Hydrometeorology  Section. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04325 


CHANGING  NEEDS  IN  URBAN  FLOOD 
FORECASTING. 

Urban    Drainage    and    Flood    Control    District, 
Denver,  CO. 
L.  S.  Tucker. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
295-302. 


22 


WATER  CYCLE— Field  2 


Descriptors:  *Urban  areas,  *Urban  hydrology, 
•Flood  forecasting,  Flood  peak,  Flood  hydro- 
graphs,  Urban  runoff,  Forecasting,  Economic  as- 
pects, Storm  water,  Flood  warning  systems. 

Urban  flood  forecasting  consists  of  two  basic 
needs.  The  first  is  the  forecasting  of  peak  flows  and 
hydrographs  for  the  purpose  of  planning  and 
design  of  urban  drainage  and  flood  control  sys- 
tems. The  second  is  the  forecasting  of  impending 
flood  events  for  the  purpose  of  warning  flood  plain 
occupants  of  the  potential  hazard.  Both  needs  rep- 
resent current  activities,  but  the  changing  need  is 
for  improved  or  more  reliable  flood  forecasting 
capabilities.  Some  of  the  reasons  for  this  changing 
need  include  the  following:  the  high  cost  of  drain- 
age and  flood  control  facilities  make  the  'accurate' 
estimation  of  flows  more  important.  The  potential 
liability  of  public  officials  for  their  actions  places  a 
greater  need  on  reliability  of  designs.  The  onus  of 
not  warning  of  a  flood  or  issuing  warnings  when 
no  floods  occur  can  be  a  serious  problem  to  a 
public  works  official.  When  100-year  flood  plains 
are  defined  for  regulation  purposes,  the  delineation 
must  be  defensible  in  court  as  being  based  on  the 
best  that  the  state-of-the-art  can  offer.  The  require- 
ment to  provide  detention  of  stonnwater  flows 
requires  that  an  entire  hydrograph  be  predicted 
which  is  more  complex  than  just  estimating  a  peak 
flow.  The  concern  about  receiving  water  quality 
and  the  pollution  effect  of  urban  storm  runoff 
complicates  the  picture  significantly.  These  devel- 
opments are  all  contributing  to  steadily  changing 
needs  in  urban  flood  forecasting.  The  changing 
needs  in  general  require  more  accurate  urban  flood 
forecasting.  To  obtain  more  accurate  forecasting, 
research  based  on  local  rainfall/runoff  data  is  re- 
quired. Metropolitan  areas  with  foresight  are  con- 
ducting data  collection  and  analysis  programs  to 
allow  them  to  better  cope  with  the  changing  needs 
in  urban  flood  forecasting.  (See  also  W90- 
04308XLantz-PTT) 
W90-04327 


LETS   LOOK   AT   SOME   LEGAL   IMPLICA- 
TIONS OF  STREAMFLOW  FORECASTING. 

Stetson  Engineers,  Inc.,  San  Francisco,  CA. 
For  primary  bibliographic  entry  see  Field  6E. 
W90-04329 


FLOOD  PLAIN  MANAGEMENT  NEEDS. 

Office  of  the  Chief  of  Engineers  (Army),  Washing- 
ton,   DC.    Flood    Plain    Management    Services 
Branch. 
G.  R.  Phippen. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
322-332,  2  fig. 

Descriptors:  *Flood  plain  management,  •Commu- 
nication, Classification,  Decision  making,  Hydrolo- 
gy, Hydraulics,  Rood  plains,  Public  participation. 

Three  subjects-hydrology  and  hydraulics,  occu- 
pance,  and  environmental  values— form  the  main 
foundations  for  floodplain  management.  Other- 
wise, floodplains  are  governed  by  the  rules  and 
conditions  that  apply  to  other  areas  of  the  commu- 
nity and  region.  Since  these  three  basic  foundations 
are  interactive,  the  needs  for  floodplain  manage- 
ment go  beyond  the  sum  of  the  parts.  A  need  exists 
for  care  in  communicating  ideas  through  the  devel- 
opment of  a  common  set  of  terminology.  Specifi- 
cally, for  suggested  terminology  concerning  flood- 
ing conditions  exceeded:  'frequently,  fairly  fre- 
quently, fairly  rarely,  rarely,  and  very  rarely.'  Dis- 
tinctions concerning  planner  versus  scientist  versus 
user  are  addressed,  although  it  is  the  layman  who 
is  the  ultimate  decision  maker.  A  basis  for  working 
with  the  concepts  of  floodplain  management  has 
been  provided  through  the  Unified  National  Pro- 
gram of  Floodplain  Management.  Improvements  in 
techniques  in  all  areas— physical,  economic,  social- 
are  both  needed  and  possible.  The  most  obvious 
need  appear  to  be  in  the  area  of  understanding  by 
the  general  public.  (See  also  W90-04398)  (Lantz- 
PTT) 
W90-04330 


MAINTENANCE  OF  INSTREAM  FLOWS. 

Michigan  State  Univ.,  East  Lansing.  Inst,  of  Water 
Research. 
D.  King. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  114-120. 

Descriptors:  *Urban  hydrology,  *Water  pollution 
control,  *Instream  flow,  'Water  quality  control, 
♦Urban  areas,  Water  supply,  Reservoirs,  Water 
quality,  Stream  discharge,  Surface  water,  Sedimen- 
tation, Wastewater  dilution. 

The  great  variety  of  users  of  a  river  all  have  well 
defined  individual  wants  from  the  river,  and  many 
of  these  wants  are  incompatible,  these  incompati- 
bilities occur  on  all  rivers  to  some  extent  but  are 
magnified  greatly  during  urbanization  of  a  river 
basin.  The  three  topics  of  this  discussion-water 
quality  control,  maintenance  of  instream  flow,  and 
availability  of  surface  water  for  consumptive  use- 
form  a  triad  which  brings  to  focus  many  of  the 
incompatible  aspirations  of  the  various  public  users 
of  river  basins  subjected  to  accelerated  urbaniza- 
tion. Despite  significant  effort  at  wastewater  treat- 
ment, reliance  is  still  placed  on  dilution  for  control 
of  water  quality.  The  finite  limits  to  the  dilution 
capacity  of  natural  waters  are  evident  in  the  con- 
tinued degradation  of  many  rivers  and  lakes  even 
where   real   efforts  have  been  made   to   control 
wastewater  input.  The  technologies  for  maintain- 
ing minimum  stream  discharge  are  essentially  limit- 
ed to  two  considerations:  (1)  prohibition  on  remov- 
ing water  from  the  stream;  and  (2)  construction  of 
impoundments  to  capture  water  in  times  of  plenty 
for  release  during  periods  of  scarcity.  The  inability 
to  control  point  and  nonpoint  sources  and  the 
heavy  sediment  loads  characteristic  of  urbanizing 
watersheds  pose  real  problems  for  impoundments. 
Dredging  of  sediments  and  control  of  excess  aquat- 
ic plants  are  energy  demanding  operations,  and 
management   problems   are   associated   with   this 
course  of  action.   Increased  evaporative  loss  of 
water  is  yet  another  cost  associated  with  such 
impoundments.  Availability  of  water  from  a  given 
stream  for  consumptive  use  is  dependent  on  both 
quantity  and  quality  of  the  stream  relative  to  that 
demand  by  the  use  in  question.  Quantity  of  water 
available  can  be  increased  by  construction  of  im- 
poundments, but  quality  is  largely  a  function  of  the 
dilution  capacity  of  the  river  relative  to  the  waste 
load  from  the  basin.  Given  adequate  quantities  of 
water,  a  variety  of  energy  demanding  processes  are 
often  required  to  upgrade  water  quality  to  a  level 
suitable  for  a  given  use,  with  the  amount  of  energy 
required   increasing   with   decreased   river  water 
quality.  (See  also  W90-04338)(Lantz-PTT) 
W90-04351 

EFFECTS  OF  URBANIZATION  ON  STREAMS. 

Turner,  Collie  and  Braden,  Inc.,  Houston,  TX. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-04365 


LOCAL  CONTROL  OF  FLOOD  DAMAGE. 

North  Carolina  Univ.  at  Chapel  Hill.  Dept.  of  City 

and  Regional  Planning. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-04367 


CHEMICAL  PROPERTIES  OF  SOELS  AND 
STREAMS  IN  NATURAL  AND  DISTURBED 
FOREST  ECOSYSTEMS  IN  THE  OUACHITA 
MOUNTAINS. 

Arkansas  Univ.  at  Monticello.  Dept.  of  Forest 
Resources. 

R.  S.  Beasley,  E.  L.  Miller,  and  E.  R.  Lawson. 
Arkansas  Water  Resources  Research  Center,  Uni- 
versity of  ARkansas,  Fayetteville,  AR.  Publication 
No.  132,  June  1987.  Technical  Completion  Report 
Research  Project  G-1212-02.  93p.  1  fig,  5  tab,  22 
ref,  append. 

Descriptors:  'Forest  hydrology,  *Land  use,  *Soil 
chemistry,  *Streams,  *Water  chemistry,  *Forest 
ecosystems,  Forest  watersheds,  Clear-cutting,  Cy- 
cling nutrients,  Arkansas. 


Streamflow  and  Runoff— Group  2E 

One  year  of  pre-harvest  and  five  years  of  post- 
harvest  water  chemistry  data  were  collected  and 
analyzed  for  nitrate  nitrogen,  total  kjeldahl  nitro- 
gen (TKN),  total  phosphorus,  organic  phosphorus 
(OP),  potassium,  and  calcium  on  nine  small  water- 
sheds in  the  Ouachita  Mountains  of  central  Arkan- 
sas. Gross  exports  of  all  nutrients  except  TKN 
were  significantly  increased  by  clearcutting  fol- 
lowed by  mechanical  site  preparation  and  broad- 
cast burning  of  slash.  Discharge-weighted  nutrient 
concentrations  were  increased  only  for  OP,  K  and 
Ca.  The  treatment  effect  was  brief,  lasting  only  one 
year.  The  first  harvest  of  a  selection  system  regime 
had  no  measurable  effect  on  gross  losses  or  con- 
centrations of  nutrients.  Precipitation  chemistry 
measurements  from  the  region  indicated  that 
annual  imports  of  all  nutrients  considered  in  this 
study  generally  exceed  the  gross  losses  measured. 
However,  because  of  the  possible  threat  to  soil 
fertility  by  the  leaching  effects  of  acid  deposition, 
foresters  should  be  especially  vigilant  in  their  ef- 
forts to  protect  site  productivity  where  soils  are 
low  in  base  cations.(Author's  abstract) 
W90-04494 


WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1984. 

Geological  Survey,  Tuscaloosa,  AL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04530 

WATER   RESOURCES   DATA   FOR   ALASKA, 
WATER  YEAR  1984. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04531 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
1983. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-04532 


WATER      RESOURCES      DATA-ARKANSAS, 
WATER  YEAR  1984. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04533 


WATER       RESOURCE       DATA -ARKANSAS, 
WATER  YEAR  1985. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04534 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, 1983.  VOLUME  1.  SOUTHERN  GREAT 
BASIN  FROM  MEXICAN  BORDER  TO  MONO 
LAKE  BASIN,  AND  PACIFIC  SLOPE  BASINS 
FROM  TIJUANA  RIVER  TO  SANTA  MARIA 
RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04535 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1983  VOLUME  2.  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON  STATE  LINE  EXCEPT  CENTRAL 
VALLEY. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04536 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1984  VOLUME  2.  PACD7IC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 


23 


Field  2— WATER  CYCLE 


Group  2E— Streamflow  and  Runoff 

OREGON    STATE    LINE   EXCEPT   CENTRAL 
VALLEY. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04537 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1984  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  WALKER  RIVER  TO 
TRUCKEE  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04538 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, 1984  VOLUME  4.  NORTHERN  CENTRAL 
VALLEY  BASINS  AND  THE  GREAT  BASIN 
FROM  HONEY  LAKE  BASIN  TO  OREGON 
STATE  LINE. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04539 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1984  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04540 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1984  VOLUME  2.  COLORA- 
DO RIVER  BASIN  ABOVE  DOLORES  RIVER. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04541 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1984  VOLUME  3.  DOLO- 
RES RIVER  BASIN,  GREEN  RIVER  BASIN, 
AND  SAN  JUAN  RIVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-O4542 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1985.  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04543 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1985  VOLUME  2.  COLORA- 
DO RIVER  BASIN  ABOVE  DOLORES  RIVER. 

Geological  Survey,   Lakewood,  CO.  Water  Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 

W90-04544 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1985.  VOLUME  3.  DOLO- 
RES RIVER  BASIN,  GREEN  RIVER  BASIN, 
AND  SAN  JUAN  RIVER  BASIN. 
Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04545 


WATER  RESOURCES  DATA,  CONNECTICUT, 
WATER  YEAR  1983. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 


W90-04546 


WATER  RESOURCES  DATA,  CONNECTICUT, 
WATER  YEAR  1984. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04547 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983  VOLUME  1A:  NORTH- 
EAST FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04548 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983  VOLUME  IB:  NORTH- 
EAST FLORIDA. 

Geological  Survey,  Tallahassee,  FL. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-04549 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983  VOLUME  2A:  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04550 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983.  VOLUME  3A:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04551 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983  VOLUME  3B:  SOUTH- 
WEST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04552 


WATER  RESOURCES  DATA,  FLORIDA, 
WATER  YEAR  1983.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04553 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984.  VOLUME  1A:  NORTH- 
EAST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-O4554 


2F.  Groundwater 


PROCEEDINGS,    MISSISSIPPI    WATER    RE- 
SOURCES CONFERENCE. 

Mississippi  Water  Resources  Research  Inst.,  Mis- 
sissippi State. 

For  primary  bibliographic  entry  see  Field  5F. 
W90-03708 


GROUNDWATER    SENSnTVITY    MODELING 
USING  CIS  TECHNOLOGY. 

Mississippi    Research   and    Development   Center, 

Jackson. 

For  primary   bibliographic  entry  see   Field   5G. 

W90-03711 


APPARENT  CHANGES  IN  THE  POTENTIO- 
METRIC  SURFACES  OF  CRETACEOUS  AND 


PALEOZOIC  AQUIFERS  OF  NORTHEAST- 
ERN MISSISSIPPI,  1955-1988. 
Mississippi  Bureau  of  Pollution  Control,  Jackson. 
J.  H.  Hoffmann,  and  P.  A.  Phillips. 
IN:  Proceedings  of  the  Nineteenth  Mississippi 
Water  Resources  Conference.  Water  Resources 
Research  Institute,  Mississippi  State  University, 
Mississippi  State,  MS.  1989.  p  77-84.  6  fig,  15  ref. 

Descriptors:  *Potentiometric  surface,  'Aquifer 
systems,  'Subsurface  mapping,  •Aquifers,  •Missis- 
sippi, "Groundwater  recession,  'Groundwater 
movement,  *Geohydrology,  *Water  table  decline, 
Water  demand,  Water  use,  Hydrologic  models, 
Water  level,  Sand  aquifers,  Geologic  history, 
Groundwater  recharge,  Water  supply. 

A  series  of  potentiometric  maps  are  presented, 
based  on  selected  water  level  data  from  the  Coffee 
Sand,  Eutaw-McShan,  Gordo,  and  Paleozic 
aquifers  in  northeastern  Mississippi.  These  aquifers 
constitute  important  sources  of  fresh  water  m  this 
region  and  have  been  subjected  to  progressive 
stress  for  many  years  due  to  an  increasing  demand 
for  public  and  industrial  water  supplies.  The  re- 
sponse of  these  aquifer  systems  to  the  stresses 
caused  by  these  withdrawals  of  water  has  been  a 
general  long-term  decline  in  regional  water  levels 
and  more  dramatic  decline  near  centers  of  greater 
pumpage.  These  maps  represent  the  first  element  in 
the  development  of  a  layered  groundwater  flow 
model  of  the  aquifer  systems  underlying  this  part 
of  Mississippi.  Results  of  the  model  indicate  that 
throughout  the  period  since  1955,  water  levels  in 
and  near  the  recharge  areas  of  these  aquifer  sys- 
tems have  shown  little  or  no  significant  declines. 
Water  levels  in  the  confined  areas  of  the  Coffee 
Sand  have  declined  at  an  average  rate  of  1  to  2 
feet/yr  less  during  this  time.  In  the  confined  por- 
tions of  the  Eutaw-McShan  aquifer  system,  water 
levels  have  generally  declined  at  an  average  rate  of 
1  to  2  ft/yr  except  in  the  vicinity  of  the  pumping 
centers  at  Tupelo  and  West  Point,  where  declines 
of  about  3-5  ft/yr  have  occurred  since  1955.  Simi- 
lar water  level  declines  are  apparent  in  the  Gordo 
aquifer  system  except  at  West  Point  where  the 
declines  appear  to  be  about  2-3  ft/yr.  At  Corinth, 
the  Paleozoic  aquifer  has  apparently  experienced 
an  average  decline  of  as  much  at  3-4  ft/yr  at  some 
locations  since  the  early  1960s.  (See  also  W90- 
03708)  (Friedmann-PTT) 
W9O-03723 


GROUNDWATER  EXTRACTION  TRENDS  IN 
FOREST  AND  LAMAR  COUNTOS,  MISSIS- 
SD7PI. 

University  of  Southern  Mississippi,   Hattiesburg. 

Dept.  of  Geology. 

D.  M.  Patrick,  and  S.  Zhao. 

IN:    Proceedings   of  the   Nineteenth    Mississippi 

Water   Resources   Conference.   Water   Resources 

Research   Institute,   Mississippi   State   University, 

Mississippi  State,  MS.  1989.  p  85-90.  6  fig,  3  tab,  9 

ref. 

Descriptors:  *Mississippi,  ^Groundwater  recession, 
•Groundwater  depletion,  *Water  use,  •Aquifers, 
•Drawdown,  Piezometers,  Aquifers,  Model  stud- 
ies, Hydrologic  studies,  Geohydrology,  Shallow 
aquifers,  Water  table  decline,  Computer  programs, 
Piezometric  surface. 

Computer  graphics  are  used  to  document  and  de- 
scribe the  local  and  regional  historical  drawdown 
of  piezometric  surfaces  in  FoiTest  and  Lamar 
Counties,  Mississippi.  The  geologic  framework  of 
the  aquifers  in  the  region  were  studied.  The  studies 
are  part  of  a  more  comprehensive  investigation 
dealing  with  the  development  of  predictive 
groundwater  models  for  the  aquifers  of  Forrest, 
Lamar,  and  Jones  Counties.  The  drawdown  data 
show  that  there  has  been  significant  reduction  of 
piezometric  surface  elevations  over  the  last  27 
years,  both  regionally  in  the  two-county  areas,  and 
at  the  major  population  centers  at  Hattiesburg  and 
Purvis.  The  drawdown  behavior  of  the  shallow 
aquifer  has  been  more  irregular  than  that  of  the 
deep  aquifer,  in  that  the  piezometric  surfaces  of  the 
former  have  exhibited  periodic  and  temporary  in- 
creases in  elevation,  whereas  the  latter  exhibited  a 
more  constant  decline.  These  differences  in  aquifer 
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WATER  CYCLE— Field  2 


behavior  may  be  partially  explained  by  local  re- 
charge and  topographic  effects  in  the  shallow  aqui- 
fer, which  is  not  fully  confined.  The  examination 
and  comparison  of  piezometric  surface  contour 
maps  show  a  distinct  rise  and  fall  of  the  surface  as 
old  well  fields  were  either  abandoned  or  pumping 
was  decreased  in  them  and  when  new  wells  were 
established  in  other  areas.  Assuming  that  this  rate 
continues  at  approximately  three  ft/yr,  20  years  of 
further  continued  decline  at  this  rate  will  reduce 
the  piezometric  surface  elevation  very  nearly  to 
that  of  the  top  of  this  aquifer.  (See  also  W90-03708) 
(Friedmann-PTT) 
W90-03724 


PRELIMINARY  STEADY-STATE  SIMULA- 
TION OF  GROUNDWATER  FLOW  IN  HINDS, 
MADISON,  AND  RANKIN  COUNTIES,  CEN- 
TRAL MISSISSIPPI. 

Mississippi  Bureau  of  Land  and  Water  Resources, 

Jackson. 

J.  R.  Spencer. 

IN:    Proceedings   of  the    Nineteenth   Mississippi 

Water  Resources   Conference.   Water  Resources 

Research   Institute,   Mississippi   State  University, 

Mississippi  State,  MS.  1989.  p  91-103.  13  fig,  1  tab, 

10  ref. 

Descriptors:  *Mississippi,  'Groundwater  move- 
ment, *Geohydrology,  'Aquifers,  *Hydrologic 
models,  'Simulation,  Paleohydrology,  Confined 
aquifers,  Vertical  flow,  Water  table  fluctuations, 
Water  level,  Regional  development,  Water  table 
decline,  Steady  flow,  Pumpage,  Drawdown,  Re- 
gional analysis. 

The  aquifer  systems  underlying  Hinds,  Madison, 
and  Rankin  Counties  in  central  Mississippi  were 
studied  by  the  Geological  Survery  in  cooperation 
with  the  State  of  Mississippi.  Intensive  develop- 
ment of  these  aquifers,  primarily  within  the  Jack- 
son Metropolitan  Area,  has  resulted  in  significant 
water-level  declines.  The  hydrologic  system  was 
simulated  using  the  U.S.G.S.'s  modular  three-di- 
mensional, finite-difference  groundwater  flow 
model.  The  model  has  six  layers  with  each  layer 
representing  the  following  aquifers  in  descending 
order:  (1)  Miocine-Oligocene  aquifer  system,  (2) 
Cockfield  aquifer,  (3)  Sparta  aqufier,  (4)  Meridian- 
upper  Wilcox  aquifer,  (5)  middle  Wilcox  aquifer, 
and  (6)  lower  Wilcox  aquifer.  The  model  has  50 
rows  and  70  columns  and  each  cell  is  5  miles  on  a 
side.  Model  simulations  indicate  that  groundwater 
flow  in  the  regional  study  area  moves  downdip 
from  the  outcrop  area  and  upward  through  the 
confining  units  as  it  traverses  toward  the  Mississip- 
pi embayment  axis.  Under  stressed  conditions  using 
1980  pumpage  rates,  model-simulated  vertical  flow 
between  aquifers  ranges  from  0.26  million  cu  ft/d 
(1.94  Mgal/d)  from  the  Miocene-Oligocene  aquifer 
system  downward  to  the  Cockfield  aquifer  to  14.14 
million  cu  ft/d  (105.77  Mgal/d)  from  the  Cockfield 
aquifer  downward  to  the  Sparta  aquifer.  Water 
level  measurements  made  in  1980  indicate  that  the 
Sparta  aquifer  is  the  most  severely  stressed.  The 
other  aquifers  have  significant  drawdown  only  in 
localized  areas  of  heavy  pumpage.  The  simulations 
completed  by  this  regional  analysis  have  shown  a 
need  to  develop  a  fine-grid  groundwater  flow 
model  in  this  area.  The  analysis  will  provide  water 
managers  with  a  tool  incorporting  more  usable 
information  to  better  understand  the  groundwater 
flow  system,  analyze  the  effects  of  groundwater 
use,  and  to  evaluate  pumpage  scenarios  for  the 
future  in  the  study  area.  (See  also  W90-O37O8) 
(Friedmann-PTT) 
W90-03725 


POTENTIOMETRIC  SURFACES  OF  THE  MIS- 
SISSIPPI RIVER  VALLEY  ALLUVIAL  AQUI- 
FER US  EASTERN  ARKANSAS,  SPRING  1972 
AND  1980. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-03753 


METHODOLOGY,  RESULTS,  AND  SIGNIFI- 
CANCE OF  AN  UNSATURATED-ZONE 
TRACER  TEST  AT  AN  ARTD7ICIAL-RE- 
CHARGE  FACILITY,  TUCSON,  ARIZONA. 


Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

D.  D.  Graham. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4097, 
1989.  28p,  6  fig,  3  tab,  45  ref. 

Descriptors:  *Artificial  recharge,  'Unsaturated 
zone,  'Path  of  pollutants,  'Unsaturated  flow,  'Ari- 
zona, Tucson,  Recharge,  Infiltration,  Storm  runoff, 
Urban  hydrology. 

A  tracer  test  conducted  in  1987  at  an  artificial- 
recharge  facility  in  Tucson,  Arizona,  indicates  that 
solute  movement  through  the  poorly  sorted  strati- 
fied alluvial  sediments  in  the  unsaturated  zone  be- 
neath a  recharge  basin  takes  place  along  preferen- 
tial-flow paths.  Movement  of  a  tracer-laced  pulse 
of  reclaimed  wastewater  was  monitored  using 
pressure-vacuum  lysimeters  installed  at  depths  that 
range  from  11  to  45  ft  below  the  bottom  of  the 
recharge  basin.  Tracer-breakthrough  curves  do  not 
indicate  a  consistent  relation  between  maximum 
tracer  concentration  and  depth  or  between  time  of 
tracer  breakthrough  and  depth.  Apparent  disper- 
sion, as  indicated  by  the  slope  of  the  rising  leg  of 
the  tracer-breakthrough  curve,  shows  no  apparent 
relation  with  depth.  In  some  cases,  the  tracer  ar- 
rived earlier  at  deep  sampling  locations  than  at 
shallow  ones.  Velocity  of  solute  flow  ranged  from 
1.9  to  9.0  ft/day.  Less  interaction  between  re- 
charge water  and  solid-phase  materials  in  the  un- 
saturated zone  occurs  under  preferential-flow  con- 
ditions than  if  flow  occurred  as  a  uniform  wetting 
front.  Flow  of  water  through  the  unsaturated  zone 
is  concentrated  into  fingers  or  channels  under  pref- 
erential-flow conditions,  and  the  renovating  capa- 
bility of  soil  is  reduced  because  of  the  reduced 
surface  area  and  reduced  contact  time  in  the  bio- 
logically active  part  of  the  unsaturated  profile. 
Chemical  substances  that  normally  would  be  de- 
composed by  microbial  activity  or  sorbed  by  sedi- 
ment particles  can  move  through  the  unsaturated 
zone  and  cause  groundwater  contamination  under 
preferential-flow  conditions.  (USGS) 
W90-03754 


PUBLIC     POLICY     ON     GROUND     WATER 
QUALITY  PROTECTION. 

For  primary  bibliographic  entry  see  Field   5G. 
W90-03771 


MAGNITUDE     OF     THE     GROUND-WATER 
CONTAMINATION  PROBLEM. 

Robert   S.    Kerr   Environmental   Research   Lab., 
Ada,  OK.  Ground  Water  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03772 


NON-DEGRADATION  AS  A  GROUND-WATER 
QUALITY  POLICY. 

National  Audubon  Society,  New  York. 

For  primary  bibliographic   entry  see  Field   5G. 

W90-03773 


LIMITED   DEGRADATION   AS   A   GROUND- 
WATER QUALITY  POLICY. 

Army  Armor  Center,  Fort  Knox,  KY. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-03774 


IMPACT  OF  FEDERAL  LEGISLATION 
OTHER  THAN  THE  SAFE  DRINKING  WATER 
ACT  ON  GROUND-WATER  PROTECTION. 

Environmental   Protection  Agency,  Washington, 

DC.  Criteria  and  Standards  Div. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-03783 


STATE  APPROACH  TO  GROUND-WATER 
PROTECTION:  THE  PENNSYLVANIA  EXPE- 
RIENCE. 

Pennsylvania  Dept.  of  Environmental  Resources, 

Harrisburg.  Ground  Water  Section. 

For  primary  bibliographic  entry   see  Field   5G. 

W90-03784 


Groundwater — Group  2F 

ROLE  OF  INTERSTATE  COMMISSIONS  IN 
GROUND-WATER  PROTECTION:  THE  SUS- 
QUEHANNA RIVER  BASIN  COMMISSION 
PERSPECTIVE. 

Susquehanna  River  Basin  Commission,  Mechanics- 
burg,  PA. 

For  primary  bibliographic  entry  see  Field  6E. 
W90-03786 


CONVIVIAL  TECHNOLOGY  AS  A  LOCAL  AP- 
PROACH TO  GROUND-WATER  PROTEC- 
TION: THE  CHRISTINA  RIVER  BASIN  EXPE- 
RIENCE. 

Pennsylvania  Univ.,  Philadelphia.  Center  for  Eco- 
logical Research. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-03787 


INSTITUTIONAL  REQUIREMENTS  FOR 
GROUND-WATER  PROTECTION:  THE  NA- 
TIONAL WATER  COMMISSION  VIEW. 

Camp,  Dresser  and  McKee,  Inc.,  Belmont,  CA. 

Water  Resources  Div. 

For  primary  bibliographic  entry  see  Field  6E. 

W90-03788 


ENSTITUTIONAL  REQUIREMENTS  FOR 
GROUND-WATER  PROTECTION:  THE  NA- 
TIONAL WATER  WELL  ASSOCIATION  VIEW. 

National  Water  Well  Association,   Worthington, 

OH. 

For  primary  bibliographic  entry  see  Field  6E. 

W90-03789 


HYDROLOGIC  COMPONENT. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-03794 


PALEOHYDROLOGY  OF  THE  ANADARKO 
BASIN,  CENTRAL  UNITED  STATES. 

Geological   Survey,   Lawrence,    KS.   Water   Re- 
sources Div. 
D.  G.  Jorgensen. 

Oklahoma  Geological  Survey  Circular  90,  1989.  p 
176-193,  14  fig. 

Descriptors:  'Paleohydrology,  'Diagenesis,  Ana- 
darko  Basin,  United  States,  Groundwater  move- 
ment, History,  Geohydrology,  Geology,  Sedimen- 
tation. 

Geohydrologic  systems  in  the  Anadarko  basin  in 
the  central  United  States  are  controlled  by  topog- 
raphy, climate,  geologic  structures,  and  aquifer 
hydraulic  properties,  all  of  which  are  the  result  of 
past  geologic  and  hydrologic  processes,  including 
tectonics  and  diagenesis.  From  Late  Cambrian 
through  Middle  Ordovician  time,  a  generally 
transgressive  but  cyclic  sea  covered  the  area.  The 
first  deposits  were  permeable  sand,  followed  by 
calcareous  mud.  During  periods  of  sea  transgres- 
sion, burial  diagenesis  decreased  porosity  and  per- 
meability. During  Pennsylvanian  time,  rapid  sedi- 
mentation accompanied  rapid  subsidence  in  the 
Anadarko  basin.  A  geopressure  zone  probably  re- 
sulted when  sediments  with  little  permeability 
trapped  depositional  water  in  Lower  Pennsylva- 
nian sands.  Burial  diagenesis  included  compaction 
and  thermal  alteration  of  deeply  buried  organic 
material,  which  released  carbon  dioxide,  water, 
and  hydrocarbons.  By  Middle  Pennsylvanian  time, 
the  sea  had  submerged  most  of  the  central  United 
States,  including  the  Ozarks,  as  tectonic  activity 
reached  its  maximum.  During  Late  Pennsylvanian 
and  Early  Permian  time,  the  Ouachita  uplift  had 
been  formed  and  was  higher  than  the  Ozarks. 
Uplift  was  accompanied  by  a  regional  upward  tilt 
toward  the  Ouachita-Ozarks  area;  the  sea  receded 
westward,  depositing  large  quantities  of  calcareous 
mud  and  clay,  and  precipitating  evaporitic  material 
in  the  restricted-circulation  environment.  By  the 
end  of  Permian  time,  >  20,000  ft  of  Pennsylvanian 
and  Permian  sediments  had  been  deposited  in  the 
Anadarko  basin.  These  thick  sediments  caused 
rapid  and  extreme  burial  diagensis,  including  alter- 
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ation  of  organic  material  During  Permian  time  in 
the  Ozarks  area,  development  of  the  Ozark  Plateau 
aquifer  system  commenced  in  the  permeable  Cam- 
brian-Mississippian  rocks  near  the  St.  Francois 
Mountains  as  the  Pennsyl vanian  confining  material 
was  removed.  Since  Permian  time,  uplift  diagenesis 
has  been  more  active  than  burial  diagenesis  in  the 
Anadarko  basin.  Synopsis  of  paleohydrologic  in- 
terpretation indicates  that  Cambrian-Mississippian 
rocks  in  the  Anadarko  basin  should  be  relatively 
impermeable,  except  for  local  secondary  perme- 
ability, because  rocks  in  the  basin  have  undergone 
little  uplift  diagenesis.  (Lantz-PTT) 
W90-03799 


DOCUMENTATION    OF    COMPUTER    PRO- 
GRAMS TO  COMPUTE  AND  DISPLAY  PATH- 
LINES  USING  RESULTS  FROM  THE  U.S.  GE- 
OLOGICAL SURVEY  MODULAR  THREE-DI- 
MENSIONAL FINITE-DIFFERENCE 
GROUND-WATER  FLOW  MODEL. 
Geological  Survey,  Reston,  VA. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-03815 


GEOCHEMISTRY     OF     THERMAL     WATER 
FROM  SELECTED  WELLS,  BOISE,  EDAHO. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-03820 


METHOD  FOR  ESTIMATING  THE  WATER- 
TABLE  ALTITUDE  IN  A  COASTAL-PLAIN  AQ- 
UTFER  USING  A  GEOGRAPHIC  INFORMA- 
TION SYSTEM. 

Geological  Survey,  Denver,  CO. 
W.  A.  Battaglin. 

IN:  Geoscientific  Information  Systems  Applied  to 
Exploration  and  Research,  Proceedings  of  a  Con- 
ference held  in  Lakewood,  Colorado,  September 
23-26,  1989.  1989.  p  76-84,  4  fig,  7  ref. 

Descriptors:  *Water  table,  'Geographic  informa- 
tion systems,  'Mapping,  'Coastal  aquifers,  'Infor- 
mation systems,  Hydraulic  conductivity,  Ground- 
water recharge,  Aquifer  characteristics,  Ground- 
water level. 

An  analytical  method  was  developed  that  uses  a 
geographic  information  system  to  solve  the 
Dupuit-Forchheimer  equation  for  estimating  the 
unstressed  water  table  altitude  at  nodes  in  a  grid. 
The  method  was  used  to  estimate  the  water  table 
altitude  in  the  unconsolidated  sands  and  gravels  of 
a  river  basin  in  the  Coastal  Plain  of  New  Jersey. 
Estimated  water  table  altitude  values  were  generat- 
ed from  measured  values  of  stream  surface  altitude 
and  from  values  of  stream  surface  altitude  and 
gradient  interpreted  from  the  US  Geological 
Survey  7.5  minute  topographic  maps.  Estimates  of 
horizontal  hydraulic  conductivity,  groundwater  re- 
charge, and  surficial  aquifer  thickness  obtained 
from  published  reports  were  incorporated  in  the 
solution.  The  water  table  altitude  was  estimated  at 
8,904  nodes  in  the  77  sq  mi  study  area.  The  accura- 
cy of  the  method  was  tested  by  statistically  com- 
paring estimated  altitude  values  with  altitude 
values  derived  from  a  previously  produced,  manu- 
ally interpreted  water  table  surface  map.  Linear 
correlations  between  the  estimated  and  interpreted 
altitude  values  produced  sample  con-elation  coeffi- 
cients of  0.97  or  more.  Interpreted  values  of  water 
table  altitude  range  from  70  to  140  ft  above  sea 
level  within  the  study  area;  the  median  of  the 
absolute  value  of  the  residuals  between  the  inter- 
preted and  estimated  values  was  approximately  2.5 
ft,  and  the  first  and  third  quartiles  were  approxi- 
mately 1.2  and  4.6  ft,  respectively.  This  method  is 
useful  for  estimating  water  table  altitude  with  a 
high  degree  of  accuracy,  and  might  be  applicable 
to  other  unconsolidated  hydrologic  systems.  (Au- 
thor's abstract) 
W90-03822 


GROUND-WATER  LEVELS  IN  THE  ALLUVI- 
AL AQUTFER  AT  LOUISVILLE,  KENTUCKY, 
1987-88. 

Geological  Survey,  Reston,  VA.  Water  Resources 
Div. 


R.  J.  Faust,  and  B.  E.  Lyons. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations   Report    89-4119, 
September  1989.  15p,  8  fig,  2  tab,  6  ref. 

Descriptors:  'Kentucky,  'Alluvial  aquifers,  'Sur- 
face-groundwater  relations,  'Water  table,  'Water 
table  gradient,  'Groundwater  movement,  Pump- 
ing, Alluvium. 

Water-level  data  have  been  collected  in  the  alluvial 
aquifer  at  Louisville,  Kentucky  by  the  U.S.  Geo- 
logical Survey  since  1943.  Summaries  and  analysis 
of  these  data  are  published  periodically  to  update 
the  record  and  to  help  public  officials  who  must 
manage  this  groundwater  supply.  Maps  and  hydro- 
graphs  are  presented  in  this  report  to  update  the 
record  for  1987-88  and  to  interpret  recent  trends  in 
water  levels.  The  data  show  that  groundwater 
levels  were  stable  for  the  period  1980-86  after 
rising  rapidly  in  the  1970's.  There  has  been  a  slight 
decline  in  the  water  levels  during  1987-88  because 
of  below  normal  precipitation  for  the  period  1985- 
88.  The  decline  has  been  about  1  to  3  ft  in  wells 
along  the  Ohio  River  and  about  3  to  6  ft  in  wells 
away  from  the  influence  of  the  river.  Groundwater 
withdrawals  have  also  caused  slight  declines  in  the 
water  table  in  three  areas  in  Louisville.  Declines  in 
downtown  Louisville  due  to  pumpage  seem  to  be 
stabilizing  at  or  slightly  below  the  normal  pool 
stage  of  the  Ohio  River  which  indicates  that  water 
is  probably  being  induced  from  the  river  into  the 
aquifer.  (USGS) 
W90-03873 


STRATIGRAPHY  OF  THE  UNSATURATED 
ZONE  AT  THE  RADIOACTIVE  WASTE  MAN- 
AGEMENT COMPLEX,  IDAHO  NATIONAL 
ENGINEERING  LABORATORY,  IDAHO. 

Geological  Survey,  Idaho  Falls,  ID.  Water  Re- 
sources Div. 

S.  R.  Anderson,  and  B.  D.  Lewis. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4065, 
May  1989.  Contract  no.  DE-AI07-81  ID  12306. 
Project  no.   ID-165.   54p,  24  fig,  2  tab,    16  ref. 

Descriptors:  'Geohydrology,  'Radioactive  waste 
disposal,  'Stratigraphy,  'Basalts,  'Sediments, 
•Idaho,  Idaho  National  Engineering  Laboratory, 
Aeration  zone. 

A  complex  sequence  of  layered  basalt  flows,  cin- 
ders, and  sediment  underlies  the  Radioactive 
Waste  Management  Complex  at  the  Idaho  Nation- 
al Engineering  Laboratory  in  southeastern  Idaho. 
Wells  drilled  to  700  ft  penetrate  a  sequence  of  10 
basalt-flow  groups  and  7  major  sedimentary  in- 
terbeds  that  range  in  age  from  about  100,000  to 
600,000  years  old.  The  10  flow  groups  consist  of  22 
separate  lava  flows  and  flow-units.  Each  flow 
group  is  made  up  of  from  one  to  five  petrographi- 
cally  similar  flows  that  erupted  from  common 
source  areas  during  periods  of  less  than  200  years. 
Sedimentary  interbeds  consist  of  fluvial,  lacustrine, 
and  wind-blown  deposits  of  clay,  silt,  sand,  and 
gravel  that  accumulated  during  periods  of  volcanic 
inactivity  ranging  from  thousands  to  hundreds  of 
thousands  of  years.  Flows  and  sediment  are  unsatu- 
rated to  a  depth  of  about  600  ft.  Flows  and  sedi- 
ment below  a  depth  of  600  ft  are  saturated  and 
make  up  the  uppermost  part  of  the  Snake  River 
Plain  aquifer.  The  areal  extent  of  flow  groups  and 
interbeds  was  determined  from  well  cuttings, 
cores,  geophysical  logs,  potassium-argon  ages,  and 
geomagnetic  properties.  Stratigraphical  control 
was  provided  by  four  sequential  basalt  flows  near 
the  base  of  the  unsaturated  zone  that  have  reversed 
geomagnetic  polarity  and  high  emission  of  natural 
gamma  radiation  compared  to  other  flows.  Natural 
gamma  logs  were  used  as  a  primary  correlation 
tool.  Natural-gamma  emissions,  which  are  general- 
ly uniform  in  related,  petrographically  similar 
flows,  increase  or  decrease  between  petrographi- 
cally dissimilar  flows  of  different  age  and  source. 
(USGS) 
W90-03876 


CONSTRUCTION    DATA    AND    RETRDZVAL 
PROCEDURES      FOR      SELECTED      WELLS 


DRILLED  FROM  1985  THROUGH  1987  AT 
OAK  RIDGE  NATIONAL  LABORATORY,  TEN- 
NESSEE. 

Geological    Survey,    Nashville,    TN.    Water    Re- 
sources Div. 
H.  H.  Zehner. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-61,  September  1988.  95p,  1 
fig,  1  tab,  1  ref. 

Descriptors:  'Water  pollution  sources,  'Path  of 
pollutants,  'Wells,  'Well  data,  'Data  storage  and 
retrieval,  'Piezometers,  'Radioactive  waste  dispos- 
al, 'Tennessee,  Aquifers,  Conasauga  Group. 

Twenty-eight  wells  were  constructed  by  the  U.  S. 
Geological  Survey  for  use  in  describing  the 
groundwater  flow  system  in  Melton  Valley,  at  the 
Oak  Ridge  National  Laboratory  in  eastern  Tennes- 
see. The  wells  were  installed  at  18  locations  in 
Melton  Valley  and  along  the  Clinch  River  during 
the  period  1985  through  1987.  During  the  same 
period,  19  wells  were  constructed  by  Oak  Ridge 
National  Laboratory  at  7  locations  in  or  near  ra- 
dioactive-waste burial  grounds  in  Melton  Valley. 
Construction  data  for  all  47  wells  are  in  the  U.S. 
Geological  Survey  Groundwater  Site  Inventory 
data  system,  where  information  is  also  stored  for 
450  wells  that  were  completed  at  the  laboratory  in 
earlier  years.  The  data  can  be  electronically  re- 
trieved by  personnel  who  have  access  to  the  U.S. 
Geological  Survey  Prime  computer  located  in 
Nashville,  Tennessee,  and  retrieval  procedures  are 
given  in  the  report.  (USGS) 
W90-03878 


HYDROGEOLOGY,  BRACKTSH-WATER  OC- 
CURRENCE, AND  SIMULATION  OF  FLOW 
AND  BRACKISH-WATER  MOVEMENT  IN 
THE  AQUIA  AQUIFER  IN  THE  KENT  ISLAND 
AREA,  MARYLAND. 
Maryland  Geological  Survey,  Baltimore. 
D.  D.  Drummond. 

Available  from  Maryland  Geological  Survey,  2300 
St.  Paul  Street,  Baltimore,  MD  21218.  Maryland 
Geological  Survey  Report  of  Investigations  No. 
51,   1988.    131p,  63   fig,   11   tab,   35  ref,  append. 

Descriptors:  'Model  studies,  'Saline-freshwater 
interfaces,  'Aquifer  systems,  'Hydrologic  models, 
•Brackish  water,  'Saline  water  intrusion,  'Aquia 
Aquifer,  'Maryland,  Solute  transport,  Aquifer 
characteristics,  Potentiometric  level,  Kent  Island. 

A  study  was  conducted  to  investigate  the  hydro- 
geology  of  the  Aquia  aquifer  in  the  Kent  Island 
area,  Maryland.  The  occurrence  of  brackish-water 
in  the  Aquia  aquifer  is  specifically  addressed.  The 
Aquia  aquifer  is  a  fine-grained  to  medium-grained 
glauconitic  sand,  containing  layers  of  clayey  sand, 
layers  indurated  by  calcite  cement,  and  abundant 
shell  material.  Brackish  water  occurs  in  the  Aquia 
aquifer  along  the  Chesapeake  Bay  shore  from  the 
northernmost  tip  of  the  island  (Love  Point)  at  least 
as  far  south  as  Prices  Creek.  A  two-layer  areal 
flow  model  was  developed  to  simulate  the  re- 
sponse of  water  levels  to  projected  pumpage  in  the 
Aquia  aquifer.  A  simulation  of  the  most  probable 
estimate  of  future  pumpage  indicates  an  additional 
5  ft  of  drawdown  from  the  1984  potentiometric 
surface  by  the  year  2005  on  parts  of  Kent  Island. 
The  greatest  declines  occur  on  the  eastern  part  of 
the  island  near  Grasonville.  A  cross-sectional 
solute-transport  model  was  developed  to  estimate 
the  movement  of  brackish  water  in  response  to 
projected  pumpage  amounts.  Model  results  indi- 
cate that  the  freshwater/brackish-water  interface 
will  move  about  440  ft  inland  during  the  21 -year 
simulation  period  (1984-2005)  with  the  most  proba- 
ble future  pumpage.  (USGS) 
W90-03879 


HELD  CONDITIONS  AT  THE  MARICOPA  AG- 
RICULTURAL CENTER,  PINAL  COUNTY,  AR- 
IZONA, APRDL  9, 1989. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 

Div. 

S.  J.  Owen- Joyce. 

Available  from  Books  and  Open  File  Report  Sec- 
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tion,  USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-377,  July  1989.  14p,  3  fig,  2 
tab. 

Descriptors:  *Remote  sensing,  *Agriculture,  *Data 
collections,  *  Arizona,  Photography,  Cropland. 

Field  conditions  were  documented  during  the 
SPOT  satellite  overpass  of  the  Maricopa  Agricul- 
tural Center,  Pinal  County,  Arizona,  on  April  9, 
1989.  Crop  types  were  mapped  and  photographed 
for  each  demonstration  farm  field,  and  irrigation, 
cultivation,  and  orientation  of  rows  are  described. 
Field  and  photographic  descriptions  are  presented 
in  tabular  and  graphic  form.  (USGS) 
W90-O3880 


FIELD  CONDITIONS  AT  THE  MARICOPA  AG- 
RICULTURAL CENTER,  PINAL  COUNTY,  AR- 
IZONA, JUNE  16, 1989. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

S.  J.  Owen- Joyce. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-392,  1989.  lip,  3  fig,  2  tab,  2 
ref. 

Descriptors:  *Remote  sensing,  *Agriculture,  *Data 
collections,  "Arizona,  Photography,  Cropland. 

Field  conditions  were  documented  during  the 
SPOT  satellite  overpass  of  the  Maricopa  Agricul- 
tural Center,  Pinal  County,  Arizona,  on  June  16, 
1989.  Crop  types  were  mapped  and  photographed 
for  each  demonstration  farm  field,  and  irrigation, 
cultivation,  and  orientation  of  rows  are  described. 
Field  and  photographic  descriptions  are  presented 
in  tabular  and  graphic  form.  (USGS) 
W90-03881 


Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-383,  1989.  33p,  7  fig,  8  tab,  10 
ref. 

Descriptors:  "Groundwater,  *Coal  mine  effects, 
♦Water  level,  "Water  quality,  *Arizona,  'Black 
Mesa,  Navajo  Indian  Reservation,  Hopi  Indian 
Reservation,  N  Aquifer. 

The  Black  Mesa  monitoring  program  in  Arizona  is 
designed  to  determine  long-term  effects  on  the 
water  resources  of  the  area  resulting  from  with- 
drawals of  groundwater  from  the  N  aquifer  by  the 
strip-mining  operation  of  Peabody  Coal  Company. 
Withdrawals  by  Peabody  Coal  Company  increased 
from  95  acre-ft  in  1968  to  4,090  acre-ft  in  1988.  The 
N  aquifer  is  an  important  source  of  water  in  the 
5,400-sq-mi  Black  Mesa  area  on  the  Navajo  and 
Hopi  Indian  Reservations.  Water  levels  in  the  con- 
fined area  of  the  aquifer  declined  as  much  as  19.7  ft 
near  Low  Mountain  from  1988  to  1989.  Part  of  the 
decline  in  the  measured  municipal  wells  may  be 
due  to  local  pumping.  During  1965-88,  water  levels 
in  wells  that  tap  the  unconfined  area  of  the  aquifer 
have  not  declined  significantly  and  have  risen  in 
many  areas.  Chemical  analysis  indicate  no  signifi- 
cant changes  in  the  quality  of  water  from  wells 
that  tap  the  N  aquifer  or  from  springs  that  dis- 
charge from  several  stratigraphic  units,  including 
the  N  aquifer,  since  pumping  began  at  the  mine. 
The  groundwater  flow  model  developed  for  the 
study  area  in  1988  was  updated  using  pumpage 
data  for  1985-88.  The  model  simulated  a  steady 
decline  in  water  levels  in  observations  wells  devel- 
oped in  areas  of  unconfined  groundwater.  Meas- 
ured water  levels  in  these  wells  did  not  show  this 
trend  but  indicated  that  water  levels  remained  the 
same  or  increased.  The  model  accurately  simulated 
water  levels  in  most  observation  wells  developed 
in  areas  of  confined  groundwater.  (USGS) 
W90-03883 


GEOHYDROLOGY  OF  THE  ESCONDIDO  HY- 
DROLOGIC  SUBAREA,  SAN  DIEGO  COUNTY, 
CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
L.  R.  Woolfenden. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4223, 
1989.  21p,  7  fig,  3  tab,  10  ref. 

Descriptors:  'Water  resources  development,  'Cali- 
fornia, 'Groundwater  level,  'Groundwater  move- 
ment, 'Water  quality,  San  Diego,  Dissolved  solids, 
Nitrates,  Escondido  Hydrologic  Subarea. 

The  San  Diego  region  of  California  is  undergoing 
rapid  growth  with  a  corresponding  increase  in  the 
demand  for  water.  To  update  the  basin  plan  devel- 
oped in  1975  by  the  California  Regional  Water 
Quality  Control  Board,  San  Diego  Region,  water- 
level  and  water  quality  data  for  the  44-sq  mi  Es- 
condido hydrologic  subarea  were  collected  and 
analyzed.  Water-level  measurements  indicate  that 
groundwater  in  most  of  the  subarea  was  within  20 
ft  of  land  surface.  Groundwater  generally  moves 
from  the  weathered  crystalline  rocks  on  hillsides 
into  the  alluvium.  Groundwater  moves  from  north 
to  south  in  Reidy  Canyon  and  from  east  to  west  in 
the  alluvium  along  Escondido  Creek.  Water  from 
all  20  wells  sampled  in  1987  had  dissolved-solids 
concentrations  greater  than  the  U.S.  Environmen- 
tal Protection  Agency  recommended  limit  of  500 
mg/L;  concentrations  ranged  from  720  to  4,500 
mg/L.  Nitrate  (as  nitrogen)  concentrations  ranged 
from  1.1  to  86  mg/L.  Water  from  14  of  the  20 
wells  had  nitrate  (as  nitrogen)  concentrations 
greater  than  the  U.S.  Environmental  Agency  rec- 
ommended limit  of  10  mg/L.  (USGS) 
W90-03882 


PROGRESS  REPORT  ON  THE  GROUND- 
WATER, SURFACE-WATER,  AND  QUALJTY- 
OF-WATER  MONITORING  PROGRAM, 
BLACK  MESA  AREA,  NORTHEASTERN  ARI- 
ZONA-1988-89. 

Geological    Survey,    Flagstaff,    AZ.    Water    Re- 
sources Div. 
R.  J.  Hart,  and  J.  P.  Sottilare. 


EFFECTS  OF  THREE  HIGHWAY-RUNOFF 
DETENTION  METHODS  ON  WATER  QUAL- 
ITY OF  THE  SURFICIAL  AQUIFER  SYSTEM 
IN  CENTRAL  FLORIDA. 

Geological  Survey,  Orlando,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 
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HYDROLOGY  OF  THE  PROSPECTOR 
SQUARE  AREA,  SUMMIT  COUNTY,  UTAH. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 
J.  L.  Mason. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4156, 
1989.  75p,  8  fig,  10  tab,  9  ref. 

Descriptors:  'Geohydrology,  'Utah,  'Groundwat- 
er movement,  'Water  pollution  sources,  'Mine 
wastes,  Groundwater,  Surface  water,  Water  qual- 
ity, Aquifer  characteristics,  Metals. 

The  Silver  Creek  tailings  site  is  in  Prospector 
Square,  a  commercial  development  and  residential 
community  in  Summit  County,  Utah.  This  study 
assessed  the  presence  of  metals  and  the  movement 
of  groundwater  in  the  unconsolidated  valley-fill 
and  consolidated-rock  aquifers  underlying  the  tail- 
ings. The  unconsolidated  valley  fill  is  a  poorly 
sorted  mixture  of  clay,  silt,  sand,  and  gravel,  with 
intermittent  layers  of  clay.  The  hydraulic  conduc- 
tivity, estimated  on  the  basis  of  slug  tests,  ranged 
from  1  to  14  ft/day.  An  aquifer-interference  test 
indicated  that  water  in  the  valley  fill  underlying 
the  tailings  site  did  not  move  toward  the  pumped 
municipal  well  completed  in  the  consolidated-rock 
aquifer.  Concentrations  of  dissolved  and  suspended 
cadmium,  manganese,  and  zinc  were  greater  than 
background  in  surface  water  only  during  low-flow 
conditions.  Concentrations  of  suspended  iron  and 
lead  were  greater  than  background  concentrations 
upstream  from  the  tailings  site,  but  concentrations 
decreased  progressively  downstream  and  during 
later  sampling  rounds.  Concentrations  of  dissolved 
cadmium,  managanese,  and  zinc  were  greater  than 
background  concentrations  in  water  from  six  wells 
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and  one  drain.  Dissolved  arsenic  and  lead  were 
detected  in  water  from  a  well  downgradient  from 
Prospector  Square,  but  were  not  detected  in  water 
from  any  of  the  other  wells.  Concentrations  of  all 
selected  metals  detected  in  stream-sediment  sam- 
ples, were  detected  in  similar  concentrations  in 
tailings  samples.  Concentrations  of  metals  in  sur- 
face and  groundwater  could  increase  if  the  pH  of 
the  water  decreases  substantially  from  the  present 
(1988)  values  of  about  7  (neutral).  (USGS) 
W90-03885 


ESTIMATION  OF  THE  RECHARGE  AREA  OF 
A  PUMPED,  STRATIFIED-DRIFT  AQUIFER  IN 
CONNECTICUT  BY  SIMULATION  MODEL- 
ING. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 
D.  L.  Mazzaferro. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  87-4124, 
1989.  lOOp,  13  fig,  10  tab,  24  ref,  append. 

Descriptors:  'Model  studies,  'Recharge,  'Hydro- 
logic  models,  'Groundwater  basins,  'Groundwater 
movement,  'Glacial  aquifers,  'Recharge  basins, 
•Connecticut,  Groundwater  management,  Alluvial 
aquifers,  Aquifer  management,  Water  quality  man- 
agement, Hypothetical  aquifer  model,  Farmington. 

Groundwater  quality  management  plans  in  Con- 
necticut require  information  about  the  size  and 
shape  of  recharge  areas  that  contribute  flow  to 
pumping  centers  in  extensive,  stratified-drift 
aquifers.  Flow  models  of  a  hypothetical  aquifer, 
and  a  stratified-drift  aquifer  in  Farmington  are  used 
to  evaluate  how  contributing  areas  change  in  re- 
sponse to  variations  in  recharge  and  hydraulic 
conductivity.  A  series  of  simulations  of  a  hypothet- 
ical aquifer  model  were  made  during  which  aver- 
age annual  recharge  rates  of  0,  15,  25,  and  35 
inches  were  combined  with  aquifer  hydraulic  con- 
ductivity values  of  25,  75,  and  225  ft/day.  Under 
steady-state  conditions,  and  a  withdrawal  rate  of 
1.2  million  gal/day,  the  size  of  the  contributing 
recharge  area  ranges  from  0.16  to  0.75  sq  mi  as 
recharge  from  precipitation  and  average  aquifer 
hydraulic  conductivity  range  from  highest  to 
lowest  values.  Three  simulations  of  the  Farming- 
ton  aquifer  model  were  made:  they  assumed 
steady-state  conditions,  a  withdrawal  rate  of  2.8 
million  gal/day,  and  combinations  of  recharge  and 
aquifer  hydraulic  conductivity  that  represented 
highest,  average  and  lowest  rates.  The  size  of  the 
contributing  recharge  area,  under  these  conditions, 
ranges  from  0.89  to  1.94  sq  mi.  (USGS) 
W90-03886 


HYDROGEOLOGICAL  AND  HYDROGEO- 
CHEMICAL  CHARACTERIZATION  AND  IM- 
PLICATIONS FOR  CONSUMPTIVE  GROUND- 
WATER USE  OF  A  LARGE  GLACIAL-DRIFT 
AQUIFER  SYSTEM  IN  SOUTHWEST  MICHI- 
GAN. 

Western  Michigan  Univ.,  Kalamazoo.  Center  for 
Water  Research. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-03891 

GROUNDWATER  CHEMISTRY  AND  PA- 
LAEORECHARGE  IN  THE  AMADEUS  BASIN, 
CENTRAL  AUSTRALIA. 

Bureau  of  Mineral  Resources,  Geology  and  Geo- 
physics, Canberra  (Australia).  Div  of  Continental 
Geology. 

G.  Jacobson,  G.  E.  Calf,  J.  Jankowski,  and  P.  S. 
McDonald. 

Journal  of  Hydrology  JHYDA7,  Vol.  109,  No.  3/ 
4,  p  237-266,  August  1989.  15  fig,  10  tab,  30  ref. 

Descriptors:  'Groundwater  recharge,  'Water 
chemistry,  'Paleohydrology,  'Australia,  'Geohy- 
drology, 'Geochemistry,  Surface-groundwater  re- 
lations, Percolation,  Sand  aquifers,  Aquifers,  Geo- 
logic history,  Geologic  time. 

Carbon  isotope  chemistry  indicates  episodic  pa- 
laeorecharge  of  groundwater  in  the  arid  Amadeus 
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Basin,  central  Australia.  In  this  hydrogeologically 
complex  region,  groundwater  has  been  recharged 
by  three  important  mechanisms:  direct  infiltration 
of  rainwater  though  sand  dune  cover  or  fissures  in 
calcrete;  through  river  bed  sands  following  floods; 
and  through  joints  in  bedrock  outcrops.  Modern 
and  Holocene  groundwaters  (0-5000  years  B.P.) 
are  found  in  the  unconfined  calcrete  and  sand  dune 
aquifers  that  have  evolved  hydrochemically  to  Cl- 
S04-Na  waters  with  Ca  and  Mg,  as  a  result  of 
evaporative  concentration.  Holocene  groundwat- 
ers (3-10,000  years  B.P.)  have  been  dated  in  river 
bed  recharge  situations;  these  groundwaters  are 
mainly  of  the  HC03-Cl-Na  type,  with  Ca  and  Mg, 
and  preserve  the  hydrochemical  signature  of  the 
flood  recharge  waters.  Most  groundwater  sampled 
in  the  folded  and  jointed  rocks  of  the  Basin  has  a 
low  modern  14  C  content  and  was  recharged  in  the 
Holocene  and  late  Pleistocene  (12-32,000  years 
B.P.).  These  waters  are  intermediate  in  their  ionic 
composition,  covering  a  spectrum  between  the 
HC03-Cl-Na  and  Cl-S04-Na  types;  solution  is  the 
dominant  process  in  their  hydrochemical  evolu- 
tion. Stable  isotope  signatures  and  derived  param- 
eters indicate  that  the  intensity  of  rainfall  is  an 
important  factor  in  the  evolution  of  arid-zone 
groundwaters.  Modern  recharge  is  limited  imply- 
ing that  projected  large  scale  groundwater  devel- 
opment in  this  region  will  use  an  effectively  non- 
renewable resource  and  should  be  managed  ac- 
cordingly. (Author's  abstract) 
W90-03905 


GEOHYDROLOGICAL  RESEARCH  IN  RELA- 
TION TO  RADIOACTIVE  WASTE  DISPOSAL 
IN  AN  AGRJiLACEOUS  FORMATION. 
Centre  d'Etude  de  l'Energie  Nucleaire,  Mol  (Bel- 
gium). 

J.  Patyn,  E.  Ledoux,  and  A.  Bonne. 
Journal  of  Hydrology  JHYDA7,  Vol.  109,  No.  3/ 
4,  p  267-285,  August  1989.  9  fig,  3  tab,  22  ref. 

Descriptors:  *Geohydrology,  *Clays,  'Under- 
ground waste  disposal,  'Radioactive  wastes,  •Ra- 
dioactive waste  disposal,  *Waste  disposal, 
Aquifers,  Confined  aquifers,  Belgium,  Hydrodyna- 
mics. 

Since  1974,  the  Belgian  Nuclear  Research  Estab- 
lishment (SCK/CEN)  at  Mol  has  been  studying 
the  suitability  of  the  Boom  clay  formation  as  a 
potential  host  formation  for  wastes  arising  from  the 
Belgian  nuclear  power  production.  The  method 
developed  to  evaluate,  from  the  point  of  view  of 
the  regional  hydrology,  the  capacity  of  the  Boom 
clays  for  confining  radioactive  waste  products,  is 
presented.  This  method  consists  of  four  successive 
steps:  (1)  a  reconnaissance  of  the  geological  and 
hydrogeological  structure;  (2)  the  development  of 
a  numerical  model  to  interpret  the  field  observa- 
tions; (3)  the  construction  of  an  appropriate  migra- 
tion model  that  uses  the  results  obtained  by  the 
hydrodynamic  model;  and  finally  (4)  the  simulation 
of  the  consequences  of  possible  changes  in  the 
hydrogeological  system  due  to  natural  geological 
evolution.  The  analysis  also  stresses  the  role  of 
confining  layers  in  multilayered  aquifer  systems 
and  the  importance  of  leakage  flow  on  a  regional 
scale.  (Author's  abstract) 
W90-03906 


SOLUTION  OF  THE  NONLINEAR  BOUSSIN- 
ESQ  EQUATION  FOR  PHREATIC  FLOW 
USING  AN  INTEGRAL  BALANCE  AP- 
PROACH. 

National  Geophysical  Research  Inst.,  Hyderabad 

(India). 

For  primary  bibliographic  entry  see  Field  7C. 
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PHYSICS  VERSUS  MATHEMATICS  IN 
GROUNDWATER  FLOW:  A  PHYSICAL  EX- 
PLANATION OF  THE  MINIMUM  THEOREM 
IN  FINITE  ELEMENT  CALCULATIONS. 

For  primary  bibliographic  entry  see  Field  7C. 
W9O-03913 


California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-03937 


SOME  NEW  DEVELOPMENTS  IN  HYDROLO- 
GICAL  MODELLING. 

Keuringsinstituut  voor  Waterleidingartikelen,  Rijs- 

wijk  (Netherlands). 

For  primary  bibliographic  entry  see  Field  5B. 
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MODEL  FOR  THE  RELATIONSHIP  BE- 
TWEEN THE  HYDRAULIC  CONDUCTIVITY 
AND  PRIMARY  SEDIMENTARY  STRUC- 
TURES OF  TILL. 

Chalmers     Univ.     of     Technology,     Goeteborg 

(Sweden).  Dept.  of  Geology. 

M.  R.  Nyborg. 

Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  3,  p 

137-152,  1989.  10  fig,  5  tab,  18  ref. 

Descriptors:  'Groundwater  movement,  •Till, 
•Glacial  soils,  •Glacial  aquifers,  'Hydraulic  con- 
ductivity, *Soil  properties,  Capillary  pressure,  Po- 
rosity, Mathematical  models,  Correlation  analysis, 
Permeameters. 

The  relationships  between  saturated  hydraulic  con- 
ductivity, porosity,  and  micro-structure  of  undis- 
turbed lodgement  till  samples  were  investigated. 
Thirty-five  measurements  with  a  constant-head 
laboratory  permeameter  were  the  basis  for  the 
discussion.  All  the  measurements  were  made  on 
undisturbed  till  samples.  To  minimize  the  effects  of 
soil  forming  processes  and  to  obtain  the  most  ho- 
mogeneous conditions,  all  sampling  was  done  in 
the  C  horizon.  Samples  were  approximately  300  cu 
cm.  Porosity  data  were  derived  from  capillary 
pressure  curves.  A  model  of  how  flow  direction 
and  long-axis  orientations  of  elongated  grains 
relate  to  the  saturated  hydraulic  conductivity  is 
presented.  For  an  unsorted  sediment,  such  factors 
as  grain  size  are  concluded  to  be  of  minor  impor- 
tance for  the  hydraulic  conductivity,  whereas 
structural  properties  seem  to  be  more  important. 
This  result  can  be  explained  in  two  ways:  (1)  as  a 
result  of  the  directional  relations  between  sorted 
lenses  and  bands  having  higher  permeability  and 
the  flow  route  through  the  sample  or  (2)  because 
of  a  more  continuous  pore  pattern  parallel  to  the 
grain  orientation.  The  hydraulic  conductivity  takes 
on  a  directional  property,  being  smaller  in  direc- 
tions normal  to  the  structural  long-axis  orientation 
than  in  directions  parallel  to  the  orientation.  A 
study  of  the  effective  porosity  versus  hydraulic 
conductivity  showed  weak  correlation.  (Author's 
abstract) 
W90-03983 


STUDDZS  OF  THE  GROUNDWATER  HAZ- 
ARDS OF  DEPOSITED  FLY  ASH  FROM 
COAL-FIRED  POWERPLANTS:  PART  U.  IN- 
VESTIGATION OF  ELUTION  CHARACTERIS- 
TICS OF  SOME  MAJOR  AND  TRACE  ELE- 
MENTS FOR  MULTIPLE  EXTRACTIONS  OF 
COAL  FLY  ASH  UNDER  VARIOUS  SCENAR- 
IOS (ZUR  UNTERSUCHUNG  DER  GRUND- 
WASSERGEFAHRDUNG  DURCH  ABGELA- 
GERTEN  FLUGSTAUB  AUS  STEINKOHLEK- 
RAFTWERKEN:  H.  DAS  AUSLAUGVERHAL- 
TEN  EINIGER  HAUPT-  UND  PURENELE- 
MENTE  VON  FLUGSTAUB  BFJ  MEHRFA- 
CHAUSLAUGUNGNEN  FUER  VERSCHTE- 
DENE  SZENARDZN). 

Bremen  Univ.  (Germany,  F.R.).  Fachbereich 
Chemie/Biologie. 

For  primary  bibliographic  entry  see  Field  5B. 
W9O-O4001 


MICROBIAL   DEGRADATION   OF  BENZENE 
AND  TOLUENE  IN  GROUNDWATER. 


NITRATE  REDUCTION  IN  A  GROUNDWATER 
MICROCOSM  DETERMINED  BY  15N  GAS 
CHROMATOGRAPHY-MASS  SPECTROME- 
TRY. 

Lund  Univ.  (Sweden).  Dept.  of  Ecology. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04032 


VOLUMETRIC  APPROACH  TO  MULTIA- 
QUIFER  AND  HORIZONTAL  FRACTURE 
WELLS. 

King   Abdulaziz   Univ.,   Jeddah   (Saudi   Arabia). 

Dept.  of  Hydrogeology. 

For  primary  bibliographic  entry  see  Field  8B. 
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RADIAL  FLOW  IN  VERTICALLY  GRADED 
HYDRAULIC  CONDUCTIVITY  AQUIFERS. 

King   Abdulaziz   Univ.,   Jeddah   (Saudi   Arabia). 
Dept.  of  Hydrogeology. 
Z.  Sen. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  115,  No.  12,  p  1667-1682,  Decem- 
ber 1989.  5  fig,  1  tab,  26  ref. 

Descriptors:  •Aquifers,  'Hydraulic  conductivity, 
•Groundwater  movement,  'Type  curves,  "Lam- 
inar flow. 

Type  curve  expressions  are  derived  analytically  for 
drawdowns  around  a  fully  penetrating  well  in  ver- 
tically graded  hydraulic  conductivity  aquifers.  A 
linear  increase  in  the  hydraulic  conductivity  with 
depth  is  adopted  in  this  paper.  Solution  of  the 
relevant  groundwater  movement  equations  are 
achieved  by  the  application  of  the  Boltzmann 
transformation  individually  for  the  continuity  and 
laminar  flow  law  equations.  Necessary  type  curves 
are  presented  for  determining  the  aquifer  param- 
eters from  an  aquifer  test  performed  in  the  field. 
The  analytical  results  show  that  the  conventional 
Theis  and  Jacob  methods  are  not  applicable  in  the 
cases  of  vertically  graded  hydraulic  conductivity 
aquifers.  In  addition,  a  straight  line  method  is 
proposed  for  the  late  time-drawdown  data.  How- 
ever, both  type-curve  and  straight-line  procedures 
developed  in  the  paper  yield  the  Theis  and  Jacob 
method  equivalents,  respectively.  The  application 
of  the  methodology  is  given  for  fissured  and  frac- 
tured hard-rock  aquifer  test  data  in  the  field.  (Au- 
thor's abstract) 
W90-04124 


GROUND  WATER  RESOURCES  OF  THE 
TAURANGA  GROUP  SEDIMENTS  IN  THE 
HAMJXTON  BASIN,  NORTH  ISLAND,  NEW 
ZEALAND. 

Waikato  Catchment  Board,  Hamilton  (New  Zea- 
land). Resource  Hydrology  Unit. 
R.  A.  Petch,  and  T.  W.  Marshall. 
Journal  of  Hydrology  (New  Zealand)  JLHYAD, 
Vol.  27,  No.  2,  p  81-98,  1988.  8  fig,  5  tab,  18  ref. 

Descriptors:  'Water  resources  development, 
•Groundwater  resources,  'Aquifers,  'Surface 
water  availability,  'Groundwater  availability, 
•New  Zealand,  Piezometry,  Rainfall  infiltration, 
Groundwater  recharge,  Geology,  Drainage  pat- 
terns, Isotopic  analysis,  Hydraulic  conductivity, 
Hamilton  Basin,  Tauranga  Group  Sediments. 

The  Tauranga  Group  sediments  contain  the  most 
important  and  widely  distributed  aquifers  in  the 
Hamilton  Basin.  Among  these  sediments  the  most 
productive  aquifers  are  well-sorted,  coarse  sand 
and  gravel  deposits.  However,  poor  hydraulic 
characteristics  are  common  because  the  sediments 
are  often  poorly  sorted,  and  high-yielding  zones 
are  interspersed  with  lenses  of  less  permeable  silts, 
clays  and  peats.  The  spatial  variation  of  the  region- 
al piezometric  surface  and  the  patterns  of  ground- 
water flow  closely  follow  the  surface  topography 
in  the  Basin.  The  depth  to  the  piezometric  surface 
varies  from  a  few  meters  below  the  undissected 
lowland  plains  to  30  m  adjacent  to  incised  stream 
channels.  Vertical  piezometric  gradients  and  iso- 
topic analyses  suggest  most  groundwater  flow  is 
restricted  to  the  upper  30  m  of  the  Tauranga 
Group  sediments.  Recharge  occurs  from  rainfall 
infiltration  over  the  undissected  lowland  plains; 
groundwater  discharge  is  by  effluent  flow  to  the 
incised  stream  networks.  The  net  variation  in  aqui- 
fer storage  observed  during  this  study  (9  mm) 
suggests  recharge  to  the  Tauranga  Group  sedi- 
ments equals  discharge  from  them  and  implies  no 
subterranean  leakage  from  the  Basin.  The  implied 
equilibrium  between  aquifer  recharge  and  dis- 
charge means  use  of  groundwater  will  be  associat- 
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ed  with  a  reduction  in  stream  flow.  Thus,  the 
availability  of  water  resources  in  the  Tauranga 
Group  sediments  depends  on  the  joint  management 
of  groundwater  and  surface  water  resources.  (Au- 
thor's abstract) 
W9O-O4130 

ACCURATE  ESTIMATION  OF  CONDUCTIVI- 
TY OF  WATER  FROM  GEOELECTRIC  MEAS- 
UREMENT-A  NEW  WAY  TO  CORRECT  FOR 

CLAY-  ,  „       u 

California  Univ.,  Riverside.  Inst,  of  Geophysics 

and  Planetary  Physics. 

S.  K.  Park,  and  S.  K.  Dickey. 

Groundwater  GRWAAP,  Vol.  27,  No.  6,  p  786- 

792,  November-December  1989.  6  fig,  2  tab,  11  ref. 

Descriptors:  *Geoelectric  studies,  'Conductivity, 
•Groundwater,  'Geophysics,  Clays,  Archies  law, 
Porosity,  Wells. 

A  new  way  to  correct  estimating  of  solution  con- 
ductivity for  the  effects  of  clay  in  a  rock  is  pro- 
posed. The  bulk  electrical  conductivity  of  a  rock  is 
dependent  on  its  porosity,  the  conductivity  of  the 
pore  fluid,  and  its  clay  content.  Archie's  law  re- 
lates the  bulk  electrical  conductivity  to  the  first 
two  factors  only.  The  third  factor,  clay,  enhances  a 
rock's  co  ductivity  through  surface  conduction, 
and  simple  application  of  Archie's  law  will  lead  to 
overestimates  of  the  solution  conductivity.  The 
enhancement  due  to  clay  can  be  estimated  from 
measurements  of  induced  polarization,  however, 
and  the  bulk  conductivity  of  the  rock  can  be 
corrected.  This  correction  will  then  lead  to  a  more 
accurate  estimate  of  the  solution  conductivity. 
Both  resistivity  and  induced  polarization  can  be 
measured  by  geophysical  techniques.  Interpreta- 
tions of  geophysical  data  are  inherently  nonunique 
unless  wells  are  correlated  with  the  data.  The 
method  proposed  requires  calibration  with  subsur- 
face samples  from  at  least  one  location.  The 
method  tested  has  been  corrected  for  clay  in  an 
area  already  sampled  by  monitoring  wells.  The 
corrections  lead  to  substantial  improvements  in  the 
correlation  between  solution  conductivities  from 
wells  and  from  geophysical  measurements.  A  re- 
placement of  wells  with  geophysical  soundings  is 
not  proposed.  Rather,  the  geophysical  measure- 
ments, which  are  obtained  at  a  fraction  of  the  cost 
of  a  well,  can  be  used  to  site  wells  and  minimize 
the  amount  of  drilling  needed.  (Author's  abstract) 
W90-04157 

GROUND-WATER  ASSESSMENT  OF  SINAI, 
EGYPT. 

Geraghty  and  Miller,  Inc.,  Hackensack,  NJ. 

A.  C.  Mills,  and  A.  Shata. 

Groundwater  GRWAAP,  Vol.  27,  No.  6,  p  793- 

792,  November-December  1989.  7  fig,  4  tab,  21  ref. 

Descriptors:  'Groundwater  resources,  *Sinai, 
•Egypt,  'Groundwater  quality,  'Groundwater, 
Wells,  Geology,  Dissolved  solids,  Groundwater 
movement,  Groundwater  availability. 

A  groundwater  assessment  of  Sinai,  Egypt,  was 
performed  from  1980  to  1983  as  a  part  of  the  Sinai 
Development  Study.  The  basic  data  included  exist- 
ing stratigraphic  data  from  69  wells  and  57  colum- 
nar sections,  and  hydrologic  data  for  716  water 
points  (wells  and  springs).  Statistical  analysis  of  the 
data  for  total  dissolved  solids  (TDS)  and  for  yields 
from  the  water  points  by  groundwater  province 
and  by  geologic  unit  showed  that  the  Southern 
Mountain  Province  generally  has  the  best  quality 
groundwater  and  the  Suez  Rift  Province  the 
worst.  Among  all  the  geologic  units,  the  crystalline 
rock,  the  Middle  Cretaceous  sequence,  and  the 
Quaternary  deposits  yield  water  of  the  lowest  total 
dissolved  solids.  The  mean  TDS  value  of  ground- 
water from  all  water  points  in  Sinai  for  which  data 
were  available  is  2,800  mg/L.  Of  all  the  geologic 
units,  the  highest  mean  yield  (200  cu  m/day,  or 
about  37  gpm)  was  from  Quaternary  deposits  in  the 
vicinity  of  El  Arish  in  the  north  and  in  the  El  Qaa 
plain  along  the  southwest  coast.  Regional  ground- 
water flow  in  the  sedimentary  aquifers,  such  as  the 
Lower  Cretaceous  (and  older)  sandstone,  tends  to 
be  strongly  influenced  by  large-scale  folds  and 
faults.  In  this  aquifer,  regional  flow  occurs  general- 


ly northward  and  northeastward  toward  the  Arava 
valley  and  the  Dead  Sea  in  Israel,  but  another 
component  of  flow  occurs  toward  the  Gulf  of  Suez 
on  the  western  side.  (Author's  abstract) 
W90-04158 

GEOCHEMICAL  VARIATIONS  IN  A  CORE  OF 
HYDROGEOLOGIC  UNITS  NEAR  FREE- 
HOLD, NEW  JERSEY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

A.  A.  Pucci,  and  J.  P.  Owens. 

Groundwater  GRWAAP,  Vol.  27,  No.  6,  p  802- 

812,  November-December  1989.  7  fig,  1  tab,  29  ref. 

Descriptors:  'Water  chemistry,  'Geochemistry, 
•New  Jersey,  'Groundwater  quality,  'Aquifers, 
Cores,  Interstitial  water,  Sulfates,  Anions,  Cations, 
Geology. 

Solutes  were  determined  for  26  pore-water  samples 
extracted  from  Tertiary  and  Cretaceous  core  mate- 
rial from  a  1,320-ft-deep  test  borehole  at  Freehold, 
New  Jersey.  The  cored  materials  are  sediments 
that  form  a  multilayered  aquifer  system  of  seven 
aquifers  and  eight  confining  units  in  the  New 
Jersey  Coastal  Plain.  The  sediments  are  of  marine 
origin  in  the  upper  650  ft  of  the  core  and  primarily 
non-marine  below  650  ft.  Total  concentrations  of 
silica  and  major  anions  (S04(~)  and  C1-)  and  ca- 
tions (Ca+2,  Mg  +  2,  total  Fe,  Mn+2,  Na  +  ,  and 
K+)  in  the  pore-water  samples  varied  with  depth. 
Three  core  intervals  are  defined  by  water-chemis- 
try variations,  the  environment  of  deposition 
(marine-or  nonmarine),  and  the  degree  of  alteration 
(weathered  or  unweathered)  of  the  units.  Calcium 
magnesium,  sulfate,  and  total-ion  concentrations 
were  greater  in  the  midcore  (unweathered  marine) 
interval  than  in  the  upper  (weathered  marine)  and 
lower  (fluviodeltaic-silicate)  intervals  of  the  core. 
Generally,  pore-water  chemical  types  in  confining 
units  were  distinct  from  those  found  in  aquifers- 
particularly  in  the  midcore  interval.  In  this  inter- 
val, observed  variations  in  pore-water  chemistry  in 
part  reflect  carbonate  dissolution  and  cation  ex- 
change reactions  common  in  Coastal  Plain  sedi- 
ments. However,  high  concentrations  of  sulfate  in 
unweathered  marine  sediments  indicate  novel 
processes  may  be  important  factors  influencing 
pore-water  chemistry  in  confining  units.  (Author's 
abstract) 
W90-04159 


IONIC   COMPOSITION   OF   VADOSE   ZONE 
WATER  IN  AN  ARID  REGION. 

Agricultural    Research    Service,    Phoenix,    AZ. 

Water  Conservation  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04160 


AEROBIC  BIODEGRADATION  OF  BENZENE, 
TOLUENE  AND  XYLENE  IN  A  SANDY  AQUI- 
FER-DATA ANALYSIS  AND  COMPUTER 
MODELING. 

Shell  Development  Co.,  Houston,  TX. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04161 


Groundwater— Group  2F 

The  coefficient  of  permeability  or  hydraulic  con- 
ductivity is  a  basic  parameter  of  a  granular  media. 
It  is  difficult  to  determine  the  coefficient  of  perme- 
ability because  it  depends  on  many  factors.  Ac- 
cording to  experiments  and  analysis,  it  is  thought 
that  permeability  of  a  granular  media  results  from 
the  unified  effect  of  an  external  factor-the  hydrau- 
lic gradient,  and  internal  factors-properties  of  the 
granular  media  itself  and  the  fluid;  therefore,  the 
permeability  of  a  granular  media  can  be  deter- 
mined by  a  sieve  analysis  and  physical  characteris- 
tics of  the  fluid.  Based  on  theoretical  analysis  and 
experiments,  a  unified  expression  to  calculate  the 
coefficient  of  permeability  of  a  granular  media  is 
advanced.  The  precision  of  the  formula  meets 
practical  requirements  based  on  inspection  of  ex- 
perimental data.  The  formula  uses  the  field  coeffi- 
cient of  permeability  of  a  granular  media  (L/T);  a 
nonlinear  coefficient  of  about  3-6;  the  specific  den- 
sity of  the  fluid;  the  intrinsic  permeability  coeffi- 
cient of  a  granular  media;  the  coefficient  of  dynam- 
ic viscosity  of  fluid;  an  index  of  flow  patterns  with 
a  value  ranging  from  1-2;  and  the  fluid  density. 
The  range  of  validity  of  the  proposed  formula  is 
uncemented  granular  media.  (Author's  abstract) 
W90-04163 


GEOSTATTSTICAL  ESTIMATION  OF  HY- 
DRAULIC HEAD  GRADIENTS. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
R.  D.  Philip,  and  P.  K.  Kitanidis. 
Groundwater  GRWAAP,  Vol.  27,  No.  6,  p  855- 
865,    November-December    1989.    13    fig,    8    ref. 
USGS  Dept.  of  Interior  No.    14-08-O001-G1491. 

Descriptors:  'Geostatistics,  'Statistical  methods, 
•Groundwater  movement,  'Geohydrology,  'Hy- 
draulic properties,  'Texas,  'Aquifers,  Hydraulic 
head,  Model  studies,  Kriging,  Spatial  variability. 

A  best  linear  unbiased  estimator  which  may  be 
used  to  directly  estimate  gradients  of  hydraulic 
head  from  scattered  measurements  of  head  has 
been  derived.  The  hydraulic  head  is  broken  into 
continuous  and  discontinuous  components.  The 
continuous  portion  represents  the  large-scale  varia- 
bility of  head.  The  discontinuous  portion,  which 
represents  random  measurement  error  and  small- 
scale  variability,  is  filtered  from  the  measurements. 
The  technique  is  applied  to  measurements  of  hy- 
draulic head  in  the  Wolfcamp  aquifer  in  northern 
Texas.  Experimental  variograms  are  used  to  inves- 
tigate the  isotropy  and  stationarity  of  the  random 
field  describing  head.  Head  is  assumed  to  be  local- 
ly stationary  (within  neighborhoods  of  50  miles), 
and  a  Gaussian  variogram  model  is  fitted  to  the 
experimental  variogram.  Model  validation  tests  are 
used  to  check  the  assumed  model  of  spatial  varia- 
bility. Moving  neighborhood  kriging  with  a  50- 
mile  radius  is  used  to  estimate  hydraulic  head  and 
head  gradient  on  a  fine  mesh  over  the  area  of 
Wolfcamp  aquifer.  Kriging  is  a  powerful  estima- 
tion technique  whose  worth  goes  beyond  just  in- 
terpolating ana  extrapolating  values  at  new  loca- 
tions from  measurements.  (Author's  abstract) 
W90-04164 


EXPERT    OPINION    AND    GROUND-WATER 
QUALITY  PROTECTION:  THE  CASE  OF  NI- 
TRATE IN  DRINKING  WATER. 
Iowa  Univ.,  Iowa  City.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field   5G. 
W90-04162 

EXPERIMENTAL  RESEARCH  ON  PERME- 
ABJXITY  OF  GRANULAR  MEDIA. 

Shaanxi  Inst,   of  Mechanical   Engineering,   Xian 
(China).  School  of  Water  Resources  and  Hydro- 
electric Engineering. 
E.  H.  Zhao. 

Groundwater  GRWAAP,  Vol.  27,  No.  6,  p  848- 
854,  November-December  1989.  5  fig,  6  tab,  9  ref. 

Descriptors:  'Groundwater  hydraulics,  'Saturated 
flow,  'Hydraulic  conductivity,  'Permeability, 
•Fluid  mechanics,  Granular  media,  Permeability 
coefficient,  Sieve  analysis,  Density,  Mathematical 
equations. 


COMPUTER  NOTES-ON  ANALYSIS  OF  STEP- 
DRAWDOWN  DATA. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 

Water  Resources  Engineering. 

For  primary  bibliographic  entry  see  Field  7C. 
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TESTING  FOR  TREND  IN  LAKE  AND 
GROUND  WATER  QUALITY  TIME  SERIES. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Statis- 
tics. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-04167 

ESTIMATION  OF  RECHARGE  FROM  A  RES- 
ERVOIR USING  TWO  WATER  BUDGET 
MODELS. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 

Civil  Engineering. 

F.  F.  Al-Muttair,  and  A.  S.  Al-Turbak. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
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Field  2— WATER  CYCLE 


Group  2F — Groundwater 

4,  p  727-732,  August   1989.   3  fig,  2  tab,   10  ref. 

Descriptors:  *Surface-groundwater  relations, 
•Groundwater  recharge,  'Reservoirs,  'Saudi 
Arabia,  Model  studies,  Hydrologic  budget,  Data 
acquisition,  Water  depth,  Volume,  Observation 
wells. 

Reservoir  water  levels,  observation  well  data,  and 
meteorological  parameters  were  collected  at  a  re- 
charge dam  site  in  Central  Saudi  Arabia.  This  data, 
along  with  other  information  on  the  reservoir  and 
the  underlying  aquifer,  were  used  to  estimate  the 
amounts  of  recharge  through  the  reservoir  bed  by 
applying  two  water  budget  models.  The  first  is  a 
water  budget  model  for  the  reservoir  only,  while 
the  second  is  for  an  aquifer  reach  extending  up- 
stream and  downstream  from  the  reservoir.  The 
choice  as  to  which  model  to  use  depends  on  the 
type  of  data  available.  The  reservoir  water  budget 
model  mainly  requires  depth  versus  volume  and 
depth  versus  surface  area  curves,  daily  values  of 
water  levels  in  the  reservoir,  and  estimation  of 
daily  evaporation  from  the  lake.  The  aquifer  reach 
water  budget  model  requires  geophysical  cross- 
sections  (drill  holes  or  driller  logs  can  also  be 
used),  observation  well  data,  and  an  estimate  of  the 
aquifer  hydraulic  conductivity.  The  reservoir 
water  budget  model  is  easier  to  use  and  the  data 
needed  for  it  is  probably  easier  to  collect  than  the 
other  model.  The  aquifer  reach  water  budget 
model,  however,  has  the  advantage  of  showing 
how  the  subsurface  inflow,  outflow,  and  storage 
within  the  reach  change  throughout  the  season. 
This  is  helpful  in  studying  the  variability  of  re- 
charge process  from  reservoirs  and  how  important 
the  contribution  of  each  component  is  to  that  proc- 
ess. (Author's  abstract) 
W90-04168 


IRRIGATION  DEVELOPMENT  AND  MAN- 
AGEMENT ALTERNATIVES  OF  A  DOLOMITE 
AQUD7ER  IN  NORTHEASTERN  ILLINOIS. 

Illinois  State  Water  Survey  Div.,  Champaign. 
For  primary  bibliographic  entry  see  Field  3F. 
W90-04213 


MODELING  GROUND  WATER  AND  POLLU- 
TION-THE  ROLE  OF  THE  DESKTOP  COM- 
PUTER IN  THE  DECISION-MAKING  PROC- 
ESS: PLUME,  CROSS-SECTION,  AND  RE- 
CHARGE. 

Oklahoma  State  Univ.,  Stillwater.  Univ.  Center  for 
Water  Research. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04217 


MODELING  GROUND  WATER  AND  POLLU- 
TION-THE  ROLE  OF  THE  DESKTOP  COM- 
PUTER IN  THE  DECISION-MAKING  PROC- 
ESS: PLASM  AND  RANDOM  WALK. 

Oklahoma  State  Univ.,  Stillwater.  Univ.  Center  for 

Water  Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-O4218 


VTRGINIA*S  GROUNDWATER. 

Proceedings  of  a  Symposium  Organized  by  the 
Environmental  Defense  Fund,  November  9-10, 
1983.  Virginia  Polytechnic  Institute  and  State  Uni- 
versity, Blacksburg.  1984.  lOlp.  Edited  by  Jacob 
H.  Kahn. 

Descriptors:  'Virginia,  'Groundwater  resources, 
•Conferences,  *Groundwater  quality,  'Ground- 
water pollution,  'Groundwater  management,  State 
jurisdiction.  Regulations,  Water  pollution  control. 

The  symposium  proceedings  presents  papers  and 
discussions  on  four  major  topics:  (1)  responses  to 
groundwater  contamination,  (2)  preventing 
groundwater  contamination,  (3)  managing  ground- 
water quality,  and  (4)  protecting  groundwater  in 
Virginia.  In  addition,  appendices  provide  selected 
provisions  to  Virginia  law  relating  to  groundwater 
quality.  (See  W90-04222  thru  W90-04233)  (Lantz- 
PTT) 
W90-04221 


UNDERSTANDING      THE      PROBLEM      OF       W90-O4230 
GROUNDWATER  CONTAMINATION. 

CorSTAR  Research,  Inc.,  Bethesda,  MD. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04222 


REMEDIES  AT  EXISTING  FACILITIES. 

For  primary  bibliographic   entry  see   Field   5G. 
W90-04223 


REMEDIAL     METHODS     FOR     POLLUTED 
AQUIFERS. 

National  Water  Well  Association,   Worthington, 

OH. 

For  primary   bibliographic  entry  see  Field   5G. 

W90-04224 


DEVELOPING    ALTERNATIVES    TO    LAND- 
FILLS. 

For  primary  bibliographic  entry  see  Field  5E. 
W90-04225 


NEW  JERSEY'S  PROGRAM. 

New  Jersey  Dept.  of  Environmental  Protection, 

Trenton.  Div.  of  Water  Resources. 

For  primary  bibliographic   entry  see  Field   5G. 

W90-04227 


LOCAL     OPTIONS     FOR     GROUNDWATER 
PROTECTION. 

For  primary   bibliographic   entry  see  Field   5G. 
W90-04228 


CLASSD7YTNG  AQUIFERS. 

P.  L.  Magnuson. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  67-75,  2  fig,  2  tab,  6  ref. 

Descriptors:  'Water  quality  management, 
'Groundwater  classification,  'Aquifer  classifica- 
tion, 'Aquifers,  'Classification,  'Regulations, 
•Groundwater  quality.  Public  policy,  State  juris- 
diction, Geohydrology,  Social  aspects,  Ground- 
water management,  Land  use,  Mapping. 

Groundwater  classification  is  a  tool  available  to 
states  for  implementing  their  groundwater  protec- 
tion programs.  It  is  most  appropriately  employed 
by  states  that  embrace  the  policy  that  all  ground- 
waters are  not  of  equal  value.  Ten  states  and  one 
territory  have  adopted  groundwater  classification 
systems.  The  classification  process  begins  with 
state  policy  formulation.  Issues  to  be  addressed 
range  from  groundwater  use  and  antidegradation 
to  growth  and  economic  policies.  Classification 
criteria  can  range  from  use  and  existing  quality  to 
geohydrologic  and  socioeconomic  factors.  Classifi- 
cation systems  can  be  simple  or  complex,  depend- 
ing upon  the  availability  of  data  and  the  complex- 
ity of  the  aquifer  system.  States  should  perform  a 
thorough  review  of  existing  programs  and  avail- 
able resources  before  selecting  a  classification  ap- 
proach. Where  land  use  controls  and  other  non- 
structural measures  are  to  be  the  primary  mecha- 
nisms for  protecting  groundwater  quality,  non- 
numerical  classification  systems  may  be  more  ap- 
propriate than  quantitative  approaches  (which  rely 
on  numerical  criteria,  effluent  limitation,  etc.). 
Data  gaps  and  complex  hydrologic  systems  may 
limit  a  state's  ability  to  implement  its  classification 
system  in  one  step.  Instead,  the  state  may  need  to 
follow  a  phased  approach.  Policy  development  and 
classification  criteria  may  be  adopted  as  the  first 
step.  Mapping  and  classification  of  individual  aqui- 
fer segments  then  may  be  carried  out  as  data 
become  available.  (See  also  W9-04221)  (Lantz- 
PTT) 
W90-O4229 


ELEMENTS  OF  A  GROUNDWATER  MANAGE- 
MENT PROGRAM. 

ICF,  Inc.,  Washington,  DC. 

For  primary  bibliographic  entry   see   Field   5G. 


PROGRAMS  TO  PROTECT  GROUNDWATER 
IN  VIRGINIA. 

Virginia  State  Water  Control  Board,  Richmond. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-04233 


EVALUATION  OF  CONTROL  CHART  METH- 
ODOLOGIES FOR  RCRA  WASTE  SITES. 

Nevada   Univ.,    Las   Vegas.    Environmental    Re- 
search Center. 

For  primary  bibliographic  entry   see   Field   5G. 
W90-04247 


WATER  SUPPLY  AT  LOS  ALAMOS:  CUR- 
RENT STATUS  OF  WELLS  AND  FUTURE 
WATER  SUPPLY. 

Los  Alamos  National  Lab.,  NM. 

W.  D.  Purtymun,  and  A.  K.  Stoker. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  DE89-O02109. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  LA-11332-MS,  August  1988.  39p,  15 

fig,  15  tab,  30  ref.  DOE  Contract  W-7405-ENG-36. 

Descriptors:  *Groundwater  resources,  *Water  re- 
sources development,  "Water  supply,  *Well  resto- 
ration, *Wells,  *Los  Alamos,  *Maintenance,  New 
Mexico,  Groundwater  quality,  Groundwater  man- 
agement, Pumps,  Groundwater  mining. 

The  municipal  and  industrial  use  of  groundwater  at 
the  Los  Alamos  National  Laboratory  and  Los 
Alamos  County  was  about  1.5  billion  gallons 
during  1986.  From  a  total  of  19  wells  that  range  in 
age  from  5  to  41  years,  the  water  was  pumped 
from  3  well  fields.  The  life  expectancy  of  a  well  in 
the  area  ranges  from  30  to  50  years,  dependent  on 
the  well  construction  and  rate  of  corrosion  of  the 
casing  and  screen.  Twelve  of  the  wells  are  more 
than  30-years  old  and,  of  these,  four  cannot  be  used 
for  production,  three  because  of  well  damage  and 
one  because  the  quality  of  water  is  not  suitable  for 
use.  Eight  of  the  twelve  oldest  wells  are  likely  to 
be  unsuitable  for  use  in  the  next  10  years  because 
of  well  deterioration  and  failure.  The  remaining  7 
wells  include  2  that  are  likely  to  fail  in  the  next  20 
years.  Five  of  the  younger  wells  in  the  Pajarito 
well  field  are  in  good  condition  and  should  serve 
for  another  two  or  three  decades.  The  program  of 
maintenance  and  rehabilitation  of  pumps  and  wells 
has  extended  production  capabilities  for  short  peri- 
ods of  time.  Pumps  may  be  effectively  repaired  or 
replaced;  however,  rehabilitation  of  the  well  is 
only  a  short-term  correction  to  increase  the  yield 
before  it  starts  to  decline  again.  The  two  main 
factors  that  prevent  successful  well  rehabilitation 
are:  (1)  chemicals  precipitated  in  the  gravel  pack 
and  screen  restrict  or  reduce  the  entrance  of  water 
to  the  well,  which  reduces  the  yield  of  the  well, 
and  (2)  the  screen  and  casing  become  corroded  to 
a  point  of  losing  structural  strength  and  subsequent 
failure  allows  the  gravel  pack  and  formation  sand 
to  enter  the  well.  Both  factors  are  due  to  long-term 
use  and  result  in  extensive  damage  to  the  pump  and 
reduce  the  depth  of  the  well,  which  in  tum  causes 
the  yield  to  decline.  It  is  essential  to  implement  a 
program  to  replace  wells  that  have  failed  or  will 
fail  in  the  next  10  years  to  ensure  a  continued  and 
reliable  water  supply.  (Author's  abstract) 
W90-04259 


MINNESOTA    WATER:    A    GEOGRAPHICAL 
PERSPECTIVE. 

Minnesota  Univ.,  Minneapolis.  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04266 


GEOLOGY,  HYDROLOGY  AND  HISTORY  OF 
THE  WASHINGTON,  D.C.  AREA. 

American  Geological  Inst.,  Alexandria,  VA. 
For  primary  bibliographic  entry  see  Field  2A. 
W90-04271 


WATER  CYCLE— Field  2 


WASHINGTON,  D.C.'S  VANISHING  SPRINGS 
AND  WATERWAYS. 

For  primary  bibliographic  entry  see  Field  4C. 
W90-04272 

APPLICATIONS  OF  THE  METHOD  OF  FUN- 
DAMENTAL SOLUTIONS  IN  WATER  RE- 
SOURCES. 

Ecole  Mohammedia  dTngenieurs,  Rabat  (Moroc- 
co). 

For  primary  bibliographic  entry  see  Field  8B. 
W90-04285 


SIMTLARnTES  AND  DIFFERENCES  IN  THE 
NATURE  OF  GROUND  AND  SURFACE 
WATER  DATA  AND  THE  IMPLICATIONS 
FOR  DESIGNING  PERSONAL  COMPUTERS 
DATA  SYSTEMS. 

Institute  of  Hydrology,  Wallingford  (England). 
J.  W.  Finch,  and  C.  S.  Green. 
IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  341-35 1,  ."  fig. 

Descriptors:  'Databases,  'Computer  programs, 
•Computer-aided  engineering,  'Data  acquisition, 
•Data  processing,  'Computers,  'Groundwater, 
•Surface  water,  Time  series  analysis,  Network 
design,  Mathematical  studies. 

A  good  user  interface  is  an  essential  requirement 
for  ground  and  surface  water  data  systems.  The 
major  difference  between  the  different  data  types  is 
that  surface  water  data  has  less  variability  but  has 
larger  volumes  than  groundwater  data.  Searching 
faculties  and  the  ability  to  locate  the  data  geo- 
graphically are  vital  parts  of  any  groundwater 
system.  The  efficient  manipulation  of  large  quanti- 
ties of  time  series  data  is  essential  for  a  surface 
water  system.  These  differences  result  in  data  sys- 
tems with  fundamentally  different  design  objec- 
tives in  the  data  handling,  but  similar  objectives  in 
the  way  the  user  operates  the  systems.  Two  soft- 
ware packages  have  been  developed  based  on  these 
principles.  In  developing  both  surface  water  and 
groundwater  systems  which  are  suitable  for  a  wide 
range  of  applications  sometimes  compromises  have 
to  be  made  in  the  interest  of  getting  a  viable  system 
for  operation  on  personal  computers.  However, 
with  the  rapidly  increasing  storage  capacity, 
memory  and  processing  speeds  of  forthcoming 
generations  of  personal  computers,  the  systems  de- 
scribed will  be  able  to  expand  to  hold  both  larger 
data  sets  and  offer  more  facilities  including  data 
analysis  options.  (See  also  W90-04274)  (Hammond- 
PTT) 
W90-04301 


and  four  subsystems  of  the  Tertiary  Sand  Aquifer 
System  are  examined  with  respect  to  chronostrati- 
graphic  unconformities.  The  updip  relationship  of 
the  Tertiary  Sand  Aquifer  System  to  the  downdip 
tertiary  Limestone  (Floridan)  Aquifer  System  is 
examined.  Three  regional  aquitards,  the  Creta- 
ceous Clay  Enrichment  Zone,  the  Ellerton,  and  the 
Congaree  Clay  are  placed  with  respect  to  the 
aquifers.  The  Tertiary  Sand  Aquifer  Subsystem  is 
subjected  to  computer  mapping  through  modified 
surface  analysis.  Tectonic  distortion  of  the  Tertiary 
Sand  Aquifer  system  is  indicated.  All  known  exist- 
ing chemical  groundwater  analyses  are  assembled 
and  subjected  to  computer  analyses  to  calculate 
present  unknown  variables.  Of  635  analyses  only 
228  are  good  enough  to  produce  a  less-than-10% 
change  balance  control.  (Author's  abstract) 
W90-04489 


LAND  USE  EFFECTS  ON  GROUND  WATER 
QUALITY  IN  CARBONATE  ROCK  TERRAIN. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-04491 


Groundwater — Group  2F 

Descriptors:  *  Bibliographies,  *Groundwater  pollu- 
tion, »Water  pollution  sources,  *Path  of  pollutants, 
Literature  review,  Landfills,  Mine  drainage,  Math- 
ematical models. 

This  bibliography  contains  319  citations  concern- 
ing sources,  contaminant  transport,  and  monitoring 
of  pollutants  in  aquifers.  Topics  include  pollution 
characterization  from  landfills  and  mine  drainage, 
descriptions  of  study  programs  undertaken  by  spe- 
cific states,  and  superfund  site  studies  of  contami- 
nated areas.  The  utilization  of  mathematical 
models  is  also  discussed.  Studies  pertaining  specifi- 
cally to  irrigation  and  pollution  from  fertilizers  are 
excluded.  (See  also  W90-04497)  (Author's  abstract) 
W90-04502 


WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1984. 

Geological  Survey,  Tuscaloosa,  AL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04530 


POLLUTION  OF  GROUNDWATER. 

Princeton  Univ.,  NJ.  Water  Resources  Program. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04353 

RECHARGE-DISCHARGE  AREA,  PDZZOME- 
TRIC  SURFACE,  AND  WATER  CHEMISTRY 
CHARACTERISTICS  OF  THE  TERTIARY 
LIMESTONE  AQUD7ER  SYSTEM  IN  SOUTH 
CAROLINA. 

South  Carolina  Univ.,  Columbia.  Dept.  of  Geolo- 
gy. 

D.  J.  Colquhoun,  R.  L.  Gardner,  and  K.  B.  Steele. 
South  Carolina  Water  Resources  Research  Insti- 
tute, Clemson  University,  Clemson,  SC.  June  1986. 
Report  No.  123. 

Descriptors:  *Geochemistry,  *Limestone,  'Geohy- 
drology,  'Water  chemistry,  'Aquifer  characteris- 
tics, •Surface-groundwater  relations,  'Hydrologic 
data  collections,  'South  Carolina,  Aquifer  systems, 
Aquitards. 

Chronostratigraphy  and  hydrostratigraphy  are  out- 
lined along  three  cross-sections-northeast  of  the 
Savannah  River  Plant  from  Barnwell  to  the  Fall 
Line,  and  at  right  angles  to  that  section  through 
the  McBean  Type  Section  area  and  through 
Girard,  Georgia.  The  Middendorf,  Black  Creek, 


SUBSURFACE  GEOLOGY  OF  THE  ST.  CROIX 
CARBONATE  ROCK  SYSTEM:  PHASE  H. 

Caribbean  Research  Inst.,  St.  Thomas,  VI.  Water 

Resources  Research  Center. 

I.  P.  GUI,  and  D.  K.  Hubbard. 

Caribbean    Research    Institute,    College    of    the 

Virgin  Islands,  St.  Thomas,  U.S.V.I.,  Technical 

Report  No.  28,  May   1987.   66p.   14  fig,  24  ref. 

Descriptors:  'Paleohydrology,  'Subsurface  map- 
ping, 'Carbonate  rocks,  'Geohydrology,  'Virgin 
Islands  (US),  Geologic  history,  Stratigraphy,  Do- 
lomite, Limestone. 

Test  holes  drilled  into  the  central  carbonate  plain 
of  St.  Croix,  VI,  allow  lithologic  and  biostratigra- 
phic  correlation  in  a  north  to  south  transect  from 
Krausses  Lagoon  to  Estate  St.  John  and  in  a  west 
to  east  transect  from  Estate  Hesselberg  to  Estate 
Pearl.  The  drilling  establishes  the  existence  of  a 
probable  Pliocene  reef  and  shallow-water  facies 
trend  that  rims  the  western  and  southern  coastlines 
of  the  central  plain.  The  greatest  thickness  of  Plio- 
cene sediments  occurs  in  a  subsidiary  graben  block 
in  the  south  coast  industrial  area.  The  Pliocene 
post-Kingshill  carbonates  are  less  extensive  than 
the  Miocene  Kingshill  Limestone,  but  are  general- 
ly more  permeable.  Dolomitization  in  the  Pliocene 
carbonates  rims  what  was  the  coastline  of  Krausses 
Lagoon  before  industrial  development  modified 
the  shoreline  in  the  1960s.  The  geographical  distri- 
bution of  the  dolomite  suggests  a  hydrologic  corre- 
lation between  Krausses  Lagoon  and  the  formation 
of  dolomite.  Structural  mapping  on  the  upper  sur- 
face of  the  Miocene  Jealousy  Formation  indicates 
marked  upwarping  under  the  carbonate  highlands. 
The  patterns  suggest  a  basin  opening  to  the  south, 
but  with  a  depocenter  located  under  the  present 
position  of  the  carbonate  highlands.  Despite  the 
marked  color  change,  there  are  surprisingly  few 
mineralogic  or  paleontological  differences  between 
the  Jealousy  Formation  and  the  Kingshill  Lime- 
stone, and  the  contact  between  the  two  formations 
does  not  imply  significant  paleobathymetric 
change.  (Author's  abstract) 
W90-04496 


GROUND  WATER  POLLUTION:  GENERAL 
STUDIES.  FEBRUARY  1988-FEBRUARY  1989 
(CITATIONS  FROM  THE  NTIS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04497 


WATER   RESOURCES   DATA   FOR   ALASKA, 
WATER  YEAR  1984. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04531 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
1983. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-04532 


WATER      RESOURCES      DATA -ARKANSAS, 
WATER  YEAR  1984. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04533 


WATER       RESOURCE       DATA-ARKANSAS, 
WATER  YEAR  1985. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04534 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, 1983.  VOLUME  1.  SOUTHERN  GREAT 
BASIN  FROM  MEXICAN  BORDER  TO  MONO 
LAKE  BASIN,  AND  PACIFIC  SLOPE  BASINS 
FROM  TIJUANA  RTVER  TO  SANTA  MARIA 
RTVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04535 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1983  VOLUME  2.  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON  STATE  LINE  EXCEPT  CENTRAL 
VALLEY. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04536 


GROUND  WATER  POLLUTION:  GENERAL 
STUDDZS.  DECEMBER  1984-JANUARY  1988 
(CITATIONS  FROM  THE  NTIS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-857080. 
Price  codes:  N01  in  paper  copy;  N01  microfilm. 
Mar  89.  162p. 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1984  VOLUME  2.  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON  STATE  LINE  EXCEPT  CENTRAL 
VALLEY. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04537 
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Field  2— WATER  CYCLE 


Group  2F — Groundwater 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1984  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  WALKER  RIVER  TO 
TRUCKEE  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9O04538 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, 1984  VOLUME  4.  NORTHERN  CENTRAL 
VALLEY  BASINS  AND  THE  GREAT  BASIN 
FROM  HONEY  LAKE  BASIN  TO  OREGON 
STATE  LINE. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9O-04539 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1984  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04540 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1984  VOLUME  2.  COLORA- 
DO RIVER  BASIN  ABOVE  DOLORES  RTVER. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04541 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1984  VOLUME  3.  DOLO- 
RES RTVER  BASIN,  GREEN  RIVER  BASIN, 
AND  SAN  JUAN  RTVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04542 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1985.  VOLUME  1.  MISSOU- 
RI RTVER  BASIN,  ARKANSAS  RTVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04543 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1985  VOLUME  2.  COLORA- 
DO RTVER  BASIN  ABOVE  DOLORES  RTVER. 
Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04544 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1985.  VOLUME  3.  DOLO- 
RES RTVER  BASIN,  GREEN  RTVER  BASIN, 
AND  SAN  JUAN  RTVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04545 


WATER  RESOURCES  DATA,  CONNECTICUT, 
WATER  YEAR  1983. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9CM)4546 


WATER  RESOURCES  DATA,  CONNECTICUT, 
WATER  YEAR  1984. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 


W90-04547 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983  VOLUME  1A:  NORTH- 
EAST FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04548 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983  VOLUME  IB:  NORTH- 
EAST FLORIDA. 

Geological  Survey,  Tallahassee,  FL. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-04549 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983  VOLUME  2A:  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04550 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983.  VOLUME  3A:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04551 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983  VOLUME  3B:  SOUTH- 
WEST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04552 


WATER  RESOURCES  DATA,  FLORIDA, 
WATER  YEAR  1983.  VOLUME  4.  NORTHWEST 
FLORTDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04553 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984.  VOLUME  1A:  NORTH- 
EAST FLORTDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04554 


2G.  Water  In  Soils 


FURROW  IRRIGATION  INFILTRATION  AND 
EVALUATION. 

Soil  Conservation  Service,  Greenwood,  MS. 
For  primary  bibliographic  entry  see  Field  3F. 
W90-03715 


METHODOLOGY,  RESULTS,  AND  SIGNIFI- 
CANCE OF  AN  UNSATURATED-ZONE 
TRACER  TEST  AT  AN  ARTIFICIAL-RE- 
CHARGE FACILITY,  TUCSON,  ARIZONA. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-03754 


PHYSICALLY  BASED  NETWORK  MODEL 
FOR  TWO-  AND  THREE-PHASE  SATURA- 
TION-CAPHXARY  PRESSURE  RELATION- 
SHIPS. 

Massachusetts  Inst,  of  Tech.,  Cambridge. 

M.  A.  Celia,  and  L.  A.  Ferrand. 

Available   from   National   Technical   Information 

Service,  Springfield,  VA  22161  as  PB89-236277/ 


AS,  price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Final  Report,  (1989).  15p,  5  fig,  23  ref. 
USGS  Contract  no.  14-08-0001-G1473. 

Descriptors:  *Model  studies,  'Simulation  analysis, 
•Porous  media,  •Multiphase  flow,  'Saturation, 
•Capillarity,  Networks,  Fluid  displacement,  Two- 
phase  models,  Three-phase  models. 

Computational  network  models  may  be  used  to 
simulate  multiphase  fluid  displacement  in  porous 
media.  In  these  models,  the  governing  physical 
processes  are  described  at  the  pore  scale.  The  pore 
space  is  modeled  as  a  regular  lattice  of  pores  and 
throats,  and  the  governing  equation  is  the  Young- 
Laplace  equation  of  capillary  displacement.  Com- 
putation models  can  be  constructed  to  simulate  a 
typical  laboratory  experiment  and  used  to  obtain 
constitutive  relationships  such  as  the  dependence 
of  relative  saturation  on  capillary  pressure.  Appro- 
priate definitions  of  bulk  properties  allow  satura- 
tion-capillary pressure  (S-Pc)  relations  to  be  cal- 
culated from  the  network  model  results.  These  S- 
Pc  curves  exhibit  all  of  the  important  features  of 
measured  curves,  including  entry  pressures,  hyster- 
esis, and  residual  saturations.  Results  for  two-phase 
models  on  both  two-dimensional  and  three-dimen- 
sional lattices  demonstrate  the  fundamental  impor- 
tance of  dimensionality  in  multiphase  problems: 
physically  meaningful  results  can  only  be  obtained 
in  three  dimensions,  not  in  two  dimensions.  In 
addition,  minimum  size  requirements  for  definitions 
of  a  'representation  elementary  volume'  (REV)  can 
be  determined  for  three-dimensional  lattices.  Com- 
putational experiments  and  comparison  to  actual 
laboratory  measurements  indicate  significant  sensi- 
tivity of  the  S-P  relation  to  pore-size  distribution. 
Extension  to  three-phase  displacement  problems 
can  be  accomplished  by  judicious  modification  and 
enhancement  of  the  two-phase  model.  These  two- 
phase  and  three-phase  models  provide  an  impor- 
tant tool  for  studying  many  fundamental  aspects  of 
multiphase  capillary  displacement  in  porous  media, 
including  influences  of  wettability,  material  hetero- 
geneities, and  scale.  They  can  also  guide  the  design 
of  related  physical  experiments.  (USGS) 
W90-03890 


SOIL  PHASE  PHOTODEGRADATION  OF 
TOXIC  ORGANICS  AT  CONTAMINATED  DIS- 
POSAL SITES  FOR  SOIL  RENOVATION  AND 
GROUNDWATER  QUALITY  PROTECTION. 

Utah  Water  Research  Lab.,  Logan. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-03893 


MODELING  SOLUTE  TRANSFER  FROM  SOTL 
TO  SURFACE  RUNOFF:  THE  CONCEPT  OF 
EFFECTIVE  DEPTH  OF  TRANSFER. 

Agricultural  Research  Service,  Riverside,  CA.  Sa- 
linity Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-03908 


SOLUTION  OF  THE  NONLINEAR  BOUSSIN- 
ESQ  EQUATION  FOR  PHREATIC  FLOW 
USING  AN  INTEGRAL  BALANCE  AP- 
PROACH. 

National  Geophysical  Research  Inst.,  Hyderabad 

(India). 

For  primary  bibliographic  entry  see  Field  7C. 

W90-03909 


BACTERIAL  ABUNDANCE  AND  ACTIVITY  TN 
HAZARDOUS  WASTE-CONTAMINATED 

SOIL. 

Indiana  Univ. -Purdue  Univ.  at  Fort  Wayne.  Dept. 

of  Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-03938 


ORIGIN  OF  THE  CHEMICAL  COMPOSITION 
OF  RUNOFF  WATERS  TN  A  TROPICAL  RAIN 
ZONE:  STUDY  OF  TWO  SMALL  FORESTED 
WATERSHEDS  TN  FRENCH  GUYANA  (ORI- 
GINE  DE  LA  COMPOSTION  CHTMIQUE  DES 
EAUX  SUPERFICIELLES  EN  MILIEU  TROPI- 


WATER  CYCLE— Field  2 


CAL  HUMTOE:  EXEMPLE  DE  DEUX  PETLTS 
BASSINS  VERSANTS  SOUS  FORET  EN 
GUYANE  FRANCAISE). 

Office  de  la  Recherche  Scientifique  et  Technique 

Outre-Mer,  Cayenne  (French  Guiana). 

For  primary  bibliographic  entry  see  Field  2K. 

W90-03951 

MODEL  FOR  THE  RELATIONSHIP  BE- 
TWEEN THE  HYDRAULIC  CONDUCTIVITY 
AND  PRIMARY  SEDIMENTARY  STRUC- 
TURES OF  TDLL. 

Chalmers     Univ.     of    Technology,     Goeteborg 

(Sweden).  Dept.  of  Geology. 

For  primary  bibliographic  entry  see  Field  2t. 

W90-03983 

INFILTRATION  INTO  A  FROZEN  HEAVY 
CLAYSODL.  .        ti  __      . 

Sveriges  Lantbruksuniversitet,  Uppsala.  Dept.  ot 
Soil  Sciences.  ,„,.,„ 

B  Thunholm,  L.  C.  Lundm,  and  S.  Lindell. 
Nordic  Hydrology  NOn/BB,  Vol.  20,  No.  3,  p 
153-166,  1989.  9  fig,  1  tab,  30  ref. 

Descriptors:  *Infiltration  rate,  'Infiltration, 
•Snowmelt,  'Seasonal  distribution,  'Frozen 
ground,  Runoff,  Arable  land,  Comparison  studies, 
Thawing,  Clays,  Soil  temperature. 

The  infiltration  of  snowmelt  water  on  arable  land 
influences  both  the  water  storage  and  the  nutrient 
budget.  The  infiltration  rate  during  thawing  was 
assumed  to  depend  on  the  ice  content  of  the  sou. 
Field  measurements  of  soil  temperature,  water  con- 
tent, and  infiltration  rate  were  made  and  used  to 
test  a  numerical  model.   Efforts  were  made  to 
create  different   ice  contents  in   three  plots  by 
adding  different  amounts  of  water  before  freezing 
as  well  as  during  winter.  The  total  water  content  in 
spring  was  not  influenced  by  the  pre-freezing  addi- 
tion of  water,  but  was  slightly  increased  by  water 
added  during  the  winter.  The  simulated  total  water 
content  was  constant  throughout  the  winter.  The 
measured  infiltration  rates  were  high,  at  maximum 
8  mm/min,  and  the  differences  between  the  plots 
were  small,  although  lower  infiltration  rates  were 
found   in  plots   with   higher   amounts  of  added 
water.  Simulated  infiltration  rates  never  exceeded 
0.1  mm/min.  The  discrepancy  probably  was  due  to 
water  flow  in  the  partially  unfrozen  crack  system, 
which  the  model  could  not  simulate,  and  to  the 
time  lag  in  the  simulated  soil  temperature  during 
thawing.    Low   infiltration   rates   probably    were 
caused  by  high  ice  content  in  the  cracks,  originat- 
ing from  the  added  water.  It  should  be  possible  to 
predict  the  infiltration  capacity  during  thawing 
using  a  simple  model  that  considers  the  crack 
system,  the  water  content  before  freezing  and  the 
number  and  intensity  of  warm  spells  during  the 
winter.  (Author's  abstract) 
W90-03984 


as  three  user-defined  soil  horizons.  The  principal 
algorithms  of  the  current  model  were  developed  as 
components  of  the  Remote  Sensing  Based  Water- 
shed Model.  Moisture  is  added  to  the  soil  column 
as  infiltration  and  is  withdrawn  both  as  evapotran- 
spiration  and  as  gravity  drainage  from  the  bottom 
of  the  column.  Rainfall  and  evaporation  data  are 
input  from  an  external  data  file.  The  two  major 
elements  of  the  soil  moisture  model  are  the  infiltra- 
tion and  soil  moisture  redistribution  components. 
Continuous  simulation  is  accomplished  by  ^tsraat- 
ing  calls  to  the  two  components  for  rainfall  and 
dry  periods.  The  model  has  a  sound  physical  basis 
and  has  been  shown  to  generate  reliable  estimates 
of  soil  moisture  profiles.  Data  requirements  are 
minimal  and  are  of  the  nature  that  can  be  readily 
collected  in  the  field.  The  microcomputer  based 
model  is  intended  for  practical  engineering  and 
agricultural  applications.  (Author's  abstract) 
W90-04185 

SOIL  WATER  CHARACTERISTICS  OF  TWO 
SOEL  CATENAS  IN  DLLESOIS:  IMPLICA- 
TIONS FOR  HUUGATION. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Ge- 

For  primary  bibliographic  entry  see  Field  3F. 
W90-04206 

CHEMICAL  PROPERTDZS  OF  SOD1S  AND 
STREAMS  IN  NATURAL  AND  DISTURBED 
FOREST  ECOSYSTEMS  IN  THE  OUACHITA 
MOUNTAINS. 

Arkansas  Univ.   at  Monticello.   Dept.   of  Forest 

Resources. 

For  primary  bibliographic  entry  see  Field  ItL. 

W90-04494 


RECLAMATION  OF  SALINE  SODLS  USING 
CALCIUM  SULFATE  RESDDUES  FROM  THE 
TITANIUM  INDUSTRY. 

Centre  de  Recherches  de  Colmar  (France). 

For  primary  bibliographic  entry  see  Field   5G. 

W90-O4O05 

PRACTICAL     SOIL     MOISTURE     PROFTLE 

MODEL.  ,  _.  ., 

Virginia  Military  Inst.,  Lexington.  Dept.  of  Civu 

Engineering. 

J.  R  Groves.  .      ^ 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

4,  p  875-880,  August  1989.  5  fig,  3  tab,  11  ref. 

Descriptors:  'Hydrologjc  budget,  'Soil  water, 
♦Model  studies,  'Moisture  profiles,  Rainfall,  Evap- 
oration, Soil  columns,  Computer  models,  Remote 
sensing. 

A  computationally  simple,  physically  based  model 
capable  of  generating  reliable  estimates  of  volumet- 
ric soil  moisture  content  was  developed.  The 
model  requires  only  rainfall,  pan  evaporation,  and 
soil  column  description  by  texture  group  as  inputs, 
and  predicts  soils  moisture  values  within  as  many 


2H.  Lakes 

WATER  COLUMN  PRODUCTION. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
R.  T.  Cooney,  and  K.  O.  Coyle. 
IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,  1988.  p  93-115,  4  fig,  4  tab,  51  ref. 

Descriptors:  'Arctic  zone,  'Valdez,  'Productivity, 
'Zooplankton,  'Ecological  distribution,  'Alaska, 
Fjords,  Seasonal  variation,  Species  diversity,  Or- 
ganic matter,  Advection. 

The  production  cycle  in  Port  Valdez,  Alaska,  is 
typical  for  subarctic  fjords.  A  spring  diatom  bloom 
in  April  and  May  is  replaced  by  phytoflagellates  m 
the  summer  months.  The  annual  primary  produc- 
tion ranges  between  150  and  200  g  C/sq  m.  There 
is  no  information  on  zooplankton  production  or 
seasonal  variations  in  abundance.  The  community 
composition,  a  mixture  of  oceanic  and  neritic  spe- 
cies, is  similar  to  that  reported  for  coastal  Alaska. 
Drawing  from  other  studies  of  this  community  in 
similar  fjords  and  estimates  of  the  amount  of  or- 
ganic matter  consumed  annually,  it  is  estimated 
that  between  20  and  50  g  C/sq  m  are  produced 
annually  by  the  zooplankton  in  Port  Valdez. 
Stocks  are  probably  augmented  through  advection 
of  zooplankton  into  the  fjord  by  subsurface  com- 
pensatory flow  from  Prince  William  Sound  andthe 
Gulf  of  Alaska.  (See  also  W90-03610)  (Lantz-PTT) 
W90-03615 

SUBLETHAL  EFFECTS  OF  PETROLEUM  ON 

BIOTA.  ,    _ 

National  Marine  Fisheries  Service,  Auke  Bay,  AK. 

Auke  Bay  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-03622 


Lakes— Group  2H 

EVALUATION  OF  INSTREAM  FLOW  RE- 
QUIREMENTS OF  FISHES  IN  THE  OZARK 
AND  OUACHITA  NATIONAL  FORESTS,  AR- 
KANSAS. 

Forest  Service,  Hot  Springs,  AK. 
D.  J.  Ebert,  S.  P.  Filipek,  and  J.  R.  Dillard. 
IN-  Proceedings  of  the  Nineteenth  Mississippi 
Water  Resources  Conference.  Water  Resources 
Research  Institute,  Mississippi  State  University, 
Mississippi  State,  MS.  1989.  p  113-120.  1  tab,  37 
ref. 

Descriptors:  'Instream  flow,  'Arkansas,  'Aquatic 
habitats,  'Stream  biota,  'Aquatic  environment, 
'Fish  populations,  'Streamflow,  Ecosystems,  Low 
flow,  Seasonal  variation,  Flow  velocity,  Water 
depth,  Performance  evaluation,  High  flow,  Eco- 
logical distribution. 

Instream  flow  requirements  have  been  defined  as 
the  quantity  of  water  needed  to  maintain  the  exist- 
ing and  planned  inplace  uses  of  water  in  or  along  a 
stream  channel  or  other  water  body  and  to  mam- 
tain  the  natural  character  of  the  aquatic  systern  and 
its   dependent  systems.   Various  methods^  of  in- 
stream flow  evaluation  are  reviewed.  The  'Arkan- 
sas method',  which  utilizes  topographic  character- 
istics, soils,  vegetation,  and  land  use  to  characterize 
ecoregions,    was    chosen    and    tested    for    forest 
streams,  for  determination  of  low  flow  require- 
ments for  fish  population  in  these  forest  streams, 
and  for  determination  of  habitat  requirements  for 
eleven  species  of  fish  representative  of  Ozark  and 
Ouachita  mountain  streams.  Results  of  this  study 
showed    that    slender    madtom    (Noturus    exihs), 
orangethroat  darter  (Etheostoma  spectabile),  oran- 
gebelly    darter    (E.    radiosum),    banded    sculpin 
(Cottus  carolinae),  and  central  stoneroller  (Cam- 
postoma  anomalum)  were  captured  most  frequent- 
ly in  shallow  riffle  or  raceway  habitat.  These  spe- 
cies preferred  depths  ranging  from  0-30  cm,  veloci- 
ties from  0-20  cm/sec,  and  gravel-rubble  substrate. 
Populations  of  these  species  were  somewhat  lower 
during  winter  and  spring  (high  flow  units)  sample 
periods  when  there  was  more  wetted  area  present, 
faster  velocities,  and  deeper  waters.  During  the 
summer-fall  low  flow  unit,  fish  density  was  higher, 
but  wetted  areas,  velocity,  and  depth  were  much 
less.  The  Arkansas  Method,  based  on  mean  month- 
ly flow,  provides  adequate  protection  of  fisheries 
but  does  not  account  for  total  flow  of  streams.  (See 
also  W90-03708)  (Friedmann-PTT) 
W90-03727 


SYSTEMS  APPROACH  TO  WATER  QUALITY 
MANAGEMENT  DURING  DROUGHT  PERI- 
ODS IN  THE  CUMBERLAND  RIVER  BASIN. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS. 

For  primary  bibliographic  entry  see  Field   Mj. 

W90-03719 


SUITABILITY  CRITERIA  FOR  ASSESSMENT 
OF  INSTREAM  FLOW  NEEDS  OF  FISH. 

National  Ecology  Research  Center,  Fort  Collins, 

Co. 

J.  H.  Crance. 

IN-    Proceedings    of   the   Nineteenth   Mississippi 

Water  Resources  Conference.   Water  Resources 

Research   Institute,   Mississippi   State   University, 

Mississippi  State,  MS.  1989.  p  130-135.  4  fig,  62  ref. 

Descriptors:  'Stream  biota,  'Fish  populations, 
'Aquatic  habitats,  'Instream  flow,  'Research  pri- 
orities, 'Fish  behavior,  Channel  morphology, 
Streamflow,  Aquatic  environment,  Fish  migration, 
Headwaters,  Larval  growth  stage,  Water  tempera- 
ture, Invertebrates,  Water  quality,  Streambeds. 

The  need,  development,  and  use  of  stream  habitat 
suitability  criteria,  and  of  the  use  of  these  criteria 
for  the  assessment  of  instream  flow  needs  are  re- 
viewed. A  status  report  on  the  plan  of  the  National 
Ecology  Research  Center  (NERC)  for  the  expan- 
sion of  instream  flow  research  in  the  Southeast  is 
given,  and  the  relevancy  of  the  research  to  river 
corridor  management  is  reviewed.  The  goal  of  the 
instream  flow  research  supported  by  NERC  in  the 
Southeast  is  broad  but  does  not  cover  all  potential- 
ly important  mechanisms  affecting  stream  fish  and 
invertebrates.  Water  quality,  stream  bed  substrate 
patterns,  channel  morphology,  fish  migration  pat- 
terns, and  food  supply  may  be  affected  adversely 
by  various  watershed  and  stream  developments. 
Information  about  habitat  use  and  requirements  by 
larval  fish  in  warmwater  streams  is  inadequate. 
Coldwater  and  warmwater  streams  have  been  con- 
trasted and  it  has  been  concluded  that  the  distinc- 
tion may  be  between  headwater  streams  and  large 
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main-stem  streams.  Almost  all  research  on  headwa- 
ter streams  has  been  done  in  coldwater  streams, 
but  the  Southeast  has  many  small,  steep  warm- 
water  streams.  Research  on  these  systems  would 
enhance  current  research  and  understanding  of 
fish-habitat  relations  in  different  stream  systems  of 
the  Southeast.  Significant  advances  in  assessing 
mstream  flow  measurement  have  been  made  over 
the  past  several  decades,  but  much  more  research 
is  needed  to  advance  the  state  of  the  art,  especially 
for  warmwater  streams.  It  is  hoped  that  NERC 
research  will  provide  some  of  the  criteria  needed 
for  the  evaluation  and  protection  of  instream  flows 
and  will  serve  as  a  stimulus  for  more  comprehen- 
sive and  cooperative  research  in  warmwater 
stream  ecology  in  the  Southeast.  (See  also  W90- 
03708)  (Friedmann-PTT) 
W90-03729 


INVESTIGATION  OF  A  SHORELINE  EN- 
HANCEMENT  TECHNIQUE  FOR  WETLANDS 
IMPACT  MITIGATION. 

Georgia  State  Univ.,  Atlanta.  Dept.  of  Biology 
F.  K.  Paimsh. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-143192 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Final  Report,  August  1988.  78p,  6  fig,  11  tab,  25 
ref.  Georgia  Department  of  Transportation  Project 
No.  8502.  J 

Descriptors:  'Wetlands,  'Water  pollution  preven- 
tion, 'Highway  effects,  Highways,  Shore  protec- 
tion, Environmental  protection,  Benthic  environ- 
ment, Beavers,  Fish,  Ponds. 

An  attempt  was  made  to  mitigate  the  impact  of 
highway  construction  on  a  wetland  (beaver  pond) 
margin  by  enhancing  the  shoreline  of  the  roadfill. 
One  hundred  20'  long  finger-like  extensions  10' 
wide  were  constructed  10"  apart  along  the  roadfill 
The  extensions  increased  the  pond-roadfill  margin 
by  a  factor  of  3.  In  addition,  weeping  willows  and 
blackwillows  were  planted  on  the  southeastern 
edge  of  the  fingers.  Despite  the  repeated  destruc- 
tion of  the  beaver  dam  by  county  surveyors,  and 
two  successive  drought  years,  the  procedure  ap- 
peared successful.  Transects  were  compared  in  3 
areas;  the  improved,  with  the  fingers;  an  unim- 
proved section  of  roadfill;  and  a  'control'  across 
the  pond  from  the  roadfill.  Sampling  of  the  pond 
margin  communities  over  a  three  period  revealed 
up  to  89%  the  number  of  benthic  invertebrates  in 
the  improved  area  as  in  the  control;  only  44%  of 
benthos  in  the  unimproved  as  in  the  control.  Trees 
occurred  on  the  fingers  at  a  rate  2.3  times  greater 
and  with  higher  species  diversity  in  the  improved 
compared  to  the  unimproved.  Fish  utilized  the 
unproved  area  about  4  times  as  much  as  the  unim- 
proved. A  modification  of  the  USFWS  HEP 
showed  9  times  the  Habitat  Units  in  the  improved 
over  the  unimproved  per  linear  foot  of  road  bed 
Recommended  modifications  of  the  shoreline  in- 
clude making  the  fingers  longer  and  wider,  the 
sloughs  wider  and  deeper,  and  erosion  control  and 
less  slope  to  prevent  excessive  sedimentation  (Au- 
thor's abstract) 
W90-03756 


RESERVOIR  SHORELINE  EROSION  AND  RE- 
VEGETATION  WORKSHOPS. 

Army  Engineer  Waterways  Experiment  Station 

Vicksburg,  MS.  Environmental  Lab. 

For  primary   bibliographic  entry   see  Field  4D. 

W90-03760 


WISCONSIN        REGIONAL        INTEGRATED 

LAKE-WATERSHED  ACIDIFICATION  STUDY 

(RILWAS):  1981-1983. 

Wisconsin  Dept  of  Natural  Resources,  Madison 

Bureau  of  Research. 

For  primary  bibliographic  entry  see  Field  5B 

W9O-O3790 


SITE  DESCRD7TION. 

Wisconsin  Dept.  of  Natural  Resources,  Madison 
D.  R.  Knauer,  J.  G.  Bockheim,  A.  J.  Prey,  and  S. 
A.  Brouwer. 
IN:  The  Wisconsin  Regional  Integrated  Lake-Wa- 


'«r0shed  Acidification  Study  (RILWAS):  1981- 
1983.  Interim  Report,  January  1989.  p  10-20  7  fie 
1  tab,  9  ref.  6' 

Descriptors:  'Limnology,  Round  Lake,  East 
Eightmile  Lake,  Wisconsin,  Paleohydrology,  Geo- 
hydrology,  Surface-groundwater  relations,  Lake 
morphology,  Algae,  Aquatic  plants,  Stratification. 

Both  Round  and  East  Eightmile  lakes  are  located 
in  the  northern  Highland  geographical  province  of 
Wisconsin.  Glacial  deposits  cover  the  bedrock  in 
the  East  Eightmile  Lake  watershed  to  depths  of 
between  180-190  m.  In  the  Round  Lake  watershed 
these  deposits  cover  bedrock  to  the  depth  of  32  m 
The  deposits  are  largely  pitted  outwash  and  were 
formed  during  the  Wisconsin  stage  of  the  Pleisto- 
cene glaciation,  which  ended  about  9500  years  ago 
Water   percolates   rapidly   into   the   groundwater 
system,  and  the  surface  is  a  continuum  of  the 
groundwater  table.  There  are  no  surface  inflows  or 
outflows  from  the  lakes.  Surface  drainage  area  is 
nearly  the  same:  52  ha  for  Round  Lake  and  65  ha 
for  East  Eightmile  Lake.  The  two  study  lakes  have 
some  similar  characteristics,  but  in  other  important 
respects  they  are  quite  different.  Both  Round  and 
East  Eightmile  lakes  are  clear  water  lakes  of  about 
the  same  surface  area,  with  predominantly  sand 
bottom  near  shore  and  little  cultural  development 
around   the   shoreline.   Round   Lake   has  greater 
depth  and  volume  than  East  Eightmile  Lake,  but 
lower  alkalinity.  Round  Lake  stratifies  in  summer 
and  winter  while  East  Eightmile  Lake  does  not. 
Also,  Round  Lake  has  few  rooted  aquatic  plants 
but  sometimes  has  a  high  algal  population,  whereas 
East  Eightmile  Lake  has  more  macrophytes  and 
generally  lower  algal  densities.   (See  also  W90- 
03790)  (Lantz-PTT) 
W90-03791 


ATMOSPHERIC  INPUT. 

Wisconsin  Univ.-Madison. 

For  primary  bibliographic  entry  see  Field  5B 

W90-03792 


TERRESTRIAL  COMPONENT. 

Wisconsin  Univ.,  Madison. 

For  primary  bibliographic  entry  see  Field  5B 

W90-03793 


HYDROLOGIC  COMPONENT. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B 
W90-03794 


LIMNOLOGICAL  COMPONENT. 

Wisconsin  Dept.  of  Natural  Resources,  Madison 
P.  J.  Garrison. 

IN:  The  Wisconsin  Regional  Integrated  Lake-Wa- 
tershed Acidification  Study  (RILWAS):  1981- 
1983.  Interim  Report,  January  1989.  p  168-195  11 
fig,  6  tab,  23  ref. 

Descriptors:  'Acid  rain,  'Limnology,  'Weather- 
ing, 'Wisconsin,  'Water  chemistry,  Bicarbonates 
Calcium,  East  Eightmile  Lake,  Round  Lake,  Con- 
ductivity, Minerals,  Calcium,  Magnesium,  Potassi- 
um, Sodium,  Silicates,  Chlorides,  Hydrogen  ion 
concentration,  Seasonal  variation,  Surface-ground- 
water  relations,  Sulfates,  Nitrates,  Alkalinity,  Lake 
sediments,  Sulfur  bacteria. 

In  Round  and  East  Eightmile  lakes  bicarbonate  is 
the  dominant  anion  and  calcium  the  dominant 
cation.  East  Eightmile  Lake  has  a  higher  conduc- 
tivity. More  products  of  mineral  weathering  are 
entering  East  Eightmile  Lake,  presumably  through 
the  groundwater.  In  both  lakes,  Ca,  Mg,  K,  Na, 
HC03,  and  Si02  are  enriched  relative  to  CI  Hy- 
drogen, N03,  NH4,  and  S04  are  diminished  rela- 
tive to  chloride.  Sulfate  is  probably  depleted  by 
bacterial  sulfate  reduction  primarily  in  the  epilim- 
netic  sediments.  Little  permanent  alkalinity  was 
produced  in  the  anoxic  hypolimnion  of  Round 
Lake.  The  pH  values  fluctuate  seasonally  by  three 
to  four  units  in  both  lakes,  as  the  result  of  photo- 
synthetic  uptake  of  C02  and  the  relatively  low 
buffering  capacity  of  these  lakes.  (See  also  W90- 
03790)  (Lantz-PTT) 


W90-03795 


CHEMICAL  INPUTOUTPUT  BUDGETS. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-03796 


MODELLING  COMPONENT. 

Tetra  Tech,  Inc.,  Lafayette,  CA. 

For  primary  bibliographic  entry  see  Field  5B 

W90-03797 


DIATOMS    OF    BURRINJUCK    RESERVOIR. 
NEW  SOUTH  WALES,  AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

J.  Holland,  and  R.  L.  Clark. 

CSIRO  Divisional  Report  89/1,  June  1989  79d  2 

fig,  39  ref,  2  append. 

Descriptors:   'Diatoms,   'Limnology,   'Land  use 
Australia,    Burrinjuck    Reservoir,    New    South 
Wales,  Reservoir  sediments,  Data  collections,  Clas- 
sification, Microorganisms. 

As  part  of  a  project  investigating  the  effects  of 
land  use  change  in  the  catchment  of  Burrinjuck 
Reservoir  in  south-eastern  New  South  Wales,  Aus- 
tralia, diatoms  deposited  in  the  reservoir  sediments 
between  1925  and  1984  were  extracted,  identified 
and  counted.  Some  living  diatoms  were  also  col- 
lected and  identified.  The  report  presents  photo- 
graphs of  the  identified  diatoms,  a  summary  of 
their  classification  and  the  methods  used.  It  is 
hoped  that  this  research  will  provide  a  basis  for 
similar  studies  of  the  history  of  other  Australian 
water  storages  and  lakes.  (Author's  abstract) 
W9O-03804 


LTvTNG   WITH   THE   LAKES:   CHALLENGES 
AND  OPPORTUNnTES. 

International  Joint  Commission-United  States  and 

Canada,  Windsor  (Ontario). 

For  primary  bibliographic  entry  see  Field  6A 

W90-03816 


EFFECTS  OF  HIGHWAY  RUNOFF  ON  WATER 
QUALITY  OF  TWO  WETLANDS  IN  CENTRAL 
FLORIDA. 

Geological  Survey,  Orlando,  FL.  Water  Resources 

Div. 

For  primary  bibliographic   entry  see   Field   5G 

W90-03874 


GROUNDWATER'S  DYANAMIC  ROLE  IN 
REGULATING  ACIDITY  AND  CHEMISTRY  IN 
A  PRECIPITATION-DOMINATED  LAKE. 
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The  role  of  groundwater  in  regulating  the  hydro- 
logic  and  chemical  regime  of  an  'acid-susceptible' 
lake  situated  in  a  sandy  silicate  aquifer  in  northern 
Wisconsin  was  determined  by  direct  groundwater 
measurements  using  a  network  of  68  piezometers. 
Groundwater  inputs  were  compared  with  precipi- 
taton  and  dryfall  components  of  the  hydrologic 
and  chemical  budgets  for  the  lake.  Groundwater 
contributed  only  10%  of  the  water  to  Crystal  Lake 
in  1982  but  was  the  major  source  of  alkalinity, 
calcium,  magnesium,  sodium,  potassium,  silicon,' 
and  chloride.  Precipitation  contributed  90%  of  the 
water  and  was  the  major  source  of  hydrogen  and 
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sulfate    ions.    Continuing    analyses    suggest    that 
groundwater  consistently  supplies  the  bulk  of  the 
inorganic  constituents  to  the  lake  on  an  annual 
basis.  The  flux  of  groundwater  and  dissolved  solids 
to  the  lake  is  highly  seasonal,  with  large  pulses  of 
groundwater  inflow  occurring  after  spring  snow- 
melt  and  in  the  fall.  For  certain  nonconservative 
elements  such  as  silicon,  the  periodic  influx  of 
chemically  concentrated  groundwater  can  trigger 
significant  changes  in  the  chemical  and  biological 
balance  in  the  lake.  Despite  the  fact  that  the  aqui- 
fer contains  no  carbonate  minerals  and  the  areas 
experiences  acid  precipitation  (pH  =  4.6),  the  alka- 
linity of  the  small  amount  of  groundwater  entering 
Crystal  Lake  is  more  than  enough  to  neutralize  all 
of  the  acidity  contributed  by  precipitation.  In-lake 
sulfate  reduction  may  generate  an  equal  amount  of 
alkalinity.  This  buffering  of  pH  helps  to  regulate 
aluminum  concentrations  at  low  levels,  thus  nnni- 
mizing  potential  aluminum  toxicity  m  the  lake. 
Most  lakes  in  the  region  probably  receive  even 
larger  amounts  of  alkaliniiy-rich  groundwater  than 
Crystal  Lake,  because  most  lie  further  downgra- 
dient  in  the  regional  flow  system.  This  may  help  to 
explain  why  most  lakes  in  this  'acid-susceptible 
area  are  no  more  acidic  today  than  they  were  50 
years  ago.  (Author's  abstract) 
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The  substrate  specificity  of  the  DNA-binding 
mechanisms  of  bacteria  in  a  Florida  reservoir  was 
investigated  in  short-term  and  long-term  uptake 
studies  with  radiolabeled  DNA  and  unlabeled 
competitors.  Thymine  oligonucleotides  ranging  in 
size  from  2  base  pairs  to  19  to  24  base  pairs 
inhibited  DNA  binding  in  20-min  incubations  by  43 
to  77%.  Deoxynucleoside  monophosphates,  thymi- 
dine, and  thymine  had  little  effect  on  short-term 
DNA  binding,  although  several  of  these  com- 
pounds inhibited  the  uptake  of  the  radiolabel  from 
DNA  in  4-hr  incubations.  Inorganic  phosphate  and 


elucose-1 -phosphate  inhibited  neither  short-term 
nor  long-term  binding  of  3H-DNA  or  32P-DNA, 
indicating  that  DNA  was  not  utilized  as  a  phos- 
phorus source  in  this  reservoir.  RN  A  inhibited 
both  short-term  and  long-term  radiolabeled  DNA 
uptake  as  effectively  as  unlabeled  DNA.  Collec- 
tively these  results  indicate  that  aquatic  bacteria 
possess  a  generalized  nucleic  acid  uptake/binding 
mechanism  specific  for  compounds  containing 
phosphodiester  bonds  and  capable  of  recognizing 
oligonucleotides  as  short  as  dinucleotides.  This 
binding  site  is  distinct  from  nucleoside-,  nucleotide- 
phosphomonoester-,  and  inorganic  phosphate- 
binding  sites.  Such  a  nucleic  acid-binding  mecha- 
nism may  have  evolved  for  the  utilization  of  extra- 
cellular DNA  (and  perhaps  RNA),  which  is  abun- 
dant in  many  marine  and  freshwater  environments. 
(Author's  abstract) 
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The  biogeochemical  cycling  of  Fe  and  S  in  the 
sediments  of  acidic  Big  Moose  Lake,  Adirondack 
Park,  New  York  was  investigated.  Sediment  cores 
and  porewater  samples  were  collected  along  a 
depth  transect  from  the  hypolimnion  (24  m  water 
depth),  metalimnion  (17  m),  and  epilimnion  (8,12 
m).  Four  vertically  distinguishable  zones  in  the 
sediment  environment  were  observed  at  each  site: 
(1)  N03(-)  disappearance  near  the  sediment/water 
interface;  (2)  accumulation  of  solid-phase  Fe  in  the 
top  5  cm;  (3)  coincident  accumulation  of  chromi- 
um reducible  sulfur  (CRS),  disappearance  of 
S04(~)  and  minima  in  C:S  and  delta  S34  at  or 
slightly  below  maxima  in  oxide-bound  Fe;  and  (4) 
homogenous  background  concentrations  in  S  and 
Fe  below  30  and  10  cm,  respectively.  Iron  and 
sulfur  accumulations  in  the  upper  10  cm  occurred 
at  the  same  depths  in  cores  of  different  ages,  indi- 
cating that  diagenetic  rather  than  depositional 
processes  played  a  dominant  role  in  determining 
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near-surface  Fe  and  S  profiles.  Although  sediment 
accumulation  rates  varied  along  the  transect,  the 
four  zones  were  located  at  similar  depths  in  the 
sediment  column  at  all  sites.  Diagenetic  processes 
play  a  major  role  in  the  development  of  these 
features  in  Big  Moose  Lake.  The  extent  of  Fe 
enrichment  was  considerably  greater  in  the  meta- 
limnetic  and  epilimnetic  sediments.  In  contrast, 
concentrations  of  Fe  were  lower  in  hypolimnetic 
sediments,  which  appeared  to  be  losmg  Fe  to  the 
water  column.  At  all  sites,  increases  m  total  S  from 
a  background  concentration  of  60-80  micromol/gm 
of  dry  mass  occurred  in  sediments  dated  approxi- 
mately 1850.  More  recent  increases  to  560  micro- 
mol  S/gm  occurred  asynchronously  in  the  cores, 
indicating  an  important  role  of  sulfate  reduction  in 
adding  S  to  sediments.  However,  organic  sulfur 
accumulation  accounted  for  22-56%  of  the  recent 
increase  in  sediment  S.  Concentrations  of  iron  and 
organic  carbon  were  high  in  lake  sediments  and 
probably  do  not  limit  S  storage  in  this  lake.  (Au- 
thor's abstract) 
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Rare  earth  element  (REE)  and  manganese  distribu- 
tions have  been  investigated  in  Saanich  Inlet,  Brit- 
ish Columbia,  a  seasonally  anoxic  basin.  Redox 
cycling  of  Ce  and  Mn  takes  place  across  an  oxic/ 
suboxic  boundary  approximately  20  m  shallower 
than  the  02/H2S  interface;  the  remaining,  strictly 
trivalent   REE   undergo    scavenging    above    this 
oxic/suboxic  boundary  and  regeneration  from  dis- 
solving  host   phases   below   it.   These   processes 
result  in  pronounced  removal  of  Ce  from  solution 
above  the  oxic/suboxic  boundary  due  to  oxidative 
precipitation  along  with  preferential  uptake  of  the 
lighter  trivalent  REE  during  scavenging.  Below 
the  oxic/suboxic  boundary,  regeneration  of  partic- 
ulate-REE  into  solution  leads  to  a  less  pronounced 
Ce-depletion  and  a  less  pronounced  HREE-ennch- 
ment  in  the  anoxic  bottom  waters.  Dissolved  REE 
concentrations  in  the  sediment  pore  waters  exhibit 
an  approximately  ten-fold  increase  across  the  sea- 
water-sediment  interface  but  then  decrease  with 
increasing  depth,  indicating  removal  from  solution 
during  later  diagenesis.  Calculated  diffusive  fluxes 
of  the  REE  and  Mn  from  the  sediments  into  the 
overlying  anoxic  water  column  are  insufficient  to 
account  for  the  accumulated  trace  metal  enrich- 
ments observed  in  the  water  column.  An  annual 
redox  cycle  is  proposed  for  Saanich  Inlet  in  which 
flushing  causes  extensive  oxidative  precipitation 
and  scavenging  of  trace  elements  from  the  water 
column  each  autumn.  The  same  material  is  rapidly 
regenerated  from  the  underlying  near-surface  sedi- 
ments when  the  basin  next  turns  anoxic.  (Author  s 
abstract) 
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Large-volume  radiorespirometry  was  used  to  de- 
termine maximum  velocity  (Vmax)  for  glucose 
mineralization  by  epilithic  bacteria,  from  five  acid 
headstreams  in  Colsterdale,  England,  while  still 
attached  to  their  natural  stone  surfaces.  Measure- 
ments were  made  in  winter  and  early  spring,  values 
of  maximum  velocity  ranged  from  0.5-41.2  ng/ 
square  cm/hour.  Between-stream  differences  in 
maximum  velocity  and  temporal  changes  following 
a  spate  were  observed.  In  some  streams,  maximum 
velocity  was  positively  correlated  with  pH  and 
negatively  with  aluminum  concentration,  conduc- 
tivity and  discharge;  multiple-regression  analysis 
showed  that,  overall,  26%  of  variation  in  maxi- 
mum velocity  was  explained  by  variation  in  phy- 
sico-chemical variables.  Therefore,  Vmax  was 
probably  also  controlled  by  other,  unrecorded,  en- 
vironmental variables.  The  Vmax  values  measured 
(0.5-41.2  ng/sq  cm/h)  were  higher  than  values 
obtained  previously  for  epilithic  bacteria  in  a  simi- 
lar acid  stream  in  winter  but  using  suspensions  of 
dislodged  bacteria.  Thus  it  is  suggested  that  the 
disruption  caused  by  dislodgement  may  reduce  me- 
tabolism of  epilithic  bacteria,  although  this  is  con- 
trary to  some  other  observations  in  the  literature. 
(Author's  abstract) 
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The  distribution  of  aquatic  bryophytes,  elemental 
composition  of  their  shoots  (Na,  Mg,  Al,  P,  K,  Ca, 
Mn,  Fe)  and  water  chemistry  were  studied  in  the 
system  of  the  River  Akagawa,  Japan.  The  acid 
water  of  the  river  presents  a  typical  acid  environ- 
ment for  aquatic  macrophytes,  that  may  be  a  typi- 
cal example  of  the  law  of  tolerance  controlled  by 
excess  hydrogen  ion.  The  species  of  bryophytes 
studied  were  Jungermannia  vulcanicola  Steph., 
Scapania  undulata  (L.)  Dum.,  Rhynchostegium  ri- 
parioides  (Hedw.)  Card,  and  Sphagnum  sp.  Mas- 
sive colonies  of  J.  vulcanicola  and  S.  undulata 
occurred  in  the  pH  range  from  4.0  to  4.6.  The 
colonies  were  covered  by  a  precipitate  of  iron 
hydroxide,  that  ranged  from  5  to  13%  on  a  dry 
weight  basis,  and  shoots  contained  K  levels  as  high 
as  5%.  The  down  stream  portion  of  the  River 
Akagawa  showed  a  drastic  change  in  water  chem- 
istry brought  about  by  inflow  of  neutral  water 
from  a  tributary  that  resulted  in  the  deposition  of 
aluminum  compounds.  J.  vulcanicola  in  the  acid 
water  and  R.  riparioides  in  the  neutral  water  disap- 
peared after  confluence.  S.  undulata  was  only  the 
bryophyte  remaining  in  the  water  under  the  pre- 
cipitate of  aluminum  compounds,  that  exceeded 
10%  (AJ)  on  a  dry  weight  basis.  (Mertz-PTT) 
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An  exotic  submerged  plant,  Egeria  densa  (Hydro- 
charitaceae),  rapidly  propagated  and  was  distribut- 


ed widely  in  the  1970s  in  the  south  basin  of  Lake 
Biwa  in  Japan.  Selected  limnological  variables 
were  investigated  in  the  waters  from  the  upper  to 
the  lower  littoral  regions  within  the  Egeria  stand. 
High  light  attenuation  in  the  water  was  observed 
in  July  and  August  in  the  upper  littoral  area  due  to 
the  development  of  dense  Egeria  stand.  During  the 
growing  and  senescing  periods  (summer  and 
autumn)  of  the  Egeria  community,  concentrations 
of  dissolved  inorganic  nitrogen,  phosphorus  and  B- 
group  vitamins  were  higher  in  the  upper  littoral 
than  in  the  lower  littoral.  A  decline  in  the  chloro- 
phyll-a  concentration  of  phytoplankton  toward  the 
upper  littoral  was  observed  in  May  and  June. 
Summer  (July  and  August)  decreases  of  phyto- 
plankton productivity  in  the  upper  littoral  were 
correlated  with  the  extremely  low  photosynthetic 
activity  of  phytoplankton  in  the  deep  layer  of 
Egeria  stand  and  high  light  attenuation  in  the 
waters.  (Author's  abstract) 
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Diel  variations  of  wind  speed  and  vertical  profiles 
of  water  temperature,  dissolved  oxygen,  pH,  elec- 
trical conductivity  and  the  major  inorganic  nutri- 
ents were  measured  on  three  occasions  at  a  central 
station  of  Lake  Carioca,  Eastern  Brazil.  These 
corresponded  to  the  beginning  of  stratification 
(September  1979),  the  maximum  of  stratification 
(February  1980),  and  complete  mixing  (July  1980). 
Distinct  patterns  of  diel  water  temperature  were 
identified  and  except  for  September,  when  periods 
of  stratification  and  mixing  of  the  whole  water 
column  were  observed  over  24  hours,  temperature 
changes  were  mainly  restricted  to  the  epilimnion. 
Diel  temperature  cycles  constitute  a  continuous 
possibility  for  discontinuous  movement  in  the 
water  mass,  acting  as  an  enrichment  source  for  the 
euphotic  zone  and  capable  of  increasing  photosyn- 
thetic rates.  The  enrichment  role  depends  on  the 
extent  of  the  diel  variation  within  the  water 
column  as  those  restricted  to  the  upper  layers 
could  not  affect  markedly  the  nutrient  cycles  and 
the  distribution  of  the  organisms.  Considering  the 
morphometry  characteristics  of  Lake  Carioca, 
mainly  the  absence  of  permanent  inlets  and  outlets, 
and  the  well-defined  temperature  variations  re- 
corded for  each  studied  period,  the  recorded  diel 
changes  are  suggested  to  be  primarily  temperature- 
dependent.  An  induced  alternation  of  stratification 
and  mixing  provides  basic  constraints  for  the  ulti- 
mate physicochemical  and  biological  processes. 
(Author's  abstract) 
W90-O4O76 


OPTICAL  PROPERTIES  AND  PHYTOPLANK- 
TON OF  LENTIC  FRESHWATERS  FROM 
NORTH-EASTERN  NEW  SOUTH  WALES. 
AUSTRALIA. 

University  of  New  England,  Armidale  (Australia). 

Dept.  of  Botany. 

L.  C.  Bowling. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   116, 

No.  3,  p  351-373,  September  1989.  7  fig,  5  tab,  49 

ref. 

Descriptors:  'Lakes,  'Australia,  'Light  penetra- 
tion, 'Limnology,  'Optical  properties,  Chloro- 
phyta,  Euglenoids,  Dinoflagellates,  Diatoms, 
Cyanophyta,  Chrysophyta. 

A  survey  of  the  optical  properties  and  underwater 
light  climates  of  lentic  freshwaters  in  north-eastern 
New  South  Wales  found   most  frequently  were 


only  moderately  attenuating.  Dissolved  humic  sub- 
stances (gilvin)  contributed  extensively  to  the  ex- 
tinction of  Photosynthetically  Available  Radiation 
within  them,  although  suspended  particulate 
matter  (tripton)  was  also  a  significant  attenuator, 
and  phytoplankton  had  a  role  in  the  more  eutro- 
phic  lakes  and  reservoirs.  The  spectral  distributions 
of  Photosynthetically  Available  Radiation  at  depth 
depended  on  the  concentrations  of  these  attenuat- 
ing components.  Wavelengths  between  580  and 
660  nm  were  transmitted  best  in  the  clearer  study 
sites,  but  the  more  humic  or  turbid  waters  had 
narrow  transmission  windows  centered  between 
680  and  700  nm.  A  diversity  of  phytoplankton, 
especially  from  the  Chlorophyceae  were  present, 
although  euglenoids,  dinoflagellates,  diatoms, 
cyanobacteria,  and  chrysophytes  were  also 
common.  (Author's  abstract) 
W90-04077 


AMELIORATION  OF  STORM-WATER  QUAL- 
ITY BY  A  FRESHWATER  ESTUARY. 

Ohio  Dept.  of  Natural   Resources,   Huron,  OH. 
D.  M.  Klarer,  and  D.  F.  Millie. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   116, 
No.  3,  p  375-389,  September  1989.  38  ref. 

Descriptors:  'Path  of  pollutants,  'Nonpoint  pollu- 
tion sources,  'Fate  of  pollutants,  'Storm  runoff, 
'Streamflow,  'Lake  Erie,  Estuaries,  Chemical 
properties,  Sedimentation,  Statistical  analysis,  Cor- 
relation analysis. 

The  role  of  Old  Woman  Creek  Estuary,  Lake  Erie, 
in  ameliorating  the  quality  of  storm-water  flow 
was  investigated.  Water  samples  were  collected  at 
selected  intervals  immediately  following  two 
spring  storms  and  an  autumn  storm.  Using  changes 
in  turbidity  as  estimates  of  storm-water  flow  rates, 
chemical  parameters  followed  three  distinct  pat- 
terns. Significant,  negative  correlations  of  calcium 
and  magnesium  concentrations  and  total  alkalinity 
with  turbidity  indicated  that  these  parameters  were 
diluted  by  storm-water  runoff.  Significant,  positive 
correlations  of  orthophosphate,  iron,  copper  ,  zinc, 
potassium,  and  ammonia  concentrations  with  tur- 
bidity indicated  that  these  parameters  were  associ- 
ated with  sediment  input  and  surface  runoff.  Silica, 
nitrate,  and  nitrite  concentrations  increased  follow- 
ing storm  events  but  much  later  than  the  turbidity 
peak,  indicating  that  these  parameters  were  associ- 
ated with  storm  interflow.  Outflow/inflow  ratios 
of  chemical  concentrations,  used  as  estimates  of  the 
estuary's  relative  effectiveness  to  modify  waters 
passing  through  it,  indicated  that  12  to  60%  of  the 
metals  and  35  to  80%  of  the  biologically-important 
nutrients  were  retained  within  the  estuary.  Amelio- 
ration of  storm-water  quality  was  attributed  to 
sedimentation,  biological  uptake,  and  geochemical 
processes.  Old  Woman  Creek  Estuary  acted  as  a 
chemical  processor  and  filter  of  storm-water  flow 
and,  therefore,  demonstrates  functional  similarity 
to  brackish-water  estuaries.  (Author's  abstract) 
W90-04078 


LAKE  ACIDIFICATION  IN  NORWAY- 
PRESENT  AND  PREDICTED   FISH  STATUS. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

A.  Henriksen,  L.  Lien,  B.  O.  Rosseland,  T.  Traaen, 

and  I.  S.  Sevaldrud. 

AMBIO  AMBOCX,  Vol.   18,  No.  6,  p  314-321 

1989.  7  fig,  2  tab,  26  ref. 

Descriptors:  'Acid  rain,  'Water  pollution  effects, 
•Lakes,  'Norway,  'Acidic  water,  Chemical  prop- 
erties, Fish  populations,  Sulfates,  Nitrates,  Hydro- 
gen ion  concentration,  Aluminum,  Surveys. 

The  Thousand  Lake  Survey  was  conducted  in 
Norway  in  the  autumn  of  1986  to  determine  both 
the  chemical  and  the  fish  status  of  lakes  in  areas 
sensitive  to  acidic  deposition.  The  survey  was  also 
designed  to  detect  possible  changes  in  water  qual- 
ity and  fish  status  as  a  follow-up  to  the  extensive 
regional  surveys  that  were  conducted  in  1974-1975. 
Lakes  and  watersheds  in  widespread  areas  of 
southern  Norway  are  affected  by  acidic  precipita- 
tion. The  greatest  loss  of  fish  populations  is  to  be 
found  in  southernmost  Norway.  The  number  of 
barren   lakes   in   southernmost   and   southwestern 
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Norway  has  doubled  since  1971-1975.  The  chemi- 
cal changes  in  these  lakes  are  characterized  by  a 
decrease  in  calcium  and  sulfate  and  an  increase  in 
aluminum  and  nitrate  concentrations.  There  has 
been  little  change  in  pH  levels.  The  total  land  area 
affected  by  acidification  has  increased  from  33,000 
square  km  in  1974-1979  to  36,000  square  km  in 
1986.  In  1986,  over  18,000  square  km  were  almost 
totally  damaged  compared  to  13,000  square  km  in 
1974-1979.  The  greatest  increase  was  registered  in 
eastern  Norway.  At  present,  52%  of  the  lakes 
surveyed  are  endangered.  An  empirical  model  pre- 
dicts that  a  30%  reduction  in  loadings  of  sulfur 
compounds  would  lead  to  the  recovery  of  28%  of 
these.  A  further  reduction  of  50%  would  ensure 
viable  conditions  for  fish  in  40%  of  these  lakes. 
These  prognoses  assume  that  of  nitrate  and  humic 
compounds  in  these  lakes  remains  constant.  A  fur- 
ther increase  in  nitrate  c.  -centrations  might  coun- 
teract effects  of  reduced  sulfur  deposition.  (Au- 
thor's abstract) 
W90-04080 

DEPENDENCE  OF  THE  RESPIRATION  RATE 
UPON  OXYGEN  CONCENTRATION  IN 
WATER  FOR  SOME  RHEOPfflLOUS 
MAYFLY  LARVAE  (EPHEMEROPTERA). 

Akademiya  Nauk  SSSR,  Leningrad.  Zoologiches- 

kiilnst. 

S.  M.  Golubkov,  and  T.  M.  Tiunova. 

Aquatic  Insects  AQINDQ,  Vol.  11,  No.  3,  p  147- 

151,  1989.  1  fig,  1  tab,  lOref. 

Descriptors:  *Aquatic  insects,  'Mayflies,  ♦Respira- 
tion, 'Oxygen  requirements,  *USSR,  Drunella, 
Cincticostella,  Ecdyonurus,  Siphlonrus,  Ameletus. 

The  respiration  rate  of  five  species  of  mayfly 
larvae  from  the  Soviet  Far  East  (Drunella  acrulea 
Allen,  Cincticostella  levanidovae  Tshernova,  Ec- 
dyonurus dracon  Kluge,  Siphlonrus  lacustris 
Eaton,  Ameletus  cedrensis  Sinitshenkova)  was 
measured  in  a  closed  respirometer  and  plotted 
against  oxygen  concentration.  Most  of  the  mayfly 
larvae  studied  proved  to  tolerate  rather  low 
oxygen  concentrations  in  the  water.  They  are  able 
to  maintain  a  constant  respiration  rate  over  a  rela- 
tively wide  range  of  oxygen  concentrations.  In  the 
Kedrovaya  River,  these  larvae  inhabit  biotopes 
with  low  streamflow,  e.g.,  below  stones  in  margin- 
al river  areas.  Ameletus  cedrensis  is  the  only  spe- 
cies studied  where  respiration  rate  drops  over  the 
entire  range  of  oxygen  concentrations  studied.  Ap- 
parently, this  species  cannot  maintain  a  constant 
respiration  rate  as  oxygen  concentration  declines 
because  in  connection  with  adaptations  to  rapid 
swimming,  its  gill  apparatus  has  been  reduced  in 
size  and  efficiency.  Evidently,  this  species  should 
then  be  more  oxyphilic  than  the  others.  (Author's 
abstract) 
W90-04084 

FACTORS  AFFECTING  ESTUARINE  MEIO- 
BENTHIC  ASSEMBLAGE  STRUCTURE:  A 
MULTIFACTORIAL  MICROCOSM  EXPERI- 
MENT. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
M.  C.  Austen. 

Journal  of  Experimental  Marine  Biology  and  Ecol- 
ogy JEMBAM,  Vol.  130,  No.  2,  p  167-187,  Sep- 
tember 21,  1989.  7  fig,  3  tab,  71  ref. 

Descriptors:  *Macroinvertebrates,  'Nematodes, 
•Copepods,  *Salinity,  *Estuarine  environment, 
Statistical  analysis,  Species  diversity,  Nutrient  re- 
quirements. 

A  multifactorial  microcosm  experiment  incorporat- 
ing one  artificial  and  three  natural  estuarine  meio- 
fauna  assemblages,  three  salinity  levels  and  two 
feeding  regimes  was  maintained  for  48  weeks. 
Main  factor  and  interaction  effects  on  meiofaunal 
assemblage  structure  were  assessed  at  the  end  of 
the  experiment  using  multivariate  (multidimen- 
sional scaling  ordination)  and  univariate  (factorial 
ANOVA)  statistical  techniques.  Nematodes  and 
harpacticoid  copepods  exhibited  different  re- 
sponses to  the  treatments.  Both  multivariate  and 
univariate  methods  revealed  the  same  main  factor 
effects  on  assemblage  structure  of  each  taxon  but 


not  the  same  interaction  effects.  Salinity  strongly 
affected  both  taxa.  The  feeding  regime  (light  and 
dark  treatments  to  promote  differential  growth  of 
diatoms  and  bacteria)  affected  copepod,  but  not 
nematode,  assemblage  structure.  Interaction  effects 
of  feeding  regime  and  salinity  were  observed  for 
both  taxa.  For  nematodes,  initial  assemblage  struc- 
ture affected  final  assemblage  structure  at  higher 
salinities  only  and  it  did  not  affect  copepod  assem- 
blages at  all.  Copepods  appear  to  be  less  flexible  in 
their  nutritional  requirements  than  nematodes  and 
this  is  reflected  by  a  tendency  for  copepod  species 
assemblages  in  microcosms  to  become  highly 
dominated.  Among  the  nematodes,  opportunistic 
nonselective  deposit  feeders  and  omnivores  were 
dominant  at  the  lowest  salinity,  while  selective 
feeders  and  epigrowth  feeders  were  predominant 
at  higher  salinities.  In  the  absence  of  severe  osmot- 
ic and  physical  disturbance  stress,  there  appear  to 
be  surprisingly  deterministic  mechanisms  involved 
in  the  maintenance  and  development  of  nematode 
assemblage  structure.  (Author's  abstract) 
W9O-O4097 

BTVALVE  SUSPENSION-FEEDING  DYNAM- 
ICS AND  BENTHIC-PELAGIC  COUPLING  IN 
AN  EUTROPHICATED  MARINE  BAY. 

Goeteborg  Univ.  (Sweden).  Dept.  of  Zoology. 
L.  O.  Loo,  and  R.  Rosenberg. 
Journal  of  Experimental  Marine  Biology  and  Ecol- 
ogy JEMBAM,  Vol.  130,  No.  3,  p  253-276,  Octo- 
ber 12,  1989.  8  fig,  11  tab,  50  ref. 


Descriptors:  *Benthic  fauna,  *Eutrophication, 
•Mollusks,  'Feeding  rates,  *Aquatic  productivity, 
•Bays,  'Sweden,  Nitrogen  compounds,  Seasonal 
variation. 

The  open  exposed  Laholm  Bay  in  the  Kattagat 
(Sweden)  is  eutrophicated  through  riverine  input, 
mainly  by  nitrogen.  The  benthic  macrofauna  down 
to  10  m  depth  (60  square  km)  is  dominated  by  the 
suspension-feeding   bivalves   Cardium   edule   and 
Mya  arenaria.  To  estimate  the  seasonal  and  annual 
consumption  of  seston  by  the  suspension-feeders  in 
Laholm  Bay,  three  sets  of  observations  were  car- 
ried out.  (1)  The  abundance  and  biomass  of  the 
macrofauna  in  this  depth  interval  were  assessed 
along  eight  transects.  (2)  The  secondary  produc- 
tion of  the  two  bivalves  was  estimated  over  a  10- 
month  period  in  two  sampling  squares.  (3)  The 
filtration  rate  of  C.  edule  was  determined  in  natural 
seawater  in  laboratory  experiments  during  differ- 
ent seasons.  The  bivalves  can  in  theory  filter  all  of 
the  water  volume  down  to  10  m  in  3  days  and, 
thus,  make  a  significant  impact  on  the  phytoplank- 
ton  concentration.   In  the  study,  however,  they 
filtered  only  approximately  half  of  their  potential 
feeding  capacity,  perhaps  because  food  availability 
was  low  due  to  low  turnover  close  to  the  bottom 
or  due  to  physical  disturbance.  The  majority  of  the 
phytoplankton  is  exported  from  the  bay.  Bivalve 
abundance,  biomass,  production  and  growth  rate 
were  moderate  and  generally  lower  than  in  adja- 
cent areas  to  the  north.  In  autumn,  the  bivalves 
consumed  more  than  90%  of  the  seston  in  compari- 
son    with     net-zooplankton     consumption.     An 
energy-flow  diagram  for  the  bivalves  is  presented 
including  estimates  of  bivalve  nitrogen  excretion 
and  biodeposition.  (Author's  abstract) 
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MICROZOOPLANKTON  GRAZING  ON  PHY- 
TOPLANKTON IN  THE  RHODE  RIVER, 
MARYLAND:  NONLINEAR  FEEDING  KINET- 
ICS. .      _ 

Smithsonian     Environmental     Research     Center, 

Edgewater,  MD. 

C.  L.  Gallegos. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

57,  No.  1,  p  23-33,  September  15,  1989.  6  fig,  4  tab, 

26  ref. 

Descriptors:  'Feeding  rates,  'Phytoplankton, 
•Zooplankton,  Plankton,  Food  chains,  Chloro- 
phyll, Rhode  River,  Maryland,  Growth  rates. 

The  dilution  technique  estimates  microzooplankton 
grazing  on  phytoplankton  by  reducing  encounter 
rates  between  the  microzooplankton  predators  and 
their  phytoplankton  prey.  The  technique  was  ex- 


tended to  the  case  in  which  grazing  is  a  nonlinear 
function  of  phytoplankton  concentration.  By  al- 
lowing microzooplankton  clearance  rates  to  vary 
between,  but  not  within,  dilution  fractions,  and 
assuming  microzooplankton  density  remains  con- 
stant, it  was  shown  that  the  grazing  impact  on 
apparent  phytoplankton  growth  rate  bears  a  simple 
relationship  to  the  functional  response  of  the  mi- 
crozooplankton. Experiments  in  the  Rhode  River, 
Maryland  demonstrated  saturated  feeding  kinetics. 
Half-saturation  chlorophyll  concentrations  oc- 
curred within  a  relatively  small  fraction  (0.1  to  0.2) 
of  initial  concentrations,  despite  a  4-fold  range  in 
the  latter,  suggesting  tight  coupling  between  mi- 
crozooplankton communities  and  their  phytoplank- 
ton prey.  Simulations  with  time-dependent  equa- 
tions coupling  phytoplankton  and  microzooplank- 
ton growth  laws  indicated  that  inferences  about 
the  shape  of  the  microzooplankton  functional  re- 
sponse from  measurements  of  phytoplankton  ap- 
parent growth  rate  are  insensitive  to  change  in 
microzooplankton  density  and  to  changes  in  clear- 
ance rates  along  the  functional  response.  However, 
estimates  of  specific  grazing  coefficient  are  very 
sensitive  to  these  changes.  Equations  were  solved 
for  the  case  when  the  specific  ingestion  rate  of  the 
microzooplankton  is  food-saturated.  The  solution 
allows  for  proper  estimation  of  grazing  coefficient 
in  eutrophic  systems  whenever  microzooplankton 
growth  rate  is  observed.  (Author's  abstract) 
W90-04113 

PHOSPHATE  ADSORPTION  BY  DIFFERENT 
SEDIMENT  FRACTIONS  IN  LAKE  BALATON 
AND  ITS  PROTECTING  RESERVOIRS. 

Balatoni    Limnologiai    Kutato    Intezete,    Tihany 

(Hungary). 

V.  Istvanovics,  S.  Herodek,  and  F.  Szuagyi. 

Water  Research  WATRAG,  Vol.  23,  No.  11,  p 

1357-1366,  November  1989.  4  fig,  10  tab,  39  ref. 

Descriptors:  'Eutrophication,  'Path  of  pollutants, 
•Hungary,  'Lake  sediments,  'Reservoirs,  'Phos- 
phates, Langmuir  isotherm,  Adsorption,  Satura- 
tion, Calcite,  Primary  productivity,  Lake  Balaton, 
Sediment  chemistry. 

Adsorption  of  phosphate  by  sediments  could  be 
described  by  the  Langmuir  isotherm.  The  adsorp- 
tion capacity  of  the  sediments  increased  with  their 
NaOH-extractable  iron  content,  and  the  energy  of 
adsorption  was  proportional  to  their  calcite  con- 
tent. Increasing  phosphate  saturation  of  the  sedi- 
ments could  be  demonstrated  near  the  inlet  of  the 
Zala  River  into  the  Kis-Balaton  reservoir,  as  a 
result  of  high  external  loading.  Phosphate  satura- 
tion of  the  sediments  remained  similar  in  the  hyper- 
trophic and  mesotrophic  basins  of  Lake  Balaton. 
This  was  explained  by  the  continuous  renewal  of 
calcite,  the  main  phosphate  sorbent  in  this  calcare- 
ous lake.  A  comparison  of  the  interstitial  soluble 
reactive  phosphorus  concentration  and  the  adsorp- 
tion/desorption  concentration  limit,  derived  from 
the  Langmuir  isotherm,  indicated  that  sorption  is 
of  major  importance  in  regulation  of  the  interstitial 
phosphate  concentration.  In  Lake  Balaton  desorp- 
tion  occurs  whenever  the  sediments  are  resuspend- 
ed;  adsorption  takes  place  only  in  the  sediments.  In 
the  two  reservoirs,  adsorption  and  biotic  uptake 
are  equally  important  in  the  removal  of  phosphate 
from  the  water,  depending  on  the  actual  loading 
and  primary  production.  (Author's  abstract) 
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TESTING  FOR  TREND  IN  LAKE  AND 
GROUND  WATER  QUALITY  TIME  SERIES. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Statis- 
tics. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-04167 

ESTIMATION  OF  RECHARGE  FROM  A  RES- 
ERVOTR  USING  TWO  WATER  BUDGET 
MODELS. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 
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ESTIMATING  A  CARBON/CHLOROPHYLL 
RATIO  IN  NANNOPLANKTON  (CRETEIL 
LAKE,  S-E  PARIS,  FRANCE). 

Ecole  Nonnale  Superieure,  Paris  (France).  Lab. 

d'Ecologie. 

J.  Gamier,  P.  Blanc,  and  D.  Benest. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

4,  p  751-754,  August  1989.   1  fig,  2  tab,  27  ref. 

Descriptors:  •Phytoplankton,  •Lakes,  *France, 
•Chlorophyll,  Biomass,  Carbon,  Zooplankton, 
Growth,  Statistical  analysis. 

The  phytoplankton  biomass  of  the  Creteil  Lake 
was  characterized  through  47  paired  measurements 
of  particulate  organic  carbon  and  chlorophyll. 
When  determining  the  transfers  of  organic  carbon 
in  the  lake,  the  need  to  convert  the  phytoplankton 
biomass  into  carbon  units  led  to  the  estimation  of  a 
carbon  to  chlorophyll  ratio  using  regression  analy- 
ses. An  average  C:Chl  ratio  of  80  was  found  for 
Creteil  Lake.  C:Chl  has  been  found  to  be  highly 
variable  but  the  value  commonly  used  is  C:Chl  = 
40.  In  Creteil  Lake,  the  high  C:Chl  value  is  due  to 
the  nannoplankton  that  dominate  the  lake.  One 
factor  that  affects  this  ratio  is  zooplankton  grazing 
that  results  in  a  loss  of  small  phytoplankton  species 
that  are  frequently  dominant.  The  comparison  of 
the  turnover  rate  of  phytoplankton  carbon  with 
the  filtration  rate  of  zooplankton  is  indicative  of 
the  dynamics  of  phytoplankton  growth  and  remov- 
al. However,  no  general  conversion  factor  appar- 
ently exists  for  natural  populations;  thus,  more 
studies  may  be  necessary  for  a  better  knowledge  of 
the  carbon  budget  in  lakes.  (Author's  abstract) 
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ASSESSMENT  OF  SEDIMENT  PHOSPHORUS 
INACITVATION,  KEZAR  LAKE,  NEW  HAMP- 
SHIRE. 

New  Hampshire  Dept.  of  Environmental  Services, 

Concord. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-04182 


FLUVIAL    SEDIMENT    STORAGE    LN    WET- 
LANDS. 

East  Carolina  Univ.,   GreenvUle,   NC.   Dept.   of 

Geography  and  Planning. 

For  primary  bibliographic  entry  see  Field  2J. 
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DETECTING  BIOTIC  AND  HYDROGEOCHE- 
MICAL  PROCESSES  LN  LARGE  PEAT  BASINS 
WITH  LANDSAT  TM  IMAGERY. 

Minnesota  Univ.,  Minneapolis.  Limnological  Re- 
search Center. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-04195 


COMPARISON  OF  STREAMFLOW  GENERA- 
TION MODELS  FOR  RESERVOLR  CAPACTTY- 
YLELD  ANALYSIS. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04201 


EVALUATION  OF  INFLOW  TO  MIRROR 
LAKE,  NEW  HAMPSHIRE. 

Geological  Survey,  Lakewood,  CO. 
T.  C  Winter,  J.  S.  Eaton,  and  G.  E.  Likens. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
5,  p  991-1008,  October  1989.  10  fig,  3  tab,  14  ref. 

Descriptors:  *Surface-groundwater  relations,  *Hy- 
drologic  budget,  *New  Hampshire,  •Watersheds, 
•Runoff,  Unit-runoff  method,  Hubbard  Brook, 
Mirror  Lake. 

Measured  stream  discharge  plus  calculated  ground 
water  discharge  (total  measured  runoff)  were  com- 
pared with  runoff  calculated  by  the  unit-runoff 
method  for  the  two  largest  watersheds  of  Mirror 
Lake  for  1981-1983.  Runoff  calculated  by  the  unit- 
runoff  method,  using  Hubbard  Brook  watershed  3 
as  the  index  watershed,  was  greater  than  the  total 
measured  runoff  into  Mirror  Lake  during  periods 


of  high  flow  and  slightly  less  than  the  total  meas- 
ured runoff  into  Mirror  Lake  during  periods  of 
low  flow.  Annual  calculated  unit  runoff  was  17  to 
37  percent  greater  than  total  measured  runoff.  Dif- 
ferences in  monthly  runoff  are  far  greater,  ranging 
from  0  to  greater  than  100  percent.  For  high  flows 
the  calculated  unit  runoff  is  about  2  times  greater 
than  total  measured  runoff.  For  low  flows  the 
northwest  basin  of  Mirror  Lake  has  the  greatest 
ground  water  contribution  compared  to  the  other 
two  basins.  In  contrast,  Hubbard  Brook  watershed 
3  has  the  least  ground  water  contribution.  (Au- 
thor's abstract) 
W90-04203 


ROCK  ISLAND  DAM  SMOLT  MONITORING, 

1987. 

Public  Utility  District  No.   1  of  Chelan  County, 

Wenatchee,  WA.  Power  Operations  Dept. 

For  primary  bibliographic  entry  see  Field  81. 

W90-04220 


ECOLOGY  OF  ATLANTIC  WHITE  CEDAR 
WETLANDS:  A  COMMUNITY  PROFILE. 

Marine  Biological  Lab.,  Woods  Hole,  MA. 

A.  D.  Ladennan. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB90-103326. 

Price  codes:  A07  in  paper  copy,  A01  in  microfiche. 

Biological  Report  85(7.21),  July  1989.  114p,  40  fig. 

14  tab.  146  ref,  4  append. 

Descriptors:  *Ecology,  'Swamps,  *Conifers,  •Ec- 
ological effects,  •White  cedar,  *Cedar,  *Wetlands, 
•Ecosystems,  *Land  use,  Logging,  Wildlife  man- 
agement, Wildlife  habitats,  Peat  bogs,  Reforesta- 
tion, Drainage,  Cultivation,  Land  development. 

Atlantic  white  cedar  is  geographically  restricted  to 
freshwater  wetlands  in  a  narrow  band  along  the 
eastern  coastal  United  States  from  Maine  to  Missis- 
sippi. The  shallow,  dark,  generally  acid  peatland 
waters  are  low  in  nutrients  and  are  buffered  by 
complex  organic  acids.  Distinctive  biotic  assem- 
blages grow  under  conditions  too  extreme  for  the 
majority  of  temperate-dweUing  organisms.  In 
many  regions,  cedar  wetlands  are  refugia  for  spe- 
cies that  are  rare,  endangered,  or  threatened  local- 
ly or  nationally.  After  centuries  of  development 
the  landscape  has  been  so  changed  that  much  of 
the  tree's  original  habitat  is  destroyed.  Major  im- 
pacts include  improper  logging,  draining,  and  sub- 
strate alteration  for  agriculture,  and  commercial 
construction.  Stands  can  vigorously  regenerate  de- 
spite multiple  incursions.  With  appropriate  protec- 
tion and  aggressive  management  where  necessary, 
Atlantic  white  cedar  can  also  be  reintroduced  to 
many  former  cedar  sites.  (Author's  abstract) 
W90-04255 


1987  SAVANNAH  RIVER  CURSORY  SURVEYS. 

Academy  of  Natural  Sciences  of  Philadelphia,  PA. 

Div.  of  Environmental  Research. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  DE89-OO0464. 

Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 

Report  No.  88-10F,  July  18,  1988.  61p,  17  tab,  29 

ref. 

Descriptors:  *Water  quality  trends,  *Bioindicators, 
•Stream  biota,  •Ecosystems,  •Savannah  River, 
Seasonal  variation,  Fish,  Algae,  Species  diversity, 
Aquatic  plants,  Water  quality. 

The  1987  cursory  surveys  of  algae,  insect  and  fish 
communities  of  the  Savannah  River  in  the  vicinity 
of  the  Savannah  River  Plant  (SRP)  were  a  con- 
tinuation of  long-term  biomonitoring  studies  con- 
ducted on  the  river  since  1951.  The  1987  algae  and 
fish  studies  indicate  no  differences  in  water  quality 
among  stations,  or  in  comparison  with  recent 
years,  whereas  the  insect  study  found  evidence  of 
reduced  water  quality  in  1987  at  Station  1  above 
the  SRP  and  an  improvement  in  water  quality 
over-aU  in  this  research  of  the  river  in  recent  years. 
During  the  March/ April  collections,  daily  river 
flows  were  higher  and  more  unstable  than  river 
flows  encountered  during  the  July,  September  and 
December  collecting  periods,  thus  shallow  water 
habitat  areas  were  not  as  prevalent  during  the 


spring  survey  as  was  the  case  in  the  summer  and 
late  fall.  Lower  numbers  of  non-diatom  algae  and 
aquatic  macrophyte  species  were  found  during  the 
March/April  survey  throughout  the  study  are  than 
during  the  December  survey,  reflecting  both  the 
higher  river  flow  in  March/April  and  the  expected 
increase  in  aquatic  macrophyte  development  fol- 
lowing the  extended  summer  growth  period.  Tem- 
poral patterns  of  increasing  diversity  at  all  stations 
suggest  that  water  quality  conditions  throughout 
this  region  of  the  Savannah  River  have  improved. 
During  the  1987  fish  survey,  460  fish  specimens 
representing  26  species  were  collected.  The  rote- 
none  collections  of  1987  indicate  that  the  contin- 
ued presence  of  diverse  fish  communities  typical  of 
the  Savannah  River  at  all  stations.  Yearly  differ- 
ences noted  in  the  catch  success  of  certain  species 
seem  to  be  related  to  differences  in  water  level 
among  surveys,  although  the  abundance  of  several 
species  appears  to  have  declined  throughout  the 
study  area  in  recent  years.  (Lantz-PTT) 
W90-04268 


GEOMORPHIC    EVIDENCE    OF    FREQUENT 
AND  EXTREME  FLOODS. 

Wisconsin  Univ.-Madison.   Dept.   of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04322 


EUTROPHICATION  AND  LAKE  MANAGE- 
MENT. 

Maine  Univ.  at  Orono.  Land  and  Water  Resources 
Center. 

P.  D.  Uttormark. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  121-133,  2  tab,  13  ref. 

Descriptors:  *Lake  restoration,  *Model  studies, 
•Urban  hydrology,  *Water  pollution  control,  •Na- 
tional Lake  Restoration  Program,  *Eutrophication, 
•Lake  management,  Input-output  models,  Classifi- 
cation, Lake  classification,  Phosphorus,  Cycling 
nutrients. 

The  EPA  National  Lake  Restoration  Program 
aims  to  assist  states  in  classifying  public  lakes  ac- 
cording to  their  trophic  conditions,  setting  prior- 
ities for  restoration,  and  implementing  the  renewal 
process.  The  lake  renewal  techniques  can  be  divid- 
ed into  three  general  groups:  nutrient  inflow  re- 
duction, disruption  of  internal  nutrient  cycles,  and 
acceleration  of  nutrient  outflow.  The  usefulness  of 
two  sets  of  input/output  models  (I/O)  in  estimat- 
ing the  trophic  condition  of  lakes  and  in  describing 
the  changes  caused  by  implementation  of  the  three 
groups  of  lake  restoration  techniques  are  examined. 
Conclusions  concerning  these  models  can  be  sum- 
marized as  foUows:  (1)  the  two  sets  of  models  are 
basically  similar  and  use  a  steady-state  concentra- 
tion of  phosphorus  (P)  in  the  lake  as  an  indicator  of 
the  lake's  trophic  status.  The  models  are  restricted 
to  phosphorus-limited  lakes  and  assume  completely 
mixed  flow-through  reactors,  constant  influx  of  P, 
losses  in  P  occurring  through  the  outlet  and 
through  internal  losses  (sedimentation),  and  that 
net  internal  loss  is  directly  proportional  to  the 
amount  of  P  in  the  lake;  (2)  because  of  their 
limitations  and  simplifications,  the  I/O  models  can 
be  applied  only  to  the  evaluation  of  the  first  set  of 
restoration  strategies:  those  that  reduce  nutrient 
inflow.  Considering  that  the  second  set  of  strate- 
gies, disruption  of  internal  nutrient  cycles,  have 
been  the  most  commonly  used  in  EPA's  program 
(48  of  59  projects,  including  dredging  in  35  lakes), 
the  I/O  models  cannot  be  said  to  be  broadly  appli- 
cable to  the  planning  and  evaluation  of  lake  man- 
agement strategies;  and  (3)  input/output  models 
can  be  used  reliably  to  predict  the  general  trophic 
state  which  occurs  in  lakes  as  a  result  of  reductions 
in  phosphorus  input.  Data  from  23  lakes  experienc- 
ing reduction  of  nutrient  inputs  were  compiled  and 
the  models  were  evaluated  by  comparing  predicted 
and  reported  trophic  status  before  and  after  nutri- 
ent abatement.  The  1976  Vollenweider  model 
yielded  'accurate'  results  in  82%  of  the  cases;  two 
other  models  worked  somewhat  less  well-an  'ac- 
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curacy'  rate  of  70%.  (See  also  W90-04338)(Lantz- 

PTT) 

W90-04352 

PROTECTION  OF  LAKES  AND  WETLANDS. 

Rutgers  -  The  State  Univ.,  New  Brunswick,  NJ. 

Water  Resources  Research  Inst. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-04356 


CONSTRUCTED  WETLANDS  FOR 

WASTEWATER    TREATMENT:    MUNICIPAL, 
INDUSTRIAL  AND  AGRICULTURAL. 

For  primary  bibliographic  entry  see  Field   5D. 
W90-04392 


WETLAND  VEGETATION. 

Louisiana   State  Univ.,   Baton   Rouge.   Dept.   of 

Botany. 

For  primary  bibliographic   entry  see   Field   5L>. 

W90-04397 

WETLANDS  MICROBIOLOGY:  FORM,  FUNC- 
TION, PROCESSES. 

Istituto  di  Ricerca  sulle  Acque,  Rome  (Italy). 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04398 


WETLANDS         ECOSYSTEMS:         NATURAL 
WATER  PURD7IERS. 

Tennessee    Valley    Authority,    Knoxville.    Waste 

Technology  Program. 

For  primary  bibliographic  entry  see  Field   5L>. 

W90-04394 

HYDROLOGIC     FACTORS      IN      WETLAND 
WATER  TREATMENT. 

Michigan  Univ.,  Ann  Arbor.  Wetlands  Ecosystem 

Research  Group. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-O4395 

PHYSICAL  AND  CHEMICAL  CHARACTERIS- 
TICS OF  FRESHWATER  WETLAND  SODLS. 

Duke  Univ.,  Durham,  NC.  School  of  Forestry  and 
Environmental  Studies. 
S.  P.  Faulkner,  and  C.  J.  Richardson. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  41- 
72,  14  fig,  3  tab,  131  ref. 

Descriptors:  *Land  disposal,  »Wetlands,  •Soil- 
water-plant  relationships,  *Soil  chemistry,  Flood- 
ing, Swamps,  Riparian  land,  Cycling  nutrients,  Ox- 
idation-reduction potential,  Nutrient  removal, 
Wastewater  treatment.  Biological  wastewater 
treatment,  Water  pollution  control,  Nitrogen,  Sul- 
fates, Iron,  Aluminum,  Manganese,  Hydrogen  ion 
concentration,  Anaerobic  conditions,  Saturated 
soils,  Acid  mine  drainage. 

Wetland  soils  are  dominated  by  anaerobic  condi- 
tions induced  by  soil  saturation  and  flooding. 
Freshwater  wetland  soils  can  be  distinguished  gen- 
erally from  upland,  non-wetland  soils  by  two  inter- 
related characteristics:  (1)  an  abundance  of  water 
and  (2)  accumulation  of  organic  matter.  Excess 
water  causes  many  physical  and  chemical  changes 
in  soils,  and  wetland  hydrologic  regimes  can  range 
from  nearly  continuous  saturation  (swamps)  to  in- 
frequent, short-duration  flooding  (riparian  sys- 
tems). The  most  significant  result  of  flooding  is  the 
isolation  of  the  soil  system  from  atmospheric 
oxygen,  which  leads  to  a  change  from  aerobic  and 
oxidizing  to  anaerobic  and  reducing  conditions  and 
processes.  The  chemical  and  physical  parameters 
of  wetland  soils  as  they  relate  to  the  construction 
of  wetlands  for  wastewater  treatment  are  re- 
viewed, including:  general  soil  physical  and  chemi- 
cal properties;  wetland  soil  chemical  processes  (ox- 
idation-reduction potential  in  response  to  flooding, 
Eh/pH  relations);  wetland  ecosystem  processes 
and  removal/retention  mechanisms;  and  nutrient 
pools,  transformations,  and  cycles  (N,  P,  S,  and  Fe 
and  Mn  in  mine  drainage).  To  enhance  transforma- 
tion and  storage,  understanding  of  biogeochemical 
cycling  in  natural  wetlands  needs  to  be  improved. 
Examples  of  the  specific  actions  needed  include: 

(1)  for  N  removal,  enhancement  of  denitrification 
by  alternating  oxidizing  and  reducing  conditions; 

(2)  for  P  removal,  maintaining  contact  with  soils 
high  in  Ca  or  oxalate-extractable  (amorphous)  Fe 
and  Al;  (3)  for  sulfate  removal,  the  maintenance  of 
permanent  reducing  conditions  to  permit  sulfate 
reduction  and  S  incorporation  into  sediments;  and 
(4)  for  Fe  and  Mn  removal  from  acid  mine  drain- 
age, data  are  insufficient  to  develop  hard  and  fast 
guidelines.  (See  also  W90-O4392)  (Rochester-PTT) 
W9O-04396 


WETLANDS:  THE  LD7EBLOOD  OF  WILD- 
LIFE 

National   Wildlife  Federation,   Washington,   DC. 
Fisheries  and  Wildlife  Div. 
J.  S.  Feierabend. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  107- 
118,  12  ref. 

Descriptors:  'Wildlife  habitats,  *Aquatic  habitats, 
♦Wetlands,  ♦Limnology,  *Land  disposal, 
♦Wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Animals,  Ecosystems. 

Wetlands  and  their  role  as  wildlife  habitat  is  re- 
viewed, and  the  potential  role  of  constructed  wet- 
lands as  wildlife  habitat  is  discussed.  Topics  in- 
clude: the  importance  of  wetlands  as  wildlife  habi- 
tat; types  of  wildlife  found  in  wetlands  (inverte- 
brates, amphibians,  fish,  reptiles,  birds,  and  mam- 
mals); threatened  and  endangered  wildlife  in  wet- 
lands; issues  and  research  needs  related  to  con- 
structed (wastewater  treatment)  wetlands  as  wild- 
life habitat;  and  constructed  wetlands  to  augment 
the  nation's  wetlands  base.  Wetlands  constructed 
for  wastewater  treatment  can  yield  benefits  beyond 
simply  discharging  water  that  meets  water  quality 
standards.    Among    the   benefits    that    could    be 
achieved  with  appropriate  choice  of  design  ele- 
ments are:  contributing  to  groundwater  recharge 
or  moderation  of  storm  surges,  providing  food  and 
cover  for  wildlife,  providing  transition  zones  to 
uplands,   and  yielding  recreational  benefits.   Re- 
search is  needed  to  ensure  that  using  constructed 
wetlands  for  wildlife  does  not  create  a  short-or 
long-term  hazard  for  the  wildlife  that  uses  the 
wetland.  Another  important  issue  is  designing  in 
appropriate  fluctuations  in  conditions  to  properly 
replicate  natural  wetlands  without  losing  the  abili- 
ty to  properly  treat  wastewater.  Constructed  wet- 
lands are  never  likely  to  make  a  significant  contri- 
bution toward  replacement  of  the  nation's  lost 
wetlands  on  an  areal  basis.  However,  they  can  be 
significant  in  increasing  local  wetlands  and  creat- 
ing wetlands  where  none  had  existed  previously. 
These  activities  benefit  local  wildlife  populations 
by  enhancing  habitat  richness  in  areas  lacking  wet- 
lands. (See  also  W90-O4392)  (Rochester-PTT) 
W90-04399 

CONSTRUCTED  FREE  SURFACE  WETLANDS 
TO  TREAT  AND  RECEIVE  WASTEWATER: 
PHOT  PROJECT  TO  FULL  SCALE. 

Humboldt  State  Univ.,  Areata,  CA.  Dept.  of  Envi- 
ronmental Resources  Engineering. 
For  primary  bibliographic  entry  see  Field   5D. 
W90-04400 


Lakes — Group  2H 

Water  Research  Centre,  Stevenage  (England). 
For  primary  bibliographic   entry  see  Field   5D. 
W90-04403 


AQUATIC  PLANT/MICROBIAL  FILTERS  FOR 
TREATING  SEPTIC  TANK  EFFLUENT. 

National  Aeronautics  and  Space  Administration, 

Bay    Saint   Louis,   MS.    John   C.    Stennis   Space 

Center. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04404 

CREATION  AND  MANAGEMENT  OF  WET- 
LANDS USING  MUNICIPAL  WASTEWATER 
IN      NORTHERN      ARIZONA:      A      STATUS 

RFPORT 

Apache-Sitgreaves    National    Forests,    Lakeside, 

AZ. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04405 

LAND  TREATMENT  OF  MUNICIPAL 
WASTEWATER  ON  MISSISSIPPI  SANDHILL 
CRANE  NATIONAL  WILDLIFE  REFUGE  FOR 
WETLANDS/CRANE  HABITAT  ENHANCE- 
MENT: A  STATUS  REPORT. 
Mississippi  Sandhill  Crane  National  Wildlife 
Refuge,  Gautier. 

For  primary  bibliographic  entry  see  Held  MJ. 
W90-04406 

WASTE  TREATMENT  FOR  CONFINED 
SWTNE  WITH  AN  INTEGRATED  ARTIFICIAL 
WETLAND  AND  AQUACULTURE  SYSTEM. 

National  Fertilizer  Development  Center,  Muscle 

Shoals,  AL. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04407 


ISELIN  MARSH  POND  MEADOW. 

Indiana  Univ.  of  Pennsylvania. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04401 


INTEGRATED  WASTEWATER  TREATMENT 
USING  ARTD7ICIAL  WETLANDS:  A  GRAVEL 
MARSH  CASE  STUDY. 

San  Diego  State  Univ.,  CA.  Graduate  School  of 

Public  Health. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04402 


SEWAGE  TREATMENT  BY  REED  BED  SYS- 
TEMS: THE  PRESENT  SITUATION  IN  THE 
UNITED  KINGDOM. 


TREATMENT  OF  ACID  DRAINAGE  WITH  A 
CONSTRUCTED  WETLAND  AT  THE  TENNES- 
SEE VALLEY  AUTHORITY  950  COAL  MINE. 

Tennessee  Valley  Authority,  Chattanooga.  Div.  of 

Power  System  Operations. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04408 

CONSTRUCTED  WETLANDS  FOR  TREAT- 
MENT OF  ASH  POND  SEEPAGE. 

Tennessee  Valley  Authority,  Chattanooga.  Div.  of 

Power  System  Operations. 

For  primary  bibliographic  entry   see  Field   5D. 

W90-044O9 

USE  OF  WETLANDS  FOR  TREATMENT  OF 
ENVIRONMENTAL  PROBLEMS  ES  MINING: 
NON-COAL-MINING  APPLICATIONS. 

Colorado    School   of  Mines,    Golden.    Dept.    of 

Chemistry  and  Geochemistry. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04410 


CONSTRUCTED  WETLANDS  FOR 

WASTEWATER  TREATMENT  AT  AMOCO  ODL 
COMPANY'S  MANDAN,  NORTH  DAKOTA  RE- 
FINERY. 

Amoco  Oil  Refinery,  Mandan,  ND. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04411 

UTIXIZATION  OF  ARTIFICIAL  MARSHES 
FOR  TREATMENT  OF  PULP  MILL  EF- 
FLUENTS 

Weyerhaeuser    Co.,    Tacoma,    WA.    Technology 

Center.  , 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04412 


! 


USE  OF  ARTD7ICIAL  WETLANDS  FOR 
TREATMENT  OF  MUNICIPAL  SOLED  WASTE 
LANDFTLL  LEACHATE. 

Cornell  Univ.,  Ithaca,  NY.  Center  for  Environ- 
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mental  Research. 

For  primary   bibliographic   entry  see   Field   5D. 

W90-04413 


USE  OF  WETLANDS  FOR  URBAN  STORM- 
WATER  MANAGEMENT. 

Florida  State  Dept.  of  Environmental  Regulation, 

Tallahassee. 

For  primary  bibliographic   entry  see  Field   5G. 


USE  OF  WETLANDS  FOR  MUNICIPAL 
WASTEWATER  TREATMENT  AND  DISPOS- 
AL: REGULATORY  ISSUES  AND  EPA  POLI- 
CIES. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Municipal  Pollution  Control. 

For  primary  bibliographic  entry  see  Field   5G. 


STATES'  ACnvmES,  ATTITUDES  AND 
POLICBES  CONCERNING  CONSTRUCTED 
WETLANDS  FOR  WASTEWATER  TREAT- 
MENT. 

Tennessee  Div.  of  Water  Pollution  Control,  Nash- 
ville. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-O4416 


HUMAN  PERCEPTION  OF  UTILIZATION  OF 
WETLANDS  FOR  WASTE  ASSIMILATION,  OR 
HOW  DO  YOU  MAKE  A  SDLK  PURSE  OUT  OF 
A  SOWS  EAR. 

State  Univ.  of  New  York,  Syracuse.  Coll.  of  Envi- 
ronmental Science  and  Forestry. 
For  primary  bibliographic  entry  see  Field  6B. 
W90-04417 


PRELIMINARY  CONSIDERATIONS  REGARD- 
ING  CONSTRUCTED      WETLANDS      FOR 

WASTEWATER  TREATMENT. 

Office  of  Surface  Mining  Reclamation  and  En- 
forcement (DI),  Pittsburgh,  PA.  Eastern  Field  Op- 
erations. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04418 


W90-04423 


HYDRAULIC  DESIGN  CONSIDERATIONS 
AND  CONTROL  STRUCTURES  FOR  CON- 
STRUCTED WETLANDS  FOR  WASTEWATER 
TREATMENT. 

Tennessee  Valley  Authority,  Chattanooga.  Water 

Quality  Dept. 

For  primary  bibliographic  entry  see   Field   5D. 

W90-04424 


CALIFORNIA'S  EXPERTENCE  WITH  MOS- 
QUITOES IN  AQUATIC  WASTEWATER 
TREATMENT  SYSTEMS. 

California  State  Water  Resources  Control  Board, 

Sacramento. 

For   primary   bibliographic   entry   see   Field    5D. 

W90-04425 


CONSTRUCTING  THE  WASTEWATER 
TREATMENT  WETLAND:  SOME  FACTORS 
TO  CONSIDER. 

Tohoku  Univ.,  Sendai  (Japan).  Biological  Inst. 
For  primary  bibliographic  entry  see  Field   5D. 
W90-04426 


CONSIDERATIONS  AND  TECHNIQUES  FOR 
VEGETATION  ESTABLISHMENT  IN  CON- 
STRUCTED WETLANDS. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

For  primary  bibliographic  entry  see  Field   5D. 

W9O-04427 


OPERATIONS  OPTIMIZATION. 

CH2M  Hill,  Inc.,  Portland,  OR. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04428 


PATHOGEN   REMOVAL   IN   CONSTRUCTED 
WETLANDS. 

San  Diego  State  Univ.,  CA.  Graduate  School  of 

Public  Health. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04429 


when  a  temperature  increase  in  a  compartment 
causes  a  net  flow  of  gas  to  another  compartment  as 
the  system  seeks  a  steady  state.  The  resulting 
higher  pressure  in  the  warmer  compartment  can  be 
used  to  initiate  a  flow  of  gas  through  an  additional 
channel  back  to  the  cooler  compartment.  Aquatic 
plants  with  floating  leaves,  as  well  as  alder  (Alnus 
glutinosa)  are  capable  of  generating  a  circulating 
gas  flow  by  TO.  Plants  in  which  TO  has  been 
measured  include  Nuphar  luteum  (yellow  water 
lily),  Nymphoides  peltata  (fringed  water  lily),  Ne- 
lumbo  nucifera  (sacred  lotus),  Victoria  amazonica 
(Amazon  water  lily),  and  alder.  The  ecological 
significance  of  gas  transport  by  TO  for  plant  inhab- 
iting aqueous  environments  lies  in  the  increase  in 
supply  of  oxygen  to  the  root  and  rhizome  apices. 
In  addition  to  supporting  the  metabolism  of  roots, 
this  gas  transport  may  benefit  the  surrounding  sedi- 
mentary environment  by  enriching  the  rhizosphere 
with  oxygen.  Oxygen  diffusion  from  roots  into  the 
sediment  is  suggested  by  the  deposits  of  Fe(3+) 
hydroxide  often  observed  near  the  root  surface. 
Gas  bubbles  containing  1-6  volume  percent  02 
observed  at  the  roots  of  alder  trees  under  ther- 
moosmotic  conditions  indicate  that  a  flow  of  gas 
out  of  the  roots  occurs.  About  14-21  micromol  02/ 
hr  exits  the  root  system  of  1-yr-old  alder  at  5  C; 
this  flow  declines  to  0-3  micromol  02/hr  when  gas 
transport  to  the  roots  is  stopped.  Gas  transport  by 
TO  will  enhance  the  formation  of  oxygenated 
zones  in  sediments  of  deeper  lakes  or  water  clear- 
ing ponds  used  for  water  purification.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04432 


NITRIFICATION  AND  DENITRDTICATION  AT 
ISELIN  MARSH/POND/MEADOW  FACILITY. 

Moon  Township  Municipal  Authority,  Coraopolis, 

PA. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04433 


DENTTRTFICATION    IN    ARTTFICIAL    WET- 
LANDS. 

Kernforschungsanlage  Juelich  G.m.b.H.  (Germa- 
ny, F.R.).  Inst,  fuer  Biotechnologie. 
For  primary  bibliographic  entry  see  Field   5D. 
W90-O4434 


SELECTION  AND  EVALUATION  OF  SITES 
FOR  CONSTRUCTED  WASTEWATER  TREAT- 
MENT WETLANDS. 

Tennessee  Valley  Authority,  Chattanooga.  Div.  of 

Power  System  Operations. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04419 


PERFORMANCE  EXPECTATIONS  AND 
LOADING  RATES  FOR  CONSTRUCTED  WET- 
LANDS. 

Tennessee  Valley  Authority,  Chattanooga.  Water 

Quality  Dept. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04420 


ANCTLLARY  BENEFITS  OF  WETLANDS  CON- 
STRUCTED PRIMARILY  FOR  WASTEWATER 
TREATMENT. 

Western  Illinois  Univ.,  Macomb.  Inst  for  Environ- 
mental Management 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04421 


OVERVTEW  FROM  DUCKS  UNLIMITED,  rNC. 

Ducks    Unlimited,    Inc.,    Bismarck,    ND.    Great 

Plains  Regional  Office. 

For  primary  bibliographic   entry   see   Field   5D. 

W90-04422 


CONFIGURATION  AND  SUBSTRATE  DESIGN 
CONSIDERATIONS  FOR  CONSTRUCTED 
WETLANDS  WASTEWATER  TREATMENT. 

Tennessee  Valley  Authority,  Chattanooga.  Water 

Quality  Dept 

For  primary  bibliographic  entry  see  Field   5D. 


MONITORING     OF     CONSTRUCTED     WET- 
LANDS FOR  WASTEWATER. 

Environmental  Protection  Agency,  Athens,  GA. 

Environmental  Services  Div. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04430 


DECOMPOSITION   IN   WASTEWATER   WET- 
LANDS. 

Michigan  Univ.,  Ann  Arbor.  Wetlands  Ecosystem 

Research  Group. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04431 


THERMOOSMOTIC  ATR  TRANSPORT  EN 
AQUATIC  PLANTS  AFFECTING  GROWTH  AC- 
TrvnTES  AND  OXYGEN  DIFFUSION  IN  WET- 
LAND SOTLS. 

Cologne  Univ.  (Germany,  F.R.).  Botanical  Inst. 
W.  Grosse. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  469- 
476,  5  fig,  12  ref. 

Descriptors:  'Wetlands,  *Limnology,  'Aquatic 
plants,  'Plant  physiology,  *Oxygen,  Diffusion, 
Thermoosmosis,  Plant  growth,  Mass  transport, 
Macrophytes,  Ecology,  Water  lilies,  Lake  sedi- 
ments, Oxygenation,  Aerobic  conditions. 

Many  wetland  species  are  cultivated  in  lakes  and 
constructed  ponds  as  ornamental  plants.  These 
plants  supply  their  rhizomes  and  roots  growing  in 
anoxic  sediments  of  the  lake  with  atmospheric 
oxygen  to  sustain  growth  activities  in  submerged 
organs.  Transport  of  oxygen  in  these  plants  is 
accomplished  by  thermoosmosis  (TO).  TO  occurs 


NITROGEN  REMOVAL  FROM  FRESHWATER 
WETLANDS:  NTTRinCATION-DENrrRIFICA- 
TION  COUPLING  POTENTIAL. 

Florida  Agricultural  and  Mechanical  Univ.,  Talla- 
hassee. Wetland  Ecology  Program. 
For  primary  bibliographic   entry  see  Field   5D. 

W90-04435 


RELATIVE  RADIAL  OXYGEN  LOSS  TN  FIVE 
WETLAND  PLANTS. 

Oak  Ridge  National  Lab.,  TN. 
S.  C.  Michaud,  and  C.  J.  Richardson. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  501- 
507,  1  fig,  2  tab,  17  ref. 

Descriptors:  *Oxygen  depletion,  *Limnology, 
•Wetlands,  *Plant  physiology,  'Aquatic  plants, 
Macrophytes,  Radial  oxygen  loss,  Rhizosphere, 
Cattails,  Burreed,  Spikerush,  Woolgrass,  Rushes, 
Wastewater  treatment  Biological  wastewater 
treatment,  Water  pollution  control.  Artificial  wet- 
lands, Hydrogen  sulfide. 

Oxygen  diffusion  to  root  tips  is  one  of  the  physio- 
logical characteristics  that  permit  wetland  species 
to  exist  in  flooded  conditions.  Diffuse  02  not  only 
supplies  the  roots  but  can  oxidize  the  surrounding 
soil;  the  process  has  been  termed  radial  oxygen  loss 
(ROL).  The  present  study  had  the  following  objec- 
tives: (1)  to  develop  a  method  to  test  for  the 
presence  of  02  diffusion  from  the  roots  of  plants; 
to  determine  species  differences  in  02  loss  to  sedi- 
ments; and  (3)  to  recommend  plant  species  for  use 
in  constructed  wetlands  to  maximize  02  concen- 
trations in  the  root  zone.  Plants  were  collected 
from  a  constructed  wastewater  treatment  wetland 
that  receives  effluent  from  a  slurry  pond.  After 
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cleaning,  the  plants  were  immersed  in  deoxygenat- 
ed  water  supplemented  with  H2S  to  reduce  the 
solution  Eh  below  -250  mV.  Indigo  carmine  dye  in 
the  deoxygenated  solution  was  used  to  indicate  the 
amount  of  oxygen  exiting  from  the  plant  roots  at  6, 
12  and  24  hr  (by  spectrophotometry  of  samples). 
Five  species  of  plants  were  studied:  cattail  (Typha 
latifolia);  burreed  (Sparganium  amencanum);  spi- 
kerush  (Eleocharis  quadrangulata);  woolgrass 
(Scirpus  cyperinus);  and  rush  (Juncus  effusus). 
Oxygen  output  varied  according  to  the  plant  spe- 
cies, indicating  that  similar  variations  could  occur 
in  the  soil  matrix.  Oxidation  of  toxic  metals  could 
be  optimized  by  selection  of  appropriate  plants. 
The  ROL  experiments  showed  the  following  order 
of  oxygen  output  (per  unit  biomass  basis):  cattail  > 
rush  >  burreed  >  spikerush  >  woolgrass.  How- 
ever individual  growth  characteristics,  such  as 
stand  density,  need  to  be  considered  when  compar- 
ing ROL  performance  as  a  management  tool.  (See 
also  W90-04392)  (Rochester-PTT) 
W90-04436 

POTENTIAL  IMPORTANCE  OF  SULFATE  RE- 
DUCTION PROCESSES  IN  WETLANDS  CON- 
STRUCTED TO  TREAT  MINE  DRAINAGE. 

Bureau  of  Mines,  Pittsburgh,  PA.  _ 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04437 

EVALUATION  OF  SPECIFIC  MICROBIOLO- 
GICAL ASSAYS  FOR  CONSTRUCTED  WET- 
LANDS WASTEWATER  TREATMENT  MAN- 
AGEMENT. 

Louisiana  State  Univ.,  Baton  Rouge.  Inst,  for  En- 
vironmental Studies. 

For  primary  bibliographic  entry  see  Field  3U. 
W90-04438 

SECONDARY  TREATMENT  OF  DOMESTIC 
WASTEWATER  USING  FLOATING  AND 
EMERGENT  MACROPHYTES. 

Reedy  Creek  Utilities  Co.,  Inc.,  Lake  Buena  Vista, 

FL 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04439 

AMPLIFICATION  OF  TOTAL  DRY  MATTER, 
NITROGEN  AND  PHOSPHORUS  REMOVAL 
FROM  STANDS  OF  PHRAGMJTES  AUSTRA- 
LIS  BY  HARVESTING  AND  REHARVESTTNG 
REGENERATED  SHOOTS. 
Tohoku  Univ.,  Sendai  (Japan).  Biological  Inst. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-04440 

AQUATIC  PLANT  CULTURE  FOR  WASTE 
TREATMENT  AND  RESOURCE  RECOVERY. 

National  Fertilizer  Development  Center,  Muscle 

Shoals,  AL. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04442 

BACTERIOLOGICAL  TESTS  FROM  THE  CON- 
STRUCTED WETLAND  OF  THE  BIG  FIVE 
TUNNEL,  H)AHO  SPRINGS,  COLORADO. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering  Ecology. 
For  primary  bibliographic  entry  see  Field   5D. 
W90-O4443 


MAN-MADE  WETLANDS  FOR  WASTEWATER 
TREATMENT:  TWO  CASE  STUDIES. 

Post,  Buckley,  Schuh  and  Jernigan,  Inc.,  Orlando, 

FL 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04446 

RESEARCH    TO    DEVELOP    ENGINEERING 

GUIDELINES    FOR    IMPLEMENTATION    OF 

CONSTRUCTED  WETLANDS  FOR 

WASTEWATER  TREATMENT  IN  SOUTHERN 

AFRICA. 

Steffen,  Robertson  and  Kirsten,  Inc.,  Johannesburg 

(South  Africa). 

For  primary  bibliographic  entry   see  Field   5L>. 

W90-04447 

CONSTRUCTED  WETLANDS:  DESIGN,  CON- 
STRUCTION AND  COSTS. 

Dames  and  Moore,  Boston,  MA. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04448 

WASTEWATER  TREATMENT/DISPOSAL  IN  A 
COMBINED  MARSH  AND  FOREST  SYSTEM 
PROVIDES  FOR  WTLDLD7E  HABITAT  AND 
RECREATIONAL  USE. 

James  Engineering,  Inc.,  El  Cerrito,  CA. 

For  primary  bibliographic  entry   see  Field   5D. 

W90-04449 

ROOT-ZONE  SYSTEM:  MANNERSDORF. 
NEW  RESULTS. 

Universitaet  fuer  Bodenkultur,  Vienna  (Austria). 

Inst,  fuer  Wasserwirtchaft. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-O445O 

CONSTRUCTED  WETLANDS  FOR  SECOND- 
ARY TREATMENT. 

Nolte  (George  S.)  and  Associates,  Sacramento, 

CA. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04451 

HYDRAULIC   CONSIDERATIONS   AND   THE 
DESIGN  OF  REED  BED  TREATMENT  SYS- 
TEMS- ^     ,      „ 
Water  Research  Centre,  Stevenage  (England). 
For  primary  bibliographic  entry   see  Field   5D. 
W90-O4452 

USE  OF  ARTIFICIAL  CATTATL  MARSHES  TO 
TREAT  SEWAGE  IN  NORTHERN  ONTARIO, 
CANADA.  .       „ 

Hanna  (J.E.)  Associates,  Inc.,  Pickering  (Ontario). 
For  primary  bibliographic  entry  see  Field  5D. 
W90-04453 

SOME  ANCILLARY  BENEFITS  OF  A  NATU- 
RAL LAND  TREATMENT  SYSTEM. 

Grand    Strand    Water    and    Sewer    Authority, 

Conway,  SC. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04454 


USE  OF  PERIPHYTON  FOR  NUTRIENT  RE- 
MOVAL FROM  WATERS. 

Vyzkumny      Ustav      Vodohspodarsky,      Prague 

(Czechoslovakia). 

For  primary  bibliographic  entry  see  Field  5U. 

W90-04444 

DANISH  EXPERIENCE  WITH  SEWAGE 
TREATMENT  IN  CONSTRUCTED  WET- 
LANDS. 

Aarhus  Univ.  (Denmark).  Botanical  Inst. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04445 


PERFORMANCE  OF  SOLID-MATRIX  WET- 
LAND SYSTEMS,  VIEWED  AS  FLXED-FELM 
BIOREACTORS. 

Hawkesbury  Agricultural  Coll.,  Richmond  (Aus- 
tralia). Faculty  of  Food  and  Environmental  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04455 


FATE  OF  MICROBIAL  INDICATORS  AND  VI- 
RUSES IN  A  FORESTED  WETLAND. 
East  Tennessee  State  Univ.,  Johnson  City.  Dept.  of 
Environmental  Health. 

For  primary  bibliographic  entry  see  Field   5D. 
W90-04456 


Lakes— Group  2H 

WASTEWATER  WETLANDS:  USER  FRIEND- 
LY MOSQUITO  HABITATS. 

Marin  Sonoma  Mosquito  Abatement  District,  Feta- 
luma,  CA.  ta.  ,.    ,_. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04457 

URBAN  RUNOFF  TREATMENT  IN  A  FRESH/ 
BRACKISH  WATER  MARSH  IN  FREMONT, 
CALIFORNIA.  " 

Association  of  Bay  Area  Governments,  Oakland, 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04459 

DESIGN  OF  WET  DETENTION  BASINS  AND 
CONSTRUCTED  WETLANDS  FOR  TREAT- 
MENT OF  STORMWATER  RUNOFF  FROM  A 
REGIONAL  SHOPPING  MALL  IN  MASSA- 
CHUSETTS. 

IEP,  Inc.,  Northborough,  MA. 
For  primary  bibliographic  entry  see  Field   5D. 
W90-04460 

CREATION  OF  WETLANDS  FOR  THE  IM- 
PROVEMENT OF  WATER  QUALITY:  A  PRO- 
POSAL FOR  THE  JOINT  USE  OF  HIGHWAY 
RIGHT-OF-WAY. 

Environmental    Protection    Agency,    Annapolis, 

MD.  Chesapeake  Bay  Liaison  Office. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-04461 

WETLANDS  TREATMENT  OF  DAIRY 
ANTMAL  WASTES  IN  HUSH  DRUMLIN 
LANDSCAPE. 

Lough  Gara  Farms  Ltd.,  Boyle  (Ireland). 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04462 

POTENTIAL  ROLE  OF  MARSH  CREATION  IN 
RESTORATION  OF  HYPERTROPHIC  LAKES. 

Saint  Johns  River  Water  Management  District, 

Palatka,  FL. 

For  primary  bibliographic  entry  see  Field   50. 

W90-04463 

EXPERIMENTS  IN  WASTEWATER  POLISH- 
ING IN  CONSTRUCTED  TIDAL  MARSHES: 
DOES  IT  WORK.  ARE  THE  RESULTS  PRE- 
DICTABLE. „  ,     w    . 

Lehigh  Univ.,  Bethlehem,  PA.  Center  for  Marine 

and  Environmental  Studies. 

For  primary  bibliographic  entry  see  Field  5D. 

W90-04465 

POTENTIAL  USE  OF  CONSTRUCTED  WET- 
LANDS TO  TREAT  LANDFILL  LEACHATE. 

Geological  Survey,  Tacoma,  W A. 

For  primary  bibliographic  entry  see  Field   5U. 

W90-O4466 

DESIGN  AND  CONSTRUCTION  OF  A  RE- 
SEARCH SITE  FOR  PASSIVE  MINE  DRAIN- 
AGE TREATMENT  IN  IDAHO  SPRINGS,  COL- 
ORADO. „ 

Colorado  School  of  Mines,  Golden.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering  Ecology. 
For  primary  bibliographic  entry  see  Field   5D. 
W90-04469 

MANGANESE  AND  IRON  ENCRUSTATION 
ON  GREEN  ALGAE  LIVING  IN  ACTO  MINE 
DRAINAGE. 

Memphis  State  Univ.,  TN.  Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  5D. 

W90-04470 


USE  OF  WETLANDS  TO  REMOVE  NICKEL 
AND  COPPER  FROM  MINE  DRAINAGE. 

Minnesota  Dept.  of  Natural  Resources,  St.  Paul. 
Minerals  Div. 
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Group  2H— Lakes 

For  primary   bibliographic  entry   see   Field   5D. 
W90-04472 


WINDSOR  COAL  COMPANY  WETLAND:  AN 
OVERVIEW. 

American  Electric  Power  Corp.,  Lancaster,  OH. 
For  primary  bibliographic  entry  see  Field  5D 
W90-04473 


WETLAND  TREATMENT  OF  COAL  MINE 
DRAINAGE:  CONTROLLED  STUDIES  OF 
IRON  RETENTION  IN  MODEL  WETLAND 
SYSTEMS. 

Villanova  Univ.,  PA.  Dept.  of  Biology. 

For  primary  bibliographic   entry  see   Field   5D. 

W90-04474 


TOLERANCE  OF  THREE  WETLAND  PLANT 
SPECIES  TO  ACID  MINE  DRAINAGE:  A 
GREENHOUSE  STUDY. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Biology. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04475 


CONTROL  OF  ARMYWORM,  SIMYRA  HEN- 
RICI  (LEPIDOPTERA:  NOCTUIDAE),  ON  CAT- 
TAIL PLANTINGS  IN  ACID  DRAINAGE 
TREATMENT  WETLANDS  AT  WIDOWS 
CREEK  STEAM-ELECTRIC  PLANT. 
Tennessee  Valley  Authority,  Muscle  Shoals,  AL. 
Vector  and  Plant  Management  Program. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-04476 


QUALITATIVE  AND  QUANTITATIVE  AQUAT- 
IC ALGAL  DATA  COMPILATION  TO  DETER- 
MINE MACROTRENDS-ni. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Botany  and 
Microbiology. 
R.  L.  Meyer. 

Arkansas  Water  Resources  Research  Center,  Uni- 
versity of  Arkansas,  Fayetteville,  AR.  Publication 
No.  126,  June  1987.  7p.  6  ref. 

Descriptors:  *Limnology,  *Databases,  *Algae, 
•Species  composition,  *Data  collections,  *Data 
storage  and  retrieval,  Taxonomy,  Ecological  distri- 
bution, Cyanophyta,  Arkansas. 

A  data  base  of  the  algae  of  Arkansas  ecoregions 
has  been  established  by  the  use  of  a  relational  data 
base  management  system  (dBase  III  plus).  The 
system  was  chosen  to  be  readily  available  for  a 
variety  of  microcomputers  using  MS-DOS  and 
PC-DOS.  The  data  base  contains  taxonomic  fields 
from  division  through  variety,  synonymy,  authors, 
initial  description,  date  and  definitive  descriptive 
source.  The  data  are  cross-referenced  by  ecore- 
gion,  Round's  community  and  subcommunity  des- 
ignations. The  data  base  contains  approximately 
1,500  taxonomic  records  in  all  divisions  and  classes 
of  freshwater  algae.  The  data  are  sortable  by  any 
of  the  included  parameters.  The  data  have  been 
used  to  initiate  the  publication  of  the  algal  flora  of 
Arkansas.  The  listing  of  the  Cyanophyta/Cyano- 
bacteria  or  blue-green  algae  is  presently  available. 
Other  taxonomic  lists  are  in  preparation.  (Author's 
abstract) 
W90-04492 


21.  Water  In  Plants 


PLANT  ECOLOGICAL  ASPECTS  OF  FLOOD 
GEOMORPHOLOGY  AND  PALEOFLOOD 
HISTORY. 

Geological  Survey,  Nashville,  TN. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03681 


FDILD  CONDITIONS  AT  THE  MARICOPA  AG- 
RICULTURAL CENTER,  PINAL  COUNTY,  AR- 
IZONA, APRIL  9, 1989. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 


For  primary  bibliographic  entry  see  Field  2F. 
W90-03880 


FIELD  CONDITIONS  AT  THE  MARICOPA  AG- 
RICULTURAL CENTER,  PINAL  COUNTY,  AR- 
IZONA, JUNE  16,  1989. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-03881 


USE     OF     AQUATIC     MACROPHYTES     IN 
WATER-POLLUTION  CONTROL. 

Aarhus  Univ.  (Denmark).  Botanical  Inst. 

For  primary  bibliographic  entry  see   Field   5D. 

W90-04O03 


COMPARISON  OF  SOME  LIMNOLOGICAL 
VARIABLES  IN  THE  WATERS  BETWEEN  THE 
UPPER  AND  LOWER  LITTORAL  AREAS 
WITHIN  AN  EGERIA  STAND. 

Kyoto  Univ.,  Otsu  (Japan).  Otsu  Hydrobiological 

Station. 

For  primary  bibliographic  entry  see  Field  2H 

W90-04O75 


EARLY  MORNING  CANOPY  TEMPERA- 
TURES FOR  EVALUATING  WATER  STRESS 
IN  A  WHEAT  CROP. 

San  Diego  State  Univ.,  CA.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  3F. 
W90-04204 


WETLANDS:    THE    LIFEBLOOD    OF    WILD- 
LIFE. 

National   Wildlife   Federation,   Washington,   DC. 

Fisheries  and  Wildlife  Div. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04399 


THERMOOSMOTIC  AIR  TRANSPORT  DM 
AQUATIC  PLANTS  AFFECITNG  GROWTH  AC- 
TTVITTES  AND  OXYGEN  DIFFUSION  IN  WET- 
LAND SOIXS. 

Cologne  Univ.  (Germany,  F.R.).  Botanical  Inst. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-O4432 


RELATIVE  RADIAL  OXYGEN  LOSS  IN  FIVE 
WETLAND  PLANTS. 

Oak  Ridge  National  Lab.,  TN. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04436 


2J.  Erosion  and  Sedimentation 


SEDIMENTATION  PROCESSES. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
A.  S.  Naidu,  and  L.  H.  Klein. 
IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag 
New  York,  1988.  p  69-91,  4  tab,  49  ref.  US  Bureau 
of  Mines  Contracts  TAPS/41  and  80221062. 

Descriptors:  'Sedimentation,  *Fjords,  •Sediment 
transport,  'Trace  metals,  'Arctic  zone,  'Alaska, 
•Valdez,  Clays,  Mineralogy,  Geochemistry,  Liter- 
ature review,  Glacial  sediments,  Sediment  con- 
tamination, Organic  carbon,  Metals,  Seawater, 
Alaska  pipeline,  Path  of  pollutants. 

Many  long-term  investigations  have  been  pursued 
on  various  aspects  of  sedimentation  of  the  fjords  in 
south-central  and  southeast  Alaska,  including  stud- 
ies on  sediment  transport  and  dynamics,  clay  min- 
eralogy, and  sediment  geochemistry.  This  chapter 
furnishes  an  overview,  based  on  published  and 
unpublished  data  on  the  lithological  and  chemical 
compositions  of  contemporary  periglacial  sedi- 
ments of  Port  Valdez  and  Valdez  Arm,  and  dis- 
cusses the  sediment  characteristics,  sediment  mass 
balance,  organic  carbon  flux  and  metal  partitioning 
in  sediments,  and  results  of  some  pollution-related 


geochemical  studies.  Between  20%  and  40%  of  the 
gross  concentrations  of  Zn,  Co,  Cu,  Ni,  and  75% 
of  the  total  Fe  are  extractable  from  Port  Valdez 
sediments,  while  the  rest  is  bound  in  the  crystal- 
lattice.  The  area  has  been  increasingly  subjected  to 
activities  related  to  the  export  of  crude  oil  from  the 
Alaska  pipeline.  Several  studies  have  been  con- 
ducted, both  of  the  sediment  and  the  seawater.  All 
of  the  studies  suggest  that  Port  Valdez  has  re- 
mained essentially  a  clean  environment  with  re- 
spect to  trace  metals.  (See  also  W89-O3610)  (Lantz- 
PTT) 
W90-03614 


INTERNATIONAL  CONFERENCE  ON  RIVER 
REGIME. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03626 


DIMENSIONAL  AND  DIMENSIONLESS 
REGIME  EQUATIONS  FOR  GRAVEL-BED 
RIVERS. 

University  of  East  Anglia,   Norwich  (England). 

School  of  Environmental  Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03627 


DOWNSTREAM  HYDRAULIC  GEOMETRY  OF 
NONCOHESIVE  ALLUVIAL  CHANNELS. 

Colorado  State  Univ.,  Fort  Collins.  Engineering 

Research  Center. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03628 


DYNAMIC    ADJUSTMENTS    OF    CHANNEL 
WIDTH  AND  SLOPE. 

Bureau  of  Reclamation,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03629 


PREDICTION  OF  HYDRAULIC  GEOMETRY 
OF  GRAVEL-BED  STREAMS  USING  THE 
MINIMUM  STREAM  POWER  CONCEPT. 

Queen  Mary  Coll.,  London  (England). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03630 


REGIME   RELATIONS   BASED   ON   DISPER- 
SIVE-FORCE CONCENTRATION  PROFILES. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03631 


REGIME   CHANNELS   OF   AN   EXTREMELY 
ARID  ZONE. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03632 


APPLICATION    OF    REGIME    THEORY    TO 
WADI  CHANNELS  EN  DESERT  CONDITIONS. 

Binnie  and  Partners,  Redhill  (England). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03633 


CAUSE  OF  RIVER  MEANDERING. 

San  Diego  State  Univ.,  CA.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-O3634 


STABILITY       OF      INITIALLY      STRAIGHT 
RIVERS. 

Iowa  Univ.,   Iowa  City.   Inst,  of  Hydraulic  Re- 
search. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03635 
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THRESHOLD  BETWEEN  MEANDERING  AND 

BRAIDING.  ^    '  ,       , 

Waterloopkundig     Lab.     te     Delft,     Emmeloord 

(Netherlands).  De  Voorst  Lab. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03636 

ABOUT     EXTREMAL     HYPOTHESES     AND 
RIVER  REGIME. 

Bologna  Univ.  (Italy).  1st.  di  Geologia. 

For  primary  bibliographic  entry  see  Field  2E. 

W9O-03637 

INFLUENCE     OF     BANK     STABILITY     ON 
REGIME  GEOMETRY  OF  NATURAL  CHAN- 
NEL. ,     _ 
Queen  Mary  Coll.,  London  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03638 

width  of  regime  channels. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03639 

EFFECTS  OF  GRADATION  OF  BED  MATERI- 
ALS AND  TRANSPHtATION  THROUGH  A 
BED  ON  BED  LOAD  TRANSPORT. 

Kyoto  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03640 

CHARACTERISTICS  OF  FLOW  AT  THE 
INTERSECTION  OF  RIVER  MEANDERS  AND 
FLOOD  RELIEF  (CUT-OFF)  CHANNELS. 

Glasgow  Univ.  (Scotland).  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2b. 
W90-03642 

REGIME  BED  SLOPES  OF  CHANNELS  WITH 
A  BUOYANT  BOUNDARY. 

Windsor  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. _ 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03643 

SEDIMENT  SIZE  AND  CHANNEL  CHANGES 
IN  BRAIDED  AND  MEANDERING  GRAVEL- 
BED  STREAMS,  UPPER  DEESD3E,  SCOT- 
LAND. 

Aberdeen  Univ.  (Scotland).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2E. 
W9O-03644 

CHANGE  OF  RIVER  REGIME  AND  GRADED- 
SEDTMENT  DISCHARGE  DURING  FLOOD. 

Tottori  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03645 

STUDY  ON  THE  STATRCASE  PROFTLE  AND 
ARMOURING  EFFECTS  OF  RIVER  BED  FOR 
TORRENTIAL  STREAMS  IN  TAIWAN. 

National  Chunghsing  Univ.,  Taichung  (Taiwan). 

Dept.  of  Soil  and  Water  Conservation. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03646 


BED  FORM  CONFIGURATION  OF  A  RIVER 
BEND 

National  Taiwan  Univ.,  Taipei.  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Held  LYL. 
W90-03650 

REGIME  ASPECTS  OF  FLOOD  CONTROL 
CHANNELIZATION. 

Northwest  Hydraulic  Consultants  Ltd.,  Edmonton 
(Alberta).  .... 

For  primary  bibliographic  entry  see  Field  4A. 
W90-03651 

INFLUENCE  OF  RIVER  REGIME  ON  THE 
FLOOD  MANAGEMENT  OF  SUKKUR  BAR- 
RAGE, PAKISTAN.  -•«« 

For  primary  bibliographic  entry  see  hield  it.. 
W90-03652 

APPLICATION  OF  BED  ST  ABILITY  CRITE- 
RIA IN  RIVERS  WITH  CONSECUTIVE  RUN- 
OF-RTVER  POWER  PLANTS. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03653 

REGIME  CHANGES  IN  THE  CALEDON 
RIVER  ASSOCIATED  WITH  SEDIMENT  DEP- 
OSITION UPSTREAM  OF  WELBEDACHT 
BARRAGE.  ,  „  .,  _ 

Pretoria  Univ.  (South  Africa).  Dept.  of  Civil  Engi- 
neering. 

A.  Rooseboom,  and  S.  J.  van  Vuuren. 
IN-  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  365-374,  5  fig,  5  ref. 

Descriptors:  'Regime  streams,  'Reservoir  storage, 
•South  Africa,  'Sediment  transport,  Model  studies, 
Sediment  deposition,  Flow  pattern,  Reservoir  op- 
eration, Flood-control  storage. 


PREDICTION  OF  MEAN  BED  AND  WALL 
BOUNDARY  SHEAR  IN  UNTFORM  AND 
COMPOSJTELY  ROUGH  CHANNELS. 

Leicester  Univ.  (England).  Dept.  of  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03648 

MULTIPLE  BARS  AND  STREAM  BRAIDING. 

Kyoto   Univ.    (Japan).    Disaster   Prevention   Re- 
search Inst.  , 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03649 


Different  modelling  techniques  have  been  used  to 
predict  further  deposition  upstream  of  Welbedacht 
Reservoir  in  South  Africa,  which  has  lost  two- 
thirds  of  its  capacity  within  fourteen  years.  Histori- 
cal records,  empirical  extrapolation,  mathematical 
modelling  and  a  physical  model  have  been  used  in 
the  predictions.   The   'modelled'   and   'empirical' 
values  agree  well  from  1983  onwards.  The  devi- 
ation prior  to  1983  was  attributed  to  exceptionally 
high  sediment  loads  during  1974.  The  equilibrium 
shape  of  the  bed  profile  was  calculated  by  means 
of  a  special  backwater  program  which  not  only 
balances  the  energy  equation  but  also  fills  m  the 
bed  up  to  the  level  where  equilibrium  exists.  It  is 
then  possible  to  predict  what  the  longitudinal  bed 
slope  of  the  lower  basin  region  will  be.  Further 
upstream,  the  very  high  sediment  levels  leadto 
very  wide  beds  and  ill-defined  flow  patterns.  The 
amount  of  storage  space  which  could  be  main- 
tained in  the  future  will  depend  on  the  magnitude 
of  minimum  shear  velocities  which  can  be  main- 
tained within  the  reservoir  under  flood  conditions. 
If  the  reservoir  level  is  kept  at  Full  Supply  Level 
in    the    future,    according    to    the    mathematical 
models,  less  than  5,000,000  cu  m  of  storage  space 
will  be  maintained.  These  analyses  indicate  that 
10,000,000  cu  m  of  storage  space  could  be  retained 
if  all  incoming  floods  were  passed  through  with 
the  gates  fully  opened.  Physical  model  studies  have 
confirmed  the  results  of  the  mathematical  models. 
(See  also  W9O-03626)  (White-Reimer-PTT) 
W90-03654 

REGIME  CHANGES  IN  THE  CALEDON 
RIVER  ASSOCIATED  WITH  WELBEDACHT 
BARRAGE:  PHYSICAL  MODEL,  PROTOTYPE 
AND  THEORETICAL  CORRELATIONS. 

Department   of  Water   Affairs,    Pretoria   (South 

Africa). 

For  primary  bibliographic  entry  see  Field  2b. 

W90-03655 

EFFECTS  OF  EXTENSILE  DREDGING  ON 
THE  RIVER  REGIME. 

Vizgazdalkodasi  Tudomanyos  Kutato  Intezet,  Bu- 


dapest (Hungary).  „■  M« 

For  primary  bibliographic  entry  see  Field  2b. 
W90-03656 

EFFECT  OF  BOAT  TRAFFIC  ON  RIVER 
REGIME.  •  ,_      .    ._     t 

Forth  River  Purification  Board,  Edinburgh  (Scot- 
land). 

For  primary  bibliographic  entry  see  Field  2b. 
W90-03657 

USE  OF  AN  EMPIRICAL  METHOD  (EROSION 
POTENTIAL  METHOD)  FOR  CALCULATING 
SEDIMENT  PRODUCTION  AND  TRANSPOR- 
TATION IN  UNSTUDIED  OR  TORRENTIAL 
STREAMS 

Institut  za  Vodoprivredu  Jaroslav  Cerni,  Belgrade 
(Yugoslavia). 
Z.  Gavrilovic. 

IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  p  411-422,  5  fig,  4  tab,  8  ref. 

Descriptors:  'Erosion,  'Sediment  transport,  'Res- 
ervoir silting,  'Stream  erosion,  Erosion  Potential 
Method,  Topography,  Climates,  Empirical  meth- 
ods, Mathematical  equations,  Feasibility  studies. 

The  Erosion  Potential  Method  can  be  used  to 
estimate  erosion  in  catchment  areas  and  sediment 
transport  to  a  discharge  point,  or  to  a  river  section. 
The  method  is  based  on  the  identification  of  specif- 
ic situations  and  erosion  interactions,  topographic 
features,    and    general     climatic    characteristics. 
While   it   requires   some   field   investigation,   the 
method  is  incomparably  faster  than  long-term  ob- 
servations. This  method  has  proved  reliable  when 
used  in  preliminary  estimates  of  average  annual 
amounts  of  sediment  load  at  potential  or  actual 
reservoir  sites,  regulated  rivers  or  structures.  In 
order  to  use  this  method  erosion  plots  on  slopes  at 
equal  angles  and  on  homogeneous  rock  founda- 
tions must  be  formed  under  a  variety  of  land  uses. 
Through  means  of  research  and  field  investigations 
data  is  collected  and  used  to  calculate  the  erosion 
coefficient,  the  coefficient  of  the  observed  erosion 
process,  the  land  use  coefficient,  and  the  coeffi- 
cient of  soil  resistance.  These  coefficients  form  the 
basis  for  the  calculation  of  the  erosion  coefficient 
which  is  used  for  the  classification  of  erosion  and 
the  estimate  of  erosion  production.  In  instances 
where  the  preliminary  estimate  of  the  sediment 
production  and  discharge  was  made  using  the  ero- 
sion potential  method,  significant  investments  m 
dam  construction  were  avoided  for  storage  reser- 
voirs that  would  soon  have  become  ineffective  due 
to  filling  from  eroded  sediments.  (See  also  W90- 
03626)  (White-Reimer-PTT) 
W90-03658 


EARTHQUAKES  AND  RIVER  REGIMES. 

Central  Water  and  Power  Research  Station,  Poona 
(India).  - 

For  primary  bibliographic  entry  see  Field  2b. 
W90-03659 

REGIME  THEORY  AND  ENVIRONMENTAL 
CHANGE-IRRECONCIXABLE  CONCEPTS. 

University  Coll.  of  Wales,  Aberystwyth.  Dept.  of 

Geography. 

J  Lewin,  M.  G.  Macklin,  and  M.  D.  Newson. 

IN:  International  Conference  on  River  Regime. 

Hydraulics  Research  Limited,  Wallingford,  Oxon, 

UK.  1988.  p  431-445,  8  fig,  2  tab,  34  ref. 

Descriptors:  'Sediment  concentration,  'Hydro-lo- 
gical regime,  'Regime  streams,  'Channel  morphol- 
ogy 'England,  Gravel-bed  streams,  Dynamic 
equilibrium,  Alluvial  rivers,  Case  studies,  River 
basin  development,  Engineering. 

Regime  theory  as  used  in  river  engineering  makes 
the  assumptions  of  dynamic  equilibrium;  however, 
both  intrinsic  and  extrinsic  factors  in  gravel-bed 
rivers  lead  to  channel  instability  which  undermines 
engineering  design/structures.  Recent  alluvial  his- 
tories of  the  Rivers  Nent  and  West  Allen  in  the 
South  Tyne  basins  show  the  extended  time  scales 
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over  which  adjustment  to  new  equilibrium  condi- 
tion following  environmental  change  may  take 
place.  In  addition,  many  river  systems  in  the 
Northern  Pennines,  or  other  areas  of  metal  mining 
in  upland  Britain,  are  still  undergoing  changes  in 
channel  morphology,  readjusting  to  new  rates  of 
sediment  supply,  fifty  years  after  the  cessation  of 
mining.  The  Rheidol  and  Ystwyth  appear  to  be 
still  adjusting  to  altered  sediment  supply.  The  mor- 
phology of  these  alluvial  rivers  can  best  be  regard- 
ed as  equilibrating  rather  than  as  having  actually 
achieved  a  state  of  equilibrium.  It  is  of  particular 
importance  for  engineers  managing  river  systems 
to  establish  whether  a  river  is  adjusted  or  adjust- 
ing, and  the  probable  nature  and  magnitude  of 
future  channel  change.  It  is  suggested  that  engi- 
neers need  to  accept  that  river  form  will  change 
during  the  lifetime  of  a  project  if  the  form  is  not 
controlled.  (See  also  W90-03626)  (White-Reimer- 
PTT) 
W9O-03660 


FLOOD  GEOMORPHOLOGY. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03661 


FLOOD  CLIMATES. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 
W9O-03662 


DRAINAGE    BASIN    MORPHOMETRY    AND 
FLOODS. 

Wesleyan  Univ.,  Middletown,  CT.  Dept.  of  Earth 

and  Environmental  Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03664 


GEOMORPHIC  MEASUREMENTS   AFTER   A 
FLOOD. 

Geological  Survey,  Lakewood,  CO. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03665 


FLOOD  EROSION. 

Arizona  Univ.,  Tucson.  Dept.  of  Geosciences. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03666 


SEDIMENT  TRANSPORT  BY  FLOODS. 

Oregon  State  Univ.,  Corvallis.  Coll.  of  Oceanogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03667 


RHEOLOGIC,  GEOMORPHIC,  AND  SEDI- 
MENTOLOGIC  DIFFERENTIATION  OF 
WATER  FLOODS,  HYPERCONCENTRATED 
FLOWS,  AND  DEBRIS  FLOWS. 

Cascades  Volcano  Observatory,  Vancouver,  WA. 
For  primary  bibliographic  entry  see  Field  2E. 
W9O-03668 


FLOOD     SEDIMENTATION     IN     BEDROCK 
FLUVIAL  SYSTEMS. 

Arizona  Univ.,  Tucson.  Dept.  of  Geosciences. 
For  primary  bibliographic  entry  see  Field  2E. 
W9O-03669 


RIVER  FLOOD  REGIME  AND  FLOODPLAIN 
STRATIGRAPHY. 

Wright  State  Univ.,  Dayton,  OH.  Dept.  of  Geolo- 
gy- 

For  primary  bibliographic  entry  see  Field  2E. 
W9O-O3670 


FLOODS;    DEGRADATION    AND   AGGRADA- 
TION. 

Arizona  Univ.,  Tucson.  Dept.  of  Geosciences. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03671 


GEOMORPHIC  IMPACT  OF  LARGE  FLOODS: 
REVIEW  AND  NEW  PERSPECTIVES  ON 
MAGNITUDE  AND  FREQUENCY. 

Southern  Illinois  Univ.  at  Carbondale.  Dept.  of 

Geology. 

For  primary  bibliographic  entry  see  Field  2E. 

W9O-03672 


DEFINITION    OF    FLOOD    PLAINS    ALONG 
ARID-REGION  RIVERS. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03675 


FLOODPLAIN  EROSION  AND  DEPOSITION 
DURING  THE  DECEMBER  1982  FLOODS  IN 
SOUTHEAST  MISSOURI. 

Southern  Illinois  Univ.  at  Carbondale.   Dept.  of 

Geology. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03676 


GEOMORPHIC  RESPONSE  OF  STREAMS  TO 

FLOODS  IN  THE  GLACIATED  TERRAIN  OF 

SOUTHERN  NEW  ENGLAND. 

Wesleyan  Univ.,  Middletown,  CT.  Dept.  of  Earth 

and  Environmental  Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03677 


LARGE  FLOODS  AS  GEOMORPHIC  EVENTS 
IN  THE  HUMID  TROPICS. 

National  Univ.  of  Singapore.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03679 


PALEOFLUVIAL  ESTIMATES  FROM  DIMEN- 
SIONS OF  FORMER  CHANNELS  AND  MEAN- 
DERS. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03680 


PLANT  ECOLOGICAL  ASPECTS  OF  FLOOD 
GEOMORPHOLOGY  AND  PALEOFLOOD 
HISTORY. 

Geological  Survey,  Nashville,  TN. 

For  primary  bibliographic  entry  see  Field  2E 

W90-03681 


PALEOFLOOD    ANALYSIS    USING    SLACK- 
WATER  DEPOSITS. 

Southern  Illinois  Univ.  at  Carbondale.  Dept.  of 

Geology. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03682 


HISTORICAL  CHANGE  OF  LARGE  ALLUVI- 
AL RIVERS:  WESTERN  EUROPE. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03689 


evidence  for  historical  heavy 
metal  pollution  dm  floodplain 
sous:  the  meuse. 

Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 

Physical  Geography. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-03697 


LOWER       RHINE       GEOMORPHOLOGICAL 
CHANGES. 

Rijksinstituut  voor  Zuivering  van  Afvalwater,  Le- 

lystad  (Netherlands). 

For  primary  bibliographic  entry  see  Field  2E. 

W9O-03699 


CHANNEL       STABDLITY       OF       SELECTED 
STREAMS  IN  NORTHERN  MISSISSIPPI. 

Geological  Survey,  Jackson,  MS. 

K.  V.  Wilson,  and  D.  P.  Turnipseed. 

IN:    Proceedings   of  the    Nineteenth    Mississippi 


Water  Resources  Conference.  Water  Resources 
Research  Institute,  Mississippi  State  University, 
Mississippi  State,  MS.  1989.  p  104-1 1 1.  5  fig,  22  ref. 

Descriptors:  'Mississippi,  'Channel  stability, 
•Channel  morphology,  'Channel  erosion,  'Chan- 
nel improvement,  'Streambeds,  Stream  b— iks, 
Stream  upflow,  Channel  scour,  Stream  degrada- 
tion, Regression  analysis,  Riparian  vegetation,  Ag- 
gradation, Alluvial  rivers,  Erosion  plates. 

The  results  of  a  study  of  channel  stability  is  pre- 
sented for  selected  sites  on  alluvial  streams  in 
northern  Mississippi.  The  major  objectives  of  the 
study  were  to:  (1)  identify  channel  instability,  (2) 
estimate  the  amounts  of  near-future  channel-bed 
degradation  or  aggradation  and  channel-bank  wid- 
ening or  accretion,  and  (3)  to  describe  the  expected 
stable  channel  geometry  at  sites  undergoing  chan- 
nel adjustment.  The  stability  of  channel  beds  and 
banks  was  assessed  by  determining  the  ages,  types, 
and  growth  patterns  of  trees  on  channel  banks, 
obtaining  bulk  unit  weights  and  shear-strength 
properties  of  bank  materials,  and  surveying  chan- 
nel cross  sections  and  profiles.  The  potential  for 
near-future  degradation  was  estimated  by  log- 
linear  regression  of  channel-bed  elevations  over 
time  since  the  channel  was  modified.  Channel  ge- 
ometry, shear-strength  properties  and  log-linear  re- 
gression of  channel  bank  widths  over  time  were 
used  for  potential  for  channel-bank  failure.  Overall, 
it  was  concluded  that  modifications  on  alluvial 
channels  studied  in  northern  Mississippi  have  re- 
sulted in  unstable  channel  gradients  and  bank  con- 
ditions. The  channels  have  degraded  as  much  as  14 
ft  below  the  modified  channel-bed  elevation  and 
widened  as  much  as  7  times  the  modified  width. 
Channel  adjustments  along  or  upstream  from  some 
modified  stream  reaches  continue  to  result  in  prop- 
erty loss  and  endanger  bridge  structures.  Some 
channels  could  degrade  up  to  3  ft  and  widen  up  to 
40  ft  in  the  near  future.  Channel-bed  and  channel- 
bank  adjustments  in  the  past  are  assumed  to  be 
representative  of  probable  processes  in  the  near 
future;  however,  additional  channel  modifications 
or  unusually  large,  destructive  flooding  could 
begin  other  channel  adjustment  processes.  (See 
also  W90-03708)  (Friedmann-PTT) 
W90-03726 


DETECTION  OF  COARSE  SEDIMENT  MOVE- 
MENT USING  RADIO  TRANSMITTERS. 

Army  Cold   Regions  Research  and  Engineering 

Lab.,   Fort   Wainwright,    AK.    Alaskan   Projects 

Office. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-03821 


GRAVEL  TRANSPORT  IN  THE  BRAIDED 
WAIMAKARIRI  RIVER:  MECHANISMS, 
MEASUREMENTS  AND  PREDICTIONS. 

Carson  (M.A.)  and  Associates,  Victoria  (British 

Columbia). 

M.  A.  Carson,  and  G.  A.  Griffiths. 

Journal  of  Hydrology  JHYDA7,  Vol.  109,  No.  3/ 

4,  p  201-220,  August   1989.  9  fig,  2  tab,   15  ref. 

Descriptors:  *Bed  load,  'Sediment  transport,  'Al- 
luvial channels,  'Gravel,  'Channel  morphology, 
•Suspended  load,  'Sediment  yield,  'Braided 
streams.  Scour,  Channel  scour,  Sedimentation, 
Mathematical  studies. 

Yields  of  gravel  bed  load  on  the  braided  lower 
Waimakariri  River  in  New  Zealand  were  investi- 
gated by  several  methods  and  for  different  times- 
cales:  short-term  several  months),  medium-term 
(several  years)  and  long-term  (1967-1983).  Short- 
term  estimates  of  gravel  yield  were  made  for  five 
such  periods  in  1986-87  by  a  morphological 
method.  Bed  morphology  in  a  selected  reach  was 
mapped  before  and  after  flood  events,  the  gross 
volume  of  scour  in  that  time  period  measured,  and 
a  mean  transport  rate  through  the  reach  computed 
on  the  basis  of  the  step  distance  of  gravel  move- 
ment from  scour  zones  to  areas  of  accretion.  The 
findings  indicate  that  a  considerable  fraction  of  the 
annual  gravel  load  is  derived  from  scour  of  braid 
banks,  with  the  gravel  being  shunted  downstream 
from  one  zone  of  temporary  storage  to  another. 


WATER  CYCLE— Field  2 


Erosion  and  Sedimentation — Group  2J 


Computation  of  bed  load  yields  during  the  same 
period  by  the  Meyer-Peter  and  Muller  (MPM) 
equation  revealed  excellent  agreement  with  the 
morphological  estimated.  Comparison  of  the  MPM 
prediction,  based  on  flow  duration  data  for  1967- 
1983  also  showed  excellent  agreement  with  the 
long-term  rate,  assessed  by  stadia  survey  of  cross- 
sections  in  the  reach  of  accumulation  downstream 
of  the  study  reach.  Predictions  using  the  MPM 
formula  for  the  medium-term  however,  while  ac- 
ceptable, showed  greater  differences  form  the  sur- 
veyed rates.  Evidence  indicates  that  this  is  related 
to  highly  dynamic  bed  conditions  in  which  the 
availability  of  more  mobile,  finer-grained  gravel  in 
the  reach  changes  from  year  to  year,  as  slugs  of 
such  sediment  move  intermittently  downstream. 
Thus,  while  prediction  of  a  short-term  yield  (based 
on  bed  conditions  at  the  time  of  study)  and  a  long- 
term  yield  based  on  temporal  mean  conditions  as 
inferred  from  bed  conditions  averaged  along  the 
river)  are  realistic  goals,  the  accurate  prediction  of 
successive  short-term  or  medium-term  yields  seems 
to  be  impossible,  unless  detailed  analysis  of  bed 
conditions  (especially  grain  size)  is  undertaken  in 
each  time  period,  which  is  a  major  task.  (Author  s 
abstract) 
W9O-03903 

EFFECTS  OF  SUSPENDED  SEDIMENTS  ON 
EGG  PRODUCTION  OF  THE  CALANOID  CO- 
PEPOD  ACARTIA  TONSA. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  ot 
Marine  Science. 

J.  R.  White,  and  M.  J.  Dagg.  ,       ... 

Marine  Biology  MBIOAJ,  Vol.  102,  No.  3,  p  315- 
319,  September  1,  1989.  3  fig,  1  tab,  21  ref.  Louisi- 
ana Sea  Grant  College  Program  Project  R/MPL- 
34. 

Descriptors:  *Estuaries,  *Suspended  sediments, 
♦Eggs,  'Spawning,  *Copepods,  Louisiana,  Phyto- 
plankton,  Sediment  concentration,  Food  chains, 
Food  habits,  Estuarine  sediments,  Reproduction 
rates. 

The  estuarine  copepod  Acartia  tonsa  was  collected 
on   several   occasions  between   4   April   and    14 
August  1985  from  Terrebonne  Bay,  Louisiana  (29 
deg  08  min  N;  90  deg  36  min  W)  and  the  effects  of 
suspended  sediments,  collected  from  the  same  area, 
on  its  diet  were  measured.  Measurements  were 
made  at  five  different  concentrations  of  sediment 
(100  to  1000  ppm)  and  six  phytoplankton  concen- 
trations (500  to  13,000  cells/ml  Thalassiosira  weiss- 
flogii).  Egg  production  rate  was  used  as  an  index 
of  diet  quality.  At  low  phytoplankton  concentra- 
tions (500  cells/ml),  and  at  intermediate  concentra- 
tions (2000  cells/ml)  for  previously-starved  cope- 
pods,  egg  production  was  reduced  by  up  to  40%  at 
a  sediment  concentration  of  250  ppm  and  further 
reduced   at  higher   sediment   concentrations.    At 
higher  food  concentrations  (4000  to  13000  cells/ 
ml),  suspended  sediment  had  no  effect  on  egg 
production  rates  at  sediment  concentrations  up  to 
500  ppm.  Rates  were  reduced  only  at  the  highest 
sediment  concentration  of  1000  ppm.  Under  most 
natural  conditions,  suspended  sediment  would  not 
significantly   affect   egg   production   rates   m   A. 
tonsa.  (Author's  abstract) 
W90-03918 


ing  grain  size  were  deposited  in  the  channel  of  the 
Jucar  River  in  Spain.  The  alluvial  valley  has  been 
divided  into  two  clearly  differentiated  zones:  one 
from  the  dam  of  Tous  to  the  town  of  Antella  and 
another  from  the  town  to  the  outlet  in  the  sea  at 
Cullera.  In  the  first  stretch  two  types  of  sediments 
may  be  distinguished:  (1)  the  lower  (corresponding 
to  the  stage  before  the  rupture  of  the  dam)  of 
coarse  sands  and  microconglomerates,  with  thick- 
nesses which  vary  between  0.6  m  and  1.6  m  and  (2) 
sequences  in  which  the  layering  was  parallel  to  the 
surface,  which  can  be  interpreted  as  caused  by 
variations  in  water  depth.  These  deposits  present 
superficial    surface    erosion    which    distinguishes 
them   from   the   other   forms   of  conglomerates. 
These  conglomerates  have  very  little  sandy  matnx 
and  form  diverse  individual  sequences  with  de- 
creasing grain  size,  probably  reflecting  pulses  in 
the  current.  The  absence  of  fine  materials  was 
attributed  to  rapid  descent  of  the  waters  and  infil- 
tration through  the  open  spaces  in  the  conglomer- 
ates, which  impeded  the  water's  smooth  runoff.  In 
the  second  section,  muds  and  clays  unquestionably 
dominate,  since  the  width  of  the  alluvial  channel 
(for  20  km),  the  sloping  banks,  and  the  presence  of 
natural  dikes  enlarged  by  human  action  favored 
the   stagnation   of  the   waters   for   several   days, 
which  produced  an  almost  total  process  of  sedi- 
mentation of  the  fine  materials.  The  thickness  of 
the  sediments  deposited  in  the  lower  part  of  the 
river  bed  varied  between  15  and  60  cm  and  they 
consisted  of  muds,  clays,  and  fine  sands  with  cur- 
rent ripples  and  parallel  laminations.  (Shidler-PTT) 
W90-03927 

STUDY  OF  THE  DEPOSITIONAL  ENVIRON- 
MENTS OF  THE  DELTA  OF  THE  EBRO  BY 
MENAS  OF  MOLECULAR  INDICATORS  (ES- 
TUDIO  DE  LOS  AMBDXNTES  DEPOSICION- 
ALES  DEL  DELTA  DEL  EBRO  MEDIANTE  IN- 
DICADORES  MOLECULARES). 
Centro  de  Investigacion  y  Desarrollo,  Barcelona 
(Spain).  Environmental  Chemistry  Dept. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-03928 

ENVntONMENTS  AND  SUBENVIRONMENTS 
IN  THE  INTERTIDAL  SECTOR  OF  THE  BAY 
OF  SAN  SIMON:  VIGO  ESTUARY  (PONTEVE- 
DRA)-CHARACTERISTIC  SEDIMENTARY  SE- 
QUENCES (MEDIOS  Y  SUBMEDIOS  EN  EL 
SECTOR  INTERMAREAL  DE  LA  ENSENADA 
DE  SAN  SIMON:  RIA  DE  VIGO  (PONTEVE- 
DRA) -SECUENCIAS   SEDIMENTARIAS   CAR- 
ACTERISTICAS). 
Santiago  Univ.,  Vigo  (Spain). 
M.  A.  Nombela,  and  F.  Vilas. 
Acta  Geologica  Hispanica,  Vol.  21/22,  No.  1,  p 
223-231,  1986/7.  9  fig,  10  ref.  English  summary. 

Descriptors:  'Estuaries,  *Bays,  *Estuarine  sedi- 
ments, *Sediment  transport,  *Spain,  *Sediment 
sorting,  'Intertidal  areas,  Salt  marshes,  Tidal  flats, 
Sandbars,  Geomorphology,  Sedimentation,  Water 
circulation,  Tidal  currents. 


DYNAMICS  AND  SEDTMENTOLOGY  OF  THE 
DEPOSITS  OF  THE  FLOOD  IN  THE  LOWER 
STRETCH  OF  THE  JUCAR  RIVER  IN  OCTO- 
BER OF  1982  (DINAMICA  Y  SEDIMENTOLO- 
GIA  DE  LOS  DEPOSITOS  DE  LA  AVENIDA 
DEL  RIO  JUCAR  EN  OCTUBRE  DE  1982  EN 
SU  TRAMO  BAJO).  . 

Universidad  Complutense  de  Madrid  (Spam). 
Dept.  of  Geodynamics. 

J.  Martinez-Goytre,  G.  Garzon,  and  A.  Arche. 
Acta  Geologica  Hispanica,  Vol.  21/22,  No.  1,  p 
113-122,  1986/7.  9  fig,  22  ref.  English  summary. 

Descriptors:  'Sedimentology,  'Alluvial  deposits, 
•Suspended  sediments,  'Sediment  transport,  'Allu- 
vial channels,  'Sediment  discharge,  'Deposition, 
'Floods,  'Spain,  Sediments,  Mud,  Clays,  Sand, 
Sediment  sorting,  Suspended  load,  Dam  failure. 

During  a  flood  on  the  19th,  20th,  and  21st  of 
October  1982  a  great  quantity  of  materials  of  vary- 


The  San  Simon  Bay  is  situated  in  the  inner  part  of 
the  Vigo  Ria  on  the  Atlantic  Coast  of  Spain.  The 
entire  area  is  dominated  by  tidal  currents  and  the 
Oitaben/Verdugo  River.  The  intertidal  sector  is 
formed  by  two  very  well-defined  sedimentary  en- 
vironments: an  estuary  and  an  intertidal  flat.  The 
boundary  between  these  environments  is  gradual 
and  irregular.  The  subenvironments  found  in  each 
of  them  are:  salt  marsh,  Zostera  flat,  Arenicola 
inner  flat,  sand  flat  and  the  drainage  channels  for 
the  intertidal  zone.  In  the  estuarine  sector  there  is  a 
geomorphic  zonation:  the  inner  half  has  transverse 
sandy  bars  and  the  outer  half  has  linguoid  and 
oblique  sandy  bars.  There  are  two  sequences  of 
alternation  of  fine  and  coarse  sediments  which  are 
very  similar  but  whose  origin  is  quite  distinct:  in 
one  case,  the  suspension  of  fine  sediments  from  the 
intertidal  flats  during  extreme  tides,  and  their  later 
deposition  over  the  slopes  in  periods  of  normal 
tides.  The  origin  of  the  other  type  of  alternating 
sequence  is  the  spilling  of  the  estuarine  channel 
over  the  tidal  flats.  (Shidler-PTT) 
W90-03929 


MARINE  CIRCULATION  ON  THE  EBRO  CON- 
TINENTAL SHELF  DETERMINED  IN  EQUAL 
PARTS  FROM  THE  DISTRIBUTION  OF 
WATER  MASSES  AND  THE  ORGANIC  MI- 
CROCONTAMINANTS  IN  THE  SEDIMENT 
(CIRCULACION  MARINA  EN  LA  PLATA- 
FORMA  CONTINENTAL  DEL  EBRO  DETER- 
MINADA  A  PARTIR  DE  LA  DISTRIBUCION 
DE  MASAS  DE  AGUA  Y  LOS  MICROCONTA- 
MINANTES  ORGANICOS  EN  EL  SEDI- 
MENTO). 

Instituto  de  Ciencias  del  Mar,  Barcelona  (5>pain). 
J.  Font,  A.  Julia,  J.  Rovira,  J.  Salat,  and  J. 
Sanchez-Pardo. 

Acta  Geologica  Hispanica,  Vol.  21/22,  No.  2,  p 
483-489,  1986/7.  6  fig,  13  ref.  English  summary. 

Descriptors:  'Continental  shelf,  'Deltas,  'Estu- 
aries, 'Coastal  waters,  'Spain,  'Water  currents, 
•Marine  sediments,  'Saline-freshwater  interfaces, 
Oceanography,  Thermocline,  Upwelling,  Suspend- 
ed load,  Eddies. 

The  continental  margin  of  the  Ebro  River  delta  lies 
in  the  region  of  the  general  southwestward  circula- 
tion of  the  Northwestern  Mediterranean.  South  of 
parallel  41  degrees  N  the  continental  shelf  widens 
suddenly  and  causes  a  deflection  of  90  degrees  in 
the  direction  of  the  isobaths.  The  continental  slope 
then  becomes  a  barrier  for  the  progression  of  the 
main  current.  The  discharge  of  Ebro  River  waters 
also  influences  the  circulation  on  the  continental 
shelf.  Temperature  and  salinity  analysis  of  waters 
E  and  NE  of  the  delta  show  an  upwelling  of  dense 
waters  that  were  circulating  along  the  continental 
slope  to  the  surface  layer.  The  fresh  waters  from 
the  river  rapidly  mix  with  surrounding  waters  and 
are  transported  to  the  south.  The  organic  micro- 
contaminants  present  in  the  sediment  m  the  delta 
vicinity  are  of  agricultural  or  industrial  origin.  The 
agricultural  contaminants  are  due  to  the  river  dis- 
charge while  the  industrial  discharges  come  with 
the  water  masses  from  the  nearby  Tarragona  indus- 
trial area.  The  distribution  patterns  of  substance 
discharged  from  the  river  show  a  maximum  con- 
centration NE  of  the  delta,  but  not  at  to  the  mouth. 
These  values  decrease  rapidly  to  the  NE,  while  the 
gradient  is  gradual  to  the  E  and  S.  It  is  concluded 
that  suspended  materials  from  the  river  are  trapped 
and  sedimented  in  an  anticyclonic  vortex  generat- 
ed in  the  NE  of  the  delta  by  the  interaction  of  the 
main  current  with  the  coastal  topography.  The 
remaining  material  is  spread  to  the  S  and  gradually 
deposited  on  the  sediment  along  the  continental 
shelf  in  the  Gulf  of  Valencia.  (Author's  abstract) 
W90-03930 

STUDY  OF  THE  SUSPENDED  MATERIAL  IN 
THE  GULF  OF  CADK  (ESTUDIO  DE  LA  MA- 
TERIA EN  SUSPENSION  EN  EL  GOLFO  DE 
CADK). 

Instituto  de  Ciencias  del  Mar,  Barcelona  (Spam). 
A.  Palanques,  F.  Plana,  and  A.  Malsonado. 
Acta  Geologica  Hispanica,  Vol.  21/22,  No.  2,  p 
491-497,  1986/7.  4  fig,  19  ref.  English  summary. 

Descriptors:  'Sediment  transport,  'Sedimentation, 
'Gulf  of  Cadiz,  'Estuaries,  'Spain,  'Marine  sedi- 
ments, 'Continental  shelf,  'Particulate  matter, 
Bottom  sediments,  Water  currents,  Sedimentary 
petrology,  Minerals,  Sediment  analysis,  Suspended 
load. 


The  Gulf  of  Cadiz  receives  suspended  particulate 
matter  from  the  Guadalquivir,  Tinto-Odiel  and 
Guadiana  Rivers.  Inputs  from  atmospheric  proc- 
esses and  from  the  reworking  of  seabed  sediments 
may  also  be  important.  High  concentrations  of 
suspended  matter  from  these  rivers  forms  advec- 
tive  plumes  that  flow  parallel  to  the  coast.  Settling 
and  sedimentation  of  the  particles  on  the  shelf  and 
diffusive  processes  lower  the  nepheloid  concentra- 
tions with  time.  Apparently,  there  are  larger 
amounts  of  particles  that  manage  to  bypass  the 
shelf  south  of  the  Guadalquivir  mouth  than  in  the 
remaining  areas.  Shelf  and  slope  near-bottom  sam- 
ples, shelf  samples  from  the  surface  and  intermedi- 
ate sample  of  the  south-oriented  slope  are  made  up 
of  clay  minerals,  quartz,  carbonate  and  feldspar. 
The  samples  from  the  surface  at  the  continental 
slope  stations  contain  large  amounts  of  amorphous- 
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organic  matter,  some  skeletal  biogenic  particles, 
some  organic  debris  and  some  inorganic  particles. 
The  amount  of  organic  debris  increases  toward  the 
northwest  both  on  the  shelf  and  on  the  slope. 
Near-bottom  deep  samples  from  the  slope  have 
more  clorite  and  less  kaolinite  than  samples  from 
the  shelf.  Furthermore,  these  samples  have  a  rela- 
tively high  content  of  calcite  and  dolomite  and 
they  have  no  feldspar.  Particles  from  other  source 
areas  (Gibraltar  Strait)  or  from  the  reworking  of 
deep  bottom  sediments  may  exist  in  this  area  (Au- 
thor's abstract) 
W90-03931 


SPATIAL  VARIATION  OF  THE  SEDIMENT 
LOAD  IN  THE  BASIN  OF  THE  TORDERA 
RIVER  IN  LOW-WATER  CONDITIONS  (VAR- 
IACION  ESPACIAL  DE  LA  CARGA  DE  SEDI- 
MENTOS  EN  LA  CUENCA  DEL  RIO  TOR- 
DERA EN  CONDICIONES  DE  ESTIAJE). 
Barcelona  Univ.  (Spain).  Dept.  de  Geografia 
Fisica. 

M.  Sala,  and  D.  Wheeler. 

Acta  Geologia  Hispanica,  Vol.  23,  No.  3,  p  209- 
216,  1988.  5  fig,  2  tab,  17  ref.  English  summary. 

Descriptors:  *Sedimentation,  'Suspended  load, 
•Sediment  transport,  'Low  flow,  *Weathering, 
•Spain,  Dissolved  solids,  Streams,  River  basins, 
Alluvial  deposits,  Temperature  effects,  Lithology. 

Results  are  presented  for  a  study  of  the  quantity  of 
sediment  in  solution  and  suspension,  collected  from 
the  Tordera  river  basin  (northeastern  Spain).  The 
study  was  undertaken  in  the  late  summer  of  1984. 
The  sampling  was  carried  out  on  the  basis  of  the 
principal  lithologic  units  of  the  area,  in  order  to 
verify  the  contribution  of  each  of  them  to  the  river 
load.  The  results  confirm  the  importance  attributa- 
ble to  lithology  and  they  indicate  the  degree  of 
weathering  of  different  rocks:  least  in  slates,  some- 
what greater  in  diorite,  and  high  in  unconsolidated 
sediments.  Human  interference  was  also  found  to 
be  significant  but  only  locally  so.  The  sediment 
removal  rates  were  found  to  be  low,  due  to  the 
period  of  low  river  volume  in  which  the  sampling 
was  carried  out,  but  were  similar  to  those  estab- 
lished for  the  British  Isles,  which  raises  the  possi- 
bility that  the  overall  averages  for  the  Tordera 
may  be  greater  than  those  of  more  humid  coun- 
tries. If  so,  it  might  be  concluded  that  temperature 
is  more  important  than  precipitation  in  weathering. 
(Author's  abstract) 
W90-03932 


COVARIATION  OF  SELECTED  TRACE  ELE- 
MENTS WITH  BINDING  SUBSTRATES  IN 
CORES  COLLECTED  FROM  TWO  CONTAMI- 
NATED SEDIMENTS. 

Cook  Coll.,  New  Brunswick,  NJ.  Dept.  of  Envi- 
ronmental Science. 

For  primary  bibliographic  entry  see  Field  5B 
W9O-03939 


PRACTICAL  SIMULATION  OF  SEDIMENT 
TRANSPORT  LN  URBAN  RUNOFF. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Civil 

Engineering. 

H.  O.  Schroeter,  and  W.  E.  Watt. 

Canadian  Journal  of  Civil  Engineering  CJCEB8 

Vol.  16,  No.  5,  p  704-11,  October  1989.  10  fie   4 

tab,  20  ref. 

Descriptors:  *Model  studies,  •Simulation  analysis, 
•Urban  runoff,  *Sediment  transport,  •Hydrologic 
models,  'Urban  hydrology,  Algorithms,  Model 
testing,  Storm  runoff,  Hydrologic  data  collections, 
Ontario,  Canada. 

A  model  for  simulating  sediment  transport  in  urban 
areas  has  been  developed  based  on  the  concept  of 
'equivalent  solids  reservoirs.'  The  processes  of  ero- 
sion, deposition,  and  routing  have  been  represented 
by  simple  algorithms,  which  are  applied  to  typical 
urban  drainage  elements  (surfaces,  gutters,  pipes, 
and  detention  ponds).  Input  requirements  are  limit- 
ed and  include  two  sediment  characteristics  (parti- 
cle size  and  relative  density),  scour  and  deposition 
parameters,  and  initial  sediment  loadings.  Hydrau- 
lic properties  of  the  drainage  elements  and  the 


inflow  hydrograph  to  each  element  are  also  re- 
quired. This  sediment  transport  submodel  is  an 
integral  part  of  Q'URM,  the  Queen's  University 
Urban  Runoff  Model.  It  has  been  developed  and 
calibrated  on  the  basis  of  data  from  a  stormwater 
quality  sampling  program  on  the  Calvin  Park  basin 
in  Kingston,  Ontario,  and  verified  on  the  basis  of 
data  from  an  independent  study  of  runoff  quality  in 
the  Malvern  basin  in  Burlington,  Ontario  (Au- 
thor's abstract) 
W90-04022 


ENVIRONMENTAL  AND  ECONOMIC  IMPLI- 
CATIONS  OF  RISING  SEA  LEVEL  AND  SUB- 
SIDING DELTAS:  THE  NILE  AND  BENGAL 
EXAMPLES. 

Woods    Hole    Oceanographic    Institution,    MA. 
Dept.  of  Geology  and  Geophysics. 
J.  D.  Milliman,  J.  M.  Broadus,  and  F.  Gable 
AMBIO  AMBOCX,  Vol.   18,  No.  6,  p  340-345 
1989.  4  fig,  1  tab,  52  ref. 

Descriptors:  •Deltas,  *Subsidence,  'Egypt,  •Ban- 
gladesh, 'Nile  River,  Sediment  transport,  Sedi- 
ment distribution,  Sedimentation  rates,  Erosion, 
Bengal  River. 

The  effects  of  natural  and  accelerated  subsidence, 
combined  with  a  probable  decreased  influx  of  flu- 
vial sediment,  may  accentuate  greatly  the  rise  of 
sea  level  in  low-lying  deltas  over  the  next  100 
years.  By  the  year  2100,  local  sea  level  at  the  Nile 
and  Bangladesh  deltas  could  be  as  much  as  3.3  to 
4.5  meters  higher  than  at  present.  At  the  higher 
calculated  ranges,  Egypt  could  lose  26%  and  Ban- 
gladesh could  lose  34%  of  their  currently  habitable 
land.  The  additional  loss  of  shoreline  by  erosion, 
loss  of  mangrove  forests,  and  decreased  agriculture 
and  fisheries  would  exacerbate  environmental  and 
economic  impacts.  Although  many  problems  are 
perceived,  no  clear  and  noncontroversial  answers 
are  apparent.  Environmental  parameters,  however, 
should  be  documented  prior  to  diversion  and  dam- 
ming of  rivers  or  increased  groundwater  removal. 
The  environmental  and  economic  effects  of  these 
sea-level  scenarios  are  sufficiently  grave  to  warrant 
their  consideration  in  future  coastal  and  fluvial 
planning,  not  only  in  Egypt  and  Bangladesh,  but 
also  in  other  areas  with  low-lying  deltas  and  large 
rivers.  Most  such  areas  occur  in  southern  Asia, 
which  contributes  more  than  70%  of  the  fluvial 
sediment  reaching  the  ocean.  (Author's  abstract) 
W90-04083 


PREDICTION     OF     SEDIMENT     SAMPLING 
ERROR  AT  NOZZLE. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  7B 
W90-04126 


COMPARISON:  US  P-61  AND  DELFT  SEDI- 
MENT SAMPLERS. 

Geological  Survey,  Minneapolis,  MN. 
J.  P.  Beverage,  and  D.  T.  Williams. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.  115,  No.  12,  p  1702-1706,  Decem- 
ber 1989.  5  fig,  4  ref. 

Descriptors:  *Sediment  sampler,  'Suspended  sedi- 
ments, 'Sediment  transport,  •Samplers,  *Sand, 
•Streams,  Mississippi  River,  Colorado  River, 
Error  analysis,  Comparison  studies. 

The  Delft  Bottle  (DB)  is  a  flow-through  device 
designed  by  the  Delft  Hydraulic  Laboratory  to 
sample  sand-sized  sediment  suspended  in  streams. 
The  US  P-61  sampler  was  designed  by  the  Federal 
Interagency  Sedimentation  Project  to  collect  sus- 
pended sediment  from  deep,  swift  rivers.  A  com- 
parison of  these  two  samplers  was  undertaken  on 
the  Mississippi  and  Colorado  Rivers.  The  studies 
compared  sand  transport  rates,  rather  than  total 
sediment  transport,  because  fine  material  washes 
through  the  DB  sampler.  Results  showed  that  the 
P-61  sampler  collects  a  true  sample-a  representa- 
tive aliquot  of  the  water-sediment  mixture  passing 
through  the  nozzle  during  the  sampling  interval. 
The  sampling  interval  is  short  relative  to  that  of 
the  DB,  and  samples  often  show  the  short-term 
variability  typical  of  sediment-laden  streams.  The 


DB  collects  most  of  the  coarse  sediment  (>0.100 
mm)  during  a  much  longer  interval,  which  aver- 
ages out  short-term  variations.  Strictly  speaking, 
the  DB  does  not  collect  a  sample.  The  collected 
sediment  mass  must  be  corrected  for  various  fac- 
tors, but  principally  stream  velocity.  The  DB  is 
essentially  a  large  expansion  chamber  providing  a 
low-velocity  region  for  deposition  of  sediments 
coarser  than  0.100  mm.  At  high  velocities,  larger 
sediments  are  flushed  through  the  device.  Sam- 
pling at  velocities  >2.5  m/s  is  not  recommended. 
The  P-61  collects  isokinetically  the  entire  mass  of 
water  and  sediment  entering  the  nozzle.  It  is  more 
than  twice  the  weight  of  the  DB  and  thus  needs 
more  rugged  handling  equipment,  but  it  is  more 
stable  than  the  DB  in  fast  water.  The  P-61  has  a 
valve  and  solenoid  that  occasionally  require  servic- 
ing. The  DB,  on  the  other  hand,  has  no  valve.  A 
large  amount  of  sediment  can  be  collected  (because 
the  water  is  not  retained),  which  allows  a  quick 
volumetric  estimation  of  the  coarse  sediment  mass. 
The  conversion  from  volume  to  mass  can  add 
further  error  to  those  inherent  in  sampling  noniso- 
kinetically.  (Sand-PTT) 
W90-04127 


GEOMORPHIC  EFFECTS  OF  TWO  STORMS 
ON  THE  UPPER  WAITAHAIA  RIVER  CATCH- 
MENT, RAUKUMARA  PENINSULA,  NEW 
ZEALAND. 

New  Zealand  Forest  Service,  Rotorua.  Forest  Re- 
search Inst. 
C.  J.  Phillips. 

Journal  of  Hydrology  (New  Zealand)  JLHYAD 
Vol.  27,  No.  2,  p  99-112,  1988.  7  fig,  3  tab,  32  ref. 

Descriptors:  *Geomorphology,  •Floods,  'Storm 
runoff,  'New  Zealand,  'Rainstorms,  'Catchment 
areas,  'Landslides,  'Erosion,  'Stream  erosion, 
•Mass  transport,  'Aggradation,  'Floods,  Geology, 
Waitahaia  River,  Raukumara  Peninsula. 

Geomorphic  response  of  a  drainage  basin  to  two 
large  storms  was  assessed  by  river  cross-sectional 
surveys  and  landslide  inventories.  Rainfall  intensi- 
ties of  80-150  mm/hour  over  3  days  in  December 
1980  caused  widespread  landsliding  and  subsequent 
stream  aggradation.  Most  landslides  were  small 
(<100  cu  m)  and  most  occurred  on  steep  slopes 
(35  degrees).  Stream  aggradation  varied  from  2.7 
m  to  5  m.  By  1985,  stream  downcutting  had  not 
restored  pre-storm  1980  levels.  A  shorter  duration, 
less-intense  rainstorm  in  April  1982  caused  only 
minor  landsliding.  Sediment  storage  and  transfer 
appear  to  be  related  to  a  cyclic  process  that  moved 
material  from  one  storage  locality  to  the  next. 
Geomorphic  effectiveness  of  the  two  storms  can  be 
related  to  crossing  of  slope  thresholds  in  the  first 
storm  but  not  in  the  second.  (Author's  abstract) 
W90-04131 


PHYSICAL  HYDRAULIC  MODELLING  OF 
WIDTH  REDUCTION  AND  BED  LEVEL 
CHANGE  IN  BRAIDED  RIVERS. 

Lincoln  Coll.,  Canterbury  (New  Zealand).  Dept. 

of  Natural  Resource  Engineering. 

T.  R.  Davies,  and  A.  L.  Lee. 

Journal  of  Hydrology  (New  Zealand)  JLHYAD 

Vol.  27,  No.   2,  p   113-127,   1988.  9  fig,  20  ref. 

Descriptors:  'Sediment  transport,  'Channel  mor- 
phology, 'Braided  streams,  'Hydraulic  models, 
'Streambeds,  'River  beds,  'Turbulent  flow,  'Bed 
load,  'Aggradation,  'Stream  degradation,  Sedi- 
ment load. 

To  study  the  effect  of  width  reduction  on  the  rate 
of  change  of  mean  bed  level  of  a  braided  river,  a 
characteristic  Froude  law  rough-turbulent  flow 
hydraulic  model  of  a  medium-sized  braided  river 
was  developed.  This  was  then  subjected  to  im- 
posed width  reductions  to  as  little  as  35%  of  its 
unconstrained  width,  under  various  sediment  input 
regimes.  The  response  of  the  model  was  complicat- 
ed, but  all  width  reductions  increased  the  bedload 
transport  capacity  of  the  river;  whether  or  not  this 
caused  the  rate  of  aggradation  (bed  level  rise)  to 
increase  depended  on  the  sediment  input  rate.  At 
high  sediment  input  rates,  width  reduction  in- 
creased the  aggradation  rate,  whereas  at  low  input 
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rates  the  reverse  occurred.  Hence,  width  reduction 
alone  is  not  a  suitable  means  of  controlling  aggra- 
dation in  a  braided  river;  in  some  cases,  trouble- 
some degradation  could  be  thus  induced.  Bed 
width  reduction  alone  cannot  cause  aggradation 
where  none  was  originally  present.  (Author's  ab- 
stract) 
W90-04132 

PROGRAM  TO  CALCULATE  CHANNEL 
SCOUR  AND  FILL. 

Pacific  Northwest  Forest  and  Range  Experiment 
Station,  Juneau,  AK.  Forestry  Sciences  Lab. 
J.  R.  Noel,  and  R.  C.  Sidle. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
4,  p  733-741,  August  1989.  2  fig,  append,  11  ref. 

Descriptors:  *Computer  programs,  'Sediment 
transport,  'Channel  scour,  'Computer  models, 
•Stream  erosion,  BASIC,  Water  depth,  Stream 
profiles. 

A  computer  program  written  in  BASIC  calculates 
net  changes  in  stream  channel  cross-sections.  Cal- 
culations are  based  on  dividing  the  channel  cross- 
section  into  discrete  regions  of  scour  and  fill.  Inter- 
nal boundaries  of  these  regions  (along  the  x-axis  of 
the  cross-section)  are  determined  by  the  location  of 
vertical  depth  measurements  taken  at  two  distinct 
times.  The  right  and  left  boundaries  of  the  cross- 
section  can  be  specified  so  that  scour  or  fill  can  be 
calculated  for  any  portion  of  the  profile  desired. 
The  user  can  modify  the  program  by  setting  up 
files  to  accommodate  multiple  cross  sections  on 
several  streams.  A  complete  listing  of  the  program 
is  included.  (Author's  abstract) 
W90-04169 

EFFECTS  OF  SIMULATED  CANOPY  COVER 
AND  ANTMAL  DISTURBANCES  ON  RDLL  AND 
INTERRTLL  EROSION. 

Agricultural   Research   Service,    Beltsville,    MD. 

Hydrology  Lab. 

M.  R.  Savabi,  and  G.  F.  Gifford. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

4,  p  783-788,  August  1989.  7  fig,  2  tab,  16  ref. 

Descriptors:  'Model  studies,  'Land  use,  'Soil  ero- 
sion, 'Rill  erosion,  'Erosion  control,  Canopy,  Sim- 
ulation studies,  Clays,  Loam,  Sand,  Trampling, 
Depressions. 

A  rainfall  simulator  was  used  on  runoff  plots  to 
study  the  effects  of  simulated  canopy  cover,  tram- 
pling disturbance,  and  soil  type  on  rill  and  interrill 
erosion.  Sandy  loam  soil  was  more  erodible  than 
clay  loam  soil.  Furthermore,  the  simulated  canopy 
cover  significantly  influenced  rill  and  interrill  ero- 
sion. The  effect  of  trampling  on  rill  and  interrill 
erosion  varied  with  soil  type  (clay  loam  versus 
sandy  loam)  and  erosion  type  (rill  versus  interrill 
erosion).  On  large  plots,  where  both  rill  and  inter- 
rill erosions  were  involved,  30  percent  trampling 
significantly  increased  soil  loss.  However,  on  small 
plots,  30%  trampling  significantly  reduced  interrill 
erosion.  The  results  of  the  study  support  the  fol- 
lowing conclusions:  (1)  canopy  cover  significantly 
reduced  the  soil  loss  on  sandy  loam  and  clay  loam 
soils;  (2)  under  similar  conditions  (canopy  coyer, 
trampling,  and  soil  moisture),  sandy  loam  soil  is 
more  susceptible  to  rill-interrill  erosion  than  clay 
loam  soil;  (3)  soil  detachment  by  concentrated  flow 
(rilling)  is  a  significant  portion  of  the  total  erosion 
(rill  and  interrill)  on  large  plots  containing  sandy 
loam  soils;  and  (4)  the  effect  of  an  increase  in  water 
storage  in  depressions  on  the  soil  surface  hoof 
prints  on  soil  erosion  depends  on  rilling  processes. 
If  rill  erosion  is  involved,  increased  depression 
storage  should  increase  rill  erosion.   Where  rill 
erosion  is  absent,  increased  depression  storage  will 
reduce  interrill  erosion.  (Author's  abstract) 
W90-04175 


FLUVIAL    SEDIMENT    STORAGE    IN    WET- 
LANDS. 

East  Carolina  Univ.,   Greenville,   NC.   Dept.   ot 

Geography  and  Planning. 

J.  D.  Phillips. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

4,  p  867-873,  August  1989.  1  tab,  35  ref. 


Descriptors:  'Geomorphology,  'Sediment  trans- 
port 'Wetlands,  'Sediment  distribution,  'River 
sediments,  River  basins,  Fluvial  sediments,  Water- 
shed management,  Alluvial  deposits. 

The  important  ecological  and  hydrological  roles  of 
wetlands  are  widely  recognized  but  the  ge°mor- 
phic  functions  of  wetlands  are  also  critical.  Wet- 
lands can  be  defined  in  geomorphic,  as  well  as  m 
hydrological  or  biological  terms,  and  a  geomor- 
phic definition  of  wetlands  has  been  proposed.  An 
analysis  of  fluvial  sediment  budget  studies  shows 
that  wetlands  typically  serve  as  short-term  sedi- 
ment sinks  or  longer-term  sediment  storage  sites. 
In  ten  study  basins  of  various  sizes,  an  estimated  14 
to  58  percent  of  the  total  upland  sediment  produc- 
tion is  stored  in  alluvial  wetland  or  other  aquatic 
environments.  Of  the  sediment  reaching  streams, 
29  to  93  percent  is  stored  in  alluvial  wetland  or 
channel  environments.  For  basins  of  more  than  100 
sq  km,  more  than  15%  of  total  upland  sediment 
production  and  more  than  50%  of  sediment  reach- 
ing streams  is  deposited  in  wetlands.  The  data 
underestimates  the  magnitude  of  wetland  sediment 
storage  due  to  the  lack  of  data  from  large  river 
systems.  A  theoretical  analysis  of  river  channel 
sediment  delivery  shows  that  wetland  and  aquatic 
sediment  storage  is  inevitable  in  fluvial  systems  and 
systemically  related  to  basin  size.  Results  suggest 
that  wetlands  should  be  managed  in  the  context  of 
drainage  basins,  rather  than  as  discrete,  independ- 
ent units.  (Author's  abstract) 
W90-O4184 

ANALYSIS   OF  THEMATIC  MAPPER   DATA 

FOR  STUDYING  THE  SUSPENDED  MATTER 

DISTRIBUTION  TN  THE  COASTAL  AREA  OF 

THE  GERMAN  BIGHT  (NORTH  SEA). 

GKSS  -  Forschungszentrum  Geesthacht  G.m.b.H., 

Geesthacht-Tesperhude  (Germany,  F.R.) 

R.  Doerffer,  J.  Fischer,  M.  Stossel,  C.  Brockmann, 

and  H.  Grassl. 

Remote  Sensing  of  the  Environment  RSEEA7, 

Vol.  28,  p  61-73,  April/June  1989.  10  fig,  2  tab,  12 

ref.  NASA  Contract  A.O.NO.OSSA-3-84. 

Descriptors:  'Landsat  Thematic  Mapper,  'Remote 
sensing,  'Suspended  solids,  'North  Sea,  'Satellite 
technology,  Temperature,  Atmospheric  scattering, 
Model  studies,  Data  processing,  Correlation  analy- 
sis. 

Thematic  Mapper  data  were  analyzed  with  respect 
to  their  capability  for  mapping  the  complex  struc- 
ture and  dynamics  of  suspended  matter  distribution 
in  the  coastal  area  of  the  German  Bight  (North 
Sea).   Three   independent   pieces   of  information 
were  found  by  factor  analysis  of  all  seven  TM 
channels:  suspended  matter  concentration,  atmos- 
pheric scattering,  and  sea  surface  temperature.  For 
the  required  atmospheric  correction  the  signal  to 
noise  ratios  of  Channels  5  and  7  have  to  be  im- 
proved by  averaging  over  25x25  pixels,  which 
allows  the  monitoring  of  aerosol  optical  depth  and 
aerosol  type  over  cloud-free  water  surfaces.  Near 
surface  suspended  matter  concentrations  may  be 
detected  with  an  accuracy  of  factor  <2  by  using 
an  algorithm  derived  from  radiative  transfer  model 
calculations.  The  patchiness  of  suspended  matter 
and  its  relation  to  underwater  topography  was 
analyzed  with  auto-correlation  and  cross-correla- 
tion.   Horizontal   lengths,    where   the   suspended 
matter  concentration  of  single  pixels,  are  signifi- 
cantly correlated  either  with  each  other  or  with 
water  depth  are  in  the  order  of  1  km.  (Author's 
abstract) 
W90-04193 


MONITORING  SEDIMENT  TRANSPORT  SYS- 
TEMS IN  A  SEMIARID  AREA  USING  THE- 
MATIC MAPPER  DATA. 

Reading  Univ.  (England).  Dept.  of  Geography. 
N.  A.  Quarmby,  J.  R.  G.  Townshend,  A.  C. 
Millington,  K.  White,  and  A.  J.  Reading. 
Remote  Sensing  of  the  Environment  RSEEA7, 
Vol.  28,  p  305-315,  April/June  1989.  6  fig,  1  tab,  17 
ref.  National  Environment  Research  Council  Con- 
tract No.  F60/G6/12. 

Descriptors:  'Remote  sensing,  'Satellite  technolo- 
gy,   'Sediment    transport,    'Mapping,    'Tunisia, 


•Landsat  Thematic  Mapper,  Groundwater,  Geo- 
morphology, Fluvial  transport. 

Thematic  Mapper  data,  in  the  form  of  false  color 
composites  and  change  detection  images,  have 
been  used  to  monitor  and  map  four  geomorpholo- 
gical  process  domains  in  southern  Tunisia  over  a  4- 
year  period.  Hillslope,  river  channel,  alluvial  fan, 
and  salt  lake  environments  were  examined  usmg 
field  surveys,  laboratory  analysis  of  sediment  sam- 
ples and  remotely  sensed  data.  An  assessment  is 
made  of  the  utility  of  Thematic  Mapper  data  for 
geomorphological  monitoring  of  these  environ- 
ments. The  detection  of  large  fluvial  channels  and 
circular  ground  water  features  (aioun)  within  one 
large  playa  have  shown  the  value  of  using  remote- 
ly sensed  imagery  for  geomorphological  mapping 
in  such  environments.  As  a  result  of  this  research  it 
is  shown  that  the  traditional  model  of  salt  lake 
development  based  on  the  relative  solubility  of 
salts  may  need  to  be  modified  to  take  into  account 
the  influence  of  fluvial  transport.  Monitoring  geo- 
morphological changes  in  other  process  domains 
provided  less  satisfactory  results;  largely  it  is  be- 
lieved because  of  the  almost  complete  absence  of 
major  rainfall  events  during  the  study  period;  how- 
ever, geomorphological  changes  due  to  anthropo- 
genic activity  were  successfully  monitored.  (Au- 
thor's abstract) 
W90-04196 

COARSE  WOODY   DEBRIS   AND   CHANNEL 
MORPHOLOGY:  A  FLUME  STUDY. 

Oregon  State  Univ.,  Corvallis.   Dept.  of  Forest 

Engineering. 

For  primary  bibliographic  entry  see  Field  81. 

W90-04207 

ENVIRONMENTAL  INFORMATION  FROM 
SEDIMENTS. 

Geological   Survey,  Menlo  Park,  CA.   Geologic 

Div. 

For  primary  bibliographic   entry   see  Field  6G. 

W90-04321 

GEOMORPHIC  EVIDENCE  OF  FREQUENT 
AND  EXTREME  FLOODS. 

Wisconsin  Univ.-Madison.  Dept.  of  Geography. 
J.  C.  Knox.  . 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
220-238,  9  fig,  39  ref. 

Descriptors:  'Geomorphology,  'Flood  frequency, 
•Bed  load,  'Alluvial  channels,  Flood  plain  sedi- 
ments, Historic  floods,  Flood  flow,  Flood  chan- 
nels, Mathematical  studies,  Flood  forecasting. 

Geomorphic  properties  of  alluvial  channels  and 
floodplains    offer    an    important    supplementary 
source  of  information  on  magnitude  and  frequency 
characteristics  of  floods.  The  morphologic  dimen- 
sions of  alluvial  channels  have  strong  statistical 
correlations  with  low  magnitude,  high  frequency 
floods.  The  strong  relationship  can  be  exploited  to 
estimate  magnitudes  of  high  frequency  floods  in 
regions  where  river  gaging  data  do  not  exist.  Be- 
cause the  morphology  of  alluvial  channels  in  most 
regions  is  shaped  by  floods  which  tend  to  recur 
frequently,  channel  morphology  has  limited  useful- 
ness in  estimating  potential  magnitudes  of  extreme- 
ly large  and  infrequent  floods.  Magnitudes  of  po- 
tential extreme  floods  are  best  estimated  from  the 
physical  properties  of  alluvial  deposits  that  are 
related  to  former  extreme  floods.  Especially  useful 
in  the  reconstruction  of  former  depths  of  large 
floods  is  the  relationship  between  stream  compe- 
tency, as  measured  by  the  DuBoys  equation,  and 
the  size  of  the  largest  bedload  particles  transported 
during  floods.  Because  extreme  floods  frequently 
result  in  the  burial  of  datable  materials  (radiocar- 
bon, archaeological  etc.),  it  also  is  often  possible  to 
date  their  approximate  time  of  occurrence.   Be- 
cause the  time  span  associated  with  alluvial  sedi- 
ments under  investigations  may  spread  over  hun- 
dreds of  years,  or  even  a  few  thousand  years,  the 
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Group  2J— Erosion  and  Sedimentation 


dated  flood  events  provide  an  important  under- 
standing of  the  recurrence  intervals  of  large  and 
extreme  floods.  These  methods  also  greatly  assist 
in  the  determination  of  the  true  recurrence  interval 
of  an  unusually  extreme  flood  that  may  be  con- 
tained in  a  short  record  associated  with  a  period  of 
stream  gaging.  As  with  most  techniques  and  meth- 
odologies for  estimation  of  flood  characteristics, 
there  are  many  assumptions  and  conditions  associ- 
ated with  the  use  of  the  geomorphic  methods. 
Wherever  possible,  results  from  geomorphic  meth- 
ods should  be  cross-checked  against  results  from 
other  methods.  (See  also  W90-04308)(Lantz-PTT) 
W90-04322  ' 


SOIL  EROSION  CONTROL:  WATERWAY  EM- 
BANKMENTS. NOVEMBER  1986-JANUARY 
1989  (CITATIONS  FROM  THE  SELECTED 
WATER  RESOURCES  ABSTRACTS  DATA- 
BASE). 

Nation<d  Technical  Information  Service,  Spring- 
field, \  A. 

For  primary  bibliographic  entry  see  Field  4D 
W90-04479 

2K.  Chemical  Processes 


GEOCHEMISTRY  OF  THERMAL  WATER 
FROM  SELECTED  WELLS,  BOISE,  IDAHO. 

Geological  Survey,  Menlo  Park,  CA. 
R.  H.  Mariner,  H.  W.  Young,  D.  J.  Parliman,  and 
W.  C.  Evans. 

IN:  Geothermal  Resources  Council,  TRANSAC- 
TIONS, Vol.  13,  pp  173-178,  October  1989.  5  fig,  4 
tab,  Href.  * 

Descriptors:  Mdaho,  *Geothermal  water,  •Geo- 
chemistry, *Thermal  water,  *Groundwater  qual- 
ity, Wells,  Boise,  Chemical  analysis,  Radioactivity, 
Groundwater  recharge,  Geothermal  water,  Paleo- 
hydrology,  Deuterium,  Oxygen  radioisotopes. 

Samples  of  thermal  water  from  selected  wells  in 
the  Boise  area  were  analyzed  for  chemical  compo- 
sition; stable  isotopes  of  hydrogen,  oxygen,  and 
dissolved  carbon;  radioactive  carbon;  and  dis- 
solved gas  concentrations.  Chemically,  the  waters 
are  virtually  identical  to  those  of  the  adjacent 
Idaho  batholith.  Isotopically,  the  thermal  waters 
are  more  depleted  in  deuterium  and  oxygen- 18 
than  cold  water  springs  in  the  presumed  recharge 
area.  Chemical  and  geothermal  isotopic  data  indi- 
cate the  presence  of  two  separate  geothermal  sys- 
tems. Radioactive  carbon  and  dissolved  helium 
concentrations  are  interpreted  to  indicate  recharge 
during  the  Pleistocene.  Hot  water  in  or  southeast 
of  Boise  probably  recharged  20,000  to  30,000  years 
ago,  and  warm  water  2.5  miles  northwest  of  Boise 
probably  recharged  at  least  15,000  years  ago.  Re- 
charge to  the  system  during  the  Pleistocene  would 
have  been  more  depleted  in  deuterium  and  oxygen- 
18  than  modern  precipitation  because  of  the  colder 
climate  during  the  Pleistocene.  (Author's  abstract) 
W90-03820 


IN  SITU  MEASUREMENTS  OF  TOTAL  REAC- 
TIVE NITROGEN,  TOTAL  WATER,  AND  AER- 
OSOL IN  A  POLAR  STRATOSPHERIC  CLOUD 
IN  THE  ANTARCTIC. 

National   Oceanic  and  Atmospheric   Administra- 
tion, Boulder,  CO.  Aeronomy  Lab. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-03901 


GROUNDWATER  CHEMISTRY  AND  PA- 
LAEORECHARGE  IN  THE  AMADEUS  BASIN 
CENTRAL  AUSTRALIA. 

Bureau  of  Mineral  Resources,  Geology  and  Geo- 
physics, Canberra  (Australia).  Div.  of  Continental 
Geology. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-03905 


GROUNDWATER'S  DYANAMIC  ROLE  IN 
REGULATING  ACIDITY  AND  CHEMISTRY  IN 
A  PRFXTPITATION-DOMrNATED  LAKE. 

Wright  State  Univ.,  Dayton,  OH.  Dept.  of  Geo- 


logical Science. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-03907 


HYDROCHEMICAL     BUDGETS     FOR     THE 
LOCH  DEE  EXPERIMENTAL  CATCHMENTS 
SOUTHWEST  SCOTLAND  (1981-1985). 
Saint  Andrews  Univ.  (Scotland).  Dept.  of  Geogra- 
phy and  Geology. 
D.  A.  Farley,  and  A.  Werritty. 
Journal  of  Hydrology  JHYDA7,  Vol.  109,  No.  3/ 
4,  p  351-368,  August  1989.  2  fig,  10  tab,  28  ref. 

Descriptors:  •Experimental  basins,  •Geochemistry, 
•Acid  rain  effects,  *Solute  transport,  'Catchment 
areas,  •Rainfall-runoff  relationships,  'Lakes,  •Re- 
forestation, *Scotland,  Potassium,  Sodium,  Alumi- 
num, Phosphates,  Calcium,  Magnesium,  Silica, 
Spatial  distribution,  Heavy  metals. 

Spatial  variations  in  the  hydrochemical  budgets  of 
the  study  sub-catchments  at  Loch  Dee  are  related 
to  differences  in  the  underlying  geology  and  land- 
use  management  practices.  The  influence  of  affor- 
estation is  difficult  to  judge  as  the  plantations  are 
less  than  15  years  old.  Pre-afforestation  plowing  in 
the  Green  Burn  served  to  increase  the  output  of 
acidity  and  aluminum  during  high  flows  and  the 
output  of  base  cations  and  silica  during  low  flows. 
However,  the  Green  burn  is  less  inimical  to  fish 
populations  than  the  equally-acidic  Dargall  Lane 
Burn,  suggesting  that  more  of  the  aluminum  in  the 
Green  Burn  is  in  an  organic  form.  The  White 
Laggan  Bum,  where  catchment  and  forestry  man- 
agement techniques  have  been  applied,  has  both 
acidity  and  aluminum  levels  far  lower  than  those  in 
the  neighboring  catchments.  However,  the  influ- 
ence of  the  limestone  inputs  is  hard  to  separate 
from  the  contrasts  in  underlying  geology,  and  the 
hardwoods  of  the  buffer  zone  are  still  too  imma- 
ture to  be  of  significance.  Consequently,  the  impact 
of  the  amelioration  techniques  on  the  water  quality 
of  the  White  Laggan  Burn  is  likely  to  be  less  than 
that  of  the  presence  of  the  un metamorphosed  sedi- 
ments in  the  headwaters.  Temporal  variations  in 
catchment  losses  of  bases  and  nutrients  can  gener- 
ally be  related  to  the  amount  of  precipitation  , 
possibly  indicating  a  greater  flow  through  the 
lower  mineral  soil  in  wetter  years.  In  contrast, 
sulfate  losses  tend  to  vary  independently  of  pre- 
cipitation, thereby  supporting  the  view  that  the 
dry  deposition  of  sulfate  and  attendant  inputs  of 
acidity  vary  considerably  from  year  to  year 
(Friedmann-PTT) 
W90-03911 


USE  OF  A  NOVEL  ACETONE-H202-CLCK-) 
CHEMJXUMINESCENCE  SYSTEM  FOR  THE 
DETERMINATION  OF  IODIDE  ION. 

University  of  Science  and  Technology  of  China, 

Hefei.  Dept.  of  Applied  Chemistry. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-03920 


ABSORPTION  OF  SULFUR  DIOXIDE  ON 
MONODISPERSE  WATER  DROPLETS  AND 
CATALYTIC  ACTIVITY  OF  CARBON  PARTI- 
CLES. 

Istituto  FISBAT-CNR,  Bologna,  Italy. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-03933 


ORIGIN  OF  THE  CHEMICAL  COMPOSITION 
OF  RUNOFF  WATERS  IN  A  TROPICAL  RAIN 
ZONE:  STUDY  OF  TWO  SMALL  FORESTED 
WATERSHEDS  IN  FRENCH  GUYANA  (ORI- 
GINE  DE  LA  COMPOSTION  CHTMIQUE  DES 
EAUX  SUPERFICD3LLES  EN  MTLDIU  TROPI- 
CAL HUMTDE:  EXEMPLE  DE  DEUX  PETITS 
BASSINS  VERSANTS  SOUS  FORET  EN 
GUYANE  FRANCAISE). 

Office  de  la  Recherche  Scientifique  et  Technique 
Outre-Mer,  Cayenne  (French  Guiana). 
C.  Grimaldi. 

Sciences  Geologiques  (Bulletin)  BIGPA8,  Vol.  41, 
No.  3-4,  p  247-262,  1988.  11  fig,  1  tab,  21  ref. 
English  summary 

Descriptors:  *Forest  watersheds,  •Rain  forests, 
•Runoff,     *Water    chemistry,     •Soil    properties, 


•Geochemistry,  Hydrologic  cycle,  Evapotranspir- 
ation,  Forest  hydrology,  Groundwater,  Tropical 
regions,  Water  analysis,  Aluminum,  Silicates,  Sul- 
fates, Nitrates,  Chlorides. 

A  study  of  the  chemical  composition  of  the  runoff 
water  during  rain  episodes  was  conducted  in 
French  Guyana.  A  comparison  of  this  composition 
with  that  of  groundwater  indicated  three  types  of 
behavior  for  the  following  groups  of  elements  or 
compounds:  (1)  K(+),  Ca(2  +  ),  N03(-),  and 
S04(2-)  play  a  very  important  role  in  the  vegeta- 
tion biochemical  cycle;  (2)  Na(  +  ),  Mg(2+),  and 
especially  Cl(-),  whose  concentrations  are  exces- 
sive compared  to  the  requirements  of  the  vegeta- 
tion and  reveal  the  intensity  of  the  evapotranspira- 
tion  acting  on  the  soil  solution;  and  (3)  Al  and 
H4Si04,  mostly  of  inorganic  origin,  which  dis- 
played an  important  surface  chemical  erosion  with 
simultaneous  loss  of  these  two  elements,  while  at 
depth,  Al  is  mostly  immobile.  The  pH  of  these 
natural  waters  depends  on  ionic  exchanges  with 
the  vegetation  and  also  on  the  production  of  or- 
ganic acids  resulting  from  the  decomposition  of 
forest  Utter.  Variations  in  the  pH  are  very  rapid 
because  of  the  absorption  power  of  the  soil  and  the 
weakness  of  the  solutions.  The  pH  was  generally 
<  5  because  of  the  organic  acids  in  the  surface 
water;  it  decreased  to  4.5  in  the  groundwater. 
Research  on  newly  formed  mineral  phases  suscep- 
tible of  controlling  the  concentration  of  Al  and 
silicates  in  solution  did  not  correspond  satisfactori- 
ly to  diagrams  of  thermodynamic  equilibrium.  Ad- 
ditional information  should  be  obtained  to  permit 
an  intelligent  discussion  of  the  deviations  observed 
from  the  theory.  However,  these  results  represent 
a  stage  in  the  study  of  the  geochemical  functions  of 
soils  in  the  region.  (Peters-PTT) 
W90-03951 


COMPARATIVE  HYDROCHEMICAL  BUDG- 
ETS AND  WEATHERING  AND  ACTDD7ICA- 
TION  RATES  IN  THREE  SMALL  SIMILAR 
GRANITIC  WATERSHEDS  WITH  CONTRAST- 
ED VEGETATION  (MONT  LOZERE,  FRANCE) 
(COMPARAISON  DES  BDLANS  HYDROCHI- 
MIQUES,  DES  TAUX  D* ALTERATION  ET  D'A- 
CIDIFICATION  DANS  TROIS  PETITS  BAS- 
SINS VERSANTS  GRANITIQUES  SIMTLAIRES 
A  VEGETATION  CONTRASTEE  (MONT 
LOZERE,  FRANCE)). 

Orleans  Univ.  (France).  Lab.  d'Hydrogeologie. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03952 


EFFECTS  OF  ALKALINITY  ON  THE  REAC- 
TIVITY OF  OZONE  TOWARDS  HUMIC  SUB- 
STANCES AND  MANGANESE. 

Omnium  de  Traitement  et  Valorisation,  Maisons- 

Laffitte  (France).  Chemin  de  la  Digue. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-03962 


REACTIONS  OF  OZONE  WITH  D-GLUCOSE 
IN  OXYGENATED  AQUEOUS  SOLUTION: 
DHtECT  ACTION  AND  HYDROXYL  RADICAL 
PATHWAY. 

Max-Planck-Inst.  fuer  Strahlenchemie,  Muelheim 

an  der  Ruhr  (Germany,  F.R.). 

For  primary  bibliographic  entry  see  Field  5F. 

W90-03973 


DYNAMICALLY  FORMED  HYDROUS  ZTRCO- 
NTUM  (TV)  OXTDE-POLYELECTROLYTE 
MEMBRANES:  m.  POLY(ACRYLIC  ACTO) 
AND  SUBSTITUTED  POLY(ACRYLIC  ACTO) 
HOMO,  CO,  AND  TERPOLYMER  MEM- 
BRANES. 

Stellenbosch  Univ.  (South  Africa).  Inst,  for  Poly- 
mer Science. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-03993 


DYNAMICALLY  FORMED  HYDROUS  ZTRCO- 
NTUM  (TV)  OXTDE-POLYELECTROLYTE 
MEMBRANES:  TV.  MALEIC  ANHYDRIDE  CO- 
POLYMERS. 
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Stellenbosch  Univ.  (South  Africa).  Inst,  for  Poly- 
mer Science.  „.,.. 
For  primary  bibliographic  entry  see  Field  3A. 
W90-03994 

DYNAMIC  PARTICLE  ADHESION  PROCESS 
AND  ITS  EFFECT  ON  PARTICLE  AGGREGA- 
TION 

Rheinisch-Westfaelische    Wasserwerksgesellschaft 
mb.H.,  Muelheim  an  der  Ruhr  (Germany,  F.R.). 
Inst,  fuer  Wasserchemie  und  Wassertechnologie. 
R.  Gimbel.  ,       ,,.  ...    .      .. 

Aqua  AQUAAA,  Vol.  38,  No.  3,  p  156-164,  April 
1989.  10  fig,  15  ref. 

Descriptors:  'Aggregation,  'Particulate  matter, 
•Hydrodynamics,  'Water  treatment,  'Coagulation, 
•Wastewater  treatment,  Substrates,  Interfaces,  Par- 
ticle shape,  Filtration,  Flocculation,  Structure, 
Physicochemical  properties,  Kinetics,  Mathemati- 
cal models,  Adhesion. 

Particle  adhesion  in  aqueous  systems  is  treated  on 
the  basis  of  different  surface-interaction  and  hydro- 
dynamic  forces.  The  adhesion  is  an  extension  ot 
the  DLVO  theory  and  has  to  be  considered  as  a 
dynamic  process,  which  depends  strongly  on  the 
surface  structure  of  the  solids,  e.g.  the  size  and 
deformation  behavior  of  roughnesses.  The  dynam- 
ic adhesion  process  with  several  particle-plate 
model  systems  was  investigated.  Time  dependence 
of  the  net  adhesion  force  in  quasi-static  systems  is 
included  and  the  adhesion  behavior  of  micron  par- 
ticles is  analyzed  in  a  shear  flow  field  using  nigh 
frequency  microkinematography.  A  strong  influ- 
ence of  Ca(+  +)  ions  and  adsorbed  macromole- 
cules  is  shown.  Observed  effects  are  discussed  on 
the  basis  of  a  microscopic  description  of  dynamic 
adhesion  behavior  in  aggregating  systems.  (Ver- 
Nooy-PTT) 
W90-O4O13 

EFFECT  OF  BROMIDE  IONS  ON  TRTHALO- 
METHANE  (THM)  FORMATION  IN  WATER. 

Institute  of  Public  Health,  Tokyo  (Japan).  Dept.  of 

Sanitary  Engineering. 

For  primary  bibliographic  entry  see  Field  5K 

W90-04014 

IONSPRAY  MASS  SPECTROMETRY/MASS 
SPECTROMETRY:  QUANTITATION  OF  TM- 
BUTYLTIN  IN  A  SEDIMENT  REFERENCE 
MATERIAL  FOR  TRACE  METALS. 

National   Research   Council   of  Canada,   Ottawa 

(Ontario).  Div.  of  Chemistry. 

For  primary  bibliographic  entry  see  Field  5A. 

W9O-O4037 

ACTD-SENSITIVE  WATERS  OF  THE  ENGLISH 
LAKE  DISTRICT:  A  STEADY-STATE  MODEL 
OF  STREAMWATER  CHEMISTRY  IN  THE 
UFPER  DUDDON  CATCHMENT. 

Freshwater    Biological    Association,    Ambleside 

(England).  Windermere  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-O4042 


HYDROGEN  PEROXIDE  CONCENTRATION 
IN  A  NORTHERN  LAKE:  PHOTOCHEMICAL 
FORMATION  AND  DTEL  VARIABILITY. 

Florida    International    Univ.,    Miami.    Drinking 

Water  Research  Center. 

For  primary  bibliographic  entry  see  Field  5B. 

W9O-O4052 

DISTRIBUTION  OF  COLLOrDAL  ALUMINUM 
AND  ORGANIC  CARBON  DS  COASTAL  AND 
OPEN  OCEAN  WATERS  OFF  NOVA  SCOTIA. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Oceanography. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04053 

RARE  EARTH  ELEMENTS  IN  SAANICH 
INLET,  BRITISH  COLUMBIA,  A  SEASONAL- 
LY ANOXIC  BASTN. 


Cambridge  Univ.  (England).  Dept.  of  Earth  Sci- 

For  primary  bibliographic  entry  see  Field  2H. 
W90-04055 

DETERMINATION  OF  MERCURY  IN  ENVI- 
RONMENTAL SAMPLES  BY  COLD  VAPOUR 
GENERATION  AND  ATOMIC-ABSORPTION 
SPECTROMETRY  WITH  A  GOLD-COATED 
GRAPHITE  FURNACE.  .-',., 

Korea  Advanced  Inst,  of  Science  and  Technology, 
Seoul  (Republic  of  Korea). 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04067 

CORRECTNESS  TEST  OF  THE  COMPUTA- 
TION OF  CHEMICAL  SPECIATION  FOR  THE 
MAIN       CONSTITUENTS       OF       NATURAL 

W  ATFWS 

KarlsruheUniv.  (Germany,  F.R.).  Inst,  fuer  Radio- 

chemie. 

S.  H.  Eberle.  „  ,    ,,    M      .. 

Water  Research  WATRAG,  Vol.  23,  No    11,  p 

1373-1382,  November  1989.  4  fig,  3  tab,  35  ref,  2 

append. 

Descriptors:  'Water  analysis,  'Chemical  analysis, 
♦Chemical  speciation,  'Conductivity,  'Hydrogen 
ion  concentration,  Comparison  studies,  Model 
studies,  Equilibrium  constants,  Chemical  complex- 
es. 

The  agreement  between  measurement  and  a  specia- 
tion  model-based  computation  of  the  pH  and  the 
electrolytic  conductivity  was  investigated  for  the 
three  test  cases:  standard  buffers,  artificial  model 
waters  and  routine  laboratory  reports  of  water 
analysis.  The  standard  deviation  for  the  differences 
between  experimental  and  computed  pH  was 
found  to  be  delta-pH  <  or  =  0.04  and  for  the 
electrolytic  conductivity  the  analogous  difference 
is  less  than  1%.  This  result  was  obtained  consider- 
ing complexes  and  using  the  extended  Debye- 
Huckel  equation  for  the  activity  coefficient;  how- 
ever, other  equations  are  not  substantially  worse. 
The  constituents  of  the  species  system  tested  are 
the  hydrogen  ion,  hydroxyl  ion,  sodium,  potassi- 
um, calcium,  magnesium,  ammonia,  carbonate,  sul- 
fate, chloride,  nitrate,  phosphate,  borate  and  sili- 
cate. A  set  of  equilibrium  constants  and  their  tem- 
perature dependency  factors  is  presented.  (Au- 
thor's abstract) 
W90-04144 

GEOCHEMICAL  VARIATIONS  IN  A  CORE  OF 
HYDROGEOLOGIC  UNITS  NEAR  FREE- 
HOLD, NEW  JERSEY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-04159 

DETECTING  BIOTIC  AND  HYDROGEOCHE- 
MICAL  PROCESSES  IN  LARGE  PEAT  BASINS 
WITH  LANDSAT  TM  IMAGERY. 

Minnesota  Univ.,  Minneapolis.  Limnological  Re- 
search Center. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-04195 


KINETICS  OF  ENDOGENOUS  DECAY, 
DEATH,  AND  LYSIS  FOR  VIABLE  ORGANIC 
SOLIDS. 

Arizona  Univ.,  Tucson. 

For  primary  bibliographic  entry  see  Field   MJ. 

W90-04261 

NATURAL  FLUCTUATIONS  OF  WATER 
QUALITY  IN  A  HEADWATER  STREAM. 

Ouachita  Baptist  Univ.,  Arkadelphia,  AR.  Dept.  of 

Chemistry. 

For  primary  bibliographic  entry  see  Field  4C 

W90-04336 

CHANGES  IN  METAL  MOBTLTnES  TN 
AQUATIC  AND  TERRESTRIAL  CYCLES. 


Chemical  Processes— Group  2K 

Technische  Univ.   Hamburg-Harburg  (Germany, 

F  R 1 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04371 

GENERAL  AFFINITY  CONCEPTS,  EQUILIB- 
RIA AND  KINETICS  IN  AQUEOUS  METALS 
CHEMISTRY. 

California  Inst,  of  Tech.,  Pasadena. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04372 

CURRENT  STATUS  OF  METAL  SPECIATION 
STUDIES. 

Quebec  Univ.,  Sainte-Foy. 

P  G.  C.  Campbell,  and  A.  Tessier. 

IN-  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  201- 

224,  7  tab,  94  ref. 

Descriptors:  'Metals,  'Speciation,  'Particulate 
matter,  'Dissolved  solids,  'Separation  techniques, 
•Chemical  analysis,  *Path  of  pollutants,  Model 
studies,  Molecular  structure,  Trace  metals,  Sedi- 
ments, Literature  review. 

Metal  species  exist  in  water  along  a  size  spectrum 
ranging  from  dissolved  through  colloidal  to  partic- 
ulate phases.  Both  dissolved  and  particulate  metal 
species  are  considered.  Current  modeling  and  ex- 
perimental approaches  to  metal  speciation  in  solu- 
tion are  imperfect,  yet  complementary.  Since  in 
both  a  geochemical  and  a  toxicological  context  the 
preeminent  metal  species  is  the  aquo  ion,  and  since 
the  modeling  approach  is  most  reliable  for  inorgan- 
ic systems,  one  of  the  goals  of  the  experimental 
approach  should  be  to  provided  a  clean  separation 
between  inorganic  and  organic  forms.  The  estimate 
for  the  sum  of  the  inorganic  metal  forms  can  then 
serve  as  input  to  an  equilibrium  speciation  model. 
Metal  partitioning  as  determined  by  sequential  ex- 
traction procedures  may  be  influenced  by  such 
factors  as  the  choice  of  reagents  used  for  the 
various  extraction  steps,  the  extraction  sequence, 
the  contact  time  between  the  particulate  material 
and  the  extractant,  and  the  solid:extractant  ratio. 
Although  sequential  extraction  procedures  are  in- 
herently selective,  tests  to  date  suggest  that  selec- 
tivity  is   reasonably   satisfactory   for   low-sulfide 
(oxic)  sediments.   For  sulfide-rich  (anoxic)  sedi- 
ments, however,  several  lines  of  evidence  indicate 
that  the  various  extraction  procedures  currently  in 
use  in  the  environmental  field  are  compromised  by 
the  tendency  of  the  metal-containing  sulfide  phases 
to  be  leached  progressively  rather  than  selectively 
from   the   host  sediment.   (See   also   W90-04370) 
(VerNooy-PTT) 
W90-04377 

DECOMPOSITION   IN   WASTEWATER   WET- 
LANDS. ,    „ 
Michigan  Univ.,  Ann  Arbor.  Wetlands  Ecosystem 
Research  Group. 

For  primary  bibliographic  entry   see  Field   5U. 
W90-04431 

DENITRIFICATION    IN    ARTTFICIAL    WET- 
LANDS. 

Kernforschungsanlage  Juelich  G.m.b.H.  (Germa- 
ny, F.R.).  Inst,  fuer  Biotechnologie. 
For  primary  bibliographic   entry  see  Field   5D. 
W90-04434 


NITROGEN  REMOVAL  FROM  FRESHWATER 
WETLANDS:  NTTRIFICATION-DENrrRIFICA- 
TION  COUPLING  POTENTIAL. 

Florida  Agricultural  and  Mechanical  Univ.,  Talla- 
hassee. Wetland  Ecology  Program. 
For  primary  bibliographic  entry  see  Field   5D. 
W90-04435 

MANGANESE  AND  IRON  ENCRUSTATION 
ON  GREEN  ALGAE  LIVING  IN  ACID  MINE 
DRAINAGE. 

Memphis  State  Univ.,  TN.  Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field   5D. 
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ECOLOGICAL  STUDIES  IN  THE  MIDDLE 
REACH  OF  CHESAPEAKE  BAY:  CALVERT 
CLD7FS. 

For  primary  bibliographic  entry  see  Field  4C. 
W90-03599 


GENERAL  CHARACTERISTICS  OF  THE 
CHESAPEAKE  BAY  AND  STUDY  AREA. 

Academy  of  Natural  Sciences  of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
K.  G.  Sellner,  and  B.  A.  Peters. 
IN:  Ecological  Studies  in  the  Middle  Reach  of 
Chesapeake  Bay:  Calvert  Cliffs.  Lecture  Notes  on 
Coastal  and  Estuarine  Studies  Vol.  23,  Springer- 
Verlag,  New  York,   1987.  p  1-10,  11  fig,  48  ref. 

Descriptors:  'Environmental  effects,  •Estuarine 
environment,  *Estuarine  fisheries,  'Estuaries, 
'Chesapeake  Bay,  'Suspended  sediments,  'Water 
circulation,  'Nuclear  powerplants,  'Thermal  pol- 
lution, Heated  water,  Water  temperature,  Plumes, 
Calvert  Cliffs  Nuclear  Power  Plant,  Bays,  Saline- 
freshwater  interfaces,  Mixing,  Tidal  currents, 
Commercial  fishing,  Sport  fishing,  Shellfish,  Fish. 

Chesapeake  Bay  has  an  average  depth  of  9  m  and 
receives  the  majority  of  its  fresh  water,  sediments 
and  nutrients  from  the  Susquehanna  River.  Circu- 
lation in  Chesapeake  Bay  is  typical  of  partially 
mixed  estuaries  with  nontidal  and  tidal  components 
producing  a  net  seaward-moving  fresh  surface 
layer  and  a  landward-moving  saline  bottom  layer. 
As  a  result,  particle  concentrations  (i.e.,  turbidity, 
total  suspended  solids)  have  a  distinct  longitudinal 
distribution  in  the  Bay  with  freshwater  regions 
characterized  by  moderate  suspended  loads,  a  tran- 
sition zone  (maximum  turbidity  zone)  where  parti- 
cle concentrations  increase  dramatically,  and  more 
seaward  areas  with  water  columns  relatively  free 
of  suspended  particles.  The  area  of  the  Chesapeake 
Bay  adjacent  to  Calvert  Cliffs  is  commercially 
fished  for  oysters  and  blue  crabs.  Finfish  in  the 
area  of  commercial  and  recreational  importance 
include  striped  bass,  spot,  weakfish,  bluefish,  and 
summer  flounder.  The  Calvert  Cliffs  Nuclear 
Power  Plant  (CCNPP)  is  located  within  the  study 
area.  Circulation  through  the  plant  affects  local 
circulation  patterns  in  the  area.  Power  plant-relat- 
ed changes  in  local  hydrographic  and  chemical 
properties  are  governed  by  the  dispersion  of  the 
CCNPP  effluent.  The  thermal  plume  produced 
from  plant  operations  at  Calvert  Cliffs  generally 
floats,  but  its  size,  shape  and  depth  vary  with 
season,  tidal  stage,  meteorological  conditions,  op- 
erating conditions,  and  plant  load.  The  plume  re- 
sults in  slightly  higher  water  temperatures  in  the 
vicinity  of  the  plant.  Highest  excess  temperatures 
occur  at  the  shallow  shoals  immediately  north  of 
the  plant  during  and  immediately  following  flood- 
ing tide.  With  one  unit  operating,  the  bottom  area 
covered  by  temperatures  >  1  C  above  ambient  is 
between  0  and  63  hectares;  with  two  units  operat- 
ing, the  area  of  the  bottom  covered  by  water  >  1 
C  or  more  above  ambient  temperatures  was  gener- 
ally no  greater  than  75  hectares  (See  also  W89- 
03599)  (Lantz-PTT) 
W90-O36O0 


PHYTOPLANKTON:  RELATIONSHIPS  BE- 
TWEEN PHYTOPLANKTON,  NUTRDZNTS, 
OXYGEN  FLUX  AND  SECONDARY  PRODUC- 
ERS. 

Academy  of  Natural  Sciences  of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab 
K.  G.  Sellner,  and  M.  E.  Kachur. 
IN:  Ecological  Studies  in  the  Middle  Reach  of 
Chesapeake  Bay:  Calvert  Cliffs.  Lecture  Notes  on 
Coastal  and  Estuarine  Studies  Vol.  23,  Springer- 
Verlag,  New  York,  1987.  p  12-37,  9  fig,  3  tab,  7  ref. 

Descriptors:  'Oxygen  transfer,  'Secondary  pro- 
ductivity, 'Phytoplankton,  'Chesapeake  Bay, 
•Species  composition.  Seasonal  variation,  Biologi- 
cal studies,  Primary  productivity,  Nutrients,  Eco- 
systems, Nitrogen,  Silicates,  Phosphorus,  Species 
diversity,  Population  dynamics. 


In  an  intensive  multi-component  8-yr  study  (1974- 
1981)  of  mesohaline  waters  along  the  shallow  west- 
era  shore  of  Chesapeake  Bay,  phytoplankton  spe- 
cies composition,  productivity  and  pigment  con- 
centrations were  routinely  determined  in  monthly 
sample  collections.  In  general,  small,  flagellated 
cells  dominated  total  cell  densities  in  the  summer 
months  while  centric  diatoms  dominated  assem- 
blages in  the  winter,  spring  and  fall.  Highest  phy- 
toplankton densities,  >  or  =  53,000,000  cells/L, 
were  observed  in  the  spring  bloom  in  bottom 
waters.  Highest  chlorophyll  concentrations  were 
observed  during  peaks  of  biomass-dominant  cells, 
i.e.,  diatoms  or  dinoflagellates,  rather  than  during 
periods  of  nanoflagellate  dominance.  Primary  pro- 
ductivity was  highest  in  the  summer,  ranging  from 
1.37  to  2.75  gC/sq  m/day  and  generally  coincided 
with  high  dinoflagellate  densities.  Annual  rates 
ranged  from  167  to  392  gC/sq  m.  Nutrient  concen- 
trations and  elemental  ratios  suggest  occasional 
nutrient  limitation  of  phytoplankton  production  in 
the  region,  with  a  limited  phosphorus  data  set 
suggesting  P-limitation  in  spring.  Nitrogen  limita- 
tion was  possible  in  approximately  one-half  of  the 
summer  and  early  fall  months  sampled  (13  to  24). 
However,  regenerated  nitrogen  could  supply  rapid 
and  frequent  pulses  of  dissolved  inorganic  nitrogen 
throughout  the  summer  and  fall.  A  significant  in- 
verse relationship,  observed  between  changes  in 
silicate  concentrations  and  fluctuations  in  diatom 
densities  throughout  the  study  period,  suggests  that 
silicate  limitation  may  occasionally  lead  to  the 
collapse  of  the  spring  bloom  in  mesohaline  waters 
of  Chesapeake  Bay.  Grazing  by  macrozooplankton 
(>  73  micrometers)  removed  17  to  83%  of  phyto- 
plankton standing  stock  during  the  late  summer 
(July-September)  of  each  year  with  <  or  =  15% 
removed  by  planktonic  herbivores  throughout  the 
rest  of  the  year.  (See  also  W90-03599)  (Author's 
abstract) 
W9O-03601 


ZOOPLANKTON. 

Computer  Services  Corp.,  Annapolis,  MD. 

M.  M.  Olson. 

IN:  Ecological  Studies  in  the  Middle  Reach  of 

Chesapeake  Bay:  Calvert  Cliffs.  Lecture  Notes  on 

Coastal  and  Estuarine  Studies  Vol.  23,  Springer- 

Verlag,  New  York,  1987.  p  38-81,  11  fig,  8  tab,  30 

ref. 

Descriptors:  'Ecological  effects,  'Zooplankton, 
'Seasonal  variation,  'Chesapeake  Bay,  'Species 
composition,  'Nuclear  powerplants,  Copepods, 
Barnacles,  Regression  analysis,  Polychaetes,  Shell- 
fish, Population  density,  Distribution  patterns, 
Thermal  pollution,  Water  pollution  effects,  Water 
temperature. 

Zooplankton  data  collected  between  1975  and  1980 
near  Calvert  Cliffs  Nuclear  Power  Plant  provided 
information  about  the  species  composition  over 
each  annual  cycle,  about  the  nature  and  extent  of 
temporal  and  spatial  population  variations,  and 
provided  the  basis  for  an  exploration  of  biological 
and  environmental  relationships  using  linear  re- 
gression techniques.  Adult  and  juvenile  copepods 
were  the  major  numerical  constituents  in  the 
pumped  sample  collections,  followed  by  naupliar 
and  cyprid  stage  barnacles,  polychaete  larvae,  a 
marine  cladoceran,  clam  and  other  bivalve  larvae, 
rotifers,  and  zoeal  mud  crabs.  Weekly  studies  and 
24-hr  and  48-hr  time  series  studies  showed  that 
zooplankton  abundance  varied  substantially  over 
these  relatively  short  time  spans.  Some  species 
exhibited  a  range  of  abundance  over  24-hr  that  was 
as  large  as  observed  over  the  annual  cycle,  and 
vertical  and  horizontal  distributions  of  zooplankton 
could  be  equally  as  variable.  Data  from  the  time 
series  studies  illustrate  this  point.  The  station  and 
depth  distributions  of  the  zooplankton  near  Calvert 
Cliffs  were  originally  analyzed  in  the  context  of 
the  powerplant  there  and  its  effects  on  zooplank- 
ton spatial  distributions.  The  zooplankton  near  Cal- 
vert Cliffs  attained  maximum  densities  in  the 
summer  between  July  and  September,  with  annual 
maxima  ranging  between  30,000/cu  m  in  1976  and 
135,000/cu  m  in  1980.  Relationships  between  the 
abundance  of  the  copepod  Acartia  tonsa  and  con- 
currently monitored  environmental  and  biologic 
variables  were  explored  using  stepwise  multiple 
regression  techniques.  The  independent  variables 


were  chosen  from  water  quality,  food,  and  preda- 
tor abundance  parameters  monitored  in  the  studies. 
Because  Acartia  density  is  correlated  with  temper- 
ature, and  is  reproductively  dormant  over  the 
winter,  the  regression  models  were  developed 
using  only  data  from  the  months  of  May  through 
October  each  year.  In  two  of  the  five  years,  1977 
and  1980,  temperature  was  the  only  significant 
variable.  Yet,  in  1978  and  1979,  the  models  includ- 
ed biological  parameters,  and  temperature  did  not 
even  enter  the  models.  (See  also  W89-03599) 
(Lantz-PTT) 
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EPIFAUNA. 

Academy  of  Natural  Sciences  of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
G.  R.  Abbe. 

IN:  Ecological  Studies  in  the  Middle  Reach  of 
Chesapeake  Bay:  Calvert  Cliffs.  Lecture  Notes  on 
Coastal  and  Estuarine  Studies  Vol.  23,  Springer- 
Verlag,  New  York,  1987.  p  82-96,  6  fig,  3  tab,  13 
ref. 

Descriptors:  'Marine  animals,  'Estuarine  environ- 
ment, 'Nuclear  powerplants,  'Ecological  effects, 
'Ecosystems,  'Chesapeake  Bay,  Biomass,  Seasonal 
variation,  Calvert  Cliffs  Nuclear  Power  Plant,  Bar- 
nacles, Amphipods,  Bays,  Coelenterates. 

Wooden  panels  were  located  near  the  surface  and 
at  4.6  m  at  five  stations  in  the  central  Chesapeake 
Bay  near  the  Calvert  Cliffs  Nuclear  Power  Plant 
from  1970  to  1980,  to  sample  the  epifaunal  commu- 
nity. Fifty-six  taxa  were  identified,  but  five  species 
consistently  accounted  for  80-90%  of  the  biomass. 
These  five  dominants  included  a  colonial  hydroid, 
two  ectoprocts,  a  barnacle,  and  a  tube-building 
amphipod.  Organisms  set  from  April  to  December, 
but  both  species  numbers  and  biomass  peaked  in 
summer,  and  both  showed  significant  correlation 
with  temperature.  Surface  biomass  peaked  in  June 
at  1 18  g/sq  m,  2  months  earlier  than  at  the  bottom 
(119  g/sq  m).  Monthly  biomass  averaged  49.6  g/sq 
m  at  the  surface  and  50.9  g/sq  m  at  the  bottom. 
Highest  biomass  values  were  recorded  for  bottom 
panels  in  the  discharge  of  the  Calvert  Cliffs  Nucle- 
ar Power  Plant.  Ratios  of  ash-free  biomass  to  total 
dry  weight  were  lower  for  bottom  panels  than  for 
surface  panels  because  of  greater  coverage  of 
bottom  panels  by  barnacles.  (See  also  W90-03599) 
(Author's  abstract) 
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K.  L.  Heck. 

IN:  Ecological  Studies  in  the  Middle  Reach  of 

Chesapeake  Bay:  Calvert  Cliffs.  Lecture  Notes  on 

Coastal  and  Estuarine  Studies  Vol.  23,  Springer- 

Verlag,  New  York,  1987.  p  977-110,  3  fig,  4  tab,  21 

ref. 

Descriptors:  'Estuarine  environment,  'Nuclear 
powerplants,  'Benthic  fauna,  'Chesapeake  Bay, 
'Ecosystems,  Biomass,  Mollusks,  Seasonal  varia- 
tion, Polychaetes,  Dissolved  oxygen,  Helminths, 
Estuarine  sediments,  Population  density. 

Benthic  communities  near  the  Calvert  Cliffs  Nucle- 
ar Power  Plant  in  Chesapeake  Bay  were  numeri- 
cally dominated  by  polychaetes  or,  occasionally, 
nemerteans.  In  terms  of  dry  weight  biomass  how- 
ever, mollusks  dominated  the  standing  crops  by  an 
order  of  magnitude.  Large  differences  in  recruit- 
ment over  the  years  had  no  apparent  affect  on  the 
dominance  of  the  major  species.  The  seasonal  fluc- 
tuation of  benthic  population  abundance  peaked  in 
the  spring  and  was  lowest  in  the  summer.  Benthic 
abundance  and  biomass  were  most  dependent  on 
the  type  of  sediment  present,  although  benthic 
populations  also  seemed  to  be  affected  significantly 
by  the  predation  of  blue  crabs  and  by  low  concen- 
trations of  dissolved  oxygen.  (See  also  W9O-03599) 
(Author's  abstract) 
W90-03604 
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Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
G  R  Abbe. 

IN-  Ecological  Studies  in  the  Middle  Reach  of 
Chesapeake  Bay:  Calvert  Cliffs.  Lecture  Notes  on 
Coastal  and  Estuarine  Studies  Vol.  23,  Spnnger- 
Verlag,  New  York,  1987.  p  111-166,  24  fig,  11  tab, 
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Descriptors:  •Estuarine  environment,  *Nuclear 
powerplants,  'Ecological  effects,  *Estuarine  fish- 
eries, 'Shellfish,  'Chesapeake  Bay,  'Ecosystems, 
Clams,  Oysters,  Population  dynamics,  Population 
density,  Crabs. 

The  three  species  of  commercially  valuable  shell- 
fish found  in  central  Chesapeake  Bay  near  Calvert 
Cliffs  are  the  soft-shell  clam  Mya  arenaria,  the  blue 
crab  Callinectes  sapidus,  and  the  American  oyster 
Crassostrea  virginica.  Clam  populations  were  sam- 
pled along  19  km  of  shoreline  by  hydraulic  escala- 
tor dredge  during  7   years  from   1971   to   1979. 
Population  size,  percent  legal  size,  and  distribution 
fluctuated  widely  over  time.   Large  numbers  of 
small  clams  were  observed,  but  few  survived.  Pop- 
ulation density  increased  with  depth  to  about  4.6 
m,  but  was  never  enough  to  support  commercial 
activity.  Blue  crabs  were  sampled  by  pots  from 
1968  to  1983  at  three  stations.  In  16  years,  66,275 
crabs  were  caught;  50%  were  male  and  76%  were 
legal.  Crabs  per  pot  fished  ranged  from  0.85  in 
1968  to  16.86  in  1981  and  were  significantly  corre- 
lated with  Maryland  commercial  landings.  Differ- 
ences among  years  were  detected  for  all  10  catch 
variables  examined,  but  few  differences  occurred 
among  stations  or  between  pre-operational   and 
operational  periods.   A  significant  long-term  de- 
crease in  percent  males,  however,  could  have  seri- 
ous implications  to  the  crab  fishery.  Trays  of  oys- 
ters located  at  various  stations  from  1970  to  1981 
contained  four  age  classes  which  were  examined 
quarterly  for  growth,  mortality,  and  meat  condi- 
tion. Growth  was  greater  near  the  Calvert  Cliffs 
Nuclear  Power  Plant  than  elsewhere,  but  only 
after  3  years.  Although  mortalities  were  not  con- 
sistent among  years,  they  were  similar  among  sta- 
tions. The  Flag  Pond  Oyster  Bar  was  surveyed  by 
divers  in  1979  and  1983  to  determine  changes  m 
population  structure.  Density  of  legal  oysters  dou- 
bled and  sub-legals  increased  33  times  as  a  result  of 
increased    larval    recruitment    during    the    early 
1980s.  Population  size  was  greater  than  at  any  time 
in  the  last  two  decades.   (See  also  W90-03599) 
(Author's  abstract) 
W90-03605 


cies  were  not  coincident.  Measures  of  overwinter 
survival  of  juvenile  croaker  were  correlated  with 
winter  severity.  Overwinter  survival  of  juvenile 
spot  was  lowest  in  the  severe  winter  of  1976-1977, 
but  there  was  no  consistent  relationship  between 
severity  of  weather  and  overwinter  survival  in  all 
years  of  study.  Correlations  among  annual  species 
abundances  did  not  reveal  either  strong  positive 
correlations,  suggestive  of  common  response  to 
environmental  variation,  or  strong  negative  corre- 
lations which  might  indicate  competitive  comple- 
mentarity. Analyses  of  relative  and  absolute  abun- 
dance of  several  feeding  groups  showed  decreases 
in  zooplanktivores,  species  of  which  mysids  are 
important,  piscivores,  and  feeders  on  small  epi- 
fauna  and  benthos.  Size-frequency  analyses  of  men- 
haden, croaker  and  spot  showed  the  appearance  of 
juveniles  in  the  fall  samples,  followed  by  the  ap- 
pearance of  smaller  fish  in  early  winter.  These 
smaller  fish  may  have  been  more  slowly  growing 
fish  which  left  shallow  nursery  grounds  later  than 
the  other  juveniles  or  may  have  been  late-spawned 
fish  from  a  different  offshore  spawning  area  than 
the  main  group  of  juveniles.  (See  also  W90-03599) 
(Author's  abstract) 
W90-03606 


ENTRAINMENT  STUDIES. 

Academy   of  Natural   Sciences   of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-03607 


IMPINGEMENT  STUDIES. 

Academy  of  Natural  Sciences  of  Philadelphia,  PA. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-03608 

THERMAL    AND    OTHER    DISCHARGE-RE- 
LATED EFFECTS  ON  THE  BAY  ECOSYSTEM. 

Academy   of  Natural   Sciences   of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-03609 


FISH 

Academy  of  Natural  Sciences  of  Philadelphia,  PA. 
R.  J.  Horwitz.  .     „      «_     * 

IN:  Ecological  Studies  in  the  Middle  Reach  ot 
Chesapeake  Bay:  Calvert  Cliffs.  Lecture  Notes  on 
Coastal  and  Estuarine  Studies  Vol.  23,  Springer- 
Verlag,  New  York,  1987.  p  167-224,  10  fig,  19  tab, 
33  ref. 

Descriptors:  'Estuarine  environment,  'Nuclear 
powerplants,  'Estuarine  fisheries,  'Fish,  'Chesa- 
peake Bay,  'Ecosystems,  Dissolved  oxygen,  Salini- 
ty, Water  temperature,  Fish  populations,  Bass, 
Menhaden,  Population  dynamics. 

Monthly  trawl  samples  of  fish  were  taken  in 
Chesapeake  Bay  in  the  vicinity  of  the  Calvert 
Cliffs  Nuclear  Power  Plant  from  1969  through 
1981.  Analyses  of  variation  in  abundance  between 
individual  samples  were  used  to  investigate  corre- 
lations between  physical  factors  (temperature,  sa- 
linity and  dissolved  oxygen  (DO))  and  fish  abun- 
dance. While  significant  relationships  were  found, 
they  may  reflect  common  correlation  with  other 
factors  that  vary  with  season,  station  and  depth 
rather  than  direct  causal  relationships.  Low 
summer  concentrations  of  DO  in  deeper  water  (9 
and  12  m)  were  more  frequent  during  the  later 
years  of  the  study.  The  distribution  of  striped  bass 
with  respect  to  DO  and  temperature  was  consist- 
ent with  models  of  habitat  limitations  by  DO  and 
temperature.  Sample  abundances  within  each  year 
were  used  to  estimate  annual  abundance  and  age 
classes  of  major  species.  Decreases  of  several  spe- 
cies in  the  early  1970s  may  have  been  due  to 
Tropical  Storm  Agnes  and  to  decreases  in  aquatic 
vegetation;  however,  the  declines  in  these  fish  spe- 


ENVTRONMENTAL  STUDIES  IN  PORT 
VALDEZ,  ALASKA:  A  BASIS  FOR  MANAGE- 
MENT. 

For  primary  bibliographic  entry  see  Field  5C 
W90-03610 

NATURAL  AND  HISTORIC  SETTING. 

National  Ocean  Service,  Anchorage,  AK.  Ocean 
Assessments  Div. 
M.  J.  Hameedi. 

IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,   1988.  p   1-15,   1   fig,   2  tab,   24  ref. 

Descriptors:  'History,  'Arctic  zone,  'Alaska, 
'Valdez,  'Natural  resources,  Fjords,  Social  as- 
pects, Prince  William  Sound,  Alaska  pipeline. 

The    Chugiak   eskimos    are    the    earliest    known 
people  who  lived  and  traded  with  neighboring 
communities  in  the  Prince  William  Sound  region, 
including  what  is  now  known  as  Port  Valdez.  In 
1793  and  1794,  Captain  George  Vancouver  adopt- 
ed the  name  Port  Valdez  in  his  survey  maps  of  the 
North  American  coastline  between  the  thirty-fifth 
and  sixtieth  parallels  of  latitude.  Port  Valdez  is 
located  in  the  northeastern  portion  of  Prince  Wil- 
liam  Sound,   southcentral   Alaska.   It  is  a  deep, 
steep-walled,  and  partially-filled  glacial  fjord  in  the 
Chugach  Mountains.   It  trends  east-west  and  is 
approximately  22  km  long  and  5  km  wide.  Port 
Valdez  is  in  a  tectonically-active  region;  the  epi- 
center of  the  1964  Great  Alaska  Earthquake  was 
70  miles  west  of  Port  Valdez.  The  port  waters 
receive  a  large  amount  of  sediment  during  the 
summer,  much  of  which  originates  in  Lowe  River, 
Mineral  Creek,  and  Valdez  Glacier  Stream.  Tides 
are  of  the  mixed,  semi-diurnal  type,  with  a  maxi- 
mum range  of  5.3  m.  Water  circulation  is  typically 
that  of  a  positive  estuarine  fjord.  The  area  is  noted 
for  sport  fishing  and  hunting  activities,  but  not  for 
commercial  fishing.   Four  seabird  colonies  have 
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been  identified.  Since  early  in  the  1900's  Port 
Valdez  has  been  important  as  an  ocean  terminus  ot 
inland  Alaska  routes  because  it  is  an  ice-free,  deep- 
water  port.  In  recent  years,  it  has  gamed  in  impor- 
tance as  the  terminus  of  the  Alaska  oil  pipeline, 
which  handles  nearly  the  entire  production  of  the 
Alaska  North  Slope  crude  oil.  (See  also  W89- 
03610)  (Lantz-PTT) 
W90-03611 


PROCESSES  OF  BALLAST  WATER  DISPER- 
SAL. 

ENTRIX,  Inc.,  Anchorage,  AK. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-03613 

SEDIMENTATION  PROCESSES. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-03614 

WATER  COLUMN  PRODUCTION. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-03615 

INTERTIDAL  ZONE. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-03616 

SUBTTDAL  BENTHOS. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
H.  M.  Feder,  and  S.  C.  Jewett. 
IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,  1988.  p  165-202,  7  fig,  4  tab,  81  ref. 

Descriptors:  'Arctic  zone,  'Alaska,  'Valdez, 
'Port  faculties,  'Alaska  oil  pipeline,  Fjords,  Anne- 
lids, Mollusks,  Arthropods,  Shrimp,  Crabs,  Scul- 
pin,  Fish,  Sole,  Pollock,  Primary  productivity, 
Biomass,  Oil  spills,  Wastewater  disposal. 

The  subtidal  benthic  fauna  of  Port  Valdez,  a  turbid 
outwash  fjord,  is  similar  to  that  of  other  fjords  of 
south-central  and  southeastern  Alaska.  The  infauna 
is  dominated  by  annelids  with  mollusks  and  arthro- 
pod crustaceans  of  secondary  importance.   Epi- 
faunal  organisms  are  relatively  sparse,  but  pandalid 
shrimp  and  juvenile  Tanner  crab  are  occasionally 
common.  Bottom  fishes  are  uncommon;  sculpins, 
flathead  sole,  and  juvenile  pollock  occur  most  fre- 
quently.  Infaunal  production  estimates  for  Port 
Valdez  are  relatively  low,  varying  from  0.3-1.7  g 
C/sq  m/yr.  These  low  values  are  similar  to  those 
estimated  for  Alaskan  shelf  systems  where  a  large 
proportion  of  the  primary  production  is  grazed 
before  settling  to  the  bottom.  The  deep  benthos  of 
Port  Valdez  also  appears  to  be  largely  uncoupled 
from   water-column   production.    Comparison   of 
Port  Valdez  with  other  northern  oxic  fjords  sup- 
ports the  generalization  that  fjordic  systems  are  not 
readily  comparable.  However,  an  attempt  has  been 
made  to  show  some  of  the  similarities  and  dissimi- 
larities between  the  port  and  other  northern  oxic 
fjords.  The  types  and  numbers  of  infaunal  taxa  are 
similar  in  all  oxic  Alaskan  fjords  examined,  but 
abundance  and  biomass  tend  to  be  higher  in  tide- 
water glacier  fjords  than  in  turbid  outwash  fjords 
such  as  Port  Valdez.  The  benthic  biomass  of  all  of 
these  fjords  is  much  lower  than  that  of  the  adja- 
cent shelf.  The  disturbance  events  identified  in 
Port  Valdez  (a  major  earthquake  in  1964,  construc- 
tion of  a  road  across  the  tidal  flats  in  1974,  comple- 
tion of  the  Alaska  pipeline  terminal  in  1977,  and 
tanker  loading  with  associated  minor  spills  and 
discharge  of  treated  ballast  water  since  then)  have 
resulted  in  a  benthic  community  in  a  continuing 
state  of  flux.  The  benthos  appears  to  support  the 
hypothesis  that  macrobenthic  communities  in  fre- 
quently disturbed  environments  are  more  resilient 
to  perturbation  than  communities  in  constant  envi- 
ronments. (See  also  W89-03610)  (Lantz-PTT) 
W90-03617 
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FISHERIES  RESOURCES. 

National  Marine  Fisheries  Service,  Auke  Bav  AK 
Auke  Bay  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-036 1 8 


WATERBIRDS  AND  MARINE  MAMMALS 

Fish  and  Wildlife  Service,  Anchorage,  AK. 
For  primary  bibliographic  entry  see  Field  5C 
W90-03619 


HYDROCARBON  ACCUMULATIONS. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  5B 
W9O-O3620 


HYDROCARBON  BYCONVERSIONS: 

SOURCES,     DYNAMICS,     PRODUCTS     AND 
POPULATIONS. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  5B. 
w  yu-uJo^  1 


NATURAL     AND     ANTHROPOGENIC     DIS- 
TURBANCES AT  THE  ECOSYSTEM   LEVEL. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  4C 
W90-03623 


RELATIONSHIP  OF  ESTUARINE  PLANT 
CONTAMINANTS  TO  EXISTING  DATA 
BASES. 

European  Research  Office,  London  (England). 
For  primary  bibliographic  entry  see  Field  5C. 


CLASSD7ICATION  OF  SALT-AFFECTED  LAND 
IN  AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Canberra  (Australia).  Div.  of  Water 

and  Land  Resources. 

B.  G.  Williams,  and  P.  R.  Bullock. 

CSWO   Technical    Memorandum    89/8,    August 

1989.  lip,  4  fig,  13  ref.  * 

Descriptors:  *Saline  soils,  *Classification,  •Austra- 
lia, 'Wetlands,  •Salinity,  Saline  groundwater, 
Scalds,  Irrigation,  Land  management. 

Classification  schemes  currently  used  in  Australia 
have  been  examined  in  terms  of  the  criteria  used  at 
different  levels.  It  is  recognized  that,  with  the 
exception  of  'coastal  marshes'  all  types  of  salt- 
affected  land  are  common  to  both  pre-European 
and  post-European  settlement.  The  terms  'primary 
salinity'  and  'secondary  salinity'  are  used  in  this 
historical  sense.  The  term  'wetland  salinity'  is  ex- 
cluded completely.  The  land  use  terms  'dryland 
salinity'  and  'irrigation  salinity'  are  retained  be- 
cause of  their  strong  community  acceptance.  In  the 
case  of  irrigation  salinity;  it  is  suggested  that  the 
term  'salt  pan'  should  include  all  those  forms  analo- 
gous to  the  salt  pan/salt  flat  types.  That  is,  'salt 
pans'  have  a  more  or  less  permanently  wet  surface 
and  cover  a  wide  range  of  vegetative  types  and 
degree  of  surface  cover.  A  'secondary,  irrigation, 
salt  pan'  would  refer  to  swamp  areas  developing  iii 
the  immediate  vicinity  of  irrigation  areas  while 
saline  groundwater  discharge  in  swales  of  mallee 
dune  country  could  be  referred  to  as  'secondary 
dryland  salt  pans'.  The  only  new  terminology  in- 
troduced is  the  division  of  'scalds'  into  'seepage 
scalds'  and  'dry  scalds'  in  order  to  emphasize  the 
very  different  processes  involved  in  their  develop- 
ment. If  thought  necessary,  a  further  class  could  be 
added  to  the  Primary  Salinity  class  to  accommo- 
date the  Soil  Conversation  Authority  of  Victoria 
(SCAV)  requirements  to  distinguish  between  soils 
having  saline,  clay  or  loam  subsoils.  Although 
these  are  not  easily  recognizable  they  do  have 
considerable  implications  for  land  management 
(Lantz-PTT) 
W90-03813 


Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Hydraulics  Lab. 

T.  L.  Fagerburg. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161.  Technical  Report 

HL-89-23,  November  1989.  Final  Report.  126p,  15 

fig,  22  tab,  35  plates,  append. 

Descriptors:  •Estuaries,  'Dredging,  »Spoil  banks, 
•Wetlands,  *Bays,  »Winyah  Bay,  »Data  collec- 
tions, South  Carolina,  Water  level,  Flow  velocity, 
Tidal  currents,  Suspended  sediments,  Turbidity,' 
Bed  load,  Salinity,  Mixing,  Marshes. 

Water  levels,  current  speeds  and  directions,  salini- 
ties, suspended  sediment  concentrations,  bed  sedi- 
ment characteristics,  and  densities  were  measured 
in  Winyah  Bay,  SC,  in  January  1989.  The  proto- 
type data  were  collected  as  part  of  a  study  to 
evaluate  the  effects  of  a  dredged  material  place- 
ment operation  to  create  a  wetland  marsh  in  the 
bay.  The  following  observations  were  made  of  the 
data:  (1)  there  appears  to  be  a  slight  decrease  in  the 
maximum  range  of  water  surface  elevation  (tide, 
0.15  ft)  from  the  lower  bay  water  level  recorder  to 
the  upper  bay  water  level  recorder;  (2)  the  maxi- 
mum velocities  observed  during  the  survey  oc- 
curred at  the  strength  of  ebb  of  the  tidal  cycle.  The 
maximum  recorded  velocity  was  5.5  ft/sec  (fps); 
(3)  suspended  sediment  concentrations  in  the  chan- 
nel were  generally  greater  near  the  bottom.  The 
greatest    suspended    sediment    concentration    ob- 
served during  the  survey  period  was  420  mg/L;  (4) 
long-term  sampling  of  the  suspended  sediment  re- 
corded a  maximum  concentration  of  140  mg/L. 
This  concentration  occurred  during  the  predredg- 
uig  period  (October-November  1988).  The  long- 
term  suspended  sediment  sampling  indicated  no 
significant    changes    in    concentrations    resulting 
from  the  dredging  operations;  (5)  changes  in  the 
bottom  material  composition  over  time  indicate 
that  most  of  the  very  fine  sediments  are  not  re- 
tained within  the  majority  of  the  sampling  areas 
but  appear  to  be  displaced  by  the  natural  circula- 
tion patterns  within  the  bay;  and  (6)  salinity  values 
indicated  that  the  lower  portion  of  the  bay  could 
be  described  as  being  well  mixed,  while  the  upper 
portions  could  be  described  as  being  partly  to  well 
mixed.  (Lantz-PTT) 
W90-03819 


EFFECTS  OF  SUSPENDED  SEDIMENTS  ON 
EGG  PRODUCTION  OF  THE  CALANOID  CO- 
PEPOD  ACARTIA  TONSA. 

Louisiana   State   Univ.,   Baton   Rouge.    Dept.   of 

Marine  Science. 

For  primary  bibliographic  entry  see  Field  2J. 


ENVIRONMENTS  AND  SUBENVDtONMENTS 
IN  THE  INTERTIDAL  SECTOR  OF  THE  BAY 
OF  SAN  SIMON:  VIGO  ESTUARY  (PONTEVE- 
DRA) -CHARACTERISTIC  SEDIMENTARY  SE- 
QUENCES (MEDIOS  Y  SUBMEDIOS  EN  EL 
SECTOR  INTERMAREAL  DE  LA  ENSENADA 
DE  SAN  SIMON:  RIA  DE  VIGO  (PONTEVE- 
DRA) -SECUENCIAS   SEDIMENTARIAS   CAR- 
ACTERISTICAS). 
Santiago  Univ.,  Vigo  (Spain). 
For  primary  bibliographic  entry  see  Field  2J. 
W90-03929 


MARINE  CniCULATION  ON  THE  EBRO  CON- 
TINENTAL SHELF  DETERMINED  IN  EQUAL 
PARTS  FROM  THE  DISTRIBUTION  OF 
WATER  MASSES  AND  THE  ORGANIC  MI- 
CROCONTAMINANTS  IN  THE  SEDIMENT 
(CIRCULACION  MARINA  EN  LA  PLATA- 
FORMA  CONTINENTAL  DEL  EBRO  DETER- 
MINADA  A  PARTIR  DE  LA  DISTRIBUCION 
DE  MASAS  DE  AGUA  Y  LOS  MICROCONTA- 
MINANTES  ORGANICOS  EN  EL  SEDI- 
MENTO). 

Instituto  de  Ciencias  del  Mar,  Barcelona  (Spain). 
For  primary  bibliographic  entry  see  Field  2J 
W90-03930 


TERIA  EN  SUSPENSION  EN  EL  GOLFO  DE 
CADIZ). 

Instituto  de  Ciencias  del  Mar,  Barcelona  (Spain). 
For  primary  bibliographic  entry  see  Field  2J 
W90-03931 


DECISION      SUPPORT      FOR      ESTUARINE 
WATER  QUALITY  MANAGEMENT. 

California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 
For  primary  bibliographic   entry  see   Field   5G. 


WINYAH  BAY,  GEORGETOWN,  SOUTH 
CAROLINA  DATA  COLLECTION  SURVEY 
REPORT. 


STUDY  OF  THE  SUSPENDED  MATERLAL  IN 
THE  GULF  OF  CADIZ  (ESTUDIO  DE  LA  MA- 


NUTRIENTS  AND  PHYTOPLANKTON  DIS- 
TRIBUTIONS DURING  SPRING  IN  THE 
AEGEAN  SEA. 

National    Centre    for    Marine    Research,    Athens 

(Greece). 

N.  Friligos,  and  M.  Karydis. 

Vie  et  Milieu  (Life  and  Environment)  VIMID2 

Vol.  38,  No.  2,  p  133-143,  June  1988.  5  fig,  8  tab,  27 

ref. 

Descriptors:  'Aegean  Sea,  'Phytoplankton,  'Dis- 
tribution patterns,  'Nutrients,  'Estuarine  environ- 
ment, Spatial  distribution,  Physicochemical  analy- 
sis, River  mouth,  Species  composition,  Population 
density,  Diatoms,  Salinity,  Species  diversity,  Verti- 
cal distribution,  Hydrographs. 

Physico-chemical  parameters  and  phytoplankton 
distributions  were  studied  during  the  spring  phyto- 
plankton bloom  in  Kavala  and  Alexandroupolis 
Gulfs,  both  influenced  by  river  waters.  Salinity, 
temperature  and  nutrients  were  affected  by  uneven 
river  discharges  and  some  significant  correlations 
with  phytoplankton  growth  were  found.  The  hy- 
drographical  structure  near  the  Evros  River  is 
heterogeneous.  Data  indicated  that  phytoplankton 
abundance  inside  the  Evros  River  plume  were 
higher  than  those  of  the  Eastern  Mediterranean. 
Phytoplankton  community  structure  was  dominat- 
ed by  the  diatom  Rhizosolenia  hebetata  in  Kavala 
Gulf,  whereas,  a  very  intense  bloom  of  Skeleton- 
ema  costatum  was  observed  in  Alexandroupolis 
Gulf.  The  relationships  between  phytoplankton  pa- 
rameters, especially  dominance  and  diversity,  are 
also  discussed.  For  example,  regression  analysis 
revealed  that  cell  number  increases  and  diversity 
decreases  with  increasing  nutrient  concentrations, 
except  by  silicates.  Cell  number  and  diversity  were 
highly  correlated  with  temperature,  ammonium 
and  silicates  outside  the  Evros  River  plume.  How- 
ever inside  the  Evros  River  plume  there  is  a  corre- 
lation between  the  cell  number  and  the  salinity,  but 
not  with  the  nutrients  concentration.  (Author's 
abstract) 
W90-04027 


MEMBRANE  FATTY  ACTO  AND  VTRULENCE 
CHANGES  IN  THE  VIABLE  BUT  NONCUL- 
TURABLE  STATE  OF  VIBRIO  VULND7ICUS. 

North  Carolina  Univ.  at  Charlotte.  Dept.  of  Biol- 
ogy. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-04031 


OCCURRENCE  AND  CHARACTERISTICS  OF 
AGGLUTINATION  OF  VTBRIO  CHOLERAE 
BY  SERUM  FROM  THE  EASTERN  OYSTER, 
CRASSOSTREA  VTRGINICA. 

Food  and  Drug  Administration,  Dauphin  Island, 

AL.  Fishery  Research  Branch. 

For  primary  bibliographic  entry  see  Field  5B 

W90-O4033 


RARE  EARTH  ELEMENTS  IN  SAANICH 
INLET,  BRITISH  COLUMBIA,  A  SEASONAL- 
LY ANOXIC  BASIN. 

Cambridge  Univ.  (England).  Dept.  of  Earth  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  2H 
W90-04055 


BIOGEOCHEMICAL  FACTORS  THAT  INFLU- 
ENCE  THE    STABLE    NITROGEN    ISOTOPE 
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RATIO  OF  DISSOLVED  AMMONIUM  IN  THE 
DELAWARE  ESTUARY. 

Carnegie  Institution  of  Washington,  DC.  Geo- 
physical Lab. 

L.  A.  Cifuentes,  M.  L.  Fogel,  J.  R.  Pennock,  and  J. 
H.  Sharp. 

Geochimica  et  Cosmochimica  Acta  GCACAK, 
Vol.  53,  No.  10,  p  2713-2721,  October  1989.  9  fig,  1 
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Descriptors:  *Estuaries,  'Fate  of  pollutants, 
•Stable  isotopes,  *Nitrogen,  *Ammonium,  'Dela- 
ware River  Estuary,  'Cycling  nutrients,  Geochem- 
istry, Microbial  degradation,  Numerical  analysis, 
Model  studies,  Algal  growth. 

The  transport  and  cycling  of  sewage  derived 
NH4(-(-)  in  the  Delaware  Estuary  was  investigat- 
ed. The  isotopic  composition  (sigma  N15)  of  dis- 
solved ammonium  (NH4(+))  in  the  Estuary  was 
related  to  reactions  in  the  nitrogen  cycle  occurring 
in  different  regions  of  the  estuary  and  at  different 
rates  throughout  the  year.  The  range  of  values  at 
any  one  location  (as  great  as  +10  to  +40  o/oo) 
was  dependent  on  either  nitrification,  algal  uptake, 
and  microbial  remineralization,  or  a  combination  of 
these  reactions.  Specifically,  observations  of  iso- 
topic discrimination  during  nitrification  in  the  ri- 
verine portion  of  the  estuary  were  similar  to  those 
reported  in  other  estuaries.  The  first  calculation  of 
the  isotopic  fractionation  during  algal  uptake  in  the 
field  is  reported.  Algal  assimilation  of  NH4(+)  in 
the  estuary  had  an  estimated  fractionation  factor  of 
-9.1  o/oo.  This  estimated  fractionation  factor  for 
the  field  data  and  fractionation  factors  measured  in 
culture  (-14  to  -20  o/oo)  were  compared  in  a 
numerical  simulation  of  NH4(+)  transport  and 
uptake  in  the  estuary.  Model  results  for  the  period 
of  the  spring  bloom  resembled  the  field  data  more 
closely  when  the  isotopic  fractionation  estimated 
with  the  in  situ  data  was  used  rather  than  the 
greater  isotopic  fractionations  measured  in  culture. 
(Author's  abstract) 
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GEOCHEMICAL  ANOMALIES  IN  SEDI- 
MENTS ON  THE  SHELF  NEAR  THE  LAGOON 
OF  VENICE,  ITALY. 

New  South  Wales  Univ.,  Kensington  (Australia). 

Dept.  of  Applied  Geology. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-O4O60 


PESTICIDES  AND  PCBS  EN  OYSTERS  FROM 
MAZATLAN,  SENALOA,  MEXICO. 

California  State  Dept.  of  Fish  and  Game,  Monte- 
rey. Marine  Pollution  Studies  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
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MAN'S  IMPACT  ON  THE  ECOSYSTEM  OF 
THE  BALTIC  SEA:  ENERGY  FLOWS  TODAY 
AND  AT  THE  TURN  OF  THE  CENTURY. 

Stockholm  Univ.  (Sweden).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field   6G. 
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ECOLOGICAL  OBSERVATIONS  ON  PLANK- 
TON OF  THE  LOERE  ESTUARY  (FRANCE). 

Nantes  Univ.  (France).  Lab.  de  Biologie  Marine. 
Y.  Rince,  V.  Martin- Jezequel,  and  B.  Ravail. 
Cahiers  de  Biologie  Marine  CBIMA5,  Vol.  30,  No. 
2,  p  201-216,  1989.  7  fig,  3  tab,  42  ref. 

Descriptors:  *Plankton,  •Phytoplankton,  •Zoo- 
plankton,  'Estuarine  environment,  'France,  Sea- 
sonal variation,  Tides,  Salinity,  Species  distribu- 
tion, Spatial  variation,  Species  diversity. 

Hydrological  and  planktonic  studies  were  per- 
formed in  the  Loire  estuary  in  1981-1982.  Hydrolo- 
gical and  biological  samples  were  collected  at 
three  stations  in  three  distinct  zones  of  the  estuary. 
Different  regimes  were  investigated  during  spring- 
tide and  neap-tide  at  low  flow,  mean  flow  and  high 
flow.  For  each  station,  samples  were  collected 
every  two  hours,  during  a  12  hour  tidal  cycle. 
Three  supplementary  investigations  were  made  in 


May,  June  and  July.  Hauls  were  made  at  1  m 
below  the  surface,  against  the  current,  with  a  50 
micrometer  mesh  net  for  phytoplankton  and  a  200 
micrometer  net  for  zooplankton.  The  hydrological 
regime  of  the  river  produces  variations  in  the 
seasonal  cycle  of  the  plankton,  while  spring  and 
neap-tides,  through  suspended  matter  and  water 
mixing,  cause  different  patterns  of  spatial  distribu- 
tion of  plankton.  In  the  lower  zone  of  the  Loire 
estuary,  sea  water  brings  marine  plankton  (about 
60  species  except  meroplanktonic  forms),  while 
freshwater  provides  limnetic  forms  to  the  inner 
zone  (about  100  species).  The  impact  of  salinity  on 
the  number  of  species  per  station  is  subject  to  river 
regime  and  tidal  cycles.  Neritic  plankton  reach  the 
mesohaline  part  of  the  estuary  during  spring  tides 
and  at  low  river  regimes.  At  mesohaline  and  oligo- 
haline  stations,  the  algal  biomass  shows  a  seasonal 
trend  with  increasing  river  flow,  characterized  in- 
creasing phytoplanktonic  numbers  and  chloro- 
phyll-a  contents.  The  zooplankton  biomass  at  one 
station  is  also  affected  by  river  flow.  Numbers 
increase  during  high  waters  and  decrease  during 
mean  and  low  waters.  (Mertz-PTT) 
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ENVIRONMENTAL  CORRELATES  WITH  AM- 
PHIPOD  DISTRIBUTION  IN  A  SCOTTISH 
SEA  LOCH. 

Marine  Lab.,  Aberdeen  (Scotland). 
M.  R.  Robertson,  S.  J.  Hall,  and  A.  Eleftheriou. 
Cahiers  de  Biologie  Marine  CBIMA5,  Vol.  30,  No. 
2,  p  243-258,  1989.  4  fig,  5  tab,  32  ref. 

Descriptors:  'Fjords,  'Scotland,  'Aquatic  produc- 
tivity, 'Amphipods,  Organic  carbon,  Chlorophyll 
a,  Species  diversity,  Population  density,  Bottom 
sediments,  Water  depth. 

Over  the  period  1969  to  1980,  34  stations  (both 
inter  and  subtidal)  were  visited  in  Loch  Eve,  a 
fjordic  sea  loch  on  the  west  coast  of  Scotland. 
Amphipod  densities  were  determined  along  with 
sediment  particle  size  and  levels  of  organic  carbon 
and  chlorophyll  a.  A  total  of  53  amphipod  species 
representing  two  suborders  and  23  families  was 
collected  from  the  Loch  Ewe  area  during  the 
survey.  The  Gammaridean  suborder  was  by  far  the 
most  dominant,  represented  by  22  families  to 
which  Lysianassids,  Oedicerotids,  Ampeliscids, 
Pontoporeids,  and  Phoxocephalids  contributed 
most  species.  During  the  survey,  specimens  were 
collected  from  different  sedimentary  environments 
ranging  from  medium  sandy  intertidal  deposits  to 
fine  or  very  fine  sands  and  silts  at  depths  in  excess 
of  50  m.  Multivariate  analysis  of  these  data  indi- 
cates that  depth  and  sediment  organic  carbon 
levels  are  the  major  determinants  of  amphipod 
assemblages  in  the  loch,  in  contrast  to  previous 
studies  that  have  variously  implicated  temperature, 
sediment  granulometry  and  food  availability.  (Au- 
thor's abstract) 
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LONG-TERM  CHANGES  IN  NUTRIENTS, 
WEED  MATS  AND  SHOREBIRDS  IN  AN  ES- 
TUARINE SYSTEM. 

Aberdeen  Univ.  (Scotland).  Culterty  Field  Station. 
D.  Raffaelli,  S.  Hull,  and  H.  Milne. 
Cahiers  de  Biologie  Marine  CBIMA5,  Vol.  30,  No. 
2,  p  259-270,  1989.  6  fig,  2  tab,  26  ref. 

Descriptors:  'Eutrophication,  'Estuarine  environ- 
ment, 'Aquatic  productivity,  'Amphipods,  'Scot- 
land, 'Marine  algae,  Enteromorpha,  Corophium, 
Agricultural  watersheds,  Birds,  Eutrophication, 
Mud  flats,  Biomass. 

Long-term  data  sets  on  agricultural  methods,  river 
nutrients,  biomass  of  macro-algal  mats  and  num- 
bers of  shorebirds  are  analyzed  for  the  Ythan  estu- 
ary, Aberdeenshire,  Scotland.  The  results  suggest  a 
2-3  fold  increase  of  nitrogen  in  river  water  over  a 
25-year  period,  associated  with  an  increase  in  the 
proportion  of  land  under  cereal  crop  production. 
Biomass  of  the  green  seaweed  Enteromorpha  has 
also  increased  over  this  period  and  now  forms 
dense  mats  in  much  of  the  estuary.  The  abundance 
of  the  amphipod  Corophium  volutator  is  reduced 
under  weed  mats  but  there  are  at  present  sufficient 
unweeded  refuge  areas  between  the  mats  to  main- 


tain an  highly  productive  invertebrate  community. 
A  general  increase  in  mudflat  invertebrate  produc- 
tivity may  account  for  increases  in  the  numbers  of 
several  of  species  shorebird  on  the  Ythan  during 
the  study.  However,  if  weed  mats  become  too 
extensive,  these  highly  productive  refuges  may 
disappear  altogether  with  dramatic  effects  on  the 
general  ecology  of  the  estuary.  (Author's  abstract) 
W90-04091 


FACTORS  AFFECTING  ESTUARINE  MEIO- 
BENTHIC  ASSEMBLAGE  STRUCTURE:  A 
MULTIFACTORIAL  MICROCOSM  EXPERI- 
MENT. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
For  primary  bibliographic  entry  see  Field  2H. 
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BIVALVE  SUSPENSION-FEEDING  DYNAM- 
ICS AND  BENTHIC-PELAGIC  COUPLING  IN 
AN  EUTROPHICATED  MARINE  BAY. 

Goeteborg  Univ.  (Sweden).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2H. 
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BACTERIOPLANKTON  BIOMASS  AND  PRO- 
DUCTION DURENG  DESTRATTFICATION  IN 
A  MONOMICTIC  EUTROPHIC  BAY  OF  A 
TROPICAL  LAGOON. 

Centre  de  Recherches  Oceanographiques,  Abidjan 

(Ivory  Coast). 

For  primary  bibliographic  entry  see  Field  5C. 
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REMOTE  SENSING  AND  NUMERICAL  MOD- 
ELING OF  SUSPENDED  SEDEMENT  IN 
LAGUNA  DE  TERMINOS,  CAMPECHE, 
MEXICO. 

South  Carolina  Univ.,  Columbia.  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  7B. 
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MODELING  FUTURE  TRENDS  IN  WETLAND 
LOSS  AND  BROWN  SHRIMP  PRODUCTION 
IN  LOUISIANA  USING  THEMATIC  MAPPER 
IMAGERY. 

National   Marine  Fisheries  Service,   Miami,   FL. 

Southeast  Fisheries  Center. 

J.  A.  Browder,  L.  N.  May,  A.  Rosenthal,  J.  G. 

Gosselink,  and  R.  H.  Baumann. 

Remote  Sensing  of  the  Environment  RSEEA7, 

Vol.  28,  p  45-59,  April/June  1989.  11  fig,  23  ref. 

Descriptors:  'Model  studies,  'Remote  sensing, 
'Wetlands,  'Coastal  marshes,  'Estuarine  fisheries, 
'Louisiana,  'Satellite  technology,  'Landsat  The- 
matic Mapper,  Shrimp,  Productivity. 

The  land-water  interface  of  coastal  marshes  may 
influence  the  production  of  estuarine-dependent 
fisheries  more  than  the  area  of  these  marshes.  To 
test  this  hypothesis  a  spatial  model  to  explore  the 
dynamic  relationship  between  land-water  interface 
and  degree  of  land  loss  in  disintegrating  coastal 
marshes  of  Louisiana's  Barataria,  Terrebonne,  and 
Timbalier  basins  was  developed.  By  calibrating  the 
model  with  Landsat  Thematic  Mapper  satellite 
imagery,  a  parabolic  relationship  between  land- 
water  interface  and  marsh  disintegration  was  deter- 
mined. Aggregated  simulation  data  suggested  that 
the  land- water  interface  in  the  study  area  will  soon 
reach  its  maximum  and  then  decline.  A  statistically 
significant  positive  linear  relationship  between 
brown  shrimp  catch  and  total  interface  length  over 
the  past  28  years  was  found.  This  relationship 
suggests  that  shrimp  yields  will  decline  when  inter- 
face declines,  possibly  beginning  about  1995.  (Au- 
thor's abstract) 
W90-04192 
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PLUME  OF  THE  YUKON  RIVER  EN  RELA- 
TION TO  THE  OCEANOGRAPHY  OF  THE 
BERING  SEA. 

Alaska  Univ.,  Fairbanks.  Geophysical  Inst. 
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For  primary  bibliographic  entry  see  Field  2E. 
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TROPICAL  STORM  SURGE  FORECASTING  IN 
THE  NATIONAL  WEATHER  SERVICE. 

National   Weather   Service,   Silver   Spring,   MD. 
Techniques  Development  Lab. 
C.  P.  Jelesnianski. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p  65- 
75,  2  fig,  5  ref. 

Descriptors:  'Computer  programs,  *  Flood  fore- 
casting, *Storm  surges,  *Tropical  cyclones,  •Fore- 
casting, 'Hydrologic  models,  Data  interpretation, 
SLOSH,  SPLASH,  Computer  models,  Coasts, 
Storms. 

A  storm  surge  is  an  abnormal  rise  of  water  generat- 
ed by  a  tropical  storm  is  a  long  gravity  wave  and 
not  to  be  confused  with  short  period  wind  waves, 
surf,  swell,  etc.  Along  a  coastline,  the  significant 
surge  has  a  reach  of  about  100  miles  with  a  dura- 
tion of  about  6  hours.  In  any  one  particular  geo- 
graphical area,  observed  surge  data  is  scarce  due  to 
rarity  of  storm  events.  Consequently,  dynamic 
surge  modeling  is  used  to  ascertain  flooding  from 
tropical  storms.  All  dynamic  surge  models  can  deal 
with  both  planning  and  forecasting.  A  dynamic 
surge  model  will  numerically  solve  a  set  of  partial 
differential  equations  of  motion,  according  to  input 
data.  When  using  a  surge  model  in  a  forecast  mode 
it  must  be  complete  in  the  sense  of  storing  pre- 
pared basin  data,  pre-set  values  for  coefficients  in 
the  equations  of  motion,  and  the  availability  of  an 
adequate  storm  model.  The  only  input  data  re- 
quired from  a  user  are:  (1)  simple  storm  parameters 
for  the  required  lead  time  of  an  in-situ  storm,  and 
(2)  the  initial  and  quiescent  height  or  datum  of 
water  surfaces  in  the  absence  of  a  storm.  The 
National  Weather  Service  (NWS)  uses  two  surge 
models:  (1)  SPLASH,  and  (2)  SLOSH.  The 
SPLASH  model  is  restricted  to  surge  computa- 
tions on  a  basin  truncated  from  a  large  sea,  includ- 
ing a  600  miles  length  of  coastline.  The  equations 
of  motion  are  simplified  since  inland  inundation 
and  extreme  shallow  depths  are  not  considered. 
The  output  format  of  the  model  are:  (1)  a  line 
envelope  of  highest  waters  on  the  coast  during  the 
storm's  history,  and  (2)  a  time-history  of  coastal 
surges,  that  is,  a  time-history  of  surges  for  any 
point  on  the  coast.  The  SLOSH  model  is  more 
comprehensive.  It  allows  overtopping  of  barriers 
and  coastal  dunes,  inland  flooding  from  the  sea, 
channel  and  other  sub-grid  size  flow.  The  equa- 
tions of  motion  are  more  complicated  with  non- 
linear flow  to  account  for  inland  inundation,  ex- 
treme shallow  depths,  and  overtopping  of  barriers. 
The  output  format  are:  (1)  a  surface  envelope  of 
highest  waters  on  the  entire  basin  during  a  storm's 
existence,  (2)  snapshots  of  water  heights  on  the 
entire  basin  at  selected  time  intervals,  and  (3)  con- 
tinuous time  histories  of  surges  at  selected  points 
on  the  basin.  (See  also  W90-04308XLantz-PTT) 
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EXPERIMENTS  IN  WASTEWATER  POLISH- 
ING IN  CONSTRUCTED  TIDAL  MARSHES: 
DOES  IT  WORK.  ARE  THE  RESULTS  PRE- 
DICTABLE. 

Lehigh  Univ.,  Bethlehem,  PA.  Center  for  Marine 

and  Environmental  Studies. 

For  primary  bibliographic   entry  see   Field   5D. 
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OVERVTEW  OF  THE  HUDSON  RTVER  ESTU- 
ARY. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 

J.  C.  Cooper,  F.  R.  Cantelmo,  and  C.  E.  Newton. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment.    American     Fisheries    Society,     Bethesda, 
Maryland.    1988.   p    11-24.   9  fig,   3   tab,  43   ref. 

Descriptors:     'Thermal     powerplants,     'Nuclear 
powerplants,    •Environmental    effects,    *Hudson 


River  Estuary,  'Estuaries,  *Tidal  powerplants, 
♦Saline-freshwater  interfaces,  *Water  pollution  ef- 
fects, New  York,  Tidal  currents.  Temperature, 
Pesticides,  Industrial  wastes. 

An  overview  of  the  geography,  hydrology,  and 
physicochemistry  of  the  Hudson  River  estuary  as  a 
basis  for  understanding  the  life  histories  of  fishes 
and  other  aquatic  organisms  is  presented.  Salinity 
distribution  in  the  estuary  is  mainly  influenced  by 
freshwater  flow  and  tidal  currents.  Two-thirds  of 
the  freshwater  inflow  is  controlled  by  a  dam  near 
Troy,  New  York,  243  river  kilometers  above  the 
Battery  in  New  York  City;  this  dam  defines  the 
upper  limit  of  the  estuary.  South  of  Troy  Dam, 
flow  increases  linearly  through  the  remaining  third 
of  the  watershed.  Even  in  times  of  high  freshwater 
flow,  however,  net  flow  is  dominated  by  tidal 
flow.  The  estuary  is  generally  limnetic  (<0.3ppt 
salinity)  above  km  80,  oligohaline  (0.3-5ppt)  be- 
tween km  80  and  40,  and  mesohaline  (5-18ppt) 
below  km  40.  The  salt  front  (0.1  ppt)  is  generally 
found  near  km  80,  but  can  move  rapidly  as  fresh- 
water flow  changes.  The  estuary  is  stressed  by 
sewage  and  industrial  discharges,  polychlorinated 
biphenyls,  pesticides,  and  agricultural  chemicals, 
though  loadings  of  some  pollutants  have  abated  in 
recent  years.  Major  power  plants  are  sited  in  the 
mesohaline  zone,  where  tidal  energy  and  biological 
productivity  are  large.  By  their  withdrawal  of 
large  volumes  of  river  water,  which  they  return  at 
elevated  temperatures,  power  plants  have  poten- 
tially large  effects  on  the  organisms  that  are  found 
in  these  waters.  The  prevailing  opinion  among 
many  researchers  is  that  fluctuations  in  salinity, 
temperature,  and  freshwater  input  are  dominant 
influences  on  the  biota  of  the  Hudson  River.  For 
example,  salinity  patterns  are  important  to  the  dis- 
tribution of  fish  and  benthos;  temperature  patterns 
determine  species  distributions,  and  reproductive 
strategies.  Because  of  their  size  and  placement, 
power  plants  have  the  potential  to  affect  all  of 
these  factors.  (See  also  W90-04505)  (Author's  ab- 
stract) 
W90-04506 


HISTORICAL  PERSPECTTVE  ON  FISH  SPE- 
CTES  COMPOSITION  AND  DISTRD3UTION  IN 
THE  HUDSON  RTVER  ESTUARY. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 
C.  A.  Beebe,  and  I.  R.  Savidge. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  25-36.  3  tab,  75  ref. 

Descriptors:  'Hudson  River  Estuary,  *Estuarine 
fisheries,  'Environmental  effects,  'Saline-freshwa- 
ter interfaces,  Species  composition,  Salinity,  Geol- 
ogy- 
Research  on  the  fish  fauna  of  the  Hudson  River 
estuary  has  been  conducted  for  over  160  years,  but 
most  of  the  knowledge  of  species  composition  has 
been  obtained  since  1974.  One  hundred  forty  spe- 
cies have  been  reported  for  the  estuary  south  of 
Albany.  Species  composition  has  been  influenced 
by  both  geological  and  human  activities.  Species 
composition  is  relatively  distinctive,  although  vari- 
able, in  each  of  three  ecological  zones  (marine, 
brackish,  freshwater);  however,  species  often  over- 
lap these  zones.  On  an  annual  basis,  species  compo- 
sition is  influenced  by  salinity  and  season.  The 
highest  numbers  of  species  occur  in  the  brackish 
zone  and  during  summer.  (See  also  W90-04505) 
(Author's  abstract) 
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EVALUATION  OF  THE  HUDSON  RTVER  ECO- 
SYSTEM IN  RELATION  TO  THE  DYNAMICS 
OF  FISH  POPULATIONS. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 
J.  B.  Gladden,  F.  R.  Cantelmo,  J.  M.  Croom,  and 
R.  Shapot. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  37-52.  6  fig,  3  tab,  74  ref.  DOE 
and  University  of  Georgia's  Institute  of  Ecology 
Contract  DE-AC09-76SR00819. 


Descriptors:  'Environmental  effects,  'Hudson 
River  Estuary,  'Estuarine  fisheries,  'Estuarine  en- 
vironment, Plankton,  Invertebrates,  Benthos, 
Algae,  Seasonal  variation,  Salinity,  Temperature. 

Components  of  the  Hudson  River  estuary  ecosys- 
tem were  evaluated  to  elucidate  aspects  of  trophic 
function  that  could  contribute  to  the  observed 
variability  in  fish  population  abundance.  Over  half 
(55%)  of  the  organic  carbon  available  in  the  estu- 
ary was  imported  from  the  surrounding  watershed, 
while  phytoplankton  (17%)  and  benthic  algae 
(14%)  provided  most  of  the  remaining  food  base. 
Allochthonous  carbon  inputs  were  highest  in 
spring  as  a  result  of  high  freshwater  flow  rates,  and 
algal  production  was  highest  in  summer  during 
peak  insolation.  Invertebrate  populations  provide 
food  for  most  fish  species;  benthic  invertebrate 
communities  were  found  to  provide  a  more  tempo- 
rally stable  food  base  than  either  epibenthic  inver- 
tebrates or  zooplankton,  both  of  which  showed 
large  seasonal  changes  in  abundance.  Dominant 
resident  fish  species  primarily  used  shallower  areas 
of  the  estuary,  feeding  omnivorously  or  on  the 
benthic  and  epibenthic  invertebrates.  Migrant  spe- 
cies occurred  in  all  major  estuarine  habitants,  but 
dominated  the  fish  community  in  deepwater  por- 
tions of  the  estuary  and  depended  on  zooplankton 
and  other  fish  for  food.  Migrant  fish  species  ap- 
peared to  have  larger  year-to-year  variations  in 
abundance  than  did  resident  species,  possibly  as  a 
result  of  less  stable  (less  predictable)  food  re- 
sources for  the  migrant  fish  than  for  the  resident 
fish.  Overall,  freshwater  flow  rates  may  be  the 
single  largest  factor  influencing  trophic  function- 
ing in  the  estuary.  Such  flows  strongly  influence 
organic  carbon  inputs  from  the  watershed,  phyto- 
plankton standing  crops,  and  the  spatiotemporal 
distributions  of  salinity  and  temperature  in  the 
estuary.  (See  also  W90-04505)  (Author's  abstract) 
W90-04508 


DISTRIBUTIONS  OF  EARLY  LIFE  STAGES  OF 
STRIPED  BASS  IN  THE  HUDSON  RTVER  ES- 
TUARY, 1974-1979. 

National  Marine  Fisheries  Service,  Woods  Hole, 
MA.  Northeast  Fisheries  Center. 
J.  Boreman,  and  R.  J.  Klauda. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  53-58.  3  fig,  21  ref. 

Descriptors:  'Environmental  effects,  'Hudson 
River  Estuary,  'Estuarine  fisheries,  'Striped  bass, 
Fish  eggs,  Life  history  studies,  Fish  growth,  Sea- 
sonal variation. 

Spatial  and  temporal  distribution  patterns  for  early 
life  stages  of  striped  bass  in  the  Hudson  River 
estuary  during  1974-1979  are  described.  For  these 
years,  the  early  life  stages  exhibited  a  low  annual 
variability  in  the  patterns.  Eggs  were  collected  in 
all  sampling  regions  of  the  estuary,  usually  from 
the  first  week  of  May  until  early  June.  Yolk-sac 
larvae  were  found  during  the  same  period  and  in 
the  same  regions  as  were  eggs,  but  peak  larval 
densities  were  consistently  upriver  from  the  peak 
egg  densities.  Post-yolk-sac  larvae  were  collected 
from  late  May  to  late  July  and  generally  in  the 
same  regions  as  yolk-sac  larvae.  Juveniles  were 
found  from  late  June  into  August  distinctly  down- 
river from  the  larval  life  stages.  Estimates  of  year- 
class  strength  varied  by  less  than  twofold  during 
1974-1979,  which  makes  it  difficult  to  relate  distri- 
bution patterns  for  the  early  life  stages  to  year- 
class  success.  (See  also  W90-04505)  (Author's  ab- 
stract) 
W90-04509 


STOCK     CHARACTERISTICS     OF     HUDSON 
RTVER  STRTPED  BASS. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 

T.  B.  Hoff,  J.  B.  McLaren,  and  J.  C.  Cooper. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment.    American    Fisheries    Society,     Bethesda, 
Maryland.  1988.  p  59-68.  7  tab,  36  ref. 


Descriptors:  "Thermal  powerplants,  *Nuclear 
powerplants,  'Environmental  effects,  *Hudson 
River  Estuary,  'Estuarine  fisheries,  'Striped  bass, 
Life  history  studies,  Growth,  Environmental  ef- 
fects. 

Striped  bass,  because  of  their  tremendous  populari- 
ty both  commercially  and  recreationally,  were  a 
principal  focus  of  the  Hudson  River  power  plant 
case.  Between  1976  and  1979,  over  23,000  age-II 
and  older  striped  bass  were  studied  as  one  facet  of 
an  extensive  research  program  on  the  spring  popu- 
lation in  the  Hudson  River.  Samples  were  collect- 
ed from  the  overwintering  as  well  as  the  spawning 
portion  of  the  striped  bass  population,  and  included 
immature  as  well  as  mature  fish.  At  least  12  age- 
groups  contributed  to  spawning  each  year  (some 
fish  live  to  18  years  of  age).  Of  these  12,  age- 
groups  III,  IV,  and  V  usually  were  most  abundant, 
but  the  percentage  of  the  population  represented 
by  any  single  age-group  varied  as  the  result  of 
fluctuations  in  year-class  strength.  Males  first 
became  sexually  mature  at  age  II  and  females  at 
age  IV.  Fast-growing  individuals  within  a  year 
class  tended  to  mature  earlier.  Fecundity  increased 
with  the  size  of  fish,  reaching  an  observed  maxi- 
mum of  about  3  million  eggs  per  female.  Although 
significant  annual  variations  in  maturity  and 
growth  were  detected  for  Hudson  River  striped 
bass,  there  was  no  evidence  of  a  consistent  change 
in  either  variable  that  might  be  associated  with 
increasing  power  plant  operations  (over  3,700  MW 
of  electrical  generating  capacity  came  on-line 
during  1974-1976)  and  a  reduction  in  striped  bass 
abundance.  Age  at  maturity  and  age  structure  are 
the  two  life  history  components  that  differ  the 
most  between  the  Hudson  River  population  and 
other  striped  bass  populations.  (See  also  W90- 
04505)  (Author's  abstract) 
W90-04510 


ESTIMATES  OF  ENTRAINMENT  MORTALI- 
TY FOR  STRIPED  BASS  AND  OTHER  FISH 
SPECKS  INHABITING  THE  HUDSON  RTVER 
ESTUARY. 

National  Marine  Fisheries  Service,  Woods  Hole, 

MA.  Northeast  Fisheries  Center. 

For  primary  bibliographic  entry  see  Field  81. 

W90-04515 


SURVTVAL  OF  FISHES  AFTER  IMPINGE- 
MENT ON  TRAVELING  SCREENS  AT 
HUDSON  RTVER  POWER  PLANTS. 

EA  Engineering,  Science,  and  Technology,  Inc., 

Middletown,  NY. 

For  primary  bibliographic  entry  see  Field  81. 

W90-04517 


IMPLICATIONS  OF  POWER  PLANT  MOR- 
TALITY FOR  MANAGEMENT  OF  THE 
HUDSON  RTVER  STREPED  BASS  FISHERY. 

Fish  and  Wildlife  Service,  Ann  Arbor,  MI. 
For  primary  bibliographic  entry  see  Field  81. 
W90-04523 


WHAT  WE  LEARNED  ABOUT  THE  HUDSON 
RTVER:  JOURNEY  TOWARD  AN  ELUSD7E 
DESTINATION. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 

For  primary  bibliographic  entry  see  Field  6A. 
W90-04528 

3.  WATER  SUPPLY 
AUGMENTATION 
AND  CONSERVATION 

3A.  Saline  Water  Conversion 


DYNAMICALLY  FORMED  HYDROUS  ZTRCO- 
NIUM  (TV)  OXJDE-POLYELECTROLYTE 
MEMBRANES:  DX  POLY(ACRYLIC  ACID) 
AND  SUBSTrrUTED  POLY(ACRYLIC  ACTD) 
HOMO,  CO,  AND  TERPOLYMER  MEM- 
BRANES. 
Stellenbosch  Univ.  (South  Africa).  Inst,  for  Poly- 


WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION— Field  3 

Water  Yield  Improvement— Group  3B 

of  ion  exchange  resins  are  also  covered.  (See  also 

W90-04487)  (Author's  abstract) 

W90-04486 


mer  Science. 

A.  J.  van  Reenen,  and  R.  D.  Sanderson. 

Water  SA  WASADV,  Vol.  15,  No.  4,  p  247-252, 

October  1989.  6  fig,  1  tab,  16  ref. 

Descriptors:  *Membrane  processes,  *Water  treat- 
ment, *Polymers,  Comparison  studies,  Acrylic 
acids,  Salt  rejection,  Reverse  osmosis,  Membrane 


emptors:  'Memorane  processes,      yiraici   utoi- 
it,    *Polymers,    Comparison    studies,    Acrylic 

Is,  Salt  rejection,  P" 

separation  technology. 

A  series  of  acrylic  acid  and  substituted  acrylic  acid 
homo-,  co-,  and  terpolymers  was  synthesized. 
These  polymers  were  used  as  polyelectrolytes  in 
dynamically  formed  hydrous  zirconicum  (iv) 
oxide-polyelectrolyte  membranes  to  be  applied  for 
the  recovery  of  usable  water  from  effluents.  Substi- 
tution of  the  acrylic  acid  alpha-hydrogen  was  done 
to  increase  the  number  of  carboxylic  acid  groups 
per  monomer  unit  and  to  change  the  acid  strength 
of  the  acrylic  acid  carboxylic  acid  group.  None  of 
these  changes  improved  the  salt  rejection  of  these 
membranes  over  that  achieved  with  commercially 
used  poly(acrylic  acid).  Improvement  in  rejection 
did  occur  when  a  hydrophobic  monomer,  vinyl 
acetate,  was  used  in  conjunction  with  acrylic  acid 
in  a  copolymer  dynamic  membrane.  (See  also 
W90-03994)  (Author's  abstract) 
W90-03993 


DYNAMICALLY  FORMED  HYDROUS  ZIRCO- 
NIUM (TV)  OXIDE-POLYELECTROLYTE 
MEMBRANES:  TV.  MALEIC  ANHYDRIDE  CO- 
POLYMERS. 

Stellenbosch  Univ.  (South  Africa).  Inst,  for  Poly- 
mer Science. 

A.  J.  van  Reenan,  R.  D.  Sanderson,  and  N.  A. 
Dowler. 

Water  SA  WASADV,  Vol.  15,  No.  4,  p  253-255, 
October  1989.  1  fig,  1  tab,  7  ref 

Descriptors:  'Membrane  processes,  'Water  treat- 
ment, 'Polymers,  Comparison  studies,  Electro- 
lytes, Salt  rejection,  Reverse  osmosis,  Membrane 
separation  technology,  Maleic  anhydride  copoly- 
mers. 

A  series  of  maleic  anhydride  copolymers  were 
synthesized  (poly(maleic  anhydride-co-acrylic 
acid),  poly(maleic  anhydride-co-itaconic  acid), 
poly(maleic  anhydride-co-vinyl  sulfonic  acid), 
poly(maleic  anhydride-co-vinyl  acetate),  and 
poly(maleic  anhydride-co-vinyl  alcohol)).  These 
copolymers  were  used  as  polyelectrolytes  in  dy- 
namically formed  hydrous  zirconium  (IV)  oxide- 
polyelectrolyte  membranes  to  be  applied  in  proc- 
esses for  the  recovery  of  usable  water.  All  the 
copolymers  formed  dynamic  membranes.  Sodium 
nitrate  rejection  ranged  from  58.3-89.2%.  The 
vinyl  acetate  (89.2%)  and  vinyl  alcohol  (88.2%) 
preparations  had  rejection  percentages  comparable 
to  that  of  commercial  poly(acrylic  acid)  (90%). 
The  rejection  capabilities  of  these  membranes  were 
not  governed  solely  by  the  charge  density  of  the 
membranes,  but  were  due  in  part  to  the  presence  of 
hydrophobic  groups  or  sections  on  the  membrane- 
forming  polyelectrolyte.  (See  also  W90-03993) 
(Rochester-PTT) 
W90-03994 


ION  EXCHANGE  RESINS.  JANUARY  1988-DE- 
CEMBER  1988  (CITATIONS  FROM  THE  COM- 
PENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-852883. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. January  1989.  105  p.  Supersedes  PB88- 
857719. 

Descriptors:  'Bibliographies,  'Wastewater  treat- 
ment, 'Water  treatment,  'Ion  exchange,  'Resins, 
'Desalination,  Literature  review,  Regeneration, 
Waste  recovery,  Separation  techniques. 

This  bibliography  contains  174  citations  concern- 
ing preparation,  properties,  and  applications  of  ion 
exchange  resins.  Applications  include  water  and 
waste  treatment;  chemical  recovery,  separation, 
purification,  and  catalysis;  desalination;  and  ore 
treatment  and  recovery.  Regeneration  and  disposal 
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ION  EXCHANGE  RESINS.  OCTOBER  1983-DE- 
CEMBER  1987  (CITATIONS  FROM  THE  COM- 
PENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-852875. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. January  1989.  198  p. 

Descriptors:  'Bibliographies,  'Wastewater  treat- 
ment, 'Water  treatment,  'Ion  exchange,  'Resins, 
'Desalination,  Literature  review,  Regeneration, 
Waste  recovery,  Separation  techniques. 

This  bibliography  contains  430  citations  concern- 
ing the  preparation,  properties,  and  applications  of 
ion  exchange  resins.  Applications  include  water 
and  waste  treatment;  chemical  recovery,  separa- 
tion, purification,  and  catalysis;  desalination;  and 
ore  treatment  and  recovery.  Regeneration  and  dis- 
posal of  ion  exchange  resins  are  also  covered.  (See 
also  W90-O4486)  (Author's  abstract) 
W90-04487 


3B.  Water  Yield  Improvement 


ECONOMIC  ANALYSIS  OF  HARMFUL  AND 
BENEFICIAL  ASPECTS  OF  SALTCEDAR. 

Great  Western  Research,  Inc.,  Mesa,  AZ. 

Final  Report,  September  1989.  143p,  11  fig,  69  tab, 

1  map,  206  ref.  Bureau  of  Reclamation  Contract  8- 

CP-3O-O58O0. 

Descriptors:  'Phreatophytes,  'Salt  cedar,  'Water 
resources  management,  'Economic  aspects,  'Eco- 
logical effects,  Social  aspects,  Ecosystems,  Water 
use,  Wildlife,  Habitats. 

The  objective  of  this  report  is  to  evaluate  the 
harmful  and  beneficial  impacts  of  a  biological  con- 
trol program  for  deciduous  salt  cedar.  This  objec- 
tive was  accomplished  through  the  quantification 
of  economic,  environmental  and  social  impacts  at 
three  levels  of  control,  two  types  of  replacement 
vegetation,  and  at  two  points  in  time  after  control 
is  initiated.  Salt  cedar  is  a  phreatophyte  which  has 
been  defined  as  a  plant  that  obtains  its  water  supply 
directly  from  the  water  table  or  through  the  capil- 
lary fringe.  In  general,  phreatophytes  are  located 
along  rivers  and  lakes  where  shallow  groundwater 
is  easily  accessible.  The  rapid  spread  of  salt  cedar 
has  caused  significant  changes  in  the  water  rela- 
tionships and  ecology  of  the  areas  which  it  has 
invaded  resulting  in  both  adverse  and  beneficial 
effects.  Salt  cedar  impacts  were  analyzed  for 
twelve  major  areas.  Under  present  conditions,  salt 
cedar  has  adverse  impacts  in  the  areas  of:  water 
use,  livestock  forage,  flood  control,  recreation, 
wildlife  and  plants;  and  beneficial  impacts  in  the 
areas  of:  sedimentation,  dove  hunting,  honeybees, 
windbreaks,  soil  stabilization  and  ornamental 
plants.  A  summary  of  the  results  presented  in  the 
economic  account  indicates  that  both  a  50%  and 
90%  program  would  be  highly  effective  in  terms 
of  benefits  and  costs.  Total  annual  benefits  are 
estimated  to  be  $22  million  for  the  50%  program 
and  from  $40  to  $62  million  for  the  90%  program. 
Positive  economic  benefits  occur  in  water  use, 
livestock  forage,  flooding,  and  recreation;  while 
negative  economic  benefits  would  accrue  to  sedi- 
mentation, dove  hunting,  honeybees  and  ornamen- 
tals. Environmentally,  existing  salt  cedar  infesta- 
tions, under  baseline  conditions,  adversely  affect 
water  use,  forage,  flood  protection,  recreation,  1 
mammal  species,  2  bird  species  and  28  native  and 
threatened  plant  species.  Positive  impacts  occur  in 
sedimentation,  dove  populations,  honeybees,  soil 
stabilization  and  2  bird  species.  Sociologically, 
under  baseline  conditions,  salt  cedar  adversely  im- 
pacts water  use,  forage,  flood  protection,  sedimen- 
tation, recreation,  ornamental  landscaping,  wildlife 
and  plant  life.  Positive  impacts  are  found  in  dove 
hunting,  honeybees,  windbreaks  and  soil  stabiliza- 
tion. (Lantz-PTT) 
W90-03818 


Field  3— WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 
Group  3B — Water  Yield  Improvement 


MODELING  THE  EFFECT  OF  BRUSH  CON- 
TROL ON  RANGELAND  WATER  YIELD. 

Maryland  Univ.,  College  Park.  Dept.  of  Agrono- 
my. 

M.  R.  Savabi,  J.  G.  Arnold,  C.  W.  Richardson,  and 
J.  H.  Krishna. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
4,  p  855-865,  August  1989.  6  fig,  6  tab,  23  ref. 

Descriptors:  'Texas,  *Water  yield  improvement, 
•Model  studies,  'Water  demand,  'Hydrologic 
models,  Rangeland,  Farmland,  Brush  control,  Soil 
water,  Comparison  studies. 

With  the  increase  in  water  demand  in  Texas,  atten- 
tion has  turned  to  improving  water  yield  by  brush 
control  on  rangeland  watersheds.  Several  hydro- 
logic  models  have  been  developed  for  either  farm- 
land or  rangeland.  However,  none  of  the  models 
were  specifically  developed  to  assess  the  impact  of 
brush  control  on  rangeland  water  yield.  Yet,  mod- 
eling the  impact  of  brush  control  on  water  yield 
needs  to  be  considered  if  alternative  techniques  are 
to  be  compared.  Two  models,  Ekalaka  Rangeland 
Hydrology  and  Yield  Model  (ERHYM-II)  and 
Simulator  for  Water  Resources  on  Rural  Basins 
(SWRRB)  were  selected.  The  Soil  Conservation 
Service  curve  number  (SCS-CN)  method  is  used  in 
both  models  to  predict  surface  runoff  from  each 
rainfall  event.  The  major  differences  between  the 
ERHYM-II  and  SWRRB  models  are  the  evapo- 
transpiration,  soil  water  routing,  and  plant  growth 
components.  The  models  were  evaluated  on  brush- 
dominated  and  chemically  and  mechanically  brush- 
controlled  range  watersheds  in  Texas.  Results  indi- 
cated that  both  models  were  capable  of  simulating 
soil  water  and  water  yield  from  brush  dominated 
and  chemically  brush-controlled  range  watersheds. 
The  models  were  not  able  to  predict  water  yield 
from  the  mechanically  brush-controlled  (root 
plowed)  watershed  with  acceptable  accuracy.  The 
depressions  that  were  caused  by  root  plowing 
stored  surface  runoff  and  reduced  water  yield  from 
the  watershed.  Information  about  the  size  of  de- 
pressions was  not  available  for  further  model  eval- 
uation. (Author's  abstract) 
W90-O4183 


APPIJED  ATMOSPHERIC  RESOURCES  RE- 
SEARCH PROGRAM  IN  THAILAND. 

Bureau  of  Reclamation,  Denver,  CO.  Div.  of  Re- 
search and  Lab.  Services. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-235402. 
Price  codes:  A07  in  paper  copy,  A01  in  microfiche 
Report  No.  R-89-10,  August  1989.  134p,  2  fig,  8 
tab,  27  ref,  2  append.  Agency  for  International 
Development  Contract  ANE-0337-P-IZ-8021-00. 

Descriptors:  *Atmospheric  water,  *Thailand, 
•Water  resources  management,  'Cloud  seeding, 
•Weather  modification,  Cloud  physics,  Field  tests, 
Research  priorities,  Precipitation,  Rainfall,  Radar, 
Model  studies. 

The  Royal  Thai  Government  requested  assistance 
of  the  US  Agency  for  International  Development 
for  the  development  and  implementation  of  a  more 
comprehensive  scientific  approach  to  the  design, 
operation,  and  evaluation  of  Thailand's  weather 
modification  program.  Upon  visiting  Thailand,  a 
team  of  American  scientists  recommended  a  5-yr 
developmental  program  to  improve  Thai  technical 
capabilities  through  training,  additional  equipment, 
and  a  demonstration  cloud  seeding  project.  A  core 
training  course  was  conducted  in  Thailand  in  early 
1988.  A  study  of  the  scientific  concepts  underlying 
the  Thailand  program  was  performed  using  one-, 
two-,  and  three-dimensional  cloud  models,  some 
adjusted  to  simulate  cloud  seeding  to  test  various 
cloud  treatment  scenarios  for  the  demonstration 
program.  This  program  will  test  for  an  increase  in 
rainfall  from:  (1)  warm  clouds  seeded  with  hygro- 
scopic agents,  and  (2)  cold  clouds  seeded  for  dy- 
namic effects  with  glaciogenic  materials.  Cloud 
model  runs  produced  encouraging  results  for  both 
cloud  types,  so  a  preliminary  design  has  been  de- 
veloped for  the  demonstration  project.  The  field 
program  will  be  conducted  in  the  Nam  Mae  Tun 
River  Watershed  of  western  Thailand.  Field  equip- 
ment and  support  will  include  cloud  seeding  air- 
craft, a  10-cm  Doppler  radar  with  dual  polariza- 


tion, an  operations  center  for  weather  forecasting 
and  monitoring,  and  a  rain  gauge  network.  A 
randomized  crossover  design  is  proposed  with  the 
experimental  unit,  the  assemblage  of  clouds  affect- 
ing a  randomly  selected  target  area  over  3  hrs.  The 
primary  response  variable  is  rainfall  measured  by 
rain-gauge  adjusted  radar.  Analyses  indicate  that 
rainfall  occurs  on  about  90  days/wet  season  and,  if 
seeding  yields  10%  increases,  about  90  experimen- 
tal units  are  required  per  stratification  to  achieve  a 
90%  probability  of  detection  at  a  significance  level 
of  0.05.  Given  equal  numbers  of  warm  and  cold 
cloud  units  and  typical  operations  problems  and 
weather  variability  at  least  four  seasons  of  field 
experimentation  are  required.  (Author's  abstract) 
W90-04260 


3C.  Use  Of  Water  Of  Impaired 
Quality 


RESEARCH  ON  THE  HEALTH  IMPLICA- 
TIONS OF  THE  USE  OF  RECYCLED  WATER 
IN  SOUTH  AFRICA. 

Water    Research    Commission,    Pretoria    (South 

Africa). 

W.  H.  J.  Hattingh,  and  D.  E.  Bourne. 

South  African  Medical  Journal  SAMJEJ,  Vol.  76, 

No.  1,  p  7-10,  July  1  1989.  37  ref. 

Descriptors:  *Public  health,  *South  Africa,  'Water 
scarcity,  *  Reclaimed  water,  'Potable  water, 
•Water  reuse,  Water  supply,  Epidemiology,  Drink- 
ing water,  Wastewater  renovation. 

South  Africa  has  an  inadequate  and  unreliable 
supply  of  water.  It  is  expected  that  water  resources 
will  be  a  limiting  factor  to  development  by  the 
year  2020.  Reclamation  and  reuse  of  sewage  efflu- 
ent is  one  possible  method  of  supplementing  exist- 
ing supplies.  Windhoek  has  had  direct  supplemen- 
tation of  its  water  supply  for  over  a  decade.  Guide- 
lines for  using  recycled  sewage  as  a  source  of 
potable  water,  along  with  South  African  studies  on 
chemical,  microbiological,  and  virological  aspects 
of  reclaimed  water  are  reviewed.  Epidemiological 
studies  conducted  in  Windhoek  by  the  Water  Re- 
search Commission  and  the  South  African  Institute 
for  Medical  Research  emphasized  the  fact  that  the 
drinking  water  in  Windhoek  did  not  contribute  to 
the  occurrence  of  the  acute  effects  of  diarrheal 
diseases  and  viral  hepatitis.  It  was  concluded  that, 
from  a  microbiological  standpoint,  the  reclaimed 
water  was  safe  to  drink.  The  Cape  Peninsula  might 
be  the  first  area  in  South  Africa  to  consider  the  use 
of  reclaimed  water,  since  once  all  the  existing 
known  sources  of  potable  water  have  been  exploit- 
ed, sources  such  as  desalination  of  sea  water  and 
the  reclamation  of  treat  sewage  effluents  will  have 
to  be  considered.  The  question  of  whether  the 
presence  of  some  chemical  compounds  in  drinking 
water  in  the  ng/L  range  is  important  when  man  is 
exposed  to  it  over  a  lifespan  of  about  70  years 
poses  a  dilemma  to  the  water  scientist.  It  is  be- 
lieved that  the  medical  profession  will  have  to  join 
hands  with  the  water  scientist  to  obtain  answers  to 
these  questions  and  to  set  realistic  goals  for  the 
quality  of  drinking  water.  (Friedmann-PTT) 
W90-03925 


PRODUCTION,  COST,  AND  INCREASED  SA- 
LINITY IN  WATER. 

Central  Michigan  Univ.,  Mount  Pleasant.  Dept.  of 

Economics. 

For  primary  bibliographic  entry  see  Field  6C. 

W90-03981 


DESIGN    OF    DDLUTION    JUNCTIONS    FOR 
WATER  QUALITY  CONTROL. 

Technion  -  Israel  Inst,  of  Tech.,  Haifa.  Dept.  of 

Mechanical  Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-03982 


BORON  CONTENT  OF  SOUTH  AFRICAN 
SURFACE  WATERS:  PRELIMINARY  ASSESS- 
MENT FOR  nUUGATION. 

Department  of  Water  Affairs,  Pretoria  (South 
Africa). 


For  primary  bibliographic  entry  see  Field  3F. 
W90-03996 


UTILIZATION  AND  TREATMENT  OF  THER- 
MAL DISCHARGE  BY  THE  ESTABLISHMENT 
OF  A  WETLANDS  PLANT  NURSERY. 

Anne  Arundel  Community  Coll.,  Arnold,  MD. 
M.  S.  Ailstock. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  719- 
726,  3  fig,  1  tab,  15  ref. 

Descriptors:  'Maryland,  •Nurseries,  'Thermal 
pollution,  'Water  reuse,  'Land  disposal, 
•Wastewater  treatment,  Biological  wastewater 
treatment,  Water  pollution  control,  Macrophytes, 
Performance  evaluation,  Spartina,  Heated  water. 

The  Nevamar  Corporation,  in  Odenton,  Maryland, 
manufactures  decorative  building  materials  in  a 
process  that  generates  284,000  L  of  heated  water 
per  hour.  Permits  for  discharge  of  this  water  into 
the  Severn  River  have  lowered  the  acceptable 
discharge  temperature  to  32.2  C  As  part  of  the 
permit  process,  a  study  was  conducted  of  ways  to 
improve  holding  pond  cooling  efficiency.  Possibili- 
ties include  increasing  pond  depth,  surface  area, 
and  equalization  and  retention  time  as  suitable 
modifications.  These  improvements  were  compati- 
ble with  and  would  be  optimized  by  a  wetlands 
plant  nursery,  which  is  described  here.  Wetland 
plants  can  be  grown  in  4-L  to  12-L  containers 
placed  in  channels  filled  with  gravel  and  receiving 
the  heated  water.  The  flow  provides  continuous 
irrigation  and,  with  the  exception  of  an  occasional 
supplementary  application  of  slow-release  fertiliz- 
er, the  plants  are  maintenance  free.  Availability  of 
warm  water  greatly  extends  the  growing  season 
and  significantly  enhances  belowground  growth. 
Two  wetlands  projects  have  been  installed  with 
plants  produced  using  this  wetland  nursery  (Spar- 
tina spp.  marshes,  a  111  sq  m  area  and  a  610  m 
shoreline  stabilization  area  requiring  25,000  plants). 
Numerous  applications  for  the  plants  grown  in  this 
type  of  nursery  suggest  that  the  concept  has  wide 
potential  application.  (See  also  W90-04392)  (Roch- 
ester-PTT) 
W90-04464 


3D.  Conservation  In  Domestic  and 
Municipal  Use 


ROLE  OF  WATER  CONSERVATION  AND  ITS 
PROSPECTS  FOR  THE  DEVELOPMENT  OF 
URBAN  WATER  SUPPLY  IN  CHINA 

Ministry  of  Construction,  Beijing  (China).  Dept.  of 

Urban  Construction. 

S.  Xutong. 

Aqua   AQUAAA,    Vol.    38,    No.   4,   p   236-240, 

August  1989.  3  fig,  3  tab,  3  ref. 

Descriptors:  'China,  'Water  supply,  'Management 
planning,  'Water  conservation,  Developing  coun- 
tries, Water  resources  development,  Urban  areas, 
Technology  transfer,  Education,  Public  participa- 
tion. 

The  current  urban  water  supply  situation  in  China 
is  summarized  and  planning  and  implementation  of 
conservation  measures  in  the  systems  in  more  than 
300  cities  with  more  than  120  million  residents  are 
discussed.  In  the  late  1960s,  a  shortage  of  water 
had  arisen  in  China.  The  development  of  urban 
water  supply  may  be  divided  into  three  stages:  (1) 
the  free,  (2)  the  restricted,  and  (3)  the  reused. 
Great  attention  has  been  paid  to  urban  conserva- 
tion and  many  legal,  administrative,  economic,  and 
technical  measures  have  been  adopted  with  in- 
creasing benefits.  More  than  200  administrative 
organizations  have  been  established  to  deal  with 
water  supply  through  media  propaganda  and  edu- 
cational activities,  establishing  a  water  conserva- 
tion management  network,  planned  implementa- 
tion of  conservation,  a  flexible  water  price  system 
to  promote  water  saving,  strict  control  of  the 
exploitation  of  city  groundwater,  and  speeding  up 
the  development  of  water-saving  facilities.  The 
development  of  new  sources  is  not  the  answer  to 
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China's  water  supply  problems.  Developing  water 
reuse  and  conserving  water  must  be  the  strategy. 
(Rochester-PTT) 
W90-03965 


OPTIMAL  OPERATION  OF  WATER  DISTRI- 
BUTION SYSTEMS. 

Texel    Electronics,    Tel-Aviv    (Israel).    Dept.    of 

Real-Time  Control  for  Water  Systems. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-03976 


WATER  CONSERVATION  SCENARIO  FOR 
THE  RESIDENTIAL  AND  INDUSTRIAL  SEC- 
TORS IN  CALIFORNIA:  POTENTIAL  SAV- 
INGS OF  WATER  AND  RELATED  ENERGY. 

Lawrence  Berkeley  Lab.,  CA.  Energy  and  Envi- 
ronmental Div. 

For  primary  bibliographic  entry  see  Field  3E. 
W90-O4265 


WATER  CONSERVATION. 

Pennsylvania  State  Univ.,  University  Park.  School 
of  Forest  Resources. 
W.  E.  Sharpe. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  225-241,  1  tab,  26  ref. 

Descriptors:  'Urban  hydrology,  *Water  pollution 
control,  *Water  conservation,  *Domestic  water, 
♦Economic  aspects,  Energy,  Water  use,  Pricing, 
Water  demand,  Water  management,  Public  partici- 
pation. 

Methods  of  water  conservation  being  advocated 
and  used  in  domestic  systems  are  compared.  Con- 
servation devices  are  more  direct  and  effective 
than  pricing  and  metering,  as  well  as  cost  effective, 
acceptable  to  the  user  and  inexpensive.  Pricing 
alone  will  not  be  effective  in  achieving  water  con- 
servation goals.  Energy  saving  objectives  have 
come  to  be  as  important  as  water  conservation 
today.  A  California  estimate  is  that  if  only  2%  of 
households  use  the  conservation  devices,  the 
energy  saving  alone  will  pay  for  giving  the  devices 
to  all  households.  There  is  a  need  for  better  water 
budget  data  in  municipal  systems  to  show  manag- 
ers where  the  water  is  being  used.  Unaccounted 
for  water  is  assumed  to  be  system  leakage  although 
this  may  not  be  correct.  Water  conservation  (re- 
duced volume  demand)  in  some  systems  is  of  less 
concern  than  reduction  of  peak  hourly  demand 
because  of  a  desire  or  necessity  to  defer  capitol 
investment  in  system  enlargement.  Energy  supply 
and  costs  will  set  the  trend  in  water  pricing  prac- 
tice. Water  utilities  will  follow  the  lead  of  energy 
utilities  in  rate  structure  changes.  Most  water 
system  managers  do  not  know  the  reliability  of 
their  water  supplies  and  consequently  they  are 
unprepared  for  crises  that  occur.  Public  awareness 
education  is  a  key  responsibility  of  the  system 
managers.  A  water  conservation  ethic  may  be 
useful  even  in  wet  periods  of  adequate  supply  to 
condition  water  users  to  more  restricted  use.  (See 
also  W90-04338)  (Lantz-PTT) 
W90-04362 

3E.  Conservation  In  Industry 


ROLE  OF  WATER  CONSERVATION  AND  ITS 
PROSPECTS  FOR  THE  DEVELOPMENT  OF 
URBAN  WATER  SUPPLY  EN  CHINA. 

Ministry  of  Construction,  Beijing  (China).  Dept.  of 

Urban  Construction. 

For  primary  bibliographic  entry   see  Field   3D. 

W90-03965 

HYDROPOWER  OPTIMIZATION  VIA  SE- 
QUENTIAL QUADRATIC  PROGRAMMING. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 
Engineering. 

G.  E.  Diaz,  and  D.  G.  Fontane. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  115,  No.  6,  p  715- 


734,  November  1989.  6  fig,  1  tab,  22  ref,  append. 

Descriptors:  'Argentina,  'Hydroelectric  power, 
•Reservoir  operation,  *Optimization,  •Mathemati- 
cal models,  Hydrologic  models,  Programming, 
Mathematical  equations,  Sequential  quadratic  pro- 
gramming, Computers. 

Optimal  allocation  of  powerplant  releases  during 
peak  demand  periods  carries  an  economic  advan- 
tage in  the  operation  of  hydropower  systems  inter- 
connected to  large  electrical  networks.  An  alterna- 
tive formulation  is  presented  for  determining  re- 
lease strategies  when  the  objective  is  not  maximiz- 
ing total  hydroelectric  generation  per  se,  but  the 
economic  benefit  stemming  from  it.  The  proposed 
hydropower  problem  is  formulated  within  the 
realm  of  concave  programming  without  sacrificing 
realism  in  the  formulation,  thus  yielding  a  nonlin- 
ear-concave objective  function.  A  nonlinear  math- 
ematical programming  technique,  sequential  quad- 
ratic programming  (SQP),  is  used  to  solve  the 
problem  by  successive  solution  of  quadratic  pro- 
gramming problems.  The  concave  characteristic  of 
the  nonlinear  objective  function  is  fully  exploited 
by  SQP,  which  exhibits  a  rapid  convergence  to  the 
global  optimum.  An  expeditious  procedure  to  for- 
mulate the  hydropower  problem  under  the  SQP 
framework  also  is  presented.  The  methodology 
was  tested  on  an  existing  multi-reservoir  hydro- 
power  system  in  Argentina.  SQP  proves  very  effi- 
cient to  the  extent  that  only  a  few  minutes  are 
necessary  to  solve  the  problem  on  a  microcomput- 
er. Furthermore,  SQP  is  superior  to  sequential 
linear  programming  in  the  rate  of  convergency 
toward  the  optimal  solution.  (Author's  abstract) 
W90-03975 


OPTIMAL  OPERATION  OF  WATER  DISTRI- 
BUTION SYSTEMS. 

Texel    Electronics,    Tel-Aviv    (Israel).    Dept.    of 

Real-Time  Control  for  Water  Systems. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-03976 


WATER  CONSERVATION  SCENARIO  FOR 
THE  RESIDENTIAL  AND  INDUSTRIAL  SEC- 
TORS EN  CALIFORNIA:  POTENTIAL  SAV- 
INGS OF  WATER  AND  RELATED  ENERGY. 

Lawrence  Berkeley  Lab.,  CA.  Energy  and  Envi- 
ronmental Div. 
P.  Benenson. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161.  Report  No.  LBL- 
6817,   August   1977.   77p,  4  fig,    14  tab,   89  ref. 

Descriptors:  *Energy,  'Water  conservation, 
•Water  use,  *Municipal  water,  'Industrial  water, 
•California,  Laundering,  Bathing,  Electricity, 
Cooling  water,  Recycling,  Hydrology,  Energy 
sources,  Population  density,  Heated  water,  Cost 
analysis,  Water  delivery.  Water  distribution, 
Model  studies. 

A  residential  and  industrial  water  conservation  sce- 
nario for  California  has  been  constructed  in  which 
water  consumption  has  been  disaggregated  by  resi- 
dential end-use,  industrial  sector,  and  hydrologic 
study  area.  For  each  end-use  and  sector,  water 
conservation  measures  have  been  delineated  and 
their  potential  savings  in  terms  of  both  water  and 
attendant  energy  use  have  been  estimated.  In  Cali- 
fornia, water  is  a  major  source  of  energy  supply:  in 
1975,  25%  of  total  electric  energy  was  supphed  by 
hydroelectric  power.  Water  is  also  needed  for 
powerplant  cooling  and  fossil  fuel  extraction  and 
refining.  Energy  is  required  to  extract,  convey, 
purify,  and  heat  water  prior  to  use,  and  to  treat 
wastewater.  Thus,  water  conservation  results  in 
water  and  energy  savings.  General  conclusions 
drawn  from  these  water/energy  use  estimations 
include:  (1)  Exterior  water  use,  toilet  flushing,  and 
bathing  are  the  largest  residential  water  uses;  con- 
servation efforts  applied  to  these  end  uses  will 
result  in  the  largest  reductions  in  residential  water 
consumption.  (2)  The  highest  per  capita  electricity 
consumption  associated  with  water  use  occurs  in 
the  South  Coastal  hydrologic  study  area  (HSA) 
where  57%  of  the  State's  population  resides.  (3)  Of 
the  four  energy  components  considered,  energy  for 
water  heating  dominates  the  energy  uses  associated 
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with  water  consumption.  Potential  natural  gas  sav- 
ings are  greater  than  potential  electricity  savings 
because  gas  hot  water  heaters  are  more  prevalent 
than  electric  water  heaters  in  California.  (4)  Bath- 
ing and  laundry  rank  first  and  second  for  energy 
consumption  among  residential  water  uses  because 
of  the  high  volume  of  hot  water  used.  (5)  Industrial 
water  consumption  and  the  associated  energy  re- 
quirements for  water  delivery  and  distribution  can 
be  reduced  by  at  least  19%  and  23%,  respectively. 
(6)  The  conservation  measures  that  can  be  applied 
most  immediately  are  housekeeping  measures, 
some  closed  cycle  cooling  water  reductions,  and 
reuse  of  process  water  where  extensive  retrofitting 
of  equipment  is  not  required.  (7)  The  centers  of 
industrial  water  consumption  are  the  South  Coastal 
and  San  Francisco  HSAs.  (Lantz-PTT) 
W90-04265 

WATER  USE  FOR  ELECTRIC  POWER  GEN- 
ERATION. 

Woodward-Clyde  Consultants,  San  Francisco, 
CA. 

D.  M.  Snyder,  K.  T.  Mao,  and  R.  D.  Glynn. 
IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
400-413,  6  fig,  2  tab,  11  ref. 

Descriptors:  *Water  use,  *Industrial  water,  •Elec- 
tric powerplants,  Cooling  water,  Social  aspects, 
Technology,   Environmental  impact,   Hydrology. 

A  major  demand  for  water  in  the  future  will  be  for 
cooling  steam-electric  generating  facilities  needed 
to  meet  the  nation's  increasing  demands  for  elec- 
tric power.  Plans  to  provide  water  for  powerplant 
cooling  must  address  economic,  environmental, 
social,  and  legal  considerations.  Improved  data 
from  improved  hydrologic  forecasting  will  be  vital 
in  making  difficult  decisions  regarding  the  alloca- 
tion of  water  supplies  for  powerplant  cooling  as 
well  as  the  siting  and  design  of  such  facilities.  As  of 
1975,  approximately  75%  of  the  coal  and  nuclear 
generating  capacity  in  the  U.S.  was  cooled  using 
water  from  navigable  waters  for  once-through 
cooling.  The  current  industry  trend,  is  toward 
evaporative  cooling  techniques  due  to  EPA  stand- 
ards and  diminishing  water  supplies.  Alternative 
cooling  technologies  involve  returning  water  to  its 
source,  either  using  storage  ponds,  spray  ponds,  or 
wet  or  dry  cooling  towers.  Adverse  environmental 
impacts  from  the  use  of  surface  water  include 
thermal  pollution,  concentration  of  suspended  or 
dissolved  materials,  or  water  vapor  or  droplets 
expelled  from  evaporative  cooling  systems  may 
affect  local  downwind  weather  conditions.  Re- 
garding groundwater,  if  there  is  not  sufficient  re- 
charge, it  could  deplete  the  stored  supply,  cause 
consolidation  of  the  ground  so  that  recharge  is  not 
possible,  or  may  cause  saline  intrusion.  Because  of 
the  conflicts  between  electric  utilities  and  other 
competing  water  users,  additional  legislation  may 
be  needed.  The  Water  Research  Council  has  pro- 
jected water  requirements  for  steam-electric  gen- 
eration to  increase  by  7.5%  per  year  between  1975 
and  1985,  and  5.1%  per  year  from  1985  to  2000. 
Improved  hydrologic  data  are  important  in  the 
planning  of  steam-electric  generating  faculties  to 
identify  candidate  power  plant  sites.  (See  also 
W90-04398)  (Lantz-PTT) 
W90-04337 
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CROP  WATER  USE. 

Delta  Branch  Experiment  Station,  Stoneville,  MS. 
D.  A.  Pennington,  L.  Pringle,  and  G.  Tupper. 
IN:  Proceedings  of  the  Nineteenth  Mississippi 
Water  Resources  Conference.  Water  Resources 
Research  Institute,  Mississippi  State  University, 
Mississippi  State,  MS.   1989.  p  5-8.  5  fig,   1  tab. 

Descriptors:  *Mississippi,  *Water  use,  *Irrigation 
practices,  *Soil  moisture  retention,  *Water  require- 
ments, 'Crop  production,  Rainfall-runoff  relation- 
ships, Agricultural  hydrology,  Irrigation  engineer- 
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ing,  Sprinkler  irrigation,  Soil  types,  Cotton,  Tran- 
spiration. 

Some  of  the  research  activities  completed  or  un- 
derway by  scientists  of  the  Mississippi  Agricultural 
and  Forestry  Experiment  Station  (MAFES),  un- 
dertaken to  improve  the  understanding  of  water 
resources  in  the  region  and  efficient  use  of  water, 
are  reviewed.  Research  reviewed  includes  that 
which  has  focused  on  (1)  surveys  of  water  used  by 
producers  to  sprinkler  irrigate  cotton,  (2)  the  mini- 
mum water  requirement  of  cotton  on  light  textured 
soil,  (3)  the  timing  of  the  last  sprinkler  irrigation  of 
cotton,  (4)  the  reduction  of  cotton  transpiration 
with  growth  regulators,  (5)  the  variability  of  sea- 
sonal water  use  of  rice  during  floods,  (6)  the  poten- 
tial for  use  of  rainfall  during  permanent  flood  in 
rice,  and  (7)  the  scheduling  of  irrigations  in  a  field 
with  variable  soil  types.  Recent  research  as  con- 
ducted to  determine  the  best  approach  for  irrigat- 
ing fields  with  variable  soils.  The  research  as  con- 
ducted in  a  field  that  gradually  changed  from  a 
fine-textured,  heavy  soil  to  a  much  lighter,  coarser- 
textured  soil.  Results  of  the  research  did  not  indi- 
cate that  irrigating  a  field  based  on  the  heavier  soil 
or  hot-spot  needs  will  be  the  correct  management 
program  in  all  fields.  Cotton  can  be  over-irrigated. 
Also,  the  percent  of  the  soil  in  the  field  that  is 
heavy  or  light  will  be  very  important:  a  field  that  is 
1%  heavy  soil  and  99%  light  soil  would  benefit 
very  little  from  the  extra  water  needed  by  the 
heavy  soil;  a  field  that  is  75%  heavy  soil  and  25% 
light  soil  could  benefit  from  the  additional  irriga- 
tions needed  by  the  heavy  soils.  (See  also  W90- 
03708)  (Friedmann-PTT) 
W90-03710 


FURROW  IRRIGATION  INFILTRATION  AND 
EVALUATION. 

Soil  Conservation  Service,  Greenwood,  MS. 

J.  D.  Chism,  and  P.  B.  Rodrigue. 

IN:    Proceedings   of  the   Nineteenth   Mississippi 

Water   Resources   Conference.   Water   Resources 

Research   Institute,   Mississippi   State  University, 

Mississippi  State,  MS.  1989.  p  40-43.  1  fig,  4  tab. 

Descriptors:  *Furrow  irrigation,  'Irrigation  prac- 
tices, 'Infiltrometers,  'Irrigation  design,  'Infiltra- 
tion, 'Soil  water,  'Irrigation  water,  Agricultural 
hydrology,  Percolation,  Irrigation,  Irrigation  engi- 
neering, Crop  production,  Cotton,  Free  water,  Soil 
absorption  capacity,  Cracks,  Absorption,  Infiltra- 
tion rate,  Field  tests,  On-site  investigations,  Meas- 
uring instruments,  Flow  rates,  Computer-aided 
design. 

The  most  important  factor  to  consider  in  furrow 
irrigation  is  the  ability  of  the  soil  to  absorb  irriga- 
tion water.  The  rate  and  the  amount  of  water  the 
soil  will  absorb  is  important  in  designing  irrigation 
systems.  A  flowing  furrow  infiltrometer  was  used 
to  help  develop  information  about  how  different 
soils  respond  to  furrow  irrigation.  After  initial 
setup  and  calibration,  the  infiltrometer  was  used  to 
evaluate  infiltration  characteristics  of  a  soil  that 
was  commonly  irrigated  using  furrow  methods. 
The  first  study  site  was  a  field  in  continuous 
cotton,  having  a  soil  with  a  moderately  strong 
surface  crust  and  many  small  cracks.  During  the 
infiltration  test,  water  entered  the  soil  and  moved 
laterally  through  these  small  cracks  into  adjacent 
furrows.  Indications  were  that  the  soil  cracks  ex- 
tended to  the  depth  of  the  plow  pan  approximately 
12-14  in.  in  depth.  The  cracks  qualitatively  affected 
the  results  of  the  infiltration  test.  The  second  site 
was  also  in  continuous  cotton,  with  a  soil  of  mod- 
erate surface  crust  with  a  few  small  cracks  extend- 
ing only  a  few  mm  into  the  soil.  The  traveling 
furrow  infiltration  data  were  collected  over  1-3  hr 
time  spans.  In  addition  to  the  acquisitio  of  soil 
infiltration  rates  from  the  traveling  furrow  infiltra- 
tion trailer,  furrow  evaluations  were  made  on 
actual  field  applications  to  determine  the  actual 
performance  characteristics  of  the  system.  After  an 
evaluation  is  made,  changes  in  management 
(furrow  stream  size,  set  time  lengths,  furrow  length 
changes,  etc.)  can  be  recommended  to  improve 
irrigation  accuracy.  The  system  evaluated  had 
rows  of  1320  ft  with  a  slope  of  .2/100  in  the 
evaluation  area.  A  furrow  box  was  installed  in  the 
ground  next  to  the  gated  pipe  to  measure  the 
inflow  stream  size.  The  flow  rate  into  the  furrow 


was  found  to  be  1 1.5  gpm  (avg.)  for  a  total  of  19.2 
hr.  It  was  found  that  furrow  evaluations  will  pro- 
vide needed  information  for  the  computer  design 
of  irrigation  systems  in  the  future  without  the  need 
for  field  evaluations.  (See  also  W90-03708)  (Fried- 
mann-PTT) 
W90-03715 


1988  RICE  WATER  MANAGEMENT  STUDY. 

Soil  Conservation  Service,  Greenwood,  MS. 
P.  B.  Rodrigue,  and  J.  D.  Chism. 
IN:    Proceedings   of  the    Nineteenth    Mississippi 
Water   Resources   Conference.   Water   Resources 
Research   Institute,   Mississippi   State   University, 
Mississippi  State,  MS.  1989.  p  44-46.  1  fig,  2  tab. 

Descriptors:  'Water  management,  'Flood  irriga- 
tion, 'Water  conservation,  'Irrigation  water, 
•Rice,  'Irrigation  design,  'Irrigation  efficiency, 
Management  planning,  Labor,  Levees,  Gates,  Irri- 
gation practices,  Performance  evaluation,  Energy, 
Pumping,  Conveyance  structures,  Fuel,  Seepage 
loss,  Runoff. 

Water  conservation  practices  were  applied  to  two 
rice  fields  to  determine  their  value.  The  practices 
were  used  to  evaluate  the  effectiveness  of  conserv- 
ing irrigation  water  and  the  energy  required  to 
pump  it.  These  practices  included  narrower  levee 
spacing  to  reduce  the  water  impounded  on  the 
field  and  multiple  side  inlets  to  allow  more  benefi- 
cial use  of  rainfall  and  to  provide  for  more  efficient 
water  delivery  within  the  field.  Using  multiple  side 
inlets  allowed  water  to  be  provided  to  cuts  individ- 
ually or  in  groups  of  2  to  3  rather  than  water  being 
provided  to  the  entire  field  through  the  top  cut. 
The  side  lateral  requires  gates  so  the  field,  as  a 
whole,  requires  more  gates.  Having  more  gates 
means  more  management  and  labor  input.  Howev- 
er, once  the  system  is  understood,  management  and 
labor  requirements  should  be  no  more  rigorous 
than  present  management  systems.  Instead,  a  later- 
al rigid  plastic  or  collapsible  irrigation  pipe  could 
be  used  to  transport  water  to  the  cuts.  A  costly  but 
easy  to  operate  system  would  be  an  underground 
line  with  risers  to  several  cuts.  The  objective  is  to 
apply  only  the  water  the  cut  needs  and  to  allow 
freeboard  for  the  utilization  of  rainfall.  Each  acre- 
inch  of  water  saved  is  27,000  gallons  and  requires 
0.6  gallons  of  diesel  fuel  to  pump.  All  of  the  study 
fields  indicated  that,  with  the  exception  of  rainfall 
and  seepage,  rice  farmers  can  virtually  eliminate 
any  runoff.  If  4  inches  of  rainfall  (or  seepage  loss) 
that  would  normally  run  off  could  be  utilized  on 
the  fields,  the  pumping  requirement  could  be  re- 
duced to  4  inches.  (See  also  W9O-03708)  (Fried- 
mann-PTT) 
W90-03716 


AGRICULTURAL  PRACTICES:  POLICY  IM- 
PLICATIONS. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-03779 


ANNUAL  REPORT  1988. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
International  Institute  for  Land  Reclamation  and 
Improvement,     Wageningen,     The     Netherlands. 
1989.  132  p. 

Descriptors:  'Developing  countries,  'Irrigation, 
•Drainage,  'Water  management,  India,  Pakistan, 
International  Institute  for  Land  Reclamation,  Sa- 
linization,  Brazil,  Drainage  systems,  Public  health, 
Mathematical  models. 

In  1988,  the  International  Institute  for  Land  Recla- 
mation (ILRI)  added  the  first  computer  program 
for  personal  computers  to  its  list  of  publications:  a 
mathematical  model  for  basin  irrigation  called 
BASCAD  (BAS  =  Basin,  CAD-Computer-aided 
Design).  Plans  are  underway  to  produce  more  of 
this  type  of  publication  (floppy  disk  with  user's 
manual).  Problems  of  irrigation  management  re- 
ceive attention  in  the  Annual  Report  in  an  article 
on  the  Tungabhadra  Irrigation   Pilot   Project  in 


India  and  in  an  article  on  the  effectiveness  and 
environmental  impact  of  irrigation  projects.  An 
article  on  pipe  drainage  past  and  present  also  ap- 
pears in  the  Annual  Report.  Reports  on  consul- 
tancy, training  and  research  provided  by  the  ILRI 
to  developing  countries  are  briefly  described.  ILRI 
staff  cooperated  with  Brazilian  authorities  on  the 
development  of  curricula  for  a  program  of  region- 
ally-oriented post-graduate  training  courses  in  land 
drainage,  which  will  include  case  studies  from  the 
country's  various  problem  areas.  Publications  and 
library  and  information  services  provided  by  the 
ILRI  are  listed.  (See  W9O-03807  thru  W90-03809) 
(Lantz-PTT) 
W90-03806 


PAST  DEVELOPMENTS  IN  PIPE  DRAINAGE 
AND  LTS  FUTURE  PROSPECTS. 

L.  K.  Smedema,  and  R.  Van  Aart. 
IN:  Annual  Report  1988.  International  Institute  for 
Land   Reclamation   and   Improvement,   Wagenin- 
gen, The  Netherlands.  1989.  p  8-17,  1  fig,  3  tab,  4 
ref. 

Descriptors:  'History,  'Developing  countries, 
•Drainage,  'Design  standards,  Agricultural  hy- 
drology, Drainage  systems,  Costs. 

Since  the  late  18th  century,  when  pipe  drainage 
was  introduced  to  control  water  tables  in  agricul- 
tural land,  it  has  undergone  remarkable  develop- 
ments, both  in  its  design  and  in  its  technology.  The 
developments  in  design  were  mostly  the  fruit  of 
the  gradual  progress  that  was  made  in  soil  science, 
hydraulics,  and  hydrology  during  the  19th  and 
20th  centuries.  The  technological  developments 
were  partly  the  result  of  other  developments  (e.g., 
the  invention  of  new  materials  such  as  plastic)  and 
partly  a  response  to  changing  economic  conditions. 
Changes  in  the  agricultural  context  (e.g.,  mechani- 
zation, prices  of  agricultural  products,  agricultural 
policies)  also  had  their  effects  on  pipe  drainage,  at 
times  promoting  its  development,  at  other  times 
restraining  it.  Also  important  has  been  the  continu- 
ous progress  made  in  research  on  a  wide  range  of 
agricultural  production  factors,  making  the  drain- 
age factor  in  many  naturally  waterlogged  soils  the 
minimum  factor,  thereby  creating  opportunities  for 
its  development.  Developments  that  have  been 
made  in  pipe  drainage  are  reviewed,  the  factors 
that  have  influenced  these  developments  are  ana- 
lyzed, and,  the  future  prospects  for  pipe  drainage 
in  different  parts  of  the  world  are  discussed.  (See 
also  W90-03806)  (Lantz-PTT) 
W90-03807 


EFFECTIVENESS  AND  ENVIRONMENTAL 
IMPACTS  OF  DIRIGATION  PROJECTS:  A 
REVTEW. 

R.  J.  Oosterbaan. 

IN:  Annual  Report  1988.  International  Institute  for 
Land  Reclamation  and  Improvement,  Wagenin- 
gen, The  Netherlands.  1989.  p  18-34,  8  fig,  2  tab,  35 
ref. 

Descriptors:  'Environmental  effects,  'Developing 
countries,  'Irrigation  programs,  Economic  aspects, 
Costs,  Irrigation  design,  Evaluation. 

Many  new  irrigation  projects  have  disappointing 
results,  from  overestimates  of  benefits  and  underes- 
timates of  costs,  losses,  and  damage,  in  the  light  of 
the  ever-decreasing  availability  of  land  and  water 
resources  of  good  quality.  The  benefits  are  often 
less  than  expected  because  many  projects  are  initi- 
ated, implemented,  and  operated  'top  down',  with- 
out regard  for:  farmers'  needs  and  motivations;  the 
discrepancy  between  national  and  rural  targets; 
and  the  scarcity  of  well  qualified  and  motivated 
managerial  and  technical  staff.  The  direct  costs  are 
often  higher  than  expected  because:  the  direct 
costs  are  underestimated  for  reasons  of  financing; 
not  all  direct  costs  are  recognized  or  foreseen;  and 
the  prevention  of  negative  secondary  effects  re- 
quires unforeseen  additional  measures,  which  in- 
crease the  direct  costs.  Despite  the  many  disap- 
pointing results,  irrigation  can  be  a  central  compo- 
nent in  producing  food  for  the  world's  growing 
population  and  in  sustaining  the  livelihood  of  farm- 
ers.  For  new  irrigation  schemes,   the  following 
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recommendations  are  made:  (1)  before  investment 
decisions  are  taken,  an  independent,  objective  or- 
ganization should  review  the  technical  design  and 
the  proposed  fanning  system,  both  at  feasibility 
and  at  implementational  levels;  (2)  the  socio-eco- 
nomic aspects,  including  informal  legal  issues  as 
well  as  the  needs  and  motivations  of  the  population 
inside  and  outside  the  project,  must  be  carefully 
reviewed,  and  the  role  and  responsibilities  of  the 
farming  community  in  the  project  should  be  as- 
sessed; (3)  the  environmental  and  ecological  im- 
pacts of  a  project  should  be  studied  in  detail, 
followed  by  proposals  for  project  adjustment  if 
necessary;  (4)  the  managerial  needs  of  the  project 
have  to  be  studied,  including  the  monitoring  and 
evaluation  of  project  performance,  operation,  and 
maintenance,  as  well  as  the  mode  of  financing  the 
eventual  remedial  and  compensatory  measures;  (5) 
the  conclusions  and  recommendations  of  the  socio- 
economic, environmental,  and  managerial  studies 
must  be  integrated  into  the  work  of  various  inde- 
pendent organizations;  and  (5)  the  investment  crite- 
ria have  to  be  reconsidered  with  a  view  to  sustain- 
ability.  (See  also  W9O-O3806)  (Lantz-PTT) 
W90-03808 

WATER  DISTRIBUTION  IN  A  SECONDARY 
mRIGATION  CANAL:  RESULTS  OF  A  MEAS- 
UREMENT PROGRAM. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
M.  Jurriens,  and  V.  Ramaiah. 
IN:  Annual  Report  1988.  International  Institute  for 
Land  Reclamation  and  Improvement,  Wagenin- 
gen, The  Netherlands.  1989.  p  35-46,  9  fig,  5  tab,  6 
ref. 

Descriptors:  'Irrigation  programs,  'India,  'Water 
management,  'Irrigation  canals,  Tungabhadra 
Water  Management  Project,  Irrigation  practices, 
Water  demand. 

The  1987  kharif  (wet)  season  was  the  first  season  of 
a  measuring  program  in  the  Tungabhadra  Water 
Management  Project  in  India.  Consequently,  some 
starting  problems  were  met,  resulting  in  some  inac- 
curate and  incomplete  data.  The  total  volume 
made  available  at  the  D36  inlet  for  the  kharif 
season  was  about  60  million  cubic  meters  (MCM), 
which  was  slightly  below  the  theoretical  allocation 
of  65  MCM.  The  average  daily  inlet  flows  from 
the  Main  Canal  into  the  D36  canal  were  regularly 
much  higher  than  target,  at  least  in  periods  when 
sufficient  flow  was  available  in  the  Main  Canal.  At 
the  more  downstream  locations,  about  halfway 
along  the  canal,  canal  flows  are  always  below 
target.  Evidently,  offtakes  through  pipe  outlets  and 
minors  on  the  first  half  of  the  canal  are  generally 
too  high.  The  fact  that  many  outlets  are  seriously 
leaking,  so  that  they  take  a  considerable  flow  even 
when  the  gates  are  closed,  contributes  to  the  situa- 
tion. The  measurement  results  illustrate  that  at- 
tempts are  made  to  implement  a  system  of  canal 
section  rotation.  Nevertheless,  considering  the 
total  picture,  one  does  not  get  the  impression  that  a 
canal  rotation  system  is  effective  in  pushing  water 
to  the  tail  of  the  canal.  Closing  and  opening  the 
outlets  on  a  rotation  section  takes  about  the  entire 
rotation  period  to  be  effectuated,  and  offtakes  by 
the  outlets  are  never  zero  as  they  are  supposed  to 
be.  The  result  is  that  average  offtakes  are  above 
target.  (See  also  W90-03806)  (Lantz-PTT) 
W9O-O3809 


CLASSIFICATION  OF  SALT-AFFECTED  LAND 
IN  AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Canberra  (Australia).  Div.  of  Water 

and  Land  Resources. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-03813 


BORON  CONTENT  OF  SOUTH  AFRICAN 
SURFACE  WATERS:  PRELIMINARY  ASSESS- 
MENT FOR  mRIGATION. 

Department   of  Water    Affairs,    Pretoria   (South 

Africa). 

P.  C.  Reid,  and  E.  Davies. 

Water  SA  WASADV,  Vol.  15,  No.  4,  p  261-264, 

October  1989.  1  fig,  2  tab,  3  ref. 


Descriptors:  'Water  analysis,  'Water  quality, 
•Chemical  analysis,  'Boron,  'South  Africa,  'Irri- 
gation water,  Spatial  distribution,  Regional  analy- 
sis, Crops,  Essential  nutrients. 

Boron,  a  naturally  occurring  constituent  of  surface 
and  ground  water,  is  an  essential  plant  nutrient.  At 
relatively  low  concentrations,  boron  becomes  toxic 
to  plant  growth.  To  assess  the  boron  status  of 
South  African  waters,  the  Department  of  Water 
Affairs  launched  a  long-term  boron  water  quality 
assessment  program  in  1985.  This  program  com- 
prised analysis  of  water  samples  taken  at  91  sites 
throughout  South  Africa.  Results  to  date  indicated 
that  the  boron  concentration  in  South  African  sur- 
face waters  varies  between  0.02  and  0.33  mg/1.  At 
these  concentrations,  even  the  most  boron-sensitive 
crops  can  be  grown  without  fear  of  boron  toxicity. 
(Author's  abstract) 
W90-03996 


COMPARISON  OF  TRACER  MOBILTITES 
UNDER  LABORATORY  AND  FIELD  CONDI- 
TIONS. 

Iowa  State  Univ.,  Ames.  Dept.  of  Agricultural 

Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04107 

STOCHASTIC  MODEL  TO  EVALUATE  RTPAR- 
LAN  mRIGATION  EXPANSION  IN  THE  EAST- 
ERN UNITED  STATES. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Agricultural  Economics. 
D.  Bosch,  and  G.  Mustafa. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
5,  p  945-952,  October  1989.  1  fig,  4  tab,  22  ref. 

Descriptors:  'Water  allocation,  'Irrigation  pro- 
grams, 'Riparian  waters,  'Irrigation  water, 
'United  States,  'Model  studies,  Riparian  rights, 
Surface  water,   Streamflow  patterns,   Soil  types. 

Irrigation  has  expanded  in  parts  of  the  eastern 
United  States.  In  some  areas,  the  adjoining  surface 
(riparian)  water  is  the  most  economical  source  of 
irrigation  water.  Expanded  demand  for  riparian 
water  may  lead  to  conflict  among  irrigators  and 
other  streamflow  users.  Accurate  information  on 
the  potential  for  and  impacts  of  riparian  irrigation 
expansion  is  needed  to  decide  if  control  of  such 
expansion  is  necessary.  A  stochastic  economic 
model  to  evaluate  the  impacts  of  potential  irriga- 
tion expansion  was  developed.  The  model  consid- 
ers the  soil,  location,  and  land  use  characteristics  of 
individual  sites,  as  well  as  weather  and  streamflow 
patterns.  The  application  of  the  model  to  an  east- 
ern Virginia  watershed  indicates  that,  with  maxi- 
mum potential  expansion,  water  availability  be- 
comes limited  and  yields  will  be  reduced  in  some 
years.  As  a  result,  the  expected  net  returns  from 
irrigation  and  the  probability  of  breaking  even  on 
the  investment  are  reduced  substantially.  The  re- 
sults suggest  the  need  to  consider  regulation  of 
surface  water  allocation  for  irrigation  development 
in  riparian  watersheds.  (Author's  abstract) 
W90-04198 


EARLY  MORNING  CANOPY  TEMPERA- 
TURES FOR  EVALUATING  WATER  STRESS 
IN  A  WHEAT  CROP. 

San  Diego  State  Univ.,  CA.  Dept.  of  Geography. 
A.  S.  Hope,  and  R.  D.  Jackson. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
5,  p  1009-1014,  October  1989.  5  fig,  17  ref. 

Descriptors:  'Irrigation,  'Irrigation  efficiency, 
'Water  stress,  Irrigation  requirements,  Wheat, 
Temperature,  Satellite  technology,  Comparison 
studies. 

Several  crop  water  stress  indices  were  examined  to 
determine  their  potential  for  use  from  a  space- 
based  system.  Indices  used  included:  (1)  the  'stress 
degree  day'  (SDD);  (2)  the  crop  water  stress  index 
(CWSI);  and  (3)  the  temperature  stress  day  (TSD). 
These  indices  were  compared  using  data  collected 
over  a  wheat  crop  grown  under  arid  environmen- 
tal conditions.  Indices  that  required  concurrent 
ground-based  measurements  were  less  adaptable 
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than  the  simple  difference  between  canopy  tem- 
peratures of  a  field  with  unknown  stress  conditions 
and  a  similar  crop  known  to  be  unstressed.  The  use 
of  canopy  temperature  data  collected  by  satellite  to 
calculate  TSD  for  wheat  grown  under  arid  condi- 
tions is  feasible.  The  simple  temperature  difference 
between  a  stressed  and  a  control  field  may  be  a 
viable  technique  to  evaluate  crop  water  stress 
using  satellite  data.  (Author's  abstract) 
W90-04204 


SOIL  WATER  CHARACTERISTICS  OF  TWO 
SOIL  CATENAS  IN  JIXINOIS:  IMPLICA- 
TIONS FOR  IRRIGATION. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Ge- 
ography. 

R.  J.  Schaetzl,  L.  K.  Hendrie,  and  S.  W.  Kirsch. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
5,  p  1023-1030,  October  1989.  4  fig,  3  tab,  17  ref. 
Illinois  Department  of  Energy  and  Natural  Re- 
sources Project  No.  STILENRWR39-908. 

Descriptors:  'Illinois,  'Irrigation  efficiency,  'Soil 
water,  Soil  types,  Monitoring,  Neutron  scattering, 
Loess,  Irrigation  practices. 

Soil  water  was  monitored  by  neutron  scattering  in 
six  soils,  three  each  within  two  drainage  catenas  in 
east-central  Illinois,  over  a  15-month  time  span. 
The  prairie  soils  have  formed  in:  (1)  76-152  cm  of 
silt  loam,  eolian  sediments  (loess)  over  glacial  till 
(Catlin-Flanagan-Drummer  catena),  and  (2)  loess 
greater  than  152  cm  in  thickness  (Tama-Ipava- 
Sable  catena).  The  water  content  of  these  soils 
over  the  total  time  span  and  for  wet  and  dry 
climatic  subsets  was  characterized  as  an  aid  to 
potential  irrigation  decisions.  Soils  of  the  thin 
loess,  C-F-D  catena  dried  out  to  lower  water  con- 
tents and  had  greater  soil  water  variability  than  did 
the  thick  loess  soils.  Under  wet  conditions,  soil 
water  contents  in  the  two  catenas  were  quite  simi- 
lar. It  is  suggested  that  yield-optimizing  irrigation 
of  the  CFD  soils  may  offset  conditions  of  low  soil 
water  without  creating  adverse  wetness  in  the 
poorly  drained  Drummer  soils.  The  low  water 
variability  in  the  TIS  soils,  and  the  ample  amount 
of  soil  water  contained  within  the  profile,  combine 
to  make  them  less  suitable  for  'economically  intelli- 
gent' irrigation.  Similar  findings  may  hold  true  for 
other  comparisons  of  irrigation/soil  water  relations 
on  thick  versus  thin  loess  soils  of  the  Midwest. 
(Author's  abstract) 
W90-04206 


VALUING  IRRIGATION  WATER  IN  PUNJAB 
PROVINCE,  PAKISTAN:  A  LINEAR  PRO- 
GRAMMING APPROACH. 

Agency  for  International  Development,  Islamabad 

(Pakistan). 

For  primary  bibliographic  entry  see  Field  6C. 

W90-04211 


IRRIGATION  DEVELOPMENT  AND  MAN- 
AGEMENT ALTERNATIVES  OF  A  DOLOMITE 
AQUIFER  IN  NORTHEASTERN  ILLINOIS. 

Illinois  State  Water  Survey  Div.,  Champaign. 
S.  J.  Cravens,  and  S.  D.  Wilson. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
5,  p  1073-1083,  October  1989.  7  fig,  9  ref. 

Descriptors:  'Irrigation  design,  'Geohydrology, 
'Illinois,  'Water  resources  development,  'Water 
use,  Water  scarcity,  Irrigation  effects,  Water 
supply,  Water  storage,  Aquifers. 

Irrigation  development  of  the  dolomite  aquifer  in 
eastern  Kankakee  and  northern  Iroquois  Counties, 
Illinois,  is  extensive  and  increasing.  Interruptions 
of  domestic  supplies  have  been  reported  with  in- 
creasing frequency  during  the  1980's.  To  address 
this  issue,  a  regional  assessment  of  the  groundwater 
resources  of  the  region  was  conducted  in  1987  and 
1988.  Options  for  managing  the  dolomite  aquifer 
were  also  investigated.  Hydrogeology  of  the  dolo- 
mite aquifer  was  determined  using  five  aquifer 
tests.  Transmissivity  values  of  the  dolomite  aquifer 
ranged  from  14,000  to  50,000  gpd/ft  (168  to  600  cu 
m/m/day).  Storage  coefficients  were  between 
0.0001  and  0.0002,  within  the  range  of  a  confined 
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(artesian)  aquifer.  Based  on  flow-net  analyses,  re- 
charge of  the  dolomite  aquifer  ranged  from  85,000 
to  285,000  gpd/sq  mi  (124.4  to  417.0  cu  m/day/sq 
km).  Water  levels  of  the  dolomite  aquifer  were 
mapped  during  five  periods  in  1987  and  1988  by 
measuring  up  to  226  wells  completed  in  the  dolo- 
mite aquifer.  Maximum  regional  water-level  de- 
clines because  of  irrigation  pumpage  were  44  feet 
(13.4  m)  in  1987  and  72  feet  (21.9  m)  during  the 
drought  of  1988.  Based  on  groundwater  use  data, 
precipitation  records,  and  hydrogeologic  informa- 
tion, the  magnitude  of  water-level  declines  can  be 
attributed  more  to  differing  hydrogeologic  condi- 
tions than  to  pumpage  or  climatic  changes.  Al- 
though record  declines  occurred  during  the 
drought  of  1988,  longterm  depletion  of  the  re- 
source will  only  occur  if  irrigation  development 
continues  unregulated  and  drought  conditions  con- 
tinue to  prevail  during  successive  years.  (Author's 
abstract) 
W90-04213 


COMPUTER  AIDED  OPERATION  OF  IRRIGA- 
TION SYSTEMS. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 
Water  Resources  Engineering. 
G.  N.  Paudyal,  and  P.  Somkiat. 
IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  291-302,  4  fig,  3  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Mathematical  models,  'Data 
acquisition,  'Computers,  'Hydraulics,  'Irrigation 
operation,  Flow,  Algorithms,  Thailand. 

A  computer  aided  procedure  has  been  developed 
to  solve  the  problem  of  determining  periodic 
(weekly)  operation  of  an  irrigation  system  consist- 
ing of  open  channels  and  various  on-line  and  off- 
line structures  to  meet  water  demands,  while  satis- 
fying operational  constraints  for  the  system.  The 
procedure  is  based  upon  the  representation  of  the 
gate  operation  of  a  general  irrigation  system  as  a 
hydraulic  problem  of  nonuniform  flow  in  open 
channels  and  through  structures.  A  general  data 
base  also  has  been  designed  for  storing,  retrieving 
and  updating  information  on  canals,  structures  and 
flow  characteristics.  The  algorithm,  as  coded  in 
the  interactive  BASIC  program,  was  applied  to  a 
portion  of  the  Lam  Nam  Oon  Irrigation  Project  in 
Thailand.  The  results  were  in  good  agreement  with 
field  observations.  (See  also  W90-04274)  (Ham- 
mond-PTT) 
W90-04297 


UTILIZATION  AND  TREATMENT  OF  THER- 
MAL DISCHARGE  BY  THE  ESTABLISHMENT 
OF  A  WETLANDS  PLANT  NURSERY. 

Anne  Arundel  Community  Coll.,  Arnold,  MD. 
For  primary  bibliographic  entry  see  Field  3C. 

W90-O4464 
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INTERNATIONAL  CONFERENCE  ON  RIVER 
REGIME. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03626 


REGIME    ASPECTS    OF    FLOOD    CONTROL 
CHANNELIZATION. 

Northwest  Hydraulic  Consultants  Ltd.,  Edmonton 

(Alberta). 

C.  R.  Neill,  and  K.  Yaremko. 

IN:  International  Conference  on  River  Regime. 

Hydraulics  Research  Limited,  Wallingford,  Oxon, 

UK.  1988.  317-329,  6  fig,  1  tab,  17  ref. 


Descriptors:  'Hydrological  regime,  'Regime 
streams,  'Flood  control,  'Channeling,  'Channel 
morphology,  Case  studies,  Mississippi,  Bangladesh, 
Alaska,  New  Mexico,  Alberta,  Flood  peaks. 

Channelization  of  natural  streams  causes  various 
hydrologic  and  morphologic  responses  that  are 
difficult  to  predict  and  treat.  These  include  flood 
peak  augmentation,  profile  degradation  and  aggra- 
dation, widening  and  deepening  of  cross-sections, 
and  initiation  of  meandering  or  acceleration  of 
meander  shifting.  A  regime  viewpoint  is  useful 
especially  at  the  preliminary  study  stage  for  assess- 
ing the  predominant  characteristics  of  the  stream 
and  identifying  likely  responses,  but  quantitative 
application  of  the  regime  approach  raises  various 
problems  especially  with  regard  to  channel  plan- 
forms  and  bed-sediment  transport.  Problems  in 
channel  response  and  in  applying  the  regime  ap- 
proach were  illustrated  with  reference  to  em- 
banked rivers  in  Bangladesh,  a  gravel  river  in 
Alaska,  a  channelized  hill  stream  in  Mississippi,  a 
desert  stream  in  New  Mexico,  and  a  channelized 
river  in  northern  Alberta.  Based  on  these  case 
studies  it  was  determined  that:  (1)  a  primary  ques- 
tion in  contemplating  a  flood  control  channeliza- 
tion is  the  potential  for  augmentation  of  flood 
peaks,  both  immediately  and  in  the  long  term;  (2) 
many  instability  response  problems  arise  from  the 
fact  that  channelization  measures  impose  an  in- 
creased or  at  best  an  unaltered  slope  where  regime 
considerations  require  a  reduced  slope  to  suit  aug- 
mented discharges  and/or  reduced  resistance;  (3) 
Lacey-type  regime  relationships  derived  from  irri- 
gation canals  are  not  very  useful  for  some  classes 
of  stream;  and  (4)  regime  relations  of  the  Walling- 
ford type  appear  promising  for  high-transport  as 
well  as  low-transport  channels,  but  more  verifica- 
tion of  field  transport  rates  is  required,  as  well  as 
consideration  of  high  wash  loads  and  discontinu- 
ities in  transport  relations.  (See  also  W90-03626) 
(Author's  abstract) 
W90-03651 


INFLUENCE  OF  RIVER  REGIME  ON  THE 
FLOOD  MANAGEMENT  OF  SUKKUR  BAR- 
RAGE, PAKISTAN. 

For  primary  bibliographic  entry  see  Field  5E. 
W90-03652 


APPLICATION  OF  BED  STABILITY  CRITE- 
RIA IN  RrVERS  WITH  CONSECUTIVE  RUN- 
OF-RTVER  POWER  PLANTS. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03653 


REGIME  CHANGES  IN  THE  CALEDON 
RIVER  ASSOCIATED  WITH  SEDIMENT  DEP- 
OSITION UPSTREAM  OF  WELBEDACHT 
BARRAGE. 

Pretoria  Univ.  (South  Africa).  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2J. 
W90-03654 


REGIME  CHANGES  IN  THE  CALEDON 
RIVER  ASSOCIATED  WITH  WELBEDACHT 
BARRAGE:  PHYSICAL  MODEL,  PROTOTYPE 
AND  THEORETICAL  CORRELATIONS. 

Department   of  Water   Affairs,    Pretoria   (South 

Africa). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03655 


EFFECTS    OF    EXTENSIVE    DREDGING    ON 
THE  RTVER  REGIME. 

Vizgazdalkodasi  Tudomanyos  Kutato  Intezet,  Bu- 
dapest (Hungary). 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03656 


REGIME  THEORY   AND  ENVIRONMENTAL 
CHANGE-rRRECONCILABLE  CONCEPTS. 

University  Coll.  of  Wales,  Aberystwyth.  Dept.  of 

Geography. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-03660 


HISTORICAL   ANALYSIS   OF   FLUVIAL   HY- 
DROSYSTEMS. 

Loughborough   Univ.  of  Technology  (England). 

Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03690 


IMPACT  OF  18TH  AND  19TH  CENTURY 
RIVER  TRAINING  WORKS:  THREE  CASE 
STUDIES  FROM  SWITZERLAND. 

Eidgenoessische  Technische  Hochschule,  Zurich 

(Switzerland). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03691 


HYDROLOGICAL  CHANGES  OF  THE  RHONE 
RTVER. 

Grenoble- 1  Univ.  (France).  Lab.  de  la  Montagne 

Alpine. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03693 


HISTORICAL  CHANGES  OF  THE  GARONNE 
RTVER,  SOUTHERN  FRANCE. 

Centre  National  de  la  Recherche  Scientifique, 
Toulouse  (France).  Centre  d'Ecologie  des  Res- 
sources  Renouvelables. 
H.  Decamps,  M.  Fortune,  and  F.  Gazelle. 
IN:  Historical  Change  of  Large  Alluvial  Rivers: 
Western  Europe.  John  Wiley  &  Sons,  New  York. 
1989.  p  249-267.  10  fig,  1  tab,  26  ref. 

Descriptors:  'History,  'Paleohydrology,  'Gar- 
onne River,  'Geomorphology,  'Flood  plain  man- 
agement, 'Ecological  effects,  Economic  develop- 
ment, Flood  protection,  Navigation,  Agricultural 
engineering,  Industrial  development,  Urban  areas, 
Rural  areas,  Forests,  Flood  plains,  Cultivation, 
Water  shortage,  Riparian  waters,  Climates,  France. 

The  Garonne  is  the  third  and  the  most  southern  of 
the  large  French  Atlantic  rivers.  Man's  impact  on 
the  Garonne  has  been  progressive  through  the  ages 
and  has  greatly  changed  the  river  over  the  last  300 
years.  Three  stages  have  been  distinguished:  (1) 
changes  to  protect  against  flooding;  (2)  changes  to 
aid  navigation;  and  (3)  developments  in  agricul- 
ture. These  have  all  gradually  modified  the  fluvial 
landscape  and  the  changes  have  not  been  obscured 
by  more  recent  industrial  developments.  Thus,  this 
valley  offers  a  useful  model  to  study  historical 
influences  on  the  fluvial  landscape  in  urban  as  well 
as  in  rural  areas,  the  ecological  consequences  of 
the  interactions  between  river  dynamics,  and  man's 
activities  related  to  the  regional  economic  develop- 
ment of  this  essentially  agricultural  area.  Two  dis- 
tinct periods  of  use  of  the  river  and  its  banks  may 
be  distinguished  in  the  history  of  man's  effect  on 
the  fluvial  landscape:  navigation  during  the  18th 
century  and  agriculture  during  the  19th  century. 
These  have  been  followed  in  the  20th  century  by  a 
third  period  with  intensification  of  agriculture,  in- 
dustrialization, and  urbanization.  As  a  result  the 
conditions  necessary  for  reversible  trends  in  forest 
succession  have  not  been  lost  on  the  floodplain  but 
rather  wooded  areas  have  become  fragmented,  cul- 
tivated communities  have  replaced  natural  ones 
and  there  is  an  accentuation  of  water  shortage 
during  dry  summers.  This  shortage  is  specific  to 
large  rivers  in  Southern  Europe.  Thus,  a  general 
model  predicting  the  influence  of  man  on  the  ripar- 
ian dynamics  of  the  fluvial  landscape  must  pay 
more  attention  to  the  gradient  of  climatic  condi- 
tions from  north  to  south.  (See  also  (W90-03689) 
(Fish-PTT) 
W90-03704 


ECOLOGICAL  CHANGES  OF  THE  FRENCH 
UPPER  RHONE  RTVER  SINCE  1750. 

Lyon-1  Univ.,  Villeurbanne  (France).  Lab.  d'Eco- 
logie des  Eaux  Douces. 
A.  L.  Roux,  J.  P.  Bravard,  C.  Amoros,  and  G. 
Pautou. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 
Western  Europe.  John  Wiley  &  Sons,  New  York. 
1989.  p  323-350.  10  fig,  32  ref. 
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Descriptors:  'Ecological  effects,  'Paleohydrology, 
•River  training,  Channel  morphology,  History, 
Flora,  Fauna,  Maps,  Channeling,  Civil  engineer- 
ing, Navigation,  Flood  protection,  Hydroelectric 
power,  Discharge  capacity,  Dikes,  Dams,  Flow 
pattern,  Sediment  load,  Vegetation,  Invertebrates, 
Fish,  Hydrologic  models,  France. 

The  flora  and  faunia  composition  of  the  Rhone 
River  demonstrate  that  it  can  be  designated  a  typi- 
cal medio-European  river.  A  range  of  data  may  be 
used,  including  cartographic,  paleoecological  fau- 
nistic  and  floristic  evidence  from  relict  channels, 
and  documentary  sources,  to  reconstruct  the  histo- 
ry of  fluvial  changes  in  the  French  Upper  Rhone 
since  1750.  Real  impacts  are  due  to  civil  engineer- 
ing works  implemented  to  promote  and  facilitate 
navigation,  to  protect  towns  and  lands  against 
floods  and  to  produce  hydroelectric  energy.  The 
main  and  direct  consequences  of  harnessing  the 
river  have  been  channelization,  constriction  of  the 
active  alluvial  valley,  and  discharge  controls;  these 
induced  spatial,  short-term  and  long-term  impacts. 
The  Rhone  River  changes  exemplify  the  interac- 
tions between  abiotic  and  biotic  factors  which  may 
be  discussed  in  a  hierarchical  framework:  the  dikes 
and  the  dams  have  produced  first-order  impacts  on 
the  flow  regime  and  the  sediment  load,  then 
changed  the  channel  form,  the  substrate  composi- 
tion and  the  aquatic  vegetation  (second-order  im- 
pacts), and  at  last  invertebrates  and  fishes  (third- 
order  impacts).  This  pattern  is  valid  in  both  the 
aquatic  and  terrestrial  environments  of  the  flood 
plain.  By  understanding  the  interaction  of  these 
complex  processes,  models  can  be  developed  to 
improve  our  understanding  of  how  large  alluvial 
rivers  may  change  in  the  future.  (See  also  (W90- 
03689)  (Fish-PTT) 
W90-03707 

ANALYSIS  OF  1987  FLOOD  OF  WEST  MEM- 
PHIS, ARKANSAS. 

Memphis  State  Univ.,  TN.  Dept.  of  Geography 

and  Planning. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03720 


GROUNDWATER  EXTRACTION  TRENDS  IN 
FOREST  AND  LAMAR  COUNTTES,  MISSIS- 
SD?PI. 

University  of  Southern  Mississippi,   Hattiesburg. 

Dept.  of  Geology. 

For  primary  bibliographic  entry  see  Field  2F. 

W9O-03724 


Illinois  State  Water  Survey,  Champaign.  Midwest- 
ern Climate  Center. 
S.  A.  Changnon. 

Bulletin  of  the  American  Meteorological  Society 
BAMIAT,  Vol.  70,  No.  9,  p  1092-1104,  September 
1989.  5  fig,  1  tab,  39  ref. 

Descriptors:  'Mississippi,  'Drought,  'Water  defi- 
cit, 'Drought  effects,  'Ships,  Shipping  industry, 
Economic  impact,  Barges,  Dredging,  Streamflow, 
Costs. 

The  impact  of  the  1988  U.S.  drought,  in  terms  of 
highly  unusual  late  spring  low  streamflows,  was 
analyzed.  A  notable,  largely  unexpected  impact 
involved  stoppages  of  barge  traffic  on  the  lower 
Mississippi  River  during  June  and  July,  a  result  of 
shallow  areas  produced  by  record  low  flows  and 
shoaling.  The  low  flows  were  a  result  of  the  unusu- 
ally large  areal  extent  of  drought  conditions  across 
the  Mississippi  Basin,  which  comprises  40%  of  the 
continental  U.S..  The  deficient  1987-88  snowmelt 
(due  to  low  winter  snowfalls)  and  record  low 
spring  1988  precipitation  combined  to  produce  the 
record  low  flows  along  much  of  the  Mississippi 
River.  Most  responses  to  the  drought  came  in  a 
crisis  mode  and  included  concentrated  dredging  to 
open  channels,  government  enforced  reductions  in 
barge  loads,  and  in  numbers  of  tow,  tripled  barge 
shipping  rates,  and  shifts  in  transportation  modes. 
The  barge  industry  suffered  a  20%  income  loss. 
The  total  losses  to  the  barge  industry  coupled  with 
higher  costs  for  shipping  were  one  billion  dollars. 
The  Illinois  Central  Railroad,  which  parallels  the 
major  blocked  waterways,  used  a  climate  predic- 
tion to  anticipate  the  low  flows  3  months  in  ad- 
vance. They  leased  additional  cars  to  help  handle 
the  increased  shipments  transferred  from  barges 
and  made  a  sizable  profit.  A  response  proposed  by 
Illinois  and  shippers,  a  temporary  increase  in  the 
water  diverted  from  Lake  Michigan  to  raise  the 
river  level,  was  met  with  strong  objections  by 
other  lake  states  and  Canada.  The  federal  govern- 
ment declined  the  proposal,  but  the  sizable  contro- 
versy it  engendered  reflects  the  growing  sensitivity 
to  water  resources  issues  in  the  Great  Lakes  Basin 
and  also  illustrates  the  problems  to  be  expected 
from  a  drier  future  climate.  This  case  study  illus- 
trates the  value  of  using  seasonal  climate  predic- 
tions of  limited  skill,  and  the  need  for  better  near 
real-time    climatic    data,    including    information 
about  physical  impacts  of  current  climatic  condi- 
tions. (Author's  abstract) 
W90-03936 


PRELIMINARY  STEADY-STATE  SIMULA- 
TION OF  GROUNDWATER  FLOW  IN  HINDS, 
MADISON,  AND  RANKIN  COUNTIES,  CEN- 
TRAL MISSISSIPPI. 

Mississippi  Bureau  of  Land  and  Water  Resources, 

Jackson. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-03725 


CATCHMENT   MANAGEMENT   IN    AUSTRA- 
LIA IN  THE  1980S. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  6A. 

W9O-O3805 


ECONOMIC  ANALYSIS  OF  HARMFUL  AND 
BENEFICIAL  ASPECTS  OF  SALTCEDAR. 

Great  Western  Research,  Inc.,  Mesa,  AZ. 
For  primary  bibliographic  entry  see  Field  3B. 
W90-03818 


EFFECT  OF  NUTRIENTS  AND  PESTICIDES 
APPLIED  TO  TURF  ON  THE  QUALITY  OF 
RUNOFF  AND  PERCOLATING  WATER. 

Pennsylvania  State  Univ.,  University  Park.  Envi- 
ronmental Resources  Research  Inst. 
For  primary  bibliographic  entry  see  Field   5G. 
W90-03894 


1988  DROUGHT,  BARGES,  AND  DIVERSION. 


REMOTE  SENSING  AND  FULLY  DISTRIBUT- 
ED MODELING  FOR  FLOOD  FORECASTING. 

Waterloo  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03980 


LAKE  BUHI:  RESOLVING  CONFLICTS  IN  A 
PHILIPPINE  DEVELOPMENT  PROJECT. 

International  Inst,  for  Environment  and  Develop- 
ment, London  (England). 

For  primary  bibliographic   entry  see   Field  6G. 
W90-04006 


VALUE  OF  STREAMFLOW  FORECASTING  IN 
RESERVOHt  OPERATION. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

A.  P.  Georgakakos. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

4,  p  789-800,  August  1989.  10  fig,  2  tab,  15  ref. 

USGS  Grant  14-08-0001-G1416. 

Descriptors:  'Streamflow  forecasting,  'Reservoir 
operation,  'Reservoirs,  Savannah  River,  Nile 
River  Basin,  Simulation  studies,  Comparison  stud- 


Probabilistic  streamflow  forecasting  can  consider- 
ably improve  reservoir  operation  but  the  benefits 
are  system  specific.  The  value  of  forecasting  was 
evaluated  for  the  Savannah  River  system,  the  High 
Aswan  Dam,  and  the  Equatorial  Lake  system. 
Some  general  observations  are  that  improved 
streamflow  forecasting  enables  the  controller  to: 


(1)  increase  energy  output  and  reliability  by  raising 
the  turbine  hydraulic  head  and  minimizing  spillage; 

(2)  mitigate  drought  repercussions  by  enhancing 
dependable  water  supply;  and  (3)  reduce  flood 
damages  by  avoiding  excessive  releases.  These  im- 
provements may  be  rather  attractive,  particularly 
in  reservoirs  frequently  operated  under  flood  or 
drought  conditions.  The  method  of  analysis  em- 
ployed was  a  system  simulation  under  Extended 
Linear  Quadratic  Gaussian  (ELQG)  control.  Com- 
parisons with  other  control  methods  demonstrated 
the  value  of  stochastic  controllers  with  the  ability 
to  effectively  handle  reliability  storage  constraints. 
(Author's  abstract) 

W90-04176 


NEW  LOOK  AT  FLOOD  RISK  DETERMINA- 
TION. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04197 


COMPARISON  OF  REGRESSION  AND  TTME- 
SERIES  METHODS  FOR  SYNTHESIZING 
MISSING  STREAMFLOW  RECORDS. 

Oak  Ridge  National  Lab.,  TN. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-04200 


COMPARISON  OF  STREAMFLOW  GENERA- 
TION MODELS  FOR  RESERVOHt  CAPACITY- 
YIELD  ANALYSIS. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04201 


PROCEEDINGS  OF  A  SEMINAR  ON  FLOOD 
DAMAGE  REDUCTION  RECONNAISSANCE- 
PHASE  STUDIES. 

For  primary  bibliographic  entry  see  Field  6F. 
W90-04234 


ANALYSIS  OF  TRAINING  STRUCTURE  DE- 
SIGNS IN  SOUTHWEST  PASS,  MISSISSIPPI 
RTVER. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Hydraulics  Lab. 

For  primary  bibliographic  entry  see  Field  8A. 

W90-04251 


STORMWATER  MANAGEMENT:  PROCE- 
DURES AND  METHODS,  A  MANUAL  OF 
BEST  MANAGEMENT  PRACTICES. 

URS  Co.,  Seattle,  WA. 

September  1977.  273  p.  EPA  Grant  P-000091. 

Descriptors:  'Urban  runoff,  'Urban  hydrology, 
'Urbanization,  'Storm  water,  'Water  manage- 
ment, 'Handbooks,  Management  planning,  Model 
studies,  Urban  drainage,  Sedimentation,  Flooding, 
Water  quality,  Erosion,  Bank  erosion,  Slope  stabili- 
ty, Administrative  regulations. 

The  problems  caused  by  urbanization  are  obvious- 
ly many.  Those  of  particular  concern,  as  indicated 
by  municipal  engineers  and  planners  are  the  fol- 
lowing: streambank  erosion,  bluff  and  slope  stabili- 
ty, sedimentation,  flooding,  general  water  quality 
degradation,  and  elimination  of  fish  and  other  life 
from  many  streams.  In  addition,  it  has  been  indicat- 
ed that  many  waterfowl  have  been  killed  by  oil 
and  highway  drainage.  A  final  issue  which  awaits 
resolution  is  that  of  drainage  problems  which  exist 
between  private  individuals.  The  goal  of  public 
works  officials  is  to  provide  consistent,  sound  guid- 
ance to  developers  so  that  the  public's  interests  are 
protected  and  concerns  satisfactorily  addressed 
before,  during,  and  after  development.  The  intent 
of  this  Manual  is  to  provide  the  public  works 
officials  and  developers  with  the  detailed  guidance 
necessary  to  comply  with  the  applicable  urban 
drainage  ordinances  and  policies,  and  to  meet  com- 
munity goals  regarding  drainage  management  by 
means  of  sound  preventive  practices.  Furthermore, 
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the  use  of  the  manual  should  facilitate  prompt, 
equitable,  and  consistent  processing  of  develop- 
ment permit  applications.  Following  an  introducto- 
ry chapter  and  a  chapter  on  how  to  use  this 
manual,  chapter  3  relates  management  practices  to 
problems  and  provides  a  mechanism  for  selecting 
the  most  appropriate  combination  of  practices  for  a 
given  site.  Chapter  4  outlines  the  permit  applica- 
tion and  drainage  plan  review  process  required  by 
the  Model  Urban  Drainage  Ordinance,  and  dis- 
cusses the  interaction  of  Best  Management  Prac- 
tices, Comprehensive  Drainage  Plans,  and  Techni- 
cal and  Administrative  Procedures  Manuals  rela- 
tive to  the  ordinance.  (Lantz-PTT) 
W90-04267 


FLOOD  HYDROGRAPH  AND  PEAK  FLOW 
FREQUENCY  ANALYSIS. 

Hydrologic  Engineering  Center,  Davis,  CA. 
A.  D.  Feldman. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p  1- 
19,  4  fig,  1  tab,  37  ref. 

Descriptors:  *Flood  hydrographs,  *Flood  peak, 
•Flood  frequency,  'Flood  plain  management,  Fre- 
quency analysis,  Streamflow,  Statistical  models, 
Statistical  methods,  Watershed  management,  Fore- 
casting, Projections,  Floods,  Flooding. 

There  are  numerous  techniques  for  predicting  peak 
flood  discharges/volumes  of  prescribed  frequen- 
cies. Statistical  and  empirical  flood  peak  estimation 
techniques  may  be  good  for  small  areas  where 
river  routing/storage  effects  are  not  significant. 
For  larger  watersheds  and  studies  requiring  analy- 
sis of  alternative  flood  control/watershed  manage- 
ment procedures,  the  watershed  simulation  model 
is  the  best  tool.  A  hybrid  approach  using  a  simple 
continuous  model  to  identify  significant  events  and 
a  single  event  model  to  analyze  those  events  in 
detail  is  a  promising  method  of  analysis.  Watershed 
models  are  tending  to  become  more  directly  based 
on  readily  measurable  geographic  parameters.  The 
need  for  continuous  accounting  of  soil  moisture 
conditions  would  appear  to  be  less  necessary  as 
one  becomes  better  able  to  predict  watershed 
model  parameters  from  direct  geographic  meteoro- 
logic  measurements.  With  this  capability,  single 
event  models  theoretically  could  be  easily  started 
for  any  event  in  question.  Geographic  information 
systems  and  utility  programs  to  compute  automati- 
cally the  watershed  model  parameters  are  a  prom- 
ising technology  for  comprehensive  river  basin 
studies.  This  technique  is  particularly  powerful  in 
analyzing  many  land  use  and  watershed  and  flood 
damage  reduction  management  alternatives.  If  one 
uses  a  subjective  measure  of  flood  severity,  such  as 
general  public  inconvenience,  then  projects  may  be 
sized  by  methods  which  are  not  dependent  on  a 
true  estimate  of  a  flood  frequency.  This  is  general- 
ly the  case  in  urban  storm  sewer  design.  If  an 
objective  estimate  of  expected  economic  damage  is 
to  be  the  design  criterium,  then  realistic  flood 
frequencies  must  be  computed.  Projects  based  on 
specific  flood  frequencies,  say  the  100-year  flood 
of  the  flood  insurance  studies,  would  require  con- 
sistent, but  not  necessarily  precise,  estimates  of 
flood  frequencies.  In  that  case,  insurance  premiums 
could  be  adjusted,  as  actuarial  experience  indicates, 
to  make  the  project  viable.  The  landowners,  how- 
ever, would  argue  for  the  use  of  a  precise  frequen- 
cy. (See  also  W9O-O4308)  (Lantz-PTT) 
W90-04309 


DECISION  MAKING  AND  THE  COST  OF  IG- 
NORANCE. 

Engineering    Decision    Analysis   Co.,    Inc.,    Palo 

Alto,  CA. 

For  primary  bibliographic  entry  see  Field  6A. 

W90-04313 


HYDROLOGIC  UNCERTAINTY  AND 

PROJECT  BENEFITS. 

Bureau  of  Reclamation,   Sacramento,   CA.   Mid- 
Pacific  Regional  Office. 
For  primary  bibliographic  entry  see  Field  7C. 


W90-04314 


MYTHS   AND   USES   OF  HYDROMETEORO- 
LOGY  IN  FORECASTING. 

Miami  Univ.,  Oxford,  OH.  Inst,  of  Environmental 

Sciences. 

For  primary  bibliographic  entry  see  Field  6A. 

W90-04316 


BENEFITS  OF  UNCERTAINTY:  PROBABILI- 
TY IN  SHORT  AND  LONG  TERM  HYDRO- 
LOGIC  FORECASTING. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-04318 


PRECIPITATION   FORECASTING   AT  A   NA- 
TIONAL CENTER. 

National  Meteorological   Center,   Camp   Springs, 
MD.  Quantitative  Precipitation  Branch. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04320 


WATER    SUPPLY    FORECASTING    IN   CALI- 
FORNIA-1976-78. 

California  State  Dept.  of  Water  Resources,  Sacra- 
mento. Snow  Surveys  Branch. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04326 


CHANGING     NEEDS     IN     URBAN     FLOOD 
FORECASTING. 

Urban    Drainage    and    Flood    Control    District, 

Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-04327 


FLOOD  PLAIN  MANAGEMENT  NEEDS. 

Office  of  the  Chief  of  Engineers  (Army),  Washing- 
ton, DC.  Flood  Plain  Management  Services 
Branch. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04330 


MAINTENANCE  OF  EMSTREAM  FLOWS. 

Michigan  State  Univ.,  East  Lansing.  Inst,  of  Water 

Research. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-04351 


LOCAL  CONTROL  OF  FLOOD  DAMAGE. 

North  Carolina  Univ.  at  Chapel  Hill.  Dept.  of  City 
and  Regional  Planning. 
D.  H.  Moreau. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.   1979.  p  287-297,  2  fig,  3  ref. 

Descriptors:  *Flood-control  storage,  'Urban  hy- 
drology, 'Water  pollution  control,  'Flood  control, 
•Flood  damage,  •  Storm  water,  Flood  plain  man- 
agement, Nonpoint  pollution  sources,  Erosion  con- 
trol, Detention  reservoirs,  Sedimentation. 

Storm  water  management  was  examined  with  re- 
spect to  four  basic  areas  of  concern:  control  of 
drainage  as  a  service  to  landowners  on  or  near 
individual  parcels  of  land;  downstream  flood  con- 
trol in  flood  plains  along  major  receiving  streams; 
control  of  nonpoint  pollutants  transported  by 
storm  water;  and  control  of  soil  erosion  and  sedi- 
mentation. Caution  is  advised  with  the  use  of  de- 
tention storage  basins;  when  they  are  used  in  tribu- 
tary watersheds  for  peak  flow  reduction,  their 
effects  are  attenuated  within  relatively  short  dis- 
tances downstream.  Only  if  they  are  sized  to  retain 
all  of  the  runoff  for  relatively  long  detention  times 
can  they  contribute  much  to  downstream  flood 
reduction.  Indiscriminant  use  of  such  facilities 
could  actually  aggravate  downstream  conditions 
by  retarding  hydrographs  from  tributaries  so  that 
they  coincided  with  those  of  other  tributaries  on 


the  receiving  stream.  They  should  be  used  only 
with  careful  engineering  analysis  based  on  site- 
specific  information.  (See  also  W90-04338)  (Lantz- 

W90-O4367 


CULVERT    DESIGN    AND    CHANNEL    ERO- 
SION. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  8A. 

W90-04368 


DEVELOPMENT  OF  AN  URBAN  RUNOFF 
TREATMENT  WETLANDS  IN  FREMONT, 
CALIFORNIA. 

Bowling  Green  State  Univ.,  OH.  Environmental 

Health  Program. 

For  primary  bibliographic  entry  see   Field   5D. 

W90-04458 


CONTROL  OF  ARMYWORM,  SIMYRA  HEN- 
RICI  (LEPIDOPTERA:  NOCTUIDAE),  ON  CAT- 
TAIL PLANTINGS  IN  ACID  DRAINAGE 
TREATMENT  WETLANDS  AT  WIDOWS 
CREEK  STEAM-ELECTRIC  PLANT. 
Tennessee  Valley  Authority,  Muscle  Shoals,  AL. 
Vector  and  Plant  Management  Program. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-04476 


4B.  Groundwater  Management 


GROUND-WATER  LEVELS  IN  THE  ALLUVI- 
AL AQUIFER  AT  LOUISVILLE,  KENTUCKY, 
1987-88. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-03873 


HYDROGEOLOGICAL  AND  HYDROGEO- 
CHEMICAL  CHARACTERIZATION  AND  IM- 
PLICATIONS FOR  CONSUMPTIVE  GROUND- 
WATER USE  OF  A  LARGE  GLACIAL-DRIFT 
AQUIFER  SYSTEM  IN  SOUTHWEST  MICHI- 
GAN. 

Western  Michigan  Univ.,  Kalamazoo.  Center  for 
Water  Research. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-03891 


GROUND  WATER  RESOURCES  OF  THE 
TAURANGA  GROUP  SEDIMENTS  IN  THE 
HAMILTON  BASIN,  NORTH  ISLAND,  NEW 
ZEALAND. 

Waikato  Catchment  Board,  Hamilton  (New  Zea- 
land). Resource  Hydrology  Unit. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-04130 


LEGAL  AUTHORITY  TO  PROTECT  GROUND- 
WATER IN  VTRGINIA. 

For  primary  bibliographic  entry  see  Field  6E. 
W90-O4232 


GROUNDWATER  DATA  ACQUISITION  AND 
PROCESSING  AT  TWO  RECHARGE  DAMS. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 
Civil  Engineering. 

U.  Sendil,  A.  S.  Al-Turbak,  and  F.  F.  Al-Muttair. 
IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  329-339,  5  fig,  8  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Groundwater  management, 
•Artificial  recharge,  'Data  acquisition,  'Data 
processing,  'Computers,  'Mathematical  models, 
Hydrologic  budget,  Floodwater,  Meteorological 
data  collections,  Dams,  Aquifers,  Well  data,  De- 
veloping countries,  Saudi  Arabia. 
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Groundwater  studies  involving  artificial  recharge 
from  dammed  wadis  require  collection  and  proc- 
essing of  large  amounts  of  data  and  extensive  field 
work.  Such  data  are  not  readily  available  in  devel- 
oping countries.  After  a  survey  of  about  35  re- 
charge dams  in  Central  Saudi  Arabia,  two  sites 
were  selected  with  the  aim  of  estimating  recharge 
volumes  from  flood  waters.  Four  observation  wells 
were  drilled  and  instrumented  at  each  dam  site  for 
monitoring  the  water  levels  in  the  aquifer,  and  a 
meteorological  station  was  established  on  each  site. 
A  stilling  well  also  was  installed  on  the  dam  to 
make  continuous  recording  of  the  reservoir  water 
level.  All  the  collected  information  was  stored  in  a 
computerized  data  base  system.  A  computerized 
water  balance  model  for  a  dam-reservoir  system 
also  has  been  developed.  (See  also  W90-04274) 
(Hammond-PTT) 
W9O-O4300 


GROUNDWATER  MANAGEMENT. 

Layne  Western  Co.,  Norfolk,  VA. 
R.  R.  Peters. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  219-224. 

Descriptors:  *Conjunctive  use,  *Urban  areas, 
♦Urban  hydrology,  *Water  pollution  control, 
•Groundwater  management,  *Water  supply, 
Public  participation,  Groundwater  recharge, 
Groundwater  budget,  Groundwater  quality,  Water 
conservation,  Water  yield,  Water  use. 

Conjunctive  use  of  groundwater  and  surface  water 
is  an  imperative  where  neither  surface  nor  ground- 
water supply  is  sufficient  by  itself.  Large  volumes 
of  groundwater  are  available  in  some  regions. 
Management  may  include  groundwater  recharge 
for  storage  during  wet  years  and  conjunctive  with- 
drawal in  dry  years.  'Safe  yield'  of  an  aquifer  is 
difficult  to  determine  and  seldom  accurately  deter- 
mined by  managers/planners  because  they  lack 
adequate  physical  data.  Control  of  groundwater 
recharge  sites  is  essential  to  protect  both  the 
amount  and  quality  of  recharge.  This  may  become 
a  land  use  regulation  issue,  especially  in  metropoli- 
tan areas.  Smaller  water  supply  organizations  lack 
reliable  estimates  of  'dry  year'  supply-they  are 
unable  to  plan  Tor  the  contingency.  Water  conser- 
vation (demand  reduction)  measures  can  be  effec- 
tive for  small  systems  as  well  as  large-pricing, 
metering,  retrofit  conservation  devices  are  exam- 
ples. Energy  supply  and  cost  has  become  a  signifi- 
cant factor  in  planning  and  management  of  water 
supply  systems.  The  social  dimension  is  critical  to 
success  in  planning  or  management  of  water 
supply  systems.  Citizen  motivation,  responsiveness 
to  incentives  or  penalties,  and  preferences  among 
options  must  be  understood  by  both  planner  and 
manager.  Political  inertia  tends  to  slow  public 
water  system  adoption  of  new  technologies,  both 
in  planning  and  management.  Legal  and  institution- 
al provisions  will  be  needed  to  help  small  systems 
sharing  the  same  groundwater  aquifer  resolve  man- 
agement conflicts.  (See  also  W90-04338)(Lantz- 
PTT) 
W90-O4361 


In  this  book  the  major  results  and  findings  from 
studies  conducted  over  more  than  a  decade  by 
scientists  from  The  Academy  of  Natural  Sciences 
of  Philadelphia  (ANSP)  are  discussed.  These  stud- 
ies were  designed  to  assess  the  potential  effects  that 
operation  of  the  Calvert  Cliffs  Nuclear  Power 
Plant  (CCNPP)  might  have  on  the  mid-portion  of 
Chesapeake  Bay.  The  approach  taken  was  to  study 
major  biotic  components  of  the  system  over  an 
area  and  a  time  period  within  a  sampling  compari- 
son of  conditions  between  preoperational  and  oper- 
ational periods  within  a  sampling  locality,  and 
comparisons  of  conditions  at  reference  sites  with 
those  at  impact  sites  after  plant  operations  began. 
Elements  chosen  for  detailed  study  included:  spe- 
cies composition  and  production  rates  of  major 
primary  producers;  water  chemistry;  zooplankton, 
benthos  and  finfish  abundance  and  species  compo- 
sition; the  abundance  and  growth  rates  of  commer- 
cially important  shellfish  (clams,  oysters  and  blue 
crabs);  and  the  colonization  sequences  of  inverte- 
brates on  artificial  substrates.  Taken  together,  these 
data  provide  a  major  source  of  information  on 
long-term  patterns  and  trends  along  the  western 
shore  of  the  mid-Chesapeake  Bay.  The  data  base  is 
sufficiently  large  to  permit  characterization  of 
dominant  physical,  chemical  and  biological  proc- 
esses in  the  middle  reach  and  it  permits  us  to 
explore  relationships  between  nutrient  availability 
and  primary  production,  between  primary  and  sec- 
ondary production  and  between  climatic  variation 
and  biological  response.  Emphasis  is  placed  on 
summarizing  the  results  of  these  studies  and  dis- 
cussing what  can  be  learned  from  them  about  the 
workings  of  Chesapeake  Bay  and,  by  extension, 
other  estuarine  systems.  Also,  briefly  summarized 
are  the  effects  of  CCNPP  operations  on  the  Bay 
ecosystem;  references  are  provided  for  where 
more  documentation  can  be  found.  In  the  conclud- 
ing chapter,  the  general  significance  of  these  find- 
ings are  evaluated,  some  pros  and  cons  of  carrying 
out  long-term  monitoring  studies  are  considered, 
and  some  recommendations  for  future  studies  of 
impact  in  estuarine  systems  are  provided.  (See 
W9O-O360O  thru  90-03609)  (Lantz-PTT) 
W90-03599 


GENERAL     CHARACTERISTICS      OF     THE 
CHESAPEAKE  BAY  AND  STUDY  AREA. 

Academy   of  Natural   Sciences   of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2L. 
W9O-036OO 


ZOOPLANKTON. 

Computer  Services  Corp.,  Annapolis,  MD. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-03602 


EPD7AUNA. 

Academy   of  Natural    Sciences   of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-03603 


4C.  Effects  On  Water  Of 
Man's  Non- Water 
Activities 


ECOLOGICAL  STUDEES  IN  THE  MIDDLE 
REACH  OF  CHESAPEAKE  BAY:  CALVERT 
CUFFS. 

Lecture  Notes  on  Coastal  and  Estuarine  Studies 
Vol.  23,  Springer- Verlag,  New  York,  1987.  287  p. 
Edited  by  Kenneth  L.  Heck. 

Descriptors:  'Nuclear  powerplants,  *Ecological 
effects,  *Chesapeake  Bay,  *Water  pollution  effects, 
•Ecosystems,  *Estuaries,  Calvert  Cliffs  Nuclear 
Power  Plant,  Biological  studies,  Species  composi- 
tion, Population  dynamics,  Zooplankton,  Fish, 
Shellfish,  Invertebrates. 


SHELLFISH. 

Academy   of  Natural   Sciences   of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-03605 


ENTRAINMENT  STUDIES. 

Academy  of  Natural  Sciences  of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
K.  G.  Sellner,  M.  E.  Kachur,  and  M.  M.  Olson. 
IN:  Ecological  Studies  in  the  Middle  Reach  of 
Chesapeake  Bay:  Calvert  Cliffs.  Lecture  Notes  on 
Coastal  and  Estuarine  Studies  Vol.  23,  Springer- 
Verlag,  New  York,  1987.  p  226-253,  5  fig,  7  tab,  42 
ref. 

Descriptors:  *Estuarine  environment,  'Nuclear 
powerplants,  *Cooling  water,  *Entrainment,  *Phy- 
toplankton,  *Zooplankton,  'Ecological  effects, 
•Thermal  pollution,  *Chesapeake  Bay,  Oxygen, 
Calvert  Cliffs  Nuclear  Power  Plant,  Seasonal  vari- 
ation, Water  temperature,  Oxygen,  Productivity, 
Chlorophyll,  Flagellates. 


Passage  of  estuarine  water  and  phytoplankton 
through  the  cooling  system  of  the  Calvert  Cliffs 
Nuclear  Power  Plant  (CCNPP)  in  the  summer 
months  of  1977-1981  resulted  in  frequent  reduc- 
tions of  phytoplankton  densities  particularly  during 
periods  when  flagellated  taxa  dominated  total  cell 
numbers.  Phytoplankton  productivity  as  oxygen 
evolution  of  14-C  uptake  was  even  more  suscepti- 
ble to  the  effects  of  passing  through  the  cooling 
system.  Entrainment-induced  reductions  in  chloro- 
phyll were  observed  on  only  four  occasions,  how- 
ever. Inhibition  of  productivity  was  observed 
during  periods  dominated  by  flagellated  cells  and 
generally  occurred  with  ambient  water  tempera- 
ture >  or  =  25  C.  Results  from  track  autoradio- 
graphy employed  in  1981  indicated  that  carbon 
fixation  in  the  commonly  observed  flagellate  Cryp- 
tomonas  acuta  was  significantly  depressed  during 
July,  August  and  September.  In  contrast,  the  dino- 
flagellate  Prorocentrum  minimum  and  the  diatoms 
Cyclotella  caspia  and  Thalassioneman  nitzschiodes 
were  not  affected  by  entrainment.  Although  en- 
trainment  affects  Cryptomonas  and  flagellate- 
dominated  assemblages  in  the  summer  there  are  no 
detectable  effects  of  powerplant  operations  on  cell 
densities  or  productivity  in  flagellate-dominated 
waters  in  the  vicinity  of  the  powerplant.  Transito- 
ry exposure  of  estuarine  zooplankton  to  the  elevat- 
ed temperatures  of  CCNPP  entrainment  and  dis- 
charge plumes  was  generally  nonlethal.  In  the  spe- 
cies selected  for  study  the  survival  rate  after  en- 
trainment was  65-100%.  The  effects  of  tempera- 
ture, salinity  and  dissolved  oxygen  levels  upon 
entrained  organisms  were  also  analyzed.  (See  also 
W90-03599)  (Author's  abstract) 
W90-03607 


EXPUNGEMENT  STUDIES. 

Academy  of  Natural  Sciences  of  Philadelphia,  PA. 
R.  J.  Horwitz. 

IN:  Ecological  Studies  in  the  Middle  Reach  of 
Chesapeake  Bay.  Calvert  Cliffs.  Lecture  Notes  on 
Coastal  and  Estuarine  Studies  Vol.  23,  Springer- 
Verlag,  New  York,  1987.  p  254-269,  5  tab,  14  ref. 

Descriptors:  'Estuarine  environment,  'Nuclear 
powerplants,  'Trash  racks,  'Screens,  'Fish,  'Eco- 
logical effects,  'Species  diversity,  'Chesapeake 
Bay,  Calvert  Cliffs  Nuclear  Power  Plant,  Estu- 
aries, Crabs,  Flounders,  Herring,  Anchovies,  Sil- 
verside,  Survival,  Fishkill. 

The  number  of  fish  collected  from  a  nylon  net 
placed  in  the  screen  wash  discharge  troughs  at  the 
Calvert  Cliffs  Nuclear  Power  Plant  (CCNPP) 
Units  1  and  2  are  tabulated  by  species.  The  most 
common  species  (90%  of  the  total)  found  in  the 
impingement  samples  were  Anchoa  mitchilli,  Leis- 
tomus  xanthurus,  Trinectes  maculatus,  Brevoortia 
tyrannus  and  Micropogonias  undulatus.  Although 
several  of  the  same  species  were  dominant  in  both 
impingement  and  trawl  samples,  the  impingement 
samples  contained  greater  numbers  of  species  from 
habitats  poorly  sampled  by  trawling.  A  number  of 
typically  freshwater  and  estuarine  species  were 
captured  in  impingement  samples  but  not  in  trawl 
samples.  Survival  studies  showed  high  survival 
rates  among  blue  crabs,  flounders,  cyprinodontids, 
gobies  and  blennies.  Herrings,  anchovies  and  sil- 
versides  typically  showed  intermediate  rates  of 
survival  and  perciforms  ranged  variable  but  gener- 
ally lower  survival  rates.  The  impingement  sam- 
ples and  survival  estimates  were  used  to  estimate 
total  impingement  of  fish  and  impingement  mortal- 
ity by  CCNPP  for  the  period  1975-1983.  In  gener- 
al, impingement  mortality  was  small  relative  to  the 
mortality  rates  from  commercial  fishing.  (See  also 
W90-03599)  (Author's  abstract) 
W90-03608 


THERMAL  AND  OTHER  DISCHARGE-RE- 
LATED EFFECTS  ON  THE  BAY  ECOSYSTEM. 

Academy  of  Natural  Sciences  of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
G.  R.  Abbe. 

IN:  Ecological  Studies  in  the  Middle  Reach  of 
Chesapeake  Bay:  Calvert  Cliffs.  Lecture  Notes  on 
Coastal  and  Estuarine  Studies  Vol.  23,  Springer- 
Verlag,  New  York,  1987.  p  270-275,  25  ref. 


Field  4— WATER  QUANTITY  MANAGEMENT  AND  CONTROL 


Group  4C— Effects  On  Water  Of  Man's  Non-Water  Activities 


Descriptors:  'Estuarine  environment,  *Nuclear 
powerplants,  'Water  pollution  effects,  *Heated 
water,  •Scour,  'Radioisotopes,  Ecosystems, 
•Thermal  pollution,  *Chesapeake  Bay,  •Ecological 
effects,  Calvert  Cliffs  Nuclear  Power  Plant,  Cool- 
ing water,  Fish,  Water  temperature,  Ducks,  Heavy 
metals,  Public  health. 

The  Calvert  Cliffs  Nuclear  Power  Plant  has  sever- 
al effects  on  Chesapeake  Bay  resulting  from  its 
cooling  water  discharge.  Bay  water  is  heated  6.7  C 
as  it  passes  through  the  condensers,  but  mixing  is 
rapid  and  the  area  enclosed  by  the  -I-  2  C  isotherm 
is  only  0.34  sq  km.  Fish  were  attracted  to  the 
discharge  area  by  warm  water  and  food,  and  shell- 
fish grew  faster  in  the  discharge  area  than  else- 
where. The  discharge  area  was  also  a  haven  for 
ducks  in  winter.  The  high  velocity  of  the  discharge 
(2.7  m/sec)  scoured  an  area  of  bottom  removing 
sediments  and  exposing  hard  clay;  soft-sediment 
biota  (infauna)  were  replaced  by  epifauna.  Copper 
and  nickel,  released  by  corrosion  of  the  copper- 
nickel  alloy  condenser  tubes,  are  no  longer  of 
concern  since  those  condensers  were  replaced  by 
ones  of  stainless  steel  and  titanium.  Releases  of 
radionuclides  were  small  and  uptake  by  routinely 
sampled  commercial  and  noncommercial  species 
was  also  small.  Radionuclides  of  environmental 
significance  were  silver  associated  with  oysters  and 
cobalt  associated  with  sediments.  Releases  posed 
no  threat  to  the  ecology  of  the  area  or  to  human 
health.  (See  also  W90-03599)  (Author's  abstract) 
W90-03609 


NATURAL  AND  ANTHROPOGENIC  DIS- 
TURBANCES AT  THE  ECOSYSTEM  LEVEL. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
C.  P.  McRoy. 

IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,  1988.  p  329-344,  26  ref. 

Descriptors:  *Benthos,  *Arctic  zone,  'Alaska, 
•Valdez,  'Regulations,  *Ecological  effects, 
Salmon,  Fisheries,  Ecosystems,  Organic  matter, 
Cycling  nutrients,  Zooplankton,  Benthic  environ- 
ment, Wastewater  disposal. 

Anthropogenic  disturbances  have  had  and  contin- 
ue to  have  an  impact  on  the  ecosystem  of  Port 
Valdez.  Two  important  events,  are  the  protection 
of  sea  otters  by  the  1911  International  Fur  Seal 
Treaty,  and  the  establishment  of  a  salmon  hatchery 
in  the  port  in  1983.  These  two  events  have  substan- 
tially increased  the  benthic  and  pelagic  predators 
in  the  port  and  are  expected  to  exert  controls  on 
community  structure  and  energy  transfer.  The  in- 
tertidal  and  subtidal  benthic  communities  were 
thoroughly  disrupted  by  the  events  associated  with 
the  1964  earthquake  and  must  have  been  experienc- 
ing ecological  succession  since  that  time.  Research 
and  monitoring  programs  in  Port  Valdez  have 
been  inadequate  for  understanding  the  ecosystem 
level  effects  of  the  development  of  oil  transfer 
facilities.  The  pelagic  community,  which  consti- 
tutes up  to  85%  of  the  organic  matter  transfer  was 
virtually  ignored  for  much  of  the  development 
period.  No  study  tracked  major  ecosystem  level 
processes  such  as  nutrient  cycling  or  zooplankton 
grazing  during  this  period.  The  only  solid  data 
base  that  exists  is  focused  on  the  benthic  communi- 
ty structure.  Two  considerations  appear  to  have 
influenced  the  decision  to  emphasize  the  benthos 
while  largely  ignoring  the  pelagic  community.  One 
consideration  is  the  relative  structural  persistence 
and  stability  of  the  benthic  compared  to  the  pelag- 
ic community.  Although  it  is  clear  that  the  pelagic 
community  with  its  seasonal  biomass  is  structurally 
ephemeral,  it  is  not  clear  whether  the  quantity, 
quality  and  timing  of  the  carbon  transfer  from  the 
water  column  to  the  benthos  is  constant  or  variable 
from  year  to  year.  Until  it  is  known  whether  the 
pelagic  community  is  functionally  stable,  we  will 
remain  in  a  very  weak  position  for  ascribing 
changes  in  the  benthic  community  to  specific  dis- 
turbance events.  A  second  factor  in  de-emphasiz- 
ing study  of  the  pelagic  community  in  Port  Valdez 
was  the  general  lack  of  appreciation  of  how  dy- 
namic, disturbed  and  variable  this  system  is.  The 
tacit  assumption  of  a  stable  environmental  baseline 
has  encouraged  a  narrow  monitoring  focus  on  spe- 


cific disturbances  such  as  the  treated  ballast  dis- 
charge without  adequate  consideration  of  possible 
synergistic  interactions  among  disturbances.  (See 
also  W90-03610)  (Lantz-PTT) 
W90-O3623 


OIL  WELL  OPERATION/MAINTENANCE 
AND  SALTWATER  INTRUSION:  POLICY  IM- 
PLICATIONS. 

Cities  Service  Oil  Co.,  Charleston,  WV. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03777 


URBAN  LAND  USE  PRACTICES:  POLICY  IM- 
PLICATIONS. 

American  Inst,  of  Planners,  Washington,  DC. 
For  primary  bibliographic  entry  see   Field   5G. 
W90-03780 


DIATOMS    OF    BURRINJUCK    RESERVOHt, 

NEW  SOUTH  WALES,  AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-03804 


EFFECTS  OF  HIGHWAY  RUNOFF  ON  WATER 
QUALITY  OF  TWO  WETLANDS  IN  CENTRAL 
FLORTOA. 

Geological  Survey,  Orlando,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry   see  Field   5G. 

W90-03874 


PROGRESS  REPORT  ON  THE  GROUND- 
WATER, SURFACE-WATER,  AND  QUALTTY- 
OF-WATER  MONITORING  PROGRAM, 
BLACK  MESA  AREA,  NORTHEASTERN  ARI- 
ZONA-1988-89. 

Geological  Survey,  Flagstaff,  AZ.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-03883 


HYDROLOGIC  INFORMATION  AND  ANALY- 
SES REQUIRED  FOR  MITIGATING  HYDRO- 
LOGIC  EFFECTS  OF  URBANIZATION. 

Washington  Univ.,  Seattle.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-03896 


REGRESSION  MODELS  FOR  ESTIMATING 
URBAN  STORM-RUNOFF  QUALITY  AND 
QUANTITY  IN  THE  UNITED  STATES. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-03904 


IMPACT  ON  WATER  SUPPUES. 

For  primary  bibliographic  entry  see  Field  2B. 
W9003924 


PRACTICAL    SIMULATION    OF    SEDIMENT 
TRANSPORT  IN  URBAN  RUNOFF. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-04022 


MODELLING  THE  EFFECTS  OF  CLEARCUT- 
TTNG  ON  RUNOFF-EXAMPLES  FROM  CEN- 
TRAL  SWEDEN. 

Sveriges  Meteorologiska  och  Hydrologiska  Inst., 

Norrkoeping.  Hydrological  and  Oceanographical 

Research  Section. 

For  primary   bibliographic  entry  see  Field   4D. 

W90-O4079 


MAN'S  IMPACT  ON  THE  ECOSYSTEM  OF 
THE  BALTIC  SEA  ENERGY  FLOWS  TODAY 
AND  AT  THE  TURN  OF  THE  CENTURY. 


Stockholm  Univ.  (Sweden).  Dept.  of  Zoology. 
For   primary   bibliographic  entry  see   Field   6G. 
W90-04081 


CLIMATE  CHANGE  AND  INTERNATIONAL 
POLITICS:  PROBLEMS  FACING  DEVELOP- 
ING COUNTRIES. 

Pacific  Inst,  for  Studies  in  Development,  Environ- 
ment, and  Security,  Berkeley,  CA.  Global  Envi- 
ronment Program. 
P.  H.  Gleick. 

AMBIO  AMBOCX,  Vol.  18,  No.  6,  p  333-339, 
1989.  4  fig,  4  tab,  39  ref. 

Descriptors:  *Global  warming,  •Greenhouse 
effect,  'Temperature  effects.  Political  aspects, 
Water  supply,  Water  quality,  International  waters, 
International  agreements,  Climates. 

Global  climate  changes  caused  by  human  activities 
have  the  potential  to  alter  agricultural  productivi- 
ty, freshwater  availability  and  quality,  sea  level, 
and  many  other  factors  of  importance  to  society. 
Rising  temperatures  will  increase  the  demand  for 
water  for  urban  and  agricultural  uses,  and  elevated 
temperatures  will  alter  snowfall  and  snowmelt  pat- 
terns. Changes  in  precipitation  patterns  will  affect 
the  timing  and  availability  of  freshwater  runoff, 
increasing  flood  risks  in  some  regions  and  drought 
frequencies  and  intensities  in  other  regions. 
Wanner  waters  and  altered  flows  could  worsen 
existing  water-quality  problems.  And  the  hydrolo- 
gical changes  anticipated  will  greatly  complicate 
operating  and  managing  our  present  system  of 
aqueducts,  reservoirs,  and  dams  that  were  designed 
for  past  climatic  conditions,  not  future  ones.  In 
regions  where  water  resources  are  widely  shared, 
these  physical  effects  will  have  important  political 
implications.  Although  the  principal  responsibility 
for  the  production  of  greenhouse  gases  lies  with 
the  industrialized  countries,  some  of  the  worst 
impacts  will  fall  on  developing  counties  least  able 
to  prevent  or  adapt  to  the  changes.  This  character- 
istic, together  with  the  long  history  of  political 
frictions  and  disputes  worsened  by  environmental 
stresses  suggests  that  global  climatic  changes  have 
the  potential  to  exacerbate  existing  international 
tensions.  (Mertz-PTT) 
W90-04082 


ENVIRONMENTAL  AND  ECONOMIC  IMPLI- 
CATIONS OF  RISING  SEA  LEVEL  AND  SUB- 
SIDING DELTAS:  THE  NTLE  AND  BENGAL 
EXAMPLES. 

Woods    Hole    Oceanographic    Institution,    MA. 

Dept.  of  Geology  and  Geophysics. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-O4083 


EXTENT  AND  HISTORICAL  DEVELOPMENT 
OF  THE  DECLINE  OF  DUTCH  SOFT  WATERS. 

Katholieke  Univ.  Nijmegen  (Netherlands).  Lab.  of 

Aquatic  Ecology. 

For  primary  bibliographic  entry  see  Field  5C. 
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EFFECTS  OF  SIMULATED  CANOPY  COVER 
AND  ANIMAL  DISTURBANCES  ON  RILL  AND 
ENTERRILL  EROSION. 

Agricultural    Research   Service,    Beltsville,    MD. 

Hydrology  Lab. 

For  primary  bibliographic  entry  see  Field  2J. 
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LAND-USE  AND  WATER  QUALITY  RELA- 
TIONSHIPS IN  THE  GEORGES  CREEK 
BASIN,  MARYLAND. 

Frostburg  State  Coll.,  MD.  Dept.  of  Geography. 
D.  W.  Duckson. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
4,  p  801-807,  August   1989.   1   fig,  5  tab,   17  ref. 

Descriptors:  *Coal  mining  effects,  'Network 
design,  'Maryland,  'Model  studies,  'Land  use, 
Water  quality  control,  Monitoring,  Data  acquisi- 
tion, Data  processing. 


Models  developed  in  Ohio  to  predict  water  quality 
conditions  resulting  from  various  land  uses  associ- 
ated with  the  surface  mining  of  coal  are  employed 
to  ascertain  their  transferability  to  Maryland  con- 
ditions. Discriminant  analysis  is  employed  to  assess 
patterns  of  association  between  water  quality  and 
land  use  variables,  and  predictive  models  were 
then  constructed  with  which  to  quantify  changes 
in  stream  quality  to  be  expected  from  the  changing 
mosaic  of  upstream  land  uses  in  the  Georges  Creek 
basin  of  western  Maryland.  Data  collected  under 
procedures  specified  by  the  regulatory  authority  in 
Maryland  may  have  accounted  for  the  lack  of 
statistically  significant  results  from  these  models. 
Maryland  sampling  program  protocols  were  too 
often  changed  while  in  progress  or  aborted  alto- 
gether. While  it  is  not  possible  to  design  a  data 
collection  program  that  is  ideal  for  all  objectives,  a 
good  design  for  a  water  quality  monitoring  pro- 
gram might  try  to  monitor:  (1)  current  ambient 
water  quality  levels;  (2)  major  point  sources;  (3) 
selective  typical'  drainage  subbasins  intensively  in 
order  to  understand  basic  relationships;  (4)  to 
assess  compliance;  and  (5)  to  test  hypotheses,  de- 
velop standards,  or  advance  the  state-of-the-art 
instrumentation.  (Author's  abstract) 
W90-04177 


APPLICATION  OF  THE  U.S.G.S.  DIFFUSION 
HYDRODYNAMIC  MODEL  FOR  URBAN 
FLOODPLAIN  ANALYSIS. 

Williamson  and  Schmid,  Irvine,  CA. 

For  primary  bibliographic  entry  see  Field  2E. 
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municipal  wastewater  treatment  facilities.  (See  also 

W78-00753)  (Lantz-PTT) 
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WATER  QUANTITY  MANAGEMENT  AND  CONTROL— Field  4 
Effects  On  Water  Of  Man's  Non-Water  Activities— Group  4C 

This  paper  traces  the  disappearance  or  reduction 
of  the  many  prominent  springs  and  waterways  that 
existed  in  Washington,  D.C.,  200  years  ago.  The 
best  known  springs  were  the  Smith  Springs  (now 
under  the  McMillan  Reservoir),  the  Franklin  Park 
Springs  (13th  and  I  Streets,  NW),  Gibson's  Spring 
(15th  and  E  Streets,  NWE),  Caffrey's  Spring 
(Ninth  and  F  Streets,  NW)  and  the  City  Spring  (C 
Street  between  four  and  One-Half  and  Sixth 
Streets,  NW).  Tiber  Creek,  flowing  south  to  the 
Capitol  and  then  westward  along  Constitution 
Avenue,  joined  the  Potomac  River  at  17th  Street 
and  Constitution  Avenue.  In  the  early  1800's,  the 
Constitution  Avenue  reach  was  made  into  a  canal 
which  was  used  by  scows  and  steamboats  up  to 
about  1850.  The  canal  was  changed  into  a  covered 
sewer  in  the  1870's,  and  the  only  remaining  visible 
surface  remnant  is  the  lock-keeper's  little  stone 
house  at  17th  and  Constitution  Avenue,  NW.  Be- 
cause of  sedimentation  problems  and  reclamation 
projects,  Rock  Creek,  the  Potomac  River,  and  the 
Anacostia  River  are  considerably  narrower  and 
shallower  today  than  they  were  in  colonial  times. 
For  example,  the  mouth  of  Rock  Creek  at  one  time 
was  a  wide,  busy  ship  harbor,  which  Georgetown 
used  for  an  extensive  foreign  trade,  and  the  Poto- 
mac River  shore  originally  extended  to  17th  and 
Constitution  Avenue,  NW.  (See  also  W90-04271) 
(Author's  abstract) 
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SIS REPORT.  VOLUME  I:  INTRODUCTION 
AND  SUMMARY. 

Oklahoma  Univ.,  Norman.  Science  and  Public 
Policy  Program. 

Available  from  *he  National  Technical  Information 
Service,  Springfield,  VA  22161.  Report  No.  EPA- 
600/7-79-0823,  March  1979.  159p,  11  fig,  60  tab. 
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Descriptors:  'Resources  development,  *North 
America,  'Environmental  impact  statement, 
•Energy,  'Environmental  effects,  Water  pollution 
effects,  Geothennal  power,  Natural  gas,  Oil  indus- 
try, Uranium,  New  Mexico,  Arizona,  Colorado, 
Montana,  North  Dakota,  South  Dakota,  Utah,  Wy- 
oming, Coal  mining  effects,  Oil  shale,  Water  re- 
quirements, Water  quality,  Available  water,  Labor, 
Wastewater  faculties,  Effluents,  Aquifers,  Aquifer 
characteristics,  Climates,  Stabilization  ponds. 

This  is  the  final  impact  analysis  report  of  a  three- 
year  technology  assessment  of  the  development  of 
six  energy  resources  (coal,  geothennal,  natural  gas, 
oil,  oil  shale,  and  uranium)  in  eight  western  states 
(Arizona,  Colorado,  Montana,  New  Mexico,  North 
Dakota,  South  Dakota,  Utah,  Wyoming)  during 
the  period  from  the  present  to  the  year  2000.  This, 
Volume  I,  describes  the  purpose  of  the  study  and 
summarizes  the  results  and  conclusions  of  the  anal- 
ysis. Chapter  1  introduces  the  'Energy  from  the 
West'  study  and  describes  the  general  context 
within  which  energy  resources  development  in  the 
West  will  occur.  Chapter  2  describes  the  analytical 
structure  of  the  study  and  the  energy  technologies 
considered,  while  Chapter  3  presents  a  summary  of 
the  results  of  the  analysis  of  impacts  likely  to  occur 
when  western  energy  resources  are  developed. 
Five  factors  that  vary  among  technologies  can 
significantly  affect  water  impatcts:  (1)  water  re- 
quirements; (2)  labor  intensity;  (3)  amount  and 
composition  of  effluents  from  faculties  and  from 
energy-related  population  increases;  (4)  the  disrup- 
tion of  aquifers;  and  (5)  the  design  and  operation  of 
holding  ponds  for  effluents  from  conversion  facili- 
ties. Six  locational  factors  can  also  signficantly 
affect  these  impacts:  (1)  water  availability;  (2) 
water  quality;  (3)  coal  characteristics;  (4)  climate; 
(5)  aquifer  characteristics;  and  (6)  the  capacity  of 


FROM  CROPLAND  TO  CONCRETE:  THE  UR- 
BANIZATION OF  FARMLAND  IN  VIRGINIA. 

Virginia     Water     Resources     Research     Center, 

Blacksburg. 

M.  S.  Hrezo.  __    . 

Virginia  Water  Resources  Research  Center  Special 

Report  No.  12,  October  1980.  16p,  4  tab,  35  ref. 

Descriptors:  'Cultivated  lands,  'Urbanization, 
•Virginia,  'Land  use,  'Water  use,  Zoning,  Public 
policy,  Social  aspects,  Taxes,  History,  Economic 
aspects,  Forests,  Planning,  Property  rights,  Profit, 
Soil  conservation,  Information  systems. 

The  conversion  of  agricultural  land  to  nonagricul- 
tural  uses  raises  several  important  issues  in  Virginia 
and  in  the  nation  as  a  whole.  Cropland  and  open 
space  loss  pose  the  potential  for  a  dimunition  of  the 
quality  of  life  in  the  Commonwealth.  Uncontrolled 
conversions  necessitate  the  cultivation  of  less  pro- 
ductive, more  erodible  acres  which  results  in  great- 
er costs  to  both  farmers  and  consumers  and  in 
difficulties  in  finding  fresh  foods  where  produce 
has  to  be  transported  long  distances.  Zoning  poli- 
cies need  scrutiny.  The  effects  of  property  and 
estate  taxation  and  of  the  cost/profit  squeeze  also 
play  important  roles  in  decisions  on  whether  to 
retain  land  in  production  or  to  dispose  of  it  for 
development.  Government  policies  may  hasten  the 
conversion  of  cropland  to  nonagricultural  uses. 
Satisfactory  resolution  of  this  dilemma  necessitates, 
in  turn,  consideration  of  the  total  spectrum  of  land 
use  activities  and  their  accomodation  to  the  Com- 
monwealth's twin  policy  goals  of  local  initiative 
and  increased  farm  profitability.  If  all  land  use 
requirements  are  respected,  balanced,  and  provid- 
ed for,  there  also  will  be  room  for  the  protection  of 
agricultural  and  forestal  lands.  Planning  may  de- 
crease individual  flexibility  somewhat,  but  Virginia 
can  accomplish  it  without  threatening  either  indi- 
vidual property  rights  or  its  own  farm  policy  ob- 
jectives. Before  such  planning  can  occur,  however, 
all  the  parties  involved  need  more  information  than 
is  now  available.  Evaluation  of  and  choices  be- 
tween competing  land  use  proposals  rest  on  an 
understanding  of  the  capabilities  of  the  natural 
resource  base.  The  completion  of  the  national  Soil 
Conservation  Service  survey,  new  satellite  map- 
ping  techniques,   and,   in   Virginia,   the   VARIS 
project  should  help  meet  this  need.  VARIS  (Vir- 
ginia Resource  Information  System)  would  pro- 
vide Virginia  with  accurate,  up-to-date  information 
on:  (1)  land  use  and  land  use  shifts  affecting  pro- 
duction; (2)  soils,  land  classification,  and  produc- 
tivity; (3)  soil  temperature  and  moisture  and  other 
climatic  or  environmental  factors  affecting  crop 
production;  (4)  water  use;  (5)  socio-economic  fac- 
tors relating  to  resources;  and  (6)  the  impact  of 
human  activities  on  resources.  (Lantz-PTT) 
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WASHINGTON,  D.C.'S  VANISHING  SPRINGS 
AND  WATERWAYS. 

G.  P.  Williams. 

IN:  Geology,  Hydrology  and  History  of  the  Wash- 
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Descriptors:  'Fluctuations,  'Water  quality,  'Head- 
waters, 'Path  of  pollutants,  'Chemical  interac- 
tions, 'Water  resources  development,  Caddo 
River,  Arkansas,  DeGray  Lake,  Suspended  solids, 
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The  Caddo  River  of  southwest  Arkansas  drains  a 
heavily  forested  section  of  the  Ouachita  Moun- 
tains. The  predominant  rock  types  are  shale  and 
sandstone.  In  the  downstream  section  of  the  water- 
shed, the  US  Corps  of  Engineers  operate  a  reser- 
voir for  flood  control,  power  generation,  recrea- 
tion, and  other  purposes  (DeGray  Lake).  Observa- 
tions of  short-term  variations  in  both  dissolved  and 
suspended  materials  have  been  made  on  the  Caddo 
River  at  a  point  near  the  headwaters  of  the  reser- 
voir and  in  DeGray  lake.  The  results  of  portions  of 
these  observations  are  used  to  illustrate  the  dynam- 
ic nature  of  this  stream  system  and  the  importance 
of  such  variations  in  determining  the  fundamental 
nature  of  the  stream.  Although  peaking  in  dis- 
charge and  concentrations  of  both  total  organic 
carbon  (TOC)  and  dissolved  organic  carbon 
(DOC)  do  not  coincide,  higher  concentrations  are 
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definitely    associated    with    periods    of   elevated 
flows.  Observations  of  the  concentration  of  fecal 
conforms  show  that  higher  values  occur  prior  to 
peak  flows.  The  Caddo  River,  like  many  of  the 
streams   in   the   Ouachita   Mountains   and   Ozark 
Mountains  have  strips  of  grazing  land  on  alluvial 
deposits  bordering  the  streams.  Grazing  through- 
out the  watershed  is  heavy  in  this  zone.  If  it  is 
assumed  that  the  origin  of  the  fecal  coliform  is 
principally  cattle  in  this  zone,  the  presence  of  these 
indicator  organisms  may  serve  as  a  tracer  for  mate- 
rial originating  from  grazing  lands.  For  the  same 
reason,  it  would  appear  that  the  origin  of  phospho- 
rus in  the  nvers  is  not  limited  to  the  grazing 
environment,  even  though  the  application  of  phos- 
phate fertilizers  is  a  common  practice  on  the  graz- 
ing  lands.   Comparison   of  the  total   phosphorus 
concentration  and  turbidity  during  storms  demon- 
strates that  phosphorus  is  being  transported  on 
sediment.    These   observations   indicate    that   the 
chemical    dynamics   of  a   relatively    undisturbed 
headwater  stream  are  such  that  short-term  events 
may  dominate  the  transport  of  certain  substances, 
particularly  phosphorus.  Although  the  origin  of 
the  phosphorus  cannot  be  tied  to  a  particular  sec- 
tion of  the  watershed,  sequential  relationships  of 
other  water  quality  parameters  during  the  response 
of  the  river  to  a  storm  event  suggest  that  its 
primary  source  is  not  the  grazing  environment. 
(See  also  W90-04398)  (Lantz-PTT) 
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Proceedings  of  the  Research  Conference,  New 
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16-21,  1978.  The  American  Society  of  Civil  Engi- 
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gy- 

The  conference  grew  out  of  continuing  concern  by 
various  members  of  the  Universities  Council  on 
Water  Resources  and  of  the  Urban  Water  Re- 
sources Research  Council,  during  1977  that  the 
water  problems  of  urbanizing  areas  were  not  being 
given  sufficient  attention.  Originally  the  confer- 
ence was  intended  to  give  principal  attention  to 
water  quality  and  environmental  problems,  cover- 
ing other  water  problems  primarily  as  interfaces. 
However,  the  sponsoring  agencies  urged  broaden- 
ing of  the  scope;  and,  accordingly,  water  supply 
and  flood  control  problems  also  were  given  atten- 
tion. Presentations  were  prepared  under  five  very 
broad  categories,  as  they  apply  to  water  problems 
of  areas  undergoing  urbanization:  (1)  an  overview 
of  urban  hydrology  and  it's  problems;  (2)  water 
pollution  technology;  (3)  water  quality  interfaces 
and  institutional  aspects;  (4)  water  supply  and 
flood  control;  and  (5)  a  consultant's  report.  (See 
W90-O4339  thru  W90-04369)<Lantz-PTT) 
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AL RUNOFF  AND  EVSTREAM  VARIATIONS 
IN  WATER  QUALITY. 

Cook  Coll.,  New  Brunswick,  NJ.  Dept.  of  Envi- 
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WATER  QUALITY  EFFECTS  OF  LAND  USE 
MANAGEMENT  AND  VEGETATION. 

Illinois  State   Dept.   of  Transportation,  Chicago 
Div.  of  Water  Resources. 
F.  Kudrna. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  152-156. 

Descriptors:  'Urban  hydrology,  'Water  pollution 
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For  land  use  planning  in  general,  water  quality  is 
only  one  of  many  socially/technically  desirable 
objectives.  No  specific  land  use  control  element 
appears  to  be  justifiable  solely  on  water  quality 
objectives  alone.  The  effects  and  relationships  that 
take  place  during  the  transition  from  one  land  use 
to  another  are  particularly  important  and  even  less 
well  understood  than  static  land  use  water  quality 
relationships.  Specific  land  use  controls  in  addition 
to  flood  plain  zoning  were  discussed,  with  sugges- 
tions that  stream  corridors,  buffer  strips,  'green 
acres',  or  open  space  easements  do  generate  signifi- 
cant   water   quality   improvement.    But,    for   the 
present,  many  of  the  possible  benefits  from  such 
practices  remain  intuitive  or  unverified  hypotheses 
in  the  eyes  of  opponents  of  comprehensive  envi- 
ronmental land  us  planning.  Research  is  needed 
under  a  wide  range  of  well  defined  conditions  to 
establish  the  impact  on  water  quality  of  land  being 
used  under  various  land  use  control  regimes   Be- 
cause of  this,  the  practicality  of  obtaining  early 
effective  land  use  controls,  such  as  flood  plain 
zoning  for  purposes  of  particular  water  quality 
objectives  at  the  local  level,  are  questionable  The 
greatest  need  is  to  clearly  identify  and  quantify 
land  use-water  quality  relationships  if  local  au- 
thorities are  ever  to  be  able  to  prepare  and  secure 
strong  support  to  implement  effective  land  use 
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ceedings of  the  Research  Conference,  New  Eng- 
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21,  1978.  The  American  Society  of  Civil  Engi- 
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Urbanization  through  changed  land  use  results  in 
the  following:  (1)  reduced  concentration  times  and 
percolation,  with  subsequent  increased  flood  peaks 
and  total  flood  runoff;  (2)  increased  stream  flood- 
ing and  channel  erosion;  and  (3)  reduced  low  flows 
and  groundwater  recharge  for  water  supply.  In  an 
effort  to  quantify  these  effects,  many  millions  of 
dollars  have  been  spent  over  the  past  fifteen  or  so 
years  on  extensive  gaging  networks,  collection  and 
analysis  of  data,  and  on  the  development  and  cali- 
bration of  complex  mathematical  models  to  simu- 
late the  urban  runoff  process.  Most  of  the  analyses 
of  urban  runoff  gaging  data  have  determined  that 
impervious  cover,  is  the  most  significant  variable, 
and  the  various  equations  or  nomographs  resulting 
from  the  USGS  interpretive  reports  for  the  various 
study  areas  ordinarily  use  it  as  the  only  variable 
(other  than  drainage  area  and  frequency).  The 
prediction  of  the  effects  of  urbanization  on  peak 


runoff  rates  varies  widely.  The  USGS  study  for 
Dallas  indicated  an  increase  of  only  25%  with  full 
urbanization,  while  the  Charlotte,  North  Carolina 
study  indicated  increases  of  100%  to  150%  (that  is, 
urban  rates  were  200%  to  250%  of  undeveloped 
rates).  Variations  of  two  orders  of  magnitude  (25% 
to  2500%)  are  often  found  in  the  predicted  effects 
of  urbanization,  for  areas  not  differing  radically  in 
physical  characteristics,  a  situation  not  calculated 
to  inspire  confidence  in  urban  hydrology.  The 
flood  insurance  program  and  some  of  the  condi- 
tions which  emanate  from  it,  particularly  land  use 
controls  and  the  use,  of  detention  ponds  to  negate 
or  minimize  the  effects  of  urbanization  on  peak 
runoff  rates,  will  increasingly  make  obvious  the 
lack  of  knowledge  of  the  quantitative  impact  of 
urbanization.  Despite  these  uncertainties,  a  practi- 
cal degree  of  accuracy  can  be  achieved  in  project- 
ing the  probable  consequences  of  urbanization,  in 
that  within  the  range  of  reasonable  confidence 
there  usually  is  limited  significant  variance  among 
projections.  (See  also  W90-04338)  (Lantz-PTT) 
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Urban  centers  responding  to  a  needs  survey  have 
assisted  the  Office  of  Water  Research  and  Tech- 
nology (OWRT),  of  the  US  Department  of  the 
Interior,  in  better  understanding  urban  needs  in 
water  resources  research.  Urban  populations  of  10- 
50,000,    50-500,000,   and    500,000+    have   voiced 
their  concerns  not  only  on  general  research  inter- 
ests, but  also  on  specific,  well  defined  problem 
topics.  At  all  population  levels,  water  supply  distri- 
bution and  water  pollution  control  strategies  were 
identified  as  areas  requiring  a  high  level  of  re- 
search and  development.  Other  areas  cited  by  one 
or  more  of  the  population  categories  as  needing 
more   research   include   water   supply   treatment, 
water    conservation,    energy    conservation,    and 
public   health   effects  associated   with  the  water 
supply.  The  needs  survey  also  has  identified  tech- 
nological gaps  at  the  local  level  which  perhaps  can 
be  bridged  with  available  technology  from  Federal 
water  research  programs.  Public  jurisdictions  want 
to  see  less  redundancy  in  water  research  and  more 
technology  transfer  of  applied  research  that  ad- 
dresses the  urban  needs  in  water  resources.  The 
OWRT  Technology  Transfer  program  is  dedicated 
to  providing  these  services.  The  needs  survey  also 
requested  local  governments  to  offer  any  com- 
ments they  may  have  that  would  assist  OWRT  in 
gaining  a  broader  perspective  of  local  activities  in 
urban  water  resources  research.  More  than   120 
comments    were    received    and    forwarded    to 
OWRT.  It  is  the  intent  of  the  OWRT  to  coordi- 
nate the  survey  findings  with  other  Federal  pro- 
grams responsible  for  water  research  and  develop- 
ment. This  cooperative  effort  will  enable  the  many 
Federal  programs  now  involved  in  water  resources 
to  better  understand  the  urban  problems  and  to 
effectively  address  these  urban  needs  through  con- 
certed water  research  programs.  (See  also  W90- 
04338XLantz-PTT) 
W90-04369 


LAND  USE  EFFECTS  ON  GROUND  WATER 
QUALITY  DO  CARBONATE  ROCK  TERRAIN. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Geology 
K.  F.  Steele,  and  J.  C.  Adamski. 
Arkansas  Water  Resources  Research  Center,  Uni- 
versity of  Arkansas,  Fayetteville,  AR.  June  1987 
Publication  No.   129.  71p.   18  fig,  11  tab,  35  ref 

Descriptors:    'Groundwater   quality,    'Land   use 
•Carbonate   rocks,   'Nonpoint  pollution   sources! 
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WATER  QUANTITY  MANAGEMENT  AND  CONTROL— Field  4 

Watershed  Protection— Group  4D 


•Water  pollution  sources,  *Agricultural  runoff, 
Aquifers,  Chemical  analysis,  Bacterial  analysis,  Ar- 
kansas. 

A  control  site  with  a  natural  setting  and  an  experi- 
mental site  with  significant  agriculture  land  use 
were  studied  in  the  Ozark  Region  of  Arkansas  in 
order  to  determine  the  effect  of  land  use  on  water 
quality  in  a  carbonate  rock  terrain.  The  vast  major- 
ity of  the  two  sites  have  the  Boone  Limestone 
exposed  which  combined  with  the  underlying  St. 
Joe  is  the  major  aquifer  for  drinking  water  in  the 
area.  The  sites  also  are  similar  in  terms  of  linea- 
ment patterns  (number,  length  and  orientation), 
soil,  slope  and  vegetation.  Ground  water  samples 
were  collected  primarily  from  springs  during  three 
seasons  (late  summer-early  fall,  winter  and  spring). 
All  three  seasonal  collections  exhibited  statistically 
higher  N03  (2.31  versus  0.81  mg/L)  and  CI  (9.9 
versus  2.7  mg/L)  concentrations  in  the  experimen- 
tal site.  During  the  winter  and  spring  collections, 
the  experimental  site   also   exhibited   statistically 
higher  concentrations  (0.5  to  3x)  of  P04,  SC4,  Na, 
K  and  Ca.  Heavy  metals  were  analyzed  in  the 
winter  samples;  however,  the  differences  between 
the  two  sites  were  small  because  the  absolute 
values  for  the  two  sites  were  low.  For  example,  the 
largest  difference  for  a  heavy  metal  was  19  micro- 
gram/L  for  Mn  (12  versus  31  microgram/L).  Bac- 
teria determined  from  the  spring  season  samples 
showed  that  the  experimental  site  had  significantly 
higher  counts  of  fecal  coliform  (86  versus  0.4  colo- 
nies/100 mL)  and  fecal  Streptococcus  (39  versus  3 
colonies/ 100   mL)   types   than   the   control   site. 
Three  springs  were  also  sampled  periodically  fol- 
lowing a  rain  event  of  10  cm.  Whereas  levels  of 
specific  conductance,  N03,  Ca  and  Na  decreased 
in  all  three  springs,  P04,  K,  SC4  and  fecal  con- 
form increased  significantly,  primarily  in  the  two 
experimental  springs.  The  increase  of  these  param- 
eters indicates  that  they  are  more  available  in  the 
experimental  area.  Based  on  these  results  and  ele- 
mental correlations,  it  appears  that  cattle  manure, 
the  spreading  of  chicken  manure  and  commercial 
fertilizers,  and  septic  tank  effluent,  individually  or 
in  combination,  are  affecting  the  water  quality  of 
the    experimental    site.    However,    most    of   the 
ground  water  samples  meet  EPA  drinking  water 
standards  with  the  possible  exception  of  bacteria. 
(Author's  abstract) 
W90-04491 


CHEMICAL  PROPERTIES  OF  SOILS  AND 
STREAMS  IN  NATURAL  AND  DISTURBED 
FOREST  ECOSYSTEMS  IN  THE  OUACHITA 
MOUNTAINS. 

Arkansas  Univ.   at  Monticello.   Dept.   of  Forest 

Resources. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-04494 


4D.  Watershed  Protection 


reservoirs;  identify  probable  causes  of  erosion; 
demonstrate  means  of  measuring  and  analyzing 
bank  erosion  and  recession;  review  traditional 
means  of  protecting  shorelines;  and  describe  alter- 
native methods  of  controlling  erosion  using  vegeta- 
tion or  a  combination  of  vegetative  and  structural 
solutions.  With  proper  planning,  site  preparation, 
appropriate  plant  establishment  methods  used  at 
the  right  time,  and  postplanting  monitoring  and 
maintenance,  reservoir  shorelines  can  be  vegetated 
to  satisfy  several  objectives  including  shoreline 
erosion  control.  Revegetating  reservoir  shorelines 
can  help  prevent  and  control  erosion,  reduce  tur- 
bidity and  improve  water  quality,  establish  fisher- 
ies and  wildlife  habitat,  and  enhance  reservoir  es- 
thetic values.  Workshops  on  reservoir  erosion  con- 
trol and  revegetation  will  continue  to  provide  in- 
novative techniques  to  field  personnel  and  draw 
upon  others'  experiences  in  controlling  reservoir 
shoreline  erosion.  (Lantz-PTT) 
W90-03760 

LONG-TERM  EFFECTIVENESS  OF  VEGETA- 
TIVE FILTER  STRIPS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Agricultural  Engineering. 
For   primary  bibliographic   entry  see  Field   5G. 
W90-03956 

MODELLING  THE  EFFECTS  OF  CLEARCUT- 
TTNG  ON  RUNOFF -EXAMPLES  FROM  CEN- 
TRAL SWEDEN. 

Sveriges  Meteorologiska  och  Hydrologiska  Inst., 
Norrkoeping.  Hydrological  and  Oceanographical 
Research  Section. 

M.  Brandt,  S.  Bergstrom,  and  M.  Gardelin. 
AMBIO  AMBOCX,  Vol.   17,  No.  5,  p  307-313, 
1988.  10  fig,  1  tab,  22  ref. 

Descriptors:  *Forest  hydrology,  *Clear-cutting, 
•Sweden,  *Runoff,  Seasonal  variation,  Logging, 
Forest  management,  Model  studies. 

A  hydrological  model  (PULSE  model)  was  used 
both  as  a  reference  and  as  a  forecasting  tool  to 
study  the  effects  of  forest  management  on  hydrolo- 
gy in  central  Sweden.  Three  small  basins  were 
monitored  before  and  after  clearcutting.  Increased 
total  runoff  and  more  pronounced  peak  flows  were 
observed.  The  model  was  recalibrated  to  post- 
harvest  conditions,  and  the  two  sets  of  model 
parameters  were  used  to  simulate  the  hydrological 
effects  of  hypothetical  partial  cutting  in  a  large 
basin.  During  spring,  the  location  of  the  cuttings 
affected  peak  flows  because  of  nonsynchronous 
snowmelt  and  time  delays  in  the  basin.  In  autumn, 
the  location  of  cuttings  had  very  little  effect  on  the 
peak  flow.  The  total  effect  on  peak  flow  of  a  10% 
clearcut  in  a  large  basin  was  considered  small 
compared  to  the  effects  of  extreme  weather  condi- 
tions. (Author's  abstract) 
W90-04079 


A  model  was  designed  to  identify,  at  a  watershed 
or  basin  level,  efficient  control  strategies  for  reduc- 
ing sediment  deposition  in  stream  channels  origi- 
nating from  cropland.  The  SEDEC  (sediment  eco- 
nomics) model  combines  farm  planning  economics, 
including  a  function  relating  soil  losses  to  crop 
yields,  and  a  sediment  delivery  relationship.  The 
model  may  be  used  to  identify  minimum  payments 
needed  to  induce  landowner  indifference  between 
unconstrained  farming  and  optimal  land  manage- 
ment practices  that  attain  a  specified  level  of  sedi- 
ment reduction.  At  the  watershed  level,  the  model 
can  identify  a  set  of  least-cost  management  prac- 
tices to  attain  a  constrained  level  of  sediment  depo- 
sition. Because  the  model  is  amenable  to  efficient 
implementation  on  a  microcomputer,  it  represents 
a  valuable  analytical  tool  for  directing  sediment 
control  measures  in  a  decentralized  manner.  (See 
also  W90-04274)  (Author's  abstract) 
W90-04288 


INVESTIGATION  OF  A  SHORELINE  EN- 
HANCEMENT TECHNIQUE  FOR  WETLANDS 
IMPACT  MITIGATION. 

Georgia  State  Univ.,  Atlanta.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-O3756 


RESERVOIR  SHORELINE  EROSION  AND  RE- 
VEGETATION  WORKSHOPS. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
H.  H.  Allen,  and  R.  L.  Lazor. 
Army  Corps  of  Engineers  Water  Operations  Tech- 
nical   Support    Information    Exchange    Bulletin, 
Volume  E-89-1,  October  1989.  5p,  3  photos,  2  ref. 

Descriptors:  *Watershed  management,  •Reser- 
voirs, *Erosion  control,  *Revegetation,  Shoreline 
cover,  Shore  protection,  Turbidity,  Water  quality, 
Workshops. 

In  1987,  the  US  Army  Engineer  Waterways  Ex- 
periment Station  began  organizing  and  conducting 
a  series  of  annual  workshops  for  Corps  of  Engineer 
(CE)  personnel.  The  objectives  were  to  illustrate 
amd  explain  impacts  of  shoreline  erosion  in  CE 


ECONOMIC  EFFECTS  OF  SOIL  CONDITIONS 
ON  FARM  STRATEGIES  TO  REDUCE  AGRI- 
CULTURAL POLLUTION. 

Maryland  Univ.,  College  Park.  Dept.  of  Agricul- 
tural and  Resource  Economics. 
For  primary  bibliographic  entry  see  Field   5G. 
W90-04179 


SEDEC;  A  SEDIMENT  ECONOMICS  SIMULA- 
TION MODEL. 

Illinois  Univ.  at  Urbana-Champaign. 

A.  Bouzaher,  S.  Murley,  G.  Johnson,  and  J. 

Braden. 

IN:   Computer   Methods   and   Water   Resources: 

First   International   Conference,   Morocco,    1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 

Resources.  Computational  Mechanics  Publications, 

Boston.  1988.  p  197-208,  3  fig,  2  tab,  18  ref. 

Descriptors:  *Model  studies,  'Computer  programs, 
•Computer-aided  engineering,  'Mathematical 
models,  *Simulation  analysis,  'Computers,  •Sedi- 
ment control,  'Sedimentation,  'Economic  yield, 
•Farm  management,  Cropland,  Crop  yield,  Water- 
sheds, Streams,  Soil  erosion,  Deposition. 


RELATIONSHIP  OF  WATER  QUALITY  TO 
AGRICULTURE  AND  TO  EROSION. 

Fairfax  County  Dept.  of  Environmental  Manage- 
ment, VA. 
D.  E.  Strickhouser. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  143-151. 

Descriptors:  'Urban  hydrology,  *Water  pollution 
control,  •Agriculture,  *Land  use,  *Erosion  con- 
trol, *Water  quality,  Soil  erosion,  Water  quality, 
Monitoring,  Bank  erosion,  Urbanization,  Surface 
runoff,  Path  of  pollutants. 

Because  research  has  not  yet  produced  clear  and 
universally  applicable  relationships  between  soil 
erosion,  soil  erosion  control  practices,  and  water 
quality,  there  is  a  need  to  establish  fully  measured 
and  evaluated  relationships  applicable  to  stream 
sedimentation,  such  as  those  contained  in  the  uni- 
versal soil  loss  equations  which  apply  to  erosion 
from  fields.  Research  should  be  undertaken  to  im- 
prove and  strengthen  possible  use  of  this,  and 
similar   quantifiable   relationships   for   range   and 
timber  soils,  and  also  to  investigate  possible  appli- 
cability for  specified  urbanizing  and  urban  condi- 
tions. Perhaps  the  most  serious  overall  need  is  to 
develop    accurate    quantitative    relationships    be- 
tween land  use  practices  and  soil  erosion  control 
practices  in  agricultural  areas,  paying  particular 
attention  to  areas  under  irrigation  and/or  drainage 
regimes.  Specific  contributions  to  water  quality 
degradation  from  agricultural  practices  involving 
use  of  agricultural  chemicals  need  to  be  identified. 
Urbanization  can  produce  increased  and  acceler- 
ated runoff  from  impervious  surfaces.  There  is  a 
need  to  investigate  increased  channel  an  bank  ero- 
sion and  monitor  the  pollutants  entering  streams. 
In  some  areas  erosion  control  practices  have  been 
effective.  However,  the  quantitative  relationships 
and  verifiable  benefits  have  not  been  clearly  identi- 
fied. For  both  agricultural  and  urbanizing  areas 
there  is  a  strong  agreement  on  the  need  for  more 
complete  identification  of  the  source  and  magni- 
tude of  pollutants  arising  from  various  soil  erosion 
sources.  Success  in  securing  effective  cooperation 
and  participation  in  soil  erosion  control  practices 
has  been  variable.  However,  where  strong  local 
districts  exist,  good  records  of  cooperation  and 
erosion  control  are  evident.  Such  success  is  vital, 
because  of  the  need  for  effective  coordination  of  a 
wide  variety  of  affected  public  and  private  inter- 
ests. (See  also  W90-04338)(Lantz-PTT) 
W90-04354 


CULVERT    DESIGN    AND    CHANNEL    ERO- 
SION. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  8A. 

W90-04368 


SODL  EROSION  CONTROL:  WATERWAY  EM- 
BANKMENTS. NOVEMBER  1986-JANUARY 
1989    (CITATIONS    FROM    THE    SELECTED 
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Field  4— WATER  QUANTITY  MANAGEMENT  AND  CONTROL 


Group  4D — Watershed  Protection 

WATER  RESOURCES  ABSTRACTS  DATA- 
BASE). 

National  Technical  Information  Service.  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-855365. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. February  1989.  91  p.  Supersedes  PB88- 
850763. 

Descriptors:  •Bibliographies,  'Bank  protection, 
•Erosion  control,  'Watershed  management,  *Bank 
erosion,  Topography,  Water  currents,  Land  use, 
Weather,  Retaining  walls,  Revegetation,  Vegeta- 
tion establishment,  Literature  review. 

This  bibliography  contains  134  citations  concern- 
ing the  mechanisms  of  bank  erosion  and  measures 
for  erosion  control.  Land  topography,  river  topog- 
raphy and  currents,  land  use,  weather  factors,  and 
waterway  traffic  are  among  the  topics  discussed. 
Retaining  walls  and  vegetation  renewal  are  consid- 
ered as  erosion  control  measures.  Specific  case 
studies  are  also  included.  One  hundred  thirty-four 
citations  are  new  entries  to  the  previous  edition. 
(Author's  abstract) 
W90-04479 

5.  WATER  QUALITY 
MANAGEMENT  AND 
PROTECTION 

5A.  Identification  Of  Pollutants 


RESPIRATION-BASED  EVALUATION  OF  NI- 
TRIFICATION INHIBITION  USING  EN- 
RICHED NTTROSOMONAS  CULTURES. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-03597 


PLASMID  PROFILE  ANALYSIS  OF  FECAL 
COLIFORMS  ISOLATED  FROM  NATURAL 
WATERS. 

University  of  Southern  Mississippi,   Hattiesburg. 

Dept.  of  Chemistry. 

J.  A.  Evans,  N.  P.  D'mello,  K.  K.  Hamilton,  and 

R.  D.  Taylor. 

IN:    Proceedings   of  the   Nineteenth    Mississippi 

Water   Resources   Conference.   Water   Resources 

Research   Institute,   Mississippi   State   University, 

Mississippi  State,  MS.  1989.  p  121-125.  3  fig,  1  tab, 

12  ref. 

Descriptors:  *Pollutant  identification,  'Plasmids, 
•Coliforms,  'Water  quality,  'Bacterial  analysis, 
•Sewage  bacteria,  Bacteria,  Natural  waters,  Out- 
fall sewers,  Performance  evaluation,  Comparison 
studies,  Mississippi,  Cluster  analysis,  Wastewater 
lagoons,  Escherichia  coli,  Microbiological  studies. 

The  plasmid  profile  analysis  was  evaluated  for  use 
in  assessing  the  bacteriological  quality  of  water. 
Coliforms  were  isolated  above,  below  and  at 
sewage  outfalls  in  the  Bouie  and  Leaf  Rivers  from 
sewage  treatment  lagoons  near  Hattiesburg,  Missis- 
sippi. Plasmids  were  isolated  from  each  conform 
and  characterized  by  size  with  agarose  gel  electro- 
phoresis. Size  profiles  of  the  plasmids  found  at  the 
various  sites  were  compared.  Plasmids  were  isolat- 
ed from  E.  coli.  Simple  visual  inspection  of  size 
patterns  was  not  adequate  to  distinguish  water 
known  to  be  impacted  by  human  derived  coliforms 
from  other  waters.  Attempts  to  use  cluster  analysis 
on  the  plasmid  profiles  did  not  yield  any  useful 
information.  Comparison  of  plasmids  by  size 
groupings  also  did  not  reveal  any  overall  trend  in 
similarity  to  water  directly  impacted  by  sewage 
and  downstream  of  the  outfall.  There  was  similari- 
ty in  one  important  size  grouping,  as  water  impact- 
ed directly  or,  for  the  South  Lagoon,  indirectly 
had  high  values  in  the  0-9.9  Mdal  range  (from  40% 
to  52%).  Above  the  sewage  outfall,  this  group 
ranged  from  27  to  38%.  Comparison  of  plasmids 
grouped  by  number  of  plasmids  per  isolate  yielded 
the  finding  that  water  impacted  by  sewage  had  the 
lowest  percent  of  E.  coli  isolates  without  plasmids. 
The  most  significant  finding  is  that  a  simple  view 


of  overall   plasmids  profiles  cannot  be   used   to 
assess  water  quality.  (See  also  W90-03708)  (Fried- 
mann-PTT) 
W90-03728 


FISH  AS  SENTINELS  OF  ENVIRONMENTAL 
HEALTH. 

National  Marine  Fisheries  Service,  Woods  Hole, 
MA.  Northeast  Fisheries  Center. 
R.  A.  Murchelano. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-139737. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
NOAA  Technical  Memorandum  NMFS-F/NEC- 
61,  September  1988.  16p,  4  fig,  23  ref. 

Descriptors:  *Water  pollution  effects,  *Boston 
Harbor,  'Organic  compounds,  'Fish  diseases, 
•Bioindicators,  *Water  pollution  sources,  Fisher- 
ies, Storm  runoff,  Municipal  wastewater,  Industrial 
wastewater,  Flounders,  Polychlorinated  biphenyls, 
Aquatic  environment,  Environmental  effects,  Po- 
lycyclic  aromatic  hydrocarbons. 

Boston  Harbor,  Massachusetts,  is  polluted  by 
storm  water  runoff,  municipal  wastewater,  and 
sewage  sludge,  as  well  as  riverborne  domestic  and 
industrial  pollutants,  and  introductions  characteris- 
tic of  and  related  to  the  sustained  heavy  commer- 
cial ship  traffic  in  the  port.  Shallow  areas  of  the 
inner  harbor  provide  suitable  spawning  and  nurs- 
ery areas  for  winter  flounder.  The  harbor  contains 
large  numbers  of  winter  founder  during  most  of 
the  year  and  is  virtually  a  sanctuary  for  the  species 
since  commercial  fishing  is  prohibited.  Recent  dis- 
ease surveys  have  shown  that  harbor  winter  floun- 
der have  a  high  prevalence  of  gross  and  micro- 
scopic hepatic  lesions,  including  carcinomas.  Al- 
though harbor  sediments  contain  high  concentra- 
tions of  polycyclic  aromatic  hydrocarbons  (PAH) 
and  polychlorinated  biphenyls  (PCB),  the  evidence 
ascribing  either  one  of  these  organic  chemicals  as  a 
direct  cause  of  the  neoplastic  lesions  observed  is 
circumstantial.  As  a  case  study,  however,  investi- 
gations as  to  the  cause  and  prevalence  of  hepatic 
carcinoma  in  Boston  Harbor  winter  flounder  will 
attest  to  the  utility  of  fish  as  sentinels  of  aquatic 
environmental  health.  (Author's  abstract) 
W90-03743 


HANDBOOK  OF  ENVIRONMENTAL  FATE 
AND  EXPOSURE  DATA  FOR  ORGANIC 
CHEMICALS. 

Syracuse  Research  Corp.,  NY.  Center  for  Chemi- 
cal Hazard  Assessment. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03748 


SUPERFUND       EXPOSURE       ASSESSMENT 
MANUAL. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03849 


VTROLOGICAL  STUDDXS  OF  WATER  FROM 
THE  CAPE  FLATS  RECLAMATION  PLANT. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Medi- 
cal Microbiology. 

M.  Hodgkiss,  J.  W.  Moodie,  and  W.  H.  J. 
Hattingh. 

South  African  Medical  Journal  SAMJEJ,  Vol.  76, 
No.  1,  p  11-13,  July  1  1989.  1  tab,  5  ref. 

Descriptors:  *Pollutant  identification,  'Water 
treatment,  'Viruses,  'Wastewater  renovation, 
'Water  quality,  'Potable  water,  Water  reuse,  Re- 
claimed water,  South  Africa,  Effluents,  Effluent 
charges. 

The  virological  quality  of  sewage  effluent  treated 
by  a  pilot  reclamation  plant  on  the  Cape  Flats, 
South  Africa,  was  evaluated.  Testing  for  rotavirus 
antigen  was  performed  using  immunofluorescence, 
a  commercial  rotazyme  kit,  rapid  latex  agglutina- 
tion, polyacrylamide  gel  eclectrophoresis,  RNA 
extraction,  and  hemagglutination.  Samples  taken 
from  stages  before  carbon  column  purification 
were  occasionally  contaminated  with  reovirus  type 


III.  Four  of  the  nine  samples  from  carbon  column 
effluent  without  chlorination  were  infected  with 
either  reovirus,  poliovirus  type  II,  rotavirus  or 
coxsackie  virus  B5.  Samples  taken  after  sand  filtra- 
tion without  carbon  treatment  and  after  all  stages 
of  treatment  were  uncontaminated.  Although  vi- 
ruses were  detected  in  samples  taken  from  various 
points  during  reclamation  before  the  final  chlorina- 
tion stage,  it  would  appear  that  the  final  water 
from  the  reclamation  plant  is  completely  free  of 
viral  contamination  and  is  as  clear  as  domestic  tap 
water;  by  virological  standards,  the  final  water 
from  the  Cape  Flats  reclamation  plant  is  perfectly 
potable.  (Friedmann-PTT) 
W90-O3926 


STUDY  OF  THE  DEPOSITIONAL  ENVIRON- 
MENTS OF  THE  DELTA  OF  THE  EBRO  BY 
MENAS  OF  MOLECULAR  INDICATORS  (ES- 
TUDIO  DE  LOS  AMBIENTES  DEPOSICION- 
ALES  DEL  DELTA  DEL  EBRO  MEDIANTE  IN- 
DICADORES  MOLECULARES). 
Centro  de  Investigacion  y  Desarrollo,  Barcelona 
(Spain).  Environmental  Chemistry  Dept. 
J.  Grimalt,  and  J.  Albaiges. 

Acta  Geologica  Hispanica,  Vol.  21/22,  No.  1,  p 
213-222,  1986/7.  5  fig,  1  tab,  28  ref.  English  sum- 
mary. 

Descriptors:  'Deltas,  'Path  of  pollutants,  'Spain, 
•Fluvial  deposits,  'Deposition,  'Sedimentation, 
'Sediment  discharge,  Organic  compounds,  Sterols, 
Lagoons,  Molecular  structure. 

An  inventory  of  molecular  markers  occurring  in 
sediments  from  the  Ebro  Delta  are  presented.  The 
inventory  is  to  be  used  for  the  recognition  of  inputs 
of  organic  matter  in  this  area  and  for  the  character- 
ization of  the  corresponding  depositional  environ- 
ments. The  distribution  of  carboxylic  acids  and 
sterols  define  the  preferential  areas  of  deposition  of 
continental  inputs,  which  are  generally  euxinic. 
The  occurrence  of  unsaturated  alkane  derivatives 
of  diagenetic  origin  identify  certain  reductive  envi- 
ronments in  the  lagoons.  A  new  series  of  isopre- 
noid  hydrocarbons,  probably  of  algal  origin,  has 
also  been  identified.  (Author's  abstract) 
W90-03928 


CALD3RATION      OF      THE      FRESHWATER 
MUSSEL,     ELLHTIO    COMPLANATA,    FOR 
QUANTITATIVE  BIOMONITORING  OF  HEX- 
ACHLOROBENZENE   AND   OCTACHLOROS- 
TYRENE  ES  AQUATIC  SYSTEMS. 
Windsor  Univ.  (Ontario).  Great  Lakes  Inst. 
R.  W.  Russell,  and  F.  Gobas. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  43,  No.  4,  p  576-582, 
October  1989.  1  fig,  13  ref. 

Descriptors:  'Monitoring,  'Mussels,  'Mollusks, 
•Calibrations,  'Bioindicators,  'Bioaccumulation, 
Water  pollution  effects,  Organic  compounds,  Ben- 
zenes, Absorption,  Calibrations,  Styrene,  Biochem- 
istry. 

A  bioconcentration  experiment  was  performed  in 
the  freshwater  mussel  Elliptio  complanata  for  hex- 
achlorobenzene  and  octachlrostyrene.  The  study 
demonstrates  (1)  the  derivation  of  uptake  and 
elimination  rate  constants  from  the  experimental 
data,  (2)  the  use  of  kinetic  rate  constants  in  estab- 
lishing chemical  specific  relationships  for  chemical 
concentrations  in  the  mussel  and  the  water  and  (3) 
the  role  of  these  relationships  in  the  planning  and 
interpretation  of  biomonitoring  studies.  The  initial 
concentrations  of  HCB  (0.43  micrograms/L)  and 
OCS  (0.16  micrograms/L)  in  the  water  were 
below  the  earlier  reported  aqueous  solubilities  of 
4.69  micrograms/L  for  HCB  and  2.5  micrograms/ 
L  for  OCS.  This  indicated  that  HCB  and  OCS 
were  truly  dissolved.  After  the  mussels  were 
added,  the  HCB  and  OCS  concentrations  in  the 
water  dropped  rapidly  due  to  the  high  initial 
uptake  rates  in  the  mussels.  HCB  and  OCS  concen- 
trations in  the  water  returned  after  3  to  4  days  to 
approximately  half  the  initial  water  concentration 
and  remained  approximately  constant  throughout 
the  remainder  of  the  uptake  period.  At  the  end  of 
the  exposure  period,  a  steady-state  appeared  to 
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have  been  reached  for  HCB  but  not  for  OCS. 
During  the  depuration  phase,  where  the  mussels 
were  exposed  to  uncontaminated  water,  concentra- 
tions of  HCB  and  OCS  in  the  mussel  declined 
logarithmically  over  time.  Kinetically,  it  was  de- 
termined that  the  length  of  time  for  which  the 
mussels  should  be  utilized  to  reach  95%  of  steady- 
state  is  minus  In  0.05A2  or  3.0A2.  For  HCB,  this 
means  that  the  mussels  should  be  used  for  17  days 
and  for  OCS,  43  days.  When  organisms  are  to  be 
used  as  a  tool  to  measure  chemical  concentrations 
in  water,  they  need  to  be  'calibrated.'  (Friedmann- 
PTT) 
W9O-03943 

DETECTION  OF  MUTAGENICITY  IN  MUS- 
SELS AND  THEE*  AMBIENT  WATER. 

Okayama  Univ.  (Japan).  Dept.  of  Public  Health. 
S.  Kira,  H.  Hayatsu,  and  M.  Ogata. 
Bulletin    of   Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  43,  No.  4,  p  583-589, 
October  1989.  3  fig,  1  tab,  13  ref. 

Descriptors:  *Water  pollution  effects,  'Mussels, 
•Mutagenicity,  'Pollutant  identification,  'Bioindi- 
cators,  *Mollusks,  *Bioassay,  Monitoring,  Sam- 
pling, Animal  tissues. 

The  mutagenicity  of  mussel  bodies  and  that  of  their 
ambient  water  were  measured,  and  the  correlation 
between  the  mussel  and  water  mutagenicities  were 
investigated.  Mutagenic  compounds  being  detected 
were  those  adsorbable  to  blue  cotton  or  blue  rayon 
and  that  are  extractable  with  a  methanol-ammonia 
solution.  The  Ames  assay  was  used  for  the  detec- 
tion of  mutagenicity,  with  Salmonella  typhimurium 
TA98  as  the  tester  strain  and  with  S9-mix  for 
metabolic  activation.  Every  sample  of  extract 
showed  dose-dependent  increase  in  the  number  of 
revertant  colonies,  and  the  numbers  found  for  0.8  g 
blue  cotton  were  all  more  than  twice  the  value  for 
the  solvent  control.  Thus,  at  all  sites  examined,  the 
sea  water  contained  mutagens.  At  every  site,  the 
mussel  sample  gave  a  greater  number  of  revertant 
colonies  than  the  water  sample.  The  ratio  between 
the  activities  of  these  two  samples  differ  signifi- 
cantly among  the  sites,  indicting  that  there  is  no 
obvious  parallel  between  these  mutagenic  activi- 
ties. The  results  show  that  mussels  may  be  useful 
for  detecting  long-term  mutagen  pollution  of  sea- 
water.  (Friedmann-PTT) 
W90-03944 

BORON  CONTENT  OF  SOUTH  AFRICAN 
SURFACE  WATERS:  PRELIMINARY  ASSESS- 
MENT FOR  HtRIGATION. 

Department   of  Water   Affairs,    Pretoria   (South 

A  fries) 

For  primary  bibliographic  entry  see  Field  3F. 

W90-03996 

rDENTIFICATION  OF  MUTAGENS  IN  DRINK- 
ING WATER.  „ 

Water  Research  Centre,  Medmenham  (England). 
Medmenham  Lab. 

H.  Horth.  m    ,     ., 

Aqua  AQUAAA,  Vol.  38,  No.  2,  p  80-100,  April 
1989.  14  fig,  10  tab,  53  ref. 

Descriptors:  'Pollutant  identification,  'Mutagens, 
•Drinking  water,  'Chlorination,  Salmonella,  Bio- 
assay,  Bacteria,  Water  analysis,  Chlorinated  hydro- 
carbons. 

Mutagenicity  is  frequently  detected  in  drinking 
water  and  may  be  a  product  of  the  reaction  of 
chlorine  with  naturally  occurring  organics  during 
drinking  water  disinfection.  The  production  of  mu- 
tagenicity resulting  from  chlorination  of  aqueous 
solutions  of  humic  and  fulvic  acid,  phenolic  com- 
pounds, protein,  peptides,  amino  acids,  and  struc- 
turally related  compounds  was  investigated  using 
the  mutagenicity  assay  with  Salmonella  typhimur- 
ium strain  TalOO.  The  relevance  of  these  com- 
pounds as  precursors  of  mutagenicity  in  drinking 
water  treatment  chlorination  is  discussed.  Chlorin- 
ation products  were  identified,  including  2-phenyl- 
2,2-dichloroethanal,  a  product  of  the  chlorination 
of  phenylalanine.  This  was  shown  to  be  a  bacterial 
mutagen.  The  highly  potent  bacterial  mutagen,  3- 


chloro-4-(dichloromethyl)-5-hydroxy-2(5H)- 
furanone,  was  detected  in  a  concentrated  extract  of 
chlorinated  tyrosine.  This  compound  accounted 
for  a  substantial  proportion  of  the  mutagenic  activ- 
ity of  the  extract.  Many  chlorination  products, 
including  mutagens,  were  common  to  chlorinated 
humic,  fulvic  and  amino  acids,  and  chlorinated 
drinking  water.  (Author's  abstract) 
W90-04007 

IMMUNOLOGICAL  METHOD  USING  MONO- 
CLONAL ANTIBODIES  TO  DETECT  ENTERO- 
BACTERIACEAE  IN  DRINKING  WATER. 

Stadtwerke  Mainz  A.G.  (Germany,  F.R.).  Dept.  of 
Water  Supplies. 

U.  Obst,  I.  Hubner,  M.  Wecker,  and  D.  Bitter- 
Suermann.  a„„  „     .      ., 

Aqua  AQUAAA,  Vol.  38,  No.  2,  p  136-42,  April 
1989.  5  fig,  1  tab,  12  ref. 

Descriptors:  *Immunoassay,  'Water  treatment, 
•Bacterial  analysis,  'Enterobacter,  'Coliforms, 
•Pollutant  identification,  *Testing  procedures, 
•Drinking  water,  Bioindicators,  Water  quality, 
Biochemical  tests,  Pathogenic  bacteria. 

Enterobacteriaceae  and  especially  the  group  of 
coliform  bacteria  are  the  main  indicators  for  the 
effectiveness  of  water  treatment  and  for  bacterial 
drinking  water  quality.  The  occurrence  of  such 
bacteria  requires  the  immediate  removal  of  the 
infection  and  an  announcement  to  the  health  au- 
thorities which  is  regulated  by  law.  Applying  the 
common  method  that  is  part  of  the  drinking  water 
regulations,  the  coliform  indicator  needs  2  to  5 
days  until  an  ensured  result  can  be  obtained.  In 
order  to  shorten  this  time,  we  developed  a  new 
immunological  method  using  a  monoclonal  anti- 
body against  the  whole  group  of  Enterobacteria- 
ceae including  the  pathogenic  representatives.  By 
this  method  and  a  preceding  cultivation  m  a  liquid 
medium,  it  is  possible  to  detect  the  Enterobacteria- 
ceae of  a  water  sample  within  1.5  days.  Although 
the  procedure  of  this  rapid  method  is  still  not 
completely  settled,  the  results  show  a  significant 
correspondence  to  the  conventional  method,  as 
well  as  a  high  specificity  and  sensitivity.  The  state 
of  the  procedure  and  recent  experiences  are  de- 
scribed, and  future  development  is  discussed.  (Au- 
thor's abstract) 
W90-04012 


MODERN  METHODS  IN  WATER  ANALYSIS. 

Technische   Univ.    Muenchen   (Germany,    F.R.). 

Inst,  fuer  Wasserchemie  und  Chemische  Balneolo- 

gie. 

K.  E.  Quentin,  and  L.  Weil. 

Aqua  AQUAAA,  Vol.  38,  No.  3,  p  189-196,  April 

1989.  5  fig,  1  tab,  29  ref. 

Descriptors:  »Chemical  analysis,  »Water  analysis, 
•Biochemical  tests,  'Pollutant  identification, 
Chlorination,  Water  pollution,  Pesticides,  Herbi- 
cides, Heavy  metals,  Assay. 

There  are  problems  maintaining  the  quality  of 
drinking  water.  During  chlorination,  volatile 
chlorinated  hydrocarbons  like  trihalomethanes  are 
formed.  For  bromoforms  two  different  paths  of 
formation  are  stated.  There  are  two  approaches  to 
water  analysis;  pollutants  are  determined  by  de- 
scription in  group  parameters  (e.g.  BOD,  AOX), 
or  single  substances  are  identified,  as  is  the  case  for 
pesticides.  Classical  analysis  is  performed  by  ex- 
traction, clean-up  of  extracts  and  quantification  by 
gas  chromatography  or  high-performance  liquid 
chromatography.  New  biochemical  methods  are 
introduced  for  the  determination  of  herbicides,  in- 
cluding inhibition  of  cholinesterase,  inhibition  of 
the  Hill  reaction  and  enzyme  immunoassay.  Novel 
analytical  problems  caused  by  the  complexing  ca- 
pacity of  natural  as  well  as  man-made  ligands  also 
encouraged  development  of  modern  techniques  for 
the  determination  of  heavy  metals.  (Author's  ab- 
stract) 
W90-04016 


MEMBRANE  FATTY  ACED  AND  VIRULENCE 
CHANGES  IN  THE  VIABLE  BUT  NONCUL- 
TURABLE  STATE  OF  VD3RIO  VULMFICUS. 


North  Carolina  Univ.  at  Charlotte.  Dept.  of  Biol- 
ogy. 

K.  Linder,  and  J.  D.  Oliver. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  55,  No.  11,  p  2837-2842,  Novem- 
ber 1989.  5  fig,  31  ref. 

Descriptors:  *Aquatic  bacteria,  *Bacterial  analysis, 
•Escherichia  coli,  *Human  pathogens,  *Vibno, 
Microbiological  studies,  Bioindicators,  Coliforms, 
Population  dynamics,  Membranes,  Estuarine  envi- 
ronment, Pathogenic  bacteria,  Human  pathogens. 

Vibrio  vulnificus  is  a  human  pathogen  which  has 
been    isolated    from    nay    marine    and    estuarine 
sources  and  can  cause  both  fatal  septicemia  and 
serious  wound  infections.  The  possibility  that  this 
organism  enters  into  a  state  of  nonculturability  in 
cold  seawater  and  the  pathogenicity  of  the  noncul- 
turable   cells   was   examined.   The   nonculturable 
state  of  V.  vulnificus  and,  for  comparison,  that  of 
Escherichia  coli  were  studied  in  artificial-seawater 
microcosms  at  5  C.  Total  cell  counts  were  moni- 
tored by  acridine  orange  epifluorescence,  metabol- 
ic activity  by  direct  viable  counts,  and  culturability 
by   plate   counts   on   selective    and   nonselective 
media.  Whereas  total  counts  remained  constant, 
plate  counts  of  V.  vulnificus  suggested  noncultura- 
bility by  day  24.  In  contrast,  direct  viable  counts 
indicated  significant  cell  viability  throughout  32 
days  of  incubation.  As  an  indication  of  the  meta- 
bolic changes  that  occurred  as  cells  entered  the 
state  of  nonrecoverability,  membrane  fatty  acid 
analyses  were  performed.  At  the  point  of  noncul- 
turability of  V.  vulnificus,  the  major  fatty  acid 
species  (C16  and  C16:l)  had  decreased  57%  from 
the  TO  level,  concomitant  with  the  appearance  of 
several  short-chain  acids.  Although  the  bacteria 
were   still-recoverable,   a  similar   trend   was   ob- 
served with  E.  coli.  Electron  microscopy  of  non- 
culturable V.  vulnificus  showed  that  the  cells  were 
rounded  and  reduced  in  size  and  contained  fewer 
ribosomes.    Mouse   infectivity   studies   conducted 
with    these    cells    suggested    loss    of    virulence. 
(Geiger-PTT) 
W9O-O4031 

IONSPRAY  MASS  SPECTROMETRY/MASS 
SPECTROMETRY:  QUANTITATION  OF  TRI- 
BUTYLTIN  EN  A  SEDIMENT  REFERENCE 
MATERIAL  FOR  TRACE  METALS. 

National   Research   Council   of  Canada,   Ottawa 
(Ontario).  Div.  of  Chemistry. 
K.  W.  M.  Siu,  G.  J.  Gardner,  and  S.  S.  Berman. 
Analytical  Chemistry  ANCHAM,  Vol.  61,  No.  20, 
p  2320-2322,  October  1989.  4  fig,  1  tab,   16  ref. 

Descriptors:  'Water  analysis,  'Sediments,  'Mass 
spectrometry,  'Organotin  compounds,  'Pollutant 
identification,  Trace  metals,  Quantitative  analysis, 
Tin. 

Tributyltin  (TBT)  concentration  in  a  sediment  ref- 
erence material  for  trace  metals,  PACS-1,  was 
determined  by  using  ionspray  mass  spectrometry/ 
mass  spectrometry.  TBT  was  extracted  into  isooc- 
tane  or  1-butanol,  diluted  with  methanol  contain- 
ing 1  mM  ammonium  acetate,  delivered  to  the 
ionspray  tandem  mass  spectrometer  by  using  flow 
injection,  and  quantitated  by  means  of  selected 
reaction  monitoring  of  the  daughter/parent  pair  of 
m/z  179/291.  The  minimum  detectable  amount  of 
TBT  was  about  5  picograms  of  Sn  absolute  or  0.2 
micrograms  of  Sn/gm  of  sediment.  PACS-1  was 
found  to  contain  tributyltin  at  a  concentration  of 
1.29  +or-0.07  microgram  of  Sn/gm  of  sediment. 
(Author's  abstract) 
W90-04037 
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HOLLOW  FIBER  MEMBRANE  PROBES  FOR 
THE  IN  SITU  MASS  SPECTROMETRIC  MONI- 
TORING OF  NITROGEN  TRICHLORIDE  FOR- 
MATION DURING  WASTEWATER  TREAT- 
MENT. 

Dow  Chemical  Co.,  Midland,  MI.  Analytical  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-O4O38 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5A— Identification  Of  Pollutants 

MANUAL  HEADSPACE  METHOD  TO  ANA- 
LYZE FOR  THE  VOLATILE  AROMATICS  OF 
GASOLINE  IN  GROUNDWATER  AND  SOIL 
SAMPLES. 

Connecticut   Univ.,   Storrs.   Dept.   of  Chemistry 

V.  D.  Roe,  M.  J.  Lacy,  J.  D.  Stuart,  and  G.  A. 

Robbins. 

Analytical  Chemistry  ANCHAM,  Vol.  61,  No.  22 

p  2584-2585,  November  1989.  1  tab,  12  ref. 


Descriptors:  •Gasoline,  'Aromatic  compounds, 
•Pollutant  identification.  Groundwater  pollution, 
Soil  contamination,  Water  analysis,  Benzenes,  Gas 
chromatography. 

A  manual  headspace  method  is  described  for  ana- 
lyzing volatile  aromatics  of  gasoline  (benzene,  tolu- 
ene, ethylbenzene,  and  three  xylene  isomers, 
BTEX)  in  contaminated  soil  and  groundwater. 
Separations  were  performed  with  a  capillary 
column  gas  chromatograph.  A  split/splitless  injec- 
tor was  used  in  the  splitless  mode.  Megabore  capil- 
lary column,  0.55  mm  in  diameter,  30  m  in  length 
with  3.0-micrometer  film  thickness  were  used.  The 
column's  eluent  was  passed  through  a  photoioniza- 
tion  detector  equipped  with  a  10.2  eV  lamp,  fol- 
lowed by  a  flame  ionization  detector.  The  pho- 
toionization  detector  was  connected  to  one  inte- 
grator while  the  flame  ionization  detector  output 
was  monitored  by  the  gas  chromatography  termi- 
nal. The  method  proved  to  be  a  rapid  and  effective 
means  of  analyzing  environmental  samples.  Brief 
run  times  of  15-20  min  and  lack  of  sample  work-up 
allow  up  to  20  samples  to  be  analyzed  in  an  8-hr 
work  day.  The  photoionization  detector  has  a 
useful  analytical  range  for  BTEX  in  water  extend- 
ing from  about  1  microgram/liter  to  at  least  15000 
micrograms/liter  using  this  method.  (Geieer-PTT) 
W90-04039  8  ' 


CONTAMINANTS  IN  BLUBBER,  LIVER  AND 
KIDNEY  TISSUE  OF  PACIFIC  WALRUSES. 

Fish  and  Wildlife  Service,  Anchorage,  AK. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04064 


DETERMINATION  OF  FLUORDDE  IN  NATU- 
RAL WATERS  BY  ION-SELECTIVE  ELEC- 
TRODE POTENTIOMETRY  AFTER  CO-PRE- 
CTPITATION  WITH  ALUMINIUM  PHOS- 
PHATE. 

Nihon  Univ.,  Tokyo.  Dept.  of  Industrial  Chemis- 
try. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-04066 


DETERMINATION  OF  MERCURY  DM  ENVI- 
RONMENTAL SAMPLES  BY  COLD  VAPOUR 
GENERATION  AND  ATOMIC-ABSORPTION 
SPECTROMETRY  WITH  A  GOLD-COATED 
GRAPHITE  FURNACE. 

Korea  Advanced  Inst,  of  Science  and  Technology 
Seoul  (Republic  of  Korea). 
S.  H.  Lee,  K.  H.  Jung,  and  D.  S.  Lee. 
Talanta  TLNTA2,  Vol.  36,  No.   10,  p  999-1003 
October  1989.  4  fig,  4  tab,  12  ref. 

Descriptors:  •Mercury,  'Atomic  absorption  spec- 
trophotometry, *Pollutant  identification,  'Water 
analysis,  Gold,  Graphite,  Quantitative  analysis. 
Natural  waters,  Marine  animals.  Sediments. 

A  technique  was  developed  to  determine  mercury 
with  sufficient  sensitivity  for  a  small  volume  of 
water  to  be  analysis  directly.  Mercury  is  deter- 
mined at  below  the  picogram/ml  level  by  a  combi- 
nation of  cold  vapor  generation,  trapping  in  a  gold- 
coated  graphite  furnace  and  atomic-absorption  de- 
tection. The  mercury  is  reduced  to  the  element  by 
stannous  chloride,  stripped  from  solution  by  a 
stream  of  nitrogen  and  collected  on  a  gold-coated 
porous  graphite  disk  in  a  graphite  furnace.  It  is 
then  atomized  by  increasing  the  graphite  furnace 
temperature  and  detected  by  an  atomic-absorption 
spectrophotometer.  The  absolute  detection  limit 
and  the  characteristic  mass  were  5  and  20  pico- 
grams  for  0.0044  absorbance,  respectively.  The 
concentration  limit  of  detection  was  0. 1  picogram/ 
milliliter  for  a  50-ml  sample,  and  the  linear  dynam- 
ic range  covered  three  orders  of  magnitude.  The 


precision  of  the  measurements  was  2.7%  for  0.1 
nanogram  and  2.6%  for  2  nanograms  of  mercury 
Analyses  of  NBS  and  NIES  reference  materials 
showed  quantitative  recovery.  Analytical  results 
obtained  by  the  technique  are  tabulated  as  follows 
(1)  lake  water  in  Soyang,  Korea,  3.3  nanograms/L 
at  50  m  to  8.7  nanograms/L  at  the  surface;  (2)  rain 
water  also  at  Soyang,  3.9  nanograms/L;  (3)  mus- 
sels from  several  Korean  coastal  areas,  0.021  to 
0.102  microgram/gm  dry  wt;  and  (4)  sediments 
from  Ulsan  Bay,  Korea,  0.08  micrograms/gm  dry 
wt  at  23-26  cm  (representing  the  1932-1938  deposi- 
tion period)  to  0.18  microgram/gm  dry  wt  at  0-2 
cm  (representing  the  1981-1985  deposition  period). 
(Geiger-PTT) 
W90-04067 


AQUATIC  TOXICITY  OF  COMPLEX  EF- 
FLUENTS. 

Ministry  of  Agriculture,  Fisheries  and  Food,  Bum- 
ham  on  Crouch  (England).  Fisheries  Lab. 
R.  Lloyd. 

Chemistry  and  Industry  CHINAG,  No.  14,  d  449- 
452,  July  17,  1989.  3  fig,  9  ref. 

Descriptors:  *Water  analysis,  'Pollutant  identifica- 
tion, 'Toxicity,  'Testing  procedures,  Bioassay, 
Chemical  analysis. 

The  Ministry  of  Agriculture,  Fisheries  and  Food 
Fisheries  Laboratory  has  considerable  experience 
with  complex  wastes  that  are  licensed  for  dumping 
at  sea.  Considerable  information  on  the  potency  of 
complex  wastes  can  be  obtained  from  simple  toxic- 
ity tests,  in  particular  those  from  which 
concentration  response  curves  can  be  derived. 
However,  it  is  important  to  separate  the  two  func- 
tions of  a  bioassay  clearly  in  this  context.  They 
may  be  used  to  measure  the  potency  of  an  effluent 
as  a  surrogate  for  chemical  analysis,  and  the  test 
organism  may  be  used  as  a  surrogate  for  other 
aquatic  species  in  order  to  predict  the  effect  of  the 
discharge  on  the  biota  in  the  receiving  water.  In 
that  case,  there  are  considerable  uncertainties,  but 
this  should  not  affect  the  acceptance  of  bioassays 
for  measuring  the  potency  of  an  effluent  as  a 
surrogate  for  chemical  analysis.  The  next  challenge 
is  the  development  of  a  suitable  bioassay,  with  a 
readily  available  test  organism,  that  does  not  re- 
quire specialist  staff  or  facilities.  (Mertz-PTD 
W90-04093 


CONCENTRATION    OF   GIARDIA    LAMBLIA 

CYSTS,        LEGIONELLA        PNEUMOPHDIA, 

CLOSTRIDIUM  PERFRINGENS,  HUMAN  EnI 

TERIC  VntUSES,  AND  COLIPHAGES  FROM 

LARGE   VOLUMES   OF   DRINKING   WATER, 

USING  A  SINGLE  FILTRATION. 

Institut  Armand-Frappier,  Laval  (Quebec).  Centre 

de  Recherche  en  Virologie. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04095 


WQSTAT  H:  A  WATER  QUALITY  STATISTICS 
PACKAGE. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri- 
cultural and  Chemical  Engineering. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04165 


TESTING  FOR  TREND  IN  LAKE  AND 
GROUND  WATER  QUALITY  TIME  SERIES. 
Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Statis- 
tics. 

C.  H.  Taylor,  and  J.  C.  Loftis. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No 
4,  p  715-726,  August   1989.  3  fig,   16  ref.  EPA 
Cooperative  Agreement  No.  CR-8 13997-0 1-0. 

Descriptors:  'Acid  rain  effects,  'Lake  water  qual- 
ity, 'Statistical  analysis,  'Water  quality,  'Ground- 
water pollution,  'Data  processing,  Lakes,  Seasona- 
lity, Comparison  studies,  Water  quality  control. 

The  detection  of  gradual  trends  in  water  quality 
time  series  is  increasing  in  importance  as  concern 
grows  for  diffuse  sources  of  pollution  such  as  acid 
precipitation  and  agricultural  non-point  sources.  A 
significant  body  of  literature  has  arisen  dealing 


with  trend  detection  in  water  quality  variables  that 
exhibit  seasonal  patterns.  Much  of  the  literature 
has  dealt  with  seasonality  of  the  first  moment. 
However,  little  has  been  mentioned  about  seasona- 
lity in  the  variance,  and  its  effect  upon  the  per- 
formance of  trend  detection  techniques.  Eight 
methods  of  trend  detection  that  arise  from  both  the 
statistical  literature  as  well  as  the  water  quality 
literature  were  compared  by  means  of  a  simulation 
study.  The  methods  compared  were:  (1)  Seasonal 
Kendall  Without  Correction  for  Correlation 
(SKWOC);  (2)  Seasonal  Kendall  With  Correction 
for  Correlation;  (3)  Farrells  Test;  (4)  Analysis  of 
Covanance  (ANCOV);  (5)  Mann-Kendall  on  De- 
seasonalized  Data  (MKDD);  (6)  Modified  T-Test 
(MTT);  (7)  Analysis  of  Covariance  on  Ranks 
(ANCOVR);  and  (8)  Modified  T-Test  on  Ranks 
(MTTR).  Varying  degrees  of  seasonality  in  both 
the  variances  and  the  means  were  introduced  into 
the  artificial  data,  and  the  performances  of  these 
procedures  were  analyzed.  Since  the  focus  was  on 
lake  and  groundwater  quality  monitoring,  quarter- 
ly sampling  and  short  to  moderate  record  lengths 
were  examined.  Comparisons  were  made  using  in- 
dependent random  errors  with  lognormal  and 
normal  distributions  and  using  normally  distributed 
errors  with  positive  correlations.  In  general,  the 
SKWOC  appears  to  be  a  good  method  for  detect- 
ing trends  as  long  as  the  random  errors  were 
uncorrected.  None  of  the  tests  were  adequate  for 
detecting  trends  in  data  with  correlated  random 
errors,  but  the  SKWC  was  better  than  the  other 
seven  tests.  (Author's  abstract) 
W90-04167 


EVALUATION  OF  SOME  APPROACHES  TO 
ESTIMATING  NON-POINT  POLLUTANT 
LOADS  FOR  UNMONTTORED  AREAS. 

Heidelberg  Coll.,  Tiffin,  OH.  Water  Quality  Lab 
R.  P.  Richards. 

Water  Resources  Bulletin  WARBAQ,  Vol  25  No 
4,  p  891-904,  August  1989.  4  fig,  4  tab,  21  ref. 

Descriptors:  'Statistical  methods,  'Pollution  load, 
•Nonpoint  pollution  sources,  'Data  acquisition, 
•Monitoring,  'Water  pollution  sources,  Water- 
sheds, Comparison  studies,  Extrapolation  tech- 
niques. 

Evaluation  of  the  non-point  source  pollutant  load 
entering  a  lake  from  multiple  tributaries  requires 
either  that  all  tributaries  be  monitored  or  that  some 
extrapolation  method  be  used  to  estimate  loads 
originating  in  areas  not  monitored.  Unmonitored 
areas  include  not  only  watersheds  of  tributaries 
that  are  not  monitored,  but  also  portions  of  a 
monitored  tributary's  drainage  basin  downstream 
from  the  monitoring  site  and  areas  of  direct  drain- 
age. Significant  portions  of  large  lake  drainage 
basins  are  often  not  monitored,  and  loads  for  these 
areas  are  often  estimated  by  extrapolation.  Six 
simple  extrapolation  procedures  were  evaluated  by 
using  them  to  estimate  loads  for  areas  that  had 
been  monitored  and  comparing  the  estimated  loads 
with  the  monitored  loads.  Three  approaches  were 
based  on  inter-basin  ratios  of  area,  C-factor,  and 
discharge.  The  other  approaches  used  regression 
relationships  between  concentration  and  flow  to 
estimate  concentrations  for  the  unmonitored  basin. 
The  ratio  approaches  generally  were  more  reliable 
than  the  regression  approaches.  However,  extrapo- 
lation by  any  method  tested  was  not  very  precise. 
Some  methods  also  were  biased  when  applied  to 
watersheds  of  a  size  different  than  the  monitored 
one.  Extrapolation  by  any  of  these  methods  would 
compromise  the  precision  of  the  lake-wide  load 
estimate,  if  the  unmonitored  area  were  a  significant 
part  of  the  entire  basin.  (Author's  abstract) 
W90-04187 


ESTIMATING  MEAN  AND  VARIANCE  FOR 
ENVIRONMENTAL  SAMPLES  WITH  BELOW 
DETECTION  LIMIT  OBSERVATIONS. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04188 


EVALUATION  OF  CONTROL  CHART  METH- 
ODOLOGD2S  FOR  RCRA  WASTE  SITES. 
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Nevada   Univ.,    Las   Vegas.    Environmental   Re- 
search Center. 

For  primary  bibliographic  entry  see  Field   50. 
W90-04247 

1987  SAVANNAH  RIVER  CURSORY  SURVEYS. 

Academy  of  Natural  Sciences  of  Philadelphia,  PA. 

Div.  of  Environmental  Research. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04268 

5B.  Sources  Of  Pollution 

PROCESSES  OF  BALLAST  WATER  DISPER- 
SAL. 

ENTRIX,  Inc.,  Anchorage,  AK. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-03613 


SEDIMENTATION  PROCESSES. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-03614 

HYDROCARBON  ACCUMULATIONS. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
D.  G.  Shaw. 

IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,  1988.  p  243-265,  4  fig,  2  tab,  26  ref. 

Descriptors:  *Arctic  zone,  *Hydrocarbons,  *Oil 
pollution,  *Valdez,  *Fate  of  pollutants,  'Alaska, 
Bioaccumulation,  Ballast  water,  Polycyclic  aro- 
matic hydrocarbons,  Mollusks,  Wastewater  dispos- 
al. 

Several  investigations  of  hydrocarbons  in  the  sedi- 
ments, animals  and  water  of  Port  Valdez  have  been 
reported.  Before  completion  of  the  marine  terminal 
of  the  trans  Alaska  pipeline,  biogenic  hydrocar- 
bons dominated  most  of  the  samples  analyzed. 
Operation  of  the  terminal  has  included  the  permit- 
ted discharge  of  treated  ballast  water  containing  on 
the  order  of  10  mg/L  residual  petroleum  enriched 
in   single    ring    aromatic    hydrocarbons.    During 
summer  when  the  water  column  of  the  port  is 
stratified,  a  plume  of  ballast  water  hydrocarbons 
has  been  detected  at  approximately  50  m  water 
depth  in  the  vicinity  of  the  treated  ballast  water 
discharge   point.    Sediments   near   the   discharge 
point  have  accumulated  a  suite  of  hydrocarbons 
associated  with  the  discharge  but  dominated  by 
higher   molecular   weight   molecules   than   those 
most  abundant  in  the  plume.   After   5  years  of 
terminal  operation  sediment  concentrations  of  pe- 
troleum marker  compounds  (hopanes  and  polycy- 
clic aromatic  hydrocarbons)  decreased  away  from 
the  discharge  point;  by  10-fold  at  800  m  and  100- 
fold  at  3  km.  It  appears  that  only  a  very  small 
fraction  of  the  discharged  petroleum  (<  3%)  is 
incorporated  into  these  sediments.   Intertidal  bi- 
valve mollusks  in  the  port  also  show  signs  of  the 
accumulation  of  anthropogenic  hydrocarbons.  In 
this  case  the  contaminant  source  appears  to  be 
complex.  Small  oil  spills  and  combustion  residues 
as  well  as  treated  ballast  water  probably  contrib- 
ute, but  in  unknown  proportions.  (See  also  W90- 
03610)  (Lantz-PTT) 
W90-03620 

HYDROCARBON  BIOCONVERSIONS: 

SOURCES,  DYNAMICS,  PRODUCTS  AND 
POPULATIONS. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
D.  K.  Button,  and  B.  R.  Robertson. 
IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,  1988.  p  267-291,  7  fig,  3  tab,  40  ref. 

Descriptors:  *Aromatic  compounds,  'Arctic  zone, 
•Hydrocarbons,  'Alaska,  *Biodegradation,  'Fate 
of  pollutants,  'Valdez,  Bacteria,  Microbial  degra- 
dation, Biomass,  Kinetics,  Organic  compounds, 
Ballast  water. 


Dissolved  hydrocarbons,  particularly  the  more 
soluble  mononuclear  aromatics,  and  bacteria  are 
liberated  into  Port  Valdez,  Alaska,  the  bacteria 
without  significant  influence  by  the  ballast  water 
treatment  facility.  Turnover  times  due  to  bycon- 
versions of  the  hydrocarbons  themselves  range 
from  a  few  days  to  many  decades  depending  on 
distance  from  the  point  of  effluent  due  to  declining 
populations  of  hydrocarbon  oxidizing  bacteria 
with  distance.  Laboratory  studies  indicate  that  the 
chief  products  of  microbial  activity  are  carbonyl 
derivatives  of  the  parent  hydrocarbons  followed 
by  carbon  dioxide  and  microbial  biomass  in  a  ratio 
that  depends  on  the  state  of  induction.  Kinetic 
studies  indicate  that  the  turnover  time  of  these 
products  is  greater  than  that  of  the  parent  hydro- 
carbons due  to  smaller  specific  affinities.  These 
products  are  probably  formed  in  the  ballast  cham- 
bers of  the  tankers,  in  the  ballast  treatment  facility 
and  in  the  receiving  waters  of  Port  Valdez.  (See 
also  W90-03610)  (Lantz-PTT) 
W90-03621 

EVTOENCE  FOR  HISTORICAL  HEAVY 
METAL  POLLUTION  IN  FLOODPLAIN 
SOILS:  THE  MEUSE. 

Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 

Physical  Geography. 

M.  C.  Rang,  and  C.  J.  Schouten. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 

Western  Europe.  John  Wiley  &  Sons,  New  York. 

1989.  p  127-142.  2  fig,  13  tab,  10  ref. 

Descriptors:  'Sediment  contamination,  'Water 
pollution  sources,  'Path  of  pollutants,  'Meuse 
River,  'History,  'Heavy  metals,  'Pollution  load, 
'Flood  plain  management,  Water  pollution  effects, 
Alluvial  deposits,  Flood  frequency,  Zinc,  Cadmi- 
um, Lead,  Copper,  Soil  types,  Lime,  Organic 
matter,  Soil  contamination,  Silt,  Mine  wastes, 
Catchment  areas,  Erosion,  Deposition,  Flood 
plains,  Belgium,  Sediment  erosion. 

Pedological   and   geochemical   surveys   of  flood 
plain  sediments  may  be  applied  to  evaluate  the 
spatial  effect  of  pollution  within  hydrosystems,  and 
to  determine  the  historical  changes  of  pollution 
loading.   These  techniques   were   applied   to   the 
heavy  metal  pollution  of  the  River  Meuse  (Germa- 
ny) sediments,  with  particular  attention  paid  to  the 
relationship  between   soil   development  and   fre- 
quency of  flooding  on  the  one  hand  and  the  degree 
of  pollution  on  the  other  hand.  This  not  only  gives 
a  good  spatial  picture  of  the  extent  of  the  pollution 
but  also  reveals  the  historical  developments  in- 
volved. All  the  flood  plain  soils  of  the  Meuse  that 
have  a  frequency  of  flooding  of  at  least  once  per 
250  years  are  polluted  to  some  degree.  The  con- 
centrations of  zinc,  cadmium,  lead,  and  copper  are 
particularly  high.  There  seems  to  be  a  strong  rela- 
tionship between  the  degree  of  pollution  of  the 
uppermost  layer  of  the  soil  and  the  soil  type.  The 
youngest  soils,  which  are  rich  in  lime  and  organic 
matter,  appear  to  be  the  most  polluted.  The  peak  of 
pollution  was  reached  about  100  years  ago,  coin- 
ciding with  the  zenith  of  ore  mining  in  the  Belgian 
part  of  the  catchment.  After  erosion  during  high 
water  the  polluted  river  sediments  that  have  been 
deposited  on  the  flood  plain  form  a  secondary 
source  of  pollution  that  can  have  a  strong  and 
longlasting  effect  on  the  quality  of  the  river  silt. 
(See  also  (W90-03689)  (Fish-PTT) 
W90-03697 

HANDBOOK  OF  ENVIRONMENTAL  FATE 
AND  EXPOSURE  DATA  FOR  ORGANIC 
CHEMICALS. 

Syracuse  Research  Corp.,  NY.  Center  for  Chemi- 
cal Hazard  Assessment. 
P.  H.  Howard. 

Volume  I:  Large  Production  and  Priority  Pollut- 
ants, 1989.  Lewis  Publishers,  Inc.,  Chelsea,  Michi- 
gan. 574  p. 

Descriptors:  'Handbooks,  'Fate  of  pollutants, 
'Water  pollution  sources,  'Path  of  pollutants, 
•Pollutant  identification,  'Data  collections,  'Prior- 
ity pollutants,  Monitoring,  Chemical  analysis,  Mo- 
lecular structure,  Chemical  properties,  Physical 
properties,  Biodegradation,  Path  of  pollutants, 
Volatilization,  Aquatic  environment. 


The  environmental  fate  and  exposure  of  approxi- 
mately 75  large  production  organic  chemicals  and 
priority  pollutants  are  reported  by  describing  in 
detail  how  individual  chemicals  are  released,  trans- 
ported, and  degraded  in  the  environment  and  how 
they  are  exposed  to  humans  and  environmental 
organisms.  Available  data  on  physical/chemical 
properties,  commercial  use  and  possible  sources  of 
environmental  contamination,  environmental  fate, 
and  monitoring  data  of  individual  chemicals  are 
reviewed  and  evaluated.  Each  review  of  a  chemi- 
cal provides:  substance  identification;  boil  point, 
melting  point,  molecular  weight,  dissociation  con- 
stants, log  octanol/water  coefficient,  water  solubil- 
ity, vapor  pressure,  Henry's  Law  constant,  and 
environmental  fate/exposure  potential  (such  as  nat- 
ural sources,  artificial  sources,  terrestrial  fate, 
aquatic  fate,  atmospheric  fate,  biodegradation,  abi- 
otic degradation,  bioconcentration,  soil  adsorp- 
tion/mobility, volatilization  from  water/soil). 
(Lantz-PTT) 
W9O-03748 


SUPERFUND  RECORD  OF  DECISION:  CALI- 
FORNIA GULCH,  CO. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-03750 

SUPERFUND  RECORD  OF  DECISION:  BRIO 
REFINING,  TX. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-03751 

SUPERFUND  RECORD  OF  DECISION:  NINTH 
AVENUE  DUMP,  IN. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-03752 


METHODOLOGY,  RESULTS,  AND  SIGND7I- 
CANCE  OF  AN  UNSATURATED-ZONE 
TRACER  TEST  AT  AN  ARTIFICIAL-RE- 
CHARGE FACIXITY,  TUCSON,  ARIZONA. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-03754 

QUALITY  OF  SURFACE  AND  GROUND 
WATER  AT  AND  ADJACENT  TO  THE  LOS 
ALAMOS  NATIONAL  LABORATORY:  REFER- 
ENCE ORGANIC  COMPOUNDS. 

Los  Alamos  National  Lab.,  NM. 

W.  D.  Purtymun,  R.  W.  Ferenbaugh,  and  M. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE88-015055. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  LA-11333-MS,  August  1988.  25p,  1  fig, 
4  tab,  1 1  ref,  4  append. 

Descriptors:  'Path  of  pollutants,  'Water  pollution 
sources,  'Fate  of  pollutants,  'Groundwater  pollu- 
tion, 'Surface  water,  'Organic  compounds,  Los 
Alamos,  New  Mexico,  Volatile  organic  com- 
pounds, Phenols,  Dibutylphthalate,  Dichloroben- 
zene,  Pesticides,  Herbicides,  Cyanide,  Polychlori- 
nated  biphenyls. 

Surface  and  groundwater  samples  were  collected 
from  43  stations  representing  the  major  occur- 
rences of  natural  and  municipal  water  and  industri- 
al and  sanitary  effluents  in  the  Los  Alamos  area. 
The  samples  were  analyzed  for  volatile  organics 
(35  compounds),  semivolatile  organics  (65  com- 
pounds), base  neutral  acid  fraction,  pesticides  (20 
compounds),  herbicides  (3  compound),  polychlori- 
nated  biphenyls  (7  compounds),  and  cyanides.  The 
investigation  was  performed  to  find  possible  areas 
of  organic  contamination  for  further  study;  howev- 
er, the  impact  of  organic  contamination  in  surface 
and  groundwater  is  minimal.  Volatile  organic  com- 


l 

f 
< 

: 
J 

< 

2 

< 

2 
? 
X 


71 


H 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


pounds  were  reported  from  seven  stations  in  con- 
centrations ranging  from  5  to  23  micrograms/!- 
(ug/L).  The  compounds  were  below  the  maximum 
contaminant  level  (MCL)  where  it  has  been  deter- 
mined by  the  EPA.  Semivolatile  organic  com- 
pounds were  determined  in  waters  from  1 1  differ- 
ent stations  in  concentrations  ranging  from  14  to 
560  ug/L.  Five  different  semivolatile  compounds 
were  reported  from  the  water  supply  distribution 
system  at  two  fire  stations.  They  were  phenol  (7 
ug/L),  di-n-butyl  phthalate  (170  ug/L),  and  three 
types  of  dichlorobenzene  (20  to  23  ug/L).  Pesti- 
cide, herbicide,  and  polychlorinated  biphenyls 
(PCB)  analyses  of  water  from  the  43  stations  were 
below  detection  limits  and  were  below  the  existing 
or  proposed  MCL.  Traces  of  cyanide  above  the 
detection  limit  (10  ug/L)  were  reported  in  waters 
from  two  effluent  release  areas.  The  concentrations 
were  low,  ranging  from  20  to  40  ug/L.  The  source 
of  the  cyanides  in  the  two  effluent  areas  is  un- 
known as  other  stations  in  the  same  effluent  release 
areas  did  not  contain  cyanide.  The  concentrations 
were  well  below  the  MCL  of  200  ug/L.  (Lantz- 
PTT) 
W90-03763 


RELATIONSHIP  OF  ESTUARINE  PLANT 
CONTAMINANTS  TO  EXISTING  DATA 
BASES. 

European  Research  Office,  London  (England). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-03765 


MAGNITUDE  OF  THE  GROUND-WATER 
CONTAMINATION  PROBLEM. 

Robert   S.   Kerr   Environmental   Research   Lab., 
Ada,  OK.  Ground  Water  Research  Branch. 
J.  W.  Keeley. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  2-10,  1  fig,  1  tab,  9  ref. 

Descriptors:  'Groundwater  pollution,  'Water  pol- 
lution sources,  *Path  of  pollutants,  Septic  tanks, 
Cesspools,  Landfills,  Land  disposal,  Coal  mining 
effects,  Chlorides,  Nitrates,  Heavy  metals,  Hydro- 
carbons, Irrigation-return  flow. 

The  groundwater  pollution  problems  outlined  in 
this  paper  were  essentially  gleaned  from  six  reports 
on  the  subject.  One  is  a  Report  to  Congress  pro- 
vided in  January  1977.  The  remaining  five  reports 
discuss  groundwater  availability,  use,  and  back- 
ground quality  for  various  geographical  areas  of 
the  United  States.  Some  problems  indigenous  to 
one  area  may  not  exist  in  others  but  several  sources 
of  groundwater  contamination  are  dominant  at  a 
high  or  moderate  degree  of  severity  in  each  area 
investigated.  Among  these,  septic  tanks  and  cess- 
pools, petroleum  exploration  and  development, 
landfills,  irrigation  return  flows,  and  surface  waste 
impoundments  appear  to  be  the  most  troublesome 
problems.  The  application  of  municipal  and  indus- 
trial sludges  to  the  land  has  not  been  of  major 
concern  in  the  past  but  is  expected  to  be  so  in  the 
future  due  primarily  to  the  federal  legislation  seek- 
ing to  eliminate  stream  discharges  by  1985.  Similar- 
ly, coal  mining  activities  are  increasing  in  the 
United  States,  due  to  the  energy  shortage,  and  are 
expected  to  present  greater  groundwater  pollution 
problems  in  the  future.  The  four  pollutants  most 
commonly  reported  in  these  five  regional  investi- 
gations are  chlorides,  nitrates,  heavy  metals,  and 
hydrocarbons.  This  brings  into  focus  the  need  to 
more  actively  include  organic  and  biological  pa- 
rameters  in  future  studies.  (See  also  W90-03771) 
(Lantz-PTT) 
W90-03772 


SURFACE      AND      SUBSURFACE      MINING: 
POLICY  IMPLICATIONS. 

Pennsylvania  Dept.  of  Environmental  Resources, 

Harrisburg.  Div.  of  Mine  Drainage  Control  and 

Reclamation. 

For  primary  bibliographic   entry   see  Field   5G. 

W90-03775 


OIL  WELL  OPERATION/MAINTENANCE 
AND  SALTWATER  INTRUSION:  POLICY  IM- 
PLICATIONS. 

Cities  Service  Oil  Co.,  Charleston,  WV. 
V.  Meier. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  35-39. 

Descriptors:  'Environmental  protection,  'Water 
pollution  prevention,  'Oil  wells,  'Saline  water  in- 
trusion, 'Oil  industry,  'Public  policy,  Waste  dis- 
posal, Oil  wastes,  Regulations,  Drinking  water, 
Maintenance,  Oil  spills,  Dikes,  Drilling  fluids,  Ab- 
sorption, Emulsifiers,  Blowouts,  Water  pollution 
protection,  Groundwater. 

In  the  operation  of  oil  wells,  drilling  is  a  temporary 
but  very  important  operation.  When  wells  are 
drilled  with  air  or  foam  using  fresh  water  as  the 
drilling  medium,  the  medium  is  not  circulated  back 
into  the  well  bore  during  drilling  but  retained  in 
earthen  pits.  Wells  are  also  drilled  with  fluid  con- 
sisting of  fresh  or  salt  water.  Additives  are  added 
to  these  waters  to  obtain  certain  properties  so  that 
it  becomes  a  drilling  mud.  The  fluid  is  circulated 
back  into  the  well  bore  during  drilling  by  using 
mud  pits  and  an  earthen  reserve  pit.  Drilling  oper- 
ations must  have  a  Spill  Prevention  Control  and 
Countermeasures  Plan  (SPCC  Plan)  which  is  re- 
quired by  the  EPA.  These  plans  specify  that  dikes 
or  containment  devices  by  built  around  fuel  tanks. 
Waste  oil  from  equipment  must  be  collected  by 
ditches  and  dikes.  Pits  must  be  constructed  to 
contain  spills  from  the  well.  Materials  such  as 
straw,  sawdust,  sand,  form  pads,  and  emulsifiers 
must  be  available  to  clean  up  spills.  Blow-out  pre- 
venters must  be  on  the  well  while  drilling  through 
possible  oil  and  gas  horizons  to  control  hydrocar- 
bons if  they  come  to  the  surface.  Additional  regu- 
lations could  substantially  decrease  ultimate  recov- 
ery of  hydrocarbons.  If  more  regulations  are 
needed  to  insure  that  underground  sources  of 
drinking  water  will  not  be  endangered,  then  well- 
documented  evidence  from  major  oil  and  gas  pro- 
ducing states  must  be  obtained  to  show  that,  in 
fact,  additional  requirements  are  essential.  (See  also 
W90-03771)  (Lantz-PTT) 
W90-03777 


WISCONSIN  REGIONAL  INTEGRATED 
LAKE-WATERSHED  ACIDIFICATION  STUDY 
(RJXWAS):  1981-1983. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
Bureau  of  Research. 

Interim  Report,  January  1989.  282  p.  EPRI  Re- 
search Project  2174-2.  Edited  by  D.  Knauer,  and 
S.  A.  Brouwer. 

Descriptors:  'Watersheds,  'Path  of  pollutants, 
'Lake  acidification,  'Wisconsin,  'Acid  rain, 
'Water  pollution  sources,  Snowmelt,  Hydrogen 
ion  concentration,  Water  chemistry,  Sulfates, 
Chemistry  of  precipitation,  Dry  deposition,  Hy- 
drologic  budget,  Round  Lake,  East  Eightmile 
Lake,  Groundwater  movement. 

Round  and  East  Eightmile  lakes,  small  (14-15  ha) 
seepage  lakes  in  thick  (332-190  m)  sandy  outwash 
in  northwestern  Wisconsin,  were  studied  from  Sep- 
tember 1981  through  August  1983.  Precipitation 
was  5-15%  <  normal  during  the  first  year  and  7- 
15%  >  normal  during  the  second  year.  Snowfall 
accounted  for  24-34%  of  the  precipitation;  howev- 
er, all  snowmelt  infiltrated  the  highly  permeable 
soils,  and  no  spring  depression  in  lake  pH  was 
observed.  Chemistry  of  the  precipitation  was 
dominated  by  hydrogen  ion,  ammonium,  and  sul- 
fate. Volume-weighted  mean  pH  of  bulk  precipita- 
tion was  4.6  at  both  sites  during  the  study  with 
hydrogen  ion  and  ammonium  contributing  60%  of 
the  cations.  Volume-weighted  mean  lake  pH's 
during  the  study  were  6.4  at  Round  Lake  and  6.9 
at  East  Eightmile  Lake.  Hydrologic  budgets  indi- 
cate that  inflow  to  the  lakes  was  precipitation 
dominated  (67-88%),  whereas  outflow  was  primar- 
ily evaporation  (68-92%).  The  remaining  flows 
were  groundwater  inflow  and  outflow.  Direct  at- 
mospheric deposition  accounted  for  the  majority 


of  hydrogen  ion,  chloride,  and  inorganic  nitrogen 
inputs  to  the  lakes,  whereas,  groundwater  inflow 
supplied  most  of  the  calcium,  magnesium,  sodium, 
alkalinity,  and  silica.  Sulfate  and  potassium  were 
contributed  primarily  by  direct  deposition  at 
Round  Lake  and  by  groundwater  at  East  Eight- 
mile  Lake.  The  groundwater  basins  upgradient 
from  the  lakes  retained  hydrogen  ion  and  inorganic 
nitrogen  relative  to  chloride.  Potassium,  sulfate, 
sodium,  calcium,  magnesium,  alkalinity,  and  silica 
were  released  from  the  basins.  Modification  and 
application  of  the  Integrated  Lake-Watershed 
Acidification  Study  (ILWAS)  simulation  model 
suggest  the  following  needs  for  better  calibration: 
(1)  a  4-5  yr  database,  particularly  for  the  hydrolog- 
ic module;  (2)  more  research  on  aerosol  collection 
efficiency  and  leaf-area  index  of  the  canopy;  and 
(3)  inclusion  of  in-lake  oxidation-reduction  process- 
es. A  preliminary  8-year  simulation  with  a  50% 
reduction  in  atmospheric  sulfur  deposition  at 
Round  Lake  showed  that  the  lake  sulfate  concen- 
trations decreased  37%,  alkalinity  concentrations 
increased  16%,  and  pH  decreased  by  <  0.1  unit. 
(See  W90-03791  thru  W90-03797)  (Lantz-PTT) 
W90-03790 


ATMOSPHERIC  INPUT. 

Wisconsin  Univ. -Madison. 
J.  G.  Bockheim,  J.  Flickinger,  J.  E.  Leide,  and  J. 
A.  Morton. 

IN:  The  Wisconsin  Regional  Integrated  Lake-Wa- 
tershed Acidification  Study  (RILWAS):  1981- 
1983.  Interim  Report,  January  1989.  p  21-63,  23  fig, 
5  tab,  14  ref,  3  append. 

Descriptors:  'Water  pollution  sources,  'Wisconsin, 
•Acid  rain,  'Air  pollution,  Round  Lake,  East 
Eightmile  Lake,  Ions,  Ammonium,  Calcium,  Mag- 
nesium, Potassium,  Hydrogen  ion  concentration, 
Acidic  water,  Path  of  pollutants,  Dry  deposition. 
Nitrates,  Sulfates. 

A  study  was  conducted  to:  (1)  measure  precipita- 
tion quantity  and  quality  in  two  watersheds  with 
contrasting  lakes  in  northwestern  Wisconsin;  and 
(2)  assist  in  predicting  the  effects  of  acidic  deposi- 
tion on  the  lakes.  Specific  objectives  were  to  meas- 
ure wet/dry  deposition  at  Round  Lake  and  bulk 
precipitation  at  Round  and  East  Eightmile  lakes 
and  to  compare  ion  fluxes  in  bulk  precipitation  and 
wet  and  dry  deposition  at  Round  Lake.  Ion  fluxes 
were  measured  in  bulk  precipitation  collected  at 
Round  and  East  Eightmile  lakes  during  1981-82 
and  1982-83  and  in  wet/dry  deposition  collected  at 
Round  Lake  during  1982-83.  The  ranking  of  ca- 
tions in  bulk  precipitation  at  both  watersheds  over 
the  2-yr  period  was  H-ion  and  NH4,  Ca,  Mg,  K; 
Na,  anions  were  ranked  SC4,  N03,  CI.  The 
volume-weighted  mean  annual  pH  of  bulk  precipi- 
tation ranged  between  4.54  and  4.70  at  the  two 
watersheds  over  the  2-yr  period.  The  annual  vari- 
ations in  ion  fluxes  in  bulk  precipitation  at  a  given 
watershed  were  <  20%  (coefficient  of  variance), 
except  for  K  at  Round  Lake.  Although  no  statisti- 
cal comparisons  were  made,  annual  fluxes  of  ions 
were  similar  at  the  two  watersheds  for  a  given 
budget  year.  Ion  fluxes  in  bulk  precipitation  varied 
seasonally  in  accordance  with  variations  in  volume 
of  precipitation.  Fluxes  commonly  were  lower  in 
the  winter  months  when  the  quantity  of  precipita- 
tion was  lower  than  during  the  remainder  of  the 
year.  There  were  no  significant  differences  in  ion 
fluxes  between  bulk  precipitation  and  wet  +  dry 
deposition  at  Round  Lake  in  1982-83,  except  for 
lesser  amounts  of  NH4  and  Na  in  bulk  precipita- 
tion. Given  that  bulk  precipitation  had  greater 
amounts  of  N03  and  significantly  lesser  amounts 
of  NH4  than  wet  +  dry  deposition,  microbial 
transformations  may  have  occurred  in  the  bulk 
collectors  between  sampling  events.  Dry  deposi- 
tion contributed  approximately  20%  of  the  total 
cations  and  anions  in  wet  +  dry  deposition  at 
Round  Lake  in  1982-83.  (See  also  W90-03790) 
(Lantz-PTT) 
W90-03792 


TERRESTRIAL  COMPONENT. 

Wisconsin  Univ.,  Madison. 

J.  G.  Bockheim,  J.  E.  Leide,  L.  C  Sheng,  E.  A. 

Jepsen,  and  J.  M.  Esser. 


72 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution— Group  5B 


IN-  The  Wisconsin  Regional  Integrated  Lake-Wa- 
tershed Acidification  Study  (RILWAS):  1981- 
1983.  Interim  Report,  January  1989.  p  64-89,  12 
tab,  132  ref. 

Descriptors:  'Path  of  pollutants,  *  Acid  rain,  *Geo- 
hydrology,  *Buffering,  'Wisconsin,  *Throughfall, 
Forests,  East  Eightmile  Lake,  Round  Lake,  Vege- 
tation, Hydrogen  ion  concentration,  Calcium,  Am- 
monium, Magnesium,  Potassium,  Soil  chemistry. 

The  specific  objectives  of  the  terrestrial  compo- 
nent of  the  Wisconsin  watershed  project  were:  (1) 
to  compare  statistically  the  fluxes  of  ions  in  water 
moving  through  the  predominant  terrestrial  eco- 
systems of  the  two  watersheds;  and  (2)  to  evaluate 
the   sensitivity   of  the   terrestrial   ecosystems   to 
acidic  deposition.  Hydrogen  ions  contributed  by 
acidic  deposition  are  neutralized  by  terrestrial  eco- 
systems at  Round  and  East  Eightmile  lakes.  The 
vegetation  plays  an  initial  role  in  this  buffering 
process.  Whereas  the  fluxes  of  H  ion  and  NH4 
were  significantly  less  in  throughfall,  fluxes  of  Ca, 
Mg,  and  K.  commonly  were  greater  in  throughfall 
of  all  forest  types  examined  than  in  bulk  precipita- 
tion. Throughfall  fluxes  of  base  cations  generally 
were    greater    beneath    deciduous    forest    types 
(aspen,  mixed  oak,  paper  birch)  than  beneath  conif- 
erous vegetation  (jack  pine).  However,  differences 
in  fluxes  of  ions  at  the  bottom  of  the  rooting  zone 
as  a  function  of  vegetation,  including  areas  devoid 
of  woody  vegetation,  were  minimal.  This  is  due  to 
greater  uptake  rates  of  base  ions  by  the  deciduous 
vegetation,  especially  for  Ca,  than  for  the  other 
vegetation  types.  Therefore,  buffering  of  H  ion 
appears  to  be  accomplished  predominantly  in  the 
soil  profile.  Mineralogic  studies  revealed  that  pla- 
gioclase  feldspar,  hornblende,  olivine,  and  augite 
are  undergoing  chemical  alteration.  In  contrast,  the 
more  resistant  orthoclase  feldspar  and  quartz  are 
accumulating   in   the   upper   soil   horizons.    The 
Omega  soil,  the  dominant  soil  of  each  watershed, 
contains  from  45-55%  weatherable  minerals  in  the 
100-50  micrometer  fraction.  Buffering  reactions  in 
the  soil  may  include  hydrolysis  of  silicate  minerals, 
ion  exchange,  and  mineralizations  of  soil  organic 
matter.  (See  also  W90-03790)  (Lantz-PTT) 
W90-03793 


HYDROLOGIC  COMPONENT. 

Geological  Survey,  Madison,  WI.  Water  Re- 
sources Div. 

D.  A.  Wentz,  W.  J.  Rose,  and  J.  T.  Krohelski. 
IN:  The  Wisconsin  Regional  Integrated  Lake-Wa- 
tershed   Acidification    Study    (RILWAS):    1981- 
1983.  Interim  Report,  January  1989.  p  90-167,  26 
fig,  16  tab,  45  ref. 

Descriptors:  *Acid  rain,  *Wisconsin,  •Groundwat- 
er, *Precipitation,  *Hydrologic  budget,  *Surface- 
groundwater  relations,  East  Eightmile  Lake, 
Water  table  fluctuations,  Seasonal  variation,  Snow- 
melt,  Chemical  analysis,  Hydrogen  ion  concentra- 
tion, Silicates,  Sulfates,  Round  Lake. 

Total  annual  precipitation  and  its  monthly  distribu- 
tion are  similar  at  Round  and  East  Eightmile  lakes 
in  northwestern  Wisconsin.  Snowpack  accumula- 
tion and  snowmelt  are  analogous  at  the  two  sites, 
with  most  differences  resulting  from  differences  in 
cover  type.  Annual  lake  evaporation  is  equal  to  or 
slightly  less  than  precipitation  at  the  two  sites. 
Lake  stage  and  water  table  fluctuations  follow 
each  other  at  the  two  sites.  Water  table  altitudes 
reached  minimum  values  during  May  1982  and 
increased  from  then  until  the  end  of  the  study 
period,  in  August  1983,  in  response  to  greater  than 
normal  precipitation.  Round  Lake  fully  penetrates 
and  interacts  with  the  saturated  thickness  of  the 
drift,  but  East  Eightmile  Lake  is  partially  penetrat- 
ing. Both  lakes  are  groundwater  flow-through 
types.  The  hydrologic  budgets  indicate  that  inflow 
to  both  lakes  is  dominated  by  precipitation  (67- 
70%  for  East  Eightmile  Lake  and  85-88%  for 
Round  Lake).  Water  residence  times  are  8  to  10 
years  at  Round  Lake,  but  chemical  residence  times 
are  on  the  order  of  100  years.  Changes  in  water- 
shed snowpack  chemistry  during  spring  snowmelt 
show  that  57-66%  of  the  ion  load  is  released  with 
the  first  29-44%  of  the  melt  water.  However,  sur- 
face runoff  to  the  lakes  is  nonexistent.  Silicate 
hydrolysis  is  the  dominant  weathering  process  con- 


trolling groundwater  chemistry  at  both  study 
areas.  Hydroxyl  ion  released  by  this  process  ac- 
counts for  the  buffering  capacity  of  the  ground- 
water. Longer  contact  time  in  the  deeper  ground- 
water allows  equilibrium  to  be  approached,  result- 
ing in  higher  pH's  and  saturation  with  respect  to 
calcite.  Sulfate  reduction  appears  to  be  occurring 
at  both  sites  as  water  passes  from  upgradient 
groundwater  through  the  lake  water  to  downgra- 
dient  groundwater.  Decreasing  pH's  in  upgradient 
groundwater  during  the  two  years  of  the  study 
may  have  resulted  from  increased  recharge,  which 
also  has  caused  water  table  altitudes  and  lake 
stages  to  increase.  (See  also  W90-03790)  (Lantz- 
PTT) 
W90-O3794 


CHEMICAL  INPUT-OUTPUT  BUDGETS. 

Geological  Survey,  Madison,  WI.  Water  Re- 
sources Div. 

D.  A.  Wentz,  P.  J.  Garrison,  and  J.  G.  Bockheim. 
IN-  The  Wisconsin  Regional  Integrated  Lake-Wa- 
tershed   Acidification    Study    (RILWAS):    1981- 
1983.  Interim  Report,  January  1989.  p  196-221,  2 
fig,  11  tab,  16  ref. 

Descriptors:  'Chlorides,  'Water  pollution  sources, 
•Chemical  analysis,  'Path  of  pollutants,  *Acid 
rain,  *Wisconsin,  East  Eightmile  Lake,  Round 
Lake,  Surface-groundwater  relations,  Calcium, 
Magnesium,  Potassium,  Sodium,  Air  pollution,  Sul- 
fates, Groundwater  movement,  Groundwater  pol- 
lution. 

Assuming  that  chloride  is  conservative  within  a 
lake  system,  analysis  of  chloride  budgets  at  Round 
and  East  Eightmile  lakes  in  northwestern  Wiscon- 
sin indicates  that  neither  errors  in  volume  (hydro- 
logic  budget)  nor  errors  in  chloride  concentration 
for  any  single  budget  component  were  likely  to 
account  for  the  overall  chloride  budget  errors. 
Chloride  budgets  supported  the  hydrologic  budg- 
ets for  both  lakes.  Direct  atmospheric  deposition 
provided  most  of  the  hydrogen  ion,  chloride,  and 
inorganic  nitrogen  inputs  to  both  lakes,  whereas 
groundwater  inflow  accounted  for  the  majority  of 
the  calcium,  magnesium,  sodium,  alkalinity,  and 
silica  inputs.  Inputs  of  potassium  and  sulfate  were 
primarily   from   groundwater   at   East   Eightmile 
Lake  but   at   Round   Lake,   where   groundwater 
inflow  was  smaller,  these  constituents  came  pri- 
marily from  atmospheric  deposition.   Both  lakes 
retained  hydrogen  ion,  silica,  inorganic  nitrogen, 
and  sulfate,  but  released  alkalinity  to  the  ground- 
water system.  Calcium  and  magnesium  were  re- 
leased from  East  Eightmile  Lake,  but  behaved 
approximately  as  chloride  in  Round  Lake.  Calci- 
um, magnesium,  potassium,  and  sodium  mass  in- 
creased as  atmospheric  deposition  passed  through 
the  forest  canopy   and  soil  to  the  base  of  the 
rooting  zone,  whereas  mass  of  hydrogen  ion,  and 
inorganic  nitrogen  decreased.  Changes  in  sulfate 
mass  were  variable.  The  mass  of  most  constituents 
decreased  during  passage  from  the  deep  soil  to  the 
groundwater.  The  latter  decrease  was  due  primari- 
ly to  a  reduction  in  solution  volume.  Concentra- 
tions of  potassium,  sodium,  hydrogen  ion,  and  inor- 
ganic nitrogen  in  the  groundwater  were  equal  to  or 
less  than  those  in  the  deep  soil  leachate;  however, 
concentrations  of  calcium,  magnesium,  and  sulfate 
in  groundwater  were  greater  than  in  deep  soil 
leachate.  (See  also  W90-03790)  (Lantz-PTT) 
W90-03796 


MODELLING  COMPONENT. 

Tetra  Tech,  Inc.,  Lafayette,  CA. 
S.  A.  Gherini,  and  C.  W.  Chen. 
IN:  The  Wisconsin  Regional  Integrated  Lake-Wa- 
tershed   Acidification    Study    (RILWAS):    1981- 
1983.  Interim  Report,  January  1989.  p  222-281,  21 
fig,  5  tab,  6  ref,  append. 

Descriptors:  *Limnology,  *Lake  acidification, 
•Acid  rain  effects,  *Hydrologic  models,  *Model 
studies,  *Wisconsin,  Round  Lake,  East  Eightmile 
Lake,  Water  chemistry,  Sulfates,  Surface-ground- 
water  relations,  Snowpack,  Wisconsin  Regional  In- 
tegrated Lake-Watershed  Acidification. 

The  Wisconsin  Regional  Integrated  Lake-Water- 
shed Acidification  (RILWAS)  project  was  initiat- 


ed to  determine  the  influence  of  acid  deposition  on 
Wisconsin's  surface  waters  and  at  the  same  time  to 
test  the  applicability  of  the  ILWAS  simulation 
model   to   such  systems.   During  this   RILWAS 
study,  the  model  was  applied  to  several  lakes  in  the 
Adirondacks,   a  mountain  stream   system  in  the 
Coweeta  Experimental  Forest  in  North  Carolina, 
and  to  two  seepage  lakes  in  Wisconsin:  Round  and 
East  Eightmile  lakes.  In  applying  the  model  to  the 
Wisconsin  seepage  lakes,  certain  difficulties  were 
encountered.   Unlike  the  other  RILWAS  water 
bodies,  all  lake  outflow  in  Round  and  East  Eight- 
mile  lakes,  other  than  evaporation,  is  by  ground- 
water seepage.  This  type  of  outflow  cannot  be 
directly  measured  and,  therefore,  cannot  be  used 
for  model  calibration.  In  addition,  all  inflow,  other 
than  direct  precipitation,  is  groundwater  seepage, 
from  variable  source  areas.  Specifically,  the  size  of 
the  watersheds  tributary  to  the  lake  are  not  con- 
stant but  change  with  time.  The  suite  of  acid-base 
chemical  processes  simulated  by  the  model  is  quite 
large,    including    wet    and    dry    deposition,    tree 
growth,  biomass  decay,  ion  exchange,  weathering, 
algal  growth,  etc.  Unlike  the  previously  modeled 
water  bodies,  however,  the  hydraulic  residence 
time  in  the  two  Wisconsin  lakes  is  long  and  in-lake 
alkalinity-producing  reactions  such  as  sulfate  re- 
duction, which  were  not  included  in  the  ILWAS 
model,   become   quantitatively   important.   These 
factors   have   made   application   of  the   ILWAS 
model  to  the  two  northern  Wisconsin  watershed 
systems  the  most  demanding  application  to  date. 
Application  of  the  model  required  modifications 
for  seepage  inflow  and  outflow  and  of  the  calibra- 
tion procedures.  Input  data  included  soil  proper- 
ties, snowpack  and  soil  parameters,  and  lake  char- 
acteristics. The  modified  model  simulated  snow- 
pack depths,  lake  evaporation,  groundwater  eleva- 
tions, lake  stage,  and  ice  thickness  with  a  reasona- 
ble degree  of  accuracy.  There  were  some  discrep- 
ancies (e.g.  under-prediction  of  snowpack)  which 
may  be  attributable  to  errors  in  the  model,  the 
data,  or  both.  (See  also  W90-03790)  (Lantz-PTT) 
W90-03797 


PETROLEUM  CONTAMINATED  SOILS. 
VOLUME  I:  REMEDIATION  TECHNIQUES, 
ENVIRONMENTAL  FATE,  RISK  ASSESS- 
MENT. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-03830 


SOIXS  CONTAMINATED  BY  MOTOR  FUELS: 
RESEARCH  ACTD/TITES  AND  PERSPEC- 
TIVES OF  THE  AMERICAN  PETROLEUM  IN- 
STITUTE. 

American  Petroleum  Inst.,  Washington,  DC. 
B.  J.  Bauman. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.  1989.  p  3-19,  1  tab,  34  ref. 

Descriptors:  *Soil  contamination,  *Oil  pollution, 
•Fate  of  pollutants,  'Cleanup  operations,  Environ- 
mental protection,  American  Petroleum  Institute, 
Research  priorities,  Hydrocarbons,  Fuel. 

The  general  nature  of  the  processes  that  affect 
motor  fuel  in  soils  are  discussed,  emphasizing  the 
natural  propensity  for  contaminant  depletion  in 
soils  which  in  turn  mitigates  potential  environmen- 
tal risks.  The  importance  of  careful  definition  and 
evaluation  of  the  potential  risks  that  are  uniquely 
associated  with  each  site  has  also  been  emphasized. 
It  has  been  demonstrated  that  at  any  given  site,  any 
potential  risks  are  the  result  of  the:  nature  and  level 
of  the  contamination;  site-specific  conditions 
which  influence  possible  routes  of  contaminant 
exposure;  and  the  proximity  of  potential  receptors 
(e.g.,  human  populations)  to  the  contaminated  soil. 
It  is  important  to  appreciate  that  the  inherent  di- 
versity among  sites  dictates  that  a  regulatory  pro- 
gram possess  sufficient  flexibility  to  allow  for  the 
design  of  site-specific  cleanup  goals  and  technical 
strategies  to  achieve  them.  This  can  best  be 
achieved  through  an  evaluation  of  the  potential 
environmental,  public  health,  and  safety  risks 
present  at  a  site,  as  opposed  to  strict  assignment  of 
numerical  standards  as  cleanup  objectives.  Work- 
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ing  together  within  this  framework,  industry  and 
the  regulatory  community  can  provide  practical 
solutions  to  the  complex  problem  of  soil  contami- 
nation by  petroleum  hydrocarbons.  The  American 
Petroleum  Institute  will  continue  its  research  ef- 
forts to  provide  an  improved  understanding  of  soil 
contamination  and  its  mitigation.  The  regulatory 
community  can  facilitate  the  development  of  inno- 
vative cleanup  techniques  by  encouraging  careful 
experimentation  with  new  methods,  and  by  stream- 
lining the  permitting  process  required  for  such 
projects.  Perhaps  more  importantly,  by  continuing 
efforts  in  the  area  of  prevention  of  petroleum  hy- 
drocarbon releases  to  the  environment,  it  will  be 
possible  to  maximize  the  protection  of  soil  and 
groundwater  quality.  (See  also  W9O-O3830)  (Lantz- 
PTT) 
W9O-03831 


STATE'S  PERSPECTIVE  OF  THE  PROBLEMS 
ASSOCIATED  WITH  PETROLEUM  CONTAMI- 
NATED SOILS. 

Orange  County  Div.   of  Environmental   Health, 
CA.  Hazardous  Waste  Management  Section. 
For  primary  bibliographic   entry   see  Field   5G 
W90-03832 


PROBLEMS  DEALING  WITH  PETROLEUM 
CONTAMINATED  SOILS:  A  NEW  JERSEY 
PERSPECTIVE. 

New  Jersey  Dept.  of  Environmental  Protection, 

Trenton.  Office  of  Science  and  Research. 

For  primary  bibliographic  entry   see   Field   5G. 

W9O-03833 


FEDERAL  UNDERGROUND  STORAGE  TANK 
REGULATIONS  AND  CONTAMINATED 
SOUS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Underground  Storage  Tanks. 
R.  A.  Valentinetti. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.  1989.  p  55-60,  2  ref. 

Descriptors:  'Underground  waste  disposal,  ♦Un- 
derground storage,  'Waste  disposal,  'Soil  contami- 
nation, Oil  pollution,  Path  of  pollutants,  Cleanup 
operations,  Technology,  Hazardous  wastes. 

Although  federal  regulations  are  necessary  to  initi- 
ate cleanup  of  soils  contaminated  with  petroleum, 
EPA  Office  of  Underground  Storage  Tanks 
(OUST)  is  enthusiastic  about  pursuing  any  activi- 
ties that  will  enhance  the  cleanup  of  contaminated 
soil  'outside  the  regulations.'  One  function  of  the 
federal  government  is  to  provide  basic  assistance 
and  tools  to  its  franchisees.  The  greatest  need  for 
this  approach  is  in  the  area  of  contaminated  soils, 
because  so  little  information  currently  is  available. 
With  the  assistance  of  the  Office  of  Research  and 
Development  (ORD),  the  following  two-pronged 
attack  on  this  problem  has  been  initiated:  focus  on 
better  understanding  the  physical  and  chemical 
mechanisms  that  retain  and  release  petroleum  that 
has  been  absorbed  into  the  soil;  and  evaluate  inno- 
vative technologies  for  transforming  existing  treat- 
ment levels  and  achieve  low  level.  The  objectives 
of  this  first  project  will  be:  (a)  to  characterize  the 
mechanism  of  hydrocarbon  migration,  retention, 
and  transformation  in  the  saturated,  as  well  as 
unsaturated  zones;  and  (b)  to  use  this  information 
to  improve  removal  technologies,  especially  in  in 
situ  settings.  These  objectives  could  also  be  de- 
scribed as  fate  and  transport  as  it  applied  to  correc- 
tive action.  The  second  ORD  effort  will  be  to 
evaluate  some  innovative  technologies  in  the  field, 
somewhat  similar  to  the  Superfund  Innovative 
Technology  Evaluation  Program  (SITE  program). 
Through  the  SITE  program,  EPA  will  assist  in 
commercially  developing  and  demonstrating  the 
use  of  promising  new  technologies  at  hazardous 
waste  sites.  The  UST  program  will  try  to  build  on 
'he  technology  development  and  experience  of 
SITE'S  program.  (See  also  W90-03830)  (Lantz- 
PTT) 
W90-03834 


MODELING  PETROLEUM  PRODUCTS  IN 
SOILS. 

Toronto  Univ.  (Ontario).  Dept.  of  Chemical  Engi- 
neering and  Applied  Chemistry. 
L.  Eastcott,  W.  Y.  Shiu,  and  D.  Mackay. 
IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea 
Michigan.  1989.  p  63-80,  7  fig,  2  tab,  17  ref. 

Descriptors:  'Soil  contamination,  *Oil  pollution, 
*Path  of  pollutants,  •Model  studies,  *Fate  of  pol- 
lutants, Biodegradation,  Quantitative  analysis,  Hy- 
drocarbons, Chemical  analysis. 

It  is  relatively  easy  to  describe  the  fate  of  petrole- 
um in  soils  in  merely  qualitative  terms.  For  exam- 
ple, it  is  clear  that  volatile  petroleum  products  such 
as  gasoline  experience  considerable  loss  by  evapo- 
ration; normal  alkanes  are  subject  to  fairly  rapid 
biodegradation;  aromatic  hydrocarbons,  particular- 
ly those  of  lower  molecular  weight,  are  very  sus- 
ceptible to  dissolution  into  water  and  may  thus 
cause  contamination  of  water  supplies  in  the  locali- 
ty. It  is,  however,  much  more  difficult  to  make 
rigorous,    scientifically    justifiable    statements    in 
which  these  processes  are  described  in  quantitative 
terms.  It  is  believed,  however,  that  by  a  combina- 
tion of  complementary  laboratory  studies  and  field 
studies,  it  should  be  possible  to  develop  an  im- 
proved capability  of  predicting  the  fate  of  petrole- 
um in  soils.  One  approach  toward  developing  this 
capability  is  the  study  of  the  fate  of  oil  in  laborato- 
ry soil  microcosms  or  'soil  boxes'.  This  approach 
has  the  advantage  that  more  information  can  be 
obtained  with  greater  accuracy  and  precision,  and 
modeling  is  easier.  There  are  two  distinct  intellec- 
tual challenges  in  this  work.  The  first  is  to  design 
and  conduct  experiments,  and  interpret  the  result- 
ing data  to  obtain  an  understanding  of  the  domi- 
nant processes  and  their  approximate  rates.  The 
second  task  is  to  formulate  a  mathematical  model 
which  will  consist  of  equations  founded  in  physical 
and  chemical  reality,  and  which  describe  only  the 
more  significant  processes.  The  various  parameters 
in  this  model  must  then  be  determined,  as  well  as 
their  dependence  on  variables  such  as  temperature, 
soil  type,  oxygen  status,  and  availability  of  nutri- 
ents.  A   suite  of  models  is  now   emerging  that 
describe  the  fate  of  oil  in  soils.  Some  will  treat  the 
migration  or  flow  of  the  bulk  phase  under  the 
action   of  gravity   and    hydraulic    and    capillary 
forces.  Others  will  treat  the  gradual  decay  of  hy- 
drocarbons over  a  period  of  months  as  they  are 
subject  to  evaporation,  dissolution,  and  biodegra- 
dation. The  purpose  of  these  models  is  not  just  to 
describe  the  science  of  chemical  fate  in  soil,  but  to 
contribute  to  an  improved  ability  to  describe,  re- 
spond  to,   and   mitigate   the  fate  and  effects  of 
hydrocarbons   in   real   spill   situations.   (See   also 
W90-03830)  (Lantz-PTT) 
W90-03835 


MOVEMENT  AND  RETENTION  OF  ORGAN- 
ICS  IN  SOIL:  A  REVIEW  AND  A  CRITIQUE  OF 
MODELING. 

Massachusetts  Univ.,  Amherst.  Dept.  of  Plant  and 
Soil  Sciences. 
D.  Hillel. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.  1989.  p  81-86. 

Descriptors:  'Path  of  pollutants,  'Fate  of  pollut- 
ants, •Soil  contamination,  'Model  studies,  Soil  tex- 
ture, Water  table,  Soil  properties,  Soil  water. 

The  migration,  retention,  and  transformation  of 
mobile  materials  in  the  soil  is  affected  by  the  nature 
of  the  soil.  Among  the  properties  and  conditions  of 
the  soil  which  affect  the  flow  regime  are  the 
following:  (1)  soil  type,  or,  to  simplify,  soil  texture; 
(2)  the  vertical  uniformity  or  nonuniformity  of  the 
soil;  (3)  the  configuration  of  the  soil  layers;  (4)  the 
depth  to  the  water  table;  (5)  the  structure  of  the 
soil;  (6)  the  possibility  of  unstable  flow;  and  (7)  soil 
moisture.  Modeling  allows,  in  principle,  the  devel- 
opment of  some  statistical  and  simulation  methods 
to  handle  several  processes  and  effects  simulta- 
neously. Computer-based  models  appear  capable  of 
reducing  a  complex  system  to  one  of  orderly  and 


manageable  proportions.  The  very  exercise  of  de- 
signing, operating,  and  testing  such  models  has 
helped  gain  more  insight  into  the  workings  of  an 
actual  system,  and  to  develop  criteria  to  predict  its 
behavior  under  varying  conditions.  The  process  of 
modeling  consists  of  choosing  the  facts  and  factors 
deemed  to  be  most  relevant  and  essential  to  the 
solution  of  a  perceived  problem,  and  then  formu- 
lating the  relationships  governing  these  factors. 
Therefore,  it  is  a  basically  subjective  exercise.  (See 
also  W90-03830)  (Lantz-PTT) 
W90-03836 


APPLICABILITY  OF  POSSM  TO  PETROLE- 
UM PRODUCT  SPILLS. 

CH2M/HU1,  Bellevue,  WA. 
W.  J.  Shields,  and  S.  M.  Brown. 
IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.  1989.  p  87-104,  6  fig,  3  tab,  8  ref.  EPRI 
Contract  RP  2634-1. 

Descriptors:  'Oil  pollution,  *Path  of  pollutants, 
*Soil  contamination,  'Fate  of  pollutants,  •Model 
studies,  'Oil  spills,  POSSM,  Simulation  analysis. 

Petroleum  products  are  complex  mixtures  of  hy- 
drocarbons with  widely  varying  physical-chemical 
properties.  When  spilled  on  soil,  the  environmental 
behavior  of  a  petroleum  product  is  controlled  by  a 
number  of  processes.  The  need  to  evaluate  poten- 
tial environmental  and  human  health  impacts  has 
prompted  risk  analysts  to  use  chemical  transport 
and  fate  models  to  predict  the  potential  environ- 
mental behavior  of  petroleum  products  in  soil. 
Most  of  the  available  models  simulate  the  transport 
and  fate  of  chemicals  in  the  soluble  phase,  rather 
than  the  immiscible  phase.  Most  of  the  available 
models  were  also  developed  for  individual  chemi- 
cals, not  mixtures  of  chemicals.  Thus,  risk  analysts 
are  currently  faced  with  the  problem  of  trying  to 
apply  single-component,  solute  transport  models  to 
petroleum  product  spills.  One  model  that  potential- 
ly fills  the  gap  that  currently  exists  between  the 
available  modeling  technology  and  needs  of  the 
risk  analyst  is  the  Polychlorinated  Biphenyl  Onsite 
Spill  Model  (POSSM).  The  POSSM  model  may 
fill  a  gap  for  risk  analysts  who  need  to  evaluate 
potential  impacts  associated  with  petroleum  prod- 
uct spills.  An  initial  evaluation  of  potential  simula- 
tion strategies  suggests  that  either  the  binary  mix- 
ture or  Monte  Carlo  versions  of  POSSM  are  the 
most  applicable.  Of  the  simulation  strategies  that 
were  identified,  the  individual  component-mixture 
and  soluble-insoluble  fraction  strategies  appear  to 
be  the  most  applicable.  Field  or  laboratory  data  are 
needed  to  test  the  applicability  of  each  version  of 
POSSM  and  each  simulation  strategy,  and  to  fur- 
ther assess  potential  limitations.  (See  also  W90- 
03830)  (Lantz-PTT) 
W90-03837 


UTILITY  OF  ENVIRONMENTAL  FATE 
MODELS  TO  REGULATORY  PROGRAMS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Research  and  Development. 
M.  A.  Callahan. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.   1989.  p   105-112,   1  fig,  3  tab,   13  ref. 

Descriptors:  'Fate  of  pollutants,  'Management 
planning,  *Model  studies,  Risk  assessment,  Regula- 
tions, Population  exposure. 

The  role  of  an  environmental  fate  model  in  a 
regulatory  agency  such  as  EPA  is  as  a  predictive 
tool  useful  in  estimating  both  present  and  potential 
exposures.  The  EPA  Guidelines  for  Estimating 
Exposure  define  exposure  as  the  contact  with  a 
chemical  or  physical  agent.  The  magnitude  of  this 
contact  is  determined  by  measuring  or  estimating 
the  amount  of  an  agent  available  at  the  exchange 
boundaries  (i.e.,  lungs,  gut,  skin)  during  some  spe- 
cific time.  Three  approaches  are  commonly  used  to 
evaluate  exposure:  (1)  direct  measurement  of  expo- 
sure; (2)  reconstructive  exposure  assessment  ap- 
proach; and  (3)  predictive  exposure  assessment  ap- 
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proach.  Risk  management  decisions  in  EPA 
depend  not  only  on  risk  assessment,  but  also  on 
other  factors  such  as  cost  and  practicability.  Envi- 
ronmental fate  models  can  be  powerful  tools  in 
helping  assess  both  current  situations  and  predict- 
ing the  results  of  control  alternatives  being  consid- 
ered, but  fate  models  themselves  do  not  direct 
decisions.  Models  are  an  important  part  of  a  much 
larger  process  of  risk  assessment  and  risk  manage- 
ment, and  it  is  this  process  that  the  agency  decision 
makers  use  to  help  them  make  regulatory  deci- 
sions. (See  also  W90-03830)  (Lantz-PTT) 
W90-03838 


EVALUATION  OF  ORGANIC  MATERIALS 
THAT  INTERFERE  WITH  STABILIZATION/ 
SOLIDIFICATION  PROCESSES. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS. 

For  primary  bibliographic  entry   see  Field   5G. 

W90-03840 

SUPERFUND  EXPOSURE  ASSESSMENT 
MANUAL. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-135859. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/540/1-88/001,  April  1988.  157p, 
15  fig,  27  tab,  177  ref,  3  append. 

Descriptors:  *Path  of  pollutants,  'Handbooks, 
•Fate  of  pollutants,  'Pollutant  identification,  *Path 
of  pollutants,  *Water  pollution  sources,  •Super- 
fund,  Monitoring,  Hazardous  wastes,  Water  pollu- 
tion effects. 

The  analytical  process  outlined  in  the  Superfund 
Exposure  Assessment  Manual  provides  a  frame- 
work for  the  assessment  of  exposure  to  contami- 
nants at  or  migrating  from  uncontrolled  hazardous 
waste  sites.  The  application  of  both  monitoring  and 
modeling  procedures  in  the  exposure  assessment 
process  is  outlined.  This  process  considers  all  con- 
taminant releases  and  exposure  routes  and  assures 
that  an  adequate  level  of  analytical  detail  is  applied 
to  support  the  human  health  risk  assessment  proc- 
ess. The  analytical  process  is  structured  in  five 
segments:  (1)  analysis  of  contaminant  releases  from 
a  subject  site  into  environmental  media;  (2)  evalua- 
tion of  the  transport  and  environmental  fate  of  the 
contaminants  released;  (3)  identification,  enumera- 
tion, and  characterization  of  potentially  exposed 
populations;  (4)  integrated  exposure  analysis;  and 
(5)  uncertainty  analysis.  The  Superfund  Exposure 
Assessment  Manual  supports  the  development  of 
exposure  assessments  that  are  consistent  from  site 
to  site,  and  provides  a  means  of  documenting  that 
each  site  receives  adequate  evaluation.  The  proce- 
dures presented  reflect  current  (at  the  time  of 
publication)  state-of-the-art  methods  for  conduct- 
ing an  exposure  assessment.  However,  it  is  impor- 
tant for  the  analyst  to  recognize  that  exposure 
assessment  is  a  developing  science.  Although  the 
overall  protocol  for  conducting  exposure  assess- 
ments at  Superfund  sites  will  not  change  signifi- 
cantly over  time  and  the  basic  parameters  needed 
as  input  to  the  analysis  are  not  likely  to  change, 
alternative  analytical  methods  may  be  developed 
for  many  parts  of  the  assessment.  The  methods 
presented  in  the  manual  can  serve  as  a  benchmark 
against  which  such  new  methods  can  be  compared. 
(Author's  abstract) 
W90-03849 


DEVELOPMENT  OF  JTJEAS  ON  THE  NATURE 
AND  AGENTS  OF  BIOMETHANOGENESIS. 

California  Univ.,  Davis.  Dept.  of  Bacteriology. 
For  primary  bibliographic  entry  see  Field  5D. 
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ACETATE  METABOLISM  BY  METHANOSAR- 
CTNA. 

Wisconsin  Univ.,  Madison.  Dept.  of  Bacteriology. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-03852 


METABOLISM  OF  H2  AND  C02  BY  METHAN- 
OBACTERIUM. 

Marburg  Univ.  (Germany,  F.R.).  Fachbereich  Bio- 

For  primary  bibliographic  entry  see  Field   5D. 
W90-03854 

EFFECT  OF  HYDROGEN  CONCENTRATION 
ON  POPULATION  DISTRIBUTION  AND  KI- 
NETICS IN  METHANOGENESIS  OF  PROPIO- 
NATE. -  . 
Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-03855 

ENERGETICS  OF  H2-PRODUCING  SYNTRO- 
PHIC  BACTERIA. 

Oklahoma  Univ.,  Norman.  Dept.  of  Botany  and 

Microbiology. 

For  primary  bibliographic  entry   see  Field   5U. 

W90-03856 

LINK  BETWEEN  HYDROGEN  AND  SULFUR 

METABOLISMS       IN       METHANOSARCINA 

BARKERI  (DSM  800). 

CEA  Centre  d'Etudes  Nucleases  de  Cadarache, 

Saint-Paul-les-Durance  (France). 

For  primary  bibliographic  entry  see  Field   5D. 
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ASSrMTLATORY  REDUCTION  OF  N2  AND 
N03  BY  METHANOCOCCUS  THERMOLITH- 
OTROPHICUS. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Microbiology. 
For  primary  bibliographic  entry  see  Field  5D. 
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PRELIMINARY  ANALYSIS  FOR  TRENDS  IN 
SELECTED  WATER  QUALITY  CHARACTER- 
ISTICS, POWDER  RTVER,  MONTANA  AND 
WYOMING,  WATER  YEARS,  1952-85. 

Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

L.  E.  Cary. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4050, 
June  1989.  25p,  4  fig,  6  tab,  12  ref. 

Descriptors:  *Salinity,  *Statistical  analysis,  ♦Sto- 
chastic process,  'Water  quality,  'Montana,  'Wyo- 
ming, Surface  water. 

Selected  water-quality  data  from  two  streamflow- 
gaging  stations  on  the  Powder  River,  Montana  and 
Wyoming,  were  statistically  analyzed  for  trends 
using  the  seasonal  Kendall  test.  Data  for  water 
years  1952-63  and  1975-85  from  the  Powder  River 
near  Locate,  Montana,  and  water  years  1967-68 
and   1976-85  from  the  Powder  River  at  Sussex, 
Wyoming,   were  analyzed.   Data  for  the  earlier 
period    near    Locate    were    discharge-weighted 
monthly  mean  values,  whereas  data  for  the  late 
period  near  Locate  and  at  Sussex  were  from  peri- 
odic samples.  For  data  from  water  years  1952-63 
near  Locate,  increasing  trends  were  detected  in 
sodium   and   sodium-adsorption   ratio;   no   trends 
were  detected  in  specific  conductance,  hardness, 
non-carbonate     hardness,     alkalinity,     dissolved 
solids,  or  sulfate.  For  data  from  water  years  1975- 
85  near  Locate,  increasing  trends  were  detected  in 
specific  conductance,  sodium,  sodium-adsorption 
ratio,  and  chloride;  no  trends  were  detected  in 
hardness,  noncarbonate  hardness,  alkalinity,  dis- 
solved solids,  calcium,  magnesium,  potassium,  or 
sulfate.  At  Sussex  (water  years  1967-68  and  1976- 
85),  increasing  trends  were  detected  in  sodium, 
sodium-adsorption  ratio,  and  chloride,  and  a  de- 
creasing trend  was  detected  in  sulfate.  No  trends 
were  detected  in  specific  conductance,  alkalinity, 
or  dissolved  solids.  When  the  1967-68  data  were 
deleted  and  the  analysis  repeated  for  the  1976-85 
data,  only  sodium-adsorption  ratio  displayed  a  sig- 
nificant (increasing)  trend.  Because  the  study  was 
exploratory,  causes  and  effects  were  not  consid- 
ered. The  results  might  have  been  affected  by 
sample  size,  number  of  seasons,  heterogeneity,  sig- 
nificance level,  serial  correlation,  and  data  adjust- 
ment for  changes  in  discharge.  (USGS) 
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CONSTRUCTION  DATA  AND  RETRIEVAL 
PROCEDURES  FOR  SELECTED  WELLS 
DRILLED  FROM  1985  THROUGH  1987  AT 
OAK  RIDGE  NATIONAL  LABORATORY,  TEN- 
NESSEE. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-03878 

HYDROGEOLOGY,    BRACKISH-WATER    OC- 
CURRENCE,  AND   SIMULATION   OF  FLOW 
AND     BRACKISH-WATER     MOVEMENT     IN 
THE  AQUIA  AQUIFER  IN  THE  KENT  ISLAND 
AREA,  MARYLAND. 
Maryland  Geological  Survey,  Baltimore. 
For  primary  bibliographic  entry  see  Field  2F. 
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EFFECTS  OF  THREE  HIGHWAY-RUNOFF 
DETENTION  METHODS  ON  WATER  QUAL- 
ITY OF  THE  SURFICIAL  AQUIFER  SYSTEM 
IN  CENTRAL  FLORIDA. 

Geological  Survey,  Orlando,  FL.  Water  Resources 
Div. 

D.  M.  Schiffer. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4170, 
1989.  79p,  38  fig,  20  tab. 

Descriptors:  'Highway  effects,  'Groundwater 
quality,  'Florida,  'Water  quality,  'Water  pollution 
sources,  Surficial  aquifer  system,  Aeration  zone, 
Swales,  Detention  ponds,  Retention  ponds,  Exfil- 
tration  systems. 

Water  quality  of  the  surficial  aquifer  system  in 
central  Florida  was  evaluated  at  one  exfiltration 
pipe,  two  ponds  (detention  and  retention),  and  two 
swales    in    central    Florida,    representing    three 
runoff-detention  methods,  to  detect  any  effect  from 
infiltrating    highway    runoff.    Concentrations    of 
major  ions,  metals,  and  nutrients  in  groundwater 
and  bottom  sediments  were  measured  from  1984 
through  1986.  At  each  study  area,  constituent  con- 
centrations in  groundwater  near  the  structure  were 
compared  to  concentrations  in  groundwater  from 
an  upgradient  control  site.  Groundwater  quality 
data  were  also  pooled  by  detention  method  and 
statistically  compared  to  detect  any  significant  dif- 
ferences between  methods.   Significantly   greater 
mean  phosphorus  concentrations  in  groundwater 
near  the  exfiltration  pipe  than  those  in  the  control 
well  was  the  only  evidence  of  increasing  constitu- 
ent concentrations  in  groundwater  near  structures. 
The  quality  of  water  was  more  variable,  and  had 
greater  constituent  concentrations  in  the  unsaturat- 
ed zone  than  in  the  saturated  zone  near  the  exfiltra- 
tion pipe.  Values  of  water  quality  variables  meas- 
ured in  groundwater  at  all  study  areas  generally 
were  within  State  drinking  water  standards.  The 
main  exception  was  dissolved  iron,  which  com- 
monly exceeded  300  micrograms/L  at  one  swale 
and  the  detention  pond.  Results  of  the  study  indi- 
cate that  natural  processes  occurring  in  soils  at- 
tenuate inorganic  constituent  concentrations  prior 
to  reaching  the  receiving  groundwater.  However, 
organic  compounds  detected  in  bottom  sediments 
at  the  retention  pond  indicate  a  potential  problem 
that  may  eventually  affect  the  quality  of  the  re- 
ceiving groundwater.  (USGS) 
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HYDROLOGY  OF  THE  PROSPECTOR 
SQUARE  AREA,  SUMMIT  COUNTY,  UTAH. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  2F. 
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PHYSICALLY  BASED  NETWORK  MODEL 
FOR  TWO-  AND  THREE-PHASE  SATURA- 
TION-CAPILLARY PRESSURE  RELATION- 
SHD?S. 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5B— Sources  Of  Pollution 

Massachusetts  Inst,  of  Tech.,  Cambridge. 

For  primary   bibliographic  entry  see   Field   2G. 
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EFFECT  OF  NUTRIENTS  AND  PESTICIDES 
APPLIED  TO  TURF  ON  THE  QUALITY  OF 
RUNOFF  AND  PERCOLATING  WATER. 

Pennsylvania  State  Univ.,  University  Park.  Envi- 
ronmental Resources  Research  Inst. 
For  primary   bibliographic  entry  see  Field   5G. 
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REGRESSION  MODELS  FOR  ESTIMATING 
URBAN  STORM-RUNOFF  QUALITY  AND 
QUANTITY  IN  THE  UNITED  STATES. 

Geological  Survey,  Denver,  CO. 

N.  E.  Driver,  and  B.  M.  Troutman. 

Journal  of  Hydrology  JHYDA7,  Vol.  109,  No.  3/ 

4,  p  221-236,  August  1989.  2  fig,  2  tab,  22  ref. 

Descriptors:  'Water  pollution  sources,  *Path  of 
pollutants,  'Model  studies,  'Urban  watersheds, 
•Urban  runoff,  *Urban  hydrology,  *Storm  runoff, 
•Rainfall-runoff  relationships,  Management  plan- 
ning, Regression  analysis,  Statistical  methods, 
Drainage  area,  Nitrogen,  Ammonia. 

Urban  planners  and  managers  need  information 
about  the  local  quantity  of  precipitation  and  the 
quality  and  quantity  of  storm  runoff  if  they  are  to 
plan  adequately  for  the  effects  of  storm  runoff 
from  urban  areas.  As  a  result  of  this  need,  linear 
regression  models  were  developed  for  the  estima- 
tion of  storm-runoff  loads  and  volumes  from  physi- 
cal, land-use,  and  climatic  characteristics  of  urban 
watersheds  throughout  the  United  States.  Three 
statistically  different  regions  were  delineated, 
based  on  mean  annual  rainfall,  to  improve  linear 
regression  models.  One  use  of  these  models  is  to 
estimate  storm-runoff  loads  and  volumes  at  gaged 
and  ungaged  urban  watersheds.  The  most  signifi- 
cant explanatory  variables  in  all  linear  regression 
models  were  total  storm  rainfall  and  total  contrib- 
uting drainage  area.  Impervious  area,  land-use,  and 
mean  annual  climatic  characteristics  were  also  sig- 
nificant explanatory  variables  in  some  linear  re- 
gression models.  Models  for  dissolved  solids,  total 
nitrogen,  and  total  ammonia  plus  organic  nitrogen 
were  the  most  accurate  models  for  most  areas, 
whereas  models  for  suspended  solids  were  the  least 
accurate.  The  most  accurate  models  were  those  for 
the  more  arid  western  United  States,  and  the  least 
accurate  models  were  those  for  areas  that  had 
large  quantities  of  mean  annual  rainfall.  (Author's 
abstract) 
W90-03904 


GROUNDWATER'S  DYANAMIC  ROLE  IN 
REGULATING  ACTDJTY  AND  CHEMISTRY  IN 
A  PRECTPITATION-DOMINATED  LAKE. 

Wright  State  Univ.,  Dayton,  OH.  Dept.  of  Geo- 
logical Science. 

For  primary  bibliographic  entry  see  Field  2H. 
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MODELING  SOLUTE  TRANSFER  FROM  SOU 
TO  SURFACE  RUNOFF:  THE  CONCEPT  OF 
EFFECTIVE  DEPTH  OF  TRANSFER. 

Agricultural  Research  Service,  Riverside,  CA.  Sa- 
linity Lab. 

R.  Wallach,  M.  T.  Van  Genuchten,  and  W.  F. 
Spencer. 

Journal  of  Hydrology  JHYDA7,  Vol.  109,  No.  3/ 
4,  p  307-317,  August  1989.  4  fig,   1  tab,   15  ref. 

Descriptors:  'Model  studies,  'Soil  water,  'Path  of 
pollutants,  'Water  pollution  sources,  'Nonpoint 
pollution  sources,  'Solute  transport,  'Soil  proper- 
ties, 'Hydrologic  models,  'Surface  runoff,  Runoff, 
Mass  transfer,  Soil  horizons,  Aeration  zone,  Sorp- 
tion, Mathematical  equations. 

A  model  for  predicting  the  transfer  of  chemicals 
from  soil  to  surface  runoff  water  is  described.  The 
model  applies  a  perfectly  mixed  reactor  analog  to 
an  equivalent  and  homogeneous  soil  layer  of  uni- 
form concentration  near  the  soil  surface,  called  the 
'Effective  Depth  of  Transfer'  (EDT).  Solute  con- 
centrations in  the  EDT  model  are  taken  to  be 


equal  to  the  soil  surface  concentrations  as  deter- 
mined by  an  analytical  solution  of  the  one-dimen- 
sional diffusion  equation  for  the  limiting  case  of  no 
infiltration.  The  model  considers  linear  equilibrium 
sorption-exchange,  and  also  accounts  for  rate-limit- 
ed mass  transfer  through  a  laminar  boundary  layer 
at  the  soil  surface-runoff  water  interface.  The  time- 
dependent  EDT  was  found  to  vary  as  a  linear 
function  of  the  square  root  of  tie.  The  accuracy  of 
the  EDT  approach  is  illustrated  with  one  example, 
which  compares  the  EDT  solution  for  the  soil 
surface  concentration  with  the  exact  analytical  so- 
lution of  the  diffusive  mass  transfer  equation.  The 
ability  to  change  values  of  the  physically  based 
parameters  adds  considerable  flexibility  in  applica- 
tion of  the  model  to  different  locations  with  site- 
specific  runoff  regimes,  soil  properties,  and  solute 
characteristics.  (Author's  abstract) 
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HYDROCHEMICAL  BUDGETS  FOR  THE 
LOCH  DEE  EXPERIMENTAL  CATCHMENTS, 
SOUTHWEST  SCOTLAND  (1981-1985). 

Saint  Andrews  Univ.  (Scotland).  Dept.  of  Geogra- 
phy and  Geology. 

For  primary  bibliographic  entry  see  Field  2K. 
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STUDY  OF  THE  DEPOSITIONAL  ENVIRON- 
MENTS OF  THE  DELTA  OF  THE  EBRO  BY 
MENAS  OF  MOLECULAR  INDICATORS  (ES- 
TUDIO  DE  LOS  AMBIENTES  DEPOSICION- 
ALES  DEL  DELTA  DEL  EBRO  MEDIANTE  IN- 
DICADORES  MOLECULARES). 
Centro  de  Investigacion  y  Desarrollo,  Barcelona 
(Spain).  Environmental  Chemistry  Dept. 
For  primary  bibliographic  entry  see  Field  5A. 
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ABSORPTION  OF  SULFUR  DIOXIDE  ON 
MONODISPERSE  WATER  DROPLETS  AND 
CATALYTIC  ACTIVITY  OF  CARBON  PARTI- 
CLES. 

Istituto  FISBAT-CNR,  Bologna,  Italy. 
G  Santachiara,  F.  Prodi,  and  F.  Vivarelli. 
Atmospheric  Environment  ATENBP,  Vol.  23,  No. 
8,  p  1775-1782,  August  1989.  4  fig,  2  tab,  38  ref. 

Descriptors:  'Path  of  pollutants,  'Clouds,  'Atmos- 
pheric water,  'Acid  rain,  'Chemistry  of  precipita- 
tion, Chemical  properties,  Catalysts,  Sulfur,  Sul- 
fates, Acidic  water,  Atmosphere. 

Two  laboratory  experiments  on  heterophase  trans- 
formations leading  to  cloudwater  acidification 
were  conducted.  The  first  measured  the  S02  ab- 
sorption from  monodisperse  water  droplets  with- 
out catalyzers.  With  gas-phase  concentration  of 
S02=  100  -for-4  ppm  at  t=25  C,  the  mean  sulfur 
concentration  in  the  droplets  after  contact  time 
t=0.02  s  is  cone.  S(TV)=1.4  +  or-0.2  times  0.001 
M,  i.e.  cone.  S(IV)=0.95  cone.  S(IV)  sub  e.  These 
experimental  results  are  compared  with  values  cal- 
culated from  theoretical  models.  In  the  second 
experiment,  the  catalytic  activity  of  carbon  parti- 
cles is  examined  for  S02  oxidation,  again  on  mono- 
disperse water  droplets.  With  cone.  S02  sub  g  = 
25  -for-2  ppmv  at  t=25  C,  the  mean  value  for 
sulfate  produced  in  solution  catalyzed  by  C  is: 
Cone.  SO4(2-)=0.56  +or-0.001  M  after  a  contact 
time  of  54  s.  These  experiments  on  S02  absorption 
by  monodisperse  water  droplets  without  catalyzers 
demonstrate  that  droplets  of  3  microns  radius 
reach  in  t=0.01s  a  total  S  concentration  in  solution 
of  S(TV)  =0.95  (cone.  S(IV))sub  e,  where  (cone. 
S(iy))  sub  e  is  the  equilibrium  value  with  the 
environment.  Given  the  experimental  errors,  this 
result  compared  well  with  most  theoretical  models. 
(Author's  abstract) 
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VERTICAL  PROFILES  OF  AD*  POLLUTANTS 
IN  A  SPRUCE  FOREST:  ANALYSIS  OF  AD- 
HERENT WATER,  THROUGHFALL  AND  DE- 
POSITS ON  SURROGATE  SURFACES. 

Fraunhofer-Inst.   fuer  Umweltchemie  und  Oeko- 
toxikologie,  Schmallenberg  (Germany,  F.R.). 
U.  Fritsche,  M.  Gernert,  and  C.  Schindler. 
Atmospheric  Environment  ATENBP,  Vol.  23,  No. 


8,  p  1807-1814,  August  1989.  3  fig,  4  tab,  14  ref. 
German  Umweltbundesamt,  Berlin,  Contract 
10607/01. 

Descriptors:  'Path  of  pollutants,  'Air  pollution, 
•Germany,  'Throughfall,  'Acid  rain,  'Chemistry 
of  precipitation,  Canopy,  Forests,  Acidic  water, 
Atmospheric  water,  Acid  rain  effects. 

Vertical  profiles  of  air  pollutants  were  studied  in  a 
spruce  forest,  which  exhibits  damage  mainly  in  the 
upper  parts  of  the  canopy.  The  sampling  included 
plant  surface  water,  throughfall  and  surrogate  sur- 
faces at  five  different  heights.  The  vertical  profiles 
of  dry  deposition  for  air  pollution  are  determined 
largely  by  the  wind  speed.  After  a  dry  period  a 
small  amount  of  rain  yields  vertical  profiles  of  the 
components  of  plant  surface  water  which  are  simi- 
lar to  the  profile  of  the  wind  speed.  As  the  amount 
of  rain  increases  sufficiently  to  cause  wash-off,  the 
location  of  the  maximum  of  the  concentrations 
shifts  downward.  The  adherent  water  shows  re- 
markable increases  in  acidity  from  top  to  bottom. 
The  vertical  deposition  and  the  face  up  deposition 
are  in  the  same  order  of  magnitude,  but  the  first  is 
more  influenced  by  the  wind  speed  and  the  second 
more  by  the  precipitation.  The  face  down  deposi- 
tion is  relatively  low.  These  findings  agree  with 
previous  theories.  High  concentrations  at  the 
needle  surface  are  to  be  expected  after  a  dry 
period,  when  the  accumulated  deposit  is  dissolved 
in  a  small  amount  of  water.  In  that  case  for  several 
components  the  vertical  profiles  correspond  to  the 
extent  of  the  damage.  Exceptions  are  H(+)  and 
NH4(+)  because  of  leaching  and  uptake,  respec- 
tively. The  observation  of  more  damage  on  the 
upper  side  of  the  branches  compared  with  under- 
surface  also  corresponds  to  the  variation  of  the 
deposition.  (Friedmann-PTT) 
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OBSERVED  AND  MODELED  TREND  OF  SUL- 
FATE AND  NITRATE  IN  PRECIPITATION  IN 
EASTERN  NORTH  AMERICA. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Energy 

Lab. 

J.  A.  Fay,  D.  Golomb,  and  S.  G.  Zemba. 

Atmospheric  Environment  ATENBP,  Vol.  23,  No. 

8,  p  1863-1866,  August  1989.  2  fig,  1  tab,  11  ref. 

Descriptors:  'Chemistry  of  precipitation,  'Path  of 
pollutants,  'Sulfates,  'Nitrates,  'Acid  rain,  Model 
studies,  Comparison  studies,  Regression  analysis, 
Statistical   methods,   Air  pollution,   Precipitation. 

The  trend  of  annual  average  sulfate  and  nitrate  ion 
concentrations  in  precipitation  at  17  stations  in 
eastern  North  America  over  7  years,  1979-1985,  is 
estimated  and  compared  with  a  modeled  trend. 
The  observed  concentrations  fluctuate  from  year- 
to-year  about  a  mean  value  with  a  standard  devi- 
ation of  12.7%  on  average.  The  average  slope  of  a 
linear  regression  line  at  the  17  stations  is  minus 
2.8%/a  for  sulfate  and  minus  0.4%/a  for  nitrate. 
The  modeled  trend  at  these  stations,  which  as- 
sumes constant  meteorology  but  a  year-to-year 
varying  emission  inventory,  is  minus  2.4%/a  for 
sulfate  and  minus  0.9%/a  for  nitrate.  Since  the 
observed  trend  at  an  individual  station  is  greatly 
influenced  by  the  year-to-year  meteorological  vari- 
ations and  random  measurement  errors  (resulting 
in  a  low  confidence  level  of  the  estimated  trend), 
the  agreement  between  the  modeled  isocontours 
and  the  observed  trend  at  any  station  ranges  from 
fair  to  poor.  However.since  the  17-station  average 
observed  trend  is  in  reasonable  agreement  with  the 
17-station  average  modeled  trend,  it  was  conclud- 
ed that  the  modeled  isocontour  maps  give  a  fan- 
representation  of  the  annual  average  S04(2  +  )  and 
N03(-)  concentration  trend  in  precipitation  over 
the  period  1979-1985.  (Friedmann-PTT) 
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MICROBIAL  DEGRADATION   OF  BENZENE 
AND  TOLUENE  IN  GROUNDWATER. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 
U.  (Carlson,  and  W.  T.  Frankenberger. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  43,  No.  4,  p  505-510, 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution— Group  5B 


October  1989.  3  fig,  8  ref. 

Descriptors:  'Biodegradation,  *Microbial  degrada- 
tion, 'Groundwater  pollution,  *Fate  of  pollutants, 
•Path  of  pollutants,  'Toluenes,  'Benzenes,  Organ- 
ic compounds,  Hydrocarbons,  Limiting  factors, 
Nitrogen. 

Biodegradation  of  benzene  and  toluene  in  ground- 
water, upon  amendment  with  nutrients  and  an  en- 
riched  hydrocarbon   oxidizing   culture,    was   as- 
sessed.  Gasoline-contaminated   groundwater   was 
collected  from  a  monitoring  well.  The  groundwat- 
er sample  had  the  following  chemical  and  biologi- 
cal properties:  pH,  7.93;  TOC,  23  micrograms/mL; 
NH4-N,  0.22  micrograms/mL;  N03-N,  0.21  micro- 
grams/mL;  total  P,  0.37  micrograms/mL;  petrole- 
um hydrocarbon  content,  6.2  mg/L;  benzene,  477 
micrograms/L;   toluene,   561   micrograms/L;   xy- 
lenes, 153  micrograms/L;  gasoline  degrading  bac- 
terial population,  710  colony-forming  units(CFU)/ 
mL  total  heterotrophs,  3430  CFU/mL.  The  treat- 
ments consisted  of:  (1)  sterile  control;  (2)  unamend- 
ed  groundwater;   (3)   amended   with    100   mg/L 
NH4N03-N;  and  (4)  amended  with  NH4N03-N 
(100  mg/L)  plus  a  1-mL  inoculum  of  an  enrich- 
ment culture  consisting  of  gasoclastic  microflora. 
In  all  non-sterilized  treatments,  the  toluene  concen- 
tration dropped  dramatically  within   30  h.   The 
amount  of  time  required  for  toluene  to  decrease  to 
acceptable  limits  by  microbial  degradation  was  23, 
17  and  14  h  for  the  unamended  sample,  groundwat- 
er plus  a  N  source,  and  groundwater  inoculated 
with  the  enriched  culture  of  hydrocarbon  oxidizers 
plus  a  N  source,  respectively.  The  benzene  content 
slowly  degraded  in  the  unamended  sample,  but 
dramatically  dropped  in  concentration  in  the  re- 
treated water  and  in  the  inoculated  plus  N-amend- 
ed  water.  The  bacterial  population  capable  of  uti- 
lizing gasoline  as  a  C  and  energy  source  was 
relatively  low,  but  comparable  to  that  reported  for 
groundwater  samples  involving  a  gasoline  pipeline 
leakage.  This  study  revealed  that  both  components 
(oxygen  and  nitrogen)  were  major  limiting  factors 
in  the  biodegradation   of  benzene   and  toluene. 
(Friedmann-PTT) 
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The  activity  of  indigenous  microbial  populations  at 
a  hazardous  waste  site  was  determined,  as  well  as 
their  degree  of  adaption  to  toxic  chemicals  present 
in  the  waste  mixture  and  their  ability  to  degrade 
toxic  organic  compounds,  using  phenol  as  a  model 
substrate.  It  was  found  that  hazardous  waste  con- 
taminated soils  possess  active  populations  of  soil 
microorganisms,  which,  in  this  particular  case,  are 
more  abundant  and  more  active  than  adjacent, 
noncontaminated  soil.  Abundance  and  activity  of 
bacterial  populations  varied  considerably  from  site 
to  site  and  may  be  related  to  differences  in  nutrient 
status  or  the  presence   of  inhibitory   chemicals. 
Phenol  degrading  capacity  of  the  soils  varied  from 
location  to  location  and  could  not  be  directly 
correlated  with  either  total  numbers  of  bacteria 
present,   numbers   of  phenol   degrading   bacteria 
present,  or  phenol  concentration  at  the  site.  It  is 
proposed  that  phenol  itself  ,  as  well  as  other  con- 
taminants at  the  site,  may  be  exerting  inhibitory 
effects  on  bacteria  with  phenol  degrading  capabili- 
ties. The  observed  heterogeneity  will  have  to  be 
taken  into  consideration  in  implementing  bioreme- 
diation  of  contaminated  soils.   (Friedmann-PTT) 
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COVARIATION  OF  SELECTED  TRACE  ELE- 
MENTS   WITH    BINDING    SUBSTRATES    IN 


CORES  COLLECTED  FROM  TWO  CONTAMI- 
NATED SEDIMENTS. 

Cook  Coll.,  New  Brunswick,  NJ.  Dept.  of  Envi- 
ronmental Science. 
T  E.  Lewis,  and  A.  W.  Mcintosh. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  43,  No.  4,  p  518-528, 
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Descriptors:  'Heavy  metals,  'Trace  elements, 
•Sediments,  'Path  of  pollutants,  Substrates,  Pollu- 
tion load,  Lead,  Zinc,  Chromium,  Copper,  Nickel, 
Iron,  Vertical  distribution,  Manganese,  Storm 
runoff,  Statistical  analysis. 

Sediments  serve  as  a  final  sink  for  many  trace 
elements  in  the  aquatic  environment.  The  vertical 
distribution  of  various  trace  elements,  and  their 
covariance  with  certain  binding  substrates  within 
two  contaminated  sediments,  was  examined.  Sedi- 
ment cores  were  analyzed  for  seven  elements  using 
flame  atomic  absorption  spectrometry:  Pb,  Zn,  Cr, 
Cu,  Ni,  Fe,  and  Mn.  There  was  a  general  lack  of 
strong  correlations  between  most  metals  in  Dela- 
ware and  Raritan  Canal  (DRC),  as  compared  with 
Weston's  Mill  Pond  (WMP).  This  finding  may  be 
due,  in  part,  to  the  wide  diversity  of  metal  sources 
in  the  canal.   WMP  receives  its  metal  loadmgs 
primarily  from  stormwater  runoff,  while  DRC  re- 
ceives metal  loadings  from  over  67  major  indus- 
tries, institutions,  and  commercial  establishments. 
Thus,  metal  ratios  in  WMP  would  tend  to  be  more 
constant  over  time  as  compared  to  DRC.  The 
vertical   distribution   of  trace   elements   may   be 
strongly  dependent  upon  the  vertical  distribution 
of  certain  binding  substrates  (e.g.,  Fe  and  Mn 
oxides,  organics,  sulfides,  carbonates).  Significant 
correlations  between  Pb,  Zn,  Cu,  and  Cr,  and  the 
oxide  substrate  elements  Fe  and  Mn  were  noted  in 
WMP  sediments,  and  to  a  lesser  degree  in  DRC 
sediments  over  depth.  It  is  likely  that  trace  ele- 
ments deposited  in  association  with  oxides  of  Fe 
and  Mn  may  redistribute  to  alternate  binding  sub- 
strates (e.g.,  organics,  carbonates,  sulfides)  in  deep, 
reduced  sediments,  provided  sufficient  available 
binding  sites  are  available  on  these  alternate  sub- 
strates. Also,  pH  and  redox  conditions  must  be 
conducive  for  binding  sites  on  other  substrates  to 
be  active.  (Friedmann-PTT) 
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Lead  and  chromium  concentration  were  studied  in 
the  potable  water  of  the  Eastern  Province  of  Saudi 
Arabia  to  provide  a  more  complete  profile  of  the 
levels  of  heavy  metals  in  this  Province.  All  samples 
were  analyzed  with  flame  atomic  absorption  spec- 
trophotometry. Two  hundred  eighty-eight  water 
samples,  or  93.5%  of  the  308  analyzed  for  lead 
were    below    the    World    Health    Organization 
(WHO)  and  U.S.  Public  Health  Service  (USPHS) 
limits  for  this  element,  and  20  samples,  or  6.5%, 
exceeded  the   upper   limit   of  acceptability.   For 
chromium,  259  samples,  or  84.1%,  were  below  the 
WHO  and  USPHS  limit  of  0.05  mg/L,  and  49 
samples,  or  15.9%,  located  mainly  in  Hasa  and 
Dammam,  were  above  the  limit.  A  survey  of  the 
water  sampling  locations,   especially  those  with 
lead  concentrations  above  the  limit,  indicated  that 
these  samples,  particularly  in  Dammam  and  Jubail, 
were  taken  either  from  coolers  or  wells  where  lead 
or  lead-lined  service  pipes  were  used.  While  it  is 
easy  to  explain  the  presence  of  industrial  discharge 
leading  to  elevated  chromium  levels  in  water  in 
Dammam,  a  metropolis  with  major  industrial  ac- 
tivities, an  acceptable  culprit  cannot  be  found  to 
explain  the  presence  of  chromium  at  elevated  con- 
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centrations  in  Hasa,  a  city  with  few  industries  and 
extensive  cultivation.  (Friedmann-PTT) 
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DISTRIBUTION  AND  RESIDUE  LEVEL  OF 
MERCURY,  CADMIUM  AND  LEAD  IN 
KOREAN  BIRDS. 
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Descriptors:  'Path  of  pollutants,  'Bioaccumula- 
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The  tissue  distributions  of  three  toxic  metals,  Hg, 
Cd  and  Pb,  in   16  bird  species  in  Korea  were 
investigated.  The  residue  levels  were  also  studied 
in  relation  to  the  feeding  habits  and  habitats.  After 
dissection,  liver,   kidney,  pectoral  muscle,  bone, 
and  breast  feathers  were  taken  for  metal  analysis. 
The  bone  samples  were  taken  from  the  femur,  and 
the  adhering  muscle  and  red  marrow  were  re- 
moved. The  samples  and  feathers  were  analyzed 
using   a   flame   atomic   absorption   spectrophoto- 
meter. The  presence  of  Hg  was  determined  by 
cold-vapor  atomic  absorption  spectrophotometry. 
Detection  limits  for  each  of  the  metals  were:  Hg. 
0.005  ppm;  Cd,  0.01  ppm,  and  Pb,  0.05  ppm.  Tissue 
distributions  of  the  metals  were  metal-specific:  the 
highest  value  of  Hg  was  in  feathers,  and  those  fo 
Cd  and  Pb  were  in  kidney  and  bone,  respectively. 
Relatively  high  values  of  Hg  and  Cd  were  found  in 
liver.  Pb  exhibited  relatively  high  values  in  feath- 
ers, but  was  not  detected  in  muscle,  liver  and 
kidney  for  most  of  the  samples.  These  distribution 
patterns  agreed  well  with  earlier  results.  The  value 
of  Hg  was  highest  in  carnivorous  birds  such  as 
sparrow  hawk,  buzzard  and  kestrel,  and  lowest  m 
herbivorous  ones  such  as  mallard  and  swan.  Cd 
and  Pb  were  accumulated  in  relation  to  the  feeding 
habits  of  birds.  The  highest  value  of  Cd  was  found 
in  omniovorous  species  such  as  black-tailed  gull; 
the  value  of  Pb  was  highest  in  insectivorous  spe- 
cies such  as  thrushes  and  relatively  high  m  herbiv- 
orous waterfowl.  As  a  whole,  the  levels  of  found 
of  the  three  metals  studied  indicated  that  these 
pollutants  are  negligible  in  Korean  birds.  Howev- 
er  relatively  high  Cd  levels  in  black-tailed  gulls 
from  Masan  Bay  suggest  Cd  pollution  in  this  area. 
(Friedmann-PTT) 
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Descriptors:  'Pesticides,  'Polycyclic  aromatic  hy- 
drocarbons, 'Bioaccumulation,  'Pollutant  identifi- 
cation, 'Water  pollution  effects,  'Organic  pesti- 
cides, 'Mollusks,  DDT,  DDD,  Organic  com- 
pounds, Gas  chromatography,  Scapharea,  Pollut- 
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Samples  of  the  mollusk  Scapharea  inaequivalvis, 
taken  from  the  Italian  coastal  Adriatic  Sea,  were 
used  to  detect  microcontaminants,  including  poly- 
cyclic aromatics,  and  pesticide  residues  in  marine 
ecosystems  and  to  assess  their  impact  on  the  eco- 
systems involved.  Recovery  yields  were  tested 
only  for  HCB,  lindane,  DDD,  and  DDT.  They 
were  added  at  two  different  levels  (10  and  100 
ppb)  to  freshwater  test  fish  during  homogenization. 
However,  because  of  the  absence  of  interfering  gas 
chromatography  signals,  0.5-ppb-level  HCB  was 
added  to  Scapharea  sample  matrices  during  ho- 
mogenization to  provide  an  additional  measure  of 
recovery  yield.  For  all  pesticides,  recovery  yields 
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were  always  >  50%  and  in  most  cases  between 
70%  and  100%.  Gas  chromatography-mass  spec- 
trometry assessment  of  pesticides  PCB,  PCDD, 
and  PCDF  in  wholebody  and  bloodless  matrices 
provided  similar  findings.  HCB,  heptachlor,  and 
lindane  were  absent  at  a  detection  threshold  of  < 
0.1  ppb;  DDD  and  DDT  exhibited  levels  (uncor- 
rected) between  40  and  120  ppb.  PCB  varied  ac- 
cording to  the  isomer  group  from  4  to  30  ppb,  the 
more  chlorinated  terms  exhibiting  somewhat 
higher  levels.  No  PCDD  and  PCDF  were  found  at 
a  detection  threshold  of  <  0.2  ppb  for  the  least 
sensitive  terms  (octochloro-derivatives).  The  pres- 
ence of  blood  did  not  seem  to  significantly  change 
the  analytical  patterns  of  the  matrices  analyzed. 
(Friedmann-PTT) 
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COMPARATIVE  HYDROCHEMICAL  BUDG- 
ETS AND  WEATHERING  AND  ACIDIFICA- 
TION RATES  IN  THREE  SMALL  SIMILAR 
GRANITIC  WATERSHEDS  WITH  CONTRAST- 
ED VEGETATION  (MONT  LOZERE,  FRANCE) 
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MIQUES,  DES  TAUX  D* ALTERATION  ET  D'A- 
CIDIFICATION  DANS  TROIS  PETTTS  BAS- 
SINS  VERSANTS  GRANITIQUES  SIMILAIRES 
A  VEGETATION  CONTRASTEE  (MONT 
LOZERE,  FRANCE)). 
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Descriptors:  'Watersheds,  *Solute  transport, 
•Geologic  erosion,  *Acid  rain,  •Geochemistry, 
•Weathering,  Minerals,  Hydrologic  cycle,  Rain- 
fall-runoff relationships,  Catchment  areas. 

Since  1981,  hydrological  and  hydrochemical  meas- 
urements have  been  continuously  performed  in 
three  small  neighboring  watersheds.  Located  on 
the  southern  slope  of  Mount  Lozere,  France  (1200- 
1500  m  above  sea  level),  the  basins  have  similar 
geological  (grantici  basement)  and  physiographic 
characteristics,  except  the  vegetation  cover.  The 
first  purpose  of  the  study  (1981-1984)  was  to  com- 
pare the  values  of  mineral  losses  caused  by  chemi- 
cal weathering  in  the  three  ecosystems  and,  specifi- 
cally, to  evaluate  the  supplementary  losses  presum- 
ably occurring  in  the  spruce  forest  ecosystem.  The 
second  purpose  (1985-1987)  was  to  supply  input- 
output  hydrochemical  budgets  of  these  remote 
mountain  watersheds  (far  from  atmospheric  pollu- 
tion sources)  that  could  serve  as  references  to  be 
compared  with  the  hydrochemical  budgets  of  simi- 
lar basins  in  polluted  areas,  such  as  Aubure  basin. 
The  internal  cycling  of  major  chemical  species  was 
assessed  by  studying  throughfall  and  soil  waters. 
The  biogeochemical  reactions  that  take  place 
during  water  transfer  through  the  ecosystem  were 
also  identified.  The  results  of  the  records  from 
1981  to  1986  enable  the  computation  of  annual 
hydrological  budgets  (incident  rainfall-streamflow) 
and  annual  hydrochemical  budgets  (solute  inputs- 
solute  outputs).  Overall,  the  biogeochemistry  of 
the  ecosystem  is  strongly  influenced  by  the  acidity 
of  atmospheric  precipitation,  mainly  in  the  spruce 
forest  basin,  suggesting  the  role  of  dry  fallout.  The 
mean  annual  sulfate  fluxes  supplied  by  wet  bulk 
precipitation  is  nearly  20  kg  S/ha-yr.  This  incident 
acidity  is  nearly  completely  neutralized  in  the  soil 
by  the  cation  mobilization  and  the  sulfate  reten- 
tion. However,  the  more  intense  acidification  in 
the  spruce  forest  basin  is  marked  by  a  release  of 
sulfur.  (Author's  abstract) 
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TERIORATION. 
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With  the  growing  threat  of  groundwater  contami- 
nation, there  also  is  a  growing  interest  in  modelling 
the  groundwater  system.  Some  new  techniques 
used  to  calculate  two-dimensional  and  three-di- 
mensional groundwater  flow  are  presented.  Using 
the  Konikow/Bredehoeft  program,  three  scenarios 
for  future  nitrate  concentrations  in  well  fields  in 
the  Netherlands  are  presented:  (1)  with  the  actual 
manure  deposition;  (2)  with  restrictions  as  ordered 
by  the  new  Soil  Protection  law;  and  (3)  with  even 
more  severe  restrictions.  Although  the  Konikow/ 
Bredehoeft  program  has  limitations,  when  used 
judiciously  it  can  give  reliable  predictions  of  the 
quality  of  the  abstracted  groundwater.  In  the 
southeastern  part  of  the  Netherlands,  a  well  field 
called  Vierlingsbeek  is  exploited  by  the  Oost  Bra- 
bantwater  supply  company.  Before  1980  the  nitrate 
concentration  in  the  abstracted  water  was  below  5 
mg/1.  The  nitrate  concentration  in  shallow  ground- 
water in  the  surroundings  of  the  well  field  exceed- 
ed 500  mg/1  in  some  places.  Because  of  problems 
with  changing  the  Konikow/Bredehoeft  program, 
a  new  program  called  Boukwal  was  developed;  it 
is  based  on  the  principle  of  particle  tracking  but 
avoids  some  problems  of  the  Konikow/Bredehoeft 
program.  In  the  Boukwal  model,  every  particle 
represents  a  fixed  quantity  of  flowing  water  (5  cu 
m),  particles  are  generated  randomly  in  elements 
for  which  particles  must  be  created,  and  the  con- 
centration of  a  new  generated  particle  is  directly 
linked  to  the  element  where  the  particle  is  created, 
and  decay  is  modelled  by  giving  a  quantity  of 
decay  capacity  to  every  element  of  the  network. 
The  model  gave  quite  good  results.  To  make  a 
prediction  for  the  whole  well  field,  a  three-dimen- 
sional version  of  the  Boukwal  program  has  been 
developed.  The  conversion  from  measurement  to 
model  input  is  being  made  and  the  first  prediction 
using  this  program  can  be  expected.  (Rochester- 
PTT) 
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TRACE  METALS  IN  THE  DRINKING  WATER 
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STUDDZS  OF  THE  GROUNDWATER  HAZ- 
ARDS OF  DEPOSITED  FLY  ASH  FROM 
COAL-FTRED  POWERPLANTS:  PART  II.  IN- 
VESTIGATION OF  ELUTION  CHARACTERIS- 
TICS OF  SOME  MAJOR  AND  TRACE  ELE- 
MENTS FOR  MULTIPLE  EXTRACTIONS  OF 
COAL  FLY  ASH  UNDER  VARIOUS  SCENAR- 
IOS (ZUR  UNTERSUCHUNG  DER  GRUND- 
WASSERGEFAHRDUNG  DURCH  ABGELA- 
GERTEN  FLUGSTAUB  AUS  STEINKOHLEK- 
RAFTWERKEN:  n.  DAS  AUSLAUGVERHAL- 
TEN  EESIGER  HAUPT-  UND  PURENELE- 
MENTE  VON  FLUGSTAUB  BEI  MEHRFA- 
CHAUSLAUGUNGNEN  FUER  VERSCHD2- 
DENE  SZENARIEN). 

Bremen  Univ.  (Germany,  F.R.).  Fachbereich 
Chemie/Biologie. 

D.  Spuziak-Salzenberg,  and  W.  Thiemann. 
Zeitschrift  fuer  Wasser  -  und  Abwasser  Forschung 
ZWABAQ,  Vol.  22,  No.  5,  p  203-211,  October 


1989.  3  fig,  4  tab,  23  ref.  English  summary. 

Descriptors:  *Water  pollution  sources,  •Fly  ash, 
•Groundwater  pollution,  •Chemical  analysis, 
•Heavy  metals,  *Trace  elements,  Pollutant  identifi- 
cation, Elution,  Lead,  Aluminum,  Silicon,  Barium, 
Iron,  Calcium,  Magnesium,  Arsenic,  Boron,  Seleni- 
um, Thermal  powerplants. 

In  multiple  elutions  the  rates  of  extraction  of  some 
major  and  trace  elements  of  three  coal  fly  ash 
samples  were  determined  for  various  scenarios. 
Time  behavior  and  resulting  concentrations  were 
analyzed.  Pb,  Al,  Si,  Ba,  and  Fe  showed  a  rather 
small  extraction  together  with  stationary  time  be- 
havior. Pb  apparently  was  fixed  into  the  glassy 
matrix.  On  the  other  hand,  the  elements  Ca  and 
Mg  showed  rather  large  extraction  rates,  up  to 
73%,  which  is  due  to  the  deposit  of  these  elements 
as  inorganic  salts  on  the  surface  of  fly  ash  particles. 
Such  considerable  mobilizations  were  observed 
also  for  the  elements  As,  B,  and  Se.  Under  specific 
conditions,  B  as  well  as  As  were  eluted  in  concen- 
trations up  to  the  mg/1  range.  (Author's  abstract) 
W90-04001 


NITRATE  AND  AMMONIUM  IN  THE  RHINE: 
CONCENTRATIONS,  LOADS,  TREND  OF  BE- 
HAVIOR, AND  ORIGIN,  1954-1988  (NITRAT 
UND  AMMONIUM  IM  RHEIN  -  KONZENTRA- 
TIONEN,  FRACHTEN,  TRENDVERHALTEN 
UND  HERKUNFT  1954-1988). 
Bundesanstalt  fuer  Gewaesserkunde,  Koblenz 
(Germany,  F.R.). 
H.  Hellmann. 

Zeitschrift  fuer  Wasser  -  und  Abwasser  Forschung 
ZWABAQ,  Vol.  22,  No.  5,  p  212-222,  October 
1989.  13  fig,  6  tab,  31  ref.  English  summary. 

Descriptors:  *Rhine  River,  'Germany,  'Pollution 
load,  'Water  pollution  sources,  Temperature, 
Flow  discharge,  Ammonium,  Nitrates,  Seasonal 
variation,  Water  pollution  effects,  Time  series  anal- 
ysis. 

The  results  of  measurements  from  1954  to  1988 
were  evaluated  for  the  Middle  Rhine  (catchment 
area:  110,000  sq  km,  21  million  inhabitants)  taking 
the  discharge  and  temperature  conditions  into  con- 
sideration. The  representative  loads  determined  in 
this  way  serve  for  describing  the  trends  of  ammo- 
nium and  nitrate  nitrogen  concentrations  in  the 
Rhine.  On  the  basis  of  additional  information,  an 
attempt  is  being  made  to  group  the  source  regions 
for  pollution  loads  according  to  their  respective 
proportions  of  municipal  and  industrial  sources  and 
their  share  of  the  catchment  area.  The  results  are 
compared  to  those  from  other  rivers  in  million 
tons/yr  as  follows:  (1)  the  Rhine  from  Emmerich 
to  Lobith  had  a  nitrate  load  of  1.39  and  an  ammo- 
nium load  of  0.034;  (2)  the  Elbe  River,  0.97  nitrate 
and  0.035  ammonium;  and  (3)  the  Weser  and  Ems 
Rivers,  0.35  nitrate  and  0.004  ammonium.  (Roches- 
ter-PTT) 
W90-04002 


INFLUENCE  OF  MATERIALS  ON  THE  MI- 
CROBIOLOGICAL COLONIZATION  OF 
DRINKING  WATER. 

Bonn  Univ.  (Germany,  F.R.).  Hygiene  Inst. 

D.  Schoenen. 

Aqua  AQUAAA,  Vol.  38,  No.  2,  p  101-113,  April 

1989.  16  fig,  3  tab,  57  ref. 

Descriptors:  'Water  treatment,  'Drinking  water, 
•Microbiological  studies,  'Conveyance  structures, 
•Bacterial  analysis,  Organic  compounds,  Microor- 
ganisms, Literature  review,  Substrates,  Water  qual- 
ity control,  Pipes. 

Drinking  water  can  be  influenced  intensively  by 
materials  with  which  it  comes  into  contact.  Materi- 
als with  an  organic  base  (coatings,  films,  sealants, 
plastic  pipes  and  hoses)  or  with  organic  additives 
(cement  mortar  with  organic  compounds)  can  lead 
to  an  intensive  growth  of  microorganisms.  Field 
observations  with  bituminous  and  epoxy  resin  coat- 
ings, PVC-films,  polyamide  pipes  and  a  plastic- 
containing  cement  mortar  show,  for  example,  that 
there  is  a  considerable  increase  of  microorganisms 
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in  the  water  and  a  visible  microbial  growth  upon 
the  surface  of  the  materials.  In  comparable  investi- 
gations on  some  materials,  growth  could  always  be 
shown.  This  growth  only  developed  on  materials 
that  liberate  organic  material  such  as  solvents  or 
plasticizers.  Purely  mineral  products  such  as  glass, 
enamel  and  cement  mortar  of  metals,  and  also 
some  plastic  materials  that  do  not  release  organic 
compounds,  do  not  lead  to  an  increase  in  microor- 
ganisms, although  with  the  help  of  culture  methods 
a  microbial  surface  colonization  can  be  established 
on  these  materials.  To  exclude  deterioration  of  the 
drinking  water  it  is  necessary  to  examine  materials 
before  use-a  test  procedure  is  given.  The  growth 
of  specific  hygienically  relevant  germs,  e.g.  Le- 
gionella pneumophila,  can  be  supported  by  materi- 
als, as  demonstrated  by  investigations  on  pipes  and 
hoses  with  water  flowing  through  them.  (Author's 
abstract) 
W9O-O40O8 

HAND  PUMP  CORROSION  IN  DEEP  BORE- 
HOLES-A  CASE  STUDY  ON  IMPLEMENTA- 
TION OF  GROUNDWATER  SUPPLffiS  IN  A 
DEVELOPING  COUNTRY. 

Interconsult  A/S,  Sandvika  (Norway). 

O.  Haldorsen.  .......      , 

Aqua  AQUAAA,  Vol.  38,  No.  2,  p  114-117,  April 
1989.  5  fig,  5  ref. 

Descriptors:  'Corrosion,  *Fouling,  'Boreholes, 
•Test  wells,  *Well  water,  Pump  wells,  Deteriora- 
tion, Water  pollution  sources,  Steel,  Water  quality, 
Pipes,  Water  analysis,  Iron,  Zinc,  Taste,  Africa. 

In  1980-1981,  more  than  300  deep  boreholes  in  an 
African  study  area  were  equipped  with  handpumps 
most  of  which  have  rising  mains  and  pump  rods  of 
galvanized  steel.  In  the  period  1985-1986,  water 
from  around  200  deep  boreholes  with  handpumps 
was  analyzed  for  iron.  48%  had  an  iron  content 
above  the  National  Standard  of  1.0  mg/L  Fe,  and 
about  30%  contained  more  than  1.5  mg/L  Fe. 
Only  a  few  years  after  implementation,  the  corro- 
sion of  galvanized  down-the-hole  pump  com- 
pounds are  deteriorating  the  water  quality  to  such 
an  extent  that  the  villagers  are  abandoning  the 
boreholes  and  going  back  to  their  traditional 
sources.  The  underground  galvanized  steel  pump 
components  will  probably  have  to  be  replaced  by 
corrosion-resistant  materials  in  most  of  the  bore- 
holes in  the  near  future,  or  the  wells  may  be 
rejected.  Since  a  great  number  of  handpumps  cur- 
rently manufactured  for  use  in  developing  coun- 
tries have  galvanized  steel  rising  mains,  much  more 
attention  should  be  paid  to  water  quality  and  the 
problem  of  corrosion.  This  is  only  possible  if 
access  to  water  laboratories  is  established  and  if  the 
water  quality  findings  are  an  integrated  part  in  the 
decision  making  processes.  (VerNooy-PTT) 
W90-04009 


EFFECT  OF  BROMIDE  IONS  ON  TMHALO- 
METHANE  OHM)  FORMATION  IN  WATER. 

Institute  of  Public  Health,  Tokyo  (Japan).  Dept.  of 

Sanitary  Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04014 


PHOSPHATE  LOAD  OF  THE  RIVER  RHINE 
1975-1986. 

Unilever  Research  Lab.,  Vlaardingen  (Nether- 
lands). 

A.  L.  De  Jong,  N.  T.  De  Oude,  A.  H.  Smits,  and  J. 
Volz. 

Aqua  AQUAAA,  Vol.  38,  No.  3,  p  176-188,  Apnl 
1989.  13  fig,  4  tab,  31  ref. 

Descriptors:  *Water  pollution  sources,  *Rhine 
River,  'Phosphates,  'Detergents,  'Pollution  load, 
'Rivers,  'Stream  pollution,  Path  of  pollutants, 
Data  collections,  Water  pollution  sources,  Munici- 
pal wastewater,  Regression  analysis,  Statistical 
analysis,  Data  interpretation,  West  Germany. 

A  survey  of  the  main  sources  of  P-emissions  in  the 
Rhine  River  during  the  past  15  years  indicated  that 
municipal  waste  water  discharges  account  for  ap- 
proximately 60%  of  the  P-load  of  the  Rhine.  Total 
P-emissions  from  municipal  sewage  in  the  catch- 


ment area  were  estimated  for  the  period  1975-1976, 
taking   into   account   factors   like   the   increasing 
degree  of  sewage  collection  and  treatment  efficien- 
cy with  regard  to  P-elimination,  as  well  as  changes 
in  detergent  consumption  in  households  and  deter- 
gent composition.  The  results  of  an  intermediate 
study,  whereby  setup  the  gross  and  net  phosphorus 
inhabitant    equivalents    and    residual    phosphorus 
load  factors  were  calculated  suggested  a  total  re- 
duction of  P-emissions  from  municipal  effluents 
between  1980  and  1986  by  approximately  10,000 
tons  P/year.  This  coincided  with  the  introduction 
of  legislation  restricting  the  P-content  of  deter- 
gents, reducing  the  load  by  approximately  6500 
tons  P/year.  These  findings  were  compared  with 
the  actual  phosphate  loads  of  the  Rhine  river  from 
1975  to  1986.  Regression  analysis  of  a  modified 
data  set  established  a  good  correlation  between  the 
reduction  in  detergent  phosphate  levels  and  the 
observed   decline  of  the  phosphate  load   in  the 
river.  A  second  statistical  approach  consisted  of 
construction  of  a  moderately  complex  Box- Jenkins 
model  with  two  seasonal  autoregressive  operators 
and  one  moving  average  operator.  Both  statistical 
methods  showed  a  decline  of  the  average  phos- 
phate load  of  the  Rhine  in  the  same  order  of 
magnitude.    The    calculated    net    emission    after 
sewage  treatment  was  17,800  tons  P  lower  in  1986 
than  in  1975;  the  measured  total  phosphate  load 
was  about  10,000  tons  P  lower  in  1986  than  in 
1975.  It  is  estimated  that  about  6500  tons  P  of  this 
load  reduction  was  due  to  the  reduced  use  of 
phosphate  in  detergents  and  that  3500  tons  P  can 
be  attributed  to  improved  sewage  treatment.  (Au- 
thor's abstract) 
W90-04015 


PCB-POLLUTION  PROBLEM  IN  THE  UPPER 
HUDSON  RIVER:  FROM  ENVIRONMENTAL 
DISASTER    TO     'ENVIRONMENTAL    GRID- 
LOCK'. _     , 
Barnard  Coll.,  New  York.  Dept.  of  Geology. 
J.  E.  Sanders. 

Northeastern  Environmental  Science  NOESDb, 
Vol.  8,  No.  1,  p  1-86,  1989.  30  fig,  14  tab,  311  ref,  2 
append. 

Descriptors:  'Polychlorinated  biphenyls,  'Hudson 
River,  'Liability,  'Industrial  wastewater,  'Water 
pollution  sources,  'Legal  aspects,  New  York,  Path 
of  pollutants,  Water  pollution  effects,  Stream  pol- 
lution, Injunctive  relief,  Reviews,  Rehabilitation, 
Detritus,  Stream  fisheries. 

The  PCB  pollution  of  the  upper  Hudson  River  has 
been  traced  to  two  discharge  pipes  from  capacitor- 
manufacturing  plants  of  the  General  Electric  Com- 
pany (GE)  at  Hudson  Falls  and  Fort  Edward, 
located  about  40  miles  north  of  Troy,  New  York. 
In  August  1974,  EPA  biologists  carried  out  a  field 
investigation  upstream  of,  at,  and  downstream  of 
the    GE    discharge    pipes.    In    September    1975, 
goaded  by  articles  about  PCB-contaminated  fish 
from  the  Hudson  Estuary,  the  Commissioner  of  the 
New    York    State    Department   of   Conservation 
(NYS  DEC)  commenced  an  administrative  pro- 
ceeding against  GE,  alleging  violations  of  several 
NY  State  Environmental  Conservation  Law  sec- 
tions, and  seeking  cessation  of  PCB  discharges, 
penalties  for  past  discharges,  and  rehabilitation  of 
the  upper  river.  One  stipulation  of  the  resulting 
settlement  agreement  was  that  New  York  State 
'sign  off  with  GE  over  PCB  pollution  of  the 
Hudson  River  and,  if  the  Advisory  Committee 
recommended  in  favor  of  rehabilitation,  it  would 
use  its  'best  efforts'  to  find  funds  from  'sources 
other  than  GE'  to  help  pay  for  rehabilitation.  The 
Hudson  River  PCB  Settlement  Advisory  Commit- 
tee held  its  first  meeting  on  26  October   1976. 
Subsequently,  the  Committee  became  aware  of  the 
significance    of    remnant    deposits    (accumulated 
woody  debris  containing  PCBs)  in  the  PCB-pollu- 
tion  situation.  In  June  1978,  the  Advisory  Commit- 
tee recommended  that  DEC  pursue  upriver  reha- 
bilitation by  dredging  and  that  the  sediments  re- 
moved be  securely  encapsulated.  The  future  of  the 
PCB  problem  in  the  upper  Hudson  River  seems 
likely  to  be  settled  by  the  outcome  of  a  class-action 
lawsuit    that    commercial    fisherman    have    filed 
against  GE.  In  January  1989,  a  NEW  York  Ap- 
peals Court  voted  in  favor  of  the  ruling  that  the 
fishermen  were  entitled  not  only  to  payments  for 
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lost  income,  but  to  'injunctive  relief  (which  im- 
plies that  GE  must  clean  up  the  River).  (VerNooy- 
PTT) 
W90-04026 

NUTRIENTS  AND  PHYTOPLANKTON  DIS- 
TRIBUTIONS DURING  SPRING  IN  THE 
AEGEAN  SEA. 

National    Centre    for    Marine    Research,    Athens 

(Greece). 

For  primary  bibliographic  entry  see  Field  2L. 

W90-04027 

CHARACTERIZATION  OF  THE  ACCLIMA- 
TION PERIOD  BEFORE  ANAEROBIC  DEHA- 
LOGENATION  OF  HALOBENZOATES. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Crop 
and  Soil  Sciences. 

T.  G.  Linkfield,  J.  M.  Suflita,  and  J.  M.  Tiedje. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  55,  No.  11,  p  2773-2778,  Novem- 
ber 1989.  5  fig,  3  tab,  23  ref. 

Descriptors:  'Halogenated  compounds,  'Acclima- 
tization, 'Lake  sediments,  'Benzoates,  'Biodegra- 
dation,  'Fate  of  pollutants,  Carbon,  Anaerobic 
conditions,  Microbial  degradation. 

The  acclimation  periods  prior  to  detectable  dehalo- 
genation  of  halogenated  benzoates  in  anaerobic 
lake  sediments  ranged  from  3  weeks  to  6  months. 
These  acclimation  periods  were  reproducible  over 
time  and  among  sampling  sites  and  were  character- 
istic of  the  chemical  tested.  The  lengthy  acclima- 
tion period  appears  to  represent  an  induction  phase 
in  which  little  or  no  aryl  dehalogenation  is  ob- 
served, followed  by  an  exponential  increase  in 
activity  typical  of  an  enrichment  response.  Contin- 
uous growth  from  the  time  of  the  first  exposure  to 
the  chemical  is  inconsistent  with  the  extremely  low 
per-cell  activities  estimated  for  the  early  days  of 
the  acclimation  period  and  the  fact  that  the  dehalo- 
genation yields  no  carbon  to  support  microbial 
growth.  The  finding  of  a  characteristic  acclimation 
time  for  each  chemical  argues  against  nutritional 
deficiency,  inhibition,  or  predation  as  an  explana- 
tion for  this  phase  of  metabolism,  while  the  repro- 
ducibility of  the  findings  with  time  and  space  and 
among  replicates  argues  against  genetic  changes  as 
the  explanation.  The  acclimation  times  did  corre- 
late with  the  eventual  dehalogenation  rates.  This 
may  reflect  the  general  energy  limitations  in  the 
anaerobic  communities  and  suggests  that  those 
chemicals  with  faster  dehalogenation  rates  provide 
more  energy  for  the  induction  and  growth  phases 
of  the  active  population.  (Author's  abstract) 
W90-04028 


NITRATE  REDUCTION  IN  A  GROUNDWATER 
MICROCOSM  DETERMINED  BY  15N  GAS 
CHROMATOGRAPHY-MASS  SPECTROME- 
TRY. 

Lund  Univ.  (Sweden).  Dept.  of  Ecology. 
G.  Bengtsson,  and  H.  Annadotter. 
Applied       and      Environmental       Microbiology 
AEMIDF,  Vol.  55,  No.  11,  p  2861-2870,  Novem- 
ber 1989.  6  fig,  72  ref. 

Descriptors:  'Nitrates,  'Groundwater  pollution, 
♦Denitrification,  'Aquatic  bacteria,  'Microbial 
degradation,  Fate  of  pollutants,  Anaerobic  condi- 
tions, Sand  aquifers,  Aerobic  conditions,  Biodegra- 
dation. 

Aerobic  and  anaerobic  groundwater  continuous- 
flow  microcosms  were  designed  to  study  nitrate 
reduction  by  the  indigenous  bacteria  in  intact  satu- 
rated soil  cores  from  a  sandy  aquifer  with  a  con- 
centration of  3.8  mg  N03(-)-N/L.  Traces  of 
15N03(-)  were  added  to  filter-sterilized  ground- 
water by  using  a  Darcy  flux  of  4  cm/day.  Both 
assimilatory  and  dissimilatory  reduction  rates  were 
estimated  from  analyses  of  15N2,  15N20, 
15NH4(+),  and  15-N-labeled  protein  amino  acids 
by  capillary  gas  chromatography-mass  spectrome- 
try. N2  and  N20  were  separated  on  a  megabore 
fused-silica  column  and  quantified  by  electron 
impact-selected  ion  monitoring.  N03(-)  and 
NH4(+)    were    analyzed    as    pentafluorobenzoyl 
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amides  by  multiple-ion  monitoring  and  protein 
amino  acids  as  their  N-heptafluorobutyryl  isobutyl 
ester  derivatives  by  negative  ion-chemical  ioniza- 
tion. The  numbers  of  bacteria  and  their  (methyl- 
3H)thymidine  incorporation  rates  were  simulta- 
neously measured.  Nitrate  was  completely  reduced 
in  the  microcosms  at  a  rate  of  about  250  nano- 
grams/gm/day.  Of  this  nitrate,  80  to  90%  was 
converted  by  aerobic  denitrification  to  N2,  where- 
as only  35%  was  denitrified  in  the  anaerobic  mi- 
crocosm, where  more  than  50%  of  N03(-)  was 
reduced  to  NH4(  +  ).  Assimilatory  reduction  was 
recorded  only  in  the  aerobic  microcosm,  where  N 
appeared  in  alanine  in  the  cells.  The  nitrate  reduc- 
tion rates  estimated  for  the  aquifer  material  were 
low  in  comparison  with  rates  in  eutrophic  lakes 
and  coastal  sediments  but  sufficiently  high  to 
remove  nitrate  from  an  uncontaminated  aquifer  of 
the  kind  examined.  (Author's  abstract) 
W90-04032 


OCCURRENCE  AND  CHARACTERISTICS  OF 
AGGLUTINATION  OF  VIBRIO  CHOLERAE 
BY  SERUM  FROM  THE  EASTERN  OYSTER, 
CRASSOSTREA  VIRGINICA. 

Food  and  Drug  Administration,  Dauphin  Island, 
AL.  Fishery  Research  Branch. 
M.  L.  Tamplin,  and  W.  S.  Fisher. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  55,  No.  11,  p  2882-2887,  Novem- 
ber 1989.  6  tab,  35  ref. 

Descriptors:  *Human  pathogens,  *Pathogenic  bac- 
teria, *Oysters,  *Vibrio,  »Path  of  pollutants, 
Aquatic  bacteria,  Salinity,  Adsorption,  Blood,  Es- 
tuaries. 

Cell-free  hemolymph  (serum)  of  the  eastern  oyster, 
Crassostrea  virginica,  agglutinated  Vibrio  cholerae 
an  aquatic  bacterium  pathogenic  to  humans.  Sev- 
enty-nine other  strains  of  bacteria,  including  14 
genera  and  26  species,  were  not  agglutinated.  The 
A,  B,  and  C  factors  of  Ol  antigen  were  not  in- 
volved in  agglutination.  Bacterial  agglutinating 
(BA)  activity  was  demonstrated  for  oysters  inhab- 
iting different  environments  of  the  U.S.  Atlantic 
and  Gulf  coasts.  Oyster  serum  BA  titers  showed 
high  individual  variation.  The  serum  components 
involved  in  BA  activity  were  inhibited  by  80  C 
heat,  pronase,  EDTA,  mucin,  and  fetuin  treat- 
ments. N-Acetylneuraminic  acid  (10  mg/ml) 
weakly  inhibited  BA  activity.  Ligands  of  V.  cho- 
lerae were  sensitive  to  neuraminidase  and  resistant 
to  80  C  and  pronase.  High  salinities  (24  and  30%) 
enhanced  BA  activity.  Cross-adsorption  tests  with 
V.  cholerae  and  human  O-f  erythrocytes  indicated 
that  BA  and  hemagglutinating  activities  may  in- 
volve different  serum  components.  These  results 
imply  that  the  ecology  of  V.  cholerae  in  C.  virgin- 
ica is  influenced  by  agglutinating  activity  of  oyster 
serum.  (Author's  abstract) 
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SORPTION  OF  METALS  TO  BACILLUS  SUB- 
TTLIS  WALLS  FROM  DILUTE  SOLUTIONS 
AND  SIMULATED  HAMILTON  HARBOUR 
(LAKE  ONTARIO)  WATER. 

Guelph  Univ.  (Ontario).  Dept.  of  Microbiology. 

I.  T.  Mayers,  and  T.  J.  Beveridge. 

Canadian  Journal  of  Microbiology  CJMIAZ,  Vol. 

35,  No.  8,  p  764-770,  August  1989.  4  fig,  3  tab,  27 

ref. 

Descriptors:  •Path  of  pollutants,  *Fate  of  pollut- 
ants, *Bacillus,  "Heavy  metals,  *Lake  Ontario, 
•Sorption,  Atomic  absorption  spectrophotometry. 
Chromium,  Aluminum,  Lake  sediments,  Polymers, 
Aquatic  bacteria. 

Purified  cell  walls  of  Bacillus  subtilis  were  reacted 
with  various  metals  in  dilute  solutions  and  a  simu- 
lated Hamilton  Harbour  (Lake  Ontario)  water. 
Atomic  absorption  spectrophotometry  revealed 
that  iron  was  sorbed  to  the  walls  preferentially  and 
caused  the  walls  to  adhere  together  to  form  macro- 
scopic floes,  which  were  easily  sedimented  by 
gravity.  Electron  microscopy  and  energy  disper- 
sive X-ray  analysis  of  the  floes  showed  that  the 
bacterial  walls  were  embedded  in  an  iron  matrix 
presumed  to  be  iron  oxyhydroxide.  The  sorption  of 
iron  to  the  walls  also  enhanced  the  uptake  of  other 


metals  such  as  chromium  and  aluminum.  This  sorp- 
tion suggests  that  bacteria  may  play  a  role  in  the 
initial  formation  of  metal  rich  sediments.  It  may 
also  have  important  implications  for  the  general 
transport  of  metals  to  the  sediments  from  the  water 
column  in  fresh  water  environments  like  Hamilton 
Harbour  by  all  types  of  particulate  biological 
debris.  (Author's  abstract) 
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ATP-RELATED  SPECIFIC  HETEROTROPHIC 
ACTIVITY  IN  PETROLEUM  CONTAMINATED 
AND  UNCONTAMINATED  GROUNDWATERS. 

Technical  Univ.  of  Denmark,  Lyngby.  Dept.  of 

Sanitary  Engineering. 

For  primary  bibliographic  entry  see  Field  5C. 
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ACID-SENSITIVE  WATERS  OF  THE  ENGLISH 
LAKE  DISTRICT:  A  STEADY-STATE  MODEL 
OF  STREAMWATER  CHEMISTRY  IN  THE 
UPPER  DUDDON  CATCHMENT. 

Freshwater    Biological     Association,     Ambleside 

(England).  Windermere  Lab. 

E.  Tipping. 

Environmental  Pollution  ENPOEK,  Vol.  60,  No. 

3-4,  p  181-208,  1989.  9  fig,  10  tab,  28  ref. 

Descriptors:  *Acid  rain  effects,  •Water  pollution 
sources,  »Acid  streams,  *Lakes,  *Model  studies, 
•Water  chemistry,  *Acidic  water,  Hydrogen  ion 
concentration,  Weathering,  Carbonates,  Nitrogen 
compounds,  Soil  chemistry,  Aluminum,  Evapo- 
transpiration,  Sulfates,  Carbon  dioxide,  Duddon 
River. 

Data  on  deposition  and  streamwater  chemistry, 
obtained  for  the  upper  catchment  of  the  River 
Duddon  (Cumbria,  England)  in  the  1970s  and 
1980s,  were  reviewed.  These  data,  together  with 
soil  chemical  data,  were  used  to  deduce  key  proc- 
esses in  the  deposition-catchment  interaction,  the 
analysis  being  based  on  current  concepts  of  acidifi- 
cation. The  processes  were  incorporated  into  a 
steady-state  model  that  allows  streamwater  compo- 
sitions to  be  calculated.  The  large  baseflow  pH 
range  (5-7)  of  Duddon  streams  is  accounted  for  in 
the  model  by  a  range  of  base  cation  weathering 
rates.  Other  processes  invoked  are  evapotranspira- 
tion,  the  uptake  of  nitrogen  by  plants,  dissolution 
of  Al(OH)3  in  the  mineral  soil,  precipitation  of 
Al(OH)3  in  the  baserock  zone  and  in  streamwater, 
A13+  hydrolysis,  and  reactions  of  the  carbonate 
system.  Both  cation  exchange  and  sulfate  adsorp- 
tion are  ignored,  because  they  are  assumed  to 
influence  rates-of-change  between  steady  states, 
but  not  steady-state  water  compositions  per  se.  The 
model  can  be  used  to  estimate  variations  in  stream- 
water  composition  with  flow.  Model  calculations 
suggest  that  a  50%  decrease  in  depositional  acidi- 
fying components  (sulfur  oxides  and  NH4+) 
would  result  in  increases  of  up  to  1  pH  unit  in 
streamwaters  with  present-day  baseflow  pH  values 
of  5  or  less.  It  appears  that  water  quality  in  the 
upper  Duddon  is  currently  more  sensitive  to  inputs 
of  NH4+  than  of  H2S04.  To  improve  the  reliabil- 
ity of  model  predictions,  more  information  is  re- 
quired on  the  pH  dependence  of  base  cation  weath- 
ering, transformations  involving  nitrogen,  alumi- 
num chemistry  and  partial  pressures  of  C02  in  soil 
and  baserock.  (Author's  abstract) 
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EFFECT  OF  TWO  APPLICATIONS  OF  ATRA- 
ZINE  ON  THE  WATER  QUALITY  OF  FRESH- 
WATER ENCLOSURES. 

National   Museum   of  Natural   Sciences,   Ottawa 

(Ontario).  Botany  Div. 

For  primary  bibliographic  entry  see  Field  5C. 
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ABIOTIC  DEHALOGENATION  OF  1,2-DICH- 
LOROETHANE  AND  L2-DIBROMOETHANE 
IN  AQUEOUS  SOLUTION  CONTAINING  HY- 
DROGEN SULFIDE. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
J.  E.  Barbash,  and  M.  Reinhard. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  23,  No.  11,  p  1349-1357,  Novem- 


ber 1989.  1  fig,  4  tab,  55  ref. 

Descriptors:  'Fate  of  pollutants,  'Organic  com- 
pounds, 'Hydrogen  sulfide,  "Chlorinated  hydro- 
carbons, Kinetics,  Phosphates,  Chemical  reactions. 

To  gain  a  better  understanding  of  the  fate  of  halo- 
aliphatic  compounds  in  oxygen-deficient  natural 
waters,  the  dehalogenation  of  1,2-dichloroethane 
(1,2-DCA)  and  1,2-dibromoethane  (EDB)  in  phos- 
phate buffer  alone,  and  in  phosphate  buffer  con- 
taining hydrogen  sulfide  was  examined.  Kinetic 
runs  were  conducted  at  pH  7  over  the  temperature 
range  from  25  to  87.5  C.  Phosphate  buffer  cata- 
lyzed the  hydrolysis  of  both  1,2-DCA  and  EDB. 
This  catalysis  was  attributed  to  the  buffer  anion 
HP04(-).  The  rate  laws  for  these  transformations 
and  rate  constants  at  25  C  are  given.  Results  indi- 
cate that  primary  chloro-,  and  bromoalkanes  are 
susceptible  to  abiotic  dehalogenation  by  both  H20 
and  HS(-)  under  conditions  that  are  environmental- 
ly relevant.  For  the  three  nucleophiles  examined, 
that  is  H20,  HP04( -),  and  HS(-),  the  reactions 
with  EDB  at  25  C  were  found  to  be  faster  than 
those  involving  1,2-DCA  by  factors  of  13,  47,  and 
67,  respectively.  Furthermore,  the  rates  of  reaction 
with  HS(-)  at  25  C  and  pH  6  exceed  the  rates  of 
reaction  with  H20  for  total  sulfide  concentrations 
greater  than  40  micromoles  for  EDB  and  200 
micromoles  for  1,2-DCA.  At  15  C  and  pH  6,  the 
half-life  of  1,2-DCA  in  50  mM  phosphate  buffer  is 
reduced  from  170  to  23  yr  when  1  mM  total  sulfide 
is  present,  while  the  addition  of  1  mM  sulfide  to  50 
mM  phosphate  buffer  reduces  the  half-life  of  EDB 
from  16  yr  to  160  days.  (Geiger-PTT) 
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ENHANCED  RETENTION  OF  ORGANIC  CON- 
TAMINANTS BY  SOILS  EXCHANGED  WITH 
ORGANIC  CATIONS. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of 
Communication . 

J.  F.  Lee,  J.  R.  Crum,  and  S.  A.  Boyd. 
Environmental        Science       and       Technology 
ESTHAG,  Vol.  23,  No.  11,  p  1365-1372,  Novem- 
ber 1989.  5  fig,  4  tab,  23  ref. 

Descriptors:  *Water  pollution  treatment,  *Soil 
contamination,  *Fate  of  pollutants,  *Ion  exchange, 
•Organic  compounds,  Sorption,  Soil  texture,  Soil 
water,  Organic  matter,  Kinetics,  Groundwater  pol- 
lution. 

The  ability  of  soils  to  remove  nonionic  organic 
contaminants  (NOCs)  from  water  can  be  greatly 
enhanced  by  ion-exchange  reactions  of  organic 
cations  for  natural  inorganic  exchange  ions.  Soils 
exchanged  with  organic  cations  of  the  form 
((CH3)3NR)  +  where  R  is  a  C9-C16  hydrocarbon, 
have  significantly  higher  organic  matter  contents 
and  display  high  sorptive  uptake  of  common 
groundwater  contaminants.  Sorption  coefficients 
(K  values)  of  NOCs  on  hexadecyltrimethylammon- 
ium-  (HDTMA-)  treated  subsurface  soil  increased 
by  approximately  200  times.  The  K  values  for 
HDTMA-treated  surface  soils  also  increased  sig- 
nificantly. When  smaller  organic  cations,  i.e.,  dode- 
cyltrimethylammonium  (DDTMA)  and  nonyltri- 
methylammonium  (NTMA),  were  used,  the  ex- 
change reactions  were  less  complete,  and  the  in- 
creases in  organic  matter  contents  and  K  values 
were  less.  Organic  matter  derived  from  the  ex- 
changed organic  cations  appeared  to  form  an  effec- 
tive partition  medium  for  NOCs.  The  organic 
phase  derived  from  exchanged  HDTMA  was  at 
least  10  times  more  effective  than  natural  organic 
matter  for  removing  NOCs  from  water;  exchanged 
DDTMA  was  nearly  as  effective  as  HDTMA; 
however,  NTMA  was  less  effective.  HDTMA  was 
equally  effective  as  a  partition  medium  for  NOCs 
when  exchanged  on  soils  of  widely  different  tex- 
tural  classes.  (Author's  abstract) 
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PHOTOCATALYTTC  DEGRADATION  OF 
NONYLPHENOL  ETHOXYLATED  SURFAC- 
TANTS. 

Parma  Univ.  (Italy).  1st.  di  Chimica  Fisica  Appli- 

cata. 

E.  Pellzzetti,  C.  Minero,  V.  Maurino,  A.  Sclafani, 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


and  H.  Hidaka. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  23,  No.  11,  p  1380-1385,  Novem- 
ber 1989.  8  fig,  1  tab,  26  ref.  CNR,  MPI,  Enin- 
cerche,  Regione  Piemonte,  E.S.O.  Contract  DAJA 
45-85-C-O023.  EEC  Contract  EV4V-0O68-C(CD). 

Descriptors:  'Phenols,  'Surfactants,  'Photolysis, 
•Wastewater  treatment,  *Fate  of  pollutants,  Kinet- 
ics, Model  studies,  Irradiation,  Carbon  dioxide, 
Dissolved  solids. 

Photocatalytic  degradation  of  p-alkylphenols  and 
the  nonionic  nonylphenol  ethoxylate  surfactants 
was  studied  using  Ti02  particulates  as  photocata- 
lyst.  Degradation  processes  were  monitored 
through  liquid  chromatography,  C02  evolution, 
dissolved  organic  carbon,  and  particulate  organic 
carbon  measurements.  Complete  conversion  to 
C02  was  demonstrated.  The  degradation  routes 
involve,  in  the  early  part  of  the  process,  a  competi- 
tive attack  of  hydroxyl  radicals  on  the  ethoxy 
chain  and  on  the  aromatic  ring,  which  can  be 
rationalized  in  the  framework  of  the  kinetic  model 
proposed.  This  research  suggests  that  photocataly- 
tic processes  could  be  applied,  together  with  other 
treatment  of  wastewaters,  to  ensure  final  disposal 
of  undesirable  products.  (Geiger-PTT) 
W90-04048 

ATMOSPHERIC  TRANSPORT  AND  DEPOSI- 
TION OF  POLYCHLORINATED  DIBENZO-P- 
DIOXINS  AND  DD3ENZOFURANS. 

Indiana  Univ.  at  Bloomington.  School  of  Public 
and  Environmental  Affairs. 
B.  D.  Eitzer,  and  R.  A.  Hites. 
Environmental        Science        and       Technology 
ESTHAG,  Vol.  23,  No.  11,  p  1396-1401,  Novem- 
ber 1989.  5  fig,  4  tab,  35  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  'Dioxins, 
•Dibenzofurans,  'Path  of  pollutants,  'Water  pollu- 
tion sources,  'Deposition,  'Air  pollution,  Wash- 
outs, Sediments,  Fate  of  pollutants,  Spatial  distri- 
bution. 

Atmospheric  transport  and  depositional  processes 
of  polychlorinated  dibenzo-p-dioxins  (PCDD)  and 
dibenzofurans  (PCDF)  were  studied  by  determin- 
ing their  concentrations  in  ambient  air  and  rain 
samples.  Total  concentrations  in  ambient  air  range 
from  tens  of  picograms/cu  m  for  urban  locations  to 
tenths  of  picograms/cu  m  for  rural  locations.  The 
average  total  concentration  in  rain  from  a  suburban 
area  is  90  picograms/L.  Comparison  of  the  air  and 
rain  data  gives  washout  ratio  and  Henry's  law 
constant  estimates.  The  total  washout  ratio  ranges 
from  9,300  to  90,000,  and  the  Henry's  law  con- 
stants range  from  .000015  to  .000000090  atm-cu  m/ 
mol.  Sediment  fluxes  compare  favorably  with 
those  predicted  from  atmospheric  concentrations. 
Comparisons  of  PCDD  plus  PCDF  profiles  with 
other  environmental  compartments  show  a  consist- 
ent and  systematic  change  from  the  combustion 
source  profile  to  the  sedimentary  sink  profile.  (Au- 
thor's abstract) 
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RETARDATION  OF  AMMONIUM  AND  PO- 
TASSIUM TRANSPORT  THROUGH  A  CON- 
TAMINATED SAND  AND  GRAVEL  AQUD7ER: 
THE  ROLE  OF  CATION  EXCHANGE. 

Geological  Survey,  Denver,  CO. 
M.  L.  Ceazan,  E.  M.  Thurman,  and  R.  L.  Smith. 
Environmental        Science       and       Technology 
ESTHAG,  Vol.  23,  No.  11,  p  1402-1408,  Novem- 
ber 1989.  7  fig,  41  ref. 

Descriptors:  'Fate  of  pollutants,  'Ammonium, 
'Potassium,  'Path  of  pollutants,  'Aquifers, 
'Cation  exchange,  Sand  aquifers,  Sorption,  Sedi- 
ments, Calcium,  Magnesium,  Sodium,  Nitrates, 
Tracers,  Wastewater  pollution,  Groundwater  pol- 
lution. 

The  role  of  cation  exchange  in  the  retardation  of 
ammonium  (NH4+)  and  potassium  (K+)  trans- 
port in  a  shallow  sand  and  gravel  aquifer  was 
evaluated  by  use  of  observed  distributions  of 
NH4+  and  K  +  within  a  plume  of  sewage-con- 
taminated groundwater,  small-scale  tracer  injection 


tests,  and  batch  sorption  experiments  on  aquifer 
material.  Both  NH4-I-  and  K+  were  transported 
approximately  2  km  in  the  4-km-long  contaminant 
plume  (retardation  factor,  Rf  =  2.0).  Sediments 
from  the  NH4+ -containing  zone  of  the  plume 
contained  significant  quantities  of  KCl-extractable 
NH4-t-  (extraction  distribution  coefficient, 
Kd(extr)  =  0.59-0.87  ml/gm  of  dry  sediment),  and 
when  added  to  uncontaminated  sediments,  NH4+ 
sorption  followed  a  linear  isotherm.  Small-scale 
tracer  tests  demonstrated  that  NH4  +  and  K+ 
were  retarded  (Rf  =  3.5)  relative  to  a  nonreactive 
tracer  (Br-).  Sorption  of  dissolved  NH4+  was 
accompanied  by  concomitant  release  of  calcium 
(Ca++),  magnesium  (Mg++),  and  sodium 
(Na+)  from  aquifer  sediments,  suggesting  involve- 
ment of  cation  exchange.  In  contrast,  nitrate  (N03- 
)  was  not  retarded  and  cleanly  separated  from 
NH4+  and  K+  in  the  small-scale  tracer  tests.  The 
study  demonstrates  that  transport  of  NH4+  and 
K+  through  a  sand  and  gravel  aquifer  can  be 
markedly  affected  by  cation-exchange  processes 
even  at  a  clay  content  less  than  0.1%.  (Author's 
abstract) 
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HYDROGEN  PEROXIDE  CONCENTRATION 
IN  A  NORTHERN  LAKE:  PHOTOCHEMICAL 
FORMATION  AND  DIEL  VARIABILITY. 

Florida    International    Univ.,    Miami.    Drinking 
Water  Research  Center. 
W.  J.  Cooper,  and  D.  R.  S.  Lean. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  23,  No.  11,  p  1425-1428,  Novem- 
ber 1989.  2  fig,  1  tab,  41  ref. 

Descriptors:  'Water  chemistry,  'Rain,  'Hydrogen 
peroxide,  'Lakes,  'Fate  of  pollutants,  'Photo- 
chemistry, Degradation,  Kinetics,  Surface  water. 

Diel  changes  in  hydrogen  peroxide  (H202)  con- 
centration in  Jacks  Lake,  Ontario,  suggested  that 
photochemical  processes  were  responsible  for  its 
formation.  The  concentrations  of  H202  reached 
200-400  nanoM  by  late  afternoon  on  a  sunny  day 
and  declined  to  below  10  nanoM  during  the  night. 
The  depletion  of  H202  observed  in  near-shore  lake 
sampling  sites  was  faster  than  the  dark  decay  rate 
of  H202.  The  dark  decay  rate  of  H202  obeyed 
first-order  kinetics  and  was  much  faster  than  those 
previously  observed  in  marine  environments.  Rain 
was  shown  to  have  H202  concentrations  up  to  34 
microM  and  may  contribute  to  the  surface  water 
H202  concentration.  (Author's  abstract) 
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DISTRIBUTION  OF  COLLOIDAL  ALUMINUM 
AND  ORGANIC  CARBON  IN  COASTAL  AND 
OPEN  OCEAN  WATERS  OFF  NOVA  SCOTIA. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Oceanography. 

S.  B.  Moran,  and  R.  M.  Moore. 

Geochimica  et  Cosmochimica   Acta  GCACAK, 

Vol.  53,  No.  10,  p  2519-2527,  October  1989.  3  fig,  6 

tab,  48  ref. 

Descriptors:  'Path  of  pollutants,  'Metal  scavening, 
'Aluminum,  'Organic  carbon,  'Colloids,  Coastal 
waters,  Radioactive  tracers,  Thorium  radioiso- 
topes, Seawater,  Model  studies,  Particulate  matter, 
Nova  Scotia. 

Cross-flow  filtration  has  been  used  to  study  the 
size  distribution  of  aluminum  and  organic  carbon 
in  an  operationally  defined  colloidal  size  range 
(10,000  MW-0.45  microns;  approximately  1-10  nan- 
ometers-0.45  microns)  in  coastal  and  open  ocean 
waters  off  Nova  Scotia.  Colloidal  aluminum  was 
consistently  <  5%  of  the  dissolved  (0.45  microns 
filtered)  fraction  by  direct  measure  and  15%  of 
dissolved  Al  by  difference  (0.45  microns  filtered 
minus  1-10  nanometers  filtered).  Concentrations  of 
Al  measured  in  the  colloidal  fraction  were  high  in 
the  surface  waters  of  the  shelf,  0.44-0.55  nanoM  (3- 
4%  of  dissolved),  and  decreased  to  levels  of  0.09- 
0.15  nanoM  (approximately  1%  of  dissolved)  in 
deeper  waters.  The  open  ocean  vertical  distribu- 
tion of  colloidal  Al  was  similar  to  that  on  the  shelf, 
with  elevated  concentrations  in  surface  waters, 
0.16-0.19  nanoM  (approximately  1%  of  dissolved), 
decreasing  to  0.01-0.08  nanoM  (0.5%  of  dissolved) 


in  deep  waters.  Colloidal  organic  carbon  was  < 
10-15%  of  dissolved  organic  carbon;  however,  the 
present  organic  carbon  measurements  may  be  un- 
derestimated by  our  analytical  method  which  em- 
ploys UV-photooxidation.  Laboratory  experi- 
ments, using  Th234  tracer  and  several  surface 
water  samples,  showed  an  increasing  percentage  of 
colloidal  thorium  from  open  ocean  to  nearshore 
waters;  Th234  tracer  was  always  slightly  greater 
than  Al  in  the  colloidal  size  fraction.  The  relation- 
ship between  the  apparent  distribution  coefficient 
(K'd)  for  metals  and  particle  concentration  (Cp) 
for  oceanic  waters  has  been  examined.  Model  pre- 
dictions show  that,  for  most  of  the  global  ocean, 
K'd  will  be  independent  of  Cp.  This  result  is  in 
agreement  with  oceanic  and  laboratory  K'd  values 
determined  for  aluminum.  (Author's  abstract) 
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SEDIMENT   BIOGEOCHEMISTRY   OF   IRON 
AND  SULFUR  IN  AN  ACIDIC  LAKE. 

Indiana  Univ.,  Bloomington.  School  of  Public  and 

Environmental  Affairs. 

For  primary  bibliographic  entry  see  Field  2H. 
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BIOGEOCHEMICAL  FACTORS  THAT  INFLU- 
ENCE THE  STABLE  NITROGEN  ISOTOPE 
RATIO  OF  DISSOLVED  AMMONIUM  EV  THE 
DELAWARE  ESTUARY. 

Carnegie  Institution  of  Washington,  DC.  Geo- 
physical Lab. 

For  primary  bibliographic  entry  see  Field  2L. 
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BIODEGRADATION  OF  CRUDE  OIL  IN  AN 
EXPERIMENTALLY  POLLUTED  PEATY 
MANGROVE  SOIL. 

Institut  de  la  Carte  Internationale  du  Tapis  Vege- 
tal, Toulouse  (France). 

For  primary  bibliographic  entry  see  Field  5G. 
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CYCLIC      ORGANOCHLORINES      IN      THE 

WHELKS  BUCCINUM  UNDATUM  AND  NEP- 

TUNEA  ANTIQUA  FROM  THE  NORTH  SEA 

AND  THE  IRISH  SEA. 

Hamburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Bio- 

chemie  und  Lebensmittelschemie. 

R.  Knickmeyer,  and  H.  Steinhart. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

9,  p  433-437,  September  1989.  4  fig,  2  tab,  24  ref. 

German  Bundesminister  fuer  Forschung  und  Tech- 

nologie  contract  MFU  0545/0. 

Descriptors:  'Path  of  pollutants,  'Polychlorinated 
biphenyls,  'Chlorinated  hydrocarbons,  'Mollusks, 
'DDE,  'Bioaccumulation,  North  Sea,  Irish  Sea, 
Whelks,   Fate  of  pollutants,   Spatial  distribution. 

The  body  burdens  of  polychlorinated  biphenyls 
(PCB),  hexachlorobenzene  (HCB),  and  p,p'-DDE 
in  the  whelks  Buccinum  undatum  and  Neptunea 
antiqua  from  the  North  Sea  and  the  Irish  Sea 
during  early  summer  are  reported.  The  patterns  of 
individual  PCB  congeners  were  independent  of  the 
species,  the  size  of  the  animals  and  the  geographi- 
cal origin.  Hexachlorobiphenyls  were  the  main 
congeners.  Samples  from  the  German  Bight  and 
the  Liverpool  Bay  were  more  contaminated  with 
PCBs  compared  to  the  central  North  Sea  and  the 
Irish  Sea.  Whelks  from  the  Scottish  east  coast,  the 
German  Bight  and  the  Liverpool  Bay  showed 
maximum  amounts  of  p,p*-DDE  in  their  tissues. 
The  highest  concentration  of  HCB  was  found  at 
the  Danish  coast  near  Esbjerg.  (Author's  abstract) 
W90-O4059 


GEOCHEMICAL  ANOMALIES  IN  SEDI- 
MENTS ON  THE  SHELF  NEAR  THE  LAGOON 
OF  VENICE,  ITALY. 

New  South  Wales  Univ.,  Kensington  (Australia). 

Dept.  of  Applied  Geology. 

A.  D.  Albani,  P.  C.  Rickwood,  V.  M.  Favero,  and 

R.  Serandrei  Barbero. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

9,  p  438-442,  September  1989.  2  fig,  1  tab,  15  ref. 
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Group  5B— Sources  Of  Pollution 

Descriptors:  •Marine  sediments,  'Path  of  pollut- 
ants, "Venice  Lagoon,  'Geochemistry,  "Italy, 
•Water  pollution  sources,  Cadmium,  Copper, 
Nickel,  Vanadium,  Sulfur,  Phosphorus,  Bottom 
sediments,  Trace  elements,  Spatial  distribution. 

Evaluation  of  the  geochemistry  of  the  bottom  sedi- 
ments on  the  shelf  near  the  Venice  Lagoon  was 
made  by  collecting  samples  with  a  modified  Van 
Veen  grab  sampler  at  174  sampling  stations  at 
intersections  of  a  1000  m  grid.  Results  of  trace 
element  analysis  performed  by  X-ray  fluorescence 
spectrometry  revealed  localized  concentrations  of 
Cd,  Cu,  Ni,  V,  S,  and,  to  a  lesser  extent,  P.  These 
elements  are  not  known  to  be  concentrated  in  the 
rocks  within  the  catchment  areas  of  the  rivers  that 
drain  into  the  Lagoon  and  all  distribution  patterns 
indicate  that  they  are  not  natural  deposits. 
Dumped  smelter  waste  and  residues  from  tanning 
and  plating  industries  seem  to  be  possible  sources 
of  these  pollutants.  (Geiger-PTT) 
W9O-O4O60 


FEEDING  BEHAVIOUR  AND  MERCURY 
CONTENT  IN  TWO  FLAT  FISH  IN  THE 
NORTHERN  TYRRHENIAN  SEA. 

Consiglio  Nazionale  delle  Ricerche,  Pisa  (Italy). 

1st.  di  Biofisica. 

D.  Pellegrini,  and  C.  Barghigiani. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

9,  p  443-446,  September  1989.  4  fig,  1  tab,  19  ref. 

Descriptors:  *Path  of  pollutants,  *Mercury, 
•Marine  sediments,  *Fate  of  pollutants,  'Fish, 
•Mediterranean  Sea,  Fish  behavior,  Bioaccumula- 
tion,  Fate  of  pollutants,  Tissue  analysis,  Fish  diets. 

Total  and  organic  mercury  concentrations  were 
determined  in  muscle  tissue  and  stomach  contents 
of  specimens  of  Solea  vulgaris  and  Lepidorhombus 
boscii,  and  in  sediments  collected  in  two  zones 
(zone  A  and  zone  B)  of  the  northern  Tyrrhenian 
Sea  affected  by  the  presence  of  the  cinnabar  anom- 
aly of  Mt.  Amiata.  Relations  of  mercury  concen- 
tration were  studied  with  respect  to  length,  age, 
sex,  and  feeding.  No  significant  differences  in  mer- 
cury concentrations  were  observed  between  males 
and  females  in  either  species.  The  accumulation 
ratio  increased  with  age  in  both  species,  but  to  a 
far  smaller  extent  in  sole.  Mercury  increase  with 
length  was  significantly  higher  in  L.  boscii  than  in 
S.  vulgaris.  The  mercury  content  of  L.  boscii  was 
five  times  higher  on  the  average  than  that  of 
specimens  of  S.  vulgaris  of  the  same  age.  Data  on 
stomach  contents  suggests  that  one  cause  of  these 
differences  was  the  different  amount  of  mercury 
ingested  in  the  diet.  Although  the  mercury  content 
of  zone  A  sediments  was  higher  (0.74  micrograms/ 
gm  Hg)  than  that  of  zone  B  (0. 1  micrograms/gm 
Hg),  they  had  the  same  percentage  of  organic 
mercury  with  respect  to  the  total  (<  1%).  The 
mercury  concentrations  of  the  studied  species  did 
not  reflect  those  of  the  sediments  of  the  sampling 
zones.  (Geiger-PTT) 
W90-04061 


INCREASED     EUTROPHICATION     OF    THE 
NORTHERN  ADRIATIC  SEA. 

Institut    Rudjer    Boskovic,    Rovinj    (Yugoslavia). 

Centar  za  Istrazivanje  Mora. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04062 


CONTAMINANTS  IN  BLUBBER,  LD/ER  AND 
KIDNEY  TISSUE  OF  PACIFIC  WALRUSES. 

Fish  and  Wildlife  Service,  Anchorage,  AK 
D.  L.  Taylor,  S.  Schliebe,  and  H.  Metsker. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
9,  p  465-468,  September  1989.  4  tab,  14  ref. 

Descriptors:  'Path  of  pollutants,  *Bioaccumula- 
tion,  'Alaska,  'Mammals,  •Heavy  metals,  *Liver, 
•Kidneys,  Lead,  Cadmium,  Zinc,  Selenium,  Mer- 
cury, Arsenic,  Chlorinated  hydrocarbon,  Poly- 
chlorinated  biphenyls. 

Walruses  from  the  spring  harvest  taken  by  Alaskan 
Natives  from  1981  to  1984  were  periodically  moni- 
tored for  levels  of  heavy  metals,  polychlorinated 
biphenyls  and  organochlorines  in  liver,  blubber, 


and  kidneys.  Lead  was  present  in  9  of  57  liver 
samples  at  a  maximum  concentration  of  1.2  ppm. 
Concentrations  were  similar  in  liver  (0.05  ppm) 
and  in  kidney  (0.06  ppm).  Lead  was  not  detected  in 
samples  from  Nome  or  from  the  Zakharovo  collec- 
tions. Cadmium  occurred  in  all  liver  and  kidney 
samples  at  maximum  concentrations  of  50  ppm  in 
liver,  and  99  ppm  in  kidney.  Mercury  occurred  in 
all  liver  samples  with  a  maximum  concentration  of 
23  ppm.  The  maximum  selenium  concentration  in 
liver  was  12  ppm.  Selenium  in  walrus  kidney  from 
Zakharovo  samples  averaged  0.5  ppm.  Arsenic  oc- 
curred in  6  of  57  liver  samples  at  a  maximum 
concentration  of  0.15  ppm.  Arsenic  was  not  detect- 
ed in  samples  collected  at  Nome,  Diomede  or 
Wales.  In  13  liver  samples,  zinc  averaged  44.61 
ppm.  The  highest  concentration  of  zinc  was  75.0 
ppm.  Zakharovo  kidney  samples  had  an  average 
concentration  of  33.0  ppm  zinc.  Only  dieldrin  and 
oxychlordane  were  detected  in  blubber  samples. 
Dieldrin  was  present  in  14  of  53  samples  at  a  mean 
concentration  of  0  at  Savoonga  to  0.20  ppm  at  the 
Zakharovo.  Oxychlordane  was  present  in  1 1  of  53 
samples.  Mean  concentrations  varied  from  0  at 
Wales  to  the  highest  level  of  0.1  ppm  in  the  Zak- 
harovo samples.  Eleven  aliphatic  hydrocarbon 
compounds  were  recorded  in  blubber  tissue.  Eico- 
sanne  and  pristane  occurred  in  concentrations  >  1 
ppm.  (Geiger-PTT) 
W90-04064 


PESTICIDES  AND  PCBS  IN  OYSTERS  FROM 
MAZATLAN,  SINALOA,  MEXICO. 

California  State  Dept.  of  Fish  and  Game,  Monte- 
rey. Marine  Pollution  Studies  Lab. 
M.  Martin,  and  E.  Gutierrez-Galindo. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No 
9,  p  469-472,  September  1989.  2  fig,  2  tab,  3  ref. 
California  State  Water  Resources  Control  Board 
Interagency  Agreement  7-018-250-0. 

Descriptors:  *Pesticides,  *Fate  of  pollutants,  •Oys- 
ters, *Halogenated  pesticides,  *Bioaccumulation, 
•Polychlorinated  biphenyls,  Estuaries,  Chlorinated 
hydrocarbons,  DDE,  Insecticides,  Agricultural 
runoff,  Mexico,  Mazatlan. 

Adult  oysters  collected  from  the  Estero  de  Urias 
(1.5  and  2.0  km  southeast  of  the  CFE  fossil  fuel 
thermoelectric  plant,  stations  E3  and  E4,  respec- 
tively) near  Mazatlan,  Sinaloa,  Mexico  were  ana- 
lyzed for  polychlorinated  biphenyls  (PCB),  and 
pesticides  in  soft  tissue  by  gas  chromatography. 
The  state  of  Sinaloa  is  very  active  in  agriculture, 
and  agricultural  runoff  of  pesticides  is  a  concern 
for  public  health.  Only  DDE  and  PCB  (congener 
101  +  153)  were  identified  near  the  minimum 
reporting  limits  of  the  techniques.  The  two  samples 
contained  low  concentrations  of  p,p'-DDE  at  22 
ppb  and  18  ppb  for  the  two  sites,  E3  and  E4, 
respectively.  Trace  quantities  of  PCB  congeners 
(101,  153)  were  detected  in  the  3-4  ppb  ranges  in 
both  sample  sites.  All  other  pesticides  were  below 
the  reporting  limits.  The  concentrations  of  synthet- 
ic organic  compounds  (pesticides  and  PCBs)  in 
resident  oysters  from  Mazatlan  Harbor  were  con- 
siderably lower  than  those  found  in  bivalves  along 
a  majority  of  the  California  coast.  (Geiger-PTT) 
W90-04065 


AMELIORATION  OF  STORM-WATER  QUAL- 
ITY BY  A  FRESHWATER  ESTUARY. 

Ohio  Dept.  of  Natural   Resources,   Huron,   OH. 
For  primary  bibliographic  entry  see  Field  2H. 
W9O-O4078 


ENVIRONMENTAL  MICROBIOLOGY  OF 
CHLORINATED  AROMATIC  DECOMPOSI- 
TION. 

Harvard  Univ.,  Cambridge,  MA.  Lab.  of  Microbial 

Ecology. 

M.  Boyle. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

18,  No.  4,  p  395-402,  October-December  1989.  1 

fig,  2  tab,  107  ref. 

Descriptors:  *Fate  of  pollutants,  *Biodegradation, 
•Microbial  degradation,  •Chlorinated  hydrocar- 
bons, Evolution,  Adaptation,  Plasmids 


The  difficulty  in  predicting  the  microbial  degrada- 
tion rates  of  such  xenobiotic  chemicals  as  chlorin- 
ated aromatic  hydrocarbons  necessitates  that  em- 
pirical data  on  decomposition  be  collected  to 
model  the  environmental  fate  and  transport  of 
these  recalcitrant  compounds.  In  natural  systems  a 
significant  proportion  of  xenobiotic  degradation 
involves  cometabolism,  a  process  in  which  the 
partial  oxidation  of  a  substance  (primary  degrada- 
tion) is  not  accompanied  by  carbon  incorporation 
or  energy  utilization  by  the  degrading  microorga- 
nisms. Extrachromosomal  elements  (plasmids) 
have  been  demonstrated  to  aid  community  adapta- 
tion to  chemical  stress.  Work  based  on  epidemio- 
logical studies  of  antibiotic  resistance  suggests  that 
plasmids  provide  the  genetic  plasticity  through 
which  adaptive  processes  can  work.  Genes  encod- 
ing for  the  metabolism  of  chlorobenzoates,  PCBs 
and  other  xenobiotic  compounds  have  often  been 
shown  to  be  located  on  plasmids.  The  improve- 
ment in  the  construction  of  microbial  strains  in- 
creases the  possibility  of  managing  the  composition 
of  degradative  enzyme  pools.  If  the  appropriate 
genetic  information  can  be  introduced  into  robust 
microbial  competitors,  then  the  augmented  enzy- 
matic capacity  could  increase  specific  degradation 
rates.  Areas  with  concentrated  levels  of  xenobio- 
tics,  such  as  industrial  waste  ponds,  landfills,  chem- 
ical spills,  and  sewage  treatment  facilities,  may 
provide  the  proving  grounds  for  the  next  genera- 
tion of  microbial  decomposers.  Because  chlorinat- 
ed aromatic  hydrocarbons  were  rare  in  the  envi- 
ronment until  a  few  decades  ago,  they  provide  a 
unique  opportunity  to  study  the  evolution  of  mul- 
tistep  catabolic  pathways  for  the  degradation  of 
compounds  with  novel  chemical  structures. 
(Mertz-PTT) 
W90-04099 


HEAVY  METAL  CONCENTRATIONS  DURING 
TEN  YEARS  OF  SLUDGE  TREATMENT  TO  AN 
OLD-FIELD  COMMUNITY. 

Indiana  Univ.,  Bloomington.  School  of  Public  and 

Environmental  Affairs. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-04100 


HERBICIDE  LEACHING  AND  DISTRIBUTION 
IN  TILLED  AND  UNTTLLED  SOn,. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Agronomy. 

J.  K.  Hall,  M.  R.  Murray,  and  N.  L.  Hartwig. 
Journal  of  Environmental  Quality  JEVQAA,  Vol. 
18,  No.  4,  p  439-445,  October-December  1989.  3 
fig,  2  tab,  18  ref.  Department  of  Agricultural  con- 
tract 82-CSRS-2-2057. 

Descriptors:  *Fate  of  pollutants,  'Path  of  pollut- 
ants, 'Pesticides,  •Herbicides,  *Leaching,  Lysi- 
meters,  Atrazine,  Simazine,  Metolachlor,  Cyana- 
zine,  Agricultural  chemicals,  Tillage. 

Leaching  and  distribution  of  several  pesticides, 
applied  at  recommended  rates,  were  evaluated  in  a 
Hagerstown  silty  clay  loam  (Typic  Hapludalf)  by 
analyzing  soil  fractions  and  pan  lysimeter  perco- 
lates collected  at  a  soil  depth  of  122  cm  under 
conventional  tillage  and  no-tillage  corn  manage- 
ment. In  general,  maximum  herbicide  concentra- 
tions detected  and  mean  total  amounts  in  pan  ly- 
simeter percolates  were  higher  in  1985  than  1984 
for  both  conventional  tillage  and  no-tillage,  and 
were  greater  under  no-tillage  conditions  where 
more  leachate  was  collected  each  year  than  in 
conventional  tillage.  Concentrations  and  amounts 
of  simazine  and  atrazine  were  generally  more  sub- 
stantial in  pan  lysimeter  percolates  than  cyanazine 
and  metolachlor  acetamide,  particularly  under  no- 
tillage  conditions.  In  1984,  mean  areal  leaching 
losses  (no-tillage)  were  0.6%  of  applied  rates  for 
simazine  and  atrazine  and  0.15%  for  cyanazine  and 
metolachlor.  In  1985,  mean  areal  losses  (no-tillage) 
were  3.4%  for  simazine  and  atrazine  and  1.6%  for 
cyanazine  and  metolachlor.  Respective  conven- 
tional tillage  losses  were  less  than  0.1%  in  1984  and 
ranged  from  0.4  to  1.0  %  in  1985.  Where  worst- 
case  conditions  were  considered  (1985),  mean 
leaching  losses  for  simazine  and  atrazine  were  0.15 
kg/ha,  therefore  at  least  91%  (1.55  kg/ha)  was 
retained  and  or  degraded  within  the  soil  profile  or 
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in  the  corn  tissue  after  absorption.  Soil  core  analy- 
sis corroborated  pan  lysimeter  percolate  results 
revealing  that  simazine  and  atrazine  were  the  most 
persistent  and  mobile  herbicides,  and  were  consist- 
ently detected  at  all  soil  depths  to  122  cm.  Differ- 
ences in  the  yearly  extent  and  magnitude  of  leach- 
ing losses  were  related  strongly  to  rainfall  distribu- 
tion and  number  of  leaching  events  proximal  to  the 
herbicide  spray  date.  (Author's  abstract) 
W90-04101 


DECOMPOSITION  OF  HYDRAZINE  IN 
AQUEOUS  SOLUTIONS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
A.  M.  Moliner,  and  J.  J.  Street. 
Journal  of  Environmental  Quality  JEVQAA,  Vol. 
18,  No.  4,  p  483-487,  October-December  1989.  5 
fig,  2  tab,  33  ref. 

Descriptors:  'Degradation,  *Chemical  degrada- 
tion, *Fate  of  pollutants,  Degradation  products, 
Hydrazine,  Chemical  reactions,  Laboratory  meth- 
ods. 

The  effects  of  several  environmental  factors  on  the 
fate  of  hydrazine  in  aqueous  systems  were  studied 
under  laboratory  conditions.  In  aqueous  systems, 
the  primary  mechanism  of  hydrazine  degradation 
appears  to  be  a  four-electron  oxidation  to  N2  gas 
by  oxygen.  The  oxidation  rate  was  very  slow  in 
distilled  water  but  increased  with  the  addition  of 
catalysts  such  as  Cu(II)  and  phosphate  ions.  Condi- 
tions that  accelerated  the  formation  of  the  hydra- 
zyl  radical,  the  first  step  in  hydrazine  oxidation, 
increased  the  proportion  of  one-electron  oxidation. 
This  resulted  in  increasing  the  formation  of  ammo- 
nia as  one  of  the  degradation  products.  Ammonia 
evolution  was  correlated  with  Cu(II)  and  phos- 
phate ion  concentrations,  as  well  as  with  tempera- 
ture. Hydrazine  oxidation  was  primarily  dependent 
on  the  rate  of  the  oxygen  diffusion  from  the  gas 
phase.  (Author's  abstract) 
W90-04106 


18,  No.  4,  p  507-514,  October-December  1989.  5 
fig,  4  tab,  15  ref. 

Descriptors:  *Herbicides,  'Path  of  pollutants, 
•Water  pollution  sources,  *Pesticides,  'Hexazin- 
one,  'Forest  hydrology,  Forest  watersheds,  Forest 
management,   Runoff,   Litter,   Forest  watersheds. 

The  mobility  and  persistence  of  the  herbicide,  hex- 
azinone,  applied  to  a  forest  floor  with  a  spot-gun 
applicator  was  monitored  for  43  months.  A  15-m 
buffer  zone  separated  the  steeply  sloping  (40%) 
treated  area  from  a  continuously  flowing  stream 
directly  below.  Automated  in-stream  samplers  re- 
vealed that  the  highest  hexazinone  concentrations 
in  water  routinely  occurred  during  storm  events, 
even  when  stream  flow  increased  tenfold.  More 
hexazinone  ran  off  the  treated  watershed  during 
winter  months  after  tree  leaves  had  fallen.  During 
the  first  24  months  after  treatment,  4.7%  of  total 
applied  was  detected  in  the  stream  sampled.  Initial- 
ly, forest  litter  was  highly  effective  in  adsorbing 
surface  applications  of  hexazinone;  however,  after 
5  months  less  than  0.2%  of  the  original  amount 
was  retained  in  the  litter.  More  than  99%  of  the 
hexazinone  had  dissipated  from  the  top  30  cm  of 
soil  within  18  months  after  application.  After  36 
months,  trace  levels  of  hexazinone  were  detected 
in  water  samples  collected  soon  after  storms.  How- 
ever, no  hexazinone  was  present  in  samples  collect- 
ed 43  months  after  application.  Distribution  coeffi- 
cients for  hexazinone  adsorption  revealed  that  this 
compound  was  retained  most  readily  by  the  litter 
layer  and  decreasing  adsorption  was  shown  for  soil 
deeper  in  the  profile.  Mean  concentrations  of  hexa- 
zinone in  green  leaves  of  trees  in  the  treated  area 
ranged  from  0.5  to  1.0/mg.  Rapid  dissipation  of 
hexazinone  in  leaves  lying  on  the  floor  suggested 
the  possibility  of  recycling  into  existing  vegetation. 
(Author's  abstract) 
W90-04108 


COMPARISON  OF  TRACER  MOBILITIES 
UNDER  LABORATORY  AND  FTELD  CONDI- 
TIONS. 

Iowa  State  Univ.,  Ames.  Dept.  of  Agricultural 

Engineering. 

C.  J.  Everts,  R.  S.  Kanwar,  E.  C.  Alexander,  and 

S.  C.  Alexander. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

18,  No.  4,  p  491-498,  October-December  1989.  7 

fig,  4  tab,  34  ref. 

Descriptors:  *Path  of  pollutants,  *Nonpoint  pollu- 
tion sources,  'Tracers,  'Groundwater  pollution, 
•Pesticides,  'Irrigation,  'Water  pollution  sources, 
Bromides,  Nitrates,  Lithium,  Tile  drainage. 

Transport  of  bromide,  nitrate,  lithium,  and  Rhoda- 
mine  WT  were  compared  in  a  repacked  soil 
column  and  in  a  tile  drained  in  a  cropped  field. 
Breakthrough  of  lithium  and  Rhodamine  WT  in  a 
soil  column  was  delayed  by  adsorption  as  com- 
pared to  nitrate  and  bromide  in  the  same  column. 
When  applied  with  irrigation  water  above  a  tile 
drain  line,  concentrations  of  all  the  tracers  peaked 
in  tile  water  70  min  after  the  start  of  an  irrigation, 
then  declined  as  irrigation  continued.  Tile  flow 
responded  to  irrigation  by  increased  flow  and  in- 
creased tracer  concentration  within  25  min  after 
the  start  of  an  irrigation.  Total  percentage  of  trac- 
ers reaching  tile  flow  from  two  tracer  irrigations 
were  3.0%  for  nitrate,  2.5%  for  bromide,  0.46% 
for  lithium,  and  0.15%  for  Rhodamine  WT  applied 
with  irrigation  water.  Of  these  losses,  67%  of  the 
cation-exchanged  lithium  and  83%  the  adsorbed 
Rhodamine  WT  removed  in  tile  flow  during  56 
hours  of  tile  flow  did  so  within  1  hour  after  the 
irrigation  ended.  Proportion  of  nitrate  losses  in  tile 
flow  during  the  same  time  period  were  40%  and 
bromide  losses  were  35%.  (Author's  abstract) 
W90-04107 


HEXAZINONE  PERSISTENCE  AND  MOBILI- 
TY OF  A  STEEP  FORESTED  WATERSHED. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Agronomy. 
T.  L.  Lavy,  J.  D.  Mattice,  and  J.  N.  Kochenderfer. 
Journal  of  Environmental  Quality  JEVQAA,  Vol. 


BEHAVIOR  OF  AROMATIC  SURFACTANTS 
AND  PCBS  IN  SLUDGE-TREATED  SOIL  AND 
LANDFILLS. 

Venice  Univ.  (Italy).  Dept.  of  Environmental  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  5E. 
W90-04109 


NITRATE  CONCENTRATIONS  IN  RIVER 
WATERS  IN  THE  SOUTH-EAST  OF  IRELAND 
AND  THEffi  RELATIONSHIP  WITH  AGRI- 
CULTURAL PRACTICE. 

Regional  Water  Lab.,  Kilkenny  (Ireland). 

M.  Neill. 

Water  Research  WATRAG,  Vol.  23,  No.  11,  p 

1339-1355,  November  1989.  11  fig,  6  tab,  20  ref, 

append. 

Descriptors:  'Agricultural  watersheds,  'Nonpoint 
pollution  sources,  'Nitrates,  'Water  pollution, 
'Path  of  pollutants,  'Ireland,  Seasonal  variation, 
Ireland,  Fertilizers,  Water  quality. 

Nitrate  concentrations  in  river  waters  in  south-east 
Ireland  are  generally  well  below  the  permissible 
concentrations  specified  in  the  EC  directives  on 
the  quality  of  water  used  or  intended  for  human 
consumption.  However,  the  advisory  guide  level 
has  been  exceeded  on  occasion  in  some  rivers, 
mainly  during  winter  when  nitrate  concentrations 
are  highest.  When  river  nitrate  load  (g/s  N)  was 
plotted  against  river  flow  in  a  log-log  scale  it  was 
noted  the  better  linear  relationships  were  obtained 
when  separate  graphs  were  prepared  for  the  No- 
vember-April and  May-October  periods.  Nitrate 
levels  were  significantly  above  normal  in  1986,  the 
very  wet  summers  of  1985  and  1986  being  the 
suspected  cause  as  levels  dropped  again  in  1987. 
Agricultural  statistics  showed  a  direct  relationship 
between  river  nitrate  concentrations  and  the  per- 
centage of  land  area  ploughed  in  the  river  catch- 
ment. It  was  estimated  that  the  mean  nitrogen  loss 
from  land  to  rivers  in  the  region  was  2.0  kg/ha/yr 
N  for  unploughed  land  compared  to  76  kg/ha/yr 
for  ploughed  land.  (Author's  abstract) 
W90-04141 


PHOSPHATE  ADSORPTION  BY  DIFFERENT 
SEDIMENT  FRACTIONS  IN  LAKE  BALATON 
AND  ITS  PROTECTING  RESERVOIRS. 

Balatoni    Limnologiai    Kutato    Intezete,    Tihany 

(Hungary). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04142 


FATE  OF  2,4-D  IN  MICROBIAL  CULTURES. 

Technical  Univ.   of  Istanbul  (Turkey).  Dept.  of 

Environmental  Engineering. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04150 


BIOACCUMULATION  OF  LIPOPHILIC  COM- 
POUNDS FROM  SEDIMENTS  BY  OLIGO- 
CHAETES. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
R  D  Markwell,  D.  W.  Connell,  and  A.  J.  Gabric. 
Water  Research  WATRAG,  Vol.  23,  No.   11,  p 
1443-1450,  November  1989.  3  fig,   1  tab,  27  ref. 

Descriptors:  'Fate  of  pollutants,  'Path  of  pollut- 
ants, 'Chlorinated  hydrocarbons,  'Bioaccumula- 
tion,  'Oligochaetes,  'Tubificids,  Sediments,  Inter- 
stitial water. 

The  bioaccumulation  of  lipophilic  compounds 
from  sediments  by  polychaetes  has  been  consid- 
ered as  two  partition  processes  at  equilibrium.  The 
first  partition  was  considered  to  be  between  sedi- 
ment and  interstitial  water  and  the  second  between 
interstitial  water  and  the  polychaete.  Actual  results 
from  laboratory  experiments  on  bioaccumulation 
of  a  range  of  chloro-hydrocarbons  by  Tubifex  tubi- 
fex  and  Limnodilus  hoffmeisteri  from  sediments 
were  investigated  using  actual  observed  interstitial 
water  concentrations,  observed  interstitial  water 
concentrations  corrected  for  the  presence  of  col- 
loids and  interstitial  water  concentrations  calculat- 
ed from  sediment  concentrations.  The  bioconcen- 
tration  factor  values  were  calculated  using  the 
observed  biotic  concentrations  together  with  the 
interstitial  water  concentrations  except  for  the  last 
situation  listed  where  the  biotic  concentrations 
were  corrected  for  not  reaching  equilibrium.  The 
relationship  obtained  using  interstitial  water  con- 
centrations calculated  from  sediment  concentra- 
tions and  the  corrected  biota  concentrations  was 
log  bioconcentration  factor  =  1.11  log  octanol/ 
water  partition  coefficient- 1.0.  This  is  believed  to 
be  the  most  accurate  representation  of  the  biocon- 
centration step  and  is  in  accord  with  that  expected 
theoretically.  It  is  suggested  that  this  theoretical 
treatment  and  the  currently  available  experimental 
data  are  in  accord  with  a  partition  bioaccumulation 
process.  (Author's  abstract) 
W90-04153 


IONIC  COMPOSITION  OF  VADOSE  ZONE 
WATER  IN  AN  ARID  REGION. 

Agricultural    Research    Service,    Phoenix,    AZ. 
Water  Conservation  Lab. 
R.  C.  Rice,  R.  S.  Bowman,  and  H.  Bouwer. 
Groundwater  GRWAAP,  Vol.  27,  No.  6,  p  813- 
822,  November-December  1989.  6  fig,  9  tab,  14  ref. 

Descriptors:  'Groundwater  pollution,  'Path  of 
pollutants,  'Nonpoint  pollution  sources,  'Vadose 
water,  'Arizona,  'Irrigation  effects,  Salinity,  De- 
serts, Urban  runoff,  Nitrates,  Leaching,  Land  use. 

The  ionic  composition  of  water  in  the  vadose  zone 
of  the  Salt  River  Valley  in  south  central  Arizona 
was  studied  for  three  different  water  regimes: 
desert,  irrigated,  and  flooded  by  urban  runoff.  The 
desert  area  exhibited  high  salinity  in  the  top  10  m, 
probably  due  to  concentration  of  salts  over  several 
years.  Below  15  m  the  salinity  decreased  with 
depth  and  approached  the  salinity  of  the  native 
groundwater.  For  the  irrigated  area  the  chemical 
composition  of  the  soil  water  was  similar  to  that  of 
the  applied  water  but  concentrations  were  higher. 
The  irrigation  efficiency  calculated  from  the  salini- 
ties of  the  irrigation  and  soil  water  was  78%.  The 
average  N03  concentration  from  five  of  six  sites 
was  100  mg/L,  but  was  as  high  as  24,000  mg/L  at 
another.  Soil  water  from  the  urban  runoff  site  had 
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an  electrical  conductivity  that  was  about  three 
times  less  than  that  from  the  irrigated  site,  showing 
the  effect  of  leaching  with  rain  water.  The  ob- 
served salt  distributions  in  the  vadose  zone  were 
reasonably  correlated  to  land  use  at  the  sites  sam- 
pled. (Author's  abstract) 
W90-04160 


AEROBIC  BIODEGRADATION  OF  BENZENE, 
TOLUENE  AND  XYLENE  IN  A  SANDY  AQUI- 
FER-DATA ANALYSIS  AND  COMPUTER 
MODELING. 

Shell  Development  Co.,  Houston,  TX. 

C.  Y.  Chiang,  J.  P.  Salanitro,  E.  Y.  Chai,  J.  D. 

Colthart,  and  C.  L.  Klein. 

Groundwater  GRWAAP,  Vol.  27,  No.  6,  p  823- 

834,  November-December  1989.  12  fie,  2  tab,  22 

ref. 

Descriptors:  'Fate  of  pollutants,  'Biodegradation, 
•Hydrocarbons,  •Groundwater  pollution,  Ben- 
zene, Toluene,  Xylenes,  Dissolved  oxygen,  Micro- 
bial degradation,  Model  studies,  Statistical  analysis. 

Soluble  hydrocarbon  and  dissolved  oxygen  (DO) 
in  a  shallow  aquifer  beneath  a  field  site  were 
characterized  by  sampling  groundwater  at  42  mon- 
itoring wells.  Results  from  10  sampling  periods 
over  three  years  showed  a  significant  reduction  in 
total  benzene  mass  with  time  in  groundwater. 
These  reduction  and  leakage  rates  from  sources 
were  determined  from  material  balance  and  nonlin- 
ear least-squares  analysis.  The  natural  attenuation 
rate  was  calculated  to  be  0.95%/day.  Spatial  rela- 
tionships between  DO  and  total  benzene,  toluene, 
and  xylene  (BTX)  were  shown  to  be  strongly 
correlated  by  statistical  analyses  and  solute  trans- 
port modeling.  In  addition,  laboratory  microcosm 
biodegradation  experiments  were  performed  to  de- 
termine possible  threshold  limits  for  aromatic  hy- 
drocarbon oxidation  under  varying  levels  of  dis- 
solved oxygen.  Groundwater  hydrocarbon  levels 
>  or  =  50  ppb  were  usually  associated  with  DO 
concentrations  of  <  1-2  ppm.  In  addition,  a  DO  of 
<  2  ppm  may  affect  the  biodegradation  rate  and 
persistence  of  BTX  when  hydrocarbons  are 
present  at  >  or  =  100  ppb.  The  data  also  suggest 
that  a  minimum  DO  level  (2  ppm)  may  be  required 
for  rapid  biodegradation;  however,  the  breakdown 
of  hydrocarbons  by  sediment  bacteria  may  also 
occur  at  lower  DO  concentrations  but  at  slower 
rates.  The  results  were  remarkably  consistent  with 
field  data  on  the  presence  of  high  or  low  levels  of 
BTX  and  DO  in  several  monitoring  well-water 
samples.  (Author's  abstract) 
W90-04161 


WATER  QUALITY  MODEL  CALD3RATION:  A 
COMPARISON  OF  D«4PUT  AND  OUTPUT 
ERROR  CRITERIA. 

Research  Triangle  Inst.,  Research  Triangle  Park, 

NC. 

K.  W.  Little,  and  D.  T.  Lauria. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

4,  p  755-764,  August  1989.  7  fig,   1  tab,   16  ref. 

Descriptors:  'Model  studies,  *Water  quality, 
•Water  resources  data,  Calibrations,  Data  process- 
ing, Error  analysis,  Monte  Carlo  method. 

A  common  framework  for  the  analysis  of  water 
resources  systems  is  the  input-parameter-output 
representation.  The  system,  described  by  its  param- 
eters, is  driven  by  inputs  and  responds  with  out- 
puts. To  calibrate  (estimate  the  parameters)  models 
of  these  systems  requires  data  on  both  inputs  and 
outputs,  both  of  which  are  subject  to  random 
errors.  When  one  is  uncertain  as  to  whether  the 
predominant  source  of  error  is  associated  with 
inputs  or  outputs,  uncertainty  also  exists  as  to  the 
correct  specification  of  a  calibration  criterion.  Two 
alternative  least  squares  criteria  for  calibrating  a 
numerical  water  quality  model  were  developed 
and  analyzed.  The  first  criterion  assumes  that 
errors  are  associated  with  inputs  while  the  second 
assumes  output  errors.  Statistical  properties  of  the 
resulting  estimators  are  examined  under  conditions 
of  pure  input  or  output  error  and  mixed  error 
conditions  from  a  theoretical  perspective  and  then 
using  simulated  results  from  a  series  of  Monte 
Carlo  experiments.   The  results  show  that  each 


criterion  preforms  well  when  used  appropriately, 
i.e.,  when  the  assumed  error  accurately  reflects  the 
true  error.  Under  conditions  of  mixed  errors,  when 
neither  criterion  is  strictly  appropriate,  neither  cri- 
terion appears  especially  robust.  Therefore,  analy- 
sis of  residual  errors  (predictions  minus  observa- 
tions) should  be  performed  after  use  of  a  particular 
calibration  criterion  to  test  whether  the  error  as- 
sumption is  reasonable.  (Author's  abstract) 
W90-04172 


MODEL  FOR  PREDICTING  TRANSPORT  OF 
PESTICIDES  AND  THEIR  METABOLITES  IN 
THE  UNSATURATED  ZONE. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Agricultural  Engineering. 
U.  S.  Tim,  and  S.  Mostaghimi. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
4,  p  765-774,  August   1989.  3  fig,   1  tab,  35  ref. 

Descriptors:  'Pesticides,  *Pesticide  residues,  *Path 
of  pollutants,  'Fate  of  pollutants,  *Model  studies, 
Pesticide  kinetics,  Aldicarb,  Simulation  studies. 

A  finite  element  model  based  on  Galerkin's  up- 
stream weighted  residual  technique  was  developed 
to  predict  the  simultaneous  convective-dispersion 
transport  and  transformations  of  pesticides  and 
their  metabolites  in  the  unsaturated  zone.  Transfor- 
mations of  the  parent  compound  and  its  metabo- 
lites were  assumed  to  be  first-order  reactions  for 
oxidation  and  hydrolysis,  while  adsorption  of  the 
pesticide  species  (parent  compound  and  metabo- 
lites) to  the  soil  components  was  assumed  to  be 
represented  by  a  linear  equilibrium  (Freundlich 
type)  isotherm.  Volatilization  and  plant  root 
uptake  of  pesticides  in  the  solution  phase  were 
neglected  in  the  analysis.  The  proposed  model  was 
used  to  simulate  the  transport  and  transformation 
of  aldicarb  and  its  metabolites,  aldicarb  sulfoxide 
and  aldicarb  sulfone,  in  the  soil  profile.  Several 
examples  are  used  to  demonstrate  the  accuracy, 
validity,  and  applicability  of  the  proposed  model. 
Simulated  results  indicate  that  the  proposed  model 
can  potentially  be  used  to  estimate  the  mass  flux  of 
water,  and  pesticides  and  pesticide  metabolite  con- 
centrations in  the  subsurface  environment.  Howev- 
er, further  verification  of  the  model  against  actual 
field  data  is  needed  to  fully  demonstrate  the 
model's  potential.  (Author's  abstract) 
W90-04173 


ECONOMIC  EFFECTS  OF  SOIL  CONDITIONS 
ON  FARM  STRATEGIES  TO  REDUCE  AGRI- 
CULTURAL POLLUTION. 

Maryland  Univ.,  College  Park.  Dept.  of  Agricul- 
tural and  Resource  Economics. 
For  primary  bibliographic  entry  see   Field   5G. 
W90-04179 


EVALUATION  OF  SOME  APPROACHES  TO 
ESTIMATING  NON-POINT  POLLUTANT 
LOADS  FOR  UNMONITORED  AREAS. 

Heidelberg  Coll.,  Tiffin,  OH.  Water  Quality  Lab. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04187 


MODELING  GROUND  WATER  AND  POLLU- 
TION-THE  ROLE  OF  THE  DESKTOP  COM- 
PUTER IN  THE  DECISION-MAKING  PROC- 
ESS: PLUME  3D  AND  UNCERTAINTY. 

Oklahoma  State  Univ.,  Stillwater.  Univ.  Center  for 

Water  Research. 

W.  Pettyjohn,  and  J.  Wagner. 

April   1984.   78p,  4  fig,   3  tab,  9  ref,  2  append. 

Descriptors:  *Geohydrology,  'Path  of  pollutants, 
•Model  studies,  'Computer  programs,  •Ground- 
water pollution,  'Groundwater  movement, 
PLUME  3D  model,  UNCERTAINTY  program, 
Computers,  New  York,  Chromium. 

Analytical  solute  transport  models  are  highly  ideal- 
ized mathematical  approximations  of  complex 
physical  phenomena.  However,  if  applied  properly 
this  class  of  models  represents  a  useful  tool  for 
analyzing  the  transport  and  fate  of  substances 
under  both  field  and  laboratory  conditions.  A 
mathematical  model  (PLUME  3D)  and  an  associat- 


ed computer  program  (UNCERTAINTY)  can  be 
used  to  estimate  concentration  distributions  in  a 
leachate  plume  which  emanates  from  a  point 
source.  The  model  includes  both  linear  adsorption 
and  first-order  reactions.  The  computer  program 
evaluates  the  analytical  solution  of  the  differential 
equation  describing  concentration  distributions  in  a 
three-dimensional  plume  with  uniform  groundwat- 
er flow.  The  program  has  been  designed  for  inter- 
active use  and  requires  input  data  under  two 
models  of  operation-'Basic  Input  Data'  and  'Edit.' 
Example  problems  are  presented  in  this  document 
based  on  the  dispersal  of  chromium  discharged  to 
the  groundwater  is  southeastern  Nassau  County, 
New  York.  (See  also  W90-04217  and  W90-04218) 
(Lantz-PTT) 
W90-O4216 


MODELING  GROUND  WATER  AND  POLLU- 
TION--THE  ROLE  OF  THE  DESKTOP  COM- 
PUTER IN  THE  DECISION-MAKING  PROC- 
ESS: PLUME,  CROSS-SECTION,  AND  RE- 
CHARGE. 

Oklahoma  State  Univ.,  Stillwater.  Univ.  Center  for 
Water  Research. 

W.  Pettyjohn,  T.  A.  Prickett,  and  J.  Wagner. 
March  1984.  93p,  7  fig,  5  tab,  13  ref. 

Descriptors:  'Model  studies,  'Groundwater  pollu- 
tion, 'Path  of  pollutants,  'Computer  programs, 
•Plumes,  Groundwater  recharge,  Computers,  Geo- 
hydrology,  Leachates,  PLUME  model,  PLUME 
CROSS-SECTION  model,  RECHARGE  model. 

Three  computer  models  (PLUME,  PLUME 
CROSS-SECTION  and  RECHARGE)  have  been 
designed  to  predict  groundwater  contamination 
and  its  possible  effects.  The  models  are  written  in 
BASIC  and  are  designed  for  use  on  a  microcom- 
puter, such  as  an  Apple,  Kaypro,  Compaq  or  simi- 
lar unit.  PLUME  is  a  rather  simple  but  very  useful 
code  that  can  be  used  to  predict  the  concentration 
of  a  selected  contaminant  in  a  leachate  plume  at 
some  point  in  space  and  time.  Based  on  the  same 
analytical  solution,  PLUME  CROSS-SECTION 
allows  an  operator  to  examine  the  vertical  concen- 
tration distribution  in  a  leachate  plume.  Many 
groundwater  and  pollution  studies  require  ground- 
water recharge  as  an  input  parameter.  Recharge  is 
the  major  cause  of  leachate  formation,  it  forces  a 
plume  deeper  below  the  water  table,  and  tends  to 
dilute  the  plume.  RECHARGE  is  a  method  to 
estimate  the  regional  rate  and  requires  only  stream- 
flow  data  as  input.  (See  also  W90-04216  and  W90- 
04218)  (Lantz-PTT) 
W90-04217 


MODELING  GROUND  WATER  AND  POLLU- 
TION-THE  ROLE  OF  THE  DESKTOP  COM- 
PUTER D>i  THE  DECISION-MAKING  PROC- 
ESS: PLASM  AND  RANDOM  WALK. 

Oklahoma  State  Univ.,  Stillwater.  Univ.  Center  for 

Water  Research. 

W.  Pettyjohn,  and  T.  A.  Prickett. 

January  1984.  93p,  32  fig,  1  tab. 

Descriptors:  'Model  studies,  'Groundwater  pollu- 
tion, 'Path  of  pollutants,  'Computer  programs, 
•Plumes,  'Aquifers,  Groundwater  recharge,  Com- 
puters, Geohydrology,  Leachates,  PLASM  model, 
RANDOM  WALK  model. 

Two  computer  models  have  been  developed  to 
evaluate  groundwater  flow  problems  and  to  pre- 
dict the  movement  of  contaminants  through  an 
aquifer.  The  models  are  written  in  BASIC  and  are 
designed  for  use  on  a  microcomputer,  such  as  an 
Apple,  Kaypro,  Compaq  or  similar  unit.  The 
models  included  in  this  manual  are  PLASM 
(Prickett-Lonnquist  Aquifer  Simulation  Model), 
which  is  a  groundwater  flow  model,  and 
RANDOM  WALK,  a  mass  transport  model  based 
on  PLASM.  It  is  used  to  simulate  the  flow  and 
removal  of  contaminants  in  an  aquifer  by  means  of 
several  sources  and  sinks.  (See  W90-04216  thru 
W90-042 1 7XLantz-PTT) 
W90-04218 
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SUMMARY  REPORT:  A  REVIEW  OF  INTER- 
MEDIATE-SCALE EXPERIMENTS  FOR  SUB- 
SURFACE MICROBIOLOGY  AND  CHEMIS- 
TRY. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
G.  P.  Streile,  J.  K.  Fredrickson,  and  J.  M. 

TflCnttfft 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE89-0O1750. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  PNL-SA- 16262,  September  1988.  45p. 
DOE  Contract  DE-AC06-76RL0  1830. 

Descriptors:  *Fate  of  pollutants,  *Groundwater 
pollution,  'Path  of  pollutants,  *  Microbiological 
studies,  *Research  priorities,  *Chemical  analysis, 
Conferences,  Detoxification,  Hazardous  wastes, 
Porous  media. 

A  workshop  sponsored  by  the  US  Department  of 
Energy  (DOE)  and  Pacific  Northwest  Laboratory 
(PNL)  was  held  to  determine:  (1)  whether  interme- 
diate-scale experiments  on  subsurface  microbiolo- 
gy and  chemistry  could  advance  scientific  under- 
standing of  contaminant  transport  processes  in 
groundwater,  and  (2)  the  types  of  experiments  that 
are  needed  at  the  intermediate-scale  to  advance  the 
state  of  the  art.  The  term  'intermediate-scale  exper- 
iment' refers  to  an  experiment  that  would  be  con- 
ducted in  a  system  that  is  intermediate  to  the  field 
and  a  laboratory  batch  reactor  or  column.  Interme- 
diate-scale research  represents  an  approach  to  the 
investigation  of  the  integrated  effects  of  chemical, 
microbiologic,  and  hydrologic  phenomena  on  con- 
taminant transport  in  the  subsurface  that  is  differ- 
ent from  field  injection  experiments.  Intermediate- 
scale  experiments  may  provide  flexibility  for  hy- 
pothesis-driven research  and  an  ability  to  use  po- 
tentially hazardous  organic  and  inorganic  chemical 
mixtures  relevant  to  the  DOE  mission.  Moreover, 
a  controlled,  isolated  system  for  the  study  of  con- 
taminant dynamics  at  the  mesoscopic  scale  could 
also  be  used  to  evaluate  remediation  techniques  for 
detoxification  of  soils  and  groundwater  on  DOE 
lands.  There  was  consensus  among  participants 
that  intermediate-scale  research  and  an  associated 
facility  (or  facilities)  containing  multidimensional 
flow  cells  are  needed  to  resolve  important  subsur- 
face research  issues.  PNL  was  urged  to  move 
forward  with  intermediate-scale  experimentation 
incorporating  university  guidance  and  expertise 
where  necessary.  Most  participants  suggested  that 
intermediate-scale  experimentation  should  focus 
on:  (1)  the  influence  of  controlled  heterogeneity  on 
chemical  and  microbiologic  processes  and  their 
integrated  effects,  and  (2)  microbiologic  processes 
at  porous  media  interfaces  or  at  the  saturated/ 
unsaturated  zone  boundary.  (Lantz-PTT) 
W90-04219 


VIRGrNLVS  GROUNDWATER. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-O4221 


Region  I-coastal  plain;  Region  H-Piedmont,  trias- 
sic  basins,  and  Blue  Ridge;  and  Region  Ill-valley 
and  ridge.  Groundwater  flow  directions,  chemical 
transport  processes,  and  heterogeneity  in  the 
system  must  be  defined  to  gain  as  complete  an 
understanding  of  the  system  as  possible.  Without 
this  understanding,  harmful  land  use  activities  may 
be  permitted,  monitoring  programs  may  be  ill- 
conceived,  and  remedial  actions  may  be  incorrect- 
ly designed.  A  groundwater  protection  program 
must  encourage  land  uses  compatible  with  the  geo- 
hydrologic  environment.  (See  also  W90-04221) 
(Lantz-PTT) 
W90-04222 


UNDERSTANDING  THE  PROBLEM  OF 
GROUNDWATER  CONTAMINATION. 

CorSTAR  Research,  Inc.,  Bethesda,  MD. 
L.  R.  Silka. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  5-17,  8  fig. 

Descriptors:  'Virginia,  *Geohydrology,  •Ground- 
water pollution,  *Path  of  pollutants,  *Water  pollu- 
tion sources,  Aquifers,  Groundwater  movement, 
Geology. 

The  development  of  sound  and  rational  programs 
to  protect  and  clean  up  groundwater  must  be  based 
on  a  clear  understanding  of  the  geohydrology  and 
the  transport  mechanisms  of  potential  contami- 
nants. Groundwater  protection  strategies  can  best 
be  implemented  by  considering  the  susceptibility  of 
the  aquifers  and  using  siting  procedures  that  mini- 
mize the  potential  impacts  on  the  aquifers.  Before 
allowing  land  use  activities  that  are  potentially 
harmful  to  groundwater,  investigations  should  be 
conducted  to  determine  the  site's  geohydrologic 
characteristics  in  Virginia's  three  geologic  regions: 


STATE  MONITORING  PROGRAMS. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-04226 

CONTAMINANT  TRANSPORT  FROM  EL- 
LIOTT AND  COMMENCEMENT  BAYS. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Seattle,  WA.  Pacific  Marine  Environmental 
Lab. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-143267. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA  910/9-87-177,  August  1987.  268p, 
61  fig,  11  tab,  34  ref,  17  append. 

Descriptors:  *Water  pollution  sources,  'Washing- 
ton, 'Path  of  pollutants,  *Puget  Sound,  *Urban 
runoff,  Elliott  Bay,  Commencement  Bay,  Sediment 
transport,  Polychlorinated  biphenyls,  DDT,  Poly- 
cyclic  aromatic  hydrocarbons. 

Major  sources  of  contamination  to  Puget  Sound 
are  concentrated  in  the  urban  embayments.  Most 
of  these  contaminants  are  particulates  or  adhere  to 
particles.  If  these  particulates  are  dense,  they  tend 
to  fall  out  of  the  water  column  near  the  sources; 
thus  analysis  of  the  sediment  within  urban  embay- 
ments can  provide  an  indication  of  the  level  of 
contamination,  and  by  proximity,  of  the  probable 
source  of  that  contamination.  During  spring  and 
summer  1985,  and  again  in  January  1986,  a  series  of 
observations  were  made  designed  to  determine  to 
what  degree  contaminants  in  Elliott  and  Com- 
mencement Bays  could  leave  the  bays  and  enter 
the  main  basin  of  Puget  Sound.  The  distribution  of 
water  properties  (salinity,   suspended   particulate 
matter  or  SPM,  and  toxic  trace  metals  and  organ- 
ics)  were  mapped  during  a  period  of  high  river 
runoff  and  during  combined  sewer  overflow  events 
after  heavy  rainfall.  The  dissolved  contaminants, 
from  whatever  sources,  remained  in  the  very  thin, 
fresh  water  plume  and  were  transported  through 
the  bays  and  into  the  main  basin  quite  rapidly; 
roughly  five  days  in  Elliott  Bay  and  two  days  in 
Commencement  Bay.  The  West  Waterway  is  a 
source  of  high  concentrations  of  dissolved  trace 
metals,  but  not  as  high  as  from  the  Denny  Way 
combined    sewer    overflow    (CSO)    and    Harbor 
Island  during  periods  of  heavy  rainfall.  Directly 
beyond  the  sources,  most  of  the  suspended  particu- 
late matter  remained  in  suspension  in  the  fresh 
water  plume.  The  high  source  strengths  of  the 
West  Waterway  and  the  Denny  Way  CSO  were 
not  unexpected.  However,  the  runoff  from  the 
north  end  of  Harbor  Island  during  high  rainfall 
was  unanticipated  but,  in  retrospect,  not  surprising. 
It  should  be  determined  if  the  concentrations  are  a 
function  of  ship-building  activity.  Polychlorinated 
biphenyls  (PCB)  and  DDT  isomers  were  undetec- 
table  in   Elliott    Bay    and    Commencement    Bay 
water.  Extremely  high  concentrations  of  polycy- 
clic  aromatic  hydrocarbons  (PAH)  were  measured 
near  the  Denny  Way  CSO  and  the  Duwamish 
West  Waterway,  which  is  substantiated  by  findings 
of  high  PAH  concentrations  in  the  sediments  at 
these  locations.  This  study  strongly  suggests  that, 
just  beyond  the  sources,  most  of  the  contaminants 
entering  these  two  bays  enter  the  main  basin  quite 
rapidly.  There  is  virtually  no  resuspension  of  sedi- 
ments in  Elliott  Bay  and  relatively  little  in  Com- 
mencement Bay,  especially  in  water  less  than  100 
m  deep.  (Lantz-PTT) 
W90-04249 


PREDICTION  METHODOLOGY  FOR  CON- 
TAMINANT TRANSPORT  FROM  RANGE- 
LAND  WATERSHEDS. 

Los  Alamos  National  Lab.,  NM. 

M.  A.  Devaurs,  E.  P.  Springer,  L.  J.  Lane,  and  G. 

J.  Langhorst. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  DE88-014420. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  LA-UR--88-2071,  (1988).  25p,  11  fig,  3 

tab,  22  ref.  DOE  Contract  W-7405-ENG-36. 

Descriptors:  *Nonpoint  pollution  sources,  *Model 
studies,  *Path  of  pollutants,  *Hydrologic  models, 
•Watersheds,  *Rainfall-runoff  relationships,  Sedi- 
ment transport,  Flood  forecasting,  Statistical  stud- 
ies, Floods,  Plutonium. 

A  methodology  is  presented  that  uses  stochastic 
weather  generation  in  conjunction  with  hydrolog- 
ic, erosion,  and  contaminant  transport  models  to 
predict  contaminant  transport.  Results  are  present- 
ed statistically  to  reflect  the  uncertainty  in  future 
weather  patterns.  Initial  tests  of  the  method  re- 
vealed that  flood  frequency  curves  for  two  water- 
sheds at  Walnut  Gulch  near  Tombstone,  AZ,  were 
underpredicted.  The  two  hydrologic  models  tested 
produced  similar  results.  Comparison  of  generated 
annual  daily  maximum  precipitation  values  with  17 
years  of  observed  record  found  that  the  two  maxi- 
mum values  in  the  observed  record  were  not  at- 
tained in  the  generated  record.  The  inability  to 
represent  the  flood  frequency  curve  is  a  major 
limitation  and  must  be  remedied  before  this  proce- 
dure is  applicable.  Further  investigation  of  the 
statistical  properties  of  generated  weather  data  is 
needed.  Apparently,  hydrologic  models  such  as 
used  herein  provide  a  logical  tool  to  use  in  evaluat- 
ing weather  generators  such  as  WGEN.  The  meth- 
odology was  used  to  predict  contaminant  transport 
on  the  Plutonium  Valley  Watershed  located  on  the 
Nevada  Test  Site.  No  comparison  to  observed  data 
was  possible.  Parameter  values  for  hydrologic  and 
erosion  models  were  obtained  from  rainfall  simula- 
tor experiments  conducted  at  the  site.  Predictions 
were  made  for  current  conditions  and  for  a  remedi- 
al action  that  removed  90%  of  the  Pu  contaminant 
but  also  removed  vegetation  and  disturbed  the 
surface  soil.  Fifty  realizations  were  generated  for 
each  of  the  two  conditions  and  results  presented  as 
probability  plots.  (Lantz-PTT) 
W90-04253 


AT  INTENSTVE  SURVEY  OF  THE  SUGAR 
CREEK  BASIN,  CRAWFORD  COUNTY,  TLLI- 
NOIS,  1986. 

Illinois  State  Environmental  Protection  Agency, 
Springfield.  Div.  of  Water  Pollution  Control. 
R.  L.  Hite,  M.  M.  King,  M.  R.  Matson,  and  C.  A. 
Bickers. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-127807. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  IEPA/WPC/88-030,  July  1988.  81p, 
11  fig,  18  tab,  28  ref,  append. 

Descriptors:  'Watersheds,  *  Environmental  quality, 
•Water  pollution  sources,  *Water  quality,  *Illinois, 
•Industrial  wastewater,  'Municipal  wastewater, 
•Water  pollution  effects,  Sugar  Creek,  Macroin- 
vertebrates,  Fish,  Environmental  effects,  Biologi- 
cal studies,  Sediments,  Stream  biota,  Aquatic  habi- 
tats, Aquatic  life. 

An  intensive  survey  of  Sugar  Creek  and  tributaries 
in  the  vicinity  of  Robinson,  Illinois  in  Crawford 
County  was  conducted  during  the  period  June  24 
to  October  8,  1986.  Sugar  Creek,  a  tributary  of  the 
Wabash  River,  is  14  miles  long  and  has  a  water- 
shed of  69.5  sq  mi.  Major  dischargers  in  the  basin 
include  the  Robinson  municipal  wastewater  facility 
(MWWTP)  and  the  Marathon  Oil  Company  refin- 
ery; both  discharge  to  Robinson  Creek.  This 
survey  was  designed  primarily  to  assess 
wastewater  impact  from  these  two  sources  upon 
water  quality  and  biotic  integrity  of  the  receiving 
streams.  Environmental  quality  was  summarized 
utilizing  various  indices  including  water  quality 
(WQI),  macroinvertebrates  (MBI),  fish  (AIBI),  and 
habitat  (PIBI).  Individual  stations  were  evaluated 
for  degree  of  support  of  aquatic  life  and  classified 
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according  to  the  Biological  Stream  Characteriza- 
tion system  used  for  Illinois  streams.  An  assessment 
of  chemical  and  biotic  data  collected  in  the  Sugar 
Creek  basin  revealed  slight  to  moderate  stream 
quality  impacts  in  a  1.7-mile  reach  of  Robinson 
Creek  downstream  from  the  Robinson  MWWTP. 
Severe  stream  degradation  evident  in  approximate- 
ly 9.5  miles  of  Robinson  and  Sugar  Creeks  was 
attributed  to  wastewater  from  the  Marathon  Petro- 
leum Company.  (Author's  abstract) 
W90-04254 


SUPERFUND  RECORD  OF  DECISION:  IN- 
DUSTRIAL WASTE  CONTROL,  AR. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-04257 


SUPERFUND  RECORD  OF  DECISION:  CHIS- 
MAN  CREEK,  VA 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-04258 


VOC  CONTAMINATION  AT  SELECTED  WIS- 
CONSIN LANDFILLS-SAMPLING  RESULTS 
AND  POLICY  IMPLICATIONS. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
J.  R.  Battista,  and  J.  P.  Connelly. 
Report  No.  PUBL-SQ-094  89,  June  1989.  74p,  8 
fig,  9  tab,  4  ref. 

Descriptors:  *Water  quality  control,  *Water  pollu- 
tion sources,  'Volatile  organic  compounds,  'Wis- 
consin, 'Landfills,  'Waste  disposal,  Groundwater 
pollution,  Solid  wastes,  Municipal  wastes,  Industri- 
al wastes,  Monitoring,  Regulations. 

The  Wisconsin  Department  of  Natural  Resources, 
Bureau  of  Solid  and  Hazardous  Waste  Manage- 
ment (BSHWM)  has  completed  the  second  part  of 
a  two  part  study  to  evaluate  the  need  for  routine 
volatile  organic  compound  (VOC)  sampling  at 
Wisconsin  landfills.  This  report  summarizes  the 
findings  from  this  follow-up  VOC  study  and  the 
findings  from  a  survey  conducted  on  48  states  and 
two  Canadian  provinces  on  what  type  of  VOC 
sampling  they  are  requiring.  These  studies  found 
that:  (1)  landfills  with  natural  attenuation  designs 
are  more  likely  to  have  VOC  contaminated 
groundwater  than  those  designed  with  contain- 
ment and  leachate  collection;  (2)  landfills  taking 
municipal  solid  waste  are  more  likely  to  have  VOC 
contamination  than  those  taking  industrial  solid 
waste;  (3)  landfills  with  waste  volumes  of  <  50,000 
cu  yd  are  less  likely  to  have  VOC  contamination 
than  those  with  larger  volumes;  (4)  VOC  monitor- 
ing in  other  states  and  provinces  ranges  from  no 
sampling  requirements  to  quarterly  sampling  re- 
quired at  regulated  landfill  sites;  and  (5)  inorganic 
parameters  are  useful  in  predicting  VOC  contami- 
nation. (Lantz-PTT) 
W90-04270 


LAND   APPLICATION   AND   DISTRD3UTION 
AND  MARKETING  OF  SEWAGE  SLUDGE. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-04273 


NATURAL      FLUCTUATIONS      OF      WATER 
QUALITY  IN  A  HEADWATER  STREAM. 

Ouachita  Baptist  Univ.,  Arkadelphia,  AR.  Dept.  of 

Chemistry. 

For  primary  bibliographic  entry  see  Field  4C. 
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POLLUTION  FROM  URBAN  AND  INDUSTRI- 
AL RUNOFF  AND  INSTREAM  VARIATIONS 
IN  WATER  QUALITY. 

Cook  Coll.,  New  Brunswick,  NJ.  Dept.  of  Envi- 
ronmental Science. 
J.  V.  Hunter. 
IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 


ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers,  New   York.    1979.   p  64-79,   2   fig,   8   ref. 

Descriptors:  'Path  of  pollutants,  'Urban  hydrolo- 
gy, 'Water  pollution  control,  'Water  pollution 
sources,  'Fate  of  pollutants,  'Urban  runoff,  'Ur- 
banization, 'Water  quality,  Industrial  wastewater, 
Hydrodynamics,  Sediment  transport,  Sedimenta- 
tion, Path  of  pollutants,  Solute  transport. 

Analytical  tools  are  available  that  can  relate  pollut- 
ant loads  at  their  source  to  water  quality  down- 
stream. Analytical  methods  are  available  for  rivers, 
lakes,  and  for  estuaries.  Scientists  are:  best 
equipped  to  perform  these  analyses  on  dissolved 
oxygen  and  conforms;  fairly  well  equipped  to 
evaluate  impacts  of  pollutant  loads  on  primary 
productivity  in  these  waters;  and,  have  the  tech- 
nology to  make  gross  estimates  of  trophic  level 
response  of  the  aquatic  ecosystem  to  the  introduc- 
tion of  pollutant  loads.  Analysis  capabilities  are 
limited,  however,  by  a  lack  of  understanding  of  the 
following  phenomena:  the  role  of  macrophytes  in 
the  nutrient  cycle  of  streams  (and  lakes);  hydrody- 
namic  behavior  of  branched  reservoirs  and  weakly 
stratified  reservoirs;  sediment  movement  in 
streams,  lakes,  and  estuaries;  coagulation-sedimen- 
tation processes  that  occur  at  freshwater-saltwater 
interfaces;  the  absorption-desorption  mechanics 
controlling  the  attachment  of  pesticides,  herbi- 
cides, heavy  metals,  and  nutrients  to  suspended  and 
settled  sediments;  and,  the  potential  threat  that 
these  attached  toxic  materials  pose  to  the  aquatic 
environment  as  a  result  of  ingestion  by  benthic 
animals  and  subsequently  by  the  benthic  grazers. 
Additional  study  and  research  in  these  areas  will 
permit  much  better  estimates  of  the  impact  of 
pollutant  loads  on  receiving  water  quality.  (See 
also  W90-04338)(Lantz-PTT) 
W90-04347 


DATA     GATHERING     FOR     STORMWATER 
RUNOFF  AND  SURVEIXLANCE. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7B. 
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EFFECT  OF  POLLUTANTS  ON  BIOTA 

Michigan  Dept.  of  Natural  Resources,   Lansing. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-04350 


POLLUTION  OF  GROUNDWATER. 

Princeton  Univ.,  NJ.  Water  Resources  Program. 
R.  W.  Cleary. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  134-142,  11  ref. 

Descriptors:  'Urban  areas,  'Urban  hydrology, 
•Water  pollution  control,  'Groundwater  pollution, 
•Groundwater  quality,  'Water  pollution  sources, 
Databases,  Septic  tanks,  Land  use,  Land  disposal, 
Water  pollution  treatment,  Saline  water  intrusion, 
Model  studies. 

Groundwater  is  particularly  important  to  urbaniz- 
ing areas  because  it  is  frequently  the  major  source 
of  drinking  water.  Even  in  areas  where  surface 
supplies  have  traditionally  been  used,  as  these 
become  contaminated  with  trace  organics  and 
other  hazardous  constituents,  groundwater  will 
become  an  attractive  alternative.  Counties,  towns, 
small  cities  and  suburbs  of  large  cities  have  few 
technical  guidelines  and  tools  to  assure  that  resi- 
dential and  industrial  development  occurs  without 
unacceptable  degradation  of  groundwater  supplies. 
Databases  for  most  groundwater  pollution  sources 
are  nonexistent  or  inadequate.  Among  the  un- 
solved groundwater  problems  of  urbanizing  areas, 
the  following  appear  to  be  most  urgent:  (1)  septic 
tank  density  distribution  and  its  effect  on  ground- 
water quality;  (2)  land  use  and  its  effect  on  ground- 
water quality;  (3)  land  disposal  or  application  of 
industrial  and  domestic  wastewaters;  and  (4)  abate- 


ment procedures  for  contaminated  aquifers-small 
communities  are  in  need  of  guidance  on  clean-up 
and  protection  procedures  for  their  water  supplies. 
Some  communities  may  also  be  concerned  with 
saltwater  intrusion  problems,  highway  deicing  salt 
problems,  waste  disposal  well  contamination,  and 
agricultural  pollution  of  groundwater.  There  is  an 
urgent  need  for  extensive  field  data,  under  diverse 
conditions,  for  all  these  groundwater  quality  prob- 
lems. Procedures  and  guidelines  are  needed  to 
advise  growing  communities  how  to  sample  their 
aquifers.  As  data  collection  and  empirical  experi- 
ence increase  there  will  be  a  need  to  generalize  the 
results.  Here  computer  modeling  can  play  a  very 
useful  role.  There  is  a  need  for  more  comprehen- 
sive models;  coupled,  multi-ion,  chemical  equilibria 
models  will  provide  a  realistic  simulation  of  ob- 
served behavior.  Without  realistic  models,  data 
collection  will  be  an  endless,  expensive  task  and 
planners  will  not  be  able  to  fully  investigate  all 
alternatives.  (See  also  W90-O4338XLantz-PTT) 
W90-04353 


DATA  GATHERING  FOR  NPS  AND  ILLEGAL 
DISCHARGES. 

Metropolitan  Sanitary  District  of  Greater  Chicago, 
IL.  Dept.  of  Research  and  Development. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-O4358 


METALS   SPECIATION,   SEPARATION,   AND 
RECOVERY. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04370 


CHANGES  IN  METAL  MOBILITIES  IN 
AQUATIC  AND  TERRESTRIAL  CYCLES. 

Technische   Univ.   Hamburg-Harburg   (Germany, 

F.R.). 

U.  Forstner. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  3-26, 

10  fig,  2  tab,  88  ref. 

Descriptors:  'Path  of  pollutants,  'Cadmium, 
•Trace  metals,  *Bioaccumulation,  *Fate  of  pollut- 
ants, Toxicity,  Chemical  reactions,  Particulate 
matter,  Dissolved  solids,  Solubility,  Molecular 
structure. 

Changes  in  cycling,  concentration  and  mobility  of 
metals  in  the  environment  due  to  man  can  only  be 
understood  on  the  basis  of  global  inputs.  For  de- 
scribing typical  mechanisms  in  trace  metal  cycling, 
and  in  particular  those  factors  enhancing  their  mo- 
bility in  both  terrestrial  and  aquatic  environments, 
cadmium  was  selected  because  of  its  toxicological 
importance.  Significant  factors  considered  are 
sources  and  critical  pathways,  dissolved  and  solid 
fractions  of  cadmium,  and  critical  pools  for  Cd- 
mobilization  in  particulate  matter.  Both  pH  and 
redox  changes  in  surface  waters  and  soils  can 
increase  solubility,  mobility  and  bioavailability  of 
particle-bound  metals.  Geological  and  biological 
mobilization  of  elements,  i.e.,  their  energy-consum- 
ing transfer  from  sources  to  sinks,  involves  produc- 
tion of  'intermediates',  which  can  act  as  useful  or 
toxic  substances  for  life.  In  general,  an  increase  of 
metal  input  into  an  ecosystem  will  cause  an  in- 
crease of  the  metal  content  within  the  organisms. 
The  bioavailability  of  a  metal  includes  mechanisms 
such  as  absorption,  transport  to  a  site  of  metabolic/ 
toxic  activity,  biotransformation  to  a  metabolically 
active/toxic  form,  retention/accumulation,  and  ex- 
cretion. The  flux  of  a  metal  species  is  dependent 
upon  physical,  chemical  and  biological  processes 
which  can  act  as  partial  or  almost  complete  bar- 
riers to  the  movement  of  an  element  along  its 
pathways  to  man.  Metal  pollution  in  surface  waters 
seems  to  have  peaked  in  critical  examples,  mainly 
as  a  result  of  improvements  in  industrial 
wastewater  treatment.  These  efforts  should  be 
strengthened  with  priority  on  the  technologies  ap- 
plied near  the  source  of  pollution.  (See  also  W90- 
04370)  (VerNooy-PTT) 
W90-O4371 
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GENERAL  AFFINITY  CONCEPTS,  EQUILIB- 
RIA AND  KINETICS  IN  AQUEOUS  METALS 
CHEMISTRY. 

California  Inst,  of  Tech.,  Pasadena. 

J.  J.  Morgan. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  27- 

61,  9  fig,  3  tab,  39  ref. 

Descriptors:  "Metal  complexes,  *Kinetics,  •Chem- 
ical reactions,  'Molecular  structure,  *Equilibrium, 
♦Heavy  metals,  *Path  of  pollutants,  Chemical 
treatment,  Wastewater  treatment,  Water  pollution, 
Cations. 

Metal  cycles  on  a  regional  and  global  basis  have 
been  profoundly  modified  by  human  activity.  Haz- 
ardous metals,  which  existed  in  trace  amounts  in 
water  (<  1  micromolar)  under  earlier,  natural  con- 
ditions, have  been  released  to  a  greater  and  greater 
extent  to  aquatic  and  terrestrial  aquatic  systems. 
The  speciation  and  fate  of  a  metal  in  the  natural 
environment,  the  biochemical  action  of  a  metal  as 
nutrient  to  toxicant,  and  the  effectiveness  of  con- 
trol processes  (separation,  recovery,  and  recycle) 
are  all  ultimately  to  be  understood  and,  eventually 
predicted  on  the  basis  of  the  electronic  structures 
of  the  metal  in  coordination  (Lewis  acid-base)  re- 
actions with  ligands,  electron  transfer  reactions 
(redox),  and  free  radical  reactions.  Classification  of 
metals,  behavior  of  metal  cations  in  coordination 
compounds,  transition  metal  complex  stability,  and 
aqueous  acid-base  reactions  are  discussed.  Under- 
standing the  overall  energetics  of  metal-ligands 
chemical  reactions  and  oxidation-reduction  reac- 
tions is  one  condition  for  predicting  the  actual 
behavior  of  metals  in  the  environment  and  in  engi- 
neering control  systems.  Energetic  principles  are 
also  the  basis  of  modern  chemical  theories  of 
chemical  reaction  kinetics,  principally  the  activat- 
ed complex  theory.  Understanding  the  quantitative 
aspects  of  metals  chemistry  in  the  natural  environ- 
ment and  in  technological  systems  must  ultimately 
rest  on  an  understanding  of  the  kinetics  of  slow 
versus  fast  reactions.  But  metals  chemical  kinetics 
can  be  extremely  diverse  and  complex  under  the 
kinds  of  chemical  conditions  encountered  in  natu- 
ral water  systems  and  wastewater  systems.  Engi- 
neers and  applied  scientists  can  benefit  from  exam- 
ples of  successful  applications  of  acid-base  and 
redox  chemistry  in  chemical  analysis,  biochemis- 
try, geochemistry,  soil  chemistry,  aquatic  chemis- 
try and  other  areas.  (See  also  W9O-O4370)  (Ver- 
Nooy-PTT) 
W90-04372 


CURRENT  STATUS  OF  METAL  SPECIATION 
STUDD2S. 

Quebec  Univ.,  Sainte-Foy. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-04377 


ELECTROANALYSIS  OF  HEAVY  METAL/OR- 
GANIC MATTER  SYSTEMS. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
R.  F.  M.  J.  Cleven,  P.  M.  Wolfs,  and  H.  P.  van 
Leeuwen. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 
Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  243- 
259,  5  fig,  38  ref. 

Descriptors:  *Path  of  pollutants,  *Heavy  metals, 
•Cadmium,  *Lead,  "Metal  complexes,  "Humic 
acids,  "Bioavailability,  *Fulvic  acids,  'Chemical 
analysis,  *Electrochemistry,  Decomposing  organic 
matter,  Particulate  matter,  Path  of  pollutants,  Mo- 
lecular structure,  Polarographic  analysis. 

Heavy  metals  contaminating  ecosystems  are  dis- 
tributed over  many  species  of  different  toxicity  to 
biotic  life.  Metal  speciation  differentiates  metal 
ions  into  fractions  dependent  on  their  physico- 
chemical  characteristics  that  may  be  related  to 
bioavailability.  Voltammetry  is  able  to  discern  be- 
tween free  and  complexed  forms  of  a  number  of 
important  heavy  metal  ions  in  a  variety  of  matri- 
ces. To  investigate  the  effects  of  the  macromolecu- 
lar  nature  of  humic  material  on  the  voltammetric 
response  to  complexation  with  heavy  metals,  and 
the  polyelectrolytic  effect  on  the  heavy  metal/ 


organic  matter  interaction,  the  systems  Cd-Pb/ 
fulvic  acid-humic  acid  have  been  studied  by 
normal  pulse  polarography  (NPP),  and  the  systems 
Cu-Pb/fulvic  acid  have  been  studied  by  square 
wave  anodic  stripping  voltammetry  (SWASV). 
Solutions  of  humic  acid  and  fulvic  acid  at  different 
degrees  of  neutralization,  and  thus  different  charge 
densities,  have  been  titrated  with  heavy  metal  ions. 
The  NPP  results  have  been  compared  to  those  for 
similar  titrations  into  solutions  of 
poly(methylmethacrylic  acid)  (PMA),  a  linear  po- 
lycarboxyhc  acid.  In  the  voltammetric  experi- 
ments, any  polyelectrolyte  effect  will  be  partially 
suppressed  due  to  the  presence  of  1:1  salt  as  sup- 
porting electrolyte.  Therefore,  a  number  of  titra- 
tions into  solutions  of  humic  acid,  fulvic  acid,  and 
PMA  without  supporting  electrolyte  have  also 
been  studied  conductometrically.  The  results  indi- 
cate that  for  low  metal/ligand  ratio  the  systems 
Cd-Pb/humic  acid-fulvic  acid  are  polarographical- 
ly  labile,  and  that  a  mean  diffusion  coefficient  is 
operative  controlling  the  NPP  limiting  currents. 
Both  voltammetric  and  conductometric  results 
provide  evidence  that  polyelectrolyte  effects  play 
an  important  role  in  the  interaction  of  cadmium 
and  lead  ions  with  organic  matter  ligands.  (See  also 
W90-04370)  (VerNooy-PTT) 
W90-04378 


CHEMICAL  INTERACTIONS  BETWEEN 
HEAVY  METAL  IONS  AND  HYDROUS 
SOLIDS. 

Delaware  Univ.,  Newark. 

For  primary  bibliographic  entry  see  Field   5D. 
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FATE  OF  MICROBIAL  INDICATORS  AND  VI- 
RUSES IN  A  FORESTED  WETLAND. 

East  Tennessee  State  Univ.,  Johnson  City.  Dept.  of 

Environmental  Health. 

For  primary  bibliographic  entry  see  Field   5D. 
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BIOLOGY  AND  CHEMISTRY  OF  GENERA- 
TION, PREVENTION  AND  ABATEMENT  OF 
ACTD  MINE  DRAINAGE. 

Silver  (Marvin)   Scientific   Ltd.,   Bedford  (Nova 
Scotia). 
M.  Silver. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  753- 
760,  23  ref. 

Descriptors:  "Acid  mine  drainage,  •Microorga- 
nisms, *Chemical  reactions,  *Water  pollution  treat- 
ment, 'Wastewater  treatment,  "Heavy  metals, 
Wetlands,  Biological  wastewater  treatment,  Ma- 
crophytes,  Path  of  pollutants,  Iron,  Copper,  Zinc, 
Manganese,  Aluminum,  Pyrite,  Sulfides,  Oxidation, 
Reduction,   Sulfates,   Precipitation,   Humic  acids. 

The  importance  of  microorganisms  as  catalysts  in 
inorganic  chemical  reactions  is  recognized  in  com- 
mercial metal  recovery  and  soil  mineral  transfor- 
mations. Recently,  the  importance  to  the  environ- 
ment of  microbially-mediated  reactions  has  been 
documented.  These  reactions  are  described  here 
including  their  relevance  to  the  generation,  pre- 
vention, and  abatement  of  acidic  drainage.  Reac- 
tions involved  in  the  solubilization  and  reprecipita- 
tion  of  polluting  metals  such  as  Fe,  Cu,  Zn,  Mn, 
and  Al  also  are  discussed.  These  reactions  include 
oxidation  of  iron  sulfide  minerals  (mainly  pyrite), 
oxidation  of  nonsulfide  minerals  (e.g.,  uranitite, 
siderite,  and  smithsonite),  anaerobic  oxidation  of 
elemental  sulfur  and  sulfur  compounds,  and  jaro- 
site  formation  by  ferric  iron  hydrolysis.  The  three 
components  of  acid  generation  reactions  are  the 
mineral  substrate,  the  oxidant,  and  the  biological 
catalyst.  Elimination  of  any  one  of  these  compo- 
nents will  stop  acid  generation,  but  this  is  difficult 
to  do  in  practice.  Of  the  chemical,  physical,  and 
biological  acid  drainage  abatement  options,  only 
those  with  a  substantial  biological  component  offer 
freedom  from  perpetual  maintenance.  Permanence 
depends  on  self-regenerative  properties  of  biologi- 
cal systems  that  are  integral  functions  of  metabo- 
lism and  interactions  of  all  the  components  of  these 
systems.  Operational  objectives  of  these  systems 


are  decreases  in  acidity  through  neutralization  or 
sulfate  removal  and  precipitation  of  metallic  pollut- 
ants. Sulfate  is  removed  from  acid  drainage  by 
three  mechanisms:  reduction  to  sulfide,  biological 
uptake,  and  formation  of  organic  esters  on  plant 
decomposition  products.  Given  an  aerobic  envi- 
ronment, pH  >  5,  and  suitable  organic  substrates, 
sulfate-reducing  bacteria  reduce  sulfate  with  pyru- 
vic or  lactic  acids.  Sulfides  formed  in  these  reac- 
tions may  combine  with  heavy  metals,  leading  to 
their  precipitation  as  sulfides.  Sulfate  esterification 
in  the  presence  of  plant  residues  such  as  humic  an 
fulvic  acids,  lignin,  and  cellulose  appears  to  be 
mediated  by  microbes.  Reactions  that  precipitate 
Mn  may  be  enzymatic  or  nonenzymatic  and  remain 
poorly  understood.  (See  also  W90-04392)  (Roches- 
ter-PTT) 
W90-04468 


WATER  POLLUTION:  PESTICIDES  IN 
AQUATIC  ENVIRONMENTS.  JANUARY  1970- 
DECEMBER  1988  (CITATIONS  FROM  THE 
POLLUTION  ABSTRACTS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-04484 


ACID  PRECIPITATION.  SEPTEMBER  1987- 
DECEMBER  1988  (CITATIONS  FROM  THE 
COMPENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-853816. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. January  1989.  105  p.  Supersedes  PB87- 
866620. 

Descriptors:  "Bibliographies,  "Acid  rain  effects, 
•Water  pollution  sources,  "Acid  rain,  Literature 
review,  Acidification,  Rainfall,  Precipitation, 
Water  pollution  control. 

This  bibliography  contains  190  citations  concern- 
ing the  causes,  effects,  sources,  and  controls  of  acid 
precipitation  and  acidification.  Techniques  and 
technology  for  measurement  and  analysis  of  acid 
precipitation  are  considered.  (See  also  W90-O4488) 
(Author's  abstract) 
W90-04485 


ACID  PRECIPITATION.  SEPTEMBER  1986- 
AUGUST  1987  (CITATIONS  FROM  THE  COM- 
PENDEX DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-853808. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. January  1989.  131  p. 

Descriptors:  "Bibliographies,  "Acid  rain  effects, 
"Water  pollution  sources,  "Acid  rain,  Literature 
review,  Acidification,  Rainfall,  Precipitation, 
Water  pollution  control. 

This  bibliography  contains  266  citations  concern- 
ing the  causes,  effects,  sources,  and  controls  of  acid 
precipitation  and  acidification.  Techniques  and 
technology  for  measurement  and  analysis  of  acid 
precipitation  are  also  considered.  (See  also  W90- 
04485)  (Author's  abstract) 
W90-04488 


LAND  USE  EFFECTS  ON  GROUND  WATER 
QUALITY  IN  CARBONATE  ROCK  TERRAIN. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-04491 


ESTIMATING  POTENTIAL  GROUND  AND 
SURFACE  WATER  POLLUTION  FROM  LAND 
APPLICATION  OF  POULTRY  LITTER. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Agronomy. 
J.  T.  Gilmour,  D.  C.  Wolf,  and  P.  M.  Gale. 
Arkansas  Water  Resources  Research  Center,  Uni- 
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versity  of  Arkansas,  Fayetteville,  AR.  Publication 
No.   128,  June   1987.   36p.   11  fig,  4  tab,  28  ref. 

Descriptors:  'Water  pollution,  'Groundwater  pol- 
lution, 'Animal  wastes,  'Water  pollution  sources, 
'Land  disposal,  Poultry,  Fertilization,  Nitrogen 
cycle,  Arkansas. 

In  1985,  more  than  750  million  broiler  chickens 
were  produced  in  Arkansas.  During  the  same  year 
over  15  million  laying  chickens  produced  3.6  mil- 
lion eggs.  The  waste  products  of  these  agricultural 
production  systems,  poultry  letter  and  manure, 
were  about  1  million  metric  tons.  As  a  result  of 
land  application  of  these  wastes,  about  5,000  metric 
tons  of  ammonium  N  and  12,000  metric  tons  of 
mineralized  nitrogen  were  applied  to  Arkansas  pas- 
tures in  1985.  Manures  contributed  about  2-3  per- 
cent of  the  total.  The  objective  of  this  research  was 
to  quantify  major  components  of  the  nitrogen 
cycle  which  influence  the  ground  and  surface 
water  pollution  potential  and  the  proper  use  of 
poultry  or  hen  manure  in  a  land  application  pro- 
gram. Both  decomposition  and  N  mineralization  of 
representative  samples  of  surface  applied  hen 
manure  were  evaluated.  During  the  decomposi- 
tion, N  mineralization  followed  two  patterns.  Ini- 
tially, N  mineralization  was  rapid  and  the  mineral- 
ized N  plus  initial  inorganic  N  was  converted  to 
volatile  ammonia  and  lost  to  the  atmosphere. 
Later,  one  of  two  scenarios  appeared  to  be  opera- 
tive. If  nitrification  and  denitrification  were  small, 
then  N  immobilization  likely  occurred  at  a  rate 
near  that  of  N  mineralization  resulting  in  only 
small  increases  in  inorganic  N.  Undigested  feed 
was  suggested  as  the  immobilizing  agent.  If  nitrifi- 
cation and  denitrification  were  large,  then  N  min- 
eralization could  have  proceeded  at  expected  rates 
and  would  not  be  measured  by  the  methods  em- 
ployed herein.  In  a  practical  vein,  the  initial  inor- 
ganic N  and  mineralized  N  in  surface  applied  hen 
manure  has  a  low  N  fertilizer  value  and  water 
pollution  potential  due  to  volatilization  of  N.  If  the 
manure  is  incorporated  or  a  rainfall  event  occurs 
soon  after  surface  addition,  more  than  50  percent 
of  the  manure  N  could  be  available  for  plant 
uptake  and  contamination  of  ground  and  surface 
waters.  (Author's  abstract) 
W90-04493 


GROUND  WATER  POLLUTION:  GENERAL 
STUDIES.  FEBRUARY  1988-FEBRUARY  1989 
(CITATIONS  FROM  THE  NTIS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161  as  PB89-857098. 
Supersedes  PB88-857016.  Mar  89,  125p.  Price 
codes:  N01  in  paper  copy;  N01  microfilm. 

Descriptors:  'Bibliographies,  'Groundwater  pollu- 
tion, 'Water  pollution  sources,  'Path  of  pollutants, 
Literature  review,  Landfills,  Mine  drainage,  Math- 
ematical models. 

This  updated  bibliography  contains  207  citations 
concerning  sources,  contaminant  transport,  and 
monitoring  of  pollutants  in  aquifers.  Topics  include 
pollution  characterization  from  landfills  and  mine 
drainage,  descriptions  of  study  programs  undertak- 
en by  specific  states,  and  superfund  site  studies  of 
contaminated  areas.  The  utilization  of  mathemati- 
cal models  is  also  discussed.  Studies  pertaining 
specifically  to  irrigation  and  pollution  from  fertiliz- 
ers are  excluded.  All  of  the  citations  are  new 
entries  to  the  previous  edition.  (See  also  W90- 
04502)  (Author's  abstract) 
W90-O4497 


POLYCHLORINATED  BIPHENYLS:  OCCUR- 
RENCE IN  SEDIMENTS  AND  SODLS.  JANU- 
ARY 1977-FEBRUARY  1989  (CITATIONS 
FROM  THE  SELECTED  WATER  RESOURCES 
ABSTRACTS  DATABASE). 
National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-855993. 
Price  codes:  N01  in  paper  copy;  N01  microfilm. 
Supersedes  PB88-857123.  Prepared  in  cooperation 
with  Office  of  Water  Research  and  Technology, 


Washington,  DC.  Feb  89,  158p. 

Descriptors:  'Water  pollution  sources,  'Bibliogra- 
phies, 'Polychlorinated  biphenyls,  'Sediment  con- 
tamination, 'Soil  contamination,  Literature  review, 
Decomposition,  Sorption,  Dredging. 

This  bibliography  contains  249  citations  concern- 
ing field  and  laboratory  analyses  of  polychlorinat- 
ed biphenyls  in  sediments  and  soils.  Topics  include 
site  studies,  chemical  analyses  of  adsorption-de- 
sorption  processes,  decomposition  in  soils,  includ- 
ing biodegradation,  and  bioaccumulation.  Detec- 
tion methods  and  equipment,  and  the  impact  of 
dredging  in  contaminated  areas  are  also  discussed. 
Forty-twp  citations  are  new  entries  to  the  previous 
edition.  (Author's  abstract) 
W9O-O450O 


GROUND  WATER  POLLUTION:  GENERAL 
STUDIES.  DECEMBER  1984-JANUARY  1988 
(CITATIONS  FROM  THE  NTIS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  2F. 
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TOXICITY  ASSAYS  AND  MOLECULAR 
STRUCTURE  TOXICITY. 

Drexel  Univ.,  Philadelphia,  PA. 
R.  E.  Speece,  N.  Nirmalakhandan,  and  P.  C.  Jurs. 
IN:    Biotechnology    for    Degradation    of   Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  36-66,  9 
fig,  4  tab,  46  ref. 

Descriptors:  'Structure-activity  relationships,  'En- 
vironmental protection,  'Water  pollution  effects, 
•Toxicity,  'Bioassay,  'Molecular  structure,  Labo- 
ratory methods,  Literature  review,  Monitoring, 
Bacteria,  Algae. 

The  complexity  of  a  biological  system's  response 
to  toxic  chemicals  suggests  that  it  is  overly  opti- 
mistic to  attempt  to  formulate  a  rational  quantita- 
tive-structure activity  relationship  (QSAR)  based 
upon  molecular  structure  or  gross  properties.  Fur- 
thermore, the  different  biochemical  features  of  the 
multitude  of  bacteria  found  in  the  environment  also 
suggest  that  it  is  overly  optimistic  to  attempt  to 
base  a  toxicity  assay  on  any  given  pure  culture,  or 
even  a  mixed  culture.  Toxicity  assays  can  provide 
valuable  insight  into  the  possible  impact  of  chemi- 
cals released  into  the  environment  and  they  can 
also  be  used  advantageously  to  give  early  warning 
indications  for  treatment  processes.  A  growing  bat- 
tery of  standardized  and  innovative  assays  can  be 
used  with  varying  levels  of  success.  Among  these 
are:  Microtox,  Algae,  Protozoa,  Daphnia,  ISO, 
OECD,  Spirillum  volutans,  Activate  Sludge  Respi- 
ration, Activated  Sludge  Dehydrogenase,  Nitro- 
bacter,  BOD.  If  the  idiosyncrasies  of  the  various 
bacterial  toxicity  assays  can  be  appropriately  fac- 
tored in,  much  qualitative  information  can  be 
gleaned  for  various  environmental  purposes.  (See 
also  W90-03562)  (Lantz-PTT) 
W90-03565 


ECOLOGICAL  STUDIES  IN  THE  MIDDLE 
REACH  OF  CHESAPEAKE  BAY:  CALVERT 
CLIFFS. 

For  primary  bibliographic  entry  see  Field  4C. 
W9O-03599 


THERMAL    AND    OTHER    DISCHARGE-RE- 
LATED EFFECTS  ON  THE  BAY  ECOSYSTEM. 

Academy   of  Natural   Sciences   of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
For  primary  bibliographic  entry  see  Field  4C. 
W9O-03609 


ENVIRONMENTAL  STUDIES  IN  PORT 
VALDEZ,  ALASKA-  A  BASIS  FOR  MANAGE- 
MENT. 

Lecture  Notes  on  Coastal  and  Estuarine  Studies 


Vol.  24,  Springer-Verlag,  New  York,  1988.  423p. 
Edited  by  David  G.  Shaw  and  Mohammad  J. 
Hameedi. 

Descriptors:  'Water  pollution  effects,  'Valdez, 
'Ecological  effects,  'Oil  pollution,  'Alaska, 
•Arctic  zone,  Ecosystems,  Cycling  nutrients,  Phy- 
toplankton,  Zooplankton,  Hydrocarbons,  Monitor- 
ing, Information. 

Studies  of  Port  Valdez  during  the  start-up  and 
operation  of  the  Alyeska  Pipeline  facility  are 
among  the  most  comprehensive  ever  done  on  a 
marine  ecosystem.  It  is  therefore  appropriate  that 
Port  Valdez  be  used  as  a  case  study  on  the  ability 
of  present  technology  to  detect  significant  ecosys- 
tem changes  in  an  environment  that  is  being  sub- 
jected to  a  known  level  of  disturbance-in  this  case 
the  discharge  of  hydrocarbons  into  the  environ- 
ment. A  number  of  general  conclusions  include:  (1) 
it  appears  that  no  ecologically  or  socially  signifi- 
cant biological  changes  have  occurred  that  can  be 
related  to  the  ballast  discharge;  (2)  even  under 
favorable  conditions,  it  is  not  possible  to  make  a 
material  balance  between  discharged  oil  and  oil  in 
the  environment,  after  estimated  degradation  and 
adsorption  rates  are  considered;  (3)  flushing  of 
Port  Valdez,  and  therefore  nutrient  input  and  cy- 
cling, are  heavily  influenced  by  storm  patterns;  (4) 
the  energy  producing  regime-phytoplankton  and 
macrophytes-and  primary  grazing  regime-zoo- 
plankton  and  micronekton-changed  dramatically 
between  the  before  and  after  operation  studies;  (5) 
relatively  little  hydrocarbon  contamination  of  the 
sediments  is  found  in  Port  Valdez  as  compared  to 
other  oil  contaminated  regions;  (6)  compliance 
monitoring  appears  to  have  contributed  little  to 
detecting  ecosystem  changes  since  change  due  to 
natural  disturbance  and  fluctuations  far  exceeded 
perturbations  caused  by  the  introduction  of  the 
contaminant;  (7)  a  lack  of  basic  understanding  of 
the  pelagic  system  has  greatly  reduced  the  ability 
to  identify  causative  linkages  between  biological 
changes  and  specific  disturbances;  and  (8)  the  as- 
similative capacity  of  Port  Valdez  does  not  appear 
to  have  been  exceeded  so  that  natural  disturbances 
of  this  system  still  dominate  the  ecosystem  and 
control  community  structure  and  function.  (See 
W90-0361 1  thru  W90-03625)  (Lantz-PTT) 
W90-03610 


INTERTIDAL  ZONE. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
H.  M.  Feder,  and  B.  Bryson-Schwafel. 
IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer-Verlag, 
New  York,  1988.  p  117-164,  3  fig,  3  tab,  43  ref. 

Descriptors:  'Water  pollution  effects,  'Oil  pollu- 
tion, 'Intertidal  areas,  'Arctic  zone,  'Alaska, 
•Valdez,  Monitoring,  Clams,  Mussels,  Copepods, 
Barnacles,  Algae,  Bacteria,  Prince  William  Sound. 

Investigations  of  the  intertidal  environment  of  Port 
Valdez  from  1975-83  provide  the  basis  for  a  moni- 
toring program.  Species  examined  were  the  clam 
Macoma  balthica,  the  blue  mussel  Mytilus  edulis, 
the  harpacticoid  copepod  Harpacticus  ururemis, 
and  the  barnacle  Balanus  balanoides.  A  biological 
sampling  program  was  developed  to  assess  biologi- 
cal changes  that  might  occur  in  the  rocky  intertidal 
during  chronic  low-level  exposure  to  petroleum 
hydrocarbons  derived  from  treated  ballast  water. 
On  sediment  shores,  bacterial  abundance  values 
were  relatively  low,  and  populations  showed  a 
seasonal  pattern  with  a  density  peak  in  August. 
Meiofaunal  organisms  were  relatively  diverse  with 
representatives  of  nine  phyla  present.  More  than 
90%  of  the  meiofauna  occurred  in  the  upper  3  cm 
of  sediment.  Differences  in  meiofaunal  composition 
appear  related  to  the  distribution  of  sediment 
types.  The  distribution,  abundance,  and  zonation  of 
plants  and  animals  of  the  rock  shores  of  the  port 
were  examined.  The  dominant  species  found 
throughout  the  year  were  the  brown  alga  Fucus 
distichus,  the  blue  mussel  M.  edulis,  the  periwinkle 
Littorina  sitkana,  and  the  barnacle  B.  balanoides. 
The  few  field  experiments  conducted  on  the  effect 
of  Prudhoe  Bay  oil  on  intertidal  organisms  are 
discussed.  No  significant  differences  in  the  size  of 
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bacterial  populations  were  reported  after  the  ex- 
perimental addition  of  crude  oil  to  a  sediment 
shore  over  a  three-month  period  in  the  summer. 
Harpacticoid  copepods  were  also  not  adversely 
affected  by  additions  of  crude  oil  to  the  sediment. 
However,  chronic  exposure  to  low-levels  of  oil 
concentration  led  to  significant  decreases  in  the 
viability  of  the  sediment-dwelling  clam  M.  balth- 
ica.  Additional  topics  considered  in  this  chapter 
are  trophic  interactions  within  the  intertidal 
system,  the  effects  of  the  1964  earthquake  within 
Prince  William  Sound  on  the  intertidal  system,  a 
comparison  of  the  Port  Valdez  intertidal  with  that 
of  other  northern  systems,  and  environmental  dis- 
turbance within  the  port.  (See  also  W89-03610) 
(Lantz-PTT) 
W90-03616 


SUBTIDAL  BENTHOS. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  2L. 
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FISHERIES  RESOURCES. 

National  Marine  Fisheries  Service,  Auke  Bay,  AK. 
Auke  Bay  Lab. 
T.  R.  Merrell. 

IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,  1988.  p  203-224,  1  fig,  1  tab,  36  ref. 

Descriptors:  *Fisheries,  *Fish  populations, 
•Valdez,  'Arctic  zone,  *Water  pollution  effects, 
•Oil  pollution,  Salmon,  Alaska,  Fish  eggs,  Fish 
hatcheries,  Ecological  effects,  Wastewater  dispos- 
al. 

Pink,  chum,  and  coho  salmon  and  Pacific  herring 
are  the  most  important  fisheries  resources  in  Port 
Valdez  from  both  commercial  and  recreational 
standpoints.  Early  life  stages  of  these  species  are 
the  most  vulnerable  to  oil  pollution:  pink  and  chum 
salmon  eggs  in  intertidal  spawning  streambeds,  and 
fry  during  early  marine  life;  coho  salmon  smolts 
during  their  seaward  migration  through  Port 
Valdez;  and  Pacific  herring  eggs  and  larva  during 
their  first  few  weeks  of  life  before  they  have 
dispersed  away  from  spawning  sites.  The  new  Sol- 
omon Gulch  Hatchery  is  expected  to  reach  full 
production  of  salmon  by  1989,  when  more  than  6 
million  pink,  324,000  chum,  and  60,000  coho 
salmon  will  return  each  year  as  adults.  Most  of  the 
pink  and  chum  salmon  will  be  caught  by  common 
property  commercial  net  fisheries,  and  most  of  the 
coho  salmon  by  sport  fishermen.  Unless  a  cata- 
strophic oil  spill  occurs  in  Port  Valdez,  or  concen- 
trations of  toxic  components  from  the  treated 
tanker  ballast  effluent  become  substantially  higher 
in  Port  Valdez  than  at  present,  it  is  unlikely  that  oil 
pollution  will  have  significant  adverse  impacts  on 
hatchery  or  natural  stocks  of  salmon,  herring,  or 
other  fishery  resources.  The  possibility  of  eventual 
subtle  indirect  effects  of  hydrocarbons  on  salmon 
and  herring,  and  their  habitat,  cannot  be  ruled  out. 
Hydrocarbon  concentrations  from  the  ballast  efflu- 
ent are  gradually  increasing  in  sediment  and  water 
and  could  eventually  have  harmful  effects,  such  as 
altering  migratory  behavior  of  juvenile  and  adult 
salmon,  or  diminishing  the  abundance  of  prey  spe- 
cies upon  which  salmon  and  herring  are  dependent 
during  early  sea  life.  (See  also  W9O-O3610)  (Lantz- 
PTT) 
W90-03618 


information  is  qualitative  and  pertains  only  to  cer- 
tain seasons  of  the  year.  Studies  associated  with  the 
development  of  the  pipeline  terminal  have  yielded 
more  detailed  information  on  waterbirds  and 
marine  mammals  in  Port  Valdez.  The  annual  and 
seasonal  distribution  of  these  species  is  summa- 
rized. Port  Valdez  supports  large,  diverse  popula- 
tions of  waterbirds  and  many  sea  otters  and  harbor 
seals.  Protected  bays  and  tidal  mudflats  are  impor- 
tant habitats  for  birds.  Sea  otters  gather  in  shallow 
areas  to  feed  and  harbor  seals  rest  on  shoreline 
rocks  and  ice  floes  from  Shoup  Glacier.  Winter 
birds  (alcids  and  sea  ducks)  and  sea  otters  are  most 
vulnerable  to  oil  pollution.  To  date,  there  have 
been  no  devastating  oil  spills  in  Port  Valdez  and 
the  effluent  from  the  ballast  water  treatment  plant 
has  caused  no  known  large  scale  mortalities  of 
waterbirds  or  marine  mammals.  (See  also  W90- 
03610)  (Lantz-PTT) 
W90-03619 


SUBLETHAL  EFFECTS  OF  PETROLEUM  ON 
BIOTA. 

National  Marine  Fisheries  Service,  Auke  Bay,  AK. 
Auke  Bay  Lab. 
J.  F.  Karinen. 

IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,  1988.  p  293-328,  1  fig,  4  tab,  78  ref. 

Descriptors:  ♦Water  pollution  effects,  *Arctic 
zone,  'Sublethal  effects,  'Oil  pollution,  *Valdez, 
Biological  studies,  Alaska,  Hydrocarbons,  Fish, 
Crustaceans,  Mollusks,  Naphthalene,  Salmon, 
Larvae. 

Recent  reports  describing  sublethal  effects  and  hy- 
drocarbon concentrations  measured  in  sediments, 
fish,  crustaceans,  and  mollusks  from  various  oil- 
impacted  environments  are  reviewed,  and  com- 
pared to  hydrocarbon  levels  in  the  environment  of 
Port  Valdez,  Alaska.  Concentrations  of  hydrocar- 
bons having  sublethal  effects  ranged  from  about 
0.1  to  1  ppm  for  all  species;  all  tests  except  two 
were  with  the  hydrocarbons  dissolved  in  water. 
The  one  test  with  oiled  food  and  the  rapid  uptake 
of  hydrocarbons  by  crustacean  larvae  provided 
important  information  with  respect  to  evaluating 
the  impact  of  continuous  introduction  of  ballast 
effluent  to  Port  Valdez.  A  rapid  concentration  of 
dissolved  hydrocarbons  by  crustacean  larvae  may 
result  in  an  equally  rapid  uptake  by  fish  larvae  and 
fry  as  they  feed  on  these  crustacean  larvae.  The 
concentration  of  2-methyl-naphthalene  (0.8  micro- 
grams/g  wet  wt)  in  shrimp  larvae  after  1  hr  expo- 
sure to  extremely  low  concentrations  (0.8  nano- 
grams/ml)  of  this  compound  appears  sufficient  to 
cause  effects  on  feeding  and  growth  if  these  larvae 
were  fed  upon  by  pink  salmon  fry  for  an  extended 
period  (40  d).  It  is  unknown  whether  fry  in  Port 
Valdez  would  be  in  the  vicinity  of  oil-contaminat- 
ed prey  for  this  length  of  time,  but  these  results 
show  what  is  possible  if  circumstances  are  unfavor- 
able for  the  salmon  fry.  Body  burdens  of  this 
magnitude  in  the  crustacean  larvae  may  also  make 
them  more  vulnerable  as  prey.  Aromatic  hydrocar- 
bons in  sediments,  water,  and  biota  of  Port  Valdez 
near  the  ballast  diffuser  are  similar,  in  composition 
and  concentration,  to  other  oil  impacted  environ- 
ments, and  sublethal  effects  on  biota  of  Port 
Valdez  are  probably  detectable.  (See  also  W90- 
03610)  (Lantz-PTT) 
W90-03622 


WATERBIRDS  AND  MARINE  MAMMALS. 

Fish  and  Wildlife  Service,  Anchorage,  AK. 
M.  E.  Hogan,  and  D.  B.  Irons. 
IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,  1988.  p  225-242,  2  fig,  3  tab,  37  ref. 

Descriptors:  'Water  pollution  effects,  *Oil  pollu- 
tion, *Water  birds,  *Marine  mammals,  'Arctic 
zone,  'Alaska,  'Valdez,  Waterfowl,  Ecological 
distribution,  Seasonal  distribution,  Annual  distribu- 
tion, Wastewater  disposal,  Otters,  Seals,  Ducks. 

Accounts  of  waterbirds  and  marine  mammals  in 
Port  Valdez  are  few  and  much  of  the  available 


HISTORICAL  CHANGES  OF  THE  RD7ER 
WESER. 

Wasserwirtschaftsamt  Bremen  (Germany,  F.R.). 

D.  Busch,  M.  Schirmer,  B.  Schuchardt,  and  P. 

Ullrich. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 

Western  Europe.  John  Wiley  &  Sons,  New  York. 

1989.  p  297-321.  9  fig,  8  tab,  65  ref. 

Descriptors:  'Weser  River,  'Water  pollution  ef- 
fects, 'History,  'Channeling,  'River  training,  'Ec- 
ological effects,  Hydraulic  engineering,  Dikes, 
River  regulations,  Ecosystems,  Invertebrates,  Fish 
stocking,  Fish  populations,  Environmental  policy, 
Natural  resources,  Gravel,  Management  planning, 
Salts,  Thermal  pollution,  Pollution  load,  Ships, 
West  Germany,  Navigation. 


Diking,  regulation,  channelization,  and  pollution 
have  caused  a  dangerous  and  critical  situation  for 
the  River  Weser  (northern  Germany)  hydrosys- 
tem.  The  invertebrates  have  suffered  a  dramatic 
reduction.  The  fish  stocks  can  only  be  maintained 
by  extensive  restocking  efforts.  The  former  river 
and  valley  landscapes,  typical  and  richly  struc- 
tured, have  been  destroyed  except  in  some  small 
and  localized  areas.  The  number  of  factors  inhibit- 
ing the  potential  renewal  and  spread  of  the  fauna 
and  flora  are  immense.  The  environmental  laws  of 
the  1980s  concerning  protection  of  the  remaining 
natural  resources  from  further  destruction  by 
human  activities,  only  prescribe  compensation  for 
newly  planned  activities.  Some  steps  to  compen- 
sate for  the  channelized  and  regulated  river  have 
already  occurred  at  gravel-lakes  all  along  the 
Weser.  A  real  change  requires  the  implementation 
of  a  coordinated  program  to  restore  local  river  and 
valley  regions,  combined  with  drastic  effluent  re- 
ductions in  salt,  heat,  and  other  pollutants  and  a 
switch  to  different  ship  types  with  less  wake  and 
swell,  or  even  a  ban  on  big  ship  traffic  along  the 
Weser.  Only  by  these  measures  might  some  of  the 
remaining  ecological  qualities  of  the  Weser  be 
saved.  (See  also  (W90-03689)  (Fish-PTT) 
W90-03706 


FISH  AS  SENTEMELS  OF  ENVIRONMENTAL 
HEALTH. 

National  Marine  Fisheries  Service,  Woods  Hole, 

MA.  Northeast  Fisheries  Center. 

For  primary  bibliographic  entry  see  Field  5A. 
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RELATIONSHIP  OF  ESTUAREME  PLANT 
CONTAMINANTS  TO  EXISTING  DATA 
BASES. 

European  Research  Office,  London  (England). 
F.  S.  Henriques,  and  J.  C.  Fernandes. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  ADA-201  725. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Final  Technical  Report,  February  1988.  69p,  5  fig, 
16  tab,  45  ref,  8  append.  US  Army  Contract  DAJA 
45-87-C-0001. 

Descriptors:  'Water  pollution  effects,  'Portugal, 
•Aquatic  plants,  'Estuaries,  'Sado  River,  'Path  of 
pollutants,  Sediment  contamination,  Copper, 
Bioaccumulation,  Heavy  metals,  Lead,  Salt 
marshes,  Databases,  Oak  trees. 

A  field  survey  was  conducted  to  assess  the  pollu- 
tion levels  in  plants,  sediments  and  waters  of  the 
Sado  River  basin  (in  the  south  of  Portugal),  an  area 
thought  to  be  contaminated  with  mine  effluents 
and  industrial  discharges.  Field  sampling  was  car- 
ried out  in  the  Sado  estuary,  where  sediments  and 
Halaimione  portulacoides  (a  salt  marsh  species) 
were  collected.  In  the  upper  zone  of  the  Sado 
basin,  near  the  pyrites  mines  of  Aljustrel  and 
Lousal,  holm-oak  and  rush  plant  materials  were 
collected,  as  well  as  soil  and  water  samples.  Al- 
though Sado  estuary  sediments  presented  relative- 
ly high  levels  of  Cu,  the  plants  did  not  reveal  signs 
of  metal  accumulation-their  Cu  contents  were 
similar  to  those  found  on  control  plants  from  un- 
contaminated  salt  marshes  of  the  Miro  River  estu- 
ary, and  to  those  reported  in  the  literature  for 
uncontaminated  plants.  Holm-oak  trees  growing 
near  the  pyrites  mines  presented  high  heavy  metal 
contents  in  the  leaves  and  acorns.  Metal  accumula- 
tion in  acorns  poses  a  serious  health  hazard,  be- 
cause these  fruits  are  consumed  by  local  popula- 
tion. Pb  levels  in  acorns  are  particularly  worrying. 
Holm-oak  growing  on  an  effluent  ditch  at  Lousal 
mines  revealed  remarkable  adaptations  to  heavy 
metal  stress.  Apparently,  the  plant  was  capable  of 
tolerating  the  extremely  high  metal  concentrations 
in  the  sediment,  through  prevention  of  metal  trans- 
location from  the  roots  to  the  shoot.  (Author's 
abstract) 
W90-03765 


AGRICULTURAL   PRACTICES:    POLICY    EM- 
PLICATIONS. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
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ical  Engineering. 
K.  S.  Porter. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.   (1977).   p  47-65,   8   fig,   8   tab,    10  ref. 

Descriptors:  'Water  pollution  sources,  'Water  pol- 
lution control,  'Agricultural  runoff,  'Public 
policy,  'Farm  wastes,  'Water  pollution  effects, 
'Management  planning,  Groundwater  pollution, 
Nonpoint  pollution  sources,  Long  Island,  Agricul- 
tural chemicals,  Groundwater  quality,  Water  law, 
Economic  aspects,  Resources  management,  Regu- 
lations. 

Agricultural  practices  can  seriously  affect  the  qual- 
ity of  groundwater.  Intensive  units  used  for  animal 
production,  such  as  beef  feed  lots,  produce  large 
volumes  of  concentrated  wastes  which  may,  if 
unmanaged,  contaminate  groundwater.  These 
wastes,  however,  are  generally  capable  of  treat- 
ment and  disposal  as  point  sources,  and  technology 
ensuring  sound  wastewater  management  has  been 
fully  developed.  Problems  of  groundwater  pollu- 
tion due  to  agricultural  point  sources  are  then 
more  likely  to  be  economic  rather  than  technical. 
This  paper  discusses  the  more  subtle  and  contro- 
versial problem  of  agricultural  nonpoint  sources  of 
groundwater  contamination.  Nonpoint  sources  are 
not  amenable  to  direct  measurement,  by  definition, 
especially  when  considering  large  areas.  A  consid- 
erable effort  is  now  being  made  nationwide  to 
determine  the  relative  importance  of  agricultural 
and  other  nonpoint  sources  of  contaminants.  Under 
Section  208  of  the  Federal  Water  Pollution  Con- 
trol Act  Amendments  of  1972,  management  pro- 
grams must  be  developed  which  specifically  in- 
clude agriculture.  One  of  the  largest  such  pro- 
grams in  the  nation  is  currently  being  developed 
for  the  Nassau-Suffolk  region  of  Long  Island.  This 
paper  briefly  outlines  those  parts  of  the  program 
which  are  attempting  to  assess  the  impact  of  agri- 
cultural chemicals  on  groundwater.  The  specific 
objectives  of  the  study  are:  (1)  to  estimate  the  use 
of  agricultural  chemicals  in  Nassau  and  Suffolk 
Counties;  (2)  to  assess  the  impact  of  such  use  on 
groundwater;  and  (3)  to  develop  appropriate  man- 
agement and  public  policies.  (See  also  W90-03771) 
(Lantz-PTT) 
W90-03779 


METHODOLOGY  FOR  EVALUATING  THE 
ENVIRONMENTAL  AND  PUBLIC  HEALTH 
RISKS  OF  CONTAMINATED  SODL. 

McLaren  Environmental  Engineering,  Inc.,  Ala- 
meda, CA. 
D.  J.  Paustenbach. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.   1989.  p  225-261,  2  fig,  9  tab,  152  ref. 

Descriptors:  'Environmental  effects,  'Public 
health,  'Soil  contamination,  'Hazardous  wastes, 
'Risk  assessment.  Evaluation,  Pesticides,  Wildlife, 
Vegetation,  Standards,  Organic  compounds. 

Millions  of  yards  of  soil  throughout  the  United 
States  have  been  contaminated  with  numerous 
types  of  liquid  and  solid  wastes  containing  metals, 
radioactive  materials,  gasoline,  solvents,  used  oils, 
and  sludges.  The  potential  environmental  hazards 
due  to  contamination  of  runoff  water  and  pollution 
of  groundwater,  as  well  as  the  possible  adverse 
effects  on  biota,  fish,  and  wildlife,  have  been  stud- 
ied for  a  number  of  years.  Although  the  health 
hazards  of  living  close  to  a  hazardous  waste  site 
have  been  a  concern  during  much  of  the  past  10 
years,  in  the  main,  epidemiology  studies  have  not 
shown  that  these  sites  produce  adverse  health  ef- 
fects in  humans  who  live  near  them.  Certainly, 
under  some  circumstances,  direct  contact  with  soil 
contaminated  with  sufficiently  high  levels  of  par- 
ticular toxicants  could  present  a  hazard  to  humans 
and  wildlife,  but  such  situations  appear  to  be  un- 
common. Exposure  to  contaminated  soil  can  occur 
through  skin  contact,  inhalation,  or  ingestion.  Al- 
though some  have  claimed  that  it  is  difficult  or 
impossible  to  estimate-either  prospectively  or  ret- 


rospectively~the  dermal,  inhalation,  and  oral 
uptake  of  chemicals  to  which  humans  have  been 
exposed  in  the  environment  or  at  work,  there 
appears  to  be  little  basis  for  these  claims.  It  is  true 
that  there  will  be  varying  degrees  of  uncertainty  in 
the  estimates  of  likely  exposure.  In  an  attempt  to 
evaluate  the  magnitude  of  the  health  hazard,  esti- 
mates of  exposure  have  been  made  for:  (1)  pesti- 
cide applicators;  (2)  children  exposed  to  lead  via 
dust  and  dirt;  (3)  workers  exposed  to  vapors  and 
dusts;  (4)  vegetation,  wildlife,  and  humans  exposed 
to  nuclear  fallout;  (5)  persons  involved  in  acciden- 
tal chemical  releases;  and  (6)  those  exposed  in 
Vietnam.  Each  of  these  studies  contains  informa- 
tion which  is  valuable  for  developing  exposure 
estimates  for  nearly  any  situation.  Specific  physical 
physiological,  and  chemical  parameters  needed  to 
estimate  the  uptake  of  a  given  chemical  present  on 
contaminated  soil  were  evaluated  with  special  em- 
phasis placed  on  the  risk  assessments  of  tetrachlor- 
odibenzo-p-dioxin  (TCDD)  contaminated  soil  con- 
ducted by  the  Centers  for  Disease  Control  and  the 
EPA.  These  studies  have  become  the  benchmarks 
against  which  other  assessments  of  contaminated 
soil  are  compared.  (See  also  W90-03830)  (Lantz- 
PTT) 
W90-03846 


REVD2W  OF  PRESENT  RISK  ASSESSMENT 
MODELS  FOR  PETROLEUM  CONTAMINAT- 
ED SOILS. 

Massachusetts  Univ.,  Amherst.  Div.  of  Nursing. 
P.  T.  Kostecki,  E.  J.  Calabrese,  and  H.  M.  Horton. 
IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.    1989.  p  263-300,  2  fig,  9  tab,  7  ref. 

Descriptors:  'Risk  assessment,  'Soil  contamina- 
tion, 'Oil  pollution,  'Environmental  effects,  Tox- 
icity, Population  exposure,  New  Jersey,  California, 
Washington,  Underground  storage,  Model  studies, 
Superfund,  Absorption,  Bioaccumulation. 

Seven  risk  assessment  methodologies  were  evaluat- 
ed as  a  preliminary  means  of  developing  a  risk 
assessment  methodology  that  can  be  applied  to 
petroleum  contaminated  soils.  By  determining  the 
strengths  and  weaknesses  of  these  methodologies,  a 
stronger  risk  assessment  process  can  be  developed. 
A  risk  assessment  methodology  should  include 
variables  which  clearly  represent  the  hazard  level, 
exposure  level,  and  the  level  of  risk  at  a  particular 
site.  Criteria  used  to  assess  the  strengths  and  weak- 
nesses of  the  hazard,  exposure,  and  risk  analyses 
are:  (1)  hazard  analysis— derivation  of  toxicity 
values,  noncarcinogenic  acute  toxicity,  noncarcin- 
ogenic chronic  toxicity,  carcinogenic  chronic  tox- 
icity, assessment  of  mixtures,  body  weight  factor, 
pharmacokinetic  factors;  (2)  exposure  analysis-air 
inhalation,  dust  inhalation,  water  ingestion,  soil 
ingestion,  dermal  absorption,  crop  uptake,  live- 
stock uptake,  fish  uptake,  environmental  fate,  half- 
life  factor,  site-specific  factors;  and  (3)  risk  analy- 
sis-additivity  of  the  hazard  level  for  chemicals 
having  common  toxic  effects,  additivity  of  the 
hazard  level  for  multimedia  exposure,  and  syner- 
gistic effects.  Seven  methodologies  are  reviewed 
and  include:  the  California  Site  Mitigation  Deci- 
sion Tree;  EPA  Superfund;  New  Jersey  Method; 
the  State  of  Washington  Cleanup  Policy;  and,  Cali- 
fornia's Leaking  Underground  Fuel  Tank  (LUFT) 
Field  Manual.  Each  methodology  is  described  and 
critically  evaluated.  A  summary  table  follows  each 
methodology  along  with  a  final  tabular  summary, 
directly  comparing  each  of  the  seven  methodolo- 
gies. (See  also  W90-03830)  (Lantz-PTT) 
W90-03847 


SUPERFUND       EXPOSURE       ASSESSMENT 
MANUAL. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03849 


IN  SITU  MEASUREMENTS  OF  TOTAL  REAC- 
TIVE NITROGEN,  TOTAL  WATER,  AND  AER- 
OSOL IN  A  POLAR  STRATOSPHERIC  CLOUD 
IN  THE  ANTARCTIC. 


National   Oceanic   and   Atmospheric  Administra- 
tion, Boulder,  CO.  Aeronomy  Lab. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-03901 


OCCURRENCE  OF  TRI-N-BUTYLTIN-CAUSED 
IMPOSEX  IN  THE  NORTH  PACIFIC  MARINE 
SNAIL  NUCELLA  LIMA  IN  AUKE  BAY, 
ALASKA. 

National  Marine  Fisheries  Service,  Auke  Bay,  AK. 

Auke  Bay  Fisheries  Lab. 

J.  W.  Short,  S.  D.  Rice,  C.  C.  Brodersen,  and  W. 

B.  Stickle. 

Marine  Biology  MBIOAJ,  Vol.  102,  No.  3,  p  291- 

297,  September  1  1989.  3  fig,  2  tab,  20  ref. 

Descriptors:  'Antifoulants,  'Snails,  'Organotin 
compounds,  'Imposex,  'Pesticides,  'Water  pollu- 
tion effects,  'Sublethal  effects,  'Population  expo- 
sure, 'Toxicity,  'Bioindicators,  Organic  com- 
pounds, Alaska,  Bioassay,  Bioaccumulation,  Mol- 
lusks. 

Like  female  dog  whelks  (Nucella  lapillus)  in  the 
Atlantic  Ocean,  females  of  the  Pacific  gastropod 
N.  lima  respond  to  low  concentrations  of  tri-n- 
butyltin  (TBT)  by  growing  a  penis  and  vas  defer- 
ens. This  condition,  termed  imposex,  was  found  to 
occur  in  N.  lima  collected  from  August  1987  to 
May  1988  along  a  TBT  pollution  gradient  associat- 
ed with  a  marina  in  Auke  Bay,  Alaska.  The  suite  of 
symptoms  characteristic  of  imposex  in  N.  lima  was 
slightly  different  than  in  N.  lapillus.  Imposex,  as 
measured  by  relative  penis  size  (RPS)  of  females  to 
males,  increased  from  0.0  to  34.27  along  this  gradi- 
ent and  as  measured  by  vas  deferens  sequence- 
index  (VDS)  increased  similarly  from  0.0  to  4.29. 
Concentrations  of  TBT  in  N.  lima  increased  from 
below  detection  limits  (about  0.010  micrograms 
Sn/g  dry  tissue  wt)  to  0.065  micrograms  Sn/g  dry 
tissue  wt  along  the  gradient.  The  gradient  was 
determined  by  measuring  TBT  in  whole-body  tis- 
sues of  bay  mussels  (Mytilus  edulis).  Concentra- 
tions of  TBT  in  mussels  increased  from  below 
detection  limits  to  0.833  micrograms  Sn/g  dry 
tissue  wt  in  mussels  from  within  the  marina  that 
was  the  major  local  source  of  TBT.  Imposex,  tissue 
TBT  burden,  and  position  along  a  TBT  pollution 
gradient  are  significantly  correlated  (p  <  0.01)  in 
N.  lima.  TBT  was  tested  as  a  causative  agent  for 
imposex  by  exposing  snails  at  a  distant  control  site 
to  TBT  paint.  After  1  mo  exposure,  33%  of  the 
females  grew  a  penis  ranging  in  size  from  0.2  to  0.8 
mm.  The  results  generally  corroborate  those  found 
for  N.  lapillus  and  indicate  that  imposex  in  N.  lima 
is  caused  by  environmental  TBT  exposure.  It  is 
suggested  that  the  RPS  in  the  genus  Nucella  may 
be  useful  in  monitoring  TBT  in  coastal  waters 
worldwide.  (Author's  abstract) 
W90-03917 


POPULATION-RELATED  TOXICITY  RE- 
SPONSES TO  TWO  BUTYLTIN  COMPOUNDS 
BY  ZOEAE  OF  THE  MUD  CRAB  RHITHRO- 
PANOPEUS  HARRISU. 

California  Univ.,  Oakland.  Naval  Biosciences  Lab. 
R.  B.  Laughlin,  and  W.  French. 
Marine  Biology  MBIOAJ,  Vol.  102,  No.  3,  p  397- 
401,  September  1  1989.  4  fig,  1  tab,  20  ref. 

Descriptors:  'Pesticides,  'Antifoulants,  'Organo- 
tin compounds,  'Water  pollution  effects,  'Popula- 
tion exposure,  'Toxicity,  'Sublethal  effects, 
'Crabs,  'Dose-response  relationships,  Organic 
compounds,  Crustaceans,  Teratogenic  effects. 

Zoeae  of  the  mud  crab  Rhithropanopeus  harrisii 
were  exposed  to  either  bis(tri-n-butyltin)  oxide 
(TBT)  or  di-n-butyltin  dichloride  (DBT).  Experi- 
ments were  repeated  with  zoeae  from  females  col- 
lected from  the  Petaluma  River,  California  in  June- 
August  1983  and  1984  or  from  Sykes  Creek,  Flori- 
da in  February  1985.  Using  probit  analysis,  LC50 
values  were  calculated  for  exposure  lasting  the 
duration  of  zoeal  development.  Tributyltin  was  54 
to  65  times  more  toxic  than  dibutyltin,  the  lower 
value  characterizing  the  response  of  Florida  zoeae. 
Increases  in  duration  of  zoeal  development  and 
reduction  of  dry  weights  of  megalops,  both  suble- 
thal responses,  were  dose-dependent  for  the  two 
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populations.  However,  zoeae  from  Florida  consist- 
ently had  shorter  duration  of  zoeal  development 
and  higher  megalopal  weights  at  metamorphosis, 
indicating  less  sensitivity  to  an  identical  exposure 
to  either  organotin  compound.  The  results  of  these 
experiments  show  that  dibutyling,  a  putative  deg- 
radation product  of  tributyltin,  is  less  toxic  than 
the  parent  compound.  In  addition,  early  life-histo- 
ry stages  of  two  populations  may  have  significantly 
different  responses  to  xenobiotic  stress  which,  in 
the  case  of  brachyuran  larvae,  is  evident  in  a 
differential  reduction  of  survival  and  growth  and 
an  increase  in  duration  of  zoeal  development.  (Au- 
thor's abstract) 
W90-03919 


ASSESSMENT  OF  EXPOSURE  TO  ENVIRON- 
MENTAL MICROCONTAMINANTS  AND  PES- 
TICIDE RESroUES  IN  SCAPHARCA  ESAE- 
QUTVALVIS. 

Istituto  Superiore  di  Sanita,  Rome  (Italy).  Lab.  di 
Tossicologia  Comparata  ed  Ecotossicologia. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03942 


DETECTION   OF  MUTAGENICITY   IN  MUS- 
SELS AND  THEm  AMBDZNT  WATER. 

Okayama  Univ.  (Japan).  Dept.  of  Public  Health. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-03944 


SUBLETHAL  EFFECTS  OF  CRUDE  OIL  ON  A 
COLD-WATER  MARINE  LEECH,  JOHANS- 
SONIA  ARCTICA,  FOLLOWING  CHRONIC 
EXPOSURE. 

Memorial   Univ.    of  Newfoundland,    St.    John's. 

Dept.  of  Biology. 

R.  A.  Khan,  and  J.  W.  Kiceniuk. 

Bulletin    of   Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  43,  No.  4,  p  590-596, 

October  1989.  4  fig,  15  ref. 

Descriptors:  *OUgochaetes,  *Oil  pollution,  *Water 
pollution  effects,  'Toxicity,  *Benthic  fauna,  •Sub- 
lethal effects,  Hydrocarbons,  Mortality,  Fertility, 
Population  exposure,  Canada,  Leeches. 

The  mortality  and/or  morbidity  from  the  toxic 
effects  of  petroleum  polyaromatic  hydrocarbons 
(PAH)  were  studied  in  the  benthic  marine  leech, 
Johanssonia  arctica,  a  species  indigenous  to  the 
continental  shelf  off  eastern  Canada.  Evidence  is 
provided  suggesting  that  crude  oil  fractions  not 
only  alter  egg  production  in  this  species,  but  also 
the  hatching  of  eggs  and  survival  of  progeny.  The 
effect  of  fractions  on  cocoon  production  and  emer- 
gence of  young  was  investigated  in  two  separate 
experiments.  In  the  first  trial,  a  greater  number  of 
cocoons  was  deposited  by  both  the  control  group 
and  the  group  that  had  fed  on  oil-treated  cod  than 
by  those  exposed  directly  to  oil  fractions.  In  the 
second  trial,  which  involved  exposure  of  two 
groups  to  different  oil  concentrations,  oil-treated 
leeches  deposited  fewer  cocoons  than  controls, 
especially  at  the  higher  (ca.  150  micrograms/L) 
concentration.  A  higher  mean  number  of  young 
emerged  from  the  control  (10.7)  than  from  the  oil- 
treated  groups  exposed  to  the  higher  (1.2)  or  lower 
(2.5)  oil  concentrations.  A  third  trial  ascertained 
the  effect  of  duration  of  exposure  to  water  soluble 
fractions  of  a  crude  oil  on  reproductive  capacity. 
Fewer  cocoons  were  deposited  by  the  oil-treated 
leech  groups  after  exposure  for  9,  15,  26,  38,  53, 
and  67  days  than  by  the  corresponding  controls. 
This  study  confirms  that  chronic  exposure  of  adult 
J.  arctica  to  water-accommodated  fractions  of 
crude  oil  affects  reproduction.  (Friedmann-PTT) 
W90-03945 


IN  VTVO  MODIFICATION  OF  LIPID  METAB- 
OLISM EM  RESPONSE  TO  PHOSPHAMJDON, 
METHYLPARATHION  AND  LTNDANE  EXPO- 
SURE IN  THE  PENAETJD  PRAWN,  METAPEN- 
AEUS  MONOCEROS. 

Sri  Venkateswara  Univ.,  Kavali  (India).  Div.  of 
Toxicology. 

M.  Srinivasulu  Reddy,  and  K.  V.  Ramana  Rao. 
Bulletin    of   Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  43,  No.  4,  p  603-610, 


October  1989.  1  fig,  2  tab,  23  ref. 

Descriptors:  'Water  pollution  effects,  'Pesticides, 
•Sublethal  effects,  *Mollusks,  'Organic  pesticides, 
Animal  physiology,  Tissue  analysis,  Shrimp, 
Lipids,  Aquatic  populations,  Bioindicators. 

The  impact  of  an  organophosphorus-phosphami- 
don  and  methylparathion  and  an  organochlorine- 
lindane  on  the  lipids  and  lipid-derivatives  in  select- 
ed tissues  of  the  penaeid  prawn,  Metapenaeus  mon- 
oceros,  was  determined.  This  prawn  is  considered 
to  be  a  sensitive  indicator  of  marine  and  estuarine 
pollution,  and  also  forms  one  of  the  commercially 
important  fisheries  of  India.  Laboratory  prawns 
were  exposed  to  sublethal  concentrations  of  phos- 
phamidon  (0.4  ppm),  methylparathion  (0.04  ppm), 
and  lindane  (0.0015  ppm)  for  72  h.  Tissues  from  the 
midgut  gland,  muscle  and  gill  were  isolated  from 
control  and  exposed  prawns.  Lipids  were  isolated 
by  repeat  extraction.  Lipase  activity,  glycerol,  and 
protein  content  were  determined.  In  all  the  three 
control  tissues,  the  levels  of  total  lipids  remained 
higher  in  midgut  gland  compared  to  muscle  and 
gill  tissues.  There  was  a  general  decrease  in  the 
total  lipids  and  glycerol  levels  in  prawns  exposed 
to  phosphamidon,  methylparathion  and  lindane, 
while  the  free  fatty  acids  and  total  cholesterol 
showed  a  significant  increase  in  all  the  exposed 
prawn  tissues.  This  suggests  the  mobilization  of 
energy-rich  lipids  for  production  of  energy  during 
toxic  stress  caused  by  pesticides.  The  mobilization 
of  lipid  reserves  indicated  a  high  energy  demand 
under  pesticide  toxicity.  (Friedmann-PTT) 
W90-03946 


LABORATORY  INDUCTION  OF  ESTERSEX- 
UALITY  IN  THE  MOSQUTTOFISH,  GAMBU- 
SIA  AFFESIS,  USING  PAPER  MILL  EFFLU- 
ENT. 

University  of  West  Florida,  Pensacola.  Dept.  of 
Biology. 

D.  T.  Drysdale,  and  S.  A.  Bortone. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  43,  No.  4,  p  611-617, 
October  1989.  1  fig,  18  ref. 

Descriptors:  'Sublethal  effects,  'Water  pollution 
effects,  'Fish  physiology,  'Pulp  wastes,  'Mutage- 
nicity, Fish  populations,  Population  exposure,  An- 
drogen, Growth. 

To  test  the  hypothesis  that  masculinization  of  the 
mosquitofish,  Gambusia  affinis,  is  induced  by  the 
kraft  null  effluent  (KME)-bome  androgen  or  an- 
drogen-like  substance,  newly  hatched  laboratory 
reared  offspring  were  experimentally  exposed  to 
KME-receiving  stream  water.  Development  of 
secondary  sex  characters  was  recorded  and  com- 
pared between  KME-exposed  fish  and  non-ex- 
posed fish.  The  mean  anal  fin  length  (AFL)  of 
male,  non-KME  exposed  fish  increased  from  1.29 
mm  at  8  d  of  age  to  3.34  mm  at  88  d  of  age. 
Between  88  and  100  d  of  age,  the  mean  AFL 
increased  to  5.22  mm.  Following  this  increase,  the 
mean  AFL  among  male  controls  remained  be- 
tween 4.50  and  5.25  mm  and  did  not  fluctuate 
significantly.  The  AFL  of  KME-exposed  males 
increased  from  1.3  mm  at  8  d  of  age  to  3.17  mm  at 
63  d.  Subsequent  to  65  and  67  d,  the  mean  AFL  in 
KME-exposed  males  increased  dramatically  to  4.74 
mm.  After  88-100  d,  the  AFL  had  increased  to  5.00 
mm  among  the  KME-exposed  males  and  remained 
at  approximately  5  mm  for  the  duration  of  the 
experiment.  Differences  in  AFL  length  between 
KME-exposed  and  non-exposed  fish  were  evident. 
The  relatively  early  AFL  growth  rates  in  the 
exposed  fish  could  indicate  that  the  presumed  an- 
drogenic component  of  KME  was  exerting  its 
effect  on  gonopodial  development  in  conjunction 
with  naturally  synthesized,  endongenous  testoster- 
one. (Friedmann-PTT) 
W90-03947 


EFFECT  OF  THE  EFFLUENT  FROM  A 
CHLOR-ALKALI  FACTORY  ON  A  BLUE- 
GREEN  ALGA:  CHANGES  IN  THE  PIGMENT 
CONTENT. 

Berhampur  Univ.  (India).  Lab.  of  Environmental 

Toxicology. 

B.  P.  Shaw,  A.  Sahu,  and  A.  K.  Panigrahi. 


Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  43,  No.  4,  p  618-626, 
October  1989.  5  fig,  1  tab,  23  ref. 

Descriptors:  'Water  pollution  effects,  'Algae,  'In- 
dustrial wastewater,  'Cyanophyta,  Suspended 
load,  Hardness,  India,  Chlor-alkali  industry,  Chem- 
ical analysis,  Chlorophyll. 

The  effect  of  the  effluent  from  a  chlor-alkali  facto- 
ry at  Ganjam,  India,  on  the  pigment  composition 
of  a  blue-green  alga,  Westiellopsis  prolifica  Janet, 
was  investigated.  Analysis  of  the  effluent  revealed 
that  it  contained  0.465  mg/L  Hg,  had  a  pH  of  10.5, 
19.3  mg/100  ml  suspended  solids,  90  mg/100  ml 
dissolved  solids,  BOD  of  39.32  mg/L,  COD  of 
301.38  mg/L,  chlorinity  of  2,000  mg  Cl/L,  hard- 
ness of  500  mg/L  as  CaC03,  nitrate  nitrogen  1.24 
mg/L  as  N03(2-),  phosphate  phosphorus  of  0.308 
mg/L  as  P04(3-),  and  reactive  silicate  of  15.4  mg/ 
L  as  Si.  The  level  of  chlorophyll  in  the  exposed 
alga  decreased  progressively  with  increase  in  con- 
centration of  the  clear  supernatant.  In  10%  and 
20%  concentration  of  supernatant,  on  the  3  day, 
the  chlorophyll  content  of  the  alga  decreased  to 
40%  and  38%,  respectively  over  the  control. 
Later,  the  chlorophyll  level  increased,  but  on 
longer  exposure  the  level  again  decreased.  In  30% 
treatment,  the  level  of  chlorophyll  continued  to 
decline  until  the  9th  day  (78%  over  the  control), 
and  then  increased  slightly,  due  probably  to  some 
type  of  resistance  to  stress.  The  effluent,  in  con- 
trast, showed  a  marked  increase  in  the  level  of 
chlorophyll,  particularly  10%  concentration.  Al- 
though 20  and  30%  concentrations  were  also 
greatly  stimulative,  the  level  of  chlorophyll  in 
those  concentrations  decreased  slightly  over  the 
control  on  the  15th  day  of  exposure.  It  was  con- 
cluded that  the  effluent  was  not  fit  to  be  dis- 
charged as  such  because:  (1)  the  level  of  mercury 
far  exceeds  the  stipulated  limit  of  0.01  mg/L  set  by 
the  Central  Board  for  the  Prevention  and  Control 
of  Water  Pollution,  India;  and  (2)  the  supernatant 
is  highly  toxic  in  nature.  A  rigorous  treatment  of 
the  effluent  is  recommended.  (Friedmann-PTT) 
W90-03948 


ANEMIA  IN  THE  FRESHWATER  TELEOST, 
HETEROPNEUSTES  FOSSILIS,  UNDER  THE 
STRESS  OF  ENVIRONMENTAL  POLLUTION. 

Gorakhpur  Univ.  (India).  Dept.  of  Zoology. 

A.  S.  Narain,  and  P.  N.  Srivastava. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  43,  No.  4,  p  627-634, 

October  1989.  4  tab,  11  ref. 

Descriptors:  'Water  pollution  effects,  'India, 
'Toxicity,  'Fish  populations,  'Fish  physiology, 
Biochemistry,  Wastewater,  Insecticides,  Stress, 
Chemical  analysis,  Domestic  wastes,  Farm  wastes. 

The  toxicity  of  the  water  of  Ramgarh  Lake,  India, 
due  to  organic  enrichment  through  sewage  and 
contamination  by  agrochemicals,  has  reduced  the 
fishery  catch  of  the  lake  to  less  than  half  during  the 
past  few  years.  The  deleterious  effects  of  these 
pollutants  on  the  number,  volume,  size,  hemoglo- 
bin content  and  sedimentation  rate  of  the  erythro- 
cytes of  the  catfish,  Heteropneustes  fossilis,  which 
inhabits  the  lake,  was  investigated.  Fish  collected 
from  unpolluted  habitats  were  compared  with 
those  exposed  to  the  sewage  and  its  chemical  fac- 
tors, including  the  fertilizers  urea  and  potash,  the 
chlorinated  insecticides  BHC  and  Stardrin  20 
Shaw  Wallace,  and  the  organophosphorus  insecti- 
cides Nuvacron  40  Ciba  and  Dimecron  100  Ciba. 
Sewage  was  collected  just  before  its  entry  into  the 
lake  and  diluted  with  25%  tap  water.  Results 
showed  that  reduction  of  erythrocyte  sedimenta- 
tion rate  (ESR)  was  the  predominant  effect  of 
sewage.  N.S04  and  HC03  increased  ESR  at 
chronic  stage.  NH3-H,  P04,  and  Ca  had  a  pre- 
dominantly lowering  effect,.  Urea  increased  ESR 
at  the  acute  stage  and  reduced  it  at  the  chronic 
stage.  Potash  lowered  it  at  both  stages.  The  insecti- 
cides increased  ESR,  Dimecron  at  the  acute  and 
others  at  the  chronic  stage.  The  effect  of  chlorinat- 
ed insecticides  was  better  sustained.  Reduction  of 
mean  corpuscular  hemoglobin  concentration 
(MCHC)  was  the  predominant  effect  of  sewage. 
All  the  sewage  factors,  except  P04,  usually  re- 
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Group  5C— Effects  Of  Pollution 


duced  MCHC.  The  effect  of  fertilizers  appeared 
early,  tended  to  wear  off  ultimately,  was  not  very 
sharply  defined,  and  seemed  to  mainly  increase  the 
MCHC.  The  chlorinated  insecticides  were  mainly 
depressive,  and  the  organophosphorus  insecticides 
elevatory,  for  MCHC.  Overall,  it  was  shown  that 
erythrocyte  characteristics  can  provide  an  effec- 
tive baseline  for  evaluating  pollution-related 
damage  to  fish.  (Friedmann-PTT) 
W90-03949 


POSSIBLE  EFFECT  OF  SEDIMENTARY 
PHOSPHORUS  ON  THE  ACCUMULATION  OF 
LEAD  IN  MYTTLUS  EDULIS. 

Trent   Univ.,    Peterborough   (Ontario).    Environ- 
mental and  Resource  Studies  Program. 
B.  P.  Bourgoin,  M.  J.  Risk,  and  A.  E.  Aitken. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  43,  No.  4,  p  635-640, 
October  1989.  2  fig,  1  tab,  13  ref. 

Descriptors:  'Water  pollution  effects,  'Bioaccu- 
mulation,  •Phosphorus,  *Lead,  'Mollusks,  'Mus- 
sels, Biochemistry,  Absorption,  Sediments,  Tissue 
analysis. 

Although  it  has  long  been  recognized  that  phos- 
phorus (P)  may  alter  the  uptake  and  retention  of 
lead  (Pb)  in  mammals,  its  effect  on  the  availability 
of  Pb  to  aquatic  invertebrates  has  not  been  ade- 
quately studied.  The  effects  of  varying  levels  of 
sedimentary  P  on  the  availability  of  Pb  to  the 
common  blue  mussel,  Mytilus  edulis,  was  investi- 
gated. Sediment  samples  were  collected  from  four 
stations  within  the  Belledune  Harbor,  New  Bruns- 
wick, Canada,  an  area  with  an  industrial  complex 
that  produces  phosphorite  loadings  from  spillage. 
In  the  laboratory,  samples  of  mussel  and  mussel 
shell,  collected  from  three  stations  on  the  Harbor, 
were  ground  with  agate  mortar.  Pb  concentrations 
in  the  sediment  extracts  and  in  the  mussel  tissue 
and  shell  were  analyzed  with  flameless  atomic 
absorption  spectrometry.  The  P  concentration  in 
the  sediment  extracts  was  analyzed  by  inductively 
coupled  plasma-mass  spectrometry.  Pb  concentra- 
tions in  the  mussel  tissues  and  shells  collected  at 
two  stations  were  significantly  higher  than  the  Pb 
measured  in  mussels  at  the  third  station.  Converse- 
ly, the  sediments  at  the  third  station  contained 
twice  the  amount  of  Pb  than  the  sediments  at  the 
other  three  stations.  The  lower  Pb  levels  in  the 
station  three  mussels  may  be  explained  by  a  higher 
amount  of  bioavailable  P  at  this  station  as  evi- 
denced by  the  higher  amounts  of  P  extracted  from 
the  sediment.  These  results  did  not  allow  specula- 
tion as  to  the  mechanism  of  the  P-Pb  relationship, 
and  warrant  further  investigations  into  this  rela- 
tionship in  the  context  of  uptake  in  aquatic  orga- 
nisms. (Friedmann-PTT) 
W90-03950 


LINKING  NONPOINT  POLLUTION  AND  DE- 
TERIORATION. 

Marquette  Univ.,  Milwaukee,  WI.  Dept.  of  Civil 

Engineering. 

V.  Novotny,  and  G.  Bendoricchio. 

Water  Environment  and  Technology,  Vol.  1,  No. 

3,  p  400-407,  November  1989.  5  fig,  2  tab,  6  ref. 

Descriptors:  'Nonpoint  pollution  sources,  'Wis- 
consin, 'Italy,  'Eutrophication,  Milwaukee  River, 
Venice,  Dissolved  oxygen,  Organic  matter,  Photo- 
synthesis, Water  quality  control,  Nitrogen,  Phos- 
phorus, Nutrients. 

The  role  of  nonpoint  source  pollution  in  deteriora- 
tion of  receiving  water  quality  is  discussed,  includ- 
ing pollution  sources,  water  quality  problems,  nu- 
trient problems,  and  remedial  action.  Examples 
discussed  are  the  Milwaukee  River  (Wisconsin) 
and  Venice  (Italy).  Primary  productivity  from  nu- 
trient flows  during  medium  and  low  flows  is  the 
link  between  nonpoint  and  residual  point  pollution 
inputs  and  water  quality  degradation.  Large  masses 
of  organic  matter  can  impose  dissolved  oxygen 
(DO)  demands  on  receiving  waters.  Primary  pro- 
duction is  generally  oxygen  deficient;  that  is,  a 
large  part  of  the  oxygen  produced  through  photo- 
synthesis is  lost  because  of  oversaturation  and 
transport  of  algae  downstream  to  less  aerated 
areas.  In  adverse  cases,  little  of  the  oxygen  pro- 


duced may  be  included  in  the  DO  balance.  Control 
of  nutrients  from  erosion  runoff  during  high  flows 
may  not  be  effective  because  primary  productivity 
is  most  active  during  low  flows,  and  algae  and 
macrophytes  may  be  flushed  out  during  high 
flows.  In  addition,  turbidity  can  limit  light  penetra- 
tion and  inactivate  portions  of  phosphorus  and 
ammoniacal-nitrogen.  Diffuse  pollution  control 
strategies  may  need  reevaluating.  Practices  aimed 
only  at  soil  conservation  may  not  be  effective  for 
many  receiving  waters.  (Rochester-PTT) 
W90-03953 


DISCHARGE  OF  BACTERIA  RESISTANT  TO 
HEAVY  METALS  FROM  SEWAGE  EFFLUENT 
INTO  FRESHWATER. 

Freshwater    Biological     Association,     Ambleside 

(England). 

For  primary  bibliographic  entry  see  Field  5E. 

W90-03964 


EUTROPHICATION  OF  RUNNING  WATERS: 
PART  1.  EFFECT  OF  TEMPERATURE,  PHOS- 
PHORUS, SILICATE,  CARBON  DIOXIDE,  AM- 
MONIA, NITRATE  AND  COMPLEXTNG 
AGENTS  ON  THE  GROWTH  OF  PHYTO- 
PLANKTON  (LABORATORY  STUDIES)  (ZUR 
EUTROPHIERUNG  VON  FLIESSGEWAS- 
SERN:  TTEL  1.  EINFLUSS  VON  TEMPERA- 
TUR,  PHOSPHOR,  SELIKAT,  KOHLENSTOFF- 
DIOXID,  AMMONIUM,  NITRAT,  UND  KOM- 
PLEXBILDNERN  AUF  DAS  WACHSTUM  VON 
PHYTOPLANKTON  (LABORVERSUCHE)). 
Bayerische  Landesanstalt  fuer  Wasserforschung, 
Munich  (Germany,  F.R.). 
W.  Pohlmann,  U.  Kaul,  and  W.  Kopf. 
Zeitschrift  fuer  Wasser  -  und  Abwasser  Forschung 
ZWABAQ,  Vol.  22,  No.  5,  p  187-195,  October 
1989.  13  fig,  1  tab,  18  ref.  English  summary. 

Descriptors:  'Water  pollution  effects,  'Eutroph- 
ication, 'Lotic  environment,  'Temperature  effects, 
•Nutrients,  'Phytoplankton,  Phosphorus,  Silicates, 
Carbon  dioxide,  Ammonia,  Nitrates,  Chemical 
complexation,  Rivers,  Chelating  agents. 

In  an  attempt  to  explain  the  extreme  variability  of 
the  chlorophyll-a  content  in  the  lotic  environment, 
the  growth  of  a  natural  phytoplankton  population 
was  measured  in  more  than  380  laboratory  trials. 
The  influence  of  water  temperature,  nutrient  con- 
centration, and  nutrient  consumption  on  the 
growth  rate  of  major  algal  groups  was  determined. 
The  re-release  of  nutrients  by  phytoplankton  was 
also  investigated.  For  some  algal  groups,  the  effect 
of  the  nutrients  phosphorus,  silicate,  nitrate,  ammo- 
nium, and  carbon  dioxide  on  relative  growth  rates 
was  determined;  growth  rates  were  found  to  be 
directly  related  to  concentrations  of  these  nutri- 
ents. Nutrient  uptake  was  characterized  by  a  wide 
range  for  silicates  (6.5-24  microg  Si/microg  chlo- 
rophyll a)  and  by  a  low  nitrogen  requirement  for 
diatoms  (3.7  to  5.6  microg  N/microg  chl  a),  as 
compared  with  green  algae.  Availability  of  trace 
elements  essential  for  the  algal  cells  was  enhanced 
by  the  complexing  agents  EDTA  (ethylenediamine 
tetraacetic  acid)  and  NTA  (nitrilotriacetic  acid); 
this  in  turn  distinctly  stimulated  the  eutrophication 
process  subsequent  to  the  initial  loading  of  the 
water.  The  release  by  algae  of  previously-incorpo- 
rated nutrients  took  place  very  slowly  and  was 
species-specific.  Carbon  dioxide  was  produced 
through  bacterial  degradation.  The  numerous  re- 
sults obtained  in  these  laboratory  studies  still  only 
partly  answer  the  initial  question  about  the  highly 
variable  chlorophyll-a  content  of  flowing  waters. 
The  answer  will  be  more  completely  learned  from 
field  measurements.  (See  also  W90-04000)  (Shidler- 
PTT) 
W90-03999 


EUTROPHICATION  OF  RUNNING  WATERS: 
PART  2.  EFFECT  OF  LIGHT,  TURBULENCE, 
DEPTH,  AND  PRIMARY  POLLUTION  OF 
THE  RIVER  ON  THE  GROWTH  OF  PHYTO- 
PLANKTON (IN  SITU  MEASUREMENTS) 
(ZUR  EUTROPHIERUNG  VON 

FLIESSGEWASSERN:  TTEL  2.  EINFLUSS  VON 
LICHT,  TURBULENZ,  GEWASSERTIEFE  UND 
PRTMARBELASTUNG      DES      VORFLUTERS 


AUF  DAS  WACHSTUM  VON  PHYTOPLANK- 
TON) (IN  SITU-MESSUNGEN). 

Bayerische   Landesanstalt   fuer   Wasserforschung, 

Munich  (Germany,  F.R.). 

W.  Pohlmann. 

Zeitschrift  fuer  Wasser  -  und  Abwasser  Forschung 

ZWABAQ,  Vol.  22,  No.  5,  p   196-202,  October 

1989.  9  fig,  2  tab,  17  ref.  English  summary. 

Descriptors:  'Eutrophication,  'Lotic  environment, 
•Turbulent  flow,  'Light  penetration,  'Water  pol- 
lution effects,  'Wastewater  pollution,  'Phyto- 
plankton, Rivers,  Hydraulics,  Primary  productivi- 
ty, Comparison  studies,  Zooplankton,  Temperature 
effects,  Flow  velocity. 

The  meteorological  and  hydraulic  effects  on  the 
growth  of  phytoplankton  were  examined  by  in  situ 
measurements  using  glass  tubes  of  different 
lengths,  vertically  exposed  in  the  water.  Pollution 
was  determined  according  to  the  increase  of  bio- 
mass,  the  consumption  of  nutrients,  the  oxygen 
production,  and  the  secondary  production.  The 
water  temperature,  light  supply,  and  primary  pol- 
lution by  wastewater  influenced  the  growth  rate  in 
relation  to  the  species  of  phytoplankton.  The  verti- 
cal dispersion  of  running  waters  results  in  a  consid- 
erable increase  in  productivity  and  removes  the 
light  inhibition  into  the  upper  water  layers.  The 
loss  rate  of  phytoplankton  was  determined  by  a 
comparison  with  the  algal  growth  of  the  tubes  in 
relation  to  the  running  water.  Without  grazing  of 
zooplankton,  the  loss  rate  may  be  caused  primarily 
by  sedimentation  of  algae  and  depends  on  the  algal 
species,  water  temperature,  and  velocity  of  water 
flow.  (See  also  W90-03999)  (Author's  abstract) 
W90-04000 


NITRATE  AND  AMMONIUM  IN  THE  RHINE: 
CONCENTRATIONS,  LOADS,  TREND  OF  BE- 
HAVIOR, AND  ORIGIN,  1954-1988  (NITRAT 
UND  AMMONIUM  EVI  RHEIN  -  KONZENTRA- 
TIONEN,  FRACHTEN,  TRENDVERHALTEN 
UND  HERKUNFT  1954-1988). 
Bundesanstalt  fuer  Gewaesserkunde,  Koblenz 
(Germany,  F.R.). 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04002 


ATP-RELATED  SPECIFIC  HETEROTROPHIC 
ACTIVITY  IN  PETROLEUM  CONTAMINATED 
AND  UNCONTAMTNATED  GROUNDWATERS. 

Technical  Univ.  of  Denmark,  Lyngby.  Dept.  of 

Sanitary  Engineering. 

B.  K.  Jensen. 

Canadian  Journal  of  Microbiology  CJMIAZ,  Vol. 

35,  No.  8,  p  814-818,  August  1989.  1  fig,  4  tab,  18 

ref. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
•Water  pollution  effects,  'Groundwater  pollution, 
•Aquatic  bacteria,  'Aromatic  compounds,  'Aden- 
osine triphosphate,  'Biomass,  Organic  compounds, 
Biodegradation,  Oil  pollution. 

Bacterial  numbers,  ATP  content,  heterotrophic  po- 
tentials, and  thymidine  incorporation  were  deter- 
mined for  petroleum  contaminated  and  unconta- 
minated  groundwaters.  ATP  measurements  and 
cell  counts  gave  variations  of  a  factor  of  7  in  values 
among  the  sites.  The  acridine  orange  direct  count- 
ing yielded  counts  2  to  3  orders  of  magnitude 
higher  than  the  plate  counts  and  counts  1  to  2 
orders  of  magnitude  higher  than  counts  given  by 
the  ATP  measurement  using  a  conversion  factor  of 
1  femtogram  ATP/cell.  Mean  maximum  reaction 
rate  values  for  14C-labeled  glucose,  acetate,  and 
naphthalene  were  0.59,  0.17,  and  1.14  micrograms/ 
L/hr,  respectively.  Naphthalene  was  only  used  as 
substrate  in  the  contaminated  samples.  Acetate  and 
naphthalene  showed  fairly  good  correlations  to 
ATP  contents,  0.94  and  0.95,  respectively,  as  well 
as  with  tritiated  thymidine  incorporation  rates,  r  = 
0.94.  Maximum  reaction  rate  specific  activity  indi- 
ces (SAI)  based  on  ATP  content  showed  very 
little  variation  for  the  selected  groundwaters  com- 
pared with  SAI  values  reported  earlier  for  ground- 
waters. (Author's  abstract) 
W90-04041 
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IMPACT  OF  METHOXYCHLOR  TREATMENT 
OF  THE  SASKATCHEWAN  RIVER  SYSTEM 
ON  ARTIFICIAL  SUBSTRATE  POPULATIONS 
OF  AQUATIC  INSECTS. 

Saskatchewan  Univ.,  Saskatoon.  Dept.  of  Biology. 
L.  M.  Dosdall,  and  D.  M.  Lehmkuhl. 
Environmental  Pollution  ENPOEK,  Vol.  60,  No. 
3-4,  p  209-222,  1989.  1  fig,  1  tab,  33  ref. 

Descriptors:  *  Methoxychlor,  *Insecticides, 
•Chlorinated  hydrocarbons,  'Canada,  'Pesticides, 
•Saskatchewan  River,  *Water  pollution  effects, 
•Insects,  Population  dynamics,  Resistance. 

The  impact  of  methoxychlor  exposure  on  aquatic 
insects  inhabiting  artificial  substrates  was  moni- 
tored at  three  downstream  sites  relative  to  an 
upstream  untreated  site  of  the  North  Saskatchewan 
River.  Treatment  impact  was  studied  for  selected 
species  of  Simuliidae  (Diptera),  Perlodidae  (Ple- 
coptera),  Hydropsychidae  (Trichoptera),  Baetidae, 
and  Heptageniidae  (Ephemeroptera).  At  sites  sub- 
jected to  methoxychlor  exposure  which  were  21, 
38,  and  107  km  from  injection,  population  changes 
varied  depending  on  species  and  distance  from  the 
injection  point.  Although  populations  of  some  spe- 
cies were  not  significantly  affected  by  treatment  at 
any  downstream  site  (P  >  0.05),  others  were  sig- 
nificantly reduced  at  one  or  more  of  the  sites  (P  < 
0.05-P  <  0.01).  Nymphs  of  Stenonema  terminatur 
(Walsh)  and  Baetis  tricaudatus  Dodds  (Ephemer- 
optera) apparently  recolonized  after  dislodgement 
due  to  methoxychlor  exposure.  Species  are  catego- 
rized on  the  basis  of  their  responses  to  methoxych- 
lor treatment.  Different  treatment  impacts  among 
species  may  be  caused  by  species  differences  in 
habitat  preference  or  sensitivity  to  the  pesticide,  or 
a  combination  of  these.  (Author's  abstract) 
W90-04043 


EFFECT  OF  TWO  APPLICATIONS  OF  ATRA- 
ZTNE  ON  THE  WATER  QUALITY  OF  FRESH- 
WATER ENCLOSURES. 

National   Museum  of  Natural   Sciences,   Ottawa 

(Ontario).  Botany  Div. 

P.  B.  Hamilton,  D.  R.  S.  Lean,  G.  S.  Jackson,  N. 

K.  Kaushik,  and  K.  R.  Solomon. 

Environmental  Pollution  ENPOEK,  Vol.  60,  No. 

3-4,  p  291-304,  1989.  4  fig,  1  tab,  31  ref. 

Descriptors:  *Atrazine,  *Water  quality,  'Path  of 
pollutants,  *Water  pollution  sources,  *Nonpoint 
pollution  sources,  *Agricultural  runoff,  *Water 
pollution  effects,  'Herbicides,  Runoff,  Ammonium, 
Calcium,  Dissolved  solids,  Nitrates,  Oxygen,  Chlo- 
rophyll, Organic  carbon,  Particulate  matter,  Pho- 
tosynthesis. 

To  simulate  runoff  from  agricultural  lands,  atrazine 
was  applied  to  aquatic  enclosures  (112  cu  m)  on 
June  1,  1983  at  a  concentration  of  0.1  mg/L. 
Thirty-five  days  later  the  nominal  concentration 
was  increased  to  0.155  mg/L.  Treated  enclosures 
became  clearer  with  Secchi  disc  readings  of  3.6  m 
compared  to  non-treated  controls  (2.9  m).  Less 
than  5%  of  the  first  atrazine  addition  disappeared 
during  the  first  35  days  and  little  effect  on  biologi- 
cal activity  was  observed.  However,  with  the 
second  enrichment  the  rate  of  loss  of  atrazine  was 
rapid  (tl/2  =  150  days),  ammonium,  calcium,  dis- 
solved inorganic  carbon  and  nitrate  levels  were 
higher,  while  oxygen,  chlorophyll,  dissolved  or- 
ganic carbon  and  particulate  organic  carbon  con- 
centrations were  lower  in  the  treated  enclosures. 
These  water  quality  changes  cannot  be  explained 
by  herbicide-water  chemistry  interactions  alone, 
thereby  suggesting  an  indirect  effect  as  a  conse- 
quence of  atrazine  inhibition  on  photosynthesis  and 
possibly  other  microbial  processes.  (Author's  ab- 
stract) 
W90-O4045 


INCREASED    EUTROPHICATION    OF    THE 
NORTHERN  ADRIATIC  SEA. 

Institut   Rudjer   Boskovic,    Rovinj    (Yugoslavia). 

Centar  za  Istrazivanje  Mora. 

D.  Degobbis. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

9,  p  452-457,  September  1989.  4  fig,  2  tab,  38  ref. 

NSF  Grant  PN-542. 


Descriptors'.  *Eutrophication,  •Adriatic  Sea, 
•Yugoslavia,  *Phytoplankton,  Detritus,  Advec- 
tion,  Chlorophyll  a,  Oxygen,  Aggregates,  Coastal 
waters,  Organic  matter,  Water  pollution  sources, 
Salinity. 

Very  calm  and  warm  weather  in  late  spring  and 
early  summer  1988  supported  intense  non-seasonal 
phytoplankton  blooms  in  the  western  part  of  the 
northern  Adriatic  which  is  under  direct  influence 
of  Po  River  discharge.  Surface  salinity  decreased 
to  .016,  and  concentration  of  chlorophyll  a  in- 
creased up  to  17  milligrams/cu  m,  with  oxygen 
supersaturation  to  2.03.  Nanoplankton  dominated 
the  blooms  (up  to  76  billion  cells/cu  m,  but  dia- 
toms, particularly  Chaetoceros  species  (up  to  17 
billion  cells/cu  m),  also  occurred  in  large  number. 
Large  organic  aggregates  were  formed  in  the 
water  column  with  dimensions  (up  to  2  m  long) 
and  in  quantities  never  previously  observed. 
During  late  summer  and  early  fall  aggregates  were 
distributed  over  the  entire  region,  and  a  general 
contamination  of  the  coasts  occurred.  Oxygen  con- 
centration was  dramatically  reduced  in  the  bottom 
layer  of  the  entire  region,  an  event  not  observed  to 
such  a  degree  since  1977.  During  that  year,  in 
contrast  to  1988,  large  quantities  of  freshwater 
spread  over  the  entire  northern  Adriatic  causing 
extended  phytoplankton  blooms.  In  1988  extremely 
low  horizontal  advection  (current  velocities  usual- 
ly below  20  cm/sec)  primarily  favored  an  accumu- 
lation and  high  aggregation  of  detritus,  and  greatly 
reduced  oxygen  concentration  in  the  bottom  layer. 
(Author's  abstract) 
W90-O4062 


EFFECTS  OF  TRIBUTYLTLN  POLLUTION  ON 
THE  MUD  SNAIL,  ILYANASSA  OBSOLETA, 
FROM  THE  YORK  RIVER  AND  SARAH 
CREEK,  CHESAPEAKE  BAY. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
G.  W.  Bryan,  P.  E.  Gibbs,  R.  J.  Huggett,  L.  A. 
Curtis,  and  D.  S.  Bailey. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
9,  p  458-462,  September  1989.  4  fig,  29  ref. 

Descriptors:  *Pesticides,  *Antifoulants,  *Organo- 
tin  compounds,  *Snails,  *Chesapeake  Bay,  *Water 
pollution  effects,  Marine  sediments,  Bioindicators. 

Mud  snails,  Ilyanassa  obsoleta,  were  collected 
along  gradients  of  tributyltin  (TBT)  pollution  in 
the  York  River-Sarah  Creek  region  of  Chesapeake 
Bay.  Development  of  imposex  (the  imposition  of 
male  characters  on  female  snails)  was  assessed. 
Frequencies  of  imposex  and  intensities  of  penis 
expression  were  either  zero  or  very  low  at  3  sites 
in  the  York  River  where  water  concentrations  of 
TBT  were  of  the  order  of  2  nanograms/liter.  In 
the  northwest  branch  of  Sarah  Creek,  with  water 
concentrations  of  around  20  nanograms/liter,  the 
frequency  of  imposex  was  100%  and  the  intensity 
of  penis  expression  was  high.  Tissue  concentrations 
of  TBT  were  similar  in  both  sexes  and  ranged  from 
less  than  20  nanograms/gm  dry  wt  at  the  3  York 
River  sites  to  620-730  nanograms/gm  dry  wt  at  a 
site  in  the  northwest  branch  of  Sarah  Creek.  An 
appreciable  degree  of  imposex  is  induced  in  I. 
obsoleta  at  a  seawater  TBT  concentration  of  about 
10  nanograms/liter  and  imposex  is  probably  initiat- 
ed at  about  2  nanograms/liter.  No  evidence  was 
found  for  the  sterilization  of  I.  obsoleta  by  impo- 
sex, but  the  percentages  of  females  in  the  samples 
declined  significantly  with  increasing  frequency  of 
imposex.  (Author's  abstract) 
W90-04063 


QUALITY  OF  COMMUNITY  DRTNKTNG 
WATER  AND  THE  OCCURRENCE  OF  SPON- 
TANEOUS ABORTION. 

Harvard  School  of  Public  Health,  Boston,  MA. 
Dept.  of  Epidemiology. 
A.  Aschengrau,  S.  Zierler,  and  A.  Cohen. 
Archives   of  Environmental   Health    AEHLAU, 
Vol.   44,   No.   5,   p  283-290,   September/October 
1989.  3  tab,  23  ref.  EPA  grant  CR812728-01-0. 

Descriptors:  *Water  treatment,  'Public  health, 
•Drinking  water,  *Water  pollution  effects,  Mercu- 
ry, Arsenic,  Potassium,  Silica,  Hardness,  Nitrates, 


Spontaneous  abortion,  Health  effects,  Alkalinity, 
Sulfates. 

To  investigate  the  relationship  between  communi- 
ty drinking  water  quality  and  spontaneous  abor- 
tion, trace  element  levels  in  the  drinking  water  of 
286  women  having  a  spontaneous  abortion  through 
27  weeks  gestation  were  compared  with  water 
trace  element  levels  for  1,391  women  having  live- 
births.  Trace  element  levels  were  gathered  from 
routine  analyses  of  public  tap  water  supplies  from 
the  communities  where  the  women  resided  during 
pregnancy.  After  adjustment  for  potential  con- 
founders,  an  increase  in  the  frequency  of  spontane- 
ous abortion  was  associated  with  detectable  levels 
of  mercury,  high  levels  of  arsenic,  potassium,  and 
silica,  moderately  hard  water,  and  surface  water. 
In  contrast,  a  decrease  in  the  frequency  of  sponta- 
neous abortion  was  associated  with  high  levels  of 
alkalinity  and  sulfate,  and  any  detectable  level  of 
nitrate.  (Author's  abstract) 
W90-04O71 


GLUCOSE-MINERALIZATION  POTENTIAL 
OF  EPILLTHIC  BACTERIA  IN  DD7ERSE 
UPLAND  ACID  HEADSTREAMS  FOLLOWING 
A  WINTER  SPATE. 

Hull  Univ.  (England).  Dept.  of  Applied  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-04073 


LAKE       ACIDIFICATION       IN       NORWAY: 
PRESENT  AND  PREDICTED  FISH  STATUS. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

For  primary  bibliographic  entry  see  Field  2H. 
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S.C.E.-TESTTNG  OF  PACKAGING  MATERIAL 
EXTRACTS  AND  MONTTORTNG  WELL 
WATER  FROM  WASTE  DEPOSIT  SERIES. 

Department  of  Medical  Genetics,  Vrije  Universi- 
teit  Brussel,  Laarbeeklaan  103,  1050  Brussel,  Bel- 
gium. 

L.  Hens,  H.  Segers,  E.  V.  Emelen,  I.  Liebaers,  and 
F.  Lox. 

Bulletin  of  the  Pc-  sh  Academy  of  Sciences:  Bio- 
logical Sciences  BAPBAN,  Vol.  36,  No.  10-12,  p 
235-242,  1988.  2  fig,  4  tab,  9  ref. 

Descriptors:  *Genetics,  *Mutagenicity,  *Food 
processing  industry,  *Plastics,  Sister  chromatid  ex- 
change test,  Food  packaging,  Water  pollution  ef- 
fects, Waste  dumps. 

Two  complex  chemical  mixtures  in  a  sister  chro- 
matid exchange  test  on  human  lymphocytes  were 
conducted.  Initially  an  essay  to  evaluate  the  muta- 
genicity from  plastic  food  packaging  material  was 
developed;  in  a  second  assay,  a  water  fraction  from 
a  monitoring  well  sampled  near  a  waste  deposit  site 
was  tested.  The  extraction  procedure  for  the  plas- 
tics PVC,  polystyrene  and  polypropylene  is  based 
upon  the  Sorchelet  extraction  and  the  operations 
of  dispersing  the  polymer  into  an  adequate  solvent 
followed  by  precipitation  with  methanol,  filtration, 
evaporation  to  dryness  of  the  filtrate  containing 
the  full  mix  of  additives.  Bidistilled  water  simulat- 
ing most  aqueous  food  solutions,  and  n-heptane,  as 
a  fat  simulant  were  used  as  solvents.  The  obtained 
extracts  showed  no  mutagenic  activity  in  a  direct 
sister  chromatid  exchange  testing  procedure.  The 
wastewater  sample  was  treated  in  an  alternate  way: 
it  was  concentrated  by  means  of  a  freeze-drying 
technique  followed  by  methanol  extraction.  The 
sister  chromatid  test  showed  mutagenicity  at  a  low 
concentration  factor.  Sister  chromatid  exchange 
scores  per  metaphase  clearly  exhibit  a  dose-re- 
sponse relationship.  Chromosome  groups  were  af- 
fected unequally.  Only  B  and  E  group  scores  cor- 
related with  concentrations.  Metabolic  activation 
showed  negative  results.  Most  probably  this  is  due 
to  the  limited  exposure  period  (1  hour)  of  the  cells 
to  the  mixture  of  test  substance  plus  metabolic 
activator.  The  results  show  that  the  sister  chroma- 
tid test  using  human  lymphocytes  can  be  used  as  a 
valuable  and  sensitive  test  system  for  evaluation  of 
the  mutagenicity  of  complex  mixtures.  (Author's 
Abstract) 
W90-04085 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C— Effects  Of  Pollution 


IMPACT  OF  ORGANIC  CONTAMINATION  IN 
THE  ENSENADA  DE  LOURIZAN  (ESCORP 
PROJECT):  I.  PHYSICAL  ENVIRONMENT 
AND  BENTHIC  MACROFAUNA,  (IMPACTO 
DE  LA  CONTAMINACION  ORGANICA  EN  LA 
ENSENADA  DE  LOURIZAN  (PROJECTO 
ESCORP):  I.  EL  MEDIO  FISICO  Y  LA  MACRO- 
FAUNA  BENTONICA). 

Santiago  Univ.,  La  Coruna  (Spain).  Dept.  of  Biolo- 
gia  Animal. 

M.  Mora,  M.  Planas,  and  R.  Silva. 
Cahiers  de  Biologie  Marine  CBIMA5,  Vol.  30,  No. 
2,  p  181-199,  1989.  5  fig,  2  tab,  53  ref.  English 
summary. 

Descriptors:  'Bioindicators,  *Water  pollution  ef- 
fects, •Spain,  'Macroinvertebrates,  Hydrobia,  Ca- 
pitella,  Scolelepis,  Phyllodoce,  Goniada,  Cerasto- 
derma,  Organic  pollutants,  Benthic  fauna,  Species 
diversity. 

The  Ensenada  de  Lourizan  (NW  Spain)  is  an  inter- 
tidal  bottom  area  polluted  by  a  pulp  mill  and 
chlorine-soda  industrial  complex.  The  area  nearest 
to  the  industrial  outflow  (azoic  area)  has  a  high 
concentration  of  organic  matter  and  an  heteroge- 
nous sediment.  Another  polluted  area  surrounds 
the  azoic  area  which  can  be  subdivided  into  a  zone 
where  only  Hydrobia  ulvae  is  present  and  a  zone 
where  some  endofaunal  species  live  (Capitella  ca- 
pitata,  Scolelepis  fuliginosa,  Phyllodoce  groenlan- 
dica,  Goniada  galacia,  and  Cerastoderma  edule). 
The  central  area  of  the  Ensenada  is  the  transition 
area.  It  is  characterized  by  a  higher  species  rich- 
ness, a  lower  content  in  organic  matter  and  the 
absence  or  reduction  of  species  indicative  of  pollu- 
tion. In  spite  of  the  abnormalities  pointed  out  in 
sediment  and  in  macrofauna,  the  effect  of  industrial 
outflows  in  Lourizan  is  less  important  than  in 
subtidal  bottoms  from  other  organically  enriched 
areas.  (Author's  abstract) 
W9O-O4088 


LONG-TERM  CHANGES  IN  NUTRIENTS, 
WEED  MATS  AND  SHOREBIRDS  IN  AN  ES- 
TUARESE  SYSTEM. 

Aberdeen  Univ.  (Scotland).  Culterty  Field  Station. 
For  primary  bibliographic  entry  see  Field  2L. 

W90-04091 


GEOGRAPHIC  ANALYSIS  OF  THE  INCI- 
DENCE OF  CANCER  IN  QUEBEC  AS  A  FUNC- 
TION OF  THE  UTILIZATION  OF  PESTICTDES 
EN  AGRICULTURE,  1982-1983  (ANALYSE  GEO- 
GRAPHIQUE  DE  LTNCTDENCE  DES  CAN- 
CERS AU  QUEBEC  EN  FONCTION  DE  L'U- 
THJSATION  DES  PESTICTDES  EN  AGRICUL- 
TURE, 1982-1983). 

Montreal  Univ.  (Quebec).  Dept.  of  Geography. 
D.  Godon,  J.-P.  Thouez,  and  P.  Lajoie. 
Canadian  Geographer  CNGGAR,  Vol.  33,  No.  3, 
p  204-217,  Fall  1989.  8  fig,  4  tab,  38  ref.  English 
summary 

Descriptors:  *Water  pollution  effects,  'Pesticide 
toxicity,  'Canada,  'Cancer,  'Epidemiology, 
•Groundwater  pollution,  'Agricultural  chemicals, 
'Drinking  water,  Public  health,  Human  diseases, 
Carcinogens,  Well  water,  Rural  areas,  Quebec, 
Health  effects. 

Researchers  in  Quebec  are  becoming  increasingly 
concerned  about  the  extensive  use  of  pesticides  in 
agriculture.  Data  for  1982-83  concerning  the  use  of 
these  products  and  the  incidence  of  leukemia  and 
of  cancer  of  the  brain  and  the  lymphatic  tissues 
have  been  tabulated  for  34  drainage  basins  located 
in  southern  Quebec.  The  calculation  of  the  stand- 
ard morbidity  ratio  permitted  the  evaluation  of  the 
incidence  of  cancers  in  these  drainage  basins  where 
agricultural  pesticides  have  been  used  at  high 
levels  for  more  than  15  years.  For  leukemia,  a 
statistically  significant  higher  standard  morbidity 
ratio  (1.69,  p  greater  than  or  equal  to  0.05)  was 
shown  to  exist  among  men  in  the  rural  farm  popu- 
lation in  the  basin  of  the  Yamaska  River.  This  basin 
was  one  of  the  areas  most  exposed  to  agricultural 
pesticides.  The  calculation  of  the  relative  risks  for 
men  at  the  level  of  municipalities  within  the  Ya- 
maska River  basin  showed  a  statistically  significant 
excess  for  leukemia  in  the  rural  farm  areas  com- 


pared to  urban  municipalities.  There  was  also  a 
statistically  significant  excess  for  men  in  munici- 
palities that  draw  their  drinking  water  from  wells 
as  compared  to  those  where  water  is  drawn  from 
rivers.  However,  the  role  of  the  sources  of  drink- 
ing water  is  difficult  to  isolate  because  most  mu- 
nicipalities that  draw  their  water  from  wells  are 
also  agricultural  and  rural.  The  overall  results  of 
this  exploratory  study  from  the  basin  of  the  Ya- 
maska River  suggest  that  there  may  be  a  relation- 
ship between  leukemia  and  the  extensive  use  of 
agricultural  pesticides  in  the  region  of  Quebec. 
(Author's  abstract) 
W90-04O96 


EXTENT  AND  HISTORICAL  DEVELOPMENT 
OF  THE  DECLTNE  OF  DUTCH  SOFT  WATERS. 

Katholieke  Univ.  Nijmegen  (Netherlands).  Lab.  of 

Aquatic  Ecology. 

G.  H.  P.  Arts,  A.  J.  de  Haan,  M.  B.  Siebum,  and 

G.  M.  Verheggen. 

Proceedings  of  the  Koninklijke  Nederlandse  Aka- 

demie  van  Wetenschappen.   Series  C:  Biological 

and  Medical  Sciences  KNWCAD,  Vol.  92,  No.  3, 

p  281-295,  September  25,  1989.  7  fig,  1  tab,  32  ref. 

Descriptors:  'Land  reclamation,  'Eutrophication, 
'Acid  rain  effects,  'Water  pollution  effects, 
'Water  softening,  'The  Netherlands,  'Macro- 
phytes,  Littorella,  Lobelia,  Aquatic  plants,  Alka- 
line water,  Acidic  water. 

In  the  Netherlands  the  number  of  sites  character- 
ized by  soft-water  macrophyte  species  has  consid- 
erably decreased  during  this  century.  An  important 
part  of  the  overall  decline  can  be  attributed  to 
reclamation  and  acidification.  Early  this  century 
eutrophication  was  the  main  cause  of  degeneration 
of  soft-water  vegetation  types.  At  the  same  time 
acidification  was  already  affecting  sensitive  waters 
by  causing  alkalinity  loss.  It  was  not  until  several 
decades  later,  however,  that  the  detrimental  effects 
of  acidification  became  evident.  Duneslacks  are 
now  an  important  refuge  for  Littorella  uniflora  in 
the  Netherlands.  Acidification  is  quantitatively  im- 
portant in  the  decline  of  inland  isoetid  sites.  Very 
soft  waters  acidified  before  soft  waters  did.  Acidifi- 
cation and  eutrophication  of  waters  have  had  a 
more  detrimental  impact  on  Lobelia  dortmanna 
than  on  Littorella  uniflora.  (Mertz-PTT) 
W90-04112 


BACTERIOPLANKTON  BIOMASS  AND  PRO- 
DUCTION DURING  DESTRATTFICATION  TN 
A  MONOMICTIC  EUTROPHIC  BAY  OF  A 
TROPICAL  LAGOON. 

Centre  de  Recherches  Oceanographiques,  Abidjan 

(Ivory  Coast). 

J.-P.  Ton-eton,  D.  Guiral,  and  R.  Arfi. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

57,  No.  1,  p  53-67,  September  15,  1989.  6  fig,  6  tab, 

45  ref. 

Descriptors:  'Water  pollution  effects,  'Eutroph- 
ication, 'Aquatic  productivity,  'Biomass,  'Bacte- 
rial analysis,  'Bays,  Ivory  Coast,  Electron  trans- 
port system,  Acridine  Orange  Direct  Counts 
method,  Eutrophic  bays,  Coastal  lagoons,  Destrati- 
fication,  Aerobic  bacteria,  Anaerobic  bacteria. 

Vertical  profiles  of  bacterial  biomass  (Acridine 
Orange  Direct  Counts  method),  production  of  bio- 
mass (thymidine  method)  and  total  Electron  Trans- 
port System  activity  were  recorded  on  14  dates 
during  the  destratification  process  in  the  monomic- 
tic  eutrophic  Bietri  Bay  (Ebrie  Lagoon,  Ivory 
coast).  Bacterial  biomass  and  production  were  both 
very  high,  indicating  the  importance  of  heterotro- 
phic processes  in  this  system.  Interpretation  of 
Electron  Transport  System  data  suggests  that  bac- 
teria or  bacteria-associated  organisms  are  responsi- 
ble for  most  of  the  oxygen  consumed  in  the  water 
column.  Integrated  bacterial  production  of  biomass 
represented  80%  of  carbon  produced  by  primary 
producers,  thus  showing  that  autotrophic  produc- 
tion does  not  meet  heterotrophic  requirements  of 
bacteria.  Destratification  appears  to  be  of  less  im- 
portance than  suggested  by  the  physical  and  chem- 
ical characteristics,  resulting  in  a  decrease  of  bacte- 
rial biomass  and  production  by  a  factor  of  2  in  the 
epilimnion.  In  the  hypolimnion,  the  anaerobic  com- 


munity characterized  by  low  specific  incorporation 
rates  and  high  mean  cellular  volume  during  stratifi- 
cation is  replaced  by  an  aerobic  community  with 
higher  specific  thymidine  incorporation  rates  and 
lower  mean  cellular  volumes.  Interpretation  of 
bacterial  production  of  biomass  in  these  newly 
oxygenated  layers  demonstrates  that  oxygen  re- 
quirements in  the  aphotic  zone  are  roughly  equiva- 
lent to  autotrophic  production  of  oxygen  in  the 
euphotic  zone,  thus  showing  that  oxygenation  of 
the  entire  water  column  is  necessarily  transient  and 
explaining  the  return  to  anoxic  condition  before 
the  establishment  of  a  new  density  stratification. 
(Author's  abstract) 
W90-04114 


EPISODIC  RESPONSE  PROJECT  RESEARCH 
PLAN. 

FTN  Associates,  Little  Rock,  AR. 

K.  Thornton,  J.  P.  Baker,  D.  Marmorek,  D. 

Bernard,  and  M.  L.  Jones. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB89-138861. 

Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 

Report  No.   EPA/600/3-88/059,   February   1988. 

223p,  34  fig,  22  tab,  15  ref.  EPA  Contract  68-03- 

3439. 

Descriptors:  'Acid  rain  effects,  'Research  prior- 
ities, 'Water  pollution  effects,  Monitoring,  Biologi- 
cal studies,  Fish,  Environmental  effects,  Acidifica- 
tion, Model  studies,  Water  chemistry. 

In  some  geographic  locations,  acidic  deposition  is 
known  to  be  affecting  surface  water  chemistry  on 
both  long-term  and  short-term  time  scales.  Consid- 
erable research  in  the  past  decade  has  greatly 
improved  current  understanding  of  the  biological 
effects  of  acidification,  particularly  the  relationship 
between  chronic  chemical  conditions  and  biologi- 
cal responses.  In  comparison,  relatively  little  is 
known  about  the  role  that  short-term  acidification 
is  having  on  the  composition  or  functioning  of 
aquatic  biological  communities.  Despite  this  scien- 
tific uncertainty,  it  is  generally  presumed  that 
short-term  acidification  ('episodes')  can  result  in 
significant  adverse  effects  on  aquatic  resources, 
particularly  fish  communities.  Recognizing  epi- 
sodes as  a  potentially  important  source  of  uncer- 
tainty in  index-based  estimates  of  acidic  deposition 
effects  on  populations  of  lakes  and  streams,  the 
EPA  has  initiated  the  Episodic  Response  Project 
(ERP).  From  an  acidification  perspective,  the  ERP 
is  designed  primarily  to  quantify  this  component  of 
uncertainty  in  regional  population  estimates,  and  to 
determine  the  degree  to  which  acidic  episodes 
adversely  affect  fish  populations.  Research  efforts 
will  focus  on  streams,  rather  than  lakes.  The  ERP 
activities  are  planned  for  two  stages:  Phase  I  will 
consist  of  intensive  field  studies  and  empirical 
modeling  and  Phase  II  will  combine  extensive  sur- 
veys with  model-based  regional  estimates  of  epi- 
sodic effects  on  surface  waters  and  fish  popula- 
tions. (Lantz-PTT) 
W90-04214 


EFFECT  OF  POLLUTANTS  ON  BIOTA. 

Michigan  Dept.  of  Natural  Resources,  Lansing. 
H.  A.  Tanner. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  105-113. 

Descriptors:  'Water  pollution  effects,  'Urban  hy- 
drology, 'Water  pollution  sources,  'Water  pollu- 
tion control,  Monitoring,  Water  quality  control, 
Hazardous  wastes,  Fate  of  pollutants,  Dissolved 
oxygen,  Nonpoint  pollution  sources,  Phosphorus 
removal,  Nutrients. 

Problems  were  recognized  in  the  1960's  with  re- 
spect to  impairment  of  water  quality  in  Lake  Erie, 
in  shore  areas  of  Lake  Michigan  and  certain  slow 
moving  rivers.  Phosphorus  was  identified  as  the 
key  element.  A  series  of  control  measures  from 
1967  to  1977  saw  a  reduction  in  ambient  phospho- 
rus levels  to  the  present  2  mg/L.  Levels  of  about  1 
mg/L  phosphorus  are  expected  in  the  future.  How- 
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ever,  the  following  needs  still  exist  in  the  area  of 
nutrients:  (1)  an  increased  ability  to  monitor  ef- 
fluents discharged  from  industries  and  municipal 
plants;  (2)  a  more  accurate  determination  of  waste 
sources;  (3)  swifter  abatement  actions;  and  (4) 
greater  consideration  of  on-land  disposal.  In  addi- 
tion, risk  analysis  is  needed  to  determine  accept- 
ability of  the  manufacture  of  toxics.  In  some  cases, 
theie  exists  enough  ecological  data  to  substantiate 
water  quality  standards-trie  establishment  of  mini- 
mal requirements  for  maintaining  cold  water  fish. 
Much  of  what  is  known  in  this  area  is  based  on 
biochemical  oxygen  demand/dissolved  oxygen 
considerations;  the  database  for  toxics  is  lacking. 
Research  is  needed  to:  identify  those  substances 
posing  or  likely  to  pose  the  greatest  risk  in  urbaniz- 
ing areas;  assess  the  role  of  both  the  water  column 
and  substrate  in  pollutant  impacts;  determine  the 
impact  of  dissolved  oxygen  fluctuations  with  re- 
spect to  other  pollutants  in  urban  stretches;  assess 
the  threat  of  toxics  present  in  either  the  water 
column  or  in  sediments  of  downriver  reservoirs 
and  lakes.  Pesticides  from  upstream  agricultural 
areas  should  be  considered  also;  and  the  relative 
importance  of  point  and  nonpoint  nutrient  sources 
in  stimulating  over-enrichment  needs  to  be  as- 
sessed. (See  also  W90-04338)  (Lantz-PTT) 
W90-04350 


EUTHOPHICATION    AND    LAKE    MANAGE- 
MENT. 

Maine  Univ.  at  Orono.  Land  and  Water  Resources 

Center. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04352 


WATER  POLLUTION:  PESTICIDES  IN 
AQUATIC  ENVIRONMENTS.  JANUARY  1970- 
DECEMBER  1988  (CITATIONS  FROM  THE 
POLLUTION  ABSTRACTS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-853733. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. January  1989.  65  p. 

Descriptors:  'Bibliographies,  'Pesticides,  *Water 
pollution  effects,  *Path  of  pollutants,  *Fate  of  pol- 
lutants, *Water  pollution  sources,  Literature 
review,  Groundwater  pollution,  Organophos- 
phorus  pesticides,  Organic  pesticides,  Chlorinated 
hydrocarbons,  Arsenicals,  Bioaccumulation,  Bio- 
degradation. 

This  bibliography  contains  139  citations  concern- 
ing the  physicochemical  and  biochemical  dynamics 
of  pesticides  in  aquatic  environments.  The  effects 
of  organophosphorus,  organochlorine,  and  arseni- 
cal pesticides  on  marine,  surface,  and  groundwater 
ecosystems  are  discussed.  Topics  include  biological 
fate  and  transformation  of  pesticides  in  waters, 
sources  of  release  and  transport  of  pesticides, 
bioaccumulation  and  metabolism  of  pesticides  by 
aquatic  organisms,  ecological  concentration  and 
degradability  of  pesticides  in  model  ecosystems, 
marine  ecology,  and  guidelines  for  pesticide  regis- 
tration and  pesticide  effluents.  (Author's  abstract) 
W90-04484 


ASBESTOS  IN  DRINKING  WATER.  JANUARY 
1977-MARCH  1989  (CITATIONS  FROM  THE 
SELECTED  WATER  RESOURCES  ABSTRACTS 
DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-856934. 
Price  codes:  NOl  in  paper  copy;  NOl  microfilm. 
Supersedes  PB88-860366.  Prepared  in  cooperation 
with  Office  of  Water  Research  and  Technology, 
Washington,  DC.  Mar  89.  65p. 

Descriptors:  'Bibliographies,  *Water  pollution 
sources,  'Asbestos,  'Drinking  water,  Literature 
review,  Public  health,  Epidemiology,  Pollutant 
identification. 

This  bibliography  contains  94  citations  concerning 
the  occurrence  and  problems  associated  with  as- 


bestos fiber  contaminated  drinking  water.  The  role 
of  asbestos  cement  pipes  and  factors  involved  in 
the  release  of  asbestos  fibers  are  discussed.  Distri- 
bution data,  epidemiology  studies,  and  health  ef- 
fects are  considered.  Detection  and  measurement 
methods  are  also  discussed.  Ten  are  new  entries  to 
the  previous  edition.  (Author's  abstract) 
W90-04501 


EUTROPHICATION:  WATER  QUALITY  AND 
POLLUTION  CONTROL.  JANUARY  1970-JAN- 
UARY  1989  (CITATIONS  FROM  THE  COM- 
PENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-856314. 
Price  codes:  NOl  in  paper  copy;  NOl  microfilm. 
Supersedes  PB87-858270.  Feb  89.  141p. 

Descriptors:  'Bibliographies,  'Eutrophication, 
'Water  quality,  'Water  pollution  control,  Litera- 
ture review,  Monitoring,  Economic  aspects,  Math- 
ematical models. 

This  bibliography  contains  294  citations  concern- 
ing eutrophic  analysis,  assessment,  effects,  control, 
and  surveillance  of  inland  and  coastal  waters.  Eu- 
trophication causes,  treatment,  predictions,  and  ec- 
onomics are  also  discussed.  Applications  of  ecolog- 
ical dynamics  and  mathematical  models  for  eu- 
trophication control  of  waters  are  considered. 
Eighty-eight  of  these  citations  are  new  entries  to 
the  previous  edition.  (Author's  abstract) 
W90-04504 


SCIENCE,  LAW,  AND  HUDSON  RIVER 
POWER  PLANTS:  A  CASE  STUDY  IN  ENVI- 
RONMENTAL IMPACT  ASSESSMENT. 

For  primary  bibliographic  entry  see  Field  6G. 
W90-04505 


SURVD7AL  OF  FISHES  AFTER  IMPINGE- 
MENT ON  TRAVELING  SCREENS  AT 
HUDSON  RD7ER  POWER  PLANTS. 

EA  Engineering,  Science,  and  Technology,  Inc., 

Middletown,  NY. 

For  primary  bibliographic  entry  see  Field  81. 

W90-04517 
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BIOTECHNOLOGY  FOR  DEGRADATION  OF 
TOXIC  CHEMICALS  IN  HAZARDOUS 
WASTES. 

Noyes  Data  Corporation,  Park  Ridge,  New  Jersey. 
1988.  697p.  Edited  by  R.J.  Scholze,  E.D.  Smith, 
J.T.  Bandy,  Y.C.  Wu,  and  J.V.  Basilico. 

Descriptors:  'Waste  treatment,  'Cleanup,  'Biolog- 
ical treatment,  'Biotechnology,  'Biodegradation, 
'Hazardous  wastes,  'Wastewater  treatment,  'De- 
toxification, Organic  compounds,  Biological 
wastewater  treatment,  Nickel,  Heavy  metals,  Oxi- 
dation, Recycling,  Conferences. 

The  state-of-the-art  of  biotechnology  for  degrada- 
tion of  toxic  chemicals  in  hazardous  wastes  is 
discussed  in  this  book.  It  is  based  on  a  conference 
held  in  Arlington,  Virginia  in  June  of  1986  to 
assess  the  applicability  of  using  biotechnology  for 
the  treatment  of  hazardous/toxic  wastewaters. 
Full-scale  application  of  biotechnology  for  the 
treatment  of  municipal  and  industrial  wastewaters 
has  been  practiced  for  many  years.  However, 
whether  this  technology  can  be  employed  for  de- 
toxification and  destruction  of  hazardous  chemicals 
in  aqueous  and  solid  media  is  not  yet  fully  under- 
stood. Removal  of  toxic  and  refractory  organics  in 
wastewater,  groundwater,  and  leachate  may  be 
more  efficient  as  a  result  of  combining  biological 
treatment  with  other  treatment  technologies  such 
as  chemical  and  physical  methods.  Development  of 
standard  techniques  for  biotoxicity  detection  and 
toxicity  reduction  evaluation  is  essential  and  ex- 
tremely important  to  both  technical  determination 
and  decisions  on  the  future  policy  for  hazardous 
waste  management.  The  papers  presented  in  the 


book  describe  current  research  in  biotechnology 
for  degradation  of  toxic  chemicals  in  hazardous 
wastes,  including:  (1)  suspended-growth  inhibited 
biological  systems;  (2)  methane  fermentation  of 
nickel;  (3)  treatment  using  aquatic  macrophytes;  (4) 
recycling  waste  sludge;  (5)  anaerobic  treatment; 
and  (6)  nitrate  oxidation.  (See  W90-03563  thru 
W90-03598)  (Lantz-PTT) 
W90-03562 


BIOLOGICAL  TREATMENT  OF  TOXICS  IN 
WASTEWATER:  THE  PROBLEMS  AND  OP- 
PORTUNITIES. 

Environmental  Protection  Agency,  Cincinnati, 
OH.  Water  Engineering  Research  Lab. 
D.  F.  Bishop,  and  N.  A.  Jaworski. 
IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  1-24,  3 
fig,  7  tab,  33  ref. 

Descriptors:  'Biological  treatment,  'Detoxifica- 
tion, 'Wastewater  treatment,  'Biological 
wastewater  treatment,  Toxicity,  Costs,  Economic 
aspects,  Environmental  protection,  Research  prior- 
ities, Risk  assessment. 

The  toxicity  impact  on  receiving  water  ecosys- 
tems, bioaccumulative  uptake  of  toxics  into  the 
food  chain,  and  effects  of  toxic  discharges  in 
wastewater  effluents  on  the  water  quality  of  drink- 
ing water  are  strong  factors  driving  the  demand 
for  improved  technology  for  control  of  toxics. 
Ongoing  EPA  research  should  soon  provide  the 
scientific  tools  to  support  regulatory  action  by 
defining  the  environmental  fate  and  effects  and  the 
health  risk  of  toxics,  by  identifying  the  presence  of 
toxics  and  toxicity  in  water  and  wastewater,  and 
by  tracing  the  toxics  or  toxicity  to  their  sources. 
Effective  toxics  risk  management  through  risk  re- 
duction, however,  will  require  successful  improve- 
ment of  control  technology.  The  EPA  is  thus 
addressing  3  major  approaches  to  improve  control 
technology  for  managing  toxics  in  wastewater- 
partitioning  (sorption)  on  solids  and  biomass,  vola- 
tilization (air  stripping  and  surface  desorption),  and 
biodegradation  (aerobic  and  anaerobic).  The  costs 
for  satisfactory  control  of  the  toxics  will  drive  the 
EPA  and  the  researchers  in  control  technology  to 
search  for  increasingly  efficient  and  innovative 
technology.  Systems  engineering  techniques  will 
evolve  to  provide  the  tools  for  selection  of  techni- 
cally effective  and  least  costly  combinations  of 
control  technology  in  industrial  and  municipal 
wastewater  treatment  and  pretreatment  and  water 
treatment  to  meet  the  water  quality  and  food  chain 
requirements.  (See  also  W90-03562)  (Lantz-PTT) 
W90-03563 


HAZARDOUS  WASTE  MANAGEMENT:  BIO- 
LOGICAL TREATMENT. 

National  Solid  Wastes  Management  Association, 
Washington,  DC. 
S.  W.  Pirages. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  25-35. 

Descriptors:  'Wastewater  treatment,  'Hazardous 
wastes,  'Waste  management,  'Biological  treat- 
ment, Wastewater  treatment,  Batch  treatment, 
Monitoring,  Biotechnology,  Standards,  Adminis- 
trative agencies,  Policy  making,  Waste  manage- 
ment. 

The  commercial  waste  service  industry  recognizes 
the  potential  application  of  biological  treatment  for 
industrial  hazardous  wastes.  Facilities  employing 
this  technique  currently  exist  in  Canada  and  the 
United  States.  Greater  application  and  commercial 
development  is  possible,  particularly  if  certain 
operational/performance  criteria  are  met.  These 
include:  complete  destruction  of  hazardous  con- 
stituents; the  ability  to  concentrate  target  constitu- 
ents for  further  treatment  or  for  resource  recovery; 
application  of  the  technology  to  a  diverse  range  of 
hazardous  constituents  found  in  mixtures,  rather 
than  in  single  constituent  waste  streams;  and,  con- 
sistency among  treatment  batches  to  reduce  the 
need  for  expensive  monitoring  of  the  residue,  and 
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of  the  ability  to  be  competitive  financially  with 
other  treatment  technologies  that  are  currently 
available.  Advocates  of  biological  technology 
should  be  concerned  about  and  watchful  of  the 
developing  Environmental  Protection  Agency 
policy  on  Resource  Conservation  and  Recovery 
Act  treatment  standards.  Depending  on  the  direc- 
tion of  this  policy,  commercial  development  of 
biological  treatment  technology  could  be  affected 
adversely.  It  will  be  necessary  for  experts  in  this 
area  to  work  with  the  Agency  in  identifying  the 
needed  data  and  in  validating  'real  world'  applica- 
tions of  these  data.  If  the  Congressional  mandate  to 
treat  all  hazardous  wastes  includes  the  broadest 
possible  range  of  management  options,  it  will  be  to 
the  benefit  of  all.  However,  a  concerted  effort  is 
required  to  assure  that  policies,  which  optimize 
treatment  opportunities,  leave  the  door  open  for 
new  research  and  development.  (See  also  W90- 
03562)  (Lantz-PTT) 
W9O-03564 


COMPETITIVE  KINETIC  MODEL  OF  SUS- 
PENDED-GROWTH INHD3ITED  BIOLOGICAL 
SYSTEMS. 

Pontificia  Univ.  Catolica  de  Chile,  Santiago.  Dept. 
of  Hydraulic  Engineering. 
P.  B.  Saez. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  67-81,  9 
fig,  17  ref.  National  Commission  of  Scientific  and 
Technological  Research  Grant  0126/85. 

Descriptors:  •Inhibition,  'Kinetics,  'Biological 
wastewater  treatment,  'Wastewater  treatment, 
*  Model  studies,  Mass  balance,  Mathematical 
models,  Mathematical  equations,  Biological  treat- 
ment, Research  priorities,  Wastewater  reactors. 

A  kinetic  model  of  suspended-growth  inhibited 
biological  systems  is  presented.  The  main  contribu- 
tion of  the  model  is  that  it  helps  in  the  identifica- 
tion of  research  needs  in  kinetic  modeling  of  inhib- 
ited systems.  First,  it  is  clear  that  more  experimen- 
tal results  are  required.  Second,  the  model  has  been 
structured  to  visualize  its  assumptions,  which  can 
be  changed  in  order  to  find  those  that  better  repre- 
sent the  real  world.  For  example,  it  is  possible  to 
construct  models  in  which  the  inhibitor  utilization 
rate  follow  an  Haldane  function,  or  the  substrate 
utilization  rate  can  be  modeled  by  uncompetitive 
or  noncompetitive  reversible  inhibition,  or  the 
active  bacterial  growth  also  depend  on  the  inhibi- 
tor utilization  rate.  The  model  may  be  easily  ap- 
plied to  batch  or  plug-flow  suspended-growth  re- 
actors. The  only  changes  are  related  to  mass  bal- 
ance equations.  Also,  its  principles  could  be  used 
to  model  inhibited  biofilm  reactors.  (See  also  W90- 
03562)  (Lantz-PTT) 
W90-03566 


TOXICITY  OF  NICKEL  IN  METHANE  FER- 
MENTATION SYSTEMS:  FATE  AND  EFFECT 
ON  PROCESS  KINETICS. 

Drexel  Univ.,  Philadelphia,  PA.  Dept.  of  Civil 
Engineering. 

S.  K.  Bhattacharya,  and  G.  F.  Parkin. 
IN:    Biotechnology    for    Degradation    of   Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  82-101, 
7  fig,  7  tab,  21  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Wastewater  treatment,  'Nickel,  Toxicity, 
•Methane,  'Fermentation,  'Kinetics,  Bacterial 
analysis.  Solids  retention  time,  Model  studies.  An- 
aerobic digestion,  Literature  review,  Acclimatiza- 
tion, Slug  tests,  Continuous  tests,  Methanogenesis, 
Inhibition,  Industrial  wastewater,  Tolerance,  Do- 
mestic wastes,  Sludge,  Hydrogen  ion  concentra- 
tion. Acetates,  Propionates,  Sludge  solids,  Microbi- 
al degradation. 

The  applicability  of  anaerobic  processes  for  treat- 
ment of  industrial  wastewaters  and  domestic 
sludges  has  been  recognized  for  many  years.  The 
toxicity  of  heavy  metals  depends  upon  the  various 
chemical  forms  which  the  metal  may  assume  under 
anaerobic  conditions  and  at  near  neutral  pH.  From 
a  review  of  the  literature  it  appears  that  very  little 


research  has  focused  on  kinetics  of  anaerobic  sys- 
tems exposed  to  nickel,  or  on  the  fate  of  nickel 
during  anaerobic  treatment.  Little  work  has  been 
done  to  quantify  the  effect  of  solids  retention  time 
(SRT).  The  objectives  of  the  research  were  to 
study  the  kinetic  effects  of  nickel  on  anaerobic 
utilization  of  acetate  and  propionate  and  to  deter- 
mine its  fate  in  these  systems.  Nickel  was  added 
both  as  slug  and  continuous  doses.  With  the  shock 
of  a  slug  addition,  there  should  be  minimal  chance 
for  acclimation  to  nickel  by  the  bacteria.  With 
continuous  addition,  however,  the  concentration  of 
nickel  can  be  increased  gradually  and  the  bacteria 
will  have  a  chance  to  acclimate.  The  following 
conclusions  are  drawn  from  this  study:  (1)  Acetate- 
utilizing  methanogens  are  more  severely  affected 
than  propionate  utilizers  by  nickel.  (2)  Massive 
slug  doses  of  nickel  immediately  stop  bacterial 
activity-smaller  slug  doses  give  lower  hydraulic 
retention  time  systems  a  better  chance  to  recovery. 
(3)  Response  to  nickel  toxicity  is  similar  to  uncom- 
petitive inhibition;  the  incompetitive-inhibition-co- 
efficient  model  worked  well  for  continuous  addi- 
tion of  nickel.  Best-fit  inhibition  coefficient  (K  sub 
I)  values  varied  between  80  and  150  mg/L  depend- 
ing on  SRT;  the  observed  increase  in  K  sub  I  with 
increasing  SRT  indicates  acclimation;  (4)  the  un- 
competitive-inhibition-coefficient  model  did  not 
adequately  describe  the  fate  of  systems  exposed  to 
slug  doses  of  nickel.  (5)  Without  acclimation  to 
nickel,  total  soluble  nickel  concentrations  above  6 
mg/L  caused  failure;  total  soluble  nickel  concen- 
trations as  high  as  31  mg/L  could  be  tolerated  with 
acclimation.  (See  also  W90-03562)  (Lantz-PTT) 
W90-03567 


HEAVY  METAL  REMOVAL  BY  AQUATIC  MA- 
CROPHYTES  IN  A  TEMPERATE  CLIMATE 
AQUATIC  TREATMENT  SYSTEM. 

New  Hampshire  Univ.,  Durham.  Dept.  of  Civil 
Engineering. 

P.  L.  Bishop,  and  J.  De  Waters. 
IN:    Biotechnology    for    Degradation    of   Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  102-1 19, 
5  tab,  11  ref.  NSF  Grant  CEE-8209851. 

Descriptors:  'Temperate  zone,  'Macrophytes, 
•Aquatic  plants,  'Wastewater  treatment,  'Biologi- 
cal wastewater  treatment,  'Heavy  metals,  Elodea, 
Copper,  Lead,  Zinc,  Nickel,  Cadmium,  Biological 
treatment,  Biological  magnification,  Epiphytes, 
Secondary  wastewater  treatment,  Tertiary 
wastewater  treatment. 

Research  was  begun  in  1982  to  examine  and  assess 
the  feasibility  of  using  aquatic  macrophytes  and 
their  associated  bacteria  in  temperate  regions  as  a 
combined  secondary  and  tertiary  wastewater  treat- 
ment process.  A  number  of  temperate  region  sub- 
mersed aquatic  macrophytes  were  evaluated  for 
potential  use  in  these  systems.  Those  showing 
promise  were  used  in  pilot-scale  treatment  units 
and  tested  over  a  two  year  period.  The  results 
indicate  that  an  Elodea-based  aquatic  treatment 
system  can  operate  on  a  seasonal  basis  at  loading 
rates  and  hydraulic  detention  times  similar  to  hya- 
cinth-based systems  while  providing  good  second- 
ary and  tertiary  treatment  of  domestic  primary 
effluent  and  maintaining  good  plant  productivity. 
One  phase  of  this  research  effort  concerned  the 
removal  of  heavy  metals  from  the  wastewater  by 
the  aquatic  macrophytes.  This  paper  discusses  that 
phase  of  the  research.  These  studies  suggest  that 
the  heavy  metal  removal  efficiencies  of  various 
aquatic  macrophyte  treatment  systems  varies  de- 
pending on  the  metal  considered,  but  that  the 
underlying  removal  mechanisms  are  probably  the 
same.  In  essentially  all  cases,  metal  removals  in  the 
macrophyte-containing  reactors  were  better  than 
in  the  control  reactors.  Much  of  this  additional 
removal  is  probably  due  to  the  epifloral  biofilms 
growing  on  the  macrophytes  rather  than  to  the 
macrophytes  themselves.  This  is  potentially  very 
beneficial  to  the  plants  as  it  prevents  high  concen- 
trations of  toxic  heavy  metals  from  bioconcentrat- 
ing  in  the  macrophyte's  tissues.  Copper  was  almost 
entirely  removed  from  the  waste  streams  in  aquatic 
treatment  systems  containing  the  temperate  climate 
macrophytes  Elodea  nuttallii  and  Myriophyllum 
heterophyllum;  substantial  quantities  of  lead  and 
zinc  were  also  removed.  Removal  rates  for  cadmi- 


um and  nickel  were  much  lower,  but  this  may  have 
been  due  to  the  low  concentrations  present  in  the 
raw   wastewater.   (See   also   W90-03562)   (Lantz- 
PTT) 
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REMOVAL  OF  HEAVY  METAL  BY  RECY- 
CLING OF  WASTE  SLUDGE  IN  THE  ACTI- 
VATED SLUDGE  PROCESS. 

Feng  Chia  Univ.,  Taichung  (Taiwan).  Dept.  of 
Hydraulic  Engineering. 
K.  L.  Tsai,  and  P.  S.  Cheung. 
IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  120-136, 
6  fig,  6  tab,  4  ref.  Republic  of  China  National 
Science  Council  Project  NSC  75-0410-E035-01. 

Descriptors:  'Sludge  utilization,  'Wastewater 
treatment,  'Recycling,  'Activated  sludge  process, 
'Heavy  metals,  Sludge,  Biological  wastewater 
treatment,  Adsorption,  Chemical  oxygen  demand, 
Aeration,  Biological  treatment,  Sedimentation. 

In  the  conventional  activated  sludge  process,  part 
of  the  settled  sludge  from  the  final  clarifier  is 
returned  to  the  aeration  tank;  the  rest  of  the  sludge 
is  wasted.  It  has  been  known  for  a  long  time  that 
activated  sludge  has  a  very  strong  adsorption 
power.  In  this  study,  the  wasted  sludge  is  recycled 
to  the  incoming  sewage  so  that  it  can  adsorb  the 
heavy  metals  and  part  of  the  organic  matter.  This 
sludge  is  then  removed  to  the  primary  settling 
tank,  simultaneously  protecting  the  biological  unit 
from  excess  incoming  toxic  heavy  metal  ions  and 
reducing  the  organic  load  to  the  aeration  tank. 
This  saves  a  considerable  amount  of  energy.  In  this 
study,  a  jar  test  was  used  to  investigate  the  feasibil- 
ity of  this  application.  Results  indicate  that  the 
activated  sludge  did  in  fact  have  a  very  high 
adsorption  capacity.  Compared  to  plain  sedimenta- 
tion with  added  activated  sludge,  additional  chemi- 
cal oxygen  demand  removal  ranged  from  11-25% 
and  heavy  metal  varied  from  15-32%.  (See  also 
W90-03562)  (Author's  abstract) 
W90-03569 


EFFECT  OF  INORGANIC  CATIONS  ON  BIO- 
LOGICAL FLXED-FILM  SYSTEMS. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 
R.  W.  Peters. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  137-158, 
2  fig,  2  tab,  46  ref. 

Descriptors:  'Wastewater  treatment,  'Biological 
wastewater  treatment,  'Cations,  'Biofilm  reactors, 
'Heavy  metals,  Inorganic  compounds,  Trickling 
filters,  Anaerobic  filters,  Microbial  degradation, 
Sorption,  Fixed  film  processes,  Biofiltration. 

The  effects  and  inhibitions  associated  with  heavy 
metals  (Ag,  Cr,  Cu,  Pb,  and  Zn)  on  the  perform- 
ance of  fixed  film  biological  processes  such  as 
trickling  filters,  anaerobic  filters,  and  rotating  bio- 
logical contactors,  are  addressed.  High  concentra- 
tions of  heavy  metals  are  toxic  to  most  microorga- 
nisms. With  proper  acclimation,  the  biological 
system  can  be  used  to  remove  a  certain  amount  of 
the  metal(s)  without  being  adversely  affected.  The 
removal  of  cations,  particularly  heavy  metals,  is 
primarily  due  to  sorption  of  both  soluble  and  fine 
particulate  by  the  biofilm.  The  anaerobic  filter  is 
quite  efficient  for  removal  of  heavy  metals  and 
retention  of  the  metals  in  the  biofilm.  Due  to  the 
relatively  recent  development  of  fixed  film  proc- 
esses, much  less  attention  has  been  paid  on  these 
processes  (as  compared  to  suspended  growth  sys- 
tems) particularly  in  terms  of  heavy  metal  inhibi- 
tion. (See  also  W90-03562)  (Lantz-PTT) 
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PHYSICAL-CHEMICAL  AND  ANAEROBIC 
FIXED  FTLM  TREATMENT  OF  LANDFILL 
LEACHATE. 

Technical  Univ.  of  Nova  Scotia,  Halifax.  Dept.  of 
Civil  Engineering. 
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D.  Thirumurthi,  S.  M.  Rana,  and  T.  P.  Austin. 
IN:    Biotechnology    for    Degradation    of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  159-195, 
13  fig,  13  tab,  16  ref. 

Descriptors:  *Biofilms,  *Waste  disposal,  *Water 
pollution  prevention,  'Wastewater  treatment, 
•Physicochemical  treatment,  *Landfills,  *Lea- 
chates,  'Anaerobic  digestion,  Hydrogen  ion  con- 
centration, Heavy  metals,  Alum,  Flocculation, 
Fixed  film  processes,  Chemical  oxygen  demand, 
Suspended  solids,  Volatile  solids,  Biofilm  reactors, 
Canada. 

A  Regional  (solid  waste)  Landfill  site  which  re- 
ceives approximately  600  metric  tons  of  municipal 
refuse  per  working  day  from  the  cities  of  Halifax, 
Dartmouth,  and  Bedford  and  the  County  of  Hali- 
fax, Nova  Scotia,  Canada,  covers  about  145  hec- 
tares (ha)  of  land  area,  of  which  approximately  30 
ha  has  been  cleared  by  1982.  Leachate  is  collected 
by  means  of  a  system  of  150  mm  diameter  perforat- 
ed poly-vinyl  chloride  (PVC)  collectors  which 
underlie  the  filled  area.  These  collectors  ultimately 
drain  into  two  anaerobic  lagoons  (which  can  be 
operated  either  in  series  or  in  parallel)  followed  by 
four  holding  ponds  (which  are  operated  in  series). 
The  single  most  important  factor  that  governs  the 
precipitation  of  metals  such  as  Al,  Cr,  Fe,  Mn,  Ni, 
V  and  Zn  from  the  leachate  is  pH.  Although  alum 
at  80  mg/L  and  FeC13  at  200  mg/L  enhanced  the 
precipitation  of  the  metals,  the  expected  higher 
costs  associated  with  the  chemicals  and  the  dispos- 
al of  excess  sludge  produced  prohibit  the  use  of  the 
chemicals.  Sodium  carbonate,  even  at  a  high  dose 
of  4000  mg/L,  was  not  effective  in  removing  the 
metals.  Subsequent  to  physical-chemical  treatment 
and  phosphate  supplementation,  the  leachate  was 
successfully  treated  biologically.  The  upflow  an- 
aerobic fixed  film  reactor  (AFFR)  with  modular 
blocks,  at  an  organic  load  of  1.6  kg/day /cu  m  and 
at   about   32   C,   reduced   the   chemical   oxygen 
demand  of  the  pre-treated  leachate  from  21,800  to 
780  mg/L,  total  organic  carbon  from  7680  to  200 
mg/L,  volatile  suspended  solids  (VSS)  from  237  to 
24  mg/L  and  suspended  solids  from  756  to  36  mg/ 
L.  When  the  biomass  within  the  reactor  was  esti- 
mated on  the  last  day  of  the  experiment,  it  was 
concluded  that  77%  of  the  biomass  (VSS)  was  in 
the  liquid  phase  of  the  reactor  held  in  the  inter- 
spaces of  the  medium  while  the  balance  was  on  the 
biofilm  of  the  solid  medium.  The  substrate  removal 
rate  was  estimated  to  be  1.77  g  of  COD/day  per 
gram  of  VSS  in  the  liquid  phase  of  the  reactor. 
(See  also  W90-03562)  (Lantz-PTT) 
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TREATMENT  OF  LEACHATE  FROM  A  HAZ- 
ARDOUS WASTE  LANDFILL  SITE  USING  A 
TWO-STAGE  ANAEROBIC  FILTER 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of  Civil 

and  Environmental  Engineering. 

For  primary  bibliograpnic  entry  see  Field  5E. 
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EFFECTS  OF  EXTENDED  IDLE  PERIODS  ON 
HAZARDOUS  WASTE  BIOTREATMENT. 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 

Engineering. 
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TECHNIQUE  TO  DETERMINE  INHIBITION 
IN  THE  ACTIVATED  SLUDGE  PROCESS 
USING  A  FED-BATCH  REACTOR. 

VanderbUt  Univ.,  Nashville,  TN.  Dept.  of  Civil 
and  Environmental  Engineering. 
A.  T.  Watkin,  and  W.  W.  Eckenfelder. 
IN:  Biotechnology  for  Degradation  of  Toxic 
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4  fig,  3  tab,  10  ref. 

Descriptors:  *  Inhibition,  *  Wastewater  reactors, 
•Wastewater  treatment,  'Activated  sludge  process, 
Dichlorophenol,  Glucose,  Biological  wastewater 
treatment,  Statistical  studies,  Sludge  digestion,  Bio- 
logical treatment,  Chlorinated  hydrocarbons, 
Model  studies,  Slug  tests,  Enzymes,  Population 
dynamics. 


While  many  toxic  organic  compounds  have  been 
successfully  treated  in  laboratory  activated  sludge 
units  receiving  steady-state  inputs,  difficulty  arises 
in  plants  when  unsteady-state  or  slug  inputs  occur. 
Modeling  of  an  activated  sludge  systems'  response 
to  unsteady  state  inputs  of  a  known  inhibitory 
compound  is  the  primary  focus  of  this  paper.  The 
fed-batch  reactor  technique  is  believed  to  provide 
an  excellent  method  to  rapidly  determine  unsteady- 
state  inhibition  effects  of  toxic  organics  in  activat- 
ed sludge.  The  test  is  quite  precise  and  requires  a 
minimum  amount  of  time.  Distinctly  different  inhi- 
bition constants  were  obtained  for  three  sludges 
with  different  histories.  These  differences  were 
shown  to  be  statistically  significant  by  Tukey's 
Method  at  a  global  significance  level  of  5%.  A 
sludge  acclimated  to  2,4-dichlorophenol  (DCP) 
and  glucose  demonstrated  a  mean  inhibition  con- 
stant (K  sub  I)  value  of  17.4  mg/L.  This  value  was 
significantly  higher  than  for  sludge  which  was 
previously  but  not  currently  acclimated  to  DCP, 
demonstrating  an  inhibition  constant  of  6.5  mg/L. 
A  third  sludge  which  like  the  others  was  acclimat- 
ed to  glucose,  but  which  had  never  been  acclimat- 
ed to  DCP,  demonstrated  the  highest  mean  K  sub  I 
value  of  40.4  mg/L.  From  these  results  it  is  appar- 
ent that  there  is  no  universal  inhibition  constant  for 
DCP  on  glucose  removal.  The  inhibition  constant 
for  DCP  appears  to  be  highly  dependent  on  the 
specific  enzyme  system  involved,  which  in  turn  is 
dependent  on  the  history  and  population  dynamics 
of  the  sludge.  (See  also  W90-03562)  (Lantz-PTT) 
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COMPARISON  OF  THE  MICROBIAL  RE- 
SPONSE OF  MDCED  LIQUORS  FROM  DIF- 
FERENT TREATMENT  PLANTS  TO  INDUS- 
TRIAL ORGANIC  CHEMICALS. 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of 
Chemical  Engineering. 

G.  Lewandowski,  D.  Adamowitz,  P.  Boyle,  L. 
Gneiding,  and  K.  Kim. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  260-274, 
7  fig,  3  tab,  3  ref.  NSF  Project  BICM-6. 

Descriptors:  'Biological  wastewater  treatment, 
•Microbiological  studies,  'Wastewater  facilities, 
•Biological  treatment,  'Microbial  degradation, 
•Mixed  liquors,  •Industrial  wastewater, 
•Wastewater  treatment,  'Organic  compounds,  Mu- 
nicipal wastewater,  Phenols,  Chlorophenol,  Dich- 
lorophenol, Dichlorophenoxyacetic  acid,  Biologi- 
cal wastewater  treatment,  Comparison  studies. 

As  the  first  stage  of  an  effort  to  determine  the 
ability  of  publicly  owned  treatment  works 
(POTWs)  to  detoxify  industrial  organic  chemicals, 
several  compounds  were  added  individually  to  the 
mixed  liquors  from  two  very  different  treatment 
plants-the  Livingston  (NJ)  municipal  wastewater 
treatment  plant,  and  the  Passaic  Valley  Sewerage 
Commissioners  (PVSC)  plant  in  Newark,  NJ.  The 
former  handles  2.5  million  gallons/day  (mgd)  of 
domestic  sewage,  while  the  latter  handles  250  mgd 
of  wastewater  with  a  55%  industrial  component 
(on  a  biochemical  oxygen  demand  (BOD)  basis). 
An  aerated  batch  reactor  was  used,  and  the  chemi- 
cals (and  feed  concentrations)  were:  phenol  (100 
parts  per  million  (ppm)),  2-chlorophenol  (20  ppm), 
2,6-dichlororphenol  (10  ppm),  and  2,4-dichlorro- 
phenoxyacetic  acid  (10  ppm).  Substrate  disappear- 
ance was  determined  by  gas  chromatography,  and 
the  microbial  systems  characterized  by  microscopy 
and  plating  techniques.  Although  the  two  mixed 
liquors  came  from  very  different  systems,  their 
response  to  the  industrial  chemicals  added,  as  well 
as  the  initial  and  final  microbial  populations,  were 
very  similar.  This  suggests  that  the  phenomena 
observed  might  be  generalized  to  many  other 
POTWs.  (See  also  W90-03562)  (Lantz-PTT) 
W90-03575 


Descriptors:  'Wastewater  reactors,  'Wastewater 
facilities,  'Pretreatment  of  wastewater, 
•Wastewater  treatment,  *Hazardous  wastes,  •Bio- 
logical wastewater  treatment,  Sequencing  batch 
reactor,  Batch  treatment,  Aeration,  Temperature, 
Heavy  metals,  Phenols,  Organic  compounds, 
Costs,  Biological  treatment,  Cost  analysis,  Oxygen 
transfer,  Energy,  Toxicity,  Suspended  solids. 

A  preliminary  pilot  study  was  completed  to  evalu- 
ate the  possibility  of  utilizing  the  sequencing  batch 
biological  reactor  (SBR)  process  to  pretreat  land- 
fill leachate  and  hazardous  waste  streams  prior  to 
polishing    with    the    existing    activated    carbon 
system.  The  motivation  for  the  study  was  a  desire 
to  reduce  carbon  regeneration  energy  and  make-up 
costs.  The  results  of  the  pilot  study  were  successful 
and  a  full-scale,  550,000  gallon  SBR  was  designed 
and  installed  in  the  winter  of  1983/84  in  Niagara 
Falls,  New  York.  Qualitative  parameters  associated 
with  oxygen  transfer  (alpha,  beta)  were  evaluated 
during  the  pilot  study.  The  data  indicated  that 
alpha  increased  with  increasing  aeration  turbulence 
and  shear  rate.  Process  performance  was  shown  to 
be  highly  temperature  sensitive,  decreasing  rapidly 
at  low  temperatures.   A  submerged  jet  aeration 
system  was  selected  for  high  efficiency,  high  heat 
conservation,   independent   aeration   and   mixing, 
and  alpha  resistance.  After  one  year  of  operation, 
the  plant  has  proven  to  be  stable  and  effective.  The 
system  maintained  a  mixed  liquor  temperature  10  C 
above  the  influent  temperature.  Oxygen  transfer 
alpha  values  were  measured  to  range  between  0.75 
and  2.0,  while  beta  values  ranged  from  0.6  to  0.75 
(TDS  was  30,000  mg/L).  The  system  operated  at 
roughly  half  the  design  power  requirements.  The 
system  maintained  stability  throughout  the  entire 
year  except  for  two  heavy  metal  toxicity  strikes 
which  decreased  treatment  efficiency  for  several 
days.  The  effluent  decanting  system  and  rapid  set- 
tleability  of  the  mixed  liquor  resulted  in  minimum 
effluent  suspended  solids  values.  As  a  result  of  the 
organic  and  phenol  removal  efficiencies  achieved 
by  the  SBR,  carbon  changes  were  reduced  by 
about  50%.  Annual  carbon  cost  savings  are  esti- 
mated to  be  $200,000/yr.  (See  also  W90-03562) 
(Author's  abstract) 
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SBR        TREATMENT        OF        HAZARDOUS 
WASTEWATER:  FULL-SCALE  RESULTS. 
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Eleven  dominant  bacterial  species  were  isolated 
from  a  phenol-acclimated  mixed  liquor  obtained 
originally  from  the  Passaic  Valley  Sewerage  Com- 
missioners wastewater  treatment  plant  in  Newark, 
NJ.  However,  of  these  eleven  species,  only  three 
(Klebsiella  pneumoniae,  Serratia  liquefaciens,  and 
Pseudomonas  putida)  were  able  to  degrade  phenol. 
Therefore,  the  remaining  eight  species  must  have 
survived  by  utilizing  the  metabolic  products  of  the 
three  primary  phenol  degraders.  Regarding  the 
three  primary  phenol  degraders,  when  the  same 
species  were  purchased  from  commercial  suppliers, 
they  could  not  degrade  phenol,  which  underlines 
the  importance  of  the  strain  as  well  as  the  species. 
Using  the  kinetic  parameters  from  the  single  spe- 
cies experiments,  a  simple  competitive  model  was 
tested  for  phenol  utilization  by  any  two  of  the 
three  primary  phenol  degraders.  This  model  was 
able  to  predict  the  rate  of  total  biomass  growth 
fairly  well,  but  was  much  less  accurate  in  predict- 
ing the  rate  of  substrate  utilization.  This  indicates 
that  simple  competition  for  the  same  substrate  is 
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not  an  adequate  physical  model  for  the  mixed 
culture  system.  It  may  be,  for  example,  that  one  (or 
both)  of  the  organisms  is  producing  an  inhibitory 
agent  for  the  growth  of  the  competing  organism. 
(See  also  W90-03562)  (Lantz-PTT) 
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COMPARTMENTALIZED  ONE  SLUDGE 
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There  are  many  'advanced  wastewater'  treatment 
processes  based  on  physical-chemical  and  biologi- 
cal techniques  for  the  removal  of  ammonia,  how- 
ever. These  processes  are  not  often  employed  in 
industry  due  to  economics,  marginal  over-all  re- 
moval efficiencies  and  questionable  technological 
application  to  specific  industrial  operations.  Of  the 
processes  available  for  the  removal  of  ammonia 
from  steel  industry  wastewaters,  engineered  bio- 
logical systems  are  the  most  pragmatic.  The  one 
compartment  bioreactor  displays  99%  removal  ef- 
ficiencies for  phenol,  thiocyanate,  and  ammonia 
when  the  influent  concentrations  for  all  three  sub- 
strates was  approximately  150  mg/L  and  when  the 
reactor  was  operated  at  an  actual  sludge  age  of  43 
days.  When  die  influent  substrate  concentrations 
were  raised  to  values  >  200  mg/L/day,  both 
ammonia  and  thiocyanate  breakthrough  were  ex- 
perienced coupled  with  bulking  conditions.  The 
two  compartment  bioreactor  displays  >  99%  re- 
moval efficiencies  for  thiocyanate,  phenol,  and  am- 
monia when  the  reactor  consisted  of  SCN(-)  =  350 
mg/L,  phenol  =  300  mg/L,  and  NH3  =  200  mg/ 
L  at  an  actual  sludge  age  of  42  days.  The  biota  in 
this  reactor  demonstrated  excellent  settleability 
characteristics.  Experimental  results  from  the  three 
and  four  compartment  reactors  at  sludge  ages  of  63 
and  57  days  respectively,  exhibited  similar  effluent 
phenol  and  ammonia  concentrations.  Bulking  was 
experienced  with  the  three  and  four  compartment 
configurations  possibly  due  to  the  lack  of  sufficient 
substrates  in  the  latter  compartments.  The  steady- 
state  results  from  the  1-4  compartment  reactors 
displayed  >  90%  removal  of  all  three  substrates  in 
the  first  compartment  with  the  remaining  compart- 
ments functioning  as  final  polishing  tanks.  By  uti- 
lizing compartmentalized  reactors,  the  working 
volume  of  the  aeration  basin  can  be  reduced  by  as 
much  as  one  half  without  a  loss  in  efficiency.  (See 
also  W9O-03562)  (Lantz-PTT) 
W90-03578 


HIGH-RATE  BIOLOGICAL  PROCESS  FOR 
TREATMENT  OF  PHENOLIC  WASTES. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

A.  F.  Rozich,  R.  J.  Colvin,  and  A.  F.  Gaudy. 
IN:    Biotechnology    for    Degradation    of   Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  329-358, 
7  fig,  1  tab,  22  ref,  append. 

Descriptors:  'Biological  wastewater  treatment, 
•Phenols,  'Wastewater  treatment,  Microbial  deg- 
radation, Mathematical  studies,  Sludge  digestion, 
Sludge  treatment,  Biodegradation,  Wastewater  re- 
actors, Process  control,  Wastewater  facilities. 

A  proposed  process  flow  scheme  for  a  high-rate 
fluidized  biological  system  for  treating  phenol 
wastes  is  presented.  The  key  feature  of  this  system 
is  the  use  of  two  reactors  each  of  which  has 
different  operating  conditions.  The  first  stage  of 


the  system  is  utilized  for  selective  culture  of  orga- 
nisms which  are  characterized  by  high-rate  phenol 
degradation  kinetics;  the  critical  parameter  for  se- 
lecting these  populations  appears  to  be  the  mainte- 
nance of  relatively  high  (>  or  =  100  mg/L) 
steady-state  phenol  concentrations  in  this  reactor. 
The  second  stage  of  the  system  is  operated  in  an 
extended  aeration  mode  (extremely  low  growth 
rates)  in  order  to  achieve  low  effluent  organic 
concentrations.  The  advantages  of  this  process 
over  conventional  technology  are  significantly  in- 
creased phenol  degradation  rates  and  lower  sludge 
production  rates;  the  results  of  the  bench-scale 
pilot  study  indicate  that  the  process  may  also  be 
capable  of  delivering  lower  phenol  concentrations 
than  can  a  conventional  single-stage  technology. 
Equations  were  also  derived  which  may  be  uti- 
lized, subsequent  to  additional  developmental  work 
on  the  process,  for  providing  guidelines  for  design 
and  operation.  Provided  the  appropriate  process 
controls  are  available,  it  should  be  feasible  to  use 
the  process  model  to  achieve  treatment  goals  and 
optimize  operation.  Finally,  application  of  the 
high-rate  process  technology  is  not  contingent  on 
the  design  of  new  facilities.  The  application  can  be 
made  by  modifying  existing  facilities.  That  is,  the 
process  can  be  applied  by  insuring  that  the  appro- 
priate level  of  controls  and  the  two-stage  flow 
scheme  are  achievable  at  a  particular  treatment 
facility.  (See  also  W90-03562)  (Lantz-PTT) 
W90-03579 


PROCESS  DEVELOPMENT  AND  TREAT- 
MENT PLANT  STARTUP  FOR  AN  EXPLO- 
SIVES INDUSTRY  WASTEWATER. 

D.  M.  Potter. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  387-419, 
12  fig,  7  tab,  2  ref. 

Descriptors:  *Biological  wastewater  treatment, 
•Wastewater  facilities,  'Industrial  wastewater, 
•Wastewater  treatment,  Biochemical  oxygen 
demand,  Chemical  oxygen  demand,  Sludge  treat- 
ment, Sludge  digestion,  Toxicity,  Fathead  min- 
nows, Retention  time,  New  Jersey,  Case  studies, 
Bacteria,  Detoxification,  Lethal  limit,  Retention 
time,  New  Jersey,  Aerobic  treatment,  Anaerobic 
digestion,  Raw  wastewater. 

This  case  study  covers  the  process  development 
and  treatment  plant  startup  for  the  Hercules  Plant 
in  Kenvil,  New  Jersey.  Two  treatment  processes 
were  modeled  on  bench-scale;  the  first  a  conven- 
tional aerobic  activated  sludge  process,  and  the 
second  a  two-stage  anaerobic/aerobic  activated 
sludge  process.  No  matter  which  process  was  used, 
there  was  a  prolonged  acclimation  period  associat- 
ed with  this  wastewater.  The  raw  wastewater  was 
acutely  toxic  to  fathead  minnows  at  very  low 
concentrations  because  it  takes  a  substantial  period 
of  time  to  develop  bacteria  which  are  able  to 
degrade  this  wastewater.  Also  notable  with  both 
processes  was  the  high  sludge  retention  time 
(SRT)  that  developed  from  successful  bench-scale 
conditions.  In  the  case  of  the  strictly  aerobic  proc- 
ess, the  SRT  was  21  days.  For  the  combined  two- 
stage  anaerobic  aerobic  process,  the  SRT  was  160 
days.  This  long  SRT  is  indicative  of  the  recalci- 
trant nature  of  the  organics  in  this  wastewater. 
Once  bacteria  which  are  capable  of  degrading 
these  organics  are  developed,  the  bacteria  must  be 
maintained  in  the  system  for  a  long  period  of  time 
in  order  to  successfully  treat  the  wastewater.  Also 
characteristic  of  both  systems  investigated  was 
complete  toxicity  removal.  After  treatment,  a  raw 
wastewater  with  an  LC  sub  50  of  2%  by  volume  is 
completely  nontoxic.  Perhaps  most  important,  all 
of  the  results  demonstrate  that  with  patience  and 
proper  process  control  and  acclimation,  conven- 
tional biological  treatment  processes  are  capable  of 
successfully  treating  acutely  toxic  wastewaters. 
The  conventional  aerobic  activated  sludge  process 
was  chosen  for  the  full-scale  start  up.  As  with  the 
bench-scale  units,  there  was  a  30-day  acclimation 
period  during  which  there  was  marginal  treatment 
efficiency.  Effluent  biochemical  oxygen  demand 
(BOD)  and  chemical  oxygen  demand  (COD)  dis- 
charges are  meeting  permit  conditions.  One  96-hr 
static  renewal  acute  toxicity  test  was  run  using 
fathead  minnows.  No  measurable  toxicity  was  de- 


tected,  even   in    100%   effluent.   (See  also  W90- 

03562)  (Lantz-PTT) 

W90-03582 


UTILIZATION  OF  NITRITE  OXIDATION  IN- 
HIBITION TO  IMPROVE  THE  NITROGEN 
ELIMINATION  PROCESS. 

Toronto  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

S.  Suthersan,  and  J.  J.  Ganczarczyk. 
IN:    Biotechnology    for    Degradation    of   Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  420-442, 
6  fig,  1  tab,  22  ref. 

Descriptors:  •Nitrites,  *Oxidation,  •Inhibition, 
•Denitrification,  •Wastewater  treatment,  Biologi- 
cal wastewater  treatment,  Nitrification,  Nitro- 
bacter,  Nitrosomonas,  Biomass,  Ammonia,  Biologi- 
cal treatment.  Aeration,  Activated  sludge  process, 
Hydrogen  ion  concentration. 

Under  the  usual  circumstances  in  biological  waste 
treatment  systems,  the  phenomenon  of  inhibition  is 
considered  as  an  event  deteriorating  the  perform- 
ance of  the  system.  But,  for  the  purpose  of  modify- 
ing the  nitrification-denitrification  process,  inhibi- 
tion could  be  advantageous.  In  addition  to  the 
inhibitory  effects  caused  by  free  ammonia  (FA), 
the  pH  itself  plays  an  additive  role  in  the  inhibition 
of  nitrobacter.  By  continuously  and  gradually  ac- 
climating nitrobacter  to  increasing  FA  concentra- 
tions, it  was  found  that  adaptation  to  higher  con- 
centrations took  place.  But  this  adaptation  was 
found  to  be  only  temporary  and,  by  deadapting, 
the  Nitrobacter  regained  its  original  characteris- 
tics. Thus,  by  intermittently  providing  inhibitory 
and  recovery  environments  in  the  inhibition  cham- 
ber and  aeration  tank,  respectively,  the  adaptation 
of  Nitrobacter,  to  higher  FA  concentrations  could 
be  prevented.  Therefore,  it  is  not  necessary  to 
increase  the  required  inhibitory  FA  concentration 
in  the  inhibition  chamber  due  to  adaptation  of  the 
biomass.  Higher  biomass  concentrations  were 
found  to  be  less  sensitive  to  the  same  inhibitory 
conditions  than  were  the  more  diluted  mixed  liq- 
uors. At  lower  biomass  concentrations,  recovery 
time  seems  to  reach  a  constant  value  at  around  4.5 
hours,  but  with  higher  biomass  concentrations,  a 
significantly  higher  FA  concentration  (>  4  mg/L) 
has  to  be  provided  to  obtain  the  same  recovery 
time.  During  the  initial  period  when  brought  back 
to  favorable  conditions,  the  activity  of  nitroso- 
monas was  reduced  due  to  the  inhibitory  environ- 
ment provided  earlier  to  suppress  Nitrobacter  ac- 
tivity. The  biomass  inhibited  at  a  pH  of  8.8,  was 
slower  to  recover  initially  than  that  inhibited  at 
8.4.  Providing  an  inhibitory  environment  above  the 
pH  value  of  8.8  was  not  possible,  because  Nitroso- 
monas lost  its  activity  permanently.  A  continuous 
flow  modification  of  the  activated  sludge  process 
to  suppress  the  second  stage  of  nitrification  proved 
to  be  possible.  (See  also  W90-03562)  (Lantz-PTT) 
W90-03583 


ANAEROBIC  TREATMENT  OF  MOLASSE 
SUGAR  CANE  STILLAGE  WITH  HIGH  MIN- 
ERALS. 

Societe  Generale  pour  les  Techniques  Nouvelles, 
Saint-Quentin-en-Yvelines  (France). 
M.  Henry,  E.  Michelot,  and  J.  P.  Jover. 
IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  443-448, 
2  tab. 

Descriptors:  'Biological  wastewater  treatment, 
•Food-processing  wastes,  *Anaerobic  digestion, 
•Wastewater  treatment,  'Industrial  wastewater, 
•Minerals,  Chemical  oxygen  demand,  Biological 
treatment,  Biofilm  reactors. 

Mesophilic  anaerobic  digestion  of  molasse  cane 
stillage  containing  high  level  of  minerals  has  been 
studied  with  a  25  liter  fixed  film  reactor.  At  a 
constant  loading  rate  of  16  kg  chemical  oxygen 
demand  (COD)/cu  m/day,  the  reactor  is  fed  with 
diluted  molasse  cane  stillage;  this  dilution  is  then 
progressively  reduced,  leading  to  an  increase  of 
soluble  minerals  in  reactor  from  2.0  to  26.5  g/L 
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without  decreasing  of  the  system  performances,  in 
terms  of  gas  productivity  and  pollution  abatement. 
Hydraulic  detention  time  =  3.8  days;  loading  rate 
=  16  kg  COD/cu  m/day;  biogas  productivity  = 
5.8  cu  m/cu  m/day;  and  COD  removal  =  71%. 
(See  also  W90-03562)  (Lantz-PTT) 
W90-03584 


POTENTIAL  FOR  ANAEROBIC  TREATMENT 
OF  HIGH  SULFUR  WASTEWATER  IN  A 
UNIQUE  UPFLOW-FLXED  FILM-SUSPENDED 
GROWTH  REACTOR. 

Sydlo,  Inc.,  Mississauga  (Ontario). 
L.  S.  Love. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  449-462, 
2  fig,  6  ref,  append. 

Descriptors:  'Biofilm  reactors,  'Anaerobic  diges- 
tion, *Sulfur,  'Wastewater  treatment,  'Fixed  film 
processes,  Biological  wastewater  treatment,  Sul- 
fides, Costs,  Biological  treatment,  Operating  costs, 
Biogas. 

The  Sydlo  anaerobic  reactor  *Sydlo,  Inc.,  Missis- 
sauga, Canada)  has  been  designed  specifically  to 
remove  large  quantities  of  biogas  as  it  is  generated 
within  the  reactor.  Because  of  this  feature  it  is 
ideally  suited  for  the  treatment  of  high  sulfur 
wastewater.  The  degree  of  soluble  sulfide  removal 
can  be  controlled  by  selecting  the  appropriate  su- 
pernatant recycle  rate.  Simple,  adjustable  weirs  are 
provided,  on  the  gas  separators,  for  this  purpose. 
The  advantage  of  this  technology  is  that  it  will 
substantially  reduce  daily  operating  costs.  Al- 
though this  reactor  is  particularly  well  suited  for 
the  treatment  of  high  sulfur  wastewaters,  it  may 
also  be  used,  with  considerable  advantage,  when 
treating  other  wastewaters  where  sulfide  toxicity  is 
not  a  problem.  (See  also  W90-03562)  (Lantz-PTT) 
W90-03585 

ANAEROBIC  DIGESTION  OF  CHEMICAL  IN- 
DUSTRY WASTEWATERS  CONTAINING 
TOXIC  COMPOUNDS  BY  DOWNFLOW  FLXED 
FTLM  TECHNOLOGY. 

Societe  Generate  pour  les  Techniques  Nouvelles, 
Saint-Quentin-en-Yvelines  (France). 
M.  Henry,  Y.  Thelier,  and  J.  P.  Jover. 
IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  463- 
4771,  2  fig,  4  tab,  3  ref. 

Descriptors:  *Biofilm  reactors,  'Anaerobic  diges- 
tion, 'Chemical  wastewater,  'Fixed  film  processes, 
•Wastewater  treatment,  Industrial  wastewater,  Bi- 
ological wastewater  treatment,  Chemical  oxygen 
demand,  Biomass,  Toxicity. 

Treatment  of  high-strength  acidic  wastewater  con- 
taining cyclic  acetals  in  a  20  cu  m  industrial-scale 
downflow  mesophilic,  anaerobic  fixed  film  process 
occurred  without  any  problem  after  reaching  a 
loading  rate  of  11  kg  chemical  oxygen  demand 
(COD)/cu  m/day  within  7  months.  This  anaerobic 
fixed  film  process  can  be  utilized  for  digestion  of 
high  strength  acidic  wastewater  containing  up  to 
1.3  kg/cu  m  of  cyclic  acetals  after  biomass  accu- 
mulation. Utilizing  this  process  in  the  chemical  or 
pharmaceutical  industry,  where  the  wastewater 
often  contains  toxic  molecules,  requires  careful 
attention  during  start-up  phases.  Installation  of  spe- 
cific probes  (methane  analyzer  or  total  oxygen 
demand  meter  for  instance)  in  industrial  full-scale 
anaerobic  digestion  plants  allow  for  a  quick  reac- 
tion time  in  case  of  digestion  failure  due  to  abnor- 
mal concentrations  of  toxic  compounds.  This  per- 
mits the  anaerobic  biomass  to  be  protected  against 
these  compounds.  (See  also  W90-03562)  (Lantz- 
PTT) 
W90-03586 


TREATMENT  OF  PROCESS  WASTEWATER 
FROM  PETROCHEMICAL  PLANT  USING  A 
ROTATING  BIOLOGICAL  CONTACTOR:  A 
CASE  STUDY. 

Royce  Process  Equipment  Co.,  Inc.,  Pearland,  TX. 
W.  C.  Davis,  and  T.  M.  Pankratz. 


IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  472-482, 
7  fig,  2  tab,  3  ref. 

Descriptors:  'Contactors,  'Industrial  wastes, 
•Chemical  wastewater,  'Wastewater  treatment, 
'Chemical  industry,  'Biological  wastewater  treat- 
ment, Case  studies,  Microbial  degradation,  Indus- 
trial wastewater,  Aeration,  Pilot  plants,  Biological 
oxidation,  Biofilm  reactors,  Activated  carbon, 
Storm  runoff. 

A  rotating  biological  contactor  (RBC)  process  can 
be  utilized  in  virtually  any  industrial  or  municipal 
application  where  the  liquid  wastewater  character- 
istics are  amenable  to  biological  oxidation.  Biologi- 
cal oxidation,  in  this  fixed  film  process,  uses  innoc- 
uous bacteria,  protozoa,  and  algae  to  convert  the 
soluble  (dissolved)  organic  pollutants  into  new  cell 
mass  and  gaseous  by-products.  A  six  month  field 
pilot  study,  using  an  RBC,  was  conducted  at  a 
southern  petrochemical  plant.  The  purpose  of  this 
study  was  to  determine  the  feasibility  of  the  RBC 
process  as  a  means  of  treating  a  unique  industrial 
wastewater  for  direct  discharge.  The  pilot  study 
utilized  industrial  wastewater  containing  blow- 
down  from  an  ethane  and  propane  gas  cracking 
furnace  quench  tower  co-mingled  with  storm 
water  runoff.  The  polluted  wastewater  must  be 
treated  prior  to  reuse  or  discharge.  Following 
startup,  and  after  the  establishment  of  a  biofilm  on 
the  contactor  media,  the  operating  parameters 
were  varied  in  an  effort  to  determine  the  optimum 
operating  conditions.  Variations  included:  increas- 
ing and  decreasing  the  plant  flow  rates,  varying 
the  speed  of  shaft  rotation,  pre-aeration,  and  the 
addition  of  powdered  activated  carbon.  The  pilot 
test  results  indicated  that  the  RBC  can  provide 
effective  biological  treatment  of  the  industrial 
wastewater  within  the  requirements  of  the  permit 
limits.  (See  also  W90-03562)  (Lantz-PTT) 
W90-03587 


Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  504-531, 
6  fig,  6  tab,  26  ref. 

Descriptors:  'Chemical  oxygen  demand,  'Anaero- 
bic digestion,  'Sulfur,  'Sulfates,  'Biological 
wastewater  treatment,  'Wastewater  treatment, 
Acidic  water,  Chemical  treatment,  Sulfur  bacteria, 
Oil  industry,  Industrial  wastewater,  Sulfides, 
Food-processing  wastes. 

Two  pilot  plants,  an  anaerobic  contact  process  and 
an  anaerobic  packed  bed  reactor  were  operated  on 
site,  treating  a  high  sulfate  bearing  wastewater 
from  an  edible  oil  refinery.  The  objectives  of  the 
research  were  as  follows:  to  test  the  amenability  of 
wastewater  from  the  acid  water  fat  trap  to  treat- 
ment in  continuously  operated  anaerobic  processes; 
and  to  compare  the  relative  performances  of  two 
anaerobic  process  configurations.  Results  to  date 
show  that  both  anaerobic  systems  are  able  to  pro- 
vide stable  and  reliable  treatment  of  combined  acid 
and  margarine  water  as  received  from  the  outlet  of 
the  acid  water  fat  trap  without  the  need  for  chemi- 
cal treatment  to  remove  fat.  Although  inhibition  of 
sulfate  reducing  bacteria  (SRB)  is  technically  feasi- 
ble, the  anaerobic  reactors  can  also  be  operated  as 
binary  microbiological  systems.  This  work  has 
shown  that  anaerobic  processes  operating  on  sul- 
fate bearing  acid  water  from  edible  oil  refining, 
result  in  the  development  of  a  microbial  system 
with  sulfate  reducing  bacteria,  rather  than  methan- 
ogenic  bacteria  as  the  main  terminal  group.  In 
order  to  realize  the  full  treatment  potential  of  the 
anaerobic  process,  the  sulfides  must  be  stripped 
from  the  treated  effluent.  The  resultant  biological 
sulfate  reducing  systems  may  then  provide  a  high 
efficiency  of  carbonaceous  chemical  oxygen 
demand  removal  at  rates  at  least  comparable  with 
methanogenic  systems.  (See  also  W90-03562) 
(Lantz-PTT) 
W90-03590 


LAND  TREATMENT  OF  NTTROGUANLDLNE 
WASTEWATER. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
R.  T.  Williams,  A.  R.  MacOillivray,  and  D.  E. 
Renard. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
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Descriptors:  'Munitions  wastes,  'Biological 
wastewater  treatment,  'Soil  columns,  'Wastewater 
treatment,  'Nitroguanidine,  Industrial  wastewater, 
Guanidine  nitrate,  Ammonia,  Nitrates,  Sulfates, 
Cyanamide,  Biotransformation,  Mineralization. 

Nitroguanidine  (NQ)  wastewaters  contain  nitro- 
guanidine, guanidine  nitrate  (GN),  ammonia,  ni- 
trate, and  sulfate.  Simulated  NQ  wastewater  is 
being  applied  to  continuous  and  perfusion  soil  col- 
umns, with  continuous  flow  column  influent  and 
effluent  samples  being  analyzed  for  wastewater 
components  and  transformation  products  (nitroso- 
guanidine,  guanidine,  cyanamide,  melamine,  and 
cyanoguanidine).  Whey,  molasses,  and  glucose  are 
being  tested  as  carbon  supplements.  Mineralization 
rate  experiments  are  being  conducted  using  14-C- 
NQ  and  14-C-Gn  as  test  substrates.  The  number  of 
microbes  capable  of  degrading  NQ  and  GN  is 
being  determined,  as  is  microflora  acclimation. 
Preliminary  data  indicate  that  carbon  supplements 
facilitate  NG  degradation  after  70  days  of  applica- 
tion in  continuous  flow  soil  columns.  Batch  miner- 
alization experiments  generally  support  these  find- 
ings. To  date,  cyanamide  is  the  only  transformation 
product  detected  in  significant  quantities.  (See  also 
W90-03562)  (Author's  abstract) 
W90-O3588 


FATE  OF  COD  LN  AN  ANAEROBIC  SYSTEM 
TREATING  HIGH  SULPHATE  BEARING 
WASTEWATER. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 

Civil  Engineering. 

G.  K.  Anderson,  J.  A.  Sanderson,  C.  B.  Saw,  and 

T.  Donnelly. 

IN:    Biotechnology    for    Degradation    of   Toxic 


FATE  OF  4,6-DLNITRO-O-CRESOL  IN  MUNIC- 
LPAL  ACTIVATED  SLUDGE  SYSTEMS. 

Environmental  Protection  Service,  Burlington 
(Ontario).  Waste  Water  Technology  Centre. 
H.  Melcer,  and  W.  K.  Bedford. 
IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  532-541, 
1  fig,  4  tab,  8  ref. 

Descriptors:  'Tracers,  'Phenols,  'Municipal 
wastewater,  'Activated  sludge  process,  Dinitro- 
cresol,  Organic  compounds,  Biodegradation,  Bio- 
logical wastewater  treatment,  Retention  time, 
Wastewater  facilities. 

The  paper  describes  work  carried  out  to  calibrate 
and  test  experimental  protocols  used  in  these  ex- 
periments and  assess  the  fate  of  specific  toxic  and 
inhibitory  organic  contaminants  in  municipal 
wastewater  treatment  plants.  4,6-dinitro-o-cresol 
(DNOC)  was  selected  to  serve  as  a  tracer  organic 
compound  in  view  of  its  low  volatility,  potential 
for  adsorption  and  reported  resistance  to  biodegra- 
dation. Municipal  activated  sludge  systems  operat- 
ed at  a  6-hr  hydraulic  retention  time  (HRT)  and 
sludge  retention  time  (SRT)  of  5  to  15  days  can 
degrade  DNOC  from  levels  in  the  range  0.3  to  1.2 
mg/L  to  detection  limits.  At  SRTs  of  <  5  days, 
DNOC  removal  is  incomplete.  Insignificant  losses 
of  DNOC  by  volatilization  were  observed.  The 
major  mechanism  of  DNOC  removal  appeared  to 
be  by  biodegradation  accounting  for  93%  to  98% 
removal  of  the  DNOC  fed  to  the  systems.  (See  also 
W90-03562)  (Lantz-PTT) 
W90-03591 


PILOT-SCALE  ANAEROBIC  BIOMASS  ACCLI- 
MATION STUDLES  WITH  A  COAL  LIQUE- 
FACTION WASTEWATER. 

Dearborn  Environmental  Consulting  Services, 
Mississauga  (Ontario). 
D.  N.  Young,  E.  B.  Vale,  and  E.  R.  Hall. 
IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  542-572, 
9  fig,  9  tab,  20  ref. 
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Descriptors:  'Pilot  plants,  •Acclimatization,  •In- 
dustrial wastewater,  •Wastewater  treatment,  •Bio- 
mass,  »Coal  wastes,  'Anaerobic  digestion,  'Biode- 
gradation,  Liquefaction,  Chemical  oxygen  demand, 
Methane,  Granular  activated  carbon,  Phenols,  Or- 
ganic compounds. 

Neither  readily-biodegradable  organic  co-substrate 
addition  nor  low  severity  solvent  extraction  pre- 
treatment improve  the  acclimation  of  anaerobic 
biomass  in  anhybrid  reactors  to  H-Coal  process 
wastewater.  Acclimation  to  increasing  organic 
loading  rates  by  hydraulic  retention  time  (HRT) 
reduction  at  sub-inhibitory  feed  strengths  of  the  H- 
Coal  wastewater  resulted  in  higher  loading  rates 
attained  in  both  the  anhybrid  and  granular  activat- 
ed carbon  (GAC)  fluidized  bed  reactors  than  the 
alternate  strategy  of  increasing  feed  strength  at 
long  HRT's.  The  study  results  show  the  beneficial 
effect  of  GAC  media  on  anaerobic  treatment  of  a 
toxic  wastewater.  Maximum  organic  loading  rates 
of  2.6  kg  chemical  oxygen  demand  (COD)/cu  m/ 
day  at  0.78  days  HRT  and  21  kg  COD/cu  m/day 
at  0.39  days  were  attained  in  the  anhybrid  and 
GAC  fluidized  bed  reactor  respectively  over  an 
acclimation  period  of  approximately  one  year.  The 
overall  results  indicate  that  anaerobic  treatment  of 
a  toxic  high-strength  phenolic  wastewater  can  be 
carried  out  at  organic  loading  rates  similar  to  those 
used  with  a  readily  biodegradable  wastewater  fol- 
lowing a  carefully  executed  acclimation  phase. 
This  treatment  method  should,  therefore,  be  suita- 
ble for  use  as  a  first-stage  bulk  organics  and  detoxi- 
fication process  in  a  multi-stage  treatment  system. 
(See  also  W90-03562)  (Lantz-PTT) 
W90-03592 


ANOXIC/OXIC  ACTIVATED  SLUDGE  TREAT- 
MENT OF  CYANOGENS  AND  AMMONIA  CM 
THE  PRESENCE  OF  PHENOLS. 

Pennsylvania  Univ.,  Philadelphia.  Dept.  of  Civil 
Engineering. 

D.  J.  Richards,  and  W.  K.  Shieh. 
IN:    Biotechnology    for    Degradation    of   Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  573-583, 
2  fig,  3  tab,  17  ref. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  •Ammonia,  'Cyanide,  *Phenols, 
Thiocyanates,  Organic  carbon,  Pretreatment  of 
wastewater,  Inhibition,  Aerobic  conditions,  Anaer- 
obic conditions,  Industrial  wastewater,  Biological 
oxidation,  Biodegradation. 

Petrochemical,  steel  manufacturing,  mining  and 
synthetic  fuel  processing  are  among  several  indus- 
tries that  generate  wastewaters  containing  relative- 
ly high  concentrations  of  phenols,  cyanide,  thio- 
cyanate  and  ammonia.  Despite  the  fact  that 
wastewaters  with  this  composition  are  inhibitory 
to  biodegradation,  biological  oxidation  through  ac- 
tivated sludge  processes  is  utilized  widely  to 
achieve  required  treatment.  Biological  treatment 
usually  follows  pretreatment  methods  such  as  equi- 
lization  and  storage,  ammonia  stripping,  chlorina- 
tion  and  air  flotation  which  render  the  wastewater 
more  amenable  to  biodegradation.  This  paper  de- 
scribes an  on-going  laboratory  investigation  which 
evaluates  the  efficacy  of  an  anoxic/oxic  activated 
sludge  system  for  treating  this  type  of  wastewater, 
with  the  following  objectives:  to  compare  the 
effect  of  cyanide  concentration  increase  on  an  acti- 
vated sludge  system  and  an  anoxic/oxic  activated 
sludge  system,  and  to  report  on  the  removal  of 
cyanide  and  thiocyanate  from  both  systems.  The 
results  from  this  study,  to  date,  indicate  that  there 
are  several  advantages  to  the  anoxic/oxic  system 
oyer  the  activated  sludge  system  in  handling  cya- 
nide, thiocyanate  laden  phenolic  wastewater. 
Cyanides  and  thiocyanates  are  effectively  removed 
in  both  the  activated  sludge  system  and  the 
anoxic/oxic  system  in  the  presence  of  up  to  45  tag/ 
L  CN(-).  Overall  total  organic  carbon  (TOC)  re- 
moval is  consistent  in  both  systems.  The  anoxic/ 
oxic  system  reacts  better  to  changes  in  cyanide 
concentration  changes  than  does  the  activated 
sludge  unit.  The  anoxic/oxic  system  also  has  an 
added  advantage  over  the  activated  sludge  system 
in  terms  of  ammonia-nitrogen  removal.  It  is  possi- 
ble to  reduce  ammonia-nitrogen  to  nitrogen  gas 
(See  also  W9O-03562)  (Lantz-PTT) 


W90-03593 


PARTITIONING  OF  TOXIC  ORGANIC  COM- 
POUNDS ON  MUNICIPAL  WASTEWATER 
TREATMENT  PLANT  SOLIDS. 

Environmental  Protection  Agency,  Cincinnati, 
OH.  Water  Engineering  Research  Lab. 
R.  A.  Dobbs,  M.  Jelus,  and  K.  Y.  Cheng. 
IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  584-600, 
5  fig,  4  tab,  22  ref. 

Descriptors:  'Separation  techniques,  *Poisons, 
•Wastewater  facilities,  *Sludge  solids,  •Organic 
compounds,  'Sorption,  •Solids,  'Municipal 
wastewater,  'Wastewater  treatment,  Hazardous 
wastes,  Kinetics,  Biomass,  Biological  wastewater 
treatment,  Statistical  analysis,  Biological  treatment. 

Preliminary  studies  have  shown  that  partitioning  of 
municipal  wastewater  treatment  plant  solids  was 
not  affected  by  solids-to-liquid  ratio.  Kinetic  data 
on  sorption  of  toxic  organic  compounds  on 
wastewater  treatment  plant  solids  showed  an  initial 
rapid  uptake  followed  by  a  slower  rate  over  an 
extended  period  of  time.  Freeze-dried  solids  did 
not  exhibit  the  same  sorption  characteristics  as 
viable  biomass.  A  correlation  between  sorption  of 
toxic  organics  on  wastewater  treatment  plant  solids 
and  octanol/water  partition  coefficient  has  been 
established.  The  relationship  should  be  useful  for 
estimating  the  removal  of  toxic  organic  com- 
pounds in  municipal  and  industrial  wastewater 
treatment  plants  by  the  sorption  mechanism.  The 
correlation  also  provides  a  basis  for  predicting 
concentrations  of  toxic  compounds  in  various 
sludges  provided  the  equilibrium  concentration  in 
the  aqueous  phase  is  known  (or  assumed).  (See  also 
W90-03562)  (Lantz-PTT) 
W90-03594 


PATAPSCO  WASTEWATER  TREATMENT 
PLANT  TOXICITY  REDUCTION  EVALUA- 
TION. 

Engineering  Science,  Fairfax,  VA. 
J.  A.  Botts,  J.  W.  Braswell,  E.  C.  Sullivan,  W. 
Goodfellow,  and  B.  D.  Sklar. 
IN:    Biotechnology    for    Degradation    of   Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  601-621, 
4  fig,  5  tab,  9  ref. 

Descriptors:  'Wastewater  facilities,  'Water  quality 
control,  'Toxicity,  Lethal  limit,  Comparison  stud- 
ies, Secondary  wastewater  treatment,  Primary 
wastewater  treatment,  Waste  management,  Mary- 
land, Baltimore,  Biological  wastewater  treatment, 
Performance  evaluation,  Microbial  degradation, 
Ceriodaphnia,  Mysidopsis,  Microtox  assay. 

The  US  EPA  has  established  a  policy  to  develop 
water  quality  based  permit  limitations  to  control 
the  discharge  of  toxic  materials  through  the  na- 
tion's wastewater  treatment  systems.  A  toxics  man- 
agement process  is  evolving  to  support  this  policy 
and  one  step  in  this  process  involves  conducting 
Toxicity  Reduction  Evaluations  (TREs)  at 
wastewater  treatment  facilities  identified  as  having 
toxic  influent  wastewaters.  The  objectives  of  these 
TREs  are  to  assess  the  sources  of  toxicity,  the 
impact  of  treatment,  and  the  pass-through  follow- 
ing treatment  of  wastewater  toxicity.  The  EPA 
and  the  City  of  Baltimore  are  conducting  a  TRE  at 
the  City's  Patapsco  Waste  Water  Treatment  Plant 
(Patapsco  WWTP).  The  Patapsco  TRE  was  initiat- 
ed in  April  1986  and  will  provide  the  first  case 
history  of  a  toxics  management  program  at  a  mu- 
nicipal wastewater  treatment  plant.  The  over-all 
approach  and  specific  tasks  that  have  been  devel- 
oped since  the  TRE  was  proposed  are  described  in 
this  paper.  Initial  results  of  the  study  are  also 
presented  and  discussed.  To  date,  Ceriodaphnia 
dubia  has  been  the  most  sensitive  indicator  of  acute 
toxicity  for  both  the  primary  effluent  and  the  sec- 
ondary effluent  wastewaters.  The  acute  responses 
for  Mysidopsis  bahia  and  Microtox  have  been  con- 
siderably less  sensitive  than  C.  dubia.  The  Cerio- 
daphnia were  approximately  8  and  9.9  times  more 
sensitive  than  M.  bahia  and  Microtox,  respectively; 
while  M.  bahia  were  approximately  1.5  times  more 


sensitive  than  Microtox.  Results  of  three  toxicity 
tests  show  that  significant  toxicity  reduction 
occurs  across  the  plant's  secondary  treatment 
system.  The  primary  effluent  was  approximately 
3.3  times  (range  of  1.9  to  7.9)  more  acutely  toxic  to 
C.  dubia  and  M.  bahia  than  the  secondary  effluent. 
Microtox  sowed  a  greater  difference  than  the  other 
two  species,  i.e.,  the  primary  effluent  was  approxi- 
mately 9.6  times  (range  of  1.8  to  28.6)  more  toxic 
than  the  secondary  effluent.  (See  also  W90-03562) 
(Lantz-PTT) 
W90-03595 


MICROTOX  ASSESSMENT  OF  ANAEROBIC 
BACTERIAL  TOXICITY. 

Massachusetts  Univ.,  Amherst.  Environmental  En- 
gineering Program. 

D.  S.  Atkinson,  and  M.  S.  Switzenbaum. 
IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  622-641, 
3  fig,  5  tab,  55  ref.  Massachusetts  Division  of 
Water  Pollution  Control  Contract  83-31. 

Descriptors:  'Bioassay,  'Anaerobic  bacteria,  'Mi- 
crotox assay,  'Anaerobic  digestion,  'Toxicity, 
'Wastewater  treatment,  Water  quality  control, 
Monitoring,  Microbiological  studies,  Marine  bacte- 
ria, Laboratory  methods,  Comparison  studies,  Bio- 
luminescence,  Photobacterium,  Literature  review. 

For  improved  process  monitoring  of  anaerobic 
treatment  systems  which  may  receive  influents  of 
variable  composition,  it  would  be  useful  to  have  a 
quick,  inexpensive,  screening  test  which  could  be 
used  as  a  surrogate  to  the  anaerobic  toxicity  assay 
(ATA)  test.  The  Microtox  toxicity  analyzer,  devel- 
oped by  Beckman  Instruments  provides  a  means 
for  rapid,  inexpensive  assessment  of  toxicity  of 
aqueous  samples.  The  Microtox  system  is  a  rela- 
tivejy  inexpensive  test  which  employs  aerobic  bio- 
luminescent  marine  bacteria  (Photobacterium 
phosphoreum)  and  can  yield  reproducible  results 
within  one  hour.  Good  correlations  between  Mi- 
crotox and  rat,  fish,  daphnia,  shrimp,  algal,  and 
other  aerobic  bacterial  bioassays  have  been  report- 
ed in  the  literature.  The  primary  objective  of  the 
research  in  this  paper  is  to  determine  whether  the 
Microtox  system  can  be  used  as  a  suitable  surro- 
gate test  for  the  longer  ATA  test.  The  study  was 
conducted  in  two  parts.  The  available  literature  on 
both  anaerobic  toxicity  and  Microtox  testing  was 
reviewed  and  the  reported  laboratory  tests  using 
both  toxicity  methods  were  also  performed.  The 
results  do  not  indicate  that  Microtox  would  be 
expected  to  serve  as  a  particularly  good  surrogate 
for  the  ATA  for  monitoring  potentially  toxic 
wastes  entering  an  anaerobic  treatment  unit.  The 
Microtox  may  have  an  application  for  monitoring 
waste  streams  which  may  be  subject  to  inorganic 
toxicants  but  are  unlikely  to  be  contaminated  with 
organic  toxicants.  (See  also  W90-03562)  (Lantz- 
PTT) 
W90-03596 


RESPHtATION-BASED  EVALUATION  OF  NI- 
TRD7ICATION  INHIBITION  USING  EN- 
RICHED NITROSOMONAS  CULTURES. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 
J.  E.  Alleman. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  642-650, 
5  fig,  1  tab,  77  ref. 

Descriptors:  'Inhibition,  'Pollutant  identification, 
•Water  quality  control,  *Nitrosomonas,  •Nitrifica- 
tion, "Respiration,  'Wastewater  treatment,  'Bioas- 
say, Microbiological  studies,  Colorimetry,  Respiro- 
metry,  Ammonia,  Nitrogen,  Performance  evalua- 
tion, Monitoring,  Oxygen  uptake. 

The  enriched  Nitrosomonas  bioassay  procedure 
described  in  this  paper  is  proven  to  be  an  extreme- 
ly useful,  expedient,  and  cost-effective  mechanism 
for  the  rapid  evaluation  of  wastewater  toxicity. 
Extending  beyond  this  immediate  application,  the 
procedure  has  been  employed  for  investigative 
evaluations  of  suspected  industrial  waste  genera- 
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tors.  Furthermore,  this  test  has  been  successfully 
used  to  diagnostically  determine  appropriate  dilu- 
tion levels  for  industrial  waste  streams  at  their 
respective  sewer  outfalls.  Although  this  bioassay 
may  be  completed  with  either  respirometric  (based 
on  oxygen  uptake  rate  (OUR))  or  colorimetnc 
(based  on  NH4-N  oxidation  rates)  analyses,  the 
oxygen  uptake  rate  (OUR)  strategy  appears  prefer- 
able due  to  its  simplicity.  Monitoring  of  the  ammo- 
nium-nitrogen oxidation  rate  with  a  colorimetric 
NH4-N  test  requires  tedious  sample  clarification 
and  treatment.  Within  an  eight  hour  workday,  two 
laboratory  technicians  can  routinely  complete  be- 
tween 100  and  120  bioassay  teste  based  on  the 
OUR  procedure;  this  number  of  samples  is  ap- 
proximately four  times  larger  than  that  which  can 
be  managed  with  the  colorimetric  procedure.  As 
with  any  bioassay  procedure,  questions  may  be 
raised  about  the  inherent  reliability  and  veracity  of 
the  teste.  In  the  particular  case  of  its  use  by  the 
City  of  Indianapolis,  however,  the  enriched  Nitro- 
somonas  bioassay  technique  has  proven  to  be  an 
excellent  'indicator'  procedure.  (See  also  W90- 
03562)  (Lantz-PTT) 
W90-03597 

ASSESSMENT  OF  THE  DEGREE  OF  TREAT- 
MENT REQUIRED  FOR  TOXIC 
WASTEWATER  EFFLUENTS. 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of  Civil 
and  Environmental  Engineering. 
G.  F.  Lee,  and  R.  A.  Jones. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  651-675, 
26  ref . 

Descriptors:  'Toxicity,  'Wastewater  treatment, 
•Water  quality  control,  *Water  pollution  preven- 
tion, *Industrial  wastewater,  'Regulations,  Water 
pollution  effects,  Public  health,  Environmental  ef- 
fects, Activated  carbon,  Hazardous  wastes,  Water 
quality  standards,  Domestic  wastes. 

The  amount  of  treatment  that  will  be  required  for  a 
particular  wastewater  (domestic,  industrial,  or  haz- 
ardous waste)  and  the  assessment  of  the  adequacy 
of  treatment  provided  are  now  coming  to  be  con- 
trolled by  the  amounts  of  contaminants  allowable 
without  adversely  affecting  the  aquatic  life-related 
or  public  health-related  beneficial  uses  of  the  re- 
ceiving water.  These  concerns  will  in  some  in- 
stances dictate  the  type  of  treatment  processes  that 
must  be  used  to  achieve  the  desired  degree  of 
treatment  as  well  as  the  siting  of  the  treatment 
faculties.  The  US  EPA  has  recommended  an  ap- 
proach that  is  designed  to  begin  to  address  the 
evaluation  and  testing  issues  pertinent  to  this  type 
of  effluent   evaluation   approach.   The   approach 
being  used  is  to  limit  the  'toxicity'  of  wastewater 
treatment  plant  effluents  and  other  discharges;  the 
premise  is  that  if  the  effluent  discharged  is  non- 
toxic there  is  limited  likelihood  of  there  being 
toxicity  in  the  receiving  water.  While  there  are  a 
number  of  significant  problems  with  the  implemen- 
tation of  this  approach  in  providing  cost-effective 
treatment  which  will  still  provide  adequate  envi- 
ronmental and  public  health  protection  in  receiv- 
ing waters,  it  does  represent  a  significant  step 
toward  the  regulatory  agencies'  developing  techni- 
cally defensible  control  programs  for  toxics.  Fol- 
lowing the  current  (September  1985)  EPA  guid- 
ance may  result  in  a  discharger's  treating  an  efflu- 
ent to  a  considerably  greater  degree  than  necessary 
to  provide  protection  of  aquatic  life-related  benefi- 
cial uses  of  the  receiving  water,  or  inadequate 
treatment  to  achieve  this  protection.  In  the  opinion 
of  the  authors,  because  of  the  fact  that  effluents 
from  hazardous  waste  treatment  facilities  will  con- 
tain a  significant  number  of  contaminants  which 
may  be  highly  hazardous  to  man  and  the  environ- 
ment, and  for  which  there  are  no  criteria  or  stand- 
ards, it  is  appropriate  that  the  wastewater  effluent 
from  such  facilities  be  processed  through  two  acti- 
vated carbon  columns  in  series.  Such  an  approach 
should  significantly  increase  the  environmental  and 
public  health  protection  afforded  by  the  hazardous 
waste  treatment  facility  beyond  that  normally  re- 
quired today.  (See  also  W90-03562)  (Lantz-PTT) 
W90-03598 


BALLAST  WATER  TREATMENT  PLANT. 


National  Ocean  Service,  Anchorage,  AK.  Ocean 
Assessments  Div. 
M.  J.  Hameedi. 

IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,   1988.  p   17-38,  5  fig,  2  tab,   17  ref. 

Descriptors:  'Ballast  water,  'Wastewater  treat- 
ment, 'Oily  water,  'Arctic  zone,  'Valdez, 
'Alaska,  Water  pollution  prevention,  Oil  pollution, 
Physical  treatment,  Chemical  treatment,  Floccula- 
tion,  Sludge. 

A  ballast  water  treatment  plant  operates  as  part  of 
the  Alyeska  Pipeline  Service  Company's  marine 
terminal  on  the  southern  shore  of  Port  Valdez, 
Alaska.  The  plant  receives  ballast  water  from  oil 
tankers  arriving  at  the  terminal.  The  ballast  water 
contains  small  amounts  of  petroleum,  usually  < 
1%,  and  other  related  pollutants.   The  plant  is 
designed  to  treat  and  remove  oil  and  grease  from 
the  ballast  water  in  order  to  meet  permit  require- 
ments for  the  discharge  of  wastewaters  in  Port 
Valdez.  The  plant  processes  nearly  51,000  cu  m  of 
ballast  water/day  using  quiescent  aging  of  ballast 
water  in  settling  tanks  and  mechanical  removal  of 
free  oil  as  a  primary  treatment.  Secondary  treat- 
ment consists  of  chemically  aided  flocculation  fol- 
lowed by  aeration  to  remove  oil  and  grease  as 
floating  scum.  There  are  three  principal  streams: 
(1)  the  water  treatment  stream  from  settling  tanks 
for  primary  treatment  to  eventual  disposal  of  the 
effluent  through  a  diffuser  pipe  in  Port  Valdez;  (2) 
the  separated  oil  stream  for  recovered  oil  from 
settling  tanks  to  crude  oil  storage  tanks;  and  (3)  the 
waste  stream  consisting  of  floating  scum  and  oily 
sludge  from  various  processing  units  to  ballast 
water  storage  and  skimmer  tanks.  Recent  investi- 
gation by  the  two  primary  permitting  agencies~the 
US  EPA  and  the  State  of  Alaska  Department  of 
Environmental    Conservation~as    well    as    other 
data,  have  claimed  that  the  plant  has  not  operated 
in  conformity  with  its  original  design  or  with  pro- 
visions of  the  discharge  permit.  The  available  dis- 
charge monitoring  data  do  not  show  evidence  of 
uncontrolled  discharge  of  pollutants  into  port.  A 
number  of  design  and  procedural  changes  have 
been  made,  some  of  which  are  clearly  beneficial  to 
the  operation  of  the  plant.  Since  the  plant  was 
designed  primarily  to  remove  suspended  oil  and 
grease  from  the  ballast  water,  it  does  not  effective- 
ly remove  dissolved  pollutants.  A  few  toxic  sub- 
stances which  are  known  to  be  present  in  the 
effluent,  i.e.,  naphthalene  and  toxic  metals,  have 
not  been  controlled  through  the  operating  permits. 
(See  also  W90-03610)  (Lantz-PTT) 
W90-03612 


ZEOLITE  AMMONIA  REMOVAL  FROM  CAT- 
FISH POND  WATERS. 

Mississippi  Univ.,  University.  Dept.  of  Chemical 
Engineering. 

C.  W.  Williford,  M.  Quiros,  and  W.  R.  Reynolds. 
IN:  Proceedings  of  the  Nineteenth  Mississippi 
Water  Resources  Conference.  Water  Resources 
Research  Institute,  Mississippi  State  University, 
Mississippi  State,  MS.  1989.  p  33-38.  2  fig,  4  tab,  7 
ref. 

Descriptors:  'Catfish  ponds,  'Aquaculture, 
♦Wastewater  treatment,  'Zeolite  process,  'Water 
treatment,  'Water  quality  control,  'Ammonia, 
Pond  water,  Fish  ponds,  Fisheries,  Toxicity,  Filtra- 
tion, Ion  exchange,  Regeneration,  Model  studies, 
Hardness,  Ammonium,  Calcium,  Magnesium, 
Algae. 

The  natural  zeolite  clinoptilolite  has  been  shown  to 
be  very  effective  at  removing  dilute  ammonia  from 
water.  The  design  concerns  were  addressed  for  the 
use  of  clinoptilolite  in  a  filtration  system  to  remove 
ammonia  from  catfish  pond  waters.  The  ammonia 
uptake  characteristics  of  clinoptilolite,  including 
dynamic  ion  exchange,  total  exchange  capacity, 
and  regeneration,  were  determined  using  model 
solutions  and  pond  waters.  Design  control  data, 
such  as  pressure  drop,  ammonia  capacity,  and  the 
required  frequency  of  regeneration  for  the  compo- 
nents of  a  clinoptilolite  ammonia  removal  system, 
were  gathered.  Finally,  components  of  a  small 
scale  ammonia  removal  system  were  integrated 


and  tested.  It  was  found  that  clinoptilolite  exhibits 
ion  exchange  and  wet  mechanical  strength  suitable 
for  ammonia  removal  from  low  concentration  solu- 
tions. Ammonia  removal  from  dilute  monoionic,  1 
ppm  NH4(+)  solution  is  excellent  with  a  typical 
capacity  of  1.48  meq/g  zeolite.  The  zeolite  can  be 
effectively  regenerated  over  a  three  hr  period  with 
a  flow  of  15  bed  volumes/hr  of  0.35  molar  NaCl. 
Water  hardness  causes  a  significant  reduction  in 
ammonia  uptake  capacity.  This  chiefly  results  from 
competition  of  Ca(2+)  and  Mg(2+)  ions  with  the 
NH4(+)  ions  for  exchange  sites.  Use  of  pond 
water  causes  further  reduction  possibly  related  to 
organics  and  algae  present.  However,  algae  does 
not  present  a  major  problem  for  filtration.  Back- 
flushing  effectively  removes  filtered  algae.  (See 
also  W90-03708)  (Friedmann-PTT) 
W90-03714 

WATER  QUALITY  MANAGEMENT  FOR  PH 
CONTROL. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 

Aerospace  Engineering. 

For  primary  bibliographic   entry  see  Field   5G. 

W90-03717 


TECHNICAL  SUPPORT  DOCUMENT:  PATHO- 
GEN/VECTOR ATTRACTION  REDUCTION  IN 
SEWAGE  SLUDGE. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-136618. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
1988.  57p,  60  ref. 

Descriptors:  'Water  pollution  control, 
'Wastewater  treatment,  'Water  pollution  preven- 
tion, 'Pathogens,  'Sludge,  'Regulations,  Viruses, 
Protozoa,  Public  health,  Bacteria,  Helminths. 

The  technical  background  and  justification  for  the 
EPA's  proposed  regulation  (40  CFR  Part  504)  on 
pathogen  and  vector  attraction  reduction  in  munic- 
ipal wastewater  sludge  (Subpart  F)  and  the  existing 
40  CFR  257  Federal  regulations  for  controlling 
pathogens  and  vector  attraction  in  sludge  are  sum- 
marized. The  various  components  of  disease  risk, 
including  the  pathogens  of  concern  (bacteria,  vi- 
ruses, protozoa,  and  helminths),  their  types,  meas- 
urement, environmental  fate  and  transport,  and 
infective  dose  are  also  reviewed  as  well  as  effects 
of  various  processing.  Principal  aspects  of  the  pro- 
posed new  regulations  concerning  sludge  pathogen 
and  vector  attraction  control  involve  shifting  from 
technology-based  to  performance-based  standards, 
separating  the  requirements  for  pathogen  reduction 
and  reduction  of  vector  attraction,  incorporating 
the  contribution  of  wastewater  treatment  to  patho- 
gen reduction,  and  establishing  new  regulations  for 
well-stabilized  sludges.  The  scientific  basis  of  the 
proposed  regulation  is  presented  following  the 
exact  format  of  the  regulation.  Each  topic  dis- 
cussed is  keyed  into  the  numbering  system  used  in 
the  regulation.  (Lantz-PTT) 
W90-03755 


TECHNICAL  SUPPORT  DOCUMENT:  INCIN- 
ERATION OF  SEWAGE  SLUDGE. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-03766 


MUNICIPAL  WASTEWATER  CONVEYANCE 
AND  TREATMENT:  TECHNOLOGICAL 
PROGRESS   AND  EMERGING  ISSUES,   1988. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Municipal  Pollution  Control. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-143390. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
September   1988.  644p,   18  fig,  2  tab,  5  append. 

Descriptors:  'Municipal  wastewater,  'Wastewater 
treatment,  'Technology,  Land  disposal,  Activated 
sludge  processes,  Trickling  filters,  Wastewater  col- 
lection, Corrosion,  Sulfides,  Regulations. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Waste  Treatment  Processes 


Since  1983,  EPA  has  issued  annual  'Innovative  and 
Alternative  Technology  Progress  Reports'  to  doc- 
ument the  technical  accomplishments  of  the  Inno- 
vative and  Alternative  (I/A)  program.  This  year, 
in  response  to  the  challenges  faced  implementing 
the  1987  Water  Quality  Act  (WQA),  EPA  is  refo- 
cusing  the  annual  technology  progress  report.  A 
Report  to  Congress  on  the  Effectiveness  of  the 
Innovative  and  Alternative  Wastewater  Treatment 
Technology  Program  is  also  being  prepared.  The 
WQA  of  1987  affects  the  municipal  wastewater 
pollution  control  field  in  a  number  of  significant 
ways.  These  include  changes  in  methods  of  financ- 
ing municipal  sewerage  works  construction,  identi- 
fication and  control  of  toxic  pollutants  and  estab- 
lishing regulatory  programs  for  sewage  sludge. 
This  report  is  intended  to  provide  an  overview  of 
technical  progress  not  only  under  I/A  program, 
but  in  the  broader  municipal  technology  field  as 
well.  In  addition  to  discussing  progress  in  I/A 
technologies  such  as  land  treatment,  sequencing 
batch  reactors,  and  alternative  collection  systems, 
the  report  also  discusses  progress  in  conventional 
technologies  such  as  activated  sludge,  trickling 
filters,  and  collection  system  rehabilitation.  This 
report  also  discusses  emerging  issues  in  the  munici- 
pal wastewater  field  such  as  toxics  control,  sulfide 
corrosion  of  sewers,  and  new  sludge  regulations. 
(Lantz-PTT) 
W90-O3767 


FIELD  MEASUREMENTS  OF  FULL-SCALE 
HAZARDOUS  WASTE  TREATMENT  FACIXI- 
TD3S-ORGANIC  SOLVENT  WASTES. 

Metcalf  and  Eddy,  Inc.,  Wakefield,  MA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-138853. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/2-88/073,  January  1989. 
214p,  25  fig,  61  tab.  EPA  Contract  68-03-3166. 

Descriptors:  *Field  tests,  'Hazardous  wastes,  *Or- 
ganic  compounds,  'Waste  treatment,  'Wastewater 
treatment,  'Solvents,  Distillation,  Evaporation,  In- 
cineration, Adsorption,  Activated  sludge  process- 
es. 

Treatment  of  organic  wastes  by  full  scale  treat- 
ment facilities  was  evaluated  through  field  evalua- 
tions of  off-site  hazardous  waste  treatment  facilities 
to  provide  data  regarding  alternative  treatment 
technologies  to  land  disposal  and  the  applicability 
of  these  technologies  to  specific  waste  streams. 
Field  sampling  and  analysis  provided  characteriza- 
tion of  the  waste,  product  and  residues  associated 
with  technologies  such  as  distillation,  steam  distil- 
lation, thin  film  evaporation,  heated  screw  auger 
evaporation,  incineration,  steam  stripping,  waste 
blending,  carbon  adsorption,  and  activated  sludge 
treatment  at  the  facilities  tested.  An  evaluation  of 
treatment  effectiveness  based  on  waste,  product, 
and  residue  characteristics  and  a  discussion  on 
residue  management  were  prepared  for  each  facili- 
ty. (Author's  abstract) 
W90-03768 


PROPOSED  BEST  DEMONSTRATED  AND 
AVAHABLE  TECHNOLOGY  (BDAT)  BACK- 
GROUND DOCUMENT:  FOR  WASTES  FROM 
THE  PRODUCTION  OF  DINITROTOLUENE, 
TOLUENEDIAMTNE,  AND  TOLUENE  DnSO- 
CYANATE. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Solid  Waste. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-1 142285. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/530-SW-89-017773,  December 
30,   1988.  78p,  2  fig,   11   tab,  40  ref,  2  append. 

Descriptors:  'Wastewater  treatment,  'Industrial 
wastewater,  'Toluenes,  'Waste  treatment,  'Stand- 
ards, 'Dinitrotoluene,  Toluenediamine,  Toluene 
diisocyanate,  Nickel,  Wastewater  treatment  facili- 
ties. Organic  compounds. 

This  background  document  provides  EPA's  ration- 
ale and  technical  support  for  the  proposed  treat- 
ment standards  for  the  listed  wastes  identified  in  40 
CFR  261.31  as  K277,  K113,  K114,  K115,  K116, 
U221,  and  U223.  K0277,  which  is  generated  from 


the  production  of  toluene  diisocyanate  (TDI) 
part  of  the  second-third  of  the  scheduled  listed 
wastes  to  be  evaluated  by  the  EPA  for  land  dispos- 
al restrictions.  Wastes  listed  as  Kill,  K 112,  Kl  13, 
K114,  K115,  and  K116,  which  are  generated  from 
the  production  of  dinitrotoluene  (DNT),  toluene- 
diamine (TDA),  or  toluene  diisocyanate  (TDI),  are 
'newly  listed'.  In  addition,  the  EPA  is  proposing 
treatment  standards  for  soft-hammered  first-third 
U  wastes,  U221,  and  U223.  This  proposed  regula- 
tion also  addresses  K027,  K113-K116,  U221,  and 
U223  wastewaters  generated  from  RCRA  correc- 
tive actions  (as  either  contaminated  ground  or  sur- 
face water).  The  EPA  is  proposing  treatment 
standards  of  incineration  and  fuel  substitution  as 
the  specific  best  demonstrated  available  technolo- 
gy (BDAT)  methods  of  treatment  for  K026,  Kl  13, 
K114,  K115,  K116,  U221,  and  U223)  non- 
wastewaters  and  wastewaters  other  than  scrubber 
waters.  This  document  presents  EPA's  documenta- 
tion that  the  demonstrated  treatment  technologies, 
incineration  and  fuel  substitution  for  non- 
wastewaters  and  carbon  adsorption  for 
wastewaters,  provide  substantial  treatment  of  haz- 
ardous constituents  in  the  K027,  Kl  13-K1 16,  U221, 
and  U223  treatability  group  based  on  a  review  of 
treatment  performance  data  for  other  wastes.  Sec- 
tion 2.0  of  this  document  presents  information  on 
the  industry  affected  and  waste  characterization 
data  available  for  K027,  and  K111-K116.  Section 
3.0  presents  the  applicable  and  demonstrated  treat- 
ment technologies  for  the  treatability  groups  while 
Section  4.0  presents  treatment  performance  data 
used  in  determining  BDAT  for  the  treatability 
groups.  Section  5.0  explains  EPA's  proposed  deter- 
mination of  BDAT  for  the  treatability  groups. 
Section  6.0  discusses  the  selection  of  nickel  being 
proposed  for  regulation  in  K115  and  Section  7.0 
explains  the  calculation  of  the  proposed  treatment 
standard  for  nickel  in  K115.  The  rationale  for 
addressing  the  Kl  1 1  and  Kl  12  treatability  group  at 
a  later  date  is  discussed  in  Section  8.0  (Lantz-PTT) 
W90-03769 


ARTHUR  YOUNG  GUTDE  TO  WATER  AND 
WASTEWATER  FINANCE  AND  PRICING. 

Young  (Arthur)  and  Co.,  Charlotte,  NC. 
For  primary  bibliographic  entry  see  Field  6C. 
W90-03810 


ONSJTE  WASTEWATER  DISPOSAL. 

New      Mexico      Environmental      Improvement 

Agency,  Santa  Fe. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-03811 


DYNAMIC  MODELING  AND  EXPERT  SYS- 
TEMS IN  WASTEWATER  ENGINEERING. 

McMaster   Univ.,   Hamilton   (Ontario).   Dept.   of 
Civil  Engineering  and  Engineering  Mechanics. 
G.  G.  Patry,  and  D.  Chapman. 
Lewis  Publishers,  Inc.,  Chelsea,  Michigan.  1989. 
395  p. 

Descriptors:  'Wastewater  treatment,  'Model  stud- 
ies, 'Sanitary  engineering,  Waste  management, 
Wastewater  management. 

This  book  is  the  result  of  a  workshop  held  at 
McMaster  University  (May  19-20,  1988),  at  which 
a  select  group  of  authors  and  participants  were 
invited  to  share  their  experiences.  Brought  togeth- 
er is  current  work  on  dynamic  modeling  and 
expert  systems  as  applied  to  the  design,  operation, 
and  control  of  wastewater  treatment  systems.  The 
book  is  divided  into  three  major  sections:  (1)  dy- 
namic modeling  of  wastewater  treatment  systems 
including  receiving  water  body  interactions;  (2)  the 
application  of  expert  systems  to  wastewater  engi- 
neering;  and  (3)  system  identification  and  control. 
(Lantz-PTT) 
W90-O3812 


RECOVERY  TECHNIQUES  AND  TREATMENT 
TECHNOLOGDIS  FOR  PETROLEUM  AND  PE- 
TROLEUM PRODUCTS  IN  SOU  AND 
GROUNDWATER. 

Dragun  Corp.,  Berkley,  MI. 

For  primary   bibliographic   entry  see   Field   5G. 


is       W90-03845 


BIOTECHNOLOGICAL  ADVANCES  IN  PROC- 
ESSING MUNICIPAL  WASTES  FOR  FUELS 
AND  CHEMICALS. 

Proceedings  of  the  Symposium  on  Biotechnologi- 
cal  Advances  in  Processing  Municipal  Wastes  for 
Fuels  and  Chemicals  held  in  Minneapolis,  Minne- 
sota, on  Aug.  15-17,  1984.  Noyes  Data  Corpora- 
tion, Park  Ridge,  New  Jersey.  1987.  Edited  by 
A. A.  Antonopoulos.  488p. 

Descriptors:  'Waste  treatment,  'Municipal  wastes, 
•Waste  disposal,  'Waste  recovery,  'Waste  man- 
agement, 'Wastewater  treatment,  Wastewater 
management,  Wastewater  renovation,  Biotransfor- 
mation, Fuel,  Methane. 

A  symposium  was  held  in  late  1984  by  a  forum  of 
experts  in  various  related  fields  having  to  do  with 
the  bioconversion  of  municipal-wastes  to  fuels  and 
other  valuable  chemicals.  The  primary  emphasis  is 
on  understanding  the  physiology,  biochemistry, 
and  genetics  of  microbes  involved  in  anaerobic 
digestion;  the  various  microecological  interactions; 
the  biological  production  of  fuels  and  chemicals; 
and  the  generation  and  extraction  of  landfill  gas. 
The  current  status  of  the  field  is  assessed  and 
research  perspectives  are  offered.  The  use  of  bio- 
technology in  processing  waste  could  be  an  impor- 
tant tool  for  environmental  engineers.  (See  W90- 
03851  thru  W90-03872)  (White-Reimer-PTT) 
W90-03850 


DEVELOPMENT  OF  IDEAS  ON  THE  NATURE 
AND  AGENTS  OF  BIOM ETH ANOGENESIS. 
California  Univ.,   Davis.   Dept.  of  Bacteriology. 
R.  E.  Hungate. 

IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  1-14.  46  ref. 

Descriptors:  'Methane,  'Methane  bacteria,  'Bio- 
degradation,  'Waste  treatment,  'Wastewater  treat- 
ment, 'Microbial  degradation,  History,  Cellulose, 
Culturing  techniques. 

Methanogenesis  depends  not  only  on  methano- 
genic  bacteria  but  also  on  bacteria  that  decompose 
plant  materials.  The  nature  of  the  methanogens  and 
also  of  the  cellulolytic  bacteria  was  a  mystery  to 
early  microbiologists  because  of  the  lack  of  easily 
obtainable  and  conserved  pure  cultures.  With  the 
improvement  of  anaerobic  chambers  to  the  point 
that  methanogens  can  be  grown  in  them  on  plates, 
the  cultivation  and  direct  isolation  of  methano- 
genic  bacteria  in  pure  culture  has  become  frequent. 
It  is  impossible  to  predict  which  of  the  advances  in 
the  understanding  of  the  detailed  mechanisms  of 
methanogenesis  and  their  bacterial  agents  will  lead 
to  better  exploitation  of  this  process.  Practical 
methanogenesis  depends  not  only  on  the  knowl- 
edge of  the  organisms  and  the  processes  they 
effect,  but  also  on  the  nature  of  the  materials, 
chiefly  plant  cell  walls,  they  must  use.  A  very 
large  proportion  of  plant  material  is  not  readily 
digestible  by  presently  known  enzymes  or  mi- 
crobes to  products  that  can  serve  as  substrates  for 
methanogenesis.  Plant  materials  readily  digestible 
and  fermentable  to  methane  may  constitute  also  a 
favorable  source  of  food  for  ruminants,  and  rumin- 
ants, producing  high  quality  protein,  also  represent 
conserved  energy,  in  this  case  in  the  form  of  food 
rather  than  power.  Wise  social,  economic  and  po- 
litical judgments  are  needed  for  a  judicious  alloca- 
tion of  resources  to  these  various  demands.  (See 
also  W90-03850)  (Author's  abstract) 
W90-03851 


ACETATE  METABOLISM  BY  METHANOSAR- 
CINA. 

Wisconsin  Univ.,  Madison.  Dept.  of  Bacteriology. 
J.  A.  Krzycki,  and  J.  G.  Zeikus. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  15-34.  3  fig,  3  tab,  68  ref. 


102 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Waste  Treatment  Processes— Group  5D 


Descriptors:  *Methane,  'Methane  bacteria,  *Bio- 
degradation,  'Waste  treatment,  'Wastewater  treat- 
ment, 'Microbial  degradation,  Acetates,  Chemical 
reactions,  Synthesis,  Methanogenesis,  Adenosine 
triphosphate,  Methanosarcina,  Metabolites. 

Acetate  metabolism  is  a  key  process  in  methano- 
gens.  Methanosarcina  barkeri  forms  methane  by 
the  following  reactions  during  growth  on  acetate 
as  energy  source:  CH3COOH  to  CH4  +  C02.  In 
addition,  acetate  or  an  acetyl  derivative  is  synthe- 
sized as  an  early  cell  carbon  precursor  by  M. 
barkeri  growing  on  one  carbon  compounds.  Both 
biodegradation  and  synthesis  of  acetate  appear  to 
share  common  biochemical  features  such  as  the 
involvement  of  methyl-CoM,  methyl-B12,  and  the 
enzyme  carbon  monoxide  dehydrogenase.  Methan- 
ogenesis from  acetate  occurs  via  two  mechanisms; 
a  primary  route  where  methane  is  derived  from  an 
intact  methyl  group,  and  a  secondary  pathway 
where  methane  is  formed  by  coupling  methyl 
group  oxidation  to  the  reduction  of  the  carboxyl 
group.  A  unifying  hypothesis  for  ATP  synthesis 
during  methanogenesis  from  acetate  by  the  pri- 
mary route  is  proposed  and  is  based  on  information 
obtained  from  the  substrate  dependent  regulation 
of  carbon  monoxide  dehydrogenase  activity,  char- 
acterization of  the  purified  enzyme,  and  analysis  of 
methane  production  from  acetate  in  cell-free  ex- 
tracts. The  hypothesis  suggests  that  an  acetyl  de- 
rivative is  metabolized  to  methyl-CoM  and  a  car- 
bonyl  intermediate.  The  latter  is  oxidized  to  C02 
by  carbon  monoxide  dehydrogenase.  The  electrons 
produced  are  transferred  along  a  membrane  bound 
electron  transport  chain  and  used  to  reduce 
methyl-CoM  to  methane.  ATP  synthesis  is  then 
coupled  to  the  free  energy  of  the  resultant  proton 
motive  force.  (See  also  W9O-03850)  (Author's  ab- 
stract) 
W90-03852 


ACETOCLASTIC  METHANOGENS  IN  ANAER- 
OBIC DIGESTERS. 

Institut  National  de  la  Recherche  Agronomique, 
Massy  (France).  Station  de  Technologie  Alimen- 
taire. 

J.  P.  Touzel,  and  G.  Albagnac. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  35-39.  2  tab,  7  ref. 

Descriptors:  'Wastewater  treatment,  'Methane, 
•Anaerobic  digestion,  'Methane  bacteria,  Methan- 
othrix,  Methanosarcina,  Morphology,  Acetates, 
Metabolites. 

Four  different  strains  of  methane  bacteria  that  con- 
vert acetate  into  methane  have  been  isolated  from 
anaerobic  digesters.  With  the  exception  of  Methan- 
othrix  soehngenii  which  is  commonly  seen  in  an- 
aerobic digester  sludges,  the  occurrence  of  Meth- 
anosarcina sp.  as  major  acetoclastic  methanogens 
in  such  systems  needs  further  investigation.  How- 
ever, the  morphological  changes  induced  by  the 
culture  medium  in  some  Methanosarcina  strains 
could  have  been  misleading  for  observers  looking 
for  sarcina-like  organisms,  as  already  noticed  by 
previous  researchers.  All  the  isolates  are  character- 
ized by  their  inability  to  produce  methane  from 
H2+C02.  Among  other  features,  the  occurrence 
of  granular  cytoplasmic  inclusions,  possibly  of  a 
polyosidic  nature,  have  been  evidenced  in  all  the 
Methanosarcina  isolates  along  with  tubular  (core- 
like) structures  in  the  thermophilic  strains  only. 
From  a  technological  point  of  view,  the  kinetic 
characteristics  favor  the  mesophilic  processes 
when  an  efficient  acetate  conversion  into  methane 
has  to  be  reached  as  is  the  case  in  wastewater 
treatment.  (See  also  W9O-O3850)  (Author's  ab- 
stract) 
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METABOLISM  OF  R2  AND  C02  BY  METHAN- 
OBACTERIUM. 

Marburg  Univ.  (Germany,  F.R.).  Fachbereich  Bio- 
logic 

P.  Schonheit,  and  R.  K.  Thauer. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 


p  41-51.  3  fig,  69  ref. 

Descriptors:  'Methane,  'Methane  bacteria,  'Bio- 
degradation, 'Waste  treatment,  'Wastewater  treat- 
ment, 'Microbial  degradation,  Hydrogen,  Carbon 
dioxide,  Metabolites,  Adenosine  triphosphate, 
Acetyl  CoA. 

Methanobacterium  species  grow  on  H2  and  C02 
as  sole  energy  source:  4H2  +  C02  to  CH4  +  2H2. 
Per  mol  of  methane  formed  from  C02  about  1  mol 
of  ATP  is  generated.  Coupling  is  probably  via  the 
chemiosmotic  mechanism.  The  reduction  of  C02 
to  methane  proceeds  via  carrier  bound  interme- 
diates involving  methanofuran,  tetrahydromethan- 
opterin,  CoM,  component  B,  and  a  nickelporphin- 
oid  as  coenzymes.  Most  methanobacteria  can  grow 
on  C02  as  sole  carbon  source;  i.e.,  they  are  auto- 
trophs. Acetyl-CoA  rather  than  3-phosphoglycer- 
ate  has  been  identified  as  an  early  C02  fixation 
product.  Evidence  has  accumulated  that  acetyl- 
CoA  is  formed  in  a  carbonylation  reaction  with  a 
methyl-corrinoid  and  a  acetyl-corrinoid  as  interme- 
diates. Acetyl  CoA  synthesis  in  autotrophic  meth- 
anogens and  in  acetogenic  bacteria  appears  to  be 
mechanistically  similar  in  many  respects.  Both  CO 
formation  and  acetate  synthesis  were  inhibited  by 
cyanide.  (See  also  W90-03850)  (Author's  abstract) 
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EFFECT  OF  HYDROGEN  CONCENTRATION 
ON  POPULATION  DISTRIBUTION  AND  KI- 
NETICS IN  METHANOGENESIS  OF  PROPIO- 
NATE. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
P.  L.  McCarty,  and  D.  Smith. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  53-66.  6  fig,  1  tab,  24  ref. 

Descriptors:  'Waste  treatment,  'Wastewater  treat- 
ment, 'Methane,  'Methane  bacteria,  'Biodegrada- 
tion, 'Microbial  degradation,  Propionates,  Sub- 
strate utilization,  Partial  pressure,  Model  studies, 
Metabolites. 

The  recent  recognition  of  the  significance  of  aceto- 
genic dehydrogenation  as  a  major  stage  in  methan- 
ogenesis of  complex  substrates  has  led  to  questions 
about  the  current  understanding  of  bacterial 
growth  and  the  kinetics  of  substrate  utilization. 
The  implications  of  the  third  stage  in  methanogen- 
esis are  explored  through  consideration  of  the 
growth  and  kinetics  associated  with  the  conversion 
of  propionate,  a  most  important  intermediate,  to 
methane.  This  conversion  requires  the  association 
of  three  separate  species  of  bacteria  in  a  manner 
similar  to  that  for  ethanol.  The  complexity  of  the 
ecology  that  results  from  separate  hydrogen  pro- 
duction and  utilization  within  the  system  requires  a 
new  approach  to  modeling  these  complex  systems. 
In  models  commonly  used  to  describe  bacterial 
growth,  coefficients  of  yield  are  generally  taken  to 
be  constant.  However,  with  hydrogen  consuming 
methanogens,  the  yield  would  be  expected  to  vary 
considerably  with  the  hydrogen  partial  pressure. 
Also,  better  information  is  needed  on  the  substrate 
affinity  (Km)  of  the  hydrogen  utilizing  methano- 
gens because  of  the  significance  this  has  on  the 
effective  partial  pressure  of  hydrogen  in  the 
system.  These  are  important  avenues  for  further 
exploration  in  this  interesting  and  important  eco- 
logical system.  (See  also  W90-03850)  (White- 
Reimer-PTT) 
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ENERGETICS  OF  H2-PRODUCING  SYNTRO- 
PHIC  BACTERIA. 

Oklahoma  Univ.,  Norman.  Dept.  of  Botany  and 
Microbiology. 

P.  S.  Beaty,  M.  J.  Mclnerney,  and  N.  Q.  Wofford. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
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Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
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Descriptors:  'Waste  treatment,  'Wastewater  treat- 
ment, 'Anaerobic  digestion,  'Methane,  'Methane 
bacteria,  'Biodegradation,  'Microbial  degradation, 


Fermentation,  Propionates,  Fatty  acids,  Acetates, 
Hydrogen,  Carbon  dioxide,  Methanospirillum, 
Syntrophomonas. 

The  complete  anaerobic  degradation  of  organic 
matter  to  C02  and  CH4  requires  the  concerted 
action  of  four  major  metabolic  groups  of  bacteria. 
Fermentative  bacteria  hydrolyze  the  substrate 
polymers  and  ferment  the  products  to  volatile 
acids,  C02  and  H2.  The  H2(-)  and  acetate  produc- 
ing syntrophic  bacteria  degrade  propionate  and 
longer-chain  fatty  acids  and  some  aromatic  acids  to 
acetate,  C02  and  H2.  The  acetogenic  bacteria 
produce  acetate  and  sometimes  butyrate  from  H2/ 
C02,  CO,  CH30H  and  methyoxy  moieties  of  aro- 
matic compounds.  Finally,  the  methanogens  use 
the  H2  produced  by  the  other  groups  to  reduce 
C02  and  CH4,  and  some  species  cleave  acetate  to 
CH4  and  C02.  Little  is  known  about  the  physiolo- 
gy of  the  H2(-)  and  acetate-producing  syntrophs. 
These  bacteria  grow  very  slowly  and  only  grow  in 
coculture  with  H2(-)  using  bacteria.  Methods  have 
been  developed  to  mass-culture  Syntrophomonas 
wolfei  in  coculture  with  Methanospirillum  hunga- 
tei  and  to  obtain  cell-free  extracts  of  S.  wolfei  with 
minimal  contamination  from  cellular  components 
of  the  methanogen  by  lysozyme  treatment.  S. 
wolfei  extracts  contained  high  specific  activities  of 
the  B-oxidation  enzymes  indicating  that  fatty  acids 
are  degraded  by  this  pathway.  Theoretical  calcula- 
tions indicate  that  end-product  excretion  may  be 
an  important  route  for  energy  production  in  this 
organism.  (See  also  W90-03850)  (Author's  ab- 
stract) 
W90-03856 

THERMODYNAMICS  OF  CATABOLIC  REAC- 
TIONS IN  THE  ANAEROBIC  DIGESTOR. 

California  Univ.,  Los  Angeles.  School  of  Public 
Health. 
D.  R.  Boone. 

IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
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Descriptors:  'Wastewater  treatment,  'Anaerobic 
digestion,  'Microbial  degradation,  'Biodegrada- 
tion, 'Thermodynamics,  Catabolic  reactions,  Fer- 
mentation, Hydrogen,  Substrates,  Metabolites. 

Anaerobic  digestion  of  organic  matter  takes  place 
in  a  stepwise  manner  with  interacting  physiological 
groups  of  organisms  which  catalyze  successive  re- 
actions. The  products  of  one  reaction  are  the  sub- 
strates for  the  next,  and  consequently  concentra- 
tion of  any  intermediate  depends  on  a  balance 
between  its  rate  of  production  and  rate  of  degrada- 
tion. Since  many  of  the  reactions  of  anaerobic 
digestion  yield  very  small  quantities  of  free-energy, 
the  concentrations  of  both  products  and  reactants 
are  important.  These  concentrations  can  determine 
whether  and  to  what  extent  a  reaction  is  exergonic, 
and  thus  whether  organisms  catalyzing  that  reac- 
tion can  thrive  in  the  ecosystem.  Inefficient  degra- 
dation of  a  given  fermentation  product  by  subse- 
quent metabolic  groups  causes  that  product  to 
accumulate.  Elevated  concentrations  of  the  prod- 
uct, for  instance  a  fermentation  acid,  may  make  its 
formation  relatively  less  favorable,  and  other  fer- 
mentation reactions  gain  preference.  Molecular  hy- 
drogen is  an  important  intermediate  in  this  respect; 
because  of  its  low  concentration  in  digestors  it  has 
a  very  rapid  turnover,  and  its  concentration 
changes  rapidly  and  drastically  with  small  changes 
in  the  rate  of  its  production  or  removal.  Hydrogen 
is  an  important  intermediate  in  other  respects  as 
well:  it  is  a  product  of  many  different  fermenta- 
tions, and  is  the  precursor  to  about  30%  of  the 
methane  formed  in  anaerobic  digestors.  Where  hy- 
drogen production  is  rapid  and  localized,  for  in- 
stance in  organic  particles,  it  may  accumulate  and 
inhibit  hydrogen-producing  reactions.  Measure- 
ment of  hydrogen  in  digestor  systems  may  not 
reflect  this  type  of  concentration  gradient.  (See 
also  W9O-O3850)  (Author's  abstract) 
W90-03857 
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LINK  BETWEEN  HYDROGEN  AND  SULFUR 
METABOLISMS  IN  METHANOSARCINA 
BARKERI  (DSM  800). 

CEA  Centre  d'Etudes  Nucleases  de  Cadarache, 
Saint-Paul-les-Durance  (France). 
G.  Fauque,  M.  Teixeira,  I.  Moura,  A.  R.  Lino,  and 
P.  A.  Lespinat. 

IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p97-Ul.  3  fig,  3  tab,  31  ref. 

Descriptors:  'Wastewater  treatment,  •Methane, 
•Methane  bacteria,  •Microbial  degradation,  •Bio- 
degradation,  *Culturing  techniques,  Hydrogenase, 
Methanosarcina,  Substrates,  Hydrogen,  Physiolo- 
gy, Desulfovibrio,  Desulfuromonas. 

The  hydrogenase  of  the  acetoclastic  methanogenic 
bacterium  Methanosarcina  (M.)  barken  strain 
DSM  800  grown  on  methanol  has  been  purified  to 
homogeneity.  This  soluble  hydrogenase  has  a  high 
molecular  weight  (800  kDa)  and  a  final  specific 
activity  of  270  micromoles  of  H2  evolved  per  min. 
per  mg  of  protein.  It  shows  an  absorption  spectrum 
typical  of  a  non-heme  iron  protein  with  a  ratio 
A4O0/A275  =  0.29.  It  contains  8-10  iron  atoms, 
0.6-0.8  nickel  atoms  and  1  FMN  per  subunit  of 
molecular  weight  of  50  kDa.  Under  hydrogen  the 
purified  hydrogenase  can  reduce  the  F420  cofactor 
(either  free  or  protein-bound)  and  the  ferredoxin 
isolated  from  M.  barken  as  well  as  cytochromes 
c553  and  c3  from  Desulfovibrio  and  c7  from  De- 
sulfuromonas. M.  barken  presents  also  sulfite,  thio- 
sulfate  and  trithionate  reductases  activities.  The  M. 
barkeri  sulfite  reductase  has  been  isolated  (P590);  it 
contains  0.9  moles  of  siroheme  and  4.9  g  atom  of 
iron  per  subunit  of  molecular  weight  =  23  kDa. 
The  EPR  spectrum  of  P590  exhibits  characteristics 
of  low  spin  ferriheme  with  g  values  at  2.40,  2.30 
and  1.88.  (See  also  W90-03850)  (Author's  abstract) 
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ASSIMTLATORY  REDUCTION  OF  N2  AND 
N03  BY  METHANOCOCCUS  THERMOLITH- 
OTROPHICUS. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Microbiology. 
N.  Belay,  R.  Sparling,  and  L.  Daniels. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  113-123.  2  fig,  1  tab,  16  ref.  National  Institute  of 
Health  Grant  No.  GM-30868,  N.S.F.  Grant  No. 
PCM82-O7809,  and  Petroleum  Research  Fund  of 
the  American  Chemical  Society  Grant  No.  14062- 
AC5. 

Descriptors:  *Wastewater  treatment,  *Culturing 
techniques,  *Methane,  'Biodegradation,  •Microbi- 
al degradation,  'Nitrogen,  Acetylene,  Ethylene, 
Methanococcus,  Nitrogen  fixation. 

Methanococcus  thermolithotrophicus  growing  on 
formate  as  an  energy  source  used  dinitrogen  (N2) 
as  the  nitrogen  source,  as  evidenced  by  increase  in 
culture  turbidity,  protein  concentration  and  meth- 
anogenesis.  No  growth  occurred  in  control  cul- 
tures lacking  N2  or  added  NH4(-(-).  Acetylene 
reduction  assays  for  nitrogenase  using  0.3%  acety- 
lene with  cells  that  were  producing  methane  from 
formate  under  N2-ftxing  conditions  showed  the 
production  of  ethylene;  cells  grown  on  NH4{+)  as 
the  nitrogen  source  did  not  reduce  acetylene.  Mc. 
thermolithotrophicus  also  grew  using  N03(-)  as 
the  nitrogen  source.  This  organism  is  the  first 
methanogen,  archaebacterium  or  thermophile 
growing  above  60  degrees  C  that  has  been  demon- 
strated to  carry  out  dinitrogen  fixation.  (See  also 
W90-03850)  (Author's  abstract) 
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DEFINED  STARTER  CULTURE  FOR  BIO- 
METHANATION  OF  PROTEINACEOUS 
WASTES. 

Wisconsin  Univ. -Madison.  Dept.  of  Bacteriology. 
M.  K.  Jain,  and  J.  G.  Zeikus. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  125-139.  4  fig,  4  tab,  26  ref. 


Descriptors:  *Waste  treatment,  •Wastewater  treat- 
ment, 'Biodegradation,  'Microbial  degradation, 
•Methane  bacteria,  'Methane,  Methanosarcina, 
Clostridium,  Acetates,  Culturing  techniques,  Meta- 
bolites. 

A  stable,  defined  mixed  culture  was  developed 
which  readily  degraded  gelatin  and  other  proteins 
into  methane  and  carbon  dioxide.  The  mixture 
comprised  of  Methanosarcina  barkeri  and  a  novel 
proteolytic,  hydrogen  consuming  acetogen,  Clos- 
tridium proteolyticum  sp.  nov.  C.  proteolyticum 
was  isolated  from  a  sewage  digestor  as  a  prevalent 
hydrolytic  species  and  its  general  cellular,  growth 
and  metabolic  properties  are  described.  In  mono- 
culture, C.  proteolyticum  produced  both  protease 
and  collagenase  activity  and  fermented  all  the 
amino  acids  in  gelatin,  except  proline,  into  acetate 
and  carbon  dioxide  as  the  main  products  with 
hydrogen,  isovalerate  and  isobutyrate  detected  in 
trace  products  (<1  mM).  In  co-culture  with  M. 
barkeri,  gelatin  was  completely  hydrolyzed  and 
transformed  into  methane  and  carbon  dioxide  with 
varying  levels  of  intermediary  acetate  formed  as  a 
function  of  incubation  time.  The  data  show  that 
complex  proteinaceous  polymers  can  be  readily 
transformed  into  methane  and  carbon  dioxide  at 
30-40  degrees  C  by  a  stable  co-culture  which  does 
not  require  exogenous  growth  factor  additions.  In 
addition,  the  co-culture  was  readily  transferable 
and  methanogenesis  initiated  rapidly  without  the 
need  for  exogenous  pH  control.  (See  also  W90- 
03850)  (Author's  abstract) 
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STRATEGICS  FOR  THE  ISOLATION  OF 
MICROORGANISMS  RESPONSIBLE  FOR  PO- 
LYPHOSPHATE ACCUMULATION. 

Brandeis  Univ.,  Waltham,  MA.  Rosenstiel  Basic 
Medical  Sciences  Research  Center. 
N.  Suresh,  R.  Warburg,  M.  Timmerman,  J.  Wells, 
and  M.  Coccia. 

IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  141-161.  7  fig,  3  tab,  31  ref. 

Descriptors:  'Wastewater  treatment,  •Biodegrada- 
tion, 'Microbial  degradation,  'Sludge  digestion, 
•Phosphates,  Polyphosphates,  Culturing  tech- 
niques, Acinetobacter,  Pseudomonas,  Metabolites. 

Several  strategies  were  used  to  isolate  organisms 
involved  in  the  uptake  and  subsequent  release  of 
inorganic  phosphate  from  waste  water  sludge. 
These  included  direct  staining  for  polyphosphates 
(polyP),  growing  in  32P  inorganic  phosphate  fol- 
lowed by  autoradiography,  resistance  to  dicyclo- 
hexyl  carbodiimide  (DCCD),  an  ATPase  inhibitor, 
and  isolation  on  the  basis  of  the  buoyant  density  of 
the  cell.  Among  those  microorganisms  isolated, 
three  were  identified  as  Acinetobacter  lwoffii,  A. 
calcoaceticus  and  Pseudomonas  vesicularis.  The  P. 
vesicularis  culture  had  31%  of  phosphate  as  poly  P. 
31P  NMR  analysis  of  the  whole  cells  revealed  the 
presence  of  polyP  when  the  cultures  were  grown 
aerobically  to  the  late  stationary  phase  and  its 
subsequent  loss  during  anaerobic  incubation.  Loss 
of  polyP  was  also  associated  with  a  decrease  in 
buoyant  density  of  the  cell.  In  the  presence  of 
DCCD,  there  was  a  decrease  in  the  polyP  peak, 
but  a  substantial  increase  in  the  sugar  phosphates 
which  is  consistent  with  a  hypothesis  that  polyP  is 
used  as  a  reserve  energy  source.  P.  vesicularis  cells 
showed  a  two-fold  increase  in  the  level  of  poly- 
phosphatase during  early  stationary  phase,  but  a 
thirty-fold  increase  in  polyphosphate  kinase  activi- 
ty during  late  stationary  phase.  This  increased 
enzyme  activity  is  consistent  with  the  increased 
polyP  synthesis  during  the  late  stationary  phase. 
(See  also  W90-03850)  (Author's  abstract) 
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HYBRIDIZATION  OF  DNA  FROM  METHAN- 
OGENS  WITH  EUBACTERIAL  PROBES. 

Institut  Pasteur,  Paris  (France).  Dept.  de  Biochi- 
mie  et  Genetique  Moleculaire. 
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Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  163-173.  2  fig,  2  tab,  22  ref. 

Descriptors:  'Waste  treatment,  'Wastewater  treat- 
ment, 'Methane  bacteria,  'Bacterial  physiology, 
•Microbial  degradation,  DNA,  Homologies,  Hy- 
bridization, Genetics. 

By  using  the  Southern  hybridization  technique, 
homologies  were  examined  between  restricted 
DNA  of  Methanobacterium  ivanovi,  Methanococ- 
cus voltae,  Methanosarcina  barkeri,  Methanobac- 
terium thermoautotrophicum  strain  Delta  H  and 
several  eubacterial  probes.  No  hybridization  was 
observed  with  the  following  genes:  Escherichia 
coli  cya  (adenylate  cyclase),  E.  coli  and  Anabaena 
glnA  (glutamine  synthetase),  Bacillus  subtilis 
gyrAB  (gyrase),  and  Rhizobium  japonicum  hup 
(hydrogenase  uptake).  Positive  results  were  ob- 
tained with  B.  subtilis  rRNA  genes  and  Klebsiella 
pneumoniae  and  Anabaena  nifH  genes  that  code 
for  the  subunit  of  nitrogenase  Fe  protein.  The 
finding  of  homology  among  these  organisms  at  the 
rRNA  gene  level  is  a  preliminary  step  in  the  char- 
acterization of  these  genes  in  methanogens.  (See 
also  W90-O3850)  (Author's  abstract) 
W90-03862 


NUTRDZNT  REQUIREMENTS  FOR  ANAERO- 
BIC DIGESTION. 

Drexel  Univ.,  Philadelphia,  PA. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-03863 


PROPIONATE  CONVERSION  TO  BUTYRATE 
IN  AN  ANAEROBIC  DIGESTER. 
Institut  National  de  la  Recherche  Agronomique, 
Massy  (France).  Station  de  Technologie  Alimen- 
taire. 

E.  Samain,  R.  Moletta,  H.  C.  Dubourguier,  and  G. 
Albagnac. 

IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  223-233.  6  fig,  1  tab,  9  ref. 

Descriptors:  "Wastewater  treatment,  •Anaerobic 
digestion,  'Microbial  degradation,  'Sludge  diges- 
tion, Propionates,  Butyrates,  Acetates,  Metabolites. 

During  batch  degradation  of  propionate  by  anaero- 
bic sludge  or  by  a  highly  purified  culture,  a  tran- 
sient accumulation  of  acetate  and  butyrate  was 
observed.  Labeling  experiments  and  inhibition  of 
methanogenesis  by  bromoethane  sulfonic  acid  evi- 
denced that  butyrate  is  a  facultative  electron  sink 
during  acetogenesis  rather  than  an  end-product  of 
acetate  fermentation  by  butyric  bacteria.  The  syn- 
thesis of  butyrate  and  acetate  during  batch  degra- 
dation of  propionate,  either  by  anaerobic  sludge  or 
by  a  highly  purified  culture  is  reported.  The  puri- 
fied culture  on  propionate  still  contains  butyrate 
degraders.  This  may  be  explained  by  the  synthesis 
of  butyrate  during  batch  degradation  of  propionate 
which  allows  maintenance  of  butyrate-degrading 
organisms  which  are  present  in  high  numbers  in 
the  digester  microflora.  The  results  of  labeling 
experiments  with  the  digester  sludge  strongly  sug- 
gest that  some  bacterial  species  or  consortia  are 
able  to  synthesize  butyrate  from  propionate.  This  is 
also  sustained  by  numerations  which  never  evi- 
denced high  numbers  of  acetate-fermenting  butyro- 
gens  (less  than  1000,000  cells/ml)  and  by  the  dis- 
mutation  of  propionate  in  the  presence  of  bromo 
ethane  sulfonic  acid.  But  metabolic  pathways 
remain  unclear.  In  fact,  acetate  and  butyrate  may 
originate  from  a  single  four-carbon  intermediate  or 
butyrate  may  be  synthesized  from  acetyl-CoA  as  in 
Clostridia.  Complete  acetogenesis  from  propionate 
in  some  digesters  proceeds  not  only  through  an 
oxidative  decarboxylation  but  also  through  Beta- 
oxidation  of  butyrate  by  organisms  similar  to  Syn- 
trophomonas  wolfei.  (See  also  W90-03850)  (Au- 
thor's abstract) 
W90-03864 


EFFECTS  OF  THE  ADDITION  OF  PROPIO- 
NATE AND  BUTYRATE  TO  THERMOPHILIC 
METHANE-PRODUCING  DIGESTERS. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Waste  Treatment  Processes— Group  5D 


Florida  Univ.,  Gainesville.  Dept.  of  Microbiology 

and  Cell  Science. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-03865 


COMBINED  METABOLISM  OF  BUTYRIC 
ACID  AND  WASTE  ACTIVATED  SLUDGE  AT 
THERMOPHILIC  TEMPERATURES. 

Kansas  Univ.,  Lawrence.  Dept.  of  Chemical  and 
Petroleum  Engineering. 
R.  E.  McKinney,  and  R.  Shamskorzani. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  247-260.  5  fig,  10  ref. 

Descriptors:  'Wastewater  treatment,  'Butyric 
acid,  'Activated  sludge  process,  'Anaerobic  diges- 
tion, 'Sludge  digestion,  'Retention  time,  Methane 
bacteria,  Chemical  oxygen  demand,  Temperature, 
Loading. 

A  laboratory  study  was  carried  out  using  a  1.5 
liter,  fixed  media  anaerobic  reactor  with  intermit- 
tent mixing  and  once  daily  feeding  of  Lawrence, 
Kansas,  WWTP  waste  activated  sludge  and  butyr- 
ic acid.  The  research  was  divided  into  three 
phases.  Phase  1  was  a  study  of  decreasing  the 
hydraulic  retention  time  from  10  days  to  2  days 
while  keeping  the  temperature  constant  at  50  de- 
grees C  and  the  butyric  acid  COD  constant  at  3  g/ 
d.  Once  good  operations  were  established  at  2  days 
retention,  the  butyric  acid  COD  was  increased  to 
18  g/d  at  a  constant  waste  activated  sludge  load- 
ing. The  digester  became  saturated  with  solids  at  6 
g/d  COD  and  remained  saturated  for  the  remain- 
der of  the  study.  The  system  became  overloaded 
when  the  total  BCOD  fed  rose  from  13.7  g/d  to 
16.7  g/d.  The  third  phase  consisted  of  feeding 
waste  activated  sludge  only  and  increasing  the 
temperature  from  50  degrees  C  to  70  degrees  C. 
Good  operations  occurred  at  50  degrees  C,  55 
degrees  C  and  60  degrees  C.  The  methane  bacteria 
began  to  be  adversely  affected  as  the  temperature 
increased.  These  results  indicated  that  the  biode- 
gradable fraction  of  waste  activated  sludge  was 
92%  metabolized  with  3  days  hydraulic  retention 
and  11  days  solids  retention  time  at  50  degrees  C. 
The  fixed  media  system  gave  good  anaerobic  di- 
gestion of  both  the  waste  activated  sludge  and  the 
soluble  butyric  acid  even  when  the  system  was 
saturated  with  solids.  (See  also  W90-O3850)  (Au- 
thor's abstract) 
W90-03866 

ANAEROBIC  DIGESTION  OF  HEMICELLU- 
LOSIC  FEEDSTOCKS. 

Solar  Energy  Research  Inst.,  Golden,  CO.  Solar 
Fuels  Div. 

C.  Rivard,  M.  Himmel,  and  K.  Grohmann. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  261-282.  6  fig,  3  tab,  19  ref. 

Descriptors:  'Anaerobic  digestion,  'Microbial  di- 
gestion, 'Cellulose,  'Wastewater  treatment,  'Farm 
wastes,  Methane,  Acid,  Pretreatment. 

Lignocellulosic  biomass  in  its  native  form  is  highly 
resistant  to  microbial  attack.  Exceedingly  long  re- 
action times  (10-90  days)  are  required  for  complete 
microbial  conversion  of  even  the  more  degradable 
feedstocks  such  as  straw,  corn  stover  and  munici- 
pal solid  wastes  (MSW)  to  methane.  Controlled 
acid  pretreatment  of  these  feedstocks,  besides  en- 
hancing the  digestibility  of  the  cellulosic  residue, 
liberates  soluble  hemicellulosic  polymers  which 
are  further  degraded  to  free  sugars  by  enzymatic 
hydrolysis  within  the  anaerobic  digestion  system 
and  ultimately  converted  to  biogas.  Pretreatment 
hydrolysate  liquor  expressed  from  straw  (a  model 
low  value  biomass  feedstock)  cooked  at  120  de- 
grees C  with  dilute  phosphoric  acid  was  success- 
fully used  as  feed  in  a  mesophilic  anaerobic  diges- 
tion system.  Stirred  and  packed  bed  anaerobic  re- 
actors were  examined  as  systems  for  the  conver- 
sion of  biomass  hydrolysate  liquor  to  methane. 
Various  column  packing  materials  for  packed  bed 
reactors  were  also  evaluated.  After  maturation  of 
microbial  attachment  to  the  bed  material,  prelimi- 


nary rates  of  3.5  volumes  of  biogas  (65%  methane) 
per  reactor  volume  per  day  were  attained  in  the 
packed  bed  reactors.  The  effect  on  digestor  per- 
formance of  trace  quantities  of  several  compounds 
present  in  acid  hydrolysates  of  biomass,  such  as 
furfural,  5-hydroxymethyl  furfural,  low  molecular 
weight  lignin  and  lignin  precursors,  was  also  inves- 
tigated. (See  also  W90-03850)  (Author's  abstract) 
W90-03867 

GASIFICATION  OF  CONCENTRATED  PAR- 
TICULATE AND  SOLID  SUBSTRATES  BY  BI- 
PHASIC  ANAEROBIC  DIGESTION. 

Institute  of  Gas  Technology,  Chicago,  IL. 
S.  Ghosh. 

IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  303-320.  4  fig,  3  tab,  5  ref. 

Descriptors:  'Waste  treatment,  'Wastewater  treat- 
ment, 'Farm  wastes,  'Anaerobic  digestion,  'Mi- 
crobial degradation,  'Methane,  Hydraulic  reten- 
tion time,  Efficiency,  Organic  matter. 

The  development  and  performances  of  two  inno- 
vative configuration  of  the  two-phase  anaerobic 
digestion  process  for  gasification  of  concentrated 
organic  slurries  and  high-solids  feeds  are  analyzed. 
The  data  show  that  the  conventional  single-stage 
digestion  process  is  unsuitable  for  application  to 
high-solids-content  and  concentrated  feeds,  and 
that  efficient  and  rapid-rate  gasification  of  these 
feeds  can  be  better  achieved  by  separated  acido- 
genic  and  methanogenic  fermentations.  A  process 
configuration  utilizing  upflow  acid-phase  and 
methane-phase  digesters  was  demonstrated  to  be 
considerably  superior  to  the  conventional  single- 
stage  digestion  process  in  terms  of  methane  yield 
and  production  rate  and  net  energy  production. 
This  process  afforded  a  methane  yield  of  0.48 
SCM/kg  VS  added  (7.7  SCF/lb  VS  added)  for  a 
sewage  sludge  feed  at  a  hydraulic  residence  time  of 
5.9  days;  this  performance  was  better  than  those 
reported  in  the  literature  for  this  type  of  feed.  For 
low-moisture  feeds  such  as  MSW,  a  downflow 
leach-bed  acid-phase  fermenter  was  utilized  to  liq- 
uefy an  organic  bed  of  solids  to  generate  a  high 
volatile  acids-content  bioleachate  product,  which 
was  sequentially  gasified  in  a  separate  upflow 
methane  digester.  This  system,  operated  under  am- 
bient conditions,  provided  for  recycling  of  the 
indigenous  nutrients,  and  did  not  require  the  addi- 
tion of  any  external  water;  it  afforded  a  methane 
yield  which  was  80%  of  the  theoretical  value.  (See 
also  W90-O3850)  (Author's  abstract) 
W90-03868 

y 

PRELIMINARY  EVALUATION  OF  THE  EF- 
FECTS OF  A  D-RDF  BINDING  AGENT,  RDF 
PARTICLE    SIZE    AND    HEAT    PRETREAT- 
MENT ON  EFFICIENCY  OF  ANAEROBIC  DI- 
GESTION OF  RDF. 
Cyclic  Energies,  Inc.,  Denton,  TX. 
V.  K.  Wright,  B.  J.  Venables,  and  K.  E. 
Daugherty. 

IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  343-354.  3  tab,  19  ref. 

Descriptors:  'Wastewater  treatment,  'Anaerobic 
digestion,  'Waste  recovery,  'Fuel,  'Food-process- 
ing wastes,  Particle  size,  Refuse  derived  fuel,  Pilot 
studies,  Heat,  Calcium  oxide. 

A  version  of  an  upflow  anaerobic  sludge  blanket 
(UASB)  digester  for  conversion  of  biodegradable 
organics  to  a  high  Btu  biogas  is  being  evaluated  at 
the  pilot  plant  scale  at  the  City  of  Denton  munici- 
pal sewage  treatment  plant.  The  digester  design 
under  study  was  originally  developed,  tested  and 
commercially  used  for  stabilization  of  food-proc- 
essing wastes.  Hydraulic  retention  time  of  24  hours 
resulted  in  a  55%  reduction  in  COD  and  95% 
reduction  in  suspended  solids.  In  concert  with  the 
development  of  binder  systems  for  densified-refuse 
derived  fuel  (d-RDF),  under  a  Department  of 
Energy /Argonne  National  Laboratory  grant,  bind- 
ing agents  and  other  factors  affecting  efficiency  of 
anaerobic  digestion  of  potential  d-RDF  products 


are  being  evaluated.  Laboratory  scale  anaerobic 
digesters  demonstrated  no  effects  using  two  com- 
mercially available  particle  sizes  of  RDF  or  the 
presence  of  calcium  oxide,  a  potential  d-RDF 
binder,  on  digestion  efficiency.  Efficiency  was  sig- 
nificantly increased  by  a  heated  pretreatment.  (See 
also  W90-03850)  (Author's  abstract) 
W90-03869 

NEW  CONCEPT  FOR  THE  PRODUCTION  OF 
HIGH-BTU  GAS  FROM  ANAEROBIC  DIGES- 
TION. 

Gas  Research  Inst.,  Chicago,  IL. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-03870 

BIOCONVERSION  OF  MUNICIPAL  SOLID 
WASTE  AND  SEWAGE  SLUDGE  TO  ETHA- 
NOL. 

Southern  Research  Inst.,  Birmingham,  AL. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-03871 

STOCHASTIC  DESIGN  OF  WASTEWATER 
STORAGE  FOR  LAND  APPLICATION. 

Texas  Univ.,  Austin.  Center  for  Research  in  Water 

K.  A.  Al-Omari,  S.  G.  Buchberger,  and  D.  R. 
Maidment. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-236269/ 
AS,  price  codes:  A07  in  paper  copy,  A01  in  micro- 
fiche. Final  Report,  April  1989.  134p,  41  fig,  20 
tab,  38  ref,  3  append.  USGS  Contract  no.  14-08- 
0001-G1318. 


Descriptors:  'Wastewater  treatment,  'Land  dis- 
posal, 'Design  criteria,  'Wastewater  lagoons, 
'Stochastic  process,  Wastewater  irrigation,  Reser- 
voir modeling,  Markov  process,  Probabilistic  proc- 
ess, Storage  reservoirs,  Reliability,  Risk  assess- 
ment. 

This  report  presents  an  application  of  a  probabilis- 
tic design  method,  based  on  the  theory  of  Markov 
diffusion  processes,  to  estimate  the  reliability  of  a 
wastewater  storage  pond  subject  to  random  in- 
flows and  outflows.  Reliability  is  defined  as  the 
steady-state  probability  that  wastewater  will  not 
enroach  on  a  designated  freeboard  zone.  The 
design  method  involves  sizing  a  wastewater  stor- 
age facility  to  meet  a  prescribed  reliability  crite- 
rion. Sizing  includes  computing  the  pond  surface 
area,  embankment  height  and  storage  capacity. 
The  application  involves  a  case  study  of  the  Han- 
cock Farm  near  Lubbock,  Texas,  where  slow  rate 
irrigation  has  been  used  since  1982  to  treat  munici- 
pal wastewater.  Relevant  data  collected  are 
monthly  wastewater  inflow,  seepage,  precipitation, 
evaporation  and  hydraulic  loading  rates  for  the 
period  April  1982  to  December  1987.  The  effect  of 
the  field  to  pond  area  ratio  on  facility  performance 
was  investigated.  Results  show  when  the  pond  is 
more  efficient  than  the  field  for  wastewater  dispos- 
al, reducing  the  field  to  pond  area  ratio  will  maxi- 
mize the  total  release  rate  and  thus  will  minimize 
the  total  area  requirement.  Conversely,  when  the 
field  is  more  efficient,  increasing  the  field  to  pond 
area  ratio  will  maximize  the  total  release  rate  and 
thus  will  minimize  the  total  area  requirement  for  a 
land  treatment  system.  (USGS) 
W90-03892 


SOJX  PHASE  PHOTODEGRADATION  OF 
TOXIC  ORGANICS  AT  CONTAMINATED  DIS- 
POSAL SITES  FOR  SOIL  RENOVATION  AND 
GROUNDWATER  QUALITY  PROTECTION. 

Utah  Water  Research  Lab.,  Logan. 
W.  Moore,  R.  R.  Dupont,  and  J.  E.  McLean. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-237267/ 
AS,  price  codes:  A07  in  paper  copy,  A01  in  micro- 
fiche. Final  Report,  August  1989.  115p,  22  fig,  35 
tab,  97  ref,  append.  USGS  Contract  no.  14-08-001- 
G1304. 

Descriptors:  'Groundwater  quality,  'Water  qual- 
ity control,   'Hazardous  wastes,   'Photodegrada- 
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Group  5D — Waste  Treatment  Processes 


tion,  'Soil  contamination,  'Wood  preserving 
wastes,  'Decontamination,  Organic  compounds, 
Toxic  substances,  Waste  disposal. 

Accurate  assessment  of  the  potential  for  contami- 
nated soil  remediation  requires  detailed  knowledge 
of  the  fate  of  waste  constituents  within  the  soil 
environment.  For  many  non-biodegradable  organ- 
ics  compounds,  photochemical  degradation  may 
provide  a  potential  pathway  for  the  removal  of 
such  compounds  from  soil  surfaces.  A  study  was 
conducted  to  evaluate  the  rate  of  photodegrada- 
tion  of  ten  hazardous  organic  compounds  from 
three  soils,  silica  gel,  and  four  soil  minerals  (kaolin- 
ite,  montmorillonite,  illite,  and  calcite)  under  con- 
ditions of  controlled  irradiation.  In  addition,  the 
effect  of  six  amendment  treatments  (methylene 
blue,  riboflavin,  hydrogen  peroxide,  diethylamine, 
peat  moss,  and  silica  gel)  on  the  rates  of  compound 
loss  was  also  investigated.  Soil  and  mineral  samples 
were  spiked  with  various  combinations  of  m- 
cresol,  quinoline,  biphenyl,  dibenzo(a)furan,  fluo- 
rene,  pentachlorophenol,  phenanthrene,  anthra- 
cene, 9H-carbazole  and  pyrene  at  either  500  or 
1000  mg/kg  initial  soil  concentration  of  each 
chemical.  Amendments  were  applied  to  the  soils 
and  minerals  and  samples  were  irradiated  under 
ultraviolet  or  visible  light  while  spiked  controls 
were  incubated  in  the  dark.  Linear  regression  of 
soil/mineral  contaminant  concentration  data 
showed  that  first  order  kinetic  modeling  best  de- 
scribed the  degradation  process.  Significant  loss  of 
anthracene  occurred  on  all  surfaces  tested  al- 
though the  rate  of  loss  varied  with  surface  type 
and,  for  some  surfaces  with  the  spiking  solution 
concentration  and  chemical  mixtures.  Anthracene 
loss  from  silica  gel  was  the  most  rapid  of  all 
reactions  observed.  Skumpah  soil,  a  light  colored 
alkaline  soil,  yielded  the  greatest  reduction  in  con- 
taminant concentrations  found  in  the  soil  studies. 
Calcium  kaolinite  displayed  the  most  rapid  kinetics 
of  the  mineral  surfaces  tested.  Loss  of  the  other 
test  compounds  was  observed  from  only  some  of 
the  surfaces  investigated.  Anthraquinone  and  fluor- 
enone  were  identified  as  the  major  degradation 
products  of  the  photoreaction  of  anthracene  and 
fluorene.  Under  the  conditions  of  this  study,  soil 
and  mineral  type,  as  well  as  surface  renewal  via 
mixing,  had  more  effect  on  degradation  rates  than 
any  of  the  amendments  that  were  tested.  (Dupont- 
UWRL.USU) 
W90-03893 


RESEARCH  ON  THE  HEALTH  IMPLICA- 
TIONS OF  THE  USE  OF  RECYCLED  WATER 
IN  SOUTH  AFRICA 

Water    Research    Commission,    Pretoria    (South 

Africa). 

For  primary  bibliographic  entry  see  Field  3C. 

W90-03925 


vmOLOGICAL  STUDIES  OF  WATER  FROM 
THE  CAPE  FLATS  RECLAMATION   PLANT. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Medi- 
cal Microbiology. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-03926 


CSO  PARTNERSfflP:  CITIES  JOIN  FORCES 
ON  COMBINED  SEWERS. 

Greeley  and  Hansen,  Camp  Springs,  MD. 
For  primary  bibliographic  entry  see  Field  5E. 
W9O-03954 


FUNDING  WASTEWATER  PROJECTS  WITH 
IMPACT  FEES. 

Camp,  Dresser  and  McK.ee,  Inc.,  Edison,  NJ. 
For  primary  bibliographic  entry  see  Field  6C. 
W90-03955 


BACTERIA  IN  THE  AEROBIC  BIODEGRADA- 
TION  OF  WOOL  SCOURING  EFFLUENT. 

Durban-Westville  Univ.  (South  Africa).  Dept.  of 

Microbiology. 

G.  Roth,  R.  A.  Oellermann,  and  B  Odhav. 

Water  SA  WASADV,  Vol.  15,  No.  4,  p  209-220, 

October  1989.  6  fig,  2  tab,  29  ref. 


Descriptors:  'Wool  scouring,  •Bacteria,  'Biode- 
gradation, *  Biological  wastewater  treatment, 
•Wastewater  treatment,  Chemical  oxygen  demand, 
Surfactants,  Effluents,  Algae,  Flocculation,  Clarifi- 
cation. 

The  bacterial  flora  in  the  aerobic  biodegradation  of 
wool  scouring  effluent  was  studied.  Phase  I  of  the 
biodegradation  of  the  effluent,  which  was  carried 
out  in  the  absence  of  algae  and  sunlight,  extended 
over  a  period  of  16  wk,  and  Phase  II  in  the 
presence  of  algae  and  sunlight  extended  over  a 
period  of  9  wk.  Partial  clarification  occurred 
during  Phase  I  as  indicated  by  the  reduction  in 
chemical  oxygen  demand  (COD),  surfactant  break- 
down, and  lighter  color.  Flocculation  occurred 
during  the  period  of  8-12  wk  and  a  steady  state 
developed  after  14  wk.  Although  algae  largely 
contributed  to  the  clarification  during  Phase  II,  the 
bacterial  population  also  showed  a  changes  result- 
ing in  relatively  clear  water.  Bacteria  were  isolated 
at  fortnightly  intervals  during  the  entire  experi- 
mental period  and  their  general  characteristics  de- 
scribed. The  total  viable  counts  increased  from 
80,000/ml  to  more  than  800,000,000/ml  after  16 
wk.  The  slight  apparent  reduction  in  numbers  be- 
tween 8  and  10  wk  could  be  explained  by  floe 
formation  resulting  in  aggregates  being  counted  as 
single  cells.  COD  was  determined  during  Phase  I. 
After  14  wk  it  was  reduced  by  72%  of  the  initial 
value  of  approximately  6,000  mg/1.  Surfactant  was 
degraded  rapidly  from  approximately  60  micro- 
liter/5-ml  sample  after  6  wk,  with  practically  no 
further  detectable  breakdown  up  to  16  wk.  Biode- 
gradation and  clarification  of  the  wool  scouring 
effluent  was  achieved  in  this  laboratory-simulated 
natural  ecosystem.  (Author's  abstract) 
W90-03989 


ANAEROBIC  TREATMENT  OF  INDUSTRIAL 
EFFLUENTS  IN  SOUTH  AFRICA. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
W.  R.  Ross. 

Water  SA  WASADV,  Vol.  15,  No.  4,  p  231-246, 
October  1989.  7  fig,  9  tab,  20  ref. 

Descriptors:  *Food-processing  wastes,  'South 
Africa,  *Biological  wastewater  treatment,  'Indus- 
trial wastes,  'Biodegradation,  'Wastewater  treat- 
ment, Biogas,  Energy,  Farm  wastes,  Industrial 
wastes,  Process  control,  Activated  sludge,  Per- 
formance evaluation. 

Biodegradable  industrial  effluents  generally  are 
best  treated  by  anaerobic  digestion.  The  main  ad- 
vantages of  the  anaerobic  process  are  higher  load 
rates  and  degree  of  purification,  lower  energy  costs 
due  to  biogas  production,  and  lower  surplus  sludge 
production  compared  to  aerobic  treatment.  The 
successful  operation  is  described  of  various  full- 
scale  plants  in  South  Africa  for  the  treatment  of 
maize-processing  (Bellville  sewage  works  and  Af- 
rican products,  Meyerton),  wine  distillery  (Paarl 
sewage  works  and  Stellenbosch  sewage  works), 
abattoir  (Cato  ridge  abattoir),  brewery  (SA  Brew- 
eries, Prospecton),  and  apple-processing  wastes 
(Ceres  Fruit  Growers,  Ceres,  and  Appletiser  Pure 
Fruit  Juices,  Grabouw).  With  essentially  biode- 
gradable wastes,  a  80-97%  degree  of  purification  is 
attained.  Effluents  deficient  in  the  major  nutrients 
N  and  P  and  in  buffer  requirements  can  be  supple- 
mented by  chemical  addition.  The  concentration 
and  pH  of  the  waste  may  vary  substantially  over  a 
short  period  and  it  has  been  found  useful  to  pro- 
vide balancing  capability.  In  South  Africa  both 
upflow  sludge  blanket  and  contract-type  plants 
have  been  in  general  use.  These  plants  rely  on 
clarifiers  to  concentrate  and  recycle  the  biomass  to 
the  digestion  compartment.  Experience  indicates 
that  no  single  parameter  is  sufficiently  sensitive  to 
permit  reliable  forecasting  of  incipient  overload  or 
digester  failure,  particularly  at  high  load  rates. 
Effective  monitoring  requires  a  combination  of 
physical,  chemical,  and  biological  indices.  The 
most  useful  control  parameters  to  ensure  process 
stability  and  reliability  are:  maintaining  digester  pH 
between  6.8  and  7.2  with  bicarbonate  alkalinity  in 
excess  of  1500  mg/1;  maintaining  the  sludge  load 
rate  below  0.5  kg  COD  volatile  suspended  solids/ 
day  at  35  C;  and  controlling  the  feed  rate  to  ensure 
that  0.5  cu  m  of  biogas  is  generated  per  kg  of  COD 
used.  (Rochester-PTT) 


W90-03992 


UNRELIABILITY  OF  COLD-STORED  SAM- 
PLES FOR  ASSESSMENT  OF  CHEMICAL 
PRECIPITATES  OF  PHOSPHATE  IN  ACTI- 
VATED SLUDGE. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
D.  W.  de  Haas,  and  I.  A.  Dubery. 
Water  SA  WASADV,  Vol.  15,  No.  4,  p  257-260, 
October  1989.  2  tab,  15  ref. 

Descriptors:  'Wastewater  treatment,  'Sludge  anal- 
ysis, 'Phosphates,  'Errors,  'Activated  sludge, 
'Chemical  analysis,  Performance  evaluation,  Pre- 
cipitates, Cold  storage,  Freezing. 

The  effect  of  orthophosphate  and  polyphosphate 
levels  was  investigated  in  refrigerated  or  frozen 
activated  sludge  samples.  A  short  fractionation 
procedure  was  used  involving  removal  of  the  su- 
pernatant, washing  with  physiological  saline,  and 
extraction  at  0  C  with  perchloric  acid.  Storage  at  4 
C  or  -20  C  (followed  by  thawing  at  15  C  or  room 
temperature)  resulted  in  polyphosphate  hydrolysis 
to  orthophosphate.  The  orthophosphate  may  have 
been  interpreted  erroneously  in  the  past  as  a 
'chemical  precipitate.'  It  may  be  concluded  that 
analysis  of  orthophosphate  and  polyphosphate  in 
activated  sludge  probably  are  suspect  unless  con- 
ducted immediately  after  sampling.  Marked  over- 
estimation  of  chemical  precipitate  is  likely  where 
'dewatered'  sludge  samples  have  been  stored  in 
refrigerators  or  freezers  for  periods  of  days  or 
months.  (Rochester-PTT) 
W90-03995 


USE  OF  THE  ANALYTICAL  PROFILE  INDEX 
IN  THE  DDENTTFICATION  OF  ACTIVATED 
SLUDGE  BACTERIA:  PROBLEMS  AND  SOLU- 
TIONS. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
S.  N.  Venter,  L.  H.  Lotter,  D.  W.  de  Haas,  and  L. 
MacDonald. 

Water  SA  WASADV,  Vol.  15,  No.  4,  p  265-267, 
October  1989.  2  tab,  16  ref. 

Descriptors:  'Sludge  analysis,  'Activated  sludge, 
'Bacteria,  'Bacterial  analysis,  Analytical  profile 
index,  Acinetobacter,  Errors. 

The  accuracy  of  activated  sludge  isolate  identifica- 
tion by  the  analytical  profile  index  (API)  20E 
system  was  evaluated  relative  to  conventional  bio- 
chemical tests.  The  API  test  gives  reliable  identifi- 
cation provided  inoculi  are  in  the  logarithmic 
growth  phase,  fermentations  are  checked  24  hr 
after  the  first  reading,  and  a  standard  oxidase  test  is 
performed  as  a  control  to  that  of  the  API  system. 
Failure  to  take  such  precautions  may  give  inappro- 
priately high  Acinetobacter  counts  for  activated 
sludge.  (Author's  abstract) 
W90-03997 


USE  OF  AQUATIC  MACROPHYTES  IN 
WATER-POLLUTION  CONTROL. 

Aarhus  Univ.  (Denmark).  Botanical  Inst. 

H.  Brix,  and  H.  H.  Schierup. 

AMBIO  AMBOCX,  Vol.   18,  No.  2,  p  100-107, 

1989.  4  fig,  35  ref. 

Descriptors:  'Wastewater  treatment,  'Macro- 
phytes,  'Water  pollution  treatment,  'Aquatic 
plants,  'Biological  wastewater  treatment,  'Water 
treatment  facilities,  Reclaimed  water,  Water  qual- 
ity control,  Floating  plants,  Submerged  plants, 
Wetlands,  Water  pollution  control,  Denmark. 

Ecosystems  dominated  by  aquatic  macrophytes  are 
among  the  most  productive  in  the  world.  Aquatic 
plants  possess  an  outstanding  ability  for  assimilat- 
ing nutrients  and  crating  favorable  conditions  for 
microbial  decomposition  of  organic  matter.  This 
ability  can  be  exploited  in  the  restoration  process 
of  natural  streams,  lakes  and  wetlands,  and  in 
wastewater-treatment  systems.  Four  different  types 
of  macrophyte-based  wastewater-treatment  facili- 
ties are  discussed.  Floating  macrophyte  treatment 
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systems  use  plants  not  rooted  in  the  substrate.  Of 
these,  water  hyacinth  and  duckweed  appear  most 
promising.  Water  hyacinth  has  been  used  success- 
fully in  the  tropics  and  subtropics,  however  it  is 
not  cold  resistant  therefore  limiting  their  use  in 
temperate  regions.  Duckweed  is  used  mainly  for 
recovering  nutrients  and  can  provide  animal 
fodder.  It  is  subject  to  wind  damage,  however. 
Submerged  macrophyte  treatment  systems  require 
oxygenated  water  thereby  limiting  their  use  to 
'polishing'  of  secondarily  treated  wastewaters.  It  is 
still  in  the  experimental  stage  with  species  like 
egeria,  elodea,  homwort,  and  hydrilla  being  the 
most  promising.  Emergent  macrophyte  treatment 
systems  (artificial  and  natural  wetlands)  have  large 
internal  air  spaces  for  transportation  of  oxygen  to 
roots  and  rhizomes.  In  1983  a  macrophyte-based 
system  named  the  Root-Zone  method  was  intro- 
duced in  Denmark.  It  depends  on  the  sub-surface 
flow  of  water  through  the  rhizosphere  using  the 
common  reed  (Phragmites  australis).  This  allows 
microbial  decomposition,  dinitrification,  as  well  as 
soil  fixation  of  nitrogen  and  heavy  metals.  In  addi- 
tion the  reeds  supply  oxygen  to  the  heterotrophic 
microorganisms  while  increasing  and  stabilizing 
the  hydraulic  conductivity  of  the  soil.  The  Root- 
Zone  method  costs  between  10-  50%  of  conven- 
tion technology.  Integrated  macrophyte  treatment 
systems  involves  combination  of  the  above  de- 
scribed systems  with  each  other  or  with  conven- 
tional technology.  The  potential  for  resource  re- 
covery by  harvesting  and  utilization  of  the  plant 
material  produced  can  be  regarded  as  a  step  in  the 
direction  of  a  holistic  solution  where  waste  prod- 
ucts will  be  regarded  and  utilized  as  a  resource. 
(Author's  abstract) 
W9O-O4O03 


DYNAMIC  PARTICLE  ADHESION  PROCESS 
AND  ITS  EFFECT  ON  PARTICLE  AGGREGA- 

Rheinisch-Westfaelische    WasserwerksgeseUschaft 
m.b.H.,  Muelheim  an  der  Ruhr  (Germany,  F.R.). 
Inst,  fuer  Wasserchemie  und  Wassertechnologie. 
For  primary  bibliographic  entry  see  Field  2K. 
W90-04013 

EXPERD2NCES  WITH  GROUNDWATER 
TREATMENT  AND  DISPOSAL  OF  THE 
ELIMINATED  SUBSTANCES  IN  THE  NETH- 
ERLANDS. 

Keuringsinstituut  voor  Waterleidingartikelen,  Rys- 

wijk  (Netherlands). 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04018 


radation  in  cell  suspensions  of  0.42  mg  of  cells/ml. 
Other  chlorinated  aliphatics  were  also  degraded  by 
M.  trichosporium  OB3b.  Dichloromethane,  chloro- 
form, l,l-dichloroethane,and  1,2-dichloroethane 
were  completely  degraded,  with  the  release  of 
stoichiometric  amounts  of  chloride,  trans- 1,2,- 
Dichloroethylene,  cis-l,2-dichloroethylene,  and 
1,2-dichloropropane  were  completely  converted, 
but  not  all  the  chloride  was  released  because  of  the 
formation  of  chlorinated  intermediates,  e.g.,  trans- 
2,3-dichlorooxirane,  cis-2,3-dichlorooxirane,  and 
2,3-dichloropropanol,  respectively.  1,1,1-Trichlor- 
oethane,  1,1-dichloroethylene,  and  1,3-dichloro- 
propylene  were  incompletely  converted,  and  the 
trichloroethane  yielded  2,2,2-trichloroethanol  as  a 
chlorinated  intermediate.  The  two  perchlorinated 
compounds  tested,  carbon  tetrachloride  and  te- 
trachloroethylene,  were  not  converted.  (Author's 
abstract) 
W90-O4O30 


DEGRADATION  OF  CHLORINATED  ALI- 
PHATIC HYDROCARBONS  BY  METHYLO- 
SINUS  TRICHOSPORIUM  OB3B  EXPRESSING 
SOLUBLE  METHANE  MONOOXYGENASE. 

Groningen  Rijksuniversiteit  (Netherlands).  Dept. 
of  Biochemistry. 

R.  Oldenhuis,  R.  L.  J.  M.  Vink,  D.  B.  Janssen,  and 
B.  Witholt. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  55,  No.  11,  p  2819-2826,  Novem- 
ber 1989.  3  fig,  3  tab,  23  ref. 

Descriptors:  'Wastewater  treatment,  'Biodegrada- 
tion,  'Microbial  degradation,  *Chlorinated  hydro- 
carbons, 'Methane,  'Aquatic  bacteria,  Fate  of  pol- 
lutants, Copper,  Kinetics,  Chlorides. 

Degradation  of  trichloroethylene  (TCE)  by  the 
methanotrophic  bacterium  Methylosinus  tricho- 
sporium OB3b  was  studied  by  using  cells  grown  in 
continuous  culture.  TCE  degradation  was  a  strictly 
cometabolic  process,  requiring  the  presence  of  a 
cosubstrate,  preferably  formate,  and  oxygen.  M. 
trichosporium  OB3b  cells  degraded  TCE  only 
when  grown  under  copper  limitation  and  when  the 
soluble  methane  monooxygenase  was  derepressed. 
During  TCE  degradation,  nearly  total  dechlorina- 
tion occurred,  as  indicated  by  the  production  of 
inorganic  chloride,  and  only  traces  of  2,2,2-trich- 
loroethanol and  trichloroacetaldehyde  were  pro- 
duced. TCE  degradation  proceeded  according  to 
first-order  kinetics  from  0.1  to  0.0002  mM  TCE 
with  a  rate  constant  of  2.15  ml/min/mg  of  cells. 
TCE  concentrations  above  0.2  mM  inhibited  deg- 


FIBER-OPTIC  DD7PESG  SENSOR  FOR  OR- 
GANIC SOLVENTS  IN  WASTEWATER. 

Erlangen-Nuernberg  Univ.,  Erlangen  (Germany, 

F.R.).  Inst,  fuer  Physikalische  und  Theoretische 

Chemie. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-04036 

HOLLOW  FIBER  MEMBRANE  PROBES  FOR 
THE  IN  SITU  MASS  SPECTROMETRY  MONI- 
TORING OF  NITROGEN  TRICHLORIDE  FOR- 
MATION DURING  WASTEWATER  TREAT- 
MENT. 

Dow  Chemical  Co.,  Midland,  MI.  Analytical  Sci- 
ences. 

P.  J.  Savickas,  M.  A.  LaPack,  and  J.  C.  Tou. 
Analytical  Chemistry  ANCHAM,  Vol.  61,  No.  20, 
p  2332-2336,  October  1989.  5  fig,   1  tab,   17  ref. 

Descriptors:  'Water  analysis,  'Wastewater  analy- 
sis, 'Wastewater  treatment,  'Pollutant  identifica- 
tion, 'Mass  spectrometry,  'Chlorides,  Monitoring, 
Ammonia,  Nitrogen  compounds,  Membranes,  In- 
dustrial wastewater,  Chemical  wastewater. 

The  utility  of  a  hollow  fiber  membrane  probe 
interface  in  the  monitoring  of  potential  NC13  (ni- 
trogen trichloride)  formation  during  bleach  chlor- 
inolysis  treatment  of  chemical  waste  streams  con- 
taining ammonia  or  other  nitrogen-containing  spe- 
cies was  examined.  With  the  hollow  fiber  probes, 
factors   such   as   the   membrane   material's   area, 
thickness,  and  temperature  could  be  varied  to  find 
suitable  characteristics.  The  probe  was  tested  in 
both  batch  and  continuous  chlorination   experi- 
ments.  A   cross-linked   silicone   polymer   hollow 
fiber  probe  was  tried  in  a  double-loop  design.  A 
second  non-cross-linked  probe  was  fashioned  to 
sample  the  relatively  low  concentration  sample 
region  at  the  vent  of  the  reflux  condenser.  Prelimi- 
nary experiments,  accomplished  by  injecting  small 
amounts  of  chlorinated  organics  into  the  reactor 
vessel,  showed  system  response  time  to  be  about  5- 
10  sec  and  with  part  per  million  (ppm)  sensitivities. 
Continuous  feed  experiments  in  which  0.5%  am- 
monia solution  was  continuously  fed  into  the  reac- 
tor along  with  bleach  solution  showed  no  build  up 
of  NC13  such  as  was  found  in  the  batch  mode  of 
operation.  Experiments  using  synthetic  waste  con- 
taining 500-1000  ppm  total  organic  carbon  (TOC) 
mostly  nitrogen-containing  species  showed  a  build- 
up of  NC13  in  the  batch  operation  at  a  point  when 
the  oxidation  reaction  is  essentially  complete,  but 
no  NC13  formation  when  the  continuous  mode  was 
used.  NC13  concentration  in  the  reactor  rose  with  a 
decrease  in  temperature,  probably  due  to  a  com- 
plex change  in  the  solubilities  of  key  intermediates 
in  the  NC13  formation.  (Geiger-PTT) 
W90-O4038 


FRACTAL  GEOMETRY  OF  PARTICLE  AG- 
GREGATES GENERATED  IN  WATER  AND 
WASTEWATER  TREATMENT  PROCESSES. 

Toronto  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

D.  Li,  and  J.  Ganczarczyk. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  23,  No.  11,  p  1385-1389,  Novem- 
ber 1989.  5  fig,  2  tab,  24  ref. 

Descriptors:  'Particle  shape,  'Particulate  matter, 
•Water  treatment,  'Fractal  geometry, 
'Wastewater  treatment,  Computer  models,  Mathe- 
matical studies,  Aggregates,  Trickling  filters,  Acti- 
vated sludge,  Particle  size,  Flocculation. 

A  fractal  is  a  mathematical  description  of  highly 
irregular  geometric  shapes.  Particle  aggregates 
generated  in  water  and  wastewater  treatment  proc- 
esses possess  fractal  features.  The  fractal  dimension 
for  the  structure  of  the  aggregates  determined  in 
this  work  (activated  sludge  floes,  alum  aggregates, 
clay-magnesium  floes,  clay-iron  floes,  particles  in 
trickling  filter  effluent,  and  ferric  aggregates) 
ranged  from  1.4  to  2.8.  The  fractal  nature  of  the 
aggregates  was  also  observed  in  computer-simulat- 
ed models.  The  concept  of  the  fractal  dimension 
can  be  applied  in  water  and  wastewater  treatment 
in  the  characterization  of  the  aggregates  geometry, 
in  substrate  transfer  to  biological  aggregates,  and 
in  the  process  of  aggregation  or  flocculation. 
(Geiger-PTT) 
W90-04049 


PHOTOCATALYTIC  DEGRADATION  OF 
NONYLPHENOL  ETHOXYLATED  SURFAC- 
TANTS. 

Parma  Univ.  (Italy)-  Ist-  di  Chimica  Fisica  Appli- 

cata. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04048 


DEWATERING  CHARACTERISTICS  OF  ACTI- 
VATED SLUDGES  AND  EFFECT  OF  EXTRA- 
CELLULAR POLYMER. 

Osaka  Univ.  (Japan).  Faculty  of  Engineering. 

S.  M.  Kang,  M.  Kishimoto,  S.  Shioya,  T.  Yoshida, 

and  K.  I.  Suga. 

Journal     of    Fermentation     and     Bioengineenng 

JFBIEX,  Vol.  68,  No.  2,  p  117-122,  August  1989.  9 

fig,  2  tab,  22  ref. 

Descriptors:  'Dewatering,  'Activated  sludge, 
'Wastewater  treatment,  'Filtration,  'Sludge  dis- 
posal, 'Sludge  drying,  Permeability,  Porosity, 
Mathematical  studies,  Polymers,  Separation  tech- 
niques. 

Shirato's  expression  theory,  which  is  based  on 
Ruth's  filtration  theory  and  Terzaghi's  consolida- 
tion theory,  was  applied  to  an  analysis  of  the 
dewatering  characteristics  in  activated  sludges. 
The  dewatering  characteristics  of  the  sludges  were 
analyzed  during  the  filtration  and  consolidation 
periods;  the  effects  of  extracellular  polymer  on  the 
dewatering  process  was  also  studied.  It  was  con- 
firmed that  Ruth's  average  specific  resistance  was 
increased  and  Shirato's  modified  consolidation  co- 
efficient decreased  by  adding  the  extracellular 
polymer  substance  extracted  from  the  sludges.  The 
extracellular  polymer  was  found  to  have  a  bad 
effect  on  the  dewatering  process  through  the  two 
periods.  From  the  results  of  compression-perme- 
ability testing,  the  addition  of  extracellular  poly- 
mer did  not  affect  the  local  porosity,  but  it  did 
have  a  great  influence  on  the  local  specific  filtra- 
tion resistance.  (Geiger-PTT) 
W90-04057 


CASE  HISTORIES  OF  STARTUP  AND  OPER- 
ATION OF  THE  ENVDXEX  ORBAL  AERATION 
PROCESS. 

PSC  Engineers  and  Consultants,   Inc.,  Reading, 
PA.  Environmental  Div. 
L.  E.  Ritter. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  22,  No.  6,  p  7-13,  November 
12,  1989.  2  fig,  4  tab,  4  ref. 

Descriptors:  'Wastewater  treatment,  'Aeration, 
'Chemical  treatment,  'Aerobic  digestion,  Pennsyl- 
vania, Phosphorus,  Biological  oxygen  demand. 

Three  treatment  plants  that  employ  Orbal  aeration 
differently  were  compared.  In  Ephrata,  Pennsylva- 
nia, the  main  function  of  the  Orbal  process  was 
nitrification  of  NH3-N  and  removal  of  most  of  the 
remaining   biological    oxygen   demand    from    3.8 
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MGD  of  wastewater  that  had  previously  received 
preliminary  treatment.  Phosphorus  removal,  in  ad- 
dition to  biological  removal,  was  by  chemical  pre- 
cipitation. The  Orbal  system  at  the  Chalfont-New 
Britain  plant  was  designed  to  treat  4.0  MGD  of 
wastewater.  At  Troy,  PA,  the  only  usable  existing 
facility  was  an  aerobic  digestion  tank.  There,  0.222 
MGD  of  preliminary  treated  wastewater  that  re- 
ceived grinding  and  grit  removal  was  pumped 
directly  to  the  Orbal  system.  All  three  plants  pro- 
duced excellent  quality  effluents.  The  Orbal  system 
used  in  different  applications  showed  that  it  was 
versatile,  efficient,  and  met  all  the  manufacturer's 
claims  for  removal  of  biological  oxygen  demand, 
suspended  solids,  nitrogen,  and  phosphorus.  The 
storm  flow  pattern  proved  an  outstanding  feature 
of  the  Orbal  system.  The  system  could  be  used 
effectively  with  circular  clarifiers  or  rectangular 
settling  tanks  designed  to  like  parameters.  The 
Orbal  also  produced  a  high  quality  effluent  and  a 
large  quantity  of  excess  sludge  compared  to  what 
might  be  expected  under  conditions  of  extended 
aeration  loading.  (Mertz-PTT) 
W9O-04O68 


SUITABILITY  OF  ION  EXCHANGE  RESINS 
FOR  THE  REMOVAL  OF  CADMIUM  FROM 
WASTEWATERS.  PART  HI:  EFFECT  OF  AD- 
SORBENT DOSE. 

Villanova  Univ.,  PA.  Dept.  of  Chemical  Engineer- 
ing. 

V.  L.  Punzi,  and  M.  R.  Stober. 
Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  22,  No.  6,  p  18-21,  November 
12,  1989.  3  tab,  3  ref. 

Descriptors:  *Cadmium,  'Adsorbents, 

♦Wastewater  treatment,  *Resins,  Chemical  treat- 
ment, Ion  exchange,  Hydrogen  ion  concentration. 

Cadmium  adsorption  was  studied  as  a  function  of 
wastewater  pH  and  adsorbent  dose  for  four  differ- 
ent adsorbents;  adsorbents  used  included  IRC-718, 
Nuchar  SN,  252,  and  IR-120PD.  Results  obtained 
using  adsorbent  doses  that  were  significantly  lower 
than  those  used  in  earlier  studies  confirmed  the 
superiority  of  Rohm  and  Haas  IRC-718  for  use  in 
the  industrial  waste  treatment  applications  simulat- 
ed. In  each  of  the  the  60  experiments,  aqueous 
cadmium  chloride  solutions  initially  containing  10 
mg  Cd(II)/L  were  used  as  the  synthetic  waste. 
Adsorption  studies  were  performed  at  25  C  by 
adding  a  known  mass  of  adsorbent  to  500  mL  of 
synthetic  waste.  The  adsorbent  dose  was  varied  as 
a  function  of  both  adsorbent  and  pH,  with  actual 
dose  chosen  to  produce  final  Cd(II)  concentrations 
between  0.01  and  5.0  mg/L.  The  long-term  cadmi- 
um removal  efficiency  increased  monotonically  as 
adsorbent  dose  increased  for  all  adsorbents  at  all 
pHs  tested.  Except  for  unexplainable  results  ob- 
served at  a  pH  of  5  for  low  adsorbent  doses  of 
Nuchar  SN,  it  appeared  that  a  dose  existed  at 
which  a  long-term  removal  efficiency  of  nearly 
100%  Cd(II)  removal  could  occur.  In  comparing 
the  performance  of  the  resins,  the  cadmium  remov- 
al achieved  after  20  min  and  after  1  hour  generally 
increased  monotonically  as  adsorbent  dose  in- 
creased, for  resins  tested  at  pHs  of  3,  5  and  7. 
(Mertz-PTT) 
W90-04069 


ODOR  CONTROL  IN  PUMPING  STATIONS 
AND  COLLECTION  SYSTEMS. 

Coyne  (George  S.)  Chemical  Co.,  Inc.,  Croydon, 
PA.  Environmental  Services  Group. 
D.  J.  Maugle. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  22,  No.  6,  p  23-30,  November 
12,  1989.  11  tab. 

Descriptors:  »Odor  control,  *Hydrogen  sulfide, 
•Wastewater  treatment,  •Chemical  treatment, 
Chlorine,  Potassium  compounds,  Sulfates,  Activat- 
ed carbon,  Hydrogen  peroxide. 

Most  of  the  odors  associated  with  the  transference 
of  sewage  to  the  treatment  plant  are  of  a  sulfide 
nature,  with  the  main  offender  being  hydrogen 
sulfide.  This  compound  can  be  found  in  two  forms: 
insoluble  sulfides  and  dissolved  sulfide.  The  dis- 
solved fraction  is  the  culprit  causing  odor  com- 


plaints and  destruction.  Various  chemicals  have 
been  found  to  reduce  levels  of  hydrogen  sulfide  in 
sanitary  sewer  systems.  These  include  activated 
carbon  scrubbers,  alkalinity  control,  chlorine,  fer- 
rous chloride,  ferrous  sulfate,  hydrogen  peroxide, 
potassium  permanganate,  and  sodium  hypochlorite 
scrubbing.  Hydrogen  peroxide  is  easy  to  apply, 
reacts  preferentially  with  H2S  and  has  no  harmful 
side  effects  from  overdosing.  Chlorine  reacts  rapid- 
ly, oxidizes  other  odorous  compounds  (such  as 
ammonia)  and  is  available  in  several  forms.  Potassi- 
um permanganate  quickly  reacts,  oxidizes  other 
odorous  compounds,  works  well  in  high  solid 
waste  streams  and  removes  grease  build-up  in  lines 
and  wet  wells.  Ferrous  sulfate  is  easy  to  handle, 
reacts  relatively  quickly,  removes  phosphorous 
and  has  a  low  cost.  Ferrous  chloride  has  benefits 
similar  to  ferrous  sulfate;  it  can  also  be  used  in  long 
detention  lines.  Sodium  hypochlorite/carbon 
scrubbers  are  very  efficient  and  oxidize  or  adsorb 
many  odorous  compounds.  Each  of  the  products 
carry  their  own  disadvantages  and  costs  may  vary 
considerably.  (Mertz-PTT) 
W90-04070 


ALGAE  OCCURRING  IN  AN  UNCOVERED 
TRICKLING  FILTER  OF  A  SEWAGE  TREAT- 
MENT PLANT  IN  CRACOW. 

Polish   Academy  of  Sciences,   Krakow.   Inst,  of 

Botany. 

K.  Wolowski. 

Archiv  fuer  Hydrobiologie,  Supplement  AHBSA8, 

Vol.  82,  No.  2,  p  207-239,  August  1989.  38  fig,  5 

tab,  71  ref. 

Descriptors:  'Wastewater  treatment,  *Trickling 
filters,  »Algal  growth,  *Biological  wastewater 
treatment,  Poland,  Nuisance  algae,  Stigeoclonium, 
Hyponomonas,  Chlorella,  Sphaerotilus,  Zoogloea, 
Fusarium,  Fungi. 

The  sparsity  of  information  in  the  world  literature 
provided  the  incentive  to  investigate  and  charac- 
terize the  algae  present  in  the  trickling  filter  of  the 
Kliny  housing  estate  in  Cracow,  Poland.  The  pres- 
ence of  green  algae,  diatoms,  and  blue-green  algae, 
in  addition  to  the  numerous  bacteria,  sewage  fungi, 
and  other  organisms  in  the  periphyta  covering  the 
surface  of  trickling  filters,  is  a  normal  phenomenon 
in  open-air  sewage  treatment  plants.  The  presence 
of  algae  on  the  surface  of  filters  is  welcome,  since 
they  utilize  simple  chemical  compounds  resulting 
from  the  activity  of  sewage  bacteria  and  fungi, 
directly  on  the  filter  surfaces,  and  also  provide 
additional  quantities  of  oxygen  to  be  utilized  in  the 
biodegradation  of  the  sewage.  They  pose  no  threat 
to  the  efficiency  of  the  filter,  provided  their  devel- 
opment is  controlled.  Samples  were  taken  from 
stones  lying  on  the  surface  of  the  filter  bed.  In  1979 
and  1980  samples  were  taken  at  monthly  intervals, 
but  in  1981  only  five  times.  The  mass  occurrence 
of  some  species  coupled  with  the  simultaneous 
recession  of  others  caused  the  surface  of  the  filter 
to  change  color.  A  green  aspect  with  Stigeoclon- 
ium tenue,  Hyponomonas  chlorococcides,  and 
Chlorella  vulgaris  indicated  that  the  filter  was 
functioning  properly.  A  gTey-green  one,  caused  by 
the  development  of  large  quantities  of  the  bacteria 
Sphaerotilus  natans  and  Zoogloea  ramigera  on  the 
dying  algae  indicated  aging  of  the  periphytic  algae 
and  that  the  filter  was  not  working  well.  An 
orange  color,  with  the  dominating  fungus  Fusari- 
um aquaeductum,  demonstrated  decay  of  the  peri- 
phyton,  and  poor  functioning  of  the  filter.  (Mertz- 
PTT) 
W90-04072 


ANAEROBIC  TREATMENT  OF  BREWERY  EF- 
FLUENT. 

Hong   Kong   Univ.   Dept.   of  Civil   Engineering. 
H.  H.  P.  Fang,  Z.  Jinfu,  and  L.  Guohua. 
Biotechnology  Letters  BILED3,  Vol.  11,  No.  9,  p 
673-678,  September  1989.  3  fig,  7  ref. 

Descriptors:  Biological  wastewater  treatment, 
•Anaerobic  digestion,  •Effluents,  •Wastewater 
treatment,  Chemical  oxygen  demand,  Biological 
oxygen  demand,  Sludge  seeding,  Brewery  wastes. 

Brewery  effluent  with  high  organic  content  was 
treated  anaerobically  in  a  1.17  cubic  meter  reactor 


over  five  months.  The  reactor  was  first  seeded 
with  a  mixture  of  sludges:  about  half  of  the  sludge 
was  from  an  anaerobic  digester  of  a  secondary 
treatment  plant  and  the  other  half  was  collected 
from  the  sludge  of  a  local  pond  and  sieved  through 
a  fine  screen.  The  volatile  suspended  solids/total 
suspended  solids  ratio  of  the  sludge  was  0.24,  ini- 
tially. It  was  steadily  improved  to  0.40  in  two 
months,  and  reached  0.43  at  the  end  of  the  experi- 
ment. At  26  C,  and  with  a  hydraulic  retention  time 
of  13.3  hours  and  a  loading  rate  of  4.6  kg  chemical 
oxygen  demand/cubic  meter/day,  the  process  re- 
duced over  89%  of  chemical  oxygen  demand  and 
92%  of  biochemical  oxygen  demand  from  the 
brewery  effluent.  Both  reductions  could  be  further 
improved  by  more  effective  removal  of  suspended 
solids.  (Mertz-PTT) 
W90-04087 


VEGETATIVE  FILTER  TREATMENT  OF 
DAIRY  MILKHOUSE  WASTEWATER. 

Vermont  Dept.  of  Environmental  Conservation, 

Waterbury. 

C.  B.  Schwer,  and  J.  C.  Clausen. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

18,  No.  4,  p  446-451,  October-December  1989.  4 

fig,  3  tab,  22  ref. 

Descriptors:  *Land  disposal,  •Wastewater  treat- 
ment, *Dairy  industry,  •Phosphorus,  'Nitrogen, 
Animal  wastes,  Hydraulic  loading. 

A  vegetated  filter  strip  constructed  to  treat  milk- 
house  wastewater  from  a  Vermont  dairy  farm  was 
evaluated  to  determine  its  effectiveness  in  reducing 
solids,  P  and  N  concentrations  and  exports  in  sur- 
face and  subsurface  flow.  The  liquid  waste  was 
applied  twice  daily  via  a  level  lip  spreader  at  a  rate 
of  2.94  cm/wk  on  a  vegetated  loam  soil  having  a 
2%  slope.  The  flow  and  concentrations  of  inputs 
and  surface  and  subsurface  outputs  were  continu- 
ously monitored  during  the  2-yr  study.  The  strip 
significantly  reduced  solids,  P,  and  N  on  a  concen- 
tration basis,  and  retained  95%  solids,  89%  P,  and 
92%  N  on  a  mass  basis.  Retention  was  the  greatest 
during  the  growing  season  and  the  poorest  during 
snowmelt  periods.  Concentrations  in  subsurface 
outputs  were  greater  than  in  surface  runoff  and 
more  than  75%  of  the  mass  export  was  in  subsur- 
face flow.  Comparisons  of  this  study  with  values 
reported  in  the  literature  suggests  that  hydraulic 
loading  rate  governs  the  effectiveness  of  filter  strip 
treatment.  (Author's  abstract) 
W90-04102 


INFILTRATION  OF  WASTEWATER  IN  A 
NEWLY  STARTED  PHOT  SAND-FTLTER 
SYSTEM:  I.  REDUCTION  OF  ORGANIC 
MATTER  AND  PHOSPHORUS. 

Sveriges    Lantbruksuniversitet,    Uppsala.    Institu- 

tionen  foer  Mikrobiologi. 

M.  Pell,  and  F.  Nyberg. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

18,  No.  4,  p  451-457,  October-December  1989.  6 

fig,  5  tab,  26  ref. 

Descriptors:  'Wastewater  treatment,  'Phosphorus, 
•Organic  matter,  *Sand  filters,  Sweden,  Chemical 
oxygen  demand,  Septic  tanks,  Filtration,  Pilot 
plants. 

The  objective  of  the  study  was  to  monitor  varia- 
bles on  P  and  organic  matter  reduction  related  to 
the  wastewater  purification  process  in  a  sand-filter 
system  constructed  according  to  the  directives 
issued  by  the  National  Swedish  Environment  Pro- 
tection Board.  Monitoring  was  conducted  from 
start-up  until  a  steady  state  was  reached.  The 
system  consisted  of  a  three-chambered  septic  tank, 
a  pilot  sand-filter,  corresponding  to  the  demand  for 
one  person,  and  eight  sand-filter  columns.  It  was 
loaded  with  67  L/sq  m/d  of  an  artificial 
wastewater.  The  effluent  from  the  septic  tank 
reached  a  steady  state  with  respect  to  the  chemical 
oxygen  demand  and  P  levels  after  3  wk.  By  day  78 
the  cumulative  load  of  chemical  oxygen  demand 
had  been  reduced  by  37%  and  the  P  by  48%.  In 
the  sand  filter  the  reduction  in  chemical  oxygen 
demand  started  immediately  and  concentrations  in 
the  effluent  remained  low  and  steady  from  day  18 
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until  day  78,  when  the  last  sampling  was  made. 
The  total  reduction  in  chemical  oxygen  demand 
amounted  to  91%.  Effluent  concentrations  of  P 
were  initially  low  but  increased  as  the  experimental 
period  progressed.  The  total  decrease  in  P  in  the 
sand  filter  was  83%.  The  reduction  in  chemical 
oxygen  demand  was  highest  in  the  upper  1.5  cm  of 
the  sand  profile  and  was  almost  complete  after  15 
cm  of  infiltration;  in  contrast,  P  levels  showed  an 
overall  decrease  throughout  the  sand  profile.  The 
columns  were  less  efficient  at  reducing  chemical 
oxygen  demand  but  more  efficient  at  deceasing  P 
compared  with  the  sand  filter.  The  results  from  the 
columns  suggest  that  anaerobic  conditions  had  de- 
veloped. (See  also  W90-04104  thru  W90-04105) 
(Author's  abstract) 
W9O-O4103 

INFILTRATION  OF  WASTEWATER  IN  A 
NEWLY  STARTED  PILOT  SAND-FILTER 
SYSTEM:  H.  DEVELOPMENT  AND  DISTRI- 
BUTION OF  THE  BACTERIAL  POPULA- 
TIONS. ,  . 
Sveriges  Lantbruksuniversitet,  Uppsala.  Institu- 
tionen  foer  Mikrobiologi. 
M.  Pell,  and  F.  Nyberg. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 
18,  No.  4,  p  457-462,  October-December  1989.  4 
fig,  1  tab,  40  ref. 

Descriptors:  'Wastewater  treatment,  'Sand  filters, 
•Bacterial  analysis,  *  Aerobic  bacteria,  Septic 
tanks,  Denitrification,  Sulfur  bacteria,  Filtration, 
Pilot  plants. 

The  objective  of  the  study  was  to  monitor  the 
development  of  the  bacterial  populations  in  a  sand- 
filter  system  consisting  of  a  three-chambered  septic 
tank,  a  sand  filter  with  a  one-person  capacity,  and 
eight  columns.  The  system  was  loaded  with  67  L/ 
sq  m/d  of  an  artificial  wastewater.  Monitoring  was 
conducted  from  start-up  until  a  steady  state  was 
reached.    The    wastewater    contained    over    two 
orders  of  magnitude  higher  numbers  of  aerobic 
bacteria  in  the  third  chamber  compared  to  the  first 
chamber  of  the  septic  tank.  Populations  of  aerobic 
and  denitrifying  bacteria  in  the  sand  surface  layer 
of  the  columns  increased   markedly   in  number 
within  the  first  10  days,  reaching  peaks  on  day  24. 
The  following  decline  was  attributed  to  the  devel- 
opment of  anaerobic  conditions.  This  hypothesis 
was  supported  by  an  observed  increase  in  the 
number  of  sulfate-reducing  bacteria.  No  increase  in 
nitrifier  populations  was  observed.  In  the  sand- 
filter  surface  layer  both  aerobic  and  denitrifying 
bacteria  increased  in  numbers  until  days  65  to  75, 
thereafter  remaining  in  a  steady  state  at  around 
100,000,000  bacteria/g  dry  sand.  Populations  of 
ammonium-oxidizing  and  nitrite-oxidizing  bacteria 
both  started  out  at  low  levels.  Thereafter  they 
increased  until  days  70  to  95,  by  which  time  popu- 
lations of  1,000,000  to  10,000,000  (ammonium-oxi- 
dizing bacteria)  and   100,000  to  1,000,000/g  dry 
sand  (nitrite-oxidizing  bacteria)  had  been  estab- 
lished.  By  the  time  that  bacterial   growth  had 
reached  a  steady  state,  an  estimated  8%  of  the  pore 
volume  in  the  sand  surface  layer  was  occupied  by 
bacterial    cells.    This   biomass   accounts    for   the 
amounts  of  N  and  P  in  the  sewage  water  produced 
by  one  person  during  a  20-day  period.  (See  also 
W90-O4103  and  W90-04105)  (Author's  abstract) 
W90-04104 


tions  from  start-up  until  a  steady  state  was  reached 
in  a  pilot  sand-filter  system  consisting  of  a  three- 
chambered  septic  tank,  a  sand  filter  with  a  one 
person  capacity,  and  eight  columns.  The  system 
was  loaded  with   67   L/sq  m/d  of  an  artificial 
wastewater.  The  untreated  wastewater  contained 
114  mg  Kjheldahl  N/L  and  0.12  mg  NH4(+)-N/ 
L.  Mineralization  reached  a  steady  state  in  the 
septic  tank  after  2  wk  of  operation;  thereafter,  65 
+/-6%  of  the  effluent  N  was  NH4(  +  )-N.  In  the 
column  effluent  the  concentrations  of  NH4(+)-N 
increased  during  the  first  6  wk  of  operation,  wher- 
eafter a  stabilization  at  60  to  80  mg  NH4(+)-N/L 
occurred.  The  mean  proportion  of  effluent  N  in 
mineralized  form  for  the  whole  period  was  88  +/- 
6%.  Three  weeks  after  start-up,  all  effluent  N  from 
the  sand  filter  was  in  mineralized  form  and  re- 
mained high  for  the  rest  of  the  study  period.  The 
effluent   concentrations   of  NH4(+)-N   increased 
rapidly  during  the  first  2  wk  after  which  it  de- 
creased to  less  than  3  mg/L.  The  concentration  of 
N03(-)-N  was  initially  low.  It  then  increased  until 
about  day  30  when  it  stabilized  at  64  to  71  mg 
N03(-)-N/L.  Elevated  concentrations  of  N02(-)-N 
were  observed  between  days  8  and  45.  Nitrifying 
activity  reached  a  steady  state  after  6  wk  of  oper- 
ation. During  this  state  a  considerable  amount  of 
nitrification  took  place  in  the  upper  1.5  cm  and  all 
wastewater  N  had  been  nitrified  after  15  cm  of 
percolation.  By  the  end  of  the  operating  period  the 
total  amount  of  influent  N  in  the  septic  tank  had 
been  reduced  by  17%.  Corresponding  reductions 
for  the  columns  were  18%  and  for  the  sand  33%. 
(See  also  W90-04103  thru  W90-04104)  (Author's 
abstract) 
W90-O4105 


Descriptors:   'Wastewater  treatment,   *Biologi< 
wastewater  treatment,  'Phenols,  *Biodegradati< 


INFILTRATION  OF  WASTEWATER  IN  A 
NEWLY  STARTED  PILOT  SAND-FILTER 
SYSTEM:  D3.  TRANSFORMATION  OF  NITRO- 
GEN. 

Sveriges    Lantbruksuniversitet,    Uppsala.    Institu- 

tionen  foer  Mikrobiologi. 

M.  Pell,  and  F.  Nyberg. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

18,  No.  4,  p  463-467,  October-November  1989.  5 

fig,  2  tab,  25  ref. 

Descriptors:  'Wastewater  treatment,  *Sand  filters, 
♦Nitrogen  compounds,  Chemical  reactions,  Miner- 
alization, Pilot  plants,  Filtration,  Septic  tanks,  Ni- 
trates. 

The  objective  of  the  study  was  to  monitor  the 
chemical  dynamics  associated  with  N  transforma- 


PROTECnVE  COATINGS  AT  A 

WASTEWATER  TREATMENT  PLANT. 

Willow  Lake  Wastewater  Treatment  Plant,  Salem, 

OR. 

P.  Eckley,  and  T.  Plumb. 

Public  Works  PUWOAH,  Vol.  120,  No.  11,  p  73- 

74,  102,  November  1989.  2  tab. 

Descriptors:    'Wastewater    facilities,    'Coatings, 
'Construction  materials. 

Protecting  wastewater  treatment  plant  components 
with  suitable  coatings  prolongs  the  equipment's 
useful  life  and  promotes  aesthetics  as  well.  The 
management  of  a  Salem,  Oregon  treatment  plant 
has  embarked  on  a  program  to  keep  the  Willow 
Lake   Wastewater   Treatment    Plant's   protective 
coatings  maintained  at  all  times  using  appropriate 
coating  systems  for  different  environments.  This  is 
being  achieved  despite  periodic  heavy  industrial 
loadings  and  a  rainy  season  that  limits  the  painting 
season.  Steel  surfaces  with  severe  environment  ex- 
posure and  nonsubmerged  exteriors  such  as  clarifi- 
er  catwalks  and  tanks  receive  three  coats:  a  primer 
of  polyamide  epoxy,  an  intermediate  of  high  solids 
epoxy  and  an  acrylic  polyurethane  enamel  finish. 
Submerged  steel  and  concrete  are  painted  with 
amine  cured  or  polyamide  cured  epoxy.  Nonsub- 
merged interior  metal  such  as  piping,  fittings,  tanks 
and  pumps  are  coated  with  amine  cured  epoxy. 
Metal  doors  and  piping  with  severe  exposure  re- 
ceive a  primer  of  high  solids  epoxy  and  an  acrylic 
polyurethane   enamel   finish.    Besides   developing 
good  coating  specifications,  the  following  are  also 
important:  Keep  coating  systems  simple;  do  not 
contract  too  big  an  annual  project  that  cannot 
reasonably  be  finished  within  the  coating  season; 
keep  the  plant  staff  up  to  date  of  the  project's 
status;  provide  good  planning  and  communication 
with  the  contractor  to  avoid  confusion;  and  opti- 
mize  time   frames,   but   have   some   alternatives. 
(Mertz-PTT) 
W90-04115 


'Biological 
wastewater  treatment,  -mends,  -moaegradation, 
•Aerobic  bacteria,   Hydrogen  ion  concentration. 

The  behavior  of  pH  was  investigated  in  two  mixed 
microbial  cultures  growing  aerobically  in  a  batch 
reactor  with  phenol  as  the  limiting  substrate.  A 
buffered  synthetic  medium  was  used,  and,  in  all 
experiments,  a  variation  in  pH  was  observed.  It 
was  noted  that  the  pH  first  decreased,  and  then 
increased.  The  initial  phenol  concentrations  used  in 
the  experiments  ranged  from  60-1000  mg/L,  for 
the  first  culture  (Phenobac)  and  from  50-600  mg/ 
L,  for  the  second  (Polybac).  From  the  results 
obtained,  it  appears  that  the  extent  of  the  drop  in 
pH  depends  upon  the  initial  phenol  concentration. 
These  findings  serve  as  an  important  base  for  the 
development  of  a  simplified  system  for  the  control 
of  batch  activated  sludge  process  applied  to  the 
treatment  of  phenolic  effluents.  By  only  measuring 
the  pH  of  the  mixed  liquor,  useful  indications  are 
given  as  to  the  understanding  the  process  of  purifi- 
cation in  terms  of  the  disappearance  of  phenol 
(minimum  of  pH)  and  the  end  of  fermentation 
(stabilized  pH).  (Author's  abstract) 
W90-04140 


MAINTAINING  NITRITE  BUILD-UP  IN  A 
SYSTEM  ACCLIMATED  TO  FREE  AMMONIA. 

NovaTec   Consultants,   Inc.,   Vancouver   (British 

Columbia). 

O.  Turk,  and  D.  S.  Mavinic. 

Water  Research  WATRAG,  Vol.  23,  No.  11,  p 

1383-1388,  November  1989.  3  fig,  3  tab,  23  ref. 

Descriptors:  'Wastewater  treatment,  'Biological 
wastewater  treatment,  'Activated  sludge,  'Ni- 
trites, 'Ammonia,  'Nitrogen  removal,  Retention 
time,  Substrate  inhibition,  Nitrification. 

A  research  program  was  designed  to  study  process 
changes  that  could  be  used  to  maintain  nitrite 
build-up  and  overcome  the  effects  of  acclimation 
to  free  ammonia  (FA)  and  allow  the  use  of  a 
shortened  nitrification/denitrification  pathway  for 
nitrogen  removal  from  highly  nitrogenous  wastes. 
The  study  employed  bench-scale,  activated  sludge 
cells.  Measures  investigated  to  overcome  the  ef- 
fects of  acclimation  were:  (1)  increasing  mixed 
liquor  suspended  solids  wastage  by  a  factor  of  five; 
(2)  extension  of  contact  time  to  high  FA  levels  to 
50%  of  the  total  retention  time;  (3)  raising  FA 
concentrations  to  40  mg  NH3-N/L;  (4)  use  of  a 
more  complex  substrate  (municipal  landfill  leach- 
ate);  (5)  double  substrate  inhibition  (FA  and 
sodium  chlorate);  (6)  provision  of  internal  denitrifi- 
cation; and  (7)  temporary  reduction  of  FA  levels. 
Of  these,  the  most  effective  was  internal  denitrifi- 
cation. (Author's  abstract) 
W90-04145 


PH  VARIATION  DURING  PHENOL  BIODE- 
GRADATION  IN  MIXED  CULTURES  OF 
MICROORGANISMS. 

Cagliari  Univ.  (Italy).  Dipt,  di  Ingegneria  Chimica 

e  Materiali. 

A.  Lallai,  and  G.  Mura. 

Water  Research  WATRAG,  Vol.  23,  No.  11,  p 

1335-1338,  November  1989.  4  fig,   1  tab,  16  ref. 


EFFECT  OF  TEMPERATURE,  PH  AND  DO 
CONCENTRATION  ON  FILTERABILITY  AND 
COMPRESSIBILITY  OF  ACTIVATED 

SLUDGE. 

Middle  East  Technical  Univ.,  Ankara  (Turkey). 

Dept.  of  Environmental  Engineering. 

G.  Surucu,  and  F.  D.  Cetin. 

Water  Research  WATRAG,  Vol.  23,  No.  11,  p 

1389-1395,  November  1989.  5  fig,  6  tab,   19  ref. 

Descriptors:  'Activated  sludge,  'Wastewater 
treatment,  'Sludge  conditioning,  'Dewatering, 
Temperature,  Hydrogen  ion  concentration,  Dis- 
solved oxygen,  Filterability,  Compressibility,  Ef- 
fluents. 

The  effects  of  aeration  basin  temperature,  pH  and 
dissolved  oxygen  (DO)  concentration  on  filterabi- 
lity and  compressibility  characteristics  of  activated 
sludge  were  investigated.  Laboratory-scale,  semi- 
continuous  reactors  fed  with  synthetic  wastewater 
were  used.  Effects  of  temperatures  of  15,  20,  25, 
30,  and  35  C;  pH  values  of  5.7,  7.2,  8.2,  and  9.0; 
and  DO  concentrations  of  0.5,  1.0,  1.5,  2.0,  and  5.0 
ml/L  were  studied  by  keeping  all  the  other  param- 
eters constant  in  each  case.  Results  indicated  that 
as  the  operating  temperatures  of  reactors  were 
increased,  specific  resistances  to  filtration  also  in- 
creased. Up  to  25  C  a  decrease  in  compressibility 
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of  the  sludges  was  observed  and  above  25  C  the 
sludges  became  more  compressible.  Similarly,  as 
the  operating  pH  of  the  reactors  was  increased, 
sludge  filterabilities  decreased.  Increases  in  the  pH 
of  the  reactors  caused  the  sludges  to  become  more 
compressible.  On  the  other  hand,  low  aeration 
basin  DO  concentrations  reduced  the  filterability 
of  sludges  and  caused  the  formation  of  low  com- 
pressible sludges  and  poor  effluent  qualities.  At 
higher  DO  concentrations  higher  filterabilities, 
better  effluent  qualities  and  more  compressible 
sludges  resulted.  (Author's  abstract) 
W90-04146 


MEDIA  EFFECTS  ON  PERFORMANCE  OF 
ANAEROBIC  HYBRID  REACTORS. 

National   Research   Council   of  Canada,   Ottawa 

(Ontario).  Div.  of  Biological  Sciences. 

K.  J.  Kennedy,  S.  S.  Gorur,  C.  A.  Elliott,  E. 

Andras,  and  S.  R.  Guiot. 

Water  Research  WATRAG,  Vol.  23,  No.   11,  p 

1397-1405,  November  1989.  8  fig,  4  tab,   14  ref. 

Descriptors:  'Wastewater  treatment,  'Biological 
wastewater  treatment,  *Anaerobic  digestion, 
•Wastewater  reactors,  Upflow  sludge  blanket 
filter,  Chemical  oxygen  demand,  Retention  time. 

Effects  of  cross-flow  media  angle  and  depth  on 
hybrid  anaerobic  upflow-sludge-blanket-filter 
(UBF)  reactors  treating  a  medium  strength 
wastewater  were  investigated.  Results  showed  that 
media  angle,  media  depth  and  sludge  bed  height 
had  a  relatively  minor  effect  on  sludge  retention 
and  COD  removal  while  hydraulic  retention  time 
(HRT)  and  concomitant  volumetric  organic  load- 
ing rate  (OLR)  had  the  largest  impact.  Variations 
in  sludge  granulation  were  noted,  with  the  prolif- 
eration of  more  settleable  granules  in  the  reactor 
containing  random  media  and  UBF  reactor  with 
the  shallow  packing  slope.  Although  the  settleabil- 
ity  of  the  sludge  in  each  UBF  varied,  the  sludge 
activity  in  all  reactors  was  relatively  constant. 
Since  cross-flow  media  depth  and  angle  had  little 
influence  on  solids  retention  and  COD  removal 
efficiency,  significant  capital  cost  savings  can  be 
made  by  decreasing  the  volume  of  media  to  about 
10%  without  causing  detrimental  effects  to  UBF 
reactor  performance.  (Sand-PTT) 
W90-04147 


FATE  OF  2,4-D  IN  MICROBIAL  CULTURES. 

Technical  Univ.  of  Istanbul  (Turkey).  Dept.  of 

Environmental  Engineering. 

D.  Orhon,  I.  Talinli,  and  O.  Tunay. 

Water  Research  WATRAG,  Vol.  23,  No.  11,  p 

1423-1430,  November  1989.  6  fig,  8  tab,   18  ref. 

Descriptors:  'Wastewater  treatment,  'Phenoxy 
acid  herbicides,  'Herbicides,  'Biodegradation, 
•Fate  of  pollutants,  Culture  media,  Substrates. 

2,4-D,  as  one  of  the  most  frequently  used  herbi- 
cides, finds  access  to  treatment  plants  and  receiv- 
ing waters  at  a  significantly  increasing  rate.  These 
types  of  organics  are  commonly  investigated  either 
for  their  toxic  properties  or  their  biodegradability. 
The  accumulated  information  becomes,  at  times, 
misleading  since  2,4-D,  like  most  similar  chemicals, 
may  be  a  substrate  alternately  or  concurrently, 
depending  on  the  characteristics  of  the  environ- 
ment in  which  it  reacts.  The  fate  and  impact  of  2,4- 
D  in  microbial  cultures  under  different  conditions 
was  investigated.  It  was  found  that  2,4-D  at  short 
exposure  to  a  microbial  culture  grown  on  a  Bacto 
nutrient/sodium  acetate  mixture  (BNB)  remains 
non-biodegradable,  inhibiting  the  BNB  removal 
rate.  The  biodegradation  of  2,4-D  in  the  same 
culture  is  subject  to  acclimation  after  20-40  days. 
Upon  acclimation,  2,4-D  is  biodegradable  as  a 
single  substrate  or  combined  with  the  BNB  solu- 
tion. Its  removal  may  be  interpreted  by  a  non- 
inteTactive  mechanism  suggesting  the  development 
of  a  growth  pattern  at  high  2,4-D  concentration.  In 
multi-substrate  environments  the  BNB  removal 
rate  is  significantly  affected  by  2,4-D  inhibition. 
The  fate  and  impact  of  2,4-D  in  microbial  cultures 
under  different  conditions  shows  inherent  similari- 
ties with  those  of  phenol.  (Author's  abstract) 
W90-04150 


DETERMINATION  OF  KINETIC  CONSTANTS 
OF  ACTIVATED  SLUDGE  MICROORGA- 
NISMS RESPONSIBLE  FOR  DEGRADATION 
OF  XENOBIOTICS. 

Vysoka  Skola  Chemicko-Technologicka,   Prague 

(Czechoslovakia).  Inst,  of  Water  Technology  and 

Environmental  Protection. 

J.  Chuboda,  J.  Albokova,  and  J.  S.  Cech. 

Water  Research  WATRAG,  Vol.  23,  No.   11,  p 

1431-1438,  November   1989.  7  fig,  8  tab,  21  ref. 

Descriptors:  •Activated  sludge,  'Wastewater 
treatment,  'Biological  wastewater  treatment,  •Pol- 
lutants, Biodegradation  kinetics,  Morpholine,  Sul- 
fanilic  acid,  Nitrilotriacetic  acid,  Methanol,  Reten- 
tion time. 

Experiments  with  the  degradation  of  morpholine 
(MO),  sulfanilic  acid  (SA),  nitrilotriacetic  acid 
(NT A)  and  methanol  (MA)  were  carried  out  in 
completely-mixed  systems  at  constant  volumetric 
loading  and  variable  solids  retention  time  (SRT). 
Respirometric  studies  were  carried  out  with  excess 
biomass  in  order  to  determine  the  following  kinetic 
parameters:  yield  coefficient  (Y),  half-velocity  co- 
efficient, maximum  volumetric  removal  rate  and 
maximum  specific  removal  rate.  Both  maximum 
volumetric  removal  rate  and  maximum  specific 
removal  rate  depend  on  the  SRT  of  a  mixed  cul- 
ture. A  method  of  determining  the  critical  solids 
retention  time  at  which  maximum  volumetric  re- 
moval rate  =  volumetric  loading  was  developed. 
At  the  minimum  solids  retention  time,  all  microor- 
ganisms responsible  for  the  degradation  of  a  given 
compound  are  washed  out  from  the  cultivation 
system.  The  developed  method  also  makes  it  possi- 
ble to  determine  maximum  specific  removal  rate, 
maximum  specific  growth  rate,  and  the  decay  coef- 
ficient of  the  microorganisms  in  a  mixed  culture 
responsible  for  the  degradation  of  xenobiotics.  The 
results  indicate  that  the  microorganisms  responsi- 
ble for  the  degradation  of  the  xenobiotics  are  slow- 
growing.  A  kinetic  equation  based  on  maximum 
volumetric  removal  rate  and  half-velocity  coeffi- 
cient was  derived  and  shown  to  accurately  predict 
effluent  concentrations  of  the  tested  compounds  at 
all  SRT.  None  of  the  tested  compounds  supported 
filamentous  bulking  in  completely-mixed  reactors 
under  the  technological  parameters  used.  (Author's 
abstract) 
W90-04151 


BIODEGRADATION  OF  2,4-DICHLORO- 
PHENOL  BY  ACTIVATED  SLUDGE  MICRO- 
ORGANISMS. 

Vysoka  Skola  Chemicko-Technologicka,   Prague 

(Czechoslovakia).  Inst,  of  Water  Technology  and 

Environmental  Protection. 

J.  Chudoba,  J.  Albokova,  B.  Lentge,  and  R. 

Kummel. 

Water  Research  WATRAG,  Vol.  23,  No.   11,  p 

1439-1442,  November   1989.  4  fig,  7  tab,   8  ref. 

Descriptors:  'Activated  sludge,  'Wastewater 
treatment,  'Biological  wastewater  treatment,  'Bio- 
degradation, 'Chlorinated  hydrocarbons,  Xenobio- 
tics, Pollutants,  Dichlorophenol. 

Experiments  with  the  degradation  of  2,4-dichloro- 
phenol  (2,4-DCP)  were  carried  out  in  completely- 
mixed  systems  at  constant  volumetric  loading  and 
variable  solids  retention  time  (SRT).  A  mixed  sub- 
strate consisted  of  2,4-DCP  (20%  of  total  COD) 
and  methanol  (MA,  80%  of  total  COD).  The  maxi- 
mum specific  rate  of  2,4-DCP  removal  related  to 
the  total  biomass  in  the  cultivation  system,  in- 
creased with  the  decreasing  SRT  from  0.01 18/h  at 
the  SRT  of  10.8  d  up  to  0.0783/h  at  the  SRT  of  0.6 
d.  The  following  values  of  kinetic  constants  of 
microorganisms  responsible  for  the  degradation  of 
2,4-DCP  were  found  (20  C  and  pH  =  7.5):  COD 
yield  constant  =  0.37,  COD  half-velocity  constant 
=  0.6  mg/L,  maximum  specific  substrate  removal 
rate  =  0.233/h,  biomass  decay  rate  constant  = 
0.036/h,  maximum  specific  growth  rate  =  0.086/h 
and  critical  value  of  SRT  =  0.083  d.  (Author's 
abstract) 
W90-04152 


National  Univ.  of  Singapore.  Dept.  of  Civil  Engi- 
neering. 

L.  C.  C.  Koe,  and  F.  G.  Ang. 
Water  Research  WATRAG,  Vol.  23,  No.   11,  p 
1455-1459,  November   1989.   1   fig,  5  tab,   16  ref. 
National  University  of  Singapore  Research  Grant 
Nr.  RP870633. 

Descriptors:  'Activated  sludge,  'Wastewater 
treatment,  'Biological  wastewater  treatment,  'An- 
aerobic digestion,  'Fatty  acids,  Biocatalysts. 

Laboratory  reactors  were  set  up  to  study  the  an- 
aerobic treatment  of  primary  sludge  loaded  with 
high  levels  of  free  fatty  acids  under  the  influence 
of  a  commercial  biocatalyst.  Chemical  oxygen 
demand,  total  solids,  total  volatile  solids,  pH,  alka- 
linity, total  volatile  acids,  gas  production  and  gas 
quality  were  monitored.  By  comparing  the  organic 
destruction  parameters,  it  was  found  that  the  bio- 
catalytic  additive  did  not  aid  the  anaerobic  treat- 
ment of  such  waste  in  the  range  of  the  concentra- 
tion of  free  fatty  acids  investigated.  These  results 
did  not  agree  with  the  findings  of  previous  studies. 
The  reason  for  this  discrepancy  could  be  due  to 
the  fact  that  the  reactors  in  the  laboratory  were 
healthy  prior  to  the  addition  of  the  biocatalyst. 
There  may  be  a  difference  if  the  reactors  were  'in 
trouble',  or  when  the  organic  loadings  were  in- 
creased to  such  an  extent  as  to  induce  a  failure  in 
the  process.  (Author's  abstract) 
W90-04155 


PREDICTING  MASS  TRANSFER  RATES  IN 
RBC  FOR  NON-NEWTONIAN  FLUIDS. 

Bombay  Univ.  (India).  Dept.  of  Chemical  Tech- 
nology. 

R.  N.  Vaidya,  and  V.  G.  Pangarkar. 
Water  Research  WATRAG,  Vol.  23,  No.   11,  p 
1461-1464,  November  1989.  3  fig,  12  ref. 

Descriptors:  'Wastewater  treatment,  'Biological 
wastewater  treatment,  'Mass  transfer,  'Contac- 
tors, Nonnewtonian  fluids,  Rotating  biological 
contactors,  Adsorption,  Model  studies. 

This  technical  note  expands  the  scope  and  applica- 
bility of  earlier  models  for  mass  transfer  in  rotating 
biological  contactors  to  the  cases  where  the  fluid  is 
non-Newtonian.  It  was  assumed  that  the  film  thick- 
ness remains  constant  over  its  entire  length  of 
travel,  i.e.  from  the  point  the  fluid  is  withdrawn 
from  the  liquid  pool  to  the  point  it  is  returned  back 
to  the  pool.  This  assumption  has  been  shown  to  be 
fairly  satisfactory  for  Newtonian  fluids  under  cer- 
tain operating  regimes.  The  convective  diffusion 
equation  was  then  solved  numerically  with  the 
appropriate  initial  and  boundary  conditions  for  the 
entire  exposed  surface  area  of  the  disc.  It  is  shown 
that  a  priori  predictions  for  rates  of  absorption  (or 
mass  transfer  coefficients)  into  non-Newtonian 
fluids  is  possible,  and  excellent  agreement  with 
experimental  data  was  observed.  (Author's  ab- 
stract) 
W90-04156 


BIOCATALYTIC    ADDITION:    DOES    IT    ADD 
ANAEROBIC  DIGESTION. 


EDUCATING  RURAL  COMMUNITY  LEADERS 
IN  WASTEWATER  TREATMENT  ALTERNA- 
TIVES. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agricultural 

Engineering. 

K.  Mancl. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No 

5,  p  985-989,  October  1989.  1  tab,  9  ref. 

Descriptors:  'Ohio,  'Wastewater  treatment, 
•Wastewater  facilities,  'Education,  Surveys,  Rural 
areas,  Economic  aspects. 

Providing  adequate  wastewater  treatment  facilities 
for  the  citizens  in  small  rural  communities  in  the 
United  States  can  cost  millions  of  dollars.  An  edu- 
cational program  has  been  developed  and  conduct- 
ed in  Ohio  to  teach  local  officials  about  wastewater 
treatment  alternatives.  The  five-session  workshop 
covers  wastewater  treatment  principles,  needs  as- 
sessment, system  management,  and  resource  gath- 
ering. The  knowledge  and  skills  gained  by  the  96 
community  leaders  who  participated  in  six  work- 
shops were  measured  using  a  pretest/post  test  and 
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surveys  conducted  during  the  workshops.  From  25 
percent  to  100  percent  of  the  participants  increased 
their  knowledge  of  treatment  systems,  alternatives, 
and  relative  costs.  From  23  percent  to  84  percent 
applied  new  skills,  such  as  conducting  a  sanitary 
survey  or  examining  treatment  systems.  The  pre- 
test also  revealed  previous  knowledge  of  the  par- 
ticipants in  the  areas  of  system  maintenance  and 
consultant  qualifications.  (Author's  abstract) 
W9O-O4202 


COMPLETE     DOCUMENTATION     OF     THE 
SYSTEM/USER  MANUAL  FOR  THE  RISK  AS- 
SESSMENT MODELS  FOR  LAND  APPLICA- 
TION  OF   MUNICIPAL   SLUDGES   (RAMMS 
VERSION  3.0):  VOLUME  I. 
Science  Applications,  Inc.,  McLean,  VA. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04248 


REDUCTIONS  OF  ENTERIC  MICROORGA- 
NISMS DURING  AEROBIC  SLUDGE  DIGES- 
TION: COMPARISON  OF  CONVENTIONAL 
AND  AUTOHEATED  DIGESTERS. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 
J.  H.  Martin. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-138846. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/2-88/072,  January  1989. 
lllp,  32  fig,  35  tab,  32  ref,  3  append.  EPA  Con- 
tract CR-8 11 776. 

Descriptors:  *Wastewater  treatment,  'Enteric  bac- 
teria, *Aerobic  digestion,  *Sludge  digestion,  Sal- 
monella, Temperature,  Mathematical  studies, 
Sludge  stabilization,  Volatile  solids,  Enteroviruses, 
Comparison  studies. 

The  objectives  of  this  investigation  were  to:  (1) 
determine  the  seasonal  variations  in  sludge  stabili- 
zation and  reductions  in  the  densities  of  indicator 
organisms,  Salmonella  spp.,  and  enteroviruses  that 
occur  with  conventional  aerobic  digestion  in  cold 
climates,  and  (2)  demonstrate  that  both  sludge  sta- 
bilization and  reductions  in  the  densities  of  these 
microorganisms  can  be  improved  by  simple  modifi- 
cations that  increase  process  temperature.  Two  32 
cu-m  aerobic  digesters  located  at  a  small  municipal 
wastewater  treatment  plant  were  operated  continu- 
ously over  a  period  of  20  months  to  obtain  the  data 
necessary  to  satisfy  these  objectives.  One  digester 
was  a  conventional  digester  while  the  other  was 
designed  to  minimize  heat  losses  and  thus,  facilitate 
autoheating.  Conventional  digester  mixed  liquor 
temperatures  at  the  constant  residence  time  of  20 
days  ranged  from  a  minimum  of  8  C  to  a  maximum 
of  26  C  over  the  20  months  of  operation.   In 
contrast,  the  range  of  autoheated  digester  mixed 
liquor  temperatures  for  residence  times  of  10,  15, 
and  20  days  was  substantially  higher,  29  C  to  40  C, 
even  with  relatively  dilute  sludges.  Enteroviruses 
were  found  to  be  most  sensitive  to  the  effect  of 
temperature    increases    while    fecal    streptococci 
were  the  most  resistant.  No  strong  linear  relation- 
ships were  observed  between  first-order  reaction 
rate  coefficients  for  three  of  the  parameters  used  to 
characterize    sludge    stabilization;    total    volatile 
solids,  chemical  oxygen  demand,  and  organic  ni- 
trogen; and  mixed  liquor  temperature.  When  resi- 
dence times  necessary  to  provide  a  38%  reduction 
in  volatile  solids  concentration  are  compared  to 
residence  times  necessary  to  realize  a  two  log  10 
reduction  in  indicator  organisms  and  enteroviruses 
for  mixed  liquor  temperatures  up  to  40  C,  resi- 
dence time  for  microbial  rather  than  volatile  solids 
reductions  appeared  to  be  the  critical  design  pa- 
rameter for  aerobic  sludge  digestion.  At  mixed 
liquor  temperatures  above  40  C,  this  situation  may 
be  reversed,  however,  given  previously  reported 
results  from  studies  of  autoheated  thermophilic 
digestion.  (Lantz-PTT) 
W90-04252 


KINETICS  OF  ENDOGENOUS  DECAY, 
DEATH,  AND  LYSIS  FOR  VIABLE  ORGANIC 
SOLIDS. 

Arizona  Univ.,  Tucson. 


C.  W.  Bryant. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-148522. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  NSF/ENG-88011,  July  1988.  138p,  56 
fig,  40  tab,  101  ref,  4  append.  NSF  Grant  85-05233. 

Descriptors:  *Wastewater  stabilization,  *Kinetics, 
♦Wastewater  treatment,  Organic  matter,  Anaero- 
bic digestion,  Aerobic  digestion,  Lysis,  Stabiliza- 
tion, Organic  compounds,  Sludge  digestion,  Sedi- 
ment-water interfaces. 

The  set  of  reactions  which  convert  particulate 
organic  matter  to  soluble  components  is  of  major 
importance  in  the  stabilization  of  particulate  organ- 
ic wastes,  the  aerobic  and  anaerobic  digestion  of 
by-product  biological  sludges,  and  the  feedback  of 
consolidating  benthal  deposits  to  overlying  water 
columns.  The  research  was  designed  to  produce  an 
improved  explanation  of  aerobic  and  anaerobic 
solubilization  for  a  full  range  of  applications.  The 
objective  of  the  research  was  to  evaluate  the  net 
kinetic  rates  for  indicators  of  endogenous  decay, 
biomass  death,  and  lysis.  The  effects  of  terminal 
electron  acceptor,  temperature,  and  input  solids 
age  were  evaluated.  The  definition  of  the  net  kinet- 
ic rates  of  decay,  death,  and  lysis  as  functions  of 
these  environmental  factors  enhances  the  under- 
standing of  any  wastewater  stabilization  process. 
(Author's  abstract) 
W90-04261 


MOST  APPROPRIATE  ONGOING 

WASTEWATER  INSTITUTIONS  (ORGANIZA- 
TION FOR  AREAWTOE  WATER  QUALITY 
PLANNING). 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Politi- 
cal Science. 

For  primary  bibliographic  entry  see  Field  6E. 
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METALS  SPECIATION,  SEPARATION,  AND 
RECOVERY. 

Proceedings  of  the  International  Symposium  on 
Metals  Speciation,  Separation  and  Recovery,  Chi- 
cago, Illinois,  July  27- August  1,  1986.  Lewis  Pub- 
lishers, Chelsea,  Michigan.  1987.  779p.  Edited  by 
James  W.  Patterson  and  Roberto  Passino. 

Descriptors:  *Heavy  metals,  'Waste  recovery, 
•Separation  techniques,  *Wastewater  treatment, 
♦Metal  complexes,  *Path  of  pollutants,  Chemical 
treatment,  Metals,  Symposium,  Chemical  reac- 
tions, Molecular  structure,  Kinetics,  Ion  exchange. 

The  symposium  proceedings  contain  three  keynote 
papers  and  26  scientific  and  technical  papers  to- 
gether with  a  written  discussion  of  each  paper.  The 
keynote  papers  cover  changes  in  metal  mobilities 
in  aquatic  and  terrestrial  cycles;  general  affinity 
concepts,  equilibria,  and  kinetics  in  aqueous  metals 
chemistry;  and  metals  separation  and  recovery. 
The  other  26  papers  are  categorized  in  one  of 
seven  sections:  crystallization  and  precipitation 
phenomena;  models  and  methods  of  metals  specia- 
tion; membrane  and  biological  processes;  ligand 
design  and  kinetic  controls  of  metals  speciation; 
sorption  on  surface  oxides;  ion  exchange  separa- 
tions; and  process  research  on  metals  recovery 
applications.  (See  W90-04371  thru  W90-04391) 
(VerNooy-PTT) 
W90-04370 


METALS  SEPARATION  AND  RECOVERY. 

Illinois  Inst,  of  Tech.,  Chicago. 

J.  W.  Patterson. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  63- 
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Descriptors:  *Metals,  'Waste  recovery,  'Separa- 
tion techniques,  *Waste  management,  'Wastewater 
treatment,  Chemical  treatment,  Fate  of  pollutants, 
Water  pollution  control,  Economic  aspects. 

There  is  a  need  for  a  reassessment  of  current 
policies  for  and  methods  of  managing  toxic  metal 
pollutants.  Metals  are  conservative  elements  which 
cannot  be  destroyed  nor  detoxified  by  modern 


technologies.  Current  waste  metals  management 
practices  are  implemented  to  comply  with  applica- 
ble federal,  state  and  local  regulations.  However, 
selection  among  technologically  feasible  alterna- 
tives is  normally  dominated  by  near-term  (1  to  10 
years)  economic  considerations.  The  principal 
technologies  for  metals  separation  can  be  subdivid- 
ed into  three  categories:  conventional  treatment 
technologies;  recognized  recovery  technologies; 
and  emerging  recovery  technologies.  Conventional 
methods  include  precipitation,  oxidation,  reduction 
or  concentration  coupled  with  precipitation,  and 
secondary  coprecipitation.  Recognized  recovery 
technologies  include  evaporative  recovery,  ion  ex- 
change, membrane  separation,  and  reductive  elec- 
trolysis. Differential  precipitation,  extractive  met- 
allurgy and  selective  adsorption  are  some  of  the 
emerging  technologies.  Despite  current  disecono- 
mies associated  with  utilization  of  recovery  over 
conventional  treatment  technologies,  there  are  eco- 
nomic tradeoffs  which  should  with  time  shift  eco- 
nomics in  favor  of  recovery.  These  include  im- 
provements in  the  efficiency  and  selectivity  of 
recovery  technologies,  increases  in  metals  market 
values,  and  avoidance  or  reduction  of  future  liabil- 
ities associated  with  current  residue  disposal  prac- 
tices. (See  also  W90-04370)  (VerNooy-PTT) 
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USE  OF  THIOUREA  AND  THIOACETAMIDE 
FOR  SEPARATION  AND  RECOVERY  OF 
HEAVY  METALS  FROM  MINERAL  TREAT- 
MENT WASTE  WATERS. 

Nevada  Univ.,  Reno. 

J.  H.  Nelson,  J.  L.  Hendrix,  and  E.  Milosavljevic. 
IN:  Metals  Speciation,  Separation,  and  Recovery. 
Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  1 19- 
140,  5  tab,   18  ref.  US  Bureau  of  Mines,  Grant 
Gl  125132-3205. 

Descriptors:  'Chemical  precipitation,  'Ureas, 
•Wastewater  treatment,  'Heavy  metals,  'Separa- 
tion techniques,  Chemical  treatment,  Waste  recov- 
ery, Metal-finishing  wastes,  Cations,  Metals,  Thio- 
urea, Thioacetamide,  Chemical  reactions. 

A  study  was  conducted  to  test  the  effectiveness  of 
using  thiourea  and  thioacetamide  to  precipitate 
metals  from  wastewater  streams.  The  initial  por- 
tion of  the  study  determined  the  ability  of  thiourea 
and  thioacetamide  to  precipitate  specific  metallic 
cations  as  either  sulfides  or  oxides.  Metal  cations 
tested  included  Cu,  Fe,  Zn,  Co,  Pb,  Cr,  Mn,  Mg, 
Cd,  Ni,  As,  Hg,  and  Sb.  Tests  were  also  conducted 
using  solutions  from  metallurgical  process  streams, 
including  two  chloride  leach  washes  and  a  sulfuric 
acid  wash.  Most  metals  were  removed  within  the 
96%  to  99%  range.  Thiourea  did  not  precipitate 
arsenic,  whereas  thioacetamide  did  precipitate  it  as 
a  sulfide.  Thioacetamide  was  a  more  effective  pre- 
cipitant than  either  sodium  sulfide  (Na2S)  or  thiou- 
rea. Compared  to  Na2S,  this  is  due  to  the  slower 
rate  of  formation  of  metal  sulfides  which  gives  rise 
to  better  filterability.  Compared  to  thiourea,  this  is 
due  to  the  faster  rate  of  sulfide  formation  due  to 
hydrolysis  of  the  thioacetamide  as  evidenced  by 
the  kinetic  studies.  Preliminary  studies  concerning 
the  hydrolysis  of  thiourea  and  thioacetamide  have 
been  conducted.  (See  also  W90-04370)  (VerNooy- 
PTT) 
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EFFECT  OF  CITRATE,  A  WEAK  CHELATING 
AGENT,  ON  THE  REMOVAL  OF  HEAVY 
METALS  BY  SULFIDE  PRECIPITATION. 

Purdue  Univ.,  Lafayette,  IN. 

R.  W.  Peters,  and  Y.  Ku. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  147- 

169,  16  fig,  8  tab,  15  ref. 

Descriptors:  'Chelating  agents,  'Chemical  precipi- 
tation, 'Sulfides,  'Wastewater  treatment,  'Heavy 
metals,  Metal-finishing  wastes,  Cations,  Citrate, 
Separation  techniques,  Metals,  Chemical  treat- 
ment. 

Heavy  metal  removals  and  particle  size  distribu- 
tions are  presented  for  both  hydroxide  precipita- 
tion and  sulfide  precipitation  of  zinc,  cadmium,  and 
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copper  in  the  presence  of  a  weak  chelating  agent, 
citrate.  Both  batch  and  continuous  precipitation 
experiments  were  performed.  Experimental  condi- 
tions investigated  included  initial  citrate  concentra- 
tions from  0  to  900  mg/L,  initial  metal  concentra- 
tions from  0  to  200  mg/L,  pH  from  4  to  10,  and  0 
to  60  min  reaction  time.  The  presence  of  citrate 
had  little  effect  on  the  chemical  equilibrium  for 
both  the  hydroxide  and  sulfide  precipitation  sys- 
tems due  to  the  weak  complexing  ability  with 
metal  ions.  Citrate  does  affect  the  particle  size 
distribution  through  a  nucleation/growth  inhibi- 
tion mechanism,  generally  forming  smaller  parti- 
cles. Sulfide  precipitation  exhibits  a  better  particle 
size  distribution  and  settling  characteristics  than 
the  corresponding  metal  hydroxide  precipitation. 
Due  to  the  narrow  particle  size  distributions 
achieved,  sedimentation  by  itself  is  an  ineffective 
solid-liquid  separation  technique  for  these  heavy 
metal  systems.  Citrate  may  cause  a  coagulation 
effect  on  continuous  ZnS  precipitation  enhancing 
the  particle  size  distribution.  Excellent  metal  re- 
movals are  achieved  using  sulfide  precipitation 
even  in  the  presence  of  weak  complexing  agents 
(provided  a  very  effective  filtration  system  is  em- 
ployed) due  to  the  small  size  of  the  precipitates; 
otherwise  considerably  larger  metal  concentrations 
are  measured  using  a  less  effective  filtration 
system.  (See  also  W90-04370)  (Author's  abstract) 
W90-04375 


KINETICS  AND  YIELD  OF  THE  MAGNESIUM 
CEMENTATION  OF  CADMIUM. 

Georgia  Inst,  of  Tech.,  Atlanta. 

J.  P.  Gould,  B.  M.  Khudenko,  and  H.  F. 

Wiedeman. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  175- 

190,  10  fig,  4  tab,  15  ref. 

Descriptors:  'Cadmium,  'Magnesium,  'Kinetics, 
•Wastewater  treatment,  'Waste  recovery,  Chemi- 
cal treatment,  Heavy  metals,  Separation  tech- 
niques. 

This  paper  describes  the  results  of  studies  on  the 
cementation  of  cadmium  using  magnesium  as  the 
sacrificial  metal.  Cementation  experiments  were 
conducted  in  a  2  liter  completely  mixed  batch 
reactor.  Magnesium  cementation  of  cadmium  was 
shown  to  have  the  potential  of  reducing  the  con- 
centration of  cadmium  to  a  substantial  extent,  espe- 
cially at  moderate  to  high  initial  concentration 
levels  (200  to  5000  mg/L),  with  recovery  of  pure 
metallic  cadmium.  The  reaction  mechanism  over 
this  range  passed  from  a  migration  controlled 
regime  through  a  migration/diffusion  mechanism 
to  diffusion  control  at  higher  initial  cadmium  con- 
centrations. The  reaction  rate  appeared  to  be  at  its 
maximum  in  the  concentration  range  correspond- 
ing and  adjacent  to  the  transition  between  mecha- 
nisms. Dependence  on  pH  was  very  slight,  which 
was  consistent  with  the  fact  that  cadmium  specia- 
tion was  largely  pH  independent  over  this  range. 
Reaction  stoichiometry  was  least  favorable  at 
lowest  initial  cadmium  concentrations  and  lowest 
pH  values  indicating  effective  loss  of  magnesium  to 
attack  by  hydrogen  ions.  The  stoichiometry  very 
rapidly  improved  to  theoretical  at  all  pH  levels  as 
initial  cadmium  concentration  increased.  This  is 
very  significant  with  respect  to  system  economics. 
Many  factors  will  have  to  be  considered  in  a  full 
analysis  of  a  cementation  system  for  treatment  of 
cadmium  bearing  wastewater  including  cost  of  op- 
eration, maintenance  and  processing  of  the  cemen- 
tate,  reduced  costs  for  hazardous  waste  disposal, 
etc.  Economically  however,  magnesium  cementa- 
tion shows  every  indication  of  being  an  acceptable 
alternative  for  cadmium  removal  from 
wastewaters.  (See  also  W90-O4370)  (VerNooy- 
PTT) 
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LIQUTO  MEMBRANES  FOR  METAL  ION  RE- 
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Stauffer  Chemical  Co.,  Richmond,  CA. 
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Descriptors:  'Membrane  processes,  'Metals,  'Oil- 
water  interfaces,  'Emulsions,  'Wastewater  treat- 
ment, Cations,  Separation  techniques,  Mathemati- 
cal models,  Literature  review. 

Membrane-based  separation  processes  are  attract- 
ing considerable  attention  in  recent  years  due  to 
their  potential  for  low  capital  cost  and  energy 
efficiency.  The  liquid  surfactant  membrane  (LSM), 
can  offer  greater  areas  for  transport  than  supported 
membrane  systems.  LSM  systems  have  several  ad- 
vantages over  a  conventional  solvent  extraction 
process;  extraction  and  stripping  occur  simulta- 
neously, which  also  increases  the  capacity  of  the 
process.  LSM  systems  are  well-suited  for 
wastewater  treatment  because,  by  employment  of 
facilitation  mechanisms,  the  solute  can  be  effective- 
ly transported  against  its  concentration  gradient, 
thereby  concentrating  the  contaminant  in  a  smaller 
stream.  A  review  is  made  of  significant  recent 
developments  in  separating  metal  ions  using  LSM, 
and  considerable  attention  is  devoted  to  extraction 
of  transition  metal  cations.  The  development  of  a 
mathematical  model  of  the  extraction  process  is 
summarized.  Areas  requiring  further  research,  such 
as  encapsulated  phase  leakage  and  demulsification 
of  spent  emulsions,  are  also  identified.  (See  also 
W90-04370)  (VerNooy-PTT) 
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ALGAL  SORBENTS  FOR  SELECTIVE  METAL 
ION  RECOVERY. 

New  Mexico  State  Univ.,  Las  Cruces. 
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Descriptors:  'Algae,  'Chlorella,  'Cyanophyta, 
'Metals,  'Sorption,  'Biological  wastewater  treat- 
ment, 'Wastewater  treatment,  Waste  recovery,  Ion 
exchange. 

The  cells  of  algae,  fungi  and  bacteria,  exhibit  high 
sorptive  capacities  for  different  metal  ions  in  aque- 
ous solutions.  Algal  cells  function  like  a  mixture  of 
ion  exchange  resins.  The  mechanisms  of  metal  ion 
binding  may  involve  cation  exchange,  anion  ex- 
change, or  reduction/adsorption.  Experimental  re- 
sults suggest  some  important  applications  of  algal 
sorbent  technology  to  the  selective  removal  and 
recovery  of  metal  ions  from  waters.  Experiments 
were  performed  in  either  a  batch  or  column  con- 
figuration. In  batch  configuration,  lyophilized  algal 
cells  or  immobilized  preparations  were  suspended 
in  the  metal  solution  containing  ions  of  Al,  Cd,  Cr, 
Co,  Cu,  Pb,  Ni,  Ag,  and  Zn.  Column  experiments 
were  performed  by  passing  the  metal  solution 
through  a  column  containing  immobilized  algal 
cells.  Depending  on  the  metal  ions  and  the  condi- 
tions, C.  vulgaris,  C.  pyreniodosa,  and  Spirulina  in 
lyophilized  and  immobilized  forms  can  be  used  to 
remove  toxic  or  precious  metal  ions  from  a  variety 
of  aqueous  solutions.  In  several  cases,  selective 
binding  of  certain  metal  ions  occurs  as  a  function 
of  pH,  the  presence  of  competing  ligands,  or  the 
presence  of  competing  metal  ions.  Depending  upon 
conditions,  most  metal  ions  can  be  selectively  re- 
covered from  the  algal  cells  using  a  pH  gradient 
and/or  adding  specific  ligands.  Once  stripped  free 
of  metal  ions,  the  algal  cells  are  effectively  regen- 
erated. Thus  the  algal  sorbents  offer  an  attractive 
method  for  wastewater  treatment  and  for  recovery 
of  metal  ions  from  mining  process  streams.  (See 
also  W90-04370)  (VerNooy-PTT) 
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Illinois  Inst,  of  Tech.,  Chicago. 
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treatment.  Heavy  metals,  Chemical  treatment, 
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Two  important  heavy  metal  pollutants  with  poten- 
tial economic  value  are  cadmium  and  copper. 
Since  metals  are  often  present  in  effluents  in  asso- 
ciation with  many  other  pollutants,  recovery  of 
these  metals  by  precipitation  necessitates  selective 
removal.  Experiments  were  preformed  to  obtain 
data  on  the  homogeneous  complexation  kinetics  of 
cadmium(II)  and  copper(II)  with  hydroxide,  and 
cadmium(H)  with  chloride.  The  modeling  equa- 
tions developed  to  analyze  both  the  titration  and 
the  kinetic  data  were  non-linear  in  nature.  The 
model  developed  appears  to  be  readily  adaptable 
to  the  measurement  of  reaction  rates  for  metal 
complexation  reactions  under  conditions  of  envi- 
ronmental interest.  In  principle,  for  any  system  in 
which  a  sensitive  assay  is  available  for  free  metal 
and  free  ligand  concentrations,  the  steady  state 
CSTR  (completely  mixed  continuous  stirred  tank 
reactor)  approach  appears  capable  of  producing 
useful  results.  The  measured  rates  of  cadmium  and 
copper  complexation  are  not  instantaneous.  This 
may  afford  the  basis  of  a  kinetically-based  separa- 
tion process  for  metal  ions  from  aqueous  systems. 
Work  is  in  progress  to  test  the  developed  rate  and 
equilibrium  equations  in  multicomponent  systems. 
(See  also  W90-O4370)  (VerNooy-PTT) 
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Descriptors:  'Kinetics,  'Ion  exchange,  'Mathe- 
matical models,  'Resins,  'Metals,  'Wastewater 
treatment,  Chemical  reactions,  Mathematical  anal- 
ysis, Diffusivity,  Computer  models. 

The  numerous  studies  on  ion  exchange  kinetics 
demonstrate  that  in  some  cases  the  diffusion  mech- 
anism is  complicated  by  additional  interactions.  Ion 
exchangers  are  widely  used  for  the  extraction  of 
metals  from  wastewater  and  natural  waters.  An  ion 
exchange  model  was  studied  including  the  chemi- 
cal reactions,  which  describes  a  two-component 
system.  The  model  takes  into  account  the  effect  of 
the  interference  of  two  components  on  the  process 
of  interdiffusion.  Usually  the  kinetics  of  ion  ex- 
change in  real  systems  is  estimated  from  the  experi- 
mental dependence  F-t  and  from  bead  section  mi- 
crophotographs  taken  at  various  times.  Data  on  the 
equilibrated  ion  distribution  between  the  exchang- 
er and  the  solution  were  found  from  independent 
static  experiments.  The  experiments  were  conduct- 
ed on  vinyl  pyridine  carboxyl  ampholyte  VPC, 
carboxyl  cationite  KB-4  and  weak-basic  anionite 
AN- 18.  The  exchange  rate  in  exchangers  VPC  and 
AN- 18  was  measured  by  a  thin-layer  technique. 
Results  revealed  that  the  dependencies  of  the  mass 
exchange  rate  in  the  exchanger  phase  on  the  solu- 
tion concentration  and  parameters  of  the  exchange 
isotherm,  revealed  by  theoretical  studies,  are  also 
observed  in  the  real  systems  during  the  exchange 
accompanied  by  formation  of  weakly  dissociating 
compounds.  Comparison  of  the  experimental  and 
numerical  results  showed  a  good  quantitative 
agreement  of  the  kinetic  curves.  (See  also  W90- 
04370)  (VerNooy-PTT) 
W90-04382 


CHEMICAL  DVTERACTIONS  BETWEEN 
HEAVY  METAL  IONS  AND  HYDROUS 
SOIJDS. 

Delaware  Univ.,  Newark. 

C.  P.  Huang,  Y.  S.  Hsieh,  S.  W.  Park,  M.  Ozden 

Corapcioglu,  and  A.  R.  Bowers. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  437- 

465,  18  fig,  9  tab,  50  ref.  EPA  Grant  808141  and 

NSF  Grants  CEE  8104728,   CEE  8313290,  and 

8406293. 

Descriptors:  'Path  of  pollutants,  'Adsorption, 
'Wastewater  treatment,  'Metal  complexes, 
•Heavy  metals,  Chemical  reactions,  Cations,  Hy- 
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drogen  ion  concentration,  Acidity,  Interfaces,  Ad- 
sorbents, Model  studies,  Mathematical  models. 

Adsorption  reaction  is  a  common  process  in  water 
and  wastewater  treatment  and  in  the  transport  of 
chemical  species  in  the  aquatic  system.  The  ad- 
sorption of  metal  ions,  such  as  Cu(II),  Co(II), 
Sn(II),  Pbfll).  Hg(II).  Cd(H)  *nd  Ni(II)  onto  vari- 
ous hydrous  solids,  e.g.  A1203,  Si02,  Fe(OH)x, 
CdS(s),  Ti02,  and  activated  carbon,  was  studied 
using  pH  as  the  master  variable.  The  extent  of 
metal  adsorption  is  also  affected  by  the  surface 
loading,  the  type  of  solid  and  the  type  of  metal  ion 
involved.  A  surface  complex  formation  model, 
with  modification,  is  used  to  describe  the  adsorp- 
tion behavior.  Stability  constants  and  speciation  of 
the  surface  complexes  are  shown,  as  well  as  the 
effect  of  complexing  ligands  on  the  adsorption  of 
metal  ions.  Results  indicate  that  both  the  surface 
acidity  and  the  acidity  of  the  metal  ions  play  an 
important  part  in  metal  adsorption.  The  percent  of 
metal  removed  increases  with  decreasing  loading; 
the  adsorption  density,  however,  increases  with 
increasing  surface  loading.  Surface  complex  forma- 
tion by  including  all  metal  hydrolysis  species  pro- 
vides a  simple  method  for  quantifying  the  extent  of 
metal  adsorption.  This  model  requires  information 
on  the  surface  acidity  and  the  aqueous  chemistry  of 
metal   speciation.    Among   the    solids   examined, 
Ti02,  Si02  and  Nuchar  SA  exhibit  bidendate  sur- 
face complexes.  Other  solids,  however,  form  only 
monodendate  surface  complexes.  It  is  noted  that 
Ti02,  Si02  and  Nuchar  SA  are  strong  solid  acids. 
The  presence  of  ligand  can  affect  the  adsorption  of 
metal  ions.  Increasing  the  concentration  of  com- 
plexing ligand  tends  to  inhibit  the  adsorption  of 
metal  complexes.  Competitive  adsorption  between 
the  'free'  ligand  and  the  complexed  metal  ions  can 
inhibit  the  adsorption  of  the  metal  complexes.  (See 
also  W9O-O4370)  (VerNooy-PTT) 
W90-04383 


MECHANISMS    OF    METAL    ION    ADSORP- 
TION ON  ACTIVATED  ALUMINA. 

Aluminum  Co.  of  America,  Alcoa  Center,  PA. 

Alcoa  Labs. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04384 


but  no  electrodeposition  of  Ni  was  possible  in  the 
presence  of  EDTA,  NTA,  or  CIT.  The  higher  the 
initial  metal  concentration  in  the  spent  regenerant, 
the  better  the  current  utilization  for  a  90%  recov- 
ery of  heavy  metal.  In  evaluation  of  the  cyclic 
process  of  regeneration,  recovery  and  chelant 
reuse,  the  resin  was  exhausted  with  copper,  regen- 
erated with  EDTA,  and  the  EDTA-Cu  recovered 
by  electromembrane  deposition.  There  was  no 
need  for  additional  EDTA  during  5  complete 
cycles.  EDTA  recovery  and  Cu  recovery  aver- 
aged about  97%.  (See  also  W90-04370)  (VerNooy- 
PTT) 
W90-04386 


lated  and  real  chloralkali  wastewaters  are  present- 
ed. High  metal  content  (10  to  20%  dry  weight)  is 
reached  in  the  sludge  produced,  which  is  easily 
dewatered.  An  oxidizing  treatment  of  the  sludge 
with  NaCIO  allows  the  metal  recovery  in  concen- 
trated solution,  leaving  a  non-toxic  solid  residue 
which  can  be  safely  disposed.  Process  applicability 
to  chloralkali  wastewaters  has  been  verified  by 
pilot  plant  tests  which  provided  all  data  required 
for  a  technical-economical  evaluation,  in  compari- 
son with  other  precipitation  processes.  (See  also 
W9O-O4370)  (Author's  abstract) 
W90-04388 


CATION  EXCHANGE  REMOVAL  OF  HEAVY 
METALS  WITH  A  RECOVERABLE  CHELANT 
REGENERANT. 

Purdue  Univ.,  Lafayette,  IN. 

J.  E.  Etzel,  and  D.  H.  Tseng. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  571- 

585,  1  fig,  5  tab,  7  ref. 

Descriptors:  *Cation  exchange,  *Heavy  metals, 
•Chelating  agents,  *Metal-finishing  wastes,  'Waste 
recovery,  *Wastewater  treatment,  Resins,  Chemi- 
cal precipitation,  Copper,  Zinc,  Nickel,  Regenera- 
tion, Ion  exchange. 

There  is  a  need  for  effective  removal  of  heavy 
metals  from  metal  plating  and  finishing 
wastewaters.  Ion  exchange  studies  showed  that  the 
sodium  salt  of  ethylenediamine  tetracetic  acid 
(EDTA),  nitrilotriacetic  acid  (NTA),  or  citric  acid 
(CIT)  could  be  used  to  regenerate  a  strong  cation 
exchanger,  exhausted  with  Cu,  Zn,  or  Ni  or  a 
mixture  of  all  three  metals.  It  was  found  that 
almost  complete  regeneration  with  essentially  stoi- 
chiometric amounts  of  chelate  could  be  obtained 
between  pH  6  and  9.  Although  regeneration  effec- 
tiveness increased  as  solution  pH  increased,  forma- 
tion of  metal  hydroxides  occurred  when  the  pH 
was  greater  than  10.  The  resulting  precipitate 
fouled  the  resin  and  reduced  exchange  ability.  Re- 
generation effectiveness  for  a  Cu,  Z,  or  Ni  exhaust- 
ed exchanger  with  EDTA,  NTA,  or  CIT  was  in 
the  order  Cu  >  Zn  >  Ni.  Regeneration  effective- 
ness of  EDTA,  NTA,  and  CIT  varied  as  the 
number  of  Na  ions  available  for  exchange  per  mole 
of  chelating  agent  solution.  The  recovery  of  both 
the  heavy  metal  and  the  chelating  agent  solution 
from  a  spent  regenerant  was  evaluated  via  an  elec- 
tromembrane process.  When  a  current  was  applied, 
the  metal  was  electrodeposited  and  the  metal-che- 
late  complex  destroyed.  Electrodeposition  of  Cu 
and  Zn  from  their  chelate  complexes  was  achieved 


PURD7YTNG  PLATING  BATHS  BY  CHELATE 
ION  EXCHANGE. 

Foster-Miller  Associates,  Inc.,  Waltham,  MA. 

H.  Gold,  G.  Czupryna,  R.  D.  Levy,  C.  Calmon, 

and  R.  L.  Gross. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  619- 

642,   6  fig,   8  tab,    13   ref.   Air  Force   Contract 

FO8635-83-C-0277. 

Descriptors:  *Metal-finishing  wastes,  'Wastewater 
treatment,  *Ion  exchange,  'Chelating  agents, 
•Heavy  metals,  Waste  recovery,  Resins,  Nickel, 
Purification,  Metals,  Economic  evaluation,  Operat- 
ing costs,  Wastewater  facilities,  Pilot  plants. 

The  US  Air  Force  currently  performs  most  of  its 
industrial  plating  operations  at  five  Air  Logistics 
Centers  throughout  the  US.  Ion  exchange  is  one 
method  of  purifying  their  contaminated  plating 
baths  for  reuse.  A  laboratory  test  program  was 
carried  out  to  determine  the  feasibility  of  using 
chelate  ion  exchange  for  the  purification  and  reuse 
of  plating  baths.  Plating  baths  considered  were 
electroless  nickel,  electrolytic  nickel,  nickel  strike 
and  hydrochloric  acid  etch.  The  best  resins  for 
treating  each  bath  were  selected,  and  breakthrough 
tests  were  run  on  plating  baths  spiked  with  the 
contaminant  metals.  Performance  of  the  best  resins 
was  determined  in  50  mL  burettes  and  in  a  1  inch 
diameter  glass  column  using  representative  samples 
of  the  actual  plating  baths.  Results  of  the  pilot 
scale  test  program  have  shown  that  chelate  ion 
exchange  is  an  economically  viable  process  for  the 
purification  and  reuse  of  contaminated  plating 
baths.  Removal  of  contaminant  metals  from  plating 
and  etching  baths  extend  the  operating  life  of  the 
baths  and  reduce  the  costs  (and  the  risks)  associat- 
ed with  the  replacement  and  disposal  of  the  spent 
baths.  The  exceptionally  short  payback  period  of  5 
months  is  the  result  of  the  high  value  of  the  plating 
baths.  Treatment  by  chelate  ion  exchange  was 
shown  to  be  suitable  for  the  four  plating  etching 
baths  studied.  (See  also  W90-04370)  (VerNooy- 
PTT) 
W90-04387 

HEAVY  METALS  REMOVAL:  PDLOT  SCALE 
RESEARCH  ON  THE  ADVANCED  MEXICO 
PRECD7ITATION  PROCESS. 

Istituto  di  Ricerca  sulle  Acque,  Rome  (Italy). 
G.  Tiravanti,  A.  C.  Di  Pinto,  G.  Macchi,  D. 
Marani,  and  M.  Santori. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 
Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  665- 
682,  10  fig,  6  tab,  22  ref. 


Descriptors:  'Chemical  precipitation,  'Wastewater 
treatment,  'Heavy  metals,  'Mercury,  'Waste  re- 
covery, Chemical  treatment,  Separation  tech- 
niques, Effluents,  Pilot  plants,  Sludge  drying,  Eco- 
nomic evaluation. 

Results  obtained  in  the  development  of  a  precipita- 
tion process  based  on  Metals  Extraction  by  Xan- 
thate  Insolubilization  and  Chemical  Oxidation 
(MEXICO)  are  described.  This  process,  utilizing 
either  water  soluble  starch  xanthate  or  insoluble 
cellulose  xanthate,  is  able  to  lower  the  effluent 
metals  concentration  down  to  microgram/L  levels 
for  most  of  the  heavy  metals  (Hg,  Cu,  Cd,  Ag). 
The  mercury  precipitation  process  has  been  thor- 
oughly studied  both  in  batch  and  continuous  tests, 
and  an  effect  of  the  metal  speciation  on  the  process 
kinetics  has  been  seen.  Results  obtained  from  con- 
tinuous pilot  plant  (15  cu  m/day)  tests  with  simu- 


ECONOMIC  FEASIBDLITY  OF  A  STATE-WIDE 
HYDROMETALLURGICAL  RECOVERY  FA- 
CILITY. 

ERM-North  Central,  Inc.,  Palatine,  IL. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-04389 


RECOVERY  OF  ALUMINUM  AS  ALUMINUM 
SULFATE  FROM  ALUMINUM  ANODIZING 
SLUDGE. 

Georgia  Inst,  of  Tech.,  Atlanta. 

F.  M.  Saunders. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  713- 

726,  5  fig,  2  tab,  6  ref. 

Descriptors:  'Metal-finishing  wastes,  'Aluminum, 
•Waste  recovery,  'Alum,  'Wastewater  treatment, 
•Sludge  drying,  Chemical  sludge,  Clarification, 
Neutralization,  Settling  velocity,  Sludge  thicken- 
ing, Wastewater  facilities. 

In  the  aluminum  finishing  industry,  while  the  per- 
sistence and  toxic  properties  of  aluminum  are  of 
limited  concern,  aluminum-hydroxide  sludges  are 
highly    gelatinous    and    extremely    difficult    to 
dewater,  and  after  dewatering  contain  high  levels 
of  moisture.  A  unique  process  configuration  at  an 
aluminum  finishing  plant  is  analyzed.   Uncondi- 
tioned wastewater  suspensions  were  collected  from 
Plant  A2  which  produced  anodized  architectural 
aluminum  components.  The  bulk  of  the  wastewater 
was       rinse       water       (continuous       discharge 
wastewater),  but  on  a  weekly  basis,  the  caustic- 
soda  etching  bath  and  a  sulfuric  acid  anodizing 
bath       were       discharged       (batch       discharge 
wastewater).   Characteristics   of  the  wastewaters 
are   detailed,   and   zone   settling   velocities   were 
measured  for  a  broad  range  of  suspended  solids 
concentrations,  as  well  as  specific  resistance  and 
the  associated  cake  solids  values.  The  application 
of  batch  neutralization  of  spent  finishing  baths 
resulted  in  significant  improvements  in  sludge  han- 
dling and  treatment  properties.  Batch  discharge  of 
spent  caustic  soda  etching  and  acidic  anodizing 
baths  produced  a  wastewater  suspension  with  the 
thickening  properties,  as  measured  using  zone  set- 
tling velocities,  which  were  as  much  as  10  to  100 
fold  higher  than  those  for  waste  waters  produced 
by  neutralization  of  dilute  rinsewaters.  This  result- 
ed   in    improved    thickening    of   the    composite 
wastewater  and  higher  influent  suspended  solids 
concentrations    for    the    subsequent    dewatering 
system.  Sludge  watering  rates  for  the  batch  dis- 
charge wastewater  were  improved.  Acidification 
of  dewatered  sludge  solids  resulted  in  the  rapid 
production  of  a  commercial  strength  solution  of 
aluminum  sulfate  (liquid  alum).  A  full-scale  recla- 
mation plant  has  been  successfully  operated  for  an 
18  months.  (See  also  W90-04370)  (VerNooy-PTT) 
W9O-O4390 


STUDD2S  OF  THE  UPTAKE  OF  HEAVY 
METALS  BY  ACTIVATED  SLUDGE. 

Metropolitan  Sanitary  District  of  Greater  Chicago, 

IL. 

G.  Elenbogen,  B.  Sawyer,  C.  Lue-Hing,  K.  C. 

Rao,  and  D.  R.  Zenz. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  731- 

755,  3  fig,  6  tab,  15  ref. 

Descriptors:  *Activated  sludge  process,  *Heavy 
metals,  *Sludge  utilization,  *Wastewater  treat- 
ment,   'Cadmium,    Municipal    wastes,    Digested 
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sludge,  Separation  techniques.  Pilot  plants,  Reten- 
tion time,  Aeration. 

The  majority  of  sludge  produced  at  the  Metropoli- 
tan Sanitary  District  of  Greater  Chicago  treatment 
facilities  is  composed  of  waste  activated  sludge 
from  the  activated  sludge  process.  Any  reduction 
in  the  metal  concentrations  in  waste  activated 
sludge  would  have  a  significant  impact  on  metal 
concentrations  in  the  digested  sludges  used  for 
land  application.  A  study  was  conducted  to  deter- 
mine whether  an  operational  change,  not  requiring 
significant  capital  expenditures,  could  be  made  in 
the  wastewater  treatment  process  in  order  to  con- 
trol or  reduce  metals  uptake  by  activated  sludge 
solids  while  maintaining  effluent  metals  concentra- 
tions consistent  with  permit  limitations.  A  pilot 
plant  study  was  conducted,  consisting  of  operating 
two  activated  sludge  units  simultaneously,  with 
only  different  sludge  retention  times  (SRT;  3  days 
and  10  days)  and  the  resultant  mixed  liquor  sus- 
pended solid  (MLSS)  levels.  No  correlation  be- 
tween SRT  and  metal  uptake  was  found.  Laborato- 
ry scale  batch  aeration  systems  were  also  set  up  to 
study  the  uptake  of  Cd  by  mixed  liquor  in  a  more 
controlled  manner.  Fresh  samples  of  return  sludge 
and  preliminary  effluent  were  collected  and  blend- 
ed from  mixed  liquors  to  the  desired  solids  concen- 
trations. When  mixed  liquor  samples  were  spiked 
with  soluble  Cd  (added  as  CdC12)  in  order  to  raise 
the  Cd  content  of  the  system,  the  uptake  of  soluble 
Cd  was  rapid,  with  more  than  90%  of  influent 
cadmium  being  adsorbed  within  a  few  minutes  of 
contact.  At  MLSS  to  Cd  ratios  greater  than 
1,000:1,  almost  instantaneous  adsorption  of  soluble 
Cd  occurs  at  initial  concentrations  of  up  to  10  mg/ 
L.  Even  with  the  high  adsorptive  capacity  of 
mixed  liquor  solids  at  the  sewage  treatment  works, 
influent  soluble  Cd  concentrations  greater  than  2.0 
mg/L,  at  MLSS:Cd  ratios  of  less  than  500:1,  could 
possibly  cause  effluent  Cd  concentrations  to 
exceed  0.15  mg/L,  which  is  the  current  effluent 
limit.  (See  also  W90-04370)  (VerNooy-PTT) 
W90-04391 


CONSTRUCTED  WETLANDS  FOR 

WASTEWATER  TREATMENT:  MUNICIPAL, 
INDUSTRIAL  AND  AGRICULTURAL. 

Proceedings  from  the  First  International  Confer- 
ence on  Constructed  Wetlands  for  Wastewater 
Treatment  held  in  Chattanooga,  Tennessee  on  June 
13-17,  1988.  Lewis  Publishers,  Chelsea,  Michigan. 
1989.  Edited  by  Donald  A.  Hammer.  831  p. 

Descriptors:  *Wetlands,  'Land  disposal,  •Confer- 
ences, *Wastewater  treatment,  *Artificial  wet- 
lands, Biological  wastewater  treatment,  Water  pol- 
lution control,  Macrophytes,  Municipal 
wastewater,  Industrial  wastewater,  Agricultural 
wastewater,  Tennessee. 

Widespread  use  of  constructed  wetlands  may  pro- 
vide a  relatively  simple  and  inexpensive  solution 
for  controlling  many  water  pollution  problems 
facing  small  communities,  industries,  and  agricul- 
tural operations.  Adoption  of  this  technology  has 
been  inhibited  by  a  lack  of  guidelines  and  instruc- 
tions supported  by  adequate  information  on  impor- 
tant system  components  and  basic  wetlands  ecolo- 
gy. The  goal  of  the  present  volume  is  to  provide 
information  to  improve  acceptance  and  increase 
application  of  constructed  wetlands  for  water  qual- 
ity improvements.  The  book  represents  the  pro- 
ceedings of  the  First  International  Conference  on 
Constructed  Wetlands  for  Wastewater  Treatment, 
held  at  Chattanooga,  Tennessee,  on  13-17  June 
1988.  Besides  wetlands  treatment  of  municipal 
wastewater,  which  has  been  the  subject  of  other 
conferences,  this  volume  includes  applications  with 
acid  mine  drainage,  urban  runoff,  agricultural 
wastes,  and  industrial  effluents.  Topics  include: 
general  principles  (hydrology,  chemistry,  physics, 
ecology,  and  microbiology);  case  histories  (pilot 
and  full-scale  plants);  design,  construction,  and  op- 
eration; and  recent  results  from  field  and  laborato- 
ry (dynamics  of  inorganic  and  organic  materials  in 
wetlands,  efficiencies  of  substrates,  vegetation, 
water  levels,  and  microbial  populations,  manage- 
ment of  domestic  and  municipal  wastewaters,  non- 
point  source  pollutants  (urban  runoff  and  agricul- 
tural wastes),  applications  to  industrial  and  landfill 
wastewaters,  and  control  of  acid  mine  drainage 


including  coal  pile  and  ash  pond  seepage).  (See 
W90-04393  thru  W90-04476)  (Rochester-PTT) 
W90-04392 


WASTEWATERS:  A  PERSPECTIVE. 

Environmental  Protection  Agency,  Atlanta,  GA. 

Region  IV. 

For   primary  bibliographic   entry  see  Field   5G 

W90-04393 


WETLANDS  ECOSYSTEMS:  NATURAL 
WATER  PURIFIERS. 

Tennessee  Valley  Authority,  Knoxville.  Waste 
Technology  Program. 
D.  A.  Hammer,  and  R.  K.  Bastian. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  5-19, 
5  fig,  17ref. 

Descriptors:  •Wetlands,  •Wastewater  treatment, 
•Artificial  wetlands,  Biological  wastewater  treat- 
ment, Water  pollution  control,  Macrophytes,  Eco- 
systems, Cost  analysis,  Comparison  studies,  Re- 
views. 

Constructed  wetlands  are  defined  as  a  designed 
and  man-made  complex  of  saturated  substrates, 
emergent  and  submergent  vegetation,  animal  life, 
and  water  that  simulates  natural  wetlands  for 
human  use  and  benefits.  Synonymous  terms  are 
man-made,  engineered,  or  artificial  wetlands.  Most 
constructed  wetlands  used  in  wastewater  treatment 
emulate  marshes.  Constructed  wetland  systems  (1) 
are  relatively  inexpensive  to  construct  and  operate; 
(2)  are  easy  to  maintain;  (3)  provide  effective  and 
reliable  wastewater  treatment;  (4)  are  relatively 
tolerant  of  fluctuating  hydrologic  and  contaminant 
loading  rates;  and  (5)  may  provide  indirect  benefit 
such  as  green  space,  wildlife  habitats,  and  recre- 
ational areas.  Disadvantages  of  constructed  wet- 
lands for  wastewater  treatment  relative  to  conven- 
tional systems  include:  (1)  relatively  large  land  area 
requirements  for  advanced  treatment;  (2)  currently 
imprecise  design  and  operating  criteria;  (3)  biologi- 
cal and  hydrological  complexity  and  a  lack  of 
understanding  of  important  process  dynamics;  and 
(4)  possible  problems  with  pests.  Furthermore,  op- 
eration of  constructed  wetland  systems  may  re- 
quire two  or  three  growing  seasons  before  optimal 
efficiencies  are  achieved.  Probably  the  greatest 
single  problem  is  the  lack  of  detailed  information 
from  long-term  experience  with  these  systems.  Al- 
though research  and  demonstration  projects  have 
shown  that  wetlands  can  provide  effective  treat- 
ment, this  treatment  option  remains  generally  un- 
known outside  the  scientific  community.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04394 


HYDROLOGIC  FACTORS  IN  WETLAND 
WATER  TREATMENT. 

Michigan  Univ.,  Ann  Arbor.  Wetlands  Ecosystem 
Research  Group. 
R.  H.  Kadlec. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  21- 
40,  16  fig,  3  tab,  24  ref. 

Descriptors:  'Land  disposal,  *Wetlands, 
•Wastewater  treatment,  •Artificial  wetlands, 
•Wetland  hydrology,  Biological  wastewater  treat- 
ment, Water  pollution  control,  Macrophytes,  Eva- 
potranspiration,  Overland  flow,  Seasonal  distribu- 
tion, Retention  time,  Rainfall,  Performance  evalua- 
tion. 

A  wide  variety  of  wastewaters  have  been  treated 
with  wetland  systems  and  most  have  been  success- 
ful. Three  features  distinguish  wetland  treatment 
systems  from  conventional  concrete  and  steel 
wastewater  facilities:  (1)  wetland  systems  interact 
strongly  with  the  atmosphere  via  rainfall  and  eva- 
potranspiration;  (2)  plants  influence  water  move- 
ment, both  overland  flow  and  evapotranspiration; 
and  (3)  because  contact  times  are  long  with  respect 
to  the  time  scales  of  rainfall  and  microbial  dynam- 
ics, but  short  with  respect  to  seasonal  processes, 
the  operation  of  these  systems  may  not  be  viewed 


as  a  steady-state  process.  Current  information  on 
key  hydrologic  processes  in  wetlands  is  reviewed 
here  and  their  implications  for  process  perform- 
ance are  considered.  Topics  include:  flow  resist- 
ance, evaporation  and  transpiration,  atmospheric 
augmentation,  water  quality  consequences.  In 
design  of  wetlands  for  wastewater  treatment,  it  is 
not  safe  to  ignore  water  exchanges  with  the  atmos- 
phere, because  they  can  significantly  contribute  to 
total  water  flow.  Rainfall  causes  two  opposing 
effects:  (1)  dilution  of  wastewater,  reducing  con- 
centrations, and  (2)  increased  velocities,  reducing 
retention  times  within  the  wetland.  The  result  will 
be  reduced  exit  concentrations,  which  can  be  inter- 
preted as  erroneously  high  rate  constants  for  the 
process.  The  impacts  of  evaporative  processes  on  a 
wetland  treatment  system  are  not  trivial.  Even  in 
northern  climates,  all  applied  wastewater  can  be 
evaporated  during  a  dry  summer  season,  as  oc- 
curred twice  in  10  yr  in  one  system.  A  wetland 
system  designed  without  regard  for  atmospheric 
augmentation  may  be  under-designed  or  overde- 
signed,  depending  on  the  degree  of  treatment  and 
local  conditions  of  water  gains  or  losses.  Frictional 
effects  associated  with  water  flow  through  a  gravel 
or  rock  substrate  differ  from  flow  through  stems 
and  litter  above  ground.  With  sand  and  gravel, 
system  overloads  can  cause  emergent  overland 
flow  near  the  entrance,  whereas  with  stems  and 
litter,  high  vegetation  densities  can  increase  depths 
above  planned  weir  settings.  Both  effects  are  forms 
of  water  mounding.  (See  also  W90-04392)  (Roches- 
ter-PTT) 
W90-04395 


PHYSICAL  AND  CHEMICAL  CHARACTERIS- 
TICS OF  FRESHWATER  WETLAND  SOILS. 

Duke  Univ.,  Durham,  NC.  School  of  Forestry  and 

Environmental  Studies. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04396 


WETLAND  VEGETATION. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of 
Botany. 

G  R.  Guntenspergen,  F.  Stearns,  and  J.  A. 
Kadlec. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  73- 
88,  1  tab,  104  ref.  NSF  Grant  BSR-8604556. 

Descriptors:  'Wetlands,  'Aquatic  plants,  •Soil- 
water-plant  relationships,  ^Wastewater  treatment, 
•Artificial  wetlands,  Biological  wastewater  treat- 
ment, Water  pollution  control,  Macrophytes,  Rhi- 
zosphere. 

Natural  wetlands  have  been  used  to  treat 
wastewater  with  varying  efficiency.  Concern  over 
environmental  impacts  on  natural  systems  and  the 
need  for  an  empirically-based  wetlands  wastewater 
treatment  technology  led  to  emphasis  on  construct- 
ed wetlands.  Wetland  vegetation  is  reviewed,  in- 
cluding: classification,  adaptations  of  plants  to  the 
aquatic  environment,  production  and  growth,  nu- 
trient uptake,  adaptations  to  anaerobic  conditions, 
factors  limiting  plant  growth,  and  vegetation  inter- 
actions with  wastewater.  Over  1000  species  of 
plants  have  been  found  that  are  from  entirely 
aquatic  plant  families,  yet  less  than  1%  of  the 
available  taxa  have  been  tried  in  wastewater  treat- 
ment projects.  Emergent  and  floating-leaved  spe- 
cies have  been  used  preferentially  in  pilot  studies 
of  constructed  wetlands.  Floating-leaved  species 
have  been  used  because  of  their  high  growth  rates, 
large  standing  crops,  and  ability  to  strip  nutrients 
directly  from  the  water  column.  Potentially  useful 
emergent  species  include  many  members  of  the 
cattail,  reed,  rush,  sedge,  and  grass  families.  Pha- 
laris,  Spartina,  Carex,  and  Juncus  all  have  poten- 
tially high  uptake  and  production  rates.  They  are 
widespread,  able  to  tolerate  a  range  of  environ- 
mental conditions,  and  can  alter  their  environment 
in  ways  suitable  for  wastewater  treatment.  Rhizos- 
phere  processes  are  largely  unknown,  but  presum- 
ably have  positive  impacts  (e.g.,  through  oxygen- 
ation). Submerged  aquatic  plants  do  not  appear  to 
have  attributes  useful  in  wastewater  treatment. 
They  have  low  production  rates  and  many  species 
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are  intolerant  of  eutrophic  conditions  and/or  have 
detrimental  interactions  with  algae  in  the  water 
column.  However,  some  species  do  possess  large 
surface  areas,  oxygenate  the  rhizosphere,  and  are 
adapted  to  eutrophic  disturbed  systems.  Submer- 
gents  may  be  useful  in  conjunction  with  other 
species.  Because  different  types  of  wastewater 
treatment  (e.g.,  municipal,  stormwater,  acid  mine 
drainage)  have  different  treatment  needs,  one  plant 
species  or  set  of  species  will  not  be  applicable  in  all 
cases.  (See  also  W90-04392)  (Rochester-PTT) 
W90-04397 

WETLANDS  MICROBIOLOGY:  FORM,  FUNC- 
TION, PROCESSES. 

Istituto  di  Ricerca  sulle  Acque,  Rome  (Italy). 
R.  J.  Portier,  and  S.  J.  Palmer. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  89- 
105,  4  fig,  2  tab,  37  ref. 

Descriptors:  'Land  disposal,  'Wetlands,  'Artificial 
wetlands,  'Microorganisms,  'Cycling  nutrients, 
•Wastewater  treatment,  Biological  wastewater 
treatment,  Water  pollution  control,  Organic 
matter,  Biodegradation. 

Microorganisms  have  a  substantial  role  in  transfor- 
mation of  organic  and  inorganic  substances  critical 
to  all  life  on  earth.  Microbial  processes  are  re- 
viewed in  relation  to  the  use  of  constructed  wet- 
lands for  wastewater  treatment,  with  emphasis  on 
bacteria,  but  with  information  included  on  fungi 
and  actinomycetes  as  well.  Topics  include:  micro- 
bial forms,  microbial   functions,  habitat  require- 
ments within  constructed  wetlands  (temperature, 
pH,  salt  concentration);  reproduction  of  bacteria 
and    population    growth;    kinetics    of   microbial 
growth,  geochemical  influences  of  microbial  proc- 
esses in  wetlands  (metals  requirements  and  metals 
toxicity,  metal  toxicity  resistance,  and  accumula- 
tion of  heavy  metals),  and  implications  of  anthro- 
pogenic organics  (petroleum  aromatic  hydrocar- 
bons and  aromatic  and  aliphatic  hydrocarbons  in 
constructed  wetlands).  The  most  important  param- 
eter for  aquatic  microorganisms  is  nutrient  avail- 
ability. Most  aquatic  environments  are  oligotrophic 
(starvation  conditions)  and  their  inhabitants  must 
cope  with  uncertain,  often  unsuitable  conditions 
for  survival.  Below  threshold  concentration,  onset 
of  starvation  survival  is  characterized  by  bacterial 
division  without  concurrent  growth  to  produce 
ultramicTOcells.  The  complexity  and  diversity  of 
aquatic   microorganisms   and   their   environments 
makes  it  virtually  impossible  for  optimal  conditions 
to  exist  for  each  organism.  At  any  one  time,  most 
microbes  are  surrounded  by  waters  lacking  suffi- 
cient nutrients  from  which  ATP  can  be  produced, 
that    is,    lacking    sufficient    energy-yielding    sub- 
strates.  Biodegradable  organics  are  the  energy- 
yielding    substrates    for    heterotrophic    bacteria. 
Many  microorganisms  can  become  dormant  (up  to 
many  years)  waiting  until  external  conditions  im- 
prove. Microbes  can  be  considered  living  catalysts, 
converting  dissolved  organic  carbon  to  particulate 
organic  carbon  suitable  for  higher-order  consum- 
ers. As  the  base  of  the  food  web,  microbes  facili- 
tate the  flow  of  organics  through  the  system.  By 
increasing  efficiency,  microbes  affect  the  rate  of 
carbon  cycling  through  the  system.  As  catalysts, 
they  are  the  central  focus  of  biological  treatment 
within  a  constructed  wetlands  system.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-O4398 


WETLANDS:    THE    LTFEBLOOD    OF    WTLD- 
LD7E. 

National  Wildlife  Federation,   Washington,   DC. 

Fisheries  and  Wildlife  Div. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04399 


CONSTRUCTED  FREE  SURFACE  WETLANDS 
TO  TREAT  AND  RECETVE  WASTEWATER: 
PTLOT  PROJECT  TO  FULL  SCALE. 

Humboldt  State  Univ.,  Areata,  CA.  Dept.  of  Envi- 
ronmental Resources  Engineering. 
R.  A.  Gearheart,  F.  Klopp,  and  G.  Allen. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 


ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  121- 
137,  8  fig,  5  tab,  22  ref. 

Descriptors:  'Land  disposal,  'Wetlands,  'Califor- 
nia, 'Wastewater  treatment,  'Artificial  wetlands, 
Biological  pilot  plants,  Water  pollution  control, 
Macrophytes,  Biochemical  oxygen  demand,  Sus- 
pended solids,  Dissolved  oxygen,  Performance 
evaluation,  Fecal  conforms. 

Four  years  of  pilot  studies  and  two  years  of  full- 
scale  operation  have  been  completed  with  a  con- 
structed freshwater  wetlands  treatment  system  for 
polishing  secondary-treated  wastewater  at  Areata, 
California.  The  first  pilot  study  involved  12  experi- 
mental wetlands  receiving  oxidation  pond  effluent 
at  hydraulic  loadings  of  0.02  to  0.24  cu  m/sq  m 
daily.  The  second  pilot  study  involved  10  experi- 
mental cells  that  were  operated  at  variable  depths 
and  hydraulic  loadings  and  with  various  harvesting 
techniques  applied.  The  full-scale  plant  employed  a 
primary  digester  with  cogeneration  capability,  cel- 
lularized  oxidation  ponds  (2.3  ha  of  treatment  wet- 
lands), a  chlorination/dechlorination  facility,  and 
13.6  ha  of  effluent  polishing  wetlands.  In  the  three 
different  projects,  reductions  in  BOD5  were  56%, 
73%,  and  55%,  to  final  values  of  11.4,  13.8,  and 
12.0  mg/L,  respectively.  Suspended  solids  (SS) 
were  reduced  85%,  80%,  and  54%,  respectively, 
to  effluent  values  of  5.3,  10.8,  and  14.0  mg/L, 
respectively.  Dissolved  oxygen  was  reduced  73%, 
76%,  and  27%,  respectively,  to  final  output  values 
of  1.5,  1.1,  and  5.0  mg/L.  The  use  of  375-sq  m  pilot 
cells  was  effective  in  predicting  the  behavior  of  the 
larger  scaled  wetland  systems.  BOD5  and  fecal 
coliform  removal  can  be  modeled  effectively  by 
first-order  kinetics.  Effluent  BOD5  from  a  wetland 
is  a  function  of  organic  loading  rates,  whereas  SS 
effluent  level  is  a  function  of  some  minimal  deten- 
tion time.  Wetland  treatment  systems  are  effective 
and  reliable  for  treating  oxidation  pone  effluent  to 
30  mg/L  BOD5  and  SS  standard  and  can  be  de- 
signed and  operated  to  produce  10  mg/L  BOD  5 
and  SS  effluents.  (See  also  W90-04392)  (Rochester- 
PTT) 
W90-04400 


ISELIN  MARSH  POND  MEADOW. 

Indiana  Univ.  of  Pennsylvania. 
T.  E.  Conway,  and  J.  M.  Murtha. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  139- 
144,  1  fig,  6  ref. 

Descriptors:  'Wetlands,  'Land  disposal,  'Pennsyl- 
vania, 'Wastewater  treatment,  'Artificial  wet- 
lands, 'Biological  wastewater  treatment,  Water 
pollution  control,  Macrophytes,  Rural  areas,  Fish 
ponds,  Cattails,  Duckweed,  Reed  canary  grass, 
Biological  oxygen  demand,  Suspended  solids,  Per- 
formance evaluation,  Coliforms. 

The  Iselin  Marsh  Pond  Meadow  project  was  con- 
ducted in  Indiana  County,  Pennsylvania,  to  exam- 
ine the  feasibility  of  a  wetlands  type  wastewater 
treatment  system  for  small  towns.  The  capital  cost 
of  the  system  was  $350,000.  The  system  was  de- 
signed serve  an  average  daily  flow  of  45  cu  m/day 
from  62  houses  and  consisted  of  the  following 
elements:  (1)  a  small  comminutor  and  bar  screen, 

(2)  an  aeration  cell  with  a  floating  surface  aerator, 

(3)  a  lateral-flow  marsh  with  cattails  (Typha  latifo- 
lia)  in  a  sand  medium,  (4)  a  facultative  pond  with 
mixed  plants  (Lemna,  Sagittaria,  Nuphar,  and 
Amacharis)  and  fish  (Cyprinus  carpio,  Ictalurus 
nebulosis,  and  Lepomis)  to  remove  the  plants,  (5)  a 
meadow  planted  with  reed  canary  grass  (Phalaris 
arundinacea)  to  provide  final  filtration,  treatment, 
and  nutrient  uptake,  (6)  a  concrete  trough  to  col- 
lect and  discharge  the  treated  effluent,  and  (7)  an 
erosion  chlorinator  and  contact  tank  (120  min)  to 
control  bacteria.  The  start-up  date  was  February 
1983.  The  system  was  capable  of  exceeding  sec- 
ondary discharge  requirements  of  30  mg/L  sus- 
pended solids,  30  mg/L  BOD5,  and  effective  disin- 
fection. Average  yearly  reductions  of  suspended 
solids  were  89%  and  BOD5  were  97%,  with 
yearly  fecal  coliform  reduction  exceeding  99%. 
These  three  parameters  did  not  change  significant- 
ly seasonally  but  the  effectiveness  of  the  system  in 


reducing  ammonia  N  and  total  P  varied  between 
summer  and  winter  conditions.  Several  physical 
modifications  of  the  system  have  been  made  based 
on  operational  experience  and  seven  similar  or 
modified  systems  are  under  development  in  Penn- 
sylvania. (See  also  W90-04392)  (Rochester-PTT) 
W90-04401 

INTEGRATED  WASTEWATER  TREATMENT 
USING  ARTIFICIAL  WETLANDS:  A  GRAVEL 
MARSH  CASE  STUDY. 

San  Diego  State  Univ.,  CA.  Graduate  School  of 
Public  Health. 

R.  M.  Gersberg,  S.  R.  Lyon,  R.  Brenner,  and  B.  V. 
Elkins. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  145- 
152,  2  fig,  1  tab,  19  ref.  California  Department  of 
Water  Resources  Grant  B-54835,  EPA  Grant  CR 
807299-01-1. 

Descriptors:  'Land  disposal,  'Wetlands, 
'Wastewater  treatment,  'Artificial  wetlands,  'Bio- 
logical wastewater  treatment,  Water  pollution  con- 
trol, Macrophytes,  Nitrogen  removal,  Coliforms, 
Biological  oxygen  demand,  Suspended  solids,  Bul- 
rushes, Ammonia,  Reeds,  Cattails,  Bacteria,  Per- 
formance evaluation. 

Tests  of  the  use  of  artificial  wetlands  for  perform- 
ing secondary  treatment  of  municipal  wastewaters 
and  the  mechanisms  of  nitrogen  and  total  coliform 
removal  were  examined.  The  test  system  consisted 
of  beds  containing  aquatic  plants  growing  in 
gravel.  In  the  larger  artificial  wetland  (Scirpus 
cover)  at  an  application  rate  of  about  5  cm/day 
(7.5-8  ha  per  3785  cu  m/day),  the  mean  BODS 
removal  efficiency  for  an  October  to  August 
period  was  90%,  with  the  mean  effluent  level  of 
113  mg/L  reduced  to  11  mg/L  in  the  wetland 
effluent.  On  four  sampling  dates  in  the  winter, 
effluent  BOD5  exceeded  30  mg/L.  The  wetlands 
also  removed  about  90%  of  the  influent  suspended 
solids  (70  mg/L  reduced  to  6.8  mg/L).  Capital 
costs  for  a  facility  capable  of  treating  3785  cu  m/ 
day  (1  mgd)  is  estimated  at  $1.7  million  compared 
to  $2.5  million  for  an  equivalent  conventional  sec- 
ondary treatment  facility.  Estimated  operation  and 
maintenance  expense  of  $137  per  3785  cu  m  treated 
is  less  than  half  the  corresponding  cost  for  conven- 
tional secondary  treatment.  Ammonia  removal 
rates  of  94%  were  measured  for  bulrush,  78%  of 
reeds,  and  28%  for  cattails,  compared  to  11%  for 
an  unvegetated  bed.  It  is  suggested  that  nitrifying 
bacteria  can  be  stimulated  by  the  oxidizing  abilities 
of  the  plant  rhizome,  which  performs  a  function 
analogous  to  that  of  an  air  compressor  in  an  acti- 
vated sludge  tank.  The  ability  of  artificial  wetlands 
to  perform  integrated  wastewater  treatment  by 
removing  bacterial  indicators  as  well  as  BOD5, 
suspended  solids,  and  nitrogen  makes  them  an  at- 
tractive alternative  for  meeting  treatment  needs  of 
small-to-medium-sized  communities.  Where  land  is 
available,  artificial  wetlands  offer  a  simple  process 
design,  lower  operating  and  maintenance  expense, 
and  wildlife  enhancement  value,  and  represent  an 
innovative  solution  to  cost-effective  wastewater 
treatment.  (See  also  W90-04392)  (Rochester-PTT) 
W90-04402 


SEWAGE  TREATMENT  BY  REED  BED  SYS- 
TEMS: THE  PRESENT  SITUATION  IN  THE 
UNITED  KINGDOM. 

Water  Research  Centre,  Stevenage  (England). 
P.  F.  Cooper,  and  J.  A.  Hobson. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  153- 
171,  7  fig,  4  tab,  9  ref. 

Descriptors:  'United  Kingdom,  'Reed  bed  treat- 
ment systems,  'Wetlands,  'Land  disposal, 
'Wastewater  treatment,  'Artificial  wetlands,  Bio- 
logical wastewater  treatment,  Water  pollution  con- 
trol, Reeds,  Municipal  wastes,  Performance  eval- 
uation, Comparison  studies,  Seasonal  variation. 

Reed  bed  treatment  systems  (RBTS)  are  methods 
of  sewage  treatment  in  an  artificial  (constructed) 
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wetland  containing  common  reeds  (Phragmites 
australis).  The  system  depends  on  the  flow  of 
sewage  through  a  bed  of  soil  or  gravel  in  which 
the  reeds  are  growing.  RBTS  in  the  United  King- 
dom and  Europe  are  described,  including  design 
and  construction  details  (bed  size  and  shape, 
growth  medium,  plants  and  planting,  weed  control, 
feed  distribution,  outlet  collector,  and  liner);  per- 
formance of  full-scale  beds  (Gravesend,  Marnhull, 
Holtby,  Castleroe,  Middleton,  Valleyfield,  and 
Little  Stretton);  and  small-scale  tests  in  mobile  test 
tanks.  Data  from  most  United  Kingdom  RBTS 
with  full  sampling  and  analysis  are  encouraging, 
particularly  considering  that  none  of  the  systems 
has  reached  maturity  (3-5  yr).  Reeds  grow  well  in 
gravel,  but  most  treatment  observed  so  far  is  likely 
due  to  physical  filtration.  Some  systems  built  in  soil 
have  suffered  from  overland  flow  and  excessive 
weed  growth.  Performance  of  the  Holtby,  Marn- 
hull, and  Middleton  soil  beds  is  quite  encouraging, 
however.  The  small  beds  are  providing  useful  in- 
formation, but  its  representativeness  is  unknown 
until  more  results  from  larger-scale  RBTS  are  ana- 
lyzed. Effluent  quality  appears  to  deteriorate 
slightly  in  winter  (December-March),  a  phenome- 
non observed  in  the  full-scale  beds.  Moving  and/or 
draining  the  small-scale  beds  may  have  an  adverse 
effect  on  treatment  performance.  (See  also  W90- 
04392)  (Rochester-PTT) 
W9O-O4403 


AQUATIC  PLANT/M1CROBLAL  FILTERS  FOR 
TREATING  SEPTIC  TANK  EFFLUENT. 

National  Aeronautics  and  Space  Administration, 
Bay  Saint  Louis,  MS.  John  C.  Stennis  Space 
Center. 

B.  C.  Wolverton. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  173- 
178,  2  fig,  1  tab,  10  ref. 

Descriptors:  'Wetlands,  'Land  disposal,  'Missis- 
sippi, 'Wastewater  treatment,  •Artificial  wetlands, 
Septic  tanks,  Biological  wastewater  treatment, 
Water  pollution  control,  Aquatic  plants,  Perform- 
ance evaluation,  Rural  areas. 

The  use  of  natural  biological  processes  for  treating 
various  types  of  wastewater  has  been  developed  at 
the  John  C.  Stennis  Space  Center  during  the  past 
15  yr.  The  design  and  operating  experience  with 
some  of  these  systems  at  various  locations  in  Mis- 
sissippi is  described.  Septic  tank  effluent  from 
single  homes  can  be  treated  to  advanced  secondary 
levels  or  better  using  a  400-sq  ft  washed  gravel 
filter.  The  filter  should  be  1.0-1.5  ft  deep,  with  the 
wastewater  level  maintained  at  6  in  below  the  rock 
surface.  When  ornamental  plants  (e.g.,  calla  lily, 
Zantedeschia  aethiopica,  canna  lily,  Canna  flac- 
cida,  elephant  ears,  Colocasia  esculenta,  yellow 
iris,  Iris  pseudacorus,  and  ginger  lily,  Hedychium 
coronarium)  are  planted  in  the  rock  filter,  their 
roots  penetrate  to  the  wastewater  level,  adding 
oxygen  and  increasing  biological  activity.  If  a 
point-source  discharge  is  not  desired,  approximate- 
ly 20  ft  of  4-in  perforated  leach  field  tubing  is  used 
to  disperse  the  effluent  from  the  rock/plant  filter 
beneath  the  soil.  Large  septic  tanks  use  in  small 
towns  and  communities  in  lieu  of  open  sewage 
lagoons  have  many  advantages  over  open  lagoon 
systems.  Several  tanks  in  different  locations  can 
discharge  their  effluent  to  one  or  more  rock/plant 
filters  for  further  treatment.  Size  of  the  rock/plant 
filter  is  dictated  by  the  volume  of  septic  tank 
effluent  and  the  level  of  treatment  desired.  When 
these  systems  are  properly  installed,  sewage  will 
not  be  exposed  to  the  air  before  treatment  has  been 
accomplished.  (See  also  W90-04392)  (Rochester- 
PTT) 
W90-04404 


CREATION  AND  MANAGEMENT  OF  WET- 
LANDS USING  MUNICIPAL  WASTEWATER 
IN  NORTHERN  ARIZONA:  A  STATUS 
REPORT. 

Apache-Sitgreaves  National  Forests,  Lakeside, 
AZ. 

M.  Wilhelm,  S.  R.  Lawry,  and  D.  D.  Hardy. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,     Industrial    and    Agricultural. 


Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  179- 
185,  2  tab,  7  ref. 

Descriptors:  'Wetlands,  'Land  disposal,  'Forest 
management,  'Arizona,  'Wastewater  treatment, 
•Artificial  wetlands,  Biological  wastewater  treat- 
ment, Water  pollution  control,  Macrophytes,  For- 
ages, Elk,  Performance  evaluation.  Seasonal  distri- 
bution. 

The  Apache-Sitgreaves  National  Forests,  on  the 
Mogollon  Rim  in  northeastern  Arizona,  have  been 
the  subject  of  a  10-yr  management  plan  aimed  at 
improving  wildlife  and  recreational  uses.  The  Wet- 
lands Management  Program  raised  ducklings 
hatched  from  9  in  1979  to  2819  in  1982  using  a 
combination  of  improvements  to  natural  wetlands 
and  creation  of  new  wetlands  receiving  municipal 
effluent.  The  new  wetlands  provide  large  evapora- 
tion ponds  for  disposal  of  wastewater  from  the  city 
of  Show  Low,  Arizona  and  for  developments 
known  as  Pinetop  and  Lakeside.  Marsh  disposal 
for  Show  Low's  secondary-treated  effluent  cost 
32%  less  than  the  lowest  nonmarsh  alternative,  and 
annual  operating  costs  were  47%  less  with  the 
marsh.  Effluent  marshes  have  been  an  obvious 
success  for  wildlife  habitat.  Several  improvements 
are  planned  or  in  progress  for  this  disposal  system, 
including:  expansion  of  effluent  production  rates 
from  2200  to  7550  cu  m/day  for  Show  Low  and 
1514  to  9643  for  Pinetop-Lakeside  by  2025.  In 
addition,  effluent  storage  for  winter  has  been 
added  at  Show  Low,  with  a  riparian  growth  area 
and  forage  enhancement  for  wildlife  and  livestock. 
At  Pinetop  and  Lakeside  developments,  a  16-ha 
storage  facility  has  been  added,  with  flexible  water 
distribution  and  water  level  control  in  the  marsh, 
as  well  as  an  overland  irrigation  area  for  elk 
forage.  (See  also  W90-04392)  (Rochester-PTT) 
W90-04405 


LAND  TREATMENT  OF  MUNICIPAL 
WASTEWATER  ON  MISSISSIPPI  SANDHIXL 
CRANE  NATIONAL  WILDLIFE  REFUGE  FOR 
WETLANDS/CRANE  HABITAT  ENHANCE- 
MENT: A  STATUS  REPORT. 
Mississippi  Sandhill  Crane  National  Wildlife 
Refuge,  Gautier. 
J.  W.  Hardy. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  186- 
190,  4  ref. 

Descriptors:  'Wetlands,  'Land  disposal,  'Missis- 
sippi, 'Wastewater  treatment,  'Artificial  wetlands, 
•Cranes,  Biological  wastewater  treatment,  Water 
pollution  control,  Macrophytes,  Wildlife  manage- 
ment, Wastewater  irrigation,  Wastewater  lagoons, 
Wastewater  disposal,  Bermuda  grass,  Ryegrass. 

The  Ocean  Springs  Regional  Land  Treatment  site 
is  located  along  the  northern  edge  of  the  Mississip- 
pi Sandhill  Crane  (Grus  canadensis  pulla)  National 
Wildlife  Refuge.  The  disposal  site  has  two  major 
components:  (1)  a  lagoon  system,  including  faculta- 
tive lagoon/storage  facilities  and  screening  and 
distribution  pump  station  facilities  and  (2)  a  land 
treatment  system,  consisting  of  distribution  and 
sprinkler  facilities  and  underdrain  and  wetland  cell 
facilities.  The  treated  effluent  is  pumped  to  the 
disposal  site  and  distributed  through  gun-type 
sprinklers.  An  effluent  application  rate  of  0.76  cm/ 
hr  is  intended  to  yield  zero  surface  runoff  from  the 
150-ha  site.  The  site  has  coastal  bermuda  grass 
(Cynodon  dactylon)  with  fall  overseeding  of 
annual  ryegrass  (Lolium  temulentum)  for  a  poten- 
tial nitrogen  removal  capacity  of  80-100  kg/ha/yr. 
Three  wetland  cells,  located  500-1500  m  down- 
grade were  constructed  to  receive  underdrain  per- 
colate from  the  treatment  site.  Spray  field  oper- 
ation trials  began  in  January  1986  and  became  fully 
operational  in  October  1987.  Several  problem  areas 
as  well  as  successes  have  been  noted.  Considerable 
surface  runoff  of  primary  treated  effluent  from  one 
section  of  the  site  contaminated  and  damaged  4-6 
km  of  refuge  service  roads  and  ditches.  Unseason- 
ably high  soil  saturation  levels  curtailed  timber 
harvests.  Although  normal  rainfall  restricts  wood- 
lands access  during  rainy  periods  and  causes  some 
roadway  erosion,  heavy  flows  from  spray  field 
runoff  exacerbated  these  problems.  Wetlands  oper- 


ated at  less  than  25%  of  predicted  efficiency. 
Major  structural  erosion  problems  plagued  all 
three  cells.  Little  percolate  reached  the  cells.  The 
grassland  sod  in  the  treatment  area  may  require  3 
yr  to  develop  full  percolate  capacity.  However, 
clearing  heavy  slash-pine  forests  and  the  haying 
operations  in  the  treatment  area  resulted  in  in- 
creased crane  use.  Since  1985,  spray  fields  have 
become  a  major  feeding  area  for  birds.  The  success 
of  this  cooperative  effort  in  using  municipal 
wastewater  for  wetlands  and  sandhill  crane  habitat 
enhancement  will  require  several  years  of  evalua- 
tion. (See  also  W90-04392)  (Rochester-PTT) 
W90-04406 


WASTE  TREATMENT  FOR  CONFINED 
SWINE  WITH  AN  INTEGRATED  ARTIFICIAL 
WETLAND  AND  AQUACULTURE  SYSTEM. 

National  Fertilizer  Development  Center,  Muscle 
Shoals,  AL. 

J.  J.  Maddox,  and  J.  B.  Kingsley. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,     Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  191- 
200,  1  fig,  4  tab,  16  ref 

Descriptors:  'Wetlands,  'Land  disposal,  'Farm 
wastes,  'Wastewater  treatment,  'Artificial  wet- 
lands, Biological  wastewater  treatment,  Water  pol- 
lution control,  Fish  ponds,  Water  chestnuts,  Bio- 
mass,  Biological  oxygen  demand,  Chemical  oxygen 
demand,  Suspended  solids.  Wastewater  irrigation, 
Performance  evaluation. 

Livestock  waste  treatment  is  described  that  uses 
fish  culture  and  sand  bed  filtration  in  artificial 
wetlands  to  circumvent  problems  of  algae  harvest- 
ing. Sand  beds  are  planted  with  Chinese  water 
chestnuts  (Eleocharis  dulcis)  to  receive  suspended 
solids  and  dissolved  plant  nutrients.  A  test  facility 
was  set  up  in  which  a  serial  water  flow  was 
maintained  from  a  groundwater  source  through  a 
swine  manure-fertilized  fish  culture  tank  and  onto 
sand  filtration  beds  where  water  chestnuts  were 
grown.  Test  tanks  were  0.001  ha,  76  cm  deep,  lined 
with  Hypalon  and  equipped  with  PVC  plumbing. 
Tilapia  nilotica,  silver  carp,  and  bighead  carp  were 
stocked  at  35,000  fish/ha.  Fish  wastewater  effluent 
(1 0-day s  retention  time)  was  applied  to  three  test 
sizes  of  water  chestnut  sand  filtration  beds  (1.8  sq 
m,  2.7  sq  m,  and  4.5  sq  m),  with  irrigation  rates 
equivalent  to  60,  100,  and  150  L/sq  m  daily.  Net 
fish  production  after  160  days  of  culture  was  4300 
kg/ha.  Flowing  water  systems  produced  31% 
more  when  compared  with  static  water  trials 
during  the  same  period.  Yields  of  water  chestnuts 
and  hay  compared  favorably  with  results  obtained 
in  a  previous  test  (1978).  Plant  response  to  irriga- 
tion rate  was  correlated  linearly  with  irrigation 
rates  and  did  not  depend  on  fish  pond  wastewater 
retention  time.  Effective  removal  rates  achieved 
were  75%  for  BOD5,  69%  for  COD,  82%  for 
suspended  solids,  74%  for  fecal  conforms,  66%  for 
total  Kjeldahl  N,  and  66%  for  total  P,  compared  to 
the  fish  pond  wastewater  source.  Water  treatment 
improvements  achieved  at  lower  irrigation  rates 
probably  are  not  justified  because  of  reduced 
yields  of  water  chestnuts.  Economic  analysis  of 
this  type  of  system  must  be  site  specific.  Biomass 
harvesting  can  provide  resource  recovery  through 
the  production  of  marketable  fish,  water  chestnuts, 
and  hay.  Generally,  these  systems  are  cost  effec- 
tive compared  with  alternative  wastewater  treat- 
ment methods  that  give  comparable  water  quality 
results.  However,  waste  treatment  is  not  usually 
practiced  at  present  and  farm  experience  with 
these  systems  is  lacking.  (See  also  W90-04392) 
(Rochester-PTT) 
W90-04407 


TREATMENT  OF  ACID  DRAINAGE  WITH  A 
CONSTRUCTED  WETLAND  AT  THE  TENNES- 
SEE VALLEY  AUTHORITY  950  COAL  MINE. 

Tennessee  Valley  Authority,  Chattanooga.  Div.  of 
Power  System  Operations. 
G.  A.  Brodie,  D.  A.  Hammer,  and  D.  A. 
Tomljanovich. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  201- 


116 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Waste  Treatment  Processes — Group  5D 


209,  5  fig,  3  tab,  6  ref. 

Descriptors:  *Wetlands,  *Land  disposal,  •Ala- 
bama, 'Wastewater  treatment,  'Artificial  wet- 
lands, Acid  mine  drainage,  Biological  wastewater 
treatment,  Water  pollution  control,  Cattails,  Wool- 
grass,  Sedimentation  basins,  Cost  analysis,  Musk- 
rats,  Ecosystems,  Invertebrates,  Performance  eval- 
uation, Heavy  metals. 

Impoundment  3,  a  sedimentation  basin  operated  by 
the  Tennessee  Valley  Authority  in  Alabama,  had 
had  persistent  problems  with  effluent  quality  com- 
pliance, resulting  in  pollution  of  Kash  Creek. 
Among  the  reasons  for  these  problems  were  inad- 
equate capacity  of  the  basin,  variations  in  flows, 
influent  chemistry,  and  weather,  and  vandalism  of 
chemical  treatment  equipment.  A  three-cell  wet- 
land was  conducted  to  treat  the  effluent  from  the 
950  coal  mine.  It  included  cattails  (Typha  latifolia) 
and  woolgrass  (Scirpus  cyperinus)  and  cost 
$41,200  to  construct  and  $3,700  for  annual  oper- 
ation and  maintenance  costs.  These  figures  con- 
trasted with  $28,500  in  annual  operating  costs  over 
10  yr  for  the  previous  chemical  treatment  system. 
Since  initial  system  operation,  effluent  quality  has 
met  permit  limits.  Generally,  the  wetland  increased 
pH  from  6.1  to  6.9  and  reduced  total  Fe  from  14.3 
mg/L  to  0.8  mg/L,  total  Mn  from  4.8  mg/L  to  1.1 
mg/L,  and  total  suspended  solids  from  24  mg/L  to 
7  mg/L.  The  number  of  invertebrate  taxa  down- 
stream from  impoundment  3  in  Kash  Creek  in- 
creased from  2  to  19  within  six  months  of  wetland 
construction.  The  wetlands,  which  were  originally 
planted  with  two  plant  species,  contained  20  plant 
species  13  mo  after  construction.  One  observed 
problem  was  muskrat  burrowing,  which  caused 
dike  failure  and  bypass  of  wetlands  water  about  a 
year  after  construction.  The  dike  was  repaired  and 
dike  slopes  were  armored  with  coarse  rip-rap  from 
0.7  m  below  to  1.0  m  above  the  waterline.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04408 


CONSTRUCTED  WETLANDS  FOR  TREAT- 
MENT OF  ASH  POND  SEEPAGE. 

Tennessee  Valley  Authority,  Chattanooga.  Div.  of 
Power  System  Operations. 
G.  A.  Brodie,  D.  A.  Hammer,  and  D.  A. 
Tomljanovich. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  211- 
219,  2  fig,  5  tab,  6  ref. 

Descriptors:  'Wetlands,  'Land  disposal,  'Heavy 
metals,  'Tennessee,  'Alabama,  'Wastewater  treat- 
ment, 'Artificial  wetlands,  Fly  ash,  Biological 
wastewater  treatment,  Water  pollution  control, 
Thermal  powerplants,  Seepage,  Manganese,  Iron, 
Cattails,  Rushes,  Bulrushes,  Armyworms,  Hydro- 
gen ion  concentration,  Performance  evaluation. 

Typically,  Tennessee  Valley  Authority  (TV A)  ash 
pond  seeps  have  pH  of  3-6,  total  Fe  of  100-200  mg/ 
L  and  total  Mn  of  5-10  mg/L,  however  Fe  may  be 
as  high  as  300-400  mg/L  and  Mn  may  be  as  high  as 
70-80  mg/L.  Widows  Creek  Steam  Plant,  Ala- 
bama, is  a  2000-megawatt  station  with  129  of  re- 
tired and  39  ha  of  active  ash  pond  storage  within  a 
399-ha  site.  Seepage  at  one  point  emanated  from  a 
reclaimed  ash  pond  dike  and  reached  Guntersville 
Reservoir.  In  April  1986,  this  seepage  was  routed 
through  a  constructed  0.5-ha  wetland  with  Typha 
latifolia  (cattail)  and  Juncus  effusus  (rush)  in  one 
cell  and  cattail  and  Scirpus  cyperinus  (bulrush)  and 
some  other  plants  in  cells  2  and  3.  Fertilizer  (Nutra 
Nuggets)  was  applied  after  planting  at  6.75  MT/ha 
and  Lorsban  was  aerially  applied  to  control  army- 
worms  (Simyra  henrici).  At  Kingston  Steam  Plant, 
Tennessee,  a  cattail  and  bulrush  marsh  (0.9  ha)  was 
established  in  a  similar  manner.  At  Colbert  Steam 
Plant,  Alabama,  a  natural  wetland  was  expanded 
by  construction  of  dikes  (total  treatment  area  1  ha). 
Construction  costs  for  three  treatment  systems 
ranged  from  $6.98  to  $14.21/sq  m  of  treatment 
area,  whereas  typical  mine  site  costs  range  from 
$3.58  to  14.12/sq  m  of  treatment  area.  The  wet- 
lands system  at  Widows  Creek  removed  97%  of 
the  Fe,  but  only  9%  of  the  Mn,  and  average 
discharge  pH  decreased  2.1  s.u.  during  the  first  8 
mo  of  operation.  A  drip-feed  NaOH  system  was 


installed  and  discharges  have  met  compliance 
standards  since.  At  Kingston,  total  Fe  was  reduced 
85%,  but  there  was  little  Mn  removal  and  pH  has 
consistently  dropped  3  s.u.  from  the  influent  to  the 
proposed  discharge  point.  Colbert  effluent  had 
good  pH  (6.6),  low  total  Fe  (<1  mg/L),  but  high 
total  Mn  (22.5  mg/L)  immediately  after  wetland 
construction.  NaOH  treatment  was  continued  to 
reduce  Mn  to  permit  limits.  Mn  levels  within  the 
system  have  dropped  consistently,  however,  sug- 
gesting that  the  initial  high  Mn  levels  resulted  from 
disturbance  of  previously  deposited  Mn.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04409 


USE  OF  WETLANDS  FOR  TREATMENT  OF 
ENVIRONMENTAL  PROBLEMS  IN  MINING: 
NON-COAL-MINING  APPLICATIONS. 

Colorado  School  of  Mines,  Golden.  Dept.  of 
Chemistry  and  Geochemistry. 
T.  R.  Wildeman,  and  L.  S.  Laudon. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  221- 
231,  3  tab,  37  ref. 

Descriptors:  'Wetlands,  'Land  disposal,  'Mine 
wastes,  'Wastewater  treatment,  'Artificial  wet- 
lands, 'Coal  mines,  'Heavy  metals,  'Metal  mines, 
Biological  wastewater  treatment,  Water  pollution 
control,  Macrophytes,  Acid  mine  drainage,  Com- 
parison studies,  Sulfates,  Pyrite,  Ontario,  Minneso- 
ta, Colorado,  Hydrogen  ion  concentration. 

Wetland  treatment  of  environmental  problems  is 
used  in  the  coal  industry  far  more  than  in  non-coal 
mining  applications.  In  coal  mining  areas,  pyrite  is 
the  mineral  responsible  for  acid  mine  drainage 
problems  and  it  causes  most  problems  in  metal 
mining  systems.  Fe,  Mn,  and  S04(2-)  dominate  the 
constituents  in  coal  mine  drainage,  whereas  drain- 
ages from  metal  mines  is  dominated  by  Cu,  Zn,  Cd, 
Pb,  and  As,  as  well  as  Fe,  Mn,  and  S04(2-).  In 
mining  situations  where  pyrite  is  absent,  water 
pollution  is  significantly  reduced.  With  pyrite 
present,  almost  every  type  of  heavy  metal  contami- 
nant may  be  present  in  acid  drainage  from  metal 
mine  operations.  Acid  drainage  from  metal  mines  is 
a  more  severe  problem  than  that  from  coal  mines 
because  priority  pollutants  such  as  As,  Cd,  Pb,  Hg, 
Cu,  and  Zn  may  be  present  in  hazardous  concen- 
trations. Low-cost  immobilization  of  pollutants  for 
long  periods  of  time  is  the  goal  of  using  wetlands 
for  mine  drainage  treatment.  Among  various  possi- 
ble removal  mechanisms,  precipitation  of  metals 
catalyzed  by  bacterial  activity  is  postulated  as  the 
most  likely.  Existing  metal  mine  drainage  site  wet- 
lands can  be  divided  into  two  types:  (1)  primary, 
where  the  wetland  is  the  only  type  of  treatment  in 
use,  and  (2)  secondary,  where  the  wetland  is  used 
as  the  polishing  step.  At  a  tailings  site  in  Sudbury, 
Ontario,  precipitation  of  oxides  appears  to  be  the 
main  removal  mechanism  in  wetlands,  with  metal 
uptake  by  algae  secondary.  At  a  taconite  mine  in 
northeastern  Minnesota,  a  naturally-occurring 
white  cedar  wetland  removes  84%  of  Cu  and  92% 
of  Ni,  with  peat  uptake  accounting  for  most  of  the 
metal  removal.  In  Montana,  effluent  from  an  aban- 
doned lead-zinc  mine  was  reduced  in  metals  by  a 
natural  wetland,  whereas  constructed  wetlands  did 
not  remove  iron  or  acidity.  At  Big  Five  Tunnel, 
Colorado,  mushroom  compost  had  the  highest 
metal  removal  efficiency  and  effluent  pH  com- 
pared to  peat  and  limestone  rock  covered  with 
peat.  (See  also  W90-O4392)  (Rochester-PTT) 
W90-04410 


CONSTRUCTED  WETLANDS  FOR 

WASTEWATER  TREATMENT  AT  AMOCO  OIL 
COMPANY'S  MANDAN,  NORTH  DAKOTA  RE- 
FINERY. 

Amoco  Oil  Refinery,  Mandan,  ND. 
D.  K.  Litchfield,  and  D.  D.  Schatz. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  233- 
237,  1  fig,  1  tab. 

Descriptors:  'Wetlands,  'Land  disposal,  'North 
Dakota,  'Oil  wastes,  'Wastewater  treatment,  'Ar- 
tificial wetlands,  Biological  wastewater  treatment, 


Water  pollution  control,  Macrophytes,  Missouri 
River,  Biological  oxygen  demand,  Suspended 
solids,  Ecosystems,  Plants,  Animals,  Birds. 

The  Mandan  Refinery  covers  122  ha  on  a  389-ha 
tract  of  land  north  of  the  city  of  Mandan,  North 
Dakota,  along  the  west  bank  of  the  Missouri  River. 
The  original  wastewater  treatment  faculties  at  this 
site  consisted  of  an  American  Petroleum  Institute 
(API)  oil-water  separator  as  primary  treatment  and 
an  aerated  6-ha  biooxidation  lagoon  as  secondary 
treatment.  The  current  system  adds  a  cascade  of  6 
of  1 1  ponds  on  the  site  for  an  additional  treatment 
area  of  6.6  ha.  Five  more  ponds  are  maintained  on 
the  site  as  wildlife  habitat.  Sample  analyses  indicate 
reductions  in  concentration  of  all  parameters  as  the 
wastewater  flows  through  the  treatment  system. 
Reductions  of  36-99.9%  are  obtained  in  the  pri- 
mary lagoon,  and  concentrations  are  further  re- 
duced 70-100%  in  the  cascading  pond  system.  Av- 
erage discharge  concentrations  into  the  Missouri 
River  are  well  below  National  Pollutant  Discharge 
Elimination  System  (NPDES)  limits,  although  oc- 
casionally the  daily  limit  may  be  exceeded.  In  the 
past  5  yr,  only  three  excursions  from  the  refinery's 
NPDES  permit  limits  have  occurred.  These  hap- 
pened during  times  of  heavy  rainfall  and/or  snow- 
melt  and  involved  excess  total  suspended  solids  or 
BOD.  The  wetlands  support  184  species  of  plants, 
several  species  of  (stocked)  fish,  191  species  of 
birds,  51  species  of  which  nest  in  the  area,  and  deer 
and  small  mammals.  (See  also  W90-04392)  (Roch- 
ester-PTT) 
W90-04411 


UTILIZATION  OF  ARTIFICIAL  MARSHES 
FOR  TREATMENT  OF  PULP  MILL  EF- 
FLUENTS. 

Weyerhaeuser    Co.,    Tacoma,    WA.    Technology 
Center. 
R.  N.  Thut. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  239- 
244,  4  tab,  8  ref. 

Descriptors:  'Pulp  and  paper  industry,  'Wetlands, 
•Land  disposal,  'Industrial  wastewater, 
'Wastewater  treatment,  'Artificial  wetlands,  Bio- 
logical wastewater  treatment,  Water  pollution  con- 
trol, Reeds,  Cattails,  Cordgrass,  Hydrogen  ion 
concentration,  Temperature,  Conductivity,  Color, 
Ammonia,  Dissolved  oxygen,  Performance  evalua- 
tion, Design  criteria. 

Treatment  of  pulp  mill  effluents  was  investigated. 
Eight  artificial  marshes  were  constructed  in  galva- 
nized steel  watering  troughs,  with  epoxy-painted 
interiors  to  prevent  leaching  of  zinc.  A  0.4-m-deep 
rock  substrate  was  placed  in  the  troughs.  The 
substrate  was  marl  (10-20  mm),  a  locally  abundant 
rock  composed  mainly  of  calcium  carbonate  and 
clay.  The  independent  variables  considered  in  the 
study  were  presence/absence  of  plants,  plant  type, 
and  retention  time.  The  plants  tested  were  cattail 
(Typha  latifolia),  reed  (Phragmites  australis),  and 
cordgrass  (Spartina  cynosuroides).  The  experiment 
was  conducted  over  3  yr,  with  most  of  the  studies 
of  independent  variables  done  in  the  first  year  and 
long-term  performance  evaluated  in  the  second 
and  third  years.  Four  of  the  eight  artificial  marshes 
were  left  unaltered  throughout  the  experiment, 
with  a  retention  time  adjusted  to  15  hr.  The  other 
four  were  reconstructed  in  various  ways  in  the 
second  year  to  test  the  effects  of  different  substrate 
depths  and  configurations.  The  parameters  pH, 
temperature,  conductivity,  and  color  did  not 
change  appreciably  in  transit  through  the  marsh 
systems.  The  reactors  were  more  effective  at  24-hr 
retention  times  than  at  6-hr  retention  times,  al- 
though more  pollutant  was  removed  at  shorter 
retention  times  because  more  total  material  passed 
through  the  basins.  The  presence  of  plants  had  no 
substantial  effect  on  removal  efficiencies  for  most 
pollutants,  although  plants  did  enhance  the  remov- 
al of  ammonia  and  phosphorus.  Dissolved  oxygen 
and  oxidation-reduction  potential  readings  from 
within  the  rock  substrate  indicated  an  anaerobic, 
strongly  reducing  environment.  Differences  in  re- 
moval efficiency  among  the  three  types  of  plants 
were  not  striking.  Removal  efficiencies  did  not 


i 

8 
1 
1 


117 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Watte  Treatment  Processes 


change  substantially  over  the  3-yr  study  period. 
Removal  efficiencies  were  a  function  of  retention 
time  in  the  6-24  hr  range,  but  the  increment  of 
improvement  from  15-24  hr  was  slight.  A  facility 
sized  for  about  1 5  hr  of  treatment  probably  would 
be  adequate  for  most  purposes.  At  15  hr,  a  full- 
scale  artificial  marsh  at  a  typical  pulp  mill  in  the 
United  States  would  be  20-40  ha.  (See  also  W90- 
04392)  (Rochester-PTT) 
W90-04412 


USE  OF  ARTIFICIAL  WETLANDS  FOR 
TREATMENT  OF  MUNICIPAL  SOLID  WASTE 
LANDFHX  LEACHATE. 

Cornell  Univ.,  Ithaca,  NY.  Center  for  Environ- 
mental Research. 

N.  M.  Trautmann,  J.  H.  Martin,  K.  S.  Porter,  and 
K.  C.  Hawk. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  245- 
251,  2  fig,  lOref. 

Descriptors:  'Wetlands,  'Land  disposal,  'Heavy 
metals,  *New  York,  'Municipal  wastes,  'Lea- 
chates,  'Wastewater  treatment,  'Artificial  wet- 
lands, Biological  wastewater  treatment,  Water  pol- 
lution control,  Macrophytes,  Nitrogen  removal, 
Organic  matter,  Iron,  Manganese,  Cattails,  Bul- 
rushes, Hydraulic  conductivity,  Performance  eval- 
uation. 

A  potentially  cost-effective  and  energy-efficient 
prototype  system  for  on-site  treatment  of  landfill 
leachate  has  been  designed  for  the  town  of  Fenton, 
New  York.  Leachate  will  be  pretreated  using  over- 
land flow  followed  by  horizontal  flow  through  the 
root  zone  in  a  bed  of  wetland  plants.  In  the  absence 
of  previous  experience  treating  landfill  leachate 
with  this  technique,  its  efficacy  is  not  know.  Theo- 
retically, overland  flow  will  remove  much  of  the 
dissolved  iron  and  manganese,  readily  oxidizable 
organic  matter,  ammonia  nitrogen,  and  volatile 
organics  such  as  benzene.  Additional  removal  of 
nitrogen  and  organic  matter  as  well  as  removal  of 
phosphorus  and  metal  ions  will  occur  in  the  root- 
zone  bed,  producing  an  effluent  that  can  be  dis- 
charged directly  to  surface  waters.  Through  a 
combination  of  laboratory  studies  and  evaluation 
of  the  prototype  system  performance,  the  feasibili- 
ty of  this  approach  will  be  determined.  Initial 
laboratory  experiments  on  changes  in  soil  hydrau- 
lic conductivity  have  been  conducted.  In  a  7- 
month  study  using  Typha  glauca  Gadr  and  Scirpus 
acutus  Muhl  planted  in  boxes  of  sand  and  grown  in 
a  greenhouse,  saturated  hydraulic  conductivity  de- 
creased over  time  in  both  vegetated  and  nonvege- 
tated  systems,  with  a  significantly  greater  decrease 
in  the  vegetated  systems.  Saturated  hydraulic  con- 
ductivity declined  by  41%  in  the  control  systems, 
probably  because  of  sand  settling,  and  by  55%  in 
the  vegetated  systems.  Ammonia  nitrogen  and  ni- 
trate nitrogen  were  supplied  in  ranges  of  rates 
comparable  to  municipal  wastewater.  Systems  with 
vegetation  reduced  ammonia  nitrogen  and  nitrate 
nitrogen  concentrations  significantly  better  than 
those  without  vegetation.  Typha  and  Scirpus 
showed  comparable  rates  of  nitrogen  removal. 
(See  also  W90-04392)  (Rochester-PTT) 
W90-04413 


USE  OF  WETLANDS  FOR  URBAN  STORM- 
WATER  MANAGEMENT. 

Florida  State  Dept.  of  Environmental  Regulation, 

Tallahassee. 

For   primary   bibliographic   entry   see   Field    5G. 

W90-04414 


USE  OF  WETLANDS  FOR  MUNICIPAL 
WASTEWATER  TREATMENT  AND  DISPOS- 
AL: REGULATORY  ISSUES  AND  EPA  POLI- 
CIES. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Municipal  Pollution  Control. 

For  primary  bibliographic  entry   see   Field   5G. 

W90-O4415 


STATES'      ACnvnTES,      ATTITUDES      AND 
POLICIES     CONCERNING     CONSTRUCTED 


WETLANDS     FOR     WASTEWATER     TREAT- 
MENT. 

Tennessee  Div.  of  Water  Pollution  Control,  Nash- 
ville. 

For   primary  bibliographic   entry   see   Field   5G. 
W90-04416 


HUMAN  PERCEPTION  OF  UTILIZATION  OF 
WETLANDS  FOR  WASTE  ASSIMILATION,  OR 
HOW  DO  YOU  MAKE  A  SILK  PURSE  OUT  OF 
A  SOWS  EAR. 

State  Univ.  of  New  York,  Syracuse.  Coll.  of  Envi- 
ronmental Science  and  Forestry. 
For  primary  bibliographic  entry  see  Field  6B. 
W90-04417 


PRELIMINARY  CONSIDERATIONS  REGARD- 
ING CONSTRUCTED  WETLANDS  FOR 
WASTEWATER  TREATMENT. 

Office  of  Surface  Mining  Reclamation  and  En- 
forcement (DI),  Pittsburgh,  PA.  Eastern  Field  Op- 
erations. 

R.  K.  Wieder,  G.  Tchobanoglous,  and  R.  W. 
Turtle. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  297- 
305,  1  tab,  24  ref. 

Descriptors:  'Artificial  wetlands,  'Land  disposal, 
•Wastewater  treatment,  'Wetlands,  Design  crite- 
ria, Biological  wastewater  treatment,  Water  pollu- 
tion control,  Macrophytes,  Cattails,  Bulrushes, 
Sedges,  Mosquito  control,  Harvesting,  Spatial  vari- 
ability, Municipal  wastewater,  Acid  mine  drainage, 
Tennessee  Valley  Authority,  Bureau  of  Mines. 

Preliminary  design  factors  are  reviewed  that  are 
important  in  considering  constructed  wetland 
treatment  of  municipal  wastewaters  and  of  coal 
mine  drainage.  Free  water  surface  wetlands  with 
emergent  plants  used  for  municipal  wastewater 
treatment  consist  of  basins  or  channels  with  a 
subsurface  barrier  to  prevent  seepage;  a  suitable 
medium  to  support  emergent  vegetation;  and  water 
flowing  through  at  a  shallow  depth.  Cattails,  bul- 
rushes, and  various  sedges  are  used  commonly.  In 
subsurface  flow  systems,  unlined  or  lined  trenches 
or  basins  are  filled  with  a  permeable  packing 
medium,  and  are  planted  with  emergent  plants, 
including  cattails,  bulrushes,  native  sedges,  and 
other  local  species.  The  root-zone  method  and 
rock-reed-filter  are  the  two  principal  categories  of 
subsurface  flow  systems.  Although  physical  design 
features  of  wetland  treatment  systems  are  site- 
specific,  three  general  features  should  be  incorpo- 
rated into  the  design  of  any  wetland  treatment 
system:  (1)  division  into  segments;  (2)  provision  for 
step-feeding  of  the  influent  wastewater;  and  (3) 
provision  for  effluent  recycling.  Two  operational 
considerations  associated  with  wetlands  for 
wastewater  treatment  are  mosquito  control  and 
plant  harvesting.  Considerable  site-to-site  variabili- 
ty exists  in  apparent  water  quality  improvement 
among  wetlands  constructed  for  mine  drainage 
treatment.  Two  key  topics  in  this  field  are  the  area 
of  wetland  needed  for  a  particular  flow  and  chem- 
istry of  mine  drainage,  and  the  cost  of  wetland 
treatment  relative  to  more  conventional  chemical 
treatment.  A  comparison  between  the  Bureau  of 
Mines  (BOM)  'rule  of  thumb'  for  wetland  sizing 
and  the  Tennessee  Valley  Authority  (TV A)  rec- 
ommendations suggests  that  the  latter,  which 
yields  wetlands  2-74  times  larger,  tend  to  be  less 
likely  to  fail  to  improve  water  quality.  However, 
reported  construction  costs  are  more  for  the  wet- 
lands designed  with  the  TVA  method.  If  properly 
designed,  installed,  and  managed,  constructed  wet- 
lands can  introduce  an  important  functional  and 
aesthetic  element  into  the  landscape.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04418 


SELECTION  AND  EVALUATION  OF  SITES 
FOR  CONSTRUCTED  WASTEWATER  TREAT- 
MENT WETLANDS. 

Tennessee  Valley  Authority,  Chattanooga.  Div.  of 

Power  System  Operations. 

G.  A.  Brodie. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 


ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  307- 
317,  2  fig,  13  ref. 

Descriptors:  'Site  selection,  'Land  disposal, 
•Wastewater  treatment,  'Wetlands,  'Artificial 
wetlands,  Design  criteria,  Data  interpretation, 
Data  acquisition,  Surveys,  Macrophytes,  Spatial 
variability,  Aerial  photography,  Remote  sensing. 

Constructed  wetlands  are  practical  alternatives  to 
conventional  treatment  of  domestic  and  municipal 
sewage,  industrial  and  agricultural  wastes,  storm- 
water  runoff,  and  acid  mine  drainage.  Siting  a 
constructed  wetland  is  often  dictated  by  the  loca- 
tion of  the  wastewater  source  (eg,  a  public  sewage 
treatment  works  or  an  acidic  seep  at  a  coal  mine). 
The  wastewater  source  seldom  can  be  relocated, 
thus  forcing  the  wetland  to  be  located  nearby, 
often  at  a  mediocre  or  poor  site.  Nevertheless, 
siting  can  be  optimized  through  a  comprehensive 
site  investigation  process,  including  site  selection, 
temporary  or  permanent  engineered  works  design, 
environmental  effects  analyses,  construction  eval- 
uation, remedial  works  design  and  construction, 
and  operational  and  safety  checks.  Site  selection  is 
based  on  geological,  geotechnical,  hydrological, 
and  other  environmental  information  that  could 
affect  construction,  performance,  and  effects  of  a 
wetlands  treatment  system.  Site  selection  is  con- 
strained by  the  availability  of  a  suitable  site  and 
geotechnical  merits,  eg,  well-developed  soils,  good 
access,  or  low  flood  potential.  Despite  these  con- 
straints, idealized  site  selection  considerations  and 
investigative  techniques  can  be  described.  A  meth- 
odology for  selecting  and  evaluating  sites  for  con- 
structed wetlands  is  presented  here  in  the  form  of  a 
flow  chart.  Major  steps  include:  deciding  whether 
or  not  to  use  wetland  treatment,  a  preliminary 
office  study  with  published  materials,  preliminary 
design,  air  photo  interpretation,  field  survey,  re- 
fined design,  data  collection  (limited  or  detailed,  as 
needed),  data  evaluation,  final  wetland  design, 
pilot  testing,  design  modifications,  and,  ultimately, 
construction.  Site  selection  and  evaluation  should 
be  tailored  to  the  degree  of  complexity  and  magni- 
tude of  the  project.  Limited  site  evaluation  fol- 
lowed by  a  design  based  on  an  excessive  safety 
factor  is  generally  wasteful  and  imprudent.  Con- 
versely, conducting  a  detailed  site  investigation  is 
unnecessary  for  siting  a  small  wetland.  Regardless 
of  the  site-selection  methodology  employed,  a 
'walkover'  survey  is  necessary  for  assessment  of 
candidate  sites.  This  survey  should  include  site 
inspection  and  local  inquiries.  Data  from  earlier 
surveys  should  be  confirmed  during  the  site  visit. 
(See  also  W90-04392)  (Rochester-PTT) 
W90-04419 


PERFORMANCE  EXPECTATIONS  AND 
LOADING  RATES  FOR  CONSTRUCTED  WET- 
LANDS. 

Tennessee  Valley  Authority,  Chattanooga.  Water 
Quality  Dept. 

J.  T.  Watson,  S.  C.  Reed,  R.  H.  Kadlec,  R.  L. 
Knight,  and  A.  E.  Whitehouse. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  319- 
351,  7  tab,  73  ref. 

Descriptors:  'Land  disposal,  'Artificial  wetlands, 
•Wastewater  treatment,  'Wetlands,  Design  crite- 
ria, Acid  mine  drainage,  Municipal  wastewater, 
Biological  wastewater  treatment,  Water  pollution 
control,  Macrophytes,  Hydraulic  loading,  Biologi- 
cal oxygen  demand,  Suspended  solids,  Nitrogen, 
Phosphorus,  Optimization. 

Constructed  wetlands  are  emerging  as  low-cost, 
easily-operated,  efficient  alternatives  to  conven- 
tional treatment  for  a  variety  of  wastewaters.  Most 
common  uses  are  for  treatment  of  municipal 
wastewaters  and  acid  mine  drainage.  There  are 
two  major  types  of  systems:  surface  flow  systems 
with  vegetation  planted  in  a  shallow  pool  of  water, 
and  subsurface  flow  systems  with  vegetation  in  a 
permeable  soil,  gravel,  or  sand,  and  water  levels 
below  the  medium  surface.  Wetland  systems  are 
effective  on  many  contaminants,  including  BOD, 
suspended  solids  (SS),  N,  P,  trace  metals,  trace 
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organics,  and  pathogens.  The  effectiveness  is  due 
to  the  diversity  of  treatment  mechanisms,  including 
sedimentation,  filtration,  chemical  precipitation, 
and  adsorption,  microbial  interactions  with  con- 
taminants, and  uptake  by  vegetation.  Reductions  in 
BOD5  and  SS  generally  are  high,  whereas  N  and  P 
reductions  tend  to  vary  on  a  site-specific  basis. 
Current  knowledge  is  sufficient  for  design  of  sys- 
tems that  substantially  reduce  targeted  contami- 
nants but  inadequate  to  optimize  the  design  and 
operation  for  consistent  compliance.  Hydraulic 
loading  factors  are  the  primary  design  basis  for 
sizing  municipal  constructed  wetlands.  Loading 
rates  vary  (0.8  to  62  cm/day),  indicative  of  various 
treatment  and  project  objectives,  system  types  and 
configurations,  and  performance  levels.  Surface 
flow  systems  typically  are  loaded  less  than  subsur- 
face systems.  Hydraulic  loading  rates  of  4.7  cm/ 
day  for  subsurface  flow  systems  and  1.9  cm/day 
for  surface  flow  systems  should  treat  primary  efflu- 
ent to  at  least  secondary  levels  if  the  systems  are 
otherwise  properly  designed,  constructed,  and  op- 
erated. Hydraulic  loading  rates  for  acid  mine 
drainage  systems  range  from  0.81  to  8640  cm/day. 
A  rule  of  thumb  of  29.4  cm/day  has  been  suggest- 
ed. Many  reactions  responsible  for  pollutant  reduc- 
tions in  wetland  treatment  systems  follow  first- 
order  kinetics.  This  provides  the  opportunity  to 
provide  a  credible,  scientific  design  basis  for  many 
of  the  pollutants  of  interest.  (See  also  W90-04392) 
(Rochester-PTT) 
W90-04420 


ANCILLARY  BENEFITS  OF  WETLANDS  CON- 
STRUCTED PRIMARDLY  FOR  WASTEWATER 
TREATMENT. 

Western  Illinois  Univ.,  Macomb.  Inst,  for  Environ- 
mental Management. 
J.  H.  Sather. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  353- 
358,  37  ref. 

Descriptors:  *Land  disposal,  'Artificial  wetlands, 
'Wastewater  treatment,  'Wetlands,  Design  crite- 
ria, Wetland  Evaluation  Technique,  Value,  Biolog- 
ical wastewater  treatment,  Water  pollution  con- 
trol, Macrophytes,  Mammals,  Waterfowl,  Ecosys- 
tems. 

Achieving  all  the  benefits  of  constructed  wetlands 
depends  on  several  factors:  (1)  species  composition 
and  degree  of  interspersion  of  the  plant  communi- 
ties; (2)  location  with  respect  to  human  population 
centers;  and  (3)  location  with  respect  to  other 
wetlands.  Various  species  of  waterfowl  and  other 
wetland-dependent  vertebrates  are  attracted  to  and 
supported  by  constructed  wetlands.  Except  for 
muskrats  and  waterfowl,  however,  little  is  known 
concerning  the  relation  between  vertebrate  com- 
munity dynamics  and  hydroperiod,  water  chemis- 
try, and  plant  communities  of  wetlands.  Visual- 
cultural  benefits  from  wetlands  construction  are 
related  directly  to  the  complexity  of  the  plant 
communities  and  their  degree  of  interspersion. 
From  the  perspective  of  ecological  energetics, 
wetlands  are  visually  and  educationally  unusually 
rich  environments.  Ever-increasing  numbers  of 
people  consider  aesthetics  to  be  one  of  the  most 
valuable  benefits  of  wetlands,  but  these  values  are 
the  most  difficult  to  quantify.  Development  of  the 
Wetland  Evaluation  Technique  (WET),  which  is 
based  on  interpretations  of  the  information  found 
in  the  scientific  literature,  revealed  significant  gaps 
in  our  knowledge  about  functions  of  wetlands.  A 
literature  search  for  distinguishing  features  of  wet- 
lands revealed  significant  gaps  in  knowledge  of 
chemical  mass  balances.  Most  recent  research  on 
wetland  ecosystems  has  not  generated  the  informa- 
tion about  N,  P,  and  heavy  metal  transformations 
in  wetlands  that  is  necessary  to  address  the  water 
quality  role  of  wetlands.  The  magnitude  of  the 
ancillary  benefits  realized  from  wetlands  construct- 
ed for  wastewater  treatment  will  depend  primarily 
on  the  degree  of  complexity  and  the  amount  of 
interspersion  of  the  hydrophytic  plant  communi- 
ties. Engineering  design,  therefore,  should  be  sensi- 
tive to  the  hydrologic  regime  and  soil  characteris- 
tics required  to  produces  these  types  of  plant  com- 
munities. (See  also  W90-04392)  (Rochester-PTT) 
W90-04421 


OVERVIEW  FROM  DUCKS  UNLIMITED,  INC. 

Ducks    Unlimited,    Inc.,    Bismarck,    ND.    Great 
Plains  Regional  Office. 
R.  D.  Hoffman. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  359- 
361,  7  ref. 

Descriptors:  'Land  disposal,  'Environmental  ef- 
fects, 'Habitat  restoration,  'Wetlands,  'Artificial 
wetlands,  'Waterfowl,  'Wastewater  treatment, 
Aquatic  habitats,  Design  criteria,  Biological 
wastewater  treatment,  Water  pollution  control, 
Montana,  North  Dakota,  South  Dakota,  Minneso- 
ta, Wetlands  America,  Financing. 

Ducks  Unlimited,  Inc.  (DUI),  is  aggressively  ex- 
panding waterfowl  habitat  work  in  the  United 
States  in  a  major  thrust  called  Wetlands  America, 
becoming  involved  through  requests  of  state  and 
federal  wildlife  management  agencies.  'Wetlands 
America'  includes  three  programs  working  direct- 
ly with  wetland  habitat  in  the  United  States:  (1) 
Habitat  USA,  which  works  with  wildlife  manage- 
ment agencies  on  waterfowl  production  enhance- 
ment projects  in  Montana,  North  Dakota,  South 
Dakota,  and  Minnesota;  (2)  the  Habitat  Inventory 
and  Evaluation  System,  which  was  developed  in 
conjunction  with  NASA  and  uses  satellite  imagery 
and  DUI  expertise  to  develop  a  comprehensive 
inventory  of  wetlands  resources;  and  (3)  the 
Matching  Aid  to  Restore  States'  Habitat 
(MARSH)  program,  which  returns  fund-raising 
income  to  the  state  in  which  it  originated  for 
developing  waterfowl  habitat  within  that  state's 
boundaries.  DUI  is  interested  in  all  forms  of  wet- 
land enhancement.  Use  of  sewage  effluent  in  natu- 
ral or  man-made  marshes  is  of  interest  specifically 
for  the  benefits  it  may  generate  for  waterfowl  and 
other  wetland  wildlife  species.  Another  important 
benefit  sewage  effluent  may  provide  is  a  stable 
water  supply  for  wetlands  in  areas  where  the  water 
resource  is  limited.  Caution  must  be  exercised, 
however,  because  indiscriminate  exploitation  of 
natural  marshes  can  lead  to  their  degradation.  The 
addition  of  sewage  effluent  to  a  natural  marsh 
could  hasten  eutrophication  and  increase  exposure 
to  toxic  compounds  or  elements.  Long-term  effects 
on  wetland  diversity  and  density  of  organisms  re- 
sulting from  sewage  additions  are  unknown.  (See 
also  W90-04392)  (Rochester-PTT) 
W90-04422 


CONFIGURATION  AND  SUBSTRATE  DESIGN 
CONSIDERATIONS  FOR  CONSTRUCTED 
WETLANDS  WASTEWATER  TREATMENT. 

Tennessee  Valley  Authority,  Chattanooga.  Water 
Quality  Dept. 

G.  R.  Steiner,  and  R.  J.  Freeman. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  363- 
377,  3  fig,  ltab,  18  ref. 

Descriptors:  'Land  disposal,  'Wastewater  treat- 
ment, 'Wetlands,  'Biological  wastewater  treat- 
ment, Design  criteria,  Water  pollution  control,  Ar- 
tificial wetlands,  Macrophytes,  Surface  flow  sys- 
tems, Subsurface  flow  systems,  Nutrient  removal, 
Optimization. 

Components  of  a  constructed  wetlands  treatment 
system  (CWTS)  include  preliminary/primary 
treatment  units  and  the  constructed  wetlands 
cell(s).  The  constructed  wetlands  (CW)  includes 
substrate,  vegetation,  and  biological  organisms 
contained  within  a  physical  configuration  that  can 
be  described  as  an  attached-growth  biological 
filter.  Major  pollutant  removal  mechanisms  include 
sedimentation  and  filtration  (physical),  precipita- 
tion and  adsorption  (chemical),  and  bacterial  me- 
tabolism (biological).  A  CWTS  can  be  designed  to 
achieve  various  levels  of  secondary  and  advanced 
level  treatment  for  BOD5,  suspended  solids,  nutri- 
ents, pathogens,  metals,  and  other  substances. 
CWTS  design  considerations  are  described  under 
the  following  headings:  configuration  (prelimi- 
nary/primary treatment,  flow  patterns,  configura- 
tion alternatives  (single  cells,  parallel  cells,  and 
serial  cells),  length-to-width  ratio,  configuration 
and  surface  flow  (SF)  or  subsurface  flow  (SSF) 


systems,  available  land,  inlet  distribution,  and 
slope)  and  substrate  (vegetation,  substrate  types, 
substrate  depth  and  vegetation  type,  pollutant  re- 
moval, and  liners).  The  two  basic  designs  for  a  CW 
are  SF  and  SSF.  A  design  can  incorporate  both 
types.  A  SF  system  consists  of  a  cell  or  cells  with 
wastewater  routed  at  shallow  depths  over  a  sub- 
strate supporting  emergent  vegetation.  Flow  is 
controlled  by  the  shallow  depth,  low  flow  veloci- 
ty, and  the  plant  stems  and  litter.  A  SSF  flow 
system  has  a  cell  or  cells  with  wastewater  routed 
through  or  below  the  surface  of  a  permeable  sub- 
strate supporting  emergent  vegetation.  SSF  sys- 
tems have  been  described  as  gravel  marsh,  root- 
zone,  reed  bed,  rock/plant  filter,  and  gravel-based 
emergent  macrophyte  systems.  Depending  on  the 
specific  pollutant  removal  needs  and  other  factors, 
a  variety  of  configurations  and  substrates  can  be 
employed  in  a  CW.  (See  also  W90-04392)  (Roches- 
ter-PTT) 
W90-04423 


HYDRAULIC  DESIGN  CONSIDERATIONS 
AND  CONTROL  STRUCTURES  FOR  CON- 
STRUCTED WETLANDS  FOR  WASTEWATER 
TREATMENT. 

Tennessee  Valley  Authority,  Chattanooga.  Water 
Quality  Dept. 

J.  T.  Watson,  and  J.  A.  Hobson. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  379- 
391,  9  fig,  12  ref. 

Descriptors:  'Land  disposal,  'Wetlands, 
'Wastewater  treatment,  'Artificial  wetlands,  'Bio- 
logical wastewater  treatment,  'Hydraulic  engi- 
neering, Design  criteria,  Water  pollution  control, 
Macrophytes,  Mathematical  equations,  Retention 
time,  Surface  flow,  Subsurface  flow  systems,  Con- 
trol structures. 

All  constructed  wetlands  are  attached-growth  bio- 
logical reactors.  Performance  is  based  on  first- 
order,  plug-flow  kinetics.  The  equation  suggests 
that,  as  hydraulic  residence  time  increases,  effluent 
concentrations  of  biodegradable  contaminants  de- 
crease. Consequently,  hydraulic  residence  time  be- 
comes a  key  design  and  operational  parameter  for 
optimizing  the  performance  of  a  wetland  system. 
Hydraulic  residence  time  is  defined  as  a  direct 
function  of  the  length  in  the  flow  direction,  the 
width  of  the  system  perpendicular  to  the  flow 
direction,  the  bed  porosity  as  a  decimal  fraction, 
and  the  depth  of  submergence  in  meters,  divided 
by  the  average  flow  through  the  system,  in  cu  m/ 
day.  Information  of  these  parameters  is  summa- 
rized here;  considerations  for  each  parameter  are 
identified  that  are  important  in  the  performance  of 
wetlands  systems;  and  the  type  and  general  design 
of  structures  needed  to  establish  the  hydraulic 
regime  are  identified.  Information  is  segregated, 
where  appropriate,  for  the  two  major  types  of 
wetland  systems  (conventional  wetland  with  an 
exposed  free  surface  (surface  flow  system)  and  the 
submerged  bed  using  a  permeable  substrate  (sub- 
surface flow  system).  Topics  covered  are:  length 
and  width,  porosity,  depth  of  submergence,  flow, 
and  bed  slopes,  and  control  structure  designs  (flow 
splitters,  inlets  and  outlets,  and  dikes).  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04424 


CALD70RNLVS  EXPERIENCE  WITH  MOS- 
QUITOES IN  AQUATIC  WASTEWATER 
TREATMENT  SYSTEMS. 

California  State  Water  Resources  Control  Board, 
Sacramento. 

C.  V.  Martin,  and  B.  F.  Eldridge. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  393- 
398,  5  ref. 

Descriptors:  'Land  disposal,  'California,  'Mosqui- 
toes, 'Wastewater  treatment,  'Wetlands,  Design 
criteria,  Biological  wastewater  treatment,  Water 
pollution  control,  Artificial  wetlands,  Macro- 
phytes, Water  hyacinth,  Marshes,  Aquatic  insects, 
Insect  control. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Watte  Treatment  Processes 


California  State  Department  of  Health  Services 
guidelines  for  minimizing  mosquito  production  are: 
(1)  ponds  must  be  kept  free  of  vegetation  through  a 
regular  maintenance  program;  (2)  banks  must  be 
steep  enough  to  discourage  vegetation  along  the 
margins  (minimum  slope  3:1);  and  (3)  pond  depth 
must  exceed  4  ft  to  discourage  emergent  plants. 
This  approach  has  been  successful  in  its  aim  of 
mosquito  control,  but  the  guidelines  clash  with  the 
concept  of  using  wetlands  for  wastewater  treat- 
ment because  vegetation  is  encouraged  in 
wastewater  systems.  Factors  leading  to  growth  of 
created  wetlands  in  California  and  mosquito  prob- 
lems and  their  possible  solutions  are  discussed.  A 
10-yr  program  involving  $1  million  in  research 
funds  and  $21  million  in  a  pilot  plant  (San  Diego) 
has  led  to  the  conclusion  that  water  hyacinths 
(Eichhomia  crassipes)  can  be  used  to  treat 
wastewater  successfully,  although  questions  about 
mosquito  production  remain.  The  solution  to  the 
mosquito  problem  was  a  combination  of  engineer- 
ing modifications  and  new  equipment  develop- 
ment. A  second  pilot  study  funded  by  the  state  was 
a  freshwater  marsh  at  Areata,  California,  which  is 
operating  as  an  award-winning  treatment  system/ 
nature  reserve.  Wastewater  treatment  systems 
using  aquatic  macrophytes  offer  numerous  advan- 
tages for  small  communities.  Although  problems 
with  mosquito  production  have  slowed  develop- 
ment in  California,  careful  design  before  construc- 
tion and  monitoring  after  construction  can  keep 
mosquito  breeding  within  acceptable  levels.  (See 
also  W90-O4392)  (Rochester-PTT) 
W90-04425 


CONSTRUCTING  THE  WASTEWATER 
TREATMENT  WETLAND:  SOME  FACTORS 
TO  CONSIDER. 

Tohoku  Univ.,  Sendai  (Japan).  Biological  Inst. 
D.  A.  Tomljanovich,  and  O.  Perez. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  399- 
404,  7  ref. 

Descriptors:  •Artificial  wetlands,  'Land  disposal, 
•Wastewater  treatment,  'Wetlands,  Design  crite- 
ria, Biological  wastewater  treatment,  Water  pollu- 
tion control,  Macrophytes,  Costs,  Construction 
methods,  Specifications. 

Constructed  wetlands  for  wastewater  treatment 
may  range  in  size  from  several  square  meters  to 
several  hectares.  Design  parameters  vary  with  size, 
site  characteristics,  hydrologic  soil  group,  pollut- 
ant type  and  loading  rate,  geographic  locale,  wa- 
tershed characteristics,  proximity  to  residential  de- 
velopment, and  anticipated  operation  and  mainte- 
nance requirements.  The  construction  of 
wastewater  treatment  wetlands  involves:  construc- 
tion plans,  preconstruction  site  activities,  cost  esti- 
mate preparation,  construction,  inspection,  testing, 
and  startup.  Construction  includes  access  road 
building;  clearing;  dike  building;  spillway  construc- 
tion; piping  and  valving;  planting;  and  seeding, 
liming,  fertilizing,  and  mulching  of  dikes  and  dis- 
turbed areas.  Close  communication  between 
owner/operator,  designer,  and  contractor  is  cru- 
cial throughout  the  process.  Correct  type  and  size 
of  heavy  equipment  is  crucial  to  ensuring  cost- 
effective,  proper  construction.  If  the  wetland  is 
built  on  an  existing  wet  area,  two  bulldozers  (and 
operators)  rather  than  one  should  be  used  because 
one  will  get  mired  down  and  require  the  other  to 
free  it.  In  most  municipal  waste  treatment  wet- 
lands, construction  must  follow  precisely  the  engi- 
neering plan  to  achieve  proper  functioning  of  the 
system.  Permeability  specifications  must  be  fol- 
lowed carefully  to  prevent  leakage  into  or  out  of 
the  ponds.  If  native  soils  are  adequate,  dozers  and 
sheepsfoot  rollers  usually  are  sufficient  to  achieve 
desired  compaction.  Subsurface  flow  systems  de- 
pendent on  high  hydraulic  conductivity  in  the 
substrate  require  special  provisions  to  avoid  com- 
pacting the  substrate  during  construction  or  plant- 
ing. Adequate  sizing  and  installation  of  spillway 
and  discharge  pipe  are  critical  to  ensuring  dike 
integrity  and  safe  and  proper  operation  of  the 
wetland.  In  some  areas,  muskrats  and  beavers 
burrow  into  dikes  or  obstruct  discharge  pipes. 
Acidic  drainage  can  destroy  metal  tile,  pipes, 
pumps,  and  valves.  Emergent  vegetation  must  be 


planted  with  care  and  proper  guidance  to  ensure 
plant  survival.  An  initial  maintenance  program  that 
includes  frequent  and  thorough  inspection  and  im- 
mediate correction  of  problems  is  critical  to  ensur- 
ing successful  operation  of  wastewater  treatment 
wetlands.  (See  also  W90-04392)  (Rochester-PTT) 
W90-04426 


CONSIDERATIONS  AND  TECHNIQUES  FOR 
VEGETATION  ESTABLISHMENT  IN  CON- 
STRUCTED WETLANDS. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
H.  H.  Allen,  G.  J.  Pierce,  and  R.  Van  Wormer. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  405- 
415,  1  fig,  18  ref. 

Descriptors:  *Land  disposal,  'Wastewater  treat- 
ment, 'Wetlands,  'Artificial  wetlands,  'Biological 
wastewater  treatment,  Design  criteria,  Water  pol- 
lution control,  Macrophytes,  Hydrology,  Ecology, 
Plant  physiology,  Soil  water. 

Hydrologic  considerations,  substrate,  and  vegeta- 
tion are  the  important  factors  contributing  to  the 
diversity  of  natural  wetlands  and  form  the  basis  for 
any  wetland  development  protocol.  Water  depth 
and  frequency  or  periodicity  of  flooding  are  im- 
portant in  determining  the  plant  species  appropri- 
ate for  the  constructed  system.  Many  substrates  are 
suitable  for  wetland  establishment.  Loamy  soils  are 
especially  good  because  they  are  soft  an  friable, 
allowing  for  easy  rhizome  and  root  penetration. 
Although  peaty  organic  soils  support  wetland 
plants,  they  are  not  preferred  for  wetland  develop- 
ment. Many  wetlands  plants  (e.g.,  sago  pondweed, 
muskgrass)  are  known  calciphiles,  whereas  others 
(e.g.,  Sphagnum  spp.)  are  restricted  to  acidic  soils. 
Site  excavation  for  wetland  establishment  is  likely 
to  expose  a  subsoil  that  may  not  be  as  conducive  to 
plant  growth  as  the  topsoil.  Choosing  plants  for 
wastewater  treatment  should  emphasize  plants  that 
(1)  are  active  vegetative  colonizers,  with  spreading 
rhizome  systems,  (2)  have  considerable  biomass  or 
stem  densities  to  achieve  maximum  translocation  of 
water  and  assimilation  of  nutrients,  (3)  have  maxi- 
mum surface  area  for  microbial  populations,  (4) 
have  efficient  oxygen  transport  into  the  anaerobic 
root  zone  to  facilitate  oxidation  of  reduced  toxic 
metals  and  support  a  large  rhizosphere,  and  (5)  be 
a  combination  of  species  that  will  provide  cover- 
age over  the  broadest  spread  of  water  depths  envi- 
sioned for  the  terrain.  Wetland  plants  can  be  pur- 
chased from  nurseries,  collected  in  the  wild,  or 
grown  for  a  specific  project.  Each  method  has 
distinct  advantages  and  disadvantages  in  terms  of 
quality  of  plant  material,  availability  of  plants,  and 
costs.  No  generalization  can  be  made  that  would 
apply  to  all  projects.  Establishing  vegetation  in- 
volves planting  with  a  suitable  propagule  at  the 
appropriate  time.  Water  level  is  the  most  critical 
aspect  of  plant  survival  during  the  first  year  after 
planting.  Frequently,  too  much  water  creates  more 
problems  for  wetland  plants  during  the  first  grow- 
ing season  than  too  little  water  because  plants  do 
not  receive  adequate  oxygen  to  their  roots.  (See 
also  W90-04392)  (Rochester-PTT) 
W90-04427 


OPERATIONS  OPTIMIZATION. 
CH2M  Hill,  Inc.,  Portland,  OR. 
M.  A.  Girts,  and  R.  L.  Knight. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  417- 
429,  2  tab,  20  ref. 

Descriptors:  'Land  disposal,  'Artificial  wetlands, 
•Nutrient  removal,  'Wastewater  treatment,  'Wet- 
lands, Design  criteria.  Optimization,  Biological 
wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Process  control,  Michigan,  Hough- 
ton Lake,  Florida,  Water  chemistry,  Phosphorus, 
Nitrogen,  Acid  mine  drainage,  Performance  eval- 
uation. 

The  most  common  approach  to  wetland  treatment 
system  design  is  to  characterize  influent  water 
chemistry,   environmental  conditions,   and   target 


effluent  water  chemistry  with  sufficient  accuracy 
to  design  for  maximum  treatment  efficiency  under 
'average'  operating  conditions.  Often,  however, 
the  design  does  not  provide  sufficient  flexibility  to 
respond  to  deviations  from  'average'  operating 
conditions,  resulting  in  systems  that  appear  unman- 
ageable and  unreliable.  Predictable  disturbances  in 
constructed  wetlands  occur  in  the  following  areas: 
vegetation  establishment,  microbial  flora  coloniza- 
tion, and  technical  system  debugging  (startup)  and 
extreme  precipitation  and  temperature,  vegetative 
growth/decay,  and  population  composition 
changes  (seasonal).  The  Houghton  Lake,  Michi- 
gan, system  is  an  example  of  an  early  system  in 
which  significant  design  considerations  were  over- 
looked. This  system  has  some  capacity  for  long- 
term  nitrogen  removal  thorough  denitrification, 
but  only  a  finite  life-span  in  terms  of  phosphorus 
removal,  its  primary  design  function.  When  the 
remaining  useful  life  of  20-30  yr,  when  P  concen- 
trations leaving  the  wetland  to  Houghton  Lake 
will  be  nearly  as  high  as  levels  in  secondary 
wastewater.  At  the  Reedy  Creek  and  Buenaven- 
tura Lakes  (Florida)  systems,  the  problems  high- 
light the  importance  of  site-specific  information  for 
optimizing  certain  functions  in  treatment  wetlands. 
Although  wetlands  have  variable  P  removal  poten- 
tial and  infiltrative  capacity  is  site-specific  and  low 
in  wetlands,  the  Reedy  Creek  natural  wetland  as 
well  as  the  wetlands  at  Buenaventura  Lakes, 
Houghton  Lake,  and  Gainesville  (cypress  domes) 
all  a  provide  cost-effective  alternative  for  treating 
BOD5,  total  suspended  solids,  and  nitrogen.  Many 
of  the  wetlands  constructed  to  treat  high  Fe,  Mn, 
and  Al  concentrations  in  acidic  discharges  from 
mined  areas  are  designed  to  revert  to  natural  wet- 
lands within  20-50  yr  (the  expected  lifetime  of  the 
problem).  Operations  requirements  for  these  sys- 
tems have  been  minimal,  but  treatment  efficiency 
has  varied  widely  among  systems.  Designs  that 
adjust  for  periods  of  disturbance  through  oper- 
ations changes  can  extend  the  life  and  increase  the 
efficiency  of  new  systems.  (See  also  W90-04392) 
(Rochester-PTT) 
W90-O4428 


PATHOGEN  REMOVAL  IN  CONSTRUCTED 
WETLANDS. 

San  Diego  State  Univ.,  CA.  Graduate  School  of 
Public  Health. 

R.  M.  Gersberg,  R.  A.  Gearheart,  and  M.  Ives. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  431- 
445,  5  fig,  4  tab,  42  ref. 

Descriptors:  'Decontamination,  'Land  disposal, 
•Artificial  wetlands,  •California,  'Wastewater 
treatment,  'Wetlands,  'Pathogens,  Coliforms,  Sal- 
monella, Bacteriophage,  Viruses,  Biological 
wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Fate  of  pollutants,  Public  health, 
Performance  evaluation,  Municipal  wastewater, 
Bioindicators. 

An  assessment  of  human  health  risks  posed  by 
municipal  wastewater  treatment  using  constructed 
wetlands  involves  delineating  pathogen  content  of 
inflowing  water,  degree  of  removal/inactivation  of 
pathogens  in  wetland  environments,  and  level  of 
exposure  of  receptor  (human)  population  to  treated 
wastewaters.  The  use  of  constructed  wetlands  to 
reduce  human  health  risks  associated  with  bacteria 
and  viruses  is  reviewed.  Data  developed  from  two 
types  of  constructed  wetland  systems,  a  gravel- 
based  constructed  wetlands  in  Santee,  California, 
and  marshes  created  from  excavations  in  natural 
soils  in  Areata,  California,  are  presented.  The  over- 
all objectives  of  these  studies  were  to  assess  the 
degree  of  removal  of  (1)  the  conventional  indica- 
tors of  fecal  contamination  (total  and  fecal  coli- 
forms) and  Salmonella  and  (2)  an  indicator  of  viral 
pollution,  MS-2  bacteriophage.  Both  the  Santee 
and  Areata  constructed  wetlands  were  capable  of 
removing  bacterial  and  viral  indicators  of  pollution 
at  efficiencies  of  90-99%.  Wastewater  treatment  by 
constructed  wetlands  could  typically  reduce  total 
coliform  levels  to  at  or  below  1000  total  coliform/ 
100  mL  standard  when  treating  secondary 
wastewaters.  However,  for  the  treatment  of  raw  or 
primary  wastewaters,  further  disinfection  is  neces- 
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sary  after  wetland  treatment  to  attain  the  1000/100 
mL  total  coliform  standard.  Constructed  wetlands 
can  make  important  contributions  as  wastewater 
treatment  systems  not  only  through  their  ability  to 
reduce  bacteria  and  virus  levels,  but  due  to  their 
ability  to  remove  suspended  solids  and  ammonia, 
both  of  which  interfere  with  efficient  disinfection. 
It  appears  that  a  hydraulic  residence  times  of  three 
to  six  days,  constructed  wetlands  are  at  least  equiv- 
alent and,  in  most  cases,  more  effective  than  con- 
ventional wastewater  treatment  systems  for  the 
removal  of  disease-causing  bacteria  and  viruses. 
(See  also  W90-04392)  (Rochester-PTT) 
W90-04429 


MONITORING  OF  CONSTRUCTED  WET- 
LANDS FOR  WASTEWATER. 

Environmental  Protection  Agency,  Athens,  GA. 
Environmental  Services  Div. 
D.  B.  Hicks,  and  Q.  J.  Stober. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  447- 
455,  17  ref. 

Descriptors:  *Land  disposal,  'Wastewater  treat- 
ment, 'Wetlands,  'Monitoring,  *Artificial  wet- 
lands, Performance  evaluation,  Biological 
wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Management  planning,  Cost  analy- 
sis, Ecosystems,  Animals,  Plants. 

Use  of  constructed  wetlands  for  the  disposal  and 
treatment  of  wastewater  is  emerging  as  an  alterna- 
tive to  conventional  approaches  for  small  commu- 
nities and  industries.  Operation  and  maintenance  of 
any  process  control  system  depend  on  a  monitor- 
ing plan  that  provides  information  for  judging  the 
attainment  of  treatment  objectives,  performance, 
efficiency,  and  the  long-term  viability  of  the 
system.  As  the  complexity  of  wastes  treated  by  a 
wetland  increases,  so  do  the  monitoring  require- 
ments, because  more  variables  are  introduced 
which  may  result  in  system  failure  or  lead  to 
undesirable  side  effects.  Cost  and  effort  of  monitor- 
ing increase  with  chemical  complexity  of  the  influ- 
ent to  be  treated  and  ecological  diversity  of  the 
wetlands  to  be  maintained.  Monitoring  strategies 
are  presented  here  in  hierarchical  orders  according 
to  increasing  complexity  and  implementation 
effort.  Topics  include:  monitoring  plan  (compli- 
ance monitoring,  wetlands  system  performance 
and  treatment  efficiency,  and  monitoring  wetland 
viability  and  health).  An  appropriately  designed 
and  implemented  monitoring  plan  is  essential  to  the 
successful  management,  operation,  and  mainte- 
nance of  constructed  wetlands  for  treatment  of 
wastewater.  The  monitoring  plan  has  numerous 
components,  including  clearly  stated  objectives, 
technical  and  management  responsibilities,  quality 
assurance  procedures,  resources,  and  schedules. 
Scope  of  monitoring  activities  is  a  function  of 
treatment  goals,  project  benefits,  and  diversity  of 
plant  and  animal  communities  involved  in  the  wet- 
land system.  Results  of  monitoring  determine  com- 
pliance of  the  wetland  discharge  with  permit  limits 
established  by  pollution  control  agencies.  Monitor- 
ing of  the  plant  and  animal  communities  provides 
surveillance  data  necessary  to  determine  health 
and  viability  of  the  wetlands  and  identify  early 
signs  of  stress  to  the  aquatic  communities  of  plants 
and  animals.  Early  detection  of  a  failing  wetland 
system  is  essential  to  the  operation  and  mainte- 
nance of  the  treatment  system.  Engineered  wet- 
lands as  treatment  systems  are  appealing  because  of 
their  low  costs  of  construction  and  simplicity  of 
operation  and  maintenance  needs.  However,  ap- 
propriate monitoring,  though  it  adds  costs,  is  a 
necessity  and  must  be  viewed  as  a  priority  over  the 
life  of  the  project.  (See  also  W90-04392)  (Roches- 
ter-PTT) 
W90-04430 


DECOMPOSITION  LN  WASTEWATER  WET- 
LANDS. 

Michigan  Univ.,  Ann  Arbor.  Wetlands  Ecosystem 
Research  Group. 
R.  H.  Kadlec. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  459- 


468,  5  fig,  3  tab,  13  ref. 

Descriptors:  *Land  disposal,  'Wastewater  treat- 
ment, 'Wetlands,  'Cycling  nutrients,  'Artificial 
wetlands,  'Biodegradation,  Biological  wastewater 
treatment,  Water  pollution  control,  Macrophytes, 
Nitrogen,  Phosphorus,  Municipal  wastewater,  De- 
composition, Microorganisms. 

The  rates  of  key  biomass  processes  and  the 
amounts  of  nutrients  and  biomass  involved  in  de- 
composition in  wetlands  used  for  treatment  of 
wastewater  have  been  previously  ignored  in  per- 
formance discussions.  Although  all  assimilable  con- 
stituents are  affected  by  growth,  litter  fall,  litter 
decomposition,  and  leaching  and  mineralization  N 
and  P  are  analyzed  as  illustrative  of  the  general 
processes  occurring  in  an  unharvested  constructed 
wetland  receiving  secondary  municipal 
wastewater.  The  startup  phase  of  a  constructed 
wetland  may  take  several  years:  2-3  yr  for  vegeta- 
tion establishment  and  another  2-3  yr  to  establish 
the  litter-sediment  compartment.  During  this 
phase,  significant  nutrient  quantities  and  other  bio- 
logically active  constituents  are  stored  in  new  live 
and  dead  biomass  pools.  For  a  wetland  of  10  days' 
detention,  a  loading  of  2.0  cm/day,  and  10  mg/L 
each  of  N  and  P,  establishment  of  the  biomass 
pools  (2.0%  N  and  0.4%  P)  would  require  5  yr  and 
use  60%  of  the  applied  N  and  12%  of  the  applied 
P.  However,  other  processes,  such  as  microbial 
denitrification  and  phosphorus  sorption,  function 
in  parallel  with  biomass  generation.  Competition 
for  nutrients  will  prolong  the  startup  phase  and 
cause  longitudinal  stratification  of  biomass  and 
litter.  Such  phenomena  have  been  documented  and 
modeled  for  natural  wetland  systems.  After  a  sta- 
tionary state  is  reached,  only  the  burial  component 
of  the  biomass  contributes  to  the  removal  of  nutri- 
ents. For  the  preceding  example,  deposition  of  2.5 
mm/yr  of  new  soil  at  2.0%  N  and  0.4  %  N  would 
account  for  1.4%  of  the  N  applied  and  only  0.7% 
of  the  applied  P.  These  calculations  assume  that  all 
of  the  applied  nutrients  are  available  to  plants, 
which  is  not  generally  true.  It  may  be  concluded 
that  probable  startup  times  for  constructed  wet- 
lands are  5-10  yr,  which  exceeds  any  record  of 
operational  experience  established  for  a  construct- 
ed wetland.  Early  reports  probably  are  too  opti- 
mistic because  saturable  mechanism  are  operative 
during  startup.  It  is  possible,  however,  that  micro- 
bial processes  are  establishing  themselves  at  the 
same  time  that  the  saturable  mechanisms  are  being 
depleted  because  the  litter  compartment  is  the 
locus  of  attachment  for  most  of  the  active  microor- 
ganisms. (See  also  W90-04392)  (Rochester-PTT) 
W90-O4431 


THERMOOSMOTIC  AIR  TRANSPORT  LN 
AQUATIC  PLANTS  AFFECTING  GROWTH  AC- 
TIVITIES AND  OXYGEN  DIFFUSION  LN  WET- 
LAND SOLLS. 

Cologne  Univ.  (Germany,  F.R.).  Botanical  Inst. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-04432 


NITRIFICATION  AND  DENITRIFICATION  AT 
ISELLN  MARSH/POND/MEADOW  FACLLITY. 

Moon  Township  Municipal  Authority,  Coraopolis, 
PA. 

R.  L.  Davido,  and  T.  E.  Conway. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  477- 
483,  3  fig,  1  tab,  13  ref. 

Descriptors:  'Land  disposal,  'Denitrification,  'Ni- 
trification, 'Pennsylvania,  'Wastewater  treatment, 
'Wetlands,  'Biological  wastewater  treatment,  'Ni- 
trogen cycle,  Water  pollution  control,  Artificial 
wetlands,  Macrophytes,  Rural  areas,  Performance 
evaluation,  Microorganisms. 

The  Iselin  Marsh/Pond/Meadow  (MPM)  is  an  ex- 
ample of  an  active  wetlands  system  that  has  proven 
effective  in  removing  N  from  wastewater.  The 
Iselin  MPM  was  designed  to  treat  45,360  L/day 
from  62  homes  in  Iselin,  a  rural  mining  town  in 
western  Pennsylvania.  The  present  study  aimed  to 
define  zones  of  nitrification  and  denitrification 
within  the  Iselin  MPM  to  serve  as  a  basis  for 


optimizing  removal  capacity  at  this  site.  The  Iselin 
MPM  consists  of  a  comminutor,  an  aeration  basin, 
two  marsh  areas,  a  pond,  two  meadow  areas,  and  a 
chlorination  chamber.  Samples  were  collected 
daily  from  10  sites  throughout  the  MPM  system 
from  August  9-22,  1985.  Temperature,  pH,  and 
dissolved  oxygen  varied  little  throughout  the 
system.  Nitrate-N  decreased  from  the  influent  to 
postaeration.  Because  carbon  demand  is  easily  met 
for  denitrifiers  in  the  aeration  basin  (COD  >  800 
mg/L  and  a  small  anoxic  zone  in  the  bacterial 
floe),  the  decrease  in  N03-N  during  area  probably 
is  due  to  denitrification.  Ammonia-N  concentra- 
tions decreased  at  all  depths  across  the  marsh.  This 
corresponds  with  an  overall  N03-N  increase  at  all 
depths.  Ammonia-N  levels  are  low  at  the  pond 
surface,  but  substantial  concentrations  were 
present  near  the  bottom.  The  increase  in  NH3-N  at 
the  pond  bottom  results  from  ammonification  of 
decomposing  plant  material.  Ammonia-N  concen- 
trations decreased  to  less  than  0.5  mg/L  at  the 
meadow  surface.  Highest  concentrations  of  NH3- 
N  at  the  meadow  bottom  near  the  inlet  resulted 
from  decomposing  solids  that  had  been  deposited 
in  the  meadow  media.  Overall  reduction  of  total 
Kjeldahl  nitrogen  (TKN)  from  marsh  influent  to 
meadow  effluent  was  95%,  producing  discharge 
levels  of  less  than  1  mg/L  NH3-N  and  N03-N. 
The  MPM  system  also  could  remove  93%  of  the 
average  860  mg/L  COD  entering  the  system.  The 
most  effective  nitrification  component  is  the  marsh. 
Denitrification  occurs  within  the  sludge  floe  and 
anaerobic  microsites  throughout  the  marsh  and 
may  occur  in  the  pond  sediments.  Denitrification 
appears  to  be  minimal  in  the  upper  pond  strata  and 
in  the  meadow.  (See  also  W90-04392)  (Rochester- 
PTT) 
W90-04433 


DENITRIFICATION  IN  ARTIFICIAL  WET- 
LANDS. 

Kernforschungsanlage  Juelich  G.m.b.H.  (Germa- 
ny, F.R.).  Inst,  fuer  Biotechnologie. 
E.  Stengel,  and  R.  Schultz-Hock. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  484- 
484,  6  fig,  14  ref. 

Descriptors:  'Land  disposal,  'Wastewater  treat- 
ment, 'Wetlands,  'Nitrogen  cycle,  'Denitrifica- 
tion, 'Artificial  wetlands,  Biological  wastewater 
treatment,  Water  pollution  control,  Reeds,  Micro- 
organisms, Nitrates,  Oxygen,  Aerobic  conditions, 
Plant  physiology,  Sediments. 

The  aeration  function  of  macrophyte  horizons  with 
horizontal  flow-through  was  investigated  in  artifi- 
cial wetlands.  Denitrification  in  relation  to  oxygen 
concentration,  organic  carbon  sources,  and  tem- 
perature, and  oxygen  conditions  in  the  root  hori- 
zon are  reported.  Measurements  were  performed  in 
outdoor  artificial  wetlands  with  U-shaped  channels 
0.4  m  deep,  0.6  m  wide,  and  16  m  long  and  total 
surface  are  of  9.6  sq  m.  Channels  were  filled  with 
grave  and  vegetated  beds  were  dominated  by 
Phragmites  australis  (shoot  densities  350-580/sq 
m).  An  unvegetated  control  was  used.  Several 
conclusions  could  be  drawn  as  a  result  of  these 
studies:  (1)  nitrate  elimination  in  artificial  wetlands 
is  possible  throughout  the  whole  year,  when  spe- 
cific conditions  are  fulfilled  (low  02  concentration 
in  the  water,  available  organic  carbon);  (2)  high 
denitrification  rates  were  verified  even  at  low  tem- 
peratures; (3)  in  summer,  when  oxygen  concentra- 
tion in  the  inflowing  water  is  low,  denitrification 
occurs  in  the  whole  plant  bed;  (4)  observations  on 
oxygen  conditions  in  the  root  zone  did  not  show 
addition  of  oxygen  to  the  through-flowing  water; 
and  (5)  the  concept  that  particular  plant  species 
control  oxygen  levels  in  their  surroundings  in  a 
predictable  way  has  to  be  further  examined  and,  if 
true,  this  concept  of  'controlled  aeration'  should 
assist  in  proper  use  of  macrophytes  for  diverse 
ecological  and  technological  purposes.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04434 
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NITROGEN  REMOVAL  FROM  FRESHWATER 
WETLANDS:  NITRIFICATION-DENITRIFICA- 
TION  COUPLING  POTENTIAL. 

Florida  Agricultural  and  Mechanical  Univ.,  Talla- 
hassee. Wetland  Ecology  Program. 
Y.-P.  Hsieh,  and  C.  L.  Coultas. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  493- 
500,  5  tab,  17  ref. 

Descriptors:  'Land  disposal,  •Denitrification, 
•Florida,  *Wastewater  treatment,  •Nitrification, 
•Wetlands,  'Nitrogen  removal,  Ammonium,  Bio- 
logical wastewater  treatment,  Water  pollution  con- 
trol, Artificial  wetlands,  Macrophytes,  Nitrogen 
cycle,  Microorganisms,  Liming. 

Nitrification  and  denitrification,  although  two  mu- 
tually exclusive  processes,  coexist  in  many  ecosys- 
tems. Existence  of  heterogeneous  microsites  or 
layers  in  soil  systems  permits  coexistence  of  these 
processes.  The  present  study  surveyed  the  nitrifica- 
tion-denitrification  coupling  potential  (NDCP)  of 
representative  freshwater  wetlands  in  North  Flori- 
da and  relate  this  potential  to  wetland  soil  proper- 
ties. Four  types  of  freshwater  wetlands  were  stud- 
ied: savannah,  cypress,  black  gum,  and  titi  swamps. 
Soils  from  these  four  types  of  wetlands  were  ob- 
tained in  the  Apalachicola  National  Forest.  Savan- 
nahs had  the  shortest  hydroperiod,  cypress  and 
black  gum  swamps  the  longest,  and  the  hydroper- 
iod in  the  titi  swamp  was  intermediate.  Incubations 
in  argon,  under  air,  and  without  and  without  lime 
were  conducted.  Nitrification-denitrification  cou- 
pling was  demonstrated  in  these  acidic  freshwater 
wetlands.  Nitrification  rate  on  savannah  soils,  on  a 
volume  basis,  was  much  higher  than  on  the  other 
wetlands,  indicating  that  mineral  constituents  play 
an  important  role  in  nitrification.  Liming  actually 
decreased  the  nitrification  in  most  cases  after  7-day 
preincubation,  suggesting  that  factors  other  than 
pH  might  control  nitrification  in  these  soils.  A 
drastic  increase  in  ammonium  level  after  liming 
occurred  during  7-day  preincubations  rather  than 
during  2-day  incubations.  Liming  might  cause  re- 
duction of  soil  microbial  population  and  subse- 
quently increase  net  mineralization  during  the 
preincubation.  The  nitrification  rate  reduction  in- 
duced by  liming  also  contributes  to  the  high  level 
ammonium.  Soil  organic  carbon  had  little  bearing 
on  nitrification  and  denitrification  rates  in  these 
soils.  The  C/N  ratio  was  better  correlated  with 
nitrification  and  denitrification  rates.  Nitrification 
rate  is,  in  effect,  the  limiting  factor  for  removal 
through  denitrification  in  wetlands.  Savannah  wet- 
lands are  capable  of  removing  20  ppm  NH3-N 
from  and  1700-20,750  L/ha/day  of  wastewater 
through  nitrification-denitrification  and  20  ppm 
N03-N  from  11,500-87,000  L/ha/day  of 
wastewater  through  denitrification.  (See  also  W90- 
04392)  (Rochester-PTT) 
W90-04435 


RELATIVE  RADIAL  OXYGEN  LOSS  IN  FTVE 
WETLAND  PLANTS. 

Oak  Ridge  National  Lab.,  TN. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04436 


POTENTIAL  IMPORTANCE  OF  SULFATE  RE- 
DUCTION PROCESSES  IN  WETLANDS  CON- 
STRUCTED TO  TREAT  MINE  DRAINAGE. 

Bureau  of  Mines,  Pittsburgh,  PA. 
R.  S.  Hedin,  R.  Hammack,  and  D.  Hyman. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  508- 
514,  3  tab,  12  ref. 

Descriptors:  'Land  disposal,  'Biotransformation, 
•Acid  mine  drainage,  'Sulfate  reduction,  'Artifi- 
cial wetlands,  'Wastewater  treatment,  'Wetlands, 
Dissimilatory  sulfate  reduction.  Biological 
wastewater  treatment,  Water  pollution  control, 
Anaerobic  conditions,  Bacteria,  Oxidation,  Reduc- 
tion, Design  criteria. 

The  importance  of  sulfate  reduction  in  natural  or 
constructed  wetlands  receiving  acid  mine  drainage 
(AMD)  is  uncertain  because  of  contradictory  find- 


ings from  different  studies.  Several  research 
projects  are  exploring  the  use  of  dissimilatory  sul- 
fate reduction  (DSR)  and  metal  sulfide  formation 
processes  for  the  treatment  of  coal  mine  drainage. 
DSR  is  accomplished  by  heterotrophic  anaerobic 
bacteria  that,  in  the  absence  of  oxygen,  decompose 
simple  organic  compounds  using  sulfate  as  the 
terminal  electron  acceptor.  DSR  bacteria  are 
active  only  under  anaerobic  conditions.  The  most 
common  factors  limiting  DSR  in  anoxic  sediments 
are  availability  of  suitable  organic  matter  and  dis- 
solve sulfate.  Metal  sulfides  can  be  destroyed  by 
acidic  and  aerobic  conditions.  Acidic  conditions 
cause  the  resolubilization  of  iron  monosulfides 
(FeS).  In  most  natural  systems,  extreme  acidifica- 
tion of  the  organic  substrate  does  not  occur.  The 
more  common  cause  of  sulfide  destruction  is  oxida- 
tion. All  forms  of  elemental  and  reduced  sulfur  are 
subject  to  oxidation  under  aerobic  conditions.  Con- 
structed wetlands  for  AMD  have  conditions  that 
should  promote  DSR  and  the  accumulation  of  iron 
sulfides.  They  contain  an  excess  of  high-quality 
organic  matter  and  high  concentrations  of  dis- 
solved sulfate  and  iron.  With  proper  maintenance, 
the  organic  substrate  always  will  be  submerged 
and  never  be  exposed  to  aerobic  conditions.  To  aid 
in  designing  AMD  wetlands,  the  theoretical  signifi- 
cance of  sulfide  formation  was  evaluated  in  a  hy- 
pothetical constructed  wetland  in  which  flow  of 
AMD  through  anoxic  substrates  is  maximized  and 
sulfide  oxidation  is  minimized.  On  a  yearly  basis, 
the  wetland  receives  2628  kg  Fe,  26,280  kg  S04(2- 
),  and  13,140  kg  of  acidity  (CaC03  equivalent). 
Complete  removal  of  all  the  dissolved  iron  by 
pyrite  formation  requires  a  minimum  reduction  of 
9010  kg  of  S04(2-)  and  oxidation  of  2253  kg  of  C. 
DSR  and  FeS  formation  are  biogeochemical  proc- 
esses that  could  significantly  affect  mine  drainage 
chemistry.  The  sizing  of  wetlands  being  construct- 
ed today  is  within  an  order  of  magnitude  of  satisfy- 
ing the  theoretical  organic  needs  of  such  a  system. 
(See  also  W90-04392)  (Rochester-PTT) 
W90-04437 


EVALUATION  OF  SPECIFIC  MICROBIOLO- 
GICAL ASSAYS  FOR  CONSTRUCTED  WET- 
LANDS WASTEWATER  TREATMENT  MAN- 
AGEMENT. 

Louisiana  State  Univ.,  Baton  Rouge.  Inst,  for  En- 
vironmental Studies. 
R.  J.  Portier. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  515- 
524,  3  fig,  1  tab,  14  ref.  Office  of  Sea  Grant  NA  81- 
AA-D-0046  and  Louisiana  Board  of  Regents  Con- 
tract B20-21. 

Descriptors:  'Land  treatment,  'Wastewater  treat- 
ment, 'Enzyme  assay,  'Louisiana,  'Wetlands,  'Mi- 
crobiological studies,  In  situ  tests,  Biological 
wastewater  treatment,  Estuarine  environment,  Ter- 
rebonne-Timbalier  Bay,  Barataria  Bay,  Estuarine 
sediments,  Salinity  gradients,  Enzymes. 

A  major  difficulty  in  the  assessment  of  toxic  chem- 
ical impact  in  aquatic  marine  environments  is  ob- 
taining reproducible,  valid  field  test  information. 
Cost-effective  approaches  for  in  situ  analyses  of 
related  soil/sediment  microenvironments  are  pre- 
sented for  evaluating  wastewater  impact  and  effect 
in  constructed  wetlands.  Comparisons  were  made 
with  specific  enzyme  assays  and  standard  microbial 
diversity  tests.  Soil  and  sediment  collections  were 
made  in  the  Terrebonne-Timbalier  Bay  and  Bara- 
taria Bay  drainage  basins  in  Louisiana  along  a 
salinity  gradient  reflecting  microenvironments  of 
considerable  diversity  and  biomass.  In  situ  analyses 
of  interrelated  soil/sediment  microenvironments 
are  relevant  to  understanding  determinants  of  pro- 
ductivity in  aquatic  regions  or  biotreatment  effi- 
ciency in  a  constructed  wetland.  Total  microbial 
biomass,  as  determined  by  the  luciferin-luciferase 
method  outlined  here,  is  useful  in  understanding  in 
situ  physiological  states  of  naturally  occurring  mi- 
crobial assemblages.  Furthermore,  total  microbial 
biomass  and  species  diversity  may  serve  as  valid 
indices  of  biodegradable  substrate  turnover  and 
productivity.  Variations  in  microbial  diversity, 
enzyme  activity,  microbial  ATP,  and  substrate 
uptake  in  ecologically  diverse  but  related  soil/ 
sediment   microenvironments   in   coastal   wetland 


systems  provide  a  vehicle  for  aquatic  microenvir- 
onment  parameter  identification  and  assessment. 
These  variations  reflect  autochthonous  parameters 
of  microbial  viability  for  toxicological  studies  and 
characterize  land  management  practices  between 
hydrologically  linked  localities.  Such  observations 
provide  a  baseline  for  monitoring  possible  impact 
of  toxicant  runoff  and  introduce  methods  for  estab- 
lishing criteria  for  productivity  assessment  in  con- 
structed wetlands  management.  (See  also  W90- 
04392)  (Rochester-PTT) 
W90-04438 


SECONDARY  TREATMENT  OF  DOMESTIC 
WASTEWATER  USING  FLOATING  AND 
EMERGENT  MACROPHYTES. 

Reedy  Creek  Utilities  Co.,  Inc.,  Lake  Buena  Vista, 
FL. 

T.  A.  DeBusk,  P.  S.  Burgoon,  and  K.  R.  Reddy. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  525- 
529,  1  fig,  1  tab,  5  ref.  Gas  Research  Institute 
(Chicago)  Contract  5082-223-0762. 

Descriptors:  'Wastewater  treatment,  'Wetlands, 
•Domestic  wastewater,  *Land  disposal,  •Second- 
ary wastewater  treatment,  'Biological  wastewater 
treatment,  Water  pollution  control,  Artificial  wet- 
lands, Swordgrass,  Arrowhead,  Pennywort,  Ma- 
crophytes, Comparison  studies,  Performance  eval- 
uation, Biological  oxygen  demand,  Suspended 
solids,  Plant  growth. 

The  rates  of  removal  of  BOD5  and  suspended 
solids  (SS)  from  primary  effluent  using  floating  and 
emergent  macrophytes  cultured  in  pond  and 
gravel-bed  systems  were  examined.  The  study  was 
conducted  in  central  Florida,  with  3000-L  outdoor 
raceways  fed  primary  domestic  effluent  at  a  hy- 
draulic loading  of  10  cm/day.  Four  treatments 
were  established  in  duplicate  tanks:  a  gravel  (1-3 
cm  river  rock)-filled  bed  with  no  macrophytes;  a 
gravel  bed  planted  with  swordgrass  (Scirpus  pun- 
gens  =  S.  americanus);  a  gravel  bed  planted  with 
arrowhead  (Sagittaria  latifolia);  and  an  open-water 
system  stocked  with  the  floating  macrophyte 
pennywort  (Hydrocotyle  umbellata).  Greatest  re- 
ductions in  wastewater  contaminant  concentrations 
were  attained  in  raceways  containing  pennywort. 
BOD5  and  SS  removal  rates  in  pennywort-contain- 
ing raceways  averaged  145  and  41  kg/ha/day, 
respectively,  during  the  6-mo  study.  While  mean 
treatment  performance  of  the  gravel-bed  system 
was  poorer  than  that  of  the  pennywort  tanks, 
effluent  quality  in  the  raceways  containing  gravel 
gradually  improved  during  the  study.  After  6  mo 
of  operation,  effluent  wastewater  BODS  and  SS 
concentrations  from  the  arrowhead  raceways  re- 
sembled that  of  those  of  the  pennywort  systems. 
Although  shoot  and  root  standing  crop  increased 
contemporaneously  with  the  improvements  in  the 
treatment  effectiveness  of  the  gravel-bed  systems, 
it  is  noted  that  BOD5  and  SS  concentrations  also 
improved  in  the  unvegetated  gravel  bed  during 
this  period.  The  time  lag  observed  in  the  gravel- 
bed  systems  may  represent  the  time  required  for 
bacterial  colonization.  Whereas  gravel-bed  sys- 
tems, whether  vegetated  or  not,  exhibit  a  gradual 
improvement  in  treatment  efficiency  over  the  6-mo 
study,  floating  aquatic  macrophyte-based  systems 
appeared  to  operate  at  peak  efficiency  immediately 
following  startup.  (See  also  W90-04392)  (Roches- 
ter-PTT) 
W90-04439 


AMPLIFICATION  OF  TOTAL  DRY  MATTER, 
NITROGEN  AND  PHOSPHORUS  REMOVAL 
FROM  STANDS  OF  PHRAGMTTES  AUSTRA- 
LIS  BY  HARVESTING  AND  REHARVESTTNG 
REGENERATED  SHOOTS. 
Tohoku  Univ.,  Sendai  (Japan).  Biological  Inst. 
T.  Suzuki,  W.  G.  A.  Nissanka,  and  Y.  Kurihara. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  530- 
535,  5  fig,  7  ref. 

Descriptors:   'Land  disposal,   'Reeds,   'Pollutant 
removal,  'Wastewater  treatment,  'Wetlands,  Bio- 
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logical  wastewater  treatment,  Water  pollution  con- 
trol, Artificial  wetlands,  Macrophytes,  Nitrogen 
removal,  Phosphorus  removal,  Seasonal  distribu- 
tion, Biomass,  Plant  growth,  Harvesting. 

Studies  on  natural  stands  of  Phragmites  have 
shown  higher  concentrations  of  N  and  P  in  young- 
er tissues  and  decreasing  concentrations  with  matu- 
rity. An  experiment  was  designed  to  establish  the 
best  timing  for  harvest  and  reharvest  of  regenerat- 
ed shoots  of  Phragmites  to  amplify  removal  of 
total  dry  matter,  N,  and  P  from  a  Phragmites  stand 
growing  under  field  conditions.  Harvesting  of  a 
freshwater  stand  of  Phragmites  australis  was  con- 
ducted from  mid-May  1983  to  early  November, 
when  the  leaves  were  almost  dried  and  some  had 
fallen.  Phragmites  shoot  biomass  increased  rapidly 
early  in  the  growing  season,  peaked  in  early 
August,  and  then  decreased.  Harvesting  Phrag- 
mites shoots  twice  during  the  growing  season  in- 
creased the  total  amount  of  biomass,  N,  and  P 
removal  from  a  plot.  To  amplify  removal,  the  first 
harvest  should  occur  when  maximum  nutrient  con- 
tent is  reached,  with  a  second  harvest  when  the 
plant  growth  ceases  in  late  autumn.  Total  harvest- 
able  biomass  with  this  strategy  was  34,000  kg/ha 
dry  wt,  14%  higher  than  the  highest  amount  that 
could  be  obtained  in  a  single  harvest,  and  34% 
more  than  a  single  end-of-growing  season  harvest. 
The  maximum  amount  of  total  N  that  could  be 
removed  from  a  stand  was  365  kg/ha,  22%  greater 
than  the  highest  amount  that  could  be  removed  by 
a  single  harvest,  or  90%  more  than  a  single  end-of- 
growing  season  harvest.  For  P,  the  maximum  total 
removal  was  38.8  kg/ha.  This  was  10%  higher 
than  the  highest  amount  removed  by  a  single  har- 
vest and  175%  higher  than  the  amount  removed  by 
a  single  end-of-growing  season  harvest.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04440 


DOMESTIC  WASTEWATER  TREATMENT 
USING  EMERGENT  PLANTS  CULTURED  IN 
GRAVEL  AND  PLASTIC  SUBSTRATES. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
P.  S.  Burgeon,  K.  R.  Reddy,  and  T.  A.  DeBusk. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  536- 
541,  2  fig,  3  tab,  5  ref. 

Descriptors:  'Wetlands,  *Land  disposal,  *Plant 
growth,  'Florida,  'Wastewater  treatment,  'Wet- 
lands, 'Domestic  wastes,  'Artificial  wetlands,  'Po- 
rosity, 'Biological  wastewater  treatment,  Water 
pollution  control,  Cattails,  Reeds,  Arrowhead, 
Swordgrass,  Macrophytes,  Comparison  studies, 
Performance  evaluation,  Biological  oxygen 
demand,  Suspended  solids,  Plant  growth,  Nitro- 
gen, Phosphorus. 

Wetland  plant  growth  and  wastewater  treatment 
were  compared  in  two  plastic  substrates  and  in  1- 
cm-diameter  gravel.  The  gravel  had  a  high  specific 
surface  area,  48%  porosity  and  the  two  sizes  of 
plastic  media  were  2.5  cm  and  5.0  cm  diameter, 
medium  and  low  specific  surface  area,  both  with 
high  porosity  (66-83%).  Microcosms  (22  L)  were 
filled  with  substrates  and  then  planted  with  four 
emergent  plant  species:  Typha  latifolia,  Phragmites 
australis,  Scirpus  pungens,  and  Sagittana  latifolia. 
All  plants  were  grown  in  gravel  but  T.  latifolia 
was  not  grown  in  either  plastic  substrate.  Sewage 
was  pumped  directly  from  the  effluent  weir  of  the 
primary  sedimentation  tank  at  the  University  of 
Florida  Wastewater  Treatment  Plant.  Effluent  was 
applied  at  BOD5  and  total  Kjeldahl  N  (TKN)  mass 
loading  rates  of  210  and  45  kg/ha/day.  Average 
influent  concentrations  of  BOD5,  TKN,  and  total 
P  (TP)  were  120,  25.4,  and  5.1  mg/L.  Effluent 
BODS  was  below  30  mg/L  for  all  treatments. 
Removal  of  TKN  and  TP  was  highest  in  the 
gravel  treatments.  TP  removal  averaged  45%  for 
the  gravel  control,  whereas  S.  latifolia  in  gravel 
removed  a  higher  percentage  of  TP  than  the  other 
treatments.  Effluent  concentrations  of  TKN  and 
TP  for  S.  latifolia  and  T.  latifolia  in  gravel  were 
both  less  than  5  mg/L  and  3  mg/L,  respectively.  S. 
latifolia  and  S.  pungens  grew  poorly  in  plastic 
substrates,  whereas  P.  australis  grew  well  in  all 
three  substrates.  S.  latifolia  was  very  susceptible  to 
a  fungus,   which  was  controlled   with  biweekly 


applications  of  the  fungicide  Benomyl.  Biomass 
production  for  S.  latifolia,  P.  australis,  and  S.  pun- 
gens in  gravel  averaged  344.2,  223.2,  an  10.8  kg/ 
ha/day,  respectively.  Of  the  N  and  P  removed 
from  the  wastewater,  22%  and  18%,  respectively, 
were  stored  in  aboveground  biomass  of  S.  latifolia. 
Wastewater  contaminant  removal  generally  was 
better  in  the  high-specific-surface-area  gravel  sub- 
strate than  in  the  plastic  substrates.  This  was  con- 
sistent with  the  three  substrate  controls,  where  the 
gravel  effluent  had  the  highest  effluent  quality. 
(See  also  W90-04392)  (Rochester-PTT) 
W90-04441 


AQUATIC  PLANT  CULTURE  FOR  WASTE 
TREATMENT  AND  RESOURCE  RECOVERY. 

National  Fertilizer  Development  Center,  Muscle 
Shoals,  AL. 

J.  B.  Kingsley,  J.  J.  Maddox,  and  P.  M.  Giordano. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  542- 
549,  2  fig,  4  tab,  12  ref. 

Descriptors:  'Land  disposal,  'Alabama, 
'Wastewater  treatment,  'Wetlands,  'Biological 
wastewater  treatment,  'Artificial  wetlands,  Water 
pollution  control,  Macrophytes,  Water  chestnuts, 
Cattails,  Hay,  Reeds,  Sludge,  Farm  wastes,  Biolog- 
ical oxygen  demand,  Suspended  solids,  Conforms, 
Performance  evaluation,  Fertilizers,  Cycling  nutri- 
ents. 

A  project  was  conducted  to  demonstrate  the  po- 
tential of  three  aquatic  plants  to  remove  pollutants 
from  wastewater  and  produce  useful  crops.  Dem- 
onstrations were  conducted  in  Florence,  Alabama, 
where  two  types  of  earthen  facilities  were  built:  (1) 
five  units  to  demonstrate  sludge  as  plant  fertilizer 
in  soil  flooded  with  secondary  effluent  and  (2)  four 
units  to  conduct  flow-through  demonstrations. 
Flow-through  units  were  continuously  irrigated 
with  secondary  effluent.  Demonstrations  conduct- 
ed were  (1)  sludge  demonstrations  of  water  chest- 
nut (Eleocharis  dulcis)  and  chestnut  hay  yields  (2 
years)  and  cattail  (Typha  spp.)  (2)  flow  through 
demonstrations  of  water  chestnut  yields  (2  years), 
cattail  and  reed  (Phragmites  australis)  yields,  and 
water  quality  in  wetlands  (2  years).  Artificial  wet- 
land water  treatment  using  aquatic  plants  to  absorb 
nutrients  from  water  can  effectively  remove  pollut- 
ants from  wastewater  and  produce  an  economical- 
ly valuable  crop.  Plants  recover  valuable  nutrients 
lost  in  conventional  wastewater  treatment  systems, 
and  crops  produced  can  help  offset  wastewater 
treatment  costs.  Optimum  flow  rate  of  secondary 
effluent  for  waste  treatment  was  8.1  to  16.2  cm/ 
day,  which  reduced  BODS  60%,  suspended  solids 
72%,  and  fecal  coliform  bacteria  >80%.  Aquatic 
plants  can  recover  nutrients  from  wet  sludge  (3.5% 
solids)  and  sludge  is  at  least  as  effective  as  inorgan- 
ic fertilizer  for  aquatic  plant  production.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04442 


BACTERIOLOGICAL  TESTS  FROM  THE  CON- 
STRUCTED WETLAND  OF  THE  BIG  FTVE 
TUNNEL,  D3AHO  SPRINGS,  COLORADO. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering  Ecology. 
W.  Batal,  L.  S.  Laudon,  T.  R.  Wildeman,  and  N. 
Mohdnoordin. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  550- 
557,  2  fig,  2  tab,  20  ref. 

Descriptors:  'Land  disposal,  'Mine  wastes,  'Colo- 
rado, 'Wastewater  treatment,  'Wetlands,  'Acid 
mine  drainage,  Metal  mines,  Biological  wastewater 
treatment,  Water  pollution  control,  Artificial  wet- 
lands, Macrophytes,  Big  Five  Tunnel,  Bacterial 
analysis,  Bacterial  physiology,  Pilot  plants,  Algae, 
Fungi,  Iron,  Manganese,  Oxidation,  Metal  remov- 
al, Aerobic  conditions,  Anaerobic  conditions. 

Wetlands  are  a  potential  treatment  for  small  flows 
of  acid  mine  waters.  For  metal  removal,  intrinsic 
bacterial  microflora  in  a  wetland  system  are  impor- 
tant. In  the  aerobic  zone,  two  groups  of  heterotro- 
phic metal-utilizing  bacteria  are  present:  the  Fe 


123 


and  Mn  oxidizers  and  one  group  of  obligate  auto- 
trophic iron  oxidizers  (T  ferrooxidans).  In  the  an- 
aerobic zone,  sulfate  reducers  are  present.  The 
occurrence,  depth,  and  position  of  these  bacteria  in 
the  pilot  wastewater  treatment  wetland  at  the  Big 
Five  Tunnel,  Idaho  Springs,  Colorado,  is  de- 
scribed. The  pilot  wetland  ecosystem  at  Big  Five 
Tunnel  has  three  19-sq  m  cells,  which  are  1-m 
deep.  Soils  are  of  three  types:  mushroom  compost 
(cell  A),  equal  amounts  of  aged  manure,  decom- 
posed wood  products,  and  Colorado  peat  (cell  B), 
and  the  same  soils  as  in  cell  B  underlain  with  10-15 
cm  of  5-to-8-cm  limestone  rock  (cell  C).  Sulfate 
reducing  bacteria  were  found  in  all  cells  in  rela- 
tively high  numbers  after  exposure  to  4.4  L/min  of 
mine  drainage  for  2  mo.  Mushroom  compost  in  cell 
A  contained  the  highest  populations  of  sulfate  re- 
ducers in  the  original  soil  and  after  2  mo  of  flow. 
Autotrophic  iron  oxidizers  were  present  initially 
only  in  peat,  and  the  population  was  only  200 
bacteria/g.  After  2  mo  of  mine  drainage  flow,  iron- 
oxidizing  autotrophs  were  present  on  the  surface 
and  at  depth  in  all  the  substrates.  Preliminary 
results  indicate  that  iron-oxidizing  and  manganese- 
oxidizing  heterotrophs  exist  on  the  surface  envi- 
ronment in  cells  A  and  C.  The  algae  Ulothrix  and 
Euglena  also  were  present  in  cell  A.  On  inoculated 
petri  dishes,  fungal  growth  appeared  in  association 
with  manganese  oxidizers.  The  mycelium  was  dark 
and  brown  crystals  were  observed  under  a  micro- 
scope. In  previous  studies,  the  presence  of  the 
bacteria  observed  here  was  correlated  with  remov- 
al of  metals  by  wetlands;  their  presence  in  this 
constructed  wetland  suggests  that  is  should  be  a 
promising  treatment  facility.  (See  also  W90-04392) 
(Rochester-PTT) 
W90-04443 


USE  OF  PERD?HYTON  FOR  NUTRIENT  RE- 
MOVAL FROM  WATERS. 

Vyzkumny      Ustav      Vodohspodarsky,      Prague 

(Czechoslovakia). 

For  primary  bibliographic   entry   see  Field   5G. 

W90-04444 


DANISH  EXPERIENCE  WITH  SEWAGE 
TREATMENT  IN  CONSTRUCTED  WET- 
LANDS. 

Aarhus  Univ.  (Denmark).  Botanical  Inst. 
H.  Brix,  and  H.-H.  Schierup. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  565- 
753,  3  fig,  2  tab,  2  ref. 

Descriptors:  'Land  disposal,  'Denmark,  'Surveys, 
'Wastewater  treatment,  'Wetlands,  'Biological 
wastewater  treatment,  'Reeds,  'Artificial  wet- 
lands, Water  pollution  control,  Macrophytes,  Ni- 
trogen removal,  Rhizosphere,  Aerobic  conditions, 
Performance  evaluation,  Oxygen,  Permeability,  Bi- 
ological oxygen  demand,  Nitrogen,  Phosphorus, 
Metals,  Coprecipitation,  Chemical  reactions. 

The  concept  of  treating  wastewaters  with  emer- 
gent aquatic  macrophytes  (the  root-zone  process) 
was  introduced  in  Denmark  in  1983.  Basically,  this 
process  depends  on  a  horizontal  subsurface  flow 
through  the  rhizosphere  of  the  common  reed 
(Phragmites  australis).  During  passage  of 
wastewater  through  the  rhizosphere,  organic 
matter  content  of  wastewater  theoretically  should 
be  decomposed  by  aerobic  and  anaerobic  microor- 
ganisms; microbial  nitrification  and  subsequent 
denitrification  should  release  N  to  the  atmosphere; 
and  P  should  be  removed  by  chemical  coprecipita- 
tion with  Fe,  Al,  and  Ca  compounds  in  the  soil. 
Reed  beds  supply  oxygen  to  the  aerobic  microor- 
ganisms in  the  rhizosphere  and  increase/stabilize 
the  hydraulic  permeability  of  the  soil.  Direct  as- 
similation of  nutrients  by  vegetation  is  considered 
to  be  of  no  significance  for  the  purification  ability 
of  the  systems  because  the  maximum  amount  of 
nutrients  that  can  be  removed  by  harvesting  the 
aboveground  biomass  is  less  than  5%  of  the  load 
on  a  yearly  basis.  The  root-zone  process  was  intro- 
duced as  a  low-cost,  low-technology,  decentralized 
solution  capable  of  producing  an  effluent  quality 
equivalent  to  or  exceeding  conventional  tertiary 
treatment  technology.  Performance  for  BOD5,  as 
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well  as  N  and  P,  was  claimed  to  be  better  than 
90%.  The  first  full-scale  treatment  facilities  were 
constructed  in  Denmark  during  winter  1983-84. 
The  first  four  years  of  experience  with  these  con- 
structed reed  beds  demonstrated  the  following:  (1) 
performance  with  respect  to  BODS  typically  was 
70-90%,  producing  a  consistent  effluent  concentra- 
tion of  less  than  20  mg/L  after  one  growing 
season;  (2)  typical  reduction  of  total  N  and  total  N 
is  25-50%  and  20-40%,  respectively;  (3)  N  and  P 
removal  depends  on  hydraulic  loading  rate  and 
consequent  retention  time  within  the  reed  beds 
(only  facilities  with  loading  rates  >  2  cm/day  show 
removals  of  N  and  P  over  50%);  and  (4)  hydraulic 
permeability  of  the  soil  develops  slowly,  if  ever, 
with  overland  flow  predominating  after  4  growing 
seasons,  forming  a  pattern  covering  only  part  of 
the  reed  bed  area.  (See  also  W90-04392)  (Roches- 
ter-PTT) 
W90-04445 


MAN-MADE  WETLANDS  FOR  WASTEWATER 
TREATMENT:  TWO  CASE  STUDD2S. 

Post,  Buckley,  Schuh  and  Jernigan,  Inc.,  Orlando, 
FL. 

J.  Jackson. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  574- 
580,  2  fig,  2  tab,  3  ref. 

Descriptors:  'Land  disposal,  'Wetlands,  'Florida, 
•Wastewater  treatment,  *Artificial  wetlands, 
•Wetlands,  Biological  wastewater  treatment, 
Water  pollution  control,  Macrophytes,  Hardwood 
swamps,  Cattails,  Bulrushes,  Cypress  trees,  Maple 
trees,  Nitrogen,  Phosphorus,  Biological  oxygen 
demand. 

Wastewater  treatment  plant  owners  and  engineers 
must  develop  more  creative  effluent  disposal  meth- 
ods using  lower-lying  or  otherwise  less  desirable 
lands  while  adequately  protecting  surface  water 
resources.  Two  innovative  designs  that  meet  both 
these  needs  have  been  constructed  in  Lakeland  and 
Orlando,  Florida.  Prior  to  its  purchase  for 
wastewater  treatment,  566  ha  of  the  650-ha  Lake- 
land site  had  been  used  as  clay  settling  ponds  for 
the  phosphate  mining  industry,  thus  creating  an 
impermeable  liner.  The  constructed  wetlands  built 
on  this  site  were  designed  for  a  flow  of  0.61  cu  m/ 
sec,  equivalent,  to  a  hydraulic  application  rate  of  1 
cm/day.  Design  criteria  included  reducing  influent 
concentrations  of  20  mg/L  BOD5),  20  mg/L  total 
suspended  solids  (TSS),  and  8  mg/L  total  ammonia 
as  nitrogen  (NH3-N)  to  5  mg/L  BOD5,  10  mg/L 
TSS,  and  1.0  mg/L  NH3-N.  Total  P  removals  of 
50%  also  were  expected.  The  chosen  disposal 
option  was  creation  of  a  494-ha  man-made  wet- 
lands on  an  improved  pasture  to  further  treat  water 
prior  to  discharge  to  the  St.  Johns  River.  The 
pasture  was  segmented  by  berms  into  small  cells, 
with  weir  structures  to  control  flow  distribution, 
depth,  and  detention  time.  A  wet  prairie  (170  ha) 
was  planted  primarily  with  cattail  (Typha  latifolia) 
and  bulrush  (Scirpus  californicus).  From  the  wet 
prairie,  water  flows  into  a  154-ha  mixed  marsh, 
which  was  started  with  10  spp.  but  now  has  about 
60  spp.  The  final  community  is  a  162-ha  hardwood 
swamp  that  includes  a  49-ha  lake.  The  swamp  was 
planted  with  seedlings  of  bald  cypress,  red  maple, 
loblolly  bay  (Gordonia  lasianthus),  water  oak, 
dahoon  holly  (Hex  cassine),  and  other  tree  species. 
The  constructed  wetlands  site  was  designed  to 
receive  0.88  cu  m/sec  of  water  with  6  mg/L  total 
N  and  0.75  mg/L  total  P.  For  the  494-ha  site,  this 
is  equivalent  to  nutrient  loadings  of  0.92  kg/ha/ 
day  and  0.11  kg/ha/day  for  total  N  and  total  P. 
Both  the  Lakeland  and  Orlando  wetland  systems 
have  achieved  permitted  effluent  requirements,  al- 
though loaded  at  less  than  design  conditions.  Based 
on  the  present  treatment  occurring  in  the  first  cells, 
as  flows  are  increased,  more  of  the  system  will  be 
used  for  treatment,  but  continued  compliance  with 
permitted  effluent  limits  is  expected.  (See  also 
W90-O4392)  (Rochester-PTT) 
W90-04446 


RESEARCH  TO  DEVELOP  ENGINEERING 
GUIDELINES  FOR  IMPLEMENTATION  OF 
CONSTRUCTED  WETLANDS  FOR 


WASTEWATER  TREATMENT  IN  SOUTHERN 
AFRICA. 

Steffen,  Robertson  and  Kirsten,  Inc.,  Johannesburg 
(South  Africa). 

A.  Wood,  and  L.  C.  Hensman. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:    Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  581- 
589,  4  tab,  7  ref. 

Descriptors:  *Land  disposal,  'South  Africa, 
•Design  criteria,  •Wastewater  treatment,  'Artifi- 
cial wetlands,  'Wetlands,  Biological  wastewater 
treatment,  Water  pollution  control,  Macrophytes, 
Rural  areas,  Developing  countries,  Arundo,  Reeds, 
Cattails,  Municipal  wastewater,  Industrial 
wastewater,  Performance  evaluation. 

Natural  wetlands  form  an  important  barrier  against 
nonpoint  source  discharges  of  most  heavily  indus- 
trialized areas  of  South  Africa.  Research  is  now 
underway  at  a  number  of  locations  to  evaluate  the 
potential  for  constructed  wetlands  in  wastewater 
treatment  as  a  simple,  low-cost,  low-technology 
approach  to  the  problem.  Studies  investigating  the 
controlling  factors  responsible  for  efficient  oper- 
ation and  design  of  wetland  systems  include  (1)  the 
substrata  responsible  for  most  nutrient  removal  and 
hydraulic  capacity  of  the  system;  (2)  macrophyte 
species  responsible  for  aeration  and  enhancing  per- 
meability; and  (3)  effluent  characteristics,  loading 
rates,  and  retention  times  in  the  operational  regime. 
A  former  fish  dam,  5  m  x  5  m  x  1  m,  was  lined  with 
hyperplastic  membrane  (Carbofol  500  micrometer) 
protected  by  a  50-mm  sand  layer  prior  to  filling 
with  coarse  gravel  (19  mm)  and  planted  with  local 
Arundo  donax  receiving  septic  sewage  at  10  cm/sq 
m/day.  Arundo  fully  occupied  the  be  within  4  mo. 
Two  other  lined  dams  were  converted  to  wetlands 
in  upgrading  studies  of  12  small-scale  units.  One 
system  with  power-station  waste  ash  is  planted 
with  Phragmites  and  loaded  with  raw  sewage. 
Effluent  flows  into  a  Phragmites  bed  with  a  local 
soil  covered  in  a  layer  of  coarse  ash.  In  another 
study,  a  combined  artificial  wetland  and  high-rate 
algal  pond  was  constructed  that  consisted  of  two 
units,  each  22  m  x  1 1  m  x  40  cm.  Septic  sewage  is 
loaded  to  the  wetland  at  a  rate  of  135  L/sq  m/day. 
Effluent  from  the  bed  is  pumped  from  the  sump 
into  the  algal  pond.  The  gravel  bed  is  planted  with 
Typha  (for  denitrification)  and  A.  donax.  Over  1 
yr,  effluent  COD  levels  were  reduced  59%,  NH4- 
N  34%,  P04-P  31%,  and  suspended  solids  77%. 
Other  projects  of  various  designs  have  been  con- 
structed at  Mpophomeni,  Grootvlei  Power  Station, 
Olifansvlei  Sewage  Works,  Johannesburg,  and  in 
two  rural  areas  of  Gazankulu.  Constructed  wet- 
lands have  considerable  potential  in  southern 
Africa  for  treatment  of  raw  wastewaters  emanating 
from  rural  communities,  for  upgrading  oxidation 
pond  and  secondary  effluents  to  general  and  spe- 
cial discharge  standards,  and  for  treatment  of  in- 
dustrial effluents.  (See  also  W90-04392)  (Roches- 
ter-PTT) 
W90-04447 


CONSTRUCTED  WETLANDS:  DESIGN,  CON- 
STRUCTION AND  COSTS. 

Dames  and  Moore,  Boston,  MA. 
K.  J.  Whalen,  P.  S.  Lombardo,  D.  B.  Wile,  and  T. 
H.  Neel. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  590- 
596,  1  fig,  5  ref. 

Descriptors:  'Land  disposal,  'Maryland, 
'Wastewater  treatment,  'Design  criteria,  'Wet- 
lands, 'Artificial  wetlands,  Bulrushes,  Biological 
wastewater  treatment.  Water  pollution  control, 
Macrophytes,  Construction  methods,  Cost  analy- 
sis, Wastewater  engineering,  Carbon,  Nitrogen. 

Constructed  wetlands  have  successfully  treated 
settled  domestic  wastewater,  but  most  wetlands 
have  been  pilot  projects  or  small-scale  treatment 
works.  Design  and  construction  issues  are  dis- 
cussed here  based  on  the  example  of  a  constructed 
bulrush  (Scirpus  olneyi)  wetland  that  is  the  princi- 
pal component  of  the  1770  cu  m/day  Mayo  Water 
Reclamation  Subdistrict  Large  Communal  Water 
Reclamation  Facility.  Septic  tank  effluent  collect- 


ed from  2000  homes  is  treated  before  discharge 
into  the  Chesapeake  Bay.  Engineering  issues  dis- 
cussed include:  design  parameters  (process/con- 
ceptual design,  basin  design  (liner,  baffles,  media, 
vegetation,  and  storm  impact);  process  control; 
construction;  and  costs.  It  is  recommended  that  the 
development  of  community-scale  wetland  treat- 
ment facilities  for  N  removal  include  consideration 
of  the  following  issues:  (1)  process-conceptual  as- 
pects, including  target  removal,  carbon  source,  and 
C/N  ratio;  (2)  basin  characteristics,  including  liner, 
baffles,  length/width  ratio,  media,  vegetation,  and 
storm  impact;  and  (3)  process  control  aspects,  in- 
cluding adjustment  of  C/N  ratios,  variable  load- 
ings, adjustable  hydraulic  loadings,  and  odor  con- 
trol. Construction  of  wetlands  is  very  similar  to 
construction  of  lined  ponds.  Construction  of  wet- 
lands should  be  modular  to  match  treatment  capac- 
ity to  flow  and  to  facilitate  recovery  of  capital  cost 
of  expanding  the  treatment  facilities  to  serve  future 
users.  Wetlands  startup  should  consider  hydraulic 
balance  to  ensure  that  a  critical  water  level  is 
maintained  in  the  wetland  to  maintain  vegetation. 
Construction  cost  was  equivalent  to  $530/cu  m/ 
day  of  treated  wastewater  capacity  due  to  uncom- 
petitive contractor  environment  and  the  use  of 
crushed  rock  media  rather  than  natural  gravel. 
(See  also  W90-04392)  (Rochester-PTT) 
W90-04448 


WASTEWATER  TREATMENT/DISPOSAL  IN  A 
COMBINED  MARSH  AND  FOREST  SYSTEM 
PROVIDES  FOR  WITDLIFE  HABITAT  AND 
RECREATIONAL  USE. 

James  Engineering,  Inc.,  El  Cerrito,  CA. 
B.  B.  James,  and  R.  Bogaert. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  597- 
605,  4  fig,  1  tab,  3  ref. 

Descriptors:  'Land  disposal,  'California, 
'Wastewater  treatment,  'Wetlands,  'Biological 
wastewater  treatment,  Water  pollution  control, 
Artificial  wetlands,  Macrophytes,  Forests, 
Marshes,  Recreation,  Wildlife  habitats,  Pilot 
plants,  Invertebrates,  Mammals,  Amphibians,  Rep- 
tiles, Biological  oxygen  demand,  Suspended  solids, 
Nitrogen  removal. 

The  Mt.  View  Sanitary  District  in  Martinez,  Cali- 
fornia, established  3.6  ha  of  freshwater  wetlands  in 
1973  to  process  secondary  effluent.  It  was  expand- 
ed to  8.5  ha  in  1977.  In  1979,  a  pilot  project 
combining  a  forest  area  and  marsh  was  added.  In 
1984  and  1987,  respectively,  9  ha  and  16  ha  of 
seasonal  wetlands  were  added,  bringing  the  total 
size  to  approximately  37  ha.  Operating  experience 
on  two  wetlands  constructed  in  the  1970s  and  the 
marsh/forest  pilot  project,  which  receives  second- 
ary effluent  from  the  district's  wastewater  treat- 
ment plant  as  the  sole  water  source.  The  system 
reduces  BOD5,  suspended  solids,  and  ammonia  N, 
although  the  wetland  tends  to  have  higher  sus- 
pended solids  level  than  the  influent  water  in 
summer  due  to  algal  growth.  The  algae  are  re- 
moved in  the  marsh/forest.  A  measure  of  the  suc- 
cess of  the  wetland  project  is  its  ability  to  sustain  a 
diverse  community  of  plants  and  animals.  Over  70 
spp.  of  plants  and  123  spp.  of  water  fowl  have  been 
identified  on  the  site.  The  area  also  supports  a 
diverse  community  of  invertebrates,  fish,  amphib- 
ians, reptiles,  and  small  mammals,  including  river 
otters  (Lutra  canadensis).  Fifteen  years  of  operat- 
ing wetlands  and  marsh/forest  reclamation  systems 
has  demonstrated  that  it  is  possible  to  provide  a 
richly  varied  aquatic  habitat  through  careful  man- 
agement of  reclaimed  wastewater.  The  area  now 
provides  a  valued  wildlife  habitat  that  is  a  popular 
recreation  spot.  Nine  years  experience  with  a  pro- 
totype marsh/forest  evapotranspiration  system  has 
shown  that  a  marsh  system  can  be  designed  and 
managed  to  provide  a  high  quality  water  as  well  as 
wildlife  habitat.  It  also  demonstrates  that  it  is  possi- 
ble to  take  advantage  of  the  high  water  demand  of 
selected  trees  to  reduce  or  eliminate  reclaimed 
water  discharge  to  sensitive  receiving  waters.  (See 
also  W90-04392)  (Rochester-PTT) 
W90-04449 
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ROOT-ZONE  SYSTEM:  MANNERSDORF. 
NEW  RESULTS. 

Universitaet  fuer  Bodenkultur,  Vienna  (Austria). 
Inst,  fuer  Wasserwirtchaft. 
R.  Haberl,  and  R.  Perfler. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  606- 
621,  11  fig,  6  tab,  17  ref. 

Descriptors:  *Land  treatment,  'Austria, 
•Wastewater  treatment,  'Artificial  wetlands, 
•Reeds,  *  Wetlands,  *  Biological  wastewater  treat- 
ment, Water  pollution  control,  Macrophytes,  Per- 
formance evaluation,  Research  facilities,  Coli- 
forms,  Salmonella,  Retention  time,  Evapotranspira- 
tion,  Tracer  studies,  Isotopic  tracers,  Mannersdorf. 

The  Mannersdorf  (Austria)  experimental  sewage 
treatment  system  is  one  of  the  first  research-orient- 
ed wetland  plants.  Four  experimental  plots  of 
equal  size  ('  0  x  15  m)  were  laid  out  and  sealed  with 
vertical  membrane  barriers.  Individual  plots  were 
supplied  from  a  receptacle  with  a  measuring  weir 
having  aboveground  distribution  of  PVC  pipeline 
with  branching  manifolds.  Humus  deposits  inter- 
laced with  reed  (Phragmites  australis)  rhizome 
shoots  from  the  bankside  area  of  the  neighboring 
receiving  stream  were  applied  to  a  depth  of  0.3  m. 
Since  June  1984,  plot  1  has  been  fed  raw  sewage, 
plot  2  with  settled  sewage,  and  plots  3  and  4  with 
biologically  treated  sewage  effluent.  Feed  rate  per 
plot  was  initially  20-30  mm/day.  The  feed  rate  has 
been  increased  in  line  with  treatment  performance 
of  the  system  to  50-60  mm/day.  Inlet  concentra- 
tions of  communal  sewage  to  the  plots  varied 
widely,  but  daily  variation  causes  no  immediate 
influence  on  effluent  quality.  Varying  feed  rates 
(20-60  mm/day)  hardly  affected  the  plant  removal 
efficiency.  Increased  influent  caused  enhanced  su- 
perficial runoff  and  required  a  longer  travel  dis- 
tance for  a  given  reduction  in  contamination.  Re- 
tention time,  determined  from  tracer  experiments 
with  uranine  and  NaCl,  showed  no  consistent  pat- 
tern. Maximal  values  may  be  severely  affected  by 
water  losses  from  evapotranspiration.  Tracer  ex- 
periment results  in  plots  1  and  2  indicated  that 
most  of  the  flow  (60-80%,  depending  on  the  rate  of 
feed)  occurs  in  the  near-surface  region  or  in  the 
litter  layer.  Only  plot  3  has  predominantly  deeper 
flow  layers  (80%).  Rates  of  elimination  of  sapro- 
phytes and  coliforms  were  (1)  raw  sewage  plot,  96- 
98%  and  92-96%,  (2)  settled  sewage  plot,  95-99% 
and  98%,  and  (3)  biologically  treated  sewage  plot, 
89-95%  and  93-97%.  Of  a  total  of  72  samples,  24 
were  contaminated  with  Salmonella.  Results  of  the 
research  plant  in  Mannersdorf  of  Lower  Austria 
demonstrate  that  root-zone  systems  may  contribute 
to  the  solution  of  wastewater  treatment  in  areas 
with  100-500  person-equivalents  (PE).  It  seems 
necessary  to  have  a  mechanical  pretreatment 
before  the  wetland  plant.  The  treatment  area  for  1 
PE  should  be  5-10  sq  m.  (See  also  W90-04392) 
(Rochester-PTT) 
W90-04450 


CONSTRUCTED  WETLANDS  FOR  SECOND- 
ARY TREATMENT. 

Nolte  (George  S.)  and  Associates,  Sacramento, 
CA. 

T.  J.  Mingee,  and  R.  W.  Crites. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  622- 
627,  1  fig,  2  tab. 

Descriptors:  *Land  disposal,  *California,  •Second- 
ary wastewater  treatment,  'Wetlands,  'Biological 
wastewater  treatment,  'Artificial  wetlands,  Water 
pollution  control,  Macrophytes,  Cost  analysis, 
Pilot  plants,  Comparison  studies,  Cattails,  Bul- 
rushes, Biological  oxygen  demand,  Suspended 
solids. 

Gustine,  CA,  is  a  small  agricultural  town  on  the 
west  side  of  the  San  Joaquin  Valley,  with  a  popula- 
tion of  about  4000.  Climate  in  the  area  is  character- 
ized by  hot,  dry  summers  and  cool  winters.  Aver- 
age annual  rainfall  is  about  0.29  m,  mainly  from 
November  through  March.  The  city  treats  ap- 
proximately 4542  cu  m/day  of  wastewater,  of 
which   one-third   originates    from   domestic    and 


commercial  sources  and  the  remainder  comes  from 
three  dairy  products  industries.  Analysis  of  alterna- 
tives to  upgrade  the  wastewater  plant  showed  that 
an  oxidation  pond/constructed  wetland  system 
was  most  cost-effective.  Advantages  included 
availability  of  suitable  land,  compatibility  of  the 
treatment  method  with  the  surrounding  area 
lowest  life-cycle  cost,  consumption  of  very  little 
energy.  A  pilot  study  was  conducted  from  Decem- 
ber 1982  to  October  1983  to  verify  the  efficacy  of 
constructed  wetland  to  develop  design  criteria.  An 
existing  stand  of  cattail  near  the  treatment  was 
modified  by  constructing  enclosure  berms,  piping, 
and  pumps  to  simulate  a  portion  of  the  constructed 
wetlands  envisioned  for  the  full-scale  project.  The 
wetlands  systems  consists  of  14  cells  operated  in 
parallel,  each  measuring  11.6  m  by  337  m  (0.4  ha). 
Depth  is  adjustable  at  cell  outlet  weirs  over  a 
range  of  0.1  to  0.45  m.  Levees,  3  m  wide  and  0.6  m 
high,  separate  the  cells.  The  wetlands  system  and 
other  treatment  plant  improvements  were  con- 
structed in  1986  and  1987.  Project  specifications 
required  18  cells  to  be  planted  with  cattail  (Typha) 
on  0.9-m  centers  and  6  cells  with  bulrush  (Scirpus 
fluviatilis)  on  0.5-m  centers.  Without  full  plant 
coverage,  the  wetland  portion  of  the  treatment 
plant  is  still  in  the  startup  phase  of  operation. 
Performance  of  the  system  as  a  whole  has  not 
reached  design  expectations,  partly  because  flow 
and  BOD5  entering  the  treatment  plant  are  signifi- 
cantly higher  than  design  values.  However,  reduc- 
tion of  BOD5  (66%)  and  suspended  solids  (54%) 
are  significant.  Exclusive  of  land  (9.7  ha),  which 
was  city-owned,  project  costs  were  $882,000  to 
treat  a  design  loading  3785  cu  m/day  amount  to 
$233/cu  m/day.  (See  also  W90-O4392)  (Rochester- 
PTT) 
W90-04451 


HYDRAULIC  CONSIDERATIONS  AND  THE 
DESIGN  OF  REED  BED  TREATMENT  SYS- 
TEMS. 

Water  Research  Centre,  Stevenage  (England). 
J.  A.  Hobson. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  628- 
635,  7  fig. 

Descriptors:  'Land  disposal,  'Reeds,  'United 
Kingdom,  'Wastewater  treatment,  'Wetlands, 
'Design  criteria,  'Hydraulic  engineering,  Biologi- 
cal wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Reed  bed  treatment  systems,  Darcys 
law,  Hydraulic  gradient,  Biological  oxygen 
demand,  Suspended  solids,  Performance  evalua- 
tion. 

The  United  Kingdom  program  on  reed  bed  treat- 
ment systems  (RBTS)  is  concentration  almost  ex- 
clusively on  beds  planted  with  Phragmites  austra- 
lis, the  common  reed.  Information  on  work  con- 
ducted so  far  on  such  systems  is  discussed,  includ- 
ing mechanisms  of  treatment  in  RBTS  and  applica- 
tion of  Darcy's  law  to  flow  design  in  RBTS.  A 
proper  solution  to  Darcy's  law  for  a  reed  bed  is  not 
straightforward  due  to  the  way  variations  in  the 
saturated  cross-sectional  area  perpendicular  to  the 
flow  affects  the  hydraulic  gradient.  However,  it 
usually  is  possible  to  estimate  a  satisfactory  solu- 
tion. Due  to  an  oversimplified  application  of 
Darcy's  law,  many  early  reed  beds  in  the  United 
Kingdom  were  built  with  a  slope.  Future  beds 
probably  will  have  level  surfaces  or  very  gently 
sloping  bases  for  the  following  reasons:  (1)  because 
of  the  very  large  range  of  possible  hydraulic  con- 
ductivities in  a  reed  bed,  it  should  be  possible  to 
operate  a  level  bed  with  a  hydraulic  gradient  of 
1%  (5%  for  short  beds);  (2)  to  avoid  erosion  of  a 
downward  sloping  surface,  beds  designed  with  the 
expectation  of  treatment  in  the  F-horizon  should 
be  flat  or  have  a  very  slightly  upward-sloping 
surface;  and  (3)  water  level  is  easier  to  control  on  a 
flat  bed  than  a  downward-sloping  one.  Gravel  beds 
seem  to  be  favored  over  soil  beds  and  are  much 
easier  to  design.  However,  in  side-by-side  compari- 
sons of  soil  and  gravel  beds,  soil  beds  give  superior 
treatment  if  surface  flow  is  avoided.  This  was 
demonstrated  by  early  results  at  6-m-long  beds  at 
Audlem,  and  similar  differences  have  been  noted  in 
1-m-long  beds  at  Stevenage.  The  soil  beds  tend  to 
produce  low  BOD5  values,  but  high  figures  for 


suspended  solids.  This  may  imply  a  washout  of  soil 
particles  for  considerable  periods  after  a  soil  bed  is 
commissioned.  In  coarse-medium  beds,  the  position 
is  reversed.  Effluents  are  often  clear,  with  low 
suspended  solids,  but  with  comparatively  high 
BOD5  values,  suggesting  that  in  the  early  days  of  a 
gravel  bed,  treatment  is  largely  by  physical  filtra- 
tion. (See  also  W90-04392)  (Rochester-PTT) 
W90-04452 


USE  OF  ARTIFICIAL  CATTAIL  MARSHES  TO 
TREAT  SEWAGE  EM  NORTHERN  ONTARIO, 
CANADA. 

Hanna  (J.E.)  Associates,  Inc.,  Pickering  (Ontario). 
G.  Miller. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  636- 
642,  2  fig,  2  tab,  2  ref. 

Descriptors:  'Land  disposal,  'Artificial  wetlands, 
'Ontario,  'Wastewater  treatment,  'Wetlands,  'Bi- 
ological wastewater  treatment,  Water  pollution 
control,  Macrophytes,  Cattails,  Rural  areas,  Per- 
formance evaluation,  Bulrushes,  Muskrats,  Biologi- 
cal oxygen  demand,  Suspended  solids,  Bacterial 
analysis,  Coliforms,  Phosphorus. 

In  July  1980,  the  Listowel  Marsh  wastewater  treat- 
ment project  was  begun  in  southwestern  Ontario. 
The  project  showed  that  a  properly  configured 
cattail  (Typha)  marsh  could  significantly  improve 
the  quality  of  sewage  wastewaters.  The  present 
report  concerns  an  attempt  made  in  1981  to  trans- 
fer the  Listowel  approach  to  the  community  of 
Cobalt,  more  than  300  miles  farther  north.  Marsh 
design  was  based  on  information  from  the  Listowel 
facility.  A  cell  of  in  situ  materials  lined  with  off- 
site  clay  was  constructed  310  m  by  3  m  (0.1  ha) 
with  a  serpentine  configuration.  Plot  loading  ap- 
proximated 0.2  L/sec  (170  cu  m/ha/day,  19.00 
mm/day)  fo  raw  sewage.  Depth  was  maintained  at 
15  cm  to  keep  retention  time  near  the  seven-day 
period  used  at  Listowel;  this  was  increased  in 
winter  to  maintain  15  cm  of  water  under  an  ice 
layer.  One  year  after  planting,  cattail  covered  most 
of  the  marsh  area,  and  bulrush  (Scirpus)  and 
smartweed  (Polygonum)  had  invaded.  Muskrat 
tunneled  through  the  berms  during  the  winter, 
causing  the  channel  to  dry  and  the  cattails  to  die. 
They  were  replanted  after  repairs  were  made,  but 
this  was  unnecessary  because  seedlings  recolonized 
the  area.  The  BOD5  in  raw  sewage  averaged  21.7 
mg/L.  Passage  through  the  marsh  reduced  BOD5 
by  80%,  producing  an  average  effluent  of  4. 1  mg/ 
L  with  maximum  levels  below  15  mg/L.  Suspend- 
ed solids  in  raw  sewage  averaged  31.9  mg/L. 
Excluding  three  anomalies,  effluent  suspended 
solids  averaged  10.9  mg/L,  well  below  the  second- 
ary effluent  objective  of  15  mg/L.  Total  P  in 
treated  sewage  averaged  1.53  mg/L;  in  marsh  out- 
flow it  was  0.66  mg/L,  57%  less  and  within  the 
design  objective  of  1  mg/L.  Bacterial  counts  were 
consistently  high  going  into  the  plots,  but  output 
counts  varied.  Out  of  33  paired  input/output  sam- 
ples for  fecal  streptococci,  29  showed  lower  bacte- 
rial populations  in  the  outflow.  Similarly,  fecal 
coliforms  were  lower  in  32/33  paired  comparisons. 
Under  the  best  of  conditions,  the  marsh  is  capable 
of  discharging  an  effluent  that  meets  swimming 
and  bathing  water  quality  objectives.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04453 


SOME  ANCILLARY  BENEFITS  OF  A  NATU- 
RAL LAND  TREATMENT  SYSTEM. 

Grand  Strand  Water  and  Sewer  Authority, 
Conway,  SC. 

A.  L.  Schwartz,  and  R.  L.  Knight. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  643- 
645. 

Descriptors:  'Land  disposal,  'South  Carolina, 
•Wastewater  treatment,  'Wetlands,  'Biological 
wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Swamps,  Carolina  Bays,  Recreation, 
Performance  evaluation,  Management  planning, 
Species  diversity. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Waste  Treatment  Processes 


The  Grand  Strand  Water  and  Sewer  Authority 
(GSW  +  SA)  is  a  county  wide  water  and  sewer 
utility  in  South  Carolina's  most  rapidly  growing 
county,  HoiTy  County.  Suitable  land  application 
sites  within  the  county  are  scarce;  a  consultant 
suggested  using  naturally  occurring  riverine  wet- 
lands and  locally  unique  wooded  swamps  known 
as  'Carolina  Bays'  as  land  application  sites.  Caroli- 
na Bays  are  poorly-drained,  elliptical  basins  con- 
fined within  a  raised  sand  rim,  making  them  appear 
ideal  for  wastewater  treatment.  Over  336  ha  of 
Carolina  Bay  areas  are  contained  within  a  cluster 
of  four  Carolina  Bays  selected  for  one  treatment 
plant  service  area.  A  riverine  swamp  of  142  ha  is 
contained  within  another  service  area.  One  bay 
and  the  riverine  slough  have  been  permitted  as 
pilot  projects  for  receiving  secondary  effluent. 
They  have  performed  as  expected  after  15  mo  of 
discharge.  The  only  measurable  vegetative 
changes  were  slightly  increased  tree  growth  rates. 
For  the  future  use  of  Carolina  Bays,  the  criterion 
for  protection  of  these  wetlands  during  wastewater 
treatment  is  to  allow  greater  or  lesser  change  for 
each  bay  depending  on  its  history  of  prior  human 
alteration.  The  most  altered  bays  will  be  permitted 
for  higher  wastewater  loading  rates  than  the  less 
affected  bays.  Specific  criteria  selected  for  each 
bay  are  measurable  and  are  linked  to  plant  density, 
dominance,  and  diversity,  and  to  bird  diversity.  In 
addition  to  providing  pilot-scale  results,  this 
project  has  encouraged  interested  state  and  federal 
agencies  to  develop  agreed-upon  criteria  for  pro- 
tection of  specific  wetland  areas  throughout  the 
state.  Part  of  the  project  is  to  include  walkways 
into  the  bays,  which  are  normally  difficult  to 
access  because  of  dense  vegetation,  thus  providing 
recreational  and  educational  benefits  in  addition  to 
wastewater  treatment.  (See  also  W90-04392) 
(Rochester-PTT) 
W90-04454 


PERFORMANCE  OF  SOLID-MATRIX  WET- 
LAND SYSTEMS,  VDZWED  AS  FLXED-FIXM 
BIOREACTORS. 

Hawkesbury  Agricultural  Coll.,  Richmond  (Aus- 
tralia). Faculty  of  Food  and  Environmental  Sci- 
ences. 

H.  J.  Bavor,  D.  J.  Roser,  P.  J.  Fisher,  and  I.  C. 
Smalls. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  646- 
656,  3  fig,  4  tab,  3  ref. 

Descriptors:  *Land  disposal,  *Artificial  wetlands, 
•Australia,  'Wastewater  treatment,  'Wetlands, 
•Biological  wastewater  treatment,  Water  pollution 
control,  Macrophytes,  Cattails,  Bulrushes,  Myrio- 
phyllum,  Biological  oxygen  demand,  Suspended 
solids,  Nitrogen  removal,  Performance  evaluation, 
Phosphorus  removal,  Coliforms,  Mathematical 
models,  Temperature,  Detention  time,  Pollution 
load,  Kinetics. 

Wastewater  treatment  performance  of  solid-matrix, 
constructed  wetland  systems  was  investigated 
during  the  design,  operation,  and  maintenance  of 
seven  large-scale  units  at  Richmond,  Australia, 
over  a  3.5-yr  period.  The  design  and  construction 
of  these  constructed  wetlands,  the  effect  of  loading 
rate  on  pollutant  removal,  the  effect  of  seasonality 
on  pollutant  removal,  nitrification  potential  of  the 
macrophyte  system  microbial  populations,  denitri- 
fication,  and  hydraulic  behavior  are  described.  The 
systems  consisted  of  lined  trenches  planted  with 
Typha  orientalis  or  Scirpus  validus  in  gravel  and  a 
floating  macrophyte,  Myriophyllum  aquaticum, 
growing  in  open  water  with  no  solid  matrix.  Do- 
mestic sewage  and  primary  (settled)  and  secondary 
effluent  from  a  trickling  filter/maturation  pond 
were  used  at  hydraulic  loadings  from  0.2  to  1.4 
mL/ha/day.  Effective  removal  of  BOD5  (annual 
mean  95%),  suspended  solids  (94%),  and  total  ni- 
trogen (67%)  was  achieved  by  the  systems  when 
operating  at  hydraulic  detention  times  of  2-10  days. 
Indicator  bacteria  were  reduced  by  up  to  5  orders 
of  magnitude.  Phosphorus  removal,  however,  was 
low  (15%).  The  Myriophyllum  system  was  the 
least  effective  of  the  design  formats  tested.  Remov- 
al of  suspended  solids,  BODS,  N,  P,  and  fecal 
coliforms  was  investigated  in  relation  to  loading, 
detention  time,  and  temperature  to  allow  predic- 


tive modeling  of  system  performance,  assuming 
first-order  removal  kinetics  and  treating  the  units 
as  fixed-film  bioreactors.  For  a  number  of  effluent 
constituents,  first-order  removal  kinetics  may  not 
describe  adequately  the  removal  performance.  Im- 
proved models  are  being  developed.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04455 


FATE  OF  MICROBIAL  INDICATORS  AND  VI- 
RUSES IN  A  FORESTED  WETLAND. 

East  Tennessee  State  Univ.,  Johnson  City.  Dept.  of 
Environmental  Health. 

P.  R.  Scheuerman,  G.  Bitton,  and  S.  R.  Farrah. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,     Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  657- 
663,   1  fig,  4  tab,   15  ref.  EPA  Grant  R809402. 

Descriptors:  •Florida,  *Land  disposal,  'Bioindica- 
tors,  *Fate  of  pollutants,  'Bacteria,  'Viruses, 
•Wastewater  treatment,  'Wetlands,  Biological 
wastewater  treatment,  Water  pollution  control, 
Swamps,  Cypress  trees,  Septic  wastewater,  Per- 
formance evaluation,  Streptococcus,  Bacterio- 
phage. 

Waldo,  Florida,  has  been  using  overflow  from  a 
concrete  septic  tank  into  a  2.6-ha  cypress  wetland 
since  1934  as  a  method  of  wastewater  treatment. 
The  behavior  of  bacterial  and  viral  indicators  after 
discharge  was  monitored  by  setting  up  two  parallel 
corridors  in  unimpacted  cypress  wetlands  and  con- 
ducting sampling  under  various  operational  condi- 
tions. Septic  tank  effluent  was  applied  continuously 
at  49  L/min  from  May  1  to  November  18,  1983. 
The  present  results,  like  those  obtained  by  others, 
suggest  that  initial  rapid  removal  of  microorga- 
nisms is  followed  by  a  slower  decline  and  that  part 
of  the  microbial  population  is  able  to  undergo 
long-term  survival.  Previous  results  indicating  that 
fecal  streptococci  accumulated  in  sediments  of  the 
experimental  corridors  were  confirmed.  Decay 
rates  showed  that  fecal  streptococci  (indigenous 
bacteria)  and  Streptococcus  faecalis  (laboratory 
bacteria  in  test  chambers)  are  removed  at  the  slow- 
est rate.  This  confirms  an  earlier  conclusion  that 
fecal  streptococci  may  be  a  more  conservative 
indicator  for  fecal  pollution.  Bacteriophage  were 
removed  at  a  slower  rate  than  bacterial  indicators 
or  enteroviruses.  Enteroviruses  appeared  to  de- 
cline at  the  greatest  rate  and  did  not  accumulate  in 
the  sediments.  With  sufficient  time  and  distance, 
microbial  quality  of  sewage  effluents  is  improved 
after  discharge  into  wetlands.  Since  at  least  part  of 
the  microbial  population  can  undergo  long-term 
survival,  the  use  of  a  more  conservative  indicator 
may  be  prudent.  (See  also  W90-04392)  (Rochester- 
PTT) 
W90-04456 


WASTEWATER  WETLANDS:  USER  FRDZND- 
LY  MOSQUITO  HABITATS. 

Marin  Sonoma  Mosquito  Abatement  District,  Peta- 
luma,  CA. 
C.  H.  Dill. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  664- 
667,  2  fig,  2  tab,  1  ref. 

Descriptors:  'California,  'Mosquitoes,  'Insect 
control,  'Wastewater  treatment,  'Wetlands,  Bio- 
logical wastewater  treatment,  Macrophytes,  San 
Francisco  Bay,  Wastewater  irrigation,  Encephali- 
tis, Public  health,  Mosquito  fish. 

In  California,  in  and  around  San  Francisco  Bay, 
irrigated  wastewater  treatment  wetlands  represent 
a  possible  breeding  ground  for  mosquitoes.  Of  par- 
ticular concern  is  the  encephalitis  mosquito  (Culex 
tarsalis),  which  can  transmit  western  equine  ence- 
phalomyelitis and  St.  Louis  encephalomyelitis.  To 
manage  mosquito  populations,  appropriate  design 
and  water  management  are  required,  as  well  as 
vegetation  selection.  U.S.  Public  Health  Service 
recommendations  for  malaria  control  are  valid  in 
this  context.  With  the  ability  to  raise,  lower,  and 
even  eliminate  the  water  if  necessary,  vegetation  is 
less  critical.  Most  types  of  emergent  vegetation  are 
tolerable  if  water  levels  can  be  drawn  down  below 


the  vegetation  and  a  good  population  of  mosquito 
fish  is  present.  A  wastewater  project  at  Las  Gal- 
linas  was  designed  with  mosquito  control  input  and 
has  had  only  a  local  pest  problem  from  mosquitoes. 
In  contrast,  a  wastewater  project  at  Santa  Rosa 
developed  up  to  500-600  female  Culex  tarsalis  per 
night.  Source  reduction  and  planning  reduced  this 
number  to  50/night.  Since  10,700  m  of  drainage 
ditches  was  constructed  to  remove  runoff  water  to 
a  return  pond,  where  it  can  be  used  again  for 
irrigation.  Return  ponds  are  stocked  with  mosquito 
fish  and  have  not  created  problems  as  long  as  the 
fish  survive  and  the  vegetation  is  managed.  Good 
preventive  design  coupled  with  water  management 
vegetation  control  normally  will  be  enough  to 
minimize  mosquito  problems.  Continued  surveil- 
lance is  necessary,  though,  because  problems  at 
treatment  plants  or  unusually  hot  weather  can 
easily  kill  of  resident  mosquito  fish  populations, 
resulting  in  emergence  of  very  large  numbers  of 
mosquitoes  in  a  short  period  of  time.  Mosquito 
control  must  be  a  basic  element  of  the  preproject 
planning  as  well  as  in  operation  and  management 
documents  for  all  treated-effluent  systems.  (See 
also  W90-04392)  (Rochester-PTT) 
W90-04457 


DEVELOPMENT  OF  AN  URBAN  RUNOFF 
TREATMENT  WETLANDS  IN  FREMONT, 
CALIFORNIA. 

Bowling  Green  State  Univ.,  OH.  Environmental 
Health  Program. 
G.  S.  Silverman. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  669- 
676,  2  tab,  5  ref. 

Descriptors:  'California,  'Urban  runoff,  'Storm 
water,  'Wastewater  treatment,  'Land  disposal, 
•Wetlands,  Biological  wastewater  treatment, 
Water  pollution  control,  Macrophytes,  Crandall 
Creek,  Cattails,  Design  criteria,  Financing,  Institu- 
tions, Organizations. 

A  20-ha  fallow  agricultural  field  in  Fremont  (Ala- 
meda County),  California,  was  converted  into  a 
seasonal  freshwater  wetlands  for  managing  urban 
stormwater  runoff  traveling  in  Crandall  Creek. 
Institutional  considerations,  treatment  mechanisms, 
design,  and  potential  for  stormwater  wetlands  are 
discussed.  Three  distinct  systems  were  incorporat- 
ed into  the  wetlands:  (A)  a  long,  narrow  pond 
containing  a  long  island,  and  with  vegetation 
(mainly  Typha  latifolia)  encouraged  along  the 
pond  margins;  (B)  a  spreading  pond  draining  into 
an  overland  flow  system  (inundated  only  during 
storms),  followed  by  a  pond  with  berms  supporting 
aquatic  vegetation;  and  (C)  a  common  third  system 
into  which  the  others  drain,  which  provides  mean- 
dering channels  to  maximize  contact  with  various 
types  of  wetlands,  and  drains  into  another  section 
of  the  Coyote  Hills  Regional  Park,  ultimately  re- 
turning to  Crandall  Creek.  Hydraulic  consider- 
ations included  sizing  the  diversion  structure  and 
channels  to  accommodate  the  10-yr,  6-hr  storm, 
with  greater  flows  causing  diversion  structure  fail- 
ure, with  most  of  the  flow  remaining  in  Crandall 
Creek.  Development  of  this  wetlands  provided  a 
number  of  benefits.  An  attractive  wetlands  has 
been  created  in  an  urbanized  region  badly  needing 
additional  'natural'  areas  and  a  facility  to  study 
potential  and  future  designs  for  urban  runoff  treat- 
ment systems  has  been  provided.  Another  impor- 
tant benefit  is  the  practical  demonstration  for  im- 
plementation of  other  wetlands  development 
projects.  Development  of  the  Fremont  wetlands 
required  active  efforts  from  the  regional  council  of 
governments  and  park  district,  financial  support 
from  the  state  and  federal  governments,  and  the 
cooperation  of  a  host  of  local  agencies  and  special 
districts.  It  demonstrated  the  need  and  potential  for 
obtaining  diverse  support  for  wetlands  projects. 
(See  also  W90-04392)  (Rochester-PTT) 
W90-04458 


URBAN  RUNOFF  TREATMENT  IN  A  FRESH/ 
BRACKISH  WATER  MARSH  IN  FREMONT, 
CALIFORNIA. 

Association  of  Bay  Area  Governments,  Oakland, 
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CA. 

E.  C.  Meiorin. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  677- 
685,  3  fig,  2  tab,  8  ref. 

Descriptors:  'California,  'Urban  runoff,  *Stonn 
water,  'Wastewater  treatment,  'Land  disposal, 
•Artificial  wetlands,  'Wetlands,  Biological 
wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Crandall  Creek,  Demonstration  wet- 
lands, Heavy  metals,  Cattails,  Bulrushes,  Bioaccu- 
mulation,  Tissue  analysis,  Carp,  Gambusia,  Chro- 
mium, Nickel,  Copper,  Zinc,  Lead,  Monitoring, 
Biological  oxygen  demand,  Suspended  solids, 
Manganese. 

A  temporary  stormwater  detention  system  for  im- 
provement of  water  quality  was  constructed  in 
Fremont,  California,  in  1983.  The  wetland  system 
and  its  control  structures  receive  water  from  ap- 
proximately 1200  ha:  66%  low-density  residential, 
28%  agricultural  open  space,  5%  high-density  resi- 
dential, and  1%  commercial  and  urban  road.  The 
marsh  was  monitored  during  the  wet  seasons  of 
1984-85  and  1985-86  to  document  marsh  develop- 
ment and  treatment  effectiveness.  The  wetland 
system  covers  approximately  22  ha  and  consists  of 
three  separate  subsystems:  (A)  a  lagoon  flow- 
through  system  with  1:4  slope  on  lagoon  margins 
and  depth  ranging  from  1.8  to  2.4  m;  (B)  an  over- 
flow area  (0.5%  slope,  dry  between  storms),  which 
leads  to  a  pond  with  underwater  sills  vegetated 
with  cattails  and  (C)  a  system  of  braided  channels 
into  which  the  other  systems  drain  (4.7  ha  open 
water,  4.2  ha  vegetated  with  bulrushes  and  cat- 
tails). Measured  stormwater  runoff  volumes  from 
11  storms  entering  the  marsh  ranged  from  13,400 
to  69,200  cu  m,  with  calculated  peak  flows  of  0.22 
to  1.2  cu  m/sec.  Static  capacity  of  the  DUST 
(Demonstration  of  Urban  Stormwater  Treatment) 
marsh  is  71,700  cu  m.  Trap  efficiency  for  suspend- 
ed constituents  was  42-45%  for  solids,  30-83%  for 
Pb,  40-53%  for  Cr,  12-34%  for  Ni,  6-51%  for  Zn, 
and  5-32%  for  Cu.  For  total  dissolved  solids, 
BOD5,  and  manganese,  trap  efficiencies  were  neg- 
ative. Bioaccumulation  of  heavy  metals  was  appar- 
ent in  both  plants  and  fish.  Heavy  metal  concentra- 
tions in  fish  (carp,  Gambusia)  tissues  generally 
were  below  the  ambient  soil  and  sediment  concen- 
trations for  Cr,  Pb,  Mn,  and  Ni.  The  source  of  the 
metal  contamination  appears  to  be  the  sediments, 
but  other  factors  than  stormwater  input  may  be 
involved.  Overall,  the  DUST  marsh  was  effective 
in  reducing  total  suspended  solids  and  inorganic  N, 
P,  and  Pb,  regardless  of  the  system.  Because  the 
degree  and  significance  of  bioaccumulation  of  pol- 
lutants in  the  food  chain  is  as  yet  unclear,  use  of 
wetlands  to  treat  urban  stormwater  runoff  should 
be  limited  to  constructed  wetlands.  (See  also  W90- 
04392)  (Rochester-PTT) 
W90-O4459 


DESIGN  OF  WET  DETENTION  BASINS  AND 
CONSTRUCTED  WETLANDS  FOR  TREAT- 
MENT OF  STORMWATER  RUNOFF  FROM  A 
REGIONAL  SHOPPING  MALL  IN  MASSA- 
CHUSETTS. 

IEP,  Inc.,  Northborough,  MA. 
P.  Daukas,  D.  Lowry,  and  W.  W.  Walker. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  686- 
694,  3  fig,  1  tab,  2  ref. 

Descriptors:  'Land  disposal,  'Artificial  wetlands, 
'Massachusetts,  'Urban  areas,  'Urban  runoff, 
•Hydrologic  engineering,  'Storm  water, 
•Wastewater  treatment,  'Wetlands,  Biological 
wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Cattails,  Arrowhead,  Sweet  flag, 
Bulrushes,  Millet,  Reed  canary  grass,  Roads,  Park- 
ing lots,  Detention  reservoirs,  Biological  oxygen 
demand,  Dissolved  solids,  Oil  pollution,  Heavy 
metals,  Deicers. 

Runoff  from  parking  lots  and  roadways  contains 
high  concentrations  of  suspended  solids,  nutrients, 
trace  metals,  oil  and  grease,  and  deicing  salts.  A 
case  study  is  presented  of  water  quality  mitigation 
measures  for  the   83,600-cu   m  Emerald   Square 


Mall,  North  Attleborough,  Massachusetts.  The 
project  site  encompasses  23  ha  and  is  located 
within  the  watershed  of  the  Sevenmile  River, 
which  contributes  to  the  drinking  water  supply  of 
the  City  of  Attleboro.  For  controlling  stormwater 
runoff  quality,  the  design  and  operation  of  the 
Emerald  Square  Mall  include  the  following  meas- 
ures: wet  detention  ponds,  constructed  wetland 
basins,  catch  basins  equipped  with  oil  and  grease 
traps,  parking  lot  sweeping,  sodium-free  deicing 
salts,  and  restricted  use  of  herbicides,  pesticides, 
and  fertilizers.  Wetland  basins  were  established 
during  the  first  construction  phase  to  provide  at 
least  one  full  growing  season  prior  to  receiving 
parking  lot  runoff.  The  basins  are  designed  as 
shallow  marsh  communities  on  organic  soil.  Ap- 
proximately 35,000  tubers  of  indigenous  marsh 
emergents  were  planted  at  the  following  percent- 
ages: 30%  cattail  (Typha  latifolia),  25%  arrowhead 
(Sagittaria  latifolia),  25%  bulrush  (Scirpus  validus), 
and  20%  sweet  flag  (Acorus  calumus).  Side  slopes 
were  seeded  with  millet  (Echinochloa  sp.)  and 
reed  canary  grass  (Phalaris  arundinacea).  Wetland 
shrubs  also  were  planted  to  enhance  the  'edge' 
effect  around  the  wetlands.  A  range  of  pollutant 
removal  efficiencies  was  estimated  as  follows:  sus- 
pended solids,  80-95%;  total  P,  60-85%;  total  N, 
40-70%;  BOD5,  50-80%;  sodium,  0;  cadmium,  50- 
50%;  chromium,  50-90%;  copper,  50-90%;  lead, 
80-95%;  mercury,  50-90%;  and  zinc,  50-90%.  Mass 
balance  calculations  suggested  that  development  of 
Emerald  Square  Mall  with  the  described  runoff 
measures  should  not  affect  adversely  the  use  of 
Sevenmile  River  for  water  supply.  Long-term 
monitoring  of  treated  runoff  will  be  used  to  detect 
water  problems  that  may  develop  during  mall  op- 
eration. (See  also  W90-04392)  (Rochester-PTT) 
W90-04460 


CREATION  OF  WETLANDS  FOR  THE  IM- 
PROVEMENT OF  WATER  QUALITY:  A  PRO- 
POSAL FOR  THE  JOINT  USE  OF  HIGHWAY 
RIGHT-OF-WAY. 

Environmental    Protection    Agency,    Annapolis, 

MD.  Chesapeake  Bay  Liaison  Office. 

For  primary  bibliographic  entry  see   Field   5G. 

W90-04461 


WETLANDS  TREATMENT  OF  DAHtY 
ANIMAL  WASTES  IN  IRISH  DRUMLIN 
LANDSCAPE. 

Lough  Gara  Farms  Ltd.,  Boyle  (Ireland). 
C.  J.  Costello. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  702- 
709,  3  fig,  1  tab,  5  ref. 

Descriptors:  'Land  disposal,  'Ireland,  'Farm 
wastes,  'Dairy  industry,  'Wastewater  treatment, 
'Wetlands,  Biological  wastewater  treatment, 
Water  pollution  control,  Macrophytes,  Ammonia, 
Biological  oxygen  demand,  Performance  evalua- 
tion, Filtration,  Lough  Gara. 

Lough  Gara  Farms  Limited  produces  approxi- 
mately 450,000/yr  of  milk  on  a  site  that  drains  into 
Lough  Gara,  a  1700-ha,  shallow,  bog-fringed  lake 
of  13  m  maximum  depth  in  Ireland.  Problems  with 
pollution  from  the  site  were  approached  by  a 
three-part  program:  (1)  an  independent  environ- 
mental study  of  the  lake's  physical,  chemical,  mi- 
crobiological, and  ecological  characteristics  to  de- 
termine the  impact,  if  any,  of  the  existing 
wastewater  treatment  system  on  the  lake;  (2)  a 
design  study  aimed  at  improving  the  design,  func- 
tioning, and  operation  the  existing  system;  (3)  pre- 
pare, with  costing,  plans  to  carry  out  works  re- 
quested by  the  Sligo  County  Council  (SCC);  and 
(4)  reinvestigate  the  suitability  of  land  for  the 
spreading  of  slurry  as  requested  by  SCC.  The 
waste  treatment  system  begins  with  delivery  of 
slurry  to  interlinked  2-m-deep  by  2.5-m-wide 
trenches  on  impervious  soil  with  a  capacity  of  800 
cu  m.  The  daily  volume  of  material  fed  into  this 
system  consists  of  feces  and  urine,  7500;  milking 
parlor  washings  7500  L;  rain  washings  in  unroofed 
yard  areas,  5000  L;  and  rainfall  in  the  slurry  collec- 
tion channels,  4000  L,  a  total  of  24,000  L/day.  A 
gate  controls  flow  so  that  the  liquid  fraction  can 
undergo   a   second   anaerobic   fermentation   in   a 


chamber  of  200  cu  m  with  limestone  filter  at  the 
outlet.  Filtered  liquid  (3600  cu  m/yr)  is  fed  into  the 
wetlands  treatment  area.  The  wetlands  treatment 
area  is  divided  into  two  zones:  a  former  lake  bed  of 
6.4  ha,  with  peat  and  vegetation,  and  a  zone  of  5.5 
ha  that  falls  1  m  to  the  Lough  Gara  level.  Effluent 
treatment  produced  a  99.1-99.95%  reduction  in 
BOD5  concentrations,  although  on  some  occasions 
levels  exceeded  200  mg/L.  Ammonia  concentra- 
tions were  reduced  by  up  to  94.5%;  nitrate  concen- 
trations were  reduced  up  to  95.4%;  and  orthophos- 
phate  concentrations  were  reduced  up  to  91.3%. 
(See  also  W90-O4392)  (Rochester-PTT) 
W90-04462 


POTENTIAL  ROLE  OF  MARSH  CREATION  IN 
RESTORATION  OF  HYPERTROPHIC  LAKES. 

Saint  Johns  River  Water  Management  District, 

Palatka,  FL. 

For  primary  bibliographic  entry  see   Field   5G. 

W90-04463 


UTILIZATION  AND  TREATMENT  OF  THER- 
MAL DISCHARGE  BY  THE  ESTABLISHMENT 
OF  A  WETLANDS  PLANT  NURSERY. 

Anne  Arundel  Community   Coll.,   Arnold,   MD. 
For  primary  bibliographic  entry  see  Field  3C. 
W90-04464 


EXPERIMENTS  IN  WASTEWATER  POLISH- 
ING IN  CONSTRUCTED  TIDAL  MARSHES: 
DOES  IT  WORK.  ARE  THE  RESULTS  PRE- 
DICTABLE. 

Lehigh  Univ.,  Bethlehem,  PA.  Center  for  Marine 
and  Environmental  Studies. 
V.  G.  Guida,  and  I.  J.  Kugelman. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  727- 
734,  4  tab,  15  ref. 

Descriptors:  'Land  disposal,  'New  Jersey,  'Tidal 
marshes,  'Food-processing  wastes,  'Wastewater 
treatment,  'Wetlands,  Biological  wastewater  treat- 
ment, Water  pollution  control,  Macrophytes,  Acti- 
vated sludge,  Biological  oxygen  demand,  Suspend- 
ed solids,  Nitrogen  removal,  Phosphorus  removal, 
Performance  evaluation. 

Three  environmental  factors  relevant  to  the  poten- 
tial success  of  constructed  tidal  marshes  are  dis- 
cussed based  on  experimental  results:  (1)  whether 
tidal  flooding  frequency,  which  shortens 
wastewater  residence  to  a  few  hours,  can  prevent 
effective  treatment;  (2)  whether  the  behavior  of 
pristine  tidal  marshes  is  a  good  indicator  of  their 
ability  to  polish  wastewater;  and  (3)  whether  the 
outcome  of  polishing  is  readily  predictable  in  a 
variable  natural  marsh.  Experiments  were  per- 
formed at  the  Wetlands  Institute  near  Stone 
Harbor,  New  Jersey.  Clam  processing  wastewater 
was  treated  by  extended  aeration  activated  sludge 
in  two  440-L  fill-and-draw  units.  Polishing  experi- 
ments were  performed  on  outdoor  marsh  micro- 
cosms. Tidal  flooding  was  simulated  to  follow  the 
schedule  of  natural  flooding  using  water  pumped 
from  a  tidal  creek.  Water  quality  measurements 
were  made  on  three  occasions  and  mass  balance 
analyses  were  conducted.  The  predictability  of  re- 
moval results  was  estimated  using  linear  regression 
analysis.  With  appropriate  corrections,  BOD  5  re- 
moval from  effluents  in  January,  May,  and  August 
experiments  ranged  from  29%  to  100%;  total  sus- 
pended solids,  58-108%;  total  N,  69-98%;  and  total 
P,  30-73%.  These  results  are  comparable  to  those 
obtained  with  other  marsh  polishing  systems  and 
improve  activated  sludge  effluents  enough  to  meet 
direct  discharge  standards.  (See  also  W90-04392) 
(Rochester-PTT) 
W90-O4465 


POTENTIAL  USE  OF  CONSTRUCTED  WET- 
LANDS TO  TREAT  LANDFILL  LEACHATE. 

Geological  Survey,  Tacoma,  WA. 
W.  W.  Staubitz,  J.  M.  Surface,  T.  S.  Steenhuis,  J. 
H.  Peverly,  and  M.  J.  Lavine. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
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Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  735- 
742,  1  fig,  2  tab.  22ref. 

Descriptors:  'Land  disposal,  'Artificial  wetlands, 
•New  York,  'Landfills,  •Leachates,  *Wastewater 
treatment,  'Wetlands,  Biological  wastewater  treat- 
ment, Water  pollution  control,  Macrophytes, 
Reeds,  Cattails,  Bulrushes,  Feasibility  studies,  Per- 
formance evaluation,  Plant  growth,  Seasonal  varia- 
tion, Design  criteria.  Hydraulic  engineering. 

Infiltration  of  precipitation  and  migration  of  water 
through  municipal  solid  waste  landfills  produce 
leachate  that  contains  undesirable  or  toxic  organic 
and  inorganic  chemicals.  The  feasibility  of  con- 
structed wetlands  for  landfill-leachate  treatment  is 
under  investigation  in  New  York  State  by  several 
agencies.  The  study  is  designed  to  investigate  the 
fate  and  transport  of  landfill  leachate  in  a  con- 
structed wetland  and  provide  engineering  design 
data  for  construction  and  operation  of  full-size 
leachate  treatment  systems.  Specific  objectives  are 
to  examine:  (1)  the  efficiency  of  leachate  treatment 
as  a  function  of  substrate  material,  plant  growth, 
leachate  quality,  and  seasonal  change  in  climate; 
(2)  the  effects  of  leachate  application  and  plant 
growth  on  the  hydraulic  characteristics  of  the 
beds;  (3)  the  effect  of  leachate  on  plant  viability; 
and  (4)  the  physical  and  chemical  processes  by 
which  metals  are  fixed  and  transformed.  The  wet- 
lands are  modified  versions  of  root-zone  or  rock- 
reed  filter  systems.  They  have  gently  sloping  beds 
lined  with  an  impermeable  barrier  and  planted 
with  emergent  hydrophytes  such  as  reeds  (Phrag- 
mites),  bulrush  (Scirpus),  or  cattails  (Typha).  The 
wetlands  generally  have  an  inlet  zone  of  crushed 
stone  to  distribute  wastewater  evenly  over  the  bed 
width  and  an  outlet  zone  of  crushed  stone  to 
collect  and  discharge  effluent.  Construction  of 
eight  wetland  plots  (30  m  long  x  3  m  wide  x  0.6  m 
deep  and  planted  with  Phragmites  australis)  began 
in  the  spring  of  1988.  Plans  are  underway  for 
monitoring  these  constructed  wetlands  so  that 
water  and  chemical  mass  loadings  and  treatment 
efficiency  of  each  plot  can  be  calculated.  Hydrau- 
lic conductivity  experiments  on  bed  materials  and 
greenhouse  studies  of  plant  tolerance  for  transplan- 
tation, plant  nutrient  requirements,  and  effects  of 
rhizome  growth  on  hydraulic  conductivity. 
Growth  in  loamy  sand  was  excellent,  but  complete 
inorganic  fertilizer  was  needed  to  prevent  chloro- 
sis. Root  or  rhizome  growth  for  3  mo  had  Utile  or 
no  effect  on  hydraulic  conductivities.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04466 


NATURAL  RENOVATION  OF  LEACHATE-DE- 
GRADED  GROUNDWATER  IN  EXCAVATED 
PONDS  AT  A  REFUSE  LANDFTLL. 

South  Dakota  State  Univ.,  Brookings. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-04467 


BIOLOGY  AND  CHEMISTRY  OF  GENERA- 
TION, PREVENTION  AND  ABATEMENT  OF 
ACID  MINE  DRAINAGE. 

Silver  (Marvin)  Scientific  Ltd.,   Bedford   (Nova 

Scotia). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04468 


DESIGN  AND  CONSTRUCTION  OF  A  RE- 
SEARCH SITE  FOR  PASSIVE  MINE  DRAIN- 
AGE TREATMENT  IN  IDAHO  SPRINGS,  COL- 
ORADO. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering  Ecology. 
E.  A.  Howard,  J.  C.  Emerick,  and  T.  R. 
Wildeman. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  761- 
764,  1  fig,  1  tab,  8  ref. 

Descriptors:  'Land  disposal,  'Research  facilities, 
•Colorado,  'Acid  mine  drainage,  'Wastewater 
treatment,  'Wetlands,  Biological  wastewater  treat- 
ment, Water  pollution  control,  Macrophytes,  Cat- 
tails, Sedges,  Big  Five  Tunnel,  Monitoring,  Hydro- 
gen ion  concentration,  Temperature,  Oxidation- 
reduction  potential,  Metals. 


The  Idaho  Springs-Central  City  mining  district  in 
the  foothills  of  the  Colorado  Front  Range  has 
massive  waste  rock  dumps,  mill  tailings  piles,  and 
abandoned  mine  shafts  and  tunnels  form  precious 
metal  ore  production.  Tunnel  drainage  typically 
has  low  pH  and  high  metal  concentrations  that 
adversely  affect  regional  water  resources.  At  Big 
Five  Tunnel,  a  Superfund  listed  site  within  this 
district,  a  demonstration  treatment  system  was 
built  to  determine  the  fate  of  metals  within  a 
wetlands  system,  to  observe  vegetation  survival 
upon  metals  exposure  in  a  mountain  climate,  to 
study  function  and  distribution  of  bacteria  in  the 
system,  and  to  identify  appropriate  organic  sub- 
strates and  plant  species.  A  reinforced  concrete 
structure  3.05  by  18.3  m  was  divided  initially  into 
three  6.1-m  sections,  with  provisions  for  future 
subdivision  to  six  compartments.  Cattails  (Typha 
latifolia)  and  sedges  (Carex  utriculata,  C.  aquatilis) 
were  transplanted  from  a  lake  at  similar  elevation 
into  25-30%  of  each  treatment  bed.  Later,  sedges 
(C.  aquatilis)  and  rushes  (Juncus  arcticus)  were 
transplanted  from  a  fen  and  covered  25%  of  the 
treatment  beds.  Additional  cattails  and  sedges  from 
a  foothills  wetland  made  up  the  remaining  area  in 
the  treatment  beds.  Water  sampling  of  mine  drain- 
age, outputs  from  the  three  cells,  and  waters  from 
six  access  wells  in  each  compartment  have  been 
initiated.  Temperature,  pH,  Eh,  conductivity,  and 
dissolved  oxygen  contents  of  the  waters  are  meas- 
ured in  the  field.  Over  20  constituents  are  being 
monitored  routinely  in  waters,  substrates,  and 
plants  (live  leaves,  dead  leaves,  flowers,  and  roots). 
(See  also  W90-04392)  (Rochester-PTT) 
W90-04469 


MANGANESE  AND  WON  ENCRUSTATION 
ON  GREEN  ALGAE  LIVING  IN  ACID  MINE 
DRAINAGE. 

Memphis  State  Univ.,  TN.  Dept.  of  Biology. 
S.  E.  Stevens,  K.  Dionis,  and  L.  R.  Stark. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  765- 
773,  3  fig,  14  ref.  DOI,  Bureau  of  Mines  Contract 
P0373662. 

Descriptors:  'Land  disposal,  'Wetlands,  'Acid 
mine  drainage,  'Fate  of  pollutants,  'Precipitation, 
•Chlorophyta,  Bioaccumulation,  Manganese,  Iron, 
Electron  microscopy,  Wetlands,  Sedimentation 
ponds,  Pennsylvania,  Ohio,  Energy  dispersive 
spectroscopy,  Metal  removal. 

Many  species  of  algae  are  known  to  tolerate  acid 
mine  drainage  (AMD)  resulting  from  coal  mining. 
Algae  were  collected  from  wetlands  and  sediment 
ponds  receiving  coal  mine  drainage.  Samples  used 
in  the  present  study  were  collected  as  grab  samples 
from  various  locations  in  Pennsylvania  and  Ohio. 
Filaments  of  algae  were  prepared  one  of  two  ways, 
depending  on  whether  they  were  to  be  analyzed 
for  metal  content  by  energy  dispersive  spectrosco- 
py (EDS)  or  analyzed  and  photographed  with  the 
scanning  electron  microscope  (SEM).  Oedogon- 
ium,  Mougeotia,  and  Microspora  were  the  genera 
most  commonly  found  growing  encrusted  in 
AMD.  The  algal  encrustations  varied  in  color  from 
rust  red  to  blackish  brown  and  in  shape  from 
rough,  irregular  globules  to  smooth  cylinders.  In 
general,  encrustations  contain  mostly  Fe  if  the  Fe 
concentration  in  the  water  is  moderate  to  high 
regardless  of  the  Mn  concentration.  If  the  Fe  con- 
centration is  low,  encrustations  contain  Mn.  The 
mechanism  by  which  metals  are  deposited  on  cell 
wall  material  is  unknown.  In  Fe-rich  waters,  Fe 
salts  will  coat  submerged  surfaces.  However,  this 
passive  coating  does  not  appear  to  play  a  dominant 
role  in  the  formation  of  encrustations  in  the  algae 
studied  here.  Within  established  filaments,  encrus- 
tations appear  to  be  restricted  to  single  cells  or 
groups  of  cells,  with  clear  areas  in  between.  Two 
possibilities  are  suggested:  deposition  could  result 
from  a  structural  or  physiological  property  of  the 
alga,  or  deposition  could  result  from  the  activities 
of  epiphytic  microorganisms.  The  role  of  metal- 
encrusting  algae  in  metal  removal  from  AMD  is 
not  clear.  Ultimately,  the  significance  of  these 
algae  in  the  treatment  of  AMD  will  depend  on 
metal  removal  efficiencies,  the  relative  dissolution 
of  the  precipitated  metals  when  algal  filaments  die, 
and  the  density  of  algae  within  the  treatment 
system.  (See  also  W90-04392)  (Rochester-PTT) 


W90-04470 


DETERMINING  FEASIBILITY  OF  USING 
FOREST  PRODUCTS  OR  ON-SITE  MATERI- 
ALS IN  THE  TREATMENT  OF  ACID  MINE 
DRAINAGE  IN  COLORADO. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering  Ecology. 
E.  A.  Howard,  M.  C.  Hestmark,  and  T.  D. 
Margulies. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  774- 
779,  1  fig,  1 1  ref. 

Descriptors:  'Colorado,  'Acid  mine  drainage, 
'Wastewater  treatment,  'Water  pollution  treat- 
ment, 'Heavy  metals,  'Wetlands,  'Metal  removal, 
Water  pollution  control,  Litter,  Forests,  Chemical 
analysis,  Feasibility  studies,  Manganese,  Zinc,  Cad- 
mium, Chelating  agents. 

Abandoned  or  inactive  metal  mines  release  ef- 
fluents with  low  pH  and  high  dissolved  metal 
concentrations.  In  high-altitude  sites  in  Colorado, 
climatic  conditions  can  preclude  construction  and 
maintenance  of  conventional  treatment  systems. 
Forest  litter  materials  were  analyzed  to  see  if  they 
possessed  appropriate  characteristics  for  use  as 
media  in  treating  acid  mind  drainage.  Litter  and 
humus  layers  beneath  spruce-fir  (Picea  engelman- 
nii,  Abies  bifolia),  lodgepole  pine  (Pinus  contorta), 
ponderosa,  and  aspen  (Populus  tremuloides)  were 
obtained  from  locations  near  Idaho  Springs,  Colo- 
rado, and  common  charcoal  briquettes  were  pur- 
chased. Tests  performed  included  cation  exchange 
capacity  (CEC)  and  metal  ion  removal  efficiency 
for  Mn,  Zn,  and  Cd.  Experiments  were  conducted 
in  3-cm-diameter  glass  columns  with  stopcocks  for 
controlling  the  flow.  A  stock  solution  was  pre- 
pared with  750  mg/L  Mn,  1000  mg/L  Zn,  and  200 
mg/L  Cd.  Because  decrease  in  the  efficiency  of 
metal  ion  uptake  was  the  objective,  each  column 
was  washed  5  times  with  stock  solution  equivalent 
to  30,  60,  90,  120,  and  170%  of  the  total  CEC. 
Removal  efficiencies  were  the  difference  between 
initial  concentrations  and  concentrations  after  pas- 
sage through  the  column.  Ponderosa  and  aspen  had 
better  ion  exchange  than  lodgepole  and  spruce-fir 
litter  and  humus.  However,  the  CEC  (from  sodium 
saturation)  did  not  adequately  estimate  the  cumula- 
tive percent  removal  capacities  of  litter  and  humus 
samples.  For  example,  the  ponderosa  litter  and 
humus  had  the  highest  CEC,  but  ponderosa  had 
the  lowest  cumulative  percent  metal  removal  of 
the  forest  types,  and  at  90%  of  total  CEC,  ponder- 
osa was  not  much  better  than  charcoal.  The 
spruce-fir  sample  had  the  lowest  CEC  of  the  forest 
types,  but  its  cumulative  percent  removal  was  simi- 
lar to  aspen  at  90%  of  total  CEC.  Overall  trends  in 
the  efficiency  of  removal  are  consistent  and  de- 
crease markedly  as  60-90%  of  CEC  is  reached.  All 
four  forest  materials  tested  removed  metal  ions,  but 
spruce-fir  and  aspen  decomposition  materials  had 
higher  cumulative  removal  efficiencies  and  should 
be  tested  in  pilot-scale  field  situations.  (See  also 
W90-04392)  (Rochester-PTT) 
W90-04471 


USE  OF  WETLANDS  TO  REMOVE  NICKEL 
AND  COPPER  FROM  MINE  DRADVAGE. 

Minnesota  Dept.  of  Natural  Resources,  St.  Paul. 
Minerals  Div. 
P.  Eger,  and  K.  Lapakko. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  780- 
787,  3  fig,  3  tab,  7  ref. 

Descriptors:  'Land  disposal,  'Minnesota,  'Acid 
mine  drainage,  'Wastewater  treatment,  'Wetlands, 
•Metal  removal,  Water  pollution  control,  Litter, 
Feasibility  studies,  Nickel,  Copper,  Cobalt,  Zinc, 
Peat,  Sedges,  Cattails. 

Drainage  form  mineralized  Duluth  Complex  stock- 
piles located  at  the  Dunka  Mine  in  northeastern 
Minnesota  contains  elevated  concentrations  of  Ni, 
Cu,  Co,  and  Zn  and  has  increased  metal  concentra- 
tions in  nearby  receiving  waters  up  to  400  times 
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the  natural  background  concentrations.  A  passive 
treatment  approach  involving  wetlands  appears  to 
be  capable  of  treating  all  the  drainage  600  ML/yr 
at  less  than  half  the  capital  cost  and  less  than  a 
twentieth  the  annual  maintenance  cost  of  a  conven- 
tional treatment  plant.  To  determine  the  capability 
of  wetlands  to  treat  stockpile  drainage,  a  survey  of 
local  peat  wetlands  and  their  peats  was  conducted. 
The  wetlands  ranged  in  size  from  1-20  ha,  with 
average  depths  of  0.2-1.2  m.  Peat  was  generally 
well  decomposed,  with  decomposition  increasing 
with  depth.  It  was  primarily  a  sedge  peat  with 
wood  fragments.  Metal  concentrations  varied  de- 
pending on  the  sites'  proximity  to  the  existing 
stockpile  drainage.  Cu  ranged  from  40-724  mg/kg, 
Ni  from  19-740  mg/kg,  and  pH  from  5.25-7.45. 
Ash  content  was  10-60%,  with  the  highest  ash 
content  in  the  areas  with  the  shallowest  peat. 
Metal  retention  capacities  and  total  removal  capa- 
bilities for  the  peat  wetlands  were  estimated.  Di- 
viding the  total  removal  capacity  by  the  annual  Ni 
loading  resulted  in  estimated  treatment  system  life- 
times of  20  to  several  hundred  years.  Further  de- 
tailed research  was  conducted  on  a  individual  wet- 
land area  with  the  objectives  of  (1)  optimizing 
treatment  efficiency  with  different  flow  distribu- 
tion methods  and  vegetation  types,  (2)  measuring 
system  life,  and  (3)  developing  data  for  application 
to  full-scale  treatment  systems.  Four  treatment 
cells  (6  m  by  30.5  m)  have  been  constructed  and 
will  be  used  to  evaluate  four  treatments:  two  low- 
water  (5  cm)  treatments  with  natural  vegetation 
(Carex  sp.  and  grasses)  and  two  high- water  (15  cm) 
treatments  with  cattails  (Typha  sp.).  Flow  paths 
will  be  different  in  the  different  cells.  Based  on 
laboratory  experiments,  residence  times  in  all  cells 
will  be  48  hr.  Surface  water  and  groundwater  will 
be  monitored  monthly  in  each  of  the  four  plots. 
(See  also  W90-04392)  (Rochester-PTT) 
W90-04472 


WINDSOR  COAL  COMPANY  WETLAND:  AN 
OVERVIEW. 

American  Electric  Power  Corp.,  Lancaster,  OH. 
R.  L.  Kolbash,  and  R.  L.  Romanoski. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  788- 
792, 4  fig. 

Descriptors:  *Land  disposal,  *Artificial  wetlands, 
•West  Virginia,  *Acid  mine  drainage, 
♦Wastewater  treatment,  'Wetlands,  Biological 
wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Seepage,  Cattails,  Compost,  Iron, 
Manganese,  Hydrogen  ion  concentration,  Algae, 
Plant  growth,  Performance  evaluation. 

A  wetland  has  been  constructed  at  Windsor  Coal 
Company's  Beech  Bottom  Mine  (West  Virginia) 
with  the  goal  of  minimizing  refuse  pile  seepage  at 
the  Schoolhouse  Hollow  Refuse  Area.  Contami- 
nated seepage  is  collected  and  channeled  into  a 
small  pond  at  the  toe  of  the  refuse  pile.  Collected 
seepage  is  treated  with  caustic  soda,  which  results 
in  fluctuating  pH  levels  with  occasional  elevations 
of  iron.  The  wetland  consists  of  0.5-cm  limestone, 
46  cm  of  sterile  mushroom  compost,  and  cattail 
(Typha)  plants,  all  resting  on  a  Hypalon  liner.  The 
wetland  rests  in  an  excavated  area  of  3.4  m  by  26 
m,  with  a  total  surface  area  of  1 17  sq  m.  A  rock/ 
pipe  drain  was  installed  to  carry  water  from  a  4  L/ 
min  seep.  Cattails  were  installed  on  46-cm  centers 
and  seep  water  was  directed  into  the  wetland. 
Even  with  less  than  one  growing  season,  the  Wind- 
sor wetland  has  removed  50%  of  the  incoming 
iron.  Inlet  and  outlet  total  Mn  and  pH  are  general- 
ly similar,  although  on  three  occasions  outlet  pH 
was  substantially  elevated  above  inlet  pH.  The 
Hypalon  liner  seems  to  be  enhancing  algae  growth. 
Continuing  monitoring  will  measure  sulfate  and 
inlet  flow  and  will  evaluate  the  long-term  effects  of 
the  Hypalon  liner  on  the  wetland.  (See  also  W90- 
04392)  (Rochester-PTT) 
W90-O4473 


WETLAND  TREATMENT  OF  COAL  MINE 
DRAINAGE:  CONTROLLED  STUDIES  OF 
IRON  RETENTION  IN  MODEL  WETLAND 
SYSTEMS. 

Villanova  Univ.,  PA.  Dept.  of  Biology. 


J.  Henrot,  R.  K.  Wieder,  K.  P.  Heston,  and  M.  P. 
Nardi. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  793- 
800,  3  fig,  1  tab,  15ref. 

Descriptors:  "Land  disposal,  *Artificial  wetlands, 
•Acid  mine  drainage,  *Iron  removal,  'Wastewater 
treatment,  *Wetlands,  Biological  wastewater  treat- 
ment, Water  pollution  control,  Peat,  Pilot  plants, 
Oxidation,  Performance  evaluation,  Mosses,  Hy- 
drogen ion  concentration,  Temperature,  Organic 
matter. 

A  pilot  study  was  initiated  to  evaluate  Fe  retention 
in  wetlands  under  controlled  conditions.  Six  model 
wetlands  (2.40  x  0.15  m)  filled  with  Sphagnum 
substrate  were  subjected  to  influent  water  at  a  pH 
of  4.0  and  Fe  concentrations  of  either  0,  50,  or  100 
mg/L.  At  the  end  of  the  8-day  treatment  period, 
effluent  Fe  concentrations  were  approximately 
equal  to  influent  Fe  concentrations.  Peat  chemical 
analysis  indicated  that  (1)  Fe  retention  was  more 
pronounced  at  the  inflow  end  and  (2)  accumulated 
Fe  was  mainly  present  as  organically  bound  Fe 
(63.8%  of  total  Fe)  and  Fe  oxides  (29.1%),  with 
little  accumulation  as  exchangeable  Fe.  This  study 
and  field  studies  suggest  that  a  key  process  in- 
volved in  Fe  retention  in  wetland  systems  is  Fe 
oxide  formation.  Microbially-mediated  Fe  oxida- 
tion, which  probably  was  inhibited  in  this  pilot 
study  by  high  greenhouse  temperatures,  may  play 
an  important  role  in  Fe  retention  and  increase  the 
'effective'  life  of  wetlands  created  for  the  treatment 
of  acid  mine  drainage.  (See  also  W90-04392) 
(Rochester-PTT) 
W90-04474 


TOLERANCE  OF  THREE  WETLAND  PLANT 
SPECIES  TO  ACID  MTNE  DRAINAGE:  A 
GREENHOUSE  STUDY. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Biology. 

W.  R.  Wenerick,  S.  E.  Stevens,  H.  J.  Webster,  L. 
R.  Stark,  and  E.  DeVeau. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  801- 
807,  2  fig,  2  tab,  1 1  ref.  Bureau  of  Mines  Contract 
P0373662. 

Descriptors:  *Land  disposal,  'Pennsylvania,  *Acid 
mine  drainage,  'Wastewater  treatment,  'Wetlands, 
Biological  wastewater  treatment,  Water  pollution 
control,  Peat,  Pilot  plants,  Oxidation,  Performance 
evaluation,  Cattails,  Mosses,  Chlorophyll  a,  Plant 
physiology,  Stress,  Iron,  Manganese,  Hydrogen 
ion  concentration,  Plant  pathology,  Aquatic  plants, 
Tolerance. 

A  greenhouse  study  was  conducted  to  assess  the 
feasibility  of  using  wetland  plants  for  treating  acid 
mine  drainage  (AMD)  at  two  central  Pennsylvania 
sites.  At  one  of  the  sites  conditions  approached  the 
limits  of  toleration  of  wetland  plants  in  the  field 
(411  mg/L  dissolved  Fe,  71  mg/L  dissolved  Mn, 
and  pH  3.4-3.5).  The  greenhouse  study  attempted 
to  assess  the  tolerance  of  Typha  latifolia  (cattail), 
Sphagnum  recurvum  (peat  moss),  and  Pohlia 
nutans  (a  subaquatic  turf-forming  moss)  to  AMD. 
Seep  water  was  collected  at  the  mine  site  and  used 
in  the  preparation  of  water  treatments.  Four  water 
treatments  were  used:  tap  water  control,  mine 
water  diluted  1:4  (1  vol  mine  water  and  3  vol  tap 
water),  mine  water  diluted  1:2,  and  undiluted  mine 
water.  Dilution  with  tap  water  increased  pH  and 
reduced  dissolved  metal  concentrations.  On  the 
basis  of  total  chlorophyll  content,  Typha  was  the 
most  resistant  to  AMD,  followed  by  Pohlia  and 
then  by  Sphagnum.  Chlorophyll  a/b  ratios  de- 
clined in  Typha  in  response  to  AMD  stress,  where- 
as in  both  Sphagnum  and  Pohlia  the  chlorophyll  a/ 
b  ratio  increased.  This  effect  may  have  been  due  to 
interference  with  Mn  uptake  caused  by  the  high 
total  and  dissolved  Fe  in  the  AMD  samples.  Undi- 
luted mine  water  had  a  significant  negative  effect 
on  leaf  growth  in  Typha,  whereas  mine  water 
diluted  1:2  was  associated  with  growth  about  the 
same  as  the  control  and  mine  water  diluted  1:4  was 
associated  with  better  growth  than  the  control. 
Taken  as  a  whole,  the  results  suggest  that  Typha 


was  the  most  generally  tolerant  of  the  plant  species 
tested,  but  if  the  meaning  of  the  changes  in  chloro- 
phyll a/b  ratios  in  Sphagnum  and  Pohlia  were 
understood,  a  different  conclusion  might  be  neces- 
sary. (See  also  W90-04392)  (Rochester-PTT) 
W90-04475 


CONTROL  OF  ARMYWORM,  SIMYRA  HEN- 
RICI  (LEPIDOPTERA:  NOCTUIDAE),  ON  CAT- 
TATL     PLANTINGS     IN     ACID     DRAINAGE 
TREATMENT      WETLANDS      AT      WIDOWS 
CREEK  STEAM-ELECTRIC  PLANT. 
Tennessee  Valley  Authority,  Muscle  Shoals,  AL. 
Vector  and  Plant  Management  Program. 
E.  L.  Snoddy,  G.  A.  Brodie,  D.  A.  Hammer,  and 
D.  A.  Tomljanovich. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  808- 
811,  lfig,  Href. 

Descriptors:  'Land  disposal,  'Alabama, 
'Wastewater  treatment,  'Wetlands,  'Insect  con- 
trol, Biological  wastewater  treatment,  Water  pollu- 
tion control,  Cattails,  Armyworms,  Rushes,  Insec- 
ticides, Management  planning. 

Due  to  the  monocultural  nature  of  the  macro- 
phytes used  in  constructed  wetlands,  some  plants, 
particularly  Typha  latifolia  (cattail)  are  subject  to 
damage  by  lepidopterous  insects,  mainly  of  the 
armyworm  complex.  A  constructed  wetlands  was 
established  in  May  1986  to  aid  in  the  control  of 
acid  mine  drainage  from  an  abandoned  ash  pond. 
Cattails  were  planted  in  three  cells,  with  cattail  and 
rush  (Juncus  effusus)  in  the  third  cell.  By  August 
1986,  an  infestation  of  the  cattail  armyworm, 
Simyra  henrici  (Grt.)  was  observed.  Vegetation 
destruction  was  heavy.  The  insecticide  Lorsban 
was  applied  by  aerial  spraying  at  a  rate  of  1.15  kg/ 
ha  (Beecomist  spray  heads).  This  procedure  result- 
ed in  >95%  control.  It  is  unclear  why  the  popula- 
tion density  of  caterpillars  was  much  higher  at 
Widows  Creek  compared  to  nearby  natural  wet- 
lands. A  routine  inspection  of  plantings  for  insect 
pests  should  be  conducted  beginning  early  in  the 
season.  General  plans  should  be  made  for  control 
action  if  an  outbreak  of  armyworms  occurs.  (See 
also  W90-04392)  (Rochester-PTT) 
W90-04476 


OIL  WATER  SEPARATORS.  JANUARY  1970- 
FEBRUARY  1989  (CITATIONS  FROM  THE 
COMPENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-855431. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. February  1989.  108  p.  Supersedes  PB88- 
858089. 

Descriptors:  'Bibliographies,  'Cleanup  operations, 
'Oil  spills,  'Water  pollution  treatment, 
'Wastewater  treatment,  Separation  techniques, 
Coalescence,  Filters,  Flotation,  Literature  review. 

This  bibliography  contains  243  citations  concern- 
ing the  utilization  of  oil-water  separators  in  the 
marine,  manufacturing,  and  petrochemical  indus- 
tries. Gravity  separators,  coalescers,  filters,  and 
flotation  units  are  among  the  equipment  types  con- 
sidered. Design  considerations,  and  system  descrip- 
tions and  evaluations  are  presented.  Utilization  of  a 
variety  of  devices  in  oil  spill  clean  up  operations  is 
discussed.  Thirty-  two  of  the  citations  are  new 
entries  to  the  previous  edition.  (Author's  abstract) 
W90-04477 


EFFLUENT  TREATMENT  IN  THE  TEXTILE 
INDUSTRY:  EXCLUDING  DYES.  JANUARY 
1983-JANUARY  1989  (CITATIONS  FROM  THE 
WORLD  TEXTILE  ABSTRACTS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-855266. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. February   1989.    110  p.   Supersedes  PB87- 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Waste  Treatment  Processes 


864252. 

Descriptors:  'Bibliographies,  'Wastewater  treat- 
ment, 'Textile  mill  wastes,  'Industrial  wastewater, 
•Wastewater  renovation,  'Water  reuse,  Air  pollu- 
tion control,  Water  pollution  control,  Zinc,  Litera- 
ture review. 

This  bibliography  contains  300  citations  concern- 
ing the  treatment  and  reuse  of  textile  industry 
effluents.  Effluents  that  contain  dyes  are  discussed 
in  a  separate  bibliography.  Recovery  of  lubricants, 
lye,  sizing  agents,  polyvinyl  alcohol,  zinc,  dirt,  and 
heat  from  textile  effluents  is  discussed.  Air  and 
water  pollution  control  technology  that  is  effective 
in  treating  textile  effluents  is  included.  Effluents 
from  synthetic  fiber  manufacture  and  wool  scour- 
ing processes  are  emphasized.  Eighty-four  citations 
are  new  entries  to  the  previous  edition.  (Author's 
abstract) 
W90-04481 


ACTIVATED  CARBON:  UTILIZATION  IN 
SEWAGE  AND  INDUSTRIAL  WASTE  TREAT- 
MENT. JANUARY  1987-DECEMBER  1988  (CI- 
TATIONS FROM  THE  NTIS  BIBLIOGRAPHIC 
DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-853063. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. January  1989.  84  p.  Supersedes  PB88-855549. 

Descriptors:  'Bibliographies,  'Wastewater  treat- 
ment, 'Activated  carbon,  Industrial  wastes,  Litera- 
ture review,  Performance  evaluation,  Regenera- 
tion. 

This  bibliography  contains  93  citations  concerning 
the  use  of  activated  carbon  for  the  treatment  of 
sewage  and  industrial  wastes.  Topics  include  per- 
formance evaluations  at  specific  sites,  engineering 
studies,  and  regeneration  techniques.  Applications 
in  sewage  treatment,  coal  conversion,  petrochemi- 
cal, and  various  other  industries  are  presented. 
Citations  pertaining  to  air  pollution  control  are 
excluded.  Nineteen  citations  are  new  entries  to  the 
previous  edition.  (Author's  abstract) 
W90-04483 


ION  EXCHANGE  RESINS.  JANUARY  1988-DE- 
CEMBER  1988  (CITATIONS  FROM  THE  COM- 
PENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-04486 


ION  EXCHANGE  RESINS.  OCTOBER  1983-DE- 
CEMBER  1987  (CITATIONS  FROM  THE  COM- 
PENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-04487 


WASTEWATER  TREATMENT  BY  SAND  FIL- 
TRATION. JANUARY  1977-FEBRUARY  1989 
(CITATIONS  FROM  THE  SELECTED  WATER 
RESOURCES  ABSTRACTS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161.  Supersedes  PB86- 
860053.  Prepared  in  cooperation  with  Office  of 
Water  Research  and  Technology,  Washington, 
DC.  Price  codes:  NOl  in  paper  copy;  NOl  micro- 
film. Mar  89.  105p. 

Descriptors:  'Bibliographies,  'Wastewater  treat- 
ment, 'Filtration,  'Sand  filters,  Literature  review, 
Domestic  wastes.  Industrial  wastewater,  Sanitary 
engineering. 

This  bibliography  contains  164  citations  concern- 
ing the  use  of  sand  filtration  in  the  treatment  of 
wastewater.  Treatment  systems  for  both  domestic 
and   industrial    effluents   are   discussed.    Designs, 


processes,  applications  and  performance  evalua- 
tions of  sand  filters,  columns  and  mounds  as  pri- 
mary filtering  mechanisms  are  included.  Thirty- 
three  citations  are  new  entries  to  the  previous 
edition.  (Author's  abstract) 
W90-04499 


5E.  Ultimate  Disposal  Of  Wastes 


BIOTECHNOLOGY  FOR  DEGRADATION  OF 
TOXIC  CHEMICALS  IN  HAZARDOUS 
WASTES. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-03562 


PHYSICAL-CHEMICAL  AND  ANAEROBIC 
FIXED  FTLM  TREATMENT  OF  LANDFILL 
LEACHATE. 

Technical  Univ.  of  Nova  Scotia,  Halifax.  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry   see  Field   5D. 

W90-03571 


TREATMENT  OF  LEACHATE  FROM  A  HAZ- 
ARDOUS WASTE  LANDFILL  SITE  USING  A 
TWO-STAGE  ANAEROBIC  FILTER. 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of  Civil 
and  Environmental  Engineering. 
Y.  C.  Wu,  O.  J.  Hao,  and  K.  C.  Ou. 
IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  196-220, 
6  fig,  6  tab,  41  ref.  Army  Construction  Engineering 
Research  Laboratory  Grant  DACA  888  EC  0013. 

Descriptors:  'Waste  disposal,  'Water  pollution 
prevention,  'Biofiltration,  'Landfills,  'Leachates, 
•Wastewater  treatment,  'Hazardous  wastes,  'Bio- 
logical treatment,  'Anaerobic  digestion,  Biological 
wastewater  treatment,  Organic  matter,  Chemical 
oxygen  demand,  Biochemical  oxygen  demand, 
Volatile  acids,  Ammonia,  Metals,  Nitrogen  com- 
pounds, Nitrification,  Alkalinity,  Gas. 

Leachate  from  a  hazardous  waste  landfill  site  con- 
tained a  high  concentration  of  organic  matter  and 
low  metal  concentrations.  Chemical  oxygen 
demand  (COD),  biochemical  oxygen  demand 
(BOD)  and  volatile  acid  (VA)  were  approximately 
21,  14,  and  1.9  gm/L,  respectively.  Both  the 
strength  and  chemical  composition  of  raw  leachate 
varied  with  sampling  time.  The  high  ratio  of  BOD 
to  COD  of  raw  leachate  is  amenable  to  biological 
treatment.  With  an  organic  loading  up  to  4  g 
COD/day/sq  m,  COD/BOD  removal  was  satisfac- 
tory, even  though  the  leachate  contained  several 
toxic  pollutants.  BOD  as  low  as  130  mg/L  or  a 
98%  reduction  could  be  achieved.  Thus,  the  anaer- 
obic filters  can  be  used  to  treat  concentrated  leach- 
ate without  the  effluent  recycle  and  without  any 
pretreatment.  The  biofilters  were  very  effective  for 
metal  removal.  However,  the  anaerobic  process 
did  not  remove  ammonia  and  the  effluent  NH3-N 
concentration  often  increased  due  to  degradation 
of  nitrogenous  organic  matter.  Either  chemical 
process  or  biological  nitrification  may  be  employed 
to  remove  residual  BOD  and  ammonia  to  an  ac- 
ceptable level.  Due  to  the  large  volume  of  the  first 
reactor,  almost  all  of  the  organic  matter  reduction 
and  gas  production  occurred  in  the  first  stage 
reactor.  Once  the  first  stage  was  upset,  the  second 
reactor  was  unable  to  degrade  VA  present  in  the 
first  stage  effluent.  The  overloading  was  character- 
ized by  the  accumulation  of  large  quantities  of  VA, 
a  low  ratio  of  VA/alkalinity,  and  reduction  of  gas. 
(See  also  W90-03562)  (Lantz-PTT) 
W90-03572 


EFFECTS  OF  EXTENDED  IDLE  PERIODS  ON 
HAZARDOUS  WASTE  BIOTREATMENT. 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 
Engineering. 

A.  S.  Weber,  M.  R.  Matsumoto,  J.  G.  Goeddertz, 
and  A.  J.  Rabideau. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  221-243, 
8  fig,  4  tab,  6  ref. 


Descriptors:  'Idle  time,  'Waste  disposal,  'Water 
pollution  prevention,  'Wastewater  treatment,  'Bi- 
ological wastewater  treatment,  'Hazardous  wastes, 
•Performance  evaluation,  Chemical  oxygen 
demand,  Temperature,  Biodegradation,  Activated 
carbon,  Biological  treatment,  Feasibility  studies, 
Operating  policies,  Aeration,  Groundwater  pollu- 
tion, Landfills. 

An  experimental  study  was  conducted  to  assess  the 
technical  feasibility  of  biological  processes  treating 
hazardous  waste  when  extended  periods  of  inoper- 
ation  are  imposed  on  operation  protocol.  The  im- 
petus for  this  study  was  to  develop  a  process  that 
could  provide  cost  effective  treatment  of  leachate 
and  contaminated  groundwater  from  a  former  haz- 
ardous waste  handling  facility  in  Upstate  New 
York.  Waste  collection  rates  at  the  site  are  expect- 
ed to  be  low  and  as  such,  intermittent  process 
operation  will  be  desirable  or  necessary.  Based  on 
the  reported  findings  of  the  experimental  study, 
intermittent  biological  treatment  can  achieve  sig- 
nificant removal  of  waste  pollutants.  In  this  study 
the  rate  of  chemical  oxygen  demand  (COD)  re- 
moval was  adversely  affected  by  decreases  in  oper- 
ation frequency  and  decreased  operating  tempera- 
tures. However,  if  reaction  periods  are  extended, 
all  biodegradable  COD  removal  can  be  removed  in 
bioreactors  using  long  lag  periods.  Addition  of 
powdered  activated  carbon  was  tested  under  one 
operating  scenario  and  hypothesized  to  be  advanta- 
geous in  reducing  aeration  times  for  conditions  of 
low  temperature  and  extended  lag  periods.  While 
the  feasibility  of  intermittent  biological  treatment 
was  studied  using  a  groundwater  contaminated 
with  hazardous  waste  substances,  other  potential 
applications  exist.  They  include:  (1)  leachate  treat- 
ment of  municipal  and  hazardous  waste  landfills; 
(2)  industrial  waste  flows  released  on  an  intermit- 
tent basis;  and  (3)  other  waste  sites  requiring  reme- 
diation. (See  also  W90-03562)  (Lantz-PTT) 
W90-03573 


BIOLOGICAL  DEGRADATION  OF  POLY- 
CHLORINATED  BD?HENYLS. 

General  Electric  Corporate  Research  and  Devel- 
opment, Schenectady,  NY.  Biological  Sciences 
Branch. 

R.  Unterman,  M.  J.  Brennan,  R.  E.  Brooks,  and  C. 
Johnson. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  376-386, 
3  fig,  5  ref. 

Descriptors:  *Soil  contamination,  'Cleanup,  'De- 
contamination, 'Waste  disposal,  'Polychlorinated 
biphenyls,  'Biodegradation,  Corynebacterium,  Al- 
caligenes,  Pseudomonas,  Microbial  degradation. 

The  release  and  accumulation  of  polychlorinated 
biphenyls  (PCBs)  in  the  environment,  and  possible 
effects  on  human  health  have  sparked  an  intense 
interest  in  devising  technologies  for  their  destruc- 
tion or  safe  disposal.  Biodegradation  of  various 
soil-bound  PCBs  under  a  variety  of  conditions, 
using  both  pure  and  mixed  cultures  of  Corynobac- 
terium  sp.,  Alcaligenes  eutrophus,  and  Pseudo- 
monas putida,  is  demonstrated  in  this  study.  The 
authors  conclude  that  it  should  be  possible  to  bio- 
logically degrade  PCBs  on  contaminated  soil  in  the 
environment  with  appropriate  cell  concentrations 
and  moisture  conditions.  Continuing  studies  are 
now  focusing  on  experimental  conditions  that  most 
closely  model  an  actual  site  decontamination  proc- 
ess. (See  also  W90-03562)  (Lantz-PTT) 
W90-03581 


COMBINED  FTXED  BIOLOGICAL  FTLM 
MEDIA  AND  EVAPORATIVE  COOLING 
MEDIA  TO  SOLIDIFY  HAZARDOUS  WASTES 
FOR  ENCAPSULATION  AND  EFFICIENT  DIS- 
POSAL. 
S.  F.  Roe. 

IN:  Biotechnology  for  Degradation  of  Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  489-503, 
4  fig,  10  ref. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Ultimate  Disposal  Of  Wastes— Group  5E 


Descriptors:  *Waste  disposal,  *Waste  solidifica- 
tion, *Waste  encapsulation,  *Wastewater  treat- 
ment, 'Biological  wastewater  treatment,  *Biofilms, 
•Fixed  film  processes,  'Hazardous  wastes,  'Cool- 
ing, 'Evaporation,  Solidification,  Cooling  towers, 
Volatile  organic  compounds,  Anaerobic  digestion, 
Biotechnology,  Aerobic  treatment,  Evaporation 
ponds,  Evaporators,  Incineration,  Scaling,  Foul- 
ing, Farm  wastes,  Industrial  wastes. 

Evaporation  process  common  in  evaporative  cool- 
ing for  agricultural  and  industrial  uses  can  be  used 
in  wastewater  creatment  in  combination  with  bio- 
technology, volatile  stripping,  and  other  conven- 
tional unit  operations  to  promote  scaling  or  fouling 
the  evaporative  cooling  media,  encapsulating  it, 
and  disposing  of  it  as  a  solid  waste.  A  second 
possibility  is  to  incinerate  the  evaporative  cooling 
media  containing  the  hazardous  waste.  Existing 
technology  is  discussed  in  terms  of  conventional 
evaporation,  utility  cooling  tower  evaporation, 
evaporative  cooling,  VOC  stripping,  and  fixed  film 
biotechnology.  Possible  evaporation  techniques  in- 
clude ambient-temperature  evaporation,  as  well  as 
evaporation/biotechnology  combinations  such  as 
evaporation  followed  by  anaerobic  digestion,  an- 
aerobic digestion  followed  by  aerobic  treatment  (a 
trickling-filter,  activated-sludge,  or  'super  bug' 
process)  followed  by  evaporation,  and  evaporation 
followed  by  aerobic  treatment.  The  evaporative 
cooling  process  is  perhaps  intermediate  between 
evaporative  ponds  and  multistage  evaporators. 
This  process  shares  the  low  energy  and  capital 
costs  of  evaporative  ponds  without  the  disadvan- 
tage of  rain-water  dilution  suffered  by  evaporative 
ponds.  Yet  this  process  shares  the  chemical-plant 
heritage  of  multistage  evaporators  in  that  it  is  a 
predictable,  reliable  crossflow  tower  without  the 
fouling  problems  of  multistage  evaporators.  The 
evaporative  process  for  hazardous  waste  concen- 
tration and  disposal  is  certainly  not  a  universal 
solution  to  all  hazardous  waste  problems,  but  must 
be  tailored  to  the  properties  of  the  waste.  Then  it 
must  be  evaluated  on  a  pilot  or  full  scale  basis.  (See 
also  W89-03562)  (Lantz-PTT) 
W90-03589 


PROCESSES  OF  BALLAST  WATER  DISPER- 
SAL. 

ENTRTX,  Inc.,  Anchorage,  AK. 
J.  M.  Colonell,  H.  J.  Niebauer,  and  D.  L.  Nebert. 
IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,   1988.  p  39-67,  8  fig,  3  tab,  51  ref. 

Descriptors:  'Arctic  zone,  'Wastewater  disposal, 
•Ballast  water,  'Valdez,  'Fate  of  pollutants, 
'Alaska,  Tides,  Diffusion,  Advection,  Model  stud- 
ies, Flushing. 

The  various  time  and  space  scales  involved  with 
dispersion  of  treated  ballast  water  in  Port  Valdez, 
Alaska,  are  discussed.  Near-field  dilution,  with 
time  scales  of  <  1  hr  and  space  scales  of  0.5  km  or 
less  is  controlled  by  turbulent  dissipation  of  buoy- 
ancy and  momentum.  In  Port  Valdez  the  near-field 
diffusion  is  generated  and  controlled  by  an  outfall 
diffuser  system  that  discharges  the  treated  ballast 
water  into  the  fjord.  Far-field  diffusion,  defined  by 
time  scales  of  hours-days  and  space  scales  of  <  5 
km,  is  controlled  by  eddy  diffusion  and  advective 
transport.  Far-field  diffusion  occurs  after  the  out- 
fall jet  has  lost  its  initial  momentum  and  buoyancy. 
Model  studies  for  Port  Valdez  suggest  that  far- 
field  diffusion  processes  can  produce  dilutions  of 
1:2.5-5  and  1:5-10  at  distances  of  500  m  and  1  km, 
respectively,  from  the  diffuser.  The  ultimate  fate  of 
the  ballast  water  has  time  and  space  scales  of 
weeks  to  years  and  10's  of  km  (the  dimensions  of 
Port  Valdez)  and  is  controlled  by  the  advective 
transport  and  flushing  mechanisms  of  the  port. 
Tidal  flushing  appears  to  result  in  a  flushing  time 
of  water  in  the  fjord  of  about  4  weeks.  The  slow 
intrusion  of  dense  water  from  outside  the  fjord  into 
the  basin  appears  to  renew  the  deepest  waters  at 
least  annually  Surges  of  water  in  and  out  of  Port 
Valdez,  apparently  associated  with  passage  of 
weather  systems  through  the  area,  appear  to  flush 
the  fjord  in  a  range  of  several  days  to  a  few  weeks. 
Therefore,  work  to  this  point  suggests  that  a  com- 
posite residence  time  for  Port  Valdez  would  not 


exceed    several    weeks.    (See    also    W90-03610) 

(Lantz-PTT) 

W90-03613 


INFLUENCE  OF  RIVER  REGIME  ON  THE 
FLOOD  MANAGEMENT  OF  SUKKUR  BAR- 
RAGE, PAKISTAN. 

I.  G.  G.  Hogg,  K.  Guaganesharajah,  P.  D.  S. 
Gunn,  and  P.  Ackers. 

IN:  International  Conference  on  River  Regime. 
Hydraulics  Research  Limited,  Wallingford,  Oxon, 
UK.  1988.  331-354,  12  fig,  5  ref. 

Descriptors:  'Pakistan,  'Flood  control,  'Channel 
morphology,  'Regime  streams,  'Sediment  trans- 
port, Channel  roughness,  Channel  resistance, 
Scour,  Model  studies,  White-Paris-Bettes  equation, 
Plane  bed  function. 

Varying  combinations  of  discharge,  sediment 
transport,  channel  roughness  and  downstream  hy- 
draulic control,  make  flood  water  levels  on  the 
Indus  river  difficult  to  predict  with  any  precision. 
Because  the  agricultural  lands  severed  by  the  Indus 
barrages  are  crucial  to  the  economy  of  Pakistan,  it 
is  important  to  ensure  that  adequate  flood  manage- 
ment procedures  are  in  place.  On  the  basis  of 
observed  flood  behavior,  there  is  no  single  valued 
relationship  between  either  sediment  concentra- 
tion, or  channel  roughness,  and  discharge.  In  gen- 
eral, flow  appears  to  be  in  upper  regime  on  a  rising 
flood  hydrograph.  Under  these  conditions,  channel 
resistance  is  relatively  low  and  water  velocities  are 
correspondingly  high.  At  about  the  time  of  peak 
flow,  the  regime  becomes  transitional;  channel  re- 
sistance increases  on  the  falling  hydrograph  and 
lower  regime  conditions  are  re-established.  Signifi- 
cant changes  in  sediment  inflow  may  modify  this 
pattern,  as  happened  in  1976;  a  sudden  fall  in 
sediment  concentration  led  to  abrupt  scour  and 
rapid  transition  to  lower  regime  flow.  Design  pro- 
cedures must  take  into  account  the  possibility  of 
regime  changes,  particularly  around  peak  dis- 
charge. The  modeling  of  design  floods  should  be 
carried  out  with  a  combination  of  representative 
sediment  concentrations  and  channel  roughnesses. 
Channel  roughness  may  be  expressed  in  terms  of 
channel  resistance;  the  White-Paris-Bettes  equation 
may  be  used  in  lower  regime  flow  and  a  plane  bed 
function  in  upper  regime.  (See  also  W90-03626) 
(Author's  abstract) 
W90-03652 


TECHNICAL  SUPPORT  DOCUMENT:  LAND- 
FTLLING  OF  SEWAGE  SLUDGE. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-136584. 
Price  codes:  A14  in  paper  copy,  A01  in  microfiche. 
1988.  324p,  5  fig,  20  tab,  3  append. 

Descriptors:  'Sludge  disposal,  'Landfills,  'Waste 
disposal,  'Waste  management,  Management  plan- 
ning, Regulations,  Wastewater  disposal. 

The  report  describes  good  landfill  management 
practices,  but  does  not  refer  to  specific  regulatory 
requirements.  Landfilling  is  a  sludge  disposal 
method  in  which  sludge  is  deposited  in  a  dedicated 
area,  alone  or  with  solid  waste,  and  buried  beneath 
a  soil  cover.  Landfilling  is  primarily  a  disposal 
method,  with  no  attempt  to  recover  nutrients  and 
only  occasional  attempts  to  recover  energy  from 
the  sludge.  About  41%  of  the  municipal 
wastewater  sludge  generated  in  the  United  States  is 
landfilled.  When  siting  a  monofill,  special  consider- 
ation must  be  given  to  evaluating  sites  near  air- 
ports, 100-yr  floodplains,  wetlands,  fault  areas, 
seismic  impact  zones,  and  unstable  areas.  Require- 
ments for  siting  monofills  in  each  of  these  types  of 
locations  have  been  established  by  the  proposed 
sewage  sludge  regulations  to  prevent  adverse  im- 
pacts to  human  health  and  the  environment.  Six 
areas  of  management  practice  requirements  are 
specified  by  the  proposed  sewage  sludge  regula- 
tions. One  of  these  six,  pathogen  reduction,  is 
covered  under  separate  title.  The  remaining  five- 
landfill  cover  requirements,  disease  vector  con- 
trols, explosive  gases  controls,  access  controls,  and 
run-on/runoff  controls  are  discussed.  These  man- 


agement practices  are  required  under  Subtitle  D  or 
C  of  the  Resource  Conservation  and  Recovery  Act 
and  have  been  incorporated  to  some  extent  into  the 
proposed  sewage  sludge  regulation.  (Lantz-PTT) 
W90-03744 


TECHNICAL  SUPPORT  DOCUMENT:  SUR- 
FACE DISPOSAL  OF  SEWAGE  SLUDGE. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-136600. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
136p,  5  fig,  20  tab,  86  ref. 

Descriptors:  'Sludge  disposal,  'Land  disposal, 
'Waste  management,  'Waste  disposal,  Regula- 
tions, Groundwater  quality,  Model  studies,  Path  of 
pollutants,  SLUDGEMAN,  Standards,  Landfills, 
Management  planning. 

A  number  of  different  methods  have  been  devel- 
oped to  reuse  or  dispose  of  sludge  by  application  to 
land.  Monofilling  and  land  application  (including 
agricultural  and  nonagricultural  applications  and 
distribution  and  marketing)  have  been  considered 
in  the  regulation  of  sewage  sludge  under  Part  503 
of  the  Clean  Water  Act.  A  surface  application 
practice  termed  surface  impoundment  is  used  as  a 
treatment  method  or  for  interim  storage.  Another 
current  practice  is  to  dispose  of  sewage  sludge  by 
placing  it  in  'piles'  on  land  surface.  The  EPA  is 
proposing  to  call  the  use  of  surface  impoundments 
and  waste  piles  sewage  sludge  surface  disposal.  In 
developing  the  risk  assessment  methodology  for 
each  sludge  disposal  option,  the  EPA  used  mathe- 
matical models  that  would  predict  the  average 
long-term  human  health  and  environmental  effects 
of  continually  disposing  of  sludge  in  the  soil  and/ 
or  water.  The  SLUDGEMAN  model  was  devel- 
oped to  predict  the  maximum  allowable  pollutant 
concentrations  in  sewage  sludge  at  a  landfill  that 
would  not  detrimentally  affect  the  most  exposed 
individual  (MET).  This  model  (or  a  modification) 
will  probably  be  used  for  the  surface  disposal 
option  because  the  movement  of  pollutants  in  the 
soil  and  into  the  groundwater  is  similar  for  both 
practices.  Proposed  405(d)  sewage  sludge  regula- 
tions are  based  on  maximum  pollutant  limits  that 
have  been  calculated  for  each  sludge  pollutant 
evaluated  for  this  regulation.  For  SLUDGEMAN, 
the  EPA  selected  reasonable  worst-case  values  for 
monofill  site  characteristics  to  calculate  these  max- 
imum allowable  sludge  concentrations  (pollutant 
limits).  The  sludge  pollutant  concentrations  are 
limited  to  the  less  stringent  of  the  following: 
98th%  concentrations  reported  in  the  EPA  40- 
cities  study;  and  pollutant  concentrations  derived 
from  the  monofilling  risk  assessment.  Six  areas  of 
management  practice  requirements  are  specified  by 
the  proposed  sewage  sludge  regulations.  One  of 
these  six,  pathogen  reduction,  is  covered  under 
separate  title.  Of  the  remaining  five,  landfill  cover 
requirements  are  not  relevant  to  surface  disposal. 
Disease  vector  controls,  explosive  gases  controls, 
and  access  controls  are  discussed.  The  growing  of 
food  and  feed  crops  on  surface  disposal  units  as 
well  as  animal  grazing  will  be  prohibited.  These 
management  practices  are  required  under  Subtitle 
D  or  C  of  the  Resources  Conservation  and  Recov- 
ery Act  (RCRA)  and  have  been  incorporated  to 
some  extent  into  the  proposed  sewage  sludge  regu- 
lation. (Lantz-PTT) 
W90-03745 


REGULATORY  IMPACT  ANALYSIS  OF  THE 
PROPOSED  REGULATIONS  FOR  SEWAGE 
SLUDGE  USE  AND  DISPOSAL. 

Environmental   Protection   Agency,   Washington, 

DC.  Economic  Analysis  Div. 

For  primary  bibliographic  entry  see  Field  6E. 

W90-03761 


GM  SYSTEM  USERS  MANUAL  GEOSYNTHE- 
TIC  MODELING  SYSTEM;  CSC  VERSION  1.00. 

Computer  Sciences  Corp.,  Cincinnati,  OH. 

C.  L.  Patterson. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB89-151195. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5E — Ultimate  Disposal  Of  Wastes 


Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/2-88/029,  January  1988. 
23p,  append.  EPA  Contract  68-01-7176. 

Descriptors:  •Waste  disposal,  'Handbooks,  'Com- 
puter models,  'Waste  dumps,  'Landfills,  Reser- 
voirs, Wastewater  disposal,  Computer  programs, 
Performance  evaluation.  Containment,  Design  cri- 
teria. 

The  development  of  guidance  design  procedures 
for  the  evaluation  of  geosynthetic  materials  used  in 
containment  systems  for  landfills,  surface  impound- 
ments and  waste  piles  has  been  computerized  to 
increase  the  speed  of  calculation  of  results  and  to 
reduce  the  frequency  of  human  error  resulting 
from  manual  calculations.  Potential  failure  modes 
for  each  geosynthetic  component  are  established. 
A  design  procedure  is  developed  for  evaluating 
each  of  the  potential  failure  modes.  Each  design 
procedure  is  based  on  calculation  of  service  condi- 
tions in  the  component  under  field  conditions.  A 
Design  Ratio  (DR)  is  then  calculated  as  the  ratio 
of  the  limiting  performance  of  the  component 
based  on  laboratory  tests  to  the  actual  performance 
calculated  for  field  conditions.  Minimum  values  for 
DR  are  recommended  for  each  design  procedure. 
Specific  geosynthetic  material  properties  are  re- 
quired to  determine  the  DR  in  each  design  proce- 
dure. A  suggested  range  of  values,  based  on  avail- 
able data,  is  presented  for  each  material  property 
used.  Additionally,  a  summary  of  the  test  proce- 
dures in  evaluating  each  specific  material  property 
is  provided  in  the  manual.  Relevant  standards  for 
each  test  are  referenced  when  available.  (Author's 
abstract) 
W90-03762 


TECHNICAL  SUPPORT  DOCUMENT:  INCIN- 
ERATION OF  SEWAGE  SLUDGE. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-136592. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
1988.  670p,  19  fig,  14  tab,  37  ref,  6  append. 

Descriptors:  'Waste  treatment,  'Wastewater  treat- 
ment, 'Waste  management,  'Waste  disposal,  'In- 
cineration, 'Sludge  disposal,  Wastewater  disposal, 
Regulations,  Hydrocarbons,  Risk  assessment,  Ar- 
senic, Cadmium,  Chromium,  Nickel,  Lead,  Heavy 
metals. 

Incineration  is  not  technically  a  sludge  disposal  or 
use  method,  but  rather  a  treatment  method  that 
converts  sludge  into  an  ash,  which  is  then  disposed 
of  or  used.  Because  sludge  incineration  drastically 
reduces  the  volume  and  mass  of  residual  solid 
materials,  it  has  traditionally  been  regarded  as  a 
disposal  method.  Incineration  is  the  only  thermal 
process  widely  used  today.  Currently  applied  to 
20%  of  the  nation's  wastewater  sludge,  inciner- 
ation has  proved  to  be  an  effective  sludge  disposal 
technique.  A  significant  part  of  the  process  to 
develop  proposed  regulations  for  sewage  sludge 
incineration  was  formulating  the  methodology  to 
evaluate  the  risk  of  incinerator  emissions.  The  risk 
methodology  addresses  the  health  risks  associated 
with  sludge  incineration  practices.  It  contains  in- 
formation on  the  pathway  evaluated,  the  databases 
that  provided  information  on  sludge  incinerator 
facilities,  the  modeling  techniques  applied,  the  ex- 
posure criteria  and  assessment,  and  a  sample  calcu- 
lation. It  is  structured  to  allow  for  the  calculation 
of  technical  guidelines  for  sludge  incineration, 
based  on  the  potential  for  health  or  environmental 
impacts.  The  numeric  limits  for  metals  and  total 
hydrocarbons  are  based,  in  part,  on  risk-specific 
doses  (RSD).  For  a  given  pollutant,  an  RSD  is  the 
maximum  allowable  annual  increase  in  ground- 
level  ambient  air  concentration  when  sewage 
sludge  is  incinerated.  RSD  values  are  set  independ- 
ently of  any  background  concentrations.  The  oper- 
ation of  a  sewage  sludge  incinerator  involves  the 
interrelation  of  a  number  of  operating  variables 
that  must  be  controlled  to  ensure  satisfactory  oper- 
ation and  adequate  control  of  air  emissions.  The 
major  operating  variables  for  sludge  incinerators 
are:  combustion  and  operating  temperatures,  excess 
air  rate,  sludge  quality  and  feed  rate,  and  air  pollu- 
tion control  system  operating  parameters.  Each  of 


these  variables  can  have  a  profound  impact  on  the 
quantities  and  quality  of  emissions  from  sludge 
incinerators.  The  most  direct  procedure  for  select- 
ing appropriate  limitations  for  each  relevant  vari- 
able is  to  test  incinerator  systems  and  characterize 
the  acceptability  of  emissions.  The  ranges  of  the 
operating  parameters  observed  during  the  tests  can 
then  be  used  to  set  limits.  No  testing,  however,  is 
performed  on  sludge  incinerators  that  can  demon- 
strate compliance  with  the  sludge  pollutant  con- 
centrations when  using  the  reasonable  worst-case 
pollutant  control  efficiencies  for  metals.  (Lantz- 
PTT) 
W90-03766 


LIMITED    DEGRADATION    AS   A   GROUND- 
WATER QUALITY  POLICY. 

Army  Armor  Center,  Fort  Knox,  K.Y. 

For  primary  bibliographic   entry  see   Field   5G. 

W90-03774 


ABANDONED  WELLS,  INJECTION  WELLS, 
AND  SALTWATER  INJECTION:  POLICY  IM- 
PLICATIONS. 

Texas  Water  Quality  Board,  Austin.  Geological 
Services  Section. 
J.  W.  Mullican. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  30-34. 

Descriptors:  'Abandoned  wells,  'Underground 
waste  disposal,  'Disposal  wells,  'Water  pollution 
sources,  'Water  pollution  control,  'Waste  disposal, 
'Injection  wells,  'Saline  water,  'Water  pollution 
prevention,  'Public  policy,  Texas,  Injection  Well 
Act,  Disposal  Well  Act,  Permits,  Groundwater 
pollution,  Oil  wastes,  Water  rights,  Water  law, 
Brine  disposal. 

Subsurface  injection  of  aqueous  wastes  has  existed 
in  Texas  for  over  40  years.  In  order  to  assure  the 
protection  of  groundwater  from  the  injection  of 
wastes  into  the  subsurface  through  disposal  wells, 
the  Texas  legislature,  in  1961,  enacted  the  Injection 
Well  Act,  which  was  later  amended  as  the  Dispos- 
al Well  Act  and  codified  in  the  Texas  Water  Code. 
This  statute  prescribes  the  permitting  system  for 
subsurface  disposal  of  industrial  and  municipal 
wastes  and  produced  salt  water  in  Texas.  In  ac- 
cordance with  the  Act,  injection  of  industrial  and 
municipal  wastes  into  subsurface  strata  is  regulated 
by  the  Texas  Water  Quality  Board  (TWQB)  and 
the  Texas  Railroad  Commission,  with  the  latter 
being  responsible  for  wastes  resulting  from  oil  and 
gas  drilling  or  producing  activities.  Before  a  permit 
is  issued  by  the  commission  for  subsurface  disposal 
of  produced  salt  water,  an  evaluation  by  the 
TWQB  staff  is  made  to  assess  groundwater  impli- 
cations. The  TWQB,  in  administering  its  responsi- 
bilities under  the  Act,  believes  that  subsurface  in- 
jection is  a  practical  and  feasible  method  of  dispos- 
al of  certain  waste  when  the  overall  project  is 
properly  designed,  constructed,  operated,  and 
monitored.  State  law  allows  injection  only  if:  (1) 
the  installation  is  in  the  public  interest;  (2)  no 
existing  rights  will  be  impaired;  and  (3)  with 
proper  safeguards,  both  ground  and  surface  fresh 
waters  can  be  adequately  protected  from  pollution. 
Since  the  first  waste  disposal  well  permit  was 
issued  in  Texas  in  1961,  a  total  of  132  permits  have 
been  issued  for  industrial  and  municipal  injection 
wells.  Nearly  40  billion  gallons  of  waste  have  been 
disposed  of  into  these  wells  with  no  known  con- 
tamination of  fresh  or  usable  quality  groundwater. 
(See  also  W9O-03771)  (Lantz-PTT) 
W90-03776 


IMPOUNDMENTS  FOR  LIQUID  WASTES: 
POLICY  IMPLICATIONS. 

Maryland  Water  Resources  Administration,  An- 
napolis. 
A.  Schiffman. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 


ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  40-46. 

Descriptors:  'Waste  storage,  'Water  pollution  pre- 
vention, 'Waste  disposal,  'Wastewater  lagoons, 
'Industrial  wastewater,  'Reservoirs,  'Liquid 
wastes,  'Regulations,  Public  policy,  Organic  sol- 
vents, Safe  Drinking  Water  Act,  Resource  Conser- 
vation and  Recovery  Act,  Heavy  metals. 

A  public  policy  for  impoundments  (pits,  ponds, 
and  lagoons)  is  self-evident-impoundments  should 
work  for  intended  purposes  without  damaging  the 
environment.  The  'environment '  of  interest  here  is 
groundwater;  however,  ground  and  surface  waters 
are  inseparable,  especially  where  impoundments 
are  concerned.  For  groundwater,  these  issues  are 
being  addressed  in  two  recently  enacted  federal 
laws:  the  Safe  Drinking  Water  Act  (P.L.  93-523), 
which  deals  with  the  protection  of  underground 
sources  of  drinking  water;  and  the  Resource  Con- 
servation and  Recovery  Act  (P.L.  94-580),  which 
deals  with  hazardous  wastes.  Poison  pits  which  are 
used  to  dispose  of  hazardous  wastes  (such  as  or- 
ganic solvents  and  plating  waste  containing  Pb, 
Cd,  Ni,  CN,  As  and  Cr),  industrial  waste  treatment 
lagoons,  agricultural  impoundments,  sewage  treat- 
ment lagoons  (oxidation  ponds),  sediment  control 
impoundments,  and  miscellaneous  impoundments, 
are  examples  of  the  various  waste  disposal  im- 
poundments discussed  in  this  paper.  (See  also  W90- 
03771)  (Lantz-PTT) 
W90-03778 


LAND  APPLICATION  OF  WASTEWATER  AND 
RESIDUALS:  POLICY  IMPLICATIONS. 

Martin  (A.  W.)  Associates,  Inc.,  King  of  Prussia, 
PA. 

G.  H.  Emrich. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  75-W90,  7  fig,  4  tab,  10  ref. 

Descriptors:  'Water  pollution  control,  'Land  dis- 
posal, 'Wastewater  disposal,  'Sludge  disposal, 
•Groundwater  pollution,  'Public  policy.  Overland 
flow,  Infiltration,  Spray  irrigation,  Nutrients,  Site 
selection,  Groundwater  quality,  Water  pollution 
prevention,  Monitoring,  Mixing,  Wastewater  treat- 
ment, Municipal  wastewater,  Surface-groundwater 
relations. 

The  three  basic  methods  of  land  application  are  (1) 
overland  flow,  (2)  infiltration/percolation,  and  (3) 
irrigation.  Spray  irrigation  is  the  predominant  ap- 
plication method  used  today.  It  involves  the  appli- 
cation of  effluent  to  the  land  for  treatment  and  as  a 
means  of  returning  necessary  nutrients  to  plants. 
The  primary  consideration  in  selecting  a  site  for 
spray  irrigation  is  the  prevention  of  adverse  effects 
to  surface  and  groundwater  quality.  The  criteria  to 
be  evaluated  include  the  soils,  geology,  and 
groundwater  conditions  at  the  proposed  site.  A 
critical  point  is  the  decision  as  to  where  the 
groundwater  system  will  be  sampled  for  monitor- 
ing. Unless  a  mixing  zone  is  allowed  for  ground- 
water discharges,  many  land-treatment  systems 
may  be  eliminated  from  consideration.  Treatment 
of  wastewater  by  conventional  systems  generates 
significant  amounts  of  residuals  or  sludges.  There 
has  been  a  recent  movement  to  increase  the 
amount  of  residues  that  are  disposed  of  onto  the 
land.  Public  policy  or  concern  for  land  disposal  of 
sludges  has  been  minimal  except  for  large  munici- 
pal projects.  Although  no  distinct  policy  on 
groundwater  quality  protection  from  land  applica- 
tion has  yet  been  articulated,  the  existing  state 
policies  can  be  assessed  when  reviewing  the  oper- 
ation of  land-disposal  systems.  Land  disposal  and 
groundwater  quality  must  be  considered  together. 
(See  also  W90-03771)  (Lantz-PTT) 
W90-03781 


UNDERGROUND  INJECTION  PROGRAM 
UNDER  THE  NATIONAL  SAFE  DRINKING 
WATER  ACT. 

New  Mexico  State  Univ.,  Las  Cruces. 
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For  primary  bibliographic  entry   see  Field   5G. 
W9O-03782 


STATE  APPROACH  TO  GROUND-WATER 
QUALITY  PROTECTION:  THE  ILLINOIS  EX- 
PERIENCE. 

Illinois  State  Environmental  Protection  Agency, 
Springfield.  Div.  ->f  Land  Pollution  Control. 
For  primary  bibliographic  entry  see  Field   5G. 
W90-03785 


ONSITE  WASTEWATER  DISPOSAL. 

New      Mexico      Environmental      Improvement 

Agency,  Santa  Fe. 

R.  J.  Perkins. 

Lewis  Publishers,  Inc.,  Chelsea,  Michigan.   1989. 

251  p. 

Descriptors:  *Wastewater  disposal,  *On-site 
wastewater  treatment,  'Wastewater  treatment, 
Septic  tanks,  Site  selection,  Domestic  wastes,  Reg- 
ulations. 

Failed  onsite  household  wastewater  disposal  sys- 
tems are  becoming  an  increasing  problem  over 
much  of  the  country  as  homes  are  constructed  in 
rural  areas  unsuitable  for  conventional  onsite  sys- 
tems. The  homeowner  who  puts  in  an  expensive 
but  'environmentally  responsible'  system  may  be 
throwing  money  down  the  drain.  The  land  devel- 
oper who  sells  lots  in  these  areas  without  provid- 
ing a  warning  to  consumers  may  spend  some  time 
in  court.  The  book  presents  methods  of  proper 
septic  system  practices  suited  to  a  broad  range  of 
site  conditions,  and  the  reasons  for  using  them. 
Conventional  systems  discussed  include  deep  ab- 
sorption trenches,  seepage  pits,  cesspools,  and 
leaching  chambers.  Low  impact  systems  include 
evapotranspiration,  holding  tanks,  composting  toi- 
lets, grey  water  systems,  and  disinfection.  Potential 
problems,  both  with  the  system  components  and 
the  people  who  regulate  septic  systems,  are  de- 
scribed and  potential  solutions  provided.  Experi- 
ence throughout  the  U.S.,  with  respect  to  lot  size 
for  onsite  wastewater  disposal,  indicates  that  at 
least  a  3/4  acre  lot  is  needed  and  that  a  1-acre  lot  is 
more  adequate.  (Lantz-PTT) 
W90-03811 


LOW  TEMPERATURE  STRD?PING  OF  VOLA- 
TDLE  COMPOUNDS. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-03844 


BIOTECHNOLOGICAL  ADVANCES  IN  PROC- 
ESSING MUNICIPAL  WASTES  FOR  FUELS 
AND  CHEMICALS. 

For  primary  bibliographic  entry  see  Field  5D. 
W9O-O3850 


NUTREENT  REQUIREMENTS  FOR  ANAERO- 
BIC DIGESTION. 

Drexel  Univ.,  Philadelphia,  PA. 
R.  E.  Speece,  and  G.  F.  Parkin. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  195-221.  7  fig,  58  ref. 

Descriptors:  'Wastewater  treatment,  *Waste  treat- 
ment, 'Anaerobic  digestion,  'Sludge  digestion, 
'Nutrient  requirements,  'Biodegradation,  Limiting 
nutrients,  Municipal  wastewater,  Trace  elements, 
Volatile  acids,  Acetates,  Propionates,  Iron,  Cobalt, 
Nickel,  Iron. 

The  anaerobic  digestion  process  was  initially  engi- 
neered for  domestic  wastewater  sludges.  These 
sludges  generally  have  been  assumed  to  inherently 
provide  all  possible  nutrients  required  for  the 
growth  of  all  members  of  the  microbial  ecosystem 
responsible  for  anaerobic  digestion.  For  the  load- 
ing rates  and  solids  retention  times  in  common 
practice,  this  assumption  appears  to  be  validated  in 
most  cases  by  the  fact  that  the  process  operates 
satisfactorily  without  any  additional  supplementa- 
tion of  nutrients.  However,  even  with  domestic 


sludges,  malfunctioning  of  the  digestion  process 
has  been  reported.  In  addition,  there  is  evidence 
that  present  design  and  operational  practices  may 
have  been  forged  by  existing  nutrient  bioavailabi- 
lity limitations  within  domestic  wastewater 
sludges.  As  a  case  in  point,  stimulation  of  the 
acetate  and  propionate  utilization  rate  by  up  to 
100%  over  a  control  was  observed  in  eight  out  of 
thirty  municipal  sludge  digester  samples  supple- 
mented with  one  or  more  of  the  trace  metals  iron, 
cobalt,  and/or  nickel.  A  second  case  in  point  is 
that  iron  supplementation  to  a  municipal  sludge 
digested  having  a  chronically  high  volatile  acids 
concentration  of  about  4,000  mg/1,  resulted  in  a 
reduction  to  400  mg/1  within  ten  days.  Municipal 
solid  wastes  are  less  nutritionally  balanced  than 
domestic  wastewater  sludges.  Therefore,  even 
more  consideration  must  be  given  to  assure  that 
nutrient  bioavailability  is  not  limiting  the  overall 
process  of  anaerobic  digestion  of  municipal  wastes. 
(See  also  W9O-03850)  (Author's  abstract) 
W90-03863 


EFFECTS  OF  THE  ADDITION  OF  PROPIO- 
NATE AND  BUTYRATE  TO  THERMOPHILIC 
METHANE-PRODUCING  DIGESTERS. 

Florida  Univ.,  Gainesville.  Dept.  of  Microbiology 
and  Cell  Science. 

J.  M.  Henson,  F.  M.  Bordeaux,  and  P.  H.  Smith. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  235-246.  7  fig,  2  tab,  8  ref. 

Descriptors:  'Wastewater  treatment,  'Anaerobic 
digestion,  'Sludge  digestion,  'Methane,  'Butyr- 
ates,  'Propionates,  Acetates,  Comparison  studies. 

The  effects  of  increased  levels  of  propionate  and 
butyrate  on  thermophilic  bench-top  digesters  were 
studied  by  continuous  infusion  of  these  fatty  acids, 
in  addition  to  the  regular  daily  feed,  into  3.6  liter 
digesters.  When  butyrate  was  added  at  the  rate  of 
10  micromol/ml  sludge  per  day,  it  did  not  accumu- 
late. The  production  of  biogas  (methane  and 
carbon  dioxide)  increased  by  150%.  Percent  meth- 
ane in  the  biogas  increased  from  56%  to  63%. 
Acetate  and  propionate  concentrations  in  the 
sludge  increased  from  4  to  35  micromol/ml  and  0.5 
to  3.3  micromol/ml,  respectively.  When  the  addi- 
tion of  butyrate  was  increased  to  15  micromol/ml 
sludge  per  day,  digestion  remained  stable  with 
elevated  concentrations  of  acetate  (150  micromol/ 
ml  sludge)  and  propionate  (25  micromol/ml 
sludge).  Daily  production  of  methane  was  5.2  liters 
versus  3.2  liters  in  a  control  digester.  Butyrate 
accumulated  to  only  10%  of  the  cumulative  added 
butyrate.  A  second  thermophilic  digester  was  in- 
fused with  propionate  at  the  rate  of  10  micromol/ 
ml  sludge  per  day.  Propionate  accumulated  in  this 
digester  parallel  to  the  total  propionate  added  for 
40  days  (two  hydraulic  detention  times).  Propio- 
nate concentrations  then  decreased  until  they 
reached  about  30%  of  the  total  added  propionate 
at  day  100.  Biogas  production  and  methane  pro- 
duction was  only  slightly  higher  than  control  di- 
gesters. (See  also  W90-03850)  (Author's  abstract) 
W90-03865 


GASIFICATION  OF  CONCENTRATED  PAR- 
TICULATE AND  SOLID  SUBSTRATES  BY  BI- 
PHASIC  ANAEROBIC  DIGESTION. 

Institute  of  Gas  Technology,  Chicago,  IL. 

For  primary  bibliographic   entry   see  Field   5D. 

W90-03868 


NEW  CONCEPT  FOR  THE  PRODUCTION  OF 
HIGH-BTU  GAS  FROM  ANAEROBIC  DIGES- 
TION. 

Gas  Research  Inst.,  Chicago,  IL. 
T.  D.  Hayes,  and  H.  R.  Isaacson. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  355-374.  7  fig,  2  tab,  24  ref. 

Descriptors:  'Waste  treatment,  'Wastewater  treat- 
ment, 'Anaerobic  digestion,  'Methane,  'Municipal 
wastes,  'Waste  recovery,  'Carbon  dioxide,  Model 
studies,  Solubility,  Economic  aspects,  Separation 


techniques. 


A  major  economic  consideration  in  the  use  of 
anaerobic  digestion  to  convert  municipal  wastes  to 
pipeline  quality  methane  and  commercial  grade 
C02  is  the  cost  of  separating  C02  from  the  prod- 
uct gas.  Physical/chemical  processing  for  upgrad- 
ing digester  gas  (55-65%  CH4)  to  a  methane  gas 
stream  meeting  Gas  Industry  specifications  (lesser 
than  or  equal  to  95%  CH4)  is  costly  with  estimates 
typically  ranging  from  $1.5O-3.O0/mmBtu.  Certain 
anaerobic  digestion  process  designs  have  the  po- 
tential of  achieving  higher  methane  concentrations 
in  the  product  gas  thereby  reducing  gas  cleanup 
costs.  There  are  at  least  three  inherent  features  that 
make  anaerobic  digestion  uniquely  suited  to  gas 
separations:  1)  the  presence  of  a  gas/liquid  inter- 
face, 2)  the  phased  production  and  utilization  of 
volatile  acids,  and  3)  the  capability  of  anaerobic 
bacteria  to  produce  methane  against  elevated  gas 
pressures.  Because  the  solubility  of  C02  in  water  is 
many  times  greater  than  that  of  methane,  it  should 
be  possible  to  develop  reactor  schemes  capable  of 
achieving  efficient  separations  of  these  two  gases. 
An  equilibrium  model  has  been  developed  that 
predicts  the  methane  and  C02  content  of  the  prod- 
uct gas  of  a  steady  state  digester  as  a  function  of 
commonly-measured  influent  and  effluent  param- 
eters. This  model,  when  tested  with  existing  reac- 
tor data,  showed  good  correlation  between  pre- 
dicted and  observed  values  for  methane  content. 
On  the  basis  of  the  model  and  the  literature,  a  two- 
stage,  pH-swing/pressure-swing  digestion  scheme 
has  been  conceptualized  that  has  the  potential  of 
directly  producing  pipeline-quality  methane  and 
high-grade  C02  from  municipal  wastes  and  bio- 
mass.  (See  also  W90-03850)  (Author's  abstract) 
W90-03870 


BIOCONVERSION  OF  MUNICIPAL  SOLID 
WASTE  AND  SEWAGE  SLUDGE  TO  ETHA- 
NOL. 

Southern  Research  Inst.,  Birmingham,  AL. 
D.  R.  Coleman,  T.  J.  Laughlin,  M.  V.  Kilgore,  C. 
L.  Lishawa,  and  W.  E.  Meyers. 
IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  407-417.  4  fig,  3  tab,  8  ref. 

Descriptors:  'Wastewater  treatment,  'Waste  treat- 
ment, 'Municipal  wastes,  'Solid  wastes,  'Alco- 
hols, Biotransformation,  Separation  techniques, 
Hydrolysis,  Economic  aspects. 

A  system  for  the  byconversion  of  municipal  solid 
waste  (MSW)  and  sewage  sludge  to  ethanol  was 
investigated.  The  system  has  three  primary  compo- 
nents: MSW  processing/fractionation,  cellulose 
hydrolysis  to  fermentable  products,  and  fermenta- 
tion/distillation. The  novel  pretreatment  process 
developed  in  this  study  effectively  separated  the 
organic  and  inorganic  fractions  of  unsorted  MSW. 
The  processed  material  was  fractionated  into 
overs,  middles,  and  fines.  The  overs  were  primari- 
ly bottles  and  cans.  The  middles  were  mostly  or- 
ganic. When  recycled  through  the  MSW  unit, 
about  70%  of  the  total  mass  came  out  in  the  fines 
fraction  which  was  a  soggy  mass  of  organic  mate- 
rial. The  cellulose  in  the  organic  fraction  was 
readily  hydrolyzed  to  glucose  by  enzymatic  and 
acid  hydrolysis  processes.  This  material  was  dem- 
onstrated to  be  fermentable.  The  overall  yield  was 
about  40  gallons  of  ethanol  per  ton  MSW  (as 
received).  Our  economic  analyses  indicate  that  a 
plant  processing  1500  tons  of  MSW  per  day  would 
require  a  $90,000,000  capital  outlay  and  that  the 
breakeven  price  of  ethanol  would  be  $1.50  per 
gallon  (based  on  ethanol  production  alone).  (See 
also  W90-03850)  (Author's  abstract) 
W90-03871 


CHEMICAL  AND  MICROBIOLOGICAL  ANAL- 
YSIS OF  AVELEY  LANDFILL,  ENGLAND. 

BioTechnica  Ltd.,  Cardiff  (Wales). 
J.  F.  Rees. 

IN:  Biotechnological  Advances  in  Processing  Mu- 
nicipal Wastes  for  Fuels  and  Chemicals.  Noyes 
Data  Corporation,  Park  Ridge,  New  Jersey.  1987. 
p  465-474.  4  fig,  2  tab,  8  ref. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5E— Ultimate  Disposal  Of  Wastes 


Descriptors:  •Landfills,  *Solid  waste  disposal, 
'England,  *Land  disposal,  'Waste  treatment,  Aer- 
obic digestion,  Anaerobic  digestion,  Methane, 
Groundwater,  Leachates. 

Aveley  is  a  very  bioreactive  landfill  as  judged  by 
the  criteria  of  gas  production  rates,  leachate  com- 
position and  refuse  solids  composition.  This  is  to  be 
expected  as  the  landfill  possesses  a  high  water 
content.  However,  it  is  also  clear  that  at  Aveley 
the  removal  of  volatile  fatty  acids  from  leachate  is 
well  established.  This  can  also  be  correlated  with 
lower  S04(--)  concentrations.  In  fact,  the  Aveley 
leachate  is  most  unusual  in  containing  virtually 
zero  concentration  of  volatile  fatty  acids.  Aveley 
temperatures  ranging  from  37-45  degrees  C  are 
also  high  and  suitable  for  good  microbial  activity. 
The  early  initiation  of  methanogenesis  and  the 
concomitant  development  of  a  good  quality  leach- 
ate at  Aveley  can  be  accounted  for  in  terms  of 
landfill  engineering.  Major  factors  favoring  the 
establishment  of  this  bio-reactive  landfill  are  the 
following:  (1)  Refuse  placed  with  minimal  interme- 
diate soil  cover,  (2)  Refuse  placed  in  a  large  oper- 
ational area  so  that  it  was  exposed  to  aerobic 
conditions  at  the  surface  for  9  months  to  1  year 
before  being  covered  with  more  refuse,  (3)  The 
lateral  movement  of  groundwater  in  the  site,  and 
(4)  Upward  migration  of  groundwater/leachate 
from  the  base  of  the  site.  These  conclusions  are 
based  on  various  field,  lysimeter,  and  laboratory 
studies  which  showed  the  importance  of  partial 
aerobic  processes  and  water  movement  on  the 
rapid  initiation  of  methanogenesis.  (See  also  W90- 
03850)  (Author's  abstract) 
W90-03872 


STRATIGRAPHY  OF  THE  UNSATURATED 
ZONE  AT  THE  RADIOACTIVE  WASTE  MAN- 
AGEMENT COMPLEX,  IDAHO  NATIONAL 
ENGINEERING  LABORATORY,  D3AHO. 

Geological  Survey,  Idaho  Falls,  ID.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-03876 


STOCHASTIC    DESIGN    OF    WASTEWATER 
STORAGE  FOR  LAND  APPLICATION. 

Texas  Univ.,  Austin.  Center  for  Research  in  Water 

Resources. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-03892 


SODL  PHASE  PHOTODEGRADATION  OF 
TOXIC  ORGANICS  AT  CONTAMINATED  DIS- 
POSAL SITES  FOR  SODL  RENOVATION  AND 
GROUNDWATER  QUALITY  PROTECTION. 

Utah  Water  Research  Lab.,  Logan. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-03893 


MUNICIPAL  SOLID  WASTE  MANAGEMENT 
IN  GEORGIA,  POLICY  ALTERNATIVES. 

Georgia  Univ.,  Athens.  Carl  Vinson  Inst,  of  Gov- 
ernment. 

For  primary  bibliographic  entry  see  Field   5G. 
W90-03895 


GEOHYDROLOGICAL  RESEARCH  IN  RELA- 
TION TO  RADIOACTIVE  WASTE  DISPOSAL 
IN  AN  AGRDLLACEOUS  FORMATION. 

Centre  d'Erude  de  l'Energie  Nucleaire,  Mol  (Bel- 
gium). 

For  primary  bibliographic  entry  see  Field  2F. 
W90-03906 


CSO  PARTNERSmP:  CTITES  JOIN  FORCES 
ON  COMBINED  SEWERS. 

Greeley  and  Hansen,  Camp  Springs,  MD. 

M.  M.  Oakley,  and  C.  F.  Foster. 

Water  Environment  and  Technology,  Vol.  1,  No. 

3,  p  408-411,  November  1989. 

Descriptors:  'Wastewater  treatment,  'Combined 
sewer  overflows,  'Governmental  interrelations, 
•Regulations,  Policy  making,  Storm  runoff,  Na- 
tional League  of  Cities,  CSO  Partnership,  Legisla- 
tion, Management  planning,  Lobbying. 


Combined  sewer  overflows  (CSOs)  are  a  combina- 
tion of  untreated  domestic  wastewater  and  storm- 
water  runoff  that  washes  into  sewers.  CSOs  exist  in 
older  sewer  systems  that  carry  both  domestic 
wastewater  and  stormwater  runoff  in  the  same 
pipe.  During  dry  weather,  properly  functioning 
CSOs  carry  all  the  sanitary  flow  to  wastewater 
treatment  plants,  but  during  storms  the  combined 
flow  may  exceed  the  sewer  system  and  wastewater 
treatment  plant  capacity  and  cause  direct  discharge 
of  untreated  effluent  into  surface  water  at  overflow 
points  within  the  system.  The  CSO  Partnership  is  a 
group  formed  under  the  aegis  of  the  National 
League  of  Cities  with  the  aim  of  achieving  flexible 
regulatory  policies  to  permit  dealing  with  the  CSO 
problem  in  an  affordable  manner.  The  1988  EPA 
Needs  Survey  Report  to  Congress  found  that  more 
than  1,100  collection  systems  around  the  country, 
serving  approximately  40  million  people,  have 
CSOs.  At  the  June  1989  CSO  Partnership  meeting, 
a  strategy  was  developed  that  included  the  follow- 
ing items:  increase  membership;  educate  member 
cities  of  the  need  to  develop  CSO  control  plans; 
identify  organizations  possibly  interested  in  sharing 
the  lobbying  effort;  define  a  strategy  for  obtaining 
sufficient  funding  for  CSO  control  through  grants 
and  other  means;  identify,  define,  and  adopt  a 
position  on  legislation  for  CSOs;  track  legislation 
related  to  CSOs  and  participate  in  its  formulation; 
identify,  define,  and  adopt  a  position  on  the  regula- 
tion of  CSOs  and  make  recommendations  to  EPA; 
and  develop  a  mission  statement  that  is  consistent 
with  the  Partnership's  positions  on  legislation,  reg- 
ulation, and  grant  funding.  (Rochester-PTT) 
W90-03954 


DISCHARGE  OF  BACTERIA  RESISTANT  TO 
HEAVY  METALS  FROM  SEWAGE  EFFLUENT 
INTO  FRESHWATER. 

Freshwater    Biological    Association,     Ambleside 

(England). 

R.  W.  Pickup. 

Aqua   AQUAAA,    Vol.    38,    No.    4,   p   230-235, 

August  1989.  3  fig,  2  tab,  25  ref. 

Descriptors:  'Water  pollution  effects,  'Bacteria, 
•England,  'Heavy  metals,  'Wastewater  disposal, 
Wastewater  treatment,  Church  Beck,  Sulfates, 
Plasmids,  Effluents,  Heavy-metal  resistance,  Lakes, 
Enterobacter. 

Bacteria  resistant  to  10  micromolar  (mM)  sulfate 
were  examined  in  streams  originating  from  an 
abandoned  copper  mining  area  (Church  Beck, 
Coniston  Fells,  Cumbria,  England).  Throughout 
the  stream  system,  low  numbers  of  copper-resistant 
bacteria  were  isolated  (0-23  colony-forming  units/ 
100  ml).  These  numbers  increased  10-fold  to  100- 
fold  in  the  last  200-m  section  of  the  stream,  at  or 
close  to  its  inflow  into  Coniston  Water.  Further 
examination  of  these  bacteria,  and  those  tentatively 
identified  as  being  members  of  the  family  Entero- 
bacteriaceae,  revealed  that  multiple  resistances  to 
heavy  metals  were  common.  In  some  cases  the 
resistance  was  found  to  be  plasmid-mediated.  The 
increase  in  resistant  bacteria  correlated  with  high 
numbers  of  similar  bacteria  being  discharged  from 
a  sewage  effluent  pipe.  This  may  represent  a  major 
route  for  the  input  of  heavy-metal  resistance  into 
the  lake.  (Author's  abstract) 
W90-03964 


DESIGN  OF  A  HYDRODYNAMIC  LEACHATE 
CONTAINMENT  SYSTEM. 

Saskatchewan  Univ.,  Saskatoon.  Dept.  of  Civil  En- 
gineering. 

M.  D.  Haug,  D.  J.  L.  Forgie,  and  S.  L.  Barbour. 
Canadian  Journal  of  Civil  Engineering  CJCEB8, 
Vol.  16,  No.  5,  p  615-626,  October  1989.  20  fig,  14 
ref. 

Descriptors:  'Water  pollution  control,  'Water  pol- 
lution prevention,  'Landfill  linings,  'Seepage  con- 
trol, 'Sanitary  landfills,  'Water  table,  'Hydrodyn- 
amics, 'Leachates,  'Influent  seepage,  Design  crite- 
ria, Linings,  Finite  element  method,  Seepage, 
Mathematical  models,  Soil  compaction,  Sanitary 
engineering. 

This  design  concept  for  a  case  study  sanitary  land- 
fill on  a  site  would  not  normally  have  been  ap- 


proved due  to  the  presence  of  a  high  water  table. 
In  this  design,  the  base  of  the  landfill  was  inten- 
tionally placed  below  the  water  table.  A  massive 
2.5  m  wide,  2.5  m  high  cutoff  wall  and  a  0.3  m 
thick  liner  with  hydraulic  conductivities  of  ap- 
proximately 0.5  nm/sec  were  constructed  of  re- 
compacted  glacial  till  to  limit  both  groundwater 
intrusion  into  the  landfill  and  leachate  migration 
out  of  the  landfill.  In  this  case  study,  the  landfill 
base  was  placed  below  the  water  table  to  provide  a 
relatively  inexpensive  source  of  cover  material  and 
to  use  the  hydrodynamic  gradient  from  the  high 
water  table  to  help  contain  the  leachate.  Finite 
element  modeling  was  performed  for  the  seepage 
and  contaminant  transport  of  alternate  designs  for 
lined  and  unlined  landfills,  placed  above  and  below 
the  groundwater  table.  The  results  confirm  a  previ- 
ous, less-sophisticated  estimation  that  placing  a 
lined  landfill  below  the  groundwater  table  has  defi- 
nite advantages  in  reducing  both  leachate  seepage 
and  contaminant  transport.  (Author's  abstract) 
W90-04019 


ELIMINATING    SURPLUS    URBAN    SLUDGE 

BY     THE     FERTILIZATION     OF     FORESTS 

(ELIMINATION   DES   BOUES   RESIDUAIRES 

URBAINES  PAR  LA  FERTILISATION  SYLVI- 

COLE). 

Institut   National   de   la   Recherche   Scientifique, 

Sainte-Foy  (Quebec). 

D.  Couillard. 

Canadian  Journal  of  Civil  Engineering  CJCEB8, 

Vol.  16,  No.  5,  p  650-660,  October  1989.  4  fig,  8 

tab,  41  ref.  English  summary. 

Descriptors:  'Waste  disposal,  'Sludge  disposal, 
•Sludge  utilization,  *Waste  management,  •Fertiliz- 
ers, •  Solid  wastes,  Municipal  wastes,  Sludge  dis- 
posal, Forests,  Trees. 

Governments  have  initiated  wastewater  treatment 
programs  to  solve  the  problem  of  water  pollution. 
The  goal  is  commendable,  but  the  inevitable  result 
is  the  production  of  sewage  sludge  that  can  be 
considered  waste.  If  it  is  buried,  incinerated,  or 
discharged  into  the  sea,  the  problem  is  not  solved, 
just  postponed.  Moreover,  a  potentially  useful  sub- 
stance has  been  wasted.  The  only  promising  solu- 
tion is  the  transformation  of  sewage  sludge  into 
fertilizers.  This  study  shows  that  sewage  sludge 
produced  by  water  treatment  plants  can  be  used  as 
an  efficient  forest  fertilizer  which  increases  the  size 
and  height  of  trees.  The  fertilization  of  larch  trees 
in  greenhouses  using  anaerobic  sludge  from  the 
Valcartier  Wastewater  Treatment  Plant  resulted  in 
a  300%  increase  in  height  and  210%  increase  in 
diameter  after  1 19  days.  (Author's  abstract) 
W90-04020 


EXPLANATION  FOR  THE  APPARENT 
LOSSES  OF  METALS  IN  A  LONG-TERM 
FTELD  EXPERIMENT  WITH  SEWAGE 
SLUDGE. 

Rothamsted     Experimental     Station,     Harpenden 
(England).  Inst,  of  Arable  Crops  Research. 
S.  P.  McGrath,  and  P.  W.  Lane. 
Environmental  Pollution  ENPOEK,  Vol.  60,  No. 
3-4,  p  235-256,  1989.  7  fig,  4  tab,  30  ref. 

Descriptors:  *Sludge  disposal,  *Soil  contamina- 
tion, •Heavy  metals,  •Model  studies,  •Leaching, 
Path  of  pollutants,  Soil  profiles,  Accumulation, 
Soil  horizons,  Zinc,  Cadmium,  Copper,  Nickel, 
Chromium,  Lead. 

Large  losses  of  metals  applied  to  soil  in  metal- 
contaminated  sewage  sludge  have  been  reported. 
The  potential  pathways  of  loss,  including  lateral 
movement  from  treated  plot  areas,  have  not  been 
examined.  A  field  experiment,  which  started  in 
1942,  was  investigated  to  determine  the  amount  of 
lateral  movement  of  zinc,  cadmium,  copper,  nickel, 
chromium  and  lead  due  to  conventional  cultivation 
processes.  A  two-dimensional  dispersion  model 
(i.e.  movement  of  soil  due  to  cultivation)  fitted 
well  to  the  observed  movement  of  metals,  and 
gave  coefficients  for  movement  of  0.24  and  0.13  sq 
m  per  tillage  operation  in  dimensions  parallel  or 
perpendicular  to  the  direction  of  ploughing,  re- 
spectively. For  testing  purposes,  the  model  was 
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used  to  predict  the  concentrations  of  metals  in 
specific  areas  of  a  plot  or  average  concentrations 
for  whole  plots  at  different  points  in  time.  The 
concentrations  measured  in  soil  samples  agreed 
well  with  the  predicted  values.  Finally,  the  model 
was  also  used  to  estimate  the  proportion  of  the 
metal  load  applies  between  1942  and  1961  that 
remained  in  the  0-27  cm  cultivated  layer  in  1985. 
About  80%  was  accounted  for:  this  large  recovery 
is  of  great  relevance  to  the  long-term  disposal  of 
metal-contaminated  wastes  to  land.  Detailed  analy- 
ses of  soil  profile  samples  showed  that  approxi- 
mately 1%  of  the  metals  applied  had  moved  3.5  cm 
below  the  plough  layer  or  less,  but  there  was  no 
evidence  of  accumulation  of  metals  in  deeper  hori- 
zons down  to  46  cm.  These  results  are  discussed  in 
relation  to  the  other  potential  losses  of  metals  in 
the  experiment.  (Author's  abstract) 
W90-04044 


DEWATERING  CHARACTERISTICS  OF  ACTI- 
VATED SLUDGES  AND  EFFECT  OF  EXTRA- 
CELLULAR POLYMER. 

Osaka  Univ.  (Japan).  Faculty  of  Engineering. 
For  primary  bibliographic   entry  see   Field   5D. 
W90-04057 


COMPUTER  PROGRAM  DESIGN  FOR  LAND 
TREATMENT  SYSTEMS. 

Clemson  Univ.,  SC. 

R.  K.  White,  and  A.  Jantrania. 

Biocycle  BCYCDK,  Vol.  30,  No.  10,  p  66-67,  Oct 

1989. 

Descriptors:  *Land  disposal,  *Waste  disposal, 
•Sludge  utilization,  'Computer  programs,  Munici- 
pal Sludge  Land  Application  eXpert  System,  Mu- 
nicipal wastes,  Agriculture. 

Expert  Systems  is  a  computer  program  that  has 
built  into  it  the  knowledge  and  capabilities  to  emu- 
late the  problem  solving  skills  of  a  human  expert  in 
a  specific  domain.  Expert  Systems  can  be  updated 
on  a  regular  basis,  for  example,  to  reflect  changes 
in  regulations  that  follow  the  current  EPA  review 
of  beneficial  sludge  use.  Municipal  Sludge  Land 
Application  eXpert  System  (MuSLAXS)  is  an 
expert  system  developed  for  site  assessment  and 
design  analysis  of  municipal  sludge  application  on 
agricultural  land.  The  system  has  knowledge  on 
the  technical  and  regulatory  aspects  of  sludge  land 
application  and  an  understanding  of  soil-plant  sys- 
tems for  South  Carolina.  It  can  be  effectively  used 
outside  that  state  with  modifications  to  incorporate 
specific  regulations  on  land  treatment  and  soil  and 
crop  database.  MuSLAXS  will  calculate  the  sludge 
application  rate  based  on  nitrogen  requirements  of 
the  crop.  It  determines  annual  loading  of  heavy 
metals  at  the  agronomic  rate  and  compares  the 
annual  loading  of  heavy  metals  against  the  maxi- 
mum allowed,  based  on  the  soil  assimilative  capac- 
ity. If  the  annual  loading  of  all  metals  of  concern 
are  within  10%  of  the  maximum  cumulative  limit, 
then  it  uses  the  agronomic  rate  to  calculate  the  rest 
of  the  design  parameters.  If  the  annual  loading  of 
any  of  the  metals  exceeds  the  limit,  then  it  deter- 
mines which  metal  or  metals  are  applied  in  excess 
of  the  annual  application  limit,  by  what  percentage 
the  metal  content  of  the  sludge  should  be  reduced 
in  order  to  allow  the  sludge  application  at  the 
agronomic  rate,  and  by  what  percent  the  agronom- 
ic rate  of  the  sludge  application  should  be  reduced 
to  limit  the  heavy  metal  loadings.  (Mertz-PTT) 
W90-04086 


HEAVY  METAL  CONCENTRATIONS  DURING 
TEN  YEARS  OF  SLUDGE  TREATMENT  TO  AN 
OLD-FTELD  COMMUNITY. 

Indiana  Univ.,  Bloomington.  School  of  Public  and 

Environmental  Affairs. 

M.  B.  Levine,  A.  T.  Hall,  G.  W.  Barrett,  and  D.  H. 

Taylor. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

18,  No.  4,  p  411-418,  October-December  1989.  5 

fig,  2  tab,  32  ref.  USEPA  grants  R-807370-01  and 

R-812385-01. 

Descriptors:  *Bioaccumulation,  *Fate  of  pollut- 
ants, 'Sludge  disposal,  'Heavy  metals,  'Cadmium, 
'Zinc,  'Lead,  'Copper,  Sludge. 


Heavy  metal  concentrations  were  determined  in 
three  trophic  levels  of  an  old-field  community 
treated  for  10  consecutive  years  with  sewage 
sludge.  Cadmium  concentrations  were  highest 
each  year  in  soils,  vegetation,  meadow  vole  livers, 
and  earthworms  from  sludge-treated  plots.  Mean 
Cd  concentrations  in  sludge  decreased  from  59.0 
mgAg  in  1978  to  19.8  mgAg  in  1987,  whereas  Cd 
concentrations  in  soil  increased  from  1.13  mg/kg  in 
1979  to  1.94  mgAg  in  1987.  Plant  species  in  sludge 
plots  had  significantly  higher  Cd  concentrations 
than  those  collected  from  fertilizer  treated  or  con- 
trol plots.  No  yearly  increase  in  Cd  content  was 
observed  in  meadow  vole  livers  or  kidneys.  Cad- 
mium concentrations  in  earthworms  were  signifi- 
cantly greater  in  1981  than  in  1987.  Copper  con- 
centrations were  highest  in  soils,  giant  foxtail,  and 
earthworms  from  sludge-treated  plots.  Mean  Cu 
concentrations  in  sludge  ranged  from  320.0  mg/kg 
in  1978  to  380.6  mgAg  in  1984.  Copper  concentra- 
tions in  soil  ranged  from  14.7  mgAg  in  1979  to 
36.9  mgAg  in  1986.  Vegetation  in  sludge  plots 
concentrated  Cu  less  than  vegetation  in  fertilizer 
or  control  plots.  Cu  concentrations  in  meadow 
vole  liver  and  kidney  decreased  between  1978  and 
1987.  Copper  concentration  in  earthworms  ranged 
from  17.1  mgAg  in  1981  to  23.0  mgAg  in  1987. 
Although  Pb  concentrations  in  sludge  declined 
between  1978  and  1987,  mean  Pb  concentrations  in 
soil  increased  between  1979  and  1986.  However, 
only  giant  foxtail  in  sludge-treated  plots  signifi- 
cantly concentrated  Pb.  Mean  Pb  concentrations  in 
earthworms  ranged  from  8.06  mgAg  in  1986  to 
16.8  mgAg  in  1987.  Mean  Zn  concentrations  in 
sludge  ranged  from  865.8  mgAg  in  1987  to  1281.0 
mgAg  in  1984.  Zinc  concentrations  in  soils  in- 
creased between  1979  and  1987.  Zinc  concentra- 
tions in  earthworms  decreased  between  1981  and 
1987.  The  detritivore  trophic  level  bioconcentrated 
heavy  metals  more  than  producer  or  primary  con- 
sumer levels.  (Mertz-PTT) 
W90-04100 


BEHAVIOR  OF  AROMATIC  SURFACTANTS 
AND  PCBS  IN  SLUDGE-TREATED  SOIL  AND 
LANDFILLS. 

Venice  Univ.  (Italy).  Dept.  of  Environmental  Sci- 
ence. 

A.  Marcomini,  P.  D.  Capel,  T.  Lichtensteiger,  P. 
H.  Brunner,  and  W.  Giger. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 
18,  No.  4,  p  523-528,  October-December  1989.  2 
fig,  2  tab,  36  ref. 

Descriptors:  'Sludge  disposal,  'Landfills,  'Biode- 
gradation,  Organic  carbon,  Surfactants,  Polychlo- 
rinated  biphenyls. 

The  aromatic  surfactant  linear  alkylbenzenesul- 
phonate  (LAS)  and  the  refractory  biointermediates 
of  nonlyphenol  polyethoxylates,  namely  nonyl- 
phenol,  nonylphenol  monoethoxylate  and  nonyl- 
phenol  diethoxylate,  together  with  polychlorinated 
biphenyls  (PCBs)  and  organic  carbon,  were  deter- 
mined in  sludge-treated  soil  at  19  time  intervals 
during  a  1-year  period  after  sludge  application. 
The  initial  concentrations  of  LAS  nonlyphenol, 
nonlyphenol  monoethoxylate,  and  nonylphenol 
diethoxylate  in  the  amended  soil  were  45,  4.7,  1.1 
and  0.1  mgAg  (dry  weight);  the  residual  mean 
concentrations,  320  days  after  the  last  sludge  appli- 
cation were  5  mgAg  for  LAS  0.5  mgAg  for 
nonlypnenol,  0.1  for  nonlyphenol  monoethoxylate, 
and  0.01  mgAg  for  nonylphenol  diethoxylate.  All 
of  the  aromatic  surfactants  demonstrated  a  very 
fast  decrease  in  concentrations  (greater  than  80% 
within  the  first  month),  presumably  due  to  biode- 
gradation,  but  all  of  them  exhibited  a  residual 
concentration  in  the  soil  after  320  days.  Total 
PCBs  and  organic  carbon  showed  no  significant 
soil  concentration  changes,  within  the  error  of 
analysis,  over  this  same  1-year  period.  The  pattern 
of  PCBs  congeners  also  demonstrated  no  substan- 
tial changes,  indicating  that  they  all  behave  very 
similarly.  The  LAS  and  PCBs  were  also  measured 
in  samples  from  dated  ponds  of  four  sludge-only 
landfills  that  were  in  use  at  different  times  over  the 
past  30  years.  The  increase  in  the  use  of  LAS  and 
decrease  in  the  open  use  of  PCBs  was  reflected  in 
the  sludge  pond  concentrations  at  one  site  where 
there  was  a  continuous  record  from  1972  to  1986. 
(Author's  abstract) 


W90-04109 

CONSIDERATIONS  FOR  CAPPING  SUBA- 
QUEOUS DREDGED  MATERIAL  DEPOSITS. 

Coastal  Planning  and  Engineering,  Inc.,  Sarasota, 

FL. 

C.  L.  Truitt,  J.  E.  Clausner,  and  T.  N.  McLellan. 

Journal  of  Waterway,   Port,  Coastal  and  Ocean 

Engineering  (ASCE)  JWPED5,  Vol.  115,  No.  6,  p 

741-759,  Nov  1989.  5  fig,  1  tab,  34  ref,  append. 

Descriptors:  'Dredging  wastes,  'Waste  disposal, 
•Ocean  dumping,  Capping,  Design  criteria,  Spoil 
banks. 

Capping  is  the  controlled,  accurate  placement  of 
contaminated  dredged  material  at  a  disposal  site 
that  is  covered  by  a  cap  of  clean  isolating  material. 
Capping  projects  are  typically  categorized  as 
either  level-bottom  placement  or  contained  aquatic 
disposal.  Field  experience  with  subaqueous  cap- 
ping is  limited,  but  11  sites  have  been  identified 
where  the  technique  has  been  applied.  Site  selec- 
tion considerations  for  capping  projects  are  similar 
to  those  for  any  open-water  disposal.  At  least  five 
considerations  can  be  identified  that  are  important 
in  evaluating  the  engineering  acceptability  of  a 
proposed  open-water  dredged  material  disposal 
site:  bathymetry,  currents,  average  water  depths, 
salinity /temperature  stratifications,  and  operational 
requirements  such  as  location,  distance,  surface  sea 
state,  etc.  The  design  of  the  cap  requires  a  two-fold 
approach.  It  must  result  in  a  capping  layer  with 
properties  and  thickness  such  that  it  functions  as  an 
adequate  isolating  seal,  yet  the  layer  must  remain 
unbroken  and  resist  resuspension  and  transport  by 
the  bottom  shear  stress  at  the  site.  Equipment  and 
techniques  for  placing  both  dredged  material  and 
cap  should  consider  the  objectives  of  control  and 
accuracy.  Technologies  such  as  the  submerged  dif- 
fuser  are  available  to  provide  controlled  accurate 
placement  and  to  accomplish  the  additional  benefit 
of  isolating  the  material  from  the  water  column 
during  descent.  Monitoring  is  an  important  aspect 
of  construction  verification  and  site  management. 
(Mertz-PTT) 
W90-04111 


DEVELOPING  ALTERNATIVES  TO  LAND- 
FILLS. 

G.  A.  Davis. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  45-49,  1  tab. 

Descriptors:  'Landfills,  'Groundwater  pollution, 
•Water  pollution  prevention,  *Waste  management, 
•Hazardous  wastes,  Regulations,  Education,  Cali- 
fornia, Management  planning,  Recycling,  Detoxifi- 
cation, Denmark,  West  Germany,  Austria,  Federal 
jurisdiction. 

There  are  two  aspects  to  the  threat  of  hazardous 
waste  to  groundwater:  old  disposal  sites  and  new 
sites.  New  sites  area  a  problem  because  80%-90% 
of  all  hazardous  waste  is  put  in  the  ground.  The 
Resource  Conservation  and  Recovery  Act 
(RCRA)  regulates  the  generation,  transport,  stor- 
age, treatment,  and  disposal  of  hazardous  waste. 
Regulations  have  been  adopted  that  prescribe 
standards  for  treatment,  storage,  and  disposal  fa- 
cilities. In  California  there  is  a  shift  from  land 
disposal  to  alternatives  that  recycle,  detoxify,  and 
destroy  hazardous  waste.  Alternatives  to  land  dis- 
posal are  not  futuristic  technologies.  They  are 
being  used  today  in  the  United  States,  but  not  to 
the  extent  they  are  being  used  elsewhere.  For 
example,  the  United  States  still  dumps  more  than 
90%  of  its  waste  in  the  ground,  but  West  Germany 
dumps  only  40%  into  the  ground  without  treat- 
ment. In  Denmark,  more  than  90%  of  all  hazard- 
ous waste  is  treated  before  being  disposed  of  in  the 
ground.  Government  has  four  basic  approaches  to 
promote  alternatives  to  land  disposal:  (1)  it  can 
undertake  the  activity  itself;  (2)  it  can  coerce  indus- 
try to  do  the  activity  through  regulation;  (3)  it  can 
encourage  or  discourage  the  activity  by  offering 
financial  incentives  or  disincentives  and  by  offering 
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technical  assistance;  or  (4)  it  can  promote  the  ac- 
tivity through  education.  In  Europe,  all  four  of 
these  methods  have  been  used  to  implement  recy- 
cling and  treatment  technologies.  (See  also  W90- 
04221)  (Lantz-PTT) 
W90-O4225 


COMPLETE     DOCUMENTATION     OF     THE 
SYSTEM/USER  MANUAL  FOR  THE  RISK  AS- 
SESSMENT MODELS  FOR  LAND  APPLICA- 
TION  OF   MUNICIPAL   SLUDGES   (RAMMS 
VERSION  3.0):  VOLUME  I. 
Science  Applications,  Inc.,  McLean,  VA. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04248 


AT  INTENSIVE  SURVEY  OF  THE  SUGAR 
CREEK  BASIN,  CRAWFORD  COUNTY,  ILLI- 
NOIS, 1986. 

Illinois  State  Environmental  Protection  Agency, 
Springfield.  Div.  of  Water  Pollution  Control. 
For  primary  bibliographic  entry  see  Field  5B. 

W90-04254 


LAND  APPLICATION  AND  DISTRIBUTION 
AND  MARKETING  OF  SEWAGE  SLUDGE. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-136576. 
Price  codes:  A22  in  paper  copy,  A01  in  microfiche. 
Technical  Support  Document,  1988.  499p,  4  fig,  78 
tab,  377  ref. 

Descriptors:  *Land  disposal,  'Regulations,  •Mar- 
keting, *Sludge  disposal,  *Path  of  pollutants,  Pol- 
lutant identification,  Fate  of  pollutants,  Water  pol- 
lution effects,  Air  pollution,  Sensitivity  analysis, 
Risk  assessment,  Soil  contamination. 

This  document  provides  the  technical  data  and 
justification  supporting  one  of  the  proposed  regula- 
tions-land application-issued  under  section  305(d) 
of  the  Clean  Water  Act  (CWA).  Section  2  of  this 
document  outlines  land  application  options,  sludge 
characteristics,  and  previous  experience  with  land 
application  of  sludge.  Section  3  introduces  13  envi- 
ronmental pathways  through  which  sludge  pollut- 
ants may  reach  target  organisms  and  the  means  of 
quantifying  the  magnitude  of  the  resultant  risk. 
Section  4  contains  the  data  by  which  the  pollutants 
of  concern  in  the  land  application  of  a  sludge  were 
quantified  for  each  pathway  as  well  as  the  data  by 
which  the  subsequent  fate  and  transport  of  these 
contaminants  in  air,  water,  and  soil  were  identified. 
Photolysis,  volatilization,  hydrolysis,  and  other 
processes  were  examined  for  their  effects  on  bioa- 
vailability and  toxicity  to  target  organisms.  Section 
5  describes  the  sensitivity  analyses  that  were  used 
to  evaluate  the  effects  of  different  most-exposed 
individual  (MEI)  scenarios  for  a  number  of  the 
pathways  discussed.  Section  6  contains  a  summary 
of  the  pathways  selected  for  distribution  and  mar- 
keting and  agricultural  use  sludge  practices  as  well 
as  justification  for  inclusion.  (Lantz-PTT) 
W90-04273 


METALS  SEPARATION  AND  RECOVERY. 

Illinois  Inst,  of  Tech.,  Chicago. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04373 


USE  OF  THIOUREA  AND  THJOACETAMIDE 
FOR  SEPARATION  AND  RECOVERY  OF 
HEAVY  METALS  FROM  MINERAL  TREAT- 
MENT WASTE  WATERS. 

Nevada  Univ.,  Reno. 

For  primary  bibliographic  entry  see   Field   5D. 

W90-O4374 


KINETICS    OF    CADMIUM    AND    COPPER 
COMPLEXATION. 

Illinois  Inst,  of  Tech.,  Chicago. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04381 


ECONOMIC  FEASIBILITY  OF  A  STATE- WIDE 
HYDROMETALLURGICAL  RECOVERY  FA- 
CILITY. 

ERM-North  Central,  Inc.,  Palatine,  IL. 

R.  O.  Ball,  O.  P.  Verret,  P.  L.  Buckingham,  and  S. 

Mahfood. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  689- 

708,  2  fig,  8  tab,  23  ref. 

Descriptors:  'Economic  feasibility,  'Heavy  metals, 
•Waste  recovery,  *Separation  techniques, 
•Wastewater  treatment,  Hazardous  materials,  Mis- 
souri, Copper,  Zinc,  Chromium,  Nickel,  Water 
pollution  prevention,  Feasibility  studies, 
Wastewater  facilities. 

Metal  separation  and  recovery  from  mixed-metal 
bearing  wastes  has  been  demonstrated  to  be  techni- 
cally feasible,  but  the  economic  feasibility  of  spe- 
cific applications  has  not  been  well  documented.  A 
feasibility  study  for  a  centralized  hazardous  waste 
treatment  facility  was  conducted  for  the  Environ- 
mental Improvement  and  Energy  Resources  Au- 
thority of  the  State  of  Missouri.  Metals  recovery 
by  hydrometallurgical  process  was  selected  for 
detailed  evaluation  since  it  could  potentially  recy- 
cle toxic  metals,  which  are  the  basis  for  hazardous 
waste  listings  in  many  cases,  and  would  produce  a 
reduced  quantity  of  non-hazardous  residuals  for 
disposal.  The  process  selected  for  analysis  was 
developed  by  Montana  College  of  Mineral  Science 
and  Technology  for  a  US  EPA  research  project, 
and  included  a  successful  pilot  test  assembly.  This 
process  included  the  following  major  unit  process- 
es: metal  hydroxide  dissolution,  iron  removal, 
solid/liquid  separation,  copper  recovery,  zinc  re- 
covery, chromium  recovery  and  nickel  recovery. 
The  estimated  quantities  of  appropriate  wastes  for 
a  Missouri  hydrometallurgical  facility  were  ob- 
tained from  hazardous  waste  manifest  data.  Five 
criteria  were  used  to  determine  economic  feasibili- 
ty: commercial  proven  technology,  favorable  regu- 
latory setting,  sufficient  market  demand  for  the 
facility,  financially  self-supporting,  and  minimal  en- 
vironmental liability.  Considering  the  state  of  de- 
velopment of  the  facility  and  the  considerably 
lower  cost  for  alternative  disposal  techniques,  a 
hydrometallurgical  facility  would  not  be  economi- 
cally feasible  for  the  State  of  Missouri.  However, 
since  the  facility  would  have  substantial  environ- 
mental merits,  it  was  recommended  that  the  State 
encourage  development.  (See  also  W90-O4370) 
(VerNooy-PTT) 
W90-04389 


RECOVERY  OF  ALUMINUM  AS  ALUMINUM 
SULFATE  FROM  ALUMINUM  ANODIZING 
SLUDGE. 

Georgia  Inst,  of  Tech.,  Atlanta. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04390 


STUDIES    OF    THE    UPTAKE    OF    HEAVY 
METALS  BY  ACTIVATED  SLUDGE. 

Metropolitan  Sanitary  District  of  Greater  Chicago, 

IL. 

For  primary  bibliographic  entry   see  Field   5D. 

W90-O4391 


CONSTRUCTED  WETLANDS  FOR 

WASTEWATER    TREATMENT:    MUNICIPAL, 
INDUSTRIAL  AND  AGRICULTURAL. 

For  primary  bibliographic  entry  see  Field   5D. 
W90-04392 


HYDROLOGIC     FACTORS      IN      WETLAND 
WATER  TREATMENT. 

Michigan  Univ.,  Ann  Arbor.  Wetlands  Ecosystem 

Research  Group. 

For  primary  bibliographic  entry  see   Field   5D. 

W90-04395 


POTENTIAL  USE  OF  CONSTRUCTED  WET- 
LANDS TO  TREAT  LANDFILL  LEACHATE. 

Geological  Survey,  Tacoma,  WA. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04466 


NATURAL  RENOVATION  OF  LEACHATE-DE- 
GRADED  GROUNDWATER  IN  EXCAVATED 
PONDS  AT  A  REFUSE  LANDFILL. 

South  Dakota  State  Univ.,  Brookings. 

For  primary  bibliographic  entry  see   Field   5G. 

W90-04467 


RESOURCE  CONSERVATION  AND  RECOV- 
ERY ACT  (RCRA):  HAZARDOUS  WASTES. 
JANUARY  1970-FEBRUARY  1989  (CITATIONS 
FROM  THE  NTIS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-04498 
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Quality  Alteration 


PROCEEDINGS,  MISSISSIPPI  WATER  RE- 
SOURCES CONFERENCE. 

Mississippi  Water  Resources  Research  Inst.,  Mis- 
sissippi State. 

14-15  March  1989,  Jackson,  Mississippi.  Water  Re- 
sources Research  Institute,  Mississippi  State  Univ., 
Mississippi  State,  MS.  Conference.  Edited  by  Eliz- 
abeth J.  Hawkins.  137p. 

Descriptors:  *Water  resources  management, 
•Water  management,  'Water  quality  control, 
•Water  supply,  'Conferences,  'Mississippi, 
Groundwater  quality,  Groundwater  management, 
Water  distribution,  Water  requirements,  Water  use, 
Water  pollution  control,  Resources  management, 
Management  planning,  Runoff,  Irrigation,  Institu- 
tions. 

This  volume  contains  papers  presented  at  a  confer- 
ence sponsored  by  the  Mississippi  Water  Resources 
Research  Institute,  the  Mississippi  Bureau  of  Land 
and  Water  Resources,  and  the  Mississippi  District 
Office  of  the  Geological  Survey.  The  papers  deal 
with  institutional  issues  of  water  management, 
water  quantity  and  water  quality  management, 
basic  research,  and  water  supply  problems  in  the 
state  of  Mississippi.  Subjects  of  individual  papers 
include  groundwater,  streamflow  and  runoff, 
stream  fisheries,  water  use,  and  irrigation,  among 
others.  (See  W90-02709  thru  W90-03729)  (Fried- 
mann-PTT) 
W90-03708 


WATER  RESOURCES  MANAGEMENT  PLAN, 
JACKSON  COUNTY,  MS. 

Waggoner  Engineering,  Inc.,  Jackson,  MS. 
For  primary  bibliographic  entry  see  Field  6B. 

W90-03712 


ZEOLITE  AMMONIA  REMOVAL  FROM  CAT- 
FISH POND  WATERS. 

Mississippi  Univ.,  University.  Dept.  of  Chemical 

Engineering. 

For  primary  bibliographic  entry   see  Field   5D. 

W90-03714 


WATER  QUALITY  MANAGEMENT  FOR  PH 
CONTROL. 

Mississippi  State  Univ.,  Mississippi  State.  Dept  of 

Aerospace  Engineering. 

For  primary   bibliographic   entry  see   Field   5G. 

W90-03717 


WATER  FILTRATION  PLANTS:  WTLL  THE 
STATUS  QUO  DO  FOR  THE  FUTURE. 

Alabama  Univ.,  University. 
J.  V.  Walters,  J.  B.  deGraffenried,  and  P.  C.  John. 
IN:    Proceedings   of  the    Nineteenth    Mississippi 
Water  Resources   Conference.   Water   Resources 
Research   Institute,   Mississippi   State   University, 
Mississippi  State,  MS.  1989.  p  71-75.  13  ref. 

Descriptors:  'Filtration,  'Water  treatment,  'Water 
treatment  facilities,  'Future  planning,  'Municipal 
water,  'Water  demand,  'Maintenance  costs.  Feasi- 
bility studies,  Raw  water,  Water  quality,  Waste 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Water  Treatment  and  Quality  Alteration— Group  5F 


disposal,  Flocculation,  Coagulation,  Turbidity, 
Algae,  Color. 

The  advantages  and  requirements  of  high-rate  fil- 
tration are  reviewed  for  the  expanding  of  an  exist- 
ing public  water  treatment  plant's  filtration  capac- 
ity or  for  the  designing  of  a  new  plant.  High-rate 
filtration  systems  can  meet  the  increasing  demands 
on  water  treatment  plants  without  the  high  price. 
For  a  conventional  water  treatment  plant,  about 
65%  of  the  construction  cost  is  for  the  flocculation 
and  sedimentation  units.  Therefore,  substantial  sav- 
ings can  be  achieved  by  the  use  of  high-rate  filtra- 
tion instead  of  conventional  treatment.  The 
method  also  offers  lower  operation  and  mainte- 
nance costs  due  to  reduced  chemical  usage  and 
reduced  sludge  handling  and  disposal.  The  satisfac- 
tory use  of  high-rate  filtration  requires  a  good 
quality  raw  water  supply  providing  water  low  in 
turbidity,  algae,  and  color.  Examination  of  the 
predictable  temporal  relationships  of  turbidity  and 
microscopic-organism  concentrations  versus 
demand  must  be  accounted  for  in  the  study  of  the 
feasibility  of  a  particular  version  of  a  high-rate 
filtration  process.  Proper  coagulation  (and  possibly 
flocculation)  is  essential  for  optimum  high-rate  fil- 
tration, i.e.,  the  best  coagulant,  most  effective  poly- 
mer, optimum  doses  and  durations  of  mixing  times, 
must  be  determined  to  produce  a  pinpoint  floe 
tough  enough  to  resist  the  greater  shear  forces 
created.  (See  also  W9O-03708)  (Friedmann-PTT) 
W90-03722 


SAFE    DRINKING    WATER    ACT:    AMEND- 
MENTS, REGULATIONS  AND  STANDARDS. 

For  primary  bibliographic  entry  see  Field   5G. 
W90-03730 


HISTORICAL  DEVELOPMENT  OF  THE  NA- 
TIONAL PRIMARY  DRINKING  WATER  REG- 
ULATIONS. 

Environmental  Protection  Agency,  Boston,  MA. 

Water  Supply  Branch. 

For  primary  bibliographic  entry  see  Field   5G. 

W9O-03731 


OVERVIEW  OF  THE  CURRENT  NATIONAL 
PRIMARY  DRINKING  WATER  REGULA- 
TIONS AND  REGULATION  DEVELOPMENT 
PROCESS. 

Environmental  Protection  Agency,   Washington, 
DC.  Office  of  Drinking  Water. 
J.  A.  Cotruvo,  and  M.  Regelski. 
IN:  Safe  Drinking  Water  Act:  Amendments,  Regu- 
lations   and    Standards.    Lewis    Publishers,    Inc., 
Chelsea,  Michigan.  1989.  p  17-28,  5  tab,  10  ref. 

Descriptors:  *Primary  Drinking  Water  Regula- 
tions, *Water  treatment,  *Regulations,  'Drinking 
water,  *Water  quality  control,  Volatile  organic 
compounds,  Synthetic  compounds,  Microorga- 
nisms, Lead,  Copper,  Radioisotopes,  Disinfectants, 
Inorganic  compounds,  Pesticides,  Organic  com- 
pounds, Safe  Drinking  Water  Act,  Carcinogens, 
Risk  assessment. 

The  promulgation  of  the  National  Primary  Drink- 
ing Water  Regulations  (NPDWR)  follows  specific 
steps.  First,  the  Advance  Notice  of  Proposed  Rule 
Making  (ANPRM)  is  published.  It  includes  what 
EPA  is  considering  for  possible  regulation  and 
what  is  already  known  about  the  science  and  tech- 
nology of  the  contaminant,  and  asks  for  more 
information  and  comments.  Second,  the  EPA,  as 
mandated  by  the  SDWA  Amendments,  proposes 
maximum  contaminant  levels  (MCLs),  (enforceable 
standards)  and  maximum  contaminant  level  goals 
(MCLGs)  (nonenforceable  health  goals)  simulta- 
neously. More  public  comments  are  received,  and 
eventually  the  regulations  are  finalized.  The  Office 
of  Drinking  Water  developed  a  six-phase  schedule 
that  has  attempted  to  parallel  the  SDWA-specified 
deadlines:  Phase  I-Volatile  organic  chemicals- 
July  8,  1987;  Phase  H-Synthetic  organic  chemicals 
and  inorganic  chemicals-June  1989,  Microbials 
and  surface  water  treatment  (filtration)--June  1989, 
and  Lead/copper  (corrosion  by-products)— Decem- 
ber 1988;  Phase  III-Radionuclides-December 
1988;  Phase  IV~Disinfectants  and  disinfection  by- 
products-June   1989;   Phase   V-Other   inorganic 


chemicals,  synthetic  organic  chemicals,  and  pesti- 
cides-June 1989;  and  Phase  VI--25  additional 
chemicals- January  1991.  In  selecting  contaminants 
for  regulation,  the  most  relevant  criteria  are  (1) 
potential  health  risk;  (2)  ability  to  detect  a  contami- 
nant in  the  drinking  water;  and  (3)  occurrence  or 
potential  occurrence  in  drinking  water.  The  EPA 
uses  a  three  category  approach  for  setting  maxi- 
mum contaminant  level  goals  for  carcinogens:  Cat- 
egory I,  strong  evidence  of  carcinogenicity-zero; 
Category  II,  equivocal  evidence-reference  dose 
(RfD)  approach  or  0.00001  to  0.000001  cancer  risk 
range;  and  Category  III,  inadequate  or  no  evidence 
from  animal  studies-RfD  approach.  (See  also 
W90-03730)  (Lantz-PTT) 
W90-03732 


NATIONAL  PRIMARY  DRINKING  WATER 
REGULATIONS  FOR  VOLATILE  ORGANIC 
CHEMICALS. 

Environmental   Protection  Agency,   Washington, 

DC.  Office  of  Drinking  Water. 

For  primary  bibliographic  entry  see  Field   5G. 

W9O-03733 


NATIONAL  PRIMARY  DRINKING  WATER 
REGULATIONS  FOR  SYNTHETIC  ORGANIC 
CHEMICALS,  INORGANIC  CHEMICALS,  AND 
MICROBIOLOGICAL  CONTAMINANTS. 

Environmental  Protection   Agency,   Washington, 

DC.  Office  of  Drinking  Water. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-03734 


NATIONAL    PRIMARY    DRINKING    WATER 
REGULATIONS  FOR  RADIONUCLIDES. 

Environmental   Protection  Agency,   Washington, 

DC.  Criteria  and  Standards  Div. 

For  primary  bibliographic   entry  see  Field   5G. 

W90-03735 


ISSUES  IN  DEVELOPING  NATIONAL  PRI- 
MARY DRINKING  WATER  REGULATIONS 
FOR  DISINFECTION  AND  DISINFECTION 
BY-PRODUCTS. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Drinking  Water. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-03736 


NATIONAL  PRIMARY  DRINKING  WATER 
REGULATIONS  FOR  ADDITIONAL  CON- 
TAMINANTS TO  BE  REGULATED  BY  1989. 

Environmental   Protection   Agency,   Washington, 

DC.  Criteria  and  Standards  Div. 

For  primary  bibliographic  entry   see  Field   5G. 

W90-O3737 


OFFICE  OF  DRINKING  WATER'S  HEALTH 
ADVISORY  PROGRAM. 

Environmental   Protection  Agency,   Washington, 

DC.  Criteria  and  Standards  Div. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-03738 


COMPLIANCE  BY  PUBLIC  WATER  SUPPLY 
SYSTEMS  WITH  NATIONAL  PRIMARY 
DRINKING  WATER  REGULATIONS. 

Environmental  Protection  Agency,  Boston,  MA. 

Water  Supply  Branch. 

For  primary  bibliographic   entry  see  Field   5G. 

W9O-03739 


DRINKING  WATER  QUALITY  AND  WATER 
TREATMENT  PRACTICES:  CHARTING  THE 
FUTURE. 

Massachusetts  Univ.,  Amherst.  Div.  of  Public 
Health. 

E.  J.  Calabrese,  and  C.  E.  Gilbert. 
IN:  Safe  Drinking  Water  Act:  Amendments,  Regu- 
lations   and    Standards.    Lewis    Publishers,    Inc., 
Chelsea,  Michigan.  1989.  p  113-142,  4  tab,  58  ref. 

Descriptors:  *Drinking  water,  *Water  quality  con- 
trol,  *Future  planning,   *Water  quality  manage- 


ment, Safe  Drinking  Water  Act,  Economic  as- 
pects, Inorganic  compounds,  Water  treatment  fa- 
cilities, Regulations,  Compliance,  Disinfection, 
Chlorination,  Biological  pollution,  Organoleptic 
properties,  Toxicology,  Costs. 

Economic  analyses  have  played  and  will  continue 
to  play  an  influential,  if  not  dominating,  role  in  the 
final  decision  by  a  community  with  respect  to  the 
selection  of  their  drinking  water  treatment  process. 
Proponents  of  various  technologies  such  as  ozona- 
tion, chloride  dioxide,  granular  activated  carbon 
(GAC)  adsorption,  and  other  treatments  have 
often  presented  cost  comparisons.  However,  each 
system  is  unique  and  requires  an  analysis  of  its 
water  quality  and  types  of  possible  treatment  op- 
tions and  costing  components.  Other  factors  for 
selecting  one  option  over  another  include  compli- 
ance with  turbidity,  taste  and  odor,  trihalomethane 
(THM)  levels,  and  disinfection.  The  emerging  toxi- 
cology data  is  beginning  to  suggest  that  disinfect- 
ant by-products,  and  the  level  of  residual  chlorine 
in  the  drinking  water,  and  other  factors  should  also 
influence  the  decision  making  processes  of  a  com- 
munity. EPA  has  noted  that  compliance  with 
drinking  water  regulations  is  a  problem  mostly  for 
small  systems  (serving  <  3300  people).  EPA  re- 
ports that  in  1982  the  microbiological  requirements 
were  not  met  by  10%  of  the  smaller  systems. 
Between  1500-3000  systems  exceeded  maximum 
contaminant  levels  (MCLs)  for  certain  inorganic 
contaminants,  with  the  problems  centering  on  ar- 
senic, barium,  lead  (from  pipe  or  solder  corrosion), 
fluoride,  and  nitrate.  The  inability  of  small  commu- 
nity systems  to  pay  for  the  needed  improvements 
in  order  to  achieve  compliance  with  the  primary 
drinking  water  regulations  is  an  important  cause  of 
the  high  noncompliance  rates.  The  weighing  of  the 
health  risks  and  compliance  costs  is  a  difficult  task 
Consequently,  EPA  needs  to  develop  flexible  ap- 
proaches for  achieving  the  goals  of  the  Safe  Drink- 
ing Water  Act,  especially  in  the  case  of  small 
systems.  (See  also  W90-03730)  (Lantz-PTT) 
W90-03740 


DRINKING    WATER    HEALTH     ADVISORY: 
PESTICIDES. 

For  primary  bibliographic  entry  see  Field   5G 
W90-03747 


GRANULAR  ACTIVATED  CARBON:  DESIGN, 
OPERATION  AND  COST. 

Environmental    Protection    Agency,    Cincinnati, 

OH.  Drinking  Water  Research  Div. 

R.  M.  Clark,  and  B.  W.  Lykins. 

Lewis  Publishers,  Inc.,  Chelsea,  Michigan.  19W90. 

342  p. 

Descriptors:  'Design  criteria,  'Activated  carbon, 
•Drinking  water,  *Water  treatment,  'Granular  ac- 
tivated carbon,  'Costs,  Synthetic  compounds,  Tri- 
halomethanes,  Organic  compounds,  Economic  as- 
pects, Regeneration. 

A  summary  is  presented  of  design,  cost,  and  per- 
formance information  on  the  application  of  appli- 
cation of  granular  activated  carbon  (GAC)  in 
drinking  water  based  on  field-scale  experience.  A 
brief  history  of  the  development  of  regulations  for 
control  of  synthetic  organics  in  drinking  water  is 
presented.  The  use  of  GAC  in  other  countries  is 
discussed  and  various  design  concepts  for  the  unit 
operations  that  make  up  the  GAC  process  are 
explored.  Included  in  the  book  are  chapters  that 
present  information  from  field-scale  research 
projects  dealing  with  the  performance  of  virgin 
and  reactivated  carbon;  problems  and  limitations  of 
carbon  reactivation  systems;  and  use  of  carbon  for 
removing  trihalomethanes,  trihalomethane  precur- 
sors, and  synthetic  organics.  The  last  chapter  pro- 
vides cost  equations  and  comparative  cost  studies 
for  full-scale  application  of  GAC.  (Lantz-PTT) 
W9O-O3770 
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ARTHUR  YOUNG  GUIDE  TO  WATER  AND 
WASTEWATER  FINANCE  AND  PRICING. 

Young  (Arthur)  and  Co.,  Charlotte,  NC. 
For  primary  bibliographic  entry  see  Field  6C. 
W90-03810 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5F— Water  Treatment  and  Quality  Alteration 


HEALTH  EFFECTS  OF  DRINKING  WATER 
TREATMENT  TECHNOLOGIES. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Drinking  Water. 
Lewis  Publishers,  Inc.,  Chelsea,  Michigan.   1989. 
146  p. 

Descriptors:  'Public  health,  •Drinking  water, 
•Water  treatment,  •Disinfection,  Chlorination, 
Chlorine,  Chloramine,  Trihalomethane,  Organic 
compounds,  Corrosion,  Granular  activated  carbon, 
Air  stripping,  Water  quality. 

A  legitimate  public  health  concern  has  been  raised 
about  the  potentially  harmful  by-products  of  disin- 
fection. Since  alternative  disinfectants  to  chlorine 
are  expected  to  be  increasingly  adopted  in  the 
United  States,  high  priority  is  being  given  to  fur- 
ther characterizing  the  chemical  and  toxicological 
nature  of  their  by-products,  particularly  those  of 
ozone.  Because  chloramine  is  a  significantly 
weaker  disinfectant  than  chlorine,  preformed 
chloramination  should  not  be  used  as  a  method  of 
primary  disinfection,  especially  when  viruses  and/ 
or  parasites  are  a  concern,  but  its  use  as  a  second- 
ary disinfectant  is  acceptable.  When  free  chlorine 
(chlorine  that  has  not  reacted  with  other  com- 
pounds) is  employed  as  the  primary  disinfectant 
and  the  potential  for  trihalomethane  (THM)  forma- 
tion is  significant,  water  utilities  should  maintain  a 
slight  residual  of  free  chlorine  above  that  needed 
to  oxidize  nitrogen  and  then  add  ammonia.  This 
technique  results  in  monochloramine  formation 
and  reduces  the  potential  for  forming  THM  and 
other  by-products.  An  effort  should  be  made  to 
remove  significant  levels  of  organic  precursors 
prior  to  disinfection.  This  improves  the  efficiency 
of  disinfection,  reduces  the  formation  of  disinfec- 
tion by-products,  and  may  obviate  the  need  for 
additional  treatment  to  remove  excess  by-products. 
Corrosion  control  is  important  in  many  public  and 
private  water  systems  given:  (1)  the  health  con- 
cerns associated  with  corrosion  by-products  (espe- 
cially lead),  (2)  its  enormous  impact  on  distribution 
system  replacement,  and  (3)  the  effect  of  corrosion 
on  the  esthetic  quality  of  water.  Granular  activated 
carbon  or  air  stripping  is  highly  recommended 
where  high  removal  rates  are  necessary  to  meet 
standards  for  volatile  organic  compounds.  Air 
stripping  is  also  known  to  be  effective  in  removing 
radon.  (Lantz-PTT) 
W90-03829 


LEAD  AND  CHROMIUM  CONCENTRATIONS 
IN  THE  POTABLE  WATER  OF  THE  EASTERN 
PROVINCE  OF  SAUDI  ARABIA. 

King  Faisal  Univ.,  Damman  (Saudi  Arabia).  Coll. 

of  Medicine  and  Medical  Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-03940 


PRETREATMENT  FOR  RAW  WATER  STOR- 
AGE. 

Water  Storage  Corp.,  Werkendam  (Netherlands). 
G.  Oskam,  and  L.  Lijklema. 

Aqua  AQUAAA,  Vol.  38,  No.  1,  p  7-15,  February 
1989.  9  fig,  4  tab,  19  ref. 

Descriptors:  *Raw  water,  'Water  storage,  •Reser- 
voirs, 'Water  treatment,  *The  Netherlands,  Eu- 
trophication, Biomass,  Water  quality  control,  Pre- 
cipitation, Chemical  water  treatment,  Phosphorus, 
Suspended  solids,  Underground  storage,  Lake 
Ijssel,  De  Grote  Rug  Reservoir,  Algae,  Mixing. 

Two  types  of  storage  can  be  distinguished:  open 
storage  reservoirs  and  underground  storage  via 
artificial  recharge.  Problems  encountered  in  reser- 
voirs are  often  due  to  eutrophication,  resulting  in  a 
high  biomass  of  algae  and  the  deterioration  of 
water  quality.  For  underground  storage,  clogging 
of  recharge  wells  or  infiltration  ponds  by  suspend- 
ed solids  often  is  a  major  problem.  Simple  methods 
for  control  of  eutrophication  in  reservoirs  are  in- 
reservoir  precipitation  of  phosphorus  (shallow  res- 
ervoirs) and  algal  control  by  artificial  circulation 
of  deep  reservoirs  (light  limitation).  Objectives  of 
pretreatment  before  artificial  recharge  are  the  re- 
moval of  suspended  solids  and/or  phosphorus.  Ex- 
periences with  protection  of  raw  water  quality  in 
The  Netherlands  are  described,  including:  adding 


iron  salts  to  the  inlet  water  of  De  Grote  Rug 
Reservoir,  water  quality  control  options  in  the 
Biesbosch  Reservoirs  (air  injection  for  reservoir 
mixing,  control  of  algal  growth  through  mixing 
(light  limitation),  and  pretreatment  of  Lake  Ijssel 
water  before  underground  storage  in  coastal  dunes. 
The  application  of  phosphorus-precipitating 
chemicals  to  the  inlet  water  of  shallow  hyper- 
trophic reservoirs  often  is  effective  for  avoiding 
the  mass  development  of  algae,  particularly  blue- 
greens.  In  'optically  deep'  reservoirs,  artificial 
mixing  provides  an  efficient  and  economical  way 
of  controlling  algal  development  to  moderate 
levels.  With  fully-mixed  reservoirs,  compartmenta- 
lization  of  the  reservoir  volume  leads  to  increased 
water-quality  improvement  during  storage.  In  the 
dune  infiltration  case,  pretreatment  of  Lake  Ijssel 
water  based  on  tapered  flocculation,  lamella  sedi- 
mentation, and  up-flow  filtration  removes  more 
than  99%  of  suspended  solids.  (Rochester-PTT) 
W90-03959 


PERFORMANCE  OF  FLUIDIZED  PELLET 
BED  SEPARATOR  FOR  HIGH-CONCENTRA- 
TION SUSPENSION  REMOVAL. 

Hokkaido  Univ.,  Sapporo  (Japan).  Dept.  of  Envi- 
ronmental and  Sanitary  Engineering. 
N.  Tambo,  and  Y.  Matsui. 

Aqua  AQUAAA,  Vol.  38,  No.  1,  p  16-22,  Febru- 
ary 1989.  13  fig,  1  tab,  6  ref. 

Descriptors:  *Water  treatment  facilities,  *Water 
treatment,  •Chemical  coagulation,  •Suspended 
solids,  Performance  evaluation,  Fluidized  beds, 
Aluminum,  Pellets. 

A  new  separator  with  a  very  short  detention  time 
of  3-5  minutes  to  separate  high-concentration  sus- 
pension of  100-1000  g/cu  m  in  a  simple  fluidized 
pellet  bed  is  proposed  and  described.  Coagulation 
of  these  high-concentration  suspensions  is  carried 
out  with  a  minimum  of  aluminum  coagulant  and 
weakly  anionic  polymers  to  generate  high-density 
spherical  agglomerates  (pellets).  The  agglomerates 
have  one  order  higher  density  than  ordinary  floes. 
Separation  of  coagulated  microflocs  is  accom- 
plished with  'one-by-one  attachment  mode'  contact 
flocculation  onto  the  pellets.  An  optimal  agitation 
is  given  to  make  dense,  spherical  pellets.  Up-flow 
velocity  of  the  pellet  fluidized  bed  is  30  cm/min  or 
higher.  Through  a  simple  blow-down,  excess  pel- 
lets are  withdrawn  from  the  fluidized  bed.  Dewa- 
tering  of  the  pellets  sludge  proceeds  efficiently  by 
simple  mesh  screening  to  achieve  a  moisture  con- 
tent of  about  70%.  (Author's  abstract) 
W90-O3960 


ELIMINATION  OF  ZOOPLANKTON  BY 
FLOCCULATION  AND  FILTRATION. 

Wahnbachtalsperrenverband,  Siegburg  (Germany, 
F.R.). 

H.  Bernhardt,  and  B.  Lusse. 

Aqua  AQUAAA,  Vol.  38,  No.  1,  p  23-31,  Febru- 
ary 1989.  11  fig,  3  tab,  14  ref. 

Descriptors:  *West  Germany,  *Water  treatment, 
•Flocculation,  *Filtration,  'Drinking  water,  Zoo- 
plankton,  Rotifers,  Hydrogen  peroxide,  Ozone,  Ul- 
trasonics, Potassium  permanganate,  Oxidation, 
Pilot  plants,  Wahnbach  Reservoir,  Aluminum,  Cel- 
lulose, Sand  filters,  Manganese,  Performance  eval- 
uation. 

In  flocculation  and  filtration  processes,  the  remov- 
al of  zooplankton,  which  should  not  be  present  in 
drinking  water,  depends  on  the  shape,  size,  and 
mobility  of  the  individuals.  Large  and  bulky  orga- 
nisms with  large  caudal  appendages  are  better  re- 
tained in  the  filter  than  small  compact  forms.  Ro- 
tifers can  discharge  from  attaching  floes  with  the 
aid  of  their  rotatory  organ.  To  optimize  elimina- 
tion (>90%),  an  inactivation  of  these  organisms  is 
necessary.  In  addition  to  chlorine,  which  is  unde- 
sirable because  of  formation  of  organochlorides, 
ozone  (1.5-2  mg/1  for  1  min),  potassium  permanga- 
nate (0.5-1  mg/1  for  15-20  min),  and  ultrasound 
(reaction  time  of  a  few  seconds)  all  are  appropri- 
ate. The  elimination  of  rotifers  by  flocculation  and 
filtration  was  investigated  in  a  pilot  plant  at  Sieg- 
burg, West  Germany.  Among  the  procedures 
tested  were  filtration  or  flocculation  without  aids, 


algae  as  filtration  aids,  cellulose  as  a  filtration  aid, 
incorporation  of  rotifers  into  flocculant,  inactiva- 
tion of  rotifers  with  hydrogen  peroxide,  ozone,  or 
ultrasound,  and  elimination  of  inactivated  rotifers 
by  flocculation  with  potassium  permanganate.  Ro- 
tifers like  Kellicottia  longispina  are  relatively 
easily  removed,  but  rotifers  such  as  Notholca  cau- 
data  are  difficult  to  remove.  Suitable  methods  for 
removing  zooplankton  by  flocculation  and  filtra- 
tion at  full  scale  are:  (1)  reduction  of  the  grain  size 
of  the  filtration  material  to  the  size  and  form  of  the 
zooplankton  organisms  (less  than  or  equal  0.5  mm); 
(2)  reduction  of  the  filter  pore  volume  by  condi- 
tioning of  the  filter  to  produce  a  surface  filtration 
effect,  and  (3)  inactivation  of  zooplankton  and 
adjacent  flocculation  with  a  surplus  of  flocculant 
and  rapid  sand  filtration.  The  experiments  were 
conducted  at  a  pilot  plant  and  verified  at  full  scale 
at  the  Wahnbach  Reservoir  purification  plant.  A 
dose  of  1  mg/1  Al(3  +  )  was  sufficient  for  effective 
treatment.  It  was  possible  to  reduce  rotifer  abun- 
dance from  20-300  individuals  per  liter  in  raw 
water  to  0-5  per  liter  in  drinking  water.  The  con- 
centration of  total  manganese  in  the  filtrate  was 
below  20  microgram/1,  the  residual  concentration 
of  aluminum,  despite  the  elevated  does  in  the  range 
of  10-15  microgram/1  Al(3+).  (Rochester-PTT) 
W90-03961 


EFFECTS  OF  ALKALINITY  ON  THE  REAC- 
TIVITY OF  OZONE  TOWARDS  HUMIC  SUB- 
STANCES AND  MANGANESE. 

Omnium  de  Traitement  et  Valorisation,  Maisons- 
Laffitte  (France).  Chemin  de  la  Digue. 
H.  Paillard,  B.  Legube,  and  M.  Dore. 
Aqua  AQUAAA,  Vol.  38,  No.  1,  p  32-42,  Febru- 
ary 1989.  9  fig,  4  tab,  29  ref. 

Descriptors:  'Alkalinity,  *Raw  water,  'Water 
treatment,  'Chemical  treatment,  'Humic  acids, 
'Water  treatment,  Organic  carbon,  Drinking 
water,  Manganese,  Fulvic  acids,  Bicarbonates,  Ul- 
traviolet light,  Chlorination,  Process  control,  Hy- 
drogen peroxide,  Hydroxyl  radicals. 

A  laboratory  study  was  conducted  on  the  ozona- 
tion of  aqueous  fulvic  acid  solutions,  with  or  with- 
out manganese,  and  on  raw  drinking  waters.  The 
results  showed  that  bicarbonate  slows  the  decom- 
position of  ozone  in  the  presence  of  fulvic  acid. 
This  stabilization  of  ozone  favors  its  direct  reaction 
pathway,  leading  to  a  reduction  of  UV  absorbing 
sites  of  fulvic  acids  and  to  a  decrease  of  organoha- 
lide  precursors  and  of  chlorine  demand.  It  also 
explains  the  better  manganese  oxidation  by  ozone 
when  both  fulvic  acids  and  manganese  are  present. 
However,  when  the  radical  oxidation  pathway  is 
favored  by  coupling  03  and  H202,  the  scavenging 
effect  of  alkalinity  on  the  OH(-)  radical  partly 
inhibits  the  dissolved  organic  carbon  removal  from 
water  containing  humic  substances.  (Author's  ab- 
stract) 
W90-03962 


DEVELOPMENT  OF  COMPUTER  USAGE  IN  A 
UK  WATER  COMPANY. 

North  Surrey  Water  Co.,  Staines  (England). 
For  primary  bibliographic  entry  see  Field  7C. 
W90-03963 


ROLE  OF  WATER  CONSERVATION  AND  ITS 
PROSPECTS  FOR  THE  DEVELOPMENT  OF 
URBAN  WATER  SUPPLY  IN  CHINA. 

Ministry  of  Construction,  Beijing  (China).  Dept.  of 

Urban  Construction. 

For  primary  bibliographic  entry  see   Field   3D. 

W90-03965 


WATER  MAINS:  REHABILITATION  AND  MA- 
TERIALS REVDZW. 

WRc  Engineering,  Swindon  (England). 

J.  De  Rosa,  and  C.  Evins. 

Aqua   AQUAAA,    Vol.    38,    No.    4,   p   246-255, 

August  1989.  3  fig,  3  tab,  1 1  ref. 

Descriptors:  'Materials  selection,  'Pipes,  'Reha- 
bilitation, Water  conveyance,  Management  plan- 
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ning,  Utilities,  Water  quality  control,  Materials  en- 
gineering. 

The  length  of  water  mains  in  the  United  Kingdom 
has  grown  steadily  over  the  last  100  years  with 
relatively  little  replacement  of  old  mains.  Ap- 
proaching the  last  decade  of  the  century,  the 
nation  has  underground  assets  comprising  approxi- 
mately 350,000  km  of  water  mains  with  an  average 
age  of  perhaps  45  yr.  About  85%  of  these  mains 
are  iron  pipes  that  are  subject  to  corrosion  and 
hence  may  be  associated  with  structural,  hydraulic, 
and  water  quality  problems.  Other  pipe  materials 
are  also  subject  to  some  of  these  problems.  An 
integrated  approach  to  rehabilitation  of  this  net- 
work is  described,  including:  rehabilitation  tech- 
niques, pipe  replacement,  selection  of  pipe  materi- 
als, the  need  for  rationalization  of  theuse  of  pipe 
materials  among  differing  parts  of  the  system,  com- 
pleting the  pipe  materials  selection  manual,  choos- 
ing pipe  materials,  pipe  material  limitations  (ductile 
iron  pipe,  uPVC  pipes),  development  of  a  technical 
selection  procedure,  and  water  quality  consider- 
ations. A  technical  selection  chart  for  distribution 
pipe  materials  was  developed.  The  Water  Research 
Centre  has  played  an  important  role  working  with 
the  water  utilities  to  develop  relevant  investigative 
procedures  and  planning  strategies.  Some  tech- 
niques, such  as  network  analysis  and  leakage  con- 
trol, are  well  established.  Others,  such  as  rehabili- 
tation planning  and  the  selection  of  pipe  materials, 
have  been  developed  more  recently.  (Rochester- 
PTT) 
W90-03967 


EXPERIENCES  OF  QUALITY  CONTROL  OF 
RAW  WATER  STORAGE  RESERVOIRS. 

Wahnbachtalsperrenverband,  Siegburg  (Germany, 

F.R.). 

For  primary  bibliographic  entry  see  Field   5G. 

W90-03968 


RESIDUAL  ALUMINIUM  IN  DRINKING- 
WATER  TREATMENT. 

Technische  Univ.  Berlin  (Germany,  F.R.).  Faculty 
of  Environmental  Engineering. 
M.  R.  Jekel,  and  B.  Heinzmann. 
Aqua  AQUAAA,  Vol.  38,  No.  5,  p  281-288,  Octo- 
ber 1989.  7  fig,  26  ref. 

Descriptors:  'Water  treatment,  *Aluminum, 
•Drinking  water,  'Solubility  diagrams,  Hydrogen 
ion  concentration,  Chemical  reactions,  Alum, 
Chemical  water  treatment,  Calcium,  Sulfates,  Ions, 
Chemical  coagulation. 

The  residual  concentration  of  aluminum  in  drink- 
ing water  is  determined  by  the  solubility  of  the 
hydroxide  precipitate,  which  is  strongly  pH-de- 
pendent.  Stability  and  solubility  diagrams  based  on 
known  chemical  equilibrium  reactions  cannot  be 
used  directly.  To  solve  this  problem,  a  practical 
solubility  diagram,  showing  the  ranges  of  residual 
aluminum  as  a  function  of  pH  in  membrane-filtered 
samples,  was  derived  from  jar-test  data.  This 
sketch  can  be  applied  in  water  purification  with 
alum  as  a  coagulant,  a  low  content  of  dissolved 
organic  materials,  and  for  pore  sizes  of  membrane 
filters  in  the  range  0.05-0.45  micrometer.  While 
sulfate  and  calcium  ions  do  not  influence  the  resid- 
ual concentrations  significantly,  dissolved  humic 
and  fulvic  acids,  especially  after  pre-ozonation  and 
low  alum  dosages,  can  induce  excessively  high 
aluminum  residuals  by  surface  complexation. 
(Rochester-PTT) 
W90-03969 


MANAGING  WATER  SUPPLY:  PUBLIC  OR 
PRTVATE. 

Water  Training,  Tadley  Court,  Tadley  Common 
Road,  Tadley,  Basingstoke,  Hants  RG26  6TB,  UK. 
D.  Hughes. 

Aqua  AQUAAA,  Vol.  38,  No.  5,  p  289-295,  Octo- 
ber 1989. 

Descriptors:  *Training,  *Water  supply,  *Utilities, 
•Metropolitan  water  management,  Comparison 
studies,  Training,  Education. 

In  a  technically  driven  industry  such  as  water 
supply,  with  huge  capital  investment,  the  recogni- 


tion of  the  qualities  of  a  good  manager  frequently 
have  been  restricted  to  technical  competence.  Al- 
though functional  experts  may  make  good  manag- 
ers, it  is  now  generally  accepted  that  many  at- 
tributes other  than  technical  ability  are  required  by 
the  modern  manager.  These  qualities  may  vary 
according  to  whether  the  water  supply  organiza- 
tion is  public  or  private,  but  variation  probably  is 
in  terms  of  emphasis  rather  than  content.  The 
private  water  company  manager  tends  to  be  more 
visible  to  customers  than  the  public  sector  manag- 
er. The  quality  of  management  required  for  the 
effective  maintenance  of  public  water  supply  is 
discussed  under  the  following  headings:  how  to 
become  a  manager  (political  sensitivity,  sensitivity 
for  people,  communication,  observation  and  analy- 
sis, leadership  qualities,  and  technical  and  financial 
background);  public  or  private  ownership  (the 
manager's  role,  the  manager's  needs,  and  the  differ- 
ence managerial  between  public  and  private);  and 
training.  (Rochester-PTT) 
W90-03970 


TRACE  METALS  IN  THE  DRINKING  WATER 
OF  BAHRAIN. 

Hassan  Ahmed  Hassan  Juma,  Environmental  Pro- 
tection Committee,  PO  Box  26909,  Bahrain. 
E.  Raveendran. 

Aqua  AQUAAA,  Vol.  38,  No.  5,  p  305-310,  Octo- 
ber 1989.  3  fig,  3  tab,  10  ref. 

Descriptors:  *Bahrain,  *Drinking  water,  *Heavy 
metals,  'Trace  metals,  Public  health,  Lead,  Cadmi- 
um, Aluminum,  Chromium,  Arsenic,  Selenium, 
Iron,  Copper,  Zinc,  Manganese,  Nickel,  Mercury, 
Spectrophotometry. 

The  state  of  Bahrain  comprises  a  group  of  islands 
on  the  southern  side  of  the  Arabian  Gulf  in  the 
shallow  sea  between  Qatar  Peninsula  and  the  coast 
of  Saudia  Arabia.  The  total  area  is  694  sq  km. 
Drinking-water  samples  were  collected  three  times 
during  1987  from  all  over  Bahrain  and  were  ana- 
lyzed for  Pb,  Cd,  Al,  Cr,  As,  Se,  Fe,  Cu,  Zn,  Mn, 
Ni,  and  Hg.  A  random  selection  of  45  water  sam- 
ples was  examined,  including  raw,  finished  (blend- 
ed), and  bottled  water.  Several  analytical  methods 
were  used  in  conjunction  with  a  graphite-furnace 
atomic-absorption  spectrophotometer  with  a  com- 
puter. Mean  levels  of  each  metal  (microgram/1) 
were  as  follows:  Pb,  3.94;  Cd,  0.18;  Al,  19.56;  Cr, 
5.28;  As,  <1.0;  Se,  <1.0;  Fe,  15.52;  Cu,  22.08;  Zn, 
54.37;  Mn,  6.27;  Ni,  <  10.0;  and  Hg,  0.086.  Signifi- 
cant differences  from  one  location  to  another  were 
observed  for  Cu  and  Zn  that  depended  mainly  on 
the  water  storage  and  plumbing  systems.  Concen- 
tration of  trace  metals  appear  to  be  quite  normal 
compared  to  recently  accepted  World  Health  Or- 
ganization values.  (Author's  abstract) 
W90-03972 


REACTIONS  OF  OZONE  WITH  D-GLUCOSE 
IN  OXYGENATED  AQUEOUS  SOLUTION: 
DHtECT  ACTION  AND  HYDROXYL  RADICAL 
PATHWAY. 

Max-Planck-Inst.  fuer  Strahlenchemie,  Muelheim 
an  der  Ruhr  (Germany,  F.R.). 
M.  N.  Schuchmann,  and  C.  von  Sonntag. 
Aqua  AQUAAA,  Vol.  38,  No.  5,  p  311-317,  Octo- 
ber 1989.  2  fig,  1  tab,  25  ref.  Bundesministerium 
fuer  Forschung  und  Technologie  Project  02-WT 
8720. 

Descriptors:  *Oxidation,  *Ozonation,  *Glucose, 
•Water  treatment,  Hydroxyl  radicals,  Chemical  re- 
actions, Organic  matter,  Degradation  products. 

High  molecular  weight  carbohydrates  originating 
from  algae  are  ubiquitous  organic  contaminants  of 
surface  waters.  These  substances  are  not  readily 
metabolized  by  microorganisms  while  their  low 
molecular  weight  degradation  products  favor  bac- 
terial regrowth.  The  reactions  of  ozone  with  D- 
glucose  were  used  to  study  the  effectiveness  of 
ozone  in  reducing  the  load  of  organic  matter  in 
raw  water  and  to  discriminate  between  the  direct 
and  indirect  mode  of  ozone  action.  The  oxidation 
of  D-glucose  in  oxygenated  aqueous  solution  at  pH 
6.5  by  ozone  yields  mainly  D-gluconic  acid,  D- 
arabino-hexosulose,  D-ribo-hexos-3-ulose,  d-xylo- 
hexos-4-ulose,  D-xylo-hexos-5-ulose,  and  D-gluco- 


hexodialdose,  but  only  a  few  fragmentation  prod- 
ucts. This  involves  two  separate  modes  of  attack: 
the  direct  mode  (hydrotrioxide-mediated)  and  the 
indirect  mode  (OH(-)-catalyzed,  OH-radical-medi- 
ated).  In  its  direct  attack,  ozone  preferentially  oxi- 
dizes CI,  with  D-gluconic  acid  being  the  most 
prominent  product.  In  the  indirect  mode,  catalyzed 
by  OH(-),  hydroxyl  radicals  are  generated  that 
abstract  carbon-bound  hydrogen  almost  at  random. 
The  glucose  radicals  so  created  are  transformed  by 
oxygen  present  in  the  solution  in  peroxyl  radicals, 
most  of  which  are  able  to  eliminate  superoxide 
radicals,  which  in  turn  react  with  ozone  yielding 
hydroxyl  radicals.  That  is,  a  chain  reaction  ensues. 
The  direct  mode  predominates  at  high  D-glucose 
concentrations  and  in  the  presence  of  an  OH- 
radical  scavenger  (t-butanol),  which  blocks  the 
chain  reaction.  The  indirect  mode  gains  in  impor- 
tance at  low  D-glucose  concentrations,  especially 
at  higher  pH,  e.g.,  pH  9.  To  discriminate  between 
the  two  modes,  gamma-radiolysis  (the  method  of 
choice  for  producing  OH-radicals  in  aqueous  solu- 
tion) was  employed.  It  was  established  that,  at 
neutral  pH  and  a  D-glucose  concentration  of  4  x 
10(-3)  mol/1,  the  OH-radical  pathway  predomi- 
nates and  only  10%  of  the  D-glucose  turnover  is 
by  the  direct  mode.  (Author's  abstract) 
W90-03973 


OPTIMAL  OPERATION  OF  WATER  DISTRI- 
BUTION SYSTEMS. 

Texel    Electronics,    Tel-Aviv    (Israel).    Dept.    of 
Real-Time  Control  for  Water  Systems. 
U.  Zessler,  and  U.  Shamir. 

Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  115,  No.  6,  p  735- 
752,  November  1989.  8  fig,  6  tab,  23  ref. 

Descriptors:  *Water  distribution,  *Optimization, 
Programming,  Algorithms,  Prediction,  Hydraulic 
models,  Computers,  Mathematical  models. 

Optimal  operation  of  a  water  supply  system  is 
solved  by  progressive  optimality  (PO),  an  iterative 
dynamic  programming  (DP)  method.  Given  the 
forecasted  demands  for  the  coming  24  hr,  the 
initial  and  final  conditions  in  the  reservoirs,  the 
hydraulic  properties  of  all  the  system  components, 
and  the  variable  energy  cost  over  the  day,  an 
optimal  schedule  of  pump  operation  is  found.  The 
algorithm  cycles  iteratively  over  the  time  steps 
(hours  of  the  day)  and  network  subsystems,  and 
converges  to  the  optimum  from  any  (feasible  or 
infeasible)  initial  solution.  The  global  optimum  is 
guaranteed  only  under  certain  conditions;  other- 
wise a  local  optimum  may  be  reached.  The  method 
was  developed  and  demonstrated  on  a  regional 
water  supply  system  with  eight  reservoirs  and 
seven  pumping  stations.  The  method  has  been  pro- 
grammed in  Pascal  for  an  IBM  PC/XT.  A  full  run 
for  a  24-hr  operation  takes  10-15  minutes.  There- 
fore, the  problem  can  be  rerun  at  any  time  during 
the  day  if  the  observed  conditions  change  (e.g.,  a 
pump  fails  or  demand  changes).  The  program  was 
written  modularly  so  that  it  can  be  applied  to 
water  supply  systems  in  which  the  subsystems 
appear  in  any  configuration.  (Rochester-PTT) 
W90-03976 


WATER  AND  URBAN  LAND-USE  PLANNING 
IN  CALL  COLOMBIA. 

Hawaii  Univ.  at  Manoa,  Honolulu.  Dept.  of  Geog- 
raphy. 

For  primary  bibliographic  entry  see  Field   6D. 
W90-03977 


DESIGN  OF  DILUTION  JUNCTIONS  FOR 
WATER  QUALITY  CONTROL. 

Technion  -  Israel  Inst,  of  Tech.,  Haifa.  Dept.  of 
Mechanical  Engineering. 
D.  Pessen,  G.  Sinai,  K.  H.  Fasol,  and  M.  Reike. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  115,  No.  6,  p  829- 
845,  November  1989.  10  fig,  15  ref. 

Descriptors:  *Water  distribution,  *Dilution  junc- 
tions, 'Process  control,  Mixing,  Mathematical 
equations,  Optimization,  Computer  programs, 
Analog  computers,  Hydraulic  engineering. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5F — Water  Treatment  and  Quality  Alteration 


Mixing  or  dilution  junctions  can  extend  the  avail- 
able water  supply  in  a  region  by  diluting  low- 
quality  (e.g.,  brackish)  water  with  higher-quality 
water  to  yield  a  mixture  suitable  for  irrigation, 
industrial,  or  domestic  use.  To  achieve  the  best 
results,  the  process  should  be  controlled  automati- 
cally. Typically  the  controlled  variables  are  salini- 
ty, outlet  flow,  water  level,  and  outlet  pressure. 
The  three  most  promising  mixing-junction  control 
configurations  are:  (1)  use  of  a  mixing  valve  which 
is  activated  by  a  salinity-sensitive  controller;  (2) 
use  of  a  mixing  valve  activated  by  an  on-off  level 
controller;  and  (3)  use  of  a  control  valve  in  each 
inlet  line,  one  adjusted  by  a  salinity  controller  and 
the  second  by  a  flow,  level,  or  pressure  controller. 
Steady-state  equations  were  derived,  and  a  micro- 
computer program  developed  to  simulate  steady- 
state  operation.  This  program  helps  to  determine 
various  design  constants  of  a  junction.  For  a  dy- 
namic study,  a  hybrid  computer  simulation  can  be 
made,  with  the  dynamics  of  instrumentation  simu- 
lated on  an  analog  computer.  A  conclusion  of  this 
simulation  is  that  equal-percentage  rather  than 
linear-control  valves  should  be  used.  A  cost  analy- 
sis showed  that  the  lowest  cost  is  achieved  using  a 
self-actuated  pressure  or  flow  regulator,  and  a 
single-speed  floating  control  for  salinity.  (Roches- 
ter-PTT) 
W90-03982 


CORROSION  IN  POTABLE  WATER  SYSTEMS: 
THE  JOHANNESBURG  EXPERIENCE. 

Johannesburg   City    Health   Dept.    Labs.    (South 

Africa). 

D.  W.  Osbom. 

Water  SA  WASADV,  Vol.  15,  No.  4,  p  201-208, 

October  1989.  5  fig,  2  tab,  25  ref. 

Descriptors:  'Potable  water,  *South  Africa, 
•Water  distribution,  'Corrosion,  'Pipelines,  Sul- 
fates, Chlorides,  Johannesburg,  Bacteria,  Cost 
analysis,  Maintenance,  Cements,  Leakage. 

The  corrosion  effects  of  polyelectrolyte-flocculat- 
ed  water  containing  sulfate  and  chloride,  and  the 
role  of  Desulfovibrio  desulfuricans  in  promoting 
pipe  wall  penetration  in  the  aging  Johannesburg 
(South  Africa)  potable  water  distribution  system, 
are  described.  Costs  and  criteria  for  upgrading  the 
system  with  cement  mortar  or  high  density  poly- 
ethylene (HDPE)  liners  and  plastic  piping  are 
given.  A  pilot  leak  detection  survey  demonstrated 
the  need  for  continuing  field  investigations.  The 
Johannesburg  situation  is  noteworthy  because  of 
the  large  numbers  of  burst  mains  that  were  experi- 
enced in  a  very  short  period  of  time  in  many 
different  parts  of  the  city.  The  age  of  the  pipes  was 
undoubtedly  a  major  contributing  factor,  but  the 
quality  of  water  in  the  pipe  also  appears  to  have 
played  a  major  role.  The  high  concentration  of 
sulfates,  and  occasionally,  the  high  levels  of  organ- 
ic matter  apparently  originating  from  recycled  pu- 
rified sewage  effluents,  have  provided  suitable  con- 
ditions for  the  growth  of  D  desulfuricans.  The 
presence  of  relatively  high  concentrations  of  chlo- 
ride and  sulfate  ions  in  the  absence  of  a  suitable 
level  of  alkalinity,  also  have  contributed  to  creat- 
ing corrosive  conditions  for  steel  pipes.  It  cost  77.6 
million  Rand  from  1  July  1982  to  30  June  1987  to 
replace  the  water  distribution  system  in  Johannes- 
burg. Out  of  a  total  of  3000  km  of  mains  (50-1020 
mm),  135  km  are  cement  mortar-lined  steel  pipes, 
100  km  uPVC,  75  km  of  HDPE,  132  km  slip-lined 
with  90/140  mm  HDPE,  400  km  asbestos  cement 
pipes,  and  the  remainder  mild  steel.  (Rochester- 
PTT) 
W9O-03988 


BOILED  AND  UNBOILED  TAP  WATER 
INTAKE  OF  CAPE  TOWN  RESIDENTS. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Com- 
munity Health. 

L.  T.  Bourne,  D.  E.  Bourne,  and  W.  H.  J. 
Hattingh. 

Water  SA  WASADV,  Vol.  15,  No.  4,  p  227-230, 
October  1989.  5  tab,  14  ref. 

Descriptors:  'Domestic  water,  'South  Africa, 
•Public  health,  'Surveys,  Potable  water,  Cape 
Town,  Tea,  Coffee,  Diets. 


Two  surveys  of  all  food  and  drink  items  consumed, 
using  a  24-hr  recall  method,  were  conducted  in 
summer  and  winter  of  1983  and  1984  in  Cape 
Town.  Water  consumed  was  classified  as  from 
domestic  tap  water,  commercial  beverages,  or  nat- 
urally bound  to  food.  The  water  also  was  classified 
as  to  whether  it  had  been  boiled  or  not  and  wheth- 
er it  was  consumed  at  or  away  from  home.  Tea 
and  coffee  consumption  was  recorded.  Boiled  tap 
water  consumption  in  foods  and  drinks  constituted 
64.2%.  Boiled  tap  water  derived  from  tea  or  coffee 
amounted  to  83.7%.  Mean  total  intake  of  all  forms 
of  water  consumed  was  1 .77  1/head  per  day.  (Au- 
thor's abstract) 
W90-03991 


DYNAMICALLY  FORMED  HYDROUS  ZIRCO- 
NIUM (TV)  OXIDE-POLYELECTROLYTE 
MEMBRANES:  III.  POLY(ACRYLIC  ACID) 
AND  SUBSTITUTED  POLY(ACRYLIC  ACID) 
HOMO,  CO,  AND  TERPOLYMER  MEM- 
BRANES. 

Stellenbosch  Univ.  (South  Africa).  Inst,  for  Poly- 
mer Science. 

For  primary  bibliographic  entry  see  Field  3A. 
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DYNAMICALLY  FORMED  HYDROUS  ZIRCO- 
NIUM (TV)  OXIDE-POLYELECTROLYTE 
MEMBRANES:  IV.  MALEIC  ANHYDRIDE  CO- 
POLYMERS. 

Stellenbosch  Univ.  (South  Africa).  Inst,  for  Poly- 
mer Science. 

For  primary  bibliographic  entry  see  Field  3A. 
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COMPARATIVE  EXAMINATIONS  OF  THE 
ADSORPTTVE  ELIMINATION  AND  IDENTIFI- 
CATION OF  ORGANIC  SUBSTANCES  IN  THE 
WATER  USING  DIFFERENT  FILTERING 
MEDIA:  PART  2  (VERGLEICHENDE  UNTER- 
SUCHUNGEN  ZUR  ADSORPTTVEN  ELIMIN- 
DXRUNG  UND  IDENTIFTZIERUNG  VON  OR- 
GANISCHEN  WASSERINHALTSSTOFFEN  AN 
UNTERSCHIEDLICHEN  FTLTER-MEDD2N).  (2. 
MITT). 

For  primary  bibliographic  entry  see  Field  7B. 
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IDENTIFICATION  OF  MUTAGENS  IN  DRINK- 
ING WATER. 

Water  Research  Centre,  Medmenham  (England). 

Medmenham  Lab. 

For  primary  bibliographic  entry  see  Field  5A. 
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INFLUENCE  OF  MATERIALS  ON  THE  MI- 
CROBIOLOGICAL COLONIZATION  OF 
DRINKING  WATER. 

Bonn  Univ.  (Germany,  F.R.).  Hygiene  Inst. 
For  primary  bibliographic  entry  see  Field  5B. 
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HAND  PUMP  CORROSION  IN  DEEP  BORE- 
HOLES-A  CASE  STUDY  ON  IMPLEMENTA- 
TION OF  GROUNDWATER  SUPPLD3S  IN  A 
DEVELOPING  COUNTRY. 

Interconsult  A/S,  Sand  vika  (Norway). 

For  primary  bibliographic  entry  see  Field  5B. 
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POWDERED  OR  GRANULAR  ACTIVATED 
CARBON  FOR  MICROPOLLUTANT  REMOV- 
AL. 

Karlsruhe  Univ.  (Germany,  F.R.).  Engler-Bunte 

Inst. 

L.  Huber,  G.  Zimmer,  and  H.  Sontheimer. 

Aqua  AQUAAA,  Vol.  38,  No.  2,  p  118-130,  April 

1989.  13  fig,  3  tab,  23  ref. 

Descriptors:  'Activated  carbon,  'Filtration,  'Ad- 
sorbents, 'Chlorinated  hydrocarbons,  'Water 
treatment,  Drinking  water,  Pesticides,  Fouling, 
Comparison  studies,  Particle  size,  Estimating,  Data 
interpretation. 


The  performance  of  powdered  activated  carbon 
(PAC)  and  granular  activated  carbon  (GAC)  for 
drinking  water  treatment  processes  are  discussed 
with  respect  to  the  removal  of  volatile  chlorinated 
hydrocarbons  (VOCs)  and  pesticides.  Considering 
the  effect  of  'carbon  fouling',  a  determination  pa- 
rameter based  on  the  carbon  use  rates  was  estimat- 
ed from  the  comparison  of  both  processes.  The 
results  show  a  higher  efficiency  for  treatment 
plants  using  PACs  for  low  influent  concentrations 
and  strongly  adsorbing  compounds.  With  particu- 
lar reference  to  the  removal  of  some  pesticides, 
GAC  filters  reach  only  less  than  1%  of  the  capac- 
ity of  the  virgin  carbon.  At  high  influent  concen- 
trations of  VOCs,  the  application  of  GAC  filters  is 
the  preferable  adsorption  process.  The  proposed 
calculation  method,  combined  with  cost  evalua- 
tions, gives  the  criteria  for  the  favorable  process 
design.  (Author's  abstract) 
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EFFECT  OF  ORGANIC  CARBON  SUPPLY  IN 
WATER  ON  THE  ANTIBIOTIC  RESISTANCE 
OF  BACTERIA. 

Freshwater    Biological    Association,     Ambleside 

(England). 

J.  B.  Jones,  and  R.  W.  Pickup. 

Aqua  AQUAAA,  Vol.  38,  No.  2,  p  131-135,  April 

1989.  1  fig,  1  tab,  20  ref. 

Descriptors:  'Aquatic  bacteria,  'Organic  carbon, 
'Culture  media,  'Bacterial  physiology,  'Antibiot- 
ics, Culturing  techniques,  Lakes,  Bioassay,  Limit- 
ing nutrients,  Natural  waters. 

Freshwater  bacteria  were  isolated  by  continuous 
culture  in  which  the  'medium'  was  membrane- 
filtered  lake  water.  Several  isolates  were  grown  on 
media  that  contained  low  and  high  concentrations 
of  organic  carbon  sources.  Those  grown  at  low 
concentrations  of  organic  carbon  were  much  more 
resistant  to  several  antibiotics.  Lower  organic 
carbon  concentrations  also  resulted  in  physiologi- 
cal changes  in  these  aquatic  bacteria,  particularly 
in  the  composition  of  their  outer  membrane  pro- 
teins. Such  changes  have,  in  other  studies  on  clini- 
cal isolates,  been  associated  with  nutrient  limitation 
and  increased  antibiotic  resistance,  and  could  be  of 
importance  in  water  storage  and  supply.  Given 
that  this  form  of  resistance  is  not  only  confined  to 
antibiotics  but  may  also  apply  to  a  range  of  anti- 
bacterial substances  such  as  phenols  and  chlorine, 
the  results  presented  here  may  be  of  some  rel- 
evance in  the  calculation  of  dosage  for  all  water 
systems.  (Author's  abstract) 
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IMMUNOLOGICAL  METHOD  USING  MONO- 
CLONAL ANTIBODIES  TO  DETECT  ENTERO- 
BACTERIACEAE  IN  DRINKING  WATER. 

Stadtwerke  Mainz  A.G.  (Germany,  F.R.).  Dept.  of 

Water  Supplies. 

For  primary  bibliographic  entry  see  Field  5A. 
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DYNAMIC  PARTICLE  ADHESION  PROCESS 
AND  ITS  EFFECT  ON  PARTICLE  AGGREGA- 
TION. 

Rheinisch-Westfaelische    Wasserwerksgesellschaft 
m.b.H,  Muelheim  an  der  Ruhr  (Germany,  F.R.). 
Inst,  fuer  Wasserchemie  und  Wassertechnologie. 
For  primary  bibliographic  entry  see  Field  2K. 
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EFFECT  OF  BROMIDE  IONS  ON  TRIHALO- 
METHANE  (THM)  FORMATION  IN  WATER. 

Institute  of  Public  Health,  Tokyo  (Japan).  Dept.  of 

Sanitary  Engineering. 

T.  Aizawa,  Y.  Magara,  and  M.  Musashi. 

Aqua  AQUAAA,  Vol.  38,  No.  3,  p  165-175,  April 

1989.  12  fig,  1  tab,  16  ref. 

Descriptors:  'Water  treatment,  'Catalysis,  'Bro- 
mides, 'Trihalomethanes,  'Water  pollution 
sources,  'Path  of  pollutants,  'Chemical  reactions, 
'Chlorination,  Humic  acids,  Anions,  Chloroform, 
Mathematical  equations,  Experimental  data. 
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A  study  was  conducted  to  examine  the  effect  of 
bromide  ions  on  THM  formation.  Humic  acid  solu- 
tion, which  was  selected  as  a  model  precursor,  was 
chlorinated  under  various  conditions,  with  variable 
pH  and  with  or  without  bromide  ions.  The  amount 
of  chloroform  decreased  by  a  proportion  of  about 
0.8  power  of  bromide  ion  concentration.  However, 
the  amount  of  brominated  THM  increased  in  a 
proportion  of  about  0.9  power  of  the  bromide  ion 
content  in  the  sample.  The  mechanisms  of  bromin- 
ated THM  formation  from  ion-containing  water 
were  also  revealed  in  laboratory  experiments.  The 
amount  of  THM  formed  by  chlorination  of  water 
containing  bromide  ions  could  be  predicted  as  the 
sum  of  formed  chloroform  and  brominated  THM. 
Experimental  equations  which  gave  the  THM 
amount  formed  were  derived  by  developing  equa- 
tions for  predicting  chloroform  and  brominated 
THM  separately  through,  a  series  of  experiments. 
The  experimental  equations  were  verified  by  meas- 
uring THM  formed  in  chlorinated  natural  water. 
(Author's  abstract) 
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MODERN  METHODS  IN  WATER  ANALYSIS. 

Technische   Univ.    Muenchen   (Germany,    F.R.). 

Inst,  fuer  Wasserchemie  und  Chemische  Balneolo- 

gie. 

For  primary  bibliographic  entry  see  Field  5A. 
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APPROPRIATE  TECHNOLOGDZS-EXAMPLE 
OF  A  LARGE  BIOLOGICAL  IRON  REMOVAL 
PLANT  LN  TOGO. 

Directeur  General  de  la  Regie  Nationale  des  Eaux 

du  TOGO,  B.  P.  1301,  Lome,  Togo. 

Y.  Badjo,  and  P.  Mouchet. 

Aqua  AQUAAA,  Vol.  38,  No.  3,  p  197-206,  April 

1989.  8  fig,  3  tab,  19  ref.  English  abstract. 

Descriptors:  'Water  treatment,  'Iron  bacteria,  •Bi- 
ological treatment,  *Water  treatment  facilities, 
•Togo,  'Municipal  water,  Technology,  Iron,  Man- 
ganese, Drinking  water. 

At  the  end  of  1987,  a  biological  iron  removal  plant 
was  started  up  for  the  supply  of  drinking  water  to 
the  capital  of  Togo,  Lome.  This  event  marked  the 
introduction  of  modern  biological  treatment  tech- 
nologies applied  to  groundwater  in  Africa.  This 
article  first  reviews  the  principles  of  dissolved  iron 
and  manganese  removal  by  biological  means;  it 
then  explains  the  problem  Lome  had  to  face  for  its 
water  supply  in  view  of  its  increasing  needs.  In  the 
past,  water  had  been  distributed  without  undergo- 
ing a  specific  treatment,  but  the  nature  of  new 
water  resources  required  construction  of  an  iron 
removal  plant.  In  this  typical  example,  the  advan- 
tages of  the  biological  process  over  conventional 
physico-chemical  treatment  were  evidenced  right 
at  the  design  stage.  The  first  phase  (1620  cu  m/hr), 
built  in  less  than  one  year,  was  operational  from 
the  first  day  onwards  due  to  the  fast  natural  seed- 
ing by  iron  bacteria  of  the  Gallionella  ferroginea 
species,  and  has  been  running  to  the  owner's  satis- 
faction since  then.  (Author's  abstract) 
W90-04017 


through  environmental  pollution.  The  major  con- 
taminants are  nitrates,  halogenated  solvents  and 
recently,  several  P  pesticides.  For  that  reason, 
more  sophisticated  treatment  processes  such  as 
denitrification,  air  stripping  and  granular  activated 
carbon  filtration  have  been  added  to  the  conven- 
tional treatment  system.  Groundwater  treatment 
gives  rise  to  a  significant  production  of  disposals. 
The  volume  of  rapid  sand  filter  backwash  water 
amounts  to  1-3%  of  the  total  drinking  water  pro- 
duction, representing  10,000  tons  of  dry  solids  a 
year.  In  most  cases  lagooning  is  applied  to  remove 
the  suspended  solids  from  the  backwash  water. 
Many  water  treatment  plants  are  currently  facing 
serious  problems  in  the  disposal  of  their  dry  solids, 
due  to  the  arsenic  content  of  the  sludge.  Pellet 
softening  treatment  plants  produce  about  17,000 
tons  of  calcium  carbonate  grains  a  year.  The  pel- 
lets are  disposed  of  in  the  cattle  feed  and  lime 
processing  industry.  Denitrification,  airstripping 
and  granular  activated  carbon  filtration  do  not 
leave  a  significant  waste  stream  on  site.  (Author's 
abstract) 
W90-04018 

POWDERED  ACTIVATED  CARBON  SELEC- 
TION FOR  WATER  TREATMENT. 

UMA  Engineering  Ltd.,  Mississauga  (Ontario). 
S.  Troxler,  D.  W.  Smith,  and  E.  Knettig. 
Canadian  Journal  of  Civil  Engineering  CJCEB8, 
Vol.  16,  No.  5,  p  743-752,  October  1989.  6  fig,  9 
tab,  7  ref. 

Descriptors:  *Organoleptic  properties,  'Color  re- 
moval, *Odor  control,  'Activated  carbon,  'Filtra- 
tion, 'Adsorbents,  'Laboratory  methods,  'Water 
treatment,  Drinking  water,  Municipal  water. 

Increasing  concern  with  color,  taste,  and  odor  in 
municipal  water  supplies  has  led  to  the  use  of  a 
variety  of  coagulants,  oxidants,  and  adsorbents  for 
improving  water  quality.  Powdered  activated 
carbon  (PAC)  is  good  adsorbent  of  many  organic 
materials  in  water.  This  paper  presents  a  protocol 
for  evaluating  various  PACs,  taking  into  account 
the  objective  of  the  unit  process.  The  selection 
protocol  is  divided  into  three  related  lines  of 
action,  based  on  the  initial  treatment  objective 
choice:  a  wide  variety  of  compounds;  low  molecu- 
lar weight  compounds;  or  high  molecular  weight 
compounds.  The  PAC  samples  are  tested  for  their 
absorption  capacity  for  four  surrogate  compounds: 
iodine  number,  for  absorption  of  low  molecular 
weight  compounds;  phenol,  as  a  substitute  for 
polar,  ionic  and  low  molecular  weight  organic 
compounds;  mesitylene,  to  determine  odor  thresh- 
old; and  tannic  acid,  as  an  indicator  of  a  PAC  to 
absorb  aquatic  humic  substances  and  of  color-im- 
parting organic  compounds.  Using  a  series  of  deci- 
sion criteria,  more  weight  can  be  placed  on  the  test 
parameters  which  relate  to  the  cause  of  the  quality 
problem.  An  accurate  determination  of  the  capa- 
bilities can  only  be  achieved  by  monitoring  trial 
runs  at  the  water  treatment  plant.  (VerNooy-PTT) 
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EXPERIENCES  WITH  GROUNDWATER 
TREATMENT  AND  DISPOSAL  OF  THE 
ELIMINATED  SUBSTANCES  LN  THE  NETH- 
ERLANDS. 

Keuringsinstituut  voor  Waterleidingartikelen,  Rijs- 

wijk  (Netherlands). 

J.  C.  Kruithof,  and  H.  M.  M.  Koppers. 

Aqua  AQUAAA,  Vol.  38,  No.  3,  p  207-216,  April 

1989.  11  fig,  5  tab,  15  ref. 

Descriptors:  'Water  treatment,  'Solid  waste  dis- 
posal, 'Wastewater  disposal,  'Sludge  utilization, 
'The  Netherlands,  'Groundwater,  Backwash, 
Sludge  disposal. 

In  the  Netherlands,  conventional  groundwater 
treatment  is  composed  of  aeration  and  several 
types  of  rapid  sand  filtration  to  remove  natural 
constituents  such  as  iron,  manganese,  ammonia  and 
methane.  Additionally,  softening  has  been  intro- 
duced in  many  treatment  plants.  Since  the  late 
1970s  groundwater  quality  has  deteriorated  sharply 


COMPARISON  OF  OZONE  LNACTTVATION, 
LN  FLOWING  WATER,  OF  HEPATITIS  A 
VLRUS,  POLIOVLRUS  1,  AND  INDICATOR  OR- 
GANISMS. 

Tuebingen  Univ.  (Germany,  F.R.).  Hygiene  Inst. 
K.  Herbold,  B.  Flehmig,  and  K.  Botzenhart. 
Applied      and       Environmental       Microbiology 
AEMIDF,  Vol.  55,  No.  11,  p  2949-2953,  Novem- 
ber 1989.  3  fig,  7  tab,  18  ref. 

Descriptors:  'Water  treatment,  'Ozone,  'Ozona- 
tion, 'Drinking  water,  'Viruses,  'Aquatic  bacteria, 
Escherichia  coli,  Bacillus,  Disinfection,  Bioindica- 
tors,  Resistance,  Human  pathogens. 

Ozone  inactivation  of  hepatitis  A  virus  (HAV)  and 
poliovirus  1  (PV1)  was  compared  under  conditions 
of  constant  flow,  a  situation  that  corresponding  to 
conditions  in  a  water  treatment  plant.  In  steadily 
flowing  water  at  20  C  and  pH  7,  five  organisms 
had  the  following  order  of  resistance  to  ozone  (at 
constant  levels  of  ozone,  0.03  to  .38  mg/L):  < 
Escherichia  coli  <  <  Legionella  pneumophila  ser- 
ogroup  6  <  Bacillus  subtUis  spores.  The  tests  were 
repeated  at  10  C  with  HAV,  PV1,  and  E.  coli. 


Ozone  inactivation  of  HAV  and  E.  coli  was  faster 
at  10  C  than  at  20  C.  At  20  C,  0.25  to  0.38  mg  of 
03  per  liter  was  required  for  complete  inactivation 
of  HAV  but  only  0.13  mg  of  03  per  liter  was 
required  for  complete  inactivation  of  PV1. 
(Geiger-PTT) 
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FRACTAL  GEOMETRY  OF  PARTICLE  AG- 
GREGATES GENERATED  IN  WATER  AND 
WASTEWATER  TREATMENT  PROCESSES. 

Toronto  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5D. 
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QUALITY  OF  COMMUNITY  DRINKING 
WATER  AND  THE  OCCURRENCE  OF  SPON- 
TANEOUS ABORTION. 

Harvard  School  of  Public  Health,  Boston,  MA. 

Dept.  of  Epidemiology. 

For  primary  bibliographic  entry  see  Field  5C. 
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CONCENTRATION    OF   GIARDIA    LAMBLLA 
CYSTS,        LEGIONELLA        PNEUMOPHILA, 
CLOSTRIDIUM  PERFRINGENS,  HUMAN  EN- 
TERIC VIRUSES,  AND  COLIPHAGES  FROM 
LARGE  VOLUMES   OF  DRINKING   WATER, 
USING  A  SINGLE  FILTRATION. 
Institut  Armand-Frappier,  Laval  (Quebec).  Centre 
de  Recherche  en  Virologie. 
P.  Payment,  A.  Berube,  D.  Perreault,  R.  Armon, 
and  M.  Trudel. 

Canadian  Journal  of  Microbiology  CJMIAZ,  Vol. 
35,  No.  10,  p  932-935,  October  1989.  1  fig,  1  tab,  27 
ref. 

Descriptors:  'Filtration,  'Drinking  water,  'Enter- 
oviruses, 'Bacteriophage,  'Giardia,  'Clostridium, 
'Legionella,  'Water  analysis,  'Viruses,  Public 
health,  Microorganisms. 

Poliovirus,  coliphages,  Giardia  lamblia  cysts,  Clos- 
tridium perfringes  spores,  and  Legionella  pneumo- 
phila were  concentrated  simultaneously  in  a  single 
pass  by  sequential  filtration  of  large  volumes  of 
drinking  water  through  3  and  1  micrometer  wound 
electronegative  fiberglass  cartridge  filters  (25.4 
cm).  Filtration  was  performed  under  acidic  condi- 
tions (pH  3.5)  in  the  presence  of  0.002  M  aluminum 
chloride  to  enhance  adsorption.  Elution  of  all  the 
microorganisms  entrapped  or  adsorbed  to  the  fil- 
ters was  obtained  by  a  slow  backwash  elution  with 
a  1.5%  beef  extract  solution,  pH  9.75,  containing 
0.5%  Tween  80.  Tween  80  was  shown  to  enhance 
recovery  of  the  bacteriophages,  bacteria,  and  para- 
sites. Giardia  cysts  were  efficiently  eluted  (71%) 
and  could  be  reconcentrated  by  low-speed  cen- 
trifugation  and  purified  by  sucrose  density  gradient 
flotation  at  a  final  recovery  of  52%.  Legionella 
pneumophila  cells  were  eluted  at  64%  and  were 
further  concentrated  by  low-speed  centrifugation 
at  an  overall  recovery  of  55%.  C.  perfringens 
spores  and  coliphages  were  eluted  at  efficiencies  of 
82  and  86%,  respectively,  and  reconcentrated  with 
minimal  loss  by  a  detergent-protein  flotation 
method.  Poliovirus  was  eluted  at  93%  and  recon- 
centrated at  78%  efficiency  by  organic  floccula- 
tion.  (Author's  abstract) 
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GEOGRAPHIC  ANALYSIS  OF  THE  INCI- 
DENCE OF  CANCER  IN  QUEBEC  AS  A  FUNC- 
TION OF  THE  UTILIZATION  OF  PESTICIDES 
IN  AGRICULTURE,  1982-1983  (ANALYSE  GEO- 
GRAPHIQUE  DE  L'LNCTOENCE  DES  CAN- 
CERS AU  QUEBEC  EN  FONCTION  DE  L'U- 
TILISATION  DES  PESTICIDES  EN  AGRICUL- 
TURE, 1982-1983). 

Montreal  Univ.   (Quebec).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-04096 


WATER    SUPPLY    AND    SANITATION:    AN 
AGENDA  FOR  RESEARCH. 

London  School  of  Hygiene  and  Tropical  Medicine 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5F — Water  Treatment  and  Quality  Alteration 


(England). 

S.  Cairncross. 

Journal     of    Tropical     Medicine     and     Hygiene 

JTMHA9,  Vol.  92,  No.  5,  p  301-314,  October  1989. 

1  tab,  64  ref. 

Descriptors:  *Public  health,  •Drinking  water,  •Po- 
litical aspects,  'Sanitation,  International  Drinking 
Water  Supply  and  Sanitation  Decade,  Health  Re- 
search for  Development,  Tropical  regions, 
Wastewater  treatment,  Sewer  systems,  Water 
supply,  Urban  areas.  Groundwater  pollution,  De- 
veloping countries. 

As  the  International  Drinking  Water  Supply  and 
Sanitation  Decade  (1981-1990)  draws  to  a  close, 
and  the  international  community  discusses  plans  to 
follow  it  with  a  second  decade  focussed  on  these 
and  other  issues  of  environmental  health,  the  for- 
mation of  the  commission  on  Health  Research  for 
Development  provides  a  useful  opportunity  to 
review  progress  in  this  area  over  the  last  10  years. 
With  regard  to  water  supply,  the  problems  were 
largely  regarded  as  technical  or  economic,  with 
little  reference  to  social  or  institutional  aspects. 
Sanitation  was  largely  neglected.  Urban  sanitation 
was  usually  understood  to  mean  sewerage,  so  that 
the  low-income  majority  of  the  population  of  most 
tropical  cities,  for  whom  sewerage  is  neither  feasi- 
ble nor  affordable,  were  automatically  excluded. 
Much  of  the  last  10  years'  research  has  focussed  on 
technical  issues  such  as  hand-pump  design  and 
sanitation  technology.  The  next  decade  will  see  the 
development  of  cheaper  techniques  for  locating 
and  drilling  boreholes,  and  of  a  lightweight  motor- 
pump  suitable  for  dewatering  wells  when  the  dig- 
ging teams  have  reached  a  depth  greater  than  8  m. 
In  the  sanitation  sector,  we  can  hope  for  a  clearer 
understanding  of  sludge  accumulation  rates  and  of 
factors  affecting  the  capacity  of  tropical  soils  to 
absorb  liquid  wastes.  Technical  research  has  fo- 
cussed on  hand-pump  design,  water  filtration, 
water  microbiology,  wastewater  treatment,  ground 
water  pollution  and  pit  latrine  emptying  equip- 
ment. The  health  impact  of  water  supply  and  sani- 
tation has  been  considered  as  something  of  a  taboo 
subject  by  the  World  Bank  and  the  World  Health 
Organization.  Recently,  however,  both  bodies 
have  renewed  their  interest  in  the  subject.  This  has 
facilitated  the  development  of  fresh  approaches  to 
the  methodology  of  health  impact  measurement 
(Mertz-PTT) 
W90-04110 


DIATOMACEOUS-EARTH  WATER  FILTRA- 
TION. 

O'Brien  and  Gere  Engineers,  Inc.,  Syracuse,  NY. 
D.  G.  VanArnam,  and  M.  J.  Dent. 
Water  Engineering  and  Management  WENMD2, 
Vol.  136,  No.  10,  p  35-36,  October  1989. 

Descriptors:  *Water  treatment  facilities,  *Potable 
water,  •Filtration,  *Diatomaceous  earth,  Costs, 
New  York,  Giardia,  Turbidity,  Drinking  water. 

When  the  village  of  Clayton,  New  York,  installed 
a  diatomaceous-earth  filtration  system  to  treat  its 
water  supply,  it  realized  an  estimated  30%  cost 
savings  over  conventional  rapid  sand  and  dual- 
media  filtration.  Though  the  village  had  not  expe- 
rienced problems  with  the  intestinal  parasite,  Giar- 
dia lamblia,  the  installation  and  proper  use  of  a 
diatomite  filtration  system  has  been  found  in  tests 
and  practice  to  prevent  Giardia  cysts  from  enter- 
ing water  supply  systems.  With  the  diatomite-fil- 
tration  system,  Clayton  obtained  a  finished  water 
quality  of  0.S  nephelometric  turbidity  units,  well 
under  the  New  York  State  Department  of  Health 
required  standard  of  1.0.  Water  production  is 
greater  than  with  other  water-filtration  systems 
because  only  0.1  to  0.2%  throughput,  as  opposed 
to  2  to  5%,  is  used  in  backwashing.  The  small  area 
required  to  set  up  a  diatomite-filtration  system 
contributed  to  the  lower  capital  cost  and  facilitated 
operation  of  the  water  treatment  plant.  The  Clay- 
ton, NY  water  treatment  system  has  been  running 
smoothly  since  1983.  (Mertz-PTT) 
W90-04116 


OHIO     PERMITS     PRESSURE     CLARIFICA- 
TION/FILTRATION. 


Green  Cove,  Ohio. 

R.  J.  Young. 

Water  Engineering  and  Management  WENMD2, 

Vol.  136,  No.  10,  p  39-40,  Oct  1989. 

Descriptors:  *Water  treatment  facilities,  'Filtra- 
tion, *Clarifiers,  Ohio,  Lake  Erie,  Color  removal, 
Organoleptic  properties. 

In  1988,  a  pressure  clarification/filtration  system 
was  installed  to  serve  Green  Cove,  a  750-unit 
condominium  complex  on  the  shores  of  Lake  Erie 
in  Ohio.  The  system  in  use  at  Green  Cove  is  a 
duplex  system.  It  has  two  trains  each  having  a 
pressure  clarifier,  a  multimedia  depth  filter,  and  a 
carbon  filter.  All  tanks  are  72  inches  in  diameter; 
the  sideshell  heights  of  the  clarifier  and  depth  filter 
are  60  inches  and  the  height  of  the  carbon  unit  is 
84  inches.  A  chemical-feed  system  feeds  alum  to 
the  system  to  aid  in  filtering,  and  to  increase  ad- 
sorption of  color  and  taste  by  the  filter  media.  A 
flocculant-feed  system  is  available  but  seldom  used. 
The  clearwells  have  a  total  capacity  of  220,000  gal. 
and  each  alone  provides  enough  water  for  a 
normal  day's  use  by  residents  during  peak  summer 
periods.  The  water-treatment  system  has  a  capacity 
of  320,000  gal./day,  so  it  is  not  necessary  to  run 
the  system  constantly,  another  cost  savings.  Water 
pressure  to  the  system  is  provided  by  two  conven- 
tional submersible  well  pumps.  Filters  are  back- 
washed  manually  by  the  operator  after  each  serv- 
ice run  to  satisfy  Ohio  EPA  monitoring  require- 
ments, but  backwashing  can  also  be  done  automati- 
cally. (Mertz-PTT) 
W90-04117 


AQUEOUS  OZONATION  OF  A  QUATERNARY 
AMMONIUM  SURFACTANT. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England).  Public  Health  Engineering  Lab. 

C.  Corless,  G.  Reynolds,  N.  Graham,  R.  Perry, 

and  T.  M.  Gibson. 

Water  Research  WATRAG,  Vol.  23,  No.   11,  p 

1367-1371,  November  1989.  5  fig,   1  tab,   15  ref. 

Descriptors:  'Surfactants,  'Water  treatment, 
•Ozonation,  'Oxidation,  Pollutants,  Gas  chroma- 
tography, Quaternary  ammonium  compounds, 
Mass  spectrometry. 

The  reactivity  of  a  mixture  of  saturated  and  un- 
saturated quaternary  ammonium  surfactants  (QAS) 
towards  ozone  was  examined  at  a  total  substrate 
concentration  of  500  microgram/L.  Saturated 
components  were  unreactive;  unsaturated  compo- 
nents of  the  surfactant  were  reactive  towards 
ozone.  A  number  of  reaction  products  or  their 
methylated  Jerivatives  were  identified  by  gas 
chromatography,  gas  chromatography-mass  spec- 
trometry and  fast  atom  bombardment-mass  spec- 
trometry. The  conditions  under  which  the  experi- 
ment was  carried  out  and  the  nature  of  the  reaction 
products  identified  strongly  suggest  that  1,3-dipo- 
lar  cycloaddition  of  ozone  across  the  carbon- 
carbon  double  bond  of  the  unsaturated  QAS  com- 
ponents was  the  major  mechanism  by  which  reac- 
tion occurred.  The  results  show  that  compounds 
which  may  be  found  in  raw  water  can  be  convert- 
ed to  different  classes  of  compounds  under  typical 
water  treatment  conditions.  (Author's  abstract) 
W90-04143 


EVALUATION  OF  WATER  QUALITY  AS 
MEASURED  BY  BACTERIAL  MAXIMUM 
GROWTH  RATE. 

Centre  for  Research  in  Environmental  and  Water 

Resources  Engineering,  Haifa  (Israel). 

O.  Adam,  and  Y.  Kott. 

Water  Research  WATRAG,  Vol.  23,  No.  11,  p 

1407-1412,  November  1989.  2  fig,  5  tab,  21  ref. 

Israel  NCRD  and  German  KFK  Research  grant 

WT243. 

Descriptors:  'Water  treatment,  Water  quality,  Bac- 
terial analysis,  'Ozonation,  Measuring  instruments, 
Growth  rates,  Growth  media. 

The  ability  of  bacteria  to  utilize  micropollutants  in 
water  at  the  various  stages  of  treatment  and  in  the 
distribution  system  was  investigated  by  using  sensi- 
tive turbidimeters  measuring  turbidity  at   12  de- 


grees forward  scattering  light,  attached  to  a  Hew- 
lett-Packard minicomputer.  The  maximum  growth 
rate  (MGR)  of  the  bacteria  in  the  water  examined 
was  calculated.  The  results  showed  that  raw  water 
entering  the  treatment  plant  had  a  high  MGR; 
after  ozonation  much  lower  MGR  values  were 
observed.  Well  water  that  was  mixed  with  the 
treated  water  again  showed  a  high  MGR,  but  the 
final  water  had  a  relatively  low  MGR.  When  the 
same  water  was  inoculated  and  incubated,  the 
MGR  was  measured.  The  bacteria  were  removed 
and  the  water  was  inoculated  again,  incubated,  and 
MGR  was  measured.  This  procedure  was  repeated 
five  times.  After  the  fifth  time  no  growth  could  be 
measured,  which  indicated  a  depletion  of  the 
growth  materials.  The  MGR  measurements  seem 
to  be  a  promising  method  fo  evaluating  the  effi- 
ciency of  the  treatment  stages,  and  for  estimating 
regrowth  possibility  in  the  distribution  system. 
(Author's  abstract) 
W90-04148 


EXPERIMENTAL  TESTING  OF  MATHEMATI- 
CAL MODELS  DESCRIBING  THE  ENTIRE 
CYCLE  OF  FILTRATION. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 

Environmental  Engineering. 

S.  Vigneswaran,  and  J.  S.  Chang. 

Water  Research  WATRAG,  Vol.  23,  No.  11 


3.   11,  p 
i,  7  ref. 


1413-1421,  November   1989.  9  fig,  2  tab. 


Descriptors:    'Model   studies,    'Water   treatment, 
•Filtration,  'Mathematical  models. 

Two  mathematical  models  developed  based  on  dif- 
ferent concepts  to  describe  the  entire  cycle  of 
filtration  were  tested  with  experimental  results. 
The  concept  of  Model  I  is  based  on  the  detach- 
ment of  deposited  particles.  The  degree  of  detach- 
ment was  assumed  proportional  to  the  hydraulic 
gradient  and  number  of  particles  already  retained 
on  the  filter  grain.  Model  II  is  based  on  the  con- 
cept that  there  exists  a  maximum  limit  on  particle 
deposition  on  the  filter  grain.  It  was  found  that 
Model  I,  based  on  the  detachment  assumption,  can 
simulate  better  than  Model  II.  This  may  be  an 
experimental  proof  for  the  concept  of  detachment 
which  is  now  agreed  by  most  researchers.  The 
ultimate  specific  deposit  was  estimated  experimen- 
tally for  different  velocities  to  give  a  qualitative 
justification  on  the  applicability  range  of  the  pro- 
posed models.  (Author's  abstract) 
W90-04149 


ANION  EXCHANGE  FOR  REMOVAL  OF 
HUMUS  FROM  DRINKING  WATER:  CALCI- 
UM IMPROVES  THE  EFFICIENCY  OF  THE 
PROCESS. 

National  Inst,  of  Public  Health,  Oslo  (Norway). 
D.  Hongve. 

Water  Research  WATRAG,  Vol.  23,  No.  11,  p 
1451-1454,  November  1989.  4  fig,  6  ref. 

Descriptors:  'Drinking  water,  'Humic  substances, 
•Anion  exchange,  'Water  treatment,  'Calcium, 
•Lime,  Resins,  Alkalinity,  Hydrogen  ion  concen- 
tration. 

The  reaction  rate  between  dissolved  humic  sub- 
stances and  a  macroporous  anion  exchange  resin  is 
shown  to  increase  with  increasing  calcium  concen- 
tration. An  anion  exchange  process  for  humus  re- 
moval has  been  operated  in  laboratory  scale.  Cal- 
culation of  ionic  balance  shows  that  all  carboxylic 
groups  in  the  humic  substances  are  active  in  the 
binding  reaction  with  the  resin.  The  process  re- 
moves alkalinity  from  the  water  and  additional 
treatment  for  adjustment  of  pH  and  alkalinity  is 
necessary.  Dissolution  of  granular  limestone  in  the 
water  before  the  ion  exchange  is  a  simple  remedy 
that  also  improves  the  efficiency  and  capacity  for 
humus  removal.  (Author's  abstract) 
W90-04154 


EVALUATION  OF  CONSUMER  NOTIFICA- 
TION UNDER  THE  SAFE  DRINKING  WATER 
ACT. 

California  Univ.,  San  Francisco. 
L.  A.  Wardlaw,  and  W.  H.  Bruvold. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Water  Treatment  and  Quality  Alteration-— Group  5F 


Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
4,  p  837-844,  August  1989.  2  tab,  21  ref. 

Descriptors:  *Safe  Drinking  Water  Act,  *Drinking 
water,  •Public  health,  *Public  relations,  Public 
policy,  Notification  policy,  Water  quality  stand- 
ards, Impaired  water  quality. 

The  Safe  Drinking  Water  Act  of  1974  as  amended 
in  1986  requires  that  consumers  be  notified  when 
maximum  contaminant  levels  are  exceeded  in  their 
community  water  supply  and  when  prescribed  test- 
ing and  treatment  procedures  are  not  met.  A 
review  of  communication  theory  indicates  that  for 
the  message  to  be  effective  (1)  it  must  be  received 
by  the  intended  audience,  (2)  it  must  be  attended  to 
by  that  audience,  (3)  it  must  be  understood,  and  (4) 
it  must  be  accepted  and  acted  upon.  A  review  and 
analysis  of  existing  research  evaluating  notification 
programs  administered  under  the  Safe  Drinking 
Water  Act  indicates  (1)  that  receipt  rates  have 
been  highly  variable,  (2)  that  attention  to  the  mes- 
sage has  usually  not  been  directly  assessed,  (3)  that 
levels  of  understanding,  while  variable,  have  usual- 
ly been  minimal,  and  (4)  that  acceptance,  though 
not  often  directly  measured,  seemed  higher  than 
expected.  These  results,  while  critical  of  past  noti- 
fication programs,  indicate  that  understanding  and 
acceptance  can  be  increased  if  receipt  and  attention 
rates  are  increased.  The  following  recommenda- 
tions are  suggested:  (1)  distribute  written  messages 
to  the  population  served;  (2)  consider  the  appear- 
ance of  the  notice  and  vary  contents  for  repeti- 
tions; (3)  describe  the  problem  in  simple,  under- 
standable language;  (4)  describe  the  nature  of  the 
contaminant  and  its  effects;  (5)  describe  the  solu- 
tion; and  (6)  use  the  notification  process  as  and 
opportunity  to  educate  consumers  about  broader 
issues  affecting  drinking  water.  (Author's  abstract) 
W90-O4181 


PEAKING  STORAGE  TANKS  FOR  WATER 
SUPPLY  SYSTEMS. 

Memphis  State  Univ.,  TN.  Dept.  of  Civil  Engi- 
neering. 

M.  H.  Sabet,  and  O.  J.  Helweg. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
5,  p  1047-1053,  October  1989.  9  fig,  1  tab,  17  ref. 

Descriptors:  'Water  conveyance,  *Water  storage, 
•Municipal  water,  Peaking  storage  tank,  Economic 
aspects,  Model  studies,  Energy  costs,  Construction 
costs. 

Construction  of  a  'peaking  storage  tank'  may 
reduce  the  operational  cost  of  municipal  water  by 
making  available  a  time-of-use  energy  rate.  A  peak- 
ing storage  tank  is  used  for  storing  water  that  is 
pumped  from  wells,  or  other  sources  of  supply, 
during  off-peak  periods  when  energy  costs  are  less, 
for  use  during  periods  of  on-peak  water  demand. 
The  optimal  size  of  a  peaking  storage  tank  is  that 
which  results  in  the  minimum  total  cost,  which 
includes  both  the  storage  construction  cost  and  the 
cost  of  pump  operation.  The  operational  cost  for  a 
given  time-of-use  rate  is  determined  with  the  help 
of  a  pipe  network  simulation  model  utilizing  the 
Newton-Raphson  technique  and  a  dynamic  pro- 
gramming optimization  model,  or  the  more  simpli- 
fied method  developed  that  involves  the  use  of  a 
pumping  rate  vs  energy  use  curve.  The  simplified 
method  should  only  be  used  if  a  network  model  is 
unavailable  or  if  a  city  does  not  have  access  to 
computer  facilities.  Analyses  show  that  low  off- 
peak  energy  costs  make  the  construction  of  peak- 
ing storage  tanks  economically  attractive  and 
reduce  on-peak  energy  use,  which  results  in  elec- 
trical load  leveling.  (Author's  abstract) 
W9O-O4210 


WATER  SUPPLY  AT  LOS  ALAMOS:  CUR- 
RENT STATUS  OF  WELLS  AND  FUTURE 
WATER  SUPPLY. 

Los  Alamos  National  Lab.,  NM. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-04259 


SOLAR    PHOTOCHEMICAL    PROCESS    FOR 
DESTROYING  ORGANICS  IN  WATER. 

Sandia  National  Labs.,  Albuquerque,  NM. 


J.  T.  Holmes,  and  C.  A.  Haslund. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE89-OO0503. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  SAND-88-1235C,  (1989).  12p,  3  fig,  1 
tab,  10  ref.  DOE  Contract  DE-ACO4-76DPO0789. 

Descriptors:  *Solar  radiation,  *Water  treatment, 
•Organic  compounds,  *  Photolysis,  Oxidation, 
Evaporation,  Catalysis,  Reactors,  Process  control. 

Recent  scientific  literature  indicates  the  potential 
benefits  of  using  photocatalytic  oxidation  reactions 
for  the  destruction  of  organic  contaminants  in 
water.  The  processes  utilize  solid  or  dissolved 
photon-activated  catalysts  to  break  down  low  con- 
centrations of  hazardous  organic  chemicals  into 
carbon  dioxide  and  simple  acids.  Concentrated  sun- 
light was  studied  in  a  falling-liquid-film  reactor 
that  has  the  following  characteristics:  (1)  The  abili- 
ty to  utilize  high  solar  (photon)  flux  densities  with- 
out overheating  or  evaporating  the  fluid  or  con- 
taminants; (2)  excellent  interaction,  in  the  thin  film 
of  fluid,  between  concentrated  sunlight,  catalyst 
and  contaminants  in  the  fluid;  (3)  easy  doping  with 
reactants  and  solid  or  dissolved  catalysts;  (4)  high 
capacity;  and  (5)  easy  process  control.  The  capabil- 
ity of  the  falling  liquid  film  photochemical  reactor 
was  extended  to  average  incident  flux  densities  of 
over  85  kW/sq  m.  About  half  of  the  incident 
power  is  absorbed  by  the  falling  water  film. 
(Lantz-PTT) 
W90-04263 


CAD  IN  THE  DESIGN  OF  PIPELINES  FOR 
IRRIGATION  SCHEMES. 

Lotti  (C.)  and  Associates,  Rome  (Italy). 

For  primary  bibliographic  entry  see  Field  8A. 

W90-04291 


REPRO:  HYDRAULIC  NETWORK  DESIGN. 

Lotti  (C.)  and  Associates,  Rome  (Italy). 

For  primary  bibliographic  entry  see  Field  8A. 

W90-04292 


TOXICS  AND  THE  SAFE  DRINKING  WATER 
ACT. 

Passaic  Valley  Water  Commission,  Clifton,  NJ. 
For  primary  bibliographic  entry  see  Field  6E. 
W90-04363 


REHABILITATION  OF  WATER  SYSTEMS. 

Massachusetts  Metropolitan  District  Commission, 
Boston. 
J.  O'Brien. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  252-258. 

Descriptors:  *Conveyance  structures,  'Water  con- 
veyance, *Urban  hydrology,  *Water  pollution 
control,  'Governmental  interrelations,  'Regula- 
tions, 'Urban  areas,  'Maintenance,  'Water  supply, 
'Water  quality  control,  Drinking  water,  Federal 
jurisdiction,  Financing,  Taxes. 

Whether  or  not  the  rehabilitation  or  replacement 
of  obsolete  water  treatment  and  distribution  sys- 
tems be  considered  a  national  program  is  ad- 
dressed. Using  the  Boston  Metropolitan  Area  as  an 
example  of  the  water  supply  systems  found  in  the 
northeastern  Untied  States,  the  following  argu- 
ments are  presented:  (1)  that  the  Federal  govern- 
ment has  moved  strongly  into  the  regulation  of  the 
quality  of  drinking  water.  These  regulations  place 
a  sudden  and  largely  unanticipated  burden  on 
water  suppliers.  When  the  Federal  government 
regulates,  it  may  also  have  an  obligation  to  assist. 
Such  assistance  has  been  considered  necessary  in  a 
wide  range  of  other  Federal  regulatory  programs; 
(2)  The  Federal  income  tax  is  levied  without 
regard  to  geographical  distribution— and  there 
should  be  some  equity  in  terms  of  accessibility  to 
Federal  funding  programs.  Federal  monies  avail- 
able for  water  projects  have  been  largely  unavail- 
able to  the  northeast;  (3)  wise  use,  of  limited  re- 
sources is  needed.  Increasingly,  water  issues  are 
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problems  of  allocation  raising  interstate  and  even 
international  controversies.  These  interstate  and 
international  roles  are  uniquely  Federal,  and  as  the 
Federal  government  works  toward  compromise 
and  resolution,  it  will  have  to  examine  all  those 
small  actions  that  lead  cumulatively  to  the  prob- 
lem; and  (4)  policy.  New  Federal  water  policy 
should  be  more  directly  supportive  of  new  Federal 
urban  policy.  (See  also  W90-04338)(Lantz-PTT) 
W90-04364 


MECHANISMS  OF  METAL  ION  ADSORP- 
TION ON  ACTIVATED  ALUMINA. 

Aluminum  Co.  of  America,  Alcoa  Center,  PA. 

Alcoa  Labs. 

J.  W.  Novak,  R.  R.  Burr,  and  R.  Bednarik. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  475- 

492,  8  fig,  4  tab,  46  ref. 

Descriptors:  'Adsorption,  'Water  treatment, 
'Metals,  'Selenium,  'Alumina,  'Wastewater  treat- 
ment, Ions,  Metal  complexes,  Reviews,  Calori- 
metry. 

Numerous  adsorption  models  have  been  proposed 
to  describe  metal  ion  adsorption  on  hydrated  alu- 
mina surfaces.  The  number  of  models  reflects  the 
complexity  of  the  surface  and  the  difficulty  in 
characterizing  types  of  surface-metal  interactions. 
Methods  have  ;been  developed  for  collecting  and 
interpreting  data  on  metal  ion  adsorption  behavior. 
Several  important  variables  investigated  which  in- 
fluence metal  ion  and  adsorbent  interactions  in- 
clude pH,  adsorbent  and  adsorbate  types,  and  solu- 
tion conditions  (e.g.,  ionic  strength).  Data  was  used 
from  calorimetric  studies  and  potentiometric  titra- 
tions to  predict  adsorption  mechanisms  for  metal 
ions.  Se(IV)  and  Se(VI)  adsorption  on  Alcoa 
'CPN'  activated  alumina  was  studied;  selenium  ad- 
sorption was  measured  on  activated  alumina  as 
functions  of  pH  and  ionic  strength.  Results  indicate 
that  Se(VI)  adsorbs  primarily  by  electrostatic  at- 
tachment/ion exchange,  and  Se(IV)  adsorption  is 
probably  dominated  by  chemisorption-type  inter- 
actions such  as  hydrogen  bonding.  A  variety  of 
metal  ions  (e.g.,  Cr(III),  CrfVI,  Zn(II))  are  being 
tested  as  sorbates  for  evaluating  the  types  of  inter- 
actions between  alumina  surfaces  and  metal  ions. 
(See  also  W90-04370)  (VerNooy-PTT) 
W90-04384 


ADSORPTION  OF  INORGANIC  ARSENIC 
AND  ORGANOARSENICAL  ON  HYDROUS 
OXIDES. 

Pennsylvania  State  Univ.,  University  Park. 

M.  M.  Ghosh. 

IN:  Metals  Speciation,  Separation,  and  Recovery. 

Lewis  Publishers,  Chelsea,  Michigan.  1987.  p  499- 

518,  13  fig,  3  tab,  25  ref.  EPA  Grant  R  809425010. 

Descriptors:  'Water  treatment,  'Adsorption,  'Alu- 
minum, 'Arsenic,  'Contact  beds,  Hydrogen  ion 
concentration,  Chemical  reactions,  Metal  complex- 
es, Arsenicals. 

Adsorption  of  arsenic  on  activated  alumina  is 
greatly  affected  by  pH.  High  adsorption  densities 
of  arsenate  and  organoarsenicals  can  be  obtained  at 
pH  less  that  the  pH  of  the  zero  point  of  charge. 
Maximum  adsorption  of  arsenate  occurs  at  pH  5  or 
less.  The  specific  adsorption  of  arsenate,  mono- 
methyl  arsenate,  and  dimethyl  arsenic  acid  can  be 
described  well  by  the  Langmuir  isotherm,  while 
arsenite  adsorption  can  not.  Although  no  satisfac- 
tory fit  of  data  on  arsenate  adsorption  could  be 
obtained  to  the  surface  complexation  models  exam- 
ined, it  appears  that,  in  the  pH  range  4  to  8, 
H2AS04(-)  and  HAS04(-)  are  the  predominant 
species  that  are  adsorbed.  Both  coulombic  and 
specific  chemical  interactions  seem  to  be  involved 
in  the  adsorption  of  arsenate  on  hydrous  alumina. 
Arsenite  adsorption  was  unsatisfactory.  Of  the  two 
organoarsenicals  studied,  monomethylarsenate 
seems  to  be  better  adsorbed  on  alumina  than  di- 
methyl arsenic  acid.  Experiments  with  fixed  beds 
of  alumina  indicated  that  arsenic  can  be  effectively 
removed  for  long  periods  of  time  at  an  empty  bed 
contact  time  of  3  min  or  longer  and  at  low  mass 
loading  rates  in  the  pH  range  of  4  to  7.  Results  also 
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indicate  that  removal  is  best  accomplished  in  the 
arsenate  form.  Successful  regeneration  of  spent 
alumina  beds  to  desorb  arsenic  is  feasible  with 
NaOH  at  concentrations  as  low  as  0.5%;  but  a 
much  stronger  caustic  solution  (3%)  is  needed  for 
arsenite  desorption.  No  appreciable  loss  in  adsorp- 
tion capacity  occurs  due  to  regeneration.  The  loss 
of  alumina  can  be  held  at  3%  per  regeneration. 
(See  also  W9O-O4370)  (VerNooy-PTT) 
W90-04385 


PLUMBING  AND  DISTRIBUTION  SYSTEMS 
FOR  DRINKING  WATER.  JANUARY  1970- 
JANUARY  1989  (CITATIONS  FROM  THE 
COMPENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-855514. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. February  1989.  119  p.  Supersedes  PB86- 
861903. 

Descriptors:  *  Bibliographies,  'Drinking 

water.'Water  conveyance,  *Water  distribution, 
'Plumbing,  *Pipes,  Literature  review,  Corrosion 
control,  Asbestos,  Leaching,  Leakage,  Water  loss, 
Municipal  water,  Bacteria,  Heavy  metals,  Public 
health,  Organoleptic  properties,  Model  studies. 

This  bibliography  contains  244  citations  concern- 
ing plumbing  and  water  pipes  in  drinking  water 
distribution  systems.  Included  are  references  to 
locating  and  correcting  leaks  in  municipal  piping 
systems,  cleaning  of  old  piping  systems,  leaching 
from  vinyl-lined  pipe,  asbestos  fibers  from  piping 
systems,  corrosion  control,  security  of  water  distri- 
bution systems,  bacterial  contamination  and 
growth  within  the  system,  and  heavy  metal  con- 
centrations, especially  lead  from  lead  linings  or 
lead  solder  joints.  Some  citations  cover  health 
studies,  odor,  and  taste,  and  a  few  cover  manage- 
ment information  systems  and  modeling  techniques 
for  water  distribution  systems.  One  hundred  thirty- 
five  citations  are  new  entries  to  the  previous  edi- 
tion. (See  also  W90-04480)  (Author's  abstract) 
W90-04478 


PLUMBING  AND  DISTRD3UTION  SYSTEMS 
FOR  DRINKING  WATER.  JANUARY  1977- 
JANUARY  1989  (CITATIONS  FROM  THE  SE- 
LECTED WATER  RESOURCES  ABSTRACTS 
DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-855332. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. February  1989.  95  p.  Supersedes  PB86- 
861846. 

Descriptors:  'Bibliographies,  'Drinking 

water.'Water  conveyance,  'Water  distribution, 
•Plumbing,  'Pipes,  Literature  review,  Corrosion 
control,  Asbestos,  Leaching,  Leakage,  Water  loss, 
Municipal  water,  Bacteria,  Heavy  metals,  Public 
health,  Organoleptic  properties,  Water  conserva- 
tion. 

This  bibliography  contains  156  citations  concern- 
ing plumbing  and  water  pipes  in  drinking  water 
distribution  systems.  Included  are  references  to 
leaks  in  municipal  piping  systems,  cleaning  of  old 
piping  systems,  leaching  from  vinyl-lined  pipe,  as- 
bestos fibers  from  piping  systems,  corrosion  con- 
trol, and  heavy  metal  concentrations,  especially 
lead  from  lead  linings  or  lead  solder  joints.  The 
citations  also  include  health  studies,  microbial 
growth,  odor,  taste,  and  water  conservation  de- 
vices. Eighty-two  citations  are  new  entries  to  the 
previous  edition.  (See  also  W90-O4478)  (Author's 
abstract) 
W90-04480 


ION  EXCHANGE  RESINS.  JANUARY  1988-DE- 
CEMBER  1988  (CITATIONS  FROM  THE  COM- 
PENDEX DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 
For  primary  bibliographic  entry  see  Field  3A. 


W90-04486 


ION  EXCHANGE  RESINS.  OCTOBER  1983-DE- 
CEMBER  1987  (CITATIONS  FROM  THE  COM- 
PENDEX DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-04487 


ASBESTOS  IN  DRINKING  WATER.  JANUARY 
1977-MARCH  1989  (CITATIONS  FROM  THE 
SELECTED  WATER  RESOURCES  ABSTRACTS 
DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-04501 


5G.  Water  Quality  Control 


BIOTECHNOLOGY  FOR  DEGRADATION  OF 
TOXIC  CHEMICALS  IN  HAZARDOUS 
WASTES. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-03562 


TOXICITY      ASSAYS      AND      MOLECULAR 
STRUCTURE  TOXICITY. 

Drexel  Univ.,  Philadelphia,  PA. 

For  primary  bibliographic  entry  see  Field  5C. 

W9O-03565 


PHYSICAL-CHEMICAL  AND  ANAEROBIC 
FIXED  FILM  TREATMENT  OF  LANDFILL 
LEACHATE. 

Technical  Univ.  of  Nova  Scotia,  Halifax.  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-03571 


TREATMENT  OF  LEACHATE  FROM  A  HAZ- 
ARDOUS WASTE  LANDFILL  SITE  USING  A 
TWO-STAGE  ANAEROBIC  FILTER. 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of  Civil 

and  Environmental  Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-03572 


EFFECTS  OF  EXTENDED  DDLE  PERIODS  ON 
HAZARDOUS  WASTE  BIOTREATMENT. 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W9O-03573 


BIOTECHNOLOGY  FOR  THE  TREATMENT 
OF  HAZARDOUS  WASTE  CONTAMINATED 
SOILS  AND  RESroUES. 

Cook  Coll.,  New  Brunswick,  NJ.  Dept.  of  Biologi- 
cal and  Agricultural  Engineering. 
M.  E.  Singley,  A.  J.  Higgins,  V.  S.  Rajput,  S. 
Pilapitiya,  and  R.  Mukherjee. 
IN:    Biotechnology    for    Degradation    of   Toxic 
Chemicals  in  Hazardous  Wastes.  Noyes  Data  Cor- 
poration, Park  Ridge,  New  Jersey.  1988.  p  359-375, 
4  fig,  1  tab,  22  ref. 

Descriptors:  'Cleanup,  'Decontamination,  'Bio- 
technology, 'Hazardous  wastes,  'Soil  contamina- 
tion, 'Biological  treatment,  'Physicochemical 
treatment,  Biodegradation,  Calorimetry,  Microbial 
degradation,  Soil  organisms,  Sludge,  Toxicity, 
Benzenes,  Microbiological  studies,  Metabolism, 
Heat  flow. 

The  research  reported  in  this  paper  deals  with  the 
development  and  use  of  biotechnology  for  treating 
contaminated  soils  and  waste  residues  at  the  site  of 
the  problem.  The  major  treatment  methods  include 
physical/chemical  washing  of  soils  and  waste  resi- 
dues as  a  pretreatment  followed  by  biological  deg- 
radation. The  microcalorimeter  is  a  device  that 
offers  a  convenient  and  relatively  quick  way  of 


determining  the  interaction  of  the  microbiological 
community  with  a  contaminant.  The  microbial  ac- 
tivity in  terms  of  heat  output  for  a  one  gram 
sample  is  termed  a  'thermogram'.  A  normalization 
test  performed  on  a  sample  that  is  the  organic 
medium  to  sustain  the  microbiological  community 
will  reflect  the  endogenous  activity  of  the  microor- 
ganisms present.  Adding  a  contaminant  to  sewage 
sludge  at  various  rates  will  determine  the  input  of 
the  toxicant  on  the  microbiological  community.  If 
the  added  compound  is  a  toxicant,  the  heat  output 
will  be  less  than  for  the  normalized  thermogram.  If 
the  compound  can  be  metabolized,  the  heat  flux 
will  be  greater.  The  change  in  heat  output  may 
then  be  considered  a  measure  of  the  degradation 
response  of  the  microorganisms.  A  thermographic 
analysis  on  sewage  sludge  contaminated  with  1,2,4- 
trichlorobenzene  indicate  that  biodegradation  can 
be  used  to  decontaminate  soils.  However,  addition- 
al organic  toxicants  and  additional  environmental 
parameters  must  be  explored.  (See  also  W90-03562) 
(Lantz-PTT) 
W90-03580 


BIOLOGICAL  DEGRADATION  OF  POLY- 
CHLORINATED  BD7HENYLS. 

General  Electric  Corporate  Research  and  Devel- 
opment, Schenectady,  NY.  Biological  Sciences 
Branch. 

For  primary  bibliographic  entry  see  Field  5E. 
W90-03581 


PATAPSCO  WASTEWATER  TREATMENT 
PLANT  TOXICITY  REDUCTION  EVALUA- 
TION. 

Engineering  Science,  Fairfax,  VA. 

For  primary  bibliographic   entry   see   Field   5D. 

W90-03595 


RESPntATION-BASED  EVALUATION  OF  NI- 
TRIFICATION INHIBITION  USING  EN- 
RICHED NTTROSOMONAS  CULTURES. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-03597 


ASSESSMENT  OF  THE  DEGREE  OF  TREAT- 
MENT REQUIRED  FOR  TOXIC 
WASTEWATER  EFFLUENTS. 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of  Civil 

and  Environmental  Engineering. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-03598 


MANAGEMENT  USE  OF  SCDXNTD7IC  INFOR- 
MATION. 

National  Oceanic  and   Atmospheric   Administra- 
tion, Rockville,  MD.  Ocean  Assessments  Div. 
For  primary  bibliographic  entry  see  Field  6A. 
W90-03624 


SCD2NTIFIC,  TECHNICAL  AND  REGULA- 
TORY CONSIDERATIONS  IN  ENVIRONMEN- 
TAL MANAGEMENT. 

Alaska  State  Dept.  of  Environmental  Conserva- 
tion, Juneau.  Water  Quality  Management  Section. 
D.  R.  Redburn. 

IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer-Verlag, 
New  York,  1988.  p  375-402,  1  fig,  1  tab,  17  ref. 

Descriptors:  'Regulations,  'Water  pollution  pre- 
vention, 'Valdez,  'Alaska,  'Permits,  Water  quality 
management,  Environmental  policy,  Environmen- 
tal protection,  Wastewater  disposal,  Aromatic 
compounds,  Alaska  pipeline,  Monitoring. 

The  regulatory  process  followed  in  the  permitting 
and  negotiation  of  the  receiving  water  monitoring 
program  for  the  Alyeska  Pipeline  Service  Compa- 
ny ballast  water  treatment  plant  from  1974  through 
August  1986  reviewed.  Early  marine  studies  in 
Port  Valdez  during  19711-72  and  studies  conduct- 
ed under  stipulation  in  the  initial   1975  National 
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Pollutant  Discharge  Elimination  System  (NPDES) 
permit  provided  a  framework  to  guide  the  post- 
discharge  monitoring  program  of  1980  to  the 
present.  Study  emphasis  evolved  from  strictly  tra- 
ditional population  and  community  studies  to  also 
include  a  focus  on  subtle,  sublethal  indices  of  envi- 
ronmental health.  The  close  relationship  between 
the  scientific  information  obtained  over  the  last 
decade  and  governmental  regulation  of  this  indus- 
trial facility  is  evident  in  three  notable  areas.  First, 
revisions  to  Alaska  water  quality  standards  in  1979 
to  include  a  total  aromatic  hydrocarbon  criterion 
was  in  clear  response  to  mounting  scientific  evi- 
dence pointing  to  the  toxicity  of  water  soluble 
aromatic  fractions  of  the  petroleum  hydrocarbon 
spectrum.  This  standard  was  made  an  integral  part 
of  the  1980  NPDES  permit  effluent  limitations  and 
receiving  water  monitoring  program.  Second,  the 
gradual  refinement  and  greater  sophistication  of 
receiving  water  monitoring  studies  conducted 
from  1974  to  the  present  was  based  on  substantive 
discussion  with  the  involved  academic  community 
and  through  written  and  verbal  statements  of 
impact  hypotheses  which  served  to  guide  develop- 
ment of  a  more  cost-effective  monitoring  program. 
Third,  the  results  of  the  receiving  water  and  efflu- 
ent monitoring  programs  have  led  to  selective  en- 
forcement action  to  modify  plant  operational  and 
reporting  procedures  and  reduce  upsets  in  dis- 
charge levels.  (See  also  W90-03610)  (Lantz-PTT) 
W90-03625 


PROCEEDINGS,    MISSISSIPPI    WATER    RE- 
SOURCES CONFERENCE. 

Mississippi  Water  Resources  Research  Inst.,  Mis- 
sissippi State. 

For  primary  bibliographic  entry  see  Field  5F. 
W90-03708 


GROUNDWATER  SENSITIVITY  MODELING 
USING  GIS  TECHNOLOGY. 

Mississippi   Research   and   Development   Center, 

Jackson. 

P.  A.  Curtis. 

IN:   Proceedings   of  the   Nineteenth   Mississippi 

Water  Resources   Conference.   Water  Resources 

Research   Institute,   Mississippi   State   University, 

Mississippi  State,  MS.  1989.  p  9-16.  5  fig. 

Descriptors:  'Sensitivity  analysis,  *Water  pollution 
sources,  'Geographic  information  systems,  *Model 
studies,  'Groundwater  pollution,  'Potable  water, 
•Water  pollution  control,  'Groundwater  quality, 
Wells,  Underground  storage,  Leaching,  Landfills, 
Information  systems,  Data  collections,  Subsurface 
mapping,  Deep  wells. 

The  Bureau  of  Pollution  Control  of  the  Mississippi 
Dept.  of  Natural  Resources  (DNR)  contracted 
with  the  Mississippi  Automated  Resource  Informa- 
tion System  (MARIS)  Technical  Center  to  provide 
technical  services  using  the  MARIS  geographic 
system  (GIS)  to  model  groundwater  sensitivity  by 
determining  potential  contamination  sites  within 
one  mile  of  public  water  supply  wells.  This  model 
would  help  identify  potentially  vulnerable  water 
wells  and  help  the  Bureau  of  Pollution  Control 
establish  priority  areas  for  future  water  quality 
investigations.  A  total  of  497  water  wells  from  the 
USGS  database  were  considered  in  the  project. 
Criteria  were  that  the  wells  be  for  public  water 
supply  and  be  less  than  351  feet  deep.  The  poten- 
tial contamination  (PC)  sites  identified  were  under- 
ground storage  tank  facilities,  surface  impound- 
ment sites,  permitted  landfills,  open  dumps,  and 
business  and  industries  registered  with  the  EPA  as 
regulated  facilities.  Latitude  and  longitude  coordi- 
nates were  digitized  from  marked  maps;  when  all 
components  for  the  model  were  thus  referenced, 
GIS  analytical  capabilities  could  begin.  The  output 
products  of  the  project  consist  of  maps  and  reports 
that  depicted  the  wells  and  their  PC  sites  and 
additional  information  on  PC  sites,  including:  at- 
tribute report  of  all  wells  under  investigation,  com- 
posite report  of  radial  search  findings,  attribute 
report  of  private  wells  within  one  mile  of  a  PC  site, 
94  paper  plots  of  wells,  PC  sites,  and  search  areas, 
and  one  paper  and  one  mylar  statewide  plot  of  all 
shallow  public  water  supply  wells  and  PC  sites 
except  underground  storage  tanks.  In  the  future, 
the  project  can  be  expanded  by  addressing  deep 


public  supply  wells  and  private  water  wells.  (See 

also  W90-03708)  (Friedmann-PTT) 

W90-03711 


SUMMARY  OF  THE  1986  AMENDMENTS  TO 
THE  SAFE  DRINKING  WATER  ACT. 

Environmental  Protection  Agency,  Atlanta,  GA. 

Region  TV. 

For  primary  bibliographic  entry  see  Field  6E. 

W90-03713 


WATER  QUALITY  MANAGEMENT  FOR  PH 
CONTROL. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 
Aerospace  Engineering. 
P.  N.  Deliman,  J.  W.  Pote,  and  T.  P.  Cathcart. 
IN:  Proceedings  of  the  Nineteenth  Mississippi 
Water  Resources  Conference.  Water  Resources 
Research  Institute,  Mississippi  State  University, 
Mississippi  State,  MS.  1989.  p  47-52.  2  tab,  17  ref. 
USGS  grant  PL  98-242. 

Descriptors:  'Water  quality  management, 
'Wastewater  treatment,  'Water  treatment,  'Water 
quality  control,  'Hydrogen  ion  concentration, 
'Aquaculture,  'Hardness,  Eutrophication,  Calci- 
um, Sulfates,  Water  chemistry,  Alkalinity,  Carbon, 
Acetic  acid,  Calcium  carbonate,  Statistical  analy- 
sis, Calcium  sulfate,  Calcium  chloride. 

In  intensive  aquaculture,  high-density  algal  blooms 
can  cause  marked  fluctuations  in  pH.  Three  differ- 
ent sources  of  calcium  and  two  sources  of  carbon 
were  tested  to  determine  their  effectiveness  in  con- 
trolling pH.  The  sources  of  calcium  included  calci- 
um sulfate,  calcium  chloride,  and  calcium  carbon- 
ate, with  levels  added  to  exceed  that  needed  to 
equal  the  total  alkalinity  as  CaC03  by  50%  to 
2,000%.  Carbon  sources  were  500  ml  of  glacial 
acetic  acid  and  three  levels  of  organic  carbon  (425, 
850,  and  1700  g)  added  to  ground  corn.  All  of  the 
calcium  sources  were  successful  in  increasing  the 
total  hardness  levels,  except  for  calcium  carbonate. 
The  calcium  sources  that  were  successful  in  in- 
creasing the  total  hardness  levels  were  also  suc- 
cessful in  maintaining  the  increased  hardness  levels 
for  the  duration  of  the  experiment  in  which  they 
were  being  tested.  The  glacial  acetic  acid  treat- 
ments proved  to  be  insignificant  during  the  1st, 
2nd,  3rd,  and  4th  week  of  treatment,  over  the 
entire  experiment.  When  the  calcium  carbonate 
treatments  were  tested  for  significance  during  the 
1st,  2nd,  3rd,  and  4th  week,  and  the  overall  effect 
of  the  treatments,  only  treatment  1  (the  100% 
level)  had  a  significant  treatment  effect  at  the 
alpha =0.05  level  during  the  4th  week.  The  com- 
bined treatment  effect  of  the  calcium  carbonate 
treatments  were  significant  only  during  the  4th 
week  at  the  alpha  =  0.05  level.  When  testing  the 
ground  corn  treatments  for  significance  during  the 
1st,  2nd,  3rd  and  4th  week,  and  overall  effect  of 
the  treatments,  it  was  found  that  all  of  the  ground 
corn  treatments  were  significant  at  alpha  <  0.01  in 
all  but  the  1st  week  of  data.  Since  the  calcium 
sources  were  not  significant  factors  in  controlling 
high  pH,  they  should  be  abandoned  and  other 
methods  of  accomplishing  this  task  should  be  ex- 
amined. (See  also  W90-03708)  (Friedmann-PTT) 
W90-03717 


SYSTEMS  APPROACH  TO  WATER  QUALITY 
MANAGEMENT  DURING  DROUGHT  PERI- 
ODS IN  THE  CUMBERLAND  RTVER  BASIN. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS. 

D.  F.  Hayes. 

IN:    Proceedings   of  the   Nineteenth   Mississippi 

Water  Resources   Conference.   Water  Resources 

Research   Institute,   Mississippi   State  University, 

Mississippi  State,  MS.  1989.  p  59-62.  2  fig,  3  ref. 

Descriptors:  'Systems  analysis,  'Water  quality 
management,  'Cumberland  River  Basin,  'Water 
management,  'Water  quality  control,  'Drought, 
'Water  shortage,  'Reservoir  operation,  'Low 
flow,  Water  scarcity,  Reservoirs,  Computer 
models,  Management  planning,  Algorithms,  Reser- 
voir releases,  Streamflow  forecasting,  Control 
theory,  Multipurpose  reservoirs,  Stratification, 
Linear  programming. 


Operating  complex  water  resource  systems  like 
interdependent  multi-objective  hydropower  reser- 
voirs to  satisfy  competing  objectives  is  difficult. 
Most  reservoirs  are  operated  according  to  a  guide 
curve  that  provides  monthly  headwater  targets 
that  meet  reservoir  and  basin  objectives  under 
normal  conditions.  A  method  is  presented  to  deter- 
mine alternative  operating  strategies  under  stratifi- 
cation and  drought  conditions.  The  Cumberland 
River  basin  in  northern  Tennessee  and  southern 
Kentucky  is  used  as  an  example.  The  annual  low- 
flow  season  in  the  Cumberland  River  basin  pro- 
vides a  complicated  scenario  which  is  exacerbated 
by  drought  conditions.  Natural  stratification  of  the 
reservoirs  begins  during  the  summer  months  and 
continues  into  September,  coinciding  with  the  low- 
flow  period.  A  model,  for  use  on  a  desktop  person- 
al computer,  is  presented  for  management  of  the 
Cumberland  River  system  during  these  low-flow 
periods.  An  initial  management  strategy  will  devel- 
oped from  model  runs  based  upon  forecast  inflows 
and  system  state  in  early  summer.  The  Optimal 
Control  Theory  algorithm  is  used  to  determine 
optimum  daily  releases  and  is  faster  and  requires 
less  memory  space  than  Successive  Linear  Pro- 
gramming. The  management  strategy  will  recom- 
mend headwater  elevation  and  release  targets  that 
satisfy  the  performance  index  set  forth  for  the 
system.  By  initiating  management  alternatives 
early  in  the  low-flow  season,  less  drastic  measures 
should  be  necessary  late  in  the  period.  (See  also 
W90-03708)  (Friedmann-PTT) 
W90-03719 


SAFE  DRINKING  WATER  ACT:  AMEND- 
MENTS, REGULATIONS  AND  STANDARDS. 

Lewis  Publishers,  Inc.,  Chelsea,  Michigan.  1989. 
218  p.  Edited  by  Edward  J.  Calabrese,  Charles  E. 
Gilbert,  and  Harris  Pastides. 

Descriptors:  'Water  treatment,  'Safe  Drinking 
Water  Act,  'Regulations,  'Standards,  'Drinking 
water,  'Water  quality  control,  Public  health,  Leg- 
islation, Radioisotopes,  Volatile  organic  com- 
pounds, Inorganic  compounds,  Organic  com- 
pounds, Disinfection. 

Congress  responded  to  concerns  about  the  quality 
of  drinking  water  by  passing  the  Safe  Drinking 
Water  Act  (SDWA)  in  1974  and  the  Safe  Drinking 
Water  Act  Amendments  of  1986.  This  book  ap- 
proaches the  topic  of  safe  drinking  water  by  com- 
municating how  the  EPA  has  responded  to  the 
mandates  of  Congress  (mainly  the  SDWA  Amend- 
ments of  1986).  It  includes  an  independent,  non- 
EPA  viewpoint,  with  particular  attention  to  public 
health  concerns  associated  with  drinking  water 
treatment  practices,  especially  disinfection  (Chap- 
ter 12).  Chapter  1  summarizes  what  is  and  will  be 
involved  in  achieving  safe  drinking  water.  Chapter 
2  describes  the  historical  development  of  drinking 
water  regulations.  Chapter  3  summarizes  the  direc- 
tives of  the  Safe  Drinking  Water  Act  Amendments 
of  1986,  describes  the  philosophy  of  and  some  of 
the  methods  used  by  the  EPA  in  developing  the 
drinking  water  regulations,  and  defines  some  of  the 
terms  used  in  the  regulations.  Chapters  4  through  9 
discuss  each  phase  of  the  regulatory  program  in 
turn.  Specific  problems  associated  with  volatile 
organic  chemicals,  synthetic  organics,  inorganic 
chemicals,  and  microbiological  contaminants  are 
assessed  in  Chapter  4  and  5.  The  unique  character- 
istics of  radionuclides  and  their  regulation  are 
treated  in  Chapter  6.  The  disinfection  process  and 
its  resultant  disinfection  by-products  are  presented 
in  Chapter  7.  The  contaminant  selection  process 
and  the  additional  contaminants  to  be  regulated  by 
1989  and  1991  and  in  future  years  are  discussed  in 
Chapters  8  and  9.  EPA's  Office  of  Drinking 
Water's  Health  Advisory  Program  is  explained  in 
Chapter  10.  The  record  of  public  water  system 
compliance  with  the  primary  drinking  water  regu- 
lations is  detailed  in  Chapter  11.  Chapter  12  offers 
a  nongovernmental  perspective  on  the  general 
quality  of  drinking  water  in  the  United  States  and 
how  this  is  affected  by  a  wide  range  of  drinking 
water  treatment  technologies,  with  particular  at- 
tention to  the  multifaceted  public  health  challenges 
associated  with  disinfectant  technologies  and  then- 
possible  by-products.  (See  W90-03731  thru  W90- 
03740)  (Lantz-PTT) 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5G— Water  Quality  Control 

W90-03730 


HISTORICAL  DEVELOPMENT  OF  THE  NA- 
TIONAL PRIMARY  DRINKING  WATER  REG- 
ULATIONS. 

Environmental  Protection  Agency,  Boston,  MA. 
Water  Supply  Branch. 
C.  D.  Larson. 

IN:  Safe  Drinking  Water  Act:  Amendments,  Regu- 
lations and  Standards.  Lewis  Publishers,  Inc., 
Chelsea,  Michigan.  1989.  p  3-15,  1  fig,  9  tab,  8  ref. 

Descriptors:  •History,  *Regulations,  •Drinking 
water,  »Water  treatment,  'Legislation,  Bacterial 
analysis,  Standards,  Public  health,  Safe  Drinking 
Water  Act,  Human  diseases,  Water  quality  control 

History  gives  ample  evidence  of  the  inescapable 
penalties  paid  by  past  civilizations  that  failed  to 
provide  for  the  safety  of  their  water  systems. 
Modern  history  shows  that  such  waterbome  dis- 
eases as  typhoid,  dysentery,  and  cholera  are  con- 
trollable, and  in  fact  were  all  but  eliminated  in  the 
United  States  by  the  1930s  by  applying  the  princi- 
ples identified  in  what  are  commonly  referred  to  as 
the  U.S.  Public  Health  Service  (PHS)  Drinking 
Water  Standards  of  1914  and  1925.  In  1942  and 
1946,  the  standards  were  revised  to  include  provi- 
sions for  the  use  of  membrane  filter  procedures  in 
the  bacteriological  examination  of  water  samples. 
The  National  Community  Water  Supply  Study 
completed  in  1969  suggested  a  backslide  in  drink- 
ing water  quality,  with  trends  in  waterbome  dis- 
ease suggesting  the  slide  is  not  over,  even  though 
the  Safe  Drinking  Water  Act  has  been  on  the 
books  since  1974.  Waterbome  disease  outbreaks  in 
Pennsylvania,  Maine,  and  other  locations,  and  or- 
ganic chemical  problems  only  partially  foreseen  by 
those  involved  in  revising  the  1962  PHS  standards, 
have  made  safe,  palatable  drinking  water  an  enor- 
mous challenge  in  the  1980s.  (See  also  W90-03730) 
(Lantz-PTT) 
W90-03731 


NATIONAL  PRIMARY  DRINKING  WATER 
REGULATIONS  FOR  VOLATDLE  ORGANIC 
CHEMICALS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Drinking  Water. 
J.  A.  Cotruvo,  and  M.  Regelski. 
IN:  Safe  Drinking  Water  Act:  Amendments,  Regu- 
lations   and    Standards.    Lewis    Publishers,    Inc., 
Chelsea,  Michigan.   1989.  p  29-34,  2  tab,  4  ref. 

Descriptors:  *Water  treatment,  'Drinking  water, 
•Volatile  organic  compounds,  'Primary  Drinking 
Water  Regulations,  *Regulations,  *Water  quality 
control,  Organic  compounds,  Standards,  Solvents, 
Groundwater  pollution,  Vinyl  chloride,  Benzene, 
Trichloroethylene,  Carbon  tetrachloride,  Dichlor- 
oethane,  Dichlorobenzene,  Dichloroethylene, 
Trichloroethane. 

On  July  8,  1987,  the  final  rule  was  published  for 
the  National  Primary  Drinking  Water  Regulations 
(NPDWRs)  in  volatile  organic  chemicals  (VOCs) 
and  monitoring  for  unregulated  contaminants.  The 
setting  of  maximum  contaminant  levels  (MCLs)  for 
the  eight  VOCs  in  this  rule  (plus  fluoride,  promul- 
gated April  6,  1986),  satisfied  the  statutory  dead- 
lines in  the  Safe  Drinking  Water  Act  of  1974 
(SDWA)  in  regard  to  completing  the  establishment 
of  the  first  nine  MCLs  within  12  months.  The  eight 
synthetic  VOCs  in  this  rule  are  widely  used  as 
unleaded  gas  additives,  household  cleaning  solu- 
tions, solvents  for  removing  grease,  air  fresheners, 
and  mothballs.  They  are  found  frequently  in  drink- 
ing water  from  groundwater  sources.  All  have 
relatively  low  boiling  points  and  vaporize  readily. 
The  respective  maximum  contaminant  level  goals 
(MCLGs)  and  MCLs  for  these  eight  VOCs  are  as 
follows:  vinyl  chloride-zero,  0.002;  benzene-zero, 
0.005;  trichloroethylene-zero,  0.005;  carbon  tetra- 
chloride-zero,  0.005;  1,2-dichloroethane-zero, 
0.005;  para-dichlorobenzene-0.075,  0.075;  1,1-dich- 
loroethylene-0.007,  0.007;  and  1,1,1-trichloroeth- 
ane-0.2,  0.2.  (See  also  W90-03730)  (Lantz-PTT) 
W90-03733 


NATIONAL    PRIMARY    DRINKING    WATER 
REGULATIONS  FOR  SYNTHETIC  ORGANIC 


CHEMICALS,  INORGANIC  CHEMICALS,  AND 
MICROBIOLOGICAL  CONTAMINANTS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Drinking  Water. 
J.  A.  Cotruvo,  and  M.  Regelski. 
IN:  Safe  Drinking  Water  Act:  Amendments,  Regu- 
lations   and    Standards.    Lewis    Publishers,    Inc., 
Chelsea,  Michigan.  1989.  p  35-43,  2  tab. 

Descriptors:  'Primary  Drinking  Water  Regula- 
tions, 'Organic  pollutants,  'Inorganic  compounds, 
•Microorganisms,  'Water  quality  control,  'Regu- 
lations, 'Standards,  'Water  treatment,  'Drinking 
water,  Viruses,  Human  diseases.  Disinfection, 
Giardia,  Coliforms,  Filtration. 

Thirty  synthetic  organic  chemicals  and  10  inorgan- 
ic chemicals  are  included  with  Phase  II  of  the 
National  Primary  DRinking  Water  Regulations. 
These  40  chemicals  represent  a  widely  varied 
group  of  contaminants,  each  with  its  unique  con- 
tamination problem.  The  synthetic  organics  may 
be  found  where  there  is  manufacturing;  pesticides, 
where  there  is  agricultural  development;  and  the 
inorganics,  both  in  natural  geologic  formations  and 
in  treatment  and  conveyance  mechanisms  for 
drinking  water  supplies  and  sources.  Phase  II  regu- 
latory goals  satisfy  the  statutory  requirements  of 
the  Safe  Drinking  Water  Act  of  1974  (SDWA)  and 
Amendments  to  set  40  maximum  contaminant  level 
goals  (MCLGs)  and  40  maximum  contaminant 
levels  (MCLs)  plus  the  monitoring  of  51  contami- 
nants by  June  1988.  Microbials  will  be  handled 
concurrently  with  filtration  criteria  for  an  expected 
promulgation  date  of  June  1988.  Proposed  surface 
water  treatment/filtration  regulations  set  criteria 
for  the  states  to  determine  which  water  systems 
will  have  to  install  filtration  or  update  existing 
filtration  facilities  and/or  disinfect:  all  surface 
water  systems  will  now  have  to  disinfect;  all  sur- 
face water  systems  must  filter  unless  they  meet 
source  water  quality  criteria  and  site  specific  con- 
ditions; and  only  qualified  operators  will  be  enti- 
tled to  operate  the  systems.  All  systems  will  need 
to  achieve  at  least  99.9%  removal  and/or  inactiva- 
tion  of  Giardia  cysts  and  99.9%  removal  and/or 
inactivation  of  enteric  viruses.  Filtration  is  not 
required  if:  a  system  meets  source  water  quality 
criteria  (coliform  and  turbidity  levels):  and,  a 
system  meets  the  following  site  specific  condi- 
tions—(1)  has  disinfection  which  achieves  99.9% 
and  99.99%  inactivation  of  Giardia  cysts  and  vi- 
ruses; (2)  maintains  watershed  control/satisfies  san- 
itary survey  requirements;  (3)  has  no  history  of 
waterbome  disease  outbreak  without  making  treat- 
ment corrections;  (4)  complies  with  long-term  coli- 
form MCL;  (5)  meets  with  total  trihalomethanes 
MCL.  (See  also  W90-03730)  (Lantz-PTT) 
W90-03734 


NATIONAL  PRIMARY  DRINKING  WATER 
REGULATIONS  FOR  RADIONUCLIDES. 

Environmental   Protection  Agency,   Washington, 
DC.  Criteria  and  Standards  Div. 
E.  V.  Ohanian 

IN:  Safe  Drinking  Water  Act:  Amendments,  Regu- 
lations and  Standards.  Lewis  Publishers,  Inc., 
Chelsea,  Michigan.    1989.  p  45-55,  8  tab,  3  ref. 

Descriptors:  'Primary  Drinking  Water  Regula- 
tions, 'Radioisotopes,  'Drinking  water,  'Stand- 
ards, 'Water  treatment,  'Water  quality  control, 
Radium  radioisotopes,  Radon  radioisotopes,  Urani- 
um radioisotopes,  Radium,  Uranium,  Radon,  Regu- 
lations. 

In  1976,  the  EPA  promulgated  the  National  Inter- 
im Drinking  Water  Regulations  (NIPDWR).  The 
Safe  Drinking  Water  Act  (SDWA)  of  1974,  as 
amended  in  1986,  requires  that  the  EPA  now  pro- 
mulgate the  National  Revised  Primary  Drinking 
Water  Regulations  (NRPDWR).  Revised  regula- 
tions are  developed  in  two  steps  by  establishing 
maximum  contaminant  level  goals  (MCLGs)  and 
maximum  contaminant  levels  (MCLs).  Under  the 
1986  Amendments  to  the  SDWA,  these  two  values 
are  published  concurrently  for  each  contaminant- 
first  as  proposed  regulations  and  then  as  final  regu- 
lations. The  NLlPDWRs  include  both  natural  and 
man-made  radionuclides.  The  standards  for  natural 
radionuclides  include  a  gross  alpha  particle  stand- 
ard of  15  pCi/L  and  a  combined  226-Ra  and  228- 


Ra  standard  of  5  pCi/L.  Both  radon  and  uranium 
are  specifically  excluded  from  the  gross  alpha  par- 
ticle activity  because  of  lack  of  data  and  informa- 
tion concerning  their  occurrence  and  toxicity.  The 
interim  standard  for  man-made  radionuclides  is  a 
total  dose  equivalent  of  4  millirems/yr.  The 
MCLGs  under  development  for  radionuclides  in- 
clude values  for  226-Ra  and  228-Ra  separately, 
natural  uranium,  222-Rn,  gross  alpha  particle  activ- 
ity and  man-made  radionuclides.  All  are  estimated 
to  pose  carcinogenic  risks  to  humans.  A  summary 
of  the  information  compiled  to  date  by  the  EPA 
toward  development  of  the  NRPDWRs  for  radion- 
uclides is  summarized.  Emphasis  is  given  to  infor- 
mation available  for  radium,  uranium,  and  radon, 
as  these  are  the  radioisotopes  of  primary  concern 
with  regard  to  current  regulatory  efforts.  (See  also 
W90-03730)  (Lantz-PTT) 
W90-03735 


ISSUES  IN  DEVELOPING  NATIONAL  PRI- 
MARY DRINKING  WATER  REGULATIONS 
FOR  DISINFECTION  AND  DISINFECTION 
BY-PRODUCTS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Drinking  Water. 
J.  A.  Cotruvo,  and  M.  Regelski. 
IN:  Safe  Drinking  Water  Act:  Amendments,  Regu- 
lations   and    Standards.    Lewis    Publishers,    Inc., 
Chelsea,  Michigan.   1989.  p  57-69,   1  tab,  43  ref. 

Descriptors:  'Water  treatment,  'Standards,  'Pri- 
mary Drinking  Water  Regulations,  'Disinfection, 
•Water  quality  control,  •Drinking  water,  Disin- 
fectants, Chlorides,  Chlorine  dioxide,  Chloramine, 
Ozone,  Organic  compounds,  Regulations. 

The  EPA  is  required  to  specify  criteria  for  the 
disinfection  of  public  water  supplies.  A  number  of 
issues  need  to  be  addressed,  and  further  data  on  the 
health  effects  of  disinfectants  and  their  by-products 
are  needed  before  the  EPA  can  specify  such  crite- 
ria. Major  issues  to  be  addressed  include  the  poten- 
tial relationship  of  the  three  main  disinfectants- 
chlorine,  chlorine  dioxide,  and  chloramine-to  car- 
diovascular disease.  For  many  disinfectants  and 
disinfection  by-products,  the  short-term  toxicity 
has  been  well  characterized.  Ozone,  however,  is 
one  disinfectant  for  which  no  toxicity  studies  are 
available.  Studies  have  been  performed  on  its  by- 
products; ozone  is  unstable  and  does  not  persist  in 
water  to  the  consumer's  tap.  Longer  term  studies 
are  needed  for  the  chlorinated  acids,  aldehydes, 
alcohols  and  ketones,  haloacetonitriles,  cyanogen 
chloride,  chloropicrin,  brominated  trihalomethanes 
(THMs),  chlorine,  chlorine  dioxide,  chlorite,  and 
chlorate.  Other  issues  needing  to  be  given  attention 
include  the  consequences  of  the  sequencing  of 
disinfectants  in  the  water  treatment  process.  This 
needs  to  be  studied  so  that  water  quality  is  highest 
at  the  lowest  risk  to  health  of  by-products  of 
disinfection.  Promulgation  of  regulations  for  these 
substances  is  extremely  complicated.  EPA  must 
keep  in  mind  not  only  the  chemical  reactions, 
toxicology  of  health  effects,  benefits  of  these  com- 
pounds in  controlling  microorganisms  and  in  con- 
trolling pathogenic  disease  outbreaks,  treatment 
techniques,  and  cost  feasibilities  when  trying  to  set 
regulatory  standards.  (See  also  W90-03730)  (Lantz- 
PTT) 
W90-03736 


NATIONAL  PRIMARY  DRINKING  WATER 
REGULATIONS  FOR  ADDITIONAL  CON- 
TAMINANTS TO  BE  REGULATED  BY   1989. 

Environmental   Protection   Agency,   Washington, 
DC.  Criteria  and  Standards  Div. 
E.  V.  Ohanian. 

IN:  Safe  Drinking  Water  Act:  Amendments,  Regu- 
lations and  Standards.  Lewis  Publishers,  Inc., 
Chelsea,   Michigan.    1989.  p  71-82,   1   fig,   3  tab. 

Descriptors:  *Water  treatment,  •Standards, 
•Water  quality  control,  'Primary  Drinking  Water 
Regulations,  'Regulations,  Inorganic  compounds, 
Organic  compounds,  Human  diseases,  Risk  assess- 
ment, Disinfectants,  Volatile  organic  compounds, 
Microorganisms,  Radioisotopes,  Standards. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Water  Quality  Control — Group  5G 


The  Safe  Drinking  Water  Act  (SDWA)  of  1974 
requires  the  EPA  to  publish  National  Primary 
Drinking  Water  Regulations  (NPRDWRs)  for 
contaminants  that  may  pose  adverse  human  health 
effects.  The  1986  Amendments  to  the  SDWA  state 
that:  (1)  EPA  must  propose  and  promulgate  maxi- 
mum contaminant  level  goals 
(MCLGs)(unenforceable  health  goals)  and  maxi- 
mum contaminant  levels  (MCLs)(enforceable 
standards)  simultaneously;  (2)  EPA  must  regulate  9 
contaminants  within  one  year  of  enactment,  an- 
other 40  within  two  years,  and  34  additional  con- 
taminants within  three  years  (for  a  total  of  83);  (3) 
EPA  has  the  option  of  substituting  up  to  seven 
other  contaminants  for  those  listed  by  Congress  if 
it  finds  this  will  provide  greater  health  protection; 
(4)  in  addition  to  the  83  contaminants,  at  least  25 
more  primary  drinking  water  standards  will  be 
required  by  1991,  with  25  more  standards  expected 
every  three  years  thereafter;  (5)  EPA  must  prepare 
a  report  to  Congress  on  comparative  health  risks  of 
raw  water  contamination  versus  contamination  by 
treatment  chemicals  (e.g.,  disinfection  by-products) 
within  18  months  of  enactment.  These  contami- 
nants all  fall  into  five  broad  categories:  (1)  volatile 
organic  chemicals,  inorganics,  microbials  and  tur- 
bidity, organics  and  radionuclides.  Drinking  Water 
Criteria  Documents  (CDs)  have  been  or  are  being 
prepared  for  each  contaminant  to  be  regulated. 
These  provide  the  health  effects  basis  to  be  consid- 
ered in  establishing  the  MCLG.  To  achieve  this 
objective,  data  on  pharmacokinetics,  human  expo- 
sure, acute  and  chronic  toxicity  to  animals  and 
humans,  epidemiology,  and  mechanisms  of  toxicity 
are  evaluated.  Specific  emphasis  is  placed  on  litera- 
ture data  providing  dose-response  information. 
(See  also  W90-03730)  (Lantz-PTT) 
W90-03737 


OFFICE  OF  DRINKING  WATER'S  HEALTH 
ADVISORY  PROGRAM. 

Environmental   Protection  Agency,   Washington, 
DC.  Criteria  and  Standards  Div. 
E.  V.  Ohanian. 

IN:  Safe  Drinking  Water  Act:  Amendments,  Regu- 
lations and  Standards.  Lewis  Publishers,  Inc., 
Chelsea,  Michigan.   1989.  p  85-103,  2  fig,  8  tab. 

Descriptors:  *Drinking  water,  *Information  ex- 
change, *Water  quality  control,  'Public  health, 
•Water  treatment,  *  Standards,  Technology  trans- 
fer, Regulations. 

The  Office  of  Drinking  Water's  (ODW)  Health 
Advisory  (HA)  Program  provides  information  on 
health  effects,  analytical  methodology  and  treat- 
ment technology  that  would  be  useful  in  dealing 
with  the  contamination  of  drinking  water.  Health 
Advisory  documents  include  nonregulatory  con- 
centrations of  contaminants  in  drinking  water  at 
which  adverse  effects  would  not  be  anticipated  to 
occur  over  specific  durations  of  exposure.  A 
margin  safety  is  included  in  the  HA  values  to 
protect  sensitive  members  of  the  population.  The 
HA  values  are  not  legally  enforceable  federal 
standards.  They  are  subject  to  change  as  new  and 
better  information  becomes  available.  The  HAs  are 
offered  as  informal  technical  guidance  to  assist 
federal,  state  and  local  officials  responsible  for  the 
protection  of  public  health.  Although  not  a  formal 
component  of  ODW's  regulatory  program,  the  in- 
formation assembled  under  the  HA  Program  has  a 
major  impact  on  the  identification  of  contaminants 
that  should  be  given  priority  for  future  regulation. 
Thus,  the  HA  Program  constitutes  a  vital  role  in 
ODW's  efforts  to  meet  the  regulatory  requirements 
of  the  SDWA.  The  HA  Program  also  serves  as 
ODW's  primary  technology  transfer  mechanisms 
to  health  officials  and  the  public  on  the  health 
effects  of  drinking  water  contamination.  (See  also 
W9O-03730)  (Lantz-PTT) 
W90-03738 


COMPLIANCE  BY  PUBLIC  WATER  SUPPLY 
SYSTEMS  WITH  NATIONAL  PRIMARY 
DRINKING  WATER  REGULATIONS. 

Environmental  Protection  Agency,  Boston,  MA. 
Water  Supply  Branch. 
P.  C.  Karalekas,  and  J.  R.  Trax. 
IN:  Safe  Drinking  Water  Act:  Amendments,  Regu- 
lations  and    Standards.    Lewis    Publishers,    Inc., 


Chelsea,  Michigan.  1989.  p  105-112,  4  fig,  5  tab. 

Descriptors:  *Water  treatment,  'Primary  Drinking 
Water  Regulations,  'Drinking  water,  'Water  qual- 
ity control,  Regulations,  Public  policy,  Public 
health,  Compliance,  Governmental  interrelations. 

Since  the  passage  of  the  original  Safe  Drinking 
Water  Act  (SDWA)  in  1974,  the  EPA  has  tracked 
the  compliance  by  public  water  supply  systems 
with  the  National  Primary  Drinking  Water  Regu- 
lations (NPDWR).  EPA  receives  reports  from  the 
states  with  primary  enforcement  responsibility  of 
all  violations  of  the  NPDWR  and  these  violations 
are  incorporated  into  the  Federal  Reporting  Data 
System  (FRDS).  Of  the  57  states  and  territories 
that  are  included  in  the  public  water  systems  super- 
vision program  under  the  SDWA,  54  have  been 
granted  primary  enforcement  responsibility,  with  3 
programs  being  administered  directly  by  EPA  re- 
gional offices.  In  addition  to  information  on  viola- 
tions, quarterly  reports  are  submitted  to  EPA  on 
the  basic  characteristics  of  public  water  systems 
(PWS)  such  as  population  served,  source  of 
supply,  and  treatment,  which  is  called  the  invento- 
ry of  public  water  systems  and  is  also  incorporated 
into  FRDS.  These  data  indicate  a  very  high  level 
of  compliance  by  most  categories  of  water  systems. 
The  so-called  small  system  problem  is  evident, 
with  most  violations  occurring  in  the  very  small 
systems.  Despite  the  efforts  to  focus  attention  and 
resources  on  these  small  systems,  this  problem  is 
likely  to  persist  as  new  regulations  are  promulgat- 
ed. (See  also  W90-03730)  (Lantz-PTT) 
W90-03739 


DRINKING  WATER  QUALITY  AND  WATER 
TREATMENT  PRACTICES:  CHARTING  THE 
FUTURE. 

Massachusetts   Univ.,    Amherst.    Div.    of  Public 

Health. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-03740 


OECD  ENVIRONMENTAL  DATA:  DONNEES 
OCDE  SWR  L'ENVTRONMENT,  COMPENDI- 
UM 1989. 

Organization  for  Economic  Co-Operation  and  De- 
velopment, Paris  (France). 

For  primary  bibliographic  entry  see  Field  IOC. 
W90-03742 


TECHNICAL  SUPPORT  DOCUMENT:  LAND- 
FTLLTNG  OF  SEWAGE  SLUDGE. 

Environmental   Protection   Agency,  Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-03744 


TECHNICAL    SUPPORT    DOCUMENT:    SUR- 
FACE DISPOSAL  OF  SEWAGE  SLUDGE. 

Environmental   Protection  Agency,   Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-03745 


DRINKING  WATER  HEALTH  ADVISORY: 
PESTICIDES. 

Lewis  Publishers,  Inc.,  Chelsea,  Michigan.  1989. 
819  p. 

Descriptors:  'Health  Advisories,  'Pesticides, 
'Drinking  water,  'Public  health,  Organic  com- 
pounds, Diazinon,  Diuron,  Picloram,  Propazine, 
Trifluralin,  Endothall. 

Health  Advisories  (HAs)  are  prepared  by  the  Cri- 
teria and  Standards  Division,  Office  of  Drinking 
Water  (ODW)  of  the  U.S.  EPA.  Documents  sum- 
marized in  this  volume  are  part  of  the  Health 
Advisory  Program  sponsored  by  ODW  in  re- 
sponse to  the  public  need  for  guidance  during 
emergency  situations  involving  drinking  water 
contamination.  They  provide  technical  guidance  to 
public  health  officials  on  health  effects,  analytical 
methodologies,  and  treatment  technologies  associ- 
ated with  drinking  water  contamination.  Each  HA 
summarizes  available  data  concerning  the  occur- 


rence, pharmacokinetics,  and  health  effects  of  a 
specific  contaminant  or  mixture,  as  well  as  analyti- 
cal methods  and  treatment  technologies  for  the 
contaminant:  acifluorfen,  ametryn,  ammonium  sul- 
famate,  atrazine,  Baygon,  bentazon,  bromacil  buty- 
late,  carbaryl,  carboxin,  chloramben,  chlorotha- 
lonil,  cyanazine,  Dalapon,  DCPA,  Diazinon,  di- 
camba,  1,3-dichloropropene,  Dieldrin,  Dimethrin, 
Dinoseb,  Diphenamid,  Disulfoton,  Diuron,  En- 
dothall, ethylene  thiourea,  Fenamiphos,  Fluome- 
turon,  Fonofos,  glyphosate,  hexazinone,  maleic  hy- 
drazide,  MCPA,  methomyl,  methyl  parathion,  me- 
tolachlor,  metribuzin,  Paraquat,  Pilcoram,  prome- 
ton,  Pronamide,  Propachlor,  Propazine,  Propham, 
Simazine,  tebuthiuron,  Terbacil,  Terbufos,  2,4,5- 
trichlorophenoxyacetic  acid,  Trifluralin.  The 
health  effects  data  are  used  to  estimate  concentra- 
tions of  the  contaminant  in  drinking  water  that  are 
not  anticipated  to  cause  any  adverse  noncarcino- 
genic  health  effects  over  a  specific  exposure  dura- 
tion. These  HA  concentrations  include  a  margin  of 
safety  to  protect  sensitive  members  of  the  popula- 
tion (e.g.,  children,  the  elderly,  pregnant  women). 
Health  Advisories  are  used  only  for  guidance  and 
are  not  legally  enforceable.  They  are  subject  to 
change  as  new  information  becomes  available. 
(Lantz-PTT) 
W90-03747 


SUPERFUND  RECORD  OF  DECISION:  CALI- 
FORNIA GULCH,  CO. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-153714. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R08-88/020,  March  1988. 
152p,  5  fig,  4  tab,  4  append. 

Descriptors:  'Site  remediation,  'Cleanup  oper- 
ations, 'Water  pollution  treatment,  'Water  pollu- 
tion sources,  'Superfund,  'California  Gulch,  'Col- 
orado, 'Arkansas  River,  Heavy  metals,  Cadmium, 
Copper,  Lead,  Zinc,  Monitoring,  Costs,  Ground- 
water pollution,  Sediment  contamination. 

The  California  Gulch  site  is  located  in  Lake 
County,  Colorado,  approximately  100  miles  south- 
west of  Denver.  The  study  area  for  this  first  reme- 
dial action  encompasses  an  11.5  sq  m  watershed, 
which  includes  the  city  of  LeadvUle,  that  drains 
along  California  Gulch  to  the  Arkansas  River. 
Between  1859  and  1986,  the  area  was  extensively 
mined  for  gold,  lead,  silver,  copper,  zinc  and  man- 
ganese. Because  of  these  mining  operations,  the 
Yak  Tunnel  was  constructed  to  dewater  mines  and 
facilitate  mineral  exploration  and  development. 
Studies  indicate  that  the  Yak  Tunnel  discharges  a 
combined  total  of  210  tons/yr  of  cadmium,  lead, 
copper,  manganese,  iron,  and  zinc  into  California 
Gulch,  which  drains  into  the  Arkansas  River.  Both 
California  Gulch  and  the  Arkansas  River  are  used 
by  the  public  for  recreation,  and  the  Arkansas 
River  is  heavily  used  for  irrigation,  livestock  wa- 
tering, public  water  supply  an  fisheries  as  well. 
Surface  water  contamination  is  the  major  impact  of 
the  Yak  Tunnel  discharge.  Heavy  metal  migration 
through  surface  water  has  also  caused  groundwat- 
er and  sediment  contamination.  Primary  contami- 
nants of  concern  affecting  the  surface  water,  sedi- 
ments, and  groundwater  are  cadmium,  copper, 
lead  and  zinc.  The  selected  remedial  action  for  this 
site  includes:  construction  of  surge  ponds  at  the 
portal  of  Yak  Tunnel  to  protect  the  California 
Gulch  site  and  the  Arkansas  River  from  accidental 
release  of  acid  water,  sludge,  and  sediments;  con- 
struction of  concrete  plugs  at  locations  in  the 
tunnel  to  reduce  migration  of  contaminated  water 
and  reduce  the  extraction  of  metals  from  raw  min- 
eral ore;  sealing  shafts  and  drill  holes,  diversion  of 
surface  water  away  from  tunnel  recharge  areas, 
and  grouting  of  highly  fractured  rock;  implementa- 
tion of  a  monitoring  program  to  detect  leaks,  seeps 
or  migration  of  contaminated  groundwater;  and 
installation  of  an  interim  treatment  plant  to  treat 
groundwater,  which  will  be  pumped  to  control 
surface  seeps  and  migration  of  contaminated  sur- 
face water.  The  estimated  capital  cost  of  the  select- 
ed remedy  is  $11,982,770  with  annual  operation 
and  maintenance  costs  of  $460,307.  (Author's  ab- 
stract) 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5G — Water  Quality  Control 

W9O-03750 


SUPERFUND  RECORD  OF  DECISION:  BRIO 
REFINING,  TX. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-153720. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R06-8 8/031,  March  1988. 
72p,  6  fig,  4  tab,  8  ref. 

Descriptors:  'Site  remediation,  'Aromatic  com- 
pounds, 'Chlorinated  hydrocarbons,  'Water  pollu- 
tion treatment,  'Cleanup  operations,  'Superfund, 
•Water  pollution  sources,  Houston,  Texas,  Costs, 
Excavation,  Incineration,  Biological  treatment, 
Volatile  organic  compounds,  Dichloroethane, 
Trichloroethane,  Methylene  chloride,  Organic 
compounds,  Solvents,  Naphthalene,  Kerosene, 
Phenanthrene,  Fluoranthene. 

The  58-acre  Brio  Refining  site  is  located  in  Harris 
County,  Texas,  approximately  20  miles  southeast 
of  Houston.  Between  1957  and  1982  the  site  refined 
crude  oil  and  styrene  tars  to  produce  toluene, 
ethylbenzene,  aromatic  solvents,  naphthalene, 
diesel  fuel  and  kerosene.  Various  owners  of  the  site 
stored  styrene  tars  in  24  open  pits.  Other  waste 
products  and  sludges  were  stored  in  aboveground 
tanks.  Site  investigation  indicate  that  between 
500,000-700,000  cu  yd  of  onsi'e  soil  have  measura- 
ble contamination,  and  that  high  levels  of  volatile 
organic  compounds  (VOCs)  exist  in  groundwater 
underlying  the  site.  Primary  contaminants  of  con- 
cern affecting  the  soil  and  groundwater  are  VOCs 
including  1,1 -dichloroethane,  1,1,2-trichloroethane, 
and  methylene  chloride;  and  base/neutral  organic 
compounds  including  phenanthrene  and  fluoran- 
thene. The  selected  remedial  action  for  the  Brio 
Refining  site  includes:  excavation  and  incineration 
or  biological  treatment  of  all  onsite  soils,  sludges, 
and  liquids  found  to  be  above  action  levels  defined 
in  the  Endangerment  Assessment,  with  backfilling 
of  all  treated  material  passing  the  Toxicity  Charac- 
teristic Leaching  Procedure  (TCLP).  The  estimat- 
ed present  worth  cost  of  this  remedial  action  is 
$23,3O8,OOO-$23,333,O0O  for  biological  treatment  or 
$22,458,O0O-$26,598,0OO  for  incineration  based  on 
62,900  cu  yd  of  treatable  material.  (Author's  ab- 
stract) 
W90-03751 


SUPERFUND  RECORD  OF  DECISION:  NINTH 
AVENUE  DUMP,  IN. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-143837. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R05-88/071,  September 
1988.  33p,  4  fig,  2  tab,  append. 

Descriptors:  'Site  remediation,  'Cleanup  oper- 
ations, 'Superfund,  'Water  pollution  sources, 
'Landfills,  'Water  pollution  treatment,  Gary,  Indi- 
ana, Organic  compounds,  Volatile  organic  com- 
pounds, Benzene,  Toluene,  Xylene,  Polycyclic  aro- 
matic hydrocarbons,  Polychlorinated  biphenyls, 
Heavy  metals,  Cyanide,  Costs,  Separation,  Extrac- 
tion, Groundwater  pollution,  Monitoring. 

The  Ninth  Avenue  Dump  (NAD)  is  a  17-acre 
inactive  chemical  and  industrial  waste  disposal  site 
located  in  a  low-lying  area  with  poor  drainage  in 
Gary,  Indiana.  The  site  accepted  dry  industrial, 
construction  and  demolition  waste,  oil,  solvents, 
paint  solvents  and  sludges,  resins,  and  flammable, 
caustic  and  arsenic-contaminated  materials.  A 
small-scale  auto  wrecking  operation  was  reported- 
ly observed  at  the  property  in  1975  by  the  Indiana 
State  Board  of  Health  (ISBH)  ^  wen  as  the  pres- 
ence of  10,000  55-gallon  drums  at  the  site,  many  of 
which  were  empty.  Additionally,  the  ISBH  esti- 
mated that  approximately  500,000  gallons  of  liquid 
industrial  waste  and  1,000  buried  drums  were 
present  at  the  site.  Subsequent  inspection  revealed 
discarded  auto  batteries,  drummed  liquid  wastes, 
and  abandoned  tanker  trucks.  In  1975  and  1980 
EPA  ordered  the  site  operator  to  initiate  surface 
cleanups.  Subsequently,  he  removed  some  barrels, 


junk  cars,  and  trucks.  This  first  operable  unit  ad- 
dresses remediation  of  an  oil  layer  floating  on  the 
groundwater  surface,  the  principal  environmental 
threat  at  the  site.  It  is  estimated  that  there  are 
250,000  to  700,000  gallons  of  oil  under  the  site,  of 
which  100,000  to  500,000  gallons  may  be  recover- 
able. Several  organic  and  inorganic  contaminants 
have  been  detected  in  the  oil  in  higher  concentra- 
tions than  in  other  media.  Oil  seeps  observed  in 
onsite  ponds  lead  to  concerns  that  the  oil  may  be 
affecting  aquatic  life,  and  an  oil  sheen  has  been 
seen  on  several  surface  water  bodies.  The  second 
operable  unit  will  address  buried  waste,  contami- 
nated soil,  and  contaminated  groundwater.  The 
primary  contaminants  in  the  oil  layer  include:  vola- 
tile organic  compounds,  benzene,  toluene,  xylene, 
polycyclic  aromatic  hydrocarbons,  organics,  poly- 
chlorinated biphenyls,  metals,  and  cyanides.  The 
selected  remedial  action  for  this  site  includes:  con- 
struction of  a  soil-bentonite  slurry  wall  to  com- 
pletely surround  the  hydrocarbon  layer;  separate 
extraction  of  oil  and  groundwater  through  a  series 
of  central  extraction  wells,  followed  by  storage  of 
the  recovered  oil  in  an  onsite  storage  tank  and 
recharge  of  the  treated  groundwater  through  re- 
charge wells;  and  groundwater  monitoring.  The 
estimated  capital  cost  for  this  remedial  action  is 
$1,960,000  with  annual  operation  and  maintenance 
costs  of  $190,000.  (Author's  abstract) 
W90-03752 


TECHNICAL  SUPPORT  DOCUMENT:  PATHO- 
GEN/VECTOR ATTRACTION  REDUCTION  IN 
SEWAGE  SLUDGE. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-03755 


PUBLIC  POLICY  ON  GROUND  WATER 
QUALITY  PROTECTION. 

Proceedings  of  a  National  Conference,  April  13-16, 
1977,  at  Virginia  Polytechnic  Institute  and  State 
University,  Blacksburg,  Virginia.  Virginia  Water 
Resources  Research  Center,  Blacksburg,  Virginia. 
(1977).  163  p.  Edited  by  Waldon  R.  Kerns. 

Descriptors:  'Groundwater  quality,  'Public 
policy,  'Groundwater  pollution,  'Water  pollution 
prevention,  'Conferences,  Legal  aspects,  Ground- 
water management,  Environmental  protection, 
Management  planning,   Water  quality  standards. 

The  nation's  groundwater  resources  are  being  de- 
graded by  a  wide  spectrum  of  sources  and  causes. 
Some  are  natural  sources  and  causes,  but  many  are 
due  to  man's  activities.  Although  groundwater  pol- 
lution has  not  received  as  much  attention  as  sur- 
face water  pollution,  problems  associated  with  it 
may  be  much  more  significant.  This  conference 
brought  together,  by  invitation,  a  group  of  persons 
having  recognized  expertise  in  groundwater  qual- 
ity and  a  concern  for  related  public  policy  issues. 
Through  presentations  and  discussions,  they  con- 
sidered such  issues  as:  (1)  the  extent  of  degradation 
allowable,  and  ramifications  associated  with  specif- 
ic policies;  (b)  policies  regarding  various  sources  of 
contamination  and  their  impact  on  groundwater 
quality;  (c)  the  potential  effectiveness  and  long- 
range  implications  of  specific  federal  and  state 
programs  concerning  groundwater  quality  protec- 
tion; and  (d)  weaknesses  in  existing  laws  and  ad- 
ministrative arrangements.  (See  W90-03772  thru 
W90-03789)  (Lantz-PTT) 
W90-03771 


MAGNITUDE     OF     THE     GROUND-WATER 
CONTAMINATION  PROBLEM. 

Robert   S.    Kerr   Environmental   Research   Lab., 
Ada,  OK.  Ground  Water  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03772 


NON-DEGRADATION  AS  A  GROUND-WATER 
QUALITY  POLICY. 

National  Audubon  Society,  New  York. 
R.  C.  Rhindress. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection.  Proceedings  of  a   National   Conference, 


April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  11-14. 

Descriptors:  'Water  pollution  prevention,  'Water 
policy,  'Groundwater  quality,  'Groundwater  pol- 
lution, 'Public  policy,  Aquifers,  Public  opinion, 
Soil  absorption  capacity,  Attitudes,  Education, 
Water  quality  trends,  Groundwater  depletion,  Po- 
table water,  Water  pollution  control. 

Professional  policy  choices  are  hollow  statements 
without  public  acceptance;  that  acceptance  must 
rest  on  a  foundation  of  understanding.  Therefore, 
before  any  policy  about  groundwater  can  be 
formed  or  implemented,  there  must  exist  a  clear 
understanding  of  the  system  called  groundwater. 
The  general  public's  understanding  of  groundwat- 
er is  a  realm  of  myth  and  misunderstanding.  An 
educated  public,  knowing  some  realities  of  ground- 
water pollution  and  production,  certainly  will  sup- 
port a  non-degradation  policy.  Since  the  utility  of 
groundwater  is  limited  both  by  quality  and  quanti- 
ty, degradation  is  any  negative  influence  on  either 
characteristic.  A  non-degradation  policy  is  needed 
because  groundwater  is  an  essential  natural  re- 
source; a  resource  which  has  been  vital  to  the 
establishment  of  much  of  America.  In  forming  a 
policy,  the  following  three  issues  must  be  consid- 
ered: (1)  Certain  aquifers  and  soil  systems  have 
great  adsorptive  and  attenuative  capacities  with 
respect  to  many  water  pollutants.  (2)  Although 
there  is  a  lot  of  talk  about  contaminated  ground- 
water, very  little  is  said  about  contaminated 
aquifers;  groundwater  quality  is  not  simply  a 
matter  of  water  quality,  but  of  aquifer  quality  as 
well;  (3)  People  who  come  from  areas  where 
groundwater  quality  is  naturally  high,  tend  to  be 
locked  into  the  concept  of  'potable  groundwater 
for  direct  human  consumption;'  but,  no  matter 
what  the  ambient  quality,  there  are  instances 
where  the  arguments  for  preservation  of  ground- 
water quality  still  hold.  (See  also  W90-03771) 
(Lantz-PTT) 
W90-03773 


LIMITED  DEGRADATION  AS  A  GROUND- 
WATER QUALITY  POLICY. 

Army  Armor  Center,  Fort  Knox,  KY. 
J.  L.  Boren. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  15-19. 

Descriptors:  'Water  policy,  'Waste  management, 
'Water  quality  control,  'Groundwater  quality, 
•Land  disposal,  Connecticut,  Public  policy,  Site 
selection,  Water  reuse,  Leachates,  Recycling,  De- 
cision making,  Environmental  protection. 

The  Connecticut  Solid  Waste  Management  pro- 
gram has  two  primary  goals:  (1)  to  protect  the 
environment  from  the  hazards  that  come  from  land 
disposal  of  residuals,  and  (2)  to  realize  and  imple- 
ment the  opportunity  that  recovery  of  components 
from  the  waste  stream  represents.  To  attain  these 
goals,  it  must  be  recognized  that  in  materials  need- 
ing to  be  disposed  of,  there  are  substances  which 
will  contaminate  the  groundwater,  along  with  un- 
known substances  which  will  exist  in  leachate. 
Connecticut,  a  leader  in  resources  recovery,  read- 
ily acknowledges  that  total  recycle  or  reuse  of 
many  residuals  is  not  a  presently  available  techno- 
logical alternative  to  an  obvious  need  to  dispose  of 
such  materials.  Consequently,  land  disposal  is  the 
practical  alternative  which  must  be  employed  to 
fulfill  the  need.  The  problem  facing  the  public 
decision  maker  is  to  find  an  acceptabale  location  of 
the  disposal.  The  problem  is  not  to  establish  in 
absolute  terms  that  no  water  will  be  contacted  by 
pollutants,  for  that  would  be  impossible.  Rather,  it 
is  to  establish  with  reasonable  certainty  that  no 
water  which  is  contacted  by  pollutants  will  be 
significantly  altered  to  preclude  existing  or  reason- 
able anticipated  use  by  persons  or  to  interfere  with 
the  physical,  chemical  or  biological  integrity  of 
waters  in  direct  contact  with  living  organisms.  The 
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interpretation  of  this  policy  is  very  clearly  that  of 
limited  degradation.  (See  also  W90-03771)  (Lantz- 
PTT) 
W90-03774 


SURFACE  AND  SUBSURFACE  MINING: 
POLICY  IMPLICATIONS. 

Pennsylvania  Dept.  of  Environmental  Resources, 
Harrisburg.  Div.  of  Mine  Drainage  Control  and 
Reclamation. 
D.  R.  Thompson. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  22-29,  12  ref. 

Descriptors:  'Public  policy,  'Water  pollution  pre- 
vention, 'Pennsylvania,  'Coal  mining,  'Water  pol- 
lution control,  'Strip  mines,  'Water  law,  'Acid 
mine  drainage,  Path  of  pollutants,  Clean  Streams 
Law,  Surface  Mining  Conservation  and  Reclama- 
tion Act,  Mine  drainage,  Acid  streams,  Leaching, 
Diversion  ditches,  Strip  mine  wastes,  Backfill, 
Water  pollution  control,  Stream  pollution,  Sulfuric 
acid,  Sulfates,  Groundwater  movement,  Ground- 
water pollution,  Iron. 

Existing  Pennsylvania  policies  are  based  on  the 
Clean  Streams  Law  and  the  Surface  Mining  Con- 
servation and  Reclamation  Act.  The  primary 
reason  for  passage  of  these  laws  was  to  prevent 
pollution  of  the  state's  streams  due  to  acid  mine 
drainages  from  underground  and  surface  coal 
mines.  Although  the  Clean  Streams  Law  has  been 
on  the  legislative  books  since  1937,  it  was  not  until 
an  amendment  in  1945  to  this  act  that  mining  was 
covered.  For  mines  which  had  acid  water,  opera- 
tors could  discharge  to  acid  streams  but  not  to 
designated  clean  streams.  By  1951,  it  was  recog- 
nized that  surface  water  flows  must  be  diverted 
away  from  surface  mines  by  ditches.  Then  the 
Sanitary  Water  Board  adopted  rules  and  regula- 
tions concerned  with  the  disposal  of  acid-forming 
refuse  from  strip  mines.  In  1964,  the  strongest 
backfilling  law  in  the  United  States  went  into 
effect.  This  became  a  major  contribution  to  the 
control  of  pollution  from  surface  mines  which 
produce  acid  drainage.  By  1970,  the  legislature 
ruled  that  underground  mines  must  be  sealed  wa- 
tertight upon  closure.  The  problem  of  maintaining 
water  quality  around  mines  is  caused  by  the  expo- 
sure of  the  acid  bearing  material  to  the  atmosphere 
and  the  leaching  of  flowing  groundwater.  Iron  and 
sulfates  are  leached  out  and  form  the  sulfuric  acids, 
which  are  transported  to  the  streams  by  surface 
drainage  and  groundwater.  In  anthracite  fields,  it  is 
difficult  to  determine  the  impact  on  groundwater. 
Surface  drainage  is  almost  non-existent  and  the 
subsurface  mines  control  groundwater  flows 
through  a  maze  of  tunnels  which  interconnect 
these  mines.  The  drainage  reaches  streams  via 
flows  to  outfalls  strategically  located  at  the  lowest 
surface  levels  of  the  basins.  Some  basins  are  inter- 
connected by  tunnels  capturing  flows  which  divert 
the  groundwater  from  one  basin  to  another.  (See 
also  W90-O3771)  (Lantz-PTT) 
W90-03775 


ABANDONED  WELLS,  INJECTION  WELLS, 
AND  SALTWATER  INJECTION:  POLICY  IM- 
PLICATIONS. 

Texas  Water  Quality  Board,  Austin.  Geological 

Services  Section. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-03776 


OH.  WELL  OPERATION/MAINTENANCE 
AND  SALTWATER  INTRUSION:  POLICY  IM- 
PLICATIONS. 

Cities  Service  Oil  Co.,  Charleston,  WV. 
For  primary  bibliographic  entry  see  Field  5B. 

W90-03777 


IMPOUNDMENTS    FOR    LIQUDD    WASTES: 
POLICY  IMPLICATIONS. 

Maryland  Water  Resources  Administration,  An- 
napolis. 


For  primary  bibliographic  entry  see  Field  5E. 
W90-03778 


AGRICULTURAL  PRACTICES:  POLICY  IM- 
PLICATIONS. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-03779 


URBAN  LAND  USE  PRACTICES:  POLICY  IM- 
PLICATIONS. 

American  Inst,  of  Planners,  Washington,  DC. 
H.  F.  Wise. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  66-74,  2  ref. 

Descriptors:  'Urban  hydrology,  'Urban  areas, 
'Urban  planning,  'Land  use,  'Water  management, 
•Water  policy,  'Nonpoint  pollution  sources,  Envi- 
ronmental impact,  Regional  planning,  Social  as- 
pects, Economic  aspects,  Urban  runoff,  Storm 
runoff,  Groundwater  pollution,  Water  pollution 
control,  Phosphorus,  Eutrophication,  Biochemical 
oxygen  demand. 

Management  of  urban  growth  became  necessary  as 
the  costs  of  urban  services  began  to  get  out  of 
hand.  Regional  planning  for  water  quality  manage- 
ment requires  an  annually  updated,  five-year  cap- 
ital budget  for  sewage  collector  systems  and  treat- 
ment works.  The  expenditure  of  these  funds  in- 
duces and  directs  growth,  as  well  as  assists  in 
meeting  water  quality  standards.  An  environmen- 
tal, social,  and  economic  impact  assessment  must 
be  prepared  on  each  area-wide  water  quality  man- 
agement plan.  The  program  would  require  that 
each  city  and  county  comprehensive  and  land  use 
plan  be  adjusted  annually  to  conform  to  the  Coun- 
cil of  Government's  (COG)  statement  of  regional 
needs.  Special  purpose  districts  would  also  be  in- 
structed to  conform  their  annual  budgets,  covering 
operating  and  capital  outlay,  to  the  COG's  State- 
ment of  Regional  Needs.  Around  the  country,  the 
full  implications  of  nonpoint  source  contributions 
of  pollutants  to  the  quality  of  the  streams  and  lakes 
of  the  nation  are  just  becoming  realized.  In  the 
Atlanta  metropolitan  area,  a  Corps  of  Engineers 
Urban  Studies  Program  done  under  the  sponsor- 
ship of  the  State  of  Georgia  and  the  Atlanta  Re- 
gional Commission  found  in  1974  and  1975  that 
45%  of  the  biological  oxygen  demand  (BOD)  and 
95%  of  the  suspended  solids  in  the  region's  waters 
comes  from  nonpoint  sources-from  stormwater 
runoff  in  urban  areas.  In  the  Baltimore  Metropoli- 
tan Area,  it  has  been  found  that  the  municipal 
water  supply  reservoirs  are  reaching  a  state  of 
eutrophication.  Over  75%  of  the  phosphorus  loads 
in  these  reservoirs  comes  from  nonpoint  source 
runoff.  Containment  of  settlement,  planning  in  an 
environmentally  sensitive  manner,  respect  for  and 
protection  of  aquifer  recharge  areas,  management 
of  the  runoff  that  flows  into  the  streams  and  lakes- 
all  these  are  things  that  have  not  been  done  on  a 
regular  and  doctrinaire  basis  before.  (See  also 
W90-03771)  (Lantz-PTT) 
W90-03780 


LAND  APPLICATION  OF  WASTEWATER  AND 
RESDDUALS:  POLICY  IMPLICATIONS. 

Martin  (A.  W.)  Associates,  Inc.,  King  of  Prussia, 

PA. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-03781 


UNDERGROUND  INJECTION  PROGRAM 
UNDER  THE  NATIONAL  SAFE  DRINKING 
WATER  ACT. 

New  Mexico  State  Univ.,  Las  Cruces. 
J.  W.  Hernandez. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 


ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  92-101. 

Descriptors:  'Underground  waste  disposal,  'Water 
pollution  prevention,  'Regulations,  'Waste  dispos- 
al, 'Injection  wells,  'Safe  Drinking  Water  Act, 
Legislation,  Permits,  Disposal  wells,  Drainage 
wells. 

Section  1424(2)  of  the  Safe  Drinking  Water  Act 
states  that  EPA  may,  on  its  own  initiative  or  on 
petition,  find  that  an  area  has  an  aquifer  which  is 
the  sole  or  principal  drinking  water  supply  and 
that  a  significant  hazard  to  public  health  would 
result  from  a  subsurface  disposal  system.  Once 
such  a  determination  is  made  and  published,  no 
commitment  for  federal  financial  assistance  (grants, 
contracts,  loan  guarantee,  or  other)  may  be  made 
by  a  federal  agency  for  any  project  which  EPA 
finds  may  result  in  contamination  of  the  area's 
aquifer  and  create  a  significant  hazard  to  public 
health.  Prior  to  the  issuance  of  the  Underground 
Injection  Control  (UIC)  regulations,  EPA.  had 
sought  the  Safe  Drinking  Water  Act  Advisory 
Council's  input  on  various  facets  of  public  policy 
associated  with  the  anticipated  control  program. 
Draft  regulations  were  submitted  to  working 
groups  and  to  outside  consultants.  When  finally 
issued  on  August  31,  1976,  some  of  the  principal 
provisions  of  the  proposed  UIC  regulations  were: 
(1)  Types  of  well  injections  controlled;  (2)  Permit- 
ting of  existing  disposal  wells;  (3)  Permitting  of 
new  disposal  wells;  (4)  Requirements  for  disposal 
wells;  and  (5)  Requirements  applicable  to  all  drain- 
age wells.  (See  also  W90-03771)  (Lantz-PTT) 
W90-03782 


EMPACT  OF  FEDERAL  LEGISLATION 
OTHER  THAN  THE  SAFE  DRTNKTNG  WATER 
ACT  ON  GROUND- WATER  PROTECTION. 

Environmental   Protection   Agency,   Washington, 
DC.  Criteria  and  Standards  Div. 
R.  K.  Ballantine. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  102-112,  1  ref. 

Descriptors:  'Legal  aspects,  'Groundwater  qual- 
ity, 'Legislation,  'Federal  jurisdiction,  'Water 
pollution  prevention,  Water  rights,  Federal  Water 
Pollution  Control  Act,  Toxic  Substances  Control 
Act,  Resource  Conservation  and  Recovery  Act, 
Federal  Insecticide  Fungicide  and  Rodenticide 
Act,  Federal  Environmental  Pesticide  Control 
Act,  Atomic  Energy  Act,  Environmental  Policy 
Act. 

This  paper  presents  a  quick  overview  of  much  of 
the  federal  legislation  impacting  environmental 
control,  with  a  focus  on  groundwater  quality  pro- 
tection, where  that  is  specifically  identified  within 
the  Acts.  This  legislation  includes  the:  (1)  Federal 
Water  Pollution  Control  Act  Amendments  of 
1972;  (2)  Toxic  Substances  Control  Act;  (3)  Re- 
source Conservation  and  Recovery  Act  of  11972; 
(4)  Federal  Insecticide,  Fungicide,  and  Rodenti- 
cide Act;  (5)  Federal  Environmental  Pesticide 
Control  Act  of  1972;  (6)  Atomic  Energy  Act  of 
1954;  and  (7)  National  Environmental  Policy  Act 
of  1969.  There  are  other  statutes  which  have  some 
bearing  on  groundwater  quality  protection-for  ex- 
ample, court  interpretations  of  statutes  protecting 
Indian  water  rights,  executive  orders,  and  control 
of  groundwater  quality  protection  on  Federal 
lands  and  Federal  facilities.  It  would  appear  that, 
for  most  situations  in  which  federal  action  is  in- 
volved, some  consideration  of  groundwater  quality 
is  authorized.  (See  also  W90-03771)  (Lantz-PTT) 
W90-03783 


STATE  APPROACH  TO  GROUND-WATER 
PROTECTION:  THE  PENNSYLVANIA  EXPE- 
RIENCE. 

Pennsylvania  Dept.  of  Environmental  Resources, 

Harrisburg.  Ground  Water  Section. 

C.  W.  Westlund. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
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lection.  Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  pi  13-118. 

Descriptors:  'State  jurisdiction,  'Regulations, 
•Groundwater  quality,  *Water  pollution  preven- 
tion, 'Pennsylvania,  Clean  Streams  Law,  Water 
quality  control,  Information  exchange,  Ground- 
water use,  Case  studies,  Groundwater  mining. 

The  Clean  Streams  Law  of  Pennsylvania  is  the 
basis  for  rules  and  regulations  to  protect  both 
surface  and  groundwaters.  This  program  which 
began  in  1963  as  a  part  of  the  state's  water  pollu- 
tion control  program  has  grown  considerably  as 
the  problems  and  needs  were  presented  and  under- 
stood. Wastewater  treatment  project  reviews  in- 
clude consideration  of  the  groundwater  element. 
The  groundwater  protection  program  in  Pennsyl- 
vania encompasses  two  main  areas  of  activity:  (a) 
groundwater  pollution  abatement,  and  (b)  ground- 
water pollution  prevention.  In  addition,  the 
groundwater  staff  performs  geohydrologic  reviews 
and  provides  technical  advice  to  other  state  pro- 
grams which  have  an  effect  on  groundwater  qual- 
ity. At  present  there  is  no  legal  remedy  for  regulat- 
ing groundwater  use.  Excessive  groundwater  with- 
drawal, especially  dewatering  activities  and  high- 
production  wells,  can  result  in  groundwater 
mining  and  interferences  and  can  have  a  deleteri- 
ous effect  on  quality.  (See  also  W90-03771)  (Lantz- 
PTT) 
W90-03784 


STATE  APPROACH  TO  GROUND-WATER 
QUALITY  PROTECTION:  THE  ILLINOIS  EX- 
PERIENCE. 

Illinois  State  Environmental  Protection  Agency, 
Springfield.  Div.  of  Land  Pollution  Control. 
J.  S.  Moore. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  119-123. 

Descriptors:  'State  jurisdiction,  'Water  pollution 
prevention,  'Illinois,  'Waste  disposal,  'Ground- 
water quality,  'Regulations,  Water  quality  control, 
Landfills,  Land  disposal,  Illinois  Pollution  Control 
Act,  Legislation,  Injection  wells,  Liquid  wastes, 
Hazardous  wastes,  Waste  recovery,  Underground 
waste  disposal. 

Historically,  before  the  advent  of  the  Illinois  Pollu- 
tion Control  Act  of  1970,  the  state  had  the  author- 
ity to  register,  but  not  permit,  disposal  sites.  After 
1970,  the  state  began  developing,  under  its  new 
powers,  solid  waste  rules  and  regulations.  By  1974, 
Illinois,  by  participating  in  Operation  5,000,  a  fed- 
eral program  to  eliminate  the  many  open  dumps 
throughout  the  United  States,  and  on  its  own  initia- 
tive, had  closed  nearly  800  of  these  open  burning 
garbage  dumps.  Continuing  in  these  efforts  has 
reduced  the  number  of  sites  to  approximately  400 
sanitary  landfill  sites  throughout  the  state.  These 
sites  are  handling  more  than  8  million  tons  of 
domestic  refuse  per  year.  Illinois  allows  liquid  and 
special  waste  to  be  incorporated  into  solid  waste 
landfills  in  a  few  selected  sites.  The  Agency  has 
recently  developed  new  criteria  for  the  land  dis- 
posal of  special  waste.  These  new  criteria  have 
been  developed  not  only  for  the  policy  of  protect- 
ing groundwater  resources,  but  with  the  recogni- 
tion that  pre-treatment  of  waste  must  be  accom- 
plished to  the  highest  degree  practicable;  that  re- 
covery, recycling,  and  reuse  must  be  encouraged 
to  the  greatest  degree,  and  that  a  realistic  source  of 
disposal  be  made  available  for  these  materials.  To 
allow  for  the  disposal  of  these  materials  and  to 
assume  the  responsibility  for  the  materials  that  are 
generated  in  Illinois,  a  number  of  land  disposal 
methods  which  are  being  used:  (a)  direct  sanitary 
landfilling;  (b)  subsurface  injection;  (c)  surface  ab- 
sorption; (d)  consignment  burial;  and  (e)  land 
spreading.  (See  also  W90-03771)  (Lantz-PTT) 
W90-03785 


ROLE  OF  INTERSTATE  COMMISSIONS  IN 
GROUND-WATER  PROTECTION:  THE  SUS- 
QUEHANNA RIVER  BASIN  COMMISSION 
PERSPECTIVE. 

Susquehanna  River  Basin  Commission,  Mechanics- 
burg,  PA. 

For  primary  bibliographic  entry  see  Field  6E. 
W90-03786 


CONVIVIAL  TECHNOLOGY  AS  A  LOCAL  AP- 
PROACH TO  GROUND-WATER  PROTEC- 
TION: THE  CHRISTINA  RD/ER  BASIN  EXPE- 
RIENCE. 

Pennsylvania  Univ.,  Philadelphia.  Center  for  Eco- 
logical Research. 
J.  Tourbier. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  130-142,  14  fig,  8  ref. 

Descriptors:  'Urban  planning,  'Water  quality  con- 
trol, 'Management  planning,  'Groundwater  qual- 
ity, Decision  making,  Infiltration,  Urban  runoff, 
Groundwater  recharge,  Water  costs,  Christina 
River  Basin,  Water  supply,  Community  develop- 
ment, Groundwater  potential,  Environmental 
impact,  Social  aspects. 

In  order  to  implement  groundwater  resources  pro- 
tection concerns  on  the  local  level,  solutions  and 
regulations  have  been  developed  that  make  sense 
to  the  local  solicitor,  municipal  engineer,  city  plan- 
ner, local  official,  and  special  interest  groups  in  a 
community.  The  local  regulatory  approach  is  the 
adoption  of  a  surface  and  groundwater  drainage 
code.  This  was  the  step  taken  in  the  Christina 
Basin  in  New  Castle  County,  Delaware.  Under 
natural  conditions  in  Delaware,  approximately 
10%  of  the  total  precipitation  runs  off,  approxi- 
mately 40%  evaporates  or  is  transpired  by  plants, 
and  approximately  50%  infiltrates  into  the  ground. 
Contaminated  runoff  is  purified  by  microbes  linked 
to  plants  and  contained  in  soil,  and  is  filtered  as  it 
seeps  into  the  ground.  Problems  of  reduced  infil- 
tration have  clear  cost  implications.  Under  natural 
conditions  20,000  acre-ft/yr  or  55  acre-ft/day  are 
infiltrating  the  aquifer  in  the  Christina  Basin.  Ap- 
proximately 9,000  acres  may  be  lost  to  urban  de- 
velopment until  water  supply  problems  become 
serious.  At  this  point,  the  best  plan  is  to  allow 
development,  providing  protection  measures  are 
taken  to  keep  infiltration  at  its  natural  level.  To  be 
compatible  with  a  surface  water  reservoir,  ground- 
water development  should  not  cost  more  than  $60/ 
acre-ft  or  $876,000  for  the  full  13  million  gallons 
per  day  (mgd)  capacity  of  the  Potomac  Formation. 
It  is  recommended  that  municipalities  expand  the 
review  procedure  to  require  that  developers  ana- 
lyze alternative  technical  solutions  for  the  reduc- 
tion of  potentially  adverse  environmental  impacts, 
and  that  this  process  include  the  following  steps: 
(1)  alternative  technology  defined;  (2)  construction 
aspects;  (3)  operation  and  maintenance;  (4)  social 
implications;  and  (5)  values,  standards,  and  accept- 
able impacts.  (See  also  W90-03771)  (Lantz-PTT) 
W90-03787 


INSTITUTIONAL  REQUIREMENTS  FOR 
GROUND-WATER  PROTECTION:  THE  NA- 
TIONAL WATER  COMMISSION  VIEW. 

Camp,  Dresser  and  McKee,  Inc.,  Belmont,  CA. 

Water  Resources  Div. 

For  primary  bibliographic  entry  see  Field  6E. 

W90-03788 


INSTITUTIONAL  REQLTREMENTS  FOR 
GROUND-WATER  PROTECTION:  THE  NA- 
TIONAL WATER  WELL  ASSOCIATION  VTEW. 

National   Water  Well  Association,   Worthington, 

OH. 

For  primary  bibliographic  entry  see  Field  6E. 

W90-03789 


PETROLEUM  CONTAMINATED  SOILS. 
VOLUME  I:  REMEDIATION  TECHNIQUES, 
ENVIRONMENTAL  FATE,  RISK  ASSESS- 
MENT. 


Lewis  Publishers,  Inc.  Chelsea,  Michigan.  1989. 
357  p.  Edited  by  Paul  T.  Kostecki,  and  Edward  J. 
Calabrese. 

Descriptors:  'Oil  pollution,  'Soil  contamination, 
•Cleanup  operations,  'Regulations,  'Fate  of  pol- 
lutants, Conferences,  California,  New  Jersey, 
Model  studies,  Waste  stabilization,  Land  disposal, 
Risk  assessment,  Management  planning,  Policy 
making. 

While  petroleum  contaminated  soils  emerged  as  a 
major  domestic  environmental  issue  in  the  early 
1980s,  soil  has  had  the  potential  for  contamination 
by  petroleum  products  since  this  country  began 
large-scale  production,  transportation,  storage,  and 
use  of  petroleum  products.  Petroleum  contamina- 
tion had  been  largely  perceived  as  a  groundwater 
contamination  problem  prior  to  the  early  1980s. 
However,  as  public  concern  and  scientific  under- 
standing grew,  it  became  clear  that  the  soil  compo- 
nent had  to  be  addressed  if  meaningful  solutions 
were  to  be  found.  This  book,  the  proceedings  of 
the  Second  National  Conference  on  the  Environ- 
mental and  Public  Health  Effects  of  Soils  Contami- 
nated with  Petroleum  Products,  which  took  place 
from  September  28,  29  and  30,  1987.  Part  I  of  this 
book  provides  the  insight  and  various  perspectives 
on  the  scientific,  economic,  and  regulatory  issues 
as  presented  by  representatives  of  the  petroleum 
industry  (APi)(Chapter  1),  state  regulatory  agen- 
cies, California  (Chapter  2)  and  New  Jersey  (Chap- 
ter 4),  utilities  industry  (EEI)(Chapter  3),  and  the 
federal  government  (EPA/Office  of  Underground 
Storage  Tanks)(Chapter  5).  Part  II  provides  sever- 
al chapters  on  environmental  fate  (Chapter  6),  soil 
physics  (Chapter  7),  state-of-the-art  models  (Chap- 
ter 8),  and  the  application  of  modeling  to  regula- 
tory programs  (Chapter  9).  Part  III  provides  infor- 
mation on  a  wide  range  of  in  situ  and  offsite 
remedial  technologies  that  have  been  used,  as  well 
as  some  that  show  promise.  More  specifically,  this 
section  presents  an  overview  of  existing  technol- 
ogies (Chapters  10  and  18),  as  well  as  methodolo- 
gies such  as  stabilization  (Chapter  1 1),  vitrification 
(Chapter  12),  soil  washing  (Chapter  13),  land  treat- 
ment (Chapter  14),  asphalt  batching  (Chapter  15), 
incorporation  into  bituminous  concrete  (Chapter 
16),  and  low  temperature  stripping  (Chapter  17).  In 
Part  IV  the  theory  behind  the  rationale  for  using 
risk  assessment  (Chapters  19  and  20)  is  provided,  as 
well  as  information  for  use  in  the  health  hazard  and 
exposure  components  (Chapters  22  and  23)  of  the 
risk  assessment.  Several  models  are  critiqued  and 
alternatives  are  offered  (Chapter  21).  The  utility  of 
the  models  is  demonstrated  by  proposing  an  imple- 
mentation plan  for  state  agencies  (Chapter  24). 
(See  W90-03831  thru  W90-O3847)  (Lantz-PTT) 
W90-03830 


SOJXS  CONTAMINATED  BY  MOTOR  FUELS: 
RESEARCH  ACTIVITIES  AND  PERSPEC- 
TIVES OF  THE  AMERICAN  PETROLEUM  IN- 
STITUTE. 

American  Petroleum  Inst.,  Washington,  DC. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03831 


STATE'S  PERSPECTIVE  OF  THE  PROBLEMS 
ASSOCIATED  WITH  PETROLEUM  CONTAMI- 
NATED SOILS. 

Orange   County  Div.   of  Environmental   Health, 
CA.  Hazardous  Waste  Management  Section. 
J.  J.  Hills. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.  1989.  p  21-26. 

Descriptors:  'Cleanup  operations,  'California,  'Oil 
pollution,  'Soil  contamination,  'Fate  of  pollutants, 
Groundwater  pollution,  Path  of  pollutants,  Hydro- 
carbons, Drinking  water. 

As  a  result  of  the  600-plus  cleanups  of  petroleum 
contaminated  soil  overseen  to  date  in  California,  it 
is  concluded  that  a  remedial  action  plan  for  petro- 
leum contaminated  sites  is  not  complete  unless  the 
cleanup  of  soils  contamination  is  addressed.  There 
are  those  who  believe  that  contaminated  soil  need 
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not  be  addressed  as  part  of  a  site  cleanup,  and  that 
only  groundwater  cleanup  should  be  required.  The 
author  disagrees  with  this  approach  because  of  the 
following  five  problems  that  are  associated  with 
petroleum  contaminated  soils:  (1)  soil  with  signifi- 
cant petroleum  contamination  can  act  as  a  source 
of  contamination  for  groundwater  supplies;  (2)  sig- 
nificant concentrations  of  petroleum  by-products 
in  soil  have  been  found  to  permeate  polyvinyl 
chloride  (PVC)  water  lines  and  contaminate  drink- 
ing water  supplies;  (3)  vapors  from  petroleum  con- 
taminated soils  may  migrate  laterally  and/or  verti- 
cally and  collect  in  underground  utility  vaults, 
sewer  lines,  and  basements,  creating  serious  fire  or 
explosion  hazards;  (4)  surface  soils  contaminated 
by  petroleum  by-products  with  nonbiodegradable 
additives  such  as  lead  are  a  potential  source  of 
ingestion  by  small  children;  and  (5)  those  constitu- 
ents of  gasoline  with  high  vapor  pressures  may 
migrate  upward  through  the  unsaturated  zone  pre- 
senting a  potential  source  of  contamination  for 
surface  waters  and  certain  food  crops  being  grown 
in  the  immediate  proximity  of  the  contaminated 
soil.  In  summary,  actions  must  be  taken  in  a  practi- 
cal and  realistic  manner  by  evaluating  each  site  on 
a  case-by-case  basis  in  relation  to  these  concerns 
when  determining  site  cleanup  levels.  (See  also 
W9O-03830)  (Lantz-PTT) 
W90-O3832 


PROBLEMS  DEALING  WITH  PETROLEUM 
CONTAMINATED  SODLS:  A  NEW  JERSEY 
PERSPECTIVE. 

New  Jersey  Dept.  of  Environmental  Protection, 
Trenton.  Office  of  Science  and  Research. 
R.  K.  Tucker. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.  1989.  p  37-53,  3  ref. 

Descriptors:  *Waste  disposal,  *New  Jersey,  *Oil 
pollution,  *Soil  contamination,  Landfills,  Under- 
ground waste  disposal,  Legislation,  State  jurisdic- 
tion, Case  studies. 

The  New  Jersey  experience  reinforces  the  perspec- 
tive of  the  complex  nature  of  soil  contamination. 
Petroleum  products  significantly  contribute  to 
such  contamination;  New  Jersey's  giant  petro- 
chemical industry,  second  largest  in  the  nation, 
dominates  the  economy  of  this  state.  The  magni- 
tude of  chemical  use,  and  consequently  the  amount 
of  waste  products  involved,  is  staggering.  Because 
of  soil  contamination  and  subsequent  groundwater 
problems,  land  disposal  is  no  longer  a  viable  option 
in  New  Jersey.  Direct  soil  contamination  from 
leaking  underground  tanks  provides  substantial 
amounts  of  petroleum  pollutants.  However,  direct 
disposal  of  used  oils  on  the  ground  by  individuals 
or  industries;  seepage  from  landfills,  illegal  dumps, 
unlined  pits,  ponds,  or  lagoons;  and  spills  from 
transport  accidents  or  even  auto  accidents  all  make 
contributions  to  the  soil  burden.  Indirect  contami- 
nation through  aerial  transport  plays  a  role  in 
widely  spreading  pollutants,  also  contributing  to 
soil  residues.  Complications  of  dealing  with  soil 
contamination  include  problems  with  sampling,  de- 
tection, and  analysis;  determining  fate  and  trans- 
port of  individual  components  or  mixtures;  and 
evaluating  actual  exposure  in  order  to  be  able  to 
undertake  valid  risk  assessments.  The  New  Jersey 
Underground  Storage  of  Hazardous  Substances 
Act  is  patterned  after  the  federal  'Hazardous  and 
Solid  Waste  Amendments  of  1984  to  the  Resource 
Conservation  and  Recovery  Act.  Both  the  federal 
and  the  state  statutes  require  the  registration  of 
facilities,  technical  standards  for  new  tanks,  leak 
detection  programs,  remedial  action  for  sites  found 
to  be  contaminated,  and  financial  responsibility.  In 
addition,  the  state  act,  unlike  the  federal  act,  pro- 
vides for  a  permit  program  for  new  tank  installa- 
tions, for  Department  of  Environmental  Protection 
approval  of  tank  closures,  for  the  annual  reregistra- 
tion  of  all  facilities,  and  for  a  loan  program  to  ease 
the  economic  burden  for  owners  who  replace  their 
tanks.  New  Jersey  examples  of  soil  contamination 
are  provided  through  seventeen  case  studies.  (See 
also  W90-03830)  (Lantz-PTT) 
W90-03833 


FEDERAL  UNDERGROUND  STORAGE  TANK 
REGULATIONS  AND  CONTAMINATED 
SODLS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Underground  Storage  Tanks. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03834 


AVAILABLE  REMEDIAL  TECHNOLOGIES 
FOR  PETROLEUM  CONTAMINATED  SOIXS. 

Weston  (Roy  F.),  Inc.,  Concord,  CA. 
L.  Preslo,  M.  Miller,  W.  Suyama,  M.  McLearn, 
and  P.  Kostecki. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.    1989.  p   115-125,   1   fig,  6  tab,  7  ref. 

Descriptors:  'Cleanup  operations,  *Oil  pollution, 
•Soil  contamination,  In  situ  treatment,  Volatiliza- 
tion, Biodegradation,  Leaching,  Land  disposal,  So- 
lidification, Chemical  treatment,  Remedies. 

The  1984  amendments  to  the  Resource  Conserva- 
tion and  Recovery  Act  (RCRA)  required  the  US 
EPA  to  develop  new  federal  regulations  for  reduc- 
ing and  controlling  environmental  damage  from 
underground  storage  tank  leakage  by  1987.  In  ad- 
dition, many  states  and  localities  have  developed 
and  are  implementing  strict  regulations  governing 
underground  storage  tanks  and  remedial  action  for 
releases  from  tanks  to  soil  and  groundwater.  The 
results  of  a  jointly  funded  study  by  the  Electric 
Power  Research  Institute  (EPRI)  and  the  Utility 
Solid  Waste  Activities  Group  (USWAG)  are  sum- 
marized. Available  technologies  for  remediating 
soil  and  groundwater  containing  petroleum  prod- 
ucts released  from  an  underground  storage  tank 
leak  or  other  discharges,  leaks,  or  spills  and  are 
estimated.  The  remedial  technologies  were  divided 
into  two  categories:  in  situ  treatment  and  non-in 
situ  treatment.  The  remedial  technologies  were 
further  subdivided  within  these  categories  as  fol- 
lows: In  situ  technologies-volatilization,  biodegra- 
dation, leaching  and  chemical  reaction,  vitrifica- 
tion, passive  remediation,  isolation/containment; 
and  Non-in  situ  technologies-land  treatment,  ther- 
mal treatment,  asphalt  incorporation,  solidifica- 
tion/stabilization, groundwater  extraction  and 
treatment,  chemical  extraction,  and  excavation. 
The  most  viable  option  will  depend  on  the  site- 
specific  conditions  involved.  Costs,  risk  factors, 
exposure  pathways,  and  type  and  quantity  of  leak 
are  some  of  the  factors  that  need  to  be  considered 
in  selecting  the  most  appropriate  remedial  action. 
(See  also  W90-03830)  (Lantz-PTT) 
W90-03839 


EVALUATION  OF  ORGANIC  MATERIALS 
THAT  ENTERFERE  WITH  STABILIZATION/ 
SOLIDIFICATION  PROCESSES. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS. 

M.  J.  Cullinane,  and  R.  M.  Bricka. 
IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.     Lewis    Publishers,     Inc.,     Chelsea, 
Michigan.   1989.  p  127-136,  7  fig,   1  tab,   12  ref. 

Descriptors:  *Land  disposal,  'Concrete,  *Waste 
disposal,  'Organic  compounds,  *Oil  pollution, 
•Waste  stabilization,  Solidification,  Phenols,  Trich- 
loroethylene,  Hexachlorobenzene,  Grease,  Port- 
land cements,  Fly  ash,  Lime. 

The  US  EPA  is  responsible  for  evaluating  the 
suitability  of  hazardous  waste  and  materials  for 
land  disposal.  Chemical  stabilization/solidification 
(S/S)  is  one  technique  that  has  been  proposed  as  a 
method  for  controlling  the  release  of  contaminants 
from  landfilled  wastes  to  surface  and  groundwat- 
ers. A  variety  of  S/S  technologies  have  been  pro- 
posed for  treating  hazardous  wastes.  The  most 
commonly  applied  technologies  use  portland 
cement,  pozzolan,  or  portland  cement-pozzolan 
combinations  as  the  primary  means  of  contaminant 
immobilization.  A  potential  problem  with  using  S/ 
S  technology  involves  chemical  interferences  with 
the  hydration  reactions  typical  of  the  portland 
cement  and  pozzolan  processes.  Of  particular  con- 
cern to  S/S  technology  is  the  effect  of  organic 


compounds  on  the  strength  and  contaminant  im- 
mobilization characteristics  of  the  final  product. 
Data  on  the  compatibility  of  organic  waste  con- 
stituents with  three  binding  agents:  portland 
cement,  portland  cement/fly  ash,  and  lime/fly  ash 
were  obtained.  Oil,  grease,  trichloroethylene,  hex- 
achlorobenzene, and  phenol  were  then  tested  for 
interference  with  the  three  binding  agents.  Several 
conclusions  can  be  drawn  that  characterize  the 
effects  of  the  interference  materials  investigated  in 
this  project  on  the  unconfined  compressive 
strength  (UCS)  of  stabilized/solidified  waste  mate- 
rials. The  interference  chemicals  tested  had  a  meas- 
urable effect  on  the  setting  and  strength  develop- 
ment properties  of  the  stabilized/solidified  waste. 
Stabilized/solidified  waste  showed  decreased  UCS 
development  with  increasing  oil  or  grease  concen- 
trations. Although  the  waste  stabilized  with  port- 
land  cement  resulted  in  lower  28-day  strength  de- 
velopment, it  appears  that  the  concentration  of 
interference  material  had  less  effect  on  the  UCS 
development  properties  for  the  portland  cement 
binder  than  for  the  portland  cement/fly  ash  or 
lime/fly  ash  binders.  Phenol  concentrations  >  5% 
resulted  in  marked  decreases  in  28-day  UCS  devel- 
opment for  all  the  binders  tested.  The  chlorinated 
hydrocarbons  evaluated  in  this  study  had  less 
effect  on  the  UCS  development  properties  than  the 
other  interference  materials  investigated.  (See  also 
W90-03830)  (Lantz-PTT) 
W90-03840 


EN  SITU  VITRIFICATION  PROCESSING  OF 
SODLS  CONTAMINATED  WITH  HAZARDOUS 
WASTES. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
C.  L.  Timmerman,  J.  L.  Buelt,  and  V.  F. 
FitzPatrick. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.  1989.  p  137-156,  10  fig,  2  tab,  11  ref. 
DOE  Contract  DE-AC06-76RLO  1830. 

Descriptors:  *Soil  contamination,  'Hazardous 
wastes,  'Cleanup  operations,  Economic  aspects,  In 
situ  treatment,  Organic  compounds,  Waste  treat- 
ment, On-site  wastewater  treatment. 

In  situ  vitrification  (ISV)  is  a  thermal  treatment 
process  that  converts  contaminated  soil  into  a 
chemically  inert  and  stable  glass  and  crystalline 
product.  The  ISV  process  is  demonstrated  at  field- 
scale  conditions,  eliminating  uncertainties  of  scale- 
up.  The  applicability  of  the  ISV  process  to  a 
particular  waste  can  be  determined  with  existing 
ISV  equipment  for  a  few  thousand  dollars.  Thus, 
feasibility  testing  is  relatively  inexpensive.  Experi- 
ence to  date  indicates  that  the  process  is  ready  for 
deployment  for  soil  sites  contaminated  with  heavy 
metals  and  inorganics.  Experience  with  low  boiling 
point  organics  that  are  uncontaminated  in  the  soil 
column  is  very  limited,  and  feasibility  testing  with 
actual  site  samples  prior  to  application  is  strongly 
recommended.  The  experience  with  PCBs,  process 
sludges,  and  plating  wastes  is  very  encouraging.  It 
is  anticipated  that  the  ISV  process  will  be  used  for 
a  broader  application  of  waste  management  prob- 
lems. It  is  also  recognized  that  no  single  treatment 
process  is  applicable  to  all  waste  management 
needs.  Specific  benefits  inherent  in  the  ISV  process 
are:  safety  for  workers  and  public;  long-term  dura- 
bility of  the  waste  form  (>  1  million  yr);  applica- 
bility to  a  variety  of  soils;  cost-effectiveness  ($100- 
$250/ton  for  sous);  volume  reduction  for  sludges 
(<  $100/ton);  and  efficient  processing  rates  (3-5 
tons/hr).  In  summary,  the  ISV  process  is  cost- 
effective,  applicable  to  a  wide  variety  of  soils  and 
wastes,  and  responsive  to  the  regulatory  changes 
that  emphasize  the  need  for  onsite  treatment  and 
remediation.  (See  also  W90-03830)  (Lantz-PTT) 
W90-03841 


FIELD  STUDIES  OF  EN  SITU  SOU  WASHENG. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
J.  H.  Nash,  and  R.  P.  Traver. 
IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.     Lewis     Publishers,     Inc.,     Chelsea, 
Michigan.  1989.  p  157-162,  1  fig,  1  tab. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5G — Water  Quality  Control 

Descriptors:  'Chemical  treatment,  'Cleanup  oper- 
ations, 'Soil  contamination,  'Soil  washing,  Water 
pollution  treatment.  Surfactants,  Groundwater 
quality,  Lime,  Air  stripping,  Organic  carbon,  Wis- 
consin. 

Part  of  the  US  EPA's  Superfund  site  cleanup  re- 
search has  been  directed  at  washing  contaminated 
soil  with  the  aid  of  aqueous  surfactant  solutions. 
The  research  takes  two  directions.  The  first  is  to 
excavate  the  soil  and  mix  it  in  a  wash  solution.  The 
second  research  objective  concentrates  on  the  ap- 
plication or  injection  of  a  surfactant  solution  into 
undisturbed  soil  in  situ.  The  US  Air  Force,  as  part 
of  its  Installation  Restoration  Program,  was  seek- 
ing processes  to  clean  up  128  fire  training  pits  at 
Air  Force  installations.  The  Air  Force  selected  the 
Air  National  Guard  base  in  Camp  Douglas,  Wis- 
consin as  a  candidate  site  for  the  EPA  to  test  either 
excavated  or  in  situ  soil  washing.  Previous  labora- 
tory work  identified  a  50:50  blend  of  two  commer- 
cially available  surfactants  that  work  well  in  re- 
moving contaminants  from  soil  (Adsee  799  and 
Hyonic  PE-90).  To  determine  if  this  same  blend 
would  work  at  the  Volk  Field  fire  training  pit, 
contaminated  soil  samples  were  collected.  In  situ 
soil  washing  of  the  Volk  Field  fire  training  pit  with 
aqueous  surfactant  solutions  was  not  measurably 
effective.  It  is  likely  that  this  same  ineffectiveness 
would  occur  at  other  chronic  spill  sites  that  have 
contaminants  with  high  soil-sorption  values.  In  situ 
soil  washing  requires  groundwater  treatment. 
Groundwater  treatment  at  this  site  was  very  suc- 
cessful with  the  simple  addition  of  lime  while  air 
stripping  effectively  removed  the  volatile  organics. 
Advantages  at  this  site  were  its  remoteness  for 
workable  air  emission  limits  that  facilitated 
groundwater  treatment  operations  and  a  local 
sewage  treatment  system  owned  by  the  responsible 
party.  Total  organic  carbon  levels  of  the  recovered 
groundwater  were  reduced  to  one-half  the  initial 
values  by  precipitation  with  lime,  which  allowed 
for  direct  discharge  to  the  aerobic  treatment  la- 
goons. Obviously,  not  all  waste  sites  have  these 
favorable  conditions.  (See  also  W90-03830)  (Lantz- 
PTT) 
W90-03842 


LAND  TREATMENT  OF  HYDROCARBON 
CONTAMINATED  SOILS. 

Remediation  Technologies,  Inc.,  Concord,  MA. 
J.  Lynch,  and  B.  R.  Genes. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.  1989.  p  163-174,  5  fig,  4  tab. 

Descriptors:  'Cleanup  operations,  'Land  disposal, 
•Oil  pollution,  'Soil  contamination,  Creosote,  Eco- 
nomic aspects,  Organic  compounds,  Benzene,  Hy- 
drocarbons. 

Land  treatment  has  been  used  as  a  waste  treatment 
and  disposal  technology  by  U.S.  petroleum  refiner- 
ies for  more  than  25  years.  Land  treatment  uses  the 
assimilative  capacity  of  the  soil  to  decompose  and 
contain  the  applied  waste  in  the  surface  soil  layer 
(usually  the  top  15-30  cm  or  6-12  in).  The  upper 
soil  layer  is  the  zone  of  incorporation  (ZOI).  The 
incorporation  zone,  in  conjunction  with  the  under- 
lying soils  where  additional  treatment  and  immobi- 
lization of  the  applied  waste  constituents  occur,  is 
referred  to  as  the  treatment  zone.  The  treatment 
zone  in  the  soil  may  be  as  much  as  1.5  m  or  5  ft. 
Soil  conditions  below  this  depth  generally  are  not 
conducive  to  oxidation  of  the  applied  waste  con- 
stituents. The  transformations,  biological  oxida- 
tions, and  immobilization  will  occur  primarily  in 
the  zone  of  incorporation.  In  this  study  three  dif- 
ferent loading  rates  were  evaluated  in  test  plot 
studies:  2%,  5%,  and  10%  benzene  extractable 
(BE)  hydrocarbons.  The  soils  used  in  the  pilot 
study  consisted  of  a  fine  sand  which  was  collected 
from  the  upper  2  ft  of  the  Resource  Conservation 
and  Recovery  Act  (RCRA)  impoundment.  The 
soil  was  contaminated  with  creosote  constituents 
consisting  primarily  of  polynuclear  aromatic 
(PNA)  compounds.  Total  PNAs  in  the  soil  ranged 
from  100  to  10,000  parts  per  million  (ppm),  and  BE 
hydrocarbons  in  the  contaminated  soil  ranged  from 
approximately  2%  to  10%  by  weight.  The  data 
collected  during  this  study  shows  that  onsite  treat- 


ment of  creosote  contaminated  soils  is  feasible. 
Based  on  the  data  developed  in  pilot-scale  studies, 
a  conservative  design  for  a  full-scale  system  was 
developed  and  constructed.  The  full-scale  unit  has 
matched  or  surpassed  the  performance  of  the  pilot- 
scale  unit  in  degrading  creosote  organics.  The  ad- 
vantages of  onsite  treatment  are  that  it  reduces  the 
source  of  contaminants  at  the  site  in  a  very  cost- 
effective  manner.  In  addition,  it  satisfies  the  devel- 
oping philosophical  approach  that  EPA  has  to 
onsite  remedies,  and  it  reduces  the  liability  of  the 
owner/operator  due  to  offsite  disposal.  (See  also 
W90-03830)  (Lantz-PTT) 
W90-03843 


LOW  TEMPERATURE  STRIPPING  OF  VOLA- 
TILE COMPOUNDS. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
L.  A.  Velazquez,  and  J.  W.  Noland. 
IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.     Lewis     Publishers,     Inc.,     Chelsea, 
Michigan.    1989.  p  201-209,   3  fig,   1   tab,   1   ref. 

Descriptors:  'Cleanup  operations,  'Thermal  strip- 
ping, 'Volatile  organic  compounds,  'Soil  contami- 
nation, Oil  pollution,  Temperature,  Vaporization. 

Contamination  of  soils  from  past  operations  involv- 
ing volatile  organic  compounds  (VOCs),  such  as 
leaking  underground  fuel  storage  tanks,  has 
become  a  major  environmental  concern.  Low  tem- 
perature thermal  stripping  of  the  VOCs  from  the 
soil  was  found  to  be  an  efficient  method  for  remov- 
al of  these  contaminants.  Further  work  in  the  field 
of  low  temperature  thermal  treatment  (LT)  has 
resulted  in  the  design  of  an  innovative  low  temper- 
ature process,  LT  super  3.  The  LT  super  3  process 
is  a  demonstrated  technology  that  provides  evapo- 
ration of  the  VOCs,  but  does  not  require  heating 
the  soil  matrix  to  combustion  temperatures.  The 
heart  of  the  technology  is  the  thermal  processor, 
an  indirect  heat  exchanger  (utilizing  hot  screws), 
that  is  used  to  dry  and  heat  the  contaminated  soils 
up  to  450  F,  consequently  stripping  the  VOCs 
from  the  soil.  The  indirect  heating  of  the  soil 
minimizes  gas  flows  and  reduces  the  size  of  the 
offgas  handling  equipment.  Once  the  organic  con- 
taminants are  vaporized,  they  can  either  be  de- 
stroyed through  high  temperature  incineration  in 
an  afterburner,  or  recovered  through  condensation 
or  adsorption  on  activated  carbon.  Some  of  the 
advantages  of  the  LT  super  3  process  are:  lower 
capital  and  operating  costs  than  incineration;  proc- 
ess is  considerably  smaller  and  more  mobile  than 
an  incinerator  with  the  same  throughput;  process 
can  be  used  for  product  recovery,  which  is  not 
possible  for  incineration;  process  results  in  a  proc- 
essed soil  that  is  suitable  for  onsite  backfill.  This 
eliminates  the  long-term  liability  of  landfill  disposal 
or  onsite  containment  or  storage;  low  temperature 
minimizes  the  chance  of  hazardous  heavy  metal 
emissions;  and  the  process  can  be  designed  to  be 
compact  and  fully  mobile  (i.e.,  fully  mounted  on 
three  flatbed  trailers).  (See  also  W90-03830) 
(Lantz-PTT) 
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RECOVERY  TECHNIQUES  AND  TREATMENT 
TECHNOLOGIES  FOR  PETROLEUM  AND  PE- 
TROLEUM PRODUCTS  LN  SOIL  AND 
GROUNDWATER. 

Dragun  Corp.,  Berkley,  MI. 
J.  Dragun. 

IN:  Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment.  Lewis  Publishers,  Inc.,  Chelsea, 
Michigan.  1989.  p  211-217,  13  ref. 

Descriptors:  'Cleanup  operations,  'Oil  pollution, 
•Soil  contamination,  'Groundwater  pollution,  In 
situ  treatment,  Biodegradation,  Land  disposal, 
Composting,  Vitrification. 

Petroleum  and  its  products  can  exist  in  soil  in 
several  forms  including  residual  saturation,  free- 
floating  petroleum,  dissolved  petroleum,  and  vapor 
phase  petroleum.  There  are  two  in  situ  techniques- 
soil  venting  and  in  situ  flushing-and  one  technique 
using  excavated  soil-low  temperature  stripping- 
that  can  be  utilized  to  partially  or  totally  recover 


residual  petroleum  and  its  products  from  soil. 
There  are  several  treatment  technologies  that  can 
be  utilized  for  soil  with  residual  saturation,  free- 
floating  petroleum  and  its  products,  and  dense 
petroleum  products.  These  include  natural  degra- 
dation, land  treatment,  composting,  incorporation 
into  binding  agents  and  fixatives,  vitrification,  and 
in  situ  biodegradation.  In  situ  recovery  technol- 
ogies for  free-floating  petroleum  and  petroleum 
products  include  interceptor  trenches  and  recov- 
ery wells.  The  primary  in  situ  recovery  technology 
for  dense  petroleum  product  is  the  recovery  well. 
The  most  extensively  applied  recovery  techniques 
for  dissolved  petroleum  and  its  products  involve 
the  extraction  of  groundwater  by  pumping  or 
gravity  flow  into  drains  and  trenches.  Treatment 
usually  involves  traditional  unit  processes.  (See 
also  W9O-O3830)  (Lantz-PTT) 
W90-03845 


INTERFACING  NONPOLNT  SOURCE  PRO- 
GRAMS WITH  THE  CONSERVATION  RE- 
SERVE: GUIDANCE  FOR  WATER  QUALITY 
MANAGERS. 

North  Carolina  State  Univ.  at  Raleigh. 

M.  D.  Smolen,  K.  J.  Adler,  A.  L.  Lanier,  D.  L. 

Hoag,  and  D.  W.  Miller. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB89-134126. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  EPA  506/2-88/001,  September  1988. 

24p,  3  fig,  2  tab,  22  ref.  EPA  Contract  CR8 13753- 

01-0. 

Descriptors:  'Regulations,  'Water  quality  manage- 
ment, *Nonpoint  pollution  sources,  'Water  pollu- 
tion prevention,  'Management  planning,  Water 
Quality  Act,  Handbooks,  Conservation,  Wetlands, 
Land  management. 

EPA  is  supporting  state  implementation  of  Section 
319  of  the  1987  Water  Quality  Act  with  a  combina- 
tion of  the  nonpoint  source  (NPS)  Guidance 
Manual,  the  State  Clean  Water  Strategy,  Setting 
Priorities:  The  Key  to  NPS  Pollution  Control,  and 
a  variety  of  other  technical  guides  (such  as  this 
one)  and  grant  mechanisms.  These  support  docu- 
ments stress  the  importance  of  targeting  NPS-pro- 
gram  resources  and  coordinating  with  other  feder- 
al and  state  efforts.  The  manual  is  intended  as  a 
guide  for  state  NPS  agencies  and  area-wide  plan- 
ning agencies  to  coordinate  Section  319  activities 
with  Food  Security  Act  of  1985  (FSA85)  Title 
XH-Conservation,  which  created  the  Conserva- 
tion Reserve,  Highly  Erodible  Land  Conservation 
(HELC),  and  Wetland  Conservation  (WQ  subti- 
tles. The  HELC  subtitle  mandates  the  Conserva- 
tion Compliance  (CC)  and  Sodbuster  programs 
that  protect  highly  erodible  cropland.  In  addition, 
to  discourage  drainage  of  wetlands,  the  Swamp- 
buster  program  was  established,  under  the  WC 
subtitle.  The  manual  uses  targeting  concepts,  re- 
views FSA85  conservation  programs,  with  an  em- 
phasis on  the  Conservation  Reserve  Program 
(CRP),  and  suggests  ways  to  coordinate  programs 
to  optimize  the  state's  NPS  management  effort. 
(Lantz-PTT) 
W90-03848 


EFFECTS  OF  HIGHWAY  RUNOFF  ON  WATER 
QUALITY  OF  TWO  WETLANDS  LN  CENTRAL 
FLORIDA 

Geological  Survey,  Orlando,  FL.  Water  Resources 
Div. 

D.  M.  Schiffer. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4200, 
1989.  Project  no.  FL-416.  63p,  32  fig,  9  tab,  37  ref. 

Descriptors:  'Water  pollution  sources,  'Water  pol- 
lution control,  'Highway  effects,  'Wetlands, 
•Water  quality,  'Florida,  Heavy  metals,  Bottom 
sediments. 

Results  of  a  study  of  the  effects  of  highway  runoff 
on  the  chemical  quality  of  water  and  bed  sediments 
of  a  cypress  wetlands  and  a  freshwater  marsh  in 
central  Florida  indicate  that  detention  of  the  runoff 
prior  to  release  into  the  wetland  reduces  concen- 
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trations  of  automobile-related  chemicals  in  the 
water  and  bed  sediments  in  the  wetland.  Detention 
of  highway  runoff  for  the  cypress  wetland  occurs 
in  a  68-ft  by  139-ft  detention  pond,  and  in  a  12-ft  by 
25  ft  trash  retainer  for  the  freshwater  marsh.  The 
analysis  of  the  chemical  data  for  water  and  bed 
sediments  indicates  that  many  of  the  observed  dif- 
ferences in  chemistry  are  due  to  the  difference  in 
detention  facilities.  Water  quality  generally  im- 
proved from  the  inlet  to  the  outlet  of  both  wet- 
lands. Only  inlet  and  outlet  data  were  collected  at 
the  cypress  wetland,  and  these  showed  a  reduction 
in  concentrations  through  the  wetland.  Spatial  data 
collected  at  the  freshwater  marsh  indicated  that 
constituent  concentrations  in  water  generally  de- 
creased with  distance  from  the  inlet.  Results  of 
analysis  of  variance  of  grouped  data  for  40  water 

rility  variables  at  the  freshwater  marsh  inferred 
t  26  of  the  40  variables  tested  were  significantly 
different  among  five  general  locations  within  the 
wetland:  inlet,  outlet,  near,  intermediate,  and  far 
sites  (with  respect  to  the  inlet).  Results  from  this 
study  indicate  that  detention  structures,  larger  than 
the  trash  retainer  at  the  freshwater  marsh,  may 
cause  sufficient  sorption  and  settling  of  substances 
contained  in  highway  runoff  to  minimize  the  trans- 
port and  deposition  of  some  undesirable  chemicals 
into  wetlands.  (USGS) 
W90-03874 


GEOHYDROLOGY  OF  THE  ESCONDIDO  HY- 
DROLOGIC  SUBAREA,  SAN  DIEGO  COUNTY, 
CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-03882 


EFFECT  OF  NUTRIENTS  AND  PESTICIDES 
APPLIED  TO  TURF  ON  THE  QUALITY  OF 
RUNOFF  AND  PERCOLATING  WATER. 

Pennsylvania  State  Univ.,  University  Park.  Envi- 
ronmental Resources  Research  Inst. 
T.  L.  Watschke,  and  R.  O.  Mumma. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-236756/ 
AS,  price  codes:  A04  in  paper  copy,  A01  in  micro- 
fiche. Report  ER8904,  1989.  64p,  15  fig,  12  tab,  16 
ref,  4  append.  USGS  Contract  no.  14-08-0001- 
G1293. 

Descriptors:  *Water  quality  control,  'Water 
sources,  *Water  spreading,  *Water  storage, 
•Water  treatment,  *Turf  grasses,  *Runoff,  •Perco- 
lation, Water  quality,  Surface  runoff,  Watersheds, 
Infiltration,  Groundwater,  Pesticide  removal, 
Leaching,  Leachates,  Nutrients. 

The  objective  of  this  investigation  was  to  deter- 
mine the  effect  that  nutrients  and  pesticides  applied 
to  lawn-type  turf  had  on  the  quality  of  runoff  and 
leachate.  The  results  indicate  that  dense,  high  qual- 
ity turfgrass  stands,  regardless  of  establishment 
method,  affect  the  overland  flow  process  to  such  a 
degree  that  runoff  is  insignificant.  The  ability  of 
this  type  of  vegetative  community  to  allow  water 
to  infiltrate  and  promote  the  metabolism  of  solutes 
suggest  that  it  might  even  possess  the  ability  to  be 
used  as  a  water  quality  treatment  medium.  Levels 
of  management  required  to  produce  the  turf  qual- 
ity necessary  for  positive  water  quality  impacts 
have  not  been  determined.  It  is  assumed  that  many 
poor  quality  turfgrass  areas  are  not  recipients  of 
sound  professional  management.  While  these  sites 
may  not  exhibit  the  infiltration  capacity  of  high 
quality  turf,  nutrients  and  pesticides  are  also  much 
less  likely  to  have  been  used  on  them.  Finally, 
much  of  the  highly  managed  turfgrass  in  the 
United  States  is  maintained  in  regions  of  varying 
degrees  of  urbanization.  Considering  the  magni- 
tude of  runoff  contributed  by  impervious  surfaces 
and  the  fact  that  treated  turfgrass  acres  in  those 
watersheds  constitute  only  a  portion  of  the  pervi- 
ous fraction  of  the  landscape,  dilution  of  any  low- 
level  'spikes'  of  nutrients  and/or  pesticides  would 
certainly  occur.  Acceptable  background  levels  of 
these  materials  in  surface  water  have  not  been 
determined.  It  is  likely  that  their  concentrations  in 
storm  water  and  impact  on  receiving  bodies  of 
water  would  be  considerably  less  than  other  urban 
pollutants  not  associated  with  well-managed  turf- 
grass areas.  (McDonnell-Penn.  St  U.) 
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MUNICIPAL  SOLDD  WASTE  MANAGEMENT 
IN  GEORGIA,  POLICY  ALTERNATIVES. 

Georgia  Univ.,  Athens.  Carl  Vinson  Inst,  of  Gov- 
ernment. 
J.  E.  Kundell. 

Available  from  Publication  Program,  Carl  Vinson 
Institute  of  Government,  University  of  Georgia. 
Public  Policy  Research  Series,  (June  1989).  23p,  7 
tab,  59  ref. 

Descriptors:  *Solid  waste  disposal,  •Environmen- 
tal quality,  *Waste  disposal,  'Georgia,  'Waste 
management,  Garbage  dumps,  Waste  dumps,  Mu- 
nicipal solid  waste,  Waste  recovery,  Environmen- 
tal policy. 

Increasingly,  the  proper  management  of  municipal 
solid  waste  (garbage)  is  becoming  a  controversial 
responsibility  facing  state  and  local  officials.  It  is 
projected  that  by  the  year  2000,  the  United  States 
will  produce  over  190  million  tons  of  municipal 
solid  waste  annually.  Georgia's  share  of  this  may 
exceed  6  million  tons.  This  report  reviews  the 
current  status  of  solid  waste  management  in  Geor- 
gia and  nationally,  and  examines  various  policy 
options  which  would  enable  municipal  solid  wastes 
to  be  managed  more  efficiently  in  one  state.  Under- 
lying the  specific  policy  alternatives  discussed, 
however,  are  the  needs  for  adequate  funding  and 
effective  planning  on  the  part  of  state,  regional, 
and  local  governments.  Adopting  an  integrated 
waste  management  system  is  recommended. 
(Allen-Carol  Vinson  Inst.) 
W90-03895 


GROUNDWATER  POLLUTION  LITIGATION 
IN  THE  FEDERAL  COURTS:  AN  EVALUA- 
TION OF  THREE  NEW  PRIVATE  REMEDIES. 

Office  of  the  Associate  Attorney  General,  Wash- 
ington, DC.  Land  and  Natural  Resources  Div. 
D.  C.  Shilton. 

Journal  of  Environmental  Law  and  Litigation, 
Vol.  3,  p  91-129,  1988. 

Descriptors:  'Groundwater  pollution,  •Adminis- 
trative regulations,  *Legal  aspects,  *Water  law, 
•Environmental  policy,  *Resource  Conservation 
and  Recovery  Act,  Groundwater,  Federal  jurisdic- 
tion, Water  pollution,  Remedies. 

Several  recent  lawsuits  involving  groundwater 
pollution  have  invoked  one  or  more  federal  causes 
action,  sometimes  in  combination  with  pendent 
state  common  law  claims.  Only  a  few  of  these  suits 
have  been  decided  on  the  merits,  and  cost  of  the 
reported  decisions  focus  on  threshold  issues.  How- 
ever, it  is  possible  to  draw  some  tentative  conclu- 
sions about  the  effectiveness  of  these  new  causes  of 
action.  The  elements  of  these  causes  of  action  are 
reviewed,  some  pitfalls  are  identified  that  should 
be  avoided,  and  the  role  that  these  actions  may 
play  in  addressing  the  groundwater  pollution  prob- 
lem are  evaluated.  With  one  of  the  element  of 
cause  of  action,  the  Comprehensive  Environmental 
Response,  Compensation,  and  Liability  Act 
(CERCLA),  the  actions  must  respond  to  the  re- 
lease of  a  hazardous  substance  from  a  facility,  and 
the  recovery  is  limited  to  necessary  costs  of  re- 
sponse. Cost  must  be  incurred  prior  to  bringing 
suit  and  must  be  consistent  with  the  National  Con- 
tingency Plan.  CERCLA  requires  only  a  weak 
showing  of  causation.  Under  the  Resource  Conser- 
vation and  Recovery  Act  (RCRA),  the  plaintiff 
must  allege  an  ongoing  violation,  and  a  citizen 
cannot  bring  suit  under  RCRA  until  60  days  after 
giving  notice  fo  the  alleged  violation  to  the  EPA. 
While  an  award  of  damages  cannot  be  made  under 
RCRA,  the  act  authorizes  the  court  to  award  costs 
of  litigation.  Because  RCRA  invokes  the  full  equi- 
table powers  of  a  court,  a  citizen  suit  can  lead  to 
adoption  of  a  judicially  supervised  plan  that  brings 
a  disposal  facility  into  compliance  with  ground- 
water protection  requirements.  With  the  1984 
amendments  to  RCRA  allowing  citizen  suits  to 
Abate  Imminent  Hazards,  a  citizen  is  allowed  to 
sue  a  past  generator  or  transporter  of  waste  cur- 
rently posing  a  threat  to  the  environment,  or  a  past 
owner  of  a  leaky  dump  site.  These  amendments 
address  groundwater  pollution  problems  stemming 


from  inactive  as  well  as  active  waste  disposal  sites. 
It  is  concluded  that  the  preventive  orientation  of 
these  laws  mean  that  Congress  has  thus  far  left 
victims  of  toxic  wastes  to  rely  on  tort  remedies, 
with  all  their  limitations.  (Friedmann-PTT) 
W90-03898 


LONG-TERM  EFFECTIVENESS  OF  VEGETA- 
TTVE  FILTER  STRIPS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Agricultural  Engineering. 
T.  A.  Dillaha,  J.  H.  Sherrard,  and  D.  Lee. 
Water  Environment  and  Technology,  Vol.  1,  No. 
3,  p  419-421,  November  1989. 

Descriptors:  'Virginia,  'Nonpoint  pollution 
sources,  'Filter  crops,  *Water  pollution  control, 
Vegetative  filter  strips,  Long-term  studies,  Per- 
formance evaluation,  Surveys,  Grasses,  Forages, 
Erosion  control,  Soil  conservation,  Nutrient  con- 
trol, Cost  sharing. 

One  method  of  removing  sediment  and  nutrients 
from  agricultural  runoff  is  vegetative  filter  strips 
(VFS).  VFS  of  varying  ages  in  rural  Virginia  were 
studied  to  assess  their  effectiveness.  The  VFS  were 
visited  five  times  at  3-mo  intervals  between  March 
1985  and  April  1986.  Opinions  of  owners  of  VFS 
were  obtained  by  a  mail  survey.  Of  33  farms  vis- 
ited and  evaluated,  18%  had  no  VFS  and  18%  of 
the  existing  VFS  were  simply  pastureland  borders. 
By  the  end  of  the  project,  50%  of  the  VFS  had 
good  to  excellent  cover,  14%  had  fair  cover,  and 
27%  had  poor  cover.  Tall  fescue  was  the  dominant 
vegetation  in  all  but  two  of  the  VFS,  but  orchard 
grass,  clover,  and  lespedeza  also  were  present.  To 
increase  the  cost-effectiveness  of  VFS  with  respect 
to  water  quality,  the  following  specifications  and 
recommendations  should  be  incorporated  into 
VFS  cost-sharing  programs:  VFS  site  suitability 
should  be  determined  by  trained  personnel;  vegeta- 
tion and  seeding  rates  should  be  appropriate  for 
local  soil  and  climatic  conditions,  and  approved  for 
use  in  the  designated  area;  to  promote  good  vege- 
tative growth,  nutrient  removal,  and  filtering  abili- 
ty, VFS  should  be  mowed  and  the  residue  harvest- 
ed at  least  2-3  times  per  year;  and  before  payment 
of  cost-sharing  funds  is  approved,  and  once  each 
year  thereafter,  the  VFS  should  be  inspected  by  a 
conservation  or  pollution  control  official  to  ensure 
that  the  VFS  meets  minimum  standards.  (Roches- 
ter-PTT) 
W90-03956 


WATER  QUALITY  2000:  BUILDING  A  NA- 
TIONAL CONSENSUS. 

A.  B.  Nichols. 

Water  Environment  and  Technology,  Vol.  1,  No. 

3,  p  422-425,  November  1989. 

Descriptors:  *Water  quality,  *Water  Quality  2000, 
•Public  participation,  'Public  relations,  Water  Pol- 
lution Control  Federation,  Decision  making, 
Policy  making,  Management  planning. 

Water  Quality  2000,  a  program  born  in  1987  within 
a  subcommittee  of  the  Water  Pollution  Control 
Federation's  Government  Affairs  Committee,  has 
the  mission  of  'proposing  and  promoting  national 
policies  and  goals  for  the  21st  century  that  will 
protect  and  enhance  water  quality,  with  a  specific 
agenda  for  action.'  The  history  of  the  project,  its 
structure  and  organization,  the  principle  of  balanc- 
ing views,  and  the  keys  to  the  project's  success  are 
described.  Water  Quality  2000  is  structured  in  four 
phases:  (1)  plan  development  and  goal  setting  (July 
1988-May  1989);  (2)  definition  of  problems  and 
present  water  quality  policies  and  programs  (May 
1989-May  1990);  (3)  development  of  recommenda- 
tions for  action  (May  1990-May  1991);  and  (4) 
implementation  (May  1991-May  1992).  The  project 
is  guided  by  a  vision  of  society  living  in  harmony 
with  healthy  natural  systems.  All  phases  of  the 
water  cycle,  including  groundwater,  surface  water, 
and  atmospheric  water,  are  considered.  Strategies 
to  be  promoted  include  source  reduction  and  waste 
minimization  and  water  conservation  and  reuse. 
The  Water  Quality  2000  project  Phase  2  work 
groups  cover  the  following  topics:  agriculture, 
aquatic     ecosystems     and     habitat,     community, 


« 
it 

< 
1 

s 

c 

I 

< 

< 
K 

a 


c 


* 

4 
X 
X 


153 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5G — Water  Quality  Control 

energy  and  resource  extraction,  industrial,  legisla- 
tion,   recreation,    transportation,    watershed,    and 
water  supply.  (Rochester-PTT) 
W90-03957 


MAKING    THE    STATE    REVOLVING    FUND 

WORK:  THE  TENNESSEE  EXPERIENCE. 

Tennessee    Dept.    of   Health    and    Environment, 

Nashville. 

For  primary  bibliographic  entry  see  Field  6C. 

W90-03958 


PRETREATMENT  FOR  RAW  WATER  STOR- 
AGE. 

Water  Storage  Corp.,  Werkendam  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5F. 
W9O-03959 


EXPERIENCES  OF  QUALITY  CONTROL  OF 
RAW  WATER  STORAGE  RESERVOIRS. 

Wahnbachtalsperrenverband,  Siegburg  (Germany, 

F.R.). 

J.  Clasen,  and  H.  Bernhardt. 

Aqua   AQUAAA,    Vol.    38,    No.   4,   p   256-264, 

August  1989.  15  fig,  1  tab,  14  ref. 

Descriptors:  'Network  design,  'Reservoirs,  'West 
Germany,  *Raw  water,  'Water  storage,  'Water 
quality  control,  'Sampling,  Wahnbach  Reservoir, 
Intakes,  Hypolimnion,  Aeration,  Mixing,  Destrati- 
fication,  Spatial  variation,  Temporal  variation. 

Based  on  30  yr  of  operating  the  Wahnbach  Reser- 
voir (West  Germany)  as  a  raw  water  storage  reser- 
voir, the  fundamental  approach  to  a  reservoir  in- 
vestigation program  is  discussed.  Objectives  of  the 
program  include  horizontal  allocation  of  sampling 
points,  vertical  allocation  of  sampling  points,  selec- 
tion of  parameters  for  measurement,  and  frequency 
of  sampling.  The  program  must  be  designed  so 
that,  with  minimal  effort,  maximal  information 
about  spatial  and  temporal  changes  of  the  physical, 
chemical,  and  biological  quality  parameters  can  be 
obtained.  The  results  of  the  investigation  program 
are  used  to  select  the  most  favorable  raw  water 
intake  depth  and  to  work  out  protecting  measures 
at  the  tributaries  and  the  reservoir  itself.  Operating 
a  hypolimnic  aeration  program  has  a  profound 
effect  on  the  water  quality  parameters  of  the  reser- 
voir. It  is  possible  to  detect  long-term  changes  in 
both  reservoir  conditions  and  the  quality  of  the 
impounded  water  and  to  observe  the  effects  of 
protective  measures.  (Rochester-PTT) 
W90-03968 


FOOD-WEB  MANIPULATION  AS  A  TOOL  IN 
WATER-QUALITY  MANAGEMENT. 

Technische  Univ.,  Dresden  (German  D.R.).  Sek- 
tion  Wasserwesen. 
J.  Benndorf. 

Aqua  AQUAAA,  Vol.  38,  No.  5,  p  296-304,  Octo- 
ber 1989.  3  fig,  1  tab,  62  ref. 

Descriptors:  'Food  chains,  'Water  quality  control, 
•Reservoirs,  Lakes,  Feedback  mechanisms,  Nutri- 
ents, Light,  Fish  management,  Biomass,  Biomani- 
pulation,  Ecology. 

Water  quality  depends  largely  on  the  structure  and 
function  of  food  webs  in  aquatic  ecosystems.  Food 
webs  can  be  controlled  by  resource  limitation 
("bottom  up')  and  by  predation  ('top  down').  It  has 
been  widely  accepted  that  both  control  mecha- 
nisms are  closely  coupled.  For  this  reason,  top- 
down  control  of  the  food  web  by  manipulating  fish 
stocks  should  be  applied  with  caution  as  the  sole 
management  tool.  Long-term  stability  of  top-down 
control  depends  on  numerous  factors  (lake-specific 
characteristics,  indirect  effects,  time  lag,  feedback 
dynamics,  coupling  of  different  types  of  food 
webs)  and  it  seems  to  increase  with  increasing 
resource  limitation  (nutrients,  light).  Therefore, 
combined  bottom-up/top-down  control  appears  to 
be  the  most  promising  strategy  in  water  quality 
management.  At  present,  the  short-term  effects  of 
food-web  manipulation  can  be  predicted  with  a 
certain  degree  of  reliability,  but  the  predictability 
of  long-term  effects  is  rather  low.  Important  points 
are  as  follows:  (1)  food-web  manipulation  should 


be  combined  with  a  resource-limitation  measure  if 
the  biomanipulation-efficiency  threshold  is  exceed- 
ed; (2)  the  critical  biomass  of  undesirable  fish, 
below  which  effects  on  the  food  web  and  water 
quality  can  be  observed,  varies  greatly  (20-1000 
kg/ha)  and  depends  on  numerous  factors;  (3)  the 
maximum  possible  stability  of  food-web  manipula- 
tion probably  is  achieved  when  the  biomass  of 
undesirable  fish  is  a  little  below  the  critical  biomass 
rather  than  when  fish  are  completely  exterminated; 
(4)  management  should  aim  at  a  high  diversity  of 
piscivorous  fish  stocks  (species,  age  classes);  (5) 
time  lags  exist  when  piscivory  is  used  and  this 
effect  must  be  taken  into  account  in  management; 
(6)  various  techniques  of  food-web  manipulation 
should  be  combined  (excluding  poisoning);  and  (7) 
food-web  manipulation  should  be  combined  with  a 
reasonable  protection  of  the  ecosystem  against 
toxic  pollutants  because  key  species  (eg,  Daphnia, 
Fucus)  are  extremely  sensitive.  (Rochester-PTT) 
W90-03971 


DECISION  SUPPORT  FOR  ESTUARINE 
WATER  QUALITY  MANAGEMENT. 

California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 

U.  Arnold,  and  G.  T.  Orlob. 

Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  115,  No.  6,  p  775- 
792,  November  1989.  15  fig,  14  ref. 

Descriptors:  'California,  'Computer  programs, 
'Estuaries,  'Water  quality  control,  Management 
planning,  Newport  Bay,  Pollution  load,  Decision 
making,  Mathematical  models,  Hydrologic  models, 
Simulation,  Graphics. 

Management  of  water  quality  in  estuarine  systems 
is  a  multistepped  process,  ranging  from  character- 
ization of  hydrological  and  hydromechanical  prop- 
erties that  govern  water  quality  changes  through 
identification  of  waste  loads,  regulatory  con- 
straints, and  water  quality  attributes  to  identifica- 
tion of  alternative  candidate  plans  and  selection  by 
so-called  decision  makers  of  the  best  plan  to  be 
implemented.  The  ultimate  step  in  this  complex 
process  is  to  operate  the  physical  system  within  the 
stipulated  performance  goals.  With  the  advent  of 
ever-increasing  computer  power,  geographic  infor- 
mation systems,  and  interactive  graphics,  support- 
ing integrated  user-friendly  data  management  and 
processing,  have  been  added  to  the  body  of  tools 
intended  to  support  the  decision  process  through 
its  many  steps.  The  use  of  a  new-generation  micro- 
computer, the  Macintosh  II,  as  the  sole  host  for  a 
decision  support  system  is  described  and  how  this 
system  might  be  used  in  the  decision  making  proc- 
ess is  illustrated  with  the  example  of  Newport  Bay, 
Orange  County,  California.  Special  attention  is 
given  to  such  features  as:  (1)  object-oriented  data 
and  control  handling;  (2)  the  integration  of  simula- 
tion models  into  the  decision  support  system;  and 
(3)  the  water  quality  management  process.  Graphi- 
cal displays  facilitate  the  construction  of  models, 
assignment  of  attributes,  location  of  treatment 
plants,  fixing  of  levels  and  costs  of  treatment,  and 
direct  interactive  inspection  of  the  results  of  simu- 
lations. Displays  of  water  quality  responses  to  al- 
ternative management  scenarios  allow  the  user  to 
judge  the  merits  of  adjustments  in  treatment  effi- 
ciency, outfall  location,  and  other  physical  and 
operational  changes  in  the  system.  (Rochester- 
PTT) 
W90-03978 


RECONCIXING  PUBLIC  OPINION  AND 
WATER  QUALITY  CRITERIA  IN  SOUTH 
AFRICA 

Cape  Town   City   Council  (South   Africa).   City 

Planner's  Dept. 

J.  A.  Thornton,  and  P.  H.  McMillan. 

Water  SA  WASADV,  Vol.  15,  No.  4,  p  221-226, 

October  1989.  4  tab,  37  ref. 

Descriptors:  'Water  quality,  'South  Africa, 
•Public  opinion,  'Lakes,  Cape  Town,  Pretoria, 
Limnology,  Management  planning,  Public  partici- 
pation. 

A  definition  of  a  'clean  water  lake'  was  compiled 
from  the  responses  to  an  open-ended  question  to 


give  a  definition  of  such  a  lake  by  over  3,000 
recreational  users  of  inland  waters  in  the  greater 
Pretoria  and  Cape  Town  areas  (South  Africa). 
Visually  aesthetic  characteristics  were  the  most 
commonly  cited  means  of  determining  the  pollu- 
tion status  of  a  lake.  These  included:  the  absence  of 
scum  and  excessive  quantities  of  algae,  clear  water 
with  low  turbidity,  and  an  abundance  of  wildlife. 
These  characteristics  were  equated  to  common 
limnological  variables  such  as  chlorophyll  a  and 
Secchi  disc  transparency  and  a  scale  of  values 
acceptable  to  the  public  was  created  by  reference 
to  the  survey  and  to  the  literature  where  necessary. 
These  values  corresponded  to  values  used  by 
water  management  authorities  and  limnologists  to 
define  lake  trophic  state.  (Author's  abstract) 
W90-03990 


USE     OF     AQUATIC     MACROPHYTES     IN 
WATER-POLLUTION  CONTROL. 

Aarhus  Univ.  (Denmark).  Botanical  Inst. 

For  primary   bibliographic   entry  see   Field   5D. 

W90-O4O03 


RECLAMATION  OF  SALINE  SOILS  USING 
CALCIUM  SULFATE  RESIDUES  FROM  THE 
TITANIUM  INDUSTRY. 

Centre  de  Recherches  de  Colmar  (France). 

M.  Kayasseh,  and  C.  Schenck. 

AMBIO  AMBOCX,  Vol.   18,  No.  2,  p  124-127, 

1989.  6  tab,  23  ref. 

Descriptors:  'Soil  management,  'Saline  soils,  'Cal- 
cium sulfate,  'Soil  reclamation,  'Sludge  utilization, 
'Land  reclamation,  Chemical  treatment,  Chemical 
sludge,  Chemical  wastes,  France. 

An  attempt  at  desalination  has  been  performed  on 
two  kinds  of  soils  containing  different  levels  of 
sodium  chloride  contamination.  The  study  was  car- 
ried out  in  upper-Alsace,  France,  from  1980  to 
1982.  Contamination  was  caused  by  sylvinite  ex- 
traction and  by  the  potash  industry.  The  two  allu- 
vial soils  that  were  analyzed  contained  sodium 
concentrates  of  42  and  418  meq/kg.  The  threshold 
limit  level  for  plant  growth  is  30  meq/ha.  Plaster 
and  titanium-industry  residues  with  high  CaS04 
contents  were  used  as  reclamation  agents.  Effects 
were  compared  with  those  obtained  with  natural 
precipitation  and  flood  water.  The  results  of  the 
study  suggest  that  the  use  of  industrial  residue  as 
well  as  plaster  is  efficient  for  reclamation  of  fairly 
saline  soils.  The  amount  of  residue  needed  is  about 
3  to  7  tons  per  ha,  which  is  comparable  to  addi- 
tions of  7  tons  of  plaster  per  ha.  (Author's  abstract) 
W9O-O4O05 


EXPERIENCES  WITH  GROUNDWATER 
TREATMENT  AND  DISPOSAL  OF  THE 
ELIMINATED  SUBSTANCES  IN  THE  NETH- 
ERLANDS. 

Keuringsinstiruut  voor  Waterleidingartikelen,  Rijs- 

wijk  (Netherlands). 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04018 


DESIGN  OF  A  HYDRODYNAMIC  LEACHATE 
CONTAINMENT  SYSTEM. 

Saskatchewan  Univ.,  Saskatoon.  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  5E. 
W90-04019 


PCB-POLLUnON  PROBLEM  IN  THE  UPPER 
HUDSON  RIVER:  FROM  ENVIRONMENTAL 
DISASTER  TO  'ENVIRONMENTAL  GRID- 
LOCK'. 

Barnard  Coll.,  New  York.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9O-04026 


ENHANCED  RETENTION  OF  ORGANIC  CON- 
TAMINANTS BY  SODLS  EXCHANGED  WITH 
ORGANIC  CATIONS. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of 
Communication. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Water  Quality  Control — Group  5G 


For  primary  bibliographic  entry  see  Field  5B. 
W9O-04047 


BIODEGRADATION  OF  CRUDE  OIL  IN  AN 
EXPERIMENTALLY  POLLUTED  PEATY 
MANGROVE  SOIL. 

Institut  de  la  Carte  Internationale  du  Tapis  Vege- 
tal, Toulouse  (France). 
P.  Scherrer,  and  G.  Mille. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
9,  p  430-432,  September  1989.  1  fig,  1  tab,  5  ref. 

Descriptors:  *Water  pollution  treatment,  'Biode- 
gradation,  *Fate  of  pollutants,  *Oil  pollution,  *Soil 
contamination,  'Mangrove  swamps,  'Microbial 
degradation,  Organic  matter,  Nutrients,  Fertilizers, 
Oxygen. 

The  role  of  environmental  factors  on  oil  biodegra- 
dation  was  studied  in  an  experimental  peaty  man- 
grove soil  (60%  peat,  40%  clay)  on  Guadeloupe. 
Two  plots  (2  sq  m  ea)  were  polluted  with  5  L  oil/ 
sq  m.  One  plot  received  crude  oil,  the  other  oil 
premised  with  10%  bioactivator  (an  oleophilic  fer- 
tilizer). Samples  were  collected  at  each  plot  after  3 
days,  3  months,  and  11  months.  The  top  30  cm  of 
soU  were  contaminated  with  decreasing  concentra- 
tions from  top  to  bottom.  Addition  of  bioactivator 
to  the  oil  favored  its  accumulation  at  the  soil 
surface.  At  3  and  11  months,  the  plot  with  the 
bioactivator  showed  normal  alkane  biodegradation 
while  the  degradation  of  oil  without  bioactivator 
was  extremely  limited.  The  results  suggest  that  an 
oil  polluted  mangrove  is  likely  to  remain  polluted 
for  a  long  time.  Oil  metabolism,  which  is  the  main 
degradation  pathway  for  crude  oil  in  soil,  was 
limited  by  the  availability  of  oxygen  and  nutrients 
in  the  peat.  Oleophilic  fertilizers  might  be  used  to 
enhance  biodegradation  in  a  nutrient  deficient  en- 
vironment. The  toxicity  of  such  products  to  the 
fauna  and  flora  of  the  area  should  be  tested  before 
the  use  of  the  bioactivators  in  mangrove.  (Geiger- 
PTT) 
W90-04058 


ENVTRONMENTAL  QUALITY  OBJECTTVES 
AND  EFFLUENT  CONTROL. 

Water  Research  Centre,  Medmenham  (England). 
R.  Agg,  and  T.  Zabel. 

Chemistry  and  Industry  CHINAG,  No.  14,  p  443- 
447,  July  17,  1989.  2  fig,  1  tab,  24  ref. 

Descriptors:  'Regulations,  'Water  pollution  con- 
trol, 'Water  quality  standards,  'Legal  aspects, 
'Europe,  'North  Sea,  European  Community  Sub- 
stances Directive,  Toxicity. 

The  European  Community  Substances  directive 
provides  legislation  to  control  the  discharge  of 
toxic  substances  to  the  aquatic  environment.  Addi- 
tional directives  are  necessary,  however,  to  set  the 
environmental  quality  standards  and  limit  values 
for  individual  substances.  The  Directive  has  two 
lists  of  compounds:  List  I  contains  substances  re- 
garded as  particularly  dangerous  because  of  their 
toxicity,  persistence  and  bioaccumulation,  while 
List  II  consists  of  less  dangerous  compounds  that 
can  have  a  deleterious  effect  on  the  aquatic  envi- 
ronment. List  I  compounds  are  mandated  to  be 
eliminated,  whereas  pollution  by  List  II  substances 
must  be  reduced.  In  the  ministerial  declaration 
following  the  second  ministerial  conference  on  the 
Protection  of  the  North  Sea  held  in  November 
1987,  the  United  Kingdom  agreed  to  apply  the 
dual  approach  to  the  control  of  certain  dangerous 
substances.  Recommendations  included:  identifica- 
tion of  a  limited  range  of  the  most  dangerous 
substances— the  'Red  List;'  setting  of  strict  environ- 
mental quality  standards  for  all  Red  List  sub- 
stances; and  progressive  application  of  emission 
standards  based  on  the  concept  of  best  available 
technology,  not  entailing  excessive  costs  for  the 
control  of  direct  discharges  of  Red  List  substances. 
Two  approaches  at  controlling  pollution  were  ex- 
plored. The  environmental  quality  objective  ap- 
proach is  based  on  the  premise  that  a  minimum 
acceptable  concentration  of  a  pollutant  can  be  de- 
fined that  does  not  interfere  with  the  use  of  the 
water  it  has  polluted.  Setting  of  environmental 
quality  standard  values  relies  heavily  on  knowl- 
edge of  bioaccumulation  and  toxicity  effects.  This 


information  is  often  incomplete  and  depends  on 
interpretation.  These  standards  are  set  by  the 
Water  Research  Center  in  the  United  Kingdom, 
which  reviews  the  available  laboratory  and  field 
toxicity  data,  and  prepare  a  report  proposing  envi- 
ronmental quality  standards  for  the  different  uses 
where  appropriate.  Experts  from  the  Department 
of  the  Environment,  the  Ministry  of  Agriculture, 
Fisheries  and  Food  and  the  water  industry  also 
review  the  report.  (Mertz-PTT) 
W90-04092 


BIORESTORATION  OF  CONTAMINATED 
SOU  AND  GROUNDWATER. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands).  Lab.  of  Waste 
Materials  and  Emissions. 
S.  Staps. 

Chemistry  and  Industry  CHINAG,  No.  18,  p  581- 
584,  September  18,  1989.  1  fig,  3  tab,  7  ref. 

Descriptors:  'Cleanup  operations,  'Water  pollu- 
tion treatment,  'In  situ  treatment,  'Biological 
treatment,  'The  Netherlands,  'Groundwater  pollu- 
tion, Land-farming,  Bioremediation. 

In  the  Netherlands,  soil  clean-up  operations  have 
been  undertaken  for  the  past  eight  years.  Initially, 
on  and  off-site  thermal  and  extraction  techniques 
were  developed.  In  the  last  five  years,  there  has 
been  a  growing  interest  in  biological  techniques. 
Of  these  techniques,  land-farming  is  in  operation  in 
the  Netherlands  and  experiments  in  bioreactors  are 
underway.  The  advantage  of  in  situ  clean-up  tech- 
niques is  that  they  can  be  applied  without  excava- 
tion of  the  soil.  Depending  on  the  contaminants 
present,  physical/chemical  or  biological  processes 
can  be  used  for  remediation.  In  situ  biorestoration 
is  based  on  the  stimulation  of  the  natural  degrada- 
tion processes  in  the  soil.  Conditions  for  applica- 
tions include:  a  high  soil  permeability,  biologically 
degradable  contaminants,  and  a  site  that  can  be 
converted  into  an  environment  where  biodegrada- 
tion is  possible.  There  are  many  advantages  to  in 
situ  biorestoration.  It  is  often  applicable  when 
other  techniques  cannot  be  employed  (for  instance, 
when  excavation  is  not  possible),  it  is  possible  to 
treat  both  soil  and  groundwater.  Biorestoration  is 
environmentally  sound  and  generally  cost-effec- 
tive. Treatment  is  also  able  to  move  with  the 
plume  of  contamination  in  the  groundwater.  There 
are  such  disadvantages  as  the  following:  (1)  It  can 
only  be  applied  to  biodegradable  components;  (2) 
it  may  not  work  for  subsoils  with  low  permeabili- 
ties; and  (3)  it  may  be  inhibited  by  toxic  compo- 
nents and  soil  can  become  clogged  by  excessive 
bacterial  growth.  A  long  treatment  period,  the 
possibility  of  residual  concentrations  remaining  in 
the  soil  and  a  lack  of  knowledge  about  long  term 
effects  still  hinder  biorestoration.  (Mertz-PTT) 
W90-04094 


WATER    SUPPLY    AND    SANITATION:    AN 
AGENDA  FOR  RESEARCH. 

London  School  of  Hygiene  and  Tropical  Medicine 

(England). 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04110 


EXPERT  OPINION  AND  GROUND-WATER 
QUALITY  PROTECTION:  THE  CASE  OF  NI- 
TRATE IN  DRENKTNG  WATER. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Geography. 
R.  Rajagopal,  and  G.  Tobin. 

Groundwater  GRWAAP,  Vol.  27,  No.  6,  p  835- 
847,  November-December  1989.  1  fig,  3  tab,  28  ref. 

Descriptors:  'Drinking  water,  'Nitrates,  'Ground- 
water pollution,  'Water  pollution  prevention, 
Management  planning,  Surveys,  Environmental 
policy. 

Groundwater  protection  strategies  have  been  con- 
strained by  the  limited  consideration  of  varied  and 
new  options  relevant  to  particular  problems.  Con- 
sequently, management  practices  have  tended  to 
maintain  the  status  quo  regarding  legislation  and 
water-quality  standards.  To  examine  the  responses 
to  specific  issues,  an  analysis  of  the  problem  of 
nitrate  contamination  of  groundwater  in  the  Mid- 


west to  a  community  of  experts  was  conducted. 
Ninety-seven  individuals,  through  a  formal  ques- 
tionnaire, responded  to  a  variety  of  questions  per- 
taining to  the  issue.  They  showed  definite  prefer- 
ences in  dealing  with  certain  aspects  of  the  prob- 
lem, although  there  was  significant  variability  in 
response  due  to  such  factors  as  length  of  ground- 
water-related  professional  experience  and  residen- 
tial status.  It  was  clear  that  respondents  preferred 
immediate  preventive  or  corrective  action  in  a 
world  of  incomplete  knowledge  over  extensive 
research;  were  willing  to  undertake  personal  action 
to  seek  nitrate-free  water  rather  than  wait  for 
official  action;  and  favored  local  and  state  level 
involvement  over  federal  intervention.  Findings 
based  on  this  survey  research  can  be  used  effec- 
tively in  the  planning  of  future  work  to  establish 
actual  preferences  in  communities  with  serious  ni- 
trate contamination  problems.  (Author's  abstract) 
W90-04162 


DETERMINATION  OF  AN  OPTIMAL  POLICY 
FOR  PROTECTING  GROUND  WATER  QUAL- 
ITY. 

Economic  Research  Service,  Washington,  DC.  Re- 
sources and  Technology  Div. 
W.-Y.  Huang,  and  N.  D.  Uri. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
4,  p  775-782,  August  1989.  1  fig,  18  ref. 

Descriptors:  'Water  pollution  control,  'Water 
quality  management,  'Groundwater  pollution, 
•Groundwater  management,  'Groundwater  qual- 
ity, Model  studies,  Public  policy,  Pesticides,  Fate 
of  pollutants,  Path  of  pollutants. 

An  analytical  framework  is  presented  that  identi- 
fies the  tradeoffs  that  a  regional  authority  desiring 
to  enhance  groundwater  quality  is  confronted  with 
as  it  strives  to  balance  the  preferences  of  farmers 
and  households  while  endeavoring  to  maximize  net 
regional  welfare.  A  policy  model  is  developed 
relying  on  three  decision  components  where  the 
objective  is  one  of  identifying  the  trade-offs  that  a 
regional  authority  will  be  confronted  with  as  it 
strives  to  balance  the  preferences  of  farmers  and 
households  while  endeavoring  to  maximize  net  re- 
gional welfare.  The  basic  rule  developed  indicates 
that  the  regional  authority  must  choose  a  policy 
whereby  any  increase  (decrease)  in  regional 
income  as  just  equal  to  the  decrease  (increase)  in 
net  benefit  to  households.  While  the  determination 
of  an  optimal  tax  was  selected  in  the  analysis  to 
describe  a  modeling  procedure  aimed  as  assisting  in 
the  development  of  a  policy  for  protecting  ground- 
water quality,  the  analytical  framework  is  equally 
applicable  to  other  policy  options  directed  at  the 
same  goal.  The  model  developed  does  require  a 
fair  amount  of  information  in  terms  of  details  on 
transport  and  fate  of  pesticides,  dose-response  rela- 
tionships, and  costs.  However,  the  analytical 
framework  does  carefully  delineate  the  nature  of 
the  problem  that  the  regional  authority  must  con- 
front, and  it  does  focus  on  the  issues  that  must  be 
considered  when  developing  a  policy  directed  at 
reducing  groundwater  contamination.  (Author's 
abstract) 
W90-04174 


ECONOMIC  EFFECTS  OF  SOIL  CONDITIONS 
ON  FARM  STRATEGIES  TO  REDUCE  AGRI- 
CULTURAL POLLUTION. 

Maryland  Univ.,  College  Park.  Dept.  of  Agricul- 
tural and  Resource  Economics. 
F.  M.  Roka,  B.  V.  Lessley,  and  W.  L.  Magette. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
4,  p  821-827,  August  1989.  2  fig,  5  tab,   16  ref. 

Descriptors:  'Nonpoint  pollution  sources,  'Ero- 
sion control,  'Water  pollution  control,  'Water  pol- 
lution sources,  'Agricultural  hydrology,  'Eco- 
nomic evaluation,  'Soil  contamination,  'Model 
studies,  Leaching,  Nitrates,  Soil  erosion. 

Utilizing  predictions  of  pollutant  movement  gener- 
ated by  the  CREAMS  model,  the  economics  of 
reducing  the  field  losses  of  sediment  and  nitrate 
percolation  were  compared  between  two  soil  types 
on  each  of  two  slopes  common  to  the  Upper 
Eastern  Shore  of  Maryland.  The  soils  considered 


j 

I 

1 

< 
z 

K 
CE 


« 
1 

S 


155 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5G — Water  Quality  Control 


were  Matapeake  silt  loam  and  Sassafras  sandy  loam 
textures  on  field  slopes  of  3.5%  and  7.5%.  A 
representative  cash  grain  farm  was  used  as  a  basis 
of  comparison.  Under  assumptions  of  profit  maxi- 
mization, economics  optimal  cropping  systems 
varied  by  slope.  Results  further  indicated  that  rela- 
tive cost-effectiveness  of  sediment  or  nitrate  perco- 
lation control  varied  by  soil  type  for  both  slopes 
considered.  If  controlling  surface  losses,  such  as 
sediment,  is  more  important  than  controlling  sub- 
surface leaching,  resources  spent  on  the  silt  loam 
soil  would  be  more  cost-effective  than  resources 
spent  on  the  sandy  loam  soil.  If,  on  the  other  hand, 
nitrate  leaching  is  a  more  serious  environmental 
threat  than  soil  erosion,  cost-effectiveness  increases 
on  sandy  loam  as  compared  with  silt  loam  soil. 
(Author's  abstract) 
W90-04179 


EVALUATION  OF  CONSUMER  NOTIFICA- 
TION UNDER  THE  SAFE  DRINKING  WATER 
ACT. 

California  Univ.,  San  Francisco. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04181 


ASSESSMENT  OF  SEDIMENT  PHOSPHORUS 
INACTTVATION,  KEZAR  LAKE,  NEW  HAMP- 
SHIRE. 

New  Hampshire  Dept.  of  Environmental  Services, 

Concord. 

J.  N.  Connors,  and  M.  R.  Martin. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

4,  p  845-853,  August  1989.  7  fig,  5  tab,   16  ref. 

Descriptors:  'Lake  restoration,  *Algal  blooms, 
'Limiting  nutrients,  'Phosphorus,  'Water  quality, 
Aluminum  sulfate,  Sodium  aluminate,  Chlorophyll, 
Transparency. 

Aluminum  sulfate  and  sodium  aluminate  were  uti- 
lized as  sediment  phosphorus  inactivants  to  im- 
prove the  water  quality  of  a  northeastern  eutrophic 
lake.  A  four-year  monitoring  program  has  provid- 
ed an  extensive  lake-database  utilized  to  evaluate 
the  short-term  and  long-term  effectiveness  of  sedi- 
ment phosphorus  inactivation  as  a  lake  restoration 
technique.  An  immediate  impact  of  treatment  was 
marked  by  a  reduction  in  hypolimnetic  BOD  and 
dissolved  oxygen  deficit,  lower  chlorophyll-a  and 
phosphorus  concentrations,  improved  transparen- 
cy, and  the  elimination  of  obnoxious  blue-green 
phytoplankton  blooms.  For  two  to  three  years 
after  treatment,  these  parameters  continued  to  ex- 
hibit both  less  variability  and  improved  values  over 
the  pre-treatment  conditions.  The  improved  water 
quality  conditions  warranted  an  upgrade  of  the 
lake  trophic  status  from  eutrophic  to  mesotrophic. 
Four  years  after  the  treatment,  the  mean  hypolim- 
netic total  phosphorus  and  chlorophyll-a  have  in- 
creased and  transparency  has  decreased  from  ini- 
tial post-treatment  levels.  Although  long-term 
trends  show  water  quality  decreased  since  the 
treatment,  the  water  quality  has  stabilized  at  a  level 
suitable  for  recreation.  A  major  benefit  is  an  in- 
crease in  the  average  attendance  at  the  lake  by 
almost  2,000  people/summer.  (Author's  abstract) 
W90-04182 


EDUCATING  RURAL  COMMUNITY  LEADERS 
IN  WASTEWATER  TREATMENT  ALTERNA- 
TIVES. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agricultural 

Engineering. 

For   primary   bibliographic   entry   see   Field   5D. 

W9O-O4202 


RESPONSE  CAPABHJTY  IN  WATER  CON- 
TAMINATION EMERGENCIES. 

Arizona     Water     Resources     Research     Center, 

Tucson. 

M.  Waterstone. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

5,  p  1015-1022,  October  1989.  2  tab,  18  ref. 

Descriptors:  'Water  pollution  treatment,  'Water 
pollution  control,  'Drinking  water,  'Groundwater 
pollution,  'Public  health,  'New  Jersey,  Water 
supply,  Surveys,  Emergency  response. 


Contamination  of  supplies  by  a  wide  variety  of 
pollutants  has  long  presented  water  managers  with 
difficult  problems.  In  the  last  fifteen  years  the  issue 
of  groundwater  contamination  has  received  a  great 
deal  of  attention.  Most  work  has  focused  on  the 
source  side  of  the  problem.  Questions  have  includ- 
ed: where  do  pollutants  come  from,  how  wide- 
spread is  the  problem,  and  what  are  the  effects  of 
the  contaminants  on  human  health  and  the  envi- 
ronment. Very  little  work,  however,  has  yet  been 
done  on  the  response  side  of  this  issue.  Are  water 
managers  aware  of  water  pollution  problems 
(actual  or  potential)  and  their  magnitude,  and  how 
well  prepared  are  they  to  deal  with  contamination 
situations  if  they  should  develop.  The  study  was 
intended  to  assess  both  the  methodological  and 
substantive  issues  involved  in  an  empirical  investi- 
gation of  response  capability.  At  present,  very  little 
systematic  information  exists  regarding  the  degree 
to  which  water  managers  and  providers  are  pre- 
pared for,  and  capable  of  responding  to  contamina- 
tion (or  other  water)  emergencies.  The  assessment 
of  212  municipalities  in  southern  New  Jersey  indi- 
cates that  although  problem  awareness  is  fairly 
high,  actual  preparedness,  knowledge,  and  imple- 
mentation capabilities  are  remarkably,  and  uni- 
formly, low.  Given  the  fact  that  a  sizable  popula- 
tion in  this  region  depends  on  groundwater  for 
potable  supplies,  this  vulnerability  to  contamina- 
tion and  the  potential  lack  of  adequate  response 
would  appear  to  be  cause  for  concern.  (Author's 
abstract) 
W90-04205 


IN  SITU  IMMOBILIZATION  OF  HEAVY- 
METAL  CONTAMINATED  SOIL. 

Foster-Miller  Associates,  Inc.,  Waltham,  MA. 
G.  Czupryna,  R.  D.  Levy,  A.  I.  Maclean,  and  H. 
Gold. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A2011  244. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  ESL-TR-87-17,  June  1988.  138p,  19 
fig,  49  tab,  35  ref,  2  append. 

Descriptors:  'In  situ  treatment,  'Heavy  metals, 
'Soil  contamination,  'Water  pollution  prevention, 
Hazardous  wastes,  Chromium,  Cadmium,  Nickel, 
Chemical  treatment,  Costs,  Military  reservations, 
Cleanup,  Leachates. 

Dynamic-flow  column  studies  were  conducted  at 
various  Air  Force  Air  Logistics  Centers  to  obtain 
detailed  data  on  the  maximum  capacity  and  mobili- 
ty of  metal  contaminants  in  soil  with  and  without 
the  addition  of  the  best  treatment  chemicals.  Long- 
term  column  tests  on  the  stability  and  teachability 
of  the  best  treatment  chemicals  with  and  without 
the  effects  of  acid  rain  and  solvent  addition  were 
also  carried  out.  Finally,  tests  were  performed  in  a 
Hazardous  Waste  Site  Simulator  over  a  4-month 
period  to  determine  the  immobilization  of  hexava- 
lent chromium,  cadmium  and  nickel  in  treated  soil 
against  a  dynamically  changing  environment.  The 
results  of  the  column  studies  showed  that  the  use 
of  a  Valfor  200/ferrous  sulfate  combination  for  the 
immobilization  of  hexavalent  chromium,  cadmium, 
and  nickel  proved  very  effective  in  treating  soils 
from  McClellan  AFB  and  Robins  AFB.  Long-term 
stability  tests  with  soils  contaminated  with  only 
hexavalent  chromium  showed  that  very  little,  if 
any,  leaching  occurred  with  simulated  acid  rain 
(pH  5.3),  deionized  water,  and  water  saturated 
with  a  solvent  (toluene)  leachate  solution,  indicat- 
ing that  the  treatment  chemicals  and  the  metal 
complexes  they  formed  were  stable  over  the  test 
period  (25  days).  The  primary  cost  of  in  situ  immo- 
bilization treatment  is  the  cost  of  the  chemical 
treatment  additive;  the  application  costs  are  <  5% 
of  the  chemical  costs.  The  estimated  chemical 
costs  to  treat  soil  contaminated  with  30  milliequi- 
valents  of  total  metal/kg  soil  ranged  from  $33,300/ 
acre-ft  to  $81,2O0/acre-ft,  or  $13.9/ton  to  $33.8/ 
ton.  (Lantz-PTT) 
W90-04215 


VIRGINIA'S  GROUNDWATER. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-04221 


REMEDIES  AT  EXISTING  FACHJTIES. 


T.  M.  Johnsor-. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  21-33,  9  fig,  1  tab,  15  ref. 

Descriptors:  'Water  pollution  treatment,  'Water 
pollution  prevention,  'Groundwater  pollution, 
'Groundwater  quality,  'Cleanup  operations,  Land- 
fills, Leachates,  Slurries,  Ground  curtains,  Cutoff 
walls,  Sealants,  Extraction,  Chemical  treatment, 
Excavation. 

A  study  of  more  than  120  documented  case  histo- 
ries of  groundwater  contamination  incidents  re- 
vealed that  remedial  action  is  usually  complex, 
time  consuming,  and  expensive.  Generally,  the 
longer  it  takes  to  discover  contamination  in  the 
subsurface,  the  larger  the  zone  of  contamination  is 
likely  to  be  and  the  more  likely  the  possibility  that 
groundwater  will  become  polluted.  The  corrective 
action  necessary  to  renovate  groundwater  is  com- 
plicated by  several  factors:  (1)  contamination  usu- 
ally is  not  discovered  until  contaminants  have 
flowed  some  distance  through  the  subsurface;  (2) 
there  is  normally  no  simple  way  to  determine  the 
extent  of  contamination.  In  most  cases,  too  few 
wells  are  in  an  affected  area  to  delineate  the  extent 
of  the  pollution.  Therefore,  it  is  often  necessary  to 
drill  wells  or  borings  to  define  the  zone  of  con- 
tamination; (3)  finding  the  course  of  groundwater 
contamination  is  often  a  major  problem.  Contami- 
nants may  undergo  changes  in  the  subsurface  that 
make  them  hard  to  identify;  and  (4)  groundwater 
renovation  is  further  complicated  by  the  variable 
behavior  of  contaminants  in  the  subsurface  envi- 
ronment. A  manual  was  compiled  of  the  available 
methodology  for  implementing  remedial  measures 
at  waste  disposal  sites.  It  emphasizes  procedures 
that  reduce  the  amount  or  concentration  of  con- 
taminants and  prevent  or  redirect  contaminant 
movement  from  the  disposal  site.  The  manual  de- 
scribes various  engineering  methods  for  control- 
ling pollution  and  estimates  their  costs  when  ap- 
plied to  a  hypothetical  landfill  site.  The  methods 
emphasized  in  the  manual,  and  discussed  in  the 
paper,  are:  hypothetical  landfill,  leachate  produc- 
tion, leachate  control,  surface  water  control,  pas- 
sive methods,  slurry  trenches,  grout  curtains, 
sheet-piling  cutoff  wall,  bottom  sealing,  active 
methods,  extraction,  injection,  leachate  handling, 
chemical  immobilization,  chemical  fixation,  chemi- 
cal injection,  and  excavation  and  reburial.  (See  also 
W90-04221)  (Lantz-PTT) 
W90-04223 


REMEDIAL  METHODS  FOR  POLLUTED 
AQUIFERS. 

National  Water  Well  Association,  Worthington, 
OH. 

D.  M.  Nielsen. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  34-44,  10  fig,  20  ref. 

Descriptors:  'Water  pollution  treatment,  'Restora- 
tion, 'Cleanup  operations,  'Groundwater  pollu- 
tion, 'Aquifers,  Containment,  Grout  curtains, 
Cutoff  walls,  Aquifer  restoration,  Selective  with- 
drawal, Groundwater  recharge,  Biodegradation, 
Chemical  treatment. 

The  containment  and/or  control  of  contaminated 
groundwater  can  generally  be  accomplished  using 
one  or  a  combination  of  several  available  tech- 
niques. The  alternatives  available  for  remedial 
action  can  be  broken  down  into  three  broad  cate- 
gories, (1)  physical  containment  measures  includ- 
ing slurry-trench  cutoff  walls,  grout  curtains,  and 
sheet  piling;  (2)  aquifer  rehabilitation  including 
withdrawal,  treatment,  and  reinjection  (or  re- 
charge), and  in  situ  treatment  such  as  chemical 
neutralization  and  biodegradation;  and  (3)  with- 
drawal, treatment,  and  use.  Often,  site  conditions 
dictate  that  more  than  one  of  the  available  methods 
be  used  to  meet  the  reclamation  goals  of  specific 
sites.  It  is  not  possible  to  develop  a  specific  pro- 
gram of  remedial  action  applicable  to  all  situations, 
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but   is   possible   to   prepare   containment/control 
strategies  for  most  groundwater  contamination  in- 
cidents. (See  also  W90-04221)  (Lantz-PTT) 
W90-04224 


DEVELOPING    ALTERNATIVES    TO    LAND- 
FILLS. 

For  primary  bibliographic  entry  see  Field  5E. 
W90-04225 


STATE  MONITORING  PROGRAMS. 

L.  S.  Graves. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  52-54. 

Descriptors:  *Network  design,  *Groundwater  pol- 
lution, 'Monitoring,  'Water  quality  control,  State 
jurisdiction,  Water  sampling,  Data  acquisition, 
Chemical  analysis,  Water  pollution  control. 

In  and  of  itself,  groundwater  monitoring  does  not 
prevent  groundwater  contamination.  At  best,  mon- 
itoring can  only  detect  contamination  that  has  en- 
tered the  aquifer  and  then  set  into  motion  actions 
to  minimize  further  spread  of  the  contaminants. 
Detecting  groundwater  contamination  before  ex- 
tensive damage  occurs  depends  on  the  nature  of 
the  monitoring  system.  At  the  outset,  a  distinction 
can  be  made  between  groundwater  monitoring 
conducted  within  a  state  and  what  might  be 
termed  formal  state  groundwater  monitoring  pro- 
grams. In  most  states,  groundwater  monitoring  is 
conducted  through  a  patchwork  of  legislative  au- 
thorities and  resource  management  programs. 
Each  program  operates  independently  with  differ- 
ent objectives  and  informational  needs.  Few  states 
have  organized  and  coordinated  these  separate 
programs  into  a  single  state  groundwater  monitor- 
ing program  where  the  data  from  different  sources 
are  readily  accessible  and  duplication  of  effort  is 
minimized  An  fine  example  of  a  formal  state  moni- 
toring program  is  that  of  New  Jersey.  All  ground- 
water monitoring  programs  have  three  basic  com- 
ponents that  must  be  determined  before  implement- 
ing a  program:  (1)  the  location  and  number  of 
monitoring  points;  (2)  the  type  of  chemical  param- 
eters to  be  analyzed.  Some  state  programs  limit 
their  analyses  to  inorganic  constituents,  while 
other  programs  include  some  man-made  organic 
compounds;  and  (3)  the  frequency  of  sample  ex- 
traction and  analysis.  For  purposes  of  illustrating 
the  variations  in  these  components  and  the  nature 
of  groundwater  monitoring  systems  in  general, 
monitoring  that  is  conducted  within  states  can  be 
divided  into  two  broad  categories.  The  first  cate- 
gory is  regional  baseline  or  ambient  groundwater 
quality  monitoring,  and  the  second  category  is  site- 
specific  monitoring.  (See  also  W90-04221)  (Lantz- 
PTT) 
W90-04226 


NEW  JERSEY'S  PROGRAM. 
New  Jersey  Dept.  of  Environmental  Protection, 
Trenton.  Div.  of  Water  Resources. 
A.  Schiffman. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  55-61. 

Descriptors:  *New  Jersey,  'Groundwater  quality, 
•Water  quality  management,  'Regulations,  Legal 
aspects,  Standards,  Permits,  Legislation. 

A  comprehensive  groundwater  resource  manage- 
ment program  was  established  in  New  Jersey  in 
1980  to  protect  major  aquifers  vulnerable  to  con- 
tamination from  landfill  leachate,  lagoon  seepage, 
septic  tank  leakage,  underground  injection,  hazard- 
ous materials  spills,  improper  disposal  of  industrial 
wastes,  and  a  variety  of  other  sources  of  pollutants. 
The  legal  basis  for  New  Jersey's  groundwater  pro- 
grams includes  the  following  laws  which  form  the 
statutory  basis  for  the  administration  of  New  Jer- 
sey's groundwater  programs:  Department  of  Envi- 
ronmental   Protection    Statute,    Water    Pollution 


Control  Act,  Water  Quality  Planning  Act,  Spill 
Compensation  and  Control  Act,  Water  Supply 
Management  Act,  and  the  Safe  Drinking  Water 
Act.  In  an  effort  to  develop  and  administer  the 
ways  and  means  for  groundwater  protection,  the 
Division  of  Water  Resources  utilizes  a  multifaceted 
approach,  which  is  demonstrated  in  the  following 
programs:  Bureau  of  Ground  Water  Discharge 
permits,  New  Jersey  Geological  Survey-which 
provides  geologic,  geohydrologic,  geophysical, 
and  geodetic  information,  advice,  and  assistance  to 
state  and  local  governments,  public  and  private 
organizations,  and  the  citizens  of  New  Jersey; 
Bureau  of  Water  Supply  Planning-whose  primary 
function  is  to  administer  the  various  planning  pro- 
grams set  forth  in  the  Statewide  Water  Supply 
Master  Plan  (SWSMP)  under  the  authority  of  the 
Water  Supply  Management  Act;  Bureau  of  Water 
Allocation;  Bureau  of  Potable  Water-which  insti- 
tutes the  overall  management  of  work  programs 
and  activities  to  ensure  a  desirable  and  effective 
comprehensive  statewide  drinking  water  program; 
Enforcement-whose  major  activities  include  the 
identification  and  mitigation  of  sources  of  ground- 
water contamination,  permit  compliance  monitor- 
ing inspections,  and  permit  compliance  activities; 
and  Laboratory  Certification-which  ensures  the 
quality  of  water  sample  analysis.  (See  also  W90- 
04221)  (Lantz-PTT) 
W90-04227 


LOCAL  OPTIONS  FOR  GROUNDWATER 
PROTECTION. 

G.  R.  St.  John. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  62-64. 

Descriptors:  'Water  quality  management, 
'Groundwater  quality,  'Local  governments, 
•Regulations,  Legal  aspects,  Zoning,  Ordinances. 

Groundwater  protection  at  the  local  level  falls  into 
two  logical  categories:  prevention  of  contamina- 
tion before  it  happens  and  remedial  action  after  it 
happens.  In  either  of  these  two  areas,  the  means  of 
accomplishment  fall  into  three  categories:  legal 
compulsion,  persuasion,  and  direct  action  by  the 
locality  at  its  own  expense.  In  the  area  of  preven- 
tion through  legal  compulsion,  the  tools  of  the 
locality  are  its  ordinances,  chiefly  the  zoning  ordi- 
nance if  it  is  properly  written.  The  zoning  ordi- 
nance is  very  effective  in  protecting  the  environ- 
ment from  damage  by  private  industrial,  commer- 
cial, and  residential  enterprises.  It  is  ineffective  in 
controlling  the  activities  of  state  and  federal  gov- 
ernment agencies  (they  are  not  subject  to  it)  and 
agricultural  and  individual  polluters  (for  example, 
the  fellow  who  changes  his  own  oil  and  dumps  it 
in  the  woods).  An  outline  is  presented  of  how  the 
zoning  ordinance  should  work  to  prevent  and  re- 
mediate pollution.  The  key  is  the  site  plan.  Its  role 
is  to  expose  a  proposed  project  to  review  by  all 
appropriate  state  agencies,  get  their  recommenda- 
tions, and  then  convert  those  recommendations 
into  binding  rules  with  the  force  of  law,  as  condi- 
tions of  approval.  (See  also  W90-04221)  (Lantz- 
PTT) 
W90-04228 


CLASSIFYING  AQUIFERS. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-04229 


ELEMENTS  OF  A  GROUNDWATER  MANAGE- 
MENT PROGRAM. 
1CF,  Inc.,  Washington,  DC. 
J.  D.  Werner. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  76-79. 

Descriptors:  'Groundwater  management,  'Water 
quality  management,  'Groundwater  pollution, 
•Hazardous  waste  disposal,  Environmental  protec- 
tion,   Classification,    Degradation,    Management 


planning,  Aquifers,  Groundwater  quality,  Monitor- 
ing, State  jurisdiction. 

There  are  a  number  of  key  elements  of  the  ground- 
water protection  and  contamination  issue:  aquifer 
restoration,  state  groundwater  classification,  and 
alternatives  to  land  disposal  of  wastes.  Results 
from  a  study  on  groundwater  protection  programs 
from  36  states,  focus  on  water  quality  management 
and  it's  three  broad  elements:  goal  selection 
(through  non-degradation,  limited  degradation  and 
differential  protection),  management  strategy  se- 
lection, and  program  implementation.  Some  states 
are  trying,  with  varying  degrees  of  success,  to 
have  their  groundwater  protection  strategy  serve 
the  dual  purposes  of  regulating  nonpoint  surface 
water  pollution  and  controlling  hazardous  waste 
facility  siting.  An  aquifer  classification  system  can 
be  considered  a  type  of  management  strategy  be- 
cause a  state  decides  which  aquifers  can  be  degrad- 
ed and  which  cannot  and  manages  the  areas  ac- 
cordingly. A  number  of  states  view  hazardous 
waste  facilities  as  their  biggest  problem.  An  in- 
creased level  of  monitoring  is  needed,  especially 
around  hazardous  waste  facilities.  (See  also  W90- 
04231)  (Lantz-PTT) 
W90-04230 


FEDERAL  INVOLVEMENT  IN  GROUNDWAT- 
ER PROTECTION. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Ground- Water  Protection. 
M.  Mlay. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  82-84. 

Descriptors:  'Federal  jurisdiction,  'Groundwater 
quality,  'Water  quality  control,  Legal  aspects, 
Regulations,  Legislation,  State  jurisdiction,  Public 
policy,  Institutions. 

The  US  EPA  recently  has  been  developing  its 
groundwater  protection  strategy,  which  deals  with 
groundwater  protection  through  a  number  of  fed- 
eral laws  designed  for  different  purposes,  usually 
to  control  specific  kinds  of  substances  at  particular 
kinds  of  facilities.  These  laws  include,  but  are  not 
limited  to  the:  Comprehensive  Environmental  Re- 
sponse, Compensation  and  Liability  Act  of  1980 
(CERCLA/Superfund);  (2)  Resource  Conserva- 
tion and  Recovery  Act  (RCRA);  (3)  Underground 
Injection  Control  (UIC)  program;  (4)  Sole-Source 
Aquifer  (SSA)  program;  (5)  Public  Water  System 
(PWS)  program;  (6)  Clean  Water  Act  (CWA);  (7) 
Federal  Insecticide,  Fungicide  and  Rodenticide 
Act  (FIFRA);  and  (8)  Toxic  Substances  Control 
Act  (TSCA).  With  rare  exception,  none  of  these 
laws  really  focuses  specifically  on  groundwater 
resources.  Such  a  focus  on  groundwater  must  take 
place  at  the  state  level.  Through  the  groundwater 
protection  strategy,  EPA  will  support  state  pro- 
gram development  efforts,  develop  guidelines  that 
will  make  its  programs  more  compatible,  address 
such  sources  of  contamination  as  leaking  storage 
tanks,  and  develop  an  institutional  focus  within  the 
agency  to  enable  it  to  work  closely  with  the  states 
to  enhance  their  efforts  to  protect  groundwater  in 
a  comprehensive  manner.  (See  also  W90-04221) 
(Lantz-PTT) 
W90-04231 


LEGAL  AUTHORITY  TO  PROTECT  GROUND- 
WATER IN  VTRGINIA. 

For  primary  bibliographic  entry  see  Field  6E. 
W90-04232 


PROGRAMS  TO  PROTECT  GROUNDWATER 
IN  VTRGINIA. 

Virginia  State  Water  Control  Board,  Richmond. 
R.  N.  Burton. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  90-92. 
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Group  5G — Water  Quality  Control 

Descriptors:  •Virginia,  'Groundwater  quality, 
*  Legislation,  'Water  quality  control,  State  juris- 
diction, Institutions,  Monitoring,  Water  pollution 
control,  Groundwater  management,  Permits. 

An  overview  of  groundwater  resources  in  Virginia 
mentions  those  resources  in  the  Coastal  Plain  prov- 
ince, the  Piedmont  province,  the  Blue  Ridge  prov- 
ince, the  Valley  and  the  Ridge  provinces,  and  the 
Cumberland  Plateau.  Potential  sources  of  pollution 
of  these  resources  include  underground  storage 
tanks,  septic  tanks,  poorly  constructed  wells,  open 
waste  dumps,  agricultural  and  industrial  wastes.  To 
protect  groundwater  from  pollution  and  promote 
reasonable  care  in  daily  activities,  the  state  has 
adopted  the  State  Water  Control  Law.  Under  this 
law  and  others,  the  state  water  control  board  main- 
tains a  number  of  programs  to  prevent,  detect,  and 
mitigate  groundwater  pollution.  These  programs 
include  the:  (1)  groundwater  quality  monitoring; 
(2)  salt  water  intrusion  monitoring;  (3)  pollution 
response;  (4)  groundwater  data;  (5)  site  evaluation; 
(6)  groundwater  management  program;  (7)  Nation- 
al Pollutant  Discharge  Elimination  System 
(NPDES)  permit;  (8)  surface  impoundment  assess- 
ment; and  (9)  groundwater  research  drilling.  (See 
also  W90-04221)  (Lantz-PTT) 
W9O-04233 


EVALUATION  OF  CONTROL  CHART  METH- 
ODOLOGIES FOR  RCRA  WASTE  SITES. 

Nevada   Univ.,    Las   Vegas.    Environmental    Re- 
search Center. 
T.  H.  Starks. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-138416. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/4-88/040,  January  1989. 
40p,  3  fig,  13  tab,  27  ref.  EPA  Contract  CR 
814342-01-3. 

Descriptors:  'Water  quality  control,  'Hazardous 
wastes,  'Resource  Conservation  and  Recovery 
Act,  'Groundwater  quality,  'Monitoring,  Statisti- 
cal methods,  Model  studies. 

This  report  is  a  discussion  of  decision  rules  relating 
to  the  monitoring  of  groundwater  at  hazardous 
waste  sites  that  are  subject  to  regulation  under  the 
Resource  Conservation  and  Recovery  Act  of  1976 
(RCRA).  The  final  rule  for  RCRA  regulations  40 
CFR  part  264  was  published  October  1,  1988. 
Understanding  the  complexity  of  the  monitoring 
problem  and  the  diversity  of  RCRA  sites,  the  final 
rule  wisely  allows  the  owner/operator  to  choose, 
conditioned  on  EPA  approval,  a  site-specific  'sta- 
tistical procedures.'  These  methods  are  discussed 
to  facilitate  the  choice  of  decision  rules.  A  nested 
random-effects  model  for  groundwater  quality  pa- 
rameter measurements  is  suggested  and  decision 
procedures  are  developed  in  terms  of  that  model. 
Particular  attention  is  paid  to  the  possible  applica- 
tion of  industrial  quality  control  strategies  to  the 
groundwater  monitoring  problem.  A  decision  pro- 
cedure that  changes  over  time  as  more  information 
about  well  and  aquifer  characteristics  accumulate 
is  proposed.  This  procedure  involves  the  use  of 
outlier  tests  and  of  Shewhart-CUSUM  quality  con- 
trol strategies.  (Author's  abstract) 
W90-04247 


STATISTICAL  ANALYSIS  OF  GROUND- 
WATER MONITORING  DATA  AT  RCRA  FA- 
CJXJTTES. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Solid  Waste. 

For  primary  bibliographic  entry  see  Field  7A. 

W90-04250 


SUPERFUND  RECORD  OF  DECISION:  IN- 
DUSTRIAL WASTE  CONTROL,  AR. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-153761. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R06-88/036,  June  1988. 
74p,  4  fig,  3  tab,  5  append. 

Descriptors:  'Industrial  wastes,  'Superfund, 
•Cleanup   operations,    'Water    pollution    sources, 


'Arkansas,  'Landfills,  Volatile  organic  com- 
pounds, Phenols,  Solid  wastes,  Arsenic,  Toluene, 
Capping,  Stabilization,  French  drains,  Strip  mines, 
Heavy  metals. 

The  8-acre  Industrial  Waste  Control  (IWC)  site,  an 
abandoned  coal  strip  mine,  is  a  closed  industrial 
waste  landfill  about  8  miles  southeast  of  Fort  Smith 
near  Jenny  Lind,  Sebastian  County,  Arkansas. 
Landfilling  operations  began  in  the  late  1960s  or 
early  1970s  and  primarily  dealt  with  municipal 
refuse  and  debris,  and  industrial  trash.  In  August 
1974,  the  site  was  purchased  by  Grady  Shipley  and 
granted  an  industrial  landfill  permit  by  the  Arkan- 
sas Department  of  Pollution  and  Ecology.  The  site 
received  a  wide  variety  of  liquid  wastes  (including 
methylene  chloride,  phenols,  cresylic  acid,  and 
paints),  solid  wastes,  and  sludges.  In  addition,  the 
site  possibly  contains  about  9,000  buried  drums.  In 
March  1977,  surface  impoundments  overflowed 
and  contaminated  a  local  pond  and  pastures  north 
of  the  site  resulting  in  a  fish  kill  in  the  pond  and  the 
death  of  several  cattle.  Consequently,  the  site  was 
covered,  recontoured,  and  closed  by  the  State  in 
1978.  Four  areas  of  contamination  have  been  iden- 
tified at  the  site.  The  primary  contaminants  of 
concern  affecting  the  soils,  sediments,  groundwater 
and  surface  water  include:  volatile  organic  com- 
pounds (VOCs)  including  toluene,  organics,  and 
metals  including  arsenic,  chromium,  and  lead.  The 
selected  remedial  action  for  this  site  includes:  in- 
stallation of  a  french  drain  along  the  south,  west 
and  east  sides  of  the  site  with  a  synthetic  liner  or 
other  barrier,  such  as  a  slurry  wall  installed  on  the 
site  side  of  the  french  drain;  groundwater  pump  for 
offsite  treatment,  mixture  with  the  contaminated 
soil  and  stabilized  onsite,  or  treatment  in  an  onsite 
facility  with  discharge  to  be  determined  during 
design;  multilayer  Resource  Conservation  and  Re- 
covery Act  (RCRA)  capping  to  cover  the  area 
bound  by  the  french  drain  system  and  the  northern 
site  border;  surface  water  diversion  using  ditches 
and  berms;  access  and  land  use  restrictions;  and 
groundwater  and  site  monitoring.  The  estimated 
present  worth  cost  for  this  remedial  action  is 
$11,400,000.  (Lantz-PTT) 
W90-04257 


SUPERFUND  RECORD  OF  DECISION:  CHIS- 
MAN  CREEK,  VA 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-153803. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R03-88/044,  March  1988. 
43p,  4  fig,  16  tab. 

Descriptors:  'Land  disposal,  'Path  of  pollutants, 
•Superfund,  'Cleanup  operations,  'Water  pollu- 
tion sources,  'Virginia,  Chisman  Creek,  Water  pol- 
lution treatment,  Fly  ash,  Groundwater  pollution, 
Borrow  pits,  Wells. 

The  Chisman  Creek  site  is  located  near  Grafton  in 
York  County,  Virginia.  This  Record  of  Decision 
(ROD)  addresses  operable  unit  two,  which  consists 
of  three  ponds,  the  freshwater  tributary,  and  the 
Chisman  Creek  estuary.  The  site  is  located  within 
the  watershed  of  Chisman  Creek,  a  tributary  of  the 
Chesapeake  Bay.  Approximately  500  to  1,000 
people  live  within  one  mile  of  the  site.  Between 
1957  and  1974,  fly  ash  from  the  Virginia  Power 
Yorktown  Power  Generating  Station  was  disposed 
of  in  four  abandoned  sand  and  gravel  borrow  pits 
located  south  of  the  generating  station.  The  fly  ash 
disposal  areas,  designated  Areas  A,  B,  C,  and  D, 
became  known  as  the  Chisman  Creek  Superfund 
site.  Between  1971  and  1973,  all  fly  ash  in  Area  D 
was  removed  and  deposited  in  Area  C.  Area  D 
was  reportedly  filled  with  construction  rubble  gen- 
erated during  the  construction  of  public  utilities  in 
the  area  at  that  time.  After  a  domestic  well  showed 
discolored  water  in  1980,  the  Virginia  State  Water 
Control  Board  (SWCB)  and  Virginia  State  Board 
of  Health  sampled  residential  groundwater  in  the 
vicinity  of  the  fly  ash  areas  to  determine  the  types 
and  concentrations  of  contaminants  present.  The 
Virginia  Institute  of  Marine  Science  and  SWCB 
conducted  additional  studies  to  determine  the 
nature  and  extent  of  area  contamination.  The  first 
operable  unit  ROD  was  signed  in  September  1986, 


and  the  remedial  action  began  in  November  1987. 

(Author's  abstract) 

W90-04258 


VOC  CONTAMINATION  AT  SELECTED  WIS- 
CONSIN LANDFILLS-SAMPLING  RESULTS 
AND  POLICY  IMPLICATIONS. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-O4270 


WATER       PROBLEMS       OF      URBANIZING 
AREAS. 

For  primary  bibliographic  entry  see  Field  4C. 
W90-O4338 


SECTION     208     PLANNING     PROCESS-THE 
FEDERAL  VIEW. 

Environmental   Protection   Agency,   Washington, 

DC.  Water  Planning  Div. 

For  primary  bibliographic  entry  see  Field  6E. 

W90-04339 


STATE  ASPECTS  OF  208  PLANNING. 

Virginia  State  Water  Control  Board,  Richmond. 

Bureau  of  Water  Control  Management. 

For  primary  bibliographic  entry  see  Field  6E. 

W90-04340 


EXPERIENCES  AND  PERCEPTIONS  OF  THE 
208  PROGRAM  AT  THE  SUBSTATE  LEVEL. 

Middlesex  County  Planning  Board,  New  Bruns- 
wick, NJ. 

For  primary  bibliographic  entry  see  Field  6A. 
W90-04341 


INSTITUTIONAL     PROBLEMS     US     IMPLE- 
MENTING WATER  QUALITY  CONTROL. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Politi- 
cal Science. 

For  primary  bibliographic  entry  see  Field  6E. 
W90-04343 


STRATEGIES  TO  OBTAIN  WATER  QUALITY 
CONSISTENT  WITH  OTHER  OBJECTIVES. 

Texas  Univ.  at  Dallas,  Richardson.  Graduate  Pro- 
gram in  Environmental  Sciences. 
J.  G.  Moore. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  53-55. 

Descriptors:  'Urban  hydrology,  'Governmental 
interrelations,  'Water  pollution  control,  'Water 
quality  management,  'Water  quality  control, 
•Management  planning,  'Regulations,  Urbaniza- 
tion, Institutions,  Water  conservation,  Water  reuse. 

In  strategies  to  achieve  water  quality,  well-mean- 
ing laws,  regulations,  budgets  and  plans  may  only 
result  in  'over  promising'  and  unrealistic  expecta- 
tions, unless  they  are  tied  to  purposeful  action.  It  is 
the  action  and  interaction  of  people  which  is  of 
fundamental  importance.  Since  it  is  people  that 
pollute,  the  size  and  complexity  of  the  problem 
generally  parallels  the  areal  or  geographic  distribu- 
tion of  population.  Any  strategy  to  obtain  water 
quality  must  consider  these  factors,  since  increas- 
ing population  and  a  rising  standard  of  living  mul- 
tiply the  adverse  effects  on  the  environment. 
Therefore,  the  restoration  and  maintenance  of  a 
desired  level  of  water  quality  must  be  approached 
either  by  confronting  the  growth  issue  directly 
through  birth  control  and  austerity,  or  by  accept- 
ing growth  as  inevitable  and  directing  it.  The  latter 
strategy  may  be  aided  by  land  use  planning.  Essen- 
tial to  any  strategy  to  achieve  water  quality  is  a 
recognition  that  the  major  efforts  must  be  institu- 
tional, since  the  basic  problems  are  political  or 
'people'  problems.  In  metropolitan  areas,  an  at- 
tempt should  be  made  to  devise  new  forms  of 
government,  as  substitutes  for  the  existing  multiple 
competing  political  subdivisions  of  cities  and  coun- 
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ties,  in  order  to  make  multilateral  interaction  possi- 
ble on  an  area-wide  basis  in  place  of  the  traditional 
bilateral  interaction.  In  addition,  conservation  and 
water  reuse  are  vital.  Conservation  should  include 
an  expanded  investment  in  the  reuse  of  human 
wastewater,  Very  dramatic  reductions  in  the  total 
volume  of  water  used  in  this  country  can  only  be 
made  by  reducing  the  quantity  used  for  irrigation. 
Only  a  very  small  quantity  is  actually  ingested  by 
man.  Perhaps  ways  to  treat  drinking  water  to  an 
extremely  high  level  should  be  considered  while 
providing  a  lesser  level  of  treatment  for  municipal, 
industrial  and  agricultural  uses.  Planning  must  also 
take  into  account  the  interrelationships  among  the 
various  Federal  laws  and  their  ensuing  regulations. 
(See  also  W90-04338)  (Lantz-PTT) 
W90-04344 


CONTROL  OF  URBAN  RUNOFF  AND  NON- 
POINT  SOURCE  POLLUTION. 

Massachusetts  Univ.,  Amherst.  Water  Resources 
Research  Center. 
B.  B.  Berger. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  80-89. 

Descriptors:  *Urban  hydrology,  *Water  pollution 
control,  *Urban  runoff,  *Water  pollution  preven- 
tion, 'Combined  sewers,  'Nonpoint  pollution 
sources,  'Water  pollution  control,  *Water  quality 
control,  Costs,  Economic  aspects,  Management 
planning,  Primary  wastewater  treatment,  Physical 
treatment,  Model  studies. 

The  possible  use  of  combined  sewers  should  be 
given  renewed  consideration  in  the  context  of  con- 
trolling nonpoint  source  (NPS)  pollution.  Studies 
should  be  made  of  the  feasibility  of  their  use  in 
situations  where  treatment  of  storm  runoff  is  re- 
quired. Control  at  the  ultimate  source  of  pollutants 
is  important  with  research  conducted  to  provide  a 
better  understanding  of  ultimate  sources,  e.g.,  dry 
fallout  and  heavy  metals.  There  is  a  need  to  evalu- 
ate quantitatively  the  effectiveness  and  costs  of  the 
Best  Management  Plan  (BMP)  on  NPS  pollution 
reduction,  e.g.,  street  sweeping.  Detention  storage 
appears  to  be  a  reasonable  control  mechanism  in 
the  sense  that  it  represents  a  means  of  removal  of 
suspended  solids.  However,  the  effects  of  detention 
storage  on  water  quality  need  to  be  determined 
quantitatively.  Investigations  also  need  to  be  made 
about  alternatives  to  detention  storage,  e.g.,  direct- 
ing first  flush  into  the  sanitary  system.  Primary 
treatment  of  NPS  pollution  is  reasonable,  e.g.,  in 
conjunction  with  detention  storage.  Separators 
also  show  technical  promise,  but  they  require  cost- 
effective  analysis.  Even  though  there  is  a  relatively 
high  level  of  uncertainty  associated  with  quality 
models  (compared  with  quantity),  more  complex 
models  are  not  needed  at  this  time.  There  are  two 
fundamental  problems  regarding  quality  models: 
(1)  in  some  cases  the  basic  question  of  cause  and 
effect  concerning  specific  pollutants  is  not  known 
or  well  understood;  and  (2)  the  purpose  of  the 
model  itself  is  not  understood  and  therefore  can  be 
misused.  A  lack  of  available  data  for  calibration 
and  loading  purposes  creates  a  need  for  a  long- 
term,  well  planned  data  gathering  program;  the  U. 
S.  Geological  Survey  urban  data  program  appears 
to  have  the  potential  of  satisfying  this  need.  (See 
also  W90-O4338)(Lantz-PTT) 
W90-04348 


DATA     GATHERING     FOR     STORMWATER 
RUNOFF  AND  SURVEILLANCE. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-O4349 


EFFECT  OF  POLLUTANTS  ON  BIOTA. 

Michigan  Dept.  of  Natural  Resources,  Lansing. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-O4350 


MAINTENANCE  OF  INSTREAM  FLOWS. 


Michigan  State  Univ.,  East  Lansing.  Inst,  of  Water 

Research. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-04351 


EUTROPHICATION    AND    LAKE    MANAGE- 
MENT. 

Maine  Univ.  at  Orono.  Land  and  Water  Resources 

Center. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04352 


POLLUTION  OF  GROUNDWATER. 

Princeton  Univ.,  NJ.  Water  Resources  Program. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04353 


RELATIONSHIP   OF   WATER   QUALITY   TO 
AGRICULTURE  AND  TO  EROSION. 

Fairfax  County  Dept.  of  Environmental  Manage- 
ment, VA. 

For  primary  bibliographic  entry  see  Field  4D. 
W90-04354 


WATER  QUALITY  EFFECTS  OF  LAND  USE 
MANAGEMENT  AND  VEGETATION. 

Illinois  State  Dept.  of  Transportation,  Chicago. 

Div.  of  Water  Resources. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-04355 


PROTECTION  OF  LAKES  AND  WETLANDS. 

Rutgers  -  The  State  Univ.,  New  Brunswick,  NJ. 
Water  Resources  Research  Inst. 
A.  W.  Mcintosh. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  157-167,  8  ref. 

Descriptors:  'Planning,  'Urban  hydrology, 
'Water  pollution  control,  'Lakes,  'Wetlands, 
'Water  quality  management,  Water  quality,  Lake 
management,  Research  priorities,  Public  policy, 
Economic  aspects. 

Appropriate  statutory  authority  exists  to  manage 
lakes  and  wetlands,  but  the  database  for  decision 
making  is  weak,  and  many  technical  problems  are 
unresolved.  Each  water  body  has  certain  site-de- 
pendent features  which  preclude  broad  generalized 
solutions,  and  classification  requires  a  different  per- 
spective and  prescription  for  aid.  In  the  long  run, 
for  control  measures  to  be  effective,  continuous 
vigil  management  in  perpetuity  seems  required. 
Specific  problem  areas  related  to  lakes  and  wet- 
lands which  need  further  study  include  the  follow- 
ing: toxics,  viruses,  nutrients,  societal  preferences, 
sediment,  erosion,  vulnerability  to  sabotage,  and 
role  of  lakes  in  regional  or  local  water  reuse 
schemes.  Only  in  recent  years  have  wetlands  been 
looked  upon  as  a  valuable  resource,  as  opposed  to 
a  nuisance.  Problems  related  to  slow  acceptance  of 
their  importance  are  the  absence  of  public  support 
and  lack  of  understanding  of  these  specialized 
water  system.  Other  issues  addressed  included  the 
following:  who  pays  for  lake  management  in  devel- 
oping and  developed  areas;  cost-benefit  determina- 
tions in  lake  management;  funding  sources  of  lake 
and  wetland  protection  and  control;  developing  an 
appropriate  database;  the  role  of  zoning  and  regu- 
lation in  lake  front  development;  and  where  limited 
Federal  dollars  do  the  most  good  in  addressing  the 
spectrum  of  problems  being  faced.  (See  also  W90- 
04338)(Lantz-PTT) 
W90-04356 


DATA  GATHERING  FOR  NPS  AND  ILLEGAL 
DISCHARGES. 

Metropolitan  Sanitary  District  of  Greater  Chicago, 
IL.  Dept.  of  Research  and  Development. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04358 


COSTS  AND  FINANCING  OF  WATER  QUAL- 
ITY CONTROL. 


Georgia  Univ.,  Athens.  Inst,  of  Natural  Resources. 
For  primary  bibliographic  entry  see  Field  6C. 
W90-04359 


MOST  APPROPRIATE  ONGOING 

WASTEWATER  INSTITUTIONS  (ORGANIZA- 
TION FOR  AREAWIDE  WATER  QUALITY 
PLANNING). 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Politi- 
cal Science. 

For  primary  bibliographic  entry  see  Field  6E. 
W90-04360 


WASTEWATERS:  A  PERSPECTIVE. 

Environmental  Protection  Agency,  Atlanta,  GA. 
Region  IV. 
A.  J.  Smith. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  3-4. 

Descriptors:  'United  States,  'Wastewater  manage- 
ment, 'Clean  Water  Act,  'Financing,  Loans, 
Lakes,  Reservoirs,  Industrial  wastes,  Water  quality 
control,  Toxic  wastes,  Municipal  wastes,  Wetlands, 
Nonpoint  pollution  sources. 

The  1987  Water  Quality  Act  amendments  to  the 
Clean  Water  Act  established  a  new  direction  in 
wastewater  management.  The  federal  grants  pro- 
gram for  municipal  wastewater  treatment  works 
will  be  phased  out  in  1990  and  replaced  with  a 
State  Revolving  Loan  Program  funded  through 
1994.  Although  federal  funds  will  be  declining, 
problems  remain  to  be  solved,  including:  (1)  treat- 
ment works  construction  for  communities  of  less 
than  10,000  population,  estimated  to  cost  between 
$10  and  $15  billion  nationwide;  (2)  agricultural 
nonpoint  pollution,  which  is  a  cause  of  serious 
water  quality  problems  in  24  states;  (3)  impaired 
water  quality  in  lakes  and  reservoirs,  mainly  due  to 
agricultural  pollution;  (4)  large  treatment  needs  in 
the  industrial  sector  (e.g.,  acid  mine  drainage  in 
Appalachia);  (5)  landfill  leachates  from  both  indus- 
trial and  municipal  solid  wastes;  and  (6)  industrial 
toxic  chemical  and  hazardous  waste  treatment. 
Wetland  systems  represent  one  way  to  attempt  to 
deal  with  these  problems  in  an  era  of  declining 
federal  funding  and  increased  concerns  about 
water  quality.  (See  also  W90-04392)  (Rochester- 
PTT) 
W90-O4393 


WETLANDS         ECOSYSTEMS:         NATURAL 
WATER  PURIFIERS. 

Tennessee    Valley    Authority,    Knoxville.    Waste 

Technology  Program. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04394 


CONSTRUCTED  FREE  SURFACE  WETLANDS 
TO  TREAT  AND  RECEIVE  WASTEWATER: 
PILOT  PROJECT  TO  FULL  SCALE. 

Humboldt  State  Univ.,  Areata,  CA.  Dept.  of  Envi- 
ronmental Resources  Engineering. 
For  primary  bibliographic   entry  see  Field   5D. 
W90-04400 


ISELIN  MARSH  POND  MEADOW. 

Indiana  Univ.  of  Pennsylvania. 

For  primary  bibliographic   entry   see  Field   5D. 

W90-04401 


INTEGRATED  WASTEWATER  TREATMENT 
USING  ARTIFICIAL  WETLANDS:  A  GRAVEL 
MARSH  CASE  STUDY. 

San  Diego  State  Univ.,  CA.  Graduate  School  of 

Public  Health. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04402 


SEWAGE  TREATMENT  BY  REED  BED  SYS- 
TEMS: THE  PRESENT  SITUATION  IN  THE 
UNITED  KINGDOM. 

Water  Research  Centre,  Stevenage  (England). 
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For  primary   bibliographic  entry   see   Field   5D. 
W90-04403 


AQUATIC  PLANT/MICHOBIAL  FILTERS  FOR 
TREATING  SEPTIC  TANK  EFFLUENT. 

National  Aeronautics  and  Space  Administration, 

Bay   Saint   Louis,    MS.   John   C.    Stennis   Space 

Center. 

For  primary  bibliographic  entry   see  Field   5D. 

W90-04404 


CREATION  AND  MANAGEMENT  OF  WET- 
LANDS USING  MUNICIPAL  WASTEWATER 
IN  NORTHERN  ARIZONA:  A  STATUS 
REPORT. 

Apache-Sitgreaves    National    Forests,    Lakeside, 

AZ. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-O4405 


LAND  TREATMENT  OF  MUNICIPAL 
WASTEWATER  ON  MISSISSIPPI  SANDHILL 
CRANE  NATIONAL  WTLDLIFE  REFUGE  FOR 
WETLANDS/CRANE  HABITAT  ENHANCE- 
MENT: A  STATUS  REPORT. 
Mississippi  Sandhill  Crane  National  Wildlife 
Refuge,  Gautier. 

For  primary  bibliographic  entry  see  Field   5D. 
W90-04406 


WASTE  TREATMENT  FOR  CONFINED 
SWINE  WITH  AN  INTEGRATED  ARTD7ICIAL 
WETLAND  AND  AQUACULTURE  SYSTEM. 

National  Fertilizer  Development  Center,  Muscle 

Shoals,  AL. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04407 


TREATMENT  OF  ACID  DRAINAGE  WITH  A 
CONSTRUCTED  WETLAND  AT  THE  TENNES- 
SEE VALLEY  AUTHORITY  950  COAL  MTNE. 

Tennessee  Valley  Authority,  Chattanooga.  Div.  of 

Power  System  Operations. 

For  primary  bibliographic  entry  see  Field   5D. 

W9O-O4408 


CONSTRUCTED    WETLANDS    FOR    TREAT- 
MENT OF  ASH  POND  SEEPAGE. 

Tennessee  Valley  Authority,  Chattanooga.  Div.  of 

Power  System  Operations. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04409 


USE  OF  WETLANDS  FOR  TREATMENT  OF 
ENVIRONMENTAL  PROBLEMS  IN  MINING: 
NON-COAL-MINING  APPLICATIONS. 

Colorado    School   of  Mines,    Golden.    Dept.    of 

Chemistry  and  Geochemistry. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04410 


CONSTRUCTED  WETLANDS  FOR 

WASTEWATER  TREATMENT  AT  AMOCO  ODL 
COMPANY'S  MANDAN,  NORTH  DAKOTA  RE- 
FINERY. 

Amoco  Oil  Refinery,  Mandan,  ND. 

For  primary  bibliographic   entry  see   Field   5D. 

W90-04411 


UTILIZATION  OF  ARTIFICIAL  MARSHES 
FOR  TREATMENT  OF  PULP  MDLL  EF- 
FLUENTS. 

Weyerhaeuser    Co.,   Tacoma,    WA.    Technology 

Center. 

For   primary  bibliographic   entry  see   Field   5D. 

W90-04412 


USE  OF  ARTD7ICIAL  WETLANDS  FOR 
TREATMENT  OF  MUNICIPAL  SOLID  WASTE 
LANDFILL  LEACHATE. 

Cornell  Univ.,  Ithaca,  NY.  Center  for  Environ- 
mental Research. 
For  primary  bibliographic  entry  see  Field   5D. 


W90-04413 


USE  OF  WETLANDS  FOR  URBAN  STORM- 
WATER  MANAGEMENT. 

Florida  State  Dept.  of  Environmental  Regulation, 
Tallahassee. 
E.  H.  Livingston. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  253- 
262, 17  ref. 

Descriptors:  'Wetlands,  'Land  disposal,  'Florida, 
•Urban  runoff,  *Storm  water,  'Wastewater  treat- 
ment, 'Artificial  wetlands,  Biological  wastewater 
treatment,  Water  pollution  control,  Sediments,  Ma- 
crophytes,  Rainfall,  Storms,  Maryland,  Legisla- 
tion, Regulations,  Flushing. 

Use  of  wetlands  for  urban  storm  water  management 
should  not  be  considered  a  panacea.  Little  scientif- 
ic information  is  available  concerning  the  short- 
term  or  long-term  effects  on  wetlands,  their  natural 
functions,  or  associated  fauna  from  the  addition  of 
stormwater.  Most  water  quality  effects  of  storm- 
water  result  from  'first  flush.'  In  Florida,  this  cor- 
responds to  the  first  2.5  cm  of  rainfall,  which 
carries  90%  of  the  pollution  load  from  a  storm 
event.  Pretreatment  removes  heavy  sediment  loads 
and  other  pollutants  such  as  hydrocarbons  that  can 
damage  the  wetland.  Pretreatment  also  attenuates 
stormwater  volumes  and  peak  discharge  rates  to 
maintain  the  wetland  hydroperiod  and  reduce 
scour  and  erosion.  Wetland  plants  have  specific 
tolerances  to  levels  and  types  of  pollutants.  Pollut- 
ed stormwater  contains  increased  nutrients,  which 
may  change  the  plant  community.  Since  new  do- 
minants reflect  more  efficient  use  of  added  nutri- 
ents or  are  more  tolerant  to  pollutants,  the  plant 
changes  should  benefit  pollutant  removal.  In  1982, 
Maryland  legislation  required  development  of 
stormwater  management  regulations  to  ensure  that 
stormwater  from  new  developments  was  treated  to 
reduce  the  pollutant  discharged  to  receiving  water. 
The  same  year,  the  Florida  Stormwater  Rule  was 
implemented,  requiring  all  newly  constructed 
stormwater  discharges  to  use  appropriate  best 
management  practices  (BMPs)  to  treat  the  first 
flush  of  runoff.  Vegetated  systems,  wet  detention, 
or  wetlands  are  commonly  used  BMPs.  Wetlands 
have  great  potential  to  help  solve  stormwater  man- 
agement problems.  However,  more  information  is 
needed  to  ascertain  possible  effects  on  wetlands 
and  their  fauna  from  addition  of  untreated  storm- 
water. Little  is  known  about  the  potential  for 
bioaccumulation  of  heavy  metals  or  other  toxics 
typical  of  stormwater.  Monitoring  of  wetland 
stormwater  systems  also  is  essential  to  determine 
relations  between  design  variables  and  pollutant 
removal  efficiency.  (See  also  W90-04392)  (Roches- 
ter-PTT) 
W90-O4414 


USE  OF  WETLANDS  FOR  MUNICIPAL 
WASTEWATER  TREATMENT  AND  DISPOS- 
AL: REGULATORY  ISSUES  AND  EPA  POLI- 
CIES. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Municipal  Pollution  Control. 
R.  K.  Bastian,  P.  E.  Shanaghan,  and  B.  P. 
Thompson. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  265- 
278, 1  fig,  27  ref. 

Descriptors:  'Land  disposal,  'Water  pollution  con- 
trol, 'Wastewater  treatment,  'Clean  Water  Act, 
•Wetlands,  'Administrative  regulations,  Environ- 
mental Protection  Agency,  Biological  wastewater 
treatment,  Water  pollution  control,  Policy  making, 
Artificial  wetlands,  Macrophytes,  Grants,  Financ- 
ing, Federal  jurisdiction. 

Wetlands  provide  high  levels  of  wastewater  treat- 
ment, but  concern  has  been  expressed  over  (1) 
possible  effects  from  of  toxic  materials  and  patho- 
gens in  wastewaters  and  (2)  long-term  degradation 
of  wetlands  from  wastewater  discharges.  Con- 
structed wetlands  employ  wetland  vegetation  to 
assist  in  treating  wastewater  in  a  more  controlled 


environment  than  occurs  in  natural  wetlands.  Reg- 
ulatory issues  and  Environmental  Protection 
Agency  (EPA)  policies  involved  in  wastewater 
treatment  with  constructed  wetlands  are  consid- 
ered. Both  natural  and  constructed  treatment  sys- 
tems have  achieved  high  removal  efficiencies  for 
BOD5,  suspended  solids,  nutrients,  heavy  metals, 
trace  organic  compounds,  and  pathogens  from  mu- 
nicipal wastewater.  In  many  areas,  natural  wet- 
lands serve  as  receiving  waters  for  permitted  dis- 
charges of  treated  wastewater.  More  than  400  such 
discharges  exist  in  the  Southeast  and  another  100 
occur  in  the  Great  Lakes  States.  In  arid  regions, 
wastewater  effluents  are  often  used  to  create,  main- 
tain, restore,  or  enhance  wetlands.  There  are  sever- 
al circumstances  under  which  wetlands  are  consid- 
ered 'waters  of  the  United  States'  under  40  CFR 
Part  122.2;  most  natural  wetlands  are  included,  but 
most  constructed  wetlands  are  excluded  from  this 
definition.  In  addition  to  meeting  minimum  tech- 
nology requirements,  discharges  to  waters  of  the 
United  States  must  comply  with  applicable  state 
water  quality  standards.  Very  few  states  have  es- 
tablished separate  water  quality  standards  for  wet- 
lands, and  EPA  has  not  developed  water  quality 
criteria  specifically  for  wetlands.  When  altering 
natural  wetlands  for  use  in  wastewater  treatment,  it 
generally  is  necessary  to  obtain  a  permit  under 
section  404  of  the  Clean  Water  Act.  A  recent  EPA 
task  force  concluded  that  natural  wetlands  should 
be  viewed  primarily  as  protected  water  bodies  and 
that,  in  the  absence  of  water  quality  criteria  for 
wetlands,  it  is  impossible  to  identify  broadly  condi- 
tions where  they  could  be  safely  regarded  as  part 
of  the  'treatment  system.'  EPA  encourages  the  use 
of  constructed  (artificial)  wetlands  through  the  in- 
novative and  alternative  technology  provisions  of 
its  construction  grants  program.  (See  also  W90- 
04392)  (Rochester-PTT) 
W90-04415 


STATES'  ACTIVITIES,  ATTITUDES  AND 
POLICIES  CONCERNING  CONSTRUCTED 
WETLANDS  FOR  WASTEWATER  TREAT- 
MENT. 

Tennessee  Div.  of  Water  Pollution  Control,  Nash- 
ville. 

R.  L.  Slayden,  and  L.  N.  Schwartz. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  279- 
286,  14  ref. 

Descriptors:  'Land  disposal,  'Water  pollution  con- 
trol, 'Wastewater  treatment,  'Wetlands,  'Regula- 
tions, 'Artificial  wetlands,  Tennessee  Valley  Au- 
thority, Biological  wastewater  treatment,  Water 
pollution  control,  Policy  making,  State  jurisdic- 
tion, Alabama,  California,  Florida,  Kentucky, 
South  Dakota,  Tennessee,  Texas,  Virginia. 

A  cross  section  is  presented  of  current  activities, 
attitudes,  and  policies  of  individual  states  concern- 
ing constructed  wetlands  for  wastewater  treat- 
ment. States  discussed  here  were  chosen  because  of 
previous  contact  with  the  Tennessee  Valley  Au- 
thority. The  information  presented  is  a  synopsis  of 
a  telephone  survey  of  state  regulatory  agencies 
conducted  in  May  1988  or  a  review  of  their  pub- 
lished papers.  States  covered  include:  Alabama, 
California,  Florida,  Kentucky  Mississippi,  Missou- 
ri, North  Carolina,  Pennsylvania,  South  Dakota, 
Tennessee,  Texas,  and  Virginia.  The  survey  shows 
a  wide  spectrum  of  activities  and  attitudes  con- 
cerning constructed  wetlands.  Few  states  have 
hard-and-fast  policies  or  criteria  on  this  technolo- 
gy. Everyone  agrees  there  is  still  much  to  be 
learned  about  the  optimization  of  the  process. 
Some  states  are  more  willing  to  approve  presently 
imperfect  examples  in  an  effort  to  further  the 
knowledge  of  the  system.  Most  contacted  states 
have  several  examples  of  wetlands  systems,  and 
South  Dakota  is  planning  to  build  20  to  30.  When 
states  are  asked  if  they  are  promoting  constructed 
wetlands,  some  reply  that  promotion  of  certain 
types  systems  is  not  their  responsibility-that  they 
only  review  what  is  submitted.  It  is  suggested  that 
it  is  the  responsibility  of  state  regulators  to  encour- 
age the  use  of  improved  systems.  If  state  regulators 
continue  to  blindly  approve  whatever  is  submitted, 
nothing  is  accomplished  but  perpetuation  of  a  de- 
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plorable  situation.  Places  where  constructed  wet-       W90-04439 

lands  can  be  used  should  be  sought.  Information 

about  successful  projects  will  spread  quickly.  The 

constructed  wetland  may  prove  to  be  the  best 

wastewater  treatment  alternative  to  appear  in  some 

time.  (See  also  W90-04392)  (Rochester-PTT) 

W90-04416 


PRELIMINARY  CONSIDERATIONS  REGARD- 
ING CONSTRUCTED  WETLANDS  FOR 
WASTEWATER  TREATMENT. 
Office  of  Surface  Mining  Reclamation  and  En- 
forcement (DI),  Pittsburgh,  PA.  Eastern  Field  Op- 
erations. . 
For  primary  bibliographic  entry  see  Field  5D. 
W904M418 

SELECTION  AND  EVALUATION  OF  SITES 
FOR  CONSTRUCTED  WASTEWATER  TREAT- 
MENT WETLANDS. 

Tennessee  Valley  Authority,  Chattanooga.  Div.  of 

Power  System  Operations. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04419 


PERFORMANCE  EXPECTATIONS  AND 
LOADING  RATES  FOR  CONSTRUCTED  WET- 
LANDS. 

Tennessee  Valley  Authority,  Chattanooga.  Water 

Quality  Dept. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04420 


OVERVIEW  FROM  DUCKS  UNLIMITED,  ESC. 

Ducks    Unlimited,    Inc.,    Bismarck,    ND.    Great 

Plains  Regional  Office. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04422 


CONSIDERATIONS  AND  TECHNIQUES  FOR 
VEGETATION  ESTABLISHMENT  EN  CON- 
STRUCTED WETLANDS. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

For  primary  bibliographic  entry  see  Field  5D. 

W90-04427 


PATHOGEN   REMOVAL  ES   CONSTRUCTED 
WETLANDS. 

San  Diego  State  Univ.,  CA.  Graduate  School  of 

Public  Health. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04429 


NITRD7ICATION  AND  DENTIRD7ICATION  AT 
ISELIN  MARSH/POND/MEADOW  FACEUTY. 

Moon  Township  Municipal  Authority,  Coraopolis, 

PA. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04433 


POTENTIAL  EvffORTANCE  OF  SULFATE  RE- 
DUCTION PROCESSES  EM  WETLANDS  CON- 
STRUCTED TO  TREAT  MTNE  DRAINAGE. 

Bureau  of  Mines,  Pittsburgh,  PA. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04437 


EVALUATION  OF  SPECIFIC  MICROBIOLO- 
GICAL ASSAYS  FOR  CONSTRUCTED  WET- 
LANDS WASTEWATER  TREATMENT  MAN- 
AGEMENT. 

Louisiana  State  Univ.,  Baton  Rouge.  Inst,  for  En- 
vironmental Studies. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04438 


AMPLIFICATION  OF  TOTAL  DRY  MATTER, 
NITROGEN  AND  PHOSPHORUS  REMOVAL 
FROM  STANDS  OF  PHRAGMITES  AUSTRA- 
LIS  BY  HARVESTING  AND  REHARVESTESG 
REGENERATED  SHOOTS. 
Tohoku  Univ.,  Sendai  (Japan).  Biological  Inst. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-04440 


DOMESTIC  WASTEWATER  TREATMENT 
USING  EMERGENT  PLANTS  CULTURED  IN 
GRAVEL  AND  PLASTIC  SUBSTRATES. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-04441 


SECONDARY  TREATMENT  OF  DOMESTIC 
WASTEWATER  USESG  FLOATENG  AND 
EMERGENT  MACROPHYTES. 

Reedy  Creek  Utilities  Co.,  Inc.,  Lake  Buena  Vista, 

FL. 

For  primary  bibliographic  entry  see  Field   5D. 


AQUATIC  PLANT  CULTURE  FOR  WASTE 
TREATMENT  AND  RESOURCE  RECOVERY. 

National  Fertilizer  Development  Center,  Muscle 

Shoals,  AL. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04442 

BACTERIOLOGICAL  TESTS  FROM  THE  CON- 
STRUCTED WETLAND  OF  THE  BIG  FIVE 
TUNNEL,  IDAHO  SPRINGS,  COLORADO. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering  Ecology. 
For  primary  bibliographic  entry  see  Field   5D. 
W90-04443 

USE  OF  PERTPHYTON  FOR  NUTRIENT  RE- 
MOVAL FROM  WATERS. 

Vyzkumny      Ustav      Vodohspodarsky,      Prague 
(Czechoslovakia). 
J.  Vymazal. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  558- 
564,  3  fig,  1  tab,  1  ref. 

Descriptors:  *Nutrient  removal,  *Periphyton, 
•Wastewater  treatment,  *Wetlands,  *Land  dispos- 
al, *  Biological  wastewater  treatment,  Water  pollu- 
tion control,  Artificial  watercourses,  Algae,  Eu- 
trophication,  Nitrogen  removal,  Phosphorus  re- 
moval, Biofilms,  Ecology,  Drinking  water,  Reser- 
voirs. 

Drinking  water  treatment  difficulties  presented  by 
algal  development  in  reservoirs  can  be  prevented 
by  lowering  nutrient  input  into  drinking  water 
reservoirs.  One  possible  intervention  is  to  use  natu- 
rally growing  periphyton  communities  on  artificial 
substrata  to  lower  nutrient  levels  in  reservoir  tribu- 
taries. The  efficacy  of  periphyton  communities  in 
nutrient  elimination  in  a  continuous-flow  trough 
was  evaluated  in  the  field.  The  trough  was  wood 
and  was  5  m  long,  0.5  m  wide,  and  0.7  m  deep. 
Silon  (nylon)  screens  (50  x  50  cm,  hole  size  about  1 
sq  mm)  were  placed  in  the  troughs  perpendicular 
to  the  direction  of  flow.  River  water  was  used, 
with  a  retention  time  of  4  hr  in  the  trough.  Flow 
was  312.5  L/hr  (total  volume  of  water  in  the 
trough  was  1250  L).  Two  experiments  were  con- 
ducted, one  to  examine  nutrient  elimination  with 
time,  periphyton  community  growth,  and  composi- 
tion, and  another  aimed  at  the  time-course  of  nutri- 
ent elimination  and  composition  of  periphyton 
communities  in  the  trough.  The  maximum  values 
of  elimination  during  the  first  field  experiment 
were  N03(-),  24%;  NH4+,  59%;  and  P04(3-), 
54%.  The  course  of  nitrate  removal  fluctuated 
greatly  and  was  difficult  to  evaluate.  Average  in- 
fluent concentrations  were  N03(-),  14.1mg/L, 
N02(-),  0.17  mg/L,  NH4+,  2.65  mg/L;  and 
P04(3-),  1.35  mg/L.  The  course  of  nutrient  remov- 
al during  the  second  field  experiment  was  similar 
to  the  first,  but  the  maximum  levels  of  NH4(-(-), 
and  P04(3-)  elimination  were  much  higher  (almost 
80%  and  70%,  respectively).  Elimination  of  ni- 
trates was  at  approximately  the  same  level  (22%). 
The  average  influent  concentrations  were  similar 
to  those  in  the  first  experiment.  For  practical  appli- 
cations, these  results  indicate  that  it  is  best  to 
replace  highly  colonized  screens  promptly,  allow- 


ing biofilm  formation  only  for  a  limited  period. 
Effluent  community  structure  changed  during  the 
course  of  the  experiment  in  response  to  a  decrease 
in  inorganic  nutrients  and  organic  content  of  the 
trough.  The  periphyton  community  growing  on 
artificial  substrata  proved  to  be  a  useful  means  of 
nutrient  removal  from  polluted  waters.  Periphyton 
growth  could  be  used  either  in  waterworks  pre- 
treatment,  especially  in  small  eutrophic  tributaries 
to  drinking  water  reservoirs,  or  in  the  tertiary 
treatment  process.  (See  also  W90-04392)  (Roches- 
ter-PTT) 
W90-04444 


DANISH  EXPERTENCE  WITH  SEWAGE 
TREATMENT  IN  CONSTRUCTED  WET- 
LANDS. 

Aarhus  Univ.  (Denmark).  Botanical  Inst. 

For  primary  bibliographic   entry   see  Field   5D. 

W90-04445 


MAN-MADE  WETLANDS  FOR  WASTEWATER 
TREATMENT:  TWO  CASE  STUDIES. 

Post,  Buckley,  Schuh  and  Jernigan,  Inc.,  Orlando, 

FL. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04446 


RESEARCH    TO    DEVELOP    ENGINEERING 

GUJDELTNES    FOR    EVIPLEMENTATION    OF 

CONSTRUCTED  WETLANDS  FOR 

WASTEWATER  TREATMENT  IN  SOUTHERN 

AFRICA. 

Steffen,  Robertson  and  Kirsten,  Inc.,  Johannesburg 

(South  Africa). 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04447 

WASTEWATER  TREATMENT/DISPOSAL  IN  A 
COMBINED  MARSH  AND  FOREST  SYSTEM 
PROVIDES  FOR  WIXDLIFE  HABITAT  AND 
RECREATIONAL  USE. 

James  Engineering,  Inc.,  El  Cerrito,  CA. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04449 


ROOT-ZONE      SYSTEM:       MANNERSDORF. 
NEW  RESULTS. 

Universitaet  fuer  Bodenkultur,  Vienna  (Austria). 

Inst,  fuer  Wasserwirtchaft. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04450 


CONSTRUCTED  WETLANDS  FOR  SECOND- 
ARY TREATMENT. 

Nolte  (George  S.)  and  Associates,   Sacramento, 

CA. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04451 


USE  OF  ARTD7ICIAL  CATTADL  MARSHES  TO 
TREAT  SEWAGE  EM  NORTHERN  ONTARIO, 
CANADA. 

Hanna  (J.E.)  Associates,  Inc.,  Pickering  (Ontario). 
For  primary  bibliographic  entry  see  Field  5D. 
W90-04453 


SOME  ANCDLLARY  BENEFITS  OF  A  NATU- 
RAL LAND  TREATMENT  SYSTEM. 

Grand    Strand    Water    and    Sewer    Authority, 

Conway,  SC. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04454 


WASTEWATER  WETLANDS:  USER  FTUEND- 
LY  MOSQUITO  HABITATS. 

Marin  Sonoma  Mosquito  Abatement  District,  Peta- 

luma,  CA. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04457 
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DEVELOPMENT  OF  AN  URBAN  RUNOFF 
TREATMENT  WETLANDS  IN  FREMONT, 
CALIFORNIA. 

Bowling  Green  State  Univ.,  OH.  Environmental 

Health  Program. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04458 


URBAN  RUNOFF  TREATMENT  IN  A  FRESH/ 
BRACKISH  WATER  MARSH  IN  FREMONT, 
CALDTORNIA. 

Association  of  Bay  Area  Governments,  Oakland, 

CA. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04459 


DESIGN  OF  WET  DETENTION  BASINS  AND 
CONSTRUCTED  WETLANDS  FOR  TREAT- 
MENT OF  STORMWATER  RUNOFF  FROM  A 
REGIONAL  SHOPPING  MALL  EM  MASSA- 
CHUSETTS. 

IEP,  Inc.,  Northborough,  MA. 
For  primary  bibliographic   entry  see  Field   5D. 
W90-04460 


CREATION  OF  WETLANDS  FOR  THE  IM- 
PROVEMENT OF  WATER  QUALITY:  A  PRO- 
POSAL FOR  THE  JOINT  USE  OF  HIGHWAY 
RIGHT-OF-WAY. 

Environmental    Protection    Agency,    Annapolis, 
MD.  Chesapeake  Bay  Liaison  Office. 
L.  C.  Linker. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  695- 
701,  1  fig,  2  tab,  5  ref. 

Descriptors:  *Land  disposal,  *Artificial  wetlands, 
•Maryland,  'Highways,  *Land  use,  *Urban  runoff, 
Wastewater  treatment,  'Wetlands,  Biological 
wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Performance  evaluation,  Nutrient 
removal,  Cost  analysis,  Construction  costs,  Eco- 
nomic aspects,  Phosphorus,  Nitrogen,  Biological 
oxygen  demand,  Heavy  metals. 

A  proposal  is  described  to  incorporate  public  lands 
through  joint  use  of  highway  right-of-way.  The 
proposal  identifies  a  potential  highway  site  in 
Maryland  for  joint  use  as  an  engineered  wetland  to 
control  urban  nonpoint  source  (NPS)  pollution 
from  highly  developed,  established  urban  areas  and 
provides  preliminary  analysis  of  the  site's  control 
effectiveness  and  design  life  costs.  Several  right-of- 
way  sites  within  the  Chesapeake  Bay  basin  have 
been  identified  that  (1)  have  large  area  and  (2) 
intersect  an  urban  stream.  A  portion  of  the  Inter- 
state 695  intersection  with  the  Southeast  Through- 
way  and  the  Windlass  Freeway  in  Middle  River 
east  of  Baltimore  was  chosen  as  representative  and 
calculations  of  pollutant  removal  efficiencies  and 
pollutant  removal  costs  were  done.  Removal  effi- 
ciencies were  predicted  as  follows:  total  P,  53%; 
total  N,  41%;  BOD5,  40%;  Pb,  72%;  Zn,  40%,  and 
Cu,  40%.  Based  on  the  quantities  of  pollutants 
remove,  a  50-yr  design  life,  and  estimates  of  rou- 
tine and  nonroutine  maintenance,  the  estimated 
total  cost,  or  net  present  cost,  $1,420,000.  Econo- 
mies of  scale,  construction  economies,  and  land 
acquisition  economies  make  this  the  most  cost- 
effective  urban  best  management  practice.  Wet- 
lands engineered  to  improve  urban  water  quality 
on  a  basinwide  scale  also  require  large  tracts  of 
land.  Objectives  of  transportation  and  water  qual- 
ity improvement  may  be  compatible  in  many  areas 
of  highway  right-of-way.  Public  benefits  accrue 
from  three  aspects  of  a  joint  use  program:  (1) 
basinwide  control  provides  considerable  econo- 
mies of  scale  in  both  construction  and  mainte- 
nance; (2)  the  'cut  and  fill'  structure  of  major 
interchanges  provides  appropriate  topography  for 
engineered  wetland;  and  (3)  joint  use  of  public  land 
avoids  the  social  and  economic  expense  of  con- 
demning private  land  to  assemble  a  separate  tract 
of  land  for  NPS  control.  (See  also  W90-04392) 
(Rochester-PTT) 
W90-04461 


WETLANDS  TREATMENT  OF  DAIRY 
ANIMAL  WASTES  IN  IRISH  DRUMLIN 
LANDSCAPE. 

Lough  Gara  Farms  Ltd.,  Boyle  (Ireland). 

For   primary   bibliographic  entry   see   Field   5D. 

W90-04462 


POTENTIAL  ROLE  OF  MARSH  CREATION  IN 
RESTORATION  OF  HYPERTROPHIC  LAKES. 

Saint  Johns  River  Water  Management  District, 
Palatka,  FL. 

E.  F.  Lowe,  D.  L.  Stites,  and  L.  E.  Battoe. 
IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment:   Municipal,    Industrial    and    Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  710- 
717,  3  fig,  2  tab,  13  ref. 

Descriptors:  *Water  pollution  treatment,  'Land 
disposal,  'Florida,  'Hypertrophic  lakes,  'Lake  res- 
toration, 'Wastewater  treatment,  'Wetlands,  Bio- 
logical wastewater  treatment,  Water  pollution  con- 
trol, Macrophytes,  Lake  Apopka,  Marshes,  Aquat- 
ic habitats,  Wildlife  habitats,  Agricultural  runoff, 
Phosphorus,  Nutrient  removal,  Design  criteria. 

A  novel  approach  is  proposed  and  an  example  is 
described  of  a  plan  for  hypertrophic  lakes.  In  a 
typical  sewage  treatment  wetland,  water  high  in 
inorganic  nutrients  passes  through  the  system  once, 
and  the  management  goal  is  to  maximize  the  nutri- 
ent removal  efficiency.  In  the  present  application, 
water  to  be  treated  has  high  concentrations  of 
nutrients  associated  with  particles  and  dissolved 
organic  molecules.  Water  is  passed  through  the 
system  many  times  rather  than  once.  The  goals  of 
this  approach  are  to  maximize  nutrient  quantity 
removed  per  unit  of  time  (power)  and  nutrient 
permanently  stored  (capacity)  rather  than  nutrient 
fraction  removed  in  single  pass  (efficiency).  Lake 
Apopka,  located  in  central  Florida,  is  a  large  (124 
sq  km),  shallow  (mean  depth  1.7  m)  and  hyper- 
trophic lake  (trophic  state  index  86),  which  has 
been  the  subject  of  a  design  study  concerning 
construction  of  a  32  sq  km  wetland.  The  project 
has  three  main  goals:  (1)  establishment  and  mainte- 
nance of  a  hydrologic  regime  and  vegetation  that 
maximizes  the  wetland's  power  and  capacity  for 
nutrient  storage;  (2)  creation  of  a  broad  and  persist- 
ent biological  connection  between  the  lake  and  the 
created  marsh;  and  (3)  establishment  and  mainte- 
nance of  a  diverse  wetland  habitat  to  support 
aquatic  and  wetland  wildlife.  Expected  benefits 
include  elimination  of  nearly  45%  of  the  agricul- 
tural discharge  to  the  lake,  approximately  41%  of 
the  total  annual  loading  of  P  and  increased  nutrient 
export  from  the  lake  because  water  flow  will  be 
into  and  through  the  wetland,  with  discharge  to 
downstream  lakes.  (See  also  W90-04392)  (Roches- 
ter-PTT) 
W90-04463 


NATURAL  RENOVATION  OF  LEACHATE-DE- 
GRADED  GROUNDWATER  IN  EXCAVATED 
PONDS  AT  A  REFUSE  LANDFD1L. 

South  Dakota  State  Univ.,  Brookings. 
J.  N.  Dornbush. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  743- 
752,  4  fig,  3  tab,  8  ref. 

Descriptors:  'South  Dakota,  'Landfills,  'Ground- 
water pollution,  'Water  pollution  treatment, 
•Wastewater  treatment,  'Wetlands,  Biological 
wastewater  treatment,  Water  pollution  control, 
Macrophytes,  Performance  evaluation,  Design  cri- 
teria, Hydraulic  engineering,  Monitoring,  Arsenic, 
Water  table  fluctuations. 

Th-;  solid  waste  landfill  at  Brookings,  South 
Dakota,  is  typical  of  many  landfills.  Its  location  in 
an  old  gravel  pit  area  over  a  groundwater  aquifer 
with  a  shallow  water  table  subjects  the  aquifer  to 
contamination  from  precipitation-induced  leachate 
from  buried  solid  wastes.  Groundwater  contamina- 
tion also  may  occur  when  the  water  table  rises  to 
contact  the  solids  wastes.  Unlike  many  other  land- 
fills, at  the  Brookings  landfill  a  trench  and  wetland 
ponds  have  been  installed  to  intercept,  treat,  and 
dilute  the  degraded  groundwater.  The  primary  sig- 
nificance of  the  trench  and  pond  was  that  the 


leachate  plume  was  destroyed.  Data  from  1965  to 
1966  (before  construction  of  the  pond  and  trench) 
revealed  that  degraded  water  flowed  in  a  clearly 
defined  plume  moving  in  the  direction  of  ground- 
water flow.  After  construction  of  the  pond  and 
trench,  similar  data  revealed  that  the  well-defined 
plume  was  no  longer  present,  and  that  downstream 
water  quality  was  similar  in  most  respect  to  that 
from  control  wells  upstream.  Monitoring  with  an 
extensive  well  network  in  the  1980s  revealed  that 
downstream  from  the  landfill  some  pollutants  were 
elevated,  although  arsenic  was  the  only  toxic  metal 
that  exceeded  drinking  water  standards  (6700  mi- 
crogram/L).  A  1987  Superfund  study  found  that 
no  release  to  groundwater  was  occurring  because 
the  trench  was  intercepting  leachate.  The  trench  at 
the  Brookings  landfill  has  protected  shallow 
groundwater  by  several  mechanisms,  including  di- 
lution mixing,  gas  interchange,  metal  oxidation, 
and  biological  treatment.  Land  use  on  the  site  and 
in  the  surrounding  areas  has  been  changing.  Ap- 
proximately 90  new  residences  now  use  septic 
tanks  that  discharge  to  the  aquifer  through  their 
drainfields.  A  65-ha,  center-pivot  irrigation  unit 
has  been  installed  directly  south  of  the  disposal 
site;  drawdown  during  heavy  summer  pumping 
may  affect  the  direction  of  groundwater  flow  in 
the  vicinity  of  the  landfill.  Recent  evidence  indi- 
cates that  the  water  table  may  be  rising.  With 
continued  landfill  operation,  a  10-m  hill  has  been 
formed  in  the  refuse  disposal  area  and  the  trench 
has  expanded  into  sizable  wetland  ponds.  After  the 
landfill  closes  in  the  1990s,  the  hill,  ponds,  and 
wooded  area  will  become  features  of  a  future 
nature  park.  (See  also  W90-04392)  (Rochester- 
PTT) 
W90-04467 


BIOLOGY  AND  CHEMISTRY  OF  GENERA- 
TION, PREVENTION  AND  ABATEMENT  OF 
ACID  MEME  DRAINAGE. 

Silver  (Marvin)   Scientific   Ltd.,   Bedford  (Nova 

Scotia). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04468 


DETERMINING  FEASD3ILITY  OF  USING 
FOREST  PRODUCTS  OR  ON-SITE  MATERI- 
ALS IN  THE  TREATMENT  OF  ACID  MEME 
DRAEMAGE  ES  COLORADO. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering  Ecology. 
For  primary  bibliographic  entry   see   Field   5D. 
W90-04471 


USE  OF  WETLANDS  TO  REMOVE  NICKEL 
AND  COPPER  FROM  MEME  DRAEMAGE. 

Minnesota  Dept.  of  Natural  Resources,  St.  Paul. 

Minerals  Div. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04472 


WEMDSOR  COAL  COMPANY  WETLAND:  AN 
OVERVDZW. 

American  Electric  Power  Corp.,  Lancaster,  OH. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-04473 


WETLAND  TREATMENT  OF  COAL  MEME 
DRAINAGE:  CONTROLLED  STUDE£S  OF 
ntON  RETENTION  EM  MODEL  WETLAND 
SYSTEMS. 

Villanova  Univ.,  PA.  Dept.  of  Biology. 

For  primary  bibliographic   entry  see  Field   5D. 

W90-04474 


TOLERANCE  OF  THREE  WETLAND  PLANT 
SPECD2S  TO  ACTD  MEME  DRAEMAGE:  A 
GREENHOUSE  STUDY. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Biology. 

For  primary  bibliographic  entry  see   Field   5D. 

W90-04475 
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OEL  WATER  SEPARATORS.  JANUARY  1970- 
FEBRUARY  1989  (CITATIONS  FROM  THE 
COMPENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04477 


RESOURCE  CONSERVATION  AND  RECOV- 
ERY ACT  (RCRA):  HAZARDOUS  WASTES. 
JANUARY  1970-FEBRUARY  1989  (CITATIONS 
FROM  THE  NTIS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-857270. 
Price  codes:  N01  in  paper  copy;  N01  microfilm. 
Mar  89,  88p. 

Descriptors:  *Bibliographies,  *Water  law,  •Re- 
source Conservation  and  Recovery  Act,  ♦Hazard- 
ous wastes,  Literature  review,  Landfills,  Landfill 
linings,  Incineration. 

This  bibliography  contains  147  citations  concern- 
ing the  Resource  Conservation  and  Recovery  Act. 
Citations  cover  the  handling  of  hazardous  waste, 
facility  investigation,  and  updates  and  reviews  of 
selected  provisions  of  the  act.  Groundwater  moni- 
toring, landfill  design,  liner  systems,  and  inciner- 
ation standards  are  among  the  topics  discussed. 
The  bibliography  is  fully  indexed  and  includes  a 
title  list.  (Author's  abstract) 
W90-04498 


ODL  SPDLL  REMOVAL:  DISPERSANTS,  AB- 
SORBANTS,  BOOMS,  AND  SKIMMERS.  JAN- 
UARY 1978-JANUARY  1989  (CITATIONS 
FROM  THE  LD7E  SCIENCES  COLLECTION 
DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-855803. 
Price  codes:  N01  in  paper  copy;  N01  microfilm. 
Supersedes  PB86-856226.  Prepared  in  cooperation 
with  Cambridge  Scientific  Abstracts,  Washington, 
DC.  Feb  89.  105p. 

Descriptors:  *  Bibliographies,  *Oil  pollution,  *Oil 
spills,  'Cleanup  operations,  Literature  review,  Dis- 
persants,  Case  studies,  Environmental  impact. 

This  bibliography  contains  198  citations  concern- 
ing the  techniques  available  for  the  removal  of  oil 
following  major  spills.  Chemical  dispersants,  gel- 
ling agents,  foam  plastics,  booms,  skimmers,  and 
burning  are  discussed.  Specific  oil  spills  are  consid- 
ered and  the  environmental  impacts  of  oil  spills  are 
noted.  Twenty  of  these  citations  are  new  entries  to 
the  previous  edition.  (Author's  abstract) 
W90-04503 


EUTROPHICATION:  WATER  QUALITY  AND 
POLLUTION  CONTROL.  JANUARY  1970-JAN- 
UARY  1989  (CITATIONS  FROM  THE  COM- 
PENDEX DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-04504 
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MANAGEMENT  USE  OF  SCDZNTD7IC  INFOR- 
MATION. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Rockville,  MD.  Ocean  Assessments  Div. 
D.  A.  Wolfe. 

IN:  Environmental  Studies  in  Port  Valdez,  Alaska: 
A  Basis  for  Management.  Lecture  Notes  on  Coast- 
al and  Estuarine  Studies  Vol.  24,  Springer- Verlag, 
New  York,  1988.  p  345-374,  2  fig,  2  tab,  36  ref. 


Descriptors:  *Management  planning,  'Regulations, 
♦Valdez,  'Alaska,  'Site  selection,  Monitoring, 
Data  acquisition,  Environmental  Policy  Act,  Na- 
tional Pollutant  Discharge  Elimination  System, 
Pipelines,   Alaska  pipeline,   Wastewater  facilities. 

The  siting  decision  for  the  pipeline  terminus  and 
ballast  water  treatment  facility  at  Port  Valdez, 
Alaska,  carried  out  in  accord  with  National  Envi- 
ronmental Policy  Act  (NEPA)  requirements,  in- 
volved an  explicit  comparison  of  alternatives  with 
explicit  identification  of  concern  for  potential  im- 
pacts. The  risk  and  hazard  assessments  were  non- 
quantitative  and  few  if  any  probabilistic  analyses 
were  performed  with  respect  to  environmental 
issues.  The  weighing  and  balancing  of  outcomes 
and  alternatives  were  not  documented  for  the  ter- 
minal siting  decision  in  any  quantitative  sense,  and 
the  results  of  monitoring  (information  gathering) 
during  the  development  and  post-development 
phases  cannot  be  related  back  to  the  decision  proc- 
ess. Given  the  regulatory  framework  under  NEPA 
and  National  Pollutant  Discharge  Elimination 
System  (NPDES)  and  the  attendant  problems,  the 
use  of  scientific  information  appears  to  have  been 
effective  in  the  management  of  the  Port  Valdez 
environment.  Available  scientific  information  has 
generally  been  used  in  the  application  of  the 
NPDES  regulatory  framework.  Monitoring  re- 
quirements have  represented  generally  realistic 
management  concerns  and  state-of-the-art  ap- 
proaches for  addressing  those  concerns.  A  continu- 
ing danger  in  the  design  of  monitoring  require- 
ments is  the  natural  tendency  to  search  for  any  and 
all  possible  indications  of  deleterious  effects.  Effi- 
cient (and  economical)  monitoring  should  focus  on 
detection  of  specific,  identified-in-advance  out- 
comes of  concern  that  would,  if  found,  warrant 
corrective  action.  The  level  of  effort  should  be 
dictated  both  by  the  severity  of  the  outcome  and 
by  its  probability  of  occurrence.  Improved  docu- 
mentation of  the  overall  decision  process  (out- 
comes of  concern,  alternative  under  consideration, 
information  needs,  application  of  study  results,  and 
conclusions  reached)  would  serve  to  enhance 
public  confidence  in  the  management  process  and 
would  also  decrease  the  likelihood  of  repetitious 
and  otherwise  unnecessary  studies  and  analyses 
over  the  long  run.  (See  also  W90-03610)  (Lantz- 
PTT) 
W90-03624 


GEOMORPHOLOGIC    CONTRIBUTIONS    TO 
FLOOD  CONTROL  PLANNING. 

Washington  Univ.,  Seattle.   Dept.  of  Geological 

Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03686 


WATER  RESOURCE  MANAGEMENT:  INTE- 
GRATED POLICIES. 

Organization  for  Economic  Co-Operation  and  De- 
velopment, Paris  (France). 

Organization  for  Economic  Co-Operation  and  De- 
velopment, Paris,  France.  1989.  199p. 

Descriptors:  'Europe,  'Water  management, 
'Water  resources  management,  'Policy  making, 
Governmental  interrelations,  Public  policy,  Institu- 
tional constraints,  Water  demand,  Groundwater 
management. 

Water  resources  management  is  an  important  and 
complex  area  of  governmental  resource  manage- 
ment and  environmental  policies.  It  includes  the 
management  of  the  quantity  and  quality  of  water 
used  for  all  purposes,  including  drinking  water, 
industrial  water,  irrigation  and  recreational  uses 
and  the  various  sources  of  supply,  e.g.  surface  as 
well  as  groundwater.  In  addition,  resource  man- 
agement policies  have  to  be  reconciled  with  envi- 
ronmental and  other  economic  policies,  including 
agricultural  policies  to  ensure  an  overall  economic 
efficiency  in  policy  formulation  and  implementa- 
tion. Water  resource  management  policies  should 
be  designed  to:  correct  the  institutional  failures 
which  are  present  and  which  manifest  themselves 
in  fragmented,  conflicting  and  uncoordinated  man- 
agement of  the  various  aspects  of  water  resources; 
correct  market  failures  which,  are  manifested  by 
nonexistent  or  partial  and  inefficient  demand  man- 


agement of  water  resources;  and  correct  manage- 
ment failures  in  the  use  and  protection  of  ground- 
water resources.  Therefore,  water  resources  man- 
agement is  both  an  economic  and  environmental 
challenge  and  it  needs  to  be  resolved  in  an  integrat- 
ed manner  to  meet  the  environmental  and  econom- 
ic requirements  and  to  provide  water  at  the  appro- 
priate quality  at  the  lowest  cost.  The  report  indi- 
cates the  main  areas  of  concern  which  need  to  be 
resolved  to  move  toward  this  goal.  The  report 
addresses  these  problem  areas  and  is  the  result  of  a 
3-year  project  during  which  Member  countries  of 
the  Organization  of  Economic  Co-Operation  and 
Development  made  a  major  cooperative  effort  to 
pool  their  knowledge  and  experiences.  (Lantz- 
PTT) 
W90-03746 


CONVTVTAL  TECHNOLOGY  AS  A  LOCAL  AP- 
PROACH TO  GROUND-WATER  PROTEC- 
TION: THE  CHRISTINA  RD7ER  BASIN  EXPE- 
RIENCE. 

Pennsylvania  Univ.,  Philadelphia.  Center  for  Eco- 
logical Research. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-03787 


CATCHMENT  MANAGEMENT  IN  AUSTRA- 
LIA IN  THE  1980S. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

P.  Laut,  and  B.  J.  Taplin. 

CSIRO  Divisional  Report  89/3,  July  1989.  252  p. 

Descriptors:  'Water  resources,  'Water  manage- 
ment, 'Australia,  'Catchment  areas,  Case  studies, 
Lockyer  Valley,  Queensland,  Hunter  Valley,  Mac- 
quarie-Bogan  Catchment,  New  South  Wales,  Cam- 
paspe  Catchment,  Victoria,  Onkaparinga  Catch- 
ment, Mount  Bold  Reservoir,  South  Australia, 
Wellington  Reservoir,  Western  Australia,  Reser- 
voirs, Reservoir  operation. 

This  report,  commissioned  by  the  Surface  Water 
and  Catchment  Committee  of  the  Australian  Water 
Resources  Council  for  a  workshop  on  catchment 
management,  consists  of  two  parts:  an  overview  of 
catchment  management  as  practiced  in  Australia  in 
the  1980s  and  a  discussion  of  future  directions;  and 
a  set  of  six  case  studies  of  catchments  which  illus- 
trate the  variety  of  conditions,  issues  and  manage- 
ment responses  experienced  by  Australian  catch- 
ment managers.  The  case  study  catchments  include 
the  Lockyer  Valley  in  Queensland,  the  Hunter 
Valley  and  the  Macquarie-Bogan  catchment  in 
N.S.W.,  the  Campaspe  catchment  in  Victoria,  the 
Onkaparinga  catchment  above  Mt.  Bold  Reservoir 
in  South  Australia,  and  the  Wellington  Reservoir 
catchment  in  Western  Australia.  Each  case  study 
contains  information  on  the  land  and  water  re- 
sources of  its  catchment  area,  current  catchment 
management  issues,  and  current  catchment  man- 
agement activities.  (Lantz-PTT) 
W90-03805 


LrvTNG  WITH  THE  LAKES:  CHALLENGES 
AND  OPPORTUNITIES. 

International  Joint  Commission-United  States  and 
Canada,  Windsor  (Ontario). 

A  Progress  Report  to  the  International  Joint  Com- 
mission, July  1989.  108p,  16  fig,  3  tab,  12  append. 

Descriptors:  'International  commissions,  'Water 
resources  management,  'Great  Lakes,  'Manage- 
ment planning,  St  Lawrence  River,  Water  level 
fluctuations,  Decision  making,  Ecosystems,  Data 
interpretation. 

The  Governments  of  Canada  and  the  United  States 
on  August  1,  1986  asked  the  International  Joint 
Commission  'to  examine  and  report  upon  methods 
of  alleviating  the  adverse  consequences  of  fluctuat- 
ing water  levels  in  the  Great  Lakes-St.  Lawrence 
River  Basin'.  This  progress  report  is  Phase  I  of  the 
study,  which  consists  of  an  Executive  Summary, 
the  Main  Report,  and  seven  subject-specific  An- 
nexes. Phase  I  identified  the  priority  goals  of  de- 
veloping a  set  of  principles  to  guide  decision- 
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making,  a  strategy  that  could  result  in  coherent 
and  effective  government  action  and  a  methodolo- 
gy for  evaluating  measures  for  specific,  local  sce- 
narios in  a  broad  and  systemic  context.  Work 
toward  these  goals  has  begun,  producing  the  fol- 
lowing: a  preliminary  mapping  of  interrelations 
among  components  of  the  natural  and  human  sys- 
tems; indications  of  the  positions  held  by  interests; 
and  a  coalescing  sense  of  need  for  an  overall 
strategy  of  governance.  Parallel  to  this  work  possi- 
ble measures  have  been  catalogued  and  a  method- 
ology drafted  for  evaluating  them  in  an  orderly 
and  organized  manner.  Phase  I  also  concludes  that 
measures,  particularly  combinations  of  measures, 
may  have  high  potential  for  alleviating  adverse 
consequences  at  specific  locales.  Discoveries  con- 
cerning systemic  context,  ecological  dynamism, 
public  misunderstanding  and  governance  impedi- 
ments do  not  converge  to  rule  out  the  potential 
utility  and  broad  efficacy  of  solutions  tailored  to 
unique,  local  circumstances.  The  taxonomy  of  pos- 
sible measures  and  the  draft  evaluation  methodolo- 
gy relate  impacts  of  fluctuations  to  generic  inter- 
ests and  suggest  groups  of  certain  measures,  there- 
by expanding  understanding  of  the  overall  prob- 
lem. (Lantz-PTT) 
W90-03816 


ANNUAL     REPORT     OF     THE     NATIONAL 
BOARD  OF  WATERS  AND  THE  ENVIRON- 
MENT FOR  1988.  (VESI-JA  YMPARISTOHAL- 
LTNTO,  TOrMTNTA  KERTOMUS  1988). 
National  Board  of  Waters,  Helsinki  (Finland). 
1989.  44  p.  (In  Finnish). 

Descriptors:  'Water  resources  management,  •Fin- 
land, Water  resources,  Water  management,  Pre- 
cipitation, Water  pollution  control,  Environmental 
protection,  Personnel,  Economic  aspects,  Flood 
control. 

In  1988,  the  hydrological  conditions  in  Finland 
were  exceptional  in  many  respects.  The  amount  of 
snow  was  twice  normal  in  southern  and  central 
Finland.  Snowmelt  and  spring  rains  raised  the 
water  levels  in  spring  and  early  summer  to  the 
highest  of  the  century.  The  state  of  the  water 
bodies  remained  unaltered.  The  potential  yield  of 
Finnish  groundwater  resources  is  estimated  to  be  4 
million  cu  m/day.  Public  water  works  distributed 
water  to  about  4  million  people.  Half  of  this  water 
was  groundwater.  Per  capita  use  of  water  was  291 
L/day.  Main  problems  affecting  the  aquatic  envi- 
ronment were  eutrophication,  acidification  and 
single-purpose  use  of  the  water  bodies,  introduc- 
tion and  accumulation  of  toxic  substances  in  the 
environment,  impoverishment  of  the  aquatic  envi- 
ronment as  well  as  a  general  slow  deterioration  in 
environmental  quality.  The  planning  programs  of 
the  Water  and  Environment  Districts  for  1988 
included  126  projects  for  the  restoration  and  recre- 
ational use  of  water  bodies.  Eleven  plans  serving 
flood  control  were  completed.  An  area  of  1500  ha, 
most  of  which  is  cultivated  land,  will  benefit  from 
these  projects.  1988  was  the  first  year  in  which  the 
alarm  system  at  the  National  Board  of  Waters  and 
the  Environment  was  fully  operational.  During  the 
year,  43  alarms  were  made.  However,  no  major  oil 
spills  occurred.  Emphasis  in  research  was  on  moni- 
toring of  the  quantity  and  state  of  water  resources, 
groundwaters,  impurities  in  air,  the  impacts  of 
other  nonpoint  source  pollution,  waste  manage- 
ment and  chemicals.  At  the  end  of  1988  the  staff  of 
the  central  agency  numbered  437  and  that  of  the 
district  organization  1190.  In  addition,  813  persons 
were  employed  at  the  working  sites  in  the  Water 
and  Environment  Districts.  The  appropriations  in 
this  administrative  sector  were  540  million  marks, 
of  which  150  million  marks  were  used  in  other 
agencies.  (Lantz-PTT) 
W90-03817 


INTERFACING  NONPOINT  SOURCE  PRO- 
GRAMS WITH  THE  CONSERVATION  RE- 
SERVE: GUIDANCE  FOR  WATER  QUALITY 
MANAGERS. 

North  Carolina  State  Univ.  at  Raleigh. 

For  primary   bibliographic   entry   see   Field   5G. 

W90-03848 


VALUE  OF  STREAMFLOW  FORECASTING  IN 
RESERVOIR  OPERATION. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-04176 


OVERVIEW  OF  THE  RECONNAISSANCE- 
FEASIBILrTY  STUDY  AND  PLANNING  PROC- 
ESS-PROGRAM. 

Corps  of  Engineers,  Washington,  DC. 

J.  D.  Davidson,  and  W.  V.  Paynes. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 

Reduction  Reconnaissance-Phase  Studies.  August 

9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 

CA.  p  1-10,  2  fig. 

Descriptors:  *  Nonstructural  alternatives,  •Man- 
agement planning,  'Economic  aspects,  'Water  re- 
sources management,  Decision  making,  Flood 
damage,  Feasibility  studies. 

The  last  significant  change  in  the  water  resources 
planning  process  and  program  occurred  in  the 
1970s,  as  a  result  of  the  increased  focus  on  the 
environment.  With  enactment  of  the  Water  Re- 
sources Development  Act  of  1986  (WRDA  '86) 
certain  changes  were  mandated,  others  were  per- 
mitted, and  others  are  deemed  necessary  as  a  result 
of  various  other  provisions  within  the  Act.  The 
Act  required  more  cost  sharing  by  non-Federal 
interests  and  placed  statutory  time  limits  and  cost 
sharing  requirements  on  the  U.S.  Army  Corps  of 
Engineers  planning.  This  paper  provides  an  over- 
view of  the  current  planning  process  and  program, 
and  highlight  changes  that  have  occurred  since 
enactment  of  WRDA  '86.  Enactment  of  the 
WRDA  '86  presented  opportunities  that  have  al- 
lowed the  Corps  to  move  toward  the  'no  gap 
implementation  model.'  As  a  result  of  initiatives 
implemented  since  WRDA  '86  a  project  develop- 
ment process  is  now  in  place  that  will  ready  a 
project  for  construction  in  an  estimated  8  years. 
Some  of  the  initiatives  implemented  were:  (1)  early 
involvement  in  the  planning  process  by  the  Office 
of  the  Assistant  Secretary  of  the  Army  for  Civil 
Works  (OASA(CW))  and  the  Headquarters,  U.S. 
Army  Corps  of  Engineers  (HQUSACE)  to  insure 
early  and  effective  resolution  of  policy  issues;  (2)  a 
concurrent  and  consolidated  Washington  level 
review  process  for  the  feasibility  report;  (3)  pro- 
gramming funds  to  initiate  detailed  project  design 
upon  issuance  of  the  division  engineers  notice;  (4) 
permitting  local  cooperation  agreements  to  be  fi- 
nalized and  ready  for  execution  once  the  project 
has  been  selected  as  a  new  construction  sort;  and 
(5)  intensively  monitoring  costs  and  schedules 
through  a  life  cycle  project  management  system  in 
the  planning,  design  and  construction  phases.  The 
reconnaissance  phase  results  in  the  first  decision 
document.  It  forms  the  basis  for  initial  non-Federal 
commitment  of  funds,  further  commitment  of  Fed- 
eral funds,  and  establishes  the  management  struc- 
ture, schedule  and  cost  for  conduct  of  the  feasibili- 
ty study.  One  of  the  most  important  concepts 
recently  incorporated  in  the  feasibility  planning 
process  is  early  Washington  level  involvement  and 
agency  commitment.  (See  also  W90-04234)  (Lantz- 
PTT) 
W90-04235 


PLAN  FORMULATION  STRATEGY-KAWEAH 
CASE  STUDY. 

Army  Engineer  District,  Sacramento,  CA.  Special 

Studies  Branch. 

For  primary  bibliographic  entry  see  Field  6F. 

W90-04242 


STUDY  MANAGEMENT  BLUE  RIVER  BASIN 
CASE  STUDY. 

For  primary  bibliographic  entry  see  Field  6F. 
W90-04243 


SAPHO20:  AN  AH)  IN  WATER 
PLANNING(SAPHO20:  SYSTEME  D'ATOE  A 
LA  PLAND7ICATION  DE  L'EAU). 

Grenoble-2  Univ.  (France).  Centre  de  Recherche 
en  Informatique  Appliquee  aux  Science  Sociales. 
R.  Amis. 


IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  209-224,  1  fig,  8  ref.  English  sum- 
mary. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Planning,  'Regional  develop- 
ment, 'Project  planning,  'Model  studies,  'Com- 
puter programs,  'Water  resources  development, 
•Semiarid  lands,  Water  demand,  Industrial  water, 
Municipal  water,  Mediterranean  Basin,  SAPHO20. 

SAPHO20  represents  an  attempt  to  provide  a  solu- 
tion to  problems  encountered  in  the  study  of  the 
economic  development  of  the  semi-arid  zone  of  the 
Mediterranean  basin,  especially  when  the  role  of 
water  is  to  be  analyzed  m  connection  with  overall 
economic  and  social  development.  The  object  is  to 
provide  an  expert  system  which  would  give  sup- 
port in  the  diagnosis  and  correction  of  problems 
arising  in  planning  for  the  utilization  of  hydrologic 
resources.  The  model  can  consider  such  problems 
as  soil  erosion,  bank  protection,  urban  water 
demand,  and  industrial  water  demand.  SAPHO20 
is  an  interactive  system  which  the  user  addresses  in 
natural  language.  The  system  would  aid  in  the 
development  of  treatments  which  are  the  best  ad- 
justed according  to  criteria  chosen  by  the  user  and 
would  signal  the  eventually  incongruities  between 
the  observed  criteria  and  the  development  scenario 
chosen.  (See  also  W90-04274)  (Peters-PTT) 
W90-04289 


COMPUTER  AIDED  MANAGEMENT  OF 
WATER  RESOURCES  SYSTEMS. 

Politechnika  Warszawska  (Poland).  Inst,  of  Envi- 
ronmental Engineering. 
W.  Sikorski,  and  K.  Krajewski. 
IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  225-232,  4  fig,  11  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Computers,  'Mathematical 
models,  'Water  resources  development,  'Poland, 
Optimization,  Simulation,  Forecasting,  Data  proc- 
essing. 

Computer-aided  management  is  one  of  the  most 
important  trends  in  the  modern  approach  to  the 
problems  of  the  management  of  water  resources. 
There  are  several  optimization,  simulation  and 
forecasting  models  being  created  for  water  sys- 
tems. It  is  important  to  structure  the  models  for 
easy  application  by  the  manager  of  the  system. 
Computer-aided  management  may  include  running 
existing  models,  displaying  the  data  on  the  per- 
formance system,  on-line  control,  and  analysis  of 
decision  making.  All  elements  can  be  run  as  sepa- 
rate programs  or  may  form  an  integrated  system 
supervised  by  a  control  program.  The  creation  of  a 
control  system  in  an  agricultural  region  of  central 
Poland  illustrates  the  implementation  of  computer- 
aided  management  in  countries  which  have  prob- 
lems with  equipment  and  with  the  education  of  the 
management  staff.  Menus  were  created  in  the  sim- 
plest possible  format  to  help  the  system  manager  to 
select  the  appropriate  action.  There  is  no  database 
yet;  the  full  database  will  be  developed  after  gain- 
ing some  experience  with  the  performance  of  the 
models.  The  system  is  being  implemented  on  IBM 
PC  compatible  equipment.  (See  also  W90-04274) 
(Hammond-PTT) 
W90-O4290 


DECISION  MAKING  AND  THE  COST  OF  IG- 
NORANCE. 

Engineering   Decision    Analysis   Co.,    Inc.,    Palo 
Alto,  CA. 
J.  R.  Benjamin. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p  76- 
83,  5  fig,  4  ref. 
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Descriptors:  *Flood  forecasting,  'Forecasting, 
•Decision  making,  Statistical  methods,  Flood  peak, 
Water  management. 

Decision  theory  is  discussed  with  a  brief  introduc- 
tion to  the  associated  information  theory.  No  large 
water-related  engineering  project  has  had  a  com- 
plete development  or  analysis  consistent  with  deci- 
sion theory.  This  does  not  mean  that  the  decisions 
in  such  projects  were  wrong,  only  that  the  deci- 
sion-making phenomenon  in  these  large  engineer- 
ing projects  differed  from  the  methodology  of  the 
science  of  decision  theory.  Reasons  for  such  differ- 
ences are  partly  the  unresolved  issues  of  the  value 
of  human  life,  legal  liability,  the  natures  of  the 
legal  and  political  processes,  and  the  like.  Thus  this 
paper  is  concerned  with  a  methodology  that  may 
or  may  not  directly  apply  to  the  economic  aspects 
of  hydrologic  forecasting.  A  decision  tree  illus- 
trates the  components  of  decision  theory  and  their 
relationships.  First,  there  is  assumed  to  be  a  deci- 
sion maker  labeled  DM.  This  DM  must  choose 
between  possible  actions  or  alternatives  labeled 
AA,  BB,  CC.  Having  chosen  one  of  the  possible 
actions,  the  DM  faces  the  uncertain  future,  SS, 
MM,  FF.  The  DM  will  receive  value  depending 
on  the  action  chosen  and  the  future  that  is  re- 
ceived. This  value  is  labeled  U  for  utility.  The 
problem  of  the  DM  is  to  make  the  optimum  deci- 
sion (choice  of  actions)  considering  that  the  future 
is  uncertain  with  the  goal  of  receiving  the  greatest 
value  or  utility.  The  identification  of  the  optimal 
action  is  made  by  using  a  decision  rule.  Two 
examples  illustrate  simple  applications  of  this  deci- 
sion tree.  A  Bayesian  forecasting  technique,  which 
differs  from  the  conventional  statistics  through  its 
use  of  actuarial  flow  data  and  plotting  procedures, 
is  presented  to  give  another  approach  for  decision 
making.  The  Bayesian  method  points  out  that  sta- 
tistical decision  methodology  can  be  used  as  an 
additional  tool  in  forecasting  problems.  Good 
Bayesian  forecasters  could  even  make  a  rational 
approach  to  the  return  period  of  the  flow  since 
subjective  probabilities  are  an  integral  part  of  the 
methodology.  (See  also  W90-04308)(Lantz-PTT) 
W90-O4313 


HYDROLOGIC  UNCERTAINTY  AND 

PROJECT  BENEFITS. 

Bureau  of  Reclamation,   Sacramento,   CA.   Mid- 
Pacific  Regional  Office. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-O4314 


PLANNING  FOR  USER  ORIENTED  HYDRO- 
LOGIC  FORECASTS. 

Utah  Water  Research  Lab.,  Logan. 
L.  D.  James. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
101-116,  22  ref. 

Descriptors:  'Forecasting,  'Hydrology,  'Water 
management,  'Management  planning,  Water  users, 
Community  development. 

The  supply  and  demand  approach  to  defining  the 
need  for  improved  forecasting  must  answer  the 
question-who  will  receive  and  use  the  forecasts. 
Satisfying  user  demand  requires  a  product  de- 
signed to  maximize  user  satisfaction.  This  approach 
to  planning  user-oriented  hydrologic  forecasts 
begins  by  identifying  user  characteristics  that  de- 
termine forecasting  needs.  The  four  dimensions  of 
user  perspective  are  taken  as:  (1)  range  of  actions, 
(2)  scope  of  control,  (3)  favored  values,  and  (4) 
time  frame.  Each  perspective  is  explored  through 
definition  of  its  distinctive  characteristics,  discus- 
sion of  recent  trends  in  the  institutionalization  of 
dealing  with  it,  description  of  the  sorts  of  forecast- 
ing information  needed,  and  evaluation  of  the  im- 
plications of  the  above  for  making  forecasting  im- 
provements. This  analysis  can  be  best  summarized 
in  two  recommendations  each  on  what  practices 
would  seem  likely  to  improve  response  and,  per- 
haps more  useful,  what  practices  that  ostensibly 
would  seem  to  promote  improvement  should  be 
used  with  caution  because  they  are  likely  to  be 


counter  productive.  The  two  recommendations  on 
how  not  to  improve  are:  (1)  avoid  the  conceptual 
trap  of  thinking  in  terms  of  establishing  a  uniform 
system  of  forecasting  and  information  dissemina- 
tion. Deal  with  each  situation  as  unique  because  it 
is;  (2)  do  not  assume  that  individuals  are  going  to 
necessarily  be  eager  to  follow  community  values. 
They  need  to  be  motivated  in  terms  of  their  own 
values.  The  two  recommendations  on  how  to 
foster  improvement  are:  (1)  develop  a  strong  base 
of  data  on  how  people  with  the  various  dimensions 
of  perception  respond  to  alternative  hydrologic 
information  and  delivery  systems.  Such  data  pro- 
vide important  information  for  research  and  eval- 
uation; and  (2)  work  with  potential  users  in  ex- 
panding their  range  of  actions,  increasing  their 
scope  of  control,  and  showing  them  how  hydro- 
logic  forecasts  can  be  used  to  further  their  personal 
values.  (See  also  W90-04308)(Lantz-PTT) 
W90-04315 


Techniques  Of  Planning — Group  6A 

Pacific  Gas  and  Electric  Co.,  San  Francisco,  CA. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-04324 


BPA  HYDROLOGIC  FORECASTING  CONSID- 
ERATIONS AND  ACTIONS  DURING  THE 
1976-77  DROUGHT. 

Bonneville    Power    Administration,    Vancouver, 
WA.  Hydrometeorology  Section. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04325 


WATER    SUPPLY    FORECASTING    IN    CALI- 
FORNIA-1976-78. 

California  State  Dept.  of  Water  Resources,  Sacra- 
mento. Snow  Surveys  Branch. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04326 


MYTHS  AND  USES  OF  HYDROMETEORO- 
LOGY IN  FORECASTING. 

Miami  Univ.,  Oxford,  OH.  Inst,  of  Environmental 
Sciences. 
G.  E.  Willeke. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
117-124,  8  ref. 

Descriptors:  'Hydrometeorology,  'Forecasting, 
'Water  resources  management,  Statistical  analysis, 
Probability  distribution,  Weather  forecasting, 
Weather  patterns. 

It  is  important  to  distinguish  between  two  situa- 
tions in  which  hydrometeorological  analysis  may 
be  used.  The  first  is  as  an  aid  to  decision  making, 
the  usual  decision  pertaining  to  the  sizing  of  spill- 
ways, outlet  works,  downstream  channel  capacity, 
reservoir  freeboard,  etc.  The  other  is  as  a  tool  in 
representing  reality.  There  is  significant  overlap 
between  the  two  situations.  However,  there  is  dif- 
ference in  that  a  decision  maker  may  accept  the 
reality  of  an  event  while  denying  its  relevance  or 
significance  to  the  decision.  Four  myths  about  the 
uses  of  hydrometeorology  are  discussed  in  this 
paper:  (1)  the  myth  of  the  tails-statistical  distribu- 
tions applied  to  hydrometeorological  events  that  fit 
through  the  range  of  observed  data  are  applicable 
in  the  tails;  (2)  the  myth  of  infinitesimal  probabili- 
ty-trie probability  of  occurrence  of  probable  maxi- 
mum (or  minimum)  events  is  infinitesimal;  (3)  the 
myth  of  impossibility-hydrometeorological  esti- 
mates of  extreme  events  are  so  large  that  they 
cannot  or  will  not  occur;  and  (4)  the  myth  of 
stationarity-the  distribution  of  events  is  not  chang- 
ing in  a  trend,  cyclic,  persistent,  or  catastrophic 
fashion.  The  potential  uses  of  hydrometeorology 
are  more  numerous  than  for  simply  determining 
the  potential  magnitude  of  the  rarest  floods.  The 
most  likely  new  use  is  at  the  opposite  end  of  the 
spectrum,  the  extreme  drought.  Essentially  the 
same  principles  used  in  flood  estimation  can  be 
used  in  droughts:  transposition,  envelopment,  and 
moisture  optimization.  (See  also  W90- 
04308)(Lantz-PTT) 
W90-O4316 


APPLICABILITY  OF  SPACE  ACQUIRED 
DATA  FOR  WATER  RESOURCES  MANAGE- 
MENT. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,  MD.  Lab.  for  Atmospheric  Sciences. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04317 


HYDROCLIMATOLOGY-A  NEEDED  CROSS- 
DISCIPLINE. 

International  Engineering  Co.,  Inc.,  San  Francisco, 

CA. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-04319 


CALIFORNIA  DROUGHT-ITS  EFFECT  ON 
RUNOFF  FORECASTING  FOR  POWER  GEN- 
ERATION. 


FLOOD  PLAIN  MANAGEMENT  NEEDS. 

Office  of  the  Chief  of  Engineers  (Army),  Washing- 
ton, DC.  Flood  Plain  Management  Services 
Branch. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04330 


ATTITUDE,  GUIDELINES,  AND  TECHNOLO- 
GY IN  PLAN  FORMULATION. 

Hydrologic  Engineering  Center,  Davis,  CA. 
W.  K.  Johnson. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
342-351,  7  fig,  4  ref. 

Descriptors:  'Management  planning,  'Flood  plain 
management,  Decision  making,  Data  interpreta- 
tion, Public  opinion,  Standards. 

Principles,  standards,  procedures,  and  regulations 
are  an  integral  part  of  our  planning  process,  sup- 
ported by  technology  which  allows  us  to  quantify 
and  analyze  nearly  any  aspect  of  a  planning  study. 
It  is  thought  that  meeting  principles,  standards  and 
various  other  guidelines  is  the  objective  of  plan 
formulation;  that  using  a  sophisticated  technology 
in  formulating  plans  is  the  objective.  It  is  neither-it 
is  meeting  human  needs.  This  is  a  discussion  of  this 
misunderstanding  as  applied  to  flood  plain  manage- 
ment. Through  an  analysis  of:  attitudes  toward 
flood  plain  management;  guidelines  and  needs; 
technology  to  accomplish  these  needs;  data  stored; 
and  analysis  of  data.  An  exceedingly  detailed  and 
sophisticated  technology  has  been  developed  to 
assist  in  plan  formulation.  Guidelines  on  how  to 
conduct  and  what  to  include  in  the  planning  proc- 
ess are  also  available.  However,  neither  are  suffi- 
cient in  themselves  to  support  a  flood  plain  man- 
agement plan.  A  plan  can  only  be  supported  be- 
cause it  meets  human  needs.  The  task  of  plan 
formulation  is  to  develop  such  a  plan.  More  impor- 
tant than  technology  or  guidelines  is  an  attitude 
and  desire  which  strives  incessantly,  in  spite  of 
numerous  obstacles,  to  develop  this  support.  (See 
also  W90-04398)  (Lantz-PTT) 
W90-04332 

HYDROLOGY   AND   ENVIRONMENTAL   AS- 
SESSMENTS. 

EMANCO,  Inc.,  Houston,  TX. 

For  primary  bibliographic  entry  see  Field  7B. 
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SECTION     208     PLANNING     PROCESS -THE 
FEDERAL  VIEW. 

Environmental   Protection   Agency,   Washington, 

DC.  Water  Planning  Div. 

For  primary  bibliographic  entry  see  Field  6E. 
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STATE  ASPECTS  OF  208  PLANNING. 

Virginia  State  Water  Control  Board,  Richmond. 
Bureau  of  Water  Control  Management. 
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Field  6— WATER  RESOURCES  PLANNING 


Group  6A — Techniques  Of  Planning 

For  primary  bibliographic  entry  see  Field  6E. 
W90-04340 


EXPERIENCES  AND  PERCEPTIONS  OF  THE 
208  PROGRAM  AT  THE  SUBSTATE  LEVEL. 

Middlesex  County  Planning  Board,  New  Bruns- 
wick, NJ. 
D.  S.  Powell. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  24-38. 

Descriptors:  *Urban  hydrology,  *Water  pollution 
control,  'Water  quality  management,  'Local  gov- 
ernments, 'Political  aspects,  *New  Jersey,  Water 
quality,  State  jurisdiction,  Storm  runoff,  Urban 
runoff,  Federal  jurisdiction,  Policy  making. 

The  water  quality  management  planning  process, 
as  stated  in  Section  208  of  the  Water  Pollution 
Control  Act  of  1972  is  well  conceived  for  decision 
making  at  the  substate  level.  While  the  2-year  time 
scale  set  by  the  designers  is  unrealistic  for  the 
monumental  tasks  of  technical  analysis  and  politi- 
cal interaction  implied  by  the  law  and  its  regula- 
tions, the  concepts  are  sound  and  appropriate  to 
democratic  local  decision  making  ideals.  The 
nature  of  New  Jersey's  urbanizing  and  industrializ- 
ing region  (of  New  Jersey)  brought  peculiarly 
intense  pollution  problems;  it  is  one  of  the  nation's 
major  chemical  and  petrochemical  industrial  com- 
plexes, a  growing  petroleum  refining  hub,  and  a 
center  of  primary  metals  manufacturing.  To  re- 
solve these  problems,  sub-basin  decision  making  is 
essential.  However,  the  deeper  one  gets  into  the 
208  experience,  the  more  it  was  perceived  to  be  as 
much  a  political  as  a  technical  process.  It  was  also 
found  that  in  the  sub-state  area,  208  planning  must 
embrace  and  integrate  as  full  a  range  as  possible  of 
water  handling  concerns:  water  quality,  water 
supply  and  storm  drainage/flood  control.  Distrust 
that  pervaded  relations  among  and  between  offi- 
cials and  participants  in  the  water  quality  planning 
efforts  at  the  Federal,  state  and  local  levels  was  a 
major  perception  that  emerged  from  the  New 
Jersey  sub-state  experience  of  the  208  process. 
Another  perception  derived  from  the  sub-state  ex- 
perience concerns  the  relationship  of  land  use  and 
water  quality  planning.  The  management  and  ad- 
ministering of  208  at  the  Federal  and  state  levels 
appears  top  heavy  with  technically  oriented  people 
and  especially  lawyers  with  too  thin  an  experience 
at  the  local  level.  A  major  step  to  redress  this 
imbalance  will  be  to  bring  into  all  administrative 
levels  program  people  with  broad  general  local 
governmental  and  political  experience.  (See  also 
W90-O4338XLantz-PTT) 
W90-04341 


NATIONAL  WATER  POLICY. 

Library  of  Congress,  Washington,  DC.  Congres- 
sional Research  Service. 
W.  Viessman. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  39-46. 

Descriptors:  'Urban  hydrology,  'Water  pollution 
control,  'Federal  jurisdiction,  'Water  policy, 
•Water  resources  management,  Policy  making, 
Water  conservation,  Public  policy,  Environmental 
protection. 

On  June  6,  1978,  President  Carter  presented  his 
Federal  Water  Policy  Initiatives  (WPI)  to  the  Con- 
gress. They  were  to:  (1)  improve  planning  and 
efficient  management  of  Federal  water  resources 
programs;  (2)  provide  a  new,  national  emphasis  on 
water  conservation;  (3)  enhance  Federal-State  co- 
operation; and  (4)  increase  attention  to  environ- 
mental quality.  The  WPI  contained  positive  rec- 
ommendations on:  conservation;  cost-sharing;  plan- 
ning procedures;  and  environmental  protection  but 
many  controversial  subjects  were  avoided  and  sev- 
eral important  issues  were  given  only  a  cursory 
treatment.  Of  particular  importance  is  the  fact  that 
the  water  quality/water  quantity  interface  was  not 


considered,  nor  was  there  any  proposal  relative  to 
the  Federal  water  pollution  control  program  with 
its  massive  outlays  for  capital  construction.  The 
President's  Water  Policy  Initiatives  contain  needed 
improvements  in  cost-sharing  policies  and  a 
strengthening  of  environmental  consideration  in 
water  resources  development.  The  Water  Re- 
sources Council  was  directed  to  improve  the  Prin- 
ciples and  Standards  and  to  establish  conservation 
as  a  principal  component  of  the  national  economic 
development  and  environmental  quality  objectives 
of  water  resources  planning.  Many  politically  sen- 
sitive issues  were  side-stepped,  however,  and  sev- 
eral topics  were  presented  in  generalities  with  no 
substantive  remedial  action  proposed.  The  WPI 
contains  no  recommendations  on  water  quality, 
research,  or  planning  coordination.  (See  also  W90- 
04338)(Lantz-PTT) 
W90-04342 


STRATEGIES  TO  OBTAIN  WATER  QUALITY 
CONSISTENT  WITH  OTHER  OBJECTIVES. 

Texas  Univ.  at  Dallas,  Richardson.  Graduate  Pro- 
gram in  Environmental  Sciences. 
For  primary  bibliographic  entry  see   Field   5G. 
W90-04344 


WATER  QUALITY  MANAGEMENT  ALTERNA- 
TIVES. 

Miami  Univ.,  Oxford,  OH.  Inst,  of  Environmental 
Sciences. 
G.  E.  Willeke. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  168-176. 

Descriptors:  'Urban  hydrology,  'Water  pollution 
control,  'Water  quality  management,  'Manage- 
ment planning,  Governmental  interrelations,  Legal 
aspects,  Federal  jurisdiction,  State  jurisdiction, 
Best  management  practice,  Water  quality. 

The  relative  merits  of  the  following  method  for  the 
management  of  water  quality  are  compared:  (1) 
Federal  and  State  laws  and  regulations  versus  fi- 
nancial incentives;  (2)  specific  planning  versus 
broadly  specified  best  management  practices;  and 
(3)  regional  groupings  of  counties  and  municipali- 
ties versus  river  basin  authorities  and  other  forms 
of  organization.  While  financial  incentives  are  pop- 
ular in  the  management  of  water  quality,  particu- 
larly in  relationship  to  Federal  funds,  laws  and 
regulations  remain  the  strongest  and  least  erratic 
incentives.  Although  financial  incentives  often  pro- 
mote expenditures  and  help  stimulate  local  econo- 
mies, their  focus  is  on  equity,  rather  than  efficien- 
cy. These  incentives  would  be  much  more  effec- 
tive if  they  approximated  the  interest  of  the  grant- 
ing party  (for  example,  1/3  rather  than  3/4  Federal 
share)  and  strings  were  attached  which  reflected 
these  interests.  For  situations  as  large  and  complex 
as  the  management  of  water  quality,  specific  plan- 
ning offers  appreciable  advantages  over  broadly 
specified  best  management  practices.  If  the  exper- 
tise were  always  available  at  the  local  level,  it 
would  be  the  desired  approach  throughout  the 
country.  Best  management  practices  are  only  appli- 
cable to  cases  in  which  the  problems  are  small  and 
the  solutions  are  simple.  In  the  area  of  management 
of  water  quality,  there  is  no  preferred  organiza- 
tional form.  While  regional  groupings  make  good 
sense  from  both  planning  and  management  stand- 
points, not  many  Councils  of  Governments  and 
Regional  Commissions  have  established  the  credi- 
bility to  take  full  responsibility  in  these  areas.  An 
underlying  issue  seems  to  be  that  local  government 
officials,  and  their  State  and  Federal  counterparts, 
have  little  real  interest  in  efficiency.  They  are 
primarily  concerned  with  less  tangible  but  more 
socially  important  issues  of  service,  equity,  and 
adequacy.  (See  also  W90-04338XLantz-PTT) 
W90-O4357 


SCIENCE,  LAW,  AND  HUDSON  RIVER 
POWER  PLANTS:  A  CASE  STUDY  IN  ENVI- 
RONMENTAL IMPACT  ASSESSMENT. 

For  primary  bibliographic  entry  see  Field  6G. 
W90-O4505 


WHAT  WE  LEARNED  ABOUT  THE  HUDSON 
RIVER:  JOURNEY  TOWARD  AN  ELUSIVE 
DESTINATION. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 

R.  J.  Klauda,  L.  W.  Barnthouse,  and  D.  S. 
Vaughan. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  316-328.  90  ref. 

Descriptors:  'Thermal  powerplants,  'Nuclear 
powerplants,  'Hudson  River  Estuary,  'Environ- 
mental effects,  'Environmental  policy,  'Estuarine 
fisheries,  Legal  aspects,  Public  policy,  Mitigation, 
Environmental  impact. 

The  major  findings  of  the  Hudson  River  power 
plant  studies,  a  landmark  environmental  impact 
assessment  conducted  during  the  1960s  and  1970s, 
are  summarized.  The  studies  focused  on  the  effects 
of  power  plant  operations  on  finfish  populations 
and  contributed  knowledge  on:  (a)  the  biology  of 
Hudson  River  fishes;  (b)  sampling  design  and  col- 
lection procedures;  (c)  measurement  of  entrap- 
ment and  impingement  mortality;  (d)  quantitative 
estimates  of  year-class  strength  reductions  attribut- 
able to  entrainment  and  impingement;  (e)  mitiga- 
tion techniques;  and  (f)  resolution  of  technical  con- 
troversy in  the  face  of  uncertainty  and  an  ineffec- 
tive litigative  process.  Many  insights  contributed 
by  the  studies  became  the  technical  tools  used  to 
forge  a  negotiated  settlement  agreement  in  Decem- 
ber 1980.  The  agreement  ended  the  long-standing 
dispute  among  the  utilities,  regulatory  agencies, 
and  environmental  groups  regarding  plans  for  a 
pumped-storage  facility  at  Storm  Kjng  Mountain 
and  the  need  for  cooling  towers  at  several  operat- 
ing steam  electric  stations.  These  insights  also  pro- 
vide a  framework  for  research  and  monitoring 
tasks  that  have  continued.  In  spite  of  its  failure  to 
achieve  all  study  objectives,  the  Hudson  River 
studies  found  acceptable  solutions  to  the  major 
environmental  problems  posed  by  power  plants 
along  the  river.  (See  also  W90-04505)  (Author's 
abstract) 
W90-04528 


6B.  Evaluation  Process 


CROP  WATER  USE. 

Delta  Branch  Experiment  Station,  Stoneville,  MS. 
For  primary  bibliographic  entry  see  Field  3F. 
W90-03710 


WATER  RESOURCES  MANAGEMENT  PLAN, 
JACKSON  COUNTY,  MS. 

Waggoner  Engineering,  Inc.,  Jackson,  MS. 

J.  A.  Waggoner,  and  C.  H.  Williford. 

IN:    Proceedings   of  the   Nineteenth    Mississippi 

Water   Resources   Conference.   Water   Resources 

Research   Institute,   Mississippi   State   University, 

Mississippi  State,  MS.  1989.  p  17-26.  6  fig,  10  ref. 

Descriptors:  'Water  resources  management,  'Man- 
agement planning,  'Mississippi,  'Water  manage- 
ment, 'Water  demand,  'Water  supply,  'Potable 
water,  'Water  costs,  Economic  aspects,  Costs, 
Long-term  planning,  Comprehensive  planning, 
Water  districts. 

A  comprehensive  water  resources  evaluation  and 
management  plan  has  been  prepared  for  Jackson 
County,  Mississippi.  The  evaluation  indicated  that 
existing  groundwater  supplies  are  not  adequate  to 
meet  the  economic  development  needs  of  the 
county.  Analyses  found  the  Pascagoula  River  to  be 
the  best  long-term  alternate  source  of  supply  for 
serving  the  public  and  industrial  water  supply 
needs  of  the  county.  Evaluation  of  several  alterna- 
tives found  that  installation  of  a  county-wide  pota- 
ble water  supply  system  would  be  the  most  cost- 
effective  and  implementable  water  management 
option.  Estimates  indicated  that  the  program  cost 
would  range  from  67-95  million  dollars,  depending 
on  the  level  of  industrial  water  usage  on  the 
system.  Financial  analyses  indicated  a  probable 
unit  wholesale  cost  to  the  user  communities  in  the 
range  of  40  cents  to  one  dollar  and  twenty  cents/ 
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1,000  gallons,  depending  on  the  level  of  industrial 
usage,  special  sales  tax  income  and  sinking  fund 
development.  The  management  concept  consid- 
ered involved  formation  of  a  water  management 
district  to  construct,  operate  and  maintain  the  pro- 
posed facilities,  and  to  provide  water  to  the  user 
communities  based  on  contractual  agreements. 
(See  also  W90-03708)  (Author's  abstract) 
W90-03712 


ANNUAL  REPORT  1988. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
For  primary  bibliographic  entry  see  Field  3F. 
W90-03806 


PAST  DEVELOPMENTS  IN  PIPE  DRAINAGE 
AND  ITS  FUTURE  PROSPECTS. 

For  primary  bibliographic  entry  see  Field  3F. 
W90-03807 


WATER  AND  URBAN  LAND-USE  PLANNING 
IN  CALI,  COLOMBIA. 

Hawaii  Univ.  at  Manoa,  Honolulu.  Dept.  of  Geog- 
raphy. 

For  primary  bibliographic  entry  see  Field  6D. 
W90-03977 


RECONCILING  PUBLIC  OPINION  AND 
WATER  QUALITY  CRITERIA  IN  SOUTH 
AFRICA. 

Cape  Town  City  Council  (South  Africa).   City 

Planner's  Dept. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-03990 


CONFLICT  ANALYSIS  AND  MANAGEMENT 
ALTERNATTVE  FOR  THE  MANAYUNK 
CANAL. 

Villanova  Univ.,  PA.  Dept.  of  Civil  Engineering. 
R.  A.  Chadderton. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
5,  p  1041-1046,  October  1989.  1  tab,  15  ref. 

Descriptors:  'Pennsylvania,  'Water  resources  de- 
velopment, *Water  resources  management,  Hydro- 
electric power,  Recreation  demand,  Manayunk 
Canal,  Economic  aspects. 

The  solution  of  a  water  resource  allocation  prob- 
lem by  an  alternative  social  arrangement  is  present- 
ed. Classical  Austrian  economic  theory  and  the 
'new  resources  economics'  provide  both  theoreti- 
cal and  practical  evidence  to  support  the  develop- 
ment of  well-defined,  private  property  rights  to  the 
water  resource  in  question.  A  method  of  conflict 
analysis,  based  on  metagame  theory,  indicated  that 
five  possible  equilibria  could  resolve  the  conflicts 
over  use  of  the  Manayunk  Canal.  The  equilibrium 
outcome  that  most  represented  an  average  of  ac- 
ceptability by  all  parties  also  represented  a  com- 
promise in  usage  of  the  canal  resources.  Manage- 
ment by  a  firm  was  suggested  as  an  appropriate 
social  arrangement  to  maximize  net  social  benefits 
obtained  from  the  canal  resources.  Economic  cal- 
culations indicated  that  partial  use  of  canal  water 
to  generate  hydropower  would  not  be  profitable; 
more  complete  usage  would  be  required.  The  addi- 
tion of  recreational  development  to  the  hydropow- 
er scenario  would  increase  net  benefits.  The  firm 
would  maiciini7.fi  its  'profit'  by  generating  full  hy- 
dropower capacity  and  accommodating  recreation- 
al development.  Thus,  as  the  firm  acts  to  maximize 
'profit'  it  also  would  maximize  'net  social 
benefits.'(Author's  abstract) 
W90-04209 


HUMAN  PERCEPTION  OF  UTILIZATION  OF 
WETLANDS  FOR  WASTE  ASSIMILATION,  OR 
HOW  DO  YOU  MAKE  A  SILK  PURSE  OUT  OF 
A  SOWS  EAR. 

State  Univ.  of  New  York,  Syracuse.  Coll.  of  Envi- 
ronmental Science  and  Forestry. 
R.  C.  Smardon. 

IN:  Constructed  Wetlands  for  Wastewater  Treat- 
ment: Municipal,  Industrial  and  Agricultural. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  287- 


295,  lfig,  1  tab,  18  ref. 

Descriptors:  'Public  relations,  'Wastewater  treat- 
ment, 'Land  disposal,  'Public  opinion,  'Wetlands, 
•Value,  Biological  wastewater  treatment,  Water 
pollution  control,  Artificial  wetlands,  Macro- 
phytes,  History,  Illinois,  Des  Plaines  River  Dem- 
onstration Project. 

Two  aspects  of  the  use  of  wetlands  for  waste 
assimilation  are  reviewed  (1)  the  human  perception 
of  wetlands  from  a  historical  perspective  and  (2) 
how  people  perceive  environmental  quality  in  rela- 
tion to  odor,  water  quality,  and  wetland  quality 
and  a  data  gathering  framework  is  outlined  for 
assessing  public  perceptions  on  the  role  of  wet- 
lands in  water  quality  enhancement.  The  problems 
associated  with  changing  the  perceived  sow's  ear 
of  wetlands  into  a  perceived  silk  purse  are  formida- 
ble. Historic  values  and  perceptions  of  wetlands 
have  been  predominantly  negative.  Recent  empha- 
sis on  ecological  values  and  multifunctional  aspects 
have  'cleaned  up'  the  image  of  wetlands,  but  load- 
ing wetlands  with  wastewater  could  revive  the 
negative  imagery.  Too  little  is  known  of  the  human 
perception  of  environmental  quality  parameters  of 
wetlands,  particularly  odor,  water  quality,  and 
health  risk.  Perceived  environmental  quality  is  re- 
lated to  wetland  use,  which  outlines  a  framework 
for  determining  public  perceptions  and  enlisting 
public  support  for  wetlands  wastewater  treatment 
projects.  Steps  to  be  taken  include:  (1)  understand 
public  perception  of  (a)  specific  areas  to  be  used 
for  wetlands  wastewater  treatment  and  (b)  using 
wetlands  for  wastewater  treatment;  (2)  collect 
physical  site  user  data  and  determine  whether  wet- 
land site(s)  restrict  or  enhance  usage;  (3)  design 
interpretation/communication  packages  explaining 
the  process  of  wastewater  treatment  with  wet- 
lands, including  testing  and  retesting  to  assess 
changes  in  attitudes  or  perception;  and  (4)  incorpo- 
rate information  gained  in  design,  operation,  and 
management  of  wetlands  wastewater  treatment 
projects.  This  strategy  has  been  successful  so  far  in 
the  Des  Plaines  River  Wetlands  Demonstration 
Project  (Illinois)  and  is  likely  to  enhance  public 
acceptance  and  support  for  other  wetland  restora- 
tion programs  as  well  as  constructed  wetlands  used 
for  wastewater  treatment.  (See  also  W90-04392) 
(Rochester-PTT) 
W90-04417 


ANCILLARY  BENEFITS  OF  WETLANDS  CON- 
STRUCTED PRIMARILY  FOR  WASTEWATER 
TREATMENT. 

Western  Illinois  Univ.,  Macomb.  Inst,  for  Environ- 
mental Management. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04421 


OPTIMAL  CAPACITY  EXPANSION  OF  A 
WATER  RESOURCE  SYSTEM  AND  ISSUES  OF 
WATER  ALLOCATION  AND  USE:  UMATILLA 
RIVER  BASIN,  OREGON. 

Oregon  State  Univ.,  Corvallis.  Water  Resources 

Research  Inst. 

For  primary  bibliographic  entry  see  Field  6D. 

W90-04490 


HUDSON  RIVER  SETTLEMENT  AGREE- 
MENT: TECHNICAL  RATIONALE  AND  COST 
CONSIDERATIONS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
cnccs  Div. 

L.  W.  Barnthouse,  J.  Boreman,  T.  L.  Englert,  W. 
L.  Kirk,  and  E.  G.  Horn. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  267-273.  3  tab,  20  ref. 


negotiations  began  in  August  1979.  On  December 
19,  1980,  an  agreement  that  was  acceptable  to  all 
parties  was  reached.  As  an  alternative  to  building 
cooling  towers  at  the  Indian  Point,  Bowline  Point, 
and  Roseton  generating  stations,  the  utilities 
agreed  to  a  variety  of  technical  and  operational 
changes  intended  to  reduce  entrainment  and  im- 
pingement. In  addition,  they  agreed  to  supplement 
the  production  of  striped  bass  in  the  Hudson  River 
estuary  by  means  of  a  hatchery,  to  conduct  a 
biological  monitoring  program,  and  to  fund  an 
independent  research  foundation  for  study  of 
Hudson  River  environmental  problems.  Although 
the  settlement  costs  were  substantial,  they  were 
much  smaller  than  the  estimated  costs  of  construct- 
ing and  operating  cooling  towers.  The  settlement 
was  expected  to  provide  15-43%  (depending  on 
species)  of  the  impact  reduction  that  might  have 
been  obtained  with  cooling  at  approximately  10% 
of  the  cost.  (See  also  W90-04505)  (Author's  ab- 
stract) 
W90-04524 


WHAT  WE  DIDNT  LEARN  ABOUT  THE 
HUDSON  RTVER,  WHY,  AND  WHAT  IT 
MEANS  FOR  ENVIRONMENTAL  ASSESS- 
MENT. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
cnccs  T*^i  v, 

L.  W.  Barnthouse,  R.  J.  Klauda,  and  D.  S. 
Vaughan. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  329-335.  44  ref.  U.S.  Depart- 
ment of  Energy  Contract  DE-AC05-84OR21400. 

Descriptors:  'Thermal  powerplants,  'Nuclear 
powerplants,  'Hudson  River  Estuary,  'Environ- 
mental policy,  'Water  resources  management, 
'Environmental  effects,  Environmental  impact 
statement,  Legal  aspects,  Estuarine  fisheries. 

Many  of  the  major  objectives  of  utility-sponsored 
and  agency-sponsored  Hudson  River  research  pro- 
grams were  not  achieved.  Among  these  were  iden- 
tification and  quantification  of  regulatory  mecha- 
nisms and  discovery  of  factors  controlling  year- 
class  strength  in  striped  bass  and  other  important 
fish  populations.  Questions  about  community-level 
and  ecosystem-level  effects  were  not  seriously  ad- 
dressed. Because  of  these  limitations,  an  unambig- 
uous assessment  of  the  effects  of  power  plants  on 
the  long-term  production  and  persistence  of 
Hudson  River  fish  populations  was  not  possible.  It 
is  argued  that  the  failure  to  reach  a  scientifically 
defensible  'bottom  line'  was  largely  due  to:  (1) 
institutional  constraints  on  the  design  and  conduct 
of  assessment  studies;  (2)  the  complexity  and  spa- 
tiotemporal  variability  of  estuarine  ecosystems;  and 
(3)  the  inadequacy  of  existing  population  and  eco- 
system theory.  It  is  concluded  that,  for  the  foresee- 
able future,  estimates  of  short-term  impacts  on 
populations  will  continue  to  be  the  most  useful 
indices  of  power  plant  effects.  Long-term  monitor- 
ing and  basic  research  on  ecological  processes  in 
estuaries,  funded  and  managed  independently  of 
the  regulatory  process,  are  essential  to  improving 
future  environmental  impact  assessments.  (See  also 
W90-04505)  (Author's  abstract) 
W90-04529 


Descriptors:     'Thermal     powerplants,     'Nuclear 
powerplants,  'Hudson  River  Estuary,  *W; 
sources     management,     'Environmental     effects, 


'Water  re- 


Cooling  towers,  Legal  aspects,  Mitigation  meas- 
ures, Estuarine  fisheries,  Settlement  agreements, 
Costs. 

In  an  effort  to  end  litigation  over  open-cycle  cool- 
ing at  Hudson  River  power  plants,  out-of-court 


6C.  Cost  Allocation,  Cost  Sharing, 
Pricing/Repayment 


ARTHUR  YOUNG  GUIDE  TO  WATER  AND 
WASTEWATER  FINANCE  AND  PRICING. 

Young  (Arthur)  and  Co.,  Charlotte,  NC. 

G.  A.  Raftelis. 

Lewis  Publishers,  Inc.,  Chelsea,  Michigan.   1989. 

220  p. 

Descriptors:  'Water  systems,  'Water  rates,  'Fi- 
nancing, 'Pricing,  'Wastewater  facilities,  'Utili- 
ties, Prices,  Economic  aspects,  Management  plan- 
ning, Bond  issues,  Costs. 

One  of  a  water  and  wastewater  utility's  major 
objectives  is  to  provide  service  at  the  most  afford- 
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Field  6— WATER  RESOURCES  PLANNING 


Group  6C — Cost  Allocation,  Cost  Sharing,  Pricing/Repayment 


able  price.  At  the  same  time,  the  utility  must  see 
that  it  complies  with  appropriate  government  regu- 
lations and  that  adequate  funds  are  raised  to  main- 
tain the  utility  on  a  financially  self-sufficient  basis. 
The  book  is  organized  into  two  parts.  Part  I 
(Chapters  2  through  6)  deals  with  the  financial 
planning  challenges  of  a  utility.  Specifically  dis- 
cussed is  an  appropriate  process  for  developing  a 
financial  plan  with  effective  financing  vehicles. 
Chapter  2  provides  an  overview  of  this  process 
and  discusses  major  components  of  the  process. 
Chapter  3  discusses  short-term  financing  tech- 
niques such  as  fixed  rate  demand  notes,  tax-exempt 
commercial  paper,  and  variable  rate  demand  notes. 
Also  discussed  in  Chapter  3  are  credit  facilities  for 
short-term  financing  and  long-term  financing 
methods  such  as  general  obligation  bonds,  revenue 
bonds,  and  double-barrel  bonds.  Chapter  4  elabo- 
rates on  capital  recovery  charges,  an  increasingly 
popular  source  of  revenue  related  to  capital  facili- 
ties In  Chapter  5,  the  concept  of  privatization  as  a 
method  of  financing  capital  facilities  is  discussed. 
Chapter  6  recommends  a  process  for  selecting  an 
appropriate  financial  plan,  considering  such  factors 
as  short-term  and  long-term  interest  rates,  costs 
and  time  frames  of  long-term  issuance,  risks  associ- 
ated with  changing  market  conditions,  the  degree 
of  public  acceptance  of  the  financing  program, 
potential  tax  law  changes,  debt  capacity,  and 
timing  of  capital  improvements.  Part  II  of  the  book 
deals  with  water  and  wastewater  pricing.  In  Chap- 
ter 7,  an  overview  of  the  three-step  cost  determina- 
tion and  rate  setting  process  is  presented,  with 
subsequent  chapters  dealing  with  each  step  of  the 
process.  Establishing  water  and  wastewater  reve- 
nue requirements  is  discussed  in  Chapter  8.  Chap- 
ter 9  deals  with  allocating  revenue  requirements  to 
various  cost  components  and  classes  of  water  and 
wastewater  customers.  In  Chapter  10,  rate  design 
is  discussed.  Chapter  11  discusses  rate-setting 
trends  across  the  country  and  presents  the  results 
of  the  1988  Water  and  Wastewater  Rate  Survey. 
(Lantz-PTT) 
W9O-03810 


FUNDING  WASTEWATER  PROJECTS  WITH 
IMPACT  FEES. 

Camp,  Dresser  and  McKee,  Inc.,  Edison,  NJ. 
T.  C.  Schlette. 

Water  Environment  and  Technology,  Vol.  1,  No. 
3,  p  412-417,  November  1989. 

Descriptors:  'Wastewater  facilities,  'Financing, 
'Impact  fees,  Economic  aspects,  Legal  aspects, 
Case  studies,  Real  estate  development,  Capacity 
charges,   Developer  fees,  Municipal  wastewater. 

To  mitigate  the  cost  burden  on  existing  users  of 
providing  new  wastewater  projects  to  keep  up 
with  residential  and  commercial  development,  mu- 
nicipalities have  begun  to  use  impact  fees  (also 
known  as  developer  fees  or  capacity  charges). 
Impact  fees  are  designed  to  reflect  a  proportional 
relationship  between  costs  and  benefits,  provide  a 
clear  price  signal  to  those  entities  responsible  for 
the  increased  demand,  and  create  an  effective 
mechanism  for  reducing  the  residual  costs  (taxes  or 
user  charges)  of  capacity  expansion.  Frequently, 
impact  fees  are  used  for  large  centralized  facilities, 
but  they  may  be  used  for  off-site  road  improve- 
ments, parks,  and  affordable  housing.  The  'linkage' 
used  to  justify  the  latter  expenditures  is  not  always 
easy  to  establish.  Impact  fees  and  their  legal  ramifi- 
cations are  discussed,  including:  making  fees  equi- 
table, use  of  impact  fees  as  a  fiscal  management 
tool  rather  than  a  growth  control  tool,  significant 
court  cases  concerning  impact  fees,  fee  design  and 
alternative  methodologies,  implementation  of  an 
impact  fee,  and  a  hypothetical  case  study.  In  the 
case  study,  it  is  estimated  that  average  sewer 
charges  for  all  users  would  have  to  be  $150/yr, 
which  would  represent  a  50%  increase  for  existing 
users.  In  contrast,  if  the  municipality  were  to 
charge  a  $2,000  impact  fee  on  all  new  develop- 
ments, user  charges  would  be  reduced,  and  the 
costs  of  new  facilities  would  be  passed  on  to  the 
new  users.  By  funding  the  expansion  in  this  way, 
debt  service  fees  could  be  eliminated,  thus  reduc- 
ing the  overall  cost  per  new  user  by  $50/yr  for  20 
yr.  Through  proper  application  of  impact  fees  in 
conjunction  with  other  financial  mechanisms,  a 
more  equitable  system  of  cost  recovery  is  attain- 
able. (Rochester-PTT) 


W90-03955 


MAKING  THE  STATE  REVOLVING  FUND 
WORK:  THE  TENNESSEE  EXPERIENCE. 

Tennessee    Dept.    of   Health    and    Environment, 

Nashville. 

P.  E.  Davis,  A.  E.  Major,  and  J.  N.  Dunlap. 

Water  Environment  and  Technology,  Vol.  1,  No. 

3,  p  426-429,  November  1989. 

Descriptors:  'Tennessee,  'Water  Quality  Act,  'Fi- 
nancing, 'Wastewater  facilities,  State  revolving 
funds,  Grants,  Governmental  interrelations,  Envi- 
ronmental Protection  Agency. 

The  Water  Quality  Act  of  1987  authorized  the 
establishment  of  a  state  revolving  fund  (SRF)  pro- 
gram to  replace  federal  grants  for  wastewater 
projects.  Tennessee  established  a  SRF  administra- 
tion in  the  same  year.  The  state  was  one  of  the  first 
to  receive  (March  30,  1988)  approval  from  the 
Environmental  Protection  Agency  to  implement 
the  SRF  program.  Tennessee's  objectives  in  imple- 
menting the  SRF  program  are  to  create  a  self- 
sustaining  funding  program  and  maintain  a  high 
quality  of  life  by  taking  a  balanced  approach  to 
environmental  protection  and  economic  develop- 
ment. Tennessee's  SRF  program  provides  loans  to 
eligible  recipients  at  or  below  market  rate.  The 
interest  rate  is  based  on  an  index  of  the  recipient's 
ability  to  pay.  Among  the  types  of  projects  receiv- 
ing loans  under  the  SRF  are  wastewater  treatment 
facilities,  nonpoint  source  projects,  groundwater 
projects,  and  facility  planning/replanning  and 
design.  A  number  of  issues  were  raised  during  the 
development  and  negotiation  phases  of  the  Tennes- 
see SRJF  program.  These  include:  the  need  to  get 
away  from  the  'grants  mentality'  to  understanding 
the  nature  of  a  revolving  fund  concept;  the  differ- 
ence between  financial  institutions'  policies  on  refi- 
nancing and  the  EPA  requirements;  National  Envi- 
ronmental Policy  Act  review  procedures;  agree- 
ment by  Tennessee  to  ensure  recipients  compliance 
with  cross-cutting  federal  laws  and  authorities; 
letter  of  credit  problems;  and  problems  with  lever- 
aging and  guaranteeing  debt  service.  A 
Wastewater  Financing  Board  also  was  established 
in  the  SRF  legislation  with  the  mission  of  helping 
cities  audit  and  then  correct  operating  deficits  so  as 
to  make  themselves  eligible  for  SRF  loans.  (Roch- 
ester-PTT) 
W90-03958 


PRODUCTION,  COST,  AND  INCREASED  SA- 
LINITY IN  WATER. 

Central  Michigan  Univ.,  Mount  Pleasant.  Dept.  of 
Economics. 

D.  E.  Agthe,  and  J.  C.  Tinney. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  115,  No.  6,  p  824- 
828,  November  1989.  2  fig,  7  ref. 

Descriptors:  'Industrial  water,  'Saline  water, 
•Economic  aspects,  'Pricing,  Cost  sharing,  Hidden 
costs,  Process  water,  Damages. 

Water  customers  suffer  hidden  private  costs  if 
complete  price  information  is  not  provided  when 
the  salinity  of  water  increases.  Previous  attempts 
to  estimate  the  damages  or  hidden  costs  resulting 
from  increased  salinity  have  ignored  the  impact  on 
the  production  of  goods  made  with  the  more  saline 
water.  Assuming  rational  economic  behavior  and  a 
fixed  production  budget,  an  economic  rationale  is 
given  for  including  these  effects  in  future  damage 
estimates.  Since  water  most  often  is  used  as  an 
input  combined  with  other  inputs,  derived  demand 
analysis  should  be  used  in  future  damage-estimate 
studies  to  account  properly  for  shifts  in  water  use 
and  productivity  caused  by  the  unannounced  in- 
crease in  salinity.  It  is  clear  that  damages  are 
underestimated  when  lost  output  from  productivi- 
ty shifts  is  ignored.  An  informational  campaign  by 
the  water  utility,  if  clean-up  subsidies  are  ignored, 
may  be  the  best  way  to  eliminate  the  hidden  costs 
to  water  users.  (Author's  abstract) 
W90-O3981 


VALUING  ntRIGATION  WATER  IN  PUNJAB 
PROVINCE,  PAKISTAN:  A  LINEAR  PRO- 
GRAMMING APPROACH. 


Agency  for  International  Development,  Islamabad 

(Pakistan). 

M.  A.  Chaudhry,  and  R.  A.  Young. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

5,  p  1055-1061,  October  1989.  2  tab,  22  ref.  US 

Agency   for   International    Development   Project 

931-023609. 

Descriptors:  'Model  studies,  'Pakistan,  'Irriga- 
tion, 'Water  costs,  'Agriculture,  'Economic  as- 
pects, Irrigation  efficiency,  Water  resources  man- 
agement, Model  studies. 

Linear  programming  models  of  a  representative 
farm  in  a  district  of  Pakistan's  Punjab  Province  are 
formulated  for  the  purpose  of  estimating  the  value 
of  irrigation  water.  The  models  provide  for 
choices  among  several  irrigation  levels  for  each 
potential  crop.  Solutions  of  the  model  for  several 
water  supply  situations  provide  the  basis  for  ap- 
proximating the  total,  average,  and  marginal  values 
of  irrigation  water.  Prices  for  important  crops  in 
Pakistan  are  controlled  at  levels  below  their  levels 
elsewhere  in  the  world,  so  models  are  specified  for 
both  financial  (domestic  price)  and  economic 
(world  price)  scenarios.  The  value  of  water  to 
society  (its  economic  value)  is  high  relative  to  the 
costs  of  some  generally  available  water-augment- 
ing investments  while  financial  values,  which 
measure  water  management  and  allocation  incen- 
tives faced  by  farmers,  are  less  than  the  corre- 
sponding economic  values.  At  current  water 
supply  levels,  incremental  returns  to  added  water 
estimated  from  the  economic  model  would  justify 
investments  in  water-saving  or  water-augmenting 
technologies,  while  such  a  decision  would  be 
barely  attractive  assuming  current  prices.  Present 
government  commodity  price  policies  may  serve 
to  protect  low-income  and  non-farm  members  of 
the  population;  however,  they  also  inhibit  farmer 
investments  to  increase  the  productivity  of  scarce 
irrigation  water.  (Author's  abstract) 
W90-04211 


SAPHO20:  AN  AID  IN  WATER 
PLANNING(SAPHO20:  SYSTEME  D'AIDE  A 
LA  PLAND7ICATION  DE  L*EAU). 

Grenoble-2  Univ.  (France).  Centre  de  Recherche 
en  Informatique  Appliquee  aux  Science  Sociales. 
For  primary  bibliographic  entry  see  Field  6A. 
W90-04289 


COSTS  AND  FINANCING  OF  WATER  QUAL- 
ITY CONTROL. 

Georgia  Univ.,  Athens.  Inst,  of  Natural  Resources. 
R.  M.  North. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  187-199,  2  tab. 

Descriptors:  'Water  resources  development, 
•Urban  hydrology,  'Water  pollution  control,  'Fi- 
nancing, 'Cost  sharing,  'Water  policy,  'Water 
quality  management,  Loans,  Grants,  Water  quality 
control,  Economic  aspects. 

The  current  situation  in  financing  water  projects  is 
discussed,  with  note  made  that  grant  and  loan 
programs  comprise  more  than  half  of  the  total 
outlay.  Cost  sharing  provisions  of  the  President's 
water  policy  were  reviewed,  with  several  positive 
aspects  noted,  including:  full  recognition  of  vendi- 
ble outputs,  and  revenue  sharing  on  the  basis  of 
Federal-non-Federal  contributions.  Specific  prob- 
lems which  must  be  addressed  relative  to  a  work- 
able national  policy  for  financing  and  cost-sharing 
of  water  projects  were  identified  as:  proper  sources 
of  investment,  control  of  the  rate  of  investment, 
cost-sharing  levels,  basis  for  marketing  vendables, 
determination  of  national  interest  in  non-vendables, 
and  problems  of  managing  revenue  sharing.  (See 
also  W90-04338XLantz-PTT) 
W90-04359 
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WATER-USE  DATA  COLLECTION  PROGRAM 
IN  MISSISSIPPI.  .  „ 

Geological  Survey,  Jackson,  MS.  Mississippi  Dis- 
trict. 

J.  A.  Callahan,  and  N.  L.  Barber. 
IN:    Proceedings   of  the   Nineteenth   Mississippi 
Water  Resources   Conference.   Water   Resources 
Research   Institute,   Mississippi   State   University, 
Mississippi  State,  MS.  1989.  p  53-57.  5  fig,  4  ref. 

Descriptors:  'Mississippi,  *Water  use,  'Water 
demand,  'Water  requirements,  'Data  acquisition, 
•Data  collections,  Municipal  water,  Industrial 
water,  Agricultural  water,  Data  storage  and  re- 
trieval, Groundwater  basins,  Decision  making. 

During  1973,  in  recognition  of  the  need  for  accu- 
rate, consistent,  site-specific  information  on  water 
use,  the  U.S.  Geological  Survey  began  the  Missis- 
sippi Water-Use  Program  in  cooperation  with  the 
Miss.  State  board  of  Water  Commissioners  (now 
the  Miss.  Bureau  of  Land  and  Water  Resources). 
The  functions  of  the  program,  including  its  data 
system,  and  the  findings  of  the  program  in  terms  of 
public,  industrial  and  thermoelectric  power  uses  of 
water,  are  reviewed.  Total  withdrawals  by  county 
are  also  estimated  annually  for  agricultural  water 
use.  Every  five  years,  aggregated  water-use  statis- 
tics are  compiled  in  an  Aggregated  Water-Use 
Data  System,  which  is  used  to  provide  information 
for  a  national  report  on  estimated  water  use  in  the 
United  States.  Site-specific  water-use  information 
is  of  value  to  the  scientist  developing  groundwater 
models,  basin  budgets,  or  other  detailed  projects. 
Aggregated  data  are  most  useful  for  water  man- 
agement decisions,  water-use  trend  analysis,  and 
for  large-scale  hydrologic  studies.  (See  also  W90- 
03708)  (Friedmann-PTT) 
W90-03718 


IMPACT  ON  WATER  SUPPLIES. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-03924 

HYDROPOWER    OPTIMIZATION    VIA    SE- 
QUENTIAL QUADRATIC  PROGRAMMING. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  3E. 

W90-03975 


prove  upon  the  simulation  in  such  a  way  must  deal 
with  the  very  severe  data  limitations  facing  storm- 
water  modeling  in  the  developing  world.  In  this 
study  the  following  data  were  either  unavailable, 
imprecise,  or  laborious  to  collect  and  verify:  plans 
of  the  sewage  and  drainage  works;  land  use  and 
land  cover;  soils  and  runoff  coefficients;  historical 
rainfall-runoff  records;  nonpoint-source  pollutant 
loadings;  and  relations  between  population  density 
and  imperviousness.  The  linkage  between  the  opti- 
mization and  the  simulation  components  is  prob- 
ably the  weakest  point  in  the  procedure.  As  the 
number  of  surcharge  points  requiring  abatement 
increases,  so  does  the  number  of  development- 
relocation  constraints  that  must  be  appended  to  the 
multiobjective  model.  Not  only  can  this  become 
onerous,  but  with  more  than  one  new  constraint  it 
makes  more  complex  the  elucidation  of  trade-offs 
between  land-use  control  and  structural  methods 
of  runoff  management.  (Rochester-PTT) 
W90-03977 


WATER  AND  URBAN  LAND-USE  PLANNING 
IN  CALL  COLOMBIA. 

Hawaii  Univ.  at  Manoa,  Honolulu.  Dept.  of  Geog- 
raphy. 

M.  A.  Ridgley. 

Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  115,  No.  6,  p  753- 
774,  November  1989.  8  fig,  5  tab,  26  ref. 

Descriptors:  'Colombia,  'Water  resources  devel- 
opment, 'Urban  areas,  'Management  planning, 
'Water  demand,  'Developing  countries,  Biochemi- 
cal oxygen  demand,  Call,  Optimization,  Algo- 
rithms, Mathematical  models,  Flood  control,  Non- 
point  pollution  sources,  Regional  development. 

A  multiobjective  urban  land-use/water-resources 
model,  appropriate  for  use  in  less-developed  coun- 
tries (LDCs),  is  described  and  applied  to  Cali, 
Columbia.  Objectives  are  to  minimize  service  costs 
and  biochemical  oxygen  demand  (BOD)  loadings 
and  maximize  service  levels  while  accommodating 
population  growth.  Vector  optimization  based  on 
generating  techniques  allocates  new  residents  to 
potential  urban-expansion  zones  while  simulta- 
neously detennining  the  optimal  mix  of  various 
water-supply  and  sanitation  systems.  Potential 
flood  impacts  are  then  simulated  and  the  results 
used  to  constrain  development  in  critical  areas. 
Further  flood  control  and  reduction  of  nonpoint- 
source  pollution  via  detention  basins  are  examined. 
Postoptimality  analysis  shows  solutions  to  be  quite 
sensitive  to  estimated  water  consumption  and 
preset  density  limits.  A  more  sophisticated  simula- 
tion model  could  represent  the  runoff  and  routing 
processes  more  accurately  but  any  attempt  to  im- 


MASSIVE  WATER  SCARCITY  NOW  THREAT- 
ENING AFRICA-WHY  ISNT  IT  BEING  AD- 
DRESSED. 

Swedish  Natural  Science  Research  Council,  Stock- 
holm. 

M.  Falkenmark. 

AMBIO  AMBOCX,  Vol.  18,  No.  2,  p  112-118, 
1989.  7  fig,  1  tab,  17  ref. 

Descriptors:  'Water  scarcity,  'Africa,  'Semiarid 
lands,  'Water  supply  development,  'Projections, 
Water  demand,  Water  shortage,  Hydrologic  cycle, 
Future  planning,  Drought. 

Ways  have  to  be  found  to  improve  life  quality  and 
food  security  in  Africa's  semiarid  countries,  despite 
the  environmental  constraints  of  hydroclimatical- 
ly-induced  water  scarcity  and  the  considerable  in- 
terannular  fluctuations  that  characterize  the  natu- 
ral freshwater  supply.  A  water-stress  profile  is 
presented  on  both  the  role  of  improved  water 
supply  for  self-sufficient  crop  production  and  the 
number  of  individuals  jointly  depending  on  each 
flow  unit  of  waster  available  to  the  country  from 
the  water  cycle.  In  a  medium-term-perspective, 
water  will  not  be  readily  available  to  support  im- 
proved life  quality  for  growing  African  popula- 
tions. There  is  an  urgent  need  for  increased  aware- 
ness among  African  leaders  so  that  adequate  strate- 
gies can  be  made  for  development  under  condi- 
tions of  severe  water  scarcity.  Such  strategies  are 
urgently  needed  to  stop  the  present  multi-risk 
spiral  from  producing  repeated  collapses  during 
recurrent  drought  years.  (Author's  abstract) 
W90-O4O04 

CONFLICT  ANALYSIS  AND  MANAGEMENT 
ALTERNATIVE  FOR  THE  MANAYUNK 
CANAL. 

Villanova  Univ.,  PA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  6B. 
W90-04209 


Water  Demand — Group  6D 

ENERGY  FROM  THE  WEST:  SUMMARY 
REPORT. 

Oklahoma  Univ.,  Norman.  Science  and  Public 
Policy  Program. 

Report  No.  EPA  600/9-79-027,  August  1979.  38p. 
EPA  Contract  68-01-1916. 

Descriptors:  'North  America,  'Policy  making, 
'Water  resources  development,  'Energy  sources, 
'Water  use,  'Hydroelectric  power,  Colorado 
River,  Missouri  River,  Irrigation,  Indian  rights, 
Political  aspects,  Water  supply,  Water  conserva- 
tion, Environmental  impact. 

This  report  summarizes  the  results  of  a  3-year 
Technology  Assessment  of  Western  Energy  Re- 
source Development,  a  study  which  examined  the 
development  of  coal,  geothermal,  natural  gas,  oil, 
oil  shale,  and  uranium  resources  in  an  eight-state 
area  in  the  western  United  States  (Arizona,  Colora- 
do, Montana,  New  Mexico,  North  Dakota,  South 
Dakota,  Utah,  and  Wyoming).  Energy  develop- 
ment in  the  western  states,  particularly  electric 
power  generation  using  wet-cooling  technologies, 
will  add  to  current  water  availability  problems  and 
intensify  existing  political  conflicts  regarding  water 
resource  management.  The  most  important  water 
availability  issues  appear  to  be  the  following:  water 
shortages  in  the  Colorado  River  basin;  increased 
conflicts  in  the  Upper  Missouri  River  basin; 
damage  to  environmental  resources;  conflicts  with 
Indian  values;  and  restriction  or  elimination  of 
irrigated  agriculture.  If  policy  makers  try  to  meet 
the  expanded  needs  of  water  users,  two  general 
categories  of  policy  alternatives  can  be  considered: 
(1)  increase  water  supply  (augmentation);  or  (2) 
increase  the  use  of  existing  supplies  (conservation). 
Several  specific  alternatives  exist  in  each  of  these 
general  categories.  Policy  makers  could  take  a 
very  different  approach  by  explicitly  reducing  or 
eliminating  water  intensive  uses  in  some  areas, 
including  energy  development  and  irrigated  agri- 
culture. One  of  the  most  critical  issues  raised  by 
these  choices  is  where  the  political  authority  will 
rest.  (See  also  W78-00753  and  W90-04256)  (Lantz- 
PTT) 
W90-04269 


IRRIGATION  DEVELOPMENT  AND  MAN- 
AGEMENT ALTERNATIVES  OF  A  DOLOMITE 
AQUIFER  IN  NORTHEASTERN  ILLINOIS. 

Illinois  State  Water  Survey  Div.,  Champaign. 
For  primary  bibliographic  entry  see  Field  3F. 
W90-04213 

FROM  CROPLAND  TO  CONCRETE:  THE  UR- 
BANIZATION OF  FARMLAND  IN  VERGINIA. 

Virginia     Water     Resources     Research     Center, 

Blacksburg. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-04264 


WATER  CONSERVATION  SCENARIO  FOR 
THE  RESIDENTIAL  AND  INDUSTRIAL  SEC- 
TORS IN  CALIFORNIA:  POTENTIAL  SAV- 
INGS OF  WATER  AND  RELATED  ENERGY. 

Lawrence  Berkeley  Lab.,  CA.  Energy  and  Envi- 
ronmental Div. 

For  primary  bibliographic  entry  see  Field  3E. 
W90-04265 
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WATER  USE  FOR  ELECTRIC  POWER  GEN- 
ERATION. 

Woodward-Clyde    Consultants,    San    Francisco, 

CA. 

For  primary  bibliographic  entry  see  Field  3E. 

W90-04337 


OPTIMAL  CAPACITY  EXPANSION  OF  A 
WATER  RESOURCE  SYSTEM  AND  ISSUES  OF 
WATER  ALLOCATION  AND  USE:  UMATILLA 
RIVER  BASIN,  OREGON. 

Oregon  State  Univ.,  Corvallis.  Water  Resources 
Research  Inst. 

B.-H.  Lin,  R.  G.  Kraynick,  and  H.  H.  Stoevener. 
Water  Resources  Research  Institute,  Oregon  State 
University,  Corvallis,  OR.  Feb.  1983.  Final  Tech- 
nical Completion  Report  for  Project  No.  A-046- 
ORE.  167p.  6  fig,  5  tab,  56  ref,  2  append. 

Descriptors:  'Water  resources  development, 
'Water  allocation,  'Optimum  development  plans, 
'Oregon,  Water  requirements,  Economic  aspects, 
Water  rights,  Model  studies. 

Most  recent  research  regarding  the  design  of  opti- 
mal capacity-expansion  plans  for  water  resource 
systems  has  emphasized  minimization  of  total  cost, 
given  an  increasing  schedule  of  water  require- 
ments. This  focus  limits  the  full  applicability  of 
optimal  capacity  expansion  techniques  by  inad- 
equately treating  the  criteria  of  economic  efficien- 
cy. This  study  explores  scheduling  water  resource 
project  facilities  based  on  anticipated  economic 
benefits  provided.  The  Umatilla  River  Basin  in 
northeast  Oregon  was  analyzed  with  optimal  ca- 
pacity expansion  techniques.  The  objective  was  to 
increase  the  net  benefits  from  irrigated  agriculture 
and  fisheries  enhancement.  A  basic  scheduling 
model  for  irrigation  and  instream  flow  mainte- 
nance was  implemented  for  the  study  area  and  for 
alternate  projects.  The  ramifications  of  exchange- 
theoretic    and    distribution-theoretic    criteria    on 
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Field  6— WATER  RESOURCES  PLANNING 


Group  6D— Water  Demand 

timing  of  facilities  and  ultimate  allocation  of  water 
among  purposes  were  then  examined.  The  model, 
designed  along  interger  programming  lines,  maxi- 
mized the  present  value  of  net  benefits.  By  optimal- 
ly timing  the  facilities,  the  total  present  value  of 
net  benefits  of  the  project  could  be  significantly 
enhanced  when  compared  to  the  original  schedule 
proposed  in  the  project  planning  documents.  Of 
great  interest  was  the  issue  of  incorporating  into 
the  planning  process  (and  specifically  into  the  ca- 
pacity expansion  mode  of  planning)  considerations 
of  appropriative  doctrine  water  rights  exchange- 
able in  legal  transfers  between  project  beneficiaries 
or  contestable  in  court.  These  interrelationships 
were  explored  paying  particular  attention  to  the 
way  in  which  exchanges  of  water  (via  water  rights 
transfers)  could  establish  higher  levels  of  benefits 
in  future  years.  Noneconomic  processes  such  as 
enforcement  of  extant  property  rights  relating  to 
water  resources  are  another  issue  which  compli- 
cates water  planning.  Ways  were  explored  by 
which  the  basic  model  may  be  modified  and  used 
to  take  into  account  those  problems.  (Author's 
abstract) 
W90-04490 


TECHNICAL  DESCRIPTIONS  OF  HUDSON 
RIVER  ELECTRICITY  GENERATING  STA- 
TIONS. 

Orange  and  Rockland  Utilities,  Inc.,  Pearl  River, 
NY. 

J.  B.  Hutchison. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  113-120.  7  fig,  6  ref,  4  append. 

Descriptors:  'Thermal  powerplants,  •Environmen- 
tal effects,  "Hudson  River  Estuary,  'Water  use, 
•Water  resources  development,  'Nuclear  power- 
plants,  Fossil  fuel  plants. 

Six  fossil-fueled  and  one  nuclear  electricity  gener- 
ating plants  are  sited  along  the  Hudson  River 
estuary  between  kilometers  8  and  228,  measured 
from  the  river  mouth.  Their  aggregate  rated  capac- 
ity is  5,798  MW  of  electricity;  operating  at  that 
capacity  they  would  withdraw  cooling  water  from 
the  river  at  the  rate  of  1.5  x  10  to  the  9th  power  cu 
m/d  and  reject  heat  at  the  rate  of  155  x  10  to  the 
9th  power  kcal/d.  Three  of  these  plants,  the  fossil- 
fueled  Roseton  and  Bowline  and  the  nuclear  Indian 
Point  facilities,  account  for  75%  of  total  rated 
capacity,  62%  of  maximum  water  withdrawal,  and 
79%  of  potential  heat  rejection.  These  three  plants 
and  a  proposed  (but  never  built)  pumped-storage 
facility  at  Cornwall,  all  sited  between  km  60  and 
106,  were  the  focus  of  environmental  litigation. 
The  Indian  Point  plant  normally  operates  at  100% 
generation  capacity;  the  other  plants  may  experi- 
ence daily  operating  load  changes  that  vary  from 
approximately  50%  to  100%  of  total  generation 
capacity,  depending  on  system  electrical  demand 
or  economic  considerations.  All  plants  experience 
periodic  unscheduled  outages  for  repairs.  (See  also 
W90-04505)  (Author's  abstract) 
W90-04511 


6E.  Water  Law  and  Institutions 


SCIENTIFIC,  TECHNICAL  AND  REGULA- 
TORY CONSIDERATIONS  IN  ENVIRONMEN- 
TAL MANAGEMENT. 

Alaska  State  Dept.  of  Environmental  Conserva- 
tion, Juneau.  Water  Quality  Management  Section. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-03625 


SUMMARY  OF  THE  1986  AMENDMENTS  TO 
THE  SAFE  DRINKING  WATER  ACT. 

Environmental  Protection  Agency,  Atlanta,  GA 

Region  IV 

W.  B.  Crum. 

IN:    Proceedings   of  the    Nineteenth    Mississippi 

Water   Resources   Conference.   Water   Resources 

Research   Institute,   Mississippi   State   University, 

Mississippi  State,  MS.  1989.  p  27-32.  6  tab,  5  ref. 

Descriptors:  'Safe  Drinking  Water  Act,  'Water 
law.  'Water  policy,  'Administrative  regulations. 


•Drinking  water,  'Water  quality  control,  'Water 
quality  standards,  Coliforms,  Heavy  metals,  Trace 
elements.  Organic  compounds,  Radioisotopes. 

The  Safe  Drinking  Water  Act  (SDWA)  of  1974 
includes  legislation  that  gives  the  Environmental 
Protection  Agency  (EPA)  ultimate  authority  over 
all  public  water  supplies.  The  1986  amendments  ot 
the  SDWA  require  that  EPA  develop  numerical 
standards  or  a  treatment  technique  for  83  drinking 
water  contaminants  based  upon  the  degree  to 
which  the  contaminants  can  be  removed  using  best 
available  treatment  technologies.  The  83  contami- 
nants that  are  regulated  according  to  the  amend- 
ments, including  volatile  organic  chemicals,  mi- 
crobes, inorganic  compounds  and  heavy  metals, 
organic  compounds  and  radionuclides,  are  listed. 
Also,  proposed  maximum  contaminant  level  goals 
per  proposed  rules  for  other  synthetic  organic 
chemicals,  volatile  organic  chemicals,  radionu- 
clides, total  coliforms,  and  inorganic  chemicals,  as 
stipulated  in  the  amendments,  are  listed.  (See  also 
W90-03708)  (Friedmann-PTT) 
W90-03713 


SAFE    DRINKING    WATER     ACT:    AMEND- 
MENTS, REGULATIONS  AND  STANDARDS. 

For  primary  bibliographic   entry   see  Field   5G. 
W90-03730 


HISTORICAL  DEVELOPMENT  OF  THE  NA- 
TIONAL PRIMARY  DRINKING  WATER  REG- 
ULATIONS. 

Environmental  Protection  Agency,  Boston,  MA. 

Water  Supply  Branch. 

For  primary  bibliographic  entry   see   Field   5G. 

W90-03731 


OVERVTEW  OF  THE  CURRENT  NATIONAL 
PRIMARY  DRINKING  WATER  REGULA- 
TIONS AND  REGULATION  DEVELOPMENT 
PROCESS. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Drinking  Water. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-03732 


COMPLIANCE  BY  PUBLIC  WATER  SUPPLY 
SYSTEMS  WITH  NATIONAL  PRIMARY 
DRINKING  WATER  REGULATIONS. 

Environmental  Protection  Agency,  Boston,  MA. 

Water  Supply  Branch. 

For  primary  bibliographic  entry  see   Field   5G. 

W90-03739 


DRINKING  WATER  QUALITY  AND  WATER 
TREATMENT  PRACTICES:  CHARTING  THE 
FUTURE. 

Massachusetts    Univ.,    Amherst.    Div.    of  Public 

Health. 

For  primary  bibliographic  entry  see  Field  5F. 

W9O-0374O 


WATER  RIGHTS  DOCTRINES  AS  LIMITA- 
TIONS ON  WATER  RESOURCES  DEVELOP- 
MENT. 

Virginia  Polytechnic  Inst.,  Blacksburg.  Water  Re- 
sources Research  Center. 
W.  R.  Walker,  and  W.  E.  Cox. 
Virginia  Water  Resources  Research  Center  Final 
Technical  Completion  Report,  November  16,  1977. 
8  p.  Agreement  14-31-001-3361,  OWRT  Project 
No.  B-040-VA(l). 

Descriptors:  'Water  rights,  'Water  resources  de- 
velopment, Water  use,  Water  transfer,  Water  law. 
State  jurisdiction,  Federal  jurisdiction. 

A  project  was  conducted  to  identify  areas  where 
water  rights  doctrines  hold  the  potential  to  frus- 
trate efficient  water  resources  development  and 
utilization.  More  specific  objectives  include:  (1)  to 
determine  the  extent  to  which  waste  and  inefficient 
uses  are  prohibited;  (2)  to  evaluate  constraints  on 
transfer  of  water  to  more  efficient  uses;  (3)  to 
identify  biases  against  certain  types  of  use,  e.g., 
instream  uses;  (4)  to  assess  the  significance  of  im- 


pediments to  transfer  water  from  areas  of  surplus 
to  areas  of  deficit;  (5)  to  identify  water  rights 
uncertainties  that  adversely  affect  maximization  of 
benefit;  (6)  to  evaluate  the  extent  and  impact  of 
compartmentalization  of  the  hydrologic  cycle 
within  the  water  doctrines;  and  (7)  to  develop 
recommendations  for  water  law  modifications  to 
alleviate  existing  problems.  The  majority  of  the 
research  effort  was  devoted  to  analysis  of  state 
status  and  decisions  of  state  supreme  courts  con- 
cerning water  use.  Research  has  indicated  that  all 
the  potential  problem  areas  explored  serve  to 
impede  effective  water  utilization  to  some  degree 
in  certain  situations.  However,  the  occurrence  and 
severity  of  specific  problems  varies  considerably 
among  the  individual  states.  (Lantz-PTT) 
W90-03741 


WATER   RESOURCE   MANAGEMENT:   INTE- 
GRATED POLICIES. 

Organization  for  Economic  Co-Operation  and  De- 
velopment, Paris  (France). 
For  primary  bibliographic  entry  see  Field  6A. 
W90-03746 


REGULATORY  IMPACT  ANALYSIS  OF  THE 
PROPOSED  REGULATIONS  FOR  SEWAGE 
SLUDGE  USE  AND  DISPOSAL. 

Environmental   Protection   Agency,   Washington, 

DC.  Economic  Analysis  Div. 

A.  Jones,  L.  Knight,  and  D.  Meyers. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB89- 136634. 

Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 

January  18,  1989.  45  lp,  2  append. 

Descriptors:  'Sludge  disposal,  'Sludge  utilization, 
•Regulations,  "Economic  effects,  'Waste  disposal, 
Municipal  wastewater,  Landfills,  Incineration, 
Ocean  dumping,  Land  disposal,  Wastewater  treat- 
ment, Case  studies,  Public  health. 

The  economic  impacts  of  proposed  regulations 
pertaining  to  the  use  and  disposal  of  sewage  sludge 
generated  by  publicly  owned  treatment  works  are 
evaluated.  The  analysis  also  evaluates  the  impacts 
associated  with  three  other  regulatory  options, 
each  reflecting  a  different  set  of  regulatory  require- 
ments and  varying  levels  of  stringency.  Six  con- 
ventional sludge  use  and  disposal  practices  are 
addressed:  (1)  landfilling,  (2)  incineration,  (3) 
ocean  disposal,  (4)  surface  disposal,  (5)  distribution 
and  marketing,  and  (6)  land  application.  A  profile 
is  provided  of  the  wastewater  treatment  industry, 
with  an  analysis  of  the  costs  associated  with  com- 
plying with  the  proposed  regulation  and  the  three 
other  regulatory  options,  as  well  as  a  case  study 
analysis  to  assess  the  impacts  of  pretreatment  as  it 
pertains  to  the  proposed  regulation  baseline  health 
risks  of  sludge  use  and  disposal  are  summarized 
and  the  benefits  (expressed  as  the  reduction  in 
health  risks)  associated  with  the  proposed  regula- 
tion are  estimated.  (Author's  abstract) 
W90-03761 


PUBLIC     POLICY     ON     GROUND     WATER 
QUALITY  PROTECTION. 

For  primary   bibliographic   entry  see   Field   5G. 
W90-03771 


UNDERGROUND  INJECTION  PROGRAM 
UNDER  THE  NATIONAL  SAFE  DRINKING 
WATER  ACT. 

New  Mexico  State  Univ.,  Las  Cruces. 

For  primary  bibliographic   entry   see   Field   5G. 

W90-03782 


IMPACT  OF  FEDERAL  LEGISLATION 
OTHER  THAN  THE  SAFE  DRINKING  WATER 
ACT  ON  GROUND- WATER  PROTECTION. 

Environmental   Protection   Agency,   Washington, 

DC.  Criteria  and  Standards  Div. 

For  primary  bibliographic   entry  see   Field   5G. 

W90-03783 
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STATE  APPROACH  TO  GROUND-WATER 
PROTECTION:  THE  PENNSYLVANIA  EXPE- 
RIENCE. 

Pennsylvania  Dept.  of  Environmental  Resources, 

Harrisburg.  Ground  Water  Section. 

For  primary  bibliographic  entry  see  Field   5G. 

W9O-03784 


STATE  APPROACH  TO  GROUND-WATER 
QUALITY  PROTECTION:  THE  ILLINOIS  EX- 
PERIENCE. 

Illinois  State  Environmental  Protection  Agency, 
Springfield.  Div.  of  Land  Pollution  Control. 
For  primary  bibliographic  entry   see  Field   5G. 
W90-03785 

ROLE  OF  INTERSTATE  COMMISSIONS  IN 
GROUND-WATER  PROTECTION:  THE  SUS- 
QUEHANNA RIVER  BASIN  COMMISSION 
PERSPECTIVE. 

Susquehanna  River  Basin  Commission,  Mechanics- 
burg,  PA. 
J.  Hollowell. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  124-129,  1  ref. 

Descriptors:  'Interstate  commissions,  'Ground- 
water quality,  'Regulations,  'Susquehanna  River 
Basin,  'Water  pollution  prevention,  'Pennsylvania, 
Water  quality  control,  Standards,  Legislation, 
Monitoring. 

The  Susquehanna  River  Basin  Commission  has  the 
legislative  authority  to  assume  jurisdiction  to  'pre- 
serve, protect,  improve,  and  develop  the  quality  of 
the  waters  of  the  basin  in  accordance  with  the 
Comprehensive  Plan,'  with  'waters'  defined  as  in- 
cluding both  surface  and  underground  waters. 
However,  the  Commission  has  assumed  a  policy 
'to  encourage  and  coordinate  the  efforts  of  the 
signatory  parties  to  prevent,  reduce,  control,  and 
eliminate  water  pollution  and  to  maintain  water 
quality  as  required  by  the  Comprehensive  Plan.'  In 
this  role,  the  Commission  at  present  has  chosen  to 
review  and  evaluate  the  signatory  parties'  regula- 
tory programs  governing  underground  waste  dis- 
charges, rather  than  assume  a  more  active  regula- 
tory role.  Commission  concern  and  action  was 
reflected  in  the  recent  adoption  of  a  resolution 
seeking  cooperative  action  and  support  by  the  sig- 
natory agencies  to:  (1)  impose  more  stringent  re- 
quirements in  the  submission  of  information  on 
waste  characteristics,  subsurface  environment,  and 
design  of  disposal  systems  as  part  of  the  permit 
applications;  (2)  require  all  compliance  monitoring 
samples  be  conducted  by  a  state-certified  laborato- 
ry; (3)  conduct  on-site  evaluations  of  proposed 
disposal  areas  in  cases  where  toxic  or  nonbiodegra- 
dable substances  are  a  potential  in  the  effluent  and 
require  appropriate  pretreatment  and  stringent 
monitoring;  and  (4)  assure  proper  staff  evaluation 
of  permit  application  by  charging  a  permit  applica- 
tion and  compliance  monitoring  fee.  (See  also 
W90-03771)  (Lantz-PTT) 
W90-03786 


INSTITUTIONAL  REQUIREMENTS  FOR 
GROUND-WATER  PROTECTION:  THE  NA- 
TIONAL WATER  COMMISSION  VTEW. 

Camp,  Dresser  and  McKee,  Inc.,  Belmont,  CA. 
Water  Resources  Div. 
H.  O.  Banks. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  144-154,  12  ref. 

Descriptors:  'Groundwater  quality,  'Water  pollu- 
tion prevention,  'Water  resources  institutes,  'Insti- 
tutional constraints,  Water  resources  development, 
Water  resources  management,  Water  management, 
Groundwater  management,  Surface  water,  Land 
use,  Federal  jurisdiction,  State  jurisdiction,  Admin- 
istrative agencies,  Policy  making,  Water  law,  Qual- 
ity control,  National  Water  Commission. 


The  National  Water  Commission  considered  a 
wide  variety  of  subjects  relating  to  the  water  re- 
sources of  the  nation,  and  to  water-resource  utiliza- 
tion and  development.  Of  particular  interest  are 
reports  on  state  water  laws;  on  groundwater  law, 
management,  and  administration;  and  on  ground- 
water management.  The  Commission  completed  its 
work  and  submitted  it  final  reports,  incorporating 
conclusions  and  recommendations,  to  the  President 
and  the  Congress  in  1973.  The  commission  recom- 
mended: (1)  Comprehensive  conjunctive  manage- 
ment of  surface  and  groundwater  resources  under 
state  law;  (2)  extension  of  the  regulatory  and  en- 
forcement authority  of  the  Environmental  Protec- 
tion Agency  to  groundwater,  but  with  a  more 
rational  basis  for  setting  water-quality  standards; 
(3)  increased  emphasis  on  protection  of  ground- 
water quality;  (4)  vesting  of  primary  responsibility 
for  groundwater  quality  control  in  the  states;  (5) 
enactment  of  comprehensive  state  statutes  for  con- 
trol, protection,  and  management  of  surface  and 
ground  waters;  (6)  creation  of  public  water  re- 
source-management agencies  with  broad  powers; 
(7)  greater  attention  by  congress  and  federal  agen- 
cies to  groundwater  problems,  protection,  and 
management;  and  (8)  regulation  of  land  use  by  the 
states  or  local  political  subdivisions  as  necessary  to 
control  or  eliminate  adverse  effects  on  groundwat- 
er quality  resulting  from  land  uses.  The  recommen- 
dations of  the  National  Water  Commission  offer  a 
sound  basis  for  management  of  the  nation's 
groundwater  resources,  including  protection  of 
groundwater  quality.  However,  it  appears  that 
little  has  been  done  to  implement  those  recommen- 
dations since  the  Commission's  reports  in  1973. 
(See  also  W90-03771)  (Lantz-PTT) 
W90-03788 


INSTITUTIONAL  REQUIREMENTS  FOR 
GROUND-WATER  PROTECTION:  THE  NA- 
TIONAL WATER  WELL  ASSOCIATION  VTEW. 

National  Water  Well  Association,  Worthington, 
OH. 

J.  H.  Lehr. 

IN:  Public  Policy  on  Ground  Water  Quality  Pro- 
tection. Proceedings  of  a  National  Conference, 
April  13-16,  1977,  at  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia.  Virgin- 
ia Water  Resources  Research  Center,  Blacksburg, 
Virginia.  (1977).  p  155-158. 

Descriptors:  'Groundwater  quality,  'Water  pollu- 
tion prevention,  'Water  resources  institutes,  'Insti- 
tutional constraints,  Water  law,  Regulations,  Fed- 
eral jurisdiction,  State  jurisdiction,  Interagency  co- 
operation, National  Water  Well  Association. 

It  takes  nothing  less  than  a  bureaucrat  to  cope  with 
the  myriad  requirements  mandated  in  public  laws, 
whether  they  be  the  Water  Pollution  Control  Act, 
the  Safe  Drinking  Water  Act,  the  Toxic  Sub- 
stances Control  Act,  or  the  Resource  Conservation 
and  Recovery  Act.  The  result  is  an  increase  of 
bureaucrats  in  Washington  and  a  concurrent  ex- 
pansion of  the  scientific  community  throughout 
state  governments.  What  is  needed  in  Washington 
today  is  logistical  support  for  the  state  professional 
water  scientist  and  regulator  so  that  they  can  make 
the  solution  fit  the  problem  at  the  most  pragmatic 
level.  We  may  be  approaching  the  point  where  the 
least  rigid  regulation  is  the  best  regulation.  As  state 
after  state  becomes  concerned  about  its  potential 
groundwater  pollution  problems,  good  things  are 
happening  without  the  prod  of  federal  legislation. 
It  is  hoped,  therefore,  that  the  besieged  personnel 
throughout  the  Environmental  Protection  Agen- 
cy's water  and  waste  program  offices  can  find  it 
possible  within  the  law  to  govern  best  by  govern- 
ing least.  (See  also  W90-03771)  (Lantz-PTT) 
W90-03789 


UTTLITY      OF      ENVIRONMENTAL      FATE 
MODELS  TO  REGULATORY  PROGRAMS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Research  and  Development. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03838 


GROUNDWATER  POLLUTION  LITIGATION 
IN  THE  FEDERAL  COURTS:  AN  EVALUA- 
TION OF  THREE  NEW  PRTVATE  REMEDIES. 


Office  of  the  Associate  Attorney  General,  Wash- 
ington, DC.  Land  and  Natural  Resources  Div. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-03898 


CSO  PARTNERSHIP:  CITIES  JOIN  FORCES 
ON  COMBINED  SEWERS. 

Greeley  and  Hansen,  Camp  Springs,  MD. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-03954 


WATER    QUALITY    2000:   BUILDING    A   NA- 
TIONAL CONSENSUS. 

For  primary  bibliographic   entry  see  Field   5G. 
W90-03957 


PCB-POLLUnON  PROBLEM  IN  THE  UPPER 
HUDSON  RIVER:  FROM  ENVIRONMENTAL 
DISASTER  TO  'ENVIRONMENTAL  GRID- 
LOCK'. 

Barnard  Coll.,  New  York.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04026 


ENVIRONMENTAL  QUALITY  OBJECTIVES 
AND  EFFLUENT  CONTROL. 

Water  Research  Centre,  Medmenham  (England). 
For  primary  bibliographic  entry  see  Field  5G. 
W90-04092 


DETERMINATION  OF  AN  OPTIMAL  POLICY 
FOR  PROTECTING  GROUND  WATER  QUAL- 
ITY. 

Economic  Research  Service,  Washington,  DC.  Re- 
sources and  Technology  Div. 
For  primary  bibliographic   entry  see  Field   5G. 
W90-04174 


NEW  JERSEY'S  PROGRAM. 

New  Jersey  Dept.  of  Environmental  Protection, 

Trenton.  Div.  of  Water  Resources. 

For  primary  bibliographic  entry   see   Field   5G. 

W90-04227 

LOCAL     OPTIONS     FOR     GROUNDWATER 
PROTECTION. 

For  primary  bibliographic   entry  see  Field   5G. 
W90-04228 


CLASSIFYING  AQUIFERS. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-04229 


FEDERAL  INVOLVEMENT  IN  GROUNDWAT- 
ER PROTECTION. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Ground- Water  Protection. 

For  primary  bibliographic   entry  see  Field   5G. 

W90-04231 


LEGAL  AUTHORITY  TO  PROTECT  GROUND- 
WATER IN  VIRGINIA. 

M.  T.  Jacks. 

IN:  Virginia's  Groundwater.  Proceedings  of  a 
Symposium  Organized  by  the  Environmental  De- 
fense Fund,  November  9-10,  1983.  Virginia  Poly- 
technic Institute  and  State  University,  Blacksburg. 
1984.  p  86-89. 

Descriptors:  'Groundwater  management,  'Virgin- 
ia, 'Legislation,  'Regulations,  'Groundwater  qual- 
ity, 'Water  quality  control,  Water  pollution  pre- 
vention, State  jurisdiction,  Institutions. 

The  General  Assembly  of  Virginia  has  enacted  the 
State  Water  Control  Law,  whereby  state  waters 
are  defined  to  include  all  waters,  both  on  the 
surface  and  under  the  ground.  As  a  result,  the  term 
'state  waters'  includes  groundwater.  Section  2  of 
the  law  asserts  that  it  is  the  Commonwealth's 
policy  to  protect  existing  high  quality  state  waters 
and  restore  other  state  waters  to  a  condition  that 
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will  permit  all  reasonable  public  uses  and  will 
support  the  propagation  and  growth  of  all  aquatic 
life  and  game  fish  that  might  reasonably  be  expect- 
ed to  inhabit  those  waters.  Section  5  of  the  Law 
declares  that  it  is  against  public  policy  to  discharge 
harmful  substances  or  inadequately  treated  wastes 
into  state  waters  or  to  otherwise  alter  the  proper- 
ties of  state  waters  to  make  them  detrimental  to 
public  health,  to  animal  or  aquatic  life,  for  domes- 
tic or  industrial  consumption,  or  for  recreation  or 
other  uses.  Section  34  relates  to  discharge  of  oil 
into  state  waters  (including  groundwater).  This 
provision  makes  any  person,  firm,  or  corporation 
liable,  without  fault,  for  causing  or  permitting  a 
discharge  of  oil  into  state  waters  or  owning  any 
facility,  vessel,  or  vehicle  from  which  there  is  a 
discharge  of  oil  into  state  waters.  Section  15  of  the 
Water  Control  Law  establishes  the  duty  and  the 
authority  of  the  State  Water  Control  Board 
(SWCB)  to  supervise  and  control  the  quality,  man- 
agement, and  distribution  of  all  state  waters  and  to 
enforce  and  administer  the  Water  Control  Law. 
Virginia's  principal  means  of  protecting  the  quanti- 
ty of  groundwater  is  the  Groundwater  Act  of 
1973.  The  act  provides  that  the  SWCB  can  declare 
an  area  a  groundwater  management  area  if  it  finds 
that  groundwater  levels  there  have  been,  or  are, 
declining,  or  that  wells  in  that  area  interfere  with 
one  another,  or  that  the  available  groundwater 
supply  is,  or  is  about  to  be,  overdrawn  or  polluted. 
The  final  areas  of  the  law  applicable  to  the  protec- 
tion of  groundwater  quality  in  Virginia  are  hazard- 
ous waste  and  solid  waste  laws  enforced  by  the 
State  Board  of  Health.  (See  also  W90-04221) 
(Lantz-PTT) 
W90-04232 


PROGRAMS  TO  PROTECT  GROUNDWATER 
IN  VIRGINIA. 

Virginia  State  Water  Control  Board,  Richmond. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-04233 


LAND   APPLICATION   AND   DISTRIBUTION 
AND  MARKETING  OF  SEWAGE  SLUDGE. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-04273 


LETS  LOOK  AT  SOME  LEGAL  IMPLICA- 
TIONS OF  STREAMFLOW  FORECASTING. 

Stetson  Engineers,  Inc.,  San  Francisco,  CA. 
T.  M.  Stetson. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
312-321,  12ref. 

Descriptors:  'Streamflow  forecasting,  'Water  allo- 
cation, *Water  law,  *Legal  aspects,  'Colorado 
River,  Colorado  River  Compact,  Water  rights, 
California,  Arizona,  Nevada,  Water  supply. 

Congressman  Frank  Mondell  of  Wyoming  was 
responsible  for  the  legislation  which  became  law 
on  August  19,  1921  which  authorized  the  seven 
states  of  the  Colorado  River  Basin  to  enter  into  an 
agreement  to  apportion  the  waters  of  the  Colorado 
River.  This  resulted  in  the  Colorado  River  Com- 
pact, which  was  signed  at  Santa  Fe,  New  Mexico, 
in  1922.  Briefly  stated,  it  divided  the  water  supply 
of  the  Colorado  River  between  the  Upper  Colora- 
do River  Basin  and  the  Lower  Colorado  River 
Basin  at  what  is  known  as  the  Compact  Point,  Lee 
Ferry,  Arizona.  Immediately  after  the  Colorado 
River  Compact  was  signed,  strenuous  efforts  were 
made  to  get  a  large  dam  and  reservoir  constructed 
on  the  Colorado  River  at  or  near  Boulder  Canyon 
to  provide  flood  protection  and  to  firm  up  water 
supplies  for  Lower  Basin  water  users.  The  Swing- 
Johnson  bill,  which  finally  resulted  in  the  Boulder 
Canyon  Project  Act  and  the  construction  of  the 
Project,  including  Hoover  Dam  and  Lake  Mead, 
was  signed  on  December  21,  1928.  The  quantity  of 
the  water  supply  of  the  Colorado  River  was  the 
most  important  factual  question  in  the  Arizona  vs. 
California  litigation  of  the  1950's.  The  legal  impli- 


cations from  this  litigation  and  subsequent  projects 
can  be  succinctly  stated:  law  suits.  Unfortunately, 
law  suits  may  end  up  redistributing  water  supplies 
but  they  seldom  develop  new  water.  There  have 
been  five  legal  actions  brought  in  the  U.S.  Su- 
preme Court  in  attempting  to  resolve  the  conflicts 
in  the  Lower  Colorado  River  Basin;  all  but  one 
action  were  dismissed  or  denied.  In  the  final  suit, 
Arizona  brought  suit  in  1952  against  the  State  of 
California  and  seven  public  agencies  in  California. 
The  case  was  decided  by  the  Supreme  Court  in 
1963.  But  even  then,  certain  matters  were  left  open 
for  further  resolution  by  the  parties.  Future  litiga- 
tion concerning  the  Colorado  River  is  expected  to 
focus  on  water  quality,  environmental  matters  or 
other  water  related  problems,  such  as  property 
boundary  changes  due  to  changing  course  of  the 
river.  (See  also  W90-04398)  (Lantz-PTT) 
W90-04329 


LOCALLY  IMPORTANT  ECONOMIC  CON- 
SIDERATIONS IN  FLOODING  AND  FLOOD 
PLAIN  MANAGEMENT. 

For  primary  bibliographic  entry  see  Field  6F. 
W90-04333 


ALTERNATIVES  FOR  STANDARDS  AND  REG- 
ULATIONS. 

Federal    Insurance    Administration,    Washington, 

DC. 

For  primary  bibliographic  entry  see  Field  6F. 

W90-04334 


WATER       PROBLEMS       OF      URBANIZING 
AREAS. 

For  primary  bibliographic  entry  see  Field  4C. 
W90-04338 


SECTION  208  PLANNING  PROCESS-THE 
FEDERAL  VIEW. 

Environmental   Protection   Agency,   Washington, 
DC.  Water  Planning  Div. 
W.  S.  Groszyk. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  13-17. 

Descriptors:  'Regional  planning,  'Water  Pollution 
Control  Act,  'Urban  hydrology,  'Water  pollution 
control,  'Water  quality  control,  'Water  quality 
management,  'Legislation,  Economic  aspects,  Fed- 
eral jurisdiction,  Storm  runoff,  Urban  runoff. 

The  Environmental  Protection  Agency's  (EPAs) 
Section  208  of  the  Water  Pollution  Control  Act 
planning  is  underway  everywhere  for  the  entire 
surface  area  of  the  United  States  except  American 
Samoa.  176  area- wide  agencies  representing  local 
government  have  been  designated  to  do  208  plan- 
ning as  well  as  49  states  and  territories.  In  several 
states,  the  planning  is  being  performed  entirely  by 
area-wide  agencies.  To  date,  $225  million  in  Feder- 
al funds  has  been  obligated  for  this  program,  and 
another  $75  million  is  available  in  EPA  Regional 
Offices  for  obligation.  Of  the  225  planning  efforts 
that  have  been  initiated,  1 14  are  in  or  through  the 
process  of  local  government  adoptions;  21  of  these 
plans  have  been  certified  by  the  State;  and  two 
have  been  approved  by  EPA.  From  an  EPA  stand- 
point, the  desire  was  to  secure  a  long-term  funding 
commitment  from  the  Office  of  Management  and 
Budget  (OMB)  for  the  program,  and  to  increase 
the  FY  1978  budget  request.  A  total  Federal  cost 
of  the  program  was  projected  as  being  $542  million 
for  the  period  between  fiscal  years  1978  and  1983. 
These  funds  would  cover  activities  under  four 
major  categories:  facilities  planning  for  municipal 
treatment  works,  urban  stormwater  runoff,  pre- 
treatment,  and  nonpoint  sources.  The  greatest  por- 
tion of  funds  would  be  used  for  nonpoint  sources, 
followed  by  urban  stormwater  runoff.  Significant 
changes  have  been  made  in  revised  regulations 
including  procedures  covering  changes  in  designa- 
tion of  agencies.  Regulations  also  cover  the  major 
transition  that  will  occur  in  the  208  program  over 
the  next  several  years.  EPA  is  also  imposing  a 
funding  sanction  beginning  in  fiscal  year  1980--no 


planning  agency,  state  or  areawide,  can  receive 
any  additional  planning  funds  unless  a  portion  of  a 
previously  approved  208  plan  is  being  implement- 
ed. The  regulations  also  require  timely  action  by 
the  states  on  the  certification  of  plans,  especially 
areawide  plans.  (See  also  W90-04338)(Lantz-PTT) 
W90-04339 


STATE  ASPECTS  OF  208  PLANNING. 

Virginia  State  Water  Control  Board,  Richmond. 
Bureau  of  Water  Control  Management. 
D.  F.  Jones. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  17-23. 

Descriptors:  'Urban  hydrology,  'Water  pollution 
control,  'State  jurisdiction,  'Regulations,  'Water 
quality  management,  'Management  planning,  'Vir- 
ginia, 'Water  Pollution  Control  Act,  'Nonpoint 
pollution  sources. 

No  one  has  yet  seriously  challenged  the  overall 
goal  of  the  Clean  Water  Act  to  provide  fishable 
and  swimmable  water  by  1983  throughout  the 
United  States.  There  is  growing  concern,  however, 
about  how  to  meet  this  goal,  and  whether  there 
will  ever  be  enough  money  to  do  so.  Virginia 
started  early  with  the  planning  required  by  Section 
208  of  the  Federal  Water  Pollution  Control  Act  of 
1972.  The  seven  designated  208  areas  and  corre- 
sponding designated  agencies  were  approved  by 
EPA  to  develop  water  quality  management  plans. 
The  agencies  were  to  be  supported  through  100% 
Federal  funding  during  an  initial  two-year  plan- 
ning period,  after  which  the  State  Water  Control 
Board  (SWCB)  became  responsible  for  oversight 
certification  of  the  designated  areas.  The  keystone 
of  Virginia's  nonpoint  source  control  strategy  is 
the  recommendation  of  best  management  practices 
(BMPs)  for  the  various  categories  of  nonpoint 
sources.  EPA  defines  the  term  best  management 
practices  as  a  practice  that  is  determined  by  a  state 
to  be  the  most  effective,  practicable  (including 
technological,  economic  and  institutional  consider- 
ations) means  of  preventing  or  reducing  the 
amount  of  pollution  generated  by  nonpoint  sources 
to  a  level  compatible  with  water  quality  goals. 
EPA  has  identified  eight  categories  of  nonpoint 
sources:  (1)  agriculture,  (2)  silviculture;  (3)  mining; 
(4)  construction;  (5)  urban;  (6)  hydrologic  modifi- 
cations; (7)  sources  affecting  groundwater;  and  (8) 
residual  wastes  disposal.  The  SWCBs  main  project 
in  its  first  year  of  Statewide  208  planning  is  the 
development  of  BMP  Handbooks  for  six  of  these 
categories.  The  existing  Virginia  Erosion  and  Sedi- 
ment Control  Handbook  is  being  used  as  the  BMP 
Handbook  for  construction  activities.  The  statuto- 
ry authority  for  implementation  of  208  plans  is 
provided  for  in  the  Virginia  State  Water  Control 
Law  (SWCL).  The  aim  of  the  208  plan  is  to 
identify  present  and  future  sources  of  pollution  and 
to  provide  methods  to  control  those  sources  so  that 
clean  water,  once  achieved,  will  be  maintained. 
(See  also  W90-04338)(Lantz-PTT) 
W90-04340 


EXPERIENCES  AND  PERCEPTIONS  OF  THE 
208  PROGRAM  AT  THE  SUBSTATE  LEVEL. 

Middlesex  County  Planning  Board,  New  Bruns- 
wick, NJ. 

For  primary  bibliographic  entry  see  Field  6A. 
W90-O4341 


NATIONAL  WATER  POLICY. 

Library  of  Congress,  Washington,  DC.  Congres- 
sional Research  Service. 
For  primary  bibliographic  entry  see  Field  6A. 
W90-04342 


INSTITUTIONAL     PROBLEMS     IN     BVIPLE- 
MENTTNG  WATER  QUALITY  CONTROL. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Politi- 
cal Science. 
H.  P.  Caulfield. 
IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
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ceedings  of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  47-52. 

Descriptors:  *Governmental  interrelations,  *Urban 
hydrology,  *Water  pollution  control,  *Institutions, 
•Water  quality  control,  *Water  quality  manage- 
ment, Local  governments,  Federal  jurisdiction, 
State  jurisdiction,  Wastewater  facilities,  Water 
reuse,  Water  pollution  sources,  Flood  plain  man- 
agement, Land  use,  Water  conservation. 

Identification  of  institutional  problems  implies  that 
institutional  change  is  to  be  sought;  that  is,  change 
in  constitutions,  laws,  legal  decisions,  regulations, 
policies  and  habitual  ways  of  doing  thins  as  well  as 
change  in  organizational  arrangements.  The  sub- 
stantive problems  that  are  of  interrelated  concern 
and  that  provoke  institutional  problems  include  the 
following:  (1)  Wastewater  facility  and  land  return- 
flow  management-point  and  nonpoint  sources;  (2) 
Water  reuse-planned  reuse  for  industrial  and  agri- 
cultural use  and,  ultimately,  for  domestic  use;  (3) 
Water  conservation~to  lessen  demand  on 
wastewater  treatment  faculties  and  water  supply 
facilities;  (4)  Flood  plain  management;  and  (5) 
General  land  use  planning  and  management.  In 
addition  to  constitutional  and  political  matters,  spe- 
cific problems  need  to  be  identified  in:  local  institu- 
tions (i.e.,  planning,  water  supply,  cities  vs.  coun- 
ties), the  Federal  government,  and  the  Federal- 
State  River  Basin  commissions.  (See  also  W90- 
04338  )(Lantz-PTT) 
W90-04343 

PROTECTION  OF  LAKES  AND  WETLANDS. 

Rutgers  -  The  State  Univ.,  New  Brunswick,  NJ. 

Water  Resources  Research  Inst. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-04356 


WATER  QUALITY  MANAGEMENT  ALTERNA- 
TIVES. 

Miami  Univ.,  Oxford,  OH.  Inst,  of  Environmental 

Sciences. 

For  primary  bibliographic  entry  see  Field  6A. 

W90-04357 


projects.  Waste  treatment  from  point  sources  was 
to  be  limited  to  secondary  treatment.  The  state  role 
was  to  be  limited  to  the  classification  of  streams 
within  the  management  area,  determining  the  level 
of  treatment  from  waste  management  facilities,  the 
enforcement  of  regulations,  and  establishment  of 
priorities  for  Federal  funds.  The  Colorado  ap- 
proach was  then  contrasted  with  the  problems  of 
Section  208  planning  in  urbanizing  settings  in  New 
Jersey  where  all  areas  are  incorporated,  where 
boundaries  are  not  along  hydrologic  lines,  and 
administrative  direction  came  from  two  EPA  of- 
fices with  different  perspectives.  The  discussion 
centered  on  whether  objectives  within  each  plan- 
ning area  can  be  related  to  state  and  EPA  objec- 
tives, the  problems  of  identifying  the  expectations 
of  different  political  units  and  how  they  can  be 
resolved  where  conflict  exists,  whether  planning 
sub-basin  by  sub-basin  is  a  proper  procedure,  and 
the  need  to  have  a  mechanism  to  integrate  the 
planning  at  this  level  with  that  being  done  for  a 
newer  basin.  (See  also  W90-04338)(Lantz-PTT) 
W90-04360 


MOST  APPROPRIATE  ONGOING 

WASTEWATER  INSTITUTIONS  (ORGANIZA- 
TION FOR  AREAWIDE  WATER  QUALITY 
PLANNING). 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Politi- 
cal Science. 
H.  P.  Caulfield. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  200-218,  1  fig. 

Descriptors:  *Wastewater  facilities,  *Urbanization, 
•Urban  hydrology,  'Colorado,  'Institutions, 
•Water  pollution  control,  'Water  quality  manage- 
ment, State  jurisdiction,  Water  Pollution  Control 
Act,  Best  management  practice,  Regulations, 
Waste  management,  New  Jersey. 

Larimer  and  Weld  Counties,  Colorado  decided  to 
work  within  the  existing  institutions  and  to  assign 
new  functions  for  carrying  out  the  Water  Pollution 
Control  Act  Section  208  program  to  existing  agen- 
cies. The  'planning'  and  surveillance  function  were 
assigned  to  the  Council  of  Governments  (COG). 
All  management  functions  including  taxing  power, 
the  receipt  of  grants,  land  use  controls,  responsibil- 
ities to  supply  water,  and  wastewater  management 
were  to  remain  with  the  existing  legal  entities-the 
counties  and  the  incorporated  cities  and  towns. 
The  two  counties  involved  were  non-home  rule. 
This  factor,  with  relatively  weak  annexation  laws 
in  Colorado,  suggested  the  creation  of  'urban  serv- 
ice areas'  around  each  of  the  three  major  cities  as  a 
viable  approach.  In  such  areas,  the  planning  would 
be  done  by  the  cities  and  adopted  only  with  ap- 
proval of  the  counties.  Best  management  practices 
(BMPs)  were  to  be  utilized  for  the  control  of 
pollution  from  nonpoint  sources,  but  only  after  the 
completion    of    two     watershed     demonstration 


TOXICS  AND  THE  SAFE  DRINKING  WATER 
ACT. 

Passaic  Valley  Water  Commission,  Clifton,  NJ. 
W.  Inhoffer. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  242-251. 

Descriptors:  'Organic  compounds,  'Urban  hydrol- 
ogy, *Water  pollution  control,  *Safe  Drinking 
Water  Act,  *Water  quality  control,  'Drinking 
water,  'Regulations,  Norfolk,  Virginia,  Water 
quality  management,  Economic  aspects,  Water 
pollution  sources,  Research  priorities,  Water  treat- 
ment, Public  health. 

Water  suppliers  have  reacted  to  the  Safe  Drinking 
Water  Act  and  regulations  in  a  responsible  manner, 
questioning  the  need  and  validity  of  organic  re- 
moval standards.  In  the  Norfolk  Virginia,  water 
system,  implications  of  the  Safe  Drinking  Water 
Act's  proposed  organic  regulations  will  have  a 
significant   impact.    Norfolk   is   taking   necessary 
action  to  determine  whether  there  is  a  problem, 
what  is  the  extent  of  the  problem,  and  what  the 
most  feasible  and  economical  means  of  action  may 
be.  The  program  includes  the  following:  (1)  con- 
struction of  in-house  capability  to  conduct  organic 
studies;  (2)  a  baseline  water  quality  management 
study  for  surface  water  reservoirs;  and  (3)  various 
treatment   modification   studies,   including   ozone 
treatment  capability  or  relocation  of  the  chlorina- 
tion  application  point.  The  costs  of  these  various 
problem    identification    studies    is    approximately 
$300,000  for  FY  79.  Regulations  setting  limits  on 
organics  are  premature  since  much  data  and  re- 
search both  on  the  health  effects  and  treatment 
effectiveness  is  needed  before  large  expenditures 
should  be  made  to  implement  them.  Recommenda- 
tions for  research  includes:  health  effects  studies  of 
organics  to  establish  risk  information  and  permissi- 
ble levels  in  water;  studies  to  investigate  granulat- 
ed activated   carbon   adsorption/desorption   phe- 
nomena   and   development    of   treatment    design 
guidelines,  criteria,  and  costs;  studies  to  determine 
potential  economic  and  health  damages  for  water 
systems  with  various  levels  of  organics;  studies  of 
analytical  techniques  and  methodologies  aimed  at 
reducing  costs  for  organic  analyses;  and,  studies  of 
alternative  strategies  to  reduce  the  morbidity  and 
mortality  due  to  cancer  and  other  diseases  related 
to  organics  in  water  supplies.  (See  also  W90-04338) 
(Lantz-PTT) 
W90-04363 


For  primary  bibliographic   entry   see  Field   5G. 
W90-O4393 


PUBLIC  INVOLVEMENT  IN  FEDERAL 
WATER  RESOURCE  AGENCIES:  AN  ASSESS- 
MENT OF  LEGAL  OPTIONS  AND  CON- 
STRAINTS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Virginia  Water  Resources  Research  Center. 
P.  M.  Ashton. 

Virginia  Water  Resources  Research  Center,  Vir- 
ginia Polytechnic  Institute  and  State  University, 
Blacksburg,  VA.  Project  B-064-VA.  54p. 

Descriptors:  'Administrative  agencies,  'Federal 
jurisdiction,  'Legal  aspects,  'Public  participation, 
Institutional  constraints,  Decision  making,  Project 
planning,  Water  resources  management. 

The  legal  options  and  constraints  that  circumscribe 
public  participation  in  the  decision  making  and 
project  planning  processes  of  federal  environmen- 
tal and  water  resource  agencies  were  investigated. 
Public  participation  is  frequently  espoused  as  a 
desirable  component  of  agency  decision  making 
processes.  In  practice,  however,  such  public  in- 
volvement is  severely  limited  by  a  number  of  legal 
and  practical  obstacles  which  must  be  overcome 
before  a  private  citizen  or  a  citizen  group  may 
interact  effectively  with  agency  officials.  The 
extent  and  implications  of  some  of  the  major  legal 
barriers  to  public  participation  and  public  chal- 
lenge of  agency  actions  are  reviewed  and  a  number 
of  possible  legal  remedies  for  enhancing  the  oppor- 
tunity for  effective  and  substantive  interaction  are 
discussed.  (Author's  abstract) 
W90-04495 

HUDSON  RIVER  SETTLEMENT  AGREE- 
MENT: TECHNICAL  RATIONALE  AND  COST 
CONSIDERATIONS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  6B. 
W90-04524 


REHABnTTATION  OF  WATER  SYSTEMS. 

Massachusetts  Metropolitan  District  Commission, 

Boston. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04364 


WASTEWATERS:  A  PERSPECTIVE. 

Environmental  Protection  Agency,  Atlanta,  GA. 
Region  IV. 


HUDSON  RIVER  COOLING  TOWER  PRO- 
CEEDING: INTERFACE  BETWEEN  SCIENCE 
AND  LAW. 

LeBoeuf,  Lamb,  Leiby  and  MacRae,  New  York. 
G.  S.  P.  Bergen. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  302-306.  2  ref. 

Descriptors:  'Hudson  River  Estuary,  •Environ- 
mental effects,  •Thermal  powerplants,  *Nuclear 
powerplants,  *  Environmental  policy,  Legal  as- 
pects, Regulations,  Public  policy,  Cooling  towers, 
Estuarine  fisheries. 

As  the  Hudson  River  power  plant  case  proceeded, 
the  regulatory  ground  shifted  under  the  utility 
companies.  At  first,  the  U.S.  Environmental  Pro- 
tection Agency  (EPA)  contended  that  the  utilities 
should  buSd  expensive  closed-cycle  cooling  towers 
at  three  plants  to  minimize  the  plants'  discharge  of 
heated  effluents  to  the  river.  When  the  formal 
hearing  began,  however,  EPA  claimed  that  cool- 
ing towers  were  needed  to  minimize  the  number  of 
organisms  impinged  at  and  entrained  through  the 
plants.  These  two  issues-thermal  discharges  and 
cooling  water  intakes-fall  under  separate  subsec- 
tions of  the  1972  federal  Clean  Water  Act;  whether 
the  two  subsections  should  be  considered  inde- 
pendently of  one  another,  as  the  EPA  asserted,  or 
in  combination  to  address  the  total  power  plant 
impact  on  adult  fish  populations,  as  the  utilities 
believed  was  a  matter  of  contention.  The  Hudson 
River  proceeding  became  a  policy  dispute  over 
what  the  appropriate  standard  of  environmental 
conduct  should  be,  instead  of  a  determination  of 
whether  a  standard  had  been  met  or  not.  Such 
policy  issues,  which  arise  when  legal  precedent  has 
yet  to  be  developed  for  new  laws  like  the  Clean 
Water  Act,  are  better  addressed  by  a  rule-making 
proceeding  than  by  the  adjudicatory  hearing 
format  used  in  the  Hudson  case.  A  rule-making 
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proceeding  would  have  markedly  shortened  the 
Hudson  deliberations,  probably  without  substan- 
tive change  in  the  final  settlement,  and  is  recom- 
mended for  future  cases  in  which  ambiguity  in 
legislation  or  the  lack  of  precedent  has  left  policy 
matters  unresolved.  (See  also  W90-O4505)  (Au- 
thor's abstract) 
W90-04527 


WHAT  WE  LEARNED  ABOUT  THE  HUDSON 
RIVER:  JOURNEY  TOWARD  AN  ELUSIVE 
DESTINATION. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 
For  primary  bibliographic  entry  see  Field  6A. 

W90-O4528 


6F.  Nonstructural  Alternatives 


TUSCON,  ARIZONA,  FLOOD  OF  OCTOBER 
1983. 

Arizona  Univ.,  Tucson.  Dept.  of  Geosciences. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03688 


HUMAN    STABILITY    IN    A    HIGH    FLOOD 
HAZARD  ZONE. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-04186 


NEW  LOOK  AT  FLOOD  RISK  DETERMINA- 
TION. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04197 


PROCEEDINGS  OF  A  SEMINAR  ON  FLOOD 
DAMAGE  REDUCTION  RECONNAISSANCE- 
PHASE  STUDIES. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A201  926. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
August  9-11,  1988,  Hydrologic  Engineering 
Center,  Davis,  CA.  (1988).  181p. 

Descriptors:  *  Nonstructural  alternatives,  'Flood 
damage,  'Flood  plain  management,  Conferences, 
Management  planning,  Flood  control,  Evaluation, 
Decision  making,  Economic  aspects,  Feasability 
studies. 

Papers  and  discussions  at  this  seminar  focus  on  the 
conduct  and  subsequent  processing  of  the  recon- 
naissance-phase of  flood  damage  reduction  feasibil- 
ity studies.  The  feasibility  study  encompasses  all 
activities  up  to  a  decision  to  proceed  with  design 
and  implementation.  The  feasibility  investigation  is 
a  continuous  process  involving  two  phases,  the 
reconnaissance-phase  and  feasibility-phase.  The  re- 
connaissance-phase defines  the  flood  related  prob- 
lems, identifies  potential  solutions  and  determines 
whether  planning  should  proceed  to  the  feasibility- 
phase,  i.e.  is  there  a  feasible  alternative  for  reduc- 
ing flood  losses  for  which  there  is  federal  interest. 
A  significant  portion  of  the  presentations  and  dis- 
cussions involved  study  approaches  and  scope  and 
reliability  requirements  for  the  technical  analyses. 
The  general  consensus  was  that  the  reconnaissance 
study  documentation  or  report  should  contain  a 
description  of:  (1)  the  existing  flood  problem,  (2) 
formulation  of  alternatives,  (3)  evaluation  of  alter- 
natives and  identification  of  a  feasible  plan  from 
the  federal  perspective.  The  panelists  and  others 
discussed  means  of  producing  the  desired  technical 
products  given  the  limitations  of  time  and  funds. 
They  expressed  the  need  to  better  plan  the  techni- 
cal investigations  and  to  use  various  types  and 
levels  of  applied  methods  for  analyses.  Essential 
elements  of  the  work  plans  are  to:  (1)  define  the 
objectives  of  the  respective  analyses;  (2)  define  the 
technical  analysis  study  limits;  (3)  document  avail- 
able technical  information;  (4)  outline  analysis 
strategies;  and  (5)  develop  a  study  schedule  and 
cost  estimate.  (See  W90-04235  thru  W90-04246) 
(Lantz-PTT) 


W90-04234 


OVERVIEW  OF  THE  RECONNAISSANCE- 
FEASIBILITY  STUDY  AND  PLANNING  PROC- 
ESS-PROGRAM. 

Corps  of  Engineers,  Washington,  DC. 

For  primary  bibliographic  entry  see  Field  6A. 

W90-04235 


HYDROLOGIC  AND  HYDRAULIC  ANALYSIS 
FOR  LAS  VEGAS  WASH  AND  TRIBUTARIES, 
NEVADA. 

Army  Engineer  District,  Los  Angeles,  CA. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-04236 


RECONNAISSANCE  STUDIES  A  HYDROLOG- 
IC ENGINEER'S  PERSPECTIVE. 

Army  Engineer  District,  Omaha,  NE. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-04237 


FLOOD  DAMAGE  ANALYSIS-GRANDVIEW 
HEIGHTS  CASE  STUDY. 

Corps  of  Engineers,  Huntington,  WV.  Huntington 

District. 

J.  Twohig,  W.  Hunter,  and  V.  Reck. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 

Reduction  Reconnaissance-Phase  Studies.  August 

9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 

CA.  p  41-58,  5  tab,  3  plates. 

Descriptors:  'Nonstructural  alternatives,  'Flood 
damage,  'Case  studies,  'Flood  plain  management, 
Scioto  River,  Ohio,  Grand  view  Heights,  Costs, 
Reservoirs,  Flood  control,  Levees,  Channel  im- 
provement. 

Situated  in  west  central  Ohio,  the  City  of  Grand- 
view  Heights  is  located  in  Franklin  County,  Ohio, 
on  the  Scioto  and  Olentangy  Rivers.  Floods  in  the 
area  are  not  limited  to  any  specific  time  of  the 
year,  although  winter  and  spring  floods  are  more 
frequent  than  summer  floods.  Since  major  flooding 
has  not  occurred  in  the  area  since  1959,  local 
residents  were  not  aware  of  the  severity  of  the 
potential  problem  until  completion  of  the  Flood 
Insurance  Study  for  the  City  in  1980.  In  May  1983 
the  City  of  Grandview  Heights,  Ohio  requested 
the  Corps  to  initiate  studies  to  determine  the  feasi- 
bility of  providing  additional  flood  protection  to 
the  City.  The  Reconnaissance  Study  was  initiated 
in  May  1986  and  completed  in  September  1987. 
Potential  solutions  were  identified  and  screened  for 
effectiveness.  Those  solutions  which  appeared  to 
be  effective  were  combined  to  form  alternative 
plans  of  development.  Measures  which  had  been 
identified  are:  Floodplain  Regulation  and  Flood 
Insurance;  Temporary  Floodplain  Evacuation; 
Permanent  Floodplain  Evacuation  and  Flood- 
proofing;  Channel  Modification;  Floodwalls  and 
Levees;  and  Reservoirs.  The  alternative  selected 
during  the  reconnaissance  study  consists  of  a  flood- 
wall/levee  project  that  incorporates  a  portion  of 
an  existing  railroad  embankment  along  the  Scioto 
River.  (See  also  W90-O4234)  (Lantz-PTT) 
W90-04238 


FLOOD  DAMAGE  ANALYSIS  RECONNAIS- 
SANCE PHASE  STUDIES. 

Army  Engineer  District,  Rock  Island,  IL.  Eco- 
nomic and  Social  Analysis  Branch. 
P.  D.  Soyke. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 
Reduction  Reconnaissance-Phase  Studies.  August 
9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 
CA.  p  59-67,  2  tab. 

Descriptors:  'Nonstructural  alternatives,  'Flood 
damage,  'Reconnaissance  studies,  'Flood  plain 
management,  Economic  feasibility,  Feasibility 
studies,  Illinois,  Iowa,  Economic  aspects. 

From  an  economist's  perspective,  the  efforts  for 
Reconnaissance  Studies  have  not  changed.  How- 
ever, the  reliability  of  the  analysis  may  change 
significantly.  This  is  dependent  on  the  information 
available  and  the  amount  of  time  allowed  to  com- 


plete the  study.  Scheduling  of  work  is  probably  the 
major  problem  to  be  faced.  Even  though  the  12- 
month  time  frame  may  be  realistic  when  consider- 
ing a  single  study,  it  may  not  be  in  the  overall 
program.  The  economist  must  be  sensitive  to  the 
uncertainties  of  the  analysis.  Prior  to  the  cost  shar- 
ing, any  uncertainties  could  be  taken  care  of  during 
the  feasibility  phase.  This  can  still  be  done,  but 
adds  a  greater  risk  to  credibility.  In  the  Rock 
Island  District  (Iowa  and  Illinois),  the  easy 
projects  seem  to  have  been  built.  The  remaining 
studies  have  complications  or  problems  associated 
with  them  which  increases  the  uncertainties  and 
creates  problems  in  equity  between  different  spon- 
sors. A  large  urban  area  may  have  sufficient  infor- 
mation to  allow  the  damage  evaluation  to  proceed 
early  and  efficiently.  A  smaller  community  may 
require  additional  data  collection  and  result  in  an 
analysis  that  has  a  wide  range  of  assumptions  built 
in.  The  urban  area  is  more  likely  to  be  able  to 
afford  the  risk  than  is  a  small  community,  but  the 
risk  is  usually  greater  in  the  small  community.  This 
raises  some  equity  issues.  It  may  also  mean  that  in 
some  cases,  studies  may  not  be  done  in  small  areas 
that  have  a  need  but  cannot  afford  the  risk  in- 
volved in  financing  the  feasibility  study.  (See  also 
W90-04234)  (Lantz-PTT) 
W90-04239 


LEVEL   OF  DETAIL   IN   RECONNAISSANCE 

REPORTS. 

B.  Fowler. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 

Reduction  Reconnaissance-Phase  Studies.  August 

9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 

CA.  p  69-78. 

Descriptors:  'Nonstructural  alternatives,  'Flood 
plain  management,  'Reconnaissance  studies,  Com- 
munication, Information  exchange,  Hydrology, 
Hydraulics. 

This  paper  addresses  the  nature  of  the  reconnais- 
sance decision,  what  should  be  done  in  support  of 
that,  and  techniques  or  strategies  that  can  assist  in 
obtaining  data  and  analyses  which  provide  a  'good 
enough'  foundation  for  that  decision.  Still,  no  de- 
finitive guidance  on  the  appropriate  level  of  detail 
is  provided,  and  some  may  find  that  unsatisfactory. 
Varying  degrees  of  uncertainty  and  the  particular 
'uniqueness'  of  each  study  situation  make  hard  and 
fast  degree  of  detail  guidance  quite  difficult  to 
define.  Recommendations  resulting  from  feasibility 
and  reconnaissance  studies  vary  in  the  degrees  that 
utilize  and  depend  on  information  provided  by 
Corps  of  Engineers  functional  elements.  Recons 
are  unusual  in  that  they  are  driven,  essentially,  by 
the  economics  and  the  hydrology-hydraulics. 
Communication  between  hydrology  and  econom- 
ics is  essential  to  efficient  formulation  and  evalua- 
tion. Formulation  is  part  are  to  begin  with:  formu- 
lation with  an  eye  toward  an  efficient  study  proc- 
ess, one  that  gets  answers  good  enough  to  make 
good  decisions  about  feasibility  studies  requires 
collaborative  art.  Documentation  is  the  principal 
means  by  which  official  communication  among 
Corps  of  Engineer  Districts,  higher  authorities, 
and  sponsors  take  place,  and  must  necessarily  be 
the  major  information  base  for  decision  making. 
The  importance  of  a  good  written  'record  of  deci- 
sion'-which  each  recon  report  is-can  hardly  be 
overestimated,  particularly  as  the  level  of  decision 
making  is  elevated.  (See  also  W90-O4234)  (Lantz- 
PTT) 
W90-O4240 


ANALYTICAL  METHODS  AND  TOOLS  FOR 
RECONNAISSANCE-PHASE  STUDIES. 

Hydrologic  Engineering  Center,  Davis,  CA.  Plan- 
ning Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-04241 


PLAN  FORMULATION  STRATEGY-KAWEAH 
CASE  STUDY. 

Army  Engineer  District,  Sacramento,  CA.  Special 

Studies  Branch. 

M.  A.  Squires. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 
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Reduction  Reconnaissance-Phase  Studies.  August 
9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 
CA.  p  95-105,  1  fig,  2  tab. 

Descriptors:  *Nonstructural  alternatives,  *Flood 
plain  management,  *Risk  assessment,  Kaweah 
River,  Case  studies,  Decision  making,  Economic 
aspects,  Cost-benefit  analysis,  Cost  sharing. 

The  Kaweah  River  Basin  Investigation  serves  as  a 
prime  example  of  how  plan  formulation  strategy 
has  changed  as  a  result  of  new  study  cost  sharing 
requirements.  These  new  cost  sharing  requirements 
for  feasibility  studies  have,  of  necessity,  led  the 
potential  study  sponsor  into  actively  participating 
in  project  formulation  strategy  during  the  recon- 
naissance phase  of  study.  It  is  to  the  sponsor's 
advantage  to  insure  that  study  efforts  during  the 
cost  shared  feasibility  studies  focus  on  locally  sup- 
ported project  alternatives.  The  major  project  for- 
mulation decisions  are  made  by  the  locals  during 
the  reconnaissance  phase  of  study  as  soon  as  the 
preliminary  benefit-to-cost  ratios  are  developed. 
The  locals'  financial  commitment  to  study  funding 
for  feasibility  is  only  made  after  they  feel  confident 
that  there  is  an  acceptable  and  implementable 
project  being  offered.  The  Corps  of  Engineers 
does  not  have  this  type  of  strong  financial  commit- 
ment toward  a  project  until  the  feasibility  study 
phase  has  been  completed  and  the  project  is  au- 
thorized by  Congress.  Flood  risk  is  a  very  difficult 
concept  to  convey  to  local  interests.  High  flows 
and  threatened  flooding  in  recent  years  does  not 
impress  them-flooding  is  too  easily  seen  as  a  small 
risk  and  forgotten.  More  visible  annual  benefits, 
water  supply  for  instance  and  sometimes  recrea- 
tion, are  more  readily  recognizable  benefits  and 
therefore  tend  to  be  supported  by  the  local  com- 
munities. Based  on  the  dynamics  of  formulation 
that  will  develop  after  the  feasibility  cost  sharing 
agreement  has  been  signed,  it  is  necessary  to  scope 
the  project  design  studies  so  that  features  such  as 
varying  tunnel  diameters,  gates  for  outlet  works, 
and  smaller  or  larger  dam  sizes  can  be  added  or 
deleted  as  needed.  (See  also  W90-04234)  (Lantz- 
PTT) 
W90-04242 


STUDY  MANAGEMENT  BLUE  RIVER  BASIN 
CASE  STUDY. 

N.  Tester. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 
Reduction  Reconnaissance-Phase  Studies.  August 
9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 
CA.  p  107-116,  1  fig,  2  tab. 

Descriptors:  *Nonstructural  alternatives,  *Blue 
River,  *Case  studies,  *Flcod  plain  management, 
Flood  protection,  Indian  Creek,  Kansas  City, 
Levees,  Economic  aspects,  Flood  control,  Missou- 
ri, Kansas. 

The  Blue  River,  a  right  bank  tributary  of  the 
Missouri  River,  drains  a  predominantly  urban  area 
of  272  sq  mi.  It  flows  northeasterly,  entering 
Kansas  City,  Missouri  at  the  state  line,  continuing 
to  the  Missouri  River  confluence  at  mile  358.  It  has 
an  average  annual  discharge  of  146  cu  ft/sec  (cfs). 
Brush  Creek  and  Indian  Creek  are  the  principal 
tributaries.  The  flood  problems  on  the  Blue  River 
and  Indian  Creek  have  been  well  documented  over 
the  past  27  years.  The  reconnaissance  study  was 
initiated  in  January  1986,  when  $200,000  in  funds 
were  allocated  to  the  Kansas  City  District,  Corps 
of  Engineers  (Corps).  Technical  data  were  avail- 
able from  numerous  sources,  but  mapping  in  the 
Kansas  City,  Missouri  portion  of  the  study  area 
required  updating.  Aerial  photography  was  flown 
in  February  1986  and  the  mapping  products  were 
made  available  in  June.  The  delay  of  this  vital  data 
attenuated  plan  formulation,  and  study  completion. 
The  cost  sharing  requirement  for  the  feasibility 
study  dictated  that  flood  damage  reduction  solu- 
tions must  be  developed  not  only  to  be  economi- 
cally efficient,  environmentally  and  politically  ac- 
ceptable, but  must  also  be  located  in  jurisdictions 
capable  of  financing  the  feasibility  study.  The 
study  concluded  that:  (1)  flooding  within  the  study 
area  is  most  severe  along  Indian  Creek  in  Overland 
Park,  Leawood,  and  Kansas  City,  and  along  the 
Blue  River  from  Prospect  Ave  to  75th  St.  Plans  to 
reduce  flooding  in  these  areas  appear  to  be  eco- 


nomically feasible  and  environmentally  acceptable; 
(2)  the  levee  plan  for  Mission  Rd  at  Leadwood, 
Kansas  appears  to  be  technically  and  economically 
feasible,  but  has  been  eliminated  from  further  con- 
sideration in  the  feasibility  phase  studies  due  to  a 
lack  of  Federal  interest.  Recent  Administration 
policy  interpretation  requires  Federal  flood  control 
studies  to  emphasize  reducing  flood  damages  for 
existing  development.  Since  a  large  portion  of  ben- 
efits at  the  Mission  Rd  location  involve  intensifica- 
tion of  land  use  and  projected  development,  it  is 
concluded  that  Federal  participation  in  that  area  is 
not  warranted  at  this  time;  and  (3)  Overland  Park 
and  Kansas  City  are  potential  Non-Federal  spon- 
sors of  a  feasibility  study.  Both  cities  have  the  legal 
authority  and  the  desire  to  sponsor  a  feasibility 
phase  study.  (See  also  W90-04234)  (Lantz-PTT) 
W90-O4243 


RECONNAISSANCE  STUDY  FOR  OVERLAND 
PARK. 

Overland  Park,  KS. 

P.  D.  Piatt. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 

Reduction  Reconnaissance-Phase  Studies.  August 

9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 

CA.pl  17-128,  4  fig. 

Descriptors:  *Flood  forecasting,  *Rainfall-runoff 
relationships,  *Nonstructural  alternatives,  'Recon- 
naissance studies,  *Flood  plain  management, 
Kansas,  Indian  Creek,  Information  exchange, 
Overland  Park,  Computer  models,  Cost-benefit 
analysis,  Sewers. 

Overland  Park  is  a  rapidly  growing  suburb  of 
Kansas  City,  Missouri.  Overland  Park  has  grown 
rapidly  over  the  past  few  years.  Office  and  com- 
mercial development,  resulting  in  construction  of 
quality  homes  and  apartments  have  made  Overland 
Park  a  community  of  well  above  average  income, 
as  well  as  high  expectations  for  public  services.  A 
large  portion  of  the  recent  development  has  been 
in  the  Indian  Creek  drainage  basin,  resulting  in 
rapid  rises  in  the  creek  in  the  higher  frequency 
rainfall  events.  In  June  of  1984,  a  serious  flood 
occurred  on  Indian  Creek.  In  the  1984  event  rain- 
fall typically  was  eight  inches  over  most  of  the 
Indian  Creek  watershed.  Flooding  occurred  along 
the  entire  length  of  Indian  Creek.  The  City  entered 
into  an  agreement  to  study  flood  flows  on  Indian 
Creek  and  to  make  recommendations  on  flood 
control  methods.  The  study  was  completed  in  No- 
vember of  1986.  Highlights  of  the  report  included 
discussions  about:  (1)  information  exchange;  (2) 
delays;  (3)  cost-benefit  analyses;  (4)  technical  dif- 
ferences-computer modeling;  (5)  accuracy;  and  (6) 
construction  of  sanitary  sewers.  (See  also  W9&- 
04234)  (Lantz-PTT) 
W90-04244 


MANAGEMENT       OF       RECONNAISSANCE 
PHASE  STUDIES. 

Corps  of  Engineers,   Baltimore,   MD.   Baltimore 

District. 

For  primary  bibliographic  entry  see  Field  7A. 

W90-04245 


RECONNAISSANCE  PHASE  STUDDjS-A  DI- 
VISION PERSPECITVE. 

Corps  of  Engineers  Lower  Mississippi  Valley  Div., 

New  Orleans,  LA.  Planning  Div. 

For  primary  bibliographic  entry  see  Field  7A. 

W90-04246 


FLOOD   HYDROGRAPH   AND   PEAK   FLOW 
FREQUENCY  ANALYSIS. 

Hydrologic  Engineering  Center,  Davis,  CA. 
For  primary  bibliographic  entry  see  Field  4A. 
W9O-O4309 


PRACTICES    AND    PROBLEMS    US    FLOOD 
PLAIN  MANAGEMENT. 

Urban    Drainage    and    Flood    Control    District, 

Denver,  CO. 

L.  S.  Tucker. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 

How.  Proceedings  of  an  Engineering  Foundation 


Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
333-341. 

Descriptors:  *Urban  hydrology,  *Urban  runoff, 
♦Flood  plain  management,  *Flood  plains,  *Flood 
hazard,  Land  use,  Urbanization,  National  Flood 
Insurance  Program,  Land  use,  Maintenance,  Flood 
control,  Economic  aspects. 

Most  flood  plain  management  problems  are  the 
result  of  existing  or  potential  encroachment  on 
nature's  prescriptive  drainage  easements.  Most  of 
these  existing  or  potential  encroachments  are  relat- 
ed to  urbanization  and  the  pressure  to  develop 
available  open  land.  The  basic  objective  of  flood 
plain  management  is  to  reduce  flooding  damages  in 
developed  flood  plains  and  prevent  problems  in 
undeveloped  flood  plains.  Individual  practices  of 
flood  plain  management  have  been  categorized  to 
fall  into  three  basic  approaches  or  strategies  as 
follows:  (1)  modifying  the  susceptibility  to  flood 
damage  and  disruption;  (2)  modifying  the  floods 
themselves;  and  (3)  modifying  the  flood  impact  on 
the  individual  and  the  community.  The  main  prob- 
lems are:  balkanization  or  fractionalization  of 
urban  areas  whereby  there  is  no  regional  policy; 
the  National  Flood  Insurance  Program  of  the  Fed- 
eral Insurance  Administration,  which  basis  its  rates 
on  present  risks,  not  potential  future  risks;  lack  of 
flood  hazard  awareness  by  the  public,  involving 
floodproofing,  flood  warnings,  hazards,  and  insur- 
ance; lack  of  Federal  commitment  regarding  small 
urban  watersheds;  flood  plain  acquisition  and  main- 
tenance of  flood  plains  and  facilities;  Federal 
project  authorization  procedures,  whereby  Corps 
of  Engineer  projects  from  the  planning  stage  to 
authorization  by  Congress  is  a  minimum  of  10 
years;  and,  financing  drainage,  flood  control,  and 
detention  storage.  (See  also  W90-04398)  (Lantz- 
PTT) 
W90-04331 


LOCALLY  IMPORTANT  ECONOMIC  CON- 
SIDERATIONS IN  FLOODING  AND  FLOOD 
PLAIN  MANAGEMENT. 

D.  E.  Jones. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
352-374,  4  fig,  2  tab,  Href. 

Descriptors:  *Local  governments,  'Federal  juris- 
diction, *Flood  damage,  *Regulations,  *Flood 
plain  management,  'Economic  aspects,  Flood 
hazard,  Flood  flow,  Flow  velocity,  Flood  peak. 

Federal  statute  establishes  an  appeals  process 
whereby  local  governments  can  appeal  elevations 
proposed  by  the  Secretary  of  Housing  and  Urban 
Development  with  respect  to  an  identified  area  of 
special  flood  hazards.  Appeals  must  focus  upon  the 
scientific  or  technical  correctness  of  the  elevations 
established.  Unfavorable  Secretarial  decisions  re- 
garding appeals  may  in  turn  be  appealed  to  the 
United  States  district  court  for  the  jurisdiction. 
Whether  or  not  appeal  of  the  Federal  determina- 
tions is  warranted,  State  and  local  governments 
should  strive  to  evolve  regulatory  measures  that 
treat  property  owners  and  their  unique  local  situa- 
tions equably.  Federal  authority  and  postures  are 
tightly  constrained  by  Federal  statutes  and  related 
implementing  regulations,  but  local  government 
flood  plain  management  actions  are  not.  Under 
special  local  conditions:  (1)  different  kinds  of  build- 
ings suffer  significantly  different  amounts  of 
damage  during  flooding;  (2)  the  depth-frequency 
flooding  relationships  at  different  locations  can 
result  in  significantly  different  average  levels  of 
flooding  damage;  (3)  the  relative  scale  of  the  po- 
tential extent  of  local  flooding  can  foreseeably 
increase  post-flood  repair  costs  by  as  much  as 
several  hundred  percent;  and  (4)  that  flood  damage 
directly  attributable  to  velocity  of  flood  flow  also 
will  aggravate  flooding  losses  at  some  locations. 
Evaluations  of  the  comparative  combined  effects 
of  these  damage  variables  indicates  that  actions 
taken  at  one  location  may  coincide  in  effect  with 
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those  taken  at  other  places,  but  is  also  indicates 
that  comparison  of  conditions  having  the  greatest 
contrast  may  reveal  effects  of  regulation  that  are 
up  to  25  or  more  times  greater  at  one  location  than 
at  another.  It  is  clear  that  State  and  local  govern- 
ments have  a  basic  responsibility  to  their  consisten- 
cies to  assure  that  their  own  regulations  have  con- 
sistent effects  throughout  their  jurisdiction.  (See 
also  W90-04398 )  (Lantz-PTT) 
W90-04333 


ALTERNATIVES  FOR  STANDARDS  AND  REG- 
ULATIONS. 

Federal  Insurance  Administration,  Washington, 
DC. 

B.  R.  Mrazik,  and  R.  W.  Krimm. 
IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
375-386,  8  ref. 

Descriptors:  'Regulations,  'Flood  plain  manage- 
ment, •Insurance,  Flood  hazard,  Federal  jurisdic- 
tion. Local  governments. 

Early  objectives  of  the  National  Flood  Insurance 
Programs  were  the  rapid  identification  of  flood 
prone  communities,  determination  of  regulatory 
elevations  and  risks  through  rate  studies,  and  con- 
version of  communities  the  Regular  Flood  Insur- 
ance Program  to  assure  compliance  with  more 
comprehensive  standards  and  regulations.  Present- 
ly, virtually  all  flood  prone  communities  have  been 
identified  and  more  than  90%  of  the  population  at 
risk  will  have  rate  studies  completed  within  the 
next  two  years.  The  Program  is  now  being  redi- 
rected to  provide  greater  community  assistance  in 
administration  of  program  requirements  at  the 
local  level.  With  greater  emphasis  on  community 
assistance,  the  Federal  Insurance  Administration 
will  be  better  prepared  to  adapt  the  standards  and 
regulations  of  the  Program  to  meet  local  needs  and 
situations.  Evolution  of  the  Program  standards  and 
regulations  will  likely  occur  in  three  primary  di- 
rections, including  greater  recognition  of  variable 
types  of  hazards,  local  socio-economic  situations, 
and  natural  and  beneficial  floodplain  values.  (See 
also  W90-04398)  (Lantz-PTT) 
W90-04334 


PROBLEMS  OF  STORMWATER  RUNOFF 
AND  FLOOD  MANAGEMENT. 

Urban    Drainage    and    Flood    Control    District, 
Denver,  CO. 
L.  S.  Tucker. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  56-59. 

Descriptors:  *Urban  hydrology,  'Water  pollution 
control,  'Flood  control,  •Storm  runoff,  'Urbaniza- 
tion, 'Urban  runoff,  Erosion  control,  Construction, 
Flood  plain  management,  Flooding,  Surface 
runoff.  Urban  hydrology,  Nonstructural  alterna- 
tives, Storm  water. 

There  are  common  flood  problems  in  spite  of  local 
differences  which  affect  urbanizing  and  urbanized 
areas  across  the  country.  Different  problems  are 
associated  with  the  three  major  components  of 
stormwater  systems,  namely,  surface  runoff,  trans- 
port, and  receiving  waters  as  they  relate  to  the 
transitional  and  developed  phases  of  urbanization. 
During  the  transitional  phase,  the  following  six 
problems  are  encountered:  (1)  construction-related 
erosion;  (2)  minor  flooding  of  physical  facilities 
due  to  a  lack  of  collector  systems,  their  poor 
design,  or  incomplete  systems;  (3)  flood  plain  en- 
croachment caused  by  economic  pressure  to  maxi- 
mize use  of  available  land  in  order  to  increase  rate 
of  return  on  investment;  (4)  excessive  sediment  in 
receiving  waters,  caused  by  erosion  from  construc- 
tion activities;  (5)  erosion  of  stream  beds  and 
banks,  which  is  a  natural  process  aggravated  by 
increased  flows  created  by  urbanization  and  by 
channelization  and  straightening  of  streams;  and  (6) 
damage  to  highways,  roads,  bridges  and  culverts, 


caused  by  increased  flows  and/or  inadequate 
crossings.  In  developed  areas,  because  of  increased 
flood  runoff  and  occupation  of  the  flood  plain, 
there  is  flooding  of  urban  areas  from  streams, 
creeks  and  rivers.  A  primary  surface  runoff  prob- 
lem in  developed  areas  is  inconvenience  type 
flooding,  caused  by  facilities  in  the  way  of  over- 
land flow.  There  are  also  problems  with  construc- 
tion erosion,  similar  to  those  encountered  during 
the  transitional  phase.  In  fully  developed  areas, 
minor  flooding  of  physical  systems  often  occurs. 
Causes  include  inadequate  collector  systems,  inad- 
equate inlets,  and  increased  runoff  due  to  upstream 
development.  A  stormwater  runoff  related  prob- 
lem in  developed  areas  is  the  pollution  of  receiving 
waters.  Development  of  solutions  to  this  problem 
at  prices  that  can  be  afforded  will  require  probably 
a  10-20  year  process  of  data  collection  and  analysis 
and  of  identification,  and  evaluation  of  both  struc- 
tural and  non-structural  solutions.  Degradation  of 
urban  streams  can  result  from  a  lack  of  mainte- 
nance. Needed  to  address  this  problem  are  commit- 
ment of  financial  resources,  assured  access  to  the 
streams  and  development  of  multiple  purpose  uses. 
(See  also  W90-04338)(Lantz-PTT) 
W90-04345 


CORPS  OF  ENGINEERS  URBAN  STUDIES 
PROGRAM. 

Corps  of  Engineers,  Waltham,  MA.  Basin  Manage- 
ment Branch. 
L.  J.  Bergen. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  60-63. 

Descriptors:  'Urban  hydrology,  'Water  pollution 
control,  'Urban  areas,  'Flood  control,  'Urbaniza- 
tion, Research  priorities,  Water  quality  control, 
Flood  damage,  Economic  aspects. 

Urban  centers  are  faced  with  critical  water  re- 
sources problems  arising  from  within  the  urbanized 
areas  themselves.  The  Corps  of  Engineers  Urban 
Studies  Program  is  an  element  of  the  Civil  Works 
Program  structured  to  provide  a  multi-lateral  ap- 
proach to  planning,  one  that  encompasses  all  ele- 
ments of  water  resources  management.  Within  the 
New  England  area,  two  studies  under  this  Urban 
Studies  Program  have  been  completed.  They  are 
the  Merrimack  Wastewater  Program  and  the  east- 
ern Massachusetts  Metropolitan  Area  Study,  both 
of  which  were  wastewater  oriented.  Two  more 
urban  studies  underway  are  for  the  Housatonic 
River  Basin  in  western  Massachusetts  and  Con- 
necticut, and  for  a  large  segment  of  eastern  Massa- 
chusetts and  essentially  all  of  Rhode  Island.  These 
two  studies  are  dealing  with  problems  of  flood 
management,  water  supply,  regional  recreation, 
and  navigation.  Review  of  selected  flood  manage- 
ment studies  across  the  country,  indicates  some 
interesting  trends:  (1)  Evacuation  and  relocation  of 
structures  are  difficult  unless  frequency  of  flooding 
is  great  enough  to  convince  people  of  the  danger; 
(2)  Flood  damage  reduction  alone  is  seldom  suffi- 
cient to  justify  costs  of  non-structural  measures; 
and  (3)  The  extent  of  Federal  interest  is  limited, 
therefore,  requiring  a  concerted  involvement  of 
non-Federal  entities.  The  project  needs  to  be  high 
on  the  list  of  non-Federal  priorities  for  investment 
of  time  and  money,  because  project  implementa- 
tion often  requires  the  coordination  of  all  available 
funding  programs.  (See  also  W90-04338)(Lantz- 
PTT) 
W90-04346 


CONTROL  OF  URBAN  RUNOFF  AND  NON- 
POINT  SOURCE  POLLUTION. 

Massachusetts  Univ.,  Amherst.  Water  Resources 

Research  Center. 

For  primary   bibliographic   entry   see  Field   5G. 

W90-04348 


FLOOD    INSURANCE    AND    FLOOD    PLAIN 
ZONING. 

Denver  Urban  Drainage  and  Flood  Control  Dis- 
trict, CO. 
L.  S.  Tucker. 


IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  271-286,  1  ref. 

Descriptors:  'Urban  hydrology,  'Water  pollution 
control,  'Insurance,  'Flood  plain  zoning,  'Urban 
areas,  'Nonstructural  alternatives,  Regulations, 
Urbanization,  National  Flood  Insurance  Program, 
Research  priorities,  Flood  plain  management. 

A  review  of  the  National  Flood  Insurance  Pro- 
gram (NFIP)  concluded  that  sufficient  progress  is 
being  made  that  both  regulation  and  insurance 
should  be  continued.  The  regulatory  program  in 
already-developed  flood  plains  has  had  a  limited 
effect  on  flooding,  erosion  control,  and  water 
supply.  In  developing  flood  plains,  the  results  have 
been  more  successful.  Persistent  problems  with 
respect  to  flood  plain  protection  include:  (1)  the 
lack  of  awareness  of  flood  problems  by  residents; 
(2)  lack  of  adequate  data  on  numbers  of  people 
living  in  flood  plains,  how  many  are  aware  they 
do,  and  other  questions  related  to  the  overcoming 
of  perception-awareness-resistance  problems;  (3) 
the  effectiveness  of  flood  plain  regulation;  (4)  diffi- 
culty in  the  administration  of  effective  local  pro- 
grams in  the  face  of  local  political  problems;  and 
(5)  definition  of  flood  plains  using  existing  hydrolo- 
gy when  future  flows  will  be  greater  due  to  urban- 
ization. Results  with  the  NFIP,  although  generally 
successful,  were  mixed.  Ways  have  not  been  found 
to  manage  risk  in  the  fringe  areas  where  there  is  no 
NFIP.  Some  30-50%  of  flood  damage  may  be  in 
these  areas.  A  number  of  additional  problems  need- 
ing attention  include:  (1)  the  slow  rate  of  NFIP 
mapping;  (2)  the  need  for  more  economics  in  ana- 
lyzing alternatives;  (3)  the  considerable  differences 
between  communities  and  among  house  types;  (4) 
an  answer  to  the  question  concerning  the  needed 
levels  of  flood  risk  reduction;  and  (5)  need  for 
alternative  approaches  such  as  seed  money  to  pur- 
chase equities  of  flood  prone  properties.  (See  also 
W90-04338)(Lantz-PTT) 
W90-04366 


PLANT  FLOW  REDUCTIONS  AND  OUTAGES 
AS  MITIGATTVE  MEASURES. 

Lawler,  Matusky  and  Skelly  Engineers,  Pearl 
River,  NY. 

T.  L.  Englert,  J.  Boreman,  and  H.  Y.  Chen. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment.    American     Fisheries    Society,     Bethesda, 
Maryland.  1988.  p  274-279.  2  tab,  11  ref. 

Descriptors:  'Hudson  River  Estuary,  'Thermo- 
electric powerplants,  'Nuclear  powerplants,  'Es- 
tuarine  fisheries,  'Environmental  effects,  Entrap- 
ment, Mathematical  models,  Cooling  towers, 
Ichthyoplankton,  Mortality,  Alteration  of  flow. 

The  component  of  the  Hudson  River  settlement 
agreement  that  was  subjected  to  the  most  detailed 
technical  analysis  and  received  central  attention 
during  the  settlement  negotiations  was  the  sched- 
ule for  reductions  in  cooling  water  flow  rates  and 
outages  for  maintenance  and  refueling  at  the 
power  plants.  Factors  considered  in  the  develop- 
ment of  such  a  schedule  included  possible  increases 
in  thermal  mortality  of  ichthyoplankton  as  a  result 
of  flow  reductions,  plant-by-plant  timing  of  flow 
reductions  and  outages  to  achieve  maximum  reduc- 
tion of  entrainment  mortality,  and  costs  of  outages 
and  their  effect  on  system  reliability.  A  mathemati- 
cal model  based  on  empirical  spatiotemporal  distri- 
butions of  ichthyoplankton  was  used  to  evaluate 
the  effectiveness  of  alternative  schedules  in  reduc- 
ing entrainment  mortality  of  striped  bass,  white 
perch,  river  herrings,  Atlantic  tomcod,  and  bay 
anchovy.  In  conjunction  with  the  other  consider- 
ations identified  above,  the  model  output  was  used 
to  develop  a  set  of  flow  reductions  and  plant 
outages  that  mitigated  entrainment  impact  at  ac- 
ceptable cost  and  allowed  utilities  to  meet  electric 
power  demands.  The  reductions  in  entrainment 
mortality  associated  with  various  plant  outages 
were  used  to  develop  a  system  of  cross-credits  that 
allowed  the  utilities  as  a  group  to  receive  credit  for 
unscheduled  outages  at  any  of  the  plants.  The 
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model  results  also  provided  the  basis  for  a  point 
system  to  determine  whether  or  not  the  utilities 
have  met  specified  goals  for  outages  over  the  life 
of  the  settlement  agreement.  (See  also  W90-O4505) 
(Author's  abstract) 
W90-04525 

6G.  Ecologic  Impact  Of 
Water  Development 

EFFECT    OF    BOAT    TRAFFIC    ON    RIVER 
REGIME. 

Forth  River  Purification  Board,  Edinburgh  (Scot- 
land). 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03657 

HISTORICAL  CHANGE  OF  LARGE  ALLUVI- 
AL RIVERS:  WESTERN  EUROPE. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03689 


HISTORICAL  ANALYSIS   OF  FLUVIAL  HY- 
DROSVSTEMS. 

Loughborough  Univ.  of  Technology  (England). 

Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  2E. 

W9O-O3690 


IMPACT  OF  18TH  AND  19TH  CENTURY 
RIVER  TRAINING  WORKS:  THREE  CASE 
STUDIES  FROM  SWITZERLAND. 

Eidgenoessische  Technische  Hochschule,  Zurich 

(Switzerland). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03691 


HYDROLOGICAL  CHANGES  OF  THE  RHONE 
RIVER. 

Grenoble- 1  Univ.  (France).  Lab.  de  la  Montagne 

Alpine. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03693 


PALEOECOLOGICAL  ANALYSES  OF  LARGE 
RIVERS:  SOME  PRLNCLPLES  AND  METH- 
ODS. 

Lyon-1  Univ.,  Villeurbanne  (France).  Section  of 

Freshwater  Ecology. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03698 

LOWER  RHINE  GEOMORPHOLOGICAL 
CHANGES. 

Rijksinstituut  voor  Zuivering  van  Afvalwater,  Le- 

lystad  (Netherlands). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03699 


LOWER       RHINE:       PALAEOECOLOGICAL 
ANALYSIS. 

Klink  Hydrobiological  Consultants,  Wageningen 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-O3700 


CHANGES  LN  FISH  STOCKS  AND  FISHERIES: 
THE  LOWER  ELBE  RTVER. 

Kiel  Univ.  (Germany,  F.R.).  Inst,  fuer  Meeres- 

kunde. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-O3701 


HISTORICAL  CHANGES  OF  THE  GARONNE 
RIVER,  SOUTHERN  FRANCE. 

Centre   National   de   la   Recherche   Scientifique, 
Toulouse  (France).   Centre  d'Ecologie  des  Res- 
sources  Renouvelables. 
For  primary  bibliographic  entry  see  Field  4A. 
W9O-O3704 


RECENT  HISTORICAL  CHANGES  ON  THE 
BELGIAN  MEUSE. 

Facultes  Universitaires  Notre-Dame  de  la  Paix, 

Namur    (Belgium).    Unite    d'Ecologie    des    Eaux 

Douces. 

J.C.  Micha,  and  M.  C.  Borlee. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 

Western  Europe.  John  Wiley  &  Sons,  New  York. 

1989.  p  269-295.  9  fig,  5  tab,  47  ref. 

Descriptors:  *Meuse  River,  'Ecological  effects, 
•Flood  plain  management,  *River  basin  develop- 
ment, *History,  Radioactive  wastes,  Thermal  pol- 
lution, Chemical  wastes,  Nuclear  powerplants, 
Channels,  Catchment  areas,  Suspended  sediments, 
Ecosystems,  Hydrologic  aspects,  Eutrophication, 
Flow  rates,  Physicochemical  properties,  Macroin- 
vertebrates,  Macrophytes,  Belgium,  Water  pollu- 
tion effects. 

The  Meuse  River  flows  through  three  main  coun- 
tries: France,  Belgium,  and  the  Netherlands.  Forty 
percent  of  its  catchment  area  is  in  Belgium.  When 
a  nuclear  power  station  was  installed  on  the  Meuse 
in  central  Belgium,  the  impact  of  thermal,  radioac- 
tive, and  chemical  waste  on  the  water  of  the 
Meuse  and  on  its  biocenoses  was  studied.  Three 
successive  periods  of  development  of  the  channel 
bed  and  the  flood  plain  in  Belgium  have  occurred, 
and  their  hydrological,  physicochemical,  and  eco- 
logical consequences  have  been  examined.  Since 
the  last  century,  the  ecosystem  of  the  Meuse  has 
undergone,  due  to  the  increasing  activity  of  man, 
modifications  of  increasing  importance:  marked  re- 
duction of  the  water  flow,  a  drastic  increase  in  the 
suspended  material  being  transported,  a  degree  of 
eutrophication  of  the  water,  and  the  disturbance  of 
the  original  floral  and  fauna!  communities.  The 
causes  of  this  evolution  of  the  Meuse  can  be  item- 
ized as  different  types  of  human  interference  in 
descending  order  of  importance:  (1)  occupation  of 
the  catchment  area;  (2)  encroachment  on  the  flood 
plain;  (3)  encroachment  on  the  channel  bed;  (4) 
destruction  of  habitats;  (5)  water  pollution;  (6) 
overexploitation  of  fish-breeding  stocks;  and  (7) 
introduction  of  foreign  species.  Thought  should  be 
given  to  restoring  damaged  sectors  by  recreating 
shallow  riverside  zones  suitable  for  aquatic  macro- 
phytes, for  the  macroinvertebrates  which  are 
linked  to  them,  and  for  the  reproduction  of  many 
species  of  fish.  The  example  of  human  interference 
on  the  Meuse  reveals  the  necessity  of  taking  into 
account  environmental  problems;  this  would  in- 
volve a  global  policy  of  economic-ecological  man- 
agement. (See  also  (W90-03689)  (Fish-PTT) 
W90-03705 


HISTORICAL    CHANGES    OF    THE    RTVER 
WESER. 

Wasserwirtschaftsamt  Bremen  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-03706 


ECOLOGICAL  CHANGES  OF  THE  FRENCH 
UPPER  RHONE  RTVER  SINCE  1750. 

Lyon-1  Univ.,  Villeurbanne  (France).  Lab.  d'Eco- 
logie des  Eaux  Douces. 
For  primary  bibliographic  entry  see  Field  4A. 
W90-03707 


ASSESSMENT  OF  BUFFALO  FISHERIES  RE- 
SOURCES LN  A  MISSISSIPPI  STREAM 
THREE  DECADES  AFTER  CHANNELIZA- 
TION. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 
Agricultural  and  Biological  Engineering. 
D.  C.  Jackson,  and  J.  R.  Jackson. 
IN:  Proceedings  of  the  Nineteenth  Mississippi 
Water  Resources  Conference.  Water  Resources 
Research  Institute,  Mississippi  State  University, 
Mississippi  State,  MS.  1989.  p  1-4.  2  fig,  3  tab,  13 
ref. 

Descriptors:  *Environmental  effects,  *Channeling, 
•Mississippi,  •Flood  control,  *Fish  populations, 
•Stream  fisheries,  'Buffalo  fish,  Fisheries,  Popula- 
tion distribution,  Population  dynamics,  Growth, 
Yazoo  River,  Gar,  Sport  fishing. 

With  few  exceptions,  streams  in  the  Yazoo  River 
basin  of  western  Mississippi  have  been  channelized. 


As  a  result  of  these  federal  flood  control  projects, 
fewer  than  about  20%  of  the  stream  reaches  in  the 
basin  were  capable  of  supporting  a  fishery  of  any 
kind  with  even  fewer  reaches  supporting  sport 
fisheries.  The  population  structure  of  buffalo  fish 
stocks  and  their  status  as  exploitable  resources  in 
the  Yalobusha  River,  one  of  the  principal  tributar- 
ies of  the  Yazoo  River,  were  determined,  three 
decades  after  the  original  channelization  of  the 
river.  Three  species  of  buffalo  fish  were  collected 
from  the  Yalobusha  River  during  this  investiga- 
tion: bigmouth  buffalo  (Ictobus  cyprinellus),  black 
buffalo  (Ictiobus  niger),  and  smallmouth  buffalo 
(Ictiobus  bubalus).  The  mean  catch  (all  fish  spe- 
cies) was  2.79  kg/net-night  of  which  three  buffalo 
species  collectively  contributed  45%.  Gar  (Lepi- 
sostedidae)  were  the  only  other  major  component 
of  the  catch  (24%).  Bigmouth  buffalo  stocks  ap- 
peared better  structured  for  exploitation  purposes 
than  did  smallmouth  buffalo  stocks.  Although  re- 
sources capable  of  supporting  traditional  artisanal/ 
subsistence  buffalo  fisheries  were  present  in  the 
Yalobusha  River,  age  and  growth  parameters, 
mean  weights  and  structural  indices  of  fish  cap- 
tured, suggested  that  the  fisheries  resources  in  this 
stream  were  overcrowded  and  stunted.  In  those 
reaches  of  the  Yalobusha  River  impacted  by  chan- 
nelization, it  is  unlikely  that  artisanal  and/or  sub- 
sistence fisheries  will  become  re-established  in  the 
foreseeable  future.  (See  also  W90-03708)  (Fried- 
mann-PTT) 
W90-03709 


OECD  ENVLRONMENTAL  DATA:  DONNEES 
OCDE  SWR  L'ENVTRONMENT,  COMPENDI- 
UM 1989. 

Organization  for  Economic  Co-Operation  and  De- 
velopment, Paris  (France). 

For  primary  bibliographic  entry  see  Field  IOC. 
W90-03742 

BIOLOGY  OF  THE  YUMA  CLAPPER  RALL  LN 
THE  SOUTHWESTERN  U.S.  AND  NORTH- 
WESTERN MEXICO. 

Wyoming  Cooperative  Fishery  and  Wildlife  Re- 
search Unit,  Laramie. 
W.  R.  Eddleman. 

Final  Report,  July  1989.  Fish  and  Wildlife  Service 
Contract  4-AA-30-02060. 

Descriptors:  *Water  birds,  •Endangered  species, 
•Habitat  restoration,  Mittry  Lake,  Crystal  Beach 
Marsh,  Yuma  Clapper  Rail,  Marshes,  Mexico, 
Water  level  fluctuations,  Seasonal  variation,  Wild- 
life, Crayfish. 

The  biology  of  the  Yuma  clapper  rail  was  studied 
at  Mittry  Lake  Wildlife  Management  Area  and 
Crystal  Beach  Marsh  from  February  1985-Decem- 
ber  1987.  Aspects  considered  by  the  study  included 
migration  and  wintering  patterns,  general  life  his- 
tory, habitat  use  patterns,  foods  and  seasonal  avail- 
ability of  major  prey,  and  the  usefulness  of  the  call 
count  survey.  A  total  of  122  Yuma  clapper  rails 
was  captured  using  combinations  of  drift  fences 
and  traps  and  female  solicitation  tapes.  Ninety-nine 
birds  were  fitted  with  radio  transmitters  to  study 
migratory  behavior  and  seasonal  movements. 
Home  range  of  Yuma  clapper  rails  averaged  >  7 
ha,  and  was  larger  after  the  breeding  season  and 
during  the  winter.  Nearly  all  birds  concentrated 
their  activity  in  core  use  areas  that  approximated 
previous  estimates  of  territory  size.  Emergent 
marsh  vegetation  types  were  selected  by  rails  in 
most  habitat  situations.  When  high  water  prevailed 
at  Crystal  Beach,  birds  selected  higher  sites  domi- 
nated by  willow,  salt  cedar,  or  upland  edge  vegeta- 
tion. After  breeding  and  in  winter,  birds  at  Mittry 
Lake  increased  their  use  of  salt  cedar  stands  for 
unknown  reasons.  Yuma  clapper  rails  selected  mi- 
crohabitats  with  less  coverage  by  vegetation,  less 
residual  mat  of  dead  vegetation,  less  bare  ground, 
more  coverage  by  water,  proximity  to  habitat 
changes,  shallower  water,  and  higher  stem  densi- 
ties than  were  present  at  randomly  selected  sites.  A 
well-developed  residual  mat  could  compensate  for 
deep  water.  To  further  promote  recovery  of  the 
Yuma  clapper  rail,  additional  areas  need  to  be 
managed  for  the  species.  Managed  units  should  be 
protected  from  sudden  changes  in  water  depth, 
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both  from  flooding  and  from  drying  so  a  reliable 
water  supply  would  be  available.  (Lantz-PTT) 
W9O-03800 


HOHOKAM  ARCHAEOLOGY  ALONG  PHASE 
B  OF  THE  TUCSON  AQUEDUCT  CENTRAL 
ARIZONA  PROJECT.  VOLUME  1:  SYNTHE- 
SES AND  INTERPRETATIONS,  PART  I. 

Arizona  State  Museum,  Tucson.  Cultural  Resource 
Management  Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90- 115791. 
Price  codes:  A12  in  paper  copy,  A02  in  microfiche, 
Archaeological  Series  178,  Volume  1,  Part  1,  1989. 
244p,  34  fig,  59  tab,  248  ref,  4  append.  Bureau  of 
Reclamation  Contract  6-CS-30-03500.  Edited  by 
Jon  S.  Czaplicki  and  John  C.  Ravesloot. 

Descriptors:  *Archaeology,  'Hohokam  Indians, 
•Water  resources  development,  'Arizona,  Tucson 
Aqueduct. 

The  first  of  five  volumes  that  report  on  the  Tucson 
Aqueduct  Phase  B  Project  presents  syntheses  and 
interpretations  of  the  analyses  that  resulted  from 
the  investigation  of  13  Hohokam  sites  in  the  Avra 
Valley  west  of  Tucson,  Arizona.  The  Tucson  Aq- 
ueduct Phase  B  project  involved  excavation  or 
surface  collection  and  mapping  of  13  sites  includ- 
ing Fastimes,  a  collection  of  at  least  five  Hohokam 
farmsteads;  two  farmstead-field  house  sites;  a  prob- 
able protohistoric  site;  four  limited  activity  sites; 
and  four  quarry  sites.  Volume  1,  Part  1,  contains 
chapters  1  through  7  which  discuss  the  project 
design,  the  influence  of  the  landscape  on  Hohokam 
settlement  patterns  in  Arizona,  excavation  meth- 
ods, fauna]  remains  at  four  sites,  and  an  assessment 
of  Hohokam  subsistence  based  on  the  pollen 
record.  (See  W90-03802  and  W90-03803)  (Lantz- 
PTT) 
W90-03801 


HOHOKAM  ARCHAEOLOGY  ALONG  PHASE 
B  OF  THE  TUCSON  AQUEDUCT  CENTRAL 
ARIZONA  PROJECT.  VOLUME  1:  SYNTHE- 
SES AND  INTERPRETATIONS,  PART  n. 

Arizona  State  Museum,  Tucson.  Cultural  Resource 
Management  Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90-1 15809. 
Price  codes:  A12  in  paper  copy,  A02  in  microfiche. 
Archaeological  Series  178,  Volume  1,  Part  2,  1989. 
252p,  36  fig,  22  tab,  353  ref.  Bureau  of  Reclamation 
Contract  6-CS-30-03500.  Edited  by  Jon  S.  Cza- 
plicki and  John  C.  Ravesloot. 

Descriptors:  'Archaeology,  *Hohokam  Indians, 
•Water  resources  development,  •Arizona,  Tucson 
Aqueduct. 

The  first  of  five  volumes  that  report  on  the  Tucson 
Aqueduct  Phase  B  Project  presents  syntheses  and 
interpretations  of  the  analyses  that  resulted  from 
the  investigation  of  13  Hohokam  sites  in  the  Avra 
Valley  west  of  Tucson,  Arizona.  The  Tucson  Aq- 
ueduct Phase  B  project  involved  excavation  or 
surface  collection  and  mapping  of  13  sites  includ- 
ing Fastimes,  a  collection  of  at  least  five  Hohokam 
farmsteads;  two  farmstead-field  house  sites;  a  prob- 
able protohistoric  site;  four  limited  activity  sites; 
and  four  quarry  sites.  Part  2  of  Volume  1  contains 
chapters  8  through  15  which  discuss  the  macro- 
floral  evidence  of  pre-classic  Hohokam  subsistence 
in  the  Tucson  Aqueduct  Project  Phase  B  area,  the 
local  and  regional  organization  and  interaction, 
chemical  composition  of  pottery,  the  design  of 
colonial  period  pottery,  an  analysis  of  Hohokam 
flaked-stone,  modeling  of  prehistoric  behavior 
from  the  analysis  of  ground-stone  assemblages,  and 
late  pioneer  and  colonial  period  shell.  (See  W90- 
03801  thru  W90-03803)  (Lantz-PTT) 
W90-03802 


HOHOKAM  ARCHAEOLOGY  ALONG  PHASE 
B  OF  THE  TUCSON  AQUEDUCT  CENTRAL 
ARIZONA  PROJECT.  VOLUME  3:  EXCAVA- 
TIONS AT  WATER  WORLD  (AZ  AA:16:94),  A 
RDLLITO  PHASE  BALLCOURT  VILLAGE  IN 
THE  AVRA  VALLEY. 
Arizona  State  Museum,  Tucson.  Cultural  Resource 


Management  Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90- 115817, 
Price  codes:  A15  in  paper  copy,  A02  in  microfiche. 
Archaeological  Series  178,  Volume  3,  1989.  327p, 
48  fig,  55  tab,  101  ref.  Bureau  of  Reclamation 
Contract  6-CS-30-03500.  Edited  by  Jon  S.  Cza- 
plicki and  John  C.  Ravesloot. 

Descriptors:  •Archaeology,  •  Hohokam  Indians, 
•Water  resources  development,  *History,  •Arizo- 
na, Tucson  Aqueduct. 

During  1986  and  1987  a  Rillito  phase  Hohokam 
settlement  that  lay  in  the  right-of-way  for  the 
Tucson  Aqueduct  Phase  B,  Central  Arizona 
project  was  excavated.  Known  as  Water  World 
(AZ  A  A:  16:94  ASM),  the  site  is  located  at  the 
southern  end  of  the  Avra  Valley  on  the  distal  end 
of  a  lower  bajada  of  the  Tucson  Mountains.  One 
hundred  forty-seven  features  were  identified  by 
backhoe  trenching  and  surface  stripping,  including 
45  structures.  Fifty-nine  features  were  investigated: 
21  structures,  a  ballcourt,  14  pits  or  hearths,  21 
cremations,  a  midden  deposit,  and  potbreak.  The 
features  were  divided  into  seven  house  groups,  a 
ballcourt  area,  and  a  possible  central  plaza.  Water 
World  is  located  in  a  nonriverine  environment 
where  floodwater  farming  potential  should  have 
been  very  good.  There  are,  however,  hints  that 
agriculture  may  not  have  been  as  intensively  prac- 
ticed as  expected.  (See  W90-03801  thru  W90- 
03803)  (Lantz-PTT) 
W90-03803 


EFFECTIVENESS  AND  ENVHtONMENTAL 
IMPACTS  OF  ntRIGATION  PROJECTS:  A 
REVD2W. 

For  primary  bibliographic  entry  see  Field  3F. 
W90-03808 


PALEOENVERONMENTS  AND  ARCHAEOLO- 
GY OF  THE  TRIGO  MOUNTAINS:  DATA  RE- 
COVERY IN  THE  HART  MINE  AND  CIBOLA 
QUARRY  AREAS,  YUMA  COUNTY,  ARIZONA. 

Statistical  Research,  Tucson,  AZ. 

S.  D.  Shelley,  and  J.  H.  Altschul. 

Gray  Literature  Press,  Tucson,  AZ.  1989.  141p,  25 

fig,  24  tab,  88  ref,  append.  Bureau  of  Reclamation 

Contract  7-SQ- 30-12550. 

Descriptors:  •Arizona,  'Archaeology,  'Water  re- 
sources development,  Colorado  River,  Trigo 
Mountains,  History. 

The  results  of  data  recovery  conducted  for  the 
Bureau  of  Reclamation,  Lower  Colorado  Region 
at  six  prehistoric  sites  in  the  Hart  Mine  and  Cibola 
Quarry  areas  are  presented.  The  Bureau  of  Recla- 
mation plans  to  use  the  Hart  Mine  and  Cibola 
Quarry  areas  to  mine  riprap  for  use  along  the 
Colorado  River.  The  project  area  is  located  at  the 
base  of  the  Trigo  mountains  about  20  miles  south 
of  Ehrenberg,  Arizona.  Three  of  the  sites  are  com- 
posed primarily  of  lithic  debitage  and  cores.  These 
sites  are  associated  with  an  alluvial  terrace  upon 
which,  among  other  raw  materials,  a  substantial 
amount  of  rhyolite  was  deposited.  This  terrace  has 
been  visited  by  people  who  have  specifically  fo- 
cused on  testing  and  extracting  quality  pieces  of 
rhyolite  at  least  since  the  Archaic  Period.  Little 
change  over  time  is  noted  in  the  lithic  technology. 
The  three  remaining  sites  are  all  located  in  con- 
cealed caves  in  the  mountains.  These  sites  are 
interpreted  caches  that  were  used  during  the  Ce- 
ramic or  Protohistoric  periods.  The  caches  appear 
to  consist  of  one  or  a  few  ollas  that  were  filled 
with  corn  meal.  In  two  caches  the  ollas  had  been 
placed  behind  rock  walls  in  small,  unobtrusive 
alcoves.  Hypotheses  are  presented  about  the  possi- 
ble role  of  the  caches.  A  review  of  the  evidence 
suggests  that  the  most  likely  hypotheses  are  that 
the  caches  were  used  by  small  groups  of  hunters 
for  emergency  food,  or  as  safe  food  or  seed  storage 
by  familial  groups  insuring  against  the  deprivations 
of  raids.  The  most  surprising  finds  of  the  project 
are  three  packrat  middens  found  on  top  and  at  the 
base  of  one  of  the  rock  walls  hiding  an  olla  cache. 
The  middens  date  to  between  11,000  and  7,000 
B.P.  Although  not  related  to  cultural  behavior, 
paleobotanical  analysis  of  the  middens  reveals  that 


this  section  of  the  Colorado  River  Valley  support- 
ed a  large,  dense  mesquite  bosque  during  this 
period.  These  data  are  the  first  of  this  age  to  be 
obtained  from  a  low  elevation  site  along  the  lower 
portion  of  the  Colorado  River.  (Author's  abstract) 
W90-03828 


LAKE  BUHI:  RESOLVING  CONFLICTS  IN  A 
PHILIPPINE  DEVELOPMENT  PROJECT. 

International  Inst,  for  Environment  and  Develop- 
ment, London  (England). 
G.  Conway,  P.  Sajise,  and  W.  Knowland. 
AMBIO  AMBOCX,  Vol.   18,  No.  2,  p  128-135, 
1989.  8  fig,  3  tab,  13  ref. 

Descriptors:  'Workshops,  *Dam  effects,  •Water 
level  fluctuations,  *Lake  fisheries,  *Multiobjective 
planning,  •Water  supply  development,  Public  par- 
ticipation, Flooding,  Priorities,  Commercial  fish- 
ing, Ecosystems,  Philippines. 

The  construction  of  a  small  dam  at  the  outlet  of 
Lake  Buhi  in  the  Bicol  province  of  the  Philippines 
created  a  number  of  problems  that  threatened  the 
livelihood  and  wellbeing  of  the  local  inhabitants. 
These  included  damaged  ricelands,  drying  out  of 
fish  cages,  loss  of  river  navigational  routes,  and 
drying  up  of  shallow  town  wells,  and  were  all  due 
to  lake  water  level  fluctuations.  In  order  to  resolve 
these  problems,  a  workshop  was  held  in  the  area 
using  the  technique  of  Agroecosystem  Analysis. 
Participants  were  representatives  of  the  donor  and 
government  agencies,  officials  of  the  municipality 
of  Buhi,  and  the  local  farmers  and  fishermen.  The 
technique  proved  to  be  an  efficient  and  economic 
way  of  achieving  a  consensus  of  priorities  for 
further  action.  There  was  a  general  agreement  that 
many  of  the  problems  of  the  Buhi  area  were  great- 
ly compounded  by  lack  of  information  and  misin- 
formation. In  this  respect,  the  workshop  also 
proved  to  be  of  considerable  value.  (Author's  ab- 
stract) 
W90-04006 


MAN'S  IMPACT  ON  THE  ECOSYSTEM  OF 
THE  BALTIC  SEA:  ENERGY  FLOWS  TODAY 
AND  AT  THE  TURN  OF  THE  CENTURY. 

Stockholm  Univ.  (Sweden).  Dept.  of  Zoology. 
R.  Elmgren. 

AMBIO  AMBOCX,  Vol.  18,  No.  6,  p  326-332, 
1989.  3  fig,  4  tab,  74  ref. 

Descriptors:  *Eutrophication,  *Water  pollution  ef- 
fects, *Baltic  Sea,  'Marine  fisheries,  'Aquatic  pro- 
ductivity, Zooplankton,  Seals,  Food  chains. 

The  impact  of  man  on  the  Baltic  ecosystem  in  the 
20th  century  is  summarized  by  estimating  changes 
in  major  energy  flows,  expressed  as  organic 
carbon.  Recent  eutrophication  has  increased  pelag- 
ic primary  production  by  an  estimated  30-70%, 
and  sedimentation  of  organic  carbon  by  70-190%. 
Above  the  primary  halocine,  biomass  and  produc- 
tion of  benthos  have  increased,  while  in  the  the 
deep  waters  of  the  Baltic  proper,  oxygen  deficien- 
cy has  lead  to  the  loss  of  formerly  important  food 
chains  over  nearly  100,000  square  km  of  the 
bottom.  The  net  result  is  an  approximate  doubling 
of  macrobenthic  production,  but  little  increase  in 
meiobenthic  production.  Zooplankton  production 
is  thought  to  have  increased  less  than  primary 
production,  perhaps  by  about  a  quarter.  Fish 
catches  in  the  Baltic  have  increased  more  than 
tenfold,  but  this  is  considered  to  be  due  only  partly 
to  increased  fish  production  caused  by  more  food 
for  fish.  Increased  fishing  effort  and  the  near  exter- 
mination of  fish-eating  Baltic  seals,  through  hunt- 
ing and  pollution,  are  likely  to  be  equally  impor- 
tant. Today,  the  Baltic  fishery  requires  about  10% 
of  the  primary  production  in  the  Baltic  to  produce 
its  catches,  whereas  the  remnant  seal  population 
needs  less  than  0.1%.  At  the  beginning  of  this 
century  the  fishery  required  about  1%  and  the 
marine  mammals  an  estimated  5%  of  the  primary 
production.  (Author's  abstract) 
W90-O4081 
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STOCHASTIC  MODEL  TO  EVALUATE  RIPAR- 
IAN IRRIGATION  EXPANSION  IN  THE  EAST- 
ERN UNITED  STATES. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Agricultural  Economics. 
For  primary  bibliographic  entry  see  Field  3F. 
W9O-04198 


ECOLOGY    OF    ATLANTIC    WHITE    CEDAR 
WETLANDS:  A  COMMUNITY  PROFILE. 

Marine  Biological  Lab.,  Woods  Hole,  MA. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-04255 


ENERGY  FROM  THE  WEST:  IMPACT  ANALY- 
SIS REPORT.  VOLUME  I:  INTRODUCTION 
AND  SUMMARY. 

Oklahoma   Univ.,   Norman.    Science   and   Public 

Policy  Program. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-04256 

1987  SAVANNAH  RIVER  CURSORY  SURVEYS. 

Academy  of  Natural  Sciences  of  Philadelphia,  PA. 

Div.  of  Environmental  Research. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04268 


ENERGY    FROM    THE    WEST:    SUMMARY 
REPORT. 

Oklahoma   Univ.,   Norman.    Science   and   Public 

Policy  Program. 

For  primary  bibliographic  entry  see  Field  6D. 

W90-04269 


ENVIRONMENTAL  INFORMATION  FROM 
SEDIMENTS. 

Geological  Survey,  Menlo  Park,  CA.  Geologic 
Div. 

D.  P.  Adam. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
206-219,  6  fig,  7  ref. 

Descriptors:  'Sediment  analysis,  'Environmental 
quality,  'Paleontology,  'Paleohydrology,  Biologi- 
cal studies,  Physical  analysis,  History,  Chloro- 
phyll, Amino  acids,  Pigments,  Geochemistry,  Bio- 
chemistry. 

To  predict  how  both  natural  and  man-modified 
water  resources  are  likely  to  behave  in  the  future, 
such  forecasts  should  be  based  on  a  knowledge  of 
present  and  past  behavior.  Because  instrumental 
data  are  not  adequate  for  long-term  predictions, 
such  records  must  be  supplemented  by  long-term 
data  from  historical  records,  tree  rings,  and  other 
proxy  data  that  provide  only  indirect  records  of 
past  hydrologic  behavior.  Proxy  data  may  often  be 
obtained  from  sediments.  Among  continental  envi- 
ronments, lakes  and  marshes  are  particularly  suita- 
ble for  study  because  they  act  as  sediment  traps. 
Under  favorable  conditions,  sediment  may  accu- 
mulate more  or  less  continuously  in  a  given  spot 
for  thousands  of  years,  initially  including  whatever 
happens  to  be  washed  in,  blown  in,  or  chemically 
precipitated,  including  both  mineral  grains  and  bio- 
logical remains.  Physical  evidence  for  past  hydro- 
logic  behavior  may  be  found  in  grain  size  distribu- 
tions and  in  mineralogy.  Studies  of  organic  remains 
in  sediments  are  diverse,  and  most  workers  special- 
ize in  one  or  a  few  types  of  remains.  Many  workers 
recognize  an  informal  distinction  between  micro- 
fossils and  macrofossils.  Microfossils  include  pollen 
and  spores  and  various  kinds  of  algae,  including 
diatoms,   chrysomonads,   Pediastrum,   Botryococ- 
cus,  and  Coelastrum.  Macrofossils  include  remains 
of  both  plants  and  animals.  Animal  remains  include 
fish  bones  and  scales,  teeth  and  bones  of  small 
mammals,  gastropod  and  ostracod  shells  as  well  as 
insects.  Plant  remains  are  usually  seeds,  leaves,  or 
wood.  An  important  aspect  of  plant  macrofossils  is 
their  carbon  content  which  may  permit  radioactive 
dating.  In  addition  to  macrofossils  and  microfossils, 
there  are  also  biogeochemical  indicators  of  past 


environments,  including  such  things  as  amino 
acids,  chlorophyll  degradation  productions,  and 
plant  pigments.  (See  also  W90-O4308)(Lantz-PTT) 
W90-04321 


CALIFORNIA'S  EXPERIENCE  WITH  MOS- 
QUITOES IN  AQUATIC  WASTEWATER 
TREATMENT  SYSTEMS. 

California  State  Water  Resources  Control  Board, 

Sacramento. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04425 


SCHSNCE,  LAW,  AND  HUDSON  RIVER 
POWER  PLANTS:  A  CASE  STUDY  IN  ENVI- 
RONMENTAL IMPACT  ASSESSMENT. 

American  Fisheries  Society,  Bethesda,  Maryland, 
1988.  American  Fisheries  Society  Monograph  4. 
Edited  by  Lawrence  W.  Barnthouse,  Ronald  J. 
Klauda,  Douglas  S.  Vaughan  and  Robert  L.  Ken- 
dall. 347p. 

Descriptors:  'Nuclear  powerplants,  'Fisheries, 
♦Hudson  River,  'Entrainment,  'Thermal  power- 
plants,  'Environmental  effects,  Hydroelectric 
plants,  Impingement,  Environmental  policy,  Base- 
line studies,  Decision  making. 

Between  1963  and  1980,  the  Hudson  River  estuary 
was  the  focus  of  one  of  the  most  ambitious  envi- 
ronmental research  and  assessment  programs  ever 
performed.  The  studies  supported  a  series  of  U.S. 
federal  proceedings  involving  licenses  and  dis- 
charge permits  for  two  controversial  electric 
power  generating  facilities:  the  Cornwall  pumped 
storage  facility,  and  units  2  and  3  of  the  Indian 
Point  nuclear  generating  station.  Both  facilities 
were  to  draw  large  volumes  of  water  from  a  region 
of  the  Hudson  used  as  spawning  and  nursery  habi- 
tat by  several  fish  species,  including  the  striped 
bass.  Fishermen  and  conservationists  feared  that  a 
major  fraction  of  the  striped  bass  eggs  and  larvae 
in  the  Hudson  would  be  entrained  with  the 
pumped  water  and  killed.  Additional  fish  would  be 
killed  (and  had  been  killed  at  Indian  Point  unit  1) 
when  they  were  impinged  (trapped)  on  trash 
screens  at  the  intakes.  Scientists  were  asked  to  aid 
the  utility  companies  and  regulatory  agencies  in 
determining  the  biological  importance  of  entrain- 
ment and  impingement.  This  monograph  contains 
both  technical  papers  that  present  research  results 
and  synthesis  papers  that  summarize  and  interpret 
the  results.  The  intent  was  to:  (1)  summarize  the 
scientific  issues  and  approaches;  (2)  present  the 
significant  results  of  the  Hudson  River  biological 
studies;  (3)  describe  the  role  of  the  studies  in  the 
decision-making  process;  (4)  evaluate  the  successes 
and  failures  of  the  studies;  and  (5)  present  recom- 
mendations for  future  estuarine  impact  assessments. 
(See  W90-04506  thru  W90-04529)  (WhiteReimer- 
PTT) 
W90-04505 


TECHNICAL  DESCRDTTIONS  OF  HUDSON 
RIVER  ELECTRICITY  GENERATING  STA- 
TIONS. 

Orange  and  Rockland  Utilities,  Inc.,  Pearl  River, 

NY. 

For  primary  bibliographic  entry  see  Field  6D. 

W90-04511 


ADVANCES  IN  FIELD  AND  ANALYTICAL 
METHODS  FOR  ESTIMATING  ENTRAIN- 
MENT MORTALITY  FACTORS. 

EA  Engineering,  Science,  and  Technology,  Inc., 

Middletown,  NY. 

For  primary  bibliographic  entry  see  Field  81. 

W90-O4512 


HISTORICAL  DEVELOPMENT  OF  ENTRAIN- 
MENT MODELS  FOR  HUDSON  RD7ER 
STPJPED  BASS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  81. 
W90-04513 


HISTORICAL  REVIEW  OF  ENTRAINMENT 
IMPACT  ESTIMATES  AND  THE  FACTORS  IN- 
FLUENCING THEM. 

Lawler,    Matusky    and    Skelly    Engineers,    Pearl 

River,  NY. 

For  primary  bibliographic  entry  see  Field  81. 

W90-O4514 

ANALYSIS  OF  IMPINGEMENT  IMPACTS  ON 
HUDSON  RD7ER  FISH  POPULATIONS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

L.  W.  Barnthouse,  and  W.  Van  Winkle. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  182-190.  1  fig,  3  tab,  23  ref, 
append.  IAG  DOE  40-740-78,  IAG  DOE  40-550- 
75,  Contract  DE-AC05-84OR21400. 

Descriptors:  'Environmental  effects,  'Powerplant 
effects,  'Entrainment,  'Thermal  powerplants, 
•Nuclear  powerplants,  'Estuarine  fisheries, 
•Hudson  River  Estuary,  'Impingement,  Life  histo- 
ry studies,  White  perch,  Striped  bass,  Atlantic 
tomcod,  Shad,  Alewife,  Blueback  herring. 

Impacts  of  impingement,  expressed  as  reductions  in 
year-class    abundance,    were    calculated    for    six 
Hudson  River  fish  populations.   Estimates  were 
made  for  the  1974  and  1975  year  classes  of  white 
perch,  striped  bass,  Atlantic  tomcod,  and  Ameri- 
can shad,  and  the  1974  year  classes  of  alewife  and 
blueback  herring.  The  maximum  estimated  reduc- 
tions in  year-class  abundance  were  less  than  5% 
for  all  year  classes  except  the  1974  and  1975  white 
perch  year  classes  and  the  1974  striped  bass  year 
class.  Only  for  white  perch  were  the  estimates 
greater  than  10%  per  year.  For  striped  bass,  the 
146,000  fish  from  the  1974  year  class  that  were 
killed    by    impingement    could    have    produced 
12,000-16,000  5-year-old  fish  or  270-300  10-year- 
olds.  Also  estimated  were  the  reductions  in  mortal- 
ity that  could  have  been  achieved  had  closed-cycle 
cooling  systems  been  installed  at  one  or  more  of 
three  power  plants  (Bowline  Point,  Indian  Point, 
and  Roseton)  and  had  the  screen-wash  systems  at 
Bowline  Point  and  Indian  Point  been  modified  to 
improve  the  survival  of  impinged  fish.  Closed- 
cycle  cooling  at  all  three  plants  would  have  re- 
duced   impingement    impacts    on    white    perch, 
striped  bass,  and  Atlantic  tomcod  by  75%  or  more; 
installation  of  closed-cycle  cooling  at  Indian  Point 
alone  would  have  reduced  impingement  impacts 
on  white  perch  and  Atlantic  tomcod  by  50%-80%. 
Modified  traveling  screens  would  have  been  less 
effective  than  closed-cycle  cooling,  but  still  would 
have  reduced  impingement  impacts  on  white  perch 
by  roughly  20%.  (See  also  W90-04505)  (Author's 
abstract) 
W90-04518 

DEVELOPMENT  AND  SENSITIVITY  ANALY- 
SIS OF  IMPACT  ASSESSMENT  EQUATIONS 
BASED  ON  STOCK-RECRUITMENT  THEORY. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 

I.  R.  Savidge,  J.  B.  Gladden,  K.  P.  Campbell,  and 
J.  S.  Ziesenis. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  191-203.  4  fig,  2  tab,  33  ref. 
DOE  DE-ACO9-765R00-819. 

Descriptors:  'Environmental  effects,  'Estuarine 
fisheries,  'Powerplant  effects,  'Thermal  power- 
plants,  'Nuclear  powerplants,  'Entrainment,  'Im- 
pingement, Mathematical  models,  Hudson  River 
Estuary,  Population  studies,  Life  cycles,  Mortality. 

A  central  and  unresolved  problem  in  assessing  the 
impact  of  power  plant  operations  on  Hudson  River 
fish  populations  was  the  prediction  of  long-term 
population  changes  resulting  from  impingement 
and  entrainment  mortality.  A  series  of  equations 
was  developed  from  the  Ricker  and  Beverton-Holt 
stock-recruitment  models  to  address  this  issue.  It 
was  assumed  that  compensation  occurs  during  a 
brief  period  early  in  the  life  cycle  rather  than 
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throughout  the  life  cycle.  Equations  were  devel- 
oped for  the  added  power  plant-induced  mortality 
occurring  before  or  after  compensation  in  each 
model.  Mortality  added  after  compensation  result- 
ed in  larger  estimates  of  population  reduction  than 
mortality  added  before  compensation.  The  simple 
deterministic  and  more  complex  age-structured 
models  provided  identical  predictions  of  long-term 
changes  in  population  size  in  most  cases.  Similarly, 
the  simple  models  predicted  population  changes 
that  were  nearly  identical  to  the  average  age- 
stnictured  model  with  variable  survival  except 
when  levels  of  variation  were  quite  high  and  the 
population  modeled  was  semelparous  (reproducing 
at  a  single  age).  Advantages  of  the  equations  devel- 
oped herein  are  their  simplicity,  generality,  and 
minimal  data  requirements.  The  simple  models,  as 
formulated,  cannot  incorporate  multiple  sources  of 
mortality  or  multiple  sources  of  density  depend- 
ence in  differing  life  stages,  particularly  when  the 
rates  or  functional  relationships  of  these  processes 
are  likely  to  vary  from  year  to  year.  The  predic- 
tions of  long-term  population  changes  resulting 
from  impingement  and  entrainment  mortality  were 
not  attained.  The  magnitude  and  form  of  the  com- 
pensatory responses  of  Hudson  River  fish  popula- 
tions remained  undetermined,  so  that  an  agreement 
on  this  critical  component  of  prediction  models 
could  not  be  reached.  (See  also  W90-04505)  (Au- 
thor's abstract) 
W90-04519 


FISHING  IN  DANGEROUS  WATERS:  RE- 
MARKS ON  A  CONTROVERSIAL  APPEAL  TO 
SPAWNER-RECRUIT  THEORY  FOR  LONG- 
TERM  IMPACT  ASSESSMENT. 

Cornell  Univ.,  Ithaca,  NY.  Ecosystems  Research 

Center. 

For  primary  bibliographic  entry  see  Field  81. 

W90-04522 


IMPLICATIONS  OF  POWER  PLANT  MOR- 
TALITY FOR  MANAGEMENT  OF  THE 
HUDSON   RIVER  STRD7ED  BASS   FISHERY. 

Fish  and  Wildlife  Service,  Ann  Arbor,  MI. 
For  primary  bibliographic  entry  see  Field  81. 
W90-04523 


HUDSON  RIVER  COOLING  TOWER  PRO- 
CEEDING: INTERFACE  BETWEEN  SCIENCE 
AND  LAW. 

LeBoeuf,  Lamb,  Leiby  and  MacRae,  New  York. 
For  primary  bibliographic  entry  see  Field  6E. 
W90-04527 


WHAT  WE  DIDNT  LEARN  ABOUT  THE 
HUDSON  RIVER,  WHY,  AND  WHAT  IT 
MEANS  FOR  ENVIRONMENTAL  ASSESS- 
MENT. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  6B. 
W90-04529 

7.  RESOURCES  DATA 
7A.  Network  Design 


WATER-USE  DATA  COLLECTION  PROGRAM 
IN  MISSISSTPPI. 

Geological  Survey,  Jackson,  MS.  Mississippi  Dis- 
trict. 

For  primary  bibliographic   entry  see   Field   6D. 
W90-03718 


REVTEW  OF  PRESENT  RISK  ASSESSMENT 
MODELS  FOR  PETROLEUM  CONTAMINAT- 
ED SODLS. 

Massachusetts  Univ.,  Amherst.  Div.  of  Nursing. 
For  primary  bibliographic  entry  see  Field  5C. 
W9O-03847 


EXPERIENCES  OF  QUALITY  CONTROL  OF 
RAW  WATER  STORAGE  RESERVOIRS. 

Wahnbachtalsperrenverband,  Siegburg  (Germany, 


F.R.). 

For   primary   bibliographic  entry   see   Field   5G. 
W90-03968 


LAND-USE  AND  WATER  QUALrTY  RELA- 
TIONSHIPS IN  THE  GEORGES  CREEK 
BASIN,  MARYLAND. 

Frostburg  State  Coll.,  MD.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-04177 


EVALUATION  OF  SOME  APPROACHES  TO 
ESTIMATING  NON-POINT  POLLUTANT 
LOADS  FOR  UNMONITORED  AREAS. 

Heidelberg  Coll.,  Tiffin,  OH.  Water  Quality  Lab. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04187 


ESTIMATING  MEAN  AND  VARIANCE  FOR 
ENVIRONMENTAL  SAMPLES  WITH  BELOW 
DETECTION  LIMIT  OBSERVATIONS. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04188 


EPISODIC  RESPONSE  PROJECT  RESEARCH 
PLAN. 

FTN  Associates,  Little  Rock,  AR. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04214 


STATE  MONITORING  PROGRAMS. 

For  primary  bibliographic  entry  see  Field   5G. 
W90-04226 


ANALYTICAL  METHODS  AND  TOOLS  FOR 
RECONNAISSANCE-PHASE  STUDIES. 

Hydrologic  Engineering  Center,  Davis,  CA.  Plan- 
ning Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-04241 


MANAGEMENT  OF  RECONNAISSANCE 
PHASE  STUDIES. 

Corps  of  Engineers,   Baltimore,   MD.   Baltimore 

District. 

J.  F.  Johnson. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 

Reduction  Reconnaissance-Phase  Studies.  August 

9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 

CA.  p  129-139,  1  fig,  1  tab. 

Descriptors:  'Nonstructural  alternatives,  •Recon- 
naissance studies,  *Flood  plain  management,  *Cost 
sharing,  Cost-benefit  analysis,  Feasibility  studies, 
Economic  aspects. 

The  problems  of  managing  a  program  that  includes 
several  reconnaissance  phase  studies,  and  the  les- 
sons learned  from  this  experience  are  addressed. 
Eight  reconnaissance  studies  were  initiated  under 
the  two-phase  planning  approach  since  1984,  seven 
of  which  have  been  completed.  These  have  led  to 
six  cost  shared  feasibility  studies,  one  of  which  is 
sponsored  by  two  states.  In  addition,  another  'ap- 
praisal' study  is  scheduled  to  be  initiated  this  fiscal 
year,  and  another  reconnaissance  study  in  FY  1989. 
All  of  these  reconnaissance  studies  reflect  high 
Administration  priorities;  they  either  have  had,  or 
expect  they  will  lead  to,  cost-shared  feasibility 
studies;  and  they  should  result  in  economically 
feasible  projects.  Based  on  the  experience  with  a 
full  range  of  cost  sharing  partners,  and  economic, 
geographic,  institutional,  and  other  conditions,  the 
systems  of  cost  shared,  two-phased  planning  is 
working.  (See  also  W90-O4234)  (Lantz-PTT) 
W90-04245 


RECONNAISSANCE  PHASE  STUDD2S-A  DI- 
VISION PERSPECTIVE. 

Corps  of  Engineers  Lower  Mississippi  Valley  Div., 

New  Orleans,  LA.  Planning  Div. 

D.  E.  G.  Lawhun. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 

Reduction  Reconnaissance-Phase  Studies.  August 


9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 
CA.  p  141-151. 

Descriptors:  'Nonstructural  alternatives,  'Recon- 
naissance studies,  'Flood  plain  management,  Water 
resources  management,  Economic  aspects. 

The  reconnaissance  study  program  is  the  current 
foundation  for  the  entire  future  Civil  Works  pro- 
gram of  the  Corps  of  Engineers.  The  Corps  must 
maintain  a  healthy  reconnaissance  program  if  it  is 
to  remain  as  a  viable  organization.  The  reconnais- 
sance study  is  the  first  step  in  meeting  water  re- 
sources needs  for  the  future.  The  Corps  must  be 
immediately  responsive  to  requests  to  initiate  re- 
connaissance studies,  and  be  very  careful  in  apply- 
ing policies  which  will  not  allow  the  Corps  to  be 
responsive.  A  separate  funding  target  should  be 
provided  for  reconnaissance  studies  so  that  they 
are  not  required  to  compete  for  funds  with  projects 
in  the  early  stages,  which  are  now  all  a  part  of  the 
combined  General  Investigations  budget.  Particu- 
lar concern  needs  to  be  given  to  the  approval  or 
certification  process  when  reconnaissance  studies 
are  completed  so  that  the  Corps  can  move  quickly 
and  efficiently  into  the  feasibility  phase  for  those 
projects  which  meet  policy  and  legislative  require- 
ments, and  are  responsive  to  the  needs  of  the 
people  of  the  United  States.  (See  also  W90-04234) 
(Lantz-PTT) 
W90-04246 


STATISTICAL  ANALYSIS  OF  GROUND- 
WATER MONITORING  DATA  AT  RCRA  FA- 
CILriTES. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Solid  Waste. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-151047. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/530-SW-89-O26,  February  1989. 
138p,  11  fig,  16  tab,  54  ref,  3  append. 

Descriptors:  'Water  pollution  control,  'Water 
quality  control,  'Groundwater  quality,  'Statistical 
methods,  'Monitoring,  'Standards,  Resource  Con- 
servation and  Recovery  Act,  Case  studies, 
Groundwater  pollution. 

The  hazardous  waste  regulations  under  the  Re- 
source Conservation  and  Recovery  Act  (RCRA) 
require  owners  and  operators  of  hazardous  waste 
facilities  to  utilize  design  features  and  control 
measures  that  prevent  the  release  of  hazardous 
waste  into  groundwater.  This  document  provides 
guidance  to  RCRA  facility  permit  applicants  and 
writers  concerning  the  statistical  analysis  of 
groundwater  monitoring  data  at  RCRA  facilities. 
Section  1  is  an  introduction  to  the  guidance;  it 
describes  the  purpose  and  intent  of  the  document, 
and  emphasizes  the  need  for  site-specific  consider- 
ations in  implementing  the  Subpart  F  regulations 
of  40  CFT  Part  264.  Section  2  provides  the  reader 
with  an  overview  of  the  recently  promulgated 
regulations  concerning  the  statistical  analysis  of 
groundwater  monitoring  data.  Section  3  discusses 
the  important  geohydrologic  parameters  to  consid- 
er when  choosing  a  sampling  interval.  Section  4 
provides  guidance  on  choosing  an  appropriate  sta- 
tistical method.  Section  5  covers  statistical  meth- 
ods that  may  be  used  to  evaluate  groundwater 
monitoring  data  when  background  wells  have  been 
sited  hydraulically  upgradient  from  the  regulated 
unit,  and  a  second  set  of  wells  are  sited  hydrauli- 
cally downgradient  from  the  regulated  unit  at  the 
point  of  compliance.  Section  6  includes  statistical 
procedures  that  are  appropriate  when  comparing 
groundwater  constituent  concentrations  to  fixed 
concentration  limits  (e.g.,  alternate  concentration 
limits  or  maximum  concentration  limits).  The 
methods  applicable  to  this  type  of  comparison  are 
confidence  intervals  and  tolerance  intervals.  Sec- 
tion 7  presents  the  case  where  the  level  of  each 
constituent  within  a  single,  uncontaminated  well  is 
being  compared  to  its  historic  background  concen- 
trations. Section  8  contains  a  variety  of  special 
topics  that  are  relatively  short  and  self  contained. 
These  topics  include  methods  to  deal  with  data 
that  is  below  the  limit  of  analytical  detection  and 
methods  to  test  for  outliers  or  extreme  values  in 
the  data.  Finally,  the  guidance  presents  appendices 
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that  cover  general  statistical  considerations,  a  glos- 
sary of  statistical  terms,  statistical  tables,  and  a 
listing  of  references.  (Lantz-PTT) 
W90-04250 


SIMPLE  SYSTEM  TO  MANAGE  A  HYDROLO- 
GICAL  DATA  BASE  -  APPLICATION  OF  PER- 
SONAL COMPUTERSOJN  SYSTEME  SIMPLE 
DE  GESTION  D'UNE  BASE  DE  DONNEES  HY- 
DROLOGIQUES  -  APPLICATION  POUR  OR- 
DINATEURS  PERSONNELS). 
Institut  Royal  Meteorologique  de  Belgique,  Brus- 
sels. Hydrology  Section. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04293 


RELIABILITY  OF  IMPINGEMENT  SAM- 
PLING DESIGNS:  AN  EXAMPLE  FROM  THE 
EMDIAN  POINT  STATION. 

Normandeau  Associates,  Inc.,  Bedford,  NH. 
For  primary  bibliographic  entry  see  Field  81. 
W90-04516 


7B.  Data  Acquisition 


MICROTOX   ASSESSMENT   OF  ANAEROBIC 
BACTERIAL  TOXICITY. 

Massachusetts  Univ.,  Amherst.  Environmental  En- 
gineering Program. 

For  primary  bibliographic  entry  see  Field   5D. 
W90-03596 


GEOMORPHIC  MEASUREMENTS  AFTER  A 
FLOOD. 

Geological  Survey,  Lakewood,  CO. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03665 


WATER-USE  DATA  COLLECTION  PROGRAM 
IN  MISSISSD?PI. 

Geological  Survey,  Jackson,  MS.  Mississippi  Dis- 
trict. 

For  primary  bibliographic  entry  see  Field  6D. 
W90-03718 


ISCO  OPEN  CHANNEL  FLOW  MEASURE- 
MENT HANDBOOK. 

Isco,  Inc.,  Lincoln,  NE.  Environmental  Div. 

D.  M.  Grant. 

Isco,  Inc.,  Lincoln,  Nebraska.  1978,  356  p. 

Descriptors:  'Gaging,  'Stream  gages,  ♦Instrumen- 
tation, 'Measuring  instruments,  'Handbooks, 
•Open-channel  flow,  'Flow  measurement,  Fluid 
mechanics,  Hydraulics,  Channel  flow,  Weirs, 
Flumes,  Gravity  flow. 

This  handbook  provides  assistance  to  individuals 
involved  in  measuring  open  channel  flow.  The 
book  is  divided  into  seventeen  chapters,  the  first  of 
which  provides  a  general  introduction  to  the  hand- 
book and  to  the  subject.  The  second  chapter  dis- 
cusses open  channel  flow  measurement  in  general 
terms.  The  third  chapter  describes  in  detail  the  use 
of  weirs.  The  fourth  chapter  gives  an  in-depth  look 
at  flumes.  The  fifth  chapter  contains  methods  for 
selecting  primary  devices.  The  sixth  chapter  dis- 
cusses the  measurement  of  gravity  flow  using  the 
Manning  formula.  The  seventh  chapter  provides 
practical  information  on  flow  measurement  system 
installations.  Chapters  eight  through  sixteen  pro- 
vide discharge  tables  on  many  commonly  used 
primary  measuring  devices.  The  final  chapter,  sev- 
enteen, present  conversion  tables  used  in  flow 
measurement  work.  (Lantz-PTT) 
W90-03749 


HYDROLOGIC  SYSTEMS.  VOLUME  I:  RAIN- 
FALL-RUNOFF MODELING. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03764 


AUTOMATIC  RAINFALL  LOGGER  AND  SAM- 
PLER FOR  FIELD  USE. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Wembley  (Australia).  Div.  of  Water 

J.  W.  Smith,  J.  V.  Turner,  and  C.  J.  Harris. 
CSIRO  Technical  Memorandum  89/7,  June  1989. 
20p,  6  fig,  1  tab,  append. 

Descriptors:  'Rain  gages,  'Instrumentation,  'Log- 
ging (Recording),  'Measuring  instruments,  'Rain- 
fall, 'Field  tests,  Automation,  Water  sampling, 
Dry  deposition,  Monitoring. 

A  programmable  rainfall  fraction  collector  has 
been  designed  and  assembled.  Under  field  oper- 
ation the  unit  controls  the  collection  of  multiple 
sequential  samples  of  rainfall  while  also  logging 
data  on  the  timing  and  amount  of  rainfall.  The 
control  program  may  be  readily  modified  in  the 
field  to  suit  changing  rainfall  sampling  and  moni- 
toring requirements.  The  unit  can  be  modified  to 
suit  applications  such  as  studies  of  rain  water 
chemistry  and  pollution  or  to  assess  wet  and  dry 
components  of  atmospheric  chemical  fallout.  (Au- 
thor's abstract) 
W90-03798 


DETECTION  OF  COARSE  SEDIMENT  MOVE- 
MENT USING  RADIO  TRANSMITTERS. 

Army  Cold  Regions  Research  and  Engineering 
Lab.,  Fort  Wainwright,  AK.  Alaskan  Projects 
Office. 

E.  F.  Chacho,  R.  L.  Burrows,  and  W.  W.  Emmett. 
IN:  International  Association  for  Hydraulic  Re- 
search XXIII  Congress,  August  21-25,  1989, 
Ottawa,  Canada.  1989.  p  B367-B373,  3  fig,  1  tab,  7 
ref. 

Descriptors:  'Telemetry,  'Remote  sensing,  'Sedi- 
ment transport,  Particle  size,  Flow  profiles,  Tur- 
bidity. 

The  use  of  radio  transmitters  to  track  and  locate 
coarse  sediment  (39  mm  or  larger)  was  successfully 
demonstrated  by  tracking  five  individual  rocks 
through  a  highly  mobile,  braided  river  system. 
Radio-implanted  rocks  traveling  distances  >  1,500 
m  in  8  days  were  tracked  during  periods  of  high 
flow  and  turbid  water  conditions.  After  flow  re- 
ceded and  access  to  the  bars  and  channels  was 
possible,  the  rocks  were  again  located  and  recov- 
ered even  though  burial  of  up  to  0.3  m  had  oc- 
curred. A  motion  sensing  device  which  detects 
whether  a  particle  is  in  motion  or  at  rest  was  also 
tested  successfully.  (Author's  abstract) 
W90-03821 


CORRELATION  OF  SCANNING  MULTICHAN- 
NEL   MICROWAVE    RADIOMETER    (SMMR) 
OBSERVATIONS   WITH   SNOWPACK   PROP- 
ERTIES OF  THE  UPPER  COLORADO  RTVER 
BASES  FOR  WATER  YEAR  1986. 
Geological  Survey,  Tacoma,  WA. 
E.  G.  Josberger,  C.  H.  Ling,  W.  J.  Campbell,  P. 
Gloersen,  and  A.  T.  C.  Chang. 
IN:  Remote  Sensing:  An  Economic  Tool  for  the 
Nineties.   12th  Canadian  Symposium  on  Remote 
Sensing,  (1989).  pl239-1242,  4  fig,   1  tab,  4  ref. 

Descriptors:  'Snowpack,  'Microwaves,  'Remote 
sensing,  'Colorado  River  Basin,  Colorado,  Utah, 
Wyoming,  Satellite  technology,  Radiometry,  Scan- 
ning multichannel  microwave  radiometer. 

For  the  Upper  Colorado  River  Basin,  the  grided 
18  and  37  gigaHertz  brightness  temperatures  from 
the  Scanning  Multichannel  Microwave  Radiome- 
ter (SMMR)  on  the  Nimbus-7  satellite  and  snow- 
pack  properties  measured  by  the  automatic,  remote 
snow  observation  sites  of  the  Soil  Conservation 
Service  (SNOTEL)  provide  unique  time  series 
data  sets  for  passive  microwave  snow  studies. 
Time  series  of  the  correlation  coefficients  using  the 
SNOTEL  data  and  a  combination  of  the  brightness 
temperatures  from  the  1/4  degree  latitude  by  1/4 
degree  longitude  pixels  that  contain  one  or  more  of 
the  100  SNOTELs  show  that  the  correlations  are 
generally  greater  than  0.8  and  can  attain  values  as 
great  as  0.95.  The  correlations  remain  high  until  a 
basin-wide  warming  event  occurs  which  produces 


liquid  water  in  the  snowpack  that  abruptly  lowers 
the  correlation.  The  envelopes  of  the  correlations 
for  the  Utah  and  Wyoming  snowpacks  are  signifi- 
cantly different  than  that  for  the  Colorado  pack. 
(Author's  abstract) 
W90-03823 


HYDROLOGIC  INFORMATION  AND  ANALY- 
SES REQUIRED  FOR  MITIGATING  HYDRO- 
LOGIC  EFFECTS  OF  URBANIZATION. 

Washington  Univ.,  Seattle.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-03896 


USE  OF  A  NOVEL  ACETONE-H202-CLO() 
CHEMILUMINESCENCE  SYSTEM  FOR  THE 
DETERMINATION  OF  IODIDE  ION. 

University  of  Science  and  Technology  of  China, 

Hefei.  Dept.  of  Applied  Chemistry. 

X.  Lu,  M.  Lu,  and  F.  Yin. 

Analytical  Letters  ANALBP,  Vol.  22,  No.  9,  p 

2051-2058,  August  1989.  3  fig,  2  tab,  5  ref. 

Descriptors:  'Water  analysis,  'Iodides,  'Water 
chemistry,  'Chemical  analysis,  'Laboratory  meth- 
ods, Chemiluminescence,  Acetone,  Hydrogen  per- 
oxide, Hypochlorite  ions. 

A  new  chemiluminescence  system,  which  can  be 
catalyzed  by  iodide  ion  (I(-)),  is  reported.  Based  on 
this  catalysis,  a  new  chemiluminescence  (CL) 
method  for  the  determination  of  trace  iodide  ion  is 
proposed.  The  reagent  concentrations  giving  the 
highest  CL  signal  were  found  to  be  49.7%  (by 
weight)  acetone,  1.45  M  hydrogen  peroxide,  and 
0.02  M  hypochlorite.  The  CL  intensity  is  at  a 
maximum  and  constant  when  the  pH  of  the  hypo- 
chlorite solution  is  at  least  13.2.  Although  some 
foreign  ions,  such  as  Co(+  +),  Ni(+  +),  and 
Cu(+  +),  interfered  with  the  determination  of  I(-) 
when  present  at  over  10  times  the  iodide  lOn 
concentration,  their  interference  can  be  obviated 
by  use  of  0.005  M  EDTA  as  a  masking  reagent. 
The  detection  limit  is  20  picograms/ml  i(-),  the 
linear  dynamic  range  is  40  nanograms/ml  to  30 
micrograms/ml  I(-),  and  the  coefficient  of  varia- 
tion at  an  iodide  concentration  of  5  nanograms/ml 
I(.)  (n  =  10)  is  4.6%.  The  method  has  been  satis- 
factorily applied  to  the  determination  of  trace 
iodide  ion  in  water.  (Shidler-PTT) 
W90-03920 


REMOTE  SENSING  AND  FULLY  DISTRIBUT- 
ED MODELENG  FOR  FLOOD  FORECASTING. 

Waterloo  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03980 


NEW  EXPRESSION  FOR  THE  UNCERTAESTY 
OF  A  CURRENT  METER  DISCHARGE  MEAS- 
UREMENT. 

Danish  Land  Development  Service,  Slagelse. 
M.  Lintrup. 

Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  3,  p 
191-200,  1989.  2  tab,  10  ref. 

Descriptors:  'Errors,  'Denmark,  'Norway,  'Flex 
Method,  'Discharge  measurement,  'Current 
meters,  Stream  profiles,  Hydraulic  geometry,  Per- 
formance evaluation,  Standards. 

A  method  for  the  conduct  of  routine  current  meter 
discharge  measurements  as  practiced  in  Denmark 
and  Norway  (the  'Flex  method')  consists  of  two 
uncertainty  equations,  termed  'coarse'  and  'fine.' 
The  first  of  these  equations  accounts  for  overall 
measurement  characteristics;  the  second  equation 
accounts  for  individual  vertical  characteristics. 
Contrary  to  traditional  methods  (International 
Standard  Organization  recommendations),  the  Flex 
method  incorporates  information  about  the  geome- 
try of  the  stream  profile  in  question  into  the  choice 
of  measurement  layout.  An  associated  method  for 
calculation  of  the  measurement  uncertainty  has 
been  developed.  By  tentative  application  to  a  test 
set  of  measurements,  it  is  rendered  probable  that 
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the  developed  method  will  be  able  to  provide 
satisfactory  estimates  of  the  uncertainty  of  current 
meter  measurements  while  having  a  wider  applica- 
bility and  being  easier  to  use  than  existing  methods. 
(Rochester-PTT) 
W90-03987 


UNRELIABILITY  OF  COLD-STORED  SAM- 
PLES FOR  ASSESSMENT  OF  CHEMICAL 
PRECIPITATES  OF  PHOSPHATE  IN  ACTI- 
VATED SLUDGE. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-03995 


USE  OF  THE  ANALYTICAL  PROFIiE  INDEX 
IN  THE  IDENTIFICATION  OF  ACTIVATED 
SLUDGE  BACTERIA:  PROBLEMS  AND  SOLU- 
TIONS. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-03997 


COMPARATTVE  EXAMINATIONS  OF  THE 
ADSORPTTVE  ELIMINATION  AND  IDENTD7I- 
CATION  OF  ORGANIC  SUBSTANCES  IN  THE 
WATER  USING  DIFFERENT  FILTERING 
MEDIA:  PART  2  (VERGLEICHENDE  UNTER- 
SUCHUNGEN  ZUR  ADSORPTTVEN  ELIMIN- 
IERUNG  UND  IDENTD7IZIERUNG  VON  OR- 
GANISCHEN  WASSERINHALTSSTOFFEN  AN 
UNTERSCmEDLICHEN  FTLTER-MEDDZN).  (2. 
MITT). 

H.  Thielemann. 

Zeitschnft  fuer  Wasser  -  und  Abwasser  Forschung 
ZWABAQ,  Vol.  22,  No.  5,  p  185-187,  October 
1989.  1  fig,  2  tab,  5  ref.  English  summary. 

Descriptors:  *Water  analysis,  'Organoleptic  prop- 
erties, 'Germany,  'Organic  matter,  'Filtration, 
•Water  treatment,  'Drinking  water,  Phenols, 
Taste,  Odors,  Comparison  studies,  Performance 
evaluation,  Adsorption. 

Organic  substances  in  water  were  eliminated  and 
identified  with  the  aid  of  different  adsorptive  meth- 
ods at  the  in  Halle  district  waterworks  in  East 
Germany.  A  comparison  made  of  the  performance 
of  activated  carbon  WDW  24  and  vinyl  acetate 
Silan  resin  within  the  framework  of  these  studies 
showed  the  synthetic  adsorber  to  be  superior.  Be- 
cause water-vapor-volatile  phenol  compounds 
occupy  a  special  position  as  agents  responsible  for 
producing  the  smell  and  taste  of  drinking  water  as 
a  result  of  chlorination,  special  importance  was 
attached  to  the  detection  of  phenol  compounds. 
(Author's  abstract) 
W90-03998 


MODERN  METHODS  IN  WATER  ANALYSIS. 

Technische   Univ.    Muenchen   (Germany,    F.R.). 

Inst,  fuer  Wasserchemie  und  Chemische  Balneolo- 

gie. 

For  primary  bibliographic  entry  see  Field  5A. 

W9O-O4016 


EFFICACY  OF  PHOSPHOLIPID  ANALYSIS  IN 
DETERMINING  MICROBIAL  BIOMASS  IN 
SEDIMENTS. 

Maine  Univ.,  Walpole.  Ira  C.  Darling  Center  for 
Research,  Teaching  and  Service. 
R.  H.  Findlay,  G.  M.  King,  and  L.  Watling. 
Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  55,  No.  11,  p  2888-2893,  Novem- 
ber 1989.  1  fig,  6  tab,  44  ref.  NSF  Grant  OCE 
8700358. 

Descriptors:  'Water  analysis,  'Chemical  analysis, 
•Bacterial  analysis,  'Phosphates,  'Bio mass,  'Sedi- 
ments, 'Lipids,  Benthos,  Detritus,  Separation  tech- 
niques, Mud  flats,  Dyes,  Aquatic  bacteria. 

Improvements  in  the  analysis  of  lipid-bound  phos- 
phates resulted  in  a  simplified  and  sensitive  method 
for  determining  microbial  biomass  in  sediments. 
Sensitivity  was  enhanced  over  previous  methods 


by  use  of  a  dye,  malachite  green,  which  when 
complexed  with  phosphomolybdate  at  low  pH  has 
a  high  extinction  coefficient  (at  610  nm).  The  use 
of  a  persulfate  oxidation  technique  to  liberate  phos- 
phate from  lipids  increased  the  simplicity  and 
safety  of  the  method  relative  to  the  traditional 
perchloric  acid  digestions.  The  modified  method 
was  both  accurate  (yielding  quantitative  recoveries 
of  cells  added  to  sediments)  and  precise  (coeffi- 
cient of  variation  of  less  than  5%  for  cells  and 
sediments).  A  comparison  with  an  epifluorescence 
technique  indicated  that  the  analysis  of  lipid-bound 
phosphate  was  more  rapid  and  less  tedious  and 
could  be  successfully  applied  to  a  wider  variety  of 
sediment  types.  An  estimate  of  the  lipid-bound 
phosphate-to-carbon  conversion  factor  based  on  a 
diverse  enrichment  culture  from  sediments  sug- 
gested that  previous  factors  for  pure  cultures  may 
have  been  too  low.  (Author's  abstract) 
W90-04034 


FIBER-OPTIC  DIPPING  SENSOR  FOR  OR- 
GANIC SOLVENTS  IN  WASTEWATER. 

Erlangen-Nuernberg   Univ.,   Erlangen  (Germany, 

F.R.).  Inst,  fuer  Physikalische  und  Theoretische 

Chemie. 

F.  L.  Dickert,  S.  K.  Schreiner,  G.  R.  Mages,  and 

H.  Kimmel. 

Analytical  Chemistry  ANCHAM,  Vol.  61,  No.  20, 

p  2306-2309,  October  1989.  7  fig,  10  ref. 

Descriptors:  'Water  analysis,  'Organic  solvents, 
'Ammonia,  'Optical  properties,  'Wastewater  anal- 
ysis, 'Dyes,  'Fiber  optics,  'Pollutant  identifica- 
tion, Industrial  wastewater. 

Large  amounts  of  wastewater  are  produced  in  the 
chemical  industry  that  need  to  be  continuously 
analyzed  according  to  their  organic  constituents.  A 
fiber  optic  system  was  developed  which  uses  tri- 
phenylmethane  dyes  as  sensor  materials  for  the 
detection  of  organic  solvents  and  gases  (ammonia) 
in  water  via  changes  in  optical  absorbance.  For 
this  purpose  these  sensor  layers  were  separated 
from  the  aqueous  solutions  by  a  gas-permeable 
membrane.  The  measurements  were  performed 
with  a  quartz  fiber  arrangement  using  optical  de- 
tection in  the  visible  range.  The  distinct  vapor 
pressures  of  the  organic  solvents  in  water  lead  to 
an  enhancement  of  the  sensor  selectivity  in  com- 
parison to  the  analogous  gas-phase  studies.  Down 
to  approximately  30  ppm  organic  solvents  in  water 
can  be  analyzed  in  favorable  cases.  (Geiger-PTT) 
W90-04036 


HOLLOW  FTBER  MEMBRANE  PROBES  FOR 
THE  IN  SITU  MASS  SPECTROMETRIC  MONI- 
TORING OF  NITROGEN  TRICHLORIDE  FOR- 
MATION DURING  WASTEWATER  TREAT- 
MENT. 

Dow  Chemical  Co.,  Midland,  MI.  Analytical  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04038 


DETERMINATION  OF  FLUORIDE  IN  NATU- 
RAL WATERS  BY  ION-SELEOTVE  ELEC- 
TRODE POTENTIOMETRY  AFTER  CO-PRE- 
CIPITATION WITH  ALUMINIUM  PHOS- 
PHATE. 

Nihon  Univ.,  Tokyo.  Dept.  of  Industrial  Chemis- 
try. 

T.  Okutani,  C.  Tanaka,  and  Y.  Yamaguchi. 
Talanta  TLNTA2,  Vol.   36,  No.    10,  p  973-976, 
October  1989.  2  fig,  4  tab,  17  ref. 

Descriptors:  'Water  analysis,  'Chemical  analysis, 
•Pollutant  identification,  'Fluorides,  'Natural 
waters,  'Aluminum,  Potentiometry,  Electrodes, 
Trace  elements,  Separation  techniques,  Hydrogen 
ion  concentration. 

The  most  effective  conditions  for  masking  alumi- 
num in  the  determination  of  microgram/titer  levels 
of  fluoride  in  water  by  ion-selective  electrode  po- 
tentiometry after  co-precipitation  with  aluminum 
phosphate  have  been  re-examined.  The  effective- 
ness of  citrate  for  masking  aluminum  increases 
with  pH,  and  up  to  .015  M  aluminum  can  be 
masked  quantitatively  at  pH  8.5.  Fluoride  (5-100 


micrograms  in  500  ml  of  sample  solution)  is  quanti- 
tatively co-precipitated  at  pH  4.7  with  approxi- 
mately 90  ml  of  aluminum  phosphate.  After  disso- 
lution of  the  precipitate  and  adjustment  of  the 
solution  to  pH  8.5  with  total  ionic  strength  adjust- 
ment buffer,  the  fluoride  content  can  be  measured 
with  a  fluoride  ion  selective  electrode.  The  method 
is  simple  and  rapid,  and  is  suitable  for  the  determi- 
nation of  trace  amounts  of  fluoride  in  various 
water  samples.  (Author's  abstract) 
W90-04066 


CONCENTRATION    OF   GIARDIA    LAMBLIA 
CYSTS,        LEGIONELLA        PNEUMOPHILA, 
CLOSTRIDIUM  PERFRINGENS,  HUMAN  EN- 
TERIC VIRUSES,  AND  COLIPHAGES  FROM 
LARGE   VOLUMES   OF   DRINKING   WATER, 
USING  A  SINGLE  FILTRATION. 
Institut  Armand-Frappier,  Laval  (Quebec).  Centre 
de  Recherche  en  Virologie. 
For  primary  bibliographic  entry  see  Field  5F. 
W90-04095 


PREDICTION  OF  SEDIMENT  SAMPLING 
ERROR  AT  NOZZLE. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
E.  Atkinson. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  115,  No.  12,  p  1696-1701,  Decem- 
ber 1989.  4  fig,  5  ref. 

Descriptors:  'Samplers,  'Error  analysis,  'Mathe- 
matical equations,  'Sediment  sampler,  'Suspended 
sediments,  'Sand,  Nozzles,  Flow  velocity. 

The  pump-sampling  technique  for  the  measure- 
ment of  suspended  sand  concentrations  has  become 
more  widespread  in  recent  years.  An  important 
source  of  error  in  pump  sampling  is  the  effect  of  a 
mismatch  between  the  stream  velocity  at  a  sam- 
pling nozzle  and  the  velocity  of  the  flow  through 
the  nozzle.  This  error  may  be  above  50%,  but 
more  typical  values  are  10-20%.  This  note  presents 
a  predictive  equation  which  can  be  used  to 
produce  correction  factors  for  the  error.  It  is  also 
shown  that  errors  due  to  misalignment  of  nozzles 
are  likely  to  be  very  small.  (Sand-PTT) 
W90-04126 


PHYSICAL    HYDRAULIC    MODELLING    OF 

WIDTH     REDUCTION     AND     BED     LEVEL 

CHANGE  IN  BRAIDED  RIVERS. 

Lincoln  Coll.,  Canterbury  (New  Zealand).  Dept. 

of  Natural  Resource  Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-04132 


SOME  RECENT  DEVELOPMENTS  OF  CON- 
STANT-INJECTION SALT  DIXUTION  GAUG- 
ING IN  RTVERS. 

Department  of  Scientific  and  Industrial  Research, 

Christchurch   (New   Zealand).   Water   Resources 

Survey. 

D.  E.  Johnstone. 

Journal  of  Hydrology  (New  Zealand)  JLHYAD, 

Vol.  27,  No.  2,  p  128-153,  1988.  14  fig,  2  tab,  16  ref. 

Descriptors:  'River  flow,  'Streamflow,  'Flow 
measurement,  'Gaging,  'Stream  gages,  'Tracers, 
•Turbulent  flow. 

Improved  equipment  and  techniques  have  in- 
creased the  scope  and  accuracy  of  constant-injec- 
tion salt  dilution  gauging.  A  Water  Resources 
Survey  method  has  been  used  to  measure  flows  up 
to  100  cu  m/s,  with  uncertainty  <  or  =  5%.  For 
large  flows  accuracy  is  optimized  by  using  the 
maximum  possible  tracer  injection  rate  and  con- 
centration. Constant-injection  salt  gagings  can  be 
automated  with  potential  to  greatly  expedite  col- 
lection of  flood  flow  date.  Where  a  series  of  salt 
gagings  is  to  be  carried  out  and  it  is  convenient  to 
prepare  a  large  stock  of  tracer  solution,  a  precali- 
bration  method  can  be  used  which  significantly 
reduces  the  time  required  for  determination  of  the 
individual  gaugings.  Natural  or  induced  conductiv- 
ity differences  in  tributaries  can  be  used  to  estimate 
the  ratio  of  the  tributary  flows,  allowing  the  three 
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flows  at  a  confluence  to  be  calculated  from  one 

flow  gaging.  (Author's  abstract) 

W90-04133 


CORRECTNESS  TEST  OF  THE  COMPUTA- 
TION OF  CHEMICAL  SPECIATION  FOR  THE 
MAIN  CONSTITUENTS  OF  NATURAL 
WATERS. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Radio- 

chemie. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-04144 


ACCURATE  ESTIMATION  OF  CONDUCTIVI- 
TY OF  WATER  FROM  GEOELECTRIC  MEAS- 
UREMENT-A  NEW  WAY  TO  CORRECT  FOR 
CLAY. 

California  Univ.,  Riverside.   Inst,  of  Geophysics 

and  Planetary  Physics. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-04157 


WQSTAT  H:  A  WATER  QUALITY  STATISTICS 
PACKAGE. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri- 
cultural and  Chemical  Engineering. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04165 


SPECTRAL  SIGNATURE  OF  ALPINE  SNOW 
COVER  FROM  THE  LANDSAT  THEMATIC 
MAPPER. 

California  Univ.,  Santa  Barbara.  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2C. 
W90-04189 


COMPARISON  OF  IN  SITU  AND  LANDSAT 
DERIVED  REFLECTANCE  OF  ALASKAN  GLA- 
CTERS. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,  MD.  Hydrological  Sciences  Branch. 
For  primary  bibliographic  entry  see  Field  2C. 
W90-04190 


REMOTE  SENSING  AND  NUMERICAL  MOD- 
ELING OF  SUSPENDED  SEDIMENT  IN 
LAGUNA  DE  TERMTNOS,  CAMPECHE, 
MEXICO. 

South  Carolina  Univ.,  Columbia.  Dept.  of  Geogra- 
phy. 

J.  R.  Jensen,  B.  Kjerfve,  E.  W.  Ramsey,  K.  E. 
Magill,  and  C.  Medeiros. 

Remote  Sensing  of  the  Environment  RSEEA7, 
Vol.  28,  p  33-44,  April/June  1989.  4  fig,  5  tab,  37 
ref.  NASA  Grant  NAS5-28741. 

Descriptors:  'Model  studies,  'Satellite  technology, 
'Remote  sensing,  'Suspended  solids,  Data  acquisi- 
tion, Estuaries,  Model  studies,  Thematic  Mapper, 
Comparison  studies. 

The  spatial  distribution  of  total  suspended  solids  in 
a  tropical  coastal  lagoon  was  modeled  using  a 
coupled  hydrodynamic  dispersion  model  and  trans- 
formed Thematic  Mapper  data.  Total  suspended 
solids  (TSS)  and  salinity  concentrations  measured 
at  22  field  sites  during  different  field  expeditions 
were  used  to  calibrate  the  model.  The  model  was 
then  used  to  simulate  the  TSS  distribution  at  the 
time  of  the  April  24,  1987,  TM  overpass.  Subse- 
quently, statistical  comparisons  between  the  model 
simulated  TSS  data  and  TM  data,  chromaticity 
data,  and  principal  component  transformations  at 
each  of  the  22  field  sampling  locations  were  made. 
An  atmospherically  corrected  chromaticity  trans- 
formation of  the  TM  data  that  assumed  a  heteroge- 
neous haze  component  accounted  for  79%  of  the 
modeled  TSS  variance.  An  innovative  method  that 
generated  a  covariance  image  was  then  used  to 
compare  the  spatial  distribution  of  the  modeled 
and  remote  sensing  derived  TSS  estimates.  In 
coastal  lagoon/estuarine  systems  where  longterm 
hydrographic  data  are  meager  or  unavailable,  these 
techniques  may  be  a  feasible  alternative  for  esti- 
mating and  predicting  circulation  and  dispersion 
characteristics.  (Author'  abstract) 


W90-04191 


ANALYSIS   OF  THEMATIC  MAPPER   DATA 
FOR  STUDYTNG  THE  SUSPENDED  MATTER 
DISTRIBUTION  US  THE  COASTAL  AREA  OF 
THE  GERMAN  BIGHT  (NORTH  SEA). 
GKSS  -  Forschungszentrum  Geesthacht  G.m.b.H, 
Geesthacht-Tesperhude  (Germany,  F.R.) 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04193 


DETECTING  BIOTIC  AND  HYDROGEOCHE- 
MICAL  PROCESSES  IN  LARGE  PEAT  BASINS 
WITH  LANDSAT  TM  IMAGERY. 

Minnesota  Univ.,  Minneapolis.  Limnological  Re- 
search Center. 
P.  H.  Glaser. 

Remote  Sensing  of  the  Environment  RSEEA7, 
Vol.  28,  p  109-119,  April/June  1989.  3  fig,  1  tab,  28 
ref.  NASA  Grant  NAS5-28740. 

Descriptors:  'Remote  sensing,  'Satellite  technolo- 
gy, 'Mapping,  'Peat  bogs,  'Surface-groundwater 
relations,  'Landsat  Thematic  Mapper,  Alkalinity, 
Vegetation,  Distribution,  Flow  pattern. 

A  survey  was  made  of  three  large  peat  basins  in 
boreal  North  America  with  Landsat  TM  imagery 
and  field  sampling.  Landsat  TM  imagery  indicates 
that  the  discharge  of  alkaline  groundwater  is  large- 
ly responsible  for  the  development  of  vegetation 
patterns  in  the  large  peat  basins  of  North  America. 
Although  the  vegetation  landforms  within  these 
major  peat  basins  are  visible  on  aerial  photographs, 
Landsat  TM  imagery  provides  essential  new  evi- 
dence for  their  analysis.  Spectral  data  from  the 
Landsat  TM  system  provides:  (1)  synoptic  views  of 
the  patterns  across  large  portions  of  these  peat 
basins,  indicating  important  physiographic  controls 
on  peatland  development;  (2)  more  sensitive  detec- 
tion of  the  major  vegetation  types,  allowing  rapid 
quantitative  estimates  to  be  make  of  their  distribu- 
tion and  aerial  extent;  (3)  discrimination  of  bog 
areas  with  potential  rapid  or  slow  rates  of  peat 
accumulation;  (4)  identification  of  discharge  zones 
for  groundwater,  which  apparently  represents  the 
most  important  source  of  alkalinity  in  these  peat 
basins;  and  (5)  detection  of  flow  patterns  in  water 
tracks  that  appear  nearly  uniform  on  standard 
aerial  photographs.  These  large  peat  basins  seem  to 
be  ideally  suited  for  study  by  Landsat  TM  imagery 
because  of:  (1)  the  large  relatively  uniform  stands 
of  vegetation;  and  (2)  the  intimate  feedback  sys- 
tems that  have  developed  between  the  vegetation 
and  hydrogeochemical  processes.  (Author's  ab- 
stract) 
W90-04195 


PROCEEDLNGS  OF  A  SEMINAR  ON  FLOOD 
DAMAGE  REDUCTION  RECONNAISSANCE- 
PHASE  STUDIES. 

For  primary  bibliographic  entry  see  Field  6F. 
W90-04234 


OVERVTEW  OF  THE  RECONNAISSANCE- 
FEASrBILLTY  STUDY  AND  PLANNING  PROC- 
ESS-PROGRAM. 

Corps  of  Engineers,  Washington,  DC. 

For  primary  bibliographic  entry  see  Field  6A. 

W90-04235 


RECONNAISSANCE  STUDIES  A  HYDROLOG- 
IC  ENGINEER'S  PERSPECTIVE. 

Army  Engineer  District,  Omaha,  NE. 

E.  W.  Sizemore. 

IN:  Proceedings  of  a  Seminar  on  Flood  Damage 

Reduction  Reconnaissance-Phase  Studies.  August 

9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 

CA.  p  27-38,  3  tab. 

Descriptors:  'Nonstructural  alternatives,  'Recon- 
naissance studies,  'Hydrologic  aspects,  'Water  re- 
sources management,  Feasibility  studies,  Manage- 
ment planning. 

The  two  primary  purposes  of  a  reconnaissance 
phase  study  are  to  determine  if  there  is  federal 
interest  and,  if  so,  the  scope  and  cost  of  the  feasibil- 
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ity  phase  studies.  The  time  and  funds  available  to 
conduct  reconnaissance  phase  studies  are  limited. 
Policy  concerning  the  scope,  reliability,  confi- 
dence, and  management  of  the  technical  analysis, 
which  serves  as  the  foundation  for  scoping  and 
estimating  the  cost  of  the  feasibility  report,  should 
be  clearly  established.  The  management  of  studies 
using  a  'study  team'  concept  has  been  promoted 
within  the  U.S.  Army  Corps  of  Engineers  for 
several  years.  Experience  shows  the  success  of  this 
concept  depends  greatly  on  the  personality  of  the 
study  manager.  This  year  the  Corps  is  implement- 
ing the  'project  management'  concept  for  Civil 
Works  studies  utilizing  independent  lift  cycle  and 
team  project  managers.  Thought  must  be  given  to 
how  this  new  concept  will  change  the  way  the 
Corps  does  business.  Other  areas  of  interest  in  the 
management  of  reconnaissance  studies  concern  the 
functional  responsibilities  and  interaction  between 
organizational  elements.  They  are  apparently  not 
consistent  between  Districts  or  even  within  a  Dis- 
trict. Experiences  and  opinions  concerning  the  in- 
volvement of  hydrologic  engineering  staffs  in  re- 
connaissance studies  are  discussed  in  this  paper 
including  forces  at  play  today  which  require  an 
even  greater  involvement  of  the  hydrologic  engi- 
neers earlier  in  the  reconnaissance  phase.  Recent 
experience  in  seven  reconnaissance  studies  in  the 
Omaha  District  is  discussed  as  well  as  the  results  of 
a  survey  of  hydrologic  engineers  throughout  the 
Corps.  (See  also  W90-04234)  (Lantz-PTT) 
W90-04237 


ANALYTICAL  METHODS  AND  TOOLS  FOR 
RECONNAISSANCE-PHASE  STUDIES. 

Hydrologic  Engineering  Center,  Davis,  CA.  Plan- 
ning Div. 

D.  W.  Davis,  and  M.  W.  Burnham. 
IN:  Proceedings  of  a  Seminar  on  Flood  Damage 
Reduction  Reconnaissance-Phase  Studies.  August 
9-11,  1988,  Hydrologic  Engineering  Center,  Davis, 
CA.  p  79-93,  2  tab,  11  ref. 

Descriptors:  'Nonstructural  alternatives,  'Recon- 
naissance studies,  'Flood  plain  management,  'Ana- 
lytical methods,  Feasibility  studies,  Flood  damage, 
Computer  programs. 

Reconnaissance  phase  feasibility  studies  are  re- 
quired to  determine  if  a  feasible  solution  to  an 
identified  problem  exists  and  whether  there  is  a 
federal  interest.  The  study  must  also  identify  a 
local  sponsor.  The  studies  are  abbreviated  full- 
scoped  planning  investigations  that  address  the  rel- 
evant technical,  financial,  and  institutional  issues. 
A  first-cut  plan  formulation  and  evaluation  will  be 
performed.  Engineering  and  economic  analysis 
provides  the  basis  for  preliminary  plan  develop- 
ment and  cost-benefit  analysis.  The  studies  will 
normally  be  for  existing  conditions  with  and  with- 
out proposed  plans  of  improvement.  This  paper 
describes  study  strategies  and  methods  and  identi- 
fies and  discusses  the  application  of  traditional 
analysis  tools  for  hydrologic  engineering  and  flood 
damage/benefit  analysis  to  reconnaissance  phase 
investigations.  The  authors  encourage  careful  tech- 
nical study  management  and  present  three  inter- 
related activities  for  performing  the  technical  anal- 
yses. The  activities  involve:  (1)  establishing  a  field 
presence  in  the  study  area,  (2)  the  use  of  desktop 
analysis  methods,  and  (3)  the  application  of  pres- 
ently available  analytical  tools  to  perform  the  hy- 
drologic engineering  and  flood  damage  analyses. 
The  latter  emphasizes  selected  Hydrologic  Engi- 
neering Center  (HEC)  developed  computer  pro- 
grams and  associated  analysis  methods.  Adaptation 
of  existing  traditional  analysis  methods  is  appropri- 
ate for  reconnaissance  phase  studies.  Increased  em- 
phasis should  be  placed  on  establishing  a  field 
presence  and  performing  desk-top  analysis.  Use  of 
a  major  computer  programs  with  abbreviated  data 
can  make  a  meaningful  contribution  to  the  quality 
and  reliability  of  these  studies  if  Crops  managers 
and  reviewers  create  an  appropriate  climate  for  the 
working-level  technical  professional.  (See  also 
W9O-04234)  (Lantz-PTT) 
W90-04241 


RECONNAISSANCE  STUDY  FOR  OVERLAND 
PARK. 
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Overland  Park,  K.S. 

For  primary  bibliographic  entry  see  Field  6F. 

W90-04244 


MANAGEMENT       OF       RECONNAISSANCE 
PHASE  STUDIES. 

Corps  of  Engineers,   Baltimore,   MD.   Baltimore 

District. 

For  primary  bibliographic  entry  see  Field  7A. 

W90-04245 


COMPLETE  DOCUMENTATION  OF  THE 
SYSTEM/USER  MANUAL  FOR  THE  RISK  AS- 
SESSMENT MODELS  FOR  LAND  APPLICA- 
TION OF  MUNICIPAL  SLUDGES  (RAMMS 
VERSION  3.0):  VOLUME  I. 
Science  Applications,  Inc.,  McLean,  VA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-149306. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
(1989).  101  p.  EPA  Contract  68-03-3453  and  SAIC 
Project  1-813-03-295-15. 

Descriptors:  'Land  disposal,  'Municipal 
wastewater,  *Model  studies,  'Computer  programs, 
Computer  models,   Handbooks,   Risk  assessment. 

The  US  EPA  has  developed  a  series  of  models  for 
calculating  the  risks  associated  with  the  land  appli- 
cation of  municipal  sludge.  These  models  were 
used  in  the  development  of  the  Proposed  Techni- 
cal Sludge  Regulation,  and  have  been  collected 
together  in  a  single,  user  friendly  computer  pro- 
gram. This  manual  contains  a  basic  description  of 
the  risk  assessment  models,  explains  how  to  use  the 
computer  program,  and  documents  the  code,  input, 
and  output  data  for  the  program.  The  manual  is 
organized  in  six  chapters.  The  first  chapter  is  a 
brief  description  of  the  risk  assessment  models  as 
they  are  implemented  by  the  program.  The  second 
chapter  explains  system  requirements  and  how  to 
install  the  program  on  appropriate  systems.  The 
third  chapter  explains  how  the  program  is  struc- 
tured and  outlines  options  that  can  be  invoked  at 
different  stages  of  execution.  The  fourth  chapter 
steps  through  typical  execution  of  the  program. 
showing  input  screens  and  output  screen  that  are 
encountered.  The  fifth  chapter  is  the  listing  of  the 
program  code,  and  the  sixth  chapter  is  a  listing  of 
data  files  used  by  the  program.  (Lantz-PTT) 
W90-04248 


COMPUTER  METHODS  AND  WATER  RE- 
SOURCES: FTRST  INTERNATIONAL  CONFER- 
ENCE, MOROCCO  1988. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-04274 


MEASUREMENT  AND  ANALYSIS  OF  DY- 
NAMIC PRESSURES  ON  HYDRAULIC 
MODELS. 

Technische  Univ.,  Graz  (Austria).  Inst,  for  Hydro- 
mechanics, Hydraulics  and  Hydrology. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-04298 


DETERMINATION  OF  DESIGN  EVENTS  FOR 
PRECIPITATION  USING  THE  TIME-VARI- 
ABLE DATA  RECORDING  METHOD. 

Technische  Univ.,  Graz  (Austria).  Inst,  for  Hydro- 
mechanics, Hydraulics  and  Hydrology. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-04299 


GROUNDWATER  DATA  ACQUISITION  AND 
PROCESSING  AT  TWO  RECHARGE  DAMS. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  4B. 

W90-04300 


THERMAL  STRESS  NUMERICAL  ANALYSIS 
OF  A  CONCRETE  UNDERGROUND  DIS- 
CHARGE CONTROL. 

Istiruto  Sperimentale  Modelli  e  Strutture  S.p.A., 
Bergamo  (Italy)- 


For  primary  bibliographic  entry  see  Field  8F. 
W90-O4306 


APPLICABILITY  OF  SPACE  ACQUIRED 
DATA  FOR  WATER  RESOURCES  MANAGE- 
MENT. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,  MD.  Lab.  for  Atmospheric  Sciences. 
V.  V.  Salomonson,  V.  R.  Algazi,  and  D.  R. 
Wiesnet. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
125-140,  1  fig,  2  tab,  34  ref. 

Descriptors:  *Water  resources  data,  'Satellite 
technology,  'Water  resources  management,  Land- 
sat,  Remote  sensing,  Radiometry,  Data  acquisition, 
Irrigation,  Water  conservation,  TIROS,  Hydrolog- 
ic budget. 

Remote  sensing  observations  from  spacecraft  such 
as  the  Landsat  and  NOAA  series  have  been  ap- 
plied in  several  instances.  These  applications  have 
shown  in  nearly  every  instance  that  the  large  area 
synoptic  overview  as  provided  by  these  Multispec- 
tral  Scanner  Subsystem  (MSS)  and  Very  High 
Resolution  Radiometer  (VHRR)  is  a  valuable,  an- 
cillary source  of  information  when  used  in  combi- 
nation with  conventional  data.  In  cases  involving, 
for  example,  irrigated  land  surveys,  land  use  and 
surface  cover  inventories  on  large  watersheds  in  or 
near  urban  areas  (greater  than  several  square  kilo- 
meters in  size)  surface  water  and  snowcover  inven- 
tories. The  use  of  satellite  data  can  resulting  very 
significant  time  and  cost  savings  in  watershed  plan- 
ning and  runoff  estimation  efforts.  Several  techno- 
logical advances,  such  as  those  associated  with 
TIROS-N  and  Landsat-D  should  improve  the  utili- 
ty of  satellite  remote  sensing  data  for  water  re- 
sources management.  More  effort  needs  to  be  de- 
voted to  increasing  reliability  and  speed  in  data 
delivery  to  operational  hydrologists,  engineers  and 
planners  as  well  improving  the  packaging  and  for- 
matting of  the  data  in  order  to  reach  the  point 
where  these  data  are  widely  and  routinely  applied 
or  accepted  into  standard  water  resources  manage- 
ment procedures  and  efforts.  (See  also  W90- 
04308)(Lantz-PTT) 
W90-04317 


AUGMENTATION  OF  HYDROLOGIC 

RECORDS  USING  TREE  RINGS. 

Arizona  Univ.,  Tucson.  Lab.  of  Tree-Ring  Re- 
search. 

C.  W.  Stockton,  and  W.  R.  Boggess. 
IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
239-265,  14  fig,  2  tab,  48  ref. 

Descriptors:  'Hydrologic  data,  'Dendrochrono- 
logy, 'Paleohydrology,  'Flood  frequency,  Statisti- 
cal analysis,  Trees,  Flow  profiles,  Hood  flow,  His- 
tory, Mathematical  studies. 

Recent  work  has  shown  that  tree-ring  data  can  be 
used  to  extend  available  hydrologic  records  back- 
ward in  time,  providing  a  longer  record  from 
which  to  more  accurately  estimate  the  three  most 
common  statistics  used  in  hydrology:  the  mean,  the 
variance,  and  the  first  order  correlation.  In  addi- 
tion, records  reconstructed  from  tree-ring  data 
series  can  provide  information  on:  (1)  longest  peri- 
ods of  sustained  high  or  low  flows;  (2)  the  repre- 
sentativeness of  the  historical  record  in  comparison 
to  the  long-term  record  reconstructed  from  tree- 
ring  data;  and  (3)  the  long-term  persistence  as 
expressed  by  the  Hurst  coefficient.  Among  the 
useful  features  of  tree-ring  series  as  repositories  of 
hydrologic  information  are  their  great  number; 
their  longevity;  the  critical  fact  that  the  informa- 
tion they  contain  is  annually  cumulative;  and  the 
absolute  dating  control.  Thus,  tree-ring  data  can  be 
an  important  source  of  added  information  to  the 
hydrologist,  provided  that  hydrologic  inferences 
based  on  such  data  can  be  supported  by  acceptable 


statistical  controls.   (See  also  W90-04308)(Lantz- 

PTT) 

W90-04323 


WATER  SUPPLY  FORECASTING  IN  CALI- 
FORNIA--1976-78. 

California  State  Dept.  of  Water  Resources,  Sacra- 
mento. Snow  Surveys  Branch. 
C.  H.  Howard. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
285-294,  6  tab. 

Descriptors:  'Streamflow  forecasting,  'Water 
supply,  'California,  'Forecasting,  'Water  re- 
sources management,  'Drought,  Snowmelt, 
Runoff,  Seasonal  variation,  Precipitation,  Hydro- 
logic  data  collections,  Rainfall-runoff  relationships. 

California  is  particularly  rich  in  natural  water  re- 
sources. Its  mountain  streams  are  rarely  dry  in  so- 
called  'normal'  years,  when  these  watersheds 
produce  large  amounts  of  surface  water  in  re- 
sponse to  precipitation  during  the  fall,  winter,  and 
spring.  To  make  the  best  possible  use  of  this  vast 
resource,  accurate  and  timely  predictions  of  the 
amount  of  runoff  that  may  be  available  are  vitally 
important  for  a  variety  of  wide-ranging  purposes- 
hydroelectric  power  generation,  agriculture,  flood 
control,  domestic  and  industrial  uses,  recreation- 
among  others,  all  ultimately  affecting  the  life  and 
well-being  of  every  Californian.  The  1976,  1977, 
and  1978  runoff  seasons  posed  some  very  unusual 
and  challenging  problems  in  the  preparation  and 
use  of  operational  water  supply  forecasts  in  Cali- 
fornia. The  1976  April- July  and  water  year  unim- 
paired runoff  for  Central  Valley  watersheds,  a 
major  source  of  supply  for  most  of  the  State, 
totaled  only  34%  and  43%  of  average,  respective- 
ly, near-record  low  values.  1977  was  classified  as 
the  driest  year  in  over  100  years  of  record  in 
California,  minimum  two-year  runoff.  In  contrast, 
the  1978  April-July  and  water  year  Central  Valley 
runoff  percentages  were  149%  and  154%  of  aver- 
age, respectively,  the  second  or  third  highest  of 
record.  A  forecasting  problem  which  arose  during 
the  1976  season  was  the  lack  of  comparative  data 
from  previous  dry  years.  Consequently,  there  was 
little  basis  for  verification  of  the  record  low  fore- 
casts, and  there  was  considerable  need  for  subjec- 
tive analysis  and  forecast  adjustment.  As  the  1976 
water  year  drew  to  a  close,  alternative  strategies 
were  being  developed  for  water  conservation  and 
use  should  1977  also  prove  to  be  a  very  dry  year. 
Tables  contained  in  this  paper  are  tabulated  1976, 
1977,  and  1978  April-July  water  year  forecasts 
versus  the  observed  flows  for  major  Central 
Valley  and  east  side  Sierra  Nevada  streams.  (See 
also  W90-04308XLantz-PTT) 
W90-04326 


HYDROLOGY  AND  ENVIRONMENTAL  AS- 
SESSMENTS. 

EMANCO,  Inc.,  Houston,  TX. 
A.  D.  Ray,  W.  P.  Wenstrom,  and  D.  D.  Taylor. 
IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
387-390. 

Descriptors:  'Water  resources  data,  'Water  re- 
sources development,  'Environmental  impact 
statement,  'Hydrology,  'Management  planning, 
Policy  making,  Decision  making. 

Most  of  the  current  concerns  of  the  hydrologist 
continue  to  be  related  to  water  quantity,  power 
demand,  irrigation  water  demands,  floods  and  their 
prevention,  recreation  and  related  activities.  Atten- 
tion necessarily  has  been  given  to  the  economics  of 
a  given  project,  but  the  study  of  alternatives  to  a 
given  project  traditionally  has  been  based  general- 
ly on  technical  and  economic  considerations  only. 
However,  it  is  important  to  note  that  hydrology,  as 
all  other  technical  fields,  must  adapt  to  the  chal- 
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lenges  posed  by  our  changing  social  world.  There 
has  been  an  increasing  public  awareness  of  all 
aspects  of  our  society  in  recent  years,  resulting  in 
demands  of  the  public  to  be  both  informed  and 
involved  in  decision  making  of  social  relevance. 
The  National  Environmental  Policy  Act  (NEPA) 
also  required  that  methods  and  procedures  be  iden- 
tified and  developed  such  that  presently  unquanti- 
fied  environmental  amenities  and  values  may  be 
given  appropriate  consideration  in  decision 
making.  This  means  that  water  related  projects  can 
no  longer  be  built  solely  on  economic  and  techni- 
cal considerations;  broader  environmental  aspects 
also  must  be  considered.  The  guidelines  governing 
the  organization  of  materials  making  up  an  envi- 
ronmental impact  statement  for  a  proposed  project 
were  arranged  in  the  following  sequence:  a  de- 
scription of  the  proposed  action,  a  description  of 
the  existing  environment  and  the  environmental 
impact  of  the  proposed  action  on  that  environ- 
ment. Opposition  to  a  project  need  not  be  inspired 
by  genuine  environmental  concern,  and  the  envi- 
ronmental impact  statement  is  a  document  which 
can  be  attacked  by  anyone;  an  indefensible  state- 
ment can  be  the  cause  for  defeat  of  a  needed 
project.  This  observation  results  in  the  need  for 
competent  and  professional  preparation  of  environ- 
mental impact  statements.  (See  also  W90-04398) 
(Lantz-PTT) 
W90-04335 


DATA  GATHERING  FOR  STORMWATER 
RUNOFF  AND  SURVEILLANCE. 

Geological  Survey,  Reston,  VA.  Water  Resources 
Div. 

D.  J.  Lystrom. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.   1979.  p  90-104,  2  fig,  4  tab. 

Descriptors:  'Water  pollution  sources,  *Urban  hy- 
drology, *Water  pollution  control,  *Storm  runoff, 
*Data  acquisition,  *Water  quality  management, 
•Urban  runoff,  Water  quality,  Management  plan- 
ning, Costs,  Pollutant  identification,  Water  pollu- 
tion effects. 

A  program  is  being  formulated  to  collect  data  to 
quantify  the  sources  of  urban  pollutants  and  to 
describe  their  migration  to  the  receiving  waters. 
The  objectives  of  the  program  should  be:  (1)  De- 
termine the  basic  processes  that  affect  the  quality 
of  urban  runoff;  (2)  Provide  a  data  baseline  condi- 
tion that  will  serve  as  a  basis  for  measuring 
progress  in  control  of  urban  runoff  pollution;  (3) 
Standardize  the  technique  for  collection  of  data 
related  to  the  quality  of  urban  runoff;  (4)  Provide 
data  that  can  be  used  to  evaluate  the  cost  and 
benefits  of  various  technical  management  and 
treatment  alternatives;  (5)  Determine  the  effective- 
ness of  best  management  practices  (BMPs)  in  re- 
duction of  pollution  loads;  (6)  Assess  the  degree  to 
which  data  is  transferable  from  one  area  to  an- 
other; and  (7)  Provide  information  that  is  comple- 
mentary to  studies  on  the  effects  of  urban  runoff  on 
receiving  water  quality  and  biota.  The  proposed 
national  data  collection  program  to  be  funded  by 
the  USGS  and  the  US  EPA  was  endorsed.  That 
program  includes  the  measurement  of  the  follow- 
ing types  of  data  on  selected  urban  watersheds: 
meteorological,  storm  runoff,  quality  of  storm 
runoff,  atmospheric  fallout,  watershed  activities 
that  affect  runoff  quality,  and  basin  characteristics. 
(See  also  W90-04338)(Lantz-PTT) 
W90-04349 


DATA  GATHERING  FOR  NPS  AND  DLLEGAL 
DISCHARGES. 

Metropolitan  Sanitary  District  of  Greater  Chicago, 
IL.  Dept.  of  Research  and  Development. 
R.  Lanyon. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  177-186. 

Descriptors:  *Urban  hydrology,  *Water  pollution 
sources,  'Water  pollution  control,  'Nonpoint  pol- 


lution sources,  Chicago,  Outfall  sewers,  Spills, 
Public  participation,  Monitoring,  Waste  recovery, 
Economic  aspects. 

The  experience  of  the  Metropolitan  Sanitary  Dis- 
trict of  Chicago  in  an  inventory  of  sources  of 
pollutants  as  a  Water  Pollution  Control  Act  Sec- 
tion 208  designated  agency  is  described.  Numerous 
sources  of  uncontrolled  pollutants  include  un- 
known outfalls  to  waterways,  illegal  dumping  and 
unintentional  spills.  Illegal  or  inadvertent  pollution 
of  water  courses  by  dispersed  or  unknown  sources 
is  a  general  problem.  However,  in  Chicago  it  has 
been  found  that  direct  dumping  of  wastes  into 
watercourses  is  much  less  common  than  similar 
dumping  into  sewers.  Interjurisdictional  collabora- 
tion in  control  of  illegal  dumping  has  been 
achieved  on  an  informal  basis,  but  formal  agree- 
ments are  difficult  to  make.  Citizen  assistance  (vol- 
unteers) in  surveillance  has  been  effective  in  some 
urban  areas.  Telephone  programs  to  receive  citizen 
complaints  of  dumping  have  also  been  used  suc- 
cessfully. Training  of  policemen  and  firemen  in 
illegal  dumping  surveillance  is  also  effective.  Moni- 
toring of  toxic  substances  in  sewer  lines  and  trac- 
ing of  sources  is  a  major  and  costly  program 
responsibility  in  industrialized  areas.  Specialized 
sampling  and  analytical  instruments  are  needed. 
Recovery  and  disposal  of  wastes  from  industrial 
pretreatment  is  a  gap  which  must  be  filled  and  it 
can  probably  best  be  done  by  the  states.  Good  site 
approval  processes  for  pretreatment  facilities  will 
help  avoid  unnecessary  hazards  to  groundwater 
and  surface  water  supplies.  There  is  still  a  need  for 
low  cost  automatic  toxic  substance  monitoring  and 
sampling  instrumentation.  (See  also  W90- 
04338)(Lantz-PTT) 
W90-04358 


MONITORING     OF     CONSTRUCTED     WET- 
LANDS FOR  WASTEWATER. 

Environmental  Protection  Agency,  Athens,  GA. 

Environmental  Services  Div. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04430 
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HYDRAULIC      MODELING      FOR      PALEO- 
FLOOD  ANALYSIS. 

Arizona  Univ.,  Tucson.  Dept.  of  Geosciences. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03684 


PALEOHYDROLOGIC  RECONSTRUCTION 
OF  FLOOD  FREQUENCY  ON  THE  ESCA- 
LANTE  RTVER,  SOUTH-CENTRAL  UTAH. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03685 


USE  OF  CARTOGRAPHIC  SOURCES  FOR  AN- 
ALYSING RTVER  CHANNEL  CHANGE  WITH 
EXAMPLES  FROM  BRITAIN. 

Portsmouth  Polytechnic  (England).  Dept.  of  Ge- 
ography. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03694 


CARTOGRAPHY  OF  RIVERS  IN  FRANCE. 

Lyon-3  Univ.  (France). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03695 


EVOLUTION  OF  THE  PO  RIVER:  AN  EXAM- 
PLE OF  THE  APPLICATION  OF  HISTORIC 
MAPS. 

Pavia  Univ.  (Italy).  Dipt,  di  Ingegneria  del  Terri- 

torio. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03696 


GROUNDWATER    SENSnTVITY   MODELING 
USING  GIS  TECHNOLOGY. 


Mississippi   Research   and    Development   Center, 

Jackson. 

For  primary  bibliographic   entry   see  Field   5G. 

W90-03711 


REGIONAL  SKEW  COEFFICIENTS  FOR 
FLOOD-FREQUENCY  ANALYSIS  OF  MISSIS- 
SIPPI STREAMS. 

Geological  Survey,  Jackson,  MS.  Mississippi  Dis- 
trict. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03721 


APPARENT  CHANGES  IN  THE  POTENTIO- 
METRIC  SURFACES  OF  CRETACEOUS  AND 
PALEOZOIC  AQUIFERS  OF  NORTHEAST- 
ERN MISSISSIPPI,  1955-1988. 

Mississippi  Bureau  of  Pollution  Control,  Jackson. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-03723 


GROUNDWATER  EXTRACTION  TRENDS  IN 
FOREST  AND  LAMAR  COUNTIES,  MISSIS- 
SIPPI. 

University  of  Southern  Mississippi,   Hattiesburg. 

Dept.  of  Geology. 

For  primary  bibliographic  entry  see  Field  2F. 

W9O-03724 


PRELIMINARY  STEADY-STATE  SIMULA- 
TION OF  GROUNDWATER  FLOW  IN  HINDS, 
MADISON,  AND  RANKIN  COUNTIES,  CEN- 
TRAL MISSISSIPPI. 

Mississippi  Bureau  of  Land  and  Water  Resources, 

Jackson. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-03725 


POTENTIOMETRIC  SURFACES  OF  THE  MIS- 
SISSIPPI RTVER  VALLEY  ALLUVIAL  AQUI- 
FER IN  EASTERN  ARKANSAS,  SPRING  1972 
AND  1980. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 
D.  J.  Ackerman. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4075, 
September  1989.  1  map  sheet,  4  fig,  17  ref. 

Descriptors:  'Potentiometric  level,  'Groundwater 
level,  'Water  level,  'Arkansas,  'Alluvial  aquifer, 
'Maps,  Groundwater,  Mississippi  River  Valley. 

Maps  that  show  contours  of  the  altitude  of  water 
levels  for  wells  completed  in  the  Mississippi  River 
Valley  alluvial  aquifer  in  eastern  Arkansas  were 
prepared  using  water-level  measurements  made  in 
the  spring  of  1972-1980.  Hydrographs  for  selected 
wells  are  included  to  show  trends  and  lack  of 
trends  in  water-level  changes.  The  aquifer  consists 
of  gravel  and  sand  in  flood-plain  and  terrace  de- 
posits of  Quaternary  age.  The  aquifer  supplies 
much  of  the  water  used  for  irrigation  and  aquacul- 
ture  in  eastern  Arkansas.  A  large  depression  in  the 
potentiometric  surface  caused  by  pumping  for  irri- 
gation and  aquaculture  occurs  in  Arkansas, 
Lonoke,  and  Prairie  Counties.  A  smaller  depres- 
sion in  the  potentiometric  surface  occurs  north  of 
Brinkley.  Significant  water-level  declines  occurred 
during  the  period  1972-80  in  several  counties  west 
of  Crowleys  Ridge.  (USGS) 
W90-03753 


GM  SYSTEM  USERS  MANUAL  GEOSYNTHE- 
TIC  MODELING  SYSTEM;  CSC  VERSION  1.00. 

Computer  Sciences  Corp.,  Cincinnati,  OH. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-03762 


MODELLTNG  COMPONENT. 

Tetra  Tech,  Inc.,  Lafayette,  CA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-03797 
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Field  7— RESOURCES  DATA 

Group  7C — Evaluation,  Processing  and  Publication 


DOCUMENTATION  OF  COMPUTER  PRO- 
GRAMS TO  COMPUTE  AND  DISPLAY  PATH- 
LINES  USING  RESULTS  FROM  THE  U.S.  GE- 
OLOGICAL SURVEY  MODULAR  THREE-DI- 
MENSIONAL FINITE-DIFFERENCE 
GROUND-WATER  FLOW  MODEL. 
Geological  Survey,  Reston,  VA. 
D.  W.  Pollock. 

Available  from  the  Books  and  Open  File  Report 
Section,  USGS,  Vol  25425,  Denver,  CO.  80225. 
USGS  Open  File  Report  89-381,  1989.  188p,  16  fig, 
8  tab,  8  ref,  6  append. 

Descriptors:  'Data  interpretation,  'Computer  pro- 
grams, 'Groundwater  movement,  Model  studies, 
Finite  difference  methods,  Flow  profiles,  Flow 
pattern,  MODPATH,  MODPATH-PLOT, 
Graphical  analysis. 

A  particle  tracking  post-processing  package  was 
developed  to  compute  three-dimensional  path  lines 
based  on  output  from  steady-state  simulations  ob- 
tained with  the  U.S.  Geological  Survey  modular  3- 
dimensional  finite  difference  groundwater  flow 
model.  The  package  consists  of  two  FORTRAN 
77  computer  programs:  (1)  MODPATH,  which 
calculates  pathlines,  and  (2)  MODPATH-PLOT, 
which  presents  results  graphically.  MODPATH 
uses  a  semi-analytical  particle  tracking  scheme. 
The  method  is  based  on  the  assumption  that  each 
directional  velocity  component  varies  linearly 
within  a  grid  cell  in  its  own  coordinate  direction. 
This  assumption  allows  an  analytical  expression  to 
be  obtained  describing  the  flow  path  within  a  grid 
cell.  Given  the  initial  position  of  a  particle  any- 
where in  a  cell,  the  coordinates  of  any  other  point 
along  its  path  line  within  the  cell,  and  the  time  of 
travel  between  them,  can  be  computed  directly. 
Data  is  input  to  MODPATH  and  MODPATH- 
PLOT  through  a  combination  of  files  and  interac- 
tive dialogue.  Examples  of  how  to  use  MOD- 
PATH  and  MODPATH-PLOT  are  provided  for  a 
sample  problem.  Listings  of  the  computer  codes 
and  detailed  descriptions  of  input  data  format  and 
program  options  are  also  presented.  (Author's  ab- 
stract) 
W90-03815 


METHOD  FOR  ESTIMATING  THE  WATER- 
TABLE  ALTITUDE  IN  A  COASTAL-PLAIN  AQ- 
UIFER USING  A  GEOGRAPHIC  INFORMA- 
TION SYSTEM. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2F. 

W9O-03822 


EFFECTS  OF  CLIMATE  CHANGE  ON  WATER- 
SHED RUNOFF. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2A. 

W90-03824 


SIMULATION      OF      PRECD7JTATION      BY 
WEATHER-TYPE  ANALYSIS. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-03825 


GEOGRAPHIC  INFORMATION  SYSTEM/WA- 
TERSHED MODEL  INTERFACE. 

Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div. 
G.  T.  Fisher. 

IN:  Hydraulic  Engineering  '89  Proceedings,  Na- 
tional Conference  on  Hydraulic  Engineering,  HY 
Div,  ASCE,  New  Orleans,  Louisiana,  August  14- 
18,  1989.  1989.  p  851-856,  2  fig,  5  ref. 

Descriptors:  "Data  interpretation,  'Watersheds, 
•Hydrologic  models,  'Geographic  information 
systems,  'Model  studies,  Information  systems, 
Computers,  Patuxent  River,  Maryland,  Computer 
models. 

Geographic  information  systems  (GIS)  allow  for 
the  interactive  analysis  of  spatial  data  related  to 
water    resources    investigations.     A    conceptual 


design  for  an  interface  between  a  geographic  infor- 
mation system  and  a  watershed  model  includes 
functions  for  the  estimation  of  model  parameter 
values.  Design  criteria  include  ease  of  use,  minimal 
equipment  requirements,  a  generic  database  man- 
agement system,  and  use  of  a  macro  language.  An 
application  was  demonstrated  for  a  90.1  sq  km 
subbasin  of  the  Patuxent  River  near  Unity,  Mary- 
land, that  performs  automated  derivation  of  water- 
shed parameters  for  hydrologic  modeling.  A  previ- 
ously developed  Hydrologic  Simulation  Program- 
Fortran  (HSPF)  model  of  the  Unity  subbasin  was 
calibrated  for  the  period  1978-82  for  use  in  a  train- 
ing workshop.  Conventional  techniques  were  used 
to  develop  the  model  parameters.  The  standard 
estimate  of  error  (SEE)  indicates  the  average  devi- 
ation of  about  two-thirds  of  the  data  from  a  line  of 
perfect  agreement.  A  GIS  approach  was  used  to 
calculate  values  for  most  of  the  basic  HSPF  hydro- 
logic  parameters,  in  the  original  model,  segmenta- 
tion for  the  model  was  based  on  land  use,  except 
that  the  GIS  approach  provided  greater  detail  on 
land-use  type  and  spatial  distribution.  In  all  cases, 
the  coefficients  of  determination  and  the  standard 
estimate  of  error  indicate  that  there  is  reasonable 
agreement  between  observed  and  simulated  month- 
ly flow.  This  analysis  demonstrates  that  acceptable 
initial  hydrologic  parameter  estimates  for  HSPF 
can  be  easily  and  quickly  developed  using  a  GIS- 
based  approach.  (See  also  W90-03824)  (Lantz- 
PTT) 
W90-03826 


MODELING    PETROLEUM     PRODUCTS    IN 
SOILS. 

Toronto  Univ.  (Ontario).  Dept.  of  Chemical  Engi- 
neering and  Applied  Chemistry. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03835 


MOVEMENT  AND  RETENTION  OF  ORGAN- 
ICS  IN  SODL:  A  REVIEW  AND  A  CRITIQUE  OF 
MODELING. 

Massachusetts  Univ.,  Amherst.  Dept.  of  Plant  and 

Soil  Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-03836 


APPLICABILITY  OF  POSSM  TO  PETROLE- 
UM PRODUCT  SPILLS. 

CH2M/Hill,  Bellevue,  WA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-O3837 


UTILITY      OF      ENVIRONMENTAL      FATE 
MODELS  TO  REGULATORY  PROGRAMS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Research  and  Development. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03838 


WATER  RESOURCES  INVESTIGATIONS  IN 
TENNESSEE:  PROGRAMS  AND  ACTIVITIES 
OF  THE  U.S.  GEOLOGICAL  SURVEY,  1988-89. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

F.  Quinones,  B.  H.  Balthrop,  and  E.  G.  Baker. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-379,  1989.  59p,  3  tab. 

Descriptors:  'Groundwater,  'Surface  water, 
•Water  quality,  'Suspended  sediments,  'Water 
use,  'Water  resources  data,  'Flood  frequency, 
•Tennessee,  Hydrologic  data,  Data  collections. 

This  report  contains  a  summation  of  water  re- 
sources projects  which  were  active  in  the  Tennes- 
see District  during  1988  or  1989.  Given  in  each 
summary  is  the  name  of  the  project  chief,  the 
objective  of  the  project,  the  progress  of  results  of 
the  study  to  date,  and  the  name  of  the  cooperator. 
The  basic  data  programs  conducted  by  the  Tennes- 
see District  provide  streamflow,  quality  of  water, 
and  groundwater  levels  information  essential  to  the 
assessment  and  management  of  the  State's  water 
resources.  Long-term  streamflow,  quality  of  water, 
and  groundwater  levels  networks  are  operated  as 


part  of  the  Hydrologic  Data  Section.  Field  oper- 
ations are  about  equally  divided  among  field  of- 
fices in  Memphis,  Nashville,  and  Knoxville.  The 
data  collected  as  part  of  the  networks  are  pub- 
lished in  the  series  of  annual  data  reports  entitled 
'Water  Resources  Data  for  Tennessee'.  (USGS) 
W90-03875 


CONSTRUCTION  DATA  AND  RETRIEVAL 
PROCEDURES  FOR  SELECTED  WELLS 
DRILLED  FROM  1985  THROUGH  1987  AT 
OAK  RIDGE  NATIONAL  LABORATORY,  TEN- 
NESSEE. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-03878 


SIMPLE  MODEL  OF  DROPLET  SPECTRAL 
EVOLUTION  DURING  TURBULENT  MIXING. 

Washington  Univ.,  Seattle.  Geophysics  Program. 
J.  B.  Jensen,  and  M.  B.  Baker. 
Journal  of  the  Atmospheric  Sciences  JAHSAK, 
Vol.  46,  No.  18,  p  2812-2829,  September  15,  1989. 
12  fig,  2  tab,  38  ref. 

Descriptors:  'Model  studies,  'Atmospheric  water, 
'Atmospheric  physics,  'Air  circulation,  'Water 
vapor,  'Evaporation,  Eddies,  Atmosphere,  Clouds, 
Hydrologic  cycle,  Turbulent  flow,  Spectral  analy- 


The  mixing  of  cloudy,  saturated  air  with  cloud- 
free,  subsaturated  air  is  examined  with  a  simple 
one-dimensional  model  of  the  mixing  process.  The 
model  incorporates  (1)  a  one-dimensional  parame- 
terization of  turbulent  deformation,  (2)  molecular 
diffusion,  (3)  sedimentation  of  droplets,  and  (4) 
droplet  evaporation  in  the  changing  humidity  field. 
The  model  predicts  droplet  shapes  after  homogeni- 
zation  of  the  two  air  masses.  The  turbulent  defor- 
mation parameterization  is  based  on  inertia!  su- 
brange arguments.  It  yields  a  crude  estimate  of  the 
time  development  of  the  vapor  and  temperature 
fields  in  a  single  characteristic  eddy  in  one  dimen- 
sion rather  than  the  full  range  of  eddy  scales  in 
three  dimensions.  For  the  high  turbulence  levels 
commonly  found  in  cumuli,  the  evaporation  proc- 
ess appears  close  to  that  described  earlier  as  homo- 
geneous, which  may  in  part  be  due  to  the  approxi- 
mations in  the  present  treatment.  For  all  other 
conditions,  the  calculations  show  total  evaporation 
of  some  drops  accompanied  by  some  change  in 
droplet  spectral  shape.  (Author's  abstract) 
W9O-03899 


PHYSICAL  PROCESSES  IN  POLAR  STRATO- 
SPHERIC ICE  CLOUDS. 

National  Aeronautics  and  Space  Administration, 
Moffett  Field,  CA.  Ames  Research  Center. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-03902 


REGRESSION    MODELS    FOR    ESTIMATING 

URBAN     STORM-RUNOFF     QUALITY     AND 

QUANTITY  IN  THE  UNITED  STATES. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-03904 


MODELING  SOLUTE  TRANSFER  FROM  SOIL 
TO  SURFACE  RUNOFF:  THE  CONCEPT  OF 
EFFECTIVE  DEPTH  OF  TRANSFER. 

Agricultural  Research  Service,  Riverside,  CA.  Sa- 
linity Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-03908 


SOLUTION  OF  THE  NONLINEAR  BOUSSIN- 
ESQ  EQUATION  FOR  PHREATIC  FLOW 
USING  AN  INTEGRAL  BALANCE  AP- 
PROACH. 

National  Geophysical  Research  Inst.,  Hyderabad 

(India). 

R.  N.  Singh,  and  S.  N.  Rai. 

Journal  of  Hydrology  JHYDA7,  Vol.  109,  No.  3/ 
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4,  p  319-323,  August  1989.  1  fig,  13  ref. 

Descriptors:  'Soil  water,  *Infiltration,  ♦Mathemat- 
ical studies,  *Mathematical  equations,  'Ground- 
water movement,  *Water  table,  'Groundwater  re- 
charge, Geohydrology,  Aquifers,  Spatial  distribu- 
tion, Temporal  distribution,  Drainage  ditches, 
Water  table  rise. 

An  analytical  solution  of  the  nonlinear  Boussinesq 
equation  is  presented  using  the  integral  balance 
method.  The  solution  obtained  is  the  same  as  that 
obtained  by  Basak  (1979),  following  a  different 
approach.  Basak's  solution  is  based  on  the  assump- 
tion that  the  rate  of  rise  or  decline  of  the  phreatic 
surface  in  an  aquifer  bounded  by  two  parallel 
ditches  is  constant  throughout  the  aquifer  and  is  a 
function  of  time  only.  This  approach  assumes  vari- 
able recharge  rates.  The  solution  is  derived  by 
averaging  the  governing  equation  along  the  length 
of  the  aquifer  to  predict  spatio-temporal  distribu- 
tion of  phreatic  surface  in  a  ditch  drainage  system. 
The  present  solution  is  shown  to  be  the  same  as 
that  of  Basak.  (Friedmann-PTT) 
W90-03909 


COMPARISON  OF  TWO  HYDROLOGIC 
MODELS  FOR  STEEPLY  SLOPING  FOREST- 
ED WATERSHEDS. 

Kentucky  Univ.,  Lexington.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-03910 


PHYSICS  VERSUS  MATHEMATICS  IN 
GROUNDWATER  FLOW:  A  PHYSICAL  EX- 
PLANATION OF  THE  MINIMUM  THEOREM 
IN  FINITE  ELEMENT  CALCULATIONS. 

W.  H.  van  der  Molen. 

Journal  of  Hydrology  JHYDA7,  Vol.  109,  No.  3/ 

4,  p  387-388,  August  1989. 

Descriptors:  'Mathematical  studies,  'Model  stud- 
ies, 'Groundwater  movement,  'Finite  element 
method,  'Solute  transport,  'Hydrologic  proper- 
ties, Geohydrology,  Mathematical  equations,  Fluid 
flow,  Physical  properties. 

An  example  is  given  of  a  case  in  which  a  physical 
explanation  of  a  problem  in  two-dimensional  trans- 
port phenomena  may  be  easier  to  understand  than 
a  mathematical  explanation.  The  case  of  such 
transport  phenomena  in  a  homogeneous  and  iso- 
tropic medium  are  often  solved  mathematically  by 
finite  element  methods,  usually  based  on  the  calcu- 
lus of  variations,  where  it  is  proven  through  a 
solution  of  the  fundamental  Laplace  equation.  The 
mathematical  proof  is  rather  elaborate.  The  physi- 
cal explanation,  however,  is  simple  if  it  is  supposed 
that:  (1)  the  changes  in  kinetic  energy  are  negligi- 
ble; (2)  the  flow  is  such  that  the  dissipation  of 
energy  is  minimal;  and  (3)  the  density  of  the  fluid 
and  the  acceleration  of  gravity  are  constant.  In 
teaching  groundwater  hydrology,  this  physical  ex- 
planation may  serve  to  explain  the  principal  in- 
volved. If  desired,  it  can  be  followed  by  the  mathe- 
matical proof  of  the  theorem.  (Friedmann-PTT) 
W90-03913 


ESTIMATION  OF  RAINFALL  IN  BURKINA 
FASO  USING  THE  ESOC  PRECIPITATION 
INDEX. 

European   Space   Operations   Centre,   Darmstadt 

(Germany,  F.R.). 

For  primary  bibliographic  entry  see  Field  2B. 

W90-03914 


OBSERVED  AND  MODELED  TREND  OF  SUL- 
FATE AND  NITRATE  IN  PRECD7ITATION  IN 
EASTERN  NORTH  AMERICA. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Energy 

Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-03935 


DEVELOPMENT  OF  COMPUTER  USAGE  IN  A 
UK  WATER  COMPANY. 

North  Surrey  Water  Co.,  Staines  (England). 


J.  Bowyer-Lowe. 

Aqua  AQUAAA,  Vol.  38,  No.  1,  p  43-51,  Febru- 
ary 1989.  2  fig,  7  ref. 

Descriptors:  'Water  treatment  facilities,  'England, 
•Computers,  'Utilities,  'Data  processing,  North 
Surrey  Water  Company,  Cost  analysis,  Economic 
aspects,  Management  planning,  Performance  eval- 
uation. 

The  progress  that  the  North  Surrey  (England) 
Water  Company  has  made  in  the  past  20  years  in 
several  key  areas  of  technological  change  and  the 
impact  of  these  changes  on  the  company's  oper- 
ations are  reviewed.  Areas  discussed  include: 
water  treatment  processes;  instrumentation  and 
control;  record  keeping;  leakage  control;  automatic 
control;  computers  in  the  office;  microcomputers 
in  the  office;  digital  record  keeping  techniques;  and 
the  operational  control  system  (philosophy,  per- 
sonnel, scheduling,  operation  of  slow  sand  filters, 
operational  data  analysis,  and  plant  modifications); 
and  optimization  of  pump  scheduling;  and  develop- 
ments anticipated  over  the  next  5-10  years.  The 
Water  Company  has  been  both  careful  and  fortu- 
nate in  its  choice  of  advisors,  and  the  catalytic 
action  of  in-house  expertise  has  led  to  the  benefits 
of  high  cost-effectiveness,  modest  capital  outlay, 
and  economical  running  costs,  coupled  with  flexi- 
bility for  the  future.  Systematic,  staged  approaches 
have  set  out  practical  programs  for  completion  and 
the  resulting  systems  have  met  their  objectives, 
with  capital  and  running  costs  substantially  below 
those  of  comparable  systems.  (Rochester-PTT) 
W90-03963 


HYDROPOWER     OPTIMIZATION     VIA     SE- 
QUENTIAL QUADRATIC  PROGRAMMING. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  3E. 

W90-03975 


DECISION      SUPPORT      FOR      ESTUARD>JE 
WATER  QUALITY  MANAGEMENT. 

California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic   entry  see  Field   5G. 
W90-03978 


COMPARISON  OF  METHOD  OF  RESIDUALS 
AND  CLUSTER  ANALYSIS  FOR  FLOOD  RE- 
GIONALIZATION. 

Louisville  Univ.,  KY.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03979 


DESIGN    OF    DILUTION    JUNCTIONS    FOR 
WATER  QUALITY  CONTROL. 

Technion  -  Israel  Inst,  of  Tech.,  Haifa.  Dept.  of 

Mechanical  Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-03982 


RUNOFF   MODELING   UNDER   NOISE-COR- 
RUPTED RAEWALL  CONDITIONS. 

McMaster   Univ.,   Hamilton   (Ontario).   Dept.   of 
Civil  Engineering  and  Engineering  Mechanics. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-04021 


KALMAN  FDLTER  MODELING  OF  SPACE- 
TIME  RAINFALL  USING  RADAR  AND  RAIN- 
GAUGE  OBSERVATIONS. 

Ottawa  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-04024 


POOL-ORIFICE    AND    POOL-ORIFICE-WEIR 
FISHWAYS. 

Alberta  Univ.,  Edmonton.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  81. 
W90-04025 


COMPUTER  PROGRAM  DESIGN  FOR  LAND 
TREATMENT  SYSTEMS. 

Clemson  Univ.,  SC. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-04086 


ANALYTIC  SOLUTIONS  FOR  TIDAL  MODEL 
TESTING. 

Systech  Engineering,  Inc.,  Lafayette,  CA. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-04128 


EXPERIMENTAL  TESTING  OF  MATHEMATI- 
CAL MODELS  DESCRIBING  THE  ENTHtE 
CYCLE  OF  FILTRATION. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 

Environmental  Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04149 


WQSTAT  n:  A  WATER  QUALITY  STATISTICS 
PACKAGE. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri- 
cultural and  Chemical  Engineering. 
J.  C.  Loftis,  R.  D.  Phillips,  R.  C.  Ward,  and  C.  H. 
Taylor. 

Groundwater  GRWAAP,  Vol.  27,  No.  6,  p  866- 
873,  November-December  1989.  9  fig,  17  ref.  Colo- 
rado Experiment  Station  project  0349  and  EPA 
Agency  Cooperative  Agreement  No.  CR-8 13997- 
01-0. 

Descriptors:  'Statistics,  'Computer  programs, 
•Water  quality  control,  'Water  quality  manage- 
ment, 'Data  processing,  Computer  models,  Moni- 
toring, Statistical  analysis,  Water  quality  standards. 

Statistical  analysis  of  monitoring  data  is  becoming 
a  necessary  part  of  many  groundwater  and  surface- 
water  quality  management  activities.  To  meet  this 
need  a  statistical  software  package  for  microcom- 
puters called  WQStat  II  has  been  designed  and 
produced  specifically  for  water  quality  applica- 
tions. The  software  provides  tools  for  data  man- 
agement, summarizing  data  characteristics,  analyz- 
ing trends,  comparing  medians  of  two  or  more 
groups  of  data,  and  evaluating  excursions  or  stand- 
ards violations.  To  minimize  problems  associated 
with  nonnormal  data  and  nondetects,  WQStat 
relies  primarily  on  graphical  and  nonparametric 
approaches.  The  use  of  nonparametric  methods 
reduces  but  does  not  eliminate  the  need  to  consider 
underlying  assumptions  regarding  data  characteris- 
tics. All  of  the  techniques  in  WQStat  II  are  based 
on  assumptions  of  the  nature  of  the  random  varia- 
bles of  interest  under  the  null  hypothesis.  (Author's 
abstract) 
W90-04165 


COMPUTER  NOTES-ON  ANALYSIS  OF  STEP- 
DRAWDOWN  DATA. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 

Water  Resources  Engineering. 

A.  D.  Gupta. 

Groundwater  GRWAAP,  Vol.  27,  No.  6,  p  874- 

881,  November-December  1989.  1  fig,  6  tab,  10  ref. 

Descriptors:  'Computer  programs,  'Wells, 
•Pumping  tests,  'Aquifers,  Data  processing, 
Drawdown,  Computer  models,  Groundwater 
movement,  Mathematical  equations. 

A  method  is  described  for  the  analysis  of  step- 
drawdown  pumping  test  data  that  uses  the  general 
form  of  the  drawdown  equation  during  a  step  with 
the  superposition  of  the  effects  of  incremental 
pumping  between  steps.  An  interactive  computer 
code  based  on  this  procedure  is  developed  to  esti- 
mate aquifer  characteristics  and  well-loss  factor 
from  the  observed  time-drawdown  data  at  differ- 
ent discharge  rates.  Analysis  with  a  specific  set  of 
data  taken  from  the  literature  indicates  that  it  is  not 
imperative  that  the  exponent  of  discharge  for  well- 
loss  component  should  be  treated  as  unknown.  By 
assuming  P  =  2,  a  reasonable  estimate  of  param- 
eters for  predicting  the  drawdown  in  this  specific 
case  can  be  obtained.  Even  by  neglecting  the  effect 
of  the  residual  drawdown,   the  simpler  analysis 
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procedure  would  be  adequate  to  find  the  initial 
estimates  of  the  parameters.  The  appropriateness  of 
a  particular  method  of  analysis  depends  on  the 
data.  As  such  it  is  important  to  use  several  methods 
of  analysis  for  any  test  data  to  find  the  best-fitting 
drawdown/discharge  relationship  needed  for  the 
pump  design  or  for  the  determination  of  maximum 
yield.  (Author's  abstract) 
W90-04166 


WATER  QUALITY  MODEL  CALIBRATION:  A 
COMPARISON  OF  INPUT  AND  OUTPUT 
ERROR  CRITERIA. 

Research  Triangle  Inst.,  Research  Triangle  Park, 

NC. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04172 


MODEL  FOR  PREDICTING  TRANSPORT  OF 
PESTICIDES  AND  THEFR  METABOLITES  IN 
THE  UNSATURATED  ZONE. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Agricultural  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04173 


GENERATION  OF  SYNTHETIC  AND  MISSING 
CLIMATIC  DATA  FOR  PUERTO  RICO. 

Florida  Univ.,  Gainesville.  Dept.  of  Agricultural 

Engineering. 

For  primary   bibliographic  entry  see  Field   2D. 

W9O-O4180 


ESTIMATING  MEAN  AND  VARIANCE  FOR 
ENVIRONMENTAL  SAMPLES  WITH  BELOW 
DETECTION  LIMIT  OBSERVATIONS. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 

M.  C.  Newman,  P.  M.  Dixon,  B.  B.  Looney,  and  J. 

E.  Pinder. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

4,  p  905-916,  August  1989.  3  fig,   1  tab,  43  ref. 

Descriptors:  'Data  interpretation,  'Monitoring, 
'Environmental  data,  'Detection  limits,  'Statisti- 
cal analysis,  'Water  quality,  Computer  models, 
Data  estimation. 

Left-censoring  of  data  sets  complicates  subsequent 
statistical  analyses.  Generally,  substitution  or  dele- 
tion methods  provide  poor  estimates  of  the  mean 
and  variance  of  censored  samples.  These  substitu- 
tion and  deletion  methods  include  the  use  of  values 
above  the  detection  limit  (DL)  only,  or  substitution 
of  0,  DL/2  or  the  DL  for  the  below  DL  values 
during  the  calculation  of  mean  and  variance.  A 
variety  of  statistical  methods  provides  better  esti- 
mators for  different  types  of  distributions  and  cen- 
soring. Selected  statistical  methods  applicable  to 
left-censoring  of  environmental  data  sets  are  re- 
viewed with  the  purpose  of  demonstrating  the  use 
of  these  statistical  methods  for  coping  with  Type  I 
(and  Type  II)  left-censoring  of  normally  and  log- 
normally  distributed  environmental  data  sets.  Re- 
stricted maximum  likelihood  estimates  are  easily 
computable,  are  less  biased  and  more  accurate  than 
the  other  estimators  when  the  parent  distribution  is 
known.  The  robustness  of  regression  of  normal 
scores  after  log  transformation  of  the  data  suggests 
that  these  methods  are  the  most  effective  when  a 
parent  distribution  cannot  be  identified.  UNCEN- 
SOR,  a  public  domain  Pascal  program,  is  available 
for  application  of  maximum  likelihood  and  order 
statistics  methods  to  normal  and  2-parameter  log- 
normal  sets.  Methods  for  coping  with  multiple 
detection  limit  censoring  of  environmental  data 
sets  remains  ill-defined,  and  further  work  is 
needed.  (Author's  abstract) 
W90-O4188 


MODELING  FUTURE  TRENDS  IN  WETLAND 
LOSS  AND  BROWN  SHRIMP  PRODUCTION 
IN  LOUISIANA  USING  THEMATIC  MAPPER 
IMAGERY. 

National   Marine   Fisheries   Service,   Miami,   FL. 

Southeast  Fisheries  Center. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-04192 


ANALYSIS   OF  THEMATIC   MAPPER   DATA 
FOR  STUDYING  THE  SUSPENDED  MATTER 
DISTRIBUTION  IN  THE  COASTAL  AREA  OF 
THE  GERMAN  BIGHT  (NORTH  SEA). 
GKSS  -  Forschungszentrum  Geesthacht  G.m.b.H., 
Geesthacht-Tesperhude  (Germany,  F.R.) 
For  primary  bibliography  -  entry  see  Field  2J. 
W90-04193 


MONITORING  SEDIMENT  TRANSPORT  SYS- 
TEMS IN  A  SEMIARID  AREA  USING  THE- 
MATIC MAPPER  DATA. 

Reading  Univ.  (England).   Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04196 


STAGE  DISTRIBUTION  APPROACH  TO  ESTI- 
MATING ICE  RELATED  FLOODING  PROB- 
ABILITIES. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2C. 
W90-04199 


COMPARISON  OF  REGRESSION  AND  TIME- 
SERIES  METHODS  FOR  SYNTHESIZING 
MISSING  STREAMFLOW  RECORDS. 

Oak  Ridge  National  Lab.,  TN. 

J.  J.  Beauchamp,  D.  J.  Downing,  and  S.  F. 

Railsback. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

5,  p  961-975,  October  1989.  8  fig,  4  tab,  9  ref.  DOE 

Contract  No.  DE-AC05-84OR21400. 

Descriptors:  'Streamflow  data,  'Regression  analy- 
sis, 'Time  series  analysis,  'Streamflow  forecasting, 
•Surface  water  records,  Data  requirements,  Esti- 
mation techniques. 

Regression  and  time-series  techniques  have  been 
used  to  synthesize  and  predict  the  stream  flow  at 
the  Foresta  Bridge  gage  from  information  at  the 
upstream  Pohono  Bridge  gage  on  the  Merced 
River  near  Yosemite  National  Park.  Using  the 
available  data  from  two  time  periods  (calendar 
year  1979  and  water  year  1986),  the  two  tech- 
niques were  evaluated  in  their  ability  to  model  the 
variation  in  the  observed  flows  and  in  their  ability 
to  predict  stream  flow  at  the  Foresta  Bridge  gage 
for  the  1979  time  period  with  data  from  the  1986 
time  period.  Both  techniques  produced  reasonably 
good  estimates  and  forecasts  of  the  flow  at  the 
downstream  gage.  However,  the  regression  model 
was  found  to  have  a  significant  amount  of  autocor- 
relation in  the  residuals,  which  the  time-series 
model  was  able  to  eliminate.  The  time-series  tech- 
nique presented  can  be  of  great  assistance  in  arriv- 
ing at  reasonable  estimates  of  flow  in  data  sets  that 
have  large  missing  portions  of  data.  (Author's  ab- 
stract) 
W90-04200 


APPLICATION  OF  THE  U.S.G.S.  DIFFUSION 
HYDRODYNAMIC  MODEL  FOR  URBAN 
FLOODPLATN  ANALYSIS. 

Williamson  and  Schmid,  Irvine,  CA. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-04212 


MODELING  GROUND  WATER  AND  POLLU- 
TION-THE  ROLE  OF  THE  DESKTOP  COM- 
PUTER IN  THE  DECISION-MAKING  PROC- 
ESS: PLUME,  CROSS-SECTION,  AND  RE- 
CHARGE. 

Oklahoma  State  Univ.,  Stillwater.  Univ.  Center  for 
Water  Research. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04217 


MODELING  GROUND  WATER  AND  POLLU- 
TION--THEROLE  OF  THE  DESKTOP  COM- 
PUTER IN  THE  DECISION-MAKING  PROC- 
ESS: PLASM  AND  RANDOM  WALK. 

Oklahoma  State  Univ.,  Stillwater.  Univ.  Center  for 

Water  Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04218 


STATISTICAL  ANALYSIS  OF  GROUND- 
WATER MONITORING  DATA  AT  RCRA  FA- 
CHJTIES. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Solid  Waste. 

For  primary  bibliographic  entry  see  Field  7A. 

W90-04250 


PREDICTION  METHODOLOGY  FOR  CON- 
TAMINANT TRANSPORT  FROM  RANGE- 
LAND  WATERSHEDS. 

Los  Alamos  National  Lab.,  NM. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04253 


COMPUTER    METHODS    AND    WATER    RE- 
SOURCES: FIRST  INTERNATIONAL  CONFER- 
ENCE, MOROCCO  1988. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-04274 


SPECTRAL  ANALYSIS  IN  COMPUTATIONAL 
FLUID  MECHANICS:  DEVELOPMENT  OF  A 
NUMERICAL  APPROACH. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-04275 


TREATMENT  OF  BODY  FORCE  INTEGRALS 
IN  BOUNDARY  ELEMENTS. 

Computational     Mechanics    Inst.,     Southampton 

(England). 

For  primary  bibliographic  entry  see  Field  8B. 

W90-04276 


PARALLEL  DECOMPOSITION  IN  THE  OPTI- 
MIZATION OF  LARGE  SCALE  SYSTEMS  SUB- 
JECT TO  SEVERAL  CONDITIONS  OF  BEHAV- 
IOR. 

Ecole  Mohammedia  d'Ingenieurs,  Rabat  (Moroc- 
co). 

For  primary  bibliographic  entry  see  Field  8C. 
W90-04277 


SPECTRAL  FINITE  ANALYTICAL  NUMERI- 
CAL METHOD  FOR  THREE-DIMENSIONAL 
UNSTEADY  NAVD2R-STOKES  EQUATIONS. 

Ecole  Mohammedia  d'Ingenieurs,  Rabat  (Moroc- 
co). 

For  primary  bibliographic  entry  see  Field  8B. 
W90-04278 


COMPARISON  OF  IN  SITU  AND  LANDSAT 
DERIVED  REFLECTANCE  OF  ALASKAN  GLA- 
CDIRS. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,  MD.  Hydrological  Sciences  Branch. 
For  primary  bibliographic  entry  see  Field  2C. 
W90-04190 


MODELING  GROUND  WATER  AND  POLLU- 
TION-THE  ROLE  OF  THE  DESKTOP  COM- 
PUTER DM  THE  DECISION-MAKING  PROC- 
ESS: PLUME  3D  AND  UNCERTAINTY. 

Oklahoma  State  Univ.,  Stillwater.  Univ.  Center  for 

Water  Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04216 


PRECONDITIONED  CONJUGATE  GRADIENT 
METHOD  FOR  NUMERICAL  SOLUTION  OF 
NAVD2R-STOKES  EQUATIONS. 

Ecole  Mohammedia  d'Ingenieurs,  Rabat  (Moroc- 
co). 

For  primary  bibliographic  entry  see  Field  8C. 
W90-04279 
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IMPLICIT  NUMERICAL  MODELING  OF  UN- 
STEADY FLOW  IN  THE  TIGRIS-DIYALAH 
CONFLUENCE. 

Institute  of  Technology,  Baghdad  (Iraq).  Dept.  of 

Irrigation. 

For  primary  bibliographic  entry  see  Field  8B. 

W9O-O4280 


APPLICATION  OF  THE  BOUNDARY  ELE- 
MENT METHOD  TO  SOME  ELLIPTIC  FLUID 
MECHANICS  PROBLEMS. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-04281 


CLASSICAL  METHODS  AND  PARAMETERS 
OF  SPECTRAL  ANALYSIS.  DESCRIPTION 
AND  IMPLEMENTATIONGVIETHODES  CLAS- 
SIQUES  ET  PARAMETRIQUES  D'ANALYSE 
SPECTRALE.  DESCRIPTION  ET  MISE  EN 
OEUVRE). 

Centre  Univ.  de  Luminy,  Marseille  (France).  Inst, 
de  Mecanique  Statistique  de  la  Turbulence. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-04282 


USE  OF  A  MLXED  SPECTRAL-FINITE  ANA- 
LYTIC NUMERICAL  TECHNIQUE  FOR  THE 
ANALYSIS  OF  THE  VORTEX  SHEDDING 
PAST  A  CmCULAR  CYLINDER. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-04283 


BOUNDARY  ELEMENT  APPROACH  TO  ONE- 
DIMENSIONAL  WAVE  EQUATION. 

Ecole  Mohammedia  dTngenieurs,  Rabat  (Moroc- 
co). Hydraulic  Dept. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-04284 


APPLICATIONS  OF  THE  METHOD  OF  FUN- 
DAMENTAL SOLUTIONS  IN  WATER  RE- 
SOURCES. 

Ecole  Mohammedia  dTngenieurs,  Rabat  (Moroc- 
co). 

For  primary  bibliographic  entry  see  Field  8B. 
W90-04285 


NUCLEOLAR  PROGRAMMING  FOR  CONVEX 
MULTICRITERIA  OPTIMIZATION. 

Universidad  Nacional  de  San  Luis  (Argentina). 
Inst,  de  Matematica  Aplicada. 
E.  Marchi,  and  J.  A.  Oviedo. 
IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  163-171,  7  ref. 

Descriptors:  'Computer  programs,  •Computer- 
aided  engineering,  *Optimization,  'Computers, 
•Mathematical  studies,  Algorithms. 

A  nucleolar  solution  is  introduced  and  used  to 
study  the  problem  of  convex  multicriteria  optimi- 
zation. This  method  differs  from  traditional  lexico- 
graphic methods  where  the  order  for  maximizing 
and  minimizing  is  arbitrary.  The  nucleolar  solution 
approach  allows  the  particular  lexicographic  order 
to  be  specified.  A  nucleolar  algorithm  also  is  intro- 
duced. (See  also  W90-04274)  (Hammond-PTT) 
W90-04286 


ARTD7ICIAL  INTELLIGENCE  APPLICATIONS 
IN  ENGINEERING  DESIGN:  RESEARCH  AT 
M.I.T. 

Massachusetts  Inst,  of  Tech.,  Cambridge. 
For  primary  bibliographic  entry  see  Field  8A. 
W90-04287 


SEDEC;  A  SEDIMENT  ECONOMICS  SIMULA- 
TION MODEL. 


Illinois  Univ.  at  Urbana-Champaign. 

For  primary  bibliographic   entry   see  Field  4D. 

W90-04288 


SAPHO20:  AN  AID  IN  WATER 
PLANNING(SAPHO20:  SYSTEME  D'AIDE  A 
LA  PLANIFICATION  DE  L'EAU). 

Grenoble-2  Univ.  (France).  Centre  de  Recherche 
en  Informatique  Appliquee  aux  Science  Sociales. 
For  primary  bibliographic  entry  see  Field  6A. 
W90-04289 


COMPUTER     AIDED     MANAGEMENT     OF 
WATER  RESOURCES  SYSTEMS. 

Politechnika  Warszawska  (Poland).  Inst,  of  Envi- 
ronmental Engineering. 
For  primary  bibliographic  entry  see  Field  6A. 
W90-04290 


CAD  IN  THE  DESIGN  OF  PIPELINES  FOR 
IRRIGATION  SCHEMES. 

Lotti  (C.)  and  Associates,  Rome  (Italy). 

For  primary  bibliographic  entry  see  Field  8A. 

W90-04291 


REPRO:  HYDRAULIC  NETWORK  DESIGN. 

Lotti  (C.)  and  Associates,  Rome  (Italy). 

For  primary  bibliographic  entry  see  Field  8A. 

W90-04292 


SIMPLE  SYSTEM  TO  MANAGE  A  HYDROLO- 
GICAL  DATA  BASE  -  APPLICATION  OF  PER- 
SONAL COMPUTERSOJN  SYSTEME  SIMPLE 
DE  GESTION  D'UNE  BASE  DE  DONNEES  HY- 
DROLOGIQUES  -  APPLICATION  POUR  OR- 
DINATEURS  PERSONNELS). 
Institut  Royal  Meteorologique  de  Belgique,  Brus- 
sels. Hydrology  Section. 
G.  L.  Dupriez,  and  X.  Moons. 
IN:   Computer   Methods   and   Water   Resources: 
First   International   Conference,    Morocco,    1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  245-257,  2  fig,  4  tab,  8  ref. 

Descriptors:  'Computer  programs,  •Computer- 
aided  engineering,  *Databases,  *Hydrologic  data 
collections,  *Computers,  *Data  storage  and  re- 
trieval, Automation. 

The  World  Meteorologic  Organization  program, 
which  was  initially  developed  for  main  frame  com- 
puters, has  been  recently  re-written  for  personal 
computers.  This  development  permits  the  tapping 
of  hydrological  technology  by  using  a  multipur- 
pose operational  hydrological  subprogram 
(SHOFM),  the  scope  of  which  is  the  transfer  of 
technology  in  the  field  of  hydrology.  Most  of  the 
applications  proposed  in  SHOFM  are  based  on  the 
architecture  of  SGHBDH  (Management  System 
for  Hydrological  Data  Base),  which  consists  of  a 
series  of  operational  files  one  of  which  is  a  func- 
tional 'transfer'  file.  This  transfer  file  serves  as  a 
crucial  element  in  the  acquisitioning  of  specific 
hydrological  data  by  personal  computers  in  vari- 
ous working  hydrological  stations.  (See  also  W90- 
04274)  (Peters-PTT) 
W90-04293 


SHARING    OF    SIMULATION    TOOLS    AND 
TRANSFER  OF  TECHNOLOGY. 

Centre  de  Formation,  de  Recherche  et  d'Essais 

Hydrauliques  de  Grenoble  (France). 

For  primary  bibliographic  entry  see  Field  8B. 

W90-04294 


COMPUTER  AIDED  DESIGN  SOFTWARE  IN 
FLUVIAL  HYDRAULICS:  PROGRAM  CADRTV. 

Universite   Catholique    de   Louvain,    Louvain-la- 
Neuve  (Belgium).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-04295 


SIMPLE  NUMERICAL  MODELS  FOR  COAST- 
AL POWER  PLANTS  PROJECTS. 
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Laboratoire     National     d'Hydraulique,     Chatou 

(France). 

For  primary  bibliographic  entry  see  Field  8B. 

W90-04296 


COMPUTER  AIDED  OPERATION  OF  IRRIGA- 
TION SYSTEMS. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 

Water  Resources  Engineering. 

For  primary  bibliographic  entry  see  Field  3F. 

W90-04297 

MEASUREMENT  AND  ANALYSIS  OF  DY- 
NAMIC PRESSURES  ON  HYDRAULIC 
MODELS. 

Technische  Univ.,  Graz  (Austria).  Inst,  for  Hydro- 
mechanics, Hydraulics  and  Hydrology. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-04298 


DETERMINATION  OF  DESIGN  EVENTS  FOR 
PRECIPITATION  USING  THE  TEME-VARI- 
ABLE  DATA  RECORDING  METHOD. 

Technische  Univ.,  Graz  (Austria).  Inst,  for  Hydro- 
mechanics, Hydraulics  and  Hydrology. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-04299 


GROUNDWATER  DATA  ACQUISITION  AND 
PROCESSING  AT  TWO  RECHARGE  DAMS. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  4B. 

W9O-O430O 


SIMILARnTES  AND  DD7FERENCES  IN  THE 
NATURE  OF  GROUND  AND  SURFACE 
WATER  DATA  AND  THE  IMPLICATIONS 
FOR  DESIGNING  PERSONAL  COMPUTERS 
DATA  SYSTEMS. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2F. 
W90-04301 


EARTHQUAKES  AND  HYDRODYNAMIC 
PRESSURES  ON  STRUCTURES. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-04302 

USING  SUPER  COMPUTERS  FOR  THE  TTME 
HISTORY  ANALYSIS  OF  OLD  GRAVITY 
DAMS. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 

Lehrstuhl  fuer  Wasserbau  und  Wasserwirtschaft 

und  Inst,  fuer  Wasserbau. 

For  primary  bibliographic  entry  see  Field  8B. 

W9O-O4303 


DOtECT  BOUNDARY  ELEMENT  TECHNIQUE 
FOR  COMPUTING  WATER  WAVES. 

North  Staffordshire  Polytechnic,  Stafford  (Eng- 
land). Dept.  of  Mechanical  and  Computer-Aided 
Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 
W9O-O4304 


RESTORATION  OF  A  CONCRETE  TUNNEL 
LINING:  THE  ROLE  OF  FIELD  MEASURE- 
MENTS IN  THE  SAFETY  AND  CONTROL  OF 
THE  STRUCTURAL  STABILITY. 

Ente    Nazionale   per   l'Energia   Elettrica,    Rome 

(Italy). 

For  primary  bibliographic  entry  see  Field  8F. 

W90-04305 


THERMAL  STRESS  NUMERICAL  ANALYSIS 
OF  A  CONCRETE  UNDERGROUND  DIS- 
CHARGE CONTROL. 

Istituto  Sperimentale  Modelli  e  Strutture  S.p.A., 
Bergamo  (Italy). 
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For  primary  bibliographic  entry  see  Field  8F. 
W9O-O4306 


FLUID-STRUCTURE  INTERACTION:  EXPERI- 
MENTAL AND  NUMERICAL  ANALYSES. 

Centro    Informazioni     Studi    Esperienze,    Milan 

(Italy). 

For  primary  bibliographic  entry  see  Field  8B. 

W9O-O4307 


IMPROVED    HYDROLOGIC    FORECASTING: 
WHY  AND  HOW. 

For  primary  bibliographic  entry  see  Field  2A. 
W9O-O4308 


TECHNIQUES  FOR  THE  GENERATION  OF 
LONG  STREAMFLOW  SEQUENCES. 

Hydrocomp,  Inc.,  Palo  Alto,  CA. 
K.  M.  Leytham,  and  D.  D.  Franz. 
IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p  20- 
46,  13  fig,  2  tab,  16  ref. 

Descriptors:  *Streamflow  forecasting,  •Stream- 
flow,  *Model  studies,  •Forecasting,  'Data  inter- 
pretation, Statistical  methods,  Rio  Paranaiba, 
Brazil,  Markov  process,  Flood  forecasting,  Histo- 
ry, Rainfall-runoff  relationships. 

The  goal  of  data  generation  in  the  present  context 
is  to  generate  streamflow  sequences  which  repli- 
cate certain  important  features  or  statistics  of  the 
historic  record.  Model  choice  should  ideally  be 
based  on  considerations  of  the  following  items:  the 
features  or  statistics  to  be  preserved;  the  extent  and 
quality  of  historic  data;  the  type  of  distribution 
followed  by  historic  data;  the  effects  of  uncertainty 
in  parameter  levels;  and  the  implications  of  failing 
to  preserve  certain  statistics  or  features.  A  variety 
of  models  or  generators  have  been  presented  in  the 
literature  and  a  number  of  comparative  studies 
have  been  performed  to  evaluate  several  of  these 
models.  In  general,  the  models  fall  into  two  cate- 
gories: (1)  those  that  preserve  short-term  persist- 
ence (e.g.,  Markov);  and  (2)  those  that  preserve 
long-term  persistence  (i.e.,  Hurst  effect).  The 
model  outlined  in  this  study  is  a  multi-season, 
multi-site,  lag-one  Markov  model  designed  for  the 
generation  of  monthly  data.  The  model  is  applied 
to  the  Rio  Paranaiba  watershed  in  Brazil  to  gener- 
ate additional  streamflow  data  at  a  number  of 
existing  stream  gage  sites  for  use  in  operation  stud- 
ies on  proposed  series  of  reservoirs.  Streamflow 
data  was  to  be  generated  at  the  four  stream  gage 
sites  Porto  Jacinto,  Porto  de  Barra,  Cachoeira  de 
Sertao,  and  Ponte  Festelita  Campos.  Rainfall  data 
was  available  for  a  period  of  18  years  at  seven  sites 
within  the  basin.  Despite  difficulties  encountered 
in  calibration  on  the  Paranaiba,  the  results  from 
indirect  streamflow  generation  are  quite  encourag- 
ing. Comparison  of  the  statistics  of  the  record  and 
extended  record  suggest  that  indirect  generation 
produced  a  more  reliable  synthetic  sequence  than 
could  be  obtained  from  the  existing  record  at 
Ponte  Estelita  Campos.  However,  it  is  apparent 
that  bias  in  the  calibration  will  also  bias  the  syn- 
thetic streamflow.  Until  more  experience  is  gained 
using  this  approach,  it  is  difficult  to  say  at  what 
point  calibration  difficulties  should  force  us  to  use 
direct  streamflow  generation.  (See  also  W90- 
04308XLantz-PTT) 
W90-04310 


PROBLEMS  IN  OPERATIONAL  HYDROLOG- 
IC FORECASTING. 

Sierra  Hydrotech,  Placerville,  CA. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-04311 


TROPICAL  STORM  SURGE  FORECASTING  IN 
THE  NATIONAL  WEATHER  SERVICE. 

National    Weather    Service,    Silver   Spring,    MD. 

Techniques  Development  Lab. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-04312 


DECISION  MAKING  AND  THE  COST  OF  IG- 
NORANCE. 

Engineering    Decision    Analysis   Co.,    Inc.,    Palo 

Alto,  CA. 

For  primary  bibliographic  entry  see  Field  6A. 

W90-04313 


HYDROLOGIC  UNCERTAINTY  AND 

PROJECT  BENEFITS. 

Bureau  of  Reclamation,  Sacramento,  CA.  Mid- 
Pacific  Regional  Office. 
B.  E.  Martin,  and  R.  W.  Julian. 
IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p  84- 
92,  4  fig. 

Descriptors:  'Water  resources  development, 
•Mathematical  models,  •Project  planning,  •Hy- 
drology, 'Stochastic  hydrology,  *Water  manage- 
ment, Lake  Berryessa,  Lake  Shasta,  Data  interpre- 
tation, Statistical  analysis,  History,  Reservoirs. 

A  stochastic  analysis  was  emplyed  to  examine  the 
impacts  of  hydrologic  uncertainty  on  lifetime 
project  benefits  using  two  Bureau  of  Reclamation 
case  examples:  (1)  an  existing  reservoir,  Lake  Ber- 
ryessa, and  (2)  a  possible  future  reservoir,  an  en- 
larged Lake  Shasta.  Stochastic  hydrology  address- 
es the  inability  to  predict  future  inflows  by  examin- 
ing the  probabilistic  aspects  of  the  future  as  de- 
rived from  the  statistical  properties  of  the  histori- 
cal sample.  The  basic  procedure  can  be  summa- 
rized as  follows:  (1)  studies  are  made  to  determine 
the  underlying  statistical  properties  of  the  histori- 
cal inflow.  Based  on  this  analysis,  a  mathematical 
model  is  constructed  which  preserves  the  historical 
statistical  properties  and  generates  synthetic  in- 
flows of  any  specified  duration.  By  generating 
many  sets  or  traces  of  inflow,  the  reservoir  can  be 
operated  through  a  variety  of  possible  inflow  pat- 
terns, each  of  which  gives  a  different  estimate  of 
project  yield  and  accomplishments.  Comparing 
these  yields  and  accomplishments  with  the  fre- 
quency of  their  occurrence  enables  one  to  estimate 
the  risk  or  probability  associated  with  a  specified 
level  of  output.  In  the  Berryessa  analysis,  100 
traces  of  monthly  inflow,  each  having  a  duration 
of  70  years,  were  generated.  In  the  case  of  en- 
larged Shasta,  a  larger  sample  containing  1,000 
traces  of  annual  inflow  was  generated,  each  trace 
having  a  duration  of  50  years.  For  the  benefit  of 
those  familiar  with  the  mathematics  of  stochastic 
processes,  a  lag-one  Markov  model  was  used  for 
both  cases.  Of  the  two  cases,  Berryessa,  a  single- 
purpose  (water  supply)  reservoir  operationally  and 
financially  independent  of  the  CVP,  is  far  simpler 
to  analyze.  Overall  however,  stochastic  analysis 
provided  useful  probabilistic  and  operational  infor- 
mation, although  it  did  not  remove  hydrologic  and 
related  economic  uncertainty.  In  planning  a 
project,  assumptions  regarding  future  inflow  influ- 
ence the  assumed  project  benefits.  However,  in- 
ability to  forecast  the  occurrence  and  magnitude  of 
future  droughts  dictates  a  conservative  posture 
with  regard  to  assumed  project  capabilities  and 
benefits.  (See  also  W90-04308)(Lantz-PTT) 
W90-04314 


BENEFITS  OF  UNCERTAINTY:  PROBABILI- 
TY IN  SHORT  AND  LONG  TERM  HYDRO- 
LOGIC  FORECASTING. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 
Civil  Engineering. 
R.  L.  Bras. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
141-159,  8  fig,  15  ref.  NSF  Grant  ENG  78-20245. 
National  Weather  Service  Contract  7-351 12. 

Descriptors:  "Flood  forecasting,  •Streamflow  fore- 
casting, 'Hydrologic  models,  'Long-term  plan- 
ning, 'Short-term  planning,  'Forecasting,  'Flood 
discharge,  Probabilistic  process,  Flood  plain  man- 
agement. 


Engineers  and  scientists  are  commonly  in  the  diffi- 
cult situation  of  having  to  predict  hydrologic 
events  based  on  limited  knowledge  of  reality,  im- 
perfect models  and  incomplete  data  sources.  The 
theory  of  probability  allows  explicit  consideration 
of  the  above  uncertainties  allowing  improved  hy- 
drologic modeling.  Examples  are  given  where  the 
joint  use  of  probability  and  physical  hydrology 
permit  improved  long-term  predictions  and  short- 
term  discharge  forecasting.  Long-term  predictions 
refer  to  statements  of  recurrence  of  future  dis- 
charge events.  Short-term  discharge  forecasting 
deals  with  daily  flood  and  river  stage  predictions 
done  by  the  US  National  Weather  Service.  The 
explicit  acknowledgement  of  uncertainties  permits 
the  use  of  powerful  probability  theory  concepts 
while  at  the  same  time  preserving  and  using  valua- 
ble deterministic  hydrologic  formulations.  The 
techniques  illustrated  were  derived  distributions 
and  optimal  estimation  using  the  Kalman-Bucy 
filter.  It  should  be  clear  that  the  solutions  present- 
ed, given  in  terms  of  physical  hydrologic  param- 
eters, would  have  been  impossible  to  obtain  with- 
out exploiting  the  tools  of  probability  theory.  (See 
also  W90-04308)(Lantz-PTT) 
W90-04318 


PRECIPITATION  FORECASTING  AT  A  NA- 
TIONAL CENTER. 

National   Meteorological   Center,  Camp  Springs, 
MD.  Quantitative  Precipitation  Branch. 
D.  A.  Olson. 

IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
199-205,  3  fig. 

Descriptors:  'Meteorology,  'Weather  forecasting, 
•Forecasting,  'Precipitation,  Hydrometeorology, 
Quantitative  analysis,  Rainfall,  Data  interpretation, 
Prediction. 

The  National  Meteorological  Center  (NMC)  rou- 
tinely supports  all  meteorological  activities  in  the 
U.S.,  as  a  World  Meteorological  Center  compo- 
nent of  the  World  Meteorological  Organization 
(WMO).  Many  of  the  activities  of  the  NMC  sup- 
port both  functions.  Activities  include  data  collec- 
tion, editing,  processing  and  communication.  Per- 
haps the  more  important  functions  are  analyses, 
prognoses  and  specialized  forecasts  which  are  best 
accomplished  by  a  national  center-these  include 
world-wide  aviation  forecasts,  generalized 
medium-range  forecasts  in  the  3-5  and  6-10  day 
range,  and  quantitative  precipitation  and  heavy 
snow  forecasting.  The  Quantitative  Precipitation 
Branch  (QPB)  of  NMC's  Forecast  Division  has 
prepared  and  issued  forecasts  of  precipitation 
amounts  (QPF)  and  snowfall  amounts  since  the 
early  1960's.  The  prediction  of  precipitation 
amounts  is  one  of  the  most  difficult  and  challeng- 
ing aspects  of  meteorology,  yet  is  an  area  with 
promise  of  great  economic  benefit.  For  purposes  of 
verification,  a  'best'  analysis  is  constructed  using 
all  readily  available  real-time  rainfall  data  incorpo- 
rating radar  and/or  satellite  data  wherever  there 
are  gaps  in  observed  rainfall  data.  Predicted,  ob- 
served and  correct  areas  are  determined  areally. 
Other  measures  of  forecast  performance,  which 
can  be  computed  readily,  are  the  Postagreement-- 
or  correctness  percentage  of  the  forecast  and  the 
Prefigurance,  which  is  the  ratio  of  the  observed 
events  which  were  predicted  correctly.  Figures 
readily  show  the  effects  of  scale  on  predictability. 
Research  needs  to  continue  in  the  area  of  intense 
small-scale  convective  rain  systems-particularly 
with  emphasis  on  the  prediction  of  these  flash 
flood  producers  with  several  hours  lead  time. 
Forecasts  need  to  and  can  be  improved  with  great- 
er understanding  through  research,  particularly  in 
regard  to  the  magnitude  and  duration  of  the  rain- 
fall. Although  an  automated  version  of  precipita- 
tion amount  probability  is  currently  available,  it 
would  be  a  worthwhile  undertaking  to  investigate 
the  utility  of  subjective  probability  estimates.  (See 
also  W9O-O4308XLantz-PTT) 
W90-04320 
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BPA  HYDROLOGIC  FORECASTING  CONSID- 
ERATIONS AND  ACTIONS  DURING  THE 
1976-77  DROUGHT. 

Bonneville  Power  Administration,  Vancouver, 
WA.  Hydrometeorology  Section. 
W.  R.  Gordon,  C.  H.  Watkins,  and  R.  C.  Lamb. 
IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
274-284,  4  ref. 

Descriptors:  *Streamflow  forecasting,  'Bonneville 
Power  Administration,  'Drought,  'Forecasting, 
•Water  resources  management,  Powerplants, 
Energy  sources,  Streamflow,  Water  use,  Compet- 
ing use,  Industrial  water,  State  jurisdiction,  Water 
management,  Governmental  interrelations. 

The  Pacific  Northwest  is  dependent  upon  its  water 
supply  to  meet  the  region's  electric  energy  require- 
ments. Managing  the  large  amount  of  reservoir 
storage  of  this  multipurpose  system  requires  fre- 
quent and  accurate  assessments  of  the  water 
supply,  electric  energy  supply  and  electric  energy 
requirements  to  determine  the  system's  hourly, 
daily,  and  seasonal  load  carrying  capability. 
Weather  forecasts,  streamflow  and  load  forecasting 
models,  and  plant  scheduling  models  provide  the 
tools  to  plan  the  electric  energy  supply.  Constant 
coordination  among  water  managers  is  maintained 
to  achieve  optimum  use  of  the  region's  water  for 
all  interests.  The  drought  of  1977  emphasized  the 
need  for  this  coordination.  Conflicts  of  water  use 
among  States  and  agencies  during  drought  resulted 
in  the  Governors  of  the  States  in  the  Pacific 
Northwest  to  endorse  certain  water  management 
plans.  This  was  the  first  time  an  action  of  this 
nature  was  taken  and  procedures  were  established 
that  may  be  used  in  future  years.  As  non-renewable 
energy  resources  diminish  and  power  requirements 
increase,  more  demands  will  be  put  on  the  region's 
water  supply.  Optimum  management  of  the  re- 
gion's water  is  an  increasing  challenge.  (See  also 
W90-04308)(Lantz-PTT) 
W90-04325 


CONTAMINATION  IN  THE  HYDROLOGIC 
DATA  BASE. 

National  Weather  Service,  Sacramento,  CA.  River 
Forecast  Center. 

R.  J.  C.  Buraash,  and  R.  L.  Ferral. 
IN:  Improved  Hydrologic  Forecasting:  Why  and 
How.  Proceedings  of  an  Engineering  Foundation 
Conference,  Asilomar  Conference  Grounds,  Pacif- 
ic Grove,  California,  March  25-30,  1979.  American 
Society  of  Civil  Engineers,  New  York.  1980.  p 
303-311,  4  fig. 

Descriptors:  'Data  quality  control,  'Quality  con- 
trol, 'Hydrologic  data  collections,  'Databases, 
'Error  analysis,  Data  acquisition,  Precipitation, 
Streamflow,  Data  interpretation,  Simulation  analy- 


Published  and  currently  collected  precipitation  and 
streamflow  records  are  often  contaminated  by  mis- 
leading measurements,  errors  in  measurements  and 
changes  in  measuring  techniques.  Precipitation 
data  can  be  particularly  misleading  due  to  contin- 
ued use  of  a  station  name  through  many  physical 
moves  of  the  equipment  or  when  the  measuring 
device  is  changed.  Other  subtle  sources  of  database 
contamination  involve  changes  in  the  trajectory 
and/or  velocity  of  the  basic  airstream.  The  analysis 
of  precipitation  errors  becomes  more  striking  in 
arid  regions.  There  are  several  techniques  for  pro- 
tection from  database  inconsistencies  including 
double  mass  plots  of  precipitation  data  and  cross 
basin  plots  of  discharge  data.  The  most  effective 
technique  starts  with  these  simple  tests  followed  by 
streamflow  simulation.  The  need  for  accurate  hy- 
drologic data  has  led  to  the  development  of  a  new 
family  of  cost-effective  precipitation  gages  for  im- 
mediate data  acquisition  by  computer.  Efforts  in 
California  to  automate  data  collection  use  these 
self-reporting  gages  which  send  a  radio  signal  to 
the  base  station  when  a  change  occurs  and  at  timed 
intervals  when  no  change  occurs.  These  approach- 
es, when  coupled  with  streamflow  simulation, 
should  help  determine  that  a  gage  is  not  function- 


ing properly.  The  data  identified  as  contaminated 
can  either  be  adjusted  or  excluded  and  the  verified 
data  can  be  used  to  produce  much  more  reliable 
hydrologic  analyses  and  forecasts.  (See  also  W90- 
04398)  (Lantz-PTT) 
W90-04328 


QUALITATIVE  AND  QUANTITATTVE  AQUAT- 
IC ALGAL  DATA  COMPILATION  TO  DETER- 
MINE MACROTRENDS-III. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Botany  and 

Microbiology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04492 


RELIABUJTY  OF  IMPINGEMENT  SAM- 
PLING DESIGNS:  AN  EXAMPLE  FROM  THE 
INDIAN  POINT  STATION. 

Normandeau  Associates,  Inc.,  Bedford,  NH. 
For  primary  bibliographic  entry  see  Field  81. 
W90-04516 


DEVELOPMENT  AND  SENSITIVITY  ANALY- 
SIS OF  IMPACT  ASSESSMENT  EQUATIONS 
BASED  ON  STOCK-RECRUITMENT  THEORY. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 

For  primary  bibliographic  entry  see  Field  6G. 
W9O-04519 


SOME  CONSIDERATIONS  IN  APPLYING 
STOCK-RECRUITMENT  MODELS  TO  MULTI- 
PLE-AGE SPAWNING  POPULATIONS. 

Lawler,    Matusky    and    Skelly    Engineers,    Pearl 

River,  NY. 

For  primary  bibliographic  entry  see  Field  81. 

W9O-O4520 


TESTING    THE    VALIDITY    OF    STOCK-RE- 
CRUITMENT CURVE  FITS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  81. 
W90-04521 


FISHING  IN  DANGEROUS  WATERS:  RE- 
MARKS ON  A  CONTROVERSIAL  APPEAL  TO 
SPAWNER-RECRUIT  THEORY  FOR  LONG- 
TERM  IMPACT  ASSESSMENT. 

Cornell  Univ.,  Ithaca,  NY.  Ecosystems  Research 

Center. 

For  primary  bibliographic  entry  see  Field  81. 

W90-04522 


WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1984. 

Geological  Survey,  Tuscaloosa,  AL.  Water  Re- 
sources Div. 

H.  C.  Rollins,  E.  G.  Ming,  F.  C.  Sedberry,  and  I. 
A.  Giles. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-159316. 
Price  codes:  A15  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  AL-84  (WRD/HD-85/ 
272),  1985.  327p,  Prepared  in  cooperation  with  the 
Alabama  Department  of  Environmental  Manage- 
ment and  other  agencies. 

Descriptors:  'Hydrologic  data,  'Alabama,  'Sur- 
face water,  'Data  collections,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
Alabama  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  in  wells.  This 
report  contains  discharge  records  for  85  gaging 
stations;  stage  at  23  gaging  stations,  stage  and 
contents  for  13  lakes  and  reservoirs;  water  quality 
for  31  gaging  stations,  5  wells,  3  precipitation 
stations,  and  water  levels  for  48  observations  wells. 
Also  included  are  4  crest-stage  partial  record  sta- 
tions, 6  flood  hydrograph  partial-record  stations 


and  26  water  quality  partial-record  stations.  Addi- 
tional water  data  were  collected  at  various  sites, 
not  part  of  the  systematic  data-collection  program, 
and  are  published  as  miscellaneous  measurements 
and  analysis.  These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Alabama.  (USGS) 
W90-04530 


WATER  RESOURCES  DATA  FOR  ALASKA, 
WATER  YEAR  1984. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

B.  B.  Bigelow,  R.  D.  Lamke,  P.  J.  Still,  J.  L.  van 
Maanen,  and  J.  E.  Vaill. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  2216,.  as  PB86-164324. 
Price  codes:  A16  in  paper  copy,  A01  in  microfiche 
SGS  Water-Data  Report  AK-84-1  (WRD/HD-85/ 
264),  1985.  347p.  Prepared  in  cooperation  with  the 
State  of  Alaska  and  other  agencies. 

Descriptors:  'Alaska,  'Hydrologic  data,  'Surface 
water,  'Groundwater,  'Water  quality,  'Data  col- 
lections, Flow  rates,  Gaging  stations,  Lakes, 
Chemical  analysis,  Sediments,  Water  temperature, 
Sampling  sites,  Water  level,  Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
Alaska  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  water  quality  of 
lakes;  and  water  levels  and  water  quality  in  wells. 
This  report  contains  discharge  records  for  112 
gaging  stations;  water  quality  for  43  stations;  and 
water  levels  for  31  observation  wells.  Also  includ- 
ed are  64  crest-stage,  and  59  water  quality  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  various  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements  of  discharge,  lake  stage, 
or  water  quality.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Alaska.  (USGS) 
W90-04531 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
1983. 

Geological  Survey,  Tucson,  AZ. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-1 11308. 
Price  codes:  A17  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  AZ-83-1  (WRD/HD- 
86/233),  1986.  387p.  Prepared  in  cooperation  with 
the  State  of  Arizona  and  other  agencies. 

Descriptors:  'Data  collections,  'Arizona,  'Hydro- 
logic  data,  'Surface  water,  'Groundwater,  'Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 


Water  resources  data  for  the  1983  water  year  for 
Arizona  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  water  levels  of 
observation  wells;  and  quality  of  groundwater. 
This  report  contains  discharge  records  for  208 
gaging  stations,  annual  peaks  for  24  crest-stage 
partial-record  stations,  and  discharge  measure- 
ments at  18  miscellaneous  sites;  contents  only 
records  for  8  lakes  and  reservoirs;  stage  and  con- 
tents for  1  lake;  elevation  only  for  1  streamflow 
station;  16  supplementary  records,  included  with 
gaging-station  records,  consisting  of  monthend  or 
monthly  stage,  contents,  and  evaporation  of  lakes 
and  reservoirs,  diversions,  and  return  flows;  water 
quality  records  for  54  continuous-record  stations 
and  3  miscellaneous  sites;  water  levels  for  97  obser- 
vation wells;  and  water  quality  data  for  water  from 
132  wells.  The  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  Federal  and 
State  Agencies  in  Arizona.  (USGS) 
W90-04532 


4 

a 
3 

* 

i 

2 
< 

a 


u. 

c 


X 
X 


191 


Field  7— RESOURCES  DATA 

Group  7C — Evaluation,  Processing  and  Publication 


WATER  RESOURCES  DATA-ARKANSAS, 
WATER  YEAR  1984. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

T.  E.  Lamb,  J.  E.  Porter,  B.  F.  Lambert,  and  J. 
Edds. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-130259. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  AR-84-1  (WRD/HD- 
85/261),  1985.  623p.  Prepared  in  cooperation  with 
the  State  of  Arkansas  and  other  agencies. 

Descriptors:  *Data  collections,  'Arkansas,  *Hy- 
drologic  data,  *Surface  water,  'Groundwater, 
•Water  quality,  *Flow  rates,  Gaging  stations, 
Lakes,  Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites.  Water  level,  Water  analy- 


Water  resources  data  for  the  1984  water  year  for 
Arkansas  consist  of  records  of  discharge,  and 
water  quality  of  streams;  water  quality  of  lakes; 
water  levels  and  water  quality  of  observation 
wells.  This  report  contains  discharge  records  of  48 
regular  surface-water  stations;  water  quality  data 
for  130  regular  water  quality  stations,  and  75  par- 
tial-record water  quality  stations;  92  wells  with 
water  level  measurements,  4  wells  with  water  level 
and  water  quality  measurements,  and  2  wells  with 
water  quality  data  only.  Also  included  are  data  for 
77  crest-stage  partial-record  surface-water  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  collected  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Arkansas.  (USGS) 
W90-04533 


WATER  RESOURCE  DATA-ARKANSAS, 
WATER  YEAR  1985. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

T.  E.  Lamb,  J.  E.  Porter,  B.  F.  Lambert,  and  J. 
Edds. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-1 11712/ 
AS.  Price  codes:  A23  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  AR-85-1  (WRD/ 
HD-86/238),  1986.  523p.  Prepared  in  cooperation 
with  the  State  of  Arkansas  and  other  agencies. 

Descriptors:  *Data  collections,  'Arkansas,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 


Water  resources  data  for  the  1985  water  year  for 
Arkansas  consist  of  records  of  discharge,  and 
water  quality  of  streams;  water  quality  of  lakes; 
water  levels  and  water  quality  of  observation 
wells.  This  report  contains  discharge  records  for 
45  regular  surface-water  stations;  water-quality 
data  for  158  regular  water-quality  stations,  73  par- 
tial-record water-quality  stations,  5  observation 
wells,  and  1  precipitation  station;  water-level  meas- 
urements for  98  observation  wells.  Also  include  are 
data  for  82  crest-stage  partial-record  surface-water 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  These  data  represent  that  part  of 
the  National  Water  Data  System  collected  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Arkansas.  (See  also  W90- 
04533)  (USGS) 
W90-O4534 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, 1983.  VOLUME  1.  SOUTHERN  GREAT 
BASIN  FROM  MEXICAN  BORDER  TO  MONO 
LAKE  BASIN,  AND  PACIFIC  SLOPE  BASINS 
FROM  TIJUANA  RIVER  TO  SANTA  MARIA 
RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
J.  C.  Bowers,  M.  T.  Butcher,  C.  E.  Lamb,  J.  A. 


Singer,  and  G.  B.  Smith. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86- 127636. 
Price  codes:  A17  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  CA-83-1  (WRD/HD- 
85/254),  1985.  Prepared  in  cooperation  with  the 
California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  'Data  collections,  'California,  *Hy- 
drologic  data,  'Surface  water,  'Water  quality, 
'Groundwater,  Flow  rates,  Gaging  stations,  Reser- 
voirs, Lakes,  Chemical  analysis,  Sediments,  Water 
temperature,  Sampling  sites,  Water  level,  Water 
analysis. 

Water  resources  data  for  the  1983  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  1  contains  discharge 
records  for  154  gaging  stations;  stage  and  contents 
for  18  lakes  and  reservoirs;  water  quality  for  20 
streams  and  18  wells;  water  levels  for  165  observa- 
tion wells.  Also  included  are  10  crest-stage  partial- 
record  stations.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  California.  (See  also  W90- 
04536)  (USGS) 
W90-04535 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1983  VOLUME  2.  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON  STATE  LINE  EXCEPT  CENTRAL 
VALLEY. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

S.  Anderson,  K.  L.  Markham,  V.  Piro,  W.  F. 
Shelton,  and  D.  A.  Grillo. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-135332. 
Price  codes:  A19  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  CA-83-2  (WRD/HD- 
85/237),  1985.  421p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  'Data  collections,  'California,  'Hy- 
drologic  data,  'Surface  water,  'Water  quality, 
•Groundwater,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resource  data  for  the  1983  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  2  contains  discharge 
records  for  145  gaging  stations;  stage  and  contents 
for  19  lakes  and  reservoirs;  water  quality  for  17 
stations;  water  levels  for  67  observation  wells.  Also 
included  are  two  low-flow  partial-record  stations 
and  18  water-quality  partial-record  stations.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
California.  (See  also  W90-O4535)  (USGS) 
W90-04536 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1984  VOLUME  2.  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON  STATE  LINE  EXCEPT  CENTRAL 
VALLEY. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

S.  Anderson,  K.  L.  Markham,  V.  Piro,  W.  F. 
Shelton,  and  D.  A.  Grillo. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-197076. 
Price  codes:  A15  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  CA-84-2,  (WRD/HD- 
86/209),  1985.  315p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  'Data  collections,  'California,  'Hy- 
drologic   data,    'Surface   water,    'Water   quality, 


•Groundwater,  Flow  rates.  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  2  contains  discharge 
records  for  1 32  gaging  stations;  stage  and  contents 
for  18  lakes  and  reservoirs;  water  quality  for  11 
stations;  water  levels  for  9  observation  wells.  Also 
included  are  two  low-flow  partial-record  stations 
and  19  water-quality  partial-record  stations.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
California.  (See  W90-04535  thru  W90-04536  and 
W90-04538)  (USGS) 
W90-04537 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1984  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  WALKER  RIVER  TO 
TRUCKEE  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

R.  P.  Fogelman,  T.  C.  Hunter,  J.  R.  Mullen,  R.  G. 
Simpson,  and  D.  A.  Grillo. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-162500. 
Price  codes:  A 16  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  CA-84-3  (WRD/HD- 
86/210),  1985.  355p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  *Data  collections,  •California,  *Hy- 
drologic  data,  'Surface  water,  'Water  quality, 
'Groundwater,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  3  contains  discharge 
records  for  126  gaging  stations;  stage  and  contents 
for  36  lakes  and  reservoirs;  gage  height  records  for 
2  lakes;  water  quality  for  9  streams  and  40  wells; 
water  levels  for  53  observation  wells.  Also  includ- 
ed are  2  crest-stage  partial-record  stations  and  27 
water  quality  partial-record  stations.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
California.  (See  W90-04535  thru  W90-04537  and 
W90-04539)  (USGS) 
W90-04538 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, 1984  VOLUME  4.  NORTHERN  CENTRAL 
VALLEY  BASINS  AND  THE  GREAT  BASIN 
FROM  HONEY  LAKE  BASIN  TO  OREGON 
STATE  LINE. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

R.  P  Fogelman,  J.  R.  Mullen,  W.  F.  Shelton,  R. 
G.  Simpson,  and  D.  A.  Grillo. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-182036. 
Price  codes:  A13  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  CA-84-4  (WRD/HD- 
86/228),  1986.  292p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  'Data  collections,  'California,  'Hy- 
drologic  data,  'Surface  water,  'Water  quality, 
•Groundwater,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
California  consist  of  records  of  stage,  discharge, 
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and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  4  contains  discharge 
records  for  152  gaging  stations;  stage  and  contents 
for  25  lakes  and  reservoirs;  water  precipitation  data 
for  2  stations;  water  quality  for  9  stations;  water 
levels  for  12  and  water  quality  for  46  observation 
wells.  Also  included  is  one  low-flow  partial-record 
station  and  19  water-quality  partial-record  stations. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  California.  (See  W90-04535  thru  W90- 
04538)  (USGS) 
W90-04539 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1984  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

A.  C.  Duncan,  R.  C.  Ugland,  J.  L.  Blattner,  and  R. 
D.  Steger. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB96-130648. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  CO-84-1  (WRD/HD- 
85/243),  1985.  409p.  Prepared  in  cooperation  with 
the  State  of  Colorado  and  other  agencies. 

Descriptors:  *Data  collections,  *Colorado,  *Hy- 
drologic  data,  'Surface  water,  'Water  quality, 
♦Groundwater,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  Colorado  for  the  1984 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  discharge  record  for  352  gaging 
stations,  stage  and  contents  of  23  lakes  and  reser- 
voirs, 4  partial-record  low-flow  stations,  peak  flow 
information  for  32  crest-stage  partial  record  sta- 
tions, and  one  miscellaneous  site;  water  quality  for 
126  gaging  stations  and  275  miscellaneous  sites; 
and  water  levels  for  55  observation  wells.  Six 
pertinent  stations  in  bordering  States  also  are  in- 
clude. These  data  represent  that  part  of  the  Nation- 
al Water  Data  System  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  State  and  Federal 
agencies.  (See  W90-04541  thru  W90-04542) 
(USGS) 
W90-04540 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1984  VOLUME  2.  COLORA- 
DO RTVER  BASIN  ABOVE  DOLORES  RIVER. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

A.  C.  Duncan,  R.  C.  Ugland,  J.  L.  Blattner,  and  R. 
G.  Kretschman. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-130655. 
Price  codes:  A12  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  CO-84-2  (WRD/HD- 
85/244),  1985.  235p.  Prepared  in  cooperation  with 
the  State  of  Colorado  and  other  agencies. 

Descriptors:  *Data  collections,  'Colorado,  'Hy- 
dro-logic data,  'Surface  water,  'Water  quality, 
'Groundwater,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  Colorado  for  the  1984 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  wells  and  springs.  The 
report  contains  discharge  records  for  352  gaging 
stations,  stage  and  contents  of  23  lakes  and  reser- 
voirs, 4  partial-record  low-flow  stations,  peak  flow 
information  for  32  crest-stage  partial-record  sta- 
tions, and  one  miscellaneous  site;  water  quality  for 
126  gaging  stations  and  275  miscellaneous  sites; 
and  water  levels  for  55  observation  wells.  Six 
pertinent  stations  in  bordering  States  also  were 


included  in  this  report.  These  data  represent  that 
part  of  the  National  Water  Data  System  collected 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies.  (See  also  W90-04540 
and  W90-04542)  (USGS) 
W90-O4541 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1984  VOLUME  3.  DOLO- 
RES RTVER  BASIN,  GREEN  RTVER  BASIN, 
AND  SAN  JUAN  RTVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

A.  C.  Duncan,  R.  C.  Ugland,  J.  D.  Bennett,  and  E. 
A.  Wilson. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-135308. 
Price  codes:  A16  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  CO-84-3  (WRD/HD- 
85/245),  1985.  240p.  Prepared  in  cooperation  with 
the  State  of  Colorado  and  other  agencies. 

Descriptors:  'Colorado,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water-resources  data  for  Colorado  for  the  1984 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  wells  and  springs.  The 
report  contains  discharge  records  for  352  gaging 
stations,  stage  and  contents  of  23  lakes  and  reser- 
voirs, 4  partial-record  low-flow  stations,  peak  flow 
information  for  32  crest-stage  partial  record  sta- 
tions, and  one  miscellaneous  site;  water  quality  for 
126  gaging  stations  and  275  miscellaneous  sites; 
and  water  levels  for  55  observation  wells.  Six 
pertinent  stations  in  bordering  States  also  are  in- 
cluded in  this  report.  These  data  represent  that 
part  of  the  National  Water  Data  System  collected 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies.  (See  W90-04540  thru 
W90-04541)  (USGS) 
W90-04542 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1985.  VOLUME  1.  MISSOU- 
RI RTVER  BASIN,  ARKANSAS  RTVER  BASIN, 
AND  RIO  GRANDE  BASES. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

R.  C.  Ugland,  A.  C.  Duncan,  J.  L.  Ebling,  and  R. 
D.  Steger. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-105979. 
Price  codes:  A16  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  CO-85-1  (WRD/HD- 
86/224),  1986.  353p.  Prepared  in  cooperation  with 
the  State  of  Colorado  and  other  agencies. 

Descriptors:  'Colorado,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
•Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water-resources  data  for  Colorado  for  the  1985 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  discharge  records  for  351  gaging 
stations,  stage  and  contents  of  25  lakes  and  reser- 
voirs, 4  partial-record  low-flow  stations,  peak  flow 
information  for  34  crest-stage  partial  record  sta- 
tions, and  one  miscellaneous  site;  water  quality  for 
104  gaging  stations  and  256  miscellaneous  sites; 
and  water  levels  for  53  observation  wells.  Six 
pertinent  stations  in  bordering  States  also  are  in- 
cluded in  this  report.  These  data  represent  that 
part  of  the  National  Water  Data  System  collected 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies.  (See  W90-O4540,  W90- 
04544  and  W90-04545)  (USGS) 
W90-04543 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1985  VOLUME  2.  COLORA- 
DO RTVER  BASIN  ABOVE  DOLORES  RTVER. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

R.  C.  Ugland,  A.  C.  Duncan,  J.  L.  Ebling,  and  R. 
G.  Kretschman. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-105987. 
Price  codes:  A 12  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  CO-85-2  (WRD/HD- 
86/225),  1985.  239p.  Prepared  in  cooperation  with 
the  State  of  Colorado  and  other  agencies. 

Descriptors:  'Colorado,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water-resources  data  for  Colorado  for  the  1985 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  wells  and  springs.  The 
report  contains  discharge  records  for  351  gaging 
stations,  stage  and  contents  of  25  lakes  and  reser- 
voirs, 4  partial-record  low-flow  stations,  peak  flow 
information  for  34  crest-stage  partial  record  sta- 
tions, and  one  miscellaneous  site;  water  quality  for 
104  gaging  stations  and  256  miscellaneous  sites; 
and  water  levels  for  53  observation  wells.  Six 
pertinent  stations  in  bordering  States  also  are  in- 
cluded in  this  report.  These  data  represent  that 
part  of  the  National  Water  Data  System  collected 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies.  (See  also  W90-04543 
and  W90-O4545)  (USGS) 
W90-04544 

WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1985.  VOLUME  3.  DOLO- 
RES RTVER  BASIN,  GREEN  RTVER  BASIN, 
AND  SAN  JUAN  RTVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

R.  C.  Ugland,  A.  C.  Duncan,  J.  D.  Bennett,  and  E. 
A.  Wilson. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-105995/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CO-85-3  (WRD/ 
HD-86-226),  1986.  265p.  Prepared  in  cooperation 
with  the  State  of  Colorado  and  other  agencies. 

Descriptors:  'Colorado,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water-resources  data  for  Colorado  for  the  1985 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  wells  and  springs.  The 
report  contains  discharge  records  for  351  gaging 
stations,  stage  and  contents  of  25  lakes  and  reser- 
voirs, 4  partial-record  low-flow  stations,  peak  flow 
information  for  34  crest-stage  partial  record  sta- 
tions, and  one  miscellaneous  sites;  water  quality  for 
104  gaging  stations  and  256  miscellaneous  sites; 
and  water  levels  for  53  observation  wells.  Six 
pertinent  stations  in  bordering  States  also  are  in- 
cluded in  this  report.  These  data  represent  that 
part  of  the  National  Water  Data  System  collected 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies.  (See  W90-04543  thru 
W9O-04544)  (USGS) 
W90-04545 
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WATER  RESOURCES  DATA,  CONNECTICUT, 
WATER  YEAR  1983. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

C.  E.  Thomas,  L.  A.  Weiss,  I.  S.  Gasperini,  and  J. 
W.  Bingham. 
Available  from  the  National  Technical  Information 
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Service,  Springfield,  VA  22161,  as  PB86-130499. 
Price  codes:  A 19  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  CT-83-1  (WRD/HD- 
85/256),  1985.  300p.  Prepared  in  cooperation  with 
the  State  of  Connecticut  and  other  agencies. 

Descriptors:  'Connecticut,  'Data  collections,  'Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
•Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis,  Estuaries,  Biological  analysis. 

Water-resources  data  for  the  1983  water  year  for 
Connecticut  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  volume  contains  records  for  water  discharge 
at  47  gaging  stations;  storm  discharge  at  7  gaging 
stations;  tidal  volume  at  1  gaging  station;  tidal 
stage  at  4  gaging  stations;  contents  at  35  lakes  and 
reservoirs;  water  quality  at  38  gaging  stations,  4 
lakes  and  reservoirs,  2  harbors,  3  precipitation  sta- 
tions, 6  partial-record  stations,  and  23  wells;  and 
water  levels  at  32  observation  wells.  Also  included 
are  41  crest-stage  partial-record  stations.  Addition- 
al water  data  were  collected  at  various  sites  in- 
volved in  the  systematic  data-collection  program 
and  are  published  as  miscellaneous  measurements 
and  analysis.  These  data  represent  that  part  of  the 
National  Water  Data  System  collected  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Connecticut.  (USGS) 
W90-04546 


WATER  RESOURCES  DATA,  CONNECTICUT, 
WATER  YEAR  1984. 

Geological  Survey,  Hartford,  CT.  Water  Re- 
sources Div. 

M.  A.  Cervione,  T.  B.  Shepard,  I.  S.  Gasperini, 
and  J.  W.  Bingham. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-129375. 
Price  codes:  A16  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  CT-84-1  (WRD/HD- 
86/259),  1986.  347p.  Prepared  in  cooperation  with 
the  State  of  Connecticut  and  other  agencies. 

Descriptors:  'Connecticut,  'Data  collections,  'Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis,  Estuaries. 

Water-resources  data  for  the  1984  water  year  for 
Connecticut  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  volume  contains  records  for  water  discharge 
at  46  gaging  stations;  storm  discharge  at  7  gaging 
stations;  tidal  volume  at  1  gaging  station;  tidal 
stage  at  4  gaging  stations;  contents  at  35  lakes  and 
reservoirs;  water  quality  at  37  gaging  stations,  4 
lakes  and  reservoirs,  2  harbors,  3  precipitation  sta- 
tions, and  7  wells;  and  water  levels  at  35  observa- 
tion wells.  Also  included  are  41  crest-stage  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  various  sites  involved  in  the  systematic 
data  collection  program  and  are  published  as  mis- 
cellaneous measurements  and  analysis.  These  data 
represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Connecticut.  (See  also  W90-04546)  (USGS) 
W90-04547 


WATER  RESOURCES  DATA  FOR  FLORIDA 
WATER  YEAR  1983  VOLUME  1A:  NORTH- 
EAST FLORTOA 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-126455. 
Price  codes:  A 14  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  FL-83-1A  (WRD/HD- 
85/262),  1984.  289p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 


Descriptors:  'Florida,  'Data  collections,  'Hydro- 
logic  data,  'Surface  water,  'Groundwater,  'Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 


Water-resources  data  for  the  1983  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
299  streams,  periodic  discharge  for  29  streams, 
miscellaneous  discharge  for  30  streams,  continuous 
or  daily  stage  for  76  streams,  periodic  stage  for  47 
streams,  peak  discharge  for  86  streams  and  peak 
stage  for  8  streams;  continuous  or  daily  elevations 
for  105  lakes,  periodic  elevations  for  117  lakes; 
continuous  groundwater  levels  for  472  wells,  peri- 
odic groundwater  levels  for  610  wells,  and  miscel- 
laneous water  level  measurements  for  2,258  wells; 
quality  of  water  data  for  326  surface-water  sites 
and  843  wells.  The  data  for  northeast  Florida 
include  continuous  or  daily  discharge  for  92 
streams,  periodic  discharge  for  1 1  streams,  miscel- 
laneous discharge  for  14  streams,  peak  discharge 
for  29  streams,  continuous  or  daily  stage  for  28 
streams;  continuous  elevations  for  42  lakes  and 
periodic  elevations  for  31  lakes;  continuous 
groundwater  levels  for  32  wells,  periodic  ground- 
water levels  for  144  wells,  and  miscellaneous  water 
level  measurements  for  1,125  wells;  quality  of 
water  for  35  surface  water  sites  and  for  210  wells. 
These  data  represent  that  part  of  the  National 
Water  Data  System  collected  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Florida.  (See  W90-04549  thru  W90- 
04553)  (USGS) 
W90-04548 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983  VOLUME  IB:  NORTH- 
EAST FLORTOA. 

Geological  Survey,  Tallahassee,  FL. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-163714. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche 
SGS  Water-Data  Report  FL-83-1B  (WRD/HD- 
85/273),  1985.  196p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 

Descriptors:  'Florida,  'Data  collections,  'Hydro- 
logic  data,  'Surface  water,  'Groundwater,  'Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 


Water-resources  data  for  the  1983  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
299  streams,  periodic  discharge  for  29  streams, 
miscellaneous  discharge  for  30  streams,  continuous 
or  daily  stage  for  76  streams,  periodic  stage  for  47 
streams,  peak  discharge  for  86  streams  and  peak 
stage  for  8  streams;  continuous  or  daily  elevations 
for  105  lakes,  periodic  elevations  for  117  lakes; 
continuous  groundwater  levels  for  472  wells,  peri- 
odic groundwater  levels  for  610  wells,  and  miscel- 
laneous water  level  measurements  for  2,258  wells; 
quality  of  water  data  for  326  surface-water  sites 
and  843  wells.  The  data  for  northeast  Florida 
include  continuous  or  daily  discharge  for  92 
streams,  periodic  discharge  for  11  streams,  miscel- 
laneous discharge  for  14  streams,  peak  discharge 
for  29  streams,  continuous  or  daily  stage  for  28 
streams;  continuous  elevations  for  42  lakes  and 
periodic  elevations  for  31  lakes;  continuous 
groundwater  levels  for  32  wells,  periodic  ground- 
water levels  for  144  wells,  and  miscellaneous  water 
level  measurements  for  1,125  wells;  quality  of 
water  for  35  surface  water  sites  and  for  210  wells. 
These  data  represent  that  part  of  the  National 
Water  Data  System  collected  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Florida.  (See  W90-04548  and  W90- 
04549  thru  W90-O4553)  (USGS) 
W90-04549 


WATER  RESOURCES  DATA  FOR  FLORIDA 
WATER  YEAR  1983  VOLUME  2A:  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 
W.  J.  Haire,  T.  Miller,  C.  Price,  and  D.  Hayes. 


Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-163706. 
Price  codes:  A 14  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  FL-83-2A  (WRD/HD- 
86/203),  1985.  293p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 

Descriptors:  'Florida,  'Data  collections,  'Hydro- 
logic  data,  'Surface  water,  'Groundwater,  'Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 
sis, Wells. 

Water-resources  data  for  the  1983  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
299  streams,  periodic  discharge  for  29  streams, 
miscellaneous  discharge  for  30  streams,  continuous 
or  daily  stage  for  76  streams,  periodic  stage  for  47 
streams,  peak  discharge  for  86  streams  and  peak 
stage  for  8  streams;  continuous  or  daily  elevations 
for  105  lakes,  periodic  elevations  for  117  lakes; 
continuous  groundwater  levels  for  472  wells,  peri- 
odic groundwater  levels  for  610  wells,  and  miscel- 
laneous water  level  measurements  for  2,258  wells; 
quality  of  water  data  for  326  surface-water  sites 
and  843  wells.  The  data  for  South  Florida  include 
continuous  or  daily  discharge  for  73  streams,  peri- 
odic discharge  for  3  streams,  continuous  or  daily 
stage  for  74  streams,  and  periodic  stage  for  30 
streams;  continuous  elevations  for  13  lakes  and 
periodic  elevations  for  5  lakes;  continuous  ground- 
water levels  for  180  wells,  periodic  groundwater 
levels  for  120  wells,  and  miscellaneous  water  level 
measurements  for  336  wells;  quality  of  water  for  71 
surface  water  sites  and  for  292  wells.  These  data 
represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Florida.  (See  W90-04548  thru  W90-04549  and 
W90-04551  thru  W90-O4553)  (USGS) 
W90-04550 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983.  VOLUME  3A:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

R.  T.  Mycyk,  L.  D.  Fayard,  W.  L.  Fletcher,  and  J. 
K.  Ogle. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-216OO0. 
Price  codes:  A21  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  FL-83-3A  (WRD/HD- 
85/211),  1985.  470p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 

Descriptors:  'Florida,  'Data  collections,  'Hydro- 
logic  data,  'Surface  water,  'Groundwater,  'Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 
sis, Wells. 

Water-resources  data  for  the  1983  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
299  streams,  periodic  discharge  for  29  streams, 
miscellaneous  discharge  for  30  streams,  continuous 
or  daily  stage  for  76  streams,  periodic  stage  for  47 
streams,  peak  discharge  for  86  streams  and  peak 
stage  for  8  streams;  continuous  or  daily  elevations 
for  105  lakes,  periodic  elevations  for  117  lakes; 
continuous  groundwater  levels  for  472  wells,  peri- 
odic groundwater  levels  for  610  wells,  and  miscel- 
laneous water  level  measurements  for  2,258  wells; 
quality  of  water  data  for  326  surface-water  sites 
and  843  wells.  The  data  for  southwest  Florida 
include  continuous  or  daily  discharge  for  74 
streams,  periodic  discharge  for  14  streams,  miscel- 
laneous discharge  for  15  streams,  peak  discharge 
for  19  streams,  continuous  or  daily  stage  for  18 
streams;  continuous  elevations  for  43  lakes  and 
periodic  elevations  for  72  lakes;  continuous 
groundwater  levels  for  223  wells,  periodic  ground- 
water levels  for  141  wells,  and  miscellaneous  water 
level  measurements  for  573  wells;  quality  of  water 
for  120  surface  water  sites  and  329  wells.  These 
data  represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and   cooperating   State  and   Federal   agencies  in 
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Florida.    (See   W90-04548    thru   W90-04550   and 
W90-04552  thru  W90-04553)  (USGS) 
W90-04551 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1983  VOLUME  3B:  SOUTH- 
WEST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div.  • 
R.  T.  Mycyk,  L.  D.  Fayard,  W.  L.  Fletcher,  and  J. 
K.  Ogle. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-216018. 
Price  codes:  A16  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  FL-83-3B  (WRD/HD- 
85/212),  1985.  352p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 

Descriptors:  *Florida,  *Data  collections,  'Hydro- 
logic  data,  *Surface  water,  •Groundwater,  *Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 
sis, Wells. 

Water-resources  data  for  the  1983  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
299  streams,  periodic  discharge  for  29  streams, 
miscellaneous  discharge  for  30  streams,  continuous 
or  daily  stage  for  76  streams,  periodic  stage  for  47 
streams,  peak  discharge  for  86  streams  and  peak 
stage  for  8  streams;  continuous  or  daily  elevations 
for  105  lakes,  periodic  elevations  for  117  lakes; 
continuous  groundwater  levels  for  472  wells,  peri- 
odic groundwater  levels  for  610  wells,  and  miscel- 
laneous water  level  measurements  for  2,258  wells; 
quality  of  water  data  for  326  surface-water  sites 
and  843  wells.  The  data  for  southwest  Florida 
include  continuous  or  daily  discharge  for  74 
streams,  periodic  discharge  for  14  streams,  miscel- 
laneous discharge  for  15  streams,  peak  discharge 
for  19  streams,  continuous  or  daily  stage  for  18 
streams;  continuous  elevations  for  43  lakes  and 
periodic  elevations  for  72  lakes;  continuous 
groundwater  levels  for  223  wells,  periodic  ground- 
water levels  for  141  wells,  and  miscellaneous  water 
level  measurements  for  573  wells;  quality  of  water 
for  120  surface  water  sites  and  329  wells.  These 
data  represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Florida.  (See  W90-04548  thru  W90-04551  and 
W90-04553)  (USGS) 
W90-04552 


WATER  RESOURCES  DATA,  FLORIDA, 
WATER  YEAR  1983.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

J.  B.  Martin,  P.  E.  Meadows,  and  P.  R.  Mixson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-135191. 
Price  codes:  All  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  FL-83-4  (WRD/HD- 
85/267),  1985.  238p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 

Descriptors:  'Florida,  *Data  collections,  'Hydro- 
logic  data,  'Surface  water,  'Groundwater,  'Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 
sis, Wells. 

Water-resources  data  for  the  1983  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
299  streams,  periodic  discharge  for  29  streams, 
miscellaneous  discharge  for  30  streams,  continuous 
or  daily  stage  for  76  streams,  periodic  stage  for  47 
streams,  peak  discharge  for  86  streams  and  peak 
stage  for  8  streams;  continuous  or  daily  elevations 
for  105  lakes,  periodic  elevations  for  117  lakes; 
continuous  groundwater  levels  for  472  wells,  peri- 
odic groundwater  levels  for  610  wells,  %nd  miscel- 
laneous water  level  measurements  for  2,258  wells; 
quality  of  water  data  for  326  surface-water  sites 
and  843  wells.  The  data  for  northwest  Florida 
include  continuous  or  daily  discharge  for  46 
streams,  periodic  discharge  for  7  streams,  peak 
discharge  for  19  streams,  and  continuous  or  daily 


stage  for  4  streams,  continuous  elevations  for  5 
lakes  and  periodic  elevations  for  4  lakes;  continu- 
ous groundwater  levels  for  25  wells,  periodic 
groundwater  levels  for  87  wells,  and  miscellaneous 
water-level  measurements  for  70  wells;  quality  of 
water  for  27  surface  water  sites  and  for  22  wells. 
These  data  represent  that  part  of  the  National 
Water  Data  System  collected  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies.  (See  W90-04548  thru  W90-04552) 
(USGS) 
W90-04553 

WATER  RESOURCES  DATA  FOR  FLORTOA, 
WATER  YEAR  1984.  VOLUME  1A:  NORTH- 
EAST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-197092. 
Price  codes:  Al  1  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  FL-84-1A  (WRD/HD- 
86/221),  1986.  227p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 

Descriptors:  'Florida,  'Data  collections,  'Hydro- 
logic  data,  'Surface  water,  'Groundwater,  'Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 
sis. 

Water-resources  data  for  the  1984  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
251  streams,  periodic  discharge  for  32  streams, 
miscellaneous  discharge  for  43  streams,  continuous 
or  daily  stage  for  92  streams,  periodic  stage  for  31 
streams,  peak  discharge  for  60  streams  and  peak 
stage  for  37  streams;  continuous  or  daily  elevations 
for  73  lakes,  periodic  elevations  for  82  lakes;  con- 
tinuous groundwater  levels  for  467  wells,  periodic 
groundwater  levels  for  539  wells,  and  miscellane- 
ous water  level  measurements  for  2,039  wells;  qual- 
ity of  water  data  for  200  surface-water  sites  and 
596  wells.  The  data  for  northeast  Florida  include 
continuous  or  daily  discharge  for  65  streams,  peri- 
odic discharge  for  7  streams,  miscellaneous  dis- 
charge for  21  streams,  continuous  or  daily  stage  for 
37  streams,  peak  discharge  for  15  streams  and  peak 
stage  for  8  streams;  continuous  or  daily  elevations 
for  22  lakes,  periodic  elevations  for  33  lakes;  con- 
tinuous groundwater  levels  for  31  wells,  periodic 
groundwater  levels  for  90  wells,  and  miscellaneous 
water  level  measurements  for  563  wells;  quality  of 
water  data  for  15  surface  water  sites  and  45  wells. 
These  data  represent  that  part  of  the  National 
Water  Data  System  collected  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies.  (See  also  W90-04548)  (USGS) 
W90-O4554 
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8A.  Structures 


FLOODS  FROM  DAM  FAILURES. 

Cascades  Volcano  Observatory,  Vancouver,  WA. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-03687 


REHABHTTATION  OF  PEORIA  LOCK  USING 
PREPLACED-AGGREGATE  CONCRETE. 

Army  Engineer  District,  Rock  Island,  IL. 
For  primary  bibliographic  entry  see  Field  8F. 
W90-03757 


RX  FOR  DAM  REPAHt. 

Bridgeport  Hydraulic  Co.,  CT. 

For  primary  bibliographic  entry  see  Field  8F. 

W90-03974 


STUDY  OF  AD1  ENTRAINMENT:  APPLICA- 
TION TO  SPILLWAY  DESIGN  (ETUDE  DES 
PHENOMENES  D'ENTRATNEMENT  D'ATO: 
APPLICATION  AUX  EVACUATEURS  DE 
CRUE). 
For  primary  bibliographic  entry  see  Field  8B. 


W90-04118 

RD7RAP  PROTECTION  WITHOUT  FTLTER 
LAYERS.  _ 

Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 
of  Hydraulics  Engineering. 
A.  Worman. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  115,  No.  12,  p  1615-1630,  Decem- 
ber 1989.  7  fig,  1  tab,  1 1  ref,  append. 

Descriptors:  'Bridge  construction,  'Piers,  'Riprap, 
•Flow  velocity,  'Open-channel  flow,  'Erosion, 
•Hydraulics. 

Conventional  multilayered  riprap  and  filter  protec- 
tions around  bridge  piers  can  be  substituted  by  one 
thick  single  layer  of  riprap.  Because  of  this  simpler 
construction,  field  installations  are  less  likely  to  be 
defective.  An  analytical  description  was  derived 
relating  the  mean  flow  velocity,  which  causes  initi- 
ation of  erosion  of  the  base  material,  to  characteris- 
tics of  the  single-layer  protection  and  the  base 
material.  The  governing  dimensionless  parameters 
describe  suitable  thickness  of  the  riprap  layer, 
grain  size  of  riprap  material,  grain  size  of  base 
material,  and  mean  flow  velocity.  The  diameter  of 
the  pier  does  not  influence  initiation  of  erosion. 
The  theoretical  expression  was  verified  by  means 
of  comparative  large-scale  laboratory  experiments. 
In  most  design  conditions  the  simplified  riprap 
protection  requires  a  thinner  protective  layer  than 
the  conventional  riprap  and  filter  protection.  (Au- 
thor's abstract) 
W90-04121 

FTRST  STAGE  OF  RTVER  DD/ERSION  AC- 
COMPLISHED AT  YACYRETA. 

Harza  y  Consorciados,  Ituzaingo  (Argentina). 
A.  Lara,  and  N.  Badano. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  41,  No.  12,  p  27-31,  December 
1989.  7  fig. 

Descriptors:  'Hydraulic  structures,  'Argentina, 
•Paraguay,  *River  diversion,  *Diversion  struc- 
tures, Design  floods,  Cofferdams,  Dam  design, 
Dam  construction,  Rockfill  dams,  Yacyreta  Hy- 
droelectric project,  Foreign  construction. 

In  June  1989,  the  final  phase  of  the  Parana  river 
main  branch  diversion  at  the  Yacyreta  hydroelec- 
tric project  in  South  America  was  completed,  with 
a  river  discharge  of  12,000  cu  m/s  (8400  cu  m/s  in 
the  main  branch)  and  a  final  diversion  head  of  2.3 
mm.  Because  of  the  frequent  major  floods  of  the 
Parana  river,  the  diversion  process  design  flood 
was  30,000  cu  m/s  (21,000  cu  m/s  in  the  main 
branch),  and  a  final  diversion  head  of  6  m  was 
considered.  For  that  reason,  with  the  relatively 
low  discharges  recorded  during  the  diversion 
period,  it  was  easily  completed  in  a  shorter  time 
than  anticipated.  The  selected  method,  combining 
the  advantages  of  end  dumping  and  crest  levelling, 
optimized  the  use  of  resource  (quarry  rock  with 
small  dimensions  and  existing  auxiliary  bridge),  and 
was  effective  in  reducing  the  specific  power  (dis- 
charge times  head)  of  the  river  at  the  closure 
section.  Some  2,400,000  cu  m  of  material  was 
moved  in  4  months,  relating  to  the  river  diversion, 
including  the  removal  and  construction  of  coffer- 
dams. The  river  discharges  during  this  period 
varied  between  11,000  and  15,000  cu  m/s.  The 
diversion  of  the  other  branch  (Ana  Cua)  of  the 
Parana  River  at  Yacyreta  is  scheduled  for  June/ 
July  1990.  (Sand-PTT) 
W90-O4134 


CHTLE  DEVELOPS  MORE  HYDROPOWER. 

Empresa  National  de  Electricidad  S.A.,  Santiago 

(Chile). 

For  primary  bibliographic  entry  see  Field  8C. 

W90-O4135 
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GEOLOGICAL    PROBLEMS    AT    URUGUA-I 
RCCDAM. 

Bechtel  Corp.,  San  Francisco,  CA. 

For  primary  bibliographic  entry  see  Field  8E. 
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W90-04136 


DESIGN  AND  CONSTRUCTION  OF  COLOM- 
BIA'S GUAVIO  DAM. 

Ingetec  S.A.,  Bogota  (Colombia). 

A.  Marulanda,  and  F.  Amaya. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  41,  No.   12,  p  41-50,  December 

1989.  12  fig. 

Descriptors:  'Hydraulic  structures,  'Colombia, 
•Rockfill  dams,  *Dam  design,  *Dara  construction, 
•Dam  foundations,  Guavio  Dam,  Hydroelectric 
power,  Compressibility,  Compaction,  Grouting. 

Colombia's  Guavio  dam,  a  rockfill  structure  with  a 
central  core,  has  been  planned  for  a  total  capacity 
of  1600  MW.  Construction  started  in  1981  and  it  is 
expected  to  generate  energy  with  the  first  units  by 
mid- 1992.  The  height  of  the  dam  (245  m)  and  the 
differences  in  compressibility  between  the  core 
material  (if  compacted  at  the  natural  water  con- 
tent) and  the  rockfill  led  to  a  conservative  design 
to  prevent  cracking  of  the  core.  For  this  reason, 
the  following  aspects  were  considered:  reduction 
of  the  natural  water  content  of  the  core  material 
before  compaction  to  obtain  a  better  compatibility 
with  the  rockfill  material;  design  of  a  slightly  in- 
clined core  that  will  act  under  compression  as  a 
result  of  the  weight  of  the  upstream  shell;  design  of 
conservative  double  filters  along  the  downstream 
boundary  of  the  core;  use  of  a  wetter  and  more 
plastic  material  along  the  contact  with  the  abut- 
ments and  near  the  crest  of  the  dam.  The  presence 
of  a  large  scree  deposit  at  the  right  abutment,  from 
the  riverbed  to  the  top  of  the  canyon,  and  evidence 
of  karsticity  led  to  the  following  measures:  build- 
ing of  the  upstream  shell  of  the  dam  over  the  scree 
deposit;  locating  and  inclining  the  core  to  found  it 
over  layers  of  sound  quartzite  and  argillite  with  no 
evidence  of  karsticity;  obtaining  regular  sound 
rock  surfaces  at  the  core  foundation  by  removing 
weathered  rock  near  the  surface  and  pouring 
dental  concrete  where  necessary;  consolidating  the 
rock  in  the  area  of  the  core  and  filters  by  surface 
grouting  and  designing  a  deep  grout  curtain;  exca- 
vating galleries  and  shafts  in  the  altered  layers, 
where  soils  that  are  easily  eroded  and  non-grouta- 
ble  were  found;  excavating  several  galleries  down- 
stream of  the  core  foundation  to  investigate  the 
rock  conditions  and  to  gain  access  for  grouting 
works  at  several  levels;  protecting  major  joints  or 
continuous  altered  layers  exposed  downstream  of 
the  core  foundation,  with  filters.  (Sand-PTT) 
W90-04137 


DD7FICULT  FOUNDATIONS  CHARACTERIZE 
THE  CASA  DE  PIEDRA  SCHEME. 
Casa  de  Piedra  Authority,  Bahia  Blanca  (Argenti- 
na). 

A.  Etchehon,  and  J.  F.  Speziale. 
International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  41,  No.  12,  p  51-55,  December 
1989. 

Descriptors:  *Hydraulic  structures,  *Geology, 
•Dam  design,  'Argentina,  *Dam  construction, 
•Dam  foundations,  Casa  de  Piedra  Project,  Dam 
stability,  Sedimentary  rocks,  Tunneling. 

The  Casa  de  Piedra  multipurpose  hydro  develop- 
ment, now  at  the  impounding  stage,  is  in  the  cen- 
tral plains  of  Argentina  at  the  northern  boundary 
of  the  Patagonian  desert,  some  500  km  inland  from 
the  Atlantic  Ocean.  It  has  involved  the  construc- 
tion of  a  10.8  km-long  dam  on  the  Colorado  River. 
The  project  has  been  characterized  by  the  hostile 
nature  of  the  heterogeneous  foundation  conditions 
on  weak  strata,  composed  of  sedimentary  rocks 
(formed  mostly  by  chemical  deposition  in  late  Mes- 
ozoic  and  early  Cenozoic  seas)  and  shallow  littoral 
areas.  This  led  to  geotechnical  problems  of  a  very 
specific  nature,  regarding  the  foundation  and  tun- 
nelling conditions,  which  had  to  be  solved  during 
construction.  Various  combinations  of  plastic 
cement  facing,  shotcreting,  anchoring,  and  drains 
were  applied.  (Author's  abstract) 
W90-04138 


SOME  EXPERIENCES  WITH  HEAD  LOSSES 
DS  LINED  TUNNELS  IN  PERU. 


Deutsche   Gesellschaft   fuer   Technische   Zusam- 
menarbeit  m.b.H.,  Eschborn  (Germany,  F.R.). 
J.  J.  Victoria. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  41,  No.  12,  p  56-60,  December 
1989.  3  fig,  2  tab,  3  ref. 

Descriptors:  *Hydraulic  structures,  'Head  loss, 
•Peru,  •Tunnel  linings,  'Hydroelectric  plants, 
•Tunnel  construction,  Penstocks,  Roughness  coef- 
ficient, Operating  policies,  Discharge  measure- 
ment. 

To  improve  operation  policies  of  the  interconnect- 
ed system  of  Peru  and  also  to  study  the  possibility 
of  increasing  the  installed  capacity,  measurements 
of  head  losses  and  discharges  in  power  tunnels  and 

fienstocks  have  been  carried  out  at  Peru's  two 
argest  hydroelectric  power  stations.  The  power 
tunnels  are  concrete  lined  and  were  constructed 
using  modern  techniques,  including  steel  form- 
works  to  obtain  smooth  surfaces.  Among  the  most 
relevant  results  of  the  measurements  was  the  fact 
that  both  power  tunnels  showed  very  similar 
roughness  coefficients,  around  64  in  the  Manning- 
Strickler  formula.  This  value  is  lower  than  normal- 
ly recommended  in  the  literature  for  these  condi- 
tions. (Author's  abstract) 
W90-04139 


FLOOD    DAMAGE    ANALYSIS-GRANDVTEW 
HEIGHTS  CASE  STUDY. 

Corps  of  Engineers,  Huntington,  WV.  Huntington 

District. 

For  primary  bibliographic  entry  see  Field  6F. 

W90-04238 


ANALYSIS  OF  TRAINING  STRUCTURE  DE- 
SIGNS IN  SOUTHWEST  PASS,  MISSISSIPPI 
RIVER. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Hydraulics  Lab. 

S.  B.  Heltzel,  W.  D.  Martin,  R.  C.  Berger,  and  D. 

R.  Richards. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161.  Technical  Report 

HL-89-22,  November  1989.  Final  Report.  47p,  12 

fig,  3  tab,  5  ref,  append. 

Descriptors:  *Flood  control,  *Hydraulic  struc- 
tures, *Mississippi  River,  *Navigation  channels, 
Dikes,  Channels,  Mathematical  models,  Sediment 
transport,  Sedimentation,  Jetties. 

The  Southwest  Pass  of  the  Mississippi  River  is  the 
main  navigation  outlet  to  the  Gulf  of  Mexico.  As  a 
part  of  planned  efforts  to  stabilize  the  banks  of  the 
Southwest  Pass  and  reduce  maintenance  dredging, 
improvements  on  the  lower  part  of  the  river  near 
the  entrance  were  being  reviewed  due  to  the  sig- 
nificant costs  of  this  portion,  in  particular,  the 
concrete  pile  inner  bulkhead  in  the  jetty  reach. 
This  report  details  an  investigation  which  had  as  its 
primary  objective  to  produce  an  alternative  design 
which  is  lower  in  construction  costs  and  provides 
comparable  reduction  of  channel  sedimentation 
relative  to  the  inter  bulkhead  plan.  This  objective 
was  undertaken  by  consideration  of  plans  which 
modify  the  existing  dike  fields  along  the  Southwest 
Pass  channel.  Seven  plans  and  existing  conditions 
were  evaluated  using  the  TABS-2  finite  element 
numerical  model  RMA-2V  to  provide  the  flow 
fields  and  the  Memphis  District  method  and 
Colby's  method  for  sediment  transport  capacities. 
The  plan  dike  fields  were  developed  as  a  logical 
progression  by  consideration  of  the  uniformity  of 
the  longitudinal  channel  velocity  and  sediment 
transport  capacity.  Results  indicate  that  the  impor- 
tant element  is  the  extension  of  the  dike  fields  back 
to  the  jetty  to  prevent  flow  out  of  the  channel  and 
behind  the  dikes.  The  plan  which  involves  the 
extension  of  only  six  existing  dikes,  provides  nearly 
the  same  velocity  profile  and  transport  capacity  as 
the  inner  bulkhead  design  at  a  fraction  of  the 
construction  costs-this  plan  is  the  recommended 
design.  (Author's  abstract) 
W90-04251 


ARTIFICIAL  INTELLIGENCE  APPLICATIONS 
IN  ENGINEERING  DESIGN:  RESEARCH  AT 
MAT. 


Massachusetts  Inst,  of  Tech.,  Cambridge. 

D.  Navinchandra,  D.  Serrano,  N.  Groleau,  D. 

Sriram,  and  R.  Logcher. 

IN:   Computer   Methods   and    Water    Resources: 

First   International    Conference,    Morocco,    1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 

Resources.  Computational  Mechanics  Publications, 

Boston.  1988.  p  175-195,  9  fig,  6  ref. 

Descriptors:  'Computer  programs,  •Computer- 
aided  engineering,  *  Engineering,  •Computers, 
•Design  criteria,  'Artificial  intelligence,  Automa- 
tion. 

Advances  in  computer  hardware,  software  and 
engineering  methodologies  have  led  to  an  in- 
creased use  of  computers  by  engineers.  In  design, 
this  use  has  been  limited  almost  exclusively  to 
algorithmic  solutions  such  as  the  finite  element 
method,  and  circuit  simulators.  However,  a 
number  of  problems  encountered  in  design  are  not 
amenable  to  purely  algorithmic  solutions.  These 
problems  are  often  ill-structured  in  that  the  prob- 
lems do  not  have  a  clearly  defined  algorithmic 
solution.  Engineers  deal  with  them  using  judgment 
and  experience.  Artificial  intelligence  techniques 
offer  a  methodology  to  solve  these  ill-structured 
design  problems.  Four  research  projects  that  use 
artificial  intelligence  for  design  automation  include 
CYCLOPS  (Criteria  Yielding,  Consistent  Labeling 
Optimization  and  Precedents-based  System)-gener- 
ated  innovative  designs  using  a  three  stage  process: 
normal  search,  exploration  and  adaptation;  ALL- 
RISE  synthesized  designs  using  top-down  refine- 
ment and  constraint  propagation  techniques;  a  con- 
straint management  system,  performing  the  evalua- 
tion and  consistency  maintenance  of  constraints 
arising  in  design;  and  CIDCIS,  facilitating  coordi- 
nation, communication  and  control  during  the 
entire  design  and  construction  phases.  (See  also 
W90-04274)  (Author's  abstract) 
W90-04287 


CAD  EM  THE  DESIGN  OF  PD7ELJJMES  FOR 
nUUGATION  SCHEMES. 

Lotti  (C.)  and  Associates,  Rome  (Italy). 

M.  G.  D'Amico,  and  A.  Gabos. 

IN:   Computer   Methods   and   Water   Resources: 

First   International   Conference,   Morocco,    1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 

Resources.  Computational  Mechanics  Publications, 

Boston.  1988.  p  233-237. 

Descriptors:  'Computer-aided  design,  'Irrigation 
engineering,  'Computer  programs,  'Computer- 
aided  engineering,  'Engineering,  'Computers, 
'Design  criteria,  Ecuador,  Reservoirs,  Construc- 
tion costs. 

Procedures  were  developed  for  using  a  computer 
to  design  piped  irrigation  schemes.  The  objective  is 
to  provide  the  design  engineer  with  a  tool  that 
permits  a  rapid  assessment  of  the  design  choices 
through  the  display  and  printing  of  the  design 
parameters  and  costs.  The  speed  of  processing  and 
the  flexibility  of  the  procedures  make  it  possible  to 
study  alternative  solutions,  so  that  the  best  techni- 
cal and  economic  solution  is  found.  Consequently, 
there  is  a  substantial  reduction  of  design  costs  and 
greater  accuracy  in  the  choices  that  the  engineer 
has  to  make.  Draftsmen  can  be  eliminated  because 
the  final  drawings  can  be  obtained  automatically 
with  the  tabulations  and  cost  of  materials  needed. 
This  method  was  successfully  used  in  a  piped 
irrigation  project  in  Pillaro,  Ecuador.  The  project 
provided  irrigation  for  an  area  of  8,000  ha,  with 
the  installation  of  more  than  600  km  of  pipes  and 
the  construction  of  21  compensation  reservoirs. 
(See  also  W90-04274)  (Hammond-PTT) 
W9&04291 


REPRO:  HYDRAULIC  NETWORK  DESIGN. 

Lotti  (C.)  and  Associates,  Rome  (Italy). 

A.  Gabos,  And  M.  G.  D'Amico. 

IN:    Computer   Methods   and    Water   Resources: 

First   International   Conference,   Morocco,    1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 

Resources.  Computational  Mechanics  Publications, 

Boston.  1988.  p  239-243. 
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Descriptors:  *Computer  programs,  •Computer- 
aided  engineering,  'Computer-aided  design,  •Com- 
puters, •Mathematical  analysis,  »Water  convey- 
ance, Water  supply,  Hydraulics,  Pipelines,  Con- 
veyance structures. 

A  computer  program  for  closed  loop  water  supply 
network  design  can  be  used  for  both  the  construc- 
tion of  new  networks  and  the  extension  of  existing 
networks.  The  computation  was  made  using  only 
the  pipe  diameters  specified  by  the  user.  This 
avoided  the  need  to  make  the  theoretically  optimal 
diameters  approximate  to  the  nearest  real  diameter. 
The  optimization  process  has  two  phases:(l)  the 
search  for  a  feasible  solution;  and  (2)  the  search  for 
the  optimal  solution.  An  original,  heuristic  search 
method  was  applied  which  ensured  fast  computa- 
tion and  a  close  to  optimal  solution.  This  solution 
satisfies  up  to  three  different  demand  conditions 
simultaneously  (e.g.,  peak  hour  consumption  and 
two  different  locations  of  fire  hydrants).  The 
output  contains  a  detailed  description  of  the  solu- 
tion and  a  summary  of  pipes  according  to  classes 
and  descriptions.  (See  also  W90-04274)  (Ham- 
mond-PTT) 
W90-04292 


CONFIGURATION  AND  SUBSTRATE  DESIGN 
CONSIDERATIONS  FOR  CONSTRUCTED 
WETLANDS  WASTEWATER  TREATMENT. 

Tennessee  Valley  Authority,  Chattanooga.  Water 

Quality  Dept. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04423 

CONSTRUCTING  THE  WASTEWATER 
TREATMENT  WETLAND:  SOME  FACTORS 
TO  CONSIDER. 

Tohoku  Univ.,  Sendai  (Japan).  Biological  Inst. 
For  primary  bibliographic  entry  see  Field   5D. 
W90-04426 

CONSTRUCTED  WETLANDS:  DESIGN,  CON- 
STRUCTION AND  COSTS. 

Dames  and  Moore,  Boston,  MA. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-04448 


FLUD>STRUCTURE  INTERACTION:  EXPERI- 
MENTAL AND  NUMERICAL  ANALYSES. 

Centro    Informazioni    Studi    Esperienze,    Milan 

(Italy). 

For  primary  bibliographic  entry  see  Field  8B. 

W90-04307 

CULVERT  DESIGN  AND  CHANNEL  ERO- 
SION. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 
Civil  Engineering. 
H.  R.  Malcom. 

IN:  Water  Problems  of  Urbanizing  Areas.  Pro- 
ceedings of  the  Research  Conference,  New  Eng- 
land College,  Henniker,  New  Hampshire,  July  16- 
21,  1978.  The  American  Society  of  Civil  Engi- 
neers, New  York.  1979.  p  298-305,  3  fig. 

Descriptors:  *Urban  hydrology,  *Water  pollution 
control,  'Culverts,  *Channel  erosion,  *Erosion 
control,  *Flood  control,  *Hydraulic  design,  •Ur- 
banization, Channel  flow,  Suspended  solids,  Back- 
water effect,  Drainage,  Land  use,  Design  stand- 
ards, Erosion,  Flood  peak,  Urban  runoff,  Highway 
effects. 

Conventionally  developed  urban  watersheds  in- 
clude significant  temporary  storage  which  typical- 
ly  has  been   concentrated   behind   culverts   and 
bridges.  The  location  and  the  magnitude  of  storage 
in  relation  to  the  size  of  the  watershed  are  impor- 
tant determinants  of  the  degree  of  peak  flow  reduc- 
tion. Large  facilities  on  the  mainstem  have  a  great- 
er effect  on  the  peak  than  small  facilities  distribut- 
ed widely  through  the  watershed.  The  primary 
hydraulic  consideration  in  culvert  design  is  to  pass 
flood  discharges  with  minimum  backwater  effect; 
but,  on  urban  streams  of  considerable  slope,  chan- 
nel erosion  also  must  be  considered.  Channel  ero- 
sion is  continuous  throughout  geologic  time,  af- 
fecting all  but  alluvial  streams;  but  the  process  of 
urbanization  accentuates  it  because  of  the  increase 
in  peak  storm  water  discharges  and  increases  in 
total  quantity  of  runoff.  Research  is  underway  to 
quantify  these  urbanization/erosion  relationships. 
There  is  a  definite  tendency  for  greater  erosion  in 
streams  with  a  greater  proportion  of  more  inten- 
sive land  uses,  and  high  proportions  of  artificial 
drainage.  When  culverts  restrict  flow  and  create 
backwater  conditions  upstream  of  roadways,  the 
ponding  water  behaves  as  a  settling  basin  in  which 
the  suspended   particles  are  removed   from   the 
runoff.  As  the  water  passes  through  the  culvert,  its 
load  of  solids  has  been  reduced,  or  equivalently  its 
carrying  capacity  for  additional  channel  erosion 
has  been  enhanced.  Backwater  effects  could  be 
reduced  without  increasing  culvert  velocities  by 
using  the  'imporved  inlet  design,'  which  has  been 
accepted  by  the  Federal  Highway  Administration. 
(See  also  W90-04338)(Lantz-PTT) 
W90-04368 


DESIGN  AND  CONSTRUCTION  OF  A  RE- 
SEARCH SITE  FOR  PASSTVE  MINE  DRAIN- 
AGE TREATMENT  IN  IDAHO  SPRINGS,  COL- 
ORADO. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering  Ecology. 
For  primary  bibliographic  entry   see  Field   5D. 
W90-04469 

EARTH  DAMS:  DESIGN,  CONSTRUCTION, 
AND  SAFETY.  JANUARY  1977-JANUARY  1989 
(CITATIONS  FROM  THE  SELECTED  WATER 
RESOURCES  ABSTRACTS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Va.  22161,  as  PB89-855126. 
Price  codes:  NOl  in  paper  copy,  NOl  in  micro- 
fiche. February  1989.  167  p.  Supersedes  PB86- 
874047. 

Descriptors:  *Bibliographies,  *Dam  design,  'Dam 
construction,  •Earth  dams,  *Dam  failure,  Dam 
stability,  Mathematical  models,  Seepage,  Construc- 
tion materials,  Stress,  Literature  review. 

This  bibliography  contains  290  citations  concern- 
ing design,  construction  methods,  and  failure  of 
earth  dams.  Stability,  seepage,  creep,  construction 
materials,  and  performance  evaluations  are  consid- 
ered. Mathematical  models  for  determining  stress 
are  included,  as  well  as  examination  and  evaluation 
of  existing  foreign  and  domestic  dams.  Sixty-seven 
citations  are  new  entries  to  the  previous  edition. 
(Author's  abstract) 
W90-04482 


Hydraulics — Group  8B 

For  primary  bibliographic  entry  see  Field  2L. 
W90-03819 


HIGH-RESOLUTION  TWO  DIMENSIONAL 
ADVECTTVE  TRANSPORT. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

P.  E.  Smith,  and  B.  E.  Larock. 
IN:  Hydraulic  Engineering  '89  Proceedings,  Na- 
tional Conference  on  Hydraulic  Engineering,  HY 
Div,  ASCE,  New  Orleans,  Louisiana,  August  14- 
18,  1989.  1989.  p  1005-1010,  2  fig,  10  ref. 

Descriptors:  'Hydraulics,  *Flow,  *Advection, 
•Mathematical  models,  *Computer  models, 
•Model  studies,  *Hydrodynamics,  Mathematical 
studies. 

One  of  the  most  troubling  problems  in  computa- 
tional hydraulics  is  numerical  treatment  of  advec- 
tive  terms,  which  appear  in  the  conservation  laws 
governing  momentum  and  scalar  transport  and 
often  are  the  source  of  errors  in  numerical  solu- 
tions. Most  conventional  high  order  finite  differ- 
ence approximations  for  advective  terms,  such  as 
the  Lax-Wendroff  and  leapfrog  schemes,  work 
well  if  a  solution  is  smooth,  but  generate  dispersive 
oscillations  when  solution  gradients  are  steep  rela- 
tive to  numerical  grid  size.  Low  order  approxima- 
tions, such  as  the  upwind  method,  can  be  used  to 
prevent  oscillations,  but  only  at  the  cost  of  intro- 
ducing too  much  numerical  diffusion.  A  2-dimen- 
sional  high  resolution  scheme  for  advective  trans- 
port was  developed  based  on  a  Eulerian-Lagran- 
gian  method  with  a  flux  limiter.  The  scheme  was 
applied  to  the  problem  of  pure  advection  of  a 
rotated  Gaussian  hill  and  shown  to  preserve  the 
monotonicity  property  of  the  governing  conserva- 
tion law.  (Lantz-PTT) 
W90-03827 


8B.  Hydraulics 

EXTENDING  STREAM  RECORDS  WITH 
SLACKWATER  PALEOFLOOD  HYDROLOGY: 
EXAMPLES  FROM  WEST  TEXAS. 

Southern  Illinois  Univ.  at  Carbondale.  Dept.  of 

Geology. 

For  primary  bibliographic  entry  see  Field  2E. 

W9O-03683 

ISCO  OPEN  CHANNEL  FLOW  MEASURE- 
MENT HANDBOOK. 

Isco,  Inc.,  Lincoln,  NE.  Environmental  Div. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-03749 

PAST  DEVELOPMENTS  IN  PD7E  DRAINAGE 
AND  ITS  FUTURE  PROSPECTS. 

For  primary  bibliographic  entry  see  Field  3F. 
W90-03807 


WTNYAH  BAY,  GEORGETOWN,  SOUTH 
CAROLINA,  DATA  COLLECTION  SURVEY 
REPORT. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 


STUDY  OF  AIR  ENTRATNMENT:  APPLICA- 
TION TO  SPILLWAY  DESIGN  (ETUDE  DES 
PHENOMENES  D'ENTRAINEMENT  D'AD*: 
APPLICATION  AUX  EVACUATEURS  DE 
CRUE). 
H.  Chanson. 

Houille  Blanche  HOBLAB,  Vol.  1989,  No.  6,  p 
443-462,  1989.  31  fig,  5  tab,  22  ref. 

Descriptors:  *Dam  design,  'Spillways,  •Cavita- 
tion, *Erosion  control,  *Air  entrainment,  •Aer- 
ation, 'Aerators,  'Hydraulic  engineering,  Shear 
stress. 

Cavitation  erosion  damage  to  spillway  surfaces 
may  be  prevented  by  using  aerators.  These  serve  to 
introduce  air  in  the  layers  close  to  the  channel 
bottom  in  order  to  reduce  the  cavitation  damage. 
The  performances  of  spillway  aerators  were  stud- 
ied with  data  obtained  on  a  steep  spillway  model 
and  high  velocities  (from  4  m/s  up  to  15  m/s). 
Refinements  were  made  on  previously  developed 
mathematical  equations  to  derive  the  speed,  distri- 
bution, and  concentration  of  air  entrainment.  Air 
concentration  and  velocity  profiles  at  various 
cross-sections  above  and  downstream  of  the  aera- 
tor in  conjunction  with  these  equations  provided  a 
better  understanding  of  the  air  entrainment  process 
above  a  bottom  aerator.  This  analysis  of  the  flow 
downstream  of  an  aerator  enables  the  determina- 
tion of  aerator  spacing  more  accurately.  (Author's 
abstract) 
W90-04118 


HYDRAULIC  JUMP  AS  'MDONG  LAYER'. 

San  Diego  State  Univ.,  CA.  Dept.  of  Mechanical 
Engineering. 

J.  W.  Hoyt,  and  R.  H.  J.  Sellin. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.  115,  No.  12,  p  1607-1614,  Decem- 
ber 1989.  9  fig,  13  ref. 

Descriptors:  'Hydraulic  jump,  'Flow  characteris- 
tics, 'Turbulent  flow,  'Fluid  mechanics. 

In  free-surface  water  flows  the  hydraulic  jump  has 
usually  been  considered  a  turbulent  reverse  roller 
supported  by  an  underlying  and  expanding  stream. 
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Group  8B — Hydraulic* 

The  air-entrainment  aspect  of  the  water  surface  at 
the  jump  is  normally  a  predominant  feature.  In  this 
investigation  the  character  of  the  turbulence  in  the 
jump,  and  therefore  of  the  air-entrainment  mecha- 
nism, is  controlled  by  the  use  of  drag-reducing 
soluble  additives.  The  resulting  lower  level  of  en- 
trained air  permits  photographic  and  visual  obser- 
vation of  a  jump  in  a  small  glass-sided  laboratory 
flume.  The  photographs  show  that  the  remaining 
air  bubbles  act  as  flow  tracers  and  reveal  a  turbu- 
lent structure  in  the  upper  part  of  the  jump  very 
similar  in  appearance  to  that  observed  for  a  turbu- 
lent mixing  layer  in  a  wind  tunnel  using  shadow 
refractography.  Measurements  of  expansion  angles 
for  the  turbulence  structures  in  the  jump  agree 
well  with  wind-tunnel  measurements  of  expansion 
angles  for  the  turbulent  mixing  layer  between  co- 
flowing  airstreams  with  a  velocity  difference.  (Au- 
thor's abstract) 
W9O-O4120 


RIPRAP    PROTECTION    WITHOUT    FILTER 
LAYERS. 

Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 

of  Hydraulics  Engineering. 

For  primary  bibliographic  entry  see  Field  8A. 

W90-04121 


SIMULATING       EFFECT       OF       CHANNEL 
CHANGES  ON  STREAM  INFILTRATION. 

Arizona     Water     Resources     Research     Center, 

Tucson. 

For  primary  bibliographic  entry  see  Field  2E. 

W9O04122 


VOLUMETRIC  APPROACH  TO  MULTJA- 
QUIFER  AND  HORIZONTAL  FRACTURE 
WELLS. 

King   Abdulaziz   Univ.,   Jeddah   (Saudi   Arabia). 
Dept.  of  Hydrogeology. 
Z.  Sen. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  115,  No.  12,  p  1646-1666,  Decem- 
ber 1989.  10  fig,  23  ref. 

Descriptors:  'Aquifer  testing,  *Groundwater 
movement,  'Type  curves,  *Multiaquifer  wells, 
•Aquifers,  •Volumetric  analysis,  *Well  hydraulics. 

A  set  of  type  curves  has  been  derived  for  aquifer 
test  analysis  in  horizontally  fractured  rock  environ- 
ments by  using  the  volumetric  approach.  The  va- 
lidity of  this  approach  has  been  confirmed  with  the 
numerical  as  well  as  analytical  results  in  the  litera- 
ture concerning  the  multiaquifer  wells  that  are 
similar  to  multihorizontal  fracture  wells.  In  the 
general  formulation,  each  fracture  is  assumed  to 
have  different  aperture  and  roughness.  Various 
simplifications  of  the  formulation  are  given  to 
cover  some  theoretical  as  well  as  practical  inter- 
ests. The  volumetric  method  relates  especially  the 
fracture  aperture  and  roughness  to  other  hydraulic 
quantities  through  the  type  curve  expressions.  The 
well  storage  effect  has  been  taken  into  consider- 
ation and  as  a  result  the  initial  portions  of  type 
curves  appear  as  straight  lines  on  the  double  loga- 
rithmic paper  that  implies  power  law  relation.  The 
final  portions  of  type  curves  are  also  straight  lines, 
but  on  semilogarithmic  paper,  implying  an  expo- 
nential type  of  relation.  The  practical  applications 
of  the  developed  methodology  has  been  presented 
for  the  time-drawdown  data  obtained  from  the 
main  well  that  is  in  horizontally  fractured  rock 
aquifer  at  Halifax  County,  Nova  Scotia, 
Canada.(Author's  abstract) 
W90-04123 


RADIAL   FLOW    IN   VERTICALLY   GRADED 
HYDRAULIC  CONDUCTIVITY  AQUTFERS. 

King   Abdulaziz   Univ.,   Jeddah   (Saudi   Arabia). 

Dept.  of  Hydrogeology. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-04124 


VISCOUS  DAMPING:  TIME  CONVOLUTION 
OF  IMPULSrVE  SOLUTION. 

Istituto  Univ.  Navale,  Naples  (Italy). 
E.  P.  Carratelli. 


Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  115,  No.  12,  p  1683-1693,  Decem- 
ber 1989.  6  fig,  12  ref. 

Descriptors:  'Flow  around  objects,  'Flow  charac- 
teristics, •Laminar  flow,  •Viscosity,  'Viscous 
flow,  •Hydrodynamics,  •Fluid  mechanics,  Mathe- 
matical equations. 

A  method  is  proposed  to  calculate  the  interaction 
between  an  osculating  body  and  the  water  sur- 
rounding it  for  low  values  of  the  Keulegan-Car- 
penter  number  and  in  laminar  flow  conditions. 
Rather  than  dividing  the  viscous  forces  originated 
by  the  unsteady  motion  into  an  added  mass  inertia 
force  and  a  frictional,  energy  dissipating,  compo- 
nent, the  interaction  is  evaluated  through  a  'Basset 
term'  style  convolution  integral  of  the  expression 
of  the  force  calculated  for  impulsively  started 
flow.  A  numerical  procedure  is  employed  to  show 
that,  for  simple  motions,  the  method  proposed 
yields  solutions  similar  to  those  obtainable  by  the 
classical  approach,  while  it  can  efficiently  deal 
with  the  problems  involving  complex  forcing  ac- 
tions or  very  short  impulses,  where  the  traditional 
approach  fails  to  provide  satisfactory  results.  The 
applicability  of  this  technique  is  limited  to  purely 
laminar  flows,  thus  including  most  of  the  problems 
relating  to  the  hydrodynamic  damping  of  vibrating 
structures  and  excluding  the  whole  domain  of 
wave  induced  forces.  (Author's  abstract) 
W90-04125 


ANALYTIC  SOLUTIONS  FOR  TIDAL  MODEL 
TESTING. 

Systech  Engineering,  Inc.,  Lafayette,  CA. 
C.  L.  Chen. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  115,  No.  12,  p  1707-1714,  Decem- 
ber 1989.  6  fig,  2  ref. 

Descriptors:  *Flow  models,  *Tidal  hydraulics, 
•Hydrodynamics,  'Shallow  water,  *Model  studies, 
•Bathymetry,  *  Error  analysis,  Mathematical  equa- 
tions. 

Any  hydrodynamics  model  should  be  verified  by 
comparing  its  results  both  with  analytic  solutions 
and  field  measurements  to  establish  the  validity  of 
the  model  as  a  proper  system  simulator.  The  ana- 
lytic solutions  can  only  be  obtained  for  simplified 
equations  and  boundary  conditions.  Previous  ana- 
lytic solutions  for  computer  flow  model  testing 
were  analyzed.  They  involved  detailed  analytic 
solutions  of  the  linearized  shallow  water  equations 
including  bottom  friction,  wind  stress,  and  variable 
bathymetry  in  Cartesian  and  polar  geometry. 
However  the  solutions  for  cases  of  reverse  quad- 
ratic bathymetry  in  both  Cartesian  and  polar  ge- 
ometry should  be  corrected.  Among  the  Bessel 
functions  y(sub  p)  is  a  linear  combination  of  J(sub 
p)  and  J(sub  -p).  If  p  is  not  zero,  or  a  positive 
integer,,  using  Y(sub  p)  or  J(sub  -p)  gives  the  same 
answers  as  for  zeta  and  v.  With  the  above  correc- 
tions, a  set  of  test  cases  for  evaluating  the  perform- 
ance of  tidal  models  is  reformed.  (Sand-PTT) 
W90-04128 


EQUATIONS  FOR  AXISYMMETRIC  AND 
TWO-DIMENSIONAL  TURBULENT  JETS. 

Washington  State  Univ.,  Pullman.  Dept.  of  Civil 
and  Environmental  Engineering. 
W.  C.  Mih. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  115,  No.  12,  p  1715-1719,  Decem- 
ber 1989.  2  fig,  12  ref. 

Descriptors:  •Turbulent  flow,  'Hydraulics,  •Math- 
ematical equations,  Turbulent  jets,  Shear  stress. 

Hydraulic  engineering  information  on  turbulent 
jets  developed  since  1948  are  evaluated.  Closed- 
form  equations  are  derived  for  radial  velocities  and 
Reynolds  shear  stresses  in  the  fully  developed 
region  of  axisymmetric  (circular)  and  two-dimen- 
sional (planar)  jets.  For  both  circular  and  planar 
jets,  the  mean  axial  velocity  in  the  fully  developed 
region  has  been  proven  experimentally  to  fit  the 
Gaussian  normal  distribution.  Turbulent  shear 
stresses  based  on  the  closed  form  equations  agree 
fairly  well  with  experimental  measurements.  The 


mean  radial  velocity  in  a  circular  jet  is  zero  at  r/x 
=  0. 1 15.  If  the  discharging  jet  has  a  different  color 
than  the  ambient  fluid,  the  visible  color  demarca- 
tion should  occur  at  this  point.  For  a  planar  jet,  v 
=  0  occurs  at  y/x  =  0.131.  (Sand-PTT) 
W90-04129 


EXPERIMENTAL    RESEARCH    ON    PERME- 
ABILITY OF  GRANULAR  MEDIA. 

Shaanxi   Inst,   of  Mechanical   Engineering,   Xian 
(China).  School  of  Water  Resources  and  Hydro- 
electric Engineering. 
For  primary  bibliographic  entry  see  Field  2F. 

W90-04163 


COMPUTER  METHODS  AND  WATER  RE- 
SOURCES: FIRST  INTERNATIONAL  CONFER- 
ENCE, MOROCCO  1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  458p.  Edited  by  D.  Ouazar  and  CA. 
Brebbia. 

Descriptors:  •Hydraulic  engineering,  •Computer 
programs,  *Computer-aided  engineering,  'Engi- 
neering, 'Mathematical  studies,  'Computers, 
•Data  acquisition,  *Hydraulics,  Artificial  intelli- 
gence. 

The  fourth  volume  of  the  conference  on  computer 
methods  and  water  resources  contains  papers  relat- 
ed to  computer-aided  engineering  in  water  re- 
sources. The  papers  are  divided  into  four  sections 
as  follows:  numerical  aspects  and  computational 
methods;  advances  in  computer  hardware  related 
to  data  acquisition;  advances  in  software  such  as 
expert  systems  and  artificial  intelligence;  and  fluid- 
structure  interaction,  including  the  analysis  of  off- 
shore structures.  (See  also  W90-04275  thru  W90- 
04307)  (Hammond-PTT) 
W90-04274 


SPECTRAL  ANALYSIS  EM  COMPUTATIONAL 
FLUID  MECHANICS:  DEVELOPMENT  OF  A 
NUMERICAL  APPROACH. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 
A.  Giorgini. 

IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  3-31,  10  fig,  42  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Fluid  mechanics,  'Hydrodyna- 
mics, 'Fourier  analysis,  'Computers,  'Mathemati- 
cal analysis,  Simulation  analysis,  Algorithms,  Vor- 
tices, Lake  breezes,  Wind. 

The  Fourier  series  approach  to  the  solution  of 
nonlinear  equations  such  as  the  Burgers  equation 
and  the  Navier-Stokes  equations  has  been  very 
useful.  Numerical  experiments  on  the  Burgers 
equation  had  been  performed  using  200  modes. 
Spectral  analysis  has  been  used  to  demonstrate  that 
the  unusual  behavior  of  the  Fourier  Space  was  not 
due  to  the  dynamics  of  numerical  instabilities  and 
the  resulting  numerical  methods  have  been  used  in 
simulating  hydrodynamic  problems.  Other  impor- 
tant advances  include  the  computer  application  of 
the  Fast  Fourier  Transform,  the  development  of 
the  Short  Convolution  algorithm,  and  the  refine- 
ment of  the  Direct  Transversal  integration.  All  of 
these  discoveries  have  been  used  to  investigate 
problems  in  fluid  mechanics  such  as  2 -dimensional 
turbulence;  the  vortex  wake  behind  a  circular  cyl- 
inder; the  use  of  logpolar  coordinates;  the  vortex 
wake  behind  an  elliptic  cylinder  using  elliptical 
coordinates;  the  use  of  cylindrical  coordinates  to 
study  Taylor  vortex  flow;  and  the  application  of 
vertically  averaged  generated  fluid  motion  equa- 
tions to  wind  generated  circulation  in  general 
shape  lakes.  (See  also  W90-04274)  (Hammond- 
PTT) 
W90-04275 
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TREATMENT  OF  BODY  FORCE  INTEGRALS 
IN  BOUNDARY  ELEMENTS. 

Computational     Mechanics     Inst.,     Southampton 

(England). 

C.  A.  Brebbia,  and  W.  Tang. 

IN:   Computer   Methods   and   Water   Resources: 

First   International   Conference,   Morocco,    1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 

Resources.  Computational  Mechanics  Publications, 

Boston.  1988.  p  33-43,  13  ref. 

Descriptors:  'Hydraulics,  'Computer  programs, 
•Computer-aided  engineering,  'Fourier  analysis, 
•Mathematical  studies,  *Computers,  Data  process- 
ing, Boundary  element  methods. 

One  of  the  main  problems  in  the  development  of 
boundary  element  methods  has  been  how  to  treat 
body  force  integrals  efficiently.  These  integrals 
may  be  produced  by  forces  distributed  throughout 
the  domain,  non-linear  effects,  initial  conditions  in 
time-dependent  problems,  etc.  Cell  integration  is  a 
relatively  simple  technique  and  is  used  widely  for 
the  solution  of  many  boundary  element  problems, 
particularly  those  involving  non-linearities  or  time- 
independent  terms.  It  is  particularly  useful  when  it 
is  applied  in  conjunction  with  a  suitable  integration 
scheme.  The  major  drawback  is  that  the  domain 
needs  to  be  discretized  into  cells.  The  Galerkin 
function  approach  can  only  be  used  in  cases  for 
which  this  function  is  known.  For  complex  non- 
linear or  time-dependent  problems  this  approach  is 
not  suitable.  A  more  versatile  approach  is  the  use 
of  expressions  to  represent  the  body  forces  and  in 
this  manner  to  propose  particular  solutions  of  a 
more  general  type.  The  Fourier  Series  expansion 
produces  accurate  and  convergent  results.  In  this 
method,  the  Fourier  coefficients  must  be  calculat- 
ed first.  When  this  is  done  numerically,  the  tech- 
nique requires  more  time  of  the  central  processing 
unit  and  gives  less  accurate  results.  The  Dual  Reci- 
procity Method  has  been  shown  to  be  a  powerful 
tool  in  many  time-dependent  problems,  but  suffers 
from  the  disadvantage  that  it  may  not  give  conver- 
gent results  in  other  applications.  (See  also  W90- 
04274)  (Hammond-PTT) 
W90-04276 


SPECTRAL  FINITE  ANALYTICAL  NUMERI- 
CAL METHOD  FOR  THREE-DIMENSIONAL 
UNSTEADY  NAVD3R-STOKES  EQUATIONS. 

Ecole  Mohammedia  d'Ingenieurs,  Rabat  (Moroc- 
co). 

A.  Hamidi,  and  A.  Giorgini. 

IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  57-66,  14  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Flow  equations,  'Hydraulics, 
'Unsteady  flow,  'Mathematical  models,  'Navier- 
Stokes  equations,  Algorithms,  Fourier  analysis, 
Boundary  element  methods,  Differential  equations, 
Vortices. 

A  mathematical  model  for  3-dimensional  unsteady 
flows  has  been  derived  from  the  Navier-Stokes 
equations  in  their  Fourier  space  form.  This  form  is 
composed  of  two  vorticity  transport  equations, 
containing  convolution  terms  that  can  be  ap- 
proached by  the  Fast  Fourier  Transform  algo- 
rithm, and  two  pseudo  stream  function  equations 
that  are  two  ordinary  differential  equations  in  Fou- 
rier space.  The  model  is  based  on  the  integration  of 
these  differential  equations,  yields  an  analytical 
formulation  of  the  radial  dependency  of  the  pseudo 
stream  function  coefficients.  Thus,  while  the  vorti- 
ces can  be  advanced  in  time  according  to  a  suitable 
numerical  scheme,  the  pseudo  streamfunctions  and 
their  derivatives  can  be  obtained  at  each  time  step 
by  using  these  analytical  formulations.  Additional- 
ly, boundary  values  of  the  vorticity  coefficients  are 
obtained  from  integral  formulations  along  with 
values  of  the  pseudo  streamfunction  coefficients  at 
the  boundaries.  (See  also  W90-04274)  (Author's 
abstract) 
W90-O4278 


IMPLICIT  NUMERICAL  MODELING  OF  UN- 
STEADY FLOW  IN  THE  TIGRIS-DrYALAH 
CONFLUENCE. 

Institute  of  Technology,  Baghdad  (Iraq).  Dept.  of 

Irrigation. 

S.  M.  Abdul-Salam. 

IN:   Computer   Methods   and   Water   Resources: 

First   International   Conference,   Morocco,    1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 

Resources.  Computational  Mechanics  Publications, 

Boston.  1988.  p  83-95,  9  fig,  8  ref. 

Descriptors:  'Model  studies,  'Unsteady  flow, 
•Hydraulics,  'Computer  programs,  'Computer- 
aided  engineering,  'Mathematical  models,  'Tigris 
river,  'Diyalah  river,  'Hydrodynamics,  'Flow, 
Flood  flow,  Simulation  analysis,  St  Venant  equa- 
tion. 

Gradually  varied  unsteady  flow  in  natural  channels 
may  be  simulated  by  a  model  based  on  the  St. 
Venant  equations.  A  one  dimensional  formulation 
of  these  equations  is  presented  for  simulating  the 
flow  in  a  single  reach  or  a  confluence  of  two 
reaches,  using  the  four-point  implicit  finite  differ- 
ence formulation.  The  model  solves  the  nonlinear 
equations  using  the  Newton-Raphson  iteration 
method  and  a  modified  Gaussian  elimination  tech- 
nique. Model  calibration  for  the  Tigris  River  and 
its  confluence  with  the  Diyalah  River  was 
achieved  using  data  from  the  1977  early  spring 
flood.  Verification  of  the  model  was  obtained  by 
using  it  to  predict  the  hydraulics  of  a  later  flood  in 
the  same  network.  Model  runs  and  comparison  of 
its  results  with  actual  field  data  indicate  the  feasi- 
bility of  such  techniques  and  the  accuracy  of  re- 
sults. (See  also  W90-04274)  (Author's  abstract) 
W90-04280 


APPLICATION  OF  THE  BOUNDARY  ELE- 
MENT METHOD  TO  SOME  ELLD7TIC  FLUID 
MECHANICS  PROBLEMS. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

S.T.  Grilli. 

IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  97-113,  7  fig,  1  tab,  15  ref. 

Descriptors:  •Model  studies,  'Computer  programs, 
'Computer-aided  engineering,  'Hydraulics,  'Fluid 
mechanics,  'Mathematical  models,  'Boundary  ele- 
ment methods,  Flow,  Waves. 

The  Boundary  Element  Method  (BEM)  is  one  of 
the  most  powerful  numerical  tools  developed  by 
engineers  for  studying  fluid  mechanics.  The  BEM 
was  applied  to  elliptic  or  Laplace  problems,  linear 
sea  wave  modeling,  2-dimensional  steady  state 
porous  media  flow,  and  dynamic  interactions  of 
fluids  and  structures.  In  each  case,  the  problem's 
particular  features  are  outlined  and  the  advantages 
of  using  the  BEM  are  demonstrated.  For  the  same 
level  of  accuracy,  the  BEM  is  faster  than  domain 
discretization  techniques,  such  as  the  finite  element 
method.  To  obtain  acceptable  results,  it  is  neces- 
sary to  develop  elaborate  techniques  for  both  the 
discretization  and  the  numerical  integration  of  the 
BEM  boundary  integral  equations.  (See  also  W90- 
04274)  (Hammond-PTT) 
W90-04281 


CLASSICAL  METHODS  AND  PARAMETERS 

OF    SPECTRAL    ANALYSIS.    DESCRD7TION 

AND  IMPLEMENTATION(METHODES  CLAS- 

SIQUES   ET   PARAMETRIQUES   D' ANALYSE 

SPECTRALE.    DESCRD7TION    ET    MISE    EN 

OEUVRE). 

Centre  Univ.  de  Luminy,  Marseille  (France).  Inst. 

de  Mecanique  Statistique  de  la  Turbulence. 

M.  Bourguel,  and  B.  Chapron. 

IN:   Computer   Methods   and   Water   Resources: 

First   International   Conference,   Morocco,    1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 

Resources.  Computational  Mechanics  Publications, 

Boston.  1988.  p  115-127,  4  fig,  9  ref.  No  English 

summary. 

Descriptors:    'Computer    programs,    'Computer- 
aided  engineering,  'Spectral  analysis,  'Unsteady 
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flow,  'Hydraulics,  'Waves,  'Mathematical  studies, 
Fourier  analysis,  Boundary  element  methods. 

Various  classical  methods,  based  on  the  Fourier 
equation,  are  reviewed  with  respect  to  their  use  in 
the  spectral  analysis  of  a  field  of  stationary  and 
non-stationary  waves.  Methods  reviewed  include 
parametric  spectral  analysis;  the  autoregressive 
method  (both  linear  and  with  variable  coefficients); 
the  Prony  model;  the  Pizarenko  model,  and  the 
differential  spectral  analysis  method.  Because  of  its 
flexibility  and  ease  of  calculation,  the  differential 
spectral  analysis  method  was  selected  as  being 
particularly  well  adapted  to  analyzing  data  from 
sampling  runs  of  short  duration.  (See  also  W90- 
04274)  (Peters-PTT) 
W90-04282 


USE  OF  A  MIXED  SPECTRAL-FINITE  ANA- 
LYTIC NUMERICAL  TECHNIQUE  FOR  THE 
ANALYSIS  OF  THE  VORTEX  SHEDDING 
PAST  A  CIRCULAR  CYLINDER. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

G.  Alfonsi,  and  A.  Giorgini. 

IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  129-140,  6  fig,  7  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Mathematical  studies,  'Com- 
puters, 'Flow  around  objects,  'Vortices,  'Hydrau- 
lics, 'Simulation  analysis,  Navier-Stokes  equations, 
Flow. 

The  flow  of  a  viscous  fluid  past  an  impulsively 
started  circular  cylinder  at  Re  =1000,  has  been 
simulated  by  integrating  the  time  dependent 
Navier-Stokes  equations  using  a  mixed  spectral- 
finite  analytic  numerical  technique.  In  order  to 
simulated  the  vortex  shedding  process,  a  perturba- 
tion, consisting  of  a  pure  rotational  field,  has  been 
imposed  on  the  initially  nonrotational  flow  at  time 
T=0;  the  mathematical  formulation  of  the  pertur- 
bation is  characterized  by  two  quantities,  the 
strength  and  the  spread,  both  depending  on  the 
values  of  two  parameters,  C  and  n.  The  results 
presented  correspond  to  the  values  c  =  1.6  and 
n=10.  Computer  generated  drawings  depict  the 
flow  fields,  in  terms  of  absolute  streamlines  and 
vorticity.  The  sequence  of  the  genesis  and  detach- 
ment of  the  primary  vortices  appears  clearly  as 
well  as  the  evolution  of  the  whole  process  in  time. 
(See  also  W90-04274)  (Author's  abstract) 
W90-O4283 


BOUNDARY  ELEMENT  APPROACH  TO  ONE- 
DIMENSIONAL  WAVE  EQUATION. 

Ecole  Mohammedia  d'Ingenieurs,  Rabat  (Moroc- 
co). Hydraulic  Dept. 

B.  Benmansour,  D.  Ouazar,  and  C.  A.  Brebbia. 
IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  141-152,  7  fig,  1  tab,  10  ref. 

Descriptors:  'Model  studies,  'Computer  programs, 
'Computer-aided  engineering,  'Boundary  element 
methods,  'Wave  propagation,  'Hydraulics,  'Math- 
ematical models,  Simulation  analysis. 

The  Boundary  Element  Method  was  developed  for 
a  one  dimensional  wave  equation  with  non-homo- 
geneous boundary  conditions,  preserving  the  hy- 
perbolic characteristics  of  the  initial  problem.  The 
timed-dependent  fundamental  solution  was  used 
instead  of  time-stepping  techniques.  Constant  and 
linear  shape  functions  were  used  in  space  and  time. 
Two  numerical  experiments  were  carried  out  to 
establish  the  accuracy  and  the  reliability  of  the 
Boundary  Element  Method  for  solving  hyberbolic 
problems.  The  first  example  deals  with  the  linear- 
ized, vertically  averaged  equations  for  long  wave 
propagation  with  convective  and  frictional  terms 
neglected.  The  second  example  represents  a  vibrat- 
ing string  with  fixed  ends.  At  initial  time  T=0,  the 
displacement  was  equal  to  h  in  the  middle  of  the 
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string  and  varied  linearly  towards  the  fixed  ends. 
In  contrast  to  other  classical  methods,  two  opti- 
mum values  of  beta  were  found.  Beta=l  was  the 
most  economical  one.  (See  also  W90-04274)  (Ham- 
mond-PTT) 
W90-04284 


APPLICATIONS  OF  THE  METHOD  OF  FUN- 
DAMENTAL SOLUTIONS  IN  WATER  RE- 
SOURCES. 

Ecole  Mohammedia  d'lngenieurs,  Rabat  (Moroc- 
co). 

D.  Ouazar. 

IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  153-162,  3  fig,  12  ref. 

Descriptors:  *Model  studies,  'Computer  programs, 
•Computer-aided  engineering,  'Mathematical 
models,  'Computers,  'Flow  equations,  'Hydrau- 
lics, 'Boundary  element  methods,  Differential 
equations,  Dams,  Seepage. 

A  Boundary  Element-like  technique  was  devel- 
oped that  uses  the  fundamental  solution  of  the 
governing  partial  differential  operator  and  has  a 
discrete  distribution  of  a  finite  number  of  singulari- 
ties outside  the  involved  domain.  Assuming  some 
distribution  mode  of  singularities  outside  the 
domain,  the  problem  can  be  linearized  and  greatly 
simplified.  Once  the  unknown  coefficients  are  de- 
termined, the  solution  and  its  derivatives  can  be 
computed  by  a  simple  expansion  series.  The  seep- 
age flow  through  a  earthen  dam  sitting  on  an 
impermeable  foundation  is  used  to  illustrate  the 
application  of  the  method  to  free  surface  location 
problems.  (See  also  W90-04274)  (Hammond-PTT) 
W90-04285 


SHARING  OF  SIMULATION  TOOLS  AND 
TRANSFER  OF  TECHNOLOGY. 

Centre  de  Formation,  de  Recherche  et  d'Essais 
Hydrauliques  de  Grenoble  (France). 
P.  Belleudy,  M.  Erlich,  and  P.  Sauvaget. 
IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  259-266,  5  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Mathematical  models,  'Simu- 
lation analysis,  'Computers,  'Technology  transfer, 
'Hydraulics,  'Forecasting,  Niger  River,  Computer 
programs,  Developing  countries. 

Sharing  of  hydraulic  simulation  tools  as  a  part  of 
the  integrated  process  of  technology  transfer  is 
described.  The  traditional  customer/manufacturer 
relations  have  evolved  towards  a  partnership  in  the 
joint  development  of  software  dedicated  to  numer- 
ical modeling  of  complicated  hydraulic  phenom- 
ena. The  practical  application  of  those  principles 
during  the  development  and  training  phases  of  the 
construction  of  a  real-time  forecasting  system  for 
the  Niger  River  discharges  is  discussed.  The  prac- 
tical application  was  essential  for  testing  the  pro- 
gram prototype  and  for  discovering  the  software 
problems.  The  operating  staff  from  10  African 
countries  participating  in  the  Hydroniger  Project 
were  trained  in  the  final  phases  of  the  software 
development  schedule.  Their  remarks  were  helpful 
in  preparing  the  final  version  of  the  computerized 
forecasting  system  to  be  implemented  on  the  Hy- 
droniger mainframe  computer.  (See  also  W90- 
04274)  (Hammond-PTT) 
W90-04294 


COMPUTER  AIDED  DESIGN  SOFTWARE  IN 
FLUVIAL  HYDRAULICS:  PROGRAM  CADRTV. 

Universite    Catholique   de    Louvain,    Louvain-la- 
Neuve  (Belgium).  Dept.  of  Civil  Engineering. 
Y.  Zech,  G.  Bertrand,  and  B.  Vandestrick- 
Huberlant 

IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 


Boston.  1988.  p  267-275,  6  fig. 

Descriptors:  'Open-channel  flow,  'Streamflow, 
'Computer  programs,  'Computer-aided  engineer- 
ing, 'Hydraulics,  'Computers,  'Engineering, 
•Computer-aided  design,  Data  processing,  Mathe- 
matical analysis,  Computer  programs,  Developing 
countries. 

The  CADRIV  program  has  been  developed  for 
the  hydraulic  engineer  involved  in  fluvial  hydrau- 
lics. The  use  of  the  program  is  interactive,  de- 
signed to  follow  a  logical  sequence  of  questions 
and  answers  in  fluvial  hydraulic  problems.  The 
program  provides  graphical  representation,  a  table 
of  useful  geometric  or  hydraulic  parameters,  data 
verification  or  modification,  and  water-profile 
computation.  In  the  case  of  missing  data,  in  devel- 
oping countries  or  elsewhere,  the  programs  helps 
to  complete  the  data  set.  The  CADRIV  program 
contains  2500  statements.  All  of  the  applications 
are  included,  but  the  interaction  among  the  calcu- 
lation steps  is  decided  by  the  user.  For  example,  all 
the  data  for  determining  the  location  and  the  am- 
plitude of  a  jump  are  given,  but  the  user  decides  if 
the  jump  actually  exists,  avoiding  hydraulically 
senseless  solutions.  (See  also  W90-04274)  (Ham- 
mond-PTT) 
W90-04295 


SIMPLE  NUMERICAL  MODELS  FOR  COAST- 
AL POWER  PLANTS  PROJECTS. 

Laboratoire     National     d'Hydraulique,     Chatou 

(France). 

M.  Darras,  and  B.  Latteux. 

IN:   Computer   Methods   and   Water   Resources: 

First   International   Conference,    Morocco,    1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 

Resources.  Computational  Mechanics  Publications, 

Boston.  1988.  p  277-290,  7  fig,  8  ref. 


Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Model  studies,  'Mathematical 
models,  'Computers,  'Design  criteria,  'Simulation 
analysis,  'Powerplants,  'Coastal  engineering, 
Wave  propagation,  Thermal  pollution. 

Siting  a  power  plant  on  the  coast  requires  various 
studies  in  hydraulics  connected  mainly  with  the 
design  of  the  intake  and  outlet  structures  and  with 
their  effect  on  the  marine  environment.  Many  of 
these  studies  can  use  simple  numerical  models. 
These  models  are  related  to  the  evaluation  of 
design  wave  and  design  water  levels;  the  propaga- 
tion of  waves  from  offshore  to  the  coast;  the  wave 
agitation  inside  the  intake  works;  and  the  thermal 
impact  in  the  near  field  and  in  the  far  field.  The 
models  are  easy  to  use  and  can  be  run  on  small 
computers.  They  are  particularly  well  suited  for 
parametric  studies  and  sensitivity  analyses,  which 
are  useful  in  estimating  the  effect  of  uncertainties 
concerning  field  data.  (See  also  W90-04274)  (Ham- 
mond-PTT) 
W90-04296 


COMPUTER  AIDED  OPERATION  OF  IRRIGA- 
TION SYSTEMS. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 

Water  Resources  Engineering. 

For  primary  bibliographic  entry  see  Field  3F. 

W90-04297 


MEASUREMENT  AND  ANALYSIS  OF  DY- 
NAMIC PRESSURES  ON  HYDRAULIC 
MODELS. 

Technische  Univ.,  Graz  (Austria).  Inst,  for  Hydro- 
mechanics, Hydraulics  and  Hydrology. 
P.  Klasinc. 

IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  305-316,  8  fig,  5  ref. 

Descriptors:  'Hydraulic  models,  'Computer  pro- 
grams, 'Computer-aided  engineering,  'Mathemati- 
cal models,  'Data  acquisition,  'Hydraulics,  Flow, 
Hydraulic  gates,  Pressure  distribution.  Pressure- 
measuring  instruments,  Fourier  analysis,  Vibra- 
tions. 


The  measurement  and  analysis  of  dynamic  pres- 
sures on  hydraulic  models  were  studied.  When  the 
pressure  transducer  and  the  measuring  point  are 
connected  via  a  hydraulic  tube,  distinct  distortions 
of  the  dynamic  pressure  signals  were  produced.  A 
simple,  low-cost  measuring  device  was  constructed 
to  record  dynamic  pressure  in  hydraulic  models. 
Specific  equipment  was  designed  to  test  the  fre- 
quency response  characteristic  of  the  tube  and  the 
pressure  transducer.  Impedance  theory  was  ap- 
plied to  test  the  practical  results  of  the  frequency 
response.  A  model  of  a  high-head  bottom  outlet 
gate  was  designed.  The  pressure  signals  over  a 
certain  time  domain  were  taken  on  the  model  and 
transformed  into  the  frequency  domain  using  a 
spectrum  analyzer  and  fast  Fourier  techniques. 
The  power  spectra  obtained  with  this  method  pro- 
vided a  better  knowledge  of  the  flow  forces  that 
generate  vibrations.  By  comparing  the  power  spec- 
tra before  and  after  changing  the  model,  the  effec- 
tiveness of  the  changes  could  be  evaluated.  (See 
also  W90-04274)  (Hammond-PTT) 
W90-04298 


EARTHQUAKES  AND  HYDRODYNAMIC 
PRESSURES  ON  STRUCTURES. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

J.P.  Murtha,  and  T.  W.  Soong. 

IN:   Computer   Methods   and   Water   Resources: 

First   International   Conference,    Morocco,    1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 

Resources.  Computational  Mechanics  Publications, 

Boston.  1988.  p  365-385,  4  fig,  36  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Earthquake  engineering,  'Hy- 
drodynamics, 'Mathematical  analysis,  Pressure  dis- 
tribution, Boundary  element  methods,  Submerged 
structure. 

The  major  issues  involved  in  determining  the  hy- 
drodynamic pressures  that  are  produced  on  hy- 
draulic, coastal  and  marine  structures  by  earth- 
quakes are  discussed.  Recently  developed  methods 
are  presented  for  calculating  hydrodynamic  forces 
on  structures  of  arbitrary  geometry  in  3 -dimension - 
al  cases  which  can  be  formulated  and  analyzed 
using  the  boundary  integral  equation  approach. 
Since  the  hydrodynamic  pressures  can  be  comput- 
ed directly  from  surface  integrals,  the  dimensiona- 
lity of  the  problem  is  reduced.  Compressibility  of 
the  water  may  be  included  in  the  analysis  through 
the  choice  of  fundamental  solutions.  Transmitting 
boundary  models  are  described  to  reflect  the  effect 
of  an  infinite  region.  Computed  results  with  analyt- 
ical solutions  are  compared  for  various  2-dimen- 
sional  and  3-dimensional  shapes.  The  results  are 
applicable  to  a  variety  of  hydraulic  and  marine 
structures,  including  gravity  platforms  and  storage 
tanks.  (S-^  also  W90-04274)  (Hammond-PTT) 
W9O-043U2 


USING  SUPER  COMPUTERS  FOR  THE  TIME 
HISTORY  ANALYSIS  OF  OLD  GRAVITY 
DAMS. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 
Lehrstuhl  fuer  Wasserbau  und  Wasserwirtschaft 
und  Inst,  fuer  Wasserbau. 
G.  Rouve,  and  A.  Peters. 

IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  387-398,  6  fig,  6  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Computers,  'Dam  stability, 
•Materials  testing,  *Mathematical  studies,  *Data 
interpretation,  Data  acquisition,  Finite  element 
method,  Simulation  analysis.  Time  series  analysis. 

Problems  related  to  the  maintenance  of  the  20 
Intze-dams  (masonry  dams  in  the  German  state  of 
Nordrhein-Westphalia  built  in  the  early  20th  centu- 
ry) and  a  numerical  model  designed  to  analyze 
their  safety  are  presented.  The  model  was  based  on 
the  Finite  Element  Method.  Input  data  were  sup- 
plied from  the  recorded  measurements  taken  over 
a  period  of  more  than  50  years.  The  computations 
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have  been  applied  to  finding  weak  points  in  a 
structure,  renovation  measures,  maximum  possible 
loading,  probable  failure  mechanisms,  and  early 
warning  of  acute  danger.  Due  to  the  complexity  of 
computation  when  simulating  time-dependent 
events,  the  model  was  implemented  on  the  recently 
developed  super-computers  CRAY  X-MO  and 
CDC-CYBER  205.  (See  also  W90-04274)  (Ham- 
mond-PTT) 
W90-04303 

DIRECT  BOUNDARY  ELEMENT  TECHNIQUE 
FOR  COMPUTING  WATER  WAVES. 

North  Staffordshire  Polytechnic,  Stafford  (Eng- 
land). Dept.  of  Mechanical  and  Computer-Aided 
Engineering. 

T  T.  Al-Shemmeri,  and  O.  Hamed. 
IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  399-410,  6  fig,  8  ref. 

Descriptors:  'Computer  programs,  •Computer- 
aided  engineering,  *Wave  action,  *Mathematical 
studies,  *Hydraulics,  'Boundary  element  methods, 
Fluid  mechanics. 

The  accuracy  and  stability  of  the  Boundary  Ele- 
ment Method  approach  to  time-varying  water 
waves  has  been  demonstrated  by  comparisons  with 
known  solutions  for  standing  waves.  Use  of  the 
method  for  progressive  waves  in  a  long  tank  pro- 
vided a  highly  effective  numerical  wave  absorber 
which  was  devised  to  reduce  reflections  from  end 
walls.  The  technique  also  was  tested  to  compute 
reflections  of  water  waves  in  the  presence  of  an 
obstacle  and  showed  agreement  with  available  ex- 
perimental data.  It  was  not  necessary  to  use  any 
form  of  stability  correction  term.  (See  also  W90- 
04274)  (Hammond-PTT) 
W90-04304 

RESTORATION  OF  A  CONCRETE  TUNNEL 
LINING:  THE  ROLE  OF  FTELD  MEASURE- 
MENTS IN  THE  SAFETY  AND  CONTROL  OF 
THE  STRUCTURAL  STABILITY. 

Ente   Nazionale   per   l'Energia   Elettrica,    Rome 

(Italy). 

For  primary  bibliographic  entry  see  Field  8F. 

W9O-O4305 

FLUD>STRUCTURE  INTERACTION:  EXPERI- 
MENTAL AND  NUMERICAL  ANALYSES. 

Centro    Informazioni    Studi    Esperienze,    Milan 

(Italy). 

A.  Brusa,  P.  Magliocchi,  P.  Pezzoli,  E.  Pizzigalli, 

and  G.  Bettinali. 

IN:   Computer   Methods   and   Water   Resources: 

First  International   Conference,   Morocco,    1988. 

Vol.  4,  Computer  Aided  Engineering  in  Water 

Resources.  Computational  Mechanics  Publications, 

Boston.  1988.  p  447^58,  4  fig,  2  tab,  6  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  'Mathematical  models,  'Fluid 
mechanics,  'Structural  behavior,  'Hydrodyna- 
mics, Concrete  construction,  Hydraulic  models, 
Dams,  Pressure  distribution,  Shape,  Vibrations. 

An  experimental  and  numerical  study  has  been 
performed  to  validate  a  mathematical  model  for 
the  dynamic  analysis  of  fluid-structure  coupled  sys- 
tems. The  analysis  was  performed  on  a  simple 
experimental  apparatus  consisting  of  a  flexible 
carbon  steel  plate  clamped  to  a  rigid  concrete 
container  filled  with  water.  Different  heights  of 
the  water  level  and  different  shapes  of  the  contain- 
er were  considered  as  well  as  the  presence  of 
immiscible  fluids  in  the  tank.  The  results  are  re- 
ported in  terms  of  natural  frequencies,  displace- 
ments and  pressure  modes.  Good  agreement  be- 
tween experimental  and  theoretical  results  demon- 
strated that  the  mathematical  model  can  accurately 
predict  the  vibration  characteristics  of  fluid-struc- 
ture coupled  systems.  One  limitation  to  this  experi- 
mental apparatus  was  that  the  frequencies  of  the 
fluid  with  the  rigid  plate  were  much  higher  than 
those  of  the  plate  without  fluid.  The  situation  is 
generally  different  in  real  dam-reservoir  coupled 


systems  for  which  the  two  sets  of  frequencies  are 
always  interconnected.  With  the  experimental  ap- 
paratus, the  presence  of  the  fluid  may  have  affect- 
ed the  frequencies  as  well  as  the  model  shape.  (See 
also  W90-04274)  (Hammond-PTT) 
W90-04307 

HYDRAULIC  DESIGN  CONSIDERATIONS 
AND  CONTROL  STRUCTURES  FOR  CON- 
STRUCTED WETLANDS  FOR  WASTEWATER 
TREATMENT. 

Tennessee  Valley  Authority,  Chattanooga.  Water 

Quality  Dept. 

For  primary  bibliographic  entry  see   Field   5D. 

W90-04424 

HYDRAULIC  CONSDDERATIONS  AND  THE 
DESIGN  OF  REED  BED  TREATMENT  SYS- 
TFTVfS 

Water  Research  Centre,  Stevenage  (England). 
For  primary  bibliographic  entry  see  Field   5D. 
W90-04452 

PERFORMANCE  OF  SOLD>MATRIX  WET- 
LAND SYSTEMS,  VTEWED  AS  FTXED-FDLM 
BIOREACTORS. 

Hawkesbury  Agricultural  Coll.,  Richmond  (Aus- 
tralia). Faculty  of  Food  and  Environmental  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04455 


8C.  Hydraulic  Machinery 

INTELLIGENT  SELF-IMPROVING  CONTROL 
STRATEGY  WITH  A  VARIABLE  STRUCTURE 
AND  TIME-VARYING  PARAMETERS  FOR 
WATER  TURBINE  GOVERNOR. 

Calgary  Univ.  (Alberta). 

O  P.  Malik,  G.  S.  Hope,  L.  Ye,  S.  Wei,  and  H.  Xu. 
Houille  Blanche  HOBLAB,  Vol.  1989,  No.  6,  p 
463-475,   1989.   11   fig,   6  tab,   14  ref,  2  append. 

Descriptors:  'Turbines,  'Automation,  'Hydroelec- 
tric plants,  'Control  systems,  'Computers,  Artifi- 
cial intelligence. 

Combining  ideas  from  artificial  intelligence,  adapt- 
ive control  and  variable  structure  control,  an  intel- 
ligent self-improving  control  strategy  with  both 
variable  structure  and  parameters  is  proposed  and 
developed.  The  connection  of  the  proposed  con- 
trol strategy  with  multiprocessor-based  system  will 
open  a  new  way  for  the  water  turbine  governing 
system,  probably  also  for  other  industrial  process 
control.  The  proposed  intelligent  self-improving 
control  strategy  synthesizes  a  priori  knowledge 
and   experience,   running   identification/optimiza- 
tion information  as  well  as  analyzing  and  inferen- 
tial capacity.  The  human  knowledge  accumulated 
in  both  theoretical  and  practical  areas,  frequent 
experiment  and  computation  and  artificial  intelli- 
gence are  organically  connected.  The  selection  of 
control  structure  depends  on  plant  structure,  oper- 
ating point  and  state  on  the  basis  of  plant  structure 
detection,  plant  parameter  identification  and  per- 
formance detection.  Parameter  identification  is  not 
the  starting  point  of  the  control  determination  in 
each  sampling  period  as  is  more  common,  but  is  a 
source  for  improving  the  knowledge  bank  con- 
tents. The  multiprocessor-based  system  is  obligato- 
ry for  realizing  the  proposed  control  strategy  be- 
cause the  conventional  analog  systems  are  not  able 
to  accomplish  the  complex,  intelligent  self-improv- 
ing control   algorithm.   The  proposed  hardware 
configuration  is  based  on  an  already  proven  multi- 
microprocessor-based     governor.     (Author's    ab- 
stract) 
W90-04119 

FTRST   STAGE   OF   RIVER   DIVERSION   AC- 
COMPLISHED AT  YACYRETA. 

Harza  y  Consorciados,  Ituzaingo  (Argentina). 
For  primary  bibliographic  entry  see  Field  8A. 
W90-04134 


CHHE  DEVELOPS  MORE  HYDROPOWER. 


Hydraulic  Machinery— Group  8C 

Empresa  Nacional  de  Electricidad  S.A.,  Santiago 

(Chile). 

H.  Zabaleta  G. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  41,  No.  12,  p  32-34,  December 

1989.  4  fig. 

Descriptors:  'Water  resources  development,  'Hy- 
droelectric power,  'Chile,  'Hydroelectric  plants, 
'Dam  construction,  River  basin  development,  For- 
eign construction,  Roller-compacted  concrete, 
Lake  Chapo,  Maule  River,  Bio-Bio  River. 

In  1988,  67.8%  of  total  power  generation  in  Chile 
was  from  hydropower  (2280  MW,  with  22  stations 
of  more  than  10  MW  currently  in  operation).  The 
country  has  a  considerable  amount  of  untapped 
potential,  equivalent  to  133  TWh/year.  Three 
major  projects  are  under  construction  or  planned 
for  the  near  future,  in  which  the  national  power 
corporation  ENDESA  (Empresa  Nacional  de 
Electricidad  SA)  is  involved.  (1)  At  the  southern 
end  of  the  Central  Interconnected  Transmission 
System,  construction  is  underway  on  the  130  MW 
Canutillar  hydroelectric  project,  50  km  from  the 
city  of  Puerto  Montt;  it  will  exploit  the  hydro 
potential  of  Lake  Chapo,  a  natural  reservoir  at  an 
elevation  of  240  m  and  7  km  from  the  estuary  of 
the  Reloncavi  River.  (2)  The  hydroelectric  poten- 
tial in  the  upper  course  of  the  Maule  River  is 
already  being  exploited  by  Cipreses  (103  MW), 
Isla,  (68  MW)  Colbun  (400  MW),  and  Manchicura 
(90  MW),  at  present  in  operation,  while  Pehuenche 
(500  MW)  is  under  construction  and  Curillinque 
(75  MW)  is  at  the  preliminary  design  stage.  (3)  The 
Pangue  project,  construction  of  which  will  start  in 
1990  with  initial  operation  scheduled  for  1995,  will 
be  built  on  the  Bio-Bio  River,  to  the  southeast  of 
the  city  of  Los  Angeles;  the  installed  capacity  will 
be  400  MW,  with  an  annual  average  generation  of 
2080  GWh.  This  scheme  will  incorporate  a  113  m- 
high  roller-compacted  concrete  dam,  the  country's 
first  structure  of  this  type.  (Sand-PTT) 
W90-04135 


SOME  EXPERIENCES  WITH  HEAD  LOSSES 
IN  LINED  TUNNELS  IN  PERU. 

Deutsche   Gesellschaft   fuer   Technische   Zusam- 
menarbeit  m.b.H,  Eschborn  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  8A. 
W90-04139 

PARALLEL  DECOMPOSITION  IN  THE  OPTI- 
MIZATION OF  LARGE  SCALE  SYSTEMS  SUB- 
JECT TO  SEVERAL  CONDITIONS  OF  BEHAV- 
IOR. 

Ecole  Mohammedia  d'Ingenieurs,  Rabat  (Moroc- 
co). 

L.  Chibani. 

IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  45-56,  7  ref. 

Descriptors:  'Hydraulics,  'Computer  programs, 
'Computer-aided  engineering,  'Optimization, 
•Mathematical  studies,  'Computers,  Algorithms, 
Data  processing. 

A  new  decomposition  technique  developed  for  the 
optimization  of  large-scale  systems  subjected  to 
several  conditions  of  behavior  or  functions  of  the 
system.  The  move  coordination  method  consists  of 
partitioning  a  large  optimization  problem  into 
small  subproblems.  Each  subproblem  represents 
the  behavior  of  the  system  under  one  condition.  A 
penalty-relaxation-like  method  is  used  to  add  some 
coordinating  constraints  to  the  solution  of  each 
subproblem.  These  constraints  have  the  function  of 
implementing  the  effect  of  one  system's  behavior 
on  the  behavior  of  the  other  systems.  The  solution 
algorithm  solves  the  subproblems  in  a  cyclic  way 
with  an  update  of  certain  parameters  in  the  coordi- 
nating constraints.  The  subproblems  are  solved  in  a 
parallel  way  at  the  same  time  in  a  level  called  the 
first-level  problem.  In  contrast  to  other  multilevel 
decomposition  techniques  where  two  levels  of  op- 
timization are  solved,  in  this  approach,  no  optimi- 
zation problem  is  solved  in  the  upper-level.  The 
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upper-level  only  updates  the  new  parameters  of  the 
coordinating  constraints  obtained  from  solution  of 
the  subproblems  at  the  first  level.  The  algorithm  is 
very  convenient  for  implementation  on  parallel 
processing  computers  (See  also  W90-04274)  (Au- 
thor's abstract) 
W90-04277 


PRECONDITIONED  CONJUGATE  GRADIENT 
METHOD  FOR  NUMERICAL  SOLUTION  OF 
NAVDZR-STOKES  EQUATIONS. 

Ecole  Mohammedia  d'Ingenieurs,  Rabat  (Moroc- 
co). 

R.  Aboulaich,  and  M.  Fortin. 
IN:  Computer  Methods  and  Water  Resources: 
First  International  Conference,  Morocco,  1988. 
Vol.  4,  Computer  Aided  Engineering  in  Water 
Resources.  Computational  Mechanics  Publications, 
Boston.  1988.  p  67-81,  6  fig,  5  ref. 

Descriptors:  'Computer  programs,  'Computer- 
aided  engineering,  •Mathematical  models,  •Hy- 
draulics, *Navier-Stokes  equations,  'Computers, 
Domain  decomposition  method,  Algorithms,  Dif- 
ferential equations,  Data  processing. 

The  numerical  simulation  of  elliptic  partial  differ- 
ential equations  implies  the  solution  of  very  large 
linear  systems.  The  direct  methods  are  efficient  but 
expensive.  A  possible  alternative  is  a  domain  de- 
composition method,  where  the  large  system  is 
decomposed  into  many  small  systems.  If  they  are 
properly  connected,  computing  efforts  could  be 
split  into  pieces  that  could  be  dealt  with  in  parallel. 
A  preconditioned  conjugate  gradient  algorithm  is 
presented  for  a  numerical  solution  of  the  Navier- 
Stokes  equations  of  incompressible  flow,  where  the 
preconditioner  considered  is  Schwarz's  type  de- 
composition. The  domain  decomposition  method 
obtained  is  competitive  with  standard  models  and 
allows  3-dimensional  computations  even  on  rela- 
tively small  machines.  (See  also  W90-02474)  (Ham- 
mond-PTT) 
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DESIGN  AND  CONSTRUCTION  OF  COLOM- 
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GEOLOGICAL  PROBLEMS  AT  URUGUA-I 
ROC  DAM. 
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Grouting,  Seepage,  Geological  surveys. 

Adverse  geological  conditions  were  encountered 
during  foundation  excavations  for  the  Urugua-i 
roller-compacted  concrete  (RCC)  dam  in  Argenti- 
na. Urugua-i  dam  is  76  m  high  and  678  m  long;  it  is 
constructed  of  585,000  cu  m  of  RCC  to  a  crest 
elevation  of  203  m.  River  diversion  is  through  the 
lower  right  abutment  where  a  four-conduit  struc- 
ture has  a  design  capacity  of  2000  cu  m/s.  During 
curtain  grouting  of  the  diversion  channel,  weath- 
ered rock  seams  were  recognized  at  elevations  1 1 5 
m  and  105  m.  The  weathered  contact  seams  within 
the  basaltic  foundation  rock  were  obvious  seepage 
paths  and  when  traces  of  clay  were  discovered  on 
the  fractured  rock  surfaces,  dam  stability  became  a 
concern.  These  adverse  conditions  led  to  a  com- 
bined strategy  of  deep  consolidation  grouting  of 
the  dam  foundation  and  the  provision  of  a  conven- 


tional concrete  shear  key.  A  more-extensive  geo- 
logical investigation  before  the  beginning  of  con- 
struction might  have  disclosed  the  significance  of 
the  geological  features  that  caused  a  cost  increase 
and  schedule  delay  as  a  result  of  the  changes  made 
in  foundation  treatment  at  the  dam.  RCC  place- 
ment was  delayed  for  five  months  while  the  shear- 
key  was  being  excavated  and  backfilled.  (Sand- 
PTT) 
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PREPLACED-AGGREGATE  CONCRETE. 
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gram Information  Exchange  Bulletin,  Volume  6, 
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Peoria  Lock  and  Dam,  which  was  completed  in 
1939,  is  located  on  the  Illinois  River  a  few  miles 
downstream  from  Peoria.  The  lock  is  110  ft  wide 
by  600  ft  long  with  32-ft  high  lock  walls.  The 
upper  and  lower  guide  walls  are  500  ft  long. 
During  the  summer  of  1985,  Geotechnical  Branch 
personnel  performed  a  concrete  condition  survey 
on  the  lock  walls.  This  survey  included  reviewing 
all  available  reports  (basically,  periodic  inspection 
reports),  visually  inspecting  and  photographing  all 
exposed  surfaces,  mapping  cracks,  sounding  the 
surface,  and  taking  cores.  The  petrographic  exami- 
nation indicated  that  cycles  of  freezing  and  thaw- 
ing were  the  predominant  cause  of  damage  to  non- 
air-entrained  concrete.  The  depth  of  deterioration 
was  7  to  8  inches.  Approximately  1  to  2  inches  of 
the  lock  wall  surface  had  already  been  lost  as  a 
result  of  surface  abrasion  of  the  damaged  concrete. 
Consequently,  the  total  depth  of  damage  was  9  to 
10  inches  after  approximately  48  years.  The  com- 
pressive strength  of  the  sound  concrete  was  5,500 
to  6,500  pounds/sq  in.  (psi).  Because  the  deteriora- 
tion was  so  extensive,  a  decision  was  made  to 
completely  rehabilitate  the  lock  walls.  District  per- 
sonnel decided  to  use  preplaced-aggregate  con- 
crete (PAC)  for  the  repair  work.  Shrinkage  for 
PAC  is  about  one-half  or  less  that  of  conventional 
concrete.  A  minimum  of  12  inches  of  concrete  was 
removed  by  explosive  blasting.  High-pressure 
water  was  used  to  clean  wall  surfaces,  and  then 
anchors  and  reinforcing  steel  were  installed.  Forms 
for  the  PAC  were  installed  on  individual  mono- 
liths. Typically  the  resurfaced  areas  were  about  10 
ft  high  and  40  ft  wide.  Some  defects  (vugs)  oc- 
curred on  the  concrete  surface.  Some  of  the  vugs 
are  the  result  of  the  method  used  to  vibrate  the 
forms  and  changing  the  grout  flow  requirement 
from  18  sec  to  26  sec.  Additionally,  in  some  areas 
where  PAC  was  to  be  used,  conventional  concrete 
was  used  because  of  the  extensive  armor  that  was 
placed  in  the  lock  wall,  the  difficulty  in  forming 


the  areas,  and  the  need  to  reopen  the  lock  on  time. 
The  PAC  surface  has  been  subjected  to  two  win- 
ters with  cycles  of  freezing  and  thawing  and  two 
years  of  abrasion  from  barge  traffic.  Up  to  now  the 
surface  has  performed  well.  (Lantz-PTT) 
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Grouting  techniques  have  long  been  used  to  seal 
leaks  in  concrete  dams.  Advances  in  drilling, 
grouting  and  material  technologies  have  been 
made  during  the  last  decade  to  the  extent  that  the 
reliable  remediation  of  major  high  dams  can  be 
conducted.  It  is  highly  significant  that  such  treat- 
ments, usually  carried  out  under  extremely  adverse 
conditions,  can  be  used  not  only  to  seal  off  leak- 
ages but  to  bond  the  structure  together  again. 
There  are  three  basic  elements  in  ensuring  effective 
treatment:  (1)  one  must  first  make  every  effort  to 
understand  the  cause  of  the  problem.  This  under- 
standing involves  a  detailed  review  of  all  the  geo- 
logical, constructional,  and  behavioral  data  avail- 
able. Often  this  research  forms  the  basis  for  execut- 
ing a  new  phase  of  exploration  (by  coring)  and 
monitoring;  (2)  once  the  probable  cause  for  the 
cracking  has  been  determined,  the  repair  material 
can  be  selected.  The  repair  material  must  be  a  true 
Binghamian  fluid,  not  a  suspension  of  particles.  It 
must  harden  as  soon  as  practical  after  injection  to 
deliberately  limit  and  control  flow  distances.  It 
must  have  a  reasonably  constant  and  controllable 
viscosity  until  hardening;  this  viscosity  must  reflect 
the  anticipated  crack  width.  It  must  have  minimal 
shrinkage  on  hardening.  It  must  be  durable,  and  it 
is  usually  required  to  bond  efficiently  to  wet  sur- 
faces, under  high  hydrostatic  or  dynamic  heads, 
often  in  low  temperatures  and  so  must  have  high 
tensile  and  shear  strengths.  It  is  usually  advanta- 
geous to  have  modulus  of  elasticity  significantly 
less  than  that  of  the  concrete.  It  must  have  low 
surface  tension  in  order  to  ease  penetration  into 
fine  fissures.  It  must  be  easily  and  safely  handled, 
with  minimal  environmental  problems;  and,  (3)  the 
performance  of  the  grouting  and  of  the  structure 
should  be  continuously  monitored  during  the 
repair.  In  this  way,  the  grouting  parameters  can  be 
varied  as  needed  to  optimize  the  procedure. 
(Lantz-PTT) 
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Several   factors   affect   the   renovation   approach 
taken  at  any  dam,  including  the  size  and  geometry 
of  the  dam,   the  depth  and  extent  of  concrete 
deterioration,  the  extent  and  source  of  leakage  and 
the  cause  of  deterioration.  It  is  first  necessary  to 
investigate  both  the  cause  of  the  deterioration  and 
the  general  repair  approach  before  detailed  design 
and  construction  take  place.  Two  recent  projects 
in  Connecticut,  at  the  Easton  and  Means  Brook 
Dams  (Bridgeport  Hydraulic  Company),  demon- 
strate the  importance  of  this  practice.  Both  struc- 
tures are  concrete  gravity  dams,  both  were  con- 
structed during  the  same  period,  and  both  exhibit- 
ed similar  freeze/thaw  damage.  Despite  this,  the 
repair  approaches  taken  were  different.  At  Easton 
dam,  it  was  discovered  that  concrete  and  joint 
deterioration  was  limited  to  the  upper  25  ft  of  the 
dam.  This  also  is  the  portion  subjected  to  the 
greatest  water  temperature  differential  and  fluctu- 
ating reservoir  levels.  Based  on  this  information 
and  joint  movement  calculations,  it  was  decided  to 
install  joint  waterstops  35  ft  below  the  top  of  the 
dam.  Urethane  foam  grout  was  installed  by  soaking 
burlap  rags  in  the  uncured  compound  and  tamping 
them,  one  by  one,  into  drill  holes.  In  addition,  3  in 
of  existing  concrete  had  to  be  removed  from  the 
dam  crest  prior  to  resurfacing.  This  was  done  by 
hydrodemolition.  Reinforcing  steel  was  specified 
for  the  new  concrete  to  control  shrinkage  cracks. 
Dowels  were  specified  to  anchor  better  the  new 
surface  of  the  existing  concrete.  With  most  of  the 
seepage  and  associated  deterioration  arrested,  there 
is  no  urgency  to  make  the  remaining  repairs.  At 
Means  Brook  Dam,   the  downstream  surface  is 
vertical,  and  is  battered  at  0.7:1  from  the  toe  to 
distance  of  approximately  24  ft  from  the  top  of  the 
dam.  Visual  and  petrographic  analysis  showed  that 
Means  Brook  Dam  had  been  affected  only  by 
exposure  and  weathering.  This  effect  was  superfi- 
cial, caused  by  freeze/thaw  action  on  saturated  or 
near-saturated,  non-air  entrained  portland  cement 
concrete.   After  a  review  of  several   repair  ap- 
proaches, the  consultants  recommended  installing 
precast  facing  panels  on  the  downstream  face  as 
the  best  repair  solution.  Insulation  was  used  be- 
tween the  panels  and  the  dam  to  reduce  the  freeze/ 
thaw  cycling.  The  crest  will  be  resurfaced  by 
removing  deteriorated  concrete  and  installing  a 
new  layer  of  cast-in-place  concrete,  increasing  the 
height  of  the  dam  by  4  in.  (Rochester-PTT) 
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The  restoration  of  the  structural  integrity  of  a 
tunnel,  which  was  built  in  the  1950's  and  had 
developed  cracking  along  a  considerable  stretch, 
has  been  analyzed  by  a  numerical  identification 
procedure  based  both  on  the  location  of  the  ob- 
served cracking  on  the  inner  facing  of  the  tunnel 
lining  and  on  laboratory  tests  carried  out  on  con- 
crete specimens.  The  uncertainties  of  the  numerical 
analysis  have  suggested  the  installation  of  several 
instruments  in  two  critical  sections  of  the  tunnel  to 
observe  the  behavior  of  the  structure  after  the 
restoration  work  and  to  provide  data  that  might  be 


required  at  a  later  stage  of  the  structure  life.  All 
the  measurements  are  automatically  recorded  by  a 
data  acquisition  system  that  requires  the  interfacing 
of  the  whole  set  of  transducers  with  a  microcom- 
puter. The  interpretation  of  the  measurements  will 
permit  verification  of  the  validity  of  the  restoration 
work  and  control  of  the  structural  stability  of  the 
tunnel  lining.  (See  also  W90-04274)  (Author's  ab- 
stract) 
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A  thermal  stress  numerical  analysis  relevant  to  a 
concrete  underground  channel  was  developed. 
The  temperature  of  the  water  that  flows  inside  the 
pipeline  is  roughly  35  C,  whereas  the  environmen- 
tal temperature  (the  ground  surrounding  the  chan- 
nel) is  roughly  13  C.  Steady-state  and  transient 
thermal  analyses  were  carried  out  to  evaluate  the 
effects  of  the  temperatures  and  their  variations  on 
the  concrete.  Assuming  that  the  behavior  of  the 
material  is  linear  and  elastic,  the  stresses  caused  by 
the  whole  set  of  loadings  and  the  thermal  stresses 
relevant  to  steady-state  and  transient  thermal  anal- 
yses can  be  superimposed.  The  temperatures  ob- 
tained using  the  transient  thermal  analysis  showed 
tensile  stresses  in  the  pipeline  roughly  35%  greater 
than  the  stresses  computed  using  the  steady-state 
thermal  field.  A  data  acquisition  system  was  in- 
stalled to  measure  the  trend  of  the  temperatures  in 
a  concrete  underground  channel  system.  The  cen- 
tral control  unit  is  a  microcomputer  that  stores  the 
temperature  values  received  from  the  remote  meas- 
urement unit.  The  storage  is  slow  (some  hours) 
during  the  steady-state  phase  and  fast  (some  min- 
utes) during  the  transient  phase.  The  remote  meas- 
urement unit  converts  the  analogue  signals  re- 
ceived from  the  temperature  sensors  into  digital 
data.  The  sensors  are  platinum  resistance  thermom- 
eters embedded  into  the  concrete  and  into  the  soil 
close  to  the  outer  facings  of  the  channel  system. 
The  data  acquisition  system  will  be  fully  operation- 
al in  1989;  no  results  are  currently  available.  (See 
also  W90-04274)  (Hammond-PTT) 
W90-04306 


8G.  Materials 


REPAIR    OF    LARGE    CONCRETE    STRUC- 
TURES BY  EPOXY  RESIN  BONDING. 

Nicholson  Construction  Co.,  Bridgeville,  PA. 
For  primary  bibliographic  entry  see  Field  8F. 
W90-03758 


Fisheries  Engineering — Group  81 

concrete  with  a  material  more  resistant  to  these 
forces  than  concrete  can  slow  or  even  eliminate 
the  rate  of  deterioration.  Surface  treatment  materi- 
als were  separated  according  to  viscosity,  total 
solids,  manufacturers'  recommended  use,  and 
chemical  composition.  Those  tested  fell  into  eight 
generic  types:  (1)  acrylic,  (2)  hydrocarbon,  (3)lin- 
seed  oil,  (4)  polyurethane,  (5)  silane,  (6)  silicone, 
(7)  siloxane,  and  (8)  stearate.  Results  of  the  study 
indicate:  siloxanes  perform  well  as  a  generic-type 
concrete  sealer,  except  in  resisting  cycles  of  freez- 
ing and  thawing;  acrylic  mastic  coatings  for  treat- 
ment of  cracked  concrete  tested  well  in  the  labora- 
tory, but  field  application  results  are  not  available; 
polyester  resin  coatings  tested  can  be  used  effec- 
tively as  abrasion-resistant  coatings  if  applied  to 
dry  concrete;  only  those  polyurethanes  recom- 
mended by  manufacturers  for  sealing  concrete  sur- 
faces subjected  to  vehicular  traffic  performed  ef- 
fectively in  laboratory  tests;  the  high-molecular- 
weight  methacrylate  (HMWM)  monomer  systems 
can  be  used  to  seal  cracks  by  topical  application; 
two  cementitious  coatings  tested  were  found  effec- 
tive for  waterproofing  concrete,  from  both  positive 
and  negative  sides,  and  may  minimize  concrete 
deterioration  resulting  from  freezing  and  thawing. 
Others  tested  did  not  produce  the  desired  results; 
the  addition  of  latex  admixtures  improves  the 
freeze-thaw  durability  of  shotcrete;  and  polypro- 
pylene fibers  appear  to  reduce  cracking  caused  by 
drying  and  shrinkage  in  latex-modified  shotcrete. 
(Author's  abstract) 
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Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS. 

T.  B.  Husbands,  and  F.  E.  Causey. 
The  Army  Corps  of  Engineers  Repair,  Evaluation, 
Maintenance,   and   Rehabilitation   Research   Pro- 
gram Information  Exchange  Bulletin,  Volume  6, 
No.  4,  October  1989.  p  8-11,  2  tab. 

Descriptors:  *Concrete  construction,  *Materials 
testing,  'Sealants,  'Surface  sealing,  Acrylics,  Hy- 
drocarbons, Polyurethane,  Silanes,  Silicones,  Silox- 
anes, Stearates. 

Freezing  and  thawing,  penetration  of  salts,  weath- 
ering, chemical  attack,  and  erosion  cause  concrete 
surfaces  to  deteriorate.  Surface  treatment  of  the 
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CHANGES  IN  FISH  STOCKS  AND  FISHERIES: 
THE  LOWER  ELBE  RTVER. 

Kiel  Univ.  (Germany,  F.R.).  Inst,  fuer  Meeres- 

kunde. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-03701 


HISTORICAL     CHANGES     IN     THE     FISH 
FAUNA  OF  THE  RTVER  DUERO  BASIN. 

Museo  Nacional  de  Ciencias  Naturales,  Madrid 

(Spain). 

J.  Lobon-Cervia,  B.  Elvira,  and  P.  A.  Rincon. 

IN:  Historical  Change  of  Large  Alluvial  Rivers: 
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Group  81— Fisheries  Engineering 

Western  Europe.  John  Wiley  &  Sons,  New  York. 
1989.  p  221-232.  4  fig,  2  tab,  45  ref. 

Descriptors:  'History,  'River  basins,  'Fish  stock- 
ing, •Fish  populations,  •Ecological  effects,  Taxon- 
omy, Topography,  Fish  migration,  Spain,  Portu- 
gal, Duero  River. 

The  drainage  basin  of  the  Duero  River  is  shared 
between  Spain  and  Portugal.  Although  sharing  a 
topographic  divide,  the  fish  fauna  of  the  Duero 
and  Ebro  River  differ  markedly.  Moreover,  unlike 
the  Ebro,  there  is  a  valuable  taxonomic  record  for 
assessing  historical  change  in  the  Duero  River. 
The  fish  species  of  the  Duero  River  can  be  classi- 
fied into  three  groups:  (1)  freshwater  species,  (2) 
migratory  species,  both  catadromous  and  anadro- 
mous, and  (3)  eurihaline  species.  The  freshwater 
species  is  of  major  concern  because  this  group  has 
been  subjected  to  more  important  historical 
changes  than  any  other  group.  The  greatest  impact 
of  man  upon  the  fish  fauna  of  the  Duero  over  the 
historic  timescale  has  been  stocking  with  exotic 
species.  The  problem  remains  that  fish  manage- 
ment is  not  based  on  scientific  arguments  but  on 
the  stocking  of  any  river  or  stream  without  consid- 
ering the  status  of  the  existing  population.  (See  also 
(W90-03689)  (Fish-PTT) 
W9O-03702 


FISH  AND  FISHERIES  OF  THE  RIVER  EBRO: 
ACTUAL  STATE  AND  RECENT  HISTORY. 

Barcelona  Univ.  (Spain).  Dept.  of  Animal  Biology. 
A.  de  Sostoa,  and  J.  Lobon-Cervia. 
IN:  Historical  Change  of  Large  Alluvial  Rivers: 
Western  Europe.  John  Wiley  &  Sons,  New  York. 
1989.  p  233-247.  4  fig,  3  tab,  15  ref. 

Descriptors:  *Fish  management,  *Ebro  River, 
•Fish  populations,  *Fish  stocking,  *Fisheries,  •His- 
tory, Commercial  fishing,  Fishing  gear,  Nets, 
Trapping,  Lagoons,  Channels,  Fish  migration, 
Water  management,  Water  pollution  effects,  Spain. 

In  comparison  with  other  Iberian  river  systems, 
the  Ebro  River  (Spain)  is  richest  in  number  of 
species  (anadromous,  catadromous,  and  euryha- 
line).  According  to  their  origin,  the  fish  fauna  can 
be  divided  into  five  groups:  (1)  Mediterranean,  (2) 
Iberian/North  African,  (3)  mid-northern  Europe- 
an, (4)  all  anadromous  and  catadromous  species, 
and  (5)  all  introduced  species.  Professional  fresh- 
water fisheries  were  common  on  the  Ebro  until  the 
1960s.  From  a  zoogeographical  point  of  view,  the 
fish  fauna  of  the  Ebro  Delta  is  composed  of  medi- 
terranean-boreal and  mediterranean-lusitanian  taxa. 
Professional  fisheries  have  been  reported  in  the 
Ebro  Delta  since  the  17th  century,  but  became 
organized  only  in  1879,  when  the  state  administra- 
tion began  regulating  fish  yield,  amount,  and 
season.  Basically,  two  fishing  methods  are  used  in 
the  coastal  lagoons:  those  using  nets  or  line  and 
hooks,  and  traps.  Year-to-year  variations  in  the 
total  yield  obtained  from  these  lagoons  show  that 
between  1965  and  1972,  the  annual  yield  increased 
progressively.  However,  from  1972  to  1980  the 
yield  decreased  sharply.  Three  main  reasons  have 
contributed  to  this  change:  (1)  after  1972  fishermen 
decided  to  leave  the  fishing  gear  in  the  channels 
connecting  the  sea  with  the  lagoons,  rather  than 
removing  them  as  before,  effectively  restricting 
fish  migration;  (2)  the  overfishing  problem;  and  (3) 
a  general  lack  of  science  in  management  policy, 
together  with  the  increasing  impact  of  increasing 
pollution,  contributing  to  changing  fish  stocks. 
(See  also  (W9O-03689)  (Fish-PTT) 
W90-03703 


ASSESSMENT  OF  BUFFALO  FISHERIES  RE- 
SOURCES IN  A  MISSISSIPPI  STREAM 
THREE  DECADES  AFTER  CHANNELIZA- 
TION. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 

Agricultural  and  Biological  Engineering. 

For   primary   bibliographic   entry   see   Field   6G. 

W9O-O3709 


POOL-ORIFICE    AND    POOL-ORIFICE-WETR 
FISHWAYS. 

Alberta  Univ.,  Edmonton.  Dept.  of  Civil  Engi- 


neering. 

N.  Rajaratman,  C.  Katopodis,  and  A.  Mainali. 

Canadian  Journal  of  Civil  Engineering  CJCEB8, 

Vol.  16,  No.  5,  p  774-777,  October  1989.  2  fig,  7 

ref. 

Descriptors:  *Fish  passages,  'Weirs,  *Flow  rates, 
•Orifice  flow,  'Hydraulic  engineering,  Fish  lad- 
ders, Fish  barriers,  Open-channel  flow,  Turbulent 
flow,  Flow  characteristics,  Mathematical  analysis. 

This  technical  note  presents  a  method  of  analyzing 
the  flow  in  pool-orifice  fishways  by  dividing  it  into 
vertical  slot  and  submerged  orifice  flow  regimes. 
There  is  a  transition  state  between  the  regimes,  and 
flow  equations  have  been  developed  for  both  the 
end  states.  For  a  pool-orifice-weir  fishway,  with 
flow  through  the  orifice  and  over  the  weir,  a 
method  has  been  suggested  for  predicting  the  total 
flow  rate  in  the  fishway.  It  was  found  that  the  total 
flow  rate  is  approximately  equal  to  the  sum  of  the 
(uncoupled)  flows  through  the  orifices  and  over 
the  weirs.  Experimental  observations  supported 
these  methods.  (Author's  abstract) 
W90-04025 


COARSE  WOODY  DEBRIS  AND  CHANNEL 
MORPHOLOGY:  A  FLUME  STUDY. 

Oregon  State  Univ.,  Corvallis.   Dept.  of  Forest 

Engineering. 

J.  Cherry,  and  R.  L.  Beschta. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No 

5,  p  1031-1036,  October  1989.  3  fig,  1  tab,  21  ref. 

Descriptors:  *Stream  fisheries,  'Channel  morphol- 
ogy, 'Flow  characteristics,  Scour,  Simulation  anal- 
ysis, Flow  around  objects,  Stability,  Detritus. 

In  recent  years,  logs  and  other  structures  have 
been  added  to  streams  for  the  purposes  of  altering 
channel  morphology  to  improve  fish  habitat.  This 
flume  study  was  conducted  to  evaluate  the  effects 
of  coarse  woody  debris  on  local  channel  morphol- 
ogy. Wooden  dowels  were  used  to  simulate  the 
effects  of  individual  logs  in  a  stream,  and  scour 
depth  and  surface  area  were  determined  at  the  end 
of  each  test  run.  The  maximum  scour  depth  was 
significantly  correlated  (90  percent  confidence 
level)  with  both  the  vertical  orientation  of  the 
dowels  and  the  channel  opening  ratio;  the  scour 
surface  area  was  significantly  correlated  (90  per- 
cent confidence  level)  with  both  the  flow  depth 
and  the  vertical  orientation.  Upstream-oriented 
dowels  caused  relatively  large  streambed  scour 
and  also  deflected  flows  toward  the  streambank. 
Downstream-oriented  dowels  generally  caused  less 
bed  scour  and  appeared  to  provide  better  bank 
protection  because  flow  was  generally  deflected 
from  the  bank.  In  conjunction  with  data  from  field 
studies,  these  results  provide  information  on  the 
effects  of  orientation,  hydraulic  function,  and  rela- 
tive stability  of  coarse  woody  debris  in  streams. 
(Author's  abstract) 
W90-04207 


ROCK  ISLAND  DAM  SMOLT  MONITORING, 
1987. 

Public  Utility  District  No.  1  of  Chelan  County, 
Wenatchee,  WA.  Power  Operations  Dept. 
C.  M.  Peven,  D.  H.  Sheffield,  and  P.  C.  Fielder. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE89-001538. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  DOE/BP/6 1748-2,  September  1987. 
Final  Report.  46p,  9  fig,  5  tab,  5  ref.  DOE  Con- 
tract DE-AI79-86BP61748.   DOE   Project   84-54. 

Descriptors:  'Dam  effects,  'Salmon,  'Trout,  Rock 
Island  Dam,  Monitoring,  Fish  migration,  Fish  pop- 
ulations, Chinook,  River  flow. 

Downstream  migrating  salmon  and  steelhead  trout 
smolts  were  monitored  at  the  Rock  Island  Dam 
bypass  trap  from  April  1  through  August  31,  1987. 
Data  collected  included:  (1)  number  of  fish  caught 
by  species,  (2)  number  of  branded  fish  caught  by 
species,  (3)  daily  average  river  flow,  (4)  daily 
average  powerhouse  No.  1  and  No.  2  flows  and 
daily  average  spill.  These  data  were  transmitted  to, 
and  used  by,  the  Fish  Passage  Center  to  manage  a 
'water  budget'  of  allocated  upstream  water  storage 


to  augment  river  flows  to  improve  survival  of 
downstream  migrating  salmonids.  The  Rock  Island 
Dam  trapping  facility  collected  84,687  downstream 
migrating  salmonids  in  1987.  Collected  fish  includ- 
ed 412  chinook  salmon  and  638  steelhead  which 
had  been  freeze  branded  (to  determine  migration 
rates)  and  608  chinook  and  16,519  steelhead  with 
clipped  adipose  fins.  The  middle  80%  of  the  1987 
spring  migration  (excluding  sub-yearling  chinooks) 
passed  Rock  Island  Dam  during  a  30  day  period, 
April  27-May  26.  Passage  rates  of  hatchery  re- 
leased chinook  and  steelhead  smolts  and  down- 
stream migration  timing  of  all  salmonids  are  tabu- 
lated. Sub-yearling  chinook  comprised  17%  of  the 
fish  collected  at  Rock  Island  Dam.  (Author's  ab- 
stract) 
W90-04220 


EVALUATION  OF  FISHWAY  DESIGNS  FOR 
DOWNSTREAM  PASSAGE  OF  SPRING  CHI- 
NOOK SALMON  AND  STEELHEAD  TROUT 
SMOLTS,  1987. 

Idaho  Univ.,  Moscow.  Coll.  of  Forestry,  Wildlife 
and  Range  Sciences. 

J.  L.  Congleton,  E.  J.  Wagner,  and  R.  R.  Ringe. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE89-001554. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Final  Report  No.  DOE/BP/64234--1,  March  1988. 
53p,  5  fig,  16  ref,  3  append.  DOE  Contract  DE- 
AI79-86BP64234  and  Project  86-47. 

Descriptors:  'Salmon,  'Fish  passages,  'Fish  physi- 
ology, 'Trout,  Diel  variation,  Fisheries,  Fish  mi- 
gration, Design  standards,  Performance  evaluation, 
Flumes. 

The  stress  response  of  chinook  salmon  and  steel- 
head trout  smolts  to  passage  through  three  differ- 
ent flumes  was  tested  by  assaying  plasma  Cortisol 
concentrations  before  and  after  flume  passage.  In 
addition,  descaling  of  fish  was  recorded  before  and 
after  flume  passage,  and  the  ability  of  the  flumes  to 
pass  adult  chinook  salmon  and  debris  was  deter- 
mined. Plasma  Cortisol  concentrations  were  not 
significantly  elevated  in  chinook  salmon  smolts 
after  passage  through  any  of  the  flumes  (P>0.2). 
In  daytime  tests  of  partially  and  completely  dark- 
ened flumes  Cortisol  concentrations  were  consist- 
ently decreased  following  flume  passage.  Total 
darkening  of  the  flumes  during  daytime  was  benefi- 
cial: Cortisol  concentrations  were  lower  (P=0.03) 
in  chinook  salmon  smolts  passing  through  com- 
pletely darkened  flumes  than  in  smolts  passing 
through  partially  darkened  flumes.  In  steelhead 
trout  smolts,  plasma  Cortisol  concentrations  were 
significantly  elevated  after  passage  through  the 
flumes,  and  flume  design  did  have  a  significant 
effect  (P<0.0001).  Complete  darkening  of  the 
flumes  during  daytime  tests  did  not  have  a  signifi- 
cant effect  on  Cortisol  concentrations  (P=0.4). 
Plasma  Cortisol  concentrations  were  significantly 
higher  in  daytime  than  in  nighttime  samples  of 
chinook  salmon  smolts  held  in  darkened  and  un- 
darkened  tanks  and  raceways.  This  diel  Cortisol 
cycle  was  unaffected  by  light  intensity.  The  Corti- 
sol response  to  passage  through  darkened  flumes 
was  greater  in  nighttime  than  in  daytime  tests  with 
both  species.  None  of  the  flumes  tested  caused 
descaling  of  fish.  Descaling  was  measured  in  two 
ways:  as  mean  percent  of  body  area  descaled,  and 
as  the  percent  of  fish  in  a  sample  with  >  5% 
descaling  in  any  of  10  body  zones.  Neither  of  these 
descaling  measures  was  significantly  increased 
after  flume  passage,  and  flume  design  did  not  have 
a  significant  effect.  (Lantz-PTT) 
W90-04262 


HISTORICAL  PERSPECITVE  ON  FISH  SPE- 
CIES COMPOSITION  AND  DISTRIBUTION  IN 
THE  HUDSON  RTVER  ESTUARY. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 

For  primary  bibliographic  entry  see  Field  2L. 
W90-04507 


DISTRD3UTIONS  OF  EARLY  LIFE  STAGES  OF 
STRIPED  BASS  IN  THE  HUDSON  RTVER  ES- 
TUARY, 1974-1979. 
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National  Marine  Fisheries  Service,  Woods  Hole, 

MA.  Northeast  Fisheries  Center. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-04509 

STOCK     CHARACTERISTICS     OF     HUDSON 
RIVER  STRIPED  BASS. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 

For  primary  bibliographic  entry  see  Field  2L. 
W9O-O4510 


ADVANCES  IN  FTELD  AND  ANALYTICAL 
METHODS  FOR  ESTIMATING  ENTRATN- 
MENT  MORTALITY  FACTORS. 

EA  Engineering,  Science,  and  Technology,  Inc., 
Middletown,  NY. 

P.  H.  Muessig,  J.  R.  Young,  D.  S.  Vaughan,  and  B. 
A.  Smith. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  124-132.  7  fig,  1  tab,  20  ref. 
DOE  40-550-75,  Union  Carbide  Corp.  Contract  W- 
7405-eng-26,  DOE  40-1054-79. 

Descriptors:  *Environmental  effects,  *Nuclear 
powerplants,  *Thermal  powerplants,  'Powerplant 
effects,  'Entrainment,  *Estuarine  fisheries,  Hudson 
River,  Mortality,  Statistical  analysis. 

The  hearings  and  settlement  negotiations  in  the 
Hudson  River  case  focused  on  various  modeling 
input  factors  for  calculating  reduction  in  year-class 
strength  of  important  fish  species  in  the  Hudson 
River  due  to  power  plant  operations.  One  of  the 
inputs  that  received  considerable  attention,  and 
about  which  the  various  parties  to  the  case  came  to 
general  agreement,  was  the  entrainment  mortality 
factor,  or  f-factor,  the  probability  that  an  entrained 
live  organism  will  be  killed  as  a  result  of  its  passage 
through  a  power  plant  in  the  condenser  cooling 
water.  Entrainment  mortality  includes  death  due  to 
temperature  increases  and  death  due  to  mechanical 
processes.  The  convergence  of  views  about  the  f- 
factor  arose  from  increased  understanding  of  the 
sources  of  estimation  error,  improvements  in  gear 
for  collection  of  fish  larvae,  and  development  of  a 
model  for  the  thermal  component  of  entrainment 
mortality.  Improvements  in  sampling-gear  design 
reduced  potential  biases  in  mortality  estimates,  re- 
duced estimates  of  mechanical  mortality  from 
0.923  to  0.412,  and  improved  the  statistical  power 
to  detect  entrainment  mortality  and  the  precision 
of  mortality  estimates.  (See  also  W90-04505)  (Au- 
thor's abstract) 
W90-04512 


Disagreements  about  the  acceptability  of  these 
models  spurred  the  development  of  even  more 
complex  models.  The  entrainment  models  stimulat- 
ed the  collection  of  substantial  amounts  of  field 
data  to  define  the  spatial  distributions  and  entrain- 
ment survival  of  early  life  stages.  As  the  difficulties 
of  accounting  for  the  movement  of  early  life  stages 
from  hydrodynamic  principles  became  more  evi- 
dent and  as  more  field  data  became  available,  sim- 
pler empirical  modeling  approaches  became  both 
practical  and  defensible.  Both  empirical  and  hydro- 
dynamic  modeling  approaches  were  applied  during 
the  U.S.  Environmental  Protection  Agency's  hear- 
ings on  the  Hudson  River  power  case  (1977-1980). 
The  main  lessons  learned  from  the  experience  with 
entrainment-impingement  modeling  are  that  com- 
plex mechanistic  models  are  not  necessarily  better 
than  simpler  empirical  models  for  young  fish,  and 
that  care  must  be  taken  to  construct  even  the 
simple  models  correctly.  (See  also  W90-04505) 
(Author's  abstract) 
W90-04513 
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inhabiting  the  Hudson  River  estuary.  Entrainment 
mortality  is  expressed  as  a  conditional  rate,  which 
is  the  fractional  reduction  in  year-class  strength 
due  to  entrainment  if  other  sources  of  mortality  are 
density-independent.  Estimates  of  the  conditional 
entrainment  mortality,  based  on  historical  and  pro- 
jected once-through  cooling  operation  of  five 
power  plants,  were  11-22%  for  striped  bass,  11- 
17%  for  white  perch,  5-7%  for  Atlantic  tomcod, 
14-21%  for  American  shad,  4-11%  for  river  her- 
ring (alewife  and  blueback  herring  combined),  and 
35-79%  for  bay  anchovy.  Closed-cycle  cooling 
(natural-draft  cooling  towers)  at  three  of  the 
power  plants  (Indian  Point,  Bowline  Point,  and 
Roseton)  would  reduce  entrainment  mortality  of 
striped  bass  by  50-80%,  of  white  perch  by  75-80%, 
of  Atlantic  tomcod  by  65-70%,  of  American  shad 
by  80%,  of  river  herring  by  30-90%,  and  of  bay 
anchovy  by  45-80%.  The  life  stages  most  vulnera- 
ble to  entrainment  mortality  were  post-yolk-sac 
larva  and  entrainable  size  juvenile.  (See  also  W90- 
04505)  (Author's  abstract) 
W90-04515 


HISTORICAL  DEVELOPMENT  OF  ENTRAIN- 
MENT    MODELS     FOR     HUDSON     RIVER 

STRIPED  BASS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

S.  W.  Christensen,  and  T.  L.  Englert. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  133-142.  4  fig,  1  tab,  29  ref. 
DOE  40-544-75,  DOE  40-740-78,  Contract  DE- 
AC05-840R21400. 

Descriptors:  *Powerplant  effects,  'Thermal  pow- 
erplants, 'Nuclear  powerplants,  'Striped  bass, 
•Hudson  River  Estuary,  'Environmental  effects, 
•Entrainment,  Model  studies,  Empirical  models, 
Transport  models,  Life  history  studies. 

In  the  mid-1960s,  concerns  surfaced  regarding  en- 
trainment and  impingement  of  young-of-the-year 
(age-0)  striped  bass  by  electric  power  generating 
facilities  on  the  Hudson  River.  These  concerns 
stimulated  the  development  of  increasingly  com- 
plex models  to  evaluate  the  impacts  of  these  facili- 
ties. The  earliest  simplistic  formulas,  based  on  em- 
pirical data,  proved  inadequate  because  of  concep- 
tual shortcomings,  incomplete  development,  and 
lack  of  data.  By  1972,  complex  transport  models 
based  on  biological  and  hydrodynamic  principles 
had  been  developed  and  applied  by  scientists  rep- 
resenting both  the  utilities  and  the  government. 


HISTORICAL  REVffiW  OF  ENTRAINMENT 
IMPACT  ESTIMATES  AND  THE  FACTORS  IN- 
FLUENCING THEM. 

Lawler,  Matusky  and  Skelly  Engineers,  Pearl 
River,  NY. 

T.  L.  Englert,  and  J.  Boreman. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment.    American    Fisheries    Society,     Bethesda, 
Maryland.   1988.  p  143-151.  2  fig,   1  tab,   18  ref. 

Descriptors:  *Environmental  effects,  *Nuclear 
powerplants,  *Powerplant  effects,  *Thermal  pow- 
erplants, *Entrainment,  *Striped  bass,  'Hudson 
River  Estuary,  Mathematical  models,  Mortality, 
Data  interpretation,  Indian  Point  Nuclear  Plant. 

Estimates  of  entrainment  mortality  have  played  a 
key  role  in  the  Hudson  River  power  plant  case 
since  the  late  1960s.  The  estimates  of  entrainment 
mortality  of  striped  bass  due  to  the  operation  of 
Indian  Point  nuclear  plant  were  first  presented  by 
utility  and  government  consultants  in  1972.  These 
estimates  were  derived  with  the  first  of  many 
generations  of  mathematical  models.  Assumed 
values  had  to  be  used  for  some  of  the  critical 
parameters  because  of  the  limited  amount  of  data 
available.  The  government  estimates  were  much 
higher  as  a  result  of  the  intentional  use  of  conserv- 
ative assumptions.  As  more  data  became  available 
and  model  formulations  evolved,  fewer  assump- 
tions were  needed,  the  government  estimates  de- 
clined, and  the  gap  between  estimates  from  the 
two  groups  of  consultants  narrowed  markedly. 
Several  factors  contributed  to  the  convergence  of 
model  estimates,  but  a  key  factor  was  field  data 
showing  that  more  than  half  of  the  entrained 
striped  bass  survive  passage  through  the  plant.  The 
convergence  of  estimates  of  entrainment  mortality 
was  a  key  ingredient  in  the  eventual  formulation  of 
the  settlement  agreement  and  showed  that  progress 
had  been  made  in  resolving  an  important  portion  of 
the  heavily  contested  issues.  (See  also  W90-O4505) 
(Author's  abstract) 
W90-04514 


ESTIMATES  OF  ENTR/UNMENT  MORTALI- 
TY FOR  STRD7ED  BASS  AND  OTHER  FISH 
SPECIES  INHABITING  THE  HUDSON  RIVER 
ESTUARY. 

National  Marine  Fisheries  Service,  Woods  Hole, 
MA.  Northeast  Fisheries  Center. 
J.  Boreman,  and  C.  P.  Goodyear. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  152-160.  7  tab,  18  ref. 

Descriptors:  *Hudson  River  Estuary,  *Powerplant 
effects,  'Thermal  powerplants,  'Nuclear  power- 
plants,  'Estuarine  fisheries,  'Environmental  ef- 
fects, 'Entrainment,  Mortality,  Striped  bass, 
Perch,  Atlantic  tomcod,  Shad,  River  herring,  Bay 
anchovy. 

An  empirically  derived  age-,  time-,  and  space- 
variant  equation  was  used  to  estimate  entrainment 
mortality  at  power  plants  for  seven  fish  species 


RELIABILITY  OF  IMPINGEMENT  SAM- 
PLING DESIGNS:  AN  EXAMPLE  FROM  THE 
INDIAN  POINT  STATION. 

Normandeau  Associates,  Inc.,  Bedford,  NH. 
M.  T.  Mattson,  J.  B.  Waxman,  and  D.  A.  Watson. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment.    American    Fisheries    Society,     Bethesda, 
Maryland.   1988.  p  161-169.   1  fig,  6  tab,  14  ref. 

Descriptors:  'Powerplant  effects,  'Sampling, 
'Thermal  powerplants,  'Nuclear  powerplants, 
'Hudson  River  Estuary,  'Impingement,  'Estuarine 
fisheries,  'Data  acquisition,  'Data  interpretation, 
'Environmental  effects,  Indian  Point  Nuclear 
Plant,  Sampling. 

A  4-year  data  base  (1976-1979)  of  daily  fish  im- 
pingement counts  at  the  Indian  Point  electric 
power  station  on  the  Hudson  River  was  used  to 
compare  the  precision  and  reliability  of  three 
random-sampling  designs:  (1)  simple  random,  (2) 
seasonally  stratified  (by  3-month  periods),  and  (3) 
empirically  stratified  (based  on  trends  in  daily  im- 
pingement variation).  The  precision  of  daily  im- 
pingement estimates  improved  logarithmically  for 
each  design  as  more  days  in  the  year  were  sam- 
pled. Simple  random  sampling  was  the  least,  and 
empirically  stratified  sampling  was  the  most  pre- 
cise design,  and  the  difference  in  precision  between 
the  two  stratified  designs  was  small.  Computer- 
simulated  sampling  was  used  to  estimate  the  reli- 
ability of  the  two  stratified-random-sampling  de- 
signs. A  seasonally  stratified  sampling  design  was 
selected  as  the  most  appropriate  reduced-sampling 
program  for  Indian  Point  station  because:  (1)  rea- 
sonably precise  and  reliable  impingement  estimates 
were  obtained  using  this  design  for  all  species 
combined  and  for  eight  common  Hudson  River 
fish  by  sampling  only  30%  of  the  days  in  a  year 
(110  d);  and  (2)  seasonal  strata  may  be  more  precise 
and  reliable  than  empirical  strata  if  future  changes 
in  annual  impingement  patterns  occur.  The  season- 
ally stratified  design  applied  to  the  1976-1983 
Indian  Point  impingement  data  showed  that  selec- 
tion of  sampling  dates  based  on  daily  species-spe- 
cific impingement  variability  gave  results  that  were 
more  precise,  but  not  more  consistently  reliable, 
than  sampling  allocations  based  on  the  variability 
of  all  fish  species  combined.  (See  also  W90-O4505) 
(Author's  abstract) 
W90-04516 


SURVTVAL  OF  FISHES  AFTER  IMPINGE- 
MENT ON  TRAVELING  SCREENS  AT 
HUDSON  RIVER  POWER  PLANTS. 

EA  Engineering,  Science,  and  Technology,  Inc., 
Middletown,  NY. 

P.  H.  Muessig,  J.  B.  Hutchison,  L.  R.  King,  R.  J. 
Ligotino,  and  M.  Daley. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.   1988.  p  170-181.  9  fig,  4  tab,  24  ref. 
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Field  8— ENGINEERING  WORKS 


Group  81 — Fisheries  Engineering 

Descriptors:  'Estuarine  fisheries,  'Hudson  River 
estuary,  •Entrainment,  'Powerplant  effects, 
♦Thermal  powerplants,  'Nuclear  powerplants, 
•Environmental  effects,  'Impingement,  Rotating 
screens,  Atlantic  tomcod,  Striped  bass,  White 
perch,  Bay  anchovy,  Alewife,  Herring. 

The  survival  of  Hudson  River  fishes,  juveniles  and 
adults,  after  they  had  been  impinged  on  continu- 
ously rotated  traveling  screens  at  the  Bowline 
Point  and  Danskammer  Point  power  plants  was 
examined.  Survival  of  principal  species  was  similar 
at  the  two  plants,  and  estimates  of  survival  im- 
proved as  monitoring  stress  was  reduced.  Adjusted 
for  survival  of  control  fish,  survival  over  84-108  h 
after  fish  were  recovered  from  the  screens  was 
highest  for  Atlantic  tomcod,  striped  bass,  and 
white  perch  (50-90%)  and  lowest  for  bay  anchovy, 
alewife,  and  blueback  herring;  other  species 
showed  intermediate  survival.  Survival  of  striped 
bass  and  white  perch  was  positively  correlated 
with  water  temperature  in  winter  and  with  con- 
ductivity in  spring  and  fall.  Continual  rotation  of 
the  screens,  which  shortens  the  average  time  that 
fish  are  impinged,  increased  survival  over  that 
associated  with  intermittent  rotation.  (See  also 
W90-04505)  (Author's  abstract) 
W90-04517 


ANALYSIS  OF  IMPINGEMENT  IMPACTS  ON 
HUDSON  RIVER  FISH  POPULATIONS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see   Field   6G. 
W90-04518 


DEVELOPMENT  AND  SENSITIVITY  ANALY- 
SIS OF  IMPACT  ASSESSMENT  EQUATIONS 
BASED  ON  STOCK-RECRUITMENT  THEORY. 

Texas  Instruments,  Inc.,  Buchanan,  NY.  Ecologi- 
cal Services  Group. 

For  primary  bibliographic  entry  see  Field  6G. 
W90-04519 


SOME  CONSIDERATIONS  IN  APPLYING 
STOCK-RECRUITMENT  MODELS  TO  MULTI- 
PLE-AGE SPAWNING  POPULATIONS. 

Lawler,    Matusky    and    Skelly    Engineers,    Pearl 
River,  NY. 
P.  J.  Lawler. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  204-218.  3  tab,  15  ref. 

Descriptors:  'Environmental  effects,  'Hudson 
River  Estuary,  'Powerplant  effects,  'Thermal 
powerplants,  'Nuclear  powerplants,  'Estuarine 
fisheries,  Model  studies,  Population  studies,  Mor- 
tality, Data  interpretation,  Environmental  impact. 

Several  approaches  used  during  the  Hudson  River 
power  plant  hearings  (1977-1980)  to  permit  quanti- 
tative estimation  of  the  impact  of  power  plant 
operation  on  the  river's  striped  bass  population  are 
presented.  The  Ricker  stock-recruitment  model 
was  adopted  as  a  starting  point  to  provide  a  rea- 
sonable working  conceptualization  of  the  stock- 
recruitment  processes  operating  in  this  river.  This 
model  was  then  modified  in  a  variety  of  ways  to 
reflect  multiple-age  spawning  by  striped  bass,  and 
the  results  were  fit  to  data  on  the  river's  commer- 
cial striped  bass  catch  and  effort,  organized  to 
reflect  certain  average  age  distribution  parameters. 
Environmental  variation  in  the  system,  represented 
in  an  overall  fashion  by  the  spring  and  summer 
variation  in  the  river's  freshwater  flow,  and  the 
effect  of  certain  assumed  modes  of  cannibalism 
were  also  included  in  these  analyses.  Quantitative 
estimates  of  the  Ricker  parameters  alpha  and  beta 
representing  'compensatory  reserve'  and  density- 
dependent  mortality,  respectively,  in  the  system 
were  extracted  from  these  fits.  In  addition,  an 
approach  to  modeling  the  influence  of  certain  den- 
sity-dependent and  density-independent  growth 
factors  on  the  various  modes  of  mortality  is  pre- 
sented. All  of  the  above  procedures  are  directed 
toward  estimating  the  change  a  given  impact  may 
induce  on  the  stock-recruitment  model  parameters 
alpha  and  beta.  These  changes  in  alpha  and  beta 


are  used  in  various  equilibrium  reduction  models  to 
estimate  the  percentage  change  in  the  equilibrium 
spawning  population  that,  all  other  things  remain- 
ing equal,  can  be  expected  in  the  presence  of  the 
impact  under  study.  (See  also  W90-04505)  (Au- 
thor's abstract) 
W90-04520 


TESTING  THE  VALIDITY  OF  STOCK-RE- 
CRUITMENT CURVE  FITS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

S.  W.  Christensen,  and  C.  P.  Goodyear. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.  1988.  p  219-231.  2  fig,  3  tab,  39  ref, 
append.  DOE  40-544-75,  DOE  40-740-78(EPA  79- 
D-X0533),  DE-AC05-84OR21400. 

Descriptors:  'Environmental  effects,  'Estuarine 
fisheries,  'Hudson  River  Estuary,  'Striped  bass, 
•Environmental  impact,  Ricker  stock-recruitment 
model,  Population  studies,  Simulation  models. 

The  utilities  relied  heavily  on  the  Ricker  stock- 
recruitment  model  as  the  basis  for  quantifying  bio- 
logical compensation  in  the  Hudson  River  power 
case.  They  presented  many  fits  of  the  Ricker 
model  to  data  derived  from  striped  bass  catch  and 
effort  records  compiled  by  the  National  Marine 
Fisheries  Service.  Based  on  this  curve-fitting  exer- 
cise, a  value  of  4  was  chosen  for  the  parameter 
alpha  (the  balance  between  fecundity  and  densi- 
tyindependent  mortality)  in  the  Ricker  model,  and 
this  value  was  used  to  derive  the  utilities'  estimates 
of  the  long-term  impact  of  power  plants  on  striped 
bass  populations.  A  technique  was  developed  and 
applied  to  address  a  single  fundamental  question:  If 
the  Ricker  model  were  applicable  to  the  Hudson 
River  striped  bass  population,  could  the  estimates 
of  alpha  from  the  curve-fitting  exercise  be  consid- 
ered reliable.  The  technique  involved  constructing 
a  simulation  model  that  incorporated  the  essential 
biological  features  of  the  population  and  simulated 
the  characteristics  of  the  available  actual  catch- 
per-unit-effort  data  through  time.  The  ability  or 
failure  to  retrieve  the  known  parameter  values 
underlying  the  simulation  model  via  the  curve- 
fitting  exercise  was  a  direct  test  of  the  reliability  of 
the  results  of  fitting  stock-recruitment  curves  to 
the  real  data.  The  results  demonstrated  that  esti- 
mates of  alpha  from  the  curve-fitting  exercise  were 
not  reliable.  The  simulation-modeling  technique 
provides  an  effective  way  to  identify  whether  or 
not  particular  data  are  appropriate  for  use  in  fitting 
such  models.  (See  also  W90-04505)  (Author's  ab- 
stract) 
W90-04521 


FISHING  IN  DANGEROUS  WATERS:  RE- 
MARKS ON  A  CONTROVERSIAL  APPEAL  TO 
SPAWNER-RECRUIT  THEORY  FOR  LONG- 
TERM  IMPACT  ASSESSMENT. 

Cornell  Univ.,  Ithaca,  NY.  Ecosystems  Research 
Center. 

R.  I.  Fletcher,  and  R.  B.  Deriso. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment.    American    Fisheries    Society,     Bethesda, 
Maryland.  1988.  p  232-244.  1  fig,  21  ref,  append. 

Descriptors:  'Environmental  effects,  'Estuarine 
fisheries,  'Hudson  River  Estuary,  'Thermal  pow- 
erplants, 'Nuclear  powerplants,  'Fish  populations, 
Environmental  impact,  Model  studies,  Spawner- 
recruit  models,  Fish  management. 

In  the  Hudson  River  power  plant  case,  the  defend- 
ing utility  companies  appealed  to  the  (perceived) 
practices  of  commercial  fishery  managers  as  prece- 
dent for  their  own  uses  of  spawner-recruit  models 
in  forecasting  the  effects  on  stock  abundances  of 
long-term  water  withdrawals  by  the  power  plants. 
In  contrast  to  this  perception  of  spawner-recruit 
models  as  commonly  accepted  instruments  of  fish- 
ery management,  the  present  survey  of  managers 
and  regulatory  agencies  revealed  instead  a  univer- 
sal rejection  of  such  models.  The  inadequacies  of 
spawner-recruit  (or  parent-progeny)  models  were 
attributed  variously  to  the  effects  of  environmental 


uncertainty,  to  imperfect  knowledge  of  population 
regulation,  and  to  the  lack  of  sufficient  biological 
meaning  in  the  models  themselves.  In  general, 
impact  assessment  little  resembles  fishery  regula- 
tion because  the  options  and  privileges  commonly 
exercised  by  a  fishery  manager  are  closed  to 
impact  management.  In  either  case,  long-term  fore- 
casting remains  unreliable  due  to  the  problem,  as 
yet  unsolved,  of  predicting  reproduction  and  re- 
cruitment in  natural  populations.  (See  also  W90- 
04505)  (Author's  abstract) 
W90-04522 


IMPLICATIONS  OF  POWER  PLANT  MOR- 
TALITY FOR  MANAGEMENT  OF  THE 
HUDSON   RIVER  STRD7ED  BASS   FISHERY. 

Fish  and  Wildlife  Service,  Ann  Arbor,  MI. 
C.  P.  Goodyear. 

IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment. American  Fisheries  Society,  Bethesda, 
Maryland.   1988.  p  245-254.  5  fig,  4  tab,  26  ref. 

Descriptors:  'Environmental  effects,  'Powerplant 
effects,  'Thermal  powerplants,  'Nuclear  power- 
plants,  'Hudson  River  Estuary,  'Striped  bass, 
'Fish  management,   Fish  populations,   Mortality. 

The  Atlantic  coastal  stock  of  striped  bass  apparent- 
ly declined  from  colonial  times  to  the  early  1930s 
and  subsequently  recovered.  The  reasons  for  the 
decline  and  recovery  are  not  known,  but  fishing 
remains  a  possible  explanation,  which  would  sug- 
gest population  sensitivity  to  increased  mortality. 
Evidence  suggests  that  fishing  mortality  has  been 
increasing  in  recent  years  and  will  continue  to 
increase  in  the  absence  of  management  interven- 
tion. The  consequence  of  increased  fishing  mortali- 
ty is  an  increase  in  the  marginal  effect  of  the  power 
plant  mortality  which  based  on  the  utilities'  models 
and  parameter  fits,  could  result  in  important  reduc- 
tions in  the  Hudson  River  striped  bass  population. 
Any  management  actions  imposed  to  arrest  popu- 
lation decline  or  to  increase  yield  per  effort  in  the 
fishery  would  be  required  to  mitigate  the  impact  of 
the  power  plants  by  reducing  fishing  mortality.  It 
is  estimated  that  a  20%  conditional  power  plant 
mortality  is  equivalent  to  a  14%  increase  in  the 
number  of  average  fishermen  using  the  stock.  Con- 
sequently, should  any  management  intervention  be 
required  on  behalf  of  the  population,  managers 
would  be  required  to  reduce  fishing  mortality  by 
about  14%  just  to  account  for  the  power  plant 
mortality.  (See  also  W90-04505)  (Author's  ab- 
stract) 
W90-04523 


PLANT  FLOW  REDUCTIONS  AND  OUTAGES 
AS  MITIGATTVE  MEASURES. 

Lawler,    Matusky    and    Skelly    Engineers,    Pearl 

River,  NY. 

For  primary  bibliographic  entry  see  Field  6F. 

W90-04525 


EVALUATION  OF  A  BARRIER  NET  USED  TO 
MITIGATE  FISH  IMPINGEMENT  AT  A 
HUDSON  RIVER  POWER  PLANT  INTAKE. 

Orange  and  Rockland  Utilities,  Inc.,  Pearl  River, 
NY. 

J.  B.  Hutchison,  and  J.  A.  Matousek. 
IN:  Science,  Law  and  Hudson  River  Power  Plants: 
A  Case  Study  in  Environmental  Impact  Assess- 
ment.    American    Fisheries     Society,     Bethesda, 
Maryland.   1988.  p  280-285.  3  fig,  4  tab,   10  ref. 

Descriptors:  'Hudson  River  Estuary,  'Estuarine 
fisheries,  'Thermal  powerplants,  'Nuclear  power- 
plants,  'Impingement,  'Environmental  effects, 
Mitigation  measures,  Fish  populations,  Nets,  Sur- 
vival. 

A  multifilament  nylon  net  of  0.95-cm  bar  mesh  was 
deployed  as  a  physical  barrier  to  fish  in  front  of  the 
Bowline  Point  power  plant  cooling  water  intake 
on  the  Hudson  River  from  1976  to  1985.  The 
barrier  net  was  deployed  during  the  historical  peak 
impingement  months  of  October-May.  The  pri- 
mary species  impinged  on  the  intake  screens  during 
this  period  were  young-of-year  and  yearling  white 
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perch,  striped  bass,  rainbow  smelt,  alewife,  blue- 
back  herring,  and  American  shad,  generally  rang- 
ing from  5  to  10  cm  in  total  length.  When  the 
barrier  net  was  deployed,  median  impingement  of 
all  fish  was  91%  lower  than  during  comparable 
periods  before  the  net  was  installed.  A  mark-recap- 
ture population  estimate  indicated  that  230,000 
yearling  striped  bass  and  white  perch  were  in  the 
embayment  outside  the  net  in  April  1982;  over  a  9- 
d  study  period,  only  1.6%  of  this  estimated  popula- 
tion was  impinged.  Concurrent  survival  probability 
studies  of  fish  marked  and  released  at  locations 
inside  and  outside  the  barrier  net  showed  that  fish 
released  inside  had  72%  lower  survival  (P</ 
=0.0001)  than  those  released  outside  the  net.  Gill- 
net  catches  were  significantly  lower  inside  than 
outside  the  net  (P</=0.05).  This  study  led  to 
improvements  in  barrier-net  deployment,  including 
changes  in  the  anchoring  system,  use  of  a  debris 
boom,  installation  of  an  air-bubbler  system  to  pre- 
vent ice  accumulation,  and  sectioning  of  the  net  to 
facilitate  removal  and  cleaning.  (See  also  W90- 
04505)  (Author's  abstract) 
W9O-04526 

9.  MANPOWER,  GRANTS 
AND  FACILITIES 

9B.  Education  (In-House) 


MANAGING   WATER   SUPPLY:   PUBLIC   OR 
PRIVATE. 

Water  Training,  Tadley  Court,  Tadley  Common 
Road,  Tadley,  Basingstoke,  Hants  RG26  6TB,  UK. 
For  primary  bibliographic  entry  see  Field  5F. 
W9O-O3970 

9C.  Research  Facilities 


ARTIFICIAL  INTELLIGENCE  APPLICATIONS 
IN  ENGINEERING  DESIGN:  RESEARCH  AT 
MJ.T. 

Massachusetts  Inst,  of  Tech.,  Cambridge. 
For  primary  bibliographic  entry  see  Field  8A. 
W90-04287 


9D.  Grants,  Contracts,  and 
Research  Act  Allotments 


U.S.  GEOLOGICAL  SURVEY  FEDERAL-STATE 
COOPERATIVE  WATER-RESOURCES  PRO- 
GRAM FISCAL  YEAR  1988. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field   IOC. 

W90-03814 


FISCAL  YEAR  1988  PROGRAM  REPORT  (IN- 
DIANA WATER  RESOURCES  REPORT 
CENTER). 

Purdue  Univ.,  Lafayette,  IN.  Water  Resources  Re- 
search Center. 
J.  R.  Wright. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-236749/ 
AS,  price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. 23rd  Annual  Report,  Report  No.  G1561-01, 
August  1989.  35p.  USGS  Project  no.  G1561-01. 

Descriptors:  'Water  resources  institutes,  'Re- 
search, 'Information  transfer,  'Training,  'Indiana, 
Education,  Projects. 

The  1988  program  of  the  Indiana  Water  Resources 
Research  Center  (WRRC),  located  at  Purdue  Uni- 
versity, revolved  around  three  research  projects. 
The  projects  are  as  follows.  Ronald  F.  Turco 
conducted  research  that  provided  a  characteriza- 
tion of  the  microbial  factors  in  soil  that  affect 
movement  of  agricultural  chemicals  from  the  root 
zone  through  the  vadose  zone  to  groundwater. 
Steven  J.  Fritz  led  a  project  which  resulted  in 
estimates  of  groundwater  recharge  rates  through 
glacial  tills,  which  are  of  significant  importance  in 
calculating  the  water  budget  in  areas  where  con- 
taminants are  identified.  The  second  year  of  a  two 


year  research  project  was  completed  by  Victor  J. 
Bierman,  Jr.  The  second  year  research  expanded 
on  that  of  the  first  to  include  an  evaluation  of 
optimal  load  estimation  methods  under  a  wide 
range  of  hydrologic  conditions.  These  methods  can 
be  directly  used  in  the  application  of  models  for 
toxicant  mass  balances  and  waste  load  allocations 
for  inland  lakes,  nearshore  embayments,  and  the 
Great  Lakes.  They  can  also  be  used  to  conduct 
retrospective  studies  with  existing  data  or  to  design 
sampling  programs  for  new  studies.  The  Center's 
technology  transfer  program  involved  meetings 
with  various  national,  state,  and  private  entities, 
invited  presentations  to  various  groups,  and  news- 
letters and  technical  reports.  (USGS) 
W90-03887 


FISCAL  YEAR  1988  PROGRAM  REPORT 
(MARYLAND  WATER  RESOURCES  RE- 
SEARCH CENTER). 

Maryland  Univ.,  College  Park.  Water  Resources 
Research  Center. 
R.  E.  Menzer. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-237259/ 
AS,  price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. ProgTam  Report  G1567-01,July  1989.  24p. 
USGS  Contract  no.  14-08-0001-G1567.  USGS 
Project  no.  G1567-01. 

Descriptors:  'Water  resources  institutes,  'Re- 
search, 'Information  transfer,  'Training,  'Mary- 
land, Education,  Projects. 

In  response  to  the  priorities  and  goals  for  1988  of 
the  Maryland  Water  Resources  Research  Center, 
four  research  projects  and  an  information  transfer 
project  were  supported.  The  projects  dealt  with 
sedimentation,  nitrogen  and  phosphorus  leaching 
resulting  from  agricultural  practices,  toxic  metal 
deposition  in  reservoirs  and  the  Chesapeake  Bay, 
and  the  recovery  of  submerged  aquatic  vegetation 
in  the  Chesapeake  Bay.  Analysis  of  sedimentation 
in  the  South  River  estuary  indicated  significant 
cliff  erosion  in  the  late  1800's  and  considerable  loss 
of  marsh  area  offset  by  new  marsh  formation  re- 
sulting from  highway  construction  over  the  last 
fifty  years.  In  agricultural  field  studies  to  compare 
the  impact  of  tillage  practices  on  water  quality, 
analysis  of  soil  and  groundwater  samples  indicated 
higher  and  more  variable  levels  of  nitrate  under 
conventional  tillage  than  in  conservation  tillage.  In 
mesocosm  studies  of  submerged  aquatic  vegetation 
in  the  Chesapeake  Bay,  increased  loading  of  N  and 
P  both  resulted  in  significant  increases  of  total 
biomass  of  epiphytic  algae.  However,  field  studies 
showed  that  submerged  aquatic  vegetation  growth 
was  limited  by  the  availability  of  N  and  P.  Thus, 
the  question  of  nutrient  availability  is  crucial  in  the 
balance  of  algae  versus  vascular  plant  growth. 
Examination  of  cores  from  three  sites  on  the  west- 
ern shore  of  the  Chesapeake  Bay  and  one  site  on 
the  Eastern  Shore  for  lead,  cooper,  and  zinc  re- 
vealed much  higher  levels  on  the  western  shore. 
Results  for  lead  indicate  that  at  least  for  this  one 
element,  environmental  controls  have  resulted  in 
substantially  lower  inputs  to  the  aquatic  environ- 
ment. (USGS) 
W90-03888 


FISCAL  YEAR  1988  PROGRAM  REPORT 
(MICHIGAN  INSTITUTE  OF  WATER  RE- 
SEARCH). 

Michigan  State  Univ.,  East  Lansing.  Inst,  of  Water 
Research. 
J.  F.  Bartholic. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-237275/ 
AS,  price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  88-G1569-01,  March  1989. 
35p.  USGS  Contract  no.  14-O8-0001-G1569.  USGS 
Project  no.  G1569-01. 

Descriptors:  'Water  resources  institutes,  'Michi- 
gan, 'Information  transfer,  'Training,  Research, 
Education,  Projects. 

The  major  thrust  of  the  Michigan  Institute  of 
Water  Research  during  the  1988  program  year 
involved  activities  related  to  its  research  program, 
statewide  water  resources  planning  activities,  use 


of  geographic  information  systems  and  the  technol- 
ogy transfer  program.  Water  management  planning 
along  with  surface  and  groundwater  contamination 
problems  are  the  top  priority  issues  in  the  state  at 
the  present  time.  Research  projects  funded  by  the 
Institute  of  Water  Research  to  address  these  prob- 
lems and  issues  included:  an  interdisciplinary  ap- 
proach to  valuation  of  Michigan's  coastal  wetlands 
(02);  the  hydrogeological  and  hydrogeochemical 
characterization  and  implication  for  consumptive 
use  of  a  large  glacial-drift  aquifer  system  in  south- 
west Michigan  (03);  an  environmental  isotopic  ap- 
proach to  establish  the  susceptibility  of  buried 
aquifers  to  surface  derived  contaminants  (04);  the 
upgrading  of  microcomputer  workstation  for  the 
dissemination  of  groundwater  information  to  local 
decision  makers  (33);  and  the  development  and 
implementation  of  the  Institute  of  Water  Research 
technology  transfer  program  through  publication 
and  dissemination  of  research  results,  distribution 
of  water  related  newsletter  and  information  materi- 
als, responses  to  requests  for  information,  coordi- 
nation of  conferences  and  publication  of  confer- 
ence proceedings,  and  the  development  of  educa- 
tional audio-visual  programs  (22).  (USGS) 
W90-03889 


FISCAL  YEAR  1989  PROGRAM  REPORT  (VIR- 
GINIA WATER  RESOURCES  RESEARCH 
CENTER). 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Water  Resources  Research  Center. 
W.  R.  Walker. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-109497/ 
AS,  price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G  1596-01,  July  1989.  32p, 
3  append.  USGS  Contract  no.  14-08-0001-G1596. 
USGS  Project  no.  G  1596-01. 

Descriptors:  'Water  resources  institutes,  'Virginia, 
'Research,  'Information  transfer,  'Training,  Edu- 
cation, Projects. 

The  Virginia  Water  Resources  Research  Center's 
1987-1992  Five-Year  Plan  has  focused  on  four 
major  water  resources  issues  confronting  Virginia: 
(1)  water  resources  planning;  (2)  land  use  effects 
on  water  resources;  (3)  land  application  of  sewage 
sludge,  and  (4)  water-related  health  concerns. 
During  the  1988  federal  fiscal  year,  the  Center 
sponsored  seven  research  projects  and  16  students 
(11  graduate  and  5  undergraduate).  The  research 
projects  emphasized  all  four  of  the  major  water 
resource  issues  described  in  the  five-year  plan:  the 
effects  of  agricultural  best  management  practices 
(BMPs),  tillage,  and  land  applied  sewage  sludge  on 
surface  water,  groundwater,  and  nitrate  leaching;  a 
comprehensive  assessment  of  the  effectiveness  and 
impacts  of  agricultural  BMPs  applicable  to  Virgin- 
ia; computer  modeling  of  the  effects  of  agricultural 
practices  on  groundwater  and  surface  water,  in- 
cluding the  Chesapeake  Bay;  comparisons  of  two 
U.S.  Environmental  Protection  Agency  approved 
tests  (Extraction  Procedure  Toxicity  Test  and 
Toxicity  Characteristic  Leachate  Procedure)  for 
the  analysis  of  trace  organic  chemicals  in  sewage 
sludge;  a  study  on  the  feasibility  of  using  a  modi- 
fied helium  microwave  plasma  for  the  determina- 
tion of  non-metal  and  metal  concentrations  in 
drinking  water;  the  economic  impacts  and  manage- 
rial implications  for  Virginia's  water  supply  indus- 
try of  the  1986  Amendments  to  the  Safe  Drinking 
Water  Act;  and  the  potential  of  natural  soil  micro- 
organisms to  degrade  pollutants  in  the  subsoil. 
During  the  past  year,  three  conferences--' Pesti- 
cides: Risks,  Management,  and  Alternatives';  '1989 
Virginia  Water  Resources  Conference  (in  concert 
with  the  Virginia  Lake  Society,  chapter  of  the 
North  American  Lake  Management  Society)';  and 
'Pesticides  in  Terrestrial  and  Aquatic  Environ- 
ments' were  sponsored  by  the  Center.  Proceedings 
for  the  one  of  the  two  pesticides  conferences  and 
three  bulletins  of  Center-sponsoring  research  were 
published  during  the  year.  More  than  26,000  publi- 
cations were  distributed  by  the  Center  during  the 
year.  In  addition  to  the  bulletins  and  proceedings, 
noteworthy  publications  included  "Threats  to  Vir- 
ginia's Groundwater'.  This  book  and  a  companion 
slide-tape/video  are  being  used  in  middle  and  high 
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schools    throughout    the    state.    (Weigmann-VA 

Tech.) 

W90-03897 

10.  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 

IOC.  Secondary  Publication 
And  Distribution 


OECD  ENVIRONMENTAL  DATA:  DONNEES 
OCDE  SWR  L'ENVTRONMENT,  COMPENDI- 
UM 1989. 

Organization  for  Economic  Co-Operation  and  De- 
velopment, Paris  (France). 

Organization  for  Economic  Co-Operation  and  De- 
velopment, Paris,  France.  1989.  326  p.  (English 
and  French). 

Descriptors:  'Europe,  'Data  collections,  •Envi- 
ronmental effects,  'Ecological  effects,  Air  pollu- 
tion, Inland  waterways,  Marine  environment,  For- 
ests, Land  use,  Wildlife,  Solid  wastes,  Radioactiv- 
ity, Noise. 

Environmental  information  and  reporting  are  im- 
portant activities  of  the  governments  of  the  Orga- 
nization for  Economic  Co-Operation  and  Develop- 
ment (OECD)  member  countries.  They  are  a  way 
of  responding  to  public  demands  for  environmental 
information,  they  assist  in  the  definition,  implemen- 
tation and  evaluation  of  environmental  policies  and 
they  help  to  incorporate  environmental  concerns 
in  decision  making.  The  Compendium  of  Environ- 
mental Data  is  a  statistical  document  that  includes 
updated  and  revised  data,  and  a  number  of  new 
tables  on  topics  which  had  not  previously  been 
covered.  Sections  2  to  1 1  of  the  compendium  relate 
to  the  state  of  the  environment  itself  (air,  inland 
waters,  marine  environment,  land,  forests,  wildlife, 
solid  wastes,  noise,  risks  and  radioactivity),  and 
sections  12  to  15  relate  to  activities  generating 
pressures  on  the  environment:  energy,  transport, 
industry,  and  agriculture.  The  last  part  includes  a 
section  on  general  data.  Information  on  the  re- 
sponses of  economic  agents  to  the  pressures  on  the 
environment  are  not  included  in  the  1989  version 
of  the  OECD  Compendium.  (Lantz-PTT) 
W90-03742 


DRINKING    WATER    HEALTH    ADVISORY: 
PESTICIDES. 

For  primary  bibliographic  entry  see  Field   5G. 
W90-03747 


HANDBOOK  OF  ENVIRONMENTAL  FATE 
AND  EXPOSURE  DATA  FOR  ORGANIC 
CHEMICALS. 

Syracuse  Research  Corp.,  NY.  Center  for  Chemi- 
cal Hazard  Assessment 
For  primary  bibliographic  entry  see  Field  5B. 
W90-03748 


U-S.  GEOLOGICAL  SURVEY  FEDERAL-STATE 
COOPERATIVE  WATER-RESOURCES  PRO- 
GRAM FISCAL  YEAR  1988. 

Geological  Survey,  Reston,  VA. 

B.  K.  Gilbert,  and  W.  B.  Mann. 

Available  from  the  Books  and  Open  File  Report 

Section,  USGS,  Vol  25425,  Denver,  CO.  80225. 

USGS  Open-File  Report  89-389,  1989.  66p,  2  fig, 

12  ref,  2  append. 

Descriptors:  *State  jurisdiction,  'Water  resources 
data,  'Federal  jurisdiction,  'Water  resources  man- 
agement 'Data  acquisition,  Water  supply,  Water 
quality,  Water  use,  Economic  aspects,  Agriculture, 
Groundwater. 

The  Federal-State  Cooperative  Program  is  a  part- 
nership between  the  US  Geological  Survey  and 
State  and  local  agencies.  It  provides  a  balanced 
approach  to  the  study  and  resolution  of  water 
related  problems  and  to  acquiring  hydrologic  data. 
The  principal  program  objectives  are  to:  (1)  col- 
lect on  a  systematic  basis,  data  needed  for  the 
continuing  determination   and   evaluation   of  the 


quantity,  quality,  and  use  of  the  Nation's  water 
resources,  and  (2)  appraise  the  availability  and  the 
physical,  chemical,  and  biological  characteristics 
of  surface  and  groundwater  through  analytical  and 
interpretive  investigations.  During  fiscal  year  1988, 
hydrologic  data  collection,  interpretive  investiga- 
tions, and  research  were  conducted  by  Geological 
Survey  personnel  in  offices  in  every  State,  Puerto 
Rico,  and  several  territories  in  cooperation  with 
more  than  1,000  local,  State,  and  regional  agencies. 
In  fiscal  year  1988,  Federal  funding  of  almost  $60 
million  was  matched  by  cooperating  agencies,  who 
also  provided  approximately  $6  million  unmatched 
for  a  total  program  of  about  $126  million.  This 
amounted  to  >  40%  of  the  total  funds  for  Geolog- 
ical Survey  water  resources  activities.  The  report 
presents  examples  of  current  (1988)  investigations. 
It  also  lists  about  250  water  resources  investiga- 
tions related  to  agricultural  activities  that  the  Geo- 
logical Survey  conducted  from  1970  to  1988.  (Au- 
thor's abstract) 
W90-03814 


GEOGRAPHIC  INFORMATION  SYSTEM/WA- 
TERSHED MODEL  INTERFACE. 

Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-03826 


WATER  RESOURCES  INVESTIGATIONS  IN 
TENNESSEE:  PROGRAMS  AND  ACTIVITIES 
OF  THE  U.S.  GEOLOGICAL  SURVEY,  1988-89. 
Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-03875 


ODL  WATER  SEPARATORS.  JANUARY  1970- 
FEBRUARY  1989  (CITATIONS  FROM  THE 
COMPENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04477 


PLUMBING  AND  DISTRD3UTION  SYSTEMS 
FOR  DRINKING  WATER.  JANUARY  1970- 
JANUARY  1989  (CITATIONS  FROM  THE 
COMPENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5F. 
W90-04478 


SOD1  EROSION  CONTROL:  WATERWAY  EM- 
BANKMENTS. NOVEMBER  1986-JANUARY 
1989  (CITATIONS  FROM  THE  SELECTED 
WATER  RESOURCES  ABSTRACTS  DATA- 
BASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  4D. 
W90-04479 


PLUMBING  AND  DISTRIBUTION  SYSTEMS 
FOR  DRINKING  WATER.  JANUARY  1977- 
JANUARY  1989  (CITATIONS  FROM  THE  SE- 
LECTED WATER  RESOURCES  ABSTRACTS 
DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5F. 
W90-04480 


EFFLUENT  TREATMENT  IN  THE  TEXTILE 
INDUSTRY:  EXCLUDING  DYES.  JANUARY 
1983-JANUARY  1989  (CITATIONS  FROM  THE 
WORLD  TEXTILE  ABSTRACTS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04481 


EARTH    DAMS:    DESIGN,    CONSTRUCTION, 
AND  SAFETY.  JANUARY  1977-JANUARY  1989 


(CITATIONS  FROM  THE  SELECTED  WATER 
RESOURCES  ABSTRACTS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 
For  primary  bibliographic  entry  see  Field  8A. 

W90-04482 


ACTIVATED  CARBON:  UTILIZATION  IN 
SEWAGE  AND  INDUSTRIAL  WASTE  TREAT- 
MENT. JANUARY  1987-DECEMBER  1988  (CI- 
TATIONS FROM  THE  NTIS  BIBLIOGRAPHIC 
DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04483 


WATER  POLLUTION:  PESTICIDES  IN 
AQUATIC  ENVIRONMENTS.  JANUARY  1970- 
DECEMBER  1988  (CITATIONS  FROM  THE 
POLLUTION  ABSTRACTS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-04484 


ACH)  PRECIPITATION.  SEPTEMBER  1987- 
DECEMBER  1988  (CITATIONS  FROM  THE 
COMPENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04485 


ACH)  PRECIPITATION.  SEPTEMBER  1986- 
AUGUST  1987  (CITATIONS  FROM  THE  COM- 
PENDEX DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 
For  primary  bibliographic  entry  see  Field  5B. 

W90-04488 


GROUND  WATER  POLLUTION:  GENERAL 
STUDIES.  FEBRUARY  1988-FEBRUARY  1989 
(CITATIONS  FROM  THE  NTIS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04497 


RESOURCE  CONSERVATION  AND  RECOV- 
ERY ACT  (RCRA):  HAZARDOUS  WASTES. 
JANUARY  1970-FEBRUARY  1989  (CITATIONS 
FROM  THE  NTIS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-04498 


WASTEWATER  TREATMENT  BY  SAND  FIL- 
TRATION. JANUARY  1977-FEBRUARY  1989 
(CITATIONS  FROM  THE  SELECTED  WATER 
RESOURCES  ABSTRACTS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-O4499 


POLYCHLORINATED  BIPHENYLS:  OCCUR- 
RENCE IN  SEDIMENTS  AND  SOILS.  JANU- 
ARY 1977-FEBRUARY  1989  (CITATIONS 
FROM  THE  SELECTED  WATER  RESOURCES 
ABSTRACTS  DATABASE). 
National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04500 


ASBESTOS  IN  DRINKING  WATER.  JANUARY 
1977-MARCH  1989  (CITATIONS  FROM  THE 
SELECTED  WATER  RESOURCES  ABSTRACTS 
DATABASE). 

National  Technical  Information  Service,  Spring- 
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field,  VA. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04501 


GROUND  WATER  POLLUTION:  GENERAL 
STUDIES.  DECEMBER  1984-JANUARY  1988 
(CITATIONS  FROM  THE  NTIS  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  2F. 
W9O-O4502 


OIL  SPDLL  REMOVAL:  DISPERSANTS,  AB- 
SORBANTS,  BOOMS,  AND  SKIMMERS.  JAN- 
UARY 1978-JANUARY  1989  (CITATIONS 
FROM  THE  LIFE  SCIENCES  COLLECTION 
DATABASE). 
National  Technical  Information  Service,  Spring- 


field, VA. 

For  primary  bibliographic  entry  see  Field   5G. 

W90-04503 

EUTROPHICATION:  WATER  QUALITY  AND 
POLLUTION  CONTROL.  JANUARY  1970-JAN- 
UARY  1989  (CITATIONS  FROM  THE  COM- 
PENDEX  DATABASE). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5C. 
W9O-04504 


10D.  Specialized  Information 
Center  Services 


METHOD  FOR  ESTIMATING  THE  WATER- 
TABLE  ALTITUDE  IN  A  COASTAL-PLAIN  AQ- 
UTFER  USING  A  GEOGRAPHIC  INFORMA- 
TION SYSTEM. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-03822 


QUALITATIVE  AND  QUANTITATIVE  AQUAT- 
IC ALGAL  DATA  COMPILATION  TO  DETER- 
MINE MACROTRENDS-IU. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Botany  and 

Microbiology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04492 
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SUBJECT  INDEX 


ABANDONED  WELLS 

Abandoned  Wells,  Injection  Wells,  and  Salt- 
water Injection:  Policy  Implications. 
W9W)3776  5E 

ABSORPTION 

Specificity  of  Cellular  DNA-Binding  Sites  of 
Microbial  Populations  in  a  Florida  Reservoir. 
W90-04029  2H 

ACCLIMATIZATION 
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Comparison  of  In  Situ  and  Landsat  Derived 

Reflectance  of  Alaskan  Glaciers. 

W90-04190  2C 

Hydroclimatology-A  Needed  Cross-Discipline. 
W90-04319  2B 

CLOSTRIDIUM 

Concentration  of  Giardia  lamblia  Cysts,  Legion- 
ella pneumophila,  Clostridium  perfringens, 
Human  Enteric  Viruses,  and  Coliphages  from 
Large  Volumes  of  Drinking  Water,  Using  a 
Single  Filtration. 
W90-04095  5F 

CLOUD  SEEDING 

Applied  Atmospheric  Resources  Research  Pro- 
gram in  Thailand. 
W90-04260  3B 

CLOUDS 

In  Situ  Measurements  of  Total  Reactive  Nitro- 
gen, Total  Water,  and  Aerosol  in  a  Polar  Strato- 
spheric Cloud  in  the  Antarctic. 
W90-O3901  2B 

Physical  Processes  in  Polar  Stratospheric  Ice 

Clouds. 

W90-03902  2B 

Estimation  of  Rainfall  in  Burkina  Faso  Using  the 

ESOC  Precipitation  Index. 

W90-03914  2B 

Precipitation  Life  Cycle  of  Mesoscale  Convec- 
tive  Complexes  over  the  Central  United  States. 
W90-03922  2B 

Absorption  of  Sulfur  Dioxide  on  Monodisperse 
Water    Droplets    and    Catalytic    Activity    of 
Carbon  Particles. 
W90-03933  5B 

CLUSTER  ANALYSIS 

Comparison  of  Method  of  Residuals  and  Cluster 

Analysis  for  Flood  Regionalization. 

W90-03979  2E 

COAGULATION 

Dynamic   Particle   Adhesion    Process   and   Its 

Effect  on  Particle  Aggregation. 

W90-04013  2K 

COAL  MINE  EFFECTS 

Progress  Report  on  the  Ground- Water,  Surface- 
Water,  and  Quality-of-Water  Monitoring  Pro- 
gram, Black  Mesa  Area,  Northeastern  Arizona- 
1988-89. 
W90-03883  2F 

COALMINES 

Use  of  Wetlands  for  Treatment  of  Environmen- 
tal Problems  in  Mining:  Non-Coal-Mining  Appli- 
cations. 
W90-04410  5D 

COALMINING 

Surface  and  Subsurface  Mining:  Policy  Implica- 
tions. 
W90-03775  5G 

COAL  MINING  EFFECTS 

Land-Use  and  Water  Quality  Relationships  in 
the  Georges  Creek  Basin,  Maryland. 
W90-04177  4C 

COAL  WASTES 

Pilot-Scale     Anaerobic     Biomass  Acclimation 

Studies  with  a  Coal  Liquefaction  Wastewater. 

W90-03592  5D 

COASTAL  AQUIFERS 

Method  for  Estimating  the  Water-Table  Altitude 
in  a  Coastal-Plain  Aquifer  Using  a  Geographic 
Information  System. 
W90-03822  2F 


COASTAL  ENGINEERING 

Simple  Numerical  Models  for  Coastal  Power 

Plants  Projects. 

W90-04296  8B 

COASTAL  MARSHES 

Modeling  Future  Trends  in  Wetland  Loss  and 
Brown  Shrimp  Production  in  Louisiana  Using 
Thematic  Mapper  Imagery. 
W90-04192  2L 

COASTAL  WATERS 

Marine  Circulation  on  the  Ebro  Continental 
Shelf  Determined  in  Equal  Parts  from  the  Distri- 
bution of  Water  Masses  and  the  Organic  Micro- 
contaminants  in  the  Sediment  (Circulacion 
Marina  en  la  Plataforma  Continental  del  Ebro 
Determinada  a  Partir  de  la  Distribucion  de 
Masas  de  Agua  y  los  Microcontaminantes  Or- 
ganicos  en  el  Sedimento). 
W90-03930  2J 

COATINGS 

Protective  Coatings  at  a  Wastewater  Treatment 

Plant. 

W90-04115  5D 


COLD  REGIONS 

Floods  in  Cold  Climates. 
W90-03674 


2E 


COLIFORMS 

Plasmid  Profile  Analysis  of  Fecal  Conforms  Iso- 
lated from  Natural  Waters. 
W90-03728  5A 

Immunological  Method  Using  Monoclonal  Anti- 
bodies to  Detect  Enterobacteriaceae  in  Drinking 
Water. 
W90-04012  5A 

COLLOIDS 

Distribution  of  Colloidal  Aluminum  and  Organic 
Carbon  in  Coastal  and  Open  Ocean  Waters  Off 
Nova  Scotia. 
W90-04053  5B 

COLOMBIA 

Water  and  Urban  Land-Use  Planning  in  Cali, 

Colombia. 

W90-03977  6D 

Design  and  Construction  of  Colombia's  Guavio 

Dam. 

W90-04137  8A 

COLOR  REMOVAL 

Powdered    Activated    Carbon     Selection    for 

Water  Treatment. 

W90-04023  5F 


COLORADO 

Superfund     Record     of    Decision: 

Gulch,  CO. 

W90-03750 


California 


5G 


Most  Appropriate  Ongoing  Wastewater  Institu- 
tions (Organization  for  Areawide  Water  Quality 
Planning). 
W90-04360  6E 

Bacteriological  Tests  from  the  Constructed  Wet- 
land of  the  Big  Five  Tunnel,  Idaho  Springs, 
Colorado. 
W90-04443  5D 

Design  and  Construction  of  a  Research  Site  for 
Passive    Mine    Drainage    Treatment    in    Idaho 
Springs,  Colorado. 
W90-04469  5D 

Determining  Feasibility  of  Using  Forest  Prod- 
ucts or  On-Site  Materials  in  the  Treatment  of 
Acid  Mine  Drainage  in  Colorado. 
W90-04471  5D 
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COLORADO 


SUBJECT  INDEX 


Water    Resources    Data   for   Colorado,    Water 
Year  1984  Volume  1.  Missouri  River  Basin,  Ar- 
kansas River  Basin,  and  Rio  Grande  Basin. 
W90-04540  7C 

Water    Resources    Data   for   Colorado,    Water 
Year    1984   Volume   2.   Colorado  River   Basin 
Above  Dolores  River. 
W90-04541  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1984  Volume  3.  Dolores  River  Basin, 
Green  River  Basin,  and  San  Juan  River  Basin. 
W90-04542  7C 

Water    Resources   Data   for   Colorado,  Water 

Year   1985.  Volume   1.   Missouri  River  Basin, 

Arkansas  River  Basin,  and  Rio  Grande  Basin. 

W90-04543  7C 

Water   Resources   Data   for   Colorado,   Water 
Year   1985   Volume  2.   Colorado   River   Basin 
Above  Dolores  River. 
W90-04544  7C 

Water   Resources   Data  for   Colorado,   Water 

Year    1985.   Volume   3.  Dolores   River   Basin, 

Green  River  Basin,  and  San  Juan  River  Basin. 

W90-04545  7C 

COLORADO  RIVER 

Let's    Look    at    Some    Legal    Implications   of 

Streamfiow  Forecasting. 

W90-04329  6E 

COLORADO  RIVER  BASIN 

Correlation  of  Scanning  Multichannel  Micro- 
wave Radiometer  (SMMR)  Observations  with 
Snowpack  Properties  of  the  Upper  Colorado 
River  Basin  for  Water  Year  1986. 
W90-03823  7B 

COMBINED  SEWER  OVERFLOWS 

CSO  Partnership:  Cities  Join  Forces  on  Com- 
bined Sewers. 
W90-03954  5E 

COMBINED  SEWERS 

Control  of  Urban  Runoff  and  Nonpoint  Source 

Pollution. 

W90-O4348  5G 

COMMERCIAL  FISHING 

Changes  in  Fish  Stocks  and  Fisheries:  the  Lower 

Elbe  River. 

W90-03701  2E 

COMMUNICATION 

Flood  Plain  Management  Needs. 

W90-04330  2E 

COMPUTER-AIDED  DESIGN 

CAD  in  the  Design  of  Pipelines  for  Irrigation 

Schemes. 

W90-04291  8  A 


REPRO:  Hydraulic  Network  Design. 
W90-04292 


8A 


Computer  Aided  Design   Software  in  Fluvial 

Hydraulics:  Program  CADRTV. 

W9O04295  8B 

COMPUTER-AIDED  ENGINEERING 

Computer  Methods  and  Water  Resources:  First 
International  Conference,  Morocco  1988. 
W9O-04274  8B 

Spectral  Analysis  in  Computational  Fluid  Me- 
chanics:   Development    of   a    Numerical    Ap- 
proach. 
W90-04275  8B 

Treatment  of  Body  Force  Integrals  in  Boundary 

Elements. 

W90-04276  8B 


Parallel  Decomposition  in  the  Optimization  of 
Large  Scale  Systems  Subject  to  Several  Condi- 
tions of  Behavior. 
W90-04277  8C 

Spectral   Finite  Analytical   Numerical   Method 

for  Three-dimensional  Unsteady  Navier-Stokes 

Equations. 

W90-04278  8B 

Preconditioned  Conjugate  Gradient  Method  for 
Numerical  Solution  of  Navier-Stokes  Equations. 
W90-04279  8C 

Implicit  Numerical  Modeling  of  Unsteady  Flow 

in  the  Tigris-Diyalah  Confluence. 

W9O-O4280  8B 

Application  of  the  Boundary  Element  Method 
to  Some  Elliptic  Fluid  Mechanics  Problems. 
W90-04281  8B 

Classical  Methods  and  Parameters  of  Spectral 
Analysis.  Description  and 

Implementation(Methodes  Classiques  et  Pararae- 
triques  d' Analyse  Spectrale.  Description  et  Mise 
en  Oeuvre). 
W90-04282  8B 

Use  of  a  Mixed  Spectral-Finite  Analytic  Numer- 
ical Technique  for  the  Analysis  of  the  Vortex 
Shedding  Past  a  Circular  Cylinder. 
W90-04283  8B 

Boundary   Element   Approach  to  One-Dimen- 
sional Wave  Equation. 
W90-04284  8B 

Applications  of  the  Method  of  Fundamental  So- 
lutions in  Water  Resources. 
W90-04285  8B 

Nucleolar  Programming  for  Convex  Multicn- 

teria  Optimization. 

W90-04286  7C 

Artificial  Intelligence  Applications  in  Engineer- 
ing Design:  Research  at  M.I.T. 
W90-O4287  8A 

SEDEC;   A    Sediment    Economics    Simulation 

Model. 

W90-04288  4D 

SAPHO20:  An  Aid  in  Water 

Planning(SAPHO20:  Systeme  d'Aide  a  la  Plani- 
fication  de  l'Eau). 
W90-04289  6A 

Computer   Aided   Management   of  Water   Re- 
sources Systems. 
W90-04290  6A 

CAD  in  the  Design  of  Pipelines  for  Irrigation 

Schemes. 

W90-04291  8  A 


REPRO:  Hydraulic  Network  Design. 
W90-O4292 


8A 


Simple  System  to  Manage  a  HydrologicaJ  Data 
Base  -  Application  of  Personal  Computers(Un 
Systeme  Simple  de  Gestion  d'une  Base  de  Don- 
nees  Hydrologiques  -  Application  pour  Ordina- 
teurs  Personnels). 
W90O4293  7C 

Sharing  of  Simulation  Tools  and  Transfer  of 

Technology. 

W90-O4294  8B 

Computer  Aided   Design   Software  in  Fluvial 

Hydraulics:  Program  CADRTV. 

W90-O4295  8B 

Simple  Numerical  Models  for  Coastal  Power 

Plants  Projects. 

W90-04296  8B 


Computer  Aided  Operation  of  Irrigation  Sys- 
tems. 
W90-04297  3F 

Measurement   and   Analysis  of  Dynamic   Pres- 
sures on  Hydraulic  Models. 
W90-04298  8B 

Determination  of  Design  Events  for  Precipita- 
tion Using  the  Time-variable  Data  Recording 
Method. 
W90-04299  2B 

Groundwater  Data  Acquisition  and  Processing 

at  Two  Recharge  Dams. 

W90-04300  4B 

Similarities  and  Differences  in  the  Nature  of 
Ground  and  Surface  Water  Data  and  the  Impli- 
cations for  Designing  Personal  Computers  Data 
Systems. 
W90-04301  2F 

Earthquakes  and   Hydrodynamic  Pressures  on 

Structures. 

W90-04302  8B 

Using  Super  Computers  for  the  Time  History 

Analysis  of  Old  Gravity  Dams. 

W90-04303  8B 

Direct  Boundary  Element  Technique  for  Com- 
puting Water  Waves. 
W90-04304  8B 

Restoration  of  a  Concrete  Tunnel  Lining:  The 
Role  of  Field  Measurements  in  the  Safety  and 
Control  of  the  Structural  Stability. 
W90-04305  8F 

Thermal  Stress  Numerical  Analysis  of  a  Con- 
crete Underground  Discharge  Control. 
W90-04306  8F 

Fluid-Structure   Interaction:   Experimental   and 

Numerical  Analyses. 

W90-04307  8B 

COMPUTER  MODELS 

GM  System  Users  Manual  Geosynthetic  Model- 
ing System;  CSC  Version  1.00. 
W90-03762  5E 

High-Resolution  Two  Dimensional   Advective 

Transport. 

W90-03827  8B 

Program  to  Calculate  Channel  Scour  and  Fill. 
W90-04169  2J 

COMPUTER  PROGRAMS 

Documentation  of  Computer  Programs  to  Com- 
pute and  Display  Pathlines  Using  Results  from 
the  U.S.  Geological  Survey  Modular  Three-Di- 
mensional Finite-Difference  Ground-Water 
Flow  Model. 
W90-03815  7C 

Decision  Support  for  Estuarine  Water  Quality 

Management 

W90-O3978  5G 

Computer  Program  Design  for  Land  Treatment 

Systems. 

W90-04086  5E 

WQSTAT  II:  A  Water  Quality  Statistics  Pack- 
age. 
W90-04165  7C 

Computer  Notes— On   Analysis  of  Step-Draw- 
down Data. 
W90-04166  7C 

Program  to  Calculate  Channel  Scour  and  Fill. 
W90-04169  2J 
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Modeling   Ground   Water   and   Pollution-The 
Role  of  the  Desktop  Computer  in  the  Decision- 
Making  Process:   PLUME   3D   and   UNCER- 
TAINTY. 
W90-04216  5B 

Modeling   Ground   Water   and   Pollution-The 
Role  of  the  Desktop  Computer  in  the  Decision- 
Making  Process:  PLUME,  CROSS-SECTION, 
and  RECHARGE. 
W90-04217  5B 

Modeling   Ground   Water   and   Pollution»The 
Role  of  the  Desktop  Computer  in  the  Decision- 
Making    Process:     PLASM    and    RANDOM 
WALK. 
W90-04218  5B 

Complete  Documentation  of  the  System/User 
Manual  for  the  Risk  Assessment  Models  for 
Land      Application     of     Municipal      Sludges 
(RAMMS  Version  3.0):  Volume  I. 
W90-O4248  7B 

Computer  Methods  and  Water  Resources:  First 
International  Conference,  Morocco  1988. 
W90-04274  8B 

Spectral  Analysis  in  Computational  Fluid  Me- 
chanics:   Development    of   a    Numerical    Ap- 
proach. 
W90-04275  8B 

Treatment  of  Body  Force  Integrals  in  Boundary 

Elements. 

W90-04276  8B 

Parallel  Decomposition  in  the  Optimization  of 
Large  Scale  Systems  Subject  to  Several  Condi- 
tions of  Behavior. 
W90-04277  8C 

Spectral  Finite  Analytical  Numerical  Method 

for  Three-dimensional  Unsteady  Navier-Stokes 

Equations. 

W90-04278  8B 

Preconditioned  Conjugate  Gradient  Method  for 
Numerical  Solution  of  Navier-Stokes  Equations. 
W90-04279  8C 

Implicit  Numerical  Modeling  of  Unsteady  Flow 

in  the  Tigris-Diyalah  Confluence. 

W9O-O4280  8B 

Application  of  the  Boundary  Element  Method 
to  Some  Elliptic  Fluid  Mechanics  Problems. 
W90-O4281  8B 

Classical  Methods  and  Parameters  of  Spectral 
Analysis.  Description  and 

Implementation(Methodes  Classiques  et  Parame- 
triques  d' Analyse  Spectrale.  Description  et  Mise 
en  Oeuvre). 
W90-04282  8B 

Use  of  a  Mixed  Spectral-Finite  Analytic  Numer- 
ical Technique  for  the  Analysis  of  the  Vortex 
Shedding  Past  a  Circular  Cylinder. 
W90-04283  8B 

Boundary  Element  Approach  to  One-Dimen- 
sional Wave  Equation. 
W90-04284  8B 

Applications  of  the  Method  of  Fundamental  So- 
lutions in  Water  Resources. 
W90-04285  8B 

Nucleolar  Programming  for  Convex  Multicri- 

teria  Optimization. 

W90-04286  7C 

Artificial  Intelligence  Applications  in  Engineer- 
ing Design:  Research  at  M.I.T. 
W90-04287  8A 


SEDEC;    A   Sediment   Economics   Simulation 

Model. 

W90-04288  4D 

SAPHO20:  An  Aid  in  Water 

Planning(SAPHO20:  Systeme  d'Aide  a  la  Plani- 
fication  de  l'Eau). 
W90-04289  6A 

Computer   Aided   Management  of  Water   Re- 
sources Systems. 
W90-04290  6A 

CAD  in  the  Design  of  Pipelines  for  Irrigation 

Schemes. 

W90-04291  8  A 


REPRO:  Hydraulic  Network  Design. 
W90-04292 


8A 


Simple  System  to  Manage  a  Hydrological  Data 
Base  -  Application  of  Personal  Computers(Un 
Systeme  Simple  de  Gestion  d'une  Base  de  Don- 
nees  Hydrologiques  -  Application  pour  Ordina- 
teurs  Personnels). 
W90-04293  7C 

Sharing  of  Simulation  Tools  and  Transfer  of 

Technology. 

W90-04294  8B 

Computer  Aided  Design  Software  in  Fluvial 

Hydraulics:  Program  CADRIV. 

W90-04295  8B 

Simple  Numerical  Models  for  Coastal  Power 

Plants  Projects. 

W90-04296  8B 

Computer  Aided  Operation  of  Irrigation  Sys- 
tems. 
W90-O4297  3F 

Measurement  and  Analysis  of  Dynamic  Pres- 
sures on  Hydraulic  Models. 
W90-O4298  8B 

Determination  of  Design  Events  for  Precipita- 
tion Using  the  Time-variable  Data  Recording 
Method. 
W90-O4299  2B 

Groundwater  Data  Acquisition  and  Processing 

at  Two  Recharge  Dams. 

W90-O4300  4B 

Similarities  and  Differences  in  the  Nature  of 
Ground  and  Surface  Water  Data  and  the  Impli- 
cations for  Designing  Personal  Computers  Data 
Systems. 
W9O-O4301  2F 

Earthquakes  and  Hydrodynamic  Pressures  on 

Structures. 

W90-04302  8B 

Using  Super  Computers  for  the  Time  History 

Analysis  of  Old  Gravity  Dams. 

W90-04303  8B 

Direct  Boundary  Element  Technique  for  Com- 
puting Water  Waves. 
W90-04304  8B 

Restoration  of  a  Concrete  Tunnel  Lining:  The 
Role  of  Field  Measurements  in  the  Safety  and 
Control  of  the  Structural  Stability. 
W90-04305  8F 

Thermal  Stress  Numerical  Analysis  of  a  Con- 
crete Underground  Discharge  Control. 
W90-O4306  8F 

Fluid-Structure   Interaction:   Experimental   and 

Numerical  Analyses. 

W90-04307  8B 


Tropical  Storm  Surge  Forecasting  in  the  Nation- 
al Weather  Service. 
W90-04312  2L 

COMPUTERS 

Development   of   Computer   Usage   in   a   UK 

Water  Company. 

W90-03963  7C 

Intelligent     Self-Improving    Control     Strategy 
with  a  Variable  Structure  and  Time- Varying 
Parameters  for  Water  Turbine  Governor. 
W90-04119  8C 

Computer  Methods  and  Water  Resources:  First 
International  Conference,  Morocco  1988. 
W90-04274  8B 

Spectral  Analysis  in  Computational  Fluid  Me- 
chanics:   Development    of   a    Numerical    Ap- 
proach. 
W90-04275  8B 

Treatment  of  Body  Force  Integrals  in  Boundary 

Elements. 

W90-04276  8B 

Parallel  Decomposition  in  the  Optimization  of 
Large  Scale  Systems  Subject  to  Several  Condi- 
tions of  Behavior. 
W90-04277  8C 

Preconditioned  Conjugate  Gradient  Method  for 
Numerical  Solution  of  Navier-Stokes  Equations. 
W90-04279  8C 

Use  of  a  Mixed  Spectral-Finite  Analytic  Numer- 
ical Technique  for  the  Analysis  of  the  Vortex 
Shedding  Past  a  Circular  Cylinder. 
W90-04283  8B 

Applications  of  the  Method  of  Fundamental  So- 
lutions in  Water  Resources. 
W90-04285  8B 

Nucleolar  Programming  for  Convex  Multicri- 

teria  Optimization. 

W90-O4286  7C 

Artificial  Intelligence  Applications  in  Engineer- 
ing Design:  Research  at  M.I.T. 
W90-04287  8A 

SEDEC;    A   Sediment   Economics    Simulation 

Model. 

W90-04288  4D 

Computer  Aided  Management  of  Water  Re- 
sources Systems. 
W90-04290  6A 

CAD  in  the  Design  of  Pipelines  for  Irrigation 

Schemes. 

W90-04291  8  A 


REPRO:  Hydraulic  Network  Design. 
W90-04292 


8A 


Simple  System  to  Manage  a  Hydrological  Data 
Base  -  Application  of  Personal  Computers(Un 
Systeme  Simple  de  Gestion  d'une  Base  de  Don- 
nees  Hydrologiques  -  Application  pour  Ordina- 
teurs  Personnels). 
W90-04293  7C 

Sharing  of  Simulation  Tools  and  Transfer  of 

Technology. 

W90-04294  8B 

Computer  Aided  Design  Software  in  Fluvial 

Hydraulics:  Program  CADRIV. 

W90-04295  8B 

Simple  Numerical  Models  for  Coastal  Power 

Plants  Projects. 

W90-04296  8B 
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Computer  Aided  Operation  of  Irrigation  Sys- 
tems. 
W90-04297  3F 

Groundwater  Data  Acquisition  and  Processing 

at  Two  Recharge  Dams. 

W90-04300  4B 

Similarities  and   Differences  in  the  Nature  of 
Ground  and  Surface  Water  Data  and  the  Impli- 
cations for  Designing  Personal  Computers  Data 
Systems. 
W90-04301  2F 

Using  Super  Computers  for  the  Time  History 

Analysis  of  Old  Gravity  Dams. 

W9O-O4303  8B 

Thermal  Stress  Numerical  Analysis  of  a  Con- 
crete Underground  Discharge  Control. 
W90-O4306  8F 

CONCRETE 

Repair  of  Large  Concrete  Structures  by  Epoxy 

Resin  Bonding. 

W90-03758  8F 

Evaluation  of  Organic  Materials  that  Interfere 
with  Stabilization/Solidification  Processes. 
W90-03840  5G 


CONCRETE  CONSTRUCTION 

Surface  Treatments  for  Concrete. 
W90-03759 


8G 


Geological  Problems  at  Urugua-i  RCC  Dam. 
W90-04136  8E 


CONCRETE  DAMS 

Rx  for  Dam  Repair. 
W90-03974 


8F 


Geological  Problems  at  Urugua-i  RCC  Dam. 
W90-04136  8E 

CONCRETE  TECHNOLOGY 

Restoration  of  a  Concrete  Tunnel  Lining:  The 
Role  of  Field  Measurements  in  the  Safety  and 
Control  of  the  Structural  Stability. 
W90-04305  8F 

CONCRETE  TESTING 

Thermal  Stress  Numerical  Analysis  of  a  Con- 
crete Underground  Discharge  Control. 
W90-O4306  8F 

CONDUCnVTTY 

Correctness  Test  of  the  Computation  of  Chemi- 
cal Speciation  for  the  Main  Constituents  of  Nat- 
ural Waters. 
W90-04144  2K 

Accurate  Estimation  of  Conductivity  of  Water 
from  Geoelectric  Measurement-A  New  Way  to 
Correct  for  Clay. 
W90-04157  2F 

CONFERENCES 

Proceedings,  Mississippi  Water  Resources  Con- 
ference. 
W9O-O3708  5F 

Public  Policy  on  Ground  Water  Quality  Protec- 
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Water. 

W90-03981  6C 

PRIMARY  DRINKING  WATER 
REGULATIONS 

Overview    of   the    Current    National    Primary 
Drinking  Water  Regulations  and  Regulation  De- 
velopment Process. 
W90-03732  5F 

National  Primary  Drinking  Water  Regulations 

for  Volatile  Organic  Chemicals. 

W90-03733  5G 

National  Primary  Drinking  Water  Regulations 
for  Synthetic  Organic  Chemicals,  Inorganic 
Chemicals,  and  Microbiological  Contaminants. 
W90-03734  5G 

National  Primary  Drinking  Water  Regulations 

for  Radionuclides. 

W90-03735  5G 

Issues  in  Developing  National  Primary  Drinking 
Water  Regulations  for  Disinfection  and  Disin- 
fection By-Products. 
W90-03736  5G 


PROJECT  PLANNING 

SAPHO20:  An  Aid  in  Water 

Planning(SAPHO20:  Systeme  d'Aide  a  la  Plani- 
fication  de  l'Eau). 
W90-04289  6A 

Hydrologic  Uncertainty  and  Project  Benefits. 
W90-04314  7C 

PROJECTIONS 

Massive    Water    Scarcity    Now    Threatening 
Africa- Why  Isn't  It  Being  Addressed. 
W90-04004  6D 

PROPIONATES 

Effects  of  the  Addition  of  Propionate  and  Butyr- 
ate  to  Thermophilic  Methane-Producing  Digest- 
ers. 
W90-03865  5E 

PUBLIC  HEALTH 

Office   of  Drinking   Water's  Health   Advisory 

Program. 

W90-03738  5G 

Drinking  Water  Health  Advisory:  Pesticides. 
W90-03747  5G 

Health  Effects  of  Drinking  Water  Treatment 

Technologies. 

W90-03829  5F 

Methodology  for  Evaluating  the  Environmental 
and  Public  Health  Risks  of  Contaminated  Soil. 
W90-03846  5C 

Research  on  the  Health  Implications  of  the  Use 

of  Recycled  Water  in  South  Africa. 

W90-03925  3C 

Boiled  and  Unboiled  Tap  Water  Intake  of  Cape 

Town  Residents. 

W90-03991  5F 

Quality  of  Community  Drinking  Water  and  the 
Occurrence  of  Spontaneous  Abortion. 
W90-04071  5C 

Water  Supply  and  Sanitation:  An  Agenda  for 

Research. 

W90-04110  5F 

Evaluation  of  Consumer  Notification  Under  the 

Safe  Drinking  Water  Act. 

W90-04181  5F 

Response   Capability   in   Water   Contamination 

Emergencies. 

W90-04205  5G 

PUBLIC  OPINION 

Reconciling  Public  Opinion  and  Water  Quality 

Criteria  in  South  Africa. 

W9O-O3990  5G 
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Human  Perception  of  Utilization  of  Wetlands  for 
Waste  Assimilation,  or  How  Do  You  Make  A 
Silk  Purse  Out  of  a  Sow's  Ear. 
W90-044I7  6B 

PUBLIC  PARTICIPATION 

Water  Quality  2000:  Building  a  National  Con- 
sensus. 
W90-03957  5G 

Public  Involvement  in  Federal  Water  Resource 

Agencies:  An  Assessment  of  Legal  Options  and 

Constraints. 

W90-04495  6E 

PUBLIC  POLICY 

Public  Policy  on  Ground  Water  Quality  Protec- 
tion. 
W90-03771  5G 

Non-Degradation  as  a  Ground-Water  Quality 

Policy. 

W90-03773  5G 

Surface  and  Subsurface  Mining:  Policy  Implica- 
tions. 
W90-03775  5G 

Abandoned   Wells,   Injection   Wells,   and   Salt- 
water Injection:  Policy  Implications. 
W90-03776  5E 

Oil  Well  Operation/Maintenance  and  Saltwater 

Intrusion:  Policy  Implications. 

W90-O3777  5B 

Agricultural  Practices:  Policy  Implications. 
W90-O3779  5C 

Land  Application  of  Wastewater  and  Residuals: 

Policy  Implications. 

W90-03781  5E 

PUBLIC  RELATIONS 

Water  Quality  2000:  Building  a  National  Con- 
sensus. 
W90-03957  5G 

Evaluation  of  Consumer  Notification  Under  the 

Safe  Drinking  Water  Act. 

W90-04181  5F 

Human  Perception  of  Utilization  of  Wetlands  for 
Waste  Assimilation,  or  How  Do  You  Make  A 
Silk  Purse  Out  of  a  Sow's  Ear. 
W90-04417  6B 

PUERTO  RICO 

Generation  of  Synthetic  and  Missing  Climatic 

Data  for  Puerto  Rico. 

W90-04180  2D 

PUGET  SOUND 

Contaminant  Transport  from  Elliott  and  Com- 
mencement Bays. 
W90-04249  5B 

PULP  AND  PAPER  INDUSTRY 

Utilization  of  Artificial  Marshes  for  Treatment 

of  Pulp  Mill  Effluents. 

W90-04412  5D 

PULP  WASTES 

Laboratory  Induction  of  Intersexuality  in  the 
Mosquitofish,    Gambusia    affinis,    Using    Paper 
Mill  Effluent. 
W90-03947  5C 

PUMPING  TESTS 

Computer   Notes— On   Analysis  of  Step-Draw- 
down Data. 
W90-04166  7C 

QUALITY  CONTROL 

Contamination   in  the   Hydrologic   Data   Base. 
W90-04328  7C 


RADAR 

Kalman  Filter  Modeling  of  Space-Time  Rainfall 
using  Radar  and  Raingauge  Observations. 
W90-04024  2B 

RADIOACTIVE  WASTE  DISPOSAL 

Stratigraphy  of  the  Unsaturated  Zone  at  the 
Radioactive  Waste  Management  Complex, 
Idaho  National  Engineering  Laboratory,  Idaho. 
W90-03876  2F 

Construction  Data  and  Retrieval  Procedures  for 
Selected  Wells  Drilled  from  1985  Through  1987 
at  Oak  Ridge  National  Laboratory,  Tennessee. 
W90-03878  2F 

Geohydrological  Research  in  Relation  to  Radio- 
active Waste  Disposal  in  an  Agrillaceous  Forma- 
tion. 
W90-03906  2F 

RADIOACTIVE  WASTES 

Geohydrological  Research  in  Relation  to  Radio- 
active Waste  Disposal  in  an  Agrillaceous  Forma- 
tion. 
W90-03906  2F 

RADIOISOTOPES 

Thermal  and  Other  Discharge-Related  Effects 

on  the  Bay  Ecosystem. 

W90-03609  4C 

National  Primary  Drinking  Water  Regulations 

for  Radionuclides. 

W90-03735  5G 

RADIOMETRY 

Glucose-Mineralization    Potential    of   Epilithic 
Bacteria  in  Diverse  Upland  Acid  Headstreams 
Following  a  Winter  Spate. 
W90-04073  2H 

RAIN 

Hydrogen  Peroxide  Concentration  in  a  Northern 
Lake:  Photochemical  Formation  and  Diel  Varia- 
bility. 
W9O-04052  5B 

RAINFORESTS 

Origin  of  the  Chemical  Composition  of  Runoff 
Waters  in  a  Tropical  Rain  Zone:  Study  of  Two 
Small  Forested  Watersheds  in  French  Guyana 
(Origine  de  la  Compostion  Chimique  des  Eaux 
Superficielles  en  Milieu  Tropical  Humide:  Ex- 
emple  de  Deux  Petits  Bassins  Versants  Sous 
Foret  en  Guyane  Francaise). 
W90-03951  2K 

RAIN  GAGES 

Automatic   Rainfall   Logger   and    Sampler   for 

Field  Use. 

W90-03798  7B 

Kalman  Filter  Modeling  of  Space-Time  Rainfall 
using  Radar  and  Raingauge  Observations. 
W90-04024  2B 

RAINFALL 

Automatic   Rainfall   Logger   and   Sampler   for 

Field  Use. 

W90-03798  7B 

Intraseasonal  Periodicities  in  Indian  Rainfall. 
W90-03900  2B 

Estimation  of  Rainfall  in  Burkina  Faso  Using  the 

ESOC  Precipitation  Index. 

W90-03914  2B 

Modes  of  Tropical  Circulation,  Southern  Oscil- 
lation, and  Sahel  Rainfall  Anomalies. 
W90-03915  2B 

Sea     Surface     Temperatures     and     Australian 

Winter  Rainfall. 

W90-03916  2B 


Tropospheric  Static  Stability  and  Central  North 
American  Growing  Season  Rainfall. 
W90-03923  2B 

Characteristics  of  Extreme  Precipitation. 
W90-04208  2B 

Determination  of  Design  Events  for  Precipita- 
tion Using  the  Time-variable  Data  Recording 
Method. 
W90-04299  2B 

RAINFALL  DISTRIBUTION 

Sea     Surface     Temperatures     and     Australian 

Winter  Rainfall. 

W90-03916  2B 

Tropospheric  Static  Stability  and  Central  North 
American  Growing  Season  Rainfall. 
W90-03923  2B 

Kalman  Filter  Modeling  of  Space-Time  Rainfall 
using  Radar  and  Raingauge  Observations. 
W90-04024  2B 

RAINFALL-RUNOFF  RELATIONSHIPS 

Drainage  Basin  Morphometry  and  Floods. 
W90-O3664  2E 

Hydrologic  Systems.  Volume  I:  Rainfall-Runoff 

Modeling. 

W90-03764  2E 

Regression  Models  for  Estimating  Urban  Storm- 
Runoff  Quality   and    Quantity    in   the   United 
States. 
W90-03904  5B 

Comparison   of  Two   Hydrologic   Models   for 
Steeply  Sloping  Forested  Watersheds. 
W90-03910  2E 

Hydrochemical  Budgets  for  the  Loch  Dee  Ex- 
perimental   Catchments,    Southwest    Scotland 
(1981-1985). 
W90-03911  2K 

Water  Transfers  into  Glacial  Deposits  of  a  Wa- 
tershed in  the  Geneva  Lake  Basin:  Water  Trans- 
fers in  the  Unsaturated  Zone  (Etude  des  Trans- 
ferts  d'Eau  a  l'lnterieur  d'une  Formation  Mor- 
ainique  Dans  le  Bassin  du  Leman:  Transferts 
d'eau  la  Zone  non  Saturee). 
W90-03912  2E 

Runoff  Modeling  under  Noise-Corrupted  Rain- 
fall Conditions. 
W90-04021  2E 

Flow    Persistence   as   a   Modifier   of  Seasonal 

Runoff  Patterns. 

W90-04178  2E 


Reconnaissance  Study  for  Overland  Park. 
W90-04244 


6F 


Prediction  Methodology  for  Contaminant  Trans- 
port from  Rangeland  Watersheds. 
W90-04253  5B 

RAINSTORMS 

Geomorphic   Effects   of  Two   Storms   on   the 
Upper  Waitahaia  River  Catchment,  Raukumara 
Peninsula,  New  Zealand. 
W90-04131  2J 

RAW  WATER 

Pretreatment  for  Raw  Water  Storage. 
W90-03959  5F 

Effects  of  Alkalinity  on  the  Reactivity  of  Ozone 
Towards  Humic  Substances  and  Manganese. 
W90-03962  5F 

Experiences  of  Quality  Control  of  Raw  Water 

Storage  Reservoirs. 

W90-O3968  5G 
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RECHARGE 

Estimation  of  the  Recharge  Area  of  a  Pumped, 
Stratified-Drift  Aquifer  in  Connecticut  by  Simu- 
lation Modeling. 
W90-03886  2F 

RECHARGE  BASINS 

Estimation  of  the  Recharge  Area  of  a  Pumped, 
Stratified-Drift  Aquifer  in  Connecticut  by  Simu- 
lation Modeling. 
W90-03886  2F 

RECLAIMED  WATER 

Research  on  the  Health  Implications  of  the  Use 

of  Recycled  Water  in  South  Africa. 

W9003925  3C 

RECONNAISSANCE  STUDIES 

Reconnaissance  Studies  a  Hydrologic  Engineer's 

Perspective. 

W90-04237  7B 

Flood  Damage  Analysis  Reconnaissance  Phase 

Studies. 

W90-04239  6F 

Level  of  Detail  in  Reconnaissance  Reports. 
W90-04240  6F 

Analytical  Methods  and  Tools  for  Reconnais- 
sance-Phase Studies. 
W90-04241  7B 

Reconnaissance  Study  for  Overland  Park. 
W90-04244  6F 

Management  of  Reconnaissance  Phase  Studies. 
W90-04245  7A 

Reconnaissance  Phase  Studies-A  Division  Per- 
spective. 
W90-04246  7A 

RECYCLING 

Removal  of  Heavy  Metal  by  Recycling  of  Waste 
Sludge  in  the  Activated  Sludge  Process. 
W90-03569  5D 

REED  BED  TREATMENT  SYSTEMS 

Sewage  Treatment  by  Reed  Bed  Systems:  The 
Present  Situation  in  the  United  Kingdom. 
W90-04403  5D 

REEDS 

Amplification  of  Total  Dry  Matter,  Nitrogen 
and  Phosphorus  Removal  from  Stands  of  Phrag- 
mites  australis  by  Harvesting  and  Reharvesting 
Regenerated  Shoots. 
W90-04440  5D 

Danish  Experience  with  Sewage  Treatment  in 

Constructed  Wetlands. 

W90-04445  5D 

Root-Zone  System:  Mannersdorf.  New  Results. 
W90-04450  5D 

Hydraulic   Considerations   and   the   Design   of 

Reed  Bed  Treatment  Systems. 

W90-04452  5D 

REFLECTANCE 

Comparison  of  In  Situ  and  Landsat  Derived 

Reflectance  of  Alaskan  Glaciers. 

W9O-O4190  2C 

REFORESTATION 

Hydrochemical  Budgets  for  the  Loch  Dee  Ex- 
perimental   Catchments,    Southwest    Scotland 
(1981-1985). 
W90-03911  2K 

REGIME  CHANNELS 

Regime  Channels  of  an  Extremely  Arid  Zone. 
W90-03632  2E 


River  Flood  Regime  and  Floodplain  Stratigra 

phy. 

W90-03670 


2E 


REGIME  STREAMS 

International  Conference  on  River  Regime. 
W90-03626  2E 

Change  of  River  Regime  and  Graded-Sediment 

Discharge  During  Flood. 

W90-03645  2E 

Study  on  the  Staircase  Profile  and  Armouring 

Effects  of  River  Bed  for  Torrential  Streams  in 

Taiwan. 

W90-03646  2E 

Regime  Aspects  of  Flood  Control  Channeliza- 
tion. 
W90-03651  4A 

Influence  of  River  Regime  on  the  Flood  Man- 
agement of  Sukkur  Barrage,  Pakistan. 
W90-03652  5E 

Regime  Changes  in  the  Caledon  River  Associat- 
ed with  Sediment  Deposition  Upstream  of  Wel- 
bedacht  Barrage. 
W90-03654  2J 

Regime  Changes  in  the  Caledon  River  Associat- 
ed with  Welbedacht  Barrage:  Physical  Model, 
Prototype  and  Theoretical  Correlations. 
W90-03655  2E 


Earthquakes  and  River  Regimes. 
W90-03659 


2E 


Regime  Theory  and  Environmental  Change-Ir- 
reconcilable Concepts. 
W90-03660  2J 

REGIONAL  ANALYSIS 

Comparison  of  Method  of  Residuals  and  Cluster 

Analysis  for  Flood  Regionalization. 

W90-03979  2E 

REGIONAL  DEVELOPMENT 

SAPHO20:  An  Aid  in  Water 

Planning(SAPHO20:  Systeme  d'Aide  a  la  Plani- 
fication  de  l'Eau). 
W90-04289  6A 


REGIONAL  FLOODS 

Flood  Climates. 
W90-03662 


2E 


Width  of  Regime  Channels. 
W9CW3639 


2E 


REGIONAL  PLANNING 

Section    208    Planning    Process-The    Federal 

View. 

W90-04339  6E 

REGRESSION  ANALYSIS 

Estimation  of  Rainfall  in  Burkina  Faso  Using  the 

ESOC  Precipitation  Index. 

W90-03914  2B 

Comparison    of    Regression    and    Time-Series 

Methods  for  Synthesizing  Missing  Streamflow 

Records. 

W90-04200  7C 

REGULATIONS 

Assessment  of  the  Degree  of  Treatment  Re- 
quired for  Toxic  Wastewater  Effluents. 
W90-03598  5D 

Natural  and  Anthropogenic  Disturbances  at  the 

Ecosystem  Level. 

W90-03623  *C 

Management  Use  of  Scientific  Information. 
W90-03624  6A 

Scientific,  Technical  and  Regulatory  Consider- 
ations in  Environmental  Management. 
W90-03625  5G 


Safe  Drinking  Water  Act:  Amendments,  Regula- 
tions and  Standards. 
W90-03730  5G 

Historical  Development  of  the  National  Primary 

Drinking  Water  Regulations. 

W90-03731  5G 

Overview    of   the    Current    National    Primary 
Drinking  Water  Regulations  and  Regulation  De- 
velopment Process. 
W90-03732  5F 

National  Primary  Drinking  Water  Regulations 

for  Volatile  Organic  Chemicals. 

W90-03733  5G 

National  Primary  Drinking  Water  Regulations 
for  Synthetic  Organic  Chemicals,  Inorganic 
Chemicals,  and  Microbiological  Contaminants. 
W90-03734  5G 

National  Primary  Drinking  Water  Regulations 

for  Additional  Contaminants  to  Be  Regulated  by 

1989. 

W90-03737  5G 

Technical  Support  Document:  Pathogen/Vector 
Attraction  Reduction  in  Sewage  Sludge. 
W90-03755  5D 

Regulatory  Impact  Analysis  of  the  Proposed 
Regulations  for  Sewage  Sludge  Use  and  Dispos- 
al. 
W90-03761  6E 

Impoundments  for  Liquid  Wastes:  Policy  Impli- 
cations. 
W90-03778  5E 

Underground  Injection  Program  Under  the  Na- 
tional Safe  Drinking  Water  Act. 
W90-03782  5G 

State  Approach  to  Ground-Water  Protection: 

The  Pennsylvania  Experience. 

W90-03784  5G 

State  Approach  to  Ground-Water  Quality  Pro- 
tection: The  Illinois  Experience. 
W90-03785  5G 

Role    of   Interstate    Commissions    in    Ground- 
Water  Protection:  The  Susquehanna  River  Basin 
Commission  Perspective. 
W90-03786  6E 

Petroleum  Contaminated  Soils.  Volume  I:  Re- 
mediation   Techniques,     Environmental     Fate, 
Risk  Assessment. 
W90-03830  5G 

Interfacing  Nonpoint  Source  Programs  with  the 
Conservation    Reserve:    Guidance    for    Water 
Quality  Managers. 
W90-03848  5G 

CSO  Partnership:  Cities  Join  Forces  on  Com- 
bined Sewers. 
W90-03954  5E 

Environmental  Quality  Objectives  and  Effluent 

Control. 

W90-04092  5G 


New  Jersey's  Program. 
W90-04227 


5G 


Local  Options  for  Groundwater  Protection. 
W90-04228  5G 

Classifying  Aquifers. 

W90-04229  2F 

Legal  Authority  to  Protect  Groundwater  in  Vir- 
ginia. 
W90-04232  6E 
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Land  Application  and  Distribution  and  Market- 
ing of  Sewage  Sludge. 
W90-O4273  5E 

Locally  Important  Economic  Considerations  in 
Flooding  and  Flood  Plain  Management. 
W90-04333  6F 

Alternatives  for  Standards  and  Regulations. 
W90-04334  6F 


State  Aspects  of  208  Planning. 
W90-04340 


6E 


Strategies  to  Obtain  Water  Quality  Consistent 

with  Other  Objectives. 

W90-04344  5G 

Toxics  and  the  Safe  Drinking  Water  Act. 
W90-04363  6E 


Rehabilitation  of  Water  Systems. 
W90-O4364 


5F 


States'  Activities,  Attitudes  and  Policies  Con- 
cerning Constructed  Wetlands  for  Wastewater 
Treatment. 
W90-04416  5G 

REHABILITATION 

Water    Mains:     Rehabilitation     and    Materials 

Review. 

W90-03967  5F 

REMOTE  SENSING 

Detection  of  Coarse  Sediment  Movement  Using 

Radio  Transmitters. 

W90-03821  7B 

Correlation  of  Scanning  Multichannel   Micro- 
wave Radiometer  (SMMR)  Observations  with 
Snowpack  Properties  of  the  Upper  Colorado 
River  Basin  for  Water  Year  1986. 
W90-03823  7B 

Field  Conditions  at  the  Maricopa  Agricultural 
Center,  Pinal  County,  Arizona,  April  9,  1989. 
W9O-O3880  2F 

Field  Conditions  at  the  Maricopa  Agricultural 
Center,  Pinal  County,  Arizona,  June  16,  1989. 
W90-03881  2F 

Remote  Sensing  and  Fully  Distributed  Modeling 

for  Flood  Forecasting. 

W90-O3980  2E 

Spectral  Signature  of  Alpine  Snow  Cover  from 

the  Landsat  Thematic  Mapper. 

W90-04189  2C 

Comparison  of  In  Situ  and   Landsat  Derived 

Reflectance  of  Alaskan  Glaciers. 

W90-04190  2C 

Remote  Sensing   and   Numerical   Modeling  of 
Suspended  Sediment  in  Laguna  de  Terminos, 
Campeche,  Mexico. 
W90-04191  7B 

Modeling  Future  Trends  in  Wetland  Loss  and 
Brown  Shrimp  Production  in  Louisiana  Using 
Thematic  Mapper  Imagery. 
W90-O4192  2L 

Analysis  of  Thematic  Mapper  Data  for  Studying 
the  Suspended  Matter  Distribution  in  the  Coast- 
al Area  of  the  German  Bight  (North  Sea). 
W90-04193  2J 

Plume  of  the  Yukon  River  in  Relation  to  the 

Oceanography  of  the  Bering  Sea. 

W90-04194  2E 

Detecting  Biotic  and  Hydrogeochemical  Proc- 
esses in  Large  Peat  Basins  with  Landsat  TM 
Imagery. 
W90-04195  7B 


Monitoring  Sediment  Transport  Systems  in  a 
Semiarid  Area  Using  Thematic  Mapper  Data. 
W90-O4196  2J 

RESEARCH 

Fiscal    Year    1988    Program    Report    (Indiana 

Water  Resources  Report  Center). 

W90-O3887  9D 

Fiscal  Year   1988  Program  Report  (Maryland 
Water  Resources  Research  Center). 
W90-03888  9D 

Fiscal    Year    1989    Program    Report   (Virginia 
Water  Resources  Research  Center). 
W90-03897  9D 

RESEARCH  FACILITIES 

Design  and  Construction  of  a  Research  Site  for 
Passive    Mine    Drainage    Treatment    in    Idaho 
Springs,  Colorado. 
W90-O4469  5D 

RESEARCH  PRIORITIES 

Suitability  Criteria  for  Assessment  of  Instream 

Flow  Needs  of  Fish. 

W90-03729  2H 


Episodic  Response  Project  Research  Plan. 
W90-04214 


5C 


Summary  Report:  A  Review  of  Intermediate- 
Scale  Experiments  for  Subsurface  Microbiology 
and  Chemistry. 
W90-04219  5B 

RESERVOIR  CAPACITY 

Comparison  of  Streamflow  Generation  Models 
for  Reservoir  Capacity- Yield  Analysis. 
W90-04201  2E 

RESERVOIR  OPERATION 

Systems  Approach  to  Water  Quality  Manage- 
ment During  Drought  Periods  in  the  Cumber- 
land River  Basin. 
W90-03719  5G 

Hydropower  Optimization  via  Sequential  Quad- 
ratic Programming. 
W90-03975  3E 

Value  of  Streamflow  Forecasting  in  Reservoir 

Operation. 

W90-04176  4A 

RESERVOIR  SILTING 

Use  of  an  Empirical  Method  (Erosion  Potential 

Method)  for  Calculating  Sediment  Production 

and  Transportation  in  Unstudied  or  Torrential 

Streams. 

W90-03658  2J 

RESERVOIR  STORAGE 

Regime  Changes  in  the  Caledon  River  Associat- 
ed with  Sediment  Deposition  Upstream  of  Wel- 
bedacht  Barrage. 
W90-03654  2J 

Regime  Changes  in  the  Caledon  River  Associat- 
ed with  Welbedacht  Barrage:  Physical  Model, 
Prototype  and  Theoretical  Correlations. 
W90-O3655  2E 

RESERVOIR  YIELD 

Comparison  of  Streamflow  Generation  Models 
for  Reservoir  Capacity-Yield  Analysis. 
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AK.  ALASKAN  PROJECTS  OFFICE. 

Detection  of  Coarse  Sediment  Movement  Using 

Radio  Transmitters. 

W90-03821  7B 

ARMY  ENGINEER  DISTRICT,  LOS 
ANGELES,  CA. 

Hydrologic   and    Hydraulic   Analysis   for   Las 
Vegas  Wash  and  Tributaries,  Nevada. 
W90-04236  2E 

ARMY  ENGINEER  DISTRICT,  OMAHA,  NE. 

Reconnaissance  Studies  a  Hydrologic  Engineer's 

Perspective. 

W90-04237  7B 

ARMY  ENGINEER  DISTRICT,  ROCK 
ISLAND,  LL. 

Rehabilitation  of  Peoria  Lock  Using  Preplaced- 

Aggregate  Concrete. 

W90-03757  8F 

ARMY  ENGINEER  DISTRICT,  ROCK 
ISLAND,  LL.  ECONOMIC  AND  SOCIAL 
ANALYSIS  BRANCH. 

Flood  Damage  Analysis  Reconnaissance  Phase 

Studies. 

W90-04239  6F 

ARMY  ENGINEER  DISTRICT, 
SACRAMENTO,  CA.  SPECIAL  STUDIES 
BRANCH. 

Plan      Formulation      Strategy-Kaweah      Case 

Study. 

W9O-04242  6F 


ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION,  VICKSBURG,  MS. 

Systems  Approach  to  Water  Quality  Manage- 
ment During  Drought  Periods  in  the  Cumber- 
land River  Basin. 
W90-03719  5G 


Surface  Treatments  for  Concrete. 
W90-03759 
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Evaluation  of  Organic  Materials  that  Interfere 
with  Stabilization/Solidification  Processes. 
W90-O384O  5G 

ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION,  VICKSBURG,  MS. 
ENVIRONMENTAL  LAB. 

Reservoir  Shoreline  Erosion  and  Revegetation 

Workshops. 

W90-O3760  4D 

Considerations  and  Techniques  for  Vegetation 
Establishment  in  Constructed  Wetlands. 
W90-O4427  5D 

ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION,  VICKSBURG,  MS 
HYDRAULICS  LAB. 

Winyah  Bay,  Georgetown,  South  Carolina,  Data 

Collection  Survey  Report. 

W90-03819  2L 

Analysis  of  Training  Structure  Designs  in  South- 
west Pass,  Mississippi  River. 
W90-04251  8A 

ASIAN  ESST.  OF  TECH.,  BANGKOK 
(THAILAND).  DIV.  OF  ENVIRONMENTAL 
ENGINEERING. 

Experimental  Testing  of  Mathematical  Models 
Describing  the  Entire  Cycle  of  Filtration. 
W90-04149  5p 

ASIAN  INST.  OF  TECH.,  BANGKOK 
(THAILAND).  DIV.  OF  WATER  RESOURCES 
ENGINEERING. 

Computer   Notes~On   Analysis  of  Step-Draw- 
down Data. 
W90-04166  7C 

Computer  Aided  Operation  of  Irrigation  Sys- 
tems. 
W90-04297  3F 

ASSOCIATION  OF  BAY  AREA 
GOVERNMENTS,  OAKLAND,  CA. 

Urban  Runoff  Treatment  in  a  Fresh/Brackish 
Water  Marsh  in  Fremont,  California. 
W90-04459  5D 

BALATON!  LEMNOLOGLAI  KUTATO 
INTEZETE,  TIHANY  (HUNGARY). 

Phosphate   Adsorption  by  Different   Sediment 

Fractions  in  Lake  Balaton  and  its  Protecting 

Reservoirs. 

W90-04142  2H 

BARCELONA  UNTV.  (SPAIN).  DEPT.  DE 
GEOGRAFIA  FISICA. 

Spatial  Variation  of  the  Sediment  Load  in  the 
Basin  of  the  Tordera  River  in  Low-Water  Con- 
ditions (Variacion  Espacial  de  la  Carga  de  Sedi- 
mentos  en  la  Cuenca  del  Rio  Tordera  en  Condi- 
ciones  de  Estiaje). 
W90-03932  2J 

BARCELONA  UNTV.  (SPAIN).  DEPT.  OF 
ANTMAL  BIOLOGY. 

Fish  and  Fisheries  of  the  River  Ebro:  Actual 

State  and  Recent  History. 

W9O-O3703  si 

BARNARD  COLL.,  NEW  YORK.  DEPT.  OF 
GEOLOGY. 

PCB-Pollution  Problem  in  the  Upper  Hudson 
River:  From  Environmental  Disaster  to  'Envi- 
ronmental Gridlock'. 
W90-04026  5B 


BATTELLE  PACIFIC  NORTHWEST  LABS., 
RICHLAND,  WA. 

In  Situ  Vitrification  Processing  of  Soils  Con- 
taminated with  Hazardous  Wastes. 
W90-03841  so 

Summary  Report:  A  Review  of  Intermediate- 
Scale  Experiments  for  Subsurface  Microbiology 
and  Chemistry. 
W90-04219  5B 

BAYERISCHE  LANDESANSTALT  FUER 
WASSERFORSCHUNG,  MUNICH  (GERMANY, 
F.R.). 

Eutrophication  of  Running  Waters:  Part  1. 
Effect  of  Temperature,  Phosphorus,  Silicate, 
Carbon  Dioxide,  Ammonia,  Nitrate  and  Com- 
plexing  Agents  on  the  Growth  of  Phytoplankton 
(Laboratory  Studies)  (Zur  Eutrophierung  von 
Fliessgewassern:  Tiel  1.  Einfluss  von  Tempera- 
tur,  Phosphor,  Silikat,  Kohlenstoffdioxid,  Am- 
monium, Nitrat,  und  Komplexbildnern  auf  das 
Wachstum  von  Phytoplankton  (Laborver- 
suche)). 
W90-03999  sc 

Eutrophication  of  Running  Waters:  Part  2. 
Effect  of  Light,  Turbulence,  Depth,  and  Pri- 
mary Pollution  of  the  River  on  the  Growth  of 
Phytoplankton  (In  Situ  Measurements)  (Zur  Eu- 
trophierung von  Fliessgewassern:  Tiel  2.  Ein- 
fluss von  Licht,  Turbulenz,  Gewassertiefe  und 
Primarbelastung  des  Vorfluters  auf  das  Wach- 
stum von  Phytoplankton)  (In  situ-Messungen). 
W90-04000  sc 

BECHTEL  CORP.,  SAN  FRANCISCO,  CA. 

Geological  Problems  at  Urugua-i  RCC  Dam. 
W90-04136  8E 

BERHAMPUR  UNTV.  (TNDIA).  LAB.  OF 
ENVIRONMENTAL  TOXICOLOGY. 

Effect  of  the  Effluent  from  a  Chlor-Alkali  Fac- 
tory on   a   Blue-Green   Alga:   Changes  in   the 
Pigment  Content. 
W90-03948  sc 

BLNNTE  AND  PARTNERS,  REDHILL 
(ENGLAND). 

Application  of  Regime  Theory  to  Wadi  Chan- 
nels in  Desert  Conditions. 
W90-03633  2E 

BIOTECHNICA  LTD.,  CARDIFF  (WALES). 
Chemical     and     Microbiological     Analysis    of 
Aveley  Landfill,  England. 
W90-03872  5E 

BOLOGNA  UNTV.  (ITALY).  1ST.  DI 
GEOLOGIA. 

About  Extremal  Hypotheses  and  River  Regime. 
W90-03637  2E 

BOMBAY  UNTV.  (INDIA).  DEPT.  OF 
CHEMICAL  TECHNOLOGY. 

Predicting  Mass  Transfer  Rates  in  RBC  for  Non- 
Newtonian  Fluids. 
W90-04156  5D 

BONN  UNTV.  (GERMANY,  F.R.).  HYGTENE 
INST. 

Influence  of  Materials  on  the  Microbiological 

Colonization  of  Drinking  Water. 

W9O-O4008  5B 

BONNEVILLE  POWER  ADMINISTRATION, 
VANCOUVER,  WA  HYDROMETEOROLOGY 
SECTION. 

BPA    Hydrologic    Forecasting    Considerations 
and  Actions  During  the  1976-77  Drought. 
W90-04325  7C 
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CENTRAL  MICHIGAN  UNIV.,  MOUNT  PLEASANT.  DEPT.  OF  ECONOMICS. 


BOWLING  GREEN  STATE  UNTV.,  OH. 
ENVIRONMENTAL  HEALTH  PROGRAM. 

Development  of  an  Urban  Runoff  Treatment 

Wetlands  in  Fremont,  California. 

W90-04458  5D 

BRANDEIS  UNIV.,  WALTHAM,  MA. 
ROSENSTTEL  BASIC  MEDICAL  SCIENCES 
RESEARCH  CENTER. 

Strategies  for  the  Isolation  of  Microorganisms 
Responsible  for  Polyphosphate  Accumulation. 
W90-03861  5D 

BREMEN  UNTV.  (GERMANY,  F.R.). 
FACHBEREICH  CHEMD2/BIOLOGD2. 

Studies  of  the  Groundwater  Hazards  of  Deposit- 
ed Fly  Ash  from  Coal-fired  Powerplants:  Part 
II.  Investigation  of  Elution  Characteristics  of 
Some  Major  and  Trace  Elements  for  Multiple 
Extractions  of  Coal  Fly  Ash  under  Various  Sce- 
narios (Zur  Untersuchung  der  Grundwasserge- 
fahrdung  durch  abgelagerten  Flugstaub  aus 
Steinkohlekraftwerken:  II.  Das  Auslaugverhal- 
ten  einiger  Haupt-  und  Purenelemente  von  Flug- 
staub bei  Mehrfachauslaugungnen  fuer  verschie- 
dene  Szenarien). 
W9O-04O01  5B 


BRIDGEPORT  HYDRAULIC  CO.,  CT. 

Rx  for  Dam  Repair. 
W90-03974 
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BRITISH  COLUMBIA  UNTV.,  VANCOUVER. 
DEPT.  OF  GEOGRAPHY. 

Floods  in  Cold  Climates. 

W9O-03674  2E 

BUNDESANSTALT  FUER 
GEWAESSERKUNDE,  KOBLENZ  (GERMANY, 
FJU. 

Nitrate  and  Ammonium  in  the  Rhine:  Concen- 
trations, Loads,  Trend  of  Behavior,  and  Origin, 
1954-1988  (Nitrat  und  Ammonium  im  Rhein  - 
Konzentrationen,  Frachten,  Trendverhalten  und 
Herkunft  1954-1988). 
W90-04002  5B 

BUREAU  OF  METEOROLOGY,  MELBOURNE 
(AUSTRALIA).  RESEARCH  CENTRE. 

Sea     Surface     Temperatures     and     Australian 

Winter  Rainfall. 

W9003916  2B 

BUREAU  OF  MINERAL  RESOURCES, 
GEOLOGY  AND  GEOPHYSICS,  CANBERRA 
(AUSTRALIA).  DD7.  OF  CONTINENTAL 
GEOLOGY. 

Groundwater  Chemistry  and  Palaeorecharge  in 
the  Amadeus  Basin,  Central  Australia. 
W90-03905  2F 

BUREAU  OF  MINES,  PITTSBURGH,  PA. 

Potential  Importance  of  Sulfate  Reduction  Proc- 
esses in  Wetlands  Constructed  to  Treat  Mine 
Drainage. 
W90-04437  5D 

BUREAU  OF  RECLAMATION,  DENVER,  CO. 

Dynamic  Adjustments  of  Channel  Width  and 

Slope. 

W90-03629  2E 

BUREAU  OF  RECLAMATION,  DENVER,  CO. 
DTV.  OF  RESEARCH  AND  LAB.  SERVICES. 

Applied  Atmospheric  Resources  Research  Pro- 
gram in  Thailand. 
W90-O4260  3B 

BUREAU  OF  RECLAMATION, 
SACRAMENTO,  CA  MID-PACIFIC 
REGIONAL  OFFICE. 

Hydrologic  Uncertainty  and  Project  Benefits. 
W90-04314  7C 

CAGLIARI  UNTV.  (ITALY).  DD7T.  DI 
INGEGNERIA  CHIMICA  E  MATERIALI. 

pH  Variation  During  Phenol  Biodegradation  in 

Mixed  Cultures  of  Microorganisms. 

W90-04140  5D 


CALGARY  UNTV.  (ALBERTA). 

Intelligent     Self-Improving     Control     Strategy 
with  a  Variable   Structure  and  Time- Varying 
Parameters  for  Water  Turbine  Governor. 
W90-04119  8C 

CALD70RNIA  INST.  OF  TECH.,  PASADENA. 

General  Affinity  Concepts,  Equilibria  and  Kinet- 
ics in  Aqueous  Metals  Chemistry. 
W90-04372  5B 

CALIFORNIA  STATE  DEPT.  OF  FISH  AND 
GAME,  MONTEREY.  MARINE  POLLUTION 
STUDD2SLAB. 

Pesticides  and  PCBs  in  Oysters  from  Mazatlan, 

Sinaloa,  Mexico. 

W90-O4065  5B 

CALIFORNIA  STATE  DEPT.  OF  WATER 
RESOURCES,  SACRAMENTO.  SNOW 
SURVEYS  BRANCH. 

Water  Supply  Forecasting  in  California-1976- 

78. 

W90-04326  7B 

CALIFORNIA  STATE  WATER  RESOURCES 
CONTROL  BOARD,  SACRAMENTO. 

California's    Experience    with    Mosquitoes    in 
Aquatic  Wastewater  Treatment  Systems. 
W90-04425  5D 

CALIFORNIA  UNTV.,  DAVIS.  DEPT.  OF 
BACTERIOLOGY. 

Development  of  Ideas  on  the  Nature  and  Agents 

of  Biomethanogenesis. 

W90-03851  5D 

CALD70RNIA  UNIV.,  DAVIS.  DEPT.  OF 
CTVDL  ENGINEERING. 

Decision  Support  for  Estuarine  Water  Quality 

Management. 

W90-03978  5G 

CALD70RNIA  UNTV.,  LOS  ANGELES. 
SCHOOL  OF  PUBLIC  HEALTH. 

Thermodynamics  of  Catabolic  Reactions  in  the 

Anaerobic  Digestor. 

W90-03857  5D 

CALD70RNIA  UNTV.,  OAKLAND.  NAVAL 
BIOSCTENCES  LAB. 

Population-Related  Toxicity  Responses  to  Two 
Butyltin  Compounds  by  Zoeae  of  the  Mud  Crab 
Rhithropanopeus  harrisii. 
W90-03919  5C 

CALD70RNIA  UNTV.,  RTVERSDDE.  DEPT.  OF 
SODL  AND  ENVHtONMENTAL  SCIENCES. 

Microbial  Degradation  of  Benzene  and  Toluene 

in  Groundwater. 

W90-03937  5B 

CALD70RNIA  UNTV.,  RTVERSIDE.  INST.  OF 
GEOPHYSICS  AND  PLANETARY  PHYSICS. 

Accurate  Estimation  of  Conductivity  of  Water 
from  Geoelectric  Measurement--A  New  Way  to 
Correct  for  Clay. 
W90-04157  2F 

CALIFORNIA  UNTV.,  SAN  FRANCISCO. 

Evaluation  of  Consumer  Notification  Under  the 

Safe  Drinking  Water  Act. 

W90-04181  5F 

CALIFORNIA  UNTV.,  SANTA  BARBARA. 
DEPT.  OF  GEOGRAPHY. 

Spectral  Signature  of  Alpine  Snow  Cover  from 

the  Landsat  Thematic  Mapper. 

W90-04189  2C 

CAMBRIDGE  UNTV.  (ENGLAND).  DEPT.  OF 
EARTH  SCIENCES. 

Rare  Earth  Elements  in  Saanich  Inlet,  British 
Columbia,  a  Seasonally  Anoxic  Basin. 
W90-04055  2H 


CAMP,  DRESSER  AND  MCKEE,  INC., 
BELMONT,  CA.  WATER  RESOURCES  DD7. 

Institutional    Requirements    for    Ground-Water 

Protection:   The   National   Water   Commission 

View. 

W90-03788  6E 

CAMP,  DRESSER  AND  MCKEE,  INC., 
EDISON,  NJ. 

Funding  Wastewater  Projects  with  Impact  Fees. 
W90-03955  6C 

CAPE  TOWN  CITY  COUNCD1  (SOUTH 
AFRICA).  CITY  PLANNER'S  DEPT. 

Reconciling  Public  Opinion  and  Water  Quality 

Criteria  in  South  Africa. 

W90-03990  5G 

CAPE  TOWN  UNTV.  (SOUTH  AFRICA).  DEPT. 
OF  COMMUNITY  HEALTH. 

Boiled  and  Unboiled  Tap  Water  Intake  of  Cape 

Town  Residents. 

W90-03991  5F 

CAPE  TOWN  UNTV.  (SOUTH  AFRICA).  DEPT. 
OF  MEDICAL  MICROBIOLOGY. 

Virological  Studies  of  Water  from  the  Cape 

Flats  Reclamation  Plant. 

W90-03926  5A 

CARIBBEAN  RESEARCH  INST.,  ST. 
THOMAS,  VI.  WATER  RESOURCES 
RESEARCH  CENTER. 

Subsurface  Geology  of  the  St.  Croix  Carbonate 

Rock  System:  Phase  II. 

W90-04496  2F 

CARNEGDj:  INSTITUTION  OF 
WASHINGTON,  DC.  GEOPHYSICAL  LAB. 

Biogeochemical    Factors    that    Influence    the 
Stable  Nitrogen  Isotope  Ratio  of  Dissolved  Am- 
monium in  the  Delaware  Estuary. 
W90-04056  2L 

CARSON  (MA.)  AND  ASSOCIATES, 
VICTORIA  (BRITISH  COLUMBIA). 

Gravel  Transport  in  the  Braided  Waimakariri 
River:  Mechanisms,  Measurements  and  Predic- 
tions. 
W90-03903  2J 

CASA  DE  PffiDRA  AUTHORITY,  BAHIA 
BLANCA  (ARGENTINA). 

Difficult  Foundations  Characterize  the  Casa  de 

Piedra  Scheme. 

W90-04138  8  A 

CASCADES  VOLCANO  OBSERVATORY, 
VANCOUVER,  WA. 

Rheologic,    Geomorphic,    and    Sedimentologic 
Differentiation  of  Water  Floods,  Hyperconcen- 
trated  Flows,  and  Debris  Flows. 
W90-03668  2E 


Floods  from  Dam  Failures. 
W90-03687 


2E 


CEA  CENTRE  D'ETUDES  NUCLEASES  DE 
CADARACHE,  SAINT-PAUL-LES-DURANCE 
(FRANCE). 

Link  Between  Hydrogen  and  Sulfur  Metabo- 
lisms in  Methanosarcina  barkeri  (DSM  800). 
W90-03858  5D 

CENTRAL  MICHIGAN  UNTV.,  MOUNT 
PLEASANT.  DEPT.  OF  ECONOMICS. 

Production,    Cost,    and    Increased    Salinity    in 

Water. 

W90-03981  6C 
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CENTRAL  WATER  AND  POWER  RESEARCH  STATION,  POONA  (INDIA). 


CENTRAL  WATER  AND  POWER  RESEARCH 
STATION,  POONA  (INDIA). 

Earthquakes  and  River  Regimes. 

W9O-03659  2E 

CENTRE  D'ETUDE  DE  L'ENERGIE 
NUCLEAIRE,  MOL  (BELGIUM). 

Geohydrological  Research  in  Relation  to  Radio- 
active Waste  Disposal  in  an  Agrillaceous  Forma- 
tion. 
W90-03906  2F 

CENTRE  DE  FORMATION,  DE  RECHERCHE 
ET  D'ESSAIS  HYDRAUUQUES  DE 
GRENOBLE  (FRANCE). 

Sharing  of  Simulation  Tools  and  Transfer  of 

Technology. 

W90-04294  8B 

CENTRE  DE  RECHERCHES  DE  COLMAR 
(FRANCE). 

Reclamation  of  Saline  Soils  Using  Calcium  Sul- 
fate Residues  from  the  Titanium  Industry. 
W9O-O4O05  so 

CENTRE  DE  RECHERCHES  EN  PHYSIQUE 
DE  L'ENVTRONNEMENT,  ISSY-LES- 
MOULINEAUX  (FRANCE). 

Tropical    Squall    Line    Observed    During    the 
COPT  81  Experiment  in  West  Africa.  Part  II: 
Water  Budget. 
W90-03921  2B 

CENTRE  DE  RECHERCHES 
OCEANOGRAPHIQUES,  ABIDJAN  (IVORY 
COAST). 

Bacterioplankton      Biomass     and     Production 
During  Destratification  in  a  Monomictic  Eutro- 
phic  Bay  of  a  Tropical  Lagoon. 
W90-04114  5C 

CENTRE  FOR  RESEARCH  IN 
ENVIRONMENTAL  AND  WATER 
RESOURCES  ENGINEERING,  HAIFA 
(ISRAEL). 

Evaluation  of  Water  Quality  as  Measured  by 

Bacterial  Maximum  Growth  Rate. 

W90-04148  5p 

CENTRE  NATIONAL  DE  LA  RECHERCHE 
SCIENTIFIQUE,  STRASBOURG  (FRANCE). 
CENTRE  DE  SEDLMENTOLOGD2  ET  DE 
GEOCHIMIE  DE  LA  SURFACE. 

Hydroclimatic  Fluctuations  of  Some  European 

Rivers  since  1 800. 

W90-03692  2A 

CENTRE  NATIONAL  DE  LA  RECHERCHE 
SCTENTIFIQUE,  TOULOUSE  (FRANCE). 
CENTRE  D'ECOLOGIE  DES  RESSOURCES 
RENOUVELABLES. 

Historical    Changes    of    the    Garonne    River, 

Southern  France. 

W90-03704  4A 

CENTRE  UNIV.  DE  LUMTNY,  MARSEILLE 
(FRANCE).  INST.  DE  MECANIQUE 
STATISTIQUE  DE  LA  TURBULENCE. 

Classical  Methods  and  Parameters  of  Spectral 
Analysis.  Description  and 

Implementation(Methodes  Classiques  et  Parame- 
triques  d' Analyse  Spectrale.  Description  et  Mise 
en  Oeuvre). 
W90-04282  8B 

CENTRO  DE  INVESTIGACION  Y 
DESARROLLO,  BARCELONA  (SPAIN). 
ENVIRONMENTAL  CHEMISTRY  DEFT. 

Study  of  the  Depositional  Environments  of  the 
Delta  of  the  Ebro  by  Menas  of  Molecular  Indi- 
cators (Estudio  de  los  Ambientes  Deposicionales 
del  Delta  del  Ebro  Mediante  Indicadores  Mole- 
culares). 
W90-03928  5A 


CENTRO  INFORMAZIONI  STUDI 
ESPERIENZE,  MILAN  (ITALY). 

Fluid-Structure   Interaction:    Experimental   and 

Numerical  Analyses. 

W90-04307  8B 

CH2M/HILL,  BELLEVUE,  WA. 

Applicability  of  POSSM  to  Petroleum  Product 

Spills. 

W90-03837  5B 

CH2M  HILL,  INC.,  PORTLAND,  OR. 

Operations  Optimization. 

W90-04428  5D 


CHALMERS  UNIV.  OF  TECHNOLOGY, 
GOETEBORG  (SWEDEN).  DEFT.  OF 
GEOLOGY. 

Model  for  the  Relationship  Between  the  Hy- 
draulic Conductivity  and  Primary  Sedimentary 
Structures  of  Till. 
W90-03983  2F 

CITIES  SERVICE  OIL  CO.,  CHARLESTON, 
WV. 

Oil  Well  Operation/Maintenance  and  Saltwater 

Intrusion:  Policy  Implications. 

W90-03777  5B 

CLEMSON  UNTV.,  SC. 

Computer  Program  Design  for  Land  Treatment 

Systems. 

W90-04086  5E 

COASTAL  PLANNING  AND  ENGINEERING, 
INC.,  SARASOTA,  FL. 

Considerations       for       Capping       Subaqueous 

Dredged  Material  Deposits. 

W90-04111  5E 

COLOGNE  UNTV.  (GERMANY,  FJL). 
BOTANICAL  INST. 

Thermoosmotic  Air  Transport  in  Aquatic  Plants 
Affecting  Growth  Activities  and  Oxygen  Diffu- 
sion in  Wetland  Soils. 
W90-04432  2H 

COLORADO  SCHOOL  OF  MINES,  GOLDEN. 
DEFT.  OF  CHEMISTRY  AND 
GEOCHEMISTRY. 

Use  of  Wetlands  for  Treatment  of  Environmen- 
tal Problems  in  Mining:  Non-Coal-Mining  Appli- 
cations. 
W90-04410  so 

COLORADO  SCHOOL  OF  MINES,  GOLDEN. 
DEFT.  OF  ENVIRONMENTAL  SCIENCES 
AND  ENGINEERING  ECOLOGY. 

Bacteriological  Tests  from  the  Constructed  Wet- 
land of  the  Big  Five  Tunnel,  Idaho  Springs, 
Colorado. 
W90-04443  so 

Design  and  Construction  of  a  Research  Site  for 
Passive    Mine    Drainage    Treatment    in    Idaho 
Springs,  Colorado. 
W9O04469  so 

Determining  Feasibility  of  Using  Forest  Prod- 
ucts or  On-Site  Materials  in  the  Treatment  of 
Acid  Mine  Drainage  in  Colorado. 
W90-04471  5D 

COLORADO  STATE  UNTV.,  FORT  COLLINS. 

DEFT.  OF  AGRICULTURAL  AND  CHEMICAL 

ENGINEERING. 
WQSTAT  II:  A  Water  Quality  Statistics  Pack- 
age. 
W90-04165  7C 

COLORADO  STATE  UNTV.,  FORT  COLLINS. 
DEFT.  OF  ATMOSPHERIC  SCIENCE. 

Precipitation  Life  Cycle  of  Mesoscale  Convec- 
tive  Complexes  over  the  Central  United  States. 
W90-03922  2B 


COLORADO  STATE  UNIV.,  FORT  COLLINS. 
DEFT.  OF  CIVIL  ENGINEERING. 

Hydropower  Optimization  via  Sequential  Quad- 
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DE  LA  PATX,  NAMUR  (BELGHJM).  UNITE 
D'ECOLOGIE  DES  EAUX  DOUCES. 

Recent    Historical    Changes    on    the    Belgian 

Meuse. 

W90-03705  6° 

FAIRFAX  COUNTY  DEPT.  OF 
ENVIRONMENTAL  MANAGEMENT,  VA. 

Relationship  of  Water  Quality  to  Agriculture 

and  to  Erosion. 

W90-04354  4D 

FEDERAL  INSURANCE  ADMINISTRATION, 
WASHINGTON,  DC. 

Alternatives  for  Standards  and  Regulations. 
W90-04334  6F 

FENG  CHIA  UNTV.,  TAICHUNG  (TATWAN). 
DEPT.  OF  HYDRAULIC  ENGINEERING. 

Removal  of  Heavy  Metal  by  Recycling  of  Waste 
Sludge  in  the  Activated  Sludge  Process. 
W90-03569  5D 


FISH  AND  WTLDLD7E  SERVICE, 
ANCHORAGE,  AK. 

Waterbirds  and  Marine  Mammals. 
W90-03619 


5C 


Contaminants   in   Blubber,    Liver   and   Kidney 

Tissue  of  Pacific  Walruses. 

W90-04064  5B 

FISH  AND  WTLDLD7E  SERVICE,  ANN 
ARBOR,  MI.  w 

Implications  of  Power  Plant  Mortahty  for  Man- 
agement of  the  Hudson  River  Striped  Bass  Fish- 


ery. 
W90-04523 
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FLORD3A  AGRICULTURAL  AND 
MECHANICAL  UNTV.,  TALLAHASSEE. 
WETLAND  ECOLOGY  PROGRAM. 

Nitrogen  Removal  from  Freshwater  Wetlands: 
Nitrification-Denitrification  Coupling  Potential. 
W90-O4435  5D 

FLORTDA  INTERNATIONAL  UNTV.,  MIAMI. 
DEPT.  OF  CDTL  AND  ENVIRONMENTAL 
ENGINEERING. 

Compartmentalized  One  Sludge  Bioreactor  for 
Simultaneous  Removal  of  Phenol,  Thiocyanate, 
and  Ammonia. 
W90-03578  5D 

FLORTDA  INTERNATIONAL  UNTV.,  MIAMI. 
DRINKING  WATER  RESEARCH  CENTER. 

Hydrogen  Peroxide  Concentration  in  a  Northern 

Lake:  Photochemical  Formation  and  Diel  Varia- 

bility. 

W90-O4052  5a 

FLORDDA  STATE  DEPT.  OF 
ENVIRONMENTAL  REGULATION, 
TALLAHASSEE. 

Use  of  Wetlands  for  Urban  Stormwater  Manage- 
ment. 
W90-04414  5° 


FLORTOA  UNTV.,  GAINESVHXE.  DEPT.  OF 
AGRICULTURAL  ENGINEERING. 

Generation  of  Synthetic  and  Missmg  Climatic 

Data  for  Puerto  Rico. 

W90-04180  2D 

FLORIDA  UNTV.,  GAINESVILLE.  DEPT.  OF 
MICROBIOLOGY  AND  CELL  SCIENCE. 

Effects  of  the  Addition  of  Propionate  and  Butyr- 
ate  to  Thermophilic  Methane-Producing  Digest- 

ers-  SB 

W90-03865  5E 


FLORIDA  UNIV.,  GAINESVILLE.  DEPT.  OF 
son.  SCIENCE. 

Decomposition  of  Hydrazine  in  Aqueous  Solu- 
tions. 
W90-04106  5B 

Domestic  Wastewater  Treatment  Using  Emer- 
gent Plants  Cultured  in  Gravel  and  Plastic  Sub- 
strates. 
W90-04441  5D 

FOOD  AND  DRUG  ADMINISTRATION, 
DAUPHIN  ISLAND,  AL.  FISHERY 
RESEARCH  BRANCH. 

Occurrence  and  Characteristics  of  Agglutination 
of  Vibrio  cholerae  by  Serum  from  the  Eastern 
Oyster,  Crassostrea  virginica. 
W90-04O33  5B 

FOREST  SERVICE,  HOT  SPRINGS,  AK. 

Evaluation  of  Instream  Flow  Requirements  of 
Fishes  in  the  Ozark  and  Ouachita  National  For- 
ests, Arkansas. 
W90-03727  2H 

FORTH  RIVER  PURIFICATION  BOARD, 
EDINBURGH  (SCOTLAND). 

Effect  of  Boat  Traffic  on  River  Regime. 
W90-03657  2E 

FOSTER-MILLER  ASSOCIATES,  INC., 
WALTHAM,  MA. 

In  Situ  Immobilization  of  Heavy-Metal  Contami- 
nated Soil. 
W90-04215  5G 

Purifying   Plating   Baths  by   Chelate   Ion   Ex- 
change. 
W90-04387  5D 

FRAUNHOFER-INST.  FUER 
UMWELTCHEMIE  UND 
OEKOTOXIKOLOGn:,  SCHMALLENBERG 
(GERMANY,  F.R.). 

Vertical  Profiles  of  Air  Pollutants  in  a  Spruce 
Forest:  Analysis  of  Adherent  Water,  Through- 
fall  and  Deposits  on  Surrogate  Surfaces. 
W90-03934  5B 

FRESHWATER  BIOLOGICAL  ASSOCIATION, 
AMBLESIDE  (ENGLAND). 

Discharge  of  Bacteria  Resistant  to  Heavy  Metals 
from  Sewage  Effluent  into  Freshwater. 
W90-03964  5E 

Effect  of  Organic  Carbon  Supply  in  Water  on 
the  Antibiotic  Resistance  of  Bacteria. 
W90-04011  5F 

FRESHWATER  BIOLOGICAL  ASSOCIATION, 
AMBLESDDE  (ENGLAND).  WINDERMERE 
LAB. 

Acid-Sensitive  Waters  of  the  English  Lake  Dis- 
trict: A  Steady-State  Model  of  Streamwater 
Chemistry  in  the  Upper  Duddon  Catchment. 
W90-04042  5B 

FROSTBURG  STATE  COLL.,  MD.  DEPT.  OF 
GEOGRAPHY. 

Land-Use  and  Water  Quality  Relationships  in 
the  Georges  Creek  Basin,  Maryland. 
W90-04177  4C 


FIN  ASSOCIATES,  LITTLE  ROCK,  AR. 

Episodic  Response  Project  Research  Plan. 
W90-04214  5C 

GAS  RESEARCH  INST.,  CHICAGO,  IL. 

New  Concept  for  the  Production  of  High-BTU 

Gas  from  Anaerobic  Digestion. 

W90-03870  5E 
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GENERAL  ELECTRIC  CORPORATE 
RESEARCH  AND  DEVELOPMENT, 
SCHENECTADY,  NY.  BIOLOGICAL 
SCIENCES  BRANCH. 

Biological  Degradation  of  Polychlorinated  Bi- 

phenyls. 

W90-03581  je 

GEOLOGICAL  SURVEY,  ANCHORAGE,  AK. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Alaska,  Water  Year 

1984. 

W90-04531  7C 

GEOLOGICAL  SURVEY,  DENVER,  CO. 

Paleofluvial    Estimates    from    Dimensions    of 

Former  Channels  and  Meanders. 

W9WM680  2E 

Method  for  Estimating  the  Water-Table  Altitude 
in  a  Coastal-Plain  Aquifer  Using  a  Geographic 
Information  System. 
W90-03822  2F 

Regression  Models  for  Estimating  Urban  Storm- 
Runoff  Quality   and   Quantity    in   the   United 
States. 
W90-03904  5B 

Retardation  of  Ammonium  and  Potassium 
Transport  Through  a  Contaminated  Sand  and 
Gravel  Aquifer:  The  Role  of  Cation  Exchange. 
W90-O4O51  5B 

GEOLOGICAL  SURVEY,  FLAGSTAFF,  AZ. 
WATER  RESOURCES  DIV. 

Progress  Report  on  the  Ground-Water,  Surface- 
Water,  and  Quality-of-Water  Monitoring  Pro- 
gram, Black  Mesa  Area,  Northeastern  Arizona- 
1988-89. 
W90-03883  2F 

GEOLOGICAL  SURVEY,  HARTFORD,  CT. 
WATER  RESOURCES  DIV. 

Estimation  of  the  Recharge  Area  of  a  Pumped, 
Stratified-Drift  Aquifer  in  Connecticut  by  Simu- 
lation Modeling. 
W90-03886  2F 

Water  Resources  Data,  Connecticut,  Water  Year 

1983. 

W90-04546  7C 

Water  Resources  Data,  Connecticut,  Water  Year 

1984. 

W90-04547  7C 

GEOLOGICAL  SURVEY,  HELENA,  MT. 
WATER  RESOURCES  DIV. 

Preliminary  Analysis  for  Trends  in  Selected 
Water  Quality  Characteristics,  Powder  River, 
Montana  and  Wyoming,  Water  Years,  1952-85. 
W90-03877  5B 

GEOLOGICAL  SURVEY,  IDAHO  FALLS,  ID. 
WATER  RESOURCES  DIV. 

Stratigraphy  of  the  Unsaturated  Zone  at  the 
Radioactive  Waste  Management  Complex, 
Idaho  National  Engineering  Laboratory,  Idaho 
W90-03876  2F 

GEOLOGICAL  SURVEY,  JACKSON,  MS. 

Channel  Stability  of  Selected  Streams  in  North- 
ern Mississippi. 
W9(M)3726  2J 

GEOLOGICAL  SURVEY,  JACKSON,  MS. 
MISSISSIPPI  DISTRICT. 

Water-Use  Data  Collection  Program  in  Missis- 
sippi. 
W90-03718  6D 

Regional  Skew  Coefficients  for  Flood-Frequen- 
cy Analysis  of  Mississippi  Streams. 
W9O-03721  2E 


GEOLOGICAL  SURVEY,  LAKEWOOD,  CO. 

Geomorphic  Measurements  after  a  Flood. 
W90-03665  2E 

Evaluation   of  Inflow   to   Mirror   Lake,   New 

Hampshire. 

W90-04203  2H 

GEOLOGICAL  SURVEY,  LAKEWOOD,  CO. 
WATER  RESOURCES  DIV. 

Water   Resources   Data   for   Colorado,    Water 
Year  1984  Volume  1.  Missouri  River  Basin,  Ar- 
kansas River  Basin,  and  Rio  Grande  Basin. 
W9O-O4540  7c 

Water   Resources   Data   for   Colorado,    Water 
Year    1984   Volume  2.   Colorado   River   Basin 
Above  Dolores  River. 
W90-O4541  7C 

Water  Resources  Date  for  Colorado,  Water 
Year  1984  Volume  3.  Dolores  River  Basin, 
Green  River  Basin,  and  San  Juan  River  Basin 

W90-04542  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1985.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin 
W90-04543  7C 

Water   Resources   Data   for   Colorado,   Water 
Year   1985   Volume   2.   Colorado  River   Basin 
Above  Dolores  River. 
W90-04544  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1985.  Volume  3.  Dolores  River  Basin, 
Green  River  Basin,  and  San  Juan  River  Basin. 
W90-04545  7C 

GEOLOGICAL  SURVEY,  LAWRENCE,  KS. 
WATER  RESOURCES  DTV. 

Paleohydrology  of  the  Anadarko  Basin,  Central 

United  States. 

W90-03799  2F 

GEOLOGICAL  SURVEY,  LITTLE  ROCK,  AR. 
WATER  RESOURCES  DTV. 

Potentiometric  Surfaces  of  the  Mississippi  River 
Valley  Alluvial  Aquifer  in  Eastern  Arkansas, 
Spring  1972  and  1980. 
W90-O3753  7C 

Water  Resources  Data-Arkansas,  Water  Year 

1984. 

W90-04533  7C 

Water   Resource   Data-Arkansas,   Water   Year 

1985. 

W90-04534  7C 

GEOLOGICAL  SURVEY,  MADISON,  WI. 
WATER  RESOURCES  DIV. 

Hydrologic  Component. 

W90-03794  5B 


Chemical  Input-Output  Budgets. 
W90-03796 
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GEOLOGICAL  SURVEY,  MENLO  PARK,  CA. 

Geochemistry  of  Thermal  Water  from  Selected 

Wells,  Boise,  Idaho. 

W9O-03820  2K 

GEOLOGICAL  SURVEY,  MENLO  PARK,  CA. 
GEOLOGIC  DIV. 

Environmental  Information  from  Sediments. 
W90-04321  6G 

GEOLOGICAL  SURVEY,  MINNEAPOLIS, 

MN. 
Comparison:  US  P-61  and  Delft  Sediment  Sam- 
plers. 
W90-04127  2J 


GEOLOGICAL  SURVEY,  NASHVILLE,  TN. 

Plant  Ecological  Aspects  of  Flood  Geomorpho- 

logy  and  Paleoflood  History. 

W90-03681  2E 

GEOLOGICAL  SURVEY,  NASHVILLE,  TN. 
WATER  RESOURCES  DIV. 

Water  Resources   Investigations  in  Tennessee: 
Programs  and  Activities  of  the  U.S.  Geological 
Survey,  1988-89. 
W90-03875  7c 

Construction  Data  and  Retrieval  Procedures  for 
Selected  Wells  Drilled  from  1985  Through  1987 
at  Oak  Ridge  National  Laboratory,  Tennessee. 
W90-03878  2F 

GEOLOGICAL  SURVEY,  ORLANDO,  FL. 
WATER  RESOURCES  DIV. 

Effects  of  Highway  Runoff  on  Water  Quality  of 

Two  Wetlands  in  Central  Florida. 

W90-O3874  5Q 

Effects   of  Three   Highway-Runoff  Detention 
Methods  on  Water  Quality  of  the  Surficial  Aqui- 
fer System  in  Central  Florida. 
W90-03884  5B 

GEOLOGICAL  SURVEY,  RESTON,  VA. 

U.S.  Geological  Survey  Federal-State  Coopera- 
tive Water-Resources  Program  Fiscal  Year  1988 
W90-03814  ioc 

Documentation  of  Computer  Programs  to  Com- 
pute and  Display  Pathlines  Using  Results  from 
the  U.S.  Geological  Survey  Modular  Three-Di- 
mensional Finite-Difference  Ground-Water 
Flow  Model. 
W90-03815  7C 

GEOLOGICAL  SURVEY,  RESTON,  VA. 
WATER  RESOURCES  DIV. 

Ground-Water  Levels  in  the  Alluvial  Aquifer  at 

Louisville,  Kentucky,  1987-88. 

W90-03873  2F 

Data  Gathering  for  Stormwater  Runoff  and  Sur- 
veillance. 
W90-04349  7B 

GEOLOGICAL  SURVEY,  SACRAMENTO,  CA. 
WATER  RESOURCES  DIV. 

High-Resolution  Two   Dimensional   Advective 

Transport. 

W90-03827  8B 

Geohydrology   of  the   Escondido   Hydrologic 
Subarea,  San  Diego  County,  California. 
W9O-03882  2F 

Water  Resources  Data  for  California,  1983. 
Volume  1.  Southern  Great  Basin  from  Mexican 
Border  to  Mono  Lake  Basin,  and  Pacific  Slope 
Basins  from  Tijuana  River  to  Santa  Maria  River 
W9O04535  7C 

Water   Resources   Data   for  California,   Water 
Year  1983  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-04536  7C 

Water   Resources   Data   for   California,   Water 
Year  1984  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-04537     '  7C 

Water   Resources   Data   for   California,   Water 
Year  1984  Volume  3.  Southern  Central  Valley 
Basins  and  the  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-04538  7C 
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Water    Resources   Data    for    California,    1984 
Volume  4.  Northern  Central  Valley  Basins  and 
the  Great  Basin  from  Honey  Lake  Basin  to 
Oregon  State  Line. 
W90-04539  7C 

GEOLOGICAL  SURVEY,  SALT  LAKE  CITY, 
UT.  WATER  RESOURCES  DIV. 

Hydrology   of   the    Prospector    Square   Area, 

Summit  County,  Utah. 

W90-03885  2F 

GEOLOGICAL  SURVEY,  TACOMA,  WA. 

Correlation  of  Scanning  Multichannel  Micro- 
wave Radiometer  (SMMR)  Observations  with 
Snowpack  Properties  of  the  Upper  Colorado 
River  Basin  for  Water  Year  1986. 
W90-03823  7B 

Potential  Use  of  Constructed  Wetlands  to  Treat 

Landfill  Leachate. 

W90-04466  5U 

GEOLOGICAL  SURVEY,  TALLAHASSEE,  FL. 

Water  Resources  Data  for  Florida,  Water  Year 
1983  Volume  IB:  Northeast  Florida. 
W90-O4549  7C 

GEOLOGICAL  SURVEY,  TALLAHASSEE,  FL. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Florida,  Water  Year 
1983  Volume  1A:  Northeast  Florida. 
W90-04548  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1983    Volume    2A:    South    Florida    -    Surface 

Water. 

W90-O455O  7<- 

Water  Resources  Data  for  Florida,  Water  Year 

1983.  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-04551  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1983  Volume  3B:  Southwest  Florida  -  Ground 

Water. 

W90-04552  "- 

Water  Resources  Data,  Florida,  Water  Year 

1983.  Volume  4.  Northwest  Florida. 
W90-04553  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume  1A:  Northeast  Florida  -  Surface 
Water. 
W90-04554  '*- 

GEOLOGICAL  SURVEY,  TOWSON,  MD. 
WATER  RESOURCES  DIV. 

Geographic     Information     System/Watershed 

Model  Interface. 

W9W)3826  7C 


GEOLOGICAL  SURVEY,  TRENTON,  NJ. 
WATER  RESOURCES  DIV. 

Effects    of    Climate    Change    on    Watershed 

Runoff. 

W90-03824  2A 

Simulation  of  Precipitation  by  Weather-Type 

Analysis. 

W90-03825  l° 

Geochemical  Variations  in  a  Core  of  Hydrogeo- 
logic  Units  Near  Freehold,  New  Jersey. 
W90-04159  2F 

GEOLOGICAL  SURVEY,  TUCSON,  AZ. 

Paleohydrologjc  Reconstruction  of  Flood  Fre- 
quency on  the  Escalante  River,  South-Central 
Utah. 
W90-03685  2K 


GEOLOGICAL  SURVEY,  TUCSON,  AZ. 
WATER  RESOURCES  DIV. 

Methodology,  Results,  and  Significance  of  an 
Unsaturated-Zone  Tracer  Test  at  an  Artificial- 
Recharge  Facility,  Tucson,  Arizona. 
W90-03754  2F 

Field  Conditions  at  the  Maricopa  Agricultural 
Center,  Pinal  County,  Arizona,  April  9,  1989. 
W90-03880  2F 

Field  Conditions  at  the  Maricopa  Agricultural 
Center,  Pinal  County,  Arizona,  June  16,  1989. 
W90-03881  2F 

GEOLOGICAL  SURVEY,  TUSCALOOSA,  AL. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Alabama,  Water  Year 

1984. 

W90-04530  7C 

GEORGIA  INST.  OF  TECH.,  ATLANTA. 

Kinetics  and  Yield  of  the  Magnesium  Cementa- 
tion of  Cadmium. 
W90-04376  5D 

Recovery  of  Aluminum  as  Aluminum  Sulfate 

from  Aluminum  Anodizing  Sludge. 

W90-04390  5D 

GEORGIA  INST.  OF  TECH.,  ATLANTA. 
SCHOOL  OF  CIVIL  ENGINEERING. 

Value  of  Streamflow  Forecasting  in  Reservoir 

Operation. 

W9O-04176  4A 

GEORGIA  STATE  UNIV.,  ATLANTA.  DEPT. 
OF  BIOLOGY. 

Investigation  of  a  Shoreline  Enhancement  Tech- 
nique for  Wetlands  Impact  Mitigation. 
W90-03756  2H 

GEORGIA  UNIV.,  ATHENS.  CARL  VINSON 
INST.  OF  GOVERNMENT. 

Municipal  Solid  Waste  Management  in  Georgia, 

Policy  Alternatives. 

W90-03895  5G 

GEORGIA  UNTV.,  ATHENS.  INST.  OF 
NATURAL  RESOURCES. 

Costs  and  Financing  of  Water  Quality  Control. 
W90-04359  6C 

GERAGHTY  AND  MILLER,  INC, 
HACKENSACK,  NJ. 

Ground-Water  Assessment  of  Sinai,  Egypt. 
W90-04158  2F 

GKSS  -  FORSCHUNGSZENTRUM 
GEESTHACHT  GM.B.H.,  GEESTHACHT- 
TESPERHUDE  (GERMANY,  F.R.) 

Analysis  of  Thematic  Mapper  Data  for  Studying 
the  Suspended  Matter  Distribution  in  the  Coast- 
al Area  of  the  German  Bight  (North  Sea). 
W90-04193  " 


Water  Resources  Data  for  Arizona,  1983. 
W90-04532 
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GLASGOW  UNTV.  (SCOTLAND).  DEPT.  OF 
CmL  ENGINEERING. 

Characteristics  of  Flow  at  the  Intersection  of 

River   Meanders   and   Flood   Relief  (Cut-Off) 

Channels. 

W9O-03642  2K 

GOETEBORG  UNTV.  (SWEDEN).  DEPT.  OF 
ZOOLOGY. 

Bivalve     Suspension-Feeding     Dynamics     and 
Benthic-Pelagic  Coupling  in  an  Eutrophicated 
Marine  Bay. 
W9O-O4098  2H 

GORAKHPUR  UNIV.  (INDIA).  DEPT.  OF 
ZOOLOGY. 

Anemia  in  the   Freshwater  Teleost,   Heterop- 
neustes  fossilis,  Under  the  Stress  of  Environmen- 
tal Pollution. 
W90-03949  5C 


GRAND  STRAND  WATER  AND  SEWER 
AUTHORITY,  CONWAY,  SC. 

Some   Ancillary   Benefits   of  a  Natural   Land 

Treatment  System. 

W90-04454  5E> 

GREAT  WESTERN  RESEARCH,  INC.,  MESA, 

AZ.  ... 

Economic  Analysis  of  Harmful  and  Beneficial 

Aspects  of  Saltcedar. 

W90-03818  3B 

GREELEY  AND  HANSEN,  CAMP  SPRINGS, 
MD. 

CSO  Partnership:  Cities  Join  Forces  on  Com- 
bined Sewers. 
W90-03954  5E 

GREEN  COVE,  OHIO. 

Ohio  Permits  Pressure  Clarification/Filtration. 
W90-04117  5F 

GRENOBLE-1  UNTV.  (FRANCE).  LAB.  DE  LA 
MONTAGNE  ALPINE. 

Hydrological  Changes  of  the  Rhone  River. 
W90-03693  2E 

GRENOBLE-2  UNTV.  (FRANCE).  CENTRE  DE 
RECHERCHE  EN  INFORMATIQUE 
APPLIQUEE  AUX  SCIENCE  SOCIALES. 

SAPHO20:  An  Aid  in  Water 

Planning(SAPHO20:  Systeme  d'Aide  a  la  Plani- 
fication  de  l'Eau). 
W90-04289  6A 

GRIFFITH  UNTV.,  NATHAN  (AUSTRALIA). 
SCHOOL  OF  AUSTRALIAN 
ENVIRONMENTAL  STUDIES. 

Bioaccumulation  of  Lipophilic  Compounds  from 

Sediments  by  Oligochaetes. 

W90-04153  5B 

GRONTNGEN  RUKSUNTVERSITEIT 
(NETHERLANDS).  DEPT.  OF 
BIOCHEMISTRY. 

Degradation  of  Chlorinated  Aliphatic  Hydrocar- 
bons by  Methylosinus  trichosporium  OB3b  Ex- 
pressing Soluble  Methane  Monooxygenase. 
W9O-O403O  5D 

GUELPH  UNTV.  (ONTARIO).  DEPT.  OF 
MICROBIOLOGY. 

Sorption  of  Metals  to  Bacillus  subtilis  Walls 
from  Dilute  Solutions  and  Simulated  Hamilton 
Harbour  (Lake  Ontario)  Water. 
W90-04040  5B 

HAMBURG  UNTV.  (GERMANY,  FJL).  ESST. 
FUER  BIOCHEMTE  UND 
U»ENSMnTELSCHEMTE. 

Cyclic   Organochlorines   in   the   Whelks   Buc- 
cinum  undatum  and  Neptunea  antiqua  from  the 
North  Sea  and  the  Irish  Sea. 
W90-04059  5B 


HANNA  (J.E.)  ASSOCIATES,  INC., 
PICKERING  (ONTARIO). 

Use    of   Artificial    Cattail    Marshes    to    Treat 
Sewage  in  Northern  Ontario,  Canada. 
W90-04453  5D 

HARVARD  SCHOOL  OF  PUBLIC  HEALTH, 
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Shear    in    Uniform    and    Compositely    Rough 

Channels. 

W90-03648  2E 

LD3RARY  OF  CONGRESS,  WASHINGTON, 
DC.  CONGRESSIONAL  RESEARCH  SERVICE. 

National  Water  Policy. 

W90-04342  6A 

LINCOLN  COLL.,  CANTERBURY  (NEW 
ZEALAND).  DEPT.  OF  NATURAL  RESOURCE 
ENGINEERING. 

Physical  Hydraulic  Modelling  of  Width  Reduc- 
tion and  Bed  Level  Change  in  Braided  Rivers 
W90-04132  2J 

LONDON  SCHOOL  OF  HYGEENE  AND 
TROPICAL  MEDICINE  (ENGLAND). 

Water  Supply  and  Sanitation:  An  Agenda  for 

Research. 

W90-04110  5F 

LOS  ALAMOS  NATIONAL  LAB.,  NM. 

Quality  of  Surface  and  Ground  Water  at  and 
Adjacent  to  the  Los  Alamos  National  Laborato- 
ry: Reference  Organic  Compounds. 
W90-03763  5B 

Prediction  Methodology  for  Contaminant  Trans- 
port from  Rangeland  Watersheds. 
W90-04253  5B 

Water  Supply  at  Los  Alamos:  Current  Status  of 

Wells  and  Future  Water  Supply. 

W90-04259  2F 

LOTTI  (C.)  AND  ASSOCIATES,  ROME 

(ITALY). 
CAD  in  the  Design  of  Pipelines  for  Irrigation 
Schemes. 
W90-04291  gA 


LOUISIANA  STATE  UNIV.,  BATON  ROUGE 
DEPT.  OF  CIVIL  ENGINEERING. 

Hydrologic  Systems.  Volume  I:  Rainfall-Runoff 

Modeling. 

W90-03764  2E 

LOUISIANA  STATE  UNIV.,  BATON  ROUGE 
DEPT.  OF  GEOGRAPHY  AND 
4B       ANTHROPOLOGY. 

Flood  Hydroclimatology. 

W90-03663  2E 

LOUISIANA  STATE  UNIV.,  BATON  ROUGE 
DEPT.  OF  MARINE  SCIENCE. 

Effects  of  Suspended  Sediments  on  Egg  Produc- 
tion of  the  Calanoid  Copepod  Acartia  tonsa. 
W90-O3918  2J 

LOUISIANA  STATE  UNIV.,  BATON  ROUGE 
INST.  FOR  ENVIRONMENTAL  STUDIES. 

Evaluation  of  Specific  Microbiological  Assays 
for   Constructed   Wetlands   Wastewater   Treat- 
ment Management. 
W90-04438  5D 

LOUISVILLE  UNTV.,  KY.  DEPT.  OF  CTVTL 
ENGINEERING. 

Comparison  of  Method  of  Residuals  and  Cluster 

Analysis  for  Flood  Regionalization. 

W90-03979  2E 

LUND  UNIV.  (SWEDEN).  DEPT.  OF 
ECOLOGY. 

Nitrate  Reduction  in  a  Groundwater  Microcosm 

Determined  by  15N  Gas  Chromatography-Mass 

Spectrometry. 

W90-O4O32  5B 

LYON-1  UNTV.,  VELLEURBANNE  (FRANCE). 
LAB.  D'ECOLOGD3  DES  EAUX  DOUCES. 

Ecological  Changes  of  the  French  Upper  Rhone 

River  Since  1750. 

W90-O3707  4A 

LYON-1  UNTV.,  VTLLEURBANNE  (FRANCE). 
SECTION  OF  FRESHWATER  ECOLOGY. 

Paleoecological  Analyses  of  Large  Rivers:  Some 

Principles  and  Methods. 

W90-03698  2E 

LYON-3  UNTV.  (FRANCE). 

Cartography  of  Rivers  in  France. 

W9O-03695  2E 


REPRO:  Hydraulic  Network  Design. 
W90-04292 


8A 


LOUGH  GARA  FARMS  LTD.,  BOYLE 
(IRELAND). 

Wetlands  Treatment  of  Dairy  Animal  Wastes  in 

Irish  Drumlin  Landscape. 

W90-04462  5D 

LOUGHBOROUGH  UNTV.  OF  TECHNOLOGY 
(ENGLAND).  DEPT.  OF  GEOGRAPHY. 

Historical  Analysis  of  Fluvial  Hydrosystems. 
W90-03690  2E 

LOUISIANA  STATE  UNTV.,  BATON  ROUGE. 
DEPT.  OF  BOTANY. 

Wetland  Vegetation. 

W90-04397  5D 


MAINE  UNIV.  AT  ORONO.  LAND  AND 
WATER  RESOURCES  CENTER. 

Eutrophication  and  Lake  Management. 
W90-04352  2H 

MAINE  UNTV.,  WALPOLE.  rRA  C.  DARLING 
CENTER  FOR  RESEARCH,  TEACHING  AND 
SERVICE. 

Efficacy  of  Phospholipid  Analysis  in  Determin- 
ing Microbial  Biomass  in  Sediments. 
W9O-O4034  7B 

MANITOBA  UNTV.,  WINNIPEG.  DEPT  OF 
CTVTL  ENGINEERING. 

New  Look  at  Flood  Risk  Determination. 
W90-O4197  2E 

Stage  Distribution  Approach  to  Estimating  Ice 

Related  Flooding  Probabilities. 

W90-04199  2C 

Comparison  of  Streamflow  Generation  Models 
for  Reservoir  Capacity-Yield  Analysis. 
W9O-O4201  2E 
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MICHIGAN  STATE  UNIV.,  EAST  LANSING.  INST.  OF  WATER  RESEARCH. 


MARBURG  UNIV.  (GERMANY,  FJU. 
FACHBEREICH  BIOLOGIE. 

Metabolism  of  H2  and  C02  by  Methanobacter- 

ium. 
W9O-03854 


5D 


MARIN  SONOMA  MOSQUITO  ABATEMENT 
DISTRICT,  PETALUMA,  CA. 

Wastewater  Wetlands:  User  Friendly  Mosquito 

Habitats. 

W90-04457  5U 

MARINE  BIOLOGICAL  ASSOCIATION  OF 
THE  UNITED  KINGDOM,  PLYMOUTH 
(ENGLAND). 

Effects  of  Tributyltin   Pollution  on  the   Mud 
Snail,  Ilyanassa  obsoleta,  from  the  York  River 
and  Sarah  Creek,  Chesapeake  Bay. 
W90-04063  5C 

Factors  Affecting  Estuarine  Meiobenthic  As- 
semblage Structure:  A  Multifactorial  Microcosm 
Experiment. 
W90-04097 


Artificial  Intelligence  Applications  in  Engineer- 
ing Design:  Research  at  M.I.T. 
W90-04287  8A 

MASSACHUSETTS  INST.  OF  TECH., 
CAMBRIDGE.  DEFT.  OF  CTVTL 
ENGINEERING. 

Benefits  of  Uncertainty:  Probability  in  Short  and 
Long  Term  Hydrologic  Forecasting. 
W90-04318  7C 

MASSACHUSETTS  INST.  OF  TECH., 
CAMBRIDGE.  ENERGY  LAB. 

Observed  and  Modeled  Trend  of  Sulfate  and 
Nitrate  in  Precipitation  in  Eastern  North  Amer- 

ica-  sn 

W90-03935  5B 


MASSACHUSETTS  METROPOLITAN 
DISTRICT  COMMISSION,  BOSTON. 

Rehabilitation  of  Water  Systems. 
W90-04364 


2H 


5F 


MARINE  BIOLOGICAL  LAB.,  WOODS  HOLE, 

Ecology  of  Atlantic  White  Cedar  Wetlands:  A 

Community  Profile. 

W90-04255  2H 

MARINE  LAB.,  ABERDEEN  (SCOTLAND). 

Environmental  Correlates  with  Amphipod  Dis- 
tribution in  a  Scottish  Sea  Loch. 
W90-04090  2L 

MARQUETTE  UNTV.,  MILWAUKEE,  WI. 
DEFT.  OF  CTVTL  ENGINEERING. 

Linking  Nonpoint  Pollution  and  Deterioration. 
W90-03953  5C 

MARTIN  (A.  W.)  ASSOCIATES,  INC.,  KING 
OF  PRUSSIA,  PA.  .»..,, 

Land  AppUcation  of  Wastewater  and  Residuals: 

PoUcy  ImpUcations. 

W90-03781  5E 

MARYLAND  GEOLOGICAL  SURVEY, 
BALTIMORE. 

Hydrogeology,  Brackish-Water  Occurrence,  and 
Simulation  of  Flow  and  Brackish-Water  Move- 
ment in  the  Aquia  Aquifer  in  the  Kent  Island 
Area,  Maryland. 
W90-03879  2F 

MARYLAND  UNTV.,  COLLEGE  PARK.  DEFT. 
OF  AGRICULTURAL  AND  RESOURCE 
ECONOMICS. 

Economic  Effects  of  Soil  Conditions  on  Farm 
Strategies  to  Reduce  Agricultural  Pollution. 
W90-04179  5G 

MARYLAND  UNTV.,  COLLEGE  PARK.  DEFT. 
OF  AGRONOMY. 

Modeling  the  Effect  of  Brush  Control  on  Range- 
land  Water  Yield. 
W90-04183  3B 

MARYLAND  UNTV,  COLLEGE  PARK. 
WATER  RESOURCES  RESEARCH  CENTER. 

Fiscal  Year   1988  Program  Report  (Maryland 

Water  Resources  Research  Center). 

W9(H)3888  9D 

MARYLAND  WATER  RESOURCES 
ADMINISTRATION,  ANNAPOLIS. 

Impoundments  for  Liquid  Wastes:  Policy  ImpU- 
cations. 
W9W)3778  5E 

MASSACHUSETTS  INST.  OF  TEC1L, 
CAMBRIDGE. 

Physically  Based  Network  Model  for  Two-  and 
Three-Phase  Saturation-Capillary  Pressure  Re- 
lationships. 
W90-03890  2G 


MASSACHUSETTS  UNIV.,  AMHERST.  DEFT. 
OF  PLANT  AND  SODL  SCIENCES. 

Movement  and  Retention  of  Organics  m  Soil:  A 
Review  and  a  Critique  of  Modeling. 
W90-03836  5B 

MASSACHUSETTS  UNTV.,  AMHERST.  DIV. 
OF  NURSING. 

Review  of  Present  Risk  Assessment  Models  for 

Petroleum  Contaminated  Soils. 

W90-03847  5C 

MASSACHUSETTS  UNTV.,  AMHERST.  DIV. 
OF  PUBLIC  HEALTH. 

Drinking  Water  Quality  and  Water  Treatment 

Practices:  Charting  the  Future. 

W90-03740  5F 

MASSACHUSETTS  UNIV.,  AMHERST. 
ENVmONMENTAL  ENGINEERING 
PROGRAM. 

Microtox   Assessment   of  Anaerobic   Bacterial 

Toxicity. 

W90-03596  5L) 

MASSACHUSETTS  UNTV.,  AMHERST. 
WATER  RESOURCES  RESEARCH  CENTER. 

Control  of  Urban  Runoff  and  Nonpoint  Source 

Pollution. 

W90-04348  5G 

MAX-PLANCK-DSST.  FUER 
STRAHLENCHEMDZ,  MUELHEIM  AN  DER 
RUHR  (GERMANY,  F.R.). 

Reactions  of  Ozone  with  D-Glucose  in  Oxygen- 
ated Aqueous  Solution:  Direct  Action  and  Hy- 
droxyl  Radical  Pathway. 
W90-03973  5F 

MCLAREN  ENVniONMENTAL 
ENGINEERING,  INC.,  ALAMEDA,  CA. 

Methodology  for  Evaluating  the  Environmental 
and  Public  Health  Risks  of  Contaminated  Soil. 
W90-03846  5C 

MCMASTER  UNTV„  HAMTLTON  (ONTARIO). 
DEPT.  OF  CTVTL  ENGINEERING  AND 
ENGINEERING  MECHANICS. 

Dynamic    Modeling    and    Expert    Systems    in 

Wastewater  Engineering. 

W9O-03812  5D 

Runoff  Modeling  under  Noise-Corrupted  Rain- 
fall Conditions. 
W9O-04021  2E 

MEMORIAL  UNTV.  OF  NEWFOUNDLAND, 
ST.  JOHN'S.  DEPT.  OF  BIOLOGY. 

Sublethal  Effects  of  Crude  Oil  on  a  Cold-water 
Marine  Leech,  Johanssonia  arctica,  Following 
Chronic  Exposure. 
W90-03945  5C 


MEMPHIS  STATE  UNIV.,  TN.  DEPT.  OF 
BIOLOGY. 

Manganese   and   Iron   Encrustation   on   Green 
Algae  Living  in  Acid  Mine  Drainage. 
W90-04470  5D 

MEMPHIS  STATE  UNIV.,  TN.  DEPT.  OF 
CIVIL  ENGINEERING. 

Peaking  Storage  Tanks  for  Water  Supply  Sys- 
tems. 
W90-04210  5F 

MEMPHIS  STATE  UNTV.,  TN.  DEPT.  OF 
GEOGRAPHY  AND  PLANNING. 

Analysis  of  1987  Flood  of  West  Memphis,  Ar- 
kansas. 
W90-03720  2E 

METCALF  AND  EDDY,  INC.,  WAKEFIELD, 
MA. 

Field   Measurements   of  Full-Scale   Hazardous 

Waste    Treatment    Facilities-Organic    Solvent 

Wastes. 

W90-03768  5D 

METROPOLITAN  SANITARY  DISTRICT  OF 
GREATER  CHICAGO,  IL. 

Studies  of  the  Uptake  of  Heavy  Metals  by  Acti- 
vated Sludge. 
W90-04391  5D 

METROPOLITAN  SANITARY  DISTRICT  OF 
GREATER  CHICAGO,  H.  DEPT.  OF 
RESEARCH  AND  DEVELOPMENT. 

Data  Gathering  for  NPS  and  Illegal  Discharges. 
W90-04358  7B 

MIAMI  UNIV.,  OXFORD,  OH.  INST.  OF 
ENVIRONMENTAL  SCIENCES. 

Myths  and  Uses  of  Hydrometeorology  in  Fore- 
casting. 
W90-04316  6A 


Water  Quality  Management  Alternatives. 
W90-04357 

MICHIGAN  DEPT.  OF  NATURAL 
RESOURCES,  LANSING. 

Effect  of  Pollutants  on  Biota. 
W90-04350 


6A 


5C 


MICHIGAN  STATE  UNTV.,  EAST  LANSING. 
DEPT.  OF  COMMUNICATION. 

Enhanced  Retention  of  Organic  Contaminants 
by  Soils  Exchanged  with  Organic  Cations. 
W9O-04O47  5B 

MICHIGAN  STATE  UNTV.,  EAST  LANSING. 
DEPT.  OF  CROP  AND  SOH.  SCIENCES. 

Characterization    of    the    Acclimation    Period 

Before  Anaerobic  Dehalogenation  of  Haloben- 

zoates. 

W90-O4028  5B 

MICHIGAN  STATE  UNTV.,  EAST  LANSING. 
DEPT.  OF  GEOGRAPHY. 

Soil  Water  Characteristics  of  Two  Soil  Catenas 
in  Illinois:  Implications  for  Irrigation. 
W90-04206  3F 

MICHIGAN  STATE  UNTV.,  EAST  LANSING. 
INST.  OF  WATER  RESEARCH. 

Fiscal  Year   1988  Program  Report  (Michigan 

Institute  of  Water  Research). 

W90-03889  9D 


Maintenance  of  Instream  Flows. 
W90-04351 
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MICHIGAN  UNIV.,  ANN  ARBOR 
WETLANDS  ECOSYSTEM  RESEARCH 
GROUP. 

Hydrologic  Factors  in  Wetland  Water  Treat- 
ment. 
W90-04395  5D 


Decomposition  in  Wastewater  Wetlands 
W90-04431 


5D 


MIDDLE  EAST  TECHNICAL  UNIV.,  ANKARA 
(TURKEY).  DEPT.  OF  ENVIRONMENTAL 
ENGINEERING. 

Effect  of  Temperature,  pH  and  DO  Concentra- 
tion on  Filterability  and  Compressibility  of  Acti- 
vated Sludge. 
W90-04146  5D 

MIDDLESEX  COUNTY  PLANNING  BOARD 
NEW  BRUNSWICK,  NJ. 

Experiences  and  Perceptions  of  the  208  Program 

at  the  Substate  Level. 

W90-04341  6A 

MINISTRY  OF  AGRICULTURE,  FISHERIES 
AND  FOOD,  BURNHAM  ON  CROUCH 
(ENGLAND).  FISHERIES  LAB. 
Aquatic  Toxicity  of  Complex  Effluents 
W90-04093  5A 

MINISTRY  OF  CONSTRUCTION,  BEIJING 
(CHINA).  DEPT.  OF  URBAN 
CONSTRUCTION. 

Role  of  Water  Conservation  and  Its  Prospects 

for  the  Development  of  Urban  Water  Supply  in 

China. 

W90-03965  3D 

MINNESOTA  DEPT.  OF  NATURAL 
RESOURCES,  ST.  PAUL.  MINERALS  DIV. 

Use  of  Wetlands  to  Remove  Nickel  and  Copper 

from  Mine  Drainage 

W90-04472  5D 

MINNESOTA  UNIV.,  MINNEAPOLIS.  DEPT 
OF  GEOGRAPHY. 

Mmnesota  Water:  A  Geographical  Perspective. 
W90-04266  ywj 

MINNESOTA  UNIV.,  MINNEAPOLIS. 
LIMNOLOGICAL  RESEARCH  CENTER. 

Detecting  Biotic  and  Hydrogeochemical  Proc- 
esses m  Large  Peat  Basins  with  Landsat  TM 
Imagery. 
W90-04195  7B 

MISSISSIPPI  BUREAU  OF  LAND  AND 
WATER  RESOURCES,  JACKSON. 

Preliminary  Steady-State  Simulation  of  Ground- 
water Flow   in   Hinds,   Madison,   and   Rankin 
Counties,  Central  Mississippi. 
W9003725  2F 

MISSISSD7PI  BUREAU  OF  POLLUTION 
CONTROL,  JACKSON. 

Apparent  Changes  in  the  Potentiometric  Sur- 
faces of  Cretaceous  and  Paleozoic  Aquifers  of 
Northeastern  Mississippi,  1955-1988 
W90-03723  2F 

MISSISSIPPI  RESEARCH  AND 
DEVELOPMENT  CENTER,  JACKSON. 

Groundwater  Sensitivity  Modeling  Using  GIS 

Technology. 

W9(M)3711  5G 

MISSISSIPPI  SANDHLLL  CRANE  NATIONAL 
WILDLD7E  REFUGE,  GAUTLER. 

Land  Treatment  of  Municipal  Wastewater  on 
Mississippi    Sandhill    Crane    National    Wildlife 
Refuge  for  Wetlands/Crane  Habitat  Enhance- 
ment: A  Status  Report 
W90-044O6  5D 

MISSISSD7PI  STATE  UNIV.,  MISSISSIPPI 
STATE.  DEPT.  OF  AEROSPACE 
ENGINEERING. 

WateT  Quality  Management  for  pH  Control. 
W9O-03717  <q 


MISSISSIPPI  STATE  UNIV.,  MISSISSIPPI 
STATE.  DEPT.  OF  AGRICULTURAL  AND 
BIOLOGICAL  ENGINEERING. 

Assessment  of  Buffalo  Fisheries  Resources  in  a 
Mississippi  Stream  Three  Decades  After  Chan- 
nelization. 
W9O-03709  gQ 

MISSISSIPPI  UNIV.,  UNIVERSITY   DEPT  OF 
CHEMICAL  ENGINEERING. 

Zeolite  Ammonia  Removal  from  Catfish  Pond 

Waters. 

W90-03714  5D 

MISSISSIPPI  WATER  RESOURCES 
RESEARCH  INST.,  MISSISSIPPI  STATE. 
Proceedings,  Mississippi  Water  Resources  Con- 
ference. 
W9O-O3708  jp 

MONTREAL  UNIV.  (QUEBEC).  DEPT  OF 
GEOGRAPHY. 

Geographic  Analysis  of  the  Incidence  of  Cancer 
in  Quebec  as  a  Function  of  the  Utilization  of 
Pesticides  in  Agriculture,  1982-1983  (Analyse 
Geographique  de  L'Incidence  des  Cancers  au 
Quebec  en  Fonction  de  L'Utilisation  des  Pesti- 
cides en  Agriculture,  1982-1983). 
W90-04096  5C 

MOON  TOWNSHIP  MUNICIPAL 
AUTHORITY,  CORAOPOLIS,  PA. 

Nitrification  and  Denitrification  at  Iselin  Marsh/ 

Pond/Meadow  Facility. 

W90-04433  5D 

MUSEO  NACIONAL  DE  CIENCIAS 
NATURALES,  MADRID  (SPAIN). 

Historical  Changes  in  the  Fish  Fauna  of  the 

River  Duero  Basin. 

W90-03702  gI 

NANTES  UNTV.  (FRANCE).  LAB.  DE 
BIOLOGIE  MARINE. 

Ecological   Observations   on    Plankton   of  the 

Loire  Estuary  (France). 

W90-O4O89  jL 

NATIONAL  AERONAUTICS  AND  SPACE 
ADMINISTRATION,  BAY  SAINT  LOUIS,  MS 
JOHN  C.  STENNIS  SPACE  CENTER. 

Aquatic    Plant/Microbial    Filters   for   Treating 

Septic  Tank  Effluent. 

W90-04404  5D 

NATIONAL  AERONAUTICS  AND  SPACE 
ADMINISTRATION,  GREENBELT,  MD 
HYDROLOGICAL  SCIENCES  BRANCH. 

Comparison  of  In   Situ  and   Landsat  Derived 

Reflectance  of  Alaskan  Glaciers 

W9O-O4190  2C 

NATIONAL  AERONAUTICS  AND  SPACE 
ADMINISTRATION,  GREENBELT,  MD  LAB 
FOR  ATMOSPHERIC  SCIENCES. 

Applicability  of  Space  Acquired  Data  for  Water 

Resources  Management. 

W90-04317  7B 

NATIONAL  AERONAUTICS  AND  SPACE 
ADMINISTRATION,  MOFFETT  FIELD  CA 
AMES  RESEARCH  CENTER. 

Physical  Processes  in  Polar  Stratospheric   Ice 

Clouds. 

W90-03902  2B 

NATIONAL  AUDUBON  SOCIETY.  NEW 
YORK. 

Non-Degradation  as  a  Ground-Water  Quality 

Policy. 

W90-O3773  5G 


NATIONAL  BOARD  OF  WATERS,  HELSINKI 
(FINLAND). 

Annual  Report  of  the  National  Board  of  Waters 
and  the  Environment  for  1988.  (Vesi-ja  Ymparis- 
tohallinto.  Toiminta  Kertomus  1988) 
W9O-03817  6A 


NATIONAL  CENTRE  FOR  MARINE 
RESEARCH,  ATHENS  (GREECE). 

Nutrients     and     Phytoplankton     Distributions 

during  Spring  in  the  Aegean  Sea. 

W90-04027  2L 

NATIONAL  CHUNGHSING  UNIV., 
TAICHUNG  (TAIWAN).  DEPT.  OF  SOIL  AND 
WATER  CONSERVATION. 

Study  on  the  Staircase  Profile  and  Armouring 

Effects  of  River  Bed  for  Torrential  Streams  in 

Taiwan. 

W90-03646  2E 

NATIONAL  ECOLOGY  RESEARCH  CENTER. 
FORT  COLLINS,  CO. 

Suitability  Criteria  for  Assessment  of  Instream 

Flow  Needs  of  Fish. 

W90-03729  2H 

NATIONAL  FERTILIZER  DEVELOPMENT 
CENTER,  MUSCLE  SHOALS,  AL. 

Waste  Treatment  for  Confined  Swine  with  an 

Integrated  Artificial  Wetland  and  Aquaculture 

System. 

W90-O4407  JD 

Aquatic  Plant  Culture  for  Waste  Treatment  and 

Resource  Recovery. 

W90-O4442  5D 

NATIONAL  GEOPHYSICAL  RESEARCH 
INST.,  HYDERABAD  (INDIA). 

Solution  of  the  Nonlinear  Boussinesq  Equation 

for  Phreatic  Flow  Using  an  Integral  Balance 

Approach. 

W90-03909  7C 

NATIONAL  INST.  FOR  ENVIRONMENTAL 
STUDLES,  TSUKUBA  (JAPAN). 

Distribution  of  Aquatic  Bryophytes  in  Relation 

to  Water  Chemistry  of  the  Acid  River  Akagawa, 

Japan. 

W90-04074  2H 

NATIONAL  INST.  OF  PUBLIC  HEALTH, 
OSLO  (NORWAY). 

Anion  Exchange  for  Removal  of  Humus  from 
Drinking  Water:  Calcium  Improves  the  Efficien- 
cy of  the  Process. 
W90-O4154  5F 

NATIONAL  MARINE  FISHERIES  SERVICE, 
AUKE  BAY,  AK.  AUKE  BAY  FISHERIES  LAB. 

Occurrence  of  Tri-n-butyltin-Caused  Imposex  in 
the  North  Pacific  Marine  Snail  Nucella  lima  in 
Auke  Bay,  Alaska. 
W90-03917  5C 

NATIONAL  MARINE  FISHERIES  SERVICE, 
AUKE  BAY,  AK  AUKE  BAY  LAB. 

Fisheries  Resources. 

W90-O3618  5C 


Sublethal  Effects  of  Petroleum  on  Biota. 
W90-03622 


5C 


NATIONAL  MARINE  FISHERIES  SERVICE, 
MIAMI,  FL.  SOUTHEAST  FISHERIES 
CENTER. 

Modeling  Future  Trends  in  Wetland  Loss  and 
Brown  Shrimp  Production  in  Louisiana  Using 
Thematic  Mapper  Imagery. 
W90-04192  2L 


NATIONAL  MARINE  FISHERIES  SERVICE, 
WOODS  HOLE,  MA.  NORTHEAST 
FISHERLES  CENTER. 

Fish  as  Sentinels  of  Environmental  Health 
W90-03743  5A 
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Distributions  of  Early  Life  Stages  of  Striped 
Bass  in  the  Hudson  River  Estuary,  1974-1979. 
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(TURKEY).  DEPT.  OF  ENVIRONMENTAL 
ENGINEERING. 

Fate  of  2,4-D  in  Microbial  Cultures. 
W9O-O4150  5D 

TECHNICAL  UNTV.  OF  NOVA  SCOTIA, 
HALIFAX.  DEPT.  OF  CIVIL  ENGINEERING. 

Physical-Chemical  and  Anaerobic   Fixed  Film 

Treatment  of  Landfill  Leachate. 

W90-03571  5D 

TECHNION  -  ISRAEL  INST.  OF  TECH., 
HAIFA.  DEPT.  OF  MECHANICAL 
ENGINEERING. 

Design  of  Dilution  Junctions  for  Water  Quality 

Control. 

W90-03982  5F 

TECHNISCHE  HOCHSCHULE  AACHEN 
(GERMANY,  F.R.).  LEHRSTUHL  FUER 
WASSERBAU  UND  WASSERWTRTSCHAFT 
UND  INST.  FUER  WASSERBAU. 

Using  Super  Computers  for  the  Time  History 

Analysis  of  Old  Gravity  Dams. 

W90-04303  gB 

TECHNISCHE  UNTV.  BERLIN  (GERMANY, 
FJL).  FACULTY  OF  ENVIRONMENTAL 
ENGINEERING. 

Residual  Aluminium  in  Drinking-Water  Treat- 
ment. 
W90-03969  5F 

TECHNISCHE  UNTV.,  DRESDEN  (GERMAN 
DM.).  SEKTTON  WASSERWESEN. 

Food-Web  Manipulation  as  a  Tool  in  Water- 
Quality  Management. 
W90-03971  5G 

TECHNISCHE  UNTV.,  GRAZ  (AUSTRIA). 
INST.  FOR  HYDROMECHANICS, 
HYDRAULICS  AND  HYDROLOGY. 

Measurement  and  Analysis  of  Dynamic  Pres- 
sures on  Hydraulic  Models. 
W90-04298  8B 

Determination  of  Design  Events  for  Precipita- 
tion Using  the  Time-variable  Data  Recording 
Method. 
W9f>04299  2B 

TECHNISCHE  UNTV.  HAMBURG-HARBURG 
(GERMANY,  FJU. 

Changes  in  Metal  Mobilities  in  Aquatic  and  Ter- 
restrial Cycles. 
W90-04371  SB 

TECHNISCHE  UNTV.  MUENCHEN 
(GERMANY,  F.R.).  INST.  FUER 
WASSERCHEMIE  UND  CHEMISCHE 
BALNEOLOGTE. 

Modern  Methods  in  Water  Analysis. 
W90-04016  5A 


TENNESSEE  DEPT.  OF  HEALTH  AND 
ENVIRONMENT,  NASHVILLE. 

Making  the  State  Revolving  Fund  Work:  The 

Tennessee  Experience. 

W90-03958  6C 

TENNESSEE  DIV.  OF  WATER  POLLUTION 
CONTROL,  NASHVILLE. 

States'  Activities,  Attitudes  and  Policies  Con- 
cerning Constructed  Wetlands  for  Wastewater 
Treatment. 
W90-O4416  so 

TENNESSEE  VALLEY  AUTHORITY, 
CHATTANOOGA.  DIV.  OF  POWER  SYSTEM 
OPERATIONS. 

Treatment  of  Acid  Drainage  with  a  Constructed 
Wetland  at  the  Tennessee  Valley  Authority  950 
Coal  Mine. 
W90-O44O8  5D 

Constructed   Wetlands   for  Treatment   of  Ash 

Pond  Seepage. 

W90-044O9  50 

Selection  and  Evaluation  of  Sites  for  Construct- 
ed Wastewater  Treatment  Wetlands. 
W90-04419  5D 

TENNESSEE  VALLEY  AUTHORITY, 
CHATTANOOGA.  WATER  QUALITY  DEPT. 

Performance  Expectations  and  Loading  Rates 

for  Constructed  Wetlands. 

W90-04420  5D 

Configuration  and  Substrate  Design  Consider- 
ations  for   Constructed   Wetlands   Wastewater 
Treatment. 
W90-04423  so 

Hydraulic  Design  Considerations  and  Control 
Structures     for     Constructed     Wetlands     for 
Wastewater  Treatment. 
W90-O4424  5D 

TENNESSEE  VALLEY  AUTHORITY, 
KNOXVILLE.  WASTE  TECHNOLOGY 
PROGRAM. 

Wetlands  Ecosystems:  Natural  Water  Purifiers. 
W90-04394  5D 

TENNESSEE  VALLEY  AUTHORITY,  MUSCLE 
SHOALS,  AL.  VECTOR  AND  PLANT 
MANAGEMENT  PROGRAM. 

Control  of  Armyworm,  Simyra  henrici  (Lepi- 
doptera:    Noctuidae),    on   Cattail    Plantings    in 
Acid  Drainage  Treatment  Wetlands  at  Widows 
Creek  Steam-Electric  Plant. 
W90-04476  5D 


TETRA  TECH,  INC.,  LAFAYETTE,  CA. 

Modelling  Component. 
W90-03797 


5B 


TEXAS  INSTRUMENTS,  INC.,  BUCHANAN, 
NY.  ECOLOGICAL  SERVICES  GROUP. 

Overview  of  the  Hudson  River  Estuary. 
W90-04506  2L 

Historical  Perspective  on  Fish  Species  Composi- 
tion and  Distribution  in  the  Hudson  River  Estu- 


ary. 
W90-O4507 


2L 


Stock  Characteristics  of  Hudson  River  Striped 

Bass. 

W90-O4510  2L 

Development  and  Sensitivity  Analysis  of  Impact 
Assessment  Equations  Based  on  Stock-Recruit- 
ment Theory. 
W90-O4519  6G 

What   We  Learned  about   the   Hudson   River: 
Journey  Toward  an  Elusive  Destination. 
W90-04528  6A 


TEXAS  UNIV.  AT  DALLAS,  RICHARDSON. 
GRADUATE  PROGRAM  IN 
ENVIRONMENTAL  SCIENCES. 

Strategies  to  Obtain  Water  Quality  Consistent 

with  Other  Objectives. 

W90-04344  5G 

TEXAS  UNIV.,  AUSTIN.  CENTER  FOR 
RESEARCH  IN  WATER  RESOURCES. 

Stochastic  Design  of  Wastewater  Storage  for 

Land  Application. 

W90-03892  5D 

TEXAS  WATER  QUALITY  BOARD,  AUSTIN. 
GEOLOGICAL  SERVICES  SECTION. 

Abandoned   Wells,   Injection   Wells,   and   Salt- 
water Injection:  Policy  Implications. 
W90-03776  5E 

TEXEL  ELECTRONICS,  TEL-AVIV  (ISRAEL). 
DEPT.  OF  REAL-TIME  CONTROL  FOR 
WATER  SYSTEMS. 

Optimal  Operation  of  Water  Distribution  Sys- 
tems. 
W90-03976  5p 

TOHOKU  UNTV.,  SENDAI  (JAPAN). 
BIOLOGICAL  INST. 

Constructing  the  Wastewater  Treatment  Wet- 
land: Some  Factors  to  Consider. 
W90-04426  5D 

Amplification  of  Total   Dry  Matter,   Nitrogen 
and  Phosphorus  Removal  from  Stands  of  Phrag- 
mites  australis  by  Harvesting  and  Reharvesting 
Regenerated  Shoots. 
W90-04440  5D 

TORONTO  UNTV.  (ONTARIO).  DEPT.  OF 
CHEMICAL  ENGINEERING  AND  APPLIED 
CHEMISTRY. 

Modeling  Petroleum  Products  in  Soils. 
W90-03835  5B 

TORONTO  UNTV.  (ONTARIO).  DEPT.  OF 
CTVTL  ENGINEERING. 

Utilization  of  Nitrite  Oxidation  Inhibition  to  Im- 
prove the  Nitrogen  Elimination  Process. 
W90-03583  so 

Fractal  Geometry  of  Particle  Aggregates  Gener- 
ated in  Water  and  Wastewater  Treatment  Proc- 
esses. 
W90-04049  5D 

TOTTORI  UNIV.  (JAPAN).  DEPT.  OF  CIVIL 
ENGINEERING. 

Change  of  River  Regime  and  Graded-Sediment 

Discharge  During  Flood. 

W90-03645  2E 

TRENT  UNIV.,  PETERBOROUGH 
(ONTARIO).  ENVIRONMENTAL  AND 
RESOURCE  STUDTES  PROGRAM. 

Possible  Effect  of  Sedimentary  Phosphorus  on 
the  Accumulation  of  Lead  in  Mytilus  edulis. 
W90-03950  5C 

TUEBTNGEN  UNTV.  (GERMANY,  F.R.). 
HYGIENE  INST. 

Comparison  of  Ozone  Inactivation,  in  Flowing 
Water,  of  Hepatitis  A  Virus,  Polio  virus  1,  and 
Indicator  Organisms. 
W90-O4O35  5p 

TURNER,  COLLIE  AND  BRADEN,  INC., 
HOUSTON,  TX. 

Effects  of  Urbanization  on  Streams. 

W90-04365  4C 
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UMA  ENGINEERING  LTD.,  MISSISSAUGA 
(ONTARIO). 

Powdered    Activated    Carbon     Selection    for 

Water  Treatment. 

W90-04023  5F 

UNILEVER  RESEARCH  LAB., 
VLAARDINGEN  (NETHERLANDS). 

Phosphate  Load  of  the  River  Rhine  1975-1986. 
W90-04015  5B 

UNTVERSroAD  COMPLUTENSE  DE  MADRID 
(SPAIN).  DEPT.  OF  GEODYNAMICS. 

Dynamics  and  Sedimentology  of  the  Deposits  of 
the  Flood  in  the  Lower  Stretch  of  the  Jucar 
River  in  October  of  1982  (Dinamica  y  Sedimen- 
tologia  de  los  Depositos  de  la  Avenida  del  Rio 
Jucar  en  Octubre  de  1982  en  su  tramo  bajo). 
W90-03927  2J 

UNTVERSIDAD  NACIONAL  DE  SAN  LUIS 
(ARGENTINA).  INST.  DE  MATEMATICA 
APUCADA. 

Nucleolar  Programming  for  Convex  Multicri- 

teria  Optimization. 

W90-04286  7C 

UNTVERSTDADE  FEDERAL  DE  MTNAS 
GERAIS,  BELO  HORIZONTE  (BRAZIL). 
INST.  DE  CTENCIAS  BIOLOGICAS. 

Diel  Variations  in  a  Shallow  Tropical  Brazilian 

Lake:  I.  The  Influence  of  Temperature  Variation 

on  the  Distribution  of  Dissolved  Oxygen  and 

Nutrients. 

W90-04076  2H 

UND7ERSITAET  FUER  BODENKULTUR, 
VTENNA  (AUSTRIA).  INST.  FUER 
WASSERWTRTCHAFT. 

Root-Zone  System:  Mannersdorf.  New  Results. 
W90-O4450  5D 

UNTVERSITE  CATHOLIQUE  DE  LOUVAIN, 
LOUVATN-LA-NEUVE  (BELGIUM).  DEPT.  OF 
CTVTL  ENGINEERING. 

Computer  Aided  Design  Software  in  Fluvial 

Hydraulics:  Program  CADRTV. 

W90-04295  8B 

UNTVERSITY  COLL.  OF  WALES, 
ABERYSTWYTH.  DEPT.  OF  GEOGRAPHY. 

Regime  Theory  and  Environmental  Change-Ir- 
reconcilable Concepts. 
W90-03660  2J 

UNTVERSITY  OF  EAST  ANGLIA,  NORWICH 
(ENGLAND).  SCHOOL  OF 
ENVTRONMENTAL  SCIENCES. 

Dimensional  and  Dimensionless  Regime  Equa- 
tions for  Gravel-Bed  Rivers. 
W90-03627  2E 

UNTVERSITY  OF  NEW  ENGLAND, 
ARMTDALE  (AUSTRALIA).  DEPT.  OF 
BOTANY. 

Optical  Properties  and  Phytoplankton  of  Lentic 
Freshwaters   from   North-Eastern   New   South 
Wales,  Australia. 
W90-O4077  2H 

UNTVERSITY  OF  SCTENCE  AND 
TECHNOLOGY  OF  CHINA,  HEFEI.  DEPT. 
OF  APPLTED  CHEMISTRY. 

Use  of  a  Novel  Acetone-H202-C10(-)  Chemilu- 
minescence  System  for  the  Determination  of 
Iodide  Ion. 
W90-03920  7B 

UNTVERSITY  OF  SOUTH  FLORIDA,  ST. 
PETERSBURG.  DEPT.  OF  MARINE  SCTENCE. 

Specificity  of  Cellular  DNA-Binding  Sites  of 
Microbial  Populations  in  a  Florida  Reservoir. 
W90-04029  2H 

UNTVERSITY  OF  SOUTHERN  MISSISSTPPI, 
HATTTESBURG.  DEPT.  OF  CHEMISTRY. 

Plasmid  Profile  Analysis  of  Fecal  Conforms  Iso- 
lated from  Natural  Waters. 
W90-03728  5A 


UNTVERSITY  OF  SOUTHERN  MISSISSIPPI, 
HATTTESBURG.  DEPT.  OF  GEOLOGY. 

Groundwater  Extraction  Trends  in  Forest  and 

Lamar  Counties,  Mississippi. 

W90-03724  2F 

UNTVERSITY  OF  WEST  FLORIDA, 
PENSACOLA.  DEPT.  OF  BIOLOGY. 

Laboratory  Induction  of  Intersexuality  in  the 
Mosquitofish,    Gambusia    affinis,    Using    Paper 
Mill  Effluent. 
W90-03947  5C 

URBAN  DRAINAGE  AND  FLOOD  CONTROL 
DISTRICT,  DENVER,  CO. 

Changing  Needs  in  Urban  Flood  Forecasting. 
W90-04327  2E 


Practices  and  Problems  in  Flood  Plain  Manage- 
ment. 
W90-04331  6F 

Problems    of   Stormwater    Runoff   and    Flood 

Management. 

W90-04345  6F 

URS  CO.,  SEATTLE,  WA. 

Stormwater     Management:     Procedures     and 
Methods,  A  Manual  of  Best  Management  Prac- 

W90-04267  4A 

UTAH  WATER  RESEARCH  LAB.,  LOGAN. 

Soil  Phase  Photodegradation  of  Toxic  Organics 
at  Contaminated  Disposal  Sites  for  Soil  Renova- 
tion and  Groundwater  Quality  Protection. 
W90-03893  5D 

Planning  for  User  Oriented  Hydrologic  Fore- 
casts. 
W90-04315  6  A 


UTRECHT  RIJKSUNTVERSITEIT 
(NETHERLANDS).  DEPT.  OF  PHYSICAL 
GEOGRAPHY. 

Evidence  for  Historical  Heavy  Metal  Pollution 

in  Floodplain  Soils:  the  Meuse. 

W90-03697  5B 

VANDERBILT  UNIV.,  NASHVTLLE,  TN. 
DEPT.  OF  CTVTL  AND  ENVTRONMENTAL 
ENGINEERING. 

Technique  to  Determine  Inhibition  in  the  Acti- 
vated Sludge  Process  Using  a  Fed-Batch  Reac- 
tor. 
W90-03574  5D 

VENICE  UNTV.  (ITALY).  DEPT.  OF 
ENVTRONMENTAL  SCTENCE. 

Behavior  of  Aromatic  Surfactants  and  PCBs  in 

Sludge-Treated  Soil  and  Landfills. 

W90-04109  5E 

VERMONT  DEPT.  OF  ENVTRONMENTAL 
CONSERVATION,  WATERBURY. 

Vegetative  Filter  Treatment  of  Dairy  Milkhouse 

Wastewater. 

W90-04102  5D 

VTLLANOVA  UNTV.,  PA.  DEPT.  OF 
BIOLOGY. 

Wetland   Treatment   of  Coal   Mine   Drainage: 
Controlled  Studies  of  Iron  Retention  in  Model 
Wetland  Systems. 
W90-04474  5D 

VTLLANOVA  UNTV.,  PA.  DEPT.  OF 
CHEMICAL  ENGINEERING. 

Suitability  of  Ion  Exchange  Resins  for  the  Re- 
moval of  Cadmium  from  Wastewaters.  Part  III: 
Effect  of  Adsorbent  Dose. 
W90-04069  5D 

VTLLANOVA  UNTV.,  PA.  DEPT.  OF  CTVTL 
ENGINEERING. 

Conflict  Analysis  and  Management  Alternative 

for  the  Manayunk  Canal. 

W90-04209  6B 


VIRGINIA  MILITARY  INST.,  LEXINGTON. 
DEPT.  OF  CTVTL  ENGINEERING. 

Practical  Soil  Moisture  Profile  Model. 
W90-04185  2G 

VIRGINIA  POLYTECHNIC  INST.  AND  STATE 
UNTV.,  BLACKSBURG.  DEPT.  OF 
AGRICULTURAL  ECONOMICS. 

Stochastic  Model  to  Evaluate  Riparian  Irriga- 
tion Expansion  in  the  Eastern  United  States. 
W90-04198  3F 

VIRGINIA  POLYTECHNIC  INST.  AND  STATE 
UNTV.,  BLACKSBURG.  DEPT.  OF 
AGRICULTURAL  ENGINEERING. 

Long-term   Effectiveness   of  Vegetative   Filter 

Strips. 

W90-03956  5G 

Model  for  Predicting  Transport  of  Pesticides 
and  Their  Metabolites  in  the  Unsaturated  Zone. 
W90-04173  5B 

VIRGINIA  POLYTECHNIC  INST.  AND  STATE 
UNTV.,  BLACKSBURG.  VIRGINIA  WATER 
RESOURCES  RESEARCH  CENTER. 

Public  Involvement  in  Federal  Water  Resource 

Agencies:  An  Assessment  of  Legal  Options  and 

Constraints. 

W90-O4495  6E 

VIRGINIA  POLYTECHNIC  INST.  AND  STATE 
UNTV.,  BLACKSBURG.  WATER  RESOURCES 
RESEARCH  CENTER. 

Fiscal    Year    1989    Program    Report   (Virginia 
Water  Resources  Research  Center). 
W90-03897  9D 

VIRGINIA  POLYTECHNIC  INST., 
BLACKSBURG.  WATER  RESOURCES 
RESEARCH  CENTER. 

Water  Rights  Doctrines  as  Limitations  on  Water 

Resources  Development. 

W90-03741  6E 

VIRGINIA  STATE  WATER  CONTROL 
BOARD,  RICHMOND. 

Programs  to  Protect  Groundwater  in  Virginia. 
W90-04233  5G 

VIRGINIA  STATE  WATER  CONTROL 
BOARD,  RICHMOND.  BUREAU  OF  WATER 
CONTROL  MANAGEMENT. 

State  Aspects  of  208  Planning. 

W90-04340  6E 

VTRGINIA  UNTV.,  CHARLOTTESVILLE. 
DEPT.  OF  ENVIRONMENTAL  SCIENCES. 

Flood  Climates. 

W90-03662  2E 

VIRGINIA  WATER  RESOURCES  RESEARCH 
CENTER,  BLACKSBURG. 

From  Cropland  to  Concrete:  The  Urbanization 

of  Farmland  in  Virginia. 

W90-04264  4C 

VIZGAZDALKODASI  TUDOMANYOS 
KUTATO  TNTEZET,  BUDAPEST  (HUNGARY). 

Effects  of  Extensive  Dredging  on  the  River 

Regime. 

W90-03656  2E 

VYSOKA  SKOLA  CHEMICKO- 
TECHNOLOGICKA,  PRAGUE 
(CZECHOSLOVAKIA).  INST.  OF  WATER 
TECHNOLOGY  AND  ENVIRONMENTAL 
PROTECTION. 

Determination  of  Kinetic  Constants  of  Activated 
Sludge  Microorganisms  Responsible  for  Degra- 
dation of  Xenobiotics. 
W90-04151  5D 
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Biodegradation  of  2,4-Dichlorophenol  by  Acti- 
vated Sludge  Microorganisms. 
W90-04152  5D 

VYZKUMNY  USTAV  VODOHSPODARSKY, 
PRAGUE  (CZECHOSLOVAKIA). 

Use  of  Periphyton  for  Nutrient  Removal  from 

Waters. 

W90-04444  so 

WAGGONER  ENGINEERING,  INC., 
JACKSON,  MS. 

Water   Resources   Management   Plan,   Jackson 

County,  MS. 

W90-03712  6B 

WAHNBACHTALSPERRENVERBAND, 
SIEGBURG  (GERMANY,  F.R.). 

Elimination  of  Zooplankton  by  Flocculation  and 

Filtration. 

W90-03961  5F 

Experiences  of  Quality  Control  of  Raw  Water 

Storage  Reservoirs. 

W90-03968  5G 

WAIKATO  CATCHMENT  BOARD, 
HAMILTON  (NEW  ZEALAND).  RESOURCE 
HYDROLOGY  UNIT. 

Ground    Water    Resources    of   the    Tauranga 
Group  Sediments  in  the  Hamilton  Basin,  North 
Island,  New  Zealand. 
W9O-O4130  2F 

WASHINGTON  STATE  UNIV.,  PULLMAN. 
DEPT.  OF  CTVTL  AND  ENVIRONMENTAL 
ENGINEERING. 

Equations  for  Axisymmetric  and  Two-Dimen- 

sional  Turbulent  Jets. 

W90-04129  8B 

WASHINGTON  UNTV.,  SEATTLE.  DEPT.  OF 
ATMOSPHERIC  SCIENCES. 

Intraseasonal  Periodicities  in  Indian  Rainfall. 
W90-03900  2B 

WASHINGTON  UNIV.,  SEATTLE.  DEPT.  OF 
CTVTL  ENGINEERING. 

Hydrologic  Information  and  Analyses  Required 
for  Mitigating  Hydrologic  Effects  of  Urbaniza- 
tion. 
W90-03896  2A 

WASHINGTON  UNIV.,  SEATTLE.  DEPT.  OF 
GEOLOGICAL  SCDZNCES. 

Geomorphologic  Contributions  to  Flood  Con- 
trol Planning. 
W9(W)3686  2E 

WASHINGTON  UNIV.,  SEATTLE. 
GEOPHYSICS  PROGRAM. 

Simple  Model  of  Droplet   Spectral  Evolution 

During  Turbulent  Mixing. 

W90-03899  7C 

WASSERWERTSCHAFTSAMT  BREMEN 
(GERMANY,  F.R.). 

Historical  Changes  of  the  River  Weser. 
W9O-O3706  5C 

WATER  RESEARCH  CENTRE, 
MEDMENHAM  (ENGLAND). 

Environmental  Quality  Objectives  and  Effluent 

Control. 

W90-04092  5G 

WATER  RESEARCH  CENTRE, 
MEDMENHAM  (ENGLAND).  MEDMENHAM 
LAB. 

Identification  of  Mutagens  in  Drinking  Water 
W9(W)4007  5A 

WATER  RESEARCH  CENTRE,  STEVENAGE 
(ENGLAND). 

Sewage  Treatment  by  Reed  Bed  Systems:  The 
Present  Situation  in  the  United  Kingdom. 
W90-04403  5D 


Hydraulic   Considerations   and    the    Design   of 

Reed  Bed  Treatment  Systems. 

W90-04452  5D 

WATER  RESEARCH  COMMISSION, 
PRETORIA  (SOUTH  AFRICA). 

Research  on  the  Health  Implications  of  the  Use 

of  Recycled  Water  in  South  Africa. 

W90-03925  3C 

WATER  STORAGE  CORP.,  WERKENDAM 
(NETHERLANDS). 

Pretreatment  for  Raw  Water  Storage. 
W90-03959  5F 

WATER  TRAINING,  TADLEY  COURT, 
TADLEY  COMMON  ROAD,  TADLEY, 
BASINGSTOKE,  HANTS  RG26  6TB,  UK. 

Managing  Water  Supply:  Public  or  Private. 
W90-03970  5F 

WATERLOO  UNTV.  (ONTARIO).  DEPT.  OF 
CTVTL  ENGINEERING. 

Remote  Sensing  and  Fully  Distributed  Modeling 

for  Flood  Forecasting. 

W90-03980  2E 

WATERLOOPKUNDIG  LAB.  TE  DELFT, 
EMMELOORD  (NETHERLANDS).  DE 
VOORST  LAB. 

Threshold  Between  Meandering  and  Braiding. 
W90-03636  2E 

Channel  Characteristics  of  the  Braiding  Jamuna 

River,  Bangladesh. 

W90-03641  2E 

WESLEYAN  UNIV.,  MIDDLETOWN,  CT. 
DEPT.  OF  EARTH  AND  ENVIRONMENTAL 
SCIENCES. 

Drainage  Basin  Morphometry  and  Floods. 
W90-03664  2E 

Geomorphic  Response  of  Streams  to  Floods  in 
the  Glaciated  Terrain  of  Southern  New  Eng- 
land. 
W90-03677  2E 

WESTERN  ILLINOIS  UNIV.,  MACOMB. 
INST.  FOR  ENVIRONMENTAL 
MANAGEMENT. 

Ancillary  Benefits  of  Wetlands  Constructed  Pri- 
marily for  Wastewater  Treatment. 
W90-04421  5D 

WESTERN  MICHIGAN  UNIV.,  KALAMAZOO. 
CENTER  FOR  WATER  RESEARCH. 

Hydrogeological  and  Hydrogeochemical  Char- 
acterization and  Implications  for  Consumptive 
Groundwater  Use  of  a  Large  Glacial-Drift  Aq- 
uifer System  in  Southwest  Michigan. 
W90-03891  2  A 

WESTON  (ROY  F.),  INC.,  CONCORD,  CA. 

Available  Remedial  Technologies  for  Petroleum 

Contaminated  Soils. 

W90-03839  5G 

WESTON  (ROY  F.),  INC.,  WEST  CHESTER, 
PA 

Land  Treatment  of  Nitroguanidine  Wastewater 
W9O-03588  5D 


Field  Studies  of  In  Situ  Soil  Washing. 
W9O-03842 
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Low  Temperature  Stripping  of  Volatile  Com- 
pounds. 
W90-03844  5G 

WEYERHAEUSER  CO.,  TACOMA,  WA. 
TECHNOLOGY  CENTER. 
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The  Secretary  of  the  Interior  has  determined  that  the  publication  of  this  periodical  is  necessary  in  the  transaction  of 

the  public  business  required  by  law  of  this  Department.   Use  of  funds  for  printing  this  periodical  has  been  approved 

by  the  Office  of  Management  and  Budget  through  September  1990. 


As  the  Nation's  principal  conservation  agency,  the  Department  of  the  Interior  has  respon- 
sibility for  most  of  our  nationally  owned  public  lands  and  natural  resources.  This  in- 
cludes fostering  the  wisest  use  of  our  land  and  water  resources,  protecting  our  fish  and 
wildlife,  preserving  the  environmental  and  cultural  values  of  our  national  parks  and  historical 
places,  and  providing  for  the  enjoyment  of  life  through  outdoor  recreation.  The  Department 
assesses  our  energy  and  mineral  resources  and  works  to  assure  that  their  development  is  in 
the  best  interests  of  all  our  people.  The  Department  also  has  a  major  responsibility  for 
American  Indian  reservation  communities  and  for  people  who  live  in  Island  Territories  under 
U.S.  administration. 


PREFACE 


Selected  Water  Resources  Abstracts,  a  monthly 
journal,  includes  abstracts  of  current  and  earlier 
pertinent  monographs,  journal  articles,  reports,  and 
other  publication  formats.  These  documents  cover 
water  resources  as  treated  in  the  life,  physical,  and 
social  sciences  and  the  related  engineering  and  legal 
aspects  of  the  characteristics,  supply  condition,  con- 
servation, control,  use,  or  management  of  water 
resources.  Each  abstract  includes  a  full  bibliographic 
citation  and  a  set  of  descriptors  which  are  listed  in 
the  Water  Resources  Thesaurus.  The  abstract 
entries  are  classified  into  10  fields  and  60  groups 
similar  to  the  water  resources  research  categories 
established  by  the  Committee  on  Water  Resources 
Research  of  the  then  Federal  Council  for  Science  and 
Technology. 

Selected  Water  Resources  Abstracts  is  designed 
to  serve  the  scientific  and  technical  information  needs 
of  scientists,    engineers,  and  managers  as  one  of 


several  services  of  the  Water  Resources  Scientific 
Information  Center.  The  cumulative  SWRA  file  from 
1968  and  monthly  updates  are  available  also  in 
magnetic  tape  through  lease  from  NTIS. 

THE  WATER  RESOURCES  SCIENTIFIC  INFOR- 
MATION CENTER  DOES  NOT  PROVIDE  COPIES  OF 
DOCUMENTS  ABSTRACTED  IN  THIS  JOURNAL. 
Sufficient  bibliographic  information  is  given  to  en- 
able readers  to  order  the  desired  documents  from 
local  libraries  or  other  sources. 

Comments  and  suggestions  concerning  the  contents 
and  arrangement  of  this  bulletin  are  welcome. 
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2.  WATER  CYCLE 
2A.  General 

SPATIAL  INTERRELATIONSHIPS  BETWEEN 
TERRAIN,  SNOW  DISTRIBUTION  AND  VEGE- 
TATION PATTERNS  AT  AN  ARCTIC  FOOT- 
HILLS SITE  IN  ALASKA. 

Pennsylvania  State  Univ.,  University  Park.  Envi- 
ronmental Resources  Research  Inst. 
B.  M.  Evans,  D.  A.  Walker,  C.  S.  Benson,  E.  A. 
Nordstrand,  and  G.  W.  Petersen. 
Holarctic  Ecology  HOECD2,  Vol.  12,  No.  3,  p 
270-278,  Oct  1989.  7  fig,  2  tab,  16  ref. 

Descriptors:  *Terrain  analysis,  *Snow  cover, 
•Vegetation,  *Arctic  zone,  Mapping,  Geographic 
information  systems,  Satellite  technology,  Alaska. 

A  multidisciplinary  approach  combining  field  sur- 
veys, aerial  photographic  techniques,  digital  ter- 
rain modelling,  and  geographic  information  system 
(GIS)  technology  was  used  to  analyze  spatial  inter- 
relationships at  a  study  site  in  the  northern  foothills 
of  the  Brooks  Range.  The  sensitivity  of  snow 
drifting  to  topography  at  the  site  is  pronounced. 
The  drift  patterns  indicate  winter  winds  are  pre- 
dominantly from  the  south  with  a  major  secondary 
component  from  the  southwest.  These  southwest 
winds  are  likely  in  conjunction  with  storm  events. 
The  deepest  snow  beds  are  found  on  the  steeper, 
north-facing  slopes.  Snow  also  has  an  effect  on 
vegetation  that  is  evident  at  the  scale  of  mapping 
(1:6000).  Communities  dominated  by  Cassiope  te- 
tragona  are  associated  with  deeper  snow  regimes, 
and  may  be  useful  indicators  of  deeper  snow  re- 
gimes even  at  much  smaller  scales  because  of  their 
unique  spectral  signatures.  The  analyses  conducted 
to  date  demonstrate  the  power  of  the  GIS  for 
analyzing  terrain-geobotanical  interrelationships, 
which  will  increase  as  we  add  new  layers  for  other 
variables,  and  are  able  to  correlate  these  with 
satellite  data.  (Author's  abstract) 
W90-04714 


FEEDBACK  MECHANISM  IN  ANNUAL  RAIN- 
FALL, CENTRAL  SUDAN. 

Khartoum  Univ.  (Sudan).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-O50O5 


PREDICTION  OF  GROUNDWATER  FLOW 
AND  MASS  TRANSPORT  USING  LINEAR 
AND  NONLINEAR  ESTIMATION  METHODS. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-05201 


RESULTS  OF  HYDROLOGIC  RESEARCH  AT 
A  LOW-LEVEL  RADIOACTIVE-WASTE  DIS- 
POSAL SITE  NEAR  SHEFFIELD,  ILLINOIS. 

Geological  Survey,  Champaign,  IL.  Water  Re- 
sources Div. 

B.  L.  Louthian,  and  E.  E.  Gann. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  88-318,  1989.  124p,  61  fig,  4  tab, 
65  ref. 

Descriptors:  *Radioactive  waste  disposal,  *Land 
disposal,  *Trenches,  *Tritium,  Microclimate,  Eva- 
potranspiration,  Surface  water,  Runoff,  Sediment 
transport,  Collapse,  Unsaturated  flow,  Soil  satura- 
tion, Soil  moisture  retention,  Saturated  flow,  Un- 
consolidated aquifers,  Tracers,  Water  quality, 
Chemistry  of  precipitation,  Geochemistry,  Chemi- 
cal reactions,   Lysimeters,  Tensiometers,   Illinois. 

Results  of  approximately  10  years  of  hydrologic 
research  conducted  by  the  U.S.  Geological  Survey 
at  a  commercial  low-level,  radioactive-waste  dis- 
posal site  near  Sheffield,  Illinois,  are  presented. 
Research  included  studies  of  microclimate,  evapo- 
transpiration,  and  tritium  release  by  plants;  runoff 
and  land  modification;  water  movement  through  a 
trench  cover;  gases  in  the  unsaturated  zone;  water 
and  tritium  movement  in  the  unsaturated  and  satu- 


rated zones;  and  water  chemistry.  Implications  spe- 
cific to  each  research  topic  and  those  based  on 
overlapped  research  topics  are  summarized  as  to 
their  potential  effect  on  the  selection,  characteriza- 
tion, design,  operation,  and  decommissioning  proc- 
esses of  future  low-level  radioactive-waste  disposal 
sites.  (USGS) 
W90-05221 


HYDROLOGIC  DATA  COLLECTED  IN  THE 
VICINITY  OF  THE  PROPOSED  GAMMA-RAY 
AND  NEUTRINO  DETECTOR  SITE,  HOT 
SPRING  COUNTY,  ARKANSAS,  1988-89. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-05268 


APPLICATION  OF  THE  PRECIPITATION- 
RUNOFF  MODELING  SYSTEM  TO  THE  AH- 
SHI-SLE-PAH  WASH  WATERSHED,  SAN 
JUAN  COUNTY,  NEW  MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 
H.  R.  Hejl. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225. 
Water-Resources  Investigations  Report  88-4140, 
Nov.  1989.  36p,  7  fig,  5  tab,  17  ref 

Descriptors:  *Model  studies,  *Rainfall-runoff  rela- 
tionships, *New  Mexico,  Ah-shi-sle-pah  Wash,  San 
Juan  County. 

The  precipitation-runoff  modeling  system  was  ap- 
plied to  the  8.21  sq-mi  drainage  area  of  the  Ah-shi- 
sle-pah  Wash  watershed  in  northwestern  New 
Mexico.  The  calibration  periods  were  May  to  Sep- 
tember of  1981  and  1982,  and  the  verification 
period  was  May  to  September  1983.  Twelve 
storms  were  available  for  calibration  and  8  storms 
were  available  for  verification.  For  calibration  A 
(hydraulic  conductivity  estimated  from  onsite  data 
and  other  storm-mode  parameters  optimized),  the 
computed  standard  error  of  estimate  was  50%  for 
runoff  volumes  and  72%  of  peak  discharges.  Cali- 
bration B  included  hydraulic  conductivity  in  the 
optimization,  which  reduced  the  standard  error  of 
estimate  to  28%  for  runoff  volumes  and  50%  for 
peak  discharges.  Optimized  values  for  hydraulic 
conductivity  resulted  in  reductions  from  1.00  to 
0.26  in/h  and  0.20  to  0.03  in/h  for  the  2  general 
soils  groups  in  the  calibrations.  Simulated  runoff 
volumes  using  7  of  8  storms  occurring  during  the 
verification  period  had  a  standard  error  of  estimate 
of  40%  for  verification  A  and  38%  for  verification 
B.  Simulated  peak  discharge  had  a  standard  error 
of  estimate  of  120%  for  verification  A  and  56%  for 
verification  B.  Including  the  eighth  storm  which 
had  a  relatively  small  magnitude  in  the  verification 
analysis  more  than  doubled  the  standard  error  of 
estimating  volumes  and  peaks.  (USGS) 
W90-05272 


APPLICATION  OF  THE  PRECIPITATION- 
RUNOFF  MODELING  SYSTEM  TO  THE  AH- 
SHI-SLE-PAH  WASH  WATERSHED,  SAN 
JUAN  COUNTY,  NEW  MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 
H.  R.  Hejl. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4140, 
1989.  36p,  7  fig,  5  tab,  17  ref. 

Descriptors:  *Precipitation,  'Rainfall-runoff  rela- 
tionships, *New  Mexico,  *Model  studies,  'Runoff, 
•Hydrologic  models,  Ah-Shi-Sle-Pah  Wash,  Wa- 
tersheds, Flood  peak,  Hydraulic  conductivity,  Sim- 
ulation analysis. 

A  deterministic  precipitation-runoff  model,  the 
precipitation-runoff  modeling  system,  was  applied 
to  the  8.21  sq  mi  drainage  area  of  the  Ah-shi-sle- 
pah  Wash  watershed  in  northwestern  New  Mexico 
(an  arid  climate).  Emphasis  was  on  calibrating 
model  parameters  in  the  storm  mode  using  rainfall- 
runoff  data  collected  at  5-minute  intervals.  The 
calibration  periods  were  May  through  September 


of  1981  and  1982,  and  the  verification  period  was 
May  through  September  of  1983.  Twelve  storms 
(maximum  approximately  5-yr  recurrence  interval) 
were  available  for  calibration  and  eight  storms 
(maximum  approximately  100-yr  recurrence  inter- 
val) were  available  for  verification.  For  calibration 
A  (hydraulic  conductivity  estimated  from  onsite 
data  and  other  storm-mode  parameters  optimized), 
the  computed  standard  error  of  estimate  was  50% 
for  runoff  volumes  and  72%  for  peak  discharges. 
Calibration  B  included  hydraulic  conductivity  in 
the  optimization,  which  reduced  the  standard  error 
of  estimate  to  28%  for  runoff  volumes  and  50%  for 
peak  discharges.  When  optimized,  the  values  for 
hydraulic  conductivity  were  significantly  smaller 
than  the  values  estimated  from  onsite  data.  Opti- 
mized values  for  hydraulic  conductivity  resulted  in 
reductions  from  l.OO  to  0.26  in/hr  and  from  0.20  to 
0.03  in/hr  for  the  two  general  soil  groups  in  the 
calibrations.  Simulated  runoff  volumes  using  seven 
of  eight  storms  occurring  during  the  verification 
period  had  a  standard  error  of  estimate  of  40%  for 
verification  analysis  A  and  38%  for  verification 
analysis  B.  Simulated  peak  discharges  had  a  stand- 
ard error  of  estimate  of  120%  for  verification  A 
and  56%  for  verification  B.  Including  the  eighth 
storm,  which  had  a  relatively  small  magnitude,  in 
the  verification  analyses  more  than  doubled  the 
standard  error  of  estimating  volumes  and  peaks. 
(Author's  abstract) 
W90-05547 


DOCUMENTATION  OF  A  COMPUTER  PRO- 
GRAM TO  SIMULATE  STREAM-AQUIFER 
RELATIONS  USING  A  MODULAR,  FINITE- 
DIFFERENCE,  GROUND-WATER  FLOW 
MODEL. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 
D.  E.  Prudic. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  88-729,  1989.  113p,  16  fig,  2  tab, 
6  ref,  3  append. 

Descriptors:  *Surface-groundwater  relations, 
•Streamflow,  "Computer  programs,  *Computer 
models,  *Model  studies,  *Hydrologic  models, 
Finite  difference  methods,  Simulation  analysis, 
Flow  profiles,  Model  studies. 

Computer  models  are  widely  used  to  simulate 
groundwater  flow  for  evaluating  and  managing  the 
groundwater  resource  of  many  aquifers,  but  few 
are  designed  to  also  account  for  surface  flow  in 
streams.  A  computer  program  was  written  for  use 
in  the  US  Geological  Survey  modular  finite  differ- 
ence groundwater  flow  model  to  account  for  the 
amount  of  flow  in  streams  and  to  simulate  the 
interaction  between  surface  streams  and  ground- 
water. The  new  program  is  called  the  Streamflow- 
Routing  Package.  The  Streamflow-Routing  Pack- 
age is  not  a  true  surface  water  flow  model,  but 
rather  is  an  accounting  program  that  tracks  the 
flow  in  one  or  more  streams  which  interact  with 
groundwater.  The  program  limits  the  amount  of 
groundwater  recharge  to  the  available  streamflow. 
It  permits  two  or  more  streams  to  merge  into  one 
with  flow  in  the  merged  stream  equal  to  the  sum  of 
the  tributary  flows.  The  program  also  permits  di- 
versions from  streams.  The  groundwater  flow 
model  with  the  Streamflow-Routing  Package  has 
an  advantage  over  the  analytical  solution  in  simu- 
lating the  interaction  between  aquifer  and  stream 
because  it  can  be  used  to  simulate  complex  systems 
that  cannot  be  readily  solved  analytically.  The 
Streamflow-Routing  Package  does  not  include  a 
time  function  for  streamflow  but  rather  streamflow 
entering  the  modeled  area  is  assumed  to  be  instant- 
ly available  to  downstream  reaches  during  each 
time  period.  This  assumption  is  generally  reasona- 
ble because  of  the  relatively  slow  rate  of  ground- 
water flow.  Another  assumption  is  that  leakage 
between  streams  and  aquifers  is  instantaneous.  This 
assumption  may  not  be  reasonable  if  the  streams 
and  aquifers  are  separated  by  a  thick  unsaturated 
zone.  Documentation  of  the  Streamflow-Routing 
Package  includes  data  input  instructions;  flow 
charts,  narratives,  and  listings  of  the  computer 
program  for  each  of  four  modules;  and  input  data 
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Field  2— WATER  CYCLE 
Group  2A— General 


sets  and  printed  results  for  two  test  problems,  and 

one  example  problem.  (Lantz-PTT) 

W90-05548 


USE  OF  TEMPERATURE  PROFILES  BE- 
NEATH STREAMS  TO  DETERMINE  RATES 
OF  VERTICAL  GROUND-WATER  FLOW  AND 
VERTICAL  HYDRAULIC  CONDUCTIVITY 

W.  W.  Lapham. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Supply  Paper  2337,  1989.  35p,  32  fig,  6  tab, 
25  ref. 

Descriptors:  'Water  temperature,  'Surface- 
groundwater  relations,  •Hydraulic  conductivity, 
•Groundwater  movement,  Thermal  properties, 
Vertical  flow,  Geohydrology,  Massachusetts,  New 
Jersey,  Flow  velocity. 

The  use  of  temperature  profiles  beneath  streams  to 
determine  rates  of  vertical  groundwater  flow  and 
effective  vertical  hydraulic  conductivity  of  sedi- 
ments was  evaluated  at  three  field  sites  by  use  of  a 
model  that  numerically  solves  the  partial  differen- 
tial equation  governing  simultaneous  vertical  flow 
of  fluid  and  heat  in  the  Earth.  The  field  sites  are 
located  in  Hardwick  and  New  Braintree,  MA,  and 
in  Dover,  NJ.  In  New  England,  stream  tempera- 
ture varies  from  about  0  to  25  C  during  the  year. 
This     stream     temperature     fluctuation     causes 
groundwater  temperatures  beneath  streams  to  fluc- 
tuate by  >  0. 1  C  during  a  year  to  a  depth  of  about 
35  ft  in  fine-grained  sediments  and  to  a  depth  of 
about  50  ft  in  coarse-grained  sediments,  if  ground- 
water velocity  is  0  ft/day.  Upward  flow  decreases 
the  depth  affected  by  stream  temperature  fluctua- 
tion, and  downward  flow  increases  the  depth.  At 
the  site  in  Hardwick,  MA,  groundwater  flow  was 
upward  at  a  rate  of  <  0.01  ft/day.  The  maximum 
effective   vertical   hydraulic   conductivity   of  the 
sediments    underlying    this    site    is    0.1     ft/day. 
Groundwater  velocities  determined  at  three  loca- 
tions at  the  site  in  New  Braintree,  MA,  where 
groundwater  discharges  naturally  from  the  under- 
lying aquifer  to  the  Ware  River,  ranged  from  0. 10 
to  0.20  ft/day  upward.  The  effective  vertical  hy- 
draulic conductivity  of  the  sediments  underlying 
this  site  ranged  from  2.4  to  17.1  ft/day.  Ground- 
water velocities  determined  at  three  locations  at 
the  Dover,  NJ,  site,  where  infiltration  from  the 
Rockaway   River  into   the   underlying   sediments 
occurs  because  of  pumping,  were  1.5  ft/day  down- 
ward. The  effective  vertical  hydraulic  conductivi- 
ty of  the  sediments  underlying  this  site  ranged 
from  2.2  to  2.5  ft/day.  Independent  estimates  of 
velocity  at  two  of  the  three  sites  are  in  general 
agreement   with   the   velocities   determined   using 
temperature  profiles.  The  estimates  of  velocities 
and  conductivities  from  the  temperature  measure- 
ments generally  fall  within  the  ranges  of  expected 
rates  of  flow  in,  and  conductivities  of,  the  sedi- 
ments encountered  at  the  test  sites.  Application  of 
the  method  at  the  three  test  sites  demonstrates  the 
feasibility  of  using  the  method  to  determine  the 
rate  of  groundwater  flow  between  a  stream  and 
underlying  sediments  and  the  effective  vertical  hy- 
draulic conductivity  of  the  sediments.  (Author's 
abstract) 
W90-05554 


SIMULATION  OF  RAINFALL-RUNOFF  RE- 
SPONSE IN  MINED  AND  UNMINED  WATER- 
SHEDS IN  COAL  AREAS  OF  WEST  VIRGINIA. 

For  primary  bibliographic  entry  see  Field  4A. 
W90-05560 


HYDROLOGY  OF  THE  CASTLE  LAKE 
BLOCKAGE,  MOUNT  ST.  HELENS,  WASH- 
INGTON. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

W.  Meyer,  and  M.  Sabol. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  87-4272, 
1989.  25p,  16  fig,  3  tab,  5  ref. 

Descriptors:  »Debris  avalanches,  'Volcanoes, 
•Mount  St  Helens,  'Castle  Lake,  'Groundwater 


movement,  'Washington,  'Surface-groundwater 
relations,  Avalanches,  Slug  tests,  Groundwater  re- 
charge, Hydrologic  models,  Groundwater  budget. 

The  debris  avalanche  that  occurred  during  the 
May  19,  1980,  eruption  of  Mount  St.  Helens 
blocked  South  Fork  Castle  Creek  and  created 
Castle  Lake.  Stability  of  the  blockage  was  of  con- 
cern, and  a  digital  model  that  simulates  three- 
dimensional  groundwater  movement  in  the  block- 
age was  constructed  as  part  of  the  analysis  used  in 
a  follow-up  study  that  assessed  the  blockage's  sta- 
bility. Slug  test  results  in  the  debris  avalanche 
deposits  and  model  results  indicate  that  the  aver- 
age horizontal  hydraulic  conductivity  of  the  block- 
age material  is  approximately  2.5  ft/day,  whereas 
the  ratio  of  horizontal  to  vertical  hydraulic  con- 
ductivity is  approximately  10  to  1.  The  model  was 
calibrated  to  seasonally  high  groundwater  levels 
and  groundwater  discharge.  Model-predicted  re- 
charge rates  for  this  time  period  were  0.97  cu  ft/ 
sec.  Most  of  the  recharge  (81%)  results  from  the 
infiltration  of  precipitation,  whereas  discharge  by 
seeps  through  the  blockage  accounts  for  81%  of 
the  total  discharge.  Because  water  levels  under  the 
crest  of  the  blockage  are  higher  than  lake  level,  the 
movement  of  groundwater  is  toward  the  lake  and 
the  toe  of  the  blockage.  The  model  allows  the 
water  levels  to  be  estimated  at  any  location  in  the 
blockage.  This  information  is  required  for  making 
estimates  of  the  stability  of  the  blockage  against 
failure  by  gravitational-induced  or  earthquake-in- 
duced slope  failure,  liquefaction,  the  process  of 
seepage  erosion,  or  by  erosion.  (Lantz-PTT) 
W90-05599 


2B.  Precipitation 


TEMPORAL  AND  SPATIAL  VARIATIONS  OF 
RAINFALL  NEAR  THE  CENTERS  OF  TWO 
TROPICAL  CYCLONES. 

National   Oceanic   and   Atmospheric   Administra- 
tion, Miami,  FL.  Hurricane  Research  Div. 
R.  W.  Burpee,  and  M.  L.  Black. 
Monthly  Weather  Review  MWREAB,  Vol    117 
No.  10,  p  2204-2218,  October  1989.  9  fig,  5  tab,  24 
ref,  2  append. 

Descriptors:  'Storms,  'Cyclones,  'Rainfall,  'Pre- 
cipitation, 'Rainfall  distribution,  Rainfall  area, 
Temporal  distribution,  Spatial  distribution,  Weath- 
er, Radar,  Hurricanes. 

The  Hurricane  Research  Division  collected  radar 
reflectivity  data  with  a  portable  recorder  attached 
to  National  Weather  Service  (NWS)  WSR-57 
radars  as  Hurricanes  Alicia  of  1983  and  Elena  of 
1985  approached  the  coastline  of  the  U.S.  The 
reflectivity  data  were  used  to  estimate  rain  rates 
for  the  eyewall  region,  including  the  rain-free  eye, 
and  the  rainbands  in  the  annular  area  outside  the 
eyewall,  but  within  75  km  of  the  center  of  the  eye. 
The  rain  rates  include  reflectivity  corrections  that 
were  based  upon  the  variation  of  average  returned 
power  with  range  in  four  hurricanes.  The  temporal 
and  spatial  variations  of  rain  rates  were  examined 
in  the  cores  of  Hurricanes  Alicia  and  Elena.  In 
Alicia,  variations  of  area-averaged  rain  rate  (R)  in 
the  eyewall  region  were  caused  by  the  growth  and 
decay  of  mesoscale  convective  areas.  In  Elena,  the 
life  cycles  of  individual  convective  cells  also  ac- 
counted for  large  changes  in  the  eyewall  R.  In 
both  hurricanes,  the  time  series  of  R  in  the  rain- 
band  region  was  less  variable  than  the  eyewall  R, 
because  the  rainband  region  was  larger  than  the 
eyewall  and  contained  a  smaller  percentage  of 
convection.  The  distribution  of  precipitation  in  the 
eyewall  and  rainband  regions  was  asymmetric.  For 
several  hours  early  in  the  observing  period,  the 
maximum  rain  rates  in  the  eyewall  and  rainband 
regions  of  Alicia  occurred  in  the  left-front  quad- 
rant relative  to  the  storm  motion.  Then,  the  heavi- 
est rain  in  the  eyewall  region  shifted  to  the  right- 
front  quadrant  and  that  in  the  rainband  region 
moved  to  the  right  of  the  storm  track.  In  Elena, 
the  maximum  rain  rates  in  the  eyewall  and  rain- 
band regions  remained  in  the  right-front  quadrant 
throughout  the  computational  period.  About  55% 
fo  the  precipitation  in  Elena's  eyewall  region  oc- 
curred in  the  right-front  quandrant.  (Author's  ab- 
stract) 


W90-04573 


ACID  DEPOSITION  MODELING  AND  THE 
INTERPRETATION  OF  THE  UNITED  KING- 
DOM SECONDARY  PRECIPITATION  NET- 
WORK DATA. 

Hull  Univ.  (England).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04579 


GENERALIZED  MULTIDIMENSIONAL 

MODEL  FOR  PRECIPITATION  SCAVENGING 
AND  ATMOSPHERIC  CHEMISTRY. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04580 


MODELING  OF  ATMOSPHERIC  TRANSPORT 
AND  DEPOSITION  OF  TOXAPHENE  INTO 
THE  GREAT  LAKES  ECOSYSTEM. 

Atmospheric    Environment   Service,    Downsview 

(Ontario). 

For  primary  bibliographic  entry  see  Field  5B 
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INTERCOMPARISON  OF  LONG-TERM  AT- 
MOSPHERIC  TRANSPORT  MODELS;  THE 
BUDGETS  OF  ACIDIFYING  SPECIES  FOR 
THE  NETHERLANDS. 

UKAEA  Atomic  Energy  Research  Establishment, 

Harwell   (England).    Environmental   and   Medical 

Sciences  Div. 

For  primary  bibliographic  entry  see  Field  5B. 
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HEAVY  ISOTOPE  DEPLETION  IN  HURRI- 
CANE PRECIPITATIONS  (APPAUVRISSE- 
MENT  EN  ISOTOPES  LOURDS  DES  PRECIPI- 
TATION LIEES  AUX  CYCLONES). 

Universite  de  Franche-Comte,  Besancon  (France). 

Lab.  de  Geologie  Structural  et  Appliquee. 

E.  Nicoline,  C.  Jusserand,  B.  Blavoux,  J.  Coudray, 

and  C.  Eberschweiler. 

Comptes    Rendus    de    l'Academie    des    Sciences 

(Serie  2)  CRASEV,  Vol.  309,  No.  11,  p  1255-1260, 

October    12    1989.   2  fig,    1   tab,    15  ref.   English 

summary. 

Descriptors:  'Precipitation,  'Rainfall  infiltration, 
•Hurricanes,  'Isotope  studies,  'Chemistry  of  pre- 
cipitation, 'Atmospheric  water,  'Cyclones, 
Storms,  Surface-groundwater  relations. 

Studies  of  heavy  isotopes  depleted  during  precipi- 
tation were  performed  near  the  Reunion,  Comores, 
Madagascar,  Guadeloupe  and  Martinique  Islands. 
Cyclone-type  precipitation  may  represent  up  to 
60%  of  the  average  annual  precipitation,  as  in 
January  1980  at  Reunion  Island  during  Cyclone 
Hyacinthe.  The  amount  of  rainfall  and  the  isotopic 
composition  of  (18)0  and  (2)H  of  some  precipita- 
tions were  measured  with  various  time  steps,  in- 
cluding rains  from  hurricane  and  cyclone  events 
near  tropical  islands  in  the  Caribbean  Sea  and 
Indian  Ocean.  In  each  case  and  whatever  the  time 
step,  cyclonic  precipitation  exhibited  extensive  de- 
pletion of  heavy  isotopes.  For  example,  at  Reunion 
Island,  the  18(0)  content  depletion  in  rains  (from 
November  1986  to  March  1987)  collected  at  11 
stations  scattered  over  the  Fournaise  Volcano  at 
different  latitudes,  ranged  from  140%  to  250%.  It 
was  lesser  on  the  south  slope,  greater  on  the  east 
coast  of  the  island  and  on  the  summits.  It  is  con- 
cluded that  cyclone-associated  precipitation  infil- 
tration could  result  in  groundwater  depletion  of 
heavy  isotopes,  as  compared  to  that  yielded  by 
noncyclonic  precipitation.  This  may  be  applied  in 
the  case  of  volcanic  islands  where  infiltration  rates 
may  be  very  high  and  circulation  very  rapid 
(Fnedmann-PTT) 
W90-O4589 


MACRO-REGIONAL        DEFINITION        AND 
CHARACTERISTICS    OF    INDIAN    SUMMER 
MONSOON  RAINFALL,  1871-1985. 
Sheffield  Univ.  (England).   Dept.  of  Geography. 


WATER  CYCLE— Field  2 


S.  Gregory. 

International  Journal  of  Climatology  IJCLEU, 
Vol.  9,  No.  5,  p  465-483,  September/October  1989. 
7  fig,  6  tab,  21  ref,  append. 

Descriptors:  'Monsoons,  'Rainfall,  'Precipitation, 
'India,  'Storms,  'Climates,  Weather,  Meteorologi- 
cal data  collection,  Climatology,  Air-water  inter- 
faces, Rainfall  distribution,  Tropical  regions. 

Regional-scale  Indian  summer  monsoon  rainfall 
data  and  analysis,  intermediate  between  the  widely 
used  all-India  and  meteorological  subdivision  data 
sets  were  studied.  Macro-regional  units  were  con- 
structed, 10  being  defined  using  principal  compo- 
nents analysis  and  a  classification  algorithm.  The 
temporal  changes  of  summer  monsoon  rainfall  over 
the  period  1871-1985  were  analyzed  and  described 
for  each  of  these  regions,  and  the  marked  diversity 
of  fluctuations  between  the  regions  was  empha- 
sized by  a  variety  of  methods.  The  degree  of 
relationship  was  considered  for  each  region  be- 
tween drier  and  wetter  conditions  and  (1)  El  Nino 
and  non-El  Nino  years,  and  (2)  SST  anomalies  in 
the  eastern  tropical  Pacific.  Clear  regional  differ- 
ences were  apparent,  but  even  statistically  highly 
significant  relationships  were  not  large  in  any  abso- 
lute sense.  There  is  a  need  for  explanatory  analyses 
at  the  regional  scale,  in  addition  to  those  at  the 
more  common  all-India  scale.  (Author's  abstract) 
W90-04594 


STATISTICAL  DISTRIBUTION  OF  DAILY 
RAINFALL  AND  ITS  ASSOCIATION  WITH 
THE  COEFFICIENT  OF  VARIATION  OF 
RAINFALL  SERIES. 

Indian  Inst,  of  Tropical  Meteorology,  Poona. 
R.  Ananthakrishnan,  and  M.  K.  Soman. 
International    Journal    of  Climatology    IJCLEU, 
Vol.  9,  No.  5,  p  485-500,  September/October  1989. 
8  fig,  6  tab,  13  ref. 

Descriptors:  'Statistical  methods,  'Rainfall,  'Pre- 
cipitation, 'Rainfall  intensity,  'Rainfall  area,  'Me- 
teorological data,  Mathematical  studies,  Weather, 
Weather  data,  India,  Rainfall  rate. 

The  statistical  analysis  of  the  daily  rainfall  series 
(monthly,  seasonal,  and  annual)  of  15  Indian  sta- 
tions, representing  a  wide  variety  of  rainfall  re- 
gimes, utilizing  the  data  for  the  period  1901-1980, 
was  investigated.  Attention  is  focused  on  the  nor- 
malized rainfall  curve  (NRC)  depicting  the  associa- 
tion between  cumulated  percentage  rain  amount 
and  cumulated  percentage  number  of  rain  days  of 
the  rainfall  series.  It  was  shown  that  the  NRC  is 
uniquely  determined  by  the  coefficient  of  variation 
(CV)  of  the  rainfall  series.  There  was  no  universal 
NRC  that  can  represent  all  rainfall  regimes.  A 
good  analytical  representation  of  the  NRCs  over  a 
wide  range  of  CV  values  of  the  rainfall  series  is 
given.  This  analytical  equation  was  able  to  account 
for  the  occurrence  of  high  rainfall  intensities 
toward  the  upper  extremity  of  the  NRC  for  rainfall 
series  with  high  values  of  CV.  The  rain  intensity 
corresponding  to  any  point  on  the  NRC  was  in- 
versely proportional  to  the  slope  of  the  tangent  at 
that  point.  The  point  where  the  slope  is  45  degrees 
corresponds  to  the  mean  rain  amount  per  rain  day 
(r)  of  the  rainfall  series.  It  was  shown  that  days 
with  rain  amount  great  than  r  (considered  as  days 
of  significant  rainfall)  constitute  about  30  percent 
of  the  rain  days  and  contribute  75-80%  of  the  total 
rain  amount,  with  some  local  and  seasonal  vari- 
ations. (Author's  abstract) 
W90-O4595 


mates,  Dendrochronology,  Meteorological  data 
collection. 

Using  a  novel  data  presentation  technique,  bistable 
180-degree  phase  switches  in  18.6-year  induced 
precipitation  over  the  northeastern  U.S.  were  re- 
examined. It  was  found  that  bistable  switching  in 
19-yr  wavetrains  occurred  principally  at  epochs 
1898.9,  1917.5,  and  1954.7,  although  some  occurred 
at  mid-epoch  1908.2,  and  at  epochs  1936.1  and 
1973.3  (epochs  are  dates  of  maximum  in  the  luni- 
solar  18.6-year  tide).  The  180-degree  phase  switch 
at  1898-9  occurred  along  the  northern  Atlantic 
seaboard,  and  by  epoch  1954.7,  this  invading  'cell' 
from  the  east  blanketed  virtually  the  entire  region. 
A  construct  in  mathematical  physics  has  been  pro- 
vided which  can  explain  how  such  sudden  read- 
justments in  the  standing  wave  pattern  for  air 
pressure  occur  on  subcontinental  scales,  and  such 
adjustments  are  found  in  other  climatic  parameters 
such  as  air  temperature  and  pressure.  Results  for 
seven  tree-ring  chronologies  in  the  region  are  also 
given,  and  are  found  to  have  serious  inconsisten- 
cies both  among  themselves  and  also  with  respect 
to  instrumental  rain-gauge  data.  (Author's  abstract) 
W90-O4596 


MORPHOLOGY  OF  BISTABLE  180-DEGREE 
PHASE  SWITCHES  IN  18.6- YEAR  INDUCED 
RAINFALL  OVER  THE  NORTH-EASTERN 
UNITED  STATES  OF  AMERICA. 

State  Univ.  of  New  York  at  Stony  Brook.  Inst,  for 

Atmospheric  Sciences. 

R.  G.  Currie,  and  D.  P.  O'Brien. 

International    Journal    of   Climatology    IJCLEU, 

Vol.  9,  No.  5,  p  501-525,  September/October  1989. 

17  fig,  4  tab,  45  ref. 

Descriptors:  'Rainfall,  'Air  circulation,  'Atmos- 
pheric physics,  'Atmosphere,  'Climatology, 
'Weather   patterns,    Weather,    Precipitation,    Cli- 


EVOLUTION  OF  RAINDROP  SPECTRA:  PART 
II.  COLLISIONAL  COLLECTION/BREAKUP 
AND  EVAPORATION  IN  A  RAINSHAFT. 

Tel-Aviv  Univ.  (Israel).  Dept.  of  Geophysics  and 

Planetary  Sciences. 

S.  Tzivion,  G.  Feingold,  and  Z.  Levin. 

Journal  of  the  Atmospheric  Sciences  JAHSAK, 

Vol.  46,  No.  21,  p  3312-3327,  November  1,  1989.  8 

fig,  1  tab,  23  ref,  2  append. 

Descriptors:  'Rain,  'Atmospheric  water,  'Atmos- 
pheric physics,  'Hydrologic  cycle,  'Air  circula- 
tion, 'Evaporation,  Numerical  analysis,  Rainfall 
impact,  Entrainment,  Mathematical  models. 

The  evolution  of  raindrop  spectra  with  altitude 
through  collisional  collection/breakup  sedimenta- 
tion and  evaporation  is  presented.  Two-moment 
treatment  of  sedimentation  and  evaporation  is  de- 
veloped to  complement   the  first   article  of  this 
series.  An  accurate,  stable  numerical  scheme  was 
obtained  for  evaporation  that  enables  the  investiga- 
tion of  the  effect  of  evaporation  on  spectra  subject 
to  entrainment  of  strongly  subsaturated  air  (includ- 
ing ventilation).  The  method  includes  provision  for 
treatment  of  the  variation  of  the  sub/supersatura- 
tion  within  a  time  step  in  a  dynamical  framework. 
Results  confirm  that  steady-state  raindrop  spectra 
are  characterized  by  a  bimodal  or  trimodal  struc- 
ture that  becomes  evident  shortly  after  evolution 
commences.     After     sufficient     evolution,     peaks 
become  clearly  defined  at  0.25  mm  and  0.8  mm  and 
further   evolution   with   altitude   affects   only   the 
relative  magnitude  of  these  peaks.  It  is  shown  that 
the  evaporation  process  is  not  only  dependent  on 
the  subsaturation  of  ambient  air,  but  is  also  strong- 
ly dependent  on  the  shape  of  the  drop  spectrum. 
Evaporation  tends  to  increase  the  number  of  the 
smallest  raindrops  (<  or  =  0.1  mm)  at  the  expense 
of  the  larger  drops  but  does  not  modify  the  posi- 
tion of  the  peaks.   The  effect  of  drop  spectral 
evolution  on  radar  reflectivity  (Z)  and  scavenging 
profiles  was  studied,  and  it  was  found  that  values 
of  the  scavenging  coefficient  are  were  more  dra- 
matically reduced  by  evaporation  than  the  reflec- 
tivity profiles.  This  is  associated  with  the  strong 
rate  of  evaporation  of  the  smaller  drops.  In  the 
case  of  the  exponential  distribution,  the  effect  of 
evaporation  is  to  reduce  the  small  to  medium-size 
drops  and  reverse  the  steady  increase  in  scaveng- 
ing at  the  upper  levels.  (Author's  abstract) 
W90-04597 


Precipitation — Group  2B 

water,  Clouds,   'Storms,   Precipitation,   Weather, 
Atmospheric  water,  Rainstorms. 

Several  important  factors  that  govern  the  total 
rainfall  from  continental  convective  clouds  were 
investigated  by  tracking  thousands  of  convective 
cells  in  Israel  and  South  Africa.  The  rainfall 
volume  yield  of  the  individual  cells  that  build 
convective  rain  systems  has  been  shown  to  depend 
mainly  on  the  cloud-top  height.  There  is,  however, 
considerable  variability  in  this  relationship.  The 
following  factors  that  influence  the  rainfall  volume 
yield  were  parameterized  and  quantitatively  ana- 
lyzed: (1)  cloud  base  temperature.  It  is  shown  that 
when  other  factors  are  fixed,  a  50%  increase  in  the 
absolute  humidity  of  the  cloud  base  will  nearly 
double  the  rainfall  volume  yield.  (2)  Atmospheric 
instability.  Cells  in  a  more  unstable  atmosphere 
will  rain  much  less  (up  to  a  factor  of  5)  than  cells 
that  are  forced  to  grow  to  a  similar  maximum 
height  in  a  more  stable  atmosphere.  It  is  suggested 
that  more  stable  cells  rain  more  because  they  grow 
more  slowly,  so  that  there  is  enough  time  for  the 
cloud  water  to  be  converted  into  precipitation 
particles.  (3)  The  extent  of  isolation  of  the  cell.  It  is 
shown  that  isolated  cells  precipitate  only  about 
one-third  of  the  rainfall  volume  yield  of  highly 
clustered  cells,  with  the  other  factors  being  identi- 
cal. It  is  also  shown  that  a  strong  low  level  forcing 
increases  the  duration  of  the  rainfall  volume  yield 
of  clouds  reaching  the  same  vertical  extent.  (Au- 
thor's abstract) 
W90-04598 


FACTORS  GOVERNING  THE  TOTAL  RAIN- 
FALL YIELD  FROM  CONTINENTAL  CON- 
VECTIVE CLOUDS. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Dept.  of  At- 
mospheric Sciences. 
D.  Rosenfeld,  and  A.  Gagin. 
Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
28,  No.  10,  p  1015-1030,  1989.  16  fig,  11  tab,  25  ref. 

Descriptors:  'Rainfall,  'Cloudbursts,  'Convective 
precipitation,  'Atmospheric  physics,  'Cloud  liquid 


OBSERVATIONS  AND  NUMERICAL  SIMULA- 
TIONS OF  PRECIPITATION  DEVELOPMENT 
IN  SEEDED  CLOUDS  OVER  THE  SIERRA 
NEVADA. 

Wyoming  Univ.,  Laramie. 

For  primary  bibliographic  entry  see  Field  7C. 
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EFFECTS  OF  CLOUD  SEEDING  IN  WEST 
TEXAS. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Dept.  of  At- 
mospheric Sciences. 
D.  Rosenfeld,  and  W.  L.  Woodley. 
Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
28,  No.  10,  p  1050-1080,  1989.  11  fig,  13  tab,  25  ref, 
append. 

Descriptors:  'Cloud  seeding,  'Cloud  liquid  water, 
'Weather  modification,  'Texas,  'Atmospheric 
water,  'Convective  precipitation,  'Clouds,  Pre- 
cipitation, Radar,  Remote  sensing,  Rain. 

The  effect  of  randomized  seeding  with  droppable 
silver  iodide  (Agl)  flares  in  West  Texas  during  the 
Southwest  Cooperative  Program  is  addressed.  At- 
tention is  focused  on  individual  convective  cells 
and  on  the  small  mesoscale  convective  clusters  that 
contain  the  cells.  Analysis  of  three-dimensional, 
volume-scan,  C-band  radar  data  using  sophisticated 
tracking  software  indicates  that  Agl  seeding  in- 
creased the  areas,  durations  and  rain  volumes  of 
the  cells.  The  radar-estimated  rainfall  volume  of 
bases  of  the  Agl-treated  cells  was  more  than 
double  the  rain  volume  from  the  cells  that  received 
simulated  treatment.  In  moving  from  the  cell  scale 
to  the  larger  scales,  it  was  found  that  cell  merger 
occurred  twice  as  often  in  the  Agl-treated  cases. 
Merging  was  most  pronounced  for  cells  treated 
early  in  their  lifetimes  with  9  or  more  Agl  flares. 
The  next  step  focused  on  the  areas  in  which  the 
cells  received  treatment.  This  'focused  area'  ap- 
proach involved  calculations  for  radii  of  5,  7,  10, 
15,  20,  25  and  35  km  around  each  treatment  posi- 
tion, providing  eight  separate  analyses.  The  rain- 
falls from  the  seeded  cells  exceeded  the  rainfalls 
from  the  non-seeded  cells  in  the  focused  area  by 
over  50%  by  the  end  of  the  analysis  period.  These 
results  are  consistent  with  a  positive  effect  of  Agl 
treatment  on  rainfall  that  begins  on  the  cell  scale, 
where  the  seeding  takes  place,  and  spreads  into  the 
overall  experimental  unit  with  time.  The  final  step 
in  the  study  involved  examination  of  the  experi- 
mental units  themselves.  The  ratios  of  Seed  (S)  to 
No  Seed  (NS)  rainfalls  by  half-hour  interval  and 
cumulatively  generally  exceeded  a  factor  of  1.20 
for  the  two  approaches  employed  by  the  analyses. 
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Field  2— WATER  CYCLE 


Group  2B— Precipitation 

It  is  recommended  that  the  sample  be  expanded 
further  and  that  subsequent  analyses  include  the 
use  of  predictive  equations  to  reduce  the  impact  of 
the  natural  rainfall  variability.  (Author's  abstract) 


ESTIMATES  OF  PRECIPITATION  EMBRYO 
DENSITIES  USING  MEASUREMNTS  FROM 
AN  AIRCRAFT  RADAR. 

CloudQuest  Ltd.,  Nelspruit  (South  Africa) 

G.  K.  Mather. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol 

28,  No.  10,  p  1089-1097,  1989.  7  fig,  11  ref. 

Descriptors:  *Rain,  *Cloud  liquid  water,  *Radar, 
•Atmospheric  water,  'Remote  sensing,  Precipita- 
tion, Rainfall,  Clouds,  Ice. 

Determination  of  the  habits  (ice  or  water)  and, 
therefore,  the  densities  of  particles  whose  images 
are  acquired  by  2D  probes,  is  often  an  ambiguous 
process.  A  Learjet's  radar  measurements  of  equiva- 
lent reflectivity  factors  from  a  range  gate  1800  m 
ahead  of  the  aircraft  were  compared  to  reflectivi- 
ties calculated  from  images  acquired  by  a  2D-C 
probe  over  a  range  of  assumed  particle  densities 
from  0.2  to  1  g/cu  cm.  Although  the  comparisons 
suffer  from  many  uncertainties,  such  as  the  vast 
disparity  between  the  volumes  samples  by  the  2D- 
C  probe  and  the  aircraft  radar,  the  method  does 
discriminate  well  between  water  drops  of  recently 
frozen  riming  water  drops  and  low  density  graupel 
particles.  (Author's  abstract) 
W90-04601 


MESO-GAMMA-SCALE  DISTRIBUTION  OF 
OROGRAPHIC  PRECIPITATION:  NUMERI- 
CAL STUDY  AND  COMPARISON  WITH  PRE- 
CIPITATION DERIVED  FROM  RADAR  MEAS- 
UREMENTS. 

Tel-Aviv  Univ.  (Israel).  Dept.  of  Geophysics  and 
Planetary  Sciences. 
P.  Alpert,  and  H.  Shafir. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol 
28,  No.  10,  p  1105-1117,  1989.  7  fig,  3  tab,  19  ref. 

Descriptors:  'Meteorology,  'Climatology,  'Model 
studies,  'Rainfall  distribution,  'Numerical  analysis, 
Mathematical  models,  'Radar,  'Rainfall,  'Orogra- 
phic precipitation,  Meteorological  data  collection, 
Precipitation. 

On  the  assumption  that  moisture  convergence  due 
to  mechanical  uplifting  approximately  equals  the 
orographic  precipitation,  the  meso-gamma-scale 
rainfall  distributions  over  mountainous  regions  in 
Israel  are  investigated.  The  simulated  distributions 
are  compared  to  rainfall  observations  both  from 
raingages  and  from  radar  reflectivities.  The  mean 
error  in  the  predicted  rainfall  on  scale  of  2  km  was 
+  /-8.4%  for  mean  annual  normals  and  15%-20% 
for  three  case  studies.  It  is  suggested  that  orogra- 
phic rainfall  on  the  small  mesoscale  is  highly  pre- 
dictable with  the  adiabatic  assumption  that  the 
uplifting  is  determined  by  a  mathematical  expres- 
sion that  accounts  for  the  horizontal  wind  encoun- 
tering the  mountain  and  the  topographic  elevation. 
It  is  also  illustrated  that  the  climatological  ob- 
served rainfall  distribution  could  be  complemented 
by  the  model  at  locations  where  sufficient  observa- 
tions were  not  available.  By  comparison  of  the 
model  simulation  with  the  radar-derived  rainfall, 
the  considerable  effect  that  a  change  in  the  wind 
direction  has  on  the  orographic  rainfall  distribu- 
tions is  shown.  (Author's  abstract) 
W90-O4602 


The  Area  Time  Integral  (ATI)  method,  developed 
for  the  lifetime  rainfall  from  an  individual  storm, 
and   the   instantaneous  areawide   rainfall   method, 
were  extended  to  the  measurement  of  the  cumula- 
tive areawide  rainfall  for  periods  up  to  12  h.  The 
database  is  the  radar  and  rain  gage  network  data 
for  the  three  summers  (1978,  1979,  and  1980)  of  the 
Florida   Area   Cumulus   Experiment   (FACE)   II. 
For  12-h  accumulations  (V)  over  a  36,000  sq  km 
area,   correlations   of  0.92   were   found   between 
radar  deduced  rainfall  and  ATI  where  the  ATI 
was  computed  at  intervals  from  5  min  up  to  1  h. 
The  slope  of  the  regression  line  V/(ATI)  is  3.4 
mm/h.  Using  a  gage  network  with  density  of  1/11 
sq  km  over  an  area  of  15,000  sq  km,  the  correlation 
coefficient  dropped  to  0.84,  still  sufficiently  high  to 
confirm  the  validity  of  the  ATI  approach.  With 
the  gage  data  the  V/(ATI)  slope  decreased  to  2.6 
mm/h.  The  decrease  in  the  correlation  is  due  large- 
ly  to   anomalous   propagation,   which   falsely   in- 
creases storm  areas,  and  partly  to  the  poorer  sam- 
pling  by    the    gages.    The   decrease    in    the    rain 
volume  from  radar  to  gage-determined  values  is 
probably  due  to:  (1)  underestimation  of  the  rain 
cores  by  the  spaced  gages;  (2)  the  use  of  the  wide 
beam  WSR-57  and  low  threshold  for  echo  area 
measurements;  and  (3)  an  inappropriate  reflectiv- 
ity-rainfall relation.  A  comparison  of  the  V/(ATI) 
ratios  using  either  radar  or  gage  rainfall  to  the 
value  expected  theoretically  on  the  basis  of  the 
probability    distribution    of   rain    rate    at    Miami 
showed  that  one  should  expect  about  twice  the 
volume  per  unit  echo  area  as  those  observed.  This 
is  also  believed  to  be  due  to  the  wide  beam  and  the 
low  threshold  that  tends  to  enlarge  the  echo  areas 
excessively.     Improved    correlations    and    better 
agreement    with   theory   are   expected   at   higher 
radar/rain    rate    thresholds    and    with    narrower 
beams.  (Author's  abstract) 
W90-04603 


ESTIMATION  OF  AREAL  RAINFALL  USING 
THE  RADAR  ECHO  AREA  TIME  INTEGRAL. 

National  Severe  Storms  Lab.,  Norman,  OK. 

R.  E.  Lopez,  D.  Atlas,  D.  Rosenfeld,  J.  L. 

Thomas,  and  D.  O.  Blanchard. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 

28,  No.  11,  p  1162-1175,  November  1989.  1 1  fig    1 

tab,  41  ref.  NASA  Contract  NASW-4252. 

Descriptors:  'Rainfall  area,  'Remote  sensing,  'Me- 
teorology. 'Rainfall  rate,  'Radar,  'Statistical 
methods,  'Rainfall,  'Precipitation,  'Data  interpre- 
tation. Rainfall  distribution,  Regression  analysis, 
Atmospheric  water.  Storms,  Rainstorms,  Florida. 


DEVELOPING  RAINFALL  INSURANCE 
RATES  FOR  THE  CONTIGUOUS  UNITED 
STATES. 

S.  A.  Changnon,  and  J.  M.  Changnon. 
Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
28,  No.  11,  p  1185-1196,  November  1989.  9  fie   3 
tab,  1 1  ref. 

Descriptors:  'Rainfall  distribution,  'Spatial  distri- 
bution, 'Temporal  distribution,  'Rainfall  rate,  'In- 
surance, 'Flood  forecasting,  Risks,  Meteorological 
data  collection,  Climates. 

Historical  hourly  rainfall  data  (1950-84)  were  sub- 
jected to  spatial  and  temporal  analyses  to  provide 
information  for  developing  rainfall  insurance  rates 
for  the  contiguous  United  States.  The  dimensions 
of  the  study  illustrate  a  balance  between  insurance 
needs,  funding,  and  adequate  climatic  analyses.  As- 
sessment of  the   hourly   rainfall   data   from   2092 
stations  in  the  United  States  revealed  that  only  211 
had  data  deemed  useful  to  this  study.  Seventeen 
regions  with  similar  probabilities  of  rainfall  (rate 
areas)    were    defined.    The    average    patterns    of 
hourly  rainfall  closely  resemble  the  nation's  aver- 
age annual  precipitation  pattern.  Separate  seasonal 
rain-hour   probabilities   were   defined   throughout 
the  United  States  because  of  marked  differences 
between   wetter  and   drier  portions  of  the  year. 
Temporal  analyses  of  rain  hours  defined  the  length 
of  record  to  use  in  rate  determinations,  and  how 
often  new  rates  should  be  calculated.  Long-term 
trends  were  not  present  during  1950-84  in  any  area, 
and  78%  of  the  5-yr  and  10-yr  values  were  within 
+  /-5%  of  the  long-term  average,  reflecting  gener- 
ally low  interannual  variability;  however,  15%  of 
these  short-term  fluctuations  deviated  greatly  (> 
20%)  from  average.  Results  led  to  the  recommen- 
dation that  rerating  should  be  done  once  every  5 
years  in  most  rate  areas,  and  that  values  of  the 
most  recent  25  years  should  be  used  for  rating. 
Analysis   of  in-day   hourly   rain   probabilities   re- 
vealed major  diurnal  differences  existed  during  the 
wet  seasons  in  the  central  and  southeastern  United 
States,  and  different  (night  and  day)  rates  were 
recommended.  (Author's  abstract) 
W90-04604 


EFFECTS    OF   DIFFERENT    RAIN    PARAME- 
TERIZATIONS    ON    THE    SIMULATION    OF 


MESOSCALE  OROGRAPHIC  PRECIPITA- 
TION. 

Observatoire  de  Physique  du  Globe  de  Clermont- 
Ferrand  (France). 
E.  Richard,  and  N.  Chaumerliac. 
Journal  of  Applied  Meteorology  JAMOAX,  Vol 
28,  No.  11,  p  1197-1212,  November  1989.  14  fig,  1 
tab,  27  ref,  append. 

Descriptors:  'Cloud  liquid  water,  'Orographic 
precipitation,  'Clouds,  'Meteorology,  'Climatolo- 
gy, 'Atmospheric  water,  'Rain,  'Model  studies, 
Precipitation,  Stochastic  process,  Mathematical 
studies,  Atmospheric  physics,  Simulation,  Simulat- 
ed rainfall. 

A  detailed  comparison  was  made  between  the  re- 
sults obtained  from  two  sets  of  microphysical  pa- 
rameters capable  of  simulating  cloud  and  precipita- 
tion processes  in  a  mesoscale  model.  One  set  of 
parameters  makes  use  of  an  inverse  exponential 
function  and  subdivides  liquid  water  between 
cloud  water  and  rainwater  (Kessler  scheme).  The 
other  set  is  derived  from  the  stochastic  coalescence 
equation,  subdivides  the  liquid  water  as  in  the 
Kessler  scheme,  and  adds  an  additional  predictive 
equation  for  the  raindrop  number  concentration 
(Berry  and  Reinhardt  scheme).  The  behavior  of 
each  microphysical  scheme  was  first  investigated 
in  the  context  of  a  mountain  wave  simulation. 
Major  differences  were  found  in  raindrop  size  dis- 
tributions as  well  as  in  the  rates  associated  with 
various  microphysical  processes.  An  assessment  of 
the  accuracy  of  each  scheme  was  then  obtained  by 
comparing  model  predictions  with  observational 
data  from  well-documented  orographically  en- 
hanced precipitation  episodes  in  South  Wales.  The 
parameters  derived  from  the  stochastic  coales- 
cence equation  did  a  better  job  of  reproducing  the 
observed  dependency  of  the  precipitation  enhance- 
ment on  the  low-level  windspeed  than  did  the 
Kessler  scheme.  Recommendations  in  favor  of  one 
or  the  other  scheme  for  mesoscale  modeling  will 
depend  on  the  problem  to  be  addressed.  The  Berry 
and  Reinhardt  scheme  is  more  appropriate  to  wet 
chemistry  studies.  For  computations  on  the  meso- 
alpha  scale,  especially  when  computational  speed  is 
a  major  concern  such  as  in  the  production  of 
operational  forecasts,  the  Kessler  parameter 
scheme  may  be  preferable.  (Freidmann-PTT) 
W90-04605 


DIURNAL  VARIATIONS  DURING  THE  AUS- 
TRALIAN MONSOON  EXPERIMENT  (AMEX) 
PHASE  II. 

Bureau   of  Meteorology,    Melbourne   (Australia). 

Research  Centre. 

T.  D.  Keenan,  J.  McBride,  G.  Holland,  N. 

Davidson,  and  B.  Gunn. 

Monthly  Weather  Review  MWREAB,  Vol    117 

No.  11,  p  2535-2552,  November  1989.  10  fig,  1  tab,' 

30  ref. 

Descriptors:  'Climatology,  'Meteorology,  'Mon- 
soons, 'Air  circulation,  'Atmospheric  water, 
'Clouds,  'Remote  sensing,  'Weather  patterns, 
•Tropical  cyclones,  'Australia,  Weather,  Radar, 
Cloud  liquid  water,  Satellite  technology,  Tropical 
regions,  Storms. 

The  diurnal  variations  in  tropical  cloudiness  and 
tropospheric  winds  during  the  Australian  Monsoon 
Experiment  (AMEX)  Phase  II  are  documented  and 
compared  to  those  observed  elsewhere.  A  diurnal 
variation  in  tropical  cloudiness  was  a  consistent 
feature  of  both  disturbed  and  undisturbed  condi- 
tions. The  tropical  cloudiness,  as  inferred  from 
satellite  and  radar  data,  averaged  over  the  entire 
period  of  AMEX  Phase  II,  was  at  a  maximum 
during  the  morning  over  the  ocean  and  during  the 
late  afternoon  over  the  Arnhem  Land  region  of 
northern  Australia.  The  diurnal  variation  in  high 
cloud,  as  measured  by  satellite,  was  3:2  over  the 
ocean  and  4:1  over  Arnhem  Land.  Radar  data 
indicated  a  10:1  variation  in  convection  over 
Arnhem  Land,  a  2:1  variation  over  the  neighboring 
ocean  and  a  3:2  variation  in  the  stratiform  echoes 
over  both  Arnhem  Land  and  the  neighboring 
ocean.  Interaction  between  local  circulations  and 
the  large  scale  flow  was  found  to  be  associated 
with   the  observed  diurnal   variations  in   tropical 
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cloudiness.  The  large  scale  monsoon  circulation 
exhibited  a  diurnal  oscillation  with  maxima  in  both 
the  low-level  easterly  and  equatorial  westerly  flow 
during  the  early  morning.  Variations  in  the  vertical 
motion  fields  were  in  phase  with  the  inferred 
cloudiness  changes,  but  the  midlevel  maximum  in 
vertical  motion  did  not  correspond  with  the 
strongest  boundary  layer  convergence.  The  precise 
timing  of  maximum  upward  vertical  motion  over 
oceanic  regions  within  the  primary  AMEX  domain 
and  the  less  reliably  observed  region  to  the  north 
of  Australia  varied  according  to  the  degree  of 
convective  activity;  consistent  features  were  a 
maximum  in  vertical  motion  at  0830  LST  during 
disturbed  conditions  and  an  0230  LST  maximum 
during  suppressed  conditions.  (See  also  W90- 
0461 1)  (Author's  abstract) 
W90-04610 

AUSTRALIAN  SUMMER  MONSOON  CIRCU- 
LATION DURING  AMEX  PHASE  II. 

Bureau  of  Meteorology,   Melbourne   (Australia). 

Research  Centre. 

B.  W.  Gunn,  J.  L.  McBride,  G.  J.  Holland,  T.  D. 

Keenan,  and  N.  E.  Davidson. 

Monthly  Weather  Review  MWREAB,  Vol.  117, 

No.  11,  p  2554-2574,  November  1989.  15  fig,  8  tab, 

38  ref,  append. 

Descriptors:  'Climatology,  'Meteorology,  'Mon- 
soons, 'Weather  patterns,  'Atmosphere,  'Air  cir- 
culation, 'Australia,  'Tropical  cyclones,  'Remote 
sensing,  Satellite  technology,  Meteorological  data 
collection,  Radar,  Storms. 

The  major  field  phase  of  the  Australian  Monsoon 
Experiment  (AMEX  Phase  II)  was  conducted  over 
northern  Australia  from  10  January  to  15  February 
1987.  It  was  based  on  the  collection  of  high-density 
tropical  upper  air  soundings  and  radar  data  at  12 
special  observation  sites.  These  were  complement- 
ed by  satellite  and  surface  data,  the  existing  upper 
air  network,  and  two  simultaneous  aircraft  based 
tropical  experiments.  The  data  collected  in  AMEX 
through  upper  air  network,  radar,  satellite,  numeri- 
cal analysis,  and  observed  surface  data,  and  the 
mean  and  transient  structure  of  the  Australian 
Monsoon  circulation  during  the  experiment  are 
described.  In  the  upper  levels,  the  equatorial  eas- 
terly flow  is  slightly  stronger  and  much  broader  in 
latitudinal  extent  than  the  climatology.  The  North- 
ern Hemisphere  subtropical  jet,  during  AMEX,  is 
far-poleward,  corresponding  to  an  active  monsoon 
situation.  Mean  soundings  across  the  network  are 
compared  with  each  other  and  with  soundings 
from  other  commonly  used  research  datasets.  It  is 
shown  that  an  active  monsoon  trough  lay  through 
the  AMEX  network,  and  that  the  associated  con- 
vection is  located  within  one  of  the  three  global 
tropical  heat  sources.  Active  and  inactive  periods 
of  monsoon  behavior  were  defined.  Monsoon  onset 
occurred  within  the  period  of  the  experiment  and 
four  tropical  cyclones  existed  within  the  enhanced 
network.  Two  of  these  developed  inside  an  array 
of  radiosondes  surrounding  the  Gulf  of  Carpentria. 
(See  also  W90-04610)  (Author's  abstract) 
W90-04611 


types  were  warm  frontal  aloft,  postfrontal,  warm 
sector  and  occluded  warm  frontal  bands.  The  aver- 
age size  parameters  of  different  rainband  types 
showed  only  slight  variations  from  type  to  type.  A 
distinct  annual  variation  in  the  echo  top  height, 
rainband  width  and  wavelength  was  found.  The 
average  echo  top  heights  were  3  and  6.5  km,  the 
wavelengths  29  and  77  km,  and  the  widths  18  and 
35  km  in  winter  and  summer,  respectively.  The 
monthly  values  of  the  ratio  of  wavelength  to 
height  were  relatively  constant.  They  varied  be- 
tween 6  and  14,  averaging  11.  (Author's  abstract) 
W90-04612 


RAINFALL  TIME  SERIES  FOR  STORM  OVER- 
FLOW ASSESSMENT. 

Water    Research    Centre,     Swindon    (England). 

Swindon  Engineering  Centre. 

R.  J.  Henderson. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1789-1791,  1989.  1  fig,  1  tab,  4  ref. 

Descriptors:  'Urban  hydrology,  'Rainfall-runoff 
relationships,  'Combined  sewers,  'Storm-overflow 
sewers,  'Sewers,  'Storm  runoff,  'Model  studies, 
Hydrologic  models,  Time  series  analysis,  Mathe- 
matical studies,  WASSP-SIM  model,  Storage, 
Water  storage,  Overflow,  Design  criteria. 

Data  from  a  combined  sewer  and  its  overflows 
were  assessed  using  a  simulation  model  of  the 
system  (WASSP-SIM),  together  with  a  rainfall 
time  series  representing  a  typical  year  of  rainfall  in 
the  United  Kingdom.  It  was  concluded  that  the 
effectiveness  of  the  storage  volume  was  highly 
dependent  on  the  temporal  distribution,  intensity, 
and  duration  of  the  storm  event  and  that,  in  the 
design  of  storage  facilities  for  combined  sewers  a 
rainfall  series  would  be  more  appropriate  than 
design  storms.  Modest  storage  was  quite  effective 
in  containing  the  worst  polluting  discharges. 
(Cassar-PTT) 
W90-04772 


CHARACTERISTICS  OF  MESOSCALE  PRE- 
CIPITATION BANDS  IN  SOUTHERN  FIN- 
LAND. 

Helsinki  Univ.  (Finland).  Dept.  of  Meteorology. 
P.  Saarikivi. 

Monthly  Weather  Review  MWREAB,  Vol.  117, 
No.  11,  p  2584-2593,  November  1989.  7  fig,  4  tab, 
26  ref. 

Descriptors:  'Climatology,  'Meteorology,  'Pre- 
cipitation, 'Rainfall,  'Rainfall  distribution,  'Rain- 
fall area,  'Finland,  'Weather  patterns,  Atmospher- 
ic water,  Weather  data  collections,  Meteorological 
data  collections,  Weather,  Radar,  Remote  sensing, 
Data  interpretation. 

A  large  amount  of  observational  material,  consist- 
ing of  more  than  3000  hours  of  radar  measurements 
from  about  150  cyclones,  was  analyzed  to  discover 
the  characteristic  features  of  banded  structures  in 
extratropical  cyclones  in  southern  Finland.  All 
previously  classified  types  of  rain  and  snowbands 
have  been  observed.  The  most  common  rainband 


DESIGN  RAINFALL  CHARACTERISTICS  FOR 
SOUTH-WEST  SAUDI  ARABIA. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England). 

H.  S.  Wheater,  P.  Larentis,  and  G.  S.  Hamilton. 
Proceedings  of  the  Institution  of  Civil  Engineers 
PCIEAT,  Vol.  87,  No.  part  2,  p  517-538,  Decem- 
ber 1989.  12  fig,  8  tab,  12  ref. 

Descriptors:  'Rainfall  intensity,  'Rainfall  distribu- 
tion, 'Saudi  Arabia,  Wadi. 

Short-term  rainfall  data  from  a  comprehensive  hy- 
drometric  network  in  south-west  Saudi  Arabia  are 
analyzed  with  respect  to  intensity-duration-fre- 
quency and  point  to  areal  rainfall  relationships.  A 
complex  regional  pattern  of  rainfall  intensity  char- 
acteristics is  identified,  and  station-year  results  are 
generally  consistent  with  an  analysis  of  selected 
long  records  from  individual  long-term  gages. 
Areal  reduction  factors  are  similar  to  those  from 
south-western  USA.  Results  presented  are  signifi- 
cantly different  from  a  recently  published  analysis 
for  this  region.  A  major  difficulty  in  design  proce- 
dure has  been  the  lack  of  information  on  point  to 
areal  rainfall  relationships,  and  results  presented 
here  provide  a  basis  for  design.  An  important 
observation  from  the  rain  gage  networks  has  been 
the  'spottiness'  of  rainfall  for  all  seasons.  This  is 
reflected  in  the  areal  reduction  factors  analysis 
presented,  which  are  similar  to  results  from  con- 
vective rainstorms  in  the  south-west  USA.  The 
higher  estimates  obtained  by  previous  studies  are 
difficult  to  accept  in  the  light  of  observations,  and 
may  be  due  to  a  different  analysis  procedure.  (Au- 
thor's abstract) 
W90-04989 

REGIONALIZATION  OF  THUNDERSTORM 
RAINFALL  IN  THE  CONTIGUOUS  UNITED 
STATES. 

Indiana  Univ.  at  Bloomington.  Dept.  of  Geogra- 
phy. 

D.  R.  Easterling. 

International  Journal  of  Climatology  IJCLEU, 
Vol    9,  No.  6,  p  567-579.   November/December 


1989.  6  fig,  37  ref. 

Descriptors:  'Rainfall  distribution,  'Climatology, 
'Meteorology,  'Thunderstorms,  'Orographic  pre- 
cipitation, 'Regional  analysis,  Seasonal  variation, 
Spatial  distribution,  Probability  distribution,  Math- 
ematical studies,  Probable  maximum  precipitation, 
Convective  precipitation,  Meteorological  data  col- 
lections. 

The  amount  of  precipitation  recorded  during  indi- 
vidual thunderstorms  was  determined  at  220  sta- 
tions in  the  contiguous  United  States  of  America 
for  a  30-year  period.  The  probability  distribution 
of  thunderstorm  rainfall  amounts  at  each  station 
during  each  season  was  summarized  by  use  of  the 
incomplete  gamma  distribution.  The  incomplete 
gamma  distribution  is  completely  described  by  two 
parameters,  which  were  used  in  a  clustering  rou- 
tine to  determine  whether  regionalizing  tendencies 
exist  in  the  probability  distributions.  Large-scale 
regions  were  found  when  the  results  of  the  cluster- 
ing were  mapped.  The  region  most  likely  to 
produce  heavy  rainfall  from  a  thunderstorm  event 
during  the  spring,  summer,  and  autumn  includes 
the  Southern  Atlantic  and  Gulf  Coasts,  and  ex- 
tends northward  into  the  Central  Great  Plains.  The 
region  tending  to  experience  the  lightest  thunder- 
storm rainfall  occurs  in  Western  USA  and  the 
Northeastern  states.  Orographic  effects  are  seen 
with  the  southward  extension  along  the  Appalach- 
ian ridge  of  a  region  with  a  tendency  for  lighter 
thunderstorm  rainfall  compared  to  the  surrounding 
regions.  In  general,  these  regions  corresponded 
well  with  the  areas  of  dominance  of  many  of  the 
proposed  mechanisms  for  thunderstorm  develop- 
ment. (Author's  abstract) 
W90-04995 


FIVE-YEAR  RADAR  CLIMATOLOGY  OF  CON- 
VECTIVE PRECIPITATION  FOR  NEW 
JERSEY. 

New  Jersey  Agricultural  Experiment  Station,  New 

Brunswick. 

P.  J.  Croft,  and  M.  D.  Shulman. 

International    Journal    of   Climatology    IJCLEU, 

Vol.  9,  No.  6,  p  581-600,  November/December 

1989.  10  fig,  10  tab,  19  ref. 

Descriptors:  'Remote  sensing,  'Meteorology, 
'Rainfall  distribution,  'New  Jersey,  'Convective 
precipitation,  'Climatology,  'Rainfall  intensity, 
Synoptic  analysis,  Regional  analysis,  Radar,  Penn- 
sylvania, Precipitation  intensity,  Thunderstorms. 

A  radar  climatology  of  convective  precipitation 
for  New  Jersey  during  the  summer  season  (May- 
September)  was  developed  using  manually  digi- 
tized radar  (MDR)  data  from  four  local  radar  sites. 
Convective  precipitation  frequencies  were  deter- 
mined by  tabulating  occurrences  of  echo  intensity 
levels  equal  to  2  or  more  for  each  of  63  grid  boxes 
located  in  and  around  New  Jersey.   Convective 
precipitation  frequencies  over  a  5-yr  period  (1978- 
1982)  were  plotted  by  grid  box,  and  isopleths  of 
duration  and  intensity  level  were  constructed.  The 
distribution  of  the  frequency  of  occurrence  of  con- 
vective activity  was  examined  for  thunderstorm 
(level  3  or  more)  occurrence  and  severe  thunder- 
storm (level  5  or  more)  occurrence.  The  highest 
convective  frequencies  occurred  over  southeastern 
Pennsylvania  while  the  greatest  frequency  of  more 
intense   convection    occurred   over   south-central 
New   Jersey.   An   analysis  of  variance   was  per- 
formed on  the  data  set  to  determine  the  relative 
variability  of  convective  precipitation  in  the  grid. 
Year-to-year    and    week-to-week    variability    was 
high  while  intergrid-box  variability  was  low.  Dun- 
can's multiple  range  test  (DMRT)  was  applied  to 
compared  individual  years  to  each  other,  and  indi- 
vidual weeks  to  each  other.  When  grid  boxes  were 
assigned  to  four  climatological  regions  and  DMRT 
applied,  some  regions  were  found  to  be  significant- 
ly different  from  one  another.  No  significant  differ- 
ences were  found  between  grid  boxes  within  each 
region.   There   was   no   interaction   between   grid 
regions  and  years  as  differences  in  mean  convec- 
tive activity  between  regions  remained  generally 
constant  from  year  to  year.  The  distribution  of 
convective  activity  over  New  Jersey  was  deter- 
mined by  local  climatological   factors  while  the 
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Field  2— WATER  CYCLE 


Group  2B— Precipitation 

total  frequency  from  year  to  year  was  determined 

^0Ah^I^an  syn°P,ic  Pattern.  (Author's  abstract) 
W90-04996 


RELATIONSHIPS  BETWEEN  THE  SOUTH- 
ERN OSCILLATION  AND  THE  RAINFALL  OF 
SRI  LANKA. 

Tsukuba  Univ.  (Japan).  Inst,  of  Geoscience. 

R.  Suppiah 

International    Journal    of   Climatology    IJCI  EU 

Vol.  9,  No.  6,  p  601-618,  November/December 

1989.  11  fig,  7  tab,  36  rcf. 

Descriptors:  'Climatology,  'El  Nino/Southern  os- 
cillation, *Sn  Lanka,  'Monsoons,  'Rainfall,  Statis- 
tical analysis,  Seasonal  variation,  Tropical  regions, 
Model  studies,  Regional  analysis,  Spatial  distribu- 
tion, Topography,  Temporal  distribution. 

The  Southern  Oscillation  signals  in  the  monthly 
and  seasonal  rainfall  of  Sri  Lanka  were  studied  by 
statistical    analyses.    Correlation    coefficients    be- 
tween the  rainfall  of  the  first  intermonsoon  season 
(March-April)  and  the  seasonal  Southern  Oscilla- 
tion Index  of  August-September-October  (ASO) 
and  November-December-January  (NDJ)  are  posi- 
tive and  significant.  In  particular,  March  rainfall  in 
region  A  (southeastern  Sri  Lanka)  is  significantly 
correlated  with  the  subsequent  Southern  Oscilla- 
tion  Index  of  ASO  and   NDJ.   The  correlation 
coefficients  between  the  rainfall  of  the  southwest 
monsoon  season  (May-September)  and  the  South- 
ern Oscillation  Index  is  also  positive.  Cumulative 
rainfall  of  the  peak   monsoon   months  (July  and 
August)  reveals  a  strong  and  positive  correlation 
with  the  seasonal  Southern  Oscillation  Index.  The 
correlation  coefficient  between  the  rainfall  of  the 
second  intermonsoon  season  (October-November) 
and  the  Southern  Oscillation  Index  is  negative  and 
significant.  The  rainfall  of  this  season  is  also  signifi- 
cantly  correlated   with   the   Southern   Oscillation 
Index   (Tahiti-Darwin)   of  May-June-July   (MJJ) 
The  Southern  Oscillation  Index  of  MJJ  serves  as  a 
particularly  useful  predictor  for  this  seasonal  rain- 
fall. The  correlation  coefficient  between  the  rain- 
fall of  the  northeast  monsoon  season  (December- 
February)  and  the  Southern  Oscillation  Index  is 
also  negative  but  weak.   Large  signals  appear  in 
wind  anomalies  over  Sri  Lanka  prior  to  El  Nino/ 
Southern  Oscillation  (ENSO)  events.  Upper  level 
easterlies  (westerlies)  and  weak  (strong)  low-level 
easterlies  are  dominant  in   March  before  the  La 
Nina  (El  Nino)  years.  These  wind  anomalies  persist 
until  the  ENSO  events  reach  maturity.  Based  on 
the  results  of  correlation  analysis  and  wind  anoma- 
lies,  schematic    models   of  the   zonal   circulation 
along  the  Equator  between  60  degrees  east  and  140 
degrees  west  are  presented  for  La  Nina  and  El 
Nino  phases  for  northern  hemispheric  summer  and 
winter  seasons.  (Author's  abstract) 
W90-04997 


HAWAIIAN  DROUGHT  AND  THE  SOUTH- 
ERN OSCILLATION. 

Hawaii  Univ.,  Honolulu.  Dept.  of  Meteorology. 
P.  S.  Chu. 

International  Journal  of  Climatology  IJCLEU 
Vol.  9,  No.  6,  p  619-631,  November/December 
1989.  6  fig,  4  tab,  ref. 

Descriptors:  *E1  Nino/Southern  oscillation,  'Cli- 
matology, 'Model  studies,  'Drought,  'Rainfall 
'Hawaii,  Statistical  analysis,  Wind,  Evaporation! 
Seasonal  variation,  Temperature  effects,  Synoptic 
analysis. 

Long-term  rainfall  records  at  key  locations  on  the 
Hawaiian  Islands  and  the  Southern  Oscillation 
Index  are  examined  to  reveal  the  impact  of  large- 
scale  atmospheric  circulation  on  Hawaiian  rainfall. 
By  compositing  six  major  di  ought  winters,  it  is 
found  that  they  were  preceded  by  a  persistently 
low  phase  of  the  Southern  Oscillation  starting  from 
March  of  the  preceding  year.  Correlation  analysis 
indicates  that  the  spring  Southern  Oscillation 
Index  is  not  significantly  correlated  to  rainfall  in 
the  subsequent  seasons.  In  contrast,  changes  of  the 
Southern  Oscillation  Index  in  summer  lead  to  cor- 
responding changes  of  rainfall  by  two  to  three 
seasons.  Similarly,  changes  of  the  Southern  Oscil- 
lation Index  in  autumn  lead  to  changes  of  rainfall 


by   one   to   two   seasons.    These   results   are   also 
confirmed  by  scatter  diagrams.  Although  a  large 
negative  Southern  Oscillation   Ir^ex  anomaly   in 
summer  or  autumn  can  be  regarded  as  a  precursor 
to  a  drought  for  the  following  winter  or  spring,  the 
inverse  relation,  namely,  a  positive  Southern  Oscil- 
lation Index  anomaly  leading  to  abundant  rainfall 
does  not  necessarily  follow.  As  an  empirical  rule,  a 
value  for  the  summer  Southern  Oscillation  Index 
of  -2  or  below,  or  a  value  for  the  autumn  Southern 
Oscillation  Index  of  -1  or  below,  or  both,  indicate 
the  occurrence  of  a  dry  winter.  During  drought 
episodes,   Hawaii   was   located   under  an   area  of 
strong  subsidence,  and  synoptic  systems  that  nor- 
mally  produce  winter  and  spring   rainfall   in  the 
Hawaiian  Islands  were  retarded.  An  anomalously 
cold  sea-surface  temperature  in  the  north-central 
Pacific  may  also  further  enhance  and  prolong  the 
dryness  by  reducing  the  rate  of  evaporation  from 
the  sea  surface  and  by  stabilizing  the  overlying  air. 
Individual  forecasts  carried  out  for  recent  years 
reveal   that  severe  drought  during  an   El   Nino/ 
Southern  Oscillation  (ENSO)  winter  could  be  pre- 
dicted two  seasons  in  advance  using  simple  regres- 
sion models.  For  the  non-ENSO  drought  winter, 
forecasting  ability  degrades  somewhat.  Overall,  by 
means  of  a  cross-validation  technique,  antecedent 
conditions  of  the  large-scale  pressure  see-saw  are 
useful    predictors    for    Hawaiian    winter    rainfall 
anomalies,  particularly  when  an  ENSO-like  phe- 
nomenon  has  started   to   develop.   (Author's   ab- 
stract) 
W90-04998 


FEEDBACK  MECHANISM  IN  ANNUAL  RAIN- 
FALL, CENTRAL  SUDAN. 

Khartoum  Univ.  (Sudan).  Dept.  of  Civil  Engineer- 
ing. 

E.  A.  B.  Eltahir. 

Journal  of  Hydrology  JHYDA7,  Vol.  110  No  3/ 
4,  p  323-334,  October  1989.  4  fig,  1  tab,  8  ref 
append. 

Descriptors:    'Hydrologic   budget,    'Evaporation, 
Meteorology,    'Climatology,    'Sudan,    'Rainfall, 
Mathematical  models,  Mathematical  studies,  Rain 
gages. 

The  hypothesis  that  the  annual  rainfall  process  in 
Central  Sudan  is  dependent  on  a  feedback  mecha- 
nism is  investigated  using  a  mathematical  model 
based  on   the   water  balance  of  the  neighboring 
region,  Bahr  Elghazal.  All  the  precipitation  in  the 
Bahr  Elghazal  basin  evaporates,  either  in  the  same 
year  or  in  the  following  years,  and  contributes  to 
precipitation  in  Central   Sudan.   A   high  level  of 
rainfall  in   Bahr  Elghazal  in  any  year  results  in 
increased  evaporation  in  the  following  years  and 
hence,  higher  levels  of  rainfall  in  those  years  in 
Central  Sudan.  The  annual  rainfall  series  in  Bahr 
Elghazal  is  similar  to  the  annual  rainfall  series  in 
Central  Sudan.  Hence  high  levels  of  rainfall  in  the 
entire  region  in  any  year  will  probably  result  in 
high   levels  of  rainfall   in   Central   Sudan   in   the 
following  years  and  vice  versa.  The  mathematical 
model  represented  the  water  balance  of  the  atmos- 
pheric system  above  the  Bahr  Elghazal  basin,  the 
atmospheric  system  above  Central  Sudan  and  the 
water  balance  of  the  Bahr  Elghazal  basin  based  on 
the  conservation  of  mass.  The  dependence  is  weak 
which   makes   it   difficult   to   trace   the   causative 
physical    mechanisms.    More    accurate    measure- 
ments of  the  regional  rainfall  amounts  are  needed 
to  support  the  validity  of  the  hypothesis.  However, 
any  project  which  plans  to  introduce  changes  iri 
the  hydrology  of  the  Bahr  Elghazal  basin  by  re- 
ducing the  evaporation   losses  should  investigate 
the  possible  reduction  in  the  rainfall  amounts  in 
Central  Sudan.  (Geiger-PTT) 
W90-05005 


SNOWFALL  INTO  A   FOREST  AND  CLEAR- 
INC. 

Rocky   Mountain   Forest  and   Range  Experiment 

Station.  Fort  Collins,  CO. 

For  primary  bibliographic  entry  see  Field  2C 

W90-05006 


HYDROMETEOROLOGICAL     TIME     SERIES 
SEGMENTATION  -  APPLICATION  TO  WEST 


AFRICAN      RAINFALL     AND     DISCHARGE 

SERIES  (SEGMENTATION  DES  SERIES  HY- 
DROMETEOROLOGIQUES  -  APPLICATION  A 
DES  SERIES  DE  PRECIPITATIONS  ET  DE 
DEBITS  DE  L'AFRIQUE  DE  L'OUF:ST). 

Ecole  Nationale  Superieure  des  Mines  de  Paris 

Fontainebleau     (France).     Centre     d'Information 

Geologique. 

P.  Hubert,  J.  P.  Carbonnel,  and  A.  Chaouche 

Journal  of  Hydrology  JHYDA7,  Vol.  1 10,  No   3/ 

4,  p  349-367,  October   1989.  4  fig,   1  tab,  38  ref. 

English  summary. 

Descriptors:  'Rainfall-runoff  relationships,  'Rain- 
fall, 'Discharge  hydrographs,  'Africa,  'Time 
series  analysis,  'Climatic  data,  Meteorological  data 
collections,  Data  interpretation,  Arid  climates,  Al- 
gorithms, Mathematical  studies. 

An  original  segmentation  procedure  of  hydrome- 
teorological  series  is  detailed.  From  the  beginning 
of  this  century,  the  results  of  rainfall  and  discharge 
series  analysis  exhibit  a  West  African  climatologi- 
cal  evolution  in  successive  stages.  These  stages, 
separated  by  jumps,  come  within  more  and  more 
arid  general  tendency.  The  length  of  the  sequences 
between  the  jumps  are  9  to  more  than  19  years 
long.  These  climatological  sequences,  computed 
from  various  time  series  are  concomitant  and  then 
have  a  regional  significance.  (Author's  abstract) 
W90-05007 


PUMPAGE,  WATER  LEVELS  AND  RAINFALL 
IN  THREE  WELLFIELDS  IN  WESTERN  GALI- 
LEE, ISRAEL. 

Ministry  of  Agriculture,  Haifa  (Israel).  Hydroloei- 

cal  Service. 

For  primary  bibliographic  entry  see  Field  2F 

W90-05008 


NEW  RADAR  TECHNIQUE  FOR  SATELLITE 
RAINFALL  ALGORITHM  DEVELOPMENT. 

Applied  Research  Corp.,  Landover,  MD. 
For  primary  bibliographic  entry  see  Field  7B 
W90-05139 


FREQUENCY  DISTRIBUTION  AND  HYDRO- 
CLIMATIC  CHARACTERISTICS  OF  HEAVY 
RAINSTORMS  IN  ILLINOIS. 

Illinois  State  Water  Survey  Div.,  Champaign 
F.  A.  Huff,  and  J.  R.  Angel. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89- 133862. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche 
State  of  Illinois  Bulletin  70,  1988.  21 3p,  29  fig  40 
tab,  38  ref,  5  append. 

Descriptors:  'Meteorology,  'Frequency  distribu- 
tion, 'Climatology,  'Rainstorms,  'Illinois,  Chica- 
go, Seasonal  variation,  Spatial  distribution,  Tempo- 
ral distribution,  Floods,  Urban  areas,  Urban  hy- 
drology, Rainfall  intensity. 

The  most  frequent  type  of  rainstorm  that  produces 
flash  floods  in  Illinois  and  the  United  States  is  very 
localized  and  produces  extreme  rainfall  rates.  Ap- 
proximately 40  of  these  storms  will  occur  in  an 
average  year  in  Illinois,  or  about  one  for  every 
1,500  sq  mi  of  territory.  These  storms  cause  serious 
local  flooding  problems  for  farmers  (crop  damage) 
and  urban  areas,  and  interfere  with  small  reservoir 
operations.  However,  other  flood-producing 
storms,  affecting  relatively  large  areas  ranging 
from  the  size  of  a  county  to  20,000  or  more  square 
miles,  result  from  a  series  of  moderately  intense 
showers  and  thunderstorms  that  occur  intermit- 
tently for  periods  of  one  to  10  days.  This  can  result 
in  both  localized  and  widespread  flooding.  The 
study  utilized  data  for  an  83-year  period  (1901-83) 
collected  at  61  Illinois  stations  in  addition  to  data 
from  nearby  stations  in  surrounding  states.  The 
following  topics  are  discussed:  (1)  the  methods, 
analysis,  and  results  of  the  study  of  potential  cli- 
matic trends  or  fluctuations  in  the  distribution  of 
heavy  rainstorms  in  Illinois;  (2)  the  frequency  dis- 
tribution of  heavy  rainfall  events  is  derived  and 
findings;  (3)  information  on  urban  effects  on  the 
frequency  distribution  of  heavy  rainstorms,  with 
particular   emphasis   on   the   Chicago   region;   (4) 


WATER  CYCLE— Field  2 


analytical  methods  employed  and  results  forthcom- 
ing from  an  investigation  of  the  natural  variability 
about  average  frequency  relations  in  10  sections  of 
approximately  homogeneous  rainstorm  climate;  (5) 
seasonal  frequency  distributions  of  heavy  rain 
events  in  Illinois  for  the  four  seasons  and  the 
causes  of  substantial  regional  differences  in  the 
distributions;  (6)  spatial  and  temporal  characteris- 
tics of  heavy  storms  not  included  in  the  study  but 
that  have  been  derived  from  other  Illinois  studies, 
and  which  are  important  to  users  of  heavy  rain- 
storm climatology  in  the  design  and  operation  of 
water  control  structures.  (Lantz-PTT) 
W90-05161 

FINAL  REPORT  ON  THE  COOPERATIVE  VAS 
PROGRAM  WITH  THE  MARSHALL  SPACE 
FLIGHT  CENTER. 

Wisconsin  Univ. -Madison.   Cooperative  Inst,   for 

Meteorological  Satellite  Studies. 

For  primary  bibliographic  entry  see  Field  7B. 

W9O-05168 

FORMATION  AND  OPTICAL  PROPERTIES 
OF  A  WARM  CLOUD  IN  A  SLOW-EXPAN- 
SION CLOUD  CHAMBER. 

City  Coll.,  New  York.  Dept.  of  Earth  and  Plane- 
tary Sciences. 
E.  E.  Hindman. 

Journal  of  the  Atmospheric  Sciences  JAHSAK, 
Vol  46  No.  2-4,  p.  3653-3663,  December  1989.  12 
fie  1  tab,  33  ref.  ONR  Contracts  N00014-79-C- 
0793  N0O014-87-K-0535,and  NOO014-89-J-1955; 
NSF  Grants  ATM  85-19370  and  ATM  87-04776. 

Descriptors:  *Clouds,  'Weather,  *Cloud  physics, 
Cloud  chambers,  Supersaturation,  Air  pollution, 
Droplets,  Electromagnetic  energy. 

The  formation  of  a  warm  cloud  was  studied  in  a 
1.1  cu.  m,  isothermal,  slow-expansion  cloud  cham- 
ber. The  evolution  of  the  precloud  haze  droplet 
population  into  the  incloud  haze  and  cloud  droplet 
populations  was  measured  in  unprecedented  detail. 
The  chamber  environment  was  found  to  closely 
reproduce  cloud  formation  in  an  adiabatically  ex- 
panding parcel.  Further,  the  microphysical  charac- 
teristics of  the  cloud  resembled  those  of  a  marine 
stratocumulus  cloud.  A  procedure  for  estimating 
subsaturated  and  supersaturated  relative  humidity 
values  was  developed  and  shown  to  reproduce 
modeled  values.  Unique  measurements  of  cloud 
droplets  evaporating  into  haze  droplets  were  ob- 
tained. It  appeared  that  newly  activated  droplets, 
which  had  not  grown  too  large,  evaporated  in 
supersaturated  conditions  when  the  supersaturation 
reduced  below  the  equilibrium  supersaturation 
value  of  the  droplets.  The  visual  range  within  the 
chamber  was  calculated  to  be  4  m,  a  value  suffi- 
ciently low  to  conduct  electromagnetic  energy 
propagation  experiments.  (Author's  abstract) 
W90-05288 


ESTIMATION  OF  RAINFALL  FOR  FLOOD 
FORECASTING  USING  RADAR  AND  RAIN 
GAGE  DATA. 

Hydrologic  Engineering  Center,  Davis,  CA. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05589 


The  chemical  composition  of  surface  snow  and 
rime  ice  was  measured  in  a  winter  mountain  setting 
to  identify  the  principal  scavenging  mechanisms. 
The  siting  permitted  the  results  to  be  interpreted 
with  minimal  consideration  of  below-cloud  scav- 
enging processes  and  close  comparison  of  the  snow 
and  rime  ice  compositions.  The  concentrations  of 
all  major  ions  in  the  snow  were  well  below  those 
in  the  rime  ice  and  could  be  related  to  the  estimat- 
ed degree  of  snow  crystal  riming.  The  results  of 
this  study  support  the  two-step  concept  of  wet 
removal,  in  which  atmospheric  pollutants  are  first 
incorporated  into  cloud  droplets  and  then  removed 
from  the  cloud  through  the  hydrodynamical  col- 
lection of  the  droplets  by  falling  precipitation  ele- 
ments. Under  some  meteorological  conditions, 
therefore,  it  is  likely  that  pollutant  removal  from 
the  atmosphere  is  mechanistically  limited  by  the 
removal  of  cloud  water.  (Author's  abstract) 
W90-04608 


Snow,  Ice,  and  Frost— Group  2C 

snow  particles  counted  with  electronic  sensors  on 
towers  decreased  with  decreasing  height  below  the 
canopy  top  in  the  forest  and  also  nearer  the  surface 
in  the  clearing.  Average  fluxes  were  greater  in  the 
clearing  than  in  the  forest,  and  these  differences 
increased  with  increasing  average  wind  speed,  in 
the  0-6  m/sec  range,  measured  during  the  experi- 
ments. The  greater  flux  at  the  tower  in  the  clearing 
could  not  be  completely  explained  by  interception 
of  snow  in  the  forest  canopy,  indicating  that  aero- 
dynamics may  have  played  a  part  in  creating  the 
difference,  even  in  those  light  winds.  A  plume  or 
concentration  of  snow  particles  appeared  to  have 
developed  near  the  top  of  the  canopy  and  spread 
into  the  clearing.  (Author's  abstract) 
W90-05006 


ADVANCE  OF  HUBBARD  GLACIER  AND  1986 
OUTBURST  OF  RUSSEL  FIORD,  ALASKA, 
U.S.A. 

Geological  Survey,  Fairbanks,  AK. 

L.  R.  Mayo. 

Annals  of  Glaciology,  Vol.  13,  p  189-194,  1989.  8 

fig,  1  tab,  16  ref. 

Descriptors:  "Glaciers,  *Glacier  surges,  *Fjords, 
•Alaska,  Moraines,  Glacial  lakes,  Flood  damage, 
Icebergs. 

Hubbard  Glacier,  the  largest  tide-water  glacier  in 
North  America,  has  advanced  since  it  was  first 
mapped  in  1895  by  moving  a  protective  submarine 
moraine  into  the  entrance  of  Russell  Fiord.  In  May 
1986,  a  weak  surge  of  the  Valerie  tributary  of 
Hubbard  Glacier  caused  the  glacier  to  block  the 
fiord  entrance,  converting  the  body  of  water  into  a 
large  glacier-dammed  lake.  This  lake  filled  to  a 
height  of  25.5  m  and  stored  5.4  cu  km  of  water 
before  it  burst  out  on  8  October  1986,  producing  a 
peak  flow  of  105,000  cu  m/s  averaged  for  1  h. 
Hubbard  Glacier  is  expected  to  continue  advanc- 
ing because  its  accumulation   area  ratio  is  0.95, 
which  is  unusually  large.  Such  an  advance  would 
undoubtedly  block  Russell  Fiord  again.  If  this  hap- 
pens, it  is  predicted  that  the  lake  will  fill  to  a 
height  of  39  m  over  a  period  of  1.1-1.5  years  and 
then  overflow  into  the  Situk  River  near  Yakutat. 
This,  in  turn,  would  increase  the  average  flow  of 
that  small  stream  from  its  present  rate  of,  between 
10  and   15   m/s  to  an  estimated   annual   average 
discharge  of  230  m/s.  Such  an  increase  in  flow 
would  be  expected  to  flood  and  erode  forest  lands, 
fish   habitats,   subsistence   fishing   camps,   archae- 
ological sites,  and  roads.  At  the  same  time,  the 
increased  water  depth  in  Russell  Fiord  could  be 
expected  to  increase  the  calving  rate  of  Hubbard 
Glacier,  potentially  threatening  the  stability  of  its 
calving  terminus.  (Author's  abstract) 
W90-04708 


2C.  Snow,  Ice,  and  Frost 


INFLUENCE  OF  RIMING  ON  THE  CHEMI- 
CAL COMPOSITION  OF  SNOW  IN  WINTER 
OROGRAPHIC  STORMS. 

Nevada  Univ.  System,  Reno.  Atmospheric  Sci- 
ences Center. 

D.  L.  Mitchell,  and  D.  Lamb. 

Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  94,  No.  12,  p  14,831-14,840,  Octo- 
ber 20,  1989.  5  fig,  5  tab,  29  ref.  NSF  grant  ATM- 
8520123. 

Descriptors:  *Water  chemistry,  *Rime,  'Path  of 
pollutants,  "Orographic  precipitation,  'Storms, 
•Snow,  *Chemistry  of  precipitation,  *Ice,  Path  of 
pollutants,  Cloud  liquid  water,  Atmospheric  water, 
Hydrodynamics,  Clouds. 


ORGANIC  CARBON  TRANSPORT  IN  AN  UN- 
DISTURBED BOREAL  HUMIC  RIVER  IN 
NORTHERN  FINLAND. 

National  Board  of  Waters,  Oulu  (Finland).  District 

Office. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04804 


SNOWFALL  INTO  A  FOREST  AND  CLEAR- 
ING. 

Rocky  Mountain  Forest  and  Range  Experiment 

Station,  Fort  Collins,  CO. 

R.  A.  Schmidt,  and  C.  A.  Troendle. 

Journal  of  Hydrology  JHYDA7,  Vol.  1 10,  No.  3/ 

4,  p  335-348,  October  1989.  8  fig,  2  tab,   17  ref. 

Descriptors:  'Meteorology,  *Snow  density, 
•Canopy,  •Throughfall,  'Interception,  Wind,  Air 
circulation,  Coniferous  forests,  Clear-cutting, 
Snow  accumulation. 

Experiments  in  February-March  1987  at  Fraser 
experimental  Forest  in  Colorado,  compared  the 
number  flux  of  snow  particles  above  the  center  of 
an  80-m  wide  clearing  with  simultaneous  samples 
in  and  above  the  forest  85  m  upwind.  Numbers  of 


SUBMERSED  MACROPHYTE  COMMUNITIES 
BEFORE  AND  AFTER  AN  EPISODIC  ICE  JAM 
IN  THE  ST.  CLAIR  AND  DETROIT  RIVERS. 

National  Fisheries  Research  Center-Great  Lakes, 

Ann  Arbor,  MI. 

S.  J.  Nichols,  D.  W.  Schloesser,  and  P.  L.  Hudson. 

Canadian  Journal  of  Botany  CJBOAW,  Vol.  67, 

No.  8,  p  2364-2370,  August  1989.  3  fig,  5  tab,  15 

ref. 

Descriptors:  *Ice  jams,  *Macrophytes,  *Ice  cover, 
Aquatic  productivity,  Biomass,  Submerged  plants, 
Aquatic  plants,  St  Clair  River,  Detroit  River. 

In  1983  and  1984,  surveys  of  submersed  macro- 
phyte  communities  off  six  islands  in  the  St.  Clair 
and  Detroit  rivers  using  low  aerial  photography 
and  ground-truth  collections  were  conducted. 
Sample  collections  in  1984  followed  one  of  the 
coldest  winters  on  record,  during  which  ice  up  to  4 
m  thick  developed  in  areas  that  were  normally  ice 
free.  Growth  of  many  of  the  20  taxa  collected  was 
delayed  in  the  spring  of  1984,  as  compared  with 
the  spring  of  1983.  By  September  1984,  however, 
total  abundance  of  all  taxa  was  equal  to  or  greater 
than  that  in  1983.  It  was  concluded  that  the  unusu- 
al ice  jam  in  early  spring  of  1984  had  little,  if  any, 
permanent  effect  on  submersed  macrophytes  in  the 
St.  Clair  and  Detroit  rivers.  (Author's  abstract) 
W90-05353 


MASS  MOVEMENT  OF  RIVER  ICE  CAUSES 
SEVERE  TREE  WOUNDS  ALONG  THE 
GRANDE  RONDE  RIVER  IN  NORTHEAST- 
ERN OREGEON. 

Forest  Service,  La  Grande,  OR.  Forestry  and 
Range  Sciences  Lab. 

G.  M.  Filip,  L.  D.  Bryant,  and  C.  A.  Parks. 
Northwest  Science  NOSCAX,  Vol.  9,  No.   5,  p 
211-213,  November  1989.  2  fig,  4  ref. 

Descriptors:  *Ice  drift,  *Ice  breakup,  *Riparian 
vegetation,  Trees,  Conifers,  Shrubs,  Oregon, 
Washington,  Environmental  effects,  Thawing,  De- 
ciduous trees. 

In  eastern  Oregon  and  Washington,  ice  forms  in 
streams  and  rivers  during  prolonged  periods  of 
freezing  temperatures.  When  rapid  thawing  occurs, 
large  pieces  of  ice  detach,  move  down  waterways, 
strike  trees,  and  cause  damage.  Tree  wounds 
caused  by  ice  movement  were  categorized  on 
black  cottonwood  (Populus  trichocarpa  Torr.  and 
Gray),  willows  (salix  spp.),  ponderosa  pine  (Pinus 
ponderosa  Dougl.  ex  Laws.)  and  Douglas-fir 
(Pseudotsuga  menziesii  var.  glauca  (Beissn.) 
Franco).  Tree  wounds  ranged  from  63  to  14,066  sq 
cm  which  resulted  in  3  to  100  percent  bark  remov- 
al at  about  1.4  m  above  the  ground.  Wounded 
conifers  did  not  have  appreciable  decay.  Ice  move- 
ment caused  either  mortality  of  important  shrub 
species,  such  as  mountain  alder  (Alnus  incana  (L.) 
Moench),  or  indirect  mortality  through  wounding 
and  subsequent  infection  by  canker  fungi.  This 
indicates  that  such  damage  may  seriously  alter 
these  riparian  zones  and  thus  affect  the  many  asso- 
ciated resources.  (Author's  abstract) 
W90-05381 
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Field  2— WATER  CYCLE 


Group  2D— Evaporation  and  Transpiration 
2D.  Evaporation  and  Transpiration 


ACCURACY  OF  ESTIMATED  REFERENCE 
CROP  EVAPOTRANSPIRATION. 

Utah  State  Univ.,   Logan.   Dept.  of  Agricultural 

and  Irrigation  Engineering. 

G.  H.  Hargreaves. 

Journal  of  Irrigation   and   Drainage   Engineering 

(ASCE)  JIDEDH,  Vol.  115,  No.  6,  p  1000-1007 

December  1989.  3  tab,  12  ref. 

Descriptors:  'Grasses,  'Evapotranspiration,  •Cli- 
matology, Crops,  Irrigation  requirements,  Air  tem- 
perature, Relative  humidity,  Solar  radiation,  Cali- 
fornia, Performance  evaluation. 

Evapotranspiration  from  cool-season  grasses  is 
used  as  the  reference  for  ET0  (reference  crop 
evapotranspiration).  The  requirements  for  local 
calibration  for  three  equations  for  ET0  recom- 
mended by  the  Food  and  Agriculture  Organization 
of  the  United  Nations  (FAO)  are  shown  for  differ- 
ent climatic  regions  of  California.  Data  from  meas- 
ured cool-season-grass  evapotranspiration  and 
Class  A  pan  evaporation  from  sites  located  in  large 
well-watered,  irrigated  grass  pastures  in  three  dis- 
tinct climatic  conditions  are  used  to  evaluate  a 
method  for  estimating  ET0  that  requires  only 
measured  values  of  maximum  and  minimum  air 
temperatures.  Mean  temperature,  minimum  rela- 
tive humidity,  and  solar  radiation  can  all  be  esti- 
mated from  maximum  and  minimum  air  tempera- 
tures. The  equation  for  ET0  that  requires  only 
temperature  measurements  may  seem  to  be  quite 
simple,  but  it  is  in  reality  a  very  comprehensive 
procedure  incorporating  most  of  the  climatic  inter- 
actions that  influence  the  evaporative  potential. 
The  analysis  of  data  from  four  lysimeters  and  Class 
A  pan  sites  in  California  indicates  that  the  tempera- 
ture-range equation  estimates  ET0  reasonably  well 
in  a  large  variety  of  climates.  The  corrected 
Penman  and  other  equations  recommended  by 
FAO  are  shown  to  usually  overestimate  ET0  in 
various  climatic  regions  of  California.  (Author's 
abstract) 
W90-04820 


EVAPOTRANSPIRATION  IN  SUDAN  GEZIRA 
IRRIGATION  SCHEME. 

Hydraulics     Research     Station,     Wad     Medani 

(Sudan). 

A.  S.  A.  Hussein,  and  A.  K.  El  Daw. 

Journal   of  Irrigation  and   Drainage   Engineering 

(ASCE)  JIDEDH,  Vol.  115,  No.  6,  p  1018-1033 

December  1989.  8  fig,  3  tab,  26  ref. 

Descriptors:  'Irrigation  programs,  *Sudan,  'Irriga- 
tion, 'Evapotranspiration,  Crops,  Grasses,  Cotton 
Wheat,  Nuts. 

Rapid  irrigation  development  in  the  Sudan  has 
stretched  to  the  limit  its  share  in  the  Nile  waters. 
Significant  savings  on  irrigation  water  can  be  made 
by  improved  water  management.  Accurate  estima- 
tion of  crops  evapotranspiration,  ET,  is  a  prerequi- 
site. ET  was  estimated  by  predicting  first  reference 
crop  evapotranspiration.  Grass  was  selected  as  the 
reference  crop.  FAO-Penman  with  Penman  wind 
function  for  clipped  grass  was  ranked  first  among 
the  methods  selected  to  predict  grass  ET.  Using 
the  crop  coefficients  of  Doorenbos  and  Kassam, 
ET  for  cotton,  groundnuts  and  wheat  grown  in  the 
Gezira  scheme  were  then  predicted.  Predicted  and 
measured  ET  remained  well  within  +/-15%.  For 
air  temperature  higher  and  lower  than  28.3  C,  it 
was  found  that  warm-season  grass  ET  was  equal  to 
1.0  and  0.635  ET  of  cool-season  grass,  respective- 
ly. Because  of  this  temperature  effect,  care  must  be 
taken  not  to  use  these  two  grass  varieties  indis- 
criminately to  estimate  crop  ET.  (Author's  ab- 
stract) 
W90-04822 


TRIPLE  JUNCTION  REGION,  NORTHERN 
CALIFORNIA. 

Franklin  and  Marshall  Coll.,  Lancaster,  PA.  Dept. 
of  Geology. 

D.  Meritts,  and  K.  R.  Vincent. 
Geological       Society      of      America       Bulletin 
BUGMAF,  Vol.  101,  No.  11,  p  1373-1388,  Novem- 
ber 1989.  11  fig,  3  tab,  47  ref. 

Descriptors:  'California,  'Geomorphology, 
•Channel  morphology,  'Basins,  'Coastal  streams, 
'Tectonics,  Catchment  areas,  Stream  upflow, 
Stream  gradient. 

Analysis  of  three-dimensional  morphological  prop- 
erties  of   24   coastal    drainage    basins    that    have 
evolved  in  areas  of  low  (<  1  m/1,000  yr),  interme- 
diate (1-3  m/ 1,000  yr),  and  high  (>  3  m/1,000  yr) 
rates  of  uplift  near  the  Mendocino  triple  junction 
(MTJ),  coastal  northern  California,  identified  chan- 
nel gradients  as  the  best  indicator  of  tectonism  in 
the  landscape.  Lower-order  tributaries  best  reflect 
tectonically    controlled    differences.    The    largest 
streams  examined,  of  third  order,  are  able  to  adjust 
to  most  base-level  change  and  maintain  their  pro- 
file form,  whereas  lower-order  streams  farther  up- 
stream tend  to  accumulate  the  effects  of  net  base- 
level  fall  and  have  steepest  profiles  in  the  areas  of 
highest  uplift  rates.  Variations  in  steepness  of  first- 
order  channel  gradients  indicate  that  (1)  high  uplift 
rates  in  the  wake  of  the  MTJ  have  existed  for  at 
least  73,000  yr  and  (2)  differential  tilt  of  the  region 
to  the  north  and  south  of  the  current  locus  of 
highest  uplift  rate  is  occurring  in  association  with 
regional   uplift.   Although   first-order  streams  are 
excellent  indicators  of  areas  of  both  high  uplift 
rates  and  regional  differential  tilting,  they  are  less 
useful  in  distinguishing  between  areas  of  low  and 
intermediate  uplift  rate.  Analysis  of  the  longitudi- 
nal profile  of  the  main  trunk  stream  of  ten  of  the  24 
drainage  basins,  using  the  stream-gradient  index, 
was  more  useful  to  categorize  broadly  the  uplift 
rates  and  to  distinguish  between  streams  in  low- 
uplift  and  intermediate-uplift  rate  areas.  Although 
the  hypotheses  tested  do  not  identify   the  exact 
mechanism  of  uplift  in  the  MTJ  region,  they  do 
indicate  that  the  nature  of  deformation   is  most 
likely  regional  tilt  rather  than  crustal  shortening 
with   localized   compressional   folding  and   thrust 
faulting.  They  also  indicate  that  geomorphic  re- 
sponses trail  in  the  wake  of  the  uplift-rate  response 
caused  by  development  of  a  slab  window  beneath 
the   North   American   plate;   (1)   maximum   uplift 
rates  occur   about   9   km   south   of  the   northern 
boundary  of  the  slab  window,  (2)  maximum  mean 
first-order  channel  gradient  occurs  16  km  south  of 
the  northern  edge  of  the  slab  window,  and  (3) 
maximum  drainage-basin  relief  occurs  20  km  south 
of  the  northern  edge  of  the  slab  window.  (Author's 
abstract) 
W90-04584 


2E.  Stream/low  and  Runoff 


GEOMORPHIC  RESPONSE  OF  COASTAL 
STREAMS  TO  LOW,  INTERMEDIATE,  AND 
HIGH     RATES    OF    UPLIFT,    MENDOCINO 


HYDROLOGY  OF  SMALL  TRIBUTARY 
STREAMS  IN  A  SUBARCTIC  WETLAND. 

McMaster  Univ.,  Hamilton  (Ontario).  Dept.  of  Ge- 
ography. 

M.  K.  Woo,  and  P.  D.  diCenzo. 
Canadian  Journal  of  Earth  Sciences  CJESAP  Vol 
26,  No.  8,  p  1557-1566,  1989.  11  fig,  2  tab,  21  ref. 

Descriptors:  'Subarctic  zone,  'Catchment  areas, 
'Tributaries,  'Runoff,  'Wetlands,  'Overland  flow, 
Flood  plains,  Rainfall-runoff  relationships,  Snow- 
melt,  Saturated  flow. 

Rivers  traversing  subarctic  wetlands  are  fed  by 
numerous  small  tributary  creeks,  which  carry 
much  of  the  wetland  runoff  into  the  rivers  during 
the  snow-free  season.  The  wetlands,  being  saturat- 
ed, generate  abundant  surface  flow  in  the  spring 
melt  season.  This  amount  of  water  cannot  be  ac- 
commodated by  the  tributary  creeks  and,  together 
with  general  flooding  of  the  rivers,  there  is  little 
distinction  between  overland  flow  and  channelled 
flow  across  the  wetland,  the  feeder  tributaries,  and 
the  major  rivers.  After  snowmelt,  the  water  level 
subsides,  and  most  of  the  overland  flow  from  the 
wetland  is  funnelled  into  the  feeder  creeks.  The 
feeders  can  usually  respond  quickly  to  rainstorms 
and  recessions  are  short  unless  surface  flow  is 
sustained  by  extensive  marshy  depressions.  Along 
the  lower  reaches  of  the  major  rivers,  the  small 


tributary  creeks  are  the  main  conveyors  of  wetland 
runoff  to  the  rivers  and  therefore  strongly  modify 
the  runoff  characteristics  of  the  rivers.  (Author's 
abstract) 
W90-04587 


ECOLOGY  OF  A  WADI  IN  IRAQ  WITH  PAR- 
TICULAR REFERENCE  TO  COLONIZATION 
STRATEGIES  OF  AQUATIC  MACROINVER- 
TEBRATES. 

Zoologische  Staatssammlung  Muenchen  (Germa- 
ny, F.R.). 

For  primary  bibliographic  entry  see  Field  2H. 
W90-04632 


SOIL  NITROGEN  CHANGES  DURING  PRI- 
MARY SUCCESSION  ON  A  FLOODPLAIN  IN 
ALASKA,  U.S.A. 

Alaska  Univ.,  Fairbanks.  Arctic  Environmental 
Engineering  Lab. 

For  primary  bibliographic  entry  see  Field  2G 
W90-04639 


STREAM  DEVELOPMENT  IN  GLACIER  BAY 
NATIONAL  PARK,  ALASKA,  U.S.A. 
Forest   Service,    Logan,   UT.    Intermountain   Re- 
search Station. 

For  primary  bibliographic  entry  see  Field  2J 
W90-04640 


ORGANIC  CARBON  ISOTOPE  RATIOS  AND 
IMPLICATIONS  FOR  THE  MAXIMUM  TUR- 
BIDITY  ZONE  OF  THE  ST.  LAWRENCE  ESTU- 
ARY. 

Quebec  Univ.,  Montreal. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-04641 


RUNOFF  AND  FLOCCULATION  MODIFY  UN- 
DERWATER LIGHT  ENVIRONMENT  OF  THE 
HUDSON  RIVER  ESTUARY. 

State  Univ.  of  New  York  at  Albany.   Dept.   of 

Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-04642 


ANALYTIC  TECHNIQUE  FOR  STOCHASTIC 
ANALYSIS  IN  ENVIRONMENTAL  MODELS. 

Alaska  Univ.,  Fairbanks.  Dept.  of  Civil  Engineer- 
ing. 

M.  A.  Tumeo,  and  G.  T.  Orlob. 
Water  Resources  Research  WRERAQ,  Vol    25 
No.  12,  p  2417-2422,  December  1989.  1  fig,  2  tab,' 
20  ref. 

Descriptors:  'Model  studies,  'Stochastic  models, 
♦Mathematical  analysis,  'Rivers,  'Biochemical 
oxygen  demand,  'Oxygen  deficit,  Sacramento 
River,  California,  Monte  Carlo  method. 

The  development  and  application  of  a  new  mathe- 
matical technique  to  include  stochasticity  in  envi- 
ronmental models  is  presented.  The  technique, 
named  the  probability  density  function/moment 
technique  (PDF/M),  is  based  on  a  two-tiered  proc- 
ess. First,  the  basic  governing  equations  are  ex- 
panded to  include  stochastic  terms.  Stochastic 
terms  are  separated  from  nonfluctuating  terms,  and 
the  resulting  set  of  equations  is  solved  simulta- 
neously. Solutions  are  used  to  calculate  the  mo- 
ments of  the  output  variables.  Second,  the  mo- 
ments are  used  in  conjunction  with  the  Fokker- 
Planck  equation  to  produce  an  analytical  solution 
for  the  probability  density  functions  of  the  depend- 
ent variables.  Because  the  approach  produces  ana- 
lytical solutions,  it  offers  greater  flexibility  than  a 
Monte  Carlo  approach  in  treating  complex  envi- 
ronmental situations.  Unlike  the  stochastic  differ- 
ential equation  approach,  it  is  not  necessary  to 
assume  Gaussian  distributions  in  the  solution  tech- 
nique, complex  random  fluctuations  of  time  and 
space  may  be  included,  and  solutions  are  possible 
for  higher-dimensioned  problems  and  cases  with 
stochastic  variations  in  stream  velocity.  The  PDF/ 
M  technique  represents  a  new  and  potentially  pow- 
erful tool  for  extending  the  capabilities  of  comput- 


WATER  CYCLE— Field  2 
Streamflow  and  Runoff— Group  2E 


er  models  in  management  and  decision  analysis  by 
providing  analytical  solutions  for  the  probability 
density  functions  and  associated  moments  of  im- 
portant environmental  variables.  The  model  was 
applied  to  a  study  of  biochemical  oxygen  demand 
and  oxygen  deficit  values  along  a  stretch  of  the 
Sacramento  River,  and  compared  favorably  in  esti- 
mating statistics  of  field  surveys.  (Author's  ab- 
stract) 
W90-04659 


COMPARISON  OF  ON-SITE  AND  LABORA- 
TORY TOXICITY  TESTS:  DERIVATION  OF 
SITE-SPECIFIC  CRITERIA  FOR  UN-IONIZED 
AMMONIA  IN  A  COLORADO  TRANSITION- 
AL STREAM. 

Environmental  Protection  Agency,  Denver,  CO. 
Region  VIII. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-04695 


SIMPLE  AND  PRACTICAL  MODEL  FOR  TOX- 
ICOLOGICAL  ASSESSMENT  OF  NITRIFICA- 
TION BYPRODUCTS  IN  RIVERS. 

Instituto    Nacional    de    Investigaciones    Agrarias, 

Madrid  (Spain).  Centro  de  Investigacion  y  Tecno- 

logia. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04702 


NUTRIENT  AND  WATER  FLUX  IN  A  SMALL 
ARCTIC  WATERSHED:  AN  OVERVIEW. 

San  Diego  State  Univ.,  CA.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-04712 


HYDROLOGY  OF  IMNAVAIT  CREEK,  AN 
ARCTIC  WATERSHED. 

Alaska  Univ.,  Fairbanks.  Water  Research  Center. 
D.  L.  Kane,  L.  D.  Hinzman,  C.  S.  Benson,  and  K. 
R.  Everett. 

Holarctic  Ecology  HOECD2,  Vol.  12,  No.  3,  p 
262-269,  Oct  1989.  6  fig,  3  tab,  14  ref. 

Descriptors:  'Small  watersheds,  'Streams,  'Hy- 
drology, 'Arctic  zone,  'Ecosystems,  Headwaters, 
Hydrologic  cycle,  Seasonal  variation. 

An  ecological  study  is  presently  being  carried  out 
at  the  headwaters  of  Imnavait  Creek  to  develop  a 
better  understanding  of  the  dynamics  of  an  arctic 
ecosystem.  While  all  ecosystems  are  driven  by 
both  energy  and  mass  inputs,  in  an  arctic  setting 
this  is  much  more  evident.  Therefore  it  is  critical 
that  we  have  a  detailed  understanding  of  the  hy- 
drology of  the  basin.  In  the  United  States,  no 
hydrological  studies  of  an  arctic  watershed  have 
been  made  where  measurements  are  continued 
throughout  the  winter  season.  While  most  biologi- 
cal processes  are  dormant  throughout  the  winter, 
this  is  not  true  of  physical  processes  such  as  active 
layer  freezing  and  thawing  and  snow  accumulation 
and  redistribution  by  wind.  This  paper  summarizes 
what  we  have  learned  hydrologically  from  three 
years  of  study  at  an  arctic  watershed,  Imnavait 
Creek.  (Author's  abstract) 
W90-04713 


SOME  PHYSICAL  AND  CHEMICAL  CHARAC- 
TERISTICS OF  AN  ARCTIC  BEADED 
STREAM. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Arctic  Biology. 
M.  W.  Oswood,  K.  R.  Everett,  and  D.  M.  Schell. 
Holarctic  Ecology  HOECD2,  Vol.  12,  No.  3,  p 
290-295,  Oct  1989.  6  fig,  1  tab,  23  ref. 

Descriptors:  'Ponded  streams,  'Arctic  zone, 
'Water  chemistry,  'Channel  morphology, 
'Beaded  streams,  Tundra,  Physical  properties, 
Chemical  properties,  Hydrologic  properties,  Dis- 
solved solids,  Alaska. 

Imnavait  Creek  is  a  tundra  stream  in  the  Arctic 
Foothills  of  Alaska.  The  stream  is  beaded,  i.e. 
consists  of  pools  (up  to  about  2  m  deep)  connected 
by  narrow  channels.  Peat  dominates  pool  and 
channel  substrate  materials  with  occasional  rock 
and  moss  substrates.  The  watershed  is  underlain  by 


ice-bonded  till  and  is  hydrologically  watertight. 
Because  of  low  rates  of  weathering,  bedrock  and 
till  do  not  contribute  significantly  to  ionic  compo- 
sition of  the  stream  water.  Breakup  occurs  in  late 
May  to  early  June  with  surface  flow  until  Septem- 
ber. During  periods  of  low  rainfall,  channel  flow  is 
reduced  and  pools  become  hydrologically  isolated 
and  thermally  stratified  (with  very  high  surface 
water  temperatures).  Streamwater  is  acidic  (pH 
values  5.3-6.1)  with  very  low  alkalinity  (up  to  3 
mg/L).  The  major  transport  of  ions  occurs  in  early 
flow  derived  from  snow  melt.  Organic  carbon 
concentrations  are  high  with  very  high  ratios  of 
dissolved  to  particulate  organic  carbon.  Dissolved 
inorganic  nitrogen  concentrations  appear  to  be 
very  low.  High  concentrations  of  dissolved  organ- 
ic material  may  indicate  that  it  has  a  central  role  in 
trophic  dynamics.  (Author's  abstract) 
W90-04716 


STANDING  BIOMASS  AND  PRODUCTION  IN 
WATER  DRAINAGES  OF  THE  FOOTHILLS 
OF  THE  PHILIP  SMITH  MOUNTAINS, 
ALASKA. 

San  Diego  State  Univ.,  CA.   Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-04717 


COMPARATIVE  EFFECTS  OF  DOWNSLOPE 
WATER  AND  NUTRIENT  MOVEMENT  ON 
PLANT  NUTRITION,  PHOTOSYNTHESIS, 
AND  GROWTH  IN  ALASKAN  TUNDRA. 

Florida  International  Univ.,  Miami.  Dept.  of  Bio- 
logical Sciences. 

S.  F.  Oberbauer,  S.  J.  Hastings,  J.  L.  Beyers,  and 
W.  E.  Oechel. 

Holarctic  Ecology  HOECD2,  Vol.  12,  No.  3,  p 
324-334,  Oct  1989.  2  fig,  7  tab,  19  ref.  DOE  Con- 
tract No.  DE-FG03-84ER60250. 

Descriptors:  'Runoff,  'Limnology,  'Environmen- 
tal effects,  'Solute  transport,  'Plant  physiology, 
'Tundra,  Fertilization,  Irrigation,  Nutrients, 
Alaska. 

Changes  in  water  and  nutrient  movement  are 
common  disturbances  resulting  from  human  activi- 
ties in  arctic  regions.  To  assess  the  influence  of 
water  and  nutrient  movement  on  different  plant 
growth  forms,  we  added  water  and  nitrogen/phos- 
phorus/potassium (NPK)  fertilizer  along  10  to  20 
m  linear  transects  across  small  natural  drainages  on 
an  Alaskan  tundra  slope.  Water  was  added  by 
continuous-flow  emitters  from  a  drip  irrigation 
system  at  a  rate  of  450  L/m/d  during  the  1986 
growing  season  and  110  L/m/d  in  the  1987  grow- 
ing season.  NPK  in  the  form  of  Osmocote,  a  slow 
release  fertilizer,  was  applied  at  0.5  kg  per  linear 
meter  in  early  and  mid-season  of  the  1985  growing 
season.  Tissue  N  and  P  contents,  light-saturated 
photosynthetic  rates,  and  aboveground  biomass 
production  were  measured  at  peak  season  for  key 
species  2  m  above  and  2  and  6  m  below  the  water 
and  nutrient  applications  in  1986  and  1987.  Mean 
leaf  N  and  P  of  the  species  tested  increased  slightly 
2  m  below  the  water  addition  sites  and  dramatical- 
ly below  the  fertilizer  addition  sites.  Increases  in 
tissue  N  and  P  were  also  found  6  m  below  the 
fertilizer  addition  points.  Leaf  photosynthesis 
tended  to  increase  2  m  below  the  water  and  nutri- 
ent additions  for  the  species  tested.  Six  meters 
below  the  treatment  application  points,  photosyn- 
thesis was  minimally  affected  in  1986  but  increased 
in  1987.  Increases  in  leaf  area  on  the  irrigation 
treatments  were  found  only  for  the  evergreen  spe- 
cies, Ledum  palustre  and  Vaccinium  vitis-idaea,  2 
m  below  the  site  of  addition.  In  contrast,  fertilizer 
addition  caused  large  increases  in  leaf  area  produc- 
tion for  all  species  tested  at  2  m  below  the  treat- 
ment, and  for  some  species  at  6  m  below  treatment. 
The  overall  effects  of  the  two  treatments  were 
similar,  but  were  greater  for  the  fertilizer  addition. 
(Author's  abstract) 
W90-04719 


FACTORS  INFLUENCING  SALMONID  POPU- 
LATIONS IN  SIX  HEADWATERS  STREAMS, 
CENTRAL  ARIZONA,  USA. 

Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Tempe,  AZ.  Forestry  Sciences  Lab. 


For  primary  bibliographic  entry  see  Field  2H. 
W90-04729 

SIGNIFICANCE  OF  TEMPERATURE  AND 
FOOD  AS  FACTORS  AFFECTING  THE 
GROWTH  OF  BROWN  TROUT,  SALMO 
TRUTTA  L.,  IN  FOUR  DANISH  STREAMS. 

Miljoestyrelsen,  Silkeborg  (Denmark).  Freshwater 

Lab. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04730 

FISH  PRODUCTION-BENTHOS  PRODUC- 
TION RELATIONSHIPS  IN  TROUT  STREAMS. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Fisheries  and 

Wildlife. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04731 


SURVEYING  THE  ENTIRE  RIVER  ECOSYS- 
TEM. 

Anglian  Water  Authority,  Lincoln  (England).  Lin- 
coln Div. 
For  primary  bibliographic  entry  see  Field  2H. 

W90-04732 


PROCESSING  OF  STORM-WATER  RUNOFF- 
FRENCH  EXPERIMENTS. 

Ministere  de  l'Equipement,  Paris  (France).  Serv- 
ices Techniques  de  l'Urbanisme. 
For  primary  bibliographic   entry  see  Field   5D. 
W90-04770 


ORGANIC  CARBON  TRANSPORT  IN  AN  UN- 
DISTURBED BOREAL  HUMIC  RIVER  IN 
NORTHERN  FINLAND. 

National  Board  of  Waters,  Oulu  (Finland).  District 

Office. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04804 


DISSOLVED  ORGANIC  CARBON  DYNAMICS 
OF  DEVELOPED  AND  UNDEVELOPED  WET- 
LAND CATCHMENTS  IN  WESTLAND,  NEW 
ZEALAND. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 

Dept.  of  Zoology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04805 


PRE-IMPOUNDMENT  STUDIES  OF  THE 
FISHES  OF  OWA  STREAM  SOUTH-WEST,  NI- 
GERIA. 

Ogun  State  Univ.,  Ago-Iwoye  (Nigeria).  Dept.  of 

Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04810 


RIVER  QUALITY  MODELING:  FREQUENCY 
DOMAIN  APPROACH. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04821 


INVERTED  V-NOTCH:  PRACTICAL  PROPOR- 
TIONAL WEIR. 

Indian  Inst,  of  Science,  Bangalore.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-04823 


EFFECT  OF  A  CAVE  ON  BENTHIC  INVERTE- 
BRATE COMMUNITIES  IN  A  SOUTH  ISLAND 
STREAM. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 

Dept.  of  Zoology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04874 
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Field  2— WATER  CYCLE 


Group  2E— Streamflow  and  Runoff 

BREAKDOWN  OF  FOUR  LEAF  LITTER  SPE- 
CIES AND  ASSOCIATED  FAUNA  IN  A 
BASQUE  COUNTRY  FORESTED  STREAM. 

Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Lab. 

de  Ecologia. 

For  primary  bibliographic  entry  see  Field  2H 

W90-04884 


SUMMER  BACTERIAL  POPULATIONS  IN 
MISSISSIPPI  RIVER  POOL  19:  IMPLICA- 
TIONS FOR  SECONDARY  PRODUCTION. 

Illinois     Natural     History     Survey,     Champaign 

Aquatic  Biology  Station. 

For  primary  bibliographic  entry  see  Field  2H 

W90-04885 


SEASONAL  DYNAMICS  OF  BENTHIC  MA- 
CROINVERTEBRATE  COMMUNITIES  IN  THE 
LOWER  ARDECHE  RIVER  (FRANCE). 

Lyon- 1  Univ.,  Villeurbanne  (France).  Lab.  d'Eco- 

logie  des  Eaux  Douces. 

For  primary  bibliographic  entry  see  Field  2H 

W90-04888 


SEASONALITY  IN  RIVER  PHYTOPLANK- 
TON:  MULTIVARIATE  ANALYSES  OF  DATA 
FROM  THE  OHIO  RIVER  AND  SIX  KEN- 
TUCKY TRIBUTARIES. 

Louisville  Univ.,  KY.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H 
W90-04890 


EFFECT  OF  LEAF  PACK  COMPOSITION  ON 
PROCESSING:  A  COMPARISON  OF  MIXED 
AND  SINGLE  SPECIES  PACKS. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 
For  primary  bibliographic  entry  see  Field  2H 
W90-04896 


RIVER-CHANNEL  CHANGES  IN  ENGLAND 
AND  WALES. 

Portsmouth  Polytechnic  (England).  Dept.  of  Ge- 
ography. 

J.  M.  Hooke,  and  C.  E.  Redmond. 
Journal  of  the  Institution  of  Water  Engineers  and 
Scientists   JIWSDI,    Vol.    3,    No.    4,    p    328-335 
August  1989.  3  fig,  1  tab,  40  ref. 

Descriptors:  'English,  *Wales,  'Channel  morphol- 
ogy, *Geomorphology,  'Paleohydrology,  'River 
flow,  'River  systems,  Channel  erosion,  Channel 
improvement,  History. 

An  investigation  of  the  literature  on  river-channel 
changes  in  the  UK  reveals  that  the  rate  and  extent 
of  changes  is  much  higher  than  was  previously 
thought.  In  order  to  assess  how  widespread  these 
changes  are,  and  whether  the  rates  and  types  of 
changes  are  typical,  an  historical  survey  has  been 
earned  out  of  the  streams  which  drain  the  upland 
areas  of  England  and  Wales.  This  survey  involved 
the  comparison  of  Ordnance  Survey  1:10,560  maps 
from  approximately  1870  and  1950,  and  revealed 
that  almost  35%  of  the  rivers  draining  upland 
England  have  shown  some  pattern  instability 
during  this  period.  Great  variety  exists  both  in  the 
types  of  channel  planform  changes  and  their 
extent:  several  rivers  possess  short  isolated  reaches 
of  change  separated  by  stable  sections.  This  sug- 
gests the  operation  of  thresholds  of  channel  stabili- 
ty, and  further  research  aims  to  identify  these  in 
terms  of  specific  factors  and  conditions.  (Author's 
abstract) 
W90-04903 


WHITE  CART  WATER  FLOOD  ALLEVIATION 
STUDY  USING  HYDRODYNAMIC  MATHE- 
MATICAL-MODELLING TECHNIQUES 

D.  J.  Banks,  and  R.  H.  Falconer. 
Journal  of  the  Institution  of  Water  Engineers  and 
Scientists   JIWSDI,    Vol.    3,    No.    4,    p    375-386 
August  1989.  5  fig,  4  tab,  3  ref. 

Descriptors:  'Model  studies,  'Floods,  'Flood  con- 
trol, 'Hydrodynamics,  'Mathematical  models. 
Model  testing.  Calibrations,  Regional  planning 
Scotland. 


This  paper  describes  a  hydrodynamic  mathemati- 
cal-modeling study  to  investigate  the  flooding 
problem  and  to  recommend  various  flood-allevi- 
ation measures  for  the  White  Cart  Water  on  the 
southern  side  of  Glasgow.  The  mathematical 
model  covers  36  kilometers  of  the  White  Cart  to 
the  tidal  reaches  at  the  confluence  with  the  River 
Clyde,  and  includes  7  kilometers  of  one  of  the 
major  tributaries  where  regular  flooding  is  also  a 
problem.  A  key  aspect  of  the  study  was  the  close 
proximity  of  the  modeling  team  which  permitted  a 
close  scrutiny  of  the  river  during  high-flow  events. 
From  these  observations  the  team  obtained  a  thor- 
ough appreciation  of  river  behavior  during  poten- 
tial flood  situations,  which  provided  a  reliable  and 
comprehensive  set  of  data  for  model  calibration 
over  a  wide  range  of  conditions.  The  proposals  for 
flood  alleviation  have  far-reaching  implications 
and  require  major  capital  expenditure.  At  present 
they  are  being  examined  by  Strathclyde  Regional 
Council  in  consultation  with  the  many  interested 
parties.  (Author's  abstract) 
W90-04909 


EXTREME  HISTORICAL  UK  FLOODS  AND 
MAXIMUM  FLOOD  ESTIMATION. 

Institute  of  Hydrology,  Wallingford  (England). 
M.  C.  Acreman. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  4,  p  404-412 
August  1989.  2  fig,  3  tab,  44  ref. 

Descriptors:  'Historic  floods,  'Maximum  probable 
floods,  'Flood  forecasting,  'Floods,  'United  King- 
dom, Flood  peak,  Stream  gages,  Hydrology, 
Graphical  methods,  Design  floods,  History,  Esti- 
mating. 

Historical  flood  events  recorded  as  flood  marks  on 
bridges  and  houses  or  reported  in  newspapers  and 
journals  provide  valuable  information  on  the  maxi- 
mum size  of  floods  which  are  likely  to  occur  in  the 
United  Kingdom.  For  hydrological  analysis  peak 
water  level  must  be  converted  to  peak  discharge, 
which  is  problematic  even  when  the  flood  has  been 
recorded  at  a  flow  gaging  station.  Some  of  the 
methods  used  to  calculate  the  magnitude  of  ex- 
treme floods  are  described.  Sixty-nine  historical 
United  Kingdom  floods  are  plotted  on  a  graph  of 
discharge  versus  drainage  area  and  compared  with 
curves  published  in  1933  and  1960  which  were 
used  to  estimate  the  Normal  Maximum  Flood  re- 
quired for  dam  spillway  design  before  1975.  From 
that  date  the  design  standard  became  the  Probable 
Maximum  Flood  (PMF).  PMF  is  calculated  for  17 
sites  where  extreme  floods  have  occurred.  For  six 
events  the  observed  peak  discharge  exceeded 
PMF.  (Author's  abstract) 
W90-04912 


WINTER  ABUNDANCE  OF  CHANNEL  CAT- 
FISH IN  THE  CHANNELIZED  MISSOURI 
RIVER,  NEBRASKA. 

Nebraska  Game  and  Parks  Commission,  Lincoln. 
For  primary  bibliographic  entry  see  Field  2H 
W90-04916 


REQUIREMENT  FOR  A  MICROBIAL  CON- 
SORTIUM TO  COMPLETELY  OXIDIZE  GLU- 
COSE IN  FE(III).REDUCING  SEDIMENTS. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04936 


CHANGES  IN  CONCENTRATION  OF  LEAD 
AND  CADMIUM  IN  WATER  FROM  THREE 
RIVERS  IN  DERBYSHIRE. 

Institute  of  Terrestrial  Ecology,  Huntingdon  (Eng- 
land). Monks  Wood  Experimental  Station. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04943 


For  primary  bibliographic  entry  see  Field  2H. 
W90-04951 


PERIPHYTON  RESPONSES  TO  INVERTE- 
BRATE GRAZING  AND  RIPARIAN  CANOPY 
IN  THREE  NORTHERN  CALIFORNIA  COAST- 
AL STREAMS. 

California  Univ.,  Berkeley.  Dept.  of  Entomologi- 
cal Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-04952 


ROTIFER  OCCURRENCE  IN  RELATION  TO 
WATER  COLOUR. 

Uppsala    Univ.    (Sweden).    Limnologiska    Institu- 

tionen. 

For  primary  bibliographic  entry  sec  Field  2H 

W90-04957 


COMBINED  EFFECTS  OF  CHLORINE  AND 
AMMONIA  ON  LITTER  BREAKDOWN  IN 
OUTDOOR  EXPERIMENTAL  STREAMS. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Forest  Re- 
sources. 

For  primary  bibliographic  entry  see  Field  5C 
W90-04959 


ECOLOGY  OF  THE  LAMBRO  RIVER. 

Milan  Univ.  (Italy).  1st.  di  Biologia. 

For  primary  bibliographic  entry  see  Field  2H 

W90-04969 


BACTERIAL  PRODUCTION  IN  THE  RHONE 
RIVER  PLUME:  EFFECT  OF  MIXING  ON  RE- 
LATIONSHIPS AMONG  MICROBIAL  ASSEM- 
BLAGES. 

Delaware  Univ.,  Lewes.  Coll.  of  Marine  Studies. 
For  primary  bibliographic  entry  see  Field  2L 
W90-04979 


BACKWATER  LENGTHS  IN  RIVERS. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  8B 
W90-04990 


HAWAIIAN  DROUGHT  AND  THE  SOUTHERN 
OSCILLATION. 

Hawaii  Univ.,  Honolulu.  Dept.  of  Meteorology. 
For  primary  bibliographic  entry  see  Field  2B 
W90-04998 


BIOMASS  AND  OXYGEN  DYNAMICS  OF  THE 
EPIPHYTE  COMMUNITY  IN  A  DANISH 
LOWLAND  STREAM. 

Copenhagen  Univ.,  Hilleroed  (Denmark).  Det 
Ferskvands-Biologiske  Lab. 


GRAPHICAL  ESTIMATION  OF  EXTREME 
VALUE  PREDICTION  FUNCTIONS. 

Waikato  Univ.,  Hamilton  (New  Zealand).  Dept.  of 

Earth  Sciences. 

W.  E.  Bardsley. 

Journal  of  Hydrology  JHYDA7,  Vol.  110,  No   3/ 

4,  p  315-321,  October  1989.  1  fig,  14  ref,  append. 

Descriptors:  'Graphical  analysis,  'Flooding, 
'Mathematical  studies,  'Probability  distribution. 
Mathematical  models,  Graphical  methods,  Predic- 
tion, Flood  forecasting. 

Graphical  application  of  the  Type  1  (Gumbel) 
extreme  value  distribution  for  flood  analysis  is  very 
simple  since  the  distribution  inverse  gives  a  linear 
x-y  plot.  In  contrast,  the  Type  2  and  Type  3 
extreme  value  distributions  have  nonlinear  func- 
tions with  respect  to  the  same  axes.  A  simple  three- 
point  graphical  estimation  procedure  is  described 
for  these  two  distributions.  This  approach  allows 
the  nonlinear  flood  magnitude  prediction  functions 
to  be  located  in  any  desirable  position  relative  to 
the  plotted  annual  maxima,  subject  to  the  con- 
straint of  having  an  extreme  value  form.  The  com- 
putation is  very  simple  and  requires  only  the  loca- 
tion of  a  unique  zero  of  a  one-parameter  function 
within  a  defined  interval.  The  three-point  graphi- 
cal estimation  procedure  was  applied  to  the  flow 
maxima  of  the  Changjiang  (Yangtze),  using  a  data 
set  of  recent  and  historical  floods.  (Author's  ab- 
stract) 
W90-05004 
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HYDROMETEOROLOGICAL  TIME  SERIES 
SEGMENTATION  -  APPLICATION  TO  WEST 
AFRICAN  RAINFALL  AND  DISCHARGE 
SERIES  (SEGMENTATION  DES  SERIES  HY- 
DROMETEOROLOGIQUES  -  APPLICATION  A 
DES  SERIES  DE  PRECIPITATIONS  ET  DE 
DEBITS  DE  L'AFRIQUE  DE  L'OUEST). 
Ecole  Nationale  Superieure  des  Mines  de  Paris, 
Fontainebleau  (France).  Centre  dTnformation 
Geologique. 

For  primary  bibliographic  entry  see  Field  2B. 
W9O-05OO7 


CONTAMINATION  OF  GROUNDWATERS 
FROM  DIFFUSE  SOURCES  ARISING  FROM 
FARMING  ACTIVITIES. 

Southern  Water  Authority,  Worthing  (England) 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05019 


LONGITUDINAL  STUDY  OF  ZOOPLANKTON 
ALONG  THE  LOWER  ORINOCO  RIVER  AND 
ITS  DELTA  (VENEZUELA). 

Fundacion  La  Salle  de  Ciencias  Naturales,   San 

Felix    (Venezuela).    Estacion    Hidrobiologica    de 

Guayana. 

E.  Vasquez,  and  J.  Rey. 

Annales  de  Limnologie  ANLIB3,  Vol.  25,  No.  2, 

p.  107-120,  1989.  6  fig,  6  tab,  41  ref. 

Descriptors:  *Zooplankton,  *Venezuela,  *Rotifers, 
•Waterfleas,  *Orinoco  River,  Density,  Water 
level,  Growth,  Reproduction,  Rivers,  Deltas. 

Zooplankton  samples  collected  at  low  and  high 
water  in  14  and  21  stations  respectively  along  some 
900  km  of  the  Orinoco  and  its  Delta,  revealed  the 
presence  of  100  rotifer  and  48  cladoceran  taxa.  Of 
these,  only  13  rotifer  and  8  cladoceran  species 
were  frequent  and  numerically  important,  mainly 
Keratella  americana,  Lecane  proiecta,  Ploesoma 
lenticulare,  Polyarthra  vulgaris,  Bosmina  tubicen, 
Bosminopsis  deitersi,  Diaphanosoma  birgei  and 
Moina  minuta.  Nauplii  were  dominant  among  the 
copepods.  At  low  water,  rotifers  were  by  far  the 
most  abundant  group  (mean  49  org/L)  followed  by 
cladocerans  (mean  2.8  org/L)  and  copepods  (1.5 
org/L).  At  high  water,  rotifer  densities  declined  to 
a  mean  of  3,5  org/L,  followed  by  copepods  (mean 
3.4  org/L)  and  cladocerans  (1.2  org/L).  Mean 
zooplankton  densities  at  low  water  were  eight 
times  higher  than  at  high  water.  At  low  water, 
longitudinal  zooplankton  densities  seemed  to  be 
influenced  by  tributary  river  waters.  At  high 
water,  densities  were  generally  low  up  to  the  Delta 
where  a  longitudinal  increase  was  observed.  A 
high  proportion  of  egg  carrying  cladocerans,  par- 
ticularly B.  tubicen,  B.  deitersi  and  M.  minuta,  was 
observed  at  low  water  along  the  sampling  sites, 
suggesting  an  ability  of  the  species  for  growth  and 
reproduction  in  the  river.  (Author's  abstract) 
W9O-O5036 


ORGANIC  CARBON  BUDGET  IN  A  HEADWA- 
TER STREAM  AT  URATAKAO,  (IN  JAPA- 
NESE). 

Tokyo  Univ.  of  Agriculture  and  Technology 
(Japan).  Dept.  of  Environmental  Science  and  Con- 
servation. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05055 

METHANOGENESIS  IN  SEDIMENTS  OF  THE 
POLLUTED  LOWER  REACHES  OF  THE 
TAMA  RD/ER. 

Tokyo  Metropolitan  Univ.  (Japan).  Dept.  of  Biol- 
ogy- 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05056 


INSTREAM  CHEMICAL  REACTIONS  OF 
ACID  MINE  WATER  ENTERING  A  NEUTRAL 
STREAM  NEAR  LEADVTLLE,  COLORADO. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05067 


METAL  PARTITIONING  AND  PHOTORE- 
DUCTION  OF  IRON  IN  FILTRATES  OF  ACID 
STREAMWATER,  ST.  KEVIN  GULCH,  LEAD- 
VILLE,  COLORADO. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05069 


PARTITIONING  OF  METALS  BETWEEN 
WATER  AND  FLOCCULATED  BED  MATERI- 
AL IN  A  STREAM  CONTAMINATED  BY  ACID 
MINE  DRAINAGE  NEAR  LEADVILLE,  COLO- 
RADO. 

Geological  Survey,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05070 


COLLOIDAL  PROPERTIES  OF  FLOCCULAT- 
ED BED  MATERIAL  IN  A  STREAM  CON- 
TAMINATED BY  ACID  MINE  DRAINAGE,  ST. 
KEVIN  GULCH,  COLORADO. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05071' 


HYDROXYL  RADICAL  FORMATION  IN  ST. 
KEVIN  GULCH,  AN  IRON-RICH  STREAM  IN 
COLORADO. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05073 


OVERVIEW  OF  RESEARCH  ACTIVITIES  ON 
THE  CHEYENNE  RIVER  SYSTEM,  WESTERN 
SOUTH  DAKOTA. 

Geological  Survey,  Rapid  City,  SD. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05082 


ARSENIC  IN  THE  ALLUVIAL  SEDIMENTS  OF 
WHITEWOOD  CREEK  AND  THE  BELLE 
FOURCHE  AND  CHEYENNE  RIVERS  IN 
WESTERN  SOUTH  DAKOTA. 

Geological  Survey,  Rapid  City,  SD. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05083 


TRENDS     IN     ARSENIC     CONCENTRATION 
AND       GRAIN-SIZE       DISTRIBUTION       OF 
METAL-CONTAMINATED  OVERBANK  SEDI- 
MENTS    ALONG     THE     BELLE     FOURCHE 
RIVER  DOWNSTREAM  FROM  WHITEWOOD 
CREEK,  SOUTH  DAKOTA. 
Geological  Survey,  Indianapolis,  IN. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05084 


SOURCE  AND  TRANSPORT  OF  ARSENIC  IN 
THE  WHITEWOOD  CREEK-BELLE  FOUR- 
CHE-CHEYENNE  RIVER-LAKE  OAHE 
SYSTEM,  SOUTH  DAKOTA. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05086 


PERIPHYTON  EFFECTS  ON  ARSENIC 
TRANSPORT  IN  WHITEWOOD  CREEK, 
SOUTH  DAKOTA. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05088 


FATE  AND  TRANSPORT  OF  ORGANIC  COM- 
POUNDS AND  TRACE  ELEMENTS  IN  THE 
LOWER  CALCASIEU  RIVER,  LOUISIANA. 

Geological  Survey,  Baton  Rouge,  LA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05090 


REMOBILIZATION  OF  ORGANIC  COM- 
POUNDS FROM  BOTTOM  MATERIAL  COL- 
LECTED FROM  BAYOU  DTNDE,  LOUISIANA, 


Streamflow  and  Runoff— Group  2E 

UPON    EXPOSURE   TO    DIFFERING    IONIC- 
STRENGTH  WATERS. 

Geological  Survey,  Baton  Rouge,  LA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05091 


PRELIMINARY  RESULTS  OF  A  STUDY  OF 
THE  CHEMISTRY  OF  GROUNDWATER  AT 
THE  BUILDING  24  RESEARCH  SITE,  PICA- 
TINNY  ARSENAL,  NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5B. 

W9O-05O98 


PRELIMINARY  ASSESSMENT  OF  THE  FATE 
AND  TRANSPORT  OF  SYNTHETIC  ORGANIC 
AGROCHEMICALS  IN  THE  LOWER  MISSIS- 
SIPPI RIVER  AND  ITS  TRIBUTARIES. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05109 


SAMPLING,  FRACTIONATION,  AND  DEWA- 
TERING  OF  SUSPENDED  SEDIMENT  FROM 
THE  MISSISSIPPI  RIVER  FOR  GEOCHEMI- 
CAL  AND  TRACE-CONTAMINANT  ANALY- 
SIS. 

Geological  Survey,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05114 

CHARACTERIZATION  OF  COLLOIDS  IN  THE 
MISSISSIPPI  RIVER  AND  ITS  MAJOR  TRIBU- 
TARIES. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-05115 


RESEARCH  ACTIVITIES  RELATED  TO 
ACIDIC  WATER  NEAR  GLOBE,  ARIZONA. 

Geological  Survey,  Tucson,  AZ.  , 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05125 

EFFECTS  OF  FLY  ASH  AND  FLUE-GAS  DE- 
SULFURIZATION  WASTES  ON  GROUND- 
WATER QUALITY  IN  A  RECLAIMED  LIG- 
NITE STRIP  MINE  DISPOSAL  SITE. 

North  Dakota  Mining  and  Mineral  Resources  Re- 
search Inst.,  Grand  Forks. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05131 

FLOOD  INUNDATION  MODELLING  USING 
MILHY. 

European  Research  Office,  London  (England). 
M.  G.  Anderson,  and  L.  Singleton. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A201  726. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Third  Interim  ReDOrt,  September  1988.  56p,  35  fig, 
4  tab,  3  ref.  DOA  Contract  DAJA  45-87-C-0053. 

Descriptors:  'Flooding,  'Mathematical  models, 
•Flood  hydrographs,  *Flood  forecasting,  Model 
studies,  Runoff,  Hydrographs,  Flood  routing, 
Mathematical  studies,  Hydrodynamics,  Precipita- 
tion, Hydraulic  properties,  Algorithms,  Model  test- 
ing. 

The  overall  objective  of  this  research  project  is  to 
improve  the  accuracy  of  hydrograph  prediction 
and  to  incorporate  the  capability  of  forecasting 
inundated  areas  in  the  MILHY2  model,  while 
maintaining  parsimonious  data  requirements.  This 
is  to  be  achieved  by:  (1)  consideration  of  the 
impact  of  spatially  distributed  precipitation  on  the 
runoff  hydrograph;  (2)  incorporation  of  appropri- 
ate hydraulic  techniques  which  aim  to  improve  the 
physical  representation  of  out-of-bank  conditions 
(including-turbulent  exchange  of  flow  between 
cross-sectional  segments,  introduction  of  multiple 
routing  reach  paths  to  allow  discrete  pathways  for 
deep  floodplain  flows,  and  a  comparative  study  of 
the  performance  of  alternative  flood  routing  tech- 
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Group  2E— Streamflow  and  Runoff 

niques  in  the  overbank  environment);  (3)  develop- 
ment of  a  module  based  scheme  where  the  opera- 
tor may  select  either  more  detailed  or  simpler 
module  algorithms  based  on  operational  rules  guid- 
ing data  requirement,  computational  demands  and 
solution  specifications;  (4)  validation  of  the  meth- 
odology by  either  a  study  of  the  performance  of 
individual  modules  using  hydrographs  and  inunda- 
tion maps  on  scales  from  1 50  sq  km  to  2500  sq  km, 
or  comparison  of  the  performance  of  the  hydrolo- 
gically  based  MILHY3  with  the  two-dimensional 
hydrodynamic  finite  element  model  RMA-2. 
(Lantz-PTT) 
W90-05181 


REVIEW  OF  THE  U.S.  ARMY  CORPS  OF  EN- 
GINEERS INVOLVEMENT  WITH  ALLUVIAL 
FAN  FLOODING  PROBLEMS. 

Hydrologic  Engineering  Center,  Davis,  CA. 
R.  C.  MacArthur,  and  D.  L.  Hamilton. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A202  119. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Technical  Paper  No.  124,  December  1988.  16p,  5 
fig,  29  ref. 

Descriptors:  *Alluvial  fans,  *Alluvial  plains, 
•Flooding,  *Flood  plain  management,  Flood 
plains,  Case  studies,  California,  Flood  protection, 
Utah,  History,  Public  policy,  Legal  aspects. 

The  US  Army  Corps  of  Engineers  has  shared 
responsibility  for  resolving  flood  problems  in  the 
United  States.  Alluvial  fans  are  areas  of  special 
interest  that  present  some  of  the  most  complex 
analytical  and  managerial  challenges  to  engineers 
and  floodplain  managers.  There  are  many  different 
analytical  approaches  used  to  assess  flood  hazards 
on  alluvial  fans.  The  present  consensus  among 
experienced  engineers  and  geologists,  however,  is 
that  there  is  no  single,  clearly  superior  method  for 
accurate  assessment  of  flood  hazards  on  alluvial 
fans.  Experience  and  good  engineering  judgement 
are  the  most  important  factors  in  the  successful 
selection  and  application  of  any  technique.  This 
paper  presents  a  general  overview  of  the  Corps  of 
Engineers  past  involvements,  present  practices, 
and  the  future  roles  in  dealing  with  alluvial  fan 
flooding  problems.  Two  selected  case  studies  con- 
ducted by  the  Corps  of  Engineers  are  presented- 
alluvial  fan  flood  protection  studies  in  Coachella 
Valley,  CA,  and  mudflow  studies  on  the  alluvial 
fans  of  Davis  County,  UT.  While  conducting 
projects  dealing  with  alluvial  fan  flooding,  the 
Corps  has  identified  six  important  issues  that  need 
to  be  a  part  of  an  effective  management  approach: 
issues  of  historical  perspective,  issues  of  technical 
knowledge,  issues  of  analytical  ability,  issues  of 
institutional  leadership,  issues  of  public  behavior, 
and  issues  of  legal  implications.  (Lantz-PTT) 
W90-05186 


FLOOD  OF  SEPTEMBER  7-9,  1987,  IN  LEX- 
INGTON AND  RICHLAND  COUNTIES  IN  THE 
VICINITY  OF  SAINT  ANDREWS  ROAD  AND 
IRMO,  SOUTH  CAROLINA. 

Geological    Survey,    Columbia,    SC.    Water    Re- 
sources Div. 
W.  B.  Guimaraes. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4077, 
Nov.    1989.   37p,  2  plates,    18  fig.   5  tab,   12  ref. 

Descriptors:  'Floods,  'Flood  discharge,  'Flood 
frequency,  'Flood  peak,  'Flood  recurrence  inter- 
val, 'South  Carolina,  Rainfall-runoff  relationships. 

Localized  heavy  rainfall  on  September  7,  1987,  in 
Lexington  and  Richland  Counties,  South  Carolina, 
caused  severe  flooding  in  the  basins  of  Kinley 
Creek,  Rawls  Creek,  and  Stoop  Creek,  in  the  vi- 
cinity of  Saint  Andrews  Road  and  the  town  of 
Irmo,  South  Carolina.  The  flooding  damaged 
homes,  furnishings,  and  landscaping.  Rainfall,  peak 
discharges,  high-water  elevations,  and  frequency 
relations  of  rainfall  and  discharge  are  tabulated  and 
plotted  for  selected  streams.  The  rain  was  most 
intense  in  the  area  along  Rawls  Creek,  R-2  (tribu- 
tary to  Rawls  Creek),  Koon  Branch  (tributary  to 
Rawls  Creek),  and  the  upper  part  of  Kinley  Creek. 


A  rainfall  of  about  5.5  inches  in  3  hours,  which  has 
a  recurrence  interval  in  excess  of  100  years,  was 
itported  by  local  residents  along  these  streams. 
High-water  marks  are  presented  in  this  report  for 
Stoop  Creek,  Kinley  Creek,  K-l  (tributary  to 
Kinley  Creek),  K-2  (tributary  to  Kinley  Creek), 
unnamed  tributary  to  Kinley  Creek,  Lowery  Creek 
(tributary  to  Kinley  Creek),  Rawls  Creek,  R-2 
(tributary  to  Rawls  Creek),  and  Koon  Branch 
(tributary  to  Rawls  Creek).  Peak  discharges  at  the 
most  downstream  sites  on  Rawls  Creek  and  Koon 
Branch  had  recurrence  intervals  of  75  years  and  60 
years,  respectively.  Peak  discharges  on  Kinley 
Creek  varied  from  20  to  25  years  north  of  K-l 
basin  to  less  than  10  years  at  K-l.  The  Stoop  Creek 
basin  had  a  recurrence  interval  of  10  years. 
(USGS) 
W90-05188 


HYDROLOGIC  EVALUATION  AND  WATER 
SUPPLY  CONSIDERATIONS  FOR  FIVE 
PAIUTE  INDIAN  LAND  PARCELS,  MILLARD, 
SEVIER,  AND  IRON  COUNTIES,  SOUTH- 
WESTERN UTAH. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-05189 


ACCURACY  OF  ACOUSTIC  VELOCITY  ME- 
TERING SYSTEMS  FOR  MEASUREMENT  OF 
LOW  VELOCITY  IN  OPEN  CHANNELS. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-05190 


HYDRAULIC  CHARACTERISTICS  OF  THE 
NEW  RIVER  IN  THE  NEW  RIVER  GORGE 
NATIONAL  RIVER,  WEST  VIRGINIA. 

Geological  Survey,  Charleston,  WV. 
J.  B.  Wiley,  and  D.  H.  Appel. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-243,  1989.  34p,  25  fig,  1  tab,  6 
ref. 

Descriptors:  'Streamflow,  'Surface  water,  'Dye 
releases,  'Dye  dispersion,  'Stage-discharge  rela- 
tions, 'Water  depth,  'Water  surface  profiles, 
'Tracers,  'West  Virginia,  New  River,  Wave  prop- 
agation, Varied  flow,  Dyes. 

Traveltime,  dispersion,  water-surface  and  stream- 
bed  profiles,  and  cross-section  data  were  collected 
for  use  in  application  of  flow  and  solute-transport 
models  to  the  New  River  in  the  New  River  Gorge 
National  River,  West  Virginia.  Dye  clouds  subject- 
ed to  increasing  and  decreasing  flow  rates  (un- 
steady flow)  showed  that  increasing  flows  shorten 
the  cloud  and  decreasing  flows  lengthen  the  cloud. 
After  the  flow  rate  was  changed  and  the  flow  was 
again  steady,  traveltime  and  dispersion  characteris- 
tics were  determined  by  the  new  rate  of  flow. 
Seven  stage/streamflow  relations  identified  the 
general  changes  of  stream  geometry  throughout 
the  study  reach.  Channel  cross  sections  were  esti- 
mated for  model  input.  Low  water  and  streambed 
profiles  were  developed  from  surveyed  water  sur- 
face elevations  and  water  depths.  (USGS) 
W90-05191 


FLOOD  BOUNDARIES  AND  WATER-SUR- 
FACE PROFILE  FOR  THE  COMPUTED  100- 
YEAR  FLOOD,  SWIFT  CREEK  AT  AFTON, 
WYOMING,  1986. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05192 


LOW-FLOW  CHARACTERISTICS  OF 

STREAMS  IN  WEST  VIRGINIA. 

Geological   Survey,  Charleston.  WV.  Water  Re- 
sources Div. 

E.  A.  Friel,  W.  N.  Embree,  A.  R.  Jack,  and  J.  T. 
Atkins. 
Available  from  Books  and  Open-File  Report  Sec- 


tion, USGS.  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4072, 
1989.  34p,  12  fig,  2  tab,  15  ref. 

Descriptors:  'Low  flow,  'Estimating  equations, 
•West  Virginia,  'Recession  curve,  'Statistical 
analysis,  Streamflow,  Regional  analysis,  Drainage 
area,  Flow  duration,  Gaging  stations. 

Low-flow  characteristics  of  selected  streams  in 
West  Virginia  were  determined  at  continuous- 
record  and  partial-record  sites.  Daily  discharges  at 
100  continuous-record  gaging  stations  on  unregu- 
lated streams  were  used  to  compute  selected  low- 
flow  frequency  values.  Estimates  of  low-flow  fre- 
quency values  at  296  partial-record  sites  (ones 
having  only  discharge  measurements)  were  made 
using  the  relation  defined  by  concurrent  flows 
with  a  continuous-record  station.  Low-flow  char- 
acteristics at  continuous-record  stations  were  relat- 
ed to  drainage  area  and  a  variability  index  to 
produce  equations  which  can  be  used  to  estimate 
low-flow  characteristics  at  ungaged  sites  in  West 
Virginia.  The  State  was  divided  into  two  hydro- 
logic  regions.  Drainage  area  and  a  streamflow- 
variabihty  index  were  determined  to  be  the  most 
significant.  The  streamflow  variability  index  was 
computed  from  duration  curves  and  was  used  to 
account  for  the  integrated  effects  of  geology  and 
other  hydrologic  characteristics.  The  standard 
error  of  estimate  for  the  7-day  low  flow  with  a  2- 
year  recurrence  interval  is  43%  for  Region  1  and 
57%  for  Region  2.  The  standard  error  of  estimate 
for  the  7-day  low  flow  with  a  10-year  recurrence 
interval  is  82%  for  Region  1  and  83%  for  Region 
2.  (USGS) 
W90-05203 


ESTIMATES  OF  MONTHLY  STREAMFLOW 
CHARACTERISTICS  AT  SELECTED  SITES  IN 
THE  UPPER  MISSOURI  RIVER  BASIN,  MON- 
TANA, BASE  PERIOD  WATER  YEARS  1937-86. 

Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

C.  Parrett,  D.  R.  Johnson,  and  J.  A.  Hull. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report   89-4082, 
Sept.  1989.  12 lp,  4  fig,  17  tab,  11  ref. 

Descriptors:  'Streamflow,  'Missouri  River  Basin, 
'Channel  morphology,  'Montana,  'Water  re- 
sources data,  'Hydrologic  data,  Low  flow,  Data 
collections. 

Estimates  of  streamflow  characteristics  (monthly 
mean  flow  that  is  exceeded  90,  80,  50,  and  20 
percent  of  the  time  for  all  years  of  record  and 
mean  monthly  flow)  were  made  and  are  presented 
in  tabular  form  for  312  sites  in  the  Missouri  River 
basin  in  Montana.  Short-term  gaged  records  were 
extended  to  the  base  period  of  water  years  1937-86, 
and  were  used  to  estimate  monthly  streamflow 
characteristics  at  100  sites.  Data  from  47  gaged 
sites  were  used  in  regression  analysis  relating  the 
streamflow  characteristics  to  basin  characteristics 
and  to  active-channel  width.  The  basin-characteris- 
tics equations,  with  standard  errors  of  35%  to 
97%,  were  used  to  estimate  streamflow  character- 
istics at  179  ungaged  sites.  The  channel- width 
equations,  with  standard  errors  of  36%  to  103%, 
were  used  to  estimate  characteristics  at  138  un- 
gaged sites.  Streamflow  measurements  were  corre- 
lated with  concurrent  streamflows  at  nearby  gaged 
sites  to  estimate  streamflow  characteristics  at  139 
ungaged  sites.  In  a  test  using  20  pairs  of  gages,  the 
standard  errors  ranged  from  31%  to  111%.  At  139 
ungaged  sites,  the  estimates  from  two  or  more  of 
the  methods  were  weighted  and  combined  in  ac- 
cordance with  the  variance  of  individual  methods. 
When  estimates  from  three  methods  were  com- 
bined the  standard  errors  ranged  from  24%  to 
63%.  A  drainage-area-ratio  adjustment  method 
was  used  to  estimate  monthly  streamflow  charac- 
teristics at  seven  ungaged  sites.  The  reliability  of 
the  drainage-area-ratio  adjustment  method  was  es- 
timated to  be  about  equal  to  that  of  the  basin- 
characteristics  method.  The  estimate  were  checked 
for  reliability.  Estimates  of  monthly  streamflow 
characteristics  from  gaged  records  were  consid- 
ered to  be  most  reliable,  and  estimates  at  sites  with 
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actual  flow  record  from  1937-86  were  considered 
to  be  completely  reliable  (zero  error).  Weighted- 
average  estimates  were  considered  to  be  the  most 
reliable  estimates  made  at  ungaged  sites.  (USGS) 
W90-05205 


TRENDS  IN  SELECTED  WATER-QUALITY 
VARIABLES,  FLATHEAD  RIVER  AT  FLAT- 
HEAD, BRITISH  COLUMBIA,  AND  AT  CO- 
LUMBIA FALLS,  MONTANA,  WATER  YEARS 

1975-86. 

Geological  Survey,  Billings,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05206 


WATER  RESOURCES  AND  ESTIMATED  EF- 
FECTS OF  GROUNDWATER  DEVELOPMENT, 
CECIL  COUNTY,  MARYLAND. 

Maryland  Geological  Survey,  Baltimore. 

E.  G.  Otton,  R.  E.  Willey,  R.  A.  McGregor,  G. 

Achmad,  and  S.  N.  Hiortdahl. 

Available  from  Maryland  Geological  Survey,  2300 

St.  Paul  Street,  Baltimore,  MD  21218.  Bulletin  34, 

1988.  133p,  32  fig,  6  plates,  30  tab,  63  ref,  append. 

Descriptors:  *Data  collections,  *Groundwater 
data,  'Surface  water  data,  *Water  quality,  *Water 
resources  data,  *Gaging  stations,  'Maryland,  Cecil 
County,  Aquifers,  Bottom  sediments,  Environmen- 
tal quality,  Groundwater  level,  Groundwater  flow 
models,  Observation  wells,  Pesticide  residues,  Po- 
tentiometric  level,  Streams,  Trace  elements,  Water 
table. 

In  the  crystalline  rock  of  the  Piedmont  of  Cecil 
County,  Maryland,  water  is  present  in  openings 
caused  by  fracturing  and  weathering.  In  the  Coast- 
al Plain  sediments,  water  is  present  between  grains. 
The  median  yield  of  wells  in  crystalline  rock  is  10 
gal/min.  The  major  aquifers  in  Cecil  County  are 
the  upper  and  lower  Potomac  aquifers.  Yields  of 
wells  in  the  Potomac  aquifers  range  from  0.5  to 
703  gal/min  and  the  median  is  30  gal/min.  Report- 
ed yields  of  50  wells  in  the  Magothy  aquifer  range 
from  7  to  270  gal/min;  the  median  is  30  gal/min. 
Reported  yields  of  25  wells  that  tap  the  Monmouth 
aquifer  range  from  8  to  42  gal/min;  the  median  is 
20  gal/min.  Decline  of  the  water  table  in  the 
Piedmont  area  caused  by  pumping  tends  to  be 
local.  By  contrast,  pumping  from  the  Potomac 
aquifers  causes  widespread  reduction  in  water 
level.  Common  chemical  quality  problems  are  ex- 
cessive iron  concentrations  and  low  pH.  Dissolved 
solids  generally  are  low;  only  three  groundwater 
samples  had  dissolved-solids  concentrations  great- 
er than  500  mg/L.  Streamflow  data  were  measured 
at  10  continuous-record  and  27  partial-record  sta- 
tions. Total  runoff  is  about  20  in/year.  Dissolved- 
solids  concentrations  in  base-flow  samples  ranged 
from  39  to  256  mg/L.  Synthetic  organic  com- 
pounds were  detected  at  6  of  10  streambed-sedi- 
ment  sampling  sites.  Groundwater  flow  models 
were  constructed  for  three  areas.  Maximum  draw- 
downs greater  than  40  ft  were  projected  under 
sewered,  drought  conditions  in  the  Elkton-Chesa- 
peake  City  area;  maximum  drawdowns  greater 
than  20  ft  were  simulated  under  the  same  condi- 
tions in  the  Rising  Sun  and  Highlands-Meadow 
View  areas.  (USGS) 
W90-05208 


WATER-RESOURCES  ACTIVITIES  OF  THE 
U.S.  GEOLOGICAL  SURVEY  IN  TEXAS- 
FISCAL  YEAR  X988. 

Geological  Survey,  Austin,  TX.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05213 


FLOW  AND  HYDRAULIC  CHARACTERISTICS 
OF  THE  KNIK-MATANUSKA  RD7ER  ESTU- 
ARY, COOK  INLET,  SOUTHCENTRAL 
ALASKA. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2L. 
W90-05215 


ASSESSMENT  OF  PROCESSES  AFFECTING 
LOW-FLOW  WATER  QUALITY  OF  CEDAR 
CREEK,  WEST-CENTRAL  ILLINOIS. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05223 

WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1985. 

Geological  Survey,  Louisville,  KY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05235 

WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1984. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05236 

WATER  RESOURCES  DATA  FOR  MAINE, 
WATER  YEAR  1984. 

Geological  Survey,  Augusta,  ME.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05237 

WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1984. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05238 

WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1985. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05239 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1983. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05240 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1984. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05241 


WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1985. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05242 

WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1983.  VOLUME  1,  GREAT 
LAKES  AND  SOURIS-RED-RAINY  RIVER 
BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05243 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1983.  VOLUME  2,  UPPER 
MISSISSIPPI  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05244 


Streamflow  and  Runoff— Group  2E 

WATER  RESOURCES  DATA  FOR  MINNESO- 
TA WATER  YEAR  1984.  VOLUME  2,  UPPER 
MISSISSIPPI  AND  MISSOURI  RIVER  BASIN. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05245 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1984. 

Geological  Survey,  Jacksonville,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05246 


WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1984. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05247 


WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1985. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05248 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1984.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05249 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1984.  VOLUME  2,  COLUMBIA 
RIVER  BASIN. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05250 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1985.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05251 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1984. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05252 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1984. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05253 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1984.  VOLUME  1.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05254 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1984.  VOLUME  2. 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 
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Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05255 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1985.  VOLUME  I.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05256 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1985.  VOLUME  2, 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05257 


WATER     RESOURCES     DATA     FOR     NEW 
MEXICO,  WATER  YEAR  1984. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05258 


WATER      RESOURCES      DATA      FOR      NEW 
MEXICO,  WATER  YEAR  1985. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05259 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1987.  VOLUME  1.  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05260 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1987.  VOLUME  2.  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05261 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1987. 

Geological    Survey,    Tacoma,    WA.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05262 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1988.  VOLUME  2.  LONG 
ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05263 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 

WATER  YEAR   1988.  VOLUME  3.  WESTERN 

NEW  YORK. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05264 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1988.  VOLUME  1,  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05265 


WATER   RESOURCES   DATA   FOR  OKLAHO- 
MA, WATER  YEAR  1987. 


Geological   Survey,  Oklahoma  City,  OK.   Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05266 


ESTIMATES  OF  MEAN  MONTHLY  STREAM- 
FLOW  FOR  SELECTED  SITES  IN  THE  MUS- 
SELSHELL RIVER  BASIN,  MONTANA,  BASE 
PERIOD  WATER  YEARS  1937-86. 

Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

C.  Parrett,  and  D.  R.  Johnson. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations    Report    89-4165, 
January,  1990.  3 1  p,  2  fig,  13  tab,  11  ref. 

Descriptors:  'Streamflow,  *Water  resources  data, 
•Hydrologic  data,  *Montana,  'Musselshell  River 
Basin,  Low  flow,  Channel  morphology. 

Estimates  of  mean  monthly  and  mean  annual 
streamflow  were  made  for  56  selected  sites  in  the 
Musselshell  River  basin  and  1  site  outside  the 
basin.  The  study  area  was  divided  into  a  Mountain 
Region  and  a  Plains  Region  and  the  estimation 
methods  were  applied  separately  in  the  two  re- 
gions. Four  methods  were  developed  to  estimate 
mean  monthly  streamflow  at  ungaged  sites.  The 
first  method  was  based  on  the  regression  relation 
between  mean  monthly  streamflow  and  various 
basin  and  climatic  characteristics.  The  standard 
errors  ranged  from  35  to  71%  in  the  Mountain 
Region  and  from  98  to  157%  in  the  Plains  Region. 
The  second  method  was  based  on  the  regression 
relations  between  mean  monthly  streamflow  and 
active-channel  width.  The  standard  errors  ranged 
from  38  to  81%  in  the  Mountain  Region  and  from 
71  to  98%  in  the  Plains  Region.  The  third  method 
was  based  on  correlation  of  measured  streamflow 
at  ungaged  sites  with  concurrent  daily  mean 
streamflow  at  nearby  gaged  sites.  The  standard 
errors  ranged  from  36  to  66%  in  the  Mountain 
Region  and  from  109  to  321%  in  the  Plains 
Region.  The  fourth  method,  generally  the  most 
reliable,  estimated  mean  monthly  streamflows  by 
weighing  individual  estimates  in  accordance  with 
their  variance  and  degree  of  independence.  The 
standard  error  for  this  method  when  all  three 
individual  estimates  were  weighed  ranged  from  25 
to  55%  in  the  Mountain  Region  and  from  71  to 
97%  in  the  Plains  Region.  (USGS) 
W90-05267 


STATISTICAL  SUMMARIES  OF  STREAM- 
FLOW  DATA  IN  NEW  MEXICO  THROUGH 
1985. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 
S.  D.  Waltemeyer. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225;  price 
codes.  USGS  Water-Resources  Investigations 
Report  88-  42248,  Nov.  1989.  204p,  4  fig,  6  ref. 

Descriptors:  'Water  resources  data,  'Hydrologic 
data,  'Stream  discharge,  Discharge  frequency, 
Flow  duration,  Low  flow,  High  flow,  Regulated 
flow,  Frequency  analysis,  Gaging  stations,  Surface 
runoff,  Statistics,  Probability  distribution. 

Statistical  summaries  of  streamflow  data  collected 
at  selected  gaging  stations  are  presented  to  aid  in 
appraising  the  hydrology  of  New  Mexico.  Stream- 
flow  records  are  presented  for  169  gaging  stations 
for  their  period  of  record.  Records  for  17  stations 
are  separated  into  periods  before,  after,  and  be- 
tween changes  in  upstream  regulation.  For  each 
gaging  station,  a  brief  description  is  given  for 
station  location,  drainage  area,  period  of  record, 
revisions  of  previously  published  records,  type  and 
history  of  gages,  regulation  and  diversions,  average 
discharge,  and  extremes  of  discharge.  These  data 
are  followed  by  statistical  summaries  of  mean 
monthly  and  mean  annual  flow  statistics,  low-flow 
and  high-flow  frequency,  and  flow-duration  infor- 
mation. (USGS) 
W90-05269 


WATER  RESOURCE  OF  SEDGWICK  COUNTY, 

KANSAS. 


Geological    Survey,    Lawrence,    KS.    Water   Re- 
sources Div. 
H.  E.  Bevans. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4225, 
1989.  1 19p,  22  fig,  2  plates,  18  tab,  65  ref. 

Descriptors:  'Water  resources  data,  'Areal  hydro- 
gelogy,  'Water  quality,  'Water  use,  'Surface 
water,  'Groundwater,  'Streamflow,  'Kansas, 
Groundwater  level,  Arkansas  River  Basin,  Sedg- 
wick County,  Wichita. 

Hydrologic  data  from  streams,  impoundments,  and 
wells  are  interpreted  to:  (1)  document  water  re- 
sources characteristics;  (2)  describe  causes  and 
extent  of  changes  in  water  resources  characteris- 
tics; and  (3)  evaluate  water  resources  as  sources  of 
supply.  During  1985,  about  134,200  acre-ft  of 
water  (84%  groundwater)  were  used  for  public 
(42%),  irrigation,  (40%),  industrial  (14%),  and  do- 
mestic (4%)  supplies.  Streamflow  and  groundwater 
levels  are  related  directly  to  precipitation,  and 
major  rivers  are  sustained  by  groundwater  inflow. 
Significant  groundwater  level  declines  have  oc- 
curred only  in  the  Wichita  well  field.  The  Arkan- 
sas and  Ninnescah  Rivers  have  sodium  chloride 
type  water;  the  Little  Arkansas  River,  calcium 
bicarbonate  type  water.  Water  quality  characteris- 
tics of  water  in  small  streams  and  wells  depend 
primarily  on  local  geology.  The  Wellington  For- 
mation commonly  yields  calcium  sulfate  type 
water;  Ninnescah  Shale  and  unconsolidated  depos- 
its generally  yield  calcium  bicarbonate  type  water. 
Sodium  chloride  and  calcium  sulfate  type  water  in 
the  area  often  have  dissolved-solids  concentrations 
exceeding  1,000  mg/L.  Water  contamination  by 
treated  sewage  effluent  was  detected  inparts  of  the 
Arkansas  River,  Little  Arkansas  River,  and  Cows- 
kin  Creek.  Nitrite  plus  nitrate  as  nitrogen  contami- 
nation was  detected  in  11  of  101  wells;  oilfield 
brine  was  detected  in  the  Wichita- Valley  Center 
Floodway,  Prairie  Creek,  Whitewater  Creek,  and 
16  of  101  wells;  and  agricultural  pesticides  were 
detected  in  8  of  14  impoundments  and  5  of  19 
wells.  Generally,  the  water  is  acceptable  for  most 
uses.  (USGS) 
W90-05270 


APPLICATION  OF  THE  PRECIPITATION- 
RUNOFF  MODELING  SYSTEM  TO  THE  AH- 
SHI-SLE-PAH  WASH  WATERSHED,  SAN 
JUAN  COUNTY,  NEW  MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-05272 


FRESHWATER  WITHDRAWALS  AND 

WATER-USE  TRENDS  IN  FLORIDA,  1985. 

Geological  Survey,  Tallahassee,   FL.  Water  Re- 
sources Div. 

For   primary   bibliographic   entry   see   Field   6D. 
W90-05279 


SUMMARY  OF  WATER-RESOURCES  ACTIVI- 
TIES  OF  THE  U.S.  GEOLOGICAL  SURVEY  IN 
COLORADO-FISCAL  YEAR  1989. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-588,  1990.  58p,  1  pi,  1  tab. 
Compile  by  P.  A.  Griffith. 

Descriptors:  'Water  resources  data,  'Hydrologic 
data,  'Colorado,  'Groundwater,  'Surface  water, 
'Water  quality,  Hydrology.  Surface  water  records. 

The  biennial  summary  of  water  resources  activities 
in  Colorado  is  presented  for  fiscal  year  1989.  The 
report  includes  an  introduction  of  these  activities 
and  names  of  the  management  personnel  to  whom 
information  requests  may  be  addressed,  a  summary 
of  the  U.S.  Geological  Survey  mission  and  of  the 
Water  Resources  Division  mission,  and  a  discus- 
sion of  the  water  resources  in  Colorado  in  fiscal 
year    1989,   including  data  collection   on   surface 
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water  and  groundwater.  All  current  Colorado  hy- 
drologic  investigations  are  listed-their  problems, 
objectives,  approaches,  progress,  and  plans  for 
fiscal  year  1989.  A  list  of  current  cooperators,  for 
fiscal  year  1989  and  a  list  of  reports  published  or 
released  during  fiscal  years  1987,  1988,  and  1989 
also  are  given.  (TJSGS) 
W90-05281 


STATUS  AND  IMPLICATIONS  OF  THE  INVA- 
SION OF  TAMARISK  (TAMARIX  APHYLLA) 
ON  THE  FINKE  RTVER,  NORTHERN  TERRI- 
TORY, AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,   Alice   Springs  (Australia).   Div.   of 

Wildlife  and  Rangelands  Research. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05294 


YOUNG  FISH  DISTRIBUTION  IN  BACKWA- 
TERS AND  MAIN-CHANNEL  BORDERS  OF 
THE  KANAWHA  RTVER,  WEST  VIRGINIA. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Fisheries  and  Wildlife  Sciences. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05296 


OPTIMTZING  SPILLWAY  CAPACITY  WITH 
UNCERTAINTY  IN  FLOOD  ESTIMATOR. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 
Water  Resources. 
A.  Afshar,  and  M.  A.  Marino. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  1,  p.  71-84, 
January/February  1990.  9  fig,  21  ref,  2  append. 
Agricultural  Research  Service  Cooperative  Agree- 
ment 41 16-H. 

Descriptors:  'Darns,  'Flood  forecasting,  'Runoff 
forecasting,  'Water  yield  forecasting,  'Dam 
design,  'Spillways,  Dam  failure,  Flood  control, 
Model  studies,  Design  criteria. 

The  spillway  design  flood  is  a  function  of  social, 
moral,  economic,  and  technological  restrictions. 
Given  the  significant  initial  cost  of  a  spillway  and 
the  very  high  cost  of  dam  failure  and  downstream 
damages,  the  economic  sizing  of  the  spillway  be- 
comes a  very  important  decision.  A  model  that 
minimizes  the  social  cost  of  a  spillway  is  presented. 
The  model  incorporates  the  uncertainty  of  the 
flood  magnitude  estimator  in  the  optimization  of 
spillway  capacity,  using  an  estimated  flood  proba- 
bility density  function  and  a  relationship  between 
spillway  capacity  and  cost.  The  spillway  design 
flood  is  explicitly  treated  as  a  decision  variable, 
which  is  useful  in  the  planning  phase  of  a  reservoir. 
To  determine  the  effect  of  uncertainty  in  the  flood 
magnitude  estimator,  the  optimum  spillway  design 
flood  is  examined  for  different  flood  probability 
density  functions  with  varying  sample  sizes.  It  is 
shown  that  with  a  limited  sample  size,  the  optimum 
spillway  design  flood  may  be  as  high  as  the  proba- 
ble maximum  flood.  (Author's  abstract) 
W90-05303 


DTEL    AND    SEASONAL    DRIFT    OF    ZOO- 
PLANKTON  IN  A  HEADWATER  STREAM. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05311 


SEASONAL  RHYTHMS  AND  COMPONENTS 
BY  STATION  IN  THE  AQUATIC  ENVIRON- 
MENT: II.  TAKING  INTO  ACCOUNT  AND 
ELIMINATING  THEIR  EFFECTS  FROM  A 
FAUNISTIC  CATALOG  (RYTHMES  SAISON- 
NIERS  ET  COMPOSANTES  STATIONNELLES 
EN  MILIEU  AQUATIQUE:  II.  PRISE  EN 
COMPTE  ET  ELIMINATION  D'EFFETS  DANS 
UN  TABLEAU  FAUNISTIQUE). 
Lyon-1  Univ.,  Villeurbanne  (France).  Lab.  d'Eco- 
logie  des  Eaux  Douces. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05337 


NUTRIENT  CYCLING  IN  THE  EPILITHON  OF 
RUNNING  WATERS. 


Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 

W90-05352 


TOWARDS  A  BIOLOGICAL  AND  CHEMICAL 
DEFINITION  OF  THE  HYPORHEIC  ZONE  IN 
TWO  CANADIAN  RIVERS. 

Toronto  Univ.  (Ontario).  Div.  of  Life  Sciences. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-05358 


PERIPHYTON  BIOMASS  DYNAMICS  IN 
GRAVEL  BED  RIVERS:  THE  RELATIVE  EF- 
FECTS OF  FLOWS  AND  NUTRIENTS. 

Department  of  Scientific  and  Industrial  Research, 
Christchurch  (New  Zealand).  Hydrology  Centre. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05359 


MICROHABITAT  AVAILABLITY  IN  WELSH 
MOORLAND  AND  FOREST  STREAMS  AS  A 
DETERMINANT  OF  MACROINVERTEBRATE 
DISTRIBUTION. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05360 


VERTICAL  DISTRIBUTION  AND  ABUN- 
DANCE OF  INVERTEBRATES  WITHIN  THE 
SANDY  SUBSTRATE  OF  A  LOW-GRADIENT 
HEADWATER  STREAM. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05361 


HYDROLYTIC  EXTRACELLULAR  ENZYME 
ACTIVITY  IN  HETEROTROPHIC  BIOFILMS 
FROM  TWO  CONTRASTING  STREAMS. 

University  Coll.  of  North  Wales,  Bangor.  School 

of  Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05363 


DISTRIBUTION  OF  MACROINVERTEBRATE 
COMMUNITIES  IN  TWO  PORTUGUESE 
RIVERS. 

Coimbra  Univ.  (Portugal).  Dept.  de  Zoologia. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05364 


ALGAL  EPILITHON  AND  WATER  QUALITY 
OF  A  STREAM  RECEIVING  OIL  REFINERY 
EFFLUENT. 

North-Eastern  Hill  Univ.,  Shillong  (India).  Dept. 

of  Botany. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05372 


RAPID  GROWTH  RATES  OF  CHIRONOMIDS 
IN  THREE  HABITATS  OF  A  SUBTROPICAL 
BLACKWATER  RIVER  AND  THEIR  IMPLICA- 
TIONS FOR  P:B  RATIOS. 

Emory  Univ.,  Atlanta,  GA.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05395 


INFLUENCE  OF  RESERVOIRS  ON  THE  HY- 
DROLOGICAL  REGIME  OF  THE  KUR  RIVER. 

Akademiya  Nauk   Azerbaidzhanskoi   SSR,   Baku. 

Inst,  of  Geography. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-05474 


CLIMATIC  AND  HYDROLOGIC  EFFECTS  ON 
THE  REGENERATION  OF  POPULUS  ANGUS- 
TIFOLIA  JAMES  ALONG  THE  ANIMAS 
RIVER,  COLORADO. 

Wisconsin  Univ. -Madison.   Dept.   of  Geography. 
For  primary  bibliographic  entry  see  Field  21. 
W90-05490 


CHARACTERISTICS    OF    RIPARIAN    PLANT 
COMMUNITIES  AND  STREAMBANKS  WITH 


Streamflow  and  Runoff— Group  2E 

RESPECT  TO  GRAZING  IN  NORTHEASTERN 
UTAH. 

Intermountain  Forest  and  Range  Experiment  Sta- 
tion, Boise,  ID. 

For   primary  bibliographic   entry   see   Field   4D. 
W90-05503 


EFFECTS  OF  VEGETATION  AND  LAND  USE 
ON  CHANNEL  MORPHOLOGY. 

Wisconsin  Univ. -Madison.   Dept.   of  Geography. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-05509 

HABITAT  USE  BY  BEAVER  ALONG  THE  BIG 
SIOUX  RIVER  IN  EASTERN  SOUTH  DAKOTA. 

South  Dakota  State  Univ.,   Brookings.   Dept.   of 

Wildlife  and  Fisheries. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05511 


APPLICATION  OF  THE  PRECIPITATION- 
RUNOFF  MODELING  SYSTEM  TO  THE  AH- 
SHI-SLE-PAH  WASH  WATERSHED,  SAN 
JUAN  COUNTY,  NEW  MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-05547 


FLOOD  OF  SEPTEMBER  7-9,  1987,  IN  LEX- 
INGTON AND  RICHLAND  COUNTIES  IN  THE 
VICINITY  OF  SAINT  ANDREWS  ROAD  AND 
IRMO,  SOUTH  CAROLINA. 

Geological    Survey,    Columbia,    SC.    Water    Re- 
sources Div. 
W.  B.  Guimaraes. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4077, 
1989.  37p,  18  fig,  5  tab,  12  ref. 

Descriptors:  'Flood  damage,  'Flood  maps, 
'Floods,  'South  Carolina,  Lexington  County, 
Richland  County,  Rainfall  intensity,  Flood  peak, 
Rawls  Creek,   Kinley  Creek,   High  water  mark. 

Localized  heavy  rainfall  on  September  7,  1987,  in 
Lexington  and  Richland  Counties,  South  Carolina, 
caused  severe  flooding  in  the  basins  of  Kinley 
Creek,  Rawls  Creek,  and  Stoop  Creek,  in  the  vi- 
cinity of  Saint  Andrews  Road  and  the  town  of 
Irmo,  South  Carolina.  The  flooding  damaged 
homes,  furnishings,  and  landscaping.  Rainfall,  peak 
discharges,  high  water  elevations,  and  frequency 
relations  of  rainfall  and  discharge  are  tabulated  and 
plotted  for  selected  streams.  The  rain  was  most 
intense  in  the  area  along  Rawls  Creek,  R-2  (tribu- 
tary to  Rawls  Creek),  Koon  Branch  (tributary  of 
Rawls  Creek),  and  the  upper  part  of  Kinley  Creek. 
A  rainfall  of  about  5.5  inches  in  3  hours,  which  has 
a  recurrence  interval  in  excess  of  100  years  was 
reported  by  local  residents  along  these  streams. 
High  water  marks  for  the  flood  of  September  7, 
1987,  are  shown  for  eight  stream  reaches  in  the 
area.  High  water  marks  are  also  shown  for  the 
flood  of  September  9,  1987,  on  K-l.  Profiles  for  the 
100-year  flood  developed  by  the  Federal  Emergen- 
cy Management  Agency  (FEMA)  in  a  1980  flood 
insurance  mapping  study  are  shown  for  compari- 
son purposes  for  five  of  the  stream  reaches.  Peak 
discharges  were  computed  at  16  sites  in  the  area  by 
using  indirect  measurement  techniques.  Peak  dis- 
charges ranged  from  about  100  cu  ft/sec  at  the  site 
on  a  small  unnamed  tributary  to  Kinley  Creek  to 
3,500  cu  ft/sec  at  the  Rawls  Creek  site  at  Nursery 
Road.  Peak  discharges  at  the  most  downstream 
sites  on  Rawls  Creek  and  Koon  Branch  had  recur- 
rence intervals  of  75  years,  and  60  years,  respec- 
tively. Peak  discharges  on  Kinley  Creek  varied 
from  20  to  25  years  north  of  K-l  basin  to  <  10 
years  at  K-l.  The  Stoop  Creek  basin  had  a  recur- 
rence interval  of  10  years.  Peak  discharges  for 
selected  recurrence  intervals  computed  by  the  US 
Geological  Survey  and  presented  in  this  flood 
report  agree  reasonably  well  with  those  computed 
by  FEMA  in  a  1980  study  using  different  computa- 
tional procedures.  (Lantz-PTT) 
W90-05549 
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Field  2— WATER  CYCLE 


Group  2E— Streamflow  and  Runoff 

STREAMFLOW  AND  WATER-QUALITY  DATA 
FOR  LITTLE  CLEARFIELD  CREEK  BASIN, 
CLEARFIELD  COUNTY,  PENNSYLVANIA, 
DECEMBER  1987-NOVEMBER  1988. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

K.  M.  Kostelnik,  and  R.  R.  Durlin. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-247,  1989.  30p,  4  fig,  14  tab, 
1 6  ref. 

Descriptors:  •Streamflow,  *Water  quality,  'Hy- 
drologic data  collections,  'Pennsylvania,  Hydro- 
gen ion  concentration.  Specific  conductivity, 
Water  temperature,  Heavy  metals,  Streamflow 
data,  Little  Clearfield  Creek  Basin,  Suspended 
sediments. 

Streamflow  and  water  quality  data  were  collected 
throughout  the  Little  Clearfield  Creek  basin, 
Clearfield  County,  Pennsylvania,  from  December 
1987  through  November  1988,  to  determine  the 
existing  quality  of  surface  water  over  a  range  of 
hydrologic  conditions.  This  data  will  assist  the 
Pennsylvania  Department  of  Environmental  Re- 
sources during  its  review  of  coal  mine  permit 
applications.  A  water  quality  station  near  the 
mouth  of  Little  Clearfield  Creek  provided  continu- 
ous record  of  stream  stage,  pH,  specific  conduct- 
ance, and  water  temperature.  Monthly  water  qual- 
ity samples  collected  at  this  station  were  analyzed 
for  total  and  dissolved  metals,  nutrients,  major 
cations,  and  suspended  sediment  concentrations. 
Seventeen  partial  record  sites,  located  throughout 
the  basin,  were  similarly  sampled  four  times  during 
the  study.  Streamflow  and  water  quality  data  ob- 
tained at  these  sites  during  a  winter  base  flow,  a 
spring  storm  event,  a  low  summer  base  flow,  and  a 
more  moderate  summer  base  flow  also  are  present- 
ed. (Author's  abstract) 
W90-05552 


SIMULATION  OF  RAINFALL-RUNOFF  RE- 
SPONSE IN  MINED  AND  UNMINED  WATER- 
SHEDS IN  COAL  AREAS  OF  WEST  VIRGINIA. 

For  primary  bibliographic  entry  see  Field  4A. 
W90-05560 


PEAK-FLOW  DATA-COLLECTION  METHODS 
FOR  STREAMS  IN  ARID  AREAS. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-05596 


LOW-FLOW  PROFILES  OF  THE  TALLA- 
POOSA RIVER  AND  TRIBUTARIES  IN  GEOR- 
GIA. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

R.  F.  Carter,  E.  H.  Hopkins,  and  H.  A.  Perlman. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations    Report    88-4050, 
1988.  39p,  1  fig,  12  ref. 

Descriptors:  ^Georgia,  'Low  flow,  'Tallapoosa 
River,  'Hydrologic  data  collections,  Streamflow, 
Flow  profiles,  Drainage  area,  Flow  discharge. 

Low  flow  information  is  provided  for  use  in  an 
evaluation  of  the  capacity  of  streams  to  permit 
withdrawals  or  to  accept  waste  loads  without  ex- 
ceeding the  limits  of  State  water  quality  standards. 
The  report  is  the  fourth  in  a  series  of  reports 
presenting  the  results  of  a  low  flow  study  of  all 
stream  basins  north  of  the  Fall  Line  in  Georgia. 
This  report  covers  the  part  of  the  Tallapoosa  River 
basin  in  the  Piedmont  province  of  Georgia.  The 
low  flow  characteristic  presented  is  the  minimum 
average  flow  for  7  consecutive  days  with  a  10-year 
recurrence  interval  (7Q10).  The  data  are  presented 
in  tables  and  shown  graphically  as  'low  flow  pro- 
files' (low  flow  plotted  against  distance  along  a 
stream  channel),  and  as  'drainage  area  profiles' 
(drainage  area  plotted  against  distance  along  a 
stream  channel).  Low  flow  profiles  were  con- 
structed by  interpolation  or  extrapolation  from 
points  of  known  low  flow  data.  Low  flow  profiles 


are  included  for  all  stream  reaches  where  low  flow 
data  of  sufficient  accuracy  are  available  to  justify 
computation  of  the  profiles.  Drainage  area  profiles 
are  included  for  all  stream  basins  >  5  sq  mi,  except 
for  those  in  a  few  remote  areas.  Flow  records  were 
not  adjusted  for  diversions  or  other  factors  that 
cause  measured  flows  to  represent  conditions  other 
than  natural  flow.  (Author's  abstract) 
W90-05601 


ESTIMATING  FLOOD  HYDROGRAPHS  FOR 
ARKANSAS  STREAMS. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 
B.  L.  Neely. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4109, 
1989.  19p,  4  fig,  4  tab,  8  ref. 

Descriptors:  'Flood  hydrographs,  'Hydrograph 
analysis,  'Flood  forecasting,  'Data  interpretation, 
•Arkansas,  'Streamflow,  Flood  peak,  Regression 
analysis,  Mathematical  analysis,  Drainage  area. 

Flood  hydrographs  are  needed  for  the  design  of 
many  highway  drainage  structures  and  embank- 
ments and  flood  water  storage  structures.  A  dimen- 
sionless  hydrograph  is  presented  for  Arkansas 
streams  having  drainage  areas  <  600  sq  mi.  This 
dimensionless  hydrograph  can  be  used  with  peak 
discharge  and  equivalent  lagtime  to  determine 
flood  hydrographs  at  ungaged  sites  on  rural  and 
urban  streams  in  Arkansas.  Multiple  regression 
analysis  was  used  to  define  relations  between 
equivalent  lagtime  and  basin,  climatic,  and  hydro- 
logic  characteristics.  Data  collected  on  450  storms 
at  9  gaging  stations  were  used  in  the  analysis.  The 
regression  analysis  indicated  that  drainage  area  and 
100-year  discharge  are  significant  parameters  for 
estimating  equivalent  lagtime.  The  standard  error 
of  the  regression  equation  is  +/-38%.  The  equa- 
tion was  tested  for  accuracy,  bias,  and  sensitivity. 
An  equation  is  presented  for  computing  the 
volume  of  flood  runoff  when  the  peak  discharge, 
equivalent  lagtime,  and  drainage  area  are  known. 
In  addition,  a  hydrograph-width  relation  is  pre- 
sented for  estimating  the  length  of  time  that  a 
specific  discharge  will  be  exceeded.  (Lantz-PTT) 
W90-05602 


WATER  RESOURCES  OF  SEDGWICK 
COUNTY,  KANSAS. 

Geological    Survey,    Lawrence,    KS.    Water   Re- 
sources Div. 
H.  E.  Be  vans. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4225, 
1989.  119p,  22  fig,  18  tab,  2  plates,  65  ref. 

Descriptors:  'Water  resources  data,  'Water  re- 
sources, 'Water  demand,  'Sedgwick  County, 
'Kansas,  'Water  quality,  Groundwater  quality, 
Water  use,  Arkansas  River,  Little  Arkansas  River, 
Oil  wastes,  Pesticides,  Water  chemistry,  Nitrates, 
Nitrites,  Nutrients,  Atrazine,  Heptachlor. 

The  large  population  and  diverse  economic  activi- 
ties in  Sedgwick  County  and  its  principal  city, 
Wichita,  require  adequate  water  supplies  for 
public,  domestic,  irrigation,  and  industrial  uses. 
During  1985,  an  estimated  134,200  acre-ft  of  water 
(84%  groundwater)  were  used  for  public  supplies 
(42%),  irrigation  (40%),  self-supplied  industrial  use 
(14%),  and  self-supplied  domestic  use  (4%).  The 
city  of  Wichita  used  about  53,500  acre-ft  of  water 
for  public  supplies.  Streamflow  is  closely  related  to 
precipitation,  and  major  streams  are  sustained  by 
groundwater  inflow.  Water  in  the  Arkansas  River 
is  a  NaCl  type,  with  a  median  dissolved  solids 
concentration  of  1,700  mg/L  at  Hutchinson  and 
1,200  mg/L  at  Derby.  The  Little  Arkansas  River 
at  Valley  Center  has  a  CaHC03  type  water,  with  a 
median  dissolved  solids  concentration  of  480  mg/ 
L.  Contamination  of  streams  by  sewage  treatment 
plant  effluent  was  indicated  by  increased  ammonia 
concentrations  in  the  Arkansas  River  at  Derby  and 
Mulvane,  in  the  Little  Arkansas  River  near  Sedg- 
wick, and  in  Cowskin  Creek  near  Maize  and  at  the 
Sumner  County  line.  Agricultural  pesticides  or  the 


pesticide  residue,  heptachlor  epoxide,  were  detect- 
ed in  8  of  14  impoundments.  Groundwater  con- 
tamination by  oilfield  brines  was  indicated  in  16  of 
101  sampled  wells.  Nitrite-plus-nitrate  as  nitrogen 
concentrations  exceeded  10  mg/L  in  water  from 
11  of  101  sampled  wells.  Iron  concentrations  ex- 
ceeded 300  micrograms/L  in  water  from  18  of  101 
wells,  and  manganese  concentrations  exceeded  50 
microg/L  in  water  from  31  of  101  wells.  Herbi- 
cides (atrazine,  metalochlor,  propazine,  and  sima- 
zine)  were  detected  in  water  from  5  or  19  wells, 
and  a  volatile  organic  compound  (trichloroethy- 
lene)  was  detected  in  water  from  1  of  10  wells. 
(Lantz-PTT) 
W90-05605 


MEASUREMENT  OF  REAERATION  COEFFI- 
CIENTS FOR  SELECTED  FLORIDA  STREAMS. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

P.  S.  Hampson,  and  J.  E.  Coffin. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations   Report   87-4020, 
1989.  81p,  49  fig,  3  tab,  37  ref,  1  map,  append. 

Descriptors:  'Water  quality,  'Aeration,  'Florida, 
•Streams,  'Hydrologic  data  collections,  Ethylene, 
Propane,  Mathematical  equations. 

A  total  of  29  separate  reaeration  coefficient  deter- 
minations were  performed  on  27  subreaches  of  12 
selected  Florida  streams  between  October  1981 
and  May  1985.  Measurements  performed  prior  to 
June  1984  were  made  using  the  peak  and  area 
methods  with  ethylene  and  propane  as  the  tracer 
gases.  Later  measurements  utilized  the  steady-state 
method  with  propane  as  the  only  tracer  gas.  The 
reaeration  coefficients  ranged  from  1.07  to  45.9 
days  with  a  mean  estimated  probable  error  of  +/ 
16.7%.  Ten  predictive  equations  (compiled  from 
the  literature)  were  also  evaluated  using  the  meas- 
ured coefficients.  The  most  representative  equation 
was  one  of  the  energy  dissipation  type  with  a 
standard  error  of  60.3%.  Seven  of  the  10  predic- 
tive additional  equations  were  modified  using  the 
measured  coefficients  and  nonlinear  regression 
techniques.  The  most  accurate  of  the  developed 
equations  was  also  of  the  energy  dissipation  form 
and  had  a  standard  error  of  54.9%.  For  5  of  the  13 
subreaches  in  which  both  ethylene  and  propane 
were  used,  the  ethylene  data  resulted  in  substantial- 
ly larger  reaeration  coefficient  values  which  were 
rejected.  In  these  reaches,  ethylene  concentrations 
were  probably  significantly  affected  by  one  or 
more  electrophilic  addition  reactions  known  to 
occur  in  aqueous  media.  (Author's  abstract) 
W90-05606 


SEDIMENT  TRANSPORT  AND  ACCRETION 
AND  THE  HYDROLOGIC  ENVIRONMENT  OF 
GROVE  CREEK  NEAR  KENANSVILLE, 
NORTH  CAROLINA. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-05609 


WATER  QUALITY  AND  RESTORATION  OF 
THE  LOWER  OCONTO  RIVER,  OCONTO 
COUNTY,  WISCONSIN. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-05610 


POPULATION  DYNAMICS  OF  SMALL- 
MOUTH  BASS  (MICROPTERUS  DOLOMIEUI) 
IN  THE  GALENA  (FEVER)  RIVER  AND  ONE 
OF  ns  TRIBUTARIES. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
For  primary  bibliographic  entry  see  Field  2H. 
W9O-05611 


LOW-FLOW  PROFILES  OF  THE  TENNESSEE 
RIVER  TRIBUTARIES  IN  GEORGLA. 

Geological    Survey,    Doraville,    GA.    Water    Re- 
sources Div. 
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WATER  CYCLE— Field  2 
Groundwater — Group  2F 


R.  F.  Carter,  E.  H.  Hopkins,  and  H.  A.  Perlman. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water  Resources  Investigations  Report  88-4049, 
1988.  69p,  1  fig,  12  ref. 

Descriptors:  *Low  flow,  *Tennessee  River,  *Hy- 
drologic  data  collections,  'Georgia,  *Streamflow, 
•Flow  profiles,   Drainage  area,  Flow  discharge. 

Low  flow  information  is  provided  for  use  in  an 
evaluation  of  the  capacity  of  streams  to  permit 
withdrawals  or  to  accept  waste  loads  without  ex- 
ceeding the  limits  of  State  water  quality  standards. 
The  purpose  of  this  report  is  to  present  the  results 
of  a  compilation  of  available  low  flow  data  in  the 
form  of  tables  and  '7Q10  flow  profiles'  (minimum 
average  flow  for  7  consecutive  days  with  a  10-yr 
recurrence  interval)  (7Q10  flow  plotted  against 
distance  along  a  stream  channel)  for  all  stream 
reaches  of  the  Tennessee  River  tributaries  where 
sufficient  data  of  acceptable  accuracy  are  available. 
Drainage  area  profiles  are  included  for  all  stream 
basins  larger  than  5  sq  mi,  except  for  those  in  a  few 
remote  areas.  This  report  is  the  fifth  in  a  series  of 
reports  that  will  cover  all  stream  basins  north  of 
the  Fall  Line  in  Georgia.  It  includes  the  parts  of 
the  Tennessee  River  basin  in  Georgia.  Flow 
records  were  not  adjusted  for  diversions  or  other 
factors  that  cause  measured  flows  to  represent 
other  than  natural  flow  conditions.  The  7-day  min- 
imum flow  profile  was  omitted  for  stream  reaches 
where  natural  flow  was  known  to  be  altered  sig- 
nificantly. (Lantz-PTT) 
W90-05612 


LOW-FLOW  PROFILES  OF  THE  UPPER  SA- 
VANNAH AND  OGEECHEE  RTVERS  AND 
TRD3UTARDXS  IN  GEORGIA. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

R.  F.  Carter,  E.  H.  Hopkins,  and  H.  A.  Perlman. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water  Resources  Investigations  Report  88-4047, 
1988.  169p,  1  fig,  12  ref. 

Descriptors:  *Low  flow,  *Savannah  River,  *Ogee- 
chee  River,  *Hydrologic  data  collections,  'Geor- 
gia, *Streamflow,  *Flow  profiles,  Drainage  area, 
Flow  discharge. 

Low  flow  information  is  provided  for  use  in  an 
evaluation  of  the  capacity  of  streams  to  permit 
withdrawals  or  to  accept  waste  loads  without  ex- 
ceeding the  limits  of  State  water  quality  standards. 
The  purpose  of  this  report  is  to  present  the  results 
of  a  compilation  of  available  low  flow  data  in  the 
form  of  tables  and  '7Q10  flow  profiles'  (minimum 
average  flow  for  7  consecutive  days  with  a  10-yr 
recurrence  interval)(7Q10  flow  plotted  against  dis- 
tance  along   a   stream   channel)   for   all   streams 
reaches  of  the  Upper   Savannah  and  Ogeechee 
Rivers  and  tributaries  where  sufficient  data  of  ac- 
ceptable accuracy  are  available.  Drainage  area  pro- 
files are  included  for  all  stream  basins  larger  than  5 
sq  mi,  except  for  those  in  a  few  remote  areas.  This 
report  is  the  third  in  a  series  of  reports  that  will 
cover  all  stream  basins  north  of  the  Fall  Line  in 
Georgia.  It  includes  the  Georgia  part  of  the  Savan- 
nah River  basin  from  its  headwaters  down  to  and 
including  McBean  Creek,  and  Brier  Creek  from  its 
headwaters  down  to  and  including  Boggy  Gut 
Creek.  It  also  includes  the  Ogeechee  River  from  its 
headwaters  down  to  and  including  Big  Creek,  and 
Rocky    Comfort    Creek    (tributary    to    Ogeechee 
River)  down  to  the  Glascock- Jefferson  County 
line.  Flow  records  were  not  adjusted  for  diversions 
or  other  factors  that  cause  measured  flows  to  rep- 
resent other  than  natural  flow  conditions.  The  7- 
day  minimum  flow  profile  was  omitted  for  stream 
reaches  where  natural  flow  was  known  to  be  al- 
tered significantly.  (Lantz-PTT) 
W90-05613 


LOW-FLOW  PROFILES  IN  THE  UPPER 
OCONEE  RIVER  AND  TRIBUTARIES  IN 
GEORGIA. 

Geological   Survey,   Doraville,   GA.   Water   Re- 
sources Div. 
R.  F.  Carter,  E.  H.  Hopkins,  and  H.  A.  Perlman. 


Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water  Resources  Investigations  Report  88-4048, 
1988.  136p,  1  fig,  13  ref. 

Descriptors:  *Low  flow,  'Oconee  River,  'Hydro- 
logic  data  collections,  'Streamflow,  'Georgia, 
•Flow  profiles,   Drainage  area,   Flow  discharge. 

Low  flow  information  is  provided  for  use  in  an 
evaluation  of  the  capacity  of  streams  to  permit 
withdrawals  or  to  accept  waste  loads  without  ex- 
ceeding the  limits  of  State  water  quality  standards. 
The  purpose  of  this  report  is  to  present  the  results 
of  a  compilation  of  available  low  flow  data  in  the 
form  of  tables  and  '7Q10  flow  profiles'  (minimum 
average  flow  for  7  consecutive  days  with  a  10-yr 
recurrence  interval)(7Q10  flow  plotted  against  dis- 
tance along  a  stream  channel)  for  all  streams 
reaches  of  the  Upper  Oconee  River  and  tributaries 
in  Georgia  where  sufficient  data  of  acceptable 
accuracy  are  available.  Drainage  area  profiles  are 
included  for  all  stream  basins  larger  than  5  sq  mi, 
except  for  those  in  a  few  remote  areas.  This  report 
is  the  second  in  a  series  of  reports  that  will  cover 
all  stream  basins  north  of  the  Fall  Line  in  Georgia. 
It  includes  the  Oconee  River  basin  down  to  and 
including  Camp  Creek  at  stream  mile  134.53, 
Town  Creek  in  Baldwin  and  Hancock  Counties 
down  to  County  Road  213-141,  and  Buffalo  Creek 
in  Hancock  County  down  to  the  Hancock-Wash- 
ington County  line.  Flow  records  were  not  adjust- 
ed for  diversions  or  other  factors  that  cause  meas- 
ured flows  to  represent  other  than  natural  flow 
conditions.  The  7-day  minimum  flow  profile  was 
omitted  for  stream  reaches  where  natural  flow  was 
known  to  be  altered  significantly.  (Lantz-PTT) 
W90-05614 


ECOLOGY  OF  THE  LOWER  COLORADO 
RIVER  FROM  DAVIS  DAM  TO  THE  MEXICO- 
UNITED  STATES  INTERNATIONAL  BOUND- 
ARY: A  COMMUNITY  PROFILE. 

Arizona  State  Univ.,  Tempe.  Center  for  Environ- 
mental Studies. 

For  primary  bibliographic  entry  see  Field  6G. 
W90-05616 


2F.  Groundwater 


RISK  ASSESSMENT  OF  GROUNDWATER 
CONTAMINATION  AND  CURRENT  APPLICA- 
TIONS IN  THE  DECISION-MAKING  PROC- 
ESS. 

United  Technologies  Corp.,  East  Hartford,  CT. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04606 


INFLUENCE  OF  RIMING  ON  THE  CHEMI- 
CAL COMPOSITION  OF  SNOW  IN  WINTER 
OROGRAPHIC  STORMS. 

Nevada  Univ.  System,  Reno.  Atmospheric  Sci- 
ences Center. 

For  primary  bibliographic  entry  see  Field  2C. 
W90-04608 


ANALYTICAL  SOLUTION  OF  A  CONVEC- 
TION-DISPERSION MODEL  WITH  TIME-DE- 
PENDENT TRANSPORT  COEFFICIENTS. 

Western   Australia   Univ.,   Nedlands.   Centre   for 

Water  Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04658 


SIMULATION  OF  THREE-DIMENSIONAL 
FLOW  OF  IMMISCIBLE  FLUIDS  WITHIN 
AND  BELOW  THE  UNSATURATED  ZONE. 

GeoTrans,  Inc.,  Herndon,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04662 


STOCHASTIC  ANALYSIS  OF  THE  INFLU- 
ENCE OF  SOIL  AND  CLIMATIC  VARIABILI- 
TY ON  THE  ESTIMATE  OF  PESTICIDE 
GROUNDWATER  POLLUTION  POTENTIAL. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 


vironmental Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-O4663 

HYDROSTRATIGRAPHIC  INTERPRETATION 
USING  INDICATOR  GEOSTATISTICS. 

California  Univ.,  Santa  Cruz.  Dept.  of  Earth  Sci- 
ences. 

N.  M.  Johnson,  and  S.  J.  Dreiss. 
Water  Resources  Research  WRERAQ,  Vol.  25, 
No.  12,  p  2501-2510,  December  1989.  16  fig,  3  tab, 
35  ref.  U.S.  Geological  Survey  Water  Resources 
Research  Grant  Program,  grant  14-08-0OO1-G1311. 

Descriptors:  'Geohydrology,  'Well  log  interpreta- 
tion, 'Path  of  pollutants,  'Alluvial  deposits,  'Stra- 
tigraphy, Boreholes,  Geostatistics,  Kriging,  Vano- 
grams,  Santa  Clara  Valley,  California. 

An  approach  that  uses  indicator  geostatistics  to 
interpret  qualitative  borehole  logs  and  compute 
experimental  variograms  for  complex  alluvial  sedi- 
ments is  presented.  Borehole  descriptions  are  first 
transformed  into  binary  indicator  values  based  on 
inferred  relative  permeability  from  the  borehole 
descriptions.  The  resulting  indicator  data  can  then 
be  used  to  compute  variograms  and  construct 
three-dimensional  variogram  models.  The  ranges 
of  computed  indicator  variograms  for  a  ground- 
water contamination  site  in  Santa  Clara  Valley, 
California,  are  very  sensitive  to  the  orientation  of 
the  search  plane.  These  variograms  are  consistent 
with  known  stratigraphic  features  and  describe  the 
spatial  structure  of  deposits  from  different  deposi- 
tional  environments.  Indicator  kriging  weighs  all 
the  available  data  on  the  basis  of  a  three-dimen- 
sional, anisotropic  variogram  model  and  provides 
an  estimate  of  uncertainty  in  the  hydrostratigra- 
phic  correlation.  Kriged  indicator  values  represent 
probabilities  that  sediments  at  a  specific  location 
fall  into  one  of  two  indicator  categories.  The  loca- 
tion of  the  0.5  indicator  contour  is  approximately 
the  boundary  between  high-permeability  and  low- 
permeability  sediments  that  might  be  constructed 
in  a  geologic  cross  section.  (Author's  abstract) 
W90-04667 


ENVIRONMENTAL  FACTORS  AFFECTING 
PHYSIOGNOMIC  AND  FLORISTIC  VARIA- 
TION IN  AN  AREA  OF  CERRADO  IN  CEN- 
TRAL BRAZIL. 

Escola  Superior  de  Agricultura  de  Lavras  (Brazil). 

Dept.  de  Ciencias  Florestais. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04725 

AGRICULTURAL  CONTAMINATION:  PROB- 
LEMS AND  SOLUTIONS. 

Agricultural    Research    Service,    Phoenix,    AZ. 

Water  Conservation  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04876 


WELLFIELD  DEVELOPMENT  FOR  URBAN 
WATER  SUPPLIES  IN  PDR  YEMEN. 

For  primary  bibliographic  entry  see  Field  5F. 
W90-04913 

COMPUTER  ANALYSIS  OF  REGIONAL 
GROUNDWATER  FLOW  AND  BOUNDARY 
CONDITIONS  IN  THE  BASIN  OF  MEXICO. 

Universidad    Nacional     Autonoma    de    Mexico, 

Mexico  City. 

A.  Ortega  G,  and  R.  N.  Farvolden. 

Journal  of  Hydrology  JHYDA7,  Vol.  110,  No.  3/ 

4,  p  271-294,  October  1989.  7  fig,  4  tab,  44  ref. 

Descriptors:  'Groundwater  movement,  'Mexico, 
•Mathematical  models,  'Geohydrology,  'Volcanic 
aquifers,  'Model  studies,  'Boundary  conditions, 
•Computer  models,  Regional  analysis,  Aquifers, 
Finite  element  method,  Hydraulic  conductivity, 
Infiltration  rate. 

The  natural  hydraulic  boundary  conditions  associ- 
ated with  the  volcanic  mountain  ranges  that  en- 
close the  Valley  of  Mexico  and  their  relationship 
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Group  2F — Groundwater 

to  the  important  aquifers  were  studied  using  a  two- 
dimensional,  steady-state  finite-element  model  in 
cross  section.  Four  cross  sections  were  analyzed 
under  hydrologic  conditions  existing  prior  to  the 
large  scale  pumping  of  the  aquifers.  Factors  such 
as  bulk  hydraulic  conductivities  and  regional  infil- 
tration rates  were  obtained  from  field  observations 
and  the  literature  to  assess  location  of  the  associat- 
ed groundwater  divides,  and  the  water-table  in  the 
mountains.  The  modeled  flow  patterns  are  consist- 
ent with  the  historical  hydrologic  records,  piezo- 
metric  characteristics  and  observed  surface  fea- 
tures of  the  groundwater  in  the  Basin  of  Mexico. 
From  the  modeling  results,  the  groundwater  re- 
charge in  the  mountains  is  30-50%  of  the  mean 
average  precipitation.  Higher  and  lower  rates 
result  in  a  flow  regime  that  is  not  compatible  with 
field  observations.  In  general  the  location  of  the 
divides  in  the  mountains  is  displaced  towards  the 
Valley  of  Mexico,  which  influences  the  ground- 
water budget  of  the  Valley.  The  water  table  in 
places  is  several  hundred  meters  below  ground 
surface,  in  accordance  with  field  observations  of  a 
very  thick  unsaturated  zone.  Before  major  aquifer 
exploitation  began  about  50  years  ago,  40-50%  of 
the  total  discharge  into  the  Valley  was  by  upward 
flow  through  the  lacustrine  deposits.  The  best 
model  results  were  obtained  using  a  subsurface 
distribution  of  hydrostratigraphic  units  based  on 
recently  published  geological  interpretations.  (Au- 
thor's abstract) 
W90-05002 


GEOSTATISTICAL  MODELLING  OF  THE 
WASIA  AQUIFER  IN  CENTRAL  SAUDI 
ARABIA. 

King   Abdulaziz    ^jhiv.,    Jeddah    (Saudi    Arabia). 

Faculty  of  Earth  Sciftices. 

A.  M.  Subyani,  and  Z.  Sen. 

Journal  of  Hydrology  JHYDA7,  Vol.  1 10,  No.  3/ 

4,  p  295-314,  October  1989.  19  fig,  1  tab,  17  ref. 

Descriptors:  *Geohydrology,  'Model  studies, 
•Geochemistry,  'Aquifers,  'Sedimentary  basins, 
'Computer  models,  'Saudi  Arabia,  'Hydrologic 
models,  Spatial  distribution,  Mapping,  Regional 
analysis,  Dissolved  solids,  Groundwater  move- 
ment, Flow  velocity. 

Aquifers  in  sedimentary  basins  provide  a  regional 
domain  for  the  spatial  variabilities  in  geologic, 
hydrologic,  geomorphologic  and  hydrochemical 
phenomena.  Their  study  should  account  for  this 
spatial  variability  within  the  study  area  prior  to 
any  formal  modelling.  The  classical  semivariogram 
models  are  not  capable  of  accounting  for  the  spa- 
tial variability  of  the  Wasia  aquifer.  A  cumulative 
semivariogram  scheme  is  adopted  for  spatial  varia- 
bility, which  is  then  incorporated  with  the  kriging 
technique  to  provide  maps  of  regional  variation 
concerning  variables  such  as  storativity,  transmissi- 
vity,  piezometric  levels,  total  dissolved  solids  and 
groundwater  flow  velocity.  Comparison  between 
the  cumulative  and  classical  semivariograms  are 
given  on  the  basis  of  hydrogeologic  variables  ob- 
served in  the  field.  The  cumulative  semivariogram 
models  for  the  Wasia  aquifer  are  of  the  Gaussian 
type  except  that  of  porosity,  which  has  a  linear 
model.  The  sample  cumulative  semivariograms  are 
non-decreasing  functions  of  distance  and  they  have 
every  objective  advantage  of  the  classical  semivar- 
iograms. In  general,  the  cumulative  semivariogram 
modelling  of  the  spatial  variability  is  more  effec- 
tive and  yields  realistic  regional  variables.  (Au- 
thor's abstract) 
W90-05003 


PUMPAGE,  WATER  LEVELS  AND  RAINFALL 
IN  THREE  WELLFIELDS  IN  WESTERN  GALI- 
LEE, ISRAEL. 

Ministry  of  Agriculture,  Haifa  (Israel).  Hydrologi- 

cal  Service. 

B.  Azmon. 

Journal  of  Hydrology  JHYDA7,  Vol.  1 10,  No.  3/ 

4,  p  369-372,  October  1989.  1  fig,  6  ref. 

Descriptors:  'Groundwater  budget.  'Hydrologic 
budget,  'Rainfall,  'Israel,  Aquifers,  'Pumpage, 
•Groundwater  level,  Regression  analysis,  Ground- 
water movement.  Boreholes,  Wells. 


Three  wellfields  of  four  boreholes,  two  related  to 
the  Na'aman  groundwater  basin  and  the  third  relat- 
ed to  the  Kabri  groundwater  basin  in  Israel,  were 
evaluated  for  groundwater  flow  by  multiple  linear 
regression.  The  dependent  variable  was  the  change 
of  hydraulic  head  and  the  independent  variables 
were  rainfall  and  pumpage.  The  change  of  hydrau- 
lic head  was  tested  annually  (August-August),  for 
winter  (August-April)  and  for  summer  (April- 
August).  The  test  was  performed  for  each  borehole 
as  well  as  for  the  average  of  each  field.  A  high 
correlation  >Jas  found  between  the  equations  of  the 
two  variables  in  which  the  annual  or  winter 
change  of  hydraulic  head  was  the  dependent  vari- 
able. The  two  variable  regressions  can  be  used  to 
calculate  groundwater  potential  where  annual 
change  of  hydraulic  head  is  considered  to  be  equal 
to  zero  and  rainfall  is  standard.  The  order  of 
magnitude  of  groundwater  potential  of  a  field  was 
up  to  10  mem,  one  order  of  magnitude  less  than 
that  of  the  relevant  groundwater  hasins.  The  stora- 
tivity was  determined  independeTOy  because  the 
annual  change  of  hydraulic  head  was  not  directly 
measured,  but  was  obtained  by  means  of  two  vari- 
able regressions,  which  contain  parameters  of 
pumping  and  rainfall.  The  values  of  storativity 
obtained  were  characteristic  for  phreatic  aquifers. 
(Author's  abstract) 
W90-05008 


MODEL  ANALYSIS  OF  SEA  WATER  INTRU- 
SION INTO  SATURATED  AND  UNSATURAT- 
ED DOMAINS,  (IN  JAPANESE). 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Ocean 

Engineering. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05053 


U.S.  GEOLOGICAL  SURVEY  TOXIC  SUB- 
STANCES HYDROLOGY  PROGRAM:  PRO- 
CEEDINGS OF  THE  TECHNICAL  MEETING, 
PHOENIX,  ARIZONA,  SEPTEMBER  26-30, 
1988. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05059 


SILICA  MOBILITY  IN  A  PETROLEUM-CON- 
TAMINATED AQUIFER. 

Texas  Univ.  at  Austin.  Dept.  of  Geological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05060 


FATE  AND  EFFECTS  OF  CRUDE  OIL  IN  A 
SHALLOW  AQUIFER:  I.  THE  DISTRIBUTION 
OF  CHEMICAL  SPECIES  AND  GEOCHEMI- 
CAL  FACIES. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05061 

r 

FATE  AND  EFFECTS  OF  CRUDE  OIL  IN  A 
SHALLOW  AQUIFER:  II.  EVIDENCE  OF  AN- 
AEROBIC DEGRADATION  OF  MONOARO- 
MATIC  HYDROCARBONS. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05062 


VARIABILITY  IN  THE  CHEMISTRY  OF  NON- 
VOLATILE ORGANIC  ACIDS  DOWNGRA- 
DIENT  FROM  THE  OIL  BODY  AT  BEMIDJI, 
MINNESOTA. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05063 


CHARACTERIZATION  OF  NONVOLATILE 
ORGANIC  ACIDS  RESULTING  FROM  THE 
BIODEGRADATION  OF  CRUDE  OIL  BY  NU- 
CLEAR MAGNETIC  RESONANCE  SPEC- 
TROMETRY. 

Geological  Survey,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  5B. 
W9O-O5064 


DETERMINATION  OF  THE  AIR-PHASE  PER- 
MEABILITY TENSOR  OF  AN  UNSATURATED 
ZONE  AT  THE  BEMIDJI,  MINNESOTA,  RE- 
SEARCH SITE. 

Geological  Survey,  West  Trenton,  NJ. 
A.  L.  Baehr,  and  M.  F.  Hult. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  55-62,  3  fig,  1  tab,  10  ref 

Descriptors:  'Permeability,  'Groundwater  move- 
ment, 'Path  of  pollutants,  'Oil  pollution,  'Ground- 
t  water  pollution,  'Minnesota,  Air-phase  permeabil- 
ity,  Diffusion,   Vapor   transport,   Biodegradation. 

A  pneumatic  test  of  an  uncontaminated  part  of  the 
unsaturated  zone  overlying  a  glacial  outwash  aqui- 
fer in  the  vicinity  of  an  oil  spill  was  conducted  at 
the  research  site  in  Bemidji,  Minnesota,  to  evaluate 
vertical  and  horizontal  air-phase  permeability  si- 
multaneously. A  Hantush-type,  partially  penetrat- 
ing well  solution  was  adapted  from  well  hydraulics 
to  analyze  the  pressure  data  collected  during  with- 
drawal of  air  from  a  test  well.  A  thin  but  pneumati- 
cally significant  lens  of  silt  and  fine-grained  sand 
was  found  to  be  approximately  two  orders  of  mag- 
nitude less  permeable  to  air  than  the  medium- 
grained  sand  beneath  it.  The  medium-grained  sand 
has  a  ratio  of  horizontal  to  vertical  permeability  of 
about  2.5  to  1.  Low  permeability  lenses  could 
affect  the  distribution  of  gases  in  the  contaminated 
region  of  the  unsaturated  zone  because  of  vertical 
heterogeneities  in  air-phase  diffusion  constants. 
This  complicates  the  field  testing  of  hypotheses 
concerning  biodegradation  and  transport  of  vapors 
by  use  of  mathematical  models.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05065 


PRELIMINARY  ASSESSMENT  OF  THE  EF- 
FECTS OF  ACID  MINE  DRAINAGE  ON 
GROUND  WATER  BENEATH  A  WETLAND 
NEAR  LEADVILLE,  COLORADO. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05072 


SPATIAL  VARIABILITY  OF  HYDRAULIC 
CONDUCTIVITY  IN  A  SAND  AND  GRAVEL 
AQUIFER,  CAPE  COD,  MASSACHUSETTS. 

Geological  Survey,  Marlborough,  MA. 
K.  M.  Hess,  S.  H.  Wolf,  and  M.  A.  Celia. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  143-149,  3  fig,  16  ref. 

Descriptors:  'Aquifers,  'Hydraulic  conductivity, 
•Massachusetts,  •Geohydrology,  •Groundwater 
movement,  'Cape  Cod,  Sand,  Gravel,  Flow  meas- 
urement, Permeameters,  Boreholes,  Vertical  pro- 
files. 

Two  methods  have  been  used  to  obtain  detailed 
vertical  profiles  of  hydraulic  conductivity  in  the 
sand  and  gravel  aquifer  on  Cape  Cod,  Massachu- 
setts-^ borehole  flowmeter  and  permeameter  anal- 
ysis of  cores.  These  profiles  have  been  used  to 
define  the  spatial  distribution  of  hydraulic  conduc- 
tivity in  the  aquifer.  Preliminary  statistical  analysis 
of  results  from  flowmeter  tests  conducted  at  10 
sites,  located  along  a  22-m-long  transect,  indicate  a 
geometric  mean  hydraulic  conductivity  of  0.097 
centimeter/sec,  a  variance  in  the  natural  logarithm 
of  hydraulic  conductivity  of  about  0.24,  and  best 
estimates  of  correlation  scales  of  0.26  m  in  the 
vertical  direction  and  5.1  m  in  the  horizontal  direc- 
tion. Permeameter  results  indicate  a  geometric 
mean  of  0.03  cm/sec,  a  variance  of  0.16,  a  vertical 
correlation  scale  of  about  0.3  m  and  a  horizontal 
correlation  scale  of  approximately  2  m.  These  cor- 
relation scales  are  statistical  indicators  of  the 
length  over  which  hydraulic-conductivity  meas- 
urements are  correlated  and  were  determined  by 
fitting  exponential  models  to  the  results  of  vario- 
gram  analyses  of  the  hydraulic-conductivity  pro- 
files.  Although   the  mean   hydraulic-conductivity 
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values  determined  by  these  two  methods  differ,  the 
profiles  show  similar  trends  with  depth  in  the 
aquifer.  The  results  of  the  statistical  analysis  are 
being  used  to  test  several  stochastic  theories  that 
relate  macrodisperion  to  the  statistical  properties 
of  the  spatial  distribution  of  hydraulic  conductivity 
within  an  aquifer.  Preliminary  calculations  indicate 
a  good  agreement  between  the  longitudinal  disper- 
sivity  estimated  from  these  stochastic  theories  and 
the  dispersivity  value  observed  in  a  natural-gradi- 
ent tracer  test  recently  completed  at  this  site.  (See 
also  W90-05059)  (Author's  abstract) 
W90-05075 


SIMULATION  OF  THE  RATE-CONTROLLED 
TRANSPORT  OF  MOLYBDATE  IN  COLUMN 
EXPERIMENTS. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05076 


SOLUTE  DIFFUSION  WITHIN  SAND  OF  THE 
CAPE  COD,  MASSACHUSETTS,  AQUIFER. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05077 


USE  OF  TRACER  TESTS  TO  MEASURE  THE 
TRANSPORT  AND  CONSUMPTION  OF 
METHANE  IN  A  CONTAMINATED  AQUIFER. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05078 


INFLUENCE  OF  GEOCHEMICAL  HETERO- 
GENEITY IN  A  SAND  AND  GRAVEL  AQUI- 
FER ON  THE  SORPTION  OF  CHLOROBEN- 
ZENES. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05079 


TRANSPORT  OF  BACTERIA  IN  A  CONTAMI- 
NATED AQUIFER. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05080 


FIELD  AND  LABORATORY  STUDIES  OF 
COUPLED  FLOW  AND  CHEMICAL  REAC- 
TIONS IN  THE  GROUND-WATER  ENVIRON- 
MENT. 

Geological  Survey,  Menlo  Park,  CA. 
J.  A.  Davis,  D.  B.  Kent,  and  B.  A.  Rea. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  189-196,  52  ref. 

Descriptors:  'Groundwater  chemistry,  *Water 
chemistry,  *Geochemistry,  'Path  of  pollutants, 
•Groundwater  pollution,  *Solute  transport,  Field 
tests,  Laboratory  methods,  Model  studies,  Sorp- 
tion, Mixing,  Dispersion. 

A  new  research  effort  was  developed  that  empha- 
sizes the  use  of  laboratory  and  field  approaches  to 
understand  the  principal  processes  governing  the 
transport  of  metals  that  undergo  significant  chemi- 
cal reactions  in  the  groundwater  environment.  The 
research  approach  will  stimulate  the  development 
of  transport  models  that  couple  the  mathematical 
description  of  advection  and  hydrodynamic  disper- 
sion with  relevant  chemical  relations  for  reactive 
metal  ions  in  groundwaters.  Primary  objectives 
include  an  improved  understanding  of:  (1)  the  rates 
of  sorption  processes  and  their  inclusion  in  coupled 
transport  models;  and  (2)  the  importance  of  com- 
plexation  and  oxidation-reduction  reactions  in  the 
transport  of  solutes.  Field  studies  have  shown  that 
the  apparent  dispersivity  of  solutes  transported  in 
aquifers  is  much  larger  than  expected  from  labora- 
tory column  tests.  Major  conclusions  of  the  field 
tests  were  that:  (1)  longitudinal  mixing  was  the 
dominant  dispersion  process;  (2)  transverse  hori- 
zontal   and    vertical    dispersion    were    relatively 


small;  and  (3)  horizontal  displacement  of  the  inject- 
ed solute  cloud  was  accurately  predicted  using 
estimates  of  the  hydraulic  conductivity,  porosity, 
and  measured  hydraulic  gradient.  The  mathemati- 
cal formulation  and  solution  of  coupled  transport 
equations  depends  considerably  on  whether  the 
chemical  processes  can  be  described  by  kinetic  or 
equilibrium  approaches.  The  appropriate  choice 
depends  on  the  rates  of  chemical  and  physical 
processes  relative  to  the  bulk  fluid  flow  rate  and  a 
subjective  assessment  of  the  permissible  level  of 
error  for  the  model.  The  research  will  make  signif- 
icant contributions  toward  assessing  risks  arising 
from  industrial,  nuclear,  and  municipal  contamina- 
tion of  aquifers.  (See  also  W90-05059)  (White- 
Reimer-PTT) 
W90-05081 


SITE  DESCRIPTION  AND  SUMMARY  OF  RE- 
SEARCH ACTIVITIES  ON  THE  MOVEMENT 
AND  FATE  OF  CHLORINATED  SOLVENTS  IN 
GROUND  WATER  AT  PICATINNY  ARSENAL, 
NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05097 


DISTRIBUTION  OF  TRICHLOROETHENE  IN 

SOIL       GAS        ABOVE        CONTAMINATED 

GROUND  WATER  AT  PICATINNY  ARSENAL, 

NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05099 


PRELIMINARY  RESULTS  OF  A  STUDY  TO 
SIMULATE  TRICHLOROETHYLENE  MOVE- 
MENT IN  GROUND  WATER  AT  PICATINNY 
ARSENAL,  NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05101 


BIOTRANSFORMATION  OF  CHLORINATED 
HYDROCARBONS  AND  ALKYLBENZENES  IN 
AQUIFER  MATERIAL  FROM  THE  PICA- 
TINNY ARSENAL,  NEW  JERSEY. 

Oklahoma    Univ.,    Norman.    Environmental    and 

Ground  Water  Inst. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05103 

REGIONAL  APPRAISAL  OF  GROUNDWATER 
QUALITY  IN  FIVE  DIFFERENT  LAND-USE 
AREAS,  LONG  ISLAND,  NEW  YORK. 

Geological  Survey,  Syosset,  NY. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05104 


OVERVIEW  OF  THE  RELATIONS  OF  NON- 
POINT-SOURCE     AGRICULTURAL     CHEMI- 
CAL CONTAMINATION  TO  LOCAL  HYDRO- 
GEOLOGIC,  SOIL,  LAND-USE,  AND  HYDRO- 
CHEMICAL     CHARACTERISTICS     OF     THE 
HIGH  PLAINS  AQUIFER  OF  NEBRASKA. 
Geological  Survey,  Lincoln,  NE. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05106 


RELATIONS  BETWEEN  LAND  USE  AND 
WATER  QUALITY  IN  THE  HIGH  PLAINS  AQ- 
UIFER OF  SOUTH-CENTRAL  KANSAS. 

Geological  Survey,  Lawrence,  KS. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05107 


ASSESSMENT    OF    POTENTIAL    FOR    CON- 
TAMINATION  OF  THE   UPPER   FLORIDAN 
AQUIFER     FROM     DRAINAGE-WELL     RE- 
CHARGE  IN   THE   ORLANDO    AREA,   CEN- 
TRAL FLORIDA. 
Geological  Survey,  Orlando,  FL. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05110 
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STATISTICAL  COMPARISON  OF  GROUND- 
WATER QUALITY  IN  FOUR  LAND-USE 
AREAS  OF  STRATIFIED-DRIFT  AQUIFERS  IN 
CONNECTICUT. 

Geological  Survey,  Hartford,  CT. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05111 


METHOD  FOR  SIMULATING  WATER-TABLE 
ALTITUDES  FROM  STREAM  AND  DRAIN- 
AGE-BASIN LOCATIONS  BY  USE  OF  A  GEO- 
GRAPHIC INFORMATION  SYSTEM. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05117 


TOTAL  ADENYLATE  AND  ADENYLATE 
ENERGY-CHARGE  MEASUREMENTS  FROM 
BACTERIAL  COMMUNITIES  IN  GROUND 
WATER. 

Geological  Survey,  Lakewood,  CO. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05118 


PARTITIONING,    DISTRIBUTION,    AND    RE- 
COVERY   OF    DNA    (DEOXYRIBONUCLEIC 
ACID)  FROM  WATER  AND  SEDIMENT  IN  A 
CONTAMINATED  AQUIFER  IN  CAPE  COD, 
MASSACHUSETTS. 
Geological  Survey,  Menlo  Park,  CA. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05119 


SOLUBILITY  OF  ALUMINUM  AND  IRON  IN 
GROUND  WATER  NEAR  GLOBE,  ARIZONA. 

Geological  Survey,  Denver,  CO. 
K.  G.  Stollenwerk,  and  J.  H.  Eychaner. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p581-591,  5  fig,  1  tab. 

Descriptors:  *Arizona,  'Groundwater  chemistry, 
•Aluminum,  "Heavy  metals,  'Acid  mine  drainage, 
•Water  chemistry,  *Geochemistry,  'Arizona, 
•Iron,  Model  studies,  Sulfates,  Hydrogen  ion  con- 
centration, Conductivity,  Precipitation,  Solubility, 
Oxidation,  Globe. 

Identification  of  a  unique  set  of  minerals  that  can 
be  used  to  explain  the  chemical  composition  of 
groundwater  near  Globe,  Arizona,  is  needed  so 
that  predictions  concerning  future  changes  in  solu- 
tion composition  can  be  made.  Geochemical  mod- 
eling of  about  200  groundwater  samples  indicates 
that  pH  and  Eh  are  the  predominant  variables  that 
ultimately  affect  the  concentration  of  most  solutes, 
especially  metals.  Comparisons  of  ion-activity 
products  calculated  for  the  groundwater  samples 
with  thermodynamic  equilibrium  constants  indi- 
cate that  aluminum  solubility  may  be  controlled  by 
precipitation  of  a  basic  aluminum  sulfate 
(A10HS04)  and  kaolinite  (A12Si205(OH)4)  at  pH 
values  less  than  4.9.  However,  the  range  in  ion- 
activity  products  for  both  minerals  vary  by  more 
than  an  order  of  magnitude,  indicating  that  more 
than  one  mechanism  and/or  mineral  may  control 
aluminum  solubility.  At  pH  values  greater  than  4.7, 
microcrystalline  gibbsite  (Al(OH)3)  is  supersaturat- 
ed and  should  precipitate.  Solubility  of  iron  is 
affected  by  pH  and  redox  conditions  in  the  aquifer. 
Almost  all  of  the  iron  in  solution  is  in  the  ferrous 
oxidation  state.  Oxidation  to  ferric  iron  is  limited 
by  the  rate  of  oxygen  addition  to  the  aquifer  and 
pH.  Once  oxidized,  ferric  iron  rapidly  precipitates 
as  amorphous  ferric  hydroxide  (Fe(OH)3).  (See 
also  W90-05059)  (Author's  abstract) 
W90-05123 
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MANGANESE  IN  CHANNEL  SEDIMENTS  OF 
PINAL  CREEK,  ARIZONA. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05124 
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Group  2F — Groundwater 

RESEARCH      ACTIVITIES      RELATED      TO 
ACIDIC  WATER  NEAR  GLOBE,  ARIZONA. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05125 


EFFECTS  OF  FLY  ASH  AND  FLUE-GAS  DE- 
SULFURIZATION  WASTES  ON  GROUND- 
WATER QUALITY  IN  A  RECLAIMED  LIG- 
NITE STRIP  MINE  DISPOSAL  SITE. 

North  Dakota  Mining  and  Mineral  Resources  Re- 
search Inst.,  Grand  Forks. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05131 


PROCEEDINGS  OF  THE  ENGINEERING 
FOUNDATION  CONFERENCE:  GROUND- 
WATER CONTAMINATION. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-05169 


NATIONAL  ASSESSMENT  OF  THE  STATE  OF 
GROUNDWATER  CONTAMINATION -AN 

OVERVIEW. 

California  Univ.,  Davis.  Dept.  of  Agricultural  Ec- 
onomics. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05170 


DISCIPLINARY  AND  INTERDISCIPLINARY 
ASPECTS  OF  GROUNDWATER  QUALITY 
MANAGEMENT:  A  LAWYER'S  PERSPECTIVE. 

For  primary  bibliographic  entry  see  Field  5G 
W90-05171 


IMPACTS,  COSTS,  AND  TECHNIQUES  FOR 
MITIGATION  OF  CONTAMINATED 

GROUNDWATER:  A  REVIEW. 

Resources  for  the  Future,  Inc.,  Washington,  DC. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-05172 


GROUNDWATER  QUALITY  MANAGEMENT: 
THE  SEARCH  FOR  A  LEGAL-INSTITUTION- 
AL FRAMEWORK. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-05173 


FRAMEWORK  FOR  FUTURE  PREVENTION 
AND  MANAGEMENT  OF  GROUNDWATER 
CONTAMINATION. 

Arizona  Univ.,  Tucson.  Dept.  of  Political  Science. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-05174 


EPA  GROUND  WATER  PROTECTION  STRAT- 
EGY. 

Environmental  Protection  Agency,  San  Francisco 

CA.  Region  IX. 

For   primary   bibliographic   entry   see   Field    5G. 

W90-05175 


LOCAL  GOVERNMENT  AND  GROUNDWAT- 
ER QUALITY  MANAGEMENT. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  Economics. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-05176 


NATIONAL    POLICY    FOR    GROUNDWATER 
PROTECTION:  DOES  ONE  EXIST. 

Virginia     Water     Resources     Research     Center, 

Blacksburg. 

For   primary   bibliographic   entry   see   Field    5G 

W90-05177 


RISK    ASSESSMENT    FOR    GROUNDWATER 
CONTAMINATION. 

Case    Western    Reserve    Univ.,    Cleveland,    OH. 

Dept.  of  Systems  Engineering. 

For   primary   bibliographic   entry   see   Field    5G 

W90-05178 


GROUNDWATER     HEALTH     RISK     ASSESS- 
MENT: A  CASE  STUDY. 

California  Univ.,  Los  Angeles.  Dept.  of  Environ- 
mental Science  and  Engineering. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-05179 


MODELING  CONTAMINANT  TRANSPORT  IN 
GROUNDWATER:  APPROACHES,  CURRENT 
STATUS,  AND  NEEDS  FOR  FURTHER  RE- 
SEARCH AND  DEVELOPMENT. 

Butler  Univ.,  Indianapolis,  IN.  Holcomb  Research 

Inst. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05180 


MOBILITY  OF  COLLOIDAL  PARTICLES  IN 
THE  SUBSURFACE:  CHEMISTRY  AND  HY- 
DROLOGY OF  COLLOID-AQUIFER  INTER- 
ACTIONS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05184 


CHEMICAL,  GEOLOGIC,  AND  HYDROLOGIC 
DATA  FROM  THE  STUDY  OF  ACIDIC  CON- 
TAMINATION IN  THE  MIAMI  WASH-PINAL 
CREEK  AREA,  ARIZONA,  WATER  YEARS 
1984-87. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05187 


HYDROLOGIC  EVALUATION  AND  WATER 
SUPPLY  CONSIDERATIONS  FOR  FIVE 
PAIUTE  INDIAN  LAND  PARCELS,  MILLARD, 
SEVIER,  AND  IRON  COUNTIES,  SOUTH- 
WESTERN UTAH. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 

D.  Price,  D.  W.  Stephens,  and  L.  S.  Conroy. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations    Report    89-4010, 
1989.  39p,  13  fig,  3  tab,  31  ref. 

Descriptors:  *Utah,  *Groundwater,  'Water  re- 
sources data,  'Surface  water,  'Water  supply,  Po- 
tential water  supply. 

The  hydrologic  resources  in  and  adjacent  to  five 
parcels  of  land  held  in  trust  for  the  Paiute  Indian 
Tribe  of  Utah  were  evaluated.  The  land,  located  in 
southwestern  Utah,  is  generally  arid  and  has  had 
only  limited  use  for  grazing.  The  parcels  are  locat- 
ed near  the  towns  of  Cove  Fort,  Joseph,  Koo- 
sharem,  and  Kanarraville.  On  the  basis  of  available 
geohydrologic  and  hydrologic  data,  water  of  suita- 
ble quality  is  locally  available  in  the  areas  of  all 
parcels  for  domestic,  stock,  recreation,  and  limited 
irrigation  use.  Developing  this  water  for  use  on  the 
parcels  would  potentially  involve  obtaining  water 
rights,  drilling  wells,  and  constructing  diversion 
structures.  Surface  water  apparently  is  the  most 
favorable  source  of  supply  available  for  the  Joseph 
parcel,  and  groundwater  apparently  is  the  most 
favorable  source  of  supply  available  for  the  other 
parcels.  (USGS) 
W90-05189 


GEOHYDROLOGY  OF  THE  FOOTHILL 
GROUND-WATER  BASIN  NEAR  SANTA  BAR- 
BARA, CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
J.  R.  Freckleton. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4017, 
1989.  46p,  21  fig,  8  tab,  26  ref. 

Descriptors:  'Water  pollution  sources,  'Ground- 
water pollution,  'Unconsolidated  aquifers,  *Geo- 
hydrology,  'California,  'Groundwater  movement, 
Recharge,  Pumpage,  Mathematical  models,  Santa 
Barbara. 


Geohydrologic  data  presented  in  this  report  indi- 
cate that  the  East  Subbasin  of  the  Goleta  ground- 
water basin  and  Storage  Unit  II  of  the  Santa  Bar- 
bara groundwater  basin  should  be  considered  as  a 
separate  groundwater  basin,  which  is  referred  to  as 
the  Foothill  groundwater  basin  in  this  report.  The 
4.5  sq-mi  Foothill  groundwater  basin  is  bordered 
on  the  north  and  northeast  by  the  Santa  Ynez 
Mountains  and  on  three  sides  by  faults  that  impede 
groundwater  flow.  Sedimentary  rocks  of  Tertiary 
age  underlie  the  groundwater  basin  and  form  its 
lower  boundary.  Unconsolidated  deposits  of  the 
Santa  Barbara  Formation  (Pliocene  and  Pleisto- 
cene age)  form  the  principal  aquifer  of  the  basin. 
Where  a  zone  of  low  permeability  separates  it  from 
overlying  Quaternary  alluvium,  the  aquifer  is  con- 
fined. In  the  early  1950's,  groundwater  levels  de- 
clined more  than  60  ft  during  periods  of  heavy 
pumping.  From  the  mid-1950's  to  the  late  1970's, 
groundwater  levels  generally  rose.  Water  levels 
during  1984-87  generally  declined.  Nitrate  concen- 
trations in  samples  from  two  wells  exceeded  the 
primary  maximum  contaminant  level  established 
by  the  U.S.  Environmental  Protection  Agency. 
Secondary  maximum  contaminant  levels  for  dis- 
solved solids,  chloride,  and  sulfate  also  were  ex- 
ceeded in  some  samples.  A  three-dimensional 
finite-difference  model  was  developed  for  part  of 
Foothill  groundwater  basin.  Steady-state  verifica- 
tion and  transient-state  model  calibrations  were 
used  to  estimate  or  confirm  estimates  of  basin 
recharge  and  natural  discharge.  (USGS) 
W90-05194 


EVALUATION  AND  MODELING  OF  VOLA- 
TILE ORGANIC  VAPOR  TRANSPORT  IN  THE 
UNSATURATED  ZONE  FOR  GROUNDWATER 
QUALITY  PROTECTIONS. 

Utah  Water  Research  Lab.,  Logan. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05200 


PREDICTION  OF  GROUNDWATER  FLOW 
AND  MASS  TRANSPORT  USING  LINEAR 
AND  NONLINEAR  ESTIMATION  METHODS. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
P.  K.  Kitanidis. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-1 19603/ 
AS.  Price  codes:  A09  in  paper  copy,  A02  in  micro- 
fiche. Final  Report,  August  1989.  191p,  27  ref,  5 
append.  USGS  Contract  14-08-0001-G1491.  USGS 
Project  G 1491. 

Descriptors:  'Groundwater  flow,  'Diffusion, 
'Fourier  analysis,  'Model  studies,  'Mass  transport, 
'Prediction,  'Estimating,  Water  pollution,  Head 
gradients,  Path  of  pollutants,  Transmissivity,  Hy- 
draulic conductivity,  Mathematical  models. 

Geologic  formations  are  heterogeneous  with  re- 
spect to  the  properties  which  affect  groundwater 
flow  and  transport.  However,  the  reliability  of 
predictions  can  be  improved  through  the  effective 
use  of  site-specific  measurements,  descriptions  of 
the  spatial  structure  of  geohydrologic  properties, 
and  mathematical  models  of  flow  and  transport. 
Past  research  has  focused  on  methods  which  in- 
volve some  form  of  linearization  and  consequently 
are  applicable  to  small-variance  cases.  The  applica- 
bility of  this  approach  was  evaluated  through  anal- 
ysis and  applications.  A  refinement  was  advanced, 
founded  on  the  linearization  of  the  governing  equa- 
tions about  the  best  estimates  given  all  available 
measurements.  This  methodology  is  advantageous 
when  the  variance  of  the  logarithm  of  conductivity 
is  large  but  there  are  many  measurements.  Further- 
more, this  research  has  combined  analytical  and 
numerical  methods  to  extend  such  methods  to 
large-variability  cases.  Among  other  contributions, 
numerical  spectral  methods  were  advanced  for  the 
derivation  of  the  distribution  of  head  given  the 
distribution  of  the  hydraulic  conductivity  or  trans- 
missivity. Another  contribution  was  the  develop- 
ment of  an  approach  for  the  estimation  of  head 
gradients.  The  developed  methodologies  can  be 
used  by  modelers  in  calculating  probabilities 
needed  in  risk  analysis,  in  selecting  sampling  strate- 
gies, in  assessing  the  degree  of  contamination,  and 
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in  devising  cost  effective  and  reliable  management 

policies.  (USGS) 

W90-05201 


GROUND-WATER  AND  SURFACE-WATER 
DATA  FOR  WASHINGTON  COUNTY,  MARY- 
LAND. 

Maryland  Geological  Survey,  Baltimore. 
For  primary  bibliographic  entry  see  Field  7C. 
W9O-O5207 


WATER  RESOURCES  AND  ESTIMATED  EF- 
FECTS OF  GROUNDWATER  DEVELOPMENT, 
CECIL  COUNTY,  MARYLAND. 

Maryland  Geological  Survey,  Baltimore. 
For  primary  bibliographic  entry  see  Field  IE. 
W90-05208 


APPRAISAL  OF  GROUND-WATER  QUALITY 
IN  THE  BUNKER  HILL  BASIN  OF  SAN  BER- 
NARDINO VALLEY,  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

L.  F.  W.  Duell,  and  R.  A.  Schroeder. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report    88-4203, 
Sept.  1989.  69p,  14  fig,  9  tab,  18  ref. 

Descriptors:  *Water  pollution  sources,  *California, 
♦Groundwater  pollution,  'Water  quality,  ♦Ni- 
trates, 'San  Bernardino  Valley,  Organic  solvents, 
Fluorides,  Dissolved  solids,  Land  use,  Aquifer 
management,  Bunker  Hill  Basin. 

Water  samples  were  collected  from  47  wells  and 
analyzed  for  concentration  of  major  inorganic  ions, 
nitrogen  species,  and  volatile  (purgeable)  organic 
priority  pollutants  to  assess  groundwater  quality  in 
the  Bunker  Hill  basin,  California.  Data  were  sup- 
plemented with  additional  analysis  of  nitrate,  te- 
trachloroethylene,  and  trichloroethylene  made  by 
other  agencies.  The  organic  quality  of  groundwat- 
er in  the  basin  generally  is  suitable  for  most  uses, 
although  fluoride  concentration  exceeded  the  Cali- 
fornia public  drinking  water  standard  of  1.4  mg/L 
in  water  from  5  of  47  wells.  Nitrate  (as  nitrogen) 
concentration    equaled    or    exceeded    the    public 
drinking  water  standard  of  10  mg/L  in  water  from 
13  of  47  wells  sampled  for  this  study  and  in  an 
additional   19  of  120  samples  analyzed  by  other 
agencies.  Concentration  generally  decreased  with 
increasing  depth  below  land  surface.  Twenty-four 
of  the  33  volatile  organic  priority  pollutants  were 
detected  in  water  from  wells  sampled  during  this 
study.  When  supplemental  data  from  other  agen- 
cies are  included,  tetrachloroethylene  concentra- 
tion exceeded  the  standard  of  5  micrograms/L  in 
water  from  49  of  128  wells.  No  basinwide  relation 
between  contamination  by  these  two  chemicals  and 
well  depth  or  land  use  was  discerned.  A  network 
of  11   observation   wells   that   could   be   sampled 
twice  a  year  would  enhance  the  monitoring  of 
changes  groundwater  quality  in  the  Bunker  Hill 
basin.  (USGS) 
W90-05211 


WATER-RESOURCES  ACTTVITIES  OF  THE 
U.S.  GEOLOGICAL  SURVEY  IN  TEXAS- 
FISCAL  YEAR  1988. 

Geological  Survey,  Austin,  TX.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05213 


COMPILATION  OF  GEOHYDROLOGIC  DATA 
COLLECTED  AS  PART  OF  THE  AREAL  AP- 
PRAISAL OF  GROUND-WATER  RESOURCES 
NEAR  BRANSON,  MISSOURI. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05216 


ANALYSIS  OF  THE  EFFECT  OF  PUMPING 
ON  GROUND-WATER  FLOW  IN  THE 
SPRINGFIELD  PLATEAU  AND  OZARK 
AQUIFERS  NEAR  SPRINGFIELD,  MISSOURI. 


Geological  Survey,  Rolla,  MO.  Water  Resources 
Div. 

J.  L.  Imes. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4079, 
Oct.  1989.  63p,  31  fig,  3  tab,  23  ref. 

Descriptors:  *Groundwater  mining,  *Drawdown, 
♦Missouri,  ♦Springfield  Plateau,  ♦Ozark  Aquifer, 
♦Groundwater,  Wells,  Geohydrology,  Hydrologic 
budget,  Model  studies,  Water  use. 

Pumpage  of  water  from  the  Ozark  aquifer  for 
public   supply   and   industry   use   by   the   city   of 
Springfield  and  surrounding  communities  in  south- 
western Missouri  has  significantly  altered  the  po- 
tentiometric  surface  of  the  aquifer.  Springfield  is 
located   on   a   regional   groundwater   divide   that 
trends   east   and   west   across   southern   Missouri. 
Groundwater  that  once  flowed  north  and  south 
from  the  divide  now  moves  toward  Springfield. 
Drawdown  in  the  Ozark  aquifer  beneath  Spring- 
field has  increased  about  50  ft  near  the  center  of 
the  city  since  1974.  The  area  of  well  influence  also 
has  increased,  most  notably  to  the  south  and  south- 
west, because  of  increased  pumpage  by  Springfield 
and  new  groundwater  withdrawals  in  rapidly  in- 
creasing communities,  such  as  Republic  and  Nixa. 
Changes  in  the  potentiometric  surface  of  the  Ozark 
aquifer,  and  to  a  lesser  extent  the  Springfield  Pla- 
teau  aquifer,   resulting   from  stresses  applied  by 
pumpage  of  water  supply  wells  has  altered  the 
hydrologic  budget  of  the  Springfield  area.  Down- 
ward leakage  of  groundwater  through  the  Ozark 
confining  unit  has  increased  from  about  10  cu  ft/ 
sec  to  about  18  cu  ft/sec  because  drawdown  in  the 
Ozark  aquifer  has  resulted  in  an  increased  vertical 
hydraulic  gradient  across  the  confining  unit.  Mini- 
mal quantities  of  water  are  supplied  by  increased 
upward  leakage  through  the  St.  Francois  confining 
unit.  Model  simulations  indicate  substantial  quanti- 
ties of  water  are  still  (1987)  being  removed  from 
storage  within  the  Ozark  and  Springfield  Plateau 
aquifers  and  the  hydrologic  system  is  not  in  equi- 
librium at  this  time.  (USGS) 
W90-05218 


HYDROLOGIC  EFFECTS  OF  PUMPAGE 
FROM  THE  DENVER  BASIN  BEDROCK 
AQUIFERS  OF  NORTHERN  EL  PASO 
COUNTY,  COLORADO. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

E.  R.  Banta. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4033, 
October  1989.  84p,  55  fig,  5  plates,  13  tab,  22  ref. 

Descriptors:  ♦Groundwater,  ♦Model  studies, 
♦Drawdown,  4Water  level  fluctuations,  ♦Denver 
basin,  ♦Colorado,  Computer  models. 

The  Denver  groundwater  basin  underlies  a  6,700 
sq-mi  area  in  eastern  Colorado.  To  assess  current 
conditions   of  the   four   bedrock   aquifers   in   the 
basin,  water  levels,  streamflow  gain  and  loss,  and 
other  data  were  collected.  Current  aquifer  condi- 
tions in  the  southern  part  of  the  basin  and  likely 
response  to  various   100-year  pumping  scenarios 
were    analyzed    using    a    digital    finite-difference 
model.   Simulated  predevelopment  flow  through 
the  bedrock  aquifers  was  about  59  cu  ft/sec.  Water 
level  changes  between  1978  and  1985,  likely  caused 
by  variations  in  precipitation  and  in  pumping  and 
by  lowering  of  the  water  table  in  the  overlying 
Black  Squirrel  Creek  alluvial  aquifer,  ranged  from 
rises  of  more  than  40  ft  to  declines  of  as  much  as  80 
ft.  In  1985,  pumping  from  the  bedrock  aquifers  was 
about  56  cu  ft/sec.  Simulations  indicate  that  43% 
of  the  pumpage  came  from  a  decrease  in  volume  of 
groundwater  in  storage;  37%  came  from  induced 
recharge  and  captured  discharge.  The  remaining 
20%  came  from  a  transient  high  rate  of  recharge 
from  precipitation.  A  baseline   100-yr  simulation, 
beginning  in  1985,  indicated  minimal  drawdowns 
for  constant  pumping  at  1985  rates  in  the  southern 
part  of  the  basin.  Other  simulations  indicated  that 
the  pumpage  required  to  supply  the  needs  of  the 
projected  population  would  be  accompanied  by 
drawdowns  of  as  much  as  1,300  ft  and  by  large 
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WATER  CYCLE— Field  2 
Groundwater— Group  2F 

decreases  in  amount  of  groundwater  in  storage. 
Pumpage  from  a  hypothetical  well  field,  located 
where  the  aquifers  are  thickest,  and  from  the 
aquifers  underlying  Colorado  Springs  also  was 
simulated.  (USGS) 
W90-05219 


WATER-LEVEL  CHANGES  IN  THE  HIGH 
PLAINS  AQUIFER  UNDERLYING  PARTS  OF 
SOUTH  DAKOTA,  WYOMING,  NEBRASKA, 
COLORADO,  KANSAS,  NEW  MEXICO,  OKLA- 
HOMA, AND  TEXAS -PREDEVELOPMENT 
THROUGH  NONIRRIGATION  SEASON  1987- 
88 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

W.  M.  Kastner,  D.  E.  Schild,  and  D.  S.  Spahr. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report   89-4073, 
October  1989.  61p,  28  fig,  2  tab,  21  ref. 

Descriptors:  ♦Selective  withdrawal,  ♦Water  table, 
♦High  Plains,  ♦Drawdown,  4Water  level,  Water 
use,  Water  demand. 

The  changes  in  water  levels  in  the  High  Plains 
aquifer    from    the    nonirrigation    season    1986-87 
through  the  nonirrigation  season  1987-88  and  from 
the  nonirrigation  season  1979-80  through  the  nonir- 
rigation season  1987-88  are  presented  in  maps  for 
the  entire  High  Plains  aquifer  area.  Water  level 
changes  are  caused  by  interacting  changes  in  pre- 
cipitation, land  use,  and  annual  pumpage.  Water 
levels  declined  from  conditions  prior  to  develop- 
ment until  1980  through  parts  of  the  High  Plains  of 
Nebraska,  Colorado,  New  Mexico,  Oklahoma,  and 
Texas.    From    1980    through    1987    water    level 
changes  were  mixed,  with  declines  of  more  than  10 
ft  in  the  highly  developed  areas  of  Kansas,  New 
Mexico,  Oklahoma,  and  Texas  and  relatively  stable 
to  rising  water  tables  throughout  the  remaining 
aquifer  area.  The  net  change  was  a  rise  of  0.8  ft. 
The    1981-87   period   was   generally   wetter   than 
normal  and  pumping  for  irrigated  agriculture  was 
therefore    reduced.    Water    level    changes    were 
mixed  during   1987.   Declines  continued  in  some 
highly  developed  areas,  but  water  levels  generally 
rose  throughout  most  of  the  aquifer.  The  average 
area-weighted  change  was  a  rise  of  0.28  ft.  This 
rise  was  due  to  the  generally  greater  than  normal 
precipitation,  decreased  acreage  under  irrigation, 
and  decreased  pumpage  for  those  areas  irrigated. 
At  the  end  of  the  growing  season,  the  drought  in 
the  Midwest  in  1988  affected  only  limited  areas  of 
the  High  Plains.  The  effects  of  the  drought  on 
water  levels  can  not  be  assessed  until  the  water- 
level  measurements  for  the  nonirrigation  season  of 
1988-89  are  compiled.  (USGS) 
W90-05220 


NUMERICAL  SOLUTION  FOR  THE  DIFFU- 
SION EQUATION  IN  HYDROGEOLOGIC  SYS- 
TEMS. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div. 

A.  L.  Ishii,  R.  W  .  Healy,  and  R.  G.  Stnegl. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations    Report    89-4027, 
1989.  94p,  8  fig,  5  tab,  22  ref. 

Descriptors:  ♦Diffusion  coefficient,  ♦Differential 
equations,  ♦Finite  difference  methods,  ♦Mathemati- 
cal models,  ♦Aeration  zone,  Fortran,  Groundwat- 
er, Natural  gas,  Temperature  gradient. 

The  documentation  of  a  computer  code  for  the 
numerical  solution  of  the  linear  diffusion  equation 
in  one  or  two  dimensions  in  Cartesian  or  cylindri- 
cal coordinates  is  presented.  Applications  of  the 
program  include  molecular  diffusion,  heat  conduc- 
tion, and  fluid  flow  in  confined  systems.  The  flow 
media  may  be  anisotropic  and  heterogeneous.  The 
model  is  formulated  by  replacing  the  continuous 
linear  diffusion  equation  by  discrete  finite-differ- 
ence approximations  at  each  node  in  a  block-cen- 
tered grid.  The  resulting  matrix  equation  is  solved 
by  the  method  of  preconditioned  conjugate  gradi- 
ents. The  conjugate  gradient  method  does  not  re- 
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quire  the  estimation  of  iteration  parameters  and  is 
guaranteed  convergent  in  the  absence  of  rounding 
error.  The  matrixes  are  preconditioned  to  decrease 
the  steps  to  convergence.  The  model  allows  the 
specification  of  any  number  of  boundary  condi- 
tions for  any  number  of  stress  periods,  and  the 
output  of  a  summary  table  for  selected  nodes 
showing  flux  and  the  concentration  of  the  flux 
quantity  for  each  time  step.  The  model  is  written  in 
a  modular  format  for  ease  of  modification.  The 
model  was  verified  by  comparison  of  numerical 
and  analytical  solutions  for  cases  of  molecular  dif- 
fusion, two-dimensional  heat  transfer,  and  axisym- 
metnc  radial  saturated  fluid  flow.  Application  of 
the  model  to  a  hypothetical  two-dimensional  field 
situation  of  gas  diffusion  in  the  unsaturated  zone  is 
demonstrated.  The  input  and  output  files  are  in- 
cluded as  a  check  on  program  installation.  The 
definition  of  variables,  input  requirements,  flow 
chart,  and  program  listing  are  included  in  the 
attachments.  (USGS) 
W90-05222 


GROUNDWATER  INVESTIGATION  OF  SO4(20 
DIFFUSION  FROM  A  CRETACEOUS  SHALE 
HILLSLOPE:  UPPER  COLORADO  RIVER 
BASIN. 

Utah  Water  Research  Lab.,  Logan. 

For  primary  bibliographic  entry  see  Field  5B 

W90-05234 


WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1985. 

Geological    Survey,    Louisville,    KY.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  1C 
W90-05235 


WATER  RESOURCES  DATA  FOR  LOUISIANA 
WATER  YEAR  1984. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-05236 


WATER    RESOURCES    DATA    FOR    MAINE 
WATER  YEAR  1984. 

Geological    Survey,    Augusta,    ME.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-05237 


WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1984. 

Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-05238 


WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1985. 

Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-05239 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C 

W90-05240 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1984. 

Geological  Survey.  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C 

W90-05241 


WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1985. 


Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05242 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1983.  VOLUME  1,  GREAT 
LAKES  AND  SOURIS-RED-RAINY  RIVER 
BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-05243 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1983.  VOLUME  2,  UPPER 
MISSISSIPPI  AND  MISSOURI  RIVER  BASINS 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-05244 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1984.  VOLUME  2,  UPPER 
MISSISSIPPI  AND  MISSOURI  RIVER  BASIN. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-05245 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI,  WATER  YEAR  1984. 

Geological  Survey,  Jacksonville,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-05246 


WATER  RESOURCES  DATA  FOR  MONTANA 
WATER  YEAR  1984.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C 

W90-05249 


WATER  RESOURCES  DATA  FOR  MONTANA 
WATER  YEAR  1984.  VOLUME  2,  COLUMBIA 
RIVER  BASIN. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C 

W90-05250 


WATER  RESOURCES  DATA  FOR  MONTANA 
WATER  YEAR  1985.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C 

W90-05251 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1984. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C 

W90-05252 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1984. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C 

W90-05253 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1984.  VOLUME  1.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 


W90-05254 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1984.  VOLUME  2 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR 
IES  TO  DELAWARE  BAY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C 

W90-05255 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1985.  VOLUME  1  AT- 
LANTIC  SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  7C 

W90-05256 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1985.  VOLUME  2 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  7C 

W90-05257 


WATER     RESOURCES     DATA     FOR     NEW 
MEXICO,  WATER  YEAR  1984. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-05258 


WATER     RESOURCES     DATA     FOR     NEW 
MEXICO,  WATER  YEAR  1985. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-05259 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1987. 

Geological    Survey,    Tacoma,    WA.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05262 


WATER  RESOURCES  DATA  FOR  NEW  YORK 
WATER  YEAR  1988.  VOLUME  2.  LONG 
ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05263 


WATER  RESOURCES  DATA  FOR  NEW  YORK 

WATER  YEAR   1988.  VOLUME  3.  WESTERN 

NEW  YORK. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05264 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1988.  VOLUME  1,  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05265 


HYDROLOGIC  DATA  COLLECTED  IN  THE 
VICINITY  OF  THE  PROPOSED  GAMMA-RAY 
AND  NEUTRINO  DETECTOR  SITE,  HOT 
SPRING  COUNTY,  ARKANSAS,  1988-89. 
Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

D  J.  Fitzpatrick,  and  P.  W.  Westerfield. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-623,  January  1990.  17p,  4  fig 
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Descriptors:  "Hydro-logic  data,  "Groundwater, 
•Water  resources  data,  "Water  quality,  "Precipita- 
tion, "Streamflow,  "Acid  mine  drainage,  "Arkan- 
sas, Hot  Spring  County. 

An  abandoned  barite  mine  in  Hot  Spring  County, 
Arkansas,  has  been  selected  as  the  location  for  a 
proposed  gamma-ray  and  neutrino  detector  site.  As 
part  of  the  hydrologic  evaluation  of  the  site,  the 
U.S.  Geological  Survey  in  cooperation  with  the 
Arkansas  Geological  Commission  collected  hydro- 
logic  data  at  selected  locations  in  the  vicinity  of 
the  abandoned  barite  mine.  Data  collected  as  part 
of  the  project  included  water  quality,  pond-evalua- 
tion, and  precipitation  data  within  the  abandoned 
barite  mine  and  flow  and  water  quality  data  at 
selected  sites  in  the  vicinity  of  the  mine.  Water 
quality  samples  from  within  the  abandoned  mine 
were  collected  at  three  locations  in  the  pond  at 
selected  depths.  These  data  included  field  measure- 
ments of  specific  conductance,  pH,  water  tempera- 
ture, dissolved  oxygen,  major  ions,  and  trace 
metals.  Major  ion  and  trace-metal  samples  were 
collected  at  six  stream  sites,  one  lake  site,  and  two 
wastewater  pond  sites.  Pond  elevation  and  precipi- 
tation data  from  within  the  abandoned  barite  mine 
were  measured  during  the  period  between  July  1, 
1988  and  June  30,  1989.  Twevle  discharge  meas- 
urements during  the  period  between  June  21,  1988, 
and  June  26,  1989,  were  collected  at  six  sites  in  the 
vicinity  of  the  abandoned  barite  mine.  (USGS) 
W90-05268 


WATER  RESOURCE  OF  SEDGWICK  COUNTY, 
KANSAS. 

Geological    Survey,    Lawrence,    KS.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05270 


WATER  RESOURCES  OF  SOLEDAD,  POWAY, 
AND  MOOSA  BASINS,  SAN  DIEGO  COUNTY, 
CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-05274 


FRESHWATER  WITHDRAWALS  AND 

WATER-USE  TRENDS  FN  FLORIDA,  1985. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For   primary   bibliographic   entry   see   Field   6D. 
W90-05279 


SELECTED  WATER-QUALITY  CHARACTER- 
ISTICS AND  FLOW  OF  GROUNDWATER  IN 
THE  SAN  LUIS  BASIN,  INCLUDING  THE 
CONEJOS  RIVER  SUBBASIN,  COLORADO 
AND  NEW  MEXICO. 
Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  2K. 
W90-05280 

SUMMARY  OF  WATER-RESOURCES  ACTIVI- 
TIES OF  THE  U.S.  GEOLOGICAL  SURVEY  IN 
COLORADO-FISCAL  YEAR  1989. 

Geological  Survey,  Denver,  CO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05281 

HYDROLOGIC  AND  CHEMICAL  DATA  FOR 
SELECTED  THERMAL-WATER  WELLS  AND 
SPRINGS  IN  THE  INDIAN  BATHTUB  AREA, 
OWYHEE  COUNTY,  SOUTHWESTERN 
IDAHO. 

Geological  Survey,  Boise,  ID.  Water  Resources 
Div. 

H.  W.  Young,  and  D.  J.  Parliman. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-589,  1989.  19p,  4  fig,  3  tab. 

Descriptors:  "Geochemistry,  "Geohydrology, 
"Surface-groundwater     relations,     "Groundwater, 


"Hot  springs,  "Thermal  water,  "Idaho,  Well  data, 
Well  hydrographs,  Stable  isotopes,  Water  quality 
discharge  hydrographs,  Indian  Bathtub  Spring. 

This  report  presents  data  collected  during  January 
through  September  1989  from  86  thermal-water 
wells  and  5  springs  in  the  Indian  Bathtub  area, 
southwestern  Idaho.  The  data  include  well  and 
spring  locations,  well-construction  and  water  level 
information,  hydrographs  of  water  levels  in  9 
wells,  hydrographs  of  discharges  in  4  springs,  and 
chemical  and  isotopic  analysis  of  water  from  33 
thermal-water  wells  and  5  springs.  These  data 
were  collected  as  part  of  a  continuing  study  to 
determine  the  cause  or  causes  of  decreased  dis- 
charge at  Indian  Bathtub  Spring  and  other  thermal 
springs  along  Hot  Creek.  (USGS) 
W90-05282 


AQUIFER  TESTS  IN  THE  FLOOD-PLAIN  AL- 
LUVIUM AND  SANTA  FE  GROUP  AT  THE 
RIO  GRANDE  NEAR  CANUTILLO,  EL  PASO 
COUNTY,  TEXAS. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 
E.  L.  Nickerson. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4011, 
1989.  30p,  11  fig,  1  tab,  21  ref. 

Descriptors:  "Geohydrology,  "Water  resources 
data,  "Aquifer  testing,  "Surface-groundwater  rela- 
tions, "Texas,  Aquifer  characteristics,  Hydraulic 
properties,  Transmissivity,  Storage  coefficient, 
Permeability  coefficient,  Unconfined  aquifers, 
Leaky  aquifers,  Confined  aquifers,  Mesilla  Valley, 
El  Paso  County. 

An  aquifer  system  consisting  of  the  Rio  Grande 
flood-plain  alluvium  and  Santa  Fe  Group  underly- 
ing the  southern  Mesilla  Valley  in  Dona  Ana 
County,  New  Mexico  and  El  Paso  County,  Texas 
has  become  an  important  source  of  water  for  both 
municipal  and  agricultural  uses.  Determination  of 
aquifer  properties  is  essential  in  order  to  evaluate 
groundwater  potential  for  increasing  water 
demand  and  potential  streamflow  depletion  of  the 
Rio  Grande  due  to  groundwater  development.  The 
aquifer  system  at  the  Canutillo  well  field  hydrolog- 
ic section  was  divided  into  a  shallow,  intermediate, 
and  deep  zone  based  on  geohydrologic  characteris- 
tics. Aquifer  properties  of  specific  zones  at  the  test 
site  were  determined  from  a  series  of  multiple-well 
aquifer  tests  conducted  from  December  3,  1985 
through  January  20,  1986.  The  Rio  Grande  is 
hydraulically  connected  to  the  shallow  flood-plain 
alluvium.  Water  generally  occurs  within  the  shal- 
low zone  under  unconfined  conditions,  within  the 
intermediate  zone  under  semiconfined  conditions, 
and  within  the  deep  zone  under  confined  condi- 
tions. (USGS) 
W90-05283 


GAC  ADSORPTION  AND  INFRARED  REACTI- 
VATION: A  CASE  STUDY. 

Jefferson  Parish  Dept.  of  Water,  LA. 

W.  E.  Koffskey,  and  B.  W.  Lykins. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  1,  p.  48-56,  January  1990. 

10  fig,  8  tab,  6  ref. 

Descriptors:  "Water  treatment,  "Water  treatment 
facilities,  "Activated  carbon,  Case  studies,  Costs, 
Organic  carbon,  Organic  halides,  Louisiana. 

The  effectiveness  and  cost  of  removing  trace  or- 
ganic contaminants  and  surrogates  from  drinking 
water  by  granular  activated  carbon  (GAC)  adsorp- 
tion was  evaluated.  The  effect  of  multiple  reactiva- 
tions of  spent  GAC  was  also  evaluated.  Results 
indicated  that  reactivated  GAC  effluent  was  essen- 
tially equivalent  to  that  of  virgin  GAC  when  total 
organic  carbon  or  total  organic  halides  were  evalu- 
ated. Although  low  levels  of  some  reactivation  by- 
products were  observed,  the  maximum  associated 
risk  level  was  only  3  in  1,000,000,000.  A  capital 
investment  of  approximately  $2.2  million  (in  1983 
dollars)  was  required  for  design  and  construction 
of  the  3-mgd  GAC  adsorption  and  reactivation 
facility.  The  operations  and  maintenance  cost  for 
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this   facility   was  projected   to  be  approximately 
$0.14/1,000  gal  for  a  20-min  empty  bed  contact 
time  and  a  three-month  reactivation  cycle.  (Au- 
thor's abstract) 
W90-05290 


EVALUATING  THE  ONDA  MASS  TRANSFER 
CORRELATION  FOR  THE  DESIGN  OF 
PACKED-COLUMN  AIR  STRIPPING. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg. 

J.  Staudinger,  W.  R.  Knocke.  and  C.  W.  Randall. 
Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.  1,  p.  73-79,  January  1990. 
2  fig,  4  tab,  34  ref. 

Descriptors:  "Water  treatment,  "Air  stripping, 
"Volatile  organic  compounds,  Model  studies,  Mass 
transfer  rate,  Packed  columns,  Temperature,  Inter- 
actions. 

A  crucial  parameter  for  predictive  modeling  of  the 
performance  of  packed  columns  is  the  mass  trans- 
fer rate.  An  initial  screening  identified  the  Onda 
mass  transfer  correlation  as  the  most  promising 
predictive  model  available.  The  study  described 
here  sought  to  quantify  the  accuracy  that  can  be 
expected  with  the  Onda  correlation,  based  on  a  test 
data  base  that  was  established  using  10  literature- 
reported,  pilot-scale  investigations  and  that  in- 
volved 11  different  volatile  organic  chemicals  and 
4  basic  packing  types.  The  correlation  predicted 
the  transfer  rate  constants  within  an  average  stand- 
ard deviation  of  17  percent  (437  data  points),  cor- 
responding to  a  plus  or  minus  30  percent  accuracy 
value  for  design  purposes  based  on  90  percent 
confidence  limits.  The  model  adequately  handled 
the  following  specific  areas  of  concern  identified  in 
the  evaluation:  (1)  specific  compound  effects 
(interactions  and  concentration  levels);  (2)  gas- 
phase  resistance  predictions;  (3)  performance  dif- 
ferences between  distinct  packing  configurations; 
(4)  extreme  column  operating  conditions;  and  (5) 
temperature  effects.  (Author's  abstract) 
W90-05293 

HYDROLOGY,  COMMUNITY  STRUCTURE, 
AND  PRODUCTIVITY  PATTERNS  OF  A  DYS- 
TROPHIC CAROLINA  BAY  WETLAND. 

Emory  Univ.,  Atlanta,  GA.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 

W90-05357 

TOWARDS  A  BIOLOGICAL  AND  CHEMICAL 
DEFINITION  OF  THE  HYPORHEIC  ZONE  IN 
TWO  CANADIAN  RIVERS. 

Toronto  Univ.  (Ontario).  Div.  of  Life  Sciences. 
D.  D.  Williams. 

Freshwater  Biology  FWBLAB,  Vol.  22,  No.  2,  p 
189-208,  October  1989.  7  fig,  6  tab,  27  ref.  Natural 
Sciences  and  Engineering  Council  of  Canada. 

Descriptors:  "Aquatic  life,  "Ontario,  "Aquatic 
habitats,  "Ecological  distribution,  "Chemical  strati- 
fication, Interfaces,  Geohydrology,  Correlation 
analysis,  Chemical  analysis,  Crustaceans,  Midges, 
Oligochaetes. 

A  series  of  samples  of  interstitial  water  and  fauna 
was  taken  along  transects,  extending  from  the 
channel  into  the  bank,  in  two  small  rivers  in  south- 
ern Ontario,  Canada.  These  were  examined  for  any 
discontinuities  which  might  indicate  the  position  of 
the  hyporheic/groundwater  interface.  Several 
chemical  discontinuities  in  Duffin  Creek,  with 
'break'  lines  occurring  from  the  river  margin  ob- 
liquely downwards  under  the  bank  for  dissolved 
oxygen  and  carbon  dioxide,  biochemical  oxygen 
demand  (BOD),  alkalinity,  suspended  solids  and 
amount  of  organic  matter,  were  found.  Break  lines 
in  nitrate  and  sulfide  concentration  ran  obliquely 
from  near  the  margin,  down  to  under  the  river  bed. 
In  the  Rouge  River,  a  discontinuity  extending  ob- 
liquely from  a  point  aproximately  1.5  m  landwards 
from  the  margin  to  down  under  the  river  was 
indicated  by  dissolved  carbon  dioxide,  B.O.D., 
conductivity,  suspended  solids,  organic  matter,  ni- 
trate and  alkalinity.  Ordination  (DECORANA) 
and   community   classification   (TWINSPAN)   re- 
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vealed  that  linear  distance  from  mid-river  was  the 
major  factor  associated  with  community  structure 
in  both  rivers.  The  community  under  the  bank  was 
also  distinct  from  the  river  community  in  both 
rivers  and  these  two  communities  were  separated 
by  another  community  characteristic  of  the  river 
margin.  In  Duffin  Creek,  the  classification  proce- 
dure additionally  discriminated  surface  and  inter- 
stitial sub-sets  within  the  river  community.  Most 
taxa  showed  no  significant  correlations  with  the 
chemistry  of  the  interstitial  water,  but  the  densities 
of  the  copepod  Diacyclops  crassicaudis  brachycer- 
cus  (Kieferj  and  Oligochaeta  were  positively  cor- 
related with  nitrate  and  worms  were  also  negative- 
ly correlated  with  sulfide  in  Duffin  Creek.  In  the 
Rouge  River,  nematode  density  was  positively  cor- 
related with  sulfide  concentrations.  The  hyporheic 
faunas  of  these  two  rivers  were  dominated  by 
insects,  particularly  chironomids.  Compared  with 
the  hyporheos  of  rivers  in  Europe  and  Colorado, 
the  two  Ontario  rivers  lack  significant  numbers  of 
harpacticoid  copepods  as  well  as  bathynellacid, 
amphipod  and  isopod  crustaceans.  (Author's  ab- 
stract) 
W90-05358 


BACKGROUND  CONCENTRATION  RANGES 
OF  HEAVY  METALS  IN  SWEDISH  GROUND- 
WATERS FROM  CRYSTALLINE  ROCKS:  A 
REVIEW. 

Linkoeping  Univ.  (Sweden).  Dept.  of  Water  and 

Environmental  Research. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-05413 


LYSIMETER  EXPERIMENTS  ON  THE  COR- 
RELATION OF  THE  INCREASE  OF  NITRATE 
CONCENTRATION      AND      HARDNESS      IN 
GROUNDWATER        (LYSIMETERVERSUCHE 
UEBER    DEN    ZUSAMMENHANG    DES    AN- 
STIEGES      DER      NITRATKONZENTRATION 
UND  DER  HAERTE  IM  GRUNDWASSER). 
Kernforschungszentrum  Karlsruhe  G.m.b.H.  (Ger- 
many, F.R.).  Inst,  fuer  Radiochemie. 
For  primary  bibliographic  entry  see  Field  5B 
W90-O5423 


DOCUMENTATION  OF  A  COMPUTER  PRO- 
GRAM TO  SIMULATE  STREAM-AQUIFER 
RELATIONS  USING  A  MODULAR,  FINITE- 
DIFFERENCE,  GROUND-WATER  FLOW 
MODEL. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-05548 


GROUND-WATER  CONTAMINATION  AT  AN 
INACTIVE  COAL  AND  OIL  GASIFICATION 
PLANT  SITE,  GAS  WORKS  PARK,  SEATTLE, 
WASHINGTON. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B 
W90-05550 


USE  OF  TEMPERATURE  PROFILES  BE- 
NEATH STREAMS  TO  DETERMINE  RATES 
OF  VERTICAL  GROUND-WATER  FLOW  AND 
VERTICAL  HYDRAULIC  CONDUCTIVITY. 

For  primary  bibliographic  entry  see  Field  2A 
W90-05554 


DEVELOPMENT  OF  A  CAPILLARY  WICK  UN- 
SATURATED ZONE  PORE  WATER  SAMPLER. 

Texas   Agricultural   Experiment   Station,   College 

Station. 

For  primary  bibliographic  entry  see  Field  7B 

W90-05556 


HYDROGEOLOGY  AND  SIMULATED  EF- 
FECTS OF  GROUND-WATER  DEVELOPMENT 
OF  THE  FLORIDAN  AQUIFER  SYSTEM, 
SOUTHWEST  GEORGIA,  NORTHWEST  FLOR- 
IDA,  AND  SOUTHERNMOST  ALABAMA. 
Geological    Survey,    Doraville,    GA.    Water    Re- 


sources Div. 

M.  L.  Maslia,  and  L.  R.  Hayes. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Professional  Paper  1403-H,   1988.  71pp,  29  fig    8 
tab,  24  plates,  60  ref. 

Descriptors:  *Geohydrology,  'Water  resources 
development,  'Model  studies,  'Water  table  de- 
cline, 'Groundwater  potential,  'Simulation  analy- 
sis, 'Floridan  Aquifer,  'Georgia,  'Florida,  'Ala- 
bama, Hydrologic  models,  Finite  difference  meth- 
ods, Groundwater  mining,  Groundwater  recharge. 

The  Floridan  aquifer  system  underlies  parts  of 
South  Carolina,  Georgia,  and  Alabama  and  all  of 
Florida.  Two  areas  have  experienced  increases  in 
groundwater  withdrawals  from  the  Floridan  aqui- 
fer system:  the  Dougherty  Plain  in  SW  Georgia 
and  the  Fort  Walton  Beach  area  of  northwest 
Florida.  In  SW  Georgia,  the  Floridan  aquifer 
system  is  overlain  by  sandy  clay  residuum  that  has 
an  average  thickness  of  approximately  50  ft  and 
was  derived  from  the  chemical  weathering  of  the 
Ocala  Limestone.  In  the  western  panhandle  of 
Florida,  the  aquifer  is  overlain  by  the  Pensacola 
Clay,  which  varies  in  thickness  from  50  to  450  ft. 
Mean  annual  precipitation  is  about  51  and  63 
inches,  respectively,  in  the  Dougherty  Plain  area 
of  SW  Georgia  and  in  northwest  Florida.  Because 
the  Floridan  aquifer  system  is  thinly  covered  in 
SW  Georgia,  during  September  to  May  stream- 
flow  and  groundwater  levels  are  directly  correlat- 
ed with  precipitation.  Three  two-dimensional  finite 
difference  numerical  models-the  subregional  flow 
model,  the  Dougherty  Plain  flow  model,  and  the 
Fort  Walton  Beach  flow  model-were  developed 
to  simulate  groundwater  flow  in  the  Floridan  aqui- 
fer system  in  the  study  area.  The  subregional  flow 
model  is  intended  to  simulate  the  major  features  of 
the  flow  system.  The  detailed  Dougherty  Plain  and 
Fort  Walton  Beach  flow  models  are  intended  to 
simulate  the  effects  of  groundwater  development 
in  these  areas.  Simulation  of  a  consecutive  3-yr 
hydrologic  drought  in  SW  Georgia,  with  total 
pumpage  of  339  billion  gallons,  resulted  in  a  mean 
water  level  decline  of  26  ft.  In  some  areas,  water 
levels  declined  from  a  few  feet  to  as  much  as  10  ft 
below  the  top  of  the  Upper  Floridan  aquifer. 
Pumpage  of  1,224  billion  gallons  resulted  in  mean 
water  level  declines  of  33  ft.  Simulated  declines  in 
the  year  2000  for  the  Upper  Floridan  aquifer 
ranged  from  40-60  ft  in  Fort  Walton  Beach  and 
from  20-30  ft  in  Destin,  Valparaiso,  Niceville,  and 
Mary  Esther.  (Lantz-PTT) 
W90-05562 


MONITORING    FOR    VOLATILE   ORGANICS 
IN  EFFERVESCENT  GROUND  WATER. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Aiken,  SC. 

Savannah  River  Plant. 

For  primary  bibliographic  entry  see  Field  5A 

W90-05581 


PROGRAM  PLAN:  TESTING  OF  VACUUM  EX- 
TRACTION AND  IN-SITU  AIR  STRIPPING 
TECHNOLOGIES. 

Savannah  River  Lab.,  Aiken,  SC.  Technical  Div. 
For  primary  bibliographic  entry  see  Field  5G 
W90-05582 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECT  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY   1  TO  MARCH  31,   1988. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05585 


GEOHYDROLOGY  AND  WATER  QUALITY  IN 
THE  VICINITY  OF  THE  GETTYSBURG  NA- 
TIONAL MILITARY  PARK  AND  EISENHOW- 
ER  NATIONAL  HISTORIC  SITE,  PENNSYL- 
VANIA. 

Geological   Survey,   Harrisburg,    PA.   Water   Re- 
sources Div. 
A.  E.  Becher. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 


Water- Resources  Investigations  Report  89-4154 
1989.  44p,  10  fig,  6  tab,  25  ref. 

Descriptors:  'Geohydrology,  'Groundwater  qual- 
ity, 'Gettysburg  National  Military  Park,  Pennsyl- 
vania, Wells,  Organic  compounds,  Pesticides,  Cal- 
cium, Drinking  water,  Magnesium,  Bicarbonates, 
Iron,  Manganese,  Heavy  metals,  Nitrates,  Aquifers. 

Wells  in  the  Gettysburg  National  Military  Park, 
Eisenhower  National  Historic  Site,  and  Gettysburg 
Borough  supply  drinking  water  to  the  park  staff 
and,   annually,   more   than    1    million    visitors.    A 
network  of  about  60  wells  was  established  to  meas- 
ure water  levels  and  sample  groundwater.  Water 
levels  were  measured  continuously  in  five  wells 
and  synchronously  in  the  larger  network  during 
spring  and  fall  of  1986.  Shale,  siltstone,  and  sand- 
stone of  the  Gettysburg  Formation,  intruded  by  a 
2,000-ft-thick  diabase  sill  in  the  southeastern  part  of 
the  area,  form  the  bedrock  framework.  Two  verti- 
cal diabase  dikes  extend  northward  and  form  bar- 
riers to  groundwater  flow  in  the  Gettysburg  For- 
mation. In  the  Gettysburg  Formation,  the  shallow 
aquifer  is  connected  to  deep,  discontinuous,  tabular 
aquifers  in  beds  prone  to  fracturing.  Groundwater 
flow  tends  to  be  anisotropic  parallel  to  the  strike  of 
bedding  both  in  the  shallow  and  deep  aquifers  of 
the  Gettysburg  Formation.  Pumping  affects  water 
levels  in  wells  >  2,500  ft  apart  along  strike.  Calci- 
um, Mg,  and  bicarbonate  are  the  dominant  con- 
stituents  in   the   groundwater.   Concentrations  of 
dissolved  solids  are  about  40%  greater  in  water 
from  the  Gettysburg  Formation  than  water  from 
the  diabase.  Concentrations  of  nontoxic  elements, 
Fe  and  Mn,  slightly  exceed  US  EPA  secondary 
maximum  contaminant  levels  in  4  of  21  samples. 
No  concentration  of  the  toxic  trace  elements  As, 
Ba,  Ca,  Cr,  Pb,  Se,  or  Hg  exceeds  the  maximum 
contaminant  levels  (MCLs)  established  by  the  US 
EPA.  A  nitrate  concentration  of  excess  of  the  US 
EPA  MCL  of  10  mg/L  was  found  only  in  water 
from  one  well.  Pesticides  were  present,  at  nontoxic 
concentrations  (near  minimum  detection  limits)  in 
water  from  five  wells,  two  of  which  are  currently 
(1987)  in   use.  Trichloroethylene  (TCE)  and  te- 
trachloroethylene  (PCE)  were  the  dominant  pur- 
geable  organic  compounds  (POC)  detected.   No 
POC  were  present  in  park  wells  above  concentra- 
tions of  1   micrograms/L,  and,  no  concentration 
exceeded  US  EPA   MCLs.   POC  were  detected 
only  in  water  from  wells  that  are  approximately 
aligned,  and  in  a  zone  parallel  to  strike  that  extends 
into  areas  of  known  groundwater  contamination 
and/or  production  wells.  (Lantz-PTT) 
W90-05592 


SELECTED  WATER-QUALITY  CHARACTER- 
ISTICS AND  FLOW  OF  GROUND  WATER  IN 
THE  SAN  LUIS  BASIN,  INCLUDING  THE 
CONEJOS  RIVER  SUBBASIN,  COLORADO 
AND  NEW  MEXICO. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

R.  S.  Williams,  and  S.  E.  Hammond. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations    Report   89-4040 
1989.  43p,  12  fig,  5  tab,  1  plate,  18  ref. 

Descriptors:  'Geochemistry,  'Groundwater  qual- 
ity, 'Groundwater  movement,  'Hydrologic  data 
collections,  San  Luis  River  Basin,  Conejos  River 
Basin,  Chemical  analysis,  Colorado,  New  Mexico, 
Wells,  Springs,  Dissolved  solids,  Calcium,  Sodium, 
Sodium  bicarbonate,  Calcium  bicarbonate. 

Chemical  analyses  of  water  from  99  wells  and  19 
springs  in  the  San  Luis  basin  in  Colorado  and  New 
Mexico  were  evaluated  to  determine  selected 
water  quality  characteristics  as  an  aid  in  under- 
standing the  flow  of  groundwater  in  the  basin.  The 
evaluation  shows  that  the  distribution  of  chemical 
water  types  in  the  basin  is  consistent  with  chemical 
changes  to  be  expected  along  flow  paths  in  rocks 
typical  of  those  in  the  basin.  The  San  Luis  basin 
area  is  underlain  by  a  surficial  (<  100-ft-thick) 
unconfined  aquifer  and,  in  turn,  by  a  confining  bed 
and  a  deeper  confined  aquifer.  Previous  studies 
have  indicated  that  the  groundwater  system  is  re- 
charged around  the  edges  of  the  basin  and  that 
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groundwater  then  moves  toward  discharge  areas  in 
the  topographically  closed  part  of  the  basin  and 
along  principal  streams.  The  evaluation  of  water 
quality  data  showed  that  groundwater  at  the  pe- 
rimeter of  the  San  Luis  basin  is  primarily  a  calcium 
bicarbonate  type,  which  is  typical  in  recharge 
areas.  Groundwater  near  the  center  of  the  basin  is 
primarily  a  sodium  bicarbonate  type,  which  is  typi- 
cal of  groundwater  in  downgradient  areas.  The 
change  in  principal  cation  from  calcium  to  sodium 
indicates  chemical  evolution  of  the  water  along  the 
groundwater  flow  path  and  supports  previously 
developed  concepts  of  groundwater  movement  in 
the  basin.  The  exchange  of  calcium  for  sodium 
along  the  flow  path  also  is  assumed  to  occur  in  the 
Conejos  River  subbasin.  Upgradient  wells  yield 
calcium  bicarbonate  type  water,  whereas  downgra- 
dient wells  yield  sodium  bicarbonate  type  water. 
However,  an  exception  to  this  relation  is  found  at 
Mclntire  Spring,  which  yields  calcium  bicarbonate 
type  water  from  a  downgradient  location.  The 
source  of  water  discharging  from  the  spring  may 
be  the  confined  aquifer,  with  hydraulic  connection 
along  the  Manassa  fault.  The  concentration  of  dis- 
solved solids  in  water  from  both  the  unconfmed 
and  confined  aquifers  increases  downgradient.  The 
increase  is  dramatic  in  the  closed  basin,  ranging 
from  <  500  mg/L  to  >  30,000  mg/L.  In  this  area, 
the  normal  increase  in  concentration  by  dissolution 
of  minerals  along  the  flow  path  is  exceeded  by  the 
increase  due  to  evapotranspiration  from  the  shal- 
low water  table.  (Lantz-PTT) 
W90-05593 


PROCEDURE  FOR  EVALUATING  OBSERVA- 
TION-WELL NETWORKS  IN  WYOMING,  AND 
APPLICATION  TO  NORTHEASTERN  WYO- 
MING, 1986. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7A. 
W90-05597 


HYDROLOGY  OF  THE  CASTLE  LAKE 
BLOCKAGE,  MOUNT  ST.  HELENS,  WASH- 
rNGTON. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-05599 


HYDROLOGY  OF  THE  MISSISSIPPI  RD7ER 
VALLEY  ALLUVIAL  AQUIFER,  SOUTH-CEN- 
TRAL UNITED  STATES-A  PRELIMINARY  AS- 
SESSMENT OF  THE  REGIONAL  FLOW 
SYSTEM. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 
D.  J.  Ackerman. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4028, 
1989.  74p,  40  fig,  5  tab,  37  ref. 

Descriptors:  'Geohydrology,  'Mississippi  River, 
♦Alluvial  aquifers,  *Groundwater  movement, 
Flow  pattern,  Aquifers,  Hydrology,  Geohydro- 
logy, Finite  difference  methods,  Hydraulic  con- 
ductivity, Gulf  of  Mexico  Coastal  Plain,  Ground- 
water recharge. 

The  Mississippi  River  Valley  alluvial  aquifer  is  a 
part  of  the  Mississippi  Embayment  aquifer  system 
in  the  Gulf  of  Mexico  Coastal  Plain.  The  alluvial 
aquifer  is  prolific;  groundwater  withdrawals  from 
it  totaled  7,600  cu  ft/sec  in  1985,  mostly  for  irriga- 
tion of  rice,  and  accounted  for  nearly  60%  of  all 
groundwater  pumpage  in  the  Gulf  Coastal  area.  A 
three-layer  finite  difference  model  was  constructed 
and  calibrated  to  simulate  two-dimensional  steady- 
state  regional  confined  or  unconfmed  flow.  Cali- 
bration values  of  geohydrologic  properties  were 
achieved  by  adjusting  hydraulic  conductivities  of 
each  of  the  three  layers  (the  confining  unit,  the 
alluvial  aquifer,  and  underlying  units)  and  of  the 
riverbed  materials  to  minimize  the  root-mean- 
squared  error  of  observed  head  and  simulated  head 
for  1972  data.  Calibrated  values  of  conductivity  are 
as  follows;  (1)  hydraulic  conductivity  of  the  alluvi- 
al aquifer,  300  ft/day;  (2)  vertical  hydraulic  con- 


ductivity of  the  confining  unit,  0.0003  ft/day;  (3) 
ratio  of  vertical  hydraulic  conductivity  to  bed 
thickness  for  riverbed  materials,  0.05/day;  and  (4) 
ratio  of  vertical  hydraulic  conductivity  to  bed 
thickness  for  underlying  units  three  times  that  used 
by  the  Mississippi  embayment  and  Cretaceous  and 
Paleozoic  subregional  models.  The  1972  ground- 
water flow  system,  listed  in  order  of  the  magnitude 
of  net  changes  from  predevelopment,  is  summa- 
rized as  follows:  (1)  pumpage  from  the  alluvial 
aquifer  for  irrigation  has  caused  regional  flow  to 
move  toward  pumping  centers  (depressions  in  the 
potentiometric  surface),  (2)  discharge  to  rivers  de- 
creased, (3)  recharge  from  rivers  increased,  (4) 
recharge  from  the  confining  unit  increased,  (5) 
discharge  to  underlying  aquifers  increased,  and  (6) 
recharge  from  underlying  aquifers  decreased.  In 
1972,  recharge  from  the  Mississippi  River  Valley 
confining  unit  averaged  0.8  in/yr  for  the  alluvial 
aquifer.  Drawdown  >  20  ft  occurred  primarily  at 
two  locations  in  Arkansas-the  Grand  Prairie 
region  and  the  area  west  of  Crowleys  Ridge. 
(Lantz-PTT) 
W90-05603 


GEOHYDROLOGY  AND  GROUND-WATER 
QUALITY  AT  SELECTED  SITES  IN  MEADE 
COUNTY,  KENTUCKY,  1987-88. 

Geological  Survey,  Louisville,  KY.  Water  Re- 
sources Div. 

D.  S.  Mull,  A.  G.  Alexander,  and  P.  E.  Schultz. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report    89-4108, 
1989.  67p,  5  fig,  8  tab,  57  ref. 

Descriptors:  *Water  quality,  *Karst,  ♦Geohydro- 
logy, 'Groundwater  quality,  'Meade  County, 
Coliforms,  Kentucky,  Drinking  water,  Bacteria, 
Dissolved  solids,  Fluorides,  Lead,  Wells,  Springs, 
Organic  compounds. 

Meade  County  in  north-central  Kentucky  is  about 
305  sq  mi  in  size,  and  is  underlain  by  thick  beds  of 
limestone  and  dolomite  which  are  the  principal 
sources  of  drinking  water  for  about  8,500  residents. 
About  half  the  area  contains  mature,  karst  terrain 
with  abundant  sinkholes,  springs,  and  caves.  Be- 
cause of  this  karst  terrain,  groundwater  is  suscepti- 
ble to  rapid  changes  in  water  quality  and  contami- 
nation from  human  sources.  Thirty-seven  wells  and 
12  springs  were  selected  as  sampling  points  to 
characterize    groundwater    quality    in    the    area. 
Water  was  analyzed  for  major  anions  and  cations, 
nitrates,  trace  elements,  and  organic  compounds. 
Water  from  selected  sites  was  also  analyzed  for 
fecal  species  of  coliform  streptococci  bacteria  and 
total  coliform  content.   Except  for  fluoride  and 
lead,  the  water  quality  was  within  the  range  ex- 
pected for  carbonate  aquifers.The  fluoride  content 
was  significantly  higher  in  water  from  wells  than 
in  water  from  springs.  Concentrations  of  detectable 
lead  ranged  from  10  to  50  micrograms/L  and  had  a 
median  value  of  7.5  microg/L.  Dissolved  solids 
ranged  from  100  to  2,200  mg/L  and  the  median 
value  was  512  mg/L.  Hardness  ranged  from  20  to 
1,100  mg/L  and  the  median  value  was  290  mg/L. 
Organic  compounds  detected  by  the  gas  chromato- 
graphic/flame  ionization  detection  scans,  did  not 
indicate  evidence  of  concentrations  in  excess  of  the 
current  Federal  drinking  water  standards.  Analysis 
for  specific  organic  compounds  indicated  that  the 
presence  of  these  compounds  was  associated  with 
agricultural   chemicals,   usually   pesticides.   Total 
coliform  content  exceeded  drinking  water  stand- 
ards in  water  from  all  12  springs  and  in  18  wells. 
Statistical  analysis  of  the  groundwater  quality  data 
indicates  that  the  variance  of  the  concentrations  of 
fluoride  and  chloride  may  be  attributed  to  the  site 
type.  There  was  strong  correlation  between  hard- 
ness and  dissolved  solids,  hardness  and  sulfate,  and 
sulfate  and  dissolved  solids.  No  apparent  relations 
were  detected  between  water  quality  and  the  geo- 
graphic location  of  sampling  sites.  However,  sea- 
sonal variations  were  detected  in  the  concentra- 
tions   of    dissolved    solids,    hardness,    and    iron. 
(Lantz-PTT) 
W90-05604 


WATER       RESOURCES       OF       SEDGWICK 
COUNTY,  KANSAS. 


Geological    Survey,   Lawrence,   KS.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05605 


YIELD  AND  QUALITY  OF  GROUND  WATER 
FROM  STRATIFIED-DRIFT  AQUIFERS, 
TAUNTON  RIVER  BASIN,  MASSACHUSETTS: 
EXECUTIVE  SUMMARY. 

Geological  Survey,  Boston,  MA.  Water  Resources 
Div. 

W.  W.  Lapham,  and  J.  C.  Olimpio. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  86-405  3 A, 
1989.  lip,  2  fig,  3  tab,  37  ref. 

Descriptors:  'Water  demand,  'Groundwater  re- 
sources, 'Groundwater  quality,  'Stratified 
aquifers,  'Massachusetts,  'Taunton  River  Basin, 
•Pollutant  identification,  Heavy  metals,  Organic 
compounds,  Iron,  Manganese,  Dichloroethane, 
Dichloroethylene,  Toluene,  Trichloroethane, 
Chloroethane,  Chloroform,  Standards. 

Water  shortages  are  a  chronic  problem  in  parts  of 
the  Taunton  River  basin  and  are  caused  by  a 
combination  of  factors.  Water  use  in  this  part  of 
the  Boston  metropolitan  area  is  likely  to  increase 
during  the  next  decade.  The  Massachusetts  Divi- 
sion of  Water  Resources  projects  that  about  50% 
of  the  cities  and  towns  within  and  on  the  perimeter 
of  the  basin  may  have  water  supply  deficits  by 
1990  if  water  management  projects  are  not  pursued 
throughout  the  1980s.  Estimates  of  the  long-term 
yield  of  the  26  regional  aquifers  indicate  that  the 
yields  of  the  two  most  productive  aquifers  equal  or 
exceed  11.9  and  11.3  cu  ft/sec,  90%  of  the  time, 
respectively,  if  minimum  stream  discharge  is  main- 
tained at  99.5%  flow  duration.  Eighteen  of  the  26 
aquifers  were  pumped   for  public   water  supply 
during  1983.  Further  analysis  of  the  yield  charac- 
teristics of  these  18  aquifers  indicates  that  the  1983 
pumping  rate  of  each  of  these  18  aquifers  can  be 
sustained  at  least  70%  of  the  time.  Selected  physi- 
cal properties  and  concentrations  of  major  chemi- 
cal constituents  in  groundwater  from  the  stratified- 
drift  aquifers  at  80  sampling  sites  were  used  to 
characterize    general    water    quality    in    aquifers 
throughout  the  basin.  The  pH  of  the  groundwater 
ranged  from  5.4  to  7.0.  Natural  elevated  concentra- 
tions of  Fe  and  Mn  in  water  in  the  stratified-drift 
aquifers  are  present  locally  in  the  basin.  Natural 
concentrations   of   these    two   metals    commonly 
exceed  the  limits  of  0.3  mg/L  for  Fe  and  0.05  mg/ 
L  for  Mn  recommended  for  drinking  water.  Fifty- 
one  analyses  of  selected  trace  metals  in  groundwat- 
er samples  from  stratified-drift  aquifers  throughout 
the  basin  were  used  to  characterize  trace  metal 
concentrations  in  the  groundwater.  Of  the  10  con- 
stituents sampled  that  have  US  EPA  limits  recom- 
mended for  drinking  water,  only  the  Pb  concentra- 
tion in  water  at  one  site  (60  micrograms/L)  ex- 
ceeded the  recommended  limit  of  50  micrograms/ 
L.   Analyses  of  selected   organic  compounds  in 
water  in  the  stratified-drift  aquifers  at  74  locations 
revealed  that  13  of  the  sample  contained  one  or 
more  of  the  following  compounds:  chloroform; 
carbon  tetrachloride;  dichloroethane;  dichloroeth- 
ylene;  tetrachloroethylene;   and,  toluene.   (Lantz- 
PTT) 
W90-05615 


WELL  INSTALLATION  AND  DOCUMENTA- 
TION, AND  GROUND-WATER  SAMPLING 
PROTOCOLS  FOR  THE  PILOT  NATIONAL 
WATER-QUALITY  ASSESSMENT  PROGRAM. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For   primary   bibliographic   entry  see  Field   5G. 

W90-05618 
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APPLICATION  OF  FRACTAL  MATHEMATICS 
TO  SOIL  WATER  RETENTION  ESTIMATION. 

Nevada  Univ.,  Las  Vegas.  Desert  Research  Inst. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04614 
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Group  2G— Water  In  Soils 

MODELING  THE  TRANSPORT  OF  CHROMI- 
UM (VI)  IN  SOIL  COLUMNS. 

Louisiana   State   Univ.,    Baton   Rouge.    Dept.   of 

Agronomy. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04615 


ALUMINUM  PRECIPITATION  AND  DISSO- 
LUTION RATES  IN  SPODOSOL  BS  HORI- 
ZONS IN  THE  NORTHEASTERN  USA. 

Syracuse  Univ.,  NY.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04618 


ROLE  OF  FUNGI  IN  STABILIZING  AGGRE- 
GATES OF  SEWAGE  SLUDGE  AMENDED 
SOILS. 

Agricultural    Research    Organization,    Bet-Dagan 

(Israel).  Volcani  Center. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-04621 


CLASSIFYING  SOILS  FOR  ACIDIC  DEPOSI- 
TION AQUATIC  EFFECTS:  A  SCHEME  FOR 
THE  NORTHEAST  USA. 

Corvallis  Environmental  Research  Lab.,  OR. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04622 


ANTECEDENT  RAINFALL  AND  TILLAGE  EF- 
FECTS UPON  INFILTRATION. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Soil  Science. 
D.  M.  Freebairn,  S.  C.  Gupta,  C.  A.  Onstad,  and 
W.  J.  Rawls. 

Soil  Science  Society  of  America  Journal  SSSJD4 
Vol.  53,  No.  4,  p  1183-1189,  July/August  1989.  6 
fig,  3  tab,  24  ref. 

Descriptors:  'Infiltration,  *Soil  absorption  capac- 
ity, *Tillage,  "Rainfall  infiltration,  'Agricultural 
runoff,  *Soil  moisture  retention,  Rainfall  simula- 
tors, Agricultural  hydrology,  Soil  horizons,  Soil 
properties,  Leaching,  Water  pollution  sources. 

Infiltration  characteristics  of  a  Port  Byron  (fine- 
silty,  mixed,  mesic,  Typic  Hapludoll)  silt  loam  soil 
located  in  the  karst  terrain  of  southeastern  Minne- 
sota were  determined  using  both  ponded  water  and 
simulated  rainfall.  Three  tillage  treatments,  with 
and  without  surface  cover,  were  studied  to  provide 
a  range  of  soil  physical  conditions.  Simulated  rain- 
fall was  applied  after  various  amounts  of  both 
natural  and  artificial  rain  had  fallen  since  tillage. 
Large  differences  in  infiltration  characteristics 
were  attributed  to  the  development  of  a  surface 
crust.  In  the  absence  of  a  crust,  this  soil  was  highly 
permeable  (>  200  mm/h)  while  surface-crusted 
infiltration  rates  were  as  low  as  10  mm/h.  Statisti- 
cal analysis  showed  that  >  77%  of  variation  in 
infiltration  rate,  Green  and  Ampt  hydraulic  con- 
ductivity, and  curve  number  was  explained  by  the 
depth  of  rainfall  since  tillage,  surface  cover,  and 
random  roughness.  Microrelief  roughness  probably 
maintains  higher  infiltration  rates  due  to  increased 
ponding  depth  and  greater  hydraulic  gradient, 
while  maintaining  a  higher  conductivity  as  a  result 
of  discontinuities  in  the  developing  surface  crust. 
Assuming  that  soil  stability  is  not  influenced  by 
tillage  history  in  the  short  term  (1-2  yr),  it  is  likely 
that  reduced  disruption  of  crusts  associated  with 
reduced  tillage  practices  could  increase  the  oppor- 
tunity for  movement  of  surface-applied  chemicals 
in  runoff  water  while  decreasing  leaching  because 
of  reduced  infiltration  capacity.  (Friedmann-PTT) 
W90-04624  ; 


WATER  RELATIONSHIPS  OF  CLAYPAN  AND 
CONSTRUCTED  SOIL  PROFILES. 

Agricultural  Research  Service,  Temple,  TX. 

V.  L.  Hauser,  and  F.  W.  Chichester. 
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fig,  3  tab,  15  ref. 

Descriptors:  'Land  reclamation,  •Mine  wastes, 
•Clays,  •Soil  physical  properties,  'Rainfall  infiltra- 
tion. 'Soil  profiles,  'Strip  mine  wastes,  *Soil  mois- 
ture retention,  Soil  surfaces,  Hardpan  soils,  Soil 
water,  Infiltration  rate. 


Claypan  soils  with  poor  physical  properties  are  the 
only  surface  materials  available  to  cover  and  re- 
claim much  of  the  spoil  left  by  strip  mining  for 
coal  in  east-central  Texas.  An  undisturbed  claypan 
soil  profile  of  Axtell  fine  sand  loam  (fine  montmor- 
illonitic,  thermic  Udertic  Paleustalfs)  was  com- 
pared to  four  constructed  soil  profiles;  these  were 
evaluated  as  cover  soils  for  toxic  minespoil.  Pro- 
files constructed  from  minespoil  selected  for  low 
pyrite  content  alone  (non-topsoiled)  was  compared 
against  the  same  selected  spoil  covered  by  a  mix- 
ture of  Axtell  soil  material.  The  rainfall  intake  rate 
and  physical  properties  of  the  materials  controlled 
forage  production  by  kleingrass  (Panicum  colora- 
tum  L.).  All  of  the  constructed  soils  stored  less 
water  in  the  soil  profile  than  the  undisturbed  clay- 
pan soil,  and  forage  yield  was  reduced  on  them 
during  drought.  Infiltration  rate  during  the  first  2 
cm  of  rainfall  influenced  forage  yield  more  than 
final  intake  rate.  Mulch  application  increased  water 
storage  and  forage  yield  up  to  15%  on  selected 
minespoil,  but  not  on  the  mixed  claypan  soil  pro- 
files. Either  selected  minespoil  or  a  mixture  of 
Axtell  soil  may  be  used  to  cover  toxic  random  soil 
with  a  nontoxic  layer,  but  the  Axtell  mix  had  the 
least  acid-forming  potential.  Selected  minespoil 
material  was  equal  in  value  to  a  mixture  of  the  1.8 
m  claypan  soil  profile  as  a  surface  material  for 
constructed  minesoils.  (Author's  abstract) 
W90-04625 


MOISTURE  AND  NUTRIENT  STATUS  OF  EX- 
TREMELY ACID  UMBREPTS  IN  THE  BLACK 
MOUNTAINS  OF  NORTH  CAROLINA. 

Duke  Univ.,  Durham,  NC.  School  of  Forestry  and 

Environmental  Studies. 

D.  D.  Richter,  K.  S.  King,  and  J.  A.  Witter. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  4,  p  1222-1228,  July/August  1989.  4 

fig,  5  tab,  40  ref. 

Descriptors:  'Soil  organic  matter,  *Soil  water, 
•Soil  moisture  retention,  •Soil-water-plant  rela- 
tionships, *Soil  physical  properties,  'Acidic  soils, 
Cycling  nutrients,  Soil  properties,  Minerals,  Soil 
chemistry. 

Moisture  and  nutrient  conditions  are  poorly  char- 
acterized in  soils  at  elevations  >  1500  m  in  the 
southern  Appalachian  Mountains.  In  the  Black 
Mountains,  high  elevation  soils  are  Typic  and 
Lithic  Haplumbrepts,  with  umbric  epipedons  that 
are  extremely  acid,  organic-rich,  rocky,  and  unsta- 
ble due  to  the  steep  slopes.  Many  of  the  Umbrepts 
in  the  Black  Mountains  have  been  disturbed  by 
exploitative  logging,  repeated  wildfires,  and  depre- 
dation by  the  balsam  woolly  adelgid  (Adelges 
piceae  Ratzeburg),  each  of  which  has  caused  major 
fluctuations  in  C,  nutrient,  and  hydrologic  cycles 
of  soils  and  ecosystems.  A  study  was  conducted  to 
evaluate  predictions  based  on  climate,  forest  dis- 
turbance, and  soil  genesis  that:  (1)  these  soils  are 
rarely  subjected  to  low  water  potential;  (2)  soil  N 
mineralization  rates  are  currently  high;  and  (3) 
availability  of  soil  nutrient  cations  is  low.  A  water 
balance  model  appropriate  for  soils  with  average 
water-holding  characteristics  indicated  that,  on  a 
6-yr  recurrence  interval,  plants  deplete  soil  mois- 
ture to  <  -0.2  MPa  during  low  rainfall  periods  of 
one-month  duration.  High  rock  contents  (about 
0.40  cu  m/cu  m  of  soil  volume  in  40-cm  depth) 
limit  soil  water  storage  capacity,  and  make  the 
spruce-fir  forests  very  dependent  on  regular  rain- 
fall supplies.  Soil  N  appears  mineralizable  at  mod- 
erately high  rates,  as  indicated  by  three  soil  and 
plant  indices  of  N  availability,  whereas  plant  avail- 
ability of  Ca  and  Mg  appears  marginal.  Exchange- 
able Ca  and  Mg  total  only  6.4  and  3.4  kmol/ha, 
respectively,  in  the  surface  40  cm  of  mineral  soil, 
low  contents  that  indicate  rapid  rates  of  biogeoche- 
mical  cycling  of  divalent  cations  in  these  ecosys- 
tems. The  long-term  recovery  of  these  soils  from 
20th  century  disturbances  depends  directly  on  the 
dynamics  of  soil  organic  matter,  due  to  the  suscep- 
tibility of  the  organic  matter  to  disturbance  and  to 
its  control  over  soil  moisture  and  nutrient  availabil- 
ity. (Author's  abstract) 
W90-O4627 


SIMULATION   OF   SOIL   WATER   ABOVE   A 
WATER  TABLE  IN  A  FORESTED  SPODOSOL. 


International  Paper  Co.,  Arkadelphia,  AR. 

L.  P.  Phillips,  N.  B.  Comerford,  D.  G.  Neary,  and 

R.  S.  Mansell. 

Soil  Science  Society  of  America  Journal  SSSJD4, 
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fig,  3  tab,  18  ref. 

Descriptors:  'Model  studies,  'Soil  water,  'Forest 
hydrology,  'Water  table,  'Soil  water  potential, 
Aeration  zone,  Capillary  zone,  Soil  horizons,  Rain- 
fall infiltration,  Sand,  Forest  hydrology. 

The  relationships  between  soil  water  potential  and 
water  table  depth  in  the  upper  five  horizons  of  an 
Ultic  Haplaquod  of  the  lower  Coastal  Plain 
flatwoods  are  described.  Soil  water  pressure  head 
in  the  E,  Bh,  Bs,  and  E'  horizons  was  in  hydrostat- 
ic equilibrium  with  the  underlying  water  table 
during  all  conditions  when  water  was  perched 
above  an  argillic  horizon.  The  A  horizon  was  in 
equilibrium  with  the  water  tables  only  when  water 
tables  were  <  65  to  70  cm  from  the  soil  surface. 
Water  pressure  heads  and  contents  in  the  soil  pro- 
file were  simulated  using  a  finite-difference,  one- 
dimensional,  unsaturated  water-flow  model.  Simu- 
lations of  water  pressure  head  were  excellent  for 
the  lower  horizons  (E  through  E')  under  all  condi- 
tions, and  poor  for  the  A  horizon.  During  high 
water  tables,  water  pressure  head  simulations  for 
the  A  horizon  were  improved.  Fewer  discrepan- 
cies between  measured  and  simulated  conditions 
occur  when  water  pressure  head  values  are  con- 
verted to  volumetric  water  contents.  The  water- 
flow  model  used  did  not  adequately  handle  high 
infiltration  rate  rainfall  events  experienced  at  the 
site.  It  is  concluded  that  in  these  sandy  soils:  (1) 
water  content  is  the  preferred  prediction  variable; 
and  (2)  further  advances  in  mechanistically  model- 
ing water  uptake  from  each  soil  horizon  in  forest 
ecosystems  will  be  limited  by  adequate  information 
on  plant  root  biology.  (Author's  abstract) 
W90-04628 


SOIL  NITROGEN  CHANGES  DURING  PRI- 
MARY SUCCESSION  ON  A  FLOODPLAIN  IN 
ALASKA,  U.S.A. 

Alaska   Univ.,    Fairbanks.    Arctic   Environmental 
Engineering  Lab. 
L.  R.  Walker. 

Arctic  and  Alpine  Research  ATLPAV,  Vol.  21, 
No.  4,  p  341-349,  November  1989.  1  fie,  4  tab,  44 
ref. 

Descriptors:  'Flood  plains,  'Sedimentation, 
'Forest  soils,  'Soil  chemistry,  'Alluvium,  'Nitro- 
gen, 'Flooding,  'Vegetation  establishment,  'Su- 
barctic zone,  Alaska,  Succession,  Nitrogen  fixa- 
tion. 

Surface  soil  nitrogen  changes  along  a  subarctic 
vegetation  chronosequence  on  a  floodplain  in  cen- 
tral Alaska  resulted  from  interactions  between  sto- 
chastic flooding  and  the  influence  of  vegetation. 
River  alluvium  initially  contributed  400  kg/ha  of 
nitrogen  to  the  top  200  mm  of  time-zero  soils. 
Subsequent  nitrogen  accumulations  were  in  part 
due  to  nitrogen  fixers  such  as  alder  (Alnus  tenuifo- 
lia).  Kjeldahl  nitrogen  levels  reached  1696  kg/ha 
in  surface  mineral  soils  of  30-yr-old  alder  stands. 
Extractable  forms  of  nitrogen  also  increased  4-fold 
in  30  yr.  However,  soil  nitrogen  increases  also 
resulted  from  frequent  floods  that  deposited  addi- 
tional nitrogen-rich  alluvium.  Frequently  flooded 
low  terraces  had  high  silt  content  and  relatively 
high  nitrogen  levels.  Frequent  flooding  of  some 
forested  upper  terraces  resulted  in  poorer  develop- 
ment of  forest  floors,  higher  sand  content,  and 
dilution  of  nitrogen  levels  compared  with  upper 
terraces  that  were  less  often  flooded.  Although 
nitrogen  levels  were  primarily  determined  by 
biotic  factors,  periodic  flooding  and  associated 
changes  in  particle  size  also  affected  concentration 
and  pool  sizes  of  nitrogen  in  soils  of  the  vegetation 
chronosequence.  (Author's  abstract) 
W90-04639 


ANALYTICAL  SOLUTION  OF  A  CONVEC- 
TION-DISPERSION MODEL  WITH  TIME-DE- 
PENDENT TRANSPORT  COEFFICIENTS. 

Western    Australia   Univ.,    Nedlands.    Centre   for 
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USE  OF  REMOTELY  SENSED  SOIL  MOIS- 
TURE CONTENT  AS  BOUNDARY  CONDI- 
TIONS IN  SOIL-ATMOSPHERE  WATER 
TRANSPORT  MODELING:  1.  FIELD  VALIDA- 
TION OF  A  WATER  FLOW  MODEL. 
Institut  National  de  la  Recherche  Agronomique, 
Montfavet  (France).  Station  de  Science  du  Sol. 
H.  Witono,  and  L.  Bruckler. 
Water  Resources  Research  WRERAQ,  Vol.  25, 
No.  12,  p  2423-2435,  December  1989.  18fig,  2  tab, 
30  ref. 

Descriptors:  'Water  pressure,  'Soil  water,  'Soil 
temperature,  'Boundary  conditions,  'Hydraulic 
conductivity,  'Remote  sensing,  Moisture  tension, 
Soil  water  potential,  Thermal  conductivity,  Mathe- 
matical models. 

A  physically  based  heat  and  mass  flow  model  is 
presented  and  compared  with  experimental  data 
measured  on  a  bare  soil  (27.2%  clay,  61.7%  silt, 
11.0%  sand)  under  field  conditions.   Both  liquid 
and  vapor  phases  were  taken  into  account,  and  soil 
temperature  and  water  pressure  head  were  the 
descriptive    variables.    The    model    was    directly 
driven  by  soil  surface  temperature  and  water  pres- 
sure head  (derived  from  moisture  content),  which 
were  used  as  boundary  conditions.  Coupled  equa- 
tions were  solved  using  a  numerical  finite  element 
method,  from  the  soil  surface  to  1-m  depth.  The 
experiment  was  conducted  on  a  bare  soil  (0.1  ha) 
for  a  7-day  period.  The  period  was  dry  for  5  days 
(calibration    phase)    and    then    rainy    (validation 
phase).  Soil  water  balance  was  determined  from 
gravimetric  water  content,  neutron  probe  profiles, 
and   tensiometer  measurements.   The   unsaturated 
hydraulic  conductivity/volumetric  water  content 
relationship  was  measured  under  field  conditions, 
and  the  apparent  thermal  conductivity /water  con- 
tent relationship  was  derived   from  the  thermal 
profile  analysis.  The  proposed  model  described  soil 
temperature  and  water  content  variations  vs.  time 
quite  well.  After  a  calibration  phase,  differences 
between  the  measured  and  calculated  temperatures 
and  volumetric  water  contents  were  below    1.5 
degrees  and  0.03  cu  m/cu  m,  respectively.  Analysis 
of  the  errors  involved  in  both  initial  and  soil  sur- 
face boundary  conditions  showed  that  these  errors 
induced   moderate  effects  on  actual  evaporation 
calculations.  Although  the  vapor  phase  contribut- 
ed largely  to  the  total  water  fluxes,  differences 
between  coupled  heat  and  water  transport  or  iso- 
thermal liquid  phase  models  were  very  small  in 
regard   to  the   actual   evaporation   or  infiltration 
estimates.  This  was  explained  by  the  use  of  soil 
surface  moisture  content  as  boundary  conditions 
which   induced   increasing   soil   surface   pressure 
head    gradients   when    the   simplified   isothermal 
liquid  phase  water  flow  model  was  used.  (See  also 
W90-04661)  (Author's  abstract) 
W90-04660 


USE  OF  REMOTELY  SENSED  SOIL  MOIS- 
TURE CONTENT  AS  BOUNDARY  CONDI- 
TIONS IN  SOIL-ATMOSPHERE  WATER 
TRANSPORT  MODELING:  2.  ESTIMATING 
SOBL  WATER  BALANCE. 

Institut  National  de  la  Recherche  Agronomique, 
Montfavet  (France).  Station  de  Science  du  Sol. 
L.  Bruckler,  and  H.  Witono. 
Water  Resources  Research  WRERAQ,  Vol.  25, 
No.  12,  p  2437-2447,  December  1989.  10  fig,  3  tab, 
16  ref. 

Descriptors:  'Soil  water,  'Soil  temperature,  'Hy- 
draulic conductivity,  'Remote  sensing,  Mathemati- 
cal models,  Boundary  conditions,  Hydrologic 
budget. 

A  previously  calibrated  soil/atmosphere  heat  and 
water  transport  model  was  used  to  analyze  (1) 
errors  involved  in  soil  water  balance  estimates 
under  drying  periods  when  soil  surface  moisture 
contents  derived  from  microwave  measurements 
were  used  as  soil  surface  boundary  conditions,  and 
(2)  consequences  of  time  periods  separating  two 
consecutive  soil  boundary  conditions  under  evapo- 


ration or  infiltration  conditions  on  soil  water  bal- 
ance calculations.  Soil  moisture  and  dry  bulk  densi- 
ty measurements  were  performed  on  a  0.4-ha  bare 
field  (27.2%  clay,  61.7%  fine  and  coarse  loam) 
with  simultaneous  measurements  of  backscattering 
coefficients  (5.3  GHz,  HH  polarization,  15  degrees 
incidence  angle).  Regression  lines  between  backs- 
cattering coefficient  and  volumetric  water  content 
were  calculated  taking  into  account  different  soil 
depths.  Two  methods  for  estimating  soil  surface 
moisture  contents  were  proposed.  In  the  first  one, 
moisture  contents  for  an  arbitrary  soil  depth  were 
directly  extracted  from  a  single  'backscattering 
coefficient/water  content'  calibration  line.  The 
second  method  combined  several  calibration  lines 
relative  to  several  arbitrary  soil  depths.  Results 
showed  that  (1)  under  drying  periods  (5  days)  the 
methods  led  generally  to  moderately  biased  or 
unbiased  water  balances,  (2)  both  errors  due  to  the 
backscattering  coefficient  measurements  and  cali- 
bration line  parameters  had  little  effect  on  water 
balance  estimations  (<  or  =  10%),  and  (3)  under 
evaporation  conditions  (5  days)  or  combined  evap- 
oration and  infiltration  phases  (15  days),  numerous 
soil  surface  boundary  conditions  vs.  time  should  be 
available  to  avoid  wrong  water  balance  estimates. 
Under  evaporation  conditions,  one  soil  surface 
moisture  content  per  day  appeared  satisfactory 
when  it  corresponded  to  the  mean  daily  soil  sur- 
face moisture  content.  Under  combined  evapora- 
tion and  infiltration  conditions,  results  depended 
strongly  on  the  precise  position  of  water  content 
boundary  conditions  vs.  time,  connected  with  rain- 
fall sequences.  (See  also  W90-04660)  (Author's  ab- 
stract) 
W90-04661 


SIMULATION  OF  THREE-DIMENSIONAL 
FLOW  OF  IMMISCIBLE  FLUIDS  WITHIN 
AND  BELOW  THE  UNSATURATED  ZONE. 

GeoTrans,  Inc.,  Herndon,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 
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FIELD-SCALE  TRANSPORT  OF  INTERACT- 
ING SOLUTES  THROUGH  THE  UNSATURAT- 
ED ZONE:  1.  ANALYSIS  OF  THE  SPATIAL 
VARIABILITY  OF  THE  TRANSPORT  PROP- 
ERTIES. 

Volcani  Inst,  of  Agricultural  Research,  Bet-Dagan 
(Israel).  Dept.  of  Soil  Physics 
D.  Russo. 

Water  Resources  Research  WRERAQ,  Vol.  25, 
No.  12,  p  2475-2485,  December  1989.  12  fig,  1  tab, 
42  ref. 

Descriptors:  'Path  of  pollutants,  'Unsaturated 
flow,  'Solute  transport,  'Soil  physics,  'Soil  water, 
Hydraulic  conductivity,  Sodium,  Calcium,  Aer- 
ation zone,  Chlorides. 

The  effect  of  physicochemical  interactions  be- 
tween the  soil  solution  and  the  soil  matrix  on  the 
spatial  variability  of  soil  properties  pertinent  to  the 
transport  of  mixed  Na/Ca-Cl  salts  in  the  unsaturat- 
ed zone  was  analyzed.  These  properties  were  the 
soil  hydraulic  conductivity  and  the  soil  water  re- 
tention functions  and  the  retardation  and  the  elu- 
tion  factors  which  account  for  Na/Ca  exchange 
and  CI  exclusion.  On  the  local  scale,  effects  of  the 
soil  solution  concentration  and  composition  (in 
terms  of  the  CI  concentration  C  and  the  Na  ad- 
sorption ratio  SAR,  respectively)  on  these  soil 
properties  were  derived  using  a  theoretical  ap- 
proach which  combined  the  mixed-ion  diffuse 
double  layer  theory,  the  structure  of  the  clay  parti- 
cles, the  soil's  pore  size  distribution,  and  hydrody- 
namic  principles.  On  the  field  scale  the  effect  of 
the  soil  solution  C  and  SAR  on  these  soil  proper- 
ties was  analyzed  by  coupling  the  theoretical  ap- 
proach with  measured  spatial  distributions  of  the 
soil  hydraulic  properties  at  a  reference  'inert'  state 
as  well  as  of  the  soil  cation  exchange  capacity  and 
the  soil  specific  surface  area.  The  effect  of  the  soil 
solution-soil  matrix  interactions  on  the  spatial  vari- 
ability of  the  soil  hydraulic  properties  and  the 
retardation  and  the  elution  factors  was  quantified 
in  terms  of  mean  values  and  coefficients  of  varia- 
tion, expressed  as  functions  of  the  soil  solution  C 
and  SAR,  and  the  degree  of  effective  saturation. 
For  given  values  of  SAR  and  C  the  effect  of  soil 
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solution-soil  matrix  interactions  on  the  spatial  vari- 
ability of  the  hydraulic  properties  decreases  as  the 
effective  saturation  decreases.  The  converse  is  true 
in  the  case  of  the  retardation  and  the  elution  fac- 
tors. The  most  significant  conclusion  is  that  for  a 
considerable  range  of  soil  solution  concentration 
and  composition,  and  degree  of  water  saturation 
which  is  relevant  to  most  of  the  irrigated  fields  in 
arid  and  semiarid  zones,  the  spatial  distributions  of 
the  transport  properties  may  vary  with  both  the 
salinity  and  the  water  content  of  the  field.  (See  also 
W90-04665)  (Author's  abstract) 
W90-04664 

FIELD-SCALE  TRANSPORT  OF  INTERACT- 
ING SOLUTES  THROUGH  THE  UNSATURAT- 
ED ZONE:  2.  ANALYSIS  OF  THE  SPATIAL 
VARIABILITY  OF  THE  FIELD  RESPONSE. 

Volcani  Inst,  of  Agricultural  Research,  Bet-Dagan 

(Israel).  Dept.  of  Soil  Physics 

D.  Russo. 

Water  Resources  Research  WRERAQ,  Vol.  25, 

No.  12,  p  2487-2495,  December  1989.  4  fig,  1  tab, 

19  ref. 

Descriptors:  'Unsaturated  flow,  'Path  of  pollut- 
ants, 'Solute  transport,  'Soil  physics,  'Soil  water, 
Hydraulic  conductivity,  Sodium,  Calcium,  Chlor- 
ides, Aeration  zone. 

The   effect   of  physicochemical   interactions   be- 
tween the  soil  solution  and  the  soil  matrix  on  the 
spatial  variability  of  the  soil-dependent  variables 
during  transient  transport  of  mixed  Na/Ca-Cl  salts 
through  the  unsaturated  zone  of  a  large  field-scale 
soil  is  analyzed.  The  spatial  variability  of  the  soil 
water  and  solute  transport  properties  were  used  as 
inputs  to  a  conceptual  stochastic  model  describing 
one-dimensional   vertical  transport  of  water  and 
soil-interacting    solutes   through    the    unsaturated 
zone  of  a  spatially  variable  soil,  viewed  as  a  collec- 
tion of  vertically  homogeneous  and  independent 
soil  columns.  Using  data  of  the  spatial  distributions 
of  pertinent  soil  properties  from  the  Bet  Dagan 
field,    the    transport    process    was    simulated    for 
boundary  and  initial  conditions  pertinent  to  the 
application     of    low-salinity     and     low-alkalinity 
waters  (rain)  to  the  surface  of  a  saline-alkaline  soil, 
considering  effects  of  the  soil  solution  concentra- 
tion and  composition  on  the  soil  water  and  solute 
transport   properties.    The   spatial    variability    (in 
terms  of  field  averages  and  coefficients  of  varia- 
tion) of  the  profiles  of  the  soil  water  content,  the 
CI  concentration,  and  the  Na  adsorption  ratio  of 
the  soil  solution  and  the  soil  hydraulic  conductivi- 
ty at  given  elapsed  times  were  presented  and  com- 
pared with  those  evaluated  from  simulations  of  the 
same  boundary  value  problem  where  the  effect  of 
the  soil  solution  concentration  and  composition  on 
the  water  and  solute  transport  properties  was  dis- 
regarded. Results  suggested  that  because  of  soil 
solution-soil  matrix  interactions  the  field-average 
movement  of  both  the  water  and  the  solutes  may 
be  retarded  and  their  spatial  variability  may  be 
increased  relative  to  the  case  where  these  interac- 
tions had  not  been  considered.  In  the  Bet  Dagan 
field,  after  5  hours  of  continuous  filtration,  the  field 
averages  of  the  positions  of  the  wetting  front  and 
the  CI  front  were  retarded  by  10  and  15%,  respec- 
tively; the  relative  variabilities  of  the  positions  of 
these  fronts  were  increased  by  16  and  38%,  respec- 
tively; and  the  equivalent  effective  dispersivity  was 
increased  by  18%,  relative  to  the  reference  inert 
case.  (See  also  W90-04664)  (Author's  abstract) 
W90-04665 


STOCHASTIC  ANALYSIS  OF  FIELD  MEAS- 
URED UNSATURATED  HYDRAULIC  CON- 
DUCTTVITY. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 

Water  Resources. 

K.  Unlu,  M.  L.  Kavvas,  and  D.  R.  Nielsen. 

Water  Resources  Research  WRERAQ,  Vol.  25, 

No.  12,  p  2511-2519,  December  1989.  9  fig,  2  tab, 

16  ref. 

Descriptors:  'Hydraulic  conductivity,  'Soil  phys- 
ics, 'Soil  water,  'Unsaturated  flow,  'Stochastic 
models,  Spatial  variability,  Statistical  analysis. 
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Group  2G— Water  In  Soils 

Unsaturated  hydraulic  conductivity  (K)  values  as  a 
function  of  soil-water  pressure  head  (h)  were  meas- 
ured in  the  soil  at  75  cm  depth  at  70  different  sites 
separated  from  one  another  by  a  distance  of  1  m 
along  a  horizontal  transect.  K  field  was  viewed  as 
a  random  function  of  spatial  location  (x).  Field  data 
were  analyzed  (1)  to  examine  the  isotropy  and 
stationarity  of  K,  (2)  to  check  the  ergodicity  of  K 
in  the  mean  and  covariance  functions,  and  (3)  to 
characterize  the  distribution  properties  of  K  by 
estimating  the  higher-order  correlations,  i.e.,  third 
and  fourth  cumulants.  The  mean  functions  were 
estimated  by  averaging  over  h  and  x.  The  covar- 
iance function  was  studied  to  investigate  its  spatial 
origin  dependency.   Logs  and  square  roots  of  K 
were  used  for  estimating  the  third  and  fourth  cu- 
mulants.  Results  showed  that  spatial  covariance 
functions  are  anisotropic  and  both  lag  and  origin 
dependent,    i.e.,    spatially    nonhomogeneous.    Be- 
cause the  stationarity  (statistical  homogeneity)  of 
K  is  scale  dependent,  which  was  indicated  by  the 
identification  of  locally  stationary  covariance  re- 
gions, the  ergodic  properties  of  K  are  also  scale 
dependent  at  smaller  spatial  scales.  Results  related 
to  the  distribution  characteristics  of  K.  indicated 
that  although  In  K  is  marginally  Gaussian  distribut- 
ed, in  the  context  of  spatial  stochastic  processes  the 
random  field  of  In  K  is  not  Gaussian  because  the 
third  and  fourth  cumulants  of  the  field  are  still 
significantly  different  from  zero  and  have  the  same 
order  of  magnitude  as  the  first  and  second  cumu- 
lants. The  square  root  transformation,  however, 
resulted  in  a  random  field  that  is  approximately 
Gaussian   although   marginal   distributions  of  the 
square  root  of  K  remained  skewed.  Analyses  of  In 
K.  and  the  square  root  of  K  indicated  that  better 
transformations  which  would  result  inn  both  mar- 
ginal and  joint  Gaussian  behavior  for  the  random 
filed  of  K.  are  needed.  (Author's  abstract) 
W90-04668 


EFFECT  OF  ORGANOCHLORINE  COM- 
POUNDS ON  EXISTENCE  AND  GROWTH  OF 
SOIL  ORGANISMS. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04796 


IRRIGATION  SCHEDULING  MODEL  WITH 
GROUNDWATER  AND  LIMITED  ROOTING. 

Ahmadu  Bello  Univ.,  Zaria  (Nigeria).  Inst,  for 
Agricultural  Research,  Irrigation  Research  Pro- 
gram. 

For  primary  bibliographic  entry  see  Field  3F. 
W90-04816 


EVIDENCE  FOR  COOXIDATION  OF  POLYN- 
UCLEAR  AROMATIC  HYDROCARBONS  IN 
SOIL. 

Utah  State  Univ.,  Logan.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04833 


DISTRIBUTION  OF  TRICHLOROETHENE  IN 
SOIL  GAS  ABOVE  CONTAMINATED 
GROUND  WATER  AT  PICATINNY  ARSENAL, 
NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5B 

W9O-O5099 


MICROBIOLOGICAL  TRANSFORMATION  OF 
TRICHLOROETHYLENE  IN  SOIL  AT  PICA- 
TINNY  ARSENAL,  NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5B. 

W9O-O510O 


DISTRIBUTION  OF  MAJOR  AND  TRACE 
ELEMENTS  IN  CORE  SAMPLES  FROM  PICA- 
TINNY  ARSENAL,  NEW  JERSEY. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B 

W9O-O5102 


USE  OF  A  SIMPLIFIED  TRANSPORT  MODEL 
FOR  PESTICIDES  IN  THE  UNSATURATED 
ZONE. 

Geological  Survey,  Richmond,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05116 


CHEMICAL,  GEOLOGIC,  AND  HYDROLOGIC 
DATA  FROM  THE  STUDY  OF  ACIDIC  CON- 
TAMINATION IN  THE  MIAMI  WASH-PINAL 
CREEK    AREA,    ARIZONA,    WATER    YEARS 

1984-87. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05187 


MOVEMENT  OF  PESTICIDES  AND  NUTRI- 
ENTS INTO  TILE  DRAINAGE  WATER. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05232 


DEVELOPMENT  OF  A  CAPILLARY  WICK  UN- 
SATURATED ZONE  PORE  WATER  SAMPLER. 

Texas   Agricultural   Experiment   Station,   College 

Station. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-05556 
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PLAYA  LAKES:  PRAIRIE  WETLANDS  OF  THE 
SOUTHERN  HIGH  PLAINS. 

North  Carolina  Univ.  at  Wilmington. 
E.  G.  Bolen,  L.  M.  Smith,  and  H.  L.  Schramm. 
Bioscience  BISNAS,  Vol.   39,  No.  9,  p  615-623 
October  1989.  3  fig,  86  ref. 

Descriptors:  'Playa  lakes,  'Limnology,  *Playas, 
♦Lakes,  *Prairies,  'Great  Plains,  'Ephemeral 
lakes,  'Irrigation  effects,  Water  loss,  Catchment 
areas,  Aquatic  habitats,  Aquatic  populations, 
Texas,  New  Mexico. 

Playas  are  shallow,  circular  basins  dotting  the  sur- 
face of  plains  and  desert  landscapes.  Nowhere  are 
they  more  numerous  or  as  dense  as  on  the  South- 
ern High  Plains,  a  82,0OO-sq  km.  tableland  south  of 
the  Canadian  River  in  Texas  and  New  Mexico. 
The  faunal  and  cultural  histories,  and  the  regional 
climatology  and  hydrology  of  these  playas  are 
reviewed.  The  climate  of  the  Southern  High  Plains 
(SHP)  varies  from  semi-arid  in  the  north  and  west 
of  warm-temperate  in  the  east  and  dry  steppe  in 
the  south.  No  permanent  rivers  or  streams  cross 
the  SHP.  Except  for  irrigation  runoff,  surface 
water  draining  into  the  playa  largely  results  from 
precipitation.  Water  loss  from  the  playas  that  are 
not  used  for  irrigation  results  from  seepage  and 
evaporation.  Water  volumes  in  playas  vary  season- 
ally. The  value  of  playas,  in  general,  may  lie  in  the 
diversity  of  the  vegetation  and  thus,  the  associated 
fauna.  The  development  and  economic  importance 
of  playas  is  related  largely  to  agricultural  produc- 
tion, and  playas  are  grazed,  cropped,  and  modified 
with  pits  for  irrigation.  Cultivation  alters  playas  by 
converting  wetlands  to  croplands,  and  making 
modifications  to  facilitate  their  drainage  or  utility 
for  irrigation.  Reduction  of  the  vegetated  buffer 
surrounding  playa  lakes  can  affect  water  quality. 
The  deeper  and  relatively  stable  water-level  condi- 
tions are  conducive  to  the  development  of  anoxic 
conditions  in  the  sediments,  and  nutrient  cycling 
thus  may  be  retarded.  Livestock  grazing  and  feed- 
lot  effuent  affect  playas.  Grazing,  by  reducing 
plant  cover,  increases  runoff  into  playas  and  favors 
shorebird  use  of  playa  habitats.  Excessive  or  con- 
tinuous grazing,  however,  will  eliminate  desirable 
cover  for  several  kinds  of  wildlife.  (Friedmann- 
PTT) 
W90-04555 


DEAD  SEA  SURFACE-LEVEL  CHANGES. 

Weizmann    Inst,    of   Science,    Rehovoth    (Israel). 
Dept.  of  Isotope  Research. 
D.  A.  Anati,  and  S.  Shasha. 


Israel  Journal  of  Earth  Sciences  IJERAK,  Vol.  38, 
No.  1,  p  29-32,  1989.  2  fig,  1  tab,  3  ref. 

Descriptors:  'Saline  lakes,  'Evaporation,  'Water 
use,  'Water  resources  development,  'Lakes, 
•Dead  Sea,  'Water  level,  'Water  level  fluctua- 
tions, Falling  stage,  Water  depth,  Israel. 

It  is  shown  that  during  the  period  1981-1988,  the 
year-to-year  variations  in  the  surface  level  of  the 
Dead  Sea  were  not  very  large  and,  therefore  the 
average  rate  of  level  drop  for  the  period  is  quite 
meaningful.  The  surface-level  changes  in  the  near 
future  are  then  estimated  assuming  this  rate  were 
to  stay  constant.  It  was  determined  that  the  rate  of 
level  drop  of  the  Dead  Sea  surface  during  the 
study  period  has  been  0.8  +/-1  m/y.  If  climatic 
conditions  and  the  extent  of  human  intervention 
remain  at  the  present  state,  by  the  year  2011  the 
level  will  have  dropped  to  minus  425  m.  (Fried- 
mann-PTT) 
W90-04559 


MEIOFAUNAL  RESPONSES  TO  SEDIMENTA- 
TION FROM  AN  ALASKAN  SPRING  BLOOM: 
I.  MAJOR  TAXA. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Zo- 
ology and  Physiology. 

J.  W.  Fleeger,  T.  C.  Shirley,  and  D.  A.  Ziemann. 
Marine  Ecology  Progress  Series  MESEDT,  Vol 
57,  No.  2,  p  137-145,  October  5,  1989.  5  fig,  1  tab, 
48  ref.  NOAA  contract  NA-85-ABH-022. 

Descriptors:  'Estuaries,  'Algal  blooms,  'Biomass, 
'Phytoplankton,  'Algae,  'Sedimentation,  'Eco- 
logical effects,  'Population  density,  Aquatic  plants. 
Aquatic  animals,  Aquatic  habitats,  Chlorophyll, 
Auke  Bay,  Alaska. 

Metazoan  meiofaunal  community  dynamics  and 
spring  phytoplankton  bloom  sedimentation  rates 
were  measured  concurrently  in  Auke  Bay,  Alaska, 
from  1985  to  1988.  The  null  hypothesis,  that  re- 
cruitment and  density  maxima  are  unrelated  to 
sedimentation  events,  was  tested.  Springtime  chlo- 
rophyll a  sedimentation  was  predictable  and  epi- 
sodic, occurring  annually  at  peak  rates  during  mid- 
May  at  35  m;  carbon  sedimentation  was  continuous 
through  the  spring.  Cumulative  sedimentation 
varied  from  year  to  year,  ranging  from  lowest  to 
highest  by  a  factor  of  2.  At  a  30  m  station,  seasonal 
variation  in  major  taxon  density  was  not  identifia- 
ble, however  interannual  variations  in  meiofaunal 
densities  did  occur.  No  consistent  relationship  be- 
tween meiofaunal  abundances  and  spring  chloro- 
phyll a  or  carbon  sedimentation  was  found,  i.e., 
years  with  the  highest  or  lowest  nematode  and 
harpacticoid  abundances  did  not  correspond  to 
years  with  the  highest  or  lowest  values  for  sedi- 
mentation. Other  factors  must  regulate  the  interan- 
nual variation  in  meiofauna,  at  least  over  the  range 
of  values  for  sedimentation  in  Auke  Bay.  (Author's 
abstract) 
W90-04609 


DIEL  VARIATION  IN  A  SHALLOW  TROPI- 
CAL BRAZILIAN  LAKE:  II.  PRIMARY  PRO- 
DUCTION, PHOTOSYNTHETIC  EFFICIENCY 
AND  CHLOROPHYLL-A  CONTENT. 

Universidade  Federal  de  Minas  Gerais,  Belo  Hori- 
zonte  (Brazil).  Dept.  of  General  Biology. 
F.  A.  R.  Barbosa,  J.  G.  Tundisi,  and  R.  Henry. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.    116, 
No.  4,  p  435-448,  1989.  5  fig,  2  tab,  30  ref. 

Descriptors:  'Lake  stages,  'Primary  productivity, 
'Photosynthesis,  'Limnology,  'Chlorophyll  a, 
'Phytoplankton,  'Diurnal  variation,  Stratification, 
Water  temperature,  Light  penetration,  Lake  Cari- 
oca,  Brazil. 

Diel  variations  of  phytoplankton  primary  produc- 
tion, photosynthetic  efficiency  and  chlorophyll-a 
concentration  were  studied  in  three  periods  of  the 
year-early  stratification  (September  1979),  maxi- 
mum stratification  (February  1980)  and  mixing 
(July  1980)-at  one  central  station  of  Lake  Carioca, 
Eastern  Brazil.  Comparisons  between  in  situ  and 
simulated  primary  production  measurements  sug- 
gested an  endogenous  rhythm  in  the  photosynthet- 
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ic  activity  of  the  phytoplankton.  This  and  the  diel 
variation  in  the  underwater  light  climate  and  tem- 
perature condition  are  suggested  to  entrain/main- 
tain the  observed  diurnal  variations  of  the  primary 
production.  Diel  variations  also  affect  a  deep  chlo- 
rophyll maximum  during  the  period  of  maximum 
stratification  that  are  related  to  the  diel  tempera- 
ture cycles.  (Author's  abstract) 
W90-04629 


ECOLOGY  OF  A  WADI  IN  IRAQ  WITH  PAR- 
TICULAR REFERENCE  TO  COLONIZATION 
STRATEGIES  OF  AQUATIC  MACROINVER- 
TEBRATES. 

Zoologische  Staatssammlung  Muenchen  (Germa- 
ny, F.R.). 
M.Carl. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  116, 
No.  4,  p  499-515,  1989.  2  fig,  6  tab,  8  ref. 

Descriptors:  'Wadi,  'Limnology,  'Macroinverte- 
brates,  'Aquatic  habitats,  'Colonization,  Pools, 
Geomorphology,  Seasonal  variation,  Species  com- 
position, Species  distribution,  Annelids,  Aquatic 
insects,  Mollusks,  Gastropods,  Iraq. 

Aquatic  invertebrates  in  a  wadi  are  faced  with 
unique  environmental  conditions  because  the 
valley  is  dry  except  for  a  short  period  during  the 
rainy  season.  Colonization  strategies  of  aquatic  ma- 
croinvertebrates  were  studied  in  the  remaining 
pool  of  a  wadi,  about  10  kilometers  north  of  Baiji, 
Iraq,  as  well  as  in  surrounding  small  stagnant  wa- 
terbodies.  Several  species  were  able  to  survive  in 
the  only  permanent  water-filled  pool,  provided 
that  the  adults  were  mobile.  Recolonization  by 
flight  originating  from  surrounding  waters  ap- 
peared to  be  the  strategy  most  frequently  used 
(92%  of  species).  Analysis  of  the  species  distribu- 
tion and  numbers  of  individuals  shows  that  the 
wadi  pool  and  the  surrounding  waters  had  very 
different  populations.  Numerically,  the  Coleoptera 
and  Heteroptera  were  dominant.  (Author's  ab- 
stract) 
W90-04632 


RICEFTELDS  AS  FILTERS. 

Barcelona  Univ.  (Spain).  Dept.  de  Ecologia. 

E.  Fores. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   116, 

No.  4,  p  517-527,  1989.  4  fig,  2  tab,  16  ref. 

Descriptors:  *Rice,  'Biological  filters,  'Filter 
crops,  'Dissolved  solids,  'Suspended  solids,  'Nu- 
trients, 'Nitrogen,  'Phosphorus,  Ebro  Delta, 
Spain. 

Filters  can  be  defined  as  natural  systems  which  are 
capable  of  retaining  material  in  suspension  or  nutri- 
ents contained  in  the  water  which  flows  through 
them  by  physical  or  biological  processes.  The  rice 
fields  in  the  Ebro  River  Delta  (NE  Spain)  retain 
particles  with  increasing  efficiency  as  the  crop 
develops.  At  the  same  time,  the  rice  fields  trap  the 
oxidized  inorganic  nitrogen  and  phosphorus  which 
enter  the  system.  The  most  abundant  nitrogen 
forms  in  the  filtrate  are  dissolved  organic  nitrogen 
and  ammonium.  At  the  beginning  of  the  crop 
season,  dissolved  organic  phosphorus  is  retained, 
and  toward  the  end  of  the  season,  soluble  reactive 
phosphorus  is  retained.  In  general,  the  rice  fields  in 
the  Ebro  River  Delta  retain  nitrogen  and  phospho- 
rus in  a  proportion  close  to  14:1.  The  most  effi- 
ciently retained  element  is  phosphorus.  (Author's 
abstract) 
W90-O4633 


Descriptors:  'Limnology,  'Eutrophic  lakes,  'Lake 
sediments,  'Midges,  'Aquatic  bacteria,  Larvae, 
Feeding,  Lake  Vallentunasjon,  Sweden. 

Feeding  by  Chironomus  plumosus  larvae  on  sedi- 
mentary microbiota  was  studied  in  eutrophic  Val- 
lentunasjon,   Sweden,    where    microbial    biomass 
constitutes  a  large  portion  of  sedimentary  organic 
matter.  The  life  history  of  C.  plumosus  consisted  of 
two  univoltine  cohorts  with  an  overall  production 
of  1.4  g  ash-free  dry  wt/sq  m.  Gut  concentrations 
of  bacteria,  Microcystis,  and  Melosira  were  several 
times  higher  than  sedimentary  concentrations,  indi- 
cating that  the  larvae  are  foraging  selectively.  As- 
similation of  bacteria  and  newly  sedimented  Melo- 
sira cells  on  average  accounted  for  1 1  and  49%  of 
the  estimated  carbon  requirements  (production  + 
respiration)  of  the  larvae.  Digestive  efficiencies  for 
bacteria  and  Melosira  seasonally  averaged  43  and 
34%.  Overwintering  Microcystis  colonies,  which 
constitute  the  dominant  proportion  of  microbial 
biomass  in  the  sediments,  were  used  to  a  small 
extent  if  at  all  as  a  carbon  source  by  the  chirono- 
mids.  If  a  decrease  in  autofluorescence  intensity  of 
cells  during  gut  passage  is  indicative  of  partial 
digestion  of  the  cells,  Microcystis  was  used  with  a 
digestive  efficiency  of  9%  and  accounted  for  10% 
of  the  carbon  requirements  of  the  larvae.  On  the 
basis  of  ambient  Chironomus  densities,  gut  passage 
time,  enrichment  factor  (gut  vs.  sedimentary  densi- 
ty of  bacteria),  and  digestive  efficiency,  chirono- 
mid  grazing  is  not  a  dominant  sink  for  sedimentary 
bacteria  in  Vallentunasjon.  The  feeding  activity  of 
Chironomus  larvae   decreased   bacterial   densities 
but  increased  the  cell-specific  production  in  labora- 
tory experiments.  The  decrease  was  not  propor- 
tional to  grazer  density,  indicating  that  indirect 
effects  of  the  chironomids  (on  sedimentary  struc- 
ture and  chemistry)  also  affect  the  abundance  of 
bacteria.  (Author's  abstract) 
W90-04649 


INTERACTIONS  BETWEEN  CHIRONOMUS 
PLUMOSUS  (L.)  AND  THE  MICROBIAL  COM- 
MUNITY IN  SURFICIAL  SEDIMENTS  OF  A 
SHALLOW,  EUTROPHIC  LAKE. 

Uppsala   Univ.    (Sweden).    Limnologiska    Institu- 

tionen. 

R.  K.  Johnson,  B.  Bostrom,  and  W.  Van  de  Bund. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 

No.  6,  p  992-1003,  September  1989.  4  fig,  4  tab,  38 

ref.   Swedish  Natural  Science  Research  Council 

Grant  B-BV3083-1 12. 


NrrRIFICATION-DENrrRIFICATION  AT  THE 
PLANT  ROOT-SEDIMENT  INTERFACE  IN 
WETLANDS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
K.  R.  Reddy,  W.  H.  Patrick,  and  C.  W.  Lindau. 
Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  6,  p  1004-1013,  September  1989.  2  fig,  6  tab,  37 
ref  U  S  Agency  for  International  Development 
DAN-  1406-G-SS-409 1-00. 

Descriptors.  'Limnology,  'Wetlands,  'Rooted 
aquatic  plants,  'Root  zone,  'Sediments,  'Nitrifica- 
tion, 'Denitrification,  Rice,  Pickerelweed,  Soft 
rush,  Oxygen  gas,  Nitrogen  gas,  Ammonium,  Ni- 
trates. 

Oxygen  transport  through  the  air,,  spaces  (aeren- 
chyma  tissue)  of  the  stem  and  roots  of  aquatic 
macrophytes  into  the  root  zone  supports  nitrifica- 
tion of  ammonium,  with  the  nitrate  formed  diffus- 
ing into  the  adjacent  anaerobic  zone  where  it  un- 
dergoes denitrification.  To  test  this  hypothesis,  a 
growth  chamber  study  was  conducted  to  deter- 
mine the  transformation  of  applied  15NH4(+)-N 
to  15N2  in  the  root  zone  of  three  aquatic  macro- 
phytes: rice  (Oryza  sativa),  pickerel  weed  (Ponte- 
deria  cordata)  and  soft  rush  (Juncus  effusus).  De- 
tection of  gaseous  N-15  N2  in  the  air  above  the 
floodwater  of  the  soil  column  with  aquatic  plants 
provided  direct  evidence  of  nitrification-denitrifi- 
cation  in  the  root  zone,  while  such  losses  were  not 
measurable  for  soil  columns  without  plants.  Air 
spaces  in  aquatic  plants  can  also  function  as  con- 
duits for  denitrified  gases  from  anaerobic  sediments 
to  the  atmosphere.  Maximal  15N2  flux  due  to  this 
process  was  102,  113,  and  122  mg  N/sq  m/d  for 
soft  rush,  rice,  and  pickerel  weed,  respectively. 
This  N  loss  mechanism  has  important  agronomic 
and  ecological  consequences.  (Author's  abstract) 
W90-04650 


Lakes— Group  2H 

CHANGES  IN  PHYTOPLANKTON  AND  ZOO- 
PLANKTON  BIOMASS  AND  COMPOSITION 
REFLECTED  BY  SEDIMENTATION. 

Eidgenoessische   Anstalt   fuer   Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,    Due- 

bendorf  (Switzerland).  Inst,  of  Aquatic  Sciences. 

J.  Bloesch,  and  H.  R.  Burgi. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 

No.  6,  p  1048-1061,  September  1989.  4  fig,  7  tab,  64 

ref. 

Descriptors:  'Switzerland,  'Zooplankton,  'Phyto- 
plankton, 'Seston,  'Limnology,  'Organic  carbon, 
•Phosphorus,  'Sedimentation,  Chlorophyll  a, 
Algae,  Particulate  organic  matter,  Crustaceans, 
Daphnia,  Light  quality,  Limnocorral,  Lake  Lu- 
cerne. 

Eight  2-week  limnocorral  (LC)  experiments  were 
performed  in  Lake  Lucerne,  Switzerland,  during 
1982-1984  to  study  the  effects  of  biomanipulation. 
The  large  zooplankton  were  removed  by  95- 
micron  plankton  nets  in  some  LCs  and  different 
phosphorus  fertilization  regimes  were  applied.  The 
chlorophyll  a  and  sestonic  particulate  organic 
carbon  (POC)  and  particulate  phosphorus  (PP) 
concentrations  decreased  significantly  in  the  pres- 
ence of  crustacean  zooplankton,  whereas  algal  bio- 
mass was  less  affected.  Within  the  short  period  of  2 
weeks  this  top-down  regulation  seemed  to  be  bal- 
anced by  bottom-up  control,  because  phosphate 
fertilization  and  favorable  light  conditions  stimulat- 
ed phytoplankton  production  and  increased  seston 
concentrations.  The  significant  shift  from  nano- 
plankton  to  net  plankton  in  both  the  filtered  and 
control  LCs,  which  caused  the  sedimentation  rates 
to  increase  during  all  the  experiments,  could  not  be 
attributed  solely  to  selective  zooplankton  giazing 
but  was  also  induced  by  different  algal  nutrient 
strategies.  In  the  control  (unfiltered)  LCs,  the  her- 
bivorous crustaceans  (usually  >80%  Daphnia 
spp.)  increased  POC  and  PP  sedimentation  by  14- 
50  and  25-57%  due  to  fecal  pellet  production. 
(Author's  abstract) 
W90-04652 


FORMATION  AND  BACTERIAL  UTILIZA- 
TION OF  DISSOLVED  ORGANIC  CARBON 
DERIVED  FROM  DETRITAL  LIGNOCELLU- 
LOSE. 

Georgia  Univ.,  Athens.  Inst,  of  Ecology. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-04651 
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EFFECT  OF  DAPHNIA  BODY  SIZE  ON  FIL- 
TERING RATE  INHIBITION  IN  THE  PRES- 
ENCE OF  A  FILAMENTOUS  CYANOBACTER- 
IUM. 

Max-Planck-Inst.  fuer  Limnologie  zu  Ploen  (Ger- 
many, F.R.). 

P.  Hawkins,  and  W.  Lampert. 
Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  6,  p  1084-1089,  September  1989.  1  fig,  2  tab,  30 
ref. 

Descriptors:  'Limnology,  'Filter  rate,  'Daphnia, 
'Cyanophyta,  'Competition,  Feeding,  Filamentous 
algae. 

The  hypothesis  that  shifts  in  the  size  structure  of 
daphnid  assemblages  may  be  caused  by  differing 
sensitivities  of  particular  species  to  interfering  fila- 
mentous cyanobacteria  was  tested.  Three  Daphnia 
species  of  different  size  were  fed  the  green  alga 
Scenedesmus  and  filtering  rates  were  measured  in 
the  presence  and  absence  of  straight  filaments  of 
the  cyanobacterium  Cylindrospermopsis  racibors- 
kii.  Cylindrospermopsis  was  not  lethally  toxic  to 
Daphnia,  but  was  inadequate  as  the  sole  food.  The 
filtering  rates  of  all  three  Daphnia  species  were 
reduced  in  the  presence  of  the  filaments.  The 
larger  D.  pulicaria  and  D.  hyalina  were  more 
affected  than  the  smallest,  D.  cucullata,  and  within 
the  size  range  of  each  species  larger  individuals 
were  more  affected  than  smaller  ones.  The  results 
are  consistent  with  field  observations  that  body 
size  is  an  important  factor  determining  the  com- 
petitive success  of  Daphnia  species  in  the  presence 
of  cyanobacterial  filaments.  (Author's  abstract) 
W90-04653 

INFLUENCE  OF  TRACE  ELEMENTS  ON 
AKINETE  DIFFERENTIATION  AND  GERMI- 
NATION IN  A  BLUE-GREEN  ALGA  (CYANO- 
BACTERIUM), NODULARIA  SPUMIGENA. 

Manipur  Univ.,  Imphal  (India).  Dept.  of  Life  Sci- 
ences. 
D.  D.  Yumnam,  and  P.  M.  Reddy. 
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Field  2— WATER  CYCLE 


Group  2H— Lakes 

Archiv  fuer  Hydrobiologie,  Supplement  AHBSA8, 
Vol.  82,  No.  3,  p  371-379,  1989.  3  fig,  1  tab,  17  ref. 

Descriptors:  'Limnology,  *Cyanophyta,  'Germi- 
nation,  'Trace  elements,  'Trace  metals,  Molybde- 
num, Boron,  Copper,  Zinc,  Bioaccumulation,  Man- 
ganese, Nutrients,  Algae. 

Trace  elements  were  found  to  influence  akinete 
formation  and  germination  in  Nodularia  spumi- 
gena.  Omission  of  one  trace  element  at  a  time  from 
the  medium  resulted  in  varied  degrees  of  reduction 
in  akinete  production  and  germination  indicating 
differential  influence  of  each  trace  element  on 
these  two  developmental  processes.  Deletion  of 
molybdenum  (Mo)  from  the  medium  had  no 
marked  suppressive  effect  on  akinete  production. 
Akinete  formation  was  suppressed  more  in  boron 
(B),  copper  (Cu)  or  zinc  (Zn)  deficient  medium 
than  in  the  medium  lacking  manganese  (Mn)  or 
cobalt  (Co).  It  appears  that  B,  Cu  and  Zn  have  a 
more  important  role  than  Mn  and  Co  in  the  proc- 
esses leading  to  akinete  development.  Akinetes 
seem  to  be  better  equipped  with  sufficient  endoge- 
nous reserves  of  B  and  Zn  as  a  greater  majority  of 
akinetes  were  found  to  be  less  dependent  upon 
exogcnously  supplied  B  and  Zn  for  germination 
than  upon  Mn,  Co,  Cu  and  Mo.  The  pattern  of 
germination  relative  to  the  position  of  heterocysts 
in  the  contiguous  akinetes  in  sporulated  filaments 
revealed  a  centripetal  sequence  in  the  absence  of  B, 
Cu  or  Zn  and  a  centrifugal  sequence  in  the  absence 
of  Mn,  Co  or  Mo.  These  observations  suggest 
heterocyst  mediated  preformation  of  increasing  (B, 
Cu  and  Zn)  or  diminishing  (Mn,  Co  and  Mo) 
concentration  gradients  of  trace  elements  towards 
heterocysts  in  the  sporulated  filaments.  The  evi- 
denced differential  accumulation  of  the  trace  ele- 
ments in  the  cells  of  the  sporulating  filaments 
grown  in  the  presence  of  the  medium  containing 
nitrate  indicates  that  the  heterocyst  mediated  gra- 
dient formation  of  the  micronutrients  is  independ- 
ent of  the  nitrogen-fixing  activity  of  the  hetero- 
cysts. (Author's  abstract) 
W90-04669 


PERSISTENCE  AND  DISTRIBUTION  OF  PCBS 
IN  THE  SEDIMENTS  OF  A  RESERVOIR 
(LAKE  HARTWELL,  SOUTH  CAROLINA). 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entrv  see  Field  5B 
W90-04682 


STUDY  OF  HUMIC  ORGANIC  SUBSTANCES 
AND  HEAVY  METALS  IN  THE  IVANKOVO 
RESERVOIR  WATERS. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Vodnykh 

Problem. 

For  primary  bibliographic  entry  see  Field  5B. 

W9O-O4705 


LAKE  VATTERN,  SWEDEN:  A  20- YEAR  PER- 
SPECTIVE. 

National  Swedish  Environment  Protection  Board, 

Uppsala  (Sweden).  Environmental  Quality  Lab. 

G.  Persson,  H.  Olsson,  T.  Wiederholm,  and  E. 

Willen. 

AMBIO  AMBOCX,  Vol.   18,  No.  4,  p  208-215, 

1989.  9  fig,  3  tab,  31  ref. 

Descriptors:  'Water  pollution  effects,  'Air  pollu- 
tion effects,  'Eutrophication,  'Acid  rain  effects, 
•Oligotrophic  lakes,  'Sweden,  Nitrates,  Heavy 
metals,  Organic  pollutants. 

Lake  Vattern  is  one  of  the  largest  oligotrophic 
clear-water  bodies  in  Europe.  It  is  highly  valued 
for  recreation,  fisheries,  and  as  a  drinking  water 
reservoir.  The  lake  is  susceptible  to  pollutants  de- 
rived both  from  the  atmosphere  and  from  tributar- 
ies and  has  been  threatened  by  eutrophication  and 
other  pollution.  Advanced  sewage  treatment  re- 
duced phosphorus  inputs  in  the  mid-1970s  and  the 
biotic  communities  are  now  recovering  from  eu- 
trophication symptoms.  The  nitrate  concentration 
in  the  lake  has  more  than  doubled  in  20  years  and 
is  still  constantly  increasing,  the  reasons  for  which 
are  discussed  Present  day  salt  concentrations  are 
30%   higher   compared   to  concentrations  before 


World  War  II  and  deposition  of  acid  pollutants 
have  changed  the  ionic  composition  in  favor  of 
sulfate.  The  lake  sediments  are  contaminated  by 
zinc,  cadmium,  lead,  and  mercury,  mainly  from  a 
mining  operation  at  the  lake  and  by  chlorinated 
organic  compounds  from  the  bleach-plant  effluents 
of  a  pulp  mill.  Laboratory  tests  indicated  toxic 
effects  of  the  sediments  on  a  benthic  organism. 
Levels  of  mercury,  DDT  and  PCB  in  fish  were 
approaching  legislative  criteria  for  human  con- 
sumption in  the  late  1960s,  but  are  now  well  below 
recommended  levels.  Relatively  high  concentra- 
tions of  dioxins  have  recently  been  found  in  arctic 
char.  (Author's  abstract) 
W90-04709 


DIATOM-BASED  PH  RECONSTRUCTION  OF 
LAKE  ACIDIFICATION  USING  CANONICAL 
CORRESPONDENCE  ANALYSIS. 

Newcastle  upon  Tyne  Univ.  (England). 

A.  C.  Stevenson,  H.  J.  B.  Birks,  R.  J.  Flower,  and 

R.  W.  Battarbee. 

AMBIO  AMBOCS,  Vol.    18,   No.   4,   p  228-233, 

1989.  3  fig,  26  ref. 

Descriptors:  'Paleolimnology,  'Water  pollution  ef- 
fects, 'Hydrogen  ion  concentration,  'Acid  rain 
effects,  'Diatoms,  Statistical  analysis,  Canonical 
correspondence  analysis,  Cores,  Scotland. 

Current  methods  of  quantitative  pH  reconstruction 
using  diatoms  from  sediment  cores  involve  the  use 
of  linear  multiple  regression.  This  approach  has 
theoretical  limitations  since  it  assumes,  inappropri- 
ately, that  biological  variables  are  monotonically 
related  to  environmental  variables  (e.g.  pH).  An 
alternative  approach  using  canonical  correspond- 
ence analysis  and  weighted  averaging  has  greater 
validity,  since  it  takes  specific  account  of  non- 
monotonic unimodal  species  responses.  This 
method  is  initially  applied  to  an  existing  data-set 
and  subsequently  a  validation  exercise  is  carried 
out  on  eight  new  surface  samples.  These  show  a 
close  agreement  between  measured  pH  and  canoni- 
cal correspondence  analysis  reconstruction  of  pH 
using  the  existing  surface  data-set.  Application  of 
the  technique  to  core  data  from  southwestern 
Scotland  shows  good  agreement  with  results  using 
index  B  and  multiple  regression  of  pH  groups. 
(Author's  abstract) 
W90-04711 


NUTRIENT  AND  WATER  FLUX  IN  A  SMALL 
ARCTIC  WATERSHED:  AN  OVERVIEW. 

San  Diego  State  Univ.,  CA.  Dept.  of  Bioloev 
W.  C.  Oechel. 

Holarctic  Ecology  HOECD2,  Vol.  12,  No.  3,  p 
229-237,  Oct  1989.  4  fig,  1  tab,  39  ref.  DOE  Con- 
tract No.  DE-FG03-84ER60250. 

Descriptors:  'Hydrologic  budget,  'Cycling  nutri- 
ents, 'Experimental  basins,  'Arctic  zone,  Tundra, 
Ecological  effects,  Primary  productivity,  Alaska. 

The  'Response,  Resistance,  Resilience  to,  and  Re- 
covery from  Disturbance  in  Arctic  Ecosystems' 
program  initially  concentrated  on  impacts  of  al- 
tered water  and  nutrient  inputs  on  tussock  tundra 
vegetation.  The  intensive  site  is  at  Imnavait  Creek 
(68  deg  37  min  N,  149  deg  17  min  E),  near  Toolik 
Lake,  Alaska  in  the  foothills  of  the  Brooks  Range, 
approximately  200  km  south  of  Prudhoe  Bay.  Tus- 
sock tundra  was  selected  for  initial  study  because  it 
has  an  extensive  distribution  in  the  Alaskan  Arctic 
(80%  of  the  arctic  region),  the  majority  of  the 
pipeline  corridor  north  of  the  Brooks  Range  passes 
through  tussock  tundra,  and  disturbances  of  arctic 
tundra  are  expected  to  occur  in  the  future.  Also 
important  is  that  18%  of  the  circumpolar  arctic 
primary  productivity  and  47%  of  the  circumpolar 
arctic  stored  carbon  are  in  tussock  tundra.  Water 
and  nutrient  additions  were  performed  because 
they  frequently  accompany  disturbance  and  devel- 
opment in  the  Arctic.  Emphasis  was  placed  on 
determining  responses  of  physical,  physiological, 
and  ecosystem  processes  to  environmental  change 
in  such  a  way  that  extrapolations  to  other  areas 
would  be  facilitated.  The  hills  near  Imnavait  Creek 
are  covered  by  glacial  till  of  the  Sagavanirktok 
River  glaciation,  with  a  deep  organic  layer  on  the 
less  exposed  hill  slopes  and  valleys.  The  vegetation 


is  dominated  by  Eriophorum  vaginatur,  Bctula 
nana,  Vaccinium  uliginosum,  Vaccinium  vitis- 
idaea,  Ledum  palustre,  Salix  pulchra,  and  Sphag- 
num spp.  Winds  were  rarely  calm  but  seldom 
exceed  17  m/s,  generally  from  the  east-southeast  to 
the  south-southwest  (66%).  Precipitation  in  1986 
was  344  mm,  about  half  of  which  was  snowfall. 
Mean  temperature  in  1986  was  -8.1,  with  an  abso- 
lute minimum  of  -43.  Mean  July  temperature  was 
between  9.8  and  13.7.  Nutrients  are  more  mobile 
than  previously  thought,  moving  an  estimated  10 
m  downslope  in  the  first  growing  season.  It  under- 
scores the  importance  of  the  winter  environment 
to  biological  and  hydrological  processes.  Greater 
water  flow  results  in  increased  plant  growth  rates, 
leaf  area,  and  biomass.  Effects  of  changes  in  nutri- 
ent and  water  supply  on  photosynthesis  were  mini- 
mal. Where  increases  in  productivity  took  place, 
they  occurred  more  likely  as  a  result  of  changes  in 
allocation  patterns,  including  an  initial  redirection 
of  carbohydrate  stores  to  new  leaf  development, 
than  from  increases  in  photosynthetic  rates.  The 
work  reported  here  indicates  that  the  downslope 
transmission  of  nutrient  and  water  flow  effects 
caused  by  altered  drainage  and  nutrient  supply 
may  result  in  a  larger  area  of  impact  than  previous- 
ly thought  (Author's  abstract) 
W90-04712 


HYDROLOGY    OF    IMNAVAIT    CREEK,    AN 
ARCTIC  WATERSHED. 

Alaska  Univ.,  Fairbanks.  Water  Research  Center. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-04713 


SPATIAL  INTERRELATIONSHIPS  BETWEEN 
TERRAIN,  SNOW  DISTRIBUTION  AND  VEGE- 
TATION PATTERNS  AT  AN  ARCTIC  FOOT- 
HILLS SITE  IN  ALASKA. 

Pennsylvania  State  Univ.,  University  Park.  Envi- 
ronmental Resources  Research  Inst. 
For  primary  bibliographic  entry  see  Field  2A. 
W90-04714 


STANDING  BIOMASS  AND  PRODUCTION  IN 
WATER  DRAINAGES  OF  THE  FOOTHILLS 
OF  THE  PHILIP  SMITH  MOUNTAINS, 
ALASKA. 

San  Diego  State   Univ.,   CA.   Dept.   of  Biology. 
S.  J.  Hastings,  S.  A.  Luchessa,  W.  C.  Oechel,  and 
J.  D.  Tenhunen. 

Holarctic  Ecology  HOECD2,  Vol.  12,  No.  3,  p 
304-311,  Oct  1989.  2  fig,  4  tab,  33  ref.  DOE  Con- 
tract No.  DE-FG03-84ER60250. 

Descriptors:  'Limnology,  'Small  watersheds, 
'Biomass,  'Productivity,  'Alaska,  'Tundra,  Vege- 
tation, Species  composition,  Drainage  effects. 

In  the  foothills  of  the  Philip  Smith  Mountains, 
Brooks  Range,  Alaska,  tussock  tundra  is  the  most 
widely  distributed  vegetation,  and  it  occurs  on 
rolling  hills  and  in  valleys  that  were  shaped  by  a 
sequence  of  Pleistocene  glaciations.  In  this  study, 
aboveground  standing  biomass  and  production 
were  compared  in  'intertrack  tundra'  areas  that 
were  relatively  homogenous  with  respect  to 
downslope  drainage  and  adjacent  'water  tracks' 
that  acted  to  channel  water  flow  to  the  valley 
bottom  stream.  Comparisons  of  biomass,  leaf  area 
index,  and  specific  leaf  weight  were  also  made 
between  upper  and  lower  slope  positions.  Similari- 
ties and  differences  of  vegetation  structure  are 
examined  with  respect  to  graminoid,  deciduous 
shrub,  evergreen  shrub,  herbaceous,  and  bryophyte 
components.  Water  tracks  were  found  to  have  1.5- 
1.7  times  the  biomass  of  intertrack  tundra,  and 
production  (excluding  secondary  growth)  in  water 
tracks  was  40%  greater  than  in  intertrack  tundra. 
The  aboveground  biomass  for  all  areas  studied  and 
the  annual  production  values  were  similar  to  those 
found  in  other  studies  of  tussock  tundra.  While 
only  slight  differences  in  depth  of  thaw  occurred 
in  water  tracks  and  intertrack  tundra  during  June 
and  early  July,  water  tracks  thawed  more  deeply 
with  the  onset  of  summer  rains.  Warmer  tempera- 
tures at  40  cm  depth  in  July  and  August  may  have 
increased  nutrient  availability,  whereas  greater 
rooting  depth  and  movement  of  water  may  have 


30 


WATER  CYCLE— Field  2 


increased  nutrient  capture  in  water  tracks  as  com- 
pared with  the  intertrack  areas.  Greater  biomass 
and  a  deeper  thaw  depth  occurred  at  upper  slope 
locations.  (Author's  abstract) 
W90-04717 


COMPARATIVE  EFFECTS  OF  DOWNSLOPE 
WATER  AND  NUTRIENT  MOVEMENT  ON 
PLANT  NUTRITION,  PHOTOSYNTHESIS, 
AND  GROWTH  IN  ALASKAN  TUNDRA. 

Florida  International  Univ.,  Miami.  Dept.  of  Bio- 
logical Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04719 


CARBONATE    SEDIMENTS    IN    LAKES    OF 

YUNNAN,  CHINA. 

Y.  Wang,  W.  Hu,  and  X  .  Zhang. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 

Hu  Chao)  HYHCAG,  Vol.  20,  No.  2,  p  122-130, 

1989.  4  fig,  2  tab,  8  ref. 

Descriptors:  *Paleolimnology,  "Lakes,  "Sedi- 
ments, "Carbonates,  "China,  Geologic  history,  Se- 
dimentology,  Water  chemistry. 

The  lakes  in  Yunnan  have  a  complicated  evolution- 
ary history  under  the  action  of  intensive  neo-tec- 
tonism   and    regional    physical    conditions.    As   a 
result,  carbonate  sediments  are  accumulated  slowly 
in  the  lakes.  According  to  their  appearance  and 
origin,  three  kinds  of  carbonate  sediments  can  be 
distinguished:  (1)  Organic  shell  carbonates  which 
are  mainly  from  gastropoda  and  lamellibranchia; 
(2)  Micro-grained  carbonate,  including  aragonite 
needles  or  radial  aragonite  aggregates,  crypto-crys- 
talline  calcite  lumps  or  monocrystalline  aggregates 
and  dolomite;  and  (3)  Cleargrained  carbonate  as 
lumps,  pellets  and  ooids  distributed  in  definite  envi- 
ronmental area  of  the  lakes.  The  lumps  are  com- 
posed of  fine  elastics  cemented  by  crypto-crystal- 
line  carbonate  and  are  considered  the  result  of  the 
biochemical  sedimentation  of  microorganisms  on 
the  basis  of  total  nitrogen  analysis.  The  pellets  are 
small  ellipsoids  consisting  of  micro-crystal  calcite 
formed  in  an  area  with  abundant  algae.  Calcite  was 
converted  into  pellets  due  to  activity  of  dentrifying 
bacteria  in  a  micro-environment  produced  by  algal 
metabolism.  Ooids  have  laminae  which  show  on 
alternation  of  calcite  growing  radially  with  arago- 
nite growing  in  a  tangental  direction  around  the 
core.  Their  origin  is  likely  related  to  temporary 
dryness  of  the  lakes  and  hence  a  change  in  Mg/Ca 
ratio,  causing  alternated  precipitation  of  calcite  and 
aragonite.  There  are  seldom  large  carbonate-form- 
ing organisms  like  those  in  marine  waters.  There- 
fore, carbonate  sedimentation  in  lakes  is  mainly 
composed  of  micro-grained  carbonate,  but  it  is  also 
possible  for  clear-grained  carbonate  to  occur  in 
some  areas  of  the  lakes,  causing  carbonate  sedi- 
mentation. By  studying  the  carbonate  sedimenta- 
tion in  Chenghai  Lake  for  the  past  100  years,  the 
general  pattern  of  lacustrine  carbonate  sedimenta- 
tion can  be  obtained.  (Author's  abstract) 
W90-04721 


SEDIMENTATION  RATES  OF  PARTICULATE 
ORGANIC  DETRITAL  CARBON,  NITROGEN 
AND  PHOSPHORUS  IN  DONGHU  LAKE, 
WUHAN. 

For  primary  bibliographic  entry  see  Field  2J. 
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BACTEREMIC  CELLULITIS  CAUSED  BY 
NON-SEROGROUP  Ol  VIBRIO  CHOLERAE 
ACQUIRED  IN  A  FRESHWATER  INLAND 
LAKE. 

Abraham  Lincoln  School  of  Medicine,  Chicago, 

IL.  Section  of  Infectious  Diseases. 

For  primary  bibliographic  entry  see  Field  5C. 
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ENVIRONMENTAL  FACTORS  AFFECTING 
PHYSIOGNOMIC  AND  FLORISTIC  VARIA- 
TION IN  AN  AREA  OF  CERRADO  IN  CEN- 
TRAL BRAZIL. 

Escola  Superior  de  Agricultura  de  Lavras  (Brazil). 
Dept.  de  Ciencias  Florestais. 


A.  T.  De  Oliveira-Filho,  G.  J.  Shepherd,  F.  R. 
Martins,  and  W.  H.  Stubblebine. 
Journal  of  Tropical  Ecology  JTECEQ,  Vol  5,  No. 
4,  p  413-431,   Nov.    1989.    8   fig,   4  tab,   30  ref. 

Descriptors:  "Soil- water-plant  relationships,  "Eco- 
logical distribution,  "Water  table  fluctuations, 
"Brazil,  Environmental  gradient,  Savannas,  To- 
pography, Tropical  regions. 

Cerrado  is  a  species-rich  savanna-like  vegetation 
that  covers  a  large  area  in  central  Brazil.  Soil,  and 
particularly  soil  fertility,  is  considered  to  be  the 
major  factor  determining  the  wide  and  diverse 
physiognomic-floristic  gradients  encountered 
within  cerrado  vegetation.  To  describe  the  vegeta- 
tional  variations  within  a  cerrado  in  southern  Mato 
Grosso  state  (15  deg  21  min  S,  55  deg  49  min  W),  a 
1  ha  transect  was  located  to  pass  through  an  inter- 
fluvial  cerrado  and  climb  a  steep  talus  slope.  The 
vegetational  and  environmental  variations  are  de- 
scribed by  means  of  field  classification,  direct  gra- 
dient analysis  and  reciprocal  averaging  ordination. 
The  effects  of  differences  in  ground  water  regime 
in  the  interfluvial  cerrado  and  differences  in  incli- 
nation with  associated  rockiness  in  the  talus  cer- 
rado are  related  to  the  vegetational  variations.  As 
the  soils  are  very  similar  in  texture  and  in  the 
majority  of  chemical  properties,  the  role  of  the 
above  environmental  factors  was  more  easily  dis- 
tinguished. In  the  interfluvial  cerrado,  the  vegeta- 
tion variations  are  probably  related  to  the  seasonal 
fluctuation  in  water  table  level.  (Author's  abstract) 
W90-04725 


Lakes— Group  2H 

FISH  PRODUCTION-BENTHOS  PRODUC- 
TION RELATIONSHIPS  IN  TROUT  STREAMS. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Fisheries  and 

Wildlife. 

T.  F.  Waters. 

Polskie  Archiwum  Hydrobiologii  PAHYA2,  Vol. 

35,  No.  3/4,  p  545-561,  1988.  2  tab,  71  ref. 

Descriptors:  "Stream  biota,  "Fish  populations, 
"Benthos,  "Productivity,  Trout,  Fish  food,  Aquat- 
ic environment,  Literature  review. 

The  literature  of  fish  production  and  benthos  pro- 
duction in  trout  streams  was  reviewed  with  the 
objective  of  assessing  the  capability  of  benthos 
production  to  support  estimated  fish  production. 
The  results  clearly  indicated  that  almost  all  report- 
ed benthos  production  levels  were  much  too  low 
to  be  able  to  support  levels  of  fish  production 
commonly  reported  in  trout  streams.  This  conclu- 
sion was  taken  as  a  reaffirmation  of  the  'Allen 
paradox',  which  originated  in  the  findings  of  Allen 
in  the  Horokiwi  Stream,  New  Zealand,  who  re- 
ported benthos  abundance  far  too  low  to  support 
the  trout  production  in  the  stream.  A  number  of 
other  fish  food  resources-the  hyporheos,  snag  habi- 
tat, floodplain  fauna,  terrestrial  drift,  meiofauna, 
other  fishes-are  suggested  as  additional  sources  of 
fish  food  which,  when  adequately  measured,  may 
solve  the  problem  of  the  Allen  paradox.  (Author's 
abstract) 
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FACTORS  INFLUENCING  SALMONID  POPU- 
LATIONS IN  SIX  HEADWATERS  STREAMS, 
CENTRAL  ARIZONA,  USA. 

Rocky  Mountain  Forest  and  Range  Experiment 

Station,  Tempe,  AZ.  Forestry  Sciences  Lab. 

J.  N.  Rinne,  and  A.  L.  Medina. 

Polskie  Archiwum  Hydrobiologii  PAHYA2,  Vol. 

35,  No.  3/4,  p  512-532,  1988.  9  fig,  1  tab,  27  ref. 

Descriptors:  "Stream  biota,  "Fish  populations, 
"Trout,  "Arizona,  Headwaters,  Aquatic  habitats, 
Population  density,  Biomass. 

Comparison  of  abiotic  and  biotic  variables  that 
could  influence  trout  populations  in  six  headwater 
streams,  central  Arizona  (USA)  suggests  that  phys- 
ical habitat  strongly  influences  salmonid  density 
and  standing  crop.  Stepwise  regression  analysis 
indicated  that  stream  depth  explained  most  of  the 
variation  in  density  and  biomass  of  trout  (66  and 
77%,  respectively).  Stream  substrate  explained  11 
and  9%  of  the  variation  in  trout  density  and  bio- 
mass, respectively.  Livestock  grazing  is  suggested 
as  a  significant  contributor  to  increased  substrate 
fines  (less  than  0.25  mm)  and  reduced  fish  popula- 
tions in  several  of  these  streams.  (Author's  ab- 
stract) 
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SIGNIFICANCE  OF  TEMPERATURE  AND 
FOOD  AS  FACTORS  AFFECTING  THE 
GROWTH  OF  BROWN  TROUT,  SALMO 
TRUTTA  L.,  IN  FOUR  DANISH  STREAMS. 

Miljoestyrelsen,  Silkeborg  (Denmark).  Freshwater 

Lab. 

P.  Geertz-Hansen,  and  E.  Marcus. 

Polskie  Archiwum  Hydrobiologii  PAHYA2,  Vol. 

35,  No.  3/4,  p  533-544,  1988,  4  fig,  2  tab,  16  ref. 

Descriptors:  "Aquatic  environment,  "Growth, 
"Trout,  "Denmark,  "Temperature  effects,  Fish 
food,  Limiting  factors,  Seasonal  variation. 

The  growth  rates  of  brown  trout,  Salmo  trutta  L., 
were  studied  in  four  streams  of  contrasting  charac- 
ter. The  observed  growth  were  compared  with 
growth  rates  on  the  growth  model  for  brown  trout 
on  maximum  ration.  In  two  streams  the  observed 
growth  rates  were  also  close  to  the  predicted 
values  during  spring  and  summer,  but  during  late 
summer  and  autumn  great  differences  were  seen. 
This  indicates  that  food  could  not  be  excluded  as  a 
limiting  factor  in  some  Danish  streams.  (Author's 
abstract) 
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SURVEYING  THE  ENTIRE  RIVER  ECOSYS- 
TEM. 

Anglian  Water  Authority,  Lincoln  (England).  Lin- 
coln Div. 

T.  E.  Coles,  C.  A.  Extence,  A.  J.  Bates,  G.  T. 
Oglanby,  and  C.  Mason. 

Polskie  Archiwum  Hydrobiologii  PAHYA2,  Vol. 
35,  No.  3/4,  p  563-575,  1988.  3  fig,  4  tab,  28  ref. 

Descriptors:  "Limnology,  "Rivers,  "Ecosystems, 
"Surveys,  "Biological  samples,  Fish  populations, 
Invertebrates,  Riparian  vegetation,  Birds. 

The  methodology  and  costs  of  surveys  to  assess 
river  fish  populations  and  aquatic  invertebrates  in 
Lincolnshire  together  with  plant  and  bird  commu- 
nities along  river  corridors  are  described.  Within 
Lincolnshire  the  majority  of  river  sections  are  slow 
flowing  with  mud  or  silt  substrates  and  the  'wrap 
around'  technique  is  used  to  sample,  while  wading 
electrofishing  is  used  to  sample  the  remaining  more 
quickly  flowing  sites  with  eroding  substrates.  The 
'wrap  around'  technique  over  a  series  of  178  sam- 
ples were  found  to  capture  98%  by  numbers  of  the 
estimated  population  of  fish  (>5.5  cm)  within  the 
enclosed  sections  with  the  electrofishing  samples 
averaging   87%   by   number  (>5.5   cm)  over   51 
samples.  Every  stretch  of  maintained  river  within 
Lincolnshire  has  been  divided,  on  large  scale  maps 
(1:2500)    into    sections   approximately    500    m    in 
length  and  given  a  code  number.  Maps  covering 
the  800  sections  currently  being  surveyed,  are  then 
used  by  the  botanists  and  ornithologists  undertak- 
ing the  work.  The  main  habitat  features  in  the 
channel  and  on   the  banks  of  each  section   are 
mapped  using  the  NCC  methodology  as  well  as 
marking  on  the  maps  the  main  plant  communities, 
both  in  the  water  and  on  the  banks.  The  breeding 
bird  community  is  assessed  from  4  visits  to  each 
section  in  April,  May,  June,  and  August,  while  the 
passage   and   winter  birds   are   assessed   from   an 
additional  2  visits  in  October  and  December.  These 
ecological  surveys  provide  the  basis  of  many  as- 
pects of  river  management.  Fishery  improvement 
work  is  based  on  fish  biomass  data  available  for 
every  section  of  river  while  analysis  of  the  popula- 
tion structure  of  the  dominant  fish  species  allows 
future  fishery  problems  to  be  anticipated.  Aquatic 
invertebrate  surveys  assess  water  quality  and  iden- 
tify effluent  requiring  improvement  while  bird  and 
plant  surveys  allow  areas  of  wildlife  interest  to  be 
protected.  (Shidler-PTT) 
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Field  2— WATER  CYCLE 


Group  2H— Lakes 

MODEL  FOR  LAKE  MARKEN,  THE  NETHER- 
LANDS. 

Rijksdienst    voor   de   Ijsselmeerpolders,    Lelystad 

(Netherlands). 

E.  H.  S.  van  Duin,  and  L.  Lijklema. 

Water  Science  and  Technology  WSTED4  Vol  21 

No.  12,  p  1817-1820,  1989.  2  fig,  7  ref. 

Descriptors:  "Limnology,  "Water  pollution  effects, 
•Lakes,  'Data  aquisition,  'Water  quality,  •Model 
studies,  Marken  Lake,  The  Netherlands,  Eutrophic 
lakes,  WAQUA  model,  STRESS-2D  model,  Algal 
growth,  Sampling,  Seasonal  variation,  Shallow 
lakes. 

A  deterministic  mathematical  model  is  being  devel- 
oped for  study  of  Lake  Marken,  a  large,  shallow, 
eutrophic  lake  in  The  Netherlands.  It  combines 
four  submodels:  WAQUA  (for  depth-averaged  un- 
steady flow),  STRESS-2D  (for  two-dimensional 
modeling  of  sediment  transport,  resuspension  and 
sedimentation  in  shallow  lakes),  a  one-dimensional 
light  model  to  compute  the  available  light  in  the 
water  column  from  the  irradiance  and  a  suspended 
solids-related  extinction  coefficient,  and  a  dynamic 
algal  growth  model.  Sampling  for  model  input  is 
done  as  follows:  high  frequency  (continuous)  sam- 
pling at  two  stations,  low  frequency  (every  16 
days)  sampling  at  12  sites,  and  special  sampling 
during  6  to  10  weeks  a  year  to  study  the  relation- 
ship between  algal  growth  and  the  rate  of  vertical 
mixing  in  the  water  column.  (Cassar-PTT) 
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EUTROPHICATION  IN  THE  NETHERLANDS. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Nature  Conservation. 

For  primary  bibliographic  entry  see  Field  5C. 
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ORGANIC  CARBON  TRANSPORT  IN  AN  UN- 
DISTURBED BOREAL  HUMIC  RIVER  IN 
NORTHERN  FINLAND. 

National  Board  of  Waters,  Oulu  (Finland).  District 

Office. 

K.  Heikkinen. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 

No.  1,  p  1-19,  November  1989.  5  fig,  6  tab,  49  ref. 

Descriptors:  'Dissolved  organic  carbon,  *Nutrient 
transport,  'Organic  carbon,  'Dissolved  solids, 
•Particulate  matter,  'Rivers,  'Stream  discharge, 
'Floods,  'Humic  substances,  Sediments,  Decom- 
position, Seasonal  variation,  Algae,  Kiiminkijoki 
River,   Finland,   Aquatic  drift,   Gulf  of  Bothnia. 

The  concentrations  and  transport  rates  of  dissolved 
(DOC),  particulate  (POC)  and  total  organic  carbon 
(TOC)  were  investigated  in  the  organically  col- 
ored River  Kiiminkijoki  in  the  1983  and  1984,  and 
estimates  were  calculated  for  the  amounts  trans- 
ported into  the  Gulf  of  Bothnia.  DOC  represents 
on  the  average  90%  of  the  TOC  transported  and  is 
probably  mainly  humic  substances.  The  organic 
carbon  concentrations  increase  with  discharge 
with  the  major  organic  load  restricted  to  the  time 
of  the  spring  floods.  There  is  a  hysteresis  effect  in 
organic  transport  at  the  beginning  of  a  flood 
period.  The  positive  dependence  of  DOC  concen- 
tration on  discharge  indicates  that  the  DOC  is 
mainly  of  terrestrial  origin,  leaching  mostly  from 
the  upper  layer  of  living  and  dead  Sphagnum  and 
moderately  humified  peat  in  minerotrophic  aapa 
mires.  Autochthonous  DOC  sources  also  seem  to 
be  important  in  summer.  The  most  important  rea- 
sons for  the  decrease  in  DOC  concentration  under 
low  flow  conditions  are  probably  sedimentation 
and  decomposition  of  humic  substances.  The  re- 
sults indicate  that  the  proportion  of  drifting  algae 
as  a  POC  source  increases  in  summer.  (Author's 
abstract) 
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DISSOLVED  ORGANIC  CARBON  DYNAMICS 
OF  DEVELOPED  AND  UNDEVELOPED  WET- 
LAND CATCHMENTS  IN  WESTLAND,  NEW 
ZEALAND. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 

Dept.  of  Zoology. 

K.  J  Collier.  R.  J.  Jackson,  and  M.  J. 


Winterbourn. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 

No.  1,  p  21-38,  November  1989.  5  fig,  3  tab,  35  ref 

Descriptors:  'Carbon  cycle,  'Dissolved  organic 
carbon,  'Forest  watersheds,  'Wetlands,  'Catch- 
ment areas,  Stream  discharge,  Vegetation  succes- 
sion, Stemflow,  Throughfall,  Westland,  New  Zea- 
land. 

Annual  dissolved  organic  carbon  (DOC)  budgets 
were  calculated  for  three  wetland  catchments  (10 
ha)  in  Westland,  New  Zealand.  One  catchment 
was  undeveloped  whereas  the  other  two  were 
developed  for  pine  forestry  two  and  five  years 
before  the  start  of  the  study.  DOC  concentrations 
in  stemflow  and  throughfall  were  highest  at  the 
undeveloped  site,  but  soil  water  DOC  concentra- 
tions were  similar  at  all  catchments.  Concentra- 
tions of  DOC  in  stream  water  increased  as  dis- 
charge increased  up  to  about  1.0  1/s,  after  which  a 
negative  relationship  was  found.  Export  of  DOC  in 
stream  water  (28.7  to  37.8  g/sq  m/y)  increased 
with  time  after  catchment  development,  suggesting 
evolution  towards  a  steady  state  following  succes- 
sion of  secondary  vegetation  within  catchments. 
(Author's  abstract) 
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SEASONAL  CHANGES  IN  THE  MACRO- 
FAUNA  LIVING  ON  SUBMERGED  PLANTS  IN 
TWO  LAKES  OF  DIFFERENT  TROPHY. 

Akademia  Rolnicza,  Lublin  (Poland).  Dept.  of  Zo- 
ology and  Hydrobiology. 
R.  Kornijow. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  117, 
No.    1,  p  49-60,   November   1989.   6  fig,   26  ref. 

Descriptors:  'Submerged  plants,  'Mesotrophic 
lakes,  'Eutrophic  lakes,  'Aquatic  animals,  'Troph- 
ic level,  'Limnology,  'Macroinvertebrates,  Bio- 
mass,  Population  density,  Lake  Glebokie,  Lake 
Piaseczno,  Poland,  Seasonal  variation. 

Seasonal  changes  in  the  macrofauna  living  on  sub- 
merged plants  in  the  mesotrophic  Piaseczno  and 
eutrophic  Glebokie  lakes  (Poland)  were  studied 
over  two  annual  cycles.  The  invertebrates  associat- 
ed with  Myriophyllum  alternifolium,  M.  spicatum, 
Ceratophyllum  demersum,  Elodea  canadensis,  Po- 
tamogeton  praelongus  and  P.  lucens  were  ana- 
lyzed. Seasonal  changes  in  the  qualitative  composi- 
tion of  the  fauna  were  small.  Strongly  marked 
fluctuations,  having  the  character  of  perceivable 
regularity,  were  recorded  in  dominance  structure, 
density,  and  biomass  in  the  case  of  the  fauna  inhab- 
iting macrophytes  and  perennial  above-ground 
shoots.  Significant  relationships  were  found  be- 
tween density  and  biomass  of  the  fauna  per  unit 
plant  mass  to  density  and  biomass  per  unit  bottom 
area  and  to  biomass  of  plants.  (Author's  abstract) 
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HETEROTROPHIC  CAPABILITIES  OF  THE 
BLUE-GREEN  ALGA  OSCILLATORIA  RUBES- 
CENS. 

Institut  National  de  la  Recherche  Agronomique, 
Thonon-les-Bains  (France).  Inst,  de  Limonologie. 
M.  Feuillade,  and  J.  Feuillade. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 
No.  1,  p  61-76,  November  1989.  3  fig,  3  tab,  46  ref. 

Descriptors:  *Cyanophyta,  •Oscillatoria,  •Metabo- 
lism, 'Algal  growth,  'Limnology,  'Heterotrophic 
algae.  Organic  compounds,  Glucose,  Sugar,  Fruc- 
tose, Acetates,  Pyruvate,  Amino  acids,  Light  inten- 
sity, Radioactivity  techniques. 

The  uptake  of  glucose,  sucrose,  fructose  and  ace- 
tate by  the  blue-green  alga  Oscillatoria  rubescens 
was  measured  under  darkness,  high  light  and  meta- 
limnetic  low  light  intensity  by  using  C-14-labeled 
compounds  added  at  natural  concentrations. 
Uptake  rates  of  added  organics  followed  simple 
Michaelis-Menten  kinetics.  For  glucose  two  linear 
components  for  the  transport  system  were  ob- 
served. Illumination  had  little  effect  on  shapes  of 
the  curve.  The  respiratory  loss  of  substrates  ranged 
from  0.6  to  2.1%  of  the  total  amount  of  C  assimi- 
lated for  all  substrates  except  acetate,  for  which 
the  respiratory  loss  reached  13  to  21%.  In  terms  of 


the  kinetics  of  assimilation,  it  appeared  that  O. 
rubescens  might  compete  successfully  with  bacte- 
rial populations  for  glucose  uptake  in  natural 
waters.  However,  neither  the  above  organic  sub- 
strates or  three  substrates  (pyruvate,  glutamate  and 
an  amino  acid  mixture)  supported  growth  of  axenic 
strain  or  natural  population  of  O.  rubescens  in  total 
darkness,  at  as  much  as  0.945  mM  substrate  con- 
centration. Consequently,  this  blue-green  alga  was 
not  considered  as  heterotroph.  In  dim  light,  a  very 
slight  growth  was  observed  but  only  when  experi- 
ments were  started  with  a  large  inoculum;  growth 
was  not  significantly  increased  when  organic  sub- 
strates were  added.  (Author's  abstract) 
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PRE-IMPOUNDMENT  STUDIES  OF  THE 
FISHES  OF  OWA  STREAM  SOUTH-WEST,  NI- 
GERIA. 

Ogun  State  Univ.,  Ago-Iwoye  (Nigeria).  Dept.  of 

Biological  Sciences. 

K.  B.  Olurin,  and  A.  Sotubo. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 

No.  1,  p  107-116,  November  1989.  3  fie,  5  tab,  24 

ref. 

Descriptors:  'Preimpoundment,  'Streams,  'Fish, 
'Nigeria,  Species  composition,  Population  density, 
Fish  populations,  Baseline  studies. 

A  pre-impoundment  investigation  was  conducted 
on  the  fish  fauna  of  Owa  stream,  Nigeria  during 
the  period  February  to  May  1987.  Nine  species 
belonging  to  5  families  were  caught  using  mainly 
gillnets  and  baited  hooks.  Cichlidae  was  the  most 
dominant  family,  represented  by  4  species,  fol- 
lowed by  Notopteridae,  represented  by  2  species. 
The  families  Malapteruridae,  Channidae  and  Ana- 
bantidae  were  represented  by  one  species  each. 
Chromidotilapia  guntheri  was  the  most  dominant 
species  both  by  number  and  weight,  followed  by 
Tilapia  mariae  and  Hemichromis  fasciatus.  The 
length-weight  relationship  for  the  species  showed 
allometric  growth  for  Xenomystus  nigri,  Papyro- 
cranus  afer,  C.  guntheri,  T.  mariae  and  H.  fascia- 
tus. The  mean  condition  factor  computed  for  the 
species  showed  that  they  were  in  good  condition. 
There  were  no  significant  differences  (p>0.05)  in 
condition  with  sex.  (Author's  abstract) 
W90-04810 


SOME  PHYSIOLOGICAL  RESPONSES  OF  AT- 
LANTIC SALMON  (SALMO  SALAR)  EXPOSED 
TO  SOFT,  ACIDIC  WATER  DURING  SMOLT- 
ING. 

Department    of    Fisheries    and    Oceans,    Halifax 
(Nova  Scotia).  Biological  Sciences  Branch. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-04858 


LAKE  TAHOE:  PRESERVING  A  FRAGILE 
ECOSYSTEM. 

California   Univ.,   Davis.   Div.   of  Environmental 

Studies. 

C.  R.  Goldman. 

Environment  ENVTAR,  Vol.  31,  No.  7,  p  7-31 

1989.  4  fig,  20  ref. 

Descriptors:  'Lake  Tahoe,  'Land  development, 
'Lakes,  'Eutrophication,  'Algal  blooms,  'Water 
pollution  effects,  'Lake  management,  'Regional 
planning,  Regulatory  agencies,  California,  Nutri- 
ents, Nevada. 

An  overview  of  the  history  of  the  development  of 
Lake  Tahoe  and  the  surrounding  area  is  presented. 
Over  the  last  30  years,  water  quality  in  Lake 
Tahoe  has  declined  steadily  despite  the  lake's  large 
volume.  As  a  result  of  increased  nutrient  availabil- 
ity in  the  lake's  water,  algal  growth  in  the  spring 
coats  the  rocks  near  shore,  and  the  lake  is  losing  its 
famous  transparency.  As  a  result  of  increasing  con- 
cern about  the  condition  of  the  lake,  in  1970  Cali- 
fornia and  Nevada  created  the  Tahoe  Regional 
Planning  Agency  (TRPA)  to  regulate  further  de- 
velopment in  the  basin.  With  increasing  coopera- 
tion from  the  various  state  and  federal  agencies  and 
clearer  goals  set  by  a  1980  agreement,  TRPA 
began  to  enforce  conservation  practices  based  on  a 
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basin-wide  zoning  plan  that  classified  the  land  ac- 
cording to  its  suitability  for  development.  In  addi- 
tion, regulations  for  maintaining  water  quality 
were  adopted  as  the  conservation  forces  gradually 
assumed  a  more  aggressive  and  successful  posture. 
Research  and  monitoring  programs  have  been  im- 
plemented that  disseminate  essential  water  quality 
information  that  offers  support  to  regulatory,  plan- 
ning, and  research  activities  in  the  Tahoe  basin. 
Eutrophication  studies  have  been  conducted  and 
ways  to  decrease  inputs  into  the  lake  implemented. 
Tributary  streams  and  atmospheric  deposition  have 
also  been  considered  and  studied.  Essential  to  pre- 
serving a  lake's  ecological  balance  is  the  basic 
science  necessary  for  understanding  the  structure, 
function,  and  coupling  of  terrestrial  ecosystems. 
By  developing  an  understanding  of  the  workings 
of  these  fragile  aquatic  systems,  it  should  be  possi- 
ble to  conserve  their  quality.  (White-Reimer-PTT) 
W90-04866 


MICRO-ALGAE  OF  LAKE  PUPUKE,  AUCK- 
LAND, NEW  ZEALAND. 

Department  of  Scientific  and  Industrial  Research, 

Auckland  (New  Zealand).  Botany  Div. 

V.  Cassie. 

New  Zealand  Natural  Sciences  NZNSEZ,  Vol.  16, 

p  39-50,  1989.  1  fig,  2  tab,  33  ref,  append. 

Descriptors:  *Phytoplankton,  *New  Zealand,  *Eu- 
trophic  lakes,  *Algae,  Diatoms,  Desmids,  Organic 
pollutants,  Benthos,  Toxicity,  Cyanophyta,  Chlor- 
ophyta,  Seasonal  variation,  Aquatic  populations, 
Species  composition. 

On  the  basis  of  its  algal  populations  Lake  Pupuke 
in  New  Zealand  is  classified  as  eutrophic.  Over  a 
period  of  11  years,  from  1976  to  1987,  96  taxa  were 
identified  in  102  algal  samples  obtained  from  mid- 
lake  and  inshore  phytoplankton  and  phytobenthos, 
including  metaphyton  and  epiphyton.  Over  the  last 
20  years  at  Lake  Pupuke,  winter  dominance  in  the 
phytoplankton  by  desmids  and  dinoflagellates  has 
remained  fairly  consistent.  Compound  indices  of 
2.0  for  phytoplankton,  2.2  for  periphyton,  and  2.5 
for  all  taxa,  indicate  that  the  lake  is  moderately 
eutrophic.  Taxa  tolerating  a  high  degree  of  organic 
pollution  were  few  in  number,  and  were  intimately 
associated  either  with  swan  excreta  or  with  over- 
flow discharges  from  drains  and  pumping  stations. 
It  appears  that  algal  populations  in  both  phyto- 
plankton and  phytobenthos  have  remained  fairly 
stable  or  become  smaller  since  the  removal  of  large 
quantities  of  floating  macrophytes,  and  hence  of 
large  quantities  of  nutrients.  Another  factor  limit- 
ing micro-algal  growth,  as  yet  not  clearly  defined, 
could  be  the  presence  of  a  toxic  chemical  or 
chemicals,  e.g.  excess  hydrogen  sulfide,  or  some 
substance  entering  the  lake  ecosystem  from  the 
hospital  or  other  drains.  (White-Reimer-PTT) 
W90-04873 


EFFECT  OF  A  CAVE  ON  BENTHIC  INVERTE- 
BRATE COMMUNITIES  IN  A  SOUTH  ISLAND 
STREAM. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 

Dept.  of  Zoology. 

R.  G.  Death. 

New  Zealand  Natural  Sciences  NZNSEZ,  Vol.  16, 

p  67-78,  1989.  3  fig,  4  tab,  21  ref. 

Descriptors:  *Invertebrates,  *New  Zealand, 
•Stream  biota,  'Caves,  Periphyton,  Biomass,  Colo- 
nization, Drift,  Density,  Species  diversity,  Food 
resources. 

Cave  Stream  is  a  second  order  tributary  of  Broken 
River  that  rises  in  the  foot  hills  of  the  Craigeburn 
Range,  Canterbury.  A  study  was  conducted  to 
investigate  whether:  (1)  periphyton  biomass  was 
reduced  in  the  cave,  and  if  so,  whether  this  pre- 
cluded colonization  by  invertebrates;  (2)  the  cave 
prevented  colonization  of  downstream  reaches  of 
the  stream  by  drift;  and  (3)  this  in  turn  affected 
community  composition  in  the  downstream 
reaches.  Stone  surface  organic  layers  were  absent 
inside  the  cave  but  well  developed  outside.  Inver- 
tebrate densities  were  considerably  lower  inside 
than  outside  the  cave  although  relative  abundances 
of  taxa  were  not  markedly  different.  Drift  rates 
and  densities  were  higher  at  the  inlet  end  of  the 


cave  than  at  the  outlet  indicating  that  the  cave 
acted  as  a  drift  barrier  to  some  invertebrate  spe- 
cies, which  may  have  been  unable  to  survive  on 
the  low  food  resources  inside.  Despite  a  reduction 
in  numbers  of  animals  drifting  into  the  downstream 
reaches  of  Cave  Stream,  community  structure  was 
not  significantly  different  from  that  upstream  of 
the  cave.  This  suggests  the  importance  of  oviposi- 
tion  and  upstream  migration  as  primary  means  of 
colonization  for  many  taxa.  (White-Reimer-PTT) 
W90-04874 


GREAT  LAKES  WATER  QUALITY  AGREE- 
MENT. 

Limno-Tech,  Inc.,  Ann  Arbor,  MI. 

P.  L.  Freedman,  and  B.  A.  Monson. 

Water  Environment  and  Technology,  Vol.  1,  No. 

2,  p  284-291,  October  1989.  3  fig,  1  tab. 

Descriptors:  "Lakes,  'Water  pollution  control, 
♦Water  quality,  'International  agreements,  'Great 
Lakes,  Water  resources  management,  Legislation, 
Comprehensive  planning. 

Conflicts  concerning  Great  Lakes  use  have  impact- 
ed its  quality  and,  to  some  extent,  its  beneficial 
uses.  These  problems  have  been,  and  still  are, 
diverse  ranging  from  bacteria  to  eutrophication  to 
toxic  materials.  Such  problems  prompted  govern- 
mental action  and  controls  at  the  local,  state,  pro- 
vincial, national  and  international  levels.  Through 
the  combined  efforts  of  the  public,  government 
and  industry,  substantial  gains  have  been  made  in 
maintaining  and  restoring  conditions  in  the  Great 
Lakes,  but  more  efforts  are  needed.  Binational 
agreements  between  Canada  and  the  U.S.  are  tar- 
geted at  this  need.  The  Great  Lakes  Water  Quality 
Agreement  of  1972  (GLWQA),  an  international 
master  plan  for  Great  Lakes  protection  without 
enforcement  language,  has  been  amended  as  re- 
cently as  1987.  The  GLWQA  currently  impacts 
only  eight  states  and  one  province,  but  its  implica- 
tions will  likely  trigger  environmental  actions  na- 
tionwide. The  goals  of  the  GLWQA  include:  (1) 
eliminating  or  reducing  pollutant  discharges;  (2) 
developing  lists  of  point-source  impacts,  areas  of 
concern,  and  critical  pollutants;  (3)  developing 
management  plans;  and  (4)  developing  plans  for 
development  and  support  for  programs.  (Male- 
PTT) 
W90-04875 


SEASONAL  DYNAMICS  OF  PRODUCTION, 
AND  NUTRIENT  ACCUMULATION  AND  CY- 
CLING BY  PHRAGMITES  AUSTRALIS  (CAV.) 
TRIN.  EX  STUEDEL  IN  A  NUTRIENT-EN- 
RICHED SWAMP  IN  INLAND  AUSTRALIA.  I. 
WHOLE  PLANTS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Griffith  (Australia).  Centre  for  Irri- 
gation Research. 
P.  J.  Hocking. 

Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  40,  No.  4,  p  421-444,  1989.  8 
fig,  8  tab,  54  ref. 

Descriptors:  'Marshes,  'Marsh  plants,  'Cycling, 
'Wetlands,  'Limnology,  'Australia,  'Swamps, 
Nutrients,  Seasonal  variation,  Plant  growth,  Bio- 
mass, Plant  physiology,  Phragmites. 

Seasonal  changes  in  dry  matter  production  and 
patterns  of  nutrient  accumulation  by  Phragmites 
australis  in  a  nutrient-enriched  swamp  in  inland 
Australia  were  studied.  The  density  of  live  shoots 
was  highest  (224/sq  m)  in  October,  but  the  peak 
standing  crop  of  live  shoots  (9890  g/sq  m)  oc- 
curred in  early  May.  Peak  below-ground  biomass 
(21,058  g/sq  m)  occurred  in  early  August.  Rhi- 
zome biomass  constituted  75%  of  the  below- 
ground  biomass,  and  showed  a  distinct  seasonal 
pattern.  Net  annual  above-ground  primary  produc- 
tion (NAAP),  estimated  by  the  maximum-mini- 
mum method,  was  9513  g/sq  m  to  the  negative  2. 
Correction  for  shoot  mortality  and  leaf  shedding 
before,  and  production  after,  the  maximum  stand- 
ing crop  was  attained  increased  NAAP  to  12,898 
g/sq  m.  Whole  plant  production  estimated  by  the 
maximum-minimum  method  was  9960  g/sq  m,  and 
the  corrected  estimate  was  14,945  g/sq  m.  A  model 
of  dry-matter  production  indicated  that  transloca- 
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tion  of  carbohydrate  from  rhizomes  could  have 
provided  33%  of  the  dry  matter  of  shoots.  About 
23%  of  the  dry  matter  of  shoots  was  redistributed 
to  below-ground  organs  during  senescence.  Con- 
centrations of  nitrogen,  phosphorous,  potassium, 
sulfur,  chlorine  and  copper  declined,  but  concen- 
trations of  calcium,  magnesium,  sodium,  iron  and 
manganese  increased  as  shoots  aged.  Concentra- 
tions of  nitrogen,  phosphorous  and  zinc  in  rhi- 
zomes reached  maxima  in  winter,  and  decreased  in 
spring.  Rhizomes  usually  contained  the  greatest 
quantity  of  a  nutrient  in  the  whole  plant,  and  roots 
usually  had  less  than  25%  of  the  total  plant  con- 
tent. There  were  seasonal  fluctuations  in  the  quan- 
tities of  nitrogen,  phosphorous,  potassium,  zinc  and 
copper  in  rhizomes.  Nutrient  accumulation  by  live 
shoots  was  underestimated  by  22-55%  using  the 
maximum-minimum  method.  Nutrient  budgets 
showed  considerable  internal  cycling  of  nitrogen, 
phosphorous,  potassium,  sulfur  and  copper  from 
rhizomes  to  developing  shoots  in  spring,  and  from 
senescing  shoots  to  rhizomes  during  autumn  and 
winter.  (See  also  W90-04883)  (Author's  abstract) 
W90-04882 


SEASONAL  DYNAMICS  OF  PRODUCTION, 
AND  NUTRIENT  ACCUMULATION  AND  CY- 
CLING BY  PHRAGMITES  AUSTRALIS  (CAV.) 
TRIN.  EX  STUEDEL  IN  A  NUTRIENT-EN- 
RICHED SWAMP  IN  INLAND  AUSTRALIA.  II. 
INDIVIDUAL  SHOOTS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Griffith  (Australia).  Centre  for  Irri- 
gation Research. 
P.  J.  Hocking. 

Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  40,  No.  4,  p  445-464,  1989.  9 
fig,  7  tab,  49  ref. 

Descriptors:  'Marshes,  'Australia,  'Cycling  nutri- 
ents, 'Marsh  plants,  'Wetlands,  'Limnology, 
'Swamps,  Plant  populations,  Phragmites,  Bioaccu- 
mulation,  Plant  physiology,  Plant  tissues. 

The  seasonal  dynamics  of  the  growth  of  shoots  of 
Phragmites  australis,  and  the  partitioning  of  dry 
matter   and    12   mineral   nutrients  between  shoot 
organs,  were  studied  in  a  stand  in  a  nutrient-en- 
riched swamp  in  inland  Australia.  The  stem  accu- 
mulated over  75%  of  the  total-shoot  dry  matter, 
the  inflorescence  less  than  5%.  About  26%  of  the 
shoot    dry    matter    was    redistributed    to   below- 
ground  organs  during  senescence.  Potassium  and 
nitrogen   were   the   most   concentrated   macronu- 
trients  in  shoots,  followed  by  chlorine,  calcium, 
sulfur,  phosphorous,  magnesium  and  sodium,  de- 
creasing  resepectively.   Micronutrient   concentra- 
tions were  in  the  order  manganese,  iron,  zinc  and 
copper,  decreasing  respectively.  Concentrations  of 
most  nutrients  and  total  amino  compounds  were 
higher  in  leaves  than  stems.  Concentrations  of  ni- 
trogen, phosphorous  and  potassium  were  highest  in 
young    shoots    and    decreased     throughout     the 
season,  whereas  concentrations  of  calcium,  chlo- 
rine, iron,  manganese  and  sodium  increased  during 
the  life  of  the  shoot.  The  top  of  the  shoot  had  the 
highest  concentrations  of  nutrients.  Calcium  and 
manganese  accumulated  mainly  in  the  large  leaves 
from  the  middle  of  the  shoot.  The  stem  contained 
the  major  proportion  of  the  quantity  of  most  nutri- 
ents in  living  shoots;  however,  leaves  had  over 
55%  of  the  total  shoot  content  of  nitrogen,  calcium 
and  manganese.  The  inflorescence  usually  had  less 
than  10%  of  the  quantity  of  a  nutrient  in  the  shoot, 
but  had  over  20%  of  the  nitrogen  and  32%  of  the 
phosphorous  in  the  shoot.  Nitrogen,  phosphorous 
and  potassium  were  redistributed  from  senescing 
shoots  to  below-ground  organs  with   over   60% 
efficiency,    and    sulfure,     magnesium,    zinc    and 
copper  with  between  17  and  38%  efficiency.  There 
was  negligible  redistribution  of  calcium,  chlorine, 
sodium,  iron  or  manganese  from  either  leaves  or 
stems.   Nutrients  were   redistributed  to  a  greater 
extent  from  leaves  than  from  stems.  There  were 
leaching   losses  of  some  nutrients   from   exposed 
senescing  shoots,  especially  with  potassium,  chlo- 
rine and  sodium.  Leaching  losses  of  sodium  were 
low  (circa  5%).  Shoots  from  part  of  the  reed-bed 
burnt  the  previous  winter  were  smaller,  had  fewer 
leaves,  and  had  lower  concentrations  of  most  nutri- 
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ents  than  those  from  the  unburn!  part  of  the  reed- 
bed.  (See  also  W90-04882)  (Author's  abstract) 
W90-04883 


BREAKDOWN  OF  FOUR  LEAF  LITTER  SPE- 
CIES AND  ASSOCIATED  FAUNA  IN  A 
BASQUE  COUNTRY  FORESTED  STREAM. 

Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Lab. 

de  Ecologia. 

J.  B.  Imbert,  and  J.  Pozo. 

Hydrobiologia  HYDRB8,  Vol.  182,  No.  1,  p  1-14, 

1989.  7  fig,  3  tab,  31  ref. 

Descriptors:  'Litter,  'Macroinvertebrates,  •Detri- 
tus, Midges,  Species  diversity,  Spain,  Decomposi- 
tion, Stream  ecology,  Invertebrates,  Pine  trees, 
Oak  trees. 

Leaves  of  4  tree  species  (Quercus  robur,  Castanea 
sative,  Corylus  avellana  and  Pinus  pinaster)  were 
incubated  in  a  forested  headwater  stream  using 
bags  (1  millimeter  and  5  millimeter  net  size)  and 
trays  (5  millimeter  net  size).  The  type  of  treatment 
influenced  litter  breakdown  rates.  Differences  in 
loss  rates  were  noted  between  Pinus  and  the  decid- 
uous species,  and  between  Quercus  and  Corylus. 
Numbers  of  invertebrates  per  sample  and  per  gram 
leaf  ash  free  dry  weight  generally  increased  with 
exposure  time.  The  taxa  colonizing  the  four  leaf 
species  were  largely  identical  but  colonization  was 
greatly  dependent  on  type  of  treatment.  Taxa  rich- 
ness (Hmax)  increased  with  time.  Differences  be- 
tween Hmax  and  specific  diversity  (H)  were  high, 
due  to  the  importance  of  Chironomids.  Collectors 
and  scrapers,  among  other  functional  groups,  ex- 
hibited the  highest  densities.  Differences  in  loss 
rates  between  fine  and  coarse  treatments  were 
related  to  differences  in  shredder  biomass,  cor- 
roborating the  importance  of  this  functional  group 
in  litter  processing.  (Author's  abstract) 
W90-04884 


SUMMER  BACTERIAL  POPULATIONS  IN 
MISSISSIPPI  RIVER  POOL  19:  IMPLICA- 
TIONS FOR  SECONDARY  PRODUCTION. 

Illinois  Natural  History  Survey,  Champaign. 
Aquatic  Biology  Station. 
M.  S.  Henebry,  and  R.  W.  Gorden. 
Hydrobiologia  HYDRB8,  Vol.  182,  No.  1,  p  15-23, 
1989.  3  fig,  3  tab,  34  ref.  Supported  by  the  NSF, 
Division  of  Biotic  Systems  and  Resources,  under 
the  Long-Term  Ecological  Research  Program 
Grants  No.  81-14563  and  86-12107. 

Descriptors:  'Aquatic  bacteria,  'Rivers,  'Bacterial 
analysis,  'Mississippi  River,  Biomass,  Aquatic 
plants,  Carbon,  Aquatic  productivity. 

Bacterial  populations  were  sampled  at  37  sites  in 
Mississippi  River  Pool  19.  Bacterial  biomass  was 
calculated  from  direct  epifluorescent  cell  counts. 
Bacterial  production  was  estimated  by  incubating 
cells  in  situ  in  predator-free  water  inside  membrane 
chambers  and  the  frequency  of  dividing  cells.  Bac- 
terial biomass  in  the  water  column  ranged  from 
0.05  to  1.13  mg  C/L,  biomass  in  the  vegetated 
areas  of  the  pool  was  significantly  higher  than  that 
in  other  habitats  (P  less  than  0.05,  ANOVA).  Bio- 
mass in  sediments  (to  a  depth  of  10  centimeters) 
ranged  from  24  to  1,073  mg  C/sq  m;  biomass  in 
muddy  sediments  was  significantly  higher  (P  less 
than  0.05)  than  that  in  sandy  sediments.  Biomass  on 
the  submersed  surfaces  of  hydrophytes  was  0.06  to 
4.90  mg  bacterial  carbon/g  dry  weight  of  plant 
material.  The  vegetated  habitat  (water  column  plus 
vegetation)  contained  approximately  45  times  the 
concentration  of  bacterial  carbon  found  in  nonve- 
getated  main  channel  border  areas  and  more  than 
100  times  the  concentration  in  the  main  river  chan- 
nel. Bacterial  production  rates  in  the  water  column 
of  a  vegetated  section  of  the  pool  ranged  from  0.03 
to  3.28  g  of  carbon/cu  m/d;  production  (cu  m)  in  a 
vegetation  bed  was  5.5  times  that  in  the  adjacent 
nonvegetated  channel  border  areas  and  approxi- 
mately 50  times  that  in  the  main  channel.  Aquatic 
macrophytes  and  associated  microorganisms  may 
be  capable  of  providing  significant  inputs  of  carbon 
to  secondary  consumers  in  the  pool  during  the 
summer  low  flow.  (Author's  abstract) 
W90-04885 


EXAMINATION  OF  A  FRESHWATER  SUR- 
FACE MICROLAYER  FOR  DIEL  CHANGES  IN 
THE  BACTERIONEUSTON. 

Wisconsin   Univ.,    Milwaukee.   Center   for  Great 

Lakes  Studies. 

J.  S.  Maki,  and  C.  C.  Remsen. 

Hydrobiologia  HYDRB8,  Vol.  182,  No.  1,  p  25-34, 

1989.  2  fig,  3  tab,  50  ref.  Work  supported  in  part  by 

the  Center  for  Great  Lakes  Studies,  University  of 

Wisconsin-Milwaukee. 

Descriptors:  'Plankton,  'Aquatic  bacteria,  'Lim- 
nology, 'Bacteria,  Bacterial  analysis,  Microorga- 
nisms, Diurnal  variation,  Organic  carbon,  Phos- 
phorus, Ammonia,  Correlation  analysis. 

The  surface  microlayer  of  a  small  freshwater  pond 
was  sampled  every  6-8  hours  on  four  occasions 
(April,  July,  September  and  November)  to  examine 
changes  in  total  and  respiring  bacterioneuston  for 
diel  cycles  and  comparing  them  to  similar  measure- 
ments of  the  bacterioplankton.  Dissolved  organic 
carbon  (DOC),  dissolved  reactive  phosphorous 
(DRP)  and  ammonia  nitrogen  (NH3-N)  were  also 
measured.  Both  the  mean  numbers  and  enrich- 
ments of  the  two  bacterial  parameters  in  the  sur- 
face microlayer  samples  showed  seasonal  differ- 
ences, but  in  general,  no  significant  difference  (P 
greater  than  0.05,  ANOVA)  in  the  mean  numbers 
of  total  and  respiring  bacterioneuston  were  ob- 
served over  diel  periods  except  in  November.  The 
converse  was  true  for  the  bacterioplankton.  The 
presence  of  a  visually  thick  surface  film  contribut- 
ed to  the  results.  The  mean  numbers  of  bacterion- 
euston and  their  enrichments  were  not  correlated 
to  any  of  the  physical/chemical  parameters  meas- 
ured. (Author's  abstract) 
W90-O4886 


COMMUNITY  STRUCTURE  IN  EPILIMNETIC 
AND  METALIMNETIC  PHYTOPLANKTON 
ASSEMBLAGES. 

Windsor  Univ.  (Ontario).  Great  Lakes  Inst. 
G.  D.  Haffner,  and  R.  McNeely. 
Hydrobiologia  HYDRB8,  Vol.  182,  No.  1,  p  59-71 
1989.  7  fig,  15  ref. 

Descriptors:  'Lakes,  'Phytoplankton,  'Limnolo- 
gy. Community  structure,  Correlation  analysis, 
Epilimnion,  Metalimneon,  Temporal  distribution, 
Vertical  distribution,  Canada. 

Epilimnetic  and  metalimnetic  phytoplankton  com- 
munities were  compared  to  assess  the  relative  im- 
portance of  autogenic  and  allogenic  factors  regu- 
lating community  composition  and  structure.  In 
the  epilimnion,  opportunistic  species  were  pre- 
dominant, and  as  a  result  there  was  considerable 
temporal  change  in  the  community  as  measured  by 
the  community  coefficient.  In  the  metalimnion, 
however,  temporal  changes  in  the  community  co- 
efficient were  small  compared  with  changes  along 
the  vertical  gradient.  It  appears  that  non-equilibri- 
um dynamics  caused  by  short  term  changes  in 
physical  processes  might  be  regulating  the  phyto- 
plankton community  in  the  epilimnion,  and  verticla 
niche  partitioning  along  the  vertical  gradient  was 
minor  compared  with  temporal  changes  of  com- 
munity structure.  The  metalimnion  supported  com- 
munities with  a  more  persistent  structure  over 
time,  although  vertical  resource  partitioning  be- 
tween density  layers  resulted  in  considerable 
change  of  community  strucuture  with  depths.  (Au- 
thor's abstract) 
W90-04887 


SEASONAL  DYNAMICS  OF  BENTHIC  MA- 
CROINVERTEBRATE  COMMUNITIES  IN  THE 
LOWER  ARDECHE  RIVER  (FRANCE). 

Lyon-1  Univ.,  Villeurbanne  (France).  Lab.  d'Eco- 
logie  des  Eaux  Douces. 
S.  Doledec. 

Hydrobiologia  HYDRB8,  Vol.  182,  No.  1,  p  73-89, 
1989.  7  fig,  3  tab,  38  ref.  Hydrobiological  study  of 
the  Lower  ARdeche  River  was  supported  by  a 
grant  from  the  Reserve  Naturelle  des  Gorges  de 
L'Ardeche. 

Descriptors:  'Benthic  fauna,  'France,  'Ecosys- 
tems, 'Rivers,  Seasonal  variation,  Community 
structure,  Temperature,  Light,  Mediterranean. 


Seasonal  sampling  at  six  locations  on  the  Lower 
Ardeche  River,  France,  indicated  that  the  commu- 
nity structure  varied  irregularly  during  the  1982, 
1983  and  1984  sampling  program.  The  seasonal 
structure  of  the  taxa-sample  matrix,  which  was 
much  more  important  than  sample  location,  is 
demonstrated  graphically.  The  Mediterranean 
aspect  of  the  lower  reaches  of  the  Ardeche  River 
is  indicated  by  the  community  structure  which 
includes  species  often  collected  in  other  typical 
Mediterranean  streams,  (e.g.  Oligoneuriella  rhen- 
ana,  Ephoron  virgo,  Ecdyonurus  dispar,  E.  insig- 
nis,  Choroterpes  picteti).  Results  also  indicated 
that  water  temperature  and  day  length  were  the 
determining  influences  on  seasonal  variations  in  the 
population  structure  of  benthic  macroinverte- 
brates.  Three  seasonal  periods  were  distinguished: 
winter  (November  to  April),  spring  (May,  June 
and  beginning  July)  and  summer  (end  of  July  to 
October).  Spring  and  autumnal  spates  marked  the 
limits  of  the  summer  and  winter  periods.  Hence, 
annual  fluctuations  of  this  seasonal  typology  may 
occur  in  response  to  the  hydrological  regime.  (Au- 
thor's abstract) 
W90-04888 


GENERATION  OF  TIME  OF  ACANTHOCY- 
CLOPS  ROBUSTUS  IN  RELATION  TO  FOOD 
AVAILABILITY  AND  TEMPERATURE  IN  A 
SHALLOW  EUTROPHIC  LAKE. 

University   of  East   Anglia,   Norwich   (England). 

School  of  Biological  Sciences. 

M.  Cryer,  and  C.  R.  Townsend. 

Hydrobiologia  HYDRB8,  Vol.  182,  No.  2,  p  93-97 

1989.  1  fig,  3  tab,  22  ref. 

Descriptors:  'Copepods,  'Zooplankton,  'Eutro- 
phic  lakes,  'Limnology,  Productivity,  Tempera- 
ture, Food  chains,  Regression  analysis. 

The  generation  time  of  the  predatory  cyclopoid 
copepod  Acanthocyclops  robustus  was  estimated 
on  11  occasions  during  the  years  1980  to  1982  in 
Alderfen  Broad  New  Zealand.  In  a  multiple  re- 
gression model,  generation  time  was  found  to  be 
uncorrected  with  temperature,  positively  correlat- 
ed (p  less  than  0.001)  with  the  density  of  nauplii  of 
the  calanoid  copepod  Eudiaptomus  gracilis.  It  is 
suggested  that  generation  time  was  determined 
largely  by  the  availability  of  calanoid  nauplii  as 
prey,  even  though  these  constituted  only  2%  of 
zooplankton  standing  biomass.  (Author's  abstract) 
W90-04889 


SEASONALITY  IN  RIVER  PHYTOPLANK- 
TON: MULTIVARIATE  ANALYSES  OF  DATA 
FROM  THE  OHIO  RIVER  AND  SIX  KEN- 
TUCKY TRIBUTARIES. 

Louisville  Univ.,  KY.  Dept.  of  Biology. 
C.  G  Peterson,  and  R.  J.  Stevenson. 
Hydrobiologia  HYDRB8,  Vol.  182,  No.  2,  p  99- 
114,  1989.  6  fig,  3  tab,  42  ref. 

Descriptors:  'Water  chemistry,  'Water  quality, 
'Ohio,  'Kentucky,  'Seasonal  variation,  'Phyto- 
plankton, 'Monitoring,  Rivers,  Physiochemical 
properties,  Dominance,  Cyanophyta,  Diatoms. 

Two  years  of  physical/chemical  and  algal  abun- 
dance data  obtained  from  national  Stream-Quality 
Accounting  Network  records  of  10  river  sites  in 
Kentucky  (4  Ohio  River  sites  and  6  Ohio  River 
tributaries)  were  analyzed  to  determine  how  sea- 
sonal changes  in  river  phytoplankton  related  to 
changes  in  physical  and  chemical  parameters.  Phy- 
toplankton assemblages  differed  among  rivers  as  a 
function  of  drainage  basin  characteristics,  but  ex- 
hibited common  seasonal  changes  related  to  tem- 
poral variation  in  the  physical/chemical  environ- 
ment. Distinct  shifts  in  algal  dominance  were  iden- 
tified between  spring  (March,  April),  late  summer 
(July,  August,  September),  and  transitional  (May, 
June,  November)  periods  in  the  10  systems.  Nine 
common  algal  genera  were  found  to  differ  in  their 
repsonse  to  changes  in  physical  or  chemical  param- 
eters. Abundances  of  Anacystis,  Oscillatona,  Scen- 
edesmus,  and  Melosira  were  strongly  related  to 
temperature.  Other  physical/chemical  factors  that 
were  signficantly  positively  (  +  )  or  negatively  (-) 
correlated    with    algal    abundances    included   dis- 
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charge  and  alkalinity  (Oscillatoria,  +),  pH  carbon 
(Chlamydomonas  and  Cyclotella,  both  +),  turbidi- 
ty (Anacystis,  -;  Navicula  +),  silica  (Cyclotella,  -), 
and  ammonium/organic  nitrogen  (Anacystis,  -). 
Genera  within  the  same  algal  division  exhibited 
different  seasonal  patterns  and  responded  to  differ- 
ent physical/chemical  parameters.  (Author's  ab- 
stract) 
W90-04890 

PHYTOPLANKTON  EXTRACELLULAR  DIS- 
SOLVED ORGANIC  CARBON  PRODUCTION 
IN  A  HYPERTROPHIC  AFRICAN  LAKE. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
R.  D.  Robarts,  and  L.  M.  Sephton. 
Hydrobiologia  HYDRB8,  Vol.  182,  No.  2,  p  137- 
148,  1989.  4  fig,  2  tab,  39  ref. 

Descriptors:  'Productivity,  *South  Africa,  'Lim- 
nology, *Phytoplankton,  'Organic  carbon,  Lakes, 
Spatial  distribution,  Temporal  distribution,  Light. 

The  spatial  and  temporal  changes  in  phytoplankton 
(predominantly  Microcystis  aeruginosa)  produc- 
tion of  particulate  organic  carbon  (primary  pro- 
duction) and  extracellular  dissolved  organic 
carbon  (EDOC)  were  measured  in  hypertrophic 
Hartbeespoort  Dam,  South  Africa,  for  5  years.  The 
study  objectives  were  to  determine  the  significance 
of  EDOC  production  to  primary  production  esti- 
mates and  to  identify  the  dominant  factors  associat- 
ed with  EDOC  production.  Primary  production  at 
the  lake  surface  varied  between  9.4  and  8886  mg  c/ 
cum/h  while  EDOC  production  ranged  from  0.9 
to  1410  mg  c/cum/h.  Surface  EDOC  production 
represented  a  mean  of  8.1%  (range  1.0-63.0%)  of 
total  organic  carbon  production.  Integrated  eupho- 
tic  zone  primary  production  had  a  mean  value  of 
665  mg  c/sq  m/h  (range  46.3-3010  mg  c/sq  m/h 
while  EDOC  production  varied  between  2.1  and 
540  mg  c/sq  m/h  (mean  =  27.6  mg  c/sq  m/h).  As 
a  percentage  of  total  production,  EDOC  represent- 
ed a  mean  of  4.5  %  (range  0.6  to  32.4%).  The 
dominant  factor  correlated  to  EDOC  production 
at  all  depths,  and  for  the  euphotic  zone,  was  the 
rate  of  primary  production  (r  =  approximately  0.7, 
n  =  222,  p-value  less  than  0.001).  In  the  upper 
euphotic  zone  solar  radiation  was  not  significantly 
correlated  to  EDOC  production  (r  =  0.1,  n  =  221, 
and  p-value  greater  than  0.05).  It  was  concluded 
that  although  the  production  of  EDOC  during  the 
routine  measurement  of  priamry  production  in 
Hartbeespoort  Dam  was  not  significant,  the  pro- 
duction of  labile  dissolved  organic  carbon  com- 
pounds by  phytoplankton  was  probably  important 
when  viewed  in  the  context  of  the  biological  cy- 
cling of  dissolved  organic  carbon.  (Author's  ab- 
stract) 
W90-04892 


VEGETATION  OF  THE  SPECIAL  ZOOLOGI- 
CAL RESERVE  OF  KOPACKI  RIT. 

Osijek  Univ.  (Yugoslavia). 

For  primary  bibliographic  entry  see  Field  21. 

W90-04893 


ABUNDANCE  AND  FEEDING  OF  MICROHE- 
TEROTROPHIC  FLAGELLATES  FROM  A  EU- 
TROPHIC  LAKE. 

Murray  State  Univ.,  KY.  Dept.  of  Biological  Sci- 
ences. 

J.  R.  Pratt,  and  J.  D.  Chappell. 
Hydrobiologia  HYDRB8,  Vol.  182,  No.  2,  p  165- 
169,  1989.  1  fig,  1  tab,  16  ref. 

Descriptors:  'Plankton,  'Aquatic  bacteria,  'Eutro- 
phic  lakes,  'Limnology,  Microorganisms,  Flagel- 
lates, Bacterial  analysis,  Predation,  Zooplankton, 
Flagellates,  Growth. 

The  growth  of  planktonic  bacteria  from  a  eutro- 
phic  lake  was  evaluated  with  microflagellate  pred- 
ators present  and  absent.  Differential  filtration  (50 
and  8  micrometer  filters)  was  used  to  exclude 
ciliates  and  larger  zooplankton  and  phytoplankton 
from  replicate  experimental  cultures.  Additional 
filtration  (1  micrometer  filter)  excluded  heterotro- 
phic microflagellates  from  a  second  set  of  experi- 
mental cultures,  producing  cultures  that  contained 


either  bateria  and  microflagellates  or  only  bacteria. 
Growth  of  bacteria  and  microflagellates  was  evalu- 
ated by  epifluorescent  microscopy  from  repeated 
sampling  over  approximately  200  hours.  Bacterial 
numbers  were  reduced  in  the  presence  of  microfla- 
gellates, and  microflagellates  were  observed  to 
contain  bacterial  prey.  However,  microflagellate 
numbers  were  high  (about  one  million  cells  per 
milliliter)  and  were  less  than  an  order  of  magnitude 
lower  than  bacterial  numbers.  Bacteria  growing  in 
the  presence  of  microfalgellates  did  not  show  pred- 
ator-prey population  oscillations  but  had  in-phase 
oscillations  in  number,  suggesting  rates  of  hetero- 
trophic microflagellates,  estimated  to  be  only  30 
body  volumes  per  hour,  were  insufficient  to  main- 
tain flagellate  growth,  suggesting  that  other  energy 
sources  may  be  needed  to  maintain  microflagellates 
in  eutrophic  freshwater  ecosystems.  (Author's  ab- 
stract) 
W90-04895 


EFFECT  OF  LEAF  PACK  COMPOSITION  ON 
PROCESSING:  A  COMPARISON  OF  MIXED 
AND  SINGLE  SPECIES  PACKS. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 

L.  G.  Leff,  and  J.  V.  McArthur. 

Hydrobiologia  HYDRB8,  Vol.  182,  No.  3,  p  219- 

224,  1989.  4  fig,  1  tab,  14  ref.  DOE  contract  DE- 

AC09-76SR00. 

Descriptors:  'Decomposition,  'Detritus,  Decom- 
posing organic  matter,  Macroinvertebrates, 
Leaves,  South  Carolina. 

The  effect  of  leaf  species  composition  on  decompo- 
sition patterns  was  examined  in  a  coastal  plain 
stream.  Red  maple  leaves  (Acer  rubrum)  decom- 
posed at  the  same  rate  separately  or  when  mixed 
with  cypress  leaves  (Taxodium  distichum).  Cy- 
press addition  increased  structural  integrity  but  its 
effects  differed  between  sites  with  different  hydro- 
logic  regimes.  Invertebrate  communities  varied 
slightly  between  mixed  and  single  species  packs, 
however  invertebrates  did  not  appear  to  be  the 
primary  agent  of  decomposition.  Mixed  species 
packs  may  be  an  alternative  method  to  fine  mesh 
bags  for  studying  processing  of  small,  narrow 
leaves  in  a  more  realistic  manner.  (Author's  ab- 
stract) 
W90-04896 


WINTER  ABUNDANCE  OF  CHANNEL  CAT- 
FISH IN  THE  CHANNELIZED  MISSOURI 
RIVER,  NEBRASKA. 

Nebraska  Game  and  Parks  Commission,  Lincoln. 
B.  A.  Newcomb. 

North  American  Journal  of  Fisheries  Management 
NAJMDP,  Vol.  9,  No.  2,  p  195-202,  Spring  1989.  3 
fig,  5  tab,  20  ref.  National  Marine  Fisheries  Service 
Project  2-402-R,  under  Public  Law  88-309. 

Descriptors:  'Fish  populations,  'Catfish,  'Chan- 
neling, 'Ecological  effects,  'Missouri  River,  'Ne- 
braska, Aquatic  habitats,  Population  dynamics, 
Seasonal  variation,  Dikes. 

The  objective  of  this  study  was  to  estimate  and 
compare  the  population  abundances  and  size  struc- 
tures of  channel  catfish  Ictalurus  punctatus  winter- 
ing in  rock  dike  habitats  in  several  channelized 
sections  of  the  Missouri  River.  Electrofishing  was 
used  to  sample  channel  catfish  populations  at  four 
locations  along  the  Missouri  River  in  the  winter 
months  of  1983-1987.  Deep  scour  holes  in  eddy 
current  areas  associated  with  rock  wing  dike  struc- 
tures provided  valuable  winter  habiats  for  many 
fish  species.  Channel  catfish  were  only  collected 
from  dike  habitats  with  depths  greater  than  12  feet 
and  water  velocities  less  than  0.90  feet  per  second. 
A  significant  positive  relationship  was  revealed 
between  the  number  of  channel  catfish  collected 
per  river  mile  and  the  species'  estimated  density 
based  on  mark-recapture  experiments.  Tag  returns 
documented  a  seasonal  pattern  of  movement  from 
the  wintering  habitat  of  the  Missouri  River  to 
tributary  streams  during  warmer  months.  (Au- 
thor's abstract) 
W90-04916 
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DISTRIBUTION  OF  FLORIDA  LARGEMOUTH 
BASS  IN  A  LAKE  AFTER  ELIMINATION  OF 
ALL  SUBMERSED   AQUATIC  VEGETATION. 

Florida  Univ.,  Gainesville.  Dept.  of  Fisheries  and 

Aquaculture. 

D.  E.  Colle,  R.  L.  Cailteux,  and  J.  V.  Shireman. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,  Vol.  9,  No.  2,  p  213-218,  Spring  1989.  3 

tab,  22  ref. 

Descriptors:  'Limnology,  'Lakes,  'Sunfish,  'Sub- 
merged plants,  'Distribution  patterns,  Aquatic 
habitats,  Deep-water  habitats,  Piers,  Adaptation, 
Florida. 

Distribution  of  16  Florida  largemouth  bass  Mi- 
cropterus  salmoides  floridanus  was  monitored 
weekly  for  one  year  by  radiotelemetry  in  80-hec- 
tare  Lake  Baldwin,  Florida.  The  lake  contained 
grass  carp  Ctenopharyngodon  idella,  which  had 
eliminated  all  submersed  aquatic  macrophytes.  Six 
of  the  largemouth  bass  stayed  predominantly  (87 
percent  of  tracking  locations)  in  water  deeper  than 
3.5  meters  (60  percent  of  lake  surface  area),  where 
they  established  home  ranges  averaging  21.0  hec- 
tares (range,  0.6-39.5  hectares);  the  offshore  region 
had  no  natural  or  artificial  structures.  The  other 
radio-tagged  fish  were  relocated  a  majority  of 
times  in  water  depths  of  3.5  meters  or  less.  Five  of 
these  fish  established  year-round  home  ranges 
averaging  4.1  hectares  (range,  1.0-9.8  hectares)  in 
the  inshore  region  where  water  depths  were  less 
than  2.0  meters,  and  had  significant  (P-value  less 
than  0.05)  preferences  for  habitats  with  V/ater 
tupelo  Nyssa  aquatica.  The  remainder  of  the  large- 
mouth bass  used  both  the  inshore  region  and  water 
depths  out  to  3.5  meters  and  had  significant  prefer- 
ences for  the  11  piers  in  Lake  Baldwin.  (Author's 
abstract) 
W90-04917 


INFLUENCES  OF  INTERSTICE  SIZE,  SHADE, 
AND  PREDATORS  ON  THE  USE  OF  ARTIFI- 
CAL  STRUCTURES  BY  BLUEGILLS. 

Ohio  State  Univ.,  Columbus.  School  of  Natural 

Resources. 

W.  E.  Lynch,  and  D.  L.  Johnson. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,  Vol.  9,  No.  2,  p  219-225,  Spring  1989.  2 

tab,  2  rig,  27  ref. 

Descriptors:  'Lakes,  'Aquatic  habitats,  'Bluegills, 
•Ecological  distribution,  Artificial  substrates,  Sun- 
fish,  Juvenile  growth  stage,  Mature  growth  stage. 

Adding  artificial  structures  to  lakes  concentrates 
fish  and  therefore  may  increase  angler  success 
However,  structure  characterisitics  that  attract  fish 
are  not  well  understood.  The  purpose  of  this  study 
was  to  evaluate  the  preferences  of  juvenile  and 
adult  bluegills  Lepomis  macrochirus  for  interstice 
size  (40,  150,  and  350  millimeters)  within  artificial 
structures  and  shaded  versus  unshaded  structures 
in  the  absence  or  presence  of  largemouth  bass 
Micropterus  salmoides.  Structures  were  construct- 
ed of  10-centimeter-diameter  plastic  pipes  and 
were  1.2  meters  by  1.2  meters  by  1.5  meters  in  size. 
Juvenile  (50-100  millimeters  total  length,  TL)  and 
adult  (greater  than  150  millimeters  TL)  bluegills 
consistently  preferred  40-millimeter  interstices 
with  a  structure  on  any  given  day,  which  suggest- 
ed that  small  structures  such  as  ours  may  have  a 
limited  carrying  capacity  for  bluegills.  Use  of 
structures  by  largemouth  bass  appeared  to  be  relat- 
ed to  their  body  size.  Small  individuals  (less  than 
300  millimeters  TL)  used  structures  with  40-milli- 
meter or  350-millimeter  interstices,  whereas  larger 
fish  used  only  350-millimeter  interstices.  (Author's 
abstract) 
W90-04918 


WATERWEED  INVASIONS. 

Toronto  Univ.  (Ontario).  Dept.  of  Botany. 
For  primary  bibliographic  entry  see  Field  4A. 
W90-04920 


RESTORING  THE  GREAT  LAKES. 

V.  Adamkus. 

EPA  Journal,  Vol.  11,  No.  2,  p  2-4,  March  1985. 
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Field  2— WATER  CYCLE 


Group  2H— Lakes 

Descriptors:  •Lakes,  'Water  pollution,  'Great 
Lakes,  'Lake  fisheries,  'Lake  restoration,  'Phos- 
phorus, 'Water  pollution  control,  'Eutrophic 
lakes,  Environmental  Protection  Agency,  Ships, 
Water  pollution  effects,  Potential  water  supply, 
Fish,  Chemical  wastes. 

The  decline  of  the  Great  Lakes  that  was  recog- 
nized in  the  1960s  has  been  halted.  By  the  summer 
of  1984,  all  but  8  of  the  lakes'  516  beaches  had 
reopened  and  water  quality  has  significantly  im- 
proved. While  the  problem  of  eutrophication  has 
been  drastically  slowed  due  to  improvements  in 
sewage  treatment  systems  bordering  the  lakes  and 
control  of  phosphorus  discharges,  new  problems 
are  surfacing.  Phosphorus  runoff  from  farmlands 
and  toxic  discharges  are  current  pollution  issues 
facing  the  Great  Lakes  National  Program  Office. 
This  EPA  office  coordinates  federal  water  quality 
re^urch  surrounding  the  Great  Lakes.  The  EPA 
has  identified  more  than  800  toxic  chemicals  in  the 
Great  Lakes  ecosystem.  These  chemicals  have 
caused  many  fish  to  be  inedible.  Environmental 
pi  iblems  caused  by  cargo  ships  moving  through 
the  lakes  and  channels  include  oil  spills  and  shore- 
line erosion.  Perhaps  the  most  emotionally  charged 
issue  is  the  proposed  diversion  of  Great  Lakes 
water  to  areas  where  water  supplies  are  being 
depleted.  Consumption  and  diversion  significantly 
affect  fisheries.  Lower  water  levels  reduce  marshes 
and  'iltoral  waters  vital  to  fish  spawning  and 
growth.  Fish  may  also  be  killed  when  sucked  into 
water  intakes  and  diversion  sends  them  out  of  the 
Great  Lakes  ecosystem,  another  possibly  lethal 
move.  The  EPA  is  working  to  identify  toxic  hot 
spots  by  monitoring  water,  air  deposition,  sedi- 
ments and  fish  tissue.  (Mertz-PTT) 
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FIVE  SISTER  LAKES:  A  PROFILE. 

Environmental  Protection  Agency,  Washington, 
DC. 

EPA  Journal,  Vol.  11,  No.  2,  p  5-6,  March  1985. 

Descriptors:  'Lakes,  'Great  Lakes,  'Canada,  *St 
Lawrence  Seaway,  'Navigation  canals,  'Inland 
waterways,  Ships,  American  Indians,  Water 
boundary,  History,  Water  resources  development, 
Watercourses. 

The  Great  Lakes  form  the  largest  surface  expanse 
of  freshwater  in  the  world.  All  five  of  the  Great 
Lakes  are  ranked  among  the  fifteen  largest  lakes  in 
the  world.  Completion  of  the  St.  Lawrence 
Seaway  in  1959  connected  the  Great  Lakes  to  form 
the  largest  freshwater  transportation  network  in 
the  world,  stretching  2200  miles.  More  than  40 
million  people  live  and  work  in  communities  on 
the  lakes'  shores,  comprising  15  percent  of  the  U.S. 
population  and  25  percent  of  Canadians.  Wisconsin 
glaciation  carved  out  the  lake  beds  some  32,000 
years  ago.  The  lakes  have  been  in  their  present 
form  for  only  7000  years.  Various  Indian  tribes, 
including  the  Iroquois,  Chippewa,  Winnebago, 
Sauk,  Menominee,  and  the  Miami,  have  lived  along 
the  Great  Lakes.  The  Westerner  credited  with 
discovering  the  Great  Lakes  was  the  French  ex- 
plorer, Samuel  de  Champlain,  who  stood  on  the 
shores  of  Lake  Huron  in  1615.  Before  the  Industri- 
al Revolution,  the  Great  Lakes  were  considered 
'seas  of  sweet  water.'  French  domination  of  the 
lakes  ended  when  the  British  defeated  the  French 
in  'he  French  and  Indian  Wars  of  1754-1763.  With 
the  Treat>  of  Paris,  in  1793,  the  Lakes  were  divid- 
ed between  the  United  States  and  British  Canada. 
["he  War  of  1812  spelled  the  final  conflict  in  Great 
Lakes  waters.  Since  then,  the  relationship  between 
the  U.S.  and  Canada  has  been  peaceful.  The  Erie 
Canal  opened  in  1825  and  freight  traffic  began 
moving  around  Niagara  Falls  via  the  Welland 
Canal  since  1829.  Lake  Michigan  was  joined  with 
the  Mississippi  River  in  1848.  Once-thriving  indus- 
tries, such  as  lumbering  and  fishing,  are  declining, 
however,  due  to  depletion  of  natural  riches.  Tour- 
ism has  become  a  thriving  industry  along  these 
lakes.  Urbanization,  shipping  and  industrialization 
have  taken  their  toll  on  the  lakes.  Erie,  Ontario  and 
Lake  Michigan  have  suffered  the  most.  Fortunate- 
ly, the  nearly  pure  waters  of  Lake  Superior  flow 
into  all  the  other  Great  Lakes,  so  the  potential  for 
restored  water  quality  does  still  exist.  (Mertz-PTT) 
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HOW   CANADA   CONTROLS   GREAT   LAKES 
POLLUTION. 

For   primary   bibliographic   entry   see   Field    5G. 
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LEARNING  IN  THE  GREAT  LAKES  'LAB'. 

Environmental  Research  Lab.-Duluth,  Grosse  He, 

ML  Large  Lakes  Research  Station. 

W.  L.  Richardson. 

EPA  Journal,  Vol.  1 1,  No.  2,  p  1 1-12,  March  1985. 

Descriptors:  'Lakes,  'Great  Lakes,  'Limnology, 
•Water  quality  control,  'Inland  waterways, 
'Water  resources  development,  'Water  pollution 
control,  Pesticides,  Mercury,  Polychlorinated  bi- 
phenyls,  DDT,  Mathematical  models,  Ships,  Navi- 
gation canals,  Canada,  US-Canada  Boundary 
Waters  Treaty,  International  Joint  Commission, 
Phosphorus,  Asbestos,  Water  law. 

The  macro-laboratory  of  the  Great  Lakes  covers 
the  five  main  lakes,  the  connecting  channels  and 
hundreds  of  feeder  tributaries,  embayments,  and 
thousands  of  miles  of  shoreline.  The  experimental 
design  includes  man  first  as  the  perturber  of  the 
natural  environment,  then  as  one  of  the  perturbed 
species  and  finally,  as  the  scientist  and  manager. 
Few  scientific  observations  were  made  until  ty- 
phoid struck  many  Great  Lakes  towns  in  the  early 
1900s.  Typhoid-related  studies  resulted  from  the 
1909  U.S. -Canada  Boundary  Waters  Treaty  and 
the  establishment  of  the  International  Joint  Com- 
mission. Since  the  1900s,  pollutants  have  flowed 
into  the  Great  Lakes  from  growing  industrial  cen- 
ters on  or  near  the  shores.  Other  pollutants  have 
fallen  from  the  atmosphere  or  from  ships  moving 
along  the  St.  Lawrence  Seaway.  Nuclear  power 
plants  discharge  cooling  waters  into  the  lakes. 
Under  Public  Law  660,  anti-pollution  enforcement 
and  comprehensive  studies  were  initiated.  The 
Great  Lakes  Illinois  River  Basin  Project  provided 
the  first  comprehensive  water  quality  information 
for  the  lakes  and  was  used  in  a  landmark  decision 
on  diversions  through  the  Chicago  Ship  Canal. 
Mathematical  predictions  forecast  quality  improve- 
ments that  could  be  achieved  if  phosphorus  inputs 
were  reduced.  This  research  led  to  a  billion  dollar 
cleanup  program  and  vast  improvements  in  Lake 
Erie.  Research  also  led  to  the  ban  or  control  of 
DDT,  mercury,  PCBs,  asbestos,  and  the  pesticide 
toxaphene.  Over  800  chemicals  have  been  identi- 
fied by  research  scientists  studying  Great  Lakes 
fish  samples.  New  studies  are  focusing  on  radionu- 
clides and  PCBs  in  Lake  Michigan,  heavy  metals 
and  PCB-like  compounds  in  Monroe  Harbor, 
Michigan,  PCB  mixtures  and  metals  in  Saginaw 
Bay  and  aromatic  hydrocarbons  in  the  near-shore 
waters  of  Lake  Michigan.  Most  recently,  a  coordi- 
nated study  has  been  started  to  investigate  the 
Upper  Great  Lakes  connecting  channels.  (Mertz- 
PTT) 
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THINKING  ECOLOGICALLY  IN  LAKES  PRO- 
TECTION. 
L.  Botts. 

EPA  Journal,  Vol.  11,  No.  2,  p  13-14,  March  1985. 

Descriptors:  'Limnology,  'Lakes,  'Great  Lakes, 
'Water  pollution,  'Water  pollution  effects, 
'Chemical  wastes,  'Industrial  wastes,  Biological 
magnification,  Wastewater  treatment,  Polychlori- 
nated biphenyls,  Pesticides,  Fish,  Lamprey,  Trout, 
Clean  Water  Act,  Dredging. 

Algae  are  less  abundant  since  the  amount  of  phos- 
phorus reductions  have  been  implemented,  but  evi- 
dence is  mounting  that  growing  toxic  contamina- 
tion threatens  the  health  of  the  Great  Lakes  eco- 
system and  its  inhabitants.  The  Clean  Water  Act 
regulates  the  quality  of  effluent  in  direct  discharges 
from  municipal  sewage  treatment  systems  and  in- 
dustrial sources  and  the  Clean  Air  Act  can  classify 
chemicals  as  hazardous  if  they  cause  harm  from 
direct  exposure.  Neither  law  takes  bioaccumulation 
in  the  food  chain  into  account,  although  this  is  the 
way  human  health  effects  are  most  likely  to  be 
caused  by  toxic  contamination  of  the  Great  Lakes. 


Diversion  of  industrial  wastes  into  publicly  owned 
treatment  plants  causes  the  concentration  of  toxic 
chemicals  in  the  sewage  effluent.  Since  cleanup  of 
conventional  pollutants  from  the  St.  Louis  River, 
the  sea  lamprey  has  begun  to  spawn  there.  Spread 
of  the  parasitic  sea  lamprey  has  resulted  in  the 
decline  of  the  lakes'  main  predator,  lake  trout. 
Toxic  chemical  contamination  also  appears  to  be 
inhibiting  the  reproduction  of  lake  trout.  Dredging 
has  been  suggested  as  a  means  of  cleaning  up  toxic 
hot  spots,  yet  this  causes  resuspension  of  contami- 
nants. It  has  recently  been  shown  that  gases  excret- 
ed by  bottom-feeding  organisms  can  pass  into  the 
atmosphere  through  the  water,  recycling  pollut- 
ants back  to  the  atmosphere.  Humans  may  receive 
toxic  doses  of  PCBs,  dieldren,  mirex,  and  chlor- 
dane  by  eating  too  many  Great  Lakes'  fish.  Offi- 
cials suggest  adults  should  limit  their  consumption 
of  the  fish  and  children  and  women  of  childbearing 
age  should  never  eat  the  fish.  Humans  have  caused 
most  of  the  problems  in  the  Great  Lakes  ecosys- 
tem, but  we  also  have  the  greatest  stake  in  solving 
them.  (Mertz-PTT) 
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TOXICS:  TODAY'S  GREAT  LAKES  CHAL- 
LENGE. 

L.  K.  Bulen. 

EPA  Journal,  Vol.  11,  No.  2,  p  15-16,  March  1985. 

Descriptors:  'Chemical  wastes,  'Water  pollution 
sources,  'Environmental  protection,  'Toxic 
wastes,  'Water  pollution  control,  'Lakes,  'Great 
Lakes,  Canada,  Great  Lakes  Water  Quality  Agree- 
ment, Eutrophic  lakes,  Phosphorus,  Biological 
magnification,  Industrial  wastes,  Fish,  Wastewater 
treatment. 

The  environmental  challenge  of  this  decade,  and 
perhaps  the  remainder  of  this  century,  will  be 
understanding  and  addressing  the  problems  of 
toxic  contaminants  in  our  environment.  Once  pol- 
lutants are  allowed  to  accumulate  in  the  lakes,  it 
may  take  decades  or  even  generations  for  the  lakes 
to  cleanse  themselves.  Countless  numbers  and 
quantities  of  chemicals  have  been  discharged  into 
the  Great  Lakes.  Eutrophication  attracted  consid- 
erable scientific  and  public  concern,  leading  to  the 
Great  Lakes  Water  Quality  Agreement,  signed  by 
the  U.S.  and  Canada  in  1972.  The  two  countries 
spent  billions  of  dollars  to  reduce  phosphorus  load- 
ings from  municipal  and  industrial  discharges.  The 
recent  challenge  is  toxic  chemical  contamination. 
Bioaccumulation  in  aquatic  organisms  in  the  food 
chain  has  lead  to  unsafe  levels  of  toxins  in  many 
fish.  We  need  to  begin  developing  a  comprehen- 
sive control  strategy  for  toxic  substances.  Addi- 
tional research  is  needed  on  rendering  toxic  materi- 
als harmless  before  their  release  into  the  environ- 
ment. Pre-treatment  technologies  for  industrial 
wastes  sent  to  municipal  wastewater  treatment 
plants  require  expansion.  Better  yet,  we  should 
generate  less  toxic  waste  materials,  promote  recy- 
cling, and  develop  non-toxic  substitutes.  The  chal- 
lenge must  be  met  by  governments,  industry,  the 
scientific  community  and  private  citizens.  (Mertz- 
PTT) 
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TOXICITY  OF  MICROCYSTIS  SPECIES  ISO- 
LATED FROM  NATURAL  BLOOMS  AND  PU- 
RIFICATION OF  THE  TOXIN. 

Ibaraki  Univ.,  Ami  (Japan).  Dept.  of  Agricultural 

Chemistry. 

For  primary  bibliographic  entry  see  Field  5C. 
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REQUIREMENT  FOR  A  MICROBIAL  CON- 
SORTIUM TO  COMPLETELY  OXIDIZE  GLU- 
COSE IN  FEdlD-REDUCING  SEDIMENTS. 

Geological  Survey,  Reston,  VA.  Water  Resources 
Div. 

D.  R.  Lovley,  and  E.  J.  P.  Phillips. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  55,  No.  12,  p  3234-3236,  Decem- 
ber 1989.  1  fig,  1  tab.  18ref. 

Descriptors:  'Microbial  degradation,  'Biodegrada- 
tion,  'Iron,  'Iron  bacteria,  'Potomac  River,  'Sedi- 
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ments,  Fermentation,  Methane,  Methane  bacteria, 
Alteromonas,  River  sediments,  Maryland,  Oxida- 
tion. 

Geochemical  studies  have  indicated  that  there  are 
zones  in  aquatic  sediments  and  aquifers  in  which 
either  natural  or  contaminant  organic  compounds 
are  completely  oxidized  to  carbon  dioxide  with 
Fe(III)  as  the  sole  electron  acceptor.  The  only 
Fe(III)-reducing  microorganisms  known  to  metab- 
olize fermentable  substrates,  such  as  sugars  and 
amino  acids,  are  fermentative  microorganisms  that 
only  reduce  Fe(III)  as  a  minor  side  reaction  in 
their  metabolism.  Freshwater  sediments  in  which 
Fe(III)  reduction  or  methane  production  was  the 
terminal  electron-accepting  process  were  obtained 
from  the  Potomac  River,  Maryland.  Furthermore, 
freshwater  sediments  in  which  Fe(III)  reduction 
was  the  predominant  terminal  electron-accepting 
process  were  artificially  generated  by  adding  an 
anaerobic  slurry  of  a  poorly  crystalline  Fe(III) 
oxide  to  the  methanogenic  sediments  to  provide  40 
mmol  of  Fe(III)  per  liter  of  wet  sediment.  This 
inhibited  methane  production  by  over  95%.  In 
various  sediments  in  which  Fe(III)  reduction  was 
the  terminal  electron-acception  process,  14C-glu- 
cose  was  fermented  to  14C-fatty  acids  in  a  manner 
similar  to  that  observed  in  methanogenic  sedi- 
ments. These  results  are  consistent  with  the  hy- 
pothesis that,  in  Fe(III)-reducing  sediments,  fer- 
mentable substrates  are  oxidized  to  carbon  dioxide 
by  the  combined  activity  of  fermentative  bacteria 
and  fatty  acid-oxidizing,  Fe(HI)-reducing  bacteria. 
The  conclusion  that  organic  matter  is  first  ferment- 
ed in  Fe(III)-reducing  sediments  suggests  that  most 
of  the  Fe(III)  reduction  in  sediments  is  catalyzed 
by  Fe(III)-reducing  microorganisms  such  as  GS-15 
and  Alteromonas  putrefaciens,  that  can  completely 
oxidize  fermentation  products  or  aromatic  com- 
pounds. (Mertz-PTT) 
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RELATIVE  SENSITIVITY  OF  CERODAPHNIA 
DUBIA  LABORATORY  TESTS  AND  POND 
COMMUNITIES  OF  ZOOPLANKTON  AND 
BENTHOS  TO  CHRONIC  COPPER   STRESS. 

Miami  Univ.,  Oxford,  OH.  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5C. 
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CHANGES  IN  CONCENTRATION  OF  LEAD 
AND  CADMIUM  IN  WATER  FROM  THREE 
PJVERS  IN  DERBYSHIRE. 

Institute  of  Terrestrial  Ecology,  Huntingdon  (Eng- 
land). Monks  Wood  Experimental  Station. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04943 


important  in  maintaining  the  species  quality  score; 
proposed  as  a  measure  of  conservation  value,  of 
larger  ditches.  However,  management  reduced  the 
species  quality  of  one  type  of  assemblage  associat- 
ed with  smaller  ditches  while  another  type  of 
assemblage  was  found  only  in  ditches  subject  to 
management.  (Author's  abstract) 
W90-04946 

SEASONALITY  AND  SPATIAL  VARIATION  IN 
ABUNDANCE,  BIOMASS  AND  ACTIVITY  OF 
HETEROTROPHIC  BACTERIOPLANKTON  IN 
RELATION  TO  SOME  BIOTIC  AND  ABIOTIC 
VARIABLES     IN     AN     ETHIOPIAN     RIFT- 
VALLEY  LAKE  (AWASSA). 
Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
Z.  Gebre-Mariam,  and  W.  D.  Taylor. 
Freshwater  Biology  FWBLAB,  Vol.  22,  No.  3,  p 
355-368,  December  1989.  8  fig,  3  tab,  64  ref. 

Descriptors:  "Limnology,  "Lakes,  "Aquatic  bacte- 
ria, "Plankton,  "Africa,  Ethiopia,  Biomass,  Aquatic 
productivity,  Seasonal  variation,  Tropical  lakes, 
Stratification,  Nutrient  requirements,  Spatial  distri- 
bution. 

Seasonality  and  spatial  variation  in  abundance,  bio- 
mass and  activity  of  heterotrophic  bacterioplank- 
ton  was  studied  in  a  tropical  freshwater  lake  (Lake 
Awassa,  Ethiopia).  Variation  in  phytoplankton  bio- 
mass and  production,  and  several  other  limnologi- 
cal  parameters,  were  also  quantified.  Bacterial 
number  fluctuated  between  3.88-8.33  times  10  to 
the  6  power/ml  and  biomass  ranged  between  68- 
125  mg  carbon/cubic  meter.  No  spatial  variation 
was  observed  in  these  bacterial  variables,  although 
other  limnological  parameters  showed  vertical  var- 
iation. Seasonal  and  vertical  variation  of  heterotro- 
phic bacterial  activity  were  estimated  from  oxygen 
consumption,  14C02  dark  uptake,  and  plate  counts 
of  colony  forming  units.  All  three  methods  showed 
vertical  heterogeneity,  with  higher  activity  in  the 
hypolimnion  during  the  long  stratification  period 
(February-May).  Oxygen  consumption  rate  and 
plate  counts  showed  seasonality.  In  spite  of  the 
low  seasonality  of  climate  in  the  tropics,  several 
biological,  chemical  and  physical  variables  were 
correlated  with  changes  in  bacterial  variables. 
Wind  and  rainfall,  and  their  effects  on  stratification 
and  mixing  ,  vertical  distribution  of  nutrients  and 
rate  of  primary  production  appeared  to  be  the 
important  parameters  affecting  heterotrophic  bac- 
terioplankton.  (See  also  W90-04948)  (Author's  ab- 
stract) 
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CLASSIFICATION  OF  WATER  BEETLE  AS- 
SEMBLAGES IN  ARABLE  FENLAND  AND 
RANKING  OF  SITES  IN  RELATION  TO  CON- 
SERVATION VALUE. 

West    of   Scotland    Agricultural    Coll.,    Auchin- 

cruive.  Dept.  of  Environmental  Sciences. 

G.  N.  Foster,  A.  P.  Foster,  M.  D.  Eyre,  and  D.  T. 

Bilton. 

Freshwater  Biology  FWBLAB,  Vol.  22,  No.  3,  p 

343-354,  December  1989.  5  fig,  3  tab,  15  ref. 

Descriptors:  "Limnology,  "Aquatic  insects,  "Eng- 
land, "Ditches,  "Drainage  ditches,  Animal  popula- 
tions, Multivariate  analysis,  Cultivated  lands, 
Insect  populations,  Water  management,  Water  bee- 
tles. 

Water  beetles  were  recorded  from  157  sites  around 
the  Wash,  England,  in  1986.  Most  sites  were 
ditches  in  arable  land.  Eight  main  types  of  water 
beetle  assemblage  were  identified  by  multivariate 
analysis.  The  habitats  of  these  assemblages  were 
characterized  by  measurement  of  a  range  of  physi- 
cal and  chemical  factors.  Of  the  130  species  re- 
corded, four  were  listed  in  the  British  Red  Data 
Book  and  a  further  35  were  rated  as  Nationally 
Notable.  Records  from  1904  to  1938  for  the  same 
area  indicated  that  only  three  species  have  been 
lost  in  the  subsequent  period  of  intensification  of 
water  management  and  arable  farming.  A  rich 
water  beetle  fauna  can  thus  survive  in  drainage 
systems  in  arable  fen.  Vegetation  management  was 


Lakes — Group  2H 

ation  and  metabolic  inhibitor  experiments.  Average 
grazing  rates  were  between  0.34  and  3.77  mg 
carbon/cubic  meter/hour,  corresponding  to  76- 
120%  of  the  mean  bacterial  production  rate.  Orga- 
nisms 1-12  micrometers  in  size,  possibly  mainly 
ciliates,  were  implicated  as  important  bacterial 
grazers.  (See  also  W90-04947)  (Author's  abstract) 
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OCCURRENCE,  CAUSES  AND  POTENTIAL 
CONSEQUENCES  OF  LOW  ZOOPLANKTON 
TO  PHYTOPLANKTON  RATIOS  IN  NEW  ZEA- 
LAND LAKES. 

Otago  Univ.,  Dunedin  (New  Zealand).  Dept.  of 

Zoology. 

T.  J.  Malthus,  and  S.  F.  Mitchell. 

Freshwater  Biology  FWBLAB,  Vol.  22,  No.  3,  p 

383-394,  December  1989.  3  fig,  1  tab,  91  ref. 

Descriptors:  "Lakes,  "New  Zealand,  "Zooplank- 
ton,  "Limnology,  "Phytoplankton,  Nitrogen,  Nu- 
trient requirements,  Temperate  lakes,  "Cyano- 
phyta. 

New  Zealand  lakes  are  shown  to  have  lower  aver- 
age zooplankton  biomasses  than  north-temperate 
lakes  of  similar  average  phytoplankton  biomass, 
expressed  as  cell  volume  or  chlorophyll  a,  or  simi- 
lar average  total  phosphorus  concentration,  typi- 
cally by  a  factor  of  5  or  more.  Evidence  suggests 
that  the  relatively  low  zooplankton  biomasses  of 
New  Zealand  lakes  may  be  related  to  a  tendency 
for  the  lakes  to  be  dominated  by  large  algae  that 
are  not  directly  available  as  food  for  zooplankton, 
with  oligotrophic  lakes  in  particular  differing  from 
north-temperate  lakes  in  this  respect.  This  differ- 
ence in  turn  may  be  related  largely  to  their  mixing 
regimes.  All  of  the  New  Zealand  lakes  are  poly- 
mictic  or  monomictic,  whereas  the  northern  lakes 
used  for  comparison  are  mostly  dimictic.  Also, 
heterocystous  cyanobacteria  are  favored  by  the 
low  inorganic  nitrogen  concentrations  that  are  typ- 
ical of  New  Zealand  lakes.  Poor  nutritional  quality 
of  the  phytoplankton,  relating  to  nitrogen  limita- 
tion in  many  New  Zealand  lakes,  might  supple- 
ment the  effects  of  cell  size.  Low  exploitation  of 
phytoplankton  by  zooplankton  can  be  expected  to 
produce  a  shift  in  the  metabolism  of  New  Zealand 
lakes  towards  the  sediments.  Among  the  potential 
consequences  of  this  effect  are  increased  hypolim- 
netic  oxygen  demand  with  increased  susceptibility 
to  development  of  large  internal  loads  of  nutrients, 
and  consequently,  increased  sensitivity  to  acceler- 
ated eutrophication  from  any  increase  in  external 
nutrient  loads.  (Author's  abstract) 
W90-04949 


HETEROTROPHIC        BACTERIOPLANKTON 

PRODUCTION  AND  GRAZING  MORTALITY 

RATES    IN    AN    ETHIOPIAN    RIFT-VALLEY 

LAKE  (AWASSA). 

Waterloo  Univ.  (Ontario). 

Z.  Gebre-Mariam,  and  W.  D.  Taylor. 

Freshwater  Biology  FWBLAB,  Vol.  22,  No.  3,  p 

369-381,  December  1989.  4  fig,  4  tab,  49  ref. 

Descriptors:  "Lakes,  "Ethiopia,  "Aquatic  bacteria, 
"Africa,  "Plankton,  "Limnology,  "Aquatic  pro- 
ductivity, Growth  rates,  Oxygen  requirements, 
Tropical  lakes,  Protozoa,  Inorganic  carbon,  Spatial 
distribution,  Seasonal  variation,  Grazing. 

Heterotrophic  bacterioplankton  growth  and  pro- 
duction rates  were  estimated  in  a  tropical  lake 
(Lake  Awassa,  Ethiopia).  Mean  growth  rates,  de- 
termined by  tritiated  thymidine  incorporation  into 
DNA,  frequency  of  dividing  cells  and  increase  in 
cell  density  varied  between  0.013  and  0.014/h, 
corresponding  to  bacterial  production  of  1.16-1.12 
mg  carbon/cubic  meter/hour.  Heterotrophic  bac- 
terial production  estimated  from  oxygen  and  inor- 
ganic carbon  consumption  in  the  dark  were  com- 
pared with  these  values.  The  oxygen  method  gave 
similar  results,  while  values  from  dark  carbon 
uptake  were  as  much  as  2.5  times  higher.  Although 
the  different  estimates  of  rates  of  bacterial  produc- 
tion showed  different  patterns,  the  existence  of 
spatial  (vertical)  and  temporal  (diel  and  seasonal) 
variation  was  demonstrated.  Bacterial  production 
was  13-41%  of  the  net  primary  production  and  10- 
30%  of  gross  primary  production.  Bacterial  graz- 
ing mortality  rate  was  estimated  from  size-fraction- 


EFFECTS  OF  NUTRIENTS  AND  GRAZERS  ON 
PERIPHYTON  PHOSPHORUS  IN  LAKE  EN- 
CLOSURES. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 

A.  Mazumder,  W.  D.  Taylor,  D.  J.  McQueen,  and 

D.  R.  S.  Lean. 

Freshwater  Biology  FWBLAB,  Vol.  22,  No.  3,  p 

405-415,  December  1989.  6  fig,  2  tab,  34  ref. 

Descriptors:  "Phosphorus,  "Phytoplankton,  "Lim- 
nology, "Eutrophication,  "Nutrient  requirements, 
"Light  intensity,  Fish,  Fertilization,  Amphipods, 
Midges,  Periphyton,  Predation. 

Periphyton,  measured  as  particulate  phosphorus, 
growing  on  vertically  oriented  substrata  (polyvinyl 
impregnated  nylon)  under  different  nutrient  load- 
ings, light  intensities  (exposures),  and  grazer  com- 
munities was  examined  in  eight  large  enclosures 
(750  cubic  meters)  where  nutrients  (nitrogen  and 
phosphorus)  and  planktivorous  fish  (1  + yellow 
perch)  were  added  in  a  2  x  2  factorial  design. 
During  the  first  3  weeks  of  the  experiment,  there 
was  a  significantly  higher  accumulation  of  phos- 
phorus into  periphyton  with  fertilization,  but  fish 
addition  had  no  effect.  During  the  fourth  to  sev- 
enth weeks,  addition  of  fish  was  associated  with 
lower  abundance  of  amphipods  and  chironomids 
and  higher  concentration  of  periphyton  particulate 
phosphorus  only  at  high  exposures  in  the  enclo- 
sures with  fish.  Exposure  had  a  significant  effect 
on  periphyton  particulate  phosphorus.  In  the  en- 
closures with  fish,  high  abundance  of  nanoplankton 
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reduced  water  transparency,  and  periphyton  par- 
ticulate phosphorus  was  lower  in  the  deeper 
waters  which  may  have  been  due  to  limitation  by 
low  light.  Lower  periphyton  particulate  phospho- 
rus was  also  observed  at  the  surface  on  sunny  sides 
of  enclosures  without  fish,  and  therefore  with  high 
water  transparency.  This  pattern  may  have  been 
due  to  inhibitory  effects  of  high  light  intensity. 
Periphyton  communities  in  the  enclosures  with  fish 
had  higher  uptake  rates  for  planktonic  phosphorus, 
and  lower  rates  of  phosphorus  release,  suggesting 
that  periphyton  with  high  phosphorus  demand 
may  have  high  internal  cycling  of  assimilated  phos- 
phorus. (Author's  abstract) 
W90-04950 


MOM  ASS  AND  OXYGEN  DYNAMICS  OF  THE 
EPIPHYTE  COMMUNITY  IN  A  DANISH 
LOWLAND  STREAM. 

Copenhagen    Univ.,    Hilleroed    (Denmark).    Det 
Ferskvands-Biologiske  Lab. 
K.  Sand-Jensen,  D.  Borg,  and  E.  Jeppesen. 
Freshwater  Biology  FWBLAB,  Vol.  22,  No.  3,  p 
431-443,  December  1989.  9  fig,  3  tab,  36  ref. 

Descriptors:  *Rivers,  'Denmark,  'Epiphytes, 
•Limnology,  'Algae,  Biomass,  Seasonal  variation, 
Light  intensity,  Flow  rates,  Aquatic  bacteria,  Pri- 
mary productivity,  Photosynthesis,  Sago  pond- 
weed,  Oxygen. 

We  examined  the  abundance  and  oxygen  metabo- 
lism of  epiphytic  organisms  on  the  dominant  ma- 
crophyte,  Potamogeton  pectinatus,  in  headwaters 
of  the  eutrophic  River  Susa,  in  Denmark  was 
examined.  Microbenthic  algae  were  abundant  in 
the  stream  during  spring  and  macrophytes  during 
summer.  The  low  macrophyte  biomass  in  spring 
supported  a  dense  epiphyte  cover,  whereas  the 
high  macrophyte  biomass  during  summer  had  a 
thin  epiphyte  cover  of  10  to  100-fold  lower  abun- 
dance per  unit  area  of  macrophyte  surface.  The 
epiphyte  community  was  dominated  by  microalgae 
in  spring  and  by  heterotrophs,  probably  bacteria, 
during  summer.  This  seasonal  shift  was  shown  by 
pronounced  reductions  of  the  chlorophyll  a  con- 
tent (from  2-3%  to  0.1-0.7%  of  organic  dry 
weight),  the  gross  photosynthetic  rate  (from  20-85 
to  3-15  mg  02/g  organic  dry  weight/hour)  and  the 
ratio  of  gross  photosynthesis  to  dark  respiration  in 
the  epiphytic  community  (from  5-18  to  1).  The 
reduced  contributions  of  epiphytic  microalgae  cor- 
related with  reduced  light  availability  during 
summer.  Both  the  density  and  the  photosynthetic 
activity  of  epiphytic  algae  were  low  on  a  stream 
area  basis  relative  to  those  of  microbenthic  algae 
and  macrophytes.  Rapid  variations  in  water  veloci- 
ty and  extensive  light  attenuation  in  water  and 
macrophyte  stands  probably  constrained  the  devel- 
opment of  epiphytic  algae.  The  epiphyte  communi- 
ty was  more  important  in  overall  stream  respira- 
tion, contributing  about  10%  to  total  summer  res- 
piration and  about  20%  to  summer  respiration 
within  the  predominantly  heterotrophic  microbial 
communities  on  sediments  and  macrophyte  sur- 
faces. (Author's  abstract) 
W90-04951 


PERIPHYTON  RESPONSES  TO  INVERTE- 
BRATE GRAZING  AND  RIPARIAN  CANOPY 
IN  THREE  NORTHERN  CALIFORNIA  COAST- 
AL STREAMS. 

California  Univ.,  Berkeley.  Dept.  of  Entomologi- 
cal Sciences. 

J.  W.  Feminella,  M.  E.  Power,  and  V.  H.  Resh. 
Freshwater  Biology  FWBLAB,  Vol.  22,  No.  3,  p 
445-457,  December  1989.  4  fig,  8  tab,  61  ref.  NSF 
grant  RII-8600411. 

Descriptors:  'California,  *Lotic  environment, 
•Periphyton,  'Limnology,  'Stream  biota,  Biomass, 
Grazing,  Mayflies,  Caddisflies,  Ecology,  Canopy, 
Aquatic  insects,  Benthos. 

Field  experiments  were  conducted  to  examine  the 
impact  of  grazing  invertebrates  on  periphyton  bio- 
mass in  21  pools  across  three  northern  California 
coastal  streams:  Big  Sulfur  Creek,  the  Rice  Fork  of 
the  Eel  River,  and  Big  Canyon  Creek.  Periphyton 
accrual  on  artificial  substrate  tiles  was  compared  in 
each   stream.   Two  treatments   were   used:   those 


elevated  slightly  above  the  stream  bottom  to 
reduce  access  by  grazers  (platforms)  and  those 
placed  directly  on  the  stream  bottom  to  allow 
access  by  grazers  (controls).  Crawling  invertebrate 
grazers  (cased  caddisflies  and  snails)  were  numeri- 
cally dominant  in  each  stream  (86%  of  all  grazers 
in  Big  Sulfur  Creek,  61%  in  the  Rice  Fork,  84%  in 
Big  Canyon  Creek).  Platforms  effectively  excluded 
crawling  grazers,  but  were  less  effective  in  exclud- 
ing swimming  mayfly  grazers.  Periphyton  biomass 
on  tiles  was  significantly  lower  on  controls  com- 
pared to  platforms  for  the  Rice  Fork,  an  open- 
canopy  stream,  and  Big  Sulfur  Creek,  a  stream 
with  a  heterogeneous  canopy.  In  contrast,  no 
grazer  impact  was  found  for  Big  Canyon  Creek,  a 
densely  shaded  stream.  Here,  extremely  low  peri- 
phyton biomass  occurred  for  both  treatments 
throughout  the  60-day  study.  The  influence  of 
riparian  canopy  on  periphyton  growth  (i.e.  accrual 
on  platforms),  grazer  impact  on  periphyton,  and 
grazer  abundance  was  examined  for  Big  Sulfur 
Creek.  As  canopy  increased  (15-98%  cover),  peri- 
phyton biomass  on  platforms  decreased.  In  con- 
trast, canopy  had  little  influence  on  periphyton 
accrual  on  controls;  apparently,  grazers  could 
maintain  low  periphyton  standing  crops  across  the 
full  range  of  canopy  levels.  The  abundance  of  one 
grazer  species,  the  caddisfly  Gumaga  nigricula, 
was  highest  in  open,  sunlit  stream  pools;  abun- 
dance of  two  other  prominent  grazers,  Helicop- 
syche  borealis  (Trichoptera)  and  Centroptilum 
convexum  (Ephemerophtera),  however,  was  unre- 
lated to  canopy.  (Author's  abstract) 
W90-04952 


RESTING  EGGS  OF  LAKE-DAPHNIA  I.  DIS- 
TRIBUTION, ABUNDANCE  AND  HATCHING 
OF  EGGS  COLLECTED  FROM  VARIOUS 
DEPTHS  IN  LAKE  SEDIMENTS. 

Max-Planck-Inst.  fuer  Limnologie  zu  Ploen  (Ger- 
many, F.R.).  Dept.  of  Ecophysiology. 
G.  R.  Carvalho,  and  H.  G.  Wolf. 
Freshwater  Biology  FWBLAB,  Vol.  22,  No.  3,  p 
459-470,  December  1989.  4  fig,  5  tab,  41  ref. 

Descriptors:  'Glacial  lakes,  'Daphnia,  'West  Ger- 
many, 'Limnology,  Sediments,  Ephippia,  Animal 
populations,  Temperature  effects,  Seasonal  varia- 
tion, Sediment  depth,  Reproduction. 

Resting  eggs  (ephippia)  of  Daphnia  galeata,  D. 
hyalina,  D.  cucullata  and  D.  galeata  x  D.  hyalina 
hybrids  were  collected  from  the  upper  8  cm  of 
sediments  at  various  water  depths  from  two  glacial 
lakes  in  the  Northern  Federal  Republic  of  Germa- 
ny. The  horizontal  distribution  of  intact  ephippia 
(i.e.  those  containing  two  apparently  healthy  eggs) 
was  extremely  patchy,  with  mean  densities  in  the 
upper  8  cm  ranging  from  1325  to  1 13,907/square 
meter.  Ephippial  densities  were  greatest  in  sedi- 
ments from  deep  waters.  The  highest  densities  of 
intact  ephippia  were  in  the  upper  4  cm  of  sediment, 
with  progressively  fewer  with  increasing  depth.  A 
proportion  of  eggs  obtained  from  sediments  during 
autumn  (September-November  1985)  and  spring 
(March-May  1986)  were  exposed  to  continuous 
light  at  three  temperatures  (6,  12,  20  C),  and  the 
incidence  of  hatches  recorded.  Hatching  success 
was  consistently  low  (maximum  14.4%),  with  most 
hatching  occurring  at  12  C.  There  was  no  signifi- 
cant difference  between  the  hatching  success  of 
ephippia  collected  during  autumn  and  spring.  De- 
capsulation of  ephippial  eggs  inhibited  hatching. 
Hatching  was  highly  synchronous  within  each 
treatment,  and  the  pattern  did  not  differ  signifi- 
cantly with  sediment  depth,  though  hatching  suc- 
cess was  lower  in  deep  sediments.  A  large  reser- 
voir of  ephippia  is  present  in  lake  sediments,  of 
which  a  proportion  may  remain  viable  for  many 
years.  Periodic  recruitment  of  hatchlings  to  the 
pelagic  population  may  provide  an  important 
mechanism  for  the  maintenance  of  genetic  diversi- 
ty in  Daphnia  populations,  as  well  as  affecting 
rates  of  evolutionary  change.  (See  also  W90-04954) 
(Author's  abstract) 
W90-04953 


RESTING  EGGS  OF  LAKE-DAPHNIA  II.  IN 
SITU  OBSERVATIONS  ON  THE  HATCHING 
OF  EGGS  AND  THEIR  CONTRIBUTION  TO 
POPULATION  AND  COMMUNITY  STRUC- 
TURE. 


Max-Planck-Inst.  fuer  Limnologie  zu  Ploen  (Ger- 
many, F.R.).  Dept.  of  Ecophysiology. 
H.  G.  Wolf,  and  G.  R.  Carvalho. 
Freshwater  Biology  FWBLAB,  Vol.  22,  No.  3,  p 
471-478,  December  1989.  5  fig,  5  tab,  14  ref. 

Descriptors:  'Limnology,  'Daphnia,  'Glacial 
lakes,  'West  Germany,  Seasonal  variation,  Animal 
populations,  Physical  properties,  Genetic  diversity, 
Ephippia,  Temperature,  Oxygen. 

To  investigate  the  contribution  of  hatchlings  from 
lake-Daphnia  resting  eggs  (ephippia)  to  population 
and  community  structure,  hatching  was  monitored 
in  situ  from  April  to  November  1986  in  two  north 
German  lakes.  Hatching  traps  were  placed  on  the 
sediments  and  the  incidence,  genetic  and  species 
composition  of  ephippial  hatchlings  determined 
twice-weekly.  Hatching  began  in  April  after  the 
thawing  of  ice,  and  continued  for  3-4  weeks  until 
the  lakes  stratified.  There  was  no  obvious  relation- 
ship between  the  onset  and  duration  of  hatching 
and  the  environmental  variables  recorded,  namely 
Secchi  depth,  surface  temperature,  temperature 
and  oxygen  concentration  at  the  sediment-water 
interface.  Among  the  hatchlings  were  D.  galeata, 
D.  hyalina  and  their  interspecific  hybrid.  In  the 
lake  that  contained  overwintering  animals  the 
number  of  ephippial  hatchlings  was  approximately 
one-third  of  the  total  number  of  juveniles  present 
in  the  lake.  In  the  second  lake,  no  adults  were 
recorded  during  winter  and  the  population  was 
probably  founded  by  ephippial  hatchlings  alone. 
There  was  good  agreement,  in  the  short  term, 
between  the  proportion  of  each  species  represented 
among  hatchlings  and  the  subsequent  species  com- 
position in  the  lake.  The  hatchlings  were  genetical- 
ly diverse,  and  alleles  were  representative  of  those 
alleles  present  in  contemporary  populations.  (See 
also  W90-04953)  (Author's  abstract) 
W90-04954 


FLOATING  MEADOW  EPIPHYTON:  BIOLOG- 
ICAL AND  CHEMICAL  FEATURES  OF  EPI- 
PHYTIC MATERIAL  IN  AN  AMAZON 
FLOODPLAIN  LAKE. 

California  Univ.,  Santa  Barbara.  Dept.  of  Biologi- 
cal Sciences. 

D.  L.  Engle,  and  J.  M.  Melack. 
Freshwater  Biology  FWBLAB,  Vol.  22,  No.  3,  p 
479-494,  December  1989.  6  fig,  6  tab,  52  ref.  NSF 
grant  BJR  85-0794. 

Descriptors:  'Epiphytes,  'Amazon  River,  'South 
America,  'Lakes,  'Algae,  'Limnology,  'Aquatic 
productivity,  Grazing,  Storm  runoff,  Biomass,  Nu- 
trient requirements,  Carbon,  Nitrogen,  Phospho- 
rus, Phytoplankton,  Snails,  Growth  rates,  Macro- 
phytes. 

Quantities  and  the  chemical  composition  of  epi- 
phyton  on  the  roots  of  floating  aquatic  macro- 
phytes were  measured  in  Lake  Calado,  an  Amazon 
floodplain  lake.  Growth  of  epiphytic  algae  follow- 
ing physical  disturbance  and  losses  of  epiphyton 
due  to  grazing  and  storms  were  investigated.  Dep- 
osition of  silt  from  invading  river  water  decreased 
chlorophyll  and  nutrient  content  (%C,  %N,  %P) 
of  epiphyton  during  rising  water.  N:P  ratios  of 
epiphyton  indicated  that  proximity  to  the  river 
increased  supplies  of  phosphorus.  Attached  algal 
biomass  per  unit  root  tissue  was  higher  overall 
during  the  falling  water  period,  when  light  was 
greater,  storms  less  frequent,  and  new  host  plant 
tissue  produced  more  slowly.  Epiphytic  algal  bio- 
mass at  the  margins  of  floating  meadows  exceeded 
that  of  the  phytoplankton  in  the  open  water  on  a 
per  unit  area  basis.  Increases  in  attached  algal 
chlorophyll  ranged  from  two  to  ten-fold  over  one 
week.  Artificial  denudation  of  roots  was  followed 
by  rapid  regrowth  of  attached  algae,  leading,  after 
one  week,  to  four-fold  increases  in  chlorophyll 
over  the  pre-denuded  state.  Wind-blown  macro- 
phytes experienced  an  episodic  loss  of  70%  of 
epiphytic  material  in  less  than  one  hour.  Particu- 
late material  lost  from  roots  grazed  by  snails  in- 
cluded root  tissue  and  contained  significantly  more 
carbon  than  material  lost  from  ungrazed  roots. 
(Author's  abstract) 
W90-04955 
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RELATIVE  IMPORTANCE  OF  TEMPORAL 
AND  SPATIAL  HETEROGENEITY  IN  THE 
ZOOPLANKTON  COMMUNITY  OF  AN  ARTI- 
FICIAL RESERVOIR. 

Natural  History  Museum  and  Inst.,  Chiba  (Japan). 
J.  Urabe. 

Hydrobiologia  HYDRB8,  Vol.  184,  No.  1/2,  p  1-6, 
November  1,  1989.  1  fig,  2  tab,  15  ref. 

Descriptors:  'Zooplankton,  'Reservoirs,  *Japan, 
•Limnology,  Spatial  distribution,  Crustaceans,  Sea- 
sonal variation,  Cyclops,  Daphnia,  Water  tempera- 
ture, Temperature  effects,  Species  composition. 

If  great  horizontal  heterogeneity  exists  in  a  given 
lake,  the  function  and  structure  of  the  zooplankton 
community  can  not  be  understood  accurately  from 
analysis  only  of  the  temporal  dimension.  This 
study  examined  the  relative  importance  of  tempo- 
ral and  spatial  variations  in  the  zooplankton  com- 
munity of  an  artificial  reservoir.  Ogachi  Reservoir 
is  an  impoundment  of  the  Tama  River  located  in 
the  northwestern  part  of  Tokyo,  Japan.  Zooplank- 
ton samples  were  collected  monthly  at  three  sta- 
tions in  Ogachi  Reservoir  during  1980,  and  the 
temporal  and  horizontal  variations  in  the  density  of 
dominant  taxa  were  evaluated  by  a  standard  2-way 
ANOVA  with  random  effects.  The  analysis  re- 
vealed that  horizontal  is  greater  than  temporal 
variation  in  the  warm  water  season  (>  18  C), 
whereas  temporal  variation  is  greater  in  the  cold 
water  season  (<  18  C).  In  the  cold  water  season, 
Cyclops  vicinus  predominated  throughout  the  res- 
ervoir and  a  gradual  downlake  decline  was  found 
commonly  in  the  density  of  all  species.  In  the 
warm  water  season,  Daphnia  galeata  and  Bosmina 
longirostris  predominated  and  the  former  showed  a 
gradual  decline  from  the  dam  to  the  head  water  in 
contrast  with  many  species.  Horizontal  heteroge- 
neity of  the  zooplankton  community  found  in  the 
warm  water  season  seems  to  be  associated  with 
differences  in  site-specific  conditions.  (Mertz-PTT) 
W90-04956 


ROTIFER  OCCURRENCE  IN  RELATION  TO 
WATER  COLOUR. 

Uppsala   Univ.    (Sweden).    Limnologiska    Institu- 

tionen. 

B.  Berzins,  and  B.  Pejler. 

Hydrobiologia  HYDRB8,  Vol.  184,  No.  1/2,  p  23- 

29,  November  1,  1989.  1  fig,  8  ref. 

Descriptors:  'Dystrophic  lakes,  'Zooplankton, 
'Limnology,  'Benthos,  'Phytoplankton,  'Rotifers, 
♦Sweden,  Species  composition,  Decomposing  or- 
ganic matter,  Hydrogen  ion  concentration,  Nutri- 
ent requirements. 

Information  on  the  distribution  of  223  species  of 
planktonic,  periphytic  and  benthic  rotifers  from 
diverse  waters  in  south  and  central  Sweden  was 
analyzed  to  reveal  their  relationships  to  the  con- 
tent of  humolimnic  substances,  measured  as  mg  Pt/ 
L.  Most  rotifers  have  a  very  wide  tolerance  range 
against  this  factor.  The  majority  of  the  planktonic 
species  prefer  a  low  content  of  humolimnic  sub- 
stances, and  the  non-planktonic  rotifers  mainly  oc- 
curring in  brown-colored  water  show,  in  addition, 
a  preference  for  low  pH.  No  connection  with 
trophic  level  could  be  traced.  (Author's  abstract) 
W90-04957 


during  winter,  and  the  lakes  are  covered  by  ice  for 
9-10  months  of  each  year.  The  maximum  ice  thick- 
ness measured  in  early  summer  (December),  did 
not  exceed  0.5  m.  Solar  radiation  and  geothermal 
heating  largely  determined  the  thermal  structure  of 
these  aquatic  environments.  The  water  tempera- 
ture of  tributary  meltwater  streams  did  not  exceed 
3  C,  but  the  littoral  waters  reached  9  C.  The 
bottom  water  temperatures  of  meromictic  lake  5 
(Irizar)  was  12.3  C,  and  lake  9  was  19.9  C.  These 
deep  waters  were  heated  from  geothermal  sources 
and  it  was  possible  that  some  ponds  may  have  been 
also  influenced  by  their  proximity  to  hot  soils. 
With  the  exception  of  the  meromictic  lakes,  the 
aquatic  environments  studied  here  did  not  show  a 
vertical  stratification  of  temperature.  It  was  not 
possible  to  establish  a  general  thermal  classification 
for  the  waterbodies  of  Deception  Island.  The  inter- 
action of  the  lacustrine  morphology,  solar  radi- 
ation and  vulcanism  produced  contrasting  thermal 
features.  Taking  into  account  only  the  upper  layers 
of  meromictic  lakes  (mixolimnion),  and  emphasiz- 
ing the  fact  that  some  ponds  freeze  completely 
during  winter,  the  waterbodies  of  Deception  Island 
would  be  classified  as  pleomictics.  (Author's  ab- 
stract) 
W90-04958 


THERMAL  SUMMER  CHARACTERISTICS  OF 
LAKES  AND  PONDS  ON  DECEPTION 
ISLAND,  ANTARCTICA. 

Instituto  Nacional   de   Limnologia,   Santo  Tome 

(Argentina). 

E.  C.  Drago. 

Hydrobiologia  HYDRB8,  Vol.  184,  No.  1/2,  p  51- 

60,  November  1,  1989.  8  fig,  1  tab,  27  ref. 

Descriptors:  'Limnology,  'Lakes,  'Antarctica, 
Temperature  effects,  Stratification,  Heated  soil, 
Water  temperature,  Seasonal  variation. 

During  January  and  February  1981,  water  temper- 
ature measurements  were  made  in  lakes  and  ponds 
of  Deception  Island,  Antarctica.  The  depth  of 
these  waterbodies  varies  between  0.88  m  and  36  m, 
with  maximum  surface  areas  of  over  290,000 
square    meters.    Some    ponds    freeze    completely 


COMBINED  EFFECTS  OF  CHLORINE  AND 
AMMONIA  ON  LITTER  BREAKDOWN  IN 
OUTDOOR  EXPERIMENTAL  STREAMS. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Forest  Re- 
sources. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-04959 

LAKE  PATZCUARO,  MEXICO:  RESULTS  OF  A 
NEW  MORPHOMETRY  STUDY  AND  ITS  IM- 
PLICATIONS FOR  PRODUCTIVITY  ASSESS- 
MENTS. 

Universidad  Michoacana  de  San  Nicolas  de  Hidal- 
go, Morelia  (Mexico).  Lab.  de  Biologia  Acuatica. 
C.  Torresa,  L.  G.  Ross,  and  M.  C.  M.  Beveridge. 
Hydrobiologia  HYDRB8,  Vol.    184,  No.    1/2,  p 
125-132,  November  1,  1989.  2  fig,  3  tab,  29  ref. 

Descriptors:  'Sedimentation,  'Limnology,  'Lakes, 
•Mexico,  'Bathymetry,  Optimization  model,  Hy- 
drograph  analysis,  Sedimentation  rates,  Mapping, 
Surveys. 

Data  for  25  morphometrical  parameters  describing 
the  geomorphology  of  Lake  Patzcuaro,  Michoa- 
can,  Mexico  have  been  derived  from  an  up-to-date 
bathy metric  map  with  contour-lines  at  1.0  m  inter- 
vals. Maximum  depths  were  observed  in  the  north- 
ern part  of  the  lake,  whereas  considerable  shallow 
areas  were  developing  in  the  south.  Insulosity  was 
continuously  modified  due  to  certain  areas  becom- 
ing part  of  the  mainland  and  the  appearance  of 
new  islands  with  increasing  shallowness  and  man- 
made  channels.  The  hydrographic  survey  was 
evaluated  using  the  optimization  model.  An  infor- 
mation value  of  0.788  for  12  contour  lines  in  the 
new  bathymetric  map  is  reported.  The  maximum 
depth  contour  line  was  12  m.  A  1944  report  indi- 
cated a  maximum  depth  of  15  m  in  the  same  area, 
and  the  figures  for  maximum  depth  vary  among 
authors.  It  is  clear  that  these  values  tend  to  de- 
crease with  time,  possibly  due  to  sedimentation 
rates.  During  the  present  survey,  the  echosounder 
registered  an  isolated  maximum  depth  of  13  m 
only.  It  is  difficult  to  compare  the  present  map 
with  the  previous  charts  since  all  other  previous 
attempts  have  been  substantially  incomplete. 
(Mertz-PTT) 
W90-04961 


Lakes— Group  2H 

The  Lambro  River  is  a  small  river  in  Northern 
Italy,  127  km  long,  that  runs  among  mountains  for 
almost  20  km,  then  forms  a  lake  (Lago  de  Pusiano), 
after  which  it  crosses  one  of  the  most  crowded  and 
industrialized  areas  in  Italy,  finally  ending  in  the 
Po  River.  A  number  of  chemical  and  biological 
analyses  were  made  of  18  stations  along  the 
Lambro  River  in  1976-1979.  This  watercourse  car- 
ries the  largest  load  of  of  water  pollutants  in 
Northern  Italy  to  the  Po  River.  204  taxa  have  been 
identified  in  the  entire  Lambro  River.  To  define 
the  ecological  condition  of  this  river,  the  number 
of  macrobentic  species,  the  Shannon  diversity 
index,  the  extended  biotic  index  and  the  nematode 
pollution  index  proved  to  be  particularly  useful. 
The  nematode  pollution  index  ranged  from  1 1  %  at 
station  3  to  99.4%  at  station  18,  and  parallelled  the 
pollution  level  very  well.  The  percentage  of  Rhab- 
ditada  is  generally  less  than  20%  in  clean  water.) 
Each  station  is  characterized  by  a  pair  of  dominant 
nematode  species  that  represent  more  than  40%  of 
the  total  nematodes.  The  entire  river  is  divisible, 
from  source  to  outlet,  into  the  following  four 
stretches:  (1)  Fictor  fictor  +  Plectus  cirratus,  (2) 
Plectus  cirratus  +  Paroigolaimella  bernensis,  (3) 
Paroigolaimella  bernensis,  and  (4)  Paroigolaimella 
bernensis  +  Panagrolaimus  hygrophilus.  (Mertz- 
PTT) 
W90-04969 


COMPARISON  OF  SOME  PHOTOSYNTHETIC 
CHARACTERISTICS  DURING  THE  GROWTH 
OF  THREE  AQUATIC  MACROPHYTES  IN 
TRASIMENO  LAKE. 

Perugia  Univ.  (Italy).  Dipt,  di  Biologia  Vegetale. 

G.  Venanzi,  S.  Pasqualini,  N.  Pocceschi,  and  M. 

Antonielli. 

Rivista  de  Idrobiologia  RIIDBN,  Vol.  27,  No.  1,  p 

59-71,   January-April    1989.   2   fig,   2  tab,   36  ref. 

Descriptors:  'Limnology,  'Photosynthesis, 
'Lakes,  'Italy,  'Macrophytes,  Aquatic  plants, 
Myriophyllum,  Aquatic  productivity,  Enzymes, 
Seasonal  variation. 

Three  typical  macrophytes  from  Trasimeno  Lake 
(Italy),  Ceratophyllum  demersu,  Miriophyllum  spi- 
catum  and  Lemna  minor  were  studied.  The  follow- 
ing photosynthetic  parameters  were  examined:  Ri- 
bulose  diphosphate  carboxylase,  phosphoenolpyru- 
vate-carboxylase,  malic  acid  and  pigment  content. 
In  M.  spicatum  and  C.  demersum,  ribulose  diphos- 
phate carboxylase  is  the  principal  carboxylating 
enzyme  and  the  ribulose  diphosphate  carboxylase/ 
phosphoenolpyruvate-carboxylase  ratio  was 
always  less  than  one.  In  L.  minor,  the  ratio  was 
greater  than  one  only  in  the  spring,  while  in  the 
late  summer  and  autumn  it  was  less  than  one.  The 
activity  of  these  enzymes  varies  considerably 
during  the  developmental  cycle  with  the  maximum 
occurring  in  February  for  C.  demersum,  in  March 
for  M.  specatum,  and  in  May  for  L.  minor.  The 
malic  acid  content  varies  significantly  during  the 
developmental  cycle  and  the  minimum  values  cor- 
respond to  the  maximum  activity  levels  of  phos- 
phoenolpyruvate-carboxylase;  chlorophyll  and  ca- 
rotenoid  contents,  different  in  submerged  plants 
(C.  demersum  and  M.  spicatum)  or  floating  plants 
(L.  minor),  showed  seasonal  variations.  This  study 
shows  that  aquatic  plants  cannot  be  considered 
either  typical  C3  or  typical  C4  plants;  it  can  be 
seen  that,  in  light  of  the  seasonal  variations  of  the 
carboxylating  enzymes,  the  plants  are  able  to 
modify  the  type  of  photosynthetic  fixation  of 
carbon  used  according  to  environmental  condi- 
tions. (Mertz-PTT) 
W90-04970 


ECOLOGY  OF  THE  LAMBRO  RIVER. 

Milan  Univ.  (Italy).  1st.  di  Biologia. 

A.  Zullini. 

Rivista  de  Idrobiologia  RIIDBN,  Vol.  27,  No.  1,  p 

39-58,  January-April    1989.   6  fig,  4  tab,  42  ref. 

Descriptors:  'Path  of  pollutants,  'Benthos,  'Italy, 
'Water  pollution  effects,  'Nematodes,  'Lotic  envi- 
ronment, Biological  samples,  Chemical  analysis, 
Animal  populations,  Pollution  index,  Species  di- 
versity. 


RESEARCH  ABOUT  THE  MESOLOGICAL 
FACTORS  OF  THE  PRINCIPAL  SARDINIAN 
PONDS  VISITED  BY  PHOENICOPTERUS 
RUBER  ROSEUS  (PALLAS),  AND  THE  BEST 
CONDITIONS  SELECTED  BY  IT,  (CARATTER- 
ISTICHE  MESOLOGICHE  DEI  PRINCIPALI 
'STAGNP  SARDI  VISITATI  DA  PHEONICOP- 
TEURS  RUBER  ROSEUS  (PALLAS),  ED  OPTI- 
MUM DELLE  CONDIZIONI  DA  ESSO  RICER- 
CATE). 

Cagliari  Univ.  (Italy).  1st.  di  Zoologia  ed  Anatomia 
Comparata. 
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Field  2— WATER  CYCLE 
Group  2H— Lakes 


A.  M.  Demartis. 

Rivista  de  Idrobiologia  RIIDBN,  Vol.  27,  No   1   p 

89-119,  January-April  1989.  14  tab,  34  ref.  English 

summary. 

Descriptors:  'Ponds,  •Italy,  'Limnology,  'Biolog- 
ical samples,  'Water  birds,  Monitoring,  Flamingos, 
Benthos. 

During  research  on  the  Sardinian  Pond  population 
of  Phoenicopterus  ruber  roseus  (Pallas)  and  the 
benthonic  zoocenosis,  water  samples  were  taken 
and  analyzed.  The  ponds  studied  were  located  in 
three  important  districts  of  Sardinia  (Italy):  near 
Cagliari,  near  Oristan,  and  near  S.  Antioco  (district 
C).  Five  of  these  ponds  illustrate  Ramsar's  Con- 
vention (which  says  that  qualitative  knowledge  of 
aquatic  birds  should  be  valued  as  ecological  indica- 
tors of  environmental  quality).  The  results  of  a 
monthly  analysis  are  presented  in  ten  tables.  Al- 
though the  samples  were  taken  in  1978,  new  analy- 
ses of  controls  confirmed  that  the  original  nosolo- 
gical conditions  have  not  changed,  and  that  these 
comply  with  Italian  law  concerning  the  protection 
of  waters  from  pollution.  Using  data  from  a  Fla- 
mingo census  made  in  1978  and  water  quality 
information,  the  author  speculates  that  the  best 
mesological  conditions  are  selected  by  Pheonicop- 
terus  ruber  roseus  and  by  its  prey-specimens.  The 
spatial  niche  of  this  bird  is  discussed.  (Mertz-PTT) 
W90-04971 


FEATURE  AND  DYNAMIC  OF  THE  ZOO- 
PLANKTON  OF  A  LAKE  OF  CENTRAL  ITALY 
(LAKE  ALBANO,  LATIUM),  (STRUTTURA  E 
DINAMICA  DELLO  ZOOPLANCTON  DI  UN 
LAGO  VULCANICO  DELLTTALIA  CENTRALE 
(LAGO  ALBANO,  LAZIO)). 
Rome  Univ.  (Italy).  Dept.  of  Animal  and  Human 
Biology. 

F.  G.  Margaritora,  E.  Stella,  and  O.  Ferrara. 
Rivista  de  Idrobiologia  RIIDBN,  Vol.  27,  No.  1,  p 
131-147,  January- April  1989.  6  fig,   1  tab,  33  ref. 
English  summary. 

Descriptors:  'Limnology,  'Lakes,  'Italy,  'Zoo- 
plankton,  'Species  composition,  'Spatial  distribu- 
tion, Rotifers,  Waterfleas,  Copepods,  Daphnia, 
Cyanophyta,  Algae,  Seasonal  variation. 

A  series  of  investigations  recently  performed  on 
Lake  Albano,  was  carried  out  from  June  1986  to 
May  1987  to  compare  the  present  zooplankton 
community  to  that  described  in  previous  studies. 
Six  stations  were  chosen  for  the  monthly  sam- 
plings, in  the  center  of  the  lake  and  at  the  littoral 
zone.  Zooplankton  species  included  11  species  of 
rotifers,  4  cladocerans,  and  2  copepods.  The  com- 
position of  the  community  remained  substantially 
unchanged  when  compared  with  the  past  situation; 
changes  were  observed  in  density,  distribution  and 
dynamic  of  some  of  the  most  important  species, 
probably  in  relation  to  development  of  the  blue- 
green  algae  that  tend  to  grow  in  the  summer  at 
depths  of  15  and  25  meters.  The  copepods  re- 
mained the  dominant  group  all  year;  Eudiaptomus 
being  was  particularly  disturbed  by  the  algae;  the 
carnivorous  Cyclops  was  favored  by  the  high  den- 
sity of  rotifers.  Cladocerans  were  reduced  in  densi- 
ty; the  presence  of  the  Cyanophyceae  had  a  nega- 
tive effect  on  the  reproduction  and  development  of 
Daphnia.  Analysis  revealed  a  peculiarity  to  the 
distribution  of  the  mesoplanktonic  species:  the 
adults  of  Daphnia,  Diaphanosoma  and  copepods 
were  frequently  sampled  in  the  upper  layers  and  in 
the  littoral  waters,  unlike  their  usual  distribution. 
The  data  suggest  a  change  in  the  zooplanktonic 
community  that  is  probably  due  to  the  trophic 
modification  in  the  lake.  (Mertz-PTT) 
W90-04972 


COMPOSITION    OF    THE    INVERTEBRATE 

FAUNA    IN    LAKE    MONTEROSI    (CENTRAL 

ITALY),   1975-1977,  (COMPOSIZIONE  DELLA 

FAUNA   AD   INVERTIBRATI    DEL   LAGO   DI 

MONTEROSI    (ITALIA    CENTRALE)    NEGLI 

ANN!  1975-1977). 

Rome  Univ.  (Italy).  Dept.  of  Animal  and  Human 

Biology. 

M.  Bazzanti,  O.  Ferrara,  and  L.  Mastrantuono. 

Rivista  de  Idrobiologia  RIIDBN,  Vol.  27,  No.  1,  p 


149-160,  January-April   1989.  3  fig,  2  tab,   16  ref. 
English  summary. 

Descriptors:  'Lakes,  'Italy,  'Invertebrates,  *Eu- 
trophication,  'Macrophytes,  'Limnology, 

•Benthos,    Zooplankton,    Aquatic    plants,    Water 
quality,  Ecosystems. 

The  composition  of  the  invertebrate  fauna  of  Lake 
Monterosi,  Italy  (surface  areas:  0.32  square  km  and 
maximum  depth:  6.2  m)  during  1975-1977  was 
studied  in  order  to  assess  lacustrine  trophic 
changes  with  respect  to  the  results  of  a  previous 
study  carried  out  in  1963-1966.  The  lake  showed  a 
high  transparency,  a  relatively  high  oxygen  con- 
tent, and  an  increase  of  aquatic  macrophytes  on  the 
bottom.  The  pelagic  zooplankton  showed  no 
marked  qualitative  and  quantitative  modifications, 
with  the  exception  of  a  numerical  increase  in  the 
rotifers  and  particularly  of  Keratella  quadrata,  typ- 
ical of  eutrophic  waters.  In  contrast,  a  replacement 
of  several  species  was  observed  in  the  littoral  zoo- 
plankton in  relation  to  the  increase  in  aquatic  vege- 
tation. The  benthic  fauna  were  still  composed  both 
of  taxa  inhabiting  organically  enriched  sediments 
and  of  organisms  associated  with  macrophytes. 
The  results  indicated  no  relevant  changes  in  the 
water  quality  of  the  lake,  which  seems  to  be  sub- 
ject to  a  slow  process  of  eutrophication.  (Author's 
abstract) 
W90-04973 


PROFUNDAL  MARCOBENTHOS  OF  THE  AR- 
TIFICIAL LAKE  CAMPOTOSTO  (ABRUZZI, 
CENTRAL  ITALY),  (MACROBENTHOS  PRO- 
FONDO  DEL  LAGO  ARTIFICIALE  DI  CAM- 
POTOSTO (ABRUZZO,  ITALIA  CENTRALE)). 
Rome  Univ.  (Italy).  Dept.  of  Animal  and  Human 
Biology. 

M.  Bazzanti,  M.  Seminara,  and  C.  Tamorri. 
Rivista  de  Idrobiologia  RIIDBN,  Vol.  27,  No.  1,  p 
161-175,  January-April   1989.  5  fig,   1  tab,  34  ref. 
English  summary. 

Descriptors:  'Limnology,  'Benthos,  'Eutrophica- 
tion, 'Lakes,  'Italy,  'Artificial  lakes,  'Macroinver- 
tebrates,  Oligochaetes,  Midges,  Nematodes,  Mol- 
lusks,  Trophic  level,  Ecology,  Environmental 
quality. 

A  study  on  the  profundal  macrobenthos  of  the 
artificial  Lake  Campotosto,  Italy  was  carried  out 
during  the  summer  and  early  autumn  of  1983  and 
1984,  with  the  aim  of  contributing  to  the  knowl- 
edge of  the  composition  and  structure  of  this  com- 
munity in  artificial  lakes.  A  total  of  39  taxa,  mostly 
belonging  to  oligochaetes  (17)  and  chironomids 
(15),  was  collected  in  5  sampling  stations.  The  most 
abundant  groups  were  oligochaetes  and  secondari- 
ly, chironomids,  nematodes  and  bivalves.  Densities 
and  biomasses  of  the  total  fauna  were  different 
among  the  stations  and  were  generally  high  (values 
up  to  37,645  individuals/square  meter  and  65.151 
g/square  m,  respectively).  The  presence  of  high 
quantities  of  benthos,  the  dominance  of  Limnodri- 
lus  and  Chironomus  gr.  plumosus,  and  the  feeding 
habits  of  the  benthic  elements  all  clearly  indicated 
eutrophication  of  the  sediments.  This  phenomenon 
is  in  strong  contrast  with  the  trophic  level  of  the 
overlying  waters,  which  showed  an  oligotrophic 
status  (low  total  P  and  relatively  high  oxygen 
contents).  The  results  indicate  the  importance  of 
the  profundal  macrobenthos  in  performing  a  cor- 
rect evaluation  of  the  comprehensive  environmen- 
tal quality  of  the  lake.  (Author's  abstract) 
W90-04974 


PHYTOPLANKTON  OF  BARBA,  FRAIJANES, 
AND  SAN  JOAQUIN  LAKES,  COSTA  RICA  (FI- 
TOPLANCTON  DE  LAS  LAGUNAS  BARBA, 
FRAIJANES  Y  SAN  JOAQUIN,  COSTA  RICA). 

Costa  Rica  Univ.,  San  Jose. 

G.  U.  Villalobos. 

Revista  de  Biologia  Tropical  RBTCAP,  Vol.  36, 

No.  2B,  p  471-477,  November  1988.  3  fig,  1  tab,  17 

ref.  English  summary. 

Descriptors:  'Phytoplankton,  'Lakes,  'Limnolo- 
gy, Costa  Rica,  Species  composition,  Altitude,  San 
Joaquin  Lake,  Friajanes  Lake,  Barba  Lake. 


The  phytoplankton  in  three  small  lakes  at  different 
altitudes  and  climates  in  Costa  Rica-San  Joaquin 
(10  m),  Fraijanes  (1660  m)  and  Barba  (2840  m)- 
was  studied.  They  are  similar  in  area  and  basic 
morphology.  A  total  of  132  different  taxa  were 
found.  The  number  of  taxa  decreased  at  higher 
altitude:  San  Joaquin  (71),  Fraijanes  (63)  and  Barba 
(31).  Chlorophyta  was  the  richest  group  in  the 
three  lakes.  Substantial  differences  were  detected 
in  the  composition  among  the  lakes.  The  global 
similarity  at  the  lowest  taxonomic  level  separation 
was  41.7%.  San  Joaquin  and  Fraijanes  are  the  most 
similar  lakes  with  a  17%  Jaccard  similarity.  (Au- 
thor's abstract) 
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SEASONAL  AND  LONG-TERM  VARIATIONS 
OF  DISSOLVED  SOLIDS  IN  LAKES  AND  RES- 
ERVOIRS. 

Manhattan  Coll.,  Bronx,  NY.  Dept.  of  Environ- 
mental Engineering  and  Science. 
D.  J.  O'Connor. 

Journal  of  Environmental  Engineering  (ASCE) 
JOEEDU,  Vol.  15,  No.  6,  p  1213-1234,  December 
1989.  10  fig,  15  ref. 

Descriptors:  'Water  chemistry,  'Path  of  pollut- 
ants, 'Water  pollution  sources,  'Dissolved  solids, 
•Lakes,  'Reservoirs,  Seasonal  variation,  Salinity, 
Mathematical  models,  Hydrologic  budget,  Evapo- 
ration, Detention  time,  Runoff,  Bays,  Temporal 
distribution. 

Increasing  concentration  of  dissolved  solids  due  to 
irrigation  returns,  industrial  uses,  and  road-deicing 
practices  has  been  observed  in  many  bodies  of 
water.  The  seasonal  and  long-term  variations  of 
dissolved  solids  in  lakes  and  reservoirs  were  ana- 
lyzed in  accordance  with  the  hydrologic-balance 
and  mass-balance  equations.  The  volume  and  sur- 
face area  were  expressed  as  power  functions  of 
depth  that  yield  analytical  solutions  for  the  long- 
term  analysis.  The  equation  defining  the  water 
elevation  and  volume  and  surface  area  were  ex- 
pressed as  power  functions  of  depth  that  yield 
analytical  solutions  for  the  long-term  analysis.  The 
equation  defining  the  water  elevation  and  volume 
was  approximated  by  exponential  functions  that 
simplify  the  solution  of  the  mass-balance  equation 
of  the  dissolved  solids.  For  the  intermediate  and 
seasonal  time  scales,  periodic  and  exponential  func- 
tions define  the  hydrologic  components,  providing 
the  forcing  functions  for  the  dissolved  solids  equa- 
tions. For  both  cases,  an  exponential  residence  time 
transforms  the  mass-balance  equation,  leading  to 
analytical  solutions.  Given  the  mass  and  volume, 
the  concentration  follows.  The  temporal  variations 
of  dissolved  solids,  calculated  by  the  associated 
mass  and  volumetric  equations,  are  compared  to 
the  observed  change  in  salinity  in  lakes  and  reser- 
voirs of  various  geophysical  and  hydrological 
characteristics.  (Author's  abstract) 
W90-05028 


DAILY  AVERAGE  VALUE  OF  UN-IONIZED 
AMMONIA  FROM  HELD  MEASUREMENTS. 

R.  H.  French,  and  J.  J.  Cooper. 
Journal    of  Environmental    Engineering   (ASCE) 
JOEEDU,  Vol.  15,  No.  6,  p  1264-1268,  December 
1989.  1  fig,  1  tab,  7  ref,  append. 

Descriptors:  'Water  analysis,  'Water  chemistry, 
•Ammonia,  'Lake  Mead,  'Water  quality,  Ions, 
Remote  sensing,  Monitoring,  Hydrologic  data  col- 
lections, Hydrogen  ion  concentration,  Tempera- 
ture effects,  Seasonal  variation,  Diurnal  distribu- 
tion, Conductivity,  Temporal  distribution. 

A  technique  was  developed  to  transform  a  calcu- 
lated value  of  the  fraction  of  un-ionized  ammonia 
for  any  time  during  a  24-hr  period  to  the  daily 
average  value  of  the  fraction  of  un-ionized  value 
for  Las  Vegas  Bay,  an  arm  of  Lake  Mead.  It  was 
hypothesized  that  during  any  24-hr  period  in  the 
critical  water  quality  period  of  April  1  to  Septem- 
ber 30  receiving  water  temperature,  pH,  and  ionic 
strength  vary  in  a  regular  and  predictable  fashion. 
This  was  confirmed  with  data  collected  from  a 
remote  data  sonde  placed  in  Las  Vegas  Bay  at  a 
fixed  station  and  at  various  times  during  the  period 
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in  question.  The  ratio  of  daily  average  fraction  of 
un-ionized  ammonia  to  daily  average  fraction  of 
un-ionized  ammonia  was  found  to  be  a  function  of 
the  time  of  day  with  the  average  value  occurring 
at  approximately  noon  and  midnight.  Tables  show 
that  during  the  months  of  April  to  September 
water  temperature,  pH  and  conductivity  vary  over 
a  24-hr  period  such  that  the  value  of  the  ratio  is  a 
predictable  function  of  time  in  Las  Vegas  Bay.  A 
method  for  adjusting  historical  un-ionized  ammo- 
nia data  to  the  daily  average  value  indicates  that 
the  daily  average  value  of  un-ionized  ammonia 
occurs  in  the  period  1000  to  1400  hr  after  midnight 
(Pacific  Daylight  Time).  This  technique  should  be 
useful  in  other  lakes  and  streams  where  water 
quality  is  affected  by  ammonia  inputs.  (Geiger- 
PTT) 
W90-05031 


MEASUREMENT     OF     UPWELLING     FLOW 
FROM  AIR  DIFFUSER. 

Jones  and   Stokes  Associates,   Inc.,   Sacramento, 

CA. 

For  primary  bibliographic   entry  see   Field   5G. 

W90-05032 


MASS  TRANSFER  PROPERTIES  OF  THE 
BENTHIC  BOUNDARY  LAYER  WITH  AN  AP- 
PLICATION TO  OXYGEN  FLUXES. 

Sveriges  Meteorologiska  och  Hydrologiska  Inst., 

Norrkoeping. 

L.  Rahm,  and  U.  Svensson. 

Netherlands  Journal  of  Sea  Research  NJSRBA, 

Vol.  24,  No.  1,  p  27-35,  October  1989.  8  fig,  1  tab, 

24  ref . 

Descriptors:  'Mass  transfer,  *Oxygen  transfer, 
•Limnology,  'Boundary  layers,  *Sediment-water 
interfaces,  Benthos,  Diffusion,  Marine  sediments, 
Dissolved  solids,  Mathematical  models,  Flow  ve- 
locity, Flow  friction,  Turbulent  flow. 

The  diffusive  transfer  of  dissolved  substances  be- 
tween the  sediments  and  the  benthic  boundary 
layer  is  studied  by  use  of  a  mathematical  model.  It 
includes  a  two-equation  turbulence  model  for  the 
major  part  of  the  benthic  boundary  layer  and  the 
interior,  while  a  low  Reynolds  number  one-equa- 
tion turbulence  model  with  prescribed  length  scale 
is  applied  to  the  viscous  sublayer  in  order  to  re- 
solve the  latter  layer.  This  is  because  the  main 
resistance  in  the  transfer  of  a  substance  between 
the  sediments  and  the  benthic  boundary  layer  is 
found  in  this  sublayer.  The  flux  rates  are  calculated 
by  use  of  a  diffusion  equation  where  the  vertical 
dependence  of  exchange  coefficient  is  determined 
by  the  two  turbulence  models.  The  present  model 
is  limited  to  hydrodynamically  smooth  bottoms. 
The  predicted  flux  rates  are  in  good  agreement 
with  independent  estimates  of  scalar  fluxes  from 
boundaries  for  both  low  and  high  Prandtl/Schmidt 
numbers.  The  time-dependent  model  also  yields 
detailed  concentration  and  velocity  profiles  togeth- 
er with  turbulence  parameters.  (Author's  abstract) 
W90-05033 


ROLE  OF  WATER  RETAINING  SUBSTRATA 
ON  THE  PHOTOSYNTHETIC  RESPONSE  OF 
THREE  DROUGHT  TOLERANT  PHOTOTRO- 
PHIC  MICRO-ORGANISMS  ISOLATED  FROM 
A  TERRESTRIAL  HABITAT. 
Amsterdam  Univ.  (Netherlands).  Lab.  voor  Micro- 
biologic 

B.  de  Winder,  H.  C.  P.  Matthijs,  and  L.  R.  Mur. 
Archives  of  Microbiology  AMICCW,  Vol.   152, 
No.  5,  p.  458-462,  October  1989.  3  fig,  1  tab,  20  ref. 

Descriptors:  'Algae,  *Cyanophyta,  'Chlorophyta, 
•Colonization,  Drying,  Photosynthesis,  Oscilla- 
toria,  Water  retention,  Terrestrial  habitats. 

The  water  requirements  of  two  drought  tolerant 
Oscillatoria  type  cyanobacteria  and  one  green  alga 
were  estimated  by  their  ability  to  photosynthesize 
(carbon  dioxide  fixation)  under  conditions  of  subsa- 
turating  water  supply.  Fixation  was  zero  in  desic- 
cated samples.  Equilibration  with  solely  water- 
saturated  air  did  not  result  in  any  photosynthesis. 
However,  certain  properties  of  the  physical  envi- 
ronment of  the  samples  could  re-establish  photo- 


synthetic  activity.  These  properties  were  elected 
by  choosing  membrane  filters  with  different  water 
retention  characteristics  as  supporting  substrata  for 
the  test  samples  in  the  dehydration  and  rehydration 
steps.  Rehydration  enabled  the  recovery  of  photo- 
synthesis of  desiccated  samples  only  on  the  filters 
with  good  water  retention,  the  filters  with  bad 
water  retention  were  ineffective.  The  Oscillatoria 
strains  showed  photosynthesis  instantaneously  and 
revealed  nearly  100%  viability.  In  contrast,  rewet- 
ted  cells  of  the  green  alga  showed  only  35% 
viability  and  the  recovery  of  photosynthesis  oc- 
curred only  after  5  h.  These  differences  reflect 
natural  environmental  conditions:  cyanobacteria 
are  the  first  colonizers  in  the  barren  sand,  whereas 
green  algae  can  only  start  to  colonize  after  im- 
provement of  the  water  retention  properties 
brought  about  by  the  pioneering  cyanobacteria. 
(Author's  abstract) 
W90-05034 


VALIDITY  OF  THE  EMPIRICAL  CONVER- 
SION FACTORS  FOR  ASSESSING  BACTERIAL 
PRODUCTION  FROM  3H  THYMIDINE  IN- 
CORPORATION RATES. 

Toulouse-3  Univ.  (France).  Lab.  d'Hydrobiologie. 
P.  Lavandier,  and  F.  Faure. 

Annates  de  Limnologie  ANLIB3,  Vol.  25,  No.  2, 
p.  93-100,  1989.  4  fig,  3  tab,  24  ref. 

Descriptors:  *Limnology,  'Aquatic  bacteria,  ♦Bac- 
terial physiology,  *Nucleic  acids,  Culturing  tech- 
niques, Growth,  Lakes,  Biomass. 

Empirical  factors  for  converting  3H  thymidine  in- 
corporation into  bacterial  production  were  deter- 
mined from  samples  taken  in  a  mesotrophic  lake. 
Twenty  five  diluted  water  cultures  were  conduct- 
ed at  'in  situ'  temperature  (4-22  degrees  C)  from 
April  1987  to  February  1989.  The  conversion  fac- 
tors varied  through  the  year;  the  average  conver- 
sion factor  was  6.29  x  10  to  the  9th  power  cells  (2- 
10.7)  per  nanomole  of  thymidine  incorporated  into 
cold  TCA  precipitate  and  7.18  x  10  to  the  9th 
power  cells  (3.47-10.7)/nmol,  when  corrected  for 
the  increase  in  cell  biomass  which  occurred  during 
the  incubations.  The  validity  of  these  factors, 
higher  than  the  theoretical  conversion  factors 
values,  were  analyzed  considering  the  diluted 
water  culture  conditions  and  the  data  analysis 
methods.  When  there  is  a  discrepancy  between  the 
curves  of  the  incorporation  rates  and  cell  numbers, 
the  conversion  factors  may  greatly  influence  the 
results.  Even  if  the  whole  growth  period  is  consid- 
ered, the  results  depend  on  the  frequency  of  the 
measurements  for  determining  exactly  the  end  of 
the  lag  period  and  overall  the  beginning  of  the 
stationary  phase.  In  fact,  thymidine  incorporation 
continues  after  the  growth  in  number  ceases.  (Au- 
thor's abstract) 
W90-05035 


LONGITUDINAL  STUDY  OF  ZOOPLANKTON 

ALONG  THE  LOWER  ORINOCO  RD/ER  AND 

US  DELTA  (VENEZUELA). 

Fundacion  La  Salle  de  Ciencias  Naturales,   San 

Felix    (Venezuela).    Estacion    Hidrobiologica    de 

Guayana. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05036 


COMPOSITION,  DISTRIBUTION  AND  BIO- 
MASS OF  BENTHIC  MACROPHYTE  COMMU- 
NITIES FROM  LAKE  BACIVER,  A  SPANISH 
ALPINE  LAKE  IN  THE  CENTRAL  PYRENEES. 

Consejo  Superior  de  Investigaciones  Cientificas, 

Gerona  (Spain).  Centro  de  Estudios  Avanzados  de 

Blanes. 

E.  Ballesteros,  C.  Gacia,  and  L.  Camarero. 

Annales  de  Limnologie  ANLIB3,  Vol.  25,  No.  2,  p 

177-184,  1989.  3  fig,  6  tab,  42  ref. 

Descriptors:  *Spain,  *01igotrophic  lakes,  'Moun- 
tain lakes,  'Limnology,  'Macrophytes,  Benthos, 
Water  depth,  Acid  lakes,  Biomass,  Ice-scour,  Sedi- 
ments. 

Species  composition,  distribution  and  biomass  of 
benthic  macrophyte  communities  have  been  stud- 
ied in  a  high  mountain,  oligotrophic,  softwater  lake 
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from  the  Central  Pyrenees.  Isoetids  (Isoetes  lacus- 
tris  L.,  Isoetes  setacea  Lam.,  Subularia  aquatica  L. 
and  Eleocharis  acicularis  (L.)  Roemer  &  Schultes) 
are  the  dominant  macrophytes  in  areas  over  2-3 
meters  in  depth.  Natopotamids  (Sparganium  angus- 
tifolium  Michx.)  are  restricted  to  shallow  waters. 
Algae  (Nitella  gracilis  (Smith)  Agardh)  only  pre- 
dominate in  deep  waters.  Three  main  communities 
have  been  distinguished:  the  Sparganium  angustifo- 
lium  community  (160  g  dwt/sq  m),  the  Isoetes 
lacustris  community  (120-460  g  dwt/sq  m)  and  the 
Nitella  gracilis  community  (11  g  dwt/sq  m).  Bio- 
mass differences  between  shallow  and  deep  water 
Isoetes  populations  have  been  attributed  to  ice- 
scour  stress.  Neither  irradiance  nor  slope  can  ex- 
plain the  lower  boundaries  observed  in  the  distri- 
bution of  vascular  plants;  sediment  features  may  be 
responsible  for  them.  Mean  lake  macrophyte  bio- 
mass amounts  to  140  g  dwt/sq  m  (20  g  C/sq  m),  a 
very  high  value  if  compared  with  boreal  lakes  with 
similar  limnological  characteristics.  (Author's  ab- 
stract) 
W90-05037 


PHOSPHATE  UPTAKE  BY  EUKARYOTIC 
ALGAE  IN  CULTURES  AND  BY  A  MIXED 
PHYTOPLANKTON  POPULATION  IN  A 
LAKE:  ANALYSIS  BY  A  FORCE-FLOW  RELA- 
TIONSHIP. 

Institut  fuer  Limnologie,  Mondsee  (Austria). 
R.  Falkner,  and  G.  Falkner. 

Botanica  Acta  BOACEJ,  Vol.  102,  No.  4,  p.  283- 
286,  November  1989.  4  fig,  1  tab,  12  ref. 

Descriptors:  'Phosphates,  'Algae,  'Phytoplank- 
ton,  'Limnology,  Culturing  techniques,  Lakes, 
Conductivity,  Force-flow  relationship. 

The  phosphate  uptake  behavior  of  monospecific 
cultures  of  green  algae  in  the  laboratory  and  of 
mixed  phytoplankton  populations  in  a  mesotrophic 
lake  has  been  analyzed  with  the  aid  of  a  force-flow 
relationship.  This  analysis  yields  two  parameters: 
(1)  A  conductivity  coefficient,  that  characterizes 
the  activity  of  the  phosphate  uptake  system;  (2)  An 
external  threshold  phosphate  concentration,  below 
which  uptake  of  phosphate  is  excluded  on  energet- 
ic grounds.  When  the  phosphate  concentration  lies 
below  the  threshold  value,  the  algae  show  an  acti- 
vation of  the  uptake  system,  reflected  in  an  in- 
crease in  the  conductivity  coefficient.  Correspond- 
ingly, excess  phosphate  above  the  threshold  value 
leads  to  a  diminuation  of  the  conductivity.  Using 
this  simple  analysis,  phosphate  discharge  into  lake 
water  may  be  readily  monitored.  (Author's  ab- 
stract) 
W90-05039 


WATERSHED  ACIDIFICATION  MODELS 
USING  THE  KNOWLEDGE-BASED  SYSTEMS 
APPROACH. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05043 


ATP  AS  AN  INDEX  OF  PHYTOPLANKTON 
PRODUCTIVITY.  THE  CHL  A/ATP  QUO- 
TIENT. 

Akademiya  Nauk  Estonskoi  SSR,  Tartu.  Inst.  Zoo- 

logii  i  Botaniki. 

T.  Noges. 

Internationale  Revue  der  Gesamten  Hydrobiologie 

IGHYAZ,  Vol.  74,  No.  2,  p  121-133,  1989.  5  fig,  3 

tab,  30  ref. 

Descriptors:  'Limnology,  'Estuaries,  'Phyto- 
plankton, 'Adenosine  triphosphate,  'Eutrophic 
lakes,  'Chlorophyll  a,  'USSR,  Seasonal  variation. 
Productivity,  Diatoms,  Comparison  studies,  Baltic 
Sea,  Phosphorus,  Nitrogen. 

The  seasonal  changes  in  the  adenosine  triphosphate 
(ATP)  and  chlorophyll  a  (Chi  a)  concentrations  in 
two  eutrophic  lakes  (Lake  Peipus,  Lake  Vortsjarv; 
Estonia)  were  studied  in  the  course  of  two  years. 
Comparative  measurements  were  performed  in  the 
Baltic  Sea.  The  main  task  was  to  examine  how  the 
ATP  content  of  the  water  characterizes  the  func- 
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lional  state  of  the  phytoplankton  community.  Pri- 
mary production,  total  phosphorus  and  total  nitro- 
gen were  measured  as  supplementary  parameters. 
The  under-ice  bloom  in  Lake  Vortsjarv  was  also 
observed.  The  under-ice  bloom,  consisting  mainly 
of  the  diatom  Melosira  islandica  spp.  helvetica, 
started  at  the  bottom  of  the  water  body  and  spread 
over  the  whole  water  column  in  a  few  days.  The 
ATP  content  correlated  well  with  changes  in  the 
Chi  a  concentration  of  the  bottom  water,  but  in  the 
uppermost  regions  of  the  water  column  no  correla- 
tion was  found.  Obviously  most  of  the  cells  had 
died  before  reaching  the  surface  layers.  Seasonal 
observations  showed  an  accumulation  of  'dead' 
chlorophyll  in  autumn.  The  Chi  a/ ATP  ratio  in- 
creased in  the  following  order:  sea;  eutrophic  lake; 
hypereutrophic  lake.  The  values  of  the  index  in- 
creased exponentially  as  the  phytoplankton  stand- 
ing stock  increased.  (Author's  abstract) 
W90-05047 


PERCH,  PERCA  FLUVIATILIS  L.,  IN  SMALL 
LAKES:  RELATIONS  BETWEEN  POPULA- 
TION CHARACTERISTICS  AND  LAKE  ACIDI- 
TY. 

Helsinki  Univ.,  Lammi  (Finland).  Lammi  Biologi- 
cal Station. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05048 


ABSORPTION  COEFFICIENT  OF  PARTICU- 
LATE MATTER  IN  LAKE  HARUNA. 

Gunma  Univ.,  Maebashi  (Japan).  Faculty  of  Edu- 
cation. 

A.  Sugawa,  and  K.  Yajima. 

Japanese  Journal  of  Limnology  RIZAAU,  Vol.  50, 
No.  3,  p  219-225,  1989.  6  fig,  2  tab,  12  ref. 

Descriptors:  'Limnology,  'Particulate  matter, 
•Chlorophyll  a,  Light  absorption,  Detritus,  Sea- 
sonal variation,  Turbulent  flow,  Japan,  Plankton. 

The  absorption  coefficient  of  particulate  matter  at 
a  particular  wavelength  is  expressed  by  the  sum  of 
the  absorption  coefficients  of  detritus  and  phyto- 
plankton at  that  wavelength.  The  absorption  coef- 
ficient of  phytoplankton  is  the  product  of  the  spe- 
cific absorption  coefficient  of  chlorophyll  a  and 
the  chlorophyll-a  concentration  at  a  given  depth. 
The  value  of  the  absorption  coefficient  of  chloro- 
phyll a  in  the  region  400-500  nm  has  a  maximum  at 
440  nm.  Therefore,  in  Lake  Haruna,  Japan,  the 
absorption  coefficient  of  particulate  matter  at  440 
nm  and  the  chlorophyll  a  concentration  were 
measured  monthly  (July  through  November  1987), 
and  the  corresponding  coefficients  were  obtained 
for  detritus  and  plankton.  Except  for  the  Novem- 
ber sample,  the  value  for  the  particulate  matter 
absorption  coefficient  was  much  larger  at  a  depth 
of  12  m  than  at  0,  4,  and  8  m.  This  may  have  been 
caused  by  turbulence,  which  in  turn  may  have 
been  affected  by  bottom  current.  For  the  same  sun 
angle,  absorbance  by  particulate  matter  in  the  lake 
water  increased  with  depth.  (Shidler-PTT) 
W90-05054 


ORGANIC  CARBON  BUDGET  IN  A  HEADWA- 
TER STREAM  AT  URATAKAO,  (IN  JAPA- 
NESE). 

Tokyo  Univ.  of  Agriculture  and  Technology 
(Japan).  Dept.  of  Environmental  Science  and  Con- 
servation. 

T.  Yasuda,  H.  Ichikawa,  and  N.  Ogura. 
Japanese  Journal  of  Limnology  RIZAAU,  Vol.  50, 
No.  3.  p  227-234,  1989.  5  fig,  3  tab,  23  ref.  English 
summary. 

Descriptors:  *Nutrient  budget,  'Organic  carbon, 
•Japan,  'Carbon  cycle,  Particulate  matter,  Runoff, 
Litter,  Algae,  Seasonal  variation,  Stream  dis- 
charge. 

The  annual  organic  carbon  budget  was  estimated 
from  1984  to  1985  in  Kogesawa  Stream  (one  of 
head  waters  of  the  Tama  River)  at  Uratakao, 
Japan.  Total  organic  carbon  input  to  the  section 
was  1,960  kgC.  Geological  input  of  DOM  (Dis- 
solved Organic  Matter)  and  FPOM  (fine  particu- 
late organic  matter)  accounted  for  88%  of  the  total 
input    Biological  inputs  amounted  to  228  kgC  as 


algal  primary  production  (100  kgC),  and  terrestrial 
litter  fall  and  lateral  movement  (128  kgC).  Outputs 
of  DOM  and  FPOM  were  1,200  kgC  and  620  kgC, 
respectively.  FPOM  outflow  was  1.3  times  greater 
than  inflow.  Community  respiration  as  biological 
output  (77  kgC)  was  77%  of  primary  production, 
and  34%  of  primary  production  and  litter  input. 
Residence  and  run-off  of  organic  matter  were 
largely  influenced  by  stream  water  discharge. 
During  low  flow,  including  periods  of  autumnal 
leaf  fall  and  spring  algal  high  production,  net  gain 
of  organic  carbon  was  positive  or  nearly  zero. 
However,  during  only  1  to  2  months  of  high 
discharge,  organic  carbon  that  accumulated  at  the 
stream  bed  flowed  downstream.  (Author's  ab- 
stract) 
W90-05055 


SEDIMENTARY  ENVIRONMENTS  INFERRED 
FROM  LITHOFACIES  OF  THE  LAKE  BIWA 
1400  M  CORE  SAMPLE,  JAPAN,  (IN  JAPA- 
NESE). 

Kyoto  Univ.,  Beppu  (Japan).  Geophysical  Re- 
search Station. 

For  primary  bibliographic  entry  see  Field  2J. 
W90-05057 


RESPIRATORY  RESPONSES  OF  AQUATIC  IN- 
SECTS TO  LOW  OXYGEN  CONCENTRATION, 
(IN  JAPANESE). 

Tokyo  Metropolitan  Univ.  (Japan).  Dept.  of  Biol- 
ogy. 

F.  Hayashi. 

Japanese  Journal  of  Limnology  RIZAAU,  Vol.  50, 
No.  3,  p  255-268,  1989.  5  fig,  61  ref.  English 
summary. 

Descriptors:  'Limnology,  'Aquatic  insects, 
'Oxygen  requirements,  'Habitats,  Adaptation, 
Caddisflies,  Dobsonflies,  Dragonfiies,  Mayflies, 
Stoneflies,  Beetles,  Insects. 

Oxygen  is  less  available  in  water  than  in  air  be- 
cause of  its  low  solubility  and  heterogenous  distri- 
bution. Larvae  of  Ephemeroptera,  Odonata,  Ple- 
coptera,  Megaloptera,  Trichoptera,  and  aquatic 
Diptera  generally  use  dissolved  oxygen  for  respira- 
tion. In  this  review,  respiratory  responses  of  these 
aquatic  insects  to  low  oxygen  conditions  are  com- 
pared in  relation  to  their  habitat  differences.  The 
species  inhabiting  relatively  low  oxygen  environ- 
ments regulate  their  respiratory  rates  against  hy- 
poxia, but  the  respiratory  rates  of  riffle-dwelling 
species  are  decreased  with  the  decline  of  oxygen 
concentration.  To  compensate  for  respiratory 
rates,  the  following  are  important  characteristics: 
(1)  gill  development,  (2)  gill  beating,  (3)  respirato- 
ry movement  (undulation  or  ventilation),  (4)  respi- 
ratory pigments  (erythrocruorin  or  hemoglobin). 
(5)  anaerobic  metabolism,  (6)  bimodal  breathing 
(aquatic  and  aerial  respirations),  and  (7)  microhabi- 
tat  shift.  In  order  to  further  discuss  the  speciation 
processes  that  produce  diverse  respiratory  charac- 
teristics, much  more  research  is  needed,  especially 
to  find  variation  in  respiratory  characteristics 
within  a  population  or  between  populations  and  to 
examine  whether  the  variation  has  a  genetic  basis 
or  not.  (Author's  abstract) 
W90-05058 


ARSENIC  GEOCHEMISTRY  OF  RAPIDLY  AC- 
CUMULATING SEDIMENTS,  LAKE  OAHE, 
SOUTH  DAKOTA. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05085 


PERIPHYTON  EFFECTS  ON  ARSENIC 
TRANSPORT  IN  WHITEWOOD  CREEK, 
SOUTH  DAKOTA. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  5B. 
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VOLUNTEER  LAKE  MONITORING  PRO- 
GRAM, 1987.  VOLUME  IV:  WEST-CENTRAL 
ILLINOIS  REGION. 

Illinois  State  Environmental   Protection  Agency, 


Springfield.  Div.  of  Water  Pollution  Control. 
J.  Hawes,  N  Weatherby-Thomas,  and  V.  Wood. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89- 127690. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  IEPA/WPC/88-016d,  September 
1988.  94p,  2  fig,  5  tab,  24  ref,  2  append. 

Descriptors:  'Illinois,  'Lakes,  'Water  quality, 
•Public  participation,  'Monitoring,  Water  depth, 
Secchi  disks,  Field  tests,  Transparency,  Trophic 
level. 

This  report  is  Volume  IV  of  a  series  of  seven 
reports  summarizing  Illinois  EPA's  1987  Volunteer 
Lake  Monitoring  Program  (VLMP).  It  provides  a 
program  overview,  a  summary  of  1987  VLMP 
lakes  in  West-Central  Illinois,  including  a  discus- 
sion of  lake  characteristics,  volunteer  participation, 
and  a  ranking  of  lakes  on  a  regional  basis.  West- 
Central  Illinois  results  are  compared  to  statewide 
statistics.  Lake  assessment  information  from  the 
Illinois  Water  Quality  Report  1986-1987  for  West- 
Central  VLMP  lakes  is  provided  and  briefly  dis- 
cussed. Lake/ watershed  management  strategies  are 
described.  Thirty-five  volunteers  recorded  total 
depth,  Secchi  disk  transparency,  and  field  observa- 
tions for  20  lakes  in  West  Central  Illinois  between 
May  and  October,  1987.  Included  were  10 
dammed-stream  impoundments  and  one  strip  mine 
lake.  Average  transparencies  ranged  from  13-91 
inches.  Twenty  percent  of  the  lakes  exhibited  aver- 
age transparencies  greater  than  4  feet,  40%  be- 
tween 2  and  4  feet,  and  40%  had  transparencies 
less  than  2  feet.  Two  lakes  were  classified  as  meso- 
trophic,  and  the  rest,  eutrophic,  based  on  average 
Secchi  disc  transparency.  (See  also  W90-05134) 
(Author's  abstract) 
W90-05133 


VOLUNTEER  LAKE  MONITORING  PRO- 
GRAM, 1987.  VOLUME  V:  EAST-CENTRAL  IL- 
LINOIS REGION. 

Illinois  State  Environmental  Protection  Agency, 
Springfield.  Div.  of  Water  Pollution  Control. 
J.  Hawes,  N.  Weatherby-Thomas,  and  V.  Wood. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-127708. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  IEPA/WPC/88-016e,  September  1988. 
104p,  2  fig,  5  tab,  29  ref,  2  append. 

Descriptors:  'Illinois,  'Lakes,  'Water  quality, 
♦Public  participation,  Monitoring,  Secchi  disks, 
Field  tests.  Transparency,  Trophic  level,  Water 
depth. 

This  report  is  Volume  V  of  a  series  of  7  reports 
summarizing  Illinois  EPA's  1987  Volunteer  Lake 
Monitoring  Program  (VLMP).  It  provides  a  pro- 
gram overview,  a  summary  of  1987  VLMP  lakes  in 
East-Central  Illinois,  including  a  discussion  of  lake 
characteristics,  volunteer  participation,  and  a  rank- 
ing of  lakes  on  a  regional  basis.  East-Central  Illi- 
nois results  are  compared  to  statewide  statistics. 
Lake  assessment  information  from  the  Illinois 
Water  Quality  Report  1986-1987  for  East-Central 
VLMP  lakes  is  provided  and  briefly  discussed. 
Lake/watershed  management  strategies  are  de- 
scribed. Sixty-six  volunteers  recorded  total  depth, 
Secchi  disk  transparency,  and  field  observations 
for  28  lakes  in  East-Central  Illinois  between  May 
and  October,  1987.  Average  transparencies  ranged 
from  12-97  inches.  Twenty-one  percent  of  the  lakes 
exhibited  average  transparencies  greater  than  4 
feet,  40%  between  2  and  4  feet,  and  39%  less  than 
2  feet.  One  lake  was  classified  as  mesotrophic,  and 
the  remainder,  eutrophic,  based  on  average  Secchi 
disk  transparency.  (See  also  W90-05133)  (Author's 
abstract) 
W90-05134 


DEVELOPING  AND  MANAGING  A  COMPRE- 
HENSIVE RESERVOIR  ANALYSIS  MODEL. 

Hydrologic  Engineering  Center,  Davis,  CA. 
For  primary  bibliographic  entry  see  Field  6A. 
W90-05182 
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WATER   QUALITY   OF   LAKE   AUSTIN   AND 
TOWN  LAKE,  AUSTIN,  TEXAS. 

Geological  Survey,  Austin,  TX.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05212 


SEDIMENTATION   OF   LAKE   TANEYCOMO, 
MISSOURI,  1913-1987. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-05284 


STATUS  AND  IMPLICATIONS  OF  THE  INVA- 
SION OF  TAMARISK  (TAMARIX  APHYLLA) 
ON  THE  FINKE  RIVER,  NORTHERN  TERRI- 
TORY, AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,   Alice  Springs  (Australia).   Div.   of 

Wildlife  and  Rangelands  Research. 

G.  F.  Griffin,  D.  M.  S.  Smith,  S.  R.  Morton,  G.  E. 

Allan,  and  K.  A.  Masters. 

Journal         of        Environmental         Management 

JEVMAW,  Vol.  29,  No.  4,  p.  297-315,  December 

1989.  4  fig,  5  tab,  25  ref. 

Descriptors:  *Australia,  *Riparian  vegetation,  ♦Ta- 
marisk, 'Vegetation  establishment,  Vegetation  ef- 
fects, Salinity,  Birds,  Reptiles,  Habitats,  Eucalypt. 

Exotic  tamarisk  trees  have  become  established 
along  several  hundred  kilometers  of  the  Finke 
River,  the  largest  river  system  in  arid  central  Aus- 
tralia. The  sources  of  infestation  were  plantings  at 
homesteads  near  the  River,  and  establishment  ap- 
pears to  have  taken  place  after  heavy  flooding 
dispersed  seeds  downstream  and  tore  out  the 
native  eucalypt  trees  which  usually  dominate.  In 
addition,  flushes  of  saline  water  which  have  en- 
tered the  Finke  River  from  adjacent  paleodrainage 
systems  probably  favored  the  tamarisks  at  the  ex- 
pense of  the  less  tolerant  eucalypts.  Displacement 
of  eucalypts  by  tamarisks  has  resulted  in  domi- 
nance of  the  ground  vegetation  by  a  relatively  few 
species  of  introduced  or  salt-tolerant  plants,  and  in 
reduction  in  the  numbers  of  native  birds  and  rep- 
tiles. Tamarisks  are  reducing  the  pastoral  and  con- 
servation value  of  the  Finke  River  by  impoverish- 
ing the  native  biota.  The  conditions  allowing  their 
establishment  are  uncommon  but  recurrent,  and 
unless  positive  steps  are  taken  to  inhibit  their 
spread  they  will  probably  invade  other  river  sys- 
tems in  inland  Australia.  (Author's  abstract) 
W90-05294 


HEAT    DEATH    OF    FISH    IN    SHRINKING 
STREAM  POOLS. 

Miami  Univ.  Middletown,  OH.  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  81. 
W90-05310 


DIEL  AND  SEASONAL  DRIFT  OF  ZOO- 
PLANKTON  IN  A  HEADWATER  STREAM. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Zoology. 
M.  D.  Schram,  A.  V.  Brown,  and  D.  C.  Jackson. 
American  Midland  Naturalist  AMNAAF,  Vol. 
123,  No.  1,  p  135-143,  January  1990.  2  fig,  1  tab,  37 
ref.  NSF  Grant  ISP  8011447  and  BSR  8516857, 
and  Arkansas  Science  and  Technology  Authority 
Grant  86-B-0112. 

Descriptors:  *Zooplankton,  *Stream  biota, 
*Seston,  *Macroinvertebrates,  *Diurnal  distribu- 
tion, Seasonal  variation,  Arkansas,  Rivers,  Popula- 
tion density,  Aquatic  populations,  Copepods,  Wa- 
terfleas,  Rotifers,  Fish  food  organisms. 

Diel  periodicity  of  Zooplankton  drift  was  exam- 
ined in  a  third  order  reach  of  the  Illinois  River, 
Arkansas.  Quantitative  samples  were  taken  every  2 
hours  for  a  24-hour  period  during  June  1987  and 
January  1988,  to  determine  if  zooplankton  drifted 
in  greater  numbers  at  night.  Significantly  more 
zooplankton  (p  <  0.05,  Wilcoxon)  were  collected 
at  night  during  both  sampling  periods.  Day-night 
densities  also  were  significant  for  total  Copepoda 
and  nauplii  in  June  and  January,  Euchlanis  dilatata 
in  June,  and  Rotatoria  and  immature  Cladocera 
(Bosmina  and  Daphnia)  in  January.  Apparent,  but 
nonsignificant  differences  were  observed  for  Cla- 
docera in  June  and  January,  and  Rotatoria  in  June. 
Maximum  densities  during  June  were  recorded 
from  2000  to  2200  hours  for  all  major  groups. 
Maximum  rotifer  density  was  strongly  influenced 
by  distinct  peaks  of  bdelliods  and  E.  dilatata  at 
2000  and  2200  hours,  respectively.  January  samples 
were  more  variable,  but  maximum  densities  for 
Copepoda  and  total  zooplankton  were  recorded 
from  2100  to  0100  hours,  and  Rotatoria  from  2300 
to  0100  hours.  Cladocera  maximum  densities  oc- 
curred at  1900  and  0300  hours,  coinciding  with 
distinct  peaks  for  Bosmina  longirostris.  Drift  of 
Keratella  cochlearis,  an  abundant  rotifer,  peaked  at 
2300  hour.  Greater  densities  (ca.  7x)  of  drifting 
zooplankton  were  recorded  in  January  than  in 
June.  Diel  pulses  of  drifting  zooplankton  at  night 
increased  the  animal  component  of  the  seston. 
Zooplankton  may  significantly  influence  the  troph- 
ic dynamics  and  activity  patterns  of  filter-feeding 
macroinvertebrates  and  planktivorous  fish  in  head- 
water stream  communities.  (Author's  abstract) 
W90-05311 


YOUNG  FISH  DISTRIBUTION  IN  BACKWA- 
TERS AND  MAIN-CHANNEL  BORDERS  OF 
THE  KANAWHA  RrVER,  WEST  VIRGINIA. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.   Dept.   of  Fisheries  and  Wildlife  Sciences. 
M.  T.  Scott,  and  L.  A.  Nielsen. 
Journal  of  Fish  Biology  JFIBA9,  Vol.  35,  No.  SA, 
p.  21-27,  December  1989.  2  tab,  29  ref. 

Descriptors:  *West  Virginia,  *Fish  populations, 
♦Stream  fisheries,  *Fish,  Spawning,  Fish  distribu- 
tion, Species  diversity,  Shiner,  Dorosoma,  Blue- 
gills,  Habitats. 

Fish  in  the  Kanawha  River  were  collected  with  a 
0.5  m  plankton  net  in  main-channel  borders  and  in 
open  areas  of  backwaters  and  with  a  1  sq  m  en- 
closed dropbox  in  shallow  backwater  habitats. 
Larval  emerald  shiners,  Notropis  atherinoides, 
were  twice  as  dense,  and  gizzard  shad,  Dorosoma 
cepedianum,  2.5  times  as  dense  in  main-channel 
borders  as  in  backwaters;  larval  Lepomis  spp.  were 
20  times  as  dense  in  backwaters  as  in  main-channel 
borders.  Smaller  Lepomis  larvae  used  open-water 
backwater  areas  primarily;  larger  larvae  migrated 
to  vegetated  backwater  habitats  later  in  the 
summer.  Backwaters  appear  crucial  for  the  mainte- 
nance of  nest-building  fish  species  in  temperate 
rivers,  just  as  floodplains  are  necessary  for  the 
maintenance  of  high  species  diversity  in  tropical 
rivers.  (Author's  abstract) 
W90-05296 


LIFE  HISTORY  OF  ANADROMOUS  COASTAL 

CUTTHROAT      TROUT      IN      SNOW      AND 

SALMON    CREEKS,    JEFFERSON    COUNTY, 

WASHINGTON,  WITH   IMPLICATIONS  FOR 

MANAGEMENT. 

Snow  Creek  Research   Station,   Port  Townsend, 

WA. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05322 


OXYGEN  AND  TEMPERATURE  RELATION- 
SHIPS IN  NINE  ARTIFICIALLY  AERATED 
CALIFORNIA  RESERVOIRS. 

Hawaii  Inst,  of  Marine  Biology,  Honolulu. 

For   primary   bibliographic   entry   see   Field    5G. 

W90-05323 


TEMPORAL  AND  SPATIAL  VARIATION  IN 
PELAGIC  FISH  ABUNDANCE  IN  LAKE  MEAD 
DETERMINED  FROM  ECHOGRAMS. 

Nevada  Univ.,  Las  Vegas.  Lake  Mead  Limnologi- 

cal  Research  Center. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05324 


STABLE  ISOTOPE  COMPOSITION  OF  LAND 
SNAIL  BODY  WATER  AND  ITS  RELATION 
TO  ENVIRONMENTAL  WATERS  AND  SHELL 
CARBONATE. 

Weizmann    Inst,    of   Science,    Rehovoth    (Israel). 


Dept.  of  Isotope  Research. 
G.  A.  Goodfriend,  M.  Magaritz,  and  J.  R.  Gat. 
Geochimica  et   Cosmochimica   Acta  GCACAK, 
Vol.  53,  No.  12,  p  3215-3221,  December  1989.  8 
fig,  32  ref. 

Descriptors:  *Water  exchange,  *Deuterium, 
*Oxygen  isotopes,  *Snails,  *Metabolism,  ♦Carbon- 
ates, Bioassay,  Environmental  effects,  Temporal 
distribution,  Rain,  Shells,  Water  vapor,  Equilibri- 
um, Israel. 

Day-to  day  and  within-day  (diel)  variations  in 
delta  D  (deuterium)  and  delta  018  of  the  body 
water  of  the  land  snail,  Theba  pisana,  were  studied 
at  a  site  in  the  southern  coastal  plain  of  Israel. 
Three  phases  of  variation,  which  relate  to  isotopic 
changes  in  atmospheric  water  vapor,  were  distin- 
guished: 1)  on  rainy  days,  snail  water  becomes 
isotopically  depleted  approximately  in  the  direc- 
tion of  the  rain  isotope  values,  but  always  less 
depleted  in  D  as  is  atmospheric  water  vapor;  2) 
during  the  1  to  3  days  following  a  rain,  the  snail 
water  becomes  isotopically  enriched  along  a  line 
with  slope  <  8,  in  delta  D  versus  delta  018  space 
(this  relates  to  a  increasing  influenced  of  humidity 
derived  from  the  Mediterranean  Sea);  and  3)  a 
period  of  relative  stability  of  the  isotopic  composi- 
tion persists  until  the  next  rain  event.  The  isotopic 
variations  can  be  explained  by  isotopic  equilibra- 
tion with  atmospheric  water  vapor  and/or  uptake 
of  dew  derived  from  it.  During  the  winter,  when 
the  snails  are  active,  there  is  only  very  minor 
enrichment  in  018  relative  to  equilibrium  with 
water  vapor  or  dew,  apparently  as  a  result  of 
metabolic  activity.  But  this  enrichment  becomes 
pronounced  after  long  periods  of  inactivity. 
Within-day  variation  in  body  water  isotopic  com- 
position is  minor  on  non-rain  days.  Shell  carbonate 
is  enriched  in  018  by  approximately  1  to  2  ppt 
relative  to  equilibrium  with  body  water.  In  most 
regions,  the  isotopic  composition  of  atmospheric 
water  vapor  (or  dew)  is  a  direct  function  of  that  of 
rain.  Because  the  isotopic  composition  of  snail 
body  water  is  related  to  that  of  atmospheric  water 
vapor  and  the  isotopic  composition  of  shell  carbon- 
ate in  turn  is  related  to  that  of  body  water,  land 
snail  shell  carbonate  018  should  provide  a  reliable 
indication  of  rainfall  018.  However,  local  environ- 
mental conditions  and  the  ecological  properties  of 
the  snail  species  must  be  taken  into  account.  (Au- 
thor's abstract) 
W90-05325 


RESIDUES  OF  FLURIDONE  AND  A  POTEN- 
TIAL PHOTOPRODUCT  (N-METHYLFORMA- 
MIDE)  IN  WATER  AND  HYDROSOIL  TREAT- 
ED WITH  THE  AQUATIC  HERBICIDE 
SONAR. 

Lilly  (Eli)  and  Co.,  Indianapolis,  IN.  Lilly  Re- 
search Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05326 


LEAD  IN  THE  BOTTOM  SEDIMENTS  OF 
LAKE  NUANGOLA  AND  FOURTEEN  OTHER 
BODIES  OF  WATER  IN  LUZERNE  COUNTY, 
PENNSYLVANIA. 

Wilkes  Coll.,  Wilkes-Barre,  PA.  Dept.  of  Earth 

and  Environmental  Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
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SEASONAL  RHYTHMS  AND  COMPONENTS 
BY  STATION  IN  THE  AQUATIC  ENVIRON- 
MENT: II.  TAKING  INTO  ACCOUNT  AND 
ELIMINATING  THEIR  EFFECTS  FROM  A 
FAUNISTIC  CATALOG  (RYTHMES  SAISON- 
NIERS  ET  COMPOSANTES  STATIONNELLES 
EN  MILIEU  AQUATIQUE:  II.  PRISE  EN 
COMPTE  ET  ELIMINATION  D'EFFETS  DANS 
UN  TABLEAU  FAUNISTIQUE). 
Lyon-1  Univ.,  Villeurbanne  (France).  Lab.  d'Eco- 
logie  des  Eaux  Douces. 
S.  Doledec,  and  D.  Chessel. 

Acta  Oecologia,  Oecologia  Generalis  AOSGD7, 
Vol.  10,  No.  3,  p.  207-232,  1989.  8  fig,  1  tab,  102 
ref.  English  summary. 
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Field  2— WATER  CYCLE 
Group  2H — Lakes 


Descriptors:  'Stream  biota,  •Benthic  fauna,  'Tem- 
poral distribution,  'Spatial  distribution,  Lotic  envi- 
ronment, Seasonal  variation,  Time  series  analysis, 
Data  interpretation. 

The  study  of  the  distribution  of  aquatic  macroin- 
vertebrate  communities,  as  well  as  the  study  of 
vegetation  dynamics  by  permanent  quadrats,  in- 
volves the  description  of  tri-dimensional  data  mat- 
rices. Five  analytical  strategies,  respectively  called 
separate,  mixed,  conditional,  between-group,  and 
connected  analysis  are  possible.  This  paper  demon- 
strates how  within-class  and  between  class  corre- 
spondence analysis  is  central  to  all  these  methodo- 
logical options.  This  method  is  described  from  a 
practical  point  of  view  and  the  main  properties  are 
illustrated  using  the  benthic  macroinvertebrate 
fauna  sampled  seven  times  during  1982-1983  in  six 
stations,  on  the  Lower  Ardeche  River.  In  this 
unstable  Mediterranean  ecosystem,  the  seasonal  ty- 
pology is  strong.  Seasonal  fluctuation  in  the  aquat- 
ic fauna  is  related  to  thermal  variations  of  the 
water  and  varies  as  the  sampling  proceeds  down- 
stream. The  common  spatial  typology  is  influenced 
by  habitat  diversity,  current  velocity  and  the 
downstream  succesion  of  sampling  stations.  Floods 
homogenize  the  fauna  between  the  stations.  During 
low  water,  the  fauna  structure  varies  between 
summer  and  winter.(Author's  abstract) 
W90-05337 


GENUS  ISOETES  IN  SCANDINAVIA:  AN  ECO- 
LOGICAL REVIEW  AND  PERSPECTIVES. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

For  primary  bibliographic  entry  see  Field  5C. 
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HABITAT  CONDITIONS  OF  THE  PHYTO- 
COENOSES  OF  MYRIOPHYLLETUM  ALTER- 
NIFLORI  LEMEE  1937  EM.  SISS.  1943,  MYR- 
IOPHYLLETUM VERTICILLATI  SOO  1927 
AND  MYRIOPHYLLETUM  SPICATI  SOO  1927 
IN  POLAND. 

Warsaw  Univ.  (Poland).  Dept  .of  Phytogeo- 
graphy. 

S.  Klosowski,  and  H.  Tomaszewicz. 
Aquatic  Botany  AQBODS,  Vol.  35,  No.  3-4,  p 
337-356,  November  1989.  5  fig.tab,  48  ref. 

'Aquatic  plants,  'Aquatic  habitats,  'Limnology, 
'Microphytes,  'Substrates,  'Eutrophication, 
'Poland,  Organic  matter,  Calcium,  Magnesium, 
Oligotrophy  lakes,  Mesotrophic  lakes,  Nutrients, 
Eutrophic  lakes,  Myriophylletum. 

A  comparative  analysis  was  made  of  the  habitats  of 
28  Myriophylletum  alterniflori,  23  Myriophylletum 
verticillati  and  29  Myriophylletum  spicati  phyto- 
coenoses  form  50  lakes  within  northern  and  south- 
eastern Poland.  The  phytosociological  distinction 
of  the  associations  studied,  based  on  floristic  domi- 
nance, is  confirmed  in  the  distinction  of  their  habi- 
tats, both  with  respect  to  water  and  substrate 
chemistry.  Myriophylletum  alterniflori  phytocoen- 
oses  in  Poland  are  restricted  to  soft,  oligotrophic- 
mesotrphic  waters,  poor  in  calcium  and  magnesi- 
um, and  to  substrates  also  poor  in  these  elements. 
Myriophylletum  verticillati  phytocoenoses  occur 
in  mesotrophic  or  slightly  eutrophic  waters,  poor 
in  N03-N,  P04-P,  and  K.  on  hydrated,  organic  and 
organic-mineral  substrates,  mostly  rich  in  calcium. 
The  phytocoenoses  of  Myriophylletum  spicati 
grow  in  waters  with  a  wide  trophic  amplitude, 
although  their  optimum  development  occurs  in 
typical  eutrophic  waters.  They  may  be  indicators 
of  substrates  poor  in  organic  matter.  (Author's 
abstract). 
W90-05339 


NOT  EVERY  WEARY  RIVER  WINDS  SOME- 
WHERE SAFE  TO  SEA.--THE  SEA,  AND  THE 
SALT  LAKES. 

Lund  Univ.  (Sweden).  Chemistry  Centre. 

S.  Ahrland. 

Aqua  Fenmca  AQFEDI,  Vol.   19,  No.   1,  p  3-9, 

1989.  1  fig,  5  tab,  8  ref. 

Descriptors:  'Limnology,  'Saline  lakes.  Lake  clas- 
sification, Ions,  Chlorides.  Sulfates,  Carbonates, 
Geology. 


About  half  of  the  Earth's  inland  surface  water  is 
found  in  the  saline  lakes.  The  salinities  and  the 
ionic  compositions  of  the  waters  of  these  lakes 
vary  widely,  in  striking  contrast  to  ocean  water. 
Three  main  types,  the  chloride,  sulfate  and  carbon- 
ate lakes,  may  be  identified.  In  the  first  class, 
chloride  is,  as  in  the  ocean,  the  predominant  anion. 
In  the  second  and  third  types,  sulfate  and  carbon- 
ate, respectively,  play  a  much  more  predominant 
role  than  in  the  ocean.  These  variations  evidently 
reflect  the  differences  in  geology  of  the  drainage 
areas,  and  age  and  history  of  the  lakes.  In  many 
cases,  however,  much  remains  to  be  done  before 
the  genesis  of  a  lake  has  been  elucidated  in  a 
satisfactory  way.  (Author's  abstract) 
W90-05341 


MERCURY  CONCENTRATIONS  OF  PERCH, 
PERCA  FLUVIATILIS  L.,  IN  SMALL  FINNISH 
HEADWATER  LAKES  WITH  DIFFERENT  PH 
AND  WATER  COLOUR. 

Helsinki  Univ.,  Lammi  (Finland).  Lammi  Biologi- 
cal Station. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05342 


WINTER  AND  SPRING  VARIABILITY  IN 
PHYTO-  AND  BACTERIOPLANKTON  IN 
LAKES  WITH  DIFFERENT  WATER  COLOUR. 

Helsinki  Univ.,  Lammi  (Finland).  Lammi  Biologi- 
cal Station. 

L.  Arvola,  and  P.  Kankaala. 

Aqua  Fennica  AQFEDI,  Vol.  19,  No.  1,  p  29-39, 
1989.  6  fig,  2  tab,  51  ref.  University  of  Helsinki, 
Academy  of  Finland. 

Descriptors:  'Lakes,  'Humic  acids,  'Color,  'Lim- 
nology, 'Phytoplankton,  'Plankton,  'Aquatic  bac- 
teria, 'Aquatic  productivity,  'Biomass,  'Dissolved 
solids,  Opacity,  Seasonal  variation,  Decomposing 
organic  matter,  Acidic  water. 

During  one  winter  and  spring  period,  a  survey  was 
made  of  the  phyto-plankton  and  bacterioplankton 
populations  in  five  small,  acid  (pH  4.5-5.5),  forest 
lakes  with  water  color  ranging  between  15-370  mg 
Pt/L.  During  mid-winter,  algae  were  sparse  and 
their  biomasses  low,  with  the  exception  of  one 
mesohumic  lake  in  which  a  dense,  autotrophic, 
picoplankton  population  occurred.  In  two  clear- 
water  lakes,  autotrophic  algae  achieved  dominance 
(>  75%  of  the  total  algal  biomass)  by  March, 
when  the  ice  and  snow  cover  was  thickest.  In 
humic  lakes,  autotrophic  algae  only  became  domi- 
nant after  the  break  of  ice.  In  all  lakes,  the  spring 
algal  bloom  in  April  and  May  was  dominated  by 
chlorophytes  (mainly  Chlamydomonas  spp.).  At 
the  same  time,  the  density  of  bacteria  was  maximal 
in  all  lakes,  indicating  a  strong  interaction  between 
algae  and  bacteria.  The  higher  ratio  between  bacte- 
rial and  algal  biomasses  observed  in  humic  lakes 
compared  to  clear  lakes  supports  the  hypothesis 
that  dissolved  allochthonous  organic  matter  pro- 
motes the  growth  of  bacteria.  (Author's  abstract) 
W90-05343 


WATER  QUALITY  DEVELOPMENT  OF  THE 
ARTIFICIAL  LAKES  LOKKA  AND  PORTTI- 
PAHTA  IN  FINNISH  LAPLAND. 

Water  and  Environment  District  of  Lapland,  Ro- 

vaniemi  (Finland). 

For   primary   bibliographic   entry   see   Field    5G. 

W90-05344 


PLANKTON  COMMUNITY  RESPONSE  TO 
REDUCTION  OF  PLANKTIVOROUS  FISH 
POPULATIONS:  A  REVIEW  OF  11  CASE 
STUDIES. 

Oslo  Univ.  (Norway).  Biologisk  Inst. 

For   primary   bibliographic   entry   see   Field   6G. 

W90-05345 


NUTRIENT  CYCLING  IN  THE  EPILITHON  OF 
RUNNING  WATERS. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
B.J.  Paul,  and  H.C.  Duthie. 

Canadian  Journal  of  Botany  CJBOAW,  Vol.  67, 
No.  8,  p  2302-2309,  August  1989.  5  fig,  5  tab,  52 


ref.  Natural  Sciences  and  Engineering  Research 
Council  of  Canada. 

Descriptors:  'Stream  biota,  'Cycling  nutrients, 
•Limiting  nutrients,  Running  waters,  Phosphorus, 
Organic  compounds,  Limiting  nutrients,  Microor- 
ganisms, Hydrobiology. 

The  development  and  physiology  of  microcom- 
munities  established  on  glass  slides  was  investigat- 
ed in  the  Matamek  River,  Quebec,  during  the 
summer  of  1985.  Microorganisms  loosely  attached 
to  the  substrate  (overstory)  and  those  strongly 
adhering  to  the  substrate  (understory)  were  consid- 
ered separately.  Community  biomass  accumulation 
resulted  from  increases  in  the  overstory.  Cell  num- 
bers remained  relatively  unchanged  in  the  under- 
story. As  the  community  developed,  the  uptake  of 
glucose,  inorganic  carbon,  ammonia,  and  phos- 
phate increased,  mainly  because  of  autotrophic  or- 
ganisms in  the  overstory.  Organisms  in  the  under- 
story, especially  bacteria,  appeared  to  contribute 
significantly  to  the  assimilation  of  glucose.  The 
spiralling  concept  of  nutrient  reutilization  in  run- 
ning waters  was  assessed  in  view  of  the  changing 
physiology  of  the  microorganisms  comprising  a 
developing  biofilm.  Release,  dowstream  location, 
and  subsequent  biological  assimilation  of  recently 
fixed  bicarbonate,  glucose,  and  orthophosphate 
was  measured.  The  translocation  of  bicarbonate 
and  glucose  release  products  was  similar  in  both 
poorly  developed  and  well-developed  communi- 
ties, whereas  orthophosphate  metabolites  were 
reassimilated  more  rapidly  in  well-developed  as- 
semblages. The  apparent  conservation  of  phos- 
phate by  the  epilithic  community  was  considered 
to  be  a  physiological  adaptation  in  response  to  the 
low  nutrient  concentration  of  the  waters.  Organic 
carbon,  conversely,  was  probably  not  limiting  and 
therefore  was  not  rapidly  reutilized.  It  is  conclud- 
ed that  the  intensity  at  which  compounds  are  uti- 
lized is  directly  proportional  to  their  degree  of 
limitation  in  the  epilithic  community.  (Author's 
abstract) 
W90-05352 


SUBMERSED  MACROPHYTE  COMMUNITIES 
BEFORE  AND  AFTER  AN  EPISODIC  ICE  JAM 
IN  THE  ST.  CLAIR  AND  DETROIT  RIVERS. 

National  Fisheries  Research  Center-Great  Lakes, 

Ann  Arbor,  MI. 

For  primary  bibliographic  entry  see  Field  2C. 
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FREQUENCY  AND  LOCAL  ABUNDANCE  OF 
RUPPIA  OCCIDENTALS  IN  RELATION  TO 
SEDIMENT  TEXTURE  AND  LAKE  SALINITY. 

Toronto  Univ.  (Ontario).  Dept.  of  Botany. 

B.  C.  Husband,  and  M.  Hickman. 

Canadian  Journal  of  Botany  (CJBOAW),  Vol.  67, 

No.  8,  p  2444-2449,  August  1989.  2  fig,  3  tab,  46 

ref.   Natural  Sciences  and  Engineering  Research 

Council  of  Canada. 

Descriptors:  'Limnology,  'Macrophytes,  'Ecolog- 
ical distribution,  'Sediments,  'Salinity,  Saline 
lakes. 

To  determine  the  effect  of  water  salinity  on  the 
distribution  of  Ruppia  occidentalis,  the  frequency 
and  local  abundance  of  this  macrophyte  in  relation 
to  sediment  texture  was  investigated  in  three  lakes 
in  Alberta,  Canada,  having  2165,  1557,  and  275 
mg/L,  total  dissolved  solids  (TDS),  respectively. 
Sediment  texture  was  found  to  have  the  largest 
effect  on  local  abundance  in  freshwater,  and  differ- 
ences between  lakes  were  greatest  on  the  sediment 
with  the  greatest  local  abundance.  Ruppia  occiden- 
talis occurred  at  82,  79,  and  42%,  respectively,  of 
the  sites  examined  within  these  lakes.  This  reduc- 
tion in  frequency  was  associated  with  a  decrease  in 
the  diversity  of  sediment  textures  in  which  R. 
occidentalis  occurred.  Within  the  saline  lakes,  the 
frequency  of  R.  occidentalis  was  not  dependent  on 
sediment  texture.  In  freshwater,  however,  R.  occi- 
dentalis is  found  primarily  on  coarse-textured  sites. 
The  absence  of  R.  occidentalis  from  fine-textured 
sediments  in  freshwater  environments  is  not  corre- 
lated with  the  abundance  of  other  macrophytes. 
Local  environments  associated  with  coarse  sedi- 
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ments,  such  as  low  organic  content,  or  reduced 
biotic  interactions,  are  necessary  for  R.  occidenta- 
lis  to  occur  in  freshwater.  However,  contrary  to 
the  patterns  of  frequency  among  sites,  local  abun- 
dance was  not  significantly  correlated  with  lake 
salinity,  except  on  sandy  sites.  Therefore,  the  ef- 
fects of  water  salinity  on  colonization  of  new  sites, 
rather  than  the  performance  within  sites,  may  be 
most  important  in  determining  distributional  limits 
of  R.  occidentalis  in  central  Alberta.  (Author's 
abstract) 
W90-05354 


BOTTOM-UP  AND  TOP-DOWN  IMPACTS  ON 
FRESHWATER  PELAGIC  COMMUNITY 
STRUCTURE. 

York  Univ.,  Toronto  (Ontario).  Dept.  of  Biology. 
D.  J.  McQueen,  M.  R.  S.  Johannes,  J.  R.  Post,  T. 
J.  Stewart,  and  D.  R.  S.  Lean. 
Ecological  Monographs  ECMOAQ,  Vol.  59,  No. 
3,  p  289-309,  September  1989.  15  fig.  1  tab,  82  ref,  4 
append.  National  Sciences  and  Engineering  Re- 
search Council  of  Canada. 

Descriptors:  'Limnology,  'Food  chains,  'Species 
composition,  'Zooplankton,  'Phytoplankton, 
'Biomass,  Distribution  patterns,  Aquatic  produc- 
tivity, Predation,  Chlorophyll  a,  Phosphorus, 
Daphnia. 

To  test  the  predictions  of  biomanipulation,  cascad- 
ing trophic  interaction,  and  bottom-up:top-down 
theories  for  freshwater  pelagic  community  struc- 
ture, researchers  measured:  piscivore  and  plankti- 
vore  numbers;  zooplankton  species  composition, 
size  structure,  and  biomass;  chlorophyll  A  concen- 
tration and  Secchi  depth;  and  water  chemistry 
from  1980  through  1986  in  Lake  St.  George,  On- 
tario, Canada.  Prior  to  the  winterkill  of  1981-1982, 
the  piscivore  population  was  high  (1000-2000  pisci- 
vores/ha),  the  planktivore  population  was  interme- 
diate (8000-10  000  planktivores/ha),  zooplankton 
biomass  was  intermediate  (2400  micrograms/L), 
and  chlorophyll  A  concentration  was  high  (5-12 
microgram/L).  In  the  year  folowing  the  winterkill 
(1982),  piscivore  and  planktivore  numbers  were 
low,  and  zooplankton  biomass  and  chlorophyll  A 
concentrations  were  high.  During  the  next  two 
years  (1983-1984),  the  planktivore  population  in- 
creased rapidly  to  densities  >20  000  individuals/ 
ha,  zooplankton  biomass  density  decreased  to 
<  1600  micrograms/L  and  chlorophyll  A  concen- 
tration decreased.  During  the  final  two  years  of  the 
study,  piscivores  recruited  to  near  prewinterkill 
levels,  planktivores  were  reduced  to  <8000  indi- 
viduals/ha, zooplankton  biomass  increased,  and 
chlorophyll  A  concentration  decreased.  Over  the  7 
year  data  set,  a  strong  negative  correlation  be- 
tween numbers  of  piscivores  and  planktivores,  a 
weaker  correlation  between  numbers  of  plankti- 
vores and  zooplankton  biomass,  and  no  between 
year  correlation  between  zooplankton  biomass  and 
chlorophyll  A  concentration  was  found.  There 
was,  however,  a  positive  correlation  between  total 
epilimnetic  phosphorous  and  chlorophyll  A  con- 
centration. These  data  are  consistent  with  predic- 
tions made  by  the  bottom-up:top-down  model,  and 
the  implication  is  that  at  Lake  St.  George,  the 
trophic  cascade  uncouples  at  the  zooplankton-phy- 
toplankton  link.  It  is  speculated  that  this  may  be 
due  to  the  combine  effects  of  lake  trophy  and 
Daphnia  species  composition  and  size.  (Author's 
abstract) 
W90-05355 


SEASONAL    DYNAMICS    OF    THE    CHESA- 
PEAKE BAY  ECOSYSTEM. 

Maryland  Univ.,  Solomons.  Chesapeake  Biological 

Lab. 

For  primary  bibliographic  entry  see  Field  2L. 
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HYDROLOGY,  COMMUNITY  STRUCTURE, 
AND  PRODUCTIVITY  PATTERNS  OF  A  DYS- 
TROPHIC CAROLINA  BAY  WETLAND. 

Emory  Univ.,  Atlanta,  GA.  Dept.  of  Biology. 
J.  F.  Schalles,  and  D.  J.  Shure. 
Ecological  Monographs  ECMOAQ,  Vol.  59,  No. 
4,  p  365-385,  December  1989.  15  fig,  5  tab,  93  ref. 
Department  of  Energy  Grant  AT-40-1-2412. 


Descriptors:  *Bays,  'Wetlands,  'Carolina  bays, 
♦Limnology,  'Geohydrology,  'Surface-ground- 
water  relations,  'Biomass,  'Photosynthetic  bacte- 
ria, Primary  productivity,  Secondary  productivity, 
Ecosystems,  Distribution  patterns. 

To  test  the  premise  that  biomass  and  production 
are  constrained  by  stagnant  hydrology  and  dilute, 
acidic  chemistry  of  bay  wetlands,  surface  and  sub- 
surface hydrology,  sources  of  production,  commu- 
nity change  along  a  depth  gradient,  and  seasonal 
community  patterns  were  evaluated  in  a  shallow, 
5.4-ha  dystrophic  Carolina  bay  wetland.  Surface 
hydrology  was  dependent  on  seasonal  and  annual 
precipitation  patterns.  Lateral,  episodic  groud- 
water  exchanges  accounted  for  the  dilute  surface 
chemistry  and  apparent  differences  in  surface  gains 
and  losses.  Substrate  exposure  and  fire  oxidation  in 
dry  years  promoted  low  detritus  standing  crops 
and  a  dark,  clay  loam  mineral  soil.  A  depth  gradi- 
ent produced  strong  spatial  patterns  for  most  com- 
munity components.  Aquatic  macrophytes  had  low 
shoot  biomass  and  a  high  root  to  shoot  ratio.  Algae 
were  light  limited  and  even  less  productive.  Purple 
photosynthetic  bacteria  approached  algal  produc- 
tivity levels  and  may  have  important  chemistry 
and  trophic  support  functions.  As  predicted  from 
the  stagnant,  dystrophic  conditions,  autotroph  bio- 
mass and  production  were  low.  However,  the 
warm  climate  and  periodic  fire  rejuvenation  may 
stimulate  higher  production  than  that  generally 
found  in  northern  bog  wetlands.  Secondary  pro- 
duction was  also  low.  Animal  biomas  was  dominat- 
ed by  insects  (especially  odonates)  and  salaman- 
ders. High  turnover  of  prey  (largely  midge  larvae 
and  microcrustaceans)  was  implied  by  the  predator 
dominated  community  structure.  This  study  of  a 
wetland  ecosystem  lacking  several  common  dys- 
trophic bog  features  (peat  deposit,  high  dissolved 
organic  matter,  acidophhilic  mosses)  expands  cur- 
rent knowledge  of  the  dystrophic  condition.  (Au- 
thor's abstract) 
W90-05357 


TOWARDS  A  BIOLOGICAL  AND  CHEMICAL 
DEFINITION  OF  THE  HYPORHEIC  ZONE  IN 
TWO  CANADIAN  RIVERS. 

Toronto  Univ.  (Ontario).  Div.  of  Life  Sciences. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-05358 


PERIPHYTON  BIOMASS  DYNAMICS  IN 
GRAVEL  BED  RIVERS:  THE  RELATIVE  EF- 
FECTS OF  FLOWS  AND  NUTRIENTS. 

Department  of  Scientific  and  Industrial  Research, 
Christchurch  (New  Zealand).  Hydrology  Centre. 
B.  J.  F.  Biggs,  and  M.  E.  Close. 
Freshwater  Biology  FWBLAB,  Vol.  22,  No.  2,  p 
209-231,  October  1989.  11  fig,  10  tab,  48  ref. 

Descriptors:  'Algae,  'Periphyton,  'Alluvial  chan- 
nels, 'River  flow,  'Biomass,  'Nutrients,  'Flow 
pattern,  Chlorophyll  a,  Scouring,  Correlation  anal- 
ysis, Gravel  bed  rivers. 

Periphyton  chlorophyll-a  and  ash  free  dry  weight 
(AFDW)  were  monitored  in  nine  rivers  to  examine 
the  relative  importance  of  flows  and  nutrients  for 
regulating  periphyton  biomass  in  gravel  bed  rivers. 
Mean  annual  flows  ranged  from  0.9  to  169  cum/s, 
mean  dissolved  reactive  phosphorous  (DRP)  from 
1.3  to  68  micrograms/L,  periphytic  chlorophyll-a 
from  4.6  to  73  mg/sq  m,  and  AFDW  from  2.8  to 
16  g/sq  m.  For  eight  of  the  nine  rivers  NH4-N, 
DRP,  total  Kjeldahl  nitrogen,  total  phosphorous 
and  total  suspended  solids  were  correlated 
(P<0.01)  with  flow,  and  for  seven  rivers  conduc- 
tivity was  inversely  correlated  (P<0.05)  with 
flow.  There  was  a  hyperbolic  relationship  between 
flows  and  biomass,  with  chlorophyll-a  >  100  mg/ 
sq  m  and  AFDW  >20  g/sq  m  occurring  most 
frequently  in  flows  of  <20  cum/s.  Floods  prevent- 
ed the  development  of  medium  term  (i.e.  up  to  2 
months)  maxima  in  biomass  in  five  of  the  rivers, 
but  maxima  occurred  over  summer-autumn  and 
winter-spring  in  the  three  rivers  where  floods  were 
absent.  Chlorophyll-a  biomass  was  more  resistant 
to  flooding  than  AFDW.  Only  59%  of  the  forty- 
six  recorded  floods  caused  chlorophyll-a  scouring, 
whereas  74%  of  the  floods  caused  AFDW  scour- 
ing. The  efficiency  of  scour  was  influenced  more 


by  pre-flood  biomass  than  the  magnitude  of  the 
event.  Biomass  maxima  were  significantly  correlat- 
ed (P<0.01)  with  mean  DRP  concentration  during 
the  accrual  period.  Overall,  up  to  53%  of  the  mean 
annual  biomass  difference  betweeen  rivers  was  ex- 
plained by  the  mean  DRP  concentrations.  Howev- 
er, the  high  correlations  between  nutrient  concen- 
trations and  flow  indicated  that  the  nutrient  data 
were  also  carrying  hydrological  information  and 
that  simple  causal  relationships  between  nutrients 
and  biomass  are  difficult  to  establish  in  rivers.  It  is 
concluded  that  hydrological  factors  contribute  at 
least  equally  with  nutrients  to  the  differences  in 
periphyton  biomass  between  the  gravel-bed  study 
rivers.  They  combined  to  explain  up  to  63.3%  of 
the  variance  in  biomass,  compared  with  57.6%  for 
nutrients.  It  is  recommended  that  periphyton  data 
from  gravel-bed  rivers  should  always  be  viewed 
within  the  context  of  the  flow  history  of  the  site, 
and  not  just  as  a  function  of  nutrient  concentra- 
tions. (Author's  abstract) 
W90-05359 


MICROHABITAT  AVAILABLITY  IN  WELSH 
MOORLAND  AND  FOREST  STREAMS  AS  A 
DETERMINANT  OF  MACROINVERTEBRATE 
DISTRIBUTION. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

G.  P.  Rutt,  N.  S.  Weatherley,  and  S.  J.  Ormerod. 
Freshwater  Biology  FWBLAB,  Vol.  22,  No.  2,  p 
247-261,  October  1989.  6  fig,  5  tab,  54  ref. 

Descriptors:    'Acid    rain    effects,  'Macrophytes, 

'Wales,   'Stream  biota,   'Aquatic  habitats,   *Ma- 

croinvertebrates,  'Acid  streams,  Hydrogen  ion 
concentration,  Bioindicators. 

Eighteen  streams  in  mid-Wales  were  sampled  for 
macroinvertebrates  in  both  riffles  and  margins 
from  April  1985  to  April  1987.  Stream  macroflora, 
substrata  and  marginal  habitats  were  surveyed  in 
May  1988.  TWINSPAN  classification  of  the  ma- 
croinvertebrate  data  indicated  three  major  stream 
groups.  One  was  distinguished  by  circumneutral 
pH  and  had  flora  and  fauna  typical  of  such  condi- 
tions. The  two  other  groups  consisted  of  acidic 
streams  with  moorland  and  reforested  conifer 
catchments  respectively.  The  forest  streams  were 
the  most  acidic  but  the  two  groups  also  differed 
significantly  in  the  composition  of  their  marginal 
habitats.  The  acidic  moorland  streams  had  more 
vegetation  ('soft'  features)  in  the  margins  and  sup- 
ported several  invertebrate  taxa  which  were  rela- 
tively more  abundant  there  than  in  the  riffles. 
These  taxa  may  be  excluded  from  forest  streams 
because  the  margins  are  'hard'  due  to  greater  erosi- 
veness  and  shading.  In  view  of  the  increasing 
cover  by  conifer  reforestation  in  Britain,  it  is  clear- 
ly necessary  to  elucidate  all  its  effects  on  stream 
ecosystems,  which  include  changes  to  the  physical 
environment.  (Author's  abstract) 
W90-05360 


VERTICAL  DISTRIBUTION  AND  ABUN- 
DANCE OF  INVERTEBRATES  WITHIN  THE 
SANDY  SUBSTRATE  OF  A  LOW-GRADIENT 
HEADWATER  STREAM. 

J.  L.  Strommer,  and  L.  A.  Smock. 

Freshwater  Biology  FWBLAB,  Vol.  22,  No.  2,  p 

263-274,  October  1989.  5  fig,  2  tab,  32  ref.  National 

Science       Foundation       (BSR-83 15763)      (BSR- 

8614828). 

Descriptors:  'Invertebrates,  'Aquatic  animals, 
'Stream  biota,  'Headwaters,  'Species  composi- 
tion, Streams,  Vertical  distribution,  Midges,  Nema- 
todes, Crustaceans,  Caddisflies,  Population  density, 
Biomass. 

The  vertical  distribution  of  invertebrates  (>0.053 
mm)  was  studied  in  a  sandy-bottomed,  first-order 
stream,  on  the  Coastal  Plain  of  Virginia.  Inverte- 
brate species  composition,  abundance  and  biomass 
were  determined  monthly  over  one  year  at  sedi- 
ment depth  intervals  of  0-1,  1-5,  15-30,  and  30-40 
cm.  The  subsurface  community  was  numerically 
dominated  by  species  of  Chironomidae,  Nematoda 
and  Crustacea,  while  much  of  the  biomass  was  due 
to  early  instars  of  several  species  of  Trichoptera. 
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Field  2— WATER  CYCLE 


Group  2H — Lakes 


Invertebrate  density  and  biomass  decreased  signifi- 
cantly with  depth  in  the  substrate 
(ANOVA;P<0.05).  Annual  mean  density  de- 
creased from  1,346,844  individuals/cu  m  at  the 
surface  to  13,578  individuals/cu  m  at  15-30  cm. 
Annual  mean  biomass  decreased  from  66.30g/cu  m 
at  the  surface  to  0.44  g/cu  m  at  15-30  cm.  Dis- 
solved oxygen  decreased  markedly  from  the  sur- 
face to  the  5  cm  depth  in  the  substrate,  anaerobic 
conditions  often  occurring  below  10  cm.  Density 
and  biomass  both  showed  a  significant  positive 
relationship  with  dissolved  oxygen  concentration 
(Linear  regression;  P<0.05).  Physical  forces  were 
important  in  structuring  the  subsurface  inverte- 
brate community.  Besides  low  dissolved  oxygen 
concentration,  sediment  scouring  resulting  from 
storm  discharge  dramatically  reduced  density  and 
biomass.  (Author's  abstract)26805010 
W90-05361 


DISSOLUTION  OF  CALCITE  IN  ACID 
WATERS:  MASS  TRANSPORT  VERSUS  SUR- 
FACE CONTROL. 

Oxford  Univ.  (England).  Physical  Chemistry  Lab. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-05362 


HYDROLYTIC  EXTRACELLULAR  ENZYME 
ACTIVITY  IN  HETEROTROPHIC  BIOFILMS 
FROM  TWO  CONTRASTING  STREAMS. 

University  Coll.  of  North  Wales,  Bangor.  School 

of  Biological  Sciences. 

S.  E.  Jones,  and  M.  A.  Lock. 

Freshwater  Biology  FWBLAB,  Vol.  22,  No.  2,  p 

289-296,  October  1989.  5  fig,  1  tab,  32  ref. 

Descriptors:  *Enzymes,  'Aquatic  bacteria, 
•Stream  biota,  Population  density,  Esterase,  Oligo- 
trophic,  Eutrophic,  Extracellular  enzymes,  Meta- 
bolic activity,  Wales. 

Extracellular  hydrolytic  enzyme  activities  and  cell 
densities  were  monitored  during  undisrupted  bio- 
film  formation  on  pristine  surfaces  in  two  contrast- 
ing river  sites  in  North  Wales:  an  oligotrophic 
mountain  stream  (Nant  Waen)  and  a  mildly  eutro- 
phic river  (River  Clywedog).  Bacterial  densities 
generally  increased  at  both  sites  over  a  33-day 
monitoring  period.  Densities  in  the  eutrophic  site 
were  approximately  14  times  greater  than  in  the 
mountain  stream.  Using  flourescent  substrate  ana- 
logues, biofilms  from  Nant  Waen  produced  low, 
variable  xylosidase  and  beta-glucosidase  activities 
and  detectable  endopeptidase,  though  these  activi- 
ties also  fluctuated  during  the  colonization  period. 
Unlike  the  other  activities  measured,  esterase  ac- 
tivities in  the  River  Clywedog  were  correlated 
with  cell  densities  (P<0.05).  When  extracellular 
esterase  activities  per  cell  were  calculated,  the 
oligotrophic  biofilm  was  found  to  contain  about 
twice  as  much  extracellular  esterase  activity  as  the 
more  eutrophic  River  Clywedog  biofilm.  (Au- 
thor's abstract) 
W90-05363 


DISTRIBUTION  OF  MACROINVERTEBRATE 
COMMUNITIES  IN  TWO  PORTUGUESE 
RIVERS. 

Coimbra  Univ.  (Portugal).  Dept.  de  Zoologia. 
M.  A.  S.  Graca,  D.  M.  Fonesca,  and  S.  T.  Castro. 
Freshwater  Biology  FWBLAB,  Vol.  22,  No.  2,  p 
297-308,  October  1989.  4  fig,  1  tab,  29  ref,  append. 

Descriptors:  'Stream  biota,  'Portugal,  'Acid 
streams,  'Macroinvertebrates,  'Alkaline  water, 
Seasonal  variation.  Alkalinity,  Conductivity,  Hy- 
drogen ion  concentration,  Distribution,  Temporal 
distribution. 

The  distribution  of  macroinvertebrates  in  two 
chemically  different  rivers  in  of  Central  Portugal 
(Soure  and  Alva)  was  analyzed.  In  the  Soure,  a 
lowland,  alkaline  river  (mean  values  for  alkalinity, 
conductivity  and  pH,  110  mg/L  CaC03,  255  mi- 
crosiemens  (s)/cm  and  7.8,  respectively),  a  rela- 
tively high  number  of  individuals  and  low  diversi- 
ty (mean  H  =  2.27)  was  found.  There  was  consid- 
erable temporal  variation  in  the  number  of  individ- 
uals present.  In  the  Alva,  a  highland,  acidic  river 
(mean  values  for  alkalinity,  conductivity  and  pH, 


4.8  mg/L  CaC03,  22  microS/cm  and  5.7,  respec- 
tively) diversity  was  higher  (mean  H'  =  3.41). 
There  were  large  temporal  changes  in  the  number 
of  species  present,  but  not  in  the  number  of  indi- 
viduals. Similarity  indices  and  cluster  analysis  iden- 
tified six  site-types  and  seventeen  groups  of  co- 
occurring  taxa.  Some  of  the  taxonomic  groups 
were  characteristic  of  one  or  more  sites,  but  others 
had  no  strong  association  with  a  particular  site. 
Although  the  rivers  differed  considerably  in  terms 
of  physical  chemistry,  communities  in  the  upper 
sections  of  the  two  rivers  were  more  similar  to 
each  other  than  to  other  communities  in  the  same 
river.  The  way  samples  of  both  rivers  were  clus- 
tered seems  to  indicate  that  community  structure 
was  influenced  by  factors  associated  with  river 
longitudinal  variation  (e.g.  substrate  grain  size), 
water  chemistry,  and  seasonal  variations  (e.g.  tem- 
perature, flow).  (Author's  abstract) 
W90-05364 


LIMNOLOGICAL  RECONNAISANCE  OF 
WATER  BODIES  IN  CENTRAL  AND  SOUTH- 
ERN NEPAL. 

Missouri  Univ. -Columbia.  School  of  Forestry, 
Fisheries  and  Wildlife. 

J.  R.  Jones,  M.  F.  Knowlton,  and  D.  B.  Swar. 
Hydrobiologia  HYDRB8,  Vol.  184,  No.  3,  p  171- 
189,  November  8,  1989.  5  fig,  5  tab,  78  ref.  Nation- 
al Science  Foundation  grant  no.  INT-8407884, 
Missouri  Agricultural  Experiment  Station  project 
no.  184. 

Descriptors:  'Limnology,  'Lakes,  'Nutrients, 
'Nepal,  'Eutrophic  lakes,  Nitrogen,  Transparency, 
Water  properties,  Salinity,  Ionic  composition, 
Water  chemistry,  Algae. 

Ionic  composition  of  waterbodies  in  central  and 
southern  Nepal  sampled  in  spring  1985  differed 
from  that  normally  found  in  freshwater.  Distin- 
guishing characteristics  were:  predominance  of  bi- 
carbonate among  the  anions-accounting  for  > 
90%  of  the  negative  equivalents  in  two-thirds  of 
the  waterbodies;  the  near  absence  of  sulfates-ac- 
counting  for  <  1%  of  the  anions  in  half  the 
samples  so  that  chloride  exceeded  sulfate  (as  meq/ 
L)  in  three-fourths  of  the  waters  tested;  and  calci- 
um was  the  dominant  cation,  although  in  certain 
waters  the  relative  proportion  of  either  magnesium 
or  the  monovalent  cations  was  much  higher  than 
the  world  average.  Regional  patterns  in  water 
chemistry  were  apparent  and  are  largely  explained 
by  differences  in  local  geology,  inputs  from  arte- 
sian wells  or  extensive  use  by  humans.  Most  ionic 
salinity  values  were  <400  mg/L.  Using  conven- 
tional criteria  to  assess  trophic  state,  most  water- 
bodies  were  eutrophic  or  hypereutrophic  when 
judged  by  total  phosphorous  and  chlorophyll  con- 
tent, but  as  a  whole  the  lakes  sampled  were  low  in 
nitrogen.  Nitrogen:phosphorous  ratios  (generally 
<  10)  and  a  significant  empirical  relation  for  chlo- 
rophyll-nitrogen provide  evidence  that  nitrogen 
limited  algal  biomass.  Secchi  transparency  values 
indicate  light  regimes  were  affected  by  nonalgal 
materials.  (Author's  abstract) 
W90-05371 


ALGAL  EPILITHON  AND  WATER  QUALITY 
OF  A  STREAM  RECErVING  OIL  REFINERY 
EFFLUENT. 

North-Eastern  Hill  Univ.,  Shillong  (India).  Dept. 

of  Botany. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05372 


GROWTH  INHIBITION  BY  HIGH  LIGHT  IN- 
TENSITIES IN  ALGAE  FROM  LAKES  UNDER- 
GOING ACIDIFICATION. 

University  of  Western  Ontario,  London.  Dept.  of 

Plant  Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05373 


GROWTH  AND  DEVELOPMENT  OF  POTA- 
MOGETON  DISTINCTUS  IN  AN  IRRIGATION 
POND  IN  SW  JAPAN. 

Oldenburg  Univ.  (Germany,  F.R.). 
G.  Wiegleb,  and  Y.  Kadono. 


Nordic  Journal  of  Botany  NJBODK,  Vol.  9,  No. 
3,  p  241-249,  1989.  8  fig,  2  tab,  25  ref. 

Descriptors:  'Macrophytes,  'Aquatic  plants,  'Irri- 
gation canals,  Biomass,  Primary  productivity,  Life 
history  studies,  Potamogeton,  Growth,  Japan. 

Growth  and  development  of  a  population  of  Pota- 
mogeton distinctus  were  studied  over  one  vegeta- 
tion period.  The  morphological  structure  of  the 
species  is  described.  Maximum  development  of  the 
size  of  shoot  complexes  occurred  in  August  (up  to 
12  grams  dry  weight/shoot  complex).  The  plant 
exhibits  a  regular  growth  cycle  with  the  continu- 
ous horizontal  and  vertical  growth  that  is  illustrat- 
ed by  the  development  of  horizontal  shoots,  verti- 
cal shoots  and  different  plant  parts.  The  lower 
horizontal  shoots  allow  an  extension  up  to  1.8  m 
from  the  point  of  germination.  Before  the  rainy 
season  in  June,  the  first  to  fifth  generations  of 
vertical  shoots  mainly  contribute  to  the  standing 
crop  of  the  plants'  stand,  and  after  the  rainy 
season,  the  fifth  to  ninth  generation  shoots  are 
predominant.  Floating  leaves  make  up  the  main 
proportion  of  biomass  during  the  whole  growth 
cycle.  Almost  100%  of  the  shoot  complexes  were 
found  flowering  and  producing  numerous  seeds. 
Up  to  16%  of  the  standing  crop  are  allocated  to 
inflorescence  and  seeds  in  August.  Turions  failed 
to  form  that  year  because  of  rapid  dessication  of 
the  habitat.  The  observed  average  lifetime  of  a 
vertical  shoot  is  aproximately  65  days,  and  the 
estimated  turnover  rate  (defined  as  the  length  of 
vegetation  period  divided  by  the  average  lifetime 
of  shoots)  is  between  2.15  and  2.27.  (Author's 
abstract) 
W90-05380 


CHEMISTRY  OF  HIGH  MOUNTAIN  LAKES 
IN  SILICEOUS  CATCHMENTS  OF  THE  CEN- 
TRAL EASTERN  ALPS. 

Institut  fuer  Limnologie,  Mondsee  (Austria). 

R.  Psenner. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  2,  p  108- 

128,  1989.  13  fig,  3  tab,  41  ref. 

Descriptors:  'Acid  rain  effects,  'Limnology, 
•Alpine  regions,  'Acidic  water,  'Mountain  lakes, 
•Alkalinity,  'Water  chemistry,  'Aluminum,  Snow- 
melt,  Soil  chemistry,  Hydrogen  ion  concentration, 
Bedrock,  Geology,  Paleolimnology,  Acid  rain, 
Weathering,  Silica,  Alps,  Diatoms,  Paleolimno- 
logy. 

Alpine  lakes  in  siliceous  catchments  of  Tyrol  and 
Carinthia  (Austria)  show  signs  of  acidification. 
About  9%  of  the  studied  lakes  have  no  alkalinity, 
more  than  20%  are  below  pH  6.  About  two  thirds 
of  all  lakes  have  acid  neutralizing  capacities  below 
100  microequivalents/liter.  In  spite  of  moderate 
precipitation  acidity,  some  lakes  show  considerable 
concentrations  of  dissolved  reactive  aluminum 
during  or  shortly  after  snowmelt.  High  altitude 
lakes  of  the  Alps  are  definitely  more  acidic  than 
high  mountain  lakes  in  remote  areas.  Large  differ- 
ences in  water  and  soil  chemistry  of  nearby  situat- 
ed lakes  were  attributed  to  heterogeneities  of  bed- 
rock geology.  Paleolimnological  investigations  on 
former  pH  values  of  five  lakes,  based  on  diatom 
assemblages  in  the  sediment,  showed  different  de- 
velopments: recent  and  past  acidification,  stable 
conditions,  and  alkalinization.  (Author's  abstract) 
W90-05386 


SEASONAL  DYNAMICS  OF  A  CYANOBAC- 
TERIA-DOMINATED  MICROBIAL  COMMU- 
NITY IN  SURFACE  SEDIMENTS  OF  A  SHAL- 
LOW, EUTROPHIC  LAKE. 

Uppsala    Univ.    (Sweden).    Limnologiska    Institu- 

tionen. 

B.  Bostrom,  A.  K.  Pettersson,  and  I.  Ahlgren. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  2,  p  153- 

178,   1989.  9  fig,  7  tab,  52  ref.  Swedish  Natural 

Science  Research  Council  Grant  B-BU  3083-112. 

Descriptors:  'Cycling  nutrients,  'Limnology, 
•Path  of  pollutants,  'Eutrophic  lakes,  'Lake  sedi- 
ments, 'Aquatic  bacteria,  'Phosphorus,  Biomass, 
Lake  Vallentunasjoen,  Seasonal  variation,  Temper- 
ature effects. 
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The  seasonal  variation  of  microbial  biomass  and 
activity  in  the  surface  sediments  (0-10  cm)  of  the 
shallow,  eutrophic  Lake  Vallentunasjoen  was  fol- 
lowed during  one  year.  Overwintering  Microcystis 
colonies  dominated  the  microbial  community 
during  all  seasons,  constituting  60-90%  of  the  total 
microbial  biomass.  Expressed  on  an  areal  basis,  the 
benthic  biomass  was,  throughout  the  year,  larger 
than  or  similar  to  the  planktonic  biomass  during 
the  peak  of  the  summer  bloom,  indicating  an  ability 
of  the  colonies  to  survive  in  the  sediments  for 
extended  periods.  Abundance  of  other  non-photo- 
synthetic  bacteria  varied  in  the  range  30,000- 
155,000  million  cells/gm  dry  weight  over  the  year 
with  minimum  values  in  summer  and  maximum 
values  in  autumn  in  connection  with  the  sedimenta- 
tion of  the  Microcystis  bloom.  A  substantial  part  of 
the  non-photosynthetic  bacteria,  up  to  40%,  was 
associated  with  the  mucilage  of  healthy  Microcys- 
tis colonies.  Bacterial  production  (H3-thymidine 
incorporation)  appeared  to  be  strongly  tempera- 
ture dependent  and  less  influenced  by  the  seasonal 
sedimentation  pattern.  The  data  indicate  an  in- 
creasing proportion  of  non-growing  cells  in 
autumn  and  winter.  Biomass-bound  phosphorus 
constituted  a  significant  portion,  (10%),  of  the 
phosphorus  content  in  Lake  Vallentunasjoen  sedi- 
ments. This  pool  has  normally  been  overlooked  in 
studies  on  phosphorus  dynamics  in  lake  sediments. 
Different  mechanisms  whereby  organic  phospho- 
rus can  be  released  from  the  sediments  include 
release  from  aquatic  bacteria,  algae,  fungi  and 
yeast.  (Author's  abstract) 
W90-05387 


NUTRIENT  STATUS  AND  NUTRIENT  COM- 
PETITION OF  PHYTOPLANKTON  IN  A 
SHALLOW,  HYPERTROPHIC  LAKE. 

Max-Planck-Inst.  fuer  Limnologie  zu  Ploen  (Ger- 
many, F.R.). 
U.  Sommer. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  7,  p  1162-1173,  November  1989.  9  fig,  3  tab,  25 
ref. 

Descriptors:  'Limnology,  *Eutrophic  lakes,  'Phy- 
toplankton, *Nutrients,  *Diatoms,  *Lakes,  'Algae, 
Bioassay,  Model  studies,  Limiting  nutrients,  Silica, 
Nitrogen,  Organic  carbon,  Cyanophyta,  Kinetics, 
Temporal  distribution. 

The  nutritional  status  of  phytoplankton  in  a  shal- 
low, hypertrophic  lake  was  analyzed  by  stoichiom- 
etry  of  seston  and  by  enrichment  bioassays  during 
a  6-month  period.  Both  methods  suggested  moder- 
ate and  temporally  interrupted  nutrient  limitation 
of  reproductive  rates.  Nitrogen  was  the  most  fre- 
quently limiting  nutrient,  phosphorus  was  next, 
and  silicate  limitation  of  three  diatom  species  oc- 
curred only  once.  The  nutritional  status  of  the 
most  abundant  individual  species  could  be  de- 
scribed by  the  Monod  equation.  The  nutritional 
status  of  the  entire  phytoplankton  assemblage 
could  be  described  by  a  modified  version  of  the 
Droop  equation.  In  accordance  with  competition 
theory,  phytoplankton  species  were  arrayed  along 
resource  ratio  gradients.  These  results  are  consist- 
ent with  ecophysiological  models  derived  from 
culture  experiments.  (Author's  abstract) 
W90-05388 


METALIMNETIC  CYANOBACTERIA  IN 
HARD-WATER  LAKES:  BUOYANCY  REGULA- 
TION AND  PHYSIOLOGICAL  STATE. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Biological 

Sciences. 

A.  Konopka. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 

No.  7,  p  1174-1184,  November  1989.  7  fig,  6  tab,  42 

ref.  NSF  Grant  DEB  82-018957. 

Descriptors:  'Lakes,  'Thermal  stratification, 
•Phosphates,  'Aquatic  bacteria,  'Limnology, 
'Light  penetration,  'Irradiation,  Nitrogen,  Ni- 
trates, Ammonia,  Chlorophyll  a,  Limiting  nutri- 
ents, Phytoplankton. 

During  summer  stratification,  Crooked  and  Little 
Crooked  Lakes,  Indiana,  contained  phytoplankton 
dominated  by  populations  of  Aphanizomenon  flos- 
aquae   that   stratified    in   the   metalimnion   where 


photon  irradiance  was  6%  of  that  at  the  surface. 
The  gas  vacuolate  Aphanizomenon  filaments  from 
Little  Crooked  Lake  lost  buoyancy  when  exposed 
to  irradiances  >  100  micromole  photons/sq  m/sec. 
If  2  micromole  KH2P04  was  added  to  the  water 
samples,  however,  exposure  to  irradiances  >  200 
micromoles  photons/sq  m/sec  was  necessary  to 
obtain  buoyancy  losses.  Phosphate  also  affected 
the  recovery  of  buoyancy  by  sinking  filaments. 
Filaments  that  had  lost  buoyancy  due  to  incubation 
in  the  light  recovered  it  when  incubated  for  5  hr  in 
the  dark.  Addition  of  phosphate  increased  the  rate 
of  buoyancy  recovery  by  50%.  The  metalimnetic 
populations  had  stratified  in  a  zone  of  relatively 
low  irradiance  and  inorganic  nutrient  concentra- 
tion. The  physiological  state  of  the  populations 
was  evaluated  by  determining  the  kinetic  charac- 
teristics for  phosphate,  nitrate,  and  ammonia 
uptake  and  the  cellular  contents  of  surplus  phos- 
phate and  chlorophyll  a.  On  the  basis  of  the 
premise  that  cells  limited  by  a  particular  element 
will  express  a  high  uptake  potential  for  that  ele- 
ment, the  metalimnetic  populations  showed  char- 
acteristics of  organisms  not  limited  by  the  avail- 
ability of  light,  phosphorus,  or  nitrogen.  (Author's 
abstract) 
W90-05389 


INTERNAL  SOURCES  AND  SINKS  OF 
WATER,  P,  N,  CA,  AND  CL  IN  LAKE  KIN- 
NERET,  ISRAEL. 

Hawaii  Inst,  of  Marine  Biology,  Honolulu. 

S.  V.  Smith,  S.  Serruya,  Y.  Geifman,  and  T. 

Berman. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 

No.  7,  p  1202-1213,  November  1989.  13  fig,  3  tab, 

24  ref. 

Descriptors:  'Cycling  nutrients,  'Lake  Kinneret, 
'Denitrification,  'Limnology,  'Hydrologic 
budget,  'Sinks,  Phosphorus,  Nitrogen,  Calcium, 
Chlorine,  Israel,  Hydrologic  budget,  Sinks,  Ther- 
mal stratification,  Nitrates,  Sedimentation,  Lake 
sediments,  Spring  water,  Jordan  River. 

Mass-balance  budgets  linked  among  several  materi- 
als were  used  to  infer  rates  of  processes  affecting 
Lake  Kinneret,  Israel.  Comparisons  among  budg- 
ets reveal  the  magnitudes  of  internal  sources  and 
sinks  that  cannot  be  directly  inferred  from  individ- 
ual budgets.  A  water  budget  indicates  that  approxi- 
mately 180  million  cu  m  of  sublacustrine  spring 
water  plus  ungaged  surface  flow  enters  the  lake 
annually-about  a  fifth  of  the  total  inflow  and  two- 
thirds  as  much  water  as  is  lost  to  evaporation.  This 
total  ungaged  inflow  delivers  about  90,000  tons  of 
Cl/yr,  nine  times  the  stream  input.  Ca  input  from 
total  ungaged  flow  is  about  a  third  the  stream 
input,  and  the  net  internal  Ca  sink  in  the  system  is 
sufficient  to  precipitate  60,000  tons  of  CaC03/yr. 
Stream  delivery  of  P,  mainly  as  particulate  materi- 
al, is  largely  sequestered  in  the  sediments  (approxi- 
mately 100  tons/yr).  At  least  1,100  tons/yr  of  N, 
primarily  as  N03(-)  delivered  by  streams,  are  ap- 
parently lost  to  denitrification,  while  only  200 
tons/yr  are  sedimented.  Cycling  of  N  and  P  within 
the  lake  dominates  over  throughput  in  controlling 
standing  stocks.  Vertical  mixing  within  the  lake 
may  play  a  dominating  role  in  this  cycling.  Cycling 
of  P  in  the  lake  can  be  regarded  as  closed-a 
sediment- water  column  turnover  of  materials  with 
only  minor  hydrographic  loss  from  the  system.  By 
contrast,  N  cycling  is  open,  with  an  important  net 
loss  to  the  atmosphere.  (Author's  abstract) 
W90-05390 


GEOCHEMICAL  EVOLUTION  OF  HALITE 
STRUCTURES  IN  HYPERSALINE  LAKES: 
THE  DEAD  SEA,  ISRAEL. 

Hebrew  Univ.,  Jerusalem  (Israel).  Dept.  of  Geolo- 
gy- 

J.  Ganor,  and  A.  Katz. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  7,  p  1214-1223,  November  1989.  10  fig,  2  tab,  9 
ref. 

Descriptors:  'Limnology,  'Model  studies,  'Geo- 
chemistry, 'Saline  lakes,  'Dead  Sea,  'Brines, 
'Mathematical  models,  Evaporation,  Radiation, 
Saline  water,  Sodium  chloride,  Israel,  Temperature 
effects,  Sedimentation,  Lake  sediments,  Limnolo- 
gy, Mixing. 


Depressions  in  the  floor  of  the  southern  basin  of 
the  Dead  Sea  contain  dense  (1.26-1.29  gm/cu  cm) 
brines  which  formed  by  evaporation  at  the  lake's 
surface.  Absorpti  n  of  solar  radiation  heats  these 
brines  by  about  2.4  C/day,  as  long  as  the  density 
gradient  of  the  lake  prevents  overturn.  As  a  result, 
bottom  halite  is  dissolved  in  the  warmer  brines  at 
about  0.4  g  NaCl/liter/degree  C.  Continuous  heat- 
ing of  the  brine  of  these  holes  and  cooling  of  the 
overlying  liquids  at  night  causes  frequent  overturns 
of  the  brine  column,  followed  by  mixing  and  cool- 
ing of  the  NaCl-rich  brine.  The  extra  load  of  halite 
is  precipitated  near  the  holes  in  the  form  of  halite 
cones  and  mushroom-like  structures.  Whereas  the 
initial  NaCl  supply  to  the  growing  halite  structures 
comes  from  the  floor  of  the  lake,  the  later  growth 
stage  is  supported  by  NaCl  supplied  from  the 
upper  (evaporating)  brine  layer.  Crude  mass  and 
heat  balances  show  that  the  proposed  model  may 
well  explain  the  occurrence  and  distribution  of 
halite  islands  in  the  Dead  Sea.  The  model  may  be 
applicable  to  any  shallow  enough  (a  few  meters) 
hypersaline  lake  that  is  saturated  with  respect  to 
halite.  (Author's  abstract) 
W90-05391 


SOLUBILITY  OF  HALITE  AS  A  FUNCTION 
OF  TEMPERATURE  IN  THE  HIGHLY  SALINE 
DEAD  SEA  BRINE  SYSTEM. 

Hebrew  Univ.,  Jerusalem  (Israel).  Dept.  of  Geolo- 
gy- 

1.  Gavrieli,  A.  Starinsky,  and  A.  Bein. 
Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  7,  p  1224-1234,  November  1989.  5  fig,  5  tab,  35 
ref. 

Descriptors:  'Brines,  'Dead  Sea,  'Solubility, 
'Limnology,  'Temperature  effects,  Saline  waters, 
Ionic  strength,  Chemical  precipitation,  Evapora- 
tion, Mathematical  studies,  Saline  lakes. 

The  Dead  Sea  brine  is  characterized  by  high  ionic 
strength  (I)  (9-10  molality)  and  a  CaCl  composi- 
tion. The  lake  is  currently  saturated  with  respect  to 
aragonite,  gypsum,  and  halite.  Harned's  rule  was 
applied  to  calculate  the  saturation  index  of  halite  in 
the  Dead  Sea  brine  system.  This  system  includes 
brines  at  ionic  strengths  in  the  range  of  9-16  mola- 
lity, derived  from  evaporating  Dead  Sea  brine.  To 
facilitate  the  calculation,  new  interaction  coeffi- 
cients were  determined  experimentally.  These 
were  found  to  be  a  function  of  the  ionic  strength  of 
the  solution  as  well  as  of  the  temperature.  At  25  C, 
the  interaction  coefficient  between  NaCl  and 
MgC12  was  0.002611  to  0.00905,  and  between  NaCl 
and  CaC12,  0.001501  to  0.00650,  when  I  =  ionic 
strength  (concentration  in  mobality).  At  35  C,  the 
interaction  coefficient  between  NaCl  and  MgC12 
was  0.002831  to  0.01972,  and  between  NaCl  and 
CaC12,  0.002071  to  0.01851.  At  50  C,  the  interac- 
tion coefficient  between  NaCl  and  MgC12  was 
0.002261  to  0.01416,  and  between  NaCl  and  CaC12, 
0.001561  to  0.01315.  The  new  parameters  were 
used  to  predict  the  effect  of  temperature  on  halite 
precipitation  in  the  lake  from  both  the  evaporating 
surface  layer  and  the  entire  upper  water  body.  The 
calculated  weight  of  halite  expected  to  precipitate 
before  the  onset  of  carnallite  precipitation  is  on  the 
order  of  10,000  million  tons.  At  the  present  rate  of 
evaporation  at  least  120  yr  will  pass  before  that 
point  is  reached.  (Author's  abstract) 
W90-05392 


EFFECTS  OF  PATCH  SIZE  AND  SUBSTRATE 

ISOLATION    ON    COLONIZATION    MODES 

AND  RATES  IN  AN  INTERTIDAL  SEDIMENT. 

Hawaii  Inst,  of  Geophysics,  Honolulu. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-05394 


RAPID  GROWTH  RATES  OF  CHIRONOMIDS 
IN  THREE  HABITATS  OF  A  SUBTROPICAL 
BLACKWATER  RIVER  AND  THEIR  IMPLICA- 
TIONS FOR  P:B  RATIOS. 

Emory  Univ.,  Atlanta,  GA.  Dept.  of  Biology. 
D.  L.  Stites,  and  A.  C.  Benke. 
Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  7,  p  1278-1289,  November  1989.  2  fig,  5  tab,  48 
ref.  NSF  Grants  DEB  81-04427  and  BSR  84-06630. 
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Field  2— WATER  CYCLE 


Group  2H — Lakes 


Descriptors:  *Midges,  'Growth  rates,  *Biomass, 
•Rivers,  'Aquatic  productivity,  Secondary  pro- 
ductivity, Ogeechee  River,  Stream  biota,  Ecology, 
Aquatic  habitats.  Benthos. 

Growth  rates  of  chironomids  from  communities 
characteristic  of  three  major  stream  habitats  were 
examined  at  a  field  laboratory  on  the  6th-order 
Ogeechee  River  in  the  lower  Coastal  Plain  of 
Georgia.  Artificial  systems  that  simulated  environ- 
mental conditions  of  snags,  sand,  and  back-water 
habitats  were  used  to  compare  growth  rates  of 
members  from  these  different  communities.  Three 
or  more  growth  trials  were  run  in  each  system  for 
between  9  and  16  days.  The  average  daily  biomass 
growth  rate  for  individuals  across  all  trials  was 
highest  in  the  snag  community  (0.50/day)  followed 
by  the  backwater  (0.25/day)  and  sand  (0. 16/day). 
The  low  rate  in  sand  was  attributed  primarily  to 
psammophilous  taxa,  Lopescladius  sp.  and  Rheos- 
mittia  sp.  For  taxa  found  in  more  than  one  habitat, 
no  significant  differences  in  growth  among  habitats 
were  found.  Taxon-specific  growth  rates  were  lin- 
early and  negatively  related  with  the  natural  loga- 
rithm of  mass  for  Corynoneura  taris  and  groups  of 
related  taxa  within  the  Tanytarsini  and  Polypedi- 
lum  spp.  Size-specific  growth  rates  were  applied  to 
quantitative  field  data  from  summer  1982  to  calcu- 
late daily  productivity  of  selected  chironomids 
from  the  sand  habitat.  Daily  biomass  turnover 
(productivity :biomass  (P:B)  =  g)  ranged  from  0.13 
to  0.51.  The  mean  growth  rate  for  selected  sand 
taxa  (0.31)  translates  into  a  6-month  P:B  ratio  (with 
temperatures  >  20  C)  of  approximately  57.  With 
the  exception  of  the  psammophilous  taxa,  annual 
P:B  ratios  for  most  taxa  in  all  three  habitats  ap- 
proach or  exceed  100.  (Author's  abstract) 
W90-05395 


GENERAL  ALLOMETRIC  EQUATIONS  FOR 
RATES  OF  NUTRIENT  UPTAKE,  INGESTION, 
AND  RESPIRATION  IN  PLANKTON  ORGA- 
NISMS. 

Cape  Town  Univ.  (South  Africa).  Marine  Biology 

Research  Inst. 

C.  L.  Moloney,  and  J.  G.  Field. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 

No.  7,  p  1290-1299,  November  1989.  2  fig,  4  tab,  59 

ref. 

Descriptors:  'Limnology,  'Nutrients,  'Respira- 
tion, 'Plankton,  'Mathematical  studies,  Aquatic 
bacteria,  Particulate  matter,  Regression  analysis, 
Metabolism,  Biomass,  Mathematical  models. 

General  allometric  equations  were  derived  for 
rates  of  nutrient  uptake,  ingestion,  and  respiration 
by  planktonic  organisms.  Previous  studies  com- 
monly calculated  parameters  a  and  b  by  linear 
regressions  on  log-transformed  data  in  the  allome- 
tric equation  where  the  rate  variable  (R)  equals  the 
rate  coefficient  (a)  times  the  organism  mass  (M) 
raised  to  the  power  of  the  exponent  (b).  This 
practice  results  in  variability  between  data  sets  in 
estimates  of  both  a  and  b,  making  meaningful  com- 
parisons difficult.  This  problem  is  overcome  by 
assuming  the  mass-specific  form  of  b  to  be  -0.25, 
based  on  accumulated  empirical  evidence.  Values 
of  a  are  then  recalculated  from  published  data, 
with  log  transformations  and  an  assumed  regres- 
sion slope  of  -0.25.  Resulting  regressions  predict 
values  of  a  (in  picograms  C  0.25/day)  at  20  C  as 
follows:  3.6  for  nutrient  uptake  by  phytoplankton 
and  bacteria;  63  and  13  for  ingestion  and  respira- 
tion by  particle-feeding  heterotrophs.  It  is  hypoth- 
esized that  organisms  that  take  up  dissolved  nutri- 
ents from  solution  (autotrophs  and  osmotrophs, 
e.g.  phytoplankton  and  bacteria)  have  lower  spe- 
cific respiration  rates  (i.e.  smaller  a)  when  com- 
pared with  organisms  (either  unicellular  or  multi- 
cellular) that  ingest  particulate  material.  (Author's 
abstract) 
W90-05396 


SERIOUS  INHIBITION  PROBLEM  FROM  A 
NISKIN  SAMPLER  DURING  PLANKTON 
PRODUCTIVITY  STUDIES. 

University  Coll.  of  North  Wales,  Bangor.  School 

of  Ocean  Sciences. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-05397 


DEPENDENCE  OF  THE  ASSIMILATION  EFFI- 
CIENCY IN  DAPHNIA  MAGNA  ON  THE  C14- 
LABELING  PERIOD  OF  THE  FOOD  ALGA 
SCENEDESMUS  ACUTUS. 

Trondheim   Univ.   (Norway).   Dept.   of  Zoology. 
M.  V.  Nielsen,  and  Y.  Olsen. 
Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  7,  p  1311-1315,  November  1989.  2  fig,  11  ref. 

Descriptors:  'Carbon  radioisotopes,  'Limnology, 
'Daphnia,  'Algae,  'Radioactive  tracers,  'Assimi- 
lative capacity,  Food  chains 

The  efficiency  of  carbon  assimilation  in  Daphnia 
magna  was  estimated  as  a  function  of  the  CI  4- 
labeling  time  of  the  food  alga  Scenedesmus  acutus. 
The  assimilation  efficiency  of  C14-was  up  to  24% 
higher  at  low  labeling  times  (<  or  =  1.4  genera- 
tions) (P  <  0.05)  than  at  high  labeling  times  (>  or 
=  4.2  generations).  In  uniformly  labeled  cells  the 
assimilation  efficiency  in  D.  magna  was  71  +/-2% 
SE.  Variation  in  the  assimilation  efficiency  with 
labeling  time  is  associated  with  change  in  the  rela- 
tive distribution  of  C14  among  the  different  cell 
compartments  in  the  food  alga.  Uniform  labeling  of 
algae  is  achieved  effectively  via  exponential 
growth  over  several  generations  in  batch  cultures 
from  sparse  inocula.  (Author's  abstract) 
W90-05399 


HUMIC  CONTENT  OF  LAKE  WATER  AND  ITS 
RELATIONSHIP  TO  WATERSHED  AND  LAKE 
MORPHOMETRY. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Biol- 
ogy. 

J.  B.  Rasmussen,  L.  Godbout,  and  M. 
Schallenberg. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  7,  p  1336-1343,  November  1989.  1  fig,  5  tab,  44 
ref. 

Descriptors:  'Limnology,  'Color,  'Lakes,  'Lake 
morphometry,  'Organic  matter,  'Model  studies, 
Dissolved  solids,  Regression  analysis,  Topography, 
Watersheds,  Humic  acids.  Slopes. 

The  relationship  of  lake  water  color  (milligrams/ 
liter  Pt)  to  watershed  and  lake  morphometry,  de- 
rived from  topographical,  hydrological,  and  bathy- 
metric  maps,  was  examined  by  log-linear  multiple 
regression  analysis  on  a  data  set  obtained  from  337 
lakes  from  the  northern  United  States  and  Canada. 
Color  was  positively  related  to  the  drainage  ratio, 
and  negatively  related  to  watershed  slope,  mean 
lake  depth,  and  lake  area.  Lakes  that  receive  signif- 
icant indirect  drainage  from  other  lakes  were  less 
colored  than  headwater  lakes.  The  best  regression 
model  explained  60%  of  the  variance  in  lake  water 
color.  Regression  models  were  calculated  separate- 
ly for  four  geographic  regions  (the  Laurentians  of 
Quebec,  eastern  Quebec-Maine,  northeastern  Wis- 
consin, and  the  Experimental  Lakes  Area  of  west- 
ern Ontario).  The  regression  coefficients  for  the 
most  significant  variables,  drainage  ratio,  water- 
shed slope,  and  lake  area  were  similar  over  these 
four  areas,  but  the  regional  models  still  had  signifi- 
cantly smaller  standard  errors  than  the  general 
model  based  on  the  whole  data  set.  (Author's 
abstract) 
W90-05400 


LOSS  OF  TOTAL  SULFUR  AND  CHANGES  IN 
SULFUR  ISOTOPIC  RATIOS  DUE  TO  DRYING 
OF  LACUSTRINE  SEDIMENTS. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Microbiology 
J.  A.  Amaral,  R.  H.  Hesslein,  J.  W.  M.  Rudd,  and 
D  E.  Fox. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  7,  p  1351-1358,  November  1989.  3  fig,  2  tab,  17 
ref.  NSERC  Grant  A2671. 

Descriptors:  'Laboratory  methods,  'Sediments, 
'Chemical  analysis,  'Lake  sediments,  'Sulfur, 
•Stable  isotopes,  Pollutant  identification,  Sulfur 
compounds. 

Two  independent  methods  for  measuring  total 
sulfur  were  used  to  show  that  underestimates  of 
sulfur  content  of  lacustrine  sediments  can  occur 
when  sediments  are  dried  before  total  sulfur  analy- 
sis. Different  types  of  sediments  were  oven  dried  at 


60  or  100  C  or  lyophilized  to  assess  the  effect  of 
the  drying  method  on  the  amount  of  sulfur  lost. 
losses  ranged  from  0  to  86%.  Common  losses 
were  6-22%  and  dependent  on  the  sample  and 
drying  method  used.  Lyophilization  caused  greater 
sulfur  losses  (1.5-fold)  than  the  two  oven-drying 
methods.  These  sulfur  losses  caused  changes  in  the 
sulfur  isotopic  content  of  the  sediments  and  could 
underestimate  rates  of  sulfur  bunal  in  sediments, 
organic-S  formation  in  sediments,  and  internal  al- 
kalinity production  in  lakes.  (Author's  abstract) 
W90-05402 


PREDICTING  CHANGES  IN  HYPOLIMNETIC 
OXYGEN  CONCENTRATIONS  WITH  PHOS- 
PHORUS RETENTION,  TEMPERATURE,  AND 
MORPHOMETRY. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Biol- 
ogy. 

R.  J.  Cornett. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  7,  p  1359-1366,  November  1989.  7  fig,  4  tab,  32 
ref. 

Descriptors:  'Limnology,  'Water  pollution  effects, 
'Oxygen  requirements,  'Phosphorus,  'Lake  sedi- 
ments, 'Mathematical  models,  'Hypolimnion, 
Temperature  effects,  Regression  analysis,  Statisti- 
cal analysis,  Lake  morphometry,  Nutrients. 

A  statistical  analysis  of  the  rate  of  change  in 
oxygen  concentrations  (VOD,  milligrams  02/cu 
m/day)  in  1-m-thick  strata  in  the  hypolimnia  of  29 
lakes  suggests  that  these  rates  can  be  predicted 
from  a  knowledge  of  the  annual  retention  of  phos- 
phorus by  the  lake  sediments,  the  mean  summer 
temperature  of  the  stratum,  and  the  morphometry 
of  the  stratum.  VOD  values  increased  as  tempera- 
ture and  phosphorus  retention  increased.  Rates 
were  inversely  proportional  to  the  ratio  of  the 
volume  of  the  stratum  divided  by  the  area  of 
sediments  that  are  contiguous  to  the  stratum.  The 
statistical  model  was  tested  by  measuring  VOD 
values  in  an  independent  group  of  12  lakes.  Predic- 
tions agreed  well  with  the  measured  values.  An 
analysis  of  the  combined  data  explained  91%  of  the 
variance  in  VOD  values.  The  regression  correctly 
predicted  the  vertical  variation  in  VOD  values  in 
lakes  that  exhibited  negative  heterograde,  ortho- 
grade, and  clinograde  oxygen  profiles.  After  fur- 
ther testing,  this  model  should  provide  a  method  of 
predicting  changes  in  oxygen  concentrations  in 
lakes  that  are  subject  to  perturbations  such  as 
changes  in  temperature  or  nutrient  loading.  (Au- 
thor's abstract) 
W90-05403 


METAL     FLUXES     TO     SWEDISH     FOREST 
LAKES. 

National  Swedish  Environment  Protection  Board, 

Solna.  Trace  Metal  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05414 


METALS     IN     SEDIMENT     OF     LAKES     IN 
NORTHERN  SWEDEN. 

National  Swedish  Environment  Protection  Board, 

Solna.  Research  Dept. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05415 


ATTACHMENT  OF  TOXIGENIC  VIBRIO  CHO- 
LERAE  01  TO  VARIOUS  FRESHWATER 
PLANTS  AND  SURVIVAL  WITH  A  FILAMEN- 
TOUS GREEN  ALGA,  RHIZOCLONIUM  FON- 
TANUM. 

London  School  of  Hygiene  and  Tropical  Medicine 
(England).  Dept.  of  Tropical  Hygiene. 
For  primary  bibliographic  entry  see  Field  5B. 
W9O-05450 


FACTORS  INFLUENCING  THE  MICROSPA- 
TIAL  ZOOPLANKTON  AND  OXYGEN  HET- 
EROGENEITY IN  WLOCLAWEK  DAM  RESER- 
VOIR. 

Nicholas  Copernicus  Univ.  of  Torun  (Poland). 
Inst,  of  Biology. 


WATER  CYCLE— Field  2 
Lakes — Group  2H 


R.  Wisniewski,  and  L.  A.  Bledzki. 
Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  3-8,  November  1989.  2  fig, 
2  tab,  19  ref. 

Descriptors:  'Reservoirs,  *Limnology,  'Zooplank- 
ton,  'Dissolved  oxygen,  *Spatial  distribution, 
•Wloclawek  Dam,  'Poland,  Horizontal  distribu- 
tion, Vertical  distribution,  Wind,  Waves,  Organic 
matter,  Biological  oxygen  demand,  Dams. 

During  the  investigations  conducted  in  Wloclawek 
Reservoir  in  1980-85  considerable  horizontal  and 
vertical  differentiation  of  physicochemical  and  bio- 
logical parameters  were  found.  The  highest  varia- 
bility was  observed  in  zooplankton  and  dissolved 
oxygen  concentration.  Close  connection  of  zoo- 
plankton  and  oxygen  heterogeneity  with  hydrolo- 
gical  and  meteorological  factors-water  discharge 
and  wind-was  shown.  Wind  influenced  heavy 
waving  affects  resuspension  of  fine  deposits  rich  in 
organic  matter,  and  subsequent  rise  of  BOD  in  the 
water  by  one  order  of  magnitude.  (Author's  ab- 
stract) 
W9O-05451 


SESTON  VERTICAL  FLUX  MODEL  FOR  EU- 
TROPHIC  RESERVOIR. 

Malaga  Univ.  (Spain).  Dept.  de  Ecologia. 
J.  A.  Galvez,  F.  X.  Niell,  and  J.  Lucena. 
Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  9-18,  November  1989.  6  fig, 
2  tab,  37  ref. 

Descriptors:  *Reservoirs,  *Seston,  'Phytoplank- 
ton,  'Vertical  flow,  'Limnology,  'Eutrophic 
lakes,  'Sedimentation,  'Mineralization,  Thermo- 
cline,  Spain,  Primary  production,  Eutrophication. 

During  stratified  periods,  seston  vertical  flux  was 
estimated  by  means  of  sediment  traps  positioned  at 
different  depths  in  the  water  column  of  a  eutrophic 
reservoir  in  southern  Spain  (Marbella,  Malaga).  At 
the  same  time  the  in  vitro  phytoplankton  flux  was 
estimated  at  the  same  levels  and  under  the  same 
conditions.  A  model  of  seston  sedimentation,  in- 
cluding fragmentation  and  mineralization  as  impor- 
tant control  factors  of  seston  bottom  influx,  was 
constructed.  Phytoplankton  flux  contributes  in  a 
high  percentage  to  the  epilimnion  seston  flux.  In 
the  hypolimnion,  the  phytoplankton  flux  is  smaller. 
Sedimentary  mechanisms  are  quantitatively  con- 
trolled by  primary  production.  Flux  decreases  with 
depth  by  mineralization  during  sedimentation,  es- 
pecially at  the  thermocline  level.  This  causes  nutri- 
ent regeneration  which  can  support  large  popula- 
tions of  newly  produced  algae.  (Sand-PTT) 
W90-05452 


STRUCTURE  PECULIARITIES  AND  VARIA- 
BILITY OF  THE  TEMPERATURE  RANGE  IN 
RESERVOIRS. 

Akademiya    Nauk    SSSR,    Borok.    Inst.    Biologii 

Vnutrennykh  Vod. 

N.  V.  Butorin,  and  A.  S.  Litvinov. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  27-33,  November  1989.  3 

fig,  2  tab,  6  ref. 

Descriptors:  'Limnology,  'Reservoirs,  'Water 
temperature,  'Stream  discharge,  'Water  exchange. 

Factors  determining  the  temperature  regime  of 
reservoirs  are  their  radiation  balance,  dependent  on 
the  geographic  position,  water  dynamics  (intensity 
of  the  external  and  internal  water-exchange),  mor- 
phometric  peculiarities  of  the  basin  structure  and 
the  influence  of  economic  activities.  The  tempera- 
ture field  of  any  reservoir  should  be  considered  as 
a  part  of  its  physical  system  characterizing  the  heat 
distribution  within  the  water  column  and  itself 
strongly  subject  to  spatial  inhomogeneity  and  tem- 
poral variability.  The  following  types  of  inhomo- 
geneities  can  be  recognized  in  the  areas  of  reser- 
voirs: (1)  drastic  temperature  fluctuations  in  the 
zone  of  hydrologic  fronts;  (2)  inhomogeneities  of 
the  order  of  several  kilometers  (large  scale);  (3) 
inhomogeneities  ranging  from  several  hundreds  of 
meters  to  1-2  km  (large  scale);  (4)  small  scale 
inhomogeneities  ranging  from  a  few  meters  to  tens 
of  meters.   The   most   significant   (in   amplitude) 


water  temperature  fluctuations  are  usually  ob- 
served in  the  region  of  hydrological  fronts.  Hydro- 
logical  fronts  in  reservoirs  are  associated  with 
water  storage  of  some  phases  of  the  river  discharge 
and  their  subsequent  transformation.  The  complex- 
ity of  the  water  mass  structure  in  reservoirs  is 
dependent  on  the  morphological  construction  and 
water  exchange  intensity.  The  simplest  structure  is 
typical  of  channel  reservoirs  and  the  most  multi- 
component,  as  in  morphologically  complicated  res- 
ervoirs is  typical,  of  long-term  stream  flow  control. 
(Sand-PTT) 
W90-05454 


WATER  AND  MASS  EXCHANGE  IN  THE 
LAKE  BAIKAL  AND  STORAGE  RESERVOIRS 
OF  THE  ANGARA  CASCADE. 

Limnologicheskii  Inst.,  Irkutsk  (USSR). 

V.  I.  Verbolov,  V.  N.  Sinyukovich,  and  N.  L. 

Karpysheva. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  35-40,  November  1989.  1 

fig,  4  tab,  13  ref. 

Descriptors:  'Lakes,  'Storage  reservoirs,  'Lake 
Baikal,  'Water  exchange,  'Water  circulation,  Hy- 
droelectric plants,  Flow,  Wind-driven  currents, 
Diffusion,  Seasonal  variation,  Tritium,  Anagara 
River. 

Creation  of  man-made  storage  reservoirs  results  in 
slowing  down  of  the  water  circulation  in  the 
ocean-atmosphere-land  system,  an  increase  in  the 
time  period  for  water  inflow  into  inland  and  exter- 
nal seas,  and  an  annual  redistribution  of  river 
runoff  flow  with  certain  changes  in  its  qualitative 
composition.  These  phenomena  have  been  ob- 
served in  the  water  reservoirs  of  the  Angara  cas- 
cade. Construction  of  the  Irkutsk  hydropower 
plant  caused  an  increase  of  the  Baikal  level  by  one 
meter  as  compared  to  the  mean  multiyear  level;  the 
amplitude  of  its  seasonal  fluctuations  increased;  the 
start  of  high-level  and  low-level  waters  shifted  a 
month,  though  on  the  whole  the  regime  of  water 
level  fluctuations  in  the  lake  is  close  to  the  natural 
one.  Creation  of  reservoirs  on  the  Angara  river 
resulted  in  both  a  decrease  of  water  exchange  rates 
and  changes  in  the  nature  of  physical,  chemical, 
and  biological  processes  occurring  in  the  water. 
Analysis  of  the  external  water  exchange  duration, 
calculated  as  a  ratio  of  mean  annual  volume  of 
water  mass  and  water  discharge  (runoff  plus  evap- 
oration) showed  that  the  water  exchange  regime  in 
Lake  Baikal  after  its  regulation  had  not  practically 
changed  and  was  about  327  years.  Hydrological 
conditions  influencing  the  functioning  of  the  reser- 
voir geobiosystem  have  an  essential  effect  on  exter- 
nal and  internal  water  exchange.  The  latter  is 
realized  by  flows,  wind-driven  current  and  diffu- 
sion. Data  on  tritium  distribution  in  the  northern 
part  of  the  lake  have  shown  that  (1)  water  at 
different  depths  can  be  of  different  concentrations 
for  a  long  time;  (2)  with  weak  mixing  such  waters 
can  penetrate  up  to  the  bottom  layers;  (3)  impact 
on  the  quality  of  surface  waters  in  the  catchment 
area  can  be  displayed  in  the  deep  water  layers  in 
real  rather  than  geological  time  scales.  The  con- 
struction of  reservoirs  on  the  Angara  river  substan- 
tially changed  conditions  for  forming  water 
masses.  This  is  expressed  mainly  by  the  increase  of 
water  residence  time  under  conditions  of  slow 
water  exchange.  (Sand-PTT) 
W90-05455 


HORIZONTAL  DISTRIBUTION  OF  LIMNO- 
LOGICAL  VARIABLES  IN  RIMOV  AND 
OTHER  STRATIFIED  CZECHOSLOVAK  RES- 
ERVOIRS. 

Ceskoslovenska  Akademie  Ved,  Ceske  Budejovice. 

Inst,  of  Landscape  Ecology. 

J.  Hejzlar,  and  M.  Straskraba. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  41-55,  November  1989.  9 

fig,  2  tab,  1 1  ref. 

Descriptors:  'Reservoirs,  'Thermal  stratification, 
•Water  temperature,  'Chemical  stratification, 
•Limnology,  Horizontal  distribution,  Streamflow, 
Dissolved  oxygen,  Chemical  oxygen  demand, 
Density  currents,  Color,  Floods,  Czechoslovakia. 


For  the  drinking  water  supply  Rimov  Reservoir 
the  annual  cycle  of  the  horizontal  distribution  of 
temperature,  dissolved  oxygen,  chemical  oxygen 
demand  and  color  is  described.  It  is  related  to  the 
inflow  stream  determination  based  on  the  tempera- 
ture-related density  difference  of  the  inflowing 
stream  and  the  reservoir  water.  Detention  time  of 
the  inflowing  water  (time  to  reach  the  dam)  is 
estimated  for  a  few  instances  when  a  natural  chem- 
ical marking  of  the  inflow  during  floods  occurred. 
Both  the  thawing  and  freezing  of  the  reservoir 
starts  at  headwaters  and  continues  down  the  reser- 
voir. To  compare  the  schematic  cycle  observed  in 
Rimov  with  other  Czechoslovak  reservoirs,  the 
inflow-surface-bottom  density  difference  cycles 
and  the  resulting  inflow  stream  were  analyzed  for 
a  few  other  reservoirs.  The  figures  obtained  by 
direct  comparison  of  temperatures  are  not  different 
from  those  obtained  from  density  estimates.  The 
horizontal  distribution  is  different  depending  on 
theoretical  retention  time  of  water  in  the  given 
reservoir  and  year.  From  empirical  models  of  river 
and  reservoir  temperatures,  it  follows  that  addi- 
tional variables  like  surface  elevation,  outlet  loca- 
tion and  watershed  characteristics  will  play  a  role, 
as  well  as  hydrometeorological  conditions  of  the 
specific  year.  (Author's  abstract) 
W90-05456 


SIMULATING  THE  THERMAL  STRUCTURE 
OF  PLESHCHEEVO  LAKE. 

Akademiya    Nauk    SSSR,    Borok.    Inst.    Biologii 

Vnutrennykh  Vod. 

L.  A.  Kuchaiy. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  57-62,  November  1989.  3 

fig,  9  ref. 

Descriptors:  'Lakes,  'Water  temperature,  •Tem- 
perature gradient,  'Limnology,  'Hydrologic 
models,  'Thermal  stratification,  Temporal  distribu- 
tion, Vertical  distribution,  Mathematical  models, 
Simulation,  Lake  Pleshcheevo,  USSR. 

A  two-layer  approximation  model  was  used  to 
describe  the  vertical  temperature  profile  of  Lake 
Pleshcheevo  in  1983-1985  from  May  to  October, 
including  the  periods  of  spring  and  autumn  ho- 
mothermy  and  summer  stratification.  Spring  ho- 
mothermy  was  taken  as  initial  conditions.  The 
lake's  bottom  was  taken  as  the  lower  boundary  of 
the  thermocline.  Two  types  of  dimensionless  pro- 
files resulting  from  the  data  analysis  were  approxi- 
mated by  polynomials  of  the  fourth  degree.  Tem- 
perature and  wind  speed  information  were  present- 
ed by  their  average  daily  values.  Simulating  results 
of  temperature  distribution  have  shown  that  the 
model  correctly  reflects  the  basic  trends  of  the 
lake's  temperate  structure.  This  model  is  an  inde- 
pendent module  in  the  general  model  of  the  Lake 
Pleshcheevo  ecosystem.  (Sand-PTT) 
W90-05457 


APPLICATION  OF  A  LAKE  THERMAL 
STRATIFICATION  MODEL  TO  VARIOUS  CLI- 
MATIC REGIMES. 

New  South  Wales  Univ.,  Kensington  (Australia). 
School  of  Information  Systems. 
B.  Henderson-Sellers,  and  K.  H.  Reckhow. 
Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  71-78,  November  1989.  5 
fig,  1 1  ref. 

Descriptors:  'Lakes,  'Thermal  stratification,  'Res- 
ervoirs, *Climatic  zones,  'Limnology,  'Hydrolog- 
ic models,  Subtropical  zone,  Mathematical  models, 
Simulation,  Bathymetry,  Turbidity,  England, 
Canada,  South  Africa. 

Existing  models  of  thermal  stratification  in  lakes 
have  often  been  designed  for  a  single  application/ 
case  study  and  consequently  frequently  include 
tuning  coefficients  to  permit  simulation  of  any 
specific  data  set.  One  technique  to  ensure  the 
model's  wider  applicability  is  to  utilize  observa- 
tional data  sets  from  a  wide  range  of  sites  so  that 
each  parameter  may  be  assessed  for  its  significance. 
For  example,  the  impact  of  flood  or  drought 
events  is  difficult  to  assess  from  solely  north  tem- 
perate data  as  a  result  of  the  rarity  of  such  events 
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in  the  time  series,  whereas  South  African  data 
includes  an  annual  cycle  of  inundation  and 
drought.  The  model  EDD1  (Eddy  Diffusion  Di- 
mension 1)  is  intended  to  be  one  such  generalized 
model  which  can  be  used  for  different  lakes/reser- 
voirs without  prior  calibration.  The  global  nature 
and  transferability  of  this  stratification  model  is 
exemplified  by  its  application  to  three  separate 
climatic  regimes:  north  temperate  maritime  (U.K.); 
north  temperate  continental  (Ontario,  Canada)  and 
subtropical  (South  Africa).  In  all  three  cases  the 
model  has  been  used  to  simulate  the  observations 
without  tuning  of  any  parameters.  Simulations  re- 
quire only  lake-specific  bathymetry,  water  turbidi- 
ty and  local  meteorological  data,  all  of  which  can 
be  derived  from  standard  hydrometeorological  ob- 
servation networks.  (Author's  abstract) 
W90-05458 


HEAT  BUDGET  OF  A  HIGH  MOUNTAIN  RES- 
ERVOIR IN  THE  CENTRAL  PYRENEES. 

Barcelona  Univ.  (Spain). 

A.  Palau. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  79-90,  November  1989.  5 

fig,  3  tab,  12  ref. 

Descriptors:  *Reservoirs,  *Heat  budget,  •Air- 
water  interfaces,  *Water  temperature,  •Limnolo- 
gy, 'Hydroelectric  plants,  'Baserca  Reservoir, 
•Thermal  properties,  Solar  radiation,  Thermal  ra- 
diation, Evaporation,  Snowmelt,  Pyrenees  Moun- 
tains, Spain. 

The  heat  budget  (defined  as  the  difference  between 
the  highest  and  lowest  heat  content  during  the 
same  annual  cycle)  of  Baserca  Reservoir  in  the 
Central  Pyrenees  in  Spain  was  investigated.  The 
different  estimated  values  in  relation  to  the  air- 
water  interface  (direct  solar  radiation,  reflected 
radiation  from  the  reservoir  surface,  water  evapo- 
ration, thermal  radiation  from  the  atmosphere,  and 
thermal  radiation  from  the  water)  follow  the  ex- 
pected general  distribution  according  to  meteoro- 
logical changes.  The  horizontal  transport  of  heat 
through  the  tributaries  and  the  hydraulic  manage- 
ment of  the  reservoir  involve  the  highest  percent- 
ages of  inputs  and  outputs  of  heat.  The  snow 
dependent  character  of  tributaries  with  a  marked 
period  of  melting  between  May  and  July  affects 
the  thermal  regime  of  the  reservoir  through  the 
water  turnover;  thus,  the  maximum  volume  of 
outflow  through  the  Baserca  Power  Station  coin- 
cides with  the  period  of  melting,  and  so  the  ther- 
mocline  is  weak,  descending  rapidly  and  remaining 
at  considerable  depth  during  the  summer.  The 
thermal  cooling  effect  of  water  exchange  with 
Llauset  Lake  is  very  clear.  In  spite  of  the  fact  that 
the  transferred  volumes  of  water  in  the  two  direc- 
tions have  been  similar  and  that  during  the  summer 
of  1985  no  water  was  pumped  from  the  reservoir, 
the  heat  loss  is  significantly  greater  than  the  heat 
input  by  the  turbined  water  from  the  lake.  The 
difference  in  the  thermal  regime  between  the  reser- 
voir and  this  lake  as  a  result  of  their  difference  in 
height  meant  that  the  turbined  water  from  Llauset 
to  the  reservoir  was  usually  much  colder  than  the 
water  pumped  in  the  opposite  direction.  Among 
the  terms  which  have  not  been  taken  into  account, 
the  most  important  are  the  conduction  of  heat 
through  the  sediments  and  the  dam.  (Sand-PTT) 
W90-05459 


LIMNOLOGY  OF  A  SUBALPINE  PUMP- 
STORAGE  RESERVOIR:  II.  QUANTIFICA- 
TION OF  VERTICAL  MASS  AND  ENERGY 
FLUXES  USING  A  DYNAMIC  MODEL. 

Zurich  Univ.,  Kilchberg  (Swizerland).  Hydrobio- 

logical-Limnological  Station. 

B.  Kiefer,  and  D.  Imboden. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  95-105,  November  1989.  9 

fig,  2  tab,  2  ref. 

Descriptors:  *Pump  storage,  'Storage  reservoirs, 
•Limnology,  'Model  studies,  'Energy  transfer, 
'Water  temperature,  'Mathematical  models,  •Sim- 
ulation, Nutrients,  Phosphates,  Wagitalersee,  Swit- 
zerland, Mountain  lakes,  Primary  productivity, 
DYRESM,  Hydrologic  models. 


In  order  to  quantify  the  vertical  mass  and  energy 
fluxes  of  a  subalpine  pump-storage  reservoir,  the 
one-dimensional  dynamical  temperature  simulation 
model  DYRESM  was  extended.  Subroutines  de- 
scribing the  intrusion  of  the  pumped  water  and  the 
nutrient  supply  to  the  euphotic  layer  by  natural 
and  artificial  flows  were  added.  The  model  was 
calibrated  using  selected  data  from  a  data  set  ob- 
tained from  an  investigation  in  the  Wagitalersee. 
The  accuracy  of  the  calibrated  odel  was  tested  by 
comparing  the  simulated  and  measured  lake  tem- 
peratures over  the  whole  investigation  period. 
These  temperatures  differed  little  from  one  other. 
The  surface  temperature  differed  at  most  by  3  C 
(average  difference  0.04  C).  The  maximum  differ- 
ence in  the  rest  of  the  depth  profile  was  only  2  C. 
It  may  therefore  be  assumed  that  the  vertical  mass 
and  energy  fluxes  are  realistically  simulated. 
Pump-storage  reservoirs  act  during  spring  and 
summer  as  very  efficient  energy  traps.  Pump-stor- 
age causes  a  strong  recirculation  of  nutrients  (phos- 
phates) from  the  lake's  depth  to  the  euphotic  layer. 
The  mechanisms  that  lead  to  these  phenomena  can 
be  quantified  exactly  using  the  model.  DYRESM 
has  proved  to  be  a  very  powerful  tool  in  simulating 
the  vertical  mass  and  energy  fluxes  in  a  reservoir 
with  pump-storage  operation.  The  model  can 
easily  be  extended  to  simulate  nutrient  sedimenta- 
tion and  primary  production.  With  such  a  model  it 
should  be  possible  to  estimate  quantitatively  the 
effects  of  water  management  changes  on  the  pri- 
mary production  of  small  to  medium  size  pump- 
storage  reservoirs.  (Sand-PTT) 
W90-05460 


THERMAL  REGIME  OF  LAKE  DRUKSIAI. 

Akademiya  Nauk  Litovskoi  SSR,  Vilnius.  Inst,  of 

Zoology  and  Parasitology. 

E.  Zukaite,  and  B.  Pernaraviciute. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  107-111,  November  1989.  2 

fig,  1  ref. 

Descriptors:  'Lakes,  'Nuclear  powerplants, 
'Cooling  ponds,  'Temperature  effects,  'Thermal 
water,  'Water  temperature,  Lake  Druksiai,  USSR. 

Important  changes  have  occurred  in  the  thermal 
regime  of  the  cooling  pond  of  Lake  Druksiai  (Lith- 
uania, USSR)  since  the  start  of  operation  of  the 
Atomic  Power  Station  in  1984.  The  temperature 
has  risen  both  in  the  surface  layers  as  well  as  the 
near  bottom  water  layers,  confirmed  by  the  in- 
crease in  depth  of  the  epilimnion  and  the  thermal 
zone  T  >  or  =  15  C.  Conversely,  the  zones  T  < 
or  =  15  and  10  C  decreased,  and  the  zone  T  <  or 
=  8  C  disappeared  totally.  These  changes  became 
even  more  noticeable  in  winter,  where  the  temper- 
ature had  risen  by  1.3  to  3.8  C.  Consequently,  the 
changes  of  thermal  regime  of  Lake  Druksiai  have 
resulted  in  gradual  alterations  of  ecological  condi- 
tions for  the  aquatic  organisms.  (Sand-PTT) 
W90-05461 


SENSmviTY  OF  THERMOCLINE  MODELS 
TO  PARAMETRISATIONS  OF  THE  SURFACE 
ENERGY  BUDGET  AND  OF  WIND  MIXING. 

New  South  Wales  Univ.,  Kensington  (Australia). 

School  of  Information  Systems. 

B.  Henderson-Sellers. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  113-122,  November  1989.  2 

fig,  2  tab,  14  ref. 

Descriptors:  'Limnology,  'Model  studies,  'Lakes, 
•Thermocline,  'Thermal  stratification,  'Energy, 
Mathematical  models,  Simulation,  Wind,  Air  tem- 
perature, Cloud  cover,  Error  analysis,  Hydrologic 
models. 

Simulations  of  the  thermal  structures  of  lakes  and 
other  water  bodies  rely  on  the  input  of  a  large 
body  of  data,  mostly  meteorological,  as  boundary 
conditions  to  the  model.  Perturbations  to  a  range 
of  meteorological  and  linmological  variables  were 
imposed  on  the  thermal  stratification  model  EDD1 
(Eddy  Diffusion  Dimension  1,  which  utilizes  an 
eddy  diffusion  coefficient  in  order  to  close  the  non- 
linear heat  conduction  equation)  in  order  to  assess 
for  which  of  these  many  variables  errors  in  the 
input  data  could  be  problematical.  The  results  sug- 


gest that  the  most  important  parameters  are,  gener- 
ally, air  temperature  and  cloud  cover.  In  specific 
situations  other  parameters  may  also  be  important, 
e.g.  changes  in  wind  speed  in  cases  of  low  wind 
speed,  and  changes  in  extinction  coefficient  (a 
measure  of  water  turbidity)  in  lakes  which  may  be 
classified  as  oligotrophic  or  mesotrophic-although 
not  those  which  are  eutrophic.  (Author's  abstract) 
W90-05462 


INDUCED  SURFACE  FLOW  IN  A  MODEL 
RESERVOIR. 

Calgary  Univ.  (Alberta).  Dept.  of  Chemical  and 
Petroleum  Engineering. 

M.  F.  Mohtadi,  M.  E.  Di  Capua,  and  K.  K.  Leung. 
Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  123-134,  November  1989. 
1 1  fig,  1  tab,  4  ref. 

Descriptors:  'Hydraulic  models,  'Reservoirs, 
'Surface  flow,  'Hydraulics,  'Flow  velocity,  'Bar- 
riers, 'Weirs,  Flow  pattern,  Oxygen  transfer, 
Model  studies. 

A  novel  method,  which  can  induce  surface  flow  in 
a  model  reservoir  without  the  need  for  mechanical 
energy,  utilizes  the  positioning  of  a  solid  barrier 
upstream  of  the  sluice  gate  of  the  reservoir.  Ex- 
periments were  designed  to  yield  surface  path 
lines,  surface  velocities  and  subsurface  flow  pat- 
terns in  a  model  with  and  without  the  barrier. 
Tracer  beads,  time-lapse  photography,  and  dye 
injection  techniques  were  used  for  visualization  of 
flow  patterns.  The  results  clearly  showed  that  with 
the  barrier  in  place,  the  surface  velocities  were 
appreciably  greater  than  the  corresponding  values 
without  the  barrier.  Such  comparatively  fast  move- 
ments at  the  surface  can  help  to  break  up  stagnant 
surface  films  and  reduce  the  interfacial  resistance 
to  oxygen  transfer  from  the  air  to  the  water.  (Au- 
thor's abstract) 
W90-05463 


VERIFICATION  OF  ONE  PREDICTIVE 
MODEL  FOR  RADIATION  COMPONENTS 
UNDER  THE  CONDITIONS  OF  A  RIVER  RES- 
ERVOIR. 

Vyskumny    Ustav    Vodohospodarsky,    Bratislava 

(Czechoslovakia). 

M.  Rudis,  and  V.  Matousek. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  135-142,  November  1989.  3 

fig,  5  ref. 

Descriptors:  'Reservoirs,  'Solar  radiation,  'Model 
studies,  'Heat  transfer,  'Water  temperature, 
•Thermal  properties,  'Thermal  stratification, 
'Flow  rates,  Mathematical  models,  Orlik  Reser- 
voir, Vltava  River,  Czechoslavokia. 

Two  predictive  models  for  radiation  components 
under  river  reservoir  conditions  were  examined. 
The  first  method  derives  predictive  relations  for 
heat  transfer  through  the  free  surface  using  the 
direct  measurements  of  radiation  components.  The 
second  method  derives  new  predictive  formulae 
for  radiation  taking  into  account  the  ground  visibil- 
ity and  index  of  cloudiness.  Using  both  methods, 
the  heat  content  corresponding  to  the  heat  income 
through  the  free  surface  of  a  river  reservoir  was 
computed  and  the  results  were  compared  with  the 
respective  heat  content  obtained  from  independent 
measurements  of  temperatures  and  flow  rates  in 
the  Orlik  Reservoir  on  the  Vltava  River  Czechos- 
lavakia.  The  results  were  plotted  using  two  meth- 
ods: (1)  predicted  points  based  on  the  seven  year 
mean  of  the  determined  heat  flows;  and  (2)  predict- 
ed points  computed  on  the  basis  of  annual  means. 
The  predicted  points  on  the  basis  of  the  respective 
yearly  means  appear  to  be  much  more  spread 
along  the  independent  relation  than  those  using  the 
seven  year  means.  Both  predictive  methods  show 
smaller  values  at  the  beginning  of  the  stratification 
period  and  greater  values  before  its  end,  while  the 
method  which  takes  into  account  ground  visibility 
and  cloudiness  shows  a  systematic  error  of  about 
15%.  Taking  into  account  that  this  model  contains, 
besides  meteorological  variables  (which  can  be  in- 
putted in  long-time  means),  only  the  surface  tem- 
perature of  water,  the  model  provides  a  good  tool 
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for  prediction  of  thermal  behavior  of  large  river 
reservoirs    under    central    European    conditions. 
(Sand-PTT) 
W90-05464 

POST-IMPOUNDMENT  ASSESSMENT  OF 
THE  OSTROFSKY-DUTHIE  MODEL  FOR  RES- 
ERVOIR MATURATION. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 

S.  Han,  and  H.  C.  Duthie. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  143-145,  November  1989.  1 

tab,  Href. 

Descriptors:  'Limnology,  'Reservoirs,  *Lakes, 
•Phosphorus,  Mathematical  models,  Chlorophyll 
a,  Soil  chemistry,  Vegetation,  Labrador,  Canada. 

The  impact  of  reservoir  development  has  been 
studied  through  the  modeling  of  maturation  proc- 
esses which  follow  impoundment.  The  Ostrofsky- 
Duthie  model  for  predicting  the  magnitude  and 
duration  of  trophic  changes  in  newly  flooded  res- 
ervoirs predicts  phosphorus  concentrations  (P)  in  a 
lake  based  on  phosphorus  loading,  retention  and 
discharge  according  to  the  formula  P  =  J(1-R)/Q, 
where  J  is  the  phosphorus  loading,  R  is  the  reten- 
tion coefficient,  and  Q  is  the  total  discharge.  The 
budget  was  tested  for  lakes  in  the  Labrador  region 
as  well  as  in  the  Smallwood  Reservoir,  and  it  was 
found  to  be  a  good  predictor  of  phosphorus  con- 
centration, except  in  the  reservoir  where  phospho- 
rus was  consistently  underestimated.  As  all  of  the 
lakes  were  similar  geologically,  biologically  and 
chemically,  it  was  assumed  that  there  was  a  source 
of  phosphorus  in  the  reservoir  which  was  unac- 
counted for  in  the  model  for  lakes.  It  was  suggest- 
ed that  inundated  soils  and  vegetation  were  a 
source  of  phosphorus  loading  in  the  reservoir  that 
was  not  present  in  natural  lakes.  Examination  of 
data  from  a  natural  lake  (Mile  83)  and  two  reser- 
voirs (Gabbro  and  Lobstick)  for  1976  and  1986 
shows  that  total  phosphorus  concentrations  have 
risen,  corresponding  to  the  higher  turnover  times 
found  in  1986.  Lowered  chlorophyll-a  values  may 
be  related  to  the  longer  turnover  times.  This  indi- 
cates a  possible  change  in  phosphorus-chlorophyll 
ratios.  (Sand-PTT) 
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NUMERICAL  EXPERIMENTS  WITH  A  MATH- 
EMATICAL MODEL  OF  PHOSPHORUS  CY- 
CLING IN  THE  EPILIMNION  OF  LAKE  GLE- 
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Polish  Academy  of  Sciences,  Warsaw.  Zaklad  Pa- 

leobiologii. 

For  primary  bibliographic  entry  see  Field  5B. 
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TION MODEL. 
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For  primary  bibliographic  entry  see  Field  5C. 
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MODELLING  OF  ORGANIC  PARTICLE  FLUX 
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fig,  3  ref,  append. 

Descriptors:  *Lakes,  *Metalimnion,  'Organic 
matter,  'Thermocline,  'Water  temperature, 
'Mathematical  models,  Vertical  flow,  Sedimenta- 
tion. 

Whether  the  changes  of  flux  of  organic  particles  in 
the  metalimnion  due  to  changes  of  slope  of  the 
thermocline  calculated  according  to  a  one-dimen- 
sional model  based  on  the  AQUAMOD  model 
could  agree  with  Gliwicz's  hypothesis  about  the 
influence  of  metalimnetic  temperature  gradient  on 
the  vertical  flux  of  organic  particles  was  examined. 


The  Gliwicz  hypothesis  suggests  that  the  sharper 
the  vertical  temperature  gradient  in  the  metalim- 
nion, the  greater  is  the  decrease  of  sedimentation 
speed  of  the  particles.  The  results  showed  that  a 
decrease  of  sedimentation  speed  in  the  metalimnion 
in  not  a  necessary  condition  (in  the  steady-state)  to 
model  the  decrease  of  the  transition  coefficient  Ts 
and  FW-h  due  to  an  increase  in  the  slope  of  the 
thermocline  (where  FW-h  is  the  flux  of  mass  from 
the  metalimnion  to  the  hypolimnion  and  Ts  is  the 
ratio  of  FW-h  to  the  flux  of  the  organic  particles 
from  the  epilimnion).  The  direction  of  changes  in 
Ts,  FW-h  and  rate  of  nutrient  release  in  the  meta- 
limnion depend  on  the  particular  relationships  used 
in  the  model  and  on  the  way  the  temperature 
profile  modification  is  related  to  changes  in  the 
temperature  gradient  of  water  in  the  metalimnion. 
If  the  model  includes  the  mechanisms  which  are 
responsible  for  changes  of  the  flux  in  real  lakes, 
then  the  Gliwicz  hypothesis  could  be  used  as  an 
additional  criterion  for  the  choice  of  proper  rela- 
tionships describing  these  mechanisms.  (Sand- 
PTT) 
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SIMULATED  IMPACTS  OF  FLOW  REGULA- 
TION ON  BLUE-GREEN  ALGAE  IN  A  SHORT 
RETENTION  TIME  LAKE. 

Helsinki  Univ.  of  Technology,  Espoo  (Finland). 
Lab.  of  Hydrology  and  Water  Resources  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5G. 
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MINIMAL  SAMPLING  SCHEDULE  FOR  A  DY- 
NAMIC LAKE  MODEL. 

Helsinki  Univ.  of  Technology,  Espoo  (Finland). 
Lab.  of  Hydrology  and  Water  Resources  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  7A. 
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Politechnika  Warszawska  (Poland).  Inst,  of  Envi- 
ronmental Engineering. 
For  primary  bibliographic  entry  see  Field  7C. 
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MODELLING  INTERNAL  AND  EXTERNAL 
CONTROL  IN  LAKE  AND  RESERVOIR  ECO- 
SYSTEMS. 

Ceskoslovenska    Akademie    Ved,    Prague.    Ustav 

Teorie  Informace  a  Automatizace. 

L.  Bakule,  and  M.  Straskraba. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  213-214,  November  1989.  6 

ref. 

Descriptors:  'Lakes,  'Limnology,  'Reservoirs, 
'Ecosystems,  'Mathematical  models,  Phosphorus, 
Phytoplankton,  Zooplankton,  Eutrophication, 
Game  theory,  Control  theory. 

Hierarchical  control  theory  has  been  suggested  as 
an  adequate  tool  for  both  internal  and  external 
aquatic  ecosystem  control.  The  mathematical  prin- 
ciples of  the  three  different  structural  control  strat- 
egies were  evaluated:  a  two-level  discrete  time 
multiobjective  optimization  strategy,  the  sequen- 
tially extended  objective  function  strategy,  and  a 
scalar  value  objective  function  strategy  based  on 
game  theory  approach.  A  simplified  theoretical 
dynamic  model  of  the  pelagic  trophic  food  chain 
was  used  for  control  formulations.  The  basic  dis- 
crete-time model  consists  of  equations  for  phos- 
phorus, phytoplankton  and  zooplankton.  The 
budget  terms  represent  a  simplified  version  of  the 
model  AQUAMOD  1.  The  two-level  multiobjec- 
tive optimization  strategy  is  based  on  the  decom- 
position-coordination control  approach.  One  level 
is  represented  by  the  natural  ecosystem;  the  second 
level  relates  to  man's  control,  aiming  in  the  case  of 
eutrophication  to  reduce  algal  biomass  below  pre- 
scribed limits  at  minimum  costs.  The  game  princi- 
ple allows  the  mutual  reactions  of  the  participants 
on  the  other  participants'  control  strategy  to  be 
expressed.  The  leader-follower  open  loop  control 
strategy   was   applied.    It   was   assumed   that   the 
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leader  is  represented  by  man's  control,  and  the 
follower  by  nature  reacting  to  man's  move.  For  the 
internal  control  problem  it  can  be  assumed  that  the 
higher  trophic  element  represents  the  leader  (coor- 
dinator), because  it  has  more  elaborate  sensors. 
With  the  sequentially  extended  objective  function 
strategy,  instead  of  using  an  integral  goal  formula- 
tion, a  local  optimum  for  each  instant  of  time  is 
calculated.  Maximization  of  energy  flow  in  the 
total  system  is  the  goal.  Constraints  are  represented 
by  saturation  effects,  food  preferences  and  donor 
limits.  Graph  theory  is  used  to  represent  food  webs 
and  to  apply  the  ecological  concept  of  optimal 
foraging.  (Sand-PTT) 
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fig,  2  tab,  27  ref. 

Descriptors:  'Oligotrophic  lakes,  'Aquatic  bacte- 
ria, 'Carbon  cycle,  'Dissolved  solids,  'Limnology, 
'Particulate  matter,  'Phytoplankton,  'Algae,  'Pri- 
mary productivity,  'Organic  matter,  Detritus, 
Carbon  radioisotopes,  Photosynthesis,  Mineraliza- 
tion, Lake  Stechlin,  East  Germany. 

A  study  was  conducted  to  quantify  the  microbial 
capacity  in  relation  to  primary  production  in  C- 
flux  of  oligotrophic  Lake  Stechlin.  In  situ  studies 
of  the  bacterial  uptake  of  dissolved  organic  sub- 
stances formed  by  phytoplankton  release  during 
photosynthesis  and  water  extraction  of  dead  phyto- 
plankton were  used  as  the  reference  methods.  Pri- 
mary production,  exudation,  and  bacterial  assimila- 
tion of  exudates  were  measured  with  the  C-14 
method  and  a  particle  size  fractionation  technique. 
Production  of  C-14  C02  was  employed  as  an  esti- 
mate of  the  mineralization  rate.  With  natural  phy- 
toplankton populations  average  exudation  rates  of 
50%  in  the  oligotrophic  Lake  Stechlin  and  20%  in 
the  eutrophic  Lake  Dagow  were  obtained.  On 
average  20%  and  8%  of  the  primary  production 
respectively  was  assimilated  by  the  bacterial  popu- 
lation in  the  two  lakes.  Forty  to  90%  of  the 
bacterial  production  was  based  on  the  utilization  of 
exudates.  Regarding  the  degradation  of  particulate 
phytoplankton  debris,  mineralization  rates  of  about 
7%  per  day  were  obtained  in  both  lakes.  These 
results  show  the  significance  of  the  close  coupling 
between  algae  and  bacteria  in  view  of  the  carbon 
metabolism  of  lakes.  (Author's  abstract) 
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RESPONSES  IN  BACTERIAL  ACTIVITY  TO 
CHALLENGING  CONDITIONS  IN  PLANK- 
TON-PROBABLE CONTROLLING  MECHA- 
NISMS. 

Ceskoslovenska  Akademie  Ved,  Ceske  Budejovice. 
Inst,  of  Landscape  Ecology. 
K.  Simek,  C.  Budejovice,  and  J.  K.  Fuska. 
Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  239-248,  November  1989.  2 
fig,  3  tab,  24  ref. 
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Field  2— WATER  CYCLE 


Group  2H — Lakes 

Descriptors:  'Aquatic  bacteria,  'Bacterial  physiol- 
ogy, 'Zooplankton,  'Limnology,  •Phytoplankton, 
•Photosynthesis,  'Metabolism,  Seasonal  variation, 
Bacterial  analysis,  Reservoirs,  Fish  ponds,  Diel 
cycle,  Amino  acids,  Glucose,  Carbon  radioiso- 
topes, Tritium. 

Parameters  of  total  activity  of  bacterioplankton 
were  determined  by  means  of  C-14-glucose  uptake 
and  the  incorporation  of  tritiated  amino  acids.  Sea- 
sonal changes  of  the  bacterial  plankton  changes 
were  studied  in  the  Rimov  reservoir  in  Southern 
Bohemia,  Czechoslavakia  and  diel  changes  in  a 
fishpond.  Parameters  of  individual  activity  were 
determined  by  the  autoradiographic  method  using 
amino  acids  (%  of  metabolizing  cells)  and  tritiated 
thymidine  (%  of  'probably  dividing'  cells)  during 
both  seasonal  and  diel  cycles.  A  close  relationship 
was  found  between  microbial  activity  and  the  diel 
cycle  of  photosynthesis.  On  a  seasonal  time-scale, 
significant  relationships  were  found  between 
counts  of  metabolizing  bacteria  and  phytoplankton 
biomass.  The  relationship  between  the  former  and 
the  biomass  of  Cladocera  was  even  more  signifi- 
cant. Two  mechanisms  are  suggested  to  explain 
sensitive  responses  of  the  bacterioplankton  activity 
to  changing  ambient  conditions:  changes  in  the 
proportion  of  active  cells  not  exceeding  one  order 
of  magnitude,  and  changes  in  individual  cell  activi- 
ty exceeding  two  orders  of  magnitude.  (Author's 
abstract) 
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MODEL  OF  SEASONAL  CHANGES  IN 
PLANKTONIC  BACTERIA  RELATED  TO 
PHYTO-  AND  ZOOPLANKTON. 
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Descriptors:  'Reservoirs,  'Aquatic  bacteria,  'Phy- 
toplankton, 'Zooplankton,  'Limnology,  'Algae, 
Primary  productivity,  Bacteria,  Seasonal  variation. 

On  the  basis  of  long-term  observations  on  three 
reservoirs,  the  average  seasonal  changes  of  bacte- 
rial biomass  and  their  specific  activities  were  de- 
rived and  related  to  seasonal  dynamics  of  phyto- 
plankton production  and  phyto-  and  zooplankton 
biomass.  Five  phases  in  the  development  of  plank- 
tonic  bacteria  are  distinguished,  which  differ  both 
in  the  sources  of  their  prevailing  substrate  and  the 
degree  of  their  elimination  by  zooplankton.  Phase 
I,  in  early  spring,  is  characterized  by  an  increase  of 
bacterial  biomass  and  growth  rate  occurring  simul- 
taneously with  the  increase  of  phytoplankton  bio- 
mass and  primary  production.  Zooplankton  bio- 
mass is  low  and  both  the  elimination  of  bacteria 
and  the  substrate  input  from  zooplankton  excre- 
ments are  negligible.  Phase  II,  in  early  summer,  is 
the  period  of  decline,  first  of  phytoplankton  and 
then  of  bacterial  biomass.  Algae  are  efficiently 
consumed  by  the  increasing  biomass  of  filtering 
zooplankton.  The  substrate  supply  for  bacteria  is 
low  and  their  yield  decreases;  bacteria  are  eliminat- 
ed by  zooplankton.  During  phase  III,  mid-summer, 
the  second  peak  of  algae  and  bacteria  occurs  at  a 
high  level  of  filtering  zooplankton.  The  summer 
algal  peak  is  formed  by  less  edible  species.  Conse- 
quently, zooplankton  excrements  are  energy-rich, 
providing  a  significant  substrate  source  for  bacte- 
ria. Bacterial  growth  rates  and  the  ratio  of  produc- 
tion to  respiration  increases.  In  phase  IV,  from  late 
summer  to  autumn,  a  decline  of  phytoplankton  is 
characterized  by  a  slow  further  increase  of  bacteria 
and  slow  decrease  of  zooplankton.  The  bacterial 
growth  rate  gradually  decreases  together  with  de- 
creasing yield.  Phase  V  is  a  period  of  low  winter 
biomass  of  all  planktonic  components.  The  main 
substrate  source  for  bacteria  is  slowly  degradable 
dissolved  organic  substances,  the  background 
source.  Towards  the  end  of  the  period  (end  of 
winter,  early  spring)  bacterial  mortality  is  observed 
to  coincide  with  spring  overturn,  temperature  in- 
crease and  the  commencement  of  phytoplankton 
activity.  (Sand-PTT) 
W90-05477 


NUMBER  AND  ACTIVITY  OF  MICROORGA- 
NISMS AT  THE  SEDIMENT  WATER  INTER- 
FACES OF  LAKES. 

Akademiya    Nauk    SSSR,    Borok.    Inst.    Biologii 

Vnutrennykh  Vod. 

A.  N.  Butorin. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  259-263,  November  1989.  3 

tab,  10  ref. 

Descriptors:  'Limnology,  'Bacteria,  'Lakes, 
'Sediment-water  interfaces,  'Aquatic  bacteria, 
Carbon  dioxide  assimilation,  Organic  matter,  Hy- 
drogen ion  concentration,  Water  temperature,  Mi- 
crobiological studies. 

The  bacteria  in  the  sediments  of  21  lakes  of  differ- 
ent trophic  status  were  investigated  using  dark 
C02  assimilation  as  a  measure  of  activity.  The 
number  and  activity  of  bacteria  increased  greatly 
in  the  transition  from  the  overlying  water  to  the 
surface  of  the  sediments.  The  total  number  of 
bacteria  at  the  sediment-water  interface  was  2 
orders  greater  and  the  C02  assimilation  was  2-3 
orders  greater  than  in  the  prebottom  water.  The 
difference  between  the  surface  film  and  the  deeper 
layers  was  not  as  great:  1.5-2.0  times  greater  at  the 
surface.  The  greatest  difference  in  the  mean  num- 
bers of  bacteria  at  the  interface  and  in  the  deeper 
layers  of  sediments  was  observed  in  chtonyeutro- 
phic  lakes  (6.6  times)  and  that  of  the  mean  value  of 
activity  in  mesotrophic  lakes  (7.3  times).  This  dif- 
ference, as  well  as  the  number  of  bacteria  and 
activity,  varied  greatly  from  lake  to  lake,  depend- 
ing on  the  character  of  the  water  bodies  and  their 
sediments.  The  lowest  numbers  of  bacteria  and 
C02  assimilation  were  observed  in  the  surface  film 
of  sediments  of  oligotrophic  lakes,  which  were 
considerably  poor  in  organic  matter.  With  the  in- 
creasing productivity  of  the  lakes  and  the  amount 
of  organic  matter  in  the  sediments,  the  number  and 
activity  of  bacteria  also  increased.  In  dystrophic 
lakes,  the  total  number  of  bacteria  at  the  sediment- 
water  interface  was  much  greater  than  in  lakes 
with  high  productivity.  This  correlated  with  a 
very  high  organic  matter  content.  The  microbial 
activity  in  the  sediments  of  these  lakes,  however, 
was  rather  low,  especially  in  chtonyeutrophic 
lakes.  This  can  be  explained  by  the  low  content  of 
readily  degradable  organic  matter,  anaerobic  con- 
ditions, low  temperature  and  pH  values.  In  chton- 
yoligotrophic  lakes  the  activity  of  benthic  micro- 
flora was  about  2  orders  higher  than  in  oligotro- 
phic lakes.  The  sediment-water  interface  in  the 
different  types  of  lakes  is  the  zone  of  a  very  high 
number  and  activity  of  microorganisms.  The  mi- 
crobiological parameters  depend  on  the  character 
of  the  sediments,  mainly  the  amount  and  quality  of 
organic  matter,  which  in  turn  depend  on  the  pro- 
ductivity of  the  lakes.  (Sand-PTT) 
W90-05478 


PARTICULATE  ORGANIC  MATTER  AND  ITS 
ROLE  IN  THE  FORMATION  OF  WATER 
QUALITY  IN  LAKE  SEVAN  (ARMENIA). 

Akademiya  Nauk  Armyanskoi  SSR,   Sevan.   Hy- 

drobiological  Station. 

L.  O.  Glushchenko. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  265-271,  November  1989.  2 

fig,  2  tab,  12  ref. 

Descriptors:  'Limnology,  'Eutrophication, 
•Lakes,  'Water  quality,  'Particulate  matter,  'Or- 
ganic matter,  'Phytoplankton,  'Primary  produc- 
tivity, Seasonal  variation,  Chlorophyll  a,  Lake 
Sevan,  Armenia. 

The  factors  affecting  particulate  organic  matter 
(POM)  content  in  Lake  Sevan  were  studied.  The 
main  source  of  POM  is  plankton  primary  produc- 
tion (PP);  the  portion  of  allochthonous  POM 
(rivers,  precipitation,  aeola  drift)  does  not  exceed 
10%  plankton  primary  productivity.  The  two 
year's  comparison  (1982-83)  between  POM  and 
chlorophyll  a  concentration  shows  that  spring  and 
autumn  maxima  of  POM  are  caused  by  phyto- 
plankton vegetation.  The  retrospective  estimation 
of  POM  contents  in  Lake  Sevan  during  eutroph- 
ication is  given.  The  lake  level  decrease  caused  an 
increase  in  the  contribution  of  resuspension,  as 
calculated  by  an  empirical  formula.  (Author's  ab- 
stract) 


W90-05479 


MICROBIOLOGICAL  STUDIES  OF  LAKE 
ACIDIFICATION:  TOXICOLOGICAL  IMPLI- 
CATIONS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05480 


TRANSDUCTION  OF  LINKED  CHROMOSOM- 
AL GENES  BETWEEN  PSEUDOMONAS  AER- 
UGINOSA STRAINS  DURING  INCUBATION 
IN  SITU  IN  A  FRESHWATER  HABITAT. 

Stritch  School  of  Medicine,  Maywood,  IL.  Dept. 
of  Biochemistry. 

D.  J.  Saye,  O.  A.  Ogunseitan,  G.  S.  Sayler,  and  R. 
V.  Miller. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  56,  No.  1,  p  140-145,  January 
1990.  3  fig,  5  tab,  18  ref.  EPA  cooperative  agree- 
ment CR815234. 

Descriptors:  'Aquatic  bacteria,  *Limnology,  •Bac- 
terial physiology,  'Pseudomonas,  'Bacteriophage, 
•Aquatic  habitats,  Genetics,  Transduction,  Lyso- 
geny. 

Both  transduction  of  single  chromosomal  loci  and 
cotransduction  of  closely  linked  loci  were  ob- 
served between  lysogenic  and  nonlysogenic  strains 
of  Pseudomonas  aeruginosa  in  a  freshwater  habitat. 
Transductants  were  recovered  at  frequencies  of 
0.000001  to  0.00001  transductants  per  colony  form- 
ing unit  (CFU).  Transductants  of  lysogenized 
strains  were  recovered  10-fold  to  100-fold  more 
frequently  than  were  transductants  of  nonlyso- 
genic parents.  Lysogens  are  thus  capable  of  intro- 
ducing phases  which  mediate  generalized  transduc- 
tion into  the  natural  microbial  community  and 
serving  as  recipients  of  transduced  DNA.  It  would 
appear  that  lysogeny  has  the  potential  of  increasing 
the  size  and  flexibility  of  the  gene  pool  available  to 
natural  populations  of  bacteria.  The  ability  to  gen- 
erate and  select  new  genetic  combinations  through 
phase-mediated  exchange  can  be  significant  in  the 
face  of  a  continually  changing  environment  and 
may  contribute  to  the  apparent  fitness  of  the  lyso- 
genic state  in  natural  ecosystems.  (Author's  ab- 
stract) 
W90-05483 


EFFECTS  OF  ACID  STRESS  ON  AEROBIC  DE- 
COMPOSITION OF  ALGAL  AND  AQUATIC 
MACROPHYTE  DETRITUS:  DIRECT  COM- 
PARISON IN  A  RADIOCARBON  ASSAY. 

Georgia  Univ.,  Athens.  Inst,  of  Ecology. 

S.  A.  Schoenberg,  R.  Benner,  A.  Armstrong,  P. 

Sobecky,  and  R.  E.  Hodson. 

Applied       and       Environmental       Microbiology 

AEMIDF,   Vol.   56,   No.    1,   p  237-244,   January 

1990.   5   fig,   5  tab,   30  ref.   U.S.   Department  of 

Energy  contract  DE-AC09-76SROO-819. 

Descriptors:  'Detritus,  'Acid  rain  effects,  'Acidic 
water,  'Decomposing  organic  matter,  'Phyto- 
plankton, 'Algae,  'Macrophytes,  Lakes,  Swamps, 
Salt  marshes,  Lignocellulose,  Hydrogen  ion  con- 
centration, Okefenokee  Swamp,  Sapelo  Island, 
Georgia,  Aerobic  decomposition. 

Radiolabeled  phytoplankton  and  macrophyte  lig- 
nocelluloses  were  incubated  at  pH  4  and  7  in  water 
from  a  naturally  acidic  freshwater  wetland  (Okefe- 
nokee Swamp;  ambient  pH,  3.8  to  4.2),  a  freshwa- 
ter reservoir  (L-Lake;  pH  6.7  to  7.2),  and  a  marine 
marsh  (Sapelo  Island;  pH  ca  7.8).  The  data  suggest 
that  acidity  is  an  important  factor  in  explaining  the 
lower  decomposition  rates  of  algae  in  Okefenokee 
Swamp  water  relative  to  L-Lake  or  Sapelo  Island 
water.  The  decomposition  of  algal  substrate  was 
less  sensitive  to  low  pH  (ca  5  to  35%  inhibition) 
than  was  the  decomposition  of  lignocellulose  (ca 
30  to  70%  inhibition).  The  substrate-dependent 
differences  were  greater  and  more  consistent  in  slat 
marsh  than  in  L-Lake  incubations.  In  both  fresh- 
water sites,  the  extent  to  which  decomposition  was 
suppressed  by  acidity  was  greater  for  green  algal 
substrate  than  for  mixed  diatom  or  blue-green  algal 
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(cyanobacterial)  substrates.  The  use  of  different 
bases  to  adjust  pH  or  incubation  in  a  defined 
saltwater  medium  had  no  significant  effect  on  sub- 
strate-dependent differences.  Although  pH  differ- 
ences with  lignocellulose  were  larger  in  marine 
incubations,  amendment  of  lakewater  with  marine 
bacteria  or  with  calcium,  known  to  stabilize  exoen- 
zymes  in  soils,  did  not  magnify  the  sensitivity  of 
decomposition  to  acid  stress.  (Author's  abstract) 
W90-05487 


CLIMATIC  AND  HYDROLOGIC  EFFECTS  ON 
THE  REGENERATION  OF  POPULUS  ANGUS- 
TIFOLIA  JAMES  ALONG  THE  ANIMAS 
RIVER,  COLORADO. 

Wisconsin  Univ.-Madison.   Dept.   of  Geography. 
For  primary  bibliographic  entry  see  Field  21. 
W90-05490 


NUTRD2NT  CYCLING  AT  THE  LAND- WATER 
INTERFACE.  THE  IMPORTANCE  OF  THE  RI- 
PARIAN ZONE. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Rangeland 

R  psourccs 

For  primary  bibliographic  entry  see  Field  4C. 

W90-05501 


MANAGEMENT  IMPLICATIONS  FOR  RIPAR- 
IAN DOMINANCE  TYPES  OF  MONTANA. 

Montana  Univ.,  Missoula.  School  of  Forestry. 
For  primary  bibliographic  entry  see  Field  6B. 
W90-05504 

HABITAT  USE  BY  BEAVER  ALONG  THE  BIG 
SIOUX  RIVER  IN  EASTERN  SOUTH  DAKOTA. 

South  Dakota  State  Univ.,  Brookings.  Dept.  of 
Wildlife  and  Fisheries. 
C.  D.  Dieter,  and  T.  R.  McCabe. 
IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  135- 
140.  2  fig,  55  tab,  23  ref. 

Descriptors:  'Riparian  vegetation,  *Land  manage- 
ment, *Water  resources  management,  *Water  law, 
•Trees,  *Riparian  land,  *Beavers,  'South  Dakota, 
•Animal  behavior,  Grazing,  Castor,  Vegetation  re- 
growth. 

Habitat  use  by  beavers  Castor  canadensis  was  in- 
vestigated during  1985  and  1986  in  grazed  and 
ungrazed  areas  along  the  Big  Sioux  River  in  east- 
ern South  Dakota.  Almost  half  (48%)  of  the  trees 
in  ungrazed  areas  were  small  (diameter  at  breast 
height  <  7.5  cm),  but  a  majority  (58%)  of  the  trees 
in  grazed  areas  had  large  diameters  (diameter  >  30 
cm).  Beaver  activity  was  evident  on  280  of  2369 
(11.8%)  trees  (diameter  >  2.5  cm)  and  756  of  7794 
(9.7%)  stems  (diameter  </=  2.5  cm)  sampled.  A 
greater  proportion  of  trees  were  cut  by  beavers  in 
ungrazed  than  in  grazed  areas.  Beaver  did  not 
select  tree  species  for  cutting  according  to  avail- 
ability. Trees  cut  by  beaver  were  significantly 
smaller  in  diameter  than  uncut  trees.  Mean  distance 
from  water  of  cut  trees  was  less  than  for  uncut 
trees.  Over  half  (52%)  of  the  trees  damaged  by 
beaver  either  resprouted  or  remained  alive  and 
standing.  (See  also  W90-05491)  (Author's  abstract) 
W90-05511 


RESERVOIR      FISHERIES      MANAGEMENT: 

STRATEGIES  FOR  THE  80'S. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05514 

MANAGEMENT  OF  FISHERIES  ON  LARGE 
AFRICAN  RESERVOIRS -AN  OVERVIEW. 

Food  and  Agriculture  Organization  of  the  United 
Nations,  Rome  (Italy).  Fishery  Resources  and  En- 
vironment Div. 

For  primary  bibliographic  entry  see  Field  81. 
W90-05516 

MANAGEMENT  OF  THE  PHYSICAL  AND 
CHEMICAL  ENVIRONMENT:  EFFECTS  OF 
WATER-LEVEL   CHANGES   ON   RESERVOIR 


ECOSYSTEMS,    WITH    IMPLICATIONS    FOR 
FISHERIES  MANAGEMENT. 

Aquatic  Ecosystem  Analysts,  Fayetteville,  AR. 
For  primary  bibliographic  entry  see  Field  81. 
W90-05517 

MODIFYING  RESERVOIR  FISH  HABITAT 
WITH  ARTIFICIAL  STRUCTURES. 

Tennessee  Valley  Authority,  Knoxville. 
For  primary  bibliographic  entry  see  Field  81. 
W90-05518 

LIMNOLOGICAL  AND  ECOLOGICAL 

CHANGES  ASSOCIATED  WITH  RESERVOIR 
AGING. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

B.  L.  Kimmel,  and  A.  W.  Groeger. 
IN:  Reservoir  Fisheries  Management:   Strategies 
for  the  80's.  American  Fisheries  Society,  Bethesda, 
MD.  1986.  p  103-109.  3  fig,  42  ref.  U.S.  Depart- 
ment of  Energy  contract  W-7405-eng-26. 

Descriptors:  'Limnology,  'Reservoir  stages,  'Res- 
ervoirs, Reservoir  operation,  Reservoir  fisheries, 
Fish  management,  Fish,  Fisheries,  Water  quality, 
Aquatic  productivity,  Watershed  management, 
Management  planning. 

Much  scientific  attention  has  been  devoted  to  the 
'trophic  upsurge  and  depression'  observed  in  re- 
cently impounded  reservoirs;  however,  little  is 
known  of  the  longer-term  consequences  of  reser- 
voir aging.  Changes  in  the  trophic  status  of  water 
bodies  are  often  a  consequence  of  man-induced 
alterations  of  the  watershed,  rather  than  a  result  of 
the  natural,  gradual  accumulation  of  nutrients  and 
sediments.  Because  the  formation  of  a  man-made 
impoundment  frequently  promotes  additional  land- 
use  change  and  technological  development  within 
the  reservoir  watershed,  changes  in  water  quality 
and  biological  productivity  due  to  natural  reser- 
voir aging  may  be  minor  compared  to  the  effects 
of  man-induced  alterations  of  watershed-reservoir 
interactions.  Future  trends  in  reservoir  water  qual- 
ity and  sport  fisheries  production  will  depend  more 
on  our  ability  to  effectively  conduct  coordinated 
terrestrial  and  aquatic  resources  planning  and  man- 
agement on  a  whole-watershed  scale  than  on  the 
consequences  of  reservoir  aging  per  se.  Coordinat- 
ed research  on  selected  impoundments  and  their 
watersheds  is  needed  to  determine  the  sensitivity 
of  reservoir  ecosystems  to  various  levels  of  water- 
shed perturbation,  and  to  evaluate  the  effectiveness 
of  integrated  management  strategies.  (See  also 
W90-05514)  (Author's  abstract) 
W90-05519 


tively  correlated  with  elevation  above  mean  sea 
level,  log  total  alkalinity,  age  and  average  depth  of 
reservoirs,  the  prey-predator  ratio,  and  the  mor- 
phoedaphic  index.  No  significant  correlations  were 
found  between  growth  rate  and  length  of  growing 
season,  average  water  temperature  in  July,  total 
dissolved  solids,  surface  area,  shoreline  develop- 
ment, or  annual  water  level  fluctuation.  The  best 
predictive  model  of  growth  was  a  multiple  regres- 
sion that  included  the  independent  variables  log 
reservoir  age,  average  reservoir  depth,  log  reser- 
voir standing  stock,  and  the  prey-predator  ratio. 
(See  also  W90-05514)  (Author's  abstract) 
W90-05521 

SPATIAL    HETEROGENEITY    IN    FISH    PA- 
RAMETERS WITHIN  A  RESERVOIR. 

Duke  Power  Co.,  Huntersville,  NC.  Production 

Environmental  Services. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05522 


REVIEW  OF  WATER  LEVEL  MANAGEMENT 
ON  KANSAS  RESERVOIRS. 

Kansas  Fish  and  Game  Commission,  Emporia. 
For  primary  bibliographic  entry  see  Field  81. 
W90-05520 


FISHERY  MANAGEMENT  IN  COOLING  IM- 
POUNDMENTS. 

Duke  Power  Co.,  Huntersville,  NC.  Production 

Environmental  Services. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05523 


OVERVIEW  OF  RESERVOIR  FISHERIES 
PROBLEMS  AND  OPPORTUNITIES  RESULT- 
ING FROM  HYDROPOWER. 

Sport  Fishing  Inst.,  Washington,  DC. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05524 

FISHERIES  PROBLEMS  ASSOCIATED  WITH 
THE  TRUMAN  DAM  PUMPED  STORAGE  HY- 
DROELECTRIC PROJECT  IN  WEST  CENTRAL 
MISSOURI. 

Missouri  Dept.  of  Conservation,  Columbia. 
For  primary  bibliographic  entry  see  Field  81. 
W90-05525 

MANAGEMENT  OF  LARGEMOUTH  BASS  IN 
A  PERCHED  COOLING  POND  IN  ILLINOIS. 

Illinois  Power  Co.,  Clinton.  Clinton  Power  Sta- 
tion. 

For  primary  bibliographic  entry  see  Field  81. 
W90-05526 

ASH  BASIN  EFFLUENTS  AS  A  CONCERN  OF 
FISHERIES  MANAGERS:  A  CASE  HISTORY 
AND  PERSPECTIVE. 

Duke  Power  Co.,  Huntersville,  NC.  Production 

Environmental  Services. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05527 


EFFECTS  OF  ENVIRONMENTAL  FACTORS 
ON  GROWTH  OF  LARGEMOUTH  BASS  IN 
TEXAS  RESERVOIRS. 

Texas  Parks  and  Wildlife  Dept.,  Ingram.  Heart  of 

the  Hills  Research  Station. 

L.  E.  Miranda,  and  P.  P.  Durocher. 

IN:   Reservoir  Fisheries  Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda, 

MD.  1986.  p  115-121.  1  fig,  2  tab,  32  ref. 

Descriptors:  'Limnology,  'Reservoir  fisheries, 
'Water  properties,  'Chemical  properties,  'Physi- 
cal properties,  'Fish  populations,  'Bass,  Growth, 
Alkalinity,  Reservoirs,  Water  temperature,  Water 
level  fluctuations,  Fish,  Model  studies,  Environ- 
mental effects. 

The  effects  of  13  environmental  factors  on  growth 
of  largemouth  bass  (Micropterus  salmoides)  in  55 
Texas  reservoirs  were  examined  through  regres- 
sion analyses.  Growth  was  measured  as  the  aver- 
age age  at  which  largemouth  bass  in  a  population 
reached  254-mm  total  length  (the  statewide  mini- 
mum length  limit).  Growth  was  positively  corre- 
lated with  log  reservoir  standing  stock  and  nega- 


MANAGEMENT  OF  RESERVOIR  RELEASES: 
IMPROVING  THE  DOWNSTREAM  ENVIRON- 
MENT BY  RESERVOIR  RELEASE  MODIFICA- 
TIONS. 

Tennessee  Valley  Authority,  Knoxville.  Div.  of 

Air  and  Water  Resources. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05528 


LITHOLOGY,  MINERALOGY,  AND  PALEON- 
TOLOGY OF  QUATERNARY  LAKE  DEPOSITS 
IN  LONG  VALLEY  CALDERA,  CALIFORNIA. 

Geological  Survey,  Menlo  Park,  CA.  Water  Re- 
sources Div. 
R.  B.  Fournier. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-413,  1989.  95p,  21  fig,  8  tab, 
58  ref,  5  append. 

Descriptors:  'California,  'Paleolimnology,  'Lake 
sediments,  Long  Valley  Caldera,  Caldera  lakes, 
Sediments,  Lithology,  Mineralogy,  Cores,  Salinity. 
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Group  2H — Lakes 

Drill  cores  and  cuttings  from  two  drill  holes,  about 
3  km  apart,  in  Long  Valley  caldera.  Mono  County, 
California,  were  studied  using  x-ray  diffraction  and 
optical  methods,  A  thick  sequence  of  tuffs  and  lake 
sediments  was  encountered  in  LVCH-I  (1,000  ft 
deep)  and  Republic  well  66-29  (6,920  ft  deep), 
drilled  in  the  southeast  part  of  the  Long  Valley 
caldera.  Ostracods,  diatoms,  and  isotopic  data  indi- 
cate that  the  sediments  and  tuffs  were  deposited  in 
a  shallow  caldera  lake  which  changed  in  salinity 
over  time.  Conditions  ranged  from  very  saline  in 
the  older  lake  to  fresh  in  the  youngest.  The  se- 
quence of  secondary  minerals  from  top  to  bottom 
is:  clinoptilolite,  mordenite,  analcime,  K-feldspar 
(and  albite).  In  some  geothermal  systems,  this  se- 
quence of  secondary  minerals  is  a  function  of  tem- 
perature; however,  the  paleontological  and  isotop- 
ic data  indicate  that  the  change  in  secondary  min- 
erals with  increasing  depth  is  due  to  the  older 
strata  being  deposited  in  a  more  saline  environ- 
ment. No  mineralogical  evidence  of  hydrothermal 
alteration  is  present,  although  the  high  lithium 
content  of  some  clays  and  feldspars  and  the  isotop- 
ic composition  of  some  sulfate  (gypsum)  seems  to 
require  a  hydrothermal  source.  (Lantz-PTT) 
W90-05551 


ORGANIC  GEOCHEMISTRY  AND  BRINE 
COMPOSITION  IN  GREAT  SALT,  MONO 
AND  WALKER  LAKES. 

Johns  Hopkins  Univ.,   Baltimore,   MD.   Dept.   of 

Earth  and  Planetary  Sciences. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-05595 


SEDIMENTATION   SURVEY   OF   LAGO   DOS 
BOCAS,  PUERTO  RICO,  JUNE  1985. 

Geological    Survey,    San    Juan,    PR.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2J. 
W90-05608 


WATER  QUALITY  AND  RESTORATION  OF 
THE  LOWER  OCONTO  RIVER,  OCONTO 
COUNTY,  WISCONSIN. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
For  primary  bibliographic  entry  see  Field  5G 
W90-05610 


POPULATION  DYNAMICS  OF  SMALL- 
MOUTH  BASS  (MICROPTERUS  DOLOMIEUI) 
IN  THE  GALENA  (FEVER)  RIVER  AND  ONE 
OF  ITS  TRIBUTARIES. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
A.  M.  Forbes. 

Technical  Bulletin  No.  165,  1989.  20p,  5  fig,  13  tab, 
44  ref,  append. 

Descriptors:  'Stream  fisheries,  'Bass,  *Galena 
River,  'Wisconsin,  *Fish  populations,  Pats  Creek, 
Biomass,  Fish  management,  Water  pollution  con- 
trol. 

The  smallmouth  bass  fishery  of  the  Galena  (Fever) 
River  in  southwestern  Wisconsin  maintained  a  fa- 
vorable reputation  among  anglers  through  the 
1970s  when  dramatic  population  declines  were  sus- 
pected in  other  streams  in  the  region.  Populations 
were  sampled  in  the  Galena  River  and  one  of  its 
tributaries,  Pats  Creek,  from  1981-84.  Population 
estimates  by  age  group  revealed  interesting  differ- 
ences between  the  river  and  tributary  populations. 
Although  both  populations  were  dominated  by  the 
exceptional  1980  year  class  in  1981  and  1982  sam- 
ples, many  fish  from  this  cohort  remained  in  the 
river  throughout  the  study  period,  while  the  tribu- 
tary supported  few  fish  after  1982.  This  observa- 
tion, coupled  with  data  from  other  year  classes  and 
comparisons  of  habitat,  temperature,  and  flow 
characteristics  between  the  river  and  its  tributary, 
suggested  that  Pats  Creek  serves  as  a  spawning  and 
nursery  habitat  and  that  bass  move  to  more  suitable 
adult  habitat  after  age  2  or  3.  However,  selective 
mortality  of  these  older  fish  cannot  be  eliminated 
as  a  possible  factor  in  determining  the  age  structure 
of  the  Pats  Creek  population  Population  density 
and  biomass  estimates  for  Galena  River  small- 
mouth  bass  equaled  or  exceeded  those  for  other 
stream    populations    in    Wisconsin    and    adjacent 


states.  Other  population  and  fishery  parameters  in 
the  Galena  River  (growth,  mortality,  fishing  pres- 
sure, harvest)  were  generally  intermediate  in  value 
compared  to  data  from  other  populations.  Small- 
mouth  bass  growth  was  excellent  in  Pats  Creek  up 
to  age  3,  but  was  low  for  those  few  fish  that 
remained  as  adults.  Mortality  estimates  were  more 
variable  in  the  Pats  Creek  population,  and  fishing 
pressure  was  negligible  or  absent.  Management 
recommendations  resulting  from  this  study  includ- 
ed the  following:  continued,  regular  population 
assessment  by  personnel  of  the  Department  of  Nat- 
ural Resources  Bureau  of  Fisheries  Management; 
continued  support  for  fish  managers  to  purchase 
streamside  easements  and  to  facilitate  the  improve- 
ment of  bank  condition  and  riparian-zone  land 
management;  and  continued  or  increased  support 
for  programs  to  reduce  nonpoint  source  impacts  on 
stream  water  quality  and  habitat.  (Author's  ab- 
stract) 
W90-05611 


ECOLOGY  OF  THE  LOWER  COLORADO 
RIVER  FROM  DAVIS  DAM  TO  THE  MEXICO- 
UNITED  STATES  INTERNATIONAL  BOUND- 
ARY: A  COMMUNITY  PROFILE. 

Arizona  State  Univ.,  Tempe.  Center  for  Environ- 
mental Studies. 

For  primary  bibliographic  entry  see  Field  6G 
W90-05616 


21.  Water  In  Plants 


NITRIFICATION-DENITRIFICATION  AT  THE 
PLANT  ROOT-SEDIMENT  INTERFACE  IN 
WETLANDS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  2H 
W90-04650 


ENVIRONMENTAL  FACTORS  AFFECTING 
PHYSIOGNOMIC  AND  FLORISTIC  VARIA- 
TION IN  AN  AREA  OF  CERRADO  IN  CEN- 
TRAL BRAZIL. 

Escola  Superior  de  Agricultura  de  Lavras  (Brazil). 

Dept.  de  Ciencias  Florestais. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04725 


IRRIGATION  SCHEDULING  MODEL  WITH 
GROUNDWATER  AND  LIMITED  ROOTING. 

Ahmadu  Bello  Univ.,  Zaria  (Nigeria).  Inst,  for 
Agricultural  Research,  Irrigation  Research  Pro- 
gram. 

For  primary  bibliographic  entry  see  Field  3F. 
W90-04816 


ACCURACY     OF    ESTIMATED    REFERENCE 
CROP  EVAPOTRANSPIRATION. 

Utah  State  Univ.,   Logan.   Dept.  of  Agricultural 

and  Irrigation  Engineering. 

For   primary   bibliographic   entry   see   Field   2D. 

W90-04820 


SEASONAL  DYNAMICS  OF  PRODUCTION, 
AND  NUTRIENT  ACCUMULATION  AND  CY- 
CLING BY  PHRAGMITES  AUSTRALIS  (CAV.) 
TRIN.  EX  STUEDEL  IN  A  NUTRIENT-EN- 
RICHED SWAMP  IN  INLAND  AUSTRALIA.  I. 
WHOLE  PLANTS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Griffith  (Australia).  Centre  for  Irri- 
gation Research. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-04882 


SEASONAL  DYNAMICS  OF  PRODUCTION, 
AND  NUTRIENT  ACCUMULATION  AND  CY- 
CLING BY  PHRAGMITES  AUSTRALIS  (CAV.) 
TRIN.  EX  STUEDEL  IN  A  NUTRIENT-EN- 
RICHED SWAMP  IN  INLAND  AUSTRALIA.  II. 
INDIVIDUAL  SHOOTS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization.  Griffith  (Australia).  Centre  for  Irri- 
gation Research. 


For  primary  bibliographic  entry  see  Field  2H. 

W90-04883 


VEGETATION  OF  THE  SPECIAL  ZOOLOGI- 
CAL  RESERVE  OF  KOPACKI  RIT. 

Osijek  Univ.  (Yugoslavia). 

J.  Topic. 

Hydrobiologia  HYDRB8,  Vol.  182,  No.  2,  p  149- 

160,  1989.  1  fig,  8  tab,  18  ref. 

Descriptors:  'Vegetation,  'Flood  plains,  'Yugo- 
slavia, Plant  communities,  Succession,  Flood  ef- 
fects. 

The  results  of  several  years'  surveys  on  the  vegeta- 
tion of  the  Special  Zoological  Reserve  of  Kopacki 
Rit,  Yugoslavia,  are  presented.  Over  this  large 
floodplain  of  the  Danube  and  Drava  rivers  differ- 
ent types  of  hygrophytic  and  hydrophytic  commu- 
nities are  found.  Some  of  them  are  relatively  con- 
stant, having  persisted  in  this  Reserve  for  many 
years  with  a  relatively  stable  distribution.  Some 
other  communities,  particularly  aquatic  ones, 
appear  periodically,  and  their  area  is  directly  influ- 
enced by  surface  water  area  and  flood  duration. 
The  vegetation  can  be  divided  into  36  plant  com- 
munities within  the  classes  Lemnetea,  Potamoge- 
tonetea,  Littorelletea,  Phragmitetea,  Isoeto-Nano- 
juncetea,  Bidentetea  tripartitae,  Chenopodietea, 
Plantaginetea  majoris,  Molinio-Arrhenatheretea 
and  Querco-Fagetea.  True  succession  was  only 
observed  on  a  few  sand  deposits,  artifically  made, 
where  the  initial  stage  of  a  willow  woods  is  devel- 
oping. The  majority  of  old  woods  belonging  to  the 
association  Galio-Salicetum  albae  are  in  their  ter- 
minal stage.  (Author's  abstract) 
W90-04893 


ROLE  OF  WATER  RETAINING  SUBSTRATA 
ON  THE  PHOTOSYNTHETIC  RESPONSE  OF 
THREE  DROUGHT  TOLERANT  PHOTOTRO- 
PHIC  MICRO-ORGANISMS  ISOLATED  FROM 
A  TERRESTRIAL  HABITAT. 
Amsterdam  Univ.  (Netherlands).  Lab.  voor  Micro- 
biologic. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05034 


INFLUENCE  OF  TEMPERATURE  AND  LIGHT 
INTENSITY  ON  ACTIVITY  OF  WATER  HYA- 
CINTH (EICHHORNIA  CRASSIPES  (MART.) 
SOLMS). 

Ljubljana  Univ.  (Yugoslavia).  Biological  Inst. 
For   primary   bibliographic   entry   see   Field   5D 
W90-05340 


GROWTH  AND  DEVELOPMENT  OF  POTA- 
MOGETON  DISTINCTUS  IN  AN  IRRIGATION 
POND  IN  SW  JAPAN. 

Oldenburg  Univ.  (Germany,  F.R.). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05380 


MASS  MOVEMENT  OF  RIVER  ICE  CAUSES 
SEVERE  TREE  WOUNDS  ALONG  THE 
GRANDE  RONDE  RIVER  IN  NORTHEAST- 
ERN OREGEON. 

Forest    Service,    La   Grande,   OR.    Forestry   and 

Range  Sciences  Lab. 

For  primary  bibliographic  entry  see  Field  2C. 

W90-05381 


CLIMATIC  AND  HYDROLOGIC  EFFECTS  ON 
THE  REGENERATION  OF  POPULUS  ANGUS- 
TIFOLIA  JAMES  ALONG  THE  ANIMAS 
RIVER,  COLORADO. 

Wisconsin  Univ.-Madison.  Dept.  of  Geography 
W.  L.  Baker. 

Journal  of  Biogeography  JBIODN,  Vol.  17,  No.  1, 
p  59-73,  January  1990.  5  fig,  9  tab,  62  ref.  NSF 
grant  SES-8601079. 

Descriptors:  'Floods,  'Climatic  fluctuations,  'For- 
ests, 'Riparian  vegetation,  Cottonwood  trees,  Pop- 
ulation dynamics,  Animas  River,  Colorado,  Life 
history  studies,  Model  studies. 
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WATER  CYCLE— Fielf  2 


Erosion  and  Sedimentation— Grouf  2J 


The  dates  of  origin  of  riparian  forests  dominated 
by   Populus  angustifolia,   and   recent   interannual 
fluctuation  in  P.  angustifolia  seedling  abundance  on 
a  relatively  undisturbed  6-mile  reach  of  the  Animas 
River  in  southwestern  Colorado,  were  investigat- 
ed The  goal  was  to  develop  plausible  hypotheses 
about  the  roles  of  floods  and  interannual  climatic 
fluctuation  in  structuring  these  forests.  The  year  of 
origin  of  242  recently-established  seedling  and  57 
forest  stands  was  determined,  and  empirical  models 
were  developed  relating  seedling  abundance  and 
stand-origin  events  to  climatic  and  hydrologic  fluc- 
tuations. Seedlings  were  most  abundant  in  years 
with  cool  winters,  wet  springs,  and  cool,  wet  falls. 
Both  good  seedling  years  and  stand-origin  years 
were  associated  with  winter  blocking  in  the  North 
Pacific  and  a  persistent  late-summer  Arizona  mon- 
soon. Extant  stands  originated  in  10  to  13  discrete 
periods  between   1848-1976,  in  years  with  both 
high  spring  and  fall   peak   discharges.   Expected 
seedling  abundance  and  stand-origin  dates  since 
1914  were  reconstructed  using  climate  data,  and 
were  extended  to  1556  using  tree-ring  chronolo- 
gies. Model  results  suggest  good  seedling  years 
occurred  more  frequently  (about  every  3.4  years) 
than  stand-origin  years  (about  every  10-15  years). 
Good  seedling  years  were  2-3  times,  and  stand- 
origin  years  were  5  times  more  common  from  1848 
to  1985  than  from  1556  to  1848.  Recent  expansion 
of  P  angustifolia  may  have  been  favored  by  more 
frequent  cool,  wet  years  since  1848.  (Author's  ab- 
stract) 
W90-05490 

23.  Erosion  and  Sedimentation 

ESTUARINE  COHESIVE  SEDIMENT  SUSPEN- 
SION BEHAVIOR.  • 

Florida  Univ.,  Gainesville.  Coastal  and  Oceano- 

graphic  Engineering  Lab.  • 

For  primary  bibliographic  entry  see  Field  2L. 
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BED    LOAD    TRANSPORT    OF    SAND    MIX- 
TURES IN  ESTUARIES:  A  REVIEW. 

Old    Dominion    Univ.,    Norfolk,    VA.    Dept.    ot 

Oceanography. 

For  primary  bibliographic  entry  see  hield  ZL. 

W90-O4562 

SEDIMENT  PROCESSES  IN  ESTUARIES: 
FUTURE  RESEARCH  REQUIREMENTS. 

Plymouth  Polytechnic  (England).  Inst,  of  Marine 

Studies.  ,  •  c-  ,  ,  ,, 

For  primary  bibliographic  entry  see  hield  zl. 
W90-04563 

RESEARCH  ON  EROSIVE  PROPERTIES  OF 
COHESIVE  SEDIMENTS. 

Waterloopkundig  Lab.  te  Delft  (Netherlands). 
C.  Kuijper,  J.  M.  Cornelisse,  and  J.  C. 
Winterwerp. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,341-14,350,  Octo- 
ber 15  1989.  13  fig,  4  tab,  9  ref. 

Descriptors.  'Channel  erosion,  *Scour,  *Sediment 
transport,  *Bed  load,  'Sediment  erosion,  Fluvial 
sediments,  Erosion,  Sediment  distribution,  Bottom 
sediments,  Estuaries. 

To  describe  the  transport  of  cohesive  sediments,  it 
is  necessary  to  specify  the  erosion  flux  at  the  bed. 
Experiments  on  the  erosion  of  soft  mud  layers  in  a 
steady  flow  were  performed  in  the  Delft  Tidal 
Flume  and  in  an  annular  flume.  The  results  were 
analyzed  using  the  erosion  rate  function  as  derived 
by  Parchure  and  Mehta.  It  is  concluded  that  a 
reasonable  description  is  possible.  However  the 
floe  erosion  rate  appeared  to  be  a  function  of  the 
bed  shear  stress.  In  one  case,  the  erosion  rate 
function  needed  to  be  adjusted  slightly  in  order  to 
obtain  agreement  between  measured  and  calculat- 
ed suspension  concentrations.  (Author's  abstract) 
W90-04564 

GEOMORPHOLOGIC        AND        SEDIMENT 
TRANSPORT    CHARACTERISTICS    OF    THE 


MIDDLE  REACH  OF  THE  BAHIA  BLANCA 
ESTUARY  (ARGENTINA). 

Instituto     Argentino     de     Oceanografia,      Bahia 

Blanca.  ,  .  rr  u  it 

For  primary  bibliographic  entry  see  Field  2L. 
W90-04565 

CALIBRATION  OF  A  GENERAL  OPTICAL 
EOUATION  FOR  REMOTE  SENSING  OF  SUS- 
PENDED SEDIMENTS  IN  A  MODERATELY 
TURBID  ESTUARY. 

National  Environmental  Satellite,  Data,  and  Infor- 
mation Service,  Washington,  DC. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04566 

TRANSPORT  PROCESSES  OF  SUSPENDED 
MATTER  DERIVED  FROM  TIME  SERIES  IN  A 
TIDAL  ESTUARY.  ■ 

GK.SS  -  Forschungszentrum  Geesthacnt  U.m.D.n., 
Geesthacht-Tesperhude  (Germany,  F.R.) 
I.  Grabemann,  and  G.  Krause. 
Journal    of    Geophysical    Research    (C)    Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,373-14,379,  Octo- 
ber 15  1989.  9  fig,  14  ref. 

Descriptors:  'Sediment  transport,  'Suspended 
load,  'Suspended  sediments,  'Estuaries,  Sediment 
concentration,  Bottom  sediments,  Remote  sensing, 
Deposition,  Sediment  distribution,  Instrumenta- 
tion. 

Optical  beam  transmittance  meters  integrated  into 
Aanderaa  current  meters  were  used  to  measure 
long  time  series  of  suspended  matter  concentration 
simultaneously  with  current  velocity  and  salinity  in 
the  turbidity  maximum  of  the  Weser  estuary  (shal- 
low coastal  plain  estuary  of  the  North  Sea).  They 
cover  the  spectrum  from  10  min  to  several  months. 
The  time  histories  of  concentrations  and  fluxes  are 
shown  for  particular  characteristic  locations  within 
the  turbidity  medium.  The  analyses  demonstrate 
that   the   tidal   dynamics   of  deposition   into   and 
resuspension  of  particles  from  temporally  and  spa- 
tially limited  material  sources  at  the  bottom  is  the 
dominant  process  in  the  turbidity  maximum  while 
the  nontidal  gravitational  circulation  acts  as  a  long- 
term   source   and   sink.   The   concentration   time 
series  are  useful  to  test  mathematical  models  ot 
particle  dynamics  in  estuaries.  Such  models  not 
only  have  to  include  temporary  material  sources  at 
the  bottom  but  must  also  provide  for  the  effect  of 
regular    depletion    and    accumulation    of    these 
sources.  There  is  remarkable  repeatability  of  con- 
centration patterns  during  similar  discharge  condi- 
tions. (Author's  abstract) 
W90-04567 

DATA  INTERPRETATION  AND  NUMERICAL 
MODELING  OF  THE  MUD  AND  SUSPENDED 
SEDIMENT  EXPERIMENT  1985. 

Hanover  Univ.  (Germany,  F.R).  Inst,  fuer  Stroe- 
mungsmechanik  und  Elektronisches  Rechnen  lm 
Bauwesen. 

G.  Lang,  R.  Schumbert,  M.  Markofsky,  H.  U. 
Fanger,  and  I.  Grabemann. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,381-14,393,  Octo- 
ber 15  1989.  13  fig,  1  tab,  24  ref. 


Descriptors:  'Sediment  transport,  'West  Germa- 
ny, 'Model  studies,  'Mud,  'Suspended  load,  'Sus- 
pended sediments,  'Turbidity,  Numerical  models, 
Turbidity  flow,  Estuaries,  On-site  data  collections, 
Hydrodynamics,  Deposition,  Instrumentation, 
Data  interpretation. 

In  1985,  a  fieled  survey  was  performed  in  the 
Weser  estuary  (Northern  W.  Germany)  covering  a 
30-km-long  section  to  study  the  turbidity  maximum 
in  its  complete  extension.  Moored  instruments  as 
well  as  shipborne  vertical  profilers  were  used  in 
the  survey.  The  measured  data  were  employed  in 
close  connection  with  numerical  simulations  using 
a  three-dimensional  finite-difference  model.  The 
common  aim  of  the  investigations  was  to  arrive  at 
a  better  understanding  of  the  hydrodynamics  and 
the  transient  and  spatial  dynamics  of  the  turbidity 
maximum  in  the  Weser  estuary.  The  overall  behav- 
ior of  the  turbidity  maximum  resembles  a  cyclic 


process,  wherein  deposition,  resuspension,  M  ad- 
vection  of  resuspended  sediments  are  the  djminant 
processes.  The  conceptual  model,  derived  fom  tne 
measurements,   was  confirmed   by   the   r/mierical 
simulations.  This  is  demonstrated  by  th:  calculated 
distribution  of  suspended  sediment  aloi^  the  estu- 
ary as  well  as  by  the  calculated  deposition  and 
resuspension  rates  at  the  estuanne  be!  for  a  tidal 
cycle   Detailed  analyses  of  measured  data  (moor- 
ings) demonstrate  a  close  relationshipbetween  the 
local  near-bottom  velocity  gradient,  gratification 
and  turbulence  on  one  hand  and  tie  suspended 
sediment  concentration  on  the  othei  A  compari- 
son between  numerical  results  and  measured  data 
leads    to    an    improved    parameteruition    ot    tne 
bottom   shear   stress,   wherein   the  bottom   shear 
stress  is  calculated  from  the  near-bottom  Reynolds. 
stress,  with  consideration  of  the  stratification.  With 
this  parameterization,  it  is  shown  th(t  the  model  is 
able  to  reproduce  some  of  the  essfential  features 
reflected  in  the  measured  suspension  sediment  con- 
centration. (Author's  abstract) 
W90-04568 

DISTRIBUTIONS  OF  SUSPENDED  SEDIMENT 
AT  HIGH  WATER  IN  A  MACKOTIDAL  ESTU- 
ARY. .     ,  _. 
Marine  Biological  Association  o  the  United  King- 
dom, Plymouth  (England). 
R.  J.  Uncles,  and  J.  A.  Stephens. 
Journal    of    Geophysical    Research    (C)    Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,395-14,405,  Octo- 
ber 15  1989.  10  fig,  19  ref. 

Descriptors:  'England,  'Sediment  transport, 
'Sediment  distribution,  'Estuaries,  'Turbidity, 
'Simulation  analysis,  'Saline-freshwater  interlaces, 
Neap  tides,  Tides,  Deposition,  Sedimentation,  Re- 
gression analysis,  Spring  tides,  Suspended  sedi- 
ments. 

A  turbidity  maximum  is  consistently  observed  in 
the  upper  reaches  of  the  Tamar  estuary  at  high 
water     Neap    tide    suspended    particulate    matter 
(SPM)  concentrations  are  typically  20  ppm  at  high 
water;  spring  tide  concentrations  are  typically  an 
order  of  magnitude  greater.  The  location  of    he 
turbidity  maximum  is  usually  associated  with  the 
freshwater-saltwater    interface    but    occasionally 
occurs  further  up-estuary.  At  neap  tides,  the  maxi- 
mum is  less  defined  and  can  be  masked  by  freshwa- 
ter SPM  concentrations.  The  spring  tide  maximum 
is  generally  small  during  winter  periods,  when  it  is 
located  down-estuary,  and  reaches  its  largest  con- 
centrations during  summer  when  it  is  close  to  the 
head.  About  65%  of  the  variance  in  the  magnitude 
of  the  maximum  at  spring  tides  can  be  explained  in 
terms  of  it  distance  from  the  head.  The  position  ot 
the  maximum  is  determined  mainly  by  freshwater 
runoff  with   a   logarithmic   regression   explaining 
about  80%  of  the  variance.  Only  30-35%  ot  the 
variance  in  the  turbidity  maximum  magnitude  and 
location  at  neap  tides  can  be  explained  in  terms  o 
tidal  range  and  runoff.  A  tidal  resuspension  model 
is  considered  that  ignores  density  effects  but  that 
has  a  spatially  independent,  runoff  dependent  (but 
otherwise  time  independent)  erodibihty  constant  as 
a  single  'free'  parameter.  The  model  provides  a 
reasonable  description  of  the  magnitude  and  loca- 
tion of  the  turbidity  maximum  in  the  Tamar,  botn 
at  spring  and  neap  tides,  despite  the  fact  that  the 
maximum  usually  occurs  near  the  freshwater-salt- 
water interface  (which  in  itself  would  strongly 
suggest  that  gravitational  circulation  and  intratidal 
stability   effects  have   a  strong  influence  on  the 
location  of  the  maximum).  It  is  possible  that  all 
three  mechanisms  act  together  to  produce  a  much 
narrower  maximum  than  has  been  simulated,  with 
resuspension  being  enhanced  in  the  strongly  mixed 
freshwater  behind  the  interface,  and  tidal  pumping 
and    gravitational    circulation   accumulating   sedi- 
ment close  to  the  interface.  (Author's  abstract) 
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SUSPENDED  SEDIMENT  TRANSPORT  PROC- 
ESSES IN  CUMBERLAND  BASIN,  BAY  OF 
FUNDY. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia). 

C.  L.  Amos,  and  K.  T.  Tee. 
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Gr«op  2J — Erosion  and  Sedimentation 


JournJ  of  Geophysical  Research  (C)  Oceans 
JGRC7Y,  Yol.  94,  No.  10,  p  14,407-14,417,  Octo- 
ber 15  D89.  14  fig,  2  lab,  26  ref. 

Descript.rs:  'Sediment  transport,  'Suspended 
sediments  ICanada,  'Suspended  load,  'Bay  of 
Fundy,  SeJifcent  concentration,  Sediment  distribu- 
tion, Depos^ion,  Bed  load,  Bays,  Tidal  flats, 
Model  stud.ej. 

Cumberland  Basin,  located  at  the  head  of  Chig- 
necto  Bay,  Bty  of  Fundy,  exhibits  a  seaward  (ex- 
ponential)   dfcreasing,     time-dependent,     surface 
sediment  corctntration.  There  is  a  strong  correla- 
tion between  suspended  sediment  concentrations 
and  longitudhil  concentration  gradient.  A  similar 
correlation  w(s  found  in  Shepody  Bay,  Chignecto 
Bay,  and  Minis  Basin,  suggesting  that  an  equilibri- 
um condition  exists  between  the  two  variables. 
Total  suspended  mass  in  Cumberland  Basin  was 
constant  over  2  years  of  observation  (10  to  the 
1 1th  power  g)  despite  changes  in  sediment  concen- 
tration and  conceitration  gradient.  Temporal  con- 
trols  on    suspended    sediment    concentration    are 
river  influx,  ice  mtlting,  dispersion,  settling  on  the 
intertidal  mud  flak,  and  water  mass  exchange  at 
the  mouth  of  the  basin.  This  exchange  is  due  to 
cross-channel  velocity  variations;  exchanges  due  to 
tidal  current  asymmetry  and  settling  lag  are  small. 
A  simple  box  mocfcl  was  developed  to  study  the 
temporal  variation  of  total  suspended  sediment  in 
the  basin.  The  results  show  that  the  water  mass 
exchange  at  the  basn  mouth  varies  with  time  and 
is  the  dominant  factor  controlling  suspended  mass 
due  to  efficient  dampening  of  temporal  fluctuations 
in  suspended  mass.  (Ajthor's  abstract) 
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OBSERVATIONS  AND  MODEL  OF  SEDI- 
MENT TRANSPORT  NEAR  THE  TURBIDITY 
MAXIMUM  OF  THE  UPPER  SAINT  LAW- 
RENCE ESTUARY. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch 
P.  F.  Hamblin. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,419-14,428,  Octo- 
ber 15  1989.  11  fig,  22  ref. 

Descriptors:  'St  Lawrence  Estuary,  'Sediment 
transport,  'Suspended  sediments,  'Estuaries, 
•Tidal  currents,  'Sediment  distribution,  Tides,  Sus- 
pended load,  Deposition,  Model  studies,  Turbidity. 

The  need  to  investigate  the  role  of  suspended 
sediments  in  the  transport  and  fate  of  chemical 
contaminants  in  the  St.  Lawrence  estuary  has  led 
to  the  measurement  of  profiles  of  suspended  sedi- 
ments, horizontal  current,  temperature,  and  salinity 
at  an  anchor  station  approximately  60  km  down- 
stream from  the  turbidity  maximum.  Hourly  pro- 
files over  nearly  three  semidiurnal  tidal  cycles 
reveal  peaks  of  suspended  sediment  concentration 
following  maximum  flood  and  ebb  currents  at  the 
bottom,  whereas  near  the  surface  there  is  only  one 
maximum  in  suspended  sediment  concentrations 
per  tidal  cycle.  Observations  of  the  distributions  of 
suspended  sediment  and  its  horizontal  flux  suggest 
that  local  resuspension  is  the  controlling  factor  at 
the  measurement  site.  It  is  demonstrated  that  land- 
ward sediment  flux  in  the  lower  layer  is  maintained 
by  the  ebb-flood  asymmetry  mechanism  described 
by  Dronkers  and  by  the  asymmetry  in  vertical 
mixing  due  to  fluctuations  in  stratification  related 
to  the  intrusion  of  the  salt  wedge.  The  latter  mech- 
anism is  explored  in  detail  by  means  of  a  vertical 
transport  model  for  fine-grained  newly  deposited 
sediments.  The  model  employing  standard  pre- 
scriptions for  mixing  and  resuspension  results  in 
the  best  match  between  simulated  and  observed 
sediment  distributions  for  a  particle  sinking  veloci- 
ty of  0.0003  m/s.  This  settling  rate  corresponds  to 
a  mean  particle  size  of  15  microns,  which  compares 
closely  with  the  average  earlier  observed  particle 
size  of  10  to  20  microns.  (Author's  abstract) 
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graphic  Engineering  Lab. 
Y.  P.  Sheng,  and  C.  Villaret. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,429-14,444,  Octo- 
ber 15  1989.  24  fig,  41  ref. 

Descriptors:  'Model  studies,  'Suspended  sedi- 
ments, 'Sediment  transport,  'Bottom  sediments, 
•Sediment  concentration,  Estuaries,  Sedimenta- 
tion, Deposition,  Sediment  erosion,  Density  strati- 
fication. 

A  vertical  gradient  of  suspended  sediment  concen- 
tration often  exists  in  estuaries,  particularly  within 
the  bottom  boundary  layer,  where  sediment  ero- 
sion and  deposition  take  place.  This  results  in  a 
vertical  density  gradient  and  hence,  modification 
of  the  flow.   However,  this  important  effect  has 
often  been  ignored  in  past  sediment  studies.  Be- 
cause of  this  and  because  of  other  empirical  as- 
sumptions, existing  erosion  models  cannot  be  used 
as  predictive  tools.  A  simplified  second-order  clo- 
sure model  is  presented  that  simulates  the  effect  of 
sediment-induced  stratification  on  bottom  bounda- 
ry layer  dynamics,  and   particularly   the  erosion 
process.  Numerical  models,  which  employ  the  con- 
cept of  Richardson  number  dependent  eddy  viscos- 
ity, have  been  developed  in  the  past  for  stratified 
flows.  These  models  require  a  large  number  of  data 
for  tuning  parameters  of  the  eddy  viscosity  formu- 
la. The  simplified  second-order  closure  model  used 
consists  of  the  dynamic  equations  of  motion  for 
mean    variables    (velocity,    temperature,    salinity, 
density,    and   suspended   sediment   concentration) 
and  turbulent  quantities  of  turbulent  kinetic  energy 
and  turbulence  macroscale.   Model  constants  are 
thus  invariant,  owing  to  the  added  physics.  Model 
simulations  of  laboratory  sediment-laden  boundary 
layers  indicate  that,  as  sediments  are  eroded  or 
resuspended  from  the  bottom,  a  vertical  gradient 
of  suspended  sediment  concentration  can  lead  to  a 
significant  reduction  of  the  turbulent  shear  stresses 
and  a  slowdown  of  the  erosion-resuspension  proc- 
ess. Hence,  significant  error  may  be  contained  in 
some   empirical   sediment   erosion   rate   formulas, 
which   were   derived   by   ignoring   flow-sediment 
interactions.  Simulations  of  a  wave  boundary  layer 
and  a  thermally  stratified  boundary  layer,  obtained 
with  the  same  numerical  model,  are  also  presented. 
There  is  good  agreement  between  measured  and 
simulated  mean  and  turbulent  quantities  in  both 
cases.  (Author's  abstract) 
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MODELING  THE  EFFECT  OF  SUSPENDED 
SEDIMENT  STRATIFICATION  ON  BOTTOM 
EXCHANGE  PROCESSES. 

Florida  Univ.,  Gainesville.  Coastal  and  Oceano- 


BEDFORMS,  BED  MATERIAL,  AND  BED- 
LOAD  TRANSPORT  IN  A  SALT- WEDGE  ESTU- 
ARY: FRASER  RIVER,  BRITISH  COLUMBIA. 

Guelph  Univ.  (Ontario).  Dept.  of  Geography. 

R.  A.  Kostaschuk,  M.  A.  Church,  and  J.  L. 

Luternauer. 

Canadian  Journal  of  the  Earth  Sciences  CJESAP 

Vol.  26,  No.  7,  p  1440-1452,  1989.  11  fig,  2  tab,  8 

ref. 

Descriptors:  'Channel  erosion,  'Salt  flats,  'Estu- 
aries, 'Saline-freshwater  interfaces,  'Sediment 
transport,  'Bottom  sediments,  'Bed-load  dis- 
charge, Bed  load,  Sediment  load,  Stream  dis- 
charge, Fraser  River,  Canada. 

The  lower  main  channel  of  the  Fraser  River,  Brit- 
ish Columbia,  is  a  sand-bed,  salt-wedge  estuary  in 
which  variations  in  velocity,  discharge,  and  bed- 
form  characteristics  are  controlled  by  river  dis- 
charge and  the  tides.  Bed-material  composition 
remains  consistent  over  the  discharge  season  and  in 
the  long  term.  Changes  in  bedform  height  and 
length  follow  but  lag  behind  seasonal  fluctuations 
in  river  discharge.  Migration  rates  of  bedforms 
respond  more  directly  to  river  discharge  and  tidal 
fall  than  do  height  and  length.  Bedform  character- 
istics were  utilized  to  estimate  bedload  transport  in 
the  estuary,  and  a  strong,  direct,  but  very  sensitive 
relationship  was  found  between  bed  load  and  river 
discharge.  Annual  bedload  transport  in  the  estuary 
is  estimated  to  be  of  the  order  of  0.35  Mt  in  1986. 
Bedload  transport  in  the  estuary  appears  to  be 
higher  than  in  reaches  upstream,  possibly  because 
of  an  increase  in  sediment  movement  along  the  bed 
to  compensate  for  a  reduction  in  suspended  bed- 
material  load  produced  by  tidal  slack  water  and 
the  salt  wedge.  (Author's  abstract) 
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ON-OFFSHORE  BEDLOAD  SEDIMENT 
TRANSPORT  IN  THE  COASTAL  ZONE. 

Polish   Academy  of  Sciences,  Gdansk.   Inst.   Bu- 

downictwa  Wodnego. 

Z.  Pruszak. 

Coastal  Engineering  COENDE,  Vol.  13,  No.  3,  p 

273-292,   September   1989.    10  fig,    1   tab,  28  ref. 

Descriptors:  'Sediment  transport,  'Bed  load, 
'Sediment  distribution,  'Marine  sediments, 
•Bottom  sediments,  Coastal  waters,  Bottom  cur- 
rents, Sedimentation,  Onshore  currents,  Offshore 
currents. 

Laboratory  data  and  theoretical  derivations  are 
presented  for  cross-shore  bedload  transport.  The 
laboratory  investigations  were  carried  out  in  a 
wave  flume  with  movable  bed  (sand  with  D50  = 
0.022  cm).  The  test  have  shown,  inter  alia,  that 
bedload  transport  in  the  surf  zone  is  shoreward  if 
single  breaking  occurs  (i.e.,  on  a  uniform  slope  or 
at  a  single  bar)  and  is  accompanied  by  offshore 
transport  seaward  of  the  breaking  point.  Multiple 
transitions  from  offshore  to  onshore  transport  take 
place  if  the  wave-breaking  process  repeats  (on  beds 
with  more  than  one  bar).  The  theoretical  consider- 
ations are  based  on  Bagnold's  energetics  approach. 
The  sediment  transport  is  assumed  by  be  con- 
trolled primarily  by  asymmetric  oscillatory  motion 
of  water  superimposed  on  a  steady  return  current, 
gravity,  and  the  critical  conditions  of  incipient 
sediment  movement.  The  parameters  intervening 
in  the  theoretical  formulas  have  been  identified. 
Good  agreement  between  theory  and  experiments 
has  been  reached,  in  particular  for  short  waves  and 
beds  with  no  more  than  one  underwater  bar.  The 
formulas  derived  have  been  found  to  be  acceptable 
for  Ursell  numbers  S  <  or  =  60.  (Author's  ab- 
stract) 
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DEPOSITIONAL  MODEL  OF  A  MACROTIDAL 
ESTUARY  AND  FLOODPLAIN,  SOUTH  ALLI- 
GATOR RIVER,  NORTHERN  AUSTRALIA. 

Australian  National  Univ.,  Canberra.  North  Aus- 
tralia Research  Unit. 

C.  D.  Woodroffe,  J.  Chappell,  B.  G.  Thorn,  and  E. 
Wallensky. 

Sedimentology  SEDIAT,  Vol.  36,  No.  5,  p  737- 
756,  October  1989.  1 1  fig,  2  tab,  31  ref. 

Descriptors:  'Estuaries,  'Tidal  flats,  'Sediment 
transport,  'Sediment  distribution,  'Sinuous  flow, 
♦Geomorphology,  Deposition,  Stratification,  Me- 
anders, Flood  plains,  Paleohydrology,  South  Alli- 
gator River,  Australia. 

The  South  Alligator  River,  Northern  Territory  of 
Australia,  has  a  macrotidal  estuary.  Tidal  influence 
extends  105  km  up  the  channel.  It  is  dominated  by 
freshwater  in  the  wet  season  (Dec-April)  with  a 
salt  wedge  near  the  mouth,  but  is  well-mixed  and 
becomes  saline  throughout  the  dry  season.  The 
tidal  channel  can  be  divided  into  four  different 
channel  types:  an  estuarine  funnel,  a  sinuous  mean- 
dering segment,  a  cuspate  meandering  segment, 
and  an  upstream  tidal  channel.  The  distribution  of 
morphologically  defined  land  classes  and  morpho- 
logical units  within  each  land  class  on  the  flood- 
plain  flanking  the  estuary  differs  from  one  channel 
type  to  another.  Several  stratigraphic  and  mor- 
phostratigraphic  units  have  been  recognized  from 
drill  holes  on  the  coastal  and  deltaic-estuarine 
plains,  and  a  model  of  development  is  proposed  on 
the  basis  of  extensive  radiocarbon  chronology  and 
palynology.  In  the  sinuous  segment  of  the  estuary, 
the  channel  has  migrated  laterally  across  the  flood- 
plain.  Previous  channel  positions  are  indicated  by 
paleochannels  and  the  meander  tract  is  occupied 
by  laminated  channel  sediments.  Within  the  cu- 
spate segment,  there  are  numerous  sinuous  paleo- 
channels on  the  plains.  In  the  upstream  segment, 
the  channel  and  paleochannels  have  long  straight 
reaches  with  irregular  bends  and  discontinuous 
levees,  and  channel  avulsion  is  indicated.  Man- 
grove mud  is  a  widespread  stratigraphic  unit 
throughout  the  plains.  The  mangrove  forests  disap- 
peared from  most  of  the  plains  as  vertical  accretion 
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continued,  and  were  replaced  by  grass  and  sedge- 
covered  floodplains.  During  the  sinuous  phase 
about  5300-2500  yr  BP,  the  channel  migrated  later- 
ally and  eroded  the  deltaic-estuarine  plain  and  de- 
posited lateral  accretion  deposits  (laminated  chan- 
nel sediments).  Transgressive  and  big  swamp 
phases  occurred  under  rising  and  stabilizing  sea 
level,  respectively.  Later  morphodynamic  channel 
adjustments  occurred  under  conditions  of  stable 
sea  level.  (Author's  abstract) 
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SAND  DETACHMENT  BY  SINGLE  RAIN- 
DROPS OF  VARYING  KINETIC  ENERGY  AND 
MOMENTUM. 

North  Dakota  State  Univ.,  Mandan.  Land  Recla- 
mation Research  Center. 
P.  P.  Sharma,  and  S.  C.  Gupta. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  53,  No.  4,  p  1005-1010,  July/August  1989.  4 
fig,  2  tab,  20  ref.  USDA-ARS  agreement  58-3264- 
6-107. 

Descriptors:  'Erosion,  *Soil  erosion,  'Rainfall 
impact,  'Soil  strength,  'Soil  stability,  'Sand,  Rain- 
fall, Kinetic  energy,  Soil  physical  properties,  Labo- 
ratory methods. 

Soil  detachment  by  raindrops  is  a  precursor  to  the 
start  of  interrill  erosion  and  surface  seal  formation. 
Soil  detachment  occurs  when  erosive  forces  of 
raindrops  are  greater  than  the  inherent  strength  of 
soil.  Experiments  were  conducted  to  study  the 
importance  of  inherent  soil  strength  on  detachment 
of  soil  by  raindrops.  Sand  strength  was  controlled 
by  varying  matric  potentials  before  raindrop 
impact.  A  range  of  raindrop  kinetic  energies  and 
momentum  was  created  by  changing  drop  diame- 
ter (3.6-5.0  mm)  and  fall  height  (1-8  m).  The  exper- 
imental setup  consisted  of  a  varying  height  water 
drop  former,  an  electronic  drop  discriminator,  and 
a  single-drop  splash  collector.  Splash  collected  by 
varying  drop  height  of  a  4.6-mm-dia.  drop  on  sand 
equilibrated  at  a  matric  potential  of  minus  1.5  kPa 
(higher  strength)  showed  that  a  larger  threshold 
energy  is  needed  to  initiate  soil  detachment  than 
when  equilibrated  at  minus  0.1  kPa  (lower 
strength).  Also,  the  threshold  erosivity  was  larger 
in  magnitude  and  more  significant  when  using  mo- 
mentum as  an  index  of  erosivity  instead  of  kinetic 
energy.  The  relationships  between  sand  splash  and 
erosivity  were  linear  (p  <  0.001)  for  raindrops 
with  diameters  of  3.6  to  5  mm  falling  from  heights 
of  0.76  to  7.6  m  on  sand  equilibrated  at  minus  1.0 
kPa.  Sand  splash  was  represented  by  a  model  that 
included  detachment,  raindrop  erosivity,  threshold 
erosivity,  sand  detachability,  and  an  exponent 
equal  to  1.  This  equation  for  describing  soil  detach- 
ment as  a  function  of  erosivity  is  an  improvement 
over  the  currently  used  nonlinear  relationship. 
(Author's  abstract) 
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SLOPE  AND  PHOSPHOGYPSUM'S  EFFECTS 
ON  RUNOFF  AND  EROSION. 

Agricultural    Research    Organization,    Bet-Dagan 

(Israel).  Volcani  Center. 

D.  Warrington,  I.  Shainberg,  M.  Agassi,  and  J. 

Morin. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  4,  p  1201-1205,  July/ August  1989.  4 

fig,  14  ref. 

Descriptors:  'Erosion  control,  'Soil  erosion, 
'Loam,  'Runoff,  'Slopes,  'Soil  stability,  'Infiltra- 
tion rate,  'Rainfall  infiltration,  Infiltration,  Soil 
water,  Rainfall-runoff  relationships,  Rainfall  simu- 
lators, Rainfall  impact. 

The  effect  of  slope  on  runoff  and  erosion  has  been 
studied  mainly  in  stable  soils.  Loamy  soils  from 
semiarid  regions  have  unstable  structures  and  tend 
to  seal  during  a  rainstorm.  The  permeability  of  the 
seal  is  sensitive  to  water  quality.  The  effect  of 
slope  angle  (5-30%)  and  addition  of  phosphogyp- 
sum  (PG),  which  changes  the  water  quality,  on  the 
infiltration  rate  (IR),  runoff  and  erosion  from  an 
unstable  sandy  loam  soil  material  (Typic  Rhodox- 
eralf)  was  studied  using  a  rain  simulator.  Increasing 
the  slope  slightly  reduced  the  amount  of  runoff  and 
increased  the  final  infiltration  rate.  The  increase  in 


final  IR  was  due  to  seal  erosion.  The  PG  applica- 
tion increased  the  permeability  of  the  seal,  tripled 
the  final  IR  of  the  soil  sample  and  decreased  the 
volume  of  runoff  by  50%.  Phosphogypsum  appli- 
cation also  reduced  erosion  by  60%  at  the  gentlest 
slope  angle.  Change  in  slope  angle  from  5  to  25% 
doubled  soil  loss  in  the  PG-treated  soil  samples  but 
increased  by  seven-fold  soil  loss  from  the  untreated 
soil  samples.  Gypsum  treatment  releases  electro- 
lytes into  the  percolating  and  runoff  water.  Its 
effect  on  soil  erosion  is  due  to  decreasing  the 
fraction  of  runoff  water,  stabilizing  the  soil  struc- 
ture at  the  soil  surface,  and  increasing  the  rate  of 
sediment  deposition.  The  dramatic  effect  of  PG  in 
reducing  erosion  from  steep  slopes  may  be  used  in 
stabilizing  soil  structures  on  steep  slopes.  (Author's 
abstract) 
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SOIL  NITROGEN  CHANGES  DURING  PRI- 
MARY SUCCESSION  ON  A  FLOODPLAIN  IN 
ALASKA,  U.S.A. 

Alaska    Univ.,    Fairbanks.    Arctic    Environmental 

Engineering  Lab. 
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STREAM  DEVELOPMENT  IN  GLACIER  BAY 
NATIONAL  PARK,  ALASKA,  U.S.A. 

Forest  Service,  Logan,  UT.  Intermountain  Re- 
search Station. 

R.  C.  Sidle,  and  A.  M.  Milner. 
Arctic  and  Alpine  Research  ATLPAV,  Vol.  21, 
No.  4,  p  350-363,  November  1989.  12  fig,  2  tab,  37 
ref. 

Descriptors:  'Geomorphology,  'Glacial  streams, 
•Arctic,  'Suspended  sediments,  'Sediment  trans- 
port, 'Riparian  vegetation,  'Vegetation  establish- 
ment, Aquatic  habitats,  Glacier  Bay  National  Park, 
Alaska,  Streams,  Channel  morphology,  Thalweg, 
Flood  plains,  Stream  banks. 

The  effects  of  hydraulics,  sediment  supply,  channel 
condition,  and  riparian  vegetation  on  stream  devel- 
opment were  examined  in  a  chronosequence  of  5 
streams  in  Glacier  Bay  National  Park  where  rapid 
retreat  of  glacial  ice  has  exposed  landscapes  of 
different  ages  within  a  confined  region.  The 
youngest  stream,  Wolf  Point  creek  (deglaciated 
around  1955),  is  fed  by  a  remnant  glacier  and  had 
the  highest  suspended  sediment  concentrations  of 
all  streams  (103-111  mg/1  at  baseflows).  The  main 
channel  of  Wolf  Point  creek  was  relatively  wide 
and  stable  because  of  the  peak  flow  buffering  ef- 
fects of  the  remnant  glacier  and  associated  lake. 
However,  the  floodplain  was  periodically  inundat- 
ed and  only  sparsely  vegetated  and  highly  braided. 
The  study  reach  at  Nunatak  Creek  (deglaciated 
around  1950)  was  actively  downcutting  through 
fine  glacial  outwash  deposits  creating  a  deeper 
thalweg  and  redepositing  some  material  near  chan- 
nel margins.  About  100  yr  after  deglaciation  (Ice 
Valley  stream),  woody  riparian  vegetation  begins 
to  stabilize  streambanks  and  becomes  established 
on  gravel  bars  where  it  provides  potential  sites  for 
incipient  woody  debris  dams.  The  Ice  Valley  chan- 
nel shows  only  minimal  degradation.  The  in- 
creased accumulation  of  woody  material  and  the 
subsequent  colonization  of  gravel  bars  by  alder  and 
willow  have  begun  to  increase  channel  and  bank 
stability  and  pool  formation  in  Berg  Bay  South 
(deglaciated  around  1830).  Berg  Bay  South  appears 
to  be  near  equilibrium  with  respect  to  sediment 
supply  and  transport.  Berg  Bay  North,  a  stream  of 
similar  age  to  Berg  Bay  South,  stabilized  more 
rapidly  because  of  the  buffered  peak  flows  and 
greater  sediment  trapping  efficiency  attributed  to 
the  lakes  and  bogs  in  the  north  stream  system.  Fish 
habitat  improves  as  postglacial  streams  develop: 
pools  begin  to  form,  riparian  cover  increases,  and 
sediment  transport  decreases.  (Author's  abstract) 
W90-04640 


RUNOFF  AND  FLOCCULATION  MODIFY  UN- 
DERWATER LIGHT  ENVIRONMENT  OF  THE 
HUDSON  RIVER  ESTUARY. 

State  Univ.   of  New  York  at  Albany.   Dept.  of 

Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  2L. 


W90-04642 


PARTICLE-BORNE  RADIONUCLIDES  AS 
TRACERS  FOR  SEDIMENT  IN  THE  SUSQUE- 
HANNA RIVER  AND  CHESAPEAKE  BAY. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Geolo- 
gy- 

J.  F.  Donoghue,  O.  P.  Bricker,  and  C.  R.  Olsen. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  29,  No.  4,  p  341-360,  October  1989.  3  fig,  7 
tab,  28  ref,  append.  Department  of  Energy,  con- 
tract DE-AC05-84OR21400. 

Descriptors:  'Rivers,  'Chesapeake  Bay,  'Estu- 
aries, 'Sediment  transport,  'Radioactive  tracers, 
Nuclear  powerplants,  Dams,  Reservoirs,  Susque- 
hanna River,  Sedimentation  rates,  Turbidity,  Sedi- 
ment yield,  Trap  efficiency. 

The  Chesapeake  Bay  receives  nearly  one  million 
tonnes  of  sediment  annually  from  its  major  tribu- 
tary, the  Susquehanna  River.  The  pattern  of  depo- 
sition of  this  sediment  affects  the  lifetime  of  the 
estuarine  resource  and  the  fate  of  any  sediment- 
borne  contaminants.  Previous  estimates  of  the 
extent  to  which  Susquehanna  River  sediment  is 
transported  down  the  Chesapeake  have  differed 
considerably.  By  use  of  reactor-generated  radionu- 
clides adsorbed  on  the  river  sediment,  a  sediment 
budget  has  been  compiled  for  the  upper  Chesa- 
peake Bay  and  the  reservoirs  on  the  lower  Susque- 
hanna. Reservoirs  impound  nearly  1.4  million 
tonnes  of  sediment  annually  behind  the  power 
dams  on  the  lower  Susquehanna  River.  Without 
the  dams,  sediment  delivery  to  the  upper  bay 
would  more  than  double.  The  uppermost  Chesa- 
peake Bay,  within  and  above  the  turbidity  maxi- 
mum, retains  virtually  all  of  the  fluvial  sediment 
delivered  to  it.  The  result  is  an  annual  sedimenta- 
tion rate  of  approximately  3  mm/yr  in  the  upper 
bay,  an  infilling  rate  that  is  nearly  equal  to  the 
regional  rate  of  sea  level  rise.  (Author's  abstract) 
W90-04645 


COMPARISON  OF  EXTRACTION  METHODS 
FOR  POLYCYCLIC  AROMATIC  HYDROCAR- 
BON DETERMINATION  IN  SEDIMENTS. 

Brno  Univ.  (Czechoslovakia).  Dept.  of  Environ- 
mental Studies. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-04707 


SUSPENDED     MATTER     IN     THE     SOUTH 

YELLOW  SEA. 

Woods  Hole  Oceanographic  Institution,  MA. 

Y.  Qin,  F.  Li,  S.  Xu,  J.  Milliman,  and  R. 

Limeburner. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 

Hu  Chao)  HYHCAG,  Vol.  20,  No.  2,  p  101-112, 

1989.  12  fig,  1  tab,  13  ref. 

Descriptors:  'Suspended  sediments,  'Sediment  dis- 
tribution, 'Coastal  waters,  'China,  Sediment  dis- 
charge, Stratification,  Wave  action,  Continental 
shelf. 

Suspended  matter  in  sea  water  has  been  investigat- 
ed in  the  South  Yellow  Sea  during  1983-1984.  The 
results  show  that  horizontal  distribution  of  sus- 
pended matter  might  be  divided  into  five  regions: 
The  region  off  Northern  Jiangsu  coast,  character- 
ized by  highest  concentration  of  more  than  200 
mg/L  in  surface  water;  the  region  off  the  estuary 
of  the  Changjiang  River  and  off  the  Chengshanjiao 
Cap  with  a  high  concentration  of  suspended 
matter;  the  region  of  the  central  part  of  the  South 
Yellow  Sea  and  off  the  Haizhou  Bay  with  a  low 
concentration;  the  region  around  the  Chengshan- 
jiao Cap  with  turbid  water  carrying  sediment  from 
the  Huanghe  River  stretching  westward  and  exert- 
ing influence  on  the  northwest  part  of  this  area;  a 
tongue  shaped  region  with  a  higher  concentration 
of  20  mg/L  extending  to  the  northeast  and  exerting 
influence  on  the  south  part  of  the  investigated  area. 
The  central  region  of  the  South  Yellow  Sea  is  not 
immediately  affected  by  present  sediments  dis- 
charged from  the  Huanghe  and  Changjiang  Rivers. 
The  suspended  matter  is  clearly  stratified.  It  is 
interesting  to  note  that  there  is  a  layer  around 
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which  the  concentration  gradient  of  suspended 
matter  is  steeper.  It  looks  similar  to  a  pycnocline  or 
thermocline,  so  it  might  be  called  'suspended- 
cline'.  It  is  located  below  the  pycnocline  and  per- 
haps affects  some  important  properties  of  sea  water 
by  mixing  liquid  with  various  suspended  matter. 
Most  of  the  suspended  matter  is  resuspended  from 
the  sea  floor;  the  sediments  are  from  rivers  and 
biogenic  matter.  The  concentration  and  compo- 
nents of  the  suspended  matter  are  different  from 
those  in  the  semi-closed  Bohai  Sea  and  those  over 
the  outer  continental  shelf  in  the  East  China  Sea. 
The  main  factor  influencing  the  concentration  dis- 
tribution of  suspended  matter  is  waves.  Sediment 
loads  from  the  rivers  only  affect  the  estuary  and 
nearshore  areas.  Tidal  current  strengthens  the 
action  of  waves  on  sediment  on  the  sea  floor.  Cold 
water  masses  in  the  central  region  of  the  South 
Yellow  Sea  also  exert  influence  on  the  horizontal 
and  vertical  dispersion  of  suspended  matter.  (Au- 
thor's abstract) 
W90-04720 


CARBONATE    SEDIMENTS     IN     LAKES    OF 

YUNNAN,  CHINA. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04721 


SEDIMENTATION  RATES  OF  PARTICULATE 
ORGANIC  DETRITAL  CARBON,  NITROGEN 
AND  PHOSPHORUS  IN  DONGHU  LAKE, 
WUHAN. 

W.  Lin,  and  X.  Liu. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 
Hu  Chao)  HYHCAG,  Vol.  20,  No.  2,  p  163-170, 
1989.  2  fig,  7  tab,  9  ref. 

Descriptors:  *Sedimentation  rates,  'Particulate 
matter,  'Nutrients,  'Lakes,  Carbon,  Nitrogen, 
Phosphorus,  China. 

An  investigation  for  measuring  the  sedimentation 
rates  of  particulate  organic  detrital  (POD)  carbon, 
nitrogen,  and  phosphorus,  was  carried  out  in  the 
Donghu  Lake,  Wuhan,  China,  from  January  1983 
to  November  1984.  During  this  two-year  period, 
the  contents  of  carbon,  nitrogen,  phosphorus  and 
chlorophyll  a  in  the  settled  organic  matter  were 
investigated,  and  the  ratios  of  dry  wt./wet  wt.,  C/ 
N  and  C/P  of  the  dominant  plankters  were  meas- 
ured. The  sedimentation  rate  of  POD  in  terms  of 
carbon,  nitrogen  and  phosphorus  were  calculated. 
The  sedimentation  rates  of  POD  (g/sq  m/yr)  of 
the  Lake,  1983-1984,  Station  I,  were  10.67  and 
10.97  (C),  2.15  and  2.68  (N),  0.29  and  0.30  (P); 
Station  II,  are  10.35  and  7.26  (C),  2.17  and  1.12 
(N),  0.22  and  0.16  (P),  respectively  in  sequence  of 
the  years.  Compared  to  the  net  phytoplankton 
production  carbon,  the  particulate  organic  detrital 
carbon  accounted  for  only  a  small  percentage:  they 
were  1.96%  and  2.39%  (Station  I),  and  1.36%  and 
0.93%  (Station  II).  (Author's  abstract) 
W90-O4723 


RIVER-CHANNEL   CHANGES    IN    ENGLAND 
AND  WALES. 

Portsmouth  Polytechnic  (England).  Dept.  of  Ge- 
ography. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04903 


NEW  TECHNIQUE  FOR  MEASURING  FINE 
SEDIMENT  IN  STREAMS. 

Wyoming  Univ.,  Laramie.  Water  Resources  Re- 
search Inst. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-04919 


LAKE  PATZCUARO,  MEXICO:  RESULTS  OF  A 
NEW  MORPHOMETRIC  STUDY  AND  ITS  IM- 
PLICATIONS FOR  PRODUCTIVITY  ASSESS- 
MENTS. 

Universidad  Michoacana  de  San  Nicolas  de  Hidal- 
go, Morelia  (Mexico).  Lab.  de  Biologia  Acuatica. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-04961 


SEDIMENTARY  ENVIRONMENTS  INFERRED 
FROM  LITHOFACIES  OF  THE  LAKE  BIWA 
1400  M  CORE  SAMPLE,  JAPAN,  (IN  JAPA- 
NESE). 

Kyoto  Univ.,  Beppu  (Japan).  Geophysical  Re- 
search Station. 

K.  Takemura,  and  T.  Yokoyama. 
Japanese  Journal  of  Limnology  R1ZAAU,  Vol.  50, 
No.  3,  p  247-254,  1989.  4  fig,  2  tab,  13  ref.  English 
summary. 

Descriptors:  'Paleolimnology,  'Limnology,  'Sedi- 
mentology,  'Cores,  'Lake  sediments,  'Japan, 
•Lake  Biwa,  Geology,  Sand,  Silt,  Shales,  Gravel, 
Deposition. 

The  analysis  of  a  1,422.5  m  core  sample  from  Lake 
Biwa  revealed  the  sequence  and  environment  of 
the  deposition.  The  basement  rock  at  the  depth  of 
911.4  m  consists  of  alternations  of  sandstone  and 
shale.  The  lake  sediments  on  the  bedrock  are  divid- 
ed into  five  units  (P,Q,R,S  and  T  Beds  in  ascending 
order)  from  the  sedimentological  and  lithological 
viewpoints.  These  units  include  54  volcanic  ash 
layers.  The  P  Bed,  consisting  of  poorly  sorted 
cobble  to  pebble  gravels,  is  considered  the  land 
area  deposition.  The  Q  bed,  composed  of  cobble  to 
pebble  gravels  and  of  alternations  of  sand  and  silt, 
is  considered  to  have  been  formed  in  a  fluvial 
environment.  The  R  Bed,  composed  of  the  alterna- 
tions of  two  subunits  (1:  massive  clay,  2:  alterna- 
tions of  sand,  silt  and  gravel),  may  be  lacustrine  in 
origin  from  deposits  in  shallow  water  near  the 
shore.  The  S  Bed  consists  of  alternations  of  sand 
and  silt  layers  with  thin  gravel  layers,  and  this  bed 
is  considered  to  have  been  deposited  in  a  fluvial 
environment.  The  T  Bed,  composed  of  massive 
and  homogeneous  clay,  is  considered  to  have  been 
deposited  in  standing  water  such  as  the  present 
Lake  Biwa.  The  distribution  of  reflection  surfaces 
obtained  by  the  air-gun  survey  indicates  that  the 
boundaries  of  the  sedimentary  units  extend  hori- 
zontally to  a  wide  area.  (Author's  abstract) 
W90-05057 


HEAVY-METAL  GEOCHEMISTRY  OF  SEDI- 
MENTS IN  THE  PUEBLO  RESERVOIR,  COLO- 
RADO. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05068 


CHARACTERIZATION  OF  COLLOIDS  IN  THE 
MISSISSIPPI  RIVER  AND  ITS  MAJOR  TRIBU- 
TARIES. 

Geological  Survey,  Denver,  CO. 
T.  F.  Rees,  and  J.  F.  Ranville. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p5 13-522,  5  fig,  3  tab,  6  ref. 

Descriptors:  'Mississippi  River,  'Colloids,  Particle 
size,  Distribution,  Velocity,  Correlation  analysis, 
Clays,  Quartz,  Rutile,  Organic  matter. 


Colloids  collected  from  the  Mississippi  River  and 
its  major  tributaries  during  sampling  cruises  during 
the  summer  and  winter  of  1987  have  been  charac- 
terized as  to  colloid  concentration,  particle-size 
distribution,  mineralogy,  and  electrophoretic  mo- 
bility. Colloid  concentrations  generally  correlated 
with  main  stream  velocity.  Particle-size  distribu- 
tions were  generally  unimodal,  with  larger  parti- 
cles in  the  Mississippi  main  stem  than  in  the  tribu- 
taries. Mineralogy  of  the  colloids  was  dominated 
by  clays,  with  lesser  amounts  of  quartz,  rutile,  and 
organic  material.  Electrophoretic  mobilities  ranged 
from  -1.27  to  -2.88  x  10  to  the  -8th  sq  m/sec/volt, 
and  were  generally  more  negative  in  the  summer 
than  in  the  winter.  (See  also  W90-05059)  (Author's 
abstract) 
W90-05115 


ESTIMATES  OF  MONTHLY  STREAMFLOW 
CHARACTERISTICS  AT  SELECTED  SITES  IN 
THE  UPPER  MISSOURI  RIVER  BASIN,  MON- 
TANA, BASE  PERIOD  WATER  YEARS  1937-86. 

Geological  Survey,  Helena,  MT.  Water  Resources 


Div. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05205 


STREAMFLOW,  SEDIMENT  DISCHARGE, 
AND  STREAMBANK  EROSION  IN  CACHE 
CREEK,  YOLO  COUNTY,  CALIFORNIA,  1953- 
86. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
J.  G.  Harmon. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4188, 
May  1989.  40p,  10  fig,  10  tab,  16  ref.. 

Descriptors:  'Channel  morphology,  'Bank  ero- 
sion, 'Erosion,  'California,  'Land  use,  'Sediment 
discharge,  Capay  Valley,  Cross-sections,  Sinuosity, 
Stream  banks,  Slopes,  Yolo  County. 

This  report  defines  cross-section  geometry,  slope, 
sinuosity,  bed  and  bank  material  size,  and  sediment 
discharge  for  Cache  Creek,  Capay  Valley,  Yolo 
County,  California;  it  also  relates  streambank  ero- 
sion to  daily  volumes  of  flow  greater  than  6,000 
acre-ft.  Mean  bed  elevations  at  six  cross  sections 
during  1983-86  and  at  two  cross  sections  over 
several  years  indicate  general  stability  of  elevations 
in  the  gravel-bed  channel.  Water-surface  slope 
ranged  from  0.13%  to  0.51%  in  four  reaches 
during  two  flood  peaks.  Aerial  photographs  indi- 
cate that  the  Cache  Creek  channel  is  sinuous. 
About  67%  of  bed  material  at  45  cross  sections  is 
gravel,  and  23%  is  coarser  than  gravel.  Bank  mate- 
rial at  27  cross  sections  contain  sands,  silt,  and 
clay,  except  at  one  cross  section  where  cobbles  and 
gravel  form  the  left  bank.  The  sediment-discharge 
rate  was  lower  during  1984-86  than  in  1960-63. 
Streambank  erosion  was  measured  by  comparing 
aerial  photographs  taken  over  several  years. 
Eroded  areas  total  about  13.2  million  sq  ft  (300 
acres)  from  1953  to  1984.  Net  migration  is  toward 
the  right  bank.  (USGS) 
W90-05210 


MINERALOGY  AND  GRAIN  SIZE  OF  SURFI- 
CIAL  SEDIMENT  FROM  THE  BIG  LOST 
RIVER  DRAINAGE  AND  VICINITY,  WITH 
CHEMICAL  AND  PHYSICAL  CHARACTERIS- 
TICS OF  GEOLOGIC  MATERIAL  FROM  SE- 
LECTED SITES  AT  THE  IDAHO  NATIONAL 
ENGINEERING  LABORATORY,  IDAHO. 
Geological  Survey,  Idaho  Falls,  ID.  Water  Re- 
sources Div. 

R.  C.  Bartholomay,  L.  L.  Knobel,  and  L.  C.  Davis. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-384,  July  1989.  74p,  14  fig,  23 
tab,  35  ref. 

Descriptors:  'Sediments,  'Data  collections,  'Min- 
eralogy, 'Particle  size,  'Fluvial  sediments,  Idaho, 
X-ray  diffraction. 

The  U.S.  Geological  Survey's  Idaho  National  En- 
gineering Laboratory  project  office,  in  cooperation 
with  the  U.S.  Department  of  Energy,  collected  35 
samples  of  surficial  sediments  from  the  Big  Lost 
River  drainage  and  vicinity  from  July  1987 
through  August  1988  for  analysis  of  grain-size  dis- 
tribution, bulk  mineralogy,  and  clay  mineralogy. 
Samples  were  collected  from  1 1  sites  in  the  chan- 
nel and  5  sites  in  overbank  deposits  of  the  Big  Lost 
River,  6  sites  in  the  spreading  areas  that  receive 
excess  flow  from  the  Big  Lost  River  during  peak 
flow  conditions,  7  sites  in  the  natural  sinks  and 
playas  of  the  Big  Lost  River,  1  site  in  the  Little 
Lost  River  Sink,  and  5  sites  from  other  small, 
isolated  closed  basins.  Eleven  samples  from  the  Big 
Lost  River  channel  deposits  had  a  mean  of  1.9  and 
median  of  0.8  weight  percent  in  the  less  than  0.062 
mm  fraction.  The  other  24  samples  had  a  mean  of 
63.3  and  median  of  63.7  weight  percent  for  the 
same  size  fraction.  Mineralogy  data  are  consistent 
with  grain-size  data.  The  Big  Lost  River  channel 
deposits  had  mean  and  median  percent  mineral 
abundances  of  total  clays  and  detrital  mica  of  10 
and  10%,  respectively,  whereas  the  remaining  24 
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samples  had  mean  and  median  values  of  24%  and 

22.5%,  respectively.  (USGS) 

W90-05271 


MINERALOGY  AND  GRAIN  SIZE  OF  SURFI- 
CIAL  SEDIMENT  FROM  THE  LITTLE  LOST 
RIVER  AND  BIRCH  CREEK  DRAINAGES, 
IDAHO  NATIONAL  ENGINEERING  LABORA- 
TORY, IDAHO. 

Geological  Survey,  Idaho  Falls,  ID.  Water  Re- 
sources Div. 

R.  C.  Bartholomay,  and  L.  R.  Knobel. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-385,  July  1989.  19p,  3  fig,  6 
tab,  13  ref. 

Descriptors:  *Data  collections,  'Sediments,  *Flu- 
vial  sediments,  *Mineralogy,  *Particle  size, 
•Idaho,  X-ray  diffraction. 

The  U.S.  Geological  Survey's  Idaho  National  En- 
gineering Laboratory  project  office,  in  cooperation 
with  the  U.S.  Department  of  Energy,  collected  13 
samples  of  surficial  sediments  from  the  Little  Lost 
River  and  Birch  Creek  drainages  during  August 
1988  for  analysis  of  grain-size  distribution,  bulk 
mineralogy,  and  clay  mineralogy.  Samples  were 
collected  from  five  sites  in  the  channel  of  the  Little 
Lost  River,  two  sites  from  overbank  deposits  of 
the  Little  Lost  River,  five  sites  in  the  channel  of 
Birch  Creek,  and  one  site  from  an  overbank  depos- 
it of  Birch  Creek.  Six  samples  from  the  Birch 
Creek  channel  and  overbank  deposits  had  a  mean 
of  7.9  and  median  of  2.5  weight  percent  in  the  less 
than  0.062  mm  fraction.  The  seven  samples  from 
the  Little  Lost  River  channel  and  overbank  depos- 
its had  a  mean  of  34.5  and  median  of  23.8  weight 
percent  for  the  same  size  fraction.  Mineralogy  data 
indicated  that  Birch  Creek  had  larger  mean  per- 
centages of  quartz  and  calcite,  and  smaller  mean 
percentages  of  total  feldspar  and  dolomite  than  the 
Little  Lost  River  deposits.  Illite  was  the  dominant 
clay  mineral  present  in  both  drainages,  but  the 
Little  Lost  River  deposits  contained  more  smec- 
tite, mixed-layer  clays,  and  kaolinite  than  the  Birth 
Creek  deposits.  (USGS) 
W90-05273 


SEDIMENTATION  OF  LAKE  TANEYCOMO, 
MISSOURI,  1913-1987. 

Geological  Survey,  Rolla,  MO.  Water  Resources 
Div. 

W.  R.  Berkas. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4160, 
1990.  80p,  41  fig,  27  tab,  12  ref. 

Descriptors:  'Sedimentation,  'Sedimentation  rates, 
•Isotope  studies,  'Lake  sedimentation,  'Silting, 
'Reservoir  silting,  Particle  size,  Surface  water, 
Missouri. 

On  the  basis  of  the  data  from  a  sedimentation 
survey  done  by  the  U.S.  Department  of  Agricul- 
ture, Soil  Conservation  Service,  during  1935  and 
data  collected  by  the  U.S.  Geological  Survey 
during  1987,  the  volume  of  sediment  accumulated 
in  Lake  Taneycomo  from  1913  to  1935  and  1913  to 
1987  was  determined.  Table  Rock  Dam,  built  di- 
rectly upstream  from  Lake  Taneycomo  during 
1958,  eliminated  about  92%  of  the  4,644-sq  mi 
basin  from  contributing  sediment  directly  to  the 
lake.  Cesium- 137  isotope  was  used  as  a  tracer  in 
the  sediment  to  determine  the  quantity  of  deposi- 
tion in  the  lake  after  Table  Rock  Dam  was  com- 
pleted. The  relation  between  cross-sectional  area 
and  distance  upstream  from  the  dam  (curve 
method)  was  used  to  determine  the  1913  (original), 
the  1935,  and  the  1987  volumes  of  Lake  Taney- 
como. A  total  of  910,000,000  cu  ft  of  sediment 
accumulated  between  1913  and  1935,  42%  of  the 
original  volume  of  the  lake.  A  total  of 
1,066,000,000  cu  ft  of  sediment  accumulated  be- 
tween 1913  and  1987,  49%  of  the  original  volume. 
Lake  Taneycomo  seems  to  be  functioning  as  an 
alluvial  river,  responding  to  the  new  energy  gradi- 
ent established  by  the  spillway  at  Ozark  Beach 
Dam,  and  later  to  changes  in  the  sediment  load. 
The  upper  two-thirds  of  the  lake  seems  to  have 


been  scoured  after  Table  Rock  Dam  greatly  de- 
creased the  sediment  load  to  the  lake.  The  cesium- 
137  analysis  indicated  that  sediment  is  still  accumu- 
lating in  the  lower  reaches  of  the  lake,  with  meas- 
ured accumulation  generally  ranging  from  0.2  to 
2.6  ft.  (USGS) 
W90-05284 


ECONOMIC  RESERVOIR  DESIGN  AND 
STORAGE  CONSERVATION  BY  REDUCED 
SEDIMENTATION. 

Illinois  State  Water  Survey  Div.,  Champaign. 
K.  P.  Singh,  and  A.  Durgunoglu. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  1,  p.  85-97, 
January/February    1990.    5   fig,   4  tab,    14  ref,   2 
append. 

Descriptors:  'Reservoir  design,  'Reservoir  silting, 
•Sedimentation,  Mathematical  models,  Reservoir 
storage,  Economic  aspects,  Reservoir  operation, 
Illinois. 

A  mathematical  model  has  been  developed  for 
estimating  the  design  storage  capacity  of  a  reser- 
voir by  using  the  expected  water  demand,  storage 
loss  due  to  sedimentation,  and  physical  and  hydro- 
logical  characteristics  of  the  watershed.  Suitable 
mitigative  measures  can  be  incorporated  in  dam 
design  and  reservoir  operation  to  substantially 
reduce  sediment  entrapment  in  the  reservoir,  and 
to  improve  dissolved  oxygen  levels  by  releasing 
hypolimnetic  waters  from  the  reservoir.  These 
measures  may  also  greatly  reduce  streambed  deg- 
radation downstream  of  the  dam  and  consequent 
initiation  of  a  new  erosion  cycle  in  the  tributaries. 
Reservoir  design  based  on  storage  conservation  is 
of  prime  importance  considering  the  dearth  of  new 
feasible  sites  for  reservoirs.  Economic  analyses  for 
different  storage-maintenance  measures  (such  as 
undersluices  and  flushing  pipes)  have  been  investi- 
gated in  terms  of  reduction  in  initial  reservoir 
design  storage,  cost  of  installing  measures,  and  cost 
of  any  dredging  operations.  These  analyses  are 
performed  for  a  site  in  Illinois  for  several  water- 
demand  levels  and  useful  lives  of  the  reservoir. 
The  results  of  the  model  application  indicate  that 
sedimentation  reduction  can  be  economically 
achieved  in  the  design  of  new  dams  and  reservoirs 
as  well  as  in  retrofitting  existing  ones.  (Author's 
abstract) 
W90-05304 


NEW     REVETMENT     DESIGN     CONTROLS 
STREAMBANK  EROSION. 

Forest  Service,  Albuquerque,  NM.  Southwestern 

Region. 

For   primary   bibliographic   entry   see   Field   4D. 

W90-05331 


NEW  METHOD  OF  STREAM  BANK  PROTEC- 
TION. 

Saint  Charles  City  Engineer's  Office,  MO. 

For  primary  bibliographic   entry   see   Field   4D. 

W90-05332 


FILL  SLOPE  REPAIR  USING  SOIL  BIOEN- 
GINEERING  SYSTEMS. 

Sotir  (Robbin  B.)  and  Associates,  Marietta,  GA. 
For  primary  bibliographic  entry  see  Field  8D. 
W90-05333 


EMERGENCY     WATERSHED     PROTECTION 
USING  STRAW  BALES. 

Miles  (Thomas  R.),  Portland,  OR. 

For   primary   bibliographic   entry   see   Field   4D. 

W90-05334 


Malaga  Univ.  (Spain).  Dept.  de  Ecologia. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05452 


VARIATIONS  IN  RESERVOIR  SEDIMENTA- 
TION IN  SCOTLAND  IN  RESPONSE  TO  LAND 
USE  CHANGES. 

Saint  Andrews  Univ.  (Scotland).  Dept.  of  Geogra- 
phy. 

R.  W.  Duck,  and  J.  McManus. 
Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  19-26,  November  1989.  3 
fig,  1  tab,  13  ref. 

Descriptors:  'Silting,  'Reservoir  sediments,  'Res- 
ervoirs, 'Sedimentation,  'Land  use,  'Erosion, 
'Reforestation,  'Agriculture,  Runoff,  Farming, 
Scotland. 

In  addition  to  the  many  major  lakes  which  charac- 
terize the  landscape  of  Scotland  innumerable  small 
artificial  reservoirs  have  been  created  during  the 
last  150  years.  With  changes  in  legislation  control- 
ling inspection  and  maintenance  of  the  impounding 
embankments  and  valve  gear,  many  of  these  water 
bodies  have  been  drawn-down  over  the  past  5 
years.  The  unrivalled  opportunity  to  examine  res- 
ervoir floor  sediments  readily  has  permitted  depos- 
it thicknesses  and  the  physical  characteristics  of 
the  materials  to  be  investigated.  Cores  from  the 
reservoir  beds  show  systematic  variations  of  grain 
size  (expressed  as  median  grain  size,  percentage  of 
sand,  etc.)  in  many  cases.  Analysis  of  well  docu- 
mented agricultural  records  reveals  progressive 
changes  in  land  use  which  were  interrupted  by 
increased  cultivation  of  marginal  lands  in  response 
to  the  national  emergency  of  World  War  II.  Subse- 
quent evolution  of  farming  activity  is  also  reflected 
in  the  upper  segments  of  the  cores.  Increased 
recent  afforestation,  preceded  by  deep  ploughing 
for  drainage,  permits  increased  runoff  and  sedi- 
ment erosion,  with  consequential  increased  sedi- 
mentation in  downstream  reservoirs.  Some  have 
become  totally  infilled  with  sediment  at  this  stage. 
(Author's  abstract) 
W90-05453 


SEDIMENTATION  SURVEY  OF  LAGO  LOIZA, 
PUERTO  RICO,  JULY  1985. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

F  Quinones,  B.  Green,  and  L.  Santiago. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations    Report    87-4019, 
1989.  17p,  9  fig,  5  tab,  10  ref. 

Descriptors:  'Reservoirs,  'Sedimentation,  'Reser- 
voir silting,  'Puerto  Rico,  Lago  Loiza,  Reservoir 
capacity. 

A  survey  of  the  sedimentation  of  Lago  Loiza  (Car- 
raizo),  in  north-central  Puerto  Rico  was  conducted 
during  July  1985.  The  survey  showed  that  the 
actual  capacity  of  the  reservoir  has  declined  from 
21,700  acre-ft  in  1953  to  about  10,100  acre-ft  in 
1985.  Sedimentation  is  depleting  the  reservoir's 
capacity  at  an  average  rate  of  about  439  acre-ft/yr, 
or  about  1.8%/yr  of  the  original  capacity.  The 
increase  in  capacity  of  2,400  acre-ft  produced  in 
1977  when  flashboards  were  installed,  has  now 
been  nullified  by  sedimentation.  Under  optimal 
conditions  the  remaining  usable  life  of  the  reser- 
voir is  estimated  to  be  about  23  years.  (Author's 
abstract) 
W90-05546 


RATES     AND     PATTERNS    OF    ESTUARINE 
SEDIMENT  ACCUMULATION. 

Johns  Hopkins  Univ.,   Baltimore,   MD.   Dept.   of 
Geography  and  Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-05393 


SESTON  VERTICAL  FLUX  MODEL  FOR  EU- 
TROPHIC  RESERVOIR. 


LITHOLOGY,  MINERALOGY,  AND  PALEON- 
TOLOGY OF  QUATERNARY  LAKE  DEPOSITS 
IN  LONG  VALLEY  CALDERA,  CALIFORNIA. 

Geological  Survey,  Menlo  Park,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05551 


COMPOSITION,  DISTRIBUTION,  AND  HY- 
DROLOGIC  EFFECTS  OF  CONTAMINATED 
SEDIMENTS   RESULTING   FROM   THE   DIS- 
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Field  2— WATER  CYCLE 


Group  2J — Erosion  and  Sedimentation 


CHARGE  OF  GOLD  MILLING  WASTES  TO 
WHITEWOOD  CREEK  AT  LEAD  AND  DEAD- 
WOOD,  SOUTH  DAKOTA. 

Geological  Survey,  Rapid  City,  SD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05553 


SEDIMENTATION  SURVEY  OF  LAGO  DOS 
BOCAS,  PUERTO  RICO,  JUNE  1985. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

F.  Quinones,  F.  Melendez,  and  C.  Bonnet. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  86-241,  1989.  14p,  6  fig,  3  tab,  5 
ref. 

Descriptors:  'Puerto  Rico,  'Reservoirs,  'Sedimen- 
tation, 'Lago  Dos  Bocas,  'Reservoir  silting,  Res- 
ervoir sediments,  Reservoir  capacity. 

A  survey  of  the  sedimentation  of  Dos  Bocas  reser- 
voir, in  central  Puerto  Rico,  was  conducted  during 
July  1985.  The  survey  showed  that  the  capacity  of 
the  reservoir  has  declined  from  30,420  acre-ft  in 
1942  to  about  19,620  acre-ft.  Sediment  is  accumu- 
lating in  the  reservoir  at  an  average  rate  of  about 
251  acre-ft/yr,  or  about  0.83%/yr  of  the  original 
capacity.  The  expected  usable  life  of  the  reservoir 
on  the  basis  of  the  long-term  sedimentation  rate  is 
about  78  years.  However,  the  sedimentation  rate 
appears  to  have  increased  significantly  since  1979. 
During  the  last  six  years,  the  average  sedimenta- 
tion rate  has  exceeded  600  acre-ft/yr.  If  this  rate  is 
maintained,  the  expected  usable  life  of  the  reser- 
voir would  be  about  32  years.  (Author's  abstract) 
W90-05608 


SEDIMENT  TRANSPORT  AND  ACCRETION 
AND  THE  HYDROLOGIC  ENVIRONMENT  OF 
GROVE  CREEK  NEAR  KENANSVILLE, 
NORTH  CAROLINA. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 
Div. 

T.  C.  Stamey. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4086, 
1989.  30p,  10  fig,  6  tab,  12  ref. 

Descriptors:  'Sediment  transport,  'North  Caroli- 
na, 'Silting,  'Grove  Creek,  Hydrologic  systems, 
Grove  Creek  Basin,  Clays,  Silt,  Trees,  Radioiso- 
topes, Cesium,  Lead,  Cores,  Sediment  analysis. 

The  Grove  Creek  basin  includes  an  area  of  about 
42  sq  mi  in  Duplin  County,  North  Carolina.  This 
report  evaluates  sediment  transport  and  sediment 
accretion  rates  in  the  lowermost  9-mile  reach  of 
Grove  Creek  by  using  hydrologic,  dendrologic, 
and  radioisotopic  data  collected  at  seven  sites 
along  the  study  reach.  Hydrologic  data  indicate 
two  discharge  frequencies.  In  the  swampiest 
reaches  downstream  of  site  5,  inundation  occurs 
35%  of  the  time;  above  this  site,  inundation  occurs 
about  15%  of  the  time.  For  the  period  from  Octo- 
ber 1982  through  September  1987,  overbank  flows 
at  site  4  occurred  82  times  and  lasted  a  total  of  632 
days  with  a  maximum  duration  of  3  months.  Distri- 
bution of  tree  species  indicates  that  water  tolerant 
bald  cypress  have  developed  along  the  lowermost 
7  miles  of  Grove  Creek  where  the  flood  plain  is 
inundated  35%  of  the  time.  The  sediment  that  is 
transported  in  Grove  Creek  is  predominantly  silt 
and  clay.  Measured  suspended  sediment  concentra- 
tions at  discharges  <  100  cu  ft/sec  are  <  15  mg/ 
L;  concentrations  at  higher  discharges  did  not 
exceed  67  mg/L.  Calculated  suspended  sediment 
loads  ranged  from  75  to  444  tons/yr  at  the  various 
data  collection  sites  on  Grove  Creek.  Sediment 
accretion  rates  estimated  from  dendrologic  data 
ranged  from  0.03  ft/yr  to  0.06  ft/yr.  The  highest 
accretion  rates  occur  in  the  downstream  swampy 
reaches  and  are  due  to  channel  braiding,  low  chan- 
nel gradients  and  flow  velocities,  and  high  frequen- 
cy and  duration  percentages  of  overbank  flow, 
which  result  in  the  deposition  of  clay  and  silt  over 
wide  areas  of  the  flood  plain.  Sediment  accretion 
rates  along  Grove  Creek  were  also  estimated  by 
radioisotope   methods.    Sediment   cores   from   the 


flood  plain  showed  detectable  levels  of  137-Ce, 
210-Pb,  and  226-Ra.  137-Ce  was  not  present  in  the 
sediment  cores  below  a  depth  of  10  inches;  this 
indicates  a  maximum  accretion  rate  of  about  0.024 
ft/yr  for  the  period  1952-87.  21-Pb  and  226-Ra  data 
from  these  same  sediment  cores  indicate  an  aver- 
age accretion  rate  of  0.026  ft/yr  to  a  depth  of 
about  2  ft.  The  maximum  age  of  the  floodplain 
sediment  at  the  2-ft  level  is  about  80  years.  (Au- 
thor's abstract) 
W90-05609 

2K.  Chemical  Processes 


GEOCHEMISTRY  AND  ISOTOPE  HYDRO- 
GEOLOGY  OF  THE  MOUNT  EDZIZA-MESS 
CREEK  GEOTHERMAL  AREA. 

Piteau    (D.R.)   and    Associates   Ltd.,    Vancouver 

(British  Columbia). 

For  primary  bibliographic  entry  see  Field  8E. 

W90-04585 


SLOPE  AND  PHOSPHOGYPSUM'S  EFFECTS 
ON  RUNOFF  AND  EROSION. 

Agricultural    Research    Organization,    Bet-Dagan 

(Israel).  Volcani  Center. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-04626 


DIFFUSION  METHODS  FOR  THE  DETERMI- 
NATION OF  REDUCED  INORGANIC  SULFUR 
SPECIES  IN  SEDIMENTS. 

Florida  Agricultural  and  Mechanical  Univ.,  Talla- 
hassee. Div.  of  Agricultural  Science. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04654 


SEASONAL  GEOCHEMISTRY  OF  AN  ARCTIC 
TUNDRA  DRAINAGE  BASIN. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agronomy. 
K.  R.  Everett,  G.  M.  Marion,  and  D.  L.  Kane. 
Holarctic  Ecology  HOECD2,  Vol.   12,  No.  3,  p 
279-289,  Oct  1989.  8  fig,  5  tab,  19  ref. 

Descriptors:  'Geochemistry,  'Small  watersheds, 
'Tundra,  'Arctic  zone,  Seasonal  variation,  Snow- 
melt,  Flood  peak,  Ions. 

The  snowmelt  flood  at  Imnavait  Creek  takes  place 
sometime  between  12  May  and  2  June  and  consti- 
tutes the  single  most  important  hydrological  and 
geochemical  event.  Three  years  of  study  indicate 
this  event  spans  7  to  10  days  and  that  peak  dis- 
charge can  be  expected  to  be  between  0.6  and  0.9 
cu.  mes.  Ion  concentrations  peak  during  the  first 
15%  of  the  event  while  pH  is  at  a  minimum.  In  all 
cases,  ion  concentrations  in  the  spring  runoff  are  4 
to  9  times  those  of  the  snow  pack.  Precipitation, 
including  dryfall,  contributes  significant  amounts 
of  Ca,  Mg,  K,  Na,  CI  and  S04.  Potassium  is 
present  in  surface  waters  only  during  melt-off  and 
for  a  short  time  after.  Calcium,  Mg,  suspended 
solids  and  electrical  conductivity  all  reach  broad, 
poorly  defined  peaks  in  mid-summer.  Only  pH 
shows  a  significant  relationship  to  discharge.  On  a 
seasonal  basis  a  substantial  charge  imbalance  favor- 
ing cations  occurs.  It  seems  probable  that  the,  as 
yet,  unmeasured  negative  charge  is  associated  with 
organic  anions.  No  seasonal  trends  were  recorded 
for  Mg,  K  or  Mn  in  subsurface  flow  in  the  sur- 
rounding slopes.  Calcium,  Fe  and  Al  showed  a  late 
season  peak,  and  the  concentration  of  Na  and  Si 
decreased  as  the  melt  season  progressed.  (Author's 
abstract) 
W90-04715 


EFFECT  OF  NUTRIENT  AND  WATER  ADDI- 
TIONS ON  ELEMENTAL  MOBILITY 
THROUGH  SMALL  TUNDRA  WATERSHEDS. 

San  Diego  State  Univ.,  CA.  Systems  Ecology  Re- 
search Group. 

G.  M.  Marion,  and  K.  R.  Everett. 
Holarctic  Ecology  HOECD2,  Vol.   12,  No.  3,  p 
317-323,  Oct  1989.  4  fig,  3  tab,  16  ref.  DOE  Grant 
No.  DE-FG03-84ERG0250. 

Descriptors:  'Experimental  basins,  'Solute  trans- 
port, 'Water  chemistry,  'Ecology,  'Environmen- 


tal effects,  Nutrients,  Ions,  Tundra,  Ecological  ef- 
fects. 

The  objective  was  to  quantify  elemental  movement 
through  small  tundra  watersheds  as  affected  by 
nutrient  and  water  additions.  Nutrient  (slow-re- 
lease nitrogen/phosphorus/potassium  fertilizer) 
and  water  additions  were  applied  to  small  tundra 
watersheds  along  Imnavait  Creek  Northern 
Alaska.  Suction  lysimeters  and  weired  watersheds 
were  used  to  monitor  elemental  mobility..  Elemen- 
tal concentrations  in  undisturbed  watersheds  were 
similar  to  Hubbard  Brook  watersheds  except  for 
nitrate-N  which  was  much  higher  and  phosphate-P 
which  was  lower  in  the  Hubbard  Brook  water- 
sheds. The  water  addition  treatment  led  to  a  signif- 
icant increase  in  Ca,  Mg,  Na,  Fe,  Mn  and  sulfate 
concentrations  which  was  attributed  to  contamina- 
tion originating  from  within  the  water  distribution 
system.  Increased  elemental  concentrations  in  the 
irrigated  watersheds  were  found  up  to  85  m  below 
the  point  of  application.  Ammonium  and  nitrate 
originating  from  the  fertilizer  were  detected  6  m 
below  the  application  point  within  two  weeks  of 
application.  The  ammonium  and  nitrate  concentra- 
tions remained  above  background  levels  for  two 
field  seasons  following  fertilization.  Both  the  irri- 
gation and  fertilization  studies  show  that  disturb- 
ances in  tundra  ecosystems  may  spread  far  beyond 
the  initially  impacted  area  both  with  respect  to 
time  and  space.  (Author's  abstract) 
W90-04718 


COMPARATIVE  EFFECTS  OF  DOWNSLOPE 
WATER  AND  NUTRIENT  MOVEMENT  ON 
PLANT  NUTRITION,  PHOTOSYNTHESIS, 
AND  GROWTH  IN  ALASKAN  TUNDRA. 

Florida  International  Univ.,  Miami.  Dept.  of  Bio- 
logical Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04719 


DISSOLVED  ORGANIC  CARBON  DYNAMICS 
OF  DEVELOPED  AND  UNDEVELOPED  WET- 
LAND CATCHMENTS  IN  WESTLAND,  NEW 
ZEALAND. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 

Dept.  of  Zoology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04805 


PREDICTION  OF  LONG-TERM  EFFECTS  OF 
RAINWATER  ACIDITY  ON  PEAT  AND  ASSO- 
CIATED DRAINAGE  WATER  CHEMISTRY  IN 
UPLAND  AREAS. 

Aberdeen  Univ.  (Scotland).  Dept.  of  Plant  and  Soil 

Science. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04834 


CHEMICAL  SUBSTITUTION  REACTION  BE- 
TWEEN CU(II)  AND  HGdl)  AND  HYDROUS 
CDS(S). 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04841 


EFFECT  OF  SURFACE  ACTIVE  SUBSTANCES 
ON  THE  ELECTROCHEMICAL  BEHAVIOUR 
OF  COPPER  IONS  IN  CHLORIDE  SOLU- 
TIONS AND  IN  NATURAL  WATERS. 

Institut    Rudjer    Boskovic,    Zagreb   (Yugoslavia). 

Center  for  Marine  Research. 

N.  Plavsic,  and  B.  Cosovic. 

Water  Research  WATRAG,  Vol.  23,  No.   12,  p 

1545-1553,  December  1989.  9  fig,  29  ref.  National 

Institute  for  Science  and  Technology  Grant  NIST 

JF  849. 

Descriptors:  'Water  chemistry,  'Path  of  pollut- 
ants, 'Surfactants,  'Chlorides,  'Electrochemistry, 
•Copper,  'Natural  waters,  Metal  complexes, 
Humic  acids.  Cations,  Proteins,  Chemical  reac- 
tions, Electrodes,  Mercury,  Adsorption,  Oxidation. 
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Electrochemical  methods  have  been  used  in  the 
study  of  the  adsorption  behavior  of  different  sur- 
face active  substances,  biogenic  and  non-biogenic, 
as  well  as  in  the  study  of  their  complexation  prop- 
erties for  copper  ions  in  chloride  solutions  and  in 
natural  waters.  The  influence  on  the  anodic  oxida- 
tion wave  of  copper  has  been  examined.  For  sur- 
face active  substances  (humic  substances  and  pro- 
teins), which  at  the  same  time  exhibit  complexation 
properties  towards  copper  ions,  the  main  interac- 
tion will  be  complexation,  especially  in  the  lower 
concentration  range  of  both  copper  and  the  organ- 
ic substance.  At  higher  concentrations  of  the  sur- 
face active  substances  and  copper  ions  adsorption 
effects  may  play  a  role  in  oxido-reduction  process- 
es of  copper  at  the  electrode  surface  covered  with 
organic  coating.  Contrary  to  cadmium,  the  elec- 
trode reaction  of  copper  is  not  greatly  influenced 
by  synthetic  surface  active  substances  like  Triton 
X-100  and  sodium  dodecylsulfate,  since  in  the  po- 
tential range  of  the  anodic  wave  of  copper  most 
synthetic  surface  active  substances  are  desorbed 
from  the  mercury  electrode  surface.  In  natural 
samples  the  main  interaction  will  be  complexation 
of  copper  ions  with  organic  matter.  Investigations 
of  the  interfacial  interactions  between  copper  and 
organic  coating  have  to  be  continued  on  the  other 
surfaces,  natural  and/or  model  ones,  which  have 
different  surface  properties  and  will  be  of  greater 
environmental  significance.  Mercury  electrode/so- 
lution interface  is  not  a  very  convenient  model  for 
the  study  of  interfacial  interactions  of  copper  ions 
because  of  the  nature  of  the  electrode  process  of 
copper.  (Author's  abstract) 
W90-04843 


ZN  SOLUBILITY  IN  LOW  CARBONATE  SO- 
LUTIONS. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Seattle,  WA.  Pacific  Marine  Environmental 
Lab. 

A.  J.  Paulson,  M.  M.  Benjamin,  and  J.  F. 
Ferguson. 

Water  Research  WATRAG,  Vol.  23,  No.  12,  p 
1563-1569,  December  1989.  5  fig,  4  tab,   18  ref. 

Descriptors:  *Water  chemistry,  *Zinc,  "Carbon- 
ates, "Solubility,  "Chemical  precipitation, 
"Wastewater  treatment,  Hydrozincite,  Chemical 
reactions,  Zinc  oxide,  Heavy  metals,  Hydrogen  ion 
concentration,  X-ray  diffraction,  Heavy  metals. 

While  the  importance  of  several  metal  basic  car- 
bonates has  been  recognized  in  natural  and 
wastewater  systems,  the  existence  of  the  Zn  basic 
carbonate,  hydrozincite,  has  not  been  fully  appreci- 
ated even  though  solubility  data  have  been  avail- 
able. In  the  presence  of  2  mM  total  inorganic 
carbonate,  Zn(+  +)  solutions  below  pH  8.2  were 
found  to  precipitate  hydrozincite  within  24  hours 
and  to  contain  total  dissolved  Zn  concentrations 
that  were  comparable  to  those  predicted  from 
equilibrium  with  hydrozincite.  The  identity  of  the 
hydrozincite  was  confirmed  by  X-ray  diffraction 
and  elemental  analyses.  In  the  pH  range  8.2  to  10.5, 
the  total  dissolved  Zn  concentrations  were  less 
than  that  expected  from  equilibrium  with  hydro- 
zincite by  factors  of  up  to  3,  while  the  precipitated 
solids  had  C:Zn  ratios  intermediate  between  those 
of  hydrozincite,  give  oxide,  and  exhibited  weak 
hydrozincite  X-ray  diffraction  patterns.  At  pHs 
above  10.3,  zinc  oxides  with  strong  X-ray  diffrac- 
tion patterns  were  present  and  total  dissolved  Zn 
concentrations  approached  those  expected  for 
equilibrium  with  zinc  oxide.  In  solutions  prepared 
to  exclude  carbonate,  the  total  dissolved  zinc  con- 
centrations in  all  solutions  were  similar  to  those 
expected  for  equilibrium  with  zinc  oxide.  Howev- 
er, two  solids  in  these  'carbonate-free'  solutions 
contained  small  amounts  of  inorganic  carbonate 
and  exhibited  weak  hydrozincite  X-ray  diffraction 
patterns.  The  presence  of  well-defined  or  poorly- 
crystalline  hydrozincite  in  all  2  mM  inorganic 
carbon  solutions  between  pH  8  to  10  and  its  pres- 
ence in  two  solutions  prepared  to  exclude  carbon- 
ate contamination  suggest  that  hydrozincite  is 
probably  a  common  Zn  solid  formed  in  conven- 
tional precipitation  processes.  (Author's  abstract) 
W90-O4845 


STRUCTURAL  INVESTIGATIONS  OF  AQUAT- 
IC   HUMIC    SUBSTANCES    BY    PYROLYSIS- 


FIELD  IONIZATION  MASS  SPECTROMETRY 
AND  PYROLYSIS-GAS  CHROMATOGRAPHY/ 
MASS  SPECTROMETRY. 

Karlsruhe  Univ.  (Germany,  F.R.).   Engler-Bunte 

Inst. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-04847 


EXAMINATION  OF  A  FRESHWATER  SUR- 
FACE MICROLAYER  FOR  DIEL  CHANGES  IN 
THE  BACTERIONEUSTON. 

Wisconsin  Univ.,   Milwaukee.   Center   for   Great 

Lakes  Studies. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04886 


MASS  TRANSFER  PROPERTIES  OF  THE 
BENTHIC  BOUNDARY  LAYER  WITH  AN  AP- 
PLICATION TO  OXYGEN  FLUXES. 

Sveriges  Meteorologiska  och  Hydrologiska  Inst., 

Norrkoeping. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05033 


INSTREAM  CHEMICAL  REACTIONS  OF 
ACID  MINE  WATER  ENTERING  A  NEUTRAL 
STREAM  NEAR  LEADVILLE,  COLORADO. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05067 


HYDROXYL  RADICAL  FORMATION  IN  ST. 
KEVIN  GULCH,  AN  IRON-RICH  STREAM  IN 
COLORADO. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05073 


SOLUTE  DIFFUSION  WITHIN  SAND  OF  THE 
CAPE  COD,  MASSACHUSETTS,  AQUIFER. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05077 


INFLUENCE  OF  GEOCHEMICAL  HETERO- 
GENEITY IN  A  SAND  AND  GRAVEL  AQUI- 
FER ON  THE  SORPTION  OF  CHLOROBEN- 

ZENES. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05079 


FIELD  AND  LABORATORY  STUDIES  OF 
COUPLED  FLOW  AND  CHEMICAL  REAC- 
TIONS IN  THE  GROUND-WATER  ENVIRON- 
MENT. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-05081 


COUPLED  CHEMICAL,  BIOLOGICAL  AND 
PHYSICAL  PROCESSES  IN  WHITEWOOD 
CREEK,  SOUTH  DAKOTA:  EVALUATION  OF 
THE  CONTROLS  OF  DISSOLVED  ARSENIC. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05087 


USE  OF  RADON-222  AS  A  TRACER  OF 
TRANSPORT  ACROSS  THE  BED  SEDIMENT- 
WATER  INTERFACE  IN  PRIEN  LAKE,  LOU- 
ISIANA. 

Geological  Survey,  Baton  Rouge,  LA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05092 


PHASE  ASSOCIATION  OF  TRACE  METALS 
IN  SEDIMENTS  FROM  THE  CALCASIEU 
RIVER,  LOUISIANA. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05093 


ABIOTIC  PHOTOLYSIS  IN  THE  CALCASIEU 
RIVER,  LOUISIANA. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05096 


SOLUBILITY  OF  ALUMINUM  AND  IRON  IN 
GROUND  WATER  NEAR  GLOBE,  ARIZONA. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-05123 


CHEMICAL  CHARACTERISTICS,  INCLUDING 
STABLE-ISOTOPE  RATIOS,  OF  SURFACE 
WATER  AND  GROUNDWATER  FROM  SE- 
LECTED SOURCES  IN  AND  NEAR  EAST 
FORK  ARMELLS  CREEK  BASIN,  SOUTH- 
EASTERN MONTANA,  1985. 
Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

R.  F.  Ferreira,  J.  H.  Lambing,  and  R.  E.  Davis. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report   89-4024, 
August,  1989.  51p,  13  fig,  10  tab,  14  ref. 

Descriptors:  "Coal  mining  effects,  "Water  quality, 
"Groundwater  quality,  "Montana,  Stable  isotopes, 
Armells  Creek,  Dissolved  solids,  Surface  water, 
Trace  elements. 

Water  samples  were  collected  from  29  sites  to 
provide  synoptic  chemical  data,  including  stable- 
isotope  ratios,  for  an  area  of  active  surface  coal 
mining  and  to  explore  the  effectiveness  of  using  the 
data  to  chemically  distinguish  water  from  different 
aquifers.  Surface-water  samples  were  collected 
from  one  spring,  four  sites  on  East  Armells  Creek, 
one  site  on  Stocker  Creek,  and  two  fly-ash  ponds. 
Streamflows  in  East  Fork  Armells  Creek  ranged 
from  no  flow  in  several  upstream  reaches  to  2.11 
cu  ft/sec  downstream  from  Colstrip,  Montana. 
Only  one  tributary,  Stocker  Creek,  was  observed 
to  contribute  surface  flow  in  the  study  area. 
Groundwater  samples  were  collected  from  wells 
completed  in  Quaternary  alluvium  or  mine  spoils, 
Rosebud  overburden,  Rosebud  coal  bed,  McKay 
coal  bed,  and  sub-McKay  deposits  of  the  Tongue 
River  Member,  Paleocene  Fort  Union  Formation. 
Dissolved-solids  concentrations,  in  mg/L,  were 
840  at  the  spring,  3,100  to  5,000  in  the  streams, 
13,000  to  22,000  in  the  ash  ponds,  and  690  to  4,100 
in  the  aquifers.  With  few  exceptions,  water  from 
the  sampled  spring,  streams,  and  wells  had  similar 
concentrations  of  major  constituents  and  trace  ele- 
ments and  similar  stable-isotope  ratios.  Water  from 
the  fly-ash  ponds  had  larger  concentrations  of  dis- 
solved solids,  boron,  and  manganese  and  were 
isotopically  more  enriched  in  deuterium  and 
oxygen- 18  than  water  from  other  sources.  Water 
from  individual  aquifers  could  not  be  distinguished 
by  either  ion-composition  diagrams  or  statistical 
cluster  analyses.  (USGS) 
W90-05204 


APPRAISAL  OF  GROUND-WATER  QUALITY 
IN  THE  BUNKER  HILL  BASIN  OF  SAN  BER- 
NARDINO VALLEY,  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-05211 


CORROSIVE  GROUNDWATER  IN  THE  KIRK- 
WOOD-COHANSEY  AQUIFER  SYSTEM  IN 
THE  VICINITY  OF  OCEAN  COUNTY,  EAST- 
CENTRAL  NEW  JERSEY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 
Div. 

G.  R.  Kish,  J.  L.  Barringer,  and  R.  L.  Ulery. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations    Report    87-4181, 
1989.  1  sheet,  4  fig,  1  tab,  19  ref. 

Descriptors:  "Corrosion,  "Atlantic  Coastal  Plain, 
"Water  quality,  "New  Jersey,  Hydrogen  ion  con- 
centration,     Groundwater,      Alkalinity,      Ocean 
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County,  Kirkwood-Cohansey  Aquifer  System,  Ag- 
gressive index. 

Corrosive  groundwater,  which  has  been  linked  to 
trace-metal  leaching  from  plumbing  materials  in 
Europe  and  the  United  States,  has  been  identified 
in  the  Coastal  Plain  of  New  Jersey.  The  corrosive- 
ness  of  groundwater  in  the  Kirkwood-Cohansey 
aquifer  system  in  New  Jersey  has  been  estimated 
by  calculating  values  for  the  Aggressive  Index, 
using  groundwater  chemistry  data.  A  contour  map 
of  Aggressive-Index  values  shows  that  groundwat- 
er is  very  corrosive  in  the  vicinity  of  Ocean 
County,  New  Jersey.  Areas  with  the  least  corro- 
sive water  are  generally  along  the  coast,  whereas 
areas  with  the  most  corrosive  water  are  farther 
inland.  (USGS) 
W90-05275 


EVALUATION  OF  FIELD  SAMPLING  AND 
PRESERVATION  METHODS  FOR  STRONTI- 
UM-90  IN  GROUND  WATER  AT  THE  IDAHO 
NATIONAL  ENGINEERING  LABORATORY, 
IDAHO. 

Geological  Survey,  Idaho  Falls,  ID.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05278 


SELECTED  WATER-QUALITY  CHARACTER- 
ISTICS AND  FLOW  OF  GROUNDWATER  IN 
THE  SAN  LUIS  BASIN,  INCLUDING  THE 
CONEJOS  RIVER  SUBBASIN,  COLORADO 
AND  NEW  MEXICO. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

R.  S.  Williams,  and  S.  E.  Hammond. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report    89-4040, 
1990.  43p,  12  fig,  1  pi,  5  tab,  18  ref. 

Descriptors:  *Water  quality,  'Geochemistry,  'Col- 
orado, 'New  Mexico,  'Water  resources  data,  Un- 
confmed  aquifers,  Confined  aquifers,  Springs, 
Rivers. 

Chemical  analysis  of  water  from  99  wells  and  19 
springs  in  the  San  Luis  basin  in  Colorado  and  New 
Mexico  were  evaluated  to  determine  selected 
water  quality  characteristics  as  an  aid  in  under- 
standing the  flow  of  groundwater  in  the  basin.  The 
evaluation  shows  that  the  distribution  of  chemical 
water  types  in  the  basin  is  consistent  with  chemical 
changes  to  be  expected  along  flow  paths  in  rocks 
typical  of  those  in  the  basin.  The  San  Luis  basin 
area  is  underlain  by  a  surficial  (less  than  100  ft 
thick)  unconfined  aquifer  and,  in  turn,  by  a  confin- 
ing bed  and  a  deeper  confined  aquifer.  Previous 
studies  have  indicated  that  the  groundwater  system 
is  recharged  around  the  edges  of  the  basin  and  that 
groundwater  then  moves  toward  discharge  areas  in 
the  topographically  closed  part  of  the  basin  and 
along  principal  streams.  Results  of  this  groundwat- 
er quality  evaluation  support  these  previously  de- 
veloped concepts  of  flow  through  the  aquifer 
system  in  the  San  Luis  basin.  (USGS) 
W90-05280 


HYDROLOGIC  AND  CHEMICAL  DATA  FOR 

SELECTED  THERMAL-WATER  WELLS  AND 

SPRINGS  IN  THE  INDIAN  BATHTUB  AREA, 

OWYHEE        COUNTY,         SOUTHWESTERN 

IDAHO. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-05282 


INFLUENCE  OF  SALINITY,  LEACHING 
FRACTION,  AND  SOIL  TYPE  ON  OXYGEN 
DIFFUSION  RATE  MEASUREMENTS  AND 
ELECTRODE  'POISONING*. 

Nevada  Univ.,  Reno.  Dept.  of  Plant  Science. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05307 


INTERACTION  IN  AQUEOUS  SOLUTION  OF 
CERTAIN  PESTICIDES  WITH  FULVIC  ACIDS 
FROM  A  SPODOSOL  SOIL. 

Instituto  de  Recursos  Naturales  y  Agrobiologia, 

Seville  (Spain). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05308 


COMPARISON  OF  ALUMINIUM  PREPARA- 
TIONS AS  COAGULANTS  IN  WATER  TREAT- 
MENT. 

Tongji  Univ.,  Shanghai  (China).  Dept.  of  Environ- 
mental Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 
W90-05315 


STABLE  ISOTOPE  COMPOSITION  OF  LAND 
SNAIL  BODY  WATER  AND  ITS  RELATION 
TO  ENVIRONMENTAL  WATERS  AND  SHELL 
CARBONATE. 

Weizmann    Inst,    of   Science,    Rehovoth    (Israel). 

Dept.  of  Isotope  Research. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05325 


DISSOLUTION  OF  CALCITE  IN  ACID 
WATERS:  MASS  TRANSPORT  VERSUS  SUR- 
FACE CONTROL. 

Oxford  Univ.  (England).  Physical  Chemistry  Lab. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-05362 


EFFECT  OF  REDOX  POTENTIAL  ON  FIXA- 
TION OF  137  CESIUM  IN  LAKE  SEDIMENT. 

Louisiana  State  Univ.,  Baton  Rouge.  Lab.  for  Wet- 
land Soils  and  Sediments. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05367 


LIMNOLOGICAL  RECONNAISANCE  OF 
WATER  BODIES  IN  CENTRAL  AND  SOUTH- 
ERN NEPAL. 

Missouri    Univ. -Columbia.    School    of   Forestry, 

Fisheries  and  Wildlife. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05371 


CHEMISTRY  OF  HIGH  MOUNTAIN  LAKES 
IN  SILICEOUS  CATCHMENTS  OF  THE  CEN- 
TRAL EASTERN  ALPS. 

Institut  fuer  Limnologie,  Mondsee  (Austria). 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05386 


GEOCHEMICAL  EVOLUTION  OF  HALITE 
STRUCTURES  IN  HYPERSALINE  LAKES: 
THE  DEAD  SEA  ISRAEL. 

Hebrew  Univ.,  Jerusalem  (Israel).  Dept.  of  Geolo- 
gy- 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05391 


SOLUBILITY  OF  HALITE  AS  A  FUNCTION 
OF  TEMPERATURE  IN  THE  HIGHLY  SALINE 
DEAD  SEA  BRINE  SYSTEM. 

Hebrew  Univ.,  Jerusalem  (Israel).  Dept.  of  Geolo- 
gy- 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05392 


BACKGROUND  CONCENTRATION  RANGES 
OF  HEAVY  METALS  IN  SWEDISH  GROUND- 
WATERS FROM  CRYSTALLINE  ROCKS:  A 
REVIEW. 

Linkoeping  Univ.  (Sweden).  Dept.  of  Water  and 

Environmental  Research. 

A.  Ledin,  C.  Pettersson,  B.  Allard,  and  M. 

Aastrup. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 

No.  3-4,  p  419-426,  October  1989.  4  fig,  2  tab,  27 

ref. 

Descriptors:  'Water  chemistry,  'Geochemistry, 
•Baseline    studies,    'Heavy    metals,    'Crystalline 


rocks,  'Sweden,  Trace  metals,  Chromium,  Copper, 
Zinc,  Cadmium,  Lead,  Igneous  rocks,  Hydrogen 
ion  concentration,  Bedrock,  Sulfides. 

Concentrations  of  heavy  metals  (Cr,  Cu,  Zn,  Cd, 
and  Pb)  in  groundwaters,  primarily  from  igneous 
crystalline  bedrock,  were  studied  in  126  Swedish 
groundwater  sources  that  were  considered  rela- 
tively free  of  pollution.  Heavy  metal  occurrence 
was  summarized  in  a  cumulative  frequency  plot 
and  was  also  analyzed  against  groundwater  pH. 
Results  show  that  the  observed  groundwater  con- 
centrations of  the  metals  are  generally  at  least 
qualitatively  related  to  concentration  levels  of  the 
metals  in  the  bedrock  as  well  as  to  pH  of  the 
water.  At  low  pH  corresponding  to  a  slight  acidifi- 
cation in  otherwise  unpolluted  groundwaters,  con- 
centration levels  up  to  2  (Cr),  9  (Cu),  100  (Zn),  0.3 
(Cd),  and  1  (Pb)  microgram/liter  were  observed. 
The  natural  variations  in  heavy  metal  concentra- 
tions in  groundwaters  from  crystalline  granitic 
rocks  are  at  least  one  order  of  magnitude,  with 
probable  background  concentrations  of  0.03  to  0.5 
(Cr),  0.2  to  4  (Cu),  0.8  to  30  (Zn),  0.003  to  0.1  (Cd), 
and  0.01  to  0.2  (Pb)  micrograms/liter  in  non-sulfi- 
dic  waters.  The  presence  of  sulfide  in  solution 
would  reduce  the  levels  to  <  nanograms/liter, 
except  for  Cr.  (Geiger-PTT) 
W90-05413 


NUTRIENT  CYCLING  AT  THE  LAND-WATER 
INTERFACE:  THE  IMPORTANCE  OF  THE  RI- 
PARIAN ZONE. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Rangeland 

Resources. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-05501 


SELECTED  WATER-QUALITY  CHARACTER- 
ISTICS AND  FLOW  OF  GROUND  WATER  IN 
THE  SAN  LUIS  BASIN,  INCLUDING  THE 
CONEJOS  RIVER  SUBBASIN,  COLORADO 
AND  NEW  MEXICO. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-05593 


ORGANIC  GEOCHEMISTRY  AND  BRINE 
COMPOSITION  IN  GREAT  SALT,  MONO, 
AND  WALKER  LAKES. 

Johns  Hopkins  Univ.,  Baltimore,  MD.  Dept.  of 
Earth  and  Planetary  Sciences. 
J.  L.  Domagalski,  W.  H.  Orem,  and  H.  P.  Eugster. 
Pergamon  Press,  New  York,  New  York.  Novem- 
ber 1989.  16p,  10  fig,  6  tab,  44  ref.  NSF  GRant 
EAR-87-06384. 

Descriptors:  'Saline  lakes,  'Water  chemistry, 
'Geochemistry,  'Brines,  'Great  Salt  Lake,  'Mono 
Lake,  'Walker  Lake,  'Sediment  chemistry,  Organ- 
ic carbon,  Humic  substances,  Algae,  Organic 
matter,  Sulfates. 

Samples  of  recent  sediments,  representing  up  to 
1000  years  of  accumulation,  were  collected  from 
three  closed  basin  lakes  (Mono  Lake,  Ca,  Walker 
Lake,  NV,  and  Great  Salt  Lake,  UT)  to  assess  the 
effects  of  brine  composition  on  the  accumulation  of 
total  organic  carbon,  the  concentration  of  dis- 
solved organic  carbon,  humic  acid  structure  and 
diagenesis,  and  trace  metal  complexation.  The 
Great  Salt  Lake  water  column  is  a  stratified  Na- 
Mg-Cl-S04  brine  with  low  alkalinity.  Algal  debris 
is  entrained  in  the  high  density  ( 1 . 1 32- 1 . 1 90g/ml) 
bottom  brines,  and  in  this  region  maximum  organic 
matter  decomposition  occurs  by  anaerobic  process- 
es, with  sulfate  ion  as  the  terminal  electron  accep- 
tor. Organic  matter,  below  5  cm  of  the  sediment- 
water  interface,  degrades  at  a  very  slow  rate  in 
spite  of  very  high  pore-fluid  sulfate  levels.  Mono 
Lake  is  an  alkaline  (Na-C03-Cl-S04)  system.  The 
water  column  is  stratified,  but  the  bottom  brines 
are  of  lower  density  relative  to  the  Great  Salt 
Lake,  and  sedimentation  of  algal  debris  is  rapid. 
Walker  Lake  is  also  an  alkaline  system.  The  water 
column  is  not  stratified,  and  decomposition  of  or- 
ganic matter  occurs  by  aerobic  processes  at  the 
sediment-water  interface  and  by  anaerobic  process- 
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es  below.  Total  organic  carbon  and  dissolved  or- 
ganic carbon  concentrations  in  Walker  Lake  sedi- 
ments vary  with  location  and  depth  due  to  changes 
in  input  and  pore-fluid  sulfate  concentrations.  Nu- 
clear magnetic  resonance  studies  (13-C)  of  humic 
substances  and  dissolved  organic  carbon  provide 
information  on  the  source  of  the  recent  sedimenta- 
ry organic  carbon  (aquatic  vs.  terrestrial),  its  rela- 
tive state  of  decomposition,  and  its  chemical  struc- 
ture. The  spectra  suggest  an  algal  origin  with  little 
terrestrial  signature  at  all  three  lakes.  Despite  very 
high  algal  productivities,  organic  carbon  accumu- 
lation can  be  low  in  stratified  lakes  if  the  anoxic 
bottom  waters  are  hypersaline  with  high  concen- 
trations of  sulfate  ion.  Labile  organic  matter  is 
recycled  to  the  water  column  and  the  sedimentary 
organic  matter  is  relatively  nonsusceptible  to  bac- 
terial metabolism.  As  a  result,  pore-fluid  dissolved 
organic  carbon  and  metal-organic  complexation 
are  low.  (Lantz-PTT) 
W90-05595 


EVALUATION  OF  METHODS  USED  FROM 
1965  THROUGH  1982  TO  DETERMINE  INOR- 
GANIC CONSTITUENTS  IN  WATER  SAM- 
PLES. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-05619 


2L.  Estuaries 


EVOLUTION  OF  THE  UPPER  PART  OF  THE 
ESTUARY  OF  THE  CASAMANCE  RD7ER  (SEN- 
EGAL): TOWARD  A  PECULIAR  EVAPORA- 
TORY  MARINE  SYSTEM.  ISOTOPIC  DATA 
OF  WATERS,  (EVOLUTION  DU  HAUT  ES- 
TUAIRE  DE  LA  CASAMANCE  (SENEGAL): 
VERS  UN  SYSTEME  EVAPORATOIRE 
MARIN.  DONNEES  ISOTOPIQUES  SUR  LES 
EAUX  LIBRES). 

Paris-6  Univ.  (France).  Dept.  de  Geologie  Dyna- 
mique. 

C.  Jusserand,  J.  Pages,  and  J.  Debenay. 
Comptes    Rendus    de    l'Academie    des    Sciences 
(Serie  2),  Vol.  309,  No.  10,  p  1101-1006,  September 
28  1989.  4  fig,  17  ref.  English  summary. 

Descriptors:  *Saline-freshwater  interfaces,  ♦Estu- 
aries, *Saline  water,  'Isotope  studies,  *Africa, 
'Sahel,  Saline  water  barriers,  Water  analysis,  Hy- 
drologic  cycle,  Salinity. 

In  the  Sahelian  zone  of  West  Africa,  the  rain 
deficit  since  1969-1970  induced  a  particular  behav- 
ior of  the  river  flood  regime.  For  small  and  flat 
drainage  basins  located  in  a  same  climatic  zone, 
such  as  the  Casamance  River  (South  Senegal),  the 
natural  regime  is  a  hydrological  equilibrium  be- 
tween sea  water  invasion  brought  by  tides  and 
either  a  seasonal  input  due  to  precipitation  and  run- 
off or  a  continuous  input  due  to  groundwater 
migration  of  water.  For  more  than  ten  years,  how- 
ever, a  new  hydrological  regime  has  occurred, 
governed  only  by  sea  water  invasion  and  evapora- 
tion of  water  bodies.  Isotopic  composition  of  H2 
and  018  and  salinity  were  measured  during  two 
sampling  periods,  representing  the  beginning  and 
end  of  the  dry  season.  It  was  found  that  evapora- 
tion of  the  runoff  water  is  compensated  by  an 
invasion  of  sea  water,  which  results  in  an  increased 
salinity  and  significant  isotopic  enrichment  of  H2 
and  018.  On  the  date  sampled  the  instantaneous 
picture  of  chloride  content  and  isotopic  composi- 
tion of  water  bodies  in  the  space  along  the  estuary 
was  equivalent  to  a  temporal  isotopic  evolution  of 
a  unique  well  mixed  basin  with  reduced  volume 
due  to  evaporation.  The  rain  deficit  in  the  Sahel 
region  of  Africa  involves,  in  the  upper  part  of  the 
Casamance  River  estuary,  this  invasion  of  sea 
water.  This  hyperhaline  paralic  system  serves  as  a 
natural  laboratory  due  to  its  size,  its  high  salinity, 
and  its  isotopic  behavior.  (Friedmann-PTT) 
W90-04556 


ESTUARINE  COHESTVE  SEDIMENT  SUSPEN- 
SION BEHAVIOR. 

Florida  Univ.,  Gainesville.  Coastal  and  Oceano- 
graphic  Engineering  Lab. 
A.  J.  Mehta. 


Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,303-14,314,  Octo- 
ber 15  1989.  14  fig,  1  tab,  34  ref. 

Descriptors:  'Estuaries,  'Sediment  transport, 
•Sedimentation,  Mud,  Marl,  Bottom  sediments, 
Advection,  Deposition,  Estuarine  environment, 
Hydrodynamics,  Sediment  distribution. 

Several  transport  processes  must  be  considered  in 
any  evaluation  of  the  behavior  of  cohesive  sedi- 
ments in  estuaries  influenced  by  currents  and 
waves.  Focusing  on  the  need  to  understand  the 
evolution  of  the  suspension  concentration  profiles 
to  hydrodynamic  forcing,  it  is  shown  that  a  physi- 
cal framework  identifying  the  various  mass  trans- 
port components  that  govern  suspension  profile 
dynamics  is  beginning  to  emerge.  Fluid  mud  Theo- 
logical behavior  appears  to  conform  to  a  pseudo- 
plastic  (shear  thinning)  or  dilatant  (shear  thicken- 
ing) description  with  respect  to  the  stress  rate  of 
strain  relationship,  depending  upon  mud  composi- 
tion, concentration,  and  rate  of  shearing.  However, 
under  conditions  contingent  upon,  among  other 
factors,  the  time  scale  of  interest,  the  material  has 
been  treated  either  as  a  fluid  or  as  a  Bingham 
plastic.  The  knowledge  of  these  components,  in- 
cluding those  associated  with  the  generation,  trans- 
port, and  dewatering  of  fluid  muds,  remains  incom- 
plete. A  combination  of  filed  and  laboratory-based 
research  is  essential  for  providing  data  bases  free  of 
significant  lacunae  and  for  resolving  major  inter- 
pretative ambiguities  that  arise  from  laboratory  to 
prototype  scaling  and  from  practical  limits  to  field 
measurements.  (Author's  abstract) 
W90-04561 


BED  LOAD  TRANSPORT  OF  SAND  MIX- 
TURES IN  ESTUARIES:  A  REVIEW. 

Old    Dominion    Univ.,    Norfolk,    VA.    Dept.    of 
Oceanography. 
J.  C.  Ludwick. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,315-14,326,  Octo- 
ber 15  1989.  8  fig,  21  ref,  append. 

Descriptors:  *Estuaries,  'Sediment  transport, 
'Bottom  sediments,  'Sediment  load,  'Deposition, 
'Bed  load,  Sand,  Marine  sediments,  Sediment  dis- 
tribution, Particle  size,  Fluid  mechanics. 

Real  estuaries  are  fundamentally  inhomogeneous. 
This  is  evident  in  their  irregular  boundaries,  waters 
of  varying  density,  fluid  motions  that  arise  from 
multiple  unsteady  forcings,  and  sediments  that  are 
mixtures  of  various  grain  sizes.  The  influence  of 
one  of  these  heterogeneities,  mixed  particle  size,  on 
the  transport  of  sand  as  bed  load,  is  reviewed.  The 
review  includes  essential  early  studies  and  recent 
complete  theories.  Present-day  investigators  com- 
monly assume  a  reference  transport  function 
(RTF)  which  is  any  established  formulation  for  the 
flux  of  bed  load  under  steady  unidirectional  flow 
over  a  substrate  of  monosized  particles.  The  aim  of 
the  modern  work  is  to  develop  a  procedure  that 
yields  tailored  values  of  sheltering-exposure  coeffi- 
cients for  the  different  size  fractions.  These  coeffi- 
cients are  correction  factors  which,  when  applied 
to  the  acting  bed  shear,  permit  the  use  of  the  RTF 
to  compute  fraction  transports  over  a  mixed  bed. 
There  are  strong  interactions  among  the  various 
size  fractions;  for  instance,  minor  admixture  of  a 
coarse-end  ingredient  disproportionately  reduces 
the  overall  mobility  of  a  finer-grained  bed.  Howev- 
er, coarse  fractions  are  more  mobile  in  a  bed  of 
mixed  sizes  than  they  are  in  a  bed  of  the  same 
uniform  size.  Recommendations  are  made  for  an 
estuarine  field  study  utilizing  a  modified  Helley- 
Smith  bed  load  yield  sampler.  (Author's  abstract) 
W90-04562 


SEDIMENT  PROCESSES  IN  ESTUARIES: 
FUTURE  RESEARCH  REQUIREMENTS. 

Plymouth  Polytechnic  (England).  Inst,  of  Marine 
Studies. 
K.  R.  Dyer. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,327-14,339,  Octo- 
ber 15  1989.  6  fig,  40  ref. 

Descriptors:  'Estuaries,  'Sediment  transport, 
•Deposition,   'Bed   load,   *Sediment  distribution, 


Bottom    sediments,     Sedimentation,     Mud    flats, 
Model  studies,  Erosion,  Particle  size. 

The  gaps  in  current  understanding  of  the  erosion, 
transport  and  deposition  of  sediment  in  estuaries  is 
reviewed.  It  is  concluded  that  future  work  should 
give  priority  to:  (1)  the  formation,  movement,  and 
entrainment  of  high  concentration  near  bed  layers; 
(2)  particle  interactions,  including  flocculation,  cy- 
cling processes,  and  chemical  and  biological  inter- 
actions; (3)  intertidal  mudflat  processes,  sediment 
exchanges  in  shallow  water  and  wave  induced  mud 
transport;  (4)  development  of  improved  parameter- 
ization of  exchange  processes  for  inclusion  in  3D 
mathematical  models;  and  (5)  development  and  use 
of  new  instrumentation  for  field  measurements, 
especially  fo  intermittent  events,  and  over  the  long 
term.  This  work  should  be  carried  out  within 
interdisciplinary  studies  involving  physicists,  sedi- 
ment dynamicists,  biologists,  and  chemists.  (Au- 
thor's abstract) 
W90-04563 


RESEARCH  ON  EROSIVE  PROPERTIES  OF 
COHESIVE  SEDIMENTS. 

Waterloopkundig  Lab.  te  Delft  (Netherlands). 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04564 


GEOMORPHOLOGIC  AND  SEDIMENT 
TRANSPORT  CHARACTERISTICS  OF  THE 
MIDDLE  REACH  OF  THE  BAHIA  BLANCA 
ESTUARY  (ARGENTINA). 

Instituto  Argentino  de  Oceanografia,  Bahia 
Blanca. 

G.  M.  E.  Perillo,  and  M.  E.  Sequeira. 
Journal    of   Geophysical    Research    (C)    Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,351-14,362,  Octo- 
ber 15  1989.  10  fig,  29  ref. 

Descriptors:  'Geomorphology,  'Channel  mor- 
phology, 'Sediment  distribution,  'Sediment  trans- 
port, 'Estuaries,  Alluvial  deposits,  Bottom  sedi- 
ments, Argentina,  Deltas,  Sedimentation,  Alluvial 
fans,  Sedimentary  structures. 

The  geomorphologic  and  sediment  transport  char- 
acteristics of  the  middle  reach  of  the  Bahia  Blanca 
estuary  (Argentina)  are  presented.  A  large  interti- 
dal sedimentary  structure  divides  the  curved- 
funnel-shaped  reach  into  the  Main  channel,  which 
includes  the  waterway,  and  the  Vieja  channel.  The 
right  margin  of  the  study  areas  is  bordered  by  a 
low  marsh/tidal  flat  complex.  Sedimentological 
and  low-penetration  seismic  data  show  that  the 
area  is  formed  mostly  by  relict  sediments  of  Pleis- 
tociene  and  Pliocene  ages.  Present-day  deposits  are 
very  thin  and  are  concentrated  on  the  left  platform 
between  the  navigation  route  and  the  intertidal 
structure.  Comparison  of  detailed  bathymetric  sur- 
veys separated  by  6.75  years  resulted  in  a  net 
erosion  for  all  the  area  of  2,400,000  cu  m.  Assum- 
ing that  the  volume  of  sediments  dredge  from  the 
navigation  channel  (510,000  cu  m  in  6  years)  was 
originated  on  the  erosional  sectors  of  the  study 
area,  approximately  250,000  cu  m/yr  are  still  ex- 
ported from  the  reach.  Net  accumulation  (up  to  2 
m)  is  concentrated  on  the  left  margin,  while  ero- 
sional zones  (up  to  4.5  m)  are  located  on  the  right 
margin  of  the  Main  channel  and  the  middle  portion 
of  Vieja  channel.  Sediment  transport  calculations 
from  15  current  meter  stations  distributed  in  the 
area  indicate  a  net  bed  load  transport  of  sand-sized 
material  directed  towards  the  mouth  of  the  estu- 
ary. The  results  suggest  that  dynamically,  the 
middle  reach  of  the  Bahia  Blanca  estuary  does  not 
behave  as  a  meander  as  was  expected  from  its 
general  shape.  Although  a  preliminary  estimation 
may  indicate  that  the  dredged  sediment  may  pro- 
ceed from  the  right  margin,  the  general  circulation 
of  the  estuary  indicates  that  all  reaches  interchange 
sediments  with  their  adjacent  sectors.  Sediment 
deposited  in  the  middle  reach  are  coming  from  the 
erosional  processes  acting  in  the  inner  reach  and 
on  the  flanks  of  tidal  flat  channels.  (Author's  ab- 
stract) 
W90-04565 


i 

3 


63 


Field  2— WATER  CYCLE 
Group  2L — Estuaries 


CALIBRATION  OF  A  GENERAL  OPTICAL 
EQUATION  FOR  REMOTE  SENSING  OF  SUS- 
PENDED SEDIMENTS  IN  A  MODERATELY 
TURBID  ESTUARY. 

National  Environmental  Satellite,  Data,  and  Infor- 
mation Service,  Washington,  DC. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04566 


TRANSPORT  PROCESSES  OF  SUSPENDED 
MATTER  DERIVED  FROM  TIME  SERIES  IN  A 
TIDAL  ESTUARY. 

GKSS  -  Forschungszentrum  Geesthacht  G.m.b.H., 
Geesthacht-Tesperhude  (Germany,  F.R.) 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04567 


DATA  INTERPRETATION  AND  NUMERICAL 
MODELING  OF  THE  MUD  AND  SUSPENDED 
SEDIMENT  EXPERIMENT  1985. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Stroe- 

mungsmechanik  und  Elektronisches   Rechnen  im 

Bauwesen. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-04568 


DISTRIBUTIONS  OF  SUSPENDED  SEDIMENT 
AT  HIGH  WATER  IN  A  MACROTIDAL  ESTU- 
ARY. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04569 


SUSPENDED  SEDIMENT  TRANSPORT  PROC- 
ESSES IN  CUMBERLAND  BASIN,  BAY  OF 
FUNDY. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia). 

For  primary  bibliographic  entry  see  Field  2J. 

W90-04570 


OBSERVATIONS  AND  MODEL  OF  SEDI- 
MENT TRANSPORT  NEAR  THE  TURBIDITY 
MAXIMUM  OF  THE  UPPER  SAINT  LAW- 
RENCE ESTUARY. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04571 


BEDFORMS,  BED  MATERIAL,  AND  BED- 
LOAD  TRANSPORT  IN  A  SALT- WEDGE  ESTU- 
ARY: FRASER  RIVER,  BRITISH  COLUMBIA. 

Guelph  Univ.  (Ontario).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04586 


ON-OFFSHORE        BEDLOAD        SEDIMENT 
TRANSPORT  IN  THE  COASTAL  ZONE. 

Polish  Academy  of  Sciences,  Gdansk.   Inst.   Bu- 

downictwa  Wodnego. 

For  primary  bibliographic  entry  see  Field  13. 

W90-04588 


VARIATIONS  OF  NrTROGEN  NUTRIENT 
CONCENTRATIONS  IN  THE  SEDIMENT 
PORE  WATERS  OF  THE  NORTHWESTERN 
MEDITERRANEAN  CONTINENTAL  SHELF. 

Laboratoire    Geodynamique    Sous-Marine,    Ville- 

franche-sur-Mer  (France). 

F.  Fernex,  R.  Baratie,  D.  Span,  and  L.  Vandelei 

Femandes. 

Continental  Shelf  Research  CSHRDZ,  Vol.  9,  No. 

9,  p  767-794,  1989.  14  fig,  1  tab,  81  ref. 

Descriptors:  *Diagenesis,  'Continental  shelf,  'Ni- 
trification, 'Cycling  nutrients,  'Dissolved  solids, 
•Ammonification,  'Marine  sediments,  Nitrates,  Ni- 
trogen, Continental  margin,  Mediterranean  Sea, 
Productivity,  Sediment-water  interfaces,  Intersti- 
tial water,  Seasonal  variation. 

Information  is  presented  on  nitrogen  nutrients  dis- 
solved in  the  sediment  pore  waters  of  the  oligotro- 


phy northwestern  Mediterranean  Sea.  The  areas 
studied  are  situated  in  various  geographical  envi- 
ronments, adjacent  to  or  offshore  from  a  river 
mouth  and  on  wide  or  narrow  parts  of  the  conti- 
nental shelf.  Near  the  pro-delta  of  the  Rhone 
River,  which  carries  about  1  Mt/y  of  solid  matter, 
measurements  indicate  that  the  rate  of  nitrogen 
nutrient  production  (ammonification)  reaches  fre- 
quently, or  even  exceeds,  2  pmol/cu  cm/s.  The 
production  rate  near  the  mouth  of  the  Siagne 
River,  a  mountain  stream,  is  generally  lower,  at  1 
pmol/cu  m/s;  exceptionally,  it  reaches  1  to  1.5 
pmol/cu  cm/s.  There  is  more  temporal  variation  in 
concentrations  in  sediments  just  below  the  sedi- 
ment-seawater  boundary,  than  in  the  deeper  depos- 
its. Nitrate  production  rates  were  not  measured, 
but  can  be  evaluated  from  a  model  based  upon 
Fick's  Laws  for  Diffusion.  The  fact  that  nitrate 
production  does  not  increase  with  depth,  in  the 
sediment,  has  been  taken  into  account  in  modeling. 
The  model  is  based  upon  the  assumption  that  the 
nitrification  rate  intensity  varies  as  a  function  of 
time,  according  to  a  Gaussian  curve.  The  nitrifica- 
tion maximum  occurs,  in  spring,  in  the  surficial 
sediments.  The  classical  partial  differential  equa- 
tion can  be  approximated  using  finite  difference 
analysis.  For  areas  located  at  a  distance  from  river 
mouths,  good  agreement  was  obtained  between  the 
derived  nitrate  concentrations  and  those  measured. 
Maximum  nitrate  production  rate  occurs  in  the 
uppermost  sediment  layers  (with  Rp  =  0.5  to  1.5 
pmol/cu  cm/s.  These  values  correspond  nearly  to 
those  that  have  been  found  for  surficial  sediments 
in  other  countries;  however,  for  the  continental 
shelf  of  the  northwestern  Mediterranean  Sea,  the 
high  production  rate  lasts  for  only  short  periods 
throughout  the  year.  (Author's  abstract) 
W90-04590 


MASS  BALANCE  OF  BIOGEOCHEMICALLY 
ACTIVE  MATERIALS  (C,  N,  P)  IN  A  HYPER- 
SALINE  GULF. 

Hawaii  Inst,  of  Marine  Biology,  Honolulu. 

S.  V.  Smith,  and  H.  H.  Veeh. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  29,  No.  3,  p  195-215,  September  1989.  6  fig,  3 

tab,  47  ref. 

Descriptors:  'Estuaries,  'Estuarine  environment, 
'Cycling  nutrients,  'Geochemistry,  'Biochemis- 
try, 'Gulfs,  'Saline  water  systems,  Carbon,  Nitro- 
gen, Phosphorus,  Air-water  interfaces,  Australia, 
Aquatic  environment. 

Inverse  estuaries  tend  to  have  long  water  residence 
time  and  little  hydrographic  input  of  materials.  Yet 
such  systems  can  support  apparently  normal 
marine  communities.  Slow  net  fluxes  over  long 
timespans  substantially  alter  water  composition,  so 
such  systems  provide  an  opportunity  to  study 
system-scale  characteristics  of  net  material  fluxes. 
The  mass  balance  of  water,  salt,  C,  N,  and  P  in 
Spencer  Gulf,  a  large  inverse  estuary  in  South 
Australia,  were  examined.  Dissolved  inorganic  C  is 
taken  up  in  Spencer  Gulf  by  biogenic  CaC03 
precipitation  and  organic  production.  Input  of  C 
includes  both  hydrographic  processes  and  gas  flux 
across  the  air-sea  interface.  Most  of  the  C  uptake  is 
exported  as  particulate  organic  matter;  some  is 
exported  as  dissolved  organic  matter;  relatively 
little  organic  C  is  buried  in  the  sediments.  Virtually 
all  dissolved  inorganic  P  delivered  to  the  gulf  is 
taken  up  and  apparently  largely  exported  as  partic- 
ulate material.  The  major  source  of  N  appears  to 
be  the  atmosphere,  and  dissolved  organic  N  export 
exceeds  dissolved  inorganic  N  import.  The  fluxes 
of  C,  N,  and  P  are  biologically  mediated,  and  a 
plausible  interaction  among  these  fluxes  was 
sought.  The  C02  system  appears  remarkably  'bal- 
anced' by  its  fiuxes-to  relatively  constant  pH,  C02 
concentration,  and  calcite  saturation  state.  It  is 
concluded  that  supply  of  P04(3-)  largely  controls 
characteristics  of  C  and  N  flux.  The  controls  pos- 
tulated for  P  include  CaC03  precipitation,  C02 
gas  flux,  organic  C  production,  and  N  fixation. 
(Author's  abstract) 
W90-04591 


RECONSTRUCTION  OF  A  CONCENTRATION 
FIELD  IN  A  COASTAL  SEA. 

Institut  Rudjer  Boskovic,  Zagreb  (Yugoslavia). 


For  primary  bibliographic  entry  see  Field  5B. 
W90-04592 


BLUE  CRAB  MEGALOPAL  INFLUX  TO 
CHESAPEAKE  BAY:  EVIDENCE  FOR  A  WIND- 
DRIVEN  MECHANISM. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Rockville,  MD.  Office  of  Climatic  and  At- 
mospheric Research. 

D.  M.  Goodrich,  J.  van  Montfrans,  and  R.  J.  Orth. 
Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  29,  No.  3,  p  247-260,  September  1989.  7  fig,  1 
tab,  30  ref.  NOAA  Sea  Grant  NA86AA-D-SG042. 

Descriptors:  'Chesapeake  Bay,  'Crabs,  'Estuaries, 
'Wind-driven  currents,  'Wind  waves,  'Population 
density,  Inflow,  Outflow,  Temporal  distribution, 
Bays,  Storm  surges,  Volumetric  analysis. 

Field  surveys  indicate  that  blue  crab  larvae  and 
postlarvae  develop  in  shelf  waters  adjacent  to  the 
Chesapeake  Bay  entrance,  and  that  postlarvae 
return  to  the  estuary  for  settlement  into  nursery 
areas.  The  postlarval  form  is  the  megalopa,  and  in 
the  offshore  area  most  of  these  are  found  near  the 
surface.  However,  the  surface  mean  flow  at  the 
Bay  entrance  is  seaward.  Megalopae  must  either 
drop  to  the  bottom  to  become  entrained  in  the 
density-driven  inflow  or  employ  another  transport 
process  in  the  surface.  A  potentially  important 
mechanism  by  which  these  megalopae  can  return  is 
through  episodic  wind-driven  exchange,  which  is  a 
prominent  feature  of  the  circulation  in  this  region. 
Using  sea  level  data,  the  magnitude  of  the  wind- 
induced  changes  in  Bay  volume  can  be  calculated 
from  any  period  when  these  data  are  available. 
During  1985-87,  megalopae  were  collected  daily  in 
the  York  River  (  a  tributary  of  Chesapeake  Bay) 
from  August  through  November.  Their  temporal 
distribution  was  characterized  by  pulses  of  individ- 
uals, separated  by  periods  when  very  few  were 
collected.  A  total  of  12  to  16  observed  megalopal 
pulses  occurred  during  positive  volume  anomalies. 
In  particular,  the  largest  peak  of  1985  occurred 
during  the  massive  storm  surge  associated  with 
Hurricane  Juan,  implying  large-scale  transport  of 
megalopae  from  the  shelf.  Analysis  of  28  years  of 
subtidal  volume  data  indicates  that  an  average  of 
10  major  inflow  events  per  year  occur  during  the 
period  when  megalopae  are  present.  This  indicates 
that  these  wind-induced  inflow  events  are  not  for- 
tuitous but  rather  are  a  stable  feature  of  the  flow 
climate  at  the  Bay  entrance.  (Author's  abstract) 
W90-04593 


DEPOSITIONAL  MODEL  OF  A  MACROTIDAL 
ESTUARY  AND  FLOODPLAIN,  SOUTH  ALLI- 
GATOR RIVER,  NORTHERN  AUSTRALIA. 

Australian  National  Univ.,  Canberra.  North  Aus- 
tralia Research  Unit. 

For  primary  bibliographic  entry  see  Field  2J. 
W90-04613 


WETLANDS  AND  SUBSISTENCE-BASED 
ECONOMIES  IN  ALASKA,  U.S.A. 

Alaska  Univ.,  Fairbanks.  Dept.  of  Anthropology. 
L.  J.  Ellanna,  and  P.  C.  Wheeler. 
Arctic  and  Alpine  Research  ATLPAV,  Vol.  21, 
No.  4,  p  329-340,  November   1989.  5  fig,  25  ref. 

Descriptors:  'Land  use,  'Wetlands,  'Arctic, 
'Alaska,  'Economic  evaluation,  'Rural  areas,  'Re- 
sources management,  Public  policy. 

Planners,  developers,  conservationists  and  others 
have  tended  to  view  wetland  habitats  in  Alaska  as 
being  'unused.'  In  actuality,  wetlands  provide  the 
foundation  for  many  Alaskan  Native  subsistence- 
based  economies.  Social,  cultural,  economic,  and 
valuative  components  of  Alaskan  Native  societies 
are  integrated  within  hunting,  gathering,  fishing, 
and  trapping  activities,  providing  for  a  dynamic 
adaptive  system  focused  on  the  use  of  local  re- 
sources in  wetlands.  Comparative  examples  de- 
scribed in  case  histories  of  four  villages  (Shish- 
maref,  Kaktovik,  Alakanuk,  and  Tyonek)  demon- 
strate that  rural  wetlands  in  Alaska  cannot  be 
assumed  to  be  unused.  In  fact,  the  uses  of  wetland 
habitats  and  resources  by  rural  Alaskan  Natives  are 
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subject  to  serious  threat  as  a  result  of  changing 
land  status  over  the  past  few  decades.  (Author's 
abstract) 
W90-04638 


ORGANIC  CARBON  ISOTOPE  RATIOS  AND 
IMPLICATIONS  FOR  THE  MAXIMUM  TUR- 
BIDITY ZONE  OF  THE  ST.  LAWRENCE  ESTU- 
ARY. 

Quebec  Univ.,  Montreal. 

M.  Lucotte. 

Estuarine,   Coastal  and   Shelf  Science   ECSSD3, 

Vol.  29,  No.  4,  p  293-304,  October  1989.  5  fig,  3 

tab,  30  ref. 

Descriptors:  *Estuaries,  "Organic  carbon,  'Stable 
isotopes,  "Suspended  solids,  "Particulate  matter, 
"Turbidity,  "St  Lawrence  Estuary,  Isotope  studies, 
Plankton,  Marsh  plants,  Seasonal  variation,  Salini- 
ty, Tidal  advection. 

Carbon  isotope  ratios  of  suspended  particulate 
matter  of  the  St.  Lawrence  Upper  Estuary  exhibit 
a  different  linear  correlation  with  the  ambient  sa- 
linities for  each  sampling  period,  if  one  excludes 
the  stations  from  the  early  mixing  zone.  These 
relationships  reflect  the  tidal  advection  of  particles 
in  the  turbid  zone  and  their  conservative  mixing 
with  marine  inputs.  The  year-round  constant  delta- 
C-13  value  of  the  marine  pole  (-23.6  per  mil, 
S.D.=0.3)  is  representative  of  an  average  long- 
term  mixture  of  terrigenous  particles  and  plank- 
tonic  cells.  In  May,  the  upstream  pole  (delta-C- 
13 =-26.6  per  mil)  is  dominated  by  terrigenous 
particulate  organic  carbon  brought  by  the  river 
with  the  spring  freshet.  After  spring  runoff,  the 
sedimentary  exchanges  between  the  large  tidal 
platforms  of  the  Cap  Tourmente  region  and  the 
nearby  estuarine  channels  control  the  particulate 
organic  carbon  composition  of  the  upstream  pole 
(delta-C-13=-25.4  per  mil  in  June  to  -24.4  per  mil 
in  October).  The  influence  of  this  pole  extends  to 
the  entire  maximum  turbidity  zone,  blurring  the 
isotopic  characteristics  of  the  freshwater  particu- 
late organic  carbon  inputs.  The  summer  fluvial 
planktonic  production  (delta-C- 1 3  = -24.0  per  mil), 
for  instance,  has  a  negligible  influence  on  the  grad- 
ual seasonal  C-13  enrichment  of  the  upstream  pole. 
Similarly,  the  debris  of  C3  vascular  plants  growing 
on  the  marshes  (Scirpus  and  Sagittaria)  does  not 
appear  to  have  a  dominating  influence  on  the  fall 
particulate  organic  carbon  compositions  of  the 
turbid  zone.  The  averaged-out  upstream  pole  re- 
flects the  long  residence  time  (6-12  months)  of  the 
particles  kept  in  suspension  in  the  turbid  zone. 
(Author's  abstract) 
W90-04641 


clearer  estuary  is  possible  when  inputs  of  algal 
nutrients  and  suspended  solids  are  managed.  (Au- 
thor's abstract) 
W90-04642 

BACTERIOLOGICAL  ASPECTS  OF  FLORIDA 
RED  TIDES:  A  REVISIT  AND  NEWER  OBSER- 
VATIONS. 

Connecticut  Univ.,  Groton.  Marine  Sciences  Inst. 

J.  D.  Buck,  and  R.  H.  Pierce. 

Estuarine,   Coastal  and   Shelf  Science  ECSSD3, 

Vol.  29,  No.  4,  p  317-326,  October  1989.  4  tab,  32 

ref. 

Descriptors:  "Bacteria,  "Toxins,  "Red  tide, 
"Marine  bacteria,  "Dinoflagellates,  Aeromonas, 
Alteromonas,  Pseudomonas,  Vibrio,  Florida,  Gulf 
of  Mexico,  North  Carolina,  Fishkill. 

Literature  involving  the  occurrence  of  bacteria  in 
red  tides  caused  by  the  dinoflagellate  Ptychodiscus 
brevis  is  briefly  reviewed.  Both  quantitative  and 
qualitative  studies  were  made  on  outbreaks  along 
the  Florida  Gulf  coast  in  1982  and  1987  and  a 
bloom  along  the  North  Carolina  coast  in  1987. 
Non-bloom  waters  in  both  areas  were  sampled  in 
1988.  Bacteria  were  also  recovered  from  batch 
cultures  of  P.  brevis.  Bacterial  isolates  from  red 
tide  and  normal  waters  and  dinoflagellate  cultures 
were  tested  for  their  ability  to  kill  fish  under 
laboratory  conditions.  Numbers  of  bacteria  were 
always  higher  than  reported  for  a  1971  outbreak 
but  did  not  routinely  correlate  directly  with  P. 
brevis  numbers.  Storage  of  red  tide  water  pro- 
duced increased  bacteria  counts  in  some  cases  and 
decreased  levels  in  another.  Members  of  the  genera 
Aeromonas,  Alteromonas/Pseudomonas,  and 
Vibrio  were  frequently  isolated  from  the  three 
blooms  studied  as  well  as  from  non-bloom  waters; 
MPN  (most  probable  number)  of  >  1100/100  ml  of 
Vibrio  alginolyticus  were  recorded  from  the  non- 
bloom  waters.  Dominant  chromogenic  bacteria, 
reported  during  previous  studies,  were  not  ob- 
served in  the  samples.  Several  bacteria  killed  fish 
experimentally  including  isolates  from  red  tide  and 
normal  waters  and  P.  brevis  cultures.  It  was  con- 
cluded that  a  given  dinoflagellate  bloom  is  an 
individual  event  from  a  bacteriological  standpoint, 
based  on  quantitative  and  qualitative  comparison 
of  historical  observations  and  the  present  study. 
Recent  reports  of  tetrodotoxin  production  by  the 
isolated  bacterial  genera  suggests  a  further  consid- 
eration of  bacteria  in  toxic  dinoflagellate  blooms. 
(Author's  abstract) 
W90-04643 


RUNOFF  AND  FLOCCULATION  MODIFY  UN- 
DERWATER LIGHT  ENVIRONMENT  OF  THE 
HUDSON  RTVER  ESTUARY. 

State  Univ.  of  New  York  at  Albany.   Dept.   of 

Biological  Sciences. 

R.  G.  Stross,  and  R.  C.  Sokol. 

Estuarine,   Coastal   and   Shelf  Science  ECSSD3, 

Vol.  29,  No.  4,  p  305-316,  October  1989.  4  fig,  3 

tab,  39  ref. 

Descriptors:  "Estuaries,  "Light  quality,  "Suspend- 
ed solids,  "Suspended  sediments,  "Algae,  "Floccu- 
lation,  Clays,  Silt,  Hudson  River  Estuary,  New 
York. 

Spectral  quality  of  underwater  irradiance  was 
measured  in  the  Hudson  River  Estuary  at  10  sta- 
tions, which  ranged  from  Albany  to  Battery  Park, 
Manhattan.  Incoming  light  is  attenuated  by  a  large, 
fluctuating  load  of  terrigenous  sediments  and  by 
phytoplankton.  Photic  depth  ranged  from  only  0.6 
m  in  late  winter  to  4.3  m  in  summer.  All  but  the 
yellow  and  red  wavelengths  are  eliminated  near 
the  surface.  Much  of  the  suspended  material  floc- 
culated and  settled  within  a  day  or  more  of  stand- 
ing in  the  laboratory.  Floe  patterns  were  also 
observed  in  the  estuary  from  the  air.  Light  trans- 
mission improves  during  the  summer  interval  in 
direct  proportion  to  the  size  of  the  algal  crop,  as 
measured  by  chlorophyll  concentration.  Circum- 
stantial evidence  indicates  a  self-clearing  system 
which  is  based  on  co-flocculation  of  algae  with 
clays  and  fine  silts.  The  study  suggests  that  a 


PARTICLE-BORNE  RADIONUCLIDES  AS 
TRACERS  FOR  SEDIMENT  EN  THE  SUSQUE- 
HANNA RIVER  AND  CHESAPEAKE  BAY. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Geolo- 
gy- 

For  primary  bibliographic  entry  see  Field  2J. 
W90-04645 


EXTRACELLULAR  PROTEOLYTIC  ENZYME 
ACTIVITY  IN  SEDIMENTS  OF  AN  INTERTI- 
DAL  MUDFLAT. 

Maine  Univ.,  Walpole.  Dept.  of  Oceanography. 
L.  M.  Mayer. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  6,  p  973-981,  September  1989.  9  fig,  31  ref. 
NSF  Grant  OCE87-00358  and  ISP80-11448. 

Descriptors:  "Mud  flats,  "Intertidal  areas,  "Marine 
sediments,  "Marine  bacteria,  "Enzymes,  Proteases, 
Water  depth,  Temperature,  Hydrogen  ion  concen- 
tration. 

Extracellular  proteolytic  activity  (EPA)  on  an  in- 
tertidal mudflat  was  examined  over  a  2-yr  period, 
with  focus  on  characteristics  of  enzyme  systems 
and  the  controlling  influences  on  enzyme  activity 
levels.  EPA  was  primarily  associated  with  the 
particulate  rather  than  the  pore-water  phase.  Inhib- 
itor studies  indicated  the  presence  of  primarily 
metallo  and  thiol  proteases,  with  pH  optima  in  the 
range  8-9.5.  Temperature  optima  increased  with 
depth  in  the  sediment,  being  in  the  20-35  C  range 
for  surficial  sediments  and  the  40-50  C  range  in  the 
subsurface.  Activation  energies  at  environmental 


temperatures  were  in  the  63-67  kJ/mol  range.  The 
hypothesis  of  progressive  humification  of  enzyme 
activity  with  depth  was  discarded  on  the  basis  of 
results  from  thermal  denaturation  experiments. 
EPA  levels  decreased  with  depth  and  hence  corre- 
lated with  substrate  concentration  and  bacterial 
populations,  but  this  correlation  was  not  a  tight 
one.  Seasonal  variations  in  EPA  varied  with  the 
temperature  cycle  consistent  with,  though  some- 
what damped  relative  to,  the  temperature  depend- 
ence of  the  enzymes  themselves  and  showed  no 
response  to  variations  in  substrate  concentrations 
or  bacterial  numbers.  (Author's  abstract) 
W90-04648 


FORMATION  AND  BACTERIAL  UTILLZA- 
TION  OF  DISSOLVED  ORGANIC  CARBON 
DERIVED  FROM  DETRITAL  LIGNOCELLU- 
LOSE. 

Georgia  Univ.,  Athens.  Inst,  of  Ecology. 

M.  A.  Moran,  and  R.  E.  Hodson. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 

No.  6,  p  1034-1047,  September  1989.  6  fig,  4  tab,  45 

ref.   NO  A  A   NA80-AA-D00091;   NSF  OCE   87- 

18019  and  BSR  88-06255. 

Descriptors:  "Wetlands,  "Limnology,  "Swamps, 
"Marshes,  "Marsh  plants,  "Grasses,  "Detritus, 
"Decomposition,  "Lignocellulose,  Salt  marshes, 
Freshwater  swamps,  Mangrove  swamps,  Dissolved 
organic  carbon,  Decomposing  organic  matter,  Bac- 
terial utilization,  Mineralization,  Humic  substances. 

In  various  wetland  ecosystems,  lignocellulose  from 
aquatic  vascular  plants  is  the  most  abundant  reser- 
voir of  organic  material.  During  microbial  degra- 
dation of  lignocellulose,  soluble  decomposition 
products  are  released  into  the  environment.  The 
importance  of  lignocellulose-derived  dissolved  or- 
ganic carbon  (LC-DOC)  to  ecological  and  geo- 
chemical  processes  depends  on  the  rate  of  forma- 
tion of  these  compounds  and  their  subsequent  fates. 
In  laboratory  microcosms,  rates  of  formation  of 
LC-DOC  for  pools  formed  at  1,2,  7,  and  13  weeks 
into  decomposition  indicated  that  soluble  interme- 
diates produced  throughout  the  first  3  months  of 
lignocellulose  degradation,  although  gradually  de- 
creasing in  amount,  were  of  similar  composition. 
Bacterial  mineralization  of  each  pool  was  initially 
very  rapid  (12%  in  16  h),  indicating  the  presence 
of  labile  compounds  in  LC-DOC.  Rates  slowed 
after  the  first  day,  however,  resulting  in  mineral- 
ization of  30%  of  the  original  pool  after  30  d.  LC- 
DOC  formation  and  its  subsequent  bacterial  utiliza- 
tion were  also  documented  for  the  dominant  vas- 
cular plant  in  two  other  aquatic  ecosystems-a 
freshwater  swamp  and  a  mangrove  swamp.  Up  to 
40%  of  total  lignocellulose  mineralization  in  these 
marine  and  freshwater  systems  can  be  traced  to  use 
of  LC-DOC  by  both  free-living  and  attached  bac- 
teria. However,  some  components  of  LC-DOC, 
presumably  those  compounds  recalcitrant  to  mi- 
crobial action,  accumulated  during  lignocellulose 
decomposition.  This  unused  LC-DOC  may  play  a 
role  in  the  formation  of  humic  substances  in  wet- 
land environments  or  other  aquatic  ecosystems 
with  substantial  inputs  of  vascular  plant  detritus. 
(Author's  abstract) 
W90-04651 


DIFFUSION  METHODS  FOR  THE  DETERMI- 
NATION OF  REDUCED  INORGANIC  SULFUR 
SPECIES  IN  SEDIMENTS. 

Florida  Agricultural  and  Mechanical  Univ.,  Talla- 
hassee. Div.  of  Agricultural  Science. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04654 


CLAM  BURROWING  BIOASSAY  FOR  ESTUA- 
RINE SEDIMENT. 

District  of  Columbia  Univ.,  Washington.  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04677 


TIDAL  EFFECT  ON  NUTRIENT  EXCHANGE 
IN  XIANGSHAN  BAY,  CHINA. 

National    Bureau    of    Oceanography,    Hangzhau 
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Field  2— WATER  CYCLE 
Group  2L — Estuaries 


(China).  Second  Inst,  of  Oceanography. 

F.  Ande,  and  J.  Xisan. 

Marine  Chemistry  MRCHBD,  Vol.  27,  No.  3-4,  p 

259-281,  October  1989.  7  fig,  4  tab,  20  ref. 

Descriptors:  'Estuaries,  'China,  'Tidal  effects, 
•Cycling  nutrients,  Eutrophication,  Nitrates,  Am- 
monium, Bottom  water,  Coastal  waters,  Spring 
tides,  Neap  tides,  Phosphates,  Silicates,  Storm 
tides. 

Xiangshan  Bay  is  an  estuary  in  China  which  bor- 
ders on  the  east  China  Sea.  The  circulation  in  the 
estuary  is  driven  by  tidal  movement,  residual  cur- 
rent, the  internal  density  distribution,  and  synoptic 
wind  forcing;  however,  the  last  three  are  not  the 
main  dynamic  factors  affecting  nutrient  transport. 
Because  the  estuary  tends  to  be  eutrophic,  a  synop- 
tic study  was  carried  out  to  assess  the  influence  of 
tidal  movement  on  the  nutrient  distribution  pat- 
terns within  the  estuary  and  to  estimate  the  fluxes 
of  nutrient  transport  between  the  estuary  and  the 
sea.  Nitrate  and  ammonium  are  found  to  be  export- 
ed from  the  estuarine  water  to  the  coastal  water 
under  usual  tidal  conditions,  except  for  storm  tides 
which  result  in  large  amounts  being  imported  be- 
cause of  the  extremely  high  concentrations  in  the 
coastal  bottom  water.  Exports  of  phosphate  and 
silicate  are  shown  to  be  consistent  during  spring 
tides  and  neap  tides  in  all  seasons.  However,  the 
usual  tidal  regimes  resulted  in  only  minor  nutrient 
exchange  except  during  abnormal  events.  (Au- 
thor's abstract) 
W90-04701 


SUSPENDED     MATTER     IN     THE     SOUTH 
YELLOW  SEA. 

Woods  Hole  Oceanographic  Institution,  MA. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04720 


TIDAL  MODELLING  OF  DAPENG  BAY, 
CHINA. 

Zhongshan  Univ.,  Guangzhou  (China). 

X.  Zhan. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 

Hu  Chao)  HYHCAG,  Vol.  20,  No.  2,  p  149-155, 

1989.  5  fig,  1  tab,  5  ref. 

Descriptors:  'Tides,  'Bays,  'Model  studies, 
•China,  'Tidal  currents,  Hydrodynamics,  Finite 
difference  methods,  Computer  programs. 

A  two-dimensional  finite  difference  alternating  di- 
rection implicit  (ADD  scheme  numerical  model  to 
solve  the  vertically  integrated  form  of  the  non- 
linear hydrodynamics  equations  has  been  devel- 
oped for  description  of  tide  flow  in  Dapeng  Bay, 
China.  Computer  software  for  the  modeling  is  well 
designed  to  reduce  storage  and  costs  of  computa- 
tion. The  computed  results  agree  quite  well  with 
the  observations  available.  Tidal  flow  characteris- 
tics, including  water  level,  tidal  current,  and  resid- 
ual current,  are  discussed  based  on  the  computed 
results  and  observed  data.  When  the  strongest 
flood  tidal  currents  occur  in  Dapeng  Bay,  A  large 
counter-clockwise  eddy  forms  with  the  velocity  of 
10-30  cm/s;  however,  when  the  strongest  ebb  tidal 
currents  occur,  a  large  clockwise  eddy  forms  with 
the  velocity  of  10-30  cm/s.  Two  strong  residual 
current  eddies  are  observed  in  the  southern  part  of 
the  modeled  domain  and  no  residual  current  eddy 
is  observed  in  the  northern  part  of  the  Dapeng 
Bay.  (Author's  abstract) 
W90-04722 


SULFIDE  TOLERANCE  AND  DETOXIFICA- 
TION IN  SHALLOW-WATER  MARINE 
FISHES. 

Scripps  Institution  of  Oceanography,  La  Jolla,  CA. 

Marine  Biology  Research  Div. 

T.  Bagarinao.  and  R.  D.  Vetter. 

Marine  Biology  MBIOAJ,  Vol.  103,  No.  3,  p  291- 

302,  1989.  3  fig,  6  tab,  42  ref 

Descriptors:  'Sulfides,  'Water  quality,  'Water  pol- 
lution effects,  'Toxicity,  'Fish,  'Coastal  waters, 
Fish  physiology,  Tolerance,  Detoxification,  Eco- 
logical distribution. 


Hydrogen  sulfide  is  a  potent  inhibitor  of  aerobic 
respiration.  Sulfide  is  produced  in  sediments,  and 
many  species  of  fish  live  in  association  with  the 
bottom.  Tolerance  tests,  enzyme  assays,  and  chro- 
matography of  sulfur  compounds  in  thirteen  spe- 
cies of  shallow-water  marine  fishes  (collected  in 
San  Diego,  California,  in  1987-1988)  indicate  adap- 
tations to  sulfide  that  vary  with  habitat  and  life- 
style. Tidal-marsh  inhabitants,  like  Gillichthys  mir- 
abilis  and  Fundulus  parvipinnis,  have  higher  toler- 
ance to  sulfide  (96  h  LC50  at  525  to  700  microM) 
relative  to  outer-bay  and  open-coast  inhabitants 
(surviving  <12  h  at  much  lower  concentrations). 
The  cytochrome  c  oxidase  of  all  species  shows 
high  activity  and  susceptibility  to  sulfide  poison- 
ing, with  50%  inhibition  at  30  to  500  nM  in  various 
tissues.  The  two  marsh  species  are  able  to  survive 
at  sulfide  concentrations  already  inhibitory  to  their 
cytochrome  c  oxidase  and  fatal  to  other  species. 
All  species  detoxify  sulfide  by  oxidizing  it  to  thio- 
sulfate.  All  have  sulfide-oxidizing  activity  in  the 
blood,  spleen,  kidney,  liver  and  gills,  which  corre- 
lates significantly  with  heme  content.  Thiosulfate 
appears  in  the  tissues  of  sulfide-exposed  fish  and 
builds  up  to  high  concentrations  (up  to  2mM)  with 
stronger  and  longer  exposure.  Unexposed  fish  con- 
tain little  or  no  thiosulfate.  Sulfide  is  barely  detect- 
able in  the  tissues,  even  in  high-sulfide  exposure 
tests.  We  suggest  that  fish  blood,  in  having  high 
sulfide-oxidizing  activity  and  no  cytochrome  c  oxi- 
dase, can  act  as  a  short-term  first  line  of  defense 
against  sulfide,  and  thus  minimize  the  amount  that 
reaches  the  vital  organs.  The  results  of  this  study 
indicate  that  sulfide  is  a  significant  environmental 
factor  influencing  the  ecological  distribution  of 
marine  fishes.  (Author's  abstract) 
W90-04726 


PATHWAYS  OF  ARSENIC  UPTAKE  AND  IN- 
CORPORATION IN  ESTUARINE  PHYTO- 
PLANKTON  AND  THE  FILTER-FEEDING  IN- 
VERTEBRATES EURYTEMORA  AFFINIS,  BA- 
LANUS  IMPROVISUS  AND  CRASSOSTREA 
VIRGFNICA. 

Academy    of   Natural    Sciences   of   Philadelphia, 
Benedict,  MD    Benedict  Estuarine  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04727 


APPARATUS  FOR  MONITORING  AND  CON- 
TROLLING TURBIDITY  IN  BIOLOGICAL  EX- 
PERIMENTS. 

Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04728 


RUPPIA  CIRRHOSA:  DECOMPOSITION  IN  A 
COASTAL  TEMPERATE  LAGOON  AS  AF- 
FECTED BY  MACROINVERTEBRATES. 

Barcelona  Univ.  (Spain).  Dept.  de  Ecologia. 
M.  Menendez,  E.  Fores,  and  F.  A.  Comin. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 
No.  1,  p  39-48,  November  1989.  3  fig,  3  tab,  26  ref. 
Caixa  de  Barcelona,  CICYT  (PAC84-16-C02-02) 
and  EEC  (EV4V-0132-L). 

Descriptors:  'Sea  grasses,  'Coastal  waters,  'Tem- 
perate zone,  'Bays,  'Submerged  plants,  'Lagoons, 
'Macroinvertebrates,  'Grazing,  'Detritus,  'De- 
composing organic  matter,  'Decomposition, 
Carbon,  Nitrogen,  Phosphorus,  Ruppia,  Ebro 
Delta,  Spain. 

The  decomposition  process  of  Ruppia  cirrhosa  was 
studied  in  a  Mediterranean  coastal  lagoon  in  the 
Delta  of  the  River  Ebro  (NE  Spain).  Leaves  and 
shoots  of  Ruppia  enclosed  in  litter  bags  were  col- 
lected in  the  lagoon  at  the  end  of  the  growing 
season.  Litter  bags  100  microns  and  1  mm  meshes 
were  used  to  ascertain  the  effects  of  macroinverte- 
brates, that  were  able  to  enter  only  into  the  latter 
litter  bags,  on  the  process  of  decay.  Macroinverte- 
brate  species  found  in  the  1  mm-mesh  bags  were 
Gammers  aquacade  and  Sphaeroma  hookeri.  Sig- 
nificant differences  were  observed  between  the 
decomposition  processes  in  the  two  bag  types.  No 
detritus  remained  in  the  1  mm-mesh  bags  after  180 
days,  and  360  days  were  required  for  the  same  loss 
in  the  100  micron-mesh  bags.  Decomposition  rates 
according   to   the  exponential   model   in   the    100 


micron-,  and  the  1  mm-mesh  bags  are  0.0037/day 
and  0.0048/day,  respectively.  The  observed  de- 
composition in  the  100  micron-mesh  bags  is  better 
correlated  (r  =  0.83)  with  the  exponential  model 
than  the  decomposition  process  in  the  1  mm-mesh 
bags  (r  =  0.61).  Grazing  by  invertebrates  is  a  major 
factor  responsible  for  this  difference.  Rates  of  de- 
composition are  higher  during  the  initial  three  days 
of  the  experiment.  Carbon,  nitrogen,  and  phospho- 
rus losses  are  similar  to  dry  weight  loss  within  the 
same  periods  between  samplings  of  the  decomposi- 
tion process.  The  results  are  compared  with  data 
from  the  literature  about  the  decomposition  proc- 
esses of  plant  species  over  a  range  of  structural 
components  and  environmental  conditions.  (Au- 
thor's abstract) 
W90-04806 


LONG-TERM  STATISTICAL  CHARACTERIS- 
TICS OF  SEVERAL  PHYSICO-CHEMICAL  PA- 
RAMETERS OF  THE  NEARSHORE  WATERS 
IN  THE  CONSTANTZA  ZONE. 

Institutul  Roman  de  Cercetari  Marine,  Constanta 

(Romania). 

A.  Popa,  A.  Cociasu,  L.  Popa,  I.  Voinescu,  and  L. 

Dorogan. 

Cercetari  Marine:  Recherches  Marines,  Vol.  18,  p 

7-51,  1985.  18  fig,  19  tab,  2  ref. 

Descriptors:  *Black  Sea,  •Water  chemistry,  •Ro- 
mania, Physicochemical  properties,  Time  series 
analysis,  Temperature,  Salinity,  Dissolved  oxygen, 
Organic  matter,  Silicates,  Phosphates,  Data  inter- 
pretation. 

A  chronological  data  series  was  collected  daily  for 
sea  water  temperature,  salinity,  oxygen,  organic 
matter,  nitrate,  silicate,  and  phosphate  at  the  Con- 
stantza  shore  station  (Black  Sea)  from  1959-1983. 
Frequency  distributions  were  calculated  and  the 
quarterly,  seasonal,  and  semestral  patterns  ana- 
lyzed. The  following  observations  were  made:  (1) 
water  temperature  exhibits  a  clear  annual  cycle;  (2) 
the  standard  deviation  for  salinity  data  for  the 
spring  was  twice  that  for  the  summer  data  and  four 
times  that  of  the  autumn  data;  (3)  oxygen  content 
exhibits  an  annual  cycle,  with  high  mean  values  in 
winter,  but  also  a  high  standard  deviation;  (4) 
organic  matter  exhibits  a  pronounced  modal  fre- 
quency; (5)  the  annual  nitrate  cycle  has  a  large 
amplitude  with  a  mean  winter  value  about  four 
times  greater  than  the  summer  value;  (6)  the  sili- 
cate content,  as  well  as  the  phosphate  content, 
shows  a  considerable  variation  in  time  due  to  the 
modification  of  environmental  conditions;  and  (7) 
phosphate  concentration  statistics  showed  a  more 
spectacular  increase  in  the  mean  monthly  averages 
during  1970-1975  (10-38  times  higher  than  those  of 
the  previous  period)  (White-Reimer-PTT) 
W90-04853 


PROBLEMS  CONCERNING  MARINE  EU- 
TROPHICATION, (PROBLEMES  CONCER- 
NANT  L'EUTROPHISATION  MARINE). 

Institutul  Roman  de  Cercetari  Marine,  Constanta 

(Romania). 

For  primary  bibliographic  entry  see  Field  5C. 
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DISTRIBUTION      OF      CHLOROPHYLL      A, 
PHAEOPHYTIN  A  AND  PRIMARY  PRODUC- 
TION IN  THE  WESTERN  BLACK  SEA. 
Institutul  Roman  de  Cercetari  Marine,  Constanta 
(Romania). 

A.  S.  Bologa,  Z.  P.  Burlakova,  V.  D.  Tchmyr,  and 
V.  I.  Kholodov. 

Cercetari  Marine:  Recherches  Marines,  Vol.  18,  p 
97-115,  1985.  4  fig,  5  tab,  18  ref. 

Descriptors:  'Water  pollution  effects,  'Black  Sea, 
'Romania,  'Eutrophication,  'Chlorophyll,  Pri- 
mary productivity,  Phaeophytin,  Algal  blooms, 
Correlation  analysis. 

High  values  of  chlorophyll  a  concentrations  and 
primary  production  were  found  in  the  predanubian 
sector  as  compared  to  the  Caliacra  and  prebo- 
sporic  sectors  in  the  western  part  of  the  Black  Sea. 
In  the  predanubian  sector  the  chlorophyll  a  con- 
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centration  and  primary  production  values  were 
higher  nearshore  than  in  the  open  sea.  The  high 
values  of  chlorophyll  a  and  of  primary  production 
in  the  predanubian  sector,  which  are  much  higher 
than  those  of  the  last  two  decades,  are  due  to  the 
very  strong  eutrophication  of  the  northwestern 
part  of  the  Black  Sea  as  a  result  of  the  nutrients 
from  the  Danube  and  the  consequent  occurrence 
of  intense  phytoplankton  blooms.  The  highest 
values  in  the  predanubian  sector  in  May  1982,  were 
35  mg/cu  m  for  the  chlorophyll  a  concentration, 
34  mg/cu  m  for  the  phaeophytin  a  concentration, 
and  1.5  g  C/cu  m/d  and  1.6  g  C/cu  m/d  for  the 
primary  production.  In  the  predanubian  sector,  in 
contrast  to  the  other  two  southern  sectors,  maxi- 
mum primary  production  with  depth  was  deter- 
mined only  for  the  upper  layer  between  0  to  5  m. 
For  the  prebosporic,  Caliacra  and  predanubian  sec- 
tors the  highest  assimilation  numbers  reached  12.5, 
7.0  and  5.3  mg  C/mg  chla/h,  respectively.  By 
means  of  factorial  analysis,  very  high  correlation 
coefficients  were  established  between  chlorophyll 
a  concentration  and  salinity  (-0.91),  between  pri- 
mary production  and  salinity  (-0.94)  and  between 
chlorophyll  a  concentration  and  primary  produc- 
tion (0.91).  (White-Reimer-PTT) 
W90-04855 


CHARACTERISTICS  OF  THE  QUANTITATIVE 
DEVELOPMENT  AND  THE  STRUCTURE  OF 
THE  PHYTOPLANKTON  ON  THE  ROMA- 
NIAN SHORE  FROM  1983-1985.  (CARACTER- 
ISTIQUES  DU  DEVELOPPEMENT  QUANTI- 
TATIF  ET  DE  LA  STRUCTURE  DU  PHYTO- 
PLANCTON  DES  EAUX  DU  LITTORAL  ROU- 
MAIN  PENDANT  LA  PERIODE  1983-1985). 
Institutul  Roman  de  Cercetari  Marine,  Constanta 
(Romania). 
N.  Bodeanu. 

Cercetari  Marine:  Recherches  Marines,  Vol.  18,  p 
117-137,  1985.  3  fig,  5  tab,  13  ref.  English  summa- 
ry- 
Descriptors:  *Romania,  *Water  pollution  effects, 
♦Black  Sea,  *Eutrophication,  'Phytoplankton, 
Algal  blooms,  Dinoflagellates,  Diatoms,  Nutrients. 

Based  on  research  carried  out  along  the  coast  from 
Sulina  to  Constanta  from  1983  to  1985,  the  quanti- 
tative characteristics  and  community  structure  of 
the  phytoplankton  along  the  Romanian  shore  are 
correlated  with  the  eutrophication  process.  Fol- 
lowing the  period  of  eutrophication  during  the 
1970's,  the  total  phytoplankton  has  declined  (with 
a  corresponding  reduction  in  the  nutrient  supply), 
algal  blooms  have  decreased,  and  the  heavily  dom- 
inant species  have  decreased  (while  the  number  of 
less  abundant  species  has  increased).  The  quantita- 
tive changes  in  the  algal  community  in  the  1983- 
1985  period  and  the  decrease  in  dinoflagellate 
blooms  are  also  reflected  by  the  reduction  of  dino- 
flagellates in  general  and  an  increase  in  diatoms. 
(Author's  abstract) 
W90-04856 


PHYTOPLANKTON  DIVERSITY  INDICES  AS 
EUTROPHICATION  INDICATORS  OF  THE 
ROMANIAN  INSHORE  WATERS. 

Institutul  Roman  de  Cercetari  Marine,  Constanta 

(Romania). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04857 


change  between  the  estuary  and  sea.  Four  groups 
of  fishes  are  recognized  in  the  area  according  to 
breeding  and  recruitment  strategies.  Group  1  con- 
sists of  species  (e.g.  Rhabdosargus  holube  and 
Monadactylus  falciformis)  which  spawn  at  sea, 
enter  the  estuary  mainly  as  postlarvae,  and  congre- 
gate along  the  margins  or  on  the  bottom  where 
water  current  speeds  are  reduced.  Group  2  species 
(e.g.  Spondyliosoma  emarginatum  and  Etrumeus 
whiteheadi)  also  spawn  at  sea,  their  larvae  are 
swept  into  the  estuary  on  the  flood  tide,  but  are 
returned  to  the  marine  environment  on  the  ebb 
tide.  Breeding  and  larval  development  of  Group  3 
species  (e.g.  Hippocampus  capensis  and  Syng- 
nathus  acus)  occur  within  the  estuary,  although 
some  eggs  and  larvae  are  lost  to  the  sea  following 
opening  of  the  mouth.  Group  4  larvae  (e.g.  Psam- 
mogobius  knysnaesis  and  Caffrogobius  spp.), 
which  hatch  from  demersal  eggs  in  the  estuary, 
leave  the  system  on  the  ebb  tide  before  returning 
several  weeks  later  as  postlarvae.  Diel  ichthyo- 
plankton  density  changes  in  the  lower  reaches  of 
the  Swartvlei  estuary  revealed  that  movements  of 
larvae  and  postlarvae  between  the  estuary  and 
marine  environment  occurred  mainly  during  twi- 
light/nocturnal hours.  The  above  data,  together 
with  a  hydrodynamic  model  of  the  estuary,  has 
enabled  the  quantification  of  ichthyoplankton  ex- 
change over  specific  24  h  periods.  (Author's  ab- 
stract) 
W90-04868 

COMPARISON  OF  SINKING  AND  SEDIMEN- 
TATION RATE  MEASUREMENTS  IN  A 
DIATOM  WINTER/SPRING  BLOOM. 

Rhode     Island     Univ.,     Narragansett.     Graduate 

School  of  Oceanography. 

U.  Riebesell. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

54,  No.  1-2,  p  109-119,  June  1989.  8  fig,  2  tab,  71 

ref. 

Descriptors:  *Estuaries,  *Phytoplankton,  *Dia- 
toms,  *Algal  blooms,  *  Sedimentation  rates,  Sink- 
ing rate,  Seasonal  variation,  Biomass. 

Sinking  and  sedimentation  rates  of  a  natural  phyto- 
plankton community  were  simultaneously  meas- 
ured during  the  course  of  a  diatom  winter/spring 
bloom  in  a  13  cu  m  experimental  mesocosm.  Sink- 
ing rate  was  determined  directly  in  settling  col- 
umns and  was  calculated  from  sediment  trap 
catches.  The  2  methods  yielded  significantly  differ- 
ent results.  Whole-community  as  well  as  species 
specific  sinking  rates  varied  over  time.  These  vari- 
ations sere  related  to  changes  of  the  environmental 
conditions.  Over  a  26  d  study  period,  a  total  of  7.5 
g  C/sq  m  was  collected  in  the  sediment  traps. 
Viable  phytoplankton  cells  were  the  primary  com- 
ponent of  the  sedimented  matter  while  zooplank- 
ton  fecal  pellets  contributed  on  average  less  than 
10%.  Assuming  the  Redfield  atomic  ratio  for  the 
collected  material,  the  amount  of  carbon  which 
sedimented  during  the  winter/spring  bloom  could 
be  predicted  from  pre-bloom  nutrient  concentra- 
tions. The  daily  sedimentation  rate  varied  consider- 
ably over  time  and  displayed  a  characteristic  pat- 
tern. This  pattern  is  evidently  a  function  of  both 
suspended  phytoplankton  biomass  and  the  tempo- 
ral variation  in  whole-community  sinking  rate. 
(Author's  abstract) 
W90-04870 


ICHTHYOPLANKTON  INTERCHANGE  IN 
THE  MOUTH  REGION  OF  A  SOUTHERN  AF- 
RICAN ESTUARY. 

J.L.B.  Smith  Inst,  of  Ichthyology,  Grahamstown 

(South  Africa). 

A.  K.  Whitfield. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

54,  No.  1-2,  p  25-33,  June  1989.  7  fig,  1  tab,  36  ref. 

Descriptors:  *Estuaries,  *Fish  populations,  *South 
Africa,  *Plankton,  Ichthyoplankton,  Seasonal  vari- 
ation, Diurnal  variation,  Model  studies,  Larvae, 
Water  currents,  Tides. 

Migration  patterns  of  ichthyoplankton  in  the  sea- 
sonally open  Swartvlei  estuary  were  monitored 
during   1986/87  with  particular  emphasis  on  ex- 


ORGANIC  CARBON  FLUX  THROUGH  A 
DELAWARE  BAY  SALT  MARSH:  TIDAL  EX- 
CHANGE, PARTICLE  SIZE  DISTRIBUTION, 
AND  STORMS. 

Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 

C.  T.  Roman,  and  F.  C.  Daiber. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

54,  No.  1-2,  p  149-156,  June  1989.  2  fig,  6  tab,  36 

ref. 

Descriptors:  *Organic  carbon,  'Delaware  Bay, 
'Salt  marshes,  *Tides,  'Nutrients,  Particulate 
matter,  Storms,  Dissolved  organic  carbon,  Detri- 
tus, Flooding,  Carbon  exchange  budget,  Seasonal 
variation. 

Organic  carbon  exchange  via  tidal  transport  be- 
tween a   190  ha  Spartina  alterniflora  marsh  and 


Delaware  Bay  was  quantified  during  5  seasonal 
sampling  periods  in  1980-81.  Based  on  hourly  sam- 
ples collected  over  3  consecutive  tidal  cycles, 
mean  ebb  tide  concentrations  of  particulate  organic 
carbon  (POC)  were  higher  than  flood  tide  concen- 
tration, except  in  January  when  the  marsh  surface 
and  creeks  were  frozen.  Mean  ebb  tide  dissolved 
organic  carbon  (DOC)  concentrations  were  great- 
er than  flood  during  all  seasons.  The  relative 
degree  of  marsh  surface  flooding,  current  velocity 
and  phytoplankton  concentration  are  important 
factors  influencing  seasonal  differences  in  mean 
flood  and  mean  ebb  concentrations  of  POC.  A 
broad  size  spectrum  of  particulate  detritus  is  avail- 
able to  estuarine  consumers,  with  60  to  84%  of  the 
total  POC  on  both  flood  and  ebb  tides  being  <  20 
microm  in  size  and  the  remaining  material  distrib- 
uted fairly  equally  among  larger  fractions.  There 
was  a  net  export  of  POC  from  Canary  Creek 
marsh  during  all  seasonal  studies,  except  in  January 
when  exchange  processes  were  much  reduced. 
DOC  was  exported  during  all  studies,  except  in 
June  when  the  water  volume  transport  estimate 
was  significantly  biased  toward  the  flood  direction. 
Annually,  105,000  kg  was  exported  as  POC  and 
197,000  kg  as  DOC.  The  influence  of  storms  was 
not  included  in  the  annual  organic  carbon  ex- 
change budget.  However,  during  an  October  tropi- 
cal storm  ebb-directed  transports  of  POC  and 
DOC  were  5  to  6  times  greater  than  during  the 
normal  ebb  cycles  monitored  in  October,  suggest- 
ing that  major  coastal  storms  are  significant  to  salt 
marsh  organic  material  exchange  processes.  Ele- 
vated POC  concentrations  during  2  ebb  cycles 
following  and  intense  rainstorm  in  April  suggest 
that  these  episodic  events  also  represent  important 
marsh-estuarine  exchange  mechanisms.  (Author's 
abstract) 
W90-04871 


STABLE  ISOTOPE  RATIOS  AND  CONTAMI- 
NANT CONCENTRATIONS  IN  A  SEWAGE- 
DISTORTED  FOOD  WEB. 

Lawrence  Livermore  National  Lab.,  CA.  Environ- 
mental Sciences  Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04872 


DIFFERENCES  IN  PHYTOPLANKTON  ABUN- 
DANCE AND  DISTRIBUTION  BETWEEN  THE 
ABRA  OF  BILBAO  AND  THE  ADJACENT 
SHELF  WATERS. 

Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Lab. 

de  Ecologia. 

E.  Orive. 

Hydrobiologia  HYDRB8,  Vol.  182,  No.  2,  p  121- 

135,  1989.  12  fig,  1  tab,  34  ref. 

Descriptors:  'Coastal  environment,  'Phytoplank- 
ton, 'Marine  algae,  Dinoflagellates,  Diatoms,  Spa- 
tial distribution,  Seasonal  variation,  Spain. 

Phytoplankton  spatial  distribution  patterns  in  the 
Abra  of  Bilbao  (a  semienclosed  coastal  body  of 
water)  and  adjacent  shelf  waters  have  been  studied 
during  June-July  1983  and  May-June  1984.  Small 
naked  dinoflagellates,  cryptophyceans  and  an  un- 
identified nanoplankton  component,  were  a 
common  feature  in  all  surveys.  In  July  1983  a 
dense  bloom  of  nanoplankton  developed  inside  the 
Abra  which,  in  contrast  to  the  community  in  the 
adjacent  waters,  contained  high  densities  of  small 
diatoms,  naked  dinoflagellates,  cryptophyceans 
and  the  Haptophyta,  Phaeocystis  pouchetii.  Micro- 
plankton  was  mainly  composed  of  dinoflagellates 
in  July  1983,  and  of  diatoms  in  June  1983  and  May- 
June  1984.  Microplankton  abundance  was  highest 
in  May-June  1984  and  decreased  from  the  shelf  to 
the  Abra.  A  principal  component  analysis  per- 
formed separately  on  each  cruise  revealed  the  dif- 
ferences in  the  structure  of  the  phytoplankton 
community  between  the  abra  of  Bilbao  and  the 
adjacent  shelf  waters.  (Author's  abstract) 
W90-04891 
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ECONOMIC  BENEFITS  OF  HABITAT  RESTO- 
RATION: SEAGRASS  AND  THE  VIRGINIA 
HARD-SHELL  BLUE  CRAB  FISHERY. 

Old  Dominion  Univ.,  Norfolk,  VA.  Dept.  of  Eco- 
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nomics. 

E.  A.  Anderson. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,  Vol.  9,  No.  2,  p  140-149,  Spring  1989.  5 

fig,  5  tab,  16  ref. 

Descriptors:  *Estuarine  fisheries,  'Habitat  restora- 
tion, 'Economic  aspects,  'Crabs,  'Sea  grasses, 
•Virginia,  Benefits,  Water  pollution  effects,  Sub- 
merged plants,  Revegetation,  Simulation  analysis, 
Model  studies,  Chesapeake  Bay. 

Since  the  early  1960s,  water  pollution  has  caused 
the  disappearance  of  much  of  the  seagrass  (pre- 
dominantly eelgrass  Zostera  marina)  and  other  sub- 
merged aquatic  vegetation  in  Chesapeake  Bay. 
Seagrass  beds  appear  to  serve  as  preferred  habitat 
for  the  blue  crab  Callinectes  sapidus  during  early 
stages  of  its  life  history,  and  there  is  a  statistically 
significant  relationship  between  the  abundance  of 
submerged  aquatic  vegetation  and  catch  per  unit  of 
effort  in  the  Virginia  hard-shell  blue  crab  fishery. 
Virginia  seagrass  beds  might  be  partially  or  fully 
restored  through  a  combination  of  pollution  abate- 
ment and  replanting.  A  simple  simulation  model 
with  minimal  data  requirements  to  generate  rough 
estimates  of  some  of  the  economic  benefits  that 
would  accrue  from  seagrass  restoration  was  devel- 
oped. The  estimated  net  economic  benefit  to  Vir- 
ginia hard-shell  blue  crab  fishermen  of  full  seagrass 
restoration  is  about  $1.8  million  per  year,  and 
additional  annual  benefits  of  about  $2.4  million 
should  accrue  to  United  States  hard-shell  blue  crab 
consumers.  (Author's  abstract) 
W90-04914 


EFFECTS  OF  COOLING  WATER  DISCHARGE 
ON  THE  STRUCTURE  AND  DYNAMICS  OF 
EPILITHIC  ALGAL  COMMUNITIES  IN  THE 
NORTHERN  BALTIC. 

Uppsala    Univ.    (Sweden).    Inst,    of    Ecological 

Botany. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04960 


DISTRIBUTION  AND  IMPORTANCE  OF  AU- 
TOTROPHIC ULTRAPLANKTON  IN  A 
BOREAL  INSHORE  AREA  (KIEL  BIGHT, 
WESTERN  BALTIC). 

Kiel  Univ.   (Germany,   F.R.).   Inst,   fuer  Meeres- 

kunde. 

F.  Jochem. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

53,  No.  2,  p  153-168,  1989.  9  fig,  2  tab,  43  ref. 

Descriptors:  'Phytoplankton,  'Coastal  waters, 
•Baltic  Sea,  Ultraplankton,  Chlorophyll  a,  Primary 
productivity,  Biomass,  Seasonal  variation,  Vertical 
distribution,  Water  temperature,  Salinity,  Kiel 
Bight,  Kiel  Fjord. 

From  April  to  October  1986,  4  stations  in  Kiel 
Bight  and  Kiel  Fjord  (Western  Baltic)  were  inves- 
tigated twice  each  month  for  the  distribution  and 
importance  of  autotrophic  ultraplankton  (<20 
micron)  by  size-fractionated  records  of  chlorophyll 
a  and  primary  productivity  within  the  size  classes 
micro-(>  20  micron),  nano-(3-20  micron)  and  pico- 
plankton  (<3  micron).  Their  development  was 
compared  with  the  physical  environment  in  terms 
of  salinity  and  temperature  profiles  and  nutrient 
concentrations.  Except  the  diatom-dominated 
spring  bloom  and  the  autumn  dinoflagellate  bloom, 
ultraplankton  contributed  70-100%  of  phytoplank- 
ton biomass  and  productivity.  The  change  from 
new  production  by  microplankton  in  spring  to  the 
ammonia-maintained,  mainly  regenerated  produc- 
tion in  summer  and  again  to  new  production  by 
microplanktonic  dinoflagellates  in  autumn  was 
characterized  by  a  nanoflagellate  bloom.  In  May, 
this  bloom  was  built  up  by  the  non-skeletforming 
form  of  the  silicoflagellate  Dictyocha  fibula.  In 
September,  Prorocentrum  minimum  bloomed.  In 
between,  nanoplankton  was  the  overall  dominating 
size  fraction.  Picoplankton  attained  its  greatest  im- 
portance in  mid-summer,  contributing  8-33%  of 
total  phytoplankton  chlorophyll  and  production. 
Whereas  absolute  biomass  and  productivity  of  pi- 
coplankton, as  well  as  of  all  other  size  classes, 
decreased  towards  the  less  eutrophic  open  Kiel 
Bight,   picoplankton  contribution  to  total  phyto- 


plankton biomass  and  production  increased  in  this 
direction.  Nanoplankton  contribution  increased  to- 
wards the  eutrophic  inner  Kiel  Fjord.  Pycnoclines 
and  nutriclines  supported  both  ultraplankton  pro- 
ductivity and  the  structure  of  their  vertical  distri- 
bution. If  the  pycnoclines  were  strong,  however, 
picoplankton  seemed  unable  to  pass  through  it. 
There  were  indications  of  pronounced  diurnal  ver- 
tical migration  of  the  nanoflagellates  P.  minimum 
and  D.  fibula.  (Author's  abstract) 
W90-04977 


BACTERIAL  PRODUCTION  IN  THE  RHONE 
RIVER  PLUME:  EFFECT  OF  MIXING  ON  RE- 
LATIONSHIPS AMONG  MICROBIAL  ASSEM- 
BLAGES. 

Delaware  Univ.,  Lewes.  Coll.  of  Marine  Studies. 

D.  Kirchman,  Y.  Soto,  F.  Van  Wambeck,  and  M. 

Bianchi. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

53,  No.  3,  p  267-275,  1989.  7  fig,  3  tab,  30  ref.  NSF 

grant  OCE  8614170. 

Descriptors:  'Aquatic  bacteria,  'Phytoplankton, 
•Rivers,  *Primary  productivity,  •Nutrients,  Am- 
monium, Nitrates,  Phosphates,  Plumes,  Chloro- 
phyll, Biomass,  Salinity,  Rhone  River,  Mediterra- 
nean Sea. 

Inorganic  nutrients  and  microbial  assemblages  in 
the  Rhone  River  plume  were  examined  during 
January  1987.  When  wind  speed  is  low  the  plume 
forms  a  transient  layer  of  high  nutrient-low  salinity 
water  overlaying  the  Mediterranean  Sea,  which 
has  very  low  nutrient  concentrations.  The  vertical 
thickness  of  the  plume  was  on  the  order  of  100  cm, 
and  during  one  horizontal  transect  surface  density 
decreased  2-fold  within  1  km.  Ammonium,  nitrate, 
and  phosphate  concentrations  were  at  least  10-fold 
higher  in  the  thin  plume  compared  with  Sea 
values.  Bacterial  production  (thymidine  and  leu- 
cine incorporation)  was  higher  by  about  2-fold  at 
plume-sea  boundaries.  Although  bacterial  biomass 
and  production  peaked  with  chlorophyll  at  plume- 
sea  boundaries,  the  correlation  between  these  bac- 
terial parameters  and  chlorophyll  concentrations 
was  low.  The  ratio  of  bacterial  biomass  to  phyto- 
plankton biomass  was  greater  than  1  for  low  salini- 
ty waters.  The  results  suggest  that  microbial  loop 
relationships  had  been  disrupted  in  the  Rhone 
River  plume  because  of  the  input  of  allochthonous 
carbon  and  because  of  rapid  changes  in  growth 
conditions  caused  by  mixing.  In  addition  to  affect- 
ing physicochemical  parameters,  mixing  appears  to 
have  diluted  heterotrophic  flagellate  abundance 
which  allowed  increases  in  autotrophic  abundance 
and  bacterial  production.  (Author's  abstract) 
W90-04979 


CHANGES  IN  COPPER-COMPLEXING  OR- 
GANIC LIGANDS  DURING  SPRING  BLOOMS 
IN  THE  COASTAL  WATERS  OF  NOVA 
SCOTIA,  CANADA. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Oceanography. 

X.  Zhou,  and  P.  J.  Wangersky. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

53,  No.   3,  p  277-284,   1989.   5  fig,   1   tab,   18  ref. 

Descriptors:  *Metal  complexes,  'Canada,  'Phyto- 
plankton, 'Algal  blooms,  'Coastal  waters,  'Organ- 
ic compounds,  'Copper,  Nova  Scotia,  Chromatog- 
raphy, Spectrophotometry. 

Copper-complexing  organic  ligands  were  pro- 
duced by  actively-growing  phytoplankton  during 
spring  blooms  in  Bedford  Basin  and  the  Northwest 
Arm,  Halifax,  Nova  Scotia.  Iatroscan  thin  layer 
chromatography/flame  ionization  detector  and 
thin  layer  chromatography/  atomic  absorption 
spectrophotometry  analysis  showed  the  naturally 
occurring  ligands  to  be  qualitatively  similar  to 
those  produced  by  phytoplankton  grown  in  batch 
and  continuous  culture.  The  Bedford  Basin  bloom 
was  interrupted  by  an  extremely  heavy  rainfall, 
resulting  in  a  large  contribution  of  material,  includ- 
ing organic  ligands,  from  terrestrial  sources.  The 
ligand  contributed  from  this  source  could  be 
shown  to  be  qualitatively  different  from  that  pro- 
duced in  situ  by  bloom  organisms.  (Author's  ab- 
stract) 


W90-04980 


SIMULTANEOUS  MEASUREMENT  OF  BAC- 
TERIOPLANKTON  PRODUCTION  AND  PRO- 
TOZOAN BACTERIVORY  IN  ESTUARINE 
WATER. 

Georgia  Univ.,  Sapelo  Island.  Marine  Inst. 
B.  F.  Sherr,  E.  B.  Sherr,  and  C.  Pedros-Alio. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
54,  No.  3,  p  209-219,  1989.  2  fig,  4  tab,  61  ref.  NSF 
grant  OCE-8700456. 

Descriptors:  'Estuaries,  'Aquatic  bacteria,  *Bac- 
terioplankton,  'Protozoa,  Grazing,  Salt  marshes, 
Tidal  creeks,  Sapelo  Island,  Georgia. 

Simultaneous  measurements  were  made  of  bacter- 
ioplankton  productivity  (tritiated  thymidine  assay) 
and  of  bacterial  mortality  due  to  protozoan  grazing 
(measured  via  uptake  of  fluorescently  labeled  bac- 
terioplankton,  FLB).  Water  samples  were  taken 
from  a  salt  marsh  tidal  creek  and  from  an  estuarine 
sound  near  Sapelo  Island,  Georgia,  at  low  tide 
over  a  2-wk  period  in  late  summer.  In  control 
experiments  performed  to  test  the  extent  of  selec- 
tivity of  estuarine  bacterivorous  protozoa  for  or 
against  FLB  compared  to  natural  bacterioplank- 
ton,  no  evidence  was  found  for  consistent  discrimi- 
nation. Rates  of  bacterial  production  and  of  proto- 
zoan bacterivory  were  greater  in  the  tidal  creek 
than  in  the  open  sound.  Ciliates  were  responsible 
for  the  largest  fraction  of  total  protozoan  con- 
sumption of  bacteria  in  tidal  creek  water  and  color- 
less flagellates  in  open  estuary  water.  Bacterial 
production  and  protozoan  bacterivory  were  not 
always  in  balance  in  individual  samples,  with  the 
largest  discrepancies  in  the  open  estuary.  Estimat- 
ed bacterivory  was,  on  average,  80%  of  bacterial 
production  in  the  tidal  creek  and  50%  of  produc- 
tion in  the  open  estuary.  Explanations  for  the 
measured  shortfall  in  bacterial  mortality  include 
methodological  problems  with  the  assays  used  or 
alternate  fates  of  bacterial  production  besides  pro- 
tozoan grazing.  (Author's  abstract) 
W90-04981 


ALGAE  ASSOCIATED  WITH  MANGROVES  IN 
SOUTHERN  AFRICAN  ESTUARIES:  CYANO- 
PHYCEAE. 

Natal  Univ.,  Durban  (South  Africa).  Oceanograph- 

ic  Research  Inst. 

G.  Lambert,  T.  D.  Steinke,  and  Y.  Naidoo. 

South  African  Journal  of  Botany  SAJBDD,  Vol. 

55,  No.  5,  p  476-491,  October,  1989.  28  fig,  3  tab, 

65  ref. 

Descriptors:  'Cyanophyta,  'Estuaries,  'Mangrove 
swamps,  Species  composition,  South  Africa,  Nitro- 
gen, Habitats. 

Taxa  of  the  Class  Cyanophyceae  which  are  incon- 
spicuous within  a  turf-like  Bostrychietum  that 
coats  plant,  mud  and  rock  in  the  mangrove-associ- 
ated estuaries  of  southern  Africa  were  identified. 
The  pneumatophores  of  the  white  mangrove  Avi- 
cennia  marina  support  the  richest  flora.  Of  the  27 
taxa  recorded  Microcoleus  chthonoplastes  has  the 
widest  biogeographical  range  and  was  common  on 
most  substrata.  Non-heterocystous  were  more 
prevalent  than  heterocystous  Cyanophyceae  and 
four  other  taxa  occurred  epiphytic  only  on  the 
dominant  macroalgal  species  of  Bostrychia,  Calog- 
lossa,  Enteromorpha  and  Rhizoclonium.  Epipelic 
mats  were  intricately  interwoven  with  sediment 
and  filamentous  greens  and  blue-greens,  particular- 
ly Microcoleus  chthonoplastes  and  the  green  algae 
Rhizoclonium  spp.  As  they  occur  in  most  estuaries, 
these  taxa  may  play  an  important  role  in  sediment 
stabilization.  Active  nitrogenase  activity  in  pure 
cultures  of  Microcoleus  chthonoplastes,  a  domi- 
nant mangrove  associate  with  a  thick  sheath  has 
been  confirmed.  Perhaps  this  species  also  fixes 
nitrogen  aerophilically,  then  its  prevalence  sug- 
gests strongly  that  it  might  play  a  significant  role 
as  a  source  of  nitrogen  in  southern  African  man- 
grove swamp  ecosystems.  (Author's  abstract) 
W90-04993 
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PHYTOPLANKTON  FLUCTUATIONS 

DURING     AN     ANNUAL     CYCLE     IN     THE 
COASTAL  LAGOON   OF  CULLERA  (SPAIN). 
Valencia  Univ.  (Spain).  Dept.  of  Ecology. 
C.  Rojo,  and  M.  R.  Miracle. 

Internationale  Revue  der  Gesamten  Hydrobiologie 
IGHYAZ,  Vol.  74,  No.  2,  p  179-194,  1989.  5  fig,  3 
tab,  16ref. 

Descriptors:  'Estuaries,  *Phytoplankton,  'Spain, 
•Algae,  *Coastal  lagoons,  Salinity,  Seasonal  varia- 
tion, Vertical  distribution,  Oxygen,  Stratification. 

The  seasonal  variation  and  the  vertical  distribution 
of  the  phytoplanktonic  population  of  the  lagoon  of 
Cullera,  an  elongated  coastal  lagoon  with  estuarme 
circulation  of  water,  has  been  studied  in  three 
sampling  stations:  mouth,  center  and  source.  Sea- 
sonal variation  is  determined  by  a  marine-freshwa- 
ter interaction.  In  winter,  the  sea  influence  is  im- 
portant, a  marine  water  wedge  of  anoxic  water 
arrives  at  the  sampling  station  located  at  the 
source,  and  marine  and  brackish  water  species 
dominate  the  phytoplankton.  Also  marine  species 
of  zooplankton  and  fish  enter  the  system,  which 
may  then  be  considered  as  exploited  by  the  sea.  In 
spring  the  marine  wedge  retreats  from  the  source 
but  remains  in  the  center  and  mouth,  salinity  di- 
minishes, vertical  mixing  persists  and  phytoplank- 
ton is  dominated  by  Cyclotella  species.  From  late 
spring  to  autumn  the  freshwater  influence  prevails 
and  a  sharp  stratification  of  the  water  is  produced 
in  the  stations  at  the  mouth  and  the  center,  by 
means  of  a  steep  halocline  coincident  with  an 
oxycline.  The  phytoplankton  in  this  period  follows 
a  typical  succession  like  those  described  in  fresh- 
water eutrophic  lakes.  Vertical  distribution  of  phy- 
toplankton is  determined  by  the  presence  of  the 
oxycline,  originated  by  the  marine  water  wedge, 
whose  depth  varies  seasonally  but  which  is  always 
present  in  the  mouth  and  center  of  the  lagoon;  only 
a  few  species  of  algae  can  be  found  below  its  level. 
(Author's  abstract) 
W90-05049 

VERTICALLY  AVERAGED  SPECTRAL 
MODEL  FOR  TIDAL  CIRCULATION  IN  ESTU- 
ARIES: PART  1.  MODEL  FORMULATION. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

J.  R.  Burau,  and  R.  T.  Cheng. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report   88-4126, 
April  1989.  32p,  6  fig,  41  ref. 

Descriptors:  'Tidal  currents,  'Tides,  'Estuaries, 
•Mathematical  models,  Shallow-water  equations, 
Harmonic  analysis,  Spectral  models,  Finite  element 
method. 

A  frequency  dependent  computer  model  based  on 
the  two-dimensional  vertically  averaged  shallow- 
water  equations  is  described  for  general  purpose 
application  in  tidally  dominated  embayments.  This 
model  simulates  the  response  of  both  tides  and  tidal 
currents  to  user-specified  geometries  and  boundary 
conditions.  The  mathematical  formulation  and 
practical  application  of  the  model  are  discussed  in 
detail.  Salient  features  of  the  model  include  the 
ability  to  specify:  (1)  stage  at  the  open  boundaries 
as  well  as  within  the  model  grid,  (2)  velocities  on 
open  boundaries  (river  inflows  and  so  forth),  (3) 
spatially  variable  wind  stress,  and  (4)  spatially  vari- 
able bottom  friction.  Using  harmonically  analyzed 
field  data  as  boundary  conditions,  this  model  can 
be  used  to  make  real  time  predictions  of  tides  and 
tidal  currents.  (USGS) 
W90-05193 

FLOW  AND  HYDRAULIC  CHARACTERISTICS 
OF  THE  KNIK-MATANUSKA  RIVER  ESTU- 
ARY, COOK  INLET,  SOUTHCENTRAL 
ALASKA. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 
S.  W.  Lipscomb. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4064, 
1989.  52p,  29  fig,  6  tab,  8  ref. 


Descriptors:  'Estuaries,  'Bridge  design,  'Tides, 
'Unsteady  flow,  Flow  velocity,  Model  studies, 
Floods,  Flood  peak. 

A  study  of  the  riverine-estuarine  reach  of  the  Knik 
and  Matanuska  Rivers  provided  flow  and  hydrau- 
lic data  for  use  in  the  design  of  additional  bridges 
over  the  rivers.  Hydraulic  analysis  is  complicated 
because:  (1)  the  lower  reaches  of  the  rivers  merge 
in  a  complex  system  of  interconnected  channels; 
and  (2)  this  reach  is  subject  to  unsteady  flow 
conditions  resulting  from  a  semidiurnal  tide  wave 
propagated  up  the  channel  through  Knik  Arm 
from  Cook  Inlet,  whose  tidal  range  is  among  the 
largest  in  the  world.  Analysis  of  flows  for  the  Knik 
River  is  further  complicated  by  the  historic  forma- 
tion and  outburst  flooding  of  glacier-dammed  Lake 
George  in  the  Upper  Knik  River  basin.  Peak  flows 
on  the  Knik  River  due  to  breakout  floods  were  as 
much  as  seven  times  greater  than  peak  flows  of 
non-breakout  floods.  The  U.S.  Geological  Survey's 
branch-network  flow  model  was  used  to  simulate 
flows  within  the  study  reach.  For  the  Knik  River, 
simulated  flows  were  within  10%  of  measured 
values  in  most  cases.  The  model  was  also  used  to 
simulate  the  flow,  stage,  and  velocity  that  would 
be  expected  in  the  various  channels  under  different 
bridge  configurations.  (USGS) 
W90-05215 

EFFECTS  OF  SULFIDE  ON  THE  GROWTH  OF 
THREE  SALT  MARSH  HALOPHYTES  OF  THE 
SOUTHEASTERN  UNITED  STATES. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Applied 

Biology. 

P.  M.  Bradley,  and  E.  L.  Dunn. 

American  Journal  of  Botany  AJBOAA,  Vol.  76, 

No.  12,  p.  1707-1713,  December  1989.  2  fig.  3  tab. 

35  ref. 

Descriptors:  'Salt  marshes,  'Marsh  plants,  'Coast- 
al marshes,  'Sulfides,  Hydroponic  cultures,  Spar- 
tina,  United  States,  Borrichia,  Growth,  Productivi- 
ty- 

A  hydroponic  culture  experiment  was  performed 
to  ascertain  whether  sediment  soluble  sulfide  at  in 
situ  concentrations  plays  a  role  in  the  determina- 
tion of  height  forms  of  Spartina  alterniflora  in  salt 
marshes  of  the  United  States.  Additional  experi- 
ments were  conducted  for  both  Spartina  cynosur- 
oides  and  Borrichia  frutescens  to  determine  if  sul- 
fide also  influences  the  overall  distribution  of  these 
species  in  the  marsh.  In  situ  soluble  sulfide  concen- 
trations ranged  from  0.02  mM  in  creek  bank  sites 
up  to  3.0  mM  in  the  inner  marsh.  In  culture  treat- 
ments, both  plant  height  and  biomass  production  of 
S.  alterniflora  were  inhibited  at  a  sulfide  concentra- 
tion as  low  as  1.0  mM,  strongly  suggesting  a  role 
for  sulfide  in  the  determination  of  height  forms  in 
the  marsh.  Production  of  S.  cynosuroides  was  in- 
hibited at  high  sulfide  concentrations.  However, 
over  a  range  of  concentrations  similar  to  in  situ 
values,  no  significant  reduction  in  growth  was 
observed,  indicating  sulfide  was  not  a  primary 
determinant  of  growth  in  stands  of  S.  cynosuroides 
on  Sapelo  Island,  Georgia.  A  sulfide  concentration 
of  0.5  mM  inhibited  production  in  B.  frutescens.  In 
situ  sulfide  concentrations  as  high  as  0.5  mM  were 
found  only  in  mixed  stands  of  Juncus  roemerianus 
and  B.  frutescens.  (Author's  abstract) 
W90-05287 


Estuaries— Group  2L 

bow  smelt,  Osmerus  mordax,  and  tomcod,  Micro- 
gadus  tomcod,  was  investigated  in  the  upper  sec- 
tion of  the  St.  Lawrence  Middle  Estuary.  It  was 
hypothesized  that  the  species-specific  use  of  the 
vertical  pattern  of  current  exhibited  by  the  two 
species  results  in  the  partitioning  of  the  estuarine 
habitat  in  the  longitudinal  plane  while  assuring 
retention.  Important  differences  in  the  longitudinal 
distribution  of  tomcod  and  smelt  larvae  were  relat- 
ed to  the  ontogeny  of  their  vertical  distribution  in 
the  water  column.  In  June,  small  tomcod  and  smelt 
larvae  are  generally  associated  with  waters  of  sa- 
linities less  than  5  ppt.  As  the  larvae  grow,  their 
vertical  distribution  patterns  change,  leading  to  a 
horizontal  separation  of  the  two  species.  Tomcod 
juveniles  migrate  downstream  into  colder,  more 
saline  waters,  whereas  larger  smelt  larvae  migrate 
upstream  into  warmer,  tidal  fresh  waters.  Ontoge- 
netic changes  in  vertical  distribution  serve  to  con- 
centrate larvae  in  specific  conditions  that  may  opti- 
mize physiological  conditions  and  also  permit  pop- 
ulation persistence.  (Author's  abstract) 
W90-05297 

VELOCITY  DISTRIBUTION  IN  ARRESTED 
SALINE  WEDGES. 

Thessaloniki  Univ.,   Salonika  (Greece).   Dept.  of 

Civil  Engineering. 

V.  Dermissis. 

Journal  of  Waterway,  Port,  Coastal  and  Ocean 

Engineering  (ASCE)  JWPED5,  Vol.  116,  No.  1,  p. 

21-42,  January /February  1990.  16  fig,  3  tab,  17  ref, 

2  append. 

Descriptors:  'Fluid  mechanics,  'Estuaries,  'Saline- 
freshwater  interfaces,  Salinity,  Reynolds  stresses, 
Velocity,  Saline  wedges,  Shear  stress. 

The  velocity  distribution  laws  of  arrested  saline 
wedges  have  been  experimentally  studied  in  a  tilt- 
ing flume  20.24  m  long,  45.72  cm  wide,  and  45.72 
cm  deep.  These  laws  were  investigated  together 
with  the  interfacial  and  bed  shear  stresses  through 
the  utilization  of  a  specially  designed  electronic 
conductivity  meter  for  the  measurement  of  the 
salinity,  and  hot  film  anemometer  for  the  measure- 
ment of  the  detailed  velocity  distribution  and  the 
Reynolds  stresses.  In  the  immediate  neighborhood 
of  the  velocity  interface,  and  in  a  zone  of  some 
millimeters  width,  the  velocity  distribution  is 
linear.  This  linear  law  appears  to  be  independent  of 
salinity.  Outside  the  zone  the  velocity  distribution 
is  logarithmic.  In  particular,  the  logarithmic  laws 
of  the  interface  and  of  the  outer  region  are  defined 
for  the  two  layers.  These  laws  are  analogous  to  the 
wall  law  and  the  law  of  the  outer  region  for 
homogeneous  fluids  flow  over  solid  boundaries. 
(Author's  abstract) 
W90-05298 


ONTOGENETIC  CHANGES  IN  THE  LONGI- 
TUDINAL DISTRIBUTION  OF  TWO  SPECIES 
OF  LARVAL  FISH  IN  A  TURBID  WELL- 
MIXED  ESTUARY. 

Laval  Univ.,  Quebec.  Dept.  de  Biologic 

R.  Laprise,  and  J.  J.  Dodson. 

Journal  of  Fish  Biology  JFIBA9,  Vol.  35,  No.  SA, 

p.  39-47,  December  1989.  6  fig,  7  ref. 

Descriptors:  'Estuarine  fisheries,  'Fish,  'Fish  be- 
havior, Habitats,  Interspecific  competition,  Re- 
source partitioning,  Vertical  distribution,  Salinity, 
Tomcod,  Smelt,  Larvae,  St  Lawrence  Estuary, 
Fish  physiology. 

The  relationship  between  vertical  migration,  estua- 
rine retention  and  species-specific  patterns  of  longi- 
tudinal distribution  of  the  pelagic  larvae  of  rain- 


TWO  MANIPULATED  INNER  BAYS  IN  THE 
HELSINKI  SEA  AREA,  NORTHERN  GULF  OF 
FINLAND. 

Helsinki  City  Water  and  Wastewater  Authority 

(Finland).  Water  Conservation  Lab. 

For   primary   bibliographic   entry   see   Field    5G. 

W90-05346 

SEASONAL  DYNAMICS  OF  THE  CHESA- 
PEAKE BAY  ECOSYSTEM. 

Maryland  Univ.,  Solomons.  Chesapeake  Biological 
Lab. 

D.  Baird,  and  R.  E.  Ulanowicz. 
Ecological  Monographs  ECMOAQ,  Vol.  59,  No. 
4,  p  329-364,  December  1989.  13  fig,  10  tab,  249 
ref  append.  Maryland  Department  of  Natural  Re- 
sources, grant  C-l  1-86-023  and  Contract  N00024- 
86-C-5188. 

Descriptors:  'Bays,  'Food  chains,  'Cycling  nutri- 
ents, 'Chesapeake  Bay,  Predation,  Seasonal  distri- 
bution, Ecosystems,  Detritus,  Primary  productivi- 
ty, Trophic  level. 

The  full  suite  of  carbon  exchanges  among  the  36 
most  important  components  of  the  Chesapeake  Bay 
mesohaline  ecosystem  is  estimated  to  examine  the 
seasonal  trends  in  energy  flow  and  the  trophic 
dynamics  of  the  ecosystem.  Although  the  overall 
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typology  of  the  ecosystem  does  not  appear  to 
change  substantially  from  season  to  season,  there  is 
a  dominant  seasonal  cycle  in  the  activities  of  all 
subcommunities,  which  is  greatest  in  the  summer 
and  least  in  the  cold  season.  The  complicated 
trophic  network  assessed  by  matrix  operations  can 
be  mapped  into  an  eight-level  trophic  chain.  Such 
an  analysis  reveals  that  detrivory  is  about  10  times 
greater  than  herbivorous  grazing  in  the  Chesa- 
peake system  and  that  70%  of  detritus  results  from 
internal  recycle.  Annual  efficiencies  of  trophic 
levels  decrease  as  one  ascends  the  chain.  Major 
seasonal  shifts  in  trophic  efficiencies  at  higher 
levels  appear  to  be  modulated  by  how  effectively 
microscopic  zooplankton  (mostly  ciliates)  are 
cropped  by  their  predators.  Average  trophic  effi- 
ciency is  9.6%.  Despite  the  existance  of  eight 
trophic  levels,  the  average  level  at  which  each 
species  feeds  always  remains  below  5.  One  'pest' 
species  (the  coelenterate  Chrysaora  quinquecirrha) 
feeds  rather  high  on  the  trophic  pyramid  and,  as  a 
result,  may  exert  an  unappreciated  level  of  control 
on  the  planktonic  food  chain.  The  existance  of 
very  few  cycles  in  the  trophic  network  combined 
with  relatively  large  and  seemingly  constant  total 
system  activity  may  indicate  a  stressed  ecosystem. 
The  collection  of  cycles  present  in  the  system  is 
disjoint;  there  is  no  overlap  between  the  cycles 
among  the  planktonic  community  and  the  circula- 
tions among  the  deposit  feeders  and  nekton.  The 
filter-feeding  benthos  and  fish  do  not  participate  in 
any  cycling,  but  serve  rather  as  bridges  to  shift 
carbon  and  energy  from  the  planktonic  community 
into  the  benthic-nektonic  subsystems.  Most  mem- 
bers of  the  microbial  loop  do  not  participate  in 
carbon  recycling,  functioning  instead  as  a  dissipa- 
tive  shunt  of  energy  out  of  the  system.  (Author's 
abstract) 
W90-05356 


ROLE  OF  VARIOUS  MICROORGANISMS  ON 
TC  BEHAVIOR  IN  SEDIMENTS. 

Universite    Catholique    de    Louvain,    Louvain-la- 
Neuve  (Belgium).  Lab.  de  Physiologie  Vegetale. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05368 


FACTORS  AFFECTING  THE  DISTRIBUTION 
AND  DIVERSITY  OF  POLYCHAETES  IN 
AMVRAKKIKOS  BAY,  GREECE. 

Athens    Univ.    (Greece).    Zoological    Lab.    and 

Museum. 

A.  Nicolaidou,  and  K.  N.  Papadopoulou. 

PSZNI:  Marine  Ecology  MAECDR,  Vol.  10,  No 

3,  p  193-219,  1989.  3  fig,  3  tab,  21  ref. 

Descriptors:  'Annelids,  *Greece,  *Bays,  *Poly- 
chaetes,  *  Species  diversity,  Bottom  sediments, 
Amvrakkikos  Bay,  Species  distribution,  Water 
depth,  Sedimentary  structures,  Salinity,  Replenish- 
ment, Recharge. 

The  polychaete  fauna  was  studied  in  18  soft- 
bottom  stations  in  Amvrakikos  Bay  of  the  Ionian 
Sea.  Of  the  146  species  found,  a  large  number  of 
them  were  found  only  once,  which  caused  low 
similarity  between  stations.  Mixing  and  renewal  of 
water  influenced  the  distribution  of  species  and 
feeding  types  of  polychaetes,  while  their  diversity 
correlated  with  sedimentary  structure.  Water 
depth  accounted  for  the  greatest  variability  in  the 
data,  whereas  salinity  had  no  discernible  effect  on 
the  polychaete  fauna.  (Author's  abstract) 
W90-05376 


SHORT-TERM  THERMAL  EFFECTS  OF  A 
POWER-GENERATING  PLANT  ON  ZOO- 
PLANKTON  IN  THE  SWARTKOPS  ESTUARY, 
SOUTH  AFRICA. 

Port  Elizabeth  Univ.  (South  Africa).  Dept.  of  Zo- 
ology. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05377 


EFFECTS  OF  INDUSTRIAL  POLLUTION  ON 
THE  DEVELOPMENT  AND  SUCCESSION  OF 
MARINE  FOULING  COMMUNITIES:  I.  ANAL- 
YSIS OF  SPECIES  RICHNESS  AND  FRE- 
QUENCY DATA. 


Wollongong  Univ.  (Australia).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-05378 


EFFECTS  OF  INDUSTRIAL  POLLUTION  ON 
THE  DEVELOPMENT  AND  SUCCESSION  OF 
MARINE  FOULING  COMMUNITIES:  II.  MUL- 
TIVARIATE ANALYSIS  OF  SUCCESSION. 

Wollongong  Univ.  (Australia).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C 
W90-05379 


ECOLOGY  OF  TROPICAL  SOFT-BOTTOM 
BENTHOS:  A  REVIEW  WITH  EMPHASIS  ON 
EMERGING  CONCEPTS. 

Australian  Inst,  of  Marine  Sciences,  Townsville. 
DM.  Alongi. 

Revista  de  Biologia  Tropical  RBTCAP,  Vol.  37 
No.  1,  p  85-100,  June  1989.  4  tab,  116  ref.  Marine 
Sciences  and  Technologies  grant  no.  86107080, 
Australian  Institute  of  Marine  Science. 

Descriptors:  *Benthos,  'Tropical  regions,  ♦Eco- 
systems, Species  diversity,  Benthic  fauna,  Preda- 
tion,  Bottom  sediments,  Species  composition,  Sea- 
sonal variation,  Community  structures. 

A  review  of  the  tropical  soft-bottom  literature 
reveals  that  several  general  concepts  in  benthic 
ecology,  formulated  from  temperate  work,  are 
either  in  need  of  modification  or  are  not  readily 
applicable  to  tropical  benthic  ecosystems.  Several 
concepts  emerge  from  the  present  tropical  litera- 
ture suggesting  that  in  comparison  with  temperate 
communities  species  diversity  and  faunal  densities 
are  not  necessarily  greater  in  the  tropics;  environ- 
mental stress  (excluding  anthropogenic  input)  is 
generally  more  severe;  infaunal  communities  are 
composed  of  proportionately  more  small  opportun- 
istic species;  predation  by  demersal  fishes  and  crus- 
taceans is  more  intense;  microbes  may  be  a  carbon 
sink  in  some  shallow-water  habitats,  notably  man- 
groves; production  is  generally  high,  but  breeding 
and  reproduction  are  frequently  not  continuous; 
and  the  distribution  and  abundances  of  tropical 
benthos,  like  most  other  communities,  reflect  tem- 
poral and  spatial  mosaics  of  major  regulatory  fac- 
tors (competition,  predation,  food  supply,  environ- 
mental disturbances).  Several  tropical  marine  eco- 
systems such  as  mangroves  and  coral  reefs  are 
unique,  and  other  environments  such  as  continental 
shelves  posses  several  common  features  which  dis- 
tinguish them  to  some  degrees  from  their  temper- 
ate counterparts.  To  confirm,  reject  or  modify 
these  emerging  concepts,  several  aspects  of  tropi- 
cal benthic  ecosystems  require  further  study,  in- 
cluding effects  of  wet  season  activity,  physiologi- 
cal tolerances,  nutrient  recycling,  secondary  pro- 
duction, benthic-pelagic  coupling  and  pollution. 
Such  information  and  emerging  conceptualizations 
are  necessary  to  permit  proper  and  informed  con- 
servation management  of  these  unique  ecosystems. 
(Author's  abstract) 
W90-05384 


RATES  AND  PATTERNS  OF  ESTUARINE 
SEDIMENT  ACCUMULATION. 

Johns  Hopkins  Univ.,   Baltimore,   MD.   Dept.  of 
Geography  and  Environmental  Engineering. 
G.  S.  Brush. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  7,  p  1235-1246,  November  1989.  6  fig,  4  tab,  32 
ref.  NSF  Grants  EAR81-15727  and  EAR  85-17613. 

Descriptors:  'Chesapeake  Bay,  'Marine  sediments, 
•Sedimentation  rates,  'Erosion,  'Estuaries,  Spatial 
distribution,  Sedimentation,  Sediment  transport, 
Geomorphology,  Land  use,  Nutrients,  Temporal 
distribution,  Pollen,  Clear-cutting. 

Estuarine  sedimentation  rates  were  estimated  for 
vertical  increments  of  sediment  cores  by  adjusting 
average  rates  between  dated  horizons  with  the 
ratio  of  pollen  concentration  to  concentration  of 
sediment.  The  method  assumes  independent  in- 
fluxes of  pollen  and  sediment  into  the  estuary, 
similar  patterns  of  transport  and  deposition  for 
both  pollen  and  fine  sediment,  a  uniform  influx  of 
pollen  over  the  time  interval  between  dated  hori- 
zons, and  preservation  of  the  majority  of  pollen 


entering  the  estuary.  Comparisons  of  detailed, 
pollen-derived  sedimentation  rates  with  historical 
records  of  climatic  and  anthropogenic  events  in 
upper  Chesapeake  Bay  show  that  highest  rates  of 
sediment  accumulation  occur  in  upper  and  middle 
stretches  of  tidal  tributaries  and  coincide  with 
major  storms  and  periods  of  intensive  land  clear- 
ance when  >  20%  of  total  land  area  in  a  given 
watershed  is  deforested  and  under  cultivation. 
(Author's  abstract) 
W90-05393 


EFFECTS  OF  PATCH  SIZE  AND  SUBSTRATE 
ISOLATION  ON  COLONIZATION  MODES 
AND  RATES  IN  AN  INTERTIDAL  SEDIMENT. 

Hawaii  Inst,  of  Geophysics,  Honolulu. 

C.  R.  Smith,  and  S.  J.  Brumsickle. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34 

No.  7,  p  1263-1277,  November  1989.  9  fig,  4  tab,  50 

ref.   NSF   Grants  OCE   84-07478   and   OCE   86- 

14367. 

Descriptors:  'Experimental  design,  'Mud  flats, 
•Marine  sediments,  'Benthos,  'Species  diversity, 
•Species  composition,  Ecology,  Succession,  Popu- 
lation dynamics,  Aquatic  animals. 

The  dynamics  of  soft-bottom  disturbance  mosaics 
may  be  strongly  influenced  by  life  stages  of  colo- 
nists, disturbance  size,  and  patch  isolation.  The 
effects  of  postlarval  immigration,  patch  size,  and 
vertical  isolation  on  colonization  was  assessed  fol- 
lowing small-scale  disturbance  in  a  mudflat  in 
Barnstable  Harbor,  Massachusetts.  Defaunated 
sediment  plugs  of  two  sizes  (50  and  1,750  sq  cm  in 
plan  area)  and  two  levels  of  isolation  (flush  with 
the  seafloor  and  elevated  5  cm)  were  implanted  in 
the  flat  and  sampled  after  4-41  days.  Postlarval 
immigration  proved  a  major  colonization  mode  for 
both  treatment  sizes.  Colonization  rates  and  succes- 
sional  patterns  varied  markedly  between  patch 
sizes.  Faunal  abundance  and  species  number  in- 
creased more  rapidly,  and  species  proportions  dif- 
fered, in  smaller  treatments  primarily  because  the 
contribution  of  postlarval  immigration  varied  in- 
versely with  patch  size.  Colonization  in  elevated 
plugs  bore  little  resemblance  to  that  in  flush  treat- 
ments, with  macrofauna  accumulating  in  raised 
plugs  at  markedly  lower  rates.  It  was  concluded 
that  postlarval  immigration  may  be  a  major  mode 
of  colonization  at  the  study  site  and  perhaps  in  soft 
bottoms  in  general  following  small-scale  disturb- 
ance, that  patch  size  must  be  considered  in  models 
of  benthic  colonization  and  succession,  and  that 
colonization  trays  may  be  used  more  fruitfully  as 
explicit  experimental  treatments  rather  than  the 
intact  seafloor.  (Author's  abstract) 
W90-05394 


CARBON  ISOTOPIC  COMPOSITIONS  OF  ES- 
TUARINE BACTERIA. 

Gordon  Coll.,  Wenham,  MA.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05398 


RADIONUCLIDES   AND   LARGE   PARTICLES 
IN  ESTUARINE  SEDIMENTS. 

Phoenix  Research  Lab.,  Tavistock  (England). 
For  primary  bibliographic  entry  see  Field  5B 
W90-O5405 


BIOLOGICAL    AND    CHEMICAL    COMPOSI- 
TION OF  BOSTON  HARBOR,  USA. 

Army    Engineer   Div.    New    England,    Waltham, 

MA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05408 


SULFUR-CONTAINING  AMINO  ACIDS  AS 
PRECURSORS  OF  THIOLS  IN  ANOXIC 
COASTAL  SEDIMENTS. 

Rosenstiel  School  of  Marine  and  Atmospheric  Sci- 
ence, Miami,  FL. 

R.  P.  Kiene,  K.  D.  Malloy,  and  B.  F.  Taylor. 
Applied       and       Environmental       Microbiology 
AEMIDF,   Vol.   56,   No.    1,   p    156-161,   January 
1990.    10   fig,    1    tab,    37   ref.    NSF   grant   OCE- 
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8516020. 

Descriptors:  'Marine  sediments,  'Coastal  waters, 
'Organic  matter,  'Amino  acids,  'Thiols,  'Bio- 
transformation, 'Microbial  degradation,  Sulfur, 
Chemical  binding,  Inhibition,  Metabolites. 

Sulfur-containing  amino  acids  were  examined  as 
precursors  for  thiols  in  anoxic  coastal  sediments. 
Substrates  (10-100  microM)  were  anaerobically  in- 
cubated with  sediment  slurries.  Thiols  were  as- 
sayed as  isoindole  derivatives  by  high-performance 
liquid  chromatography.  Microbial  transformations 
of  thiols,  in  contrast  to  their  chemical  binding  by 
sediment  particles,  were  identified  by  inhibition 
with  a  mixture  of  chloramphenicol  and  tetracy- 
cline. Methionine  and  homocysteine  were  trans- 
formed to  methanethiol  and  3-mercaptopropionate 
(3-MPA);  methionine  stimulated  mainly  methan- 
ethiol production,  whereas  homocysteine  generat- 
ed more  3-MPA  than  methanethiol.  2-Keto-4- 
methiolbutyrate  yielded  results  similar  to  those 
with  methionine,  indicating  that  demethiolation 
yields  methanethiol  at  the  keto-acid  level.  Gluta- 
thione gave  rise  to  cysteine,  which  was  further 
transformed  to  3-mercaptopyruvate  and  thence  to 
mercaptoacetate  and  mercaptoethanol.  Mercap- 
toethanol  was  oxidized  to  mercaptoacetate,  which 
was  biologically  consumed.  In  conclusion,  sulfur- 
containing  amino  acids  contribute  to  the  range  of 
thiols  that  occur  in  anoxic  coastal  sediments.  New 
metabolic  and  environmental  transformations  were 
identified:  the  production  of  3-MPA  as  a  metabo- 
lite of  methionine  and  the  transformation  of  mer- 
captopyruvate  to  mercaptoethanol  and  mercaptoa- 
cetate. (Author's  abstract) 
W90-05485 


EFFICIENCIES  OF  RECOVERY  OF  BDELLO- 
VIBRIOS  FROM  BRACKISH-WATER  ENVI- 
RONMENTS BY  USING  VARIOUS  BACTE- 
RIAL SPECIES  AS  PREY. 

Maryland  Univ.,  Baltimore.  Dept.  of  Microbiolo- 
gy- 

A.  J.  Schoeffield,  and  H.  N.  Williams. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.   56,  No.   1,   p  230-236,  January 
1990.  3  fig,  2  tab,  23  ref.  NSF  grant  OCE-8746188. 

Descriptors:  'Marine  bacteria,  'Bdellovibrio, 
'Brackish  water,  'Saline  water,  Culturing  tech- 
niques, Vibrio,  Predatory  bacteria. 

A  total  of  44  bacterial  species  subdivided  into  10 
trial  experiments  were  used  as  prey  for  the  recov- 
ery of  bdellovibrios  from  samples  of  water  from  a 
brackish  tidal  pond  and  an  aquarium  saltwater 
tank.  In  an  initial  investigation,  the  recovery  of 
each  of  the  test  bacterial  species  was  compared 
with  that  of  a  designated  standard  prey,  Vibrio 
parahaemolyticus  P-5.  In  each  case  strain  P-5 
yielded  an  equal  or  significantly  greater  number  of 
plaques  of  bdellovibrios  than  the  test  prey  but  with 
a  single  exception,  strain  CS5.  In  repeat  experi- 
ments, CS5  yielded  fewer  plaques  than  P-5.  To 
determine  whether  the  use  of  multiple  bacterial 
species  compared  with  a  single  species  as  prey 
would  increase  the  number  of  PFU  of  bdellovi- 
brios recovered,  material  from  plaques  appearing 
on  each  of  the  test  prey  in  the  respective  trials  was 
sequentially  subcultured  into  two  respective  agar 
plates,  the  first  containing  as  prey  V.  parahaemoly- 
ticus P-5  and  the  second  containing  the  initial  test 
organism.  In  nearly  every  case,  subculture  of 
plaques  from  lawns  of  the  test  prey  and  P-5  did  not 
result  in  the  recovery  of  any  more  bdellovibrio 
PFU  than  the  use  of  P5  alone.  P-5  was  observed  to 
be  the  most  efficient  prey  for  the  recovery  of 
bdellovibrios  from  moderate  salt  water.  (Author's 
abstract) 
W90-05486 


LARVAL  FISH  AND  SHELLFISH  TRANSPORT 
THROUGH  INLETS. 

For  primary  bibliographic  entry  see  Field  81. 
W90-05532 

SHELF-ESTUARINE  WATER  EXCHANGES 
BETWEEN  THE  GULF  OF  MEXICO  AND 
MOBILE  BAY,  ALABAMA. 

Louisiana  State  Univ.,  Baton  Rouge.  Coastal  Stud- 
ies Inst. 

W.  J.  Wiseman,  W.  W.  Schroeder,  and  S.  P. 
Dinnel. 

IN:  Larval  Fish  and  Shellfish  Transport  through 
Inlets.  American  Fisheries  Society,  Bethesda,  MD. 
1988.  p  1-8.  7  fig,  2  tab,  18  ref. 

Descriptors:  'Water  circulation,  'Estuaries, 
•Mobile  Bay,  'Bays,  'Flow,  Fluctuations,  Flow 
measurement,  Wind-driven  currents,  Continental 
shelf,  Water  exchange. 

Main  Pass  connects  Mobile  Bay,  a  broad,  shallow 
estuary  in  Alabama  with  the  Gulf  of  Mexico.  The 
Pass  is  5.4  km  wide.  Its  western  two-thirds  is  only 
4  m  deep,  but  depths  as  great  as  15  m  occur  in  the 
eastern  section.  Main  Pass  carries  approximately 
85%  of  the  mass  flux  between  Mobile  Bay  and  the 
adjacent  continental  shelf  waters.  The  remaining 
15%  flows  through  Pass-aux-Herons,  which  con- 
nects Mobile  Bay  to  east  Mississippi  Sound.  One 
month  of  current  meter  data  from  Main  Pass  dem- 
onstrated shelf-estuarine  exchange  driven  by  north- 
south  wind  stress  at  periodicities  longer  than  the 
tide.  Riverine  discharge  fluctuations  may  modulate 
the  gravitational  circulation  over  time  scales  short- 
er than  seasons.  Tidal  diffusion,  long-period  advec- 
tion,  and  the  mean  circulation  are  of  equal  impor- 
tance to  dispersion  of  water  through  Main  Pass. 
(See  also  W90-05532)  (Mertz-PTT) 
W90-05533 


EFFECTS  OF  ACID  STRESS  ON  AEROBIC  DE- 
COMPOSITION OF  ALGAL  AND  AQUATIC 
MACROPHYTE  DETRITUS:  DIRECT  COM- 
PARISON IN  A  RADIOCARBON  ASSAY. 

Georgia  Univ.,  Athens.  Inst,  of  Ecology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05487 


TRANSPORT  MODEL  FOR  WATER  EX- 
CHANGE BETWEEN  COASTAL  INLET  AND 
THE  OPEN  OCEAN. 

State  Univ.  of  New  York  at  Stony  Brook.  Marine 

Sciences  Research  Center. 

D.  P.  Wang. 

IN:  Larval  Fish  and  Shellfish  Transport  through 

Inlets.  American  Fisheries  Society,  Bethesda,  MD. 

1988.  p  9-15.  4  fig,  9  ref. 

Descriptors:  'Larvae,  'Inlets,  'Model  studies, 
'Water  circulation,  'Jetties,  Wind-driven  currents, 
Gravity,  Tidal  currents,  Environmental  impact 
statement,  Three-dimensional  model,  Force  bal- 
ance, Mass  conservation,  Salt  conservation,  Densi- 
ty stratification. 

A  numerical  model  capable  of  predicting  interac- 
tions between  coastal  inlets  and  the  open  ocean  is  a 
useful  tool  for  assessment  of  environmental  im- 
pacts. Most  previous  estuarine  models  have  been 
based  on  the  assumption  of  a  two-dimensional  flow 
field,  which  is  quite  restrictive  for  studies  of  water 
exchange  between  inlets  and  open  ocean.  An  ex- 
ample of  using  a  generalized,  three-dimensional, 
density-stratified  model  to  simulate  the  inlet-ocean 
interaction     is     presented.     A     three-dimensional 
model  solves  a  set  of  partial  differential  equations 
that  describe  the  force  balance,  the  mass  conserva- 
tion, and  the  salt  conservation.  Mixing  and  dissipa- 
tion are  subgrid  processes,  that  is,  they  occur  in 
spatial  scales  much  smaller  than  those  resolved  by 
a  circulation  model,  which  must  be  parameterized. 
Results  indicate  that  dispersal  of  the  outflow  plume 
is  the  combined  effect  of  tidal,  gravity,  and  wind- 
driven  currents.  Jetty  construction  near  an  inlet 
entrance  will  displace  the  discharge  plume  off  the 
coast.  If  the  seaward  extension  of  the  jetty  is  much 
smaller  than  the  dimensions  of  the  plume,  the  jetty 
will  not  have  important  effects  on  the  plume.  If  the 
jetty  and  the  plume  have  a  similar  seaward  dimen- 
sion, the  jetty  will  distort  and  enlarge  the  plume. 
Most  likely,  the  discharge  plume  will  become  more 
diluted  when  there  is  a  jetty.  Using  the  model,  it 
may  be  possible  to  assess  effects  of  jetty  construc- 
tion on  the  transport  of  larvae.  (See  also  W90- 
05532)  (Mertz-PTT) 
W90-05534 


OBSERVATIONS  ON  INLET  FLOW  PAT- 
TERNS DERIVED  FROM  NUMERICAL  AND 
PHYSICAL  MODELING  STUDIES. 

Coastal  Engineering  Research  Center,  Vicksburg, 

MS. 

W.  C.  Seabergh. 

IN:  Larval  Fish  and  Shellfish  Transport  through 

Inlets.  American  Fisheries  Society,  Bethesda,  MD. 

1988.  p  16-25.  10  fig,  13  ref. 

Descriptors:  'Inlets,  'Jetties,  'Larvae,  'Estuaries, 
Larval  transport,  Wind-driven  currents,  Flow, 
Wind  waves,  Flow  pattern,  Hydrodynamics, 
Model  studies. 

Due  to  its  responsibility  to  provide  navigable  en- 
trance channels  through  coastal  inlets,  the  U.S. 
Army  Corps  of  Engineers  has  conducted  numer- 
ous site-specific  model  studies  of  tidal  inlets  and 
has  performed  generalized  research  on  tidal  inlets. 
Tidal  inlet  systems  can  be  viewed  hydrodynamical- 
ly  as  varying  from  relatively  simple  flow  orifices 
to  rather  complex  flow  systems  as  the  number  of 
influencing  parameters  increases.  Wind  waves, 
freshwater  inflow,  and  wind  stress  on  the  water 
surface  can  cause  significant  effects.  The  scale  of 
inlets  extends  from  the  very  small  to  the  very  large 
and  the  extent  of  their  influence  along  the  coast 
varies  proportionately  to  their  size.  As  jetties  are 
added  to  an  inlet  for  producing  channel  stability 
and  navigation  safety,  local  changes  to  the  flow 
patterns  occur.  At  this  stage  of  research,  it  would 
be  difficult  to  determine  the  net  effect  that  hydro- 
dynamics would  have  on  larval  recruitment  into 
the  estuary.  (See  also  W90-05532)  (Mertz-PTT) 
W90-05535 


SAMPLING  OPTIMIZATION  FOR  STUDIES 
OF  TIDAL  TRANSPORT  IN  ESTUARIES. 

South  Carolina  Univ.,  Columbia.  Belle  W.  Baruch 
Inst,  for  Marine  Biology  and  Coastal  Research. 
B.  Kjerfve,  and  T.  G.  Wolaver. 
IN:  Larval  Fish  and  Shellfish  Transport  through 
Inlets.  American  Fisheries  Society,  Bethesda,  MD. 
1988.  p  26-33.  4  fig,  1  tab,  15  ref.  National  Science 
Foundation  Grant  DEB-81 19752. 

Descriptors:  'Flow  measurement,  'Sampling,  'Es- 
tuaries, 'South  Carolina,  'Tidal  effects,  Water  cir- 
culation, Water  discharge,  Nitrogen,  Organic 
carbon,  Chemical  properties. 

Measurements  of  material  and  water  transport  in 
estuarine  cross  sections  are  costly  and  require  a 
substantial  effort.  It  is  desirable  to  optimize  the 
sampling  design  by  reducing  the  effort  and  cost 
without  losing  important  information  in  the  proc- 
ess. An  intense  calibration  program  was  developed 
to  formulate  a  long-term  sampling  design  that  is 
optimal  in  terms  of  cost,  feasibility,  and  errors.  To 
illustrate  how  to  optimize  a  sampling  design  in  a 
tidal  transport  study,  fluxes  of  water,  nitrogen  (ni- 
trate plus  nitrite),  and  particulate  organic  carbon 
we  recalculated  and  analyzed  through  a  cross  sec- 
tion of  a  South  Carolina  marsh  creek  during  two 
tidal  cycles.  Discharge  explained  95%  of  the  varia- 
tion in  nitrate  plus  nitrite  flux  and  92%  of  the 
variation  in  particulate  organic  carbon  flux.  The 
remaining  fluxes  were  presumed  to  result  from 
biogeochemical  marsh-estuary  processes.  Because 
nontidal  transport  is  usually  of  great  interest  yet  is 
often  masked  by  tidal  dynamics,  it  is  essential  to 
make  careful  flow  measurements  to  assess  biogeo- 
chemical processes  from  direct  flux  measurements. 
(See  also  W90-05532)  (Author's  abstract) 
W90-05536 


PHYSICAL  OCEANOGRAPHIC  PROCESSES 
AFFECTING  LARVAL  TRANSPORT  AROUND 
AND  THROUGH  NORTH  CAROLINA  INLETS. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 
Marine,  Earth  and  Atmospheric  Sciences. 
L.  J.  Pietrafesa,  and  G.  S.  Janowitz. 
IN:  Larval  Fish  and  Shellfish  Transport  through 
Inlets.  American  Fisheries  Society,  Bethesda,  MD. 
1988.  p  34-50.  17  fig,  35  ref.  Department  of  Com- 
merce Grant  NA81 AA-D-00026  and  U.S.  Depart- 
ment of  Energy  Grants  DOE-76-AS09-EY00902 
and  DE-FG09-85ER60376. 
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Field  2— WATER  CYCLE 


Group  2L — Estuaries 

Descriptors:  'Estuaries,  'Inlets,  *North  Carolina, 
•Croakers,  'Flounders,  'Spot  croakers,  'Menha- 
den, 'Fish  migration,  Tidal  effects,  Flow,  Larvae, 
Larval  transport. 

Atlantic  croaker  (Micropogonias  undulatus),  floun- 
ders (Paralichthys  species),  spot  (Leiostomus 
xanthurus),  and  Atlantic  menhaden  (Brevoortia  ty- 
rannus)  all  spawn  in  the  continental  shelf  waters  of 
North  Carolina  during  late  fall  to  early  winter. 
The  juveniles  use  the  bays  and  tributaries  adjoining 
estuaries  such  as  Pamlico  Sound  and  the  Cape  Fear 
River  as  nurseries  during  their  first  winter  and 
spring.  In  previous  studies  of  recruitment  into  the 
estuaries  through  barrier  island  inlets  or  estuarine 
mouths,  it  was  assumed  that  both  larvae  and  juve- 
niles entered  the  estuaries  at  the  bottom  of  the 
water  column  and  moved  upstream  thereafter.  The 
mechanisms  were  presumed  to  be  tidal.  Larvae  can 
enter  Pamlico  Sound  through  Oregon,  Hatteras, 
and  Ocracroke  inlets  not  only  during  flood  stages 
of  the  tide  but  also  in  the  presence  of  favorable 
ocean-to-estuary  sea-level  pressure  gradients.  The 
Cape  Fear  River  has  strong  semidiurnal  flood  and 
ebb  tidal  flows  and  also  responds  vigorously  to 
one-sided  divergences  and  convergences  of  the 
adjacent  coastal  ocean.  Facing  seaward,  flow  at 
the  river  mouth  is  in  at  the  left  and  out  on  the 
right.  In  addition  to  flooding  tides,  nonlocal  forc- 
ing at  the  estuary  mouths  can  effect  transport  of 
larval  fish  through  the  estuary  mouths,  throughout 
the  entire  water  column.  (See  also  W90-05532) 
(Author's  abstract) 
W90-05537 


ROLES  OF  BEHAVIORAL  AND  PHYSICAL 
FACTORS  IN  LARVAL  AND  JUVENILE  FISH 
RECRUITMENT  TO  ESTUARINE  NURSERY 
AREAS. 

National  Marine  Fisheries  Service,  Honolulu,  HI. 

Honolulu  Lab. 

G.  W.  Boehlert,  and  B.  C.  Mundy. 

IN:  Larval  Fish  and  Shellfish  Transport  through 

Inlets.  American  Fisheries  Society,  Bethesda,  MD. 

1988.  p  51-67.  4  fig,  1  tab,  121  ref.  National  Science 

Foundation  Grant  OCE-80-25214. 

Descriptors:  'Fish  behavior,  'Estuaries,  'Fish  mi- 
gration, 'Tidal  effects,  Fish,  Larvae,  Spawning, 
Larval  transport,  Physical  properties. 

Recruitment  to  and  maintenance  in  estuaries  are 
important  parts  of  the  early  life  history  of  many 
fish  species.  Field  studies  have  documented  pat- 
terns of  estuarine  recruitment  for  several  species; 
although  some  studies  have  postulated  passive 
mechanisms  for  recruitment,  the  majority  suggest 
specific  behavior  patterns  that  clearly  correlate 
with  physical  factors  or  other  stimuli.  Recruitment 
to  the  estuary  of  species  spawned  offshore  was 
considered  as  a  two-stage  process  dependent  first 
upon  factors  in  the  offshore  planktonic  environ- 
ment and  second  upon  estuarine  factors  related  to 
tidal  flux.  Rather  than  a  simple  stimulus-response 
mechanism  related  to  a  single  physical  factor,  it  is 
suggested  that  the  suite  of  factors  associated  with 
tidal  flux  at  particular  locations  may  act  as  the 
zeitgerber  for  an  endogenous  rhythm  with  a  tidal 
periodicity.  In  this  manner,  an  animal  may  use 
tidal-stream  transport  both  for  movement  into  the 
estuary  and  for  maintenance  within  the  estuary. 
Further  work  in  the  laboratory  is  necessary  to 
elucidate  these  behaviors  in  fishes,  particularly 
those  related  to  endogenous  rhythms  and  the  stim- 
uli that  serve  as  zeitgebers.  (See  also  W90-05532) 
(Author's  abstract) 
W90-05538 


PHYSICAL  PROCESSES  AND  THE  MECHA- 
NISMS OF  COASTAL  MIGRATIONS  OF  IM- 
MATURE MARINE  FISHES. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Zoology. 

J.  M.  Miller. 

IN:  Larval  Fish  and  Shellfish  Transport  through 

Inlets.  American  Fisheries  Society,  Bethesda,  MD. 

1988.  p  68-76.  57  ref.  NOAA  Grant  NA85AA-D- 

00012. 

Descriptors:  'Fish  migration,  'Flounders,  'Eels, 
•Capelin,    'Coastal    waters,    'Herring,    Physical 


properties,  Water  temperature,  Salinity,  Turbidity, 
Odors,  Tidal  effects,  Hydrodynamics,  Fish  popula- 
tions. 

Migrations  of  immature  marine  fishes  begin  as  pas- 
sive drift,  then  develop  into  active  swimming  as 
the  fish  grow.  The  migration  mechanisms  of  larval 
plaice  (Pleuronectes  platessa),  anguillid  eels  (An- 
guilla  species),  capelin  (Mallotus  villosus),  and  At- 
lantic herring  (Clupea  harengus  harengus)  illus- 
trate various  degrees  of  active  responses  to  hydro- 
graphic  regimes.  Passively  and  actively  migrating 
larvae  must  have  opposite  orientations  to  coastal 
gradients  of  odors,  temperature,  salinity,  or  turbidi- 
ty. To  be  transported  shoreward,  passively  migrat- 
ing larvae  should  be  attracted  to  water  with  the 
opposite  characteristics  of  their  destination.  Al- 
though an  active  mechanism  of  selective  tidal 
stream  transport  has  been  suggested  in  several 
cases,  a  mechanism  based  on  a  passive  buoyancy 
response  is  suggested  as  an  alternative.  To  detect 
an  active  component  of  migration,  a  three-dimen- 
sional hydrodynamic  description  of  the  migratory 
environment  is  necessary.  In  most  cases,  this  means 
that  synoptic  physical  studies  must  accompany  bio- 
logical investigations  of  immature  fish  migration, 
because  adequate  three-dimensional  hydrodynamic 
models  do  not  exist  for  most  estuarine  systems. 
More  precise  descriptions  of  the  vertical  distribu- 
tions of  fish  are  also  needed.  With  better  measure- 
ments, the  relationships  between  fish  movements 
and  physical  features  of  environments,  if  quanti- 
fied, could  be  used  to  predict  the  distribution  of 
fish  during  or  after  migration.  (See  also  W90- 
05532)  (Mertz-PTT) 
W90-05539 


OCEAN-ESTUARY  COUPLING  OF  ICHTHYO- 
PLANKTON  AND  NEKTON  IN  THE  NORTH- 
ERN GULF  OF  MEXICO. 

Louisiana  State  Univ.,  Baton  Rouge.  Center  for 
Wetland  Resources. 

R.  F.  Shaw,  B.  D.  Rogers,  J.  H.  Cowan,  and  W.  H. 
Herke. 

IN:  Larval  Fish  and  Shellfish  Transport  through 
Inlets.  American  Fisheries  Society,  Bethesda,  MD. 
1988.  p  77-89.  6  fig,  58  ref.  Louisiana  Department 
of  Wildlife  and  Fisheries  and  the  U.S.  Department 
of  Energy  cooperative  agreement  DE-FC96- 
81P010313,  U.S.  Fish  and  Wildlife  Service  cooper- 
ative agreement  14-16-0009-79-1003,  and  the  U.S. 
Soil  Conservation  Service  contract  53-7217-1-23. 

Descriptors:  'Gulf  of  Mexico,  'Coastal  waters, 
'Menhaden,  'Sea  trout,  'Fish  migration,  'Estu- 
aries, Spawning,  Tidal  effects,  Hydrodynamics, 
Oceans,  Larvae,  Fish  larvae,  Louisiana,  Stratifica- 
tion, Vertical  stratification,  Water  circulation. 

Both  gulf  menhaden  (Brevoortia  patronus)  and 
sand  seatrout  (Cynoscion  arenarius)  spawn  off- 
shore in  the  Gulf  of  Mexico  during  winter  and 
spring.  After  a  cross-shelf  transit,  their  larvae  later 
enter  estuarine  nursery  areas.  New  and  existing 
early  life  history  data  on  the  occurrence  of  these 
species  in  the  continental  shelf  ichthyoplankton 
and  as  late-stage  larvae  and  juveniles  in  Louisiana 
estuaries  has  been  used  to  document  this  recruit- 
ment process.  The  sequential  appearances  and 
length-frequency  data  from  larvae  in  the  offshore 
plankton  and  larvae  and  juveniles  in  the  estuarine 
marsh,  as  well  as  growth  rates  inferred  from  daily 
otolith  increments,  imply  shelf-to-estuary  transit 
times  of  40-73  days  for  gulf  manhaden  and  an 
upper  range  of  30-94  days  for  sand  seatrout. 
During  these  times,  water  mass  movements  near 
the  coast  displace  larvae  to  the  west-northwest  for 
distances  that  may  measure  several  hundreds  of 
kilometers,  i.e.,  larvae  do  not  necessarily  recruit  to 
estuaries  nearest  their  offshore  spawning  areas.  Ad- 
ditional information  on  hydrodynamics,  e.g.,  coast- 
al ocean-estuarine  exchange  mechanisms,  and  on 
the  behavior  of  fish  larvae  with  respect  to  vertical 
stratification  and  water  movements  will  be  needed 
to  define  better  the  controls  on  estuarine  recruit- 
ment of  these  and  other  species  in  the  northern 
Gulf  of  Mexico.  (See  also  W90-05532)  (Author's 
abstract) 
W9O-O5540 


EXPORT  AND  REINVASION  OF  LARVAE  AS 
REGULATORS  OF  ESTUARINE  DECAPOD 
POPULATIONS. 

Old    Dominion    Univ.,    Norfolk,    VA.    Dept.    of 
Oceanography. 
J.  R.  McConaugha. 

IN:  Larval  Fish  and  Shellfish  Transport  through 
Inlets.  American  Fisheries  Society,  Bethesda,  MD 
1988.  p  90-103.  7  fig,  4  tab,  78  ref.  NOAA  Grants 
NA79AA-D-00055,  NA81AA-D-O025,  NA85AA- 
D-SG016,  and  NA86AA-D-SG042. 

Descriptors:  'Fish  migration,  'Estuaries,  'Crusta- 
ceans, 'Larvae,  'Coastal  waters,  Continental  shelf, 
Wind  currents,  Wind,  Flow,  Fluctuations. 

Larvae  of  decapod  crustacean  species  residing  or 
spawning  in  lower  estuaries  can  be  retained  within 
the  estuary,  advected  to  the  adjacent  continental 
shelf  (20-30  km  offshore),  or  expelled  and  widely 
distributed  across  the  shelf.  For  species  whose 
larvae  are  advected  from  the  estuary,  year-to-year 
variations  in  transport  processes  can  alter  the  year- 
class  strength.  Decapod  larvae  that  are  widely 
distributed  across  the  continental  shelf  tend  to  be 
concentrated  in  the  upper  3  m  of  the  water 
column.  For  these  species,  larval  distributions  and 
transport  are  highly  correlated  with  wind  events. 
Larvae  of  other  species  that  move  only  short  dis- 
tances from  the  estuary  are  concentrated  at  depth. 
Diurnal  vertical  migrations  may  be  the  basic  mech- 
anism by  which  these  larvae  are  retained  near  the 
estuary.  Selection  pressures  for  retaining  a  long 
planktotrophic  larval  stage  that  is  advected  from 
the  estuary  include  gene  flow  between  estuaries, 
physiological  requirements  of  the  larvae  (i.e.,  tem- 
perature and  salinity  tolerances),  and  reduced  pre- 
dation.  (See  also  W90-05532)  (Author's  abstract) 
W90-05541 


TRANSPORT  OF  INVERTEBRATE  LARVAE 
BETWEEN  ESTUARIES  AND  THE  CONTI- 
NENTAL SHELF. 

Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 
C.  E.  Epifanio. 

IN:  Larval  Fish  and  Shellfish  Transport  through 
Inlets.  American  Fisheries  Society,  Bethesda,  MD. 
1988.  p  104-114.  6  fig,  67  ref.  NOAA  Grant 
NA85AA-D-SG033,  project  R//M-4. 

Descriptors:  'Estuaries,  'Invertebrates,  'Larvae, 
Plankton,  Reproduction,  Gene  flow,  Predation, 
Flow  pattern,   Fish  populations,  Coastal   waters. 

Marine  and  estuarine  invertebrates  display  a  spec- 
trum of  reproductive  strategies.  These  include:  (1) 
direct  development,  whereby  the  larval  stage  is 
bypassed  in  the  egg;  (2)  brooding,  whereby  larvae 
are  held  within  the  body  of  the  adult  female;  (3) 
nonfeeding  lecithotrophic  development,  whereby 
larvae  are  free  in  the  plankton  but  rely  on  self- 
contained  yolk  for  nourishment;  and  (4)  plankto- 
trophic development,  whereby  larvae  are  free  in 
the  plankton  and  prey  on  other  planktonic  species 
for  nourishment.  Planktotrophic  development  is  by 
far  the  most  common  reproductive  strategy  among 
tropical  and  temperate  species.  Advantages  of  this 
mode  of  development  are  several  and  include  high 
potential  to  take  advantage  of  newly  available 
habitat,  extensive  gene  flow  among  dispersed  pop- 
ulations, and  exploitation  of  different  habitats 
during  larval  and  adult  life.  Concomitant  disadvan- 
tages include  increased  vulnerability  to  predation 
or  starvation  and  the  possibility  of  advection  away 
from  habitats  suitable  for  adult  or  juvenile  exist- 
ence. The  problem  of  advection  is  most  acute  for 
species  living  in  estuaries  where  subtidal  flow  (ver- 
tically averaged)  is  seaward.  The  mechanisms  for 
retention  of  these  larvae  in  estuaries  have  been  of 
great  interest  to  marine  scientists  for  nearly  a  cen- 
tury. Human-induced  changes  in  estuarine  flow 
patterns  should  affect  species  with  retained  larvae 
more  than  those  with  exported  larvae.  Activities 
that  alter  flow  patterns  in  the  mouths  of  estuaries 
or  affect  the  inner  continental  shelf  would  have  the 
greater  effects  on  species  with  exported  larvae  or 
those  whose  larvae  develop  on  the  continental 
shelf  before  postlarval  invasion  of  estuarine  nurs- 
ery areas.  (See  also  W90-05532)  (Mertz-PTT) 
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MODELING  OF  PHYSICAL  AND  BEHAVIOR- 
AL MECHANISMS  INFLUENCING  RECRUIT- 
MENT OF  SPOT  AND  ATLANTIC  CROAKER 
TO  THE  CAPE  FEAR  ESTUARY. 

Lawler,    Matusky    and    Skelly    Engineers,    Pearl 

River,  NY. 

J.  P.  Lawler,  M.  P.  Weinstein,  H.  Y.  Chen,  and  T. 

L.  Englert. 

IN:  Larval  Fish  and  Shellfish  Transport  through 

Inlets.  American  Fisheries  Society,  Bethesda,  MD. 

1988.  p  115-131.  14  fig,  6  tab,  12  ref. 

Descriptors:  *Mathematical  models,  *Spot  croak- 
ers, 'Croakers,  'North  Carolina,  'Fish  popula- 
tions, Fish  migration,  Water  circulation,  Growth, 
Model  studies,  Flow,  Hydrodynamics,  Fish  behav- 
ior, Cape  Fear  Estuary. 

A  series  of  mathematical  models  was  developed  to 
simulate  spot  (Leiostomus  xanthurus)  and  Atlantic 
croaker  (Micropogonias  undulatus)   transport  to, 
and  accumulation  in,  primary  nurseries  of  the  Cape 
Fear  estuary,  North  Carolina.  The  ultimate  prod- 
uct of  this  effort  was  the  Cape  Fear  fish  population 
model  used  to  describe  the  physical  and  behavioral 
mechanisms  influencing  the  recruitment  process. 
Because  recruitment   seemed  to  be   a  two-stage 
phenomenon,  influenced  initially  by  advective  (hy- 
drodynamic)   processes   and   later  by   behavioral 
traits  of  the  organisms  themselves,  a  salt-budget 
model  was  developed  first.  This  model  evaluated 
the  hydrodynamics  by  estimating  the  net  nontidal 
flows  in  the  estuary  under  various  freshwater  flow 
conditions.  The  second  model,  the  fish  population 
model,  incorporated  these  net  nontidal  flows  with 
the  life  cycle  parameters  and  behavioral  mecha- 
nisms to  simulate  the  distribution  and  growth  of 
spot   and    Atlantic    croakers    inside    the   estuary. 
Larvae  and  early  juveniles  of  both  species  were 
perceived  to  be  transported  into  the  estuary  by  the 
ocean  exchange  rate  at  the  estuary  mouth.  Once 
inside  the  estuary,  juvenile  spot  concentrated  near 
the  bottom  during  the  day  and  were  transported  to 
the  upriver  nursery  areas  by  the  lower-layer  flow. 
At  night,  spot  were  evenly  distributed  in  the  water 
column,  and  thus  could  reach  the  tributary  creek 
and  marsh  nursery  areas  via  the  flood  tide  into  the 
creeks.  Most  Atlantic  croakers,  in  contrast,  con- 
centrated near  the  bottom  at  all  times  and  therefore 
were  found  primarily  in  the  upriver  nursery  areas. 
Thus,  physical  mechanisms-represented  by  the  di- 
urnal   vertical    migration    patterns-played    major 
roles  in  the  recruitment  and  distribution  of  these 
two  species  in  the  Cape  Fear  estuary.  Construction 
activities  at  and  around  inlets  can  interfere  with 
recruitment  rates,  recirculation,  behavioral  cues, 
and  other  components  of  estuarine  recruitment;  the 
models  described  here  have  the  potential  to  predict 
the  outcome  of  inlet  modification.  (See  also  W90- 
05532)  (Mertz-PTT) 
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DISTRIBUTION  OF  FISH  EGGS  AND  LARVAE 
AND  PATTERNS  OF  WATER  CIRCULATION 
IN  NARRAGANSETT  BAY,  1972-1973. 

Marine  Research,  Inc.,  Falmouth,  MA. 

D.  W.  Bourne,  and  J.  J.  Govoni. 

IN:  Larval  Fish  and  Shellfish  Transport  through 

Inlets.  American  Fisheries  Society,  Bethesda,  MD. 

1988.  p  132-148.  10  fig,  6  tab,  44  ref. 

Descriptors:  'Fish  populations,  'Plankton,  'Rhode 
Island,  'Estuaries,  'Flow  pattern,  'Water  circula- 
tion, Narragansett  Bay,  Ichthyoplankton,  Fluctua- 
tions, Spawning,  Water  pollution  effects,  Gravity, 
Fish,  Bays. 

About  42  species  of  ichthyoplankton,  belonging  to 
28  families,  were  identified  in  some  6900  plankton 
samples  taken  throughout  Narragansett  Bay, 
Rhode  Island,  between  June  1972  and  August 
1973.  One  hundred  sixty  stations  were  established 
in  10  sampling  sectors.  Usually  there  were  statisti- 
cally significant  population  differences  among 
these  sectors,  though  confidence  limits  varied  con- 
siderably among  sectors  and  taxa.  Species  abun- 
dances varied  from  north  to  south  in  the  bay,  and 
some  of  the  heaviest  spawning  occurred  in  the 
northern,  most  polluted  part.  Six  or  seven  species 
accounted  for  95%  of  all  individuals.  Between- 
year  variation  in  numbers  of  a  single  species  some- 
times exceeded  100%.  Limited  sampling  at  discrete 


depths  indicated  that  about  75%  of  the  ichthyo- 
plankton were  in  the  upper  half  of  the  water 
column.  Gravitationally  forced  water  movement  is 
apparently  an  important  determinant  of  ichthyo- 
plankton distribution  and  retention  in  Narragansett 
Bay,  a  partially  mixed  estuary.  (See  also  W90- 
05532)  (Author's  abstract) 
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NULL  HYPOTHESES,  MODELS,  AND  STATIS- 
TICAL DESIGNS  IN  THE  STUDY  OF  LARVAL 
TRANSPORT. 

National  Marine  Fisheries  Service,  Beaufort,  NC. 

Beaufort  Lab. 

D.  R.  Colby. 

IN:  Larval  Fish  and  Shellfish  Transport  through 

Inlets.  American  Fisheries  Society,  Bethesda,  MD. 

1988.  p  149-162.  5  fig,  2  tab,  79  ref. 

Descriptors:  'Statistical  methods,  'Larvae, 
'Model  studies,  'Larval  transport,  Fish,  Null  hy- 
pothesis, Research  priorities,  Estuaries,  Computer 
models,  Fluctuations,  Stochastic  models. 

In  larval  transport  investigations,  the  broad  range 
of  relevant  spatial  and  temporal  scales,  the  impreci- 
sion of  measurements  of  organism  abundance,  and 
the  potentially  complex  motions  of  water  masses 
are  particular  concerns  in  developing  research  de- 
signs. These  concerns  underscore  a  need  both  for 
collaboration   between   biologists   and   physicists, 
and  for  rapid  adoption  of  emerging  technologies 
for  measuring  relevant  processes  at  appropriate 
scales  in  the  field.  Many  branches  of  statistics  have 
application  to  larval  transport  investigations.  Re- 
quirements for  accurate  description  imply  a  need 
for  greater  emphasis  on  statistical  estimation  proce- 
dures and  attention  to  sources  of  bias,  and  accord- 
ingly less  emphasis  on  statistical  hypothesis  testing, 
especially  with  observational  data.  Strong  null  hy- 
pothesis should  be  advanced  that  are  consistent 
with    common    experience    and    reflect    current 
knowledge.    They    then    provide    an    invaluable 
framework  against  which  to  compare  empirical 
data.  In  larval  transport  research,  advection-diffu- 
sion  models,  physical  models,  explicit  conceptual 
models,  and  stochastic  models  all  can  serve  as  null 
hypotheses.  Random-walk,  Markov-chain  models 
of  the  movements  and  expected  vertical  distribu- 
tion of  larvae  in  the  water  column  have  merit  for 
studies  of  vertical  migration  as  a  transport  mecha- 
nism. They  also  can  be  used  to  model  the  accumu- 
lation of  larvae  along  shorelines  and  other  bound- 
aries and  may  help  explain  layering  of  oceanic 
plankton.  Spatial  and  temporal  scales,  target  and 
sampling  populations,  independent  replication,  and 
sampling  gear  bias  are  among  the  concepts  that 
require  attention  in  the  design  of  studies  of  the  flux 
of  larvae  through  an  inlet,  or  of  a  particular  trans- 
port mechanism.  Because,  in  larval  transport  stud- 
ies, a  variable  of  interest  may  change  in  response  to 
many  external  factors,  careful  examination  of  pat- 
terns of  covariation  may  provide  more  insight  than 
will  a  focus  on  average  values.   New  statistical 
approaches,  such  as  the  bootstrap,  offer  promising 
alternatives  to  traditional  statistical  methodologies, 
and  they  underscore  the  increasing  application  of 
computers  to  all  phases  of  larval   transport  re- 
search, from  research  design  and  data  acquisition 
to  data  analysis  and  stochastic  modeling.  (See  also 
W90-05532)  (Author's  abstract) 
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BEAUFORT  SEA  MESOSCALE  CIRCULATION 
STUDY-FINAL  REPORT. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Seattle,  WA.  Pacific  Marine  Environmental 
Lab. 

K.  Aagaard,  C.  H.  Pease,  A.  T.  Roach,  and  S.  A. 
Salo. 

NOAA  Technical  Memorandum  ERL  PMEL-90, 
November  1989.  114p,  60  fig,  24  tab,  80  ref. 

Descriptors:  'Water  currents,  'Beaufort  Sea,  'Up- 
welling,  'Ocean  circulation,  Water  circulation, 
Continental  shelf,  Wind-driven  currents,  Salinity, 
Meteorology. 

The  Beaufort  Sea  Mesoscale  Project  was  undertak- 
en to  provide  a  quantitative  understanding  of  the 
circulation  over  the  Beaufort  Sea  shelf  and  of  its 


atmospheric  and  oceanic  forcing.  Major  emphasis 
has  been  placed  on  providing  extensive  synoptic 
oceanographic  and  meteorological  coverage  of  the 
Alaskan  Beaufort  Sea  during  1986-88.  In  addition, 
supplementary  measurements  have  been  made  in 
the  southern  upstream  waters  of  Bering  Strait  and 
the  Chukchi  Sea.  The  principal  conclusions  are  as 
follows:  (1)  Below  the  upper  40-50  m  of  the  ocean, 
the  major  circulation  feature  of  the  outer  shelf  and 
slope  is  the  Beaufort  Undercurrent,  a  strong  flow 
which  is  directed  eastward  in  the  mean,  but  which 
is  subject  to  frequent  reversals  toward  the  west. 
The  reversals  are  normally  associated  with  upwell- 
ing  onto  the  outer  shelf;  (2)  Despite  the  seasonally 
varying  wind  field,  as  well  as  the  large  seasonal 
differences  in  the  upper  ocean  temperature  and 
salinity  fields,  there  is  no  evidence  for  a  seasonal 
variability  in  the  subsurface  circulation  in  the 
Beaufort  Sea;  (3)  In  contrast  to  the  lack  of  a 
seasonal  oceanographic  signal  at  depth,  the  inter- 
annual  variability  in  the  flow  characteristics  can  be 
considerable.  For  example,  during  the  period  fall 
1986-spring  1987,  the  Beaufort  Undercurrent  ap- 
pears to  have  been  deeper  by  30-40  m  compared 
with  both  earlier  and  ensuing  measurements;  and 
(4)  During  much  of  the  experiment,  the  meteoro- 
logical conditions  were  milder  than  normal,  con- 
sistent with  less  coastal  ice  in  the  summer  and 
autumn,  the  passage  of  more  storms  up  the  west 
coast  of  Alaska  and  across  the  North  Slope,  and 
generally  higher  air  temperatures  along  the  North 
Slope.  These  climatological  near-minimum  ice 
years  were  followed  in  1988  by  the  heaviest 
summer  ice  along  the  Chukchi  coast  since  1975. 
(Lantz-PTT) 
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ECOLOGY  OF  TAMPA  BAY,  FLORIDA:  AN 
ESTUARINE  PROFILE. 

Mangrove  Systems,  Inc.,  Tampa,  FL. 

R.  R.  Lewis,  and  E.  D.  Estevez. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  PB89-130488. 

Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 

Biological  Report  85(7.18),  September  1988.  132p, 

85  fig,  27  tab,  275  p. 

Descriptors:  'Ecology,  'Estuaries,  'Tampa  Bay, 
'Urbanization,  'Ecological  effects,  Florida,  Geo- 
hydrology,  Water  chemistry,  Biological  studies, 
Phytoplankton,  Mangrove  swamps,  Wetlands, 
Fish,  Sea  grasses,  Water  quality. 

Tampa  Bay  is  Florida's  largest  open-water  estuary 
and  one  of  the  most  highly  urbanized.  This  report 
summarizes  and  synthesizes  many  years  of  scientif- 
ic investigation  into  Tampa  Bay's  geology,  hydrol- 
ogy and  hydrography,  water  chemistry,  and  biotic 
components.  The  estuary  is  a  phytoplankton-based 
system,  with  mangroves  being  the  second  most 
important  primary  producer.  Benthic  organisms 
are  abundant  and  diverse,  although  in  parts  of  the 
bay  the  benthos  consists  of  a  relatively  few  oppor- 
tunistic and  pollution  tolerant  species.  The  estuary 
provides  habitat  for  the  juveniles  and  adults  of  a 
number  of  commercial  and  recreational  fishery 
species.  Significant  changes  occurring  as  a  result  of 
urbanization  and  industrialization  includes  signifi- 
cant declines  in  intertidal  wetlands  and  seagrass 
meadows,  changes  in  circulation  and  flushing,  and 
degradation  of  water  quality.  Important  manage- 
ment issues  include  dredge  and  fill  operations,  res- 
toration of  fisheries,  increasing  freshwater  flow  to 
the  bay,  and  eutrophication.  (Author's  abstract) 
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GENERAL  METHOD  FOR  GENERATING 
BATHYMETRIC  DATA  FOR  HYDRODYNAM- 
IC  COMPUTER  MODELS. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
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Field  3— WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 
Group  3A — Saline  Water  Conversion 


3.  WATER  SUPPLY 
AUGMENTATION 
AND  CONSERVATION 

3A.  Saline  Water  Conversion 


STUDIES  ON  PERFORMANCE  OF  DESALINA- 
TION PLANT  WITH  REVERSE  OSMOSIS 
SYSTEM -I,  (IN  JAPANESE). 

T.  Araki,  Y.  Furukata,  and  T.  Nishiya. 
Bulletin  of  the  Faculty  of  Fisheries  Nagasaki  Uni- 
versity, No.  66  p  37-52,  November  1989.  8  fig,  5 
tab,  10  ref.  English  summary. 

Descriptors:  •Desalination,  'Desalination  plants, 
•Reverse  osmosis,  *Japan,  Filters,  Density,  Pres- 
sure, Citric  acid. 

The  general  performance  of  a  desalination  plant 
with  reverse  osmosis  modules  varies  with  the  oper- 
ation and  type  of  sea  water  filter.  A  series  of 
experiments  were  conducted  on  board  the 
Kakuyo-Maru  to  determine  the  amount  and  quality 
of  desalinated  water  produced  from  a  7  cu  m/d 
filter  plant  using  a  variety  of  chemicals  to  refresh 
the  module  from  May  1982  to  December  1988.  The 
experiments  were  divided  into  three  parts:  (i) 
under  changing  pressures;  (ii)  different  water  den- 
sities; and  (iii)  for  two  different  kinds  of  filter 
systems.  The  following  results  were  obtained:  (1) 
the  amount  of  desalinated  water  increased  with 
inlet  pressure  and  the  filtering  capacity  of  the 
module  is  maintained  for  a  longer  period  of  time 
under  conditions  of  constant  inlet  water  pressure; 
(2)  the  performance  of  the  module  is  greatly  affect- 
ed by  the  ability  of  the  filters;  and  (3)  the  washing 
of  the  module  with  a  chemical  solution,  such  as 
citric  acid,  is  highly  effective  for  increasing  its 
filtering  capacity.  (Author's  abstract) 
W90-04852 


APPROXIMATE  ANALYTICAL  SOLUTION 
FOR  THE  PERFORMANCE  OF  REVERSE  OS- 
MOSIS PLANTS. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 

Chemical  Engineering. 

A.  E.  S.  Al-Zahrani,  M.  A.  Soliman,  and  I.  S.  Al- 

Mutaz. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  15-24, 

1989.  3  ref.  F 

Descriptors:  •Desalination,  'Saline  water,  •Re- 
verse osmosis,  Model  studies,  Mathematical 
models,  Membranes. 

Recent  developments  in  membrane  technology  and 
appropriate  construction  material  made  reverse  os- 
mosis plants  attractive  for  large  desalting  projects. 
The  demand  for  reverse  osmosis  has  grown  espe- 
cially in  sea  water  desalting.  It  can  be  considered 
the  optimum  process  in  areas  where  sufficient  elec- 
tric power  is  available  at  low  cost.  For  these 
reasons,  mathematical  modeling  of  reverse  osmosis 
plants  has  become  an  important  task  in  the  design 
procedure.  The  partial  differential  equations  repre- 
senting the  material  and  momentum  balances  inside 
a  hollow  fine  fiber  reverse  osmosis  model  are  dis- 
cretized  by  the  method  of  orthogonal  collocation. 
The  approximate  analytical  solution  is  then  ob- 
tained by  applying  the  one  point  collocation 
method  in  the  radial  and  axial  direction.  This  leads 
to  simple  expressions  for  the  recovery  and  product 
concentration.  The  obtained  expressions  are  com- 
pared by  the  more  exact  results  obtained  by  using 
higher  order  collocation  method.  (Author's  ab- 
stract) 
W90-05427 


NEW  DUAL-FUNCTION  DEVICE  FOR  OPTI- 
MAL ENERGY  RECOVERY  AND  PUMPING 
FOR  ALL  CAPACITIES  OF  RO  SYSTEMS. 

Kuwait  Inst,  for  Scientific  Research,  Safat. 
M.  A.  Darwish,  M.  Abdel-Jawad,  and  L.  J.  Hauge 
Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  25-39 
1989.  8  fig,  1  tab,  6  ref. 

Descriptors:  'Desalination,  'Reverse  osmosis, 
Kuwait,  Energy  consumption,  Seawater,  Econom- 
ic aspects. 


The  cost  of  energy  consumption  represents  more 
than  50%  of  the  total  desalting  water  cost  by 
reverse  osmosis  (RO)  for  conditions  prevailing  in 
Kuwait.  Real  prospects  of  decreasing  this  energy 
consumption  exist  by  recovering  the  energy  of  the 
high  pressure  rejected  brine.  This  rejected  brine 
flowrate  is  about  70%  of  the  feed  flowrate  and  at 
pressure  slightly  below  the  feed  pressure.  In  a 
single  stage  seawater  RO  desalting  system,  experi- 
ence in  Doha  RO  experimental  station  indicated 
that  the  energy  consumed  by  the  feed  pump  can  be 
decreased  by  27%  when  a  reversed  centrifugal 
pump  type  turbine  is  used  as  an  energy  recovery 
device.  A  similar  saving  of  38%  is  expected  when 
a  Pelton  wheel  type  turbine  will  be  installed  short- 
ly in  Doha  RO  station.  Towards  the  maximum 
development  in  reducing  energy  consumption,  a 
new  rotor  type  pressure  exchanger  is  now  under 
development  as  an  energy  recovery  and  pumping 
device  for  RO  seawater  desalting  system  at  Kuwait 
Institute  for  Scientific  Research.  Preliminary  ex- 
periments proved  the  success  of  the  device  in 
recovering  most  of  the  energy  from  the  rejected 
brine  and  decreasing  the  pumping  energy  of  the 
feed  to  the  membrane  modules  by  60%.  This  per- 
centage represents  the  maximum  saving  of  energy 
that  can  be  sought  in  the  RO  seawater  desalting 
technology.  Through  this  development,  the  cost  of 
desalting  seawater  can  approach  the  cost  of  desalt- 
ing brackish  water,  a  significant  advancement  in 
desalting  seawater  by  RO  technology.  The  techni- 
cal characteristics  of  the  pressure  exchanger  and  its 
performance  as  an  energy  recovery  device  for  RO 
system  under  real  operating  conditions  in  the  Per- 
sian Gulf  area  is  presented  along  with  a  flow  sheet 
that  links  the  new  device  with  the  feed  pump, 
rejected  brine  connections  and  booster  pump.  (Au- 
thor's abstract) 
W90-05428 


PREDICTABILITY  OF  MEMBRANE  PER- 
FORMANCE OF  REVERSE  OSMOSIS  SYS- 
TEMS FOR  SEAWATER  DESALINATION. 

Kuwait  Inst,  for  Scientific  Research,  Safat. 

B.  A.  Q.  Darwish,  G.  S.  Aly,  H.  A.  Al-Rqobah, 

and  M.  Abdel-Jawad. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3.  n  55-69 

1989.  8  fig,  6  ref. 

Descriptors:  *Desalination,  'Reverse  osmosis, 
•Seawater,  Mathematical  models,  Design,  Mem- 
branes, Dissolved  solids,  Permeate  flow. 

A  mathematical  model  was  tested  to  predict  the 
performance  of  two  different  membrane  configura- 
tions at  Doha  Reverse  Osmosis  Plant  (DROP). 
The  model  is  based  on  a  generalized  transport 
equation  system  involving  solvent  water  and  any 
number  of  completely  ionized  solutes  with  differ- 
ent valencies.  A  comprehensive  operating  data 
base  was  used  for  parameter  estimation  of  some 
process  variables  involved  in  the  mathematical 
model.  An  interactive  computer  program  was  de- 
signed to  decode  the  model.  It  delivers  different 
ionic  concentration  profiles  and  permeate  flow  rate 
for  each  stage  of  any  membrane  configuration 
system.  The  program  can  be  used  for  both  per- 
formance evaluation  of  existing  plants  and  configu- 
ration design  of  new  reverse  osmosis  plants.  The 
prediction  of  membrane  performance,  expressed  as 
product  total  dissolved  solids  and  permeate  flow 
rates,  could  be  accomplished  successfully  for  the 
spiral  wound  membrane  configuration  (RO-1)  and 
less  successfully  for  the  hollow  fiber  membrane 
configuration  (RO-2).  For  RO-1  the  average  error 
in  total  dissolved  solids  was  6.9%  for  the  first 
stage,  and  14.9%  for  the  second  stage,  while  the 
average  error  in  permeate  flow  rate  was  1.9%  and 
1.8%  respectively.  For  RO-2,  the  average  error  in 
total  dissolved  solids  was  12.8%  for  the  first  stage, 
and  24.5%  for  the  second  stage,  while  the  average 
error  in  permeate  flow  rate  was  6.7%  and  9.8% 
respectively.  The  higher  average  errors  for  the 
second  stage  of  both  configurations  are  partially 
attributed  to  the  very  low  concentrations  of  some 
ions  that  approach  the  detection  limits  of  the  ana- 
lytical instruments  used  for  element  analysis.  (Au- 
thor's abstract) 
W90-05429 


HYDRAULIC  TURBOCHARGERfTM):  A  NEW 
TYPE  OF  DEVICE  FOR  THE  REDUCTION  OF 


FEED  PUMP  ENERGY  CONSUMPTION  IN 
REVERSE  OSMOSIS  SYSTEMS. 

Naval  Civil  Engineering  Lab.,  Port  Hueneme,  CA. 
J.  Lozier,  E.  Oklejas,  and  M.  Silbernagel. 
Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  71-83 
1989.  4  fig,  2  ref. 

Descriptors:  *Desalination,  •Reverse  osmosis,  Sea- 
water, Brackish  water,  Hydraulic  turbocharger, 
Performance. 

A  new  type  of  reject  stream  energy  recovery 
device,  called  the  Hydraulic  Turbocharger,  has 
been  developed  for  brackish  and  seawater  reverse 
osmosis  systems.  The  device  is  a  feedwater  lubri- 
cated, free  running,  high  speed  turbine  driven 
pump  that  provides  a  pressure  boost  to  the  RO 
(reverse  osmosis)  feed  stream  resulting  in  a  reduc- 
tion in  high  pressure  pump  energy  requirements.  A 
pre-production  prototype  was  tested  at  the  Naval 
Civil  Engineering  Laboratory,  Port  Hueneme,  CA 
in  conjunction  with  the  development  of  a  1200  gph 
Reverse  Osmosis  Water  Purification  Unit.  Testing 
consisted  of  approximately  2000  operating  hours  in 
a  simulated  RO  system  operating  at  a  nominal  60 
gpm  of  feed  flow  using  Pacific  Ocean  seawater  to 
determine  unit  reliability  under  actual  seawater 
operating  conditions.  The  device  operated  without 
any  failure  although  a  performance  loss  did  occur 
that  was  attributed  to  galvanic  corrosion  between 
graphite  and  bronze  sealing  surfaces.  Bronze/ 
graphite  interfaces  were  upgraded  to  either  silicon 
nitride/graphite  or  silicon  nitride/bronze  surfaces 
and  testing  resumed  to  determine  performance 
characteristics  of  the  new  seal  and  bearing  configu- 
rations. (Author's  abstract) 
W90-05430 


DESIGN  METHOD  OF  REVERSE  OSMOSIS 
UNITS  USED  IN  DESALINATION. 

Department  of  Chemical  Engineering,  University 

of  Technology,  Baghdad,  Iraq. 

M.  S.  Hameed. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  85-96 

1989.  6  fig,  15  ref. 

Descriptors:  •Desalination,  *Reverse  osmosis, 
Design  criteria,  Mathematical  equations,  Brackish 
water,  Seawater,  Spiral  wound  membranes. 

A  comprehensive  study  has  been  carried  out  to 
develop  a  method  for  design  of  a  reverse  osmosis 
process  for  desalination.  The  method  is  based  on 
mathematical  equations  used  to  calculate  various 
parameters  affecting  design  procedure.  Design 
steps  have  been  recommended  for  different  mem- 
brane configurations  and  tested  for  spiral  wound 
membranes  for  brackish  and  for  seawater.  The 
present  results  have  been  compared  with  other 
known  design  methods  and  found  to  be  in  good 
agreement  with  the  approximate  method.  The 
design  procedure  can  be  used  to  obtain  the  re- 
quired design  variables  provided  that  module  spec- 
ifications are  available.  The  design  method  con- 
firmed membrane  area  increase  corresponding  to 
total  dissolved  solids  of  intake  water  and  increased 
rate  of  removal  of  dissolved  salt,  especially  for 
product  water  of  50  to  200  ppm  total  dissolved 
solids.  (Author's  abstract) 
W90-05431 


SIMPLIFIED  ANALYSIS  OF  TRANSPORT  IN 
REVERSE  OSMOSIS  (RO)  HOLLOW  FIBERS 
(HF)  MEMBRANES. 

Kuwait  Inst,  for  Scientific  Research,  Safat. 
M.  Abdel-Jawad,  and  M.  A.  Darwish. 
Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  97-116 
1989.  4  fig,  3  tab,  5  ref. 

Descriptors:  'Desalination,  'Reverse  osmosis,  Sea- 
water, Kimura-Sourirajan  analysis,  Comparison 
studies,  Stavermann  Coefficient,  Hollow  fiber 
membranes. 

Reverse  osmosis  (RO)  hollow  fiber  membranes  are 
widely  used  in  desalting  seawater.  The  Kimura- 
Sourirajan  analysis  could  be  used  successfully  to 
predict  the  performance  of  this  type  of  membrane. 
However,  this  method  is  lengthy,  requires  compli- 
cated calculations,  and  its  transport  equations  do 
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not  consider  the  selectivity  of  the  membrane.  Two 
modifications,  to  simplify  the  Kimura-Sourirajan 
analysis  and  to  predict  the  performance  of  the  RO 
hollow  fiber  membranes  are  presented.  The  first 
simplification  takes  advantage  of  insignificant  con- 
centration polarization  in  hollow  fiber  membranes 
to  reduce  its  expression  from  an  exponential  to  a 
linear  form.  This  simplifies  the  calculations  greatly 
with  almost  no  loss  of  accuracy.  The  second  modi- 
fication introduces  the  selectivity  coefficient 
(known  as  the  Stavermann  Coefficient)  in  the 
transport  equation  together  with  the  previous  sim- 
plification. The  calculated  results  of  the  simplified 
analysis  were  compared  with  the  calculated  results 
of  the  original  Kimura-Sourirajan  analysis  and 
showed  close  agreement.  The  characteristics  infor- 
mation concerning  the  hollow  fiber  membranes  are 
those  of  Du  Pont  B-10  Permasep.  (Author's  ab- 
stract) 
W90-05432 


SYSTEM  IDENTIFICATION  AND  CONTROL 
OF  REVERSE  OSMOSIS  DESALINATION. 

Kuwait  Inst,  for  Scientific  Research,  Safat.  Petro- 
leum, Petrochemicals  and  Materials  Div. 
I  M.  Alatiqi,  A.  H.  Ghabris,  and  S.  Ebrahim. 
Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  119- 
140,  1989.  12  fig,  4  tab,  7  ref. 

Descriptors:  'Desalination,  'Reverse  osmosis, 
Kuwait,  Permeate  flux,  Conductivity,  System  iden- 
tification, Relative  gain  array,  Control,  Feed  pres- 
sure, Hydrogen  ion  concentration. 

An  efficient  control  system  is  the  key  point  to 
successful  long-term  operation  in  any  industry.  In 
the  reverse  osmosis  desalination  process,  various 
important  parameters  such  as  the  permeate's  flux 
and  conductivity  must  be  controlled.  An  effective 
closed  loop  control  system  is  being  developed  for 
these  parameters  in  a  hollow  fine  fiber  membrane 
system  located  at  the  research  and  development 
laboratory  at  Doha  Reverse  Osmosis  Plant  of 
Kuwait.  Techniques  used  include:  system  identifi- 
cation, relative  gain  array  and  controllability  tests 
to  find  best  pairings  and  structure,  Zeigler-Nichlos 
settings  to  design  single-input/single-output  con- 
trollers for  open  loop  systems,  and,  for  the  multi- 
variable  system,  the  greatest  log  modulus  tuning 
technique  is  implemented.  The  manipulated  varia- 
bles are  feed  pressure  and  pH,  which  control  per- 
meate flux  and  conductivity.  The  control  system 
was  simulated  and  satisfactory  performance  was 
obtained  for  set  point  tracking.  (Author's  abstract) 
W90-05433 


COMPUTERLZED  INSTRUMENTATION  AND 
CONTROL  FOR  REVERSE  OSMOSIS  SYS- 
TEMS. 

Reliable  Water  Co.,  Billerica,  MA. 

E.  Fredkin,  and  R.  Banks. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  141- 

148,  1989.  2  ref. 

Descriptors:  'Desalination,  'Reverse  osmosis, 
Computers,  Design  criteria,  Canary  Islands,  Carib- 
bean Sea,  Control  systems. 

The  concept  and  reality  of  the  design  of  artificial 
intelligence  computer  software  for  the  automatic 
operation  and  control  of  a  seawater  RO  (reverse 
osmosis)  plant  are  presented.  A  new  and  practical 
philosophy  of  and  methodology  of  artificial  intelli- 
gence based  software  design,  called  'machine  in- 
stinct', is  discussed  in  particular.  Machine  Instinct 
is  based  on  several  ideas,  but  is  motivated  by 
looking  at  how  the  most  successful  control  systems 
on  earth  operate-namely  the  autonomous  control 
of  various  processes  in  animals.  The  goal  was  to 
apply  this  sort  of  common  sense  and  autonomous 
activity  to  the  design  of  reverse  osmosis  systems. 
This  software  is  used  to  control  RO  plants  in  the 
Canary  Islands  and  in  the  Caribbean.  The  applica- 
tion of  this  technology  to  a  60,000  USGPD  RO 
system  presents  the  reality  of  this  new  plant  con- 
trol approach.  (Author's  abstract) 
W90-05434 


ONE  YEAR  OPERATIONAL  EXPERIENCE  ON 
THE  PROCESS  CONTROL  SYSTEM  AT  UANE 
MSF  DESALINATION  PLANT. 


Italimpianti  S.p.A.,  Genoa. 
S  Rebagliati,  E.  Ghiazza,  and  K.  S.  Abueida. 
Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  149- 
169,  1989.  7  fig,  2  tab,  2  ref. 

Descriptors:  'Desalination,  'United  Arab  Emir- 
ates, 'Computers,  'Control  systems,  Reliability, 
Safety. 

A  fully  computerized  Process  Control  System  has 
been  in  operation  for  a  year  on  desalination  units  4, 
5  and  6  at  Umm  Al  Nar  Power  and  Desalination 
Complex  (Abu  Dhabi,  United  Arab  Emirates).  An 
overall  description  of  the  system,  which  is  based 
on  two  VAX  11/750  computers,  and  of  its  main 
features  is  presented  together  with  some  statistical 
data  obtained  during  the  first  year  of  operation. 
Three  typical  plant  operational  cases  are  analyzed: 
(1)  constant  production,  (2)  load  change  operation, 
and  (3)  plant  trip  analysis.  These  cases  show  how 
the  highest  operation  economy,  reliability  and 
safety  is  ensured  by  automatic  control.  (Author's 
abstract) 
W90-05435 

ELECTROCHEMICAL  MONITORING  OF  THE 
PROCESS  OF  BOILER  CLEANING. 

Water  and  Electricity  Dept.,  Abu  Dhabi  (United 
Arab  Emirates).  Material  Testing  Lab. 
A.  M.  Shams  El  Din,  and  A.  M.  K.  Tag  El  Din. 
Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  171- 
184,  1989.  7  fig,  16  ref. 

Descriptors.  'Desalination,  'Boilers,  'Boiler  clean- 
ing, 'Steel,  Electrochemical  potential,  Tempera- 
ture, Oxidation,  Corrosion,  Hydrogen  peroxide, 
Sodium  nitrite,  Citric  acid. 

New  boilers  first  introduced  into  service  and  old 
boilers  coming  from  overhaul  receive  a  cleaning 
process  involving  an  acid  wash  and  a  surface  passi- 
vation process.  These  processes  are  liable  to  affect 
the  electrochemical  potential  of  steel.  It  appeared 
of  value  to  study  this  feature  in  detail  with  the  aim 
of  developing  a  simple  direct  procedure  for  moni- 
toring the  operation  of  boiler  treatment.  The  con- 
ditions for  obtaining  a  clean  metal  surface  through 
treatment  with  citric  acid  solutions  were  examined 
and  the  effects  of  temperature,  time  of  treatment 
and  of  surface  oxidation  on  the  open  circuit  poten- 
tials of  steel  samples  were  established.  Passivation 
of  the  clean  surface  with  hydrogen  peroxide  and 
sodium  nitrite  was  studied  and  the  threshold  of 
concentration  necessary  for  inhibition  was  deter- 
mined. The  stability  of  the  passive  films  and  their 
susceptibility  to  pitting  attack  by  chloride  ion  were 
compared.  The  results  clearly  show  that  the  whole 
process  of  boiler  cleaning  and  preparation  can  be 
easily  monitored  electrochemically  through  poten- 
tial measurements.  This  procedure  overcomes  the 
necessity  of  carrying  out  repeated  chemical  analy- 
sis and  ensures  simplicity,  ease  and  savings  in  time 
and  effort.  (Author's  abstract) 
W90-05436 


mary  photons.  Therefore  they  will  fall  in  a  lower 
channel  number  and  will  not  overlap  with  the 
primary  ones.  The  amount  of  the  back-scattered 
photons  is  proportional  to  the  thickness  of  the 
pipe;  thicker  material  will  scatter  more  photons 
and  vice-versa.  The  intensity  will  depend  also  on 
the  photon  energy  and  pipe  material.  In  a  localized 
metal  removal  region  fewer  photons  will  back- 
scatter  to  the  detector  and  therefore  the  region  can 
immediately  be  detected.  Localized  metal  removal 
regions  down  to  the  mm  range  were  measured. 
(Author's  abstract) 
W90-05437 


MEASUREMENT  OF  LOCALLZED  METAL  RE- 
MOVAL IN  PIPES  BY  GAMMA-RAY  BACK- 
SCATTERING  METHOD. 

King   Abdulaziz   Univ.,    Jeddah   (Saudi    Arabia). 

Coll.  of  Engineering. 

S.  Abdul-Majid,  and  U.  Dawood. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  185- 

198,  1989.  5  fig,  23  ref. 

Descriptors:  'Desalination,  'Pipelines,  'Pipes, 
•Conveyance  structures,  Metal  removal,  Gamma- 
ray  scanning,  Leak  detection. 

Localized  metal  removal  in  pipes,  especially  those 
carrying  liquid  at  high  pressure,  can  make  a  hole 
causing  a  stream  of  the  liquid  to  spray  outside. 
Measuring  the  localized  metal  removal  region 
before  it  develops  to  a  hole  will  prevent  this  situa- 
tion. In  this  method,  which  can  be  used  to  scan  the 
pipe  from  the  outside,  a  point  gamma-ray  source, 
and  a  high  resolution  portable  Ge  detector  which 
is  connected  to  a  multi-channel  analyzer  are  used. 
When  the  detector  and  the  source  are  attached  to 
the  pipe  wall,  gamma  photons  will  interact  with 
the  pipe  material  and  some  will  back-scatter  to  the 
detector  with  lower  energy  than  those  of  the  pri- 
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NEUTRON-CAPTURE  GAMMA-RAY  TECH- 
NIQUE FOR  SCALE  IDENTIFICATION 
INSIDE  PIPES. 

King    Abdulaziz    Univ.,    Jeddah    (Saudi    Arabia). 

Coll.  of  Engineering. 

S.  Abdul-Majid,  and  U.  Dawood. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  199- 

210,  1989.  5  fig,  2  tab,  12  ref. 

Descriptors:  'Pipes,  'Desalination,  'Pipelines, 
•Conveyance  structures,  'Scaling,  Scale  detection, 
Neutron  scanning,  Germanium  gamma  detector, 
Calcium  sulfate. 

Identification  of  scale  in  desalination  plant  pipes 
from  the  outside  without  having  to  stop  plant 
operation  may  have  economic  advantages.  It  is 
possible  that  scale  could  be  removed  while  the 
plant  is  in  operation  by  chemical  means.  A  scale- 
detection  technique  in  which  neutrons  from  a  neu- 
tron source  such  as  241Am-9Be  are  allowed  to 
interact  with  the  pipe  material.  Some  of  these 
neutrons  are  absorbed  by  the  scale  materials  or  by 
pipe  material.  Immediately  after  absorption  they 
will  emit  gamma-ray  photons  which  are  character- 
istic of  the  materials.  Their  intensity  will  be  pro- 
portional to  the  amount  of  scale  while  their  energy 
will  indicate  the  type  of  elements  of  the  scale.  A 
Ge  gamma  detector  with  a  multichannel  analyzer 
can  be  used  for  measuring  the  energy  and  intensity 
of  these  photons.  By  using  this  technique  it  was 
possible  to  identify  calcium  sulfate  and  other  de- 
posits. (Author's  abstract) 
W90-05438 


COMBINED  RO/FREEZING  SYSTEM  TO 
REDUCE  INLAND  REJECTED  BRINE. 

King   Abdulaziz   Univ.,   Jeddah    (Saudi   Arabia). 

Dept.  of  Mechanical  Engineering. 

A.  A.  Madani,  and  S.  E.  Aly. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  241- 

258,  1989.  5  fig,  2  tab,  17  ref. 

Descriptors:  'Desalination,  'Reverse  osmosis, 
'Brine  disposal,  *Direct  contact  freezing,  Thermo- 
dynamics, Comparison  studies,  Energy  costs, 
Mathematical  equations. 

A  combined  RO/DCF  (reverse  osmosis/direct 
contact  freezing)  system  is  proposed  to  reduce  the 
problem  of  disposal  of  the  brine  rejected  from 
inland  desalination  plants.  Governing  equations 
and  thermodynamic  relations  are  shown.  Econom- 
ic and  energy  comparisons  between  the  combined 
system  and  separate  RO  and  DCF  units  for  200  cu 
m/h  are  presented.  Results  show  that  the  com- 
bined system  can  reduce  the  energy  consumption 
by  about  13  percent  and  17  percent  compared  to 
separate  RO  and  DCF  plants.  The  combined 
system  can  reduce  the  rejected  brine  by  over  90 
percent  of  that  of  separate  RO  plant  at  the  same 
water  production.  (Author's  abstract) 
W90-05440 


DESALINATION      PLANT      AT      KWK      DE- 
BIENSKO,  POLAND. 

Coal  Union,  Katowice,  Poland. 

J.  Masarczyk,  C.-H.  Hansson,  R.  L.  Solomon,  and 

B.  Hallmans. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  259- 

287,  1989.  1  fig,  4  tab. 

Descriptors:     *Desalination,     'Reverse     osmosis, 
•Poland,  *Mine  wastes,  Vapor  compression  distil- 
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lation,    Crystallization,    Sodium    chloride    drying, 
Drinking  water. 

The  river  water  in  Poland  has,  to  a  great  extent, 
such  a  high  salinity  that  it  cannot  be  used  as 
drinking  water,  agricultural  or  industrial  water.  A 
large  environmental  project  is  now  in  progress  in 
Katowice,  Poland,  to  eliminate  the  wastewater  dis- 
charge from  two  coal  mines.  The  highly  brackish 
water  will  be  desalinated  in  a  reverse  osmosis 
plant,  followed  by  vapor  compression  distillation 
with  seed  crystals,  crystallization  and  sodium  chlo- 
ride drying.  This  zero  discharge  process  will 
produce  about  8,000  cu  m/d  drinking  water  and 
370  tons/d  NaCl.  The  design  of  the  plant  is  de- 
scribed. (Author's  abstract) 
W90-05441 


POTENTIAL  FOR  WATER  REUSE  IN  CON- 
JUNCTION WITH  DESALINATION  SYSTEMS. 

Ahlgren  Associates,  Waukasha,  WI. 

R.  M.  Ahlgren. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3   d  315- 

328,  1989.  2  fig.  F 

Descriptors:  'Desalination,  'Water  reuse, 
•Wastewater  renovation,  Economic  aspects,  Filtra- 
tion, Flotation,  Disinfection,  Chemical  treatment, 
Package  plants. 

Pure  water  generated  from  desalination  methods  is 
comparatively  costly  and  is  used  carefully  and 
sparingly  in  those  parts  of  world  where  desalina- 
tion is  an  important  part  of  water  supply.  Multiple 
use  of  water  in  these  areas  would  be  expected; 
however,  combinations  of  technical,  institutional, 
and  economic  barriers  make  the  recycling  of  water 
very  limited  even  in  those  areas  of  the  world 
having  almost  critical  needs.  A  good  example  of 
the  potential  for  water  recycling  in  conjunction 
with  desalination  is  that  of  laundry  water  recycling 
at  a  major  resort  hotel.  A  packaged  system  de- 
signed expressly  for  purification  of  water  from 
laundry  operations  was  applied  accomplishing  a 
high  percentage  of  water  recycling  and  desalted 
water  conservation  together  with  excellent  invest- 
ment payout  economics.  The  technology  for  ac- 
complishing this  water  recycling  utilizes  chemical 
addition,  dissolved  air  floatation,  filtration,  and 
final  disinfection.  Based  on  equipment  investment 
and  value  of  water  recovered,  cost  of  the  equip- 
ment was  recovered  in  less  than  12  months  of 
operation.  This  system  and  these  process  steps  are 
just  one  of  several  approaches  which  can  be  de- 
signed to  successfully  recover  water  on  a  continu- 
ous and  economic  basis.  Special  processing  steps 
can  be  added  to  accomplish  higher  levels  of  purifi- 
cation. Final  oxidation  technology  such  as  ozona- 
tion can  significantly  enhance  the  ability  of  ap- 
proaches such  as  this  to  produce  water  which  is 
free  of  bacterial,  virus,  and  trace  organic  contami- 
nation which  might  pose  serious  questions  or  even 
health  hazards  relevant  to  water  reuse.  (White- 
Reimer-PTT) 
W90-05443 


SKID  MOUNTED  MOBILE  BRACKISH 
WATER  REVERSE  OSMOSIS  PLANTS  AT  DIF- 
FERENT SITES  IN  KUWAIT. 

Administration  of  Water  Desalination  by  RO,  P.O. 
Box  12020  Shamiya,  71651  Shamiya,  Kuwait. 
A.  L.  A.  Malik,  N.  G.  Younan,  B.  J.  R.  Rao,  and 
K.  M.  Mousa. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3  p  341- 
361,  1989.  13  fig,  6  tab,  8  ref. 

Descriptors:  'Desalination,  'Reverse  osmosis, 
•Kuwait,  'Water  demand,  Emergency  planning, 
Skid  Mounted  Mobile  Brackish  Water  Reverse 
Osmosis  Units,  Membranes,  Biofouling. 

In  Kuwait,  it  has  been  realized  that  the  storage  of 
water  to  be  used  during  emergencies  will  not  be 
sufficient  to  meet  water  demand  if  the  emergencies 
last  for  an  unexpected  period.  This  led  to  the  idea 
of  having  small  mobile  Reverse  Osmosis  desalina- 
tion units  installed  at  various  sites  in  the  country. 
Consequently,  specifications  were  developed  for 
thirteen  Skid  Mounted  Mobile  Brackish  Water  Re- 
verse Osmosis  units  of  capacity  250,000  GPD.  The 
units  are  identical  in  all  aspects  and  utilize  low 


pressure  membranes.  The  plants  were  distributed 
to  the  Labour  Institute  for  Juveniles,  Shuwaikh 
Storage  area,  two  army  camps  and  nine  hospitals. 
The  first  plant  (Labour  Institute  for  Juveniles)  was 
started  on  13th  February  1988,  and  has  been  run- 
ning continuously,  while  the  others  are  operated 
intermittently.  The  plants  produce  high-quality 
permeate  (less  than  100  mg/L  total  dissolved 
solids)  at  design  capacity.  During  the  first  8260 
hours  of  operation  of  the  first  plant,  no  membrane 
element  had  been  added  or  replaced.  Other  than 
the  frequent  change  of  cartridge  filter  elements  due 
to  biofouling,  no  other  significant  problems  has 
been  encountered.  (White-Reimer-PTT) 
W90-05445 


PRE-TREATMENT  AND  DESALINATION  OF 
MINE  DRAINAGE  WATER  IN  A  PILOT 
PLANT. 

Coal  Union,  Katowice,  Poland. 
J.  Sikora,  C.-H.  Hansson,  and  B.  Ericsson. 
Desalination  DSLNAH,  Vol.  75,  No    1-3    n  363- 
378,  1989.  1  fig,  3  tab. 

Descriptors:  'Mine  drainage,  'Poland,  'Reverse 
osmosis,  'Desalination,  Chemical  treatment,  Co- 
agulation, Flocculation,  Spiral  wound  composite 
membranes,  Pilot  studies. 

A  large  environmental  project  is  now  in  progress 
in  Katowice,  Poland,  to  eliminate  the  wastewater 
discharge  from  two  coal  mines.  Chemical  pre- 
treatment  of  the  wastewater  from  these  mines  was 
first  investigated  on  a  laboratory  scale.  The  pur- 
pose of  this  study  was  to  solve  the  problems  with 
RO  (reverse  osmosis)  pre-treatment  and  to  opti- 
mize the  coagulation  and  flocculation  conditions 
with  respect  to  the  turbidity  and  Silt  Density  Index 
(SDI)  after  sedimentation  and  filtration.  The  labo- 
ratory results  are  more  favorable  for  spiral  wound 
composite  membranes,  which  accordingly  have 
been  recommended  to  be  used  in  the  full-scale 
plant.  A  pilot  plant  has  been  constructed  for  con- 
tinuous operation  of  the  pre-treatment  and  reverse 
osmosis  with  an  influent  flow  of  2  cu  m/h.  The 
purpose  of  the  trial  operation,  started  up  in  the 
beginning  of  1989,  is  primarily  to  investigate  the 
influence  of  varying  wastewater  composition  and 
loads  on  the  pre-treatment  based  on  the  laboratory 
results.  In  the  RO-section  of  the  pilot  plant  two 
different  spiral  wound  composite  membranes  are 
operated  in  parallel  lines.  (Author's  abstract) 
W90-05446 


3B.  Water  Yield  Improvement 


OBSERVATIONS  AND  NUMERICAL  SIMULA- 
TIONS OF  PRECIPITATION  DEVELOPMENT 
IN  SEEDED  CLOUDS  OVER  THE  SIERRA 
NEVADA. 

Wyoming  Univ.,  Laramie. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-04599 


EFFECTS    OF    CLOUD    SEEDING    IN    WEST 
TEXAS. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Dept.  of  At- 
mospheric Sciences. 

For  primary  bibliographic  entry  see  Field  2B 
W90-04600 


BAYESIAN     INFERENCING     APPLIED     TO 
REAL-TIME  RESERVOIR  OPERATIONS. 

Proctor  and  Red  Group,  St.  Catherines  (Ontario). 
For  primary  bibliographic  entry  see  Field  6A 
W90-0530I 


3C.  Use  Of  Water  Of  Impaired 
Quality 


GASTROINTESTINAL   EFFECTS   OF   WATER 
REUSE  FOR  PUBLIC  PARK  IRRIGATION. 

Houston  Univ.  at  Clear  Lake  City,  TX.  Bureau  of 

Research. 

For  primary  bibliographic  entry  see  Field  5B 

W90-04636 


CROP  PRODUCTION  AND  SEWAGE  TREAT- 
MENT USING  GRAVEL  BED  HYDROPONIC 
IRRIGATION. 

Portsmouth  Polytechnic  (England).  Dept.  of  Civil 

Engineering. 

For   primary    bibliographic   entry   see   Field    5D 

W90-04742 


GROUNDWATER  INVESTIGATION  OF  S04<2-) 
DIFFUSION  FROM  A  CRETACEOUS  SHALE 
HILLSLOPE:  UPPER  COLORADO  RIVER 
BASIN. 

Utah  Water  Research  Lab.,  Logan. 

For  primary  bibliographic  entry  see  Field  5B 

W90-05234 


PLANNING  AND  ANALYSIS  FOR  WATER 
REUSE  PROJECTS. 

California  State  Water  Resources  Control  Board, 

Sacramento. 

T.  Asano,  and  R.  A.  Mills. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  1,  p.  38-47,  January  1990 

8  fig,  2  tab,  8  ref. 

Descriptors:  'Water  reuse,  'Water  resources  man- 
agement, 'Water  shortage,  Project  development, 
Public  health,  Economic  aspects,  Engineering. 

Drought-induced  water  shortages  and  concern  for 
long-term  reliable  water  supplies  are  giving  impe- 
tus to  exploring  innovative  options  for  water 
supply.  Water  pollution  control  efforts  have  made 
available  treated  effluent,  which  can  be  an  eco- 
nomical water  supply  compared  with  the  increas- 
ing expense  of  developing  new  sources.  Poorly 
conceived  planning  efforts,  however,  often  lead  to 
the  rejection  of  worthwhile  water  reclamation  and 
reuse  projects  or  to  the  implementation  of  projects 
that  will  not  achieve  the  intended  goals.  Although 
technical,  environmental  and  social  factors  are 
considered  in  project  planning,  monetary  factors 
tend  to  be  the  pivotal  factors  in  deciding  whether 
and  how  to  implement  a  water  reuse  project.  Mon- 
etary analyses  fall  into  two  categories:  economic 
analysis  and  financial  analysis.  Other  planning  fac- 
tors of  particular  significance  in  reclaimed-water 
project  development  are  engineering  and  public 
health.  Arriving  at  the  optimum  system  design 
involves  determination  of  the  marginal  or  incre- 
mental costs  of  adding  additional  users  and  com- 
paring those  costs  with  the  marginal  benefit.  Con- 
tracts need  to  address  the  concerns  of  the  purveyor 
and  the  user  and  to  clearly  establish  financial  and 
operational  responsibility  and  legal  liability.  (Au- 
thor's abstract) 
W90-05289 


MUNICIPAL    WASTEWATER    RENOVATION 
BY  REVERSE  OSMOSIS  STATE  OF  THE  ART. 

Kuwait  Inst,  for  Scientific  Research,  Safat. 

For   primary   bibliographic   entry   see   Field   5D 

W90-05439 


WASTEWATER  RECLAMATION  AND  REUSE 
IN  EUROPE,  MIDDLE  EAST  AND  NORTH 
AFRICA. 

International  Bank  for  Reconstruction  and  Devel- 
opment, Washington,  DC.  Europe,  Middle  East 
and  North  Africa  Technical  Dept. 
A.  A.  Al-Khafaji,  and  D.  A.  Howarth. 
Desalination  DSLNAH,  Vol.  75,  No.  1-3    n  289- 
314,  1989.  4.2  charts. 

Descriptors:  'Water  reuse,  'Reclaimed  water, 
•Arid  climates,  Wastewater  utilization,  Technolo- 
gy, Project  planning,  Economic  aspects,  Water 
quality  management,  Water  resources  manage- 
ment. 

Middle  East  and  North  Africa  countries  together 
with  Afghanistan  and  Pakistan  and  extensive  zones 
in  southern  Europe,  are  characterized  by  an  arid  to 
semi-arid  climate.  There  is  considerable  interest  in 
the  region  on  the  subject  of  wastewater  re-use.  The 
technology  that  enables  wastewater  to  be  treated 
to  different  levels  of  purity  exists  and  is  well 
proven,  so  that  treatment  can  be  tailored  to  match 
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the  intended  use.  Much  of  the  scientific  knowledge 
and  monitored  control  of  wastewater  re-use  has 
occurred  in  the  last  decade.  The  possible  options 
from  which  choices  have  to  be  made  to  determine 
the  optimum  wastewater  reuse  scheme  are  many. 
This  First  Phase  of  a  two  phase  study  provides  a 
review  of  the  technical,  public  health,  environmen- 
tal, financial  and  economic  criteria  associated  with 
wastewater  re-use,  together  with  the  identification 
of  a  strategy  that  can  be  followed  in  the  evaluation 
of  a  proposal  for  wastewater  re-use.  It  has  been 
prepared  to  be  of  assistance  to  countries  and  agen- 
cies concerned  in  the  evaluation  of  wastewater 
reuse  projects.  (White-Reimer-PTT)26  Jan  90 
W90-05442 


POTENTIAL  FOR  WATER  REUSE  IN  CON- 
JUNCTION WITH  DESALINATION  SYSTEMS. 

Ahlgren  Associates,  Waukasha,  WI. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-05443 


REUSE  OF  COLLECTED  STORMWATER 
RUNOFF  FOR  IRRIGATION  IN  KUWAIT. 

Kuwaiti  Tech  Consultancy  P.O.  Box  14342,  Faiha, 

72854,  Kuwait. 

B.  A.  Al-Hoti,  and  R.  Abdullah. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  329- 

340,  1989.  3  fig,  3  tab,  15  ref. 

Descriptors:  *  Desalination,  *Water  reuse, 
•Wastewater  renovation,  'Kuwait,  *Storm 
wastewater,  Irrigation  practices,  Groundwater, 
Brackish  water,  Water  demand. 

Kuwait  is  a  small  country,  about  18,000  sq  km  in 
surface  area,  located  at  the  northwest  tip  of  the 
Persian  Gulf.  The  country  has  only  groundwater 
as  a  freshwater  source,  not  enough  for  even  drink- 
ing purposes.  The  government  desalinates  seawater 
to  provide  fresh  water  for  human  use.  Brackish 
water  is  being  used  for  irrigation  purposes;  this 
limits  the  number  of  crops  grown  and  the  surface 
area  planted.  Recently,  the  government  has  en- 
couraged people  to  start  planting  trees  in  order  to 
make  Kuwait  green.  This  will  result  in  an  increase 
in  water  demand  for  irrigation,  especially  in  the 
summer  months  when  the  ambient  temperature 
reaches  about  50  C.  Kuwait  has  a  low  yearly 
precipitation,  which  is  collected  in  the  developed 
areas  in  a  stormwater  drainage  system  and  dis- 
charged into  the  Gulf.  The  amount  of  water  col- 
lected in  the  stormwater  drainage  system  would  be 
sufficient  to  irrigate  the  developed  areas  of  Kuwait 
during  the  hot  summer  months.  Although  the  col- 
lected stormwater  is  contaminated  with  different 
polluting  materials,  the  water  can  easily  be  treated 
by  using  a  chemical  precipitation  process.  (Au- 
thor's abstract) 
W90-05444 

3D.  Conservation  In  Domestic  and 
Municipal  Use 

WATER  CONSUMPTION  PATTERNS  AMONG 
INDrvTDUALS  IN  CAPE  TOWN. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Com- 
munity Health. 

For  primary  bibliographic   entry   see  Field   6D. 
W90-04776 


DROUGHT  MANAGEMENT  OF  EXISTING 
WATER  SUPPLY  SYSTEM. 

Water   Resources   Management,   Inc.,   Columbia, 

MD. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-05299 

3F.  Conservation  In  Agriculture 

POLYMERS  AS  SOIL  CONDITIONERS 
UNDER  CONSECUTIVE  IRRIGATIONS  AND 
RAINFALL. 

California  Univ.,  Riverside.  Dept   of  Soil  and  En- 
vironmental Sciences. 
M.  Ben-Hur,  M.  Fans,  M.  Malik,  and  J.  Letey. 


Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  53,  No.  4,  p  1173-1177,  July/August  1989.  4 
fig,  16  ref. 

Descriptors:  'Irrigation  effects,  *Soil  moisture  de- 
ficiency, 'Polymers,  'Irrigation  efficiency,  'Soil 
amendments,  'Soil  absorption  capacity,  'Rainfall 
infiltration,  Agricultural  hydrology,  Irrigation 
practices,  Soil  moisture  retention,  Infiltration, 
Sprinklers,  Semiarid  lands.  Arid  lands. 

Low  water  infiltration  caused  by  crust  formation 
during  rain  or  sprinkler  irrigation  is  a  significant 
problem  in  some  arid  and  semi-arid  regions.  Poly- 
mers may  be  applied  in  irrigation  water  through  a 
sprinkler  system,  but  must  be  applied  directly  to 
the  soil  under  rainfall  conditions.  A  rainfall  simula- 
tor study  was  conducted  to:  (1)  determine  the 
effect  of  drying  of  crusted  vermiculitic  soil  on  the 
subsequent  crust  properties  and  infiltration  rate 
(IR)  values;  (2)  determine  the  effect  of  polymers 
applied  at  low  concentration  in  irrigation  water  of 
two  qualities  on  the  IR  under  consecutive  water 
applications;  and  (3)  determine  the  effectiveness  of 
polymer  application  to  the  soil  as  would  be  re- 
quired under  rainfall  conditions.  Two  cationic 
polysaccharide  guar  derivatives  having  a  higher 
(HCCP)  and  a  lower  (LCCP)  charge  density  and  a 
polyacrylamide  (PAM)  with  a  low  negative  charge 
density  were  used  in  the  study.  Applications  of 
polymers  with  the  sprinkler  water  maintain  IR  in 
the  order  HCCP  >  LCCP  >  PAM  >  untreated. 
Except  for  PAM,  the  polymer  applications  were 
relatively  ineffective  in  subsequent  sprinkler  appli- 
cations with  plain  water  applied  with  impact 
energy.  The  beneficial  effects  were  preserved 
under  water  application  without  impact  energy. 
Spraying  concentrated  polymer  solutions  on  the 
soil  surface  was  not  effective  in  preventing  crust 
formation  by  subsequent  rain  events  except  for  the 
case  when  LCCP  was  sprayed  on  in  a  CaC12 
solution.  The  results  are  explained  on  the  basis  of 
polymer  adsorption  and  penetration  into  the  soil 
surface  layer  and  aggregates.  (Author's  abstract) 
W90-04623 

ANTECEDENT  RAINFALL  AND  TILLAGE  EF- 
FECTS UPON  INFILTRATION. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  2G. 
W90-04624 

SEVERAL  SOURCES  OF  NONUNIFORMITY 
IN  IRRIGATION  DELIVERY  FLOWS. 

Agricultural  Research  Service,  Phoenix,  AZ. 
Water  Conservation  Lab. 

J.  D.  Palmer,  A.  J.  Clemmens,  and  A.  R.  Dedrick. 
Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.   115,  No.   6,  p  920-937, 
December  1989.  13  fig,  2  tab,  8  ref. 

Descriptors:  'Irrigation  canals,  'Flow  rates, 
'Flow  control,  'Irrigation  operation,  'Water  de- 
livery. Hydraulics,  Scheduling,  Seasonal  variation, 
Irrigation  design,  Farms. 

A  lateral  canal  in  a  southwestern  U.S.  irrigation 
district  was  instrumented  for  continuous  monitor- 
ing. Deliveries  were  flexibly  scheduled;  farmers 
arranged  timing,  rate,  and  duration  with  the  dis- 
trict. The  distribution  of  measured  variables 
showed  that  the  lateral  was  operated  under  a  wide 
variety  of  demand  and  operational  conditions  and 
that  farm  delivery  flows  were  frequently  not  uni- 
form due  to  changing  conditions  along  the  lateral. 
Flows  that  are  unpredictably  variable  affect  the 
performance  and  evaluation  of  on-farm  application 
systems  and,  unless  controlled,  can  negate  the  ben- 
efits of  flexible  scheduling  (more  precise  manage- 
ment). Statistical  analysis  of  286  deliveries  to  9 
farm  turnouts  identified  a  number  of  sources  of 
nonuniform  flows  which  were  a  combination  of 
canal  hydraulics  and  operational  characteristics. 
Time  of  year  that  deliveries  occurred  was  shown 
to  affect  uniformity,  as  were  median  flow  rate, 
delivery  duration,  and  location  of  turnouts,  both 
within  a  pool  between  two  check  structures  and 
along  the  lateral.  Identifying  sources  of  nonunifor- 
mities  is  an  important  first  step  in  devising  structur- 
al and  operational  controls  to  improve  uniformity. 
(Author's  abstract) 


W90-04815 

IRRIGATION  SCHEDULING  MODEL  WITH 
GROUNDWATER   AND  LIMITED  ROOTING. 

Ahmadu  Bello  Univ.,  Zaria  (Nigeria).  Inst,  for 
Agricultural  Research,  Irrigation  Research  Pro- 
gram. 

S.  Abdulmumin. 

Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.  115,  No.  6,  p  938-953, 
December  1989.  7  fig,  3  tab,  32  ref. 

Descriptors:  'Soil- water-plant  relationships, 
'Water  table,  'Irrigation  operation,  'Scheduling, 
'Mathematical  models,  'Root  distribution,  'Soil 
water,  Darcy  equation,  Evapotranspiration, 
Wheat,  Capillarity,  Hydraulic  conductivity,  Irriga- 
tion efficiency. 

An  irrigation-scheduling  model  was  developed 
based  on  soil-water  budgeting,  which  incorporates 
the  contribution  of  shallow-groundwater  tables 
(GWT)  to  crop-water  use  and  the  effects  of  soil 
restrictions  on  crop  rooting.  Capillary  flux  of 
water  from  the  groundwater  table  was  estimated 
with  a  form  of  Darcy's  equation,  assuming  mean 
soil  water  potential  gradients  between  irrigations. 
Crop-water  use  was  estimated  with  a  grass-refer- 
ence evapotranspiration  and  crop  coefficients 
Water  uptake  was  partitioned  into  the  contribu- 
tions of  various  soil  zones  based  on  root  distribu- 
tion. The  model  inputs  are:  soil  variables  (available 
water,  allowable  depletion,  GWT  depth,  moisture- 
characteristic  curve,  and  unsaturated  hydraulic 
conductivity);  crop  variables  (root  distribution); 
and  climate).  The  model  estimates  irrigation  inter- 
val, amount  of  water  to  apply  per  irrigation,  and 
water  contributed  by  the  GWT.  Scheduling  the 
irrigation  of  wheat  based  on  the  model  reduced 
seasonal  irrigations  by  28%  and  water  application 
by  24%  compared  with  the  conventional  weekly 
irrigation.  (Author's  abstract) 
W90-04816 


MANAGEMENT  MODEL  FOR  CONTROL  OF 
ON-FARM  IRRIGATION. 

Kansas  State   Univ.,   Manhattan.   Dept.   of  Civil 

Engineering. 

J.  C.  Tracy,  and  M.  A.  Marino. 

Journal   of  Irrigation  and   Drainage   Engineering 

(ASCE)  JIDEDH,  Vol.   115,  No.   6,  p  954-972, 

December  1989.  7  fig,  3  tab,  30  ref.  Agricultural 

Research  Service  Cooperative  Agreement  4350-H. 

Descriptors:  'Farm  management,  'Mathematical 
models,  'Irrigation  operation,  'Irrigation  require- 
ments, Forecasting,  Root  development,  Soil  water, 
Crop  yield,  Cotton,  Evapotranspiration,  Simula- 
tion. 

A  physically  based  model  for  the  management  and 
forecasting  of  irrigation  water  requirements  at  an 
on-farm  level  is  developed.  The  model  includes 
mechanisms  for  simulating  root  and  soil-water 
movement,  root  growth,  and  crop  yield.  Model 
inputs  and  soil  and  crop  parameters  are  easily 
attainable  so  that  the  model  is  usable  in  field  condi- 
tions. The  management  model  is  verified  by  cali- 
brating it  to  a  crop  of  cotton  grown  on  an  experi- 
mental plot  at  the  University  of  California  at 
Davis,  then  comparing  the  results  of  the  model 
simulations  to  the  field  measured  data  for  two 
alternate  water  treatments  that  were  used  to  irri- 
gate the  experimental  crop.  These  verifications  in- 
dicate that  the  soil-water  content  distributions  are 
simulated  with  a  high  degree  of  accuracy,  and 
root-density  distributions  are  better  simulated 
under  moist  soil  conditions.  Further  analysis  indi- 
cates that  maintaining  moist  soil  conditions  during 
the  bloom  stage  of  cotton  growth  is  critical  for 
consistently  high  crop  yields.  (Author's  abstract) 
W90-04817 


DYN2  METHOD  FOR  OPTIMAL  CONTROL 
OF  WATER  FLOW  IN  OPEN  CHANNELS. 

Automation  and  Telecommunications   Inst.,   Bel- 
grade (Yugoslavia). 

For  primary  bibliographic  entry  see  Field  4A. 
W90-04818 
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Field  3— WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 


Group  3F — Conservation  In  Agriculture 


ANALYTICAL  MODEL  FOR  BORDER  IRRI- 
GATION. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 

Engineering. 

F.  X.  Yu,  and  V.  P.  Singh. 

Journal   of  Irrigation   and   Drainage   Engineering 

(ASCE)  JIDEDH,  Vol.    115,  No.   6,  p  982-999 

December  1989.  7  fig,  1 1  tab,  29  ref. 

Descriptors:  'Irrigation  practices,  'Irrigation  engi- 
neering, 'Border  irrigation,  'Mathematical  models, 
Simulation,  Performance  evaluation,  Flow  profiles, 
Model  testing 

This  study  develops  a  simple  analytical  model, 
using  the  volume  balance  approach,  to  simulate  all 
phases  of  border  irrigation.  The  surface  and  sub- 
surface flow  profiles  in  the  advance  phase  are 
assumed  to  be  of  parabolic  shape,  and  their  coeffi- 
cients are  determined  by  conditions  in  the  gradual- 
ly varied  flow  region,  rather  than  in  the  rapidly 
varied  flow  region  near  the  advance  front.  The 
recession  phases  are  simulated  by  using  a  simple 
iterative  method  based  on  Strelkoffs  assumption, 
talcing  into  account  time-varying  infiltration.  Only 
one  observed  data  set  was  used  to  calibrate  the 
model,  and  29  different  observed  data  sets  were 
used  to  verify  the  model.  A  comparison  with  some 
existing  models  shows  that  the  model  is  simpler, 
more  accurate  (with  less  than  7%  prediction  error 
for  all  phases  of  the  29  test  borders),  and  easier  to 
apply  (Author's  abstract) 
W90-04819 


EVAPOTRANSPIRATION  IN  SUDAN  GEZIRA 
IRRIGATION  SCHEME. 

Hydraulics      Research      Station,      Wad      Medani 

(Sudan). 

For   primary   bibliographic   entry   see   Field   2D. 

W90-04822 


INVERTED  V-NOTCH:  PRACTICAL  PROPOR- 
TIONAL WEIR. 

Indian  Inst,  of  Science,  Bangalore.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-04823 


IRRIGATION  IN  NEPAL:  OPPORTUNITIES 
AND  CONSTRAINTS. 

International      Water      Resources      Association, 

Urbana,  IL. 

A.  K.  Biswas. 

Journal  of  Irrigation   and   Drainage   Engineering 

(ASCE)  JIDEDH,  Vol.  115,  No.  6,  p  1051-1064, 

December  1989.  1  tab,  9  ref. 

Descriptors:  'Irrigation  programs,  'Nepal, 
•Groundwater  potential,  'Farm  management. 
Economic  development,  Developing  countries, 
International  waters,  Irrigation  efficiency. 

Agriculture  accounts  for  nearly  two-thirds  of  the 
gross  domestic  product  of  Nepal,  one  of  the  least 
developed  countries  of  the  world.  Thus,  irrigation 
is  important  to  sustaining  the  country's  economy. 
While  irrigation  has  been  practiced  for  decades, 
there  is  considerable  need  both  to  expand  the  cur- 
rently irrigated  area  and  to  improve  the  efficiency 
of  existing  systems.  There  is  no  question  that  for 
the  future  economic  development  of  an  agrarian 
country  like  Nepal,  irrigation  development  and 
management  must  play  an  important  part.  This 
paper  reviews  the  potential  of  large-size  to 
medium-size  irrigation  projects  in  the  Terai,  small- 
size  irrigation  projects  in  the  hill  areas,  groundwat- 
er development,  farmer-managed  irrigation  sys- 
tems, and  rehabilitation  of  exiting  irrigation 
projects.  The  role  of  irrigation  as  a  means  of 
expansion  of  production  and  income  of  the  country 
and  institutional  implications  is  also  discussed.  It 
should,  however,  be  noted  that  before  major  irriga- 
tion projects  can  be  developed,  treaties  with  India 
have  to  be  negotiated  for  using  the  waters  of 
international  rivers.  Thus,  realistically,  it  is  some- 
what unlikely  that  major  developments  will  occur 
before  the  year  2000.  (Author's  abstract) 
W90-04824 


AGRICULTURAL  REQUIREMENT  FOR  IRRI- 
GATION WATER. 

R.  J.  Bailey,  and  J.  Minhinick. 
Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No.  5,  p 
451-458,  October  1989.  1  fig,  8  tab,  13  ref. 

Descriptors:  'Irrigation  water,  'Irrigation  require- 
ments, 'Crop  production,  'Computer  programs, 
•England,  'Wales,  Soil  types,  Soil  texture,  Cli- 
mates, Weather  data  collections,  Irrigation  efficien- 
cy, Quantitative  analysis,  Rainfall,  Evapotranspira- 
tion. 

A  quantitative  analysis  of  irrigation  requirements 
in  different  climatic  areas  of  England  and  Wales 
was  made  using  a  computer  program  developed 
jointly  by  the  Agricultural  Development  and  Ad- 
visory Service  and  the  Meteorological  Office.  The 
program  uses  weather  data  from  several  hundred 
weather  stations  for  1961-1980.  A  balance  sheet 
approach  is  used,  with  rainfall  as  a  credit  and 
evapotranspiration  as  a  debit.  For  an  overall  view 
of  irrigation  requirement,  farms  were  placed  into 
categories  of  climate  and  soil  type  so  that  a  set  of 
data  from  each  category  could  be  extrapolated  to  a 
large  number  of  farms.  Climatic  variation  between 
years  and  localities,  and  the  effects  of  soil  and  crop 
type  on  irrigation  requirement  were  also  taken  into 
account  when  formulating  the  program.  Tables 
were  generated  that  make  it  possible  to  approxi- 
mate irrigation  requirements  for  a  range  of  crops, 
grown  in  a  range  of  soils,  in  each  of  the  climatic 
areas  studied.  When  using  the  program  to  estimate 
irrigation  requirements  for  a  given  area,  the  eco- 
nomics of  irrigation  which  are  not  included  in  the 
program  should  also  be  considered.  (Geiger-PTT) 
W90-05011 


CANAL  AUTOMATION  PROVIDING  ON- 
DEMAND  WATER  DELIVERIES  FOR  EFFI- 
CIENT IRRIGATION. 

California    Polytechnic    State    Univ.,    San    Luis 
Obispo.  Dept.  of  Agricultural  Engineering. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05202 


MOVEMENT  OF  PESTICIDES   AND  NUTRI- 
ENTS INTO  TILE  DRAINAGE  WATER. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  5B 
W90-05232 
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TEMPERATURE  CHARACTERISTICS  OF  AN 
IMPOUNDED  RIVER. 

Rhodes  Univ.,  Grahamstown  (South  Africa).  Inst. 

of  Freshwater  Studies. 

R.  W.  Palmer,  and  J  H.  O'Keeffe. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   116. 

No.  4,  p  471-485,  1989.  4  fig,  3  tab,  54  ref. 

Descriptors:  'Rivers,  'Reservoirs,  'Water  temper- 
ature, 'Flow  discharge,  'Dam  effects,  Down- 
stream recovery,  Buffalo  River,  South  Africa. 

Spatial  and  temporal  changes  in  river  water  tem- 
perature were  measured  using  maximum-minimum 
thermometers  along  the  entire  length  (133  km)  of 
the  Buffalo  River,  eastern  Cape,  South  Africa,  a 
multiply  impounded  river.  Impoundments  cause  a 
number  of  alterations  to  the  temperature  character- 
istics of  the  receiving  river.  The  alterations  of 
temperature  depended  primarily  on  the  position  of 
the  impoundment  along  the  river  profile  and  the 
depth  from  which  water  was  released.  Greatest 
effects  occurred  during  the  warmer  summer 
months.  Downstream  recovery  was  within  15  km 
during  normal  flow.  Surface-release  impoundments 
in  the  upper  catchment  increased  maximum  tem- 
peratures (by   as  much   as   8   C),   particularly    in 


summer.  A  surface-release  impoundment  in  the 
middle  reaches  of  the  river  had  a  slight  dampening 
effect  on  river  temperatures,  while  a  bottom-re- 
lease impoundment  in  the  lower  reaches  of  the 
river  caused  reductions  in  maximum  temperatures 
of  up  to  16  C.  A  review  of  impoundment  studies 
worldwide  revealed  a  lognormal  relationship  be- 
tween river  discharge  and  downstream  recovery. 
(Sand-PTT) 
W90-0463 1 


DYN2  METHOD  FOR  OPTIMAL  CONTROL 
OF  WATER  FLOW  IN  OPEN  CHANNELS. 

Automation   and   Telecommunications   Inst.,   Bel- 
grade (Yugoslavia) 
V.  Filipovic,  and  Z.  Milosevic. 
Journal   of  Irrigation   and   Drainage   Engineering 
(ASCE)  JIDEDH,  Vol.    115,  No.  6,  p  973-981, 
December  1989.  2  fig,  15  ref,  append. 

Descriptors:  'Open-channel  flow,  'Flow  control, 
'Control  systems,  'Computer  programs,  'Water 
conveyance,  'Water  distribution,  'Dynamic  pro- 
gramming, Water  delivery,  Channels,  Irrigation 
engineering,  Pumping  plants,  Hydroelectric  plants. 

A  new  method  for  the  optimal  real-time  control  of 
water  transport  in  open  channels,  called  DYN2,  is 
presented.  This  method  was  developed  for  control- 
ling a  class  of  water  conveyance  systems  where  so- 
called  dynamic  regulation  (DR),  proposed  by  the 
Societe  du  Canal  de  Provence  (France),  is  the 
basic  control  method.  The  DR  concept  is  based  on 
the  heuristic  policy,  which  compensates  for  down- 
stream cumulative  volume  error.  In  DYN2,  how- 
ever, optimal  control  theory  is  applied  to  solve  the 
water-transport  control  problem  more  precisely 
than  would  be  possible  using  the  heuristic  ap- 
proach. Applying  dynamic  programming  to  DR, 
the  DYN2  method  was  derived-thus  the  name 
DYN2.  Both  the  DYN2  and  DR  were  applied  to 
the  Strezevo  irrigation  system  (southern  Yugoslav- 
ia), resulting  in  the  development  of  a  state-of-the- 
art  computer-based  supervisory  control  and  data 
acquisition  system.  In  this  system,  a  computer 
makes  decisions  based  on  either  DR  or  DYN2 
methods  (depending  on  the  operator's  choice)  and 
automatically  controls  system  operations  (closed- 
loop  system).  The  objective  is  minimizing  water 
loss  and  volume  errors  in  canal  reaches  while 
meeting  a  number  of  constraints  in  the  system. 
Since  the  problem  of  optimally  controlling  water 
transport  systems  is  reduced  to  minimization  of  the 
optimality  criterion,  by  employing  DYN2  it  would 
also  be  possible  to  state  and  solve  more  general 
problems.  These  might  include  not  only  optimally 
controlling  water  delivery  systems  but  also  pump- 
ing plants,  generating  plants,  and  other  facilities  in 
order  ultimately  to  effect  optimal  control  over  the 
whole  system.  (Author's  abstract) 
W90-04818 


WATER  QUALITY  INDEX  FOR  RIVER  MAN- 
AGEMENT. 

For   primary   bibliographic   entry   see   Field    5G. 
W90-04904 


WHITE  CART  WATER  FLOOD  ALLEVIATION 
STUDY  USING  HYDRODYNAMIC  MATHE- 
MATICAL-MODELLING TECHNIQUES. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04909 


WATERWEED  INVASIONS. 

Toronto  Univ.  (Ontario).  Dept.  of  Botany. 

S.  C.  H.  Barrett. 

Scientific  American  SCAMAC,  Vol.  261,  No.  4,  p 

90-97,  October  1989. 

Descriptors:  'Aquatic  weeds,  'Introduced  species, 
•Water  hyacinth,  'Kariba  weed,  Canals,  Irrigation 
ditches,  Lakes,  Aquatic  weed  control. 

Vast  vegetative  mats  of  the  two  most  noxious 
aquatic  weeds  plague  the  world's  waterways.  In- 
vestigations of  the  water  hyacinth  (Eichhornia 
crassipes)  and  the  kariba  weed  (Salvinia  molesta) 
are  leading  to  new  programs  for  weed  control. 
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loth  the  water  hyacinth  and  the  kariba  weed  have 
he  ability  to  grow  and  multiply  rapidly  in  habitats 
listurbed  by  humans,  such  as  canals,  irrigation 
ystems,  lakes  and  even  rice  fields.  This  article 
eviews  the  knowledge  of  species  behavior  in 
lative  and  introduced  ranges,  and  provides  sugges- 
ions  for  managing  the  invading  and  problematic 
veeds.  Some  methods  of  control  include  introduc- 
ng  beetles  that  feed  exclusively  on  kariba  weed. 
Researchers  are  also  studying  the  clonal  propaga- 
ion  with  the  hopes  of  preventing  reproduction  of 
he  water  hyacinth  and  kariba  weed.  (Male-PTT) 
W90-04920 

XASSIFICATION  OF  WATER  BEETLE  AS- 
SEMBLAGES IN  ARABLE  FENLAND  AND 
RANKING  OF  SITES  IN  RELATION  TO  CON- 
SERVATION VALUE. 

West    of    Scotland    Agricultural    Coll.,    Auchin- 
:ruive.  Dept.  of  Environmental  Sciences. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-04946 

EXPRESSIONS  RELATING  PROBABILITY 
WEIGHTED  MOMENTS  TO  PARAMETERS 
OF  SEVERAL  DISTRIBUTIONS  INEXPRESSI- 
BLE IN  INVERSE  FORM. 

Chengdu    Univ.    of    Science    and    Technology 

(China). 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05001 

TAMING  A  RIVER  WITH  NEW  TECHNOLO- 
GY. 

A.  B.  Smith. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No.  5,  p 
478-487,  October  1989.  17  fig. 

Descriptors:  'Technology,  'Aqueducts,  *Water 
conveyance,  'Artificial  watercourses,  'Water 
management,  New  River,  Flow  control,  Labor, 
Weed  control,  Aquatic  weeds,  Bank  stabilization, 
Telemetry,  Monitoring,  Water  level  fluctuations, 
Operating  costs,  Maintenance,  Dredging,  Adminis- 
trative agencies. 

In  response  to  requirements  of  the  Thames  Water 
Authority  for  improved  efficiency  on  all  aspects  of 
river  management,  methods  for  reducing  the  over- 
all unit  cost,  reducing  labor,  and  improving  service 
for  the  New  River  were  initiated.  The  manage- 
ment of  the  New  River  was  transferred  from  the 
Metropolitan  Water  Division  to  the  new  Eastern 
Division.  The  re-organization  in   1982  coincided 
with  a  major  Authority  objective  in  introducing 
WIPPS    (Water   Industry    Productivity    Payment 
Scheme)   with   substantial    manpower    reductions 
across  all  functions.   Physical  constraints  of  the 
river  made  it  necessary  to  bring  in  special  mini- 
equipment,    amphibious    equipment    and    floating 
equipment  to  perform  routine  maintenance  oper- 
ations on  the  river.  Originally  hand  tools  such  as 
the  scythe,  beater,  and  chain  knife  were  used  for 
aquatic  weed  control  along  the  channel  of  the  New 
River.  The  labor  force  was  reduced  from  88  em- 
ployees to  45  employees  and  one  full-time  manager 
over  a  six  month  period.  The  remaining  employees 
were  trained  to  operate  new  equipment  such  as 
weed  cutting  boats,  and  automatic  weed  screen 
cleaners.  A  low-level  floating  excavator  was  de- 
signed and  used  for  silt  removal.  Unsinkable  punts 
were  introduced  for  clay  transport  for  improving 
bank  stability.  A  new  method  of  revetting  which 
involves  shoring  up  the  bank  using  three  meter 
lengths  of  trench  sheeters  was  introduced.  This 
sheeting  forms  an  effective  barrier  against  animal 
and  water  movement.  New  embankment  mowers 
capable  of  operating  on  a  45  degree  angle  were 
adopted  for  grass  cutting  along  the  banks.  Flow 
monitoring  was  accomplished  by  use  of  a  new 
telemetry  system.  Daily  patrols  were  initiated  with 
patrolmen  using  portable  telephones  to  improve 
communication   and   decrease   response   time   for 
problem  solving.  (Geiger-PTT) 
W9O-O5015 


DEVELOPING  AND  MANAGING  A  COMPRE- 
HENSIVE RESERVOIR  ANALYSIS  MODEL. 


Hydrologic  Engineering  Center,  Davis,  CA. 
For  primary  bibliographic  entry  see  Field  6A. 
W90-05182 


FLOOD  OF  SEPTEMBER  7-9,  1987,  IN  LEX- 
INGTON AND  RICHLAND  COUNTIES  IN  THE 
VICINITY  OF  SAINT  ANDREWS  ROAD  AND 
IRMO,  SOUTH  CAROLINA. 

Geological    Survey,    Columbia,    SC.    Water    Re- 
sources Div.  ,         ■ 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05188 


HYDROLOGIC  EVALUATION  AND  WATER 
SUPPLY  CONSIDERATIONS  FOR  FIVE 
PAIUTE  INDIAN  LAND  PARCELS,  MILLARD, 
SEVIER,  AND  IRON  COUNTIES,  SOUTH- 
WESTERN UTAH. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-05189 


HYDRAULIC  CHARACTERISTICS  OF  THE 
NEW  RIVER  IN  THE  NEW  RIVER  GORGE 
NATIONAL  RIVER,  WEST  VIRGINIA. 

Geological  Survey,  Charleston,  WV. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05191 


FLOOD  BOUNDARIES  AND  WATER-SUR- 
FACE PROFILE  FOR  THE  COMPUTED  100- 
YEAR  FLOOD,  SWIFT  CREEK  AT  AFTON, 
WYOMING,  1986. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05192 

CANAL  AUTOMATION  PROVIDING  ON- 
DEMAND  WATER  DELIVERIES  FOR  EFFI- 
CIENT IRRIGATION. 

California    Polytechnic    State    Univ.,    San    Luis 
Obispo.  Dept.  of  Agricultural  Engineering. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05202 


LOW-FLOW  CHARACTERISTICS  OF 

STREAMS  IN  WEST  VIRGINIA. 

Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05203 


ESTIMATES  OF  MEAN  MONTHLY  STREAM- 
FLOW  FOR  SELECTED  SITES  IN  THE  MUS- 
SELSHELL RIVER  BASIN,  MONTANA,  BASE 
PERIOD  WATER  YEARS  1937-86. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05267 


BAYESIAN     INFERENCING     APPLIED     TO 
REAL-TIME  RESERVOIR  OPERATIONS. 

Proctor  and  Red  Group,  St.  Catherines  (Ontario). 
For  primary  bibliographic  entry  see  Field  6A. 
W90-05301 

OPTIMDZING   SPILLWAY   CAPACITY   WITH 
UNCERTAINTY  IN  FLOOD  ESTIMATOR. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05303 


LIPID  SYNTHESIS  BY  ISOLATED  DUCK- 
WEED (LEMNA  MINOR)  CHLOROPLASTS  IN 
THE  PRESENCE  OF  A  SUBLETHAL  CONCEN- 
TRATION OF  ATRAZINE. 

Sherbrooke   Univ.   (Quebec).   Dept.   de   Biologic 
G.  Grenier,  L.  Proteau,  and  G.  Beaumont. 
Canadian  Journal  of  Botany  CJBOAW,  Vol.  67, 


No.  8,  p  2261-2265,  August  1989.  3  tab,  30  ref. 

Descriptors:  'Herbicides,  'Duckweed,  'Laborato- 
ry methods,  'Aquatic  weeds,  'Aquatic  weed  con- 
trol, Photosynthesis,  Aquatic  plants,  Atrazine. 

The  effects  of  a  sublethal  concentration  of  atrazine 
on  the  incorporation  of  sodium-(U-14C)  acetate 
into  isolated  chloroplast  lipids  of  Lemna  minor  was 
examined.  A  high  level  of  (14C)-acetate  was  incor- 
porated into  diacylgalactosylglycerol  (DGG)  and 
diacylglycerol  (DAG).  Consequently,  the  conver- 
sion of  phosphatide  acid  to  DAG  and  that  of 
DAG  to  DGG  seems  to  be  as  active  in  L.  minor 
(an  '18:3-plant')  as  in  '16:3-plants.'  Chloroplast 
lipids  from  atrazine-treated  plants  were  more  ex- 
tensively labelled  with  (14C)-acetate  than  the  con- 
trol plants.  These  results  are  in  agreement  with 
previous  in  vivo  studies  which  suggest  that  suble- 
thal concentrations  of  atrazine  stimulate  the  lipid 
metabolism  of  L.  minor  to  form  more  thylakoid 
membranes.  The  specific  radioactivity  of  lineolic 
acid  was  the  highest  in  DAG  and  the  lowest  in 
DGG.  These  data  suggest  that  desaturation  of 
linoleic  acid  to  linolenic  acid  mainly  occurrs  before 
the  galactosylation  of  DAG  to  form  DGG  in  L. 
minor.  (Author's  abstract) 
W90-05351 


WATER  AND  MASS  EXCHANGE  IN  THE 
LAKE  BAIKAL  AND  STORAGE  RESERVOIRS 
OF  THE  ANGARA  CASCADE. 

Limnologicheskii  Inst.,  Irkutsk  (USSR). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05455 

MODELLING  INTERNAL  AND  EXTERNAL 
CONTROL  IN  LAKE  AND  RESERVOIR  ECO- 
SYSTEMS. 

Ceskoslovenska    Akademie    Ved,    Prague.    Ustav 

Teorie  Informace  a  Automatizace. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05472 


INFLUENCE  OF  RESERVOIRS  ON  THE  HY- 
DROLOGICAL  REGIME  OF  THE  KUR  RIVER. 

Akademiya   Nauk   Azerbaidzhanskoi   SSR,   Baku. 

Inst,  of  Geography. 

H.  I.  Fatullayev. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  215-217,  November  1989. 

Descriptors:  'Flow  control,  'Reservoirs,  'Rivers, 
'Flow  discharge,  *Kur  River,  Economic  aspects, 
Fisheries,  Silt  load,  Suspended  sediments,  Sedi- 
ment load. 

The  hydrologic  regime  of  the  Kur  river  (USSR), 
the  basin  of  which  occupies  the  main  part  of  the 
more  developed  territories  of  the  Transcaucasian 
Republics,  has  been  exposed  to  the  influence  of 
various  economic  factors,  the  primary  impact 
being  that  of  bed  regulation.  During  the  last  35 
years,  about  50  reservoirs,  with  a  total  area  of 
more  than  1000  sq  km,  have  been  constructed  and 
exploited  in  the  river  basin.  These  reservoirs  have 
had  an  influence  on  the  Kur  river  regime.  The 
Mingechivir  reservoir  in  particular  has  radically 
changed  the  hydrological  regime  of  the  river  and 
hence  the  pre-construction  period  may  be  called 
the  conditional-natural  one.  The  least  annual  dis- 
charge before  construction  of  the  Mingechivir  res- 
ervoir at  Mingechivir  city  and  Sabirabad  city  was 
61  and  109  cu  m/sec,  respectively.  After  construc- 
tion of  the  reservoir  these  indices  increased  to  65 
and  138  cu  m/sec.  In  contrast  to  the  conditional- 
natural  period,  in  many  cases  in  the  disturbed 
period  the  minimal  discharge  frequently  exceeds 
140  cu  m/sec,  providing  necessary  water  inflows 
for  the  demands  of  fisheries  and  water  transport. 
Analysis  of  the  integral  curves  of  monthly  flow  in 
the  reaches  of  the  river  at  Sabirabad  showed  that 
with  the  construction  of  the  reservoir  radical 
changes  occurred  in  the  yearly  distribution  of  the 
flow.  As  a  result  of  the  impact  of  complex  econom- 
ic factors  on  the  flow,  its  monthly  volume  in  the 
spring-summer  flood  is  highly  reduced.  In  August, 
September,  December,  January  and  March  the 
flow  is  considerably  increased;  there  is  no  signifi- 
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cant  change  in  November.  Calculation  of  the 
annual  distribution  of  the  flow  within  the  two 
periods  (1933-1952  and  1953-1984)  substantiated 
the  considerable  change  in  the  annual  distribution 
of  the  flow  due  to  the  influence  of  a  wide  range  of 
national  economic  factors.  The  reservoirs  also 
have  an  influence  on  the  regime  of  silt  load  and 
sediment.  Analyses  of  the  disturbed  period  reveal  a 
tendency  towards  a  fluctuation  of  flow  sediments 
and  silt  load  as  a  the  result  of  the  realization  of 
complex  water  economic  measurements  on  the 
Kur  river  basin.  (Sand-PTT) 
W90-05474 


PRACTICAL  APPROACHES  TO  RIPARIAN 
RESOURCE  MANAGEMENT:  AN  EDUCA- 
TIONAL WORKSHOP. 

For  primary  bibliographic  entry  see  Field  6A. 
W90-05491 


SELLING  A  SUCCESSFUL  RIPARIAN  MAN- 
AGEMENT PROGRAM:  A  PUBLIC  LAND 
MANAGER'S  VIEWPOINT. 

Bureau  of  Land  Management,  Prineville,  OR.  Prin- 
eville  District  Office. 
J.  L.  Hancock. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  1-3. 

Descriptors:  *Land  use,  *Land  management, 
•Water  resources  management,  'Water  law,  •Man- 
agement planning,  *Riparian  waters,  'Riparian 
land,  Stream  erosion,  Stream  stabilization,  Stream- 
flow,  Stream  degradation,  Stream  improvement, 
Streams,  Legal  aspects,  Grazing,  Riparian  rights, 
Oregon,  Wildlife  management. 

Management  of  riparian  areas  is  a  key  issue  facing 
land  managers  today.  A  major  challenge  for  the 
manager  is  selling  an  effective  riparian  area  man- 
agement program  to  public  land  users,  interest 
groups,  and  private  landowners  whose  holdings 
are  intermingled  with  public  lands  throughout  the 
west.  A  successful  program  developed  in  central 
Oregon  during  the  past  10  years  is  based  upon  six 
major  steps:  (1)  identifying  benefits  derived  from 
proper  riparian  management  (clean  water,  more 
uniform  stream  flows,  less  soil  erosion,  increased 
livestock  forage,  and  improved  wildlife  habitat), 
(2)  having  access  to  an  'on-the-ground'  recovered 
riparian  area  accomplished  through  grazing  man- 
agement, (3)  bringing  'key  players'  (affected  land- 
owners and  permitees,  interest  group  members, 
agency  personnel,  and  public  land  managers)  to- 
gether 'on-the-ground'  to  agree  on  goals,  alterna- 
tives and  a  plan  of  action,  (4)  closely  monitoring 
progress  in  reaching  goals,  (5)  keeping  all  parties 
involved  and  communicating,  (6)  remaining  flexi- 
ble to  changes  needed  to  make  the  program  work. 
In  summary,  a  strong  coalition  of  land  users,  land- 
owners, and  managers  working  together  on  com- 
monly identified  goals  is  the  key  to  selling  a  suc- 
cessful riparian  management  program.  (See  also 
W90-05491)  (Author's  Abstract) 
W90-05492 


OREGON  WATERSHED  IMPROVEMENT 
COALITION'S  APPROACH  TO  RIPARIAN 
MANAGEMENT. 

Oregon  Watershed  Improvement  Coalition,  Burns. 
Education  Committee. 
M.  L.  Hanson. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  5-6.  2 
ref. 

Descriptors:  'Land  use,  *Land  management, 
•Water  resources  management,  'Water  law,  'Ri- 
parian waters,  'Riparian  land,  'Oregon,  Oregon 
Watershed  Improvement  Coalition,  'Range  man- 
agement, Streams,  Stream  improvement,  Environ- 
mental protection,  Environmental  policy,  Manage- 
ment planning,  Watersheds. 

The  Oregon  Watershed  Improvement  Coalition 
(OWIC)  is  a  unique  coalition  of  ranchers,  environ- 
mentalists, and  range  specialists  dedicated  to  im- 
proving   communications    between    its    member 


groups  and  improving  riparian  ecological  condi- 
tions in  Oregon's  rangeland  environment.  Formed 
in  1986,  the  Oregon  Watershed  Improvement  Coa- 
lition has  developed,  through  a  consensus  process, 
specific  objectives  to  meet  its  goal  of  insuring  the 
long  term  benefits  of  riparian  areas  and  their  asso- 
ciated uplands.  To  achieve  its  objectives,  the  Coa- 
lition is  sponsoring  a  project  in  the  Bridge  Creek 
Watershed  in  central  Oregon.  The  purpose  of  the 
project  is  to  build  and  involve  a  local  coalition  of 
land  owners  in  the  decision-making  and  site  specif- 
ic problem-solving  processes,  and  to  demonstrate 
that  changes  in  management  can  achieve  desired 
goals  in  riparian  and  upland  conditions.  (See  also 
W90-05491)  (Author's  abstract) 
W90-05493 


NEW  APPROACH  TO  RIPARIAN  MANAGE- 
MENT IN  WASHINGTON  STATE. 

Washington  State  Dept.  of  Fisheries,  Olympia. 
D.  E.  Phinney,  M.  S.  Deusen,  S.  M.  Keller,  and  P. 
A.  Knudsen. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  11- 
15.  7  ref,  append. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Washington,  'Manage- 
ment planning,  'Riparian  land,  'Riparian  waters, 
'Riparian  rights,  'Environmental  protection,  'En- 
vironmental policy,  Negotiations,  Remedies,  Legal 
aspects,  Timber  Fish  and  Wildlife  Agreement, 
Land  management,  Logging. 

The  1974  State  Forest  Practices  Act  regulates 
forest  practices  on  state  and  private  forest  lands  in 
Washington  to  protect  public  resources  and  main- 
tain a  viable  timber  industry.  As  successive  revi- 
sions of  the  regulations  were  adopted,  new  con- 
flicts between  the  industry,  tribes,  environmental- 
ists, and  state  agencies  arose.  When  riparian  man- 
agement regulations  were  proposed  in  1986,  ramp- 
ant controversy  erupted.  Industry  representatives 
claimed  economic  bankruptcy;  fish  and  wildlife 
advocates  called  the  proposals  inadequate.  As  a 
result,  several  individuals  sought  to  improve  forest 
practices  regulation,  especially  riparian  area  man- 
agement. With  the  assistance  of  a  nonprofit  corpo- 
ration, representatives  of  all  interests  were  brought 
into  a  negotiating  forum.  After  four  months  of 
intensive  effort,  agreement  was  reached  that  had 
unanimous  endorsement.  The  Timber,  Fish,  and 
Wildlife  Agreement  is  noteworthy  not  only  for  the 
unique  way  it  was  accomplished,  but  also  for  the 
results  achieved.  Riparian  management  require- 
ments with  increased  resource  protection  were  es- 
tablished. The  new  approach  gives  flexibility  to 
loggers  and  still  achieves  resource  protection.  The 
Timber,  Fish,  and  Wildlife  Agreement  incorpo- 
rates framework  and  procedures  that  will  assure 
the  regulations  remain  current.  (See  also  W90- 
05491)  (Author's  abstract) 
W90-05494 


INTEGRATION  OF  RIPARIAN  DATA  IN  A  GE- 
OGRAPHIC INFORMATION  SYSTEM. 

Williamette  National  Forest,  Eugene,  OR. 
For  primary  bibliographic  entry  see  Field  7C 
W90-05495 


USE  OF  HYDROLOGY  IN  RIPARIAN  CLASSI- 
FICATION. 

Bureau  of  Land  Management,   Boise,   ID.   Idaho 

State  Office. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-05500 


MANAGEMENT  OF  WINTER  SOIL  TEM- 
PERATURES TO  CONTROL  STREAMBANK 
EROSION. 

Nevada  Univ.,  Reno.  Dept.  of  Range,  Wildlife  and 

Forestry. 

For   primary   bibliographic   entry   see   Field   4D 

W90-05502 


COMPATIBILITY  OF  LIVESTOCK  GRAZING 
STRATEGIES  WITH  FISHERIES. 


Intermountain  Forest  and  Range  Experiment  Sta- 
tion, Boise,  ID.  Forestry  Sciences  Lab. 
For   primary   bibliographic   entry   see   Field   4D 
W90-05506 


RESPONSE  OF  A  SOUTHWEST  MONTANA 
RIPARIAN  SYSTEM  TO  FOUR  GRAZING 
MANAGEMENT  ALTERNATIVES. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Animal 

and  Range  Sciences. 

For   primary   bibliographic   entry   see   Field   4D 

W90-05507 


GRAZING    AND    RIPARIAN    MANAGEMENT 
IN  SOUTHWESTERN  MONTANA. 

Bureau  of  Land  Management,  Dillon,  MT. 

For   primary   bibliographic   entry   see   Field   4D 

W90-05508 


STREAMSIDE    ZONES    AND    WILDLIFE    IN 
SOUTHERN  U.S.  FORESTS. 
Southern     Forest    Experiment    Station,     Nacog- 
doches, TX.  Wildlife  Habitat  Lab. 
J.  G.  Dickson. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989  p  131- 
133.  1  tab,  15  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Riparian  land,  'Ripari- 
an vegetation,  'Animal  populations,  *Forest  wa- 
tersheds, 'Wildlife  habitats,  'Ecology,  Species  di- 
versity, Amphibians,  Reptiles,  Squirrels,  Stream 
profiles. 

Strips  of  mature  trees,  retained  along  intermittent 
streams  when  stands  are  harvested  and  planted  to 
pine,  reduce  effects  of  nonpoint  pollution  and  en- 
hance wildlife  habitat.  The  Southern  Forest  Exper- 
iment Station  is  investigating  the  effects  of  extent 
and  composition  of  streamside  zones  on  vertebrate 
wildlife  communities  in  pine  forests  in  southern 
USA.  Specifically,  relative  animal  abundance  was 
related  to  narrow  (7-23  m),  medium  (31-40  m),  and 
wide  (52-93  m)  stream  zones.  Virtually  no  squirrels 
or  squirrel  nests  were  found  in  stream  zones  less 
than  40  m  wide  but  were  common  in  those  greater 
than  50  m  wide.  Amphibians  and  reptiles  were 
abundant  in  medium  and  wide  stream  zones  (wider 
than  30  m),  which  were  characterized  by  a  cano- 
pied overstory,  shaded  understory,  and  leaflitter. 
Amphibians  and  reptiles  were  low  in  abundance  in 
the  dense  brushy  narrow  zones  with  logging  slash, 
but  this  habitat  supported  the  highest  abundance  of 
small  mammals.  (See  also  W90-05491)  (Author's 
abstract) 
W90-05510 


REHABILITATING     DEPLETED     RIPARIAN 
AREAS  USING  CHANNEL  STRUCTURES. 

Rocky  Mountain  Forest  and  Range  Experiment 

Station,  Tempe,  AZ. 

For  primary   bibliographic   entry   see   Field   4D. 

W90-05512 


SIMULATION  MODEL  FOR  MANAGING 
FISHERIES  IN  RESERVOIRS  ON  THE  RIO 
GRANDE  OF  NEW  MEXICO. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 

Fishery  and  Wildlife  Sciences. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05515 


EFFECT  OF  A  HYPOLIMNETIC  DISCHARGE 
ON  REPRODUCTIVE  SUCCESS  AND 
GROWTH  OF  WARMWATER  FISH  IN  A 
DOWNSTREAM  IMPOUNDMENT. 

Tennessee  Valley  Authority,  Norris.  Office  of  Nat- 
ural Resources. 

For  primary  bibliographic  entry  see  Field  81. 
W90-05530 
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MULATION  OF  RAINFALL-RUNOFF  RE- 
»ONSE  IN  MINED  AND  UNMINED  WATER- 
IEDS  IN  COAL  AREAS  OF  WEST  VIRGINIA. 

Puente,  and  J.  T.  Atkins. 

mailable  from  Books  and  Open  File  Report  Sec- 
in,  USGS,  Box  25425,  Denver,  CO  80225.  USGS 
ater-Supply  Paper  2298,  1989.  48p,  30  fig,  7  tab, 

ref,  append. 

Escriptors:  *Small  watersheds,  'Simulation  anal- 
is,  *Rainfall-runoff  relationships,  "Coal  mines, 
Vest  Virginia,  Drawdy  Creek,  Runoff,  Hydre- 
mic models,  Model  studies,  Interbasin  transfers, 
irface-groundwater  relations,  Flow  discharge. 

eteorologic  and  hydrologic  data  from  five  small 
itersheds  in  coal  areas  of  West  Virginia  were 
ed  to  calibrate  and  test  the  US  Geological 
irvey  Precipitation-Runoff  Modeling  System  for 
nulating  streamfiow  under  various  climatic  and 
id-use  conditions.  Three  of  the  basins-Horse- 
mp  Run,  Gilmer  Run,  and  Collison  Creek-are 
imarily  forested  and  relatively  undisturbed.  The 
maining  basins-Drawdy  Creek  and  Brier  Creek- 
s  extensively  mined,  both  surface  and  under- 
ound  above  stream  drainage  level.  Model  simula- 
ins  of  the  water  budge'ts  for  the  unmined  basins 
iring  the  1972-73  water  years  indicate  that  total 
nual  runoff  averaged  60%  of  average  annual 
ecipitation;  annual  evapotranspiration  losses 
eraged  40%  of  average  annual  precipitation.  Of 
e  total  annual  runoff,  approximately  91%  was 
rface  and  subsurface  runoff  and  9%  was  ground- 
iter  discharge.  In  contrast,  water  budget  simula- 
ms  for  the  mined  basins  indicate  significant  dif- 
rences  in  annual  recharge  and  in  total  annual 
noff.  Model  simulations  of  the  water  budget  for 
rawdy  Creek  basin  indicate  that  total  annual 
noff  during  1972-73  averaged  only  43%  of  aver- 
e  annual  precipitation-the  lowest  of  all  study 
sins;  annual  evapotranspiration  losses  averaged 
%,  and  interbasin  transfer  of  groundwater  losses 
eraged  about  8%.  Of  the  total  annual  runoff, 
proximately  74%  was  surface  and  subsurface 
>w  and  26%  was  groundwater  discharge.  The 
w  total  annual  runoff  at  Drawdy  Creek  probably 
fleets  increased  recharge  of  precipitation  and 
rface  and  subsurface  flow  losses  to  groundwater, 
ost  of  the  increase  in  groundwater  storage  is,  in 
rn,  lost  to  a  groundwater  sink-namely  interbasin 
uisfer  of  groundwater  by  gravity  drainage  and/ 
mine  pumpage  from  underground  mines  that 
tend  to  adjacent  basins.  Hypothetical  mining  sit- 
itions  were  posed  for  model  analysis  to  determine 
e  effects  of  increased  mining  on  streamfiow  in 
e  mined  basins.  Results  of  model  simulations 
dicate  that  streamfiow  characteristics,  the  water 
idget,  and  the  seasonal  distribution  of  streamfiow 
ould  be  significantly  modified  in  response  to  an 
crease  in  mining  in  the  basins.  (Lantz-PTT) 
'90-05560 


B.  Groundwater  Management 


NALYSIS  OF  THE  EFFECT  OF  PUMPING 
N  GROUND-WATER  FLOW  IN  THE 
PRINGFIELD  PLATEAU  AND  OZARK 
QUIFERS  NEAR  SPRINGFIELD,  MISSOURI. 

eological  Survey,  Rolla,  MO.  Water  Resources 

iv. 

or  primary  bibliographic  entry  see  Field  2F. 

'90-05218 


YDROLOGIC  EFFECTS  OF  PUMPAGE 
ROM  THE  DENVER  BASIN  BEDROCK 
QUIFERS  OF  NORTHERN  EL  PASO 
OUNTY,  COLORADO. 

eological  Survey,  Denver,  CO.  Water  Resources 

liv. 

or  primary  bibliographic  entry  see  Field  2F. 

/90-05219 


fATER-LEVEL  CHANGES  IN  THE  HIGH 
LADMS  AQUIFER  UNDERLYTNG  PARTS  OF 
OUTH  DAKOTA,  WYOMING,  NEBRASKA, 
OLORADO,  KANSAS,  NEW  MEXICO,  OKLA- 
lOMA,  AND  TEXAS-PREDEVELOPMENT 
HROUGH  NONIRRIGATION  SEASON  1987- 


Geological  Survey,  Denver,  CO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-05220 


PROCEDURE  FOR  EVALUATING  OBSERVA- 
TION-WELL NETWORKS  IN  WYOMING,  AND 
APPLICATION  TO  NORTHEASTERN  WYO- 
MING, 1986. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7A. 
W90-05276 


AQUIFER  TESTS  IN  THE  FLOOD-PLAIN  AL- 
LUVIUM AND  SANTA  FE  GROUP  AT  THE 
RIO  GRANDE  NEAR  CANUTILLO,  EL  PASO 
COUNTY,  TEXAS. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-05283 


HYDROGEOLOGY  AND  SIMULATED  EF- 
FECTS OF  GROUND-WATER  DEVELOPMENT 
OF  THE  FLORIDAN  AQUIFER  SYSTEM, 
SOUTHWEST  GEORGIA,  NORTHWEST  FLOR- 
IDA, AND  SOUTHERNMOST  ALABAMA. 
Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-05562 

4C.  Effects  On  Water  Of 
Man's  Non- Water 
Activities 


PLAYA  LAKES:  PRAIRIE  WETLANDS  OF  THE 
SOUTHERN  HIGH  PLAINS. 

North  Carolina  Univ.  at  Wilmington. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04555 


DEAD  SEA  SURFACE-LEVEL  CHANGES. 

Weizmann    Inst,    of   Science,    Rehovoth    (Israel). 

Dept.  of  Isotope  Research. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04559 


RAINFALL  TIME  SERIES  FOR  STORM  OVER- 
FLOW ASSESSMENT. 

Water    Research    Centre,     Swindon    (England). 

Swindon  Engineering  Centre. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-04772 


TROPICAL  DEFORESTATION  TRIGGERS  EC- 
OLOGICAL CHAIN  REACTION. 

Water  Environment  and  Technology,  Alexandria, 

Virginia. 

A.  B.  Nichols. 

Water  Environment  and  Technology,  Vol.  1,  No. 

2,  p  320-327,  October  1989. 

Descriptors:  *Dams,  'Deforestation,  Climates, 
Erosion,  Siltation,  'Land  use,  'Environmental  ef- 
fects, Tropical  regions. 

Deforestation  of  the  world's  tropical  forests  is  hap- 
pening at  alarming  rates.  The  ecological  implica- 
tions of  cutting  down  and  burning  so  many  trees 
are  environmental  and  political  issues.  Here,  the 
effects  of  deforestation-climate  changes  and  unbal- 
anced ecosystems-are  described.  Erosion,  loss  of 
windbreaks,  reduced  animal  habitats,  disrupted 
groundwater  regulation  and  upset  nitrogen  cycle 
are  just  some  of  the  problems  attributed  to  defor- 
estation. Dams  are  both  a  cause  and  a  victim  of 
deforestation.  They  are  readily  silted  in  as  a  result 
of  deforestation  and  also  cause  flooding  which 
leads  to  further  erosion  and  sedimentation.  Two 
glaring  examples  of  misguided  development 
projects  that  have  harmed  the  forest  are  the  Bal- 
bina  Dam  in  the  Amazon  basin  and  the  Sardar 


Sarovar  Dam  in  the  Indian  state  of  Gujarat.  (Male- 
PTT) 

W90-04881 


WINTER  ABUNDANCE  OF  CHANNEL  CAT- 
FISH IN  THE  CHANNELIZED  MISSOURI 
RIVER,  NEBRASKA. 

Nebraska  Game  and  Parks  Commission,  Lincoln. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-04916 


METHODS  OF  EVALUATING  THE  RELA- 
TION OF  GROUND-WATER  QUALITY  TO 
LAND  USE  IN  A  NEW  JERSEY  COASTAL 
PLAIN  AQUIFER  SYSTEM. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05105 


RELATIONS  BETWEEN  LAND  USE  AND 
WATER  QUALITY  IN  THE  HIGH  PLAINS  AQ- 
UIFER OF  SOUTH-CENTRAL  KANSAS. 

Geological  Survey,  Lawrence,  KS. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05107 


STATISTICAL  COMPARISON  OF  GROUND- 
WATER QUALITY  IN  FOUR  LAND-USE 
AREAS  OF  STRATIFIED-DRIFT  AQUIFERS  IN 
CONNECTICUT. 

Geological  Survey,  Hartford,  CT. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05111 


URBAN  LAND  POLICY:  SELECTED  ASPECTS 
OF  EUROPEAN  EXPERIENCE. 

Department  of  Housing  and  Urban  Development, 
Washington,  DC.  Office  of  International  Affairs. 
P.  F.  Patman,  R.  J.  Burroughs,  E.  J.  Howenstine, 
S.  E.  Smigel,  and  Z.  K.  Szczepanski. 
Department  of  Housing  and  Urban  Development, 
Washington,  DC.  Report  No.  HUD-94-SF,  March 
1969.  219p,  7  tab,  76  ref. 

Descriptors:  'Europe,  'Public  policy,  'Urbaniza- 
tion, 'Land  use,  History,  Management  planning, 
Economic  aspects. 

This  report  surveys  certain  facets  of  European 
urban  land  policy,  and  is  a  second  study  on  foreign 
developments  in  the  fields  of  housing,  building  and 
planning.  The  general  historical,  cultural  and  envi- 
ronmental setting  in  which  European  land  policy 
developed  is  reviewed  in  Chapter  1.  Chapter  2 
discusses  the  growing  scarcity  of  urban  land  in 
Europe,  and  the  actions  taken  by  European  gov- 
ernments. Chapter  3  focuses  briefly  on  European 
physical  planning  principles  and  processes,  and 
their  increasingly  close  relationships  with  econom- 
ic planning.  It  also  examines  the  methods  used  to 
carry  out  such  planning  to  achieve  more  socially 
and  economically  desirable  land  use.  Chapter  4 
reviews  the  available  data  on  major  European 
growth  patterns,  and  considers  the  comparative 
costs  of  alternative  forms  of  urban  expansion.  The 
role  played  by  infrastructure  as  a  tool  of  urban 
land  policy,  with  particular  attention  to  the  devel- 
opment of  urban  centers  in  economically  lagging 
areas,  is  examined  in  Chapter  5.  Chapter  6  summa- 
rizes and  comments  on  the  lessons  learned  from 
European  experience.  (Lantz-PTT) 
W90-05138 


CHEMICAL  CHARACTERISTICS,  INCLUDING 
STABLE-ISOTOPE  RATIOS,  OF  SURFACE 
WATER  AND  GROUNDWATER  FROM  SE- 
LECTED SOURCES  IN  AND  NEAR  EAST 
FORK  ARMELLS  CREEK  BASIN,  SOUTH- 
EASTERN MONTANA,  1985. 
Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  2K. 
W90-05204 
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Field  4— WATER  QUANTITY  MANAGEMENT  AND  CONTROL 
Group  4C — Effects  On  Water  Of  Man's  Non-Water  Activities 


EFFECTS  OF  AGRICULTURAL  PRACTICES 
AND  SEPTIC-SYSTEM  EFFLUENT  ON  THE 
QUALITY  OF  WATER  IN  THE  UNCONFINED 
AQUIFER  IN  PARTS  OF  EASTERN  SUSSEX 
COUNTY,  DELAWARE. 
Delaware  Geological  Survey,  Newark. 
J.  M.  Denver. 

Available  from  Delaware  Geological  Survey,  Uni- 
versity of  Delaware,  Newark,  DE  19716.  Report 
of  Investigations  No.  45,  June  1989.  66p,  21  fig,  5 
tab,  26  ref,  append. 

Descriptors:  'Land  use,  'Water  pollution  sources, 
•Nitrates,  *Unconfined  aquifers,  *Water  quality, 
•Fertilizers,  'Septic  wastewater,  'Groundwater 
pollution,  'Delaware,  Agricultural  irrigation, 
Land  use,  Groundwater  movement,  Groundwater 
recharge,  Chemical  reactions,  Natural  waters,  At- 
lantic Coastal  Plain. 

The  unconfined  aquifer  in  eastern  Sussex  County, 
Delaware  consists  mainly  of  quartz  sand  and 
gravel;  its  shallow  water  table  is  susceptible  to 
contamination  by  nitrate  and  other  chemical  con- 
stituents associated  with  agricultural  practices  and 
septic-system  effluent.  The  distribution  and  move- 
ment of  nitrate  and  other  fertilizer  components 
were  studied  by  measuring  water  levels  and  by 
collecting  and  analyzing  groundwater  samples 
from  piezometers  screened  at  various  depths 
around  a  220-acre  irrigated  field.  There  is  a  direct 
relation  between  concentrations  of  nitrate  and  spe- 
cific conductance.  Therefore,  specific  conductance 
was  used  to  estimate  nitrate  concentrations  in 
water  samples  and  to  indicate  the  degree  of  agri- 
cultural influence  on  water  chemistry.  Factors  in- 
cluding upgradient  land  use,  groundwater  pump- 
ing, fertilizer  application  rates,  magnitude  and 
timing  of  recharge,  and  heterogeneous  aquifer 
properties  affect  the  distribution  of  agricultural 
chemicals  in  the  aquifer.  Concentrations  of  nitrate 
ranged  from  less  than  2  to  grater  than  40  mg/L. 
Although  chemical  constituents  associated  with 
agriculture  generally  decreased  with  depth  in  the 
aquifer,  nitrate  (as  nitrogen)  concentrations  were 
as  high  as  29  mg/L  near  the  base  of  the  aquifer. 
Eleven  wells  where  water  quality  is  affected  solely 
by  septic-system  effluent  were  located  and  sam- 
pled. The  chemical  components  of  septic-system 
effluent  also  are  present  in  manures,  fertilizers,  and 
pesticides,  and  their  presence  cannot  be  used  to 
identify  uniquely  the  source  of  groundwater  con- 
tamination. (USGS) 
W9O-052O9 


INVENTORY  AND  EVALUATION  OF  BIO- 
LOGICAL INVESTIGATIONS  THAT  RELATE 
TO  STREAM-WATER  QUALITY  IN  THE 
UPPER  ILLINOIS  RIVER  BASIN  OF  ILLI- 
NOIS, INDIANA,  AND  WISCONSIN. 
Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05224 


VARIATIONS  IN  RESERVOIR  SEDIMENTA- 
TION IN  SCOTLAND  IN  RESPONSE  TO  LAND 
USE  CHANGES. 

Saint  Andrews  Univ.  (Scotland).  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2J. 
W90-05453 


EVALUATION  OF  THE  U.S.  FOREST  SERVICE 
'COWFISH'  MODEL  FOR  ASSESSING  LIVE- 
STOCK IMPACTS  ON  FISHERIES  IN  THE 
BEAVERHEAD  NATIONAL  FOREST,  MON- 
TANA. 

Montana    Dept.    of    Fish,    Wildlife    and    Parks, 
Helena. 
B.  B.  Shepard. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  23- 
33.  2  fig,  5  tab,  28  ref. 

Descriptors:  •  Environmental  impact,  *Land  man- 
agement, 'Water  resources  management,  'Water 
law,  'Trout,  'Fish  populations,  'COWFISH 
model.  'Model  studies,  'Stream  fisheries,  'Graz- 


ing, 'Montana,  'Range  management,  Streams, 
Stream  biota,  Streamflow,  Stream  gradient,  Fish, 
Aquatic  habitats. 

The  COWFISH  fish  habitat  model  developed  by 
the  U.S.  Forest  Service  was  evaluated  during  1986 
and  1987  at  43  stream  sites  within  the  Beaverhead 
National  Forest,  Montana  to  determine  the  ability 
of  the  model  to  assess  effects  of  livestock  grazing 
on  trout  fisheries.  The  COWFISH  model  uses  a 
field  survey  of  five  variables  (percentage  of 
streambank  with  overhanging  vegetation,  percent- 
age embeddedness,  percentage  of  the  streambank 
undercut,  percentage  of  the  streambank  in  an  al- 
tered condition,  and  width:depth  ratio)  in  associa- 
tion with  channel  gradient  and  the  presence  or 
absence  of  granitic  parent  material  within  the 
drainage  to  predict  optimum  and  existing  numbers 
of  catchable  (152  mm  total  length  and  longer) 
trout.  The  model  predicted  reasonable  estimates  of 
catchable  cutthroat  trout  Oncorhynchus  clarki, 
rainbow  trout  O.  mykiss,  and  hybrids  of  these 
species  at  19  sites  where  one  or  more  of  these 
forms  occurred;  however,  predicted  numbers  of 
catchable  brook  trout  Salvelinum  fontinalis  were 
imprecise  at  the  26  sites  containing  brook  trout. 
Habitat  suitability  index  results  for  field  data  col- 
lected by  different  observers  did  not  appear  to  be 
significantly  different,  and  results  for  sites  that 
deviated  from  model  site  criteria  were  not  signifi- 
cantly different  from  sites  that  met  site  criteria. 
Minor  modifications  in  the  model  appeared  to 
slightly  improve  model  performance.  Use  of  the 
COWFISH  model  by  range  professionals  and  live- 
stock permittees  did  increase  their  awareness  of  the 
effects  of  livestock  grazing  on  aquatic  resources. 
(See  also  W90-05491)  (Author's  abstract) 
W90-05496 


MITIGATION  MEASURES  RECOMMENDED 
IN  CONNECTICUT  TO  PROTECT  STREAM 
AND  RIPARIAN  RESOURCES  FROM  SUBUR- 
BAN DEVELOPMENT. 

Connecticut  Dept.  of  Environmental  Protection, 
Marlborough.  Bureau  of  Fisheries. 
B.  D.  Murphy,  and  C.  L.  Phillips. 
IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  35- 
39.  2  fig,  1  tab,  16  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Riparian  waters,  'Ri- 
parian land,  'Urban  planning,  'Connecticut,  'En- 
vironmental protection,  Riparian  rights,  Legal  as- 
pects, Environmental  policy,  Trout,  Stream  degra- 
dation, Stream  biota,  Stream  pollution,  Erosion, 
Water  pollution  prevention. 

Accelerating  suburban  development  in  eastern 
Connecticut  threatens  to  degrade  valuable  stream 
and  riparian  zone  habitat.  A  representative  case 
was  the  proposed  construction  of  a  large  condo- 
minium complex  along  the  Hop  River,  an  impor- 
tant trout  stream.  An  environmental  assessment 
was  requested  by  local  officials  to  delineate  im- 
pacts of  residential  development  on  the  Hop  River 
and  recommend  feasible  mitigation  measures.  The 
following  impacts  were  anticipated:  (1)  elimination 
of  mixed  hardwood-shrub  riparian  habitat,  (2)  soil 
erosion  and  sedimentation,  and  (3)  percolation  of 
heated,  fertile  septic  effluent  into  the  River.  Cumu- 
latively, these  impacts  will  result  in  reduced  trout 
and  macroinvertebrate  production  as  well  as  water 
quality  degradation.  Recommended  mitigation 
measures  were:  (1)  protect  riparian  zone  habitat  by 
maintaining  a  30-m  buffer  along  each  side  of  the 
river;  this  buffer  width  is  desirable  due  to  site 
slopes  greater  than  15%  and  erodible  soils,  (2) 
install  erosion  and  sedimentation  controls  during 
construction;  controls  include  a  filter  fabric  sedi- 
ment fence,  staked  hay  bales,  and  sediment  deten- 
tion basin,  and  (3)  properly  locate  the  community 
septic  system  to  eliminate  groundwater  pollution. 
Stream  protection  requires  conscientious  planning 
by  natural  resource  managers,  developers,  and 
local  officials.  Mitigation  measures  are  mandatory 
to  assist  in  the  preservation  of  stream  and  riparian 
resources  from  the  adverse  effects  of  suburban 
development.  (See  also  W90-05491)  (Author's  ab- 
stract) 
W90-05497 


INTEGRATED  RIPARIAN  PLANNING  IN  THE 
URBAN  SETTING. 

TGS  Technology,  Inc.,  Fort  Collins,  CO. 
G.  C.  Horak. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  41- 
43.  7  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Open  space,  'Colora- 
do, 'Riparian  waters,  'Recreation  demand,  'Ri- 
parian land,  'Riparian  rights,  Legal  aspects,  Envi- 
ronmental protection,  Environmental  policy, 
Urban  planning,  Management  planning,  Stream  im- 
provement. 

The  city  of  Fort  Collins,  Colorado  has  implement- 
ed an  innovative  approach  to  riparian  area  creation 
and  preservation.  In  1974,  the  Fort  Collins  City 
Council  approved  the  Open  Space  Plan  that  is  an 
element  in  the  Comprehensive  Plan  of  the  City.  In 
April  1973,  a  1%  sales  tax  increase  was  approved 
by  the  voters  for  capital  improvements,  including 
money  for  open  space  land  acquisition  and  acquisi- 
tion of  additional  parks.  Because  of  development 
pressure,  the  plan  also  recommended  the  dedica- 
tion of  a  right-of-way  for  a  non-motorized  trail 
system.  It  was  recommended  that  areas  of  unique 
vegetation  and  wildlife  habitat  be  acquired.  The 
plan  also  noted  that  floodplains  should  be  main- 
tained as  open  space.  The  solid  foundation  provid- 
ed by  farsighted  plans  (open  space,  basin  master, 
urban  fishery,  wildlife,  and  national  recreation  area 
plans)  are  contributing  elements  to  sensitive  and 
sensible  decisions  concerning  riparian  areas.  The 
citizens  of  Fort  Collins,  through  these  specific 
plans  and  actions,  have  been  successfully  protect- 
ing riparian  areas.  Thus,  lands  and  waters  are  being 
preserved  that  are  beneficial  to  fish  and  wildlife 
and  provide  the  citizens  of  Fort  Collins  with  func- 
tional values  such  as  flood  protection  and  recre- 
ational benefits.  (See  also  W90-05491)  (Mertz- 
PTT) 
W90-05498 


INTERRELATIONSHIP  BETWEEN  WATER- 
SHED CONDITION  AND  HEALTH  OF  RIPAR- 
IAN AREAS  IN  SOUTHWESTERN  UNITED 
STATES. 

Rocky  Mountain  Forest  and   Range  Experiment 

Station,  Tempe,  AZ. 

For   primary   bibliographic   entry   see   Field   4D. 

W90-05499 


NUTRIENT  CYCLING  AT  THE  LAND-WATER 
INTERFACE:  THE  IMPORTANCE  OF  THE  RI- 
PARIAN ZONE. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Rangeland 
Resources. 

D.  M.  Green,  and  J.  B.  Kauffman. 
IN:   Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  61- 
68.  2  fig,  3  tab,  80  ref. 

Descriptors:  'Watershed  management,  'Cycling 
nutrients,  'Land  management,  'Water  resources 
management,  'Water  law,  'Riparian  land,  'Ripari- 
an waters,  'Water  chemistry,  Poa,  Kentucky  blue- 
grass,  Sedges,  Carex,  Mannagrass,  Anaerobic  con- 
ditions, Aerobic  conditions,  Oxidation-reduction 
potential,  Phosphorus,  Denitrification,  Ecosystems, 
Ecology. 

Riparian  ecosystems  are  sites  of  important  biogeo- 
chemical  processes  that  affect  the  composition  and 
structure  of  the  streamside  biota,  as  well  as  aquatic 
systems.  Microbial  activity,  coupled  with  the  slow 
diffusion  of  oxygen  in  waterlogged  riparian  soils, 
causes  anaerobic  conditions  and  reduction  in  re- 
duction-oxidation (redox)  potential.  Redox  poten- 
tials provide  a  useful  measurement  as  to  the  intensi- 
ty of  anaerobic  conditions  and  the  degree  of  chem- 
ical transformation  in  riparian  zones.  Under  anaer- 
obic conditions,  biogeochemical  cycles  differ 
greatly  from  the  aerobic  conditions  of  surrounding 
uplands.  Different  plant  species  are  adapted  to 
survive  in  varying  levels  of  reduced  waterlogged 
conditions  such  that  different  plant  communities 
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occupy  sites  of  different  redox  potential.  For  exam- 
ple, Kentucky  bluegrass  Poa  pratensis-timothy 
Phleum  pratense  communities  occurred  in  areas  of 
high  redox  potential  (well  drained  soils)(570  mV), 
beaked  sedge  Carex  rostrata  in  moderate  redox 
potential  (-48  mV),  and  tall  mannagrass  Glyceria 
grandis  (-164  mV)  in  waterlogged,  anaerobic  soils. 
Recent  research  has  shown  that  low  redox  poten- 
tials result  in  denitrification  and  that  phosphorus 
immobilization  processes  occur  within  intact  ripar- 
ian ecosystems,  thereby  greatly  influencing  water 
quality.  The  effects  of  grazing  or  other  anthropo- 
genic disturbances  can  alter  these  biogeochemical 
cycles  resulting  in  drastic  alterations  in  riparian 
vegetation  composition  and  productivity,  aquatic 
ecosystems,  and  water  quality.  Given  these  impor- 
tant linkages  to  resource  productivity,  the  effect  of 
land  use  activities  on  biogeochemical  cycles  of 
riparian/stream  ecosystems  should  be  considered. 
(See  also  W90-05491)  (Author's  abstract) 
W90-05501 


MANAGEMENT  IMPLICATIONS  FOR  RIPAR- 
IAN DOMINANCE  TYPES  OF  MONTANA. 

Montana  Univ.,  Missoula.  School  of  Forestry. 
For  primary  bibliographic  entry  see  Field  6B. 
W90-O5504 


EFFECTS  OF  VEGETATION  AND  LAND  USE 
ON  CHANNEL  MORPHOLOGY. 

Wisconsin  Univ.-Madison.  Dept.  of  Geography. 
C.  Clifton. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  121- 
129.  7  fig,  6  tab,  23  ref. 

Descriptors:  'Land  management,  *Water  resources 
management,  'Water  law,  *Riparian  land,  'Chan- 
nel morphology,  'Riparian  waters,  'Grazing, 
•Streams,  Forest  watersheds,  Mountain  streams, 
Vegetation  regrowth,  Stream  profiles,  Temporal 
variability,  Spatial  variability,  Environmental  pro- 
tection. 

Spatial  and  temporal  morphologic  variability  in 
mountain  streams  may  be  attributed  to  local  pre- 
vailing conditions.  Morphologically  distinct 
reaches  of  Wickiup  Creek,  in  the  Blue  Mountains 
of  central  Oregon,  result  from  differences  in  the 
composition  and  structure  of  streamside  vegeta- 
tion, physiography,  and  land  use.  Comparisons  of 
grazed  and  ungrazed  meadow  reaches  and  a  forest- 
ed reach  loaded  with  large  organic  debris  reveal 
specific  differences  related  to  the  local  environ- 
mental setting,  Overall,  width,  depth,  and  cross 
section  area  do  not  increase  systematically  down- 
stream. The  greatest  widths  are  found  in  the  forest- 
ed reach.  Stream  depths  are  at  a  maximum  through 
the  ungrazed  meadow  reach.  Spatial  variability 
results  from  prevailing  vegetation  conditions.  Tem- 
poral variability  in  the  ungrazed  exclosure  results 
from  the  exclusion  of  livestock  and  subsequent 
revegetation  of  the  meadow.  Over  a  50-year  period 
without  grazing,  a  94%  reduction  in  channel  cross 
section  area  occurred.  (See  also  W90-05491)  (Au- 
thor's abstract) 
W90-05509 


ECOLOGY  OF  TAMPA  BAY,   FLORIDA:   AN 
ESTUARINE  PROFILE. 

Mangrove  Systems,  Inc.,  Tampa,  FL. 

For  primary  bibliographic  entry  see  Field  2L. 
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SLOPE  AND  PHOSPHOGYPSUM'S  EFFECTS 
ON  RUNOFF  AND  EROSION. 

Agricultural    Research    Organization,    Bet-Dagan 

(Israel).  Volcani  Center. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-04626 


DESIGN   OF   ROADSIDE   CHANNELS   WITH 
FLEXIBLE  LININGS. 

Simons,  Li  and  Associates,  Inc.,  Fort  Collins,  CO. 


Y.  H.  Chen,  and  G.  K.  Cotton. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB89-122584. 

Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 

Hydraulic    Engineering    Circular    No.    15,    April 

1988.    112p,   32   fig,   6   tab,   25   charts,   23   ref,   4 

append. 

Descriptors:  'Erosion  control,  'Ditches,  'Road 
construction,  'Linings,  'Bank  stabilization,  Vege- 
tation, Gravel,  Riprap,  Stabilization. 

Flexible  linings  provide  a  means  of  stabilizing 
roadside  channels.  Flexible  linings  are  able  to  con- 
form to  changes  in  channel  shape  while  maintain- 
ing the  overall  lining  integrity.  Permanent  flexible 
lining  such  as  riprap,  gravel,  or  vegetation  rein- 
forced with  synthetic  mat  are  suitable  for  hydrau- 
lic conditions  similar  to  those  requiring  rigid  lin- 
ings. Vegetation  or  temporary  linings  are  suited  to 
hydraulic  condition  where  uniform  flow  exists  and 
shear  stresses  are  moderate.  Design  procedures  are 
given  for  rock  riprap,  wire-enclosed  riprap,  gravel 
riprap,  woven  paper  net,  jute  net,  fiberglass  roving, 
curled  wood  mat,  synthetic  mat,  and  straw  with 
net.  Special  design  procedures  are  presented  for 
composite  channels  and  channels  with  steep  gradi- 
ents. The  design  procedures  are  based  on  the  con- 
cept of  maximum  permissible  tractive  force.  Meth- 
ods for  determination  of  hydraulic  resistance  and 
permissible  shear  stress  for  individual  linings  are 
presented.  Nomographs  are  provided  for  solution 
of  uniform  flow  conditions  in  trapezoidal  channels. 
Nomographs  are  also  provided  for  determination 
of  resistance  characteristics  for  vegetation  and  per- 
missible shear  stress  for  soils.  (Author's  abstract) 
W90-05130 


MINERALOGY  AND  GRAIN  SIZE  OF  SURFI- 
CIAL  SEDIMENT  FROM  THE  LITTLE  LOST 
RIVER  AND  BIRCH  CREEK  DRAINAGES, 
IDAHO  NATIONAL  ENGINEERING  LABORA- 
TORY, IDAHO. 

Geological  Survey,  Idaho  Falls,  ID.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2J. 
W90-05273 


NEW  REVETMENT  DESIGN  CONTROLS 
STREAMBANK  EROSION. 

Forest  Service,  Albuquerque,  NM.  Southwestern 

Region. 

R.  A.  Lafayette,  and  D.  W.  Pawelek. 

Public  Works  PUWOAH,  Vol.  120,  No.  13,  p  54- 

57,  December  1989.  2  fig,  6  ref. 

Descriptors:  'Riprap,  'Bank  stabilization,  'Bank 
erosion,  'Stream  banks,  'Erosion  control,  Bank 
protection,  Stream  erosion,  Channel  degradation, 
Fences,  Fluvial  sediments,  Construction  materials, 
New  Mexico. 

A  watershed  condition  analysis  of  the  Bluewater 
Creek  watershed  near  Grants,  NM,  showed  that 
stream  channel  meander  cutting  continued  to  pro- 
vide excessive  sediments  to  the  fluvial  system.  The 
problem  sites  were  located  along  the  main  channel 
of  Bluewater  Creek,  one  of  two  major  streams 
contributing  most  of  the  flow  into  Bluewater  Lake, 
a  2,350  acre  impoundment  in  northwestern  NM.  A 
long-term  program  to  improve  hydrologic  function 
and  resultant  benefits  included  controlling  exces- 
sive streambank  erosion.  Channel  degradation  and 
stream  meandering  had  left  several  actively  erod- 
ing streambanks  along  the  main  Bluewater  Creek 
channel.  Various  streambank  erosion  control  meas- 
ures were  evaluated  for  their  advantages  and  dis- 
advantages, including  livestock  control,  riparian 
planting,  bank  shaping,  gabions,  Kellner  jacks  or 
tetrahedrons,  and  porous  fence  revetment.  The 
latter  method  was  chosen,  partly  since  it  allows 
water  to  pass  through  the  system,  and  encourages 
plant  growth.  The  fence  design  chosen  uses  pre- 
drilled  galvanized  steel  U-channel  sign  posts,  with 
fence  material  of  12.5  gauge  galvanized  V-mesh 
woven  wire.  The  revetment  consists  of  two  ele- 
ments: one  or  more  main  segments  aligned  parallel 
to  flow,  and  a  series  of  baffles  oriented  perpendicu- 
lar to  flow,  extending  from  the  main  segments  back 
into  the  stream  bank.  All  disturbed  soil  was  seeded 
to    promote    groundcover    and    reduce    erosion. 


Local  willow  cuttings  and  Cottonwood  poles  were 
planted,  and  livestock  grazing  was  eliminated  for 
at  least  five  years.  The  revetments  were  installed  at 
two  sites  in  late  fall  1986.  The  project  has  survived 
both  high  spring  runoff  and  summer  runoff  events. 
Bank  erosion  is  reduced,  sediment  deposition  is 
occurring  as  planned,  and  plant  growth  is  excel- 
lent. (VerNooy-PTT) 
W90-05331 


NEW  METHOD  OF  STREAM  BANK  PROTEC- 
TION. 

Saint  Charles  City  Engineer's  Office,  MO. 

C.  Baber. 

Public  Works  PUWOAH,  Vol.  120,  No.  13,  p  46, 

December  1989. 

Descriptors:  'Retaining  walls,  'Bank  protection, 
'Bank  stabilization,  'Stream  banks,  'Erosion  con- 
trol, Bank  erosion,  Construction  methods,  Con- 
struction costs. 

With  five  creeks  flowing  through  its  residential 
and  commercial  developments,  the  property 
owners  in  St.  Charles,  MO  are  all  too  familiar  with 
creek  bank  erosion.  Over  the  years  a  variety  of 
methods  have  been  employed  by  the  city  and 
private  owners  in  an  attempt  to  curb  this  erosion. 
Serious  bank  erosion  at  Cole  Creek  resulted  in  the 
city  investigating  various  erosion  control  methods, 
including  grid  confinement,  an  interlocking  sheet- 
piling  wall,  concrete  retaining  wall,  and  gabion 
basket  wall.  A  new  method  of  creek  bank  stabiliza- 
tion was  introduced  to  the  city  in  late  1987  and 
subsequently  used  at  the  Cole  Creek  site.  The 
Waterloffel  method,  is  a  variation  of  the  Loffel- 
stein  wall  system  that  originated  in  Europe.  This 
retaining  wall  system  consists  of  trough  shaped 
concrete  modules  or  units  (18  in.  x  26  in.  and  176 
pounds)  with  interlocking  wings.  The  configura- 
tion of  the  modules  will  allow  vegetation  to  grow 
along  the  wall  eventually,  blending  the  wall  into  its 
natural  surroundings.  The  completed  Waterloffel 
wall  is  85  ft  long  and  20  ft  high,  and  cost  about 
$56,000  to  construct.  This  represents  a  34%  sav- 
ings over  the  gabion  basket  wall,  the  next  least 
expensive  option  considered.  (VerNooy-PTT) 
W90-05332 


FILL  SLOPE  REPAIR  USING  SOIL  BIOEN- 
GINEERING  SYSTEMS. 

Sotir  (Robbin  B.)  and  Associates,  Marietta,  GA. 
For  primary  bibliographic  entry  see  Field  8D. 
W90-05333 


EMERGENCY  WATERSHED  PROTECTION 
USING  STRAW  BALES. 

Miles  (Thomas  R.),  Portland,  OR. 
T.  R.  Miles,  J.  Burt,  K.  Hale,  and  J.  Lofton. 
Public  Works  PUWOAH,  Vol.  120,  No.  13,  p  32- 
35,  December  1989.  2  tab,  4  ref. 

Descriptors:  'Check  dams,  'Reservoir  silting, 
'Straw,  'Soil  erosion,  'Sediment  control.  'Water- 
shed management,  Silting,  Reservoir  operation, 
Erosion  control,  Planting  management,  Seeds,  Or- 
ganizations, Construction  methods,  Oregon. 

An  emergency  watershed  protection  project  was 
carried  out  in  a  municipal  watershed  in  western 
Oregon  after  forest  fires  caused  extreme  damage  to 
Dallas,  Oregon's  sole  water  supply.  Public  and 
private  entities  cooperated  to  seed  damaged  areas 
and  build  temporary  dams  to  protect  the  reservoir 
fiom  siltation  during  winter  storms.  This  article 
describes  the  results  of  project  organization  and 
coordination  using  coordinated  resource  manage- 
ment planning,  aerial  seeding  on  forest  soils,  and 
the  construction  and  maintenance  of  temporary 
dams  using  large  straw  bales,  transported  by  heli- 
copter. The  1987  fire  left  3,000  acres  bare  and 
2,000  acres  partially  burned.  Most  upper  slopes 
were  bare,  and  the  watershed  has  long  slopes  rang- 
ing from  30%  to  over  75%.  While  the  fire  was  still 
burning,  the  Soil  and  Water  Conservation  District 
convened  a  coordinated  resource  management 
planning  meeting  to  consider  the  erosion  problem. 
AH  work  was  completed  less  than  6  weeks  after 
the  fire  began  and  consisted  of  grass  seeding,  tree 


as 


83 


Field  4— WATER  QUANTITY  MANAGEMENT  AND  CONTROL 
Group  4D — Watershed  Protection 


planting,  and  construction  of  a  rock  sediment  re- 
tention dam  and  straw  bale  sediment  dams  at  19 
sites.  The  large  straw  bales  were  stable,  especially 
where  they  became  saturated  with  silt.  Sites,  con- 
struction and  maintenance  of  the  19  straw  dams  are 
detailed.  After  the  first  year  there  was  significant 
grass  cover,  sediment  structures  were  full,  sedi- 
ment in  the  reservoir  was  minimal  and  the  city 
reported  few  problems  with  fine  sediment  down- 
stream. Participating  engineers  highly  recommend 
the  straw  dam  technique  for  sediment  control  and 
non-point  source  pollution  control.  (VerNooy- 
PTT) 
W90-05334 


INTERRELATIONSHIP  BETWEEN  WATER- 
SHED CONDITION  AND  HEALTH  OF  RIPAR- 
IAN AREAS  IN  SOUTHWESTERN  UNITED 
STATES. 

Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Tempe,  AZ. 
L.  F.  Debano,  and  L.  J.  Schmidt. 
IN.  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  45- 
52.  2  tab,  51  ref. 

Descriptors:  *Land  management,  'Water  resources 
management,  *Water  law,  'Watershed  manage- 
ment, 'Riparian  land,  'Riparian  waters,  'Environ- 
mental protection,  'Watersheds,  Streams,  Stream 
erosion,  Livestock,  Streamflow,  Stream  degrada- 
tion. Grazing,  Management  planning. 

Sensitive  hydrologic  interrelationships  exist  be- 
tween watershed  condition  and  the  health  of  asso- 
ciated riparian  areas  in  the  southwestern  USA.  The 
impact  of  extensive  unmanaged  livestock  grazing, 
wildfires,  and  past  forest  clearing,  coupled  with 
numerous  small  linear  perturbations  such  as  travel- 
ways,  low  standard  roads,  and  livestock  trails,  has 
dramatically  illustrated  the  interrelationship  be- 
tween watershed  condition  and  riparian  health. 
Vegetation  removal  and  soil  compaction  substan- 
tially increased  surface  runoff,  produced  sediment- 
laden  flows,  and  increased  erosive  power  to  the 
channel  system,  upsetting  the  balance  between  ri- 
parian areas  and  the  surrounding  watershed.  This 
led  to  the  degradation,  or  in  some  cases  complete 
destruction,  of  many  riparian  areas.  A  key  factor  in 
improving  deteriorated  riparian  areas  is  under- 
standing the  balance  that  existed  between  water- 
shed condition  and  riparian  health  in  near  pristine 
conditions.  Under  such  conditions,  watershed 
slopes  and  riparian  channels  were  able  to  dissipate 
rainfall  and  concentrate  flow  energies  produced 
during  different  precipitation  events.  The  interde- 
pendency  between  hydrologic  processes  operating 
on  upland  slopes  of  a  watershed  and  the  channel 
processes  affecting  downstream  riparian  stability  in 
the  southwestern  USA  are  discussed.  The  most 
obvious  practices  benefiting  riparian  communities 
are  upstream  treatments  aimed  at  improving  water- 
shed condition,  lengthening  duration  of  stream- 
flow,  and  stabilizing  channels  to  reduce  erosion. 
Improving  watershed  condition  involves  improved 
livestock  management,  which  is  sometimes  supple- 
mented by  cultural  treatments,  to  gain  better  live- 
stock distribution  and  control.  In  addition,  strategi- 
cally applied  mechanical  stabilization  of  channels 
may  become  a  necessary  part  of  restoration  treat- 
ment when  significant  gullying  and  erosion  has 
occurred  in  upland  tributaries.  (See  also  W90- 
05491)  ^Mertz-PTT) 
W90-05499 


MANAGEMENT  OF  WINTER  SOIL  TEM- 
PERATURES TO  CONTROL  STREAMBANK 
EROSION. 

Nevada  Univ.,  Reno.  Dept.  of  Range,  Wildlife  and 
Forestry. 
C.  Bohn 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  69- 
71.  2  tab,  20  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  laws,  'Soil  water,  'Freeze- 
thaw  tests,  'Soil-water-plant  relationships,  'Freez- 
ing, 'Riparian  land,  'Stream  banks,  'Temperature 


effects,  Stream  degradation,  Nevada,  Grass,  Soil 
stabilization,  Soil  temperature. 

Winter  soil  temperatures  were  measured  in  stream- 
banks  under  different  vegetation  cover  conditions 
in  northeastern  Nevada.  Grass  provided  significant 
streambank  insulation  at  two  different  elevations 
and  aspects  when  compared  to  bare  soils.  Grass 
cover  moderated  average  maximum  and  minimum 
soil  temperatures,  reduced  average  daily  soil  tem- 
perature fluctuations,  and  decreased  the  number  of 
days  that  the  soil  temperature  fell  below  0  C. 
Previous  research  on  horizontal  soil  surfaces  has 
shown  that  frost-heaving  and  freeze-thaw  cycles 
alter  soil  strength.  Therefore,  it  is  postulated  that 
the  formation  of  soil  ice  weakens  the  internal  struc- 
ture of  streambanks.  Weakened  banks  are  less  able 
to  resist  disturbance  from  high  velocity  runoff 
flows  and  ice  floes  and  overburden  pressure  exert- 
ed on  the  weight-bearing  strata.  The  temperature 
modifications  resulting  from  vegetative  cover 
appear  to  be  sufficient  to  reduce  the  number  of 
freeze-thaw  cycles  along  the  streambank  face.  Ri- 
parian management  should  be  designed  to  provide 
sufficient  vegetative  cover  over  the  winter  to  insu- 
late streambanks  and  maintain  soil  strength.  (See 
also  W90-05491)  (Author's  abstract) 
W90-05502 


CHARACTERISTICS  OF  RIPARIAN  PLANT 
COMMUNITIES  AND  STREAMBANKS  WITH 
RESPECT  TO  GRAZING  IN  NORTHEASTERN 
UTAH. 

Intermountain  Forest  and  Range  Experiment  Sta- 
tion, Boise,  ID. 

W.  S.  Platts,  and  R.  L.  Nelson. 
IN:   Practical  Approaches  to  Riparian   Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  73- 
81.  5  fig,  4  tab,  29  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Channel  morphology, 
'Riparian  land,  'Riparian  waters,  'Grazing, 
•Stream  banks,  'Utah,  'Vegetation  effects,  Vege- 
tation establishment,  Carex,  Sedges,  Poa,  Stream 
improvement,  Environmental  protection,  Environ- 
mental effects. 

Streambanks  and  associated  riparian  vegetation 
were  studied  in  grazed  and  ungrazed  pastures 
along  Big  Creek,  Rich  County,  Utah,  to  determine 
whether  differences  in  streamside  community  type 
composition  and  condition  were  related  to  differ- 
ences in  streambank  morphology.  Considerable 
structural  difference  was  observed  between  grazed 
sites  and  sites  where  grazing  has  been  suspended  or 
greatly  reduced  for  nearly  two  decades.  In  the 
ungrazed  sites,  structures  that  had  been  installed  to 
improve  fish  habitat  had  apparently  raised  water 
tables  and  thus  were  associated  with  changes  in 
riparian  vegetation.  Similar  trends  seem  to  be  start- 
ing in  unimproved  sites  that  have  been  protected 
from  grazing  for  only  4  years.  Streambank  mor- 
phology varied  widely  among  the  various  commu- 
nity types.  Certain  riparian  community  types  (e.g., 
those  characterized  by  Carex  spp.)  were  able  to 
maintain  bank  structure  under  grazing  use,  but 
others  (e.g.,  those  characterized  by  Poa  pratensis) 
appeared  to  be  highly  unstable  when  grazed. 
Higher  order  classification  revealed  groups  of 
streamside  community  types  that,  in  the  absence  of 
grazing,  could  be  expected  to  confer  similar 
streambank  characteristics.  An  apparently  distinct, 
successional  sequence  from  sandbar-dominated 
communities  through  Juncus  balticus-dominated 
communities  to  Poa  pratensis-dominated  communi- 
ties or  sedge-dominated  communities  was  evident. 
Where  sedges  can  become  dominant,  they  clearly 
create  the  most  optimal  streambank  structure. 
Even  under  grazed  conditions,  some  of  the  opti- 
mum bank  characteristics  were  associated  with  this 
community  type.  Moderate  grazing  pressure  after 
viable  sedge  communities  have  become  reestab- 
lished may  be  acceptable,  but  the  managers  respon- 
sible must  ensure  that  Carex  spp.  community  types 
do  not  revert  to  less  favorable  communities  like 
Poa  pratensis.  (See  also  W90-05491)  (Author's  ab- 
stract) 
W9O-O5503 


FOREST  PRACTICES  AND  RIPARIAN  MAN- 
AGEMENT IN  WASHINGTON  STATE:  DATA 
BASED  REGULATION  DEVELOPMENT. 

Weyerhaeuser  Co.,  Centralia,  WA.  Western  For- 
estry Research  Center. 

For  primary  bibliographic  entry  see  Field  6E. 
W90-05505 


COMPATIBILITY  OF  LIVESTOCK  GRAZING 
STRATEGIES  WITH  FISHERIES. 

Intermountain  Forest  and  Range  Experiment  Sta- 
tion, Boise,  ID.  Forestry  Sciences  Lab. 
W.  S.  Platts. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  103- 
110.  2  tab,  16  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Grazing,  'Livestock, 
•Riparian  land,  'Riparian  waters,  'Riparian  vege- 
tation, 'Range  management,  'Environmental  pro- 
tection, 'Watershed  management,  'Stream  fisher- 
ies, Management  planning,  Erosion,  Stream  degra- 
dation. 

Livestock  grazing  strategies  and  techniques  have 
been  developed  for  upland  ranges  to  increase  plant 
and  litter  cover,  encourage  growth  of  favorable 
plant  species,  improve  plant  species  composition, 
increase  plant  vigor,  and  protect  soil  from  erosion. 
These  same  objectives  must  be  met  when  using  the 
riparian  area  for  livestock  grazing.  Grazing  strate- 
gies were  preliminarily  evaluated  with  respect  to 
their  compatibility  with  the  requirements  of  the 
stream-riparian  zone  and  productive  fisheries.  The 
most  promising  grazing  strategies  for  maintaining 
or  rehabilitating  riparian-stream  systems  are  those 
that  include  one  or  more  of  the  following  options: 
(1)  including  a  riparian  pasture  within  a  grazing 
allotment  or  operation  to  allow  riverine-riparian 
ecosystem  to  be  managed  separately  from  the  up- 
lands; (2)  fencing  streamside  corridors  to  allow 
stream-riparian  habitats  to  recover;  (3)  changing 
the  kind  of  livestock  for  better  grazing  compatibil- 
ity with  rangeland  types;  (4)  increasing  non-graz- 
ing time  in  the  grazing  cycle;  (5)  reducing  stream- 
side  forage  use  intensity;  (6)  controlling  the  timing 
of  forage  use  so  grazing  occurs  during  periods 
most  compatible  with  riverine  riparian  ecosystems; 
(7)  managing  grazing  programs  as  specified  and 
required  in  properly  prepared  allotment  manage- 
ment plans.  A  better  understanding  of  management 
strategies  with  respect  to  their  stream-riparian 
compatibility  should  help  fishery  specialists  work 
more  closely  and  effectively  with  range  conserva- 
tionists in  rangeland  management.  (See  also  W90- 
05491)  (Mertz-PTT) 
W90-05506 


RESPONSE  OF  A  SOUTHWEST  MONTANA 
RIPARIAN  SYSTEM  TO  FOUR  GRAZING 
MANAGEMENT  ALTERNATIVES. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Animal 
and  Range  Sciences. 

C.  B.  Marlow,  K.  Olson-Rutz,  and  J.  Atchley. 
IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  Hi- 
ll 6.  3  fig,  5  tab,  15  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Grazing,  'Range  man- 
agement, 'Montana,  'Riparian  land,  'Riparian 
waters,  'Stream  fisheries,  'Trout,  'Riparian  vege- 
tation, Stream  stabilization,  Environmental  protec- 
tion, Management  planning,  Stream  banks,  Live- 
stock. 

The  effects  of  deferred  rotation,  time  control 
(Savory  Grazing  Method),  season-long,  and  live- 
stock exclusion  on  streambank  stability  and  trout 
habitat  condition  in  a  southwestern  Montana  ripar- 
ian zone  has  been  monitored  since  1986.  Although 
livestock  exclusion  appeared  to  improve  channel 
conditions  in  1986,  there  was  no  significant  differ- 
ence among  any  of  the  treatments  thereafter.  The 
decline  in  trout  habitat  condition  appeared  to  be 
more  a  function  of  stream  discharge  and  channel 
aggradation  than  grazing  management.  The  lack  of 
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significant  differences  in  bank  stability  among  the 
various  treatments  during  three  consecutive 
drought  years  suggests  that  it  is  the  interaction 
between  grazing  and  stream  discharge  events  that 
dictate  the  magnitude  of  streambank  alteration. 
Downward  shifts  in  livestock  numbers  will  prob- 
ably not  limit  streambank  degradation  and  loss  of 
trout  habitat.  Decreasing  the  length  of  time  cattle 
have  access  to  a  stream  reach  and  adjusting  the 
grazing  period  to  coincide  with  low  stream  bank 
moisture  levels  shows  promise  for  the  improve- 
ment of  riparian  zone  condition.  (See  also  W90- 
05491)  (Author's  abstract) 
W90-05507 


GRAZING  AND  RIPARIAN  MANAGEMENT 
IN  SOUTHWESTERN  MONTANA. 

Bureau  of  Land  Management,  Dillon,  MT. 
L.  H.  Myers. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  117- 
120.  3  tab,  9  ref. 

Descriptors:  *Land  management,  *Water  resources 
management,  *Water  law,  'Grazing,  *Range  man- 
agement, *Riparian  land,  'Montana,  'Riparian 
vegetation,  Vegetation  regrowth,  Environmental 
protection,  Plant  populations,  Management  plan- 
ning, Livestock. 

A  subjective  analysis  of  riparian  vegetation  re- 
sponse in  34  grazing  systems  was  completed  in  the 
Dillon  Resource  Area  in  southwestern  Montana. 
Evaluations  were  made  on  allotments  that  had 
grazing  management  systems  of  10  to  20  years 
duration.  Class  of  livestock  was  cow-calf  pairs  or 
yearling  cattle.  Most  traditional  grazing  systems 
developed  for  uplands  did  not  accommodate  ripari- 
an recovery.  Grazing  systems  that  do  not  improve 
riparian  vegetation  must  be  documented  to  avoid 
their  future  misapplication.  The  following  are  rec- 
ommendations for  the  development  of  grazing  sys- 
tems where  stream  riparian  maintenance  or  recov- 
ery is  an  objective:  (1)  provide  for  residual  vegeta- 
tive cover  either  through  regrowth  or  rest  treat- 
ments during  at  least  75%  of  the  years,  or  annually 
if  possible;  (2)  through  on-site  studies,  determine 
how  much  time  is  required  to  provide  adequate 
herbaceous  regrowth  to  meet  floodplain  function 
needs  and  incorporate  this  into  the  grazing  pre- 
scription; (3)  reduce  the  duration  of  grazing  treat- 
ment to  the  greatest  extent  practical;  (4)  design 
grazing  treatments  to  take  advantage  of  favorable 
seasonal  livestock  dispersal  behavior;  (5)  incorpo- 
rate sufficient  growing  season  rest  to  provide  for 
good  vigor  and  regeneration  in  all  riparian  plants; 

(6)  where  deciduous  woody  species  are  important 
in  the  composition,  limit  the  frequency  of  fall 
grazing  treatments  to  about  one  year  in  four;  and 

(7)  insist  upon  strict  grazing  system  compliance. 
(See  also  W90-05491)  (Mertz-PTT) 
W90-05508 


STREAMSIDE    ZONES    AND    WILDLIFE    IN 
SOUTHERN  U.S.  FORESTS. 

Southern    Forest    Experiment    Station,     Nacog- 
doches, TX.  Wildlife  Habitat  Lab. 
For  primary  bibliographic  entry  see  Field  4A. 
W90-05510 


REHABILITATING  DEPLETED  RIPARIAN 
AREAS  USING  CHANNEL  STRUCTURES. 

Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Tempe,  AZ. 
L.  F.  Debano,  and  W.  R.  Hansen. 
IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  141- 
148.  5  fig,  23  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Riparian  vegetation, 
'Sediment  control,  'Riparian  land,  'Watershed 
management,  'Environmental  protection,  'Colora- 
do, 'New  Mexico,  'Stream  improvement,  Stream 
stabilization,  Streamflow,  Streams,  Stream  degra- 
dation, Rehabilitation. 

Abusive  land  use  activities  have  deteriorated  valu- 
able riparian  areas  in  the  southwestern  USA.  Loss 


of  protective  cover  causes  erosion  that  reduces  soil 
moisture  and  channel  stability  that  is  necessary  for 
maintaining  riparian  areas.  Review  of  three  reha- 
bilitation projects  (the  Alkali  Creek  watershed  in 
the  White  River  National  Forest  near  Silt,  Colora- 
do, the  Silver  City  watershed  north  of  Silver  City, 
New  Mexico,  and  the  High  Clark  Draw  project  in 
the  upper  San  Francisco  River  watershed  in  New 
Mexico's  Apache  National  Forest)  indicate  that 
channel  structures  store  sediment,  stabilize  chan- 
nels, raise  water  tables,  and  enhance  riparian  vege- 
tation. Saturated  flows  enhance  soil  moisture  and 
aid  in  the  maintenance  and  establishment  of  ripari- 
an vegetation.  Rehabilitation  planning  should  es- 
tablish quantifiable  treatment  objectives  and  con- 
sider the  need  for  riparian  planting,  continued  wa- 
tershed management,  structural  maintenance,  and 
the  effect  of  channel  structures  on  channel  dynam- 
ics. (See  also  W90-05491)  (Mertz-PTT) 
W90-05512 
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RISK  ASSESSMENT  OF  GROUNDWATER 
CONTAMINATION  AND  CURRENT  APPLICA- 
TIONS IN  THE  DECISION-MAKING  PROC- 
ESS. 

United  Technologies  Corp.,  East  Hartford,  CT. 
F.  W.  Johnson. 

Journal  of  Environmental  Systems  JEVSBH,  Vol. 
18,  No.  4,  p  279-297,  1988/89. 

Descriptors:  'Risk  assessment,  'Pollutant  identifi- 
cation, 'Groundwater  pollution,  'Legal  aspects, 
'Liability,  'Remedies,  Cost  allocation,  Costs,  Case 
studies,  Cleanup  operations,  Groundwater. 

The  information  needs  for  risk  assessments  of 
groundwater  contamination  were  assessed  in  light 
of  attendant  liability,  regulatory,  and  economic 
concerns.  Specific  reasons  for  conducting  risk  as- 
sessments include  (1)  lender  or  investor  require- 
ments, (2)  state  laws  requiring  risk  assessments  and 
subsequent  disclosures  at  the  time  of  any  property 
transfer,  (3)  insurance  requirements,  (4)  corporate 
loss  control  programs,  and  (5)  regulatory  enforce- 
ment requirements.  Case  studies  of  environmental 
remediation  alternatives,  potential  facility  liability, 
and  environmental  risks  are  presented  for  a  former 
tobacco  farm  turned  residential,  a  small  commer- 
cial furniture  store,  an  automotive  tubing  manufac- 
turer, and  a  steel  bar  processing  plant.  Experience 
with  hundreds  of  risk  assessments  has  shown  that 
nearly  every  site  is  unique,  and  that  overly  stand- 
ardized approaches  to  the  assessment  are  difficult 
to  apply.  Therefore,  creativity  and  experience 
combined  with  good  technical  knowledge  of 
groundwater  assessment  techniques  provide  the 
optimal  combination  for  conducting  an  effective 
risk  management.  (Friedmann-PTT) 
W90-04606 


IRON  AND  TRACE  METALS  IN  SOME  TIDAL 
MARSH  SOILS  OF  THE  CHESAPEAKE  BAY. 

Maryland  Univ.,  College  Park.  Dept.  of  Agrono- 
my. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04617 


PHOSPHORUS-31  MAGIC  ANGLE  SPINNING 
NUCLEAR  MAGNETIC  RESONANCE  OF 
WASTEWATER  SLUDGES  AND  SLUDGE- 
AMENDED  SOIL. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
Z.  R.  Hinedi,  A.  C  Chang,  and  J.  P.  Yesinowski. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  53,  No.  4,  p  1053-1056,  July/August  1989.  6 
fig,  30  ref. 

Descriptors:  'Sludge  analysis,  'Phosphorus,  'Pol- 
lutant identification,  'Soil  amendments,  'Nuclear 
magnetic  resonance,  Loam,  Soil  horizons,  Digest- 
ed sludge. 
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Phosphorus-31  magic  angle  spinning  nuclear  mag- 
netic resonance  (MAS  NMR)  spectroscopy  was 
used  to  examine  the  forms  of  P  in  two  municipal 
sludges  and  a  sludge-amended  soil.  The  signal-to- 
noise  ratio  and  the  resolution  of  the  spectra  im- 
proved considerably  when  paramagnetics  in  the 
sludge  and  sludge-treated  soil  samples  were  re- 
moved by  a  reducing  treatment  involving  citrate- 
bicarbonate-dithionite  (CBD).  The  spectra  suggest- 
ed that  the  P  solid  phases  in  the  anaerobically 
digested  sludge  from  Los  Angeles  County,  Califor- 
nia, were  calcium  phosphates.  The  strong  para- 
magnetic effects,  however,  precluded  more  precise 
identification  of  the  calcium  phosphate  phase.  In 
the  anaerobically  digested  alum-treated  sludge 
from  Riverside,  three  P  solid  phases  were  detected, 
carbonated  apatite,  a  pyrophosphate,  and  alumini- 
um phosphate.  In  the  Domino  soil  (fine-loamy, 
mixed,  thermic  Xerollic  Calciorthid),  amended 
with  sludge  from  Los  Angeles  County,  P31  MAS 
NMR  indicated  the  presence  of  carbonated  apatite 
and  pyrophosphate  solid  phases.  (See  also  W90- 
04620)  (Author's  abstract) 
W90-04619 


MEMBRANE  FILTRATION  DIFFERENTIA- 
TION OF  E.  COLI  FROM  COLIFORMS  IN 
THE  EXAMINATION  OF  WATER. 

Public  Health  Lab.,  Haifa  (Israel). 

A.  Mates,  and  M.  Shaffer. 

Journal  of  Applied  Bacteriology  JABAA4,  Vol. 

67,  No.  4,  p  343-346,  1989.  3  tab,  19  ref 

Descriptors:  'Pollutant  identification,  'Bioindica- 
tors,  'Membrane  filters,  'Drinking  water,  'Bacte- 
rial analysis,  Escherichia  coli,  Coliforms. 

A  membrane  filter-Endo  agar  method  for  enumer- 
ating Escherichia  coli  as  distinct  from  other  coli- 
forms in  drinking  water  was  developed.  It  was 
tested  on  samples  collected  from  untreated  surface 
water  and  piped  drinking  water  supplies  in  north- 
ern Israel.  Membranes  containing  coliform  colo- 
nies are  transferred  to  nutrient  agar  containing  4- 
methyl  umbelliferyl-beta-D-glucuronide  (MUG) 
and  incubated  at  35  C  for  4  h.  The  MUG  is 
hydrolyzed  by  the  glucuronidase  of  E.  coli  and  the 
fluorogenic  product  is  visualized.  The  method  re- 
covered 98%  of  E.  coli  without  false  positives  and 
is  proposed  an  as  additional  test  in  routine  water 
examination  for  the  detection  of  pollution.  (Au- 
thor's abstract) 
W90-04646 


SEDIMENT  TOXICITY  ASSESSMENT  USING 
BACTERIAL  BIOLUMINESCENCE:  EFFECT 
OF  AN  UNUSUAL  PHYTOPLANKTON 
BLOOM. 

Institut    Rudjer    Boskovic,    Rovinj    (Yugoslavia). 

Centar  za  Istrazivanje  Mora. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-04655 


SURVEY  OF  BARIUM  IN  ITALIAN  DRINKING 
WATER  SUPPLIES. 

Florence  Univ.  (Italy).  Inst,  of  Hygiene. 

E.  Lanciotti,  N.  Comodo,  L.  Gambassini,  E. 

Berbai,  and  G.  Vallone. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  43,  No.  6,  p  833-837, 

December  1989.  1  fig,  1  tab,  1 1  ref. 

Descriptors:  'Italy,  'Barium,  'Trace  metals, 
'Drinking  water,  'Pollutant  identification, 
Groundwater  pollution,  Water  pollution  effects, 
Public  health. 

Barium  levels  were  measured  in  Tuscany  drinking 
water  supplies,  represented  by  60  brands  of  bottled 
water,  92  groundwater  samples,  and  39  municipal 
treated  waters.  The  water  samples  were  collected 
in  the  daytime  from  January  1987  to  April  1988 
using  polyethylene  bottles.  Barium  was  determined 
using  graphite  furnace  atomic  absorption  spec- 
trometry. A  great  variability  was  present  in  the 
barium  levels  in  bottled  waters  (range  7-660  micro- 
grams/liter)  and  groundwaters  (range  7-1160  mi- 
crograms/liter)  while  the  barium  concentrations  in 
treated  waters  were  more  homogeneous  (range  13- 
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140    micrograms/liter).    The    median    value    for 
groundwater  was  higher  than  the  maximum  allow- 
able concentration  according  to  the  EEC  guide- 
lines. (Geiger-PTT) 
W90-04676 


CLAM  BURROWING  BIOASSAY  FOR  ESTUA- 
RINE  SEDIMENT. 

District  of  Columbia  Univ.,  Washington.  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04677 


WATER  HYACINTH  AS  INDICATOR  OF 
HEAVY  METAL  POLLUTION  IN  THE  TROP- 
ICS. 

Institute    of    Transport     Investigations,     Havana 

(Cuba). 

H.  Gonzalez,  M.  Lodenius,  and  M.  Otero. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  43,  No.  6,  p  910-914, 

December  1989.  2  fig,  3  tab,  9  ref. 

Descriptors:  *Water  hyacinth,  "Heavy  metals, 
•Path  of  pollutants,  'Cuba,  "Aquatic  plants, 
•Bioindicators,  "Bioaccumulation,  Pollutant  identi- 
fication, Water  pollution  sources,  Copper,  Zinc, 
Iron,  Manganese,  Lead,  Chromium,  Cobalt. 

Roots  of  water  hyacinths  (Eichhornia  crassipes) 
were  collected  from  the  river  Sagua  la  Grande, 
centra]  Cuba,  six  times  during  the  years  1985  to 
1988.  The  roots  were  dried,  digested  in  concentrat- 
ed HN03/HC104,  and  their  contents  of  heavy 
metals  (Cu,  Zn,  Fe,  Mn,  Pb,  Cr,  and  Co)  were 
determined  by  flame  atomic  absorption  spectrome- 
try. The  lowest  concentrations  of  metals  were 
found  in  water  hyacinths  taken  upstream  from  the 
city  of  Sagua,  which  are  considered  less  polluted. 
Highest  concentrations  were  found  in  the  zone 
situated  near  Sagua  city  which  receives  urban  and 
industrial  effluents.  In  the  river  downstream  from 
the  city,  levels  of  metal  in  hyacinth  root  were 
lower  than  within  the  city  but  still  indicated  the 
influence  of  pollution  from  the  city.  In  general 
there  were  significant  differences  between  the 
values  above  and  within  or  below  the  city.  This 
effect  was  true  for  Mn,  Cu,  and  Zn  but  less  so  for 
Fe,  suggesting  that  this  metal  would  not  serve  as  a 
good  indicator  of  urban  effluents.  The  samples 
collected  from  polluted  and  unpolluted  areas  show 
the  ability  of  Eichhornia  crassipes  to  accumulate 
heavy  metals  in  the  root  and  serve  as  a  bioindicator 
of  metal  pollution.  (Geiger-PTT) 
W90-04684 


HYDROXYATRAZINE  AND  ATRAZINE  DE- 
TERMINATION IN  SOIL  AND  WATER  BY 
ENZYME-LINKED  IMMUNOSORBENT 

ASSAY  USING  SPECIFIC  MONOCLONAL 
ANTIBODIES. 

CIBA-GEIGY  A.G.,  Basel  (Switzerland).  Pharma- 
ceuticals Research  Labs. 

J.  M.  Schlaeppi,  W.  Foery,  and  K.  Ramsteiner. 
Journal    of    Agricultural    and    Food    Chemistry 
JAFCAU,  Vol.  37,  No.  6,  p  1532-1538,  November 
1989.  4  fig,  6  tab,  26  ref. 

Descriptors:  "Immunosorbent  assay,  *Atrazine, 
•Herbicides,  *Soil  contamination,  "Pollutant  iden- 
tification, Enzymes,  Antibodies,  Triazine  pesti- 
cides, Soil  analysis,  Water  analysis,  Assay. 

Monoclonal  antibodies  (MAbs)  were  obtained 
against  the  herbicide  atrazine  and  its  metabolite 
hydroxyatrazine  by  immunizing  mice  with  protein 
conjugates  of  both  compounds.  By  using  the 
ELISA  kit,  it  was  found  that  the  anti-hydroxyatra- 
zine  MAbs  cross-reacted  predominantly  with  hy- 
droxy-propazine.  The  anti-atrazine  MAbs  cross- 
reacted  with  propazine  and,  to  a  much  lower 
extent,  with  a  few  other  s-triazines  and  hydroxy-s- 
triazines.  Atrazine  could  be  detected  in  water  sam- 
ples with  a  sensitivity  of  0.05  nanograms/milliliter. 
Average  recoveries  from  soil  samples  fortified 
with  atrazine  or  hydroxyatrazine,  measured  by 
ELISA,  were  comparable  to  those  measured  by 
GLC  or  HPLC.  Soil  samples  of  unknown  atrazine 
and  hydroxyatrazine  content  were  analyzed  by 
GLC,   HPLC,   and   ELISA.   Interference  during 


UV  monitoring  of  hydroxyatrazine  by  HPLC  anal- 
ysis was  observed.  Despite  limited  specificity  due 
to  cross-reacting  substances,  the  results  demon- 
strate that  the  ELISA  immunoassay  represents  a 
valuable  method  for  detecting  trace  amounts  of 
atrazine  and  hydroxyatrazine  in  the  soil.  (Author's 
abstract) 
W90-04688 


USE  OF  MIXED-FUNCTION  OXYGENASES 
TO  MONITOR  CONTAMINANT  EXPOSURE 
IN  WILDLIFE. 

Patuxent  Wildlife  Research  Center,  Laurel,  MD. 
B.  A.  Rattner,  D.  J.  Hoffman,  and  C.  M.  Marn. 
Environmental       Toxicology       and       Chemistry 
ETOCDK,  Vol.  8,  No.  12,  p  1093-1102,  1989.  1 
tab,  62  ref. 

Descriptors:  "Enzymes,  "Toxicology,  "Monitor- 
ing, "Bioindicators,  "Water  pollution  effects, 
"Wildlife,  "Ecological  effects,  Amphibians,  Birds, 
Reptiles,  Mammals,  Fish,  Seasonal  variation,  Envi- 
ronmental effects. 

The  utility  of  mixed-function  oxygenase  (MFO) 
enzymes  as  a  bioeffects  monitor  for  wildlife  (am- 
phibians, reptiles,  birds  and  mammals)  in  view  of 
their  widespread  use  as  indicators  of  contaminant 
exposure  in  aquatic  invertebrates  and  fish  is  re- 
viewed. Phylogenetic  trends  in  MFO  activity,  toxi- 
cological  implications  of  induction  and  the  rela- 
tionship between  contaminant  exposure  and  MFO 
activity  are  discussed.  Low  MFO  activity  in  sea- 
birds  and  in  the  European  sparrowhawk  (Accipiter 
nisus)  is  attributed  to  the  accumulation  of  organ- 
ochlorine  pesticides  in  these  species.  Substantial 
laboratory  data  demonstrates  that  MFO  induction 
interferes  with  steroid  metabolism  in  mallards 
(Anas  platyrhynchos),  quail  (Coturnix  coturnix) 
and  ringdoves  (Streptopelia  resoria);  however, 
there  is  no  direct  field  evidence  supporting  this 
contention.  Field  studies  using  avian  embryos  and 
hatchlings  suggest  that  MFO  induction  has  utility 
for  documenting  contaminant  exposure;  however, 
findings  in  adult  birds  and  mammals  are  equivocal. 
Age,  sex  and  season  are  sources  of  variation  that 
require  consideration  when  undertaking  field  trials. 
Further  understanding  of  MFO  inducibility  among 
species  and  application  of  recently  developed  ana- 
lytical techniques  including  quantification  of  spe- 
cific cytochrome  P-450  isozymes  are  warranted. 
(Geiger-PTT) 
W90-04689 


CONCENTRATIONS  OF  CHLORINATED  PES- 
TICIDES AND  PCBS  IN  MICROLAYER  AND 
SEAWATER  SAMPLES  COLLECTED  IN 
OPEN-OCEAN  WATERS  OFF  THE  U.S.  EAST 
COAST  AND  IN  THE  GULF  OF  MEXICO. 
Little  (Arthur  D.),  Inc.,  Cambridge,  MA.  Marine 
Sciences  Unit. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04700 


LIQUID  CHROMATOGRAPHIC  ANALYSIS 
OF  CHLOROTRIAZINE  HERBICIDES  AND 
ITS  DEGRADATION  PRODUCTS  IN  WATER 
SAMPLES  WITH  PHOTODIODE  ARRAY  DE- 
TECTION: I.  EVALUATION  OF  TWO  LIQUID- 
LIQUID  EXTRACTION  METHODS. 
Instituto  de  Quimica  Bio-Organica,  Barcelona 
(Spain).  Dept.  of  Environmental  Chemistry. 
G.  Durand,  and  D.  Barcelo. 

Toxicological  and  Environmental  Chemistry 
TXECBP,  Vol.  25,  No.  1,  p  1-1 1,  1989.  4  fig,  3  tab, 
22  ref. 

Descriptors:  "Herbicides,  "Triazine  pesticides, 
"Pollutant  identification,  "Liquid  chromatography, 
Separation  techniques,  Trace  levels,  Spectral  anal- 
ysis, Water  analysis. 

A  liquid-liquid  extraction  method  using 
dichloromethane:ethyl  acetate  (50:50)  +  0.1  M 
ammonium  formate  has  been  developed  for  the 
trace  analysis  of  chlorotriazine  herbicides  and  their 
degradation  products  in  the  range  of  100-0.1  ppb 
using  spiked  artificial  seawater  samples.  Results 
showed  good  recovery  rates  with  low  standard 
deviations.  The  UV  spectral  information  obtained 


from  the  liquid  chromatography  with  diode  array 
detection  has  been  demonstrated  to  be  useful  for 
the   distinction   of  the   chlorothiazines   and   their 
degradation  products.  (Geiger-PTT) 
W90-04706 


COMPARISON  OF  EXTRACTION  METHODS 
FOR  POLYCYCLIC  AROMATIC  HYDROCAR- 
BON DETERMINATION  IN  SEDIMENTS. 

Brno  Univ.  (Czechoslovakia).  Dept.  of  Environ- 
mental Studies. 

I.  Holoubek,  J.  Paasivirta,  P.  Maatela,  M. 
Lahtipera,  and  I.  Holoubkova. 
Toxicological      and      Environmental      Chemistry 
TXECBP,  Vol.  25,  No.  2-3,  p  137-154,  1989.  7  fig, 
9  tab,  20  ref. 

Descriptors:  "Aromatic  compounds,  "Polycyclic 
aromatic  hydrocarbons,  "Fluvial  sediments,  "Pol- 
lutant identification,  "Lake  sediments,  "Separation 
techniques,  Sample  preparation,  Ultrasonics,  Com- 
parison studies,  Adsorption. 

Different  sample  preparation  methods  for  the  de- 
termination of  polycyclic  aromatic  hydrocarbons 
(PAHs)  in  lake  and  river  sediments  were  compared 
and  evaluated.  Freeze-dried  sediment  materials 
were  extracted  using  Soxhlet  extraction,  ultrasonic 
agitation  and  digestion  with  various  solvents  and 
solvent  mixtures.  Similarly,  clean-up  methods 
using  various  types  of  sorbents  for  separation  of 
PAHs  were  tested.  The  following  method  gives 
the  best  results  for  the  determination  of  PAHs: 
freeze-dried  sediment  samples  were  extracted  using 
Soxhlet  extractor  with  dichloromethane  (6  hr, 
dark),  extracts  were  cleaned  up  using  Silica  gel  and 
a  mixture  of  n-hexane-dichloromethane  was  used 
for  the  elution  of  PAHs.  This  method  was  used  for 
the  determination  of  7  selected  PAHs  in  sediment 
samples  from  Finnish  lakes  and  Czech  streams. 
(Author's  abstract) 
W90-04707 


RAPID  POLLUTION  ASSESSMENT  IN  TIDAL 
WATERS. 

Southern   Water  Authority,  Chatham   (England). 

Kent  Div. 

R.  A.  Dines,  and  J.  R.  Wharfe. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.  12,  p  1903-1906,  1989.  3  fig,  4  ref. 

Descriptors:  "Pollutant  identification,  "Path  of  pol- 
lutants, "Estuaries,  "Tidewater,  Industrial  wastes, 
Baseline  studies,  Outfall,  Wastewater  pollution, 
Sediments,  Marine  sediments,  Water  pollution  ef- 
fects, Coliforms,  Pulp  and  paper  industry.  Oxida- 
tion-reduction potential,  Particle  size,  Organic 
carbon. 

A  package  of  investigational  techniques  was  devel- 
oped to  assess  pollution  in  marine  and  estuarine 
sediments.  It  can  be  used  at  different  levels,  from  a 
rapid  contour  mapping  of  organic  decomposition 
in  the  sediments  to  detailed  impact  assessment  in- 
cluding effects  on  mud-dwelling  organisms.  The 
methods  include  redox  potential  measurement,  or- 
ganic carbon  analysis,  the  variable  factor  (pollutant 
specific  to  the  area,  e.g.,  coliform  or  paper  mill 
wastes),  population  structure  of  mud-dwelling  or- 
ganisms, and  particle  size  analysis.  The  assessment 
technique  was  applied  to  a  region  near  a  paper  mill 
and  as  part  of  a  baseline  study  at  the  site  where  a 
sewage  outfall  is  scheduled  to  begin  discharging 
partially  treated  sewage.  The  assessment  showed 
that  even  where  sediment  and  surface  water  qual- 
ity are  acceptable  (at  the  edge  of  the  area  affected 
by  the  paper  mill  waste),  blanketing  by  paper 
solids  has  eliminated  many  of  the  sensitive  species. 
(Cassar-PTT) 
W90-04800 


MEMBRANE  FILTER  PROCEDURE  FOR 
ENUMERATION  OF  PSEUDOMONAS  AERU- 
GINOSA IN  WATER. 

Universidad  Politecnica  de  Valencia  (Spain).  Dept. 
of  Hydraulic  and  Environmental  Engineering. 
J.  L.  Alonso,  E.  Garay,  and  E.  Hernandez. 
Water  Research  WATRAG,  Vol.  23,  No.   12,  p 
1499-1502,  December   1989.  3  fig,   1  tab,  21  ref. 
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Descriptors:  *Pseudomonas,  'Pathogenic  bacteria, 
•Bacterial  analysis,  *Membrane  filters,  Human  dis- 
eases, Isolation,  Culturing  techniques,  Water  pollu- 
tion. 

A  variety  of  recovery  methods  has  been  developed 
in  attempts  to  enumerate  P.  Aeruginosa,  a  human 
pathogen  and  ubiquitous  bacterial  contaminant  of 
surface  waters  and  soils,  from  environmental 
sources  by  most  probable  number  (MPN)  and 
membrane  filter  (MF)  techniques.  In  this  report, 
the  efficiency  of  replacing  the  antibiotics  in  mPA- 
C  agar  by  C-390  (9-chloro-9-(4-diethylamino- 
phenyl)-10-phenylacridan)  as  selective  agent,  has 
been  studied,  and  the  new  medium,  mPA-C390  has 
been  compared  with  mPA-C  and  with  the  MPN 
procedure  for  the  recovery  of  P.  aeruginosa  from 
different  kinds  of  fresh  water.  In  a  second  step,  a 
resuscitation  technique  to  recover  stressed  Pseudo- 
monas  aeruginosa  cells  was  tested  with  the  above 
MF  media.  Counts  obtained  with  the  MPN  tech- 
nique were  always  significantly  higher  than  when 
using  MF  without  resuscitation.  No  significant  dif- 
ferences were  obtained  between  the  MPN  and  MF 
techniques  when  the  resuscitation  step  was  used 
with  the  MF  technique.  The  medias  mPA-C390 
and  mPA-D390  present  the  advantage  of  being 
autoclavable  and  specific  for  selective  isolation  of 
P.  aeruginosa  from  different  kinds  of  waters.  (Au- 
thor's abstract) 
W90-O4837 


ORGANICS  ISOLATION  FROM  FRESH  AND 
DRINKING  WATERS  BY  MACROPOROUS 
ANION-EXCHANGE  RESINS. 

Politechnika    Warszawska    (Poland).    Faculty    of 

Sanitary  and  Hydraulic  Engineering. 

J.  Naumczyk,  L.  Szpyrkowicz,  and  F.  Zilio 

Grandi. 

Water  Research  WATRAG,  Vol.  23,  No.   12,  p 

1593-1597,  December  1989.  2  fig,  2  tab,  20  ref. 

Descriptors:  'Water  analysis,  *Water  treatment, 
♦Drinking  water,  'Natural  waters,  'Separation 
techniques,  'Anion  exchange,  'Resins,  'Chemical 
analysis,  Humic  acids,  Pollutant  identification,  Or- 
ganic compounds,  Water  pollution. 

Knowing  the  composition  of  organic  impurities  in 
water  resources  is  a  factor  of  great  importance  in 
defining  their  possible  use.  Identification  of  organic 
compounds  in  water  is  facilitated  by  their  isolation 
and  transfer  into  organic  solvent.  Research  on  the 
isolation  of  organic  pollutants  from  water  is  pre- 
sented. Five  anionic  macroporous  resins  (AMPR) 
(Varion  AT400,  strongly  basic  Asmite  229N,  Zero- 
lite  553N,  Wofatite  EA60,  and  weakly  basic  Am- 
berlite  IR93)  were  used  for  humic  substances  and 
other  anionic  organics  isolation.  Varion  AT400 
was  the  best  anionic  resin,  producing  about  90% 
recovery  of  humic  substances  and  a  lower  recov- 
ery for  other  anionic  substances.  NaCl  is  generally 
the  most  effective  component  in  the  solutions  used 
for  the  organic  desorption  from  AMPR.  NaOH 
added  to  NaCl  solution  improves  the  desorption 
effects.  Nearly  complete  desorption  was  achieved 
by  NaCl/NaOH  10%/2%  solution,  at  a  volume  of 
about  3.5  times  the  resin  bed  volume.  Reducing  the 
NaCl  concentration  from  10  to  5%  gave  a  smaller 
desorption  decrease  effect  in  comparison  with 
other  resins.  (Author's  abstract) 
W90-04848 


IC:  A  POWERFUL  ANALYTICAL  TECHNIQUE 
FOR  ENVIRONMENTAL  LABORATORIES. 

Dionex  Corp.,  Sunnyvale,  CA. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-04850 


USE  OF  SEGMENTED  MICROCONTINUOUS 
FLOW  ANALYSIS  AND  FIA  IN  WATER  ANAL- 
YSIS. 

ALPKEM  Corp.,  Clackamas,  OR. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-04851 


PHYTOPLANKTON  DIVERSITY  INDICES  AS 
EUTROPHICATION  INDICATORS  OF  THE 
ROMANIAN  INSHORE  WATERS. 


Institutul  Roman  de  Cercetari  Marine,  Constanta 

(Romania). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04857 


COMPARISON  OF  CHEMICAL  ANALYSES  OF 
BOAT  AND  HELICOPTER-COLLECTED 
WATER  SAMPLES. 

Lockheed  Engineering  and  Management  Services 
Co.,  Inc.,  Las  Vegas,  NV.  Acid  Deposition  Dept. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04894 


WATER  QUALITY  INDEX  FOR  RIVER  MAN- 
AGEMENT. 

For   primary   bibliographic   entry   see   Field   5G. 
W90-04904 


REFINEMENTS  TO  THE  BOD  TEST. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-04908 


COMPARISON  OF  MEMBRANE  FILTRATION 
AND  AUTOANALYSIS  COLILERT  PRESENCE- 
ABSENCE  TECHNIQUES  FOR  ANALYSIS  OF 
TOTAL  COLIFORMS  AND  ESCHERICHIA 
COLI  IN  DRINKING  WATER  SAMPLES. 
Glenmore  Waterworks  Lab.,  Calgary  (Alberta). 
C.  M.  Lewis,  and  J.  L.  Mak. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  55,  No.  12,  p  3091-3094,  Decem- 
ber 1989.  2  tab,  10  ref. 

Descriptors:  'Coliforms,  'Bacterial  analysis,  'Es- 
cherichia coli,  'Drinking  water,  'Autoanalyzers, 
♦Membrane  filters,  Testing  procedures,  Pathogens, 
Water  analysis,  Comparison  studies. 

Over  a  4-month  period,  950  samples  of  treated 
drinking  water  were  analyzed  for  total  coliforms 
and  Escherichia  coli  by  both  membrane  filtration 
and  Autoanalysis  Colilert  presence-absence  tech- 
niques. The  two  tests  agreed  97%  of  the  time  on 
the  basis  of  presumptive  total  coliform  results  and 
98.5%  of  the  time  on  the  basis  of  verified  total 
coliforms  results.  Samples  which  produced  dis- 
agreement between  the  two  tests  were  most  often 
total  coliform  positive  by  membrane  filtration  and 
total  coliform  negative  by  Autoanalysis  Colilert 
presence-absence.  E.  coli  was  recovered  four 
times:  twice  by  membrane  filtration  only,  and 
twice  by  Autoanalysis  Colilert  presence-absence 
only  but  without  the  diagnostic  fluorescence  reac- 
tion. In  two  samples,  E.  coli  could  not  be  isolated 
from  fluorescence-positive  Autoanalysis  Colilert 
presence  absence  tests.  On  the  basis  of  these  re- 
sults, the  Autoanalysis  Colilert  presence  absence 
test  was  implemented  as  the  routine  analytical  pro- 
cedure for  total  coliforms,  but  not  for  E.  coli. 
(Author's  abstract) 
W90-04933 


EVALUATION  OF  IMMUNOFLUORESCENCE 
TECHNIQUES  FOR  DETECTION  OF  CRYPTO- 
SPORIDIUM OOCYSTS  AND  GIARDIA  CYSTS 
FROM  ENVIRONMENTAL  SAMPLES. 

Arizona  Univ.,  Tucson.  Dept.  of  Nutrition  and 
Food  Science. 

J.  B.  Rose,  L.  K.  Landeen,  K.  R.  Riley,  and  C.  P. 
Gerba. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  55,  No.  12,  p  3189-3196,  Decem- 
ber 1989.  3  fig,  10  tab,  22  ref. 

Descriptors:  'Cryptosporidium,  'Giardia,  'Proto- 
zoa, 'Pathogens,  'Water  analysis,  Antibody  tests, 
Monoclonal  antibodies,  Membrane  filters,  Testing 
procedures,  Formaldehyde,  Bleach,  Potassium  di- 
chromate,  Oocysts,  Cysts. 

Cryptosporidium  and  Giardia  species  are  enteric 
protozoa  which  cause  waterborne  disease.  The  de- 
tection of  these  organisms  in  water  relies  on  the 
detection  of  the  oocyst  and  cyst  forms  or  stages. 
Monoclonal  and  polyclonal  antibodies  were  com- 
pared for  their  abilities  to  react  with  Giardia  cysts 
and  Cryptosporidium  oocysts  after  storage  in 
water,  3.7%  formaldehyde,  and  32.5%  potassium 


dichromate,  upon  exposure  to  bleach,  and  in  envi- 
ronmental samples.  Three  monoclonal  antibodies 
to  Cryptosporidium  parvum  were  evaluated.  Each 
test  resulted  in  an  equivalent  detection  of  the  oo- 
cysts after  storage,  after  exposure  to  bleach,  and  in 
environmental  samples.  Oocyst  levels  declined 
slightly  after  20  to  22  weeks  of  storage  in  water, 
and  oocyst  fluorescenc  and  morphology  were  dull 
and  atypical.  Oocyst  counts  decreased  after  expo- 
sure to  2500  mg  of  sodium  hypochlorite  per  liter, 
and  fluorescence  and  phase-contrast  counts  were 
similar.  Sediment  due  to  algae  and  clays  found  in 
environmental  samples  interfered  with  the  detec- 
tion of  oocysts  on  membrane  filters.  Two  mono- 
clonal antibodies  and  a  polyclonal  antibody  direct- 
ed against  Giardia  lamblia  cysts  were  evaluated. 
From  the  same  seeded  preparations,  significantly 
greater  counts  were  obtained  with  the  polyclonal 
antibody.  Of  the  two  monoclonal  antibodies,  one 
resulted  in  significantly  lower  cyst  counts.  In  pre- 
liminary studies,  the  differences  between  antibodies 
were  not  apparent  when  used  on  the  environmen- 
tal wastewater  samples.  After  20  to  22  weeks  in 
water,  cyst  levels  declined  significantly  by  67%. 
Cysts  were  not  detected  with  monoclonal  anti- 
bodies after  exposure  to  approximately  5000  mg  of 
sodium  hypochlorite  per  liter.  (Author's  abstract) 
W90-04934 


COST       EFFECTIVENESS       OF       BENTHIC 
FAUNAL  MONITORING. 

For  primary  bibliographic  entry  see  Field  7A. 
W90-04964 


DDT  IN  MYTILUS  EDULIS:  STATISTICAL 
CONSIDERATIONS  AND  INHERENT  VARIA- 
BILITY. 

Universidad      Autonoma      de      Baja      California 
(Mexico).  Inst,  de  Investigaciones  Oceanologicas. 
B.  P.  Flores  Baez,  and  M.  S.  Galindo  Beet. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
10,  p  496-499,  October  1989.  3  fig,  1  tab,  20  ref. 

Descriptors:  'Sampling,  ♦Bioindicators,  ♦Mytilus, 
♦Mussels,  ♦Mexico,  ♦Pollutant  identification,  Mol- 
lusks,  DDT,  Gas  chromatography,  Biological  sam- 
ples, Statistical  analysis. 

The  use  of  filter-feeding  mollusks  as  biological 
indicators  of  coastal  contamination  is  widely 
known.  International  monitoring  programs  are  at 
present  being  carried  out  using  the  mussels  Mytilus 
edulis,  M.  californianus  and  other  similar  species 
because  of  their  ability  to  concentrate  pollutants 
that  are  present  in  trace  quantities  in  the  marine 
environment.  Samples  of  the  mussel  Mytilus  edulis 
were  collected  from  the  Punta  Banda  Estuary, 
Baja  California,  Mexico,  during  the  winter  of  1984. 
The  total  concentration  of  DDT  (dichlorodiphen- 
yltrichloroethane)  was  determined  by  means  of  gas 
chromatography  in  samples  composed  of  a  differ- 
ent number  of  individuals  (5,  10,  15,  20,  and  30).  It 
was  found  that  20  mussels  is  the  optimum  number 
of  individuals  to  homogenize  in  a  single  sample  in 
order  to  find  the  least  analytical  variability. 
(Mertz-PTT) 
W90-04965 


MONITORING  OF  TIME  TRENDS  IN  CON- 
TAMINANT LEVELS  USING  A  MULTISPE- 
CIES  APPROACH:  CONTAMINANT  TRENDS 
IN  ATLANTIC  COD  (GADUS  MORHUA)  AND 
EUROPEAN  FLOUNDER  (PLATICHTHYS 
FLESUS)  ON  THE  BELGIAN  COAST,  1978-1985. 
Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 
R.  K.  Misra,  J.  F.  Uthe,  and  W.  Vynke. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
10,  p  500-502,  October  1989.  1  tab,  21  ref. 

Descriptors:  ♦Bioindicators,  *Monitoring,  ♦Pollut- 
ant identification,  ♦Water  pollution  effects,  'Fish, 
Cod,  Flounders,  Analysis  of  variance,  Trend  anal- 
ysis, Belgium,  International  Council  for  the  Explo- 
ration of  the  Sea,  Statistical  analysis. 

The  statistical  procedure  of  analyzing  for  trends 
over  time  in  contaminant  concentrations  in  fish 
provided  by  the  International  Council  for  the  Ex- 
ploration of  the  Sea  (1)  is  univariate  and  (2)  ana- 
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lyzes  data  on  only  one  species  at  a  time  from  a 
given  sample  area,  even  if  data  on  more  than  one 
species  are  available.  In  this  study  temporal  vari- 
ations in  contaminants  in  Atlantic  cod  (Gadus 
morhua)  and  European  flounder  (Platilchthys 
flesus)  from  the  Belgian  coast  are  examined  at  the 
multispecies  level  rather  than  the  single  species 
level.  The  International  Council  for  the  Explora- 
tion of  the  Sea  univariate  procedure  (1)  has  been 
extended  to  the  analysis  of  combined  data  for  the 
two  (or  more)  species  and  (2)  is  supplemented  by 
the  multivariate  analysis  of  covariance  procedure. 
Not  only  did  the  two  species  respond  differently  to 
variations  in  contaminant  levels  with  time  but  even 
within  a  species  contaminant  levels  did  not  vary  in 
the  same  direction.  (Author's  abstract) 
W90-04966 


INCUBATION  TEMPERATURE  AND  THE 
ISOLATION  OF  CAMPYLOBACTER  JEJUNI 
FROM  FOOD,  MILK,  OR  WATER. 

Area  Public  Health  Lab.,  Exeter  (England). 

T.  J.  Humphrey,  and  I.  Muscat. 

Letters  In  Applied  Microbiology  LAMIE7,  Vol.  9, 

No.   4,   p    137-139,   October    1989.    1    tab,   8   ref. 

Descriptors:  'Pathogenic  bacteria,  *Culturing 
techniques,  'Bacterial  analysis,  River  water,  Cam- 
pylobacter, Food  processing  industry. 

Incubation  of  Campylobacter  selective  broth  at  37 
C  for  48  h  followed  by  selective  plating  and  incu- 
bation at  43  C  improved  significantly  the  isolation 
rate  of  Campylobacter  jejuni  from  naturally  con- 
taminated samples  of  river  water  and  artificially 
contaminated  samples  of  raw  milk.  The  use  of  such 
a  technique  had  no  effect,  however,  on  the  isola- 
tion of  C.  jejuni  from  chicken  skin.  The  results 
indicate  that  a  period  of  pre-enrichment  at  37  C 
should  be  considered  for  use  with  samples  likely  to 
contain  sub-lethally  injured  cells  of  C.  jejuni.  They 
also  demonstrate  that  overnight  incubation  in  se- 
lective broth  at  37C  is  unlikely  to  lead  to  false 
negative  results.  With  the  majority  of  samples  ex- 
amined for  the  presence  of  C.  jejuni  the  adoption 
of  such  a  technique  could  significantly  improve  the 
isolation  rate.  (Author's  abstract) 
W90-04976 


TREND  MONITORING  OF  DISSOLVED 
TRACE  METALS  IN  COASTAL  SEA  WATER:  A 
WASTE  OF  EFFORT. 

Marine  Lab.,  Aberdeen  (Scotland). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04982 


EVALUATION  OF  THE  SENSITIVITY  OF 
SEDIMENT  STATIONS  IN  POLLUTION  MON- 
ITORING. 

Technical  Univ.  of  Denmark,  Lyngby.   Inst,  for 

Applied  Geology. 

B.  Larsen,  and  A.  Jensen. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

II,  p  556-560,  November  1989.  4  fig,  3  tab,  9  ref. 

Descriptors:  'Water  pollution,  'Monitoring, 
'Bottom  sediments,  'Lead  radioisotopes,  Model 
studies,  Sediment  contamination. 

The  value  of  a  sediment  monitoring  program  may 
be  measured  by  its  capability  to  reveal  changes  in 
the  flux  of  the  contaminant  in  question.  The  sensi- 
tivity of  a  sediment  monitoring  station  in  this  re- 
spect is  a  function  of  the  interactions  between  the 
change  in  the  net  deposition  rate  of  the  contami- 
nant, the  accumulation  rate  of  the  sediment,  the 
thickness  and  intensity  of  the  mixing  zone  in  the 
bottom  of  sediment  and  technical  factors  such  as 
time  between  samplings,  thickness  of  analyzed 
samples,  and  reproduceability  of  the  applied  chem- 
ical methods.  A  model  for  these  interactions  com- 
putes the  response  of  the  surface  sample  to  changes 
in  contaminant  flux  over  a  period  of  time.  It  is 
based  on  sediment  parameters  which  can  be  esti- 
mated by  P-210  dating  of  the  sediment  on  the  site. 
The  model  offers  a  quantitative  evaluation  of  a 
sediment  monitoring  station  and  may  be  applied  in 
the  planning  and  interpretation  of  sediment  moni- 
toring programs.  (Author's  abstract) 
W90-O4984 


RELATIVE  CONCENTRATIONS  OF  DIS- 
SOLVED/DISPERSED FOSSIL  FUEL  RESI- 
DUES IN  MEDITERRANEAN  SURFACE 
WATERS  AS  MEASURED  BY  UV  FLUORES- 
CENCE. 

Kiel  Univ.  (Germany,  F.R.).  Inst,  fuer  Meeres- 
kunde. 

M.  Ehrhardt,  and  G.  Petrick. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
11,  p  560-565,  November  1989.  4  fig,  1  tab,  12  ref. 
Deutsche  Forschungsgemeinschaft  grant  Eh  38/ 
19-2. 

Descriptors:  'Water  pollution,  'Fuel,  'Oil  spills, 
•Chemical  analysis,  'Mediterranean  Sea,  Ultravio- 
let fluorescence  spectroscopy. 

During  August-September  1987  concentrations  of 
dissolved/dispersed  petroleum  residues  were  meas- 
ured by  UV  fluorescence  in  surface  waters  of  the 
eastern  part  of  the  central  Mediterranean  Sea. 
Dilute  hexane  solutions  of  a  whole  Agha  Jari 
crude  oil  were  used  for  instrument  calibrations. 
Concentrations  corrected  for  procedural  blanks 
were  in  the  range  of  several  tens  to  less  than  200 
nanogram/L  and  increased  shoreward  with  the 
exception  of  the  sea  area  around  35.5  deg  N  16.8 
deg  E,  where  also  somewhat  elevated  concentra- 
tions were  also  encountered.  A  simple  glass  appa- 
ratus is  described  for  collecting  the  lighter-than- 
water  organic  phase  after  extraction  of  lipophilic 
organics  on  the  bottle  used  as  sampler.  This  analyt- 
ical method  does  not  distinguish  between  dis- 
solved/dispersed petroleum  residues  and  those  that 
are  associated  with  fine,  suspended  particles.  Al- 
though the  dissolved/dispersed  concentrations 
may  be  quite  low,  the  extreme  scarcity  of  particu- 
late material  in  Mediterranean  seawater  and  its 
higher  lipophilicity,  compared  to  water,  may  result 
in  very  high  concentrations  of  petroleum  residues 
associated  with  particles.  Thus,  low  bulk  concen- 
trations may  be  deceptive  and  distract  from  the 
potentially  significant  environmental  hazard  of 
high  concentrations  of  petroleum  residues  associat- 
ed with  phytoplankton.  (Author's  abstract) 
W90-04985 


TRENDS     IN     OIL    SPILL    INCIDENTS     IN 
SOUTH  AFRICAN  COASTAL  WATERS. 

Sea  Fisheries  Research  Inst.,  Rogge  Bay  (South 

Africa). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04986 


DETERMINATION  OF  CHLORIDE  AND 
AVAILABLE  CHLORINE  IN  AQUEOUS  SAM- 
PLES BY  FLAME  INFRARED  EMISSION. 

Baylor   Univ.,   Waco,   TX.    Dept.   of  Chemistry. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-04994 


EC  BATHING  WATER  DIRECTIVE:  A  SAM- 
PLING PROBLEM. 

Clyde    River    Purification    Board,    East    Kilbride 
(Scotland). 
J.  C.  Curran. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No.  5,  p 
465-466,  October  1989.  1  fig,  5  ref. 

Descriptors:  'Pollutant  identification,  'European 
Community,  'Regulations,  'Sampling,  'Swim- 
ming, Coastal  waters,  Coliforms,  Interstitial  water, 
Nearshore  processes,  Beaches,  Monitoring,  Ocean 
circulation,  Public  health,  Sampling,  Path  of  pol- 
lutants, Dye  releases,  Beach  contamination,  Water 
circulation,  Wastewater  disposal. 

The  relatively  frequent  observation,  during  periods 
of  onshore  drift,  of  a  surface  line  of  convergence  in 
nearshore  coastal  waters  may  have  significant  im- 
plications for  the  sampling  procedure  used  for 
monitoring  of  fecal  coliforms  in  compliance  with 
the  EC  (European  Community)  Bathing  Water 
Directive.  During  fluorescent  dye  release  in  rela- 
tively calm  coastal  waters,  an  onshore  surface  cur- 
rent may  cause  the  dye  to  approach  the  shore-line, 
yet  at  some  distance  offshore  the  dye  patch  sinks 
and  returns  seaward  below  the  surface.  A  line  of 
surface    convergence    is    formed    parallel    to   the 


shore-line  with  little  interaction  between  an  inner 
and  an  outer  zone  of  recirculation.  Under  condi- 
tions of  stronger  wave  action,  however,  the  dye 
will  reach  the  foreshore.  These  phenomena  are 
explained  mathematically  and  verified  by  dye  re- 
lease studies  in  the  Firth  of  Clyde  in  Gourock  Bay. 
The  Line  of  convergence  for  such  a  beach  will  be 
located  in  water  of  2.5  m  depth.  This  lies  outside 
the  normal  depth  (0.5  m  to  1  m)  at  which  shore- 
based  sampling  would  be  conducted  for  assessing 
compliance  with  the  EC  Bathing  Water  Directive 
on  fecal  coliform  concentrations.  If  a  small  outfall 
or  a  stream  polluted  with  septic  tank  effluent  dis- 
charges at  the  shore-line,  then  high  concentrations 
of  indicator  bacteria  may  accumulate  in  the  near- 
shore  waters  due  to  the  limited  dilution  available 
within  the  nearshore  zone  of  recirculation.  A 
beach  may  fail  the  Directive,  although  the  waters 
at  a  depth  appropriate  for  swimming  may  be  rela- 
tively clean  and  well-flushed.  Conversely,  an  efflu- 
ent discharged  beyond  the  line  of  convergence 
may  not  reach  the  foreshore  during  onshore  drift, 
and  water  samples  taken  from  the  beach  may  indi- 
cate compliance  with  the  Directive.  Swimmers 
venturing  into  slightly  deeper  water,  however, 
may  encounter  substantially  higher  bacterial  levels. 
Sampling  of  the  interstitial  water  which  generally 
has  a  response  time  of  several  days  to  changes  in 
the  overlying  water  is  suggested  as  a  better  indica- 
tor of  bacterial  contamination.  (Geiger-PTT) 
W90-05013 


DIRECT  DETECTION  OF  ORGANIC  COM- 
POUNDS IN  WATER  AT  PARTS-PER-BILLION 
LEVELS  USING  A  SIMPLE  MEMBRANE 
PROBE   AND   A   QUADRUPOLE   ION  TRAP. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Chemistry. 
A.  K.  Lister,  K.  V.  Wood,  R.  G.  Cooks,  and  K.  R. 
Noon. 

Biomedical  and  Environmental  Mass  Spectrometry 
BMSYAL,  Vol.  18,  No.  12,  p  1063-1070,  Decem- 
ber 1989.  7  fig,  6  tab,  42  ref.  National  Science 
Foundation  (EET-87 12867). 

Descriptors:  'Organic  compounds,  'Measuring  in- 
struments, 'Pollutant  identification,  'Water  analy- 
sis, 'Chemical  analysis,  Detection  limits,  Probes, 
Ion  trap  detector,  Mass  spectrometry. 

Organic  compounds  present  in  aqueous  solutions 
can  be  analyzed  directly  using  a  quadrupole  ion 
trap  detector  (ITD)  when  the  solution  is  intro- 
duced via  a  hollow  fiber  membrane  probe.  The 
flow-through  configuration  used  for  sample  intro- 
duction allows  the  aqueous  solution  to  flow 
through  the  capillary  membrane  tubing  while  the 
organic  compounds  which  selectively  permeate 
the  membrane  are  ionized  in  the  ion  source.  In  this 
mode  of  operation,  the  instrument  shows  high  sen- 
sitivity. Chemical  ionization  mass  spectra  for  a  set 
of  ten  organic  compounds  of  environmental  inter- 
est were  recorded  and  the  ITD/membrane  system 
was  found  to  consistently  allow  detection  of  part- 
per-billion  (ppb)  levels  of  these  compounds  direct- 
ly from  water  without  any  preconcentration.  Anal- 
ysis of  well  water  samples  containing  ppb  to  part- 
per-million  levels  of  organics  was  demonstrated 
using  the  ITD/membrane  system.  The  combina- 
tion of  the  membrane  probe  and  ion  trap  produces 
a  compact,  inexpensive,  rapid  and  sensitive  system 
for  environmental  analysis.  The  flow-through 
membrane  configuration  was  also  used  with  a 
direct  insertion  probe  in  a  triple  quadrupole.  De- 
tection limits  in  the  ppb  range  for  organic  com- 
pounds in  water  were  measured.  Detection  of  par- 
ticular compounds  in  complex  matrices  was  dem- 
onstrated by  detection  of  10  ppb  2-methoxypyri- 
dine  in  a  fermentation  medium  using  a  triple-qua- 
drupole  mass  spectrometer.  (Author's  abstract) 
W90-05038 


STUDIES  ON  THE  EFFECT  OF  CELL  DIVI- 
SION-INHIBITING HERBICIDES  ON  UNIAL- 
GAL  AND  MIXED  ALGAL  CULTURES. 

Keszthely  Agricultural  Univ.,  Mosonmagyarovar 

(Hungary).  Inst,  of  Crop  Production. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05051 
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TEMPORAL  AND  SPATIAL  VARIABILITY  OF 
ARSENIC  IN  BENTHIC  INSECTS  FROM 
WHITEWOOD  CREEK,  SOUTH  DAKOTA. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05089 


DISTRIBUTION  OF  MAJOR  AND  TRACE 
ELEMENTS  IN  CORE  SAMPLES  FROM  PICA- 
TINNY  ARSENAL,  NEW  JERSEY. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05102 


METHODS  OF  EVALUATING  THE  RELA- 
TION OF  GROUND-WATER  QUALITY  TO 
LAND  USE  IN  A  NEW  JERSEY  COASTAL 
PLAIN  AQUIFER  SYSTEM. 

Geological  Survey,  West  Trenton,  NJ. 
E.  F.  Vowinkel,  and  W.  A.  Battaglin. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p405-410,  8  fig,  7  ref. 

Descriptors:  *Land  use,  *Water  pollution  sources, 
•Groundwater  pollution,  *New  Jersey,  'Nitrates, 
Aquifers,  Statistical  analysis,  Correlation  analysis, 
Wells,  Buffer  zones. 

Three  methods  were  developed  and  tested  to 
evaluate  statistical  relations  of  shallow  groundwat- 
er quality  to  land  use  in  a  New  Jersey  Coastal 
Plain  aquifer  system:  (1)  The  predominant  land-use 
method;  (2)  Present/absent  land-use  method;  and 
(3)  Land-use  percentage  method.  Each  method 
indicates  a  significant  relationship  between  nitrate 
nitrogen  (nitrate)  and  purgeable  organic  com- 
pounds to  land  use.  The  effect  of  buffer  radius  on 
test  results  for  each  method  was  evaluated  by  using 
land-use  percentages  within  circular  buffers  with 
radii  of  1,  100,  250,  400,  600,  800,  and  1,000  m 
about  each  well.  The  most  significant  relationship 
between  constituent  concentrations  and  land  use 
typically  are  at  radii  of  600  or  800  meters.  The 
study  area  was  divided  into  two  subareas  (Area  I 
and  Area  II)  to  determine  if  statistical  results  are 
similar  in  each  area.  The  results  for  all  wells  are 
not  always  the  same  as  the  results  for  Area  I  and 
Area  II.  In  most  cases,  the  test  results  indicate  that 
relationships  for  Area  I  are  more  statistically  sig- 
nificant than  those  for  Area  II.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05105 


COMPARISON  OF  INSTRUMENTAL  DEWA- 
TERING  METHODS  FOR  THE  SEPARATION 
AND  CONCENTRATION  OF  SUSPENDED 
SEDIMENTS. 

Geological  Survey,  Doraville,  GA. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-05112 


COMPARISON  OF  WELL-PURGING  CRITE- 
RIA FOR  SAMPLING  PURGEABLE  ORGANIC 
COMPOUNDS. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-05113 


SAMPLING,  FRACTIONATION,  AND  DEWA- 
TERING  OF  SUSPENDED  SEDIMENT  FROM 
THE  MISSISSIPPI  RIVER  FOR  GEOCHEMI- 
CAL  AND  TRACE-CONTAMINANT  ANALY- 
SIS. 

Geological  Survey,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05114 


Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p541-545,  1  tab,  20  ref. 

Descriptors:  'Groundwater  pollution,  'Aquatic 
bacteria,  'Biochemistry,  'Nucleotides,  'Adeny- 
late, Wastewater,  Metabolic  rate,  Chromatogra- 
phy. 

Adenine  nucleotides  are  essential  biochemicals  that 
have  been  used  to  estimate  microbial  biomass  and 
metabolic  state  in  many  different  ecological  set- 
tings. These  compounds  were  extracted  from  free- 
living  bacteria  along  a  longitudinal  transect  of  a 
plume  of  sewage  contaminated  groundwater  in  an 
attempt  to  characterize  the  active  bacterial  biomass 
associated  with  the  contaminant  plume.  Extracts 
were  derivatized  with  chloroacetaldehyde  and  ana- 
lyzed by  high-performance  liquid  chromatography 
using  fluorescence  detection.  Total  adenine  nucleo- 
tide concentration,  an  index  of  active  biomass, 
decreased  from  111  picomoles/L  at  a  distance  of 
80  ft  from  the  sewage  source  to  26  picomoles/L  at 
a  distance  of  9,590  ft  from  the  sewage  source. 
Adenylate  energy  charge,  an  index  of  metabolic 
state,  was  at  or  near  a  value  of  0.60  for  all  locations 
sampled  within  the  plume  of  contaminated  ground- 
water, and  was  independent  of  total  adenine  nu- 
cleotide concentrations.  Measured  adenylate 
energy  charges  were  comparable  to  those  reported 
for  laboratory  cultures  in  stationary  growth  phase 
and  indicate  the  microbial  communities  in  the  con- 
taminant plume  exist  at  a  metabolic  state  character- 
ized by  external  stress  such  as  nutrient  limitation. 
(See  also  W90-05059)  (Author's  abstract) 
W90-05118 


PARTITIONING,    DISTRIBUTION,    AND    RE- 
COVERY   OF    DNA    (DEOXYRIBONUCLEIC 
ACID)  FROM  WATER  AND  SEDIMENT  IN  A 
CONTAMINATED  AQUIFER  IN  CAPE  COD, 
MASSACHUSETTS. 
Geological  Survey,  Menlo  Park,  CA. 
D.  W.  Metge,  and  R.  W.  Harvey. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p547-553,  2  fig,  1  tab,  11  ref. 

Descriptors:  'Groundwater  pollution,  *DNA, 
'Massachusetts,  'Sediment  analysis,  'Cape  Cod, 
'Chemical  analysis,  'Water  analysis,  Laboratory 
methods,  Aquifers,  Extraction  methods,  Hydrogen 
ion  concentration,  Sediments. 

A  method  was  developed  for  fluorometrically  esti- 
mating deoxyribonucleic  acid  (DNA)  concentra- 
tions in  a  contaminated,  nutrient-poor  sandy  aqui- 
fer on  Cape  Cod,  MA.  This  method  was  found  to 
require  alkaline  extraction  and  phosphate  buffering 
for  efficient  recovery  (up  to  90%)  of  DNA  from 
sediment.  Sediment  fines  (containing  greater  than 
90%  of  bacterial  numbers)  were  aseptically  sepa- 
rated from  larger  grained  abiotic  particles  by  wet 
sieving,  followed  by  alkaline  lysis/extraction  and 
DNA  recovery.  Partitioning  of  DNA  (nonadher- 
ent microbial  DNA  compared  to  particle-associat- 
ed extracellular  DNA)  was  estimated  using  meas- 
urements of  well  water  and  aquifer  sediment  sam- 
ples. Extracellular  DNA  was  estimated  by  using 
differences  in  sediment  total  DNA  and  prelysis 
DNAase-treated  sediment  samples.  There  was  a 
decrease  in  DNA  recovery,  DNA/cell,  and  total 
DNA/gram  of  sediment  coincident  with  decreased 
contaminant  and  nutrient  concentrations  over  the 
length  of  the  contaminant  plume.  Differences  in 
recovery  were  found  to  be  primarily  due  to  pH, 
choice  of  buffer  system,  and  sediment  mineralogy. 
DNA/cell  and  DNA  partitioning  differences  were 
found  to  be  dependent  upon  location,  nutrient  con- 
ditions, and  bacterial  abundance.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05119 


TOTAL  ADENYLATE  AND  ADENYLATE 
ENERGY-CHARGE  MEASUREMENTS  FROM 
BACTERIAL  COMMUNITIES  IN  GROUND 
WATER. 

Geological  Survey,  Lakewood,  CO. 
M.  H.  Brooks,  and  R.  L.  Smith. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 


COLLECTION  AND  ANALYSIS  OF  UNSATU- 
RATED-ZONE  SOIL  GAS  FOR  VOLATILE  OR- 
GANIC COMPOUNDS. 

Geological  Survey,  Arvada,  CO. 

J.  A.  Kammer,  and  J.  A.  Smith. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 


drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p  617-623,  2  fig,  2  tab,  5  ref. 

Descriptors:  'Water  analysis,  'Pollutant  identifica- 
tion, 'Groundwater  pollution,  'Volatile  organic 
compounds,  'Samplers,  'Soil  analysis,  'Soil  gases, 
Path  of  pollutants,  Water  pollution  sources,  Gas 
chromatography,  Costs,  Soil  contamination. 

The  analysis  of  volatile  organic  compounds  in  soil 
gas  plays  an  important  role  in  groundwater  quality 
studies  where  an  understanding  of  contaminant 
fate  and  distribution  are  needed  to  define  the  extent 
and  movement  of  groundwater  solute  plumes.  A 
new  method  to  sample  and  analyze  quantitatively 
soil  gas  for  the  presence  of  volatile  organic  com- 
pounds is  described.  Soil  gas  is  removed  from  the 
unsaturated  zone  through  stainless-steel  tubing  and 
collected  in  125  milliliter  glass  sampling  bulbs. 
After  sample  collection,  a  vapor  surrogate  stand- 
ard, bromochloromethane,  is  added  by  syringe 
through  a  septum  on  the  side  of  the  bulb.  The 
sampling  bulbs  are  transported  to  the  laboratory 
where  the  entire  contents  of  each  bulb  are  purged 
onto  an  adsorbent  trap  and  then  thermally  de- 
sorbed  into  a  gas  chromatograph  for  compound 
separation  and  quantitation.  Benefits  of  the  method 
include  its  low  cost,  its  low  analytical  detection 
limit,  its  high  precision,  and  the  ability  to  monitor 
sample  recovery  by  use  of  a  field-spiked  surrogate 
standard.  (See  also  W90-05059)  (Author's  abstract) 
W90-05126 


QUANTITATION  OF  ACRYLAMIDE  (AND  PO- 
LYACRYLAMIDE):  CRITICAL  REVIEW  OF 
METHODS  FOR  TRACE  DETERMINATION/ 
FORMULATION  ANALYSIS  AND  FUTURE- 
RESEARCH  RECOMMENDATIONS. 
C.  G.  Daughton. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-121685. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Final  Report  CGD-02/88,  June  23,  1988.  56p,  130 
ref. 

Descriptors:  'Acrylamide,  'Literature  review, 
'Laboratory  methods,  'Pollutant  identification, 
♦Polyacrylamides,  'Chemical  analysis,  Water 
treatment,  High  performance  liquid  chromatogra- 
phy, Gas  chromatography,  Research  priorities, 
Quantitative  analysis,  Oil  recovery.  Grouting,  Po- 
larography. 

During  the  last  three  decades,  polyacrylamides 
(especially  those  converted  to  polyelectrolytes) 
have  gained  wide  usage  in  water  treatment  (as 
flocculants/coagulants),  tertiary  oil  recovery,  and 
various  other  applications  such  as  sewer  grouts. 
Although  the  polymers  are  relatively  nontoxic, 
acrylamide  can  elicit  severe  neurotoxicity  and  gen- 
otoxicity.  For  health  concerns,  use  of  polyacryla- 
mides in  drinking  water  has  been  subjected  to 
closer  evaluation  during  the  last  decade.  Although 
numerous  methods  of  chemical  analysis  exist  for 
determining  the  acrylamide  content  of  a  polyacry- 
lamide  formulation,  no  standardized  method  has 
been  adopted  for  directly  determining  'trace'  con- 
centrations of  acrylamide  in  water.  This  report 
presents  an  in-depth  literature  review  of  methods 
for  determining  acrylamide;  over  100  references 
have  been  reviewed,  and  those  that  deal  specifical- 
ly with  acrylamide  determination  have  been  anno- 
tated. The  findings  can  be  easily  summarized.  Ini- 
tial isolation/concentration  of  acrylamide  from 
water  has  been  the  most  difficult  task  in  analysis. 
Nearly  all  researchers  have  relied  on  aqueous- 
phase  ionic  bromination  of  the  acrylyl  double  bond 
(at  low  pH)  to  form  the  2,3-dibromopropionamide 
derivative,  which  has  a  much  higher  partition  coef- 
ficient into  organic  solvents.  For  subsequent  trace 
determination,  two  major  separation  methods  have 
been  evaluated-gas  chromatography  (GC)  and 
high  performance  liquid  chromatography  (HPLC). 
For  HPLC,  the  derivative  is  amenable  only  to  non- 
selective UV  detection  (at  about  200  nm)  under 
reverse-phase  separation  conditions;  direct  deter- 
mination of  acrylamide  itself  has  also  been  attempt- 
ed. These  approaches,  however,  have  only 
achieved  low  parts  per  billion  (micrograms/L,  ug/ 
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L)  detection  limits  because  it  has  not  been  possible 
to  sufficiently  preconcentrate  the  dibromo  deriva- 
tive or  acrylamide  itself.  For  GC,  2,3-dibromopro- 
pionamide  gives  excellent  detectability  with  elec- 
tron-capture detection.  Polarography  or  HPLC 
seem  to  be  the  methods  of  choice  for  formulation 
analysis.  (Lantz-PTT) 
W90-05147 


DEVELOPMENT  OF  A  MEMBRANE  FOR  IN- 
SITU  OPTICAL  DETECTION  OF  TNT. 

New  Hampshire  Univ.,  Durham.  Dept.  of  Chemis- 
try. 

Y.  Zhang,  W.  R.  Seitz,  and  D.  D.  Sundberg. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A202  306. 
Price  codes:  A02  in  paper  copy,  A01  in  microfiche. 
Special  Report  88-24,  November  1988.  6p,  8  fig,  1 
tab,  6  ref. 

Descriptors:  'Pollutant  identification,  'Trinitrotol- 
uene, *In  situ  tests,  'Membranes,  Aromatic  com- 
pounds, Hydrocarbons,  Organic  compounds, 
Chemical  analysis,  Trinitrobenzene,  Groundwater 
pollution,  Water  analysis. 

One  of  the  Army's  most  serious  water  pollution 
problems  is  how  to  dispose  of  wash  waters  used  to 
clean  equipment  and  interior  surfaces  at  munitions 
manufacturing  and  demilitarization  facilities.  Be- 
cause of  the  possibility  that  these  munitions  can 
reach  groundwater  it  is  necessary  for  the  Army  to 
periodically  determine  whether  groundwater  has 
been  contaminated.  The  goal  of  this  project  was  to 
develop  a  system  for  in-situ  optical  detection  and 
estimation  of  2,4,6-trinitrotoluene  (TNT)  in 
groundwater,  which  would  reduce  the  need  to 
collect  groundwater  samples  for  laboratory  analy- 
sis. A  membrane  was  developed  for  in  situ  determi- 
nation of  polynitroaromatic  hydrocarbons  in 
groundwater  at  levels  as  low  as  10  nanograms/ml 
(ng/ml).  A  typical  membrane  is  prepared  by  dis- 
solving the  following  in  tetrahydrofuran:  0.5  g 
polyvinyl  chloride  (PVC),  0.2  ml  dioctylphthalate 
to  serve  as  a  plasticizer  and  0.12  ml  Jeffamine 
T403,  a  polyoxyethyleneamine  that  also  acts  as  a 
plasticizer,  as  well  as  reacting  with  polynitroaro- 
matic hydrocarbons  to  produce  a  colored  product. 
The  membrane  is  formed  by  casting  the  solution 
into  a  glass  Petri  dish  with  a  diameter  of  8  cm  and 
allowing  the  solvent  to  slowly  evaporate.  Trace 
amounts  of  2,4,6-trinitrotoluene  (TNT),  1,3,5-trini- 
trobenzene  (TNB),  2,4,5-trinitrotoluene  (2,4,5- 
TNT),  and  methyl-2,4,6-trinitrophenyl  nitramine 
(tetryl)  react  with  the  membrane  to  produce  a 
visually  observable  reddish  brown  color.  No  pre- 
treatment  of  water  samples  is  required.  Recoveries 
of  0.1  to  4.0  parts  per  million  TNT  from  spiked 
groundwater  ranged  from  95%  to  105%.  Direct 
analysis  of  water  samples  agreed  with  high  per- 
formance liquid  chromatography  results.  (Lantz- 
PTT) 
W90-05166 


RESULTS  OF  HYDROLOGIC  RESEARCH  AT 
A  LOW-LEVEL  RADIOACTIVE-WASTE  DIS- 
POSAL SITE  NEAR  SHEFFIELD,   ILLINOIS. 

Geological  Survey,  Champaign,  IL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-05221 


INVENTORY  AND  EVALUATION  OF  BIO- 
LOGICAL INVESTIGATIONS  THAT  RELATE 
TO  STREAM-WATER  QUALITY  IN  THE 
UPPER  ILLINOIS  RIVER  BASIN  OF  ILLI- 
NOIS, INDIANA,  AND  WISCONSIN. 
Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05224 


EVALUATION  OF  FIELD  SAMPLING  AND 
PRESERVATION  METHODS  FOR  STRONTI- 
UM-90  IN  GROUND  WATER  AT  THE  IDAHO 
NATIONAL  ENGINEERING  LABORATORY, 
IDAHO. 

Geological  Survey,  Idaho  Falls,  ID.  Water  Re- 
sources Div. 


L.  D.  Cecil,  L.  L.  Knobel,  S.  J.  Wegner,  and  L.  L. 
Moore. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water- Resources  Investigations  Report  89-4146, 
1989.  24p,  2  fig,  6  tab,  13  ref. 

Descriptors:  'Quality  control,  'Water  analysis, 
•Pollutant  identification,  'Strontium  radioisotopes, 
•Idaho,  Statistical  analysis,  Data  collections. 

Water  from  four  wells  completed  in  the  Snake 
River  Plain  aquifer  was  sampled  as  part  of  the  U.S. 
Geological  Survey's  quality  assurance  program  to 
evaluate  the  effect  of  filtration  and  preservation 
methods  on  strontium-90  concentrations  in  ground- 
water at  the  Idaho  National  Engineering  Laborato- 
ry. Water  from  each  well  was  filtered  through 
either  a  0.45-micrometer  membrane  or  a  0.1 -mi- 
crometer membrane  filter;  unfiltered  samples  also 
were  collected.  Two  sets  of  filtered  and  two  sets  of 
unfiltered  samples  was  preserved  in  the  field  with 
reagent-grade  hydrochloric  acid  and  the  other  set 
of  samples  was  not  acidified.  For  water  from  wells 
with  strontium-90  concentrations  at  or  above  the 
reporting  level,  94%  or  more  of  the  strontium-90  is 
in  true  solution  or  in  colloidal  particles  smaller 
than  0.1  micrometer.  These  results  suggest  that 
within-laboratory  reproducibility  for  strontium-90 
in  groundwater  at  the  INEL  is  not  significantly 
affected  by  changes  in  filtration  and  preservation 
methods  used  for  sample  collections.  (USGS) 
W90-05278 


DETERMINATION  OF  LOW  LEVEL  SUL- 
FIDES IN  ENVIRONMENTAL  WATERS  BY 
AUTOMATED  GAS  DIALYSIS/METHYLENE 
BLUE  COLORIMETRY. 

Alberta  Environmental  Centre,  Vegreville. 
D.  Francom,  L.  R.  Goodwin,  and  F.  P.  Dieken. 
Analytical  Letters  ANALBP,  Vol.  22,  No.  11/12, 
p  2587-2600,  September/October  1989. 

Descriptors:  'Sulfides,  'Pollutant  identification, 
'Chemical  analysis,  'Colorimetry,  *Laboratory 
equipment,  *Gas  dialysis,  Aquatic  environment, 
Water  sampling,  Automation,  Dyes,  Copper, 
Chemical  interference,  Detection  limits. 

There  are  numerous  procedures  available  for  the 
determination  of  sulfide  in  aqueous  samples.  Meth- 
ods investigated  are  subject  to  high  detection 
limits,  are  time  consuming,  not  suitable  for  zinc- 
preserved  samples,  or  their  accuracy  is  complicat- 
ed by  the  presence  of  established  interferences.  A 
sensitive  and  rapid  automated  method  was  devel- 
oped for  the  selective  analysis  of  acid  extractable 
sulfide  in  environmental  samples  by  combining  gas 
dialysis  separation  techniques  with  methylene  blue 
detection  procedures.  Acid  extractable  sulfide  is 
separated  from  the  sample  matrix  by  the  gas  dialy- 
sis membrane  and  subsequently  trapped  in  a  dilute 
sodium  hydroxide  receiving  stream.  This  stream  is 
reacted  with  N,N-dimethyl-p-phenylenediamine 
and  ferric  chloride  to  produce  methylene  blue 
which  is  then  quantitated  colorimetrically  at  660 
nm.  For  standards  and  nonturbid  environmental 
samples,  there  is  good  agreement  between  the  re- 
sults obtained  by  this  procedure  and  the  standard 
methylene  blue  method.  The  effects  of  interfer- 
ences on  the  accurate  determination  of  sulfide  by 
both  methods  were  also  examined  and  it  was  found 
that  cupric  ions  significantly  interfered  with  sulfide 
estimation.  To  obtain  adequate  sulfide  recoveries  in 
tap  water  and  environmental  samples,  ascorbic 
acid  must  be  added  as  an  antioxidant.  A  detection 
limit  of  2  microg/L  of  sulfide  has  been  obtained 
using  this  procedure.  (Author's  abstract) 
W90-05312 


IMMOBILIZED  8-OXINE  UNITS  OF  DIFFER- 
ENT SOLID  SORBENTS  FOR  THE  UPTAKE 
OF  METAL  TRACES. 

Turin   Univ.   (Italy).   Dipt,   di  Chimica  Analitica. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05313 


GAS-CHROMATOGRAPHIC  ANALYSIS  OF 
CHLORINATED  ACIDS  IN  DRINKING 
WATER. 


Glenmore   Waterworks   Lab.,   Calgary   (Alberta). 
E.  E.  Hargesheimer,  and  T.  Satchwill. 
Aqua  AQUA  A  A,  Vol.  30,  No.  6,  p  345-351,  De- 
cember 1989.  5  fig,  1  tab,  20  ref. 

Descriptors:  'Chlorinated  carboxylic  acids, 
'Chemical  analysis,  *Drinking  water,  'Gas  chro- 
matography, 'Pollutant  identification,  Detection 
limits,  Resins,  Reproducibility,  Acetic  acid,  Dich- 
loroacetic  acid,  Trichloroacetic  acid. 

Determination  of  chlorinated  organic  compounds 
in  treated  drinking  water  is  important  as  many  of 
these  are  suspected  or  confirmed  carcinogens.  Tri- 
halomethanes  are  routinely  determined  in  drinking 
water,  however  simple  gas-chromatographic  meth- 
ods for  analysis  of  microgram/L  concentrations  of 
non-volatile,  highly  soluble  chlorinated  carboxylic 
acids  are  not  well  established.  A  simple  method  for 
the  isolation  and  quantification  of  dichloroacetic 
acid  (DCAA)  and  trichloroacetic  acid  (TCAA)  by 
capillary  gas  chromatography  with  electron-cap- 
ture detection  (GC-ECD)  was  developed.  DCAA 
and  TCAA  were  isolated  from  water  using  a 
Dowex-1 -chloride  anion-exchange  resin  followed 
by  acid  elution  and  solvent  extraction  of  the  acidic 
aqueous  eluent  with  diethyl  ether.  The  acids  were 
esterified  with  BF3-methanol  prior  to  GC-ECD. 
Bromoacetic  acid  was  used  as  internal  standard  to 
quantify  DCAA  and  TCAA.  Method  reproducibil- 
ity was  good,  with  a  detection  limit  of  0. 1  micro- 
grams/L  for  both  TCAA  and  DCAA.  Compound 
identities  were  confirmed  by  gas  chromatography- 
mass  spectrometry.  The  method  was  applied  to  the 
quantitative  analysis  of  chlorinated  acids  in  drink- 
ing water.  (Author's  abstract) 
W90-05316 


MICROBIOLOGY    OF    BOTTLED    NATURAL 
MINERAL  WATERS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05374 


LOSS  OF  TOTAL  SULFUR  AND  CHANGES  IN 
SULFUR  ISOTOPIC  RATIOS  DUE  TO  DRYING 
OF  LACUSTRINE  SEDIMENTS. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Microbiology 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05402 


LEVELS  OF  HEAVY  METALS  IN  SOME  RED 
SEA  FISH  BEFORE  HOT  BRINE  POOLS 
MINING. 

State  Pollution  Control  Commission,  Sydney  (Aus- 
tralia). 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05412 


USE  OF  BIODETECTORS  AS  'CHANNEL  SPY* 
TO  ENCIRCLE  NON-LEGAL  HEAVY  METAL 
DISCHARGES  IN  SEWERS  (EINSATZ  EINES 
BIODETEKTORS     ALS     KANALSPION     ZUM 
NACHWEIS       DER       SCHWERMETALLHER- 
KUNFT  IN  ABWASSERSIELEN). 
Technische    Univ.    Hamburg-Harburg   (Germany, 
F.R.).  Arbeitsbereich  Umweltschutztechnik. 
W.  Kienz,  W.  Ahlf,  W.  Calmano,  and  U.  Forstner. 
Zeitschrift  fuer  Wasser  -  und  Abwasser  Forshung 
ZWABAQ,  Vol.  22.  No.  6,  p  239-244,  December 
1989.  5  fig,  2  tab,  27  ref.  English  summary. 

Descriptors:  'Bioindicators,  'Water  pollution 
sources,  'Monitoring,  'Path  of  pollutants,  'Heavy 
metals,  'Wastewater  analysis,  'Mosses,  Bioaccu- 
mulation,  Absorption. 

It  had  been  difficult  to  determine  the  sources  of 
heavy  metal  polluters  in  wastewater  treatment  sys- 
tems. A  possible  way  for  localization  of  heavy 
metal  contaminated  discharges  into  the  sewer  is 
based  on  biological  monitoring  and  the  high  accu- 
mulation of  heavy  metals  on  moss  (Sphagnum  re- 
curvum).  In  laboratory  and  field  experiments  a 
distinct  accumulation  of  heavy  metals  on  moss  was 
indicated;  the  uptake  of  heavy  metals  is  fast  so  that 
short-term  impacts  may  be  detected.  Metal  paths 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Identification  Of  Pollutants— Group  5A 


can  be  determined  by  comparison  of  three  samples       W90-05424 

on  a  sewer  branch.  The  method  allows  the  fast, 

easy  and  unobserved  encirclement  of  dischargers. 

(Author's  abstract) 

W90-05418 


STREAMING  CURRENT  DETECTION  FOR 
DETERMINATION  OF  METAL  COMPLEXA- 
TION  CAPACITIES  OF  AQUATIC  HUMIC 
SUBSTANCES. 

Karlsruhe  Univ.  (Germany,  F.R.).  Engler-Bunte 

Inst. 

M.  Weis,  F.  S.  Valera,  and  F.  H.  Fnmmel. 

Zeitschrift  fuer  Wasser  -  und  Abwasser  Forshung 

ZWABAQ,  Vol.  22,  No.  6,  p  253-257,  December 

1989.  6  fig,  1  tab,  23  ref.  Deutsche  Forschungsge- 

meinschat  Grant  FR  536/9. 

Descriptors:  *Metal  complexes,  *Humic  acids, 
•Copper,  *Organic  matter,  'Pollutant  identifica- 
tion, Leachates,  Polarographic  analysis,  Laborato- 
ry methods,  Adsorption,  Electrolytes. 

Cu(II)  complexation  capacities  of  aquatic  organic 
matter  isolated  by  the  XAD-method  were  deter- 
mined by  means  of  streaming  current  detection. 
The  new  dissolved  organic  carbon  (DOC)-intrinsic 
technique  is  based  on  the  titration  of  humic  anions 
by  cationic  polyelectrolyte.  The  Cu(II)  complexa- 
tion capacities  are  calculated  from  the  volume  of 
titer  consumed  to  reach  the  isoelectric  point  of 
detected  net  charge  for  solutions  with  various 
ratios  of  Cu(II)  complexation  capacities  to  humic 
substances.  The  Cu(II)  complexation  capacities 
values  of  humic-like  substances  isolated  from  land- 
fill leachates  (0.5-1.4  micromoles  Cu(II)/mg  DOC) 
are  within  the  range  of  those  determined  by  differ- 
ential pulse  polarography  (0.5-2.3  micromoles 
Cu(II)/mg  DOC).  The  plots  of  charge  density  vs. 
metal  concentration  reflect  the  complexation  reac- 
tions. The  method  can  be  applied  to  the  complexa- 
tion of  all  metals  because  it  is  DOC-intrinsic  and 
therefore  independent  from  metal  analysis.  (Au- 
thor's abstract) 
W90-05421 


DETERMINATION  OF  CHLOROPHENOLS  IN 
AQUEOUS,  SOLID  AND  GAS  SAMPLES  BY 
GC/ECD  AND  GC/MS. 

Tuebingen  Univ.  (Germany,  F.R.).  Inst,  fuer  Or- 

ganische  Chemie. 

F.  Tschochner,  W.  Pilz-Mittenburg,  T.  Benz,  H. 

Brunner,  and  W.  Jaeger. 

Zeitschrift  fuer  Wasser  -  und  Abwasser  Forshung 

ZWABAQ,  Vol.  22,  No.  6,  p  267-271,  December 

1989.  4  fig,  4  tab,  5  ref. 

Descriptors:  'Chemical  analysis,  'Phenols,  'Chlor- 
inated hydrocarbons,  'Pollutant  identification, 
•Gas  chromatography,  'Mass  spectrometry, 
Column  chromatography,  Separation  techniques, 
Sludge  analysis,  Detection  limits. 

Chlorophenols  can  be  analyzed  very  effectively  as 
acetyl  derivatives.  After  acid  extraction,  the  chlor- 
ophenols are  reextracted  into  a  solution  of  potassi- 
um carbonate.  The  chlorophenols  are  subsequently 
acetylated  with  acetic  anhydride  and  extracted 
with  hexane.  Gas  chromatographic  separation  is 
carried  out  on  a  DB-5  capillary  column.  The  anal- 
ysis of  chlorophenols  as  acetyl  derivatives  is  supe- 
rior to  the  analysis  of  underivatized  chlorophenols, 
since  the  acetates  can  be  readily  purified  by  a 
chromatographic  step,  eliminating  interferences. 
Detection  by  both  electron  capture  and  mass  spec- 
trometry was  evaluated,  the  latter  being  the 
method  of  choice.  The  detection  limit  with  elec- 
tron capture  detection  is  about  0.05  micrograms/ 
sample  for  the  tri-  to  pentachlorophenols,  if  5  ml 
hexane  are  used  for  the  extraction  of  the  acetates. 
For  monochlorphenols  the  detection  limit  is  at 
least  a  factor  10  higher.  For  the  mass  spectrometry 
detection,  the  sample  volume  has  to  be  reduced 
considerably  compared  to  ECD  detection.  With 
the  volume  reduced  to  about  0.1  ml  and  with  the 
GC/MS  system  used,  the  detection  limit  is  about  1 
nanogram/sample  for  the  monochlorophenols  to 
pentachlorophenols.  Results  of  chlorophenol  de- 
terminations on  a  compost  sample  and  a  sewage 
sludge  sample  using  GC/MS  analysis  is  reported. 
(Geiger-PTT) 


DETECTION  OF  COLIPHAGES  AND  ENTER- 
OVIRUSES IN  DRINKING  WATER  AND  ITS 
SOURCES. 

Vyskumny  Ustav  Preventivneho  Lekarstva,  Bratis- 
lava (Czechoslovakia). 
A.  Petrovicova. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  285-287,  November  1989.  1 
tab,  3  ref. 

Descriptors:  'Bacteriophage,  'Enteroviruses, 
'Drinking  water  contamination,  'Water  analysis, 
•Water  quality,  'Water  treatment,  Laboratory 
methods. 

A  longitudinal  study  on  the  use  of  quantitative 
detection  of  coliphages  as  indicators  of  viral  con- 
tamination of  treated  drinking  water  was  carried 
out.  The  double  agar  layer  method,  using  Escheri- 
chia coli  strains  B-39  and  K-12-Z-2,  was  used  as  a 
system  of  coliphage  detection  by  plaque  counting. 
The  quantitative  coliphage  assay  in  raw  and  treat- 
ed water  indicated  the  efficiency  of  the  water 
treatment  process.  Where  slight  or  no  decrease  of 
the  coliphage  number  was  found,  the  regime  of  the 
plant  was  checked;  after  correcting  faults  in  the 
treatment  process,  the  quality  of  the  treated  drink- 
ing water  was  often  improved.  No  enteroviruses 
were  found  in  water  samples  where  no  coliphages 
were  present.  The  presence  of  coliphages  in  treat- 
ed water  was  often  found  together  with  enterovir- 
uses. The  results  indicate  that  coliphages  in  drink- 
ing water  can  be  considered  indicative  of  entero- 
viral  contamination.  (Sand-PTT) 
W90-05481 


NEW  SCREENING  TEST  TO  DETERMINE 
THE  ACCEPTABILITY  OF  0.45-MICRON 
MEMBRANE  FILTERS  FOR  ANALYSIS  OF 
WATER. 

Environmental  Monitoring  Systems  Lab.,  Cincin- 
nati, OH. 

K.  P.  Brenner,  and  C.  C.  Rankin. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  56,  No.  1,  p  54-64,  January  1990.  2 
fig,  4  tab,  32  ref. 

Descriptors:  'Water  quality  control,  'Culturing 
techniques,  'Quality  control,  'Bacterial  analysis, 
'Membrane  filters,  'Coliforms,  Klebsiella,  Entero- 
bacter,  Monitoring,  Comparison  studies,  Escheri- 
chia coli,  Citrobacter. 

During  routine  membrane  filter  (MF)  quality  con- 
trol testing,  irregularities  such  as  partial  or  com- 
plete inhibition  of  microbial  growth  at  gridlines, 
abnormal  spreading  of  colonies,  growth  in  or  along 
the  grid  lines,  nonwetting  areas,  poor  colony  sheen 
and  metallic  sheen  on  the  MF  surface  with  mEndo 
agar,  brittleness,  decreased  recovery,  and  severe 
wrinkling  were  observed  with  several  lots  of  fil- 
ters. To  study  these  effects  and  to  develop  a  more 
sensitive  screening  test  for  MF  quality,  5  different 
MFs  with  various  types  and  degrees  of  defects 
were  compared  by  using  5  stock  coliform  cultures 
and  5  different  media.  The  Enterobacter  aero- 
genes-tryptic  soy  agar  test  system  detected  more 
MF  defects  than  any  other  combination  and  was 
superior  to  the  Escherichia  coli-mFC  agar  Ameri- 
can Society  for  Testing  and  Materials  method  for 
grid  line  inhibition.  Filtered  natural  samples  grown 
on  the  same  media  showed  the  same  effects  as 
were  observed  with  the  pure  cultures.  Poor  colony 
sheen  and  sheen  on  the  MF  surface  were  best 
detected  with  Enterobacter  aerogenes  on  mEndo 
agar.  The  use  of  tryptic  soy  agar  and  mEndo  agar 
with  this  organism  permitted  the  maximum  detec- 
tion of  MF  irregularities.  Of  the  142  MF  lots  tested 
by  this  method,  30%  were  acceptable,  10%  were 
marginally  acceptable,  and  61%  were  unaccept- 
able. This  method  provides  a  valuable  screening 
test  for  determining  the  acceptability  of  0.45- 
micron-pore-size  MFs  used  for  coliform  and  heter- 
otroph  analysis  and  may  also  be  useful  in  conjunc- 
tion with  other  methods.  (Author's  abstract) 
W90-05482 


SIMPLE  MEDIUM  THAT  PRESERVES  LOW 
CONCENTRATIONS  OF  ESCHERICHIA  COLI 


FOR  USE  IN  THE  WATER  BACTERIOLOGY 
PROFICIENCY  TEST. 

New  York  State  Dept.  of  Health,  Albany.  Wads- 
worth  Center  for  Labs,  and  Research. 
M.  Chen. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  56,  No.  1,  p  146-149,  January 
1990.  1  fig,  7  tab,  5  ref. 

Descriptors:  'Culturing  techniques,  'Water  quality 
control,  'Bacterial  analysis,  'Coliforms,  'Escheri- 
chia coli,  Potable  water,  Proficiency  testing. 

A  medium  containing  (per  liter)  6.8  g  of  sodium 
acetate  trihydrate,  3.4  g  of  potassium  dihydrogen 
phosphate,  and  0.1  g  of  magnesium  sulfate  hepta- 
hydrate  (medium  pH,  5.85  +/-0.05)  was  developed 
for  use  in  a  water  bacteriology  proficiency  test. 
The  medium  maintained  80-100%  viability  of  in- 
oculated Escherichia  coli  at  temperatures  up  to  31 
C  for  at  least  12  days,  while  the  concentrations  of 
bacteria  in  the  medium  were  as  low  as  20  bacteria/ 
100  ml.  The  medium  remained  stable  after  a  year  in 
storage.  It  has  been  used  successfully  to  preserve 
bacteria  in  9  statewide  bacteriology  proficiency 
tests  for  potable  and  nonpotable  water  and  has  also 
been  used  in  a  nationwide  pilot  test.  (Author's 
abstract) 
W90-05484 


USEPA  METHOD  STUDY  39,  METHOD  504, 
1,2-DIBROMOETHANE  (EDB)  AND  1,2-DI- 
BROMO-3-CHLOROPROPANE  (DBCP)  IN 
WATER  BY  MICROEXTRACTION  AND  GAS 
CHROMATOGRAPHY. 
Bionetics  Corp.,  Cincinnati,  OH. 
K.  W.  Edgell. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-119580. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/4-88/034,  October  1988. 
52p,  4  tab,  6  ref.  EPA  Contract  68-03-3254. 

Descriptors:  'Water  analysis,  'Testing  procedures, 
'Pollutant  identification,  'Organic  compounds, 
'Chemical  analysis,  Volatile  organic  compounds, 
Dibromoethane,  Chloropropane,  Gas  chromatog- 
raphy, Statistical  analysis,  Quality  control. 

An  interlaboratory  collaborative  study  was  con- 
ducted to  determine  the  precision  and  bias  (recov- 
ery) of  Method  504  for  the  analysis  of  two  semi- 
volatile     organic     compounds     in     groundwater. 
Method   504  is  entitled,   '1,2-Dibromoethane  and 
l,2,-Dibromo-3-chloropropane    in   Water   by   Mi- 
croextraction  and  Gas  Chromatography',  and  in- 
cludes   instructions    for    quality    control,    sample 
preparation  and  analyses  of  samples  by  gas  chro- 
matography.    A    detailed     investigation     of    the 
number  of  outliers  is  a  good  measurement  of  the 
ruggedness  of  the  method.  In  this  study,  15%  of 
the  submitted  data  points  were  rejected  as  outliers. 
The  laboratory  ranking  test,  associated  with  sys- 
tematic errors,  represented  67%  of  the  total  reject- 
ed data  while  the  individual  outlier  test  accounted 
for  the  remaining  33%.  One  laboratory  accounted 
for  41%  of  the  total  outliers  while  7  laboratories 
had  no  outliers  for  1,2-dibromoethane  and  8  lab- 
oratories had  no  outliers  for  l,2-dibromo-3-chloro- 
propane.  The  groundwater  produced  no  apparent 
matrix   effect   on   the   number   of  outliers   (7.1% 
outliers   in   reagent   water   and   7.9%   outliers   in 
groundwater).  The  relatively  low  percentage  of 
outlier  data  indicated  that  the  method  is  rugged. 
The   recovery   of  the   method   was   obtained   by 
comparing  the  mean  values  from  the  study  to  the 
true  value  concentrations.  Recoveries  of  107%  and 
108%   for  reagent  water  and  groundwater  were 
found  for   1,2-dibromoethane.  For   l,2-dibromo-3- 
chloropropane  recoveries  of  99%  and  97%  were 
found  for  reagent  water  and  groundwater,  respec- 
tively. The  overall  standard  deviation  expressed  as 
the  percent  relative  standard  deviation  (%RSD) 
was  8%  for   1,2-dibromoethane  in  reagent  water 
and  groundwater  respectively.  The   %RSD  was 
14%  and  16%  for  l,2-dibromo-3-chloropropane  in 
reagent  water  and  groundwater  respectively.  The 
single-analyst  standard  deviation  expressed  as  the 
percent  relative  standard  deviation  (%RSD-SA) 
was  4%  and  5%  for  1,2-dibromoethane  in  reagent 
water  and  groundwater  and  7%  and  8%  for  1,2- 


53 


91 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5A— Identification  Of  Pollutants 


dibromo-3-chloropropane    in    reagent    water    and 
groundwater  respectively.  (Lantz-PTT) 
W90-05557 


MONITORING    FOR    VOLATILE    ORGANICS 

IN  EFFERVESCENT  GROUND  WATER. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Aiken,  SC. 

Savannah  River  Plant. 

W.  Fay,  R.  Lorenz,  V.  Jones,  W.  Colven,  and  B. 

Looney. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  DE88-016909. 

Price  codes:  A02  in  paper  copy,  A01  in  microfiche. 

Report  No.  DP-MS--86-12,  (1988).  9p,  2  fig,  6  ref. 

Descriptors:  *Water  pollution  control,  'Volatile 
organic  compounds,  'Groundwater  quality,  'Ef- 
fervescence, 'Pollutant  identification,  'Samplers, 
Groundwater  pollution,  Aquifers,  Water  sampling, 
Measuring  instruments,  Chismar  sampler,  Trichlor- 
oethylene,   Trichloroethane,   Tetrachloroethylene. 

Water  from  aquifers  under  pressure  and  saturated 
in  nitrogen,  carbon  dioxide,  hydrogen,  or  other 
gases  effervesces  at  atmospheric  pressure.  This  ef- 
fervescence removes  volatile  organics,  causing 
water  exposed  to  atmospheric  pressure  to  be  un- 
representative of  the  groundwater.  The  results  of 
any  sampling  method  that  exposes  the  water  to  the 
atmosphere  are  distorted  no  matter  how  carefully 
the  sample  is  collected.  Appropriate  samples  can 
be  collected  using  down-hole  samplers  that  are 
retrieved  without  exposure  to  the  atmosphere  or 
using  bomb  samplers  for  pumping  wells.  DuPont  at 
the  Savannah  River  Plant  has  developed  the  Chis- 
mar sampler,  which  is  an  appropriate  bomb  sam- 
pler. The  sampling  device  is  a  steel  tube  with  gas- 
tight  ball  valves  at  either  end.  When  the  ball  valves 
are  open,  the  sampler  has  a  uniform  0.5-in.  diame- 
ter interior  that  allows  unobstructed  flow  of  water 
through  the  device.  Water  is  pumped  through  the 
sampler  to  reach  equilibrium;  then  the  valves  are 
closed  simultaneously,  capturing  a  representative 
sample  of  the  gas  and  water.  The  organics  and 
gases  are  purged  from  the  sampler  into  an  inflata- 
ble sample  container.  Aliquots  of  the  gas  are  ana- 
lyzed by  gas  chromatography.  The  Chismar  sam- 
pler has  been  tested  in  an  area  of  known  trichlor- 
oethylene,  tetrachloroethylene,  and  1,1,1 -trichlor- 
oethane groundwater  contamination.  The  Chismar 
sampler  yields  results  comparable  to  other  sam- 
pling techniques  on  groundwater  from  an  uncon- 
fined  aquifer.  In  wells  monitoring  confined  aquifers 
under  1 50  ft  of  head,  volatile  organics  are  detected 
in  samples  collected  with  the  Chismar  sampler  but 
are  not  detected  in  samples  collected  by  bailing  or 
syringe  samplers  that  expose  the  sample  to  the 
atmosphere.  This  device  may  be  the  only  appropri- 
ate method  of  sampling  water  supply  wells  that  are 
inaccessible  to  downhole  devices.  (Author's  ab- 
stract) 
W90-05581 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECT  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY   1  TO  MARCH  31,   1988. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE88-016531. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Volume  1-Text.  Report  No.  PNL-6581-Vol.l, 
May  1988.  106p,  19  fig,  24  tab,  13  ref.  DOE 
Contract  DE-AC06-76RLO  1830. 

Descriptors:  'Washington,  'Data  collections, 
'Groundwater  quality,  'Water  quality  control, 
•Monitoring,  Hanford  Site,  Monitoring  wells. 

The  progress  of  eight  Hanford  Site  groundwater 
monitoring  projects  for  the  period  January  1  to 
March  31,  1988  is  presented.  The  facilities  repre- 
sented by  the  eight  projects  are  the  300  Area 
Process  Trenches,  183-H  Solar  Evaporation 
Basins,  200  Areas  Low-Level  Burial  Grounds, 
Nonradioactive  Dangerous  Waste  Landfill,  216-A- 
36B  Crib,  1301-N  Liquid  Waste  Disposal  Facility, 
1325-N  Liquid  Waste  Disposal  Facility,  and  1324- 
N/NA  Surface  Impoundment  and  Percolation 
Ponds.  The  latter  four  projects  are  included  in  this 
series  of  quarterly  reports  for  the  first  time.  During 


the  period,  field  activity  at  the  300  Area  Process 
Trenches  and  183-H  Solar  Evaporation  Basins  con- 
sisted of  scheduled  monitoring  of  liquid  levels  and 
collection  and  analysis  of  water  samples.  At  the 
200  Areas  Low-Level  Burial  Grounds,  wells  con- 
structed during  the  previous  quarter  were  further 
inspected  and  developed.  At  the  216-A-36B  Crib, 
five  new  monitoring  wells  were  initiated,  and  one 
of  these  was  completed  during  this  quarter.  Sam- 
pling and  analysis  were  conducted  on  four  wells 
surrounding  the  1324-N/NA  ponds  during  Decem- 
ber 1987  and  this  first  quarter  of  1988.  None  of  the 
wells  sampled  and  analyzed  during  this  quarter 
exceeded  the  EPA  drinking  water  standards.  Five 
new  monitoring  wells  were  completed  in  the  100- 
N  Area,  and  quarterly  sampling  commenced  in 
December  1987.  (Author's  abstract) 
W90-05585 


APPLICATION  OF  THE  'MASTER  ANALYTI- 
CAL  SCHEME'  TO  INFLUENT  AND  EFFLU- 
ENT WASTEWATERS. 
Research  Triangle  Inst.,  Research  Triangle  Park, 

NC. 

D.  L.  Norwood,  L.  C.  Michael,  S.  D.  Cooper,  T. 

W.  Pack,  and  M.  E.  Montgomery. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB89-129423. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  EPA/6O0/D-88/248,  November  1988. 

22p,  6  fig,  4  tab,  6  ref.  EPA  Contract  68-01-6904. 

Descriptors:  'Pollutant  identification,  'Water  qual- 
ity control,  'Effluents,  'Wastewater  treatment,  Or- 
ganic compounds,  Testing  procedures,  Organic 
acids,  Quality  control,  Standards. 

The  Master  Analytical  Scheme  for  Organics  in 
Water  (MAS)  was  applied  to  samples  of  influent 
and  effluent  wastewaters  obtained  from  a  series  of 
municipal  wastewater  treatment  works.  The  results 
were  expected  to  provide  an  indication  of  treat- 
ment efficiency  relative  to  micropollutant  content. 
For  each  influent  and  effluent  sample  pair,  the 
complete  MAS  was  applied.  In  each  individual 
protocol,  target  compounds  were  searched  for  and 
quantified  using  a  current  database  of  relative 
molar  response  values.  In  each  case,  the  effluent 
wastewater  is  significantly  reduced  in  both  total 
amount  and  total  numbers  of  micropollutants  rela- 
tive to  the  corresponding  influent  wastewater.  The 
MAS  analyses  have  clearly  provided  an  indication 
of  micropollutant  treatment  efficiency  for  these 
four  plants.  In  the  effluent,  organic  acids  are  virtu- 
ally eliminated  and  the  generally  lower  molecular 
weight  volatile  organics  are  of  greater  relative 
importance.  As  with  any  comprehensive  scheme 
for  trace  organic  analysis  of  complex  mixtures 
derived  from  environmental  matrices,  the  MAS  is 
not  without  problems.  However,  unlike  many  such 
schemes  the  MAS  incorporate  sufficient  quality 
assurance  procedures  to  allow  problems  to  be  iden- 
tified and  their  causes  indicated.  The  use  of  isotope 
labeled  internal  standards  for  each  micropollutant 
class  spiked  into  the  aqueous  matrix  before  any 
extraction  steps  allows  an  assessment  of  analyte 
recoveries.  External  standards  added  to  the  ex- 
tracts assess  gas  chromatography/mass  spectrome- 
try/data  system  performance  during  individual 
sample  analyses  and  are  utilized  for  recovery  cal- 
culations. (Lantz-PTT) 
W90-05591 


APPLICABILITY  OF  AMBIENT  TOXICITY 
TESTING  TO  NATIONAL  OR  REGIONAL 
WATER-QUALITY  ASSESSMENT. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 
J.  F.  Elder. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-55,  1989.  102p,  3  fig,  21  tab, 
910  ref,  append. 

Descriptors:  'Water  analysis,  'Bioassay,  'Water 
quality,  'Toxicity,  'Water  quality  standards,  Bio- 
logical studies.  Testing  procedures,  Biochemistry, 
Environmental  quality. 

Comprehensive  assessment  of  the  quality  of  natural 
waters  requires  a  multifaceted  approach.  Based  on 


experimentation  designed  to  monitor  responses  of 
organisms  to  environmental  stresses,  toxicity  test- 
ing may  have  diverse  purposes  in  water  quality 
assessments.  These  purposes  may  include  identifi- 
cation that  warrant  further  study  because  of  poor 
water  quality  or  unusual  ecological  features,  verifi- 
cation of  other  types  of  monitoring,  or  assessment 
of  contaminant  effects  on  aquatic  communities.  A 
wide  variety  of  toxicity  test  methods  have  been 
developed  to  fulfill  the  needs  of  diverse  applica- 
tions. The  methods  differ  primarily  in  the  full 
selections  made  relative  to  four  characteristics:  (1) 
test  species,  (2)  endpoints  (acute  or  chronic),  (3) 
test  enclosure  type,  and  (4)  test  substance  (toxi- 
cant) that  functions  as  the  environmental  stress. 
Toxicity  test  approachs  vary  in  their  capacity  to 
meet  the  needs  of  large-scale  assessments  of  exist- 
ing water  quality.  Ambient  testing  is  more  likely  to 
meet  these  needs  than  are  the  procedures  that  call 
for  exposure  of  the  test  organisms  to  known  con- 
centrations of  a  single  toxicant.  However,  mean- 
ingful interpretation  of  ambient  test  results  depend 
on  the  existence  of  accompanying  chemical  analy- 
sis of  the  ambient  media.  The  ambient  test  sub- 
stance may  be  water  or  sediments.  Sediment  tests 
have  had  limited  application,  but  they  are  useful 
because  of  the  fact  that  most  toxicants  tend  to 
accumulate  in  sediments,  and  many  test  species 
either  inhabit  the  sediments  or  are  in  frequent 
contact  with  them.  Biochemical  testing  methods, 
which  have  been  developing  rapidly  in  recent 
years,  are  likely  to  be  among  the  most  useful 
procedures  for  large-scale  water  quality  assess- 
ments. They  are  relatively  rapid  and  simple,  and 
more  importantly,  they  focus  on  biochemical 
changes  that  are  the  initial  responses  of  virtually  all 
organisms  to  environmental  stimuli.  Most  species 
are  sensitive  to  relatively  few  toxicants  and  their 
sensitivities  vary  as  conditions  change.  One  of  the 
most  informative  approaches  for  toxicity  testing  is 
to  combine  biochemical  tests  with  other  test  meth- 
ods in  a  'battery  or  tests'  that  is  diversified  enough 
to  characterize  different  types  of  toxicants  and 
different  trophic  levels.  (Lantz-PTT) 
W90-05594 


QUALITY-ASSURANCE  DATA  FOR  ROUTINE 

WATER     ANALYSIS     IN     THE     NATIONAL 

WATER-QUALITY    LABORATORY    OF    THE 

U.S    GEOLOGICAL    SURVEY    FOR    WATER 

YEAR  1988. 

Geological  Survey,  Denver,  CO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-05607 


YIELD  AND  QUALITY  OF  GROUND  WATER 
FROM  STRATIFIED-DRIFT  AQUIFERS, 
TAUNTON  RIVER  BASIN,  MASSACHUSETTS: 
EXECUTIVE  SUMMARY. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-05615 


EVALUATION  OF  METHODS  USED  FROM 
1965  THROUGH  1982  TO  DETERMINE  INOR- 
GANIC CONSTITUENTS  IN  WATER  SAM- 
PLES. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-05619 


5B.  Sources  Of  Pollution 


TRANSFER  OF  RADIOCESIUM  FROM  DIF- 
FERENT ENVIRONMENTAL  SOURCES  TO 
EWES  AND  SUCKLING  LAMBS. 

Institute  of  Terrestrial  Ecology,  Grange  over 
Sands  (England).  Merlewood  Research  Station. 

B.  J.  Howard,  R.  W.  Mayes,  N.  A.  Beresford,  and 

C.  S.  Lamb. 

Health  Physics  HLTPAO,  Vol.  57,  No.  4,  p  579- 
586,  October  1989.  1  fig,  6  tab,  17  ref. 

Descriptors:  'Path  of  pollutants,  'Cesium  radioiso- 
topes, 'Sheep,  'Bioaccumulation,  'Animal  tissues, 
'Fallout,    Population    exposure,    Animal    popula- 
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tions,     Absorption,     Radioisotopes,     Radioactive 
wastes. 

Indoor  experiments  were  conducted  to  compare 
the  transfer  of  radiocesium  to  ewe  and  lamb  tissues 
from  different  sources.  Lactating  ewes  were  fed 
either  perennial  ryegrass  contaminated  by  Cherno- 
byl fallout,  or  saltmarsh  vegetation  contaminated 
by  marine  discharges  from  the  Sellafield  reprocess- 
ing plant.  The  transfer  to  ewe  tissues  and  milk  was 
greater  from  the  Chernobyl  contaminated  herbage 
than  from  saltmarsh  vegetation.  Lambs  receiving  a 
mixture  of  vegetation  and  milk  were  given  radioce- 
sium from  one  of  the  two  vegetation  sources  or 
from  milk  obtained  from  the  experimental  ewes. 
Transfer  to  lamb  tissues  declined  in  the  order  milk 
>  Chernobyl  fallout  >  Sellafield  discharge.  The 
radiocesium  transfer  to  lamb  tissues  exceeded  that 
to  ewe  tissues.  Transfer  coefficients  for  Csl37  in 
the  Chernobyl  fallout  were  higher  than  most  previ- 
ously published  figures  at  0.12  dAg  for  ewe 
muscle  and  0.50  d  Ag  for  lamb  muscle.  The  trans- 
fer coefficient  for  Csl37  from  ewe  milk  to  lamb 
was  1.20  dAg.  (Author's  abstract) 
W90-04557 


PLUTONIUM  DISTRIBUTION  AND  OXIDA- 
TION STATES  IN  A  REACTOR  LEACHING 
PONDS  SYSTEM.  rn 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Radi- 
ology and  Radiation  Biology. 
S.  Ibrahim,  and  T.  Culp. 

Health  Physics  HLTPAO,  Vol.  57,  No.  4,  p  607- 
614,  October  1989.  1  fig,  5  tab,  25  ref.  DOE 
contract  DE-A507-76ID01526. 

Descriptors:  *Radioactive  waste  disposal,  *Path  of 
pollutants,  *Plutonium,  *Radioisotopes,  •Radioac- 
tive wastes,  Particulate  matter,  Zooplankton,  Sedi- 
ments, Idaho. 

Concentrations  of  Pu239,240  and  Pu238  in  water, 
net  plankton  (algal  material),  suspended  particu- 
lates and  sediment,  as  well  as  Pu  oxidation  states  in 
filtered  water,  were  determined  in  a  test  reactor 
leaching  ponds  system  in  southeastern  Idaho.  The 
highest  Pu  concentration  in  the  ponds  system  was 
found  in  net  plankton,  and  concentrations  varied 
significantly  between  sampling  dates.   Plutonium 
Concentration  Ratios  (CR)  for  plankton  ranged 
from  30,000  to  400,000.  The  lowest  Pu  concentra- 
tion was  found  in  filtered  water,  primarily  because 
of  the  absence  of  complexing  agents.  The  majority 
of  Pu  in  filtered  water  was  in  true  solution  (60- 
87%)  or  present  in  colloidal  particles  smaller  than 
0.22  microns.  Plutonium  association  with  sediment 
was  inversely  related  to  particle  size.  The  'environ- 
mental'   distribution   coefficients    for    Pu   ranged 
from  16,000  to  120,000,  reflecting  the  importance 
of  sediments  as  the  main  reservoir  for  Pu  in  the 
ponds   system.    No   significant    differences    were 
noted  between  CR  or  distribution  coefficients  for 
Pu239,240  and  Pu238.  The  reduced  oxidation  states 
(III  and  IV)  fractions  ranged  from  57%  to  71%  of 
the  total  dissolved  Pu  in  water.  This  is  in  contrast 
with  oxidation  states  distribution  from  other  large 
aquatic  systems  (Great  Lakes  and  the  Irish  Sea) 
where  Pu  is  predominately  in  oxidized  (V  and  VI) 
forms.  (Author's  abstract) 
W90-04558 

ACID  DEPOSITION  MODELING  AND  THE 
INTERPRETATION  OF  THE  UNITED  KING- 
DOM SECONDARY  PRECIPITATION  NET- 
WORK DATA. 

Hull  Univ.  (England).  Dept.  of  Geography. 

S.  E.  Metcalfe,  D.  H.  F.  Atkins,  and  R.  G. 

Derwent. 

Atmospheric  Environment  ATENBP,  Vol.  23,  No. 

9,  p  2033-2052,  September  1989.  18  fig,  7  tab,  31 

ref. 

Descriptors:  *Path  of  pollutants,  *Model  studies, 
*Acid  rain,  *Air  pollution,  "Sulfates,  ♦Nitrates, 
♦Chemistry  of  precipitation,  Atmosphere,  Air  cir- 
culation, Model  testing,  United  Kingdom,  Ammo- 
nium. 

Acid  deposition  modeling  calculations  have  been 
compared  against  the  data  obtained  during  the  first 
year's  operation  of  the  United  Kingdom  Secondary 


Precipitation  Network.  The  model  adopted  em- 
ployed a  single  level  trajectory  approach  to  de- 
scribe the  coupled  atmospheric  chemistry  and  dep- 
osition of  SOx,  NOy,  and  NOx  species.  For  the 
precipitation  sulfate  concentrations,  the  model  re- 
sults for  the  47  network  sites  correlated  well  with 
the  observations.  When  corrections  were  applied 
within  the  model  calculations  for  background  dep- 
osition and  for  dry  deposition  into  the  bulk  collec- 
tor, the  model  results  overestimated  the  precipita- 
tion sulfate  observations  by  about  27%.  For  the 
precipitation    nitrate    concentrations,    again    the 
model  results  correlated  well  with  the  observa- 
tions. Over  the  whole  network,  the  model  underes- 
timated  the  observations  by  about   6%   and  no 
significant  background  correction  was  required  for 
background  sources.  For  the  precipitation  ammo- 
nium concentrations,  good  agreement  with  the  ob- 
servations could  only  be  obtained  if  an  additional 
ammonia  source  over  and  above  that  from  animal 
manure  was  included  in  the  model.  One  possibility 
investigated  was  exhalation  from  agricultural  soils 
with  an  emission  rate  of  50-100  kg  NHx/ha/a.  The 
model  was  able  to  reproduce  the  main  features  of 
the  distributions  of  N02  and  NH3  in  terms  of 
gradients  across  the  U.K.  and  in  the  location  of  the 
respective  maxima.  However,  in  both  cases,  severe 
underestimation  by  the  model  was  apparent.  The 
source  of  this  underestimation  was  found  to  in- 
volve the  assumption  of  complete  vertical  mixing 
in  the  model  and  the  neglect  of  nocturnal  stable 
layers.  (Author's  abstract) 
W90-04579 

GENERALIZED  MULTIDIMENSIONAL 

MODEL  FOR  PRECIPITATION  SCAVENGING 
AND  ATMOSPHERIC  CHEMISTRY. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 

J.  M.  Hales. 

Atmospheric  Environment  ATENBP,  Vol.  23,  No. 

9,  p  2017-2031,  September  1989.  5  fig,  3  tab,  30  ref, 

append. 

Descriptors:  *Model  studies,  'Path  of  pollutants, 
♦Air  pollution,  *Chemistry  of  precipitation,  *Acid 
rain,  *  Precipitation,  Clouds,  Atmosphere,  Storms, 
Weather,  Atmospheric  physics,  Air  circulation. 

A  new,  general-purpose  computer  code  was  devel- 
oped for  modeling  air  pollutants  both  in  the  gas 
phase  and  in  conjunction  with  cloud  and  precipita- 
tion systems.  The  code  is  based  on  Eulerian  repre- 
sentations of  conservation  equations  for  chemical 
species,  energy,  and  the  physical  media  (e.g.  air, 
cloud,  water,  rain  water  ice,...)  in  which  the  chemi- 
cal species  reside.  Because  energy  and  moisture 
conservation  equations  are  included,  the  code  is 
capable  of  simulating  cloud  and  storm  formation, 
and  can  deal  directly  with  the  attachment,  wet- 
chemistry  and  deposition  processes  associated  with 
precipitation  systems.  The  code  has  been  struc- 
tured to  allow  considerable  flexibility  in  its  use. 
One,  two,  or  three-dimensional  simulations  can  be 
performed,  and  selection  of  modeled  chemical  spe- 
cies, physical  media,  physicochemical  interaction 
mechanisms,  spatial/temporal  domain  and  grid 
spacing  is  at  the  option  of  the  user.  A  simple 
example  simulation,  corresponding  to  the  scaveng- 
ing of  sulfur  and  nitrogen  oxides  in  a  frontal  storm 
system  is  presented  to  illustrate  the  code's  use. 
(Author's  abstract) 
W90-04580 


primary  transport  route  of  toxaphene  to  the  Great 
Lakes  from  the  major  source  regions  in  the  south- 
ern United  States  Environmental  measurements  are 
too  few  to  estimate  the  input  of  toxaphene  to  the 
Great  Lakes  basins.  The  ASTRAP  model,  used  in 
acid  rain  research,  was  modified  for  simulation  of 
the  atmospheric  pathway  of  toxaphene.  Based  on 
emission  inventories,  derived  from  use  patterns  in 
North  America  for  1976  and  1980,  air  concentra- 
tion and  deposition  of  toxaphene  to  the  Great 
Lakes  were  estimated.  The  results  confirm  that  the 
atmosphere  is  a  major  transport  route  of  toxaphene 
to  the  Great  Lakes  region.  They  also  show  that 
toxaphene  can  be  transported  to  the  North  Atlan- 
tic. Total  deposition  to  the  Lakes  in  1980  was  3-10 
t  and  annual  average  air  concentrations  about  0.5 
ng/cu  m.  Although  the  information  on  physical/ 
chemical  properties  and  emissions  is  incomplete 
and  air  quality  and  precipitation  chemistry  meas- 
urements of  toxaphene  are  few  and  uncertain, 
model  predictions  show  good  agreement  with  the 
measurements.  (Author's  abstract) 
W90-04581 

INTERCOMPARISON  OF  LONG-TERM  AT- 
MOSPHERIC TRANSPORT  MODELS;  THE 
BUDGETS  OF  ACIDIFYING  SPECIES  FOR 
THE  NETHERLANDS. 

UKAEA  Atomic  Energy  Research  Establishment, 
Harwell  (England).  Environmental  and  Medical 
Sciences  Div. 

R.  G.  Derwent,  O.  Hov,  W.  A.  H.  Asman,  J.  A. 
van  Jaarsveld,  and  F.  A.  A.  de  Leeuw. 
Atmospheric  Environment  ATENBP,  Vol.  23,  No. 
9,  p  1893-1909,  September  1989.  4  fig,  7  tab,  51  ref, 
append. 

Descriptors:  "Model  studies,  *Acid  rain,  *The 
Netherlands,  *Air  pollution,  *Path  of  pollutants, 
♦Air  circulation,  Meteorological  data  collection, 
Atmosphere,  Chemistry  of  precipitation,  Model 
testing. 

An  intercomparison  is  provided  between  the  depo- 
sition budgets  for  a  range  of  acidifying  species  for 
The  Netherlands  inferred  from  airborne  and  pre- 
cipitation concentrations  with  those  calculated  in 
four  long-term  atmospheric  transport  models.  Dif- 
ferences are  found  in  the  magnitudes  of  the  deposi- 
tion fluxes  between  the  species,  between  deposition 
routes  and  for  the  contributions  from  the  various 
source  areas.  The  origins  of  the  discrepancies  are 
investigated  in  terms  of  the  meteorological  and 
chemical  formulations  of  the  models,  and  their 
extents  of  temporal,  vertical  and  horizontal  averag- 
ing. The  choice  of  meteorological  data  and  any 
changes  in  weather  patterns  between  years  will 
influence  the  model  results.  The  variation  in  depo- 
sition budgets  and  relative  contributions  found  for 
the  models  is  only  partly  explained  by  the  differ- 
ences in  spatial  resolution,  base  year  of  emission 
and  meteorological  input;  to  a  large  extent,  the 
discrepancies  between  the  results  derived  from  dif- 
ferences in  model  concept  and  formulation.  The 
use  of  mixing  layer  averaged  concentrations  with- 
out appropriate  correction  factors  might  result  in 
an  underprediction  of  the  dry  deposition  in  or 
close  to  source  areas.  Overall,  the  four  models 
studied,  taken  together,  provide  a  coherent  picture 
of  deposition  in  The  Netherlands  and  its  origins  in 
the  S02,  NOx  and  NH3  emissions  throughout 
Europe.  (Author's  abstract) 
W90-O4582 


MODELING  OF  ATMOSPHERIC  TRANSPORT 
AND  DEPOSITION  OF  TOXAPHENE  INTO 
THE  GREAT  LAKES  ECOSYSTEM. 

Atmospheric   Environment   Service,   Downsview 

(Ontario). 

E.  C.  Voldner,  and  W.  H.  Schroeder. 

Atmospheric  Environment  ATENBP,  Vol.  23,  No. 

9,  p  1949-1961,  September  1989.  4  fig,  4  tab,  85  ref. 

Descriptors:  ♦Model  studies,  4Air  pollution,  ♦Pes- 
ticides, ♦Toxaphene,  ♦Path  of  pollutants,  ♦Fate  of 
pollutants,  ♦Great  Lakes,  Toxicity,  Aquatic  envi- 
ronment, Atmosphere,  Air  circulation. 

Toxaphene,  not  extensively  used  in  the  Great 
Lakes  basin,  has  been  found  in  fish,  lake  water, 
ambient  air  and  precipitation  in  this  region.  It  has 
been  suggested  that  the  atmosphere  constitutes  a 


RECONSTRUCTION  OF  A  CONCENTRATION 

FIELD  IN  A  COASTAL  SEA. 

Institut  Rudjer  Boskovic,  Zagreb  (Yugoslavia). 

T.  Legovic,  N.  Limic,  and  B.  Sekulic. 

Estuarine,   Coastal   and   Shelf  Science  ECSSD3, 

Vol.  29,  No.  3,  p  217-231,  September  1989.  5  fig,  2 

tab,  16  ref. 

Descriptors:  ♦Path  of  pollutants,  ♦Coastal  waters, 
♦Bays,  ♦Turbulent  flow,  ♦Phosphorus,  ♦Cycling 
nutrients,  JEddy  diffusion,  Eddies,  Seasonal  varia- 
tion, Adriatic  Sea. 

Based  on  measurements  of  currents  and  concentra- 
tions of  a  chemical  species  (nutrient,  pollutant), 
two  control  problems  are  solved  in  order  to  esti- 
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mate  turbulent  dispersion  coefficient,  extinction 
coefficient  and  background  concentration.  Fur- 
thermore, a  concentration  field  is  reconstructed  in 
a  coastal  sea.  The  two  problems  are  analyzed  for 
the  Rijeka  Bay  on  the  northeastern  coast  of  the 
Adriatic  Sea.  The  parameters  are  estimated  for 
summer  and  winter  seasons.  During  summer,  the 
mean  horizontal  turbulent  dispersion  coefficient  is 
14,500  sq  cm/s  and  the  background  concentration 
of  total  phosphorus  is  0.11  micromol  P/L.  For 
winter  period,  the  estimation  gave  11,000  sq  cm/s 
and  0.2  micromol  P/L,  respectively.  The  turbulent 
dispersion  coefficient  estimated  by  the  models  used 
for  this  study  agreed  well  with  earlier  measure- 
ments, for  coastal  seas  of  the  same  dimensions.  The 
principal  stability  condition  to  be  satisfied  concern- 
ing the  number  and  the  distribution  of  measuring 
stations  is  their  ability  to  represent  concentration 
spreadings  caused  by  the  largest  eddies  in  the 
basin;  only  then  will  the  value  of  the  turbulent 
disperison  coefficient  remain  very  stable  with  re- 
spect to  adding  measurement  stations  while  keep- 
ing their  distribution  uniform.  Determination  of  the 
extinction  coefficient  is  a  stable  numerical  process 
with  respect  to  the  variation  of  the  number  of 
stations  far  from  inflow  sites.  Small  values  of 
inflow  and  extinction  coefficient  may  solve  the 
problem  as  well  as  large  ones.  For  prediction  of 
background  concentration,  the  number  of  data 
should  have  a  uniform  density  if  it  is  assumed  that 
all  the  data  have  the  same  significance.  (Fried- 
mann-PTT) 
W90-04592 


INFLUENCE  OF  RIMING  ON  THE  CHEMI- 
CAL COMPOSITION  OF  SNOW  IN  WINTER 
OROGRAPHIC  STORMS. 

Nevada  Univ.  System,  Reno.  Atmospheric  Sci- 
ences Center. 

For  primary  bibliographic  entry  see  Field  2C. 
W90-04608 


MODELING  THE  TRANSPORT  OF  CHROMI- 
UM (VI)  IN  SOIL  COLUMNS. 

Louisiana   State   Univ.,   Baton   Rouge.    Dept.   of 

Agronomy. 

H.  M.  Selim,  M.  C.  Amacher,  and  I.  K.  Iskandar. 

Soil  Science  Society  of  America  Journal  SSSJD4 

Vol.  53,  No.  4,  p  996-1004,  July/August  1989    9 

fig,  4  tab,  37  ref. 

Descriptors:  'Soil  contamination,  'Chromium, 
•Heavy  metals,  *Path  of  pollutants,  'Model  stud- 
ies, Soil  columns,  Soil  physical  properties,  Soil 
horizons,  Leaching,  Sorption,  Acidic  soils,  Soil 
types. 

Miscible  displacement  experiments  were  conduct- 
ed to  describe  chromium  Cr(VI)  mobility  and 
interactions  in  six  different  soils.  For  Calciorthid, 
Webster,  and  Norwoods  oils,  Cr  breakthrough 
curves  (BTCs)  indicated  that  the  interactions  with 
the  soil  matrix  were  similar  to  those  for  a  nonreac- 
tive  solute  where  no  or  small  retardation  of  the 
equilibrium  type  was  observed.  These  observations 
are  in  support  of  earlier  kinetic  batch  results  where 
little  retention  was  observed  for  a  wide  range  of  Cr 
concentrations  in  these  (high  pH)  soils.  The  BTCs 
from  Olivier,  Cecil,  and  Windsor  soils  indicated 
high  Cr  retention  capacity  as  indicated  by  in- 
creased retardation,  low  peak  concentrations,  irre- 
versible sorption  and  extensive  effluent  tailing 
during  desorption  (leaching).  A  nonlinear  reten- 
tion/release model  is  proposed  to  describe  Cr(VI) 
reactions  during  transport  in  soils.  The  model  is 
incorporated  into  the  convection-dispersion  trans- 
port equation  for  reactive  solute  in  uniform  soils. 
The  model  was  capable  of  providing  a  good  de- 
scription of  the  Cr  BTCs  for  all  soils  where  model 
parameters  were  obtained  using  a  nonlinear  least 
squares  (best  fit)  parameter  optimization  scheme. 
The  model  grossly  underestimated  effluent  concen- 
trations for  Olivier  and  Windsor  BTCs  when  inde- 
pendently measured  retention/release  rate  coeffi- 
cients from  the  batch  data  sets  were  used.  Model 
predictions  overestimated  the  amount  irreversibly 
retained  by  Cecil  soil.  Model  predictions  indicated 
that  a  unique  set  of  independently  measured  rate 
coefficients  was  not  capable  of  providing  an  ade- 
quate description  of  Cr  BTCs  for  these  soils.  (Au- 
thor's abstract) 


W90-04615 


IRON  AND  TRACE  METALS  IN  SOME  TIDAL 
MARSH  SOILS  OF  THE  CHESAPEAKE  BAY. 

Maryland  Univ.,  College  Park.  Dept.  of  Agrono- 
my. 

T.  M.  Griffin,  M.  C.  Rabenhorst,  and  D.  S. 
Fanning. 

Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  53,  No.  4,  p  1010-1019,  July/August  1989  5 
fig,  4  tab,  41  ref. 

Descriptors:  'Chesapeake  Bay,  'Sediment  con- 
tamination, 'Trace  elements,  'Heavy  metals,  'Path 
of  pollutants,  'Iron,  Zinc,  Copper,  Lead,  Nickel, 
Cadmium,  Adsorption,  Soil  contamination,  Tidal 
marshes,  Muck  soils,  Pollutant  identification,  Balti- 
more Harbor,  Water  pollution  sources. 

Sediments  from  six  tidally  influenced  Chesapeake 
Bay  marshes  were  sequentially  extracted  in  order 
to  determine  their  relative  Fe,  Zn,  Cu,  Pb,  Ni  and 
Cd  content,  and  to  ascertain  the  relative  magnitude 
of  the  mechanisms  (e.g.  adsorption,  sulfide  occlu- 
sion, organic  complexation  etc)  involved  in  their 
retention.  The  extraction  sequence  used,  and  the 
corresponding  geochemical  phases  extracted  were: 
0.01  M  DTP  A  (exchangeable,  organic  complexes); 
0. 1  M  HC1  (monosulfide  occluded);  dithionite  cit- 
rate bicarbonate  (CDB)  (Feoxide  occluded);  H202 
(disulfide  occluded,  organically  bound  complexes)- 
HF-HN03-NC104  (silicate  mineral  component)! 
The  sediments  were  dated  using  Pb210  geochrono- 
logy  in  an  effort  to  evaluate  historical  rates  of 
metal  deposition.  Marshes  in  the  vicinity  of  Balti- 
more, MD  harbor  were  found  to  contain  relatively 
higher  metal  concentrations  than  marshes  in  other 
areas  of  the  bay  thus  indicating  that  the  degree  of 
metal  contamination  is  related  to  the  source  dis- 
tance. Rates  of  deposition  were  related  to  histori- 
cal periods  of  industrial  discharge  and  to  the  use  of 
leaded  fuels.  Iron  was  retained  in  the  marsh  sedi- 
ments mainly  in  the  oxide  and  sulfide  (FeS2) 
phases  and  was  apparently  controlled  by  redox 
conditions.  Copper,  Cd  and  to  a  lesser  extent  Zn 
and  Ni  were  apparently  controlled  by  sulfide  pre- 
cipitation and  pyrite  coprecipitation  thus  rendering 
them  noninfluential  and  unavailable  to  the  marsh 
biota.  Lead  appears  to  be  weakly  complexed  by 
organics  and  is  a  potential  ecological  threat  since  it 
is  more  readily  available  to  plants  and  organisms 
and  thus  may  accumulate  in  the  food  chain.  (Au- 
thor's abstract) 
W90-04617 


ALUMINUM  PRECIPITATION  AND  DISSO- 
LUTION RATES  IN  SPODOSOL  BS  HORI- 
ZONS IN  THE  NORTHEASTERN  USA. 

Syracuse  Univ.,  NY.  Dept.  of  Civil  Engineering 

R.  A.  Dahlgren,  C.  T.  Driscoll,  and  D.  C. 

McAvoy. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  4,  p  1045-1052,  July/August  1989.  4 

fig,  5  tab,  38  ref. 

Descriptors:  'Acid  rain  effects,  'Kinetics,  'Path  of 
pollutants,  'Aluminum,  'Soil  contamination,  Soil 
horizons,  Soil  saturation,   Podzols,  Soil  columns. 

The  kinetics  of  Al  precipitation/dissolution  reac- 
tions in  Spodosol  Bs  horizons  from  sites  at  Hub- 
bard Brook  Experimental  Forest,  NH  and  Bear 
Brook  watershed,  ME,  were  examined.  A  mechan- 
ical vacuum  extractor  was  employed  to  draw  solu- 
tions through  soil  columns  at  solution/soil  resi- 
dence times  between  0.3  and  100  h.  Equilibrium 
was  approached  from  conditions  of  both  undersa- 
turation  and  oversaturation  to  determine  if  a  par- 
ticular soil  mineral  controlled  Al(3  +  )  activity. 
Column  leachates  were  analyzed  for  major  solutes 
followed  by  chemical  speciations  and  calculation 
of  mineral  saturation  indices.  Results  showed  that 
apparent  equilibrium  with  respect  to  Al(OH)3  sol- 
ubility was  readily  obtained  from  both  conditions 
of  undersaturation  and  oversaturation  within  0.3  h. 
Computed  saturation  indices,  for  an  Al(OH)3  min- 
eral with  an  equilibrium  constant  of  8.1  at  25  C 
were  identical  at  all  examined  residence  times. 
Aquo  A1(A13  +  )  within  soil  solutions  may  be  regu- 
lated by  the  hydroxy-Al  interlayer  of  expansible 
2:1  layer  silicates.  Soil  solutions  from  Bear  Brook 


also  reached  apparent  equilibrium  with  imogolite 
at  residence  times  in  excess  of  10  h.  The  laboratory 
results  compared  favorably  with  saturation  indices 
calculated  from  stream  and  soil  solutions  at  these 
sites.  (Author's  abstract) 
W90-04618 


SOLUBILITY  AND  PHOSPHORUS-31  MAGIC 
ANGLE  SPINNING  NUCLEAR  MAGNETIC 
RESONANCE  OF  PHOSPHORUS  IN  SLUDGE- 
AMENDED  SOILS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
Z.  R.  Hinedi,  and  A.  C.  Chang. 
Soil  Science  Society  of  America  Journal  SSSJD4 
Vol.  53,  No.  4,  p  1057-1061,  July/August  1989.  3 
fig.  2  tab.  27  ref.  NSF  Grant  CHE-84-40137. 

Descriptors:  'Phosphorus,  'Sludge  disposal,  'Soil 
amendments,  'Nuclear  magnetic  resonance,  'Soil 
chemistry,  'Path  of  pollutants,  Carbonates,  Solu- 
bility. 

The  solubility  of  phosphorus  in  two  sludge-amend- 
ed soils  was  studied.  Solubility  and  activity  ratio 
diagrams  for  P  in  sludge-amended  soils  were  con- 
structed and  were  compared  with  those  of  selected 
Ca-P,  Fe-P,  and  Al-P  minerals.  The  solid  phase 
controlling  P  solubility  in  the  sludge-amended  soils 
appeared  to  be  a  carbonated  apatite  formed 
through  coprecipitation.  The  P31  magic  angle 
spinning  nuclear  magnetic  resonance  (P31  MAS 
NMR)  examinations  confirmed  that  P  in  the 
sludge-amended  soils  was  in  the  form  of  calcium 
phosphate.  The  resonant  peak  (at  isotropic  chemi- 
cal shift  of  3.1  ppm)  is  indicative  of  an  apatitic 
calcium  phosphate  environment  characterized  by 
carbonate  substitution.  Additionally,  pyrophos- 
phate was  detected  by  the  presence  of  a  peak 
isotropic  chemical  shift  of  minus  9  ppm.  (See  also 
W90-04619)  (Author's  abstract) 
W90-04620 


CLASSIFYING  SOILS  FOR  ACIDIC  DEPOSI- 
TION AQUATIC  EFFECTS:  A  SCHEME  FOR 
THE  NORTHEAST  USA. 
Corvallis  Environmental  Research  Lab.,  OR. 
J.  J.  Lee,  D.  A.  Lammers,  D.  L.  Stevens,  K.  W. 
Thornton,  and  K.  A.  Wheeler. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  53,  No.  4,  p  1153-1162,  July/August  1989.  2 
fig,  5  tab,  7  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Water 
pollution  sources,  'Soil  chemistry,  'Sampling, 
•Statistical  methods,  Soil  types,  Catchment  areas, 
Watersheds,  Air-earth  interfaces,  Stream  pollution, 
Leaching,  Percolation. 

The  Direct/Delayed  Response  Project  (DDRP)  is 
estimating  the  number  of  lakes  and  streams  in  three 
U.S.  regions  that  might  become  acidic  due  to  cur- 
rent or  altered  levels  of  acidic  deposition,  and  the 
long-term  time  scales  involved.  Because  of  the 
influence  of  soils  on  aquatic  chemistry,  DDRP 
acquired  data  on  soils  that  were  mapped,  sampled, 
and  analyzed  using  consistent  methods  across  the 
regions.  In  the  northeastern  USA,  about  600  soils 
(mainly  phases  of  soil  series)  were  identified  during 
mapping  of  145  watersheds.  Because  statistically 
adequate  sampling  of  every  soil  was  impractical, 
the  soils  were  grouped  into  38  sampling  classes. 
Each  of  these  classes  was  sampled  across  several 
(usually  eight)  watersheds.  The  properties  of  soils 
on  specific  watersheds  (or  portions  of  watersheds) 
can  be  estimated  from  the  regional  means  and 
variances  of  the  sampling  classes  and  the  percent 
occurrence  of  sampling  classes  on  each  watershed. 
The  development  of  the  sampling  classes  for  the 
northeastern  USA,  the  definitions  of  the  classes, 
and  the  characteristics  of  soils  within  the  classes 
are  described.  The  occurrence  of  the  sampling 
classes  on  watersheds  of  lakes  in  three  classes  of 
acid  neutralizing  capacity  was  analyzed  using 
ANOVA  and  the  chi-square  test  of  homogeneity. 
As  a  group  Spodosols  seem  especially  important. 
Mineralogy  of  parent  material  may  also  be  impor- 
tant. The  sampling  classes  were  used  as  strata  for 
designing  the  soil  sampling  scheme  for  the  DDRP. 
Final  evaluation  of  the  utility  of  this  scheme  will 
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come  from  the  very  extensive  data  analysis  and 
modeling  tasks  of  the  DDRP.  (Friedmann-PTT) 
W90-04622 

ANTECEDENT  RAINFALL  AND  TILLAGE  EF- 
FECTS UPON  INFILTRATION. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  2G. 
W90-04624 

GASTROINTESTINAL  EFFECTS  OF  WATER 
REUSE  FOR  PUBLIC  PARK  IRRIGATION. 

Houston  Univ.  at  Clear  Lake  City,  TX.  Bureau  of 

Research. 

R.  Durand,  and  G.  Schwebach. 

American   Journal   of  Public   Health   AJHEAA, 

Vol.  79,  No.  12,  p  1659-1660,  December  1989.  2 

tab,  7  ref. 

Descriptors:  'Water  pollution  effects,  *Parks, 
•Public  lands,  'Water  reuse,  'Irrigation  water, 
•Wastewater  irrigation,  'Urban  runoff,  'Human 
diseases,  Infection,  Enteric  bacteria,  Gastrointesti- 
nal disease,  Public  health,  Bioindicators,  Cohforms, 
Fecal  coliforms,  Fecal  streptococci. 

To  investigate  the  gastrointestinal  effects  of  em- 
ploying recycled  water  as  an  irrigation  source  for 
urban  public  parks,  subjects  active  in  parks  irrigat- 
ed with  potable  water,  nonpotable  water  of 
wastewater  origin,  and  nonpotable  water  of  runoff 
origin  were  studied.  The  project  was  conducted 
from  1984  to  1987  in  Colorado  Springs,  CO.  The 
nonpotable  water  of  wastewater  origin  was  efflu- 
ent that  had  been  sand-anthracite  filtered  and 
chlorinated  up  to  a  level  of  4-6  mg/L.  The  nonpo- 
table water  of  runoff  origin  was  untreated  city 
runoff  that  was  collected  in  a  pond.  Wet  grass 
conditions  during  activity  and  elevated  densities  of 
common  indicator  bacteria,  but  not  exposure  to 
nonpotable  irrigation  water  per  se,  were  found 
associated  with  an  increased  rate  of  gastrointestinal 
illness.  The  results  suggest  that  recycled  water  can 
be  used  for  public  park  irrigation  without  undue 
health  hazards  provided  that  bacteria  density  levels 
are  kept  below  500,  500,  and  3,000/100  ml  for  fecal 
coliforms,  fecal  streptococci,  and  total  coliforms, 
respectively.  (Sand-PTT) 
W90-04636 

CHROMIUM  BIOGEOCHEMICAL  CYCLE  IN 
ABU  KIR  BAY,  EAST  OF  ALEXANDRIA, 
EGYPT. 

Alexandria  Univ.  (Egypt).  Dept.  of  Oceanography. 
O.  Aboul. 

Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  29,  No.  4,  p  327-340,  October  1989.  6  fig,  6 
tab  17  ref  Aquatic  Environmental  Pollution 
Project,  EGY/73/058,  UNDP-UNESCO  Alexan- 
dria University. 

Descriptors:  'Chromium,  'Water  pollution 
sources,  'Path  of  pollutants,  'Marine  sediments, 
'Coastal  waters,  'Biochemistry,  'Geochemical 
cycles,  *Bioaccumulation,  Aquatic  plants,  Aquatic 
animals,  Abu  Kir  Bay,  Egypt,  Fate  of  pollutants, 
Crustaceans,  Wastewater  pollution,  Wastewater 
outfall,  Sediments. 


crogramAg)  in  Abu  Kir  Bay  organisms  increased 
in  the  following  order:  mixed  plankton  (68)  > 
Sardina  pilchardus  (80)  >  or  =  Mugil  capito  (82) 

>  Mullus  barbatus  (111)  >  Solea  solea  (123)  > 
Penaeus  kerathurus  (168)  >  Donax  trunculus  (209) 

>  Neptunus  pelagicus  (369)  >  Ulva  species  (1867) 

>  Enteromorpha  species  (3345).  The  sequence  is 
consistent  for  organisms  from  both  west  and  east 
Abu  Kir  Bay,  regardless  of  the  significantly  low  Cr 
concentrations  of  the  east  Bay.  The  study  showed 
that  algae  and  crabs  play  a  critical  role  in  the 
biological  transport  of  Cr  and  can  be  considered 
the  best  accumulators  of  Cr.  From  the  total 
amount  of  Cr  flux  to  the  Bay,  552  kg/d,  flushing  of 
the  Bay  to  the  open  sea  removes  262  kg/d,  and 
sedimentation  within  the  Bay  is  242  kg/d.  An 
input/output  box  model  for  Cr  in  Abu  Kir  Bay 
was  constructed  to  help  in  understanding  its  bio- 
geochemical  cycle.  (Author's  abstract) 
W90-04644 

ANALYTICAL  SOLUTION  OF  A  CONVEC- 
TION-DISPERSION MODEL  WITH  TIME-DE- 
PENDENT TRANSPORT  COEFFICIENTS. 

Western  Australia  Univ.,  Nedlands.  Centre  for 
Water  Research. 

D.  A.  Barry,  and  G.  Sposito.  ,-,,-« 

Water  Resources  Research  WRERAQ,  Vol.  25, 
No  12,  p  2407-2416,  December  1989.  1  fig,  50  ref, 
append.  NSF  grant  ECE-8513726. 

Descriptors.  *Path  of  pollutants,  'Model  studies, 
•Porous  media,  *Solute  transport,  *Mathematical 
models,  Convection,  Dispersion. 

Mathematical  studies  of  solute  transport  in  porous 
media  have  often  utilized  'equivalent'  models  of 
the  transport  process  to  remove  undesired  variabil- 
ity in  the  transport  coefficients  at  the  space  and 
time  scales  of  direct  interest.  Both  deterministic 
and  stochastic  approaches  in  this  genre  produce  an 
'effective'  convection-dispersion  equation  with 
time-dependent  coefficients.  This  type  of  equation 
in  one  spatial  dimension  is  investigated  mathemati- 
cally. A  closed-form  solution  of  the  solute  trans- 
port equation  is  derived  for  a  semi-infinite  spatial 
domain  with  arbitrary  initial  and  boundary  flux 
conditions.  The  solution  reduces  to  well-known 
results  for  special  forms  of  the  time-dependent 
coefficients.  In  general,  however,  a  Volterra  inte- 
gral equation  of  the  second  kind  must  be  solved  to 
evaluate  the  analytical  solution  of  the  transport 
equation.  A  stable  and  convergent  numerical 
scheme,  utilizing  a  trapezoidal  quadrature  rule,  is 
presented  for  the  solution  of  the  Volterra  equation. 
The  method  of  solution  developed  should  be  appli- 
cable to  a  broad  variety  of  solute  transport  prob- 
lems, including  particularly  those  in  heterogeneous 
porous  media.  (Author's  abstract) 
W90-04658 

SIMULATION  OF  THREE-DIMENSIONAL 
FLOW  OF  IMMISCIBLE  FLUIDS  WITHIN 
AND  BELOW  THE  UNSATURATED  ZONE. 

GeoTrans,  Inc.,  Herndon,  VA. 
C.  R.  Faust,  J.  H.  Guswa,  and  J.  W.  Mercer. 
Water  Resources  Research  WRERAQ,  Vol.   25, 
No.  12,  p  2449-2464.,  December  1989.  10  fig,  8  tab, 
61  ref. 


Abu  Kir  Bay,  east  of  Alexandria,  is  affected  by 
two  main  point  sources  of  pollution,  namely  Tabia 
Pumping  Station  and  Lake  Edku  Outlet.  Chromi- 
um was  measured  in  the  Bay  effluents,  sea  water, 
marine  organisms  of  different  trophic  levels,  and 
sediments.  Cr  concentration  and  mass  emission 
from  Tabia  Pumping  Station  (242  microgram/L 
and  436  kg/d)  to  the  Bay  are  very  high  compared 
to  those  of  Lake  Edku  Outlet  (33  microgram/L 
and  116  kg/d).  Average  Cr  concentrations  in  the 
Bay  coastal  waters  0.120  microgram/L,  0.775  mi- 
crogram/L and  1.185  microgram/L,  respectively, 
for  Cr(III),  Cr(VI),  and  particulate  phase.  The 
surface  distribution  of  Cr  in  the  coastal  waters 
showed  the  impact  of  Tabia  Pumping  Station  on 
the  Bay.  On  the  basis  of  sediment  concentrations  of 
Cr  in  Abu  Kir  Bay,  two  'hot  spots'  of  Cr  were 
identified,  the  area  around  Tabia  Pumping  Station 
outfall  (>300  microgram/g  dw)  and  another  one 
in  the  immediate  vicinity  of  Lake  Edku  Outlet 
(>200  microgram/g  dw).  Cr  concentrations  (mi- 


Descriptors:  'Hazardous  wastes,  *Groundwater 
pollution,  'Groundwater  movement,  'Soil  water, 
'Model  studies,  'Chemical  wastes,  'Landfills, 
♦Path  of  pollutants,  Mathematical  models,  Com- 
puter models,  Nonaqueous  phase  liquids,  Finite 
difference  methods,  Aeration  zone,  Fluid  flow, 
New  York. 

A  two-phase  flow  model  is  based  on  a  three- 
dimensional,  finite-difference  formulation.  As 
three-dimensional  simulations  can  require  substan- 
tial computer  effort,  a  numerical  technique  takes 
advantage  of  vector  and  parallel  processing  com- 
puter architecture.  The  model  is  posed  in  terms  of 
water  saturation  and  nonwetting  fluid  pressure.  It 
uses  three-phase  capillary  pressure  and  relative 
permeability  relationships  to  permit  simulation 
within  or  below  the  unsaturated  zone.  A  modified 
formulation  of  slice  successive  overrelaxation  (an 
iterative  matrix  solution  technique)  is  introduced. 
This  technique  is  designed  to  use  parallel  process- 


ing capabilities  of  new  computers.  The  model  is 
applied  to  immiscible  fluid  flow  at  two  chemical 
waste  landfills  near  Niagara  Falls,  N.Y.  At  both 
sites,  denser  thai  water,  nonaqueous  liquids 
(NAPLs)  are  present  in  the  groundwater  regimes 
in  relatively  large  quantities.  The  model  applica- 
tions address  several  technical  concerns  at  the  two 
sites,  including  the  effectiveness  of  clay  as  a  geo- 
logic barrier  to  NAPL  migration  owing  to  capil- 
lary pressure  forces,  the  three-dimensional  aspects 
of  dense  NAPL  flow,  and  the  sensitivity  of  NAPL 
recovery  in  pumping  wells  due  to  various  hydro- 
geologic  and  fluid  properties.  The  results  show 
that  (1)  even  under  a  downward  hydraulic  gradi- 
ent, natural  differences  in  capillary  pressure  rela- 
tionships for  different  lithologies  can  prevent 
downward  migration  of  NAPL,  (2)  without  any 
lithologic-capillary  barrier,  an  upward  hydraulic 
gradient  induced  by  a  dewatering  system  can  pre- 
vent downward  migration  of  NAPL,  (3)  NAPL 
recovery  at  wells  is  sensitive  to  relative  permeabil- 
ity, a  relationship  that  requires  field  calibration  in 
many  settings,  and  (4)  the  three-dimensional  as- 
pects of  two-phase  flow  and  hydrogeologic  hetero- 
geneity require  explicit  treatment  in  many  settings. 
(Author's  abstract) 
W90-04662 

STOCHASTIC  ANALYSIS  OF  THE  INFLU- 
ENCE OF  SOIL  AND  CLIMATIC  VARIABILI- 
TY ON  THE  ESTIMATE  OF  PESTICIDE 
GROUNDWATER  POLLUTION  POTENTIAL. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 
W.  A.  Jury,  and  J.  Gruber. 

Water  Resources  Research  WRERAQ,  Vol.  25, 
No.  12,  p  2465-2474,  December  1989.  9  fig,  5  tab, 
21  ref. 

Descriptors:  'Path  of  pollutants,  'Model  studies, 
•Groundwater  pollution,  'Pesticides,  'Solute 
transport,  'Leaching,  'Path  of  pollutants,  Stochas- 
tic models,  Mathematical  models,  Monte  Carlo 
method,  Climates. 

Soil  and  climatic  variability  contribute  in  an  un- 
known manner  to  the  leaching  of  pesticide  residues 
below   the  surface   soil   zone  where   degradation 
occurs  at  maximum  levels.  The  climatic  variability 
model  of  Eagleson  is  coupled  to  the  soil  variability 
transport  model  of  Jury  to  produce  a  probability 
density    distribution    of    residual    mass    fraction 
(RMF)  remaining  after  leaching  below  the  surface 
degradation  zone.  Estimates  of  the  RMF  distribu- 
tion are  shown  to  be  much  more  sensitive  to  soil 
variability  than  climatic  variability,  except  when 
the  residence  time  of  the  chemical  is  shorter  than 
one  year.  When  soil  variability  dominates  climatic 
variability,  the  applied  water  distribution  may  be 
replaced  by  a  constant  average  water  application 
rate  without  serious  error.  Simulations  of  leaching 
are  run  with  10  pesticides  in  two  climates  and  in 
two  representative  soil  types  with  a  range  of  soil 
variability.   Variability   in  soil   or  climate   act   to 
produce  a  nonnegligible  probability  of  survival  of 
a  small  value  of  residual  mass  even  for  relatively 
immobile  compounds  which  are  predicted  to  de- 
grade completely  by  a  simple  model  which  ne- 
glects  variability.    However,    the   simpler   model 
may   still   be   useful   for  screening   pesticides   for 
groundwater     pollution     potential     if    somewhat 
larger  residual  masses  of  a  given  compound  are 
tolerated.  Monte  Carlo  simulations  of  the  RMF 
distribution  agreed   well   with   model   predictions 
over  a  wide  range  of  pesticide  properties.  (Au- 
thor's abstract) 
W90-04663 


FIELD-SCALE  TRANSPORT  OF  INTERACT- 
ING SOLUTES  THROUGH  THE  UNSATURAT- 
ED ZONE:  1.  ANALYSIS  OF  THE  SPATIAL 
VARIABILITY  OF  THE  TRANSPORT  PROP- 
ERTIES. 

Volcani  Inst,  of  Agricultural  Research,  Bet-Dagan 
(Israel).  Dept.  of  Soil  Physics 

For  primary  bibliographic  entry  see  Field  2G. 
W90-04664 
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FIELD-SCALE  TRANSPORT  OF  INTERACT- 
ING SOLUTES  THROUGH  THE  UNSATURAT- 
ED ZONE:  2.  ANALYSIS  OF  THE  SPATIAL 
VARIABILITY  OF  THE  FIELD  RESPONSE. 

Volcani  Inst,  of  Agricultural  Research,  Bet-Dagan 

(Israel).  Dept.  of  Soil  Physics 

For  primary   bibliographic   entry   see   Field   2G 

W90-04665 


HYDROSTRATIGRAPHIC  INTERPRETATION 
USING  INDICATOR  GEOSTATISTICS. 

California  Univ.,  Santa  Cruz.  Dept.  of  Earth  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-04667 


EFFECT  OF  SEDIMENT  ON  CADMIUM  AND 
LEAD  IN  THE  STONE  LOACH  (NOEMACHEI- 
LUS  BARBATULUS  L). 

Institute  of  Terrestrial  Ecology,  Huntingdon  (Eng- 
land). Monks  Wood  Experimental  Station. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-04673 


BIOACCUMULATION  AND  HISTOCHEMI- 
CAL  LOCALIZATION  OF  CADMIUM  IN 
DREISSENA  POLYMORPHA  EXPOSED  TO 
CADMIUM  CHLORIDE. 

Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 

Experimental  Zoology. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04674 


CADMIUM  AND  LEAD  ACCUMULATION  BY 
GOLDFISH  EXPOSED  TO  AQUEOUS  REFUSE 
INCINERATOR  FLY  ASH  LEACHATE. 

New  York  State  Coll.  of  Agriculture  and  Life 

Sciences,  Ithaca.  Toxic  Chemicals  Lab. 

C.  A.  Bache,  and  D.  J.  Lisk. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  43,  No.  6,  p  846-849, 

December  1989.  2  tab,  17  ref. 

Descriptors:  *Path  of  pollutants,  'Fish  physiology, 
•Bioassay,  *Carp,  'Cadmium,  'Fly  ash,  *Lead, 
•Bioaccumulation,  Leachates,  Water  pollution  ef- 
fects, Toxicity. 

The  accumulation  and  effects  of  lead  and  cadmium 
leachates  of  fly  ash  obtained  from  a  municipal 
refuse  incinerator  on  goldfish  (Carassius  auratus) 
was  examined  by  placing  the  ash  in  a  cellulose 
extraction  thimble  in  the  filter  of  the  aquaria  where 
the  fish  were  held  for  12  days.  A  filter  containing  a 
cellulose  thimble  without  fly  ash  was  fitted  to  the 
aquaria  containing  the  control  fish.  At  the  end  of 
the  test  period,  fish  were  analyzed  for  cadmium 
and  lead  and  examined  histologically.  The  cadmi- 
um and  lead  content  of  ash-exposed  fish  were 
significantly  higher  than  that  in  the  control  fish. 
Mild  necrosis  of  the  margins  of  all  fins  except  the 
adipose  fin  was  grossly  evident  in  all  fish  exposed 
to  fly  ash  leachate.  Histologic  examination  of  fish 
tissues  revealed  no  abnormalities  except  for  mild 
localized  necrosis  of  epithelium  on  the  margins  of 
fins  of  ash-exposed  fish.  The  ash-exposed  fish  con- 
tained 3.75  ppm  Cd  and  1.55  ppm  Pb  compared  to 
0.28  ppm  Cd  and  0.33  ppm  Pb  in  control  fish. 
(Geiger-PTT) 
W90-04678 


DISTRIBUTION  OF  POLYCYCLIC  AROMAT- 
IC HYDROCARBONS  (PAH'S)  IN  MARSH 
SEDIMENTS,  IRAQ. 

Basrah    Univ.    (Iraq).    Dept.    of    Environmental 

Marine  Chemistry. 

H.  T.  Al-Saad,  and  A.  A.  Al-Timari. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  43,  No.  6,  p  864-869, 

December  1989.  1  fig,  1  tab,  12  ref. 

Descriptors:  'Hydrocarbons,  'Fate  of  pollutants, 
•Marshes,  'Sediments,  'Path  of  pollutants,  'Hy- 
drocarbons, 'Iraq,  'Water  pollution  sources,  Spa- 
tial distribution,  Oil  pollution,  Biodegradation,  Mi- 
crobial degradation,  Oxidation,  Marsh  plants,  Or- 
ganic matter,  Particulate  matter,  Aromatic  com- 
pounds. 


Sediment  samples  collected  from  seven  stations  in 
Hor  al-Hammar  marsh  in  Iraq  were  analyzed  for 
polycychc  aromatic  hydrocarbons  (PAH)  by  gas 
chromatography.  In  surface  sediments,  PAH  con- 
tents were  found  to  vary  between  0.59  ppb  at 
station  5  to  2.07  ppb  dry  weight  sediment  at  station 
4.  PAH  levels  in  subsurface  sediments  varied  be- 
tween 0.46  ppb  at  station  5  to  1.42  ppb  dry  weight 
at  station  4.  The  highest  PAH  levels  were  found  at 
station  4;  these  higher  PAH  levels  may  be  due  to 
numerous  boats  mooring  in  the  area  which  spill 
small  amounts  of  fuel  oil  containing  acetonaphene 
and  naphthalane  into  the  water.  Also,  the  marsh 
sediments  at  station  4  receive  waters  from  both  the 
Tigris  and  Euphrates  Rivers  which  carry  large 
amounts  of  particulate  matter  to  which  organic 
matter  from  anthropogenic  sources  may  be  sorbed. 
Some  evidence  indicates  that  the  surrounding 
aquatic  plants  may  contribute  some  PAH's  to  the 
marsh  sediments.  The  low  levels  of  PAH's  in  the 
marsh  sediments  examined  may  be  due  to  processes 
of  bacterial  degradation  and  photooxidation  that 
remove  these  compounds  from  the  environment 
(Geiger-PTT) 
W90-04681 


PERSISTENCE  AND  DISTRIBUTION  OF  PCBS 
IN  THE  SEDIMENTS  OF  A  RESERVOIR 
(LAKE  HARTWELL,  SOUTH  CAROLINA). 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

F.  M.  Dunnivant,  A.  L.  Polansky,  and  A.  W. 
Elzerman. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  43,  No.  6,  p  870-878, 
December  1989.  3  fig,  1  tab,  18  ref.  NSF  Grant 
ISP-80 11451. 

Descriptors:  'Polychlorinated  biphenyls,  'Lake 
sediments,  'Sediment  contamination,  'Path  of  pol- 
lutants, 'Water  pollution  sources,  Organic  wastes, 
South  Carolina,  Spatial  distribution,  Reservoirs, 
Landfills. 

Levels  of  polychlorinated  biphenyls  (PCBs)  were 
determined  in  sediment  core  samples  taken  at 
eleven  sites  in  Lake  Hartwell,  a  PCB  contaminated 
reservoir  in  South  Carolina  and  from  two  sites  in 
the  Seneca  River  which  flow  into  the  lake.  The 
core  samples  were  separated  in  4-5  cm  segments 
which,  after  cleanup  and  extraction,  were  each 
analyzed  quantitatively  for  PCB  content  by  gas 
chromatography.  PCB  levels  in  sediments  from  the 
Seneca  River  contained  high  concentrations  of 
PCBs.  Possible  PCB  sources  to  the  Seneca  River 
are  abandoned  landfills  adjacent  to  the  river, 
known  to  contain  waste  drums  and  capacitors.  In 
lake  sediments,  PCB  concentrations  generally  de- 
creased with  increasing  distance  downstream  with 
the  highest  concentration,  88.5  micrograms/gm, 
occurring  at  a  depth  of  approximately  27.5  cm  in 
the  sediment.  A  sampling  station  located  in  a  small 
cove,  offset  from  the  main  channel,  did  not  fit  this 
pattern  of  decreasing  PCB  concentrations  with 
distance  from  the  point  source  suggesting  that  pol- 
lutant concentration  is  influenced  by  physical  fea- 
tures of  the  lake  such  as  sediment  mixing  or  tribu- 
tary inputs  and  local  distribution  patterns.  (Geiger- 
PTT)  6 
W90-04682 


WATER  HYACINTH  AS  INDICATOR  OF 
HEAVY  METAL  POLLUTION  IN  THE  TROP- 
ICS. 

Institute     of    Transport     Investigations,     Havana 

(Cuba). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-04684 


DINOSEB  PRESENCE  IN  AGRICULTURAL 
SUBSURFACE  DRAINAGE  FROM  POTATO 
FIELDS  IN  NORTHWESTERN  NEW  BRUNS- 
WICK, CANADA. 

Inland  Waters  Directorate,  Moncton  (New  Bruns- 
wick). Water  Quality  Branch. 
H.  J.  O'Neill,  T.  L  Pollock,  H.  S.  Bailey,  P. 
Millburn,  and  C  Gartley. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  43,  No.  6,  p  935-940, 
December  1989.  3  fig,  7  ref. 


Descriptors:  'Dinoseb,  'Agricultural  runoff,  'Path 
of  pollutants,  'Herbicides,  'Pesticide  residues,  Po- 
tatoes, Desiccants,  Soil  contamination,  Canada, 
Gas  chromatography. 

Agricultural  drainage  from  the  tile  drains  of  five 
New  Brunswick  potato  fields  were  analyzed  for 
dinoseb  content  by  capillary  column  gas  chroma- 
tography from  April  1987  to  May  1988.  Three  sites 
of  drainage  had  application  histories  indicating  the 
use  of  dinoseb  (as  Dytop  300)  during  the  1986 
growing  season.  Dinoseb  had  been  used  as  a  pre- 
emergent  herbicide  in  the  spring  of  1986  at  one  site 
and  as  a  dessicant  at  the  other  two  sites  in  the  early 
fall  of  1986.  Carryover  of  dinoseb  residues  was 
evident  when  the  pesticide  was  not  applied  in  a 
given  growing  season.  Dissimilar  concentrations  of 
dinoseb  at  different  drains  was  attributed  to  differ- 
ent application  rates  of  the  pesticide  and  dilution 
by  ground  water.  Dinoseb  concentrations  in  water 
collected  from  the  tile  outlets  was  an  indication  of 
the  amount  of  dinoseb  intercepted  by  the  tiles  and 
confirmed  that  dinoseb  had  migrated  through  1  m 
of  soil.  On  nineteen  occasions,  the  concentration  of 
dinoseb  emanating  from  the  tiles  was  in  excess  of 
the  proposed  maximum  acceptable  toxic  concen- 
tration of  0.5  micrograms/liter.  Residual  car- 
ryovers of  dinoseb  were  found  in  agricultural 
runoff  up  to  23  months  after  application.  Where 
dinoseb  had  been  applied  42  months  prior  to  drain- 
age sampling,  no  measurable  dinoseb  concentra- 
tions were  noted  in  tile  drainage.  On  soils  typical 
to  this  part  of  New  brunswick,  a  soil  persistance  of 
24  to  42  months  is  implied.  (Geiger-PTT) 
W90-O4685 


ENVIRONMENTAL  DYNAMICS  OF  THE  CAR- 
BAMATE INSECTICIDE  ALDICARB  IN  SOIL 
AND  WATER. 

Dunn  Geoscience  Corp.,  Albany,  NY. 
F.  L.  Mink,  J.  F.  Risher,  and  J.  F.  Stara. 
Environmental  Pollution  ENPOEK,  Vol.  61,  No 
2,  p  127-155,  1989.  7  tab,  45  ref. 

Descriptors:  'Aldicarb,  'Pesticide  residues,  'Path 
of  pollutants,  'Fate  of  pollutants,  'Insecticides, 
'Degradation,  'Biodegradation,  'Soil  contamina- 
tion, Drinking  water,  Microbial  degradation, 
Water  pollution  effects,  Soil  bacteria,  Carbamate 
pesticides,  Hydrolysis,  Absorption,  Groundwater 
pollution,  Leaching. 

Aldicarb  is  a  soil-applied  systemic  pesticide  that 
the  US  EPA  is  now  considering  banning  in  the 
United  States.  Aldicarb  is  fairly  rapidly  oxidized  to 
the  sulfoxide,  with  a  half-life  of  about  7  days  in 
some  soils,  and  much  more  slowly  to  the  sulfone 
(pH-dependent  with  half-lives  varying  from  a  few 
minutes  at  a  pH  of  >  12  to  approximately  560  days 
at  a  pH  of  6.0).  Persistence,  carry-over,  and  trans- 
location vary  with  soil  and  environmental  condi- 
tions. Drainage  aquifers  and  drinking  water  wells 
are  known  to  be  susceptible  to  contamination; 
levels  of  approximately  550  ppb  have  been  record- 
ed. Leaching  of  aldicarb  through  soils  depends  on 
soil  type  and  texture.  Soil  moisture  content,  organ- 
ic content,  time  and  temperature,  and  soil  type  and 
texture  all  affect  degradation  of  aldicarb  in  soils. 
Irrigation  causes  more  rapid  degradation  of  aldi- 
carb, but  is  responsible  for  little,  if  any  lateral 
movement  of  aldicarb  through  the  soil.  Aldicarb 
inhibits  nitrifying  and  microbial  degradation  proc- 
esses in  some  soil  bacteria.  At  levels  needed  for 
pest  control,  aldicarb  was  not  expected  to  harm 
soil  microorganisms  and  was  rapidly  degraded  by 
some  soil  microorganisms.  The  rate  of  hydrolysis 
of  aldicarb  in  water  depends  upon  pH.  At  pHs  of 
6,7,  and  8,  aldicarb  hydrolyzed  slowly,  while  the 
rate  of  hydrolysis  increased  at  both  higher  and 
lower  pH  levels.  Foods  are  known  to  take  up  the 
pesticide;  aldicarb  levels  of  600  ppb  have  been 
found  in  potatoes.  (Geiger-PTT) 
W90-04686 


PHOTODECOMPOSITION    OF   METALAXYL 
IN  AN  AQUEOUS  SOLUTION. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Agronomy. 

J.  R.  Yao,  S.  Y.  Liu,  L.  J.  Freyer,  R.  D  Minard, 
and  J.  M.  Bollag. 
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Journal  of  Agricultural  and  Food  Chemistry 
JAFCAU,  Vol.  37,  No.  6,  p  1518-1523,  November 
1989.  4  fig,  2  tab,  9  ref. 

Descriptors:  ♦Photolysis,  *Fungicides,  'Irradia- 
tion, *Fate  of  pollutants,  Pollutant  identification, 
Ultraviolet  radiation,  Spectroscopy,  Metalaxyl. 

Ultraviolet  irradiation  of  metalaxyl  in  aqueous  so- 
lution resulted  in  70%  substrate  transformation  in  5 
days,  with  rates  of  transformation  affected  by  irra- 
diation time,  pH,  and  substrate  concentration.  Ad- 
dition of  1%  acetone  accelerated  photodecomposi- 
tion,  while  riboflavin  and  methylene  blue  had  no 
effect  after  5  days  of  irradiation  of  metalaxyl  at 
pH  6.8,  two  products  (A  and  B)  were  formed: 
product  A  contained  3%  and  B  6%  of  the  initial 
radioactivity.  The  two  compounds  were  isolated 
by  thin  layer  chromatography  and  their  structures 
identified  by  mass  and  nuclear  magnetic  resonance 
spectroscopy.  Irradiation  of  A  resulted  in  the  for- 
mation of  B.  In  each  case  photolysis  caused  a 
rearrangement  of  the  N-acyl  group  to  the  4-posi- 
tion  on  the  aromatic  ring.  (Author's  abstract) 
W90-04687 

USE  OF  MIXED-FUNCTION  OXYGENASES 
TO  MONITOR  CONTAMINANT  EXPOSURE 
IN  WILDLIFE.  x,^ 

Patuxent  Wildlife  Research  Center,  Laurel,  MD. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04689 

MICROBIAL  DEGRADATION  OF  NITROGEN, 
OXYGEN  AND  SULFUR  HETEROCYCLIC 
COMPOUNDS  UNDER  ANAEROBIC  CONDI- 
TIONS: STUDIES  WITH  AQUIFER  SAMPLES. 

Oklahoma  Univ.,  Norman.  Dept.  of  Botany  and 

Microbiology. 

E.  P.  Kuhn,  and  J.  M.  Suflita. 

Environmental      Toxicology       and      Chemistry 

ETOCDK,  Vol.  8,  No.  12,  p  1149-1158,  1989.  1  fig, 

3  tab,  63  ref.  U.S.  EPA  Assistance  Agreements  No. 

Cr-812808  and  CR-813559. 

Descriptors:  *Biodegradation,  'Microbial  degrada- 
tion, "Fate  of  pollutants,  'Anaerobic  conditions, 
•Groundwater  pollution,  Biodegradation,  Organic 
compounds,  Pesticides,  Aquifers,  Aromatic  com- 
pounds. 

The  potential  for  anaerobic  biodegradation  of  12 
heterocyclic  model  compounds  was  studied.  Nine 
of  the  model  compounds  were  biotransformed  in 
aquifer  slurries  under  sulfate-reducing  or  methano- 
genic  conditions.  The  nitrogen  and  oxygen  hetero- 
cyclic compounds  were  more  susceptible  to  anaer- 
obic biodegradation  than  those  compounds  con- 
taining a  sulfur  heteroatom.  Carboxy-substituted 
compounds  were  anaerobically  metabolized  more 
readily  than  unsubstituted  or  methylated  ana- 
logues. In  methanogenic  incubations,  47  to  84%  of 
the  expected  amount  of  carbon  in  pyridine,  4- 
picoline,  nicotinic  acid  and  2-thiophene  carboxylic 
acid  was  recovered  as  methane.  In  contrast,  only 
small  amounts  of  methane  were  detected  in  aquifer 
slurries  amended  with  compounds  containing  an 
oxygen  heteroatom,  even  though  a  decrease  in  the 
parent  substrate  concentration  occurred.  Pyridine, 
2-picoline  and  4-picoline  were  biotransformed 
within  three  months  under  sulfate-reducing  condi- 
tions. However,  longer  incubation  times  were  re- 
quired for  the  degradation  of  these  substrates  in 
methanogenic  aquifer  slurries.  (Author's  abstract) 
W90-04692 

AQUEOUS  CHLORINATION  OF  RESORCIN- 
OL. 

Point  Loma  Nazarene  Coll.,  San  Diego,  CA.  Dept. 

of  Chemistry. 

For  primary  bibliographic  entry  see  Field  5h. 

W90-04693 


ENVIRONMENTAL  PERSISTENCE  AND  FATE 
OF  FENOXAPROP-ETHYL. 

California  Univ.,  Davis.  Dept.  of  Environmental 

Toxicology. 

A.  P.  Toole,  and  D.  G.  Crosby. 

Environmental      Toxicology      and      Chemistry 


ETOCDK,  Vol.  8,  No.  12,  p  1171-1176,  1989.  4  fig, 
1  tab,  7  ref.  USDA  Regional  Research  Project  W- 
45.  NIEHS  Training  Grant  ES-07059. 

Descriptors:  'Herbicides,  'Fate  of  pollutants, 
'Herbicides,  'Pesticide  residues,  'Photolysis,  Rice, 
Soil  contamination,  Degradation,  Adsorption,  Hy- 
drolysis. 

The  environmental  persistence  and  fate  of  ethyl  2- 
(4-((6-chloro-2-benzoxazolyl)  oxylphenoxyl)  pro- 
panoate  (fenoxaprop-ethyl),  a  herbicide  proposed 
for  selective  control  of  grasses  in  California  nce 
have  been  investigated  under  laboratory  and  field 
conditions.  In  the  field,  it  dissipated  rapidly  from 
both  water  and  soil,  with  half-lives  in  water  <  4  hr 
and  soil  residues  below  detectability  within  6  days. 
The  photolysis  half-life  in  sterile,  distilled  water 
was  269  +/-19  hr;  in  field  water  a  combination  of 
microbial  and  photochemical  reactions  resulted  in 
a  half-life  of  29  +/-2  hr.  Products  included  the 
corresponding  acid,  6-chlorobenzoxazolinone, 
ethyl  2-(4-hydroxyphenoxy)  propanoate  and  2-(4- 
hydroxyphenoxy)  propanoic  acid.  Hydrolysis  was 
slow  at  pH  6.1  and  7.4  but  resulted  in  a  half-life  of 
only  8.3  hr  at  pH  9.1.  Fenoxaprop-ethyl  is  essen- 
tially nonvolatile  (Henry's  Law  constant  = 
.0000007)  and  was  bound  moderately  to  soil  (Koc 
=  6800).  These  properties  represent  a  near  opti- 
mum for  pesticide  persistence.  (Author's  abstract) 
W90-O4694 

TOXICOLOGY  STUDIES  OF  A  CHEMICAL 
MIXTURE  OF  25  GROUNDWATER  CONTAMI- 
NANTS: I.  CHEMISTRY  DEVELOPMENT. 

National  Toxicology  Program,  Research  Triangle 

Park  NC 

R.  S.'H.  Yang,  T.  J.  Goehl,  R.  D.  Brown,  A.  T. 

Chatham,  and  D.  W.  Arneson. 

Fundamental  and  Applied  Toxicology  FAATDF, 

Vol.  13,  No.  3,  p  366-378,  October  1989.  4  tab,  18 

ref. 

Descriptors:  'Toxicity,  'Path  of  pollutants,  'Bioas- 
say  'Groundwater  pollution,  'Toxicology,  'Or- 
ganic compounds,  Industrial  wastes,  Hazardous 
wastes,  Phenols,  Organic  wastes,  Metals. 

An  aqueous  mixture  of  25  groundwater  contami- 
nants was  formulated  based   upon  EPA  survey 
concentrations  of  these  chemicals  in  the  ground- 
water around  hazardous  waste  disposal  sites,  their 
toxicity  information,  and  their  solubility  in  this 
unique  matrix.  Analytical  methods  have  been  de- 
veloped for  all  25  chemicals  in  the  drinking  water 
mixture.   Because  the  anticipated   animal   studies 
were  to  be  conducted  at  various  laboratories,  for 
ease  of  handling  and  maximum  stability,  the  stock 
solution  was  stored  or  shipped  as  two  substock 
solutions:  an  organic  substock  with  18  neat  organic 
chemicals  in  a  glass  vial  sealed   with  minimum 
headspace  and  an  aqueous  substock  solution  with  6 
metals  of  various  salt  forms  and  phenol.  The  con- 
centrations of  the  solutions  were  such  that  direct 
mixing  of  the  organic  and  aqueous  substocks  pro- 
duced the  desired  high  dose  level  for  the  animal 
experiments.  Although  some  losses  of  certain  or- 
ganic chemicals  were  inevitable,  the  stability  of 
this  mixture  at  different  concentrations  under  simu- 
lated animal  experimental  conditions  and  under 
storage  was  such  that  it  is  possible  to  conduct 
animal  experiments  using  the  mixture  in  drinking 
water.   In   addition,   reasonable   estimates  of  the 
intake  of  individual  chemicals  may  be  achieved 
provided  that  fresh  dosing  solutions  are  prepared 
at  48-hr  to  72-hr  intervals  and  that  comprehensive 
analyses  are  carried  out.  (Geiger-PTT) 
W90-04697 


Descriptors:  'Water  pollution,  'Fate  of  pollutants, 
'Pesticides,  'Chlorinated  hydrocarbons,  'Pesticide 
residues,  'Seawater,  'Poly chlorinated  biphenyls, 
Pollutant  identification,  Lindane,  DDT,  Chk>r- 
dane,  Surface  water,  Gas  chromatography,  Gult  ot 
Mexico,  Atlantic  Ocean. 

Microlayer  and  surface  seawater  samples,  collect- 
ed during  four  surveys  in   1985  and   1987  from 
open-ocean  waters  off  the  United  States  middle 
and  south  East  Coast  and  in  the  Gulf  of  Mexico, 
were  analyzed  for  selected  chlorinated  pesticides 
and  polychlorinated  biphenyls  (PCBs).  Analytes 
detected  by  gas  chromatography-electron  capture 
detection  were  confirmed  by  analysis  with  a  differ- 
ent gas  chromatographic  column  or  detector  or 
both   Of  the  27  filter  and  filtrate  microlayer  sam- 
ples collected  during  the  surveys,  only  one  con- 
tained   pesticides   or    individual   PCB   congeners 
above  method  detection  limits  ranging  from  0.1  to 
1  0  nanograms/liter.  Most  PCB  congeners  and  pes- 
ticides were  not  detected  in  any  of  the  24  open- 
ocean  surface  seawater  samples,  even  at  method 
detection  limits  of  0.5-3.0  picograms/liter,  which 
were  achieved  by  processing  900  liters  of  seawater. 
Lindane   was  detected   at   concentrations  in   the 
range  of  0.01-0.15  nanograms/liter  in  nearly  every 
seawater  filtrate  sample  taken  off  the  Southeast 
Coast  and  in  the  Gulf  of  Mexico.  Chlordane  was 
the  other  pesticide  found  predominantly  in  Gulf  of 
Mexico  samples  at  concentrations  of  0.004-0.034 
nanograms/liter.   Only  a  few  samples  contained 
very  low  concentrations  of  DDTs  and  their  degra- 
dation products.  No  more  than  four  to  five  individ- 
ual PCB  congeners  were  detected  in  any  seawater 
sample-  none  of  the  samples  possessed  an  Aroclor 
pattern.  Concentrations  of  PCBs  and  DDT  identi- 
fied in  earlier  studies  were  significantly  higher  than 
their  concentrations  in  samples  collected  in  the 
present  surveys.  These  observations  may  reflect  an 
actual  decline  in  PCB  and  DDT  levels  in  the  open 
ocean  or  improvement  in  analytical  methods,  in- 
cluding confirmation   of  analyte   identities.   (Au- 
thor's abstract) 
W9O-O47O0 


CONCENTRATIONS  OF  CHLORINATED  PES- 
TICIDES AND  PCBS  IN  MICROLAYER  AND 
SEAWATER  SAMPLES  COLLECTED  IN 
OPEN-OCEAN  WATERS  OFF  THE  U.S.  EAST 
COAST  AND  IN  THE  GULF  OF  MEXICO. 
Little  (Arthur  D.),  Inc.,  Cambridge,  MA.  Marine 
Sciences  Unit. 

T.  C.  Sauer,  G.  S.  Surell,  J.  S.  Brown,  D.  Redford, 
and  P.  D.  Boehm. 

Marine  Chemistry  MRCHBD,  Vol.  27,  No.  3-4  p 
235-257,  October  1989.  3  fig,  8  tab,  22  ref.  U.S. 
EPA  Contract  68-03-3319. 


SIMPLE  AND  PRACTICAL  MODEL  FOR  TOX- 
ICOLOGICAL  ASSESSMENT  OF  NITRIFICA- 
TION BYPRODUCTS  IN  RIVERS. 

Instituto    Nacional   de   Investigaciones   Agranas, 

Madrid  (Spain).  Centro  de  Investigacion  y  Tecno- 

logia. 

J.  V.  Tarazona,  and  M.  J.  Munoz. 

Toxicological     and     Environmental     Chemistry 

TXECBP,  Vol.  24,  No.  1-2,  p  9-15,  1989.  5  fig,  1 

tab,  14  ref. 

Descriptors:  'Toxicology,  'Water  pollution 
sources,  'Nonpoint  pollution  sources,  'Toxicity, 
'Spain,  'Nitrification,  'Hydrologic  models,  Fate 
of  pollutants,  Rivers,  Model  studies,  Nitrites,  Ni- 
trates, Ammonia,  Wastewater  disposal. 

A  simple  and  practical  model  for  the  toxicological 
on-field  assessment  of  the  nitrification  process  in 
rivers  was  developed  from  the  published  raw  data 
for  the  physical-chemical  characteristics  of  Spanish 
rivers    Ammonia,  nitrites  and  nitrates  concentra- 
tions were  plotted  versus  the  distance  between 
sampling  stations,  then  the  waste  discharge  points 
were  also  plotted  and  nitrogen  evolution  was  stud- 
ied  Three  field  studies  were  performed  to  check 
the  model;  one  a  large  time-and  space  scale  study 
for  3  yr  along  400  km  of  the  Tajo  river,  the  other 
two  single-source  studies,  where  nitrification  by- 
products were  analyzed  downstream  of  a  point 
pollution  source  (an  industrial  organic  nitrogen- 
rich  ammonia-free  sewage  and  a  trout  fisn  farm 
effluent  rich  in  both  organic  nitrogen  and  ammo- 
nia) The  most  important  aspects  from  the  toxico- 
logical point  of  view  (i.e.,  the  highest  ammonia  and 
nitrite   concentrations   and   their   location   down- 
stream)  could   be   easily   assessed   considering   a 
model  with  the  following  characteristics:  a  linear 
increase  and  decrease  of  ammonia  concentrations, 
a  linear  increase  of  nitrate  concentration  beginning 
just  at  the  beginning  of  ammonia  decrease,  similar 
absolute  values  for  the  slopes  of  ammonia  decrease 
and  nitrate  increase  lines,  and  linear  increase  and 
decrease  of  nitrite  concentration  with  the  maximal 
value  just  at  the  end  of  ammonia  decrease.  When 
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there  is  more  than  one  pollution  source,  the  global 
evolution  is  obtained  by  simple  addition  of  evolu- 
tion lines.  Field  studies  made  in  the  Tajo  river 
show  that  in  a  large-scale  study,  the  model  is  able 
to  find  the  contribution  of  different  pollution 
sources.  In  the  second  study,  the  model  demon- 
strated that  a  high  nitrite  concentration,  higher 
than  the  LC50  96  hr  for  salmonid  fish,  observed  in 
the  water  input  channel  of  a  trout  fish  farm,  was 
generated  by  an  industrial  effluent  located  2  kilo- 
meters upstream.  (Geiger-PTT) 
W9O-O4702 


CONTRIBUTION  OF  DOMESTIC  WATER  USE 
TO  INDOOR  AIR  CONCENTRATIONS  OF 
CHLOROFORM  IN  NEW  YORK  CITY  APART- 
MENTS -  A  PILOT  STUDY. 

Columbia   Univ.,    New   York.    School   of  Public 

Health. 

A.  H.  Stern,  and  L.  R.  Andrews. 

Toxicological     and     Environmental     Chemistry 

TXECBP,  Vol.  24,  No.   1-2,  1989.  3  tab,  31  ref. 

Descriptors:  *Air  pollution  sources,  'Path  of  pol- 
lutants, 'Drinking  water,  ♦Chloroform,  'Air  pollu- 
tion, Volatility,  Domestic  use,  Organic  com- 
pounds, Pollutant  identification,  Gas  chromatogra- 
phy. 

Indoor  air  exposure  to  volatile  organic  water  con- 
taminants volatilized  from  domestic  water  use  has 
been  hypothesized  to  be  a  significant  source  of 
exposure  to  these  substances.  Such  releases  have 
been  demonstrated  in  laboratory  and  field  settings. 
However,  this  phenomenon  has  not  previously 
been  measured  under  actual  exposure  conditions 
with  water  contamination  levels  otherwise  accept- 
able for  domestic  use.  The  contribution  of  domes- 
tic water  use  to  indoor  air  levels  of  chloroform 
was  measured  under  the  assumption  that  chloro- 
form concentrations  in  occupied  and  unoccupied 
apartments  would  differ  significantly  only  as  a 
result  of  water  use.  Chloroform  concentrations  in 
occupied  and  unoccupied  indoor  air  were  com- 
pared over  approximately  one  week  in  ten  New 
York  City  apartments.  Subjects  wore  passive  diffu- 
sion sampling  badges  during  all  periods  at  home 
and  separate  sampling  badges  were  used  during 
unoccupied  periods  for  chloroform  collection  in 
frequently  occupied  areas.  Occupancy  and  water 
use  logs  were  kept  and  aqueous  chloroform  levels 
were  measured  at  each  location.  Time-weighted 
occupied  and  unoccupied  chloroform  levels  were 
found  to  be  between  131  and  2927  nanograms/cu 
m.  Comparison  of  occupied  and  unoccupied  levels 
indicated  that  a  hypothesis  of  no  significant  differ- 
ence could  not  be  rejected  (p  >  0.457).  Occupied 
and  unoccupied  values  were  highly  correlated, 
suggesting  a  common  background  source  of  chlo- 
roform. No  significant  correlation  was  seen  be- 
tween these  values  and  either  water  or  shower  use, 
or  aqueous  chloroform  levels.  (Author's  abstract) 
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Correlations  between  color  values  and  humic  and 
fulvic  acids  content  in  waters  as  well  as  the  influ- 
ence of  colloid  and  dissolved  forms  of  humic  sub- 
stances on  heavy  metal  migration  are  studied  in  the 
Ivankovo  Reservoir.  Humic  acid/fulvic  acid  ratios 
varied  from  season  to  season  with  ratios  of  0.40  for 
summer  and  autumn  periods,  0.12  in  winter,  and 
0.14-0.16  in  spring.  Color  values  rose  in  the 
summer  dry  period  due  to  the  increase  of  total 
content  of  organic  substances  in  the  water.  Empiri- 
cal correlations  between  color  values  and  humic 


acid  content  were  obtained  for  different  phases  of 
the  hydrological  regime.  These  relationships  led  to 
the  conclusion  that  fulvic  and  humic  acid  concen- 
trations were  dependent  on  the  electrical  conduc- 
tivity of  the  reservoir  water.  Examination  of  the 
electrical  conductivity  of  the  water  allowed  esti- 
mations of  the  humic  and  fulvic  acid  sedimentation 
in  the  reservoir  and  prediction  of  their  role  in 
changing  water  color.  A  scheme  of  analysis  of 
heavy  metals  in  the  reservoir  waters  showed  the 
occurence  of  heavy  metals  in  ten  fractions.  Con- 
centrations of  heavy  metals  in  fractions  was  deter- 
mined with  the  help  of  atom  emission  spectrometry 
with  inductively  coupled  plasma.  Complexes  with 
organic  ligands  and  associations  with  organic-min- 
eral colloids  were  most  typical  for  the  solutions  of 
Cu,  Mo,  Co,  Cd,  and  Zn.  Coefficients  of  correla- 
tion between  the  content  of  organic  and  mineral 
components  in  the  water  were  calculated,  which 
were  useful  in  determining  the  reservoir  capacity 
for  self-purification  from  humic  substances  by 
means  of  their  sedimentation  and  accumulation  in 
bottom  sediments.  (Geiger-PPT). 
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FLOW  AND  DISTRIBUTION  OF  CHROMIUM 
IN  THE  SWEDISH  ENVIRONMENT:  A  NEW 
APPROACH  TO  STUDYING  ENVIRONMEN- 
TAL POLLUTION. 
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Descriptors:  'Path  of  pollutants,  'Pollution  load, 
•Chromium,  'Sweden,  Industrial  wastes,  Model 
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Point  source  emission  from  industrial  production 
processes  has  been  the  major  focus  of  environmen- 
tal concern  in  the  past.  In  this  article  it  is  argued 
that  the  accumulating  amount  of  goods/products 
in  society  should  also  be  focused  on  in  the  future. 
From  these  goods  substances  will  sooner  or  later 
be  leached  out  to  the  environment.  A  case  study 
using  chromium  in  Sweden  is  presented  in  this 
paper  as  one  example  of  a  substance  that  may 
accumulate  in  the  environment.  Total  flows  of 
chromium  for  the  20th  century,  based  on  trade 
statistics,  production  of  goods  and  persistence  of 
products  in  the  environment  are  estimated.  It  was 
found  that  yearly  consumption  emissions  are 
higher  than  the  production  emissions,  i.e.  point 
source  emissions  from  different  industries.  Ferro- 
chrome  alloy,  steel  industries,  and  leather  tanneries 
probably  account  for  more  than  90%  of  the  emis- 
sions to  water  and  almost  all  emissions  to  air. 
Emissions  to  water  have  primarily  taken  place  in 
Bergslagen  and  around  tanning  factories  in  south- 
ern Sweden,  whereas  the  large  ferrochrome  alloy 
plants  near  Lake  Vanern  in  western  Sweden  and 
some  important  concentrations  in  Bergslagen 
dominate  the  air-emission  picture.  Interesting  path- 
ways to  further  development  would  be  to  try  to 
model  the  ways  in  which  chromium  is  emitted, 
transported,  and  finally  accumulated  in  different 
sinks  such  as  soils  and  sediments.  It  is  also  essential 
to  expand  our  knowledge  on  how  chromium  can 
be  mobilized  from  different  products,  and  to  im- 
prove ways  of  weighing  together  emissions  to 
obtain  a  picture  of  the  emerging  emission  land- 
scape. It  is  probably  also  necessary  to  reduce  the 
scale  and  study  the  fate  of  emitted  chromium 
within  a  suitable  watershed.  Using  this  method,  it 
would  be  interesting  to  compare  the  results,  in  an 
appropriate  form,  with  the  results  of  an  environ- 
mental archive  study  like  those  of  sediments  and 
shells  of  mussels.  (Shidler-PTT) 
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Arsenic  uptake  from  water  and  from  phytoplank- 
ton was  followed  in  the  copepod  Eurytemora  af- 
finis  and  the  barnacle  Balanus  improvisus  collected 
from  the  Patuxent  River  estuary,  Chesapeake  Bay, 
in  1987,  and  in  the  oyster  Crassostrea  virginica 
obtained  from  a  hatchery  on  the  shore  of  Chesa- 
peake Bay  in  1987.  Dissolved  arsenic  was  readily 
taken  up  by  phytoplankton  and  by  shell  material  of 
B.  improvisus  and  C.  virginica;  however,  no  dis- 
solved arsenic  was  incorporated  into  the  inverte- 
brate tissues.  When  E.  affinis,  B.  improvisus  and  C. 
virginica  were  fed  phytoplankton  containing  ele- 
vated arsenic  contents,  significant  arsenic  incorpo- 
ration occurred.  Juvenile  B.  improvisus  incorporat- 
ed relatively  more  arsenic  than  adults  of  all  three 
species.  Compared  to  the  100  to  200%  increase  in 
arsenic  content  by  phytoplankton  exposed  to  dis- 
solved arsenic,  the  25%  to  50%  increase  in  these 
invertebrate  species  via  trophic  transfer  is  relative- 
ly small.  Even  though  the  trophic  pathway  for 
arsenic  transfer  is  the  major  one  for  higher  trophic 
levels  within  an  ecosystem,  the  potential  for  direct 
arsenic  impact  to  trophic  levels  other  than  phyto- 
plankton appears  to  be  minimal.  (Author's  abstract) 
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The  SAMBA  model  for  predicting  pollution  trans- 
port in  Danish  urban  storm  drainage  was  demon- 
strated. To  calculate  the  pollution  load,  the  model 
uses  as  input  a  mean  concentration  of  wastewater 
and  a  mean  concentration  of  storm  water  which  is 
then  mixed  and  the  pollution  mass  transport  over 
the  combined  sewer  overflow  is  determined.  Dif- 
ferent types  of  statistics,  depending  on  the  type  of 
pollutant,  are  shown.  The  cumulative  effect  of 
pollutants  such  as  nutrients  is  represented  as  yearly 
load.  The  acute  effect  of  pollutants  such  as  BOD  is 
presented  as  extreme  statistics.  The  use  of  mean 
concentrations  of  storm  water  and  wastewater  was 
adequate  for  calculation  of  yearly  loads.  In  the 
calculation  of  extreme  statistics,  the  stochastic  var- 
iation of  the  storm  water  should  be  taken  into 
account.  (Cassar-PTT) 
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Descriptors:  »Water  pollution  effects,  *Nonpoint 
pollution  sources,  *Water  pollution  sources,  *Fate 
of  pollutants,  *Rivers,  *  Self-purification,  'Water 
treatment,  Louros  River,  Greece,  Agricultural 
runoff,  Nitrification,  Water  quality,  Nutrients 
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oxygen,  Water  temperature,  Phosphates,  Nitrates, 
Ammonia,  Seasonal  variation,  Wastewater  pollu- 
tion. 

Pollution  sources  in  the  agricultural  basin  of  the 
Louros  River  in  Greece  include  fertilizers,  pesti- 
cides, agricultural  industry  wastes,  livestock,  and 
domestic  sewage  (no  treatment  plants  in  the  area). 
The  river  flood  plain  consists  of  wetlands  and 
lagoons  populated  with  reeds.  Water  quality  pa- 
rameters for  May  and  October  1987  were  reported 
for  sampling  stations  from  the  mouth  to  36.5  km 
upstream.  Dissolved  oxygen  was  54  to  155%;  tem- 
perature, 18  C;  pH  6.5  to  8.3;  total  hardness,  210  to 
450  mg/1;  alkalinity,  150  to  200  mg/1  CaC03;  salt, 
500  to  600  mg/1.  Nitrates,  phosphates,  and  ammo- 
nia had  high  concentrations  in  March,  May  and 
November.  Nitrification  was  blocked  over  the  last 
5  3  km  of  river  for  most  of  the  year;  in  summer 
these  conditions  extended  to  18.5  km.  Rates  of  self- 
purification  did  not  follow  any  patterns,  presum- 
ably from  the  irregularity  in  discharges  with  re- 
spect to  time  and  space  and  the  variability  in  water 
flow  Invertebrate  communities  showed  stresses  at 
some  seasons  and  especially  where  tributaries  enter 
the  river.  The  overall  self-purification  properties 
were  rated  average.  (Cassar-PTT) 
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Laboratory  studies  indicated  that  pH  was  more 
important  in  the  control  of  cadmium  adsorption 
onto  riverbed  sediment  than  ionic  strength  or  chlo- 
ride concentration.  The  sediment  used  in  the  study 
was  collected  from  the  riverbed  of  a  small  river 
near  Aveiro,  Portugal.  For  electrolyte  concentra- 
tions less  than  0.01M  the  ionic  strength  effect  was 
more  important  than  chloride  concentration.  For 
electrolyte  concentrations  of  0.01  to  0.58M  the 
opposite  was  true.  (Cassar-PTT) 
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Sediment  samples  and  water  currents  were  studied 
in  Pagassitikos  Gulf,  a  semienclosed  embayment  in 


the  Western  Aegean  Sea.  These  waters  receive 
wastes  from  the  city  of  Volos  (population,  60,000) 
and  several  factories.  Organic  carbon  content  ot 
sediments  varied  from  0.63  to  0.88%,  the  higher 
values  being  associated  with  fine  sediments.  T.  race 
metal  analyses  showed  no  anthropogenic  input 
from  the  city  of  Volos.  High  metals  levels  were 
found  in  some  parts  of  the  Gulf,  but  these  were 
attributed  to  natural  ore  deposits.  Water  currents 
were  weak  (40  cm/sec).  Thermaikos  Bay,  which 
receives  wastes  from  Thessaloniki  (1.2  million  in- 
habitants), including  industrial  effluents  was  desig- 
nated critically  polluted.  Stratification  is  present  in 
spring,  summer  and  fall.  Renewal  of  bay  waters  is 
by  intrusion  of  Aegean  Sea  saline  water  along  the 
eastern  coastline.  The  Axios  River  provides  fresh- 
water input.  Sediments  were  found  to  be  polluted 
with  organic  carbon  and  heavy  metals,  especially 
at  river  mouths  and  at  the  industrial  zone.  (Cassar- 
PTT) 
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Heavy  metals  concentrations  were  determined  in 
sediments  from  six  drinking  water  reservoirs  in 
Sardinia.  Many  of  the  23  such  reservoirs  are  locat- 
ed in  river  basins  associated  with  mining  activities. 
Results  showed  extremely  high  concentrations  of 
metals  in  the  reservoirs  exposed  to  mining  activi- 
ties or  with  mineral  deposits  in  the  drainage  basin, 
compared  to  an  unexposed  reservoir.  Highest 
metals  levels  found  in  this  survey  (in  microgram/g) 
were  manganese,  3700;  cadmium,  41.2;  copper, 
764;  lead,  2980;  and  zinc,  4500.  (Cassar-PTT) 
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The  paths  of  heavy  metals  were  traced  from  their 
sources  (food,  tap  water,  detergents,  cosmetics, 
medicine,  sweat,  dust,  and  toilet  paper)  to  domestic 
wastewater  (from  kitchen,  bath,  laundry,  lavatory, 
and  others)  to  the  wastewater  plant,  which  dis- 
charges effluent  and  sludge.  The  amount  of  heavy 
metals  was  determined  for  cadmium,  nickel,  lead, 
chromium,  manganese,  copper,  zinc,  and  iron  for 
tap  water,  bath  water,  laundry  water,  kitchen 
waste,  and  feces.  Metals  loads  were  also  reported 
for  influent,  effluent  +  sludge,  and  domestic 
wastewater  on  the  basis  of  micrograms/day/ 
person.  Data  were  obtained  and  are  tabulated  for 
three  Japanese  cities:  Yokosuka,  Hachinobe,  and 
Hakodate.  (Cassar-PTT) 
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Complete  and  equally  spaced  river  quality  varia- 
bles specific  conductance  (SPC,  microS/cm),  total 
dissolved  solids  (TDS,  mg/1) ,  and  the  logarithm  of 
the  daily  discharge  mean  (DDM,  cu  m/s)  are  used 
in  frequency  domain  modeling.  Significant  auto- 
correlation values  at  lags  1  and  12  indicate  that  the 
observations  are  not  random  and  have  a  yearly 
periodicity.  Cross-correlations  also  indicate  the 
yearly  periodicity  as  well  as  a  negative  relationship 
between  SPC  and  TDS.  The  spectral  and  cross- 
spectral  analyses  show  a  significant  periodicity  of 
v-sub-k  =  0.078  cycles  per  month,  or  a  period  of 
one  year.  Because  these  variables  are  linearly  cor- 
related, an  impulse  response  function  can  be  used 
to  determine  the  lagging,  leading,  and/or  immedi- 
ate response  of  the  input(s)  on  the  output.  It  is 
found  that  the  best  predictor  of  SPC  is  DDM.  The 
small  contribution  from  TDS  is  ignored.  Signifi- 
cant coherence  and  F  statistic  at  a  frequency  ot 
0  093  confirms  the  strong  linear  relationship  be- 
tween these  two  variables.  (Author's  abstract) 
W90-04821 

EPIDEMIOLOGY  AND  TOXICOLOGY  OF 
VOLATILE  ORGANIC  CHEMICAL  CONTAMI- 
NANTS IN  WATER  ABSORBED  THROUGH 
THE  SKIN.  ,    L.  _ 

National  Academy  of  Sciences,  Washington,  DC 
For  primary  bibliographic  entry  see  Field  5C. 
W90-04830 

ROLE  OF  SKIN  ABSORPTION  AS  A  ROUTE 
OF  EXPOSURE  TO  VOLATILE  ORGANIC 
COMPOUNDS  IN  HOUSEHOLD  TAP  WATER: 
A  SIMULATED  KINETIC  APPROACH. 

Clark  Univ.,  Worcester,  MA.  Center  for  Technol- 
ogy, Environment,  and  Development. 
H.  S.  Brown,  and  D.  Hattis. 

Journal  of  the  American  College  of  Toxicology 
JACTDZ,  Vol.  8,  No.  5,  p  839-851,  October  1989. 
5  fig,  3  tab,  25  ref,  append. 


Descriptors:  'Drinking  water,  'Path  of  pollutants, 
'Volatile  organic  compounds,  'Epidermis,  'Popu- 
lation exposure,  'Domestic  water,  'Computer 
models,  'Absorption,  Kinetics,  Water  pollution  ef- 
fects, Hydrocarbons,  Model  testing,  Human  popu- 
lation, Organic  compounds,  Risk  assessment,  Simu- 
lation analysis,  Estimating,  Blood. 

Absorption  of  volatile  organic  contaminants 
(VOCs)  in  tap  water  by  exposure  routes  other  than 
direct  ingestion,  such  as  inhalation  and  dermal 
contact,  has  been  recognized  only  recently  by  the 
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risk  assessment  community.  The  dermal  route  may 
be  a  significant  contributor  to  the  total  exposure  to 
VOCs  in  tap  water  and,  under  some  circumstances, 
may  be  its  major  source.  A  preliminary  kinetic 
model  of  transdermal  absorption  of  organic  chemi- 
cals in  dilute  aqueous  solutions  has  been  devel- 
oped. It  was  designed  to  be  used  on  a  Macintosh 
computer.  The  model  was  used  to  follow  the 
course  of  absorption  and  distribution  of  three  vola- 
tile organic  water  contaminants  (ethylbenzenc,  tol- 
uene, and  styrene)  during  bathing,  and  to  estimate 
the  associated  daily  dose.  Comparison  of  calculat- 
ed and  experimental  doses  of  the  three  VOCS 
absorbed  dermally  after  60  min  (immersion  of 
hands),  was  made.  The  doses  predicted  by  the 
model  under  the  maximum  conditions  were  all 
within  a  factor  of  two  or  less  from  the  experimen- 
tal values,  while  the  minimum  doses  differ  from  the 
experimental  measurements  of  approximately  an 
order  of  magnitude.  The  dermal  dose  was  then 
compared  with  oral  and  inhalation  doses  previous- 
ly estimated  by  other  investigators.  Whereas  the 
kinetic  model  of  skin  absorption  may  require  cau- 
tion when  used  to  estimate  the  absolute  amount  of 
chemical  absorbed,  it  may  be  very  useful  when 
applied  to  estimate  relative  amounts  absorbed  by 
different  individuals  and  under  a  variety  of  condi- 
tions. Such  estimates,  based  on  a  kinetic  model  that 
accounts  for  blood  flows  and  volumes,  would 
produce  more  accurate  estimates  than  calculations 
based  on  permeability  constants  for  the  skin.  (Ver- 
Nooy-PTT) 
W90-04831 


HUMAN  SKIN  BINDING  AND  ABSORPTION 
OF  CONTAMINANTS  FROM  GROUND  AND 
SURFACE  WATER  DURING  SWIMMING  AND 
BATHING. 

California  Univ.,  San  Francisco.  Dept.  of  Derma- 
tology. 

R.  C.  Wester,  and  H  I.  Maibach. 
Journal  of  the  American  College  of  Toxicology 
JACTDZ,  Vol.  8,  No.  5,  p  853-859,  October  1989 
9  tab,  5  ref. 

Descriptors:  'Water  pollution  effects,  'Ground- 
water, 'Surface  water,  'Epidermis,  'Absorption, 
•Pollutants,  'Path  of  pollutants,  'Human  popula- 
tion, Bioassay,  Domestic  water,  Population  expo- 
sure, Hydrocarbons,  Model  studies,  Organic  com- 
pounds, Swimming,  Bathing,  Risk  assessment. 

Contaminants  exist  in  ground  and  surface  water. 
Human  skin  has  the  capacity  to  bind  and  then 
absorb  these  contaminants  into  the  body  during 
swimming  and  bathing.  Powdered  human  stratum 
corneum  will  bind  both  lipid-soluble  (alachlor,  pol- 
ychlorinated  biphenyls  (PCBs),  benzene)  and 
water-soluble  (nitroaniline)  chemicals.  In  vitro 
(human  skin)  and  in  vivo  (Rhesus  monkey)  studies 
show  that  these  chemicals  readily  distribute  into 
skin,  and  then  some  of  the  chemical  is  absorbed 
into  the  body.  Linearity  in  binding  and  absorption 
exists  for  nitroaniline  over  a  10-fold  concentration 
range.  Multiple  exposure  to  benzene  is  at  least 
cumulative.  Binding  and  adsorption  can  be  signifi- 
cant for  exposures  as  short  as  30  minutes,  and  will 
increase  with  time.  Adsorption  with  water  dilution 
increased  for  alachlor,  but  not  for  dinoseb.  Soap 
reversed  the  partitioning  of  alachlor  between 
human  stratum  corneum  and  water.  The  PCBs 
could  be  removed  from  skin  by  soap  and  water 
(70%  efficiency)  for  up  to  3  hours  and  the  decon- 
tamination potential  decreased,  due  to  continuing 
skin  absorption.  The  model  that  in  vitro  and  in 
vivo  systems  used  should  permit  easy  estimation  of 
this  area  of  extensive  human  exposure  effect  on 
risk  assessment.  (Author's  abstract) 
W90-O4832 


erative  Agreement  CR-8 10979. 

Descriptors:  'Biological  oxidation,  'Hydrocar- 
bons, 'Soil  chemistry,  'Biodegradation,  'Polycy- 
clic  aromatic  hydrocarbons,  'Microbial  degrada- 
tion, 'Fate  of  pollutants,  Industrial  wastes,  Oxida- 
tion, Creosote,  Loam,  Water  quality  control,  De- 
contamination. 

The  effect  of  constituent  matrix  on  the  degradation 
of  hydrocarbons  was  characterized  and  evaluated 
within  the  context  of  cooxidation.  Current  infor- 
mation concerning  two  cooxidation  mechanisms, 
analog  substrate  enrichment  and  the  addition  of 
non-analog  hydrocarbon  substrates,  was  consid- 
ered in  the  context  of  biochemical  degradation  in 
situ.  Non-analog  hydrocarbon  substrates  consid- 
ered included  methane  gas  and  non-specific  hydro- 
carbons such  as  oil  and  manure.  This  information 
was  used  to  define  a  laboratory  approach  for 
studying  the  effects  of  constituent  matrix  on  degra- 
dation rates  of  13  polynuclear  aromatic  hydrocar- 
bons (PAHs)  in  soil.  Four  matrices  were  studied: 
single  constituents  applied  and  incubated  singly;  a 
synthetic  mixture  of  PAHs  applied  and  incubated 
together;  a  mixture  of  oil  refinery  wastes;  and  a 
creosote  wood  preserving  waste.  Initial  soil  con- 
centrations of  constituents  were  similar  for  each 
matrix  evaluated.  One  soil  was  used,  a  Kidman  fine 
sandy  loam  (Haplustoll,  Utah).  Incubation  condi- 
tions and  extraction  and  analysis  methods  were 
similar.  These  results  can  be  interpreted  in  the 
context  of  cooxidation  and  suggest  a  potential  tool 
for  bioremediation  of  PAH  contaminated  soils  and 
the  simultaneous  protection  of  groundwater  re- 
sources through  reduction  or  mitigation  of  ground- 
water contamination  due  to  vadose  zone-associated 
PAHs.  (Author's  abstract) 
W90-O4833 


EVIDENCE  FOR  COOXIDATION  OF  POLYN- 
UCLEAR AROMATIC  HYDROCARBONS  IN 
SOIL. 

Utah  State  Univ.,  Logan.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 

J.  Keck,  R.  C.  Sims,  M.  Coover,  K.  Park,  and  B. 
Symons. 

Water  Research  WATRAG,  Vol.  23,  No.  12,  p 
1467-1476,  December  1989.  2  fig,  7  tab,  36  ref.  US 
EPA  Grant  R-8 14475-01  and  Robert  S.  Kerr  Envi- 
ronmental Research  Laboratory,  Ada,  OK,  Coop- 


CHEMICAL  SUBSTITUTION  REACTION  BE- 
TWEEN CU(II)  AND  HG(II)  AND  HYDROUS 
CDS(S). 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

S.  W.  Park,  and  C.  P.  Huang. 
Water  Research  WATRAG,  Vol.  23,  No.   12,  p 
1527-1534,  December  1989.  10  fig,  1  tab,  32  ref. 
Environmental  Engineering  Program,  NSF  Grant 
CEE  8313290  and  CEE  8104728. 

Descriptors:  8Water  chemistry,  'Cadmium,  'Sul- 
fides, 'Cation  exchange,  'Path  of  pollutants,  'Mer- 
cury, 'Copper,  Chemical  reactions,  Heavy  metals, 
Water  pollution,  Electrophoresis,  Adsorption, 
Chemical  precipitation,  Solubility,  Interference. 

Increases  in  the  industrial  use  of  metal  sulfides, 
including  the  use  of  cadmium  sulfide  to  utilize 
solar  energy,  may  increase  the  fluxes  of  heavy 
metal  into  aquatic  systems.  Insights  into  the  surface 
chemistry  of  CdS(s)  has  far  reaching  implications 
in  environmental  pollution  control  and  the  harvest 
of  solar  energy.  The  chemical  reaction  between 
hydrous  CdS(s)  and  Cu(II)  and  Hg(II)  were  stud- 
ied by  electrophoretic  mobility  measurements  and 
adsorption  experiments.  The  results  show  that 
cation  exchange,  following  readsorption  of  the  re- 
leased Cd(II)  ions  onto  the  freshly-formed  CuS(s) 
and  cadmium  hydroxide  precipitation  reactions 
occur  when  CdS  particles  come  into  contact  with 
these  metal  ions  which  have  sulfide  precipitates 
less  soluble  that  CdS(s).  The  effect  of  organic 
ligands  on  the  ion  exchange  reaction,  exemplified 
by  EDTA  (a  strong  complexing  ligand)  and 
phthalic  acid  (a  weak  complexing  ligand),  was  also 
investigated.  Both  organic  compounds  have  little 
effect  on  the  lattice  ion  exchange  reaction  unless  a 
large  amount  of  strong  complexing  agent  is  present 
in  the  system.  The  dissolution  of  CdS(s),  however, 
is  slightly  hindered  in  the  presence  of  weak  com- 
plex former  such  as  phthalic  acid  and  greatly  en- 
hanced in  the  presence  of  strong  complex  former 
such  as  EDTA.  (Author's  abstract) 
W90-04841 


EFFECT  OF  SURFACE  ACTIVE  SUBSTANCES 
ON  THE  ELECTROCHEMICAL  BEHAVIOUR 
OF  COPPER  IONS  IN  CHLORIDE  SOLU- 
TIONS AND  IN  NATURAL  WATERS. 

Institut    Rudjer    Boskovic,    Zagreb   (Yugoslavia). 


Center  for  Marine  Research. 

For  primary  bibliographic  entrv  see  Field  2K. 

W90-O4843 


UPTAKE  AND  DEPURATION  OF  241AM 
239  +  240PU,  238PU,  137CS  AND  106RU  BY  MY- 
TILUS   EDULIS   UNDER   NATURAL  STRESS. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
R.  J.  Clifton,  H.  E.  Stevens,  and  E.  I.  Hamilton. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
54,  No.  1-2,  p  91098,  June  1989.  4  fig,  3  tab,  30  ref. 
European  Economic  Community,  Contracts  B16- 
R-038-UK  and  B19-B-438-81-UK. 

Descriptors:  'Mollusks,  'Path  of  pollutants,  'De- 
puration, 'Mussels,  'Radioisotopes,  'Bioaccumula- 
tion,  'Stress,  Tissues,  Americium,  Cesium,  Plutoni- 
um, Ruthenium,  Mytilus. 

Rates  of  uptake  of  241  Am,  137Cs  and  106Ru  by 
both  the  soft  tissue  and  the  shell  of  transplanted 
Mytilus  edulis  L.  were  determined;  soft  tissue  data 
were  compared  to  theoretically  derived  values 
based  on  the  biological  half-life  and  the  steady 
state  concentration  of  these  isotopes.  The  rates  of 
loss  of  241  Am,  239  +  240Pu,  238Pu,  137Cs  and 
106Ru  by  M.  edulis  under  conditions  of  stress, 
manifest  as  extended  periods  of  shell  closure  as  a 
consequence  of  high  ambient  concentrations  of 
copper  and  zinc  and  extended  periods  of  aerial 
exposure,  were  examined.  Both  types  of  stress  did 
not  significantly  alter  the  rate  of  loss  of  the  Pu 
isotopes,  137Cs  or  106Ru  from  the  flesh  of  the 
mussel  but  the  241  Am  concentration  increased  sig- 
nificantly over  the  depuration  period  of  February 
to  June-a  probable  consequence  of  the  remobiliza- 
tion  of  241  Am  associated  with  the  inner  nacreous 
layer  of  the  shell.  Concentrations  of  radionuclides 
approached  steady  state  values  more  rapidly  in  the 
shell  than  in  the  total  soft  tissues  of  the  mussel. 
(Author's  abstract) 
W90-04869 


STABLE  ISOTOPE  RATIOS  AND  CONTAMI- 
NANT CONCENTRATIONS  IN  A  SEWAGE- 
DISTORTED  FOOD  WEB. 

Lawrence  Livermore  National  Lab.,  CA.  Environ- 
mental Sciences  Div. 

R.  B.  Spies,  H.  Kruger,  R.  Ireland,  and  D.  W. 
Rice. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 
54,  No.  1-2,  p  157-170,  June  1989.  6  fig,  9  tab,  46 
ref.  DOE  Contract  W-7405-ENG-48;  EPA  Inter- 
agency agreement  AD-89-E2A267. 

Descriptors:  'Path  of  pollutants,  'Fish  physiology, 
'Bioaccumulation,  'Municipal  wastes,  'Food 
chains,  Organic  matter,  Nitrogen,  Carbon,  Phtha- 
lates,  Chlorinated  hydrocarbons,  Radioisotopes. 

Concentrations  of  selected  neutral  organic  con- 
taminants and  stable  isotope  ratios  of  carbon,  nitro- 
gen and  deuterium/hydrogen  in  invertebrates  and 
fish  were  compared  from  near  a  large,  60  m  deep 
municipal  waste  outfall  near  Los  Angeles,  CA,  and 
from  a  reference  area  off  Santa  Barbara,  CA.  Ob- 
jectives were  to  investigate:  (1)  the  degree  of  utili- 
zation of  sewage  organic  matter  in  the  food  web, 
especially  by  three  species  of  fish;  (2)  differences  in 
contaminant  accumulation  between  these  bentho- 
phagous  fish;  and  (3)  the  behavior  of  organic  con- 
taminants relative  to  each  other  and  to  organic 
matter  through  several  trophic  levels.  On  the  basis 
of  the  stable  isotope  ratio  (delta)  13C  and  (delta) 
15N  of  the  fishes,  the  estimated  contribution  of 
nitrogen  and  carbon  from  sewage  was  about  15- 
20%  of  their  requirements  for  these  elements.  Trie 
delta  13C  and  delta  15N  values  increased  in  the 
fishes  in  the  order  of  Microstomus  pacificus,  Cith- 
arichthys  sordidus  and  Zaniolepis  latipinnis.  The 
Cs/K  ratio  of  Z  latipinnis  was  also  significantly 
higher  than  for  the  other  two  species,  also  indicat- 
ing its  higher  trophic  position.  C.  sordidius  had  the 
highest  wet-weight  concentrations  of  chlorinated 
hydrocarbons  and  phthalic  acid  esters;  intermedi- 
ate concentrations  of  these  compounds  were  found 
in  Z.  latipinnis  and  the  lowest  concentrations  were 
found  in  M.  pacificus.  Concentrations  of  chlorinat- 
ed hydrocarbons  on  a  lipid-weight  basis  changed 
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this  order  so  that  it  more  closely  resembled  the 
trophic  structure  revealed  by  the  stable  tostope 
ratio  and  Cs/K  data.  A  large  degree  of  correlation 
was  evident  between  contaminants  in  Z.  latipinnis 
but  not  in  the  other  2  fish  species.  These  correla- 
tions were  apparently  not  a  function  of  liver  lipid 
concentration,  but  the  strengths  of  the  correlations 
were  dependent  on  the  similarities  of  logK  sub  ow 
values  of  the  correlated  compounds.  (Author's  ab- 
stract) 
W90-O4872 

MICRO-ALGAE  OF  LAKE  PUPUKE,  AUCK- 
LAND, NEW  ZEALAND. 

Department  of  Scientific  and  Industnal  Research, 

Auckland  (New  Zealand).  Botany  Diy. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04873 

AGRICULTURAL  CONTAMINATION:  PROB- 
LEMS AND  SOLUTIONS. 

Agricultural    Research    Service,     Phoenix,     Ai. 

Water  Conservation  Lab. 

H.  Bouwer. 

Water  Environment  and  Technology,  Vol.  1,  No. 

2,  p  292-297,  October  1989.  1  fig. 

Descriptors:  *Water  pollution  sources,  *Nonpoint 
pollution,  *Water  pollution  control,  *Path  of  pol- 
lutants, 'Agricultural  chemicals,  'Pesticides, 
•Groundwater  pollution,  'Irrigation  effects,  Legis- 
lation, Leaching,  Salt  balance,  Trace  elements, 
Fertilizers,  Salts. 

Salts  from  irrigation  water  concentrate  in  the  deep- 
percolation  water  and  can  pollute  groundwater, 
especially  in  dry  climates  where  there  is  little 
natural  dilution.  Under  certain  geologic  conditions, 
selenium  and  other  trace  elements  may  leach  from 
the  root  and  vadose  zones  into  the  groundwater. 
Salt  and  trace  element  contamination  is  a  direct 
result    of   agricultural    activities,    but    neither    is 
caused  by  anthropogenic  chemicals,  such  as  nitrate 
and  pesticides  which  can  cause  severe  groundwat- 
er contamination.  Growing  concern  over  ground- 
water contamination  caused  by  fertilizer  and  pesti- 
cide use  has  triggered  an  increase  in  legislative  and 
regulatory  activity.  Contamination  migration  must 
be  better  understood  so  that  pesticide  transport  can 
be  more  accurately  predicted.  Preventing  contami- 
nation is  more  effective  than  cleaning  polluted 
aquifers.  Realistic  regulatory  policies  and  manage- 
ment practices  that  will  protect  public  health  while 
ensuring  viable  and  sustainable  agriculture  must  be 
implemented.  Health  effects  and  complications  as- 
sociated with  well  contamination  include  methe- 
moglobinemia and  cancer  risks.   Legislation  has 
been  enacted  to  help  relieve  some  contamination 
problems  on  both  state  and  federal  levels.  Prob- 
lems associated  with  bioassays,  acceptable  risk  and 
maximum  contaminant  limits  include:  (1)  extrapo- 
lation from  animal  studies  that  may  not  be  applica- 
ble to  humans;  (2)  use  of  a  single  chemical,  ignor- 
ing synergistic  effects;  and  (3)  no  reliable  means  for 
quantifying  risk  factors.  Solutions  for  preventing 
groundwater  contamination  require  more  emphasis 
on  research  as  well  as  extensive  treatment  of  con- 
taminated groundwater.  (Male-PTT) 
W90-04876 

ECOLOGY  AND  SURVWAL  OF  LEGIONELLA 
PNEUMOPHHA. 

Thames  Water  Authority,  London  (England). 
J.  S.  Colbourne,  and  P.  J.  Dennis. 
Journal  of  the  Institution  of  Water  Engineers  and 
Scientists   JIWSDI,   Vol.    3,   No.   4,   p   345-350, 
August  1989.  1  fig,  5  tab,  37  ref. 

Descriptors:  *Pathogenic  bacteria,  *Bacteria, 
•Drinking  water,  'Pathogenic  bacteria,  'Legion- 
naires disease,  Survival,  Legionella,  Disinfection, 
Bacterial  analysis. 


indigenous  community-acquired  infections  also  in- 
crease in  number.  Using  an  immunofluorescent 
assay  it  was  observed  that  L.  pneumophila  could 
survive  conventional  water  treatment  including 
disinfection  with  chlorine  and,  while  being  non- 
culturable,  retained  its  ability  to  colonize  pipe  sur- 
faces and  grow  in  the  warmer  water  systems  ot 
buildings.  Viability  of  non-culturable  Legionella 
was  demonstrated  by  heat  shock.  These  findings 
confirm  the  importance  of  preserving  water  quality 
within  buildings  by  good  design,  thorough  mainte- 
nance, and  careful  operation  of  water  systems, 
following  the  guidance  issued  by  the  Department 
of  Health  and  the  Health  &  Safety  Executive. 
(Author's  abstract) 
W90-04905 


Legionella  pneumophila  serogroup  1  was  detected 
in  12%  of  water  sources  used  for  the  supply  of 
drinking  water  in  England  in  a  survey  carried  out 
between  September  1985  and  June  1987.  The  bac- 
terium, the  causative  agent  of  legionnaires'  disease, 
was  found  more  often  in  underground  supplies  in 
late  summer-early  autumn:  the  time  of  year  when 


TOXICS:  TODAY'S  GREAT  LAKES  CHAL- 
LENGE. 

For  primary  bibliographic  entry  see  Field  ZH. 
W90-04930 

SURVIVAL     OF     VIBRIO     VULNIFICUS     IN 
SHELLSTOCK     AND     SHUCKED     OYSTERS 
(CRASSOSTREA  GIGAS  AND  CRASSOSTREA 
VIRGINICA)  AND  EFFECTS  OF  ISOLATION 
MEDIUM  ON  RECOVERY. 
Food  and  Drug  Administration,  Bothell,  WA.  Sea- 
food Products  Research  Center. 
C.  A.  Kaysner,  M.  L.  Tamplin,  M.  M.  Wekell,  R. 
F.  Stott,  and  K.  G.  Colburn. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  55,  No.  12,  p  3072-3079,  Decem- 
ber 1989.  7  fig,  2  tab,  27  ref. 

Descriptors:  'Food  processing  industry,  'Oysters, 
'Vibrio,  'Pathogenic  bacteria,  'Contamination, 
Food  poisoning,  Mollusks,  Survival,  Food  con- 
tamination, Refrigeration,  Pathogens. 

When  two  species  of  shellstock  oysters  were  artifi- 
cially contaminated  with  Vibrio  vulnificus,  the 
bacterium  survived  when  the  oysters  were  stored 
at  10  C  and  below.  Large  numbers  of  endogenous 
V.  vulnificus  cells  were  found  after  7  days  at  both 
0  5  and  10  C  in  uninoculated  control  oysters  (Cras- 
sostrea  virginica).  Oysters  allowed  to  take  up  V. 
vulnificus  from  seawater  retained  the  bacterium  for 
14  days  at  2  C.  The  presence  of  V.  vulnificus  in  the 
drip  exuded  from  the  shellstock  presented  a  possi- 
bility of  contamination  of  other  shellstock  in  stor- 
age V.  vulnificus  injected  into  shucked  Pacific 
(Crassostrea  gigas)  and  Eastern  (C.  virginica)  oys- 
ters survived  at  4  C  for  at  least  6  days.  An  18-hour 
most-probable-number  enrichment  step  in  alkaline 
peptone  water  gave  higher  recovery  levels  of  V. 
vulnificus  than  did  direct  plating  to  selective  agars. 
The  survival  of  this  pathogen  in  both  shellstock 
and  shucked  oysters  suggests  a  potential  for  human 
illness,  even  though  the  product  in  refrigerated. 
(Author's  abstract) 
W90-04932 

REQUIREMENT  FOR  A  MICROBIAL  CON- 
SORTIUM TO  COMPLETELY  OXIDIZE  GLU- 
COSE IN  FEdlD-REDUCING  SEDIMENTS. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04936 

RELATIONSHIPS  AMONG  TRIHALOMETH- 
ANE  FORMATION  POTENTIAL,  ORGANIC 
CARBON  AND  LAKE  ENRICHMENT. 

Pittsburg  State  Univ.,  KS.  Dept.  of  Biology. 
J.  A.  Arruda,  and  C.  H.  Fromm. 
Environmental  Pollution  ENPOEK,  Vol.  61,  No. 
3,  p  199-209,  1989.  4  fig,  2  tab,  27  ref. 

Descriptors:  'Chlorination,  'Carcinogens,  'Drink- 
ing water,  'Trihalomethanes,  'Kansas,  Organic 
carbon,  Chemical  reactions,  Eutrophic  lakes,  Tur- 
bidity, Eutrophication,  Disinfection. 

Trihalomethanes  are  potential  carcinogens  formed 
from  the  reaction  of  the  disinfectant  chlorine  with 
organic  matter  in  the  source  water.  This  study  of 
Kansas  drinking  water  supply  lakes  evaluates  the 
relationship  among  trihalomethane  formation  po- 


tential,   organic   carbon   and   lake   trophic   state. 
Kansas  community  water  supply  lakes  are  small 
artificial  impoundments,  usually  serving  fewer  than 
5000  people.  Six  lakes  were  chosen  for  intensive 
study  and  sampled  11  times  at  biweekly  intervals 
from  the  end  of  April  1984  to  the  middle  of  Sep- 
tember 1984  and  seven  times  at  monthly  intervals 
from  April  1985  to  October  1985.  Nine  additional 
lakes  were  sampled  four  times,  in  May,  August  and 
October  1985  and  in  May  or  April  1986.  Trihalo- 
methane formation  potential  was  positively  corre- 
lated to  organic  carbon.  Total  trihalomethane  for- 
mation potential  and  total  organic  carbon  were 
positively  correlated  to  lake  trophic  state,  an  esti- 
mator of  lake  enrichment,  when  very  turbid  lakes 
were  omitted.  These  very  turbid  lakes  (due  to  high 
suspended  solids  concentrations)  had  higher  than 
expected  trihalomethane  formation  potential,  based 
on  lake  trophic  state  and  higher  organic  carbon 
concentrations.  Trihalomethane  data  measured  in 
the  treated  drinking  water  were  positively  corre- 
lated to  trihaolmethane  formation  potential,  total 
organic  carbon  and  lake  trophic  state.  The  levels 
of  organic  carbon  that  contribute  to  trihaloemth- 
anes  are  a  result  of  lake  and  watershed  factors 
related  to  increasing  levels  of  enrichment  and  sus- 
pended sediments.  These  factors  are  controllable 
by    appropriate    management    practices.    (Mertz- 
PTT) 
W90-04942 


CHANGES  IN  CONCENTRATION  OF  LEAD 
AND  CADMIUM  IN  WATER  FROM  THREE 
RIVERS  IN  DERBYSHIRE. 

Institute  of  Terrestrial  Ecology,  Huntingdon  (Eng- 
land). Monks  Wood  Experimental  Station. 
P.  E.  T.  Douben. 

Environmental  Pollution  ENPOEK,  Vol.  61,  No. 
3,  p  211-226,  1989.  5  fig,  4  tab,  32  ref. 

Descriptors:  'Rivers,  'Cadmium,  'Lead,  'Heavy 
metals,  'Water  pollution,  'Path  of  pollutants, 
•England,  'Suspended  sediments,  Sediments, 
River  flow,  Seasonal  variation,  Flow  rates,  Water 
pollution  sources. 

River  water  from  three  sites  in  three  different 
streams  in  Derbyshire  was  sampled  during  April, 
July,  August,  and  November,  1987  to  evaluate 
fluctuations  in  cadmium  and  lead  concentration. 
The  results  indicate  that  most  of  the  cadmium  was 
in  solution,  while  most  of  the  lead  was  associated 
with  particles  at  all  sites.  Period  of  sampling  ap- 
peared to  have  a  greater  effect  on  the  concentra- 
tion of  cadmium  and  lead  than  flow  rate:  metal 
levels  were  higher  in  spring  than  in  autumn.  Nev- 
ertheless, the  total  lead  concentration  increased 
with  flow  rate,  presumably  because  more  particles 
were  then  brought  into  suspension.  However,  the 
lead  concentration  in  the  filtrate  was  reduced  at 
higher  flow  rates,  presumably  due  to  dilution  in  the 
greater  water  volume.  Dissolved  cadmium  concen- 
tration increased  with  rising  flow  rate  at  relatively 
low  flow  rates  and  was  diluted  at  high  flow  rates. 
The  data  suggest  that  particles  with  which  most  of 
the  lead  is  associated  remain  in  suspension  for  a 
considerable  time  even  when  flow  rate  decreases. 
(Author's  abstract) 
W90-04943 

RESIDUES  OF  PHOSPHAMIDON  IN  RICE 
FIELDS.  ,m.     . 

Madurai-Kamaraj  Univ.  (India).  Dept.  of  Biochem- 
istry. 

S.  R.  D.  Jebakumar,  N.  Kannan,  B.  R. 
Subranamian,  and  J.  Jayaraman. 
Environmental  Pollution  ENPOEK,  Vol.  61,  No. 
3,  p  227-234,  1989.  1  fig,  2  tab,  12  ref. 

Descriptors:  'Pesticide  residues,  *  Agricultural 
chemicals,  'Pesticides,  'Rice,  'Tolerance  limits, 
Gas  liquid  chromatography,  Crops,  Food  contami- 
nation, Phosphamidon. 

Phosphamidon  is  a  pesticide  used  at  heading  stage 
in  rice  fields  against  stem  borers  that  is  widely  used 
in  India.  Thirty-day-old  seedlings  of  rice  plants 
(IR-20  variety)  from  the  nursery  were  transplanted 
into  experimental  plots  and  after  52  days  were 
sprayed    with    phosphamidon    at    two   dose-rates 
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(0.38  kg  a.i./ha  and  0.76  kg  a.i./ha).  Residues  of 
phosphamidon  in  the  plant,  soil  arid  water  were 
analysed  by  gas  liquid  chromatography,  at  various 
time  intervals,  and  were-  found  to  decrease  steadily 
up  to  15  days.  A  second  application  of  the  pesti- 
cide was  made  on  day  II 3  and  grains  harvested  on 
day  138.  The  residue  level  in  the  plants  was  0.12 
microgram/g  and  in  the  grains  0.04  mitrograms/g 
with  the  high  dose.  This  is  slightly  below  the  EPA 
prescribed  tolerance  level  of  0.05  microgram/g. 
The  residues  in  both  soil  and  water  were  very  low 
24  hours  after  spraying.  (Mertz-PTT) 
W90-04944 


TRACE  ELEMENTS  AND  CHLORINATED  HY- 
DROCARBONS IN  EGGS  OF  PELECANUS 
CRISPUS,  A  WORLD  ENDANGERED  BIRD 
SPECIES  NESTING  AT  LAKE  MIKRI  PRESPA, 
NORTH-WESTERN  GREECE. 
Station  Biologique  de  la  Tour  du  Valat.  Aries 
(France). 

A.  J.  Crivelli,  S.  Focardi,  C.  Fossi,  C.  Leonzio, 
and  A.  Massi. 

Environmental  Pollution  ENPOEK,  Vol  61  No 
3,  p  235-247,  1989.  1  fig,  5  tab,  30  ref. 

Descriptors:  'Path  of  pollutants,  'Chlorinated  hy- 
drocarbons, *Birds,  *Eggs,  'Pesticides,  'Greece, 
'DDE,  'Polychlorinated  biphenyls,  *DDT,  Moni- 
toring, Pelacanus,  Fish,  Endangered  species,  Pesti- 
cide residues,  Water  pollution  effects. 

Eggs  of  the  Dalmation  pelican,  Pelacanus  crispus, 
collected  from  1984  to  1986  at  Lake  Mikri  Prespa, 
north-western  Greece,  contained  residues  of  trace 
elements  and  polychlorobiphenyls  (PCBs)  at  low 
concentrations,  and  of  DDE  at  rather  high  concen- 
trations. DDE  is  negatively  related  to  eggshell 
thickness.  Eggshell  thickness  was  reduced  by  12- 
20%  in  comparison  with  the  pre-1947  (before  dich- 
lorodiphenyltrichloroethane  (DDT)  use)  eggshell 
thickness.  However,  this  decrease  did  not  affect 
the  reproductive  success  of  this  species.  The  main 
fish  species  eaten  by  the  Dalmation  pelican  at  Lake 
Mikri  Prespa  were  analyzed  for  pollutants.  All  the 
fish  contained  low  concentrations  of  residues.  The 
contribution  of  the  diet  while  the  birds  are  on  the 
wintering  grounds  is  unknown.  Because  the  Dal- 
mation pelican  is  a  world-endangered  species,  the 
authors  recommend  that  a  monitoring  program  be 
set  up  at  Lake  Mikri  Prespa  and  other  sites.  At  3- 
year  intervals,  the  eggshell  thickness  should  be 
measured  using  a  portable  nondestructive  beta- 
backscatter  device  and  unhatched  eggs  should  be 
collected  for  chemical  analysis.  Unhatched  eggs 
are  recommended  since  studies  have  shown  no 
differences  in  the  contaminant  levels  between  em- 
bryonated  and  addled  eggs.  (Mertz-PTT) 
W90-04945 


DDT  IN  MYTILUS  EDULIS:  STATISTICAL 
CONSIDERATIONS  AND  INHERENT  VARIA- 
BILITY. 

Universidad      Autonoma      de      Baja      California 
(Mexico).  Inst,  de  Investigaciones  Oceanologicas. 
For  primary  bibliographic  entry  see  Field  5A 
W90-04965 


METALS  AND  ORGANOCHLORINES  IN  DOL- 
PHINS AND  PORPOISES  OF  CARDIGAN  BAY 
WEST  WALES. 

Cetacean   Research   Group.   Swanage   (England) 
R.  J.  Morris,  R.  J.  Law,  C.  R.  Allchin,  C.  A 
Kelly,  and  C.  F.  Fileman. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol  20  No 
10,  p  512-523,  October  1989.  2  fig,  5  tab,  53  ref. 

Descriptors:  'Path  of  pollutants,  'Marine  mam- 
mals, 'Heavy  metals.  'Bioaccumulation.  'Wales, 
•Pesticides,  'Polychlorinated  biphenyls,  Food 
chains.  Cetaceans.  Porpoises,  Seals,  Dolphins, 
Chromium,  Nickel,  Copper,  Zinc,  Cadmium,  Mer- 
cury,   Lead.   Pollutants,   Water   pollution   effects. 

Concentrations  of  seven  metals  (Cr,  Ni,  Cu,  Zn, 
Cd,  Hg.  and  Pb)  and  a  range  of  organochlorine 
pesticides,  individual  chlorobiphenyl  congeners, 
and  total  polychlorinated  biphenyls  have  been  de- 
termined in  tissues  of  dolphins,  porpoises,  seals, 
and  a  variety  of  food  chain  species  and  sediments 


from  Cardigan  Bay,  West  Wales.  Elevated  concen- 
trations of  metals  were  not  seen  in  any  of  the 
animal  tissues  examined.  Higher  than  expected 
levels  of  organochlorine  compounds  were  found  in 
tissues  of  dolphins  and  porpoises;  these  concentra- 
tions are  not  derived  from  local  pollution,  but 
come  from  the  animals'  normal  diet  which  did  not 
show  markedly  elevated  levels  of  organochlorines. 
The  level  of  organochlorine  bioaccumulation  seen 
in  some  of  the  cetaceans  analyzed  is  much  higher 
than  found  previously;  this  may  have  serious 
health  implications  from  populations  of  those  spe- 
cies around  the  coasts  of  Northwestern  Europe 
(Author's  abstract) 
W90-04968 


ECOLOGY  OF  THE  LAMBRO  RIVER. 

Milan  Univ.  (Italy).  1st.  di  Biologia. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04969 


CADMIUM  LEVELS  IN  OYSTERCATCHER 
HAEMATOPUS  OSTRALEGUS  FROM  THE 
GERMAN  WADDEN  SEA. 

Osnabrueck  Univ.  (Germany,  F.R.).  Dept.  of  Eth- 
ology. 

M.  Stock,  R.  F.  M.  Herber,  and  H.  M.  A.  Geron. 
Marine  Ecology  Progress  Series  MESEDT,  Vol 
53,  No.  3,  p  227-234,  1989.  3  fig,  2  tab,  56  ref. 

Descriptors:  'Cadmium,  'Water  birds,  'Water  pol- 
lution, 'West  Germany,  'Bioaccumulation,  Elec- 
trothermal atomization  absorption  spectrometry, 
German  Wadden  Sea. 

Cadmium  levels  of  kidney  and  liver  tissues  of  150 
oystercatcher  frost  victims  from  the  German 
Wadden  Sea  area  were  determined  by  means  of 
electrothermal  atomization  absorption  spectrome- 
try. Overall  median  kidney  values  amounted  to 
11.9  microgram/g,  those  of  liver  to  4.9  micro- 
gram/g. Because  of  tissue  wastage,  levels  may  be 
somewhat  elevated  compared  to  those  in  healthy 
birds.  Females  accumulated  less  cadmium  than 
males.  Accumulation  of  hepatic  and  renal  cadmium 
was  age-dependent,  with  subadult  birds  having  sig- 
nificantly higher  amounts  than  juveniles.  There 
was  no  difference  on  concentration  between  suba- 
dult and  adult  birds.  Overall,  cadmium  concentra- 
tions in  kidney  and  liver  were  strongly,  positively, 
linearly  correlated.  No  correlation  was  found  be- 
tween feather  and  tissue  cadmium  concentrations. 
(Author's  abstract) 
W90-04978 


TREND  MONITORING  OF  DISSOLVED 
TRACE  METALS  IN  COASTAL  SEA  WATER:  A 
WASTE  OF  EFFORT. 

Marine  Lab.,  Aberdeen  (Scotland). 

P.  W.  Balls. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol  20  No 

11,  p  546-548,  November  1989.  2  fig,  21  ref. 

Descriptors:  'Monitoring,  'Path  of  pollutants, 
'Coastal  waters,  'Water  pollution,  'Trace  metals, 
•Heavy  metals,  Lead,  Cadmium. 

The  dynamic  nature  of  the  marine  environment 
with  its  constant  throughput  of  water  and  particles 
acts  to  reduce  the  magnitude  of  changes  in  dis- 
solved trace  metal  concentrations  arising  from 
changes  in  inputs.  This  blurring  of  the  signal  is 
greatest  in  turbid  areas  for  particle  reactive  materi- 
als such  as  lead.  Only  in  essentially  free  ocean 
waters  with  long  residence  times  and  a  dominant 
atmosphere  source  have  changes  been  detected  for 
this  element.  Trend  monitoring  of  dissolved  trace 
metals  is  only  possible  for  elements  such  as  cadmi- 
um which  have  low  particle  reactivity.  Even  then 
the  monitoring  could  only  be  useful  in  areas  of  low 
turbidity.  Since  such  monitoring  is  of  such  limited 
value  effort,  resources  are  better  directed  towards 
process  oriented  research  on  order  to  better  under- 
stand the  transport  and  cycling  of  trace  metals  in 
the  marine  environment.  (Author's  abstract) 
W90-04982 


ESTIMATES  OF  TRACE  METAL  INPUTS 
FROM  NON-POINT  SOURCES  DISCHARGED 
INTO  ESTUARIES. 


National  Oceanic  and  Atmospheric  Administra- 
tion, Seattle,  WA  Pacific  Marine  Environmental 
Lab. 

A.  J.  Paulson,  H.  C.  Curl,  and  R.  A.  Feely. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
11,  p  549-555,  November  1989.  5  fig,  1  tab,  27  ref. 

Descriptors:  'Nonpoint  pollution  sources,  'Path  of 
pollutants,  'Water  pollution  sources,  'Trace 
metals,  'Copper,  'Zinc,  *Lead,  'Washington, 
'Cadmium,  •Nickel,  *Iron,  Shipyards,  Elliott  Bay, 
Duwamish  Waterway,  Industrial  wastewater,  Mu- 
nicipal wastewater. 

Elliott  Bay  and  the  Duwamish  Waterway,  Wash- 
ington, were  sampled  for  dissolved  trace  metals 
during  a  period  of  wet  weather  in  January  1986. 
High  concentrations  of  dissolved  Cu,  Zn,  Pb,  Cd 
and  less  elevated  concentrations  of  dissolved  Ni 
were  found  in  marine  waters  adjacent  to  operating 
shipyards  and  a  combined  sewer  overflow  pipe 
that  was  discharging.  Changes  in  the  transports  of 
dissolved  trace  metals,  which  have  been  deduced 
from  trace  metal-salinity  plots,  were  attributed  to 
emissions  from  anthropogenic  sources.  While  65% 
of  the  dissolved  Cu  and  Zn  transported  from  El- 
liott Bay  were  attributed  to  emissions  from  ship- 
yards along  Elliott  Bay's  shoreline,  an  additional 
30%  of  the  Zn  was  added  by  industrial  areas 
adjacent  to  waterways  supplying  freshwater.  Only 
20%  of  the  Elliott  Bay  dissolved  Ni  transport  was 
contributed  by  shoreline  sources.  In  contrast,  an- 
thropogenic sources  did  not  increase  the  transport 
of  dissolved  Fe.  (Author's  abstract) 
W90-04983 


RELATIVE  CONCENTRATIONS  OF  DIS- 
SOLVED/DISPERSED FOSSIL  FUEL  RESI- 
DUES IN  MEDITERRANEAN  SURFACE 
WATERS  AS  MEASURED  BY  UV  FLUORES- 
CENCE. 

Kiel  Univ.  (Germany,  F.R.).  Inst,  fuer  Meeres- 
kunde. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-04985 


TRENDS  IN  OIL  SPILL  INCIDENTS  IN 
SOUTH  AFRICAN  COASTAL  WATERS. 

Sea  Fisheries  Research  Inst.,  Rogge  Bay  (South 

Africa). 

A.  Moldan,  and  A.  Dehrman. 

Marine  Pollution  Bulletin  MPNBAZ.  Vol.  20,  No. 

11,  p  565-567,  November  1989.  3  fig,  2  tab,  3  ref. 

Descriptors:  *Water  pollution,  *Coastal  waters, 
•Oil  spills,  'Water  pollution  control,  'South 
Africa,  Oil  tankers,  Aircraft,  Ships. 

South  Africa,  situated  on  one  the  world's  major 
shipping  routes,  is  constantly  subjected  to  contami- 
nation of  its  coastal  waters  by  oil  slicks  emanating 
from  passing  traffic.  Due  to  a  growing  awareness 
of  the  potential  threat  posed  to  the  marine  and 
coastal  environments  by  both  the  larger  accidental 
spills,  as  well  as  the  smaller  operational  spills  dis- 
charged from  vessels  other  than  tankers,  in  1973 
the  Department  of  Transport  entered  into  a  15- 
year  contract  with  a  shipping  group  for  the  provi- 
sion of  5  dedicated  oil  pollution  patrol/dispersant 
spraying  vessels.  These  vessels,  although  very  ef- 
fective in  combating  oil  spills  at  sea,  were  less 
effective  in  detecting  and  apprehending  ships  ille- 
gally discharging  oil  at  sea,  during  routine  coastal 
patrols.  In  1984  one  of  these  vessels  was  replaced 
by  a  patrol  aircraft  which  proved  to  be  highly 
effective  in  coastal  patrol  work.  Between  1984  and 
1987  the  aircraft  spotted  one  oil  spill  approximate- 
ly every  3.5  flying  hours.  During  1988  the  number 
of  sightings  dropped  to  one  spill  every  5.7  flying 
hours,  indicating  that  the  patrols  are  acting  as  a 
deterrent  as  ship  masters  have  become  more  aware 
of  these  patrols  along  the  coastline.  Analyses  of  the 
types  of  vessels  found  discharging  oil  indicates  that 
bulk  carriers  make  up  42%.  general  cargo  vessels 
24%  and  oil  tankers  16%  of  the  spills.  Temporal 
and  spatial  analysis  of  the  spills  does  not  indicate 
any  significant  trends.  Spills  are  recorded  through- 
out the  year  without  any  peaks  during  particular 
months.  In  addition  to  reports  received  from  the 
patrol  aircraft,  a  number  of  reports  of  oil  slicks 
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sightings  are  received  from  other  sources  such  as 
military  and  commercial  aircraft,  ships  at  sea,  port 
captains,  etc.  To  date,  18  ship's  masters  have  been 
prosecuted  or  paid  admissions  of  guilt  for  illegally 
discharging  oil  in  South  African  waters.  (Sand- 
PTT) 
W90-04986 

CONDITION  OF  CORAL  REEF  CNIDARIANS 
FROM  THE  NORTHERN  FLORIDA  REEF 
TRACT:  PESTICIDES,  HEAVY  METALS,  AND 
HISTOPATHOLOGICAL  EXAMINATION. 

Rosenstiel  School  of  Marine  and  Atmospheric  Sci- 
ence,  Miami,   FL.   Div.   of  Biology  and  Living 

P.  W.  Glynn,  A.  M.  Szmant,  E.  F.  Corcoran,  and 
S.  V.  Cofer-Shabica. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol  20  No 
11,  p  568-576,  November  1989.  3  fig,  *  tab,  3&rtf. 
National  Park  Service  contract  CX  5280-5-1447. 

Descriptors:  'Corals,  *Reefs,  "Coastal  waters, 
•Water  pollution  effects,  *Halogenated  pesticides, 
•Heavy  metals,  *Urban  runoff,  *Agncultural 
runoff,  Lindane,  Heptachlor,  Chlordane,  DDT, 
Arsenic,  Copper,  Lead,  Biscayne  National  Park, 
Florida. 

Scleractinian  corals  and  octocorals  from  two  reefs 
within  Biscayne  National  Park  off  southeast  Flori- 
da were  compared  with  respect  to  relative  abun- 
dances,  gross  field  condition,   concentrations  o 
pesticides  and  heavy  metals,  and  histopathological 
condition.  The  northernmost  reef,  Bache  Shoal,  is 
near  a  large  urban  area  (Miami)  and  potentially 
receives  pollutants  from  this  source.  The  southern- 
most reef,  Alina's  Reef,  is  less  likely  to  be  influ- 
enced by   runoff  from  Miami,  but  may   receive 
runoff    from    an    important    agricultural    center 
(Homestead).   No  consistent  differences  between 
the  two  coral  reef  communities  were  found;  how- 
ever high  frequencies  of  blemishes  and  abnormali- 
ties (bite  marks,  unusual  growth  forms,  bleached 
tissue),   tissue   necrosis,   and   invading   pathogens 
were   evident   at   both   sites.    Additionally,   high 
levels  (to  ppm)  of  organochlorine  pesticides  (lin- 
dane,    heptachlor/heptachlor     epoxide,     alpha/ 
gamma-chlordane,  and  DDT  residues)  and  heavy 
metals  (As,  Cu,  Pb)  were  detected  in  several  of  the 
reef  coelenterates  from  both  sites.  (Author  s  ab- 
stract) 
W90-O4987 

TOTAL  MERCURY  AND  CADMIUM  IN  SOME 
CEPHALOPODS  AND  FISH  FROM  THE  ADRI- 
ATIC SEA. 

J  Sapunar,  M.  Jusic,  and  D.  Bazulic. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

11,  p  576-577,  November  1989.  1  tab,  8  ref. 

Descriptors:  *Water  pollution,  *Mercury,  •Cadmi- 
um, *Fish,  *Cephalopods,  *Mollusks,  *Adnatic 
Sea,  *Path  of  pollutants. 


A  survey  was  carried  out  in  1988  to  establish  the 
differences  between  Hg  and  Cd  concentrations  in 
cephalopod  and  fish  samples  from  industrially  pol- 
luted Kastela  and  Rijeka  bays  and  a  control  area  ot 
the  Adriatic  Sea.  Significantly  higher  Hg  and  Cd 
concentrations  (P<0.01  and  P<0.1,  respectively) 
were  detected  in  the  polluted  than  control  area 
cephalopod  catches.  The  same  significant  differ- 
ence (P<0.01)  was  observed  for  Hg  in  fishes,  but 
no  differences  were  found  in  the  same  samples  for 
Cd.  The  results  confirm  previous  reports  of  high 
Hg  concentrations  in  the  species  examined  in  the 
same  polluted  areas  in  the  Adriatic  sea.  It  is  con- 
cluded that  higher  consumption  of  this  type  ot 
seafood  can  easily  lead  to  an  excess  in^ 'he  provi- 
sional tolerable  weekly  intake  for  Hg.  (Sand-PTl) 
W90-04988 

NONPOINT  SOURCE  POLLUTION  CONTROL 
EFFECTIVENESS  OF  RIPARIAN  FORESTS 
ALONG  A  COASTAL  PLAIN  RIVER. 

East   Carolina  Univ.,   Greenville,   NC.   Dept.   ot 

Geography  and  Planning. 

For  primary  bibliographic   entry  see   Field   5U. 

W90-O4999 


REVIEW  OF  FARM  WASTE  POLLUTION. 

For  primary  bibliographic  entry  see  Field  5U. 
W90-05014 

CONTAMINATION  OF  GROUNDWATERS 
FROM  DIFFUSE  SOURCES  ARISING  FROM 
FARMING  ACTIVITIES. 

Southern  Water  Authority,  Worthing  (England). 
H.  G.  Headworth.  _> 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No.  5,  p 
517-521,  October  1989.  2  tab,  17  ref. 

Descriptors:  •Nonpoint  pollution  sources, 
♦Groundwater  pollution,  *Water  pollution  sources, 
•Agricultural  runoff,  Leaching,  Regulations, 
Water  pollution  effects,  Public  health,  Fertilizers, 
Path  of  pollutants,  Pesticides,  Phosphates,  Nitrates, 
Aquifers. 

Diffuse  sources  of  pollution,  such  as  pesticides  and 
fertilizers  pose  a  greater  threat  to  groundwater 
quality  than  point  sources  of  pollution.  The  hydro- 
geological  processes  which  take  place  in  soils  and 
aquifers  to  alter,  attenuate  and  absorb  contaminants 
need   to  be   appreciated   to   understand   the   risk 
which  aquifers  face  from  pollutants.  This  is  par- 
ticularly so  in  the  case  of  pesticides,  which  are  seen 
as  a  growing  long-term  threat  to  the  security  ot 
aquifers.  Monitoring  of  United  Kingdom  aquifers 
has  found  eleven  of  the  thirty-four  pesticides  ana- 
lyzed above  the  detection  limit.  The  maximum 
concentrations  found  exceed  0.2  micrograms/liter 
in  five  of  the  compounds  (mecoprop,  2,4-D,  sima- 
zine,   atrazine   and  propazine)   and  these  have  a 
largely  non-agricultural  origin.  This  low  incidence 
of  occurrence   and  concentration  is  due  to  the 
breakdown    and    immobility    of    the    pesticides 
through  soils  and  underground  strata.  Rising  ni- 
trate concentrations  cause  the  greatest  concern  to 
groundwater  quality  in  several  parts  of  England,  in 
particular  the  Midlands  and  East  Angha.  An  in- 
creasing number  of  sources  contain  nitrate  exceed- 
ing the  EC  (European  Community)  limit.  Despite 
the  tenuous  evidence  for  medical  harm  associated 
with  methemoglobinemia  and  stomach  cancer,  the 
water  authorities  must  comply  with  a  limit  (50 
milligrams/liter)  which  will  not  be  raised,  but  may 
be  lowered.  Although  the  Government  is  consider- 
ing introducing  measures  to  control  land  use  there- 
by reducing  leaching  losses  from  inorganic  nitro- 
gen  fertilizers,   the   water   undertakings   will   be 
obliged  to  bear  the  burden  of  statutory  compliance 
by  means  of  blending,  treatment  and  the  use  ot 
alternative  sources.  (Geiger-PTT) 
W90-05019 

DRAINAGE  OF  LANDFILL  COVERS  AND 
BOTTOM  LINERS:  UNSTEADY  CASE. 

Kansas  Univ.,  Lawrence.  Dept.  of  Civil  Engineer- 
ing. 

B.  M.  McEnroe. 

Journal  of  Environmental  Engineering  (AbCfc.) 
JOEEDU,  Vol.  15,  No.  6,  p  1103-1113,  December 
1989.  6  fig,  8  ref,  append.  University  of  Kansas 
General  Research  Allocation  No.  3730-20-0038. 


Descriptors:  *Landfill  covers,  *Landfill  liners, 
•Waste  disposal,  *Path  of  pollutants,  •Landfil  s, 
•Leakage,  *Unsteady  flow,  'Mathematical  models, 
Hydraulic  conductivity,  Drainage,  Porosity,  Un- 
steady flow,  Clays. 

A  simple  model  for  estimating  leakage  through  a 
compacted  clay  barrier  for  a  single  inflow  event  is 
presented.  This  algebraic  model  yields  estimates  ot 
leakage  fraction  that  compare  closely  with  those 
obtained  by  solving  the  governing  partial  differen- 
tial equation  numerically.  The  algebraic  model  ex- 
hibits negligible  bias  and  a  standard  error  of  esti- 
mate of  less  than  20%  over  its  range  of  applicabil- 
ity In  most  practical  cases,  the  leakage  fraction  for 
a  single  inflow  event  is  largely  determined  by  the 
value  of  a  single  dimensionless  parameter  termed 
the  leakage  number.  This  parameter  accounts  for 
the  hydraulic  conductivities  of  the  drainage  layer 
and  barrier,  the  lateral  drainage  distance,  the  bar- 
rier slope,  the  drainage-layer  porosity,  and  the 
inflow  volume.  The  effects  of  inflow  duration  and 
barrier  thickness  on  leakage  tend  to  be  relatively 
minor.  The  practical  application  of  the  leakage 


model  is  illustrated  in  an  evaluation  of  a  proposed 
final-cover  design  for  a  solid  waste  landfill,  (bee 
also  W90-05021)  (Author's  abstract) 
W90-05020 

STEADY  DRAINAGE  OF  LANDFILL  COVERS 
AND  BOTTOM  LINERS. 

Kansas  Univ.,  Lawrence.  Dept.  of  Civil  Engineer- 

ing. 

For  primary  bibliographic  entry  see  Field  5E. 
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PCE  VOLATILIZED  FROM  STAGNANT 
WATER  AND  SOIL. 

Clayton  Environmental  Consultants  Ltd.,  Windsor 

(Ontario). 

R.  G.  Zytner,  N.  Biswas,  and  J.  K.  Bewtra. 

Journal   of  Environmental    Engineering   (ASCE) 

JOEEDU,  Vol.  15,  No.  6,  p  1199-1212,  December 

1989.  5  fig,  3  tab,  19  ref,  append. 

Descriptors:  *Path  of  pollutants,  *Volatility,  *Fate 
of  pollutants,  'Organic  solvents,  'Stagnant  water, 
•Soil  contamination,  Water  pollution,  Organic 
carbon,  Theoretical  analysis,  Soil  gases,  Gas  chro- 
matography, Perchloroethylene,  Volatile  organic 
compounds,  Soil  chemistry,  Organic  carbon. 

Batch  equilibrium  studies  were  conducted  under 
controlled  laboratory  conditions  to  determine  the 
volatilization    rate   for   perchloroethylene   (PC**) 
from  water  and  soil.  The  volatilization  of  PCfc. 
from  water  was  evaluated  by  filling  different-size 
glass  beakers  with  the  prepared  PCE  solutions  of 
18  75    37  5    and  75.0  milligrams/liter  concentra- 
tions.' The  beakers  were  filled  to  obtain  area-to- 
volume  ratios  of  2.08,  22.4,  50.0,  and  81.0/m  and 
samples  were  withdrawn  every  30  mm  for  analysis 
by  gas  chromatography.  The  volatilization  studies 
for  soil  were  conducted  in  a  manner  similar  to 
those  for  water  with  certain  minor  modifications. 
Three  different  sizes  of  gas  chromatograph  vials 
were   used   for   the   soil   experiments i    providing 
cross-sectional  area-to- volume  ratios  of  0.377,  a//, 
and  1  43/m.  The  use  of  gas  chromatography  vials 
permitted  the  capping  of  vials  at  the  required  time 
intervals,  and  subsequently  it  allowed  the  gas  to 
collect  in  the  vial  headspace  before  analysis  by  gas 
chromatography  to  determine  the  amount  ot  PCb 
remaining  in  the  soil.  The  PCE  volatilized  rapidly 
from  water  with  a  rate  constant  that  increased  with 
an  increase  in  area  to  volume  ratio  that  was  inde- 
pendent of  aqueous  PCE  concentration.  Rate  con- 
stants determined  in  this  study  indicate  that  aque- 
ous  PCE  volatilizes  faster   from  soil   than  from 
water    However,  volatilization  from  soil  depends 
not  only  on  area  to  volume  ratio  but  also  on  the 
presence  of  organic  carbon  and  concentration  ot 
aqueous  PCE  applied  to  the  soil.  The  greater  the 
organic  carbon  of  soil  media  content,  the  slower  is 
thl  rate  of  volatilization.  The  rate  of  volatilization 
of  pure  PCE  from  soil  is  comparatively  low  and  is 
greatly  retarded  by  organic  carbon  content  of  the 
foil    A  flux  experiment  is  also  earned  out  with 
pure  PCE.  The  results  indicate  a  low  flux  rate  ot 
submerged   PCE  into   a  stagnant   water   column 
(0.028  kilograms/sq  m/day).  (Geiger-PTT ) 
W90-05027 


SEASONAL  AND  LONG-TERM  VARIATIONS 
OF  DISSOLVED  SOLIDS  IN  LAKES  AND  RES- 
ERVOIRS. 

Manhattan  Coll.,  Bronx,  NY.  Dept.  of  Environ- 
mental Engineering  and  Science. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05028 

MODEL     ILLUSTRATING     THE     ENVIRON- 
MENTAL  FATE,   EXPOSURE   AND   HUMAN 
UPTAKE  OF  PERSISTENT  ORGANIC  CHEMI- 
CALS. .    ,  _     . 
Toronto  Univ.  (Ontario).  Dept.  of  Chemical  Engi- 
neering and  Applied  Chemistry. 
S  Paterson,  and  D.  Mackay. 
Ecological  Modelling  ECMODT,  Vol.  47   No.  1/ 
2,  p.  85-114,  September  1,  1989.  2  fig,  7  tab,  24  ref, 
append. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B— Sources  Of  Pollution 


Descriptors:  'Path  of  pollutants,  *Fate  of  pollut- 
ants, 'Water  pollution  effects,  'Toxicity,  'Air  pol- 
lution effects,  Model  studies,  Bioaccumulation 
Computer  models,  Air,  Water,  Sediments,  Soii 
contamination,  Foods. 

A  multimedia  partitioning  model,  implemented  on 
a  microcomputer,  describes  sequentially  the  envi- 
ronmental distribution  of,  animal  and  human  expo- 
sure to,  and  bioconcentration  potential  of,  relative- 
ly persistent  organic  chemicals  in  southern  Ontar- 
io. The  model  depicts  the  complete  pathways  of  a 
chemical  after  release,  including  distribution  in 
various  environmental  media  of  air,  water,  sedi- 
ment, soil  and  food,  the  chemical  availability  to 
herbivores  and  humans  with  consequent  estimation 
of  exposure,  and  its  bioconcentration  potential  in 
human  adipose  tissue.  The  calculated  exposures 
can  be  compared  to  those  which  are  judged  to 
have  toxic  or  other  effects,  and  a  corresponding 
safety  factor  can  be  estimated.  The  concepts  of 
estimating  critical  or  multiple  exposure  routes  and 
the  effect  of  regulating  environmental  emissions 
are  illustrated.  In  order  to  treat  this  complex  issue, 
the  model  contains  a  number  of  simplifying  as- 
sumptions; thus  it  gives  no  better  than  order-of- 
magnitude  accuracy.  Its  principal  benefit  is  its 
quantification  and  illustration  of  the  entire  process 
of  environmental  partitioning,  exposure  and 
uptake,  and  comparison  with  toxicological  and 
other  criteria.  (Author's  abstract) 
W90-05041 


EXPOSURE  AND  ECOTOXICITY  ESTIMA- 
TION FOR  ENVIRONMENTAL  CHEMICALS 
(E4CHEM):  APPLICATION  OF  FATE  MODELS 
FOR  SURFACE  WATER  AND  SOIL. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 

m.b.H.  Muenchen,  Neuherberg  (Germany,  F.R ) 

Projektgruppe         Umweltgefaehrdungsponteniale 

von  Chemikalien. 

M.  Matthies,  R.  Bruggemann,  B.  Munzer,  G. 

Schernewski,  and  S.  Trapp. 

Ecological  Modelling  ECMODT,  Vol.  47,  No   1/ 

2,  p.  155-130,  September  1,  1989.  8  fig,  5  tab,  22  ref. 

Descriptors:  »Path  of  pollutants,  *Fate  of  pollut- 
ants, 'Herbicides,  'Chemical  wastes,  Model  stud- 
ies, Volatilization,  Comparison  studies, 
Wastewater  disposal. 

The  E4CHEM  (Exposure  and  Ecotoxicity  Estima- 
tion for  Environmental  CHEMicals)  model  system 
was  developed  for  exposure  and  hazard  assessment 
of  environmental  chemicals.  Two  E4CHEM  fate 
models,  EXWAT  and  EXSOL,  for  surface  waters 
and  soil,  respectively,  are  tested  and  validated  by 
comparing  experimental  with  calculated  results. 
The  concentrations  of  a  volatile  compound  (te- 
trachloroethene)  in  the  river  Main  can  be  predict- 
ed by  EXWAT,  taking  into  account  the  average 
consumption  values  along  the  river  and  an  empiri- 
cally derived  proportionality  factor  for  the  release 
rate  (0.6%  for  tetrachloroethene).  A  sensitivity 
analysis  shows  the  dominance  of  volatilization 
oyer  dilution.  The  transport  and  fate  of  the  herbi- 
cide, 2,4,5-trichlorophenoxyacetic  acid,  are  simu- 
lated for  four  German  soils  under  various  climatic 
conditions.  Downward  movement  is  underestimat- 
ed by  laboratory  sorption  measurements.  Sorption 
coefficients  derived  from  field  trials  have  lower 
values  and  lower  variabilities  than  those  from  labo- 
ratory sorption  studies.  (Author's  abstract) 
W90-05042 


FAST  GRAPHICAL  SIMULATIONS  OF  SPILLS 
AND  PLUMES  FOR  APPLICATION  TO  THE 
GREAT  LAKES. 

Guelph  Univ.  (Ontario).  Dept.  of  Computing  and 

Information  Science. 

I  Wong,  D.  A.  Swayne,  C.  R.  Murthy,  and  D.  C. 

L.  Lam. 

Ecological  Modelling  ECMODT,  Vol.  47,  No.  1/ 

2,  p.    161-173,  September   1,    1989.   5  fig,  6  ref, 

append. 

Descriptors:  'Lake  Ontario,  'Canada,  'Path  of 
pollutants,  'Model  studies,  Effluent  models,  Spills, 
Water  currents,  Wind,  Drogues,  Simulation  analy- 
sis, Graphs. 


The  development  of  coastal  effluent  models  of  two 
locations  on  Lake  Ontario,  Pickering  and  the  Niag- 
ara River  are  examined.  The  models  employ 
microcomputers  to  simulate  the  entry  into  Lake 
Ontario  of  spills  or  effluent  plumes  at  either  site.  A 
spill  or  plume  is  observed  as  it  interacts  with  shore 
currents.  Observations  have  indicated  that  the 
coastal  currents  are  highly  correlated  with  the 
alongshore  wind  component.  A  simple  linear  im- 
pulse response  function  is  applied  which  relates 
current  to  wind  history.  The  current  response  is 
calibrated  by  observing  the  behavior  of  drogues 
released  in  the  river  mouth  for  the  Niagara  River 
compared  with  wind  measurement.  Current  meas- 
urements from  fixed  devices  and  daily  wind  obser- 
vations have  been  used  to  derive  the  coefficients  in 
the  Pickering  response  function.  Comparisons  with 
drogue  history  for  Niagara  and  water  temperature 
distribution  for  Pickering  have  been  used  to  assess 
the  accuracy  of  the  results,  at  least  in  a  few  inter- 
esting situations.  Software  enabling  the  user  to 
work  from  existing  wind  observations  or  to  oper- 
ate in  predictive  mode  by  entering  hypothetical 
wind  data  has  been  developed,  and  a  number  of 
display  options  for  the  plume  or  patch  are  offered 
(Author's  abstract) 
W90-05044 


STUDY  ON  SOLUTE  N03-N  TRANSPORT  IN 
THE  HYDROLOGIC  RESPONSE  BY  AN  MRF 
MODEL. 

Trento  Univ.  (Italy).  Dept.  of  Engineering. 
A.  Rinaldo,  A.  Bellin,  and  A.  Marani. 
Ecological  Modelling  ECMODT,  Vol.  48,  No   3/ 
4,  p  159-191,  November  1989.  16  fig,  21  ref. 

Descriptors:  'Path  of  pollutants,  'Solute  transport, 
•Nitrates,  'Model  studies,  Sorption,  Equilibrium, 
River  basins,  Residence  time,  Predictive  models. 

The  results  of  field  studies  on  solute  transport  over 
basin-scale  distances  are  analyzed  using  the  Mass- 
Response  Function  (MRF)  model  and  its  general- 
ization proposed  in  this  paper.  The  generalization 
proposed  concerns  reversible  production/removal 
processes  of  solute.  It  is  assumed  that  equilibrium 
concentrations  in  the  mobile  phase  are  proportion- 
al  to   the   instantaneous  fraction   of  solute  mass 
sorbed  in  the  fixed  phase.  Such  an  assumption, 
which   is   representative   of  large-scale   transport 
volumes,  is  derived  from  the  theory  of  two-compo- 
nent convection-dispersion  in  soils  and  is  aimed  at 
endowing  the  model  with  predictive  characters. 
The  conditionally  of  the  transfer  functions  on  the 
injection  time  is  related  in  a  rational  manner  to  the 
combined  effects  of  convection-dispersion  during 
the  hydrological  cycle  and  of  sorption  processes 
that  occur  between  fixed  and  mobile  phases.  The 
relevance  of  the  problem  addressed   lies  in  the 
ability  of  solute  generation  and  movement  over 
large  scales  to  predict  the  dominant  modes  of  the 
phenomena  on  the  basis  of  the  knowledge  of  pa- 
rameters with  a  clear  physical  significance.  The 
results  show  that  a  number  of  characteristic  resi- 
dence times  are  the  most  important  properties  for 
basin-scale  transport  processes  and  for  the  evolu- 
tion of  resident  and  flux  solute  concentrations.  An 
MRF  model  of  solute  N03-N  concentrations  in 
river  waters  is  constructed,   the  architecture  of 
which  is  tailored  to  solute  generation  and  transport 
processes  occurring  in  a  gaged  watershed.  The 
theoretical  results  are  compared  with  the  experi- 
mental observations  and  are  found  to  agree  with 
them.  It  is  argued  that  MRF's  are  rational  models 
of  the  complex  chain  of  events  occurring  in  large- 
scale  solute  sorption  and  transport,  and  may  be 
validly  employed  for  quantitative  studies  of  envi- 
ronmental impacts  due  to  the  release  of  chemical 
species  in  surface  or  subsurface  waters.  (Author's 
abstract) 
W90-05045 


METHANOGENESIS  IN  SEDIMENTS  OF  THE 
POLLUTED  LOWER  REACHES  OF  THE 
TAMA  RD7ER. 

Tokyo  Metropolitan  Univ.  (Japan).  Dept.  of  Biol- 
ogy. 
S.  Takii. 

Japanese  Journal  of  Limnology  RIZAAU,  Vol  50 
No.  3,  p  235-246,  1989.  3  fig,  3  tab,  37  ref. 


Descriptors:  'Methanogenesis,  'Japan,  'Sediment 
chemistry,  'Methane,  'Water  pollution  effects, 
•Biodegradation,  Seasonal  variation,  Sulfates,  In- 
terstitial water,  Inhibition. 

Seasonal  changes  of  methanogenesis  were  studied 
in  sediments  of  three  stations  along  the  water 
course  in  the  polluted  lower  reaches  of  the  Tama 
River,  Japan.  Methanogenesis  was  the  highest  at 
the  upper  freshwater  station  and  decreased  near 
the  nver  mouth,  in  accordance  with  increasing 
concentration  of  sulfate  in  interstitial  water.  At  all 
stations  methanogenesis  increased  from  spring  to 
summer  and  decreased  in  winter  except  for  once  at 
the  lowest  station.  The  sediment  layer  which 
showed  the  highest  activity  tended  to  become 
deeper  downstream.  Effects  of  additions  of  sub- 
strates or  inhibitors  on  methanogenesis  in  sediment 
slurries  suggested  that  methanogenesis  was  com- 
petitively inhibited  by  sulfate  reduction  in  sedi- 
ments containing  high  sulfate  concentrations,  but 
the  degree  of  the  inhibition  decreased  in  sediments 
with  low  sulfate  concentration.  (Author's  abstract) 
W90-05056  ' 


U.S.  GEOLOGICAL  SURVEY  TOXIC  SUB- 
STANCES HYDROLOGY  PROGRAM:  PRO- 
CEEDINGS OF  THE  TECHNICAL  MEETING 
PHOENIX,     ARIZONA,     SEPTEMBER     26-30\ 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4220 
1989.  65 lp.  G.  E.  Mallard,  and  S.  E.  Ragone' 
editors. 

Descriptors:  'Groundwater  pollution,  'Water  pol- 
lution, 'Toxic  wastes,  'Path  of  pollutants,  'Fate  of 
pollutants,  Hydrology,  Nonpoint  pollution  sources, 
Research,  Field  tests,  Laboratory  methods. 

New   earth   science   information   concerning   the 
movement  and  fate  of  contaminants  in  the  Nation's 
groundwater  and  surface  water  appears  in  68  tech- 
nical papers  and  29  abstracts  in  proceedings  of  a 
September  1988  meeting  on  the  U.S.  Geological 
Survey's  Toxic  Substances  Hydrology  Program. 
The  proceedings  are  organized  into  10  chapters 
that   focus   on   field-site   investigations,   nonpoint 
source  research,  or  methods  research.  The   11th 
chapter  contains  abstracts  and  short  papers  on  a 
variety  of  subjects  presented  as  posters  during  the 
meeting.  The  proceedings  present:  (1)  results  of 
research,  still  in  progress,  on  the  occurrence  and 
movement  of  hazardous  substances  within  specific 
hydrologic  systems;  these  intensive  interdiscipli- 
nary investigations  represent  a  key  element  of  the 
research  approach  taken  by  the  Toxic  Substances 
Hydrology  Program;  (2)  results  of  nonpoint  source 
groundwater  contamination  research;  the  focus  in 
these  studies  is  more  statistical  and  less  determinis- 
tic than  the  intensive  field  studies  because  of  the 
large  number  of  natural  and  anthropogenic  factors 
being  studied  and  their  spatial  and  temporal  varia- 
tion; and  (3)  research  methods  and  techniques  used 
to  study  toxic  substances  transport  and  fate;  includ- 
ing both  field  and  laboratory  methods  from  the 
disciplines  of  chemistry,  biology,  biochemistry,  ge- 
ology, and  physical  hydrology.  (See  W90-O5060 
thru  W90-05128)  (Author's  abstract) 
W90-05059 


SILICA  MOBILITY  IN  A  PETROLEUM-CON- 
TAMINATED AQUIFER 

Texas  Univ.  at  Austin.  Dept.  of  Geological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5C 
W90-05060 


FATE  AND  EFFECTS  OF  CRUDE  OU.  IN  A 
SHALLOW  AQUIFER:  I.  THE  DISTRIBUTION 
OF  CHEMICAL  SPECIES  AND  GEOCHEMI- 
CAL  FACIES. 

Geological  Survey,  Reston,  VA. 
M.  J.  Baedecker,  D.  I.  Siegel,  P.  Bennett,  and  I.  M. 
Cozzarelli. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  13-20,  3  fig,  1  tab,  12  ref. 

Descriptors:  *Oil  pollution,  'Groundwater  pollu- 
tion, *Biodegradation,  'Water  pollution  effects, 
♦Fate  of  pollutants,  'Aquifers,  'Minnesota,  'Hy- 
drocarbons, Methane,  Iron,  Manganese,  Carbon, 
Organic  matter. 

Crude  oil  floating  at  the  surface  of  a  shallow 
aquifer  of  glacial  outwash,  near  Bemidji,  Minneso- 
ta, is  altered  by  geochemical  processes.  Hydrocar- 
bons from  the  oil  are  attenuated  by  several  reac- 
tions that  include  aerobic  and  anaerobic  microbial 
degradation.  These  degradation  reactions  result  in 
the  development  of  geochemical  facies  in  the  shal- 
low groundwater  system.  Groundwater  most  af- 
fected by  the  presence  of  organic  compounds  is 
anoxic,  and  concentrations  of  methane,  dissolved 
organic  carbon,  and  total  inorganic  are  high-0.76 
millimole/L,  2.9  millimole/L,  and  12.3  millimole/ 
L,  respectively.  The  concentrations  of  chemical 
species  and  delta-(13)C  isotope  values  indicate  that 
the  plume  near  the  oil  lens  has  become  progres- 
sively more  reducing.  Over  a  4-year  period  (1984 
through  1987),  the  concentrations  of  methane  and 
iron  have  increased  by  a  factor  of  >  25.  The  data 
suggest  that  sequential  degradation  occurs,  as  pre- 
dicted by  thermo-dynamics:  manganese  is  reduced 
before  iron  is  reduced,  which  occurs  before  meth- 
anogenesis.  These  data  provide  field  evidence  that 
reduction  of  iron  and  manganese  is  an  important 
mechanism  of  decomposition  of  organic  matter  in 
aquifers.  The  delta-(13)C  values  of  inorganic 
carbon  of  the  native  groundwater  range  from  -12 
ppt  to  -15  ppt  as  a  result  of  mixing  of  soil  C02 
with  C02  from  the  dissolution  of  carbonates.  Non 
methanogenic  biodegradation  of  oil  constituents 
adds  isotopically  light  C02  to  the  groundwater 
because  the  oil  has  a  delta-(13)C  value  of  28  ppt. 
The  delta-(13)C  value  of  inorganic  carbon  in  the 
reducing  zone  have  become  progressively  heavier 
from  1985  through  1987.  The  maximum  change 
occurs  15  m  downgradient  from  the  oil  lens,  where 
the  delta-(13)C  values  increased  from  -21.6  ppt  to  - 
5.35  ppt.  This  change  indicates  that  the  plume  has 
become  more  reducing  and  methanogenic  over 
time.  (See  also  W90-05059)  (Author's  abstract) 
W90-05061 


FATE  AND  EFFECTS  OF  CRUDE  OIL  IN  A 
SHALLOW  AQUIFER:  H.  EVIDENCE  OF  AN- 
AEROBIC DEGRADATION  OF  MONOARO- 
MATIC  HYDROCARBONS. 

Geological  Survey,  Reston,  VA. 

I.  M.  Cozzarelli,  R.  P.  Eganhouse,  and  M.  J. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  21-33,  5  fig,  2  tab,  22  ref. 

Descriptors:  'Oil  pollution,  'Fate  of  pollutants, 
•Water  pollution  effects,  'Biodegradation, 
•Groundwater  pollution,  'Hydrocarbons,  'Minne- 
sota, Geochemistry,  Organic  carbon,  Benzene,  An- 
aerobic conditions,  Methane,  Carbon  dioxide,  Mi- 
crobial degradation. 

The  presence  and  fate  of  dissolved  monoaromatic 
hydrocarbons  and  low-molecular  weight  organic 
acids  were  investigated  in  groundwater  downgra- 
dient from  a  subsurface  crude  oil  spill  in  Bemidji, 
Minnesota.  Degradation  of  soluble  crude-oil  com- 
ponents has  resulted  in  the  formation  of  a  reducing 
geochemical  environment  characterized  by  in- 
creased concentrations  of  dissolved  organic 
carbon,  carbon  dioxide,  and  methane,  and  the  ab- 
sence of  oxygen.  Benzene,  CI  to  C4-alkyl-ben- 
zenes,  and  aliphatic,  aromatic,  and  alicyclic  organ- 
ic acids  were  identified  in  anaerobic  groundwater 
downgradient  from  the  oil.  Concentrations  of  the 
monoaromatic  hydrocarbons  and  organic  acids  de- 
crease rapidly,  relative  to  the  bulk  of  the  dissolved 
organic  carbon,  with  distance  downgradient.  Ben- 
zene and  alkylbenzenes  decrease  from  8.5%  to  4% 
of  the  dissolved  organic  carbon  in  30  m  from  the 
edge  of  the  oil  lens,  whereas  low  molecular  weight 
organic  acids  decrease  from  6.5%  to  less  than  1%. 
Concentrations  of  some  alkylbenzenes  approach 
detection  limits  within  the  anaerobic  plume.  Indi- 


vidual monoaromatic  hydrocarbons  differ  in  the 
rates  at  which  they  are  removed  from  the  aquifer. 
The  preferential  removal  of  specific  alkylbenzenes 
may  reflect  structure-dependent  degradation  rates. 
The  highest  concentrations  of  organic  acids,  CH4 
and  C02  are  in  the  anaerobic  zone.  The  organic 
acids  represent  microbial  intermediates  that  can  be 
related  to  proposed  methanogenic-degradation 
pathways.  The  presence  of  organic  acids  and  phen- 
ols, and  the  generation  of  gases  in  the  anaerobic 
groundwater  support  the  conclusion  that  anaerobic 
degradation  of  aromatic  hydrocarbons  is  an  impor- 
tant geochemical  process.  (See  also  W90-05059) 
(Author's  abstract) 
W90-05062 


VARIABILITY  IN  THE  CHEMISTRY  OF  NON- 
VOLATILE ORGANIC  ACIDS  DOWNGRA- 
DIENT FROM  THE  OIL  BODY  AT  BEMIDJI, 
MINNESOTA. 

Geological  Survey,  Denver,  CO. 
G.  R.  Aiken,  and  K.  A.  Thorn. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  35-40,  2  fig,  1  tab,  11  ref. 

Descriptors:  'Path  of  pollutants,  'Fate  of  pollut- 
ants, 'Oil  pollution,  'Groundwater  pollution, 
•Minnesota,  'Aquifers,  Organic  carbon,  Hydro- 
phobic acids,  Fractionation  analysis,  Spectroscopy. 

The  distribution  and  chemistry  of  nonvolatile  or- 
ganic acids  were  studied  in  an  aquifer  contaminat- 
ed with  crude  oil  near  Bemidji,  Minnesota.  For  the 
six  wells  sampled  during  the  summer  of  1987, 
dissolved   organic  carbon  concentrations   ranged 
from  a  high  value  of  42  mg  carbon/L  for  the  well 
closest  to  the  oil  body,  to  a  low  value  of  2.9  mg 
carbon/L  for  the  uncontaminated   groundwater. 
Dissolved   organic  carbon   fractionation   analyses 
indicated  that  the  majority  of  the  dissolved  organic 
carbon  in  each  sample  was  comprised  of  nonvola- 
tile organic  acids  resulting  from  the  microbiologi- 
cal degradation  of  the  crude  oil.  Results  of  elemen- 
tal analyses  and  molecular-weight  determinations 
indicate  that  the  hydrophobic  acids  from  the  con- 
taminated well  have  higher  carbon  and  hydrogen 
contents  and  lower  oxygen  and  nitrogen  contents, 
and  much  lower  molecular  weights  (250  daltons) 
than  the  hydrophobic  acids  from  the  background 
well,  reflecting  differences  in  composition  of  origi- 
nal source  materials  for  these  samples.  Analyses  of 
the  structural  composition  of  the  molecules  com- 
prising the  hydrophobic-acid  fractions  by  carbon- 
13  nuclear-magnetic  resonance  spectroscopy  and 
infrared  spectroscopy  have  demonstrated  that  the 
hydrophobic  acid  fractions  isolated  from  the  con- 
taminated well  have  lesser  amounts  of  carboxyl 
carbon  and   hetero-aliphatic   carbon  and   greater 
amounts  of  aromatic  carbon  and  aliphatic  carbon 
than  the  sample  from  the  background  well.   In 
addition,  the  solid  state  carbon- 13  nuclear-magnet- 
ic resonance  spectra  suggest  that  there  is  little 
variation  in  the  composition  of  the  hydrophobic 
acids  downgradient  from  the  oil  body  and  that 
aromatic    and    isoparaffinic    components    of   the 
crude  oil  have  been  preserved  in  the  form  of 
carboxylic  acids.  (See  also  W90-05059)  (Author's 
abstract) 
W90-05063 


Three  fractions  of  nonvolatile  organic  acids  result- 
ing from  the  biodegradation  of  crude  oil  have  been 
isolated  from  wells  downgradient  from  the  oil 
body  at  the  Bemidji,  Minnesota,  site.  The  organic 
acids  and  the  undergraded  whole  crude  oil  have 
been  characterized  by  using  carbon- 13  nuclear 
magnetic  resonance  spectroscopy.  Hydrophilic 
acids,  hydrophobic  acids,  and  the  hydrophobic 
neutral  fraction  of  organic  acids  were  analyzed 
using  quantitative  and  attached  proton-test  carbon- 
13  nuclear  magnetic  resonance.  The  crude  oil  was 
analyzed  by  quantitative  and  distortionless  en- 
hancement by  polarization  transfer  carbon- 13  reso- 
nance. The  hydrophobic  acids  and  hydrophobic 
neutral  fraction  were  found  to  be  enriched  in  aro- 
matic carbons  compared  to  the  whole  crude  oil. 
All  three  fractions  of  organic  acids  appear  to  have 
been  derived  from  the  aromatic,  branched  chain, 
and  cyclic  components  of  the  original  crude  oil. 
(See  also  W90-05059)  (Author's  abstract) 
W90-05064 


CHARACTERIZATION  OF  NONVOLATILE 
ORGANIC  ACIDS  RESULTING  FROM  THE 
BIODEGRADATION  OF  CRUDE  OIL  BY  NU- 
CLEAR MAGNETIC  RESONANCE  SPEC- 
TROMETRY. 

Geological  Survey,  Denver,  CO. 
K.  A.  Thorn,  and  G.  R.  Aiken. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  41-51,  7  fig,  1  tab,  8  ref. 

Descriptors:  'Fate  of  pollutants,  'Biodegradation, 
•Oil  pollution,  *Groundwater  pollution,  •Minneso- 
ta, Wells,  Spectroscopy,  Hydrophilic  acids,  Hy- 
drophobic acids,  Organic  acids,  Aromatic  com- 
pounds. 
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DETERMINATION  OF  THE  AIR-PHASE  PER- 
MEABILITY TENSOR  OF  AN  UNSATURATED 
ZONE  AT  THE  BEMIDJI,  MINNESOTA,  RE- 
SEARCH SITE. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-05065 


RESEARCH  ON  METALS  IN  ACID  MINE 
DRAINAGE  IN  THE  LEADVILLE,  COLORA- 
DO, AREA. 

Geological  Survey,  Denver,  CO. 
B.  A.  Kimball,  K.  E.  Bencala,  and  D.  M. 
McKnight. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  65-70,  3  fig,  13  ref. 

Descriptors:  'Path  of  pollutants,  Geochemistry, 
'Water  chemistry,  'Acid  mine  drainage,  'Heavy 
metals,  'Stream  pollution,  'Colorado,  'Solute 
transport,  Distribution  patterns,  Chemical  proper- 
ties, Sediments,  Ecological  effects,  Hydrologic 
properties. 

Past  mining  of  ore  deposits  in  the  Leadville,  Colo- 
rado, area  has  yielded  large  quantities  of  valuable 
metals.  Water  flowing  through  abandoned  tailings 
and  from  adits  in  this  area  currently  (1988)  contrib- 
utes large  quantities  of  cadmium,  copper,  iron, 
lead,  manganese,  nickel,  and  zinc  to  the  Arkansas 
River.  Reactive  solute-transport  processes  that 
occur  within  the  channel  are  not  well  quantified. 
An  interdisciplinary  study  of  controls  on  the  tran- 
sition metal  concentrations  in  streams  of  the  Lead- 
ville area  is  providing  an  improved  understanding 
of  the  transport  and  removal  mechanisms  that  con- 
trol transition  metal  concentrations  in  streams  in 
general.  The  objective  of  the  study  are  to:  (1) 
characterize  the  within-stream  chemical  processes 
that  control  the  transport  and  distribution  of  transi- 
tion metals  in  streams  of  the  Leadville,  Colorado, 
area;  (2)  characterize  the  chemistry  of  sediment 
and  sediment  coatings  that  are  active  in  controlling 
the  dissolved  concentrations  of  trace  metals;  (3) 
quantify  the  time  and  length  scales  for  chemical 
and  hydrologic  processes  that  affect  the  metals  and 
the  function  of  chemical  equilibrium  and  kinetics; 
and  (4)  quantify  the  effect  of  metals  on  biota  and 
the  function  of  biota  in  controlling  metal  concen- 
tration. To  accomplish  these  objectives,  the  project 
is  defining  the  chemical  reactions  in  the  zone 
where  natural  conditions  change  to  conditions  af- 
fected by  acid  mine  drainage.  Sediments  studies  are 
seeking  to  determine  the  concentration,  mineralo- 
gy, and  chemistry  of  suspended  and  bed  sediment 
including  colloids.  Hypotheses  about  controlling 
mechanisms  will  be  tested  with  instream  transport 
experiments.  (See  also  W90-05059)  (Author's  ab- 
stract) 
W90-05066 

INSTREAM  CHEMICAL  REACTIONS  OF 
ACID  MINE  WATER  ENTERING  A  NEUTRAL 
STREAM  NEAR  LEADVILLE,  COLORADO. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


Geological  Survey,  Denver,  CO. 
B.  A.  Kimball,  and  G.  A.  Wetherbee. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  71-79,  7  fig,  2  tab,  7  ref. 

Descriptors:  'Acid  mine  drainage,  'Geochemistry, 
•Path  of  pollutants,  'Water  chemistry,  *Heavy 
metals,  'Stream  pollution,  'Colorado,  'Solute 
transport,  Hydrogen  ion  concentration,  Metal  par- 
titioning. Manganese,  Cadmium,  Zinc,  Iron, 
Copper,  Particulate  matter. 

Mixing  of  acid  drainage  from  mines  and  mine 
tailings  with  neutral-pH  streamwater  affects  the 
transport  of  metals  in  surface  waters.  In  the  Lead- 
ville,  Colorado,  area,  California  Gulch,  a  stream 
that  contains  drainage  from  many  mines,  enters  the 
upper  Arkansas  River  and  flows  into  water  with  a 
higher  pH.  The  effect  of  the  higher  pH  on  the 
partitioning  of  metals  between  the  dissolved  phase 
(less  than  0. 1  micrometer  filtrate)  and  the  suspend- 
ed-sediment phase  (greater  than  0.1  micrometer 
particle  size)  was  studied  in  two  transects  down- 
stream from  the  inflow  of  California  Gulch  to  the 
Arkansas  River.  Iron  is  totally  partitioned  to  the 
suspended-sediment  phase,  whereas  manganese  re- 
mains totally  in  the  dissolved  phase.  Iron  is  non- 
conservative  or  reactive,  and  manganese,  cadmi- 
um, and  zinc  are  conservative.  Copper  concentra- 
tions are  near  the  detection  limit,  and  it  is  difficult 
to  distinguish  between  conservative  and  noncon- 
servative  transport  because  of  the  small  variation 
in  concentration.  The  quantity  of  each  metal  that  is 
partitioned  to  the  suspended-sediment  phase  can 
still  be  transported  downstream,  because  the  very 
small  particle  size  of  the  suspended-sediment  en- 
ables it  to  remain  in  suspension.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05067 


HEAVY-METAL  GEOCHEMISTRY  OF  SEDI- 
MENTS IN  THE  PUEBLO  RESERVOIR,  COLO- 
RADO. 

Geological  Survey,  Reston,  VA. 
E.  Callender,  W.  H.  Ficklin,  B.  A.  Kimball,  and  P. 
R.  Edelmann. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88^220,  1989.  p  81-91,  8  fig,  1  tab,  6  ref. 

Descriptors:  'Water  chemistry,  'Path  of  pollut- 
ants, 'Geochemistry,  'Acid  mine  drainage, 
'Heavy  metals,  'Sediment  contamination,  'Colo- 
rado, 'Cores,  Reservoir  sediments,  Titanium,  Spa- 
tial distribution. 

Three  sediment  cores,  collected  along  the  axis  of 
Pueblo  Reservoir  in  south-central  Colorado,  were 
analyzed  for  their  heavy-metal  content.  The  data 
were  normalized  with  respect  to  titanium,  an  inte- 
gral component  of  igneous  and  sedimentary  rocks 
in  the  upper  Arkansas  River  basin.  The  vertical 
distribution  of  normalized  heavy-metal  data  shows 
some  pronounced  peaks  at  depths  that  record  sedi- 
mentary riverine  inputs  during  the  past  10  years.  A 
core  near  the  river  mouth  shows  normalized 
copper,  zinc,  lead,  cadmium  maxima  at  depths  (14 
and  26  centimeters)  that  correspond  to  metal  dis- 
charges from  the  Leadville  mines  during  1985  and 
1983.  The  other  two  cores,  located  farther  from 
the  riverine  source,  show  a  pronounced  maxima  at 
the  4-centimeter  to  6-centimeter  depth,  indicative 
of  contaminant  inputs  during  1985.  Although  the 
possibility  exists  that  the  metal  distributions  have 
been  affected  by  sedimentary  diagenesis,  normal- 
ized metal  data  for  riverine  suspended  sediment 
and  lacustrine  bottom  sediment  suggest  that  the 
bottom  sediments  in  Pueblo  Reservoir  record  a 
history  of  heavy-metal  inputs  by  acid-mine  drain- 
age in  the  upper  Arkansas  River  basin.  (See  also 
W90-05059)  (Author's  abstract) 
W90-05068 


METAL  PARTITIONING  AND  PHOTORE- 
DUCTION  OF  IRON  IN  FILTRATES  OF  ACID 
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Onsite  experiments  in  high-altitude  acidic  moun- 
tain streams  have  indicated  that  photochemical 
reactions  affect  the  chemistry  of  dissolved  iron. 
Previous  work  defined  the  rates  of  daytime  photor- 
eduction  and  nighttime  oxidation  of  iron  species  in 
St.  Kevin  Gulch  near  Leadville,  Colorado,  which 
receives  acid  mine  drainage.  This  work  evaluated 
the  dependence  of  the  photochemical  reactions  on 
the  presence  of  stream  particulate  matter  and  bac- 
teria in  the  stream,  both  of  which  might  catalyze 
the  reaction.  The  progress  of  photoreduction  with 
increasing  light  intensity  was  monitored  by  colori- 
metric  determination  of  ferrous  and  total  iron  con- 
centrations in  aliquots  from  an  ultrafiltrate  (from 
which  bacteria  and  suspended  particulate  matter 
that  might  catalyze  the  photoreaction  were  re- 
moved; but  smaller  organic  matter,  such  as  en- 
zymes, may  still  have  been  present),  from  a  0.1 
micrometer  filtrate  and  from  an  unfiltered  sample. 
Concentrations  of  metals  in  the  different  filtrates 
were  evaluated  by  a  chemical-equilibrium  model. 
The  initial  concentration  of  ferrous  iron  in  each 
sample  was  about  0.2  mg/L;  the  concentration 
doubled  in  the  ultrafiltrate,  and  increased  about 
fourfold  in  the  unfiltered  sample.  In  each  sample, 
the  trend  of  the  ferrous-to  total-iron  ratio  was  the 
same,  following  the  trend  of  light  intensity.  Al- 
though photoreduction  proceeded  in  each  sample, 
it  proceeded  to  a  greater  extent  where  additional 
iron  was  available.  (See  also  W90-05059)  (Author's 
abstract) 
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Onsite  metal-partitioning  studies  were  performed 
in  August  1987  using  mixtures  of  flocculated  iron 
oxyhydroxide  material  (floe)  and  stream-water  col- 
lected from  St.  Kevin  Gulch,  a  central  Colorado 
mountain  stream  contaminated  by  acid  mine  drain- 
age. The  pH  was  varied  between  ambient  (about 
3.5)  and  6  by  the  addition  of  NaHC03  to  aliquots 
of  unfiltered  streamwater  and  floc/streamwater 
mixtures.  Iron  and  aluminum  aqueous  concentra- 
tions seem  to  be  controlled  primarily  by  solubility 
reactions,  whereas  zinc,  manganese,  copper,  and 
cadmium  concentrations  are  controlled  by  sorption 
reactions.  The  sorption  reactions  are  pH  depend- 
ent, with  a  sorption  edge  between  pH  5  and  6  for 
zinc,  and  between  pH  3.5  and  4.5  for  copper. 
Cadmium  does  not  appear  to  have  a  well-defined 
sorption  edge  up  to  pH  6,  and  the  manganese 
concentration  gradually  decreases  over  the  pH 
range  tested.  Flocculated  iron  oxyhydroxide  mate- 
rial does  not  seem  to  be  an  effective  sink  for  trace 
metals  in  St.  Kevin  Gulch  at  the  ambient  pH  of 
about  3.5.  Although  pH-dependent  solubility  and 
sorption  reactions  drive  metal  partitioning  to  the 
solid  phase  at  higher  pH,  aqueous  concentrations 
of  manganese,  zinc,  and  cadmium  at  pH  6  are  still 
significant.  (See  also  W90-05059)  (Author's  ab- 
stract) 
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A  suite  of  samples  of  flocculated  iron  oxyhydrox- 
ide material  (floe)  was  collected  along  St.  Kevin 
Gulch,  a  central  Colorado  metal-rich  stream  (pH 
less  than  3.8)  contaminated  by  acid  mine  drainage. 
Iron  is  the  predominant  metal  in  the  floe,  with 
minor  amounts  of  aluminum,  zinc,  and  manganese, 
and  trace  amounts  of  lead,  copper,  and  cadmium. 
Scanning  electron  microscopy  reveals  that  the  floe 
is  composed  of  aggregates,  generally  greater  than  1 
micrometer  in  size,  of  uniformly  sized  0.04  mi- 
crometer spheroids.  Large  values  of  surface  area, 
on  the  order  of  150  sq  m/g,  were  measured.  Elec- 
trophoretic mobility  measurements,  made  using  a 
light-scattering  technique,  indicated  a  near-neutral 
charge  in  the  shear  plane.  Formation  of  these  floes 
from  iron  oxyhydroxide  colloids  in  the  stream  is 
consistent  with  the  near-zero  charge  implied  by 
their  electrophoretic  mobility.  The  mechanism(s) 
of  formation  of  these  apparently  monodisperse  col- 
loids, the  physical  chemistry  responsible  for  the 
surface  charge  neutralization,  and  the  importance 
of  the  floe  aggregates  in  metal  partitioning  in  St. 
Kevin  Gulch  are  under  investigation.  (See  also 
W90-05059)  (Author's  abstract) 
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St.  Kevin  Gulch,  located  west  of  Leadville,  Colo- 
rado, is  a  stream  that  is  affected  by  acid  mine 
drainage;  it  drains  to  the  east  into  a  wetland  before 
entering  Tennessee  Creek  and  the  East  Fork  of  the 
Arkansas  River.  Surface-water  and  groundwater 
samples  were  collected  from  the  wetland  area  to 
allow  characterization  of  the  water  samples  and  to 
determine  if  groundwater  has  been  affected  by  acid 
mine  drainage.  Analyses  of  the  water  samples 
showed  that  most  of  the  water  is  a  calcium  sulfate 
type,  indicating  the  presence  of  sulfide  mineraliza- 
tion in  the  study  area.  Groundwater  samples  that 
may  have  been  affected  by  acid  mine  drainage  are 
relatively  oxidized,  contain  elevated  concentra- 
tions of  manganese  and  sulfate  relative  to  other 
samples,  and  were  collected  from  the  western  side 
of  the  study  area  near  known  areas  of  mineraliza- 
tion. (See  also  W90-05059)  (Author's  abstract) 
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HYDROXYL  RADICAL  FORMATION  IN  ST. 
KEVIN  GULCH,  AN  IRON-RICH  STREAM  IN 
COLORADO. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 
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Water  samples  were  collected  from  St.  Kevin 
Gulch,  a  tributary  of  Tennessee  Creek  and  the 
Arkansas  River,  Colorado.  This  stream  is  affected 
by  acid  leachates  from  mine  tailings  and  contains 
large  concentrations  of  ferric  iron  that  may  pro- 
vide a  reactant  for  the  photolytic  production  of 
hydroxyl  radicals.  Water  samples  were  irradiated 
in  a  photoreactor  with  an  average  incident  ultra- 
violet (300-400  nanometers)  photon  flux  of  0.00045 
Einsteins/min.  Samples  containing  an  iron  concen- 
tration of  0.03  mg/L  had  a  steady-state  hydroxyl 
radical  concentration  of  4  x  10  to  the  minus  15 
moles/L,  whereas  water  containing  1 1  mg/L  iron 
had  a  steady-state  hydroxyl  radical  concentration 
of  2  x  10  to  the  minus  13  moles/L,  which  is 
unusually  large  for  a  natural  water  sample.  The 
relation  between  steady-state  hydroxyl  radical  con- 
centration and  total  dissolved  and  colloidal  iron 
concentration  appears  to  be  linear.  These  results 
may  indicate  that  photolytic  reduction  of  ferric 
iron  is  a  major  source  of  hydroxyl  radicals  in  this 
stream.  (See  also  W90-05059)  (Author's  abstract) 
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An  overview  of  past  and  current  research  on  con- 
taminant hydrology,  geochemistry,  and  microbi- 
ology is  presented  for  the  Cape  Cod  Toxic  Waste 
Research  site.  Groundwater  recharge  to  the  study 
area  occurs  primarily  from  precipitation  and  un- 
derflow   from    upgradient    areas.    Little    surface- 
water  runoff  occurs  because  the  sandy  soils  are 
very  permeable.  Past  research  efforts  have  focused 
on  the  definition  and  description  of  the  extent  of 
contaminants  in  a  sewage  plume  originating  from 
the  Otis  Air  Base  sewage  treatment  facility.  The 
plume    of   sewage-contaminated    groundwater    is 
characterized  by  elevated  concentrations  of  dis- 
solved solids,  boron,  chloride,  sodium,  phosphorus, 
ammonium,  nitrate,  detergents  and,  in  some  loca- 
tions, volatile  organic  compounds  (VOC).  Current 
research  at  the  site  includes  efforts  to  use  tracer 
tests  and  other  in  situ  measurement  techniques  to 
quantify  the  processes  affecting  the  fate  and  trans- 
port of  sewage  contaminants   in   the   aquifer.   A 
major  research  thrust  at  this  site  has  been  to  relate 
the  dispersion  of  solutes  to  the  heterogeneity  of 
aquifer  hydraulic  properties.  In  particular,  it  has 
been  found  that  dispersion  of  solutes  in  aquifers  is 
strongly  affected  by  variation  in  hydraulic  conduc- 
tivity.  Other  current   research  topics  include  an 
examination  of  the  sediments  to  determine  the  pri- 
mary control  of  adsorption  of  organic  compounds 
in    the    aquifer.    (See    also    W90-05059)    (White- 
Reimer-PTT) 
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Laboratory  column  experiments  were  used  to  iden- 
tify potential  rate-controlling  mechanisms  that 
could  affect  transport  of  molybdate  in  the  natural- 
gradient  tracer  test  done  at  Cape  Cod,  Massachu- 
setts. Column  breakthrough  curves  for  molybdate 
were  simulated  by  using  a  one-dimensional  solute- 
transport  model  that  was  modified  to  include  four 
different  rate  mechanisms:  equilibrium  sorption, 
rate-controlled  sorption,  and  two  side-pore  diffu- 
sion models.  One  side-pore  diffusion  model  was 
based  on  an  average  side-pore  concentration  of 
molybdate  (mixed  side-pore  diffusion);  the  other 
was  based  on  a  concentration  profile  for  the  over- 
all side-pore  depth  (profile  side-pore  diffusion). 
The  equilibrium  model  failed  to  simulate  the  exper- 
imental data,  indicating  the  presence  of  a  rate- 
controlling  mechanism.  The  rate-controlled  sorp- 
tion model  simulated  results  from  one  column  rea- 
sonably well,  but  could  not  be  applied  to  other 
columns  that  had  different  input  concentrations 
without  changing  the  rate  constant.  The  mixed 
side-pore  diffusion  model  also  resulted  in  reasona- 
ble correlation  with  experimental  data,  and  the 
parameters  applied  to  a  variety  of  input  concentra- 
tions. The  most  accurate  simulations  for  the  largest 
variety  of  input  concentrations  were  achieved  by 
using  the  profile  side-pore  diffusion  model.  (See 
also  W90-05059)  (Author's  abstract) 
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Laboratory  experiments  have  suggested  that 
matrix  diffusion  is  a  major  mechanism  controlling 
cation  transport  in  groundwater  of  the  Cape  Cod, 
Massachusetts,  aquifer.  Experiments  using  radioi- 
sotopes, in  combination  with  deferential  leaching 
and  air  abrasion  techniques  demonstrate  that  ca- 
tions penetrate  into  the  interior  of  mineral  grains. 
Scanning-electron  microscopy  and  X-ray  analysis 
of  material  in  the  interiors  of  the  feldspars  and 
biotite  confirm  the  presence  of  authogenic  clays  in 
the  interiors  of  the  grains.  These  internal  clays  are 
believed  to  act  as  cation-exchange  sites  for  the 
intruding  cations.  Mercury-porosimetry  studies 
support  the  presence  of  significant  internal  porosi- 
ty of  all  the  mineral  grains  examined  in  this  study. 
The  data  indicate  that  diffusion  into  grain  interiors 
is  a  major  mechanism  controlling  the  concentra- 
tion of  cations  in  the  system  and  these  mechanisms 
must  be  considered  in  solute  transport  simulations 
in  certain  clastic  aquifers.  Due  to  the  nonequili- 
brium  diffusion  nature  of  transport  in  the  system,  a 
conservative  ion  may  not  be  a  good  indicator  of 
hydrodynamic  dispersion  exhibited  by  a  reacting 
ion.  (See  also  W90-05059)  (Author's  abstract) 
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Rates  of  methane  oxidation  were  measured  in  a 
nitrate-enriched  zone  of  an  unconfined  sand  and 
gravel  aquifer  (Cape  Cod,  Massachusetts)  using  in 
situ  natural-gradient  tracer  tests.  Methane  oxida- 
tion was  calculated  from  breakthrough  curves  of 
methane  relative  to  halide  and  inert  gas  (hexafluor- 
oethane)  tracers  and  confirmed  by  the  appearance 
of  13C-enriched  carbon  dioxide  in  experiments 
with  13C-enriched  methane  as  the  tracer.  Methane 
oxidation  predominantly  occurred  in  a  zone  of 
denitrification;  the  highest  rates  of  methane  oxida- 
tion and  denitrification  were  found  at  the  same 
depth.  These  results  indicate  that  nitrate  may  be  a 
possible  electron  acceptor  for  methane  oxidation  in 
groundwater  systems.  (See  also  W90-05059)  (Au- 
thor's abstract) 
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The  partitioning  of  nonionic-organic  solutes  be- 
tween the  aqueous  and  sediment  phases  within  an 
aquifer  is  a  function  of  the  organic-carbon  content 
of  the  sediment.  It  is  proposed  that  naturally  oc- 
curring organic  compounds  (humic  substances) 
preferentially  associate  with  iron-oxide  coated  min- 
eral surfaces  as  the  result  of  charge  interactions. 
The  resulting  carbon-enriched  iron  oxide  surfaces 
should  be  a  more  effective  sorbent  than  the  bulk 
sediment.  A  numerical  simulation  is  presented  that 
demonstrates  the  potential  effect  of  sediment-or- 
ganic carbon  association  with  a  particular  mineral 
phase.  A  one-dimensional  solute-transport  model, 
coupled  with  partition  theory  and  the  measured 
organic -carbon  content  of  particle-size  and  miner- 
alogical  fractions  from  the  Cape  Cod  (Massachu- 
setts) Toxic  Waste  Research  site,  is  used  to  simu- 
late the  sediment  geochemical  effect  on  the  subsur- 
face transport  of  a  series  of  chlorinated  benzene 
compounds.  (See  also  W90-05059)  (Author's  ab- 
stract) 
W90-05079 


TRANSPORT  OF  BACTERIA  IN  A  CONTAMI- 
NATED AQUIFER. 

Geological  Survey,  Menlo  Park,  CA. 
R.  W.  Harvey. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  183-188,  3  tab,  12  ref. 

Descriptors:  'Path  of  pollutants,  'Bacteria, 
'Groundwater  pollution,  'Pathogenic  bacteria, 
Organic  matter,  Sediment  transport,  Model  studies, 
Particle  size,  Massachusetts,  Aquifers,  Cape  Cod. 
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The  transport  of  bacteria  through  contaminated 
aquifers  is  becoming  an  increasingly  important 
issue  in  public  health  and  waste  management. 
Many  factors  involved  in  the  transport  of  bacteria 
through  groundwater  are  poorly  understood  and 
there  is  a  scarcity  of  field  data.  Two  factors  were 
evaluated:  (1)  the  importance  of  colloid  filtration 
theory  as  a  determinant  of  the  extent  of  transport 
and  the  size  distribution  of  transported  bacteria; 
and  (2)  the  role  of  secondary  pore  structure  in 
observed  transport  characteristics.  Experiments 
were  conducted  at  a  small-scale,  natural-gradient 
groundwater  injection  site  in  an  area  of  organically 
contaminated  groundwater  (Cape  Cod,  Massachu- 
setts) and  in  the  laboratory  by  use  of  flow-through 
columns  packed  with  aquifer  sediments.  Results 
from  these  experiments  indicate  that  secondary 
pore  structure  relating  to  the  manner  in  which  the 
aquifer  sediment  particles  are  spatially  arranged 
has  a  substantial  effect  on  transport  characteristics 
of  bacteria-sized  particles.  Also,  a  modified  disper- 
sion-corrected, colloid-filtration  model  may  be 
used  to  predict  bacterial  immobilization  at  particle 
surfaces  and  changes  in  bacterial  size  distribution 
that  occurs  with  transport  downgradient  through 
aquifer  sediments  of  Cape  Cod.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05080 


FIELD  AND  LABORATORY  STUDIES  OF 
COUPLED  FLOW  AND  CHEMICAL  REAC- 
TIONS IN  THE  GROUND-WATER  ENVIRON- 
MENT. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  2F. 
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OVERVIEW  OF  RESEARCH  ACTIVITIES  ON 
THE  CHEYENNE  RIVER  SYSTEM,  WESTERN 
SOUTH  DAKOTA. 

Geological  Survey,  Rapid  City,  SD. 
K.  E.  Goddard. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989,  p  199-203,  1  fig,  10  ref. 

Descriptors:  'Mine  drainage,  'Arsenic,  'Geo- 
chemistry, 'Path  of  pollutants,  'South  Dakota, 
'Cheyenne  River,  Sediment  transport,  Stream  pol- 
lution, Alluvial  deposits,  Sorption,  Trace  metals, 
Lotic  environment. 

In  April  1985,  the  Whitewood  Creek-Belle  Four- 
che  River-Cheyenne  River-Lake  Oahe  surface- 
water  system  in  western  South  Dakota  was  select- 
ed for  investigation  as  part  of  the  U.S.  Geological 
Survey  Toxic  Substances  in  Surface-Water  and 
Sediments  Thrust  program.  Alluvial  flood-plain 
sediments  in  this  system  contain  arsenic  and  other 
trace  metals  derived  from  the  100  million  metric 
tons  of  gold-mill  tailings  that  were  discharged  into 
Whitewood-Creek  between  1876-1977.  Research 
activities  include  (1)  sediment  studies  of  the  distri- 
bution, transport  rate,  and  ultimate  fate  of  arsenic 
and  other  trace  metals  sediments;  (2)  geochemical 
studies  of  trace  metal  partitioning  between  various 
solid  phases  and  between  solid  and  dissolved 
phases;  and  (3)  biologic  investigations  of  the  effect 
of  arsenic  and  other  trace  metals  on  the  stream 
ecosystem.  Preliminary  findings  indicate  that  ar- 
senic is  widely  distributed  in  alluvial  sediments  and 
is  being  actively  transported  on  suspended  sedi- 
ment. Total  arsenic  concentrations  range  from  300 
to  5,000  micrograms/g  in  flood-plain  sediment,  20 
to  960  micrograms/g  in  suspended-sediment,  and 
20  to  260  micrograms/g  in  Lake  Oahe  sediments. 
Although  as  much  as  50%  of  the  total  arsenic  mass 
is  in  the  form  of  arsenopyrite,  adsorption-desorp- 
tion  of  arsenic  from  ferric  oxyhydroxides  is  the 
dominant  process  controlling  dissolved-phase  con- 
centration. (See  also  W90-05059)  (Author's  ab- 
stract) 
W90-05082 


ARSENIC  IN  THE  ALLUVIAL  SEDIMENTS  OF 
WHITEWOOD  CREEK  AND  THE  BELLE 
FOURCHE  AND  CHEYENNE  RIVERS  DM 
WESTERN  SOUTH  DAKOTA. 


Geological  Survey,  Rapid  City,  SD. 
T  E.  McKallip,  K.  E.  Goddard,  and  A.  J. 
Horowitz. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  203-209,  1  fig,  2  tab,  7  ref. 

Descriptors:  'Water  pollution  sources,  'Path  of 
pollutants,  'Mine  drainage,  'Arsenic,  'South 
Dakota,  'Sediment  transport,  Alluvial  deposits, 
Flood  plains,  Stream  channels,  Iron,  Cheyenne 
River. 

Large  volumes  of  arsenopyrite-bearing  tailings  dis- 
charged over  a  100-year  period  from  gold  mines 
near  Lead,  South  Dakota,  have  accumulated  as 
arsenic-rich  contaminated  sediment  in  the  flood 
plains  and  channels  of  Whitewood  Creek  and  the 
Belle  Fourche  and  Cheyenne  Rivers  in  western 
South  Dakota.  Extensive  oxidation  of  arsenic-rich 
contaminated  sediments  is  visually  evident.  The 
heavy-mineral  fractions  of  contaminated  sediments 
were  isolated  by  using  a  bromoform  flotation  cou- 
pled with  centrifugation.  Percentages  of  heavy 
minerals  ranged  from  0.8  to  6.9  in  channel  sedi- 
ments and  from  14  to  56  in  flood-plain  sediments. 
Concentrations  of  arsenic  ranged  from  25  to  990 
micrograms/g  in  suspended  and  bottom  sediments 
and  from  830  to  5,000  micrograms/g  in  flood-plain 
sediments.  Percentages  of  heavy  minerals  and  con- 
centrations of  arsenic  and  iron  are  smaller  in  sus- 
pended and  bottom-sediment  samples  than  in 
flood-plain  samples.  This  indicates  a  recent  change 
in  the  source  of  part  of  the  sediment  for  the 
Cheyenne  River  system.  (See  also  W90-05059) 
(Author's  abstract) 
W90-05083 


TRENDS  IN  ARSENIC  CONCENTRATION 
AND  GRAIN-SIZE  DISTRIBUTION  OF 
METAL-CONTAMINATED  OVERBANK  SEDI- 
MENTS ALONG  THE  BELLE  FOURCHE 
RIVER  DOWNSTREAM  FROM  WHITEWOOD 
CREEK,  SOUTH  DAKOTA. 
Geological  Survey,  Indianapolis,  IN. 
D.  C.  Marron. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  211-216,  2  fig,  1  tab,  8  ref. 

Descriptors:  'Mine  drainage,  'Arsenic,  'Sediment 
contamination,  'Path  of  pollutants,  'Water  pollu- 
tion sources,  'Belle  Fourche  River,  'South 
Dakota,  Sediment  transport,  Particle  size, 
Wastewater  disposal,  Carbonates. 

Arsenic-contaminated  overbank  deposits  along  the 
Bell  Fourche  River  in  west-central  South  Dakota 
resulted  from  the  discharge  of  a  large  volume  of 
mine  tailings  into  Whitewood  Creek  between  the 
late  1800's  and  1977.  The  arsenic-contaminated 
overbank  deposits  are  typically  less  than  2  m  thick 
and  extended  about  90  meters  away  from  the  chan- 
nel along  the  insides  of  meander  bends.  Carbonate 
minerals  in  the  contaminated  sediments  limit  de- 
sorption  of  arsenic  by  preventing  acid  formation. 
Within  the  contaminated  overbank  deposits  along 
the  Belle  Fourche  River,  average  arsenic  concen- 
trations decrease  by  a  factor  of  three,  and  grain- 
size  distributions  become  finer  in  a  downstream 
direction.  These  changes  only  occur  along  channel 
reaches  that  receive  significant  inflow  from  tribu- 
taries draining  shale-bedrock  watersheds  and 
appear  to  be  caused  by  the  dilution  of  mine  tailings 
by  uncontaminated  sediment  with  a  relatively  finer 
grain-size  distribution.  An  influx  at  high  flow  of 
uncontaminated  sediment  from  terraces  and  the 
premining  flood  plain  as  well  as  from  tributaries 
causes  arsenic  concentrations  in  parts  of  the  con- 
taminated deposit  that  are  farthest  away  from  the 
channel  to  be  two  to  three  times  less  than  arsenic 
concentrations  in  overbank  sediment  that  is  imme- 
diately adjacent  to  the  channel.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05084 


ARSENIC  GEOCHEMISTRY  OF  RAPIDLY  AC- 
CUMULATING SEDIMENTS,  LAKE  OAHE, 
SOUTH  DAKOTA. 

Geological  Survey,  Denver,  CO. 
W.  H.  Ficklin,  and  E.  Callender. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  217-222,  5  fig,  6  ref. 

Descriptors:  'Arsenic,  'Geochemistry,  'Water 
chemistry,  'Lake  sediments,  'South  Dakota, 
•Lake  Oahe,  Sediments,  Color,  Interstitial  water, 
Sulfur  bacteria,  Sulfur. 

Three  sediment  cores,  collected  from  rapidly  accu- 
mulating sediments  in  the  Cheyenne  River  area  of 
Lake  Oahe,  were  analyzed  for  arsenic  species  from 
interstitial  water  and  solid-sediment.  In  general, 
arsenic  (V)  was  the  predominant  species  in  the 
surficial,  oxidized  sediments.  In  deeper,  more  re- 
ducing sediments,  interstitial  arsenic  (III)  is  the 
dominant  species.  Solid-phase  arsenic  species  dis- 
tributions show  approximately  equal  amounts  of 
arsenic  (III)  and  arsenic  (V).  In  those  sediment 
sections  that  exhibit  a  dark  gray  to  black  color,  the 
solid-phase  arsenic  distribution  is  dominated  by 
arsenic  (III)  and  a  residual  arsenic  phase  that  prob- 
ably contains  sulfide.  Interstitial-water  chemistry 
and  solid-phase  sulfur  data  indicate  that  these  sedi- 
ment intervals  contain  iron-and  arsenic-sulfur 
phases  that  probably  formed  authigenically  in  re- 
sponse to  the  production  of  sulfide  by  microbial 
sulfate  reduction.  (See  also  W90-05059)  (Author's 
abstract) 
W90-05085 


SOURCE  AND  TRANSPORT  OF  ARSENIC  IN 
THE  WHITEWOOD  CREEK-BELLE  FOUR- 
CHE-CHEYENNE  RIVER-LAKE  OAHE 
SYSTEM,  SOUTH  DAKOTA. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

A.  J.  Horowitz,  K.  A.  Elrick,  and  R.  B.  Cook. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  223-233,  5  fig,  1  tab,  9  ref. 

Descriptors:  'Mine  drainage,  'South  Dakota,  'Ar- 
senic, 'Sediment  contamination,  'Water  pollution 
sources,  'Path  of  pollutants,  Cheyenne  River, 
Lake  Oahe,  Flood  plains,  Particle  size,  Suspended 
sediments,  Arsenopyrite,  Iron,  Oxidation. 

From  1875  through  1977,  mining,  milling,  and 
processing  wastes  containing  quantities  of  arseno- 
pyrite were  produced  around  Lead,  South  Dakota. 
Much  of  this  material  was  discharged  into 
Whitewood  Creek.  From  there,  parts  of  the  waste 
were  transported  to  the  Belle  Fourche  River, 
thence  to  the  Cheyenne  River,  and  finally  to  the 
Missouri  River.  In  1958,  the  Missouri  River  was 
dammed  at  Pierre,  forming  Lake  Oahe.  Cores  col- 
lected in  the  lake  bottom  show  the  presence  of 
arsenic-rich  layers  in  the  bed  sediments;  the  ar- 
senic-rich layers  in  the  bed  sediments;  the  arsenic 
was  attributed  to  arsenopyrite  in  the  8-to-16  and 
16-to-32  micrometer  size  fractions  of  the  sediments. 
Suspended-sediment  samples  collected  in  the 
Cheyenne  River  above  Lake  Oahe  contained  de- 
tectable quantities  of  both  arsenopyrite  and  octahe- 
dral pyrite  in  the  8-to-16  and  16-to-32-micrometer 
fractions.  Solid  material  collected  from  the  banks 
and  flood  plains  of  the  Belle  Fourche  River  and 
Whitewood  Creek  contain  reduced  and  oxidized 
phases.  The  reduced  phases  have  an  arsenic 
maxima  in  the  16-to-32  and  the  32-to-63-microme- 
ter  size  ranges.  These  fractions  also  contribute  the 
most  arsenic  to  the  samples;  the  major  source  of 
arsenic  seems  to  be  arsenopyrite.  The  oxidized 
segments  have  an  arsenic  maxima  in  the  less-than 
2-micrometer  size  range.  The  less-than  2-microme- 
ter  maxima  is  associated  with  widely  disseminated 
arsenic -bearing  iron  oxide  coatings.  The  greater- 
than  63-micrometer  fractions  contribute  the  most 
arsenic  to  the  oxidized  samples;  this  arsenic,  as  in 
the  reduced  samples,  is  associated  with  arsenopyr- 
ite. These  deposits  probably  are  the  source  for  the 
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arsenic-rich   suspended   sediments  from  the   Bell 
Fourche  River  and  for  the  arsenopyrite  found  in 
the  bed  sediments  of  Lake  Oahe.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05086 

COUPLED  CHEMICAL,  BIOLOGICAL  AND 
PHYSICAL  PROCESSES  IN  WHITEWOOD 
CREEK,  SOUTH  DAKOTA:  EVALUATION  OF 
THE  CONTROLS  OF  DISSOLVED  ARSENIC. 

Geological  Survey,  Menlo  Park,  CA. 
C.  C.  Fuller,  J.  A.  Davis,  G.  W.  Zellwegger,  and 
K.  E.  Goddard. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona.  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,    1989.   p  235-246,   6  fig,    1   tab,   22  ref. 

Descriptors:  *Path  of  pollutants,  'Water  chemis- 
try, *  Geochemistry,  *Arsenic,  "Iron,  *Mine  drain- 
age, 'South  Dakota,  Photosynthesis,  Hydrogen  ion 
concentration,  Adsorption,  Precipitation,  Equilib- 
rium kinetics. 

Coupled  physical,  chemical,  and  biological  proc- 
esses affect  the  concentration  of  dissolved  arsenic 
in  Whitewood  Creek,  South  Dakota.  In  August 
1987,  dissolved  arsenic  concentrations  were  con- 
trolled primarily  by  adsorption  and  co-precipita- 
tion with  iron  oxyhydroxides  (ferrihydrite)  as 
groundwater  enriched  in  arsenic  entered  the 
stream.  Periphyton  photosynthesis  induced  a  diur- 
nal pH  fluctuation  in  streamwater  of  0.25  to  0.5  pH 
units  and  a  concomitant  diurnal  cycle  in  arsenate 
(30  to  40  percent  variation).  The  fluctuation  in 
arsenate  reflects  the  dynamic  equilibrium  of  ad- 
sorption-desorption  processes  occurring  in  re- 
sponse to  the  pH  cycle.  Kinetics  of  the  sorption 
processes  are  slow,  and  result  in  a  cycle  of  dis- 
solved arsenic  that  lags  several  hours  behind  the 
pH  cycle.  Thus,  the  dynamic  equilibrium  of  the 
chemical  processes  are  tightly  coupled  to  the  bio- 
logical processes  occurring  in  the  stream.  (See  also 
W90-05059)  (Author's  abstract) 
W90-05087 


PERIPHYTON  EFFECTS  ON  ARSENIC 
TRANSPORT  IN  WHITEWOOD  CREEK, 
SOUTH  DAKOTA. 

Geological  Survey,  Menlo  Park,  CA. 
J.  S.  Kuwabara,  C.  C.  Y.  Chang,  and  S.  P.  Pasilis. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,    1989.  p  247-255,    1   fig,   3   tab,    12  ref. 

Descriptors:  *Path  of  pollutants,  *Water  chemis- 
try, *Periphyton,  *Mine  drainage,  *Algae,  'Bioas- 
say,  'Arsenic,  Diatoms,  Culturing  techniques, 
South  Dakota,  Seasonal  variation,  Phosphates, 
Bioaccumulation,  Arsenic  compounds. 

Increased  periphyton  abundance  in  Whitewood 
Creek,  South  Dakota,  during  the  summer  months 
suggests  that  chemical  interactions  involving  ar- 
senic and  phosphorus  between  biota  and  the  over- 
lying water  may  significantly  affect  As  transport 
and  distribution  in  this  mining-affected  stream. 
Data  used  to  predict  arsenic  transport  for  algae 
(for  example,  first-order  uptake-rate  constants, 
standing  crop  and  accumulation  factors)  collected 
in  the  creek  from  upstream  of  mine  discharges 
through  a  57  kilometer  affected  reach  have  been 
determined.  Cultures  of  Achnanthes  minutissima 
(Bacillariophyceae)  were  isolated  from  four  sites 
along  a  longitudinal  gradient  of  dissolved  arsenic 
within  the  study  reach  and  then  maintained  at 
ambient  dissolved  arsenic  concentrations.  Arsenic 
uptake-rate  constants  for  these  isolates  were  deter- 
mined as  a  function  of  dissolved  arsenate  and  orth- 
ophosphate.  All  isolates  appeared  to  have  some 
exclusion  mechanism  by  which  phosphate  was 
preferentially  taken  up  over  arsenate  or  by  which 
excessive  cell-associated  arsenic  was  released.  Ini- 
tial uptake  of  both  arsenate  and  orthophosphate 
appear  to  follow  first  order  kinetics  closely.  Al- 
though uptake-rate  constants  increased  slightly 
with  increased  dissolved  arsenate  concentrations, 
algae  isolated  from  a  site  with  elevated  dissolved 


arsenic  showed  a  significantly  slower  arsenic 
uptake  relative  to  the  same  species  isolated  from 
the  least  contaminated  site  upstream.  Over  a  4- 
month  samples  period  during  the  summer  of  1987, 
periphyton  abundance  increased  downstream,  then 
abruptly  decreased  at  the  site  farthest  downstream. 
Dissolved  arsenic  temperature,  physical  substrate, 
and  turbidity  may  explain  these  trends  in  periphy- 
ton standing  crop.  (See  also  W90-05059)  (Author's 
abstract) 
W90-05088 

TEMPORAL  AND  SPATIAL  VARIABILITY  OF 
ARSENIC  IN  BENTHIC  INSECTS  FROM 
WHITEWOOD  CREEK,  SOUTH  DAKOTA. 

D.  J.  Cain,  S.  V.  Fend,  and  J.  L.  Carter. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  257-267,  2  fig,  5  tab,  11  ref, 
append. 

Descriptors:  'Path  of  pollutants,  'Pollutant  identi- 
fication, 'Bioindicators,  'Mine  drainage,  'Arsenic, 
'South  Dakota,  'Aquatic  insects,  'Caddisflies, 
Benthos,  Bioaccumulation,  Trophic  level,  Hydrop- 
syche,  Baetis,  Sediment  contamination. 

Whole  body  concentrations  of  arsenic  were  deter- 
mined for  benthic  insects  in  Whitewood  Creek,  a 
stream  contaminated  with  arsenic-bearing  tailings 
from  mining  operations  near  its  headwaters.  In- 
sects were  collected  in  late  May  through  early 
June  of  1986  and  1987.  Arsenic  concentrations  in 
insects  appeared  greater  in  1987  than  in  1986  at  a 
station  in  the  lower  reach  of  the  stream,  but  not  at 
a  station  directly  below  the  mine.  Small  differences 
in  arsenic  concentration  between  years  also  were 
evident  in  some  taxa  at  a  station  above  the  mine. 
Although  substantial  differences  in  arsenic  concen- 
trations among  taxa  within  stations  were  apparent, 
arsenic  in  all  taxa  collected  from  the  contaminating 
reach  was  greater  than  in  taxa  from  uncontaminat- 
ed  stations.  Arsenic  in  Hydropsyche  spp.  and 
Baetis  tricaudatus  generally  reflected  the  total  ar- 
senic concentrations  of  sediments.  Trophic  level 
and  size  appeared  to  be  important  variables  affect- 
ing arsenic  concentrations  in  insects.  Results  of 
experiments  where  insects  were  transferred  from 
uncontaminated  stations  to  a  contaminated  station 
showed  that  arsenic  accumulation  in  herbivores 
and  omnivores  was  more  rapid  than  in  predators. 
However,  data  indicate  that  nonspecific  sorption  of 
arsenic  to  the  exoskeleton  also  contributed  substan- 
tially to  the  total  arsenic  body  burden.  (See  also 
W90-05059)  (Author's  abstract) 
W90-05089 

FATE  AND  TRANSPORT  OF  ORGANIC  COM- 
POUNDS AND  TRACE  ELEMENTS  IN  THE 
LOWER  CALCASIEU  RIVER,  LOUISIANA. 

Geological  Survey,  Baton  Rouge,  LA. 
C.  R.  Demas,  and  D.  K.  Demcheck. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,    1989.   p  271-281,   3   fig,   5   tab,    10  ref. 

Descriptors:  'Path  of  pollutants,  'Fate  of  pollut- 
ants, 'Louisiana,  'Stream  pollution,  'Organic  pol- 
lutants, 'Trace  elements,  Halogenated  compounds, 
Iron,  Manganese,  Mercury,  Chromium,  Salinity, 
Sediment  contamination,  Wind  velocity,  Density. 

A  field  study  was  initiated  in  1985  by  the  U.S. 
Geological  Survey  to  determine  processes  that 
control  the  fate  and  transport  of  manmade  organic 
compounds  and  trace  elements  in  the  industrial 
reach  and  in  the  transition  zone  between  brackish 
and  freshwater  of  the  lower  Calcasieu  River.  Vola- 
tile and  halogenated  organic  compounds,  and  four 
trace  elements  (iron,  manganese,  mercury,  and 
chromium)  were  selected  for  study  of  the  basis  of 
results  of  reconnaissance  sampling.  Both  classes  of 
organic  compounds  and  the  four  trace  elements 
were  determined  to  move  in  distinctly  different 
ways  in  the  aquatic  environment  and  were  either 
dissolved  in  the  water  column,  associated  with 
suspended  sediment,  or  attached  to  bottom  materi- 


al. Concentrations  of  volatile  organic  compounds 
in  the  lower  Calcasieu  River  were  found  to  depend 
on  wind  speed  and  density.  Longitudinal  move- 
ment of  volatile  organic  compounds  in  the  river 
was  affected  by  the  presence  of  salinity  gradients, 
which  restricted  vertical  mixing  in  the  water 
column  and  provided,  in  one  instance,  a  means  of 
upstream  transport  from  their  source.  Halogenated 
organic  compounds,  in  contrast,  were  associated 
primarily  with  the  bottom  material  which  serves  as 
a  sink  for  these  compounds  because  of  their  low 
solubility  in  brackish  water.  (Author's  abstract) 
W90-05090 


REMOBILIZATION     OF     ORGANIC     COM- 
POUNDS FROM  BOTTOM  MATERIAL  COL- 
LECTED FROM  BAYOU  DTNDE,  LOUISIANA, 
UPON    EXPOSURE   TO   DIFFERING   IONIC- 
STRENGTH  WATERS. 
Geological  Survey,  Baton  Rouge,  LA. 
C.  R.  Demas,  and  D.  K.  Demcheck. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  283-290,  1  fig,  4  tab,  8  ref. 

Descriptors:  'Sediment  contamination,  'Organic 
pollutants,  'Water  chemistry,  'Geochemistry, 
'Path  of  pollutants,  'Sediment-water  interfaces, 
'Louisiana,  Elutriate  tests,  Salinity,  Chloroben- 
zenes,  Chlorobutadiene,  Water  column. 

Bayou  d'Inde,  a  small  tributary  of  the  lower  Calca- 
sieu River  in  southwestern  Louisiana,  has  a  heavy 
organic  contaminant  load  in  its  bottom  material.  In 
April  1987,  the  U.S.  Geological  Survey  conducted 
a  series  of  experiments  to  determine  under  what 
conditions  movement  of  these  organic  compounds 
from  Bayou  d'Inde  bottom  material  into  the  water 
column  would  occur.  Bottom  material  from  Bayou 
d'Inde  near  industrial  outfall  canal,  brackish  water 
from  Bayou  d'Inde  freshwater  from  the  Calcasieu 
River  near  Kinder,  Louisiana,  and  deionized  water 
were  analyzed  for  acid-base/neutral  organic  com- 
pounds. Results  showed  high  concentrations,  in  the 
mg/kg  range  of  chlorinated  compounds  in  the 
bottom  material  and  below  levels  of  detection  in 
the  water  samples.  Modified  elutriate  tests  were 
then  performed  on  the  bottom  material  and  water. 
Tests  indicated  that  mixing  bottom  material  with 
brackish  water  from  Bayou  d'Inde  resulted  in  no 
remobilization  of  organic  compounds  into  the 
water  column.  Mixing  bottom  material  with  low 
ionic-strength  waters,  represented  by  Calcasieu 
River  water  near  Kinder  and  deionized  water, 
however,  resulted  in  the  remobilization  of  1,2- 
dichlorobenzene  and  hexachlorobutadiene  into  the 
water  at  concentrations  of  7  and  15  micrograms/L, 
respectively.  On  the  basis  of  these  results,  potential 
environmental  repercussions  could  occur  if  dredg- 
ing of  contaminated  bottom  material  took  place 
during  periods  of  freshwater  inflow.  (Author's  ab- 
stract) 
W90-05091 


USE  OF  RADON-222  AS  A  TRACER  OF 
TRANSPORT  ACROSS  THE  BED  SEDIMENT- 
WATER  INTERFACE  IN  PRIEN  LAKE,  LOU- 
ISIANA. 

Geological  Survey,  Baton  Rouge,  LA. 
C.  R.  Demas,  P.  B.  Curwick,  and  D.  K. 
Demcheck. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  291-300,  4  fig,  3  tab,  7  ref. 

Descriptors:  'Radon,  'Path  of  pollutants,  'Trac- 
ers, 'Sediment-water  interfaces,  'Louisiana,  Cores, 
Diffusion,  Lake  sediments,  Radioisotopes. 

Data  from  flux-chamber  studies  (December  1987 
through  February  1988)  and  analysis  of  core  sam- 
ples from  Prien  Lake,  Louisiana,  indicate  a  net 
movement  of  radon-222  from  the  bed  sediment  to 
the  overlying  water  column.  Apparent  diffusion 
coefficients  calculated  from  core  and  flux  measure- 
ments exceeded  the  calculated  molecular  diffusion 
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coefficient  by  two  to  seven  times.  Results  indicate 
that  factors,  such  as  physical  diffusion,  stirring  of 
the  bed  sediments,  and  increased  water  movement 
from  the  bed  caused  by  wind-magnified  tides  and 
bubbling  of  gases  such  as  methane  from  the  bed 
sediment,  may  accentuate  the  movement  of  radon 
from  the  bed  sediment  to  the  overlying  water 
column.  The  movement  of  radon-222  from  the  bed 
sediments  to  the  overlying  water  column  indicates 
that  mechanisms  exist  for  the  movement  of  organic 
compounds  and  trace  elements  present  in  the  inter- 
stitial pore  water  to  the  overlying  water  column. 
(Author's  abstract) 
W90-05092 


PHASE  ASSOCIATION  OF  TRACE  METALS 
IN  SEDIMENTS  FROM  THE  CALCASIEU 
RIVER,  LOUISIANA. 

Geological  Survey,  Reston,  VA. 
N.  S.  Simon. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  301-308,  1  fig,  3  tab,  8  ref. 

Descriptors:  *Trace  metals,  *Chromium,  •Sedi- 
ment-water interfaces,  'Path  of  pollutants,  *  Water 
chemistry,  'Geochemistry,  'Louisiana,  Iron 
oxides,  Manganese  oxides,  Organic  matter,  Cores, 
Organic  carbon,  Nitrogen,  Extraction  processes. 

Statistical  evaluation  of  data  from  a  detailed  study 
of  extraction  techniques  for  sediments  has  resulted 
in  the  identification  of  four  mechanisms  for  reten- 
tion of  chromium  by  bottom  sediments  in  the  Cal- 
casieu River,  Louisiana.  Chromium  is  partitioned 
in  iron-oxide  phases,  manganese-oxide  phases, 
labile  organic  matter,  and  refractory  organic 
matter.  Chromium  retained  by  sediment  in  cores 
collected  either  upstream  or  downstream  from  pe- 
trochemical plant  outfalls  is  associated  with  iron 
oxides  and  with  organic  matter  subject  to  degrada- 
tive  reactions.  In  sediment  taken  from  two  sites 
close  to  petrochemical  discharge,  manganese 
oxides  and  refractory  organic  matter  played  major 
roles  in  the  retention  of  chromium  by  sediment 
solids.  These  conclusions  were  based  on  sediment 
organic-carbon  and  nitrogen  data,  sediment  total 
metal-concentration  data,  surface-adsorption  stud- 
ies, data  from  extractions  with  pyrophosphate-plus- 
hydrogen  peroxide  or  hydrogen  peroxide-plus- 
dilute  hydrochJoric  acid,  and  interstitial-water 
metal  analysis.  The  data  indicate  that  the  differ- 
ence between  chromium  retention  by  metal  oxides 
or  organic  matter  could  be  inferred  by  using  only 
the  extraction  data  and  the  sediment  organic- 
carbon  and  nitrogen  data.  Identification  of  metal 
phase  association  is  a  factor  in  determining  metal 
bioavailability  and  mobility.  Organically  bound 
chromium  could  be  mobilized  in  either  oxic  or 
anoxic  environments  or,  possibly,  under  acidic 
conditions.  Chromium  associated  with  metal 
oxides  could  be  mobilized  in  reducing  or  acidic 
conditions.  (Author's  abstract) 
W90-05093 


UPTAKE  OF  MANMADE  ORGANIC  COM- 
POUNDS BY  RANGIA  CUNEATA  IN  THE 
LOWER  CALCASIEU  RIVER,  LOUISIANA. 

Geological  Survey,  Baton  Rouge,  LA. 
C.  R.  Demas,  and  D.  K.  Demcheck. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,    1989.   p   309-319,    1    fig,   5   tab,    10  ref. 

Descriptors:  'Organic  pollutants,  'Mollusks, 
•Clams,  *Bioassay,  'Louisiana,  *Path  of  pollutants, 
•Bioaccumulation,  Toxicity,  Bromoform,  Chloro- 
form, Dichloroethane,  Chlorobenzenes,  Chlorobu- 
tadiene. 

Rangia  cuneata,  a  brackish-water  clam,  was  col- 
lected from  an  area  of  Lake  Charles,  Louisiana, 
unaffected  by  manmade  organic  compounds  and 
placed  in  cages  at  two  sites  in  the  lower  Calcasieu 
River  affected  by  these  compounds  and  at  one 
recovery  site  downstream  from  the  affected  area  in 
July   and   August    1987.   Analyses  of  water  and 


bottom  material  for  volatile  organic  compounds 
and  acid-base/neutral  extractable  organic  com- 
pounds indicated  that  no  chemical  contamination 
of  the  Lake  Charles  area  has  occurred.  Elevated 
concentrations  of  bromoform,  chloroform,  and  1,2- 
dichloroethane  in  water  and  hexachlorobenzene 
and  hexachlorobutadiene  in  bottom  material  were 
found  at  the  affected  sites  in  the  lower  Calcasieu 
River.  Low  or  undetectable  concentrations  of  or- 
ganic compounds  were  present  at  the  recovery 
site.  Little  or  no  uptake  of  organic  compounds  by 
Rangia  cuneata  occurred  at  the  Lake  Charles  site. 
Complete  mortality  of  Rangia  cuneata  occurred  at 
the  site  on  the  Lower  Calcasieu  River  where  the 
most  extensive  contamination  occurred  (probably 
because  of  elevated  water  temperatures).  Signifi- 
cant uptake  of  bromoform,  chloroform,  1,2-dich- 
loroethane,  hexachlorobenzene,  and  hexachlorobu- 
tadiene by  Rangia  cuneata  occurred  at  the  second 
affected  site.  Uptake  by  Rangia  cuneata  of  hexach- 
lorobutadiene and  hexachlorobenzene  also  oc- 
curred at  the  recovery  site,  although  in  smaller 
amounts,  indicating  movement  of  these  compounds 
much  farther  downstream  than  indicated  by  chemi- 
cal analysis  of  water  and  bottom  material.  The 
above  results  indicate  that  Rangia  cuneata  has 
great  potential  for  use  as  a  monitoring  tool  in  areas 
where  contamination  by  manmade  organic  com- 
pounds may  have  occurred.  This  is  especially  true 
in  areas  where  the  contamination  occurs  at  concen- 
trations below  analytical  detection  limits  in  water 
and  bottom  material.  (See  also  W90-05059)  (Au- 
thor's abstract) 
W90-05094 


ESTIMATION  OF  VOLATILIZATION-RATE 
COEFFICIENTS  FOR  VOLATILE  ORGANIC 
COMPOUNDS  IN  BAYOU  D'INDE,  LOUISI- 
ANA. 

Geological  Survey,  Baton  Rouge,  LA. 
D.  K.  Demcheck,  C.  R.  Demas,  and  P.  B. 
Curwick. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,  1989.  p  321-327,  2  fig,  2  tab,  7  ref. 

Descriptors:  *Fate  of  pollutants,  'Organic  pollut- 
ants, 'Louisiana,  'Path  of  pollutants,  'Volatility, 
•Wastewater  outfall,  'Industrial  wastewater,  De- 
sorption,  Rate  coefficients,  Toxic  substances,  Out- 
fall, Tidal  rivers. 

Synthetic  volatile  organic  compounds  were  sam- 
pled in  water  from  an  industrial  outfall  and  down- 
stream from  the  outfall  in  Bayou  d'lnde,  a  small 
tributary  to  the  lower  Calcasieu  River,  Louisiana, 
on  September  17-18,  1987,  to  determine  volatiliza- 
tion-rate coefficients  in  a  field  setting.  The  method 
used  to  calculate  the  rate  coefficients  was  adapted 
from  a  method  developed  for  determining  desorp- 
tion  coefficients  for  reaeration  studies.  The  rate 
coefficients  computed  for  eight  selected  volatile 
organic  compounds  suggest  that  production  of 
some  volatile  organic  compounds  may  be  occur- 
ring in  water  from  the  industrial  outfall.  In  con- 
trast, significant  volatilization  of  these  same  organ- 
ic compounds  occurred  downstream  in  Bayou 
d'lnde.  Water  from  the  industrial  outfall  did  not 
mix  vertically  as  it  flowed  into  Bayou  d'lnde, 
indicating  the  need  for  accurate  time-of-travel  in- 
formation at  all  depths  in  tidally  affected  streams. 
The  study  adds  to  the  understanding  of  processes 
controlling  the  fate  of  toxic  substances  in  the  lower 
Calcasieu  River.  (See  also  W90-05059)  (Author's 
abstract) 
W90-05095 


ABIOTIC  PHOTOLYSIS  IN  THE  CALCASIEU 
RIVER,  LOUISIANA. 

Geological  Survey,  Reston,  VA. 
M.  C.  Goldberg,  K.  M.  Cunningham,  and  A.  C. 
Sigleo. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1989. 
988.  USGS  Water-Resources  Investigations  Report 
88-4220,    1989.   p   329-340,   6  fig,   2  tab,    12  ref. 

Descriptors:  'Fate  of  pollutants,  'Calcasieu  River, 
•Photolysis,  'Louisiana,  'Organic  pollutants,  'In- 


dustrial wastewater,  Hydroxide,  Abiotic  photoly- 
sis, Dechlorination,  Styrene,  Naphthalene,  Ben- 
zene, Wastewater  outfall. 

Direct  and  indirect  abiotic  photolysis  processes 
can  occur  in  the  Calcasieu  River,  Louisiana.  The 
river  was  sampled  at  Bayou  d'lnde,  which  is  locat- 
ed at  the  outfall  of  an  industrial  plant.  From  the 
sampling  point,  the  channel  flows  to  the  Calcasieu 
Ship  Channel  located  opposite  the  entrance  to 
Prien  Lake.  Indirect  photolysis  was  determined  by 
measuring  the  steady-state  hydroxyl  radical  (OH)ss 
concentration  in  water  from  the  sampling  point. 
The  hydroxyl  radical  concentration  (OH)ss  was 
found  to  be  3  x  10  to  the  -15th  power  mole/L, 
which  is  one  order  of  magnitude  greater  than  is 
present  in  most  aquatic  waters.  The  magnitude  of 
the  OH  concentration  indicates  that  a  comparative- 
ly large  amount  of  indirect  photolysis  occurs  at  the 
sampling  point.  This  is  attributed  to  the  presence  of 
a  large  number  of  organic  molecules  that  can  act  as 
sensitizers.  On  the  basis  of  the  measure  (OH)ss 
concentration,  the  calculated  half-lives  of  selected 
organic  functional  groups  subject  to  oxidation  by 
OH  in  the  Calcasieu  River  ranges  from  2  to  30 
hours.  Direct  photolysis  also  is  expected  to  occur 
in  the  river.  Laboratory  studies  measured  the  pho- 
tolytic  dechlorination  of  octachlorostyrene,  oc- 
tachloronapthalene,  and  hexachlorobenzene,  all  of 
which  are  present  in  the  Calcasieu  River.  The 
quantum  yield  of  octachlorostyrene  was  8.6  x  10  to 
the  -5th  power,  of  octachloronapthalene  was  0.022, 
and  of  hexachlorobenzene  was  0.02.  It  is  estimated 
that  these  molecules  would  photolyze  in  the  river 
with  half-lives  of  4  to  8  hours.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05096 


SITE  DESCRIPTION  AND  SUMMARY  OF  RE- 
SEARCH ACTIVITIES  ON  THE  MOVEMENT 
AND  FATE  OF  CHLORINATED  SOLVENTS  IN 
GROUND  WATER  AT  PICATTNNY  ARSENAL, 
NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 
T.  E.  Imbrigiotta,  and  M.  Martin. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water  Resources  Investigations  Report  88- 
4220,  1989.  p343-350,  3  fig,  5  ref. 

Descriptors:  'New  Jersey,  'Groundwater  pollu- 
tion, 'Picatinny  Arsenal,  'Fate  of  pollutants,  'Mu- 
nitions wastes,  'Geohydrology,  'Organic  solvents, 
•Path  of  pollutants,  Cores,  Microbial  degradation, 
Mathematical  models,  Moisture. 

The  U.S.  Geological  Survey  is  conducting  an 
interdisciplinary  research  study  of  groundwater 
contamination  by  chlorinated  solvents  and  other 
contaminants  at  Picatinny  Arsenal,  New  Jersey. 
The  hydrogeology,  extent  of  groundwater  con- 
tamination, and  the  research  activities  that  are  on- 
going at  the  Building  24  site  at  Picatinny  Arsenal 
are  summarized.  The  groundwater  contamination 
is  primarily  within  the  50-foot  thickness  of  uncon- 
fined  glacial  sediments  and  extends  from  Building 
24  to  Green  Pond  Brook,  the  groundwater  dis- 
charge point.  Laboratory  and  field  studies  were 
used  to  study  the  effect  of  soil  moisture  on  trich- 
loroethylene-vapor  sorption  to  the  unsaturated 
zone  soil.  A  mathematical  transport  model  is  being 
developed  to  test  hypotheses  on  air-phase  transport 
and  in  situ  microbial  degradation  of  chlorinated 
solvents  in  the  unsaturated  zone.  Trace-metal  dis- 
tributions and  areas  of  enrichment  were  deter- 
mined in  core  samples  at  various  locations  in  the 
plume.  Elevated  dissolved  organic  carbon  concen- 
trations near  Building  24  were  explored  using  a 
new  isolation  technique  and  analysis  with  carbon- 
13  nuclear-magnetic-resonance  spectroscopy.  Mi- 
crobial populations  in  soil  from  the  unsaturated 
zone  were  determined  to  range  from  0.5  to  6 
million  organisms/g  of  soil.  Soil  microcosms  are 
being  used  to  determine  trichloroethylene  biotrans- 
formation rates  for  aerobic  unsaturated  and  aerobic 
saturated  conditions  and  for  anaerobic  saturated 
conditions  in  the  presence  of  a  supplementary 
carbon  source.  Preliminary  areal  and  cross-section- 
al solute-transport  models  were  constructed  to 
define  the  horizontal  movement  of  selected  con- 
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taminants  in  the  unconfined  sediments  and  the  ver- 
tical movement  of  these  contaminants  within  and 
between  aquifers  at  the  site.  (See  also  W90-05059) 
(Author's  abstract) 
W90-05097 

PRELIMINARY  RESULTS  OF  A  STUDY  OF 
THE  CHEMISTRY  OF  GROUNDWATER  AT 
THE  BUILDING  24  RESEARCH  SITE,  PICA- 
TINNY  ARSENAL,  NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 
T.  E.  Imbrigiotta,  M.  Martin,  B.  P.  Sargent,  and  L. 
M.  Voronin. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p351-359,  5  fig,  1  tab,  6  ref. 

Descriptors:  *New  Jersey,  *Groundwater  pollu- 
tion, *Geochemistry,  'Water  chemistry,  'Water 
pollution  sources,  *Path  of  pollutants,  ♦Ground- 
water chemistry,  *Picatinny  Arsenal,  Trace  metals, 
Organic  carbon,  Cyanide,  Silica,  Magnesium. 

The  water  in  bedrock  and  confined  aquifers  under- 
lying the  Building  24  site  at  Picatinny  Arsenal, 
New  Jersey,  is  similar  in  chemical  composition. 
The  water  chemistry  of  the  unconfined  aquifer 
differs  greatly,  depending  on  whether  the  wells 
sampled  are  within  or  outside  of  the  contaminant 
plume.  Uncontaminated  water  from  a  well  in  the 
unconfined  aquifer  is  a  sodium  chloride  bicarbon- 
ate type.  Water  from  a  well  immediately  downgra- 
dient  from  the  Building  24  source  area  is  a  sodium 
chloride  type.  The  areal  and  vertical  distributions 
of  trichloroethylene  and  sulfate  in  the  unconfined 
aquifer  are  similar,   indicating  that  organic   and 
inorganic  compounds  are  derived  from  sources  in 
the  Building  24  area,  and  that  both  tend  to  be 
transported  along  the  same  flow  paths  to  Green 
Pond  Brook.  Other  observations  are  that:  (1)  high 
dissolved  organic  carbon  and  trace-metal  concen- 
trations are  present  only  within  500  ft  of  the  Build- 
ing 24  source  area;   (2)  high  dissolved  organic 
carbon  concentrations   near   the   source   are   not 
caused  by  priority  pollutants;  (3)  cyanide  is  present 
above  detection  limits  as  far  as  900  ft  downgradient 
from  the  source;  (4)  silica  concentrations  (6  to  8 
mg/L)  are  about  one-half  the  background  concen- 
trations where  high  dissolved  organic  carbon  con- 
centrations are  present  near  the  source;  and  (5) 
elevated   magnesium   concentrations   are   present 
downgradient  from  the  source  near  the  discharge 
point  of  the  groundwater  system.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05098 


DISTRIBUTION  OF  TRICHLOROETHENE  IN 
SOIL  GAS  ABOVE  CONTAMINATED 
GROUND  WATER  AT  PICATTNNY  ARSENAL, 
NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 
J.  A.  Smith,  J.  A.  Kammer,  C.  T.  Chiou,  and  D.  E. 
Kile. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p361-370,  5  fig,  1  tab,  9  ref. 

Descriptors:  'Groundwater  pollution,  *Soil  gases, 
•New  Jersey,  *Path  of  pollutants,  *Vadose  zone, 
'Trichloroethene,  'Picatinny  Arsenal,  Soil  con- 
tamination, Vapors. 

The  distribution  of  trichloroethene  vapor  in  soil 
gas  has  been  studied  above  a  contaminant  plume  at 
Picatinny  Arsenal  in  Morris  County,  New  Jersey. 
Laboratory  studies  indicate  that  trichloroethene 
vapor  sorption  to  soil  is  suppressed  by  moisture  but 
only  up  to  saturation  soil  moisture  content  (the 
moisture  content  corresponding  to  100%  relative 
humidity).  Above  saturation  moisture  content, 
trichloroethene  vapor  sorption  can  be  approximat- 
ed by  a  conventional  soil-water  isotherm.  A  statis- 
tical comparison  of  field  moisture  content  to  satu- 
ration moisture  content  for  six  soil  samples  collect- 
ed from  the  vadose  zone  at  Picatinny  Arsenal 
indicate  that  the  field  moisture  content  of  the 
vadose-zone  soil  is  above  saturation  moisture  con- 


tent at  a  0.05  probability  significance  level.  Gas 
samples  from  the  vadose  zone  were  collected  from 
two  or  three  depths  at  each  of  six  locations  above 
the  main  axis  of  the  groundwater  solute  plume.  In 
general,  trichloroethene-vapor  concentrations  de- 
creased with  horizontal  distance  downgradient 
from  the  contaminant  source  and  vertical  distance 
above  the  water  table.  The  concentration  of  trich- 
loroethene in  all  vapor  samples  collected  from 
depths  within  0.75  m  of  land  surface  was  less  than 
the  analytical  quantitation  limit  of  40  nanograms/ 
L.  The  highest  trichloroethene  concentration 
(7,300  nanograms/L)  was  measured  in  gas  samples 
collected  approximately  0.3  m  above  the  water 
table  near  the  source  of  contamination.  (See  also 
W90-05059)  (Author's  abstract) 
W90-05099 

MICROBIOLOGICAL  TRANSFORMATION  OF 
TRICHLOROETHYLENE  IN  SOIL  AT  PICA- 
TINNY ARSENAL,  NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 
T.  Ehlke. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p  371-376,  3  fig,  2  tab. 

Descriptors:  *New  Jersey,  'Trichloroethylene, 
'Picatinny  Arsenal,  'Groundwater  pollution, 
•Fate  of  pollutants,  'Biodegradation,  Metal-plating 
wastes,  Vinyl  chloride,  Biotransformation,  Soil 
water. 

Shallow  groundwater  at  Picatinny  Arsenal  in 
north-central  New  Jersey  has  been  contaminated 
with  trichloroethylene  as  a  result  of  metal-plating 
and  degreasing  operations  in  Building  24.  The 
presence  of  dichloroethylene  and  vinyl  chloride  in 
groundwater  near  Building  24  indicates  that  bio- 
transformation of  trichloroethylene  may  be  occur- 
ring under  anaerobic  conditions  at  the  site.  Prelimi- 
nary results  of  soil  microcosm  studies  indicate  that 
biotransformation  of  trichloroethylene  in  the  un- 
saturated zone  under  aerobic  conditions  is  negligi- 
ble. The  biotransformation  of  trichloroethylene  in 
the  upper  part  of  the  saturated  zone  in  the  presence 
of  methane  is  being  investigated.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-051O0 


simulated  concentrations  between  1  and  10  mg/L. 
About  15%  of  the  solute  mass  is  simulated  in  the 
near-source  area,  where  trichloroethylene  concen- 
trations are  greater  than  10  mg/L.  Simulated  rates 
of  trichloroethylene  loss  from  the  unconfined 
groundwater  flow  system  indicate  that  loss  from 
volatilization  may  be  on  the  order  of  hundreds  of 
grams/day  and  may  be  one  or  two  orders  of  mag- 
nitude more  than  the  loss  from  the  discharge  of 
groundwater  to  confined  aquifers  or  to  surface- 
water  bodies.  (See  also  W90-05059)  (Author's  ab- 
stract) 
W90-05101 


DISTRIBUTION  OF  MAJOR  AND  TRACE 
ELEMENTS  IN  CORE  SAMPLES  FROM  PICA- 
TINNY ARSENAL,  NEW  JERSEY. 

Geological  Survey,  Denver,  CO. 
S.  A.  Wilson,  and  J.  E.  Taggart. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p385-388,  1  fig,  2  tab,  4  ref. 

Descriptors:  'Path  of  pollutants,  'Pollutant  identi- 
fication, 'New  Jersey,  'Heavy  metals,  'Waste  dis- 
posal, 'Picatinny  Arsenal,  Spectroscopy,  X-ray 
fluorescence,  Cores,  Chromium,  Copper,  Lead, 
Nickel,  Zinc,  Vanadium,  Water  depth. 

Core  samples  collected  at  various  distances  from  a 
waste-disposal  pit  were  analyzed  for  trace  and 
major  element  concentrations  using  Inductively 
Coupled  Argon  Plasma  Atomic  Emission  Spec- 
troscopy and  Wavelength  Dispersive  X-ray  Fluo- 
rescence. It  was  determined  that  concentrations  of 
chromium,  copper,  lead,  nickel,  and  zinc  were  two 
to  three  times  higher  than  background  levels,  and 
vanadium  concentrations  were  one  and  a  half  to 
two  times  higher  than  background  levels  at  sites 
downgradient  from  the  disposal  pit.  Vertical  vari- 
ations in  trace-metal  concentrations  also  exist. 
Metal  concentrations  increased  between  1 1  and  14 
ft,  then  decreased  to  background  concentrations 
below  14  ft  at  the  sample  site  closest  to  the  disposal 
pit.  A  similar  variation  in  metal  concentration  was 
observed  in  cores  from  a  site  farther  downgradient 
from  the  disposal  pit,  except  that  the  maximum 
concentration  occurred  at  the  29-ft  depth.  (See  also 
W90-05059)  (Author's  abstract) 
W90-05102 


PRELIMINARY  RESULTS  OF  A  STUDY  TO 
SIMULATE  TRICHLOROETHYLENE  MOVE- 
MENT IN  GROUND  WATER  AT  PICATINNY 
ARSENAL,  NEW  JERSEY. 

Geological  Survey,  West  Trenton,  NJ. 
M.  Martin. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p377-383,  3  fig,  2  ref. 

Descriptors:  'Picatinny  Arsenal,  'Path  of  pollut- 
ants, 'Groundwater  movement,  'Path  of  pollut- 
ants, 'Groundwater  pollution,  'New  Jersey, 
'Trichloroethylene,  Flow  models,  Distribution, 
Model  studies,  Volatilization. 

Research  activities  at  the  Building  24  contaminant 
site  at  Picatinny  Arsenal,  New  Jersey,  include  the 
development  of  a  multilayer  groundwater  flow 
model,  and  an  areal  and  a  cross-sectional,  two- 
dimensional,  solute-transport  model  as  a  means  to 
define  the  distribution  and  movement  of  chlorinat- 
ed solvents  in  groundwater.  Although  the  models 
are  not  calibrated,  the  results  of  the  preliminary 
simulations  have  been  useful  in  improving  the  con- 
ceptual model  and  the  modeling  approach.  Gener- 
ally, the  simulated  head  distribution  is  most  sensi- 
tive to  the  areal  and  temporal  distribution  of 
groundwater  recharge  and  is  less  sensitive  to  the 
definition  of  the  hydrologic  framework  and  hy- 
draulic characteristics.  In  contrast,  simulated 
groundwater  velocities  and  flow  rates  are  very 
sensitive  to  hydraulic  characteristics.  The  total 
trichloroethylene  mass  within  the  simulated  con- 
taminant plume  is  about  3,000  kg,  or  the  equivalent 
of  about  2,000  liters  of  pure  trichloroethylene. 
About  70%  of  the  solute  mass  is  in  areas  with 


BIOTRANSFORMATION  OF  CHLORINATED 
HYDROCARBONS  AND  ALKYLBENZENES  IN 
AQUIFER  MATERIAL  FROM  THE  PICA- 
TINNY ARSENAL,  NEW  JERSEY. 

Oklahoma   Univ.,    Norman.    Environmental    and 
Ground  Water  Inst. 
B.  H.  Wilson. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p389-394,  1  fig,  2  tab,  12  ref. 

Descriptors:  'New  Jersey,  'Groundwater  pollu- 
tion, 'Chlorinated  hydrocarbons,  'Path  of  pollut- 
ants, 'Fate  of  pollutants,  'Picatinny  Arsenal,  *A1- 
kylbenzenes,  Biotransformation,  Degreasers,  Pe- 
troleum products. 

The  most  common  groundwater  contaminants  at 
Picatinny  Arsenal,  New  Jersey,  are  chlorinated 
solvents  used  as  degreasers  and  the  soluble  con- 
stituents of  petroleum  products.  Of  these,  trichlor- 
oethylene, 1,1,1,-trichloroethane,  tetrachloroethy- 
lene,  benzene,  toluene,  and  the  xylenes  are  most 
commonly  found.  Trichloroethylene  and  1,1,1- 
trichloroethane  are  not  biologically  degraded  in 
oxygenated  groundwater  and  persist  in  those  envi- 
ronments. In  anoxic  subsurface  materials,  they  may 
undergo  a  reductive  dechlorination  (chlorine  is 
replaced  with  a  hydrogen)  to  form  new  com- 
pounds that  are  more  mobile  than  the  parent  com- 
pounds and,  in  the  case  of  vinyl  chloride,  are  more 
carcinogenic.  The  groundwater  from  Picatinny 
Arsenal  in  north-central  New  Jersey  has  been  con- 
taminated by  two  partially  overlapping  plumes 
from  discharged  wastewater  from  a  metal-plating 
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wastewater  treatment  system  and  from  spilled 
diesel  fuel.  Trichloroethylene  is  the  predominant 
contaminant  from  the  wastewater-treatment 
system  with  tetrachloroethylene,  1,1,1-trichlor- 
oethane,  cis-l,2-dichloroethylene,  and  vinyl  chlo- 
ride also  present.  To  confirm  field  evidence  of 
biological  transformation  of  the  chlorinated  sol- 
vents, the  fate  of  trichloroethylene  and  1,1,1-trich- 
loroethane  was  monitored  in  aquifer  material  from 
the  part  of  the  plume  exposed  to  trichloroethylene 
only  and  from  the  part  of  the  plume  exposed  to 
both  trichloroethylene  and  the  diesel  fuel.  Their 
fate  was  observed  both  with  and  without  the  pres- 
ence of  benzene,  toluene,  chlorobenzene,  and  o- 
xylene  to  determine  their  effect  on  reductive  dech- 
lorination. Initial  results  indicate  the  removal  of  a 
maximum  of  65%  trichloroethylene  in  material 
exposed  to  both  trichloroethylene  and  the  diesel 
fuel  in  microcosms  not  containing  the  alkylben- 
zenes.  Substantial  removals  of  the  remaining  com- 
pounds were  also  observed,  with  2%  of  the  origi- 
nal concentration  of  toluene  remaining  at  the  end 
of  4  weeks  of  incubation.  (See  also  W90-05059) 
(Author's  abstract) 
W90-05103 


REGIONAL  APPRAISAL  OF  GROUNDWATER 
QUALITY  IN  FIVE  DIFFERENT  LAND-USE 
AREAS,  LONG  ISLAND,  NEW  YORK. 

Geological  Survey,  Syosset,  NY. 
D.  A.  V.  Echkhardt,  S.  F.  Siwiec,  and  S.  J. 
Cauller. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p397-404,  4  fig. 

Descriptors:  *Water  pollution  sources,  'Ground- 
water chemistry,  *New  York,  *Groundwater  pol- 
lution, Land  use,  Sewers,  Volatile  organic  com- 
pounds, Insecticides,  Model  studies. 

Water-quality  data  from  90  shallow  wells  screened 
in  the  upper  glacial  (water-table)  aquifer  beneath 
five  different  land-use  areas  in  Nassau  and  Suffolk 
Counties,  Long  Island,  were  compared  to  assess 
the  effects  of  human  activities  and  land-use  prac- 
tices on  groundwater  quality.  The  areas,  which 
range  from  22  to  44  sq  mi,  represent  suburban  land 
sewered  more  than  22  years  (long-term  sewered), 
suburban  land  sewered  less  than  8  years  (recently 
sewered),  unsewered  suburban  land,  agricultural 
land,  and  undeveloped  (forested)  land.  All  five 
areas  overlie  the  regional  water-table  divide, 
where  downward-moving  water  recharges  the 
deeper  aquifer  system.  The  most  frequently  detect- 
ed volatile  organic  compounds  were  1,1,1-trichlor- 
oethane,  trichloroethylene,  and  tetrachloroethy- 
lene; these  were  found  primarily  in  samples  from 
the  recently  sewered  and  unsewered  suburban 
areas.  None  were  detected  in  samples  from  the 
long-term  sewered  suburban  area.  Carbamate  in- 
secticide residues,  mainly  aldicarb  metabolites  and 
carbofuran,  were  found  almost  exclusively  in  sam- 
ples from  the  agricultural  area.  Organochlorine 
insecticide  residues,  mainly  dieldnn  and  chlordane, 
were  detected  at  low  concentrations  in  all  five 
areas.  Maximum-likelihood  logistic  regression  anal- 
ysis of  three  predictor  variables-population  densi- 
ty, percentage  of  industrial  and  commercial  land, 
and  percentage  of  residential  land  within  a  1/2 
mile  radius  of  the  90  wells-was  used  to  predict  the 
probability  of  volatile  organic  compound  detection 
in  shallow  groundwater.  Recent  water  quality  data 
from  more  than  300  wells  across  the  two-county 
area  were  used  to  verify  model  results.  (See  also 
W90-05059)  (Author's  abstract) 
W90-05104 


OVERVIEW  OF  THE  RELATIONS  OF  NON- 
POINT-SOURCE  AGRICULTURAL  CHEMI- 
CAL CONTAMINATION  TO  LOCAL  HYDRO- 
GEOLOGIC,  SOIL,  LAND-USE,  AND  HYDRO- 
CHEMICAL  CHARACTERISTICS  OF  THE 
HIGH  PLAINS  AQUIFER  OF  NEBRASKA. 
Geological  Survey,  Lincoln,  NE. 
D.  Druliner. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30.  1988. 


USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p41 1-435,  16  fig,  3  tab,  8  ref. 

Descriptors:  'Groundwater  pollution,  'Ground- 
water chemistry,  'Nebraska,  'Water  pollution 
sources,  'Nonpoint  pollution  sources,  'Nitrates, 
•Atrazine,  Geohydrology,  Land  use,  Statistical 
analysis,  Agricultural  chemicals,  Hydraulic  con- 
ductivity, Water  depth,  Wells. 

Concentrations  of  nitrate  higher  than  the  U.S.  En- 
vironmental Protection  Agency's  10  mg/L  stand- 
ard for  drinking  water  and  detectable  concentra- 
tions of  atrazine  herbicide  have  been  found  in 
groundwater  in  many  areas  of  the  High  Plains 
aquifer  of  Nebraska.  The  concentrations  of  these 
contaminants  depend  on  local  hydrogeologic,  soil, 
land  use,  and  prevailing  hydrochemical  character- 
istics. Scatter  plots  and  statistical  analysis  of  many 
of  these  explanatory  variables  as  functions  of  ni- 
trate and  atrazine  concentrations  in  groundwater 
have  revealed  relations  that  may  be  useful  in  pre- 
dicting areas  susceptible  to  groundwater  contami- 
nation by  agricultural  chemicals.  Multiple  linear- 
regression  techniques  were  used  to  determine  the 
relative  significance  of  22  and  24  explanatory  vari- 
ables to  concentrations  of  nitrate  and  atrazine  in 
groundwater,  respectively.  Specific  conductance, 
average  hydraulic  conductivity  of  the  unsaturated 
zone,  and  the  clay  content  of  the  soil,  together 
accounted  for  the  largest  variations  in  the  nitrate 
concentrations  in  groundwater.  Average  hydraulic 
conductivity  of  the  unsaturated  zone,  specific  con- 
ductance, irrigation-well  density,  herbicide-appli- 
cation data,  average  screened  well  depth,  and 
depth  to  water,  together  accounted  for  the  largest 
variations  in  atrazine  concentration  in  groundwat- 
er. (See  also  W90-05059)  (Author's  abstract) 
W90-05106 


RELATIONS  BETWEEN  LAND  USE  AND 
WATER  QUALITY  IN  THE  HIGH  PLAINS  AQ- 
UIFER OF  SOUTH-CENTRAL  KANSAS. 

Geological  Survey,  Lawrence,  KS. 
J.  O.  Helgesen,  and  A.  T.  Rutledge. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p437-443,  3  fig,  5  ref. 

Descriptors:  'Nonpoint  pollution  sources,  'Land 
use,  'Groundwater  pollution,  'Kansas,  'Range- 
land,  'Agricultural  chemicals,  Atrazine,  Clays, 
Vadose  zone,  Irrigation,  Solute  transport. 

Results  of  sampling  from  the  High  Plains  aquifer  in 
south-central  Kansas  indicate  differences  in 
groundwater  quality  between  rangeland  areas  and 
irrigated  cropland  areas  of  several  square  miles. 
Concentrations  of  several  dissolved  inorganic  con- 
stituents are  higher  beneath  cropland  areas  than 
beneath  rangeland  as  a  result  of  the  application  of 
irrigation  water  and  agricultural  chemicals.  The 
rarity  of  atrazine  herbicide  in  samples  of  ground- 
water may  reflect  degradation  and  (or)  retardation 
of  atrazine  in  the  vadose  zone.  Clay  layers  in  the 
vadose  zone  probably  restrict  downward  move- 
ment of  water  and  chemicals  in  most  of  the  study 
area.  Within  irrigated  cropland  areas,  water  quality 
as  characterized  by  samples  from  irrigation  wells  is 
not  significantly  different  than  water  quality  as 
characterized  by  samples  from  small-yield  wells 
away  from  irrigated  fields,  reflecting  lateral  solute 
transport  within  the  discrete  areas.  (Author's  ab- 
stract) 
W90-05107 


PLANNED  STUDIES  OF  HERBICIDES  IN 
GROUND  AND  SURFACE  WATER  IN  THE 
MID  CONTINENTAL  UNITED  STATES. 

Geological  Survey,  Iowa  City,  IA. 
M.  R.  Burkart,  S.  E.  Ragone,  E.  M.  Thurman,  and 
C.  A.  Perry. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p445-452,  3  fig,  16  ref. 

Descriptors:  'Groundwater  pollution,  'Statistical 
analysis,    'Water   pollution   sources,    'Herbicides, 


•Fate  of  pollutants,  'Path  of  pollutants,  'Atrazine, 
Soil  chemistry,  Decomposition,  Water  quality 
management. 

A  plan  was  developed  to  study  the  effect  of  natural 
and  human  factors  on  the  occurrence  of  herbicides, 
such  as  atrazine,  in  ground  and  surface  waters  in 
the  Midwest.  The  key  question  to  be  answered  is: 
'What  happens  to  an  herbicide  after  its  applica- 
tion.' Procedures  are  provided  that  integrate  infor- 
mation from  a  wide  variety  of  deterministic  and 
statistical  studies  of  atrazine.  These  studies  range  in 
scale  from  laboratory  and  field  plots,  to  regional- 
scale  investigations.  Processes,  such  as  chemical 
decomposition,  are  physical,  chemical,  and  biologi- 
cal actions  that  can  influence  the  transformation, 
transportation,  and  storage  of  atrazine.  Factors, 
such  as  soil  pH,  are  variables  that  can  affect  which 
process  plays  a  dominant  role.  A  research  matrix  is 
developed  that  uses  a  mass-balance  concept  to 
account  for  the  distribution  of  atrazine  in  the  envi- 
ronment and  to  identify  areas  of  needed  research. 
A  geographic  information  system  that  will  permit 
interpretation  of  regional  information  and  evalua- 
tion of  spatial  variability  of  important  natural  and 
human  factors,  such  as  atrazine  application  rates 
and  depth  to  water  was  developed.  The  plan  in- 
cludes use  of  statistical  methods  to  relate  regional 
patterns  of  the  occurrence  of  atrazine  to  a  limited 
number  of  factors.  Full  implementation  of  the  plan 
may  take  5  to  10  years  or  more  depending  on  the 
availability  of  information  and  the  need  for  addi- 
tional studies.  The  plan  involves  an  iterative  proc- 
ess that  uses  information  from  laboratory  and  field 
plot  research  of  natural  processes  to  direct  the 
statistical  analysis  of  the  regional  distribution  of 
factors.  The  results  of  the  statistical  analysis  will  be 
used  to  identify  areas  where  factors  can  be  meas- 
ured in  more  detail  and  verified.  This  planned 
research  will  be  the  scientific  basis  for  water  re- 
sources managers  to  develop  guidelines  for  pro- 
tecting water  quality.  (See  also  W90-05059)  (Au- 
thor's abstract) 
W90-05108 


PRELIMINARY  ASSESSMENT  OF  THE  FATE 
AND  TRANSPORT  OF  SYNTHETIC  ORGANIC 
AGROCHEMICALS  IN  THE  LOWER  MISSIS- 
SIPPI RIVER  AND  ITS  TRIBUTARDZS. 

Geological  Survey,  Denver,  CO. 
W.  E.  Pereira,  C.  E.  Rostad,  and  T.  J.  Leiker. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p453-464,  5  fig,  3  tab,  6  ref. 

Descriptors:  'Path  of  pollutants,  'Fate  of  pollut- 
ants, 'Water  pollution  sources,  'Mississippi  River, 
'Agricultural  chemicals,  'Nonpoint  pollution 
sources,  'Herbicides,  Triazines,  Acylamide,  Deg- 
radation products,  DDT,  Catfish,  Bioaccumula- 
tion. 

The  Mississippi  River  discharges  an  average  of 
18,400  cu  m/sec  of  water  into  the  Gulf  of  Mexico. 
This  large  river  basin  includes  extensive  agricultur- 
al areas.  Millions  of  pounds  of  agrochemicals  are 
applied  annually  in  these  areas.  Therefore,  point- 
source  pollution  of  the  river  by  industrial  chemi- 
cals may  be  a  relatively  minor  environmental  prob- 
lem compared  with  nonpoint-source  pollution  by 
synthetic  organic  agrochemicals  transported  from 
these  agricultural  watersheds.  Studies  being  con- 
ducted by  the  U.  S.  Geological  Survey  at  16 
different  stations  along  the  lower  Mississippi  River 
and  its  tributaries,  representing  a  1,200  mile  reach, 
have  confirmed  that  these  compounds  are  distrib- 
uted in  water,  sediments,  and  lipid  tissue  of  catfish. 
Several  triazine  and  acylamide  herbicides  and  their 
degradation  products  were  identified  in  water  and 
suspended  sediments.  These  compounds  include 
atrazine  and  its  degradation  products.  Preliminary 
studies  have  shown  that  small  quantities  of  these 
compounds  also  are  associated  with  silt  and  clay 
fractions.  Loads  of  several  herbicides  and  their 
degradation  products  in  the  lower  Mississippi 
River  and  its  tributaries  are  reported.  Loads  for 
2,6-dicthylaniline  indicate  that  this  compound 
probably  is  generated  from  a  point  source  near  St. 
Louis.  More  hydrophobic  agrochemicals,  such  as 
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DDT  and  its  degradation  products  DDE  and 
DDD,  and  dieldrin,  chlordane,  hexachloroben- 
zene,  and  dacthal  are  bioconcentrated  in  the  lipid 
tissue  of  catfish.  Presence  of  these  compounds  in 
stream  biota  demonstrates  the  importance  of  these 
organisms  as  sensors  and  concentrators  of  hydro- 
phobic organic  pollutants.  Processes  such  as  sorp- 
tion, biodegradation,  and  bioconcentration  affect 
the  distributions  of  synthetic  organic  agrochemi- 
cals  in  the  Mississippi  River.  (See  also  W90-05059) 
(Author's  abstract) 
W90-05109 

ASSESSMENT  OF  POTENTIAL  FOR  CON- 
TAMINATION OF  THE  UPPER  FLORIDAN 
AQUIFER  FROM  DRAINAGE-WELL  RE- 
CHARGE IN  THE  ORLANDO  AREA,  CEN- 
TRAL FLORIDA. 
Geological  Survey,  Orlando,  FL. 
E.  R.  German. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p465-472,  3  fig,  3  tab,  6  ref. 

Descriptors:  'Water  pollution  sources,  *Urban 
areas,  *Groundwater  pollution,  'Florida,  'Drain- 
age wells,  'Storm  runoff,  Aquifers,  Chemical  anal- 
ysis, Nutrients,  Trace  elements,  Comparison  stud- 
ies, Hydrology,  Geochemistry. 

The  Orlando  area,  Florida,  was  selected  for  study 
of  the  potential  for  contamination  of  groundwater 
from  drainage-well  inflow.  About  400  drainage 
wells  are  used  for  stormwater-runoff  disposal  and 
regulation  of  lake  stage.  The  Upper  Floridan  aqui- 
fer in  the  Orlando  study  area  can  be  viewed  con- 
ceptually as  a  continuously  stirred  tank  reactor  for 
conservative  constituents,  recharged  by  drainage 
from  disposal  of  stormwater  runoff.  According  to 
this  concept,  a  conservative  constituent  injected  at 
constant  concentration  would  presently  (1988)  be 
at  about  70%  of  the  equilibrium  concentration  in 
the  aquifer  of  the  study  area.  This  conservative 
constituent  equilibrium  concentration  is  estimated 
to  be  about  30%  of  the  average  concentration  in 
the  drainage- well  inflow.  A  comparison  of  water 
quality  between  an  undeveloped  control  area  and 
the  Orlando  urban  area  indicated  significantly 
greater  concentrations  of  most  major  constituents 
and  nutrients  in  the  urban  area.  The  greater  con- 
centrations of  ammonia  and  total  organic  carbon  in 
the  urban  area  compared  to  the  control  area  prob- 
ably are  attributable  to  the  drainage-well  inflow. 
The  greater  concentrations  of  the  major  constitu- 
ents in  the  urban  area  compared  to  the  control  area 
probably  are  the  result  of  differences  in  geochemi- 
cal  and  hydrologic  factors.  Frequency  of  detection 
of  trace  elements  and  volatile  organic  compounds 
was  not  statistically  greater  in  the  urban  area  than 
in  the  control  area  at  a  probability  significance 
levels  of  0.05.  (See  also  W90-05059)  (Author's  ab- 
stract) 
W90-05110 


STATISTICAL  COMPARISON  OF  GROUND- 
WATER QUALITY  IN  FOUR  LAND-USE 
AREAS  OF  STRATIFIED-DRIFT  AQUIFERS  IN 
CONNECTICUT. 

Geological  Survey,  Hartford,  CT. 
S.  J.  Grady. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p473^81,  1  fig,  2  tab,  19  ref. 

Descriptors:  'Groundwater  pollution,  'Land  use, 
•Water  pollution  sources,  'Nonpoint  pollution 
source,  'Connecticut,  Statistical  analysis,  Agricul- 
tural chemicals,  Conductivity,  Temperature, 
Chemical  analysis,  Urban  areas. 

Chemical  data  for  water  samples  collected  from  83 
wells  in  undeveloped,  agricultural,  residential,  and 
mixed  industrial  and  commercial  areas  that  overlie 
four  stratified-drift  aquifers  in  Connecticut  were 
statistically  compared  to  determine  if  land  use  af- 
fects groundwater  quality.  Analysis  of  variance  on 
the  ranks  of  constituent  concentrations  and  contin- 


gency-table analysis  of  the  frequency  of  detections 
of  highly  censored  constituents  indicate  that  26 
water  quality  variables  differ  at  the  0.05-signifi- 
cance  level  for  one  or  more  of  the  land  uses.  For 
most  constituents,  concentrations  or  detections  are 
smallest  in  the  undeveloped  areas.  In  agricultural 
areas  fertilizer  and  pesticide  use  significantly  in- 
crease the  specific  conductance  and  the  concentra- 
tion or  detection  frequency  of  calcium,  magnesi- 
um, hardness,  sulfate,  nitrate  plus  nitrite,  ammonia, 
dissolved  solids,  strontium,  boron,  lithium,  methyl- 
ene-blue  active  substance,  1,2-dichloropropane, 
and  atrazine.  A  variety  of  nonpoint  sources  in 
residential  and  (or)  industrial  and  commercial  areas 
contribute  to  significantly  elevated  water  tempera- 
ture plus  higher  concentrations  or  detection  fre- 
quencies of  all  of  the  aforementioned  constituents 
(except  1,2-dichloropropane  and  atrazine),  as  well 
as  sodium,  chloride,  beryllium,  chromium,  iron, 
manganese,  trichloroethylene,  tetrachloroethylene, 
1,1,1-trichloroethane,  chloroform,  and  acid-neutral 
and  base-neutral  extractable  organic  compounds 
compared  to  groundwater  samples  from  undevel- 
oped and  (or)  agricultural  land-use  areas.  (See  also 
W90-05059)  (Author's  abstract) 
W90-05111 

USE  OF  A  SIMPLIFIED  TRANSPORT  MODEL 
FOR  PESTICIDES  IN  THE  UNSATURATED 
ZONE. 

Geological  Survey,  Richmond,  VA. 
A.  T.  Rutledge,  and  J.  O.  Helgesen. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p523-530,  3  fig,  1  tab,  11  ref. 

Descriptors:  'Soil  contamination,  'Soil  water, 
'Path  of  pollutants,  'Unsaturated  flow,  'Ground- 
water pollution,  'Pesticides,  Model  studies,  Perco- 
lation, Organic  carbon,  Water  depth,  Lithologic 
layers. 

A  steady-state  mathematical  model  calculates  pes- 
ticide residence  time  and  fraction  of  pesticide  re- 
maining as  functions  of  depth  in  the  unsaturated 
zone.  The  use  of  the  model  in  an  example  problem 
is  demonstrated,  and  results  of  the  use  of  the  model 
on  a  simplified  hypothetical  situation  are  used  to 
determine  sensitivity  of  groundwater  contamina- 
tion potential  to  selected  variables.  The  model  can 
simulate  the  presence  of  numerous  lithologic  layers 
in  the  unsaturated  zone,  continuous  water-content 
variation  with  depth,  pesticide  retardation,  pesti- 
cide-decay rates  that  differ  between  layers,  and 
root  uptake  of  pesticide.  The  model  output  in- 
cludes time  and  fraction  of  pesticide  remaining  as 
functions  of  depth,  if  the  pesticide  is  introduced  at 
the  land  surface.  If  the  fraction  of  pesticide  remain- 
ing at  the  water  table  represents  contamination 
potential,  then  the  model  indicates  the  variables  to 
which  the  groundwater  contamination  potential  is 
most  sensitive.  For  conditions  that  represent  the 
subhumid  to  semiarid  region  of  the  Midwestern 
United  States,  these  variables  are,  in  order  of  im- 
portance, deep  percolation  rate,  organic  carbon 
content  in  the  bottom  part  of  the  unsaturated  zone, 
half-life  of  pesticides,  and  depth  to  the  water  table. 
(See  also  W90-05059)  (Author's  abstract) 
W90-05116 


creosote,  has  been  studied  under  methanogenic 
conditions.  Microcosms  seeded  with  low-biomass 
methanogenic  aquifer  material  from  an  abandoned 
wood-preserving  site  in  Pensacola,  in  northeastern 
Florida,  were  fed  benzothiophene  at  a  concentra- 
tion of  10  mg/L  as  the  sole  carbon  and  energy 
source  in  an  anaerobic  mineral  medium.  High- 
performance  liquid  chromatography  and  gas  chro- 
matography/mass  spectrometry  were  used  to  sepa- 
rate and  identify  intermediate  compounds  that  ap- 
peared before  the  onset  of  methanogenesis.  The 
first  transformation  step  consisted  of  oxidation  and 
cleavage  of  the  S-heterocyclic  ring.  After  cleavage 
of  this  ring  the  substituent  side  chains  and  the 
remaining  homocyclic  ring  were  subjected  to  vari- 
ous reactions  including  oxidation,  decarboxylation, 
desulfurylation,  and  O-methylation.  These  reac- 
tions were  followed  by  reduction  of  the  homocy- 
clic ring,  cleavage  of  this  ring,  B-oxidation,  and 
mineralization  to  methane,  carbon  dioxide,  and  hy- 
drogen sulfide.  The  major  degradation  pathway 
intersects  segments  of  both  the  benzoic  acid  and 
phenol  anaerobic-degradation  pathways.  A  minor 
pathway  starting  with  the  oxidation  of  the  homo- 
cyclic  ring  with  subsequent  ring  reduction,  ring 
cleavage,  degradation  of  the  remaining  S-hetero- 
cyclic ring,  and  mineralization  was  also  observed. 
(See  also  W90-05059)  (Author's  abstract) 
W90-05120 


BIODEGRADATION  PATHWAYS  FOR  BEN- 
ZOTHIOPHENE IN  METHANOGENIC  MI- 
CROCOSMS. 

Geological  Survey,  Menlo  Park,  CA. 
E.  M.  Godsy,  and  D.  Grbic-Galic. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p559-564,  2  fig,  16  ref. 

Descriptors:  'Biodegradation,  'Microbial  degrada- 
tion, 'Methane  bacteria,  'Fate  of  pollutants,  'Cre- 
osote, Florida,  Benzothiophene,  Chromatography, 
Spectrometry,  Methanogenesis,  Hydrogen  sulfide, 
Carbon  dioxide. 

Microbial  transformation  of  benzothiophene,  the 
major  two-ring  sulfur  heterocyclic  compound  in 


MOVEMENT  OF  INORGANIC  CONTAMI- 
NANTS IN  ACIDIC  WATER  NEAR  GLOBE, 
ARIZONA. 

Geological  Survey,  Tucson,  AZ. 
J.  H.  Eychaner. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p567-575,  5  fig,  1  tab,  11  ref. 

Descriptors:  'Acid  mine  drainage,  'Path  of  pollut- 
ants, 'Mine  drainage,  'Acidic  water,  'Heavy 
metals,  'Arizona,  Aluminum,  Copper,  Iron,  Hy- 
drogen ion  concentration,  Sulfates,  Globe,  Manga- 
nese. 

Acidic  water  has  contaminated  a  groundwater 
flow  path  15  kilometers  long  to  a  depth  of  at  least 
50  m  in  a  copper-mining  district  in  Arizona.  Alu- 
minum, copper,  and  iron  concentrations  exceed 
100  mg/L  at  pH  less  than  5.  The  aquifer  includes  a 
surficial  unconsolidated  alluvium  as  much  as  50  m 
thick  overlying  a  thicker,  carbonate-cemented  allu- 
vial conglomerate.  Movement  of  acidic  water  is 
retarded  by  reaction  with  calcite,  but  low-pH 
water  may  reach  a  perennial  stream  within  6  to  15 
years.  The  stream  is  already  contaminated  with 
about  2,000  mg/L  of  sulfate  and  30  mg/L  of 
manganese  at  a  pH  greater  than  6.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05121 

SIMULATION  OF  GROUND-  AND  SURFACE- 
WATER  FLOW  IN  THE  GLOBE  AREA,  ARIZO- 
NA. 

Geological  Survey,  Tucson,  AZ. 
C.  C.  Neaville. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p577-579,  1  fig,  2  ref. 

Descriptors:  'Acid  mine  drainage,  'Path  of  pollut- 
ants, 'Model  studies,  'Mine  drainage,  'Acidic 
water,  'Arizona,  'Heavy  metals,  Aquifers, 
Groundwater  pollution,  Surface-groundwater  rela- 
tions, Simulation  analysis,  Stream  pollution,  Globe. 

Acidic  water  with  elevated  concentrations  of 
metals  has  contaminated  a  stream  and  alluvial  aqui- 
fer in  a  mining  district  near  Globe,  Arizona.  The 
aquifer  consists  of  a  narrow  layer  of  unconsolidat- 
ed alluvium  along  the  drainage  system  that  overlies 
an  extensive  conglomerate.  The  flow  system  is 
being  simulated  by  a  three-dimensional,  finite-dif- 
ference, groundwater  flow  model  (MODFLOW) 
that  maintains  a  streamflow  water  budget.  Stream- 
aquifer    interactions    will    be    simulated    with    a 
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streamflow-routing  package,  and  results  of  the  sim- 
ulations are  to  be  used  to  evaluate  rates  of  move- 
ments of  the  contaminants  in  subsequent  modeling. 
(See  also  W90-05059)  (Author's  abstract) 
W90-05122 


MANGANESE  IN  CHANNEL  SEDIMENTS  OF 
PINAL  CREEK,  ARIZONA. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Geography. 
J.  K.  Haschenburger. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p593-597,  2  fig,  1  tab,  6  ref. 

Descriptors:  *Acid  mine  drainage,  'Path  of  pollut- 
ants, 'Water  pollution  sources,  *Mine  drainage, 
'Manganese,  •Arizona,  Globe,  Manganese  oxide, 
Precipitates,  Sediment  transport,  Groundwater 
movement,  Stream  pollution. 

Elevated  concentrations  of  dissolved  manganese  in 
the  lower  perennial  reach  of  Pinal  Creek  are  linked 
to  groundwater  transport  from  the  Globe-Miami 
mining  district,  Arizona.  This  study  investigates 
the  manganese  that  has  precipitated  onto  stream 
sediments  as  oxides.  Representative  channel  meas- 
urements and  sediment  samples  were  collected 
within  200-meter-long  sampling  segments  in  five 
geomorphically  distinct  subreaches.  Samples  were 
collected  from  the  perennial-flow  channel  and 
from  that  part  of  the  flood  plain  that  is  sufficiently 
inundated  for  manganese-oxide  deposition.  Sam- 
pling was  designed  in  anticipation  of  finding  higher 
manganese  concentration  in  areas  of  fine-grained 
sediments  than  in  areas  of  coarser  sediments.  Man- 
ganese mass  in  sediments  within  60  mmof  the  sur- 
face of  the  12.9-km  length  of  channel  that  contains 
perennial  flow  is  estimated  to  be  a  minimum  of  37 
megagrams.  This  estimate  is  the  sum  by  subreaches 
of  volumetric  channel  dimensions,  sediment  bulk 
density,  and  sample  manganese  concentration  in 
excess  of  background  concentration.  A  zone  of 
increased  manganese  concentration  in  channel 
margins  immediately  adjacent  to  the  flowing 
stream  is  estimated  to  contain  an  additional  10 
megagrams.  The  mass  of  manganese  in  stream  sedi- 
ments has  been  increased  by  135%  because  of 
upstream  mining  activity.  Some  manganese  oxides 
have  been  removed  from  temporary  storage  by 
sediment-transport  processes.  (See  also  W90- 
05059)  (Author's  abstract) 
W90-05124 


RESEARCH  ACTIVITIES  RELATED  TO 
ACIDIC  WATER  NEAR  GLOBE,  ARIZONA. 

Geological  Survey,  Tucson,  AZ. 
J.  H.  Eychaner. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p599-601,  3  ref. 

Descriptors:  'Mine  drainage,  *Acidic  water, 
•Copper,  'Heavy  metals,  *Acid  mint  drainage, 
•Arizona,  *Path  of  pollutants,  Sampling,  Globe, 
Hydrogen  ion  concentration.  Microbial  degrada- 
tion, Precipitates,  Groundwater  pollution,  Stream 
pollution. 

In  an  area  contaminated  by  acidic  water  related  to 
copper  mining,  many  geochemical  reactions  in- 
volving metals  may  be  studied  in  ground  and  sur- 
face water.  Drilling  is  planned  near  Globe,  Arizo- 
na, to  determine  whether  predicted  secondary  min- 
erals form  in  a  complex  field  environment  as  pH 
rises  from  less  than  5  to  more  than  6  and  metal 
concentrations  decrease  from  mg/L  to  micro- 
grams/L.  Solid-solution  minerals  or  co-precipitates 
may  be  formed,  and  bacteria  may  mediate  the 
process.  Recent  elimination  of  a  major  contaminant 
source  may  establish  a  second  transition  zone  and 
allow  further  evaluation  of  geochemical  models. 
Sampling  methods  for  metallic  colloids  in  ground- 
water are  to  be  tested,  and  reconnaissance  sam- 
pling is  planned  for  tritium,  organic  compounds, 
and  alpha  radiation.  Within  a  12-km  reach  of  a 
perennial  stream,  changes  in  concentration  of  sev- 
eral elements  by  as  much  as  50%  could  be  studied 


without  mixing  with  uncontaminated  streamflow. 
Breakthrough  of  several  metals  to  the  stream  is 
expected   within   about  6  years.   (See  also  W90- 
05059)  (Author's  abstract) 
W90-05125 


ASSESSMENT  OF  POTENTIAL  TOXIC  PROB- 
LEMS IN  NON-URBAN  AREAS  OF  PUGFT 
SOUND. 

Tetra  Tech,  Inc.,  Bellevue,  WA. 

For  primary  bibliographic  entry  see  Field  5C. 
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EFFECTS  OF  FLY  ASH  AND  FLUE-GAS  DE- 
SULFURIZATION  WASTES  ON  GROUND- 
WATER QUALITY  IN  A  RECLAIMED  LIG- 
NITE STRIP  MINE  DISPOSAL  SITE. 

North  Dakota  Mining  and  Mineral  Resources  Re- 
search Inst.,  Grand  Forks. 
F.  W.  Beaver,  G.  H.  Groenewold,  O.  E.  Manz, 
and  D.  J.  Hassett. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE88-001048. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
Report  No.  DOE/FC/10120-2550,  Vol.  1,  August 
1987.  273p,  256  fig,  30  ref.  DOE  Contract  No. 
AK18-80FC10120. 

Descriptors:  *Path  of  pollutants,  •Leaching, 
•Chemical  wastes,  *Land  reclamation,  'Strip 
mines,  *Waste  disposal,  'Landfills,  'Water  pollu- 
tion effects,  'Fly  ash,  'Groundwater  quality,  *De- 
sulfurization,  Arsenic,  Selenium,  Molybdenum, 
Lead,  Barium,  Chromium,  Mercury,  Geohydro- 
logy,  Sulfates,  Hydrogen  ion  concentration,  Fate 
of  pollutants. 

Coal  conversion  wastes  were  generated  at  a  lig- 
nite-fired, steam-electric  power  station  near 
Center,  North  Dakota,  and  were  buried  in  unsatu- 
rated and  saturated  settings  within  the  nearby  strip 
mine,  typical  of  settings  used  by  the  industry.  The 
field  study  of  the  effects  of  fly  ash  and  flue  gas 
desulfurization  (FGD)  wastes  on  groundwater 
quality  in  a  reclaimed  lignite  strip  mine  disposal 
site  ran  for  eight  years  beginning  in  1978.  More 
than  15,000  water  level  recordings  allowed  precise 
definition  of  groundwater  flow  and  occurrence  at 
the  study  site.  The  base  of  the  spoils  commonly 
constitutes  the  major  aquifer  in  the  disturbed  por- 
tion of  the  post-reclamation  setting.  More  than 
12,000  chemical  analyses  for  major  cations  and 
anions,  As,  Se,  Mo,  Ba,  PB,  Cr,  Hg,  and  other 
constituents  were  performed  on  groundwater  sam- 
ples from  selected  settings  and  strata  during  this 
study.  The  hydrogeochemical  data  indicate  that 
both  the  fly  ash  and  the  FGD  waste  initially  gener- 
ate highly  mineralized  leachates  from  entrained 
water.  Leachates  are  characterized  by  relatively 
high  Na,  Mo,  Se,  As,  and  S04  concentrations.  Fly 
ash  generates  an  initially  high  pH  leachate.  FGD 
wastes  produce  normal  (6-9)  pH  values.  Leachate 
pH  is  quickly  buffered  to  the  6-9  range  within  the 
sediments.  As  and  Se  are  simultaneously  attenuated 
to  acceptable  levels.  Iron  hydroxide  coatings  on 
the  sediments  resulting  from  previous  alternate 
wetting  and  drying  cycles  may  provide  a  mecha- 
nism for  alkaline  pH  buffering  with  concurrent  As 
and  Se  adsorption.  Lead,  Cd,  and  Ba  are  main- 
tained at  low  levels  by  sulfate  and  carbonate  pre- 
cipitation reactions.  Molybdenum  remains  mobile 
in  this  hydrogeochemical  setting.  A  disposal  site, 
well  above  the  reestablished  groundwater  table, 
protected  from  recharge,  is  considered  the  best 
setting  for  disposal  of  these  wastes  because  very 
little  leachate  forms.  (See  also  W89-08526)  (Au- 
thor's abstract) 
W90-05131 


EVALUATION  OF  THE  AQUATIC  TOXICITY 
AND  FATE  OF  BRASS  DUST  USING  THE 
STANDARD  AQUATIC  MICROCOSM. 

Chemical  Research,  Development  and  Engineer- 
ing Center,  Aberdeen  Proving  Ground,  MD. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-05143 


CHARACTERIZATION  OF  SPATIAL  AND 
TEMPORAL  TRENDS  IN  WATER  QUALITY 
IN  PUGET  SOUND. 


Tetra  Tech,  Inc.,  Bellevue,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89- 134290. 
Price  codes:  A 18  in  paper  copy,  A01  in  microfiche. 
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A  study  was  conducted  to  assess  whether  water 
quality  in  Puget  Sound  has  changed  over  time.  The 
major  focus  was  nutrient  enrichment  and  the  en- 
hancement of  algal  blooms.  The  physical  variables 
investigated  were  salinity  and  water  temperature. 
The  chemical  variables  investigated  were  concen- 
trations of  dissolved  oxygen,  inorganic  nitrate,  and 
orthophosphate.  Temporal  trends  in  water  quality 
were  analyzed  at  13  study  areas  around  Puget 
Sound.  Study  areas  were  located  in  northern  Puget 
Sound  (one),  central  Puget  Sound  (four),  southern 
Puget  Sound  (five),  and  Hood  Canal  (three).  Salin- 
ity values  decreased  and  water  temperature  values 
increased  in  most  areas.  Water  temperature  values 
increased  in  7  of  the  13  study  areas  and  decreased 
in  only  2  of  the  13  study  areas.  Water  temperatures 
appear  to  be  influenced  by  climate.  At  the  study 
sites  where  increases  in  water  temperatures  were 
detected,  data  collection  began  during  the  cool 
periods  of  the  early  1930s  and  the  early  1950s. 
Dissolved  oxygen  (DO)  concentrations  increased 
in  7  of  the  13  study  areas,  all  of  which  are  located 
in  the  southern  sound  or  Hood  Canal.  The  sites  in 
the  southern  sound  were  influenced  by  unusually 
high  DO  concentrations  in  1986,  the  last  year 
included  in  the  study.  Although  the  cause  of  these 
high  DO  concentrations  could  not  be  determined, 
they  may  have  occurred  during  intense  algal 
blooms.  Few  credible  trends  in  the  values  of  the 
standard  phytoplankton  indicators  were  detected 
in  most  of  the  study  areas.  Phytoplankton  concen- 
trations appear  to  have  increased  in  the  Carr  Inlet 
study  area.  A  statistical  decrease  in  phytoplankton 
concentrations  was  detected  at  the  Point  Jefferson 
study  area,  while  a  statistical  increase  in  phyto- 
plankton concentrations  was  detected  at  the  Nis- 
qually  Reach  study  area.  However,  both  of  these 
changes  appear  to  have  been  caused  by  erratic 
fluctuations,  rather  than  by  systematic  trends.  Con- 
centrations of  sulfite  waste  liquor  declined  in  all 
four  study  areas  near  pulp  mills.  A  decline  in  fecal 
coliform  bacteria  concentrations  was  detected  at 
the  Nisqually  Ranch  study  area.  (Lantz-PTT) 
W90-05162 


ABSTRACTS  OF  PUBLICATIONS  AND  PRES- 
ENTATIONS: 1985-1986. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Acid  Deposition,  Environmental 
Monitoring,  and  Quality  Assurance. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-102545. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/9-88/018,  September  1988. 
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Descriptors:  'Bibliographies,  'Acid  rain  effects, 
'Acid  rain,  'Abstracts,  Information  exchange, 
Publications,  Monitoring,  Fate  of  pollutants,  Water 
pollution  control. 

In  1980,  the  U.S.  Environmental  Protection 
Agency  (EPA)  implemented  the  Aquatic  Effects 
Research  Program  (AERP)  as  part  of  the  National 
Acid  Precipitation  Assessment  Program.  The 
AERP,  a  part  of  EPA's  Office  of  Research  and 
Development,  is  administered  by  the  Acid  Deposi- 
tion and  Research  Division  in  the  Office  of  Acid 
Deposition,  Environmental  Monitoring,  and  Qual- 
ity Assurance.  Six  EPA  Laboratories  cooperate  in 
AERP  research:  the  Environmental  Research  Lab- 
oratories in  Corvallis,  Oregon,  and  Duluth,  Minne- 
sota; the  Environmental  Monitoring  Systems  Lab- 
oratories in  Las  Vegas,  Nevada,  Cincinnati,  Ohio, 
and  Research  Triangle  Park,  NC;  and  the  Atmos- 
pheric Sciences  Research  Laboratory  in  Research 
Triangle  Park,  NC.  The  bibliography  contains  in- 
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formation  on  publications  and  presentations  au- 
thored or  coauthored  by  AERP-EPA  and  contrac- 
tor personnel  in  1985  and  1986.  Major  activities 
during  this  time  included  field  surveys  in  the  Na- 
tional Surface  Water  Survey  and  the  Direct/De- 
layed Response  Project,  pilot  studies  in  the  Epi- 
sodic Response  Project,  and  initiation  of  the  Wa- 
tershed Processes  and  Manipulation  Project  at 
Little  Rock  Lake,  WI.  Planning  and  design  efforts 
were  also  underway  for  other  component  projects, 
including  the  Watershed  Manipulation  Project,  Re- 
gional Case  Studies,  and  a  long-term  monitoring 
effort.  (Author's  abstract) 
W90-05165 

PROCEEDINGS  OF  THE  ENGINEERING 
FOUNDATION  CONFERENCE:  GROUND- 
WATER CONTAMINATION. 

For  primary  bibliographic  entry  see  Field  50. 
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NATIONAL  ASSESSMENT  OF  THE  STATE  OF 
GROUNDWATER  CONTAMINATION-AN 

OVERVIEW. 

California  Univ.,  Davis.  Dept.  of  Agricultural  Ec- 
onomics. 
J.  H.  Snyder. 

IN:  Proceedings  of  the  Engineenng  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  U-16,  1984.  Engineenng 
Foundation,  New  York.  1986.  p  7-12. 

Descriptors:  'Hydrologic  data  collections, 
•Groundwater  pollution,  'Groundwater  quality, 
•Water  quality  control,  'Water  pollution  sources, 
Public  health,  Databases,  Economic  aspects,  Water 
pollution  control,  Trichloroethylene,  Industrial 
wastes,  Water  quality  standards. 


A  number  of  studies  at  the  national,  regional,  and 
state  levels  have  focused  on  cataloging  the  state  of 
current  knowledge  on  groundwater  contamination. 
In   all   instances,   these   studies   indicate   that,   at 
present,  we  have  only  scratched  the  surface  in 
identifying  the  full  extent  of  the  contamination 
problem.  The  main  reason  for  this  observation  is 
that  most  of  the  studies  have  been  in  response  to  a 
specific  identified  crisis  or  that  the  level  of  preci- 
sion for  the  larger  area  studies  has  been  minimal.  It 
appears  that  the  majority  of  available  information 
focusing  on  groundwater  contamination  is  scat- 
tered, poorly  organized,  and  lacks  comparability 
and  it  is  thus  considered  to  be  anecdotal.  However, 
from  what  information  there  is,  some  worthwhile 
generalizations    are    possible.    Trichloroethylene 
(TCE)  was  uniformly  reported  as  the  single  most 
widely  dispersed  synthetic  organic  chemical  con- 
taminant. The  ranking  of  the  sources  of  ground- 
water contamination  were  reported  to  be:  (1)  in- 
dustrial   and   manufacturing    activity,    (2)   under- 
ground storage  tanks,  (3)  underground  pipelines, 
(4)  surface  impoundments,  (5)  landfills  and  dumps, 
(6)  septic  systems,  (7)  drainage  and  injection  wells, 
(8)  agriculture,  (9)  households,  (10)  'midnight'  (ille- 
gal) dumping,  and  (11)  transportation  spills.  A  very 
important  first  move  for  expanding  the  groundwat- 
er contamination  database  is  to  develop  consisten- 
cy and  uniformity  in  the  approach,  measurement, 
and    maintenance    of    database    information    on 
groundwater   contamination.   The   major   impedi- 
ment to  the  development  of  an  optimal  groundwat- 
er contamination   database   is   cost.    Perhaps   the 
greatest  challenge  to  expanding  the  informational 
database  lies  in  projecting  future  contamination 
and  contaminants.  Many  specific  substances  dis- 
posed of  during  the   1950s  and   1960s  were  not 
identified  as  potentially  damaging  substances  until 
the  1980s.  The  identified  lack  of  controls  on  dis- 
posal of  substances  was  not  perceived   to  be  a 
problem  until  after  the  facts  of  damage  began  to 
accumulate.  Health  standards  for  contaminant  sub- 
stances are  neither  uniform  nor  widespread.  The 
usual  practice  has  been  to  adopt,  rather  arbitrarily, 
minimum  levels  that  are  somewhere  near  the  cut- 
ting edge  of  our  technical  ability  to  detect.  This 
practice  seldom  bears  any  realistic  relationship  to 
identified  damage-causing  levels.  (See  also  W90- 
05169)  (Lantz-PTT) 
W90-05170 


MODELING  CONTAMINANT  TRANSPORT  IN 
GROUNDWATER:  APPROACHES,  CURRENT 
STATUS,  AND  NEEDS  FOR  FURTHER  RE- 
SEARCH AND  DEVELOPMENT. 

Butler  Univ.,  Indianapolis,  IN.  Holcomb  Research 
Inst. 

P.  K.  M.  Van  der  Heijde. 

IN:  Proceedings  of  the  Engineering  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  11-16,  1984.  Engineering 
Foundation,  New  York.  1986.  p  149-170,  7  tab,  14 
ref. 

Descriptors:  'Research  priorities,  *Path  of  pollut- 
ants, 'Groundwater  pollution,  'Model  studies, 
•Solute  transport,  Groundwater  movement,  Water 
resources  management,  Flow  pattern,  Water  chem- 
istry. 

Models  are  useful  instruments  in  understanding  the 
mechanisms  of  groundwater  systems  and  the  proc- 
esses which  influence  their  composition.  Through 
their    predictive    capabilities,    models    provide    a 
means  to  analyze  the  consequences  of  human  inter- 
vention   in    groundwater    systems.    In    managing 
water  resources  to  meet  long-term  human  and  en- 
vironmental needs,  models  are  necessary  tools.  The 
application   of  models  to  groundwater  pollution 
problems  requires  description  of  the  systems  initial 
conditions,  characterization  of  its  hydrogeology, 
definition  of  the  relevant  processes,  and  determina- 
tion of  the  stresses  on  the  system.   In  addition, 
management  strategies  need  to  be  translated  into 
modeling  objectives  and  modeling  scenarios.  The 
objectives  of  this  paper  are  to  provide  descriptions 
of  (1)  the  role  of  modeling  in  groundwater  quality 
management,  and  (2)  the  current  status  of  ground- 
water pollution  modeling.  This  paper  introduces 
various  forms  of  directly  and  indirectly  induced 
alterations  in  groundwater  quality  and  reviews  the 
relevant  hydrodynamic  transport  processes  along 
with  the  chemical  and  biological  transformations 
active  in  groundwater,  and  their  representation  by 
models.  Three  types  of  models  are  frequently  used 
in  groundwater  quality  studies:  flow  models  for  the 
analysis  of  flow  patterns  and  for  the  determination 
of  streamlines,  particle  pathways,  velocities,  and 
traveltimes;  solute  transport  models  for  the  predic- 
tion of  movement,  concentrations,  and  mass  bal- 
ances of  soluble  constituents  and  for  the  calcula- 
tion   of   radiological    doses;    and    hydrochemical 
models,  either  equilibrium  or  kinetic,  for  the  calcu- 
lation of  chemical  constituent  concentrations.  The 
paper  also  addresses  the  need  for  modeling  the 
potential  impacts  of  proposed  policies  and  options 
for  corrective  action.  (See  also  W90-05169)  (Lantz- 
PTT) 
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MOBILITY  OF  COLLOIDAL  PARTICLES  IN 
THE  SUBSURFACE:  CHEMISTRY  AND  HY- 
DROLOGY OF  COLLOID-AQUIFER  INTER- 
ACTIONS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

J.  F.  McCarthy.  ,„„„ 

Report  No.  DOE/ER-0425,  October  4-6,  1988. 
lllp,  1  fig,  3  tab,  94  ref. 
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A  meeting  was  held  on  October  4-6,  1989,  in 
Manteo,  North  Carolina,  to  examine  the  chemical 
and  hydrologic  factors  controlling  the  transport 
and  deposition  of  organic  and  inorganic  colloidal 
particles  in  subsurface  environments.  Sessions  dealt 
with  technical  difficulties  in  sampling  and  charac- 
terizing colloidal  particles  in  groundwater,  and 
with  observations  of  colloid  movement  in  laborato- 
ry and  field  systems,  with  an  emphasis  on  the 
chemical  and  hydrological  factors  controlling 
transport.  Discussion  sessions  attempted  to  summa- 
rize the  consensus  of  the  group  on  two  important 
issues:  (1)  identifying  natural  conditions  that  pro- 
mote either  the  transport  or  the  deposition  of  col- 
loids, with  the  intent  of  focusing  attention  on  those 


subsurface  environments  with  the  greatest  proba- 
bility for  the  occurrence  of  mobile  colloids,  and  (2) 
exploring  strategies  to  manipulate  colloid  mobiliza- 
tion and  deposition  within  subsurface  systems  to 
aid  in  remediation  or  mitigation  of  contamination 
at  hazardous  waste  sites.  Participants  includes 
senior  researchers  from  government  research  fa- 
cilities and  academic  institutions  in  the  United 
States,  Canada,  Germany,  Switzerland,  Sweden, 
and  the  United  Kingdom.  The  primary  problem  in 
evaluating  the  significance  of  colloidal  particles  on 
contaminant  transport  centers  on  uncertainties  in 
methods  for  sampling  and  characterizing  ground- 
water colloids.  While  a  number  of  valuable  and 
innovative  techniques  were  described,  including  a 
recent  interlaboratory  comparison  of  sampling  and 
characterization  methods,  there  still  is  no  consen- 
sus on  how  well  these  methods  reflect  the  true 
status  of  mobile  colloidal  particles  that  exist  within 
natural  groundwater  systems.  Several  field  studies 
provided  strong  evidence  that  colloidal  particles 
do  exist  and  are  capable  of  transporting  contami- 
nants. Particularly  strong  evidence  of  colloid  mo- 
bility is  available  for  transport  of  biocolloids  such 
as  bacteria  and  viruses.  (Lantz-PTT) 
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CHEMICAL,  GEOLOGIC,  AND  HYDROLOGIC 
DATA  FROM  THE  STUDY  OF  ACIDIC  CON- 
TAMINATION IN  THE  MIAMI  WASH-PINAL 
CREEK    AREA,    ARIZONA,    WATER    YEARS 

1984-87. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

J.  H.  Eychaner,  M.  R.  Rehmann,  and  J.  G.  Brown. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-410,  1989.  105p,  2  fig,  2  tab, 
19  ref.  Project  AZ082. 
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Occurrence  and  movement  of  acidic  contamination 
in  the  aquifer  and  streams  of  the  Pinal  Creek  basin 
near  Globe,  Arizona,  is  the  focus  of  an  ongoing 
study  by  the  U.S.  Geological  Survey.  Groundwat- 
er data  from  that  study  for  water  years  1984  to 
1987  include  location,  construction  information, 
and  site  plans  for  six  groups  of  monitoring  wells, 
mineralogic  and  particle-size  analyses  of  drill  cut- 
tings, water  level  measurements,  and  chemical 
analyses  of  water  samples  from  39  wells.  Surface 
water  data  for  13  sites  in  this  study  include  dis- 
charge measurements  and  chemical  analysis  of 
water  and  streambed  sediment  samples.  Monthly 
discharge  data  are  presented  for  one  site.  Monthly 
precipitation  amounts  and  statistics  of  long-term 
precipitation  are  presented  for  two  sites.  (USGS) 
W90-05187 

GEOHYDROLOGY  OF  THE  FOOTHILL 
GROUND-WATER  BASIN  NEAR  SANTA  BAR- 
BARA, CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
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EVALUATION  AND  MODELING  OF  VOLA- 
TILE ORGANIC  VAPOR  TRANSPORT  IN  THE 
UNSATURATED  ZONE  FOR  GROUNDWATER 
QUALITY  PROTECTIONS. 

Utah  Water  Research  Lab.,  Logan. 
R.  R.  Dupont,  W.  J.  Doucette,  R.  Gan,  and  J.  D. 
Doherty. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-1 19736/ 
AS,  price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiches. Final  Report,  October  1989.  312p,  82  fig,  49 
tab,  100  ref,  15  append.  USGS  Contract  14-08- 
O001-G1279. 
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Descriptors:  'Model  studies,  'Computer  models, 
•Fate  of  pollutants,  'Groundwater  quality,  'Water 
quality  control,  'Volatile  organic  compounds, 
♦Vapor   transport,   Hazardous   wastes,   Transport 
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modeling,  Organic  compounds,  Toxic  substances, 
Underground  storage,  Storage  tanks,  Path  of  pol- 
lutants, Distribution  coefficients. 

The  effects  of  hydraulics  and  temperature  gradi- 
ents on  the  emissions  of  hazardous  organic  vapors 
from  soil  systems  were  evaluated  under  a  variety 
of  initial  and  boundary  conditions.  To  provide 
necessary  environmental  fate  input  data  for  trans- 
port modeling,  laboratory  investigations  were  un- 
dertaken to  evaluate  the  effects  of  temperature  on 
soil  liquid  transport  coefficients  and  multiphase  soil 
distribution  constants.  Distribution  coefficient  de- 
terminations were  evaluated  using  multiphase 
versus  two-phase,  and  single  component  versus 
multicomponent  systems,  and  the  feasibility  and 
accuracy  of  computational  methods  for  estimating 
multiphase/multicomponent  distribution  coeffi- 
cients was  investigated.  A  computer  model  was 
developed,  which  accounts  for  the  effects  of  hy- 
draulic and  temperature  gradients  on  volatile 
solute  movement  in  soil  systems,  and  laboratory 
column  studies  were  used  for  model  calibration 
and  verification.  As  temperature  increased,  the 
mass  of  VOCs  in  the  air  and  water  phases  in- 
creased, while  the  amount  in  the  soil  phase  de- 
creased. Temperature  had  a  negligible  effect  on  oil 
phase  VOC  concentrations  over  the  temperature 
range  from  4  to  35C.  The  van't  Hoff  equation  was 
not  valid  for  all  coefficients  of  interest  in  the  study. 
Soil/water,  air/soil  and  air/oil  partition  coefficents 
were  highly  correlated  with  both  Molecular  Con- 
nectivity Indexes  (MCI)  and  Total  Molecular  Sur- 
face Area  (TSA),  and  regression  models  were  de- 
veloped to  estimate  these  partition  coefficients 
from  compound  topological  parameters.  The  satu- 
rated conductivity  of  the  test  soils  varied  with  the 
bulk  density  and  soil  temperature.  This  soil  temper- 
ature effect  on  saturated  conductivity  could  not  be 
explained  solely  by  the  change  in  viscosity  of  the 
wetting  fluid  with  temperature.  The  saturated  con- 
ductivity determined  in  a  static  temperature  envi- 
ronment was  statistically  different  from  that  meas- 
ured using  a  dynamic  temperature  environment. 
(Dupont-Ut.  St.  V.,  UWRL) 
W9O-05200 


PREDICTION  OF  GROUNDWATER  FLOW 
AND  MASS  TRANSPORT  USING  LINEAR 
AND  NONLINEAR  ESTIMATION  METHODS. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-05201 


TRENDS  IN  SELECTED  WATER-QUALITY 
VARIABLES,  FLATHEAD  RIVER  AT  FLAT- 
HEAD, BRrriSH  COLUMBIA,  AND  AT  CO- 
LUMBIA FALLS,  MONTANA,  WATER  YEARS 
1975-86. 

Geological  Survey,  Billings,  MT.  Water  Resources 
Div. 

L.  E.  Cary. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4054, 
August,  1989.  34p,  1  fig,  5  tab,  11  ref. 

Descriptors:  *Water  quality,  'Surface  water, 
•Flathead  River,  'Montana,  *Water  resources 
data,  'British  Columbia,  Hydrologic  data,  Data 
collections,  Statistical  analysis. 

Data  for  selected  water  quality  variables  were 
evaluated  for  trends  at  two  sampling  stations- 
Flathead  River  at  Flathead,  British  Columbia 
(Flathead  station)  and  Flathead  River  at  Columbia 
Falls,  Montana  (Columbia  Falls  station).  The  re- 
sults were  compared  between  stations.  The  analy- 
ses included  data  from  water  years  1975-86  at  the 
Flathead  station  and  water  years  1979-86  at  the 
Columbia  Falls  station.  The  seasonal  Kendall  test 
was  applied  to  adjusted  concentrations  for  varia- 
bles related  to  discharge  and  to  unadjusted  concen- 
trations for  the  remaining  variables.  Slope  esti- 
mates were  made  for  variables  with  significant 
trends  unless  data  were  reported  as  less  than  the 
detection  limit.  At  the  Flathead  station,  concentra- 
tions of  dissolved  solids,  calcium,  magnesium, 
sodium,  dissolved  nitrite  plus  nitrate  nitrogen,  am- 
monia nitrogen  (total  and  dissolved),  total  organic 
nitrogen,  and  total   phosphorus  increased  during 


the  study  period.  Concentrations  of  total  nitrite 
plus  nitrate  nitrogen  and  dissolved  iron  decreased 
during  the  same  period.  At  the  Columbia  Falls 
station,  concentrations  increased  for  calcium  and 
magnesium  and  decreased  for  sulfate  and  dissolved 
phosphorus.  No  trends  were  detected  for  10  other 
variables  tested  at  each  station.  Data  for  the  Flat- 
head station  were  reanalyzed  for  water  years  1979- 
86.  Trends  in  the  data  increased  for  magnesium 
and  dissolved  nitrite  plus  nitrate  nitrogen  and  de- 
creased for  dissolved  iron.  Magnesium  was  the 
only  variable  that  displayed  a  trend  (increasing)  at 
both  stations.  The  increasing  trends  that  were  de- 
tected probably  will  not  adversely  affect  the  water 
quality  of  the  Flathead  River  in  the  near  future. 
(USGS) 
W90-05206 


GROUND-WATER  AND  SURFACE-WATER 
DATA  FOR  WASHINGTON  COUNTY,  MARY- 
LAND. 

Maryland  Geological  Survey,  Baltimore. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-05207 


APPRAISAL  OF  GROUND-WATER  QUALITY 
IN  THE  BUNKER  HILL  BASIN  OF  SAN  BER- 
NARDINO VALLEY,  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-05211 


WATER   QUALITY   OF   LAKE   AUSTIN   AND 
TOWN  LAKE,  AUSTIN,  TEXAS. 

Geological  Survey,  Austin,  TX.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05212 


ASSESSMENT  OF  PROCESSES  AFFECTING 
LOW-FLOW  WATER  QUALITY  OF  CEDAR 
CREEK,  WEST-CENTRAL  ILLINOIS. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div. 

A.  R.  Schmidt,  W.  O.  Freeman,  and  R.  D. 
McFarlane. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4141, 
Jan.  1989.  79p,  24  fig,  15  tab,  15  ref. 

Descriptors:  *Water  quality,  'Dissolved  oxygen, 
•Low  flow,  *Urban  runoff,  Waste  assimilative  ca- 
pacity, Computer  models,  Illinois,  Cedar  Creek, 
Water  pollution  sources,  Water  pollution  effects. 

Water  quality  and  the  processes  that  affect  dis- 
solved oxygen,  nutrient  (nitrogen  and  phosphorus 
species),  and  algal  concentrations  were  evaluated 
for  a  23.8-mile  reach  of  Cedar  Creek  near  Gales- 
burg,  west-central  Illinois,  during  periods  of  warm- 
weather,  low-flow  conditions.  Water  quality  sam- 
ples were  collected  and  stream  conditions  were 
measured  over  a  diel  (24  hour)  period  on  three 
occasions  during  July  and  August  1985.  Analysis 
of  data  from  the  diel-sampling  periods  indicates 
that  concentrations  of  iron,  copper,  manganese, 
phenols,  and  total  dissolved-solids  exceeded  Illi- 
nois' general-use  water  quality  standards  in  some 
locations.  Dissolved-oxygen  concentrations  were 
less  than  the  State  minimum  standard  throughout 
much  of  the  study  reach.  These  data  were  used  to 
calibrate  and  verify  a  one-dimensional,  steady- 
state,  water  quality  model.  The  computer  model 
was  used  to  assess  the  relative  effects  on  low-flow 
water  quality  of  processes  such  as  algal  photosyn- 
thesis and  respiration,  ammonia  oxidation,  bio- 
chemical oxygen  demand,  sediment  oxygen 
demand,  and  stream  reaeration.  Results  from 
model  simulations  and  sensitivity  analysis  indicate 
that  sediment  oxygen  demand  is  the  principal  cause 
of  low  dissolved-oxygen  concentrations  in  the 
creek.  (USGS) 
W90-05223 


MOVEMENT  OF  PESTICIDES  AND   NUTRI- 
ENTS INTO  TILE  DRAINAGE  WATER. 


Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Agronomy. 
G.  E.  VanScoyoc,  and  E.  J.  Kladivko. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-129149/ 
AS.  Price  codes:  A05  in  paper  copy,  A01  in  micro- 
fiche. Final  Completion  Report,  (1989).  89p,  1  fig, 
17  tab,  26  ref,  3  append.  USGS  Contract  14-08- 
0001-G1127. 

Descriptors:  •Path  of  pollutants,  'Subsurface 
drainage,  *Pesticides,  'Nutrients,  Water  pollution 
sources,  Nitrogen,  Leaching,  Fertilizers,  Herbi- 
cides, Insecticides,  Contaminant  transport,  Adsorp- 
tion, Drainage,  Soil  physics,  Soil  chemistry,  Satu- 
rated flow,  Unsaturated  flow,  Solute  transport, 
Surface-groundwater  relations,  Ohio  River  Basin, 
Indiana,  Jennings  County,  Agriculture,  Water 
quality. 

The  objectives  of  this  study  were  to  determine 
field-scale  pesticide  and  nutrient  losses  to  tile 
drains  over  a  3-year  period  on  a  low  organic 
matter,  poorly  structured  silt  loam  soil  (Fine-silty, 
mixed,  mesic,  Typic  Ochraqualf)  under  typical  ag- 
ricultural management  practices.  A  tile  drainage 
spacing  study  was  instrumented  to  measure  water 
outflow  rates  and  to  collect  tile  outflow  samples 
continuously  on  a  flow-proportional  basis.  Two 
replicates  of  3  tile  spacings  (5,  10,  and  20  m)  were 
included  in  the  study.  Water  samples  were  ana- 
lyzed for  all  applied  pesticides  (atrazine,  cyanazine, 
alachlor,  carbofuran,  terbufos,  and  chlorpyrifos)  as 
well  as  major  nutrients  (N,P,K)  and  sediment. 
Annual  carbofuran  losses  in  tile  outflow  ranged 
from  0.8  to  14.1  g/ha,  or  0.05  to  0.94%  of  the 
amount  applied  to  the  soil.  Carbofuran  losses  to  tile 
drains  were  lowest  for  the  widest  tile  spacing  (20 
m),  probably  indicative  of  greater  sorption  or  deg- 
radation occurring  during  the  longer  travel  times 
to  the  tile.  Following  spring  pesticide  application, 
carbofuran  concentrations  in  the  outflow  increased 
after  each  new  outflow  event  started,  and  they 
decreased  as  the  flow  event  continued.  Losses  of 
all  other  pesticides  were  <  or  =  0.06%  of  the 
amount  applied.  Annual  nitrate-N  losses  to  tile 
outflow  ranged  from  18  to  74  kg/ha,  with  the 
greatest  losses  occurring  from  the  narrowest  tile 
spacing  (5  m).  The  study  was  conducted  in  south- 
eastern Indiana  on  the  Illinoisan  glacial  till  plain, 
and  results  would  be  applicable  to  many  similar 
soils  in  southern  Ohio,  Indiana  and  Illinois. 
(USGS) 
W90-05232 


GROUNDWATER  INVESTIGATION  OF  S04(2-) 
DIFFUSION  FROM  A  CRETACEOUS  SHALE 
HILLSLOPE:  UPPER  COLORADO  RIVER 
BASIN. 

Utah  Water  Research  Lab.,  Logan. 
C.  J.  Duffy,  J.  J.  Jurinak,  S.  Korom,  and  P.  Corey. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-129156/ 
AS.  Price  codes:  A08  in  paper  copy,  A01  in  micro- 
fiche. Completion  Report,  September  1989.  150p, 
35  fig,  40  ref,  4  append.  USGS  Contract  14-08- 
0001  -G 1308. 

Descriptors:  *Colorado  River  Basin,  *Slopes,  •Hy- 
drology, 'Salinity,  'Solute  transport,  'Shale, 
'Groundwater  quality,  Advection,  Diffusion,  Dis- 
persion, Shallow  aquifers,  Water  pollution  sources, 
Path  of  pollutants,  Saline  soils,  Model  studies. 

This  research  examines  the  role  of  advection,  diffu- 
sion, and  dispersion  in  the  generation  and  transport 
of  groundwater  salinity  from  hillslopes  to  streams 
of  the  Upper  Colorado  River  Basin.  The  study 
coordinated  field  experiments  and  theoretical-com- 
puter experiments  to  gain  insight  into  the  way  that 
subsurface  salinity  fronts  are  mobilized  and  trans- 
ported from  hillslopes  of  the  region,  and  to  better 
understand  the  mechanics  of  the  groundwater 
system  within  surficial  deposits  which  generate  the 
observed  accumulation  of  salinity  in  the  Colorado 
River  system.  The  field  situation  is  that  excess 
irrigation  water  from  snowmelt  runoff  infiltrates, 
generates  a  shallow  saturated  zone  and  ultimately 
produces  stream  salinization  as  return  flow.  The 
following  two  mechanisms  are  proposed:  (1)  The 
formation  of  a  shallow  aquifer  and  accelerated 
displacement  of  salts  from  alluvial  sediments  on  the 
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lower  portion  of  hillslopes.  This  displacement  is  a 
natural  consequence  of  excess  irrigation  and  canal 
seepage.  (2)  The  diffusion  of  saline  pore  fluids  from 
a  low  permeability  marine  shale  which  underlies 
the  shallow  aquifer.  Since  the  marine,  Mancos 
Shale,  underlies  most  of  the  irrigated  land  of  the 
basin,  the  potential  for  diffusive  salt  loading  from 
this  formation  constitutes  a  major  nonpoint  source 
of  downstream  salinity.  (USGS) 
W90-05234 


CORROSIVE  GROUNDWATER  IN  THE  KIRK- 
WOOD-COHANSEY  AQUIFER  SYSTEM  IN 
THE  VICINITY  OF  OCEAN  COUNTY,  EAST- 
CENTRAL  NEW  JERSEY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-05275 

COMPOSITION,  DISTRIBUTION,  AND  HY- 
DROLOGIC  EFFECTS  OF  CONTAMINATED 
SEDIMENTS  RESULTING  FROM  THE  DIS- 
CHARGE OF  GOLD  MILLING  WASTES  TO 
WHITEWOOD  CREEK  AT  LEAD  AND  DEAD- 
WOOD,  SOUTH  DAKOTA. 
Geological  Survey,  Rapid  City,  SD.  Water  Re- 
sources Div. 
K.  E.  Goddard. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  87-4051, 
1989.  76p,  20  fig,  14  tab,  31  ref. 

Descriptors:  'Water  pollution  sources,  'Mine 
wastes,  *Path  of  pollutants,  'Water  quality,  Sedi- 
ment chemistry,  Geochemistry,  Gold  mines. 

The  Whitewood  Creek-Belle  Fourche-Cheyenne 
River  stream  system  in  western  South  Dakota  has 
been  extensively  contaminated  by  the  discharge  to 
Whitewood  Creek  of  about  100  million  tons  of  mill 
tailings  from  gold-mining  operations.  The  resulting 
contaminated   sediments   contain   unusually   large 
concentrations  of  arsenic,  as  much  as  11,000  micro- 
grams/g,  derived  from  the  mineral  arsenopyrite,  as 
well  as  potentially  toxic  constituents  derived  from 
the  ore-body  minerals  or  from  the  milling  process- 
es. Because  of  the  anomalous  arsenic  concentra- 
tions associated  with  the  contamination,  arsenic 
was  used  as  an  indicator  for  a  geochemically  based, 
random,  sediment-sampling  program.  Arsenic  con- 
centrations  in   shallow,    contaminated    sediments 
along  the  flood  plains  of  the  streams  were  from  1 
to  3  orders  of  magnitude  larger  than  arsenic  con- 
centrations in  uncontaminated  sediments  in  about 
75%  of  the  flood  plains  of  Whitewood  Creek  and 
the   Belle   Fourche   River.    Appreciable   surface- 
water  contamination  resulting  from  the  contami- 
nated sediments  is  confined  to  Whitewood  Creek 
and  a  reach  of  the  Belle  Fourche  River  down- 
stream from  the  mouth  of  Whitewood  Creek.  In 
Whitewood    Creek,    dissolved-arsenic    concentra- 
tions  vary   from   about   20   to   80   microgram/L 
during  the  year  in  response  to  variations  in  ground- 
water inflow  and  dilution,  whereas  total-recover- 
able-arsenic concentrations  vary  from  about  20  to 
8,000  micrograms/L  during  short  periods  in  re- 
sponse  to   rapid   changes   in   suspended-sediment 
concentration.  Contamination  of  the  alluvial  aqui- 
fer along  the  stream  system  is  limited  to  areas  in 
direct  contact  with  large  deposits  of  contaminated 
sediments.  Within  the  aquifer,  arsenic  concentra- 
tions are  thought  to  be  controlled  by  sorption- 
desorption  on  metallic  hydroxides.  (USGS) 
W90-05277 


EVALUATION  OF  THM  PRECURSOR  CON- 
TRIBUTIONS FROM  AGRICULTURAL 
DRAINS. 

Arizona  Univ.,  Tucson.  Dept.  of  Civil  Engineer- 
ing. 

G.  L.  Amy,  J.  M.  Thompson,  L.  Tan,  M.  K.  Davis, 
and  S.  W.  Krasner. 
Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.  1,  p.  57-64,  January  1990. 
7  fig,  4  tab,  10  ref. 

Descriptors:  'California,  'Trihalomethanes,  'Irri- 
gation    effects,     'Nonpoint     pollution     sources, 


'Water  pollution  sources,  'Agricultural  water,  Or- 
ganic carbon,  Peat,  Humic  acids,  Drains,  Organic 
halides. 

More  than  200  agricultural  drains  in  the  Sacramen- 
to River  Delta  contribute  significant  levels  of  tn- 
halomethane  (THM)  precursors  to  California  State 
Project  water.  It  has  been  hypothesized  that  these 
drains,  associated  with  crop  irrigation  involving 
highly  organic  peat  soils,  are  probably  responsible 
for  the  higher  levels  of  dissolved  organic  carbon 
and  THM  formation  potential  in  the  California 
Aqueduct  emanating  from  the  delta  in  comparison 
with  the  principal  freshwater  tributaries  entering 
the  delta.  Sample  analyses  showed  that  dissolved 
organic  matter  associated  with  drain  samples  ex- 
hibited much  higher  levels  of  THM  formation 
potential  than  a  series  of  related  over  and  lake 
samples  although  a  wide  range  in  THM  precursor 
levels  was  observed  among  the  four  agricultural 
drains  sampled  and  analyzed.  Dissolved  organic 
matter  in  drain  samples  had  a  higher  apparent 
molecular  weight  than  that  found  in  river  and  lake 
samples.  The  THMs  produced  represent  only  30 
percent  of  the  total  organic  halides  formed.  Be- 
cause future  regulations  will  probably  involve 
maximum  contaminant  levels  for  other  disinfection 
biproducts,  any  increase  in  the  reactivity  of  humic 
materials  caused  by  agricultural  drains  could  prove 
significant.  (Author's  abstract) 
W90-05291 

DISCHARGER  GROUPING  FOR  WATER 
QUALITY  CONTROL. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

For  primary   bibliographic   entry   see   Held   Mj. 

W90-05300 

INTERACTION  IN  AQUEOUS  SOLUTION  OF 
CERTAIN  PESTICIDES  WITH  FULVIC  ACIDS 
FROM  A  SPODOSOL  SOIL. 

Instituto  de  Recursos  Naturales  y  Agrobiologia, 
Seville  (Spain).  . 

C  Maqueda,  E.  Morillo,  and  J.  L.  P.  Rodriguez. 
Soil  Science  SOSCAK,  Vol.  148,  No.  5,  p.  336- 
345,  Nov  1989.  11  fig,  1  tab,  21  ref. 

Descriptors:  'Pesticides,  'Fulvic  acids,  'Path  of 
pollutants,  Chemical  reactions,  Spodosol,  Precipi- 
tates, Amitrole,  Chlordimeform,  Diquat,  Paraquat, 
Infrared  spectroscopy. 

Data  on  the  interaction  of  fulvic  acids  (FA)  ex- 
tracted from  a  Spodosol  soil,  dissolved  in  water, 
with  other  aqueous  solutions  of  various  pesticides 
(amitrole,  chlordimeform,  diquat,  and  paraquat)  in 
diverse  concentrations  were  analyzed.  A  strong 
interaction  was  observed,  precipitates  appeared 
that  were  more  abundant  as  greater  concentrations 
of  the  pesticide  were  used.  Both  the  weights  of  the 
precipitates  obtained  and  the  coloring  of  the  equi- 
librium solutions  indicate  that  some  FA  persist  in 
solution  in  spite  of  an  excess  of  pesticide.  The 
quantity  of  precipitate  followed  the  order:  diquat 
>  paraquat  >  Chlordimeform  >  >  amitrole.  The 
interaction  mechanisms  between  the  FA  and  the 
pesticides  were  determined  by  infrared  spectrosco- 
py. The  adsorption  of  these  pesticides  by  FA  is  a 
cation-exchange  process  to  which  are  added  H- 
bonding  and  charge-transfer  mechanisms.  (Au- 
thor's abstract) 
W90-05308 

RESIDUES  OF  FLURIDONE  AND  A  POTEN- 
TIAL PHOTOPRODUCT  (N-METHYLFORMA- 
MIDE)  IN  WATER  AND  HYDROSOIL  TREAT- 
ED    WITH     THE     AQUATIC     HERBICIDE 

SONAR.  ,        ,x,     I   „      D 

Lilly  (Eli)  and  Co.,  Indianapolis,  IN.  Lilly  Re- 
search Lab. 

S  D.  West,  K.  A.  Langeland,  and  F.  B.  Laroche. 
Journal    of    Agricultural    and    Food    Chemistry 
JAFCAU,  Vol.  38,  No.  1,  p  315-319,  January  1990. 
4  fig,  4  tab,  1 1  ref. 


Fluridone  is  the  active  ingredient  in  the  aquatic 
herbicide  Sonar.  Two  ponds  in  Florida  were  treat- 
ed with  Sonar  AS  (an  aqueous  suspension  formula- 
tion) and  Sonar  SRP  (a  slow-release  clay  pellet 
formulation).  Both  ponds  were  treated  at  the  maxi- 
mum acceptable  residue  level  for  fluridone  in  pota- 
ble water,  0.15  ppm.  The  dissipation  of  fluridone 
and  the  potential  formation  of  N-methylformamide 
(NMF)  as  a  photolysis  product  of  fluridone  were 
monitored.  Since  NMF  doses  of  greater  than  10 
mg/kg  are  known  to  produce  a  teratogenic  re- 
sponse in  pregnant  rabbits,  it  was  important  to 
confirm  that  NMF  was  not  present  on  ponds  treat- 
ed with  commercial  Sonar  formulations.  The  fluri- 
done concentration  decreased  to  a  nondetectaole 
level  (less  than  0.001  ppm)  in  the  water  of  both 
ponds  324  days  after  treatment  (DAT).  NMF  was 
not  detected  in  any  of  the  192  water  samples  that 
were  collected  on  any  of  the  sampling  dates  at  a 
detection  limit  of  0.002  ppm.  Hydrosoil  samples 
collected  at  324  DAT  in  both  ponds  contained 
fluridone  residues  equivalent  to  2.9  to  3.6%  of  the 
amount  applied  to  the  pond,  but  no  NMF  was 
detected  in  the  hydrosoil  at  a  detection  limit  of 
0.005  ppm.  (Author's  abstract) 
W90-05326 


Descriptors:  'Fluridone,  'Pesticide  residues, 
'Degradation  products,  'Fate  of  pollutants, 
•Ponds,  'Herbicides,  'Methylformamide,  'Aquatic 
soils,  Chemical  analysis,  Path  of  pollutants,  Water 
sampling,  Biodegradation. 


BIOACCUMULATION  OF  CINMETHYLIN  IN 
BLUEGILL  SUNFISH. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Wilmington, 

DE.  Agricultural  Products  Dept. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05327 

LEAD  IN  THE  BOTTOM  SEDIMENTS  OF 
LAKE  NUANGOLA  AND  FOURTEEN  OTHER 
BODIES  OF  WATER  IN  LUZERNE  COUNTY, 
PENNSYLVANIA. 

Wilkes  Coll.,  Wilkes-Barre,  PA.  Dept.  of  Earth 

and  Environmental  Sciences. 

J.  M.  Case,  C.  B.  Reif,  and  A.  Timko. 

Journal  of  the  Pennsylvania  Academy  of  Science, 

Vol.  63,  No.  2,  p  67-72,  1989.  3  fig,  3  tab,  22  ref. 

Descriptors:  'Sediment  contamination,  'Pennsyl- 
vania, 'Lead,  'Lake  sediments,  'Water  pollution 
sources,  Air  pollution,  Ponds,  Lake  Nuangola, 
Atomic  adsorption  spectrophotometry,  Luzerne 
County. 

The  discovery  of  unexpectedly  high  lead  content 
in  bottom  sediments  of  Lake  Nuangola  prompted 
the  examination  of  sediments  in  nine  other  lakes 
and  five  ponds  in  Luzerne  County,  Pennsylvania. 
The  lead  values  in  surface  sediments  ranged  from 
22-407  micrograms  per  gram.  A  core  from  the  bog 
adjacent  to  Lake  Nuangola  revealed  elevated  lead 
concentrations  in  the  bog  mat  which  decreased 
rapidly  with  increasing  depth  in  the  top  100  centi- 
meters. Concentrations  of  lead  in  the  underlying 
organic  and  limnetic  deposits  ranged  from  6  to  18 
micrograms  per  gram,  which  is  consistent  with 
core  samples  taken  from  the  soil  profiles  m  the 
watersheds  of  two  lakes.  Lead  values  were  7  mi- 
crograms per  gram  in  bedrock,  55  in  exposed  soil, 
and  74  in  the  duff  above  the  soil.  Pond  sediments 
showed  lower  concentrations  of  lead  than  lake 
sediments  with  a  significant,  positive  linear  correla- 
tion to  the  age  of  the  pond.  Analyses  were  done  by 
standard  atomic  absorption  spectrophotometry. 
From  the  values  presented  herein,  it  is  suggested 
that  the  origin  of  the  lead  in  these  lake  sediments  is 
not  from  parent  materials  in  the  watershed  but 
rather  from  transport  of  anthropogenic  lead 
through  the  atmosphere.  (Author's  abstract) 
W90-05335 

MERCURY  CONCENTRATIONS  OF  PERCH, 
PERCA  FLUVIATILIS  L.,  IN  SMALL  FINNISH 
HEADWATER  LAKES  WITH  DIFFERENT  PH 
AND  WATER  COLOUR. 

Helsinki  Univ.,  Lammi  (Finland).  Lammi  Biologi- 
cal Station. 

T.  Metsala,  and  M.  Rask. 

Aqua  Fennica  AQFEDI,  Vol.  19,  No.  1,  p  41-46, 
1989.  3  fig,  2  tab,  34  ref. 
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Descriptors:  'Fish  physiology,  'Path  of  pollutants, 
•Bioaccumulation,  'Perch,  'Mercury,  'Aluminum, 
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Decomposing  organic  matter,  Hydrogen  ion  con- 
centration, Optical  properties,  Opacity,  Humic 
acids,  Color. 

Mercury  concentrations  of  perch  were  determined 
from  1 1  Finnish  headwater  lakes  covering  a  pH 
range  of  4.4-6.8  and  water  color  range  of  5-260  mg 
Pt/L.  In  a  small  humic  pond,  the  mercury  concen- 
trations were  significantly  correlated  with  age  and 
the  total  length  of  perch.  The  concentrations  were 
0.1-0.2  mg  mercury/kg  wet  weight  for  5-7  cm 
long,  one  summer-old  individuals,  and  0.5-0.6  mg 
mercury/kg  wet  weight  for  20-25  cm  long,  eight 
year  old  individuals.  In  acidified,  Clearwater  lakes, 
the  mean  mercury  concentrations  of  perch  after 
length  correction  were  higher  (0.3-0.6  mg  mercu- 
ry/kg wet  weight)  than  in  a  circumneutral  clear- 
water  lake  (0. 1  mg  mercury Ag  wet  weight).  How- 
ever, the  mean  mercury  concentrations  of  perch  in 
the  1 1  lakes  did  not  correlate  significantly  with  the 
pH  of  water.  Mercury  levels  in  humic  lakes  (0.4- 
0.8  mg  mercury  Ag  wet  weight,  length  corrected) 
were  significantly  higher  than  in  clear  lakes  (0.1- 
0.6  mg  mercury/kg).  Total  aluminum  concentra- 
tion was,  however,  the  best  univariate  predictor 
for  mercury  enrichment  in  perch.  (Author's  ab- 
stract) 
W90-05342 


CORRELATION  AMONG  THE  TERRESTRIAL 
GAMMA  RADIATION,  THE  INDOOR  AIR 
222RN,  AND  THE  TAP  WATER  222RN  IN 
SWITZERLAND. 

Paul  Scherrer  Inst.,  Wuerenlingen  (Switzerland). 

Radiation  Hygiene  Div. 

R.  Buchli,  and  W.  Burkart. 

Health  Physics  HLTPAO,  Vol.  57,  No.  5,  p  753- 

759,  1989.  5  fig,  2  tab,  16  ref.  Swiss  Federal  Office 

for  Energy  Research  grant  no.  0.805.391.0216. 

Descriptors:  'Gamma  radiation,  'Subsoil,  'Drink- 
ing water,  'Public  health,  'Switzerland,  'Radon, 
Radon  gas,  Correlation  analysis,  Soil  contamina- 
tion. 

The  external  gamma  radiation  and  the  indoor  air 
Radon  (Rn)  (222Rn)  concentration  were  measured 
in  55  houses  of  the  South  East  Grisons,  the  Ur- 
seren  valley,  and  the  Upper  Rhine  valley  (crystal- 
line subsoils)  and  in  39  nouses  of  the  Molasse  basin 
and  the  Helvitic  nappes  (sedimentary  subsoils).  In 
homes  located  on  crystalline  subsoil,  a  mean  cellar 
gamma  level  of  1 .4  mGy/y  was  measured,  which  is 
twice  the  mean  gamma  level  of  0.7  mGy/y  found 
in  homes  built  on  sedimentary  subsoil.  The  cellar 
222Rn  gas  concentration  is  about  six  times  higher 
in  houses  with  a  crystalline  subsoil  (1232  Bq/cu  m) 
than  in  houses  with  a  sedimentary  subsoil  (201  Bq/ 
cu  m).  Although  a  weak  correlation  is  observed 
between  the  mean  gamma  radiation  levels  and 
mean  cellar  222Rn  gas  concentrations  for  the  five 
subregions  investigated,  the  gamma  radiation  and 
the  222Rn  gas  concentrations  do  not  correlate  for 
single  homes.  For  the  population  living  on  the 
ground  floor  of  a  house  with  crystalline  subsoil, 
the  gamma  radiation  and  the  indoor  air  222Rn  lead 
to  estimated  mean  exposures  of  1.6mSv  and  9.44 
mSv  effective  dose  equivalent  per  year,  respective- 
ly. A  mean  tap  water  222Rn  content  of  38.3  Bq/L 
and  10.4  Bq/L  was  measured  in  31  villages  with  a 
crystalline  subsoil  and  73  villages  with  a  sedimen- 
tary subsoil,  respectively.  Radon-222  degassing 
from  the  tap  water  into  the  indoor  air  leads  to  an 
additional  exposure  of  about  0. 1 1  mSv/y  and  0.03 
mSv/y  in  homes  with  a  crystalline  subsoil  and 
homes  with  a  sedimentary  subsoil,  respectively. 
(Author's  abstract) 
W90-05365 


RADIUM-226  CONTENT  OF  BEVERAGES. 

Giessen  Univ.  (Germany,  F.R.).  Strahlenzentrum. 
J.  Kiefer. 

Health  Physics  HLTPAO,  Vol.  57,  No.  5,  p  761- 
763,  1989.  3  fig,  1  tab,  9  ref. 

Descriptors:  'Radium,  'Radioisotopes,  'Public 
health,  Mineral  water,  Drinking  water,  Beer, 
Wine,  West  Germany. 

Radium  contents  of  commercially  obtained  beer, 
wine,  milk  and  mineral  waters  were  measured.  All 


distributions  were  log-normal  with  the  following 
geometrical  mean  values:  beer:  0.021  Bq/L;  wine: 
0.034  Bq/L;  milk:  0.003  Bq/L;  normal  mineral 
water:  0.043  Bq/L;  medical  mineral  water:  0.094 
Bq/L.  (Author's  abstract) 
W90-05366 


EFFECT  OF  REDOX  POTENTIAL  ON  FIXA- 
TION OF  137  CESIUM  IN  LAKE  SEDIMENT. 

Louisiana  State  Univ.,  Baton  Rouge.  Lab.  for  Wet- 
land Soils  and  Sediments. 

J.  H.  Pardue,  R.  D.  Delaune,  W.  H.  Patrick,  and  J. 
H.  Whitcomb. 

Health  Physics  HLTPAO,  Vol.  57,  No.  5,  p  781- 
789,  1989.  7  fig,  4  tab,  19  ref. 

Descriptors:  'Path  of  pollutants,  'Cesium,  'Lake 
sediments,  'Cesium  radioisotopes,  Ion  exchange, 
Isotope  studies,  Ammonium,  Sodium,  Clays,  Oxi- 
dation-reduction potential. 

Fixation  of  137Cs  (Cs  =  cesium)  was  determined 
in  lake  sediment  suspensions  under  controlled 
redox  potentials  in  the  laboratory.  The  activity  of 
previously  added  137Cs  on  various  clay  sites  was 
determined  by  time-series  selective  extractions. 
Monovalent  cations,  particularly  NH4(  +  ),  were 
much  more  effective  at  displacing  137Cs  than  diva- 
lent cations  or  Na(  +  ).  Ammonium  ion  (NH4  +  ) 
and  Na(  +  )  were  used  to  extract  137Cs  from  selec- 
tive and  non-selective  137Cs  binding  sites,  respec- 
tively. The  activity  of  water-soluble  137Cs  and  Na- 
extractable  137Cs  was  significantly  higher  under 
anaerobic  redox  conditions  (-200mV),  when  solu- 
ble NH4(  +  )  concentrations  in  the  anaerobic  sus- 
pensions were  1000  microM  or  higher.  Activities 
of  137Cs  were  highest  (initially  40-50%  of  the 
137Cs  added)  on  the  NH4(  +  )-extractable  site. 
Over  the  long  term,  activities  of  NH4(  +  )-extracta- 
ble  137Cs  decreased  linearly  to  below  10%  as 
137Cs  was  fixed  on  inter-lattice  sites.  Water-solu- 
ble 137Cs  was  significantly  correlated  with  Na- 
extractable  137Cs  in  short-term  experiments,  sug- 
gesting the  existance  of  an  equilibrium  between  the 
different  clay  sites.  High  concentrations  of 
NH4(  +  )  under  anaerobic  redox  conditions  could 
shift  this  equilibrium,  resulting  in  increases  in 
water-soluble  137Cs  and  increases  in  the  activities 
of  137Cs  bound  on  non-selective  clay  sites.  Addi- 
tional studies  are  necessary  to  evaluate  the  interac- 
tion of  137Cs  with  sulfides,  iron  oxides,  and  other 
reactive  chemical  species  which  may  attenuate 
137Cs  in  sediment.  (Author's  abstract) 
W90-05367 


ROLE  OF  VARIOUS  MICROORGANISMS  ON 
TC  BEHAVIOR  IN  SEDIMENTS. 

Universite    Catholique    de    Louvain,    Louvain-la- 
Neuve  (Belgium).  Lab.  de  Physiologie  Vegetale. 
L.  Pignolet,  F.  Auvray,  K.  Fonsny,  F.  Capot,  and 
Z.  Moureau. 

Health  Physics  HLTPAO,  Vol.  57,  No.  5,  p  791- 
800,  1989.  7  fig,  3  tab,  28  ref.  Belgian  Ministry  of 
Labour,  C.S.T.  no.  20516,  Commission  of  the  Eu- 
ropean Communities  CEC  contract  no.  B-16-0049- 
B(TT). 

Descriptors:  'Path  of  pollutants,  'Technetium, 
•Bacterial  physiology,  'Radioisotopes,  'Biological 
magnification,  'Marine  bacteria,  Isotope  studies, 
Oxidation-reduction  potential,  Polysaccharides. 

Marine  bacteria  (Moraxella  sp.,  Planococcus  sp. 
and  a  mixed  population  of  anaerobes)  from  a  coast- 
al sediment  were  found  to  concentrate  Technetium 
(Tc).  Maximum  concentration  of  this  element  oc- 
curred during  the  stationary  phase  of  growth  of 
the  bacteria,  at  low  redox  potential.  A  metabolic 
process  seems  responsible  for  Tc  concentration  by 
bacteria,  in  which  it  binds  to  high  molecular 
weight  cellular  constituents.  Polysaccharide  poly- 
mers, which  were  visualized  around  the  bacterial 
cells  with  the  scanning  electron  microscope,  might 
bind  Tc,  but  direct  experimental  evidence  in  favor 
of  this  hypothesis  was  not  yet  obtained.  It  is  sug- 
gested that  sedimentary  bacteria  may  serve  to 
transfer  radionuclides  to  higher  trophic  levels. 
However,  no  biomagnification  of  Tc  has  been  re- 
ported in  recent  studies.  Sulfate  reducing  bacteria 
may  also  play  an  important  role  in  the  disappear- 
ance of  Tc  from  the  solution  through  concentra- 


tion of  Tc  by  the  bacteria  themselves  and  through 
the  formation  of  insoluble  material.  (Author's  ab- 
stract) 
W90-05368 


MICROBIOLOGY  OF  BOTTLED  NATURAL 
MINERAL  WATERS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

D.  J.  Stickler. 

Journal  of  the  Royal  Society  of  Health  JRSHDS, 

Vol.  109,  No.  4,  p  1 18-124,  1989.  28  ref. 

Descriptors:  'Natural  waters,  'Mineral  water, 
'Public  health,  Microbiological  studies,  Monitor- 
ing, Water  quality  standards,  Contamination. 

The  microbiological  flora  content  of  mineral  water 
is  discussed  with  regard  to  regulations  and  prac- 
tices that  are  intended  to  safeguard  consumers 
from  any  danger  of  infection.  At  source,  a  natural 
mineral  water  will  have  a  small  population  of 
essentially  dormant  or  starved  bacteria.  As  the 
water  emerges  from  the  underground  source,  pro- 
ceeds through  bottling  and  eventually  to  storage 
on  retailer's  shelves,  there  is  a  possibility  of  con- 
tamination of  the  water  and  changes  in  the  state  of 
these  autochthonous  flora.  Under  the  Natural  Min- 
eral Water  regulations  passed  by  the  U.K.  Ministry 
of  Agriculture,  Fisheries  and  Food  (MAFF  1985), 
applications  to  gain  recognition  for  a  natural  min- 
eral water  have  to  provide  a  hydrogeological  de- 
scription of  the  source,  including  its  exact  location, 
altitude,  and  a  detailed  account  of  the  geology  of 
the  surrounding  terrain.  The  application  must  also 
include  a  detailed  description  of  the  site  of  the 
source,  nature  of  equipment  used  for  extracting  the 
water,  and  measures  taken  to  protect  emerging 
waters  from  pollution.  Required  data  on  the  chem- 
ical and  physical  characteristics  of  the  water  in- 
clude: flow  rates,  temperature  at  emergence,  dry 
residue  content,  electrical  conductivity,  pH,  con- 
centration of  cations  and  anions,  total  organic 
carbon,  free  C02  and  radioactivity.  Evidence  that 
the  water  does  not  contain  toxic  concentrations  of 
arsenic,  cadmium,  cyanide,  chromium,  mercury, 
nickel,  antimony,  selenium,  or  lead  is  also  required. 
Required  microbiological  analysis  includes:  the 
demonstration  of  the  absence  of  parasites  and  path- 
ogenic organisms;  quantitative  determination  of  the 
indicators  of  fecal  contamination;  and  determina- 
tion of  the  total  viable  colony  count  per  ml  of 
water.  To  ensure  that  the  required  high  standards 
are  met,  several  clarifications  regarding  these  regu- 
lations are  needed.  They  include:  that  the  micro- 
biological data  on  the  water  has  been  produced  by 
an  independent  authorized  laboratory,  using  stand- 
ard methods  of  analysis;  that  the  laboratory  sought 
the  presence  of  parasites  and  pathogens  and  did  not 
just  infer  their  absence  from  the  results  of  tests  for 
bacterial  indicators;  and  that  the  requirements  to 
show  that  composition,  temperature,  and  other  es- 
sential characteristics  remain  stable  within  limits  of 
natural  fluctuation  include  microbiological  charac- 
teristics of  the  water.  (Male-PTT) 
W90-05374 


USE  OF  ROOTS  TRANSFORMED  BY  AGRO- 
BACTERIUM  RHIZOGENES  IN  RHIZOS- 
PHERE  RESEARCH:  APPLICATIONS  IN 
STUDIES  OF  CADMIUM  ASSIMILATION 
FROM  SEWAGE  SLUDGES. 
Institut  National  de  la  Recherche  Agronomique, 
Versailles  (France).  Lab.  de  Biologie  de  la  Rhizos- 
phere. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-05382 


AEROMONAS  SPP.  AND  PLESIOMONAS  SHI- 
GELLOIDES  IN  BIVALVES,  MUD,  AND 
WATER  OF  THE  GULF  OF  NICOYA,  COSTA 
RICA. 

Costa  Rica  Univ.,  San  Jose.  Facultad  de  Microbio- 

logia. 

E.  Rodriguez,  and  F.  Antillon. 

Revista  de  Biologia  Tropical  RBTCAP,  Vol.  37, 

No.  1,  p  69-73,  June  1989.  3  fig,  25  ref.  Proyecto 

no.  430-86-022  Vicerrectoria  de  Investigacion  Uni- 

versidad  de  Costa  Rica. 
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Descriptors:  *Public  health,  'Contamination, 
•Costa  Rica,  *Mollusks,  Infection,  Pathogenic  bac- 
teria, Gulfs,  Swimming,  Foods,  Culturing  tech- 
niques, Water  pollution,  Sediment  contamination. 

Bivalves,  mud,  and  surface  water  were  collected  at 
three  different  sites  of  the  Gulf  of  Nicoya,  Costa 
Rica,  in  search  of  Aeromomonas  spp.  and  Plesio- 
monas  shigelloides.  For  their  isolation,  these  bacte- 
ria were  enriched  in  alkaline  peptone  water  and 
streaked  on  MacConkey  agar  and  on  brilliant 
green  bile  inositol  agar.  This  was  followed  by  the 
chemical  tests  necessary  for  their  identification. 
Thirty-five  strains  of  A.  Hydrophila,  58  of  A. 
caviae,  43  of  A.  sobria,  and  7  of  P.  shigelloides 
were  isolated.  None  of  these  predominated  nor  was 
there  any  indication  of  seasonal  distribution  along 
the  15  month's  duration  of  the  study.  Seven  strains 
of  A.  hydrophila  and  two  of  A.  sobria  showed  the 
biochemical  characteristics  of  toxin  production 
(positive  Voges-Proskauer  and  lysine  decarboxa- 
late  tests).  These  species  are  widely  distributed  in 
the  gulf  and  there  is  risk  of  contracting  an  infection 
while  bathing  or  when  eating  raw  bivalves  from 
this  area.  (Author's  abstract) 
W90-05383 


CHEMISTRY  OF  HIGH  MOUNTAIN  LAKES 
IN  SILICEOUS  CATCHMENTS  OF  THE  CEN- 
TRAL EASTERN  ALPS. 

Institut  fuer  Limnologie,  Mondsee  (Austria). 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05386 


SEASONAL  DYNAMICS  OF  A  CYANOBAC- 
TERIA-DOMINATED  MICROBIAL  COMMU- 
NITY IN  SURFACE  SEDIMENTS  OF  A  SHAL- 
LOW, EUTROPHIC  LAKE. 

Uppsala   Univ.    (Sweden).    Limnologiska    Institu- 

tionen. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05387 


STATE  OF  POLLUTION  IN  THE  MARINE  EN- 
VIRONMENT. 

Department  of  Fisheries  and  Oceans,  Vancouver 
(British  Columbia).  West  Vancouver  Lab. 
For  primarv  bibliographic  entry  see  Field  5C. 
W90-05404 


RADIONUCLIDES  AND  LARGE  PARTICLES 
IN  ESTUARINE  SEDIMENTS. 

Phoenix  Research  Lab.,  Tavistock  (England). 

E.  I.  Hamilton. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

12,  p  603-607,  December  1989.  2  fig,  1  tab,  12  ref. 

European  Economic  Community  Contract  B16-B- 

038-UK. 

Descriptors:  'Marine  sediments,  'Radioactive 
wastes,  'Irish  Sea,  'Radioisotopes,  'Path  of  pollut- 
ants, 'Particulate  matter,  Plutonium  radioisotopes, 
Americium  radioisotopes,  Geochemistry,  Radioac- 
tive wastes,  Organic  matter,  Uranium  radioiso- 
topes, Estuaries,  Iron,  Esk  Estuary,  Manganese. 

The  distribution  of  radionuclides  in  the  Esk  estuary 
10  km  south  of  the  British  Nuclear  Fuels  pic 
(BNF)  was  surveyed  in  1982  using  portable 
Nal(Tl)  and  hyper-pure  Ge(Li)  detectors  coupled 
to  multi-channel  analyzers.  Radionuclides,  released 
into  the  north-east  Irish  Sea  from  the  BNF  urani- 
um reprocessing  plant  and  which  are  present  in 
sediments  of  the  Esk  estuary,  Cumbria,  were  found 
to  be  initially  associated  with  large  (>  0.5  mm) 
rather  than  fine  grained  ( <  63  micrometers)  parti- 
cles. These  macro  particles,  termed  organoliths, 
consist  of  an  agglomerate  of  sediment  grains  held 
together  with  an  organic  iron  rich  matrix;  their 
surfaces  are  coated  with  a  patina  of  iron  and  man- 
ganese oxides  with  which  the  radionuclides  are 
associated.  Concentration  factors  (Kd's)  for  pluto- 
nium,  americium,  and  other  radionuclides,  together 
with  various  stable  elements  in  the  patina  are 
orders  of  magnitude  greater  than  those  found  in 
bulk  sediments.  The  organoliths  are  probably 
formed  by  an  empty  animal  burrow  becoming  in- 
filled with  sand  grains.  Following  tidal  scouring 
the  surface  oxidized  floe  is  removed  leaving  the 


Fe-Mn  oxide  cemented  walls  of  the  burrow  above 
the  surface  of  the  sediment.  During  the  ebb  flow 
high  energy  currents  shear  off  the  protruding  ce- 
mented burrow.  After  release  the  detached  portion 
of  the  burrow  becomes  rounded  through  water 
action.  The  presence  of  organoliths  in  Esk  sedi- 
ments which  are  enriched  in  radionuclides  relative 
to  bulk  sediments  has  a  bearing  upon  the  use  of  Kd 
factors  and  also  sequential  leaching  techniques. 
The  presence  or  absence  of  organoliths  could  influ- 
ence the  gross  specific  radioactivity  of  fine  grained 
sediment  at  a  particular  time  when  they  are  being 
formed,  hence  the  apparent  uptake  of  radionuclides 
in  the  Esk  fine-grained  sediments  is  likely  to  be 
associated  with  the  concentration  and  stability  of 
organoliths  within  the  sediment  rather  than  matters 
related  simply  to  the  surface  properties  of  minerals 
which  form  the  sediments.  (Geiger-PTT) 
W90-05405 


UNUSUAL  GRAIN  SIZE  EFFECT  ON  TRACE 
METALS  AND  ORGANIC  MATTER  IN  CON- 
TAMINATED SEDIMENTS. 

Israel  Oceanographic  and  Limnological  Research 

Ltd.,  Haifa. 

B.  S.  Krumgalz. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

12,  p  608-611,  December  1989.  2  fig,  18  ref. 

Descriptors:  'Sediment  contamination,  'Path  of 
pollutants,  'Particle  size,  'Cadmium,  'Copper, 
'Lead,  'Zinc,  'Iron,  Organic  matter,  Trace  metals, 
Marine  sediments,  Path  of  pollutants,  Spatial  distri- 
bution, Haifa  Bay,  Israel,  Adsorption. 

Grain  size  effect  on  trace  metals  (cadmium, 
copper,  lead,  zinc,  and  iron)  and  total  organic 
content  distribution  in  various  fractions  (<  0.063, 
0.063-0.105,  0.105-0.250,  0.250-0.500,  and  0.500- 
1.000  mm)  of  contaminated  sediment  collected 
from  Haifa  Bay,  Israel  was  studied.  Selective  parti- 
tioning of  the  studied  contaminants  in  sediment 
fractions  was  observed,  with  a  minimum  content  in 
the  fine  sand  fraction  of  grain  size  0.125-0.250  mm. 
Anomalously  high  concentrations  of  trace  metals 
and  organic  matter  content  in  the  medium  and 
coarse  sediment  fractions  (>  0.250  mm)  was  ex- 
plained by  the  formation  of  large  agglomerates 
(clusters)  during  the  generally  recommended 
drying  procedures.  These  large  agglomerates, 
formed  from  smaller  sediment  fraction  particles 
enriched  by  various  contaminants  kept  on  their 
large  specific  area  by  adsorption  forces,  have  been 
observed  in  photographs  of  the  medium  and  coarse 
sediment  fractions  only.  The  formed  agglomerates 
consist  of  small  particles  cemented  either  by  dis- 
solved organic  matter  or  by  sea  salts  present  in  the 
marine  sediment.  The  formation  of  such  agglomer- 
ates should  be  taken  into  consideration  when  con- 
ducting metal  contamination  studies  on  sediments. 
(Author's  abstract) 
W90-05406 


BIOLOGICAL  AND  CHEMICAL  COMPOSI- 
TION OF  BOSTON  HARBOR,  USA. 

Army   Engineer   Div.    New   England,    Waltham, 

MA. 

W.  A.  Hubbard,  and  R.  J.  Bellmer. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

12,  p  615-621,  December  1989.  1  fig,  5  tab,  25  ref. 

Descriptors:  'Pollution  load,  'Boston  Harbor, 
'Baseline  studies,  'Aquatic  animals,  'Water  pollu- 
tion sources,  Bays,  Benthos,  Monitoring,  Oxygen 
requirements,  Fish,  Marine  sediments,  Dissolved 
oxygen,  Metals,  Environmental  effects,  Ecological 
effects,  Water  pollution  effects,  Wastewater  pollu- 
tion, Polychlorinated  biphenyls,  Mystic  River. 

As  part  of  a  planning  study  of  improvements  to  the 
navigation  channels  in  Boston  Harbor,  biological 
and  chemical  composition  were  determined  during 
1985  and  1986.  Sampling  of  the  sediments  and 
water  column  involved  21  sediment  chemistry  sta- 
tions, 1 3  benthic  infaunal  stations,  and  6  otter  trawl 
and  gill  net  stations.  The  chemical  determinations 
showed  high  levels  of  contaminations  in  the  inner 
channels.  Mystic  River  sediments  contained  high 
levels  of  polychlorinated  biphenyls,  volatile  solids, 
lead,  arsenic,  zinc,  and  vanadium,  and  moderate 
levels  of  oil  and  grease,  mercury,  copper,  chromi- 


um, and  nickel.  Chelsea  River  sediments  contained 
elevated  levels  of  contaminants  (lead)  at  2  of  8 
stations.  The  benthic  organism  populations  reacted 
to  the  sediment  chemical  stress  and  a  seasonal 
oxygen  depletion  with  episodes  of  tolerance  and 
defaunation.  Lowest  dissolved  oxygen  levels  were 
recorded  in  August  (1.3  ppm).  The  finfish  species 
followed  a  similar  pattern  as  the  infaunal  communi- 
ty. The  proposed  switch  from  primary  to  second- 
ary sewage  treatment  for  Boston  Harbor  may 
allow  the  Mystic  River  to  become  a  particularly 
contaminated  pathway  if  a  sere  shift  occurs. 
(Geiger-PTT) 
W90-05408 


LEVELS  OF  HEAVY  METALS  ALONG  THE 
LIBYAN  COASTLINE. 

Trinity  Coll.,  Dublin  (Ireland).  Environmental  Sci- 
ences Unit. 

M.  S.  Hamouda,  and  J.  G.  Wilson. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
12,  p  621-624,  December  1989.  2  fig,  3  tab,  7  ref. 

Descriptors:  'Heavy  metals,  'Libya,  'Coastal 
waters,  'Marine  sediments,  'Pollution  load,  'Path 
of  pollutants,  Bays,  Cadmium,  Copper,  Zinc, 
Nickel,  Manganese,  Organic  matter,  Calcium  car- 
bonate, Water  pollution  sources. 

A  coastal  survey  off  the  east  part  of  the  Libyan 
coastline  which  has  no  river  inputs  was  initiated  to 
measure  the  existing  level  and  distribution  of  se- 
lected heavy  metals  (Cu,  Zn,  Cd,  Ni,  and  Mn)  in 
surface  sediments  along  Benghazi  Bay.  The  results, 
compiled  using  the  pollution  load  index  (PLI), 
establish  that  of  the  sites  examined  only  the  harbor 
site  exhibited  relatively  high  levels  particularly  in 
the  cases  of  cadmium  and  copper  indicating  a 
detectable  anthropogenic  input.  The  range  of  con- 
centrations were  1.03-1.96%  micrograms/gm  (dry 
wt)  for  organic  content  and  64.7-93%  for  calcium 
carbonate  while  the  range  of  heavy  metals  concen- 
trations (micrograms/gm  dry  wt)  were  8.7-42  for 
Cu,  2.3-27.3  for  Zn,  5.7-19  for  Ni,  37-76.7  for  Mn, 
and  below  the  detection  limit  of  1.73  for  Cd.  A 
PLI  score  of  2.93  was  obtained  at  the  harbor  site 
and  a  range  of  6.11-7.63  for  the  other  sites.  The 
PLI  score  for  the  control  site  was  9.51  and  the 
score  for  the  overall  studied  area  was  7.51  indicat- 
ing a  very  clean  environment.  The  index  would  be, 
with  some  modification,  a  step  in  the  right  direc- 
tion from  the  management  point  of  view  in  Libya 
due  to  the  absence  of  environmental  expertise. 
(Author's  abstract) 
W90-05409 


ALTERATION  OF  PHOSPHORUS  DYNAMICS 
DURING  EXPERIMENTAL  EUTROPHICA- 
TION  OF  ENCLOSED  MARINE  ECOSYS- 
TEMS. 

Rhode  Island  Univ.,  Narragansett.  Marine  Ecosys- 
tems Research  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 
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DDT  RESIDUES  IN  FISHES  FROM  THE  EAST- 
ERN ARABIAN  SEA. 

National   Inst,   of  Oceanography,   Panaji   (India). 
M.  S.  Shailaja,  and  R.  Sen  Gupta. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
12,  p  629-630,  December  1989.  1  fig,  1  tab,  6  ref. 

Descriptors:  *DDT,  'Pesticide  residues,  'Arabian 
Sea,  'Fate  of  pollutants,  'Fish,  'DDE,  DDD, 
Chlorinated  hydrocarbons,  Water  pollution  effects, 
Bioaccumulation. 

Samples  of  fish  from  the  coastal  waters  and  open 
ocean  of  the  Arabian  Sea  were  analyzed  for  resi- 
dues of  DDT,  DDE,  DDD.  and  trace  organoch- 
lorines  in  whole  body,  muscle  or  liver  samples  by 
gas  chromatography.  Results  indicate  that  the  me- 
tabolites of  DDT  are  ubiquitous  in  the  samples 
analyzed;  p,p'-DDE  was  the  most  frequently  de- 
tected DDT  metabolite,  and  was  present  in  60%  of 
the  coastal  and  75%  of  the  open  ocean  fish  sam- 
ples. Its  concentration  ranged  from  14.89-36.62 
nanograms/gm  wet  wt  in  the  coastal  samples  and 
from  traces  to  50.42  nanograms/gm  in  the  open 
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Group  5B — Sources  Of  Pollution 

ocean  samples.  p,p'-DDD  was  found  in  three  out 
of  nine  samples  and  was  the  only  other  metabolite 
of  DDT  detected.  Trace  amounts  of  hexachloro- 
benzene,  isomers  of  HCH  and  1-hydroxychlordene 
were  found  in  the  open  ocean  fish.  The  presence  of 
a  high  proportion  of  DDE  in  relation  to  the  total 
DDT  burden  in  the  tissue  of  the  fish  sampled 
indicates  that  migratory  species  can  convert  DDT 
rapidly  to  its  metabolites  because  of  high  metabolic 
rates  or  this  area  in  the  Arabian  Sea  is  not  threat- 
ened by  new  inputs  of  DDT.  (Geiger-PTT) 
W90-05411 


LEVELS  OF  HEAVY  METALS  IN  SOME  RED 
SEA  FISH  BEFORE  HOT  BRINE  POOLS 
MINING. 

State  Pollution  Control  Commission,  Sydney  (Aus- 
tralia). 

R.  G.  M.  Hanna. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
12,  p  631-635,  December  1989.  1  fig,  3  tab,  16  ref. 

Descriptors:  *Heavy  metals,  'Red  Sea,  'Chemical 
analysis,  *Pollutant  identification,  *Fish,  *Fate  of 
pollutants,  *Baseline  studies,  Copper,  Cadmium, 
Zinc,  Lead,  Tissue  analysis,  Cobalt,  Nickel,  Chro- 
mium, Manganese,  Trace  metals,  Atomic  absorp- 
tion spectrophotometry. 

The  concentrations  of  copper,  cadmium,  zinc,  lead, 
manganese,  cobalt,  nickel,  and  chromium  were  de- 
termined in  muscle,  liver,  and  gonads  of  Red  Sea 
Fish  collected  from  the  littoral  areas  of  Ras-Gharib 
in  the  northern  Egyptian  Red  Sea  to  Ras  Bonas  in 
the  south  of  the  Egyptian  Red  Sea  during  1980  and 
1982.  Levels  of  the  metals  were  determined  by 
atomic  absorption  spectrometry  as  part  of  a  base- 
line study  before  the  initiation  of  hot  brine  pools 
mining  in  the  area.  The  range  of  concentrations 
found  fell  generally  within  the  range  of  concentra- 
tions reported  for  these  elements  in  marine  fish  by 
previous  investigators.  The  levels  of  Cu,  Cd,  Zn, 
Co,  and  Pb  in  liver  were  relatively  higher  than  in 
muscle.  High  values  for  Zn  were  noted,  one  of 
611.5  micrograms/gm  dry  wt  for  liver  from  Si- 
ganus  oramin,  the  second  of  520.2  micrograms/gm 
dry  wt  for  liver  from  Odonus  niger,  the  third  of 
792.4  micrograms/gm  dry  wt  for  gonad  from  Ba- 
listoides  viridescens.  Most  coral-feeder  species  had 
low  concentrations  of  Cu,  Cd,  Zn,  and  Ni  in  their 
muscle  and  liver  tissues,  while  some  bottom  car- 
nivorous fish  which  feed  on  crustaceans  and  mol- 
lusks  had  maximum  mean  concentrations  of  Zn, 
Co,  Ni,  and  Cr.  Cu  and  Cd  concentrations  in 
muscle  tissues  of  Sigamus  oramin,  Lethrinus  geni- 
vittatus  and  L.  harak  decrease  with  increasing  age, 
but  for  Variola  louti  increase  with  increasing  age. 
Zn  concentrations  in  Siganus  oramin  muscle  and 
liver  tissues  decrease  with  increasing  age,  but  in 
other  species  increase  with  increasing  age.  No 
clear  trends  were  observed  between  metal  concen- 
trations and  site  or  seasonal  changes.  (Geiger-PTT) 
W90-05412 


METAL  FLUXES  TO  SWEDISH  FOREST 
LAKES. 

National  Swedish  Environment  Protection  Board, 

Solna.  Trace  Metal  Lab. 

H.  Borg,  and  K.  Johansson. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 

No.  3-4,  p  427-440,  October  1989.  1  fig,  2  tab,  78 

ref. 

Descriptors:  *Forest  hydrology,  *Acid  rain  effects, 
•Heavy  metals,  'Lakes,  *Sweden,  'Runoff, 
•Water  pollution  sources,  Path  of  pollutants,  Hy- 
drogen ion  concentration,  Forest  watersheds, 
Forest  soils,  Soil  chemistry,  Acidic  water,  Zinc, 
Cadmium,  Copper,  Lead,  Mercury,  Humic  acids. 
Air  pollution. 

Data  on  atmospheric  deposition,  transport  via 
runoff  water  and  contents  in  soil  were  used  to 
estimate  the  fluxes  of  Zn,  Cd,  Cu,  Pb,  and  Hg  to 
Swedish  forest  lakes.  The  calculations  refer  to  a 
hypothetical  lake  with  a  surface  area  of  about  9% 
of  the  total  catchment  area.  There  are  clear  differ- 
ences in  the  pathways  and  transport  mechanisms 
for  the  different  elements.  The  dominating  path- 
way for  the  input  of  Zn  and  Cd  to  lakes  is  via 
runoff  from  the  drainage  area.  About  60  to  95%  of 


the  total  load  comes  from  runoff,  highest  in  the 
acidified  areas.  The  acidification  status  of  the  soil  is 
by  far  the  most  important  factor  regulating  the 
mobility  of  these  elements.  The  amounts  of  Hg  and 
Pb  deposited  on  the  drainage  area  are  mainly  accu- 
mulating in  the  surficial  soil  layers.  The  transport 
of  these  elements  is  primarily  associated  with 
humic  substances.  About  30  to  50%  of  the  total 
load  of  Pb  and  25  to  75%  of  the  total  load  of  Hg  to 
lakes  originates  from  runoff.  The  transport  mecha- 
nisms for  Cu  are  similar  to  those  of  Pb  and  Hg,  but 
due  to  the  lower  anthropogenic  airborne  load,  the 
direct  deposition  is  of  less  importance.  (Author's 
abstract) 
W90-05414 


METALS  IN  SEDIMENT  OF  LAKES  IN 
NORTHERN  SWEDEN. 

National  Swedish  Environment  Protection  Board, 

Solna.  Research  Dept. 

K.  Johansson. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 

No.  3-4,  p  441-455,  October  1989.  2  fig,  4  tab,  31 

ref. 

Descriptors:  *Heavy  metals,  •Lake  sediments, 
•Sweden,  *Path  of  pollutants,  'Forest  watersheds, 
Cadmium,  Zinc,  Lead,  Copper,  Iron,  Water  pollu- 
tion sources,  Spatial  distribution. 

The  concentrations  of  Pb,  Cu,  Zn,  Cd,  and  Fe 
were  measured  in  sediment  from  54  soft  water 
lakes  in  the  inland  part  of  central  and  northern 
Sweden  in  order  to  study  the  regional  impact  of 
metals  to  lakes.  An  evident  regional  distribution 
due  to  environmental  pollution  was  found  concern- 
ing Pb,  Cd,  Zn,  and  Cu.  In  the  southern  part  of  the 
studied  region,  the  enrichment  factors  in  the  top 
sediment  layers  were  about  50,  7,  4,  and  2,  for  Pb, 
Cd,  Zn,  and  Cu,  respectively.  Further  to  the  north, 
the  contamination  of  the  top  sediments  gradually 
decreased.  In  a  large  part  of  the  northern  region, 
the  sediment  analyses  showed  no  general  vertical 
gradients  of  Zn  and  Cu,  indicating  non-polluted 
conditions.  Lead  was  the  most  widespread  and 
pronounced  pollutant  with  marked  enhancements 
in  most  parts  of  the  region.  In  the  northernmost 
areas,  the  top  sediment  showed  increased  concen- 
trations of  Pb  and  Cd  of  about  a  factor  of  2, 
suggesting  that  strictly  non-polluted  conditions 
concerning  these  two  metals  can  not  be  found 
anywhere  in  the  studied  region.  The  regional  dis- 
tribution of  Fe  differed  from  the  other  metals  and 
gave  no  evidence  of  a  large-scale  anthropogenic 
contribution.  The  natural  enrichment  of  Pb,  Cu, 
Zn,  and  Cd  in  the  surface  sediment  is  probably  of 
minor  importance  in  these  kinds  of  lakes.  The 
regional  distribution  of  metals  in  sediments  indicate 
that  there  is  a  large  scale  impact  of  Pb,  Cd,  Zn,  and 
Cu  on  Swedish  forest  lakes,  caused  by  anthropo- 
genic factors.  (Author's  abstract) 
W90-05415 


ANALYSIS  OF  GROUNDWATER  POLLUTION 
WITH  ATRAZINE  (UNTERSUCHUNGEN  ZUR 
GRUNDWASSERBELASTUNG  MIT  ATRAZIN). 

Technische  Univ.,  Munich  (Germany,  F.R.).  Inst, 
fuer  Wasserchemie  und  Chemische  Balneologie. 
M.  Grandet,  K.  E.  Quentin,  and  L.  Weil. 
Zeitschrift  fuer  Wasser  -  und  Abwasser  Forshung 
ZWABAQ,  Vol.  22,  No.  6,  p  231-235,  December 
1989.  5  fig,  5  tab,  14  ref.  English  summary. 

Descriptors:  'Agricultural  chemicals,  'Ground- 
water pollution,  'Atrazine,  'Pesticide  residues, 
'Path  of  pollutants,  Soil  contamination,  Herbi- 
cides. 

Soil  samples  from  atrazine  treated  corn  fields  were 
analyzed  for  the  vertical  distribution  of  atrazine 
and  metabolites  in  soil  at  depths  of  0-20  cm;  20-40 
cm  and  40-60  cm.  The  soil  samples  were  eluted 
with  distilled  water  and  atrazine  and  metabolites 
were  analyzed  in  the  eluate.  Ninety-four  percent  of 
atrazine  was  retained  in  the  first  20  cm  of  the  soil. 
The  concentration  of  atrazine  in  the  upper  soil 
layer  decreased  in  the  first  3.5  mo  to  1/17,  and  in  9 
mo  to  1/36  of  the  initial  concentration.  Atrazine 
concentration  in  groundwater  varied  from  0.56  to 
3.68  microgram/L  while  desethyl  atrazine  varied 
from  0.15  to  0.667.  (Geiger-PTT) 
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USE  OF  BIODETECTORS  AS  'CHANNEL  SPY* 
TO  ENCIRCLE  NON-LEGAL  HEAVY  METAL 
DISCHARGES  IN  SEWERS  (EINSATZ  EINES 
BIODETEKTORS    ALS    KANALSPION    ZUM 
NACHWEIS      DER      SCHWERMETALLHER- 
KUNFT  IN  ABWASSERSIELEN). 
Technische   Univ.    Hamburg-Harburg   (Germany, 
F.R.).  Arbeitsbereich  Umweltschutztechnik. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05418 


EVIDENCE  OF  DEPOSITION  OF  ATMOS- 
PHERIC POLLUTANTS  IN  A  REMOTE  HIGH 
ALPINE  LAKE  IN  AUSTRIA. 

Fraunhofer-Inst.  fuer  Umweltchemie  und  Oeko- 
toxikologie,  Schmallenberg  (Germany,  F.R.). 
C.  Steinberg,  W.  Kalbfus,  M.  Maier,  and  K.  Traer. 
Zeitschrift  fuer  Wasser  -  und  Abwasser  Forshung 
ZWABAQ,  Vol.  22,  No.  6,  p  245-248,  December 
1989.  7  fig,  1  tab,  16  ref. 

Descriptors:  'Water  pollution  sources,  'Lake  sedi- 
ments, 'Air  pollution,  'Acid  rain  effects,  'Austria, 
'Aromatic  compounds,  Alpine  regions,  Lakes, 
Path  of  pollutants. 

In  a  34  cm  long  sediment  core  from  a  remote,  high 
elevation  lake  of  the  central  Austrian  Alps,  the 
chronology  of  six  polycyclic  aromatic  hydrocar- 
bons (fluoranthene,  benzo(b)fluoranthene, 
benzo(k)fluoranthene,  benzo(a)pyrene, 
benzo(g,h,i)perylene,  and  indeno(l,2,3-cd)pyrene) 
was  studied  by  high  performance  liquid  chroma- 
tography. All  of  the  polycyclic  aromatic  hydrocar- 
bons showed  maximum  concentrations  at  the  sedi- 
ment surface,  indicating  increasing  depositions  of 
these  compounds.  For  benzo(b)fluoranthene, 
benzo(a)pyrene  and  fluoranthene  a  biotic  and/or 
diagenetic  origins  cannot  be  totally  excluded.  If 
biotic  and/or  diagenetic  polycyclic  aromatic  hy- 
drocarbons are  negligible,  the  concentrations  of 
these  organic  pollutants  in  the  sediments  of  remote 
lakes  are  influenced  by  the  amount  of  atmospheric 
deposition,  the  loss  through  volatilization,  and  the 
organic  carbon  content  of  the  sediment  material. 
For  remote  lakes  of  the  world,  the  background 
concentration  of  fluoranthene  ranges  between  80 
and  375  nanograms/gm.  (Author's  abstract) 
W90-05419 


STREAMING  CURRENT  DETECTION  FOR 
DETERMINATION  OF  METAL  COMPLEXA- 
TION  CAPACITIES  OF  AQUATIC  HUMIC 
SUBSTANCES. 

Karlsruhe  Univ.   (Germany,   F.R.).   Engler-Bunte 

Inst. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05421 


LYSIMETER  EXPERIMENTS  ON  THE  COR- 
RELATION OF  THE  INCREASE  OF  NITRATE 
CONCENTRATION  AND  HARDNESS  IN 
GROUNDWATER  (LYSIMETERVERSUCHE 
UEBER  DEN  ZUSAMMENHANG  DES  AN- 
STIEGES  DER  NITRATKONZENTRATION 
UND  DER  HAERTE  IM  GRUNDWASSER). 
Kernforschungszentrum  Karlsruhe  G.m.b.H.  (Ger- 
many, F.R.).  Inst,  fuer  Radiochemie. 
S.  H.  Eberle,  and  M.  Maier. 

Zeitschrift  fuer  Wasser  -  und  Abwasser  Forshung 
ZWABAQ,  Vol.  22,  No.  6,  p  262-267,  December 
1989.  7  fig,  10  ref.  English  summary. 

Descriptors:  'Water  pollution  sources,  'Lysi- 
meters,  'Nitrogen,  'Forest  soils,  'Nitrates,  Lea- 
chates,  Hardness,  Calcium,  Magnesium,  Path  of 
pollutants,  Groundwater  pollution. 

The  oxidative  transmutation  of  organic  nitrogen  in 
forest  soil  was  investigated  by  lysimeter  experi- 
ments and  with  Kick-Brauckmann  vessels.  The 
concentration  of  nitrate  and  the  hardness  in  the 
leachates  showed  a  good  correlation  and  are  inter- 
preted as  the  presence  and  formation  respectively 
of  calcium  nitrate  and  magnesium  nitrate.  Exam- 
ples  are   given   of  groundwater   analyses   which 
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show  the  same  simultaneous  increase  of  nitrate 
concentration  and  hardness  over  long  time  periods 
and  which  prove  it  to  be  a  common  problem. 
(Author's  abstract) 
W90-05423 

ATTACHMENT  OF  TOXIGENIC  VIBRIO  CHO- 
LERAE  01  TO  VARIOUS  FRESHWATER 
PLANTS  AND  SURVIVAL  WITH  A  FILAMEN- 
TOUS GREEN  ALGA,  RHIZOCLONIUM  FON- 
TANUM.  . 

London  School  of  Hygiene  and  Tropical  Medicine 
(England).  Dept.  of  Tropical  Hygiene. 
S.  Islam,  B.  S.  Drasar,  and  D.  J.  Bradley. 
Journal     of    Tropical     Medicine     and     Hygiene 
JTMHA9,  Vol.  92,  No.  6,  p  396-401,  December 
1989.  3  fig,  2  tab,  23  ref. 

Descriptors:  'Human  pathogens,  "Vibrio,  *Aquat- 
ic  bacteria,  Aquatic  plants,  *Algae,  *Public  health, 
Bangladesh,  Cyanophyta,  Chlorophyta,  Survival, 
Salinity. 

In  Bangladesh,  cholera  epidemics  occur  twice  a 
year.  Vibrio  cholerae  01  are  readily  isolated  from 
the  environment  only  during  epidemics.  The  inter- 
epidemic  reservoirs  or  sites  of  survival  and  multi- 
plication of  V.  cholerae  are  still  unknown.  Investi- 
gations were  carried  out  with  various  fresh-water 
plants  as  possible  reservoirs  of  V.  cholerae  in  the 
environment.  Attachment  to  and  acute  population 
changes  of  V.  cholerae  on  various  plant  surfaces 
was  used  as  a  screening  technique  to  screen  a 
particular  plant  species  for  survival  studies.  Five 
plant  species,  Anabaena  variabilis,  Rhizoclonium 
fontanum,  Cladophora  sp.,  Fontinalis  antipyretica 
and  Elodea  canadensis  were  used  for  attachment 
experiments.  Among  these  plants,  R.  fontanum 
showed  the  best  attachment.  On  the  basis  of  attach- 
ment results,  survival  experiments  were  carried  out 
with  R.  fontanum.  At  0.05  ppt  salinity,  toxigenic 
V.  cholerae  01  survive  longer  in  the  presence  of  R. 
fontanum  than  in  medium  without  algae.  (Author's 
abstract) 
W90-05450 

NUMERICAL  EXPERIMENTS  WITH  A  MATH- 
EMATICAL MODEL  OF  PHOSPHORUS  CY- 
CLING IN  THE  EPILIMNION  OF  LAKE  GLE- 
BOKIE. 

Polish  Academy  of  Sciences,  Warsaw.  Zaklad  Pa- 
leobiology. 
J.  Uchmanski. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  147-156,  November  1989.  5 
fig,  4  tab,  1  ref. 

Descriptors:  'Path  of  pollutants,  *Limnology, 
•Lakes,  *Eutrophic  lakes,  *Phosphorus,  *Cycling 
nutrients,  •Zooplankton,  *Phytoplankton,  *Aquat- 
ic  bacteria,  'Detritus,  *Water  temperature,  "Trans- 
parency, *Fish  farming,  Mathematical  models,  Sea- 
sonal variation,  Lake  Glebokie,  Poland. 

Lake  Glebokie  in  northeast  Poland  is  a  deep,  eu- 
trophic  lake  with  large  internal  loading,  additional- 
ly loaded  by  artificial  fish  fanning.  The  model 
describes  seasonal  changes  in  6  variables:  predato- 
ry and  non-predatory  zooplankton,  phytoplankton, 
bacteria,  detritus,  and  phosphorus.  The  results  of  a 
stability  analysis  show  that  in  phase  space  the 
model  is  characterized  by  a  single  stable  point  with 
converging  oscillations  of  all  variables  about  it. 
Several  numerical  experiments  were  performed. 
The  results  of  changing  the  level  and  time  distribu- 
tion of  the  internal  loading,  which  can  simulate 
real  efforts  at  changing  the  oxygen  conditions  near 
the  bottom,  were  investigated.  The  influence  of 
stopping  the  fish  farming  in  the  lake,  cooling  or 
heating  the  lake  water,  and  changing  light  trans- 
parency were  also  studied.  These  experiments  have 
shown  that  the  internal  phosphorus  loading  of  the 
lake  is  the  major  force  of  the  lake  dynamics.  (Au- 
thor's abstract) 
W90-05466 


SIMULATION  OF  RESERVOIRS  IN  A 
GLOBAL  DESCRIPTION  OF  MOVEMENT  OF 
POLLUTION  IN  THE  ENVIRONMENT. 

Research    Inst,    of  Fuel    and    Energy    Complex, 


Prague  (Czechoslovakia). 

I.  Chytil. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  219-222,  November  1989. 

Descriptors:  *Model  studies,  *Path  of  pollutants, 
•Reservoirs,  'Rivers,  Thermal  stratification,  Flow, 
Dams,  Simulation. 

In  modeling  the  movement  of  pollutants  on  river 
networks,  one  has  to  consider  tens,  perhaps  hun- 
dreds, of  reservoirs.  It  is  necessary  to  divide  these 
reservoirs  into  several  basic  groups  and  to  con- 
struct a  simple  model  for  each  group.  In  through- 
flow  reservoirs,  the  total  volume  of  the  reservoir 
divided  by  the  flow  is  less  than  approximately  15 
days  and  the  length  is  10  or  more  times  greater 
than  the  width.   This  type  of  reservoir  can  be 
simulated  as  a  free-flowing  river.  Dam  reservoirs 
with  temperature  stratification  have  a  large  ratio  of 
reservoir  volume  to  flow  rate  which  is  greater  than 
approximately   15  days,  the  main  outflow  being 
beneath  the  water  surface  at  a  depth  frequently 
more  than  10  m.  In  most  cases  the  length  is  10 
times  longer  than  the  width.  The  density  (tempera- 
ture) stratification  significantly  influences  move- 
ment  of  water   in   the   reservoir  because   water 
moves  in  different  layers  dependent  on  tempera- 
ture. The  basic  difference  between  deep  lakes  and 
dam  reservoirs  with  temperature  stratification  is 
that  the  outflow  is  at  the  level  of  the  water  surface. 
These  two  groups  differ  in  terms  of  water  move- 
ment and  also  in  lag  time  during  the  year.  Shallow 
reservoirs  are  characterized  by  a  large  surface  and 
small  depth.  Movement  of  water  in  these  reser- 
voirs is  strongly  influenced  by  the  shape  of  the 
bottom  and  by  the  wind.  Pumped  storage  systems 
of  reservoirs  are  in  most  cases  represented  by  two 
reservoirs   with   temperature   stratification.   Their 
characteristic  feature  is  that  the  repumped  volume 
of  water  is  significantly  larger  than  the  volume  of 
water  flowing  in  one  day  in  system  reservoirs,  so 
the  dominant  water  movement  in  these  reservoirs 
is  the  repumping  of  water  between  reservoirs.  Non 
through-flow  reservoirs  have  a  special  character  in 
terms  of  water  use.   Water  is  allowed   into  the 
empty  reservoir.  The  water  stays  in  the  reservoir 
without  outflow.  Inflow  replaces  only  evaporation 
of  water,  and  after  a  time  period  the  reservoir  is 
discharged.  In  most  cases  predictive  models  can  be 
used  for  calculation  of  pollutants  in  these  six  types 
of  reservoirs.  The  exact  solution  for  reservoirs 
requires   a  separate  solution   for  each  reservoir. 
(Sand-PTT) 
W90-05473 


INITIAL  TEST  OF  THE  BENCHMARK  CHEM- 
ICAL APPROACH  FOR  PREDICTING  MICRO- 
BIAL TRANSFORMATION  RATES  IN  AQUAT- 
IC ENVIRONMENTS. 

Technology  Applications,  Inc.,  Athens,  GA. 
T.  D.  Newton,  D.  K.  Gattie,  and  D.  L.  Lewis. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.   56,  No.    1,  p  288-291,  January 
1990.  4  tab,  5  ref. 

Descriptors:  *Fate  of  pollutants,  •Biotransforma- 
tion, *Biodegradation,  Sediments,  Biofilms,  Micro- 
bial mats,  Streams,  Lakes,  Wetlands,  Chlorinated 
organic  compounds,  Parathion,  Georgia,  Florida, 
Rate  coefficient. 

Using  2,4-dichlorophenoxyacetic  acid  methyl  ester 
(2,4-DME)  as  a  benchmark  chemical,  relative 
pseudo-first-order  rate  coefficients  were  deter- 
mined for  the  butoxyethyl  ester  of  2,4-dichloro- 
phenoxyacetic acid  (2,4-DBE),  methyl  parathion, 
and  methyl-3-chlorobenzoate  in  a  diversity  of  mi- 
crobial samples,  including  water,  sediment,  biofilm, 
and  floating  microbial  mats  collected  from  a  labo- 
ratory mesocosm  as  well  as  from  streams,  lakes, 
and  wetlands  in  Georgia  and  Florida.  The  decreas- 
ing order  of  reactivity  for  relative  microbial  trans- 
formation rates  was  2,4-DBE  >  2,4-DME  > 
methyl-3-chlorobenzoate  >  methyl  parathion. 
Half-lives  of  the  chemicals  varied  from  about  60- 
fold  depending  on  the  chemical  and  microbial 
sample.  Relative  rate  coefficients,  however,  typi- 
cally varied  only  about  threefold  for  field-collect- 
ed samples.  Relative  rate  coefficients  determined 
with  samples  from  a  laboratory  mesocosm  were 
consistently  low  compared  with  the  field  sample 


data.  Overall,  the  data  indicated  that  microbial 
transformation  rates  of  a  chemical  can  be  satisfac- 
torily inferred  for  a  wide  variety  of  microbial 
habitats-such  as  water,  biofilm,  or  a  sediment-on 
the  basis  of  its  transformation  rate  relative  to  that 
of  an  appropriate  benchmark  chemical  by  using  a 
single  type  of  microbial  sample.  (Author's  abstract) 
W90-05488 


ORGANOMERCURIAL-VOLATILIZING  BAC- 
TERIA IN  THE  MERCURY-POLLUTED  SEDI- 
MENT OF  MINAMATA  BAY,  JAPAN. 

National   Inst,   for  Minamata  Disease,  Minamata 

(Japan).  Dept.  of  Basic  Medical  Science. 

K.  Nakamura,  M.  Sakamoto,  H.  Uchiyama,  and  O. 

Yagi. 

Applied       and       Environmental       Microbiology 

AEMIDF,  Vol.   56,   No.    1,   p  304-305,  January 

1990.  1  tab,  17  ref. 

Descriptors:  'Marine  bacteria,  *Bacterial  physiolo- 
gy, *Japan,  *Water  pollution,  *Mercury,  •Bio- 
transformation, *Fate  of  pollutants,  Sediments, 
Minamata  Bay,  Path  of  pollutants,  Sediment  con- 
tamination, Organomercury  compounds. 

A  total  of  4,604  bacterial  strains  isolated  from  the 
sediments  of  Minamata  Bay  and  nearby  low-level 
mercury  stations  (control  stations)  were  screened 
for  the  ability  to  volatilize  mercury  from  inorganic 
and  organic  mercurial  compounds.  The  strains  that 
volatilize  from  several  kinds  of  organomercurials 
were  found  only  in  the  sediments  of  Minamata  bay. 
All  of  these  strains  belonged  to  the  genus  Bacillus. 
Organomercurial-volatilizing  bacteria  having  or- 
ganomercurial  lyase  with  a  special  wide-range  sub- 
strate specificity  may  have  been  selected  by  the 
pressure  of  mercury  in  the  mercury-polluted  sedi- 
ments. (Author's  abstract) 
W90-05489 


GROUND-WATER  CONTAMINATION  AT  AN 
INACTIVE  COAL  AND  OIL  GASIFICATION 
PLANT  SITE,  GAS  WORKS  PARK,  SEATTLE, 
WASHINGTON. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

G.  L.  Turney,  and  D.  F.  Goerlitz. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report   88-4224, 
1989.  31p,  7  fig,  6  tab,  25  ref. 

Descriptors:  *Groundwater  pollution,  *Coal  gasifi- 
cation, *Gasification,  'Water  pollution  sources, 
•Washington,  *Cyanide,  'Aromatic  compounds, 
•Hydrocarbons,  *Organic  compounds,  Specific 
conductivity,  Trace  metals,  Seattle,  Soil  contami- 
nation, Volatile  organic  compounds. 

Gas  Works  Park,  in  Seattle,  Washington,  is  located 
on  the  site  of  a  coal  and  oil  gasification  plant  that 
ceased  operation  in  1956.  During  operation,  many 
types  of  wastes,  including  coal,  tar,  and  oil,  accu- 
mulated on  site.  The  park  soil  is  presently  (1986) 
contaminated  with  compounds  such  as  polynuclear 
aromatic  hydrocarbons,  volatile  organic  com- 
pounds, trace  metals,  and  cyanide.  Analyses  of 
water  samples  from  a  network  of  observation  wells 
in  the  park  indicate  that  these  compounds  are  also 
present  in  the  groundwater.  Polynuclear  aromatic 
hydrocarbons  and  volatile  organic  compounds 
were  identified  in  groundwater  samples  in  concen- 
trations as  large  as  200  mg/L.  Concentrations  of 
organic  compounds  were  largest  where  ground- 
water was  in  contact  with  a  nonaqueous  phase 
liquid  in  the  soil.  Concentrations  in  groundwater 
were  much  smaller  where  no  nonaqueous  phase 
liquid  was  present,  even  if  the  groundwater  was  in 
contact  with  contaminated  soils.  This  condition  is 
attributed  to  weathering  processes  at  the  site,  such 
as  dissolution,  volatilization,  and  biodegradation. 
Soluble,  volatile,  low-molecular-weight  organic 
compounds  are  preferentially  dissolved  from  the 
nonaqueous  phase  liquid  into  the  groundwater. 
Where  no  nonaqueous  phase  liquid  is  present,  only 
stained  soils  containing  relatively  insoluble,  high- 
molecular-weight  compounds  remain;  therefore, 
contaminant  concentrations  in  the  groundwater  are 
much  smaller.  Concentrations  of  organic  contami- 
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nants  in  the  soils  may  still  remain  large.  Values  of 
specific  conductance  were  as  large  as  5,280  micro- 
siemens/cm,  well  above  a  background  of  242  mi- 
crosiemens/cm,  suggesting  large  concentrations  of 
minerals  in  the  groundwater.  Trace  metal  concen- 
trations, however,  were  generally  <  0.010  mg/L, 
and  below  limits  of  US  EPA  drinking  water  stand- 
ards. Cyanide  was  present  in  groundwater  samples 
from  throughout  the  park,  ranging  in  concentra- 
tion from  0.01  to  8.6  mg/L.  (Author's  abstract) 
W90-05550 


COMPOSITION,  DISTRIBUTION,  AND  HY- 
DROLOGIC  EFFECTS  OF  CONTAMINATED 
SEDIMENTS  RESULTING  FROM  THE  DIS- 
CHARGE OF  GOLD  MILLING  WASTES  TO 
WHITEWOOD  CREEK  AT  LEAD  AND  DEAD- 
WOOD,  SOUTH  DAKOTA. 
Geological  Survey,  Rapid  City,  SD.  Water  Re- 
sources Div. 
K.  E.  Goddard. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  87-4051, 
1989.  76p,  20  fig,  14  ref,  31  ref. 

Descriptors:  *Water  pollution  sources,  'Sediment 
contamination,  'Gold  mining,  'Sediment  trans- 
port, 'South  Dakota,  'Mine  wastes,  Arsenic, 
Whitewood  Creek,  Belle  Fourche  River,  Flood 
plains. 

Between  1876  and  1977,  as  much  as  100  million 
tons  of  mining  and  milling  wastes  derived  from 
gold  mining  activities  were  discharged  into 
Whitewood  Creek  and  its  tributaries  at  Lead  and 
Deadwood,  South  Dakota.  An  unknown,  but  sub- 
stantial proportion  of  these  wastes  were  deposited 
on  the  flood  plains  along  Whitewood  Creek  and 
the  Belle  Fourche  River  either  as  thick  deposits 
adjacent  to  meanders  or  as  extensive,  thinner  over- 
bank  deposits.  The  wastes  mostly  are  fine-ground 
mill  tailings  that  originally  contained  7-8%  iron- 
sulfide  minerals,  including  the  mineral  arsenopyrite 
(FeAsS),  as  well  as  metallic  mercury  and  cyanide 
compounds  added  during  the  milling  process. 
Comparisons  between  natural,  uncontaminated 
sediment  samples  and  contaminated  sediment  sam- 
ples indicate  that  arsenic  is  the  most  anomalous 
trace  constituents;  uncontaminated  sediment  sam- 
ples had  a  mean  As  concentration  of  9.2  micro- 
grams/gm,  whereas  contaminated  sediment  sam- 
ples had  a  mean  As  concentration  of  1,920  microg/ 
gm.  Results  of  a  stratified,  random,  sediment  sam- 
pling program  indicate  that  most  of  the  near  sur- 
face sediments  on  the  flood  plains  along 
Whitewood  Creek  and  the  Belle  Fourche  River 
are  contaminated  by  As.  On  the  flood  plain  along 
Whitewood  Creek  downstream  from  the  junction 
with  Gold  Run,  82%  of  the  near  surface  sediment 
samples  contained  anomalously  large  concentra- 
tions of  As;  the  mean  As  concentration  was  1,400 
microg/gm  with  a  maximum  concentration  of 
11,000  microg/gm.  Although  the  As  concentra- 
tions were  anomalously  large  in  71%  of  the  sedi- 
ment samples  collected  from  the  Belle  Fourche 
River  flood  plain,  the  mean  As  concentrations 
gradually  decreased  downstream  from  abut  1,300 
microg/gm  just  downstream  from  the  junction 
with  Whitewood  Creek  to  about  400  microg/gm 
near  the  mouth.  Appreciable  surface  water  con- 
tamination caused  by  the  contaminated  sediments 
is  confined  to  Whitewood  Creek  and  a  reach  of  the 
Belle  Fourche  River  downstream  from  the  junc- 
tion with  Whitewood  Creek.  Groundwater  con- 
tamination in  the  alluvial  aquifers  along 
Whitewood  Creek  and  the  Belle  Fourche  River  is 
limited  to  areas  in  direct  contact  with  large  depos- 
its of  contaminated  sediments.  The  dissolved  As 
concentration  was  larger  than  the  standard  of  50 
microg/L  in  water  from  4  of  36  sampled  wells  and 
had  a  maximum  concentration  of  280  microg/L. 
(Lantz-PTT) 
W90-05553 


ESTIMATION  OF  HYDROCARBON  BIODE- 
GRADATION  VELOCTITES  IN  TIDAL  SEDI- 
MENTS UNDER  STANDARD  CONDITIONS. 

Oldenburg  Univ.  (Germany,  F.R.).  Fachbereich  7  - 

Biologie. 

U.  Kant,  K.  Kiesewetter,  M.  Michaelson,  and  T. 


Hoepner. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  TIB/A88- 
83008.  Price  code:  E07  in  paper  copy.  Final 
Report,  1985.  48p,  18  fig,  2  tab,  40  ref. 

Descriptors:  'Hydrocarbons,  'Biodegradation, 
•Fate  of  pollutants,  'Oil,  'Tidal  flats,  'Marine 
sediments,  Path  of  pollutants,  Hexadecane,  Bacte- 
ria, Aerobic  environment,  Biological  studies. 

Hexadecane  and  raw  oil  biodegradation  rates  in 
aerobic  sediments  from  intertidal  mudflats  were 
determined  in  laboratory  experiments  and  under 
observation  of  the  development  of  the  bacterial 
numbers  (total  colony  forming  units).  Dependen- 
cies on  nutrients  and  dispergators  were  examined. 
The  main  results  are:  (1)  Hydrocarbon  biodegrada- 
tion shows  a  clear  dependence  on  nutrients  even  in 
natural  fresh  sediments.  In  the  presence  of  nutri- 
ents biodegradation  rates  are  about  1000-fold 
higher  than  in  sea  water,  in  the  absence  of  nutrients 
degradation  is  very  slow.  Addition  of  adapted  bac- 
teria does  not  accelerate  the  degradation.  Under 
field  conditions  and  oxygen  limitation  the  depend- 
ence on  nutrients  is  not  visible.  (2)  There  is  an 
interdependence  between  hydrocarbon  degrada- 
tion and  development  of  total  colony  forming 
units.  Bacterial  number  attains  a  maximum  after  10- 
20  days  when  hydrocarbon  degradation  overcomes 
a  lag  phase.  At  the  maximum,  the  bacterial  number 
is  dependent  on  the  addition  of  hydrocarbons  and 
nutrients,  and  independent  of  the  initial  bacteria 
number.  (3)  The  tested  dispergators  Corexit  9527, 
Metryl  OD  and  THL  do  not  have  a  positive  or 
negative  effect  on  hydrocarbon  biodegradation 
rates.  There  are  no  reasons  to  use  then  in  an 
aerobic  sediment.  It  cannot  be  excluded  that  Cor- 
exit 9526  and  Metryl  OD  enhance  hydrocarbon 
toxicity  against  bacteria.  This  effect  can  be  ex- 
cluded for  THL.  (4)  It  is  necessary  to  include 
biodegradation  into  the  management  of  an  oil  pol- 
lution of  the  sediment  surface.  The  first  means  to 
accelerate  hydrocarbon  biodegradation  in  sedi- 
ments is  oxygen  supply  by  sediment  agitation. 
Having  overcome  oxygen  limitation  by  sediment 
agitation,  nutrient  limitation  has  to  be  examined 
and  overcome.  (Lantz-PTT) 
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PETROLEUM  FATE  AND  CLEANUP  AGENT 
TOXICOLOGY:  AN  ANNOTATED  BIBLIOG- 
RAPHY. 

California  Univ.,  Santa  Cruz.  Center  for  Marine 

Studies. 

R.  S.  Tjeerdema,  G.  E.  Croston,  L.  M.  Swall,  and 

M.  Martin. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB89-134580. 

Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 

Report    No.    UCSC/IMS-88/1,    December    1988. 

120p. 

Descriptors:  'Oil  pollution,  'Fate  of  pollutants, 
•Bibliographies,  'Toxicology,  'Oil  spills,  'Cleanup 
operations,  Water  pollution,  Wildlife,  Marine  envi- 
ronment. 

California  State  Senate  Bill  686  allocated  funds  for 
examination  of  the  toxic  effects  of  oil  spill  cleanup 
agents  on  indigenous  wildlife  and  marine  species. 
This  annotated  bibliography,  representing  one  ob- 
jective of  the  bill,  presents  available  literature  on 
the  environmental  fate  of  petroleum  and  on  all 
aspects  of  cleanup  agent  toxicology.  Along  with 
listing  abstracts,  when  available,  it  also  contains  an 
extensive  index  to  facilitate  searches  in  specific 
subject  areas.  (Author's  abstract) 
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SUPERFUND  RECORD  OF  DECISION:  OLD 

BETHPAGE,  NY. 

Environmental    Protection   Agency,   Washington, 

DC.  Office  of  Emergency  and  Remedial  Response. 

For  primary  bibliographic   entry  see   Field   5G. 
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DEGRADATION  OF  POLYCYCLIC  AROMAT- 
IC HYDROCARBON  COMPOUNDS  UNDER 
VARIOUS  REDOX  CONDITIONS  IN  SOIL- 
WATER  SYSTEMS. 


Carnegie-Mellon  Univ.,  Pittsburgh,  PA.  Dept.  of 

Civil  Engineering. 

J.  R.  Mihelcic,  and  R.  G.  Luthy. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  DE88-016843. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  DOE/FC/10619-2518,  October  1987. 

23p,    10  fig,   27   ref.    DOE  Contract   DE-AC18- 

84FC10619. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
•Aromatic  compounds,  'Hydrocarbons,  'Soil 
water,  Microbial  degradation,  Naphthol,  Naphtha- 
lene, Acenaphthalene,  Chemical  degradation,  Aer- 
obic conditions,  Anaerobic  conditions,  Denitrifica- 
tion. 

The  microbial  degradation  of  naphthol,  naphtha- 
lene, and  acenaphthene  under  aerobic,  strict  anaer- 
obic, and  denitrification  conditions  in  soil  water 
systems  was  evaluated.  Chemical  degradation  of 
naphthol  and  naphthalene  in  the  presence  of  a 
manganese  oxide  was  also  studied.  Naphthol,  naph- 
thalene, and  acenaphthene  were  degraded  micro- 
bially  under  aerobic  conditions  from  initial  aqueous 
phase  concentrations  of  9,  7,  and  1  mg/L  to  nonde- 
tectable  levels  in  3,  10,  and  10  days  respectively. 
Under  anaearobic  conditions  naphthol  degraded  to 
nondetectable  levels  in  15  days  while  naphthalene 
and  acenaphthene  showed  no  significant  degrada- 
tion over  time  periods  of  50  and  70  days  respec- 
tively. Under  denitrification  conditions  naphthol, 
naphthalene,  and  acenaphthene  were  degraded 
from  initial  aqueous  phase  concentrations  at  8,  7, 
and  0.4  mg/L  to  nondetectable  levels  in  16,  45,  and 
40  days  respectively.  Acclimation  periods  of  ap- 
proximately 2  days  under  aerobic  conditions,  and  2 
weeks  under  denitrification  conditions,  were  ob- 
served for  both  naphthalene  and  acenaphthene. 
Abiotic  degradation  of  naphthalene  and  naphthol 
was  evaluated  by  reaction  with  manganese  oxide,  a 
minor  soil  constituent.  In  the  presence  of  a  manga- 
nese oxide  naphthalene  showed  no  abiotic  degrada- 
tion over  a  time  period  of  nine  weeks,  while  aque- 
ous naphthol  concentration  decreased  from  9  mg/ 
L  to  nondetectable  levels  in  9  days.  The  results  of 
this  study  show  that  low  molecular  weight,  unsub- 
stituted  polycyclic  aromatic  hydrocarbons  are 
amenable  to  microbial  degradation  in  soil-water 
systems  under  denitrification  conditions.  This  type 
of  compound  may  otherwise  persist  in  soil-water 
systems  in  the  absence  of  nitrate  and  molecular 
oxygen,  or  a  suitable  substituent  group  on  the 
aromatic  ring.  (Author's  abstract) 
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CHEMICAL,  GEOLOGIC,  AND  HYDROLOGIC 
DATA  FROM  THE  STUDY  OF  ACIDIC  CON- 
TAMINATION IN  THE  MIAMI  WASH-PINAL 
CREEK  AREA,  ARIZONA  WATER  YEARS 
1984-87. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

J.  H.  Eychaner,  M.  R.  Rehmann,  and  J.  G.  Brown. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-410,  October  1989.  105p,  2 
fig,  19  ref. 

Descriptors:  'Path  of  pollutants,  'Water  pollution 
sources,  'Arizona,  'Monitoring,  'Hydrologic  data 
collections,  'Acid  mine  drainage,  Pinal  Creek 
Basin,  Sediment  density,  Chemical  analysis,  Miner- 
alogy, Particle  size. 

Occurrence  and  movement  of  acidic  contamination 
in  the  aquifer  and  streams  of  the  Pinal  Creek  basin 
near  Globe,  Arizona,  is  the  focus  of  an  ongoing 
study  by  the  US  Geological  Survey.  Groundwater 
data  from  that  study  for  water  years  1984  to  1987 
include  location,  construction  information,  and  site 
plans  for  six  groups  oPmonitoring  wells,  mineral- 
ogic  and  particle-size  analyses  of  drill  cuttings, 
water-level  measurements,  and  chemical  analyses 
of  water  samples  from  39  wells.  Surface  water  data 
for  13  sites  in  this  study  include  discharge  measure- 
ments and  chemical  analyses  of  water  and  stream- 
bed  sediment  samples.  Monthly  discharge  data  are 
presented  for  one  site.  Monthly  precipitation 
amounts  and  statistics  of  long-term  precipitation 
are  presented  for  two  sites.   (Author's  abstract) 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Effects  Of  Pollution — Group  5C 


W90-05600 


WATER       RESOURCES       OF       SEDGWICK 
COUNTY,  KANSAS. 

Geological   Survey,    Lawrence,   KS.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05605 


5C.  Effects  Of  Pollution 


DEVELOPMENT  OF  WATER  RELEASE 
PLANS  FOR  MINIMIZING  FISH  KILLS 
BELOW  TULSA  DISTRICT,  CORPS  OF  ENGI- 
NEERS IMPOUNDMENTS. 

Corps  of  Engineers,  Tulsa,  OK.Tulsa  District. 
For  primary  bibliographic  entry  see  Field  81. 
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EXPERIMENTAL  STUDIES  ON  THE  EFFECTS 
OF  ZINC  ON  ERPOBDELLA  OCTULATA  a.) 
(ANNELIDA:  HIRUDINEA)  FROM  THE  AFON 
CRAFNANT,  N.  WALES. 

Cauldon  College  of  Further  and  Higher  Educa- 
tion, Stoke  Road,  Shelton,  Stoke  on  Trent,  ST4 
2DG,  England. 
M.  Willis. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  116, 
No.  4,  p  449-469,  1989.  3  fig,  8  tab,  26  ref. 

Descriptors:  *Water  pollution  effects,  *Zinc, 
♦Mine  wastes,  *Toxicity,  *Annelids,  *Leeches, 
'Bioaccumulation,  Artificial  stream  tanks,  Larval 
growth  stage,  Reproduction,  Animal  behavior, 
Afon  Crafnant,  Wales. 

Experiments  were  conducted  to  clarify  the  results 
of  a  field  survey  of  the  leech,  Erpobdella  octocu- 
lata,  population  in  the  Afon  Crafnant,  N.  Wales,  a 
stream  polluted  by  zinc  from  mine  waste.  The 
effects  of  a  range  of  Zn  concentrations  on  the 
survival,  growth,  reproduction  success  and  behav- 
ior of  the  leech  were  studied  by  use  of  toxicity 
tests,  breeding  populations  in  artificial  stream 
tanks,  static  water  experiments  and  a  countercur- 
rent  tank.  The  blotted  wet  weight  of  the  leaches 
was  used  to  estimate  growth,  reproductive  success 
was  measured  by  estimating  the  number  of  co- 
coons and  the  number  of  eggs  per  cocoon,  behav- 
ioral responses  by  avoidance-preference  experi- 
ments, and  bioaccumulation  of  zinc  by  wet  ashing 
and  flame  atomic  absorption  spectrophotometry. 
In  the  short-term,  one-year-old  leeches  were  more 
tolerant  of  zinc  than  newly-hatched  Erpobdella 
which  after  50  days'  exposure  from  hatching  were 
affected  lethally.  There  was  an  observed  tendency 
for  the  reproductive  capacity  of  Erpobdella  to  be 
adversely  affected  at  320  and  180  microgram  Zn/1 
with  the  production  of  more  flat,  misshapen  co- 
coons devoid  of  eggs,  a  delay  in  deposition  of 
cocoons  and  prolonged  development  of  eggs  in 
cocoons.  Avoidance  of  zinc  by  adult  leeches  was 
observed.  Active  uptake  of  zinc  by  Erpobdella  at 
low  concentrations  of  zinc  in  solution  was  con- 
firmed. Zinc  pollution  is  a  probable  cause  of  a 
reduction  of  density  and  reduced  reproductive  ca- 
pacity of  Erpobdella  in  the  Afon  Crafnant.  (Sand- 
PTT) 
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DOSE-RESPONSE  RELATION  BETWEEN  AR- 
SENIC CONCENTRATION  IN  WELL  WATER 
AND  MORTALITY  FROM  CANCERS  AND 
VASCULAR  DISEASE. 

Academia  Sinica,  Taipei  (Taiwan).  Inst,  of  Bio- 
medical Sciences. 

M.  M.  Wu,  T.  L.  Kuo,  Y.  H.  Hwang,  and  C.  J. 
Chen. 

American  Journal  of  Epidemiology  AJEPAS,  Vol. 
130,  No.  6,  p  1123-1132,  December  1989.  1  fig,  4 
tab,  53  ref. 

Descriptors:  'Arsenic,  'Water  pollution  effects, 
'Well  water,  'Drinking  water,  'Toxicity,  'Car- 
cinogens, 'Human  diseases,  'Epidemiology, 
Cancer,  Vascular  diseases,  Taiwan,  Public  health. 

Age-adjusted  mortality  rates  were  analyzed  to  ex- 
amine the  dose-response  relation  between  ingested 


arsenic  levels  and  risk  of  cancers  and  vascular 
diseases  among  residents  in  the  endemic  area  of 
blackfoot  disease,  a  unique  peripheral  vascular  dis- 
ease associated  with  long-term  exposure  to  high- 
arsenic  artesian  well  water  and  confined  to  the 
southwestern  coast  of  Taiwan.  The  arsenic  levels 
in  well  water  determined  in  1964-66  were  available 
in  42  villages  of  the  study  area,  while  mortality  and 
population  data  during  1973-86  were  obtained  from 
local  household  registration  offices  and  Taiwan 
Provincial  Department  of  Health.  Age-adjusted 
mortality  rates  from  various  cancers  and  vascular 
diseases  by  sex  were  calculated  using  the  1976 
world  population  as  the  standard  population.  A 
significant  dose-response  relation  was  observed  be- 
tween arsenic  levels  in  well  water  and  cancers  of 
the  bladder,  kidney,  skin,  and  lung  in  both  males 
and  females,  and  cancers  of  the  prostate  and  liver 
in  males.  However,  there  was  no  association  for 
cancers  of  the  nasopharynx,  esophagus,  stomach, 
colon,  and  uterine  cervix,  and  for  leukemia.  Ar- 
senic levels  of  well  water  were  also  associated  with 
peripheral  vascular  diseases  and  cardiovascular  dis- 
eases in  a  dose-response  pattern,  but  not  with  cere- 
brovascular accidents.  The  duel  effect  of  arsenic 
on  carcinogenesis  and  arteriosclerosis  and  the 
interrelation  between  these  two  pathogenic  mecha- 
nisms deserve  more  intensive  study.  (Author's  ab- 
stract) 
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BACTERIOLOGICAL  ASPECTS  OF  FLORIDA 
RED  TIDES:  A  REVISIT  AND  NEWER  OBSER- 
VATIONS. 

Connecticut  Univ.,  Groton.  Marine  Sciences  Inst. 
For  primary  bibliographic  entry  see  Field  2L. 
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LONG-TERM  COMPARISON  OF  ZOOPLANK- 
TON  COMMUNITIES  BETWEEN  THERMAL- 
LY-ALTERED AND  AMBIENT  AREAS  OF  A 
NORTH  CAROLINA  COOLING  RESERVOIR. 

Wake  Forest  Univ.,  Winston-Salem,  NC.  Dept.  of 

Biology. 

D.  J.  Marcogliese,  G.  W.  Esch,  and  R.  V.  Dimock. 

Journal  of  the  Elisha  Mitchell  Scientific  Society 

JEMSA5,  Vol.  105,  No.  1,  p  1-13,  Spring  1989.  7 

fig,  2  tab,  26  ref. 

Descriptors:  'Zooplankton,  'Cooling  ponds, 
'Thermal  pollution,  'Reservoirs,  'Selenium, 
'Water  pollution  effects,  Fish  predation,  Species 
composition,  Population  density,  Belews  Lake, 
North  Carolina,  Selenium. 

Zooplankton  community  diversity  from  a  thermal- 
ly-altered effluent  arm  of  Belews  Lake,  N.C.,  was 
similar  to  that  of  the  ambient  area  of  the  cooling 
reservoir  in  both  1974-75  and  1984-86.  Elevated 
temperatures  did  not  appear  to  affect  species  com- 
position or  relative  abundance  within  the  commu- 
nity. Changes  in  zooplankton  species  diversity  that 
occurred  between  1974-75  and  1984-86  in  the  efflu- 
ent arm  resemble  changes  in  the  ambient  area. 
These  changes  can  be  attributed  to  increased  size- 
selective  predation  by  the  expanding  populations 
of  planktivorous  fish  subsequent  to  elimination  of 
piscivores  during  1976-77  as  a  result  of  selenium 
pollution  in  the  reservoir.  (Author's  abstract) 
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SEDIMENT  TOXICITY  ASSESSMENT  USING 
BACTERIAL  BIOLUMINESCENCE:  EFFECT 
OF  AN  UNUSUAL  PHYTOPLANKTON 
BLOOM. 

Institut    Rudjer    Boskovic,    Rovinj    (Yugoslavia). 

Centar  za  Istrazivanje  Mora. 

For  primary  bibliographic  entry  see  Field  7B. 
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EFFECTS  OF  SIMULATED  ACID  RAIN  ON 
GROWTH  PARAMETERS  AND  YIELD  COM- 
PONENTS OF  TWO  SOYBEAN  CULTIVARS. 

Illinois  Univ.,  Urbana.  Dept.  of  Agronomy. 

P.  M.  Porter,  W.  L.  Banwart,  E.  L.  Ziegler,  B.  L. 

Vasilas,  and  J.  J.  Hassett. 

New  Phytologist  NEPHAV,  Vol.  113,  No.  1,  p  77- 

83,  September  1989.  3  tab,  23  ref.  EPA  cooperative 

agreement  No.  810725-01. 


Descriptors:  *Acid  rain  effects,  'Soybeans,  'Crop 
yield,  Simulated  rainfall,  Plant  growth. 

The  effects  of  simulated  acid  rain  on  two  soybean 
(Glycine  max)  cultivars  were  studied  in  field  ex- 
periments in  central  Illinois  from  1983-1985.  The 
cultivars,  Amsoy  71  and  Williams  82,  were  shield- 
ed from  ambient  precipitation  and  treated  twice 
weekly  with  applications  of  1.05  cm  of  one  of  six 
simulated  acid  rain  treatments  which  ranged  in  pH 
from  5.6  to  3.0.  Measurements  were  taken  for  plant 
height,  chaff  dry  weight,  plant  population,  lodging, 
pods/plant,  seeds/plant,  seeds/pod,  mass/seed,  and 
number  of  low  pods.  There  were  small  but  signifi- 
cant effects  of  treatment  acidity  in  some  years  for 
some  of  the  parameters  measured.  For  Amsoy  71, 
in  one  of  three  years,  seeds/plant,  seeds/pod,  and 
chaff  dry  weight  were  reduced  by  increasing  acidi- 
ty of  the  simulated  rain.  In  general,  Amsoy  71 
plants  subjected  to  the  more  acidic  treatments 
were  shorter  and  had  lower  lodging  in  the  second 
and  third  years  of  the  experiments.  For  Amsoy  71 
there  were  no  significant  linear  contrasts  for  the 
effect  of  simulated  acid  rain  on  plants/ha,  mass/ 
seed,  and  protein  concentration  of  the  seed.  For 
Williams  82  there  was  a  small  but  significant  trend 
for  increased  seed  oil  with  decreasing  pH  in  1984 
only.  For  this  cultivar  there  were  no  significant 
linear  contrasts  for  the  effect  of  simulated  acid  rain 
on  plants/ha,  plant  height,  lodging  score,  chaff  dry 
weight,  low  pods,  pods/plant,  seeds/plant,  seeds/ 
pod,  or  mass/seed.  Where  changes  in  either  culti- 
var occurred,  the  magnitude  of  these  changes  over 
the  entire  pH  range  studied  was  generally  6%  or 
less.  Not  only  was  the  magnitude  of  the  responses 
minimal,  but  the  response  to  simulated  acid  rain 
was  not  consistent  between  cultivars  or  in  some 
cases  within  cultivars  from  year  to  year.  The  re- 
sponse to  simulated  acid  rain  was  also  small  when 
compared  with  the  potential  effect  of  other  stresses 
such  as  drought,  ozone,  disease,  insects,  and  weeds 
on  soybean  yield  and  growth  parameters.  (Au- 
thor's abstract) 
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ALUMINIUM  TOXICITY  TO  RAINBOW 
TROUT  AT  LOW  PH. 

Eidgenoessische  Technische  Hochschule,  Zurich 

(Switzerland).  Inst,  of  Toxicology. 

D.  Deitrich,  and  C.  Schlatter. 

Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  3,  p 

197-212,  October  1989.  4  fig,  4  tab,  45  ref. 

Descriptors:  'Toxicity,  'Aluminum,  'Trout,  'Hy- 
drogen ion  concentration,  'Acid  rain  effects, 
'Water  pollution  effects,  Gills,  Bioaccumulation, 
Electrolytes. 

An  acute  toxicity  study  of  aluminum  (Al)  at  low 
pH,  using  1-yr-old  rainbow  trout  (Salmo  gairdneri 
R.),  was  performed  in  a  closed  recirculating  system 
at  pH  5.2,  5.4,  and  5.6  with  nominal  concentrations 
of  0,  100,  200,  and  400  micrograms  Al/liter.  Mor- 
tality (96  hr)  was  dependent  on  the  pH  and  Al 
concentration.  Measurements  of  (Al)  in  the  plasma 
of  exposed  fish,  by  electrothermal  atomic  absorp- 
tion spectrometry,  showed  a  dose-dependent 
uptake  of  Al,  but  no  correlation  of  plasma  Al 
concentration  to  the  mortality  observed.  Three 
major  mechanisms  of  pH-Al  toxicity  seemed  to 
prevail:  (1)  relatively  low  nominal  Al  concentra- 
tions (100  and  200  micrograms/liter)  at  pH  5.2  as 
well  as  200  micrograms  Al/liter  at  pH  5.4  led  to 
electrolyte  loss  possibly  due  to  an  interaction  of  Al 
with  enzymes  and  epithelial  tight  junctions  in  the 
gill  of  the  exposed  fish;  (2)  exposing  fish  to  Al 
concentrations  of  >  or  =  100  micrograms/liter 
and  pH  values  >  or  =  5.2  enhanced  cell  necrosis, 
proliferations,  and  fusions  of  the  secondary  lamel- 
lae in  the  gills  resulting  in  the  obstruction  of  the 
interlamellar  space  and  thus  most  likely  in  the 
impairment  of  gas  exchange.  Al  fractionation  sug- 
gested that  inorganic  monomeric  Al  was  responsi- 
ble for  this  tissue  damage;  (3)  high  Al  concentra- 
tions (>  or  =  200  micrograms/liter)  at  moderately 
low  pH  (>  or  =  5.4)  led  to  clogging  of  the  gills 
with  mucus  and  thus  to  an  impairment  of  gas 
exchange.  This  mucification  was  thought  to  stem 
from  the  physical  irritation  of  the  gills  by  accumu- 
lating polymeric  Al.  (Author's  abstract) 
W90-04670 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C— Effects  Of  Pollution 


MENADIONE-STIMULATED  OXYRADICAL 
FORMATION  IN  DIGESTIVE  GLAND  MICRO- 
SOMES OF  THE  COMMON  MUSSEL,  MYTI- 
LUS  EDULIS  L. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
D.  R.  Livingstone,  P.  G.  Martinez,  and  G.  W. 
Winston. 

Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  3,  p 
213-236,  October  1989.  1  fig,  6  tab,  74  ref.  NATO 
Grant  RG86/0534.  CEC  Grant  ST2J -0077-1- 
UK(CD). 

Descriptors:  'Quinones,  'Mussels,  'Oxidation-re- 
duction potential,  'Water  pollution  effects, 
•Oxygen  requirements,  Toxicity,  Mollusks,  DNA, 
Digestion,  Enzymes,  Biochemistry,  Ecological  ef- 
fects. 

Electron  reduction  pathways  of  the  quinone,  men- 
adione (2-methyl-l,4-naphthoquinone)  were  stud- 
ied in  digestive  gland  extracts  from  the  mussel, 
Mytilus  edulis  L.  Hydroxyl  radical  production  was 
measured  by  the  oxidative  decarboxylation  of  ben- 
zoic acid,  using  ferric/EDTA  as  a  catalyst  of  the 
Haber- Weiss  reaction.  Menadione  stimulated  both 
NADPH/  and  NADH/cytochrome  c  reduction, 
with  the  absolute  increase  in  rate  being  an  order  of 
magnitude  greater  for  NADH  than  NADPH.  The 
increase  in  NADH/cytochrome  c  reduction  was 
largely  due  to  one-electron  reductive  processes 
whereas  that  of  NADPH  was  indicated  to  have 
significant  contributions  from  both  this  and  mena- 
diol  formation.  The  stimulation  of  NADPH-de- 
pendent  cytochrome  c  reduction  plateaued  at  500 
micromoles  menadione,  whereas  the  NADH-de- 
pendent  reaction  was  still  increasing  at  1  micro- 
mole  menadione.  A  similar  pattern  of  menadione- 
stimulation  was  observed  for  NAD(P)H-dependent 
OH  production,  with  OH  being  formed,  at  least  in 
part,  from  02(-)  and  hydrogen  peroxide.  The  spe- 
cific activity  of  microsomal  DT-diaphorase 
(NAD(P)H:quinone  oxidoreductase)  was  twice  as 
high  with  NADPH  than  NADH  as  coenzyme.  The 
results  are  consistent  with  (1)  menadione-mediated 
redox  cycling  and  generation  of  02(-)  from  both 
NADH  and  NADPH,  (2)  a  greater  potential  for 
oxyradical  production  from  NADH  than  NADPH, 
and  (3)  NADPH-dependent  oxyradical  production 
being  limited  by  the  antioxidant  microsomal  DT- 
diaphorase  converting  menadione  to  menadiol.  Ox- 
yradical generation,  redox  cycling  and  elevation  of 
cytochrome  P-450  content  and  NADPH-cytoch- 
rome  c  (P-450)  reductase  activity  represent  a  possi- 
ble mechanism  for  linking  pollution  exposure  to 
DNA  damage  in  the  digestive  gland  of  mollusks. 
(Author's  abstract) 
W90-04671 


BRANCHIAL  ION  FLUXES  AND  TOXICANT 
EXTRACTION  EFFICIENCY  IN  LAMPREY 
(PETROMYZON  MARINUS)  EXPOSED  TO 
METHYLMERCURY. 

Washington  State  Univ.,  Pullman.  Dept.  of  Zoolo- 
gy- 

C.  M.  Stinson,  and  J.  Mallatt. 
Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  3,  p 
237-252,  October  1989.  3  fig,  1  tab,  60  ref.  National 
Institutes  of  Health  Grant  1R01  ESO3240-02. 

Descriptors:  'Lamprey,  'Mercury,  'Fish  physiolo- 
gy, 'Methylmercury,  'Membranes,  'Water  pollu- 
tion effects,  Gills,  Toxicity,  Bioaccumulation,  Per- 
meability. 

Larval  lampreys  (Petromyzon  marinus)  were  held 
in  tubes  to  study  the  effects  of  methylmercury  on 
flux  rates  of  Na(  +  )  and  Cl(-)  across  the  pharynx 
and  the  extraction  of  methylmercury  from  solution 
by  the  pharynx.  Methylmercury  was  presented  to 
lampreys  for  2-4  hr  at  13  C  in  an  aqueous  medium 
(0  2  micromoles  NaCl  and  KHC03)  at  a  concen- 
tration of  180  micrograms  Hg/liter  (about  a  40-hr 
LC50).  Compared  to  control  lampreys,  animals 
exposed  to  methylmercury  exhibited  a  significantly 
lower  influx  of  Cl(-),  a  greater  efflux  of  Na(  +  ), 
and  a  greater  efflux  of  Cl(-).  Influx  of  Na(  +  )  was 
not  affected  by  methylmercury.  The  elevated 
efflux  of  Na(  +  )  and  Cl(-)  from  the  gills  is  consist- 
ent with  established  hypotheses  that  methylmer- 
cury increases  the  permeability  of  cell  membranes 
to  cations  and  other  small  molecules.   Lampreys 


extracted  methylmercury  from  solution  with  effi- 
ciencies of  41-66%,  higher  percentages  than  are 
recorded  for  other  fish.  Such  exceptional  extrac- 
tion efficiencies  may  relate  to  the  soft  water  used 
in  this  study.  (Author's  abstract) 
W90-04672 


EFFECT  OF  SEDIMENT  ON  CADMIUM  AND 
LEAD  IN  THE  STONE  LOACH  (NOEMACHEI- 
LUS  BARBATULUS  L). 

Institute  of  Terrestrial  Ecology,  Huntingdon  (Eng- 
land). Monks  Wood  Experimental  Station. 
P.  E.  T.  Douben,  and  J.  H.  Koeman. 
Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  3,  p 
253-268,  October  1989.  2  fig,  4  tab,  27  ref. 

Descriptors:  'Path  of  pollutants,  'Fluvial  sedi- 
ments, 'Cadmium,  'Lead,  'Fish  physiology, 
•Bioaccumulation,  Toxicity,  Substrates,  Fate  of 
pollutants,  Water  pollution  effects,  Mathematical 
models,  Sand. 

Stone  loach  (Noemacheilus  barbatulus  L.)  of  dif- 
ferent body  sizes  were  kept  with  different  types  of 
material  on  the  bottom  of  their  aquaria.  One  type 
of  bottom  material  was  sediment  taken  from  the 
River  Ecclesbourne,  Derbyshire,  a  site  with  high 
levels  of  cadmium  (Cd)  and  lead  (Pb).  Another 
type  was  acid-washed  sand  (a.w.s.).  A  third  group 
was  kept  without  any  bottom-covering  material 
(control).  Fish  were  starved  during  the  experimen- 
tal procedure  and  therefore  lost  some  weight, 
which  was  independent  of  treatment.  Body  size 
affected  both  Cd  and  Pb  burden:  the  exponent  for 
body  weight  was  0.88  +  /-0.13  for  Cd  and  0.59 
+  /-0.18  for  Pb.  Fish  with  sediment  had  enhanced 
body  burdens  of  both  Cd  and  Pb  on  all  occasions 
while  those  kept  with  a.w.s.  usually  had  lower 
metal  levels  than  control  fish.  In  the  presence  of 
sediment  from  the  River  Ecclesbourne,  by  apply- 
ing a  one-compartment  model,  rate  constants  for 
loss  of  both  Cd  and  Pb  were  high  which  resulted 
in  a  rapid  approach  of  body  burden  to  a  steady 
state.  It  was  suggested  that  uptake  of  metal  from 
sediment  was  more  important  as  a  route  of  entry 
for  Pb  than  for  Cd  under  the  described  conditions. 
(Author's  abstract) 
W90-04673 


BIOACCUMULATION  AND  HISTOCHEMI- 
CAL  LOCALIZATION  OF  CADMIUM  IN 
DREISSENA  POLYMORPHA  EXPOSED  TO 
CADMIUM  CHLORIDE. 

Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 

Experimental  Zoology. 

H.  J.  Herwig,  F.  Brands,  E.  Kruitwagen,  and  D.  I. 

Zandee. 

Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  3,  p 

269-286,  October  1989.  11  fig,  1  tab,  30  ref. 

Descriptors:  'Bioaccumulation,  'Cadmium,  'Mol- 
lusks, 'Water  pollution  effects,  Path  of  pollutants, 
Kidneys,  Gills,  Atomic  absorption  spectrophoto- 
metry. 

Dreissena  polymorpha,  a  freshwater  bivalve,  was 
exposed  to  dissolved  Cadmium  chloride  (100  mi- 
crograms Cd/liter)  for  periods  of  1,  2,  3  or  4  wk. 
Cadmium  accumulation  was  followed  by  atomic 
absorption  spectrophotometry  and  the  localization 
of  Cd  was  investigated  with  a  sulfide-silver  tech- 
nique (SST).  During  the  exposure  period  the  soft 
body  accumulated  Cd  in  a  linear  way,  while  the 
shells  reached  a  saturation  level  after  3  wk.  In 
exposed  mussels  treated  with  the  SST,  reaction 
products  were  present  in  nearly  all  tissues.  The 
cellular  localization  and  the  amount  of  reaction 
products  varied  according  to  the  type  of  tissue  and 
the  duration  of  exposure.  After  one  week,  reaction 
products  indicative  for  the  presence  of  free  or 
loosely  bound  Cd  were  present  in  granular  struc- 
tures and  in  the  cytoplasm  of  all  epithelia  that  had 
been  in  direct  contact  with  the  Cd-contaminated 
water.  After  longer  exposure  times,  the  epithelial 
cells  as  well  as  the  underlying  connective  tissue 
became  completely  filled  with  reaction  products. 
In  the  digestive  tract,  reaction  products  were  con- 
fined mainly  to  granular  structures  in  the  epithelial 
cells.  They  became  prominent  after  3  or  4  weeks  of 
exposure.  Among  the  internal  organs,  the  excreto- 
ry system  showed  a  reaction  pattern  largely  com- 


parable to  that  of  the  epithelia  which  had  been  in 
direct  contact  with  the  Cd-contaminated  water. 
Apart  from  the  pericardial  gland,  which  represents 
the  site  of  ultrafiltration,  the  appearance  of  reac- 
tion products  in  the  cytoplasm  of  the  kidney  cells 
was  retarded.  In  the  epithelial  lining  of  the  gonads 
and  in  neural  tissue,  diffusely  distributed  reaction 
products  were  observed  only  after  longer  exposure 
times.  Gametes  and  muscular  tissue,  except  for  the 
ventricular  muscle,  remained  free  of  reaction  prod- 
ucts. Structural  damage  related  to  the  Cd-exposure 
was  restricted  to  the  pericardial  gland.  (Author's 
abstract) 
W90-04674 


ACUTE  TOXICITY  OF  TEMEPHOS,  FENOXY- 
CARB,  DIFLUBENZURON,  AND  METHO- 
PRENE  AND  BACILLUS  THURINGIENSIS 
VAR.  ISRAELENSIS  TO  THE  MUMMICHOG 
(FUNDULUS  HETEROCLITUS). 
South  Carolina  Univ.,  Columbia.  Dept.  of  Envi- 
ronmental Health  Sciences. 
B.  M.  Lee,  and  G.  I.  Scott. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  43,  No.  6,  p  827-832, 
December  1989.  1  tab,  12  ref. 

Descriptors:  'Pesticides,  'Bioassay,  'Toxicity, 
'Organophosphorus  pesticides,  'Carbamate  pesti- 
cides, 'Fish,  'Insecticides,  'Water  pollution  ef- 
fects, Ecological  effects,  Bacillus,  Larvicides,  Estu- 
aries, Environmental  effects,  Mosquitoes,  Killfish. 

The  acute  toxicity  of  four  chemical  mosquito  larvi- 
cides (methoprene,  diflubenzuron,  temephos,  and 
fenoxycarb)  and  Bacillus  thuringiensis  (Bti,  in  the 
form  of  vectobac)  to  the  mummichog  (Fundulus 
heteroclitus)  was  investigated  and  compared  to 
study  the  safety  of  these  compounds  for  mosquito 
control  in  estuarine  tidal  creeks.  All  acute  96-hr 
toxicity  tests  were  performed  as  static  renewal 
bioassays  in  which  the  test  organisms  were  ex- 
posed to  a  fresh  solution  of  each  larvicide  at  a 
range  of  concentrations  every  24  hr.  The  96-hr 
LC50  values  were:  temephos,  0.04  milligrams/liter; 
fenoxycarb,  2.32  milligrams/liter;  diflubenzuron, 
32.99  milligrams/liter;  methoprene,  124.95  milli- 
grams/liter; and  vectobac  980  milligrams/liter.  A 
1: 1  mixture  of  fenoxycarb/vectobac  was  also  tested 
to  compare  potential  additive  toxicity.  The  96-hr 
LC50  value  of  the  mixture  was  3.1  milligrams/liter 
which  was  more  toxic  to  Fundulus  than  fenoxy- 
carb alone.  The  toxicity  of  the  fenoxycarb/vecto- 
bac mixture  increased  by  a  factor  of  1 .49  (magnifi- 
cation factor  =  1.49)  over  the  expected  simple 
additive  toxicity  (magnification  factor  =1).  Rela- 
tive safety  factors  of  such  larvicides  should  be 
considered  when  selecting  appropriate  mosquito 
control  treatments  in  different  habitats.  (Geiger- 
PTT) 
W90-04675 


CLAM  BURROWING  BIOASSAY  FOR  ESTUA- 
RINE SEDIMENT. 

District  of  Columbia  Univ.,  Washington.  Dept.  of 

Biology. 

H.  L.  Phelps. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  43,  No.  6,  p  838-845, 

December  1989.  4  fig,  3  tab,  10  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Marine 
sediments,  'Water  pollution  effects,  'Clams, 
Animal  behavior,  Ecological  effects,  Pollutant 
identification,  Copper,  Estuaries. 

The  suitability  of  the  young  of  Mya  arenaria,  a 
commercial  soft-shell  East  coast  clam  as  a  bioassay 
organism  for  marine  sediment  pollution  was  exam- 
ined in  laboratory  holding  trays  containing  sea- 
water  and  copper-spiked  marine  sediment.  Clam 
burrowing  behavior  was  examined  under  variables 
of  temperature,  clam  density,  size,  fatigue  levels, 
and  time  held  out  of  sediment.  Young  M.  arenaria 
clams  appeared  suitable  for  a  rapid  burrowing  bio- 
assay for  estuarine  sediment  by  having  an  average 
control  burrowing  speed  (measured  by  elapsed 
time  for  50%  of  the  clams  to  burrow,  ET50)  of 
0.45  hr.  Up  to  six  bioassays,  including  a  control, 
can  be  conducted  simultaneously.  The  clam  bur- 
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rowing  bioassay  can  be  conducted  in  a  small  space 
(pint  freezer  box  size)  with  about  one  liter  of 
sediment,  at  any  time  of  day,  and  at  water  tempera- 
ture from  13  to  27  C.  The  bioassay  should  be 
conducted  with  clams  approximately  the  same  size. 
The  bioassay  was  responsive  to  sediment-sorbed 
copper.  The  control  population  burrowing  speeds 
(ET50)  had  low  variability,  and  the  clams  showed 
good  growth  and  survival  when  held  in  a  flowing 
seawater  system  for  seven  months.  Young  clams 
adapted  readily  to  different  salinities  and  could  be 
stored  in  sediment  at  10  C  if  warmed  for  24  hr 
before  using  in  a  bioassay.  M.  arenaria  appears  to 
be  a  promising  species  for  a  rapid  sediment  bioas- 
say suitable  for  the  estuaries  of  the  East  Coast,  that 
receive  intensive  sediment  pollutant  loading. 
(Geiger-PTT) 
W90-04677 


CADMIUM  AND  LEAD  ACCUMULATION  BY 
GOLDFISH  EXPOSED  TO  AQUEOUS  REFUSE 
INCINERATOR  FLY  ASH  LEACHATE. 

New  York  State  Coll.  of  Agriculture  and  Life 

Sciences,  Ithaca.  Toxic  Chemicals  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04678 


EFFECTS  OF  CHROMIUM  AND  CADMIUM 
UPON  RESPUtATION  AND  SURVIVAL  OF 
CALLINECTES  SBMILIS. 

Universidad    Autonoma    Metropolitana,    Mexico 

City.  Lab.  de  Contaminacion,  Bioensayos  e  Im- 

pacto  Ambiental. 

P.  Ramirez,  G.  Barrera,  and  C.  Rosas. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  43,  No.  6,  p  850-857, 

December  1989.  2  fig,  4  tab,  18  ref. 

Descriptors:  "Chromium,  "Cadmium,  "Respira- 
tion, "Crabs,  "Toxicity,  "Water  pollution  effects, 
Oxygen  uptake,  Crustaceans,  Bioassay. 

Crabs  (Callinectes  similis)  obtained  from  Tamiahua 
lagoon  were  exposed  to  cadmium  and  chromium  in 
2-liter  polyethylene  chambers  to  determine  the 
LC50  values  and  the  effects  of  the  heavy  metals  on 
respiration.  Test  solutions  containing  lagoon  water 
and  the  metals  were  partially  replaced  every  24  hr 
with  fresh  solution,  and  oxygen  consumption  was 
using  the  test  chambers  as  closed  respirometers.  On 
completion  of  the  tests,  surviving  animals  were 
sacrificed  and  dried  and  the  rate  of  oxygen  extrac- 
tion was  calculated  and  used  as  an  index  of  alter- 
ation in  the  organism  mechanism  for  capturing  and 
fixing  oxygen.  The  LC50  for  Cd  was  6.35  milli- 
grams/liter, a  level  92%  lower  than  the  value  for 
Cr(  +  6)  which  was  73.69  milligrams/liter.  In  the 
control  group,  a  significant  increase  of  oxygen 
consumption  was  observed  between  the  6  and  12 
hr  of  exposition  followed  by  a  decrease  and  finally 
by  its  stabilization.  In  contrast,  this  increase  of 
respiratory  rate  was  only  observed  on  experimen- 
tal crabs  exposed  to  Cd  within  the  6  hr  interval, 
except  for  the  6.40  milligrams/liter  concentration. 
In  terms  of  metabolic  levels,  no  significant  differ- 
ences were  observed  between  those  crabs  exposed 
to  Cd  and  the  control,  except  for  the  3.96  milli- 
grams/liter concentration.  The  percentage  of 
oxygen  extraction  registered  higher  levels  for  the 
control  case  during  the  first  12  hr,  as  compared  to 
the  test  cases.  The  test  crabs  exposed  to  Cr(6  +  ) 
had  considerably  lower  metabolic  rates  when  com- 
pared to  the  control,  registering  a  downward  tend- 
ency in  this  area  throughout  the  test  period.  On  the 
other  hand,  the  control  was  observed  to  reach  its 
oxygen  consumption  maximum  levels  during  the 
first  part  of  the  test  period,  as  well  as  toward  the 
end  of  the  period.  The  behavior  of  oxygen  extrac- 
tion percentage,  however,  showed  more  similar 
patterns  to  those  observed  for  the  crabs  exposed  to 
Cd:  a  significant  increase  in  this  variable  was  ob- 
served during  the  first  hours  of  the  test,  followed 
by  the  stabilization  of  these  levels  thereafter. 
(Geiger-PTT) 
W90-04679 


EFFECTS  OF  LEAD  ON  THE  SPAWNING  PO- 
TENTIAL OF  THE  FRESH  WATER  FISH, 
ANABAS  TESTUDINEUS. 

Osmania  Univ.,  Hyderabad  (India).  Dept.  of  Zool- 


ogy- 

S.  J.  Tulasi,  P.  U.  M.  Reddy,  and  J.  V.  R.  Rao. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  43,  No.  6,  p  858-863, 
December  1989.  3  tab,  10  ref. 

Descriptors:  "Spawning,  "Lead,  "Fish  physiology, 
"Bioassay,  "Water  pollution  effects,  Heavy  metals, 
Fish  eggs,  Toxicity,  Bioaccumulation. 

Fresh  water  fish,  Anabas  testudineus  were  exposed 
in  laboratory  tanks  to  different  concentrations  of 
lead  nitrate  and  LC50  values  were  determined  by 
the  Probit  method.  The  LC50  value  for  96  hr  was 
60  ppm.  Mature  females  of  uniform  size  and  length 
were  exposed  to  sublethal  concentrations  of  lead 
nitrate  (1.25,  2.5,  5.0  and  20.0  milligrams/liter)  for 
a  period  of  30  days.  The  water  in  the  tanks  was 
renewed  every  day  and  at  the  end  of  the  experi- 
mental period,  six  fish  from  each  group  were  sacri- 
ficed. The  size  frequency  analysis  of  oocytes  in  the 
ovary  was  used  as  an  indicator  of  spawning  period, 
and  ovary  weight  and  length  were  noted.  Lead 
concentration  in  the  ovary  and  brain  was  deter- 
mined by  atomic  absorption  spectrophotometry. 
Upon  exposure  to  lead,  the  number  of  eggs  in  the 
ovary  were  reduced.  The  ovary  was  small  and 
regressed  in  a  dose  dependent  manner;  and  the 
gonosomatic  index  was  significantly  reduced  in 
exposed  fish.  Lead  uptake  in  the  ovary  tissue  of  the 
exposed  fish  was  greatly  reduced  compared  to 
brain  tissue  and  was  found  to  increase  with  lead 
concentration.  The  spawning  values  reached  ap- 
proximately 62%  during  the  30  days  of  spawning 
in  control  fish,  where  as  in  lead  exposed  fish 
spawning  was  83%,  95%,  97%,  and  99%  at  the 
end  of  the  30  day  exposure  period.  The  number  of 
ova/gm  of  body  weight,  ova/cm  of  body  length, 
ova/gm  of  ovary  were  all  reduced  on  exposure  to 
lead.  (Geiger-PTT) 
W90-O4680 


TOXICOLOGICAL  ASPECTS  OF  ACTIVATED 
SLUDGE  FEEDING. 

Agricultural    Research    Organization,    Bet-Dagan 

(Israel).  Dept.  of  Animal  Nutrition. 

E.  Nachtomi,  B.  Lipstein,  and  S.  Kary. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  43,  No.  6,  p  879-885, 

December  1989.  3  tab,  16  ref. 

Descriptors:  "Activated  sludge,  "Sludge  utiliza- 
tion, "Sludge  disposal,  "Birds,  "Toxicity,  "Heavy 
metals,  Enzymes,  Ecological  effects,  Iron,  Zinc, 
Organic  compounds,  Physiology,  Feeds. 

The  effects  of  diets  containing  activated  sludge  or 
activated  sludge  minerals  (iron  and  zinc)  on  the 
enzyme  activities  responsible  for  the  detoxification 
mechanisms  in  Leghorn  chicks  were  studied.  A  48- 
hr  period  of  fasting  increased  the  sensitivity  of 
chicks  to  the  sludge  diet.  Two  hours  after  feeding 
glutathione  concentration  in  the  liver  and  kidneys 
decreased  in  sludge-fed  chicks,  but  rose  significant- 
ly after  4  hr.  At  24  hr  after  sludge  feeding,  a 
significant  rise  in  microsomal  cytochrome  P-450 
concentration  occurred.  Feeding  diets  containing 
sludge  levels  of  iron  and  zinc  to  leghorn  chicks 
increased  the  level  of  iron  in  the  liver,  but  not  the 
amount  of  zinc  in  the  experimental  groups.  How- 
ever, addition  of  ferrous  sulfate  and  zinc  carbonate 
to  the  diet,  in  amounts  equivalent  to  the  metals 
found  in  the  sludge,  did  not  affect  the  enzymes 
examined  in  the  livers,  except  for  the  slight  en- 
hancement of  the  activity  of  glutathione  in  liver 
cytosol.  The  present  results  point  to  the  possible 
presence  of  organic  toxins  in  the  sludge  that  could 
induce  the  hepatic  cytochrome  P-450  required  in 
their  oxidative  detoxification,  leading  to  oxidative 
stress  and  H202  formation.  (Geiger-PTT) 
W90-04683 


ENVIRONMENTAL  DYNAMICS  OF  THE  CAR- 
BAMATE INSECTICIDE  ALDICARB  IN  SOIL 
AND  WATER. 

Dunn  Geoscience  Corp.,  Albany,  NY. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-O4686 


USE  OF  MIXED-FUNCTION  OXYGENASES 
TO  MONITOR  CONTAMINANT  EXPOSURE 
IN  WILDLIFE. 

Patuxent  Wildlife  Research  Center,  Laurel,  MD. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04689 


BIOCHEMICAL  RESPONSES  IN  AQUATIC 
ANIMALS:  A  REVIEW  OF  DETERMINANTS 
OF  OXIDATIVE  STRESS. 

Duke  Univ.,  Durham,  NC.  School  of  Forestry  and 

Environmental  Studies. 

G.  W.  Winston,  and  C.  S.  Jewell. 

Environmental      Toxicology       and      Chemistry 

ETOCDK,  Vol.  8,  No.  12,  p  1103-1123,  1989.  5  fig, 

3  tab,  170  ref. 

Descriptors:  "Toxicology,  "Water  pollution  ef- 
fects, "Aquatic  animals,  "Bioindicators,  "Toxicity, 
"Oxidation,  Stress,  Monitoring,  Aerobic  condi- 
tions, Oxidation-reduction  potential,  Invertebrates, 
Paraquat,  Fish,  Carcinogenesis,  Water  pollution 
effects. 

The  study  of  biochemical  responses  in  aquatic  ani- 
mals comprises  a  vigorous  area  of  inquiry  within 
ecotoxicology  because  of  the  need  for  basic  re- 
search in  the  field,  the  desire  for  highly  sensitive 
biomarkers  useful  for  biomonitoring  and  the  par- 
ticular concern  for  elevated  rates  of  neoplasia  ob- 
served in  some  aquatic  systems.  An  approach  is 
described  based  on  the  ability  of  diverse  contami- 
nants to  undergo  metabolism  through  free  radical 
intermediates  and  thereby  produce  toxic  effects 
associated  with  oxidative  stress.  Of  particular  con- 
cern to  environmental  toxicologists  with  respect  to 
these  phenomena  are  the  abilities  of  a  number  of 
common  and  diverse  compounds  to  undergo  enzy- 
matically  facilitated  redox  cycling  in  cells  and 
thereby  generate  oxyradicals.  Xenobiotics  such  as 
quinones,  aromatic  nitro  compounds,  aromatic  hy- 
droxylamines,  bipyridyls  and  certain  metal  chelates 
may  represent  particularly  prolific  sources  of 
oxygen  radicals.  These  radicals  through  redox  cy- 
cling may  produce  quantities  of  02,  H202  and 
OH(-)  that  overcome  the  protection  afforded  by 
antioxidant  defense  mechanisms  leading  to  oxida- 
tive damage  in  tissue  macromolecules  including 
DNA,  proteins,  and  lipids.  Endogenous  antioxidant 
defense  systems  include  water  soluble  reductants, 
fat  soluble  vitamins,  and  enzymes.  Methodologies 
for  detecting  these  radicals  in  vivo  and  in  vitro  are 
discussed  and  recent  studies  demonstrating  their 
applicability  to  aquatic  toxicology  are  reviewed.  In 
vitro  studies  have  included  nitroaromatic-stimulat- 
ed  superoxide  production  in  fish  fractions,  para- 
quat-stimulated superoxide  production  in  bivalve 
microsomes,  and  hydroxy!  radical  production 
during  invertebrate  microsomal  electron  transport. 
In  addition  in  vivo,  as  well  as  in  vitro  lipid  peroxi- 
dation has  been  investigated  in  a  number  of  species. 
(Geiger-PTT) 
W90-04690 


BIOCHEMICAL  ANALYSIS  OF  ALLOZYME 
COPPER  AND  CADMIUM  TOLERANCE  IN 
FISH  USING  STARCH  GEL  ELECTROPHORE- 
SIS. 

Miami  Univ.,  Oxford,  OH.  Dept.  of  Zoology. 
N.  L.  Chagnon,  and  S.  I.  Guttman. 
Environmental      Toxicology       and      Chemistry 
ETOCDK,  Vol.  8,  No.  12,  p  1141-1147,  1989.  3  fig, 
2  tab,  36  ref. 

Descriptors:  "Copper,  "Cadmium,  "Fish  physiolo- 
gy, "Toxicology,  "Biochemistry,  "Heavy  metals, 
"Water  pollution  effects,  "Enzymes,  "Electrophor- 
esis, Separation  techniques,  Suckers,  Fathead  min- 
nows, Chubs,  Perch,  Shiner,  Suckers. 

The  in  vitro  effects  of  copper  and  cadmium  on  fish 
enzyme  activity  were  assayed  by  combining  the 
metals  with  the  biochemical  stains  used  to  resolve 
these  enzyme  systems  on  starch  gels.  The  effects  of 
copper  and  cadmium  on  the  activity  of  phosphog- 
lucomutase-2  (PGM-2),  glucose-6-phosphate  iso- 
merase-2  (GPI-2)  and  isocitrate  dehydrogenase-2 
(IDH-2)  enzymes  in  mosquitofish  were  assayed 
using  stain-metal  mixtures  containing  2.0  ml  0. 1  M 
CuS04.5H20  or  0.1  M  CdS04.  Enzymes  whose 
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activities  were  effected  by  copper  in  this  initial  test 
were  resolved  using  a  series  of  stain-metal  mixtures 
containing  copper  at  lower  concentrations  to  de- 
termine effect  threshold  concentration  ranges  and 
to  determine  concentration  ranges  that  might 
produce  differential  effects  on  auivit>  among  allo- 
zymes  of  a  single  protein.  Interspecific  differences 
in  the  effect  of  copper  on  the  activity  of  PGM-2 
enzyme  variants  were  examined  for  17  fish  species 
from  seven  locations.  Copper  was  found  to  effect 
the  activity  of  PGM-2,  GPI-2,  and  IDH-2  enzymes 
in  mosquitofish  and  intraspecific  and  interspecific 
differences  existed  in  the  copper  sensitivity  of  en- 
zymes in  a  number  of  the  fish  species  tested.  Allo- 
zyme  phenotypes  at  the  PGM-2  locus  in  mosquito- 
fish observed  on  test  gels  (0.9  mg  Cu/L)  suggests 
that  two  isoalleles,  one  copper-tolerant  and  one 
copper-sensitive,  are  present  at  this  locus.  (Au- 
thor's abstract) 
W90-04691 


COMPARISON  OF  ON-SITE  AND  LABORA- 
TORY TOXICITY  TESTS:  DERIVATION  OF 
SITE-SPECIFIC  CRITERIA  FOR  UN-IONIZED 
AMMONIA  IN  A  COLORADO  TRANSITION- 
AL STREAM. 

Envitonmental  Protection  Agency,  Denver,  CO. 
Region  VIII. 

D.  W.  R.  Nimmo,  D.  Link,  L.  P.  Parrish,  G.  J. 
Rodriguez,  and  W  Wuerthele. 
Environmental       Toxicology       and       Chemistry 
ETOCDK,  Vol.  8,  No.  12,  p  1177-1189,  1989.  1  fig, 
6  tab.  41  ref. 

Descriptors:  'Toxicology,  *Fish  physiology,  'Bio- 
assay,  'Colorado,  'Ammonia,  'Aquatic  animals. 
•Toxicity,  'Water  pollution  effects,  Fathead  min- 
nows, Sucker,  Aquatic  insects,  Environmental  ef- 
fects, Ecological  effects,  Wastewater,  Temperature 
effects. 

Acute  tests  with  fathead  minnows  (Pimephales 
promelas  Rafinesque),  johnny  darters  (Etheostoma 
nigrum  Rafinesque),  white  suckers  (Catostomus 
commersoni  Lacepede)  and  acute  and  chronic  tests 
with  Ceriodaphnia  dubia  were  conducted  to  evalu- 
ate whether  characteristics  of  the  St.  Vrain  River 
in  Colorado  would  ameliorate  or  enhance  toxicity 
of  un-ionized  ammonia  compared  to  laboratory 
(well)  water  and  LC50  values  found  in  the  litera- 
ture. Concurrently,  tests  were  conducted  on  dilu- 
tions of  Longmont,  Colorado,  wastewater  to 
evaluate  its  toxicity  in  differing  ammonia  concen- 
trations. Tests  were  conducted  at  two  tempera- 
tures (approximately  6  and  20  C)  to  simulate  sea- 
sonal differences.  LC50s  for  fishes  in  the  St.  Vrain 
River  water  were  similar  to  LC50s  in  laboratory 
water,  indicating  there  was  no  site  water  effect. 
LC50s  derived  for  fishes  tested  in  warm  conditions 
were  within  a  factor  of  about  two  or  three  of 
literature  values.  However,  the  constituents  in  or 
characteristics  of  the  wastewater  appeared  to  en- 
hance ammonia  toxicity.  Literature  values  (LC50s) 
for  resident  aquatic  organisms  and  the  new  LC50 
value  for  johnny  darters  tested  on-site  were  used  to 
derive  site-specific  criteria  for  un-ionized  ammonia. 
Greater  sensitivities  of  species  to  ammonia  at  cold 
versus  warm  temperatures  suggests  that  colder, 
low-flow  conditions  may  be  a  critical  period  for 
warm-water  aquatic  communities  with  regard  to 
ammonia  toxicity.  (Author's  abstract) 
W90-04695 


SHORT-  AND  LONG-TERM  SEDIMENT  TOX- 
ICITY TEST  METHODS  WITH  THE  AMPHI- 
POD  GRANDIDIERELLA  JAPONICA. 

Southern  California  Coastal  Water  Research 
Project,  Long  Beach. 

M.  G.  Nipper,  D.  J.  Greenstein,  and  S.  M.  Bay. 
Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  8,  No.  12,  p  1191-1200,  1989.  1  fig, 
4  tab,  29  ref.  California  State  Water  Resources 
Control  Board  Contract  No.  6-214-250-0.  National 
Research  Council  of  Brazil  Fellowship  No. 
20.3016/86. 

Descriptors:  'Toxicology,  'Water  pollution  ef- 
fects, 'Sediment  contamination,  'Toxicity,  'Am- 
phipods,  'Marine  sediments,  Benthos,  Environ- 
mental effects.  Ecological  effects,  Growth,  Water 
pollution  effects,  Particle  size,  Bioassay. 


Methods  for  the  collection,  culture  and  testing  of 
the  marine  amphipod  Grandidierella  japonica  are 
presented  along  with  mehtods  for  conducting 
flow-through  sediment  toxicity  tests.  Short-term 
(10-day)  exposures  were  conducted  at  15  C  in  l- 
litcr  beakers  containing  a  2-cm  layer  of  sediment 
and  700  ml  overlying  seawater.  Long-term  (28- 
day)  tests  were  conducted  in  1 -liter  beakers  at  19  C 
with  the  weekly  addition  of  food  to  the  test  cham- 
bers. Both  methods  were  used  to  measure  the 
toxicity  of  sediments  from  five  locations  in  south- 
ern California.  These  sites  included  highly  con- 
taminated areas  adjacent  to  large  municipal 
wastewater  outfalls  and  within  industrialized  har- 
bors. Both  test  methods  were  sensitive  to  levels  of 
contamination  found  in  the  field,  but  produced 
different  patterns  of  effects.  Short-term  mortality 
was  greatest  in  amphipods  exposed  to  the  harbor 
sediments,  while  long-term  exposure  produced  the 
greatest  reductions  in  survival  and  growth  at  the 
Los  Angeles  County  Outfall  site.  Amphipod  sur- 
vival was  unaffected  by  variations  in  sediment 
grain  size,  while  this  characteristic  appeared  to 
have  an  important  effect  on  growth.  (Author's 
abstract) 
W90-04696 


TOXICOLOGY  STUDIES  OF  A  CHEMICAL 
MIXTURE  OF  25  GROUNDWATER  CONTAMI- 
NANTS: II.  IMMUNOSUPPRESSION  IN  B6C3F 
MICE. 

National  Toxicology  Program,  Research  Triangle 
Park,  NC. 

D.  R.  Germolec,  R.  S.  H.  Yang,  M.  F.  Ackermann, 
G.  J.  Rosenthal,  and  G.  A.  Boorman. 
Fundamental  and  Applied  Toxicology  FAATDF, 
Vol.  13,  No.  3,  p  377-387,  October  1989.  4  fig,  2 
tab,  38  ref. 

Descriptors:  'Mice,  'Toxicology,  'Water  pollu- 
tion effects,  'Hazardous  wastes,  'Toxicity, 
'Groundwater  pollution,  Bioassay,  Immunology, 
Organic  wastes,  Industrial  wastes,  Organic  com- 
pounds, Heavy  metals. 

Immune  function  was  monitored  in  female  B6C3F 
mice  exposed  to  a  chemical  mixture  in  drinking 
water  for  either  14  or  90  days.  The  mixture  consist- 
ed of  25  common  groundwater  contaminants  fre- 
quently found  near  toxic  waste  dumps,  as  deter- 
mined by  EPA  surveys.  None  of  the  animals  devel- 
oped overt  signs  of  toxicity  such  as  body  or  liver 
weight  changes.  Mice  exposed  to  the  highest  dose 
of  this  mixture  for  14  or  90  days  showed  immune 
function  changes  which  could  be  related  to  rapidly 
proliferating  cells,  including  suppression  of  hema- 
topoietic stem  cells  and  of  antigen-induced  anti- 
body-forming cells.  Some  of  these  responses,  e.g., 
granulocyte-macrophage  colony  formation,  were 
also  suppressed  at  lower  concentrations  of  the 
chemical  mixture.  There  were  no  effects  on  T  cell 
function  or  T  and  B  cell  numbers  in  any  of  the 
treatment  groups.  Altered  resistance  to  challenge 
with  an  infectious  agent  also  occurred  in  mice 
given  the  highest  concentration,  which  correlated 
with  the  immune  function  changes.  Paired-water 
studies  indicated  that  the  immune  effects  were 
related  to  chemical  exposure  and  not  to  decreased 
water  intake.  These  results  suggest  that  long-term 
exposure  to  contaminated  groundwater  may  repre- 
sent a  risk  to  the  immune  system  in  humans.  (Au- 
thor's abstract) 
W90-O4698 


TOXICOLOGY  STUDIES  OF  A  CHEMICAL 
MIXTURE  OF  25  GROUNDWATER  CONTAMI- 
NANTS: III.  MALE  REPRODUCTION  STUDY 
IN  B6C3F  MICE. 

National  Inst,  of  Environmental  Health  Sciences, 

Research  Triangle  Park,  NC.  Systemic  Toxicology 

Branch. 

R.  E.  Chapin,  J.  L.  Phelps,  B.  A.  Schwetz,  and  R. 

S.  H.  Yang. 

Fundamental  and  Applied  Toxicology  FAATDF, 

Vol.  13,  No.  3,  p  388-398,  October  1989.  5  fig,  3 

tab,  34  ref. 

Descriptors:  'Water  pollution  effects,  'Hazardous 
wastes,  'Toxicology,  'Toxicity,  'Bioassay,  Mice, 
Groundwater  pollution,  Kidneys,  Organic  wastes, 
Industrial  wastes,  Organic  compounds,  Heavy 
metals. 


A  mixture  of  chemicals  that  models  contaminated 
groundwater  around  hazardous  waste  sites  was 
given  to  male  B6C3F  mice  at  three  different  con- 
centrations (1%,  5%,  and  10%  in  drinking  water) 
for  90  days.  After  the  test  period,  the  mice  were 
euthanized  and  examined  for  body  weight,  and 
histology  of  liver,  kidney,  testis,  epididymis  and 
seminal  vesicles.  Although  there  was  a  concentra- 
tion-related decrease  in  the  amount  of  fluid  con- 
sumed at  the  higher  two  concentrations,  there 
were  no  differences  in  body  weight  among  the 
groups.  Similarly,  there  was  no  effect  of  mixture 
consumption  upon  the  histology  of  liver,  kidney, 
testis,  epididymis,  or  seminal  vesicles  or  upon  the 
absolute  weights  of  these  organs.  Kidney  weight 
relative  to  body  weight  was  increased  in  the  high 
dose  group.  Epididymal  sperm  number  and  testicu- 
lar spermatid  count  were  not  affected  by  treat- 
ment. At  exposure  levels  that  decrease  fluid  intake 
and  increase  adjusted  kidney  weight  (i.e.,  5%  and 
10%  in  drinking  water)  there  were  no  effects  of 
this  mixture  on  gametogenesis  in  male  mice. 
(Geiger-PTT) 
W90-04699 


SHORT-TERM  LINDANE  EFFECTS  ON  GILL 
TISSUE  METABOLISM  OF  THE  EEL. 

Valencia  Univ.  (Spain).  Dept.  of  Animal  Physiolo- 
gy- 

M.  D.  Ferrando,  E.  Andreu,  C.  Cebrian,  V. 
Alarcon,  and  M.  Almar. 

Toxicological  and  Environmental  Chemistry 
TXECBP,  Vol.  25,  No.  1-2,  p  17-23,  1989.  3  fig,  3 
tab,  14  ref.  Direccion  General  de  Investigacion 
Cientifica  y  Tecnica  del  Ministero  de  Educacion  y 
Ciencia  Grant  No.  PS87-0076. 

Descriptors:  'Water  pollution  effects,  'Fish  physi- 
ology, 'Insecticides,  'Toxicity,  'Lindane,  'Eel, 
Lipids,  Gills,  Metabolism,  Environmental  effects, 
Bioassay,  Ecological  effects,  Stress,  Resistance. 

Previous  work  on  lindane  toxicology  of  the  Euro- 
pean eel  Anguilla  anguilla  showed  that  0.67  ppm  of 
lindane  was  the  50%  lethal  concentration  at  96  hr. 
Lactate,  cholesterol,  and  total  lipids  in  eel  gill 
tissue  were  analyzed  after  0.167  ppm  lindane  treat- 
ment (1/4  LC50).  Lactate  levels  increased  signifi- 
cantly after  6  hr  treatment  with  respect  to  the 
control  values.  Cholesterol  decreased  after  6  hr 
treatment  and  continued  decreasing  gradually  until 
96  hr  treatment.  Total  lipids  increased  after  6  hr 
treatment  but  decreased  between  12  and  96  hr. 
High  increases  in  lactate  concentration  caused  by 
lindane  exposure  suggests  that  energy  is  depleted 
in  the  eel  and  anaerobic  pathway  rates  are  in- 
creased as  an  initial  response  to  pesticide-induced 
stress.  Decreases  in  cholesterol  may  be  related  to 
either  a  disruption  of  plasma  membranes  and/or 
altered  steroidogenesis.  Present  findings  suggest 
that  A.  anguilla  has  inherent  tissue  specific  resist- 
ance potentiality  to  withstand  ambient  pesticide 
toxicity  by  suitably  modulating  its  metabolic  pro- 
files to  mitigate  pesticide  toxicity  and  to  increase 
survival  capacity.  (Geiger-PTT) 
W90-04703 


DIATOM-BASED  PH  RECONSTRUCTION  OF 
LAKE  ACIDIFICATION  USING  CANONICAL 
CORRESPONDENCE  ANALYSIS. 

Newcastle  upon  Tyne  Univ.  (England). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04711 


BACTEREMIC  CELLULITIS  CAUSED  BY 
NON-SEROGROUP  Ol  VIBRIO  CHOLERAE 
ACQUIRED  IN  A  FRESHWATER  INLAND 
LAKE. 

Abraham  Lincoln  School  of  Medicine,  Chicago, 

IL.  Section  of  Infectious  Diseases. 

D.  L.  Pitrak,  and  J.  D.  Gindorf. 

Journal  of  Clinical  Microbiology  JCMIDW,  Vol. 

27,  No.  12,  p  2874-2876,  Dec  1989.  1  tab,  15  ref. 

Descriptors:  'Water  pollution  effects,  'Human  dis- 
eases, 'Vibrio,  'Lakes,  Public  health,  Human 
pathogens,  Pathogenic  bacteria,  Infection. 
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The  number  of  reported  cases  of  infections  with 
non-serogroup  Ol  Vibrio  cholerae  in  the  United 
States  has  increased  recently.  These  cases  have 
almost  invariably  been  associated  with  travel,  sea- 
water  exposure,  or  the  ingestion  of  shellfish.  A 
case  of  bacteremic  cellulites  caused  by  non-Ol  V. 
cholerae  that  was  acquired  in  a  freshwater  inland 
lake  in  northern  Illinois  is  reported.  A  34-year-old 
male  was  admitted  with  fever,  chills,  nausea,  vom- 
iting, upper  abdominal  pain,  and  pain  and  swelling 
of  both  lower  extremities.  He  had  been  fishing  in 
Fox  Lake  (a  freshwater  lake  in  northern  Illinois), 
wading  in  the  lake  without  boots,  2  days  prior  to 
admission.  While  wading  he  had  fallen  and  abrad- 
ed his  shins.  The  next  evening  he  awoke  with 
fever,  chills,  and  bilateral  leg  pain  and  swelling. 
Soon  he  developed  nausea,  vomiting,  and  upper 
abdominal  pain.  By  the  third  hospital  day,  three 
sets  of  blood  cultures  from  admission  grew  curved 
gram-negative  rods  identified  as  V.  cholerae.  Later 
the  organism  was  identified  as  a  non-serogroup  Ol 
V.  cholerae.  This  patient  was  exceptional  in  that 
his  infection  was  clearly  associated  with  freshwa- 
ter exposure.  Infections  with  non-serogroup  Ol  V. 
cholerae  have  rarely  been  acquired  in  inland  re- 
gions. The  organism  is  more  widely  distributed 
than  generally  appreciated,  and  the  potential  for 
infection  in  patients  without  the  usual  risk  factors 
exists.  (Shidler-PTT) 
W90-04724 


SULFIDE  TOLERANCE  AND  DETOXIFICA- 
TION IN  SHALLOW-WATER  MARINE 
FISHES. 

Scripps  Institution  of  Oceanography,  La  Jolla,  CA. 

Marine  Biology  Research  Div. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-04726 


MONITORING  EFFECTS  OF  A  STORM 
SEWER  OVERFLOW  UPON  THE  NANT 
FFRWD,  SOUTH  WALES. 

Welsh  Water  Authority,  Bridgend. 
S.  C.  Bird,  N.  Reynolds,  and  R.  Henderson. 
Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1785-1788,  1989.  3  fig,  1  tab,  4  ref. 

Descriptors:  *Urban  runoff,  *Storm  sewers, 
•Water  pollution  effects,  *Rivers,  'Storm-over- 
flow sewers,  *Sewers,  Monitoring,  Nant  River, 
Wales,  Runoff,  Overflow,  Dissolved  oxygen, 
Water  quality,  Nitrogen,  Ammonia,  Aquatic  life, 
Fish,  Invertebrates,  Toxicity,  Outfall  sewers. 

Monitoring  of  storm  sewer  overflows  into  the 
Nant  Ffrwd,  Wales,  showed  peak  pollutant  con- 
centrations of  20  to  200  mg/liter  BOD  and  1  to  10 
mg/1  ammonia  nitrogen.  These  persisted  for  10 
minutes  or  less.  Ammonia  nitrogen  in  the  stream 
increased  with  every  spill,  even  minor  events,  to  as 
much  as  0.7  mg/1.  BOD  concentrations  in  the  river 
peaked  at  about  20  mg/1.  Impacts  on  dissolved 
oxygen  concentrations  were  minimal.  Toxicity  to 
macroinvertebrates  in  downstream  cages  ap- 
proached 40%.  Rainbow  trout  densities  were 
higher  downstream  of  the  outfall  than  upstream  in 
April  1987,  but  the  reverse  was  true  in  April  1988 
and  in  July  1988.  Rainbow  trout  egg  bioassays  in 
July  1988  showed  no  obvious  impact  from  the 
overflow.  (Cassar-PTT) 
W90-04771 


SPRAT-A  SIMPLE  PJVER  QUALITY  IMPACT 
MODEL  FOR  INTERMITTENT  DISCHARGES. 

Water     Research     Centre,     Swindon     (England). 

Swindon  Engineering  Centre. 

C.  P.  Crockett,  R.  W.  Crabtree,  and  H.  R. 

Markland. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1793-1796,  1989.  4  fig,  6  ref. 

Descriptors:  *Urban  hydrology,  'Storm 
wastewater,  *Path  of  pollutants,  'Rivers,  'Water 
pollution  effects,  'Storm-overflow  sewers,  'Storm 
water,  'Model  studies,  SPRAT  model,  Flood  fore- 
casting, Overflow. 

The  SPRAT  (Spill  Pollution  Response  Assessment 
Technique)  model  was  developed  to  predict  the 
transient  quality  changes  in  receiving  waters  due 


to  intermittent  storm  sewage  discharges.  The 
model  incorporates  simplifications  such  as  plug 
flow  and  instantaneous  mixing.  It  does  not  take 
into  account  the  effects  of  dispersion.  Application 
of  the  model  to  the  River  Croal  catchment  proved 
useful  in  highlighting  the  problems  in  model  use. 
Areas  where  more  sophistication  is  needed  include 
accuracy  in  prediction  of  flood  wave  passage,  the 
effect  of  dispersion  on  determinand  concentration, 
the  effect  of  sediment  scouring,  and  dissolved 
oxygen  concentrations.  (Cassar-PTT) 
W90-04773 


SELF-PURIFICATION  PROCESSES  ALONG  A 
POLLUTED  RIVER  IN  GREECE. 

National    Centre    for    Marine    Research,    Athens 

(Greece). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04792 


EFFECT  OF  ORGANOCHLORINE  COM- 
POUNDS ON  EXISTENCE  AND  GROWTH  OF 
SOIL  ORGANISMS. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

Y.  Inamori,  K.  Matushige,  R.  Sudo,  and  H. 

Kikuchi. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.    12,  p   1887-1890,    1989.    1   fig,    1   tab,   6  ref. 

Descriptors:  'Groundwater  pollution,  'Water  pol- 
lution effects,  'Chlorinated  hydrocarbons,  'Micro- 
organisms, 'Soil  contamination,  Organic  com- 
pounds, Trichloroethylene,  Tetrachloroethylene, 
Trichloroethane,  Rotifers,  Protozoa,  Toxicity,  Ro- 
tifers, Oligochaetes. 

The  EC50s  of  organochlorine  compounds  were 
determined  for  soil  microorganisms.  The  com- 
pounds were  as  follows:  trichloroethylene  (TCE), 
tetrachloroethylene  (PCE),  and  1,1,1 -trichloroeth- 
ane (TCET).  EC50s  for  Philodina  erythrophth- 
alma  (rotifer)  in  mg/1  were  92  for  TCE,  33  for 
PCE,  and  162  for  TCET.  EC50s  for  Aeolosoma 
hemprichi  (oligochaete)  in  mg/1  were  47  for  TCE, 
13  for  PCE,  and  92  for  TCET.  EC50s  for  Colpoda 
sp.  (protozoa)  in  mg/1  were  75  for  TCE,  64  for 
PCE,  and  205  for  TCET.  In  a  survey  of  contami- 
nated groundwater,  it  was  found  that  over  70%  of 
the  samples  had  less  than  1  microgram/1  of  organ- 
ochlorine compounds.  The  highest  concentration 
found  in  this  sampling  was  23,000  microgram/1 
PCE.  With  respect  to  EC50,  soil  organisms  were 
not  affected  by  the  concentrations  of  organochlor- 
ine compounds  usually  found  in  groundwater.  Tol- 
erance of  soil  organisms  to  these  compounds  was 
Colpoda  sp.  >  P.  erythrophthalma  >  A.  hempri- 
chi. Toxicity  of  the  compounds  tested  was  PCE  > 
TCE  >  TCET.  The  effects  of  the  organochlorine 
compounds  on  the  ability  of  soil  organisms  to 
degrade  organic  matter  were  expressed  as  the  con- 
centration causing  50%  reduction  in  removal  of 
organic  material  (mg/1)  as  follows:  TCE,  330; 
PCE,  110;  and  TCET,  460.  Control  objectives 
relating  to  the  prevention  of  soil  contamination 
were  PCE,  0.01  mg/1;  TCE,  0.03  mg/1;  and  TCET, 
0.3  mg/1.  (Cassar-PTT) 
W90-04796 


MUTAGENIC  ACTIVITY  OF  ORGANIC  CON- 
CENTRATES FROM  MUNICIPAL  RIVER 
WATER  AND  SEWAGE  EFFLUENT  AFTER 
CHLORINATION  OR  OZONATION. 

Setsunan   Univ.,    Neyagawa   (Japan).    Faculty    of 

Pharamaceutical  Sciences. 

K.  Nakamuro,  H.  Ueno,  and  Y.  Sayato. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.  12,  p  1895-1898,  1989.  4  fig,  3  ref. 

Descriptors:  'Water  pollution  sources,  'Water  pol- 
lution effects,  'Fate  of  pollutants,  'Water  treat- 
ment, 'Ozonation,  'Chlorination,  'Mutagenicity, 
'Organic  matter,  Rivers,  Yodo  River,  Japan,  Mu- 
nicipal water,  Wastewater  pollution,  Seasonal  vari- 
ation. 

Samples  of  water  from  the  polluted  Yodo  River  in 
Japan  were  chlorinated,  ozonated  or  preozonated- 
chlorinated  and  the  mutagenic  activity  of  the  treat- 
ed water  determined.  The  mutagenic  activity  was 
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highest  in  water  near  the  sewage  effluent  outfall. 
Highest  activity  was  in  autumn,  followed  by 
spring,  then  summer.  Ozonation  was  more  effec- 
tive in  removing  mutagenic  substances  than  chlor- 
ination. The  preozonation-chlorination  treatment 
produced  variable  results,  somewhat  comparable 
to  ozonation  alone.  (Cassar-PTT) 
W90-04798 


EUTROPHICATION  IN  THE  NETHERLANDS. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Nature  Conservation. 

L.  Lijklema,  J.  H.  Jansen,  and  R.  M.  M. 

Roijackers. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.  12,  p  1899-1902,  1989.  2  fig,  1  ref. 

Descriptors:  'Lake  restoration,  'Water  pollution 
effects,  'Lakes,  'Eutrophication,  The  Netherlands, 
Water  quality,  Nutrients,  Chlorophyll,  Water  qual- 
ity control,  Phosphorus  removal,  Eutrophic  lakes, 
Nitrogen,  Nitrification,  Denitrification,  Algae, 
Cyanophyta. 

Water  quality  was  studied  in  121  Dutch  lakes 
during  1983-1985.  Relationships  were  developed 
between  nutrient  loading  and  nutrient  concentra- 
tion and  between  nutrient  concentration  and  chlo- 
rophyll concentration.  The  equation  for  phospho- 
rus loading/concentration  was  based  on  a  retention 
coefficient  dependent  on  concentrations  in  the  lake 
and  on  the  inflow,  water  depth,  and  hydraulic 
retention  time.  The  nitrogen  equation  also  had  to 
consider  nitrification  and  denitrification  processes. 
Relationships  between  nutrient  concentration  and 
chlorophyll  concentration  showed  that  there  was 
an  upper  limit  for  the  chlorophyll  concentration 
which  was  different  for  lakes  dominated  by  fila- 
mentous blue-green  algae  as  compared  with  other 
lakes.  The  blue-green  algae  apparently  utilize  phos- 
phate very  efficiently;  thus,  phosphate  reductions 
must  be  proportionately  greater  in  these  lakes  to 
remedy  eutrophication.  To  achieve  water  quality 
based  on  maximum  summer  averaged  chlorophyll 
concentrations  of  100  microgram/1,  maximum  al- 
lowable phosphorus  concentrations  were  set  at 
0.16  mg/1  for  normal  lakes,  0.07  microgram/1  for 
lakes  dominated  by  filamentous  blue-green  algae, 
and/or  2.2  mg/1  of  nitrogen.  (Cassar-PTT) 
W90-04799 


WHOLE  LIFE  HISTORY  STUDIES  OF  COHO 
SALMON  (ONCORHYNCHUS  KISUTCH)  FOL- 
LOWING EMBRYONIC  EXPOSURE  TO 
BENZO(A)PYRENE. 

Washington  Univ.,  Seattle.  Coll.  of  Ocean  and 
Fishery  Sciences. 

G.  K.  Ostrander,  M.  L.  Landolt,  and  R.  M.  Kocan. 
Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  2,  p 
109-126,  August  1989.  4  fig,  5  tab,  33  ref.  US  EPA 
Grant  R-8 1348. 

Descriptors:  'Salmon,  'Life  history  studies, 
*Benzo(a)pyrene,  'Fish  behavior,  'Toxicity, 
'Water  pollution  effects,  'Embryonic  growth 
stage,  'Sublethal  effects,  Animal  pathology,  Hy- 
drocarbons, Bioassay,  Metabolism,  Respiration, 
Fish  migration. 

It  was  previously  found  that  a  single  embryonic 
exposure  of  salmonid  embryos  to  benzo(a)pyrenes 
was  capable  of  inducing  subtle  behavioral  changes 
following  hatching.  This  study  determines  whether 
coho  salmon  which  had  survived  an  identical 
benzo(a)pyrene  exposure  were  capable  of  success- 
fully competing  with  their  normal  counterparts 
under  natural  conditions.  Common  exposure  levels 
used  during  the  tests  were  7,  10  and  25  micrograms 
benzo(a)pyrene/ml  water.  The  uptake  and  reten- 
tion of  benzo(a)pyrene  was  examined,  as  well  as 
the  ability  of  this  compound  to  compromise 
normal  metabolic  activity.  No  significant  changes 
or  alterations  in  embryonic  or  larval  respiration 
were  seen.  Subsequently,  hatchery  reared  coho 
salmon,  which  return  to  their  site  of  birth  when 
sexually  mature,  were  exposed  to  benzo(a)pyrene 
at  one  of  two  stages  of  embryonic  development. 
These  fish,  as  well  as  appropriate  controls,  were 
individually  tagged  prior  to  release  for  seaward 
migration.  As  fish  returned  from  the  sea,  length, 
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weight,  sex,  and  pathology  were  compared  among 
the  groups.  Nearly  identical  numbers  of  fish  re- 
turned among  control  and  exposure  groups  and  no 
significant  differences  were  seen  in  parameters 
measured.  Histopathological  examination  failed  to 
detect  any  abnormalities.  However,  these  exposed 
fish  were  grown  in  the  relatively  safe  confines  of  a 
hatchery,  and  were  fed  constantly  and  did  not 
have  to  hunt  for  prey.  They  were  given  ample  time 
to  recover  from  the  deleterious  effects  of  exposure 
before  returning  to  the  wild.  (Author's  abstract) 
W90-04825 


ALLOZYME    GENOTYPE     AND     TIME    TO 

DEATH  OF  MOSQUITOFISH,  GAMBUSIA  AF- 

FINIS  (BAIRD  AND  GIRARD)  DURING  ACUTE 

TOXICANT  EXPOSURE:  A  COMPARISON  OF 

ARSENATE  AND  INORGANIC  MERCURY. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 

M.  C.  Newman,  S.  A.  Diamond,  M.  Mulvey,  and 

P.  Dixon. 

Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  2,  p 

141-156,  August  1989.  1  fig,  5  tab,  42  ref.  US  DOE 

Contract  DE-AC09-76SROO819. 

Descriptors:  'Enzymes,  *Genotoxicity,  'Toxicity, 
•Water  pollution  effects,  •Gambusia,  'Arsenic, 
'Mercury,  'Genetics,  Tolerance,  Animal  patholo- 
gy, Heavy  metals,  Bioassay,  Fish,  Mortality,  Popu- 
lation exposure,  Comparison  studies. 

Fish  were  exposed  to  arsenic  (93  to  94  mg  As/L 
versus  <  2  mg/L  for  controls)  for  up  to  102  hours 
in  a  flow-through  exposure  system.  Genotypic  fre- 
quencies at  8  enzyme  loci  were  examined  in  the 
population  of  mosquitofish,  Gambusia  affinis 
(Baird  and  Girard)  during  acute  arsenate  exposure. 
Genotypes  at  2  loci  (fumarate  hydratase  and  glu- 
cose-phosphate isomerase-2)  and  multiple  locus  he- 
terozygosity (male  fish)  were  significantly  correlat- 
ed with  time  to  death  (TTD).  The  results  from 
arsenate  exposures  were  contrasted  with  those  re- 
ported earlier  for  acute  inorganic  mercury  expo- 
sure. Earlier  TTD  were  associated  with  a  rare 
homozygous  genotype  for  the  Gpi-2  locus  in  both 
arsenate  and  inorganic  mercury  exposures;  howev- 
er, no  other  single  locus  effect  on  TTD  was 
common  to  both  toxicants.  Difference  in  TTD 
associated  with  genotypic  variation,  therefore,  can 
be  a  specific  for  the  toxicant  (Fh,  Icd-1  and  Mdh-1) 
or  a  nonspecific  response  to  chemical  stressors 
(Gpi-2).  The  results  of  acute  exposures  of  mosqui- 
tofish to  mercury  and  arsenate  suggest  that  most  of 
the  effects  of  multiple  locus  heterozygosity  can  be 
attributed  to  the  summation  of  single  locus  effects. 
(Author's  abstract) 
W90-O4826 


QSAR-ANALYSIS  OF  ACUTE  TOXICITY  OF 
INDUSTRIAL  POLLUTANTS  TO  THE  GUPPY 
USING  MOLECULAR  CONNECrTVITY  INDI- 
CES. 

Instituut    CIVO-Toxicologie    en    Voeding    TNO, 

Zeist  (Netherlands). 

D.  C.  Leegwater. 

Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  2,  p 

157-168,  August  1989.  2  fig,  4  tab,  8  ref. 

Descriptors:  'Lethal  limit,  'Industrial  wastes, 
•Water  pollution  effects,  'Toxicity,  'Molecular 
structure,  'Structure-activity  relationships, 
'Chemical  wastes,  'Guppies,  'Mathematical  anal- 
ysis, Pollutants,  Regression  analysis,  Aromatic 
compounds,  Chlorinated  hydrocarbons,  Mortality, 
Physical  properties,  Octanol-water  partition  coeffi- 
cient, Regression  analysis. 

A  comparative  study  was  made  of  the  use  of  log  P 
values  and  molecular  connectivity  indices  to  pre- 
dict the  acute  toxicity  (LC50)  of  a  variety  of 
industrial  pollutants  to  the  guppy  by  means  of 
(multiple)  regression  analysis.  59  aromatic  com- 
pounds, 18  aliphatic  chloro,  and  15  aliphatic 
oxygen  compounds  were  studied.  It  was  found  that 
quantitative  structure-activity  relationships 
(QSARs)  based  on  chi(2)v  or  a  combination  of 
chi(0)v,  chi(0),  and  a  dummy  variable  for  the  pres- 
ence of  a  benzene  ring  were  equivalent  and  some- 
times even  superior  to  those  based  on  log  P  values. 
The  LC50  value  of  a  great  variety  of  industrial 
pollutants  for  the  guppy  can  satisfactorily  be  pre- 


dicted by  regression  equations  based  on  molecular 
connectivity  indices.  Further  work  is  required  to 
establish  what  kind  of  topological  and/or  electron- 
ic information  encoded  in  the  indices  chi(2)v  and 
the  combination  chi(0)v-chi(0)  made  them  so  suita- 
ble as  descriptors  in  this  study.  (Author's  abstract) 
W90-04827 


RENAL  HISTOPATHOLOGICAL  CHANGES 
IN  THE  GOLDFISH  (CARASSIUS  AURATUS) 
AFTER  SUBLETHAL  EXPOSURE  TO  HEX- 
ACHLOROBUTADIENE. 

Maryland  Univ.  at  Baltimore.  Dept.  of  Pathology. 
R.  Reimschuessel,  R.  O.  Bennett,  E.  B.  May,  and 
M.  M.  Lipsky. 

Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  2,  p 
169-180,  August  1989.  2  fig,  1  tab,  48  ref. 

Descriptors:  'Animal  tissues,  'Water  pollution  ef- 
fects, 'Animal  pathology,  'Fish  physiology, 
♦Goldfish,  'Kidneys,  'Chlorinated  hydrocarbons, 
•Sublethal  effects,  Hexachlorobutadiene,  Bioassay, 
Biochemistry. 

Hexachlorobutadiene  (HCBD),  a  chlorinated  hy- 
drocarbon, is  an  acute  renal  toxicant  in  mammals. 
Goldfish  (Carassius  auratus)  were  given  a  single  ip 
injection  of  a  sublethal  dose  (500  mg/kg)  of  HCBD 
and  sampled  daily  for  one  week.  No  damage  was 
observed  by  light  microscopy  6  hours  post  injec- 
tion. At  24  hours,  however,  cytoplasmic  vacuola- 
tion  and  necrosis  occurred  in  the  renal  tubules. 
This  damage  was  localized  to  the  epithelium  of  the 
second  (P2)  and  third  (P3)  segments  of  the  proxi- 
mal tubule.  The  damage  persisted  for  seven  days. 
By  the  sixth  day  the  first  segment  (PI)  of  the 
proximal  tubule  had  small  cytoplasmic  vacuoles. 
The  ratio  of  kidney  to  body  weight  was  signifi- 
cantly greater  in  the  treated  fish  on  the  fourth  day. 
Gamma  glutamyl  transpeptidase  (GGT),  a  histo- 
chemical  marker  of  proximal  tubule  brush  border 
in  mammals,  was  demonstrated  in  the  goldfish 
kidney.  Intense  staining  was  noted  only  in  P2  and 
P3.  GGT  staining  was  also  present  in  the  lumen  of 
the  damaged,  vacuolated  tubules  of  HCBD-treated 
fish.  It  is  interesting  to  note  that  the  renal  proximal 
tubules  which  demonstrated  intense  GGT  activity 
were  the  most  sensitive  to  HCBD  toxicity.  GGT  is 
involved  in  the  breakdown  to  the  glutathione  con- 
jugate to  its  cysteine  conjugate.  This  may  be  one 
actor  in  the  effect  of  HCBD  on  the  goldfish  proxi- 
mal tubules.  (Author's  abstract) 
W90-O4828 


EFFECT  OF  A   HERBICIDE,  CHLORNJTRO- 

FEN       (2,4,6-TRICHLOROPHENYL-4'-NITRO- 

PHENYL  ETHER),  ON  THE  GROWTH  AND 

REPRODUCTION  OF  THE  GUPPY  (POECILIA 

RETICULATA)     THROUGH      WATER     AND 

FOOD. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan).  Environmental  Biology  Div. 

S.  Hatakeyama. 

Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  2,  p 

181-196,  August  1989.  5  fig,  5  tab,  13  ref. 

Descriptors:  *Fish  growth,  'Spawning,  'Guppies, 
'Herbicides,  'Reproduction,  'Water  pollution  ef- 
fects, 'Toxicity,  Food  chains,  Growth,  Tubificids, 
Path  of  pollutants,  Chlornitrofen,  Animal  patholo- 
gy, Sublethal  effects,  Fry,  Bioassay. 

Young  guppies  (30  day  old  Poecilia  reticulata) 
were  exposed  to  formulation  chlornitrofen  (CNP; 
20%  CNP,  72%  xylene  and  8%  emulsion)  for  28 
days.  Surviving  fry  were  16%  and  51%  of  the 
control  number  in  the  first  and  second  parturition 
at  25  ug/L  CNP.  Normal  parturition  did  not  occur 
at  125  ug/L.  Young  guppies  were  also  exposed  to 
200  ug/L  CNP  for  1  to  7  days.  The  number  of  fry 
decreased  to  50%  of  controls  in  guppies  exposed  to 
formulation  CNP  for  1  day,  while  the  same  effect 
was  observed  with  3  days  exposure  (also  at  200 
ug/L)  using  the  reagent  grade  (99%)  CNP.  In  a 
third  experiment,  guppies  were  exposed  to  CNP 
for  30  days  through  a  CNP  accumulated  tubifex. 
The  number  of  fry  decreased  as  CNP  concentra- 
tions of  the  tubifex  decreased.  At  the  maximum 
concentration  (160  ug  CNP/g,  wet  weight),  a  cu- 
mulative number  of  fry  decreased  to  23,  43  and 
49%  of  the  control  group  in  the  first,  second  and 


third  month,  respectively.  CNP  concentrations  in 
the  liver  and  female  gonads  were  high.  The  reten- 
tion time  of  CNP  accumulated  in  the  female  gonad 
was  longer  than  that  in  the  liver.  (Author's  ab- 
stract) 
W90-04829 


EPIDEMIOLOGY  AND  TOXICOLOGY  OF 
VOLATILE  ORGANIC  CHEMICAL  CONTAMI- 
NANTS IN  WATER  ABSORBED  THROUGH 
THE  SKIN. 

National  Academy  of  Sciences,  Washington,  DC. 
R.  D.  Thomas. 

Journal  of  the  American  College  of  Toxicology 
JACTDZ,  Vol.  8,  No.  5,  p  779-795,  October  1989. 
1  fig,  6  tab,  72  ref. 

Descriptors:  'Path  of  pollutants,  'Epidemiology, 
•Toxicity,  'Volatile  organic  compounds,  'Epider- 
mis, 'Chlorination,  'Literature  review,  'Water 
pollution  effects,  Population  exposure,  Human 
population,  Organic  compounds,  Liver,  Kidneys, 
Blood. 

This  paper  provides  a  general  introduction  to  the 
occurrence,  epidemiology,  and  toxicity  of  some  of 
the  most  common  contaminants  of  water  supplies, 
the  volatile  organic  chemicals  (VOCs).  VOCs  are 
formed  from  the  reaction  of  chlorine  during  disin- 
fection with  naturally  occurring  carbon  in  the 
form  of  humic  acids.  The  VOCs  may  also  enter 
water  supplies  as  a  result  of  manufacturing,  proc- 
essing, distribution,  and  urban  and  agricultural 
runoff.  Their  occurrence  is  summarized.  No  epide- 
miologic studies  examine  the  health  effects  where 
skin  is  the  sole  route  of  exposure.  However,  sever- 
al studies  are  reviewed  where  skin  is  one  of  the 
routes  of  exposure  for  VOCs.  Finally,  the  toxicity 
of  some  of  the  more  important  VOCS  is  outlined, 
including  chloroform,  trichloroethylene,  tetrach- 
loroethylene,  carbon  tetrachloride,  benzene,  and 
alkylbenzenes.  Where  possible,  similarities  in  toxic- 
ity between  individual  members  of  this  class  of 
chemical  contaminates  are  noted.  There  are  strik- 
ing similarities  of  toxicity  of  various  VOCs  in  the 
liver,  kidney,  and  hematopoietic  system.  These  si- 
milarities should  be  considered  as  skin  exposure 
models  are  being  developed.  (Author's  abstract) 
W90-04830 


HUMAN  SKIN  BINDING  AND  ABSORPTION 
OF  CONTAMINANTS  FROM  GROUND  AND 
SURFACE  WATER  DURING  SWIMMING  AND 
BATHING. 

California  Univ.,  San  Francisco.  Dept.  of  Derma- 
tology. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04832 


PREDICTION  OF  LONG-TERM  EFFECTS  OF 
RAINWATER  ACIDITY  ON  PEAT  AND  ASSO- 
CIATED DRAINAGE  WATER  CHEMISTRY  IN 
UPLAND  AREAS. 

Aberdeen  Univ.  (Scotland).  Dept.  of  Plant  and  Soil 

Science. 

U.  Skiba,  and  M.  Cresser. 

Water  Research  WATRAG,  Vol.  23,  No.  12,  p 

1477-1482,  December   1989.  7  fig,  3  tab,   10  ref. 

Descriptors:  'Acid  rain  effects,  'Water  chemistry, 
'Acid  rain,  'Air  pollution  effects,  'Peat  soils, 
•Drainage  water,  *Soil  chemistry,  Rainfall-runoff 
relationships,  Hydrogen  ion  concentration,  Predic- 
tion, Cations,  Surface  runoff.  Catchment  areas, 
Scotland. 

The  effect  of  precipitation  pH  upon  the  chemistry 
of  peat  and  associated  drainage  waters  has  been 
investigated  using  a  multiple  stir  and  centrifuge 
technique.  Samples  of  upland  blanket  peats  were 
collected  from  moorland  sites  in  northeast  and 
southeast  Scotland.  A  stir  and  centrifuge  technique 
was  adopted  to  simulate  prolonged  rainfall  effects 
because  peat  is  often  highly  impermeable.  Both 
peats  behaved  in  a  similar  way  when  treated  with 
up  to  2000  mm  of  'rain'  with  varying  degrees  of 
acidity.  Resulting  changes  were  most  pronounced 
for  drainage  water  and  peat  pH,  and  peat  and 
water  Ca  and  Mg  concentrations.  The  results  indi- 
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cate  that  atmospheric  acidifying  pollutants  have 
lowered  the  pH  of  fresh  waters  by  more  than  one 
unit  in  catchments  where  the  predominant  hydro- 
logical  pathways  are  surface  runoff  and  near-sur- 
face throughflow  over  impermeable  peats.  Im- 
provements in  pH  resulting  from  emission  reduc- 
tions should  be  detectable  in  such  catchments 
within  a  few  years.  Base  cation  concentrations  in 
deposition  are  also  important,  however,  because 
the  controlling  mechanism  is  cation  exchange. 
(Author's  abstract) 
W90-04834 


EFFECT  OF  WASTEWATER  SPRAY  IRRIGA- 
TION ON  ROTAVIRUS  INFECTION  RATES  IN 
AN  EXPOSED  POPULATION. 
James  N.  Gamble  Inst,  of  Medical  Research,  Cin- 
cinnati, OH. 

For  primary  bibliographic   entry  see  Field   5D. 
W90-04838 


PROBLEMS     CONCERNING     MARINE     EU- 
TROPmCATION,     (PROBLEMES     CONCER- 
NANT  LEUTROPHISATION  MARINE). 
Institutul  Roman  de  Cercetari  Marine,  Constanta 
(Romania). 
M.  T.  Gomoiu. 

Cercetari  Marine:  Recherches  Marines,  Vol.  18,  p 
59-95,  1985.  9  fig,  1  tab,  94  ref.  English  summary. 

Descriptors:  'Water  pollution  effects,  'Eutroph- 
ication,  'Marine  pollution,  'Marine  biology, 
'Black  Sea,  'Romania,  Nutrients,  Plankton,  Algae, 
Species  diversity,  Fish  populations. 

Based  on  a  literature  review  and  an  analysis  of  the 
present  state  of  the  Black  Sea  coastal  ecosystem, 
the  problems  concerning  marine  eutrophication  are 
addressed.  The  meaning  of  'marine  eutrophication' 
as  it  applies  to  the  Black  Sea,  and  particularly  the 
Romanian  coast,  has  been  summarized  as  follows: 
(1)  an  increase  in  the  quantities  of  nutrients;  (2)  an 
increase  in  phytoplankton  and  the  appearance  of 
red-tide  chronically  and  at  increasingly  higher 
levels;  (3)  an  increase  in  the  quantities  of  dissolved 
and  particulate  organic  matter  both  in  sea  water 
and  the  sediments;  (4)  the  appearance  of  hypoxic 
and  anoxic  conditions;  (5)  a  decrease  in  the  number 
of  zooplanktonic  species  along  with  an  increase  in 
the  density  of  the  dominant  species;  (6)  the  disap- 
pearance or  decrease  in  the  populations  of  Zostera 
or  brown  algae  (Cystoseira)  and  red  algae  (Phyllo- 
phora)  and  the  development  of  some  species  of 
green  algae  (Enteromorpha,  Cladophora);  (7)  mass 
mortalities  of  some  benthic  organisms  and  modifi- 
cations in  the  qualitative  and  quantitative  structure 
of  bottom  associations;  and  (8)  modifications  in  the 
structure  of  both  fish  populations  and  mammals 
(severe  reduction  of  sturgeon  stocks,  the  increase 
in  the  quantities  of  planktonofagous  species;  the 
decrease  in  the  dolphin  stock,  etc.).  More  complex 
studies  are  necessary  for  understanding  and  defin- 
ing the  marine  eutrophication  process  and  for 
taking  measures  to  limit  over-fertilization  or 
marine  pollution.  (Author's  abstract) 
W90-04854 


DISTRIBUTION  OF  CHLOROPHYLL  A, 
PHAEOPHYTTN  A  AND  PRIMARY  PRODUC- 
TION IN  THE  WESTERN  BLACK  SEA. 

Institutul  Roman  de  Cercetari  Marine,  Constanta 

(Romania). 

For  primary  bibliographic  entry  see  Field  2L. 
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CHARACTERISTICS  OF  THE  QUANTITATIVE 
DEVELOPMENT  AND  THE  STRUCTURE  OF 
THE  PHYTOPLANKTON  ON  THE  ROMA- 
NIAN SHORE  FROM  1983-1985.  (CARACTER- 
ISTIQUES  DU  DEVELOPPEMENT  QUANTI- 
TATTF  ET  DE  LA  STRUCTURE  DU  PHYTO- 
PLANCTON  DES  EAUX  DU  LITTORAL  ROU- 
MATN  PENDANT  LA  PERIODE  1983-1985). 
Institutul  Roman  de  Cercetari  Marine,  Constanta 
(Romania). 

For  primary  bibliographic  entry  see  Field  2L. 
W90-O4856 


PHYTOPLANKTON  DIVERSITY  INDICES  AS 
EUTROPHICATION  INDICATORS  OF  THE 
ROMANIAN  INSHORE  WATERS. 

Institutul  Roman  de  Cercetari  Marine,  Constanta 

(Romania). 

P.  E.  Mihnea. 

Cercetari  Marine:  Recherches  Marines,  Vol.  18,  p 

139-155,  1985.  5  fig,  7  tab,  16  ref. 

Descriptors:  'Romania,  'Water  pollution  effects, 

'Black    Sea,     'Phytoplankton,  'Eutrophication, 

Species  diversity,  Community  structure,  Algal 
blooms. 

One  thousand  three  hundred  ninety-six  phyto- 
plankton samples  from  the  Romanian  inshore 
waters  were  analyzed  during  1979-1983  and  1985. 
The  structure  of  the  phytoplankton  community 
from  a  eutrophic  area  was  analyzed  using  species 
number,  dominance,  total  density,  diversity  indi- 
ces, and  evenness.  The  result  of  this  structure 
analysis  indicates  that  the  phytoplankton  communi- 
ty is  characterized  by  low  species  diversity  and 
evenness  values  indicating  instability.  The  tenden- 
cy to  develop  1-3  dominant  species  out  of  a  total  of 
10-30  species  is  characteristic  of  blooms  and  other 
natural  succession  sequences.  Few  situations  were 
observed  where  the  diversity  values  were  over  4, 
evenness  was  greater  than  0.6,  there  were  up  to  53 
species,  1-4  dominants  made  up  a  low  percentage 
of  the  community,  and  densities  were  low.  Events 
with  these  characteristics  (indicating  a  stable  com- 
munity) were  found  only  as  a  consequence  of 
active  physical  changes  such  as  strong  winds. 
(White-Reimer-PTT) 
W90-04857 


SOME  PHYSIOLOGICAL  RESPONSES  OF  AT- 
LANTIC SALMON  (SALMO  SALAR)  EXPOSED 
TO  SOFT,  ACIDIC  WATER  DURING  SMOLT- 
ING. 

Department    of    Fisheries    and    Oceans,    Halifax 

(Nova  Scotia).  Biological  Sciences  Branch. 

G.  J.  Farmer,  R.  L.  Saunders,  T.  R.  Goff,  C.  E. 

Johnston,  and  E.  B.  Henderson. 

Aquaculture  AQCLAL,  Vol.  82,  No.  1-4,  p  229- 

244,  November  1989.  5  fig,  3  tab,  20  ref. 

Descriptors:  'Acid  rain  effects,  'Fish  physiology, 
'Fish  stocking,  'Salmon,  Hydrogen  ion  concentra- 
tion, Calcium,  Salinity,  Sodium,  Potassium,  Sur- 
vival, Bioassay. 

A  number  of  physiological  responses  of  juvenile 
Atlantic  salmon  held  in  water  of  low  calcium 
content  and  pH  of  4.6,  5.0,  or  5.5  were  measured 
during  a  112-day  period.  Plasma  osmolality  and 
plasma  Na(  +  ),  Cl(-)  and  Ca(2  +  )  concentrations 
for  salmon  exposed  to  pH  4.6  were  significantly 
lower  than  for  salmon  exposed  to  pH  5.0  or  5.5. 
Conversely,  the  osmolality  of  urine  collected  from 
salmon  exposed  to  pH  4.6  was  greater  than  ob- 
served for  urine  collected  from  salmon  in  the  other 
pH  regimes.  A  significant  increase  in  the  hemato- 
crit and  plasma  protein  concentration  of  salmon 
exposed  to  pH  4.6  suggests  that  their  plasma 
volume  was  reduced.  Although  the  lipid  content  of 
salmon  exposed  to  the  various  pH  regimes  was  not 
different,  both  condition  factor  and  moisture  con- 
tent of  salmon  exposed  to  pH  4.6  were  lower  than 
for  salmon  exposed  to  pH  5.0  or  5.5.  Neither 
branchial  Na(+),  K(  +  )  ATPase  activity  nor  toler- 
ance to  a  salinity  of  37.5%  increased  during  the 
spring  among  salmon  exposed  to  pH  4.6  as  was 
observed  for  salmon  exposed  to  pH  5.0  or  5.5.  The 
cumulative  proportion  of  the  salmon  that  survived 
112  days  of  exposure  to  pH  4.6,  5.0,  and  5.5  was 
0.28,  0.98,  and  1.0,  respectively.  Attempts  to  aug- 
ment salmon  populations  or  to  recolonize  previous- 
ly inaccessible  areas  by  the  release  of  hatchery- 
reared  parr  and  smolts  can  be  expected  to  be 
successful  for  rivers  which  have  a  pH  of  about  5.5 
and  to  be  somewhat  less  successful  for  rivers 
which  have  a  pH  of  5.0.  Success  will  decrease  as 
pH  declines  below  5.0  so  that  no  survival  of  parr 
or  presmolts  can  be  expected  when  pH  is  4.6  or 
less.  (Author's  abstract) 
W90-O4858 


LAKE    TAHOE:    PRESERVING    A    FRAGILE 
ECOSYSTEM. 


California  Univ.,   Davis.   Div.   of  Environmental 

Studies. 

For  primary  bibliographic  entry  see  Field  2H. 
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UPTAKE  AND  DEPURATION  OF  241AM, 
239+240PU,  238PU,  137CS  AND  106RU  BY  MY- 
TILUS  EDULIS  UNDER  NATURAL  STRESS. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04869 


MICRO-ALGAE  OF  LAKE  PUPUKE,  AUCK- 
LAND, NEW  ZEALAND. 

Department  of  Scientific  and  Industrial  Research, 

Auckland  (New  Zealand).  Botany  Div. 

For  primary  bibliographic  entry  see  Field  2H. 
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EVIDENCE  FOR  FLUORIDE  EFFECTS  ON 
SALMON  PASSAGE  AT  JOHN  DAY  DAM,  CO- 
LUMBIA RIVER,  1982-1986. 

National  Marine  Fisheries  Service,  Seattle,  WA. 

Northwest  Fisheries  Center. 

D.  M  .  Damkaer,  and  D.  B.  Dey. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,  Vol.  9,  No.  2,  p  154-162,  Spring  1989.  3 

fig,  3  tab,  20  ref. 

Descriptors:  'Water  pollution  effects,  'Fluorides, 
•Fish  passages,  'Columbia  River,  Salmon,  Fish 
migration,  Survival,  Industrial  wastes,  Dams. 

There  is  evidence  that  fluoride  from  an  aluminum 
plant  near  John  Day  Dam  had  a  significant  nega- 
tive effect  on  passage  time  and  survival  of  adult 
Pacific  salmon  Oncorhynchus  species  at  the  dam. 
In  1982,  fluoride  concentrations  of  0.3-0.5  milli- 
grams per  liter  were  recorded  at  the  dam.  these 
concentrations  were  probably  representative  of  flu- 
oride levels  at  the  dam  in  earlier  years  as  well, 
based  on  the  aluminum  plant's  fluoride  discharge 
records  since  1971.  From  1980  to  1982,  the  time 
(more  than  150  hours)  required  for  upstream  mi- 
grants to  pass  John  Day  Dam  and  the  mortality 
(greater  than  50%)  of  migrants  between  Bonneville 
and  McNary  dams  (below  and  above  John  Day 
Dam)  were  unacceptably  high.  Bioassay  experi- 
ments on  the  behavior  of  upstream-migrating  adult 
salmon  suggested  that  fluoride  concentrations  of 
about  0.5  milligrams  per  liter  would  adversely 
affect  migration.  Subsequent  experiments  suggest- 
ed that  0.2  milligrams  fluoride  per  liter  was  at  or 
below  the  threshold  for  fluoride  sensitivity  of  Chi- 
nook salmon  O.  tshawytscha  and  below  the  thresh- 
old for  fluoride  sensitivity  of  coho  salmon  O.  ki- 
sutch.  Beginning  in  1983  and  continuing  through 
1986,  fluoride  discharges  from  the  aluminum  plant 
were  greatly  reduced  and  there  was  a  correspond- 
ing drop  in  fluoride  concentrations  in  the  river. 
Concurrently,  fish  passage  delays  and  interdam 
losses  of  adult  salmon  decreased  to  acceptable 
levels  (28  hours  and  less  than  5  percent,  respective- 
ly). (Author's  abstract) 
W90-04915 


TOXICITY  OF  MICROCYSTIS  SPECIES  ISO- 
LATED FROM  NATURAL  BLOOMS  AND  PU- 
RIFICATION OF  THE  TOXIN. 

Ibaraki  Univ.,  Ami  (Japan).  Dept.  of  Agricultural 
Chemistry. 

A.  Ohtake,  M.  Shirai,  T.  Aida,  N.  Mori,  and  K.  I. 
Harada. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  55,  No.  12,  p  3202-3207,  Decem- 
ber 1989.  6  fig,  2  tab,  20  ref. 

Descriptors:  'Algal  toxins,  'Toxins,  'Algae, 
'Cyanophyta,  'Microcystis,  'Japan,  'Eutrophic 
lakes,  Toxicity,  Lakes,  Lethal  limit,  Water  pollu- 
tion effects,  Liver. 

Microcystis  strains  (2  toxic  and  18  nontoxic  to 
mice)  were  isolated  from  toxic  waterblooms  that 
had  been  collected  from  Lake  Kasumigaura,  Ibar- 
aki Prefecture,  Japan,  in  August  1985.  Thirteen  of 
the  strains  (2  toxic  and  1 1  nontoxic)  were  Micro- 


S8 

I 

<utx 
SK 

W 

:  o 


k 


129 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5C — Effects  Of  Pollution 

cystis  aeruginosa,  2  (nontoxic)  were  Microcystis 
wesenbergii,  and  the  other  5  were  difficult  to  iden- 
tify. Six  (1  toxic  and  4  nontoxic  M.  aeruginosa  and 
1  M.  wesenbergii)  of  these  20  strains  were  estab- 
lished as  axenic  cultures.  A  toxic  and  axenic  strain 
of  M.  aeruginosa,  K-139,  was  used  to  study  the 
relationship  between  growth  conditions  and  toxici- 
ty. Cells  in  early-to-mid-log  phase  showed  the 
highest  toxicity  (50%  lethal  dose,  7.5  mg  of  cells 
per  kg  of  mouse),  and  maximum  toxicity  was  not 
affected  by  growth  temperatures  between  22  and 
30  C.  Purification  and  characterization  of  the 
toxins  from  K-139  cells  were  also  conducted,  and 
at  least  two  toxins  were  detected.  One  of  the  toxins 
(molecular  mass,  980  daltons)  has  not  been  report- 
ed previously.  The  main  target  of  the  toxin  in  mice 
was  the  liver.  Marked  congestion  and  necrosis  in 
the  parenchymal  cells  around  the  central  veins  of 
the  liver  were  observed  microscopically  in  speci- 
mens that  had  been  prepared  from  the  mice  with 
acute  toxicity  after  injection  with  the  toxin.  (Au- 
thor's abstract) 
W90-04935 


CADMIUM  EFFECTS  ON  PLAICE  LIVER 
XENOBIOTIC  AND  METAL  DETOXICATION 
SYSTEMS:  DOSE-RESPONSE. 

Stirling  Univ.  (Scotland).  School  of  Biological  and 

Molecular  Sciences. 

S.  G.  George. 

Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  4,  p 

303-310,  December  1989.  3  fig,  1  tab,  16  ref. 

Descriptors:  'Toxicology,  'Cadmium,  'Toxicity, 
'Fish,  'Fish  physiology,  'Water  pollution  effects, 
Flounders,  Pleuronectes,  Heavy  metals,  Immuno- 
logic studies,  Bioassay,  Liver,  Enzymes. 

The  effects  of  intraperitoneal  administration  of 
varying  doses  of  cadmium  on  hepatic  metal  and 
xenobiotic  detoxication  systems  in  the  plaice, 
Pleuronectes  platessa,  were  studied.  The  results 
showed  that  above  a  threshold  of  about  2  micro- 
gram Cd/g  liver,  metallothionein  levels  were  in- 
creased, but  at  high  doses  the  sequestration  capac- 
ity of  induced  metallothionein  was  exceeded  and  at 
the  highest  dose  tested  ( 1  mg  CdAg)  metallothion- 
ein induction/synthesis  was  reduced  and  hepatic 
Zn  levels  decreased.  Cadmium  injection  strongly 
reduced  cytochrome  P-450  dependent  ethoxyresor- 
ufin  0-deethylase  activity  and  preliminary  immuno- 
logical studies  indicated  that  this  was  due  to  a 
decrease  in  enzyme  protein  rather  than  direct  inhi- 
bition of  activity  by  Cd.  At  the  sampling  time  of 
this  study  (6  days)  there  was  no  significant  alter- 
ation in  activity  of  the  phase  II  enzyme,  glutathi- 
one-s-transferase.  (Author's  abstract) 
W90-04938 


RELATIVE  SENSITIVITY  OF  CERODAPHNIA 
DUBIA  LABORATORY  TESTS  AND  POND 
COMMUNITIES  OF  ZOOPLANKTON  AND 
BENTHOS  TO  CHRONIC  COPPER  STRESS. 

Miami  Univ.,  Oxford,  OH.  Dept.  of  Zoology. 
M.  V.  Moore,  and  R.  W.  Winner. 
Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  4,  p 
311-330,  December  1989.  7  fig,  2  tab,  31  ref. 

Descriptors:  'Mollusks,  'Toxicology,  'Aquatic  in- 
sects, 'Toxicity,  'Copper,  'Snails,  'Water  pollu- 
tion effects,  'Zooplankton,  Uroglena,  Daphnia, 
Rotifers,  Ceriodaphnia  test,  Testing  procedures, 
Mayflies,  Midges,  Bioassay,  Copepods. 

In  situ  enclosure  experiments  were  conducted  in  a 
pond  in  southwestern  Ohio  during  spring,  1987,  to 
evaluate  the  effects  of  copper  on  zooplankton  and 
benthos.  Total  copper  concentrations  (0,  20  and  40 
microgram/L)  were  maintained  in  enclosures  for  a 
5-week  period.  In  the  laboratory,  7-day  Ceriodaph- 
nia tests  were  also  conducted  to  evaluate  this  test's 
ability  to  predict  copper-induced  changes  in  field 
enclosure  communities.  Colonies  of  the  alga,  Urog- 
lena, were  significantly  lower  in  20  and  40  micro- 
gram/L copper  treatments  than  in  controls.  The 
benthos  community  included  snails,  fingernail 
clams,  mayflies,  and  midges,  but  densities  of  only 
small  mayflies  and  chironomids  were  affected  by 
copper  (40  microgram/L).  The  zooplankton  com- 
munity was  strongly  affected  by  both  copper  con- 
centrations. Rotifers  and  cyclopoid  and  calanoid 


copepods  exhibited  significant  reductions  in  densi- 
ty in  both  copper  treatments.  Daphnia,  however, 
achieved  highest  densities  in  the  20  microgram/L 
copper  treatment  and  completely  disappeared  from 
controls.  This  unexpected  response  was  accurately 
predicted  by  the  7-day  Ceriodaphnia  test,  but  this 
same  test  did  not  predict  that  other  taxa  would  be 
more  sensitive  than  Daphnia.  It  was  concluded 
that  community  responses  are  complex  and  cannot 
be  reliably  predicted  with  single-species  toxicity 
tests.  (Author's  abstract) 
W90-04939 


THERMAL  MODULATION  OF 

BENZO(A)PYRENE  METABOLISM  BY  THE 
GULF  TOADFISH,  OPSANUS  BETA. 

Simon  Fraser  Univ.,  Burnaby  (British  Columbia). 
Environmental  Toxicology  Program. 
C.  J.  Kennedy,  K.  A.  Gill,  and  P.  J.  Walsh. 
Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  4,  p 
331-334,  December  1989.  4  fig,  2  tab,  31  ref.  NIH 
grant  ES-04361. 

Descriptors:  'Fish  physiology,  'Toxicity,  'Toxi- 
cology, 'Benzo(a)pyrene,  'Water  pollution  effects, 
'Benzenes,  'Fish,  Chromatography,  Toadfish,  Bio- 
assay, Carcinogens,  Sublethal  effects. 

Gulf  toadfish,  Opsanus  beta,  were  exposed  to  ini- 
tial (14C)benzo(a)pyrene  concentrations  of  5  mi- 
crogram/L at  acclimation  temperatures  (18  or  28 
C)  or  following  an  acute  temperature  change  (18 
to  28  C  or  28  to  18  C)  in  a  simple  static  exposure 
system.  At  24  hours,  fish  were  sacrificed  and  the 
bile  was  analyzed  by  high-performance  liquid 
chromatography  for  Phase  I  and  Phase  II  metabo- 
lites of  (14C)benzo(a)pyrene.  Toadfish  can  metabo- 
lize (14C)benzo(a)pyrene  rapidly,  as  very  low 
levels  of  parent  compound  were  detected,  and  the 
overall  rate  of  uptake  and  metabolic  processing  of 
(14C)benzo(a)pyrene  was  higher  in  fish  exposed  at 
high  temperatures.  There  were  no  significant  dif- 
ferences between  temperature  treatments  in  the 
proportions  of  organic  soluble  and  aqueous  soluble 
metabolites,  which  contributed  approximately  7.8 
and  92%,  respectively.  A  variety  of  Phase  I  meta- 
bolites were  produced  by  toadfish,  and  the  major 
Phase  I  metabolite  identified  was  benzo(a)pyrene 
7,8-dihydrodiol.  There  were  significant  quantita- 
tive differences  between  temperature  treatments  in 
the  classes  of  Phase  I  metabolites  produced.  Fish 
acclimated  to  high  temperature  produced  more 
triols  and  tetrols  (breakdown  products  of  highly 
carcinogenic  (14C)benzo(a)pyrene  diol  epoxides) 
than  did  fish  acclimated  at  low  temperature  re- 
gardless of  exposure  temperatures.  Thus,  in  addi- 
tion to  increasing  rate  of  uptake,  higher  tempera- 
tures appear  to  lead  to  a  shift  in  metabolism  to- 
wards potentially  more  carcinogenic  intermediates. 
(Author's  abstract) 
W90-04940 


CONTAMINANT-INDUCED  CHANGES  IN 
THE  STRUCTURE  OF  THE  DIGESTIVE  EPI- 
THELIUM OF  MYTILUS  EDULIS. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
D.  M.  Lowe,  and  K.  R.  Clarke. 
Aquatic  Toxicology  AQTODG,  Vol.  15,  No.  4,  p 
345-358,  December  1989.  3  fig,  3  tab,  34  ref. 

Descriptors:  'Water  pollution  effects,  'Oil  pollu- 
tion, 'North  Sea,  'Toxicity,  'Toxicology,  'Mus- 
sels, 'Norway,  'Mollusks,  Hydrocarbons,  Spec- 
troscopy, Physiology,  Mytilus,  Lysosomes,  Bioas- 
say, Lipids. 

Exposure  to  the  water  accommodated  fraction  of 
North  Sea  crude  oil  has  been  shown  to  result  in  the 
formation  of  pathologically  enlarged  lysosomes  in 
the  digestive  epithelium  of  Mytilus  edulis.  This 
study  examines  and  quantifies  alterations  in  the 
digestive  epithelial  cells  of  mussels,  following  ex- 
posure to  a  mixture  of  hydrocarbons  and  copper 
under  mesocosm  conditions.  Mussels  (Mytilus 
edulis)  were  collected  from  a  population  on  the 
east  shore  of  Oslofjord  and  placed  in  cages  in  two 
experimental  systems,  control  and  contaminated,  at 
the  Marine  Research  Station,  Solbergstrand. 
Norway.  The  control  condition  had  a  background 
level  of  hydrocarbons  in  the  water  of  about  3.0 


microgram/L  and  the  contaminated  experimental 
system  contained  a  mixture  of  copper  (water  con- 
centration of  22.6  microgram/L)  and  hydrocar- 
bons derived  from  diesel  oil  (124.5  +/-65J  micro- 
gram/L); this  analysis  of  total  hydrocarbons  was 
by  fluorescence  spectrometry.  Following  a  period 
of  exposure  of  25  days,  17  mussels  were  removed 
from  each  of  the  two  conditions  and  the  digestive 
glands  were  excised,  sliced  and  microstereological- 
ly  examined.  The  results  indicate  that  exposure 
induced  pathological  changes  in  the  digestive  and 
basophil  cells,  including  alterations  in  the  lysoso- 
mal vacuolar  system  and  a  reduction  in  the  volume 
density  of  the  digestive  epithelium,  combined  with 
an  increase  in  its  specific  surface.  Other  alterations 
included  an  increase  in  the  basophil  cell  comple- 
ment of  the  digestive  epithelium  as  well  as  abnor- 
mal accumulation  of  lipids  in  both  digestive  and 
basophil  cells.  (Mertz-PTT) 
W90-04941 


EFFECTS  OF  NUTRIENTS  AND  GRAZERS  ON 
PERIPHYTON  PHOSPHORUS  IN  LAKE  EN- 
CLOSURES. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-04950 


COMBINED  EFFECTS  OF  CHLORINE  AND 
AMMONIA  ON  LITTER  BREAKDOWN  IN 
OUTDOOR  EXPERIMENTAL  STREAMS. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Forest  Re- 
sources. 

R.  M.  Newman,  and  J.  A.  Perry. 
Hydrobiologia  HYDRB8,  Vol.  184,  No.  1/2,  p  69- 
78,  November  1,  1989.  2  fig,  3  tab,  25  ref.  U.S. 
EPA  contract  CR  812468-01-1  and  Minnesota  Ag- 
ricultural Experiment  Station  Project  42-025. 

Descriptors:  'Chlorination,  'Crisp  pondweed, 
'Ammonia,  'Stream  pollution,  'Water  pollution 
effects,  Detritus,  Bacteria,  Decomposing  organic 
matter. 

The  response  of  Potamogeton  crispus  L.  break- 
down to  controlled  doses  of  different  levels  of 
chlorine  and  chlorine  +  ammonia  was  investigated 
over  two  years  in  outdoor  experimental  streams.  In 

1985,  downstream  riffles  of  two  streams  were 
dosed  at  about  10  micrograms/L  Total  Residual 
Chlorine,  one  stream  at  64  micrograms/L  Total 
Residual  Chlorine  and  one  stream  at  230  micro- 
grams/L Total  Residual  Chlorine.  Two  control 
streams  were  not  dosed  and  the  upstream  riffles  of 
each  stream  served  as  within  stream  controls.  In 

1986,  the  downstream  riffle  of  one  stream  was 
dosed  at  70  microgram/L  Total  Residual  Chlorine 
and  a  second  stream  was  dosed  at  200  microgram/ 
L  Total  Residual  Chlorine.  Four  streams  were  also 
dosed  with  2.5  mg/L  NH3-N:  one  stream  with  no 
chlorine,  one  stream  with  about  10  microgram/L 
Total  Residual  Chlorine,  one  with  56  microgram/ 
L  Total  Residual  Chlorine,  and  one  with  150  mi- 
crogram/L Total  Residual  Chlorine.  A  seventh 
stream  was  dosed  for  2  hours  at  2000  microgram/L 
Total  Residual  Chlorine  and  2.5  mg/L  ammonia 
and  then  allowed  to  recover  (recovery  stream). 
Each  year,  litter  decomposition  was  measured 
during  two  35  day  trials  (June-July  and  August- 
September)  of  the  upstream  (control)  rate.  No 
other  chlorine  effects  were  found  during  this 
period.  In  June-July  1986,  there  was  significantly 
lower  decomposition  in  the  downstream  dosed 
sites  of  the  200  mg/L  Total  Residual  Chlorine 
alone  stream,  the  146  microgram/L  Total  Residual 
Chlorine  +  ammonia  stream  and  the  recovery 
stream;  downstream  decay  rates  were  56%,  42%, 
and  64%  (respectively)  of  the  upstream  control 
sites.  No  other  up-down  pairs  were  different  in 
July  1986.  In  August-September,  all  three  streams 
with  chlorine  +  ammonia  and  the  70  microgram/ 
L  alone  stream  had  significantly  lower  decomposi- 
tion rates  in  the  downstream  dosed  sites.  For  these 
streams,  downstream  decay  rates  ranged  from  46% 
(high  chlorine  -t-  ammonia)  to  73%  (low  chlorine 
+  ammonia)  of  the  upstream  control  rates.  Up  and 
downstream  sites  of  the  stream  dosed  with  2.5  mg/ 
L  ammonia  alone  were  nearly  identical  for  both 
trials.  These  results  indicate  that  Total  Residual 
Chlorine  at  less  than  250  microgram/L  can  signifi- 
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cantly   reduce  litter   decomposition   and  strongly 
suggest  that  addition  of  ammonia  to  chlorinated 
water  can  increase  the  toxic  effect  of  chlorine. 
(Author's  abstract) 
W90-04959 


EFFECTS  OF  COOLING  WATER  DISCHARGE 
ON  THE  STRUCTURE  AND  DYNAMICS  OF 
EPILITHIC  ALGAL  COMMUNITIES  IN  THE 
NORTHERN  BALTIC. 

Uppsala    Univ.    (Sweden).    Inst,    of    Ecological 

Botany. 

P.  J.  M.  Snoeijs,  and  I.  C.  Prentice. 

Hydrobiologia  HYDRB8,  Vol.  184,  No.  1/2.  p  99- 

123,   November    1,    1989.    12   fig,    3   tab,   78   ref, 

append. 

Descriptors:  "Water  pollution  effects,  "Sweden, 
•Nuclear  powerplants,  "Thermal  pollution, 
"Algae,  Species  composition,  Gulfs,  Diatoms,  Sea- 
sonal variation,  Temperature  effects,  Light  intensi- 
ty, Cyanophyta,  Rhodophyta,  Chlorophyta, 
Phaeophyta,  Canonical  correspondence  analysis. 

The  Forsmark  Biotest  Basin  is  located  on  the  east 
coast  of  Sweden  at  the  southern  end  of  the  Gulf  of 
Bothnia.  The  Basin  is  a  shallow  coastal  ecosystem 
that  receives  brackish  cooling  water  discharge 
from  a  nuclear  power  plant.  The  effects  of  the 
discharge  on  epilithic  algal  communities  were  in- 
vestigated by  analyzing  samples  taken  every  third 
week  throughout  one  year  at  1 1  sites  differentially 
affected  by  temperature  and/or  flow  rate  enhance- 
ment. Community  variation  was  summarized  in  a 
canonical  correspondence  analysis  of  species  abun- 
dances as  a  function  of  site  and  date.  The  tempera- 
ture increase  favored  blue-green  algae  at  the  ex- 
pense of  red  and  brown  algae.  Blue-green  algae 
were  abundant  in  summer  in  stagnant  water, 
whether  heated  or  not,  and  some  red  and  brown 
algae  became  abundant  in  winter  in  heated  sites 
with  flowing  water.  Green  algae  and  diatoms  in- 
creased in  biomass  in  the  heated  sites,  but  not  in 
relative  cover-abundance.  The  absence  of  ice  and 
snow  cover  at  sites  with  heated  and/or  flowing 
water  caused  autumn  species  to  persist  into  winter, 
because  of  the  higher  light  intensity  (compared 
with  natural  conditions)  and  the  absence  of  the 
mechanical  abrasion  by  ice.  The  thermal  discharge 
lowered  species  diversity  both  in  summer  and 
winter  at  sites  with  flowing  water,  but  not  at  sites 
with  quiescent  or  stagnant  water.  Canonical  corre- 
spondence analysis  showed  alternate  periods  of 
stability  and  rapid  change  within  the  seasonal 
cycle.  Individual  species  were  placed  according  to 
their  optimum;  red  and  brown  algae  in  winter/ 
spring,  green  algae  in  spring/summer,  blue-green 
algae  in  summer,  and  diatoms  at  various  times. 
Exceptions  to  this  pattern  were  species  endophytic 
or  epiphytic  on  species  of  a  different  group.  Analy- 
sis of  the  effects  of  temperature,  flow  rate  and  ice 
cover  on  the  seasonal  pattern  of  particular  species 
showed  that  different  species  respond  in  individ- 
ualistic ways  to  different  combinations  of  these 
environmental  variables.  (Author's  abstract) 
W90-04960 


EFFECTS  OF  SAN  FRANCISCO  BAY  WATER 
QUALITY  ON  ADJACENT  PROPERTY 
VALUES. 

Environmental  Defense  Fund,  Oakland,  CA. 

D.  Kirshner,  and  D.  Moore. 

Journal         of        Environmental         Management 

JEVMAW,  Vol.  29,  No.   3,  p  263-274,  October 

1989.  4  tab,  16  ref. 

Descriptors:  "Water  quality,  "Property  value, 
"California,  "San  Francisco  Bay,  "Water  pollution 
effects,  Economic  aspects. 

The  San  Francisco  Bay  and  Delta  is  an  estuarine 
system  fed  largely  by  freshwater  flows  from  the 
Sacramento  and  San  Joaquin  rivers.  The  environ- 
mental and  economic  effects  that  result  from  diver- 
sions of  these  freshwater  flows  to  agricultural  and 
urban  users  are  currently  under  review  by  the 
State  regulatory  agency.  This  study  examined  the 
selling  prices  of  residential  real  estate  in  two  areas 
adjacent  to  different  parts  of  the  San  Francisco 
Bay  that  differ  in  water  quality.  Hedonic  property 
value  equations  were  used  to  estimate  the  value  of 


proximity  to  water  in  each  of  the  areas.  Compari- 
son of  the  estimates  produced  a  statistically  signifi- 
cant value  placed  by  residents  on  better  water 
quality.  The  implicit  marginal  price  of  proximity  to 
water  is  estimated  to  be  $65,000  (1985  dollars),  or 
20%  of  a  property's  value  in  the  area  of  better 
water  condition,  and  $24,000,  or  9%  of  property 
value,  in  the  area  of  poorer  water  condition.  The 
difference  is  $41,000,  or  11%  of  property  value. 
(Mertz-PTT) 
W90-04963 


CADMIUM  LEVELS  IN  OYSTERCATCHER 
HAEMATOPUS  OSTRALEGUS  FROM  THE 
GERMAN  WADDEN  SEA. 

Osnabrueck  Univ.  (Germany,  F.R.).  Dept.  of  Eth- 
ology. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-04978 


CONDITION  OF  CORAL  REEF  CNIDARIANS 
FROM  THE  NORTHERN  FLORIDA  REEF 
TRACT:  PESTICIDES,  HEAVY  METALS,  AND 
HISTOPATHOLOGICAL  EXAMINATION. 

Rosenstiel  School  of  Marine  and  Atmospheric  Sci- 
ence,  Miami,   FL.   Div.   of  Biology   and   Living 
Resources. 
For  primary  bibliographic  entry  see  Field  5B. 

W90-04987 


RESEARCH  INTO  HEALTH  RISKS  AT  BATH- 
ING BEACHES  IN  HONG  KONG. 

R.  Holmes. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No.  5,  p 
488-495,  October  1989.  2  tab,  6  ref. 

Descriptors:  "Swimming,  "Water  pollution  effects, 
"Public  health,  "Beaches,  "Hong  Kong,  Escheri- 
chia coli,  Staphylococcus,  Bioindicators,  Water 
pollution  control,  Epidemiology,  Water  quality, 
Coliforms,  Human  diseases,  Water  quality  stand- 
ards, Risk  assessment. 

The  standard  measurement  of  water  pollution  of 
bathing  beaches  in  Hong  Kong  relies  on  tests  for 
the  level  of  Escherichia  coli  in  water  samples. 
Until  recently  no  reliable  data  were  available  on 
the  relationship  between  pollution  levels  as  meas- 
ured by  this  indicator  bacteria  and  the  actual  level 
of  risk  to  swimmers.  An  epidemiological  study  was 
undertaken  to  determine  the  risks  to  swimmers 
using  Hong  Kong  bathing  beaches  with  various 
levels  of  pollution  by  fecal  coliforms.  Interviews  of 
beach  visitors  were  conducted  on  the  weekends  in 
the  summer  of  1987  with  follow-up  telephone  calls 
during  the  week.  Nine  beaches  were  surveyed, 
representing  a  range  of  pollution  conditions.  Of  the 
24,308  people  interviewed,  18,986  usable  responses 
were  obtained.  Of  these,  78%  were  swimmers. 
Symptoms  rates  were  grouped  into  categories  and 
the  number  of  respondents  showing  symptoms  in 
each  category  was  tabulated.  Results  showed  that 
there  were  higher  rates  of  minor  ailments  among 
swimmers  than  among  non-swimming  control 
groups,  and  that  the  excess  illness  rates  were  pollu- 
tion-related for  most  symptom  categories,  except 
eye  symptoms.  The  best  indicators  of  health  risk 
due  to  pollution  were  found  to  be  E.  coli  and 
staphylococci.  The  existing  limit  of  acceptability 
applied  in  Hong  Kong  corresponds  to  a  risk  of  15 
skin  and  gastrointestinal  cases  per  thousand  swim- 
mers, a  reasonably  low  rate  but  still  a  significant 
public  health  problem  when  multiplied  by  the  very 
large  number  of  swimmers  using  the  beaches  in 
Hong  Kong  every  year.  (Geiger-PTT) 
W90-05016 


EFFECTS  OF  A  TIMBER  PRESERVATIVE 
SPILLAGE  ON  THE  ECOLOGY  OF  THE 
RIVER  LOSSIE. 

North   East   River  Purification  Board,   Aberdeen 
(Scotland). 
A.  McNeill. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No.  5,  p 
496-504,  October  1989.  7  fig,  4  tab,  11  ref. 

Descriptors:  "Stream  biota,  "Pesticides,  "Wood 
preservatives,  "Water  pollution  effects,  "Ecologi- 


cal effects,  Invertebrates,  Rivers,  Species  diversity, 
Species  composition,  Monitoring,  Outfall  sewers, 
Fish,  Benthos,  Mollusks,  Crustaceans,  Dieldrin, 
Pentachlorophenol,  Organotin  compounds. 

The  effects  of  sawmill  timber  preservative  spills  on 
the  ecology  of  the  River  Lossie  during  recovery  of 
the  water  quality  following  removal  of  an  outdated 
outfall  sewer  was  studied.  Biological  and  chemical 
parameters  were  monitored  several  times  a  year 
from  1976-1981  at  several  sites  on  the  river  Lossie 
upstream  and  downstream  from  the  city  of  Elgin 
where  the  outfall  sewer  had  been  located  and  on 
Tyock  Burn  where  the  sawmill  was  located.  Inver- 
tebrates were  retrieved  from  riffles  by  kick/hand- 
net  sampling  and  identified  as  far  as  possible.  Bio- 
logical results  were  presented  as  biological  moni- 
toring working  party  (BMWP)  scores  which  classi- 
fied taxon  on  a  scale  of  0-10  representing  best  to 
worst  conditions.  Water  chemistry  was  done  on  9 
parameters  and  a  chemical  classification  was  car- 
ried out  using  the  modified  water  quality  index  on 
a  scale  of  0-100,  the  former  representing  worst 
conditions,  and  the  latter  good  conditions.  Prior  to 
the  closing  of  the  outfall  sewer  in  February  1982, 
stations  upstream  of  the  outfall  exhibited  better 
water  quality  than  those  downstream.  After  the 
closing  of  the  outfall  the  water  quality  at  the 
stations  downstream  steadily  improved  until  the 
preservative  spillage  in  1983  when  the  BMWP 
scores  of  the  stations  downstream  of  Tyock  Burn 
decreased.  Invertebrate  diversity  of  these  down- 
stream stations  remained  significantly  inhibited 
until  late  1986.  High  concentrations  of  dieldrin 
were  detected  at  stations  downstream  of  the  saw- 
mill on  Tyock  Burn  which  decreased  during  the 
successive  years  after  the  preservative  spillage 
until  the  Burn  was  dredged  in  1985.  High  levels  of 
dieldrin  after  the  second  dredging  in  1987  reflected 
the  high  levels  of  the  pesticide  accumulated  in 
sediments.  Continual  leaching  from  the  sub-soil  of 
pentachlorophenol,  dieldrin,  and  bis(tributyl)tin 
oxide  residues  maintained  concentrations  in  the 
stream  at  levels  which  were  harmful  to  fish  and 
lethal  to  stoneflies.  Concentrations  of  pentachloro- 
phenol in  the  Tyock  Burn  were  in  excess  of  chron- 
ic toxicity  levels  to  many  aquatic  organisms. 
(Geiger-PTT) 
W90-05017 


ACTIVATION  OF  THE  K-RAS  ONCOGENE  IN 
LIVER  TUMORS  OF  HUDSON  RIVER. 

New  York  Univ.  Medical  Center,  NY.  Inst,  of 
Environmental  Medicine. 
I.  Wirgin,  D.  Currie,  and  S.  J.  Garte. 
Carcinogenesis  CRNGDP,  Vol.  10,  No.  12,  p. 
2311-2315,  December  1989.  1  fig,  2  tab,  55  ref. 
NIEHS  Center  Grant  00260,  NIH  Grant  BSRG 
S07  RR5399-27,  Division  of  Research  Resources 
and  NIH  Grant  ES  05003. 

Descriptors:  "Fish  physiology,  "Water  pollution 
effects,  "Hudson  River.  "Cancer,  Tissues, 
Tomcod,  Tumors,  Genetics,  Comparison  studies, 
Bioassay. 

Adult  Atlantic  tomcod  collected  from  the  Hudson 
River  slightly  north  of  New  York  City  have  an 
extremely  high  incidence  (55-90%)  of  histological- 
ly defined  hepatocellular  carcinomas,  whereas 
tomcod  from  control  sites  in  Maine  or  Rhode 
Island  exhibit  little  evidence  of  this  condition. 
Genomic  DNA  was  isolated  from  Hudson  tomcod 
tumors  and  from  normal  Hudson  and  Saco  River, 
Maine  tomcod  livers  and  tested  for  transforming 
activity  in  the  NIH3T3  transfection  assay.  Six  out 
of  nine  tumors  (66%)  tested  proved  positive. 
Southern  blot  analysis  of  all  primary  (6/6)  transfec- 
tant  and  nude  mouse  tumor  DNAs  revealed  evi- 
dence of  an  exogenous  tomcod  K-ras  gene,  while 
no  activation  of  the  H-ras  gene  was  observed. 
These  studies  demonstrate  that  an  outbred  popula- 
tion of  fishes  and  inbred  mammals  suffer  genetic 
alterations  at  the  same  oncogene  loci  and  suggest 
that  similar  pathways  to  neoplasia  may  be  opera- 
tive in  both  systems.  Oncogene  activation  in  natu- 
rally exposed  feral  populations  may  prove  a  par- 
ticularly sensitive  marker  of  environmental  degra- 
dation in  aquatic  systems.  (Author's  abstract) 
W90-05040 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C — Effects  Of  Pollution 


WATERSHED  ACIDIFICATION  MODELS 
USING  THE  KNOWLEDGE-BASED  SYSTEMS 
APPROACH. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

D.  C.  L.  Lam,  D.  A.  Swayne,  J.  Storey,  and  A.  S. 
Fraser. 

Ecological  Modelling  ECMODT,  Vol.  47,  No.  1/ 
2,  p.  131-152,  September  1,  1989.  8  fig,  1  tab,  23  ref. 

Descriptors:  *Acid  rain,  *Acid  lakes,  'Watersheds, 
•Model  studies,  Canada,  Sulfur  dioxide,  Water 
chemistry,   Data  processing,   Data  interpretation. 

A  novel  approach  to  prediction  of  lake  acidifica- 
tion is  presented.  The  Cation  Denudation  Rate 
(CDR)  and  the  Trickle  Down  (TD)  Acidification 
Models  are  used  for  illustration.  Instead  of  select- 
ing one  model  and  discarding  the  other,  each 
model  is  utilized  in  those  cases  where  it  is  most 
applicable,  an  approach  which  requires  both  a 
quantitative  and  qualitative  judgement  or  rules  to 
choose  the  proper  model.  This  model  has  been 
implemented  in  a  workstation  environment- 
RAISON  Micro-which  has  been  designed  to  fa- 
cilitate automated  model  selection  and  analysis. 
The  results  of  a  preliminary  test  using  the  water 
chemistry  data  from  53  southern  Quebec  water- 
sheds in  Canada  with  364  sampling  stations  are 
presented.  Statistical  comparison  with  observed 
data  was  found  to  be  more  favorable  than  that  for 
th  individual  models.  The  results  are  improved  by 
the  system's  built-in  facility  to  correct  anomalous 
behavior  in  circumstances  for  which  an  incorrect 
model  choice  has  been  made  in  the  absence  of 
definitive  knowledge.  The  uncertainties  of  the  indi- 
vidual models  and  the  combined  model  were  found 
to  be  greater  for  higher  S02  inputs  but  became 
smaller  for  reduced  loads.  (Author's  abstract) 
W90-05043 


ASSESSMENT  IN  RATS  OF  THE  GONADO- 
TOXIC  AND  HEPATORENAL  TOXIC  POTEN- 
TIAL OF  DIBROMOCHLOROPROPANE 
(DBCP)  IN  DRINKING  WATER. 

National  Toxicology  Program,  Research  Triangle 

Park,  NC. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-05046 


PERCH,  PERCA  FLUVIATTLIS  L.,  IN  SMALL 
LAKES:  RELATIONS  BETWEEN  POPULA- 
TION CHARACTERISTICS  AND  LAKE  ACIDI- 
TY. 

Helsinki  Univ.,  Lammi  (Finland).  Lammi  Biologi- 
cal Station. 
M.  Rask. 

Internationale  Revue  der  Gesamten  Hydrobiologie 
IGHYAZ,  Vol.  74,  No.  2,  p  169-178,  1989.  4  fig,  6 
tab,  38  ref. 

Descriptors:  *Water  pollution  effects,  *Acid  lakes, 
'Acid  rain  effects,  'Fish  populations,  'Aluminum, 
Hydrogen  ion  concentration,  Humic  lakes,  Bio- 
mass,  Population  density,  Perch. 

Perch  population  characteristics  of  small  lakes 
were  examined  with  a  special  reference  to  lakes 
which  have  acidified  recently  due  to  atmospheric 
deposition  of  air  pollutants.  The  population  density 
and  biomass  of  perch  were  higher  in  an  acid  (pH 
4.5)  clear  water  lake  with  low  aluminium  concen- 
tration than  in  recently  acidified  (pH  4.3-4.7)  clear 
water  lakes  with  higher  aluminum  levels.  The 
structure  of  perch  population  in  an  acid  (pH  4.4) 
humic  lake  was  similar  to  recently  acidified  clear 
water  lakes.  The  population  density  and  the  bio- 
mass of  perch  were  significantly  higher  in  6  lakes 
with  pH>5.0  than  in  6  lakes  of  pH<5.0  whereas 
the  mean  age  and  length  at  a  given  age  were 
higher  in  the  more  acid  lakes.  (Author's  abstract) 
W90-05048 


1EMPORAL  VARIATIONS  OF  THE  ULTRA- 
STRUCTURE  IN  SCENEDESMUS  QUADRI- 
CAUDA  EXPOSED  TO  COPPER  IN  A  LONG 
TERM  EXPERIMENT  (VARIATIONS  TEM- 
PORELLES  DE  L'ULTRASTRUCTURE  DE 
SCENEDESMUS  QUADRICAUDA  EXPOSEE 
AU  CUTVRE  LORS  D'UNE  EXPERIENCE  A 
LONG  TERME). 


Quebec    Univ.,    Chicoutimi.    Dept.    des   Sciences 

Fondamentales. 

C.  Bastien,  and  R.  Corte. 

Internationale  Revue  der  Gesamten  Hydrobiologie 

IGHYAZ,  Vol.  74,  No.  2,  p  207-219,  1989.  13  fig, 

29  ref.  English  summary. 

Descriptors:  'Bioassay,  'Copper,  'Water  pollution 
effects,  'Heavy  metals,  'Chlorophyta,  Scenedes- 
mus,  Physiology,  Cell  structure,  Spectral  analysis, 
Tolerance. 

An  experiment  was  conducted  with  a  continuous 
culture  of  Scenedesmus  quadricauda  for  50  days  in 
a  copper  concentration  of  250  micrograms/L.  Ul- 
trastructural  examinations  were  carried  out  at  dif- 
ferent times  to  obtain  the  sequence  of  events.  After 
1.5  h  of  exposure,  the  ultrastructural  effects  were 
obvious:  the  chloroplasts  were  retracted  and  all 
cell  structures  appeared  diffuse.  The  same  observa- 
tions were  reported  after  3,  6,  12  and  24  hours. 
Between  the  3rd  and  15th  days  of  the  experiment, 
the  cells  showed  major  accumulations  of  starch, 
lipid  and  electron-dense  inclusions  in  the  vacuoles, 
and  the  cell  walls  became  thicker.  After  22,  32  and 
50  days  the  cells  appeared  normal,  but  the  cyto- 
plasm was  densely  packed  with  ribosomes  and  the 
endoplasmic  reticulum  was  evident  in  most  cells. 
However,  atomic  absorption  analysis  for  copper 
showed  that  there  was  no  bioaccumulation  after  50 
days  of  exposure  These  findings  suggest  the  impli- 
cation of  a  second  tolerance  mechanism  to  copper 
(possibly  extracellular  complexation  or  removal) 
that  is  activated  after  long  exposure,  in  contrast  to 
electron-dense  inclusions,  which  appear  after  a  rel- 
atively short  time  (2  days).  (Author's  abstract) 
W90-05050 


STUDIES  ON  THE  EFFECT  OF  CELL  DIVI- 
SION-INHIBITING HERBICIDES  ON  UNIAL- 
GAL  AND  MIXED  ALGAL  CULTURES. 

Keszthely  Agricultural  Univ.,  Mosonmagyarovar 

(Hungary).  Inst,  of  Crop  Production. 

V.  Ordog,  and  K.  Kuivasniemi. 

Internationale  Revue  der  Gesamten  Hydrobiologie 

IGHYAZ,  Vol.  74,  No.  2,  p  221-226,  1989.  4  fig,  2 

tab,  19  ref. 

Descriptors:  'Bioindicators,  'Bioassay,  'Herbi- 
cides, 'Algae,  'Chlorophyta,  Scenedesmus,  Oo- 
cystis,  Selenastrum,  Toxicity,  Growth,  Oxygen 
production,  Trifluralin,  Diphenamid. 

The  effect  of  two  cell  division  inhibiting  herbicides 
on  unialgal  and  mixed  algal  cultures  was  studied  in 
laboratory  tests.  The  herbicides  studied  were  tri- 
fluralin (analytical  grade)  and  the  active  ingredient 
as  well  as  the  preparation  (80%  a.i.)  of  diphenamid. 
The  three  green  algal  species  used  were  Selenas- 
trum capricornutum  Printz,  Scenedesmus  quadri- 
cauda (Turp.)  Breb.,  Oocystis  parva  W.  et  G.  S. 
West.  The  response  of  algae  to  herbicides  was 
determined  by  cell  counting,  and  measured  by 
turbidity  (750  nm)  and  the  02-production  of  some 
of  the  treated  cultures.  The  EC50-value  (96  h)  of 
trifluralin  to  Selenastrum  capricornutum  was  3.3 
micrograms/L.  There  were  differences  in  the  sen- 
sitivity of  the  three  algal  strains  to  the  diphenamid; 
the  EC50-values  to  Selenastrum,  Scenedesmus  and 
Oocystis  were  16.7,  10.1  and  6.3  micrograms/L, 
respectively.  The  lag  phase  observed  in  the  growth 
of  the  treated  cultures  caused  by  diphenamid  was 
verified  by  02-measurements.  The  preparation  of 
diphenamid  was  not  as  effective  as  the  active  in- 
gredient. In  mixed  cultures  the  ratio  between  two 
different  algal  strains  depended  both  on  the  con- 
centration of  the  diphenamid  and  the  sensitivity  of 
the  two  strains.  (Author's  abstract) 
W9O-05051 


NUMERICAL  WATER  ASSESSMENT  OF 
RIVERS  IN  HOKURIKU  DISTRICT  USING 
EPILITHIC  DIATOM  ASSEMBLAGE  ON 
RIVER  BED  AS  A  BIOLOGICAL  INDICATOR. 
(Ill)  SEASONAL  CHANGES  OF  THE  DIATOM 
ASSEMBLAGE  INDEX  TO  ORGANIC  WATER 
POLLUTION  (DAKPO))  AND  RIVER  POLLU- 
TION INDEX  (RPKD)),  (IN  JAPANESE). 
M.  Sumita. 

Japanese  Journal  of  Limnology  RIZAAU,  Vol.  50, 
No.  3,  p  199-205,  1989.  2  fig,  2  tab,  10  ref.  English 


summary. 

Descriptors:  'Bioindicators,  'Japan,  'Water  pollu- 
tion effects,  'Diatoms,  Pollution  index,  Seasonal 
variation,  Nonpoint  pollution  sources. 

The  seasonal  changes  of  the  DAI(po)  value 
(Diatom  Assemblage  Index  to  organic  water  pollu- 
tion) and  RPI(D)  (River  Pollution  Index)  in 
summer  (from  1  June  to  31  August)  and  winter 
(from  1  November  to  28  February)  of  rivers  in  the 
Hokuriku  District  were  investigated.  The  averages 
were  calculated  and  histogram  were  constructed 
from  the  DAI(po)  values  for  112  stations  in  four 
river  basins.  From  these  data,  the  following  results 
were  obtained.  There  was  no  obvious  difference  in 
the  average  of  DAI(po)  for  all  investigated  stations 
between  seasons.  But  in  the  Tedori-gawa  River 
Basin  and  the  rivers  in  the  Noto  Peninsula, 
DAI(po)  values  had  a  tendency  to  be  higher  in 
winter  than  in  summer,  while  those  in  the  Kakeha- 
shi  River  Basin  and  the  Iburibashi  River  Basin 
showed  reverse  tendency.  In  the  River  Tedori- 
gawa  RPI(D)  values  were  higher  in  winter  than  in 
summer.  In  the  downstream  portion  of  the  River 
Kakehashi-gawa  and  its  tributary  (canal),  RPI(D) 
values  were  higher  in  winter  or  almost  equal  be- 
tween two  seasons.  Increase  of  the  river  discharge 
by  snow-melt  and  the  pollution  load  imposed  by 
agriculture  should  be  considered  important  factors 
controlling  the  seasonal  changes  of  the  water  qual- 
ity in  the  rivers  of  Hokuriku  District.  (Author's 
abstract) 
W90-05052 


U.S.  GEOLOGICAL  SURVEY  TOXIC  SUB- 
STANCES HYDROLOGY  PROGRAM:  PRO- 
CEEDINGS OF  THE  TECHNICAL  MEETING, 
PHOENIX,  ARIZONA,  SEPTEMBER  26-30, 
1988. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05059 


SILICA  MOBILITY  IN  A  PETROLEUM-CON- 
TAMINATED AQUIFER. 

Texas  Univ.  at  Austin.  Dept.  of  Geological  Sci- 
ences. 
P.  Bennett. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988, 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p  5-1 1,  5  fig,  12  ref. 

Descriptors:  'Water  pollution  effects,  'Weather- 
ing, 'Groundwater  pollution,  'Aquifers,  'Oil  pol- 
lution, 'Silica,  'Minnesota,  Hydrogen  ion  concen- 
tration, Quartz,  Iron,  Precipitation,  Solubility. 

Sediments  and  water  from  a  petroleum-contami- 
nated aquifer  near  Bemidji,  Minnesota,  were  exam- 
ined to  determine  the  effects  of  dissolved  organic 
compounds  on  silica  mobility.  The  results  of  this 
study  indicate  that  the  dissolution  of  quartz  and 
aluminosilicate  minerals  is  accelerated  in  the  zone 
with  the  highest  concentration  of  dissolved  organic 
carbon,  as  shown  by  an  increase  in  dissolved-silica 
concentration  from  18  mg/L  to  greater  than  20 
mg/L,  indicating  an  apparent  increase  in  the  solu- 
bility of  quartz.  Microscopic  evidence  of  rapid 
weathering  of  quartz  can  be  seen  where  dissolved 
silica  is  highest.  The  interaction  occurs  at  neutral 
pH  and  is  most  apparent  where  the  redox  potential 
is  lowest.  Downgradient  from  the  zone  of  dissolu- 
tion, silica  rapidly  precipitates  from  solution  as 
both  amorphous  silica  and  authigenic  quartz.  The 
zone  of  precipitation  coincides  with  an  increase  in 
groundwater  redox  potential,  and  is  accompanied 
by  the  precipitation  of  iron.  Laboratory  dissolution 
experiments  and  spectroscopic  investigations  sug- 
gest that  silica  is  being  complexed  by  multifunc- 
tional organic  acids.  This  increases  the  solubility 
and  rate  of  dissolution  of  quartz  and  aluminosili- 
cates  at  neutral  pH,  conditions  in  which  aluminum 
complexation  is  insignificant.  The  interaction  of 
silica  and  organic  acids  at  the  Bemidji  site  may  be 
analogous  to  processes  associated  with  organic- 
rich  environments  of  geologic  and  economic  im- 
portance. (See  also  W90-05059)  (Author's  abstract) 
W90-05060 
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FATE  AND  EFFECTS  OF  CRUDE  OIL  IN  A 
SHALLOW  AQUIFER:  I.  THE  DISTRIBUTION 
OF  CHEMICAL  SPECIES  AND  GEOCHEMI- 
CAL  FACIES. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05061 


FATE  AND  EFFECTS  OF  CRUDE  OIL  IN  A 
SHALLOW  AQUIFER:  II.  EVIDENCE  OF  AN- 
AEROBIC DEGRADATION  OF  MONOARO- 
MATIC  HYDROCARBONS. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05062 


PRELIMINARY  ASSESSMENT  OF  THE  EF- 
FECTS OF  ACID  MINE  DRAINAGE  ON 
GROUND  WATER  BENEATH  A  WETLAND 
NEAR  LEADVILLE,  COLORADO. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05072 


UPTAKE  OF  MANMADE  ORGANIC  COM- 
POUNDS BY  RANGIA  CUNEATA  IN  THE 
LOWER  CALCASIEU  RIVER,  LOUISIANA. 

Geological  Survey,  Baton  Rouge,  LA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05094 


STATUS  REPORT  ON  A  STUDY  OF  THE  EF- 
FECTS OF  ACID  MINE  DRAINAGE  ON  VEGE- 
TATION NEAR  LEADVILLE,  COLORADO. 

Geological  Survey,  Denver,  CO. 
B.  M.  Erickson. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p649-651,  1  fig. 

Descriptors:  *Water  pollution  effects,  *Acid  mine 
drainage,  'Colorado,  'Vegetation,  'Wetlands, 
Sampling,  Seasonal  variation,  Heavy  metals. 

Moss,  grass  and  soil  samples  were  collected  from 
eight  sites  along  St.  Kevin's  Gulch,  Leadville,  Col- 
orado. Samples  of  sedge,  horsetail,  and  cow 
manure  also  were  collected  where  present.  The 
sampling  sites  were  located  from  about  the  area  of 
mine  drainage  downstream  to  where  St.  Kevin 
enters  a  wetland.  All  samples  have  been  prepared 
and  submitted  to  the  Branch  of  Geochemistry  Lab- 
oratories for  inductively  coupled  plasma-atomic 
emission  spectroscopy  (40  elements)  and  atomic 
absorption  (As,  Hg,  Sb,  and  Se)  analyses.  Field 
work  in  1988  will  concentrate  on  the  wetland- 
determining  the  major  ecotypes,  establishing  per- 
manent sampling  plots,  and  beginning  the  sampling 
on  a  seasonal  basis.  Vegetative  sampling  also  will 
be  conducted  in  conjunction  with  peat  sampling  to 
define  metal  flux  in  the  wetland  ecosystem.  (See 
also  W90-05059)  (Author's  abstract) 
W90-05128 


ASSESSMENT  OF  POTENTIAL  TOXIC  PROB- 
LEMS IN  NON-URBAN  AREAS  OF  PUGET 
SOUND. 

Tetra  Tech,  Inc.,  Bellevue,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-134332. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA  503/3-88-002,  August  1988.  Final 
Report.  173p,  14  fig,  37  tab,  76  ref.  EPA  Contract 
Nos.  68-03-3319  and  68-02-4341. 

Descriptors:  'Environmental  effects,  'Bays,  'Tox- 
icity, 'Puget  Sound,  'Water  pollution  sources, 
'Water  pollution  effects,  Guemes/Fidalgo  Chan- 
nel, Port  Angeles  Harbor,  Crescent  Harbor,  Rich- 
mond Beach,  Liberty  Bay,  Biological  studies. 

Information  was  compiled  on  potential  environ- 
mental degradation  from  toxic  chemical  contami- 
nants in  nonurban  areas  within  Puget  Sound.  The 
objectives  of  the  study  are:  (1)  to  identify,  by 
interpreting  existing  information,  nonurban  areas  in 


Puget  Sound  that  may  have  serious  contamination 
or  biological  problems;  and  (2)  to  prioritize  those 
areas  for  future  detailed  studies.  The  information  in 
this  report  is  grouped  according  to  the  12  regions 
of  Puget  Sound  used  in  the  Puget  Sound  Environ- 
mental Atlas.  For  each  embayment,  three  catego- 
ries of  information  were  gathered-known  and  sus- 
pected sources  of  toxic  substances,  the  results  of 
sediment  chemistry  analyses,  and  information  on 
local  toxicity  problems.  Information  on  possible 
sources  of  toxic  substances  is  included  in  this 
report  to  determine  whether  contamination  might 
be  expected  to  exist  in  an  area.  These  sources 
included  permitted  industrial  and  municipal  dis- 
charges and  hazardous  waste  sites.  This  informa- 
tion was  used  to  evaluate  sites  that  had  not  been 
sampled.  Four  types  of  biological  indexes  are  used 
in  this  report  to  measure  the  extent  of  environmen- 
tal degradation:  bioassays,  bioaccumulation,  fish 
histopathological  abnormalities,  and  fishkill  infor- 
mation. Because  of  the  lack  of  a  substantial  data- 
base, several  other  indices  of  biological  impacts 
were  excluded  from  the  report.  Fishkills  known  to 
have  been  caused  by  low  dissolved  oxygen  con- 
centrations were  excluded  from  the  report.  Of  the 
97  nonurban  areas  of  Puget  Sound  evaluated  in  this 
study  by  the  Environmental  Assessment  Matrix 
technique,  only  6  received  a  ranking  of  HIGH 
which  may  qualify  them  for  consideration  as  sites 
for  future,  detailed  investigations.  The  areas  of 
significant  concern  are:  the  Guemes/Fidalgo 
Channel  (Region  2),  Port  Angeles  Harbor  (Region 
3),  Crescent  Harbor  (Region  2),  Richmond  Beach 
(Region  8),  Liberty  Bay  (Region  9),  and  East  Pas- 
sage (Region  11).  Forty-two  other  areas  received  a 
MEDIUM  ranking.  As  might  be  expected,  indus- 
trialized regions  contained  the  larger  numbers  of 
MEDIUM  sites.  The  results  can  be  grouped  ac- 
cording to  the  number  of  MEDIUMS  within  each 
region  as  follows:  Regions  3  and  7  each  had  1, 
Regions  2,5,6,  and  10  had  2,  Region  1  had  3, 
Region  4  and  11  each  had  4,  Region  12  had  5, 
Region  8  had  6,  and  Region  9  had  10.  All  other 
sites  were  ranked  low.  (Lantz-PTT) 
W90-05129 


EVALUATION  OF  THE  AQUATIC  TOXICITY 
AND  FATE  OF  BRASS  DUST  USING  THE 
STANDARD  AQUATIC  MICROCOSM. 

Chemical  Research,  Development  and  Engineer- 
ing Center,  Aberdeen  Proving  Ground,  MD. 
W.  G.  Landis,  N.  A.  Chester,  M.  V.  Haley,  D.  W. 
Johnson,  and  W.  T.  Muse. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  AD-A200  271. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  CRDEC-TR-88116,  July  1988.  24p,  8 
fig,  18  ref. 

Descriptors:  'Path  of  pollutants,  'Toxicity, 
•Water  pollution  effects,  'Aquatic  environment, 
'Brass,  Copper,  Zinc,  Heavy  metals,  Ecological 
effects,  Fate  of  pollutants,  Standard  aquatic  micro- 
cosm. 

The  impact  of  brass  dust  on  a  model  aquatic  eco- 
system, the  Standard  Aquatic  Microcosm  (SAM), 
was  investigated.  The  SAM  appeared  to  be  capable 
of  exhibiting  a  variety  of  effects  due  to  the  applica- 
tion of  the  toxicant.  The  brass-SAM  demonstrated 
the  differential  toxicity  of  the  toxicant  to  the  daph- 
nid  population  and  algae.  The  proportional  in- 
crease in  biomass  of  the  algae  to  the  concentration 
of  the  toxicant  was  a  direct  outcome  of  the  differ- 
ential toxicity.  During  sampling,  resuspension  of 
the  brass  also  made  the  toxicant  repeatably  avail- 
able to  the  filter  feeding  organisms;  but,  in  temper- 
ate lakes,  the  fall  and  spring  turnovers  mix  bottom 
material  with  the  water  column.  Nutrient  cycling 
in  the  brass-SAM  also  demonstrated  stress  in  a 
dose-response  manner.  The  nitrogen  and  phosphate 
cycling  were  clear  examples.  In  evaluating  toxic 
effects,  individual  criteria  such  as  species  diversity, 
biomass  P/R  ratio,  and  nutrient  cycling  cannot  be 
used  individually  to  identify  an  impact.  In  the  brass 
microcosm,  only  the  highest  concentration  demon- 
strated a  decrease  in  algal  diversity  and  then  only 
after  the  halfway  point  of  the  experiment.  Al- 
though the  0.5  mg/L  concentration  demonstrated 
effects  in  algal  and  daphnid  growth  attributable  to 
the  brass,  no  significant  decrease  in  the  algal  diver- 
sity was  apparent.   Fate  of  the  toxicant  can  be 


followed;  the  results  mimic  those  of  a  natural  eco- 
system as  opposed  to  a  laboratory  abiotic  experi- 
ment. In  laboratory  experiments  using  waters  of 
varying  hardness,  the  brass  disassociated  into 
copper  and  zinc.  The  disassociation  occurred 
whether  the  material  was  placed  on  the  surface  of 
the  water  or  sonicated  into  suspension.  The  con- 
centrations of  these  materials  increased  over  time. 
Although  there  are  limitations  to  the  ability  of  the 
SAM  to  mimic  full-scale  ecosystems,  a  brass  con- 
centration as  low  as  0.5  mg/L  had  long-term  ef- 
fects. (Lantz-PTT) 
W90-05143 


SYNTHESIS  OF  RESEARCH  RESULTS:  AP- 
PLICABILITY AND  FIELD  VERIFICATION  OF 
PREDICTIVE  METHODOLOGIES  FOR 
AQUATIC  DREDGED  MATERIAL  DISPOSAL. 

Environmental  Research  Lab.,  Narragansett,  RI. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-05145 


GROUNDWATER  HEALTH  RISK  ASSESS- 
MENT: A  CASE  STUDY. 

California  Univ.,  Los  Angeles.  Dept.  of  Environ- 
mental Science  and  Engineering. 
D.  A.  Bailey,  P.  F.  Ricci,  and  G.  Whelan. 
IN:  Proceedings  of  the  Engineering  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  11-16,  1984.  Engineering 
Foundation,  New  York.  1986.  p  129-147,  5  fig,  3 
tab,  33  ref. 

Descriptors:  'Public  health,  'Risk  assessment, 
'Groundwater  pollution,  'Path  of  pollutants, 
'Model  studies,  Water  pollution  effects,  Selenium, 
Fate  of  pollutants,  Case  studies. 

The  risk-cost-benefit  (RCB)  methodology  can  be 
used  to  address  the  impact  of  leachates  from  waste 
facilities  associated  with  coal-fired  powerplants.  A 
case  study  demonstrates  the  use  of  the  methodolo- 
gy at  a  hypothetical  plant  at  a  non-arid  midwestern 
site.  Level  I  and  Level  II  assessments  analyzed  the 
movement  of  selenium  from  a  combined  ash  pond 
and  landfill  through  the  groundwater  pathway. 
The  numerical  code  PRZM  (Pesticide  Root  Zone 
Model)  and  the  analytical  code  RAPCON  (Rapid 
Assessment  Contaminant  Transport  Model)  simu- 
lated selenium  movement  in  the  unsaturated  zone. 
Modeling  of  solute  transport  was  performed  only 
in  the  mini-region  with  the  CFEST  (Coupled 
Fluid,  Energy,  and  Solute  Transport)  code.  The 
groundwater  modeling  depicted  variations  in  the 
mobility  of  selenium  and  in  the  Level  I  and  Level 
II  assessments.  These  simulations  also  predicted 
selenium  concentrations  at  a  nearby  pumping  well. 
The  concentrations  were  used  as  an  indication  of 
lifetime  human  exposure  levels  for  individuals 
drinking  water  from  the  well.  The  Level  II  analy- 
sis, which  refines  the  Level  I  modeling,  indicated 
that  adverse  health  effects  would  not  be  expected 
because  the  daily  exposure  through  drinking  water 
would  be  <  35  micrograms/L.  (See  also  W90- 
05169)  (Lantz-PTT) 
W90-05179 


EFFECTS    OF    AGRICULTURAL    PRACTICES 

AND  SEPTIC-SYSTEM   EFFLUENT  ON  THE 

QUALITY  OF  WATER  IN  THE  UNCONFINED 

AQUIFER  IN  PARTS  OF  EASTERN  SUSSEX 

COUNTY,  DELAWARE. 

Delaware  Geological  Survey,  Newark. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-05209 


RESULTS  OF  HYDROLOGIC  RESEARCH  AT 
A  LOW-LEVEL  RADIOACTIVE-WASTE  DIS- 
POSAL SITE  NEAR  SHEFFIELD,  ILLINOIS. 

Geological  Survey,  Champaign,  IL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-05221 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C — Effects  Of  Pollution 


ASSESSMENT  OF  PROCESSES  AFFECTING 
LOW-FLOW  WATER  QUALITY  OF  CEDAR 
CREEK,  WEST-CENTRAL  ILLINOIS. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05223 


INVENTORY  AND  EVALUATION  OF  BIO- 
LOGICAL INVESTIGATIONS  THAT  RELATE 
TO  STREAM-WATER  QUALITY  IN  THE 
UPPER  ILLINOIS  RIVER  BASIN  OF  ILLI- 
NOIS, INDIANA,  AND  WISCONSIN. 
Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

D.  W.  Steffeck,  and  R.  G.  Striegl. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report    89-4041, 
1989.  58p,  5  fig,  4  tab,  237  ref. 

Descriptors:  "Biological  studies,  'Water  quality, 
•Bioassay,  'Illinois  River  Basin,  Water  pollution 
effects,  Pollutant  identification,  Illinois,  Indiana, 
Wisconsin,  Fish,  Macroinvertebrates. 

Results  of  studies  of  the  aquatic  biology  of  the 
upper  Illinois  River  basin  provide  a  historical  data 
source  from  which  inferences  can  be  made  about 
changes  in  the  quality  of  water  in  the  main  stem 
river  and  its  tributaries.  The  results  of  biological 
investigations  that  have  been  conducted  through- 
out the  basin  since  1900  are  summarized  and  their 
relevance  to  stream-water-quality  assessment  is  de- 
scribed, particularly  their  relevance  to  the  upper 
Illinois  River  basin  pilot  project  for  the  National 
Water  Quality  Assessment  program.  Four  general 
categories  of  biological  investigations  were  identi- 
fied: Populations  and  community  structure,  chemi- 
cal concentrations  in  tissue,  organism  health,  and 
toxicity  measurements.  Biological  investigations 
were  identified  by  their  location  in  the  basin  and 
by  their  relevance  to  each  general  investigation 
category.  The  most  abundant  literature  was  in  the 
populations  and  community  structure  category. 
Tissue  data  were  limited  to  polychlorinated  bi- 
phenyls,  organochlorine  pesticides,  dioxin,  and 
several  metals.  The  most  cited  measure  of  orga- 
nism health  was  a  condition  factor  for  fish  that 
associates  body  length  with  weight  or  body  depth. 
Toxicity  measurements  included  bioassays  and  the 
Ames  Tests.  The  bioassays  included  several  testing 
methods  and  test  organism.  (USGS) 
W90-05224 


BIOACCUMULATION  OF  CINMETHYLIN  IN 
BLUEGILL  SUNFISH. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Wilmington, 

DE.  Agricultural  Products  Dept. 

P.  W.  Lee,  A.  D.  Forbis,  and  L.  Franklin. 

Journal    of    Agricultural    and    Food    Chemistry 

JAFCAU,  Vol.  38,  No.  1,  p  323-327,  January  1990. 

3  fig,  5  tab,  5  ref. 

Descriptors:  'Herbicides,  'Bioaccumulation,  *Cin- 
methylin,  'Sunfish,  'Path  of  pollutants,  'Biologi- 
cal magnification,  'Pesticide  residues,  Degradation 
products,  Biotransformation,  Bioassay,  Carbon  ra- 
dioisotopes, Radiochemical  analysis,  Tissue  analy- 
sis. Animal  pathology,  Path  of  pollutants,  Metabo- 
lism. 

Cinmethylin  (7-oxabicyclo(2.2.1)heptane,  1- 
methy  l-4-(  1  -methy  lethy  l)-2-((2- 
methylphenyl)methoxy)-,  exo-)  is  the  active  ingre- 
dient of  Cinch  7EC  herbicide.  In  order  to  assess  its 
potential  impact  to  the  environment,  the  bioaccu- 
mulation potential  of  cinmethylin  in  the  bluegill 
sunfish  was  examined.  Technical  cinmethylin  and 
Cinch  7EC  herbicide  showed  low  toxicity  against 
various  aquatic  organisms.  The  bioaccumulation 
potential  of  (14)C-cinmethylin  in  the  bluegill  sun- 
fish under  a  dynamic  flow-through  system  at  a 
constant  concentration  of  0. 1  mg/L  was  examined. 
A  rapid  uptake  of  radioactivity  was  observed. 
Tissue  residues  plateaued  after  3  days,  and  the 
mean  tissue  residues  after  28  days  of  exposure  were 
35,  12,  and  58  microg/g  (ppm)  for  the  whole  fish, 
fillet,  and  viscera,  respectively.  The  corresponding 
bioconcentration  factors  for  the  above  tissues  were 
360,  120,  and  600,  respectively.  Greater  than  99% 


of  the  tissue  residues  were  eliminated  from  the 
exposed  fish  after  the  14-day  depuration  period.  In 
addition  to  (14)C-cinmethylin,  major  metabolites 
isolated  from  the  treated  fish  were  alpha-carboxy- 
cinmethylin  and  8-hydroxy-alpha-carboxycinmeth- 
ylin.  Ortho-toluic  acid  and  alpha-hydroxycinmeth- 
ylin  were  observed  as  minor  components.  (Au- 
thor's abstract) 
W90-05327 


STUDIES  ON  THE  MACRO-BENTHIC  ORGA- 
NISMS ABOVE  AND  BELOW  THE  TAYLOR 
RUN  DOMESTIC  SEWAGE  DISPOSAL  PLANT, 
WEST  CHESTER,  PENNSYLVANIA,  1968-1986. 
W.  R.  Overlease. 

Journal  of  the  Pennsylvania  Academy  of  Science, 
Vol.  63,  No.  2,  p  122-126,  1989.  1  tab. 

Descriptors:  'Wastewater  disposal,  'Water  pollu- 
tion effects,  'Aquatic  insects,  'Benthic  fauna,  'Ef- 
fluent streams,  Aquatic  animals,  Pennsylvania. 

Macro-benthic  organisms  were  monitored  for  nine- 
teen years  (1968-1986)  on  Taylor  Run  above  and 
below  the  domestic  sewage  disposal  plant.  Sam- 
pling was  done  twice  a  year  in  early  spring  and 
fall.  A  table  summarizing  the  data  for  34  taxa  is 
presented.  Tubificids,  sowbugs,  and  midge  larva 
populations  increased  considerably  from  1973  to 
1986  when  sewage  overload  of  the  Taylor  Run 
Domestic  Sewage  Plant  occurred.  Decreases  in 
caddisfly  larva  and  mayfly  nymphs  also  became 
apparent  below  the  plant  during  this  period.  Long- 
term  increases  in  fishfly  larva,  broad-shouldered 
water  strider  and  caddisfly  larva  populations  above 
the  plant  were  observed  between  1974  and  1986. 
Flatworm  populations  increased  above  the  plant 
beginning  1977  and  whirligig  beetles  completely 
disappeared  as  of  1970.  The  building  of  a  new 
disposal  plant  coincided  with  an  increase  in  blackf- 
ly  larva  populations  below  the  plant  in  1983,  sug- 
gesting changes  in  organic  particulate  matter  in  the 
effluent.  The  macro-benthic  life  above  the  plant 
was  wiped  out  the  summer  of  1986,  just  after  this 
study  was  completed.  (Male-PTT) 
W90-05336 


GENUS  ISOETES  IN  SCANDINAVIA:  AN  ECO- 
LOGICAL REVIEW  AND  PERSPECTIVES. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

B.  Rorslett,  and  P.  Brettum. 

Aquatic  Botany  AQBODS,  Vol.  35,  No.  3-4,  p 

223-261,  November   1989.   9  fig,  2  tab,    198  ref. 

Descriptors:  'Macrophytes,  'Acid  rain  effects, 
'Water  pollution  effects,  'Aquatic  plants,  'Acidic 
water,  Stress  analysis,  Eutrophication,  Water  level 
fluctuations,  Aquatic  habitats,  Scandanavia,  Quill- 
wort. 

Information  relating  to  the  Scandinavian  quillwort 
species,  Isoetes  lacustris  L.  and  I.  setacea  Lam. 
(Syn.  I.  echinospora  Durieu),  is  reviewed  empha- 
sizing their  ecological  adaption  to  infertile  and 
shaded  habitats,  where  stress  results  from  inad- 
equate levels  of  light,  available  carbon  and  nutri- 
ents. In  addition,  their  habitats  can  feature  en- 
hanced disturbance  and  stress  arising  from  man- 
made  and  natural  impacts  such  as  acidification, 
eutrophication,  water-level  alteration,  ice  scour, 
and  sediment  instability.  Quillworts  have  evolved  a 
variety  of  mechanisms  by  which  these  adverse 
impacts  can  be  mitigated.  Such  adaptations  com- 
prise carbon  acquisition  through  crassulacean  acid 
metabolism  (CAM),  high  root  biomass,  slow  turn- 
over, resource  reallocation  on  the  vertical  gradient 
of  their  habitat  and  other  related  features  typical 
for  an  S-strategist  (Stress  tolerator).  However,  the 
success  of  this  strategy  is  by  no  means  guaranteed. 
In  fact,  the  quillworts  are  ultimately  victims  of 
their  own,  insufficiently  flexible,  growth  strategy 
under  sustained  adverse  environmental  impacts. 
Evidently  I.  setacea  fares  better  than  I.  lacustris  in 
this  respect.  It  is  suggested  that  research  into  the 
extent  and  rate  of  vegetation  changes  driven  by 
acidification  should  be  further  advanced,  since 
contradictory  evidence  seems  to  exist  on  this  issue. 
(Author's  abstract) 
W90-05338 


HABITAT  CONDITIONS  OF  THE  PHYTO- 
COENOSES  OF  MYRIOPHYLLETUM  ALTER- 
NIFLORI  LEMEE  1937  EM.  SISS.  1943,  MYR- 
IOPHYLLETUM VERTICILLATI  SOO  1927 
AND  MYRIOPHYLLETUM  SPICATI  SOO  1927 
IN  POLAND. 

Warsaw  Univ.  (Poland).  Dept  .of  Phytogeo- 
graphy. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05339 


TWO  MANIPULATED  INNER  BAYS  IN  THE 
HELSINKI  SEA  AREA,  NORTHERN  GULF  OF 
FINLAND. 

Helsinki  City  Water  and  Wastewater  Authority 

(Finland).  Water  Conservation  Lab. 

For   primary   bibliographic   entry   see   Field    5G. 

W90-05346 


MICROHABITAT  AVAILABLITY  IN  WELSH 
MOORLAND  AND  FOREST  STREAMS  AS  A 
DETERMINANT  OF  MACROINVERTEBRATE 
DISTRIBUTION. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05360 


DEVELOPING  A  STATISTICAL  SUPPORT 
SYSTEM  FOR  ENVIRONMENTAL  HAZARD 
EVALUATION. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Biology. 
J.  Cairns,  and  E.  P.  Smith. 

Hydrobiologia  HYDRB8,  Vol.  184,  No.  3,  p  143- 
151,  November  8,  1989.  34  ref. 

Descriptors:  'Risk  assessment,  'Bioassay,  'Statisti- 
cal models,  'Toxicity,  Statistical  analysis,  Hazard- 
ous materials,  Testing  procedures,  Public  health. 

Estimating  the  hazard  or  risk  to  both  human  health 
and  the  environment  has  been  based  almost  exclu- 
sively on  single  species  toxicity  tests  low  in  envi- 
ronmental realism  and  without  validation  of  their 
accuracy  in  more  complex  systems.  While  this  may 
be  quite  appropriate  for  humans  in  a  large  variety 
of  circumstances,  there  is  no  substantive  body  of 
direct  experimental  evidence  indicating  that  pre- 
cise predictions  of  harm  from  hazardous  materials 
can  be  extrapolated  from  single  species  laboratory 
tests  (or  even  multispecies  laboratory  tests)  to  the 
more  complex  highly  variable  natural  systems. 
Now  added  to  the  hazardous  chemical  assessment 
problem  is  the  accidental  or  deliberate  release  of 
genetically  engineered  microorgansisms  into  the 
environment  that  will  have  the  additional  capabil- 
ity of  multiplying  and  expanding  their  numbers  and 
also  transferring  genetic  information  to  other  orga- 
nisms. This  paper  focuses  entirely  on  hazard  eval- 
uation for  organisms  other  than  humans,  namely 
predicting  the  potential  risk  or  probability  of  harm 
to  natural  systems  based  on  laboratory  toxicity 
testing  using  single  species.  In  addition  to  examin- 
ing the  basic  risk  assessment  strategy  itself,  the 
question  of  determining  the  statistical  reliability  of 
various  extrapolations  from  one  level  of  biological 
organization  to  another  is  analyzed.  (Author's  ab- 
stract) 
W90-05369 


CANOCO--AN  EXTENSION  OF  DECORANA 
TO  ANALYZE  SPECIES-ENVIRONMENT  RE- 
LATIONSHIPS. 

Instituut    TNO    voor    Wiskunde,    Informatiever- 

werking  en  Statistiek,  Wageningen  (Netherlands). 

Agricultural  Mathematics  Group. 

C.  J.  F.  ter  Braak. 

Hydrobiologia  HYDRB8,  Vol.  184,  No.  3,  p  169- 

170,  November  8,  1989.  14  ref. 

Descriptors:  'Data  interpretation,  'Data  process- 
ing, 'Statistical  methods,  'Canonical  ordination, 
'Canonical  correspondence  analysis,  CANOCO, 
Statistical  models,  Species  diversity,  Computer 
models,  Water  pollution  effects. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Effects  Of  Pollution — Group  5C 


A  common  problem  in  community  ecology  and 
ecotoxicology  is  to  discover  how  a  multitude  of 
species  respond  to  external  factors  such  as  environ- 
mental variables,  pollutants  and  management 
regime.  Data  are  collected  on  species  composition 
and  the  external  variables  at  a  number  of  points  in 
space  and  time.  To  analyze  such  data,  presently 
available  statistical  methods  either  assumed  linear 
relationships  or  were  restricted  to  regression  analy- 
sis of  the  response  of  each  species  separately.  To 
analyze  the  generally  non-linear,  non-monotone  re- 
sponse of  a  community  of  species,  one  had  to 
resort  to  the  data-analytic  methods  of  ordination 
and  cluster-analysis  'indirect  methods'  that  are 
generally  less  powerful  than  the  'direct'  statistical 
method  of  regression  analysis.  Recently,  regression 
and  ordination  have  been  integrated  into  tech- 
niques of  multivariate  direct  gradient  analysis, 
called  canonical  ordination  (Jongman  et  al.,  1987; 
ter  Braak  &  Prentice,  1988).  The  use  of  canonical 
ordination  greatly  improves  the  power  to  detect 
the  specific  effects  in  which  one  is  interested.  One 
of  these  techniques,  canonical  correspondence 
analysis,  escapes  the  assumption  of  linearity  and  is 
able  to  detect  unimodal  relationships  between  spe- 
cies and  external  variables  (ter  Braak,  1986,  1987a). 
The  computer  program  CANOCO  is  designed  to 
make  these  techniques  available  to  ecologists 
studying  community  responses.  (Author's  abstract) 
W90-05370 


ALGAL  EPILITHON  AND  WATER  QUALITY 
OF  A  STREAM  RECEIVING  OIL  REFINERY 
EFFLUENT. 

North-Eastern  Hill  Univ.,  Shillong  (India).  Dept. 

of  Botany. 

A.  K.  Singh,  and  J.  P.  Guar. 

Hydrobiologia  HYDRB8,  Vol.  184,  No.  3,  p  193- 

199,  November  8,  1989.  1  fig,  5  tab,  24  ref. 

Descriptors:  *Water  pollution  effects,  *Periphyton, 
•Effluent  streams,  *Oil  pollution,  *Algae,  Algal 
growth,  India,  Species  diversity,  Cyanophyta,  Bio- 
mass,  Monitoring. 

Changes  in  epilithic  algal  communities  colonizing 
introduced  substrata  were  determined  in  a  stream 
polluted  with  oil  refinery  effluent  at  Digboi 
(Assam,  India).  The  number  of  algal  taxa  was 
reduced  but  the  growth  of  blue-green  algae,  par- 
ticularly two  species  of  Oscillatoria,  was  encour- 
aged. Epilithic  biomass  (as  chlorophyll-a)  also  de- 
clined at  polluted  stations.  The  algal  community  of 
the  upstream  station  was  markedly  different  from 
the  community  occurring  just  after  the  confluence 
of  the  effluent;  however,  the  differences  were 
gradually  reduced  downstream,  indicating  im- 
provement in  water  quality.  Species  richness, 
Shannon  diversity,  and  biomass  criteria  showed 
significant  relationships  with  the  level  of  pollut- 
ants. This  study  demonstrates  the  usefulness  of 
algal  criteria  for  monitoring  oil  pollution  in  run- 
ning waters.  (Author's  abstract) 
W90-05372 


GROWTH  INHIBITION  BY  HIGH  LIGHT  IN- 
TENSITIES IN  ALGAE  FROM  LAKES  UNDER- 
GOING ACIDIFICATION. 

University  of  Western  Ontario,  London.  Dept.  of 

Plant  Sciences. 

K.  O'Grady,  and  L.  M.  Brown. 

Hydrobiologia  HYDRB8,  Vol.  184,  No.  3,  p  201- 

208,  November  8,  1989.  5  fig,  1  tab,  22  ref.  Ontario 

Ministry  of  the  Environment. 

Descriptors:  *Acid  rain  effects,  *Algal  blooms, 
•Acidic  water,  *Algae,  "Light  intensity,  Acid 
lakes,  Chlorophyta,  Hydrogen  ion  concentration, 
Nitrogen,  Vertical  distribution,  Algal  growth. 

Blooms  of  Chrysochromulina  breviturrita  Nich. 
(Prymnesiophyceae)  have  been  found  to  be  re- 
stricted to  lakes  above  pH  5.5  even  though  the  alga 
is  able  to  tolerate  pH  4.0  in  laboratory  culture.  A 
possible  explanation  is  the  increased  transparency 
in  acidifying  lakes  and  a  sensitivity  of  C.  brevitur- 
rita to  high  light  intensities.  A  comparison  was 
made  with  Mougeotia  sp.,  a  filamentous  green  alga 
which  co-occurs  in  moderately  acidic  lakes  and 
has  a  similar  pH  tolerance  range.  This  alga  forms 
dense,  floating  mats  or  amorphous  clouds  in  the 


upper  littoral  zone,  where  it  would  be  exposed  to 
full  sunlight  irradiances.  In  cultures  of  C.  brevitur- 
rita, prolonged  exposures  to  1600  microE/sq  m/s 
(lo')  resulted  in  reductions  in  cell  yield  which  were 
age-dependent  at  the  onset  of  exposure  to  high 
light  intensity.  Only  cultures  exposed  to  high  light 
intensities  during  late  stationary  phase  were  able  to 
recover  to  control  levels  and  no  recovery  oc- 
curred if  these  cultures  were  nitrogen  deficient. 
Mougeotia  was  more  tolerant  of  both  high  light 
intensity  and  nitrogen  limitation  during  the  recov- 
ery period.  The  inability  of  C.  breviturrita  to  re- 
cover from  the  effects  of  high  light  intensity 
during  nitrogen  deprivation  may  be  particularly 
important  in  small,  stratified  lakes  which  are  un- 
dergoing acidification.  The  slow  rate  of  vertical 
circulation  and  increasing  transparency  would  pro- 
long exposure  of  the  alga  to  the  high  irradiance 
levels  of  nutrient  deficient  epilimnetic  waters.  This 
suggests  that  the  geographic  distribution  of  C. 
breviturrita  may  be  explained  in  part  by  the  in- 
creasing light  intensities  in  lakes  undergoing  acidi- 
fication. (Author's  abstract) 
W90-05373 


SHORT-TERM  THERMAL  EFFECTS  OF  A 
POWER-GENERATING  PLANT  ON  ZOO- 
PLANKTON  IN  THE  SWARTKOPS  ESTUARY, 
SOUTH  AFRICA. 

Port  Elizabeth  Univ.  (South  Africa).  Dept.  of  Zo- 
ology. 

R.  Perissinotto,  and  T.  Wooldridge. 
PSZNI:  Marine  Ecology  MAECDR,  Vol.  10,  No. 
3,  p  205-219,  1989.  3  fig,  3  tab,  46  ref. 

Descriptors:  *South  Africa,  "Thermal  pollution, 
"Plankton,  Chlorination,  Estuaries,  Thermal  stress, 
Synergistic  effects. 

The  short-term  effect  of  elevated  water  tempera- 
tures (change  in  temperature  is  equal  to  5-10C  after 
passing  through  the  cooling  circuit  of  an  electricity 
generating  plant)  on  plankton  in  a  warm  tempera- 
ture estuary,  South  Africa,  was  investigated.  Phy- 
toplankton  entrained  on  the  flood  tide  was  more 
severely  affected  than  that  entrained  on  the  ebb, 
but  chlorination  of  cooling  water  was  probably  a 
major  factor  affecting  phytoplankton  assemblages. 
Abundance  of  zooplankton  of  marine  origin  was 
significantly  reduced  after  passing  through  the 
cooling  circuit.  The  effect  of  thermal  stress  on  the 
euryhaline  zooplankton  was  not  clear,  as  the  origin 
of  the  water  canal  to  the  generators  is  located  at 
the  extreme  seaward  limit  of  spatial  distribution  of 
estuarine  plankton  at  low  tide.  Estuarine  species  of 
zooplankton  were  therefore  infrequently  sampled 
and  in  low  numbers  only.  Both  phytoplankton  and 
zooplankton  communities  may  also  be  subjected  to 
additional  stress  due  to  pollutants  either  associated 
with  the  power  plant  or  discharged  from  other 
sources.  Synergic  effects  of  toxic  substances  to- 
gether with  elevated  temperatures  have  been 
shown  to  be  associated  with  enhanced  mortality 
rates.  (Author's  abstract) 
W90-05377 


EFFECTS  OF  INDUSTRIAL  POLLUTION  ON 
THE  DEVELOPMENT  AND  SUCCESSION  OF 
MARINE  FOULING  COMMUNITIES:  I.  ANAL- 
YSIS OF  SPECIES  RICHNESS  AND  FRE- 
QUENCY DATA. 

Wollongong  Univ.  (Australia).  Dept.  of  Biology. 
P.  J.  Moran,  and  T.  J.  Grant. 
PSZNI:  Marine  Ecology  MAECDR,  Vol.  10,  No. 
3,  p  231-246,  1989.  2  fig,  5  tab,  38  ref.  State 
Pollution  Control  Commission  of  New  South 
Wales. 

Descriptors:  "Australia,  "Water  pollution  effects, 
"Species  diversity,  Fouling,  Bays,  Species  compo- 
sition, Industrial  wastewater,  Bioindicators,  Data 
interpretation. 

The  effects  of  industrial  pollution  were  determined 
by  comparing  the  pattern  of  development  of 
marine  fouling  communities  situated  along  a  pollu- 
tion gradient  within  Port  Kembla  Harbour  (Aus- 
tralia) with  those  from  nearby  Wollongong  Har- 
bour, a  relatively  unpolluted  area.  Fifty-three  foul- 
ing species  were  found  in  the  communities  from 
Wollongong   Harbour   compared   to   only   40   in 


those  from  Port  Kembla  Harbour.  Twenty-eight 
species  (including  many  bryozoans)  occurred  only 
in  Wollongong  Harbor,  while  15  species  occurred 
solely  in  Port  Kembla  Harbor.  Ten  of  the  25 
species  common  to  both  areas  were  more  numer- 
ous in  Port  Kembla  Harbour,  probably  because  of 
the  greater  availability  of  free  substratum  and  food 
in  this  area.  The  species  richness  of  fouling  com- 
munities in  Port  Kembla  Harbour  was  found  to 
decrease  as  pollutant  concentrations  increased.  In 
both  study  areas,  communities  established  in 
summer  showed  significantly  higher  species  rich- 
ness than  those  whose  development  was  initiated  in 
winter.  This  difference  was  less  pronounced  in 
Port  Kembla  Harbour  and  was  attributed  to  the 
effects  of  pollution  on  larval  settlement.  Although 
species  richness  increased  at  all  sites  through  time, 
Wollongong  Harbor  communities  contained  a 
greater  number  of  species  at  the  end  of  the  experi- 
ment than  communities  from  Port  Kembla  Har- 
bour. Despite  this,  fewer  species  of  the  communi- 
ties of  Wollongong  Harbour  were  found  in  the 
very  early  developmental  stages.  This  result  high- 
lights the  inherent  problems  associated  with  using 
species  richness  or  diversity  measures  as  a  means  of 
determining  marine  environmental  quality.  (See 
also  W90-05379)  (Author's  abstract) 
W90-05378 


EFFECTS  OF  INDUSTRIAL  POLLUTION  ON 
THE  DEVELOPMENT  AND  SUCCESSION  OF 
MARINE  FOULENG  COMMUNITIES:  II.  MUL- 
TIVARIATE ANALYSIS  OF  SUCCESSION. 

Wollongong  Univ.  (Australia).  Dept.  of  Biology. 

P.  J.  Moran,  and  T.  R.  Grant. 

PSZNI:  Marine  Ecology  MAECDR,  Vol.  10,  No. 

3,   p  247-261,    1989.   2   fig,   4  tab,   39  ref.   State 

Pollution    Control    Commission    of   New    South 

Wales. 

Descriptors:  "Australia,  "Water  pollution  effects, 
"Species  composition,  Fouling,  Bays,  Species  di- 
versity, Succession,  Multivariate  analysis,  Data  in- 
terpretation. 

The  successional  stages  of  fouling  communities 
from  three  sites  located  along  a  pollution  gradient 
within  Port  Kembla  Harbour  (Australia)  were 
compared  quantitatively  with  those  from  Wollon- 
gong Harbour,  a  relatively  unpolluted  area  located 
close  by.  A  multivariate  classification  of  the  data 
showed  that  the  development  of  fouling  communi- 
ties in  Port  Kembla  Harbour  was  very  different 
from  that  in  Wollongong  Harbour,  involving  dif- 
ferent types  of  species.  In  addition,  the  classifica- 
tion identified  a  secondary  pattern  in  the  data 
which  showed  that  the  species  composition  of  the 
Port  Kembla  Harbour  communities  changed  with 
time,  independently  of  any  seasonal  effects.  A  prin- 
cipal coordinate  analysis  of  the  data  was  able  to 
expand  these  findings  further.  It  demonstrated  that 
the  succession  of  fouling  communities  in  Port 
Kembla  Harbour  involved  a  process  whereby  one 
group  of  different  species  (ascidians)  was  gradually 
replaced  through  time  by  a  second  group  of  differ- 
ent species  (bivalves).  In  contrast,  the  communities 
in  Wollongong  Harbour  were  dominated  by  inhibi- 
tory interactions.  The  succession  in  this  area 
mainly  involved  species  (particularly  brvozoans) 
which  colonized  during  the  initial  stages  f  devel- 
opment and  remained  in  the  communiti  as  they 
continued  to  develop.  Changes  in  the  sue  dssion  of 
fouling  communities  from  Port  KembU  Harbor 
were  thought  to  be  due  to  the  loss  o.  pollution 
sensitive  species,  such  as  bryozoans,  from  the  envi- 
ronment. This  was  not  attributed  to  the  acute, 
toxic  effects  of  the  pollutants,  but  rather  to  more 
subtle  and  indirect  effects.  (See  also  W90-05378) 
(Author's  abstract) 
W90-05379 


ECOLOGY  OF  TROPICAL  SOFT-BOTTOM 
BENTHOS:  A  REVIEW  WITH  EMPHASIS  ON 
EMERGING  CONCEPTS. 

Australian  Inst,  of  Marine  Sciences,  Townsville. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-05384 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C— Effects  Of  Pollution 


EFFECT  OF  EUTROPHICATION  ON  SPECIES 
COMPOSITION  AND  GROWTH  OF  FRESH- 
WATER MUSSELS  (MOLLUSCA,  UNIONIDAE) 
IN  LAKE  HALLWIL  (AARGAU,  SWITZER- 
LAND). 

Institut  fuer  Pflanzenbiologie,  Zurich  (Switzer- 
land). 

H.  E.  Arter. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  2,  p  87- 
99,  1989.  2  fig,  4  tab,  38  ref. 

Descriptors:  *Water  pollution  effects,  'Eutroph- 
ication,  'Species  composition,  *Mussels,  'Growth, 
•Lakes,  Switzerland,  Bioindicators,  Mollusks, 
Trophic  level,  Habitats,  Ecological  effects,  Crusta- 
ceans, Agricultural  runoff,  Wastewater  pollution, 
Lake  Hallwil. 

Species  composition,  relative  abundance  and  life 
history  of  unionid  mussels  from  Lake  Hallwil  and 
the  outflowing  brook  were  compared  between 
1915-1919  and  1982-1986  to  assess  the  effects  of 
eutrophication.  The  recent  samples  of  unionid  mus- 
sels were  collected  by  divers,  and  the  older  ones 
were  from  a  shell  collection.  The  eutrophication  of 
the  lake  was  caused  mainly  by  agricultural  runoff 
and  sewage  troughs  from  housing  developments. 
Living  mussels  and  hard  shells  from  Unio  tumidus 
Retz  were  found  at  13  of  the  18  sites  sampled  in 
the  recent  mussel  collections.  Living  mussels  and 
hard  shells  from  Anodonta  cygnea  were  found  at  8 
of  the  18  sites.  Studies  of  shell  growth  and  winter 
ring  analysis  in  the  old  and  new  mussel  collections 
indicated  that  mussels  from  older  populations  in 
the  mesotrophic  lake  grew  more  slowly  and  died 
at  an  older  age  than  mussels  in  the  highly  eutro- 
phic  Lake  Hallwil  today.  In  the  outflowing 
Aabach  Brook,  the  overall  abundance  of  unionid 
mussels  in  the  recent  collections  were  lower  than 
in  1915-1919,  indicating  clearly  the  trend  of  declin- 
ing abundance  of  unionid  mussels  in  Lake  Hallwil. 
Factors  affecting  the  overall  decline  of  unionid 
mussels  in  the  lake  include  changes  in  the  fish 
populations  which  the  mussels  depend  on  in  their 
larval  stage,  changes  in  the  feeding  patterns  of 
predator  fish  in  eutrophic  lakes,  and  invasion  of 
unionid  mussel  habitat  by  the  zebra  mussel  Dreis- 
sena  polymorpha.  (Geiger-PTT) 
W90-05385 


PREDICTING  CHANGES  IN  HYPOLIMNETIC 
OXYGEN  CONCENTRATIONS  WITH  PHOS- 
PHORUS RETENTION,  TEMPERATURE,  AND 
MORPHOMETRY. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Biol- 
ogy- 

For  primary  bibliographic  entry  see  Field  2H. 
W90-054O3 


STATE  OF  POLLUTION  IN  THE  MARINE  EN- 
VIRONMENT. 

Department  of  Fisheries  and  Oceans,  Vancouver 

(British  Columbia).  West  Vancouver  Lab. 

M.  Waldichuk. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

12,  p  598-602,  December  1989.  15  ref. 

Descriptors:  *Water  pollution  effects,  *Path  of  pol- 
lutants, 'Agricultural  runoff,  'Coastal  waters, 
•Pulp  wastes,  'Canada,  Water  pollution  control, 
Air  pollution,  Regulations,  Marine  animals,  Water 
pollution  sources,  International  agreements,  Eco- 
logical effects,  Environmental  effects. 

Coastal  pollution  problems  in  Canada  are  related 
to  the  presence  of  people.  Sewage  and  agricultural 
and  urban  runoff  have  contributed  to  contamina- 
tion of  oyster-growing  waters  on  both  the  Pacific 
and  Atlantic  coasts  causing  economic  impacts  to 
the  shellfish  industry.  Over  the  last  75  years,  the 
pulp  and  paper  industry  has  caused  coastal  pollu- 
tion problems,  mainly  as  a  result  of  dissolved 
oxygen  depletion  in  fishery  waters.  Coastal  pulp- 
mills  in  British  Columbia  have  caused  elevated 
levels  of  dioxins  in  crustacean  shellfish  leading  to 
closure  of  fisheries  for  crabs,  prawns  and  shrimps 
in  the  vicinity  of  the  pulpmills.  Legislation  with 
associated  regulations  are  available  to  control  pol- 
lution in  coastal  waters  of  Canada  and  of  many 
other  countries,  and  to  prevent  consumption  of 
contaminated  seafood  that  might  be  a  hazard  to 


human  health.  Globally,  there  is  evidence  for  a 
decline  in  concentrations  of  certain  constituents  of 
four  classes  of  critical  contaminants  in  the  marine 
environment,  namely,  petroleum  hydrocarbons, 
halogcnated  hydrocarbons,  heavy  metals,  and  ra- 
dionuclides. The  amount  of  persistent  plastics  is 
increasing.  Measures  to  control  the  discharge  of 
persistent  plastics  and  other  refuse  from  ships  are 
found  in  Annex  V  of  the  International  Convention 
for  the  Prevention  of  Pollution  from  Ships.  Two 
global  environmental  problems  that  are  still  uncon- 
trolled, and  which  may  have  ecological  impacts  on 
the  marine  environment  are  the  increasing  levels  of 
atmospheric  carbon  dioxide  and  other  radiatively- 
active  gases  which  are  contributing  to  climatic 
change  due  to  a  greenhouse  effect;  and  erosion  of 
the  stratospheric  ozone  layer  by  chlorofluorocar- 
bons  and  other  chemicals,  causing  increased  ultra- 
violet radiation  on  the  earth's  surface.  The  green- 
house effect  may  cause  changes  in  distributions  of 
temperature-sensitive  fish  and  invertebrate  species 
that  could  lead  to  declines  in  their  populations 
Increased  UV  radiation  could  adversely  affect  the 
sea-surface  ecosystems.  There  is  an  attempt  to  con- 
trol chlorofluorocarbons  by  international  treaty. 
(Geiger-PTT) 
W90-05404 


BIOLOGICAL    AND    CHEMICAL    COMPOSI- 
TION OF  BOSTON  HARBOR,  USA. 

Army   Engineer   Div.    New   England,   Waltham, 

MA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05408 


ALTERATION  OF  PHOSPHORUS  DYNAMICS 
DURING  EXPERIMENTAL  EUTROPHICA- 
TION OF  ENCLOSED  MARINE  ECOSYS- 
TEMS. 

Rhode  Island  Univ.,  Narragansett.  Marine  Ecosys- 
tems Research  Lab. 
K.  R.  Hinga. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 
12,  p  624-628,  December  1989.  5  fig. 

Descriptors:  'Phosphorus,  'Eutrophication,  'Eco- 
systems, 'Marine  sediments,  'Benthos,  'Laborato- 
ry methods,  Cycling  nutrients,  Silica,  Nitrogen, 
Phosphates,  Path  of  pollutants. 

A  28  mo  eutrophication  experiment  was  conducted 
in  marine  mesocosms  at  the  Marine  Ecosystems 
Research  Laboratory  of  the  University  of  Rhode 
Island.  Each  mesocosm  contained  13  cu  m  of  sea- 
water  and  a  layer  of  benthic  sediments  transferred 
from  adjacent  Narragansett  Bay.  Nitrogen,  phos- 
phorus, and  silica  were  added  daily  to  the  meso- 
cosms. The  net  exchanges  of  phosphorus  between 
benthic  sediments  and  water  column  were  calculat- 
ed by  mass  balances.  At  low  loading  rates  the 
regular  annual  pattern  of  phosphate  concentrations 
is  still  evident  but  the  amplitude  of  the  pattern  is 
magnified.  At  high  loading  rates  the  annual  pattern 
is  lost  and  the  effectiveness  of  the  sediments  to  act 
as  a  buffer  to  water  column  concentrations  is  re- 
duced. In  some  cases  the  nutrient  loading  caused  a 
release  of  phosphorus  from  the  sediments.  (Au- 
thor's abstract) 
W90-05410 


DDT  RESIDUES  IN  FISHES  FROM  THE  EAST- 
ERN ARABIAN  SEA. 

National   Inst,   of  Oceanography,   Panaji  (India). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05411 


FISHERY     IN     NATURE     RESERVES     (FIS- 
CHEREI  IN  NATURSCHUTZGEBIETEN). 

Landesamt  fuer  Wasserwirtschaft  Rheinland-Pfalz, 

Mainz  (Germany,  F.R.). 

For  primary  bibliographic  entry  see  Field  81. 

W90-05417 


COMPARATIVE  AQUATIC  ECOLOGY  RE- 
SEARCH ON  PHOSPHATE  AND  PHOSPHATE 
SUBSTITUTES  FOR  DETERGENTS  (VERGLEI- 
CHENDE  UNTERSUCHUNGEN  ZUR  BEWER- 
TUNG  VON  PHOSPHAT  UND  PHOSPHATER- 


SATZSTOFFEN  AUS  DER  SICHT  DER  AQUA- 
TISCHEN  OEKOLOGIE). 

Baycrische    Landesanstalt    fuer   Wasserforschung, 

Wielenbach  (Germany,  F.R.). 

For   primary   bibliographic  entry  see   Field   5G. 

W90-05422 


ACUTE  ARSENIC  INTOXICATION  FROM  EN- 
VIRONMENTAL ARSENIC  EXPOSURE. 

Mount  Sinai  Medical  Center,  New  York.  Div.  of 

Environmental  and  Occupational  Medicine. 

A.  Franzblau,  and  R.  Lilis. 

Archives   of   Environmental    Health    AEHLAU, 

Vol.  44,  No.  6,  p  385-390,  November/December 

1989.  5  tab,  24  ref. 

Descriptors:  'Toxicity,  'Arsenic,  'Wells,  Drinking 
water,  New  York,  Mine  drainage,  Metals. 

Reports  of  acute  arsenic  poisoning  arising  from 
environmental  exposure  are  rare.  Two  cases  of 
acute  arsenic  intoxication  in  New  York  resulted 
from  ingestion  of  contaminated  well  water.  These 
patients  experienced  a  variety  of  problems:  acute 
gastrointestinal  symptoms,  central  and  peripheral 
neurotoxicity,  bone  marrow  suppression,  hepatic 
toxicity,  and  mild  mucous  membrane  and  cutane- 
ous changes.  Although  located  adjacent  to  an 
abandoned  mine,  the  well  water  had  been  tested 
for  microorganisms  only  and  was  found  to  be 
'safe'.  Regulations  for  testing  of  water  from  private 
wells  for  fitness  to  drink  are  frequently  nonexist- 
ent, or  only  mandate  biologic  tests  for  microorga- 
nisms. Well  water,  particularly  in  areas  near 
mining  activity,  should  be  tested  for  metals.  (Au- 
thor's abstract) 
W90-05425 


PREGNANCY  OUTCOMES  IN  WOMEN  PO- 
TENTIALLY EXPOSED  TO  SOLVENT-CON- 
TAMINATED DRINKING  WATER  IN  SAN 
JOSE,  CALIFORNIA. 

California  Dept.  of  Health  Services,  Berkeley.  Epi- 
demiological Studies  Section. 
M.  Wrensch,  S.  Swan,  J.  Lipscomb,  D.  Epstein, 
and  L.  Fenster. 

American  Journal  of  Epidemiology  AJEPAS,  Vol. 
131,  No.  2,  p  283-300,  February  1990.  2  fig,  8  tab, 
24  ref. 

Descriptors:  'Toxicity,  'Public  health,  'Drinking 
water,  'Epidemiology,  Birth  defects,  Miscarriages, 
Pregnancy,  California,  Surveys. 

During  1980-1981,  solvents  leaked  from  an  under- 
ground storage  tank  of  a  semiconductor  firm  in 
southern  Santa  Clara  County,  California,  contami- 
nating local  drinking  water.  The  contaminated 
well  was  closed  in  December  1981.  An  epidemio- 
logic study  conducted  in  1983  confirmed  statisti- 
cally significant  excesses  of  adverse  pregnancy  out- 
comes in  an  exposed  community  compared  with  an 
unexposed  community,  but  could  not  establish  a 
causal  connection  between  the  leak  and  the  ad- 
verse outcomes.  This  study  expanded  the  first 
study;  adverse  pregnancy  outcomes  occurring  in 
1980-1985  were  studied  in  two  communities  ex- 
posed to  the  contaminated  drinking  water  and  in 
two  demographically  comparable  but  unexposed 
communities.  The  period  1980-1981  was  the  time 
period  in  which  the  well  was  considered  to  have 
been  contaminated  and  1982-1985  was  considered 
the  postcontamination  time  period.  Both  exposed 
and  unexposed  communities  were  considered  unex- 
posed during  the  latter  period  (1982-1985).  Out  of 
10,055  households  surveyed,  interviews  were  con- 
ducted with  1,105  women  who  reported  one  or 
more  eligible  pregnancies.  Miscarriages  and  birth 
defects  were  validated  by  medical  record  review 
or  physician  reports.  Although  the  authors  again 
observed  statistically  significant  excesses  of  sponta- 
neous abortions  and  birth  defects  in  the  originally 
studied  exposed  area  in  1980-1981,  they  observed 
deficits  of  these  outcomes  in  the  second  exposed 
study  area.  Adjustment  for  potential  confounders 
did  not  alter  these  findings.  Analysis  of  pregnancy 
outcomes  during  1981  in  relation  to  exposure  esti- 
mates based  on  hydrogeologic  modeling  of  water 
and  contaminant  distribution  within  the  exposed 
areas  also  indicated  that  the  leak  was  not  likely  to 
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have  caused  the  observed  excesses  of  adverse  preg- 
nancy outcomes  in  the  originally  studied  area.  (Au- 
thor's abstract) 
W90-05426 


FISHES  OF  NORTH  AMERICA  ENDAN- 
GERED, THREATENED,  OR  OF  SPECIAL 
CONCERN:  1989. 

Bureau  of  Land  Management,  Washington,  DC. 

Endangered  Species  Committee. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05448 


EXTINCTIONS      OF      NORTH      AMERICAN 
FISHES  DURING  THE  PAST  CENTURY. 

Michigan  Univ.,  Ann  Arbor.  Museum  of  Zoology. 
For  primary  bibliographic  entry  see  Field  81. 
W90-05449 


PHOSPHORUS  TRANSFORMATION  AND 
WATER  QUALITY  IN  THE  IVANKOVO  RES- 
ERVOIR: STUDY  BY  MEANS  OF  A  SIMULA- 
TION MODEL. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Vodnykh 

Problem. 

A.  V.  Leonov. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 

logie,  Vol.  33,  No.  1,  p  157-168,  November  1989.  1 

fig,  7  tab,  20  ref. 

Descriptors:  *Model  studies,  'Path  of  pollutants, 
*Fate  of  pollutants,  *Reservoirs,  *Water  quality, 
♦Phosphorus,  *Eutrophication,  'Mathematical 
models,  Phytoplankton,  Aquatic  bacteria,  Detritus, 
Sedimentation,  Bottom  sediments,  Mineralization, 
Ivankovo  reservoir,  Runoff,  Water  pollution 
sources. 

Phosphorus  transformation  and  water  quality  in 
the  Ivankovo  reservoir  USSR  were  studied  by 
means  of  a  simulation  model.  The  results  of  annual 
average  observations  of  the  concentrations  of  dis- 
solved organic  P,  dissolved  inorganic  P,  suspended 
organic  P  and  total  P  for  each  season  and  the 
different  stretches  of  the  reservoir  were  compared 
with  the  concentrations  calculated  by  the  model. 
The  average  relative  error  for  the  entire  examined 
series  of  data  is  28%,  which  is  satisfactory  when 
taking  into  account  the  limited  amount  of  informa- 
tion on  the  external  load  being  used.  It  is  also 
possible  to  compare  the  mean  annual  concentra- 
tions of  dissolved  inorganic  P  obtained  from  obser- 
vations and  those  calculated  by  means  of  the 
model.  The  model  permits  calculation  of  the  turn- 
over time  of  P  fractions  along  with  the  concentra- 
tions. P  is  most  rapidly  exchanged  in  biological 
fractions-in  biomass  of  phytoplankton  and  bacte- 
ria. A  high  mobility  of  P  was  also  found  in  detritus, 
especially  under  eutrophication  conditions,  The 
calculated  turnover  times  of  individual  P  fractions 
are  close  to  the  times  of  mineralization  of  the  labile 
organic  matter  present  in  the  reservoir  water.  The 
information  on  the  inflow  of  P  compounds  ob- 
tained from  the  model  simulations  was  used  for 
estimating  the  P  balance  on  the  basis  of  the  aver- 
age annual  data.  The  amount  of  P  entering  the 
water  body  with  river  runoff  estimated  by  the 
model  differs  from  the  literature  data  by  1.5-5 
times.  With  respect  to  the  total  load,  the  contribu- 
tion of  the  river  runoff  determined  in  the  study  is 
greater  than  the  literature  values.  It  is  possible  that 
the  literature  estimates  of  P  losses  to  the  sediments 
for  the  reservoir  are  underestimated.  The  contribu- 
tion of  P  with  precipitation  to  the  reservoir  is 
overestimated  by  6-9  times  compared  with  litera- 
ture values,  probably  due  to  the  use  of  its  compara- 
tively high  concentrations  in  rain  water  in  model- 
ling. The  P  loss  due  to  removal  by  the  water 
outflow  through  the  dam  obtained  the  study  is  less 
than  the  literature  values.  The  total  P  losses  due  to 
accumulation  in  bottom  sediments  and  removal 
past  the  dam  determined  by  the  model  are  compa- 
rable to  the  literature  data.  (Sand-PTT) 
W90-05467 


MICROBIOLOGICAL  STUDIES  OF  LAKE 
ACIDIFICATION:  TOXICOLOGICAL  IMPLI- 
CATIONS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 


io). 

S.  S.  Rao,  B.  K.  Burnison,  and  J.  O.  Nriagu. 
Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  273-284,  November  1989.  9 
fig,  43  ref. 

Descriptors:  'Lakes,  'Acidic  water,  'Acid  rain 
effects,  'Metals,  'Aquatic  bacteria,  'Water  pollu- 
tion effects,  'Toxicity,  Organic  matter,  Biodegra- 
dation,  Ontario,  Canada. 

Bacteriological  and  biogeochemical  data  collected 
for  water  and  sediment  cores  from  some  Ontario 
lakes  receiving  acidic  deposition  indicate  that  bac- 
terial populations  and  activities  can  be  diminished 
by  20-30%  under  acidic  precipitation.  Bacterial 
biodegradation  of  organic  material  in  acid  stressed 
environments  was  approximately  30%  less  than 
those  from  non-stressed  environments.  The  de- 
crease in  the  rate  of  organic  matter  degradation 
might  explain  the  relatively  high  organic  content 
at  the  surface  sediments  of  lakes  receiving  acid 
precipitation.  This  suggest  that  recalcitrant  materi- 
als found  in  these  ecosystems  probably  persist  for 
longer  periods  of  time  and  this  could  have  adverse 
effects  on  the  overall  trophic  level  in  the  ecosys- 
tem. In  addition,  atmospheric  fallout  results  in 
increased  loading  of  pollutant  metals  that  are  toxic 
to  biological  communities.  The  various  observa- 
tions on  the  effects  of  acid  precipitation  on  the 
microbial  population  and  its  activity  in  lake  sedi- 
ments are  summarized  in  a  conceptual  model.  Lake 
acidification  is  surmised  to  reduce  the  bacterial 
activity  and  hence  increase  the  organic  content  of 
the  sediments.  The  parameters  can  be  used  to  trace 
the  historical  changes  in  the  response  of  lakes  to 
acid  precipitation.  (Author's  abstract) 
W9O-0548O 


ASH  BASIN  EFFLUENTS  AS  A  CONCERN  OF 
FISHERIES  MANAGERS:  A  CASE  HISTORY 
AND  PERSPECTIVE. 

Duke  Power  Co.,  Huntersville,  NC.  Production 

Environmental  Services. 

L.  L.  Olmsted,  D.  J.  Degan,  and  J.  S.  Carter. 

IN:  Reservoir  Fisheries  Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda, 

MD.  1986.  p  261-269.  3  fig,  4  tab,  22  ref. 

Descriptors:  'Reservoir  fisheries,  'Powerplants, 
•Water  pollution  effects,  'Fish  populations, 
'North  Carolina,  Fish  management,  Selenium, 
Reservoirs,  Water  pollution,  Belews  Lake,  Fish, 
Chemical  properties,  Ash. 

Belews  Lake  is  a  1564-hectare  impoundment  for 
the  fossil-fueled  Belews  Creek  Steam  Station  in 
North  Carolina.  Ash  from  the  plant  is  sluiced  to  an 
ash  basin,  the  overflow  of  which  began  discharg- 
ing into  the  lake  in  1975.  Water  chemistry  of  the 
lake  is  substantially  influenced  by  its  long  retention 
time  (about  1500  days),  its  circulation  pattern,  and 
the  ash  basin  discharge.  The  fish  community  in 
Belews  Lake  has  reflected  changes  in  water  quality 
from  1976  to  the  present.  Annual  rotenone  samples 
prior  to  power  plant  operation  (1972-1975)  re- 
vealed a  diverse  community,  dominated  by  cen- 
trarchids,  with  an  average  total  standing  stock  of 
98  kg/hectare.  Samples  after  initiation  of  ash  basin 
discharges  (1976-1981)  showed  a  progressively 
less-diverse  fish  community  dominated  by  non- 
game  fish,  with  an  average  standing  stock  of  only 
17  kg/hectare.  These  trends  were  accompanied  by 
reduced  reproduction  of  most  species  and  a  high 
incidence  of  blindness  in  some.  Selenium  in  the  ash 
basin  effluent  has  been  implicated  as  the  primary 
cause  of  alterations  of  the  fish  community.  (See 
also  W90-05514)  (Author's  abstract) 
W90-05527 


PRELIMINARY  RESULTS  OF  AN  EXPERI- 
MENT TO  ASSESS  THE  EFFECT  OF  SUB- 
STRATE TYPE  ON  TREATMENT  OF  ACID 
DRAINAGE  USING  CONSTRUCTED  WET- 
LANDS. 

Tennessee  Valley  Authority,  Knoxville.  Div.  of 
Air  and  Water  Resources. 
D.  A.  Tomljanovich,  G.  A.  Brodie,  D.  A. 
Hammer,  and  T.  A.  McDonough. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE88-016102. 


Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  TVA/ONRED/WRF-8/2,  February 
1988.  140p,  2  tab,  8  append. 

Descriptors:  'Acid  mine  drainage,  'Wastewater 
treatment,  'Artificial  wetlands,  'Substrates,  'Coal 
mining  effects,  Iron,  Manganese,  Suspended  solids, 
Hydrogen  ion  concentration,  Cattails,  Bulrushes, 
Vegetation. 

Constructed  wetlands  are  a  viable  alternative  to 
more  costly  chemical  treatment  of  acid  drainage 
and  are  rapidly  gaining  acceptance,  or  at  least 
interest  of  the  mining  industry,  utilities,  and  regula- 
tors. In  response  to  the  need  for  basic  information 
applicable  to  designing  treatment  wetlands,  the 
Tennessee  Valley  Authority  (TV A)  in  1986  con- 
structed an  experimental  wetlands  facility  in  Jack- 
son County,  AL.  The  Acid  Drainage  Wetlands 
Research  Facility  consists  of  twenty  9.1  sq  m  wet- 
land cells  made  of  half-round  fiberglass  pipe.  A 
nearby  acidic  seep  was  impounded  and  routed 
through  the  cells  at  controlled  rates.  Water  sam- 
ples taken  biweekly  of  the  influent  and  wetland 
cell  discharges  were  compared  to  assess  treatment 
(reduction  in  dissolved  Fe,  Mn,  and  total  suspend- 
ed solids  and  elevation  of  pH)  among  five  substrate 
types.  Secondary  comparisons  included  growth  of 
cattails  among  substrate  types  and  treatment  effects 
between  bulrush  and  cattail  wetlands  in  the  same 
substrate  type.  Significant  treatment  of  dissolved 
Fe  and  total  suspended  solids  occurred  for  all 
substrate  types,  and  a  significant  rise  in  pH  of 
about  half  a  standard  unit  occurred  for  all  substrate 
types.  Significant  Mn  treatment  occurred  in  four  of 
the  six  wetland  types.  However,  reduction  in  con- 
centration was  <  1  mg/L  in  all  types.  Significant 
differences  among  substrate  types,  by  season  were 
rare  and  inconsistent.  Treatment  of  all  parameters 
improved  with  time.  With  one  exception,  growth 
and  numbers  of  vegetatively  produced  cattail 
stems  were  not  significantly  different  among  sub- 
strate types.  Comparisons  of  treatment  between 
cattail  and  bulrush  wetlands  were  not  significant. 
Preliminary  results  from  the  first  year  of  continu- 
ous testing  suggested  substrate  type  is  relatively 
unimportant  in  treatment  of  acid  drainage.  (Au- 
thor's abstract) 
W90-05559 


APPLICABILITY  OF  AMBIENT  TOXICITY 
TESTING  TO  NATIONAL  OR  REGIONAL 
WATER-QUALITY  ASSESSMENT. 

Geological  Survey,  Madison,  WI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05594 

5D.  Waste  Treatment  Processes 


ENGINEERS  AND  OPERATORS  NETWORK. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04577 


EXPANDING  A  TEXAS  PLANT'S  PERFORM- 
ANCE. 

J.  Taylor. 

Water  Engineering  and  Management  WENMD2, 

Vol.  136,  No.  6,  p  41-42,  June  1989. 

Descriptors:  'Wastewater  treatment,  'Wastewater 
facilities,  'Texas,  Stage  treatment,  Aeration, 
Chlorination,  Solids  contact  processes,  Secondary 
wastewater,  Contact  beds. 

The  original  Quail  Valley  wastewater  treatment 
facility  in  Texas,  which  is  publicly  owned,  includ- 
ed a  digester,  a  two-stage  aeration  tank,  a  circular 
clarifier,  a  chlorine-contact  chamber  and  a  belt 
filter  press  for  sludge  dewatering.  The  4  million- 
dollar  expansion  program  was  undertaken  both  to 
increase  capacity  and  to  bring  the  plant  up  to  the 
standards  required  for  an  advanced  secondary 
wastewater  treatment  facility.  The  expansion  in- 
cluded the  addition  of  three  circular  clarifiers, 
three  two-stage  aeration  tanks  and  a  larger  chlo- 
rine-contact tank.  A  sludge-drying  incinerator  and 
an  expanded  control  center  were  added,  and  the 
old  chlorine-contact  chamber  was  converted  to  a 
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flow-measuring  box.  Installation  of  a  floating- 
siphon  scum  and  sludge-collection  system  upgrad- 
ed the  performance  of  a  new,  larger  chlorine- 
contact  chamber.  A  floating  bridge  travels  back 
and  forth  the  full  85-ft  length  of  the  contact  cham- 
ber. Since  completing  its  expansion  program,  the 
Quail  Valley  plant  has  consistently  surpassed 
Texas'  most  stringent  municipal-wastewater  dis- 
charge limits.  Although  the  permit  allows  a  dis- 
charge of  up  to  15  part  per  million  of  total  sus- 
pended solids  and  10  ppm  of  biochemical  oxygen 
demand,  the  average  is  closer  to  3.5  ppm  of  total 
suspended  solids  and  2.5  ppm  of  biochemical 
oxygen  demand.  (Friedmann-PTT) 
W90-04578 


GASTROINTESTINAL   EFFECTS   OF   WATER 
REUSE  FOR  PUBLIC  PARK  IRRIGATION. 

Houston  Univ.  at  Clear  Lake  City,  TX.  Bureau  of 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04636 


FLOC  FORMATION  OF  ACTIVATED  SLUDGE 
BACTERIA. 

Tampere  Univ.  of  Technology  (Finland).  Inst,  of 

Water  and  Environmental  Engineering. 

A.  Kurki,  J.  Hantula,  D.  Bamford,  and  P. 

Vuoriranta. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1637-1638,  1989.  3  fig,  1  tab. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  'Bacteria,  'Flocculation,  Biologi- 
cal wastewater  treatment,  Sewage  bacteria,  Popu- 
lation dynamics,  Species  diversity,  Microbiological 
studies. 

Flocculation  of  bacteria  was  studied  in  a  pilot-scale 
activated  sludge  plant  fed  with  synthetic 
wastewater.  Bacterial  populations  were  studied  by 
isolating  and  characterizing  bacteria  from  floe  and 
dispersed  phases.  After  separation  of  colonies  ac- 
cording to  morphology,  it  was  found  that  30  to 
80%  of  colonies  were  morphologically  similar. 
When  different  colonies  were  compared  to  each 
other  by  sodium  dodecyl  sulfate  gel-electrophore- 
sis  analysis,  some  of  the  morphotypes  had  identical 
protein  patterns,  suggesting  that  they  were  the 
same  species.  Of  the  two  comparison  methods,  gel- 
electrophoresis  produced  better  estimates  for  di- 
versity. The  proportion  of  flocculating  species  in 
pure  cultures  isolated  from  floe  and  dispersed 
phases  was  similar:  30  to  60%  of  all  species  in  both 
phases  were  at  least  weakly  flocculating.  Non- 
flocculating  variants  were  separated  from  readily 
flocculating  species.  After  isolation  of  the  phages 
against  one  of  the  flocculating  variants,  the  effi- 
ciency of  plating  on  the  corresponding  non-floccu- 
lating variant  was  1%  of  that  of  the  flocculating 
variant.  In  coflocculation  tests  between  flocculat- 
ing and  non-flocculating  bacteria,  flocculating  inhi- 
bition was  found.  This  was  also  true  between  two 
different  flocculating  species,  but  at  a  lower  level. 
(Cassar-PTT) 
W90-O4733 


INFLUENCE  OF  CONTACT  LOADING  ON 
POLYSACCHARIDE  STORAGE  AND  SETTLE- 
ABILITY  OF  ACTIVATED  SLUDGE. 

Kanazawa  Univ.  (Japan).  Dept.  of  Civil  Engineer- 
ing. 

R.  Yamamoto,  and  S.  Matsui. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1639-1642,  1989.  5  fig,  1  tab,  6  ref. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  'Settling  velocity,  Contact  loading, 
Polysaccharides,  Biological  wastewater  treatment, 
Bulking  sludge,  Bacteria,  Organic  loading,  Aer- 
ation, Microbiological  studies. 

Activated  sludges  were  cultivated  under  several 
contact  loadings,  using  a  substrate  of  glucose  and 
peptone.  Contact  loading  means  the  instantaneous 
contact  ratio  of  substrate  to  sludge.  Microorga- 
nisms with  a  large  polysaccharide  storage  capacity 
(Ml)  were  dominant  when  the  contact  loading  was 
high,  while  microorganisms  with  small  polysaccha- 
ride storage  capacity  (M2)  could  coexist  with  the 


Ml  when  the  contact  loading  was  low.  When 
aeration  time  was  not  sufficient  to  restore  the 
storage  capacity,  the  M2  group  could  coexist  with 
Ml  although  contact  loading  was  high.  Filamen- 
tous bacteria  were  believed  to  belong  to  the  M2 
group.  (Cassar-PTT) 
W90-04734 


FIXED  BIOMASS  CARRIERS  IN  ACTIVATED 
SLUDGE  PLANTS. 

Centre  de  Recherche  de  Maisons-Laffitte  (France). 

F.  Rogalla,  G.  Bacquet,  M.  Bonhomme,  and  M. 

Boisseau. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1643-1646,  1989.  4  fig,  1  tab,  12  ref. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  'Settling  velocity,  'Biomass  carri- 
ers, Sludge  volume  index,  Biological  wastewater 
treatment,  Aeration. 

The  addition  of  fixed  biomass  carriers  to  existing 
activated  sludge  basins  was  a  feasible  remedy  for 
overloaded  conditions.  Studies  were  conducted  in 
a  40,000-cu  m/day  plant  serving  250,000  inhabit- 
ants in  Le  Mans,  France.  The  BIOFIX  system 
consisted  of  modular  corrugated  cross-flow  type 
plastic  media  with  a  surface  area  of  100  sq  m/cu  m, 
allowing  good  penetration  of  the  spiral  flow.  The 
media  was  attached  to  a  support  structure  below 
the  aeration  grids,  filling  about  20%  of  the  tank 
volume  for  the  first  test  and  about  40%  for  the 
second  test.  Three  months  of  measurements  were 
obtained  on  each  system  after  a  one-month  seeding 
period.  The  beneficial  effect  of  the  fixed  biomass 
was  more  evident  at  high  loadings.  With  20% 
packing  the  plant  effluent  was  upgraded  from  30 
mg/1  BOD  to  20  mg/1  BOD  at  the  same  load.  For 
40%  packing  the  effluent  quality  became  independ- 
ent of  the  load  and  stabilized  at  about  20  mg/1. 
COD  results  reflected  BOD  results.  The  COD 
mass  per  day  and  reactor  volume  to  reach  the  same 
effluent  quality  was  extended  by  1.5  kg  COD/cu 
m/day  with  20%  packing.  The  same  value  was 
obtained  by  adding  40%  media,  but  at  a  lower 
level.  The  percentage  gain  in  acceptable  load 
varied  between  30%  improvement  at  20%  packing 
to  50%  improvement  at  40%  packing.  The  in- 
crease in  efficiency  due  to  adding  biomass  was 
highly  dependent  on  initial  treatment  quality  and 
was  proportional  to  overloading  conditions. 
(Cassar-PTT) 
W90-04735 


APPLICATION  OF  MICROSCOPIC  EXAMINA- 
TION OF  ACTIVATED  SLUDGE  TO  OPER- 
ATIONAL CONTROL. 

Southern   Water  Authority,   Chatham  (England). 

Kent  Div. 

S.  R.  Wilson,  and  J.  R.  Wharfe. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1647-1650,  1989.  5  fig,  1  tab,  1  ref. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  'Bacteria,  Biological  wastewater 
treatment,  Bulking  sludge,  Flocculation,  Microbio- 
logical studies,  Sewage  bacteria,  Microthrix, 
Thiothrix. 

Microscopic  examination  of  floe  structure,  fauna, 
and  filamentous  bacteria  in  activated  sludge 
showed  that  these  parameters  could  serve  as  indi- 
cators for  operational  control.  For  example,  break- 
down of  floe  structure,  as  seen  by  excessive  disper- 
sal of  bacteria,  indicates  poor  treatment  with  a 
resultant  turbid  effluent-probable  causes,  toxicity 
and/or  excessive  agitation.  Diagnostic  features, 
problems  encountered,  results,  and  causes  are  tabu- 
lated for  very  large  compact  floes,  presence  of 
flagellates,  diversity  of  ciliates  and  rotifers,  and 
type  of  filamentous  bacteria  observed.  A  great 
diversity  of  fauna  indicates  a  sludge  more  adapta- 
ble to  environmental  changes  as  well  as  good 
conditions  for  nitrification.  Problems  are  seen  with 
excessive  growth  of  Microthrix  parvicella  (bulking 
sludge  and  foaming)  and  monoculture  of  Thiothrix 
sp.  (poor  treatment).  (Cassar-PTT) 
W90-04736 


SEQUENCING   BATCH   REACTOR   ACTIVAT- 
ED SLUDGE  PROCESSES  FOR  THE  TREAT- 


MENT OF  MUNICIPAL  LANDFILL  LEACH- 
ATE.  REMOVAL  OF  NITROGEN  AND  RE- 
FRACTORY ORGANIC  COMPOUNDS. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

M.  Hosomi,  K.  Matsusige,  Y.  Inamorai,  R.  Sudo, 

and  K.  Yamada. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1651-1654,  1989.  3  fig,  2  tab,  13  ref. 

Descriptors:  'Water  pollution  treatment,  'Water 
pollution  prevention,  'Leachate  treatment, 
•Wastewater  treatment,  'Waste  disposal,  'Activat- 
ed sludge  process,  'Leachates,  'Landfills,  'Nitrifi- 
cation, Organic  compounds,  Biological  wastewater 
treatment,  Organic  carbon,  Laboratory  methods, 
Nitrogen  removal,  Sequencing  batch  reactor, 
Ozonation,  Oxidation. 

Laboratory-scale  experiments  were  conducted  on 
removal  of  nitrogen  and  refractory  organic  com- 
pounds in  municipal  landfill  leachates  using  the 
sequencing  batch  reactor  activated  sludge  process 
with  biological  nitrification-denitrification.  Nitro- 
gen concentrations  in  the  leachates  ranged  from 
100  to  330  mg/1.  Nitrogen  removal  experiments 
involved  a  variety  of  mixing,  aeration,  and  metha- 
nol addition  conditions.  It  was  necessary  to  add 
methanol  as  a  hydrogen  donor  in  ratios  of  at  least 
2.5  methanol  to  ammonium-nitrogen.  Greater  than 
90%  nitrogen  removal  was  obtained  with  ammoni- 
um-N  loading  less  than  0.05  kg/cu  m/day  and 
anoxic  and  aerobic  periods  longer  than  4  hours 
each.  The  COD  levels  in  the  leachate  were  in  the 
100  to  150  mg/1  range.  COD  and  total  organic 
carbon  removals  were  50.8%  and  43.9%,  respec- 
tively, with  preliminary  ozonation,  compared  to 
37.6%  and  27.5%,  respectively,  without  ozonation. 
(Cassar-PTT) 
W90-04737 


BIOPHYSICAL  TREATMENT  FACILITY  FOR 
HAZARDOUS  WASTE  LANDFILL  LEA- 
CHATES. 

BKK  Corp.,  West  Covina,  CA.  Landfill  Div. 
A.  Lebel,  R.  Meeden,  and  B.  A.  Stirrat. 
Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1655-1656,  1989.  1  tab,  2  ref. 

Descriptors:  'Water  pollution  treatment,  'Water 
pollution  prevention,  'Leachate  treatment, 
'Wastewater  treatment,  'Waste  disposal,  'Activat- 
ed sludge  process,  'Leachates,  'Landfills,  Organic 
compounds,  Groundwater  pollution,  Activated 
carbon. 

Leachate  from  a  sanitary  landfill  accepting  both 
municipal  and  hazardous  wastes  was  treated  in  the 
BKK  Leachate  Treatment  Plant  in  West  Covina, 
CA.  The  plant,  using  a  suspended-growth  biologi- 
cal system  with  addition  of  powdered  activated 
carbon,  was  designed  as  a  modular  system  with  an 
initial  capacity  of  50,000  gpd,  expandable  to 
100,000  gpd.  It  operated  as  an  extended  aeration 
system,  with  hydraulic  retention  time  of  3  days  and 
a  mixed-liquor  activated  carbon  level  of  5000  mg/1. 
COD/BOD  removals  were  over  95%  for  an  influ- 
ent of  1900  mg/1  COD  and  850  mg/1  BOD.  The 
effluent  was  odorless  and  colorless,  with  a  sus- 
pended solids  level  of  <100  mg/1  and  a  quality 
suitable  for  irrigation  and  dust  control.  (Cassar- 
PTT) 
W90-04738 


COMPUTER  MODELLING  OF  ALGAL  WASTE 
TREATMENT  SYSTEMS. 

West    of    Scotland    Agricultural    Coll.,    Auchin- 

cruive.  Dept.  of  Microbiology. 

N.  J.  Martin,  and  H.  J.  Fallowfield. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1657-1660,  1989.  3  fig,  1  ref. 

Descriptors:  'Model  studies.  'Wastewater  treat- 
ment, 'Ponds,  'Algae,  'Computer  models,  'Bio- 
logical wastewater  treatment,  Photosynthesis,  Pro- 
ductivity, High  Rate  Algal  Pond,  Australia,  Sea- 
sonal variation. 

The  Grobbelaar,  Soeder  and  Stengel  computer 
model  for  algal  productivity  and  oxygen  produc- 
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tion  in  large  scale  outdoor  cultures  was  modified 
to  calculate  and  store  daily  production  rates  in 
each  1-cm  layer  from  1  to  40  cm  depth.  Results  are 
calculated  for  9  different  biomass  concentrations 
(25,  50,  100,  150,  200,  250,  300,  350,  and  400  mg  C/ 
1)  and  for  each  month  of  the  year.  This  program 
can  be  used  to  calculate  the  parameters  for  High 
Rate  Algal  Pond  design.  Three  options  are  avail- 
able: calculation  of  the  pond  configuration  for 
optimum  treatment,  biomass  production,  and  cal- 
culation of  a  fixed  area  configuration.  The  user  is 
requested  to  input  the  BOD  and  the  daily  flow  rate 
for  the  wastewater,  the  flow  velocity  in  the  mixed 
pond,  and  the  month  for  which  data  is  required. 
An  example  is  presented  using  a  hypothetical  pond 
in  Melbourne,  Australia,  treating  800  cu  m/day  of 
350  mg  BOD/1  wastewater.  Pond  area  is  inversely 
related  to  the  oxygen  production  rate/sq  m.  There 
is  a  five-fold  difference  between  the  most  favorable 
and  least  favorable  months.  At  this  location  the 
minimum  oxygen  production  rate  (and  maximum 
pond  area)  are  in  midwinter  due  to  reduced  insola- 
tion and  in  midsummer  due  to  severe  photoinhibi- 
tion.  (Cassar-PTT) 
W90-04739 


LEAD  REMOVAL  FROM  CONTAMINATED 
WATER  BY  A  MIXED  MICROBIAL  ECOSYS- 
TEM. 

Morehouse  Coll.,  Atlanta,  GA.  Dept.  of  Biology. 
J.  A.  Bender,  E.  R.  Archibold,  V.  Ibeanusi,  and  J. 
P.  Gould. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1661-1664,  1989.  3  fig,  2  ref.  Bureau 
of  Mines  Grant  GO  145031,  Department  of  Energy 
Contract  C86- 11-0866,  National  Institutes  of 
Health  Grant  RR-8006. 

Descriptors:  'Wastewater  treatment,  *Lead, 
•Heavy  metals,  'Biological  wastewater  treatment, 
'Algae,  Cyanophyta,  Biomass,  Ecosystems, 
Metals,  Laboratory  methods. 

Ecosystems  were  prepared  by  adding  anaerobical- 
ly  digested  grass  clippings  and  lead-adapted  blue- 
green  algae  to  sandy-loam  soil  in  3  liters  of  water 
contained  in  clear  plastic  tanks.  Lead  nitrate  was 
added  at  a  level  of  300  mg  tank  nine  times  over  the 
30-day  test.  Daily  lead  analyses  showed  that  lead 
was  transported  from  the  water  column  to  the 
surface  mat  at  about  the  fourth  day,  when  the  algal 
phase  began.  However,  bacteria  were  also  active  in 
the  transport  process;  lead  accumulated  in  the  soil 
when  bacteria  were  not  added  to  the  ecosystems. 
Of  the  300  mg  lead  added  to  a  tank,  about  235  mg 
was  found  in  the  floating  mat  after  9  days,  the 
remainder  in  the  soil  and  water  column.  It  was 
postulated  that  sulfide  produced  in  the  anaerobic 
mat  allowed  precipitation  of  lead  sulfide.  Under 
optimum  conditions  this  ecosystem  sequestered 
lead  at  a  rate  of  23  +/-6  mg/l/d  and  concentrated 
the  metal  in  the  biomass  at  levels  of  0. 1 5  mg  lead/ 
mg  biomass.  This  was  greater  than  the  uptake 
capacity  of  the  algal  component  cultured  alone 
under  ideal  conditions.  (Cassar-PTT) 
W90-04740 


SEWAGE  TREATMENT  IN  CONSTRUCTED 
REED  BEDS-DANISH  EXPERIENCES. 

Aarhus  Univ.  (Denmark).  Botanical  Inst. 

H.  Brix,  and  H.  H.  Schierup. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1665-1668,  1989.  1  fig,  1  tab,  7  ref. 

Descriptors:  'Artificial  wetlands,  'Wastewater 
treatment,  'Land  disposal,  'Wetlands,  'Macro- 
phytes,  'Vegetation,  'Nutrient  removal,  Reeds, 
Nitrogen,  Phosphorus,  Denmark,  Nitrification, 
Roots,  Rhizosphere,  Biological  wastewater  treat- 
ment, Wastewater  disposal,  Municipal  wastewater, 
Biological  oxygen  demand. 

Twenty-five  reed  beds  constructed  in  Denmark  for 
wastewater  disposal  were  evaluated.  The  majority 
of  the  reed  treatment  beds  were  constructed  to 
treat  only  mechanically  pretreated  domestic 
sewage.  Removal  efficiency  with  respect  to  BOD 
was  typically  70  to  90%  after  one  growing  season, 
producing  an  effluent  concentration  of  less  than  20 
mg/1.  Total  nitrogen  and  total  phosphorus  were 
reduced  by  25  to  50%  and  20  to  40%,  respectively. 


The  poor  performance  of  nutrient  removal  was 
attributed  to  low  soil  permeability  and  insufficient 
release  of  oxygen  from  the  root  systems  for  ade- 
quate nitrification.  Only  reed  beds  with  loading 
rates  of  <2  cm/d  produced  nitrogen  and  phospho- 
rus removal  of  >50%.  Soil  permeability  did  not 
improve  significantly  even  after  4  growing  seasons. 
Overland  flow  predominated.  (Cassar-PTT) 
W90-04741 


CROP  PRODUCTION  AND  SEWAGE  TREAT- 
MENT USING  GRAVEL  BED  HYDROPONIC 
IRRIGATION. 

Portsmouth  Polytechnic  (England).  Dept.  of  Civil 

Engineering. 

J.  E.  Butler,  R.  F.  Loveridge,  and  D.  A.  Bone. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1669-1672,  1989.  6  tab,  6  ref. 

Descriptors:  'Secondary  wastewater  treatment, 
'Wastewater  treatment,  'Impaired  water  use,  'Ir- 
rigation, 'Hydroponics,  'Macrophytes,  'Vegeta- 
tion, Cultures,  Biological  wastewater  treatment, 
Crop  production,  Gravel,  Reeds,  Beets,  Nutrient 
removal,  Nitrogen,  Phosphorus  removal,  Wet- 
lands, Suspended  solids,  Biological  oxygen 
demand. 

A  field-scale  two-stage  sewage  treatment/crop 
production  system  was  constructed  using  a  series 
of  gently  sloping  channels,  each  lined  with  an 
impermeable  membrane  and  filled  with  gravel  ag- 
gregate. The  primary  stage  was  planted  with  a 
selection  of  reeds  and  grasses  and  fed  with  settled 
sewage.  The  secondary  stage  was  planted  with  a 
commercial  crop  of  sugar  beets,  which  received 
effluent  from  the  reed  system.  BOD  removal  (125 
mg/1  in  the  influent)  was  34%  in  the  Phragmite 
planting,  25%  in  the  thin  Spartina  stand,  32%  in 
the  dense  Spartina  stand,  and  43%  in  the  Carex 
planting.  Suspended  solids  removal  (97  mg/1  in  the 
effluent)  was  34%  in  the  Phragmite  planting,  53% 
in  the  thin  Spartina  stand,  41%  in  the  dense  Spar- 
tina stand,  and  51%  in  the  Carex  planting.  The 
sugar  beet  secondary  system  consisted  of  inclined 
gravel  beds  fed  with  effluent  from  the  reed  system. 
Removals  of  substances  from  this  secondary 
system  were  as  follows:  BOD,  68%  (to  27  mg/1); 
suspended  solids,  average  41%  (to  30  mg/1);  am- 
monia, 29%  (to  5.0  mg/1);  phosphate,  6%  (to  11.3 
mg/1).  The  sugar  beets  obtained  from  the  reed-fed 
system  had  a  mean  root  weight  of  380  g  compared 
with  846  g  in  the  conventionally  fed  crop.  These 
disappointing  results  were  attributed  to  an  under- 
designed  primary  stage  which  delivered  a  too- 
strong  feed.  (Cassar-PTT) 
W90-04742 


EFFECT  OF  C/N/P  RATIO  ON  THE  PER- 
FORMANCE OF  A  DOWNFLOW  STATION- 
ARY FIXED  FILM  REACTOR  (DSFR)  WORK- 
ING AT  LOW  ORGANIC  LOADING  RATES. 

Santiago  Univ.  (Spain).  Dept.  of  Chemical  Engi- 
neering. 

R.  Mendez,  L.  M.  Pan,  and  J.  M.  Lema. 
Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1673-1676,  1989.  4  fig,  4  tab,  3  ref. 

Descriptors:  'Wastewater  treatment,  'Anaerobic 
digestion,  'Nutrients,  Downflow  stationary  fixed 
film  reactors,  Biological  wastewater  treatment,  Or- 
ganic loading,   Digestion,  Nitrogen,  Phosphorus. 

The  performance  of  downflow  stationary  fixed 
film  reactors  was  studied  at  three  ratios  of  C/N/P: 
250/1.5/1  (balanced),  250/7.5/1  (low-nitrogen); 
and  250/7.5/0.2  (low-phosphate).  Significant  dif- 
ferences in  performance  were  observed.  The  bacte- 
rial concentration  in  the  liquid  of  the  balanced 
substrate  digester  was  less  than  in  the  other  digest- 
ers and  consisted  mainly  of  isolated  cocci.  The 
liquid  of  the  low-nitrogen  digester  contained  ag- 
gregated cocci.  The  liquid  of  the  low-phosphate 
digester  contained  mainly  filamentous  bacteria. 
The  balanced  digester  more  rapidly  removed  1  g/1 
pulses  of  acetic  acid,  propionic  acid,  butyric  acid, 
and  lactose  than  the  low-nitrogen  digester.  (Cassar- 
PTT) 
W90-04743 


PERFORMANCES  OF  CHARCOAL  CHIP  AND 
SAND  PACKED  ANAEROBIC  REACTORS. 

National  Univ.  of  Singapore.  Dept.  of  Civil  Engi- 
neering. 
K.  K.  Chin. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1677-1680,  1989.  3  fig,  2  tab,  3  ref. 

Descriptors:  'Food-processing  wastes, 

'Wastewater  treatment,  'Anaerobic  digestion,  'In- 
dustrial wastes,  Digestion,  Biological  wastewater 
treatment,  Sand,  Charcoal,  Fixed  film  reactors,  Oil 
wastes,  Organic  loading,  Shock  loads,  Sulfate. 

Performances  of  anaerobic  fixed  film  reactors  were 
studied  using  200-1  field  units  packed  with  20  mm 
equivalent  diameter  charcoal  chips  and  7-1  labora- 
tory units  packed  with  charcoal  chips  and  0.35  mm 
sand  particles.  Wastewaters  from  edible  oil  refiner- 
ies were  used  as  feed.  Treatment  efficiency  was 
>80%  at  organic  loading  rates  of  7  kg  COD/cu 
m/d  and  60%  at  12  kg  COD/cu  m/d.  The  systems 
were  able  to  withstand  a  shock  loading  of  >  22  kg 
COD/cu  m/d.  Efficiency  dropped  when 
wastewater  contained  a  high  concentration  of  sul- 
fate and  sodium.  The  gas  production  rate  was 
generally  greater  than  0.26  cu  m/kg  COD  re- 
moved, of  which  80%  by  volume  was  methane. 
(Author's  abstract) 
W90-04744 


ANAEROBIC  FLUIDIZED-BED  TREATMENT 
OF  BREWERY  WASTES  AND  BIOENERGY 
RECOVERY. 

Technical  Univ.   of  Istanbul  (Turkey).   Dept.   of 

Environmental  Engineering. 

I.  Ozturk,  G.  K.  Anderson,  and  C.  B.  Saw. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1681-1684,  1989.  6  fig,  1  tab,  3  ref. 

Descriptors:  'Wastewater  treatment,  'Pilot  plants, 
'Anaerobic  digestion,  'Industrial  waste,  Biological 
wastewater  treatment,  Fluidized  beds,  Fermenta- 
tion, Brewery  waste,  Methane,  Biogas. 

Brewery  wastes  were  treated  in  a  pilot-scale  anaer- 
obic fluidized  bed  reactor.  A  COD  removal  effi- 
ciency of  >75%  was  obtained  at  an  organic  load- 
ing rate  of  9.5  kg  COD/cu  m/d  for  a  period  of  82 
days  from  startup.  COD  removal  efficiency  was 
>74%  at  an  organic  loading  rate  of  14.6  kg  COD/ 
cu  m  expanded  bed/day.  A  COD  to  methane  con- 
version of  87%  was  achieved.  Experimental  results 
suggested  that  the  COD  removal  efficiency  of  this 
type  of  reactor  was  only  a  function  of  COD  load- 
ing, and  neither  the  feed  COD  nor  hydraulic  reten- 
tion time  significantly  affected  the  reactor  per- 
formance. A  linear  relationship  was  found  between 
the  specific  substrate  utilization  rate  and  the  specif- 
ic methane  production  rate.  The  distribution  of  the 
biomass  along  the  height  of  the  reactor  was  not 
uniform,  and  the  biomass  holdup  near  the  top  of 
the  reactor  sometimes  reached  concentrations  of 
>  20,000  mg/1.  (Author's  abstract) 
W90-04745 


DECOMPOSITION  OF  PENTACHLORO- 
PHENOL  BY  ANAEROBIC  DIGESTION. 

National    Research   Council    of  Canada,    Ottawa 

(Ontario).  Div.  of  Biological  Sciences. 

A.  Kudo. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1685-1688,  1989.  2  fig,  9  ref. 

Descriptors:  'Wastewater  treatment,  'Anaerobic 
digestion,  'Pentachlorophenol,  'Industrial  wastes, 
'Phenols,  Chemical  wastes,  Pulp  and  paper  indus- 
try,  Biological  wastewater  treatment,   Digestion. 

Pentachlorophenol  (PCP)  (0.5  to  10  ppm)  mixed 
with  radioactively  labeled  PCP  was  digested  for  50 
days  in  laboratory-scale  reactors  as  follows:  (1) 
control,  (2)  pure  acidogenic  sludge  with  artificial 
wastewater,  (3)  mixed  anaerobic  sludge  with  artifi- 
cial wastewater,  (4)  acclimatized  anaerobic  sludge 
with  pulp  and  paper  waste  and  artificial 
wastewater,  and  (5)  acclimatized  sludge  with  artifi- 
cial wastewater  only.  The  PCP  decomposition  rate 
increased  with  time  in  most  reactors.  The  highest 
decomposition  rate  was  obtained  in  reactors  (4) 
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and  (5).  The  lowest  decomposition  rate  was  seen  in 
reactor  (2).  There  was  a  50-fold  difference  in  de- 
composition rate  among  the  experimental  condi- 
tions at  days  25  to  30.  (Cassar-PTT) 
W90-04746 


DYNAMICS  OF  PROTONS  IN  ACTIVATED 
CARBON.  HYDROGEN-1  NMR  STUDIES. 

Ecole  Nationale  Superieure  de  Chimie  de  Rennes 

(France).  Lab.  de  Chimie  des  Nuisances  et  Genie 

de  1'Environnement. 

P.  Le  Cloirec,  G.  Martin,  and  J.  Gallier. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1693-1696,  1989.  4  fig,  2  tab,  11  ref. 

Descriptors:  *  Regeneration,  'Wastewater  treat- 
ment, 'Activated  carbon,  Nuclear  magnetic  reso- 
nance, Phenols,  Adsorption. 

Protons  in  the  inner  structure  of  activated  carbon 
were  studied  using  solid  state  nuclear  magnetic 
resonance.  Both  pure  carbon  and  carbon  saturated 
with  phenol  were  included  in  the  experiments.  For 
fresh  carbon,  mobile  water  covered  all  the  porous 
surfaces  and  exchanged  quickly  with  a  small 
amount  of  bound  water.  For  phenol-saturated 
carbon,  a  majority  of  the  water  molecules  moved 
out  of  the  pores  during  adsorption.  Three  possibili- 
ties for  mechanisms  of  interaction  between  phenol 
and  activated  carbon  were  proposed:  (1)  phenol 
attached  directly  to  the  carbon  surface  with  the 
phenol  ring  parallel  to  the  carbon  surface,  (2)  a 
water  molecule  between  the  phenol  and  carbon, 
with  the  phenol  ring  perpendicular  to  the  carbon 
surface,  (3)  phenol  attached  directly  to  the  carbon 
surface  with  the  ring  parallel  to  the  carbon  surface, 
but  a  water  molecule  also  connected  to  both 
phenol  and  carbon  surface.  (Cassar-PTT) 
W90-04748 


EVALUATION  OF  CHEMICAL  AND  THER- 
MAL REGENERATION  OF  ACTIVATED 
CARBON. 

National  Taiwan  Univ.,  Taipei.  Inst,  of  Environ- 
mental Engieering. 
P.  C.  Chiang,  and  J.  S.  Wu. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1697-1700,  1989.  2  fig,  2  tab,  5  ref. 

Descriptors:  'Wastewater  treatment,  'Activated 
carbon,  Adsorption,  Phenols,  Chemical  wastes,  In- 
dustrial wastes,  Organic  compounds,  Aromatic 
compounds,  Aminophenol,  Chlorophenol,  Naph- 
thol,  Dyes,  Chlorobenzene,  Naphthalene,  Naph- 
thylamine,  Chloronaphthalene. 

The  effects  of  nine  typical  aromatic  compounds  on 
the  desorption  efficiency  of  activated  carbon  were 
compared  using  chemical  regeneration  (methanol, 
ethanol,  or  sodium  hypochlorite)  and  thermal  re- 
generation. Chemical  regeneration  efficiencies  for 
activated  carbon  exhausted  with  the  organic  con- 
taminants, using  ethanol  as  the  optimum  solvent, 
were  as  follows:  phenol,  81.11%;  2-aminophenol, 
55.20%;  aniline,  96.8%;  2-chlorophenol,  52.14%; 
chlorobenzene,  51.20%;  beta-naphthol,  27.81%; 
naphthalene,  15.15%;  alpha-naphthylamine, 
42.11%;  and  alpha-chloronaphthalene,  52.75%. 
For  phenolic  and  benzyl  compounds,  the  chemical 
regeneration  efficiency  decreased  with  an  increase 
in  the  molecular  weight  of  the  adsorbate.  Howev- 
er, for  naphthyl  compounds  the  regeneration  effi- 
ciency increased  with  an  increase  in  the  molecular 
weight  of  the  adsorbate.  In  thermal  regeneration 
the  efficiency  was  independent  of  the  adsorbate 
characteristics,  but  was  highly  related  to  the 
weight  loss  coefficient  of  the  activated  carbon 
during  the  thermal  oxidation  process.  In  this  study 
regeneration  efficiencies  of  75  to  86%  were  ob- 
tained. Annual  costs  for  chemical  regeneration 
were  computed  at  about  half  the  costs  for  thermal 
regeneration.  (Cassar-PTT) 
W90-04749 


USE  OF  COCONUT  SHELL-BASED  ACTIVAT- 
ED CARBON  FOR  CHROMIUM  (VD  REMOV- 
AL. 

International  Inst,  for  Hydraulic  and  Environmen- 
tal Engineering,  Delft  (Netherlands). 
G.  J.  Alaerts,  V.  Jitjaturunt,  and  P.  Kelderman. 


Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1701-1704,  1989.  2  fig,  1  tab,  5  ref. 

Descriptors:  'Wastewater  treatment,  'Activated 
carbon,  'Heavy  metals,  'Industrial  wastewater, 
•Metal-finishing  wastes,  Hydrogen  ion  concentra- 
tion, Chemical  wastes,  Chromium,  Adsorption, 
Electroplating. 

Effective  removal  of  chromium(6  +  )  from  acidic 
electroplating  wastewaters  was  achieved  by  ad- 
sorption on  coconut  shell-based  activated  carbon 
(MD-W7830)  as  well  as  Filtrasorb  400,  Norit  SX1, 
and  Norit  SX4.  Batch  experiments  used  a  50-ml 
volume  of  chromium  solution.  For  an  initial  pH  of 
2.5  and  carbon  dosage  of  5  g/1,  the  final  pH  for  the 
20,  50,  and  100  mg/1  chromium  solutions  were 
3.21,  5.6,  and  6.4,  respectively.  For  the  same  initial 
pH  of  2.5  and  a  Cr  concentration  of  50  mg/1,  the 
final  pH  for  dosages  of  1,  3,  and  5  g/1  carbon  were 
3.1,  4.6,  and  7.1,  respectively.  Using  the  coconut 
shell-based  carbon,  94%  removal  was  observed 
after  4  hr  of  contact  time,  whereas  82%  and  88% 
removals  were  observed  after  20  min  and  1  hr, 
respectively.  Removal  efficiencies  at  an  initial  pH 
of  2.5  and  carbon  dosage  of  10  g/1  were  47%, 
57%,  and  99%  for  chromium  concentrations  of 
350,  150,  and  20  mg/1  chromium,  respectively.  It 
was  important  to  prevent  pH  from  rising  above  7 
during  the  process.  The  mechanism  of  chromium 
removal  involved  adsorption  onto  the  activated 
carbon  and  catalytic  reduction  to  Cr(3-f).  (Cassar- 
PTT) 
W90-O4750 


REMOVAL  OF  CADMIUM  FROM  WATER  BY 
THE  USE  OF  BIOLOGICAL  SORBENTS. 

King's  Coll..  London  (England).  Div.  of  Biosphere 

Sciences. 

M.  Salah  Azab,  and  P.  J.  Peterson. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1705-1706,  1989.  1  fig,  1  tab. 

Descriptors:  'Wastewater  treatment,  'Adsorption, 
•Industrial  wastewater,  'Heavy  metals,  Metals, 
Cadmium,  Activated  carbon,  Biomass,  Compost, 
Laboratory  methods,  Peat. 

Absorption  of  a  solution  of  100  ppm  cadmium  by  a 
variety  of  sorptive  materials  was  studied  on  a 
laboratory  scale.  Approximate  sorption  efficiency 
of  materials  as  estimated  from  a  graph  were  as 
follows:  human  hair,  40%;  bone,  93%;  apricot  seed 
shell,  35%;  walnut  shell,  45%;  peanut  shell,  70%; 
orange  skin,  80%;  peat,  90%;  compost,  95%;  Zy- 
gorhynchus,  95%;  Rhizopus,  98%;  Mucor  raman- 
nianus,  95%;  Penicillium,  70%;  Aspergillus  terreus, 
78%;  Ionex  ion  exchange  resin,  7%;,  and  activated 
charcoal,  65%.  Alkaline  treatment  increased  ad- 
sorption capacity  as  high  as  50%  for  some  sub- 
stances. The  Cd  adsorption  for  alkaline  treated 
substrates  were  as  follows:  activated  charcoal, 
87.0%;  Aspergillus  terreus,  94.2%;  Mucor  raman- 
nianus,  54.0%  (less  than  the  untreated  sorbent); 
natural  compost,  97.1%;  Irish  peat,  93.2%;  peanut 
shell,  99.0%;  walnut  shell,  99.5%;  and  bone, 
99.1%.  (Cassar-PTT) 
W90-04751 


ASSESSMENT  OF  ACTIVATED  SLUDGE  SYS- 
TEMS PRACTICING  POWDERED  ACTIVATED 
CARBON  ADDITION  WITH  WET  AIR  REGEN- 
ERATION. 

Weston  Services,  Inc.,  West  Chester,  PA. 

K.  J.  Deeny,  J.  A.  Heidman,  and  A.  J.  Condren. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1707-1710,  1989.  2  fig.  EPA  Contract 

68-03-3429. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  'Activated  carbon,  Adsorption, 
Wet  air  regeneration  process,  Nitrification,  Biolog- 
ical wastewater  treatment,  Biological  oxygen 
demand,  Suspended  solids,  Nitrification,  Color  re- 
moval. 

Powdered  activated  carbon  (PAC)  addition  to  ac- 
tivated sludge  systems  in  1 1  municipal  wastewater 
treatment  plants  was  evaluated.  The  process  in- 
volves addition  of  virgin  PAC  to  the  aeration  tanks 
to  maintain  a  concentration  of  3000  to  6000  mg/1. 


Polymer  is  added  before  the  secondary  clarifiers. 
A  slip  stream  of  return  activated  sludge  is  con- 
veyed to  a  gravity  thickener  and  the  underflow  is 
pumped  to  the  wet  air  regeneration  unit.  Tertiary 
filters  arc  used  to  prevent  escape  of  PAC  particles. 
Carbon  addition  produces  high  efficiency  in  BOD 
and  suspended  solids  removals  and  enhances  nitrifi- 
cation, color  removal,  and  the  removal  of  slowly 
degradable  or  nonbiodegradable  compounds.  Cou- 
pling a  wet  air  regeneration  unit  with  the  PAC 
results  in  several  problems:  recycling  of  BOD, 
ammonia,  and  insoluble  phosphates;  buildup  of  in- 
soluble metallic  salts;  poor  effluent  quality;  ash 
accumulation  in  mixed  liquor  suspended  solids;  in- 
accuracy in  PAC  concentration  measurement;  in- 
complete biomass  oxidation;  tertiary  filter  loading; 
and  additional  operations  and  maintenance  require- 
ments. Useful  modifications  to  mitigate  these  prob- 
lems include  limiting  the  running  time  of  the  regen- 
eration unit,  using  a  lower  ash  content  PAC,  re- 
ducing the  PAC  addition  rates,  using  unactivatcd 
carbon,  eliminating  the  regeneration  process,  using 
ash  separation,  blowing  down  the  regeneration  slip 
stream  to  sludge  disposal,  and  conversion  to  con- 
ventional activated  sludge  system  operation. 
(Cassar-PTT) 
W90-04752 


MANGANESE:  A  NECESSARY  MICRONU- 
TRIENT  TO  ENHANCE  BIOLOGICAL  PHOS- 
PHORUS REMOVAL. 

D.  Davelaar. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1711-1716,  1989.  5  fig,  3  tab,  9  ref. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  'Nutrients,  'Phosphorus  removal, 
'Manganese,  Metals,  Heavy  metals,  Nutrients,  Bio- 
logical wastewater  treatment,  Iron. 

The  disciplines  of  engineering  and  microbiology 
were  separately  applied  to  the  problem  of  micro- 
biological phosphorus  removal  in  the  activated 
sludge  process.  The  engineering  results  indicated 
that  an  acetate-fed  reactor  produced  poor  removal 
(only  28%  of  total  P)  because  it  was  deficient  in  a 
substance  present  in  the  more  efficient  reactor 
which  was  fed  with  whole  dairy  waste.  It  was 
believed  that  the  deficient  substances  were  manga- 
nese and  iron.  The  microbiological  tests  showed 
that  addition  of  ferric  chloride  to  the  acetate-fed 
reactor  did  not  improve  P  removal.  However, 
addition  of  manganese  chloride  (1.7  mg  Mn/1 
mixed  liquor)  caused  an  immediate  increase  in  dis- 
solved oxygen  level  and  decrease  in  P  concentra- 
tion. (Cassar-PTT) 
W90-04753 


KINETICS  OF  PHOSPHORUS  RELEASE  AND 
UPTAKE  BY  MICROORGANISMS  UNDER 
CYCLIC  ANAEROBIC/AEROBIC  CONDI- 
TIONS-EXPERIMENTAL STUDY. 

Tokyo  Univ.  (Japan).  Inst,  of  Industrial  Science. 
M.  Suzuki,  and  C.-H.  Yoon. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1717-1720,  1989.  3  fig,  2  tab. 

Descriptors:  'Wastewater  treatment,  'Nutrient  re- 
moval, 'Phosphorus  removal,  'Anaerobic  condi- 
tions, Biological  wastewater  treatment,  Aerobic 
conditions,  Kinetics,  Microorganisms,  Organic 
carbon. 

A  kinetic  model  for  phosphorus  and  organic 
carbon  behavior  in  microorganisms  under  anaero- 
bic/aerobic conditions  is  described.  The  P  release 
step  under  anaerobic  conditions  is  divided  into  two 
phases;  it  provides  the  energy  for  organic  substrate 
storage  and  for  microorganism  maintenance.  The 
rate  of  P  release  is  affected  by  the  content  of  P  in 
the  microorganism,  accumulated  as  polyphosphate. 
Thus,  the  rate  of  P  release  is  controlled  by  the 
concentration  of  biodegradable  organic  substrate  in 
the  mixed  liquor.  Phosphorus  taken  up  from  solu- 
tion under  aerobic  conditions  is  used  for  polyphos- 
phate accumulation  and  organism  growth.  The  rate 
of  P  uptake  at  the  start  of  aeration  is  determined  by 
the  difference  between  the  maximum  possible  P 
content  and  the  actual  P  content.  The  rate  of  P 
uptake  is  also  controlled  by  the  stored  organic 
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substrate  in  the  microorganisms  and/or  the  biode- 
gradable organic  substrate  concentration  of  the 
mixed  liquor.  A  plot  of  P  concentration  (6,  12,  and 
24  mg/1)  for  mixed  liquor  suspended  solids  concen- 
trations of  2500,  4500,  and  6500  mg/1  shows  that 
the  P  release  rate  under  anaerobic  conditions  is 
very  high  during  the  first  1  hr.  As  the  organic 
substrate  concentration  decreases,  the  P  release 
rate  also  slows.  At  the  start  of  aeration,  P  concen- 
tration in  the  mixed  liquor  decreases  rapidly,  due 
to  microorganism  uptake.  Kinetic  constants  were 
derived  for  anaerobic  and  aerobic  conditions. 
(Cassar-PTT) 
W90-04754 

FRACTIONATION  OF  BIOACCUMULATED 
PHOSPHORUS  COMPOUNDS  IN  ACTIVATED 
SLUDGE. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
D.  W.  de  Haas. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1721-1725,  1989.  2  fig,  1  tab,  12  ref. 

Descriptors:  'Wastewater  treatment,  *Activated 
sludge  process,  *Nutrient  removal,  "Phosphorus 
removal,  Bioaccumulation,  Accumulation,  Biologi- 
cal wastewater  treatment. 

Two  fractionation  procedures  were  used  to  extract 
chemical  precipitate  and  acid-soluble  polyphos- 
phate in  activated  sludge.  Procedure  A  used  1% 
trichloroacetic  acid;  Procedure  B  used  0.5  M 
perchloric  acid.  Both  procedures  gave  excellent 
recoveries  of  phosphorus,  81  to  102%.  Sludge 
from  two  laboratory  units  and  two  full-scale  units 
were  studied.  Polyphosphate  represented  the 
major  storage  form  of  phosphorus  (61  to  83%  total 
P)  in  the  sludges,  except  for  a  laboratory  sludge 
fed  with  acetate  and  a  full-scale  unit  receiving 
mainly  industrial  effluent.  Nucleic  acids  represent- 
ed a  fairly  constant  amount  of  P  (0.6  to  1.2  mg  P/g 
mixed  liquor  suspended  solids).  Metal  cations  were 
largely  coextracted  with  the  major  phosphate  frac- 
tions. No  simple  molar  ratio  between  the  metals 
and  ortho-,  or  polyphosphate  could  be  obtained 
except  in  the  following  cases:  perchloric  acid-ex- 
tracted polyphosphate  form  laboratory  units  1  and 
2,  where  a  molar  ratio  of  positive  cation  charge  to 
phosphorus  ranging  from  1.1  to  1.2  was  obtained; 
and  EDTA-,  or  trichloroacetic  acid-extracted 
orthophosphate  from  laboratory  unit  1,  where 
positive  cation  charge  to  P  ratios  were  about  1.2 
and  1.9,  respectively.  Potassium  ion  was  most  im- 
portant, followed  by  Mg  and  Ca.  (Cassar-PTT) 
W90-04755 


BIOLOGICAL  NUTRIENT  REMOVAL  WITH 
SLUDGE  BULKING  CONTROL  IN  A  BATCH 
ACTIVATED  SLUDGE  SYSTEM. 

Transfield,  Inc.,  Irvine,  CA. 

M.  C.  Goronszy,  and  J.  White. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1731-1734,  1989.  1  fig,  5  tab,  4  ref. 

Descriptors:  'Wastewater  treatment,  'Nutrient  re- 
moval, 'Activated  sludge  process,  'Phosphorus 
removal,  'Nitrogen  removal,  Biological 
wastewater  treatment,   Bulking  sludge,   Floccula- 


Nutrient  removal  was  studied  in  a  cyclically  oper- 
ated batch  reactor  with  the  following  configura- 
tion: an  initial  nonaerated  anaerobic  reactor,  a  non- 
aerated  mixed  secondary  reaction  zone  of  variable 
hydraulic  retention  time,  and  a  final  zone  which  is 
sequentially  aerated  and  nonaerated.  Experimental 
operating  conditions  showed  that  activated  sludge 
bulking  was  prevented  while  operating  on  a  nitro- 
gen and  biological  phosphorus  removal  mode,  pro- 
vided a  proper  soluble  substrate  balance  was  main- 
tained. This  suggested  the  existence  of  a  threshold 
soluble  substrate  concentration  that  favors  the 
growth  of  filamentous  microorganisms.  (Cassar- 
PTT) 
W90-04757 


BIO-DENITRO  AND  BIO-DENIPHO  SYSTEMS 
-  EXPERIENCES  AND  ADVANCED  MODEL 
DEVELOPMENT.  THE  DANISH  SYSTEMS 
FOR  BIOLOGICAL  N  AND  P  REMOVAL. 

Krouger  (I.)  A/S,  Soeborg  (Denmark).  Research 
and  Development  Div. 

E.  Bundgaard,  K.  L.  Andersen,  and  G.  Petersen. 
Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1727-1730,  1989.  2  fig,  3  tab. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  'Nutrient  removal,  'Phosphorus 
removal,  'Nitrogen  removal,  BIO-DENITRO 
process,  BIO-DENIPHO  process,  Biological 
wastewater  treatment,  Nitrification,  Denitrifica- 
tion,  Model  studies. 

The  BIO-DENITRO  (biological  nitrogen  remov- 
al) and  BIO-DENIPHO  (biological  nitrogen  and 
phosphorus  removal)  nutrient  removal  processes 
are  performed  in  isolated  ditches  which  are  contin- 
uous flow,  activated  sludge  systems  with  phased  or 
intermittent  operations.  Operating  results  are 
shown  for  several  Bio-Denitro  and  Bio-Denipho 
plants  in  Denmark.  Total  P  in  the  effluents  ranged 
from  0.6  to  3.9  mg/1;  total  N  in  the  effluents 
ranged  from  3.4  to  6.8  mg/1.  Data  from  one  plant 
were  compared  with  predicted  results  from  a 
model.  Effluent  from  the  Bio-Denitro  process  was 
as  good  as  that  obtained  from  the  recirculation 
system.  However,  the  Bio-Denitro  process  was 
more  flexible  for  use  with  wastewater  with  chang- 
ing COD/N  ratios.  (Cassar-PTT) 
W90-04756 


EFFICACY  AND  MECHANISM  OF  REMOVAL 
OF  ORGANIC  SUBSTANCES  FROM  WATER 
BY  OZONE  AND  ACTIVATED  CARBON. 

Jilin  Architectural  and  Civil  Engineering  Inst., 
Changchun  (China).  Dept.  of  Urban  Engineering. 
J.  Yin,  and  B.  Wang. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1735-1737,  1989.  2  fig,  2  ref. 

Descriptors:  'Water  treatment,  'Wastewater  treat- 
ment, 'Ozonation,  'Disinfection,  'Activated 
carbon,  Oxidation,  Organic  compounds,  Aromatic 
compounds,  Nitrobenzene,  Dinitrobenzene,  Nitro- 
toluene,  Nitroanilines,  Formaldehyde,  Tannins, 
Adsorption,  Nitrogen  removal. 

Ozone  doses  up  to  30  mg/1  were  applied  to  solu- 
tions of  a  variety  of  organic  compounds  to  test 
removal  efficiency.  Vulnerability  to  ozonation  was 
as  follows:  tannin  >  p-nitrotoluene  >  nitroben- 
zene >  p-dinitrobenzene  >  p-nitrotoluene  >  m- 
dinitrobenzene  >  formaldehyde.  The  nitro-com- 
pounds  produced  nitrite  during  ozonation,  with  p- 
nitroaniline  producing  the  most  and  p-nitrotoluene 
the  least.  Upon  ozonation,  intermediate  products 
were  formed  which  were  oxidizable  by  potassium 
permanganate  but  not  readily  oxidizable  by  ozone. 
The  order  of  adsorption  capacity  of  activated 
carbon  for  the  compounds  studied  was  as  follows: 
o-dinitrobenzene  >  p-nitrotoluene  >  p-dinitroben- 
zene >  m-dinitrobenzene,  >  p-nitroaniline  >  ni- 
trobenzene >  phenol  >  tannins.  Nitrification  was 
complete  in  the  ozonation-activated  carbon  proc- 
ess, with  the  formation  of  nitrate  under  oxygen- 
sufficient  conditions  in  the  carbon  bed.  (Cassar- 
PTT) 
W90-04758 


ODOR  CHARACTERIZATION  AND  CONTROL 
IN  A  CHEMICAL  WASTEWATER  EQUALIZA- 
TION BASIN. 

Temple-Eastex,  Inc.,  Diboll,  TX. 

J.  P.  Moore,  and  E.  M.  Davis. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1739-1742,  1989.  6  tab. 

Descriptors:  'Wastewater  treatment,  'Odor  con- 
trol, 'Equalizing  basins,  'Industrial  wastewater, 
Organic  compounds,  Chemical  wastewater,  Oxida- 
tion, Ozonation,  Hydrogen  peroxide,  Chlorination, 
Lime. 

Odors  emanating  from  an  industrial  chemical 
wastewater  equalization  basin  were  believed  to 
originate  in  the  sediments  as  a  result  of  bacterial 
action.  The  highly  variable  wastewater  was  likely 
to  contain  polyols,  toluene,  monochlorobenzene, 
antioxidants,  hexamethylenediamine,  butyl  acetate, 
and  potassium  sulfate.  Several  odor  control  meth- 
ods were  tested.  Hydrogen  peroxide  up  to  11,250 
mg/1  had  little  effect  on  odors.  Ozonation  at  doses 


of  0.43  mg/min  and  higher  had  some  residual 
effect  for  odor  control.  Chlorination  at  high  con- 
centrations worked  well  at  reducing  odor  intensi- 
ties, but  only  maintained  that  effect  when  sediment 
was  not  present.  Lime  addition  had  the  most  pro- 
found long-term  effects  on  odors,  but  this  effect 
was  achieved  only  at  very  high  doses.  (Cassar- 
PTT) 
W90-04759 


ACTIVITY  OF  PERACETIC  ACID  AGAINST 
SEWAGE  INDICATOR  ORGANISMS. 

Interox  S.A.,  Widnes  (England).  Research  and  De- 
velopment. 

M.  G.  C.  Baldry,  and  M.  S.  French. 
Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1747-1749,  1989.  2  tab,  2  ref. 

Descriptors:  'Wastewater  treatment,  'Disinfec- 
tion, 'Sewage  bacteria,  'Bacteria,  Peracetic  acid, 
Bioindicators,  Laboratory  methods,  Biocides,  Vi- 
ruses, Microbiological  studies,  Poliovirus. 

In  standardized  laboratory  tests,  peracetic  acid  was 
an  effective  disinfectant  of  bacteria  and  viruses 
found  in  sewage.  A  table  lists  the  microorganisms 
(Escherichia  coli,  Streptococcus  faecalis,  bacterio- 
phages MS2  and  0x174,  and  poliovirus)  and  the 
minimum  required  concentration  of  peracetic  acid 
for  demineralized  water;  sewage  effluent  of  pH  5, 
7,  and  9;  and  water  with  yeast  extract.  Minimum 
conditions  (peracetic  acid  concentration  and  con- 
tact time)  to  achieve  >  1000  reduction  in  bacterial 
numbers  are  given  for  several  stages  of  sewage 
treatment,  from  raw  wastewater  to  clarification. 
(Cassar-PTT) 
W90-04761 

BIODEGRADATION  AND  REMOVAL  OF 
PHENOLS  IN  ROTATING  BIOLOGICAL  CON- 
TACTORS. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 
Civil,  Agricultural  and  Geological  Engineering. 
R.  Y.  Tokuz. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1751-1754,  1989.  3  fig,  4  tab.  National 
Science  Foundation  Grant  ECE-85 12733. 

Descriptors:  'Wastewater  treatment,  'Phenols, 
'Activated  sludge  process,  Biofilms,  Adsorption, 
Rotating  biological  contactors,  Biological 
wastewater  treatment,  Biodegradation,  Pilot 
plants,  Nitrophenols,  Chlorophenol. 

A  pilot-scale  rotating  biological  contactor  was  al- 
lowed to  operate  on  a  synthetic  wastewater  for 
three  months,  after  which  the  biodegradability  of 
phenol  compounds  was  tested.  2-Nitrophenol  did 
not  affect  the  system  performance  adversely;  COD 
removal  rates  above  90%  were  obtained  in  the 
presence  of  about  1 1  mg/1  of  this  compound.  Re- 
moval of  2-nitrophenol  generally  was  >90%.  2- 
Chlorophenol  did  not  affect  the  system  perform- 
ance adversely;  COD  removal  rates  above  85% 
were  obtained  in  the  presence  of  about  3  mg/1  of 
this  compound.  However,  2-chlorophenol  was 
only  partially  biodegraded.  Removal  rates  were 
generally  <50%,  sometimes  as  low  as  5  to  8%. 
(Cassar-PTT) 
W90-04762 


ADVANCED  WASTEWATER  TREATMENT 
USING  AN  IMMOBILIZED  MICROORGA- 
NISM/BIOFILM  TWO-STEP  PROCESS. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

Y.  Inamori,  K.  Matsusige,  R.  Sudo,  K.  Chiba,  and 

H.  Kikuchi. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1755-1758,  1989.  2  fig,  1  tab,  6  ref. 

Descriptors:  'Wastewater  treatment,  'Biofilms, 
'Advanced  wastewater  treatment,  Biological 
wastewater  treatment,  Bacteria,  Microorganisms, 
Adsorption. 

Optimum  conditions  for  advanced  wastewater 
treatment  were  determined  for  a  two-step  system 
combining  an  immobilized  microorganism  reactor 
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with  a  biofilm  reactor.  The  apparatus  consisted  of 
an  immobilized  cell  reactor  with  a  volume  of  300 
ml,  packed  with  60  g  of  pellets,  and  a  biofilm 
reactor  with  a  sedimentation  tank  and  a  volume  of 
1.5  1.  The  4-mm  long  pellets  were  made  by  immo- 
bilizing activated  sludge  using  acrylamide.  The 
feed  was  artificial  wastewater  containing  meat  ex- 
tract and  peptone.  Operation  by  recirculation  of 
effluent  from  the  biofilm  reactor  achieved  high 
treatment  efficiency  even  under  high  loading  con- 
ditions such  as  1.4  kg/cu  m/day  BOD.  When 
operated  under  anaerobic  conditions,  BOD,  total 
organic  carbon,  and  nitrogen  levels  in  the  effluent 
were  reduced,  high  transparency  was  obtained, 
and  fungal  growth  on  the  surface  of  the  pellets  was 
prevented.  The  combined  immobilized  cell  reac- 
tor/biofilm  reactor  process  was  markedly  more 
efficient  than  using  the  immobilized  cell  reactor 
alone.  (Cassar-PTT) 
W90-04763 


CADMIUM  DECONTAMINATION  OF  LIQUID 
STREAMS  BY  ARTHROBACTER  SPECIES. 

Consiglio  Nazionale  delle  Ricerche,  Rome  (Italy). 
A.  Grappelli,  J.  S.  Hard,  W.  Pietrosanti,  U. 
Tomati,  and  L.  Campanella. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1759-1762,  1989.  2  fig,  3  tab,  9  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Wastewater  treatment,  'Cadmium,  'Heavy 
metals,  'Industrial  wastewater,  Metals,  Biofilms, 
Microorganisms,  Arthrobacter,  Adsorption. 

Four  Arthrobacter  strains  were  prepared  for  use  as 
biomass  in  treatment  of  cadmium-containing 
wastewater.  Cells  were  incubated  in  cadmium  solu- 
tion for  up  to  48  hr.  Adsorption  of  the  metal  was 
maximum  by  30  min.  Estimated  removal  efficien- 
cies were:  A.  fluorescens,  80%;  A.  giacomelloi, 
53%;  A.  globiformis,  46%;  and  A.  viscosus,  20%. 
(Cassar-PTT) 
W90-04764 


DETENTION  TIME  DISTRIBUTION  OF 
SLUDGE  IN  RECTANGULAR  SECONDARY 
SETTLERS. 

Chalmers     Univ.     of     Technology,     Goeteborg 
(Sweden).  Dept.  of  Sanitary  Engineering. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-04765 


GRIT-ITS  REMOVAL,  A  NEW  IDEA. 

Southern  Water  Authority,  Brighton  (England). 
N.  J.  Bennett. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1767-1770,  1989.  1  fig. 

Descriptors:  'Wastewater  treatment,  'Sedimenta- 
tion, 'Separation  techniques,  'Grit  chambers,  Bio- 
logical wastewater  treatment,  Shear,  Hydrody- 
namic  separator. 

The  Hydro-Dynamic  separator  is  used  to  separate 
settleable  solids  from  storm  water.  If  has  been 
tested  at  a  sewage  treatment  plant  in  Sussex  deter- 
mine its  usefulness  as  a  grit  separator.  The  Hydro- 
Dynamic  separator  satisfactorily  removed  low-or- 
ganic grit  from  high-flow  wastewater  without  the 
need  for  backwashing.  At  reduced  flows,  a  short 
period  of  backwashing  prior  to  degritting  pro- 
duced an  acceptably  clean  grit.  The  separator  aug- 
ments gravitational  effects  by  moving  the  liquid  in 
a  spiral  fashion.  A  shear  zone  sets  up  a  coagulating 
and  flocculating  effect  to  promote  further  separa- 
tion of  the  grit.  Flow  is  discharged  around  a  baffle 
plate  to  the  outlet.  (Cassar-PTT) 
W90-04766 


THICKENING  OF  SLUDGES  BY  DISSOLVED 
AIR  FLOTATION. 

National  Inst,  for  Water  Research,  Pretoria  (South 

Africa). 

L  R.  J.  van  Vuuren,  and  P.  J.  van  der  Merwe. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1771-1774,  1989.  4  fig,  1  tab. 

Descriptors:  'Sludge  thickening,  'Wastewater 
treatment,  'Flotation,  Dissolved  air  flotation,  Bio- 
logical wastewater  treatment,  Pilot  plants. 


The  use  of  a  float  stabilizer  was  investigated  on  the 
pilot  scale  and  full  scale  dissolved  air  flotation 
process  for  thickening  sludges.  The  device  was  a 
grid  made  of  2-mm  x  150-mm  metal  strips.  The 
float  was  highly  beneficial  for  the  in  situ  thicken- 
ing of  the  sludge.  The  rate  of  float  buildup  above 
the  water  level  was  about  30  mm  per  day  under 
the  experimental  conditions.  However,  prolonged 
scraping  cycles  were  necessary  in  order  to  allow 
for  sufficient  depth  of  float  buildup  above  the  float 
stabilizer  and  to  allow  time  for  drainage  of  intersti- 
tial water  before  removal.  At  a  solids  concentra- 
tion of  6-7%  after  24  to  48  hr  aging  time,  the 
separated  float  had  a  spadeable  consistency. 
(Cassar-PTT) 
W90-04767 


MOGDEN  DIGESTED  SLUDGE-APPROACHES 
TO  IMPROVING  DEWATERABILITY. 

Thames  Water  Authority,  London  (England). 
J.  L.  Dakers,  C.  J.  Hatton,  and  P.  A.  Pearce. 
Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1775-1778,  1989.  1  fig,  2  tab,  2  ref. 

Descriptors:  'Wastewater  treatment,  'Sludge 
drying,  'Sludge  thickening,  'Dewatering,  'Sludge 
disposal,  Digestion,  Elutriation,  Filtration,  Aerobic 
digestion,  Anaerobic  digestion. 

The  objectives  of  a  sludge  dewatering  study  were 
to  produce  a  sludge  cake  suitable  for  a  range  of 
disposal  options  and  a  dry  solids  content  of  28- 
30%.  This  involved  a  3400  cu  m/day  operation 
adjacent  to  London's  Heathrow  Airport.  Initial 
dewatering  trials  indicated  that  fine  particulate  ma- 
terial (2  to  80  micrometers)  was  present,  causing 
poor  performance  in  pressing.  Bench  scale  studies 
were  conducted  on  sludge  digestion  variables. 
Sludge  subjected  to  aerobic  treatment  before  an- 
aerobic digestion  required  much  lower  polymer 
dosages;  sludge  solids  as  high  as  26%  were  ob- 
tained. Elutriated  sludge  also  showed  improved 
dewaterability.  This  technique  removed  fine  par- 
ticulates, ammonia,  and  other  soluble  compounds. 
An  elutriation  pilot  plant  was  constructed  and 
tested.  This  plant  achieved  the  required  >28% 
cake  solids.  (Cassar-PTT) 
W90-04768 


OF 


DEWATERED 


CHARACTERISTICS 
SLUDGE  CAKE. 

Japan  Sewage  Works  Agency,  Toda.  Research  and 

Technology  Development  Div. 

T.  Murakami,  and  M.  Nakao. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1779-1782,  1989.  3  fig,  1  tab. 

Descriptors:  'Wastewater  treatment,  'Sludge  cake, 
'Sludge  solids,  'Dewatering,  Chemical  properties, 
Organic  matter. 

Dewatered  sludge  cakes  from  59  sewage  treatment 
plants  in  Japan  were  studied  to  determine  the 
thermal  characteristics,  caloric  value,  moisture 
content,  ignition  loss,  and  elemental  composition. 
Two  basic  types  of  cakes  were  considered:  amend- 
ed with  polymer  and  amended  with  lime  and  ferric 
chloride.  The  %  ignition  loss  plotted  against  the 
higher  caloric  value  produced  linear  relationships, 
with  a  distinct  difference  between  polymer  and 
lime  cakes.  The  digestion  process  had  little  effect 
on  the  caloric  values.  Relationships  were  also  de- 
veloped for  carbon,  hydrogen,  sulfur,  oxygen,  and 
nitrogen  and  ignition  loss.  (Cassar-PTT) 
W90-04769 


PROCESSING  OF  STORM-WATER  RUNOFF- 
FRENCH  EXPERIMENTS. 

Ministere  de  l'Equipement,  Paris  (France).  Serv- 
ices Techniques  de  l'Urbanisme. 
C.  Marte,  and  Y.  Ruperd. 

Water  Science  and  Technology  WSTED4,  Vol. 
21,  No.  12,  p  1783-1784,  1989.  4  tab.  5  ref. 

Descriptors:  'Wastewater  treatment,  'Urban 
runoff,  'Storm  wastewater.  'Runoff,  Storm  runoff, 
Detention  reservoirs,  Urban  areas,  France,  Hydro- 
carbons, Heavy  metals,  Metals. 

Storm  water  treatment  techniques  were  evaluated 
in    urban    France.    A    constant    speed    degritter 


showed  average  removal  efficiencies  of  35%  for 
BOD,  43%  for  COD,  62%  for  suspended  solids, 
and  29  to  58%  for  selected  heavy  metals.  An  oil 
separating  basin  with  concrete  stops,  installed  in 
urban  sewers,  showed  average  removal  efficiencies 
of  33%  for  BOD,  32%  for  COD,  21%  for  suspend- 
ed solids,  53%  for  hydrocarbons,  and  10  to  12% 
for  selected  heavy  metals.  Roadside  storage  basins 
removed  17  to  45%  of  COD  and  26  to  63%  of 
selected  heavy  metals.  Two  detention  basins  ap- 
peared more  efficient:  BOD  removal  was  87%  and 
56%;  COD  80%  and  40%;  suspended  solids,  90% 
and  74%;  hydrocarbons,  94%  and  90%;  and  select- 
ed heavy  metals,  63%  to  94%.  The  efficiency  of  all 
operations  varied  sharply  from  one  rainfall  event 
to  another.  (Cassar-PTT) 
W90-04770 


RAINFALL  TIME  SERIES  FOR  STORM  OVER- 
FLOW ASSESSMENT. 

Water     Research     Centre,     Swindon     (England). 

Swindon  Engineering  Centre. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-04772 


REVIEW  ON  THE  DESIGN  AND  CONSTRUC- 
TION OF  A  LARGE  WASTEWATER  TREAT- 
MENT PLANT. 

Delfland  Water  Authority,  Delft  (Netherlands). 
J.  Helmer,  J.  Vink,  and  J.  M.  Janus. 
Water  Science  and  Technology  WSTED4,  Vol  21, 
No.  12,  p  1801-1804,  1989.  2  fig,  4  tab. 

Descriptors:  'Wastewater  facilities,  'Wastewater 
treatment,  'Sludge  digestion,  'Activated  sludge 
process,  'Construction,  'Design  criteria,  The 
Netherlands,  Secondary  wastewater  treatment, 
Sedimentation,  Biological  wastewater  treatment, 
Odor  control,  Digestion. 

Design  and  construction  of  a  large  (1  million  popu- 
lation equivalent)  wastewater  treatment  plant  in 
the  Netherlands  is  reviewed.  Details  of  interest 
include  the  need  for  good  odor  control  in  a  dense- 
ly populated  area,  use  of  the  UNOX  system  to 
treat  the  presettled  wastewater,  the  pressure  swing 
adsorption  method  of  oxygen  generation,  concrete 
treatment  to  prevent  erosion  from  carbon  dioxide, 
centrifugal  process  for  sludge  thickening,  a  meso- 
philic  anaerobic  sludge  digestion  process  adaptable 
to  a  thermophilic  process,  and  underground  sedi- 
mentation tanks.  (Cassar-PTT) 
W90-04775 


EXPERT  SYSTEM  AS  A  TOP  LEVEL  CON- 
TROLLER FOR  ACTIVATED  SLUDGE  PROC- 
ESS. 

Tampere  Univ.  of  Technology  (Finland).  Inst,  of 

Water  and  Environmental  Engineering. 

K.  Koskinen. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.  12,  p  1809-1812,  1989.  1  fig,  4  ref. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  'Computers,  'Process  control,  Da- 
tabases, Biological  wastewater  treatment,  Expert 
systems,  Decision  making. 

An  expert  system  has  been  developed  to  improve 
process  control  in  a  Finnish  activated  sludge  plant. 
It  is  designed  to  be  used  once  a  day  or  in  problem 
situations.  The  database  includes  information  about 
on-line  measurements,  manual  laboratory  analyses, 
and  heuristically  qualified  information  about  visual 
observations.  The  version  currently  in  use  has  over 
60  rules  and  20  diagnoses.  Three  main  factors 
cover  the  stages  of  the  process:  sludge  age,  oxygen 
uptake  rate,  and  settling  velocity  of  the  sludge. 
These  are  assigned  values  for  high,  optimum,  and 
low  states.  This  provides  27  smaller  subunits, 
which  can  be  visualized  as  a  cube  with  the  opti- 
mum of  the  three  parameters  in  the  center.  The 
three  verification  levels  start  with  on-line  informa- 
tion. The  second  and  third  levels  are  visual  obser- 
vation and  laboratory  analyses.  The  program 
guides  the  user  to  the  optimum  solution.  (Cassar- 
PTT) 
W90-04777 
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PROBABILISTIC  RELIABILITY  ANALYSIS 
FOR  BIOLOGICAL  WASTEWATER  TREAT- 
MENT PLANTS. 

Artois-Picardie   Water   Agency,   Douai   (France). 

Water  Science  and  Technology  WSTED4,  Vol  21, 
No.  12,  p  1813-1816,  1989.  2  fig,  5  tab. 

Descriptors:  'Wastewater  treatment,  *  Probabilistic 
process,  'Pollution  load,  'Activated  sludge  proc- 
ess, Biological  wastewater  treatment,  Model  stud- 
ies, Mathematical  studies,  Computer  programs, 
Markov  process,  Maintenance. 

Probabilistic  reliability  methods  were  adapted  to  a 
wastewater  treatment  plant  for  the  following  pur- 
poses: simulation  of  plant  operating  conditions, 
quantification  of  average  plant  performance,  and 
evaluation  of  improvements.  Plant  operation  was 
simulated  with  a  Markov-type  model  where  each 
state  corresponds  to  a  possible  failure  mode.  Fail- 
ure modes  are  identified  by  applying  the  Failure 
Modes  and  Effects  Analysis  Procedure  and  are 
checked  by  means  of  a  fault  tree  analysis.  The 
program  for  the  Douai  Plant  in  France  has  35 
failure  modes;  each  has  a  corresponding  potential 
pollution  load.  The  reliability  data  bank  has  50 
items  of  equipment  with  their  corresponding  reli- 
ability of  operation  at  90%  confidence  level  as  well 
as  the  time  needed  for  repair  or  replacement  when 
a  spare  is  on  site  and  when  a  spare  is  unavailable 
on  site.  A  curve  of  pollutant  load  can  be  generated 
for  any  failure.  (Cassar-PTT) 
W90-04778 


BIOLOGICAL  TREATMENT  OF  PAPERMILL 
WASTEWATER  IN  AN  ACTIVATED  SLUDGE 
CASCADE  REACTOR. 

Papiertechnische    Stiftung    fuer    Forschung    und 

Ausbildung  in  Papiererzeugung  und  -Verarbeitung, 

Munich  (Germany,  F.R.).  Wasser-  und  Abwasser- 

forschungsstelle. 

C.  H.  Mobius. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.   12,  p   1825-1828,   1989.   3  fig,   1   tab,  2  ref. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  'Industrial  wastewater,  'Pulp  and 
paper  industry,  Bulking  sludge,  Aeration,  Biologi- 
cal wastewater  treatment,  Cascade  reactor. 

Operation  of  an  activated  sludge  aeration  cascade 
reactor  in  a  papermill  was  studied  for  10  months. 
Bulking  sludge  was  a  problem  at  the  beginning. 
This  was  caused  by  operational  faults  that  allowed 
excess  sludge  to  enter  the  clarifier,  in  turn  causing 
anaerobic  acidification  in  the  primary  settling  tank. 
This  problem  was  solved  by  adding  lime  slurry  to 
the  aeration  tank.  Bulking  sludge  was  destroyed 
when  the  pH  was  at  least  9.5  for  a  short  time.  After 
the  operation  was  optimized,  the  sludge  volume 
index  was  consistently  low  (100  to  150  ml/g),  and 
the  BOD  and  COD  removals  were  good.  (Cassar- 
PTT) 
W90-04781 


USE  OF  CULTURED  BACTERIA  IN  A  FULL 
SCALE  BIOLOGICAL  SYSTEM  TREATING 
COKE  PLANT  WASTEWATER. 

Inland  Steel  Industries,  East  Chicago,  IN.  New 

Ventures  Dept. 

R.  R.  Landreth. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.  12,  p  1829-1832,  1989.  1  fig. 

Descriptors:  'Wastewater  treatment,  'Bacteria, 
'Industrial  wastewater,  'Coke  industry,  'Biologi- 
cal wastewater  treatment,  Coal,  Ammonia,  Phen- 
ols, Thiocyanates,  Cyanide,  Chemical  wastewater. 

Addition  of  cultured  bacteria  to  coke  plant 
wastewater  containing  ammonia,  phenol,  thiocyan- 
ate,  and  cyanide  greatly  increased  biomass  growth, 
as  evident  from  the  drop  in  the  food/biomass  ratio 
from  0.8  to  0.5  and  from  the  increase  in  mixed 
liquor  volatile  suspended  solids  from  8140  mg/1  to 
10,000  mg/1.  Two  problems  developed  with  the 
use  of  the  bacteria.  The  first  was  nitrogen  gas 
formation  in  the  clarifiers,  which  caused  sludge  to 
rise  and  pass  into  the  effluent.  The  second  problem 
was  the  rapid  bacterial  consumption  of  the  anti- 


foaming  agents,  resulting  in  foaming.  The  cultured 
bacteria  stabilized  the  operation  of  the  biological 
treatment  system  and  did  improve  the  removal 
efficiency  of  ammonia  and  thiocyanate.  However, 
the  removal  efficiencies  of  phenol  and  cyanide 
were  not  significantly  enhanced.  (Cassar-PTT) 
W90-04782 


DETERMINATION  OF  CELLOSOLVE  AND 
CHLOREX  CONCENTRATIONS  INHIBITORY 
TO  INDUSTRIAL  WASTE  STABILIZATION 
POND  TREATMENT  EFFICIENCIES. 

Texas  Univ.  Health  Science  Center  at  Houston. 
School  of  Public  Health. 

E.  M.  Davis,  E.  C.  Sullivan,  and  T.  D.  Downs. 
Water  Science  and  Technology  WSTED4,  Vol  21, 
No.  12,  p  1833-1836,  1989.  8  fig,  3  tab. 

Descriptors:  'Biodegradation,  'Wastewater  treat- 
ment, 'Industrial  wastewater,  'Organic  com- 
pounds, 'Stabilization  ponds,  Ponds,  Cellosolve, 
Chlorex,  Bischloroethyl  ether,  Ethoxyethanol, 
Chemical  wastewater,  Toxicity. 

The  concentrations  of  Cellosolve  (2-ethoxyeth- 
anol)  and  Chlorex  (bis  (2-chloroethyl)ether)  inhibi- 
tory to  biodegradation  were  determined  for  each 
of  three  stabilization  ponds  which  are  used  in  series 
to  treat  wastewater  from  a  chemicals  and  plastics 
plant.  Respirometric  BOD  tests  were  used  to 
evaluate  the  effects  of  varying  doses  of  the  chemi- 
cals. Cellosolve  caused  significant  inhibition  of 
overall  degradation  in  the  wastewaters  at  and 
above  1000  mg/1.  Chlorex  was  more  inhibitory. 
Decreases  in  biodegradation  activity  occurred  in 
all  wastewater  tested  at  and  above  300  mg/1.  A  lag 
period  of  up  to  two  days  was  present  before 
oxygen  uptake  occurred.  This  suggested  that  the 
microbial  populations  were  responding  to  the 
chemical  additions  by  acclimation  before  their 
normal  respiration/degradation  activity  could  pro- 
ceed. (See  also  W90-04784)  (Cassar-PTT) 
W90-04783 


BIS(2-CHLOROETHYL)ETHER  AND  2-ETH- 
OXYETHANOL  TREATABILITY  AND  TOXICI- 
TY IN  LAB  SCALE  WASTE  STABILIZATION 
PONDS. 

Texas  Univ.   Health  Science  Center  at  Houston. 
G.  D.  Ramey,  and  E.  M.  Davis. 
Water  Science  and  Technology  WSTED4,  Vol  21, 
No.  12,  p  1837-1840,  1989.  4  fig,  1  tab. 

Descriptors:  'Biodegradation,  'Wastewater  treat- 
ment, 'Industrial  wastewater,  'Organic  com- 
pounds, 'Stabilization  ponds,  Ponds,  Cellosolve, 
Chlorex,  Bischloroethyl  ether,  Ethoxyethanol, 
Chemical  wastewater,  Toxicity. 

Three  model  waste  stabilization  ponds  were  con- 
structed in  series  to  study  the  treatment  system 
handling  Cellosolve  (2-ethoxyethanol)  and  Chlorex 
(bis(2-chloroethyl)ether)  wastes.  The  primary 
model  pond  was  characterized  by  anaerobic  fer- 
mentation of  feed  hydrocarbons  to  organic  acid 
products.  No  obvious  fermentation  inhibition  was 
evident  even  at  the  highest  Cellosolve  feed  con- 
centration of  8000  mg/1.  The  secondary  model 
pond  was  characterized  by  degradation  of  the  di- 
luted organic  acids  in  the  feed  with  a  slight  pH 
increase  from  inlet  to  outlet.  Visible  biomass 
changes  occurred  at  the  highest  Cellosolve  feed 
levels  (1000  mg/1).  The  tertiary  model  pond  had  a 
large  algal  population.  Cellosolve  was  almost  total- 
ly degraded  at  all  feed  concentrations.  Adverse 
changes  in  the  biological  system  occurred  at  the 
500  and  1000  mg/1  Cellosolve  feed  levels,  and 
Cellosolve  breakdown  products  appeared  in  the 
effluent.  The  biological  systems  showed  obviously 
adverse  responses  at  Cellosolve  feed  levels  of  500 
and  1000  mg/1.  However,  recovery  was  rapid 
when  the  level  of  Cellosolve  was  reduced  to  10 
mg/1.  No  apparent  adverse  responses  to  the 
Chlorex  10  mg/1  feed  were  observed  in  any  of  the 
ponds.  (See  also  W90-04783)  (Cassar-PTT) 
W90-04784 


TREATMENT  OF  WASTEWATERS  FROM 
SUGAR  CANE  ALCOHOL  PRODUCTION 
WITH  MODIFIED  BENTONITES. 


Sao  Paulo  Univ.  (Brazil).  Dept.  of  Chemical  Engi- 
neering. 
P.  M.  Buchler. 

Water  Science  and  Technology  WSTED4,  Vol  21, 
No.  12,  p  1845-1847,  1989.  10  ref. 

Descriptors:  'Wastewater  treatment,  'Industrial 
wastewater,  'Alcohols,  'Sugarcane,  'Fermenta- 
tion, Bentonite,  Clays,  Adsorption,  Vinasse,  Or- 
ganic matter,  Activated  carbon. 

Two  bentonites  modified  with  tetramethylammon- 
ium  chloride  were  tested  as  adsorption  media  for 
the  constituents  of  waste  from  sugar  cane  alcohol 
production.  The  synthetic  wastewater  solution 
contained  glycerol,  ethanol,  glucose,  fructose, 
phenol,  dextran,  and  glycine.  Phenol  was  strongly 
adsorbed  by  the  modified  bentonites.  Other  com- 
ponents were  adsorbed  to  a  lesser  extent.  (Cassar- 
PTT) 
W90-04786 


INVESTIGATION  OF  AN  INNOVATIVE  TECH- 
NOLOGY FOR  OIL-FIELD  BRINE  TREAT- 
MENT. 

Novi  Sad  Univ.  (Yugoslavia).  Faculty  of  Science. 
D.  Miskovic,  B.  Dalmacija,  Z.  Hain,  E.  Karlovic, 
and  S.  Marie. 

Water  Science  and  Technology  WSTED4,  Vol  21, 
No.    12,  p   1849-1852,    1989.    1   fig,   3  tab,  6  ref. 

Descriptors:  'Wastewater  treatment,  'Industrial 
wastewater,  'Activated  sludge  process,  'Brines, 
'Oil  fields,  Biological  wastewater  treatment,  Sedi- 
mentation, Advanced  wastewater  treatment,  Acti- 
vated carbon,  Adsorption,  Secondary  wastewater 
treatment,  Laboratory  methods. 

A  scheme  for  complete  treatment  of  oil-field  brine 
was  investigated  on  a  laboratory  scale.  The  influ- 
ent contained  29,322-34,654  g/cu  dm  of  salt,  138.5- 
314.8  mg/cu  dm  of  oil,  an  organic  concentration  of 
940-2530  mg  KMn04/cu  dm,  and  hard-to-biode- 
grade  materials  (BOD/COD  =  0.25  to  0.30).  The 
primary  treatment  involved  gravitational  separa- 
tion of  oil  for  30  hr;  coagulation  and  flocculation 
with  added  ferric  chloride,  alum,  and  lime;  fol- 
lowed by  primary  sedimentation  with  production 
of  small  amounts  of  inorganic  sludge.  The  second- 
ary treatment  involved  microbiological  treatment 
with  25%  dilution  with  fresh  water  and  the  addi- 
tion of  powdered  activated  carbon.  Advanced 
treatment  was  carried  out  using  granular  activated 
carbon.  BOD  values  in  the  final  effluent  were  0.2- 
1 5  mg  oxygen/cu  dm.  (Cassar-PTT) 
W90-04787 


PRODUCTION  OF  PROTEIN  FOR  ANIMAL 
FEED  STUFF  USING  ORGANIC 

WASTEWATERS  FROM  WINE  DISTILLERIES. 

Forschungsinstitut    fuer   Wassertechnologie    e.V., 

Aachen  (Germany,  F.R.). 

C.  Wetter,  K.  Poeppinghaus,  H.  Morais,  M.  Dias, 

and  B.  Mendez. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.    12,  p   1853-1856,    1989.    1    fig,   5  tab,   8  ref. 

Descriptors:  'Sludge  utilization,  'Wastewater 
treatment,  'Activated  sludge  process,  'Industrial 
wastewater,  Wine  industry,  Animal  feed,  Biologi- 
cal wastewater  treatment,  Proteins. 

Wastewater  produced  from  distillation  of  excess 
and  poor  quality  red  wines  (COD  of  26,528-30,040 
mg/1  and  BOD  of  6000-10,720  mg/1)  was  treated  in 
a  pilot  plant  activated  sludge  process  which  pro- 
duced a  sludge  suitable  for  animal  feed  (37%  raw 
protein).  The  treatment  process  featured  primary 
sedimentation,  aeration,  and  final  sedimentation. 
Nutrient  supplementation  with  ammonium  sulfate 
and  calcium  phosphate  improved  biodegradation. 
The  efficiency  of  waste  treatment  was  about  90%, 
and  the  biomass  production  was  7.5  g/1.  (Cassar- 
PTT) 
W90-04788 


ANAEROBIC      TREATMENT      OF      CHEESE 
WHEY.  START-UP  AND  OPERATION. 

Santiago  Univ.  (Spain).  Dept.  of  Chemical  Engi- 


3| 

as 

i 

SK 

:  i.;, 
OS 


as 


143 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Watte  Treatment  Processes 


neering. 

R.  Mendez,  R.  Blazquez,  F.  Lorenzo,  and  J.  M. 

Lema. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.    12,  p   1857-1860,    1989.   3  fig,  4  tab,  6  ref. 

Spanish  CAICYT  Contract  PR84-0466. 

Descriptors:  'Wastewater  treatment,  'Industrial 
wastewater,  'Whey,  'Food-processing  wastes, 
•Anaerobic  digestion,  Biological  wastewater  treat- 
ment, Digestion,  Dairy  industry. 

Three  waste  streams  from  a  dairy  products  factory 
were  characterized  and  considered  in  a  wastewater 
treatment  plan.  Treatment  of  the  stream  responsi- 
ble for  15%  of  the  overall  flow,  but  with  the 
highest  concentration  of  pollutants,  eliminated 
82%  of  the  total  COD.  Treatment  of  this  concen- 
trated stream  together  with  a  moderately  concen- 
trated stream  (together  30%  of  flow)  eliminated 
97%  of  the  total  organic  load.  Wastewater  was 
treated  in  an  upflow  anaerobic  reactor.  (Cassar- 
PTT) 
W90-04789 


ANAEROBIC/AEROBIC  TREATMENT  OF 
PIGGERY  AND  CHEESE-DAIRY 

WASTEWATER-A  CASE  STUDY. 

Centre    National    du    Machinisme    Agricole,    du 

Genie    Rural,    des    Eaux    et    des    Forets,    Lyon 

(France). 

J.  B.  le  Hy,  B.  Montuelle,  and  J.  Coillard. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.    12,  p   1861-1864,   1989.   1   fig,  4  tab,   5  ref. 

Descriptors:  'Wastewater  treatment,  'Industrial 
wastewater,  'Food-processing  wastes,  'Dairy  in- 
dustry, 'Animal  wastes,  Biological  wastewater 
treatment,  Anaerobic  digestion,  Aerobic  condi- 
tions, Activated  sludge  process,  Digestion,  Hogs. 

Increased  production  of  a  piggery  operation  and  a 
dairy  industry  necessitated  expansion  of  the 
wastewater  treatment  facilities  handling  pig  stall 
slurry  and  washing  water  from  cheese  production. 
The  chosen  design  included  an  anaerobic  stage  for 
initial  treatment  of  the  pig  slurry  followed  by  a 
thickener  before  introduction  into  the  aerobic 
stage.  The  anaerobic  step  reduced  the  total  COD 
in  the  pig  slurry  by  66%;  the  suspended  solids  by 
39%,  the  volatile  solids  by  48%,  and  the  total 
phosphorus  by  30%.  Use  of  biogas  from  the  reac- 
tor reduced  propane  use  in  the  plant  by  26%. 
Removal  efficiencies,  considering  the  total  oper- 
ation, were  as  follows:  COD,  98%;  BOD,  99.4%; 
nitrogen,  96%;  phosphorus,  93%;  and  suspended 
solids,  99%.  Problems  remaining  in  the  system 
include  leaks  in  the  pig  slurry  collection  system 
which  bypass  the  anaerobic  reactor,  hair  deposits 
in  the  coil  heat  exchanger  and  digested  slurry  pipe, 
and  the  near-capacity  operation  of  the  aerobic 
stage,  which  cannot  cope  with  overloads.  (Cassar- 
PTT) 
W90-04790 


COMPUTER  PROGRAM  FOR  FARM  WASTE 
MANAGEMENT. 

West    of   Scotland    Agricultural    Coll.,    Auchin- 

cruive.  Dept.  of  Microbiology. 

I.  F.  Svoboda. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.  12,  p  1865-1868,  1989.  5  tab,  2  ref. 

Descriptors:  'Wastewater  treatment,  'Industrial 
wastewater,  'Waste  management,  'Waste  disposal, 
'Farm  wastes,  'Land  disposal,  'Computer  pro- 
grams, Animal  wastes,  Nutrients,  Hogs,  Anaerobic 
digestion,  Digestion,  Biological  treatment,  Aerobic 
conditions. 

A  computer  program  provides  a  plan  for  manage- 
ment of  farm  wastes.  It  has  five  subprograms: 
estimation  of  quantity  and  characteristics  of  raw 
wastes,  mechanical  separation  of  raw  wastes,  aero- 
bic treatment,  anaerobic  treatment  and  land 
spreading.  The  case  of  a  piggery  slurry  is  given  as 
an  example.  Mechanical  separation  allows  com- 
posting of  solids,  with  the  remaining  liquid  used 
for  irrigation  or  further  treatment.  Aerobic  treat- 
ment can  reduce  odors  and  pollutant  concentra- 
tions. Anaerobic  treatment  can  be  done  in  a  lagoon 


or  tank,  and  biogas  may  be  collected  if  desired. 
Land  application  rates  and  suggestions  for  adding 
deficient  nutrients  for  various  crops  (e.g.  for  silage) 
are  given.  (Cassar-PTT) 
W90-04791 


AMOUNT    OF    HEAVY    METALS    DERIVED 
FROM  DOMESTIC  WASTEWATER. 

Yokosuka  City  Sewage  Works  Div.  (Japan). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04802 


BIOMASS,  AND  NITROGEN,  PHOSPHORUS, 

AND  HEAVY  METAL  CONTENT  OF  PHRAG- 

MITES    AUSTRALIS    DURING    THE    THIRD 

GROWING     SEASON     IN     A     ROOT     ZONE 

WASTE  WATER  TREATMENT. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Botany  and 

Microbiology. 

C.  Gries,  and  D.  Garbe. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 

No.  1,  p  97-105,  November  1989.  2  fig,  1  tab,  37 

ref. 

Descriptors:  'Aquatic  plants,  'Root  zone 
wastewater  treatment,  'Grasses,  'Biological 
wastewater  treatment,  'Land  disposal, 
•Wastewater  treatment,  'Nutrients,  'Heavy 
metals,  *Bioaccumulation,  Phragmites,  Zinc,  Cad- 
mium, Iron,  Lead,  Copper,  Chromium,  Biomass, 
Germany,  Nitrogen,  Phosphorus. 

For  Phragmites  australis  growing  in  a  root  zone 
wastewater  treatment  in  Northern  Germany  bio- 
mass, ion  uptake  and  distribution  within  the  plant 
were  investigated.  High  stalk  density  (150-200/sq 
m),  low  stand  height  (stalk  length  180  cm  s.d.  +/- 
50)  and  a  small  root  mass  per  unit  rhizome  were 
related  to  the  high  nutrient  supply.  The  accumula- 
tion of  phosphate,  zinc,  cadmium,  iron  and  lead 
was  very  high  in  the  roots;  however,  concentra- 
tions in  the  shoots  and  rhizomes  were  even  lower 
than  in  reed  grown  in  natural  habitats.  Nitrogen 
content  was  independent  of  the  high  ammonia 
supply.  Only  copper  and  chromium  were  trans- 
ported into  the  shoot  in  higher  amounts  than  in 
habitats  with  lower  background  concentrations  of 
these  elements.  (Author's  abstract) 
W90-04809 


SPECIFICITY  OF  THE  DPD  AND  AMPERO- 
METRIC  TITRATION  METHODS  FOR  FREE 
AVAILABLE  CHLORINE:  A  REVIEW. 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04812 


TREATMENT  OF  RAW  DOMESTIC  SEWAGE 
IN  AN  UASB  REACTOR. 

Universidade  Federal  do  Rio  de  Janeiro  (Brazil). 

Coordenacao  dos  Programas  de  Pos-graduacao  de 

Engenharia. 

R.  A.  Barbosa,  and  G.  L.  Sant'Anna. 

Water  Research  WATRAG,  Vol.  23,  No.   12,  p 

1483-1490,  December   1989.  6  fig,  5  tab,   17  ref. 

Descriptors:  'Activated  sludge  process, 
•Wastewater  reactors,  'Wastewater  treatment, 
'Raw  wastewater,  'Anaerobic  digestion,  'Domes- 
tic wastes,  'Biological  wastewater  treatment, 
Upflow  anaerobic  sludge  bed  reactor,  Biodegrada- 
tion,  Biological  oxygen  demand,  Chemical  oxygen 
demand,  Methane,  Suspended  solids. 

The  treatment  of  raw  domestic  sewage  at  ambient 
temperatures  in  an  upflow  anaerobic  sludge  blan- 
ket (UASB)  reactor  with  a  volume  of  120  L  and  a 
height  of  1.92  meters  was  studied.  The  sewage  had 
an  average  BOD5  of  357  mg/L  and  COD  of  627 
mg/L.  Approximately  75%  of  the  organic  materi- 
als were  in  the  suspended  fraction.  The  sewage 
temperature  ranged  from  18  to  28  C  during  the 
experimental  period.  The  reactor  operated  continu- 
ously for  9  months  and  assessed  self-inoculation 
and  raw  domestic  sewage  purification.  The  unit 
was  started  without  inoculum  and  ran  during  the 
entire  experimental  period  with  a  hydraulic  reten- 
tion time  of  4  hours.   During  the  experiment,  a 


sludge  bed  build-up  was  observed.  At  the  end  of 
the  experimental  period,  the  predominance  of 
spherical  granular  particles  up  to  6  to  8  mm  in 
diameter  was  evident.  After  a  4-month  operation,  it 
was  observed  that  the  inoculation/acclimatization 
steps  had  been  concluded.  Removal  efficiencies  of 
BODS  =  78%,  COD  =  74%  and  TSS  =  72% 
were  obtained.  A  typical  gas  production  factor  of 
80  L/kg  COD  added  was  observed  and  the  meth- 
ane content  of  the  biogas  was  69%.  (Author's 
abstract) 
W90-04835 


APPROXIMATE  ALGEBRAIC  SOLUTION  FOR 
A  BIOFILM  MODEL  WITH  THE  MONOD  KI- 
NETIC EXPRESSION. 

General  Motors  Research  Labs.,  Warren,  MI.  En- 
vironmental Science  Dept. 
B.  R.  Kim,  and  M.  T.  Suidan. 
Water  Research  WATRAG,  Vol.  23,  No.   12,  p 
1491-1498,  December   1989.   5  fig,   1  tab,   14  ref. 

Descriptors:  'Mathematical  models,  'Biofilms, 
'Biological  filters,  'Biological  wastewater  treat- 
ment, 'Wastewater  treatment,  'Biofilm  reactors, 
•Kinetics,  'Microbial  degradation,  Approximation 
method,  Monod  kinetics,  Substrates. 

A  steady-state  biofilm  model,  which  describes  at- 
tached-biofilm  reactors,  is  often  derived  by  simul- 
taneously considering  microbial  kinetics  and  diffu- 
sion through  a  biofilm.  When  Monod  kinetics  is 
used  to  describe  the  microbial  kinetics  in  the  bio- 
film, the  resulting  equation  becomes  analytically 
insolvable.  In  this  paper,  an  approximate  solution, 
having  an  explicit  algebraic  form,  was  developed 
using  the  orthogonal  collocation  method  to  relate 
the  steady-state  substrate  flux  into  the  biofilm  to 
the  bulk  substrate  concentration,  and  to  predict  the 
effluent  substrate  concentration  from  a  continuous 
stirred-tank  reactor.  The  accuracy  of  the  approxi- 
mate solution  was  evaluated  by  comparing  the 
solution  to  an  accurate  numerical  solution.  The 
comparison  indicated  that  the  approximate  solution 
is  very  accurate  for  the  case  in  which  the  substrate 
fully  penetrates  the  biofilm  (i.e.  a  shallow  biofilm), 
and  is  inaccurate  for  the  case  in  which  the  sub- 
strate partially  penetrates  the  biofilm  (i.e.  a  deep 
biofilm).  The  accuracy  was  found  to  depend  upon 
biofilm  thickness  and  substrate  concentration  in  the 
bulk  liquid.  In  addition,  the  region  in  which  the 
approximate  solution  was  accurate  was  graphically 
developed  along  with  the  regions  of  three  limiting 
cases  (i.e.  zero-order,  first-order  and  deep  biofilm). 
These  regions  graphically  illustrate  where  the  ap- 
proximate solution  and  each  limiting  case  are  valid 
in  a  two-dimensional  space  of  substrate  concentra- 
tion and  biofilm  thickness.  (Author's  abstract) 
W90-04836 


EFFECT  OF  WASTEWATER  SPRAY  IRRIGA- 
TION ON  ROTAVIRUS  INFECTION  RATES  IN 
AN  EXPOSED  POPULATION. 

James  N.  Gamble  Inst,  of  Medical  Research,  Cin- 
cinnati, OH. 

R.  L.  Ward,  D.  R.  Knowlton,  J.  Stober,  W. 
Jakubowski,  and  T.  Mills. 

Water  Research  WATRAG,  Vol.  23,  No.  12,  p 
1503-1509,  December  1989.  6  tab,  28  ref.  US  EPA 
Assistance  Agreement  CR  8 1 3084. 

Descriptors:  'Rotaviruses,  'Public  health,  'Human 
pathology,  'Population  exposure,  'Wastewater  ir- 
rigation, 'Viruses,  'Spray  irrigation,  Wastewater 
disposal,  Infection,  Blood,  Bioassay,  Immunoassay, 
Texas. 

The  Lubbock  Infection  Surveillance  Study  was 
conducted  between  June  1980  and  October  1983  to 
detect  potential  increases  in  enteric  infection  and 
disease  incidence  in  a  community  surrounding  a 
wastewater  spray  irrigation  site.  A  25  km  pipeline 
transported  an  average  daily  flow  of  14,000  cu  m 
of  trickling  filter  effluent  from  the  Lubbock 
(Texas)  Sewage  Treatment  Plant  to  a  1500  ha  farm 
directly  from  both  the  pipeline  and  storage  reser- 
voirs. Operation  commenced  in  February  1982  and 
irrigation  was  conducted  primarily  by  22  center- 
pivot  sprinklers.  This  report  concerns  the  inci- 
dence of  rotavirus  infections  in  study  participants 
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during  that  period.  Rotavirus  infection  was  defined 
as  a  greater  than  2-fold  increase  in  rotavirus  serum 
antibody  between  blood  collections  which  oc- 
curred approximately  every  6  months.  Antibody 
was  detected  by  an  enzyme-linked  immunosorbent 
assay  (ELISA).  Of  the  368  participants  who  pro- 
vided 2  or  more  blood  specimens,  67  seroconver- 
sions to  rotavirus  were  detected,  an  average  annual 
rate  of  6.8  infections  per  100  subjects.  One  subject 
was  infected  twice.  Seroconversions  were  ob- 
served in  32.7%  (32/98)  of  children  (16  years  of 
age  or  younger)  and  in  12.7%  (33/260)  of  adults 
(17  years  or  older)  with  a  single  infection.  Thus, 
significantly  more  (P  <  0.0001)  rotavirus  infec- 
tions occurred  in  children.  Baseline  rotavirus 
serum  antibody  titers  were  found  to  be  significant- 
ly lower  (P  =  0.047)  in  subjects  who  seroconvert- 
ed.  However,  many  children  and  adults  with  high 
titers  were  also  infected.  More  seroconversions 
were  observed  between  June  and  December  (Janu- 
ary) than  between  December  (January)  and  June. 
Wastewater  spray  irrigation  had  no  detectable 
effect  on  the  incidence  of  rotavirus  infection.  (Au- 
thor's abstract) 
W90-04838 

EFFECT  OF  REACTOR  HYDRAULICS  ON 
THE  PERFORMANCE  OF  ACTIVATED 
SLUDGE  SYSTEMS:  I.  THE  TRADITIONAL 
MODELLING  APPROACH. 

Technical  Univ.  of  Istanbul  (Turkey).   Dept.  of 
Environmental  Engineering. 
D.  Orhon,  S.  Soybay,  O.  Tunay,  and  N.  Artan. 
Water  Research  WATRAG,  Vol.  23,  No.  12,  p 
1511-1518,  December  1989.  4  fig,  3  tab,  23  ref. 

Descriptors:  'Wastewater  reactors,  'Wastewater 
treatment,  'Activated  sludge  process,  'Biological 
wastewater  treatment,  'Mathematical  models, 
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crobial degradation,  Plug  flow. 

The  traditional  modeling  approach  involving  only 
overall  substrate  and  biomass  parameters  and  a 
Monod-type  rate  expression  was  used  to  investi- 
gate the  effect  of  reactor  hydraulics  on  the  sub- 
strate removal  efficiencies  of  activated  sludge  sys- 
tems. The  traditional  kinetics  was  observed  to  give 
a  useful,  although  not  completely  accurate  picture 
of  performances  of  different  types  of  reactors:  it 
showed  basically  that  the  relative  performance  of  a 
given  hydraulic  configuration  was  significantly  af- 
fected by  the  kinetic  constants  was  well  as  by 
operating  parameters.  The  results  of  model  simula- 
tions indicated  that  most  experimental  studies  in 
this  area,  were  designed  to  operate  at  a  range 
which  should  secure  complete  removal  of  the 
growth  limiting  substrate;  therefore,  the  related 
experimental  data  so  far  available,  do  not  necessari- 
ly provide  conclusive  evidence  on  the  effect  of 
reactor  hydraulics.  The  reported  effluent  substrate 
levels,  identified  in  terms  of  an  overall  parameter 
such  as  COD,  appear  to  be  much  higher  than  what 
may  be  derived  from  a  kinetic  evaluation  for  both 
a  completely  mixed  (CSTR)  and  a  plug  flow  reac- 
tor (PFR),  possibly  indicating  the  presence  of  solu- 
ble microbial  products.  (See  also  W90-04840)  (Au- 
thor's abstract) 
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A  new  model  involving  the  concept  of  soluble 
residual  microbial  products  formation  was  used  to 


investigate  the  effect  of  reactor  hydraulics  on  the 
substrate  removal  efficiencies  of  activated  sludge 
systems.  Strong  experimental  evidence  in  the  liter- 
ature suggests  that  what  is  measured  in  most  stud- 
ies is  not  the  remaining  portion  of  the  influent 
degradable  substrate,  but  organic  matter  of  micro- 
bial origin  which  is  residual,  at  least  for  the  operat- 
ing conditions  considered.  An  appropriate  simula- 
tion approach  was  formulated  to  account  for  the 
formation  of  these  products,  by  a  simple  mechanis- 
tic modification  of  the  newly  proposed  task  group 
model.  This  model  showed  no  practical  difference 
between  the  performances  of  completely  mixed 
and  plug  flow  activated  sludge  systems,  because 
they  produced  almost  equal  amounts  of  these  mi- 
crobial products,  under  similar  operating  condi- 
tions. (See  also  W90-04839)  (Author's  abstract) 
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A  simple  structured  kinetic  model  is  applied  to  the 
activated  sludge  process.  The  objective  is  less  to 
predict  exact  process  performance  than  to  illustrate 
some  of  the  possibilities  and  difficulties  in  produc- 
ing a  comprehensive  model  for  all  the  process 
variants.  The  rate  equations  are  chosen  so  as  to 
reduce  to  the  Monod  equation  during  balanced 
growth.  Because  these  rate  equations  are  linear,  the 
cell  growth  and  substrate  uptake  in  a  stirred  tank 
can  be  defined  exactly  in  terms  of  the  average 
composition  of  the  biomass.  It  is  shown  that  this  is 
not  valid  for  other  forms  of  rate  equations.  The 
stored  substrate  to  protoplasm  ratio  in  the  floes  is 
found  to  decrease  with  increasing  mean  cell  resi- 
dence time.  If  extracellular  biopolymers  are  includ- 
ed in  the  stored  substrate,  this  corresponds  qualita- 
tively to  observations  of  poor  flocculation  in  ex- 
tended aeration.  The  model  is  also  applied  to  the 
contact  stabilization  process  and  is  found  to  be  in 
agreement  with  the  essential  process  variables. 
This  kinetic  model  is  believed  to  be  the  simplest 
model  capable  of  giving  a  realistic  description  of 
the  contact  stabilization  process.  (Author's  ab- 
stract) 
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Florida  Univ.,  Gainesville.  Dept.  of  Environmental 

Engineering  Sciences. 

B.  Koopman,  C.  M.  Stevens,  C  L.  Logue,  P. 

Karney,  and  G.  Bitton. 

Water  Research  WATRAG,  Vol.  23,  No.   12,  p 

1555-1561,  December  1989.  5  fig,   1  tab,   11  ref. 

Descriptors:  'Wastewater  treatment,  'Biochemical 
oxygen  demand,  'Water  sampling,  'Activated 
sludge  process,  'Nitrification,  'Wastewater  facili- 
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At  the  Buckman  and  Southwest  wastewater  treat- 
ment plants  in  Jacksonville,  FL,  which  are  non- 
nitrifying  activated  sludge  facilities,  problems  were 
encountered  with  high  BOD5s  in  flow-composited 
effluent  samples  during  periods  when  effluent  sus- 
pended solids  were  low  and  biological  upsets  were 
absent.  It  was  hypothesized  that  the  source  of 
nitrifying  bacterial  seed  was  the  automatic  sam- 
pling equipment  in  place  at  the  facilities.  This 
study  was  carried  out  to  determine  the  cause  of 
nitrification  and  evaluate  the  influence  of  alternate 
sampling  equipment  on  BOD5  measurements.  Sam- 
ples were  tested  for  BOD,  carbonaceous  BOD, 
nitrogenous  oxygen  demand  and  concentration  of 
nitrifying  bacteria.  Biofilms  inside  the  equipment 
were  tested  for  nitrification  potential.  A  sampler 
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utilizing  continuous  circulation  of  final  effluent 
was  found  to  support  attached  growth  of  nitrifying 
bacteria  and  was  associated  with  relatively  high 
effluent  nitrogenous  oxygen  demand.  The  effluent 
nitrogenous  oxygen  demand  and  nitrification  po- 
tential of  attached  growth  were  significantly  less 
with  a  unit  that  aspirated  effluent  on  an  intermit- 
tent basis,  purging  the  sample  line  with  air  before 
and  after  sampling.  Peak  nitrifier  counts  in  samples 
from  the  continuous  flow  equipment  exceeded 
those  in  samples  from  the  intermittent  flow  equip- 
ment. Given  the  common  use  of  the  continuous- 
flow  sampling  equipment,  it  would  appear  that 
BOD  test  nitrification  problems  at  many  non-nitri- 
fying facilities  could  be  ameliorated  simply  by 
switching  to  intermittent-flow  equipment.  (Ver- 
Nooy-PTT) 
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ZN  SOLUBILITY  IN  LOW  CARBONATE  SO- 
LUTIONS. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Seattle,  WA.  Pacific  Marine  Environmental 
Lab. 

For  primary  bibliographic  entry  see  Field  2K. 
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IN  SITU  CONTROL  OF  SULFIDE  EMISSIONS 
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AEROBIC DIGESTION  PROCESS. 
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fates, Hydrogen  ion  concentration,  Iron  com- 
pounds, Phosphates,  Methane. 

Sulfate  in  an  anaerobic  digester  many  be  reduced 
rapidly  to  sulfide  by  sulfate  reducing  bacteria 
which  utilize  sulfate  as  the  terminal  electron  accep- 
tor during  organic  matter  metabolism.  Sulfide  vol- 
atilization was  found  to  be  sensitive  to  the  pH 
variations  expected  during  normal  anaerobic  di- 
gester operation.  As  digester  pH  levels  increased 
from  6.7  to  8.2,  gaseous  sulfide  concentrations  de- 
creased from  2900  to  100  ppm  H2S(g).  Although 
gaseous  sulfide  control  through  pH  adjustment  was 
technically  feasible,  its  practical  use  was  limited  by 
the  resulting  increase  in  soluble  sulfide  concentra- 
tion. pH  adjustment  for  biogas  sulfide  control  was 
recommended  only  under  conditions  in  which  the 
influent  sulfur  level  was  well  below  sulfide  inhibi- 
tory concentrations.  Control  of  gaseous  sulfide 
levels  through  insoluble  iron(-l--t--l-)  phosphate 
addition  was  an  efficient  gaseous  sulfide  control 
process  with  no  adverse  effects  on  digester  per- 
formance. By  varying  the  influent  FeP04- 
Fe:S04(-)-S  input  ratio  from  0.0  to  3.5,  gaseous 
sulfide  levels  decreased  from  2400  to  100  ppm.  The 
availability  of  iron  under  anaerobic  conditions 
from  an  aerobically  insoluble  compound  has  been 
termed  reductive  solubilization.  Using  results  from 
this  investigation,  a  unique  anaerobic  digestion 
system  is  outlined  to  treat  sulfur  rich  wastes  in 
which  sulfide  inhibition  is  minimized  while  maxi- 
mizing energy  recovery.  (Author's  abstract) 
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Formic  acid  has  been  known  for  many  years  to  be 
produced  by  mixed  cultures  during  anaerobic  fer- 
mentation. The  experimental  data  from  pseudo- 
steady  state  runs  show  that  formate  will  only  be 
detected  at  steady  state  if  the  stages  of  the  process 
are  segregated.  In  continuously  stirred  tank  reac- 
tors (CSTRs),  formate  may  exist  below  the  K  sub 
S  of  formate-utilizing  methanogens  (5  mg/L  or 
less).  In  the  experimental  anaerobic  baffled  reactor 
(ABR),  which  is  essentially  a  series  of  CSTRs, 
unusual  conditions  prevailed  in  the  first  few  com- 
partments, partially  de-linking  the  fermentative 
and  methanogenic  stages.  This  allowed  a  build-up 
of  formate  to  be  seen  in  the  first  two  or  three 
compartments,  that  quickly  disappeared  in  the  later 
compartments.  Under  conditions  of  shock  loading, 
formate  was  detected  in  the  reactor  effluent,  up  to 
peak  concentrations  of  2500  mg/L.  This  was  fol- 
lowed by  a  rapid  recovery  of  the  reactor  to  99% 
COD  removal,  indicating  unusual  stability.  (Au- 
thor's abstract) 
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CULTURE  OF  CYANOBACTERIA  FOR  TERTI- 
ARY WASTEWATER  TREATMENT  AND  BIO- 
MASS  PRODUCTION. 
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In  order  to  determine  factors  influencing  the  treat- 
ment efficiency  of  wastewater  by  culture  of  cyano- 
bacteria,  experiments  were  conducted  at  laborato- 
ry scale  on  the  effect  of  different  aeration-agitation 
modes  (stirring  and  air  bubbling)  on  treatment 
efficiency,  growth  rate  and  occurrence  of  grazers 
and  Chlorella-like  cells.  Nitrate  addition  and  dis- 
solved oxygen  were  also  studied.  The  best  aer- 
ation-agitation mode,  according  to  treatment  effi- 
ciency and  growth  rate,  was  the  culture  bubbled 
on  a  14/24  h  basis:  ammonia  and  phosphate  remov- 
al were  95  and  62%,  respectively  (for  a  treatment 
time  of  one  day),  and  growth  was  0.34  per  day. 
Stirring  bars  did  not  appear  to  be  a  suitable  system 
to  agitate  filamentous  cyanobacterial  cultures  be- 
cause of  the  low  culture  aeration,  the  occurrence 
of  nitrification  and  the  breakage  of  algal  cells.  This 
last  effect  appeared  to  explain  the  low  level  of 
grazer  population.  Populations  of  Chlorella-like 
cells  remained  relatively  low  in  both  aeration-agi- 
tation modes.  Dissolved  oxygen  did  not  have  a 
marked  effect  on  grazer  population.  Addition  of 
inorganic  nitrate  to  senescent  cultures  markedly 
improved  the  health  condition  of  cyanobacteria 
cultures.  (Author's  abstract) 
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Research  was  conducted  to  investigate  the  quanti- 
tative and  practical  aspects  related  to  the  utiliza- 
tion of  an  aerobic  thermophilic  process  to  process 
a  typical  effluent  of  the  meat  industry  (a  pig 
slaughterhouse  effluent).  This  process  is  particular- 
ly suitable  for  effluents  discharged  at  high  or  warm 
temperatures  (30-70  C).  Thermophilic  treatment  of 
the  waste  was  carried  out  in  a  laboratory  bioreac- 
tor  at  different  temperatures  and  solids  retention 
times  without  cell  recycle.  COD  was  reduced  by 
over  93%.  Phosphorus  was  removed  from  72  to 


90%  under  different  cultivation  conditions.  A  high 
rate  of  specific  substrate  consumption  was  ob- 
served compared  to  that  obtained  in  mesophilic 
processes.  The  composition  of  the  essential  amino 
acids  in  the  biomass  was  similar  to  that  of  meat  and 
soya  meals  and  appeared  well-balanced  and  appro- 
priate for  pigs  and  poultry  feeding.  (White-Reimer- 
PTT) 
W90-04861 
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In  order  to  eliminate  the  negative  effects  of  vari- 
ations in  sewage  quantity  on  the  effectiveness  of 
treatment  using  a  rotating  biological  contactor 
(RBC),  a  rotating  biological  extended  contactor 
(RBEC)  was  constructed.  Flow  rate  varied  from  8 
L/d  to  160  L/d,  while  waste  concentration,  in 
COD,  was  from  3000  mg  02/L  to  120-150  mg  02/ 
L.  Results  of  the  RBEC  were  compared  with  those 
of  a  RBC.  The  COD  reduction  in  the  conventional 
contactor  (RBC)  was  82%  compared  with  92% 
reduction  in  the  extended  reactor  (RBEC)  at  the 
same  hydraulic  loading  of  0.013  cu  m/sq  m/d.  On 
the  other  hand,  at  loading  levels  of  0.1  cu  m/sq  m/ 
d  in  the  RBC  reduction  amounted  to  48%,  while 
the  RBEC  reduced  waste  COD  concentration  by 
82%.  The  effectiveness  of  the  treatment  depended 
on  the  amount  of  suspended  biomass  solids  in  the 
waste  container,  but  with  high  concentration  of 
suspended  biomass  oxygen  deficits  were  likely  to 
occur.  Reduction  of  the  concentration  of  the  sus- 
pension might  be  attained  by  recirculating  the 
treated  wastes.  Just  as  with  conventional  rotating 
biological  contactors  the  extended  ones  can  be 
coupled,  with  container  and  drive  shaft  divisions. 
If  the  container  is  in  the  form  of  a  cylinder  with  a 
flat  bottom,  the  positioning  of  the  waste  inflow  and 
of  treated  water  discharge  is  very  important. 
Sewage  should  reach  the  inner  section  of  the  con- 
tainer, while  the  discharge  should  be  from  the 
outer  section.  (White-Reimer-PTT) 
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The  treatability  of  a  pharmaceutical  wastewater 
using  a  two-stage  biological  system  was  investigat- 
ed. The  system  consisted  of  two  reactors  operated 
in  a  batchwise  mode  with  the  effluent  of  reactor  A 
becoming  the  feed  for  reactor  B.  During  a  cycle  of 
operation  each  reactor  served,  in  turn,  as  the  aer- 
ation basin  and  then  the  clarifier.  Results  indicated 
that  a  wastewater  with  a  chemical  oxygen  demand 
(COD)  of  about  26,500  mg/L  and  5-day  biological 
oxygen  demand  (BODS)  of  about  12,500  mg/L 
could  be  treated  with  the  system.  COD  removal  by 
reactor  A  ranged  from  96  to  63%  while  system 
COD  removal  ranged  from  99  to  86%  as  various 
loading  conditions  were  investigated.  It  was  initial- 
ly thought  that  the  2-ethylhexanoic  acid  present  in 
the  wastewater  at  a  concentration  of  2500  mg/L 
might  prove  inhibitory  to  the  biological  process 
and  adversely  affect  treatment  performance.  The 
system,  however,  adapted  well  and  the  2-ethylhex- 
anoic acid  was  effectively  removed.  Gas  chroma- 
tographic analysis  of  reactor  A's  effluent  suggested 


the  occurrence  of  fermentation.  Ethanoic,  propa- 
noic, butanoic  and,  on  one  occasion,  pentanoic 
acids  were  detected.  These  were  originally  absent 
in  the  wastewater.  The  results  suggested  that  the 
system  might  be  further  developed  on  the  lines  of 
the  sequencing  batch  reactor  (SBR)  concept.  In 
comparison  to  the  conventional  effluent  treatment 
plant  configuration  comprised  of  trickling  biofilter, 
activated  sludge  basins,  secondary  clarifiers  and 
sludge  return,  the  two-stage  batch  system  would 
probably  be  simpler  in  terms  of  construction,  oper- 
ation and  maintenance.  (Author's  abstract) 
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When  treating  raisin-finishing  wastewater  in  an 
upflow  anaerobic  sludge  bed  reactor  (UASB),  no 
significant  inhibition  was  observed  using  feeds 
with  unusually  high  sulfite  contents  (5,000-9,000 
mg/L),  when  the  COD  concentrations  were 
38,000-43,000  mg/L.  In  addition,  relatively  high 
undissociated  hydrogen  sulfide  concentrations 
(close  to  200  mg/L)  were  not  an  inhibitory  factor 
in  COD  removal  efficiency.  Sulfides  resulted  in  a 
reduction  of  methane  in  the  biogas.  Higher  meth- 
ane concentrations  were  obtained  with  relatively 
average  COD  and  sulfite  contents.  The  toxicity 
related  to  the  COD  (S03(2-)-S)  ratio  was  lower  at 
the  largest  COD  values  of  the  influent  used 
(38,000-43,000  mg/L)  than  a  smaller  (7,000-14,000 
mg/L),  at  similar  COD  (S03(2-)-S)  ratios  of  19-30. 
The  high  sulfite  content  of  the  raisin-finishing 
wastewater  as  well  as  the  very  high  sulfite  concen- 
tration sometimes  obtained  in  the  production  oper- 
ation, does  not  inhibit  its  anaerobic  treatment  in  a 
UASB  reactor;  the  resistance  of  anaerobic  diges- 
tion bacteria  to  high  sulfite  content  is  correlated 
with  the  organic  load  (invert  sugar  content)  in  the 
influent;  the  percentage  of  reduction  of  sulfites  is 
increased  at  high  concentrations  of  organic  matter. 
(Author's  abstract) 
W90-04865 


COMPUTER  OPTIMIZATION  OF  THE  PER- 
FORMANCE OF  AN  ANAEROBIC  FILTER 
USED  FOR  PURIFICATION  OF  HIGHLY  POL- 
LUTED WASTEWATER  FROM  A  SUGAR  RE- 
FINERY. 

Zurich  Univ.  (Switzerland).  Inst,  of  Plant  Biology. 
E.  DaPra,  K.  Schneider,  and  R.  Bachofen. 
Experientia  EXPEAM,  Vol.  45,  No.  11/12  p  1024- 
1029,  December  1989.  8  fig,  12  ref. 

Descriptors.  'Wastewater  treatment,  'Anaerobic 
filters,  'Food-processing  wastes,  'Computers, 
Chemical  oxygen  demand,  Organic  matter,  Sugar 
refineries,  Pilot  studies,  Computer  models. 

An  anaerobic  filter  system  with  a  volume  of  1 1  L 
fed  with  wastewater  from  the  Swiss  sugar  refinery 
in  Fauenfeld  was  established  on  a  laboratory  scale. 
It  provided  a  filter  performance  of  over  8  kg 
COD/cu  m/d  with  an  efficiency  of  at  least  70%.  A 
600  L  pilot  plant  system  in  the  factory  gave  a 
degradation  efficiency  of  70%  when  fed  with  28 
kg  COD/cu  m/d  and  yielded  0.34  cu  m  methane/ 
kg  COD,  demonstrating  that  the  scaling-up  of  the 
anaerobic  filter  had  been  successful.  The  rapidly- 
varying  concentrations  of  organic  materials  in  the 
wastewater  required  the  constant  control  of  the 
wastewater  flow  to  the  system.  A  control  program 
was  developed  for  a  small  computer  using  an  em- 
pirical model  simulating  the  operator.  By  varying 
the  influx  rate  of  the  wastewater  to  the  anaerobic 
filter  the  computer  kept  the  system  at  an  optimal 
organic  load.  The  results  obtained  were  equivalent 
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to  those  obtained  by  permanent  control  of  the 
system  by  an  operator.  (Author's  abstract) 
W90-04867 


MALFUNCTIONING  TREATMENT  WORKS: 
LIABILITY  AND  LEGAL  REMEDIES. 

Wickwire  Gavin,  Madison,  WI. 

R.  J.  Smith,  and  J.  K.  Holland. 

Water  Environment  and  Technology,  Vol.  1,  No. 

2,  p  298-305,  October  1989.  3  fig. 

Descriptors:  *Wastewater  facilities,  "Municipal 
wastewater,  "Wastewater  treatment,  Design  stand- 
ards, Contracts,  Legal  aspects. 

When  a  water  or  watewater  treatment  works  fails 
to  perform  to  the  design  specifications,  the  first 
step  in  determining  liability  is  to  review  all  the 
potential  causes  for  the  failure.  The  causes  may 
include  a  variety  of  circumstances  such  as  design 
deficiencies,  failure  of  a  construction  contractor  to 
perform  in  a  manner  provided  for  in  the  plans  and 
specifications,    functional    deficiencies    in    major 
equipment  items,  systems  and  unit  processes  that 
are  furnished  by  subcontractors  and  suppliers,  fail- 
ure of  the  owner  to  properly  maintain  and  operate 
the  plant,  and  unanticipated  changes  in  influent 
characterisitics.    The    U.S.    General    Accounting 
Office  (GAO)  studied  24  publicly  owned  treatment 
works  (POTW's)  and  determined  that  EPA  regula- 
tions failed  to  assure  that  designs  were  complete 
and  accurate  or  would  be  performed  as  designed. 
The  GAO  concluded  that  EPA  should  encourage 
grantees  to  hold  the  consulting  engineers  accounta- 
ble  for   damages   resulting   from   his   work,   and 
ensure  that  consulting  engineers  are  held  responsi- 
ble  for  the  poor  performance  of  their   resident 
engineers.  Information  is  presented  on  POTW's 
that  are  in  violation  of  discharge  permits,   and 
legislation,  such  as  1987  amendemnts  to  the  Clean 
Water  Act,  that  were  designed  to  limit  the  number 
of  violations.  EPA  grant  annulments  or  termina- 
tions are  one  method  employed  to  keep  municipali- 
ties in   line.   Municipalities   that   feel   poor   plant 
performance  is  the  result  of  faulty  engineering  or 
construction    are    entitled    to    take    legal    action 
against  contractors.   Background  information  on 
litigation  and  claims  to  either  protect  a  municipal- 
ity before  construction,  or  when  legal  consultation 
is  necessary  is  provided.  Defenses  and  damages  to 
the  plaintiff,  such  as  betterment,  restitution,  puni- 
tive and  consequential  damages,  are  possible  legal 
remedies.  (Author's  abstract) 
W90-O4877 


WORLD'S  ONLY  ON-LINE  TALKING 
WASTEWATER  TREATMENT  PLANT. 

Indianapolis  Public  Works  Dept,  IN. 
M.  W.  Sweeney,  J.  E.  Alleman,  and  T.  J.  Quinn. 
Water  Environment  and  Technology,  Vol.  1,  No. 
2,  p  306-311,  October  1989.  1  fig. 

Descriptors:  'Wastewater  facilities,  'Indiana, 
'Wastewater  treatment,  Automation,  Wastewater 
management,  Computers. 

The  computerization  of  the  wastewater  treatment 
industry  has  been  both  beneficial  and  burdensome. 
Adjusting  to  the  high  technology  has  been  expen- 
sive and  the  amount  of  data  provided  by  the  sys- 
tems has  been  overwhelming  at  times.  Computer- 
ized voice  generation  has  become  a  commonplace 
technology  within  the  public  domain.  Indianapolis, 
Indiana,  recently  introduced  a  similar  capability  to 
complement  its  new  computer-generated  trend  in- 
ferencing  system,  thereby  activating  what  is  be- 
lieved to  be  the  world's  only  on-line  talking 
wastewater  treatment  plant.  In  Indianapolis,  an 
IBM  AT-PC  is  linked  to  the  existing  mainframe 
computer  and  data  is  monitored  through  the  PC, 
which  has  an  inserted  digital  recording/playback 
board.  This  expansion  allows  the  computer  to  re- 
ceive phone  calls  and  relate  near  real-time  plant 
status  reports  and  critical  alarm  conditions.  This 
vocal  interface  can  automatically  initiate  telephone 
or  voice  pager  calls  to  advise  operators  of  abnor- 
mal or  emergency  conditions.  The  vocal  PC  has 
stretched  the  reach  of  Indianapolis'  mainframes 
well  beyond  the  control  room  and  into  the  ears  of 
any  plant  operator  or  manager  possessing  a  tele- 
phone. (Male-PTT) 


W90-04878 


VENICE'S         WASTEWATER 


DESIGNING 
SYSTEM. 

Venice  Public  Drainage  Dept.,  Padua  (Italy). 
P.  Guidone. 

Water  Environment  and  Technology,  Vol.  1,  No. 
2,  p  3 16-3 19,  October  1989. 

Descriptors:  'Wastewater  treatment,  'Water  pollu- 
tion control,  'Venice,  Wastewater  facilities, 
Canals,  Conduits,  Design  criteria. 

For  centuries,  wastewater  has  been  directly  dis- 
charged to  the  many  canals  that  separate  over  100 
islets  in  Venice,  Italy.  The  first  attempt  to  prevent 
direct  discharge  of  wastewater  to  the  canals  was 
made  in  1857.  In  1899,  an  experimental  project  to 
build  wastewater  collection  pipes  and  install  cess- 
pools for  household  discharges  was  conducted  in  a 
small  section  of  the  city.  These  pipes  extended  into 
the  canals  and  allowed  regular  outflow  of 
wastewater  while  daily  tides  drained  conduits, 
which  were  later  expanded  throughout  the  city. 
More  recent  projects  such  as  the  construction  of 
long-distance  wastewater  systems  and  biological 
purification  plants  have  not  yet  been  completed. 
Venice's  canals  are  presently  highly  polluted  as  a 
result  of  a  totally  inadequate  wastewater  system. 
Collection  system  problems,  such  as  the  extreme 
discontinuity  of  the  city's  structure,  will  be  worked 
out  through  design  and  system  planning.  It  is  pro- 
posed that  collecting  network  pipes  will  be  sepa- 
rated and  use  gravity  flow.  Plans  for  the  treatment 
facility,  which  will  be  located  on  Lido  Island 
consist  of  a  gravity  collection  system  for  each  islet, 
connected  to  a  storage  tank  with  pumps. 
Wastewater  will  then  be  pumped  to  the  pressure 
conduit  in  the  nearest  canal  where  it  will  be 
pumped  to  the  treatment  plant.  (Male-PTT) 
W90-04880 


USE  OF  REDOX  POTENTIAL  TO  CONTROL 
FERRIC  SULPHATE  DOSING  DURING  PHOS- 
PHATE REMOVAL. 

Naiad  Aquatic  Environmental  Services,  Norwich 

(England). 

P.  H.  Kerrison,  B.  McEwen,  G.  L.  Phillips,  and  B. 

V.  Crook. 

Journal  of  the  Institution  of  Water  Engineers  and 

Scientists   JIWSDI,   Vol.    3,   No.   4,   p    397-403, 

August  1989.  4  fig,  2  tab,  4  ref. 

Descriptors:  'Water  pollution  control, 
'Wastewater  treatment,  'Phosphorus  removal, 
'Oxidation-reduction  potential,  Enrichment,  Eco- 
logical effects,  Sedimentation,  Nonpoint  pollution 
sources,  Cost  analysis,  Maintenance  costs,  Control 
systems,  Performance  evaluation. 

In  recent  years,  the  Norfolk  Broads  have  been 
enriched  with  sewage  effluent  and  runoff  from 
heavily  fertilized  land.  Nitrogen  and  phosphorous 
compounds  from  these  sources  can  cause  ecologi- 
cal problems  by  stimulating  increase  in  algal  bio- 
mass  in  the  water,  so  part  of  Anglian  Water's 
program  of  research  in  Broadland  has  been  to 
remove  phosphate  from  major  sewage  effluents 
discharged  to  the  Rivers  Ant  and  Bure.  This  is 
achieved  by  dosing  ferric  sulfate  to  secondary  ef- 
fluent and  settling  the  resultant  insoluble  complex. 
At  three  sites  on  the  River  Bure,  the  performace  of 
timeclock-based  and  redox-based  dose  control  sys- 
tems was  evaluated.  Redox  control,  by  restricting 
dosing  when  phosphate  load  was  low,  increased 
the  efficiency  of  phosphate  removal  and  produced 
up  to  19  percent  savings  in  chemical  costs.  Modifi- 
cations are  described  which  made  the  system  self- 
regulating  and  ensured  that  savings  were  not 
eroded  by  maintenance  costs.  The  system  now 
operates  efficiently  and  routinely  at  major  sites  on 
the  Rivers  Ant  and  Bure.  (Author's  abstract) 
W90-04911 


DOWNTOWN    COMMUNITY    APPROVES    A 
NEW  WASTEWATER  PLANT. 

B.  Alberts,  and  G.  Culp. 

Water  Engineering  and  Management  WENMD2, 

Vol.  136,  No.  9,  p  29-35,  September  1989.  2  fig. 


Descriptors:  'Wastewater  facilities,  'Secondary 
wastewater  treatment,  'Urban  areas,  'Public  par- 
ticipation, Odor  control,  Noise,  Construction  costs, 
Washington. 

A  wastewater  treatment  plant  was  approved  for 
construction  in  the  heart  of  Edmonds,  Washington. 
A  three-acre  downtown  site  will  host  the  treat- 
ment facility.  Since  most  of  the  new  secondary 
facilities  must  be  built  in  the  space  currently  occu- 
pied by  the  older  primary  plant,  primary  treatment 
must  be  maintained  while  the  new  plant  is  built. 
Although  the  public  approved  building  the  new 
plant  on  the  existing  plant  site,  there  were  con- 
cerns about  controlling  the  odors  and  noise  from 
the  plant.  Odor  control  is  provided  by  exhausting 
air  from  the  raw-sewage  pumping  station,  the  pri- 
mary clarifiers,  and  the  solids-processing  building 
through  a  20,000  cu  ft/min  packed-bed  countercur- 
rent  scrubber.  To  reduce  the  impacts  from  con- 
struction activities,  construction  is  restricted  to 
daytime  hours  throughout  the  construction  period. 
Construction  equipment  is  restricted  to  the  staging 
areas  or  designated  access  and  is  located  as  far  as 
possible  from  residences.  The  construction  costs 
for  the  project  were  estimated  at  $32.6  million. 
(Male-PTT) 
W90-04921 

SAND/ ANTHRACITE  FILTRATION  COMPLE- 
MENTS TRICKLING-FILTER  SYSTEMS. 

T.  G.  Weaver. 

Water  Engineering  and  Management  WENMD2, 

Vol.  136,  No.  9,  p  47-50,  September  1989.  1  tab. 

Descriptors:  'Wastewater  treatment,  'Filtration, 
'Sand  filters,  'Carbon  filters,  'Trickling  filters, 
Wastewater  facilities,  Nitrification,  Water  quality 
standards,  Financing,  Texas. 

Needing  to  update  its  facilities,  the  Cibolo  Creek 
Municipal  Authority  near  San  Antonio,  Texas,  ap- 
plied for  Federal  grant  money,  but  was  turned 
down.  In  order  to  revamp  the  treatment  plant, 
revenue  bonds  and  capital  recovery  fees  were  used 
for  project  funding.  The  facility,  which  serves 
32,000-70,000,  was  designed  using  low  energy  and 
no  chemicals.  Filter  media  contains  sand  and  an- 
thracite. The  trickling-filter  media  was  installed  in 
alternate  vertical  and  crossflow  layers,  and  have 
proved  to  be  highly  effective  nitrification  towers. 
Water  quality,  operational  economy,  efficiency  and 
maintenance  reliability  are  consistently  high,  and 
the  plant  always  surpasses  tertiary-effluent  stand- 
ards. (Male-PTT) 
W90-04922 

INFLOW  REDUCTION  ELIMINATED  NEED 
FOR  NEW  INTERCEPTOR. 

Dallas  City  Water  Utilities  Dept.,  TX.  Operations 

Analysis  Div. 

R.  Goss,  and  R.  Thornhill. 

Water  Engineering  and  Management  WENMD2, 

Vol.  136,  No.  9,  p  52-55,  September  1989.  2  tab. 

Descriptors:  'Sewer  systems,  'Infiltration,  'Storm 
water  management,  'Urban  watersheds,  Intercep- 
tor sewers,  Simulation  analysis,  Construction  costs, 
Texas. 

The  city  of  Dallas,  Texas,  has  rehabilitated  inflow/ 
infiltration  sources,  rather  than  construct  a  new 
interceptor.  The  Turtle  Creek  drainage  area  passes 
803,000  feet  of  sewer  lines  through  the  downtown 
and  serves  54,000  people.  It  is  located  in  the  cen- 
tral part  of  Dallas  and  includes  a  small  portion  of 
the  city  of  Dallas,  almost  all  of  the  town  of  High- 
land Park,  and  all  of  the  city  of  University  Park. 
After  intensive  surveys  and  monitoring  of  the  area, 
several  plans  for  construction  and  rehabilitation 
were  proposed:  (A)  Construction  of  new  intercep- 
tor and  main  sewers  to  transport  existing  wet- 
weather  flow  with  no  removal  of  infiltration  and 
inflow  sources;  (B)  rehabilitation  of  infiltration  and 
inflow  control  in  the  Dallas  basins  with  construc- 
tion of  new  main  sewers  to  transport  the  remaining 
wet-weather  flow,  and  a  new  interceptor  sewer  in 
the  Park  Cities  to  transport  existing  wet-weather 
flow;  or  (C)  rehabilitation  of  infiltration  and  inflow 
control  in  both  the  Dallas  basins  and  the  Park 
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Cities,  with  construction  of  new  main  sewers  in  the 
Dallas  basins  but  no  interceptor  sewer  for  the  Park 
Cities.  Alternative  (C)  is  the  least  costly  by  ap- 
proximately $3.7  million.  The  final  recommenda- 
tion is  based  on  the  results  of  a  computer  analysis 
that  simulated  a  2-year  storm  event  after  the  reha- 
bilitation of  infiltration/inflow  control  and  50% 
reduction  of  inflow  in  the  Park  Cities  and  a  result- 
ant hydraulic  gradient  analysis  of  identified  over- 
loaded sewers.  It  was  recommended  that  1761 
linear  feet  of  relief  sewers  be  constructed  to  trans- 
port the  projected  peak  flow  after  rehabilitation  is 
implemented.  (Male-PTT) 
W90-04923 


NITRIFICATION  FOR  THE  '90S. 

Brown  and  Caldwell,  Denver,  CO. 

C.  Paulson. 

Water  Engineering  and  Management  WENMD2, 

Vol.  136,  No.  9,  p  57-72,  September,  1989.  1  tab. 

Descriptors:  'Wastewater  treatment,  'Nitrogen  re- 
moval, 'Biological  wastewater  treatment,  'Trick- 
ling filters,  Ammonia,  Nitrification,  Biofilms,  Op- 
erating costs. 

A  pilot  study  completed  in  1988  at  the  Central 
Valley  Water  Reclamation  Facility  in  Salt  Lake 
County,  Utah,  has  demonstrated  that  nitrifying 
trickling  filters  (NTFs)  may  be  the  wave  of  the 
future  as  far  as  ammonia  removal  is  concerned. 
Ammonia  removal  ranks  as  a  major  new  issue  for 
many  wastewater  treatment  managers,  particularly 
at  plants  that  discharge  into  warm-water  streams 
with  seasonal  low  flows.  Consistent  biofilm  devel- 
opment was  identified  as  they  key  to  getting  high 
nitrification  rates  by  the  pilot-study  team.  Operat- 
ing costs  with  the  biofilm  are  expected  to  be  about 
half  what  activated  sludge  would  cost.  (Author's 
abstract) 
W90-04924 


EFFECT  OF  SLUDGE  DIGESTION  ON  METAL 
SEGREGATION  DURING  OCEAN  DUMPING. 

Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-04967 


OPTIMUM  DESIGN  OF  SEWAGE  SLUDGE 
CONSOLIDATION  TANKS. 

G.  Hoyland,  A.  Dee,  and  M.  Day. 
Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No    5    p 
505-516,  October  1989.  6  fig,  3  tab,  8  ref. 

Descriptors:  'Wastewater  facilities,  'Sanitary  engi- 
neering, 'Wastewater  treatment,  'Design  criteria, 
'Sludge  thickening,  Mathematical  models,  Sludge 
drying,  Dewatering,  Performance  evaluation, 
Wastewater  treatment,  Compaction,  Sludge  solids, 
Optimization. 

A  procedure  based  on  a  mathematical  model  was 
developed  by  the  Water  Research  Center  for  de- 
signing sewage  sludge  consolidation  tanks  operat- 
ing in  a  continuous  or  batch  mode.  The  procedure 
ensures  that  the  size  and  height  of  the  tank  accords 
with  the  consolidation  properties  of  the  particular 
sludge.  According  to  the  new  procedure,  for  any 
particular  sludge,  there  is  an  optimum  tank  design, 
expressed  in  terms  of  a  specific  plan  area  and 
blanket  height,  that  maximizes  performance.  Con- 
tinuous consolidation  tanks  designed  optimally 
have  the  potential  to  perform  better  than  batch 
tanks  designed  optimally.  Optimum  specific  plan 
areas  for  batch  and  continuous  tanks  are  similar  in 
value  but  continuous  tanks  are  taller.  Optimum 
designs  are  sensitive  to  the  season  of  the  year  and 
sludge  temperature.  To  obtain  predicted  perform- 
ance in  practice,  the  various  support  systems  that 
comprise  the  consolidation  plant  must  be  properly 
designed  and  operated.  This  is  particularly  relevant 
for  continuous  plants,  since  their  performance  is 
very  sensitive  to  the  operational  conditions.  The 
new  design  procedure  would  be  applicable  to  any 
sludge  composed  of  compactible  particles. 
(Geiger-PTTj 
W90-05018 


SIMPLIFIED  EQUATIONS  FOR  EFFECTIVE- 
NESS FACTORS  IN  ANAEROBIC  BIOFILMS. 

Gunma  Univ.,   Maebashi  (Japan).   Dept.  of  Civil 

Engineering. 

M.  Kuroda,  Y.  Sakakibara,  and  C.  R.  Escalera. 

Journal    of  Environmental    Engineering   (ASCE) 

JOEEDU,  Vol.  15,  No.  6,  p  1123-1138,  December 

1989.  1 1  fig,  2  tab,  10  ref,  append. 

Descriptors:  'Biofilms,  'Wastewater  treatment, 
•Biological  filters,  'Anaerobic  conditions,  'Biolog- 
ical wastewater  treatment,  Decomposition,  Mathe- 
matical models,  Theoretical  analysis,  Diffusion  co- 
efficient, Mathematical  equations,  Performance 
evaluation. 

The  diffusion  effects  occurring  in  a  biofilm  in 
which  a  consecutive  bioreaction  takes  place  are 
studied  theoretically,  and  effectiveness  factors  (Ef), 
which  evaluate  the  effect  of  the  diffusion  rates  on 
substrate  decomposition  rates,  are  represented  by  a 
simple  algebraic  relation  expressed  in  terms  of  nor- 
malized substrate  bulk  concentrations  (B)  and  nor- 
malized characteristic  biofilm  parameters.  On  the 
other  hand,  the  overall  decomposition  rates  of  the 
substrates  can  be  expressed  by  a  Monod-type  equa- 
tion for  the  substrate  bulk  concentration.  The  ap- 
parent half  velocity  constants  in  the  Monod-type 
rate  equation  are  affected  by  the  diffusion  and 
biochemical  reaction  rates  of  the  substrates.  The 
ratio  of  the  apparent  half  velocity  constants  to  the 
corresponding  specific  half  velocity  constants 
(lambda)  is  related  to  Ef.  The  relationship  is  ex- 
pressed in  the  following  equation:  Ef  =  (1  +  B)/ 
(lambda  +  B).  The  applicability  of  these  theoreti- 
cal relations  is  experimentally  demonstrated  in 
volatile  fatty  acids  decomposition.  This  equation 
may  be  rationally  used  for  the  design  and/or  per- 
formance of  biofilm  reactors.  (Author's  abstract) 
W90-05022 


SLUDGE  DIGESTION  BY  ANAEROBIC  FLU- 
IDIZED  BEDS:  I.  LAB  PERFORMANCE  DATA. 

Missouri  Univ.-Rolla.  Dept.  of  Civil  Engineering. 
J.  C.  Huang,  and  Y.  J.  Huang. 
Journal   of  Environmental    Engineering   (ASCE) 
JOEEDU,  Vol.  15,  No.  6,  p  1139-1155,  December 
1989.  5  fig,  4  tab,  17  ref. 

Descriptors:  'Wastewater  treatment,  'Anaerobic 
digestion,  'Sludge  digestion,  'Sludge  disposal, 
•Fluidized  bed  process,  Sodium  hydroxide,  Reten- 
tion time,  Temperature  effects,  Chemical  oxygen 
demand,   Performance  evaluation,  Organic  acids. 

The  effect  of  initial  sludge  solubilization  on  the 
laboratory  performance  of  an  anaerobic  fluidized 
bed  digesting  secondary  biological  sludge  at  1 5,  25 
or  35  C  was  evaluated  at  hydraulic-retention  times 
of  1,  2.5,  5,  and  10  days.  At  35  C,  an  adequate 
degree  of  sludge  digestion  was  observed  with  a 
hydraulic  retention  time  of  only  1-2  days  if  the 
influent  biological  sludge  was  presolubilized  by 
treatment  with  17.5  meg/liter  of  sodium  hydrox- 
ide. If  no  presolubilization  was  used,  the  necessary 
hydraulic  retention  time  was  increased  to  10  days. 
When  the  temperature  was  decreased  to  25  C  and 
sludge  was  presolubilized,  the  required  hydraulic 
retention  time  was  2.5-3  days.  However,  as  the 
temperature  was  further  decreased  to  15  C,  the 
system  was  unable  to  achieve  adequate  digestion  in 
as  long  as  10  days,  even  with  presolubilization.  In 
addition  at  35  C  the  fluidized-bed  system  was  able 
to  accept  abrupt  increased  loading  without  a  corre- 
sponding buildup  of  excessive  organic  acids.  (See 
also  W90-05024)  (Geiger-PTT) 
W90-05023 


SLUDGE  DIGESTION  BY  ANAEROBIC  FLU- 
IDIZED BEDS:  II.  KINETIC  MODEL. 

Southern  Illinois  Univ.   at  Carbondale.   Dept.  of 
Civil  Engineering  and  Mechanics. 
B.  T.  Ray,  J.  C.  Huang,  and  B.  A.  Dempsey. 
Journal   of  Environmental    Engineering   (ASCE) 
JOEEDU,  Vol.  15,  No.  6,  p  1156-1170,  December 
1989.  5  fig,  1  tab,  1 1  ref,  append. 

Descriptors:  'Wastewater  treatment,  'Fluidized 
bed  process,  'Sludge  digestion,  'Anaerobic  diges- 
tion, 'Model  studies,  Kinetics,  Suspended  solids, 
Biomass,    Particulate    matter,    Chemical    oxygen 


demand,   Sludge  disposal,   Activated  sludge,   Di- 
gester gas. 

A  model  was  developed  to  describe  the  gas  pro- 
duction and  soluble-COD  variations  from  the  di- 
gestion of  waste-activated  sludge  in  the  anaerobic 
fluidized-bed  reactor.  The  model  indicates  that  a 
substantial  rate  increase  can  be  attained  by  prehy- 
drolysis  of  the  biological  sludge,  external  to  the 
reactor  and  that  the  rate-limiting  step  is  in  the 
sludge  hydrolysis.  The  model  is  developed  from  an 
assumption  of  first-order  kinetics  in  a  set  of  series 
and  parallel,  irreversible  reactions.  The  formation 
of  soluble  substrate  is  first  order  with  respect  to 
the  particulate  biomass  present,  and  the  production 
of  methane  is  first  order  with  respect  to  the  soluble 
substrate  present.  The  amount  of  particulate  bio- 
mass can  be  approximated  by  the  sludge-suspended 
solids  and  the  amount  of  soluble  substrate  can  be 
approximated  by  the  soluble  COD  present  in  the 
reactor.  The  model  correlates  well  with  the  labora- 
tory data  observed  in  the  study.  (See  also  W90- 
05023)  (Author's  abstract) 
W90-05024 


OPTIMUM  DESIGN  OF  LARGE  SEWER  NET- 
WORKS. 

Kuwait     Inst,     for     Scientific     Research,     Safat. 

Techno-Economics  Div. 

A.  A.  Elimam,  C.  Charalambous,  and  F.  H. 

Ghobrial. 

Journal    of  Environmental    Engineering   (ASCE) 

JOEEDU,  Vol.  15,  No.  6,  p  1171-1190,  December 

1989.  4  fig,  4  tab,  1 1  ref,  append. 

Descriptors:  'Sewer  systems,  'Sewer  hydraulics, 
'Mathematical  models,  'Design  criteria,  Rough- 
ness coefficient,  Hydraulic  friction,  Hydraulic 
roughness,  Regression  analysis,  Optimization, 
Linear  programming. 

A  linear  programming,  diameter  discretization, 
heuristic  approach  is  presented  for  the  optimum 
design  of  large  gravity  sewer  networks.  The  math- 
ematical model  contains  a  nonlinear  convex  func- 
tion relating  pipeline  diameter  and  slope,  which  is 
approximated  by  piecewise  linear  segments.  This 
approach  uses  a  modified  Hazen-Williams  hydrau- 
lic model  at  part-full  flow  conditions,  along  with  a 
newly  developed  universal  expression  to  determine 
the  coefficient  of  roughness.  Moreover,  the  hy- 
draulic formulation  contains  a  regression  equation 
to  determine  Darcy's  friction  factor  based  on  the 
depth  of  flow  in  the  pipe.  The  developed  model 
has  been  extensively  and  successfully  used  to 
design  several  large  sewer  networks.  (Author's 
abstract) 
W90-05025 


MODELING  FOR  CLASS-I  SEDIMENTATION. 

Roorkee  Univ.  (India).  Dept.  of  Civil  Engineering. 
D.  S.  Bhargava,  and  K.  Rajagopal. 
Journal    of  Environmental    Engineering   (ASCE) 
JOEEDU,  Vol.  15,  No.  6,  p  1191-1198,  December 
1989.  5  fig,  2  tab,  4  ref. 

Descriptors:  'Wastewater  treatment,  'Water  treat- 
ment, 'Mathematical  models,  'Model  studies, 
'Settling  tanks,  'Sedimentation,  'Particle  size,  Set- 
tling velocity,  Suspended  solids,  Particulate 
matter,  Mathematical  studies,  Design  criteria. 

Sedimentation  is  the  most-widely-used  unit  oper- 
ation for  the  removal  of  organic  and  inorganic 
settleable  solids  from  water  or  wastewater.  The 
design  of  class-I  (discrete  particles)  settling  tanks 
would  be  more  rational  and  economical  if  designed 
for  overall  particle  removal  rather  than  for  an 
overflow  rate  based  on  the  smallest  particle  to  be 
removed.  The  overall  percentage  removals  of  dis- 
crete particles  corresponding  to  different  overflow 
rates  were  evaluated  for  several  sets  of  samples 
having  different  sieve-analysis  parameters  (differ- 
ent combinations  of  the  effective  size  and  the  non- 
uniformity  coefficients).  A  predictive  model  has 
been  developed  for  evaluating  the  overall  percent- 
age removal  from  sieve-analysis  parameters,  such 
as  the  effective  size  and  the  nonuniformity  coeffi- 
cient of  the  discrete  particles  present  in  the  influ- 
ent. Such  a  model  can  be  used  for  a  rational  fixing 


148 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Waste  Treatment  Processes — Group  5D 


of  the  design  overflow  rate  to  provide  the  desired 
overall  percentage  removal  of  the  particles  of  a 
given  size  distribution.  The  experimentally  ob- 
served data  of  several  other  researchers  are  found 
to  be  in  total  agreement  with  the  values  predicted 
from  the  writer's  model.  This  justifies  the  robust- 
ness of  the  presented  model.  (Author's  abstract) 
W90-05026 


BIOACITVE  ADSORBER  MODEL  FOR  INDUS- 
TRIAL WASTEWATER  TREATMENT. 

University  of  Southern  California,  Los  Angeles. 

Dept.  of  Civil  Engineering. 

S.  H.  Kim,  and  M.  Pirbazari. 

Journal   of  Environmental   Engineering   (ASCE) 

JOEEDU,  Vol.  15,  No.  6,  p  1235-1256,  December 

1989.  10  fig,  Stab,  31  ref. 

Descriptors:  'Industrial  wastewater,  *Fluidized 
bed  process,  'Biological  wastewater  treatment, 
•Wastewater  treatment,  'Mathematical  models, 
•Adsorption,  *Biodegradation,  'Biological  filters, 
Diffusion  coefficient,  Finite  difference  methods, 
Kinetics,  Landfills,  Activated  carbon,  Leachates, 
Animal  wastes. 

A  predictive  mathematical  model  that  describes 
the  adsorption  and  biodegradation  phenomena  in 
recycle  fluidized-bed  (RFB)  adsorbers  was  devel- 
oped. The  model  incorporated  liquid  film  transfer, 
biodegradation  and  diffusion  in  the  biofilm,  adsorp- 
tion onto  activated  carbon,  and  biofilm  growth. 
The  model  equations  were  solved  by  a  combinator- 
ial technique  involving  the  methods  of  orthogonal 
collocation  and  finite  differences.  Computer  simu- 
lations of  the  model  were  used  for  adsorber  per- 
formance predictions  from  parameters  obtained 
from  adsorption  equilibrium  and  kinetic  studies, 
biokinetic  experiments,  and  correlation  techniques. 
Sensitivity  tests  were  also  performed  to  determine 
the  effect  of  physical  and  biological  parameters  on 
model  profiles.  Recycle  fluidized  adsorber  experi- 
ments were  conducted  to  test  the  predictive  capa- 
bility of  the  model.  Two  ideally  biodegradable 
compounds,  glucose  and  sucrose,  as  well  as  two 
actual  wastewaters,  a  dairy  waste  and  a  landfill 
leachate,  were  used  to  compare  the  predicted 
model  profiles  with  experimental  data  for  non- 
bioactive  and  bioactive  RFB  adsorbers.  The  per- 
formance predictions  obtained  from  modeling 
were  in  satisfactory  agreement  with  the  experimen- 
tal data.  (Author's  abstract) 
W90-05029 

EFFECT  OF  WASTEWATER  APPLICATION 
DEVICE  ON   AMMONIA  VOLATILIZATION. 

Dames  and  Moore,  Atlanta,  GA. 

J.  Zirschky,  and  D.  Crawford. 

Journal   of  Environmental   Engineering   (ASCE) 

JOEEDU,  Vol.  15,  No.  6,  p  1258-1263,  December 

1989.  2  tab,  6  ref. 

Descriptors:  *  Wastewater  treatment,  'Ammonia 
removal,  'Land  disposal,  'Ammonia,  'Sprinklers, 
•Volatility,  Wastewater  analysis,  Hydrogen  ion 
concentration,  Temperature  effects,  Fate  of  pollut- 
ants, Overland  flow,  Nitrogen  removal,  Texas, 
Seasonal  variation. 

The  differences  in  ammonia  volatilization  efficien- 
cy between  wastewater  application  devices  was 
studied  on  five  overland-flow  terraces  on  a  12-acre 
pilot  test  plot  in  Garland,  Texas.  Low-pressure  fan 
nozzles,  gated  pipe,  and  two  nozzle-size  sprinklers 
(0.7  cm  and  0.8  cm)  were  used  in  the  pilot  system. 
Influent  samples  collected  directly  from  the  gated 
pipe  were  used  as  the  reference  point  for  determin- 
ing the  amount  of  ammonia  volatilization  that  oc- 
curred with  the  other  devices.  Wastewater  samples 
were  collected  from  each  of  the  application  de- 
vices and  were  analyzed  for  ammonia  nitrogen. 
Data  compiled  on  fifteen  samples  collected  oyer 
approximately  one  year  was  analyzed  by  the  sign 
test.  Median  ammonia  removals  by  volatilization 
ranged  from  2.8%  for  fan  nozzles  to  7.4%  and 
11.6%,  respectively,  for  the  0.8-cm  and  0.7-cm 
sprinklers.  The  amount  of  volatilization  achieved 
by  sprinkler  nozzles  was  significantly  greater  than 
by  the  fan  nozzles.  No  relationship  was  apparent 
between  pH  and  the  amount  of  ammonia  nitrogen 
volatilized.  There  was  also  no  apparent  relation- 


ship between  air  temperature  and  the  amount  of 
ammonia  volatilized.  The  season  of  the  year  did 
appear  to  be  a  factor,  with  less  ammonia  volatilized 
during  the  colder  months  from  November  to  Feb- 
ruary. Sufficient  data  were  not  obtained  to  make  a 
conclusive  determination  of  the  effect  of  air  tem- 
perature and  pH  on  ammonia  volatilization.  Water 
temperature  or  physical  factors  (wind  speed)  may 
be  controlling  factors,  but  were  not  measured  in 
this  study.  (Geiger-PTT) 
W90-05030 

ANAEROBIC  WASTEWATER  TREATMENT. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

M.  T.  Suidan,  J.  T.  Pfeffer,  G.  F.  Nakhla,  J. 

Fraser,  and  B.  E.  Klepp. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  DE88-001062. 

Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 

Report    No.    DOE/MC/2 128 1-2562,    November 

1987.  207p,  77  fig,  16  tab,  29  ref.  DOE  Contract 

DE-AC21-84MC21281. 

Descriptors:  *Chemical  wastewater,  'Biological 
wastewater  treatment,  'Anaerobic  digestion, 
'Wastewater  treatment,  Granular  activated 
carbon,  Coal  gasification,  Chemical  oxygen 
demand,  Methane,  Load  distribution,  Performance 
evaluation. 

Coal  gasification  has  been  regarded  as  one  of  the 
more  promising  technologies  for  the  production  of 
the  gaseous  fuels  needed  to  supplement  dwindling 
reserves  of  petroleum  and  natural  gas.  If  the  com- 
mercialization of  coal   gasification   is  not  to  be 
inhibited  by  environmental  problems,  however,  it 
becomes  necessary  to  develop  effective  and  reli- 
able processes  for  the  treatment  of  the  resulting 
condensate  wastewater.  This  research  project  was 
undertaken  to  evaluate  the  effects  of  wastewater 
dilution,  granular  activated  carbon  (GAC)  replace- 
ment rate,  GAC  particle  size,  operating  tempera- 
ture, and  reactor  configuration  on  the  treatment  of 
coal  gasification   wastewater  with  the  expanded 
bed  GAC  anaerobic  bioreactor.  Full-strength  coal 
gasification  wastewater  was  found  to  be  effectively 
treated  at  chemical  oxygen  demand  (COD)  loading 
rates  as  high  as  19.4  g/kg  GAC-day.  At  this  load- 
ing rate,  an  excess  of  50%  of  the  applied  COD  was 
converted  to  methane,  and  a  carbon  utilization  rate 
of  10  g  GAC/L  of  wastewater  treated  as  em- 
ployed. At  these  operating  conditions,  COD  re- 
moval efficiencies  across  the  treatment  system  ex- 
ceeded 95%.  Dilutions  of  the  wastewater  of  30% 
and  60%  permitted  efficient  and  stable  waste  treat- 
ment at  even  higher  COD  loading  rates.  Good 
COD  removal  and  efficient  COD  conversion  to 
methane  were  attainable  at  loading  rates  exceeding 
60  g  CODAg  GAC-day.  Another  coal  gasification 
wastewater   was   found   to   be   treatable   at   full- 
strength  in  the  expanded  bed  GAC  anaerobic  reac- 
tor at  COD  loading  rates  as  high  as  48  g  CODAg 
GAC-day.  COD  removal  efficiencies  at  this  load- 
ing rate  exceeded  90%.  (Lantz-PTT) 
W90-05132 


DETERMINATION  OF  CALCIUM,  MAGNESI- 
UM, AND  SODIUM  IN  WASTEWATER  BY  IN- 
DUCTIVELY COUPLED  PLASMA  SPECTROS- 
COPY. 

Westinghouse  Materials  Co.  of  Ohio,  Cincinnati. 
Feed  Materials  Production  Center. 
B.  S.  Barnes,  and  A.  F.  Volesky. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE88-016502. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  FMPC-2120,  October  1988.  12p,  6  tab, 
1  ref.  DOE  Contract  DE-AC05-860421600. 

Descriptors:  'Wastewater  analysis,  'Wastewater 
treatment,  'Calcium,  'Magnesium,  'Sodium, 
'Plasma  spectroscopy,  Industrial  wastewater, 
Spectrometry,  Chemical  analysis,  Statistical  analy- 
sis, Water  quality  control. 

Inductively  coupled  plasma-atomic  emission  spec- 
troscopy (ICP-AES)  has  been  used  for  the  deter- 
mination of  calcium,  magnesium,  and  sodium  in 
industrial  wastewater  samples.  The  method  devel- 
oped employs  the  Qualitative  mode  of  a  Leeman 


Labs  Plasma-Spec  III  Inductively  Coupled  Plasma 
(ICP)  Spectrometer.  Analytical  results  using  the 
Qualitative  mode  were  compared  to  those  obtained 
using  ICP  Sequential  analysis,  flame  atomic  ab- 
sorption   spectrophotometry    (AAS),    and    flame 
emissions.  The  average  difference  between  the  two 
modes  for  calcium  was  0.85  plus  or  minus  1.45  mg/ 
L.  The  average  relative  difference  is  1.6%  plus  or 
minus  3.1%  of  the  average  concentration.  In  the 
magnesium  analyses,  the  average  difference  was 
1  88  plus  or  minus  11.1  mg/L.  This  represents  an 
average  relative  difference  of  <  0.35%  plus  or 
minus  2.6%  of  the  average  concentration.  Twenty- 
two  samples  were  analyzed  for  sodium  by  sequen- 
tial and  qualitative  analysis.  The  average  difference 
between  the  two  modes  was  22.7  plus  or  minus 
21.1  mg/L.  This  represents  an  average  difference 
of  2.0%  plus  or  minus  2.0%  of  the  average  concen- 
tration. As  part  of  the  original  biodemtnfication 
(BDN)  demonstration  test  program,  a  control/re- 
cycle program  was  initiated.  At  least  one  control 
sample  was  analyzed  with  each  set  of  analyses.  The 
controls  were  synthetic  BDN  waters,  containing 
anions  and  cations  in  concentration  ranges  approxi- 
mating  those  of  the   samples   at   three  different 
levels.  Forty-seven  calcium  and  magnesium  con- 
trol samples  were  analyzed;  twenty-seven  sodium 
controls  were  analyzed.  The  differences  between 
the  expected  and  determined  values  were  evaluat- 
ed statistically.  For  calcium,  the  per  cent  recovery 
for  the  controls  ranged  from  93.6%  to  101.5%.  For 
magnesium,  per  cent  recoveries  are  from  97.6%  to 
101  6%.    With    sodium,    recoveries    range    from 
93.1%  to  97.2%.  (Lantz-PTT) 
W90-05135 


MICROCOMPUTER  MODEL  FOR  SIMULAT- 
ING PRESSURIZED  FLOW  IN  A  STORM 
SEWER  SYSTEM. 

Virginia  Transportation  Research  Council,  Char- 
lottesville. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-05136 


ARTIFICIAL  INTELLIGENCE  FOR  U.S.  ARMY 
WASTEWATER  TREATMENT  PLANT  OPER- 
ATION AND  MAINTENANCE. 

Construction  Engineering  Research  Lab.  (Army), 
Champaign,  IL. 

B.  J.  Kim,  J.  T.  Bandy,  K.  K.  Gidwani,  and  S.  P. 
Shelton. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A200  434. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
USA-CERL  Technical  Report  N-88/26,  Septem- 
ber 1988.  43p,  6  fig,  1  tab,  20  ref. 

Descriptors:  'Wastewater  facilities,  'Computer 
programs,  'Maintenance,  'Automation,  'Artificial 
intelligence,  Wastewater  treatment,  Computers, 
Expert  systems,  Economic  aspects. 

As  the  Army  faces  increasing  reductions  in  budget 
and  personnel  for  supporting  functions  such  as 
operation  and  maintenance  (O  and  M)  of 
wastewater  treatment  plants  (WWTPs),  it  is  clear 
that  reliance  on  automation  will  continue  to  grow. 
While  computer  systems  will  not  replace  opera- 
tors, they  will  provide  valuable  assistance  in  opti- 
mizing the  operator's  time  and  effort.  An  emerging 
technology  with  potential  application  to  WWTP  O 
and  M  is  artificial  intelligence  (AI)/expert  systems. 
These  systems  use  knowledge  bases  developed  by 
experts  in  a  given  field  combined  with  a  'reasoning' 
chain  of  logic  to  provide  diagnostic  and  control 
functions.  This  study  has  investigated  opportunities 
for  exploiting  AI  and  expert  systems  for  increasing 
the  performance  and  reducing  the  cost  of  Army 
WWTP  O  and  M.  In  addition,  a  general  orienta- 
tion to  the  technology  has  been  provided  to  assist 
Army  personnel  in  making  decisions  about  its  ap- 
plicability to  their  installations.  Findings  suggest 
that  Al/expert  systems  technology  is  not  yet  at  an 
economically  practical  level  for  use  in  O  and  M  of 
the  Army  WWTPs.  However,  as  the  technology 
becomes  refined  and  produced  at  a  lower  cost,  it 
should  be  reconsidered:  this  study  has  shown 
through  a  proof-of-concept  exercise  that  Al/expert 
systems  have  potential  value  to  the  O  and  M 
process.  (Author's  abstract) 
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W90-05144 


DYNAMIC  MODELING  AND  EXPERT  SYS- 
TEMS IN  WASTEWATER  ENGINEERING. 

Lewis  Publishers,  Inc.,  Chelsea,  Michigan.  1989. 
395  p.  Edited  by  G.  G.  Patry  and  D.  Chapman. 

Descriptors:  *Expert  systems,  'Artificial  intelli- 
gence, 'Dynamic  models,  'Wastewater  treatment, 
•Model  studies,  'Sanitary  engineering,  Waste  man- 
agement, Wastewater  pollution.  Wastewater  man- 
agement. 

The  book  is  the  result  of  a  workshop  held  at 
McMaster  University  (May  19-20,  1988),  at  which 
a  select  group  of  authors  and  participants  were 
invited  to  share  their  experiences.  Brought  togeth- 
er is  current  work  on  dynamic  modeling  and 
expert  systems  as  applied  to  the  design,  operation, 
and  control  of  wastewater  treatment  systems.  The 
book  is  divided  into  three  major  sections:  (1)  dy- 
namic modeling  of  wastewater  treatment  systems 
including  receiving  water  body  interactions;  (2)  the 
application  of  expert  systems  to  wastewater  engi- 
neering; and  (3)  system  identification  and  control. 
(See  W90-05150  thru  W90-05160)  (Lantz-PTT) 
W90-05149 


DYNAMIC  MODELING  OF  SUSPENDED 
GROWTH  BIOLOGICAL  WASTEWATER 
TREATMENT  PROCESSES. 

Clemson  Univ.,  SC.  Dept.  of  Environmental  Sys- 
tems Engineering. 
C.  P.  L.  Grady. 

IN:  Dynamic  Modeling  and  Expert  Systems  in 
Wastewater  Engineering.  Lewis  Publishers,  Inc., 
Chelsea,  Michigan.  1989.  p  1-38,  2  fig,  3  tab,  54  ref. 

Descriptors:  'Dynamic  models,  'Wastewater 
treatment,  'Model  studies,  'Biological  wastewater 
treatment,  Biological  treatment,  Sludge  treatment, 
Oxidation,  Nitrification,  Denitrification,  Aerobic 
treatment,  Bacteria,  Ammonification,  Phosphorus 
removal. 

The  model  for  single-sludge  wastewater  treatment 
systems  performing  carbon  oxidation,  nitrification 
and  denitrification,  developed  by  the  IAWPRC 
task  group,  is  reviewed.  The  rationale  for  all  com- 
ponents and  the  rate  expressions  for  the  processes 
acting  on  them  are  presented.  Among  the  process- 
es included  are  aerobic  growth  of  heterotrophic 
bacteria,  anoxic  growth  of  heterotrophic  bacteria, 
aerobic  growth  of  autotrophic  bacteria,  decay  of 
both  heterotrophic  and  autotrophic  bacteria,  am- 
monification of  soluble  organic  nitrogen,  and  hy- 
drolysis of  both  particulate  organic  matter  and 
particulate  organic  nitrogen.  After  considering  the 
approach  taken  by  the  IAWPRC  task  group,  alter- 
native approaches  suggested  by  current  research 
are  proposed.  Finally,  future  directions,  particular- 
ly with  regard  to  the  modeling  of  biological  phos- 
phorus removal  and  the  fate  of  individual  organic 
compounds,  are  discussed.  (See  also  W90-05149) 
(Lantz-PTT) 
W90-05150 


MATHEMATICAL  MODELING  OF  FIXED- 
FILM  GROWTH. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

B.  E.  Rittmann. 

IN:   Dynamic   Modeling  and   Expert   Systems  in 

Wastewater  Engineering.   Lewis  Publishers,   Inc., 

Chelsea,  Michigan.  1989.  p  39-57,  1  fig,  1  tab,  19 

ref. 

Descriptors:  'Mathematical  models,  'Fixed  film 
processes,  'Model  studies,  'Biological  wastewater 
treatment,  'Wastewater  treatment,  Biofilm  reac- 
tion, Process  control.  Expert  systems. 

Fixed  film  biological  processes,  especially  innova- 
tive fixed  bed  and  fluidized  bed  processes,  offer  the 
advantages  of  excellent  substrate  removal  efficien- 
cy and  small  reactor  volumes.  However,  the  small 
volumes  can  make  these  biofilm  processes  sensitive 
to  loading  fluctuations,  which  can  deteriorate  ef- 
fluent quality  during  the  loading  shocks  and  over 
the  long  term.  Real-time  process  control  offers  an 


opportunity  to  mitigate  adverse  effects  of  load 
fluctuations.  To  effect  real-time  control,  an  accu- 
rate model  of  the  transient  response  of  the  biofilm 
process  is  essential.  Construction  of  models  for 
biofilm  processes  that  describe  transient  responses 
to  substrate-load  fluctuations  is  possible  with  the 
biofilm-kinetics  tools  already  available.  Limited  ex- 
perimental evaluation  of  transient  models  has 
shown  that  they  can  describe  the  transient  phe- 
nomena of  biofilm  initiation  and  growth  to  a  steady 
state,  as  well  as  substrate  utilization.  Innovative 
biofilm  processes  offer  the  benefits  of  small  reactor 
sizes,  but  they  also  are  susceptible  to  fluctuations  in 
loading  of  substrate  and  toxic  materials.  Process 
models  that  describe  the  process  response  to  input 
of  inhibitory  materials  or  when  physiological  or 
ecological  changes  occur  are  not  available.  Funda- 
mental new  information  on  the  mechanisms  acting 
and  on  how  they  should  be  quantitatively  repre- 
sented is  required  first.  Full  implementation  of 
real-time  control  also  requires  significant  improve- 
ments in  on-line  monitoring  of  key  process  param- 
eters and  the  collaborative  development  of  expert 
systems  that  can  use  the  input  information  and 
interact  with  the  transient  model.  These  two  future 
needs  will  require  a  sizable  effort  before  they  are 
ready  for  reliable  real-time  control.  (See  also  W90- 
05149)  (Lantz-PTT) 
W90-05151 


CONTINUOUS  SETTLER  OPERATION:  A  DY- 
NAMIC MODEL. 

Municipality  of  Metropolitan  Seattle,  WA. 

Z.  Vitasovic. 

IN:   Dynamic   Modeling   and   Expert   Systems  in 

Wastewater  Engineering.   Lewis  Publishers,  Inc., 

Chelsea,  Michigan.   1989.  p  59-81,  11  fig,  19  ref. 

Descriptors:  'Wastewater  treatment,  'Sedimenta- 
tion, 'Model  studies,  'Dynamic  models,  'Activat- 
ed sludge  process,  Thickening,  Suspended  solids, 
Mathematical  models. 

A  model  was  developed  to  simulate  thickening 
behavior  from  secondary  activated  sludge  solids- 
liquid  separators.  Simulations  were  conducted  for  a 
number  of  flow  conditions.  The  solids  concentra- 
tion profile  within  the  settler  predicted  by  the 
model  was  in  agreement  with  data  found  in  the 
literature.  Failure  of  the  settler  due  to  a  rising 
sludge  blanket  or  inadequate  thickening  were  suc- 
cessfully predicted  by  the  model.  The  thickening 
model  extends  previous  models  to  include  zones 
above  the  point  where  mixed  liquor  enters  the 
solids-liquid  separator.  The  thickening  model  also 
includes  provisions  for  predicting  failure  of  the 
thickening  function,  with  unthickened  sludge  being 
withdrawn  from  the  underflow  line.  Work  is  un- 
derway to  add  significantly  t  the  level  of  sophisti- 
cation of  the  hydraulic  portion  of  the  model. 
Available  empirical  models  may  be  used  to  predict 
gross  changes  in  clarification  behavior,  but  are 
inadequate  to  describe  settler  performance  accu- 
rately for  a  low  range  of  effluent  suspended  solids 
(<  10  mg/L).  Based  on  data  obtained  from  a  full- 
scale  sewage  treatment  plant  producing  a  high 
quality  effluent,  random  processes  appear  to  play  a 
significant  role  in  determining  the  solids  concentra- 
tion within  the  clarifier  overflow.  Including  a  sto- 
chastic component  has  a  potential  of  improving  the 
accuracy  of  the  clarification  models  to  describe  the 
low  end  of  the  effluent  turbidity  signal.  (See  also 
W90-05149)  (Lantz-PTT) 
W90-05152 


DYNAMICS,  STABILITY  AND  CONTROL  OF 
THE  ANAEROBIC  DIGESTION  PROCESS. 

Rice  Univ.,  Houston,  TX.  Dept.  of  Environmental 

Science  and  Engineering. 

J.  F.  Andrews. 

IN:   Dynamic   Modeling  and   Expert   Systems  in 

Wastewater  Engineering.   Lewis  Publishers,  Inc., 

Chelsea,  Michigan.   1989.  p  83-127,  1  tab,  32  ref 

NSF  Grant  CES-8704105. 

Descriptors:  'Anaerobic  digestion,  'Wastewater 
treatment,  'Model  studies,  'Dynamic  models, 
'Process  control,  Temperature,  Toxicity.  Comput- 
er models.  Sludge  digestion,  Hydrogen  ion  concen- 
tration. Alkalinity. 


Research  on  dynamic  modeling  of  an  anaerobic 
digester  and  use  of  the  model  to  explore  techniques 
for  predicting  and  preventing  process  failure  is 
summarized.  The  model  can  predict  process  failure 
by  four  events,  hydraulic  overloading,  organic 
overloading,  toxicity,  and  changes  in  temperature. 
It  can  also  predict  the  dynamic  responses  of  the 
five  variables  most  used  to  indicate  process  state; 
volatile  acids,  pH,  alkalinity,  gas  flow  rate,  and  gas 
composition.  Computer  simulations  are  used  to  ex- 
plore techniques  for  improving  process  stability 
and  control  strategies  for  prevention  of  failure. 
These  indicate  that  stability  can  be  enhanced  by 
increasing  detention  time,  alkalinity,  and  influent 
substrate  concentrations,  and  by  the  recycle  of 
concentrated  digested  sludge.  Several  control  sys- 
tems are  examined  and  found  to  be  effective  for 
prevention  of  failure  with  the  effectiveness  of  the 
strategy  being  dependent  on  the  type  of  failure  to 
be  prevented.  These  systems  are:  (1)  the  recycle  of 
digester  gas  from  which  carbon  dioxide  has  been 
removed  by  a  gas  scrubber;  (2)  base  addition;  and 
(3)  recycled  and  digested  sludge.  Research  in 
progress  includes  the  incorporation  of  additional 
reactions  into  the  model  with  special  emphasis  on 
the  roles  of  propionic  acid  and  hydrogen  in  proc- 
ess failure.  A  computer-based  operational  assistant, 
based  on  model  predictions  and  expert  systems 
technology,  is  being  developed  to  assist  in  digester 
operation.  (See  also  W90-05149)  (Lantz-PTT) 
W90-05153 


WASTEWATER  TREATMENT  AND  RECEIV- 
ING WATER  BODY  INTERACTIONS. 

Environmental     Protection     Agency,    Cincinnati 

OH. 

L.  A.  Rossman. 

IN:   Dynamic   Modeling  and   Expert   Systems  in 

Wastewater  Engineering.   Lewis  Publishers,  Inc., 

Chelsea,  Michigan.  1989.  p  129-166,  19  fig,  3  tab, 

23  ref.  6 

Descriptors:  'Model  studies,  'Dynamic  models, 
'Wastewater  pollution,  'Wastewater  treatment, 
•Wastewater  disposal,  'Water  pollution  control, 
'Waste  load,  Pollution  load,  Ammonia,  Toxicity, 
Water  quality. 

The  dynamic  nature  of  the  interactions  between 
wastewater  discharges  and  receiving  water  quality 
can  complicate  the  analysis  of  pollution  abatement 
programs.  A  numerical  example  of  ammonia  toxici- 
ty is  used  to  illustrate  this  point.  It  shows  the  role 
that  correlated  variables,  chemical  transformations, 
and  water  quality  criteria  play  in  determining 
water  quality  responses  and  their  environmental 
significance.  Several  methods  of  waste  load  alloca- 
tion-dynamic response  approach,  dynamic  assimi- 
lative capacity  approach,  and  steady-state  response 
approach-that  take  these  dynamic  interactions  into 
account  are  reviewed.  Also  reviewed  are  pollution 
control  strategies  based  on  variable  effluent  limits. 
These  can  lower  treatment  costs  by  allowing  dis- 
charge levels  to  change  by  time  of  year  or  with 
conditions  in  the  receiving  water.  A  waste  load 
allocation  method  for  seasonal  discharge  limits  is 
introduced  that  maintains  an  equal  risk  of  water 
quality  criteria  violation  with  nonseasonal  limits. 
Illustrations  of  these  various  approaches  to  waste 
load  allocation  are  provided  for  ammonia  toxicity 
example  studies.  (See  also  W90-05149)  (Lantz- 
PTT) 
W90-05154 


APPLICATIONS  OF  EXPERT  SYSTEMS  IN 
THE  PROCESS  INDUSTRY. 

Stone   and   Webster   Engineering   Corp.,   Boston, 

MA. 

G.  A.  Finn. 

IN:   Dynamic   Modeling  and   Expert   Systems  in 

Wastewater  Engineering.   Lewis  Publishers,  Inc., 

Chelsea,  Michigan.  1989.  p  167-192,  10  fig,  25  ref. 

Descriptors:  'Process  control,  'Wastewater  treat- 
ment, 'Expert  systems,  Computer  programs,  Main- 
tenance, Technology. 

Expert  systems  are  computer  systems  that  repre- 
sent knowledge  and  experience  of  recognized  ex- 
perts in  a  particular  field.  Expert  systems  provide 


150 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION-Field  5 
Waste  Treatment  Processes— Group  5D 


an  incremental,  evolutionary  mechanism  for  dis- 
tributing expert  knowledge  and  helping  to  improve 
the  performance  of  engineers,  operators,  and  tech- 
nicians. Applications  development  and  implemen- 
tation may  be  motivated  by  the  preponderance  ot 
near-retirement  age  expert  personnel  in  engineer- 
ing, operations,  and  maintenance.   Increased  em- 
phasis on  improving  product  quality  and  yield,  and 
a  heightened  focus  on  improving  efficiency,  both 
in  the  process  and  in  utility  support,  also  provide 
clear  opportunities  and  needs  for  expert  system 
applications.   The   ability   to   develop   and   apply 
expert  systems  is  based  largely  on  the  availability 
of  software  tools  that  allow  non-computer  special- 
ists to  develop  applications  easily.  These  tools, 
commonly  called  shells,  provide  capabilities  for 
including  knowledge  in  the  form  of  English-like 
rules.  The  shells  incorporate  methods  for  reason- 
ing, and  allow  the  developers  to  focus  on  the 
application-specific    knowledge.    This    capability 
eliminates  the  requirements  that  the  development 
process  be  a  programming  exercise.  Most  expert 
systems  applications  in  the  process  industry  have 
been  directed  toward  diagnosis,  in  the  form  ot 
equipment  trouble-shooting,  process  diagnosis,  in- 
spection, and  equipment  failure  analysis.  Other  ap- 
plications have  been  suggested  or  developed  tor 
process/manufacturing,    scheduling,    design,    and 
process  planning.  The  vast  majority  of  applications 
have  been  off-line,  consultative,  and  advisory  in 
nature,  but  successful  implementations  in  real-time, 
or  on-line  process  monitoring  and  diagnosis  are 
now  being  tested  in  the  field.  Through  the  matura- 
tion of  the  basic  expert  system  technology  and  the 
development  of  new  techniques  (such  as  neura 
networks)  expert  systems  are  becoming  an  integral 
part  of  the  engineering,  planning,  operations,  and 
maintenance  functions  within  the  process  industry. 
(See  also  W90-05149)  (Lantz-PTT) 
W90-05155 

KNOWLEDGE-BASED  SYSTEM  FOR  THE  DI- 
AGNOSIS OF  AN  ACTIVATED  SLUDGE 
PLANT.  .  .     _,     h      f 

McMaster  Univ.,  Hamilton  (Ontario).  Dept.  ot 
Civil  Engineering  and  Engineering  Mechanics. 
R.  A.  B.  Gall,  and  G.  G.  Patry. 
IN-  Dynamic  Modeling  and  Expert  Systems  in 
Wastewater  Engineering.  Lewis  Publishers,  Inc., 
Chelsea,  Michigan.  1989.  p  193-240,  30  fig,  1  tab, 
29  ref. 

Descriptors:  'Wastewater  treatment,  'Activated 
sludge  process,  'Expert  systems,  Maintenance, 
Process  control,  Sedimentation,  Aeration,  Clarifi- 
cation, Sludge  thickening. 


the  continuing  contributions  from  plant  operators. 
The  knowledge  base,  no  matter  how  sophisticated, 
should  not  be  viewed  as  a  static  piece  of  software 
but  should  be  updated  on  a  regular  basis  to  reflect 
the  cumulative  experience  of  the  operators  as  well 
as  changes  and/or  adjustments  made  to  the ^differ- 
ent unit  processes.  (See  also  W90-05149)  (Lantz- 
PTT) 
W90-05156 

SYSTEM  IDENTIFICATION  AND  CONTROL. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England).  Dept.  of  Civil  Engineering. 

M.  B.  Beck. 

IN-   Dynamic   Modeling  and  Expert   Systems  in 

Wastewater  Engineering.  Lewis  Publishers    Inc 

Chelsea,  Michigan.  1989.  p  261-323,  177  fig,  71  ref. 

Descriptors:  'Process  control,  'Wastewater  treat- 
ment, 'Systems  analysis,  'Model  studies,  'Expert 
systems,  Computers,  Statistical  models. 

The  limitations  of  the  somewhat  narrow  interpreta- 
tion of  system  identification  as  a  problem  of  model 
calibration  is  discussed.  Types  of  models  include 
the  following:  (1)  linguistic;  (2)  time-series;  (3) 
lumped-parameter;  and  (4)  distributed  parameter. 
The  procedure  of  system  identification  comprises 
the  following  component  parts:  (1)  a  priori  analysis 
of  model  identifiability;  (2)  experimental  design;  (3) 
generating  preliminary  hypotheses;  (4)  selection 
and  evaluation  of  model  structure;  and  (5)  parame- 
ter (and  state)  estimation.  Case  studies  are  included 
to  give  practical  examples  of  system  identification 
and  comprise  problems  in  modeling  both  the  unit 
processes  of  wastewater  treatment  and  the  charac- 
teristics of  the  receiving  water  body.  Expert  sys- 
tems are  illustrated  briefly  for  the  case  of  bulking 
sludge.  (See  also  W90-05149)  (Lantz-PTT) 
W90-05158 

PRACTICAL  EXPERIENCES  OF  IDENTIFICA- 
TION    AND     MODELING     FROM     EXPERI- 
MENTS. „  J       .  .  .    . 
Lund  Univ.  (Sweden).  Dept.  of  Industrial  Automa- 
tion. 

G.  Olsson. 

IN-  Dynamic  Modeling  and  Expert   Systems  in 
Wastewater  Engineering.  Lewis  Publishers    Inc 
Chelsea,  Michigan.  1989.  p  325-344,  2  fig,  29  ref. 

Descriptors:  'Wastewater  treatment,  'Model  stud- 
ies 'Process  control,  'Dynamic  models,  Dynam- 
ics, Time  series  analysis,  Clarification,  Dissolved 
oxygen,  Oxygen  uptake,  Mathematical  studies. 


DYNAMIC  MODELING  AND  EXPERT  SYS- 
TEMS IN  WASTEWATER  ENGINEERING: 
TRENDS,  PROBLEMS,  NEEDS. 

Environmental     Protection     Service,     Burlington 
(Ontario).  Waste  Water  Technology  Centre. 
D  T.  Chapman,  G.  G.  Patry,  and  R.  D.  Hill. 
IN    Dynamic   Modeling  and   Expert   Systems  in 
Wastewater  Engineering.   Lewis  Publishers    Inc., 
Chelsea,  Michigan.  1989.  p  345-370,  5  fig,  30  ref. 

Descriptors:  'Sanitary  engineering,  'Dynamic 
models,  'Expert  systems,  'Model  studies, 
'Wastewater  treatment,  Process  control,  Dynam- 
ics, Computers,  Technology,  Artificial  intelli- 
gence. 

By  taking  process  dynamics  and  data  uncertainty 
into  account,  dynamic  models  and  expert  systems 
provide  wastewater  engineers  with  new  techniques 
for   planning,   designing  and   operating  sewerage 
systems    and    wastewater    treatment    plants.    Ad- 
vances have  been  made  in  these  areas  because  of 
recent  availability  of  new  hardware  and  software 
tools.  Dynamic  models  and  expert  systems  will 
find  application  in  planning  wastewater  engineer- 
ing projects.  These  tools  will  assist  engineers  to 
develop  seasonal  or  transient  regulations  for  re- 
ceiving   waters,    evaluate    alternative    basin-wide 
wastewater    management    strategies    and    screen 
treatment   options  to   select   the   most   promising 
ones    Simulations  with  dynamic  models  will  pro- 
vide information  for  the  design  of  aeration  systems 
for  activated  sludge  systems,  lift  stations  and  sys- 
tems for  reducing  combined  sewer  overflows.  In 
the  future,  operations  staff  will  also  make  use  of 
expert  systems  and  dynamic  models.  Simulations 
will  enable  control  strategies  to  be  tested  prior  to 
implementation  and  the  validity  of  output  from  on- 
line sensors  to  be  checked.  To  improve  technology 
transfer,  additional  training  is  required  for  both  the 
graduate  and  practicing  environmental  engineer. 
Government  funding  is  required  for  a  few  well- 
chosen   demonstration   projects.    (See   also    W9U- 
05149)  (Lantz-PTT) 
W90-05160 


COMPTRAIN  GUIDE:  A  MANUAL  FOR  IM- 
PROVING THE  PERFORMANCE  OF  SMALL 
WATER  AND  WASTEWATER  SYSTEMS. 

National  Demonstration  Water  Project,  Washing- 
ton, DC. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-134944. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
National  Demonstration  Water  Project,  Washing- 
ton, DC.  November  1984.  213p,  11  append. 


A  knowledge-based  system  was  developed  to  assist 
in  the  operation  of  wastewater  treatment  plants. 
The  knowledge  base,  referred  to  as  DASP  (Diag- 
nosis of  the  Activated  Sludge  Process)  consists  of  a 
rule-based  expert  system  for  the  diagnosis  of  the 
activated  sludge  process  and  subsequent  identifica- 
tion of  remedial  control  actions.  The  knowledge 
base  was  developed  from:  (1)  an  exhaustive  litera- 
ture review  on  wastewater  treatment  plant  oper- 
ation- and  (2)  site  visits  and  interviews  with  experi- 
enced plant  operators.  The  knowledge  base  was 
encoded   using   Personal   Consultant  Plus  (Texas 
Instruments)  and  tested  under  actual  plant  operat- 
ing conditions.  The  knowledge  base  consists  of  169 
rules  and  97  parameters  that  are  used  to  pursue  10 
goals.  The  primary  benefit  of  this  structuring  is 
that  it  allows  groups  of  rules  to  be  pruned,  or 
trimmed,  based  on  simple  questions  asked  at  the 
beginning    of    the    consultation.    This    trimming 
quickly  reduces  the  search  space  for  the  inference 
engine  and  prevents  the  consultation  from  becom- 
ing unnecessarily  verbose.  The  goal  parameters  of 
the  expert  system  are:  Test,  Location,  Measure- 
ment, State,  Trend,  External,  Industry,  Equipment, 
Control,  and  Check.  The  rules  developed  for  the 
diagnosis  of  an  activated  sludge  system  are  de- 
scribed, and  include:  primary  sedimentation  rules, 
aeration  basin  rules,  final  clarifier/thickener  ru  es, 
measurement  rules,  microscope  observation  rules, 
and  control  rules.  It  is  difficult  at  this  stage  to 
assess  the  true  potential  benefits  of  this  technology 
to  wastewater  treatment  plant  operation  and  con- 
trol   However,  it  should  be  emphasized  that  the 
operational  benefits  of  a  knowledge-based  system 
for  activated  sludge  diagnosis  depends  largely  on 


The  dynamics  of  a  wastewater   treatment   plant 
cover  a  very  wide  spectrum   which  makes  any 
model  approach  extremely  complex.  Time  series 
identification  is  a  useful  tool  for  model  verification. 
Generally  the  models  obtained  have  a  relatively 
low  order  (usually  less  than  two  or  three)  due  to 
the  disturbances  involved.  With  limited  potential 
for  measurements  and  sensor  accuracy,  a  gray  box 
approach  is  often  advantageous.  A  more  structured 
model  is  adopted  to  real  data.  Recursive  estimation 
is  a  viable  method  for  updating  time-varying  pa- 
rameters  in   wastewater   treatment   systems.   The 
dynamics  of  secondary  clarifiers  can  be  tracked  by 
recursive  estimation  in  order  to  obtain  an  early 
warning  system  for  changing  floe  properties.  An- 
other application  is  the  on-line  estimation  of  the 
oxygen     uptake     rate     simultaneously     with     the 
oxygen   transfer   rate.   A   new   method   has  been 
developed  that  allows  both  parameters  to  be  time- 
varying.  This  gives  the  operator  real-time  informa- 
tion about  the  organism  activity  while  dissolved 
oxygen   (DO)   is   controlled   automatically.    Full- 
scale  results  are  encouraging.  Considering  the  non- 
linear and  time-varying  character  of  the  DO  dy- 
namics the  control  of  the  DO  concentration  is  not 
at  all  trivial.  Good  control  can  be  obtained  by  self- 
tuning  regulators  for  the  DO  concentrations.   A 
survey  of  some  results  in  the  areas  of  time  series 
analysis,  structured  identification,  recursive  identi- 
fication   and    more    advanced    control    methods, 
based  on  identification  is  presented.  A  model  li- 
brary  is  described   and  finally,   some   aspects   of 
knowledge-based  systems  are  discussed.  (See  also 
W90-05149)  (Lantz-PTT) 
W90-05159 
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Descriptors:  'Wastewater  treatment,  'Water  treat- 
ment, 'Comptrain,  'Training,  'Education,  Project 
planning,  Wastewater  management,  Performance 
evaluation,  Standards. 

National  Demonstration  Water  Project  (NDWP)  is 
a  nonprofit  corporation  established  in   1972  as  a 
vehicle  for  finding  ways  to  improve  the  delivery  ot 
water  supply  and  wastewater  disposal  services  to 
small  towns  and  rural  areas  at  affordable  prices. 
NDWP  carries  out  its  mission  through:  (1)  demon- 
stration projects  designed  to  test  innovative  ap- 
proaches to  water  and  wastewater  service  delivery 
in  the  field;  (2)  publications  and  other  technology 
transfer  activities;  and  (3)  policy  analysis,  recom- 
mendations, and  training  at  federal,  state,  and  local 
levels.  One  such  training  effort  was  the  Comptrain 
Project,  conducted  from  late   1982  to  mid   1985. 
The  goal  of  the  Comptrain  Project  was  to  field  test 
a  method  for  bringing  small  water  and  wastewater 
treatment  plants  into  compliance  with  federal-state 
performance  standards.  The  method  involves:  (a) 
intensive,  on-site,  plant-specific  training  in  equip- 
ment operation  and  process  control;  (b)  communi- 
ty-specific management  and  financial  training;  and 
(c)   efforts   to   bring   about   policy   and   program 
changes  leading  to  improved  plant  performance. 
The  training  targets  are  plant  operators,  municipal 
officials,  and  state  officials.  This  manual  is  intended 
for    nonprofit    organizations,    state    agencies    and 
others  interested  in  setting  up  a  comptrain  project 
The  manual  is  divided   into  four  chapters,  each 
chapter  discussing  one  or  more  major  steps  in  the 
comptrain     methodology:     project     organization, 
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target  identification,  problem  diagnosis,  corrective 
action,  and  project  evaluation.  Following  the  text 
are  substantial  attachments  containing  sample 
forms,  guidelines  and  procedures  that  can  be  used 
in  setting  up  and  carrying  out  a  comptrain  effort. 
(Lantz-PTT) 
W90-05163 


CAPITAL  COSTS  OF  LIME  TREATMENT  AT 
THE  AUGUSTA  WASTEWATER  TREATMENT 
PLANT. 

Savannah  River  Lab.,  Aiken,  SC.  Technical  Div. 

N.  V.  Halverson. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  DE89-001418. 

Price  codes:  A02  in  paper  copy,  A01  in  microfiche. 

Report  No.  DPST-88-747,  August  17,  1988.  6p,  12 

ref. 

Descriptors:  'Phosphorus  removal,  *Capital  costs, 
•Wastewater  facilities,  'Wastewater  treatment, 
•Economic  aspects,  Phosphorus,  Algae,  Activated 
sludge  process,  Chemical  treatment,  Biological 
treatment,  Lime,  Augusta,  Sludge  disposal. 

The  capital  costs  were  estimated  for  the  addition 
of  lime  treatment  facilities  to  the  Augusta  sewage 
treatment  plant  as  a  means  of  reducing  the  phos- 
phorus loading  of  L  Lake  and  consequently  reduc- 
ing the  algae  populations  in  the  lake.  The  two 
types  of  lime  treatment  considered  were  primary 
lime  treatment  and  tertiary  lime  treatment.  The 
capital  cost  of  a  primary  lime  treatment  addition 
would  be  lower  than  for  a  tertiary  treatment  addi- 
tion. Depending  on  whether  the  existing  primary 
settling  tank  can  be  utilized  for  lime  treatment  or  a 
new  clarifier  must  be  built,  a  primary  lime  treat- 
ment addition  would  currently  cost  between 
$500,000  and  $3  million  to  construct  at  the  Augus- 
ta sewage  treatment  plant.  Primary  lime  treatment 
coupled  with  the  existing  activated  sludge  biologi- 
cal treatment  system  would  remove  approximately 
80%  of  the  phosphorus  from  the  sewage  entering 
the  sewage  treatment  plant,  resulting  in  an  effluent 
concentration  of  about  2  mg/L.  To  reduce  effluent 
phosphorus  concentration  to  1  mg/L  or  less,  addi- 
tional coagulation  and  effluent  filtration  facilities 
would  be  necessary.  One  disadvantage  of  primary 
lime  treatment,  however,  would  be  the  two-fold  or 
three-fold  increase  in  sludge  to  be  disposed.  Terti- 
ary lime  treatment  usually  results  in  lower  effluent 
phosphorus  levels  than  primary  lime  treatment,  but 
the  capital  cost  is  significantly  higher.  Costs  for 
tertiary  lime  treatment  for  the  Augusta  sewage 
treatment  plant  would  range  from  $5  million  to  $14 
million.  The  higher  estimate  would  include  an 
additional  settling  stage  and  filtration  of  the  efflu- 
ent, features  which  would  improve  the  efficiency 
of  phosphorus  removal  and  reduce  the  effluent 
phosphorus  concentration.  (Lantz-PTT) 
W90-05183 


BIOOXIDATION  STUDIES  OF  POLLUTANTS 
IN  EFFLUENT  FROM  THE  X-710  LABORATO- 
RY. 

Goodyear  Atomic  Corp.,  Piketon,  OH.  Technical 

Div. 

M.  J.  Greiner,  and  L.  E.  Deacon. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  DE89-002799. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report   No.   GAT-T-3261,   September  30,    1983. 

21p,  2  fig,  6  tab,  2  ref.  DOE  Contract  DE-Ac05- 

76ORO0001. 

Descriptors:  'Wastewater  analysis,  'Wastewater 
facilities,  'Chemical  wastes,  'Wastewater  treat- 
ment, 'Biological  wastewater  treatment,  'Oxida- 
tion, Activated  sludge  process,  Biological  treat- 
ment, Aerobic  treatment,  Heavy  metals,  Organic 
compounds.  Arsenic,  Cadmium,  Chromium, 
Copper,  Iron,  Lead,  Nickel,  Uranium,  Zinc,  Ace- 
tone, Freon,  Tetrachloroethylene,  Trichloroethy- 
lene,  Biomass. 

Federal  Clean  Water  Act  regulations  specify  re- 
quirements which  must  be  met  by  liquid  wastes 
before  they  can  be  discharged  to  the  environment. 
The  Portsmouth  Gaseous  Diffusion  Plant  recently 
built  a  new  sewage  treatment  facility  (X-6619)  or 
greater  capacity  to  replace  the  original  one  and 


allow  processing  of  sanitary  wastewater.  The  facil- 
ity uses  activated  sludge  to  treat  the  wastewater. 
Activated  sludge  consists  of  aerobic  microorga- 
nisms that  are  sensitive  to  environmental  influ- 
ences, such  as  pH,  temperature,  humidity,  and 
chemicals  in  the  wastewater.  These  influences 
could  have  a  toxic  effect  on  the  biomass.  There- 
fore, laboratory  testing  was  required  to  determine 
if  specific  wastestreams,  which  will  be  processed 
through  the  new  facility,  would  kill  the  activated 
sludge  biomass.  The  effluent  from  the  X-710  labo- 
ratory facility  was  processed  through  the  original 
sewage  treatment  plant  with  no  observable  prob- 
lems. It  is  now  processesed  through  the  new  treat- 
ment plant  but  this  may  not  satisfy  EPA  require- 
ments because  of  possible  detrimental  effects  on 
the  biomass  resulting  from  the  presence  of  toxic 
pollutants  in  the  waste  stream.  As  determined  by 
extensive  analytical  characterization,  nine  heavy 
metals  and  five  organics  were  present  in  possible 
environmentally  unacceptable  concentrations. 
These  were  As,  Cd,  Cr,  Cu,  Fe,  Pb,  Ni,  U,  Zn, 
acetone,  Freon- 113,  isopropyl  alcohol,  tetrachlor- 
oethylene, and  trichloroethyelene.  The  metals  and 
organics  were  tested  to  determine  their  effect  on 
the  biomass  by  biooxidation  studies  that  simulated 
the  activated  sludge  treatment  process  in  the  labo- 
ratory. One  study  tested  the  metals  for  a  two 
month  period,  while  another  study  tested  the  or- 
ganics for  a  two-month  period.  In  both  cases,  the 
maximum  contaminant  concentrations  observed 
were  used  in  the  tests  to  ensure  worst  possible  case 
conditions  for  study.  Results  of  both  studies  indi- 
cated that  no  detrimental  effect  was  seen  on  the 
biomass  at  the  concentrations  tested.  Thus,  no  fur- 
ther testing  or  investigation  of  pretreatment  tech- 
nologies for  the  effluent  was  required  since  the 
laboratory  studies  show  that  effluent  can  be  proc- 
essed through  the  sewage  treatment  facility  with 
no  toxic  effect  on  biomass.  (Author's  abstract) 
W90-05185 


WATER  RESOURCES  OF  SOLEDAD,  POWAY, 
AND  MOOSA  BASINS,  SAN  DIEGO  COUNTY, 
CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
K.  D.  Evenson. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4030, 
1989.  87p,  20  fig,  28  tab,  24  ref. 

Descriptors:  'Groundwater,  'Wastewater  treat- 
ment, 'Reclaimed  water,  'Water  quality,  'Califor- 
nia, Geology,  Land  use,  Moosa  Basin,  Poway 
Basin,  San  Diego  County,  Soil  types,  Soledad 
Basin,  Surface  water,  Water  use. 

Reclaimed  water  is  being  considered  as  as  supple- 
mental water  supply  in  the  Soledad,  Poway,  and 
Moosa  basins,  San  Diego  County.  This  report  de- 
scribes the  geology,  soils,  hydrology,  and  cultural 
factors  in  each  of  the  basins  as  they  relate  to  use  of 
reclaimed  water.  Imported  water  is  currently  the 
major  water-supply  source  in  the  basins.  Ground- 
water supplies  are  used  to  a  limited  extent  for  both 
agricultural  and  domestic  needs.  Surface  water 
flows  are  intermittent  and,  therefore,  have  not 
been  developed  for  use  in  the  basins.  All  three  of 
the  basins  have  the  potential  for  use  of  reclaimed 
water,  but  only  the  Moosa  basin  is  currently  imple- 
menting a  plan  for  such  use.  Concentrations  of 
dissolved  solids,  chloride,  and  sulfate  in  both 
ground  and  surface  water  commonly  exceed  local 
basin  objectives.  As  of  1985,  plans  for  use  of  re- 
claimed water  are  oriented  toward  improving  the 
quality  of  the  groundwater.  (USGS) 
W90-05274 


W90-05286 


PLANNING    AND    ANALYSIS    FOR    WATER 
REUSE  PROJECTS. 

California  State  Water  Resources  Control  Board, 

Sacramento. 

For  primary  bibliographic  entry  see  Field  3C. 

W90-05289 


STRUCTURE  OF  ACTIVATED  SLUDGE 
FLOCS. 

Toronto  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

D.  Li,  and  J.  J.  Ganczarczyk. 

Biotechnology  and  Bioengineering  BIBIAU,  Vol. 
35,  No.  1,  p  57-65,  January  1990.  7  fig,  3  tab,  21  ref. 
Canadian  NSERC  Grant  7598. 

Descriptors:  'Activated  sludge  process,  'Histolo- 
gy, 'Sample  preparation,  'Biological  samples, 
Sample  preservation,  Structure,  Microorganisms, 
Polymers,  Microscopic  analysis. 

Bioflocculated  microbial  aggregates,  known  as 
floes,  are  the  essential  components  of  the  activated 
sludge  process.  Relatively  large  activated  sludge 
floes  (larger  than  about  100  micrometers)  were 
stabilized,  using  a  histological  tissue  specimen 
preparation  procedure,  and  then  were  sliced  into 
sections  3  to  6  micrometers  thick.  Microscopic 
study  of  these  sections,  after  staining,  revealed  the 
internal  structure  of  the  activated  sludge  floes.  No 
uniformity  of  this  structure  was  found.  The  distri- 
bution of  microorganisms  and  of  extracellular 
polymers  (EPs)  in  the  floes  varied  randomly  on  the 
plane  of  the  sections  and  along  the  dimension 
perpendicular  to  the  plane,  leaving  large  water 
channels  and  reservoirs  in  some  of  the  floes.  The 
lack  of  a  characteristic  size  for  the  water  gaps  in 
the  floes  and  a  general  self-similar  appearance  of 
the  sections  suggested  that  the  activated  sludge 
floes  might  be  characterized  by  the  fractal  concept 
within  a  certain  size  limit.  Direct  observation  of 
the  interior  of  the  floes  indicated  an  abundant 
presence  of  extracellular  polymers  in  amorphous 
forms,  surrounding  microorganisms  in  most  of  the 
floes.  (Author's  abstract) 
W90-05320 


EVALUATING  WATER  AND  SANITATION 
PROJECTS:  LESSONS  FROM  IMO  STATE,  NI- 
GERIA. 

For  primary  bibliographic  entry  see  Field  5F. 
W90-05285 


PRIMARY  HEALTH  CARE:  WHY  HAS  WATER 
BEEN  NEGLECTED. 

Research  Triangle  Inst.,  Durham,  NC. 

For  primary  bibliographic  entry  see  Field  5F. 


MERCURY  ACCUMULATION  AND  VOLATIL- 
IZATION IN  IMMOBILIZED  ALGAL  CELL 
SYSTEMS. 

Lancashire      Polytechnic,      Preston      (England). 

School  of  Applied  Biology. 

S.  C.  Wilkinson,  K.  H.  Goulding,  and  P.  K. 

Robinson. 

Biotechnology  Letters  BILED3,  Vol.  11,  No.  12,  p 

864-864,  December  1989. 

Descriptors:  'Wastewater  treatment,  'Mercury, 
'Biological  wastewater  treatment,  'Algae,  'Water 
pollution  treatment,  'Separation  techniques,  Chlo- 
rella,  Heavy  metals,  Radiochemical  analysis. 

Mercury  is  toxic  in  its  metallic,  ionic  and  organic 
(monomethyl,  dimethyl  and  phenyl)  forms,  and  has 
long  been  recognized  as  an  environmental  hazard. 
More  stringent  European  Community  guidelines 
for  the  disposal  of  mercury  in  wastewaters  (1982  to 
1984)  have  made  current  methods  of  mercury  re- 
moval from  effluents  unsatisfactory.  This  paper 
describes  studies  of  the  uptake  of  mercury  by  free 
(i.e.  non-immobilized)  and  alginate-entrapped 
Chlorella  and  its  partitioning  in  the  experimental 
system.  Mercury  was  rapidly  removed  from  the 
medium  by  both  free  and  immobilized  cells.  Immo- 
bilized cells  removed  significantly  more  mercury 
(p  >  0.001)  such  that  less  than  1%  of  the  initial 
mercury  added  remained  after  12  days,  compared 
with  about  8%  with  non-immobilized  cells  and 
98%  in  the  cell-free  system.  Mercury  uptake  into 
free  and  immobilized  cells  was  rapid,  and  over 
40%  appeared  in  free  cells  after  12  days  and  70% 
in  immobilized  cells.  Binding  of  mercury  to  glass- 
ware was  minimal  and  did  not  exceed  5%,  but 
volatilization  from  both  free  and  immobilized  cells 
systems  was  rapid  and  extensive.  Studies  show, 
however,  that  mercury  lost  in  this  way  may  reen- 
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ter  the  aqueous  phase  and  subsequently  be  accumu- 
lated by  immobilized  cells.  (VerNooy-PTT) 
W90-05321 


PROTECTIVE  COATINGS  AT  A 

WASTEWATER  TREATMENT  PLANT. 

Willow  Lake  Wastewater  Treatment  Plant,  Salem, 

OR. 

P.  Eckley,  and  T.  Plumb. 

Public  Works  PUWOAH,  Vol.  120,  No.  12,  p  73- 

74,102,  December  1989.  2  tab. 

Descriptors:  'Coatings,  *Wastewater  facilities, 
•Maintenance  costs,  Project  planning,  Steel,  Con- 
cretes, Pipes,  Pumps,  Scheduling,  Future  planning, 
Oregon. 

Protecting  wastewater  treatment  plant  components 
with  suitable  coatings  prolong  the  equipment's 
useful  life  and  promotes  esthetics  as  well.  At  the 
Willow  Lake  Wastewater  Treatment  Plant  (Salem, 
OR),  a  program  was  started  to  keep  protective 
coatings  maintained  at  all  times  using  appropriate 
coating  systems  for  different  environments.  This  is 
being  achieved  despite  periodic  heavy  industrial 
loadings  and  a  rainy  season  that  limits  the  painting 
season.  Originally  built  in  1954,  the  trickling  filter 
planfs  protective  coatings  (paint)  were  applied 
with  each  new  plant  improvement  and  maintained 
by  the  staff.  In  1984  a  strategy  was  planned  and 
developed  for  coating  system  improvements  and  a 
coating  specialist  was  hired  to  provide  recommen- 
dations. Technical  specifications  were  developed 
in  1985;  changes  were  made  to  the  originally  speci- 
fied coating  systems  as  the  projects  progressed 
each  year.  Four  basic  systems  are  now  used 
throughout  the  plant.  These  systems  cover  interior 
steel  piping  and  pumping  equipment,  and  a  system 
for  submerged  steel  and  concrete.  Generally,  speci- 
fications are  prepared  during  winter,  bidding  and 
contracts  are  awarded  during  spring,  and  the  con- 
tract runs  from  late  spring  until  early  fall  (start  of 
rainy  season).  Protective  coating  systems  are  sum- 
marized, as  well  as  an  annual  cost  summary  for 
1985  through  1988.  Proper  ongoing  maintenance 
will  ensure  that  the  original  investments  are  maxi- 
mized and  the  facility's  physical  appearance  is 
maintained.  (VerNooy-PTT) 
W90-05328 


ALBUQUERQUE'S  SEWER  REHABILITATION 
PROGRAM. 

Albuquerque's    Wastewater     Line     Maintenance, 

NM. 

R.  Pena,  and  M.  S.  Holstad. 

Public  Works  PUWOAH,  Vol.  120,  No.  13,  p  61- 

63,  December  1989. 

Descriptors:  'New  Mexico,  *Sewer  systems,  'Re- 
habilitation, 'Pipes,  'Construction  methods,  Main- 
tenance, Sanitary  wastewater,  Plastics,  Linings, 
Training,  Concretes,  Albuquerque. 

Albuquerque,  NM  has  pursued  a  concerted  sewer 
rehabilitation  program  since  1981,  making  exten- 
sive use  of  sliplining  with  high-density  polyethyl- 
ene (HDPE)  and  limited  use  of  Insituform, 
Expand-A-Line,  and  push-lining  with  reinforced 
plastic  mortar  (RPM)  pipe.  Concrete  pipe  had  been 
used  exclusively  from  the  1940s  through  1964,  and 
corrosion  of  the  concrete  pipe  had  been  acceler- 
ated by  biological  activity  generating  sulfuric  acid. 
By  the  late  1970s,  the  city  faced  a  serious  problem. 
The  only  rehabilitation  method  used  to  that  point 
had  been  conventional  cut-and-cover  pipe  replace- 
ment. Less  costly  rehabilitation  methods  requiring 
less  disruption  were  needed.  In  the  past  8  years, 
Albuquerque  has  rehabilitated  and  replaced  75 
miles  of  sewers  and  is  developing  programs  to 
renew  10  to  20  miles  per  year.  The  predominant 
rehabilitation  method  used  has  been  sliplining  the 
existing  concrete  pipe  with  HDPE,  SDR26.  In 
1983,  the  city  bought  equipment  and  trained  the 
necessary  personnel  to  begin  its  own  sliplining 
program.  In  1987,  Expand-A-Line  was  tested  in  a 
city  project.  In  this  process,  a  high-torque  boring 
machine  pushes  a  drilling  head  through  an  existing 
line.  The  drilling  head  shatters  the  existing  pipe 
and  pushes  it  out,  followed  immediately  by  a  poly- 
ethylene liner.  Albuquerque  will  continue  using 
sliplining    for    the    bulk    of   sewer    rehabilitation 


where  cut-and-cover  operations  are  judged  inap- 
propriate    and     will     consider     Insituform     and 
Expand-A-Line  where  their  particular  advantages 
offset  higher  cost.  (VerNooy-PTT) 
W90-05329 


WASTEWATER  DECHLORINATION  OP- 
TIONS. 

General  Chemical  Corp.,  Parsippany,  NJ. 

B.  Conover. 

Public  Works  PUWOAH,  Vol.  120,  No.  13,  p  57- 

58,  December  1989. 

Descriptors:  'Dechlorination,  'Wastewater  treat- 
ment, 'Chlorination,  'Sulfur  compounds,  'Sodium 
bisulfite,  'Chemical  treatment,  Sulfur  dioxide, 
Safety,  Sulfites,  Hazards,  Water  pollution  preven- 
tion. 

Chlorine  use  in  wastewater  treatment  plants  is 
required  to  limit  microbial  levels  in  wastewater 
effluent.  Since  chlorine  can  harm  aquatic  ecosys- 
tems, wastewater  treatment  plants  dechlorinate  to 
eliminate  residual  chlorine.  Wastewater  treatment 
systems  have  traditionally  used  liquefied  sulfur  di- 
oxide, because  it  is  cost  effective  and  rapid;  howev- 
er, it  is  also  hazardous  and  difficult  to  handle.  This 
paper  explores  the  range  of  dechlorination  options 
available  and  focuses  on  sulfite-based  chemicals  as 
an  optimal  alternative  to  sulfur  dioxide.  These 
chemicals  are  the  best  alternative  to  sulfur  dioxide 
because  sulfites  equal  sulfur  dioxide  liquid  and  gas 
products  in  dechlorination  ability,  while  using  sim- 
pler storage  and  application  systems.  Sodium  bisul- 
fite, the  most  commonly  used  compound,  is  em- 
ployed in  wastewater  treatment  plants  as  a  38% 
solution.  Its  ability  to  dechlorinate  wastewater  has 
been  known  for  decades,  but  its  first  major  applica- 
tion began  in  San  Francisco  nine  years  ago. 
Switching  to  sodium  bisulfite  enabled  San  Francis- 
co to  cut  its  wastewater  treatment  energy  and 
maintenance  costs.  Sometimes  sodium  bisulfite  is 
used  in  special  situations.  For  example,  a  sudden 
cessation  in  sulfur  dioxide  availability  at  Sacramen- 
to's Regional  Wastewater  Treatment  Plant  (400- 
mgd)  forced  the  plant  to  find  an  immediate  alterna- 
tive. The  plant  designed,  procured,  and  installed  a 
sodium  bisulfite  outfall  system  in  only  5  days.  The 
simplicity,  safety,  low  maintenance,  and  fast  re- 
sponse of  the  new  system  prompted  the  plant  to 
install  a  permanent  dechlorination  system  using 
sodium  bisulfite.  Liquid  sodium  bisulfite  use  is  ex- 
pected to  grow  substantially  in  the  next  five  years. 
(VerNooy-PTT) 
W90-05330 


INFLUENCE  OF  TEMPERATURE  AND  LIGHT 
INTENSITY  ON  ACTIVITY  OF  WATER  HYA- 
CINTH (EICHHORNIA  CRASSIPES  (MART.) 
SOLMS). 

Ljubljana  Univ.  (Yugoslavia).  Biological  Inst. 
O.  Urbanc-Bercic,  and  A.  Gaberscik. 
Aquatic  Biology  AQBODS,  Vol.  35,  No.  3-4,  p 
403-408,  November  1989.  2  fig,  2  tab,  15  ref. 

Descriptors:  'Wastewater  treatment,  'Macro- 
phytes,  'Phosphorus  removal,  'Macrophytes, 
'Tertiary  wastewater  treatment,  'Water  hyacinth, 
'Biological  wastewater  treatment,  Temperature  ef- 
fects, Light  intensity,  Seasonal  variation,  Photo- 
synthesis, Effluents. 

Aquatic  plants  are  being  used  more  and  more  to 
improve  the  quality  of  effluents  from  waste  water 
treatment  plants.  Therefore,  a  better  understanding 
of  the  reaction  of  the  species  to  inclement  condi- 
tions iis  needed.  Light  and  temperature  determine 
the  length  of  the  vegetative  period  of  Eichhornia 
crassipes  (Mart.)  Solms.  in  temperate  climates.  Sea- 
sonal changes  are  followed  by  changes  in  plant 
activity.  During  the  summer,  the  photosynthetic 
activity  was  58.3  milligrams  carbon  dioxide/g  dry 
weight  (DW)/hour.  At  the  end  of  the  growing 
season,  the  potential  photosynthetic  activity  (at  a 
temperature  of  20  C)  decreased  to  31.2  milligrams 
carbon  dioxide/g  DW/hour.  The  depression  of 
photosynthetic  activity  was  caused  by  the  decrease 
in  ambient  air  temperatures.  Carbon  dioxide  assimi- 
lation ceased  at  leaf  freezing  temperature  (-3.5  C  in 
August,  -2.3  C  in  October).  Low  temperature  also 
influenced  phosphorous  (P)  uptake  by  water  hya- 


cinth. At  ambient  temperatures,  the  decrease  of 
orthophosphate  in  effluents  was  36.96  milligrams 
phosphorous/kg  fresh  weight  (FW)/day  in  August 
and  only  1.62  milligrams  phosphorous/kg  FW/day 
at  the  end  of  the  season.  (Author's  abstract) 
W90-05340 


USE  OF  ROOTS  TRANSFORMED  BY  AGRO- 
BACTERIUM  RHIZOGENES  IN  RHIZOS- 
PHERE  RESEARCH:  APPLICATIONS  IN 
STUDIES  OF  CADMIUM  ASSIMILATION 
FROM  SEWAGE  SLUDGES. 
Institut  National  de  la  Recherche  Agronomique, 
Versailles  (France).  Lab.  de  Biologie  de  la  Rhizos- 
phere. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-05382 


ELIMINATION  OF  DYES  IN  A  MODEL 
WATER-TREATMENT  PLANT  (ELIMINIER- 
BARKEIT  VON  FARBSTOFFEN  IN  EINER 
MODELL-KLAERANLAGE). 

BASF  A.G.,  Ludwigshafen  am  Rhein  (Germany, 

F.R.). 

C.  Randt,  K.  Taeger,  W.  Merz,  and  M.  Patsch. 

Zeitschrift  fuer  Wasser  -  und  Abwasser  Forshung 

ZWABAQ,  Vol.  22,  No.  6,  p  249-252,  December 

1989.  4  fig,  1  tab,  4  ref.  English  summary. 

Descriptors:  'Dyes,  'Wastewater  treatment,  'Dye 
industry  wastes,  'Biological  treatment,  Model 
studies,  Separation  techniques. 

The  elimination  behavior  of  dyes  in  mechanical 
biological  wastewater  treatment  plants  was  exam- 
ined. An  analytical  method  was  developed  for 
determining  three  typical  reactive  dyes  (Reactive 
Red  120,  Reactive  Violet  38,  and  Reactive  Blue 
211)  in  effluent.  Solid-liquid  extraction  to  yield  an 
enrichment  factor  of  10  gave  rise  to  a  detection 
limit  of  0.05  milligrams/liter.  The  dyes  were  intro- 
duced into  a  model  wastewater  treatment  plant  at 
intervals  over  4  hr  on  5  subsequent  days.  The  mean 
elimination  rate  was  approximately  90%  for  all 
substances  tested.  (Author's  abstract) 
W90-05420 


MUNICIPAL  WASTEWATER  RENOVATION 
BY  REVERSE  OSMOSIS  STATE  OF  THE  ART. 

Kuwait  Inst,  for  Scientific  Research,  Safat. 
A.  H.  Ghabris,  M.  Abdel-Jawad,  and  G.  S.  Aly. 
Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  213- 
240,  1989.  3  fig,  90  ref. 

Descriptors:  'Reverse  osmosis,  'Wastewater  treat- 
ment, 'Water  reuse,  'Tertiary  wastewater  treat- 
ment, Water  pollution  control,  Secondary 
wastewater,  Membranes. 

Reverse  Osmosis  technology  has  proven  to  be  a 
technically  efficient,  cost  effective  and  pollution 
controlling  process  for  the  renovation  of  different 
municipal  wastewater  streams.  The  application  of 
reverse  osmosis  technology  to  renovate  municipal 
wastewater  is  reviewed.  Special  emphasis  is  given 
to  recent  process  developments,  flow  sheet  con- 
figurations, membrane  efficiency  in  reducing  efflu- 
ent TDS,  microorganisms,  organics,  nutrients  and 
others.  It  is  an  excellent  separation  process  for  the 
removal  of  total  dissolved  solids,  a  broad  range  of 
organics  and  micropollutants,  microorganisms  and 
pathogens,  and  nutrients.  The  recent  advancements 
in  membrane  manufacturing  and  process  hardware 
have  made  it  possible  to  produce  potable  water 
from  secondary  municipal  effluents  that  meets 
World  Health  Organization  (WHO)  standards. 
However,  due  to  ethical  and  psychological  consid- 
erations, the  product  water  which  is  suitable  for 
many  industrial,  agricultural  and  other  reuse  pur- 
poses is  not  recommended  for  direct  human  con- 
sumption. Although  the  cost  effectiveness  of  the 
process  for  producing  large  quantities  of  water 
(fresh  quality)  is  encouraging,  careful  preparation 
of  the  design  specifications  is  required  to  suit  the 
particular  characteristics  of  the  effluent.  Membrane 
selection,  material  of  construction,  pretreatment  of 
the  feed,  membrane  fouling,  and  brine  disposal  are 
the  major  points  to  consider  before  final  decisions 
are  made.  (Author's  abstract) 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Waste  Treatment  Processes 


W90-05439 


WASTEWATER  RECLAMATION  AND  REUSE 
IN  EUROPE,  MIDDLE  EAST  AND  NORTH 
AFRICA. 

International  Bank  for  Reconstruction  and  Devel- 
opment,  Washington,   DC.   Europe,   Middle  East 
and  North  Africa  Technical  Dept. 
For  primary  bibliographic  entry  see  Field  3C. 
W90-05442 


PRE-TREATMENT  AND  DESALINATION  OF 
MINE  DRAINAGE  WATER  IN  A  PILOT 
PLANT. 

Coal  Union,  Katowice,  Poland. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-05446 


REVIEW  OF  INITIAL  THREE  YEARS  OPER- 
ATION OF  WASTE  WATER  MANAGEMENT 
SCHEME  AT  4640MW  BAYSWATER/LIDDELL 
POWER  STATION  COMPLEX,  AUSTRALIA. 

Electricity    Commission    of   New    South    Wales, 

Sydney  (Australia). 

J.  Stuart,  and  T.  Bryant. 

Desalination  DSLNAH,  Vol.  75,  No.  1-3,  p  379- 

393,  1989.  3  fig,  1  tab. 

Descriptors:  'Australia,  'Tertiary  wastewater 
treatment,  'Wastewater  treatment,  'Reverse  osmo- 
sis, Vapor  compression  evaporators,  Membranes, 
Design  criteria,  Alkalinity,  Suspended  solids. 

The  4,640  MW  Bayswater/Liddell  Power  Station 
Complex  waste  water  management  scheme,  which 
incorporates  a  149,000  cu  m/day  alkalinity  reduc- 
tion plant,  35,600  cu  m/day  reverse  osmosis  plant 
and  6,600  cu  m/day  vapor  compression  evapora- 
tors has  completed  three  years  operation.  Reverse 
osmosis  plants  membrane  standard  flow  and  stand- 
ard salt  passage  performance  have  been  above 
design  parameters.  Only  minimal  cleaning  of  re- 
verse osmosis  plant  membranes  has  been  required 
as  a  result  of  high  standards  of  operation  of  the 
plants.  Successful  operation  of  the  reverse  osmosis 
plants  and  a  high  recovery  have  been  achieved. 
The  reverse  osmosis  loop  works  in  parallel  with 
the  suspended  solids  control  alkalinity  reduction 
loop  and  optimization  of  operation  is  achieved  by 
balancing  the  two  loops.  The  vapor  compression 
evaporators  have  operated  at  design  capacity  with 
distillate  being  used  as  feedwater  for  demineraliz- 
ing  plant  and  makeup  to  cooling  towers.  Although 
the  technical  problems  encountered  have  been  sig- 
nificant, acceptable  solutions  have  been  found.  The 
major  problems  have  been  of  a  management 
nature.  Not  surprisingly,  they  have  arisen  from  the 
need  to  integrate  the  operation  and  maintenance 
requirements  of  a  large  complex  water  treatment 
system  into  a  management  structure  designed  to 
operate  large  power  generating  plants.  Priority 
setting  for  operations  and  maintenance  in  power 
generating  plant  can  be  readily  related  to  station 
power  output.  The  water  management  plant  rarely 
has  a  direct  impact  on  station  loading,  hence  it  was 
necessary  to  establish  the  quantifiable  operational 
targets  that  enabled  logical  decision  path  making 
for  both  operations  and  maintenance  staff.  (Author 
abstract) 
W90-05447 


OXYGEN  UTILIZATION  IN  ACTIVATED 
SLUDGE  PLANTS:  SIMULATION  AND 
MODEL  CALIBRATION. 

Michigan  Technological  Univ.,  Houghton. 
C.  R.  Baillod. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89- 125967. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/2-88/065,  November  1988. 
84p,  18  fig,  26  tab,  22  ref,  2  append.  EPA  Contract 
CR813162-01-2. 

Descriptors:  'Oxygen  requirements,  'Activated 
sludge,  'Wastewater  treatment,  'Model  studies, 
Simulation  analysis,  Dissolved  oxygen,  Suspended 
solids. 

The  objective  of  the  research  described  in  this 
report  is  to  apply   recent   advances  in  activated 


sludge  process  modeling  to  the  simulation  of 
oxygen  utilization  rates  in  full-scale  activated 
sludge  treatment  plants.  This  is  accomplished  by 
calibrating  the  International  Association  for  Water 
Pollution  Research  and  Control  (IAWPRC)  Model 
and  associated  SSSP  microcomputer  software  to 
operating  data  at  six  full  scale  activated  sludge 
treatment  plants.  Field  data  were  used  to  calibrate 
the  key  biological  parameters  contained  in  the 
model  so  that  the  oxygen  utilization  rates,  dis- 
solved oxygen  concentrations,  mixed  liquor  vola- 
tile suspended  solids  concentrations,  and  process 
performance  simulated  by  the  model  matched  the 
corresponding  quantities  observed  in  the  treatment 
plants.  The  results  showed  that  the  model  and 
associated  software  package  provide  a  useful  capa- 
bility to  analyze,  simulate,  and  predict  oxygen  utili- 
zation rates.  It  was  possible  to  obtain  reasonable 
agreement  between  the  measured  and  simulated 
values  of  oxygen  uptake  rate,  dissolved  oxygen 
concentration  and  other  process  parameters  at 
most  of  the  plants  studied.  The  key  model  param- 
eters were  the  heterotrophic  yield  coefficient,  he- 
terotrophic decay  constant,  and  autotrophic  maxi- 
mal specific  growth  rate  constant.  (Author's  ab- 
stract) 
W90-05558 


PRELIMINARY  RESULTS  OF  AN  EXPERI- 
MENT TO  ASSESS  THE  EFFECT  OF  SUB- 
STRATE TYPE  ON  TREATMENT  OF  ACID 
DRAINAGE  USING  CONSTRUCTED  WET- 
LANDS. 

Tennessee  Valley  Authority,   Knoxville.   Div.   of 
Air  and  Water  Resources. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-05559 


ANAEROBIC  TREATMENT  OF  INDUSTRIAL 
WASTEWATERS. 

Noyes  Data  Corporation,  Park  Ridge,  New  Jersey. 
1988.  Pollution  Technology  Review  No.  154. 
Edited  by  Michael  F.  Torpy.  122p. 

Descriptors:  'Anaerobic  digestion,  'Industrial 
wastes,  'Wastewater  treatment,  'Biological 
wastewater  treatment,  Technology,  Biogas,  Eco- 
nomic aspects. 

The  technology  of  anaerobic  digestion  has  devel- 
oped significantly  in  recent  years.  One  important 
aspect  is  the  land  cost  saved  by  installing  an  anaer- 
obic reactor  instead  of  using  an  aerobic  activated 
sludge  process.  The  most  recent  and  significant 
advances  in  anaerobic  digestion  are  related  to  the 
technology's  ability  to  accommodate  relatively 
high  rates  of  organic  loading.  Companies  are  also 
interested  in  using  anaerobic  digestion  for  the  bio- 
destruction  of  organic  materials  that  are  not  re- 
moved in  conventional  aerobic  treatment.  The 
state  of  the  art  in  treatability  testing  is  relatively 
simple.  An  anaerobic  culture  is  mixed  with  the 
substrate  in  the  presence  of  micronutrients.  Usual- 
ly, the  air  of  the  testing  vessel  is  replaced  with  a 
mixture  of  carbon  dioxide  and  nitrogen  gas  and  the 
vessel  is  sealed  to  prevent  contamination  by  ambi- 
ent air.  The  activity  of  the  bioprocess  is  monitored 
by  measuring  the  quantity  and  quality  of  biogas 
produced.  Because  the  technology  has  been  ap- 
plied to  a  relatively  limited  array  of  waste  types, 
caution  should  be  exercised  in  drawing  conclusions 
from  results  of  a  negative  assay.  The  appropriate 
source  of  a  culture  often  makes  the  difference 
between  a  successful  assay  and  a  failure  to  produce 
methane.  The  contributions  in  these  proceedings 
present  some  information  not  previously  available, 
and  indicate  the  favorable  as  well  as  unfavorable 
aspects  of  the  technology.  (See  W90-05564  thru 
W90-05580)  (White-Reimer-PTT) 
W90-05563 


ADVANCES  IN  ANAEROBIC  BIOTECHNOL- 
OGY FOR  INDUSTRIAL  WASTEWATER 
TREATMENT. 

Drexel  Univ.,  Philadelphia,  PA.  Dept.  of  Environ- 
mental Engineering. 
R.  E.  Speece. 

IN:  Anaerobic  Treatment  of  Industrial 
Wastewaters.  Noyes  Data  Corporation,  Park 
Ridge,  New  Jersey.   1988.  p  1-6.  3  ref.  Argonne 


National  Laboratories  Contract  31-109-38-7196  and 
EPA  Grant  R-810633-01-0. 

Descriptors:  'Anaerobic  digestion,  'Wastewater 
treatment,  'Biological  wastewater  treatment,  'In- 
dustrial wastes,  Cell  immobilization,  'Anaerobic 
filters,  Culturing  techniques,  Nutrients. 

Anaerobic  biotechnology  for  industrial  waste 
treatment  is  steadily  expanding  in  the  U.S.  and 
abroad.  The  key  role  of  cell  immobilization  has 
been  recognized  and  the  anaerobic  upflow  filter, 
upflow  anaerobic  sludge  blanket  (UASB)  and  flu- 
idized  bed  unit  processes  have  evolved.  Recently, 
hybrids  of  these  first  two  processes  have  emerged 
to  capitalize  on  the  positive  features  of  each.  Volu- 
metric loading  rates  of  approximately  2  to  4  kg/cu 
m/d  characteristics  of  the  anaerobic  contact  proc- 
ess to  10  to  20  kg/cu  m/d  for  the  UASB.  One 
short  term  loading  rate  of  125  kg/cu  m/d  was 
observed  with  a  fluidized  bed  using  a  paper  mill 
condensate  wastewater.  With  the  improvement  in 
cell  immobilization  for  unit  processes  for 
wastewaters  comprised  mainly  of  soluble  organic 
pollutants,  hydrolysis  is  often  not  rate  limiting  and 
conversion  of  volatile  acids  and  hydrogen  to  meth- 
ane becomes  rate  limiting.  Laboratory  studies 
using  continuous  cultures  of  methanogens  convert- 
ing acetate  to  methane  have  shown  very  significant 
stimulation  resulted  from  supplementation  with 
specific  nutrients.  The  predominant  population 
shifted  from  the  slower  growing,  lower  activity 
Methanothrix  to  the  faster  growing,  higher  specific 
activity  Methanosarcina  subsequent  to  the  supple- 
mentation of  iron,  cobalt,  nickel  and  trace  levels  of 
vitamin  B12.  Generation  times  were  reduced  and 
acetate  utilization  rates  were  markedly  increased. 
Acetates  utilization  rates  of  35  kg/cu  m/d  were 
noted  at  solids  retention  times  of  as  low  as  5  days. 
(See  also  W90-05563)  (Author's  abstract) 
W90-05564 


ANAEROBIC  TREATMENT  OF  PHARMACEU- 
TICAL FERMENTATION  WASTEWATER. 

Abbott  Labs.,  North  Chicago,  IL. 

W.  M.  Robertson,  and  R.  E.  Green. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes    Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  7-14.  1  fig,  7  tab,  1  ref. 

Descriptors:  'Anaerobic  digestion,  'Industrial 
wastes,  'Wastewater  treatment,  'Biological 
wastewater  treatment,  'Pharmaceutical  wastes, 
Suspended  solids,  Chemical  oxygen  demand,  An- 
aerobic filters,  Antibiotics. 

The  anaerobic  degradation  of  pharmaceutical  anti- 
biotic fermentation  wastewaters  was  studied  at 
pilot  scale,  and  a  system  was  selected  for  full  scale 
implementation.  The  waste  contained  a  high  pro- 
portion of  suspended  solids  which  represented 
about  40%  of  the  COD,  as  well  as  residual 
amounts  of  antibiotics,  extraction  solvents,  grain 
flours,  sugars,  protein  and  nutrients.  Four  treat- 
ment configurations  were  piloted:  a  downfiow  an- 
aerobic filter,  a  downflow/upflow  anaerobic  filter, 
an  upflow  anaerobic  sludge  blanket,  and  a  low  rate 
anaerobic  reactor.  The  high  rate  systems  were 
ultimately  incapable  of  assimilating  the  feed  sus- 
pended solids,  resulting  in  excessive  loss  of  biomass 
and,  therefore,  low  soluble  COD  removals.  The 
low  rate  system  adequately  hydrolyzed  the  feed 
solids  and  yielded  70%  COD  and  80-90%  TSS 
removals.  The  presence  of  antibiotic  residuals  did 
not  affect  the  system.  A  full  scale  low  rate  reactor 
system  was  designed  and  is  planned  for  startup  in 
August,  1987.  (See  also  W90-05563)  (Author's  ab- 
stract) 
W90-05565 


ANAEROBIC  TREATMENT  FOR  PULP  AND 
PAPER  WASTEWATERS. 

Environmental   Canada,   Wastewater  Technology 

Centre,  Burlington,  Ontario  Canada. 

E.  R.  Hall,  H.  Melcer,  L.  A.  Cornacchio,  and  R. 

M.  Jones. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes    Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  15-22.  3  fig,  5  tab,  7 

ref. 
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Descriptors:  'Wastewater  treatment,  'Biological 
wastewater  treatment,  'Anaerobic  digestion,  'In- 
dustrial wastes,  'Pulp  and  paper  industry,  Canada, 
Chemical  oxygen  demand,  Biological  oxygen 
demand,  Wastewater  reactors. 

Anaerobic  technology  has  been  gaining  acceptance 
as  a  cost-effective  treatment  alternative  for 
wastewaters  produced  in  the  pulp  and  paper  indus- 
try. Potential  applications  for  anaerobic  treatment 
are  being  delineated  by  an  extensive  laboratory 
scale  screening  study  of  several  Canadian  pulp  and 
paper  wastewaters.  These  testing  procedures  esti- 
mate the  level  of  COD  and  BOD  removal  achieva- 
ble anaerobically,  as  well  as  the  effects  of  inhibito- 
ry wastewater  components  on  anaerobic  microor- 
ganisms. Results  of  a  pilot  scale  comparative  as- 
sessment of  several  commercial  anaerobic  systems 
are  reviewed  along  with  data  illustrating  the  ef- 
fects of  dynamic  operating  conditions  on  the  stabil- 
ity of  high  rate  anaerobic  processes.  For  the 
upflow  anaerobic  sludge  blanket  reactor  (UASB) 
the  design  loading  rate  of  10  kg/cu  m/d  was 
reached  after  one  month  of  operation.  Under  all 
loading  rates  examined  the  target  BOD  removal 
rates  of  80%  were  exceeded.  Pulp  and  paper  ef- 
fluents contain  variable  amounts  of  materials  that 
are  toxic  or  inhibitory  to  microorganisms  in  a 
biological  treatment  plant.  The  effects  of  these 
time-varying  factors  can  be  mediated  partially  by 
altering  process  designs  to  include  adequate  equali- 
zation, recycle  and  bypass  capability.  Operating 
strategies  can  also  be  optimized  with  on-line  moni- 
toring and  control  systems  that  can  respond  to 
process  stress  by  manipulating  a  number  of  system 
variables.  (See  also  W90-05563)  (White-Reimer- 
PTT) 
W90-05566 


ANAEROBIC  WASTEWATER  TREATMENT 
OF  A  FUEL  ETHANOL  FACILITY. 

Ashland  Petroleum  Co.,  KY. 

R.  L.  Gross,  and  J.  Lanting. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes     Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  23-34.  3  fig,  3  tab,  4 

ref. 

Descriptors:  'Wastewater  treatment,  'Biological 
wastewater  treatment,  'Anaerobic  digestion,  In- 
dustrial wastes,  'Alcohols,  Ohio,  Pretreatment, 
Chemical  oxygen  demand,  Costs. 

In  an  effort  to  consistently  meet  an  existing 
NPDES  permit,  a  corn  to  fuel  grade  ethanol  pro- 
ducer in  southeastern  Ohio  recently  installed  a 
high  rate  anaerobic  wastewater  treatment  system. 
This  plant  uses  the  upflow  sludge  blanket  technol- 
ogy to  pretreat  process  wastewater.  The  effluent 
from  the  anaerobic  system  is  polished  in  a  two- 
stage  bio-tower  prior  to  discharge  to  the  Ohio 
River.  Based  on  a  pilot  study  and  the  initial  imple- 
mentation of  the  plant  the  following  conclusions 
were  reached:  (1)  significant  biomass  addition  was 
essential  for  an  accelerated  start-up;  (2)  during  the 
performance  test  the  pretreatment  system  on  aver- 
age reduced  the  wastewater  SCOD  from  5348  mg/ 
L  to  281  mg/L,  a  removal  efficiency  of  95%,  at 
volumetric  loadings  ranging  form  7.9  to  21.7  kg 
SCOD/cu  m/d;  (3)  the  anaerobic  system  demon- 
strated its  ability  to  accept  large  fluctuations  in 
loading,  without  a  detrimental  effect  on  the  per- 
formance; (4)  the  cost  of  operating  this  pretreat- 
ment facility  is  approximately  13  cents  per  kg  of 
SCOD  removed;  and  (5)  the  anaerobic  technology 
tested  appears  to  be  ideally  suited  for  pretreatment 
of  wastewater  generated  at  an  ethanol  facility  or 
from  similar  industries.  (See  also  W90-05563)  (Au- 
thor's abstract) 
W90-05567 


MICROBIAL  ASPECTS  OF  ANAEROBIC  DI- 
GESTION. 

Florida  Univ.,  Gainesville.  Dept.  of  Microbiology 

and  Cell  Science. 

A.  Wilkie,  and  E.  Colleran. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes    Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  35-48.  1  fig,  2  tab,  75 

ref. 


Descriptors:  'Anaerobic  digestion,  'Wastewater 
treatment,  'Biological  wastewater  treatment,  'Mi- 
crobial degradation,  Monitoring,  Sludge,  Biomass, 
Microorganisms,  Digesters. 

Aspects  of  the  microbiology  of  anaerobic  digestion 
and  the  importance  of  interspecies  reactions  in  the 
operation  and  control  of  anaerobic  reactors  are 
reviewed.  Topics  discussed  include:  (1)  microbial 
interactions;  (2)  monitoring  and  process  controls; 
(3)  effective  biomass  measurement;  (4)  biomass  ac- 
tivity measurements;  (5)  anaerobic  biofilm  forma- 
tion; (6)  sludge  granulation;  (7)  micronutrient  ef- 
fects; and  (7)  biomass  characterization.  Advances 
in  the  understanding  of  the  complex  microbiology 
of  the  anaerobic  digestion  process  are  providing 
new  insights  into  microbial  interactions  and  into 
factors  governing  the  dominance,  activity  and 
maintenance  of  individual  species  in  digester  mixed 
liquors,  biofilms  and  granules.  It  is  expected  that 
the  use  of  monoclonal  antibody  probes  to  identify 
the  methanogen  immunotypes  will  prove  promis- 
ing for  genetic  engineering  manipulation.  Cloning 
studies  have  already  been  successful  in  obtaining 
expression  of  functional  methanogen  gene  products 
in  Escherichia  coli  and  Bacillus  subtilis.  (See  also 
W90-05563)  (Author's  abstract) 
W90-05568 


REACTOR  DESIGN  CONSIDERATIONS  AND 
EXPERIENCES  WITH  VARIOUS 

WASTEWATERS. 

Grontmig  Consulting  Engineers,  De  Bilt  (Nether- 
lands). 

T.  J.  M.  Jans,  and  G.  de  Man. 

IN:  Anaerobic  Treatment  of  Industrial 
Wastewaters.  Noyes  Data  Corporation,  Park 
Ridge,  New  Jersey.  1988.  p  49-68.  12  fig,  11  tab,  3 
ref. 

Descriptors:  'Anaerobic  digestion,  'Wastewater 
treatment,  'Biological  wastewater  treatment,  'In- 
dustrial wastes,  Pretreatment,  Case  studies,  Design 
criteria,  Organic  loading. 

During  the  last  decade  a  great  number  of  high-rate 
anaerobic  treatment  plants  were  built  and  put  into 
operation  for  the  (pre)treatment  of  mainly  industri- 
al wastewaters.  The  breakthrough  in  anaerobic 
technology  for  relatively  diluted  wastes  (water 
content  over  95%)  resulted  from  the  development 
and  successful  application  of  new,  simple  and  rela- 
tively inexpensive  anaerobic  treatment  processes. 
A  selection  of  reactor  design  considerations  of  the 
upflow  anaerobic  sludge  blanket  process  (UASB) 
are  evaluated  based  on  experience  with  several 
full-scale  plants  presently  in  operation,  as  well  as 
on  laboratory  and  pilot-plant  research.  The  main 
elements  of  the  reactor  are  the  influent  distribution 
system  in  the  bottom  of  the  reactor,  and  a  three- 
phase  separator  (gas,  solids,  liquid)  at  the  top.  The 
attainable  loading  of  any  biological  system  depends 
on  the  amount  of  active  sludge  in  that  system  and 
its  capability  for  retaining  the  sludge  under  the 
required  process  conditions.  In  full-scale  reactors, 
sludge  concentration  of  10-20%  are  common  for 
the  sludge  bed  (approx  1/3  of  reactor  volume) 
which,  together  with  specific  sludge  activities  of 
0.5-2.0  g  COD/(g  VSS/d),  gives  the  reactor  an 
enormous  potential  in  respect  to  its  metabolic  ac- 
tivity. The  main  condition  to  be  fulfilled  in  the 
design  of  the  three-phase  separator  is  the  accom- 
plishment of  an  effective  separation  of  the  gas 
before  the  water/solids  mixture  reaches  the  settling 
zone  of  the  reactor.  Case  studies  are  presented  for 
a  cheese  factory,  a  wheat  industry,  a  maize  starch 
factory,  leachate  from  a  sanitary  landfill,  and  a 
liquorice  factory.  Results  show  it  is  possible  to 
achieve  a  large  degree  of  process  stability  at  mini- 
mum investment  and  operational  costs.  (See  also 
W90-05563)  (White-Reimer-PTT) 
W90-05569 


ANAEROBIC  MARKETING-THREE  CASES  IN 
POINT. 

Bioenergy  Systems  Ltd.,  Milwaukee,  WI. 

E.  A.  Richards. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes    Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  69-78. 


Descriptors:  'Wastewater  treatment,  'Biological 
wastewater  treatment,  'Anaerobic  digestion,  'In- 
dustrial wastes,  'Marketing,  Legal  aspects,  Eco- 
nomic aspects,  Insurance. 

Three  BSL/Robex/Grontmij  UASB  (Upflow  An- 
aerobic Sludge  Blanket)  dairy  industry  marketing 
projects  of  the  recent  past  are  described,  along 
with  some  problems  encountered  during  the  mar- 
keting phase.  These  proposed  projects,  in  order  of 
submission,  included  the  following:  (1)  A  UASB 
system  only,  releasing  effluent  to  a  large  municipal 
plant;  (2)  A  UASB  system  with  high-level  aerobic 
post-treatment  for  release  of  effluent  to  a  small- 
town municipal  plant;  (3)  A  UASB  system  with 
high-level  aerobic  post-treatment  to  bring  BOD 
and  TSS  to  under  20  mg/L  for  direct  release  to  the 
environment.  Along  with  the  present  status  of  the 
above  three  projects,  some  of  the  specific  problems 
arising  from  the  liability,  pricing,  bacteriological, 
and  legal  aspects  of  these  types  of  projects  are 
analyzed,  with  some  limited  recommendation  for 
the  problem  approach.  It  is  suggested  that  anaero- 
bic systems  vary  in  terms  of  method,  time,  and 
efficiency.  Therefore,  the  marketeer  should  be 
careful  in  estimates  and  accuracy  should  be 
stressed  regarding  the  potential  return  on  the 
system.  Client  and  sales  interests  should  be  protect- 
ed by  making  certain  the  project  agreement  spells 
out  terms  in  an  exact  fashion,  and  states  precisely 
the  conditions  of  sale.  (See  also  W90-05563)  (Au- 
thor's abstract) 
W90-05570 


MONSANTO  PERSPECTIVE  ON  ANAEROBIC 
TREATABILITY  OF  INDUSTRIAL  WASTES. 

Monsanto  Co.,  St.  Louis,  MO. 

W.  E.  Gledhill,  E.  G.  Valines,  and  M.  F.  Weishaar. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes    Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  79-85.  1  fig,  3  tab,  9 

ref. 

Descriptors:  'Anaerobic  digestion,  'Industrial 
wastes,  Biological  wastewater  treatment,  Methane, 
Toxic  wastes,  Case  studies. 

Results  of  various  research  projects  concerning 
anaerobic  treatment  of  different  Monsanto  industri- 
al wastewaters  is  summarized.  Experiences  from 
studies  that  attempted  to  apply  anaerobic  technolo- 
gy to  process  effluents  have  resulted  in  no  work- 
able solutions  to  date.  Problems  include  excessive 
ammonia  production  from  deamination,  excessive 
TDS  interfering  with  normal  sludge  growth,  and 
recalcitrant  organics  toxic  to  microorganisms.  In 
the  cases  where  removal  of  specific  compounds 
were  examined,  anaerobic  treatment  was  either 
ineffective  or  results  were  not  definitive.  In  some 
cases  methane  production  was  low.  The  lack  of 
success  is  probably  attributable  to  the  fact  that  the 
wastes  examined  are  in  the  'hard  to  treat'  category. 
A  combination  of  chemical  and  biological  (anaero- 
bic) treatment  may  provide  suitable  treatment  for 
hard  to  treat  wastes  now  disposed  of  by  non  bio- 
logical means.  (See  also  W90-05563)  (Author's  ab- 
stract) 
W90-05571 


INDUSTRIAL-SCALE  ANAEROBIC  TREAT- 
MENT OF  YEAST  FERMENTATION 
WASTEWATER. 

Biothane  Corp.,  Camden,  NJ. 

D.  A.  Johnston. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes    Data    Corporation,     Park 

Ridge,  New  Jersey.   1988.  p  86-89.   1  fig,   1  tab. 

Descriptors:  'Wastewater  treatment,  'Biological 
wastewater  treatment,  'Anaerobic  digestion,  'In- 
dustrial wastes,  Biochemical  oxygen  demand, 
Chemical  oxygen  demand,  Pretreatment,  Yeast  fer- 
mentation wastes. 

The  BIOTHANE  high-rate  anaerobic  process  has 
been  in  continuous  operation  at  two  bakers  yeast 
manufacturing  facilities  for  a  cumulative  total  of 
nearly  four  years.  The  anaerobic  system  is  used  as 
a  primary  step  in  the  treatment  of  wastewater 
originating  from  several  different  molasses  fermen- 
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tation  streams.  At  one  facility  the  anaerobic  efflu- 
ent is  discharged  directly  to  the  municipality, 
while  at  the  other  facility  the  anaerobic  effluent  is 
first  polished  for  ammonia  removal  in  a  secondary 
activated  sludge  system  and  then  discharged  to  the 
municipality.  Excellent  operating  results  have  been 
attained  at  both  facilities.  BOD  purification  effi- 
ciencies of  85%  to  95%  at  volumetric  loading  rates 
of  10  to  14  Kg  COD/cu  m  of  digester  volume/day 
are  routinely  achieved.  The  manufacturing  facili- 
ties have  gained  economic  advantages  by  pretreat- 
ing  the  wastes  anaerobically.  (See  also  W90-05563) 
(Author's  abstract) 
W90-05572 


ANAEROBIC  SEQUENCING  BATCH  REAC- 
TOR TREATMENT  OF  COAL  CONVERSION 
WASTEWATERS. 

Notre  Dame  Univ.,  IN.  Dept.  of  Civil  Engineer- 
ing. 

J.  P.  Earley,  and  L.  H.  Ketchum. 
IN:  Anaerobic  Treatment  of  Industrial 
Wastewaters.  Noyes  Data  Corporation,  Park 
Ridge,  New  Jersey.  1988.  p  90-93.  1  fig,  1  tab. 
DOE,  Pittsburgh  Energy  Technology  Center 
Grant  DE-FG22-85PC80512. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Wastewater  treatment, 
•Industrial  wastes,  'Coal  wastes,  Pilot  studies, 
Phenols,  Suspended  solids,  Reactors. 

A  continuing  laboratory  study  is  being  conducted 
to  try  to  develop  both  an  operating  strategy  and  a 
design  for  Anaerobic  Sequencing  Batch  Reactors 
(AnSBR)  for  biological  treatment  of  coal  conver- 
sion wastewaters.  The  project  is  in  the  early  stages 
and  the  results  reported  are  based  on  only  several 
months  of  investigation.  The  laboratory  studies  are 
being  conducted  in  three  different  size  reactors. 
The  smallest  are  150-mL  serum  bottles  that  are 
being  used  to  screen  individual  coal  conversion 
wastewater  constituents.  Several  constituents  have 
been  shown  to  be  degraded  under  anaerobic  condi- 
tions. Six  2-L  AnSBR's  are  being  operated  to  accli- 
mate anaerobic  sludges  (i.e.,  organisms)  to  mixtures 
of  these  constituents.  Finally,  two  automatically 
operated,  4-L  AnSBR  are  being  used  to  treat  a 
synthetic  coal  conversion  wastewater  currently 
consisting  of  phenol,  (the  only  carbon  source)  and 
vitamins  and  minerals.  After  only  one  and  one-half 
months  of  operation,  phenol  degradation  is  almost 
complete,  no  pH  adjusting  chemicals  are  added 
and  effluent  suspended  solids  concentrations  are 
improving  and  have  reached  50  mg/L.  (See  also 
W90-05563)  (Author's  abstract) 
W90-05573 


POTENTIAL  FOR  ANAEROBIC  TREATMENT 
OF  HIGH  SULFUR  WASTEWATER  IN  A 
UNIQUE  UPFLOW-FIXED  FILM-SUSPENDED 
GROWTH  REACTOR. 

Sydlo,  Inc.,  Mississauga  (Ontario). 

L.  S.  Love. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes     Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  94-97. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Wastewater  treatment, 
•Industrial  wastes,  Sulfur,  Pretreatment,  Pulp  and 
paper  industry,  Biogas. 

Anaerobic  degradation  is  ideally  suited  for  the 
pretreatment  of  high  strength  industrial  effluents. 
However,  many  wastes,  particularly  those  from 
the  Pulp  and  Paper  Industry,  may  contain  substan- 
tial amounts  of  sulfur.  This  will  result  in  sulfide 
toxicity  and  inhibit  anaerobic  degradation.  An  ob- 
vious solution  would  be  to  reduce  the  soluble 
sulfide  concentration  within  the  reactor,  to  a  point 
below  the  'threshold  limit'.  This  can  be  done  in  the 
Sydlo  Anaerobic  Reactor,  by  rapid  removal  of 
biogas.  A  unique  design  feature  of  the  Sydlo  An- 
aerobic Reactor  makes  it  possible  to  remove  large 
volumes  of  supernatant,  including  biogas  contain- 
ing hydrogen  sulfide  (H2S),  from  the  reactor  at 
two  intermediate  points.  This  recycle  flow,  which 
can  be  very  high,  is  directed  to  external  gas  separa- 
tors where  the  biogas  (and  H2S)  are  removed.  The 
supernatant,  less  biogas  (and  H2S),  is  then  returned 


to  the  reactor.  The  basic  advantage  of  this  process 
is  a  substantial  reduction  in  operating  costs  due  to: 
(1)  elimination  of  ferric  chloride  addition;  (2) 
lower  sludge  disposal  costs;  and  (3)  possible  recov- 
ery of  sulfur  from  H2S  gas.  (See  also  W90-05563) 
(Author's  abstract) 
W90-05574 


HIPERION  PROCESS:  AN  ADVANCED 
METHOD  OF  HYDROGEN  SULFIDE  REMOV- 
AL FROM  BIOGAS. 

Ultrasystems,  Inc.,  Irvine,  CA. 

J.  Yu. 

IN:        Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes    Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  98-102.  1  fig. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Wastewater  treatment, 
•Biogas,  *Hydrogen  sulfide,  Hiperion  process,  Ta- 
kahax  Process,  Catalysts,  Economic  aspects,  Oxi- 
dation-reduction, Sulfur. 

An  anaerobic  treatment  system  was  developed  that 
is  an  effective  alternative  catalytic  oxidation/re- 
duction process  that  converts  hydrogen  sulfide  di- 
rectly to  elemental  sulfur  without  the  use  of  heavy 
metals  or  other  hazardous  chemicals.  The  Hiperion 
process  is  an  improved  version  of  the  Takahax 
process.  Hiperion  makes  use  of  a  naphthaquinone 
chelate,  which  permits  a  high  oxidation  rate  result- 
ing in  a  significant  reduction  in  reaction  residence 
time  compared  with  the  Takahax  process.  The 
high  redox  potential  of  the  Hiperion  catalyst  pro- 
vides for  high  chemical  reactivity  with  hydrogen 
sulfide  to  form  elemental  sulfur.  This  results  in  a 
high  throughput  rate.  The  catalyst  is  also  com- 
pletely selective  to  hydrogen  sulfide,  even  in  an 
acid  gas  with  high  C02  concentrations.  The  proc- 
ess is  not  sensitive  to  the  operating  pressure  and 
temperature  of  the  system.  Where  low  or  high  feed 
gas  temperature  is  dictated,  solvents  other  than 
water  may  be  used.  A  wide  range  of  solvents 
including  alcohols,  glycols,  and  glycerins  can  be 
accommodated  by  the  process.  The  catalyst  is  not 
consumed  in  the  reactions,  but  is  regenerated  with 
air  and  its  performance  does  not  deteriorate  over 
time.  The  system  results  in  a  simple  desulfurization 
process  characterized  by  a  lower  solution  circula- 
tion rate  and  a  more  efficient,  yet  compact  plant 
that  provides  savings  in  capital  and  operating 
costs.  (See  also  W90-05563)  (White-Reimer-PTT) 
W90-05575 


DORR-OLIVER'S  EXPERIENCE  WITH  AN- 
AEROBIC TREATMENT  OF  INDUSTRIAL 
WASTEWATERS. 

Dorr-Oliver,  Inc.,  Stamford,  CT. 

P.  M.  Sutton,  and  T.  W.  Bezler. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes    Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  103-106.  4  fig,  3  tab. 

Descriptors:  'Biological  wastewater  treatment, 
•Anaerobic  digestion,  'Wastewater  treatment,  'In- 
dustrial wastes,  Fluidized  beds,  Membrane  filters, 
Food-processing  wastes,  Pulp  and  paper  industry. 

The  Anitron  system  is  a  highly  efficient  anaerobic 
wastewater  treatment  process  which  utilizes  a  flu- 
idized bed  reactor.  Within  the  reactor,  a  fixed-film 
of  microbial  growth  (supported  growth)  occurs  on 
the  media  (usually  sand),  which  is  hydraulically 
supported  as  a  fluidized  bed  by  the  incoming 
wastewater  and  recycled  effluent.  Wastewaters 
with  BOD  levels  of  2000  mg/L  or  more,  such  as 
found  in  the  food,  beverage,  and  pulp  and  paper 
industries,  are  candidates  for  treatment  with  this 
technology.  A  suspended  growth-or  contact—re- 
actor is  coupled  with  ultrafiltration  membrane 
modules  which  serve  to  completely  retain  system 
biomass  and  provide  an  effluent  that  is  essentially 
free  of  suspended  solids.  Tables  and  figures  are 
presented  that  summarize  the  performance  of  the 
system  for  grain,  pulp  and  paper,  and  corn  process- 
ing wastes.  (See  also  W90-O5563)  (White-Reimer- 
PTT) 
W90-05576 


HYAN  PROCESS  TREATS  HIGH  STRENGTH 
WASTEWATER  AND  GENERATES  USABLE 
ENERGY. 

G.S.  Process,  Inc.,  Scottsdale,  AZ. 

D.  W.  Hein,  and  G.  V.  Crawford. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes    Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  107-110. 

Descriptors:  'Biological  wastewater  treatment, 
•Anaerobic  digestion,  'Wastewater  treatment,  •In- 
dustrial wastes,  HYAN  Process,  Biogas,  Methane, 
Economic  aspects. 

The  HYAN  Process  hybrid  anaerobic  process  was 
developed  to  effectively  treat  the  high  strength 
waste  from  a  thermal  conditioning  process,  and  to 
generate  a  continuous  and  reliable  supply  of  gas 
energy.  The  HYAN  process  consists  of  a  unique 
hybrid  configuration  combining  anaerobic  sus- 
pended growth  and  fixed  film  filter  technology. 
The  facility  has  consistently  achieved  72%  COD 
and  80%  BOD  reductions,  while  producing  be- 
tween 10,000  and  14,000  cubic  meters  of  fuel  gas 
per  day.  The  reduced  load  to  the  aerobic  facility 
has  lowered  the  overall  electrical  treatment  costs. 
In  addition,  the  methane  produced  has  replaced 
most  of  the  natural  gas  requirements  of  the  thermal 
conditioning  process.  The  reduced  loading  on  the 
aerobic  system  has  deferred  major  capital  expendi- 
tures for  new  tankage  and  aeration  systems  until 
increased  sewage  flows  justify  plant  capacity.  The 
HYAN  system  has  also  reduced  the  quantity  of 
solids  requiring  treatment  and  disposal,  by  effi- 
ciently converting  the  organic  pollutants  to  gas. 
(See  also  W90-05563)  (White-Reimer-PTT) 
W90-05577 


BIOSULFIX:  AN  ANAEROBIC  TREATMENT 
PROCESS  FOR  HIGH  SULFATE  WASTES- 
TREAMS  AND  SLUDGES. 

Duncan,  Lagnese  and  Associates,  Inc.,  Pittsburgh, 

PA. 

G.  R.  Gillespie,  and  M.  Olthof. 

IN:       Anaerobic       Treatment       of       Industrial 

Wastewaters.     Noyes    Data    Corporation,     Park 

Ridge,  New  Jersey.  1988.  p  111-113.  10  ref. 

Descriptors:  'Biological  wastewater  treatment, 
'Anaerobic  digestion,  'Desulfurization, 

'Wastewater  treatment,  Sulfates,  Sulfur  bacteria, 
Biogas. 

In  an  anaerobic  reactor,  the  sulfate  reducing  bacte- 
ria (SRB)  reduce  sulfates  to  sulfides  that  can  create 
a  toxic  environment  for  the  methane  forming  bac- 
teria (MFB).  The  sulfides  produced  end  up  in  the 
bio-gas  formed  by  the  anaerobic  reactor.  The  sul- 
fides present  cause  corrosion  problems  and  odors. 
A  laboratory  feasibility  study  was  conducted  for 
Lakeland,  Florida  to  determine  the  feasibility  of 
mixing  the  undigested  sludge  from  the  municipal 
sewage  plant  with  the  flue  gas  desulfurization 
(FGD)  sludge  from  the  power  plant.  The  objective 
was  to  first  digest  the  organics  in  the  sludge  so  that 
the  residual  organic  sludge  can  be  used  for  land 
disposal,  while  at  the  same  time  the  sulfur  in  the 
gas  is  recovered  as  sodium  bisulfide  that  can  be 
sold  to  various  industries  including  the  pulp  and 
paper  industry.  Based  on  the  pilot  study,  the  'BIO- 
SULFIX' system  was  applied  to  a  full  scale  facili- 
ty. The  overall  performance  of  the  'BIOSULFIX' 
system  was  marginal  with  respect  to  SOC/BOD 
removal.  BOD  removal  was  50%  on  the  pilot  plant 
versus  85%  in  the  lab  scale  reactors.  The  poor 
performance  of  the  pilot  plant  was  due  to  the 
variable  nature  of  the  waste.  Another  contributing 
factor  was  the  length  of  the  pilot  study.  The  small 
scale  laboratory  reactors  were  operated  over  a 
period  of  two  years.  The  pilot  plant  did  not  have 
adequate  time  to  develop  its  full  biomass  potential 
in  the  six-month  study.  (See  also  W90-05563) 
(White-Reimer-PTT) 
W90-05578 


CELROBIC  PROCESS-PERFORMANCE  STA- 
BILITY. 

Badger  Engineers,  Inc.,  Cambridge,  MA. 

A.  M.  Sobkowicz. 

IN:       Anaerobic       Treatment       of       Industrial 


156 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Ultimate  Disposal  Of  Wastes— Group  5E 


Wastewaters.  Noyes  Data  Corporation,  Park 
Ridge,  New  Jersey.  1988.  p  115-118.  3  fig,  4  tab. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Industrial  wastes, 
•Wastewater  treatment,  Packed  beds,  Celrobic 
Process,  Wastewater  reactors,  Solids. 

The  Celrobic  high-rate  anaerobic  treatment  proc- 
ess was  developed  by  the  Celanese  Chemical  Com- 
pany, and  is  currently  being  used  commercially  in 
nine  installations  in  Texas,  Japan,  and  Wisconsin. 
The  upflow  random  packed-bed  configuration  ac- 
counts for  the  reliability  and  stability  of  the  proc- 
ess. Methods  have  been  developed  for  stripping 
accumulated  solids  from  the  reactor  internals  in 
order  to  prevent  plugging  the  system.  The  removal 
efficiency  for  one  of  the  systems  tracks  the  void 
volume  closely,  illustrating  that  a  relatively  high 
void  volume  seems  to  promote  better  removal. 
However,  a  high  inventory  biomass  (low  void 
volume)  is  thought  to  produce  a  more  stable 
system  for  difficult  wastes  (i.e.,  wastes  that  are 
highly  variable  or  that  contain  toxins).  The  long- 
term  continuous  performance  relies  on  the  ability 
to  measure  and  control  the  quantity  of  solids  that 
remain  in  the  reactor.  Industries  successfully  using 
this  system  include:  guar  bean  processing,  petro- 
chemical, wheat  starch,  food-fermentation,  slaugh- 
ter house,  piggery,  and  food  processing.  (See  also 
W90-05563)  (White-Reimer-PTT) 
W90-05579 


ANAEROBIC  TREATMENT  OF  INDUSTRIAL 
WASTES. 

Argonne  National  Lab.,  IL.  Energy  and  Environ- 
mental Systems  Div. 
A.  S.  Ng,  C.  M.  Rose,  and  M.  F.  Torpy. 
IN:  Anaerobic  Treatment  of  Industrial 
Wastewaters.  Noyes  Data  Corporation,  Park 
Ridge,  New  Jersey.  1988.  p  119-122.  2  tab,  1  ref. 
DOE  Conservation  and  Renewable  Energy,  Indus- 
trial Waste  Products  Utilization  Programs  Con- 
tract kW-31-109-Eng-38. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Industrial  wastes, 
•Wastewater  treatment,  Chemical  oxygen  demand, 
Sludge  solids,  Organic  compounds,  Reactor 
design,  Microbial  degradation. 

Anaerobic  biological  waste  treatment  of  industrial 
wastes  offers  advantages  over  aerobic  systems  in 
terms  of  lower  energy  requirements,  less  biological 
sludge  production,  and  the  potential  for  energy 
recovery  in  the  form  of  methane  gas.  The  develop- 
ment of  innovative  reactor  designs,  based  on  the 
optimization  of  growth  and  retention  of  anaerobic 
microorganisms,  has  created  an  impetus  to  reevalu- 
ate the  anaerobic  treatability  of  many  industrial 
waste  streams.  The  objective  of  the  Industrial 
Waste  Research  Laboratory  (IWRL)  is  to  examine 
anaerobic  treatability  of  industrial  wastes,  particu- 
larly those  process-wastes  originating  from  the  Or- 
ganic Chemical  Production  Industry.  At  the 
bench-scale  testing  level,  COD  removal  efficien- 
cies exceeding  85%,  at  organic  loadings  of  10  g 
COD/L/d  or  greater,  were  observed  for  several 
Organic  Chemical  Production  process  wastes. 
Some  of  these  process-wastes  required  only  simple 
neutralization  and  alkalinity  supplementation  to 
ensure  high-rate  treatability  and  process  stability. 
Other  process-wastes  were  found  to  be  unsuitable 
for  anaerobic  treatment  because  of  the  presence 
toxic  or  inhibitory  materials.  Important  factors 
which  may  determine  the  potential  for  high-rate 
treatability  include  the  choice  of  reactor/process 
configuration,  pre-treatment  and/or  co-treatment 
conditions,  nutrient  supplementation,  and  microbi- 
al acclimation  ability.  (See  also  W90-05563) 
(White-Reimer-PTT) 
W90-05580 


Descriptors:  'Wastewater  treatment,  'Databases, 
Organic  compounds,  Inorganic  compounds,  Indus- 
trial wastewater,  Domestic  wastes,  Groundwater 
quality,  Leachates,  Surface  water. 

Since  the  mid-1970s  the  US  EPA  has  generated  a 
wealth  of  data  on  the  treatability  of  organic  and 
inorganic  compounds  found  in  industrial  and  do- 
mestic wastewaters,  groundwater,  leachates,  and 
surface  waters.  To  date,  various  attempts  have 
been  made  to  organize  selected  segments  of  this 
information,  but  a  comprehensive  evaluation  and 
compilation  of  information  encompassing  com- 
pounds regulated  by  all  pertinent  environmental 
laws  has  not  been  undertaken.  This  major  activity 
was  initiated  with  the  overall  objective  of  provid- 
ing a  database  on  the  treatability  of  priority  pollut- 
ants and  other  hazardous  compounds  in  water  and 
wastewater.  The  database  summarizes  years  of 
studies  on  the  treatability  of  priority  pollutants  and 
other  hazardous  compounds.  The  database  will 
allow  the  user  to  have  access  to  published,  peer- 
reviewed,  technical  literature  to  assist  in  determin- 
ing whether  a  proposed  method  of  treatment  is 
appropriate  for  the  specific  compound  present  in 
the  waste/water  to  be  treated.  All  information 
within  the  database  can  be  accessed  by  identifying 
the  compound  of  concern.  A  compound  name  can 
be  selected  in  three  ways;  name  can  be  selected 
from  the  compound  listing,  compound  name  can 
be  typed  in,  or  the  CAS  (Chemical  Abstract  Serv- 
ice Registry)  number  is  typed  in.  The  listing  in- 
cludes many  of  the  common  synonyms  for  each 
compound.  Therefore,  the  user  need  not  now  the 
exact  name  under  which  the  compound  was  stored 
in  the  program;  but  can  use  the  name  that  is  most 
familiar.  (Author's  abstract) 
W90-05588 


STATUS  OF  US  EPA'S  SLUDGE  INCINERA- 
TOR REGULATIONS. 

Environmental   Protection   Agency,   Washington, 

DC. 

For  primary   bibliographic   entry   see   Field   5G. 

W90-05590 


APPLICATION  OF  THE  'MASTER  ANALYTI- 
CAL SCHEME'  TO  INFLUENT  AND  EFFLU- 
ENT WASTEWATERS. 

Research  Triangle  Inst.,  Research  Triangle  Park, 

NC. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05591 

5E.  Ultimate  Disposal  Of  Wastes 


PLUTONIUM  DISTRIBUTION  AND  OXIDA- 
TION STATES  IN  A  REACTOR  LEACHING 
PONDS  SYSTEM. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Radi- 
ology and  Radiation  Biology. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04558 


PHOSPHORUS-31  MAGIC  ANGLE  SPINNING 
NUCLEAR  MAGNETIC  RESONANCE  OF 
WASTEWATER  SLUDGES  AND  SLUDGE- 
AMENDED  SOIL. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04619 


SOLUBILITY  AND  PHOSPHORUS-31  MAGIC 
ANGLE  SPINNING  NUCLEAR  MAGNETIC 
RESONANCE  OF  PHOSPHORUS  IN  SLUDGE- 
AMENDED  SOILS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04620 


EPA  TREATABILITY  DATABASE. 

Radian  Corp.,  Milwaukee,  WI. 
S.  A.  Hansen,  C.  Crosby,  and  K.  A.  Dostal. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-129399. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  EPA/600/D-88/244,  November  1988.  lip, 
8  fig. 


ROLE  OF  FUNGI  IN  STABILIZING  AGGRE- 
GATES OF  SEWAGE  SLUDGE  AMENDED 
SOILS. 

Agricultural    Research    Organization,    Bet-Dagan 

(Israel).  Volcani  Center. 

R.  S.  Kinsbursky,  D.  Levanon,  and  B.  Yaron. 


Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  53,  No.  4,  p  1086-1091,  July/ August  1989.  3 
fig,  4  tab,  31  ref. 

Descriptors:  'Soil  amendments,  'Soil  aggregates, 
'Soil  fungi,  'Soil  bacteria,  'Soil  stabilization, 
'Sludge  disposal,  Fungi,  Soil  physical  properties, 
Soil  chemistry. 

The  effect  of  sludge  amendment  on  the  percentage 
of  water-stable  aggregates  (WSA)  of  five  soils  with 
different  physical  and  chemical  properties  was 
studied  in  an  incubation  experiment.  A  5%  sludge 
addition  to  soil  incubated  at  25  C  increased  the 
percent  of  WSA  after  30  d  in  all  of  the  soils. 
Bactericides  were  added  to  soil-sludge  mixtures  to 
assess  the  role  of  fungi  in  the  aggregation  process. 
Bactericide  addition  resulted  in  the  suppression  of 
bacterial  growth  and  a  concomitant  proliferation 
of  fungal  hyphae.  The  WSA  was  highly  correlated 
with  water-soluble  carbohydrates  in  all  of  the  soils, 
and  with  hyphal  length  in  two  loessial  soils.  This 
suggests  that  cementing  by  fungal  carbohydrates  is 
a  relatively  more  important  binding  mechanism 
than  physical  entanglement  by  mycelium  in  WSA 
formation  of  sludge-amended  soils.  By  using  a  soil 
washing  technique,  it  was  determined  that  fungi 
involved  in  stabilizing  aggregates  were  indigenous 
soil  saprophytes  that  replaced  the  native  sludge 
fungal  flora.  (Author's  abstract) 
W90-04621 


GROWTH  POTENTIALITIES  OF  THE  GIANT 
TROPICAL  PRAWN,  MACROBRACHIUM  RO- 
SENBERGII  (DE  MAN),  IN  WASTE-HEAT  DIS- 
CHARGE WATERS  OF  A  THERMOELECTRIC 
POWER  STATION. 

Akademiya  Navuk  BSSR,  Minsk.  Inst,  of  Zoology. 
For  primary  bibliographic  entry  see  Field  81. 
W90-04637 


TOXICOLOGICAL  ASPECTS  OF  ACTIVATED 
SLUDGE  FEEDING. 

Agricultural    Research    Organization,    Bet-Dagan 

(Israel).  Dept.  of  Animal  Nutrition. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04683 


SEQUENCING  BATCH  REACTOR  ACTIVAT- 
ED SLUDGE  PROCESSES  FOR  THE  TREAT- 
MENT OF  MUNICIPAL  LANDFILL  LEACH- 
ATE.  REMOVAL  OF  NITROGEN  AND  RE- 
FRACTORY ORGANIC  COMPOUNDS. 
National  Inst,  for  Environmental  Studies,  Tsukuba 
(Japan). 

For   primary   bibliographic   entry   see   Field   5D. 
W90-04737 


BIOPHYSICAL  TREATMENT  FACILITY  FOR 
HAZARDOUS  WASTE  LANDFILL  LEA- 
CHATES. 

BKK  Corp.,  West  Covina,  CA.  Landfill  Div. 

For  primary  bibliographic  entry   see  Field   5D. 

W90-04738 


ROLE  OF  SULFATE-REDUCING  BACTERIA 
IN  THE  ESTABLISHMENT  OF  THE  METHAN- 
OGENIC  PHASE  OF  REFUSE  STABILIZA- 
TION. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

J.  A.  M.  V.  van  Esch,  A.  L.  Williams,  W.  J.  Jones, 

W.  H.  Cross,  and  F.  G.  Pohland. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1689-1691,  1989.  2  fig,  1  ref. 

Descriptors:  'Water  quality  control,  'Water  pollu- 
tion prevention,  'Waste  disposal,  'Landfills,  •An- 
aerobic digestion,  *Bacteria,  Digestion,  Sulfur  bac- 
teria, Methane  bacteria,  Sulfates,  Lysimeters. 

Methanogenic  bacteria  and/or  sulfate-reducing 
bacteria  were  added  to  laboratory-scale  lysimeters 
containing  fresh  municipal  solid  refuse  mixed  with 
a  small  volume  of  sediment.  Gas  production  was 
established  most  rapidly  in  the  columns  to  which 
both  types  of  bacteria  were  added.  (Cassar-PTT) 
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• 


W90-04747 


DETENTION  TIME  DISTRIBUTION  OF 
SLUDGE  IN  RECTANGULAR  SECONDARY 
SETTLERS. 

Chalmers     Univ.     of     Technology,     Goeteborg 

(Sweden).  Dept.  of  Sanitary  Engineering. 

D.  J.  Lumley,  and  G.  Horkeby. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1763-1766,  1989.  1  fig,  3  tab,  5  ref. 

Descriptors:  'Secondary  wastewater  treatment, 
•Wastewater  treatment,  'Activated  sludge,  'Sedi- 
mentation, Sludge  thickening,  Dewatering,  Reten- 
tion time. 

The  performance  of  the  secondary  settlers  often 
determines  the  effluent  quality  of  secondary 
wastewater  treatment  plants  and  is  generally  the 
capacity  limiting  factor  for  the  process.  A  study 
was  conducted  to  identify  how  long  and  where 
sludge  is  located  in  a  settler  and  what  implications 
this  has  on  settler  design  and  operation.  The  deten- 
tion time  distribution  of  sludge  in  rectangular  sec- 
ondary settlers  was  measured  in  a  full-scale 
wastewater  treatment  plant,  using  manganese  as  a 
tracer.  The  settler  sludge  retention  time  increased 
rapidly  with  an  increasing  degree  of  thickening  in 
the  settler.  The  hydraulic  retention  time  measure- 
ments indicated  that  the  apparent  efficiency  of  the 
settlers  increased  with  increased  sludge  blanket 
depth.  It  was  recommended  that  the  secondary 
settler  should  not  be  used  for  thickening  if  it  is 
prone  to  upsets.  (Cassar-PTT) 
W90-04765 


PRODUCTION  OF  PROTEIN   FOR   ANIMAL 
FEED  STUFF  USING  ORGANIC 

WASTEWATERS  FROM  WINE  DISTILLERIES. 

Forschungsinstitut    fuer    Wassertechnologie    e.V., 

Aachen  (Germany,  F.R.). 

For  primary   bibliographic  entry   see  Field   5D. 

W90-04788 


COMPUTER  PROGRAM  FOR  FARM  WASTE 
MANAGEMENT. 

West    of   Scotland    Agricultural    Coll.,    Auchin- 

cruive.  Dept.  of  Microbiology. 

For   primary   bibliographic   entry   see   Field   5D. 

W90-04791 


FATE  OF  METALS  LINKED  WITH  SEWAGE 
SLUDGES  OR  MUNICIPAL  REFUSES  USED 
AS  IMPROVEMENTS  IN  MARKET  GARDEN- 
ING. 

Ministere  des  Transports,  Nantes  (France).  Service 
des  Etudes,  de  la  Recherche  et  de  la  Technologie. 
B.  Berthet,  J.  C.  Amiard,  C.  Amiard-Triquet,  C. 
Maillet,  and  C.  Metayer. 

Water  Science  and  Technology  WSTED4,  Vol  21, 
No.   12,  p   1917-1920,    1989.  2  fig,  2  tab,   8  ref. 

Descriptors:  'Path  of  pollutants,  'Heavy  metals, 
'Agriculture,  'Sludge  disposal,  'Land  disposal, 
Waste  disposal,  Soil  contamination,  Copper,  Lead, 
Soil  amendments,  Cadmium,  Zinc,  Metals,  Vegeta- 
ble crops,  Groundwater  pollution. 

Sewage  sludge  was  applied  to  7  vegetable  crops  in 
several  treatment  schemes  during  1980  to  1986  to 
study  the  fate  of  metals  derived  from  the  sludge. 
The  comparison  of  metal  levels  in  controls  and  in 
vegetables  grown  on  soils  improved  with  different 
types  of  organic  wastes  did  not  show  any  signifi- 
cant differences.  The  accumulation  of  individual 
metals  depended  on  the  species,  except  for  copper, 
the  level  of  which  varied  slightly.  The  highest 
concentration  of  Cd  was  in  lettuce,  celeriac  and 
celery;  lead  in  leaves  of  carrot,  celery  and  corn 
salad;  Zn  in  lettuce,  corn  salad,  celeriac  and  celery. 
The  levels  of  Cd  and  Pb  were  influenced  by  mode 
of  culture,  open  air  culture  producing  higher  levels 
than  greenhouse  culture.  In  soils,  Cd  and  Cu  levels 
were  higher  at  the  end  of  the  experiment.  Greatest 
increases  were  seen  in  soils  treated  with  a  compost 
based  on  refuse  or  with  compost  consisting  of 
municipal  refuse  mixed  with  sludge.  The  metals 
contents  of  the  treatment  substances  were  too  low 
to  account  for  the  metals  buildup;  it  was  postulated 


that  the  organic  matter  in  the  compost  contributed 
to  the  binding  of  metals.  The  balance  of  metals 
inputs  from  all  sources  versus  the  outputs  with  the 
vegetables  showed  the  potential  for  migration  into 
the  groundwater.  (Cassar-PTT) 
W90-04803 


THERMOPHILIC  PROCESS  FOR  PROTEIN 
RECOVERY  AS  AN  ALTERNATIVE  TO 
SLAUGHTERHOUSE  WASTEWATER  TREAT- 
MENT. 

Institut    National    de    la    Recherche    Scientifique, 

Sainte-Foy  (Quebec). 

For   primary   bibliographic   entry   see   Field   5D. 

W90-04861 


UTILIZATION  OF  AGRO-INDUSTRIAL  RESI- 
DUES IN  ALEXANDRIA:  EXPERIENCE  AND 
PROSPECTS. 

Alexandria  Univ.  (Egypt).  Higher  Inst,  of  Public 

Health. 

A.  Hamza. 

Biological  Wastes  BIWAED,  Vol.  29,  No.  2,  p 

107-121,  1989.  2  fig,  2  tab,  12  ref. 

Descriptors:  'Waste  utilization,  'Waste  recovery, 
•Egypt,  'Industrial  wastes,  Treatment  facilities, 
Economic  aspects,  Environmental  effects. 

About  120,000  tons  of  agro-industrial  residues  are 
generated  annually  in  Alexandria,  Egypt,  part  of 
which  is  used  for  the  production  of  animal  feed, 
soil  conditioners  and  other  uses  as  secondary  prod- 
ucts. However,  the  lack  of  an  organized  system  for 
collection  and  storage  and  the  absence  of  incen- 
tives for  reutilization  limit  efficient  reprocessing  of 
residues.  Despite  the  fact  that  residue  utilization 
has  not  been  promoted  on  the  basis  of  resources 
conservation  or  concern  for  environmental  protec- 
tion, economic  incentives  have  favorably  influ- 
enced the  development  of  successful  reutilization 
systems.  Although  advanced  reprocessing  tech- 
niques are  not  applied  on  a  large  scale  for  residue 
recovery,  efficient  and  cost-effective  technologies 
have  been  developed  for  whey  utilization,  yeast 
residues,  starch  residues,  canning  residues,  edible 
oil  wastes,  and  brewing  residues.  New  applications 
are  recommended  for  spent  clays,  straw  pulping, 
composting  of  solid  wastes,  and  recovery  of  sugar 
from  cellulose  residues.  It  is  suggested  that  central 
treatment  facilities  would  increase  process  efficien- 
cy, improve  scale  economy,  respond  better  to 
future  expansions,  have  greater  seasonal  flexibility, 
and  facilitate  recovery  and  reuse  of  materials.  This 
type  of  centralized  scheme  would  overcome  two 
problems  in  Alexandria:  (1)  unavailability  of  land 
space,  which  prevents  installation  of  waste  treat- 
ment facilities  at  production  sites;  and  (2)  the  in- 
ability of  small-size  agro-industries  to  implement 
sophisticated  and  expensive  on-site  residue  recov- 
ery systems.  (White-Reimer-PTT) 
W90-04862 


CORRECTING  WIDESPREAD  CADMIUM 
CONTAMINATION. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-04879 


AGRICULTURAL  UTILIZATION  OF  SEWAGE 

SLUDGE:  A  REVIEW. 

R.  D.  Davis. 

Journal  of  the  Institution  of  Water  Engineers  and 

Scientists   JIWSDI,    Vol.    3,   No.    4,   p    351-355, 

August  1989.  27  ref. 

Descriptors:  'Land  disposal,  'Sludge  utilization, 
•Sludge  disposal,  'Reviews,  Wastewater  farming, 
Wastewater  treatment,  Wastewater  disposal, 
Public  nuisance,  Water  pollution,  Pathogens,  Soil 
contamination,  United  Kingdom. 

Utilization  on  agricultural  land  is  the  principal 
outlet  for  sewage  sludge  in  the  United  Kingdom, 
accounting  for  about  40%  of  the  annual  produc- 
tion. During  the  last  30  years  current  practice  has 
developed  to  maximize  the  benefits  to  farmers 
while  controlling  potential  problems  of  public  nui- 
sance, water  pollution,  pathogen  transmission  and 


soil  contamination.  Until  now  this  has  been 
achieved  by  Government  guidelines  but,  in  the 
future,  utilization  of  sewage  sludge  in  agriculture 
will  have  a  statutory  basis  following  the  implemen- 
tation of  an  European  Community  Directive  in 
June  1989.  The  comprehensive  requirements  of  the 
legislation  and  the  commitment  of  the  water  utili- 
ties to  comply  with  them  should  help  to  dispel  any 
lingering  doubts  about  the  acceptability  of  the 
practice  occasionally  raised  by  the  sensational 
headlines  which  sludge  can  sometimes  attract  be- 
cause of  its  origin,  smell,  and  content  of  pathogens 
and  contaminants.  (Author's  abstract) 
W90-04906 


USE  OF  MIXING  ZONE  TO  DERIVE  A  TOXIC- 
ITY TEST  CONSENT  CONDITION. 

Clyde    River    Purification    Board,    East    Kilbride 

(Scotland). 

For   primary   bibliographic   entry   see   Field   5G. 

W90-04907 


USE  OF  REDOX  POTENTIAL  TO  CONTROL 
FERRIC  SULPHATE  DOSING  DURING  PHOS- 
PHATE REMOVAL. 

Naiad  Aquatic  Environmental  Services,  Norwich 

(England). 

For   primary   bibliographic   entry   see   Field   5D. 

W90-04911 


EFFECT  OF  SLUDGE  DIGESTION  ON  METAL 
SEGREGATION  DURING  OCEAN  DUMPING. 

Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 

R.  J.  Gibbs,  and  M.  Angelidis. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

10,  p  503-508,  October  1989.  2  fig,  2  tab,  18  ref. 

NOAA  Ocean  Assessment  Division  grant  NA-82- 

RAD009. 

Descriptors:  'Sludge  disposal,  'Sludge,  'Heavy 
metals,  'Ocean  dumping,  Water  pollution  sources, 
New  York,  Organic  matter,  Digested  sludge,  Floc- 
culation,  Sedimentation. 

The  variations  in  the  metal  chemical  partitioning 
of  the  different  settling  velocity  floes,  that  are 
formed  during  the  ocean  dumping  of  sludges,  were 
investigated  in  digested  and  undigested  sludges 
originating  from  New  York  City  Wastewater 
Treatment  Plants.  Major  differences  were  found  in 
the  distribution  of  oxidizable  and  reducible  metals. 
In  the  digested  sludges,  the  maximum  of  the  oxi- 
dizable metal  concentrations  were  found  in  the 
larger  floes,  while  the  smaller  floes  contained 
higher  concentrations  of  reducible  metals.  In  the 
case  of  the  undigested  sludge,  the  large  floes  had 
high  concentrations  of  oxidizable  metals,  but  the 
maximum  concentrations  of  the  organic-bound 
metals  were  found  in  the  slowest  settling  micro- 
flocs.  The  undigested  organic  matter  appears  to  be 
the  reason  for  these  differences.  (Author's  abstract) 
W90-04967 


EC  DIRECTIVE  ON  THE  CONTROL  OF  DAN- 
GEROUS SUBSTANCES  (7/464/EEO:  ITS 
IMPACT  ON  THE  UK  WATER  INDUSTRY. 

Water  Research  Centre,  Medmenham  (England). 
For  primary  bibliographic  entry  see  Field  5G. 
W90-050O9 


DRAINAGE    OF    LANDFILL    COVERS    AND 
BOTTOM  LINERS:  UNSTEADY  CASE. 

Kansas  Univ.,  Lawrence.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05020 


STEADY  DRAINAGE  OF  LANDFILL  COVERS 
AND  BOTTOM  LINERS. 

Kansas  Univ.,  Lawrence.  Dept.  of  Civil  Engineer- 
ing. 

B.  M.  McEnroe. 

Journal  of  Environmental  Engineering  (ASCE) 
JOEEDU,  Vol.  15,  No.  6,  p  1114-1122,  December 
1989.  5  fig,  5  ref,  append.  University  of  Kansas 
General  Research  Allocation  No.  3730-20-0038. 
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Descriptors:  'Landfill  covers,  *Landfill  linings, 
•Waste  disposal,  *Path  of  pollutants,  'Landfills, 
•Drainage,  Design  criteria,  Mathematical  models, 
Hydraulic  conductivity,  Leakage,  Boundaries, 
Slopes,  Graphical  methods,  Subsurface  drains. 

To  design  a  drainage  system  for  a  landfill  cover  or 
bottom  liner  properly,  the  engineer  must  be  able  to 
estimate  the  maximum  saturated  depth  over  the 
barrier  for  any  proposed  configuration.  An  analyti- 
cal solution  for  steady  drainage  on  a  sloping  imper- 
vious barrier  with  no  flow  across  the  upstream 
boundary  is  presented.  Based  on  the  Dupuit  ap- 
proximation, this  solution  defines  all  possible 
phreatic-surface  profiles.  The  shape  of  the  phrea- 
tic-surface  profile  depends  on  the  values  of  three 
dimensionless  parameters:  the  barrier  slope,  the 
ratio  of  the  vertical  inflow  rate  to  the  hydraulic 
conductivity  of  the  drainage  layer,  and  the  ratio  of 
the  saturated  depth  at  the  downstream  boundary  to 
the  maximum  drainage  distance.  The  latter  param- 
eter is  significant  only  where  liquid  is  ponded 
above  the  drain  trench  due  to  some  malfunction. 
Several  distinctly  different  types  of  profiles  are 
possible.  A  graph  is  provided  for  determining  the 
maximum  saturated  depth  directly.  (See  also  W90- 
05020)  (Author's  abstract) 
W90-05021 


SYNTHESIS  OF  RESEARCH  RESULTS:  AP- 
PLICABILITY AND  FIELD  VERIFICATION  OF 
PREDICTIVE  METHODOLOGIES  FOR 
AQUATIC  DREDGED  MATERIAL  DISPOSAL. 

Environmental  Research  Lab.,  Narragansett,  RI. 
J.  H.  Gentile,  G.  G.  Pesch,  J.  Lake,  P.  P.  Yevich, 
and  G.  Zroogian. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A200  175 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Technical  Report  D-88-5,  September  1988.  Final 
Report.  72p,  16  fig,  6  tab,  46  ref. 

Descriptors:  *Testing  procedures,  *Spoil  disposal, 
•Waste  disposal,  *Dredging  wastes,  *Water  pollu- 
tion effects,  Tissue  analysis,  Biological  studies, 
Field  tests,  Bioaccumulation,  Toxicity,  Mussels, 
Polychaetes. 

The  Field  Verification  Program  was  designed  to 
determine   the   applicability,    reproducibility,    and 
field  verification  of  test  methods  for  the  evaluation 
of  disposal  of  dredged  material  at  aquatic,  upland, 
and  wetland  sites.  There  were  three  objectives  in 
this  program:  (1)  to  demonstrate  the  applicability 
of  existing  test  methods  to  detect  and  measure 
effects  of  dredged  material  and  to  determine  the 
degree  of  variability  and  reproducibility  inherent 
in  the  testing  procedures;  (2)  to  field  verify  the 
laboratory  responses  by  comparing  the  exposure- 
response  relationships  between  the  laboratory  and 
field;  and  (3)  to  determine  the  degree  of  correlation 
between  contaminated  tissue  residues  and  biologi- 
cal responses  resulting  from  laboratory  and  field 
exposure  to  dredged  residues  and  biological  re- 
sponses resulting  from  laboratory  and  field  expo- 
sure to  dredged  material.  These  objectives  were 
examined  for  the  following  biological  responses: 
bioaccumulation,  scope  for  growth,  bioenergetics, 
adenylate    energy    charge,    sister    chromatid    ex- 
change, histopathology,  survival,  growth,  repro- 
duction, intrinsic  rates  of  population  growth,  reco- 
lonization,  and  community  structure.  The  follow- 
ing recommendations  are  made  regarding  the  ap- 
plication of  the  test  methods  in  this  study   for 
dredged  material  evaluation:  (1)  measures  of  sur- 
vival, growth,  reproduction,  population,  scope  for 
growth,  and  contaminant  bioaccumulation  are  rec- 
ommended   in    the    predisposal    evaluation    of 
dredged    material;    (2)    while    a    genotoxic    test 
method  is  desirable  in  the  predisposal  evaluation, 
sister  chromatid   exchange  is  not   recommended 
pending  further  development  of  the  test  method; 
(3)  acceptable  methods  for  post-disposal  field  as- 
sessments include  scope  for  growth,  growth,  and 
bioaccumulation  measured  in  Mytilus  edulis  and 
bioenergetics    and    bioaccumulation    in    Nephtys 
incisa;    and    (4)    benthic    community    assessment 
methods  are  recommended   for  rapid  reconnais- 
sance applications  and  species  classification  and 
enumeration    for    definitive    assessments.    (Lantz- 
PTT) 
W90-05145 


APPLICATIONS  OF  EXPERT  SYSTEMS  IN 
ENVIRONMENTAL  ENGINEERING. 

Environmental    Protection    Agency,    Cincinnati, 

OH. 

L.  A.  Rossman. 

IN:  Dynamic  Modeling  and  Expert  Systems  in 

Wastewater  Engineering.  Lewis  Publishers,  Inc., 

Chelsea,  Michigan.  1989.  p  241-259,  3  fig,  3  tab,  16 

ref. 

Descriptors:  'Expert  systems,  *Computer  pro- 
grams, *Environmental  engineering,  *Waste  dis- 
posal, Model  studies,  Hazard  assessment,  Synthetic 
liners,  Landfills,  Environmental  protection. 

Expert  systems  are  a  promising  computer-based 
approach  to  helping  environmental  engineers  solve 
difficult  problems.  A  number  of  such  systems  have 
been  developed  to  date  in  the  areas  of  hazard 
assessment,  modeling  support,  process  failure  diag- 
nosis and  regulatory  support.  The  US  EPA  has 
several  programs  underway  to  introduce  this  tech- 
nology into  its  operations.  The  most  ambitious  of 
these  is  the  work  being  undertaken  by  EPA's  Haz- 
ardous Waste  Engineering  Research  Laboratory. 
They  are  developing  five  systems  that  support  the 
review  of  applications  for  operating  permits  for 
RCRA  (Resource  Conservation  and  Recovery 
Act)  hazardous  waste  facilities  and  selection  of 
remedial  action  alternatives  at  Superfund  cleanup 
sites.  The  most  highly  developed  of  these  is  FLEX 
(Flexible  Liner  Evaluation  Expert),  a  program  that 
evaluates  the  chemical  resistance  of  synthetic  liners 
exposed  to  wastes  contained  in  landfills  and  im- 
poundments. FLEX  contains  347  rules  encoded  in 
the  Prolog  language  along  with  special  data  man- 
agement routines  written  in  C.  Work  on  FLEX 
and  other  systems  has  identified  a  number  of  issues 
important  to  successful  implementation  of  expert 
systems  within  an  organization  such  as  the  EPA. 
More  successful  applications  of  the  technology  to 
real  engineering  problems  are  needed  to  maintain 
the  momentum  achieved  to  date.  (See  also  W90- 
05149)  (Lantz-PTT) 
W90-05157 


PROPOSED  TECHNICAL  SLUDGE  REGULA- 
TION UPDATE. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Municipal  Pollution  Control. 

J.  M.  Walker. 

Biocycle  BCYCDK,  Vol.   30,  No.    11,   p  46-48, 

November  1989. 

Descriptors:  'Sludge  disposal,  'Regulations, 
'Sludge  utilization,  Sludge  conditioning, 
Wastewater  management,  Legal  aspects. 

Comments  and  issues  brought  up  during  the  peer 
review  of  the  U.S.  Environmental  Protection 
Agency's  (EPA)  proposed  comprehensive  techni- 
cal sludge  regulations  (40  CFR  Part  503)  are  dis- 
cussed. The  proposed  rules  were  criticized  as  being 
overly  stringent  and  therefore  discouraging  the 
beneficial  use  of  sludge  by  the  greatest  number  of 
commentors.  Although  incinerator  operators  dis- 
agreed with  the  definition  of  the  most  exposed 
individual  (MEI)  used  in  the  proposal,  they  felt 
that  they  could  meet  whatever  the  ultimate  emis- 
sion control  requirements  might  be.  The  U.S. 
Forest  Service  expressed  reservations  about  sludge 
utilization  on  forest  land,  partly  because  of  a  lack 
of  staff  to  monitor  the  practice.  A  presentation  of 
analyses  and  proposed  responses  to  concerns 
brought  up  by  the  peer  review  groups  is  expected 
sometime  between  November  1989  and  January 
1990.  Although  the  Association  of  Metropolitan 
Sewerage  Agencies  (AMSA)  and  members  of  the 
first  peer  review  group  urged  a  reproposal  and 
utilization  of  regulatory  negotiations,  probably  nei- 
ther process  will  take  place  because  of  a  lawsuit 
filed  by  the  Natural  Resources  Defense  Council 
(NRDC)  for  the  EPA's  delay  in  issuing  regulations 
to  control  sewage  sludge  management  practices. 
There  are  no  plans  to  repropose  the  regulations. 
(Male-PTT) 
W90-05348 


COMBINED     RO/FREEZING     SYSTEM     TO 
REDUCE  INLAND  REJECTED  BRINE. 

King   Abdulaziz   Univ.,   Jeddah   (Saudi   Arabia). 


Dept.  of  Mechanical  Engineering. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-05440 


1988  ANNUAL  WATER  QUALITY  DATA 
REPORT  FOR  THE  WASTE  ISOLATION 
PILOT  PLANT. 

IT  Corp.,  Carlsbad,  NM. 

W.  S.  Randall,  M.  E.  Crawley,  and  M.  L.  Lyon. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE88-015581. 
Price  codes:  A22  in  paper  copy,  A01  in  microfiche. 
Report  No.  DOE/WIPP-88-006,  March  1988. 
484p,  99  fig,  99  tab,  20  ref.  DOE  Contract  DE- 
AC04-86AL31950. 

Descriptors:  'Waste  disposal,  'Radioactive  waste 
disposal,  'Water  quality,  'New  Mexico,  Data  col- 
lections, Waste  Isolation  Pilot  Plant,  Water  chem- 
istry, Wells,  Trace  metals. 

The  Waste  Isolation  Pilot  Plant  (WIPP)  in  south- 
eastern New  Mexico,  is  a  Department  of  Energy 
research  and  development  facility  designed  to 
demonstrate  the  safe  disposal  of  transuranic  radio- 
active waste  resulting  from  the  nation's  defense 
programs.  The  Water  Quality  Sampling  Program 
(WQSP)  supports  four  major  programs  for  the 
WIPP:  Site  Characterization,  Performance  Assess- 
ment, the  Radiological  Baseline  Program,  and  the 
Ecological  Monitoring  Program.  Results  from  24 
WQSP  wells  sampled  from  January  1987  through 
November  1987  are  presented  in  this  report.  Water 
quality  data  from  two  water-bearing  zones  have 
been  collected.  These  zones  are  the  Culebra  and 
Magenta  Dolomite  Members  of  the  Rustler  Forma- 
tion. Analytical  results  from  the  sampling  program 
include  field  chemistry  data,  general  water  quality 
parameters,  trace  metals,  EPA  priority  pollutants, 
dissolved  gases  and  selected  redox  couples.  In  ad- 
dition to  the  WQSP  wells  mentioned  above,  9 
private  wells  were  sampled  for  primary  and  sec- 
ondary drinking  water  parameters  and  radionu- 
clides. Six  wells  were  analyzed  for  trace  metal 
concentrations  and  priority  pollutants  as  well  as 
general  water  quality  parameters  and  radionu- 
clides. The  water  samples  from  the  private  wells 
came  from  three  water  bearing  zones,  the  Santa 
Rosa  Sandstone  of  the  Dockum  Group,  the  Dewey 
Lake  Red  Beds  Formation  and  the  Culebra  Dolo- 
mite Member  of  the  Rustler  Formation.  In  some 
instances  where  no  reliable  well  completion  logs 
are  available  it  was  not  clear  which  actual  water 
bearing  zone  the  well  was  completed  in.  It  is 
hoped  that  with  the  continuing  search  for  records 
and  analysis  of  the  water  samples  the  source  of  the 
water  may  be  determined.  (Lantz-PTT) 
W90-05598 


5F.  Water  Treatment  and 
Quality  Alteration 

PLASTIC  PIPE:  A  CHANCE  FOR  REVIVAL. 

Simpson  Gumpertz  and  Heger,  Inc.,  Arlington, 

MA. 

For  primary  bibliographic   entry   see   Field   8G. 

W90-04575 


WATER  TREATMENT  NEEDS  ACCELERATE. 

Hazen  and  Sawyer,  New  York. 

W.  B.  Sinnott. 

Water  Engineering  and  Management  WENMD2, 

Vol.  136,  No.  6,  p  32-35,  June  1989. 

Descriptors:  'Water  treatment,  'Drinking  water, 
♦Potable  water,  'Water  quality  control,  'Adminis- 
trative regulations,  Water  law,  Water  quality,  Leg- 
islation, Ozonation,  Filtration,  Disinfection,  Raw 
water. 

The  contribution  of  the  1986  Amendments  to  the 
Safe  Drinking  Water  Act  (SDWA)  on  the  signifi- 
cant acceleration  in  activity  in  the  planning  and 
development  of  new  and  upgraded  water  treat- 
ment facilities  are  reviewed.  The  Amendments  to 
the  SDWA  and  proposed  EPA  regulations  to  im- 
plement the  amendments  encompass  far-reaching 
and  complex  requirements  covering  maximum  con- 
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taminant  levels,  degree  of  treatment,  protection  of 
groundwater  sources,  deadlines  for  promulgation 
of  requirements,  and  procedures  for  the  states  ob- 
taining 'primacy'  in  enforcement  of  the  proposed 
regulations.  The  principal  effects  of  the  Amend- 
ments begin  with  the  proposed  surface  water  treat- 
ment requirements  (SWTR).  Surface  waters  will 
have  to  be  filtered  unless  the  'primacy'  agent, 
usually  the  state,  grants  an  exemption.  An  exemp- 
tion can  be  granted  under  certain  conditions  where 
raw  and  distributed  water  quality  meets  certain 
requirements  including  limits  on  the  concentration 
of  fecal  and  total  coliform  before  disinfection,  raw 
water  turbidity  less  than  5  NTU,  and  disinfection 
methods  capable  of  achieving  almost  100%  inacti- 
vation  of  Giardia  Lamblia  and  enteric  viruses.  The 
proposed  SWTR  includes  performance  and  moni- 
toring requirements  for  existing  conventional, 
direct,  slow-sand  and  diatomaceous-earth  filtration 
systems.  Ozonation  is  likely  to  be  used  with  in- 
creasing frequency  where  raw  waters  contain  natu- 
rally occurring  organic  chemicals  such  as  humic 
and  fubric  acids  that  react  with  chlorine  to  form 
total  trihalomethanes.  For  groundwater  treatment, 
the  Amendments  require  that  the  states  establish 
wellhead  protection  areas  surrounding  public 
water-supply  wells  to  prevent  further  contamina- 
tion of  existing  aquifers.  (Friedmann-PTT) 
W90-04576 


DOSE-RESPONSE  RELATION  BETWEEN  AR- 
SENIC CONCENTRATION  IN  WELL  WATER 
AND  MORTALITY  FROM  CANCERS  AND 
VASCULAR  DISEASE. 

Academia  Sinica,  Taipei  (Taiwan).  Inst,  of  Bio- 
medical Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-04634 


BACKCOUNTRY  WATER  TREATMENT  TO 
PREVENT  GIARDIASIS. 

Washington  Univ.,  Seattle.  Dept.  of  Environmen- 
tal Health. 

J.  E.  Ongerth,  R.  L  Johnson,  S.  C.  Macdonald,  F. 
Frost,  and  H.  H.  Stibbs. 

American  Journal  of  Public  Health  AJHEAA, 
Vol.  79,  No.  12,  p  1633-1637,  December  1989.  3 
fig,  10  ref,  3  append. 

Descriptors:  'Parasites,  *Giardia,  *Water  treat- 
ment, 'Chemical  treatment,  'Disinfection,  'Filtra- 
tion, Iodine,  Chlorine,  Camping. 

A  study  was  conducted  to  provide  current  infor- 
mation on  the  effectiveness  of  water  treatment 
chemicals  and  filters  for  control  of  Giardia  cysts  in 
areas  where  treated  water  is  not  available.  Four 
filters  and  seven  chemical  treatments  were  evaluat- 
ed for  both  clear  and  turbid  water  at  10  C.  Three 
contact  disinfection  devices  were  also  tested  for 
cyst  inactivation.  Filters  were  tested  with  1 -liter 
volumes  of  water  seeded  with  30,000  cysts  of  G. 
lamblia  produced  in  gerbils  inoculated  with  in 
vitro  cultured  trophozoites;  the  entire  volume  of 
filtrate  was  examined  for  cyst  passage.  Chemical 
treatments  were  evaluated  at  concentrations  speci- 
fied by  the  manufacturer  and  for  contact  times  that 
might  be  expected  of  hikers  (30  minutes)  and 
campers  (8  hours,  i.e.,  overnight).  Two  of  the  four 
filter  devices  tested  were  100%  effective  for  Giar- 
dia cyst  removal.  Of  the  other  two  filters,  one  was 
90%  effective  and  the  other  considerably  less  ef- 
fective. Among  the  7  disinfection  treatments,  the 
iodine-based  chemicals  were  all  significantly  more 
effective  than  the  chlorine-based  chemicals.  None 
of  the  chemical  treatments  achieved  99.9%  cyst 
inactivation  with  only  30-minute  contact.  After  an 
8-hour  contact  each  of  the  iodine  but  none  of  the 
chlorine  preparations  achieved  at  least  99.9%  cyst 
inactivation.  None  of  the  contact  disinfection  de- 
vices provided  appreciable  cyst  inactivation.  Heat- 
ing water  to  at  least  70  C  for  10  minutes  was  an 
acceptable  alternative  treatment.  (Author's  ab- 
stract) 
W90-04635 


MEMBRANE  FILTRATION  DIFFERENTIA- 
TION OF  E.  COLI  FROM  COLIFORMS  IN 
THE  EXAMINATION  OF  WATER. 

Public  Health  Lab.,  Haifa  (Israel). 


For  primary  bibliographic  entry  see  Field  5A. 
W90-04646 


SURVEY  OF  BARIUM  IN  ITALIAN  DRINKING 
WATER  SUPPLIES. 

Florence  Univ.  (Italy).  Inst,  of  Hygiene. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-04676 


AQUEOUS  CHLORINATION  OF  RESORCIN- 
OL. 

Point  Loma  Nazarene  Coll.,  San  Diego,  CA.  Dept. 

of  Chemistry. 

V.  L.  Heasley,  M.  D.  Burns,  N.  A.  Kemalyan,  T. 

C.  McKee,  and  H.  Schroeter. 

Environmental       Toxicology       and       Chemistry 

ETOCDK,  Vol.  8,  No.  12,  p  1159-1163,  1989.  3  fig, 

1  tab,  8  ref. 

Descriptors:  'Water  pollution  sources,  'Chloro- 
form, 'Chlorination,  'Resorcinol,  'Water  treat- 
ment, Phosphates,  Chlorinated  hydrocarbons, 
Drinking  water. 

Chloroform  in  drinking  water  results  primarily 
from  the  reaction  of  chlorine  with  the  1,3-dihy- 
droxybenzene  compounds  of  humic  materials  such 
as  resorcinol.  The  mechanisms  of  the  early  stages 
of  the  aqueous  chlorination  of  resorcinol  were 
studied  with  and  without  phosphate  buffer.  The 
following  intermediates  were  detected  in  moderate 
to  high  yield  at  different  pH  values  and  varying 
percentages  of  chlorination:  2-chloro-,  4-chloro, 
2,4-dichloro-,  4,6-dichloro-,  and  2,4,6-trichlorore- 
sorcinol.  Only  trace  amounts  of  the  intermediates 
were  detected  when  the  chlorination  was  conduct- 
ed in  the  presence  of  phosphate  buffer.  This  result 
has  significant  implications  since  resorcinol  in 
phosphate  buffer  has  been  used  as  a  model  com- 
pound in  several  recent  studies  on  the  formation  of 
chlorinated  hydrocarbons  during  chlorination  of 
drinking  water.  Relative  rates  of  chlorination  were 
determined  for  resorcinol  and  several  of  the  chlor- 
inated resorcinols.  Resorcinol  was  found  to  chlo- 
rinate only  three  times  faster  than  2.4,6-trichlorore- 
sorcinol.  The  structure  2,4,6-trichlororesorcinol 
was  established  as  a  monohydrate  even  after  subli- 
mation. A  tetrachloro  or  pentachloro  intermediate 
was  not  detected,  suggesting  that  the  ring-opening 
step  of  such  an  intermediate  must  be  rapid.  (Au- 
thor's abstract) 
W90-04693 


EFFICACY  AND  MECHANISM  OF  REMOVAL 
OF  ORGANIC  SUBSTANCES  FROM  WATER 
BY  OZONE  AND  ACTIVATED  CARBON. 

Jilin  Architectural  and  Civil  Engineering  Inst., 
Changchun  (China).  Dept.  of  Urban  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-04758 


PREDATION  AND  DEODORIZATION  OF 
MUSTY  ODOR-PRODUCING  FILAMENTOUS 
ALGAE  BY  THE  PROTOZOA  TRITHIGMOS- 
TOMA  CUCULLULUS. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

R.  Sudo,  Y.  Inamori,  Y.  Kuniyasu,  and  T. 

Ouchiyama. 

Water  Science  and  Technology  WSTED4,  Vol. 

21,  No.  12,  p  1743-1746,  1989.  1  fig,  2  tab,  6  ref. 

Descriptors:  'Biofilters,  'Water  treatment,  'Odor 
control,  'Algae,  'Protozoa,  'Odor-producing 
algae,  Predation,  Filamentous  algae,  Biological 
treatment. 

The  protozoa  Trithigmostoma  cucullulus  was  fed 
several  types  of  algae:  Phormidium  tenue  and  Os- 
cillatoria  agardhii  (filamentous),  Microcystis  aeru- 
ginosa, Scenedesmus  acuminatus  var  tetrades- 
moides  and  Chlorella  vulgaris  (non-filamentous). 
The  protozoa  could  not  ingest  non-filamentous 
algae.  However,  T.  cucullulus  was  very  effective 
in  reducing  the  odor  of  raw  lake  water  (about 
50%)  by  predation  on  the  filamentous  alga  P. 
tenue.  Turbidity,  total  organic  carbon,  and  dis- 
solved organic  carbon  were  markedly  lower  in  the 
system   with   T.   cucullulus   as  compared   to   the 


control.  The  predation  speed  of  the  protozoa  was 
about  10  to  30  microm/s.  Optimum  living  condi- 
tions for  the  organisms  included  a  temperature  of 
20  to  25  C,  addition  of  sludge  extract,  and  low  salt 
concentration.  (Cassar-PTT) 
W90-04760 


OUTFLOWS  OF  ORGANIC  HALIDE  PRECUR- 
SORS FROM  FOREST  REGIONS. 

Osaka  Prefecture  Water  Works  Bureau  (Japan). 

Water  Examination  Lab. 

S.  Saito,  K.  Hattori,  and  T.  Okumura. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.  12,  p  1877-1880,  1989.  4  fig,  3  ref. 

Descriptors:  'Water  treatment,  'Chlorination, 
'Halides,  'Water  pollution  sources,  'Forests,  'Or- 
ganic compounds,  'Trihalomethanes,  Yodo  River 
Basin,  Japan,  Rainfall,  Precipitation,  Runoff, 
Forest  soils,  Soil  chemistry,  Throughfall. 

Outflows  of  organic  halide  precursors  from  a 
forest  region  in  the  Yodo  River  basin,  Japan,  were 
studied  and  equations  developed  for  pollution 
loads  derived  from  precipitation,  throughfall,  sur- 
face soil  layer,  and  deep  soil  layer.  Loads  in  pre- 
cipitation were  constant,  regardless  of  rainfall 
amount.  Loads  from  the  surface  and  deep  soil 
layers  were  constant,  regardless  of  rainfall  intensi- 
ty, preceding  dry  days,  and  rainfall  duration.  Rain- 
fall data  from  the  Kiryu  Test  Forest  (2155  mm 
annual  rainfall,  58  events)  were  used  in  the  equa- 
tions to  calculate  the  annual  outflow  of  organic 
halide  precursors,  0.10  g/sq  m  for  precipitation,  3.5 
g/sq  m  for  throughfall,  4.7  g/sq  m  for  the  surface 
soil  layer,  and  0. 1 1  g/sq  m  for  the  deep  soil  layer. 
(Cassar-PTT) 
W90-04794 


RESERVOIR  SEDIMENTS  AS  POTENTIAL 
SOURCE  OF  HEAVY  METALS  IN  DRINKING 
WATER  (SARDINIA,  ITALY). 

Cagliari  Univ.  (Italy).   1st.  di  Igiene  e  Medicina 

Preventiva. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04797 


MUTAGENIC  ACTIVITY  OF  ORGANIC  CON- 
CENTRATES FROM  MUNICIPAL  RIVER 
WATER  AND  SEWAGE  EFFLUENT  AFTER 
CHLORINATION  OR  OZONATION. 

Setsunan   Univ.,   Neyagawa   (Japan).   Faculty  of 

Pharmaceutical  Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04798 


DETERMINATION  OF  VOLATILIZATION  CO- 
EFFICIENTS OF  TRIHALOMETHANES  FROM 
WATERS. 

Hosei  Univ.,  Tokyo  (Japan).  Chemical  Lab. 

S.  Okouchi,  and  H.  Saegusa. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.   12,  p  1907-1912,   1989.  7  fig,   1  tab,   13  ref. 

Descriptors:  'Fate  of  pollutants,  'Chlorinated  hy- 
drocarbons, 'Water  treatment,  'Trihalomethanes, 
•Drinking  water,  Volatilization,  Aeration,  Mathe- 
matical analysis. 

The  volatilization  rates  of  trihalomethanes 
(CHC13,  CHBrC12,  CHBr2Cl,  and  CHRr3)  were 
measured  under  various  mixing  conditions  concur- 
rently with  those  of  oxygen  and  water.  The  volatil- 
ization coefficients  of  trihalomethanes  were  deter- 
mined from  their  volatilization  rates  as  the  ratios  of 
mass  transfer  coefficients  in  respective  liquid  and 
gas  phases  between  trihalomethanes  and  oxygen  or 
water  by  new  and  conventional  methods.  The  new 
method  was  indicated  to  be  effective  for  the  deter- 
mination of  the  volatilization  coefficient  of  a  chem- 
ical with  dimensionless  Henry's  constant  lower 
than  about  0.1.  The  volatilization  coefficients  of 
trihalomethanes  obtained  can  be  applied  for  esti- 
mating their  volatilization  rates  under  conditions  in 
which  either  the  water-or  gas-film  resistances 
dominate  or  both  film  resistances  are  significant. 
(Author's  abstract) 
W90-04801 
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COMPLEXING  OF  COPPER  IN  DRINKING 
WATER  SAMPLES  TO  ENHANCE  RECOVERY 
OF  AEROMONAS  AND  OTHER  BACTERIA. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
J.  F.  M.  Versteegh,  A.  H.  Havelaar,  A.  C. 
Hoekstrsa,  and  A.  Visser. 

Journal  of  Applied  Bacteriology  JABAA4,  Vol. 
67,  No.  5,  p  561-566,  November  1989.  1  fig,  3  tab, 
12  ref. 

Descriptors:  'Sampling,  'Water  analysis,  'Metal 
complexes,  'Water  treatment,  'Pathogenic  bacte- 
ria, 'Drinking  water,  'Copper,  'Bacterial  analysis, 
'Aeromonas,  Coliforms,  Streptococcus,  Chelating 
agents,  Chemical  treatment,  The  Netherlands. 

In  May  1984,  a  sudden  increase  of  non-lactose- 
fermenting  bacteria  was  noticed  during  routine 
examinations  for  coliform  bacteria  in  the  drinking 
water  produced  by  the  Dune  Water  Works  of  the 
Hague.  This  incident,  and  the  suggested  role  of 
drinking-water  aeromonads  in  childhood  gastro- 
enteritis, led  to  intensive  monitoring  of  water  sup- 
plies in  the  Hague  and  elsewhere  for  aeromonads. 
During  these  investigations  it  was  noted  that 
counts  of  Aeromonas  in  samples  of  water  leaving 
the  water  works  were  always  lower  than  the 
weighed  mean  of  counts  in  the  individual  slow 
sand  filters  producing  the  finished  water.  It  was 
felt  that  this  reduction  in  colony-  forming  units 
might  be  related  to  toxic  effects  of  copper  dissolv- 
ing from  the  long  sampling  pipe  (approximately  35 
m)  used  for  collecting  finished  water  samples.  A 
more  detailed  study  of  the  toxicity  of  copper  to- 
wards aeromonads  and  other  bacteria  in  drinking 
water  samples  was  therefore  undertaken  and  the 
usefulness  of  neutralization  by  addition  of  EDTA 
was  evaluated.  (Author's  abstract) 
W90-048U 


SPECIFICITY  OF  THE  DPD  AND  AMPERO- 
METRIC  TITRATION  METHODS  FOR  FREE 
AVAILABLE  CHLORINE:  A  REVIEW. 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 

Engineering. 

J.  N.  Jensen,  and  J.  D.  Johnson. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  81,  No.   12,  p  59-64,  December 

1989.  1  fig,  8  tab,  70  ref. 

Descriptors:  'Literature  review,  'Laboratory 
methods,  'Water  treatment,  'Wastewater  treat- 
ment, 'Chlorination,  'Disinfection,  'Chlorine, 
'Chemical  analysis,  Amperometric  titration,  Col- 
orimetry,  Chloramines,  Chemical  interference. 

Chlorine  reacts  with  natural  water  and  wastewater 
constituents  to  produce  a  variety  of  compounds 
with  a  variety  of  disinfection  abilities.  Free  avail- 
able chlorine  (FAC)  is  a  strong  disinfectant.  The 
objective  of  this  article  is  to  review  the  literature 
concerning  interferences  from  monochloramine 
and  organic  chloramines  in  the  measurement  of 
FAC.  Both  the  DPD  (N,N-diethyl-p-phenylene- 
diamine)  and  amperometric  titration  methods  for 
measuring  free  available  chlorine  are  subject  to 
interference  from  monochloramine  and  organic 
chloramines.  The  measured  FAC  concentration  in 
the  presence  of  chloramines  is  often  significantly 
larger  than  the  true  FAC  residual.  Interference  in 
the  DPD  method  can  be  reduced  by  rapid  titra- 
tions. Interference  in  the  amperometric  titration 
method  can  be  minimized  by  maintaining  a  200- 
mV  positive  potential  on  the  platinum  electrode. 
(Author's  abstract) 
W90-04812 


PREDICTING  THE  MULTICOMPONENT  RE- 
MOVAL OF  SURROGATE  COMPOUNDS  BY  A 
FIXED-BED  ADSORBER. 

Amway  Corp.,  Ada,  MI.  Research  and  Develop- 
ment Div. 

R.  W.  Kuennen,  K.  Van  Dyke,  J.  C.  Crittenden, 
and  D.  W.  Hand. 

Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  81,  No.  12,  p  46-58,  December 
1989.  19  fig,  6  tab,  27  ref. 

Descriptors:  'Water  treatment,  'Organic  pollut- 
ants, 'Adsorption,  'Activated  carbon,  Fixed-bed 


adsorber,    Drinking   water,   Organic   compounds, 
Mass  transfer  models,  Prediction. 

The  use  of  granular  activated  carbon  (GAC)  in 
fixed  beds  has  been  shown  to  be  a  cost-effective 
and  viable  technique  for  removing  trace  organic 
pollutants  in  water  provided  that  the  fixed-bed 
adsorber  (FBA)  is  properly  designed.  The  design 
of  an  FBA  requires  a  significant  database  of  infor- 
mation. This  varies  from  characterizing  the  adsorp- 
tion capacity  of  GAC  for  the  organic  pollutants  to 
selecting  the  process  flow  configuration  and 
proper  empty  bed  contact  time  (EBCT)  for  a  given 
GAC  particle  size.  Recently,  substantial  progress 
has  been  made  with  the  development  of  pore  diffu- 
sion and  surface  diffusion  mass  transfer  models, 
and  in  some  instances,  they  may  be  used  to  predict 
multicomponent  competitive  interactions  at  the 
surface  of  GAC  and  to  select  GAC  operational 
variables.  Pore  and  surface  diffusion  mass  transfer 
models  were  used  to  predict  the  breakthrough 
profiles  of  a  14-component  mixture  eluting  from  a 
point-of-use  fixed-bed  adsorber.  The  14  com- 
pounds were  surrogates,  representing  a  variety  of 
organics  from  different  classes  and  groups  com- 
monly found  in  contaminated  drinking  water.  Ad- 
sorption isotherms  were  done  for  all  14  com- 
pounds. Polanyi  adsorption  potential  theory  was 
used  to  correlate  single-solute  isotherm  parameters 
at  21  C  and  predict  isotherm  parameters  at  6  C. 
Ideal  adsorbed  solution  theory  was  used  in  the 
mass  transfer  models  to  correlate  the  single-solute 
predicted  isotherms  at  6  C  and  calculate  competi- 
tive interactions  at  the  surface  of  the  activated 
carbon.  (Author's  abstract) 
W90-04813 


ORGANICS  ISOLATION  FROM  FRESH  AND 
DRINKING  WATERS  BY  MACROPOROUS 
ANION-EXCHANGE  RESINS. 

Politechnika    Warszawska    (Poland).    Faculty    of 

Sanitary  and  Hydraulic  Engineering. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-04848 


W90-04859 


VENICE'S         WASTEWATER 


OUTBREAK  OF  MYCOBACTERIUM  TERRAE 
IN  CLINICAL  SPECIMENS  ASSOCIATED 
WITH  A  HOSPITAL  POTABLE  WATER 
SUPPLY. 

University  Hospital,  Ann  Arbor,  MI.  Div.  of  In- 
fectious Diseases. 

W.  W.  Lockwood,  C.  Friedman,  N.  Bus,  C. 
Pierson,  and  R.  Gaynes. 

American  Review  of  Respiratory  Disease 
ARDSBL,  Vol.  140,  No.  6,  p  1616-1617,  Decem- 
ber 1989.  1  fig,  2  tab,  20  ref. 

Descriptors:  'Drinking  water,  'Potable  water, 
'Pathogenic  bacteria,  Water  conveyance,  Con- 
tamination, Mycobacterium,  Hospitals. 

At  the  Dept.  of  Infection  Control  Services  at  the 
University  of  Michigan  Hospitals,  an  increase  in 
the  number  of  patient  specimens  yielding  Myco- 
bacterium terrae  in  1986  was  investigated.  Isolation 
of  M.  terrae  was  associated  with  specimens  ob- 
tained from  inpatients  at  a  new  hospital,  but  not 
with  specimens  referred  from  other  hospitals, 
(37(+)/144  inpatient  specimens  versus  2(  +  )/26  re- 
ferred specimens,  p<0.05).  By  October  31,  1987, 
163  positive  specimens  from  131  patients  were 
identified.  All  M.  terrae  were  isolated  from  speci- 
mens obtained  from  nonsterile  sites,  i.e.,  respirato- 
ry, gastrointestinal,  or  urine.  No  clinical  disease 
related  to  M.  terrae  occurred.  Review  of  proce- 
dures and  cultures  of  solutions  used  in  the  Microbi- 
ology Laboratory  suggested  the  source  of  M. 
terrae  was  not  in  the  Microbiology  Laboratory. 
An  analysis  of  case  location  showed  an  association 
with  hospital  tier  (p<0.05),  a  pattern  matching  the 
design  of  the  potable  water  system  of  the  hospital. 
M.  terrae  was  cultured  from  multiple  outlets  of  this 
system.  There  appeared  to  be  multiple  modes  of 
transmission  of  M.  terrae  from  this  reservoir.  Con- 
trol measures  included  avoidance  of  water  sources 
during  specimen  collection  and  hyperchlorination 
of  the  potable  water  system.  These  measures  ap- 
peared to  result  in  the  disappearance  of  M.  terrae 
from  subsequent  clinical  specimens.  It  is  believed 
that  this  is  the  first  report  defining  the  epidemio- 
logic aspects  of  M.  terrae  contaminating  speci- 
mens. (Author's  abstract) 


DESIGNING 
SYSTEM. 

Venice  Public  Drainage  Dept.,  Padua  (Italy). 

For   primary   bibliographic   entry   see   Field   5D. 
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MORE  AND  BETTER  WATER  FOR  THIRSTY 
SAO  PAULO,  BRAZIL. 

Montgomery  (James  M.),  Inc.,  Pasadena,  CA. 
S.  Kawamura,  L.  A.  M.  Pacheco,  P.  E.  A.  de 
Souza,  and  M.  Omori. 

Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  81,  No.  10,  p  32-38,  October  1989, 
5  fig,  6  tab. 

Descriptors:  'Water  Conveyance,  'Water  Treat- 
ment, 'Water  treatment  facilities,  'Brazil,  Design 
standards. 

One  of  the  fastest  growing  industrial  cities  in  the 
world,  Sao  Paulo,  Brazil,  is  located  in  a  region 
with  scarce  water  resources.  Supplying  adequate 
water  to  the  greater  Sao  Paulo  metropolitan  area  is 
a  monumental  task.  At  the  present  time,  1,070  mgd 
(47  cubic  meters  per  s)  of  water  is  supplied  to  15 
million  people  in  the  area,  but  it  is  not  enough.  An 
additional  450  mgd  (20  cubic  meters  per  s)  will  be 
needed  by  the  turn  of  the  century.  To  meet  this 
challenge,  Companhia  de  Saneamento  Basico  do 
Estado  de  Sao  Paulo  (SABESP)  has  developed  a 
new  water  supply  system,  the  Alto  Tiete  system,  to 
cover  the  eastern  part  of  the  metropolitan  area, 
together  with  a  340-mgd-(15  cubic  meter  per  s) 
capacity  state-of-the-art  water  treatment  plant, 
which  is  now  under  construction.  A  special  feature 
of  this  plant  is  great  operational  flexibility  in 
regard  to  the  treatment  process  mode  and  chemical 
application  points.  Another  feature  is  a  provision 
for  future  addition  of  a  preozonation  process  and 
adaptation  of  the  coarse  deep  monomedium  filter, 
which  not  only  applies  an  8-gpm/sq  ft  (20-m/h) 
filtration  rate  (with  a  filter  run  length  similar  to 
that  of  a  dual-media  filter  with  a  12.5-m/h  rate)  but 
can  also  be  converted  to  a  granular  activated 
carbon  adsorption  bed.  (Male-PTT) 
W90-04897 


WATERTECH  USA:  A  PROGRAM  FOR  HELP- 
ING DEVELOPING  NATIONS. 

Kalbermatten  Associates,  Inc.,  Washington,  DC. 
J.  Kalbermatten. 

Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  81,  No.  10,  p  39-44,  October  1989. 
2  tab. 

Descriptors:  'Drinking  water,  'Water  treatment, 
'Developing  countries,  Water  supply,  Sanitation, 
Management  planning. 

A  plan  to  organize  an  American  Water  Works 
Association  (AWWA)-sponsored  program  that 
would  provide  technical  assistance  and  training  to 
help  less  developed  countries  improve  their  drink- 
ing water  supply  and  sanitation  services  is  pro- 
posed. This  program  involves  coordinating  the  ef- 
forts of  national  and  world-wide  organizations  in 
regard  to  funding  and  project  development.  Initial 
activities  should  be  undertaken  under  the  direction 
of  the  AWWA  International  Affairs  Committee, 
the  primary  focus  being  on  mobilizing  support  and 
raising  funds  sufficient  to  hire  a  consultant  or  inter- 
im executive  director  to  assume  the  following  re- 
sponsibilities: (1)  preparation  of  proposals  for  foun- 
dation seed  money;  (2)  preparation  of  a  detailed 
activities  plan;  (3)  development  of  a  roster  of  re- 
tired utility  professionals,  consultants,  and  manu- 
facturers' personnel  who  would  volunteer  for  as- 
signments; and  (4)  identification  of  other  activities 
that  could  be  implemented  quickly  and  with  mini- 
mal funding.  (Male-PTT) 
W90-04898 


EXTERNAL  CORROSION  IN  DISTRIBUTION 
SYSTEMS. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
D.  K.  O'Day. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5F— Water  Treatment  and  Quality  Alteration 


2! 


Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  81,  No.  10,  p  45-52,  October  1989 
6  fig,  5  tab,  2 1  ref. 

Descriptors:  'Water  distribution,  'Water  treat- 
ment, 'Corrosion,  Water  mains,  Structural  behav- 
ior. 

Many  utilities  do  not  appreciate  the  fact  that  rou- 
tine breaks  of  metal  water  mains  often  result  from 
deterioration  caused  by  gradual  external  corrosion. 
The  basic  terms  and  conditions  of  galvanic  and 
electrolytic  corrosion  are  outlined.  Case  studies 
illustrate  causes  of  external  corrosion  of  under- 
ground metal  mains  and  describe  methods  to  con- 
trol external  corrosion.  The  role  of  soil  in  external 
corrosion  is  discussed.  An  evaluation  of  the  effects 
of  soil  corrosivity  involves  the  role  of  soil  charac- 
teristics; sulfate-reducing  bacteria;  and  soil  chemis- 
try such  as  pH,  redox  potential,  sulfides,  and  mois- 
ture. Critical  research  needs  identified  include  pro- 
longing existing  main  life,  identifying  and  control- 
ling electrolytic  corrosion  problems,  and  evaluat- 
ing the  economics  of  corrosion  control  for  new 
mains.  (Male-PTT) 
W90-04899 


MINIMIZING  THM  FORMATION  DURING 
CONTROL  OF  THE  ASIATIC  CLAM:  A  COM- 
PARISON OF  BIOCIDES. 

Houston  Univ.,  TX.  Dept.  of  Biology. 

G.  N.  Cameron,  J.  M.  Symons,  S.  R.  Spencer,  and 

J.  Y.  Ma. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  81,  No.  10,  p  53-62,  October  1989. 

6  fig,  5  tab,  50  ref. 

Descriptors:  'Water  treatment,  'Chlorination, 
'Trihalomethanes,  'Clams,  Organic  compounds, 
Biocides,  Corbicula,  Water  conveyance. 

In  many  parts  of  the  United  States,  water  utilities 
with  highly  organic  source  waters  and  long  source 
water  transmission  lines  are  troubled  by  Corbicula 
fluminea,  the  Asiatic  clam.  The  traditional  method 
of  control,  free  chlorination,  often  can  no  longer 
be  used  because  of  the  formation  of  excessive 
amounts  of  trihalomethanes  (THMs).  The  effec- 
tiveness of  six  biocides  (potassium  permanganate, 
copper,  chloramine,  free  chlorine,  bromamine,  and 
chlorine  dioxide)  for  controlling  the  juvenile  Asiat- 
ic clam  was  compared.  Because  hydraulic  deten- 
tion time  in  the  distribution  pipeline  was  short  (15- 
18  h)  and  animals  could  exit  the  system  and  hence 
minimize  exposure  to  biocides,  biocide  effective- 
ness was  monitored  in  an  arbitrarily-selected  24-h 
period.  The  study  showed  that,  in  a  24-h  period, 
free  chlorine  (which  also  produced  THMs), 
copper,  and  potassium  permanganate  were  ineffec- 
tive; bromamines,  although  somewhat  effective, 
produced  THMs;  and  chlorine  dioxide  and  chlora- 
mines  were  effective.  From  a  cost  and  ease-of- 
handling  point  of  view,  chloramine  was  the  biocide 
of  choice.  (See  also  W90-04901)  (Male-PTT) 
W90-04900 


EFFECT  OF  TEMPERATURE  AND  PH  ON 
THE  TOXICITY  OF  MONOCHLORAMINE  TO 
THE  ASIATIC  CLAM. 

Houston  Univ.,  TX.  Dept.  of  Biology. 

G.  N.  Cameron,  J.  M.  Symons,  D.  Bushek,  and  R. 

Kulkarni. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  81,  No.  10,  p  62-71,  October  1989. 

5  fig,  6  tab,   15  ref.  Financial  assistance  for  this 

research  provided  by  the  CWA  and  the  University 

of  Houston  Computing  Center. 

Descriptors:  'Trihalomethanes,  'Water  convey- 
ance, 'Clams,  Methane,  Organic  compounds,  Bio- 
cides, Water  temperature.  Hydrogen  ion  concen- 
tration, Corbicula. 

The  Asiatic  clam  (Corbicula  fluminea)  has  become 
a  pest  to  many  users  of  freshwater  transmission 
systems.  Monochloramine  has  been  suggested  as  a 
biocide  because  it  is  effective  and  the  formation  of 
trihalomethanes  is  low.  Flow-through  aquariums,  a 
laboratory  incubator,  and  a  pilot-scale  pipeline 
were  used  to  show  that  monochloramine  concen- 
trations between    1   and    10  milligrams  per  liter 


effectively  killed  juvenile  clams  over  a  wide  range 
of  water  temperatures,  with  mortality  increasing 
significantly  with  temperature.  The  reduction  in 
clam  mortality  as  water  temperature  decreases  can 
be  overcome  by  corresponding  increases  in  biocide 
concentration.  An  equation  is  provided  that  pre- 
dicts the  kill  that  would  be  achieved  at  a  given 
biocide  residual  and  water  temperature.  The  pH 
did  not  affect  the  efficacy  of  the  biocide.  (See  also 
W90-04900)  (Author's  abstract) 
W90-04901 


EC  DIRECTIVE  ON  DRINKING  WATER  (EEC 

80/778). 

Severn-Trent  Water  Authority  (England). 

R.  A.  Breach. 

Journal  of  the  Institution  of  Water  Engineers  and 

Scientists   JIWSDI,    Vol.    3,    No.    4,    p    323-327 

August  1989. 

Descriptors:  'Drinking  water,  'United  Kingdom, 
•Water  treatement,  'Europe,  Legislation,  Monitor- 
ing, Standards,  Public  health. 

The  European  Drinking  Water  Directive  has  had 
more  major  implications  for  the  United  Kingdom 
than  were  anticipated.  Although  the  inadequacies 
of  the  Directive  are  becoming  increasingly  recog- 
nized, there  is  no  doubt  that  it  has  had  a  major 
impact  on  the  UK  water  industry,  much  of  which 
will  be  beneficial  in  the  long  term.  However,  it  has 
provided  a  significant  challenge  to  water  suppliers 
on  technical  and  environmental  issues,  as  well  as  in 
new  areas  such  as  publicity  and  customer  aware- 
ness. There  are  four  main  differences  between  UK 
and  other  European  water  supply  infrastructure: 

(1)  Seventy-five  percent  of  the  UK  water  supply  is 
of  surface  origin  and  receives  conventional  treat- 
ment compared  with  33%  for  the  rest  of  Europe; 

(2)  UK  systems  are  less  extensive  or  integrated;  (3) 
the  UK  has  an  effective  and  open  monitoring 
system  for  water  quality  due  to  the  small  number 
of  water  authorities;  and  (4)  the  UK  has  a  small  but 
effective  group  of  environmental  pressure  groups. 
The  impact  of  the  Directive  on  the  UK  will  be  in 
the  areas  of:  (1)  clarity  of  standards;  (2)  publicity; 
and  (3)  improved  service.  The  principle  of  having 
sensible,  common  European  standards  for  drinking 
water  quality  will  ultimately  be  beneficial  despite 
the  acknowledged  number  of  technical  difficulties. 
(Author's  abstract) 

W90-04902 


ECOLOGY  AND  SURVIVAL  OF  LEGIONELLA 
PNEUMOPHILA. 

Thames  Water  Authority,  London  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04905 


WELLFIELD  DEVELOPMENT  FOR  URBAN 
WATER  SUPPLIES  IN  PDR  YEMEN. 

J.  C.  Davey. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  4,  p  413-422 
August  1989.  4  fig,  1  tab,  9  ref. 

Descriptors:  'Water  supply,  'Water  supply  devel- 
opment, 'Groundwater  potential,  'Yemen,  Urban 
areas,  Geohydrology,  Potable  water,  Wells. 

Internationally-funded  groundwater  projects  have 
recently  been  completed  for  the  main  urban  areas 
of  People's  Democratic  Republic  of  Yemen:  (1) 
Improvements  at  Bir  Nasir  and  the  commissioning 
of  the  Upper  Abyan  well  field  have  led  to  en- 
hanced supplies  throughout  Greater  Aden;  (2) 
after  years  of  shortages  Al  Mukalla  can  look  for- 
ward to  adequate  water  supplies  when  the  An 
Nagah  wellfield  is  commissioned  and  remedial 
works  to  optimize  existing  investment  at  Wadi 
Buwaysh  are  completed;  and  (3)  further  develop- 
ments at  Seiyun  and  farther  east  will  help  to  spread 
the  benefits  of  a  new  water  supply  system  through- 
out the  Hadramaut  valley.  The  necessary  resources 
to  secure  potable  supplies  into  the  next  century 
have  been  proved  in  Cretaceous  sandstone,  Eocene 
limestone  and  Quaternary  clastic  aquifers,  and  their 
investigation  has  highlighted  the  importance  of 
comprehensive  hydrogeological  studies  prior  to 
permanent   works  design   and   construction.   The 


projects  discussed  will  improve  the  quantity,  qual- 
ity and  accessibility  of  potable  water  to  nearly  one 
third  of  the  country's  population.  (Author's  ab- 
stract) 
W90-04913 


EFFICACY  OF  COPPER  AND  SILVER  IONS 
AND  REDUCED  LEVELS  OF  FREE  CHLO- 
RINE IN  INACTIVATION  OF  LEGIONELLA 
PNEUMOPHILA. 

Arizona  Univ.,  Tucson.  Dept.  of  Microbiology  and 
Immunology. 

L.K.  Landeen,  M.  T  Yahya,  and  C.  P.  Gerba. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  55,  No.  12,  p  3045-3050,  Decem- 
ber 1989.  4  fig,  6  tab,  37  ref. 

Descriptors:  'Water  treatment,  'Chlorination, 
'Copper,  'Silver,  'Legionella,  'Disinfection,  Bac- 
tericides, Water  conditioning,  Chemical  treatment. 

Water  disinfection  systems  utilizing  electrolytically 
generated  copper  and  silver  ions  (200  and  20,  400 
and  40,  or  800  and  80  microgram/L)  and  low 
levels  of  free  chlorine  (0.1  to  0.4  mg/L)  were 
evaluated  at  room  (21  to  23  C)  and  elevated  (39  to 
40  C)  temperatures  in  filtered  well  water  (pH  7.3) 
for  their  efficacy  in  inactivating  Legionella  pneu- 
mophila. At  room  temperature,  a  contact  time  of  at 
least  24  hours  was  necessary  for  copper  and  silver 
(400  and  40  microgram/L)  to  achieve  a  3-logl0 
reduction  in  bacterial  numbers.  As  the  copper  and 
silver  concentration  increased  to  800  and  80  micro- 
gram/L, the  inactivation  rate  significantly  in- 
creased from  .00287  to  .00750  (log  reduction  per 
minute).  In  water  systems  with  and  without  copper 
and  silver  (400  and  40  microgram/L),  the  inactiva- 
tion rates  significantly  increased  as  the  free  chlo- 
rine concentration  increased  from  0. 1  mg/L  (inac- 
tivation rate  =  0.397  log  reduction  per  min)  to  0.4 
mg/L  (inactivation  rate  =  1.047  log  reduction  per 
min).  Compared  to  room  temperature,  no  signifi- 
cant differences  were  observed  when  0.2  mg  of 
free  chlorine  per  liter  with  and  without  400  and  40 
microgram  of  copper  and  silver  per  liter  was  tested 
at  room  temperature.  All  disinfection  systems,  re- 
gardless of  temperature  or  free  chlorine  concentra- 
tion, showed  increase  inactivation  rates  when  400 
and  40  microgram  of  copper  and  silver  per  liter 
was  added;  however,  this  trend  was  significant 
only  at  0.4  mg  of  free  chlorine  per  liter.  (Author's 
abstract) 
W90-04931 


COMPARISON  OF  MEMBRANE  FILTRATION 
AND  AUTOANALYSIS  COLILERT  PRESENCE- 
ABSENCE  TECHNIQUES  FOR  ANALYSIS  OF 
TOTAL  COLIFORMS  AND  ESCHERICHIA 
COLI  IN  DRINKING  WATER  SAMPLES. 
Glenmore  Waterworks  Lab.,  Calgary  (Alberta). 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04933 


ENUMERATION  OF  ENTEROBACTER  CLOA- 
CAE AFTER  CHLORAMINE  EXPOSURE. 

Montana  State  Univ  ,  Bozeman.  Dept.  of  Microbi- 
ology. 

S.  K.  Watters,  B.  H.  Pyle,  M.  W.  LeChevallier, 
and  G.  A.  McFeters. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  55,  No.  12,  p  3226-3228,  Decem- 
ber 1989.  2  fig,  1  tab,  17  ref.  American  Water 
Works  Association  Research  Foundation  grant 
309-87. 

Descriptors:  'Bacterial  analysis,  'Enterobacter, 
'Coliforms,  'Disinfection,  'Chlorination,  Chlor- 
amine, Enterobacter,  Culturing  techniques,  Water 
treatment. 

Growth  of  Enterobacter  cloacae  on  various  media 
was  compared  after  disinfection.  This  was  done  to 
examine  the  effects  of  monochloramine  and  chlo- 
rine on  the  enumeration  of  coliforms.  The  media 
used  were  TLY  (nonselective;  5.5%  tryptic  soy 
broth,  0.3%  yeast  extract,  1.0%  lactose,  and  1.5% 
Bacto-Agar),  m-T7  (selective;  developed  to  recov- 
er injured  coliforms),  m-Endo  (selective;  contains 
sodium  sulfite),  TLYS  (TLY  with  sodium  sulfite), 
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and  m-T7S  (m-T7  with  sodium  sulfite).  Sodium 
sulfite  in  any  medium  improved  the  recovery  of 
chloramine-treated  E.  cloacae.  However,  sodium 
sulfite  in  TLYS  and  m-T7S  did  not  significantly 
improve  the  detection  of  chlorine-treated  E.  cloa- 
cae, and  m-Endo  was  the  least  effective  medium 
for  recovering  chlorinated  bacteria.  Differences  in 
recovery  of  chlorine-treated  and  chloramine-treat- 
ed E.  cloacae  are  consistent  with  mechanistic  dif- 
ferences between  the  disinfectants.  (Author's  ab- 
stract) 
W90-04937 

RELATIONSHIPS  AMONG  TRIHALOMETH- 
ANE  FORMATION  POTENTIAL,  ORGANIC 
CARBON  AND  LAKE  ENRICHMENT. 

Pittsburg  State  Univ.,  KS.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04942 

COMPARISON  OF  ALGAL  PENETRATION 
THROUGH  RAPID-GRAVITY  FILTER  BED. 

A.  Watson. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No.  5,  p 
443-450,  October  1989.  8  fig,  5  tab,  9  ref. 

Descriptors:  *Gravity  filters,  'Activated  carbon, 
♦Sand  filters,  *Filter  media,  *Water  treatment, 
•Taste-producing  algae,  Turbidity,  Particulate 
matter,  Organic  carbon,  Iron,  Odor  control,  Coal, 
Chlorine,  Hydrogen  ion  concentration,  Zooplank- 
ton,  Performance  evaluation. 

Four  filter  media  were  evaluated  in  various  filter 
configurations  for  their  ability  to  remove  algae, 
particulate  organic  carbon,  iron,  turbidity,  and 
chlorine  from  influent  water  to  the  Grafham  Water 
Treatment  Works.  Filter  1  contained  fine  granular 
activated  carbon  (GAC),  Filter  2  was  a  combina- 
tion of  anthracite  and  sand,  Filter  3  consisted  of 
coarse  GAC/sand,  and  Filter  4  was  a  mixture  of 
anthracite/sand/garnet.  Granular  activated  carbon 
performed  marginally  less  well  than  anthracite/ 
sand  or  anthracite/sand  or  anthracite/sand/garnet 
in  the  removal  of  algae,  particulate  organic  carbon, 
iron  and  turbidity.  The  lengths  of  run  achieved  by 
the  two  granular  activated  carbon  filters  were 
shorter  than  those  of  the  other  two  media.  A  three- 
layer  filter  is  better  than  the  anthracite/sand  filter 
for  particulate  organic  carbon,  iron  and  turbidity 
removal,  and  the  filtrate  of  this  filter  configuration 
contained  lower  mean  concentrations  of  algae. 
Penetration  of  Cyclops  strenuus  was  greatest 
through  the  fine  GAC  filter,  and  there  were  virtu- 
ally no  Cyclops  found  in  the  three-layer  filtrate. 
After  an  initially  higher  level  of  penetration 
through  the  anthracite/sand  filter  than  the  coarse 
GAC/sand  filter,  these  two  media  showed  little 
difference  in  the  second  half  of  the  year.  (Geiger- 
PTT) 
W90-05010 


INSTRUMENTATION,  CONTROL  AND  AUTO- 
MATION: THE  GRAMPIAN  WAY. 

Grampian  Regional  Council,  Aberdeen  (Scotland). 
Dept.  of  Water  Services. 
A.  L.  Gordon. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No.  5,  p 
459-464,  October  1989.  3  fig. 

Descriptors:  'Instrumentation,  'Scotland,  'Warn- 
ing systems,  'Telemetry,  'Water  treatment  facili- 
ties, 'Automation,  'Process  control,  Reservoir  op- 
eration, Water  treatment,  Computers. 

A  regional  telemetry  scheme  was  initiated  at 
northeastern  Scotland's  Turriff  water  treatment 
works  to  replace  the  existing  process  control  com- 
puter which  could  not  be  economically  repaired  in 
the  event  of  a  major  breakdown.  The  new  system 
was  given  an  envelope  of  predicted  values,  which 
when  exceeded  would  produce  an  alarm.  This 
philosophy  was  extended  to  cover  control  of 
pumps,  using  reservoir  levels.  The  contract  to  in- 
stall the  new  telemetry  system  covered  not  only 
the  equipment  needed  to  replace  the  Turriff  com- 
puter and  its  satellites,  but  also  divisional  master 
stations  at  Fraserburgh  and  Inverurie  so  that  infor- 


mation could  be  passed  to  the  operations  rooms 
there.  A  telephone  network  was  chosen  to  allow 
connection  of  outstations  as  added  and  required. 
The  information  initially  provided  in  the  contract 
on  power  requirements  for  the  telemetry  system 
was  insufficient  and  upgraded  equipment  had  to  be 
provided.  The  new  system  was  fully  operational 
by  July  1988.  Under  the  new  telemetry  system  if 
an  alarm  occurs,  an  outstation  will  try  to  contact 
its  master  station  or  take  fail  safe  measures  when  an 
alarm  cannot  be  answered.  (Geiger-PTT) 
W90-05012 

TAMING  A  RIVER  WITH  NEW  TECHNOLO- 
GY. 

For  primary  bibliographic  entry  see  Field  4A. 
W90-05015 

MODELING  FOR  CLASS-I  SEDIMENTATION. 

Roorkee  Univ.  (India).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-05026 

ASSESSMENT  IN  RATS  OF  THE  GONADO- 
TOXIC  AND  HEPATORENAL  TOXIC  POTEN- 
TIAL OF  DIBROMOCHLOROPROPANE 
(DBCP)  IN  DRINKING  WATER. 

National  Toxicology  Program,  Research  Triangle 

Park  NC. 

J.  J.  Heindel,  A.  S.  Berkowitz,  G.  Kyle,  R.  Luthra, 

and  J.  V.  Bruckner. 

Fundamental  and  Applied  Toxicology  FAATDF, 

Vol.  13,  No.  4,  p  804-815,  November  1989.  2  fig,  5 

tab,  37  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  'Toxici- 
ty, 'Bioassay,  'Drinking  water,  'Dibromochloro- 
pr'opane,  Blood,  Liver,  Rats,  Animal  physiology, 
Testes. 

This  investigation  was  undertaken  to  assess  the 
potential  of  ingested  l,2-dibromo-3-chloropropane 
(DBCP)  to  cause  testicular  and  hepatorenal  injury, 
in  light  of  the  paucity  of  data  applicable  to  risk 
assessment  of  DBCP  in  drinking  water.  Adult  male 
Sprague-Dawley  rats  were  supplied  ad  libitum 
with  water  containing  0,  5,  50,  100,  and  200  ppm 
DBCP  for  64  days.  A  dose-related  decrease  in 
water  consumption  occurred  during  the  study.  The 
200-ppm  animals  drank  less  than  half  as  much 
water  as  controls,  consumed  less  food,  and  subse- 
quently exhibited  significantly  lower  body  weight 
gain.  Average  daily  intake  of  DBCP  for  the  64-day 
exposure  period  was  as  follows:  5  ppm =0.4  mg/ 
kg/day;  50  ppm  =  3.3  mg/kg/day;  100  ppm  =  5.4 
mgAg/day;  200  ppm  =  9.7  mgAg/day.  Blood  sam- 
ples were  taken  after  2,  4,  and  6  weeks  of  exposure 
and  at  the  terminal  sacrifice  and  assayed  for  serum 
glutamic-oxaloacetic  transaminase,  glutamic-pyru- 
vic transaminase,  sorbitol  dehydrogenase,  and  orni- 
thine-carbamyl  transferase  activities  and  BUN 
levels.  No  evidence  of  liver  damage  at  any  expo- 
sure level  was  indicated  by  either  the  clinical 
chemistry  indices  or  histopathology.  Histologic  ex- 
amination revealed  an  apparent  increase  in  the 
number  of  nuclei  per  renal  proximal  tubule  cross- 
section  in  the  200-ppm  group,  possibly  indicative 
of  an  increased  turnover  of  proximal  tubular  cells. 
A  slight,  but  statistically  significant,  decrease  in 
absolute  testicular  weight  was  manifest  in  the  200- 
ppm  animals,  although  the  decrease  was  not  signif- 
icant when  testicular  weight  was  calculated  as  g/ 
100  g  body  wt.  Epididymal  sperm  counts  and 
serum  luteinizing  hormone,  follicle  stimulating  hor- 
mone, and  intratesticular  testosterone  levels  were 
not  altered  by  any  dose  of  DBCP.  A  qualitative 
histopathological  examination  of  the  testicular  sem- 
iniferous epithelium  failed  to  reveal  any  abnormali- 
ties in  the  spermatogenic  process.  (Author's  ab- 
stract) 
W90-05046 


DEVELOPMENT  OF  THE  PIPE  LOOP 
SYSTEM  FOR  DETERMINING  EFFECTIVE- 
NESS OF  CORROSION  CONTROL  CHEMI- 
CALS IN  POTABLE  WATER  SYSTEMS. 

Construction  Engineering  Research  Lab.  (Army), 

Champaign,  IL. 

T.  M.  Prakash,  R.  J.  Scholze,  C.  H.  Neff,  S.  W. 

Maloney,  and  M.  Heath. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  AD-A200  105. 

Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 

USA-CERL  Technical  Report  N-88/12,  August 

1988.  56p,  15  fig,  11  tab,  54  ref. 

Descriptors:  'Testing  procedures,  'Potable  water, 
'Corrosion  control,  'Water  conveyance,  'Pipes, 
•Water  quality  control,  Maintenance,  Steel,  Water 
quality,  Fort  Bragg,  Fort  Monroe. 

In  the  Army's  12,000  miles  of  water  lines,  internal 
corrosion  slowly  destroys  a  large  investment  and 
creates  significant  problems  for  Army  water  treat- 
ment plant  operators,   who  try   to  maintain  the 
water  quality  at  acceptable  levels.  Corrosion  can 
be  slowed  using  corrosion-inhibiting  chemicals,  but 
it  is  difficult  to  measure  the  extent  of  corrosion  and 
the  effectiveness  of  inhibitors  without  excavating 
actual  pipes.  This  study  surveyed  corrosion-inhibit- 
ing water  quality  control  chemicals  and  methods 
for  monitoring  corrosion.  With  this  knowledge,  a 
pipe  loop  system  was  developed  and  installed  at 
Fort  Bragg,  NC  and  Fort  Monroe,  VA.  The  pipe 
loop   system   consists   of  common,   commercially 
available  components,  installed  compactly  on  a  4  ft 
by  4  ft  plywood  sheet.   Using  it,  several  metal 
coupons  and  lengths  of  pipe  can  be  exposed  to 
water  at  a  particular  stage  in  the  treatment  process. 
The  system's  standard,  multispecimen  design  lends 
itself  to  a  multitude  of  experimental  designs,  but  it 
is  especially  suited  for  side-by-side,  simultaneous 
testing.   Corrosion   rates  are  measured  using  the 
weight  loss  methods  specified  in  ASTM  Standard 
D-2688-83.  Preliminary  results  reported  are:  corro- 
sion rates-at  both  installations,  pipe  inserts  cor- 
roded faster  than  coupons  which  were  exposed  to 
the  same  water.   At  Fort  Monroe,  the  coupons 
corroded  less  in  the  water  treated  with  corrosion 
inhibitor,  but  no  difference  could  be  determined 
for  the  pipes.  At  Fort  Bragg,  the  corrosion  rate 
appeared  to  be  greater  for  specimens  in  treated 
water;  type  of  corrosion-mild  steel  specimens  ex- 
hibited significant  pitting.   The  corrosion  of  the 
galvanized  steel  specimens  was  more  general;  and 
'Red  Water'  problems-at  Fort  Bragg  the  normal 
corrosion  inhibiting  treatment  seemed  to  prevent 
'red   water,'   while   at   Fort  Monroe   it  did   not. 
(Lantz-PTT) 
W90-05148 

COMPTRAIN  GUIDE:  A  MANUAL  FOR  IM- 
PROVING THE  PERFORMANCE  OF  SMALL 
WATER  AND  WASTEWATER  SYSTEMS. 

National  Demonstration  Water  Project,  Washing- 
ton, DC. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-05163 

WATER  RESOURCES  OF  SOLEDAD,  POWAY, 
AND  MOOSA  BASINS,  SAN  DIEGO  COUNTY, 
CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
For  primary   bibliographic   entry   see   Field   5D. 

W90-05274 


OVERVIEW  OF  CONTAMINANT  HYDROLO- 
GY, GEOCHEMISTRY,  AND  MICROBIOLOGY 
AT  THE  CAPE  COD  TOXIC  WASTE  RE- 
SEARCH SITE. 

Geological  Survey,  Marlborough,  MA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05074 


CORROSIVE  GROUNDWATER  IN  THE  KIRK- 
WOOD-COHANSEY  AQUIFER  SYSTEM  IN 
THE  VICINITY  OF  OCEAN  COUNTY,  EAST- 
CENTRAL  NEW  JERSEY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-05275 

EVALUATING  WATER  AND  SANITATION 
PROJECTS:  LESSONS  FROM  IMO  STATE,  NI- 
GERIA. 

Health  Policy  and  Planning,  Vol.  4,  No.  1,  p.  40- 
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49,  March  1989.  19  ref. 

Descriptors:  'Drinking  water,  'Nigeria,  'Public 
health,  'Sanitation,  'Africa,  'Water  treatment, 
Boreholes,  Education,  Developing  countries, 
Human  diseases,  Water  pollution  control. 

The  Imo  State  Drinking  Water  Supply  and  Sanita- 
tion Project  in  Nigeria  was  a  pilot  study  launched 
in  late  1982.  In  the  three  intervention  villages,  the 
project  installed  boreholes  with  handpumps,  pro- 
moted ventilated  improved  pit  latrines,  provided 
health  and  hygiene  education  through  village- 
based  workers  and  encouraged  a  high  level  of 
community  involvement.  An  evaluation  of  the 
health  impact  was  an  integral  part  of  the  project's 
implementation  and  was  based  on  a  quasi-experi- 
mental design  with  two  control  villages.  The  eval- 
uation used  both  longitudinal  and  cross-sectional 
surveys  to  collect  information  over  the  3  1/2  year 
period  covering  the  pre-,  peri-,  and  post-interven- 
tion periods.  Diarrhea  and  dracunculiasis  (guinea 
worm  disease)  were  the  main  health  indicators 
studied.  In  addition  a  wide  range  of  intervening 
variables  was  also  examined.  The  project  experi- 
enced a  number  of  difficulties  with  implementa- 
tion, particularly  with  regard  to  the  sanitation  and 
educational  components,  because  of  the  experimen- 
tal approach  and  emphasis  on  community  involve- 
ment. Due  to  the  widespread  use  of  water  from 
boreholes,  the  project  showed  an  impact  on  dra- 
cunculiasis. The  impact  on  diarrhea  was  not  clear- 
ly shown  although  some  water-associated  behavior 
was  associated  with  a  lower  risk  of  diarrhea  in  the 
intervention  villages.  The  prevalence  of  wasting 
(under  80%  weight-for-height)  among  children 
under  three  years  of  age  decreased  significantly 
oyer  time  in  the  intervention  but  not  in  the  control 
villages.  The  lessons  learned  from  the  health 
impact  evaluation  have  important  implications  for 
future  studies.  (Author's  abstract) 
W90-05285 


PRIMARY  HEALTH  CARE:  WHY  HAS  WATER 
BEEN  NEGLECTED. 

Research  Triangle  Inst.,  Durham,  NC. 
M.  Yacoob,  W.  Brieger,  and  S.  Watts. 
Health  Policy  and  Planning,  Vol.  4,  No.  4,  p.  328- 
333,  December  1989.  22  ref.  US  Agency  for  Inter- 
national   Development   Contract   No.    5942-C-O0- 
4085-00. 

Descriptors:  'Water  treatment,  'Public  health, 
•Developing  countries,  'Water  supply  develop- 
ment, Water  pollution  control,  Water  resources 
management. 

Since  primary  health  care  became  'selective'  the 
need  for  clean  water  sources  has  largely  been 
neglected.  This  paper  highlights  both  the  econom- 
ic and  philosophical  necessity  to  look  again  at  the 
approach  to  primary  health  care.  An  observational 
study  from  Nigeria  is  used  to  exemplify  a  commu- 
nity where  a  clean  water  source  was  the  most 
urgent  need,  yet  was  ignored.  Guinea  worm  infes- 
tation therefore  caused  serious  disability  in  the 
community  and  resulted  in  a  reduced  uptake  of  the 
very  forms  of  'selective'  primary  health  care  that 
have  been  favored  internationally-breastfeeding, 
immunizations,  malaria  treatment  and  oral  rehydra- 
tion therapy.  In  particular,  the  effect  of  such  dis- 
ability on  women-who  have  prime  responsibility 
for  the  health  and  welfare  of  their  families-was 
seriously  underestimated,  to  the  detriment  of  child 
health  and  survival.  A  clean,  convenient  water 
supply  should  be  an  essential  component  of  pri- 
mary health  care.  (Author's  abstract) 
W90-05286 


EFFECT  OF  PARTICLE  SIZE  AND  BACK- 
GROUND NATURAL  ORGANICS  ON  THE  AD- 
SORPTION EFFICIENCY  OF  PAC. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

I.  N.  Najm,  V.  L.  Snoeyink,  M.  T.  Suidan,  C.  H. 

Lee,  and  Y.  Richard. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  1,  p.  65-72,  January  1990. 

9  fig,  2  tab,  33  ref. 

Descriptors:  'Water  treatment,  'Activated  carbon, 
•Humic  substances,   Powdered  activated  carbon, 


Removal  efficiency,  Trichlorophenol,  Groundwat- 
er. 

The  objectives  of  this  study  were  to  determine  the 
efficiency  of  adsorption  of  powdered  activated 
carbon  (PAC)  for  a  typical  synthetic  organic 
chemical,  to  evaluate  the  importance  of  particle 
size  and  background  organics,  and  to  develop  a 
procedure  to  predict  the  performance  of  PAC. 
Results  showed  that  performance  can  be  signifi- 
cantly improved  by  using  smaller-size  PAC  but 
that  the  rate  of  adsorption  and  PAC  capacity  are 
markedly  reduced  when  naturally  occurring  humic 
substances  are  present  in  the  groundwater.  Accu- 
rate predictions  of  the  removal  of  trace  organics 
by  PAC  in  a  continuously  stirred  tank  reactor 
were  made  by  running  equilibrium  and  closed- 
batch  kinetic  tests,  determining  equilibrium  and 
kinetic  constants,  and  using  an  equation  to  deter- 
mine the  removal  efficiency  of  the  PAC  for  any 
contact  time.  The  removal  of  500  microg  2,4,6,- 
trichlorophenol  (TCP)/L  from  groundwater  by  25 
mg  PAC/L  in  the  completely  mixed  slurry  contac- 
tor was  predicted  to  drop  from  75.4  to  38.7  percent 
for  a  contact  time  of  20  min.  in  the  presence  of 
humic  substances.  (Author's  abstract) 
W90-05292 


DROUGHT  MANAGEMENT  OF  EXISTING 
WATER  SUPPLY  SYSTEM. 

Water  Resources  Management,  Inc.,  Columbia, 
MD. 

D.  Randall,  M.  H.  Houck,  and  J.  R.  Wright. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  1,  p.  1-20, 
January/February    1990.    16  fig,   2  tab,    15  ref,  3 
append. 

Descriptors:  'Water  treatment  facilities,  'Drought, 
•Water  conservation,  Model  studies,  Case  studies, 
Indianapolis. 

A  multi-objective  linear  program  is  developed  to 
study  the  operation  of  a  metropolitan  water  supply 
system  during  drought.  The  Indianapolis  Water 
Company  is  used  as  a  case  study.  Twelve  pressure 
districts,  three  reservoirs,  and  eight  supply  sources 
are  included  in  the  model.  Four  noncommensurate 
and  conflicting  objectives  identified  and  built  into 
the  linear  program  include  maximization  of:  (1)  net 
revenue;  (2)  reliability;  (3)  storage  at  the  end  of  the 
optimization  horizon;  and  (4)  streamflows.  The 
model  is  used  to  analyze  operations  during  the 
drought  of  record  and  to  develop  trade-off  curves 
among  the  objectives.  The  model  consists  of  five 
fundamental  components:  a  pumping-cost-by-pres- 
sure-district  model;  a  streamflow  generation 
model;  a  reservoir  loss  model;  a  daily  district 
demand  model;  and  a  well  field  model.  With  some 
modifications,  the  model  can  be  used  to  analyze 
short-term  operation.  In  addition,  the  model  can  be 
used  to  find  'bottle  necks'  in  the  system,  and  deter- 
mine the  effect  of  modifications  to  the  system. 
(Author's  abstract) 
W90-05299 


COMPARISON  OF  ALUMINIUM  PREPARA- 
TIONS AS  COAGULANTS  IN  WATER  TREAT- 
MENT. 

Tongji  Univ.,  Shanghai  (China).  Dept.  of  Environ- 
mental Engineering. 
C.  Yao,  and  C.  R.  O'Melia. 

Aqua  AQUAAA,  Vol.  30,  No.  6,  p  339-344,  De- 
cember 1989.  1  fig,  12  ref. 

Descriptors:  'Aluminum  chloride,  'Alum,  'Chem- 
ical coagulation,  'Water  treatment,  Particulate 
matter,  Dissolved  solids,  Turbidity,  Humic  acids, 
Fulvic  acids,  Sulfates,  Ions. 

In  conventional  water  treatment  systems,  the  re- 
moval of  particulate  and  dissolved  materials  is 
determined  primarily  by  the  effectiveness  of  co- 
agulation. When  alum  (A12(S04)3  .  14.3H20)  is 
used  in  coagulation,  the  actual  coagulant  species 
that  are  operative  in  the  process  are  formed  during 
and  after  the  alum  is  mixed  with  the  water  to  be 
treated;  Al(+  +  +)  and  S04(-)  are  not  directly 
involved  in  the  coagulation  process.  Laboratory 
experiments  were  conducted  to  compare  the  effec- 
tiveness of  four  aluminum  preparations  in  the  co- 


agulation of  synthetic  waters  containing  turbidity 
and  natural  organic  matter,  at  two  pH  levels  (5.5 
and  7.0)  and  two  temperatures  (20  and  4  C).  Two 
partially  neutralized  solutions  of  aluminum  chlo- 
ride (PAC1)  were  used  together  with  alum  and 
unneutralized  aluminum  chloride.  The  results  indi- 
cate that  partially  neutralized  solutions  of  alumi- 
num chloride  are  effective  at  lower  dosages  than 
other  aluminum  preparations  for  the  coagulation  of 
high-turbidity  waters,  particularly  at  low  tempera- 
tures or  acidic  pHs.  Among  the  aluminum  coagu- 
lants tested,  alum  is  the  choice  for  the  coagulation 
and  sedimentation  of  most  other  waters.  This  in- 
cludes supplies  with  low  turbidity  and  also  waters 
containing  humic  substances.  Both  preparations  re- 
acted with  humic  substances,  but  alum  provided 
better  removals  of  fulvic  acid  at  lower  dosages  in 
jar  tests.  It  is  suggested  that  the  sulfate  present  in 
alum  is  an  important  factor  in  the  removal  of 
humic  substances  by  aluminum.  (VerNooy-PTT) 
W90-05315 


MATHEMATICAL  MODELLING  OF  WATER 
DISTRIBUTION  NETWORKS  UNDER 

STEADY-STATE  CONDITIONS:  RECENT  DE- 
VELOPMENTS AND  FUTURE  PROJECTS, 
(MODELISATION  DES  RESEAUX  DE  DISTRI- 
BUTION D'EAU  EN  REGIME  PERMANENT: 
EVOLUTIONS  RECENTES  ET  PERSPEC- 
TIVES). 

Societe  Anonyme  Francaise  d'Etudes,  de  Gestion, 
et  d'Enterprise,  Nanterre  (France). 
B.  Bos,  and  P.  A.  Jarrige. 

Aqua  AQUAAA,  Vol.  30,  No.  6,  p  352-357,  De- 
cember 1989.  2  ref.  English  summary. 

Descriptors:  'Mathematical  models,  'Water  distri- 
bution, 'Computer  models,  'Network  design, 
Computers,  Simulation  analysis,  Water  manage- 
ment, Algorithms,  Graphical  analysis,  Future  plan- 
ning. 

This  article  points  out  the  advantages  of  mathemat- 
ical modeling  of  a  water  distribution  system  as  well 
as  the  difficulties  connected  with  obtaining  a  truly 
representative  model.  It  then  reviews  the  past  evo- 
lution of  software  for  analysis  of  water  distribution 
networks  under  steady-state  conditions.  By  means 
of  an  example,  a  demonstration  is  made  of  the 
development  taking  place  using  tools  having  great- 
ly improved  performance.  Areas  of  progress  in- 
clude calculation  speed,  facility  of  access,  and  most 
importantly,  facilities  available  to  the  user  for  rap- 
idly analyzing  results  of  the  simulations  using  elec- 
tive and  advanced  presentations  on  a  color  visual 
display  unit.  After  a  brief  review  of  the  new  appli- 
cations of  this  software,  particularly  for  computer- 
aided  decision  making,  the  prospects  of  future  de- 
velopment are  examined,  with  special  reference  to 
the  field  of  water  quality  in  the  networks.  (Au- 
thor's abstract) 
W90-05317 


WATER  SUPPLY  AND  SANITATION  IN 
RURAL  DEVELOPMENT  AID  COOPERATION 
PROGRAMMES. 

Helsinki  Univ.  (Finland).  Dept.  of  Limnology. 
P.  Lehmusluoto. 

Aqua  Fennica  AQFEDI,  Vol.  19,  No.  1,  p  75-81, 
1989.  2  fig,  1  tab,  24  ref. 

Descriptors:  'Developing  countries,  'Diseases, 
•Water  supply,  *Sanitation,  Cost  analysis,  Eco- 
nomic aspects,  Public  health,  Political  aspects, 
Governmental  interrelations. 

Many  health-related  problems  can  be  largely  at- 
tributed to  inadequate  water  supply  and  sanitation 
services.  The  present  contributions  and  activities  in 
this  sector  fail  to  ensure  minimum  services  to  a 
large  proportion  of  rural  people  in  the  developing 
world.  The  first  half  of  the  International  Drinking 
Water  Supply  and  Sanitation  Decade  (IDWSSD) 
has  failed  to  observe  any  appreciable  increase  in 
the  coverage  of  the  services,  in  fact,  sanitation 
services  have  actually  decreased  and  morbidity, 
disability  and  mortality  rates  are  high,  due  to  the 
prevalence  of  disease.  Recent  technical  interven- 
tions are  only  a  part  of  multiple  and  complex 
development  processes,  which  should  primarily  be 
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focused  on  the  consumer.  The  project  cycle  con- 
cept may  be  relevant  in  project  follow-up,  but  it 
may  be  of  minor  importance  in  impact  evaluation. 
Programs  and  projects  should  have  a  wider  scope 
and  take  into  account  the  sustainability  and  viabili- 
ty of  the  services  provided  by  the  investments.  The 
preparation  and  planning  of  programs  and  the  cost- 
recovery  issues  in  the  context  of  grant  aid  may 
need  reconsideration  (Author's  abstract). 
W90-05347 


DETECTION  OF  COLIPHAGES  AND  ENTER- 
OVIRUSES IN  DRINKING  WATER  AND  ITS 
SOURCES. 

Vyskumny  Ustav  Preventivneho  Lekarstva,  Bratis- 
lava (Czechoslovakia). 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05481 

5G.  Water  Quality  Control 

ECONOMIC  TARGETING  OF  NONPOINT 
POLLUTION  ABATEMENT  FOR  FISH  HABI- 
TAT PROTECTION. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Ag- 
ricultural Economics. 

J.  B.  Braden,  E.  E.  Herricks,  and  R.  S.  Larson. 
Water  Resources  Research  WRERAQ,  Vol.  25, 
No.  12,  p  2399-2405,  December  1989.  3  fig,  40  ref. 
Illinois-Indiana  Sea  Grant  Program  project  SG-083 
and  Agricultural  Experiment  Station,  College  of 
Agriculture,  University  of  Illinois,  project  0334. 

Descriptors:  *Model  studies,  'Water  pollution  con- 
trol, 'Watershed  management,  'Fisheries,  'Agri- 
cultural runoff,  Fish  habitats,  Farm  management, 
Economic  aspects,  Model  studies,  Michigan. 

A  model  is  presented  which  relates  farm  econom- 
ics, pollutant  delivery,  fisheries  habitat  quality  and 
reliability,  and  spatial  optimization.  The  model 
identifies  the  most  profitable  cropping  practices 
which  provide  an  acceptable  level  of  risk  of  im- 
pairment to  the  physical  and  chemical  fish  habitat. 
The  potential  of  the  model  as  a  watershed  manage- 
ment aid  is  demonstrated  with  an  application  to 
salmonid  habitat  in  a  Lake  Michigan  tributary.  The 
93-ha  site  in  Berrien  Co.,  Michigan  was  divided 
into  nine  catchments  containing  19  land  manage- 
ment units  (LMUs).  Each  of  the  twelve  farm  man- 
agement alternatives  included  one  of  three  tillage 
practices  (conventional,  conservation,  and  no-till), 
one  of  two  crop  rotations,  and  one  of  two  mechan- 
ical practices  (vertical  plowing  and  contour  plow- 
ing). The  three  most  heavily  used  pesticides  were 
considered:  atrazine,  carbofuran,  and  cyanazine. 
All  three  are  used  in  varying  amounts  in  all  man- 
agement alternatives.  The  results  indicate  that  se- 
lective tillage  changes  constitute  an  optimal  ap- 
proach to  habitat  protection  at  modest  levels  of 
quality  and  reliability  but  are  a  poor  approach  for 
high  quality  and  reliability  because  of  pesticide 
effects.  Those  effects  are  best  addressed  with  a 
mixture  of  crop  and  cultivation  changes  rather 
than  tillage  changes  alone.  (Author's  abstract) 
W90-04657 


TOXICOLOGY  STUDIES  OF  A  CHEMICAL 
MIXTURE  OF  25  GROUNDWATER  CONTAMI- 
NANTS: II.  IMMUNOSUPPRESSION  IN  B6C3F 
MICE. 

National  Toxicology  Program,  Research  Triangle 

Park,  NC. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-O4698 


SEQUENCING  BATCH  REACTOR  ACTIVAT- 
ED SLUDGE  PROCESSES  FOR  THE  TREAT- 
MENT OF  MUNICIPAL  LANDFILL  LEACH- 
ATE.  REMOVAL  OF  NITROGEN  AND  RE- 
FRACTORY ORGANIC  COMPOUNDS. 
National  Inst,  for  Environmental  Studies,  Tsukuba 
(Japan). 

For  primary   bibliographic   entry   see   Field   5D. 
W90-04737 


BIOPHYSICAL  TREATMENT  FACILITY  FOR 
HAZARDOUS  WASTE  LANDFILL  LEA- 
CHATES. 

BKK  Corp.,  West  Covina,  CA.  Landfill  Div. 

For   primary   bibliographic   entry   see   Field   5D. 

W90-04738 


ROLE  OF  SULFATE-REDUCING  BACTERIA 
IN  THE  ESTABLISHMENT  OF  THE  METHAN- 
OGENIC  PHASE  OF  REFUSE  STABILIZA- 
TION. ,  „.  , 
Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 
Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 
W90-04747 


DEVELOPMENT      OF      DIALOG      SYSTEM 

MODEL  FOR  EUTROPHICATION  CONTROL 

BETWEEN     DISCHARGING     RIVER     BASIN 

AND    RECEIVING    WATER    BODY    -    CASE 

STUDY  OF  LAKE  SAGAMI  (JAPAN). 

Tokyo  Univ.  (Japan).  Inst,  of  Industrial  Science. 

M.  Suzuki,  K.  Chihara,  M.  Okada,  H.  Kawashima, 

and  S.  Hoshino. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.  12,  p  1821-1824,  1989.  2  fig,  1  ref. 

Descriptors:  'Water  pollution  control,  'Water 
quality  control,  'Lakes,  'Model  studies,  'Comput- 
er programs,  'Pollution  load,  'Eutrophication, 
Lake  Sagami,  Japan,  Expert  systems,  Water  man- 
agement, River  basins,  Mathematical  models. 

An  expert  system  was  used  to  estimate  the  present 
water  quality  status  of  a  typical  polluted  river 
basin,  the  Katsura,  which  flows  into  Lake  Sagami. 
The  functions  of  the  expert  system  include  the 
following:  (1)  input  of  data  on  river  basins,  admin- 
istrative districts,  and  pollutant  sources;  (2)  input 
of  data  on  pollutant  load  per  unit  activity  of 
sources,  numbers  or  areas  of  pollutant  sources,  and 
rate  of  pollutant  load  discharge;  (3)  calculation  and 
summation;  (4)  reference  database  and  tutorial;  (5) 
estimation  of  pollutant  load  runoff;  and  (6)  estima- 
tion of  water  quality  of  a  receiving  body  of  water. 
Water  quality  in  the  lake  (total  phosphorus  and 
chlorophyll)  was  simulated  by  using  total  runoff, 
measured  flow  rate,  and  lake  volume.  Comparison 
with  measured  values  coincided  almost  exactly 
with  the  actual  measurements.  (Cassar-PTT) 
W90-04780 


REMOVAL  OF  THE  GROUNDWATER  POLLU- 
TION BELOW  AN  ABANDONED  WASTE  OIL 
REFINERY. 

Trischler  (Dr.)  and  Partner,  Darmstadt  (Germany, 

F.R.). 

P.  Ripper,  and  H.  Fruchtenicht. 

Water  Science  and  Technology  WSTED4,  Vol  21, 

No.  12,  p  1841-1844,  1989.  5  fig. 

Descriptors:  'Water  pollution  treatment,  'Oily 
water,  'Groundwater  pollution,  'Oil  pollution, 
Hydrocarbons,  Chlorinated  hydrocarbons,  Soil 
treatment,  Aquifers,  Geohydrology,  Rehabilita- 
tion, Wells,  Organic  compounds,  Activated 
carbon,  Flocculation,  Sedimentation,  Sludge 
drying. 

Investigations  of  a  waste  oil  treatment  site  active 
for  about  40  years  near  Hanau,  Germany,  revealed 
a  waste  oil  layer  up  to  70  cm  thick  floating  on  the 
groundwater  about  3.5  m  below  the  surface.  The 
oil  contained  up  to  40  g/1  of  chlorinated  hydrocar- 
bons. Aromatic  solvents  were  also  present.  The 
water  beneath  the  oily  layer  was  saturated  with 
soluble  organic  solvents.  The  rehabilitation  project 
involves  wells  to  lower  the  groundwater  table  so 
that  oily  water  flows  toward  a  pumping  well.  The 
contaminated  water  is  treated  in  a  plant  comprised 
of  a  separator  for  floating  and  settleable  materials, 
a  stripping  column  for  volatile  substances,  activat- 
ed carbon  treatment  of  exhaust  air,  and  treatment 
of  water  from  the  stripping  column  by  floccula- 
tion. Pulverized  activated  carbon  is  added  to 
adsorb  remaining  organic  compounds  and  to  pre- 
pare the  floe  for  settling.  The  floe  is  treated  in  a 
sedimentation  plant,  and  the  sludge  is  dewatered  in 
chamber  filter  presses.  (Cassar-PTT) 
W90-04785 


Water  Quality  Control — Group  5G 

EUTROPHICATION  IN  THE  NETHERLANDS. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Nature  Conservation. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04799 


RIVER  QUALITY  MODELING:  FREQUENCY 
DOMAIN  APPROACH. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04821 


GREAT   LAKES    WATER    QUALITY    AGREE- 
MENT. 

Limno-Tech,  Inc.,  Ann  Arbor,  MI. 
For  primary  bibliographic  entry  see  Field  2H. 

W90-04875 


AGRICULTURAL   CONTAMINATION:   PROB- 
LEMS AND  SOLUTIONS. 

Agricultural    Research    Service,    Phoenix,    AZ. 

Water  Conservation  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04876 


CORRECTING  WIDESPREAD  CADMIUM 
CONTAMINATION. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agronomy. 
T.  J.  Logan,  and  D.  E.  Cassler. 
Water  Environment  and  Technology,  Vol.  1,  No. 
2,  p  312-315,  October  1989.  2  tab. 

Descriptors:  'Water  pollution  control,  'Cadmium, 
•Soil  contamination,  'Sludge  disposal,  'Fertilizers, 
'Sludge  utilization,  Agriculture. 

In  1964,  farmers  in  a  small  Pennsylvania  town 
began  applying  liquid  anaerobically  digested 
sludge  to  their  fields.  Additionally,  sludge  contin- 
ued to  be  dried  in  open  beds  and  was  readily 
available  to  anyone  on  request  and  widely  used  in 
the  community.  Nineteen  years  after  sludge  appli- 
cation began,  the  community  discovered  that  it 
had  unknowingly  created  a  serious  soil  contamina- 
tion problem.  The  accumulation  of  heavy  metals, 
especially  cadmium,  is  one  of  the  greatest  concerns 
associated  with  sludge  application.  An  example  of 
one  farm  burdened  with  cadmium  contamination 
and  the  lawsuit  involved  is  presented.  Methods 
used  for  determining  the  extent  of  contamination 
and  keeping  track  of  areas  that  use  sludge  include: 
1)  mapping  the  area,  2)  sampling  and  analysis,  3) 
notice  and  remediation,  and  4)  program  evaluation. 
These  results  will  be  used  for  recommendations  for 
treatment  of  other  contaminated  sites.  (Male-PTT) 
W90-04879 


WATER  QUALITY  INDEX  FOR  RIVER  MAN- 
AGEMENT. 

M.  A.  House. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  4,  p  336-344, 
August  1989.  3  fig,  7  tab,  16  ref.  Research  awards 
received  from  the  Natural  Environment  Research 
Council  and  from  the  National  Advisory  Body  for 
Public  Sector  Higher  Education. 

Descriptors:  'Pollution  index,  'Stream  pollution, 
'Water  quality,  Water  quality  standards,  'Rivers, 
•Water  pollution  control. 

The  theoretical  basis  underlying  the  development 
of  a  new  series  of  water  quality  indices  is  outlined. 
The  main  features  of  their  development  are  the 
incorporation  of  legally  adopted  water  quality 
standards  and  criteria  and  the  inclusion  of  informa- 
tion on  potential  water  use  and  toxic  determinands 
directly  within  their  structural  format.  Thus  an 
indication  of  a  change  in  the  economic  potential  of 
a  river  through  a  gradual  change  in  water  quality 
(and  hence  water  use)  can  be  obtained.  The  Gener- 
al Water  Quality  Index  (WQI)  has  been  applied  to 
all  the  data  for  an  annual  or  longer  time  series  as  a 
means  of  detecting  cycles  and  trends  in  river  water 
quality.  An  examination  of  the  lowest  determinand 
ratings  for  each  data  set  highlights  the  specific 
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determinand(s)  responsible  for  these  deteriorations. 
A  5  percentile  WQI  score  has  been  calculated  for 
the  time  series  of  data  and  90  percent  upper  and 
lower  confidence  limits  calculated  around  this 
score.  The  results  of  these  applications  indicate  the 
ability  of  the  index  accurately  to  reflect  both 
changes  in  water  quality  and  potential  water  use. 
(Author's  abstract) 
W90-04904 


USE  OF  MIXING  ZONE  TO  DERIVE  A  TOXIC- 
ITY TEST  CONSENT  CONDITION. 

Clyde    River    Purification    Board,    East    Kilbride 

(Scotland). 

A.  J.  N.  Haig,  J.  C.  Curran,  C.  J.  Redshaw,  and  R. 

Kerr. 

Journal  of  the  Institution  of  Water  Engineers  and 

Scientists   JIWSDI,    Vol.    3,    No.   4,    p    356-365, 

August  1989.  3  fig,  3  tab,  16  ref. 

Descriptors:  *Toxic  wastes,  'Water  quality  con- 
trol, 'Wastewater  disposal,  'Legal  aspects, 
•Wastewater  disposal,  'Toxicity,  'Licensing,  Scot- 
land, Pollutant  identification,  Chemical  wastes, 
Bioassay,  Water  currents,  Model  studies. 

This  paper  describes  how  the  Clyde  River  Purifi- 
cation Board  (the  regulatory  authority)  and  Bee- 
cham  Pharmaceuticals  (the  identified  discharger) 
agreed  and  adopted  a  novel  means  of  controlling  a 
pharmaceutical  plant  effluent  which  is  discharged 
to  Irvine  Bay,  Scotland.  Control  was  achieved  by 
means  of  a  consent  (license)  condition  requiring 
compliance  with  a  laboratory  test  of  acute  toxicity, 
which  was  added  to  the  more  orthodox  conditions 
already  imposed  upon  the  discharge.  The  new 
condition  was  derived  using  the  concept,  explicit 
in  the  environmental  quality  objective/environ- 
mental quality  standard  approach  to  pollution  con- 
trol, of  an  allowable  mixing  zone  around  the  out- 
fall. The  derivation  and  validation  of  the  condition 
necessitated  laboratory  and  field  bioassay,  current 
measurements  and  dye  releases,  and  the  use  of  a 
plume  development  model.  (Author's  abstract) 
W90-04907 


TRADE  EFFLUENT  CONTROL:   PROSPECTS 

FOR  THE  1990S. 

R.  R.  Martindale,  and  G.  Lane. 

Journal  of  the  Institution  of  Water  Engineers  and 

Scientists   JIWSDI,    Vol.    3,    No.   4,    p    387-396, 

August  1989.  10  ref. 

Descriptors:  'Water  quality  control,  'Industrial 
wastes,  'Future  planning,  'Water  pollution  con- 
trol, 'United  Kingdom,  Privatization,  Costs,  Legis- 
lation, Effluents,  Environmental  protection,  Ad- 
ministrative agencies,  Wastewater  facilities,  Pre- 
diction. 

Dischargers  of  industrial  effluents  can  expect 
major  changes  both  in  the  cost  of  disposing  of  their 
effluents  and  in  the  legislative  controls  which  will 
restrict  their  content.  These  trends  are  based  on  a 
number  of  factors:  (1)  the  proposed  privatization  of 
the  ten  regional  water  authorities,  (2)  the  accompa- 
nying reorganization  of  water  pollution  control 
responsibilities  between  the  new  National  Rivers 
Authority  and  Her  Majesty's  Pollution  Inspector- 
ate, (3)  the  ever-tightening  environmental  stand- 
ards for  the  aquatic  environment  emanating  from 
European  Community  headquarters,  and  (4)  gener- 
al environmental  pressures.  The  various  factors 
which  will  influence  the  management  of  trade  ef- 
fluents in  the  1990s  are  examined  and  some  indica- 
tion is  given  of  what  the  future  holds  both  in  terms 
of  disposal  costs  and  environmental  regulation 
from  the  point  of  view  of  the  discharger.  For  the 
first  time,  the  responsibility  for  the  control  of  the 
quality  of  industrial  effluents  discharged  to  the 
sewer  will  be  substantially  divorced  from  the  re- 
sponsibility for  treating  biological  and  solids  loads. 
In  the  past  the  objective  has  been  to  ensure  that  the 
constituents  of  discharges  are  reduced  to  levels  at 
which  they  avoid  creating  an  unacceptable  level  of 
environmental  damage;  in  the  future  the  objective 
will  be  to  try  to  reduce  the  discharge  of  any 
contaminant,  as  far  as  is  economically  practicable, 
to  a  minimum.  Privatization  will  establish  an  en- 
tirely new  relationship  between  the  discharger  and 
those  operating  sewage   treatment.    Effluent   dis- 


charge will  cost  a  great  deal  more  over  the  forth- 
coming decade.  We  are  facing  what  can  reason- 
ably be  described  as  a  new  era.  (Author's  abstract) 
W90-04910 


RESTORING  THE  GREAT  LAKES. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-04925 


HOW  CANADA  CONTROLS  GREAT  LAKES 
POLLUTION. 

J.  D.  Kingham. 

EPA  Journal,  Vol.  11,  No.  2,  p  9-10,  March  1985. 

Descriptors:  'Lakes,  'Great  Lakes,  'Canada, 
'Water  law,  'Phosphorus,  'Water  pollution  con- 
trol, 'Water  quality  control,  'Chemical  wastes, 
'Monitoring,  International  Joint  Commission, 
Great  Lakes  Water  Quality  Agreement,  Canada 
Water  Act,  Polychlorinated  biphenyls,  Gulls, 
Eggs. 

The  major  threats  to  the  Great  Lakes  are  changes 
in  water  levels,  eutrophication,  and  toxic  chemical 
contamination.  These  problems  were  recognized 
by  the  International  Joint  Commission,  and  eu- 
trophication and  toxic  discharges  were  dealt  with 
in  the  1972  and  1978  versions  of  the  U.S.-Canadian 
Great  Lakes  Water  Quality  Agreement.  Progress 
with  respect  to  lake  water  levels  has  demonstrated 
the  extent  of  cooperation  that  exists  between 
Canada  and  the  U.S.  Attempts  to  control  eutroph- 
ication has  also  been  encouraging.  The  toxic  chem- 
ical problem  has  proven  very  difficult,  however. 
The  single  most  dramatic  act  for  the  reduction  of 
phosphorus  in  the  Great  Lakes  was  that  of  the 
Canadian  federal  government's  regulation  of  phos- 
phorus in  household  laundry  detergents  under  the 
Canada  Water  Act  of  1972.  A  significant  come- 
back in  fish  species  has  been  observed  since  1972. 
Steps  to  reduce  toxic  chemicals  in  the  Great  Lakes 
include  Canada's  ban  or  control  of  toxic  chemicals 
such  as  PCBs  and  mirex  in  1977.  An  innovative 
approach  that  Canadians  adopted  for  detection  of 
low  levels  of  toxic  chemicals  in  the  Great  Lakes 
was  a  program  that  monitored  toxic  compounds  in 
herring  gull  eggs.  The  Great  Lakes  Water  Quality 
Board  has  proposed  new,  more  rigorous  approach- 
es to  toxic  chemical  cleanup  in  geographical  areas 
of  concern.  The  most  powerful  pollution  preven- 
tion tool  may  be  the  Canadian  Fisheries  Act. 
Under  this  act  it  is  an  offense  to  put  any  quantity  of 
a  substance  that  might  be  harmful  to  fish  in  any 
waters  that  are  frequented  by  fish.  Continued  co- 
operation between  the  Canadian  federal  and  pro- 
vincial governments  will  lead  to  improved  water 
quality  in  the  Great  Lakes.  Cooperation  between 
the  U.S.  and  Canada  will  lead  to  even  greater 
improvements.  (Mertz-PTT) 
W90-04927 


THINKING  ECOLOGICALLY  IN  LAKES  PRO- 
TECTION. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-04929 


NONPOINT  SOURCE  POLLUTION  CONTROL 
EFFECTIVENESS  OF  RIPARIAN  FORESTS 
ALONG  A  COASTAL  PLAIN  RIVER. 

East   Carolina   Univ.,   Greenville,   NC.   Dept.   of 

Geography  and  Planning. 

J.  D.  Phillips. 

Journal  of  Hydrology  JHYDA7,  Vol.  110,  No.  3/ 

4,  p  221-237,  October  1989.   1  fig,  5  tab,  33  ref. 

Descriptors:  'Rivers,  'Riparian  vegetation, 
•Coastal  plains,  'Path  of  pollutants,  'Nonpoint 
pollution  sources,  'Water  pollution  control,  'Agri- 
cultural runoff,  'Vegetation  effects,  'Forests,  To- 
pography, Nitrates,  Water  quality  control.  Water 
pollution  prevention,  Detention  time,  Soil  proper- 
ties, Model  studies.  Soil  types,  Surface  runoff,  Sub- 
surface drainage. 

A  detention-time  model  of  water  quality  buffer 
zones  was  used  to  evaluate  the  nonpoint  source 
pollution  control  effectiveness  of  riparian  forests  in 
a  two-county  area  of  the  lower  Tar  River  basin, 
North  Carolina.  Soil  map  units,  which  represent 


specific  combinations  of  soil,  topography,  and 
vegetation  characteristics,  were  compared  in  terms 
of  their  relative  ability  to  filter  nitrate  in  agricul- 
tural runoff.  All  typical  riparian  forests  provided 
significant  water  quality  protection,  but  there  was 
a  wide  variation  in  buffer  effectiveness.  This  sug- 
gests a  need  for  flexibility  in  determining  buffer 
widths.  A  range  of  15-80  m  is  appropriate  for  the 
soil-landform-vegetation  complexes  found  in  ripari- 
an zones  within  the  study  area.  Buffer  widths  of  60 
m  and  often  much  less  are  generally  adequate  on 
the  soils  likely  to  be  used  for  agricultural  produc- 
tion. (Author's  abstract) 
W90-04999 


EC  DIRECTIVE  ON  THE  CONTROL  OF  DAN- 
GEROUS SUBSTANCES  (7/464/EEC):  ITS 
IMPACT  ON  THE  UK  WATER  INDUSTRY. 

Water  Research  Centre,  Medmenham  (England). 
A.  R.  Agg,  and  T.  F.  Zabel. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No.  5,  p 
436-442,  October  1989.  3  tab,  27  ref. 

Descriptors:  'European  Community,  'Water  pol- 
lution control,  'Water  pollution  prevention,  'Haz- 
ardous wastes,  'Wastewater  disposal,  'Regula- 
tions, 'United  Kingdom,  Water  quality,  Heavy 
metals,  Organic  compounds,  Nutrients,  Legisla- 
tion, Administrative  agencies,  Environmental 
policy. 

The  impact  on  the  United  Kingdom  water  industry 
of  EC  legislation  adopted  and  proposed  for  the 
control  of  dangerous  substances  discharged  to  the 
aquatic  environment  is  discussed.  The  new  regula- 
tions call  for  increased  monitoring  of  environmen- 
tal impact,  requiring  more  sophisticated  analytical 
equipment  and  skilled  staff,  together  with  the  in- 
creased administrative  burden  to  produce  reduc- 
tion programs  and  set  and  control  consents  for 
dangerous  substances.  EC  Directive  76/464/EEC 
is  the  principal  measure  dealing  with  dangerous 
substances  in  surface  waters,  and  will  have  increas- 
ing significance  for  the  control  of  individual  sub- 
stances as  limit  values  and  environmental  quality 
standards  are  set  for  additional  List  I  compounds. 
The  Ministerial  Conferences  of  North  Sea  coun- 
tries have  resulted  in  additional  initiatives  to 
reduce  discharges  of  chemicals,  including  nutri- 
ents, to  the  marine  environment.  Attention  will  be 
focused  on  selected  red-list  substances  identified  on 
the  basis  of  persistence,  toxicity  and  potential  for 
bioaccumulation.  Her  Majesty's  Inspectorate  of 
Pollution  has  been  created  to  control  the  disposal 
of  waste  in  the  most  efficient  and  effective  way 
without  imposing  excessive  costs  to  industry.  The 
emerging  environmental  policy  supports  the  idea 
that  restrictions  to  protect  one  environmental  com- 
partment should  take  into  account  the  effect  on 
other  compartments.  Her  Majesty's  Inspectorate  of 
Pollution  and  the  National  Rivers  Authority  will 
share  much  of  the  responsibility  for  implementing 
existing  and  future  legislation  to  improve  water 
quality  and  safeguard  the  environment.  (Geiger- 
PTT) 
W9O-05009 


EC  BATHING  WATER  DIRECTIVE:  A  SAM- 
PLING PROBLEM. 

Clyde    River    Purification    Board,    East    Kilbride 

(Scotland). 

For  primary  bibliographic  entry  see  Field  5A. 
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REVIEW  OF  FARM  WASTE  POLLUTION. 

L.  Beck. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  3,  No.  5,  p 
467-477,  October  1989.  7  fig,  2  tab,  34  ref. 

Descriptors:  'Water  pollution  sources,  'Nonpoint 
pollution  sources,  'Agricultural  runoff,  'Farm 
wastes,  'Water  pollution  control,  Pesticides,  Water 
pollution  prevention,  Feedlot  runoff,  Feedlot 
wastes,  Silage,  Regulations,  Legal  aspects, 
Wastewater  treatment,  Anaerobic  digestion,  Aero- 
bic treatment,  Fertilizers,  Food-processing  wastes. 
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Post-war  agricultural  practices  in  England  led  to 
greater  pollution  of  rivers  and  groundwater  by 
farm  chemicals  and  farm  wastes  with  little  regula- 
tion of  the  same.  Few  incidents  of  pollution  by 
agricultural  wastes  were  reported  by  the  river 
authorities  even  as  late  as  the  early  1960's.  Contri- 
butions to  the  agricultural  waste  problem  come 
from  the  dairy  industry,  silage,  food-processing 
industry,  livestock  industry,  and  runoff  of  fertiliz- 
ers and  pesticides  during  crop  production.  Since 
the  mid-1960's  work  has  been  done  on  methods  of 
treating  farm  animal  wastes,  including  anaerobic 
lagoons,  anaerobic  digesters,  aerobic  lagoons,  oxi- 
dation ditches,  extended  aeration  units,  barrier 
ditches,  rotating  biological  contactors,  biological 
filters,  separators,  composting,  incineration,  wet-air 
oxidation,  drying,  and  various  combinations  of  all 
or  some  of  these  techniques.  Silage  effluent  can  be 
spread  on  land  after  dilution  or  silage  liquor  may 
be  fed  back  to  cows.  Pesticides  must  be  stored  in 
leak-proof  containers  and  end-of-spray  residues 
and  tank  washings  must  be  applied  to  land  at 
acceptable  application  rates.  Mixed-drainage  sys- 
tems on  farms  and  poorly  constructed  holding 
tanks  or  containment  structures  have  greatly  con- 
tributed to  pollution  incidents  involving  farm 
wastes.  Many  government  policies  were  initiated  in 
the  late  1970's  and  1980's  to  deal  with  the  problem 
of  environmental  pollution  by  farm  wastes.  The 
Royal  Commission  on  Environmental  Pollution 
made  recommendations  in  1979,  some  of  which 
have  now  been  implemented.  The  House  of  Com- 
mons Environment  Committee  introduced  grant 
aids  to  help  farmers  comply  with  regulations  and 
set  up  the  Code  of  Good  Agricultural  Practice 
(COP A).  The  1989  Water  Act  extended  the  COPA 
initiative  to  cover  the  construction  of  new  and 
extended  silage  and  slurry  facilities  and  provide  for 
the  establishment  of  protection  zones,  within 
which  specified  activities  may  be  forbidden  or 
permitted  subject  to  conditions.  The  Country 
Landowners  Association,  National  Farmers  Union, 
Water  Authorities,  Yorkshire  Water's  Farm  Pollu- 
tion Campaign  of  1988  and  Severn-Trent  Cam- 
paign have  also  helped  to  reduce  the  number  of 
pollution  incidents  by  farm  wastes.  (Geiger-PTT) 
W90-05014 


DAILY  AVERAGE  VALUE  OF  UN-IONIZED 
AMMONIA  FROM  FIELD  MEASUREMENTS. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05031 


MEASUREMENT  OF  UPWELLING  FLOW 
FROM  AUt  DIFFUSER. 

Jones  and   Stokes   Associates,   Inc.,   Sacramento, 

CA. 

R.  T.  Brown,  J.  A.  Gordon,  and  C.  E.  Bohac. 

Journal   of  Environmental    Engineering   (ASCE) 

JOEEDU,  Vol.  15,  No.  6,  p  1269-1275,  December 

1989.  3  fig,  2  tab,  15  ref. 

Descriptors:  'Aeration,  'Reservoirs,  *Upwelling, 
"Diffusers,  *Flow  measurement,  *Water  quality 
control,  Aerators,  Bubbles,  Flow  velocity,  Mixing, 
Dye  releases,  Diffusion,  Performance  evaluation, 
Flow  rates,  Hydraulic  machinery,  Mathematical 
studies. 

An  evaluation  of  the  upwelling  flow  of  the  air 
bubble  diffuser  system  installed  in  the  Upper  Bear 
Creek  reservoir  in  1986  was  performed  by  mathe- 
matical analysis,  by  a  dye  dilution  measurement, 
and  by  flow-away  current  velocity  measurements. 
The  upwelling  flow  equations  provided  reasonable 
initial  estimates.  The  plume  width  predicted  math- 
ematically would  be  3.2  m  for  Upper  Bear  Creek 
conditions,  but  as  the  plume  splits  at  the  surface, 
the  depth  of  the  flow-away  currents  would  be  1.6 
m.  The  estimated  velocity  by  this  approach  would 
be  0.27  m/sec  and  the  upwelling  flow  would  be 
10.4  cu  m/sec.  Field  tests  using  a  20%  Rhodamine 
WT  dye  solution  yielded  velocity  profiles  indicat- 
ing that  the  depth  of  the  flow  away  layer  was 
between  1.5  and  2.5  m,  with  velocities  dropping  to 
less  than  0.03  m/sec  below  this  depth.  The  higher 
upwelling  flow  measurements  by  the  dye  dilution 
method  were  attributed  to  wind  effects  and  possi- 
ble mixing  with  the  undyed  portion  of  the  plume. 
Velocity  measurements  provided  another  estimate 
of  the  upwelled  flow.  The  mean  velocity  of  the  2.5 


m  depth  flow  away  layer  was  about  0.17  m/sec  for 
the  normal  air  flow  rate,  giving  an  upwelling  flow 
estimate  of  10.8  cu  m/sec.  For  the  increased  air 
flow  rate,  the  average  velocity  was  0.22  m/sec, 
which  represents  an  upwelling  flow  of  13  cu  m/ 
sec.  These  results  might  be  too  low,  since  the  wind 
was  blowing  against  the  flow-away  current.  The 
wind  may  have  caused  the  upwelling  plume  to  split 
unevenly  and  flow  upwind  at  a  reduced  velocity. 
The  dye  dilution  procedure  for  measuring  the  up- 
welling flow  was  relatively  inexpensive,  and  the 
interpretation  of  results  was  straightforward. 
Buyers  or  installers  of  reservoir  diffuser  systems 
could  use  the  technique  to  verify  the  performance 
of  a  new  installation.  (Geiger-PTT) 
W90-05032 


TECHNOLOGY  EVALUATION  REPORT.  SITE 
PROGRAM  DEMONSTRATION  TEST, 

SHIRCO  INFRARED  INCINERATION 

SYSTEM,  PEAK  OIL,  BRANDON,  FLORIDA. 
VOLUME  I. 

Enviresponse,  Inc.,  Livingston,  NJ. 
S.  Rosenthal. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-125991. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/540/5-88/002a,  September  1988. 
95p,  3  fig,  24  tab.  EPA  Contract  68-03-3255. 

Descriptors:  'Cleanup  operations,  *Oil  wastes, 
♦Poly  chlorinated  biphenyls,  *Water  pollution 
treatment,  'Incineration,  Infrared  systems,  Pollut- 
ant identification,  Florida,  Heavy  metals,  Organic 
compounds,  Dioxins,  Furans,  Nitrogen  com- 
pounds, Inorganic  acids,  Lead,  Ash,  Water  pollu- 
tion control,  Toxicity,  Leaching. 

A  Shirco  Infrared  System  used  for  a  removal 
action  at  a  polychlorinated  biphenyl  (PCB)-con- 
taining  oil  refining  waste  site  in  Brandon,  Florida 
(a  suburb  of  Tampa)  was  evaluated.  The  evaluation 
included  a  determination  of  toxics  in  the  material 
being  decontaminated  as  well  as  all  the  effluent 
streams  such  as  ash,  air  emissions  and  wastewater. 
These  streams  were  analyzed  for  heavy  metals, 
organics,  dioxins,  furans  as  well  as  NOx,  and  inor- 
ganic acids.  Leaching  tests  were  performed  on  the 
ash.  The  results  indicated  that  the  PCB  was  re- 
duced from  5  to  100  parts  per  million  (ppm)  to  <  1 
ppm  in  the  ash,  which  was  the  purpose  of  the 
removal  action.  Although  research  had  indicated 
that  the  lead  compounds  in  the  ash  would  become 
insoluble  because  they  would  be  complexed  with 
carbon,  the  ash  could  not  be  considered  non-leach- 
able  based  on  the  toxicity  tests.  (Author's  abstract) 
W90-05141 


Water  Quality  Control — Group  5G 

are  large  enough  to  be  used  as  structural  materials: 
supports  for  small  buildings,  guard  posts  for  park- 
ing lots,  and  supports  for  soil  stabilization.  Also, 
some  of  it  can  be  dried  and  cut  up  for  firewood. 
The  debris  that  cannot  be  used  must  be  burned, 
buried,  or  dumped  on  the  ground  surface.  All  of 
these  processes  require  careful  monitoring  so  that 
they  are  not  and  do  not  create  health  hazards. 
Surface  dumping  should  be  used  only  as  a  last 
resort.  An  effective  floating-debris  control  system 
requires  time,  effort,  and  money;  however,  its  ben- 
efits more  than  offset  its  requirements.  (Lantz- 
PTT) 
W90-05142 


WATER  QUALITY  CHANGES  CAUSED  BY  EX- 
TENSION OF  THE  WINTER  NAVIGATION 
SEASON  ON  THE  DETROIT-ST.  CLAIR  RIVER 
SYSTEM. 

Cold    Regions   Research   and   Engineering    Lab., 
Hanover,  NH. 
R.  S.  Sletten. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A200  535. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Special  Report  88-10,  July  1988.  56p,  19  fig,  4  tab, 
15  ref,  append.  US  Army  Corps  of  Engineers 
Contract  NCE-IS-82-01 14. 

Descriptors:  *Navigable  Rivers,  *  Environmental 
effects,  "Navigation,  *Water  quality,  *St  Clair 
River,  *  Detroit  River,  Seasonal  variation,  Cold 
regions,  Water  temperature,  Dissolved  oxygen, 
Turbidity,  Suspended  solids,  Volatile  solids,  Hy- 
drogen ion  concentration,  Ships. 

This  study  was  conducted  to  determine  how  the 
water  quality  in  the  Detroit-St.  Clair  River  System 
may  change  if  the  navigation  season  is  extended 
from  early  January  to  the  end  of  January.  The 
study  looked  at  background  water  quality,  the 
effects  of  ship  passage,  and  sedimentation  rates. 
Background  water  quality  in  the  study  area  has 
been  continually  improving  since  1967.  There  is 
significant  seasonal  variation  in  temperature  and 
dissolved  oxygen  not  related  to  shipping  activity. 
The  background  variation  in  all  characteristics 
studied  during  this  project  as  reported  to  the  Envi- 
ronmental Protection  Agency's  STORET  system 
was  greater  than  any  observed  variation  due  to 
ship  passages.  Although  seasonal  variation  is  clear- 
ly evident  for  temperature  and  dissolved  oxygen, 
no  seasonal  variation  was  evident  for  turbidity, 
suspended  or  volatile  solids,  or  pH.  It  is  concluded 
that  natural  background  variation  is  greater  than 
and  independent  of  ship-induced  variation.  (Lantz- 
PTT) 
W90-05146 


ELEMENTS  OF  FLOATING-DEBRIS  CON- 
TROL SYSTEMS. 

Cold   Regions   Research   and    Engineering   Lab., 

Hanover,  NH. 

R.  E.  Perham. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161.  Technical  Report 

REMR-HY-3,  September  1988.  Final  Report.  66p, 

35  fig,  34  ref,  3  append. 

Descriptors:  *Water  pollution  treatment,  "Detri- 
tus,  "Flotsam,  "Water  quality,  "Waste  disposal, 
"Damage,  Trash  racks,  Water  pollution  control. 

Floating  debris  is  a  continual  problem  for  all  users 
of  water  bodies.  Some  of  the  damage  caused  by 
debris  is  minor,  but  too  often  it  is  quite  costly.  It  is 
destructive  to  locks,  dams,  bridges,  electric  plants, 
municipal  water  systems,  and  even  to  recreational 
boaters.  Wetlands,  fish-spawning  grounds,  and 
streambanks  can  be  disturbed  by  debris.  A  floating- 
debris  control  system  consists  of  collecting,  remov- 
ing, and  disposing  of  the  debris.  Various  types  of 
booms,  trash  racks,  trash  struts,  and  deflectors 
have  been  used  effectively  for  collecting  floating 
debris.  Hand-powered,  self-powered,  and  gantry 
crane-operated  rakes  are  used  to  remove  the  debris 
from  intake  gates,  bulkheads,  deck  gratings,  and 
trash  rack  sections.  Heavy  debris,  such  as  water- 
soaked  logs  or  fallen  trees,  are  removed  with 
cranes  and  hoists,  supplemented  by  such  imple- 
ments as  bolt  hooks,  log  chains,  and  chain  saws. 
Some  of  the  removed  debris  has  value.  Many  logs 


DYNAMIC   MODELING   AND   EXPERT   SYS- 
TEMS IN  WASTEWATER  ENGINEERING. 

For   primary   bibliographic   entry   see   Field   5D. 
W90-05149 


WASTEWATER  TREATMENT   AND   RECEIV- 
ING WATER  BODY  INTERACTIONS. 

Environmental    Protection    Agency,    Cincinnati, 

OH. 

For   primary   bibliographic   entry   see   Field    5D. 
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OIL  SPILL  RESEARCH  AND  DEVELOPMENT 
NEEDS  FOR  THE  1990'S. 

Environmental  Protection  Agency,  Cincinnati, 
OH.  Risk  Reduction  Engineering  Lab. 
J.  S.  Farlow,  and  J.  M.  Cunningham. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-142665. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/D-88/278,  January  1989. 
14p,  2  tab. 

Descriptors:  "Water  pollution  treatment,  "Oil 
spills,  "Research  priorities,  "Water  pollution  pre- 
vention, "Water  pollution  control,  Inland  waters, 
Technology,  Handbooks,  Maintenance,  Public  par- 
ticipation, Pipelines,  Weirs,  Booms,  Dispersants, 
Chemical  treatment. 
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In  the  1970's  and  the  early  1980's  the  emphasis  of 
Federally-sponsored  oil  spill  research  was  on  me- 
chanical spill  control  devices  and  removal  methods 
such  as  booms,  skimmers,  and  sorbents,  with  later 
efforts  also  focused  on  dispersing  agents.  The  pre- 
ponderance of  this  work  was  directed  toward  oil 
spills  in  open  ocean  and  coastal  areas.  Private 
research  programs  and  field  experience  also  con- 
tributed to  the  extensive  knowledge-base  capabili- 
ties and  limitations  of  mechanical  and  chemical  oil 
spill  control  and  cleanup  methods.  In  Fiscal  1988, 
research  and  development  in  prevention  and  clean- 
up of  oil  spills  was  suspended  by  the  US  EPA  in 
favor  of  other  high  priority  topics.  However, 
recent  events  have  shown  that  further  research  is 
needed  on  prevention  and  cleanup  methods,  espe- 
cially for  inland  spills.  Innovations  developed  since 
the  early  1980's  have  yet  to  be  evaluated  in  a 
controlled  setting,  even  in  the  open  sea.  Suggested 
spill  prevention,  control  and  countermeasure 
(SPCC)  research  for  inland  rivers,  a  three-year 
program,  includes:  SPCC  failure  analysis,  models 
to  reduce  catastrophic  tank  failures,  models  for 
containment  systems,  rapid  leak  detection,  update 
SPCC  pipeline  guidance,  update  SPCC  inspection 
manual,  update  SPCC  technical  guidance  protocol 
for  correcting  tank  system  deficiencies,  identify 
high  risk  areas,  contingency  planning  techniques, 
and  manual  for  community  spill  contingency  plan- 
ning. Suggested  spill  response  research  for  inland 
rivers,  a  three-year  program,  includes:  viscosity 
modifiers,  underflow  weirs,  effective  use  of  dams/ 
locks,  use  of  dispersants,  toxicity/effectiveness  of 
dispersants,  water  intake  protection,  river  charac- 
terization, equipment  performance  testing,  near 
shore  cleanup  techniques,  alternate  containment 
methods,  chemical  agency  evaluation,  cold  climate 
control,  alternate  contracts,  existing  technology 
transfer,  new  technology  transfer,  and  freshwater 
guidance  manual.  (Lantz-PTT) 
W90-05164 


ENVIRONMENTAL  REGULATION:  ITS 
IMPACT  ON  INFRASTRUCTURE  DECISION 
MAKING. 

Environmental  Protection  Agency,  Cincinnati, 
OH.  Drinking  Water  Research  Div. 
J.  A.  Goodrich,  and  F.  T.  Mayo. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-142640. 
Price  codes:  A02  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/D-88/276,  January  1989.  5 
P- 

Descriptors:  *Water  treatment,  *Water  convey- 
ance, *Sewer  systems,  'Wastewater  treatment, 
•Environmental  protection,  'Regulations,  'Deci- 
sion making,  'Water  quality  control,  Clean  Water 
Act,  Safe  Drinking  Water  Act,  Legislation,  Water 
conveyance,  Pipelines,  Economic  aspects. 

The  enactment  of  laws  and  regulations  related  to 
drinking  water  quality,  surface  water  discharge 
limitations,  and  wastewater  treatment  goals  has 
required  utilities  to  maintain,  upgrade,  or  even 
replace  their  respective  underground  services.  In 
sewer  systems  the  problem  may  be  excessive  infil- 
tration from  shallow  groundwater  and  inflow  from 
sources  related  to  storm  water  stressing  the  system 
capacity,  or  one  of  corrosion  causing  the  collapse 
of  the  pipe  walls.  The  Safe  Drinking  Water  Act 
(SDWA)  of  1974  and  its  Amendments  enacted  in 
11986  will  have  a  major  impact  on  the  cost  of 
treating  drinking  water,  design  of  distribution  sys- 
tems and  compliance  monitoring.  The  amendments 
require  the  following  action  over  the  next  three 
years:  regulation  of  83  contaminants  (with  25  addi- 
tional contaminants/year  thereafter);  filtration  of 
all  surface  water  supplies;  disinfection  of  all  water 
supplies;  and  significant  increases  in  monitoring 
requirements.  Distribution  system  design  has  typi- 
cally focused  on  maintaining  adequate  pressure  and 
hydraulic  capacity  to  meet  fire  flow  demands. 
Given  the  recent  changes  in  the  SDWA,  water 
quality  as  it  reaches  the  consumer's  tap  will 
become  an  increasingly  important  factor  in  design- 
ing new  distribution  systems  or  the  repair  and 
rehabilitation  of  portions  of  a  distribution  system. 
The  recent  Amendments  to  the  Clean  Water  Act 
present  another  set  of  infrastructure  challenges. 
The  move  away  from  outside  grants  will  foster  a 
move  toward  full-cost  recovery  pricing  which  is 


currently  not  the  general  practice.  The  recent  leg- 
islation also  makes  major  changes  in  the  regulation 
of  storm  water  discharges-runoff  from  streets  and 
municipal,  industrial  or  other  property  that  carries 
pollutants  into  surface  waters.  (Lantz-PTT) 
W90-05167 


PROCEEDINGS  OF  THE  ENGINEERING 
FOUNDATION  CONFERENCE:  GROUND- 
WATER CONTAMINATION. 

Co-sponsored  by  the  Universities  Council  on 
Water  Resources  at  the  Miramar  Hotel,  Santa  Bar- 
bara, California,  November  11-16,  1984.  Engineer- 
ing Foundation,  New  York.  1986.  193  p.  Edited  by 
Yacov  Y.  Haimes  and  J.  Herbert  Snyder. 

Descriptors:  'Contamination,  'Groundwater  pol- 
lution, 'Conferences,  'Water  pollution  control, 
'Water  pollution  effects,  Monitoring,  Public 
health,  Environmental  effects,  Economic  aspects. 

Groundwater  contamination  is  by  nature  multifari- 
ous-dealing with  detection  and  monitoring,  pre- 
vention, abatement  and  containment,  and  correc- 
tion and  restoration  of  contaminated  groundwater. 
It  intrinsically  encompasses  many  disciplines,  and 
involves  all  levels  of  government.  Also,  ground- 
water contamination  is  complex  because  decisions 
concerning  groundwater  pollution  control  that  are 
scientifically  sound,  technologically  within  the 
state  of  the  art,  economically  feasible,  politically 
tractable,  legally  sustainable,  socially  acceptable, 
morally  accountable,  and  organizationally  imple- 
mentable  must  be  grounded  on  appropriate  infor- 
mation and  intelligence  bases  in  their  respective 
areas-science,  technology,  economics,  politics,  the 
law,  society,  ethics,  and  management.  Indeed,  the 
human  health  effects  (e.g.,  cancer,  damage  to  the 
central  nervous  system,  lever  and  kidney  damage) 
and  non-health  effects  (economic  hardship  to  in- 
dustry, agriculture,  households,  and  municipalities; 
environmental  impacts;  social  impacts)  necessitate 
that  we,  as  a  society,  address  in  a  somber  way  the 
following  variations  of  the  same  issue:  when  is  safe, 
safe  enough.  The  enormous  cost-in  billions  of 
dollars  over  the  next  decade-that  various  studies 
project  for  the  prevention,  detection  and  monitor- 
ing, abatement  and  containment,  and  correction 
and  restoration  of  groundwater  contamination 
make  an  answer  to  these  questions  even  more 
urgent.  (See  W90-05170  thru  W9O-O5180)  (Lantz- 
PTT) 
W90-05169 


DISCIPLINARY  AND  INTERDISCIPLINARY 
ASPECTS  OF  GROUNDWATER  QUALITY 
MANAGEMENT:  A  LAWYER'S  PERSPECTIVE. 

G.  D.  Weatherford. 

IN:  Proceedings  of  the  Engineering  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  11-16,  1984.  Engineering 
Foundation,  New  York.  1986.  p  21-24. 

Descriptors:  'Political  aspects,  'Water  pollution 
control,  'Water  pollution  treatment,  'Groundwat- 
er pollution,  'Groundwater  quality,  'Water  qual- 
ity management,  'Legal  aspects,  Environmental 
engineering,  Zoning,  Urbanization,  Public  health. 

It  is  fashionable  to  lay  the  blame  for  groundwater 
contamination  at  the  feet  of  the  political  system. 
Since  the  protection  of  public  health  is  one  of  the 
fundamental  roles  of  government,  the  inability  to 
insulate  drinking  water  supplies  from  hazardous 
wastes  does  represent  government  failure.  To  dem- 
onstrate this  possible  culpability,  an  example  is 
presented  of  a  hypothetical  scene:  a  growing  com- 
munity in  a  bucolic  valley.  As  the  valley  began  to 
show  real  signs  of  urbanization,  professionals  are 
retained  by  the  city  to  design  a  waste  collection 
and  treatment  system  for  the  community,  which  at 
that  time  seemed  amply  served  by  local  surface 
water  supplies.  Much  of  the  land  development  in 
the  area  was  facilitated  by  lawyers  who  became 
very  proficient  at  obtaining  rezoning  for  their  cli- 
ents (who,  incidentally,  contribute  generously  and 
lawfully  to  the  political  campaigns  of  the  city 
council  members  who  consider  zoning  appeals). 
Specialized  and  generalized  knowledge  is  shown  to 


be  very  interdependent.  However,  better  discipli- 
nary and  interdisciplinary  analysis  is  needed  to 
improve  groundwater  quality  management.  If 
narrow  and  unimaginative  specialization  has  been 
part  of  the  problem,  so  may  more  inquisitive  spe- 
cialization combined  with  interdisciplinary  analysis 
become  a  part  of  the  solution.  Interdisciplinary 
teams  can  tackle  the  wide  range  of  issues  involved 
in  classifying  aquifers,  containing  plumes  by  co- 
ordinated pumping,  and  neutralizing  trichloroethy- 
lene  metabolically,  for  example.  (See  also  W90- 
05169)  (Lantz-PTT) 
W90-05171 


IMPACTS,  COSTS,  AND  TECHNIQUES  FOR 
MITIGATION  OF  CONTAMINATED 

GROUNDWATER:  A  REVIEW. 

Resources  for  the  Future,  Inc.,  Washington,  DC. 
M.  Sharefkin,  M.  Shechter,  and  A.  Kneese. 
IN:  Proceedings  of  the  Engineering  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  11-16,  1984.  Engineering 
Foundation,  New  York.  1986.  p  29-56,  1  fig,  8  tab, 
40ref. 

Descriptors:  'Cleanup  operations,  'Costs, 
•Groundwater  pollution,  'Water  pollution  control, 
Cohansey  Aquifer,  New  Jersey,  Economic  aspects, 
Aquifers,  Cost-benefit  analysis. 

A  framework  is  developed  for  evaluating  the  im- 
pacts, costs,  benefits,  and  techniques  for  mitigating 
groundwater  contamination.  The  framework  is  a 
generalized  cost-benefit  analysis.  Contamination  of 
the  Cohansey  aquifer  in  New  Jersey  is  the  subject 
of  an  illustrative  case  study.  The  plume  of  contami- 
nation is  modeled  and  potential  health  impacts  are 
projected  based  on  dose-response  information 
available  from  the  Environmental  Protection 
Agency.  The  economic  value  of  such  damages  is 
estimated  using  alternative  mortality  risk  values 
that  span  those  found  in  the  recent  literature.  Costs 
for  controlling  the  contamination  from  the  site  are 
estimated  for  alternative  levels  of  control  and  tech- 
niques of  control  adapting  information  from  the 
Environmental  Protection  Agency  and  other 
sources.  While  both  the  benefits  and  cost  estimates 
should  be  mainly  viewed  as  the  result  of  illustrat- 
ing a  method  and  not  as  accurate  estimates,  they 
do  suggest  that  in  a  case  like  the  Cohansey,  both 
potential  damages  (or  damages  averted,  i.e.,  bene- 
fits) and  the  cost  of  containment  once  containment 
has  occurred  can  be  quite  high.  Prevention  in  such 
cases  appears  to  be  the  best  cure.  The  paper  closes 
with  a  discussion  of  the  potential  role  of  economic 
incentives  in  the  generation  of  hazardous  wastes 
and  their  'safe'  disposal.  (See  also  W90-05169)  (Au- 
thor's abstract) 
W90-05172 


GROUNDWATER  QUALITY  MANAGEMENT: 
THE  SEARCH  FOR  A  LEGAL-INSTITUTION- 
AL FRAMEWORK. 

G.  D.  Weatherford. 

IN:  Proceedings  of  the  Engineering  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  11-16,  1984.  Engineering 
Foundation,  New  York.  1986.  p  57-64. 

Descriptors:  'Administrative  agencies,  'Ground- 
water quality,  'Water  quality  management,  'Legal 
aspects,  Regulations,  Federal  government,  State 
government,  Groundwater  pollution,  Finances, 
Interagency  cooperation. 

Government  laws,  agencies  and  programs  to  pro- 
tect groundwater  quality  are  growing  in  response 
to  disclosures  of  contamination  events  and  threats. 
Regulatory  approaches,  involving  standard-setting, 
permitting,  and  enforcement,  continue  to  be  pre- 
ferred over  market  approaches.  Regulatory  author- 
ity is  dispersed  throughout  local,  state,  and  federal 
levels  of  government,  but  the  site-specific  and 
land-based  nature  of  the  problem  has  put  state  and 
local  agencies  in  lead  positions.  In  the  aggregate, 
the   regulatory   programs  appear  to  suffer  from 
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inadequate  information,  funding,  program  coheren- 
cy, and  coordination.  As  the  nature  and  extent  of 
the  contamination  problem  become  better  delineat- 
ed and  the  technology  of  prevention  and  control 
improves,  regulatory  gaps  will  decrease  and  more 
positive  linkages  between  local,  state,  and  federal 
agencies  can  be  expected.  (See  also  W90-05169) 
(Author's  abstract) 
W90-05173 


FRAMEWORK  FOR  FUTURE  PREVENTION 
AND  MANAGEMENT  OF  GROUNDWATER 
CONTAMINATION. 

Arizona  Univ.,  Tucson.  Dept.  of  Political  Science. 
H.  Ingram. 

IN:  Proceedings  of  the  Engineering  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  11-16,  1984.  Engineering 
Foundation,   New  York.    1986.   p   65-72,    14  ref. 

Descriptors:  'Groundwater  pollution,  *Water  pol- 
lution prevention,  *Water  quality  management, 
•Environmental  protection,  *Public  participation, 
•Public  opinion,  Political  aspects,  Public  policy, 
Public  health,  Environmental  policy,  Institutions, 
Education. 

Public  opinion  is  enormously  important  in  getting 
an  issue  like  groundwater  pollution  on  the  political 
agenda  for  action.  It  is  also  a  very  significant 
factor  determining  the  context  in  which  local 
water  managers  must  act.  A  framework  for  consid- 
ering the  protection  of  groundwater  needs  to  begin 
by  considering  what  we  know  about  the  structure 
of  public  opinion  on  this  issue.  When  groundwater 
contamination  problems  get  on  the  political  agenda 
depends  on  several  factors:  (1)  the  extent  of  public 
attention  and  concern;  (2)  when  the  problem  is 
perceived  as  serious,  rather  than  when  it  actually 
becomes  serious;  and  (3)  when  the  public  perceives 
a  threat,  rather  than  when  enough  is  known.  There 
is  a  tendency  for  the  public  to  believe  that  when- 
ever water  becomes  a  public  issue  of  the  issue 
signals  some  failure  of  government.  Media  cover- 
age is  critical  in  the  development  of  trust  or  the 
lack  of  it.  The  key  to  public  reaction,  is  the  manner 
in  which  the  public  is  advised  of  health  risks.  The 
framework  for  action  on  groundwater  must  take 
into  account  the  important  role  of  interest  groups 
and  their  resources.  Environmental  interest  groups 
have  grown  to  be  among  the  most  vocal  and 
visible  in  American  politics.  In  comparison  with 
other  interest  groups,  such  as  labor  unions,  the 
overall  number  of  members  in  environmental  orga- 
nizations is  not  large.  Toxic  substances  disposal 
and  groundwater  contamination  are  particularly 
grassroots  issues.  Contamination  events  occur  in 
particular  places  affecting  identifiably  local  popu- 
lations. In  any  case,  local  groups  are  highly  active 
and  citizen  observations  have  been  a  frequently 
used  means  through  which  hazards  have  been  ini- 
tially identified.  Activities  of  local  groups  ranged 
from  identifying,  investigating,  educating,  and  or- 
ganizing to  getting  action  on  local  public  health 
hazards.  National  organizations  have  lagged 
behind  local  environmental  groups  in  their  concern 
with  toxic  substances  and  groundwater  of  contami- 
nation issues.  The  orientation  and  expertise  of  the 
leadership  of  national  organizations  has  been 
toward  the  traditional  environmental  preservation 
issues  and  the  cleanup  of  air  and  surface  water. 
Water  professionals  must  accept  environmental 
groups  as  an  established  segment  of  their  constitu- 
ency. (See  also  W90-05169)  (Lantz-PTT) 
W90-05174 


EPA  GROUND  WATER  PROTECTION  STRAT- 
EGY. 

Environmental  Protection  Agency,  San  Francisco, 
CA.  Region  IX. 
J.  Wise. 

IN:  Proceedings  of  the  Engineering  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  11-16,  1984.  Engineering 
Foundation,  New  York.  1986.  p  73-77. 

Descriptors:  'Administrative  agencies,  •Ground- 
water  pollution,   'Regulations,    *Water   pollution 


control,  Water  quality  control,  Pesticides,  State 
jurisdiction,  Underground  storage,  Water  pollution 
prevention,  Federal  jurisdiction. 

The  Environmental  Protection  Agency's  Ground 
Water  Protection  Strategy  builds  on  the  principle 
of  state  control  of  groundwater;  the  states  have 
fundamental  responsibility  for  protection  and  man- 
agement of  the  resource  itself,  while  the  EPA 
concentrates  on  regulating  specific  contaminants 
and  sources  of  contamination.  This  allocation  of 
responsibilities  provides  a  consistent  framework 
within  which  each  party-federal  and  state-can 
operate.  EPA's  Strategy  has  four  objectives,  re- 
flecting these  mutually  supportive  responsibilities. 
They  are:  (1)  to  build  and  enhance  groundwater 
protection  programs  at  the  state  level;  (2)  to 
expand,  where  appropriate,  controls  over  currently 
unregulated  sources  of  contamination;  (3)  to 
achieve  greater  consistency  in  EPA  decisions  on 
groundwater  and  cleanup;  a  fundamental  agency 
policy  will  be  to  set  priorities  for  groundwater 
protection  based  on  use  and  vulnerability;  and  (4) 
to  strengthen  EPA's  organization  for  groundwater 
protection  in  Washington  and  in  the  regions,  using 
key  coordinating  mechanisms  to  provide  an  overall 
system  for  focusing  on  and  reviewing  policy  as  it 
relates  to  groundwater.  Steps  are  already  being 
taken  to  implement  this  strategy.  For  example: 
funds  are  being  made  available  to  the  states  under 
Section  106  of  the  Clean  Water  Act  targeted  spe- 
cifically for  groundwater  protection;  an  organiza- 
tion, the  Office  of  Ground  Water  Protection,  has 
been  formally  established  at  headquarters  in  the 
Office  of  Water  to  coordinate  the  agency's  activi- 
ties and,  through  the  development  of  appropriate 
guidelines,  to  provide  a  framework  for  agency 
activity  to  protect  groundwater;  specific  action  is 
underway  to  provide  EPA  with  information  on  the 
extent  of  the  leaking  underground  storage  tank 
problem;  for  the  first  time  guidelines  are  being 
prepared  for  use  within  EPA  for  protection  of 
three  classes  of  groundwater-special  groundwater, 
current  and  potential  sources  of  water  for  drinking 
or  other  beneficial  uses,  and  waters  which  are  not 
potential  sources  of  drinking  water  or  other  benefi- 
cial uses;  and  a  major  effort  is  now  underway  to 
address  the  problem  of  pesticides  in  groundwater. 
(See  also  W90-05169)  (Lantz-PTT) 
W90-05175 


LOCAL  GOVERNMENT  AND  GROUNDWAT- 
ER QUALITY  MANAGEMENT. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  Economics. 
D.  J.  Allee,  and  J.  Powell. 

IN:  Proceedings  of  the  Engineering  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  11-16,  1984.  Engineering 
Foundation,   New  York.    1986.   p   79-91,    16   ref. 

Descriptors:  *Water  quality  management, 
•Groundwater  quality,  *Local  governments, 
•Regulations,  *Water  pollution  prevention, 
•Groundwater  pollution,  Water  pollution  control, 
Public  participation,  Education,  Public  health, 
Land  use. 

Regulation  is  a  favorite  strategy  in  resource  man- 
agement to  correct  spillovers  from  private  activity. 
For  groundwater  problems,  land  use  controls  are 
often  cited  as  the  long-run  solution-presumably 
because  infiltration  and  recharge  rates  are  highly 
variable  over  the  landscape,  and  high-risk  land 
users  have  little  incentive  to  consider  this  without 
controls.  Groundwater  management  involves  inter- 
actions between  land  users,  each  of  which  may  be 
highly  localized  initially,  but  their  activities  may 
result  in  many  sources  of  contamination  which, 
happening  over  wide  chunks  of  landscape  and  over 
long  periods  of  time,  provide  a  ubiquitous  threat. 
The  many  different  federal  and  state  statutes  pro- 
vide some  degree  of  control  for  each  use  of  these 
sources.  All  of  these  potentially  come  together  at 
the  local  level.  Two  considerations  come  to  mind 
if  local  governments  are  not  yet  involved  in  solv- 
ing or  avoiding  a  problem.  First,  it  may  be  easier 
for  the  different  parts  of  the  local  government  to 
work  together  if  there  is  an  internal  advocate  for 
the  problem.  Second,  stronger  local  governments 
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may  end  up  with  more  attention,  shifting  the  prob- 
lem to  areas  with  less  capacity  to  resist  and/or  less 
capacity  to  get  help  in  time.  On  the  smallest  scale, 
regulation  is  heavily  slanted  toward  education  and 
technical  assistance.  (See  also  W90-05169)  (Lantz- 
PTT) 
W90-05176 


NATIONAL  POLICY  FOR  GROUNDWATER 
PROTECTION:  DOES  ONE  EXIST. 

Virginia  Water  Resources  Research  Center, 
Blacksburg. 

W.  R.  Walker,  and  P.  G.  Bridgeman. 
IN:  Proceedings  of  the  Engineering  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  11-16,  1984.  Engineering 
Foundation,  New  York.  1986.  p  93-104,  1  tab,  14 
ref. 

Descriptors:  'Regulations,  'Groundwater  pollu- 
tion, 'Water  pollution  control,  'Federal  jurisdic- 
tion, 'Public  policy,  Local  governments,  Aquifers, 
Research  priorities,  Groundwater  mining,  Ground- 
water recharge,  Coastal  zone  management,  State 
jurisdiction,  Information  transfer. 

If  groundwater  is  essential  to  meet  the  water  needs 
of  the  future,  the  fundamental  problems  which 
impede  its  effective  use  must  be  examined.  The 
basic  groundwater  problems  facing  many  regions 
of  the  country  include  the  issues  of  how  to  manage 
ground  and  surface  supplies  conjunctively,  how  to 
deal  with  quality  problems  as  an  integral  part  of 
water  supply,  and  how  to  coordinate  state  and 
local  responsibilities.  If  state  and  local  govern- 
ments are  to  act  responsively,  the  federal  role  must 
be  clearly  enunciated  in  a  policy  statement  with 
implementing  strategies.  This  paper  examines  the 
past  activities  of  the  federal  government  as  they 
relate  to  groundwater  and  suggests  what  its  role 
should  be  if  this  portion  of  the  water  resource  is  to 
help  meet  the  nation's  future  water  needs.  Any 
effective  national  groundwater  policy  will  be  de- 
pendent on  a  series  of  implementable  management 
strategies  at  the  federal  level.  These  strategies  must 
effectively  facilitate  and  integrate  state  and  local 
actions.  In  addition,  they  must  foster  cooperation 
and  coordination  between  federal  agencies  and 
programs  by  use  of  the  budgetary  process.  The 
following  are  recommended  components  of  a  na- 
tional policy  to  help  ensure  that  the  groundwater 
resources  are  used  efficiently  and  effectively  to 
meet  the  national  water  needs  now  and  in  the 
future:  cost  sharing;  interstate  aquifers;  groundwat- 
er mining  and  recharge;  research;  coastal  zone 
program;  federal  projects;  federal  support  of  state 
projects;  information  transfer;  budget  coordination; 
and  work  plans.  (See  also  W90-05169)  (Lantz- 
PTT) 
W90-05177 


RISK  ASSESSMENT  FOR  GROUNDWATER 
CONTAMINATION. 

Case  Western  Reserve  Univ.,  Cleveland,  OH. 
Dept.  of  Systems  Engineering. 
Y.  Y.  Haimes,  V.  Chankong,  and  C.  Du. 
IN:  Proceedings  of  the  Engineering  Foundation 
Conference:  Groundwater  Contamination.  Co- 
sponsored  by  the  Universities  Council  on  Water 
Resources  at  the  Miramar  Hotel,  Santa  Barbara, 
California,  November  11-16,  1984.  Engineering 
Foundation,  New  York.  1986.  p  111-127,  3  fig,  2 
tab,  28  ref.  Bureau  of  Reclamation  Contract  4-FG- 
93-00090. 

Descriptors:  'Groundwater  pollution,  'Ground- 
water management,  'Water  quality  management, 
•Risk  assessment,  Water  pollution  control,  Water 
pollution  prevention,  Decision  making,  Manage- 
ment planning,  Model  studies,  Computer  pro- 
grams. 

This  paper  focuses  on  the  risk  assessment  and 
management  process  in  terms  of  the  ever-present 
problem  of  groundwater  contamination  and  its  pre- 
vention and  correction.  It  provides  a  definition  of 
terms  and  concepts  in  risk  assessment  and  manage- 
ment, develops  a  short  taxonomy  of  risk  assessment 
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methodologies,  and  briefly  discusses  the  impera- 
tiveness of  multiple-objective  optimization  in  risk 
assessment  and  management.  To  perform  the  com- 
plete process  of  risk  assessment  for  a  particular 
problem,  the  following  tasks  need  to  be  carried 
out:  (1)  risk  identification;  (2)  risk  quantification; 
(3)  risk  evaluation;  (4)  risk  acceptance  and  aver- 
sion; and  risk  management.  A  decision  support 
system  (DSS)  is  well-suited  for  water  resources 
systems  in  general  and  for  groundwater  contamina- 
tion risk  assessment  and  management  in  particular. 
Within  the  specific  context  of  the  latter,  the  inher- 
ent complexity  of  the  groundwater  contamination 
process  clearly  indicates  a  great  need  for  an  inte- 
grated decision  support  tool  that  is  capable  of 
doing  the  following:  (1)  allow  the  user  to  define 
appropriate  input  configurations  related  to  the  per- 
tinent economic,  industrial,  and  demographic  con- 
ditions of  the  study  area;  (2)  allow  the  user  to 
employ  the  model  at  different  levels  of  resolution 
depending  on  the  user's  needs  and  the  availability 
of  data;  (3)  incorporate  into  the  DSS,  if  possible, 
the  various  types  of  infiltration,  flow,  and  transport 
models  based  on  the  different  types  of  soil  and  the 
geologic  and  hydrologic  conditions  of  the  study 
system  in  order  to  add  yet  another  dimension  of 
flexibility;  (4)  provide  an  option  to  perform  mul- 
tiobjective  trade-off  analysis,  systematic  sensitivity 
analysis,  and  risk  assessment;  and  (5)  provide  a 
man-machine  interactive  mode  option  to  allow 
planners  and  decision  makers  to  interact  with  the 
model  with  a  quick  turn-around  time.  (See  also 
W90-05169)(Lantz-PTT) 
W90-05178 


GROUNDWATER     HEALTH     RISK     ASSESS- 
MENT: A  CASE  STUDY. 

California  Univ.,  Los  Angeles.  Dept.  of  Environ- 
mental Science  and  Engineering. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-05179 


CONTENT  ATTITUDE  STUDY  OF  WATER  RE- 
LATED TOPICS  IN  PUERTO  RICO  DAILY 
NEWSPAPERS. 

Puerto  Rico  University,  Mayaguez,  Dept.  of  Social 

Sciences. 

For  primary  bibliographic  entry  see  Field  6B. 

W90-05196 


EVALUATION  AND  MODELING  OF  VOLA- 
TILE ORGANIC  VAPOR  TRANSPORT  IN  THE 
UNSATURATED  ZONE  FOR  GROUNDWATER 
QUALITY  PROTECTIONS. 

Utah  Water  Research  Lab.,  Logan. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-O520O 


ECONOMIC  AND  LEGAL  ANALYSIS  OF 
STRATEGIES  FOR  MANAGING  AGRICUL- 
TURAL POLLUTION  OF  GROUNDWATER. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Agricultural  Economics. 
S.  S.  Batie,  R.  A.  Kramer,  and  W.  E.  Cox. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-129131/ 
AS.  Price  codes:  A21  in  paper  copy,  A01  in  micro- 
fiche. Final  report,  October  15,  1989.  496p,  3  tab, 
22  ref,  4  append.  USGS  Contract  14-08-0001- 
G1303. 

Descriptors:  'Groundwater,  'Economic  evalua- 
tion, 'Institutions,  'Nitrates,  'Leaching,  'Linear 
programming,  Karst,  Water  pollution,  Cost  shar- 
ing, Simulation  analysis,  Water  quality,  Farm 
wastes.  Fertilizers,  Net  profit.  Farm  management, 
Virginia,  Rockingham  County,  Manure-storage  fa- 
cilities, CREAMS  model. 

The  overall  objectives  were  to  identify  constitu- 
tional and  legal  strategies  for  the  management  of 
groundwater  quality,  to  design  alternative  state 
and/or  federal  strategies  for  the  management  of 
environmental  risks  associated  with  agricultural 
pollution  of  groundwater,  and  to  estimate  first 
round  impacts  of  farm  income,  land  use,  govern- 
ment revenues,  and  groundwater  pollution  levels 
resulting  from  implementation  of  alternative  man- 
agement strategies  in  a  case  study  context.  A  com- 


prehensive review  of  existing  state  strategies  and 
available  legal  mechanisms  within  constitutional 
constraints  and  the  federal  legal  framework  was 
completed.  These  strategies  were  used  in  hypothet- 
ical scenarios  to  reduce  nitrate  pollution  of 
groundwater  from  dairy  farms  in  Rockingham 
County,  Virginia.  CREAMS,  a  hydrology  sub- 
model was  employed  to  model  physical  relation- 
ships between  changed  farming  practices  and  al- 
tered chemical  leaching  magnitudes.  Dairy  farmers 
were  surveyed  as  well,  and  the  results  were  used  to 
create  a  mathematical  programming  farm  model 
with  which  to  estimate  impacts  of  alternative  man- 
agement strategies.  (USGS) 
W90-05233 


RESOURCE  ALLOCATION  AND  ENVIRON- 
MENTAL OBJECTIVES.  A  REGIONAL  EVAL- 
UATION OF  SWEDISH  EUTROPHICATION 
CONTROL  POLICY  1965-80. 

Linkoeping  Univ.  (Sweden).   Dept.  of  Water  in 

Environment  and  Society. 

M.  Lowgren. 

Journal        of        Environmental        Management 

JEVMAW,  Vol.  29,  No.  4,  p.  363-376,  December 

1989.  2  fig,  3  tab,  25  ref. 

Descriptors:  'Resource  allocation,  'Sweden, 
'Water  pollution  control,  'Eutrophication,  Costs, 
Wastewater  treatment,  Urban  areas,  Biochemical 
oxygen  demand,  Phosphorus. 

Subsidized  investment  costs  of  measures  taken  be- 
tween 1970  and  1980  to  protect  and  restore  water 
quality  of  four  recipients  (Lake  Vattern,  Lake 
Sommen,  Motala  River,  and  the  River  Svarta) 
were  studied.  'Add-on'  investment  costs  to  reduce 
emissions  of  phosphorus  and  biochemical  oxygen- 
demanding  substances  from  municipal  wastewater 
treatment  plants,  industries  and  farms  were  related 
to  specific  objectives  of  water  quality.  Costs  were 
compared  both  within  and  between  the  sectors  of 
study,  thus  establishing  the  cost  effectiveness  of  the 
actual  resource  allocation.  On  average,  small-scale 
removal  costs  (investment)  for  phosphorus  in  the 
municipal  sector  were  more  than  70  times  higher 
than  for  agricultural  emissions  of  the  same  magni- 
tude. For  biochemical  oxygen  demand,  small-scale 
investment  costs  for  municipalities  were  five  times 
higher  than  that  of  industry.  Scale  effects  were 
marked:  more  than  one  third  (37%)  of  subsidies  to 
municipal  wastewater  treatment  were  granted  to 
small  urban  areas  (<3000  inhabitants)  in  the  river 
basin,  making  9%  of  the  urban  population  of  study. 
The  subsidy  policy  implemented  neither  furthered 
recipient-oriented  emission  control,  nor  did  it  pro- 
mote innovative  technology  development.  The 
presence  of  multiple  objectives,  which  did  not 
assign  superior  priority  to  ambient  quality  objec- 
tives, may  offer  part  of  the  explanation,  and  the 
formulation  of  environmental  objectives  in  a  politi- 
cal context  are  likely  to  favor  measures  where 
benefits  were  obvious  in  the  short  run.  (Author's 
abstract) 
W90-05295 


DISCHARGER  GROUPING  FOR  WATER 
QUALITY  CONTROL. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 
Engineering. 

J.  W.  Eheart,  E.  D.  Brill,  and  J.  C.  Liebman. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  1,  p.  21-37, 
January /February  1990.  3  fig,  7  tab,  11  ref.  EPA 
cooperative  agreement  CR-8 12577-01  and  02. 

Descriptors:  'Water  pollution  control,  'Water 
quality  management,  'Water  pollution  prevention, 
'Wastewater  disposal,  Statistical  methods,  Regula- 
tions. 

In  developing  management  programs  to  regulate 
point  sources  of  waterborne  waste,  it  may  be  con- 
venient or  even  necessary  to  subdivide  the  dis- 
chargers into  groups.  For  simplicity  and  effective- 
ness in  meeting  water  quality  goals,  it  is  desirable 
that  the  regulatory  decisions  governing  one  group 
of  dischargers  be  minimally  influenced  by  those 
governing  other  groups.  One  way  to  accomplish 
this  is  to  separate  the  watercourse  into  sets  of 
water  quality  checkpoints  such  that  each  set  of 


checkpoints  is  associated  with  a  group  of  discharg- 
ers and  the  effect  of  the  dischargers  excluded  from 
a  given  group  upon  the  checkpoints  associated 
with  that  group  is  small.  A  quantitative  method  for 
effecting  such  groupings  is  presented.  The  method 
minimizes  the  impacts  of  the  dischargers  included 
in  a  group  on  checkpoints  associated  with  other 
groups  of  dischargers.  A  heuristic  method  is  used 
that  consists  of:  (1)  forming  the  matrix  of  impact 
contributions;  (2)  selecting  a  criterion  for  repre- 
senting the  unaccounted  impact  as  a  single  number; 
(3)  constructing  a  table  of  values  of  this  criterion 
for  each  possible  breakpoint;  and  (4)  considering 
the  table  to  be  values  of  a  dependent  variable 
plotted  against  two  independent  variables,  and 
identifying  the  local  minima;  which  are  the  poten- 
tial breakpoints.  The  method  is  illustrated  using 
data  for  several  river  basins,  viz.,  the  Lower  Fox 
River  in  Wisconsin,  the  Willamette  River  in 
Oregon,  and  the  Mohawk  River  in  New  York. 
(Author's  abstract) 
W90-053O0 


OXYGEN  AND  TEMPERATURE  RELATION- 
SHIPS IN  NINE  ARTIFICIALLY  AERATED 
CALIFORNIA  RESERVOIRS. 

Hawaii  Inst,  of  Marine  Biology,  Honolulu. 

A.  W.  Fast,  and  R.  G.  Hulquist. 

California  Fish  and  Game  CAFGAX,  Vol.  75,  No 

4,  p  213-217,  1989.  3  fig,  1  tab,  6  ref. 

Descriptors:  'Lake  restoration,  'Reservoir  oper- 
ation, 'Destratification,  'Thermal  stratification, 
•Aeration,  'Water  temperature,  Air,  Water  quality 
control,  Oxygenation,  Mixing. 

Artificial  thermal  destratification  by  air  injection  is 
a  common  reservoir  management  technique  to 
eliminate  anaerobic  conditions  near  the  reservoir's 
bottom,  and  thus  creating  additional  fish  habitat, 
and  improving  drinking  water  quality.  Although 
artificial  destratification  usually  results  in  the  elimi- 
nation of  anaerobic  conditions,  the  relationship  be- 
tween the  degree  of  mixing  and  the  resultant 
oxygen  concentration  of  deep  water  has  not  been 
evaluated.  In  this  study,  thermal  destratification 
and  the  ratio  of  air  volume  injected  (Qa)  to  reser- 
voir water  volume  (V)  were  positively  correlated 
in  nine  southern  California  reservoirs.  There  was 
no  correlation  between  either  Qa/V  and  minimum 
oxygen  concentrations  in  these  reservoirs,  nor  be- 
tween oxygen  minima  and  thermal  destratification. 
Although  artificial  aeration  is  regularly  used  to 
increase  oxygen  concentrations  to  a  desired  level, 
there  are  presently  no  quantitative  procedures  for 
sizing  a  destratification  system  to  achieve  the  de- 
sired oxygen  concentrations.  Practitioners,  with 
extensive  experience  with  reservoir  aeration  sys- 
tems and  with  adequate  background  information 
on  a  given  reservoir,  might  be  able  to  design  an 
aeration  system  that  will  achieve  a  minimum  dis- 
solved oxygen  concentration,  Clearly,  an  objec- 
tive, quantitative  procedure  is  needed  for  designing 
aeration  systems  to  meet  minimum  oxygen  needs  in 
reservoirs,  especially  for  the  average  potential 
user.  (Author's  abstract) 
W90-05323 


WATER  QUALITY  DEVELOPMENT  OF  THE 
ARTIFICIAL  LAKES  LOKKA  AND  PORTTI- 
PAHTA  IN  FINNISH  LAPLAND. 

Water  and  Environment  District  of  Lapland,  Ro- 

vaniemi  (Finland). 

K.  Kinnunen. 

Aqua  Fennica  AQFEDI,  Vol.  19,  No.  1,  p  11-17, 

1989.  6  fig,  1  tab,  3  ref. 

Descriptors:  'Reservoir  operation,  'Water  level 
fluctuations,  'Artificial  lakes,  Water  quality,  Dis- 
solved solids,  Dissolved  oxygen,  Lokka,  Portti- 
pahta,  Finland,  Lapland. 

The  two  biggest  artificial  lakes  of  Western  Europe 
have  been  built  at  the  upper  part  of  the  Kemijoki 
river  basin.  These  artificial  lakes,  Lokka  and  Port- 
tipahta,  were  constructed  at  the  end  of  the  1960's 
for  the  water  storage  of  the  Kemijoki  River  hydro- 
power  production  system.  The  surface  areas  of 
Lokka  and  Porttipahta,  at  the  highest  permitted 
regulation  level,  are  417  sq  kilometers  and  214  sq 
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kilometers,  respectively.  The  maximum  permitted 
range  of  variation  in  the  water  level  is  5  meters  in 
Lokka  and  11  meters  in  Porttipahta,  but  in  prac- 
tice, the  ranges  have  been  smaller.  These  artificial 
lakes  are  filled  up  mainly  during  spring  flood  and 
drawn  down  during  the  ice-covered  period.  The 
regulation  is  carried  out  on  the  basis  of  consecutive 
years.  The  water  quality  of  the  artificial  lakes  has 
been  monitored  since  their  construction.  The  late 
winter  oxygen  situation  was  worst  in  1974  and 
1977  when  the  regulation  of  the  lakes  was  most 
extreme.  Because  of  the  lack  of  oxygen,  there  were 
local  fish  deaths  in  Lokka  and  a  massive  escape  of 
fish  to  surrounding  rivers.  The  concentration  of 
organic  matter  was  highest  in  both  lakes  in  the 
middle  of  the  1970's.  After  about  12-15  years,  both 
lakes  reached  a  kind  of  steady  state  in  water  qual- 
ity. The  steady  state  will  persist  if  the  regulation 
remains  consistent  with  recent  practices.  (Author's 
abstract) 
W90-05344 


TWO  MANIPULATED  INNER  BAYS  IN  THE 
HELSINKI  SEA  AREA,  NORTHERN  GULF  OF 
FINLAND. 

Helsinki  City  Water  and  Wastewater  Authority 
(Finland).  Water  Conservation  Lab. 
R.  Varmo,  H.  Viljamaa,  L.  Pesonen,  and  I.  Rinne. 
Aqua  Fennica  AQFEDI,  Vol.  19,  No.  1,  p  67-73, 
1989.  6  fig,  Href. 

Descriptors:  'Cleanup  operations,  *Water  pollu- 
tion effects,  'Eutrophication,  'Wastewater  pollu- 
tion, 'Finland,  Water  quality,  Monitoring,  Dredg- 
ing, Phosphorus  removal. 

Water  quality  has  been  poor  in  the  inner  bays  of 
the  Helsinki  sea  area  because  of  the  length  of  time 
that  wastewater  has  been  discharged  there.  How- 
ever, as  a  result  of  improved  municipal  wastewater 
purification  techniques  and  the  reduction  in  phos- 
phorous, some  signs  of  recovery  have  been  noted 
since  the  monitoring  period  started  in  1965.  This 
paper  briefly  reviews  the  results  of  monitoring  in 
two  manipulated  inner  bays.  Despite  these  im- 
provements, recovery  has  been  slow  and  may  be 
due  to  the  effect  the  sediments  have  on  the  water 
layer.  It  is  suggested  that  although  dredging  can 
help  keep  the  bays  deep,  this  practice  may  not 
benefit  water  or  bottom  quality.  (Male-PTT) 
W90-O5346 


PROPOSED  TECHNICAL  SLUDGE  REGULA- 
TION UPDATE. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Municipal  Pollution  Control. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-05348 


DISSOLUTION  OF  CALCITE  IN  ACID 
WATERS:  MASS  TRANSPORT  VERSUS  SUR- 
FACE CONTROL. 

Oxford  Univ.  (England).  Physical  Chemistry  Lab. 
R.  G.  Compton,  K.  L.  Pritchard,  and  P.  R.  Unwin. 
Freshwater  Biology  FWBLAB,  Vol.  22,  No.  2,  p 
285-288,  October  1989.  3  fig,  18  ref. 

Descriptors:  *Acid  rain  effects,  *Acid  lakes,  'Lake 
restoration,  'Liming,  'Lime,  'Acidic  water,  *Cal- 
cite,  Hydrogen  ion  concentration,  Earth-water 
interfaces. 

A  new  experimental  method  for  the  study  of  kinet- 
ics and  mechanism  of  reactions  at  the  solid-liquid 
interface  has  shown  that  the  dissolution  of  calcite 
in  acidic  waters  is,  under  conditions  of  high  mass 
transport,  controlled  by  the  first  order  heterogene- 
ous reaction  of  H+  at  the  interface  and  not  by 
diffusion  as  previously  thought.  The  implications 
of  this  for  lake  liming  strategies  (aimed  at  counter- 
ing the  effects  of  acid  rain)  are  significant  in  that 
under  typical  liming  conditions,  the  rate  of  calcite 
dissolution  will  be  surface  controlled  and  conse- 
quently appreciably  slower  than  previously  consid- 
ered. (Author's  abstract) 
W90-05362 


DEVELOPING  A  STATISTICAL  SUPPORT 
SYSTEM  FOR  ENVIRONMENTAL  HAZARD 
EVALUATION. 


Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-05369 


EVALUATION  OF  ANTIFOULING  PROPER- 
TIES OF  NON-TOXIC  MARINE  PAINTS. 

Aix-Marseille-1   Univ.  (France).  Lab.  de  Chimie 

Macromoleculaire. 

A.  Mellouki,  A.  Bianchi,  A.  Perichaud,  and  G. 

Sauvet. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

12,  p  612-615,  December  1989.  4  fig,  1  tab,  12  ref. 

Descriptors:  'Water  pollution  prevention,  'Anti- 
foulants,  'Biocides,  'Path  of  pollutants,  'Ammoni- 
um salts,  Tin,  Microbiological  studies,  Perform- 
ance evaluation,  Aquatic  bacteria. 

The  anti-microfouling  properties  of  some  insolubi- 
lized  quaternary  ammonium  salts  (grafted  onto  a 
vinyl  copolymer  by  means  of  a  covalent  non- 
hydrolyzable  bond)  were  evaluated  and  compared 
with  untreated,  or  tin-salt  painted  surfaces.  The 
antifouling  activity  of  the  copolymers  was  tested  in 
two  forms:  as  a  varnish  film  obtained  by  soaking 
polyvinyl  chloride  (PVC)  sheets  in  a  solution  of 
copolymer  in  xylene  or  dichloromethane  and  air- 
drying  (quaternary  ammonium  groups  were  0.3 
and  1.45  molAg  of  dry-extract);  or  as  paints  pre- 
pared by  adding  the  copolymer  to  a  mixture  of 
xylene  (18.9%),  colophane  (15.1%),  iron  oxide 
(4.9%),  copper  oxide  (56.8%),  suspension  agent  + 
plasticizer  (4.3%)  (concentrations  of  0.06,  0.105, 
and  0.165  molAg  of  dry-extract).  Experimental 
varnishes  and  paints  as  well  as  a  commercial  anti- 
fouling paint  containing  tributyltin  oxide  and  an 
untreated  control  PVC  sheet  were  immersed  in  a 
basin  filled  with  seawater.  Samples  were  collected 
after  varying  immersion  times  up  to  4  months  and 
levels  of  bacterial  colonization  were  assessed  by 
counting  viable  colonies  and  by  scanning  electron 
microscopy.  Results  showed  that  the  microbial 
cover  on  the  surfaces  treated  with  ammonium  salts 
or  tin  compounds  was  limited  to  bacterial  forms, 
without  microalgae  or  cyanobacteria  as  observed 
on  the  untreated  surfaces.  Bacteria  were  mostly  of 
unicell  form  and,  at  the  highest  ammonium  concen- 
trations, numerous  areas  appeared  free  of  any 
microorganisms.  These  findings  show  that  quater- 
nary ammonium  salts  chemically  bonded  to  a  poly- 
mer to  avoid  diffusion  of  toxic  compounds  in  the 
marine  environment  can  efficiently  prevent  micro- 
biofouling  of  immersed  surfaces.  (Geiger-PTT) 
W90-05407 


COMPARATIVE  AQUATIC  ECOLOGY  RE- 
SEARCH ON  PHOSPHATE  AND  PHOSPHATE 
SUBSTITUTES  FOR  DETERGENTS  (VERGLEI- 
CHENDE  UNTERSUCHUNGEN  ZUR  BEWER- 
TUNG  VON  PHOSPHAT  UND  PHOSPHATER- 
SATZSTOFFEN  AUS  DER  SICHT  DER  AQUA- 
TISCHEN  OEKOLOGIE). 

Bayerische   Landesanstalt   fuer   Wasserforschung, 
Wielenbach  (Germany,  F.R.). 
A.  Hamm. 

Zeitschrift  fuer  Wasser  -  und  Abwasser  Forshung 
ZWABAQ,  Vol.  22,  No.  6,  p  257-262,  December 
1989.  4  fig,  2  tab,  9  ref.  English  summary. 

Descriptors:  'Water  pollution  prevention,  'Phos- 
phates, 'Detergents,  'Water  pollution  effects,  'Ec- 
ological effects,  Lakes,  Ecosystems,  Model  studies, 
Phytoplankton,  Macrophytes,  Fish,  Zooplankton, 
Benthos. 

The  'Phosphates  and  Water'  committee  in  the 
Water  Chemistry  Group  of  German  Chemists  has 
been  assessing  the  effects  of  phosphate  and  phos- 
phate substitutes  in  detergents  for  many  years. 
Comparative  investigations  were  conducted  on  the 
effect  of  detergents  containing  phosphates  and 
phosphate  substitutes  on  aquatic  biocoenosis 
through  the  use  of  model-ecosystems  (natural 
ponds).  Compounds  studied  included  Zeolith  A, 
one  phosphonate  compound,  EDTA  and  NTA. 
The  model  ecosystems  have  been  useful  in  quanti- 
fying the  effects  on  phytoplankton,  phytobenthos, 
macrophytes,  zooplankton,  zoobenthos  and  fish. 
The  models  were  also  useful  in  the  quantification 
of  the  biologically  influenced  chemical  parameters. 
(Geiger-PTT) 


W90-05422 


THERMAL  REGIME  OF  LAKE  DRUKSIAI. 

Akademiya  Nauk  Litovskoi  SSR,  Vilnius.  Inst,  of 

Zoology  and  Parasitology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05461 


SIMULATED  IMPACTS  OF  FLOW  REGULA- 
TION ON  BLUE-GREEN  ALGAE  IN  A  SHORT 
RETENTION  TIME  LAKE. 

Helsinki  Univ.  of  Technology,  Espoo  (Finland). 
Lab.  of  Hydrology  and  Water  Resources  Engi- 
neering. 
O.  Vans. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  181-189,  November  1989.  4 
fig,  5  tab,  29  ref. 

Descriptors:  'Limnology,  'Water  quality  control, 
'Cyanophyta,  'Lakes,  'Reservoirs,  'Retention 
time,  'Flow  control,  'Flood  peak,  'Water  quality, 
Seasonal  variation,  Mathematical  models,  Lake 
Kuortaneenjarvi,  Finland,  Flood  control,  Water 
quality. 

Many  features,  often  mentioned  as  being  character- 
istic of  reservoirs,  are  relatively  frequent  within 
Finnish  lakes.  In  the  district  of  Southern  Ostro- 
bothnia,  all  the  lakes  have  a  short  retention  time, 
high  water  color  value  and  strong  seasonal  vari- 
ations in  the  flow  regime.  The  impacts  of  flow 
regulation  on  algae,  specially  of  the  spring  flood 
control,  were  studied  in  Lake  Kuortaneenjarvi 
using  whole  lake  simulation.  The  regulation  period 
with  greatest  influences  on  blue-green  algae  was 
during  the  spring  flood.  However,  attempting  to 
combat  N-fixing  blue-greens  by  decreasing  the  out- 
flow during  the  growing  flood  and  increasing  it 
after  the  flood  peak  was  unsuccessful.  The  results 
suggest  that  cutting  the  flood  peak  using  a  lake  or 
reservoir  when  there  are  problems  with  blue-green 
algae  and  in  lakes  with  a  relatively  short  retention 
time  can  cause  deterioration  of  water  quality.  (Au- 
thor's abstract) 
W90-05469 


PARTICULATE  ORGANIC  MATTER  AND  ITS 
ROLE  IN  THE  FORMATION  OF  WATER 
QUALITY  IN  LAKE  SEVAN  (ARMENIA). 

Akademiya  Nauk  Armyanskoi  SSR,  Sevan.  Hy- 

drobiological  Station. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05479 


MANAGEMENT  OF  RESERVOIR  RELEASES: 
IMPROVING  THE  DOWNSTREAM  ENVIRON- 
MENT BY  RESERVOIR  RELEASE  MODIFICA- 
TIONS. 

Tennessee  Valley  Authority,  Knoxville.  Div.  of 

Air  and  Water  Resources. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05528 


STREAMFLOW  AND  WATER-QUALITY  DATA 
FOR  LITTLE  CLEARFIELD  CREEK  BASIN, 
CLEARFIELD  COUNTY,  PENNSYLVANIA, 
DECEMBER  1987-NOVEMBER  1988. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05552 


PROGRAM  PLAN:  TESTING  OF  VACUUM  EX- 
TRACTION AND  IN-SITU  AIR  STRIPPING 
TECHNOLOGIES. 

Savannah  River  Lab.,  Aiken,  SC  Technical  Div. 
D.  S.  Kaback,  and  B.  B.  Looney. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE88-016058. 
Price  codes:  A02  in  paper  copy,  A01  in  microfiche. 
Report  No.  DPST— 87-561,  July  24,  1987.  lOp,  5 
fig- 
Descriptors:  'Water  pollution  treatment,  'Soil 
contamination,    'Groundwater   pollution,    'Water 
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Group  5G — Water  Quality  Control 

quality  control,  'Air  stripping,  Mn  situ  treatment, 
Vacuum  extraction,  Costs,  Boreholes,  Vadose 
zone. 

A  remedial  action  program  consisting  of  above- 
ground  air  stripping  of  groundwater  is  underway 
to  address  contamination  in  M  Area  at  the  Savan- 
nah River  Plant  (SRP).  A  recent  pilot  study  to 
clean  up  the  soils  above  the  water  table  was  com- 
pleted in  M  Area  using  a  new  technique,  in-situ 
vacuum  extraction,  which  successfully  removed 
significant  quantities  of  trichloroethylene  and  te- 
trachloroethylene  from  the  soils  along  a  portion  of 
the  abandoned  process-sewer  line.  The  objectives 
of  the  plan  are  to:  (1)  develop  a  better  understand- 
ing of  gas  flow  in  porous  media  during  vacuum 
extraction;  and  (2)  perform  a  field  test  that  com- 
bines two  new  technologies:  vacuum  extraction 
and  in-situ  air  stripping.  Groundwater  and  the 
overlying  soil  in  the  vadose  zone  can  then  be 
remediated  concurrently.  Two  vadose  zone  moni- 
toring pressure  lysimeter  clusters  will  be  construct- 
ed in  a  position  lateral  to  the  sewer  line.  These  data 
will  provide  a  third-dimensional  view  of  the  aqui- 
fer so  that  more  can  be  learned  about  aquifer 
anisotropy.  Two  horizontal  boreholes  will  then  be 
drilled  parallel  to  one  another  and  parallel  to  the 
abandoned  sewer  line.  The  two  horizontal  bore- 
holes will  be  offset  approximately  150-ft,  below  the 
zone  of  highest  organic  concentrations  in  the 
groundwater.  The  shallow  horizontal  borehole 
will  be  located  entirely  within  the  vadose  zone  at  a 
depth  of  approximately  80-ft.  The  two  horizontal 
wells  will  be  installed  and  developed  in  a  manner 
that  complies  with  safety,  security,  and  housekeep- 
ing guidelines.  The  budget  for  the  project  is 
$195,000.  Installation  of  the  horizontal  wells  is 
estimated  at  $98,000;  vacuum  extraction,  one  soil 
core  at  the  existing  site,  and  installation  of  two 
pressure  lysimeters  is  estimated  at  $97,000.  The 
schedule  for  the  project  is  estimated  at  28  weeks. 
Approximately  one  week  is  devoted  to  obtaining 
one  soil  core,  installation  of  two  pressure  lysi- 
meters, and  vacuum-equipment  setup.  The  initial 
tracer  test  will  be  run  for  a  maximum  of  4  weeks. 
The  two  horizontal  boreholes  will  then  be  installed 
over  a  period  of  about  3  weeks.  The  remaining 
tests  will  be  run  over  a  period  not  to  exceed  16 
weeks.  (Lantz-PTT) 
W90-05582 


PETROLEUM  FATE  AND  CLEANUP  AGENT 
TOXICOLOGY:  AN  ANNOTATED  BIBLIOG- 
RAPHY. 

California  Univ.,  Santa  Cruz.  Center  for  Marine 

Studies. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05583 


SUPERFUND  RECORD  OF  DECISION:  OLD 
BETHPAGE,  NY. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-134362. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R02-88/058,  March  1988. 
222p,  14  fig,  3  tab,  4  append. 

Descriptors:  *Superfund,  'Cleanup  operations, 
•Old  Bethpage,  *New  York,  *Water  pollution 
treatment,  *Leachates,  •Methane,  *Landfills, 
•Volatile  organic  compounds,  Benzene,  Trichlor- 
oethylene, Chromium,  Inorganic  compounds, 
Lead,  Pollutant  identification,  Groundwater  pollu- 
tion. 

The  Old  Bethpage  landfill,  covering  approximately 
65  acres,  is  located  in  Old  Bethpage,  Town  of 
Oyster  Bay,  Nassau  County,  New  York.  Two 
public  drinking  water  wells,  a  residential  communi- 
ty, an  industrial  park,  and  a  state  park,  exist  within 
the  site's  general  vicinity.  Beginning  in  1958,  the 
Town  of  Oyster  Bay  operated  the  landfill  as  a 
municipal  landfill.  In  addition  to  accepting  munici- 
pal wastes  and  garbage,  local  industrial  wastes 
were  disposed  of  on  the  landfill  during  the  late 
1960s  and  early  1970s.  The  landfill  ceased  oper- 
ations in  April  1986.  A  system  designed  to  collect, 
store,  treat,  and  dispose  of  leachate  has  been  oper- 
ating at  the  site  since  1983.  There  are  three  remedi- 


al actions  currently  underway  at  the  site.  They 
include:  leachate  collection,  methane  gas  collec- 
tion, and  landfill  capping.  The  methane  gas  collec- 
tion system  was  installed  in  phases  in  1982  at  the 
periphery  of  the  site  to  monitor  and  prevent  migra- 
tion of  gas  beyond  the  property  boundary.  The  18- 
inch  thick  clay  cap  was  applied  to  29  acres  of  the 
landfill.  The  primary  contaminants  of  concern  af- 
fecting groundwater  include:  volatile  organic  com- 
pounds (VOCs),  trichloroethylene,  benzene,  tolu- 
ene, inorganics,  chromium,  and  lead.  Air  is  con- 
taminated with  methane  gas  and  VOCs.  The  se- 
lected remedial  action  for  this  site  includes:  hy- 
draulic control  of  the  plume  through  installation  of 
groundwater  recovery  wells;  groundwater  pump 
and  treatment  using  air  stripping  and,  if  necessary, 
carbon  filtration  with  discharge  into  an  upgradient 
injection  well  system;  groundwater  monitoring; 
completion  of  the  landfill  capping  (29  acres  previ- 
ously capped);  continuation  and  expansion,  or  en- 
hancement of  the  leachate  control  and  gas  collec- 
tion systems;  and  gas  monitoring.  The  estimated 
present  worth  cost  of  this  remedial  action  is 
$23,045,000.  (Author's  abstract) 
W90-05584 


STATUS  OF  US  EPA'S  SLUDGE  INCINERA- 
TOR REGULATIONS. 

Environmental  Protection  Agency,  Washington, 
DC. 

E.  P.  Crumpler,  A.  B.  Rubin,  and  H.  E.  Bostian. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-124366. 
Price  codes:  A02  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/D-88/231,  November  1988. 
4p,  3  tab,  1 1  ref. 

Descriptors:  'Incineration,  'Sludge  treatment, 
•Regulations,  'Wastewater  treatment,  'Air  pollu- 
tion, Pollution  load,  Dispersion,  Standards. 

A  potential  regulatory  approach  that  the  US  EPA 
could  use  for  controlling  sewage  sludge  inciner- 
ators was  developed.  This  approach  utilizes  a  most 
exposed  individual  risk  assessment  to  ensure  that 
sludge  incineration  air  emissions  will  not  cause  an 
unacceptable  health  risk.  To  expedite  the  permit- 
ting of  facilities,  the  EPA  has  devised  a  three  tier 
approach  which  will  simplify  the  demonstration  of 
compliance.  The  three  tiers  in  essence  define  how 
the  values  of  the  dispersion  factor  (DF)  and  the 
pollutant  control  efficiencies  (CE)  are  obtained.  In 
Tier  I,  the  owner/operator  obtains  credit  for  the 
height  of  his  stack  in  determining  the  maximum 
allowable  sludge  concentration.  For  Tier  I,  the  CE 
for  each  pollutant  is  taken  from  a  table  of  reasona- 
ble worse  case  control  efficiencies.  These  worse 
case  control  efficiencies  were  developed  from  a 
statistical  analysis  of  a  series  of  sludge  incinerator 
tests.  Thus,  Tier  I  allows  the  calculation  of  reason- 
able worse  case  pollutant  feed  rates  using  only  the 
reference  air  concentrations  (RACs)  specified  by 
EPA,  CE  specified  by  EPA  and  the  stack  height  at 
the  facility.  This  approach  will  allow  a  significant 
number  of  US  sludge  incinerators  to  meet  the  new 
regulations  with  a  minimum  of  effort  and  expense. 
An  evaluation  under  Tier  II  is  required  if  a  facility 
can  not  demonstrate  compliance  under  Tier  I  for 
all  of  the  pollutants  of  concern.  The  Tier  II  assess- 
ment requires  site  specific  air  modeling  to  deter- 
mine the  value  of  DF  and  retains  the  reasonable 
worst  case  pollutant  control  efficiencies  used  in 
Tier  I.  If  an  evaluation  under  Tier  II  determines 
that  one  or  more  sludge  pollutants  fails  the  allow- 
able pollutant  feed  rate  (FR),  then  an  evaluation 
under  Tier  III  must  be  conducted.  The  Tier  II 
assessment  requires  actual  measurement  of  the  con- 
trol efficiency  of  the  incinerator  system  by  means 
of  an  emissions  test.  EPA  is  preparing  guidance  for 
the  conducting  of  sludge  incinerator  tests.  The 
guidance  will  specify  sampling  methods,  sampling 
frequencies  and  test  methods  for  the  17  pollutants. 
This  guidance  will  be  available  prior  to  the  final 
promulgation  of  the  incinerator  rules.  Prior  to  the 
publication  of  the  incinerator  test  guidance,  any 
test  plans  for  sludge  incinerators  prepared  to 
comply  with  this  regulation  should  be  reviewed  by 
the  permitting  official  prior  to  the  test.  (Lantz- 
PTT) 
W90-05590 


WATER  QUALITY  AND  RESTORATION  OF 
THE  LOWER  OCONTO  RIVER,  OCONTO 
COUNTY,  WISCONSIN. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
R.  A.  Rost,  J.  C.  Brand,  R.  M.  Bruch,  D.  H. 
Crehore,  and  S.  I.  Dodson. 

Technical  Bulletin  No.  164,  1989.  36p,  12  fig,  25 
tab,  25  ref,  2  append. 

Descriptors:  'Water  pollution  treatment,  'Stream 
restoration,  'Stream  biota,  'Water  quality  control, 
•Oconto  River,  'Water  pollution  control,  'Aquat- 
ic environment,  'Fish  management,  'Wisconsin, 
Fish  populations,  Management  planning,  Chemical 
treatment,  Pulp  wastes,  Macroinvertebrates. 

The  purpose  of  the  Oconto  River  Restoration 
Project  (1979-83)  was  to  develop  and  implement  a 
plan  to  restore  the  water  quality,  aquatic  environ- 
ment, and  fish  habitat  of  the  lower  Oconto  River  in 
Oconto  County,  Wisconsin.  This  river  segment 
had  been  severely  degraded  for  over  70  years  by 
pulp  mill  effluent.  The  lotic  portions  of  the  river 
improved  as  soon  as  the  pulp  mill  closed  in  1978. 
The  Machickanee  Flowage  below  the  mill  did  not 
improve  as  rapidly,  due  to  the  accumulation  of 
sediment  polluted  with  heavy  metals.  Aquatic  ma- 
crophytes,  aquatic  macroinvertebrates,  and  sub- 
strate suitable  for  fish  spawning  remained  scarce. 
Beginning  in  1979,  data  was  collected  on  the  fol- 
lowing: water  quality;  sediment  volume,  elutriate, 
and  compaction  rates;  zooplankton;  aquatic  macro- 
phytes;  aquatic  macroinvertebrates;  and  fish  popu- 
lations and  movement.  Based  on  the  data  from 
1979  and  1980,  a  management  plan  was  designed 
for  restoration  of  the  area  affected  by  discharge 
from  the  mill.  The  principal  elements  of  the  plan 
were:  (1)  an  extended  drawdown  of  the  Machick- 
anee Flowage  to  change  the  physical  consistency 
of  the  accumulated  sediment;  (2)  chemical  treat- 
ment of  fish  populations  in  the  Machickanee  Flow- 
age  to  eradicate  rough  fish;  (3)  fish  stocking  to 
establish  game  fish  and  panfish  following  the 
chemical  treatment;  (4)  access  development;  (5) 
establishment  of  contingency  funds  for  habitat  im- 
provement and  additional  fish  stocking  if  neces- 
sary; (6)  continuous  monitoring  for  a  3-year  period 
to  determine  the  effectiveness  of  the  management 
techniques  applied;  and  (7)  an  intensive  public  rela- 
tions program  conducted  throughout  the  project. 
The  Machickanee  Flowage  was  drawn  down  in 
May  1981  and  in  September  1981  the  water  re- 
maining in  the  flowage  basin  was  treated  with 
rotenone  to  eliminate  rough  fish.  The  flowage 
basin  was  refilled  following  the  treatment,  and  fish 
were  stocked  from  1981  through  1983.  Because  of 
the  drawdown  the  character  of  the  sediment 
changed  such  that  both  numbers  and  species  of 
aquatic  plants  and  aquatic  macroinvertebrates 
greatly  increased.  The  amount  of  suitable  substrate 
for  fish  spawning  also  increased.  A  creel  census 
and  other  surveys  conducted  after  the  management 
plan  was  implemented  indicated  that  the  aquatic 
ecosystem  was  more  favorably  balanced.  (Lantz- 
PTT) 
W90-05610 


WELL  INSTALLATION  AND  DOCUMENTA- 
TION, AND  GROUND-WATER  SAMPLING 
PROTOCOLS  FOR  THE  PILOT  NATIONAL 
WATER-QUALrTY  ASSESSMENT  PROGRAM. 

Geological  Survey,  Reston,  VA.  Water  Resources 
Div. 

M.  A.  Hardy,  P.  P.  Leahy,  and  W.  M.  Alley. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-396,  1989.  36p,  2  fig,  9  tab,  28 
ref. 

Descriptors:  'Sampling,  'Network  design,  'Data 
acquisition,  'Water  quality,  'Wells,  'Groundwater 
quality,  'Water  sampling,  Well  construction, 
Standards,  Drilling,  Organic  compounds,  Inorgan- 
ic compounds,  Sample  preparation. 

Several  pilot  projects  are  being  conducted  as  part 
of  the  National  Water  Quality  Assessment 
(NAWQA)  Program.  The  purpose  of  the  pilot 
program  is  to  test  and  refine  concepts  for  a  pro- 
posed full-scale  program.  Three  of  the  pilot 
projects  are  specifically  designed  to  assess  ground- 
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water.  The  purpose  of  this  report  is  to  describe  the 
criteria  that  are  being  used  in  the  NAWQA  pilot 
projects  for  selecting  and  documenting  wells,  in- 
stalling new  wells,  and  sampling  wells  for  different 
water  quality  constituents.  Guidelines  are  present- 
ed for  the  selection  of  wells  for  sampling.  Informa- 
tion needed  to  accurately  document  each  well 
includes  site  characteristics  related  to  the  location 
of  the  well,  land  use  near  the  well,  and  important 
well  construction  features.  These  guidelines  ensure 
the  consistency  of  the  information  collected  and 
will  provide  comparable  data  for  interpretive  pur- 
poses. Guidelines  for  the  installation  of  wells  are 
presented  and  include  procedures  that  need  to  be 
followed  for  preparations  prior  to  drilling,  the 
selection  of  the  drilling  technique  and  casing  type, 
the  grouting  procedure,  and  the  well-development 
technique.  A  major  component  of  the  protocols  is 
related  to  water  quality  sampling.  Tasks  are  identi- 
fied that  need  to  be  completed  prior  to  visiting  the 
site  for  sampling.  Guidelines  are  presented  for 
purging  the  well  prior  t  sampling,  both  in  terms  of 
the  volume  of  water  pumped  and  the  chemical 
stability  of  field  parameters.  Guidelines  are  pre- 
sented concerning  sampler  selection  as  related  to 
both  inorganic  and  organic  constituents.  Docu- 
mentation needed  to  describe  the  measurements 
and  observations  related  to  sampling  each  well  and 
treating  and  preserving  the  samples  are  also  pre- 
sented. Procedures  are  presented  for  the  storage 
and  shipping  of  water  samples,  equipment  clean- 
ing, and  quality  assurance.  Quality  assurance 
guidelines  include  the  description  of  the  general 
distribution  of  the  various  quality  assurance  sam- 
ples (blanks,  spikes,  duplicates,  and  reference  sam- 
ples) that  will  be  used  in  the  pilot  program.  (Lantz- 
PTT) 
W90-05618 
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RISK  ASSESSMENT  OF  GROUNDWATER 
CONTAMINATION  AND  CURRENT  APPLICA- 
TIONS IN  THE  DECISION-MAKING  PROC- 
ESS. 

United  Technologies  Corp.,  East  Hartford,  CT. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04606 


WETLANDS       AND       SUBSISTENCE-BASED 
ECONOMIES  IN  ALASKA,  U.S.A. 

Alaska  Univ.,  Fairbanks.  Dept.  of  Anthropology. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-04638 


LOW-HEAD  HYDRO:  AN  EXAMINATION  OF 
AN  ALTERNATTVE  ENERGY  SOURCE. 

Idaho  Water  Resources  Research  Inst.,  Moscow. 
J.  S.  Gladwell,  and  C.  C.  Warnick. 
Idaho     Water     Resources     Research     Institute, 
Moscow,  Idaho.  September,  1978.  205  p. 

Descriptors:  *Water  resources  development,  ♦Hy- 
droelectric power,  'Energy  sources,  Conferences, 
Economic  aspects,  Dams,  Turbines,  Governmental 
interrelations,  Environmental  impact. 

While  nationally  hydroelectric  generation  contrib- 
utes only  15%  of  our  electric  energy,  until  very 
recently  it  had  been  the  basis  of  the  Northwest's 
energy  resources.  It  has  provided  a  clean,  abun- 
dant, and  ever-renewing  source  of  power  since  the 
first  small  dams  were  installed  before  the  turn  of 
the  century.  However,  public  and  private  utilities 
have  almost  come  to  the  end  of  the  era  when  new 
high  dams  are  either  acceptable  to  the  public  or  are 
worthwhile  from  a  cost-benefit  comparison.  Na- 
tional public  policy  has  excluded  the  possibility  of 
much  hydroelectric  development  in  the  region  by 
opting  to  preserve  some  rivers  in  a  wild,  free 
flowing  state.  That  combination  of  circumstances 
presents  several  options  in  providing  additional 
electrical  supplies  for  the  region.  The  most  widely 
discussed  course,  and  in  many  ways  the  easiest 
route,  is  to  continue  supplementing  hydroelectric 


generation  with  power  from  new  thermal  plants, 
using  either  coal  or  nuclear  fuels.  However,  low- 
head  hydroelectric  technology  offers  great  advan- 
tages. Probably  the  greatest  of  these  are  its  envi- 
ronmental acceptability,  its  flexibility,  and  its  po- 
tential to  keep  electrical  rates  reasonable.  For  all 
these  advantages,  there  are  still  a  number  of  bar- 
riers standing  in  the  way  of  utilizing  low-head 
technology  as  an  integral  part  of  our  energy  future 
in  Idaho  and  the  region.  Those  restraints  are  both 
technical  and  institutional.  The  papers  in  this  book 
were  prepared  for  the  seminar  'Low-Head  Hydro- 
electric Technology-Problems  and  Opportunities 
of  an  Alternative  Energy  Source,'  which  was  held 
at  the  University  of  Idaho  on  June  6  and  7,  1978. 
The  papers  are  divided  into  five  sections:  (1)  eco- 
nomics; (2)  low-head  turbines;  (3)  the  governmen- 
tal presence;  (4)  the  environment;  and  (5)  surveys 
of  energy  potential.  (Lantz-PTT) 
W90-05137 


URBAN  LAND  POLICY:  SELECTED  ASPECTS 
OF  EUROPEAN  EXPERIENCE. 

Department  of  Housing  and  Urban  Development, 
Washington,  DC.  Office  of  International  Affairs. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-05138 


FINAL  FEASIBILITY  REPORT:  CATTARAU- 
GUS CREEK,  NEW  YORK. 

Army  Engineer  District,  Buffalo,  NY. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A201  132. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Main  Report,  December  1987.  69p,  7  fig,  10  tab. 

Descriptors:  'Feasibility  studies,  *Water  resources 
development,  'Cattaraugus  Creek,  'New  York, 
•Flood  control,  Water  demand,  Water  resources, 
Economic  aspects,  Management  planning,  Hydro- 
electric power,  Recreation  facilities,  Cost-benefit 
analysis,  Social  aspects. 

Cattaraugus  Creek  is  about  70  miles  long  and 
drains  an  area  of  about  558  sq  mi  of  western  New 
York,  passing  through  the  villages  of  Arcade, 
Gowanda,  and  Springville.  The  lower  15  miles  of 
the  creek  also  flows  through  the  Cattaraugus 
Indian  Reservation.  The  main  tributaries  of  the 
creek  include  Clear  Creek  at  Arcade,  Elton  Creek, 
Buttermilk  Creek,  Spring  Brook,  Spooner  Creek, 
South  Branch  Cattaraugus  Creek,  and  Clear  Creek 
at  Iroquois.  The  primary  water  resources  need  for 
which  a  solution  was  sought  under  this  authority 
was  to  reduce  flood  damages  within  the  Cattarau- 
gus Creek  Basin.  In  addition,  for  dam/reservoir 
plans  that  were  developed,  the  addition  of  hydro- 
electric power  generating  facilities  and  recreation 
facilities  were  also  considered  to  maximize  the 
economic  efficiency  of  the  basic  flood  control 
plans.  As  possible  solutions,  nine  preliminary  alter- 
natives, and  11  additional  detailed  alternatives,  in 
addition  to  the  no-action  option,  were  formulated 
and  assessed.  These  alternatives  fell  into  two  broad 
categories:  structural  and  nonstructural  local  pro- 
tection plans  in  areas  where  a  high  concentration 
of  flood  damages  exist  (Sunset  Bay  area  and 
Arcade);  and  dam/reservoir  plans  at  Springville. 
However,  either  the  plans  considered  were  not 
economically  justified  (i.e.,  benefit-to-cost  ratios 
were  <  1.0),  or  the  plans  were  not  socially  accept- 
able. Therefore,  the  Selected  Plan  is  the  no-action 
plan.  (Lantz-PTT) 
W90-0514O 


RISK    ASSESSMENT    FOR    GROUNDWATER 
CONTAMINATION. 

Case    Western    Reserve    Univ.,    Cleveland,    OH. 

Dept.  of  Systems  Engineering. 

For  primary   bibliographic   entry   see  Field   5G. 

W90-05178 


DEVELOPING  AND  MANAGING  A  COMPRE- 
HENSIVE RESERVOIR  ANALYSIS  MODEL. 

Hydrologic  Engineering  Center,  Davis,  CA. 
R.  J.  Hayes,  B.  S.  Eichert,  and  M.  B.  Hurst. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A202  118. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 


Techniques  Of  Planning — Group  6A 

Technical  Paper  No.  123,  November  1988.  13p,  4 
fig,  13ref. 

Descriptors:  'Model  studies,  'Computer  programs, 
'Documentation,  'Computer  models,  'Reservoir 
operation,  Reservoirs,  Training,  Education,  Water 
resources  management,  Maintenance. 

Corps  of  Engineers  projects  are  operated  in  a  wide 
range   of  physical   environments   with   numerous 
operational   constraints.   The   Corps'   Hydrologic 
Engineering  Center  (HEC)  has  developed  a  gener- 
alized simulation  model  capable  of  analyzing  com- 
plex river-reservoir  systems.  Computer  program 
'HEC-5,  Simulation  of  Flood  Control  and  Conser- 
vation Systems',  has  evolved  during  the  last   16 
years  (1972-1988)  from  a  flood  control  only,  single 
event  reservoir  simulation  model  to  a  generalized 
hydrologic    and    economic    reservoir    simulation 
model  with  capabilities  for  flood  control,  water 
supply,  and  hydropower  analysis  for  multi-flood  or 
period  of  record  analysis.  HEC-5  has  developed  in 
ways  which  the  program's  author  could  not  have 
anticipated,  reflecting  both  the  changing  require- 
ments of  the  Corps  of  Engineers  and  the  evolution 
of  computer  systems.  As  program  code  is  revised 
and  new  capabilities  are  added  to  a  large  program 
such  as  HEC-5,  the  need  arises  for  a  systematic, 
trackable,  software  maintenance  system.  The  pri- 
mary tool  that  is  being  currently  utilized  for  updat- 
ing and  maintaining  the  HEC-5  package  of  soft- 
ware  is   OPCODE'S    'Historian    Plus',    which    is 
available  on  the  HEC  Harris  1000  computer.  The 
Historian  program  provides  a  systematic  proce- 
dure for  tracking  program  modifications;  thus   as 
its  name  implies,   it  provides  a  'history'   of  the 
programs  development.  The  HEC  has  always  en- 
deavored to  provide  suitable  documentation  and 
training  for  each  of  its  major  programs.  Current 
HEC-5  documentation  includes:  a  Users'  Manual;  a 
separate  Input  Description,  which  is  updated  once 
or  twice  each  year  to  reflect  program  develop- 
ments; and  Training  Documents  for  Water  Supply 
and  Hydropower  applications.  HEC  staff  members 
provide  HEC-5  field  application  support  to  Corps 
of  Engineers  offices  upon  request.  Usually  HEC 
assistance  is  sought  by  offices  for  a  number  of 
reasons  including  those  without  the  necessary  in- 
house  HEC-5  expertise  or  for  those  studies  which 
require  code  modifications  to  extend  or  add  new 
program  capabilities.  Program  support  in  the  form 
of  hotline  assistance  for  both  engineering  and  pro- 
gramming assistance  is  available  to  the  Corps  of 
Engineers  and  other  federal  agencies.  At-site  train- 
ing  course,    application   assistance   and   program 
modifications  are  also  provided  to  Corps  offices. 
(Lantz-PTT) 
W90-05182 


DISCHARGER     GROUPING     FOR     WATER 
QUALITY  CONTROL. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic   entry   see   Field   5G. 

W90-05300 


BAYESIAN  INFERENCING  APPLIED  TO 
REAL-TIME  RESERVOIR  OPERATIONS. 

Proctor  and  Red  Group,  St.  Catherines  (Ontario). 
A.  Armijos,  J.  R.  Wright,  and  M.  H.  Houck. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  1,  p.  38-51, 
January /February  1990.  6  fig,  3  tab,  17  ref,  2 
append. 

Descriptors:  'Expert  systems,  'Reservoir  oper- 
ation, 'Water  resources  management,  Model  stud- 
ies, Reservoir  releases,  Reservoir  storage,  Bayesian 
inferencing. 

A  significant  amount  of  research  during  the  past 
few  years  has  focused  on  the  application  of  expert 
systems  technology  to  problems  of  water  resources 
management.  While  these  investigations  have  led 
to  speculation  as  to  the  benefits  of  intelligent  rea- 
soning applied  to  real-time  reservoir  operation, 
working  systems  are  nonexistent  or  in  the  prelimi- 
nary stages  of  development  and  testing.  This  re- 
search presents  a  novel  perspective  on  the  use  of 
knowledge-based  inferencing  techniques  applied  to 
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real-time  reservoir  operation.  The  model  devel- 
oped integrates  three  separate  analytical  proce- 
dures: (I)  a  rules-based  inferencing  procedure  is 
used  that  takes  as  input  the  data  necessary  to 
incorporate  the  logic  of  operating  rules;  (2)  a  Baye- 
sian  procedure  is  utilized  that  contains  prior  cate- 
gorical information  about  past  decisions,  and  pro- 
vides the  decision  maker  a  judgment  about  the 
quality  of  the  release  recommendation;  and  (3)  the 
response  of  the  decision  maker  is  recorded  and 
used  to  update  the  prior  information  knowledge 
base.  Rules  are  used  to  achieve  a  real-time  simula- 
tion that  is  comparable  to  other  rule-based  systems 
reflecting  expert  operations  as  proposed  in  the 
literature.  The  Bayesian  mechanism  then  provides 
a  judgment  about  the  quality  of  recommended 
releases  based  on  prior  information  and  present 
conditions.  An  additional  feature  of  this  system  is 
its  learning  capabilities  that  can  be  used  for  further 
refinement  of  system  recommendations.  (Author's 
abstract) 
W90-05301 


COMMUNITY  PARTICIPATION  IN  THE 
WATER  SUPPLY  SECTOR  IN  SRI  LANKA. 

Engineering-Science,  Inc.,  Pasadena,  CA. 

R.  M.  Bradley,  and  H.  I.  Karunadasa. 

Journal  of  the  Royal  Society  of  Health  JRSHDS, 

Vol.  109,  No.  4,  p  131-135,  1989.  11  ref. 

Descriptors:  *Sri  Lanka,  'Public  health,  'Commu- 
nity development,  *Water  resources  development, 
•Developing  countries,  Water  management,  Water 
use. 

A  community  participation  approach  in  the  plan- 
ning and  implementation  of  water  and  sanitation 
projects  in  less  developed  countries  is  discussed, 
and  a  procedure  for  implementing  this  approach, 
currently  being  used  in  Sri  Lanka  is  outlined.  The 
basic  procedure  for  implementing  community  par- 
ticipation in  5  communities  in  Sri  Lanka  involves 
seven  stages.  Each  stage  is  defined  and  includes: 
basic  investigations,  community  orientation  and 
preparation  for  community  orientation,  community 
consultation,  education  and  planning,  developing 
the  water  supply/sanitation  program  with  the  com- 
munity, health  education,  project  implementation, 
and  monitoring/evaluation.  The  procedure  empha- 
sizes commitment  to  health  education  using  com- 
munity members  and  the  setting  up  of  community- 
based  formal  management  committees  to  plan,  de- 
velop and  monitor  all  aspects  of  project  implemen- 
tation. Dedicated  institutional  support  from  the 
national  water  supply  agency  and  the  Ministry  of 
Health  is  recognized  as  an  essential  component 
through  providing  professional  project  facilitators 
and  ensuring  that  the  project  development  institu- 
tions are  continually  aware  of  the  need  to  address 
community  participation  issues.  The  establishment 
of  a  specialized  unit  within  the  water  supply 
agency  to  focus  on  community  participation  and 
water  supply/sanitation/health  linkages  is  a  key 
institutional  support  mechanism.  (Male-PTT) 
W9O-05375 


PRACTICAL  APPROACHES  TO  RIPARIAN 
RESOURCE  MANAGEMENT:  AN  EDUCA- 
TIONAL WORKSHOP. 

May  8-11,  1989,  Billings,  Montana.  American  Fish- 
eries Society,  Bethesda,  MD.  1989.  193p.  Edited 
by  Robert  E.  Gresswell,  Bruce  A.  Barton,  Jeffrey 
L.  Kershner. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Stream  fisheries,  'Ri- 
parian land,  'Riparian  vegetation,  'Riparian 
waters,  'Conferences,  Management  planning, 
Streams,  Stream  improvement,  American  Fisheries 
Society,  Stream  biota,  Stream  degradation,  Stream 
stabilization,  Streamflow,  Urban  watersheds,  Mon- 
itoring. 

In  recent  years  the  riparian  zone  has  become  an 
increasingly  important  resource  consideration. 
However,  literature  describing  riparian  area  man- 
agement has  been  slow  to  develop.  The  American 
Fisheries  Society  confronted  riparian  resource 
management  in  an  educational  workshop  held  in 
May,  1989  in  Billings,  Montana.  The  primary  pur- 
pose of  the  workshop  was  to  bring  together  practi- 


cal and  successful  methodologies  in  riparian  area 
management  and  promote  and  stimulate  discussion 
among  a  wide  variety  of  interests,  such  as  technical 
specialists,  resource  planners,  managers,  and  land 
owners.  This  collection  of  works  from  the  confer- 
ence includes  24  symposium  papers.  Topics  range 
from  selling  management  programs  to  data  integra- 
tion and  collection;  aspects  of  both  urban  and 
forest  planning  are  discussed.  Twenty-nine  ex- 
tended abstracts  are  also  included  in  the  book. 
Specific  examples,  management  tactics  and  moni- 
toring methods  are  presented.  (See  W90-05492  thru 
W90-05513)  (Mertz-PTT) 
W90-05491 


SELLING  A  SUCCESSFUL  RIPARIAN  MAN- 
AGEMENT PROGRAM:  A  PUBLIC  LAND 
MANAGER'S  VIEWPOINT. 

Bureau  of  Land  Management,  Prineville,  OR.  Prin- 

eville  District  Office. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-05492 


OREGON  WATERSHED  IMPROVEMENT 
COALITION'S  APPROACH  TO  RIPARIAN 
MANAGEMENT. 

Oregon  Watershed  Improvement  Coalition,  Burns. 

Education  Committee. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-05493 


NEW  APPROACH  TO  RIPARIAN  MANAGE- 
MENT IN  WASHINGTON  STATE. 

Washington  State  Dept.  of  Fisheries,  Olympia. 
For  primary  bibliographic  entry  see  Field  4A 
W90-05494 
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PORT  DEVELOPMENT  IN  THE  U.S.:  STATUS 
AND  OUTLOOK. 

Maritime  Administration,  Washington,  DC.  Office 

of  Ports  and  Intermodal  Development. 

J.  M.  Pisani. 

Oceanus  OCEAAK,  Vol.  32,  No.  3,  p  37-45,  Fall 

1989.  3  tab. 

Descriptors:  'Water  resources  development, 
'Water  resources  management,  'Port  facilities, 
'Ships,  'Harbors,  Foreign  trade,  Economic  as- 
pects, Financing,  Trafficability. 

The  strategic  and  economic  importance  of  the 
nation's  ports  is  reviewed,  as  are  current  issues  and 
future  concerns  involving  the  ports.  With  the 
present  port  system,  development  has  been  the 
responsibility  of  both  the  public  and  private  sec- 
tors. However,  the  Water  Resources  Development 
Act  of  1986  made  significant  changes  in  the  roles, 
obligations,  and  opportunities  of  U.S.  ports.  This 
act  altered  the  roles  of  federal,  state,  and  local 
authorities  in  accomplishing  harbor  and  waterway 
channel  improvements  and  maintenance.  The  cur- 
rent status  of  deep-draft  and  shallow-draft  ports  is 
reviewed  in  terms  of  use,  traffic,  commerce  move- 
ment, financing,  and  environmental,  safety,  and 
security  issues.  The  American  Association  of  Port 
Authorities  has  described  five  of  the  current  major 
environmental  challenges  facing  commercial  ports 
as  (1)  public  involvement  in  environmental  law,  (2) 
dredged  material  disposal,  (3)  contaminated  sedi- 
ments, (4)  mitigation  and  wetlands  preservation, 
and  (5)  reducing  and  relocating  urban  ports.  Addi- 
tional concerns  include  the  safe  and  environmen- 
tally sound  management  of  wastes  generated  by 
vessels  and  facilities  in  ports  and  the  control  of  air 
pollution  caused  by  marine  vessels.  The  issue  of 
container  ships  is  addressed,  as  they  are  becoming 
larger  and  more  complex,  and  are  effecting  im- 
mense problems  on  shoreside  operating  logistics. 
The  need  to  improve  bridge  and  tunnel  clearances 
o  main  and  port-access  lines  is  and  issue  that  inhib- 
its the  growth  of  double-stack  operations.  In  the 
future,  increased  demand  will  be  exerted  on  vessel 
and  port  terminal  operators  to  become  more  pro- 
ductive, and  hold  down  the  costs  of  shipping  the 
additional  cargo  brought  about  by  the  opening  of 
new  global  ports  and  foreign  trade.  (Friedmann- 
PTT) 


W90-04574 

MULTICRITERION  ANALYSIS  OF  HYDRO- 
POWER  OPERATION. 

Case    Western    Reserve    Univ.,    Cleveland,    OH. 

Dept.  of  Systems  Engineering. 

L.  Duckstein,  A.  Tecle,  H.  P.  Nachnebel,  and  B. 

F.  Hobbs. 

Journal  of  Energy  Engineering  (ASCE)  JLEED9, 

Vol.  115,  No.  3,  p  132-153,  December  1989.  5  fig,  7 

tab,    33    ref.    NSF    grants    INT    8620200,    ECS- 

8802920,  and  ECE  85-52524. 

Descriptors:  'Water  resources  development,  'Hy- 
droelectric power,  'Hydroelectric  plants,  'Deci- 
sion making,  'Ecological  effects,  'Social  impact, 
Multicriterion  analysis,  Monte  Carlo  method,  Aus- 
tria, West  Germany. 

Two  real-life  examples  show  how  multicriterion 
decision-making  (MCDM)  techniques  can  help  hy- 
dropower  engineers  mitigate  the  environmental 
and  social  effects  of  hydropower  development  and 
operation.  A  brief  introduction  and  overview  of 
MCDM  is  presented,  consisting  of  an  1 1-step  proc- 
ess that  starts  with  problem  definition  and  ends 
with  implementation.  A  typology  of  MCDM  is 
provided,  dividing  the  techniques  into  three 
groups:  outranking,  distance-based,  and  value- 
based  or  utility-based  types.  The  operation  of  the 
Upper  Isar  River  project  in  Bavaria  is  analyzed  by 
means  of  a  value  technique  and  an  outranking 
technique  called  multicriterion  Q-analysis.  Four- 
teen criteria  are  considered  in  that  study,  including 
power  production,  habitat  quality  for  four  groups 
of  species,  aesthetics,  several  recreation  indices, 
minimum  flows,  and  phosphorus  loadings.  The 
case  study  of  the  Erlauf  River  Division  in  Austria 
is  evaluated  using  a  distance-based  technique  called 
composite  programming,  combined  with  Monte 
Carlo  simulation.  An  outcome  of  that  study  is  that 
the  facility's  owners  have  increased  the  minimum 
instream  flow  in  order  to  protect  ecological  values. 
(Author's  abstract) 
W90-04975 


CONTENT  ATTITUDE  STUDY  OF  WATER  RE- 
LATED TOPICS  IN  PUERTO  RICO  DAILY 
NEWSPAPERS. 

Puerto  Rico  University,  Mayaguez,  Dept.  of  Social 
Sciences. 

J.  Gutierrez-Sanchez,  and  O.  N.  Hernandez. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-1 19629/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Final  Technical  Report,  Puerto  Rico  Water 
Resources  Research  Institute,  Mayaguez,  June 
1988.  28p,  3  fig,  8  tab,  12  ref,  2  append. 

Descriptors:  'Attitudes,  'Behavior,  'Public  opin- 
ion, 'Puerto  Rico,  'Social  aspects,  Administrative 
agencies,  Local  governments. 

This  content  study  of  Puerto  Rican  newspaper 
identifies  the  principal  water  related  issues  printed 
in  four  newspapers  as  well  as  the  format  in  which 
these  issues  appear.  It  also  detects  the  manner  in 
which  newspapers  profile  agencies  and  function- 
aries associated  with  the  water  issues;  it  also  pre- 
sents a  literature  survey  of  Puerto  Rican  and  classi- 
cal content  studies  as  well  as  of  recent  texts  that 
discuss  content  analysis  methodology.  This  study 
covers  the  period  of  July,  1986  through  Septem- 
ber, 1987.  Relevant  findings  are:  (1)  the  content 
issue  most  frequently  mentioned  was  pollution  fol- 
lowed by  water  rates.  These  findings  reflect 
charges  that  the  Aqueduct  and  Sewer  Authority 
(ASA)  has  not  adequately  managed  or  serviced 
water  treatment  plants  and  concern  that  water 
rates  were  increased  44%  in  1986.  (2)  The  gover- 
nor of  Puerto  Rico  was  among  the  most  frequently 
mentioned  functionaries  along  with  the  Secretary 
of  Health,  a  U.S.  District  Court  Judge,  the  Secre- 
tary of  the  Treasurer,  the  regional  director  of  the 
Environmental  Protection  Agency  and  the  head  of 
the  Office  of  Consumer  Affairs,  DACO.  (3)  ASA 
has  become  an  issue  of  public  concern  with  the 
largest  percentage  of  positive  and  negative  men- 
tions. A  similar  trend  appears  for  the  Department 
of   Natural    Resources.    The    least    controversial 
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agency  appears  to  be  the  U.S.  District  Court  since 
it  presents  the  largest  percentage  of  neutral  men- 
tions. (4)  There  exist  fragmentation  of  authority 
and  funds  among  state  agencies.  This  creates  a  lack 
of  coordination  to  rationalize  priorities;  and  (5) 
Water  contamination  is  a  problem  in  Puerto  Rico 
due  to  inefficiency  of  waste  treatment  plants,  fecal 
coliforms  and  the  transmission  of  schistosomiasis. 
(USGS) 
W90-05196 


PLANNING    AND    ANALYSIS    FOR    WATER 
REUSE  PROJECTS. 

California  State  Water  Resources  Control  Board, 

Sacramento. 

For  primary  bibliographic  entry  see  Field  3C. 

W90-05289 


RESOURCE  ALLOCATION  AND  ENVIRON- 
MENTAL OBJECTIVES.  A  REGIONAL  EVAL- 
UATION OF  SWEDISH  EUTROPHICATION 
CONTROL  POLICY  1965-80. 

Linkoeping  Univ.  (Sweden).   Dept.  of  Water  in 

Environment  and  Society. 

For  primary   bibliographic   entry   see   Field    5G. 

W90-05295 


OPTIMIZATION  OF  VALUE  OF  CVP'S  HY- 
DROPOWER  PRODUCTION. 

Cornell  Univ.,  Ithaca,  NY.  Dept.  of  Environmen- 
tal Engineering. 

J.  A.  Tejada-Guibert,  J.  R.  Stedinger,  and  K. 
Staschus. 

Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  1,  p.  52-70, 
January /February  1990.  5  fig,  3  tab,  29  ref,  2 
append.  NSF  Grant  CEE-8351819. 

Descriptors:  'Hydroelectric  power,  'California, 
♦Hydroelectric  power  plants,  'Energy  conserva- 
tion, 'Model  studies,  Operating  policies,  Economic 
aspects. 

CVPOP  is  a  nonlinear  programming  model  for  the 
optimization  of  the  multi-month  operation  of  the 
hydropower  system  of  the  California  Central 
Valley  Project  (CVP).  CVPOP  includes  the  de- 
pendence of  energy  values  within  each  month  on 
the  capacity  factor  of  the  generating  unit,  avoiding 
the  simplification  of  assuming  constant  monthly  or 
yearly  values  as  is  common  in  other  models.  The 
model  also  includes  contractual  energy  and  capac- 
ity constraints  which  are  nonlinear  because  of  the 
powerplants'  variable  head  performance  curves 
(capability  in  MW  and  energy  production  rate  in 
kWh  per  unit  release  versus  reservoir  storage). 
Results  indicate  that  large  problems  stemming 
from  complex  configurations  of  water  resource 
systems  and  from  diverse  physical,  economic  and 
operational  conditions,  often  of  an  unequivocally 
nonlinear  nature,  may  be  solved  with  nonlinear 
programming  techniques  using  currently  available 
commercial  systems.  The  staged  solution  process 
helped  CVPOP  converge  to  an  optimal  solution, 
overcoming  the  difficulties  caused  by  nonconvexi- 
ties  in  the  constraints  and  the  objective.  The  avail- 
ability of  good  starting  points  from  the  revised 
CVPower  program  greatly  aided  convergence. 
The  CVPOP  model  can  be  a  valuable  tool  to 
investigate  alternative  CVP  operation  policies  with 
respect  to  different  energy  value  functions.  The 
example  presented  shows  that  operation  models 
should  not  ignore  the  variation  in  the  value  of 
energy  from  month-to-month  and  within  a  month 
if  the  maximum  energy  costs  savings  is  to  be 
achieved.  (Author's  abstract) 
W90-O53O2 


OPTIMIZING   SPILLWAY   CAPACITY   WITH 
UNCERTAINTY  IN  FLOOD  ESTIMATOR. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05303 


MITIGATION  MEASURES  RECOMMENDED 
IN  CONNECTICUT  TO  PROTECT  STREAM 
AND  RIPARIAN  RESOURCES  FROM  SUBUR- 
BAN DEVELOPMENT. 


Connecticut   Dept.  of  Environmental  Protection, 

Marlborough.  Bureau  of  Fisheries. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-05497 


MANAGEMENT  IMPLICATIONS  FOR  RIPAR- 
IAN DOMINANCE  TYPES  OF  MONTANA. 

Montana  Univ.,  Missoula.  School  of  Forestry. 
S.  W.  Chadde,  R.  D.  Pfister,  and  P.  L.  Hansen. 
IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  83- 
85.  1  tab,  11  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Classification,  'Plant 
populations,  'Montana,  'Stream  biota,  Riparian 
land,  Stream  classification,  Vegetation,  Ecology. 

A  classification  of  Montana's  riparian  plant  com- 
munities, based  on  dominant  species,  was  devel- 
oped by  the  Montana  Riparian  Association.  The 
dominance-type  approach  allows  land  managers  to 
identify,  inventory,  and  map  riparian  communities 
and  provides  basic  management  information  for 
each  type.  As  classifications  based  on  site  potential 
are  developed,  the  dominance  type  approach  will 
remain  useful  for  describing  existing  conditions. 
For  example,  if  dominance  types  have  been  docu- 
mented (inventory  or  maps),  they  could  be  subdi- 
vided by  riparian  site  types  in  order  to  recognize 
different  environments.  On  the  other  hand,  if  ripar- 
ian site  types  are  documented,  they  could  be  subdi- 
vided by  dominance  types  to  illustrate  major  dif- 
ferences in  current  vegetation.  One  weakness  of 
the  dominance  type  classification  is  the  broad  and 
overlapping  range  of  environments  spanned  by 
individual  dominance  types.  However,  the  domi- 
nance type  classification  is  only  the  first  product  in 
the  development  of  a  complete  ecological  classifi- 
cation of  riparian  vegetation  and  sites.  (See  also 
W90-05491)  (Mertz-PTT) 
W90-05504 

6C.  Cost  Allocation,  Cost  Sharing, 
Pricing/Repayment 


WETLANDS       AND       SUBSISTENCE-BASED 
ECONOMIES  IN  ALASKA,  U.S.A. 

Alaska  Univ.,  Fairbanks.  Dept.  of  Anthropology. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-04638 


6D.  Water  Demand 


WATER  CONSUMPTION  PATTERNS  AMONG 
INDIVIDUALS  IN  CAPE  TOWN. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Com- 
munity Health. 

D.  E.  Bourne,  and  L.  T.  Bourne. 
Water  Science  and  Technology  WSTED4,  Vol  21, 
No.  12,  p  1805-1808,  1989. 

Descriptors:  'Water  use,  'Municipal  water,  'Cape 
Town,  'South  Africa,  Surveys,  Drinking  water, 
Beverages. 

Liquid  consumption  patterns  of  about  1440  individ- 
uals were  surveyed  in  Cape  Town,  South  Africa  in 
summer  and  winter.  The  survey  asked  for  all  food 
and  drink  items  consumed  in  a  24-hour  period. 
Total  water  consumption  patterns  were  calculated 
by  using  food  composition  tables.  Mean  total  water 
consumption  was  1770  ml/person/day.  Sources  of 
water  intake  were  as  follows:  tap  water  at  home, 
52%;  tap  water  away  from  home,  10%;  bound  in 
food  at  home,  23%;  bound  in  food  away,  4%;  in 
commercial  products  at  home,  7%;  in  commercial 
products  away,  3%.  Solid  foods  were  the  source  of 
20.5%  of  total  liquid  intake.  In  solid  foods,  68%  of 
the  water  is  in  bound  form,  18%  is  derived  from 
domestic  tap  water,  and  14%  is  from  commercial 
products.  (Cassar-PTT) 
W90-04776 


COMPILATION  OF  GEOHYDROLOGIC  DATA 
COLLECTED  AS  PART  OF  THE  AREAL  AP- 


PRAISAL OF  GROUND-WATER  RESOURCES 
NEAR  BRANSON,  MISSOURI. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05216 


FRESHWATER  WITHDRAWALS  AND 

WATER-USE  TRENDS  IN  FLORIDA,  1985. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 
R.  L.  Marella. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  Flori- 
da Geological  Survey  State  Map  Report,  1989.  1 
sheet,  1  tab,  7  fig,  1 1  ref. 

Descriptors:  'Water  use,  'Florida,  'Maps,  With- 
drawals. 

Total  water  withdrawn  for  use  in  Florida  for  1985 
was  17,057  million  gallons/day  (Mgal/d)  (6,259 
freshwater;  10,798  saline).  Most  freshwater  with- 
drawn was  groundwater  (64%)  and  most  saline 
water  withdrawn  was  surface  water  (99%).  Ther- 
moelectric power  generation  accounted  for  more 
than  99%  of  saline-water  withdrawals.  Agricultur- 
al irrigation  accounted  for  most  freshwater  with- 
drawals for  both  groundwater  (41%)  and  surface 
water  (60%).  Freshwater  withdrawals  increased 
between  1975  and  1985  by  almost  450  Mgal/d 
(excluding  fresh  surface  water  withdrawals  for 
thermoelectric  power  generation).  Groundwater 
accounted  for  64%  of  Florida's  total  freshwater 
use  in  1985,  up  from  51%  in  1980  and  48%  in  1975. 
Freshwater  withdrawals  increased  between  1975 
and  1985:  public  supply  44%,  domestic  self-sup- 
plied 28%,  and  agricultural  irrigation  4%.  Con- 
versely, freshwater  withdrawals  for  commercial- 
industrial  self-supplied  decreased  33%  and  thermo- 
electric power  generation  withdrawals  used  for 
cooling  decreased  160%  between  1975  and  1985. 
Florida  ranked  sixth  in  the  Nation  in  groundwater 
withdrawals  (about  4,000  Mgal/d)  for  1985. 
Groundwater  is  the  primary  source  of  freshwater 
in  Florida  because  it  is  readily  available  and  is 
generally  of  good  quality.  The  Floridan  aquifer 
system  supplied  most  (62%)  of  the  groundwater  in 
Florida  of  1985.  Fresh  groundwater  withdrawals 
increased  768  Mgal/d.  Withdrawals  of  surface 
water  declined  between  1975  and  1985.  Saline 
groundwater  and  treated  wastewater  have  become 
important  alternative  water  supplies.  Withdrawals 
from  saline  groundwater  for  public  supply  ac- 
counted for  about  17  Mgal/  and  irrigation  use  from 
treated  wastewater  sources  was  about  51  Mgal/d 
in  1985.  (USGS) 
W90-05279 


6E.  Water  Law  and  Institutions 


EC  DIRECTIVE  ON  DRINKING  WATER  (EEC 

80/778). 

Severn-Trent  Water  Authority  (England). 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04902 


DOWNTOWN    COMMUNITY    APPROVES    A 
NEW  WASTEWATER  PLANT. 

For   primary   bibliographic   entry   see   Field    5D. 
W90-04921 


HOW  CANADA  CONTROLS  GREAT  LAKES 
POLLUTION. 

For   primary   bibliographic   entry   see   Field    5G. 
W90-04927 


URBAN  LAND  POLICY:  SELECTED  ASPECTS 
OF  EUROPEAN  EXPERIENCE. 

Department  of  Housing  and  Urban  Development, 
Washington,  DC.  Office  of  International  Affairs. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-05138 
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ENVIRONMENTAL  REGULATION:  ITS 
IMPACT  ON  INFRASTRUCTURE  DECISION 
MAKING. 

Environmental    Protection    Agency,    Cincinnati, 

OH.  Drinking  Water  Research  Div. 

For   primary   bibliographic   entry   see   Field    5G. 

W90-05167 


DISCIPLINARY  AND  INTERDISCIPLINARY 
ASPECTS  OF  GROUNDWATER  QUALITY 
MANAGEMENT:  A  LAWYER'S  PERSPECTIVE. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-05171 


GROUNDWATER  QUALITY  MANAGEMENT: 
THE  SEARCH  FOR  A  LEGAL-INSTITUTION- 
AL FRAMEWORK. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-05173 


EPA  GROUND  WATER  PROTECTION  STRAT- 
EGY. 

Environmental  Protection  Agency,  San  Francisco, 

CA.  Region  IX. 

For   primary   bibliographic   entry   see   Field   5G. 

W90-05175 


LOCAL  GOVERNMENT  AND  GROUNDWAT- 
ER QUALITY  MANAGEMENT. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  Economics. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-05176 


NATIONAL    POLICY    FOR    GROUNDWATER 
PROTECTION:  DOES  ONE  EXIST. 

Virginia     Water     Resources     Research     Center, 

Blacksburg. 

For   primary   bibliographic   entry   see   Field   5G. 

W90-05177 


ECONOMIC  AND  LEGAL  ANALYSIS  OF 
STRATEGIES  FOR  MANAGING  AGRICUL- 
TURAL POLLUTION  OF  GROUNDWATER. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg. Dept.  of  Agricultural  Economics. 
For   primary   bibliographic   entry   see   Field    5G. 
W90-05233 


COMMUNITY      PARTICIPATION      IN      THE 
WATER  SUPPLY  SECTOR  IN  SRI  LANKA. 

Engineering-Science,  Inc.,  Pasadena,  CA. 
For  primary  bibliographic  entry  see  Field  6A. 
W90-05375 


PRACTICAL  APPROACHES  TO  RIPARIAN 
RESOURCE  MANAGEMENT:  AN  EDUCA- 
TIONAL WORKSHOP. 

For  primary  bibliographic  entry  see  Field  6A. 
W90-05491 


NEW   APPROACH  TO  RIPARIAN  MANAGE- 
MENT IN  WASHINGTON  STATE. 

Washington  State  Dept.  of  Fisheries,  Olympia. 
For  primary  bibliographic  entry  see  Field  4A. 
W90-05494 


FOREST  PRACTICES  AND  RIPARIAN  MAN- 
AGEMENT IN  WASHINGTON  STATE:  DATA 
BASED  REGULATION  DEVELOPMENT. 

Weyerhaeuser  Co.,  Centralia,  WA.  Western  For- 
estry Research  Center. 
R.  E.  Bilby,  and  L.  J.  Wasserman. 
IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  87- 
94.  8  fig,  2  tab,  1 1  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Riparian  land,  'Wash- 
ington, 'Watershed  protection,  'Legal  aspects, 
'Water  law,  'Riparian  rights,  'Forest  manage- 
ment, 'Environmental  protection,  'Environmental 


policy,  'Timber  Fish  and  Wildlife  Agreement, 
Forest  watersheds,  Logging,  Wildlife,  Manage- 
ment planning,  Stream  improvement. 

In  the  past,  forest  practice  regulations  for  riparian 
zones  in  Washington  have  been  based  primarily  on 
political,  rather  than  scientific,  considerations.  In 
1986  a  new  process,  called  Timber,  Fish  and  Wild- 
life, attempted  to  formulate  regulations  based  on 
technical  data.  Separate  regulations  were  devised 
for  eastern  and  western  Washington  due  to  the 
differences  between  the  two  regions  in  vegetation, 
climate,  and  timber  management  strategies.  In 
western  Washington,  where  clear-cutting  is  the 
predominant  harvest  method,  regulations  were 
based  on  existing  data  on  large  organic  debris 
loading  in  channels  coupled  with  simulation 
models  of  stand  dynamics.  The  regulations  were 
designed  to  provide  for  the  maintenance  of  large 
organic  debris  at  the  levels  observed  in  streams  in 
old-growth  timber.  Data  for  eastern  Washington 
riparian  zones  were  collected  specifically  for  the 
purpose  of  designing  new  regulations.  Uneven- 
aged  management  is  the  most  common  silvicultural 
technique  practiced  in  this  area.  Information  was 
collected  on  riparian  stand  characteristics  and 
large  organic  debris  size  and  frequency  in  streams. 
Regulations  were  designed  to  maintain  large  or- 
ganic debris  levels  observed  in  unmanaged  stands 
and  were  based  on  a  relationship  between  stand 
density  and  large  organic  debris  frequency.  Wild- 
life needs  were  addresed  by  providing  sufficient 
numbers  of  larger  trees  to  generate  snags,  provide 
desired  levels  of  canopy  cover  and  maintain  a 
multi-storied  canopy.  (See  also  W90-05491)  (Au- 
thor's abstract) 
W90-05505 


6F.  Nonstructural  Alternatives 


DEVELOPING  RAINFALL  INSURANCE 
RATES  FOR  THE  CONTIGUOUS  UNITED 
STATES. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-04604 


FINAL   FEASIBILITY   REPORT:   CATTARAU- 
GUS CREEK,  NEW  YORK. 

Army  Engineer  District,  Buffalo,  NY. 

For  primary  bibliographic  entry  see  Field  6A. 

W90-05140 


REVIEW  OF  THE  U.S.  ARMY  CORPS  OF  EN- 
GINEERS INVOLVEMENT  WITH  ALLUVIAL 
FAN  FLOODING  PROBLEMS. 

Hydrologic  Engineering  Center,  Davis,  CA. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05186 


6G.  Ecologic  Impact  Of 
Water  Development 


PLAYA  LAKES:  PRAIRIE  WETLANDS  OF  THE 
SOUTHERN  HIGH  PLAINS. 

North  Carolina  Univ.  at  Wilmington. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04555 


DEAD  SEA  SURFACE-LEVEL  CHANGES. 

Weizmann    Inst,    of  Science,    Rehovoth   (Israel). 

Dept.  of  Isotope  Research. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04559 


PORT  DEVELOPMENT  IN  THE  U.S.:  STATUS 
AND  OUTLOOK. 

Maritime  Administration,  Washington,  DC.  Office 

of  Ports  and  Intermodal  Development. 

For  primary  bibliographic  entry  see  Field  6B. 

W90-O4574 


TEMPERATURE  CHARACTERISTICS  OF  AN 
IMPOUNDED  RIVER. 

Rhodes  Univ.,  Grahamstown  (South  Africa).  Inst. 


of  Freshwater  Studies. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-04631 


TROPICAL  DEFORESTATION  TRIGGERS  EC- 
OLOGICAL CHAIN  REACTION. 

Water  Environment  and  Technology,  Alexandria, 

Virginia. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-04881 


WATERWEED  INVASIONS. 

Toronto  Univ.  (Ontario).  Dept.  of  Botany. 
For  primary  bibliographic  entry  see  Field  4A. 
W90-04920 


CLASSIFICATION  OF  WATER  BEETLE  AS- 
SEMBLAGES IN  ARABLE  FENLAND  AND 
RANKING  OF  SITES  IN  RELATION  TO  CON- 
SERVATION VALUE. 

West    of    Scotland    Agricultural    Coll.,    Auchin- 
cruive.  Dept.  of  Environmental  Sciences. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-04946 


MULTICRITERION   ANALYSIS   OF   HYDRO- 
POWER  OPERATION. 

Case    Western    Reserve    Univ.,    Cleveland,    OH. 

Dept.  of  Systems  Engineering. 

For  primary  bibliographic  entry  see  Field  6B. 

W90-04975 


WATER  QUALITY  CHANGES  CAUSED  BY  EX- 
TENSION OF  THE  WINTER  NAVIGATION 
SEASON  ON  THE  DETROIT-ST.  CLAIR  RIVER 
SYSTEM. 

Cold   Regions   Research   and   Engineering   Lab., 

Hanover,  NH. 

For  primary  bibliographic  entry  see   Field   5G. 

W90-05146 


WATER  RESOURCES  AND  ESTIMATED  EF- 
FECTS OF  GROUNDWATER  DEVELOPMENT, 
CECIL  COUNTY,  MARYLAND. 

Maryland  Geological  Survey,  Baltimore. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05208 


WATER  QUALITY  DEVELOPMENT  OF  THE 
ARTIFICIAL  LAKES  LOKKA  AND  PORTTI- 
PAHTA  IN  FINNISH  LAPLAND. 

Water  and  Environment  District  of  Lapland,  Ro- 

vaniemi  (Finland). 

For  primary  bibliographic   entry  see   Field   5G. 

W90-05344 


PLANKTON  COMMUNITY  RESPONSE  TO 
REDUCTION  OF  PLANKTIVOROUS  FISH 
POPULATIONS:  A  REVIEW  OF  11  CASE 
STUDIES. 

Oslo  Univ.  (Norway).  Biologisk  Inst. 
A.  Lyche. 

Aqua  Fennica  AQFEDI,  Vol.  19,  No.  1,  p  59-66, 
1989.  1  tab,  57  ref.  Norwegian  Council  for  Scientif- 
ic and  Industrial  Research  (NTNF). 

Descriptors:  'Plankton,  'Algal  growth,  'Lake  res- 
toration, 'Limnology,  Species  composition,  Fish 
populations,  Ecological  distribution,  Oligotrophic 
lakes,  Hypertrophic  lakes,  Nutrients. 

The  response  of  plankton  communities  to  reduc- 
tions in  planktivorous  fish  are  summarized  and 
possible  'top-down'  and  'bottom-up'  related  mecha- 
nisms governing  the  observed  response  are  dis- 
cussed in  this  review  of  whole-lake  studies.  In  the 
majority  of  the  selected  lakes,  the  phytoplankton 
biomass  decreased;  cyanobacteria  relative  abun- 
dance decreased;  gelatinous  chlorophytes,  crypto- 
monads  and/or  chrysomonads  increased;  algal  di- 
versity increased;  zooplankton  biomass  increased 
or  was  unchanged;  and  Daphnia  sp.  increased  in 
individual  size  and  relative  abundance.  Diverging 
response  occurred  in  one  oligotrophic  lake,  where 
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Eudiaptomus  and  Ceratium  became  dominant;  in 
one  eutrophic  lake,  where  algal  biomass  was  un- 
changed; and  two  hypertrophic  lakes  where  algal 
biomass  increased  and  cyanobacteria  increased  in 
colony  size  and  relative  abundance.  Reduction  of 
algal  biomass  is  related  to  increased  grazing  on  a 
larger  size  range  of  phytoplankton,  and  probably 
also  to  increased  specific  growth  rate  of  the  re- 
maining algae,  which  decreases  their  carbon  to 
phosphorus-ratio.  Algal  biomass-reduction  is  prob- 
ably also  governed  by  changes  in  the  nutrient 
supply  by  decreased  internal  phosphorus-loading 
by  fish  and  increased  phosphorus-sedimentation  by 
zooplankton.  Changes  in  phytoplankton  species 
composition  is  related  to  increased  specific  nutrient 
supply,  favoring  small  algae  that  compensate  for 
grazing  loss  by  growing  faster.  These  changes  are 
probably  also  influenced  by  increased  light  pene- 
tration, increased  N:P-ratios,  decreased  iron  chela- 
tion by  fish  mucus,  as  well  as  by  changes  in  the 
mode  of  nutrient  supply,  all  disfavoring  cyanobac- 
teria. Zooplankton  biomass  increase  relates  to  de- 
creased vertebrate  predation,  as  well  as  to  the 
increased  edibility  and  improved  nutritional  quality 
of  the  phytoplankton.  Changes  in  zooplankton  spe- 
cies composition  involves  reduced  size-selective 
predation  on  large  species,  increased  invertebrate 
predation  on  smaller  zooplankters,  as  well  as  the 
competitive  superiority  of  Daphnia.  Diverging  re- 
sponse is  related  to  very  low  specific  nutrient 
supply  (the  oligotrophic  lake),  or  to  very  high  and 
increasing  phosphorus-concentration  (hypertroph- 
ic lakes),  approaching  nitrogen-limitation  in  the 
phytoplankton.  (Author's  abstract) 
W90-05345 


ENERGY  FROM  THE  AMAZON. 

For  primary  bibliographic  entry  see  Field  8C. 
W90-05350 


CANOCO--AN  EXTENSION  OF  DECORANA 
TO  ANALYZE  SPECIES-ENVIRONMENT  RE- 
LATIONSHIPS. 

Instituut    TNO    voor    Wiskunde,    Informatiever- 

werking  en  Statistiek,  Wageningen  (Netherlands). 

Agricultural  Mathematics  Group. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-O5370 


FISHERY     IN     NATURE     RESERVES     (FIS- 
CHEREI  IN  NATURSCHUTZGEBIETEN). 

Landesamt  fuer  Wasserwirtschaft  Rheinland-Pfalz, 

Mainz  (Germany,  F.R.). 

For  primary  bibliographic  entry  see  Field  81. 

W90-05417 


FISHES  OF  NORTH  AMERICA  ENDAN- 
GERED, THREATENED,  OR  OF  SPECIAL 
CONCERN:  1989. 

Bureau  of  Land  Management,  Washington,  DC. 

Endangered  Species  Committee. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05448 


EXTINCTIONS      OF      NORTH      AMERICAN 
FISHES  DURING  THE  PAST  CENTURY. 

Michigan  Univ.,  Ann  Arbor.  Museum  of  Zoology. 
For  primary  bibliographic  entry  see  Field  81. 
W90-05449 


RESPONSE  OF  JUVENILE  STEELHEAD  TO 
INSTREAM  DEFLECTORS  IN  A  HIGH  GRADI- 
ENT STREAM. 

Humboldt  State  Univ.,  Areata,  CA.  Dept.  of  Fish- 
eries. 

For  primary  bibliographic  entry  see  Field  81. 
W90-O5513 


FISHERY  MANAGEMENT  IN  COOLING  IM- 
POUNDMENTS. 

Duke  Power  Co.,  Huntersville,  NC.  Production 

Environmental  Services. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05523 


OVERVIEW  OF  RESERVOIR  FISHERIES 
PROBLEMS  AND  OPPORTUNITIES  RESULT- 
ING FROM  HYDROPOWER. 

Sport  Fishing  Inst.,  Washington,  DC. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05524 


FISHERIES  PROBLEMS  ASSOCIATED  WITH 
THE  TRUMAN  DAM  PUMPED  STORAGE  HY- 
DROELECTRIC PROJECT  IN  WEST  CEN- 
TRAL MISSOURI. 

Missouri  Dept.  of  Conservation,  Columbia. 
For  primary  bibliographic  entry  see  Field  81. 
W90-05525 


MANAGEMENT  OF  LARGEMOUTH  BASS  IN 
A  PERCHED  COOLING  POND  IN  ILLINOIS. 

Illinois  Power  Co.,  Clinton.  Clinton  Power  Sta- 
tion. 

For  primary  bibliographic  entry  see  Field  81. 
W90-05526 


WALLEYE  MIGRATION  THROUGH  TYGART 
DAM  AND  ANGLER  UTILIZATION  OF  THE 
RESULTING  TAILWATER  AND  LAKE  FISH- 
ERIES. 

West  Virginia  Dept.  of  Natural  Resources,  Fair- 
mont. Div.  of  Wildlife  Resources. 
For  primary  bibliographic  entry  see  Field  81. 
W90-05531 


LARVAL  FISH  AND  SHELLFISH  TRANSPORT 
THROUGH  INLETS. 

For  primary  bibliographic  entry  see  Field  81. 
W90-05532 


ECOLOGY  OF  THE  LOWER  COLORADO 
RIVER  FROM  DAVIS  DAM  TO  THE  MEXICO- 
UNITED  STATES  INTERNATIONAL  BOUND- 
ARY: A  COMMUNITY  PROFILE. 

Arizona  State  Univ.,  Tempe.  Center  for  Environ- 
mental Studies. 

R.  D.  Ohmart,  B.  W.  Anderson,  and  W.  C.  Hunter. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-130355. 
Price  codes:  A14  in  paper  copy,  A01  in  microfiche. 
Biological  Report  85(7.19),  September  1988.  296p, 
42  fig,  61  tab,  255  ref,  2  append. 

Descriptors:  *Land  use,  *Environmental  effects, 
♦Ecology,  *Colorado  River,  *Water  resources  de- 
velopment, *Ecological  effects,  Mexico,  Davis 
Dam,  Riparian  waters,  Ecosystems,  Wildlife,  Ri- 
parian vegetation,  Water  quality  trends. 

This  report  reviews  and  synthesizes  ecological  in- 
formation on  the  Lower  Colorado  River  from  the 
Davis  Dam  to  the  Mexico-United  States  border.  It 
describes  past  and  present  environmental  condi- 
tions in  the  River  and  on  adjacent  riparian  lands 
along  the  River.  The  River  and  adjacent  flood- 
plains  have  been  greatly  changed,  generally  to  the 
detriment  of  native  flora  and  fauna.  Native  riparian 
woodlands  have  decreased  dramatically  as  a  result 
of  agricultural  conversion,  and  the  most  common 
species  of  tree  along  the  River  is  now  exotic  saltce- 
dar.  Native  wildlife  populations  have  been  serious- 
ly impacted  by  these  land  use  and  habitat  changes. 
Native  fisheries  have  been  similarly  impacted  by 
changes  in  the  flow  and  quality  of  water  in  the 
River  resulting  from  upstream  impoundments,  di- 
version, and  irrigation  return  flows.  Opportunities 
exist  for  reversing  these  trends  through  alteration 
in  the  management  of  the  River;  however,  it  will 
require  changes  in  the  way  political,  social,  and 
economic  decisions  are  made  in  this  region.  (Au- 
thor's abstract) 
W90-05616 
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INSTRUMENTATION   FOR   ESTUARINE   RE- 
SEARCH. 

Washington  Univ.,  Seattle.  School  of  Oceanogra- 


phy. 

R.  W.  Sternberg. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,289-14,301,  Octo- 
ber 15  1989.  28  fig,  2  tab,  23  ref.  NSF  grant 
OCE85-08939. 

Descriptors:  'Estuaries,  *Sediment  transport,  ♦In- 
strumentation, *Sediment  distribution,  ""Sampling, 
♦Sedimentation,  Marine  sediments,  Monitoring, 
Estuarine  environment,  Advection,  Deposition. 

Estuaries  are  large  bodies  of  water  within  which 
complex  interactions  of  physical,  chemical,  and 
biological  processes  with  suspended  and  bottom 
sediments  occur.  The  goals  of  estuarine  sediment 
transport  research  are  broad  and  place  diverse 
requirements  on  instruments  and  methods  of  obser- 
vation. Processes  of  sediment  advection  often  are 
investigated  with  methods  that  provide  synoptic 
observations  over  expanded  geographical  regions, 
i.e.,  remote  sensing  and  rapid  shipboard  reconnais- 
sance techniques.  In  contrast,  time  series  data  col- 
lected within  an  estuary  by  anchored  ships  or  by 
moored  or  semipermanently  emplaced  instruments 
are  used  for  the  study  of  the  processes  or  mechan- 
ics of  sediment  resuspension  and  deposition.  Un- 
derstanding the  mechanics  of  estuarine  sediment 
transport  also  provides  important  insights  into  the 
regional  or  advective  processes  active  in  estuaries. 
The  present  status  of  methods  used  for  estuarine 
sediment  transport  research,  as  well  as  some  im- 
portant methods  under  development,  as  well  as  the 
various  classes  of  instruments  designed  to  meet  the 
measurement  requirements,  are  reviewed  for  (1) 
Boundary  layer  flows  and  suspended  sediment  re- 
sponse; (2)  Threshold  of  grain  motion;  (3)  In  situ 
particle  characteristics;  (4)  Particle  size;  and  (5) 
Settling  velocity.  (Author's  abstract) 
W90-04560 


COST  EFFECTIVENESS  OF  BENTHIC 
FAUNAL  MONITORING. 

P.  F.  Kingston,  and  M.  J.  Riddle. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  20,  No. 

10,  p  490-496,  October  1989.  12  fig,  1  tab,  16  ref. 

Descriptors:  ♦Sampling,  ♦Data  acquisition,  ♦Oil 
pollution,  ♦Monitoring,  ♦Biological  samples,  Envi- 
ronmental protection,  Benthos,  Bottom  sampling, 
Water  pollution,  Water  quality  control,  Cores, 
Sampling  techniques. 

Recent  amendments  to  the  Prevention  of  Oil  Pol- 
lution Act  have  set  minimum  standards  for  envi- 
ronmental monitoring  associated  with  the  offshore 
oil  industry.  Many  oil  companies  include  extensive 
biological  surveys  in  their  monitoring  programs. 
Offshore  environmental  monitoring  is  a  costly  ex- 
ercise from  every  aspect.  It  is  difficult  to  escape 
the  inference  that  single  0.1  square  meter  samples 
are  capable  of  detecting  effects  of  pollution  just  as 
well  as  multiple  samples  and  that  the  present  ap- 
proach to  benthic  monitoring  is  wasteful  of  both 
time  and  resources.  Such  an  approach  does  not 
take  into  account  the  intrinsic  heterogeneity  of  the 
benthos  and  the  increased  likelihood  of  particularly 
erratic  faunal  distributions  around  an  installation. 
The  major  attractions  of  the  single  0.1  square 
meter  grab  sample  is  the  low  cost  of  analysis.  If  a 
similar  total  surface  area  were  sampled  using  a 
number  of  cores  (e.g.  20  x  8  cm  diameter),  the  total 
volume  requiring  analysis  would  remain  the  same, 
but  there  would  be  a  considerable  increase  in  the 
amount  of  information  obtained.  Multiple  core 
samples  would  overcome  the  disadvantages  of  a 
single  large  grab  by  allowing  a  measure  of  variabil- 
ity and  would  remove  the  risk  of  aberrant  patches 
unduly  influencing  the  results.  Typical  costings  for 
offshore  benthic  faunal  surveys  show  that  for  a  10 
station  survey,  replacing  5  replicate  grab  samples 
with  20  cores  per  site  would  produce  analytical 
cost  savings  that  would  permit  up  to  3  days  addi- 
tional ship  time  at  current  prices.  For  inshore 
monitoring,  cost  saving  would  permit  up  to  3  days 
additional  ship  time  at  current  prices.  For  inshore 
monitoring,  cost  savings  would  be  even  greater, 
because  a  smaller  survey  vessel  is  needed  and 
analytical  costs  are  greater.  In  shallow  locations, 
coring  could  be  efficiently  and  relatively  cheaply 
carried  out  by  divers.  Offshore  sampling  presents 
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more  problems  as  there  are  no  devices  currently  in 
production  that  will  take  multiple  core  samples. 
Most  of  the  requirements  for  such  an  offshore 
sampler  could  be  met  by  a  multiple  corer  consist- 
ing of  self-powered  core  units  capable  of  individual 
operation  from  the  surface.  The  addition  of  an 
underwater  television  camera  to  the  unit  would 
enable  the  operator  to  choose  the  areas  to  be 
sampled  where  there  is  obvious  patchiness  of  the 
seabed.  (Mertz-PTT) 
W90-04964 


DDT  IN  MYTILUS  EDULIS:  STATISTICAL 
CONSIDERATIONS  AND  INHERENT  VARIA- 
BILITY. 

Universidad      Autonoma      de      Baja      California 
(Mexico).  Inst,  de  Investigaciones  Oceanologicas. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04965 


MONITORING  OF  TIME  TRENDS  IN  CON- 
TAMINANT LEVELS  USING  A  MULTISPE- 
CIES  APPROACH:  CONTAMINANT  TRENDS 
IN  ATLANTIC  COD  (GADUS  MORHUA)  AND 
EUROPEAN  FLOUNDER  (PLATICHTHYS 
FLESUS)  ON  THE  BELGIAN  COAST,  1978-1985. 
Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-04966 


TREND  MONITORING  OF  DISSOLVED 
TRACE  METALS  IN  COASTAL  SEA  WATER:  A 
WASTE  OF  EFFORT. 

Marine  Lab.,  Aberdeen  (Scotland). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04982 


ACTIVITIES  OF  THE  U.S.  GEOLOGICAL  SUR- 
VEY'S HYDROLOGIC  INSTRUMENTATION 
FACILITY  IN  SUPPORT  OF  HAZARDOUS- 
AND  TOXIC-SUBSTANCES  PROGRAMS. 

U.S.   Geological    Survey,   Stennis   Space   Center, 

Mississippi. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-05127 


STATUS  REPORT  ON  A  STUDY  OF  THE  EF- 
FECTS OF  ACID  MINE  DRAINAGE  ON  VEGE- 
TATION NEAR  LEADVILLE,  COLORADO. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05128 


PROCEDURE  FOR  EVALUATING  OBSERVA- 
TION-WELL NETWORKS  IN  WYOMING,  AND 
APPLICATION  TO  NORTHEASTERN  WYO- 
MING, 1986. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

J.  C.  Wallace,  and  M.  A.  Crist. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations    Report    88-4215, 
1989.  29p,  17  fig,  21  ref. 

Descriptors:  'Observation  wells,  'Network  design, 
•Water  level,  'Powder  River  Basin,  'Monitoring, 
Geohydrologic  units,  Well  data,  Aquifers, 
Groundwater  withdrawals,  Wyoming. 

A  sequence  of  steps  was  developed  for  evaluating 
and  modifying  the  existing,  long-term,  observation- 
well  network  in  any  part  of  Wyoming.  The  State 
was  subdivided  geographically  into  nine  ground- 
water areas,  including  the  northeastern  Wyoming 
groundwater  area,  based  on  major  structural  fea- 
tures. Northeastern  Wyoming  was  the  first  of  the 
nine  areas  to  be  evaluated  using  these  procedures. 
The  stratigraphic  units  of  Wyoming  were  grouped 
into  five  rock  units  on  the  basis  of  age,  similar 
depositional  environments,  and  water-yielding 
properties.  Activities  likely  to  affect  groundwater 
in  northeastern  Wyoming  were  evaluated.  The 
most  important  monitoring  needs  in  the  area  are 
related  to:  (1)  Oil-field  waterflooding;  (2)  surface 
mining  of  coal;  (3)  increasing  municipal  use  of 
groundwater,  and  (4)  need  for  general   resource 


information.  The  18  observation  wells  in  the  exist- 
ing (1986)  network  meet  most  of  the  needs  identi- 
fied. Seven  additional  wells  need  to  be  added  to 
the  network,  whereas  four  wells  in  the  network 
can  be  discontinued.  Water  level  data  from  the  18 
observation  wells  are  presented  by  county.  Maps 
and  hydrographs  are  accompanied  by  brief  discus- 
sions of  information  related  to  the  records  ob- 
tained. (USGS) 
W90-05276 


HYDROMETRIC  NETWORK  EVALUATION: 
AUDIT  APPROACH. 

Inland  Waters  Directorate,  Dartmouth  (Nova 
Scotia). 

Z.  K.  Davar,  and  W.  A.  Brimley. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  1,  p.  134- 
146,  January /February  1990.  2  fig,  2  tab,   18  ref. 

Descriptors:  'Network  design,  'Data  acquisition, 
•Canada,  'Water  resources  management,  'Hydro- 
metric  networks,  Resource  allocation,  Monitoring, 
Streamflow,  Standards,  Economic  aspects,  Water 


An  evaluation  of  the  hydrometric  network  of  New 
Brunswick  was  performed  starting  from  basic  prin- 
ciples of  hydrometric  network  design  and  proceed- 
ing through  the  analysis  of  the  present  network 
and  its  ability  to  meet  user  needs.  Discharge  sta- 
tions used  to  monitor  the  streamflow  component  of 
the  regional  hydrology  are  assessed  on  their  ability 
to  contribute  to  the  transfer  of  information  to 
ungaged  sites.  A  survey  was  conducted  to  deter- 
mine users'  needs.  The  results  of  the  various  analy- 
ses are  combined  using  an  audit  approach  based  on 
selected  rating  factors.  The  final  output  includes 
specific  network  improvements  designed  to  satisfy 
hydrometric  needs.  These  improvements  are  pre- 
sented in  the  form  of  a  list  of  network  adjustment 
scenarios  that  are  available  as  a  management  guide. 
This  methodology  overcomes  the  historical  tend- 
ency to  simply  augment  the  network  in  response  to 
incremental  needs.  In  addition,  the  methodology  is 
flexible,  in  that  objectives  can  be  modified  and 
assumptions  revised  based  on  management  prior- 
ities, and  the  results  can  be  readily  identified.  The 
overall  objective  is  to  create  a  rationalized  and 
more  cost-effective  network.  (Author's  abstract) 
W90-05306 


DEVELOPING  A  STATISTICAL  SUPPORT 
SYSTEM  FOR  ENVIRONMENTAL  HAZARD 
EVALUATION. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05369 


CANOCO-AN  EXTENSION  OF  DECORANA 
TO  ANALYZE  SPECIES-ENVIRONMENT  RE- 
LATIONSHIPS. 

Instituut    TNO    voor    Wiskunde,    Informatiever- 

werking  en  Statistiek,  Wageningen  (Netherlands). 

Agricultural  Mathematics  Group. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05370 


MINIMAL  SAMPLING  SCHEDULE  FOR  A  DY- 
NAMIC LAKE  MODEL. 

Helsinki  Univ.  of  Technology,  Espoo  (Finland). 
Lab.   of  Hydrology  and  Water  Resources  Engi- 
neering. 
J.  Kettunen. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  193-200,  November  1989.  3 
fig,  2  tab,  15  ref. 

Descriptors:  'Limnology,  'Sampling  schedule, 
•Lakes,  'Algae,  'Water  sampling,  'Mathematical 
models,  Growth,  Respiration,  Nitrogen,  Phospho- 
rus, Lake  Kuortaneenjarvi,  Finland,  Water  quality, 
Biological  samplers,  Model  studies. 

The  design  of  a  minimal  sampling  schedule  in  lake 
water  quality  research  was  studied.  Model  oriented 
experimental  design  theory  was  used  to  work  out  a 
measurement  program  for  the  estimation  of  specif- 


ic growth  and  respiration  rate  parameters  of  algae 
in  Lake  Kuortaneenjarvi,  southern  Finland.  The 
design  was  based  on  a  dynamic  lake  model.  Opti- 
mal timing  of  algal  counts  and  simultaneous  meas- 
urements of  inorganic  nitrogen  and  phosphorus 
were  considered.  The  analysis  was  carried  out 
using  the  historical  data  of  one  year.  Six  intensive- 
ly studied  10  day  periods  offered  the  essential 
information  for  the  estimation  of  six  parameters  of 
the  model.  The  study  revealed  that  the  analysis  of 
the  system  output  does  not  necessarily  give  ade- 
quate information  for  the  sampling  design.  Focus- 
ing attention  on  the  time  propagation  of  the  system 
parameter  sensitivity  will  lead  to  more  realistic 
solutions.  This  is  due  to  several  interactive  forces 
of  the  system.  The  use  of  experimental  design 
methods  helps  to  reduce  non-relevant  processes  of 
the  system  behavior  and  thus  permits  better  incor- 
poration of  goals  in  the  sampling  program.  (Au- 
thor's abstract) 
W90-05470 


SAMPLING   OPTIMIZATION    FOR   STUDIES 
OF  TIDAL  TRANSPORT  IN  ESTUARIES. 

South  Carolina  Univ.,  Columbia.  Belle  W.  Baruch 
Inst,   for  Marine  Biology  and  Coastal   Research. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-05536 


PROCEDURE  FOR  EVALUATING  OBSERVA- 
TION-WELL NETWORKS  IN  WYOMING,  AND 
APPLICATION  TO  NORTHEASTERN  WYO- 
MING, 1986. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

J.  C.  Wallace,  and  M.  A.  Crist. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations    Report    88-4215, 
1989.  29p,  17  fig,  21  ref. 

Descriptors:  'Networks,  'Network  design,  'Ob- 
servation wells,  'Wyoming,  *Data  acquisition, 
Wells,  Monitoring,  Groundwater  budget,  Water 
level,  Geohydrology. 

A  logical  sequence  of  steps  was  developed  for 
evaluating  and  modifying  the  existing,  long-term, 
observation-well  network  in  any  part  of  Wyoming. 
Monitoring  water  levels  was  emphasized,  although 
monitoring  water  quality  changes  also  was  consid- 
ered. The  State  was  subdivided  geographically 
into  nine  groundwater  areas,  including  the  north- 
eastern Wyoming  groundwater  area,  based  on 
major  structural  features.  Northeastern  Wyoming 
was  the  first  of  the  nine  areas  to  be  evaluated  using 
these  procedures.  The  stratigraphic  units  of  Wyo- 
ming were  grouped  into  five  rock  units  based  on 
age,  similarity  of  depositional  environments,  and 
water  yielding  properties.  These  units,  from  oldest 
to  youngest,  are:  (1)  Paleozoic  rock  unit,  (2)  lower 
Mesozoic  rock  unit,  (3)  upper  Mesozoic  rock  unit, 
(4)  Tertiary  rock  unit,  and  (5)  Quaternary  rock 
unit.  On  the  basis  of  an  evaluation  of  activities 
likely  to  affect  groundwater  in  northeastern  Wyo- 
ming, the  most  important  monitoring  needs  in  the 
area  are  related  to:  (1)  oil-field  waterflooding,  (2) 
surface  mining  of  coal,  (3)  increasing  municipal  use 
of  groundwater,  and  (4)  need  for  general  resource 
information.  The  18  observation  wells  in  the  exist- 
ing (1986)  network  meet  most  of  these  needs  iden- 
tified. Water  level  data  from  the  18  observation 
wells  in  northeastern  Wyoming  are  presented  in  a 
format  somewhat  different  from  that  used  in  previ- 
ous data  reports  for  Wyoming.  For  each  county, 
hydrographs  of  water  levels  are  arranged  adjacent 
to  a  map  showing  the  location  of  the  wells.  An 
accompanying  narrative  includes  discussion  of 
changes  in  water  levels,  water  quality,  changes  in 
water  use,  possible  changes  in  hydrologic  condi- 
tions, or  other  information  pertinent  to  the  records 
obtained.  As  of  1986,  substantial  water  level  de- 
clines were  recorded  in  one  well  completed  in  the 
Fort  Union  Formation  of  Paleocene  age  near  Gil- 
lette, in  one  well  completed  in  the  Lance  Forma- 
tion and  Fox  Hills  Sandstone  of  Late  Cretaceous 
age  near  Gillette,  and  in  one  well  completed  in  the 
Lakota  Formation  of  Early  Cretaceous  age  in 
northern  Niobrara  County.  Substantial  water  level 
rises  were  recorded  in  one  well  completed  in  the 
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Wasatch  Formation  of  Eocene  age  at  Gillette  and 
in  one  well  completed  in  the  Madison  Limestone 
of  Mississippian  age  in  northern  Niobrara  County. 
(Author's  abstract) 
W90-05597 


7B.  Data  Acquisition 


INSTRUMENTATION   FOR   ESTUARINE   RE- 
SEARCH. 

Washington  Univ.,  Seattle.  School  of  Oceanogra- 
phy. 

For  primary  bibliographic  entry  see  Field  7A. 
W90-04560 


TRANSPORT  PROCESSES  OF  SUSPENDED 
MATTER  DERIVED  FROM  TIME  SERIES  IN  A 
TIDAL  ESTUARY. 

GKSS  -  Forschungszentrum  Geesthacht  G.m.b.H., 
Geesthacht-Tesperhude  (Germany,  F.R.) 
For  primary  bibliographic  entry  see  Field  2J. 
W90-04567 


STATISTICAL  DISTRIBUTION  OF  DAILY 
RAINFALL  AND  ITS  ASSOCIATION  WITH 
THE  COEFFICIENT  OF  VARIATION  OF 
RAINFALL  SERIES. 

Indian  Inst,  of  Tropical  Meteorology,  Poona. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-04595 


DIURNAL  VARIATIONS  DURING  THE  AUS- 
TRALIAN MONSOON  EXPERIMENT  (AMEX) 
PHASE  II. 

Bureau   of  Meteorology,    Melbourne   (Australia). 

Research  Centre. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-04610 


AUSTRALIAN  SUMMER  MONSOON  CIRCU- 
LATION DURING  AMEX  PHASE  II. 

Bureau  of  Meteorology,   Melbourne   (Australia). 

Research  Centre. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-04611 


CLASSIFYING  SOILS  FOR  ACIDIC  DEPOSI- 
TION AQUATIC  EFFECTS:  A  SCHEME  FOR 
THE  NORTHEAST  USA. 

Corvallis  Environmental  Research  Lab.,  OR. 
For  primary  bibliographic  entry  see  Field  5B. 
W9O-04622 


DIFFUSION  METHODS  FOR  THE  DETERMI- 
NATION OF  REDUCED  INORGANIC  SULFUR 
SPECIES  IN  SEDIMENTS. 

Florida  Agricultural  and  Mechanical  Univ.,  Talla- 
hassee. Div.  of  Agricultural  Science. 
Y.  P.  Hsieh,  and  C.  H.  Yang. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 
No.  6,  p  1126-1130,  September  1989.  4  tab,  13  ref. 

Descriptors:  'Water  analysis,  *Tidal  marshes, 
•Bottom  sediments,  *Sulfur,  'Sulfides,  'Chemical 
analysis,  Diffusion  methods,  Salt  marshes,  Marsh 
plants. 

Diffusion  procedures  for  the  separation  of  acid- 
volatile  sulfide  (AVS),  Cr(II)-reducible  sulfur 
(CRS),  and  elemental  sulfur  (ES)  were  developed 
to  replace  the  conventional  active  distillation  pro- 
cedures. In  these  new  procedures,  reduced  inor- 
ganic sulfur  species  are  converted  to  hydrogen 
sulfide  in  a  closed  container  at  ambient  tempera- 
ture, and  the  hydrogen  sulfide  is  allowed  to  diffuse 
into  an  alkaline  zinc  trap  which  subsequently  can 
be  retrieved  and  analyzed.  The  advantages  of  the 
diffusion  methods  are  suitability  for  a  large  number 
of  samples,  specificity  of  the  CRS  diffusion  proce- 
dure to  pyrite-S  after  AVS  removal,  and  capability 
to  determine  ES  without  prior  extraction.  Percent 
recovery  of  the  added  ferrous  monosulfide,  pyrite, 
and  ES  by  the  diffusion  methods  is  comparable  to 
those  of  active  distillation.  The  diffusion  methods 
were  tested  on  the  sediments  of  a  Juncus  roemer- 


ianus  tidal  marsh  in  Florida.  The  pyrite  content  of 
the  Juncus  marsh  was  only  20-30%  of  the  pyrite 
content  found  in  a  New  England  Spartina  marsh 
studied  previously,  iron  source  in  this  limestone- 
derived  sediment.  (Author's  abstract) 
W90-04654 


SEDIMENT  TOXICITY  ASSESSMENT  USING 
BACTERIAL  BIOLUMINESCENCE:  EFFECT 
OF  AN  UNUSUAL  PHYTOPLANKTON 
BLOOM. 

Institut    Rudjer    Boskovic,    Rovinj    (Yugoslavia),  i 

Centar  za  Istrazivanje  Mora. 

N.  Bihari,  M.  Najdek,  R.  Floris,  R.  Batel,  and  R. 

K.  Zahn. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

57,  No.  3,  p  307-310,  November  10,  1989.  2  fig,  2 

tab,  16  ref. 

Descriptors:  'Adriatic  Sea,  'Aquatic  bacteria, 
'Bioassay,  'Phytoplankton,  'Water  pollution  ef- 
fects, 'Eutrophication,  'Toxicity,  'Marine  sedi- 
ments, Bacterial  bioluminescence,  Municipal 
wastewater,  Industrial  wastewater,  Water  pollu- 
tion, Decomposing  organic  matter,  Yugoslavia. 

The  toxicity  of  selected  sediments  in  the  Adriatic 
Sea  and  the  effect  of  phytoplankton  bloom  on 
sediments  in  the  vicinity  of  Rovinj,  Yugoslavia, 
using  bacterial  bioluminescence  toxicity  assay, 
were  investigated.  Sediments  under  the  influence 
of  urban  and  industrial  wastes  tend  to  be  more 
contaminated  than  those  in  the  open  sea.  The  toxic 
effect  of  decayed  material  derived  from  sinking 
mucus  aggregates  was  higher  at  locations  influ- 
enced by  local  pollution.  A  10-fold  increase  in  the 
toxicity  of  sediments  followed  an  increase  in 
(EOM)  extractable  organic  matter.  This  is  in  agree- 
ment with  the  measured  increase  in  (TOM)  total 
organic  matter  caused  by  continuous  sedimentation 
of  decayed  material.  At  the  end  of  August  the  bulk 
of  decayed  material  had  settled  into  the  sediment 
surface.  No  further  increase  in  extractable  organic 
matter  and  toxicity  was  observed.  Six  months  later, 
both  the  EOM  and  toxicity  decreased  to  the  level 
measured  prior  to  the  bloom.  These  results  sug- 
gested that  the  increase  in  toxicity  of  sediment 
extracts  could  be  explained  mainly  as  a  conse- 
quence of  changes  in  organic  matter  derived  from 
the  decayed  products  of  mucus  aggregates.  (Au- 
thor's abstract) 
W90-04655 


USE  OF  REMOTELY  SENSED  SOIL  MOIS- 
TURE CONTENT  AS  BOUNDARY  CONDI- 
TIONS IN  SOIL-ATMOSPHERE  WATER 
TRANSPORT  MODELING:  1.  FIELD  VALIDA- 
TION OF  A  WATER  FLOW  MODEL. 
Institut  National  de  la  Recherche  Agronomique, 
Montfavet  (France).  Station  de  Science  du  Sol. 
For  primary  bibliographic  entry  see  Field  2G. 
W90-04660 


USE  OF  REMOTELY  SENSED  SOIL  MOIS- 
TURE CONTENT  AS  BOUNDARY  CONDI- 
TIONS IN  SOIL-ATMOSPHERE  WATER 
TRANSPORT  MODELING:  2.  ESTIMATING 
SOIL  WATER  BALANCE. 

Institut  National  de  la  Recherche  Agronomique, 
Montfavet  (France).  Station  de  Science  du  Sol. 
For  primary  bibliographic  entry  see  Field  2G. 
W90-04661 


APPARATUS  FOR  MONITORING  AND  CON- 
TROLLING TURBIDITY  IN  BIOLOGICAL  EX- 
PERIMENTS. 

Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 
P.  A.  Grecay. 

Marine  Biology  MBIOAJ,  Vol.  103,  No.  3,  p  291- 
302,  1989.  4  fig,  18  ref. 

Descriptors:  'Laboratory  equipment,  'Measuring 
instruments,  'Turbidity,  'Marine  environment, 
Suspended  solids,  Control  systems,  Computers,  Bi- 
ological studies. 

Turbidity  is  an  important  ecological  factor  which 
affects  feeding  and  growth  in  marine  organisms. 
Because   of  the   rapidity   with   which   suspended 


solids  settle  out  of  the  water  column  in  nonturbu- 
lent  environments,  maintenance  of  controlled 
levels  of  turbidity  in  laboratory  investigations  has 
been  problematic.  Ideally,  turbidity  levels  should 
be  measured  and  adjusted  frequently  enough  to 
ensure  no  significant  changes  over  time.  A  com- 
puter controlled,  recirculating  aquarium  system  is 
described  which  constantly  monitors  the  turbidity 
in  several  treatment  levels  and  responds  appropri- 
ately to  maintain  treatments  at  the  desired  level. 
This  system  allows  long-term  turbidity  experi- 
ments to  be  performed  while  continuously  record- 
ing all  turbidity  measurements  collected  for  each 
treatment  during  the  course  of  the  experiment. 
(Author's  abstract) 
W90-04728 


SURVEYING  THE  ENTIRE  RIVER  ECOSYS- 
TEM. 

Anglian  Water  Authority,  Lincoln  (England).  Lin- 
coln Div. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-04732 


APPLICATION  OF  MICROSCOPIC  EXAMINA- 
TION OF  ACTIVATED  SLUDGE  TO  OPER- 
ATIONAL CONTROL. 

Southern  Water  Authority,   Chatham  (England). 

Kent  Div. 

For  primary  bibliographic   entry   see  Field   5D. 

W90-04736 


COMPLEXING  OF  COPPER  IN  DRINKING 
WATER  SAMPLES  TO  ENHANCE  RECOVERY 
OF  AEROMONAS  AND  OTHER  BACTERIA. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5F. 
W90-04811 


FINITE  ELEMENT  ANALYSIS  OF  EFFECT  OF 
PIPE  COOLING  IN  CONCRETE  DAMS. 

Institute  of  Water  Conservancy  and  Hydroelectric 

Power  Research,  Beijing  (China). 

For  primary  bibliographic  entry  see  Field  8A. 

W90-04814 


MANAGEMENT  MODEL  FOR  CONTROL  OF 
ON-FARM  IRRIGATION. 

Kansas   State   Univ.,   Manhattan.    Dept.   of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  3F. 

W90-04817 


ANALYTICAL  MODEL  FOR  BORDER  IRRI- 
GATION. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  3F. 

W90-04819 


INVERTED  V-NOTCH:  PRACTICAL  PROPOR- 
TIONAL WEIR. 

Indian  Inst,  of  Science,  Bangalore.  Dept.  of  Civil 

Engineering. 

K.  K.  Murthy,  and  D.  P.  Giridhar. 

Journal   of  Irrigation   and   Drainage   Engineering 

(ASCE)  JIDEDH,  Vol.  115,  No.  6,  p  1035-1050, 

December  1989.  12  fig,  2  tab,  9  ref. 

Descriptors:  'Weirs,  'Discharge  measurement, 
'Hydraulics,  'Irrigation  engineering,  Wastewater 
facilities,  Grit  chambers,  Environmental  engineer- 
ing, Flow  control. 

Linear  proportional  weirs  have  recently  attracted 
considerable  interest  because  of  their  wide  applica- 
tion in  allied  fields  as  a  simple  discharge  measuring 
device  in  irrigation  engineering,  as  a  grit-chamber 
outlet  in  wastewater  disposals  for  controlling  ve- 
locities in  environmental  engineering,  or  as  a 
dosing  device  in  chemical  engineering.  This  paper 
presents  a  practical  linear  proportional  weir  of 
simple  geometric  shape  in  the  form  of  an  inverted 
V-notch  or  inward  trapezium.  The  flow  through 
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this  weir,  of  half-width  w  and  altitude  d,  for  depths 
above  0.22d  is  proportional  to  the  depth  of  flow 
measured  above  a  reference  plane  situated  at  0.08d 
for  all  heads  in  the  range  0.22d  <  or  =  h  <  or  = 
0.94d,  with  a  maximum  percentage  deviation  of 
+  /-1.5  from  the  theoretical  discharge.  The  linear 
relationship  between  head  and  discharge  is  based 
on  numerical  optimization  procedures.  Nearly  75% 
of  the  depth  of  inverted  V-notch  can  be  used 
effectively  as  the  measuring  range.  Experiments 
with  four  weirs,  with  different  vertex  angles,  show 
excellent  agreement  with  the  theory  by  giving  an 
average  coefficient  of  discharge  for  each  weir 
varying  from  0.61-0.62.  (Author's  abstract) 
W90-04823 


AUTOMATIC  SAMPLING  EQUIPMENT  AND 
BOD  TEST  NITRIFICATION. 

Florida  Univ.,  Gainesville.  Dept.  of  Environmental 

Engineering  Sciences. 

For  primary   bibliographic   entry   see   Field   5D. 

W90-04844 


STRUCTURAL  INVESTIGATIONS  OF  AQUAT- 
IC HUMIC  SUBSTANCES  BY  PYROLYSIS- 
FIELD  IONIZATION  MASS  SPECTROMETRY 
AND  PYROLYSIS-GAS  CHROMATOGRAPHY/ 
MASS  SPECTROMETRY. 

Karlsruhe  Univ.  (Germany,  F.R.).  Engler-Bunte 
Inst. 

G.  Abbt-Braun,  F.  H.  Frimmel,  and  H.  R. 
Schulti-n. 

Water  Research  WATRAG,  Vol.  23,  No.  12,  p 
1579-1591,  December  1989.  4  fig,  4  tab,  51  ref. 
Deutsche  Forschungsgemeinschaft,  Bonn-Bad 
Godesberg  Projects  Schu  416/8-1,  Ru  251/6-5  and 
Fr  537/6-7. 

Descriptors:  *Humic  acids,  'Water  analysis,  •Mo- 
lecular structure,  'Chemical  analysis,  *Pyrolysis, 
•Mass  spectrometry,  *Gas  chromatography,  Metal 
complexes,  Spectroscopy,  Laboratory  equipment. 

The  present  state-of-the-art  in  structural  investiga- 
tions of  aquatic  humic  substances  and  their  frac- 
tions such  as  fulvic  and  humic  acids  by  pyrolysis- 
field  ionization  mass  spectrometry  (py-FIMS)  is 
outlined.  An  integrated  approach  to  interpretation 
uses  complementary  data  of  elemental  analysis, 
functional  group  determinations,  Cu(  +  +  )-com- 
plexation,  H(  +  )-capacity  and  results  from  ultravio- 
let-visible and  Fourier-transform  infrared  spectros- 
copy. Proposed  building  blocks  of  the  molecular 
structure  are  supported  by  chromatographic  inves- 
tigations using  Curie-point  pyrolysis-gas  chroma- 
tography/mass  spectrometry  and  the  available  lit- 
erature reports.  From  pyrolysis  of  aquatic  humic 
material  combined  with  soft  ionization  FIMS,  ad- 
ditional information  for  the  characterization  of 
humic  substances  can  be  deduced.  The  amount  and 
/ariety  of  the  substances  represented  and  the  wide 
mrss  range  show  advantages  with  regard  to  other 
degradative  and  pyrolytic  methods.  Especially  ac- 
curate mass  determinations  has  led  to  valuable 
inputs  on  the  discussion  of  structural  models  for 
humic  substances.  However,  py-FIMS  is  limited  by 
the  lack  of  final  identification  of  the  pyrolysis 
products,  since  the  exact  mass  determination  can 
only  give  the  molecular  formulas.  Therefore,  py- 
rolysis FIMS  data  have  to  be  combined  with  the 
results  from  other  spectroscopic  methods  and  with 
chemical  analysis.  (Author's  abstract) 
W90-04847 


ORGANICS  ISOLATION  FROM  FRESH  AND 
DRINKING  WATERS  BY  MACROPOROUS 
ANION-EXCHANGE  RESINS. 

Politechnika    Warszawska    (Poland).    Faculty    of 

Sanitary  and  Hydraulic  Engineering. 

For  primary  bibliographic  entry  see  Field  5A. 
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IC:  A  POWERFUL  ANALYTICAL  TECHNIQUE 
FOR  ENVIRONMENTAL  LABORATORIES. 

Dionex  Corp.,  Sunnyvale.  CA. 

R.  J.  Joyce,  and  A.  Schein. 

American  Environmental  Laboratory,  Vol.  1,  No. 

2,  p  46-53,  November   1989.  7  fig,  2  tab,  8  ref. 


Descriptors:  'Ion  chromatography,  'Water  analy- 
sis, 'Chemical  analysis,  'Chromatography,  'Pol- 
lutant identification,  Conductivity,  Organic  com- 
pounds, Heavy  metals.  Drinking  water,  Technolo- 
gy- 
One  of  the  technologies  singled  out  by  the  U.S. 
EPA  report  to  meet  the  demanding  environmental 
analysis  challenge  is  ion  chromatography  (IC).  Ion 
chromatography  owes  its  rapid  emergence  to  the 
integration  of  innovations  in  chemistry,  chemical 
and  mechanical  engineering,  and  electronics.  Prob- 
ably the  most  important  innovation  is  post-column 
chemical  suppression  of  eluant  conductivity.  Since 
ions  are  charged  species,  conductivity  measure- 
ment is  generally  the  most  effective  method  of 
detection.  Thus,  to  get  sensitive  and  accurate  quan- 
titative results,  the  conductivity  of  the  analytes  of 
interest  must  be  greater  than  the  conductivity  of 
the  eluant.  Chemical  suppression  takes  advantage 
of  ion  exchange-mediated  acid-base  neutralization 
reactions  to  remove  eluant  ions  prior  to  measure- 
ment of  analyte  peaks.  Ion  chromatography  is 
proving  to  be  an  excellent  analytical  technique  for 
a  wide  array  of  environmental  situations  and  has 
been  used  successfully  for  measuring:  (1)  anions  in 
drinking  water;  (2)  hexavalent  chromium;  (3)  tran- 
sition metals  in  complex  matrices;  and  (4)  organic 
contaminants.  Recent  work  has  shown  that  by 
coupling  ion  exchange  separation  with  mass  spec- 
trometry analysis  of  wastewater,  organic  contami- 
nants not  found  by  gas  chromatography  or  high 
performance  liquid  chromatography  methods  were 
present.  (White-Reimer-PTT) 
W90-04850 


USE  OF  SEGMENTED  MICROCONTINUOUS 
FLOW  ANALYSIS  AND  FIA  IN  WATER  ANAL- 
YSIS. 

ALPKEM  Corp.,  Clackamas,  OR. 

M.  R.  Straka. 

American  Environmental  Laboratory,  Vol.  1,  No. 

2,  p  60-63,  November  1989.   1   fig,   1  tab,  6  ref. 

Descriptors:  'Chemical  analysis,  'Flow  injection 
analysis,  'Measuring  instruments,  'Water  analysis, 
Industrial  wastes,  Detection  limits,  Precision, 
Water  quality  control. 

Despite  the  development  of  many  valuable  alterna- 
tive technologies  for  the  determination  of  species 
such  as  nitrite,  nitrate,  ammonia,  phosphate,  sul- 
fate, carbonate,  and  fluoride,  in  industrial  wastes, 
continuous  flow  technology  remains  the  most  cost- 
effective  means  of  determining  inorganic  species  in 
a  large  number  of  samples.  However,  a  number  of 
changes  have  been  made.  The  most  notable  change 
led  to  the  development  of  nonsegmented  flow  in- 
jection analysis  (FIA)  in  the  late  seventies  and  to 
micro  segmented  continuous  flow  systems  in  the 
early  eighties.  Segmented  micro  continuous  flow 
analysis  offers  the  water  testing  laboratory  rapid 
sample  determinations  of  up  to  200  per  hr,  micro- 
liter sample  and  reagent  usage,  low  ppb  detection 
limits,  plus  the  ability  to  perform  on-line  distilla- 
tions. FIA  is  a  dynamic  technique;  steady-state 
conditions  do  not  apply  at  the  point  of  detection. 
As  a  result,  FIA  sensitivities  are,  on  average,  60- 
90%  of  the  steady-state  value  attainable  in  a 
manual  or  segmented  system.  In  order  to  attain 
lower  detection  limits,  larger  sample  volumes  can 
be  injected.  However,  this  results  in  greater  disper- 
sion and  longer  sample  washout  which  leads  to 
reduced  sample  throughput.  A  modern  FIA 
system  with  state-of-the-art  injection  valves  and 
peristaltic  pumps  offers  the  advantage  of:  (1)  ad- 
vanced measurement  precision;  (2)  an  array  of  on- 
line techniques  that  effectively  modify  difficult 
samples  and  their  matrices;  and  (3)  enhancement  of 
the  selectivity  of  an  analytical  method.  (White- 
Reimer-PTT) 
W90-04851 


COMPARISON  OF  CHEMICAL  ANALYSES  OF 
BOAT  AND  HELICOPTER-COLLECTED 
WATER  SAMPLES. 

Lockheed  Engineering  and  Management  Services 
Co.,  Inc.,  Las  Vegas,  NV.  Acid  Deposition  Dept. 
A.  W.  Groeger,  M.  B.  Bonoff,  J.  R.  Baker,  and  E. 
P.  Meier. 
Hydrobiologia  HYDRB8.  Vol.  182,  No.  2,  p  161- 


163,  1989.  1  tab,  7  ref.  Research  funded  by  the  U.S. 
EPA  through  contract  number  68-03-3249. 

Descriptors:  'Sampling,  'Data  acquisition,  'Acid 
rain,  'Helicopters,  'Water  Sampling,  Lakes,  Boats, 
Aircraft,  Field  tests,  Comparison  studies,  Chemical 
analysis. 

Helicopters  can  be  used  to  collect  water  samples 
from  many  lakes  over  a  wide  geographic  area 
within  a  relatively  short  time  period.  The  results 
from  an  experiment  in  which  sequential  water  sam- 
ples from  a  lake  were  collected  first  from  a  nonmo- 
torized  boat  and  then  immediately  afterward  from 
a  helicopter  are  reported.  No  significant  differ- 
ences were  found  betweeen  the  means  of  the  meas- 
urement of  20  chemical  parameters  for  the  two 
methods  of  collection.  When  compared  to  obtain- 
ing samples  from  a  boat,  collection  of  samples  from 
a  helicopter  platform  had  no  effect  on  the  content 
of  the  water  samples.  (Author's  abstract) 
W90-04894 


REFINEMENTS  TO  THE  BOD  TEST. 

R.  G.  Tyers,  and  R.  Shaw. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  4,  p  366-374, 
August  1989.  1  fig,  10  tab,  14  ref. 

Descriptors:  'Water  analysis,  'Biochemical 
oxygen  demand,  'Laboratory  methods,  'Water 
quality  standards,  Organic  pollutants,  Nitrification, 
Oxidation,  Sample  preservation,  Precision,  Per- 
formance evaluation. 

For  about  80  years  the  biochemical  oxygen 
demand  (BOD)  has  remained  one  of  the  major 
indicators  of  organic  pollution  in  the  water  indus- 
try. While  many  adaptations  and  refinements  have 
been  made  over  the  last  2-3  decades,  one  of  the 
most  significant  was  to  suppress  nitrification  by  the 
addition  of  allylthiourea  (ATU)  at  0.5  milligrams 
per  liter,  thus  ensuring  that  only  carbonaceous 
oxidation  was  measured.  Evidence  has  accrued  to 
show  that,  for  some  situations,  this  concentration  is 
insufficient  to  fully  suppress  nitrification.  Poor  sta- 
bility is  a  problem  with  biochemical  oxygen 
demand  when  samples  have  to  be  stored  prior  to 
analysis,  and  a  method  of  storage  is  proposed 
which  minimizes  instability.  As  an  empirical  bioas- 
say  procedure,  the  accuracy  of  BOD  can  be  poor 
compared  with  alternative  methods  such  as  chemi- 
cal oxygen  demand;  and  problems  with  incubator 
and  refrigerator  temperatures,  the  preparation  of 
standards,  and  replacement  batteries  for  dissolved- 
oxygen  probes  are  discussed.  The  aim  of  this  paper 
is  to  show  that  these  problems  with  biochemcial 
oxygen  demand  can  be  eliminated,  thereby  retain- 
ing confidence  in  its  use.  (Author's  abstract) 
W90-04908 


NEW  TECHNIQUE  FOR  MEASURING  FINE 
SEDIMENT  IN  STREAMS. 

Wyoming  Univ.,  Laramie.  Water  Resources  Re- 
search Inst. 

T.  A.  Wesche,  D.  W.  Reiser,  V  R.  Hasfurther,  W. 
A.  Hubert,  and  Q.  D.  Skinner. 
North  American  Journal  of  Fisheries  Management 
NAJMDP,  Vol.  9,  No.  2,  p  234-238,  Spring  1989.  1 
fig,  2  tab,  10  ref. 

Descriptors:  'Measuring  instruments,  'Sediment 
sampler,  'Bottom  sediments,  'Streams, 
Streambeds,  Gravel,  Cores,  Performance  evalua- 
tion. 

Techniques  commonly  used  to  measure  fine-sedi- 
ment accumulation  in  streambed  gravels  can  be 
labor  and  equipment  intensive.  We  evaluated  the 
sediment  trapping  capabilities  of  modified  Whit- 
lock-Vibert  boxes  under  both  laboratory  and  field 
conditions  and  compared  the  accumulated  fine 
sediment  to  that  contained  in  adjacent  gravels  as 
indicated  by  McNeil  core  samples.  Our  results 
suggest  the  boxes  can  be  used  as  an  alternative  to 
core  sampling  for  monitoring  intergravel  fine  sedi- 
ment levels.  Advantages  include  ease  of  transport 
to  remote  field  sites,  small  sample  volumes,  and 
reduced  analysis  time.  Problems  encountered  were 
displacement  of  boxes  by  flood  and  ice  flows  and 
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inundation  by  large  sediment  spills.  (Author's  ab- 
stract) 
W90-04919 

DETERMINATION  OF  CHLORIDE  AND 
AVAILABLE  CHLORINE  IN  AQUEOUS  SAM- 
PLES BY  FLAME  INFRARED  EMISSION. 

Baylor  Univ.,   Waco,   TX.   Dept.   of  Chemistry. 
S.  W.  Kubala,  D.  C.  Tilotta,  M.  A.  Busch,  and  K. 
W.  Busch. 

Analytical  Chemistry  ANCHAM,  Vol.  61,  No.  24, 
p  2785-2791,  December  1989.  4  fig,  4  tab,  42  ref. 

Descriptors:  'Water  chemistry,  'Chemical  analy- 
sis, 'Laboratory  methods,  'Chlorides,  'Pollutant 
identification,  'Flame  photometry,  'Water  analy- 
sis, Chlorine,  Detection  limits,  Precision,  Infrared 
spectroscopy. 

A  specially  designed  system,  using  a  flame  infrared 
emission  (FIRE)  detector,  was  developed  for  the 
determination  of  chloride  (C1-)  in  water  and  avail- 
able chlorine  (C12,  HOC1,  and  OC1-)  in  liquid 
bleach.  Chloride  ion  was  converted  to  molecular 
chlorine  (C12)  by  addition  of  concentrated  sulfuric 
acid  and  a  saturated  solution  of  potassium  perman- 
ganate. Bleach  samples  were  treated  with  sulfuric 
acid  to  convert  all  hypochlorite  and  hypochlorous 
acid  to  C12.  After  treatment,  molecular  chlorine 
was  purged  from  solution  with  He  and  introduced 
into  a  hydrogen/entrained-air  flame.  A  portion  of 
the  HC1  emission  intensity  at  3150-2425/cm  was 
monitored  using  a  lead  selenide  detector  in  con- 
junction with  a  3.8-micron  optical  band-pass  filter. 
Peak  emission  intensity  measurements  from  repeat- 
ed injections  of  aqueous  NaCl  standards  gave  a 
relative  standard  deviation  of  3.34%,  and  calibra- 
tion curves  were  linear  up  to  the  maximum  con- 
centration of  chloride  investigated  (10  mM  NaCl). 
The  average  relative  standard  deviations  of  the 
chloride  and  available  chlorine  determinations 
measured  with  the  FIRE  system  were  found  to  be 
4.39%  and  1.84%,  respectively.  The  accuracy  of 
the  FIRE  technique  was  determined  by  comparing 
the  available  chlorine  results  with  those  obtained 
by  iodometric  titration  for  three  commercial 
bleach  samples  and  was  found  to  be  2.97%.  The 
detection  limit  for  chloride  and  available  chlorine 
was  1.59  ppm  and  1.61  ppm,  respectively.  Elevated 
levels  of  bromide  produced  a  negative  interference 
in  the  determination  of  chloride  with  the  FIRE 
system,  but  iodide  and  phosphate  did  not  interfere. 
(Author's  abstract) 
W90-04994 


FURTHER  RESEARCH  ON  APPLICATION  OF 
PROBABILITY  WEIGHTED  MOMENTS  IN  ES- 
TIMATING PARAMETERS  OF  THE  PEARSON 
TYPE  THREE  DISTRIBUTION. 

Chengdu    Univ.    of    Science    and    Technology 

(China). 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05000 


EXPRESSIONS  RELATING  PROBABILITY 
WEIGHTED  MOMENTS  TO  PARAMETERS 
OF  SEVERAL  DISTRIBUTIONS  INEXPRESSI- 
BLE IN  INVERSE  FORM. 

Chengdu    Univ.     of    Science    and    Technology 

(China). 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05001 


INSTRUMENTATION,  CONTROL  AND  AUTO- 
MATION: THE  GRAMPIAN  WAY. 

Grampian  Regional  Council,  Aberdeen  (Scotland). 

Dept.  of  Water  Services. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-05012 


DAILY   AVERAGE   VALUE   OF   UN-IONIZED 
AMMONIA  FROM  FIELD  MEASUREMENTS. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05031 


DIRECT    DETECTION    OF    ORGANIC    COM- 
POUNDS IN  WATER  AT  PARTS-PER-BILLION 


LEVELS     USING     A    SIMPLE    MEMBRANE 
PROBE   AND   A  QUADRUPOLE  ION  TRAP. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05038 


ABSORPTION   COEFFICIENT   OF   PARTICU- 
LATE MATTER  IN  LAKE  HARUNA. 

Gunma  Univ.,  Maebashi  (Japan).  Faculty  of  Edu- 
cation. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05054 


USE  OF  TRACER  TESTS  TO  MEASURE  THE 
TRANSPORT  AND  CONSUMPTION  OF 
METHANE  IN  A  CONTAMINATED  AQUIFER. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05078 


USE  OF  RADON-222  AS  A  TRACER  OF 
TRANSPORT  ACROSS  THE  BED  SEDIMENT- 
WATER  INTERFACE  IN  PRIEN  LAKE,  LOU- 
ISIANA. 

Geological  Survey,  Baton  Rouge,  LA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05092 


COMPARISON  OF  INSTRUMENTAL  DEWA- 
TERING  METHODS  FOR  THE  SEPARATION 
AND  CONCENTRATION  OF  SUSPENDED 
SEDIMENTS. 

Geological  Survey,  Doraville,  GA. 
A.  J.  Horowitz,  K.  A.  Elrick,  and  R.  C.  Hooper. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p485-493,  4  tab,  15  ref. 

Descriptors:  'Water  analysis,  'Chemical  analysis, 
'Trace  elements,  'Suspended  sediments,  'Dewa- 
tering,  Filtration,  Centrifugation,  Particle  size, 
Laboratory  methods. 

A  comparison  involving  field  and  laboratory  trials 
was  performed  to  evaluate  the  utility  of  two  con- 
tinuous-flow centrifuges  and  a  tangential-flow  fil- 
tration system  for  dewatering  suspended  sediments 
for  trace-element  analysis.  Although  recovery  effi- 
ciencies for  the  various  devices  differed,  the  ana- 
lytical results  from  the  separated  suspended  sedi- 
ments indicate  that  any  of  the  tested  units  can  be 
used  effectively  and  precisely  for  dewatering.  Fur- 
ther, the  three  devices  appear  to  concentrate  and 
dewater  suspended  sediments  in  such  a  manner  as 
to  be  equivalent  to  that  which  could  be  obtained 
by  in-line  filtration.  The  continuous-flow  centri- 
fuges can  process  whole  water  at  an  influent  feed 
rate  of  4  L/min;  however,  if  (1)  suspended-sedi- 
ment concentrations  are  low  (less  than  30  mg/L), 
(2)  small  volumes  of  whole  water  are  to  be  proc- 
essed (30  to  40  1),  or  (3)  suspended  sediment  mean 
grain  size  is  very  fine  (less  than  10  micrometers), 
influent  feed  rates  of  2  L/min  may  be  more  effi- 
cient. Tangential-flow  filtration  can  be  used  to 
process  samples  at  the  rate  of  1  L/min.  (See  also 
W90-05059)  (Author's  abstract) 
W90-05112 


COMPARISON  OF  WELL-PURGING  CRITE- 
RIA FOR  SAMPLING  PURGEABLE  ORGANIC 
COMPOUNDS. 

Geological  Survey,  West  Trenton,  NJ. 
J.  Gibs,  and  T.  E.  Imbrigiotta. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p495-500,  1  fig,  1  tab,  13  ref. 

Descriptors:  'Water  analysis,  'Water  sampling, 
'Data  quality  control,  'Groundwater  data,  Water 
quality,  Well  purging,  Comparison  studies. 

Groundwater  sampling  protocols  generally  recom- 
mend that  a  well  be  purged  prior  to  sampling.  This 
recommendation  is  based  on  the  assumption  that 
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the  water  quality  of  the  water  standing  in  the 
casings  is  not  the  same  as  that  in  the  aquifer.  Two 
criteria  that  generally  have  been  used  to  determine 
when  a  well  has  been  purged  sufficiently  to  yield 
'representative'  water  quality  samples  are:  (1) 
flushing  a  recommended  number  of  casing  vol- 
umes, usually  a  minimum  of  three;  and  (2)  flushing 
the  well  until  field  water  quality  characteristics- 
temperature,  pH,  specific  conductance  and  dis- 
solved oxygen-in  the  purge  water  are  stable.  The 
primary  purpose  of  the  this  study  was  to  evaluate 
the  effectiveness  of  these  criteria  in  sampling  for 
purgeable  organic  compounds.  The  results  indicate 
that:  (1)  purgeable  organic  compound  concentra- 
tions stabilized  when  three  casing  volumes  were 
purged  in  only  55%  of  the  cases  evaluated  in  this 
study;  and  (2)  purgeable  organic  compound  con- 
centrations did  not  consistently  follow  the  tempo- 
ral variation  of,  nor  stabilize  at  the  same  time  as, 
the  measured  field  water  quality  characteristics. 
The  conclusion  from  these  data  is  that  neither  of 
the  previously  recommended  criteria  for  purging  a 
well  can  be  reliably  applied  to  collecting  a  'repre- 
sentative' sample  for  purgeable  organic  com- 
pounds. (See  also  W90-05059)  (Author's  abstract) 
W90-05113 


SAMPLING,  FRACTIONATION,  AND  DEWA- 
TERING OF  SUSPENDED  SEDIMENT  FROM 
THE  MISSISSIPPI  RIVER  FOR  GEOCHEMI- 
CAL  AND  TRACE-CONTAMINANT  ANALY- 
SIS. 

Geological  Survey,  Denver,  CO. 
J.  A.  Leenheer,  R.  H.  Meade,  H.  E.  Taylor,  and 
W.  E.  Pereira. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p501-51 1,  4  fig,  2  tab,  6  ref. 

Descriptors:  'Water  analysis,  'Mississippi  River, 
'Water  sampling,  'Chemical  analysis,  'Data  qual- 
ity control,  Suspended  sediments,  Particle  size, 
Separation  techniques,  Silt,  Clays,  Organic  carbon, 
Nitrogen. 

The  Mississippi  River  and  its  major  tributaries 
were  sampled  at  17  sites  located  just  upstream 
from  St.  Louis,  Missouri,  downstream  to  New 
Orleans,  Louisiana,  during  two  sampling  trips  in 
July-August  1987  and  November-December  1987. 
Approximately  100  L  of  water  and  suspended  sedi- 
ment were  representatively  sampled  at  each  site  in 
a  Lagrangian  sampling  pattern.  Suspended  sedi- 
ment was  separated  by  size  at  each  site  into  sand 
by  sieving,  silt  was  separated  by  gravitational  set- 
tling or  continuous-flow  centrifugation,  and  clay 
was  separated  by  tangential-flow  ultrafiltration. 
Various  aliquots  of  the  water-sample  and  suspend- 
ed-sediment-size fractions  were  split  among  17  re- 
searchers for  determinations  of  suspended-sedi- 
ment concentration,  particle  and  mineralogical 
characteristics,  radionuclide  content,  and  organic 
geochemistry  of  natural  constituents.  Sampling  and 
fractionating  equipment  was  custom  fabricated  to 
ensure  compatibility  and  prevent  sampling  con- 
tamination for  all  analysis.  Recoveries  of  suspend- 
ed sediment  ranged  from  72-94%;  recovery  was 
directly  related  to  suspended-sediment  concentra- 
tion. The  clay  fraction  had  1.5  to  5  times  the 
organic-carbon  content  of  the  silt  fraction;  the 
carbon-to-nitrogen  ratio  of  the  clay  fraction  was  6 
to  9,  whereas  the  ratio  of  the  silt  fraction  was  9  to 
14.  (See  also  W90-05059)  (Author's  abstract) 
W90-05U4 


COLLECTION  AND  ANALYSIS  OF  UNSATU- 
RATED-ZONE  SOIL  GAS  FOR  VOLATILE  OR- 
GANIC COMPOUNDS. 

Geological  Survey,  Arvada,  CO. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05126 


ACTIVITIES  OF  THE  U.S.  GEOLOGICAL  SUR- 
VEY'S HYDROLOGIC  INSTRUMENTATION 
FACILITY  IN  SUPPORT  OF  HAZARDOUS- 
AND  TOXIC-SUBSTANCES  PROGRAMS. 

U.S.   Geological   Survey,   Stennis   Space   Center, 
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Mississippi. 

J.  H.  Ficken,  and  D.  Y.  Tai. 

IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p  625-631,  6  fig. 

Descriptors:  'Water  analysis,  *Chemical  analysis, 
•Instrumentation,  "Data  acquisition,  •Samplers, 
•Measuring  instruments,  'Laboratory  equipment, 
Research,  US  Geological  Survey. 

The  Hydrologic  Instrumentation  Facility  has  na- 
tionwide responsibility  within  the  U.S.  Geological 
Survey  for  hydrologic  instrumentation  research, 
development,  testing,  evaluation,  procurement, 
warehousing,  distribution,  repair,  and  calibration. 
Support  activities  for  the  Survey's  hazardous-sub- 
stances and  toxic-substances  programs  include 
warehouse  operations,  electronic  and  mechanical 
shops,  test  and  evaluation  services,  instrument  de- 
velopment and  application,  and  information  dis- 
semination. Facility  support  of  field  activities  fall 
into  several  areas.  Personal  protective  gear,  includ- 
ing breathing  apparatus;  field  gas  chromatographs; 
portable  gas  analyzers;  toxic-gas  monitors;  and 
sampling  pumps  are  stocked  in  the  warehouse  and 
are  available  to  Survey  field  personnel.  Personnel 
at  the  Facility  have  recently  built  mechanical  pro- 
totypes of  dewatering  equipment,  such  as  centri- 
fuges and  filters.  Testing  and  evaluation  performed 
at  the  Facility  ensure  that  instrumentation  available 
is  capable  of  meeting  Survey  data-collection  re- 
quirements. Sampling  pumps  have  been  designed 
that  can  prevent  contamination  of  water  during 
pumping.  A  standpipe  and  well  have  been  installed 
to  evaluate  ground-water  samplers  and  other  in- 
strumentation. As  part  of  instrument  development 
and  application,  pressure  transducers  and  water- 
quality  instrumentation  are  being  evaluated  in  con- 
junction with  a  recently  developed  downhole  sam- 
pler and  data  logger.  Facility  publications  commu- 
nicate technical  information  to  the  field.  (See  also 
W90-05059)  (Author's  abstract) 
W90-05127 


DETERMINATION  OF  CALCIUM,  MAGNESI- 
UM, AND  SODIUM  IN  WASTEWATER  BY  IN- 
DUCTIVELY COUPLED  PLASMA  SPECTROS- 
COPY. 

Westinghouse  Materials  Co.  of  Ohio,  Cincinnati. 

Feed  Materials  Production  Center. 

For  primary  bibliographic   entry  see   Field   5D. 

W90-05135 


NEW  RADAR  TECHNIQUE  FOR  SATELLITE 
RAINFALL  ALGORITHM  DEVELOPMENT. 

Applied  Research  Corp.,  Landover,  MD. 

A.  R.  Jameson. 

Available  from  the  National  Technical  Information 

Service,    Springfield,   VA   22161,   as   N89-1U02. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Applied   Research  Corporation   Report   R87-157, 

September  1987.  13p,  18  ref. 

Descriptors:  'Remote  sensing,  'Radar,  'Satellite 
technology,  'Rainfall,  Data  acquisition,  Algo- 
rithms, Precipitation,  Rainfall  rate,  Mathematical 
studies. 

A  potential  new  radar  parameter  for  measuring 
rainfall  was  investigated.  This  parameter  is  the 
summation  of  the  phase  shifts  (at  horizontal  and 
vertical  polarizations)  due  to  propagation  through 
precipitation.  The  proposed  radar  technique  has 
several  potential  advantages  over  other  approaches 
because  it  is  insensitive  to  the  drop  size  distribution 
and  to  the  shapes  of  the  raindrops.  Results  of  this 
investigation  showed,  however,  that  these  phase 
shifts  can  not  be  measured  by  radar.  However,  a 
closely  related  radar  parameter  (propagation  dif- 
ferential phase  shift)  can  be  readily  measured  using 
a  polarization  diversity  radar.  While  it  too  is  insen- 
sitive to  the  drop  size  distribution,  it  is  a  function 
of  the  mean  shape  of  the  raindrops.  This  depend- 
ence of  the  propagation  differential  phase  shift  on 
raindrop  shape,  however,  can  be  accounted  for 
when  estimating  the  rain  water  content  by  using 
simultaneously  measured  differential  reflectivity 
and  the  magnitude  of  the  cross-correlation  function 


between  horizontally  and  vertically  co-polarized 
backscattered  waves.  Differential  propagation 
phase  shift,  therefore,  has  the  potential  to  be  an 
important  new  tool  for  the  radar  measurement  of 
rainfall.  It  is  recommended  that  propagation  differ- 
ential phase  shift  be  further  investigated  and  devel- 
oped for  radar  monitoring  of  rainfall  using  a  polar- 
ization agile  radar.  (Lantz-PTT) 
W90-05139 


FINAL  REPORT  ON  THE  COOPERATIVE  VAS 
PROGRAM  WITH  THE  MARSHALL  SPACE 
FLIGHT  CENTER. 

Wisconsin  Univ. -Madison.  Cooperative  Inst,  for 
Meteorological  Satellite  Studies. 
G.  R.  Diak,  and  W.  P.  Menzel. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  N89-11361. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
July  1988.  141p,  5  fig,  4  tab,  11  ref,  append.  NASA 
Grant  No.  NAS8-24732. 

Descriptors:  'Meteorology,  'Water  vapor, 
•Remote  sensing,  'Satellite  technology,  'Precipita- 
tion, 'Weather  forecasting,  Cloud  liquid  water, 
Classification,  Data  acquisition. 

Over  the  life  span  of  this  NASA-VAS  (National 
Aeronautics  and  Space  Administration-VISSR 
Atmospheric  Sounder)  cooperative  program,  work 
has  been  divided  between  analysis/forecast  model 
development  and  evaluation  of  the  impact  of  satel- 
lite data  in  mesoscale  numerical  weather  prediction 
and  also  development  of  the  Multispectral  Atmos- 
pheric Mapping  Sensor  (MAMS)  and  related  re- 
search. The  modeling  effort  has  seen  the  Coopera- 
tive Institute  for  Meteorological  Satellite  Studies 
Synoptic  Scale  Model  progress  from  a  relatively 
basic  analysis/forecast  system  at  the  inception  of 
the  program  to  a  package  which  now  includes 
such  features  as  nonlinear  vertical  model  initializa- 
tion, comprehensive  Planetary  Boundary  Layer 
physics  and  the  core  of  a  fully  four-dimensional 
data  assimilation  package  which  will  be  expanded 
on  for  subsequent  NASA  sponsored  research.  The 
MAMS  effort  has  produced  a  calibrated  visible 
and  infrared  sensor  that  produces  imagery  at  high 
spatial  resolution.  The  MAMS  has  been  developed 
in  order  to  study  small  scale  atmospheric  moisture 
variability,  to  monitor  and  classify  clouds,  and  to 
investigate  the  role  of  surface  characteristics  in  the 
production  of  clouds,  precipitation,  and  severe 
storms.  The  NASA-VAS  cooperative  program  has 
been  the  starting  point  for  the  testing  of  this  air- 
craft instrument:  the  design  of  a  future  space-borne 
sensor  in  low  earth  or  geostationary  orbit  with 
similar  monitoring  capabilities  is  planned.  This 
effort  has  demonstrated  good  quality  data  from  the 
MAMS  from  intercomparison  with  other  instru- 
ments. (Lantz-PTT) 
W90-05168 


ACCURACY  OF  ACOUSTIC  VELOCITY  ME- 
TERING SYSTEMS  FOR  MEASUREMENT  OF 
LOW  VELOCITY  IN  OPEN  CHANNELS. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

A.  Laenen,  and  R.  E.  Curtis. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4090, 
1989.  15p,  6  fig,  8  tab,  7  ref.  USGS  Project  FL- 
001. 

Descriptors:  'Flowmeters,  'Instrumentation, 
'Gaging,  'Flow  velocity,  'Acoustics,  'Flow 
measurement,  Stream  gages,  Error  analysis. 

Acoustic  velocity  meter  (AVM)  accuracy  depends 
on  equipment  limitations,  the  accuracy  of  acoustic- 
path  length  and  angle  determination,  and  the  stabil- 
ity of  the  mean  velocity  to  acoustic-path  velocity 
relation.  Equipment  limitations  depend  on  path 
length  and  angle,  transducer  frequency,  timing  os- 
cillator frequency,  and  signal-detection  scheme. 
Typically,  the  velocity  error  from  this  source  is 
about  +  or-l  to  -(-or-10  mms/sec.  Error  in  acous- 
tic-path angle  or  length  will  result  in  a  proportion- 
al measurement  bias.  Typically,  an  angle  error  of 
one  degree  will  result  in  a  velocity  error  of  2%, 
and  a  path-length  error  of  one  meter  in  100  meter 


will  result  in  an  error  of  1%.  Ray  bending  (signal 
refraction)  depends  on  path  length  and  density 
gradients  present  in  the  stream.  Any  deviation 
from  a  straight  acoustic  path  between  transducer 
will  change  the  unique  relation  between  path  ve- 
locity and  mean  velocity.  These  deviations  will 
then  introduce  error  in  the  mean  velocity  compu- 
tation. Typically,  for  a  200-meter  path  length,  the 
resultant  error  is  less  than  one  percent,  but  for  a 
1,000  meter  path  length,  the  error  can  be  greater 
than  10%.  Recent  laboratory  and  field  tests  have 
substantiated  assumptions  of  equipment  limitations. 
Tow-tank  tests  of  an  AVM  system  with  a  4.69- 
meter  path  length  yielded  an  average  standard 
deviation  error  of  9.3  mms/sec,  and  the  field  tests 
of  an  AVM  system  with  a  20.5-meter  path  length 
yielded  an  average  standard  deviation  error  of  a  4 
mms/sec.  (USGS) 
W90-05190 


CANAL  AUTOMATION  PROVIDING  ON- 
DEMAND  WATER  DELIVERIES  FOR  EFFI- 
CIENT IRRIGATION. 

California  Polytechnic  State  Univ.,  San  Luis 
Obispo.  Dept.  of  Agricultural  Engineering. 
C.  M.  Burt,  and  J.  P.  Parrish. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-11979/ 
AS.  Price  codes:  Al  1  in  paper  copy,  A01  in  micro- 
fiche. Final  Report,  August  1989.  238p,  27  fig,  16 
tab,  12  ref,  21  append.  USGS  Contract  14-08-0001- 
G1280. 

Descriptors:  'Algorithms,  'Canals,  'Irrigation  effi- 
ciency, 'Computer  models,  'Flow  control,  'Simu- 
lation analysis,  'Water  demand,  Model  studies, 
Automation. 

An  algorithm  for  downstream  control  of  sloping 
canals  (CARDD)  was  refined  and  tested  using 
both  computer  simulations  and  a  200  m  long  physi- 
cal model  canal  with  six  pools.  CARDD  uses 
independent  controllers  and  computes  upstream 
gate  movements  based  upon  three  water  levels, 
controlling  a  setpoint  at  the  downstream  end  of  a 
pool.  Rules  for  successful  CARDD  implementa- 
tion were  determined.  In  simulations  CARDD  was 
transferrable  between  different  canals  with  little  or 
no  modification.  Large  (greater  than  25%  of  canal 
capacity),  multiple  turnout  changes  could  be  made 
and  stability  was  achieved  rapidly  in  almost  all 
cases.  (USGS) 
W90-05202 


EVALUATION  OF  FIELD  SAMPLING  AND 
PRESERVATION  METHODS  FOR  STRONTI- 
UM-90  IN  GROUND  WATER  AT  THE  IDAHO 
NATIONAL  ENGINEERING  LABORATORY, 
IDAHO. 

Geological  Survey,  Idaho  Falls,  ID.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05278 


INFLUENCE  OF  SALINITY,  LEACHING 
FRACTION,  AND  SOIL  TYPE  ON  OXYGEN 
DIFFUSION  RATE  MEASUREMENTS  AND 
ELECTRODE  'POISONING'. 

Nevada  Univ.,  Reno.  Dept.  of  Plant  Science. 
D.  A.  Devitt,  L.  H.  Stolzy,  W.  W.  Miller,  J.  E. 
Campana,  and  P.  Sternberg. 

Soil  Science  SOSCAK,  Vol.  148,  No.  5,  p.  327- 
335,  Nov  1989.  11  fig,  2  tab,  18  ref. 

Descriptors:  'Instrumentation,  'Soil  chemistry, 
'Soil  water,  'Oxygen  requirements,  *  Ion-selective 
electrodes,  Saline  soils,  Leaching,  Soil  types,  Plati- 
num electrodes. 

An  experiment  was  conducted  in  27  large  columns 
to  determine  the  impact  of  soil  type  (sandy  loam, 
silt  loam  and  clay),  salinity  of  irrigation  water  (1.5, 
3.0,  and  6.0  dS/m),  and  leaching  fraction  (drain- 
age/irrigation, 0.09,  0.18,  and  0.27)  on  oxygen  dif- 
fusion rate  measurements  (ODR)  taken  with  plati- 
num electrodes.  Electrodes  were  left  in  place  (15, 
30,  and  60  cm  deep),  and  ODR  was  measured  over 
a  6-mo  period.  At  the  end  of  6  mo,  electrodes  were 
removed  and  observed  under  a  low-magnification 
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microscope  for  the  presence  or  absence  of  precipi- 
tate. Selected  electrodes  were  then  photographed 
under  a  scanning  electron  microscope,  analyzed 
using  x-ray  diffraction  techniques,  and  analyzed  for 
percentage  of  atom  composition  using  x-ray  pho- 
toelectron  spectroscopy.  Results  indicated  that  soil 
type,  salinity,  and  leaching  fraction  all  influenced 
ODR  measurements.  The  formation  of  precipitate 
on  the  platinum  electrodes  was  observed  equally  in 
all  three  soils,  but  to  a  greater  extent  under  high 
salinity  and  low  leaching  fraction  conditions  at  the 
greater  depths.  Precipitate  composition  was  similar 
to  soil  composition  in  both  the  silt  loam  and  clay 
soils,  but  poor  agreement  was  observed  in  the 
sandy  loam  soil,  as  indicated  by  Si/Al  and  C/O 
ratios.  Results  would  suggest  that  aluminosilicates 
were  either  incorporated  into  calcium  carbonate  as 
it  precipitated  out  of  solution  onto  the  platinum  or 
platinum  oxides  in  the  presence  of  high  salinity  and 
calcium  were  bridged  to  aluminosilicates  through  a 
charged  exchange  reaction.  (Author's  abstract) 
W90-05307 


DETERMINATION  OF  LOW  LEVEL  SUL- 
FIDES IN  ENVraONMENTAL  WATERS  BY 
AUTOMATED  GAS  DIALYSIS/METHYLENE 
BLUE  COLORIMETRY. 

Alberta  Environmental  Centre,  Vegreville. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05312 


IMMOBILIZED  8-OXINE  UNITS  OF  DIFFER- 
ENT SOLID  SORBENTS  FOR  THE  UPTAKE 
OF  METAL  TRACES. 

Turin  Univ.  (Italy).  Dipt,  di  Chimica  Analitica. 

O.  Abollino,  E.  Mentasti,  V.  Porta,  and  C 

Sarzanini. 

Analytical  Chemistry  ANCHAM,  Vol.  62,  No.  1, 

p  21-26,  January    1,    1990.   2  fig,   7   tab,   28   ref. 

Descriptors:  'Sorption,  'Trace  metals,  *Chemical 
analysis,  'Chelating  agents,  'Water  analysis, 
♦Heavy  metals,  *Pollutant  identification,  *Oxine, 
Substrates,  Metals,  Enrichment,  Resins,  Yield, 
Spectroscopy,  Model  testing,  Detection  limits. 

Different  solid  sorbents  have  been  used  for  the 
immobilization  of  organic  ligands.  Such  substrates 
have  been  used  for  the  uptake  of  metal  ion  traces 
from  aqueous  samples  and  for  their  enrichment, 
under  different  operating  mechanisms  of  ligands 
and  of  complex  retention.  Among  the  grafted  li- 
gands, 8-hydroxyquinoline  (oxine)  has  been  exten- 
sively used  in  different  forms,  especially  grafted  to 
controlled-pore  glass,  or  adsorbed  on  octadecyl 
reversed-phase  silica.  The  sorption  of  8-hydroxy- 
quinoline and  8-hydroxyquinoline-5-sulfonic  acid 
(SOX)  in  a  polystyrene-divinylbenzene  resin  (Am- 
berlite  XAD-2)  and  on  an  anion  exchange  resin 
(Bio-Rad  AG  MP-1)  has  been  used  for  the  uptake 
and  enrichment  of  trace  metal  ions.  The  investigat- 
ed metal  ions  were  Ca(II),  Cd(II),  Cu(II),  Mg(II), 
Mn(II),  Ni(II),  Pb(II),  and  Zn(II).  The  uptake  and 
recovery  yields  were  determined  by  use  of  induc- 
tively coupled  plasma  atomic  emission  spectrosco- 
py. The  behavior  of  the  sorbed  ligands  was  deter- 
mined in  different  conditions,  and  the  results  have 
been  discussed  and  compared  with  those  computed 
according  to  a  described  model.  The  chelating 
solid  substrates  have  been  used  for  enrichment  of 
metal  traces  from  environmental  samples.  Enrich- 
ment factors  of  up  to  100,  together  with  low  blank 
levels  of  the  optimized  procedures,  allow  the 
simple  determination  of  the  above  elements  at  con- 
centrations down  to  a  few  nanograms  per  mL.  The 
use  Ag  MP-1  +  SOX  appeared  superior  with 
respect  to  XAD-2  +  oxine,  as  pointed  out  by  the 
effect  of  interferents  on  the  recovery  and  enrich- 
ment. (Author's  abstract) 
W90-05313 


GAS  SENSOR  AND  PERMEATION  APPARA- 
TUS FOR  THE  DETERMINATION  OF  CHLOR- 
INATED HYDROCARBONS  IN  WATER. 

Illinois  Inst,  of  Tech.,  Chicago.  Dept.  of  Chemis- 
try. 

J.  R.  Stetter,  and  Z.  Cao. 

Analytical  Chemistry  ANCHAM,  Vol.  62,  No.  2, 
p  182-185,  January  15,  1990.  7  fig,  3  tab,  15  ref. 


Descriptors:  *Water  analysis,  'Wastewater  analy- 
sis, *Chlorinated  hydrocarbons,  'Pollutant  identifi- 
cation, 'Chemical  analysis,  'Sensors,  'Permselec- 
tive  membranes,  Monitoring,  Process  water,  Elec- 
tronic equipment,  Water  sampling,  Chlorobenzene, 
Selectivity. 

The  on-line  determination  of  specific  chlorinated 
hydrocarbons  in  wastewater  is  an  important  ana- 
lytical problem.  On-line  process  monitoring  or 
screening  methods  that  could  be  applied  in  the 
field  would  benefit  from  a  low-cost  alternative  for 
the  determination  of  chlorinated  hydrocarbons.  A 
solid-state  sensor  with  a  selective  response  to 
chlorinated  hydrocarbons  has  been  combined  with 
a  simple  silicone  rubber  permeation  apparatus.  The 
apparatus  has  been  tested  in  a  way  that  simulates 
the  on-line  analysis  of  chlorinated  hydrocarbons  in 
a  liquid  process  stream.  The  system  can  provide 
information  on  whether  or  not  the  sampled  stream 
contains  chlorinated  hydrocarbons  as  well  as  quan- 
titation of  chlorinated  hydrocarbons  in  the  sample. 
No  sensor  response  was  observed  for  1000  ppm 
hexane  or  phenol  while  concentrations  of  a  few 
ppm  of  chlorobenzene  were  easily  detected.  The 
permeation  apparatus  offers  a  new  and  convenient 
method  to  analyze  the  contents  of  an  aqueous 
sample  while  using  a  gas  sensor.  Since  many  more 
types  of  gas  sensors  are  convenient  and  available 
than  are  liquid  sensors,  this  approach  may  be  more 
generally  useful  if  other  gas  sensors  are  interfaced 
to  the  liquid  sampling  system  by  means  of  semiper- 
meable membrane  technology.  (Author's  abstract) 
W90-05314 


GAS-CHROMATOGRAPHIC  ANALYSIS  OF 
CHLORINATED  ACIDS  IN  DRINKING 
WATER. 

Glenmore  Waterworks  Lab.,   Calgary  (Alberta). 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05316 


ISOLATION  OF  HUMIC  AND  ADHERENT 
ORGANIC  SUBSTANCES  IN  PREPARATIVE 
SCALE  FROM  GROUNDWATER  AND  SUR- 
FACE WATER  UNDER  FIELD  CONDITIONS 
BY  MEANS  OF  A  MOBILE  ADSORPTION 
DEVICE. 

Ruhr  Univ.,  Bochum  (Germany,  F.R.).  Inst,  fuer 
Hygiene. 

A.  Hack,  and  F.  Selenka. 

Aqua  AQUAAA,  Vol.  30,  No.  6,  p  369-375,  3  fig, 
2  tab,  24  ref.  December  1989. 

Descriptors:  'Humic  substances,  'Organic  matter, 
•Separation  techniques,  'Sampling,  'Water  sam- 
pling, 'Laboratory  equipment,  Isolation,  Field 
tests,  Adsorption,  Water  analysis,  Resins,  Anaero- 
bic conditions,  Groundwater,  Surface  water. 

For  the  investigation  of  inorganic,  organic  or  bio- 
logical turnover  and  of  transportation  processes  of 
substances  in  the  aquatic  environment,  large  quan- 
tities of  humic  material  from  various  sampling  sites 
may  be  needed.  Because  of  the  relative  small  con- 
centration of  humic  substances  (HS)  in  most  natu- 
ral waters  the  material  required  has  to  be  isolated 
from  large  volumes  of  water.  A  column-chromato- 
graphic  method  with  macroporous  hydrophobic 
styrene-divinylbenzene  resin  XAD-2  for  operation 
under  field  conditions,  and  working  on  a  semi- 
technical  scale,  is  described.  One  thousand  to  7000 
L  of  acidified  water  sample  are  passed  over  XAD- 
2  columns.  Adsorbed  material  is  eluted  by  means 
of  increase  in  pH  or  by  organic  eluants  such  as 
methanol  or  methanol-ammonium;  30-85%  of  the 
dissolved  organic  carbon  in  water  could  be  extract- 
ed. The  isolation  process  is  performed  under  low 
risk  of  contamination  and  under  strict  anaerobic 
conditions.  After  extraction,  HS  are  concentrated 
by  gentle  vacuum-drying  and  final  lyophilization, 
thus  rendering  a  fine  brownish  water-soluble 
powder.  Quantities  of  HS  in  the  range  of  5-25  g 
were  isolated  under  anaerobic  conditions  with  low 
risk  of  contamination.  (VerNooy-PTT) 
W90-05319 


TEMPORAL  AND  SPATIAL  VARIATION  IN 
PELAGIC  FISH  ABUNDANCE  IN  LAKE  MEAD 
DETERMINED  FROM  ECHOGRAMS. 


Data  Acquisition — Group  7B 

Nevada  Univ.,  Las  Vegas.  Lake  Mead  Limnologi- 

cal  Research  Center. 

For  primary  bibliographic  entry  see  Field  81. 

W90-05324 


LIPID  SYNTHESIS  BY  ISOLATED  DUCK- 
WEED (LEMNA  MINOR)  CHLOROPLASTS  IN 
THE  PRESENCE  OF  A  SUBLETHAL  CONCEN- 
TRATION OF  ATRAZINE. 

Sherbrooke  Univ.   (Quebec).   Dept.   de  Biologie. 
For  primary  bibliographic  entry  see  Field  4A. 
W90-05351 


USE  OF  ROOTS  TRANSFORMED  BY  AGRO- 
BACTERIUM  RHIZOGENES  IN  RHIZOS- 
PHERE  RESEARCH:  APPLICATIONS  IN 
STUDIES  OF  CADMIUM  ASSIMILATION 
FROM  SEWAGE  SLUDGES. 
Institut  National  de  la  Recherche  Agronomique, 
Versailles  (France).  Lab.  de  Biologie  de  la  Rhizos- 
phere. 

D.  Tepfer,  L.  Metzger,  and  R.  Post. 
Plant  Molecular  Biology  PMBIDB,  Vol.  13,  No.  3, 
September  13,  1989.  1  fig,  1  tab,  59  ref. 

Descriptors:  'Sludge,  'Cadmium,  'Rhizosphere, 
'Bacterial  physiology,  'Plant  physiology,  'Roots, 
Heavy  metals,  Culturing  techniques,  Waste-assimi- 
lative capacity. 

The  usefulness  of  roots  transformed  by  Agrobac- 
terium  rhizogenes  in  rhizosphere  research  was  in- 
vestigated with  the  aid  of  an  example:  the  study  of 
cadmium  availability  in  sewage  sludges.  A  list  of 
species  for  which  transformed  root  cultures  is  pro- 
vided and  the  example  of  studies  of  cadmium  as- 
similation from  sewage  sludge  is  given  to  illustrate 
how  transformed  root  cultures  can  be  used  in 
physiological  tests  under  non-sterile  conditions.  In 
order  to  assay  cadmium  availability,  dry  sewage 
sludge  was  diluted  with  highly  purified  water  and 
added  to  transformed  calystegia  cultures  that  had 
been  rinsed  in  the  same  water.  The  control  consist- 
ed of  roots  treated  in  the  same  manner,  but  the 
sewage  sludge  was  replaced  by  sufficient  cadmium 
nitrate  to  reproduce  the  total  cadmium  concentra- 
tion in  the  sewage  sludge.  Representative  results 
show  that  the  cadmium  was  less  available  in  the 
sewage  sludge  than  in  the  salt.  The  difference 
represents  the  affinity  of  the  sludge  for  the  con- 
taminating cadmium  when  plant  roots  are  present. 
Sludges  of  different  origin  respond  differently  in 
this  bioassay  for  cadmium  availability,  indicating 
that  transformed  roots  can  be  used  to  distinguish 
between  the  availability  of  cadmium  in  different 
sludges.  (Author's  abstract) 
W90-05382 


SERIOUS  INHIBITION  PROBLEM  FROM  A 
NISKIN  SAMPLER  DURING  PLANKTON 
PRODUCTIVITY  STUDIES. 

University  Coll.  of  North  Wales,  Bangor.  School 

of  Ocean  Sciences. 

P.  J.  L.  Williams,  and  J.  I.  Robertson. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 

No.  7,  p  1300-1305,  November  1989.  5  tab,  17  ref. 

NERC  Research  Award  GR3/5549. 

Descriptors:  'Photosynthesis,  'Chlorophyll,  'Sam- 
plers, 'Primary  productivity,  Seawater,  Respira- 
tion, Hydrologic  data  collections,  Indian  Ocean, 
Error  analysis,  Niskin  sampler. 

Low  photosynthetic  rates  and  reductions  in  chlo- 
rophyll concentrations  were  observed  in  incuba- 
tions of  samples  taken  with  a  30-liter  Niskin  sam- 
pler during  productivity  studies  of  oligotrophic 
waters  in  the  Indian  Ocean.  By  contrast,  there 
appeared  to  be  no  effect  on  community  respiration. 
The  rates  of  photosynthesis  were  5-fold  to  10-fold 
greater  in  samples  taken  with  Teflon-lined  10-liter 
GoFlo  bottles,  and  there  was  no  systematic  loss  of 
chlorophyll.  The  central  rubber  cord  of  the  Niskin 
sampler  was  identified  as  a  potent  source  of  con- 
tamination. If  it  is  not  possible  to  replace  Niskin 
bottles  for  sampling,  it  is  essential  to  replace  the 
central  cord  of  neoprene  or  latex  rubber  with 
silicone  or  epoxy-coated  stainless  steel  springs  and 
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the  neoprene  O-rings  with  their  silicone  equiva- 
lents. (Author's  abstract) 
W90-05397 


CARBON  ISOTOPIC  COMPOSITIONS  OF  ES- 
TUARINE  BACTERIA. 

Gordon  Coll.,  Wenham,  MA.  Dept.  of  Biology. 

R.  B.  Coffin,  B.  Fry,  B.  J.  Peterson,  and  R.  T. 

Wright. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 

No.  7,  p  1305-1310,  November  1989.  2  fig,  2  tab,  25 

ref.  NSF  Grants  OCE  83-20455  and  BSR  87-04738. 

Descriptors:  *Bioassay,  'Carbon,  'Stable  isotopes, 
•Aquatic  bacteria,  'Estuaries,  Primary  productivi- 
ty, Growth,  Organic  carbon,  Plankton,  Spartina, 
Isotopic  tracers. 

A  bioassay  was  developed  to  assess  the  stable 
carbon  isotopic  compositions  of  planktonic  bacte- 
ria from  the  Parker  River  estuary,  Massachusetts. 
A  small  inoculum  of  natural  bacteria  was  added  to 
filtered  estuarine  water,  then  incubated  for  24-48 
hr  until  bacteria  reached  the  end  of  log-phase 
growth.  Bacteria  harvested  at  the  end  of  these 
bioassays  exhibited  a  wide  range  of  delta-C13 
values  from  -1 1.5  parts  per  thousand  (ppt)  (near  the 
-13  ppt  value  of  Spartina)  to  -27.4  ppt  (near  the  -29 
ppt  value  of  upland  C-3  plants).  This  wide  range  of 
delta-C13  values  suggest  that  bacteria  in  the  estu- 
ary use  substrates  from  a  variety  of  primary  pro- 
ducers. Experiments  with  glucose  and  dissolved 
organic  carbon  leached  from  oak  and  Spartina 
leaves  showed  that  bacteria  had  delta-C13  values 
within  +/-2  ppt  of  their  growth  substrates.  The 
results  suggest  that  carbon  isotopic  measurements 
are  useful  for  tracing  the  linkage  between  bacteria 
and  the  plant  sources  of  substrates  that  support 
bacterial  growth.  (Author's  abstract) 
W90-05398 


ANOMALOUS,  SHORT-TERM  INFLUX  OF 
WATER  INTO  SEEPAGE  METERS. 

Alberta  Univ.,  Edmonton.  Dept.  of  Zoology. 

R.  D.  Shaw,  and  E.  E.  Prepas. 

Limnology  and  Oceanography  LIOCAH,  Vol.  34, 

No.  7,  p  1343-1351,  November  1989.  7  fig,  1  tab,  12 

ref. 

Descriptors:  'Seepage  meters,  'Instrumentation, 
•Measuring  instruments,  'Seepage,  'Error  analy- 
sis, Performance  evaluation,  Monitoring. 

Laboratory  and  field  tests  revealed  that  there  was 
an  anomalous,  short-term  influx  of  water  into  plas- 
tic bags  after  they  were  attached  to  seepage 
meters.  Plastic  bags  (3.5-liter  capacity)  were  sub- 
merged in  an  830-liter  tank  of  stagnant  water; 
within  45  min,  the  volume  of  water  in  bags  that 
initially  were  empty  increased  to  297  ml,  bags 
prefilled  with  1,000  and  2,000  ml  of  water  in- 
creased by  160  ml,  and  bags  prefilled  with  3,000  ml 
decreased  in  volume.  At  Narrow  Lake,  Alberta, 
the  anomalous,  short-term  (30-min)  influx  of  water 
averaged  237  ml  to  bags  that  were  initially  empty, 
but  the  anomaly  was  effectively  eliminated  when 
bags  were  prefilled  with  1,000  ml  of  water  before 
they  were  attached  to  seepage  meters.  The  impact 
of  the  anomaly  on  calculated  seepage  rates  was 
greatest  when  seepage  rates  were  low,  e.g.  0.3  ml/ 
sq  m/min.  The  anomaly  may  be  due  to  mechanical 
properties  of  the  bag,  and  it  may  be  alleviated  by 
partially  filling  bags  before  they  are  attached  to 
seepage  meters.  (Author's  abstract) 
W9O-05401 


LOSS  OF  TOTAL  SULFUR  AND  CHANGES  IN 
SULFUR  ISOTOPIC  RATIOS  DUE  TO  DRYING 
OF  LACUSTRINE  SEDIMENTS. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Microbiology 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05402 


ALTERATION  OF  PHOSPHORUS  DYNAMICS 
DURING  EXPERIMENTAL  EUTROPHICA- 
TION  OF  ENCLOSED  MARINE  ECOSYS- 
TEMS. 

Rhode  Island  Univ.,  Narragansett.  Marine  Ecosys- 
tems Research  Lab. 


For  primary  bibliographic  entry  see  Field  5C. 
W90-05410 


NEW  SCREENING  TEST  TO  DETERMINE 
THE  ACCEPTABILITY  OF  0.45-MICRON 
MEMBRANE  FILTERS  FOR  ANALYSIS  OF 
WATER. 

Environmental  Monitoring  Systems  Lab.,  Cincin- 
nati, OH. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05482 


USE  OF  HYDROLOGY  IN  RIPARIAN  CLASSI- 
FICATION. 

Bureau  of  Land  Management,  Boise,  ID.  Idaho 
State  Office. 

K.  A.  Gebhardt,  C.  Bohn,  S.  Jensen,  and  W.  S. 
Platts. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  53- 
59.  6  fig,  17  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Classification,  'Stream 
classification,  'Environmental  quality,  *Riparian 
waters,  'Riparian  land,  Erosion,  Soil  water, 
Streams,  Hydrology,  Stream  profiles. 

A  concept  of  'state'  is  introduced  to  help  deal  with 
units  of  classification.  State  is  a  flexible  unit  and 
can  represent  many  types  of  classification  units  as 
required  by  the  user.  The  state  represents  the  likely 
appearance  of  a  riparian  site  based  on  various 
environmental  conditions.  In  this  study,  environ- 
mental conditions  are  expressed  in  terms  of  erosion 
resistance  and  soil  water.  Soil  water  is  the  persist- 
ence of  the  source  of  soil  water  and/or  the  ability 
of  the  soil  to  hold  and  release  moisture  to  vegeta- 
tion. Erosion  resistance  is  described  by  vegetation 
condition  and  substrate  texture.  A  riparian  classifi- 
cation and/or  site  description  should  include  suffi- 
cient process  information  to  help  determine  cause 
and  effect,  as  well  as  management  options.  The 
following  information  should  be  included  in  the 
classification  description:  (1)  description  of  sub- 
strates and  soil,  (2)  relation  of  various  discharge 
amounts  to  channel  capacity  and  function,  (3)  de- 
scription of  the  general  flow  regime  during  the 
year,  and  (4)  description  of  ground  and  surface 
water  behaviors  typically  encountered  on  the  site. 
In  preparing  a  hydrologic  description  for  riparian 
classification  purposes,  water  regime  and  influence 
of  riparian  systems,  floodplain  and  channel  interac- 
tion, and  groundwater  behavior  are  also  important 
considerations.  Future  investigation  and  classifica- 
tion efforts  need  to  identify  the  roles  and  interac- 
tions of  hydrology  to  improve  the  understanding 
and  management  of  riparian  systems.  (See  also 
W90-05491)  (Mertz-PTT) 
W90-05500 


MODELING  OF  PHYSICAL  AND  BEHAVIOR- 
AL MECHANISMS  INFLUENCING  RECRUIT- 
MENT OF  SPOT  AND  ATLANTIC  CROAKER 
TO  THE  CAPE  FEAR  ESTUARY. 

Lawler,    Matusky    and    Skelly    Engineers,    Pearl 

River,  NY. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-05543 


DEVELOPMENT  OF  A  CAPILLARY  WICK  UN- 
SATURATED ZONE  PORE  WATER  SAMPLER. 

Texas  Agricultural  Experiment  Station,  College 
Station. 

K.  W.  Brown,  J.  C.  Thomas,  and  M.  W.  Holder. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-129100. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/4-88/001,  January  1988. 
105p,  32  fig,  9  tab,  18  ref,  2  append. 

Descriptors:  'Instrumentation,  'Samplers,  'Meas- 
uring instruments,  'Soil  water,  'Interstitial  water, 
'Water  sampling,  Vadose  water,  Hydraulic  con- 
ductivity, Capillary  water. 

Existing  unsaturated  zone  soil  water  samplers  have 
several  deficiencies  which  jeopardize  their  utility 


for  field  sampling.  Suction  cups  only  function 
when  a  vacuum  is  applied,  and  sample  from  an 
unknown  volume  of  soil.  Pan  samplers  only  sample 
saturated  flow.  A  capillary  wick  sampler  was  de- 
veloped to  overcome  these  problems.  Materials  for 
its  construction  were  selected  and  tested  for  con- 
ductivity, capillary  rise  and  chemical  inertness. 
Breakthrough  curves  for  selected  inorganic  ions 
and  organic  chemicals  were  established  in  the  labo- 
ratory. No  adsorption/desorption  of  these  chemi- 
cals was  found  for  the  capillary  wick  sampler,  the 
suction  cup  sampler,  and  the  pan  sampler.  Banks  of 
8  capillary  wick  samplers  were  installed  in  test 
plots  of  undisturbed  soils  having  sand,  silt  loam 
and  clay  textures.  Bromide  breakthrough  curves 
were  determined  at  each  location.  The  data  were 
used  to  determine  the  number  of  samplers  required 
to  characterize  the  flow  of  contaminants  resulting 
from  a  uniform  application  to  the  soil  surface. 
These  results  indicated  that  to  achieve  95%  confi- 
dence, 31  samplers  would  be  required  in  the  sandy 
soil,  6  in  the  silt  loam  soil  and  2  in  the  clay  soil. 
The  experimental  plots  were  drained  and  samples 
were  collected  over  a  range  of  soil  moisture  con- 
tents and  soil  moisture  potentials.  It  was  demon- 
strated that  the  wick  sampler  does  adequately  col- 
lect soil  solution  samples  from  soils  having  soil 
moisture  potentials  ranging  from  0  to  -0.0006  MPa. 
The  capillary  wick  sampler  is  an  improvement 
over  existing  samplers  since  it  does  not  require 
continuous  suction  to  provide  continuous  samples 
and  because  it  can  collect  samples  of  flow  which 
takes  place  when  the  soil  is  unsaturated.  While  the 
sampler  collects  volumes  representative  of  the  flux 
at  potentials  of  0.0005  MPa,  convergence  at  great- 
er potentials  and  divergence  at  lower  potentials 
prevent  its  use  as  a  tool  for  measuring  flux  of  water 
or  contaminants.  (Author's  abstract) 
W90-05556 


MONITORING    FOR    VOLATILE    ORGANICS 
IN  EFFERVESCENT  GROUND  WATER. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Aiken,  SC. 

Savannah  River  Plant. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05581 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECT  FOR  HANFORD  SITE  FA- 
CILITIES:  PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY   1  TO  MARCH  31,   1988. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05585 


ESTIMATION  OF  RAINFALL  FOR  FLOOD 
FORECASTING  USING  RADAR  AND  RAIN 
GAGE  DATA. 

Hydrologic  Engineering  Center,  Davis,  CA. 
W.  J.  Charley. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A200  802. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Technical  Paper  No.  122,  September  1988.  6p,  3 
fig,  10  ref. 

Descriptors:  'Remote  sensing,  'Radar,  'Flood 
forecasting,  'Rain  gages,  'Rainfall,  Computer  pro- 
grams, Rain,  Data  interpretation,  Reservoir  oper- 
ation, Kriging. 

An  inadequate  knowledge  of  the  magnitude  and 
spatial  distribution  of  precipitation  is  often  a  major 
limitation  in  developing  accurate  river  flow  fore- 
casts for  use  in  reservoir  operations.  Digitized 
weather  radar  data  can  provide  useful  information 
regarding  the  spatial  distribution  of  rainfall,  al- 
though radar-based  estimates  of  rainfall  may  be  in 
error  due  to  several  factors.  The  use  of  radar- 
rainfall  data  in  combination  with  rain  gage  meas- 
urements may  improve  rainfall  estimates  over 
those  based  on  either  form  of  measurement  alone. 
This  improvement  is  accomplished  by  adjusting,  or 
'calibrating',  radar-rainfall  data  with  data  from  rain 
gages  situated  within  the  radar  'boundary'.  A  set  of 
rainfall  analysis  software  that  incorporates  this 
methodology  has  been  developed  to  aid  hydrolo- 
gists  in  making  real-time  water  control  decisions. 
The  rainfall  analysis  software  retrieves  real-time 


184 


■  "  ' 


RESOURCES  DATA— Field  7 


Evaluation,  Processing  and  Publication — Group  7C 


radar-rainfall  data  from  a  National  Weather  Serv- 
ice RADAP  II  (Radar  Data  Processor),  and  rain 
gage  measurements  from  data  collection  platforms 
via  the  Geostationary  Operational  Environmental 
Satellite  (GOES).  The  radar  data  from  the 
RADAP  II  is  calibrated  with  the  rain  gage  data 
using  a  simple  Kriging  technique.  Subbasin-aver- 
age  rainfall  is  then  computed  from  the  calibrated 
data  and  stored  in  a  database  file  for  subsequent  use 
by  a  river  flow  forecast  model.  Graphics  programs 
aid  in  the  evaluation  of  the  data.  This  software 
system  has  been  implemented  for  a  few  pilot  wa- 
tersheds in  Oklahoma.  (Author's  abstract) 
W90-05589 


PEAK-FLOW  DATA-COLLECTION  METHODS 
FOR  STREAMS  IN  ARID  AREAS. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

E.  D.  Cobb. 

IN:  Transportation  Research  Record  1201,  1988.  p 

30-36,  6  fig,  8  ref. 

Descriptors:  *Stream  gages,  'Instrumentation, 
•Flood  peak,  'Data  acquisition,  'Arid  lands, 
*Streamflow,  'Channel  flow,  *Flow  profiles, 
Ephemeral  streams,  Measuring  instruments, 
Stream  stabilization,  Streambeds. 

Methods  of  determining  peak  streamflows  in  arid 
areas,    where   unstable   channels   and   ephemeral 
flows  characterize  many  streams  were  developed. 
Usually,  flow  is  determined  from  a  recorded  stage 
and  a  relational  curve  of  stage  and  discharge.  In 
unstable  channels,  it  may  be  difficult  to  obtain  a 
peak  stage  because  the  flow  may  move  horizontal- 
ly away  from  the  gage,  or  the  sediment  in  the  flow 
may  bury  the  stage  sensor.  If  the  peak  stage  is 
measured,  the  flow  may  be  difficult  to  determine 
because  of  the  unstable  rating.  As  a  result,  the  peak 
flow  determination  for  streams  with  unstable  chan- 
nels commonly  has  a  high  degree  of  uncertainty. 
Stilling  wells  and  bubble  gage-manometer  systems 
are  most  commonly  used  for  obtaining  measure- 
ments of  stream  stage.  The  heavy  sediment  loads 
transported  by  many  arid  area  streams  can  fill  a 
stilling  well  with  sediment  or  bury  intakes  and 
orifices.  For  this  reason,  gages  that  do  not  have  to 
be  in  the  water,  such  as  the  ultrasonic  ranger,  are 
sometimes  used  to  measure  stream  stage.  Common- 
ly, stream  discharge  is  determined  from  a  stage- 
discharge  relation.  In  streams  with  severely  unsta- 
ble channels,  such  a  relation  does  not  exist.  In  such 
situations,  it  may  be  more  appropriate  to  relate 
discharge  to  the  depth  of  flow.  A  measure  of  the 
depth  of  flow  can  be  obtained  by  measuring  the 
stage  of  the  water  surface  and  the  stage  of  the 
streambed.   Streambed   stabilization   is  sometimes 
possible  on  small-sized  and  medium-sized  streams. 
Usually,  because  of  the  large  sediment  load  trans- 
ported through  the  stream  system,  it  is  not  practi- 
cal to  totally  stabilize  the  channel  in  the  area  to  be 
gaged.  A  dual  weir  is  useful  in  providing  a  fairly 
stable  stage-discharge   relation  in  some  streams. 
Discharge  measurements  may  be  more  complex  on 
sand-channel  streams  with  dunes  and  scour  holes 
than  on  other  streams.  This  is  partly  because  the 
vertical-velocity  curve  is  not  normal,  and  addition- 
al velocity  observations  may  be  needed.   Many 
arid-area  streams  are  ephemeral  and  flashy,  making 
it  difficult  to  obtain  discharge  measurements.  Dry 
stream  channels  near  bridges  commonly  are  dis- 
turbed by  maintenance  crews;  this  alters  stage- 
discharge  relations.  Many  factors,  such  as  shifting 
stream  channels  and  buried  sensors,  increase  the 
uncertainty  in  the  measurement  of  stage  and  dis- 
charge in  streams  in  arid  areas.  However,  tech- 
niques   and    instruments   such    as    the    ultrasonic 
ranger  and  the  scour  meter  have  been  developed  to 
reduce  these  uncertainties.  (Lantz-PTT) 
W90-05596 


QUALITY-ASSURANCE  DATA  FOR  ROUTINE 

WATER     ANALYSIS     IN     THE     NATIONAL 

WATER-QUALITY    LABORATORY    OF    THE 

U.S    GEOLOGICAL    SURVEY    FOR    WATER 

YEAR  1988. 

Geological  Survey,  Denver,  CO.  Water  Resources 

Div. 

K.  J.  Lucey. 

Available  from  Books  and  Open  Files  Report  Sec- 


tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4166, 
1989.  96p,  152  fig,  8  tab,  15  ref. 

Descriptors:  'Chemical  analysis,  'Data  quality 
control,  'Water  analysis,  Data  collections,  Stand- 
ards, Inorganic  compounds,  Calcium,  Fluorides, 
Iron,  Magnesium,  Manganese,  Sodium,  Potassium, 
Nitrates,  Nitrites,  Phosphorus,  Ammonia. 

The  US  Geological  Survey  maintains  a  quality 
assurance  program  based  on  the  analysis  of  refer- 
ence samples  for  its  National  Water  Quality  Labo- 
ratory located  in  Denver,  Colorado.  Reference 
samples  containing  selected  inorganic,  nutrient, 
and  precipitation  (low-level  concentration)  con- 
stituents are  prepared  at  the  Survey's  Water  Qual- 
ity Services  Unit  in  Ocala,  Florida,  disguised  as 
routine  samples,  and  sent  daily  or  weekly,  as  ap- 
propriate, to  the  laboratory  through  other  Survey 
offices.  The  results  are  stored  permanently  in  the 
National  Water  Data  Storage  and  Retrieval 
System  (WATSTORE),  the  Survey's  database  for 
all  water  data.  These  data  are  analyzed  statistically 
for  precision  and  bias.  An  overall  evaluation  of  the 
inorganic  major  ion  and  trace  metal  constituent 
data  for  water  year  1988  indicated  a  lack  of  preci- 
sion in  the  National  Water  Quality  Laboratory  for 
the  determination  of  8  out  of  58  constituents:  calci- 
um (inductively  coupled  plasma  emission  spec- 
trometry), fluoride,  iron  (atomic  absorption  spec- 
trometry), iron  (total  recoverable),  magnesium 
(atomic  absorption  spectrometry),  manganese 
(total  recoverable),  potassium,  and  sodium  (induc- 
tively coupled  plasma  emission  spectrometry).  The 
results  for  31  constituents  had  positive  or  negative 
bias  during  water  year  1988.  A  lack  of  precision 
was  indicated  in  the  determination  of  three  of  the 
six  nutrient  constituents:  nitrate  plus  nitrite  nitro- 
gen as  nitrogen,  nitrite  nitrogen  as  nitrogen,  and 
orthophosphate  as  phosphorus.  A  biased  condition 
was  indicated  in  the  determination  of  ammonia 
nitrogen  as  nitrogen,  ammonia  plus  organic  nitro- 
gen as  nitrogen,  and  nitrate  plus  nitrite  nitrogen  as 
nitrogen.  There  was  acceptable  precision  in  the 
determination  of  all  10  constituents  contained  in 
precipitation  samples.  Results  for  ammonia  nitro- 
gen as  nitrogen,  sodium,  and  fluoride  indicated  a 
biased  condition.  (Author's  abstract) 
W90-05607 


EVALUATION  OF  METHODS  USED  FROM 
1965  THROUGH  1982  TO  DETERMINE  INOR- 
GANIC CONSTITUENTS  IN  WATER  SAM- 
PLES. 

L.  C.  Friedman,  and  M.  J.  Fishman. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Supply  Paper  2293,  1989.  126p,  83  fig,  27 
ref. 

Descriptors:  'Data  quality  control,  'Pollutant 
identification,  'Inorganic  compounds,  'Chemical 
analysis,  'Water  analysis,  Colorimetry,  Atomic  ab- 
sorption spectrophotometry,  Spectrometry,  Vol- 
tammetry,  Quality  control,  Comparison  studies. 

Since  1962,  the  US  Geological  Survey  has  pre- 
pared and  distributed  Standard  Reference  Water 
Samples  (SRWS)  to  participating  laboratories  in 
order  to  alert  them  to  possible  analytical  deficien- 
cies. This  report  marks  the  first  time  that  a  concen- 
trated effort  has  been  made  to  examine  and  com- 
pare the  SRWS  data  for  each  constituent  by  the 
analytical  method  that  was  used  to  obtain  the  data. 
Unlike  laboratories  that  participate  in  interlabora- 
tory  studies  that  are  designed  to  determine  the 
precision  and  accuracy  of  a  particular  analytical 
method,  laboratories  that  participate  in  the  SRWS 
program  are  allowed  to  select  the  method  used  to 
analyze  a  reference  sample  and  are  requested  to 
report  the  method  used.  Data  for  a  particular 
method  could  not  be  compared  with  a  'true'  value 
because  the  data  were  obtained  from  analyses  of 
reference  samples  that  were  prepared  using  natural 
waters;  however,  where  possible  a  comparison  was 
made  between  the  mean  concentrations  obtained 
by  the  various  analytical  methods  (i.e.,  colorime- 
try, atomic  absorption  spectrometry,  atomic  emis- 
sion spectrometry,  and  voltammetry)  that  were 
used  to  determine  each  constituent.  Where  enough 
information  is  available,  models  for  predicting  the 


precisions  of  the  methods  have  been  developed, 
and  the  precisions  have  been  compared.  In  addi- 
tion to  the  data  presented  in  the  reports,  this  eval- 
uation provides  a  good  indication  of  methods  that 
were  used  routinely  to  analyze  water  samples 
during  the  18  years  of  study.  (Author's  abstract) 
W90-05619 
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CALIBRATION  OF  A  GENERAL  OPTICAL 
EQUATION  FOR  REMOTE  SENSING  OF  SUS- 
PENDED SEDIMENTS  IN  A  MODERATELY 
TURBID  ESTUARY. 

National  Environmental  Satellite,  Data,  and  Infor- 
mation Service,  Washington,  DC. 
R.  P.  Stumpf,  and  J.  R.  Pennock. 
Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  94,  No.  10,  p  14,363-14,371,  Octo- 
ber 15  1989.  7  fig,  4  tab,  35  ref.  NSF  grant  OCE- 
8601616. 

Descriptors:  'Estuaries,  'Suspended  sediments, 
'Remote  sensing,  'Sediment  transport,  Sediment 
concentration,  Bed  load,  Algorithms,  Mathemati- 
cal studies,  Mathematical  equations,  Calibrations, 
Bottom  sediments. 

A  general  algorithm  for  determining  suspended 
sediment  concentrations  in  the  surface  waters  of 
estuaries  has  been  developed  for  use  with  satellite 
data.  The  algorithm  uses  a  three-parameter  general 
optical  equation  to  relate  suspended  sediment  con- 
centrations to  water  reflectances  that  have  been 
corrected  for  sun  angle  effects,  atmospheric  path 
radiance,  and  tidal  excursion.  Using  data  collected 
by  the  advanced  very  high  resolution  radiometer 
on  five  different  dates,  reflectances  were  deter- 
mined using  two  different  methods,  one  providing 
maximum  correction  for  haze  and  the  other  pro- 
viding minimum  sensitivity  to  pigments.  For  both 
methods,  in  situ  and  remotely  sensed  samples  from 
Delaware  Bay  acquired  within  3.5  h  of  each  other 
agreed  to  within  60%  at  the  95%  confidence  level. 
Pixel  and  subpixel  scale  spatial  variations  and  vari- 
ability associated  with  in  situ  measurements  pro- 
duced about  50%  of  the  differences.  Chlorophyll 
concentrations  of  >  50  micrograms/L  produced  a 
discrepancy  in  the  reflectance  method  that  provid- 
ed the  best  haze  correction.  The  parameter  values 
may  be  adjusted  to  allow  for  variations  in  sediment 
size  and  pigment  variations,  allowing  application 
of  the  calibration  to  estuaries  having  optically  dif- 
ferent suspended  sediments.  (Author's  abstract) 
W90-04566 


DATA  INTERPRETATION  AND  NUMERICAL 
MODELING  OF  THE  MUD  AND  SUSPENDED 
SEDIMENT  EXPERIMENT  1985. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Stroe- 

mungsmechanik  und  Elektronisches  Rechnen  im 

Bauwesen. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-04568 


MODELING  THE  EFFECT  OF  SUSPENDED 
SEDIMENT  STRATIFICATION  ON  BOTTOM 
EXCHANGE  PROCESSES. 

Florida  Univ.,  Gainesville.  Coastal  and  Oceano- 

graphic  Engineering  Lab. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-04572 


ENGINEERS  AND  OPERATORS  NETWORK. 

P.  S.  Hendricks. 

Water  Engineering  and  Management  WENMD2, 

Vol.  136,  No.  6,  p  36-38,  June  1989. 

Descriptors:  'Computers,  'Networks, 

'Wastewater  management,  'Wastewater  facilities, 
♦Information  systems,  Computer  programs,  Infor- 
mation retrieval,  Network  design.  Information  ex- 
change, Arizona. 

Computer  networking  allows  the  exchange  of 
drawings,  the  exchange  of  data  on  infrastructure 
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changes  and  the  exchange  of  process  control  data 
among  wastewater  treatment  plants  in  an  area  or 
between  plants  and  a  central  engineering  or  central 
operation.  Metropolitan  Area  Networks  have  been 
made  possible  by  the  recent  convergence  of 
emerging  computer  technology  and  forces  in  the 
marketplace  that  demanded  more  of  hardware  and 
software.  Networked,  open  architectures  can 
lower  the  cost  of  business  operations,  improve  the 
quality  of  operations,  and  provide  timely  informa- 
tion exchange  for  inter-agency  and  operational  co- 
ordination. The  entire  23rd  Avenue  treatment 
plant  in  Phoenix,  Arizona,  which  has  a  53-mgd 
capacity,  will  be  controlled  by  a  Johnson  Controls 
JC-5000  System  based  on  a  networked,  open  archi- 
tecure  with  adherence  to  IEEE  communication 
standards.  The  other  major  facility  in  Phoenix  that 
will  be  using  a  computer  network  is  the  91st 
Avenue  wastewater  treatment  plant,  which  has  a 
120-mgd  capacity  and  has  been  expanded  to  a  1 53- 
mgd  capacity.  Johnson  Controls  JC-5000  System  is 
going  to  be  expanded  to  provide  complete  ad- 
vanced process  control  throughout  the  facility. 
(Friedmann-PTT) 
W90-04577 


ACID  DEPOSITION  MODELING  AND  THE 
INTERPRETATION  OF  THE  UNITED  KING- 
DOM SECONDARY  PRECIPITATION  NET- 
WORK DATA. 

Hull  Univ.  (England).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04579 


GENERALIZED  MULTIDIMENSIONAL 

MODEL  FOR  PRECIPITATION  SCAVENGING 
AND  ATMOSPHERIC  CHEMISTRY. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04580 


MODELING  OF  ATMOSPHERIC  TRANSPORT 
AND  DEPOSITION  OF  TOXAPHENE  INTO 
THE  GREAT  LAKES  ECOSYSTEM. 

Atmospheric    Environment    Service,    Downsview 

(Ontario). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04581 


INTERCOMPARISON  OF  LONG-TERM  AT- 
MOSPHERIC TRANSPORT  MODELS;  THE 
BUDGETS  OF  ACIDIFYING  SPECIES  FOR 
THE  NETHERLANDS. 

UKAEA  Atomic  Energy  Research  Establishment, 

Harwell   (England).   Environmental   and   Medical 

Sciences  Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04582 


FOAM  RUBBER  MODELING  OF  TOPO- 
GRAPHIC AND  DAM  INTERACTION  EF- 
FECTS AT  PACOIMA  DAM. 

Nevada  Univ.,  Reno.  Seismological  Lab. 
A.  Anooshehpoor,  and  J.  N.  Brune. 
Bulletin  of  the  Seismological  Society  of  America 
BSSAAP,  Vol.  79,  No.  5,  p   1347-1360,  October 
1989.  10  fig,  11  ref.  Electric  Power  Research  Insti- 
tute grant  EPRI  RP-2556-2. 

Descriptors:  'Model  studies,  *Dams,  'Hydraulic 
structures,  'Seismic  properties,  'Dam  stability,  To- 
pography, Hydraulic  design,  Dam  design. 

A  study  of  the  topographic  and  dam  interaction 
effects  was  made  using  a  3-D  foam  rubber  model 
of  the  actual  topography  around  the  Pacoima  Dam 
accelerograph  which  recorded  over  1  g  high-fre- 
quency horizontal  ground  accelerations  during  the 
1971  San  Fernando  earthquake.  Scaling  of  frequen- 
cy from  the  model  to  the  earth  depends  on  the 
average  value  of  shear-wave  velocity  in  the  upper 
few  hundred  meters.  Assuming  beta  sub  e  =  2  km/ 
sec,  for  vertically  incident  SH  waves,  the  spectral 
ratio  of  the  ground  acceleration  on  the  ridge  to  the 
free  field  (flat  surface)  indicates  an  amplification  of 
about  60%  around  6.5  Hz  on  the  N76  degrees  W 
component.  Topography  has  little  effect  upon  the 
motion  recorded  on  the  S14  degrees  W  compo- 


nent. Motion  on  the  ridge  is  lower  than  the  free- 
field  motion  on  both  horizontal  components  for 
frequencies  above  9  Hz.  Amplification  peaks  shift 
to  higher  or  lower  frequencies  depending  on  the 
assumed  shear-wave  velocity  in  the  upper  few 
hundred  meters.  Results  from  nonvertically  inci- 
dent SH  waves  show  that  the  topographic  effect  is 
dependent  on  the  direction  of  approach  of  the 
seismic  energy.  The  effect  is  either  de-amplifica- 
tion (in  part  by  shadowing)  or  amplification  (rela- 
tive to  the  case  where  no  topography  is  present), 
depending  on  whether  the  canyon  is  on  the  ray 
path  or  not.  The  Fourier  spectrum  of  the  ground 
motion  at  the  dam  crest  shows  peak  frequencies  at 
about  5  Hz  and  10  Hz  (resonance),  which  corre- 
spond to  the  normal  modes  of  the  dam.  A  study  of 
dynamic  interaction  between  the  Pacoima  Dam 
and  the  ridge  shows  that  the  coupling  is  <  2%  at 
about  10  Hz  and  <  12%  at  about  5  Hz.  (Author's 
abstract) 
W90-04583 


OBSERVATIONS  AND  NUMERICAL  SIMULA- 
TIONS OF  PRECIPITATION  DEVELOPMENT 
IN  SEEDED  CLOUDS  OVER  THE  SIERRA 
NEVADA. 

Wyoming  Univ.,  Laramie. 

N.  Prasad,  A.  R.  Rodi,  and  A.  J.  Heymsfield. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 

28,  No.  10,  p  1031-1049,  1989.  19  fig,  9  tab,  32  ref, 

append. 

Descriptors:  'Numerical  analysis,  Mathematical 
models,  'Cloud  seeding,  'Convective  precipita- 
tion, 'Clouds,  'Atmospheric  physics,  'Air  circula- 
tion, 'Cloud  liquid  water,  Precipitation,  Rainfall, 
Rain,  Atmospheric  water. 

The  evolution  of  precipitation  in  seeded  winter- 
time orographically  induced  convective  and  strati- 
form clouds  with  embedded  convection  were  stud- 
ied using  in  situ  observations  and  particle  growth 
and  trajectory  models.  The  particle  growth  model 
of  heymsfield  embedded  in  a  kinematic  flow  field 
representative  of  the  Sierra  barrier  was  used  to 
study  the  ice  particle  growth  by  diffusion,  accre- 
tion and  subsequent  fall  trajectories.  The  particles 
observed  by  the  aircraft  were  classified  into  habits. 
The  growth  of  observed  particles  were  compared 
with  the  model  predicted  evolution.  Using  the 
aggregation  model  of  Heymsfield,  the  observation 
of  formation  of  aggregates  in  <  10  min.  was 
verified.  The  key  findings  of  this  study  were:  (1) 
Aggregates  (>  1  mm)  form  in  4-8  minutes  after 
seeding  a  convective  cloud.  (2)  Riming  is  impor- 
tant close  to  the  barrier  in  a  stratiform  cloud  when 
large  cloud  droplets  and  liquid  water  up  to  0.3  g/ 
cu  m  are  present.  (3)  Diffusional  growth  is  ex- 
tremely important  for  temperatures  near  minus  15 
C  in  these  low  liquid  water  content  clouds.  The 
particles  grow  to  about  2  mm  when  released  from 
just  colder  than  minus  15  C,  and  to  about  1  mm 
when  falling  from  warmer  than  minus  15  C.  (Au- 
thor's abstract) 
W90-04599 


MESO-GAMMA-SCALE  DISTRIBUTION  OF 
OROGRAPHIC  PRECIPITATION:  NUMERI- 
CAL STUDY  AND  COMPARISON  WITH  PRE- 
CIPITATION DERIVED  FROM  RADAR  MEAS- 
UREMENTS. 

Tel-Aviv  Univ.  (Israel).  Dept.  of  Geophysics  and 
Planetary  Sciences. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-04602 


ESTIMATION  OF  AREAL  RAINFALL  USING 
THE  RADAR  ECHO  AREA  TIME  INTEGRAL. 

National  Severe  Storms  Lab.,  Norman,  OK. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-O4603 


EFFECTS  OF  DIFFERENT  RAIN  PARAME- 
TERIZATIONS  ON  THE  SIMULATION  OF 
MESOSCALE  OROGRAPHIC  PRECIPITA- 
TION. 

Observatoire  de  Physique  du  Globe  de  Clermont- 
Ferrand  (France). 
For  primary  bibliographic  entry  see  Field  2B. 


W90-04605 


CHARACTERISTICS  OF  MESOSCALE  PRE- 
CIPITATION BANDS  IN  SOUTHERN  FIN- 
LAND. 

Helsinki  Univ.  (Finland).  Dept.  of  Meteorology. 
For  primary  bibliographic  entry  see  Field  2B. 

W90-04612 


APPLICATION  OF  FRACTAL  MATHEMATICS 
TO  SOIL  WATER  RETENTION  ESTIMATION. 

Nevada  Univ.,  Las  Vegas.  Desert  Research  Inst. 

S.  W.  Tyler,  and  W.  W.  Wheatcraft. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  4,  p  987-996,  July/August  1989.   15 

fig,    2    tab,    19    ref.    DOE    grant    DE-FG08-85- 

NV10461. 

Descriptors:  'Soil  water,  'Soil  physical  properties, 
•Model  studies,  'Fractal  mathematics,  'Soil  mois- 
ture retention,  'Soil  water  potential,  Mathematical 
studies,  Soil  porosity. 

An  analysis  was  performed  to  correlate  the  fitting 
parameter  in  an  earlier  soil  water  retention  model 
to  physical  properties  of  the  soil.  Fractal  mathe- 
matics were  used  to  show  that  the  parameter  is 
equal  to  the  fractal  dimension  of  the  pore  trace  and 
expresses  a  measure  of  the  tortuosity  of  the  pore 
trace.  The  fractal  dimension  of  the  particle-size 
distribution  can  be  easily  measured  and  related  to 
the  fitting  parameter  of  the  earlier  model.  By  sug- 
gesting a  physical  significance  of  the  coefficient, 
the  universality  of  the  model  is  greatly  improved. 
Soil  water  retention  data,  estimated  strictly  from 
particle-size  distributions,  were  proven  to  match 
measured  data  quite  well.  The  fractal  dimension  of 
pore  traces  ranges  from  1.011  to  1.485  for  all  but 
one  soil  tested.  (Author's  abstract) 
W90-04614 


MODELING  THE  TRANSPORT  OF  CHROMI- 
UM (VI)  IN  SOIL  COLUMNS. 

Louisiana    State   Univ.,    Baton    Rouge.    Dept.    of 

Agronomy. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04615 


SIMULATION   OF  SOIL   WATER   ABOVE   A 
WATER  TABLE  IN  A  FORESTED  SPODOSOL. 

International  Paper  Co.,  Arkadelphia,  AR. 

For   primary   bibliographic   entry   see   Field   2G. 

W90-04628 


ANALYTIC  TECHNIQUE  FOR   STOCHASTIC 
ANALYSIS  IN   ENVIRONMENTAL  MODELS. 

Alaska  Univ.,  Fairbanks.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04659 


SPATIAL  INTERRELATIONSHIPS  BETWEEN 
TERRAIN,  SNOW  DISTRIBUTION  AND  VEGE- 
TATION PATTERNS  AT  AN  ARCTIC  FOOT- 
HILLS SITE  IN  ALASKA. 

Pennsylvania  State  Univ.,  University  Park.  Envi- 
ronmental Resources  Research  Inst. 
For  primarv  bibliographic  entry  see  Field  2A. 
W90-04714 


TIDAL     MODELLING     OF     DAPENG     BAY, 
CHINA. 

Zhongshan  Univ.,  Guangzhou  (China). 

For  primary  bibliographic  entry  see  Field  2L. 

W90-O4722 


SPRAT-A  SIMPLE  RIVER  QUALITY  IMPACT 
MODEL  FOR  INTERMITTENT  DISCHARGES. 

Water     Research     Centre,     Swindon     (England). 

Swindon  Engineering  Centre. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-04773 
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MODELLING  OF  POLLUTION  LOADS  FROM 
COMBINED  SEWER  SYSTEMS  TO  RECEIV- 
ING WATERS. 

PH-Consult  ApS,  Gentofte  (Denmark). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-04774 


PROBABILISTIC  RELIABILITY  ANALYSIS 
FOR  BIOLOGICAL  WASTEWATER  TREAT- 
MENT PLANTS. 

Artois-Picardie  Water  Agency,  Douai  (France). 
For  primary  bibliographic  entry  see  Field  5D. 
W90-04778 


DEVELOPMENT  OF  AN  OPERATIONAL 
TWO-DrMENSIONAL  WATER  QUALITY 
MODEL  FOR  LAKE  MARKEN,  THE  NETHER- 
LANDS. 

Rijksdienst   voor   de   Ijsselmeerpolders,    Lelystad 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-04779 


DEVELOPMENT  OF  DIALOG  SYSTEM 
MODEL  FOR  EUTROPHICATION  CONTROL 
BETWEEN  DISCHARGING  RIVER  BASIN 
AND  RECEIVING  WATER  BODY  -  CASE 
STUDY  OF  LAKE  SAGAMI  (JAPAN). 
Tokyo  Univ.  (Japan).  Inst,  of  Industrial  Science. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-04780 


ROLE  OF  SKIN  ABSORPTION  AS  A  ROUTE 
OF  EXPOSURE  TO  VOLATILE  ORGANIC 
COMPOUNDS  IN  HOUSEHOLD  TAP  WATER: 
A  SIMULATED  KINETIC  APPROACH. 

Clark  Univ.,  Worcester,  MA.  Center  for  Technol- 
ogy, Environment,  and  Development. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-04831 


APPROXIMATE  ALGEBRAIC  SOLUTION  FOR 
A  BIOFILM  MODEL  WITH  THE  MONOD  KI- 
NETIC EXPRESSION. 

General  Motors  Research  Labs.,  Warren,  MI.  En- 
vironmental Science  Dept. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-04836 


EFFECT  OF  REACTOR  HYDRAULICS  ON 
THE  PERFORMANCE  OF  ACTIVATED 
SLUDGE  SYSTEMS:  I.  THE  TRADITIONAL 
MODELLING  APPROACH. 

Technical  Univ.  of  Istanbul  (Turkey).   Dept.   of 

Environmental  Engineering. 

For   primary   bibliographic   entry   see   Field   5D. 

W90-04839 


EFFECT  OF  REACTOR  HYDRAULICS  ON 
THE  PERFORMANCE  OF  ACTIVATED 
SLUDGE  SYSTEMS:  II.  THE  FORMATION  OF 
MICROBIAL  PRODUCTS. 

Technical  Univ.   of  Istanbul   (Turkey).   Dept.   of 

Environmental  Engineering. 

For   primary  bibliographic   entry   see   Field    5D. 

W90-04840 


SIMPLE,  CONCEPTUAL  MATHEMATICAL 
MODEL  FOR  THE  ACTIVATED  SLUDGE 
PROCESS  AND  ITS  VARIANTS. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Chemical  Engineering. 

For   primary   bibliographic   entry   see   Field   5D. 

W90-04842 


WHETE  CART  WATER  FLOOD  ALLEVIATION 
STUDY  USESG  HYDRODYNAMIC  MATHE- 
MATICAL-MODELLING TECHNIQUES. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-04909 


FTVE-YEAR  RADAR  CLIMATOLOGY  OF  CON- 
VECTIVE  PRECIPITATION  FOR  NEW 
JERSEY. 


New  Jersey  Agricultural  Experiment  Station,  New 

Brunswick. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-04996 


FURTHER  RESEARCH  ON  APPLICATION  OF 
PROBABILITY  WEIGHTED  MOMENTS  IN  ES- 
TIMATING PARAMETERS  OF  THE  PEARSON 
TYPE  THREE  DISTRIBUTION. 

Chengdu     Univ.     of    Science     and    Technology 

(China). 

J.  Ding,  D.  Song,  and  R.  Yang. 

Journal  of  Hydrology  JHYDA7,  Vol.  110,  No.  3/ 

4,  p  239-257,  October  1989.  13  fig,  3  tab,  8  ref,  5 

append. 

Descriptors:  *Flood  forecasting,  *Statistics,  •Sta- 
tistical analysis,  'Reservoirs,  'Mathematical  stud- 
ies, Probabilistic  process,  Floods,  Project  planning, 
Water  level  fluctuations,  Mathematical  models,  Pa- 
rameter estimation. 

A  recently  developed  method  for  estimating  pa- 
rameters of  P-III  distribution  by  using  probability 
weighted  moments  (PWM)  is  presented.  The  com- 
puting procedure  was  largely  simplified  with  the 
PWM  method  which  was  appropriate  and  func- 
tional for  various  conditions  of  the  skewness  coef- 
ficient. Statistical  experiments  based  on  the  new 
procedure  showed  that  PWM  estimators  are 
almost  unbiased  and  compare  favorably  with  those 
by  the  conventional  moment  method.  The  new 
table  makes  it  possible  to  extend  this  method  for 
engineering  practice.  The  estimators  were  applied 
for  real  flood  data  at  1 1  of  59  previously  analyzed 
stations  in  China  and  the  results  of  the  two  meth- 
ods are  compared.  The  PWM  method  was  also 
applied  to  estimating  parameters  of  maximum 
annual  water  levels  of  reservoirs.  (Author's  ab- 
stract) 
W90-05000 


EXPRESSIONS  RELATING  PROBABILITY 
WEIGHTED  MOMENTS  TO  PARAMETERS 
OF  SEVERAL  DISTRIBUTIONS  INEXPRESSI- 
BLE IN  INVERSE  FORM. 

Chengdu     Univ.     of    Science    and    Technology 

(China). 

J.  Ding,  D.  Song,  R.  Yang,  and  Y.  Hou. 

Journal  of  Hydrology  JHYDA7,  Vol.  110,  No.  3/ 

4,  p  259-270,  October  1989.  1  tab,  7  ref. 

Descriptors:  'Statistics,  'Flood  forecasting,  'Prob- 
abilistic process,  'Probability  distribution,  'Mathe- 
matical studies,  'Mathematical  models,  Flooding, 
Project  planning,  Mathematical  equations,  Parame- 
ter estimation. 

The  probability  weighted  moment  (PWM)  method 
can  generally  be  used  in  estimating  parameters  of  a 
distribution  whose  inverse  form  cannot  be  ex- 
pressed explicitly.  For  several  distributions,  such  as 
normal,  log-normal  and  Pearson  Type  Three  distri- 
butions, the  expressions  relating  PWM  to  param- 
eters have  the  same  forms.  Some  distributions  ex- 
pressible in  inverse  form,  such  as  the  Gumbel  and 
Logistic  distributions,  have  as  their  expressions  the 
same  forms  as  these  distributions  inexpressible  in 
inverse  forms.  The  PWM  method  might  be  promis- 
ing for  estimating  the  parameters  of  exponential 
gamma  distribution  which  is  more  flexible  and  can 
better  be  fitted  to  flooding  of  rivers  in  both  the 
north  and  south  of  China  than  the  Pearson-III 
distribution  and  the  distribution  of  Kritsky  and 
Menkel.  (Author's  abstract) 
W90-05001 


GEOSTATISTICAL  MODELLING  OF  THE 
WASIA  AQUIFER  IN  CENTRAL  SAUDI 
ARABIA. 

King    Abdulaziz   Univ.,    Jeddah    (Saudi    Arabia). 

Faculty  of  Earth  Sciences. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-05003 


MODELING  FOR  CLASS-I  SEDIMENTATION. 

Roorkee  Univ.  (India).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-05026 


BIOACTIVE  ADSORBER  MODEL  FOR  INDUS- 
TRIAL WASTEWATER  TREATMENT. 

University  of  Southern  California,  Los  Angeles. 

Dept.  of  Civil  Engineering. 

For   primary   bibliographic   entry   see   Field    5D. 

W90-05029 


MODEL  ILLUSTRATING  THE  ENVIRON- 
MENTAL FATE,  EXPOSURE  AND  HUMAN 
UPTAKE  OF  PERSISTENT  ORGANIC  CHEMI- 
CALS. 

Toronto  Univ.  (Ontario).  Dept.  of  Chemical  Engi- 
neering and  Applied  Chemistry. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05041 


EXPOSURE  AND  ECOTOXICITY  ESTIMA- 
TION FOR  ENVIRONMENTAL  CHEMICALS 
(E4CHEM):  APPLICATION  OF  FATE  MODELS 
FOR  SURFACE  WATER  AND  SOIL. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 

m.b.H.  Muenchen,  Neuherberg  (Germany,  F.R.). 

Projektgruppe         Umweltgefaehrdungsponteniale 

von  Chemikalien. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05042 


FAST  GRAPHICAL  SIMULATIONS  OF  SPILLS 
AND  PLUMES  FOR  APPLICATION  TO  THE 
GREAT  LAKES. 

Guelph  Univ.  (Ontario).  Dept.  of  Computing  and 

Information  Science. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05044 


STUDY  ON  SOLUTE  N03-N  TRANSPORT  IN 
THE  HYDROLOGIC  RESPONSE  BY  AN  MRF 
MODEL. 

Trento  Univ.  (Italy).  Dept.  of  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05045 


MODEL  ANALYSIS  OF  SEAWATER  INTRU- 
SION INTO  SATURATED  AND  UNSATURAT- 
ED DOMAINS,  (IN  JAPANESE). 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Ocean 

Engineering. 

K.  Inouchi,  T.  Kakinuma,  and  M.  Sawa. 

Japanese  Journal  of  Limnology  RIZAAU,  Vol.  50, 

No.  3,  p  207-217,  1989.  12  fig,  2  tab,  18  ref.  English 

summary. 

Descriptors:  'Saline  water  intrusion,  'Surface- 
groundwater  relations,  'Geohydrology,  'Saline 
groundwater,  Model  studies,  Hydrodynamic  dis- 
persion, Finite  element  method. 

The  phenomena  of  seawater  intrusion  into  phreatic 
aquifers  is  examined  by  using  a  hydrodynamic 
dispersion  model  in  both  saturated  and  unsaturated 
domains.  The  numerical  solutions  are  obtained  by 
the  finite-element  method  for  various  dispersion 
coefficients/dispersivities  and  precipitation  intensi- 
ties. The  main  results  are  as  follows:  (1)  In  the 
steady  state  analysis,  as  the  value  of  dispersion 
coefficient/dispersivity  gets  smaller,  the  pattern  of 
concentration  distribution  in  the  saturated  domain 
changes  from  the  strong  mixing  type  to  the  moder- 
ate mixing  type  and  a  circulating  current  develops 
near  the  outlet  of  the  aquifer.  For  relatively  small 
dispersion  coefficients/dispersivities,  the  degree  of 
seawater  intrusion  predicted  by  the  dispersion 
model  agrees  well  with  that  by  the  fresh-salt  water 
interface  model;  and  (2)  In  the  unsteady  state  anal- 
ysis, the  movement  of  isocontours  of  concentration 
induced  by  a  sudden  change  in  precipitation  inten- 
sity is  faster  in  retreating  than  in  advancing,  and 
the  smaller  the  value  the  isocontour  is,  the  more 
slowly  the  isocontour  moves  both  in  retreating  and 
in  advancing.  (Author's  abstract) 
W90-05053 


SIMULATION  OF  THE  RATE-CONTROLLED 
TRANSPORT  OF  MOLYBDATE  IN  COLUMN 
EXPERIMENTS. 

Geological  Survey,  Denver,  CO. 
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For  primary  bibliographic  entry  see  Field  5B. 
W90-05076 


METHODS  OF  EVALUATING  THE  RELA- 
TION OF  GROUND-WATER  QUALITY  TO 
LAND  USE  IN  A  NEW  JERSEY  COASTAL 
PLAIN  AQUIFER  SYSTEM. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5A. 

W9O-05105 


PLANNED  STUDIES  OF  HERBICIDES  IN 
GROUND  AND  SURFACE  WATER  IN  THE 
MID  CONTINENTAL  UNITED  STATES. 

Geological  Survey,  Iowa  City,  IA. 

For  primary  bibliographic  entry  see  Field  5B. 

W9O-051O8 


USE  OF  A  SIMPLIFIED  TRANSPORT  MODEL 
FOR  PESTICIDES  IN  THE  UNSATURATED 
ZONE. 

Geological  Survey,  Richmond,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05116 


METHOD  FOR  SIMULATING  WATER-TABLE 
ALTITUDES  FROM  STREAM  AND  DRAIN- 
AGE-BASIN LOCATIONS  BY  USE  OF  A  GEO- 
GRAPHIC INFORMATION  SYSTEM. 

Geological  Survey,  West  Trenton,  NJ. 
W.  A.  Battaglin,  R.  L.  Ulery,  and  E.  R.  Vowinkel. 
IN:  U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,  Phoenix,  Arizona,  September  26-30,  1988. 
USGS  Water-Resources  Investigations  Report  88- 
4220,  1989.  p531-539,  5  ref. 

Descriptors:  'Water  table,  'Watersheds,  'Map- 
ping, Streams,  Drainage  divides,  Hydraulic  di- 
vides, Geographic  information  systems,  Altitude, 
Dupuit-Forchheimer  equation,  Simulation  studies. 

A  method  was  developed  that  uses  a  Geographic 
Information  System  to  simulate  water  levels  in  an 
unstressed  water  table  for  a  7.5-minute  quadrangle. 
The  Dupuit-Forchheimer  equation  was  solved  for 
water-table  altitude  at  1,698  nodes  on  a  grid  over 
the  study  area.  Input  data  consists  of  locations  and 
altitudes  of  streams,  locations  of  drainage  divides, 
and  estimates  of  aquifer  hydraulic  conductivity  and 
recharge  rate.  The  Geographic  Information 
System  calculated  altitudes  of  streams  at  discrete 
intervals  between  points  of  known  altitude,  dis- 
tances between  each  node  and  the  nearest  drainage 
divide,  and  distances  between  each  node  and  the 
nearest  stream.  Results  were  contoured  and  dis- 
played with  Geographic  Information  System  soft- 
ware. Measured  water-table  altitudes  at  22  wells 
are  compared  with  simulated  water-table  altitudes 
at  those  points.  The  median  of  the  absolute  value 
of  the  residuals  for  this  comparison  is  6.2  ft;  the 
first  and  third  quartiles  are  2.1  and  8.0  ft,  respec- 
tively. The  medium  percentage  error  at  the  22 
locations  is  7.6%.  (See  also  W90-05059)  (Author's 
abstract) 
W90-05117 


SIMULATION  OF  GROUND-  AND  SURFACE- 
WATER  FLOW  IN  THE  GLOBE  AREA,  ARIZO- 
NA. 

Geological  Survey,  Tucson,  AZ. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05122 


MODELING  CONTAMINANT  TRANSPORT  IN 
GROUNDWATER:  APPROACHES,  CURRENT 
STATUS,  AND  NEEDS  FOR  FURTHER  RE- 
SEARCH AND  DEVELOPMENT. 

Butler  Univ.,  Indianapolis,  IN.  Holcomb  Research 

Inst. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05180 


FLOOD   INUNDATION   MODELLING   USING 
MDLHY. 

European  Research  Office,  London  (England). 


For  primary  bibliographic  entry  see  Field  2E. 
W90-05181 


FLOOD  BOUNDARIES  AND  WATER-SUR- 
FACE PROFILE  FOR  THE  COMPUTED  100- 
YEAR  FLOOD,  SWIFT  CREEK  AT  AFTON, 
WYOMING,  1986. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

J.  G.  Rankl,  and  J.  C.  Wallace. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report    88-4064, 
1989.  2  (map)  sheets,  4  fig,  1  tab,  7  ref. 

Descriptors:  'Maps,  'Floods,  'Flood  flow,  'Flood 
frequency,  'Flood  peak,  'Flood  profiles,  'Flood 
maps,  'Wyoming,  Open-channel  flow,  Bridges, 
Culverts,  Dams,  Swift  Creek. 

This  map  describes  the  analysis  of  flood  flows  on 
Swift  Creek  at  /\fton,  Wyoming,  and  shows  flood 
boundaries  and  inundated  areas,  the  elevation  of 
the  water  surface  for  a  theoretical  100-year  flood 
on  23  cross  sections,  and  a  water  surface  profile 
through  the  study  reach.  A  3.2  mile  reach  of  Swift 
Creek  was  considered  in  the  analysis.  The  eleva- 
tion of  the  100-year  flood  was  computed  using  a 
water  surface  profile  model  for  open-channel  flow 
and  flow  through  bridges.  Elevations  of  the  100- 
year  flood  for  flow  through  culverts  and  over  a 
dam  were  computed  using  standard  hydraulic 
methods.  The  100-year  flood  discharge  was  com- 
puted using  37  years  of  peak-flow  data  collected  at 
a  U.S.  Geological  Survey  streamflow-gaging  sta- 
tion at  the  upstream  end  of  the  study  reach.  The 
theoretical  100-year  flood  discharge  was  computed 
to  be  902  cu  ft/sec.  The  largest  recorded  flood 
discharge  on  Swift  Creek,  793  cu  ft/sec,  occurred 
on  July  6,  1975.  (USGS) 
W90-05192 


GROUND-WATER  AND  SURFACE-WATER 
DATA  FOR  WASHINGTON  COUNTY,  MARY- 
LAND. 

Maryland  Geological  Survey,  Baltimore. 
Available  from  Maryland  Geological  Survey,  2300 
St.  Paul  Street,  Baltimore,  MD  21218.  Basic  Data 
Report  No.  18,  1989.  273p,  40  fig,  21  tab,  10  ref. 
Compiled  by  M.  T.  Duigon,  J.  R.  Dine,  and  M.  D. 
Tompkins. 

Descriptors:  'Data  collections,  'Groundwater, 
•Surface  water,  'Water  quality,  'Well  data, 
'Water  resources  data,  'Gaging  stations,  'Mary- 
land, Aquifers,  Bottom  sediments,  Environmental 
quality,  Groundwater  level,  Observation  wells, 
Pesticide  residues,  Potentiometric  level,  Streams, 
Trace  elements,  Water  table. 

Hydrologic  data  for  Washington  County,  Mary- 
land, are  presented.  Locations  and  descriptions  of 
more  than  2,500  wells  and  262  springs  are  provid- 
ed, along  with  water  levels  measured  in  50  wells, 
geophysical  logs  of  1 1  wells,  and  chemical  analyses 
of  267  wells  and  springs.  Surface  water  informa- 
tion includes  drainage-basin  characteristics  for  34 
sites  along  30  streams,  amounts  of  streamflow, 
chemical  analyses  of  water  and  stream-bottom  ma- 
terials, and  sediment-load  and  particle-size  data. 
Water-appropriation  data  for  groundwater  and  sur- 
face-water sources  also  are  presented.  (USGS) 
W90-05207 


WATER  QUALITY  OF  LAKE  AUSTIN  AND 
TOWN  LAKE,  AUSTIN,  TEXAS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

F.  L.  Andrews,  F.  C.  Wells,  W.  J.  Shelby,  and  E. 
M.  McPherson. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4233, 
1988.  322p,  38  fig,  59  tab,  18  ref. 

Descriptors:  'Limnology,  'Water  pollution 
sources,  'Texas,  'Water  quality,  'Storm  runoff, 
Dissolved  oxygen,  Trace  elements,  Nitrogen, 
Phosphorus,  Dissolved  solids.  Bacteria. 


Lake  Austin  and  Town  Lake  are  impoundments  on 
the  Colorado  River  in  Travis  County,  central 
Texas,  and  are  a  source  of  water  for  municipal  and 
industrial  water  supplies,  electrical-power  genera- 
tion, and  recreation  for  more  than  500,000  people 
in  the  Austin  metropolitan  area.  Small  vertical 
temperature  variations  in  both  lakes  were  attrib- 
uted to  shallow  depths  in  the  lakes  and  short 
retention  times  of  water  in  the  lakes  during  the 
summer  months.  The  largest  areal  variations  in 
dissolved  oxygen  generally  occur  in  Lake  Austin 
during  the  summer  as  a  result  of  releases  of  water 
from  below  the  thermocline  in  Lake  Travis. 
Except  for  iron,  manganese,  and  mercury,  dis- 
solved concentrations  of  trace  elements  in  water 
collected  from  Lake  Austin  and  Town  Lake  did 
not  exceed  the  primary  or  secondary  drinking 
water  standards  set  by  the  U.S.  Environmental 
Protection  Agency.  Little  or  no  effect  of  storm- 
water  runoff  on  temperature,  dissolved  oxygen,  or 
minor  elements  could  be  detected  in  either  Lake 
Austin  or  Town  Lake.  Little  seasonal  or  areal 
variation  was  noted  in  nitrogen  concentrations  in 
Lake  Austin  or  Town  Lake.  Total  phosphorus 
concentrations  generally  were  small  in  both  lakes. 
Increased  concentrations  of  nitrogen  and  phospho- 
rus were  detected  after  storm  runoff  inflow  in 
Town  Lake,  but  not  in  Lake  Austin;  densities  of 
fecal-coliform  bacteria  increased  in  Lake  Austin 
and  Town  Lake,  but  were  substantially  greater  in 
Town  Lake  than  in  Lake  Austin.  (USGS) 
W90-05212 


WATER-RESOURCES  ACTIVITIES  OF  THE 
U.S.  GEOLOGICAL  SURVEY  IN  TEXAS- 
FISCAL  YEAR  1988. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

A.  A.  Mitchell. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225;  price 
codes.  USGS  Open-File  Report  89-73,  1989.  81p,  1 
fig,  1  plate,  1  tab. 

Descriptors:  'Texas,  'Water  resources  data,  'Hy- 
drologic data,  'Groundwater,  'Surface  water, 
'Water  quality,  'Data  collections. 

This  report  describes  the  activities  of  the  U.S. 
Geological  Survey  Water  Resources  Division  in 
Texas  for  fiscal  year  1988.  The  project  number, 
cooperating  agencies,  project  chief,  period  of 
project,  location,  problem,  objective,  approach, 
progress,  reports  in  preparation,  and  reports  pub- 
lished are  given  for  each  project  in  the  Texas 
District.  The  report  also  includes  a  list  of  reports 
published  or  approved  for  publication  during  fiscal 
year  1988,  and  a  plate  showing  the  locations  of  the 
Subdistrict  areas  and  active  surface-water  stations 
in  Texas.  (USGS) 
W90-05213 


WATER-RESOURCES  ACTIVITIES  OF  THE 
U.S.  GEOLOGICAL  SURVEY  IN  WYOMING, 
FISCAL  YEARS  1988-89. 

Geological   Survey,   Cheyenne,   WY.   Water  Re- 
sources Div. 
D.  M.  Oden. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225;  price 
codes.  USGS  Open-File  Report  89-262,  1989.  124p, 
6  fig,  9  tab.  USGS  Project  WY888. 

Descriptors:  'Wyoming,  'Data  collections,  'Hy- 
drologic data,  'Streamflow,  'Water  quality, 
'Groundwater,  Water  supply,  Environmental  ef- 
fects, Hydrology,  Sediment  load. 

There  are  two  types  of  water-resources  activities 
of  the  U.S.  Geological  Survey  in  Wyoming:  col- 
lection of  hydrologic  data,  and  water-resources- 
appraisal  projects.  During  Fiscal  Years  1988  and 
1989,  the  work  was  done  in  cooperation  with  10 
State  agencies,  5  counties,  3  cities,  2  towns,  1 
irrigation  district,  2  Indian  Tribes,  and  8  Federal 
agencies.  Lists  and  location  maps  are  included  for 
180  streamflow  stations,  16  reservoir  stations,  120 
surface-water-quality  stations,  15  sediment  stations, 
88  groundwater-level  observation  wells,  and  73 
groundwater  quality  sites,  which  were  in  operation 
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during  Fiscal  Year  1988  and  (or)  Fiscal  Year  1989. 
During  Fiscal  Years  1987  and  1988,  17  streamflow 
stations,  13  surface-water-quality  stations,  14  sedi- 
ment stations,  and  7  groundwater  level  observation 
wells  were  discontinued.  During  Fiscal  year  1988 
and  through  the  first  quarter  of  Fiscal  Year  1989, 
21  streamflow  stations,  15  surface-water-quality 
stations,  and  3  sediment  stations  were  established 
or  reactivated.  Descriptions,  location  maps,  and 
progress  statements  are  given  for  4  data  collection 
projects  and  27  water  resources-appraisal  projects 
that  were  active  during  Fiscal  Year  1988  and  (or) 
Fiscal  Year  1989.  Eleven  projects  were  completed 
during  Fiscal  Year  1988  or  1989  and  10  projects 
that  were  completed  except  for  the  project  reports. 
Also  included  is  a  bibliography  of  reports  by  U.S. 
Geological  Survey  authors  about  the  water  re- 
sources of  Wyoming.  (USGS) 
W90-05214 


U  S.  Bureau  of  Land  Management  and  the  Colora- 
do Mined  Land  Reclamation  Division,  has  created 
a  database  (COALDATA)  that  includes  stream 
discharge,  groundwater  levels,  and  chemical  analy- 
sis of  water  samples  that  were  collected  by  private 
companies  and  government  agencies  other  than  the 
U  S.  Geological  Survey  in  and  near  selected  coal 
mines  in  northwestern  Colorado.  Indexes  in  this 
report  list  93  surface  water  sites  and  95  groundwat- 
er sites  where  hydrologic  data  are  available  in  the 
COALDATA  data  base.  The  indexes  also  list  62 
surface  water  sites  and  480  groundwater  sites  in 
the  U.S.  Geological  Survey  data  base,  which  is 
separate  from  the  COALDATA  data  base  and 
contains  only  data  collected  by  the  U.S.  Geologi- 
cal Survey.  The  combined  output  of  the  COAL- 
DATA data  base  and  the  U.S.  Geological  Survey 
data  base  provides  surface  water  and  groundwater 
data  that  include  most  of  the  study  area.  (USGS) 
W90-05217 


and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater.  This 
report,  in  one  volume,  contains  records  for  water 
discharge  at  72  gaging  stations  (including  stage  for 
71  of  these  stations);  stage  only  for  40  gaging 
stations  and  1 1  lakes;  water  quality  for  80  surface- 
water  stations  (including  26  gaging  stations),  17 
miscellaneous  sites,  10  lakes,  and  145  wells;  and 
water  levels  for  423  observation  wells.  Also  in- 
cluded are  data  for  141  crest-stage  and  flood-pro- 
file partial-record  stations.  Additional  water  data 
were  collected  at  various  sites  not  involved  in  the 
systematic  data  collection  programs,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Louisiana.  (USGS) 
W90-05236 


COMPILATION  OF  GEOHYDROLOGIC  DATA 
COLLECTED  AS  PART  OF  THE  AREAL  AP- 
PRAISAL OF  GROUND-WATER  RESOURCES 
NEAR  BRANSON,  MISSOURI. 

Geological  Survey,  Rolla,  MO.  Water  Resources 
Div. 

J.  L.  Imes. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-401,  Oct.  1989.  24p,  6  fig,  5 
tab,  4  ref. 

Descriptors:  'Groundwater,  *Water  use,  *Water 
demand,  'Data  collections,  'Water  quality,  'Mis- 
souri, White  River,  Water  use. 

A  rapidly  developing  retirement  community  and 
tourist  industry  in  the  Branson,  Missouri  area  has 
created  an  increased  demand  for  potable  water, 
especially  in  the  summer  months.  The  rapid  pace 
of  residential  and  business  expansion  has  created 
concerns  regarding  the  future  groundwater  avail- 
ability and  quality.  Water  levels  measured  in  the 
Ozark   aquifer   during  the  summer   of   1988   and 
March   1989  show  water  levels  increasing  in  22 
wells,  decreasing  in  2  wells,  and  remaining  the 
same  in  1  well.  The  water  level  increases  ranged 
from  1  to  1 1 1  ft.  These  measurements  and  similar 
measurements  during  the  summer  of  1989  will  be 
used  to  calibrate   a  three-dimensional   model   of 
groundwater  flow  in  the  Branson  area  and  estimate 
the  long-term  effect  of  large  groundwater  with- 
drawals during  the  summer  tourist  season.  A  re- 
connaissance of  water  quality  in  34  wells  that  are 
open  to  the  Ozark  aquifer  shows  specific  conduct- 
ance ranging  from  347  to  841  microsiemens/cm  at 
25  C  and  no  fecal  coliform  bacteria  present  in  any 
well.   Chloride   and   nitrate  concentrations  in  all 
wells  were  well  below  the  Missouri  Department  of 
Natural  Resources  recommended  maximum  con- 
centrations of  250  mg/L  and  10  mg/L,  respective- 
ly. Analysis  of  5  water  samples  for  33  volatile 
organic  compounds  failed  to  detect  any  concentra- 
tions in  excess  of  the  detection  limits.   (USGS) 
W90-05216 

INDEXES  OF  HYDROLOGIC  DATA  FROM  SE- 
LECTED COAL-MINING  AREAS  IN  NORTH- 
WESTERN COLORADO. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

N.  G.  Gaggiani. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  88-347,  October  1989.  30p,  3 
plates,  2  fig,  8  tab. 

Descriptors:  'Data  collections,  'Databases,  'Colo- 
rado, 'Hydrologic  data,  'Computers,  'Data  proc- 
essing, Water  quality,  Water  level,  Groundwater, 
Surface  water. 

Currently  (1988),  data  from  hydrologic  studies  re- 
lated to  coal  mining  that  have  been  done  in  north- 
western Colorado  since  the  early  1970's  are  stored 
in  the  files  of  private  companies  and  government 
offices  and  in  various  computer  systems.  To  com- 
pile these  data  for  additional  research,  a  trip  to 
each  office  would  have  to  be  made  to  determine 
the  availability  and  acceptability  of  the  data.  The 
U.S.  Geological  Survey,  in  cooperation  with  the 


NUMERICAL  SOLUTION  FOR  THE  DIFFU- 
SION EQUATION  IN  HYDROGEOLOGIC  SYS- 
TEMS. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2t. 

W90-05222 

WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1985. 

Geological  Survey,  Louisville,  KY.  Water  Re- 
sources Div. 

J.  M.  Bettandorff,  C.  J.  Sholar,  J.  L.  Smoot,  and  S. 
A.  Toms. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-152674. 
Price  codes:  A16  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  WRD/HD-86/253, 
1986.  342  p.  Prepared  in  cooperation  with  the  State 
of  Kentucky  and  with  other  agencies. 

Descriptors:  'Kentucky,  'Hydrologic  data,  'Data 
collections,  'Surface  water,  'Water  quality, 
'Groundwater,  Gaging  stations,  Streamflow,  Flow 
rates,  Lakes,  Wells,  Chemical  analysis,  Suspended 
sediments,  Water  temperature,  Water  level. 

Water  resources  data  for  the  1985  water  year  for 
Kentucky  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  water 
levels  of  wells.  This  report  contains  discharge 
records  from  103  gaging  stations;  suspended-sedi- 
ment data  for  25  stations  (8  daily);  daily  tempera- 
ture records  for  1 1  stations;  daily  specific  conduct- 
ance for  9  stations;  ground-water  levels  for  9  con- 
tinuous-record wells  and  102  partial-records  wells; 
water-quality  data  from  16  surface-water  stations 
sampled  at  regular  intervals;  and  miscellaneous 
temperature  and  specific  conductance  data  from  83 
gaging  stations.  Also  included  are  84  partial-record 
crest-stage  sites.  Data  collected  at  various  miscella- 
neous sites  are  also  published.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Kentucky. 
(USGS) 
W90-05235 

WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1984. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

D.  D.  Carlson,  G.  R.  Stallworth,  L.  J.  Dantin,  and 
C.  G.  Stuart. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-130366. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  LA-84-1  (WRD/HD- 
85/258),  1984.  608  p.  Prepared  in  cooperation  with 
the  State  of  Louisiana  and  with  other  agencies. 

Descriptors:  'Louisiana,  'Data  collections,  'Hy- 
drologic data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
Louisiana  consist  of  records  of  stage,  discharge, 


WATER  RESOURCES  DATA  FOR  MAINE, 
WATER  YEAR  1984. 

Geological  Survey,  Augusta,  ME.  Water  Re- 
sources Div. 

C.  R.  Haskell,  W.  P.  Bartlett,  W.  B.  Higgins,  and 
W.  J.  Nichols. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-240265. 
Price  codes:  A08  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  ME-84-1  (WRD/HD- 
85-232),  1985.  144  p.  Prepared  in  cooperation  with 
the  State  of  Maine  and  with  other  agencies. 

Descriptors:  'Maine,  'Data  collections,  'Hydro- 
logic  data,  'Surface  water,  'Groundwater,  'Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 
sis. 

Water  resources  data  for  the  1984  water  year  for 
Maine  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  wells.  This  report  contains  discharge 
records  for  53  gaging  stations;  stage  only  for  2 
gaging  stations;  contents  for  17  lakes  and  reser- 
voirs; water  quality  for  11  gaging  stations;  and 
water  levels  for  17  observation  wells.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies. 
(USGS) 
W90-05237 

WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1984. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

R.  W.  James,  R.  H.  Simmons,  and  B.  F.  Strain. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-936314. 
Price  codes:  A15  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  MD-DE-84-1  (WRD/ 
HD/85/236),  1985.  321  p.  Prepared  in  cooperation 
with  the  States  of  Maryland  and  Delaware  and 
with  other  agencies. 

Descriptors:  'Maryland,  'Delaware,  'District  of 
Columbia,  'Data  collections,  'Hydrologic  data, 
•Surface  water,  'Groundwater,  'Water  quality, 
Flow  rates,  Gaging  stations,  Lakes,  Reservoirs, 
Chemical  analysis,  Sediments,  Water  temperature, 
Sampling  sites,  Water  level,  Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
Maryland  and  Delaware  consist  of  records  of 
stage,  discharge,  and  water  quality  of  streams; 
stage  and  contents  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  groundwater 
wells.  This  volume  contains  records  for  water  dis- 
charge at  104  gaging  stations;  stage  and  contents  at 
1  reservoir;  water  quality  at  17  gaging  stations  and 
97  wells;  and  water  levels  at  24  observation  wells. 
Also  included  are  data  for  12  crest-stage  and  4  tidal 
crest-stage     partial-record     stations.     Additional 
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water  data  were  collected  at  various  sites  not 
involved  in  the  systematic  data-collection  program 
and  are  published  as  miscellaneous  measurements. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State,  local,  and  Fed- 
eral agencies  in  Maryland  and  Delaware.  (USGS) 
W90-05238 


WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1985. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

R.  W.  James,  R.  H.  Simmons,  and  B.  F.  Strain. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-1 11878. 
Price  codes:  A14  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  MD-DE-85-1  (WRD/ 
HD/86/245),  1986.  287  p.  Prepared  in  cooperation 
with  the  States  of  Maryland  and  Delaware  and 
with  other  agencies. 

Descriptors:  'Maryland,  'Delaware,  'District  of 
Columbia,  'Data  collections,  'Hydrologic  data, 
•Surface  water,  'Groundwater,  'Water  quality, 
Flow  rates,  Gaging  stations,  Lakes,  Reservoirs, 
Chemical  analysis,  Sediments,  Water  temperature, 
Sampling  sites,  Water  level,  Water  analysis. 

Water  resources  data  for  the  1985  water  year  for 
Maryland  and  Delaware  consist  of  records  of 
stage,  discharge,  and  water  quality  of  streams; 
stage  and  contents  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  groundwater 
wells.  This  volume  contains  records  for  water  dis- 
charge at  101  gaging  stations;  stage  and  contents  at 
1  reservoir;  water  quality  at  25  gaging  stations  and 
123  wells;  and  water  levels  at  24  observation  wells. 
Also  included  are  data  for  12  crest-stage,  11  low- 
flow,  and  6  tidal  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites  not  involved  in  the  systematic  data-collection 
program  and  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State,  local, 
and  Federal  agencies  in  Maryland  and  Delaware. 
(See  also  W90-05238)  (USGS) 
W9O-05239 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1983. 

Geological  Survey,  Boston,  MA.  Water  Resources 
Div. 

R.  A.  Gadoury,  G.  G.  Girouard,  and  K.  G.  Ries. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-215978. 
Price  codes:  All  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  MA-RI-83-1  (WRD/ 
HD-85/213),  1985.  237  p.  Prepared  in  cooperation 
with  the  States  of  Massachusetts  and  Rhode  Island 
and  with  other  agencies. 

Descriptors:  'Massachusetts,  'Rhode  Island,  'Data 
collections,  'Hydrologic  data,  'Surface  water, 
•Groundwater,  'Water  quality,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Chemical  anal- 
ysis, Sediments,  Water  temperature,  Sampling 
sites,  Water  level.  Water  analysis. 

Water  resources  data  for  the  1983  water  year  for 
Massachusetts  and  Rhode  Island  consist  of  records 
of  stage,  discharge,  and  water  quality  of  streams; 
contents  of  lakes  and  reservoirs;  and  groundwater 
levels.  This  report  contains  discharge  records  for 
93  gaging  stations,  month-end  contents  for  30  lakes 
and  reservoirs,  water  quality  for  12  gaging  stations, 
and  water  levels  for  107  observation  wells.  Also 
included  are  data  for  20  low-flow  and  18  crest- 
stage  partial-record  stations.  Additional  water  data 
were  collected  at  various  sites,  not  part  of  the 
systematic  data-collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  A  few  perti- 
nent stations  (not  included  above)  in  bordering 
States  are  also  included  in  this  report.  These  data 
represent  that  portion  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Massachusetts  and  Rhode  Island.  (USGS) 
W90-05240 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1984. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

R.  A.  Gadoury,  G.  G.  Girouard,  K.  G.  Ries,  and 

H.  L.  White. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB87-105656. 

Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data   Report   MA-RI-84-1   (WRD/ 

HD-86/234),  1986.  212  p.  Prepared  in  cooperation 

with  the  States  of  Massachusetts  and  Rhode  Island 

and  with  other  agencies. 

Descriptors:  'Massachusetts,  'Rhode  Island,  'Data 
collections,  'Hydrologic  data,  'Surface  water, 
•Groundwater,  'Water  quality,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Chemical  anal- 
ysis, Sediments,  Water  temperature,  Sampling 
sites,  Water  level,  Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
Massachusetts  and  Rhode  Island  consist  of  records 
of  stage,  discharge,  and  water  quality  of  streams; 
contents  of  lakes  and  reservoirs;  and  groundwater 
levels.  This  report  contains  discharge  records  for 
91  gaging  stations,  month-end  contents  for  30  lakes 
and  reservoirs,  water  quality  for  9  gaging  stations, 
and  water  levels  for  106  observation  wells.  Also 
included  are  data  for  1  crest-stage  partial-record 
station.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data-collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  A  few  pertinent  stations  (not  in- 
cluded above)  in  bordering  States  are  also  included 
in  this  report.  These  data  represent  that  portion  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Massachusetts  and  Rhode 
Island.  (See  also  W90-05240)  (USGS) 
W90-05241 


WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1985. 

Geological  Survey,  Lansing,  MI.  Water  Resources 
Div. 

J.  B.  Miller,  J.  L.  Oberg,  and  J.  C.  Failing. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-1 19954. 
Price  codes:  A14  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  MI-85-1  (WRD/HD- 
86-240),  1986.  297  p.  Prepared  in  cooperation  with 
the  State  of  Michigan  and  with  other  agencies. 

Descriptors:  'Michigan,  'Data  collections,  'Hy- 
drologic data,  'Surface  water,  'Groundwater, 
•Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1985  water  year  for 
Michigan  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
temperature  of  groundwater.  This  report  contains 
discharge  records  for  135  gaging  stations;  stage 
only  records  for  1  gaging  station;  stage  and  con- 
tents for  5  lakes  and  reservoirs;  water-quality 
records  for  52  gaging  stations;  water-level  records 
for  53  observation  wells;  and  water-temperature 
records  for  6  observation  wells.  Also  included  are 
52  crest-stage  partial-record  stations  and  30  low- 
flow  partial-record  stations.  Additional  water  data 
were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  programs.  Miscellaneous 
data  were  collected  at  41  measuring  sites  and  1 
water-quality  sampling  site.  These  data  represent 
that  part  of  the  National  Water  Data  System  col- 
lected by  the  U.S.  Geological  Survey  and  cooper- 
ating State,  Local,  and  Federal  agencies  in  Michi- 
gan. (USGS) 
W90-05242 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1983.  VOLUME  1,  GREAT 
LAKES  AND  SOURIS-RED-RAINY  RIVER 
BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 


K.  T.  Gunard,  J.  H.  Hess,  J.  L.  Zirbel,  and  C.  E. 
Cornelius. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-215986. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  MN-83-1  (WRD/HD- 
85/214),  1985.  202  p.  Prepared  in  cooperation  with 
the  State  of  Minnesota  and  with  other  agencies. 

Descriptors:  'Minnesota,  'Data  collections,  'Hy- 
drologic data,  'Surface  water,  'Groundwater, 
•Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1983  water  year  for 
Minnesota  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  in  wells  and  springs.  This 
volume  contains  discharge  records  for  52  gaging 
stations;  stage-only  records  for  1  gaging  station; 
stage  and  contents  for  5  lakes  and  reservoirs;  water 
quality  for  16  gaging  stations,  1  stage  station,  14 
partial-record  stations,  and  18  wells;  and  water 
levels  for  42  observation  wells.  Also  included  are 
43  high-flow  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data,  together  with  the  data  in  Volume  2,  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Minnesota.  (See 
also  W90-05244)  (USGS) 
W90-05243 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1983.  VOLUME  2,  UPPER 
MISSISSIPPI  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

K.  T.  Gunard,  J.  H.  Hess,  J.  L.  Zirbel,  and  C.  E. 
Cornelius. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-215994. 
Price  codes:  A20  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  MN-83-2  (WRD/HD- 
85/215),  1984.  447  p.  Prepared  in  cooperation  with 
the  State  of  Minnesota  and  with  other  agencies. 

Descriptors:  •Minnesota,  •Data  collections,  •Hy- 
drologic data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites.  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1983  water  year  for 
Minnesota  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  in  wells  and  springs.  This 
volume  contains  discharge  records  for  72  gaging 
stations;  stage  and  contents  for  1 1  lakes  and  reser- 
voirs; water  quality  for  25  stream  stations,  16  par- 
tial-record stations,  1  lake  station,  and  107  wells; 
and  water  levels  for  238  observation  wells.  Also 
included  are  107  high-flow  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data,  together  with  the  data  in 
Volume  1,  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Minnesota.  (USGS) 
W90-05244 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1984.  VOLUME  2,  UPPER 
MISSISSIPPI  AND  MISSOURI  RIVER  BASIN. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

K.  T.  Gunard,  J.  H.  Hess,  J.  L.  Zirbel,  and  C.  E. 
Cornelius. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-172524. 
Price  codes:  A19  in  paper  copy,  A01  in  microfiche. 
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RESOURCES  DATA— Field  7 


Evaluation,  Processing  and  Publication— Group  7C 


USGS  Water-Data  Report  MN-84-2  (WRD/HD- 
87/211),  1986.  417  p.  Prepared  in  cooperation  with 
the  State  of  Minnesota  and  with  other  agencies. 

Descriptors:  'Minnesota,  *Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Precipita- 
tion, Sediments,  Water  '  temperature,  Sampling 
sites,  Water  level,  Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
Minnesota  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  in  wells  and  springs.  This 
volume  contains  discharge  records  for  68  gaging 
stations;  stage  and  contents  for  1 1  lakes  and  reser- 
voirs; water  quality  for  28  stream  stations,  12  par- 
tial-record stations,  4  lake  stations,  and  175  wells; 
and  water  levels  for  238  observation  wells.  Also 
included  are  97  high-flow  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data,  together  with  the  data  in 
Volume  1,  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Minnesota.  (See  also  W90-05243) 
(USGS) 
W90-05245 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1984. 

Geological  Survey,  Jacksonville,  FL.  Water  Re- 
sources Div. 

E.  J.  Tharpe,  F.  Morris,  and  W.  T.  Oakley. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-105664. 
Price  codes:  All  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  WRD/HD-86/219, 
1986.  340  p.  Prepared  in  cooperation  with  the  State 
of  Mississippi  and  with  other  agencies. 

Descriptors:  'Mississippi,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
Mississippi  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  report  contains  records  of  water  discharge  at 
67  gaging  stations;  stage  records  for  18  of  these 
gaging  stations;  stage  only  at  5  gaging  stations; 
water  quality  for  23  stations,  2  precipitation-quality 
stations,  and  94  wells;  and  water  levels  for  315 
observation  wells.  Also  included  are  peak-dis- 
charge data  for  89  crest-stage  partial-record  sta- 
tions and  water-quality  data  at  66  partial-record  or 
miscellaneous  sites.  Additional  water  data  were 
collected  at  various  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Mississippi. 
(USGS) 
W9O-05246 


WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1984. 

Geological  Survey,  Rolla,  MO.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-135324. 
Price  codes:  A15  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  MO-85-1  (WRD/HD- 
85/257),  1985.  329  p.  Prepared  in  cooperation  with 
the  State  of  Missouri  and  other  agencies. 

Descriptors:  'Missouri,  'Data  collections,  'Hydro- 
logic  data,  'Surface  water,  'Water  quality,  Flow 
rates,  Gaging  stations,  Streamflow,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 
sis. 


Water  resources  data  for  the  1984  water  year  for 
Missouri  consist  of  records  of  stage,  discharge,  and 
water  quality  of  lakes  and  reservoirs;  contains 
records  for  water  discharge  at  112  gaging  stations; 
stage  and  contents  at  9  lakes  and  reservoirs;  water 
quality  at  71  sampling  stations  (including  1  lake) 
and  data  for  35  crest-stage  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in  Mis- 
souri. (USGS) 
W90-05247 


WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1985. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

L.  A.  Waite,  J.  V.  Davis,  H.  L.  Reed,  T.  J. 

Perkins,  and  D.  O.  Hatten. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB87-1 15598. 

Price  codes:  A15  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  MO-86-1  (WRD/HD- 

86/247),  1986.  325  p.  Prepared  in  cooperation  with 

the  State  of  Missouri  and  other  agencies. 

Descriptors:  'Missouri,  'Data  collections,  'Hydro- 
logic  data,  'Surface  water,  'Water  quality,  Flow 
rates,  Gaging  stations,  Streamflow,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 


Water  resources  data  for  the  1985  water  year  for 
Missouri  consist  of  records  of  stage,  discharge,  and 
water  quality  of  lakes  and  reservoirs;  contains 
records  for  water  discharge  at  108  gaging  stations, 
stage  and  contents  at  9  lakes  and  reservoirs;  water 
quality  at  68  sampling  stations  (including  1  lake); 
and  data  for  20  crest-stage  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in  Mis- 
souri. (See  also  W90-05247)  (USGS) 
W90-05248 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1984.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

R.  R.  Shields,  J.  R.  Knapton,  M.  K.  White,  M.  A. 

Jacobson,  and  M.  L.  Kasman. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB86-181633. 

Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  MT-84-1,  1985.  589  p. 

Prepared  in  cooperation  with  the  State  of  Montana 

and  with  other  agencies. 

Descriptors:  'Montana,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
Montana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  in 
wells.  Volume  1  of  this  report  contains  discharge 
records  for  204  gaging  stations;  stage  only  records 
for  1  lake  station;  stage/contents  for  5  lakes  and 
reservoirs;  water  quality  for  87  stations;  water 
levels  for  12  observation  wells.  Also  included  are 
138  crest-stage  partial-record  stations  and  33  small- 
er reservoirs.  Additional  water  data  were  collected 
at  various  sites,  not  part  of  the  systematic  data 
collection  program,  and  are  published  as  miscella- 
neous measurements.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Montana.  Specific 
conductance  determinations  are  also  published  for 


each  discharge  measurement  made  during  the  year. 

(See  also  W90-05250)  (USGS) 

W90-05249 

WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1984.  VOLUME  2,  COLUMBIA 
RIVER  BASIN. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

R.  R.  Shields,  J.  R.  Knapton,  M.  K.  White,  M.  A. 

Jacobson,  and  M.  L.  Kasman. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB85-235984. 

Price  codes:  A09  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  MT-84-2  (WRD/HD- 

85/227),  1985.  169  p.  Prepared  in  cooperation  with 

the  State  of  Montana  and  with  other  agencies. 

Descriptors:  'Montana,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
Montana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  in 
wells.  Volume  2  of  this  report  contains  discharge 
records  for  56  gaging  stations;  stage/contents  for  3 
lakes  and  reservoirs;  water  quality  for  20  stations,  3 
lakes;  water  levels  for  10  observation  wells.  Also 
included  are  31  crest-stage  partial-record  stations 
and  20  smaller  reservoirs.  Additional  water  data 
were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Montana.  (See  also  W90-05249)  (USGS) 
W90-05250 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1985.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

R.  R.  Shields,  J.  R.  Knapton,  M.  K.  White,  T.  M. 

Brosten,  and  M.  L.  Kasman. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB87-152658. 

Price  codes:  A22  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  MT-85-1  (WRD/HD- 

86/263),  1986.  483  p.  Prepared  in  cooperation  with 

the   State  of  Montana  and  with  other  agencies. 

Descriptors:  'Montana,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1985  water  year  for 
Montana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  in 
wells.  Volume  1  of  this  report  contains  discharge 
records  for  199  gaging  stations;  stage  only  records 
for  1  lake  station;  stage/contents  for  5  lakes  and 
reservoirs;  water  quality  for  74  stations;  water 
levels  for  119  observation  wells.  Also  included  are 
130  crest-stage  partial-record  stations  and  33  small- 
er reservoirs.  Additional  water  data  were  collected 
at  various  sites,  not  part  of  the  systematic  data 
collection  programs,  and  are  published  as  miscella- 
neous measurements.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Montana.  (See  also 
W90-05249)  (USGS) 
W90-05251 
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WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1984. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 
Div. 


191 


Field  7— RESOURCES  DATA 


Group  7C— Evaluation,  Processing  and  Publication 
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G.  B.  Engel,  R.  A.  Engberg,  and  M.  J.  Ellis. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86- 163052. 
Price  codes:  A 17  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  NE-84-1  (WRD/HD- 
86/212),  1985.  383  p.  Prepared  in  cooperation  with 
the  State  of  Nebraska  and  other  agencies. 

Descriptors:  'Nebraska,  *Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
•Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
Nebraska  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  This  report  contains  discharge 
records  for  159  streamflow  gaging  stations,  15 
partial-record  or  miscellaneous  streamflow  sta- 
tions, and  5  crest-stage,  partial-record  streamflow 
stations;  stage  and  content  records  for  10  lakes  and 
reservoirs;  water-quality  records  for  43  streamflow 
stations,  16  ungaged  streamsites,  and  161  wells;  and 
water-level  records  for  58  observation  wells.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in  Ne- 
braska. (USGS) 
W90-05252 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1984. 

Geological  Survey,  Boston,  MA.  Water  Resources 
Div. 

F.  E.  Blackey,  J.  E.  Cotton,  and  K.  W.  Toppin. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-1 14476. 
Price  codes:  A07  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  NH-VT-84-1  (WRD/ 
HD-86/220),  1986.  133  p.  Prepared  in  cooperation 
with  the  States  of  New  Hampshire  and  Vermont 
and  with  other  agencies. 

Descriptors:  *New  Hampshire,  'Vermont,  'Data 
collections,  'Hydrologic  data,  'Surface  water, 
'Groundwater,  'Water  quality,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Chemical  anal- 
ysis, Sediments,  Water  temperature,  Sampling 
sites,  Water  level,  Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
New  Hampshire  and  Vermont  consist  of  records  of 
stage,  discharge,  and  water  quality  of  streams; 
stage  and  contents  of  lakes  and  reservoirs;  and 
groundwater  levels.  This  report  contains  discharge 
records  for  71  gaging  stations,  stage  records  for  4 
lakes,  month-end  contents  for  24  lakes  and  reser- 
voirs, water-quality  data  for  3  gaging  stations,  and 
water  levels  for  30  observation  wells.  Also  includ- 
ed are  data  for  4  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data  collection 
programs,  and  are  published  as  miscellaneous 
measurements.  Locations  of  gaging  stations,  par- 
tial-record stations,  and  observation  wells  are 
shown  on  a  map.  A  few  pertinent  stations  (not 
included  above)  in  bordering  States  and  Province 
of  Quebec  are  also  included  in  this  report.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
New  Hampshire  and  Vermont.  (USGS) 
W90-05253 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1984.  VOLUME  1.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

W.  R  Bauersfeld,  E.  W  Moshinsky,  E.  A.  Pustay, 

and  F.  L.  Schaefer. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB86-106101. 

Price  codes:  A15  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report   NJ-84-1   (WRD/HD- 

85/234),  1985.  327  p.  Prepared  in  cooperation  with 


the  New  Jersey  Department  of  Environmental 
Protection  and  with  other  agencies. 

Descriptors:  'New  Jersey,  'Data  collections,  'Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
New  Jersey  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  ground  water.  This 
volume  of  the  report  contains  discharge  records 
for  79  gaging  stations;  tide  summaries  for  1  station; 
stage  and  contents  for  15  lakes  and  reservoirs- 
water  quality  for  62  surface-water  sites  and  141 
wells;  and  water  levels  for  54  observation  wells. 
Also  included  are  data  for  41  crest-stage  partial- 
record  stations,  17  tidal  crest-stage  gages,  and  39 
low-flow  partial-record  stations.  Additional  water 
data  were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  programs,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
New  Jersey.  (See  also  W90-05255)  (USGS) 
W90-05254 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1984.  VOLUME  2. 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

W.  R.  Bauersfeld,  E.  W.  Moshinsky,  E.  A.  Pustay, 

and  F.  L.  Schaefer. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB86-102704. 

Price  codes:  A09  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  NJ-84-2  (WRD/HD- 

85/235),  1985.  184  p.  Prepared  in  cooperation  with 

the   New   Jersey    Department   of   Environmental 

Protection  and  with  other  agencies. 

Descriptors:  'New  Jersey,  'Data  collections,  'Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
•Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
New  Jersey  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  ground  water.  This 
volume  of  the  report  contains  discharge  records 
for  25  gaging  stations;  tide  summaries  for  3  sta- 
tions; stage  and  contents  for  16  lakes  and  reser- 
voirs; water  quality  for  30  surface-water  sites  and 
56  wells;  and  water  levels  for  27  observation  wells. 
Also  included  are  data  for  27  crest-stage  partial- 
record  stations,  7  tidal  crest-stage  gages,  and  18 
low-flow  partial-record  stations.  Additional  water 
data  were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  programs,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
New  Jersey.  (See  also  W90-05254)  (USGS) 
W90-05255 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1985.  VOLUME  1.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  West  Trenton,  NJ. 
W.  R.  Bauersfeld,  E.  W.  Moshinsky,  E.  A.  Pustay, 
and  W.  D.  Jones. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-227500/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NJ-85-1  (WRD/ 
HD-86/229),  1986.  319  p.  Prepared  in  cooperation 
with  the  New  Jersey  Department  of  Environmen- 
tal Protection  and  with  other  agencies. 


Descriptors:  'New  Jersey,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  *Groundwater, 
•Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1985  water  year  for 
New  Jersey  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  ground  water.  This 
volume  of  the  report  contains  discharge  records 
for  79  gaging  stations;  tide  summaries  for  1  station; 
stage  and  contents  for  15  lakes  and  reservoirs; 
water  quality  for  60  surface-water  sites  and  194 
wells;  and  water  levels  for  36  observation  wells. 
Also  included  are  data  for  44  crest-stage  partial- 
record  stations,  16  tidal  crest-stage  gages,  and  42 
low-flow  partial-record  stations.  Additional  water 
data  were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  programs,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
New  Jersey.  (See  also  W90-05254  and  W90-05257) 
(USGS)  ' 

W90-05256 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1985.  VOLUME  2, 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  West  Trenton,  NJ. 

W.  R.  Bauersfeld,  E.  W.  Moshinsky,  E.  A.  Pustay, 

and  W.  D.  Jones. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB87-1 16554. 

Price  codes:  A10  in  paper  copy,  A01  in  microfiche 

USGS  Water-Data  Report  NJ-85-2  (WRD/HD- 

86/230),  1986.  191  p.  Prepared  in  cooperation  with 

the   New   Jersey   Department   of  Environmental 

Protection  and  with  other  agencies. 

Descriptors:  *New  Jersey,  *Data  collections,  'Hy- 
drologic  data,  'Surface  water,  'Groundwater, 
'Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1985  water  year  for 
New  Jersey  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  ground  water.  This 
volume  of  the  report  contains  discharge  records 
for  22  gaging  stations;  tide  summaries  for  3  sta- 
tions; stage  and  contents  for  18  lakes  and  reser- 
voirs; water  quality  for  30  surface-water  sites  and 
96  wells;  and  water  levels  for  23  observation  wells. 
Also  included  are  data  for  28  crest-stage  partial- 
record  stations,  8  tidal  crest-stage  gages  and  8  low- 
flow  partial-record  stations.  Additional  water  data 
were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  programs,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
New  Jersey.  (See  also  W90-05254  and  W90-05256) 
(USGS) 
W90-05257 


WATER  RESOURCES  DATA  FOR  NEW 
MEXICO,  WATER  YEAR  1984. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

L.  P.  Denis,  L.  V.  Beal,  and  H.  R.  Allen. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161.  USGS  Water- 
Data  Report  NM-84-1  (WRD/HD-86/205),  1985. 
485  p.  Prepared  in  cooperation  with  the  State  of 
New  Mexico  and  with  other  agencies. 

Descriptors:  'New  Mexico,  'Data  collections, 
'Hydrologic  data,  'Surface  water,  'Groundwater, 
•Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
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Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1984  water  year  for 
New  Mexico  consist  of  records  of  discharge  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  in  wells  and  springs.  This  report 
contains  discharge  records  for  173  gaging  stations; 
stage  and  contents  for  25  lakes  and  reservoirs; 
water  quality  for  76  gaging  stations  and  196  wells; 
and  105  observation  wells.  Also  included  are  143 
crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  programs,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
New  Mexico.  (USGS) 
W90-05258 


WATER  RESOURCES  DATA  FOR  NEW 
MEXICO,  WATER  YEAR  1985. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

L.  P.  Denis,  L.  V.  Beal,  and  H.  R.  Allen. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-149977/ 
AS.  Price  codes:  A21  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NM-85-1  (WRD/ 
HD-87/202),  1986.  482  p.  Prepared  in  cooperation 
with  the  State  of  New  Mexico  and  with  other 
agencies. 

Descriptors:  *New  Mexico,  'Data  collections, 
*Hydrologic  data,  'Surface  water,  'Groundwater, 
•Water  quality,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Chemical  analysis,  Sediments, 
Water  temperature,  Sampling  sites,  Water  level, 
Water  analysis. 

Water  resources  data  for  the  1985  water  year  for 
New  Mexico  consist  of  records  of  discharge  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  in  wells  and  springs.  This  report 
contains  discharge  records  for  168  gaging  stations; 
stage  and  contents  for  25  lakes  and  reservoirs; 
water  quality  for  65  gaging  stations  and  179  wells; 
and  water  levels  at  111  observation  wells.  Also 
included  are  138  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data  collection 
programs,  and  are  published  as  miscellaneous 
measurements.  Also,  one  seepage  investigation  is 
published  this  year.  These  data  represent  that  part 
of  the  National  Water  Data  System  operated  by 
the  U.S.  Geological  Survey  and  cooperating  State 
and  Federal  agencies  in  New  Mexico.  (USGS) 
W90-05259 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1987.  VOLUME  1.  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

C.  W.  Alexander,  P.  R.  Boucher,  R.  L.  Moffatt, 
and  M.  L.  Smith. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90- 155326/ 
AS.  Price  codes:  A 10  in  paper  copy,  A02  in  micro- 
fiche. USGS  Water-Data  Report  OR-87-1  (USGS/ 
WRD/HD-90/234),  1989.  210p.  Prepared  in  coop- 
eration with  the  State  of  Oregon  and  with  other 
agencies. 

Descriptors:  *Oregon,  *Hydrologic  data,  *Surface 
water,  *Water  quality,  'Gaging  stations,  'Data 
collections,  Flow  rates,  Lakes,  Reservoirs,  Chemi- 
cal analysis,  Sediments,  Water  temperature,  Sam- 
pling sites,  Water  analysis. 

Water  Resources  Data  for  the  1987  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  and  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs.  This  report, 
in  two  volumes,  contains  discharge  records  for  264 
gaging  stations;  stage  only  records  for  8  gaging 
stations;  stage  and  contents  for  39  lakes  and  reser- 
voirs;  water  quality   for  69  stations,   and  water 


quality  for  3  precipitation  stations.  Also  included 
are  5  crest-stage,  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oregon.  (See  also  W90-05261)  (USGS) 
W90-05260 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1987.  VOLUME  2.  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

C.  W.  Alexander,  T.  A.  Herrett,  R.  L.  Kraus,  R.  L. 
Moffatt,  and  M.  L.  Smith. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90-149709. 
Price  codes:  A18  in  paper  copy,  A03  in  microfiche. 
USGS  Water-Data  Report  OR-87-2  (USGS/ 
WRD/HD-90/235),  1989.  386p.  Prepared  in  coop- 
eration with  the  State  of  Oregon  and  with  other 
agencies. 

Descriptors:  'Oregon,  'Hydrologic  data,  'Surface 
water,  'Water  quality,  'Gaging  stations,  'Data 
collections,  Flow  rates,  Lakes,  Reservoirs,  Chemi- 
cal analysis,  Sediments,  Water  temperature,  Sam- 
pling sites,  Water  analysis. 

Water  Resources  Data  for  the  1987  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  and  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs.  This  report, 
in  two  volumes,  contains  discharge  records  for  264 
gaging  stations;  stage  only  records  for  8  gaging 
stations;  stage  and  contents  for  39  lakes  and  reser- 
voirs; water  quality  for  69  stations,  and  water 
quality  for  3  precipitation  stations.  Also  included 
are  5  crest-stage,  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oregon.  (See  also  W90-05260)  (USGS) 
W90-05261 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1987. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

E.  H.  McGavock,  W.  D.  Wiggins,  P.  R.  Boucher, 
R.  L.  Blaz,  and  L.  L.  Reed. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90-150632. 
Price  codes:  A23  in  paper  copy,  A03  in  microfiche. 
USGS  Water-Data  Report  WA-87-1  'USGS/ 
WRD/HD-89/283),  1989  509  p.  Prepared  in  coop- 
eration with  the  State  of  Washington  and  with 
other  agencies. 

Descriptors:  'Washington,  'Hydrologic  data, 
•Surface  water,  'Water  quality,  Gaging  stations, 
•Data  collections,  Flow  rates,  Lakes,  Reservoirs, 
Chemical  analysis,  Sediments,  Water  temperature, 
Sampling  sites,  Water  analysis,  Water  level. 

Water  Resources  Data  for  the  1987  water  year  for 
Washington  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  of  wells.  This  report  contains  discharge 
records  for  198  gaging  stations;  stage  only  records 
for  6  gaging  stations;  stage  and  (or)  contents  for  37 
lakes  and  reservoirs;  water  quality  for  34  stream- 
flow-gaging  stations,  6  ungaged  streamsites,  and 
130  National  Water  Quality  Assessment  Study 
streamsites;  and  water  levels  for  78  observation 
wells.  Also  included  are  data  for  14  crest-stage 
partial-record  stations  and  138  partial-record  or 
miscellaneous  streamflow  stations.  These  data  rep- 
resent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  and  coop- 
erating State  and  Federal  agencies  in  Washington. 
(USGS) 
W90-05262 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1988.  VOLUME  2.  LONG 
ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 
Div. 

A.  G.  Spinello,  J.  H.  Nakao,  R.  Busciolano,  and  R. 

B.  Winowitch. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90-158809. 
Price  codes:  Al  1  in  paper  copy.  A02  in  microfiche. 
USGS  Water-Data  Report  NY-88-2  (USGS/ 
WRD/HD-89/276),  1989.  230p.  Prepared  in  coop- 
eration with  the  State  of  New  York  and  other 
agencies. 

Descriptors:  'Groundwater,  'New  York,  'Hydro- 
logic  data,  'Surface  water,  'Water  quality,  'Data 
collections,  Gaging  stations,  Flow  rates,  Lakes, 
Reservoirs,  Chemical  analysis,  Sediments,  Water 
level,  Wells,  Water  temperature,  Sampling  sites, 
Water  analysis. 

Water  Resources  Data  for  the  1988  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  volume  contains  records  for  water  discharge 
at  17  gaging  stations;  water  quality  at  16  gaging 
stations,  and  169  wells;  and  water  levels  at  225 
observation  wells.  Also  included  are  data  for  75 
low-flow  partial-record  stations.  Additional  water 
data  were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data, 
together  with  the  data  in  Volumes  1  and  3  repre- 
sent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  and  coop- 
erating State,  Federal,  and  other  agencies  in  New 
York.  (See  also  W90-05264)  (USGS) 
W90-05263 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1988.  VOLUME  3.  WESTERN 
NEW  YORK. 

Geological  Survey,  Albany,  NY.  Water  Resources 
Div. 

J.  B.  Campbell,  W.  F.  Coon,  D.  A.  Sherwood,  and 
D.  D.  Deloff. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90-156258. 
Price  codes:  A10  in  paper  copy,  A02  in  microfiche. 
USGS  Water-Data  Report  NY-88-3  (USGS/ 
WRD/HD-89/285),  1989.  198p.  Prepared  in  coop- 
eration with  the  State  of  New  York  and  with  other 
agencies. 

Descriptors:  'Groundwater,  'New  York,  •Hydro- 
logic  data,  *Surface  water,  *Water  quality,  'Data 
collections,  *Groundwater,  Gaging  stations,  Flow 
rates,  Lakes,  Reservoirs,  Chemical  analysis,  Sedi- 
ments, Water  temperature,  Sampling  sites,  Water 
analysis,  Water  level,  Wells. 

Water  Resources  Data  for  the  1988  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  records  for 
water  discharge  at  77  gaging  stations;  stage  only  at 
19  gaging  stations;  stage  and  contents  at  6  gaging 
stations;  water  quality  at  4  gaging  stations  and  10 
partial-record  stations;  and  water  levels  at  21  ob- 
servation wells.  Also  included  are  data  for  47 
crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  together  with  data  in  Volumes  1  and  2  repre- 
sent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  and  coop- 
erating State  and  Federal  agencies  in  New  York. 
(See  also  W90-05263)  (USGS) 
W90-05264 

WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1988.  VOLUME  1,  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 
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R.  H.  Nakahara,  J.  J.  S.  Yee,  I.  Yamashiro,  G.  A. 
Tateishi,  and  J.  A.  Domingo. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-157140/ 
AS.  Price  codes:  A13  in  paper  copy,  A02  in  micro- 
fiche. USGS  Water-Data  Report  HI-88-1  (USGS/ 
WRD/HD-90/236),  1989.  265p.  Prepared  in  coop- 
eration with  the  State  of  Hawaii  and  with  other 
agencies. 

Descriptors:  •Groundwater,  *Hawaii,  'Hydrolog- 
ic  data,  'Surface  water,  'Water  quality,  *Data 
collections,  Gaging  stations,  Flow  rates,  Chemical 
analysis,  Sediments,  Water  temperature,  Sampling 
sites,  Water  level,  Water  analysis. 

Water  Resources  Data  for  the  1988  water  year  for 
Hawaii  and  other  Pacific  Areas  consist  of  records 
of  stage,  discharge,  and  water  quality  of  streams 
and  springs;  and  water  levels  and  water  quality  in 
wells.  This  report,  volume  1,  contains  discharge 
records  for  82  gaging  stations;  water  quality  for  14 
gaging  stations,  54  partial-record  flow  stations,  and 
148  wells;  and  water  levels  for  37  observation 
wells.  Also  included  are  107  crest-stage  partial 
record  stations,  25  miscellaneous  partial-record 
sites,  and  8  low-flow  partial-record  stations.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State,  Federal,  and  other  agencies 
in  Hawaii.  (USGS) 
W90-05265 


WATER  RESOURCES  DATA  FOR  OKLAHO- 
MA, WATER  YEAR  1987. 

Geological  Survey,  Oklahoma  City,  OK.  Water 
Resources  Div. 

L.  D.  Hauth,  D.  M.  Walters,  T.  E.  Coffey,  and  D 
K.  White. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-159724. 
Price  codes:  A15  in  paper  copy,  A02  in  microfiche. 
USGS  Water-Data  Report  OK-87-1  (USGS/ 
WRD/HD-90/233),  1989.  324p.  Prepared  in  coop- 
eration with  the  State  of  Oklahoma  and  with  other 
agencies. 

Descriptors:  "Oklahoma,  'Hydrologic  data,  'Sur- 
face water,  'Water  quality,  'Data  collections, 
Gaging  stations,  Flow  rates,  Lakes,  Reservoirs, 
Chemical  analysis,  Sediments,  Water  temperature, 
Sampling  sites,  Water  analysis. 

Water  Resources  Data  for  the  1987  water  year  for 
Oklahoma  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  or  reservoirs.  This  report 
contains  discharge  records  for  123  gaging  stations; 
stage  and  contents  for  30  lakes  or  reservoirs;  water 
quality  for  38  gaging  stations  and  3  lakes.  Also 
included  are  5  partial -record  stations.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oklahoma.  (USGS) 
W90-05266 


OPTIMIZATION  OF  VALUE  OF  CVP'S  HY- 
DROPOWER  PRODUCTION. 

Cornell  Univ.,  Ithaca,  NY.  Dept.  of  Environmen- 
tal Engineering. 

For  primary  bibliographic  entry  see  Field  6B 
W90-05302 


ECONOMIC  RESERVOIR  DESIGN  AND 
STORAGE  CONSERVATION  BY  REDUCED 
SEDIMENTATION. 

Illinois  State  Water  Survey  Div.,  Champaign. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-05304 


MATHEMATICAL  MODELLING  OF  WATER 
DISTRIBUTION  NETWORKS  UNDER 

STEADY-STATE  CONDITIONS:  RECENT  DE- 
VELOPMENTS AND  FUTURE  PROJECTS, 
(MODELISATION  DES  RESEAUX  DE  DISTRI- 
BUTION D'EAU  EN  REGIME  PERMANENT- 
EVOLUTIONS  RECENTES  ET  PERSPEC- 
TIVES). 


Societe  Anonyme  Francaise  d'Etudes,  de  Gestion, 

et  d'Enterprise,  Nanterre  (France). 

For  primary  bibliographic  entry  see  Field  5F. 

W90-05317 


ANALYSIS  OF  IMPROVED  PARAMETER  ES- 
TIMATION IN  LAKE  MODELLING. 

Politechnika  Warszawska  (Poland).  Inst,  of  Envi- 
ronmental Engineering. 
M.  Loga. 

Archiv  fuer  Hydrobiologie.  Ergebnisse  der  Limno- 
logie,  Vol.  33,  No.  1,  p  201-212,  November  1989.  5 
fig,  1  tab,  7  ref. 

Descriptors:  'Limnology,  'Model  studies,  'Lakes, 
•Mathematical  models,  Algorithms,  Parameter  es- 
timation. 

The  possibility  of  improving  commonly  used  meth- 
ods of  parameter  estimation  in  ecological  models 
was  investigated.  The  method  described  is  an  at- 
tempt to  establish  a  better  convergence  of  the 
estimation  algorithm  when  dealing  with  complicat- 
ed ecological  models.  This  method-Step  By  Step 
Merging  Subsequent  State  Equations-allows:  (1) 
decreasing  the  number  of  simultaneously  estimated 
parameters  by  eliminating  some  of  the  state  equa- 
tions. Their  solutions  are  substituted  in  the  remain- 
ing equations  by  approximated  values  (e.g.  Fourier 
series)  obtained  from  the  measurement  data.  (2) 
correcting  the  equations  of  the  model,  in  the  case 
when  estimated  parameters  fail  to  match  so-called 
'reasonable  values'  (e.g.  values  reported  in  the  lit- 
erature). Isolating  particular  state  equations  allows 
the  user  to  verify  and  eventually  to  correct  its 
structure  until  approximately  true  parameter 
values  are  obtained.  Applying  well  known  sensitiv- 
ity analysis  allows  better  understanding  of  the 
model  structure  and  thus  enables  further  improve- 
ment of  the  estimation  algorithm  to  be  made.  (Au- 
thor's abstract) 
W90-05471 


INTEGRATION  OF  RIPARIAN  DATA  IN  A  GE- 
OGRAPHIC INFORMATION  SYSTEM. 

Williamette  National  Forest,  Eugene,  OR. 
M.  A.  Hemstrom. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989  p  17- 
22.  6  fig,  8  ref. 

Descriptors:  'Geographic  information  systems, 
'Riparian  vegetation,  'Land  management,  'Water 
resources  management,  'Water  law,  'Geologic 
mapping,  'Geohydrology,  'Oregon,  'Information 
systems,  'Riparian  land,  'Riparian  waters,  Stream 
profiles,  Forest  watersheds,  Computer  models, 
Streams. 

A  geographic  information  system  offers  the  oppor- 
tunity to  integrate  stream  resource  information  at 
the  watershed  scale.  A  case  study  using  several 
information  layers  and  their  use  in  developing  a 
stream  enhancement  project  is  presented.  The  geo- 
graphic information  system  map  and  information 
bases  for  Cummins  Creek,  Oregon  Coast  Range, 
include  geomorphic  stream  reaches,  stand  condi- 
tions, plant  associations,  large  woody  debris, 
woody  debris,  potential  input  of  woody  debris 
from  riparian  stands,  and  the  location  of  areas  most 
suitable  for  silvicultural  treatment  to  increase  the 
representation  of  decay-resistant  large  wood  in  ri- 
parian stands.  Other  kinds  of  analyses  and  models 
are  possible  using  this  information,  including  debris 
torrent  potential,  cumulative  effects,  and  stream 
habitat  evaluation  and  monitoring.  (See  also  W90- 
05491)  (Author's  abstract) 
W90-05495 


EVALUATION  OF  THE  U.S.  FOREST  SERVICE 
COWFISH'  MODEL  FOR  ASSESSING  LIVE- 
STOCK IMPACTS  ON  FISHERIES  IN  THE 
BEAVERHEAD  NATIONAL  FOREST,  MON- 
TANA. 

Montana  Dept.  of  Fish,  Wildlife  and  Parks, 
Helena. 

For  primary  bibliographic  entry  see  Field  4C. 
W90-05496 


SIMULATION  MODEL  FOR  MANAGING 
FISHERIES  IN  RESERVOIRS  ON  THE  RIO 
GRANDE  OF  NEW  MEXICO. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 

Fishery  and  Wildlife  Sciences. 

For  primary  bibliographic  entry  see  Field  81 

W90-05515 


NULL  HYPOTHESES,  MODELS,  AND  STATIS- 
TICAL DESIGNS  IN  THE  STUDY  OF  LARVAL 
TRANSPORT. 

National  Marine  Fisheries  Service,  Beaufort,  NC. 

Beaufort  Lab. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-05545 


STREAMFLOW  AND  WATER-QUALITY  DATA 
FOR  LITTLE  CLEARFIELD  CREEK  BASIN, 
CLEARFIELD  COUNTY,  PENNSYLVANIA, 
DECEMBER  1987-NOVEMBER  1988. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05552 


USE  OF  TEMPERATURE  PROFILES  BE- 
NEATH STREAMS  TO  DETERMINE  RATES 
OF  VERTICAL  GROUND-WATER  FLOW  AND 
VERTICAL  HYDRAULIC  CONDUCTIVITY. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-05554 


ESTIMATION  OF  RAINFALL  FOR  FLOOD 
FORECASTING  USING  RADAR  AND  RAIN 
GAGE  DATA. 

Hydrologic  Engineering  Center,  Davis,  CA. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05589 


1988  ANNUAL  WATER  QUALITY  DATA 
REPORT  FOR  THE  WASTE  ISOLATION 
PILOT  PLANT. 

IT  Corp.,  Carlsbad,  NM. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-05598 


CHEMICAL,  GEOLOGIC,  AND  HYDROLOGIC 
DATA  FROM  THE  STUDY  OF  ACIDIC  CON- 
TAMINATION IN  THE  MIAMI  WASH-PINAL 
CREEK  AREA,  ARIZONA,  WATER  YEARS 
1984-87. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W9O-O56O0 


LOW-FLOW  PROFILES  OF  THE  TALLA- 
POOSA RIVER  AND  TRIBUTARIES  IN  GEOR- 
GIA. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05601 


ESTIMATING  FLOOD  HYDROGRAPHS  FOR 
ARKANSAS  STREAMS. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05602 


MEASUREMENT  OF  REAERATION  COEFFI- 
CIENTS FOR  SELECTED  FLORIDA  STREAMS. 

Geological   Survey,  Tallahassee,   FL.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05606 


LOW-FLOW  PROFILES  OF  THE  TENNESSEE 
RrVER  TRIBUTARIES  IN  GEORGIA. 

Geological    Survey,    Doraville,    GA.    Water    Re- 
sources Div. 
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For  primary  bibliographic  entry  see  Field  2E. 
W90-05612 


LOW-FLOW  PROFILES  OF  THE  UPPER  SA- 
VANNAH AND  OGEECHEE  RIVERS  AND 
TRIBUTARIES  IN  GEORGIA. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2b.. 
W90-05613 

LOW-FLOW  PROFILES  IN  THE  UPPER 
OCONEE  RIVER  AND  TRIBUTARIES  IN 
GEORGIA. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2b. 
W90-05614 

GENERAL  METHOD  FOR  GENERATING 
BATHYMETRIC  DATA  FOR  HYDRODYNAM- 
IC  COMPUTER  MODELS. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

J.  R.  Burau,  and  R.  T.  Cheng. 
Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-28,  1989.  45p,  12  fig,  6  ref,  2 
append. 

Descriptors:  *Data  interpretation,  *Model  studies, 
•Bathymetry,  'Information  retrieval,  Water  depth, 
Hydrodynamics,  Computer  models,  Mathematical 
analysis. 

To  generate  water  depth  data  from  randomly  dis- 
tributed bathymetric  data  for  numerical  hydrody- 
mamic  models,  raw  input  data  from  field  surveys, 
water  depth  data  digitized  from  nautical  charts,  or 
a  combination  of  the  two  are  sorted  to  given  an 
ordered  data  set  on  which  a  search  algorithm  is 
used  to  isolate  data  for  interpolation.  Water  depths 
at  locations  required  by  hydrodynamic  models  are 
interpolated  from  the  bathymetric  data  base  using 
linear  or  cubic  shape  functions  used  in  the  finite- 
element  method.  The  bathymetric  database  organi- 
zation and  preprocessing,  the  search  algorithm 
used  in  finding  the  bounding  points  for  interpola- 
tion, the  mathematics  of  the  interpolation  formu- 
lae, and  the  features  of  the  automatic  generation  of 
water  depths  at  hydrodynamic  model  grid  points 
are  included  in  the  analysis.  This  report  includes 
documentation  of  two  computer  programs  which 
are  used  to:  (1)  organize  the  input  bathymetric 
data;  and  (2)  to  interpolate  depths  for  hydrody- 
namic models.  An  example  of  computer  program 
operation  is  drawn  from  a  realistic  application  to 
the  San  Francisco  Bay  estuarine  system.  (Author's 
abstract) 
W90-05620 

8.  ENGINEERING  WORKS 

8A.  Structures 

FOAM  RUBBER  MODELING  OF  TOPO- 
GRAPHIC AND  DAM  INTERACTION  EF- 
FECTS AT  PACOIMA  DAM. 

Nevada  Univ.,  Reno.  Seismological  Lab. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-04583 


REVIEW  ON  THE  DESIGN  AND  CONSTRUC- 
TION OF  A  LARGE  WASTEWATER  TREAT- 
MENT PLANT. 

Delfland  Water  Authority,  Delft  (Netherlands). 
For  primary  bibliographic  entry   see  Field   5D. 
W90-04775 


FINITE  ELEMENT  ANALYSIS  OF  EFFECT  OF 
PIPE  COOLING  IN  CONCRETE  DAMS. 

Institute  of  Water  Conservancy  and  Hydroelectric 
Power  Research,  Beijing  (China). 
Z.  Bofang,  and  C.  Jianbo. 

Journal  of  Construction  Engineering  and  Manage- 
ment (ASCE)  JCEMD4,  Vol.  115,  No.  4,  p  487- 


498,  December  1989.  12  fig,  5  ref. 

Descriptors:  *Dam  construction,  'Concrete  dams, 
•Temperature  control,  'Water  cooling,  'Finite  ele- 
ment method,  Dam  design,  Pipe  cooling,  Cooling 
water,  Computer  programs,  Statistical  analysis. 

Pipe  cooling  is  widely  adopted  to  control  the 
temperature  of  concrete  dams.  There  is  no  suitable 
method  to  compute  the  effect  of  simultaneous 
cooling  of  the  embedded  pipe  and  the  lift  surface 
of  concrete.  In  this  paper  the  finite  element  method 
is  used  for  calculation  of  this  complicated  three- 
dimensional  problem.  The  key  is  determining  the 
temperature  of  the  cooling  water.  Three  methods 
('simple',  'iteration',  and  'prediction')  are  given  for 
analyzing  the  interaction  between  the  cooling 
water  and  the  concrete,  and  the  formulas  required 
in  computation  are  derived.  A  computer  program 
for  general  use  was  developed.  The  effects  of  pipe 
cooling  on  the  temperature  field  of  mass  concrete, 
of  change  of  flow  direction  of  the  cooling  water  on 
the  temperature  field  and  of  'straightening  the  pipe 
coils'  (to  simplify  calculation)  are  shown.  A  practi- 
cal computing  method  and  relevant  charts  are  pre- 
sented for  the  convenience  of  engineers.  (Sand- 
PTT) 
W90-04814 


TATSUMI  CANAL  OF  1632,  JAPAN. 

Kanazawa  Inst,  of  Tech.  (Japan). 
T.  Nakagawa,  and  S.  Miyae. 
Proceedings  of  the  Institution  of  Civil  Engmeers 
PCIEAT,  Vol.  87,  No.  part  2,  p  1143-1165,  De- 
cember 1989.  26  fig,  2  tab,  12  ref,  2  append. 

Descriptors:  'Japan,  'Canal  design,  'Canal  con- 
struction, 'Water  conveyance,  'Water  distribution, 
Tatsumi  Canal,  History,  Excavation,  Hydraulics, 
Pipes. 

The  Tatsumi  Canal,  constructed  in  1632,  is  a  mon- 
umental work  remarkable  in  the  history  of  Japa- 
nese water  supply  canals.  The  technologies  used  in 
the  hydraulics,  channel  excavation,  the  water  con- 
veyance pipe  system  and  pipe  manufacture  are 
reviewed.  The  water  head  loss  was  minimized  by 
widening  at  bends,  by  cutting  a  curved  groove 
along  the  channel  bed   near  the  inner  rounded 
corner  of  the  bend,  and  by  minimizing  the  surface 
roughness  of  the  channel.  The  bed  slope  was  deter- 
mined with  a  simple  instrument  to  find  the  hori- 
zontal level,  and  a  modern  arch-like  structure  was 
used  to  prevent  cave-in  of  the  closed  channel.  In 
the  water  conveyance  pipe  system,  which  ranged 
over  640  m  and  11.4  m  in  horizontal  and  vertical 
distances,  respectively,  the  inverted-siphon  princi- 
ple was  applied  to  transport  the  water  with  the 
hydraulic  head  loss  within  3.4  m.  In  pipe  manufac- 
ture, claw  coupling  was  adopted  for  rock  pipes  and 
joint  rocks  were  used  to  change  the  direction  of 
pipe  conduit.  The  Tatsumi  Canal  is  well  preserved 
and  is  still  operational  in  the  original  manner.  The 
general  level  of  technologies  in  aqueduct  construc- 
tion in  the  early  17th  century  Japan  can  therefore 
be  appreciated.  The  canal  has  features  of  great 
cultural  importance  which  must  be  preserved,  be- 
cause other  canals  constructed  in  the  same  period 
have   been   greatly   modified   or   completely   de- 
stroyed. (Author's  abstract) 
W90-04991 


Hydraulics — Group  8B 

and    Environmental    Municipal    Board   of  Rome 
(ACEA)  by  making  an  industrial  structure  a  deco- 
rative city  element.  The  architectural  part  of  the 
design   was  carried   out  by   Professor   Palpacelli 
(Architect)  with  the  joint  effort  of  some  ACEA 
departments.  This  article  describes  the  architecture 
of  the  EUR  water  station  and  the  functions  of  the 
different  elements.  All  of  the  standards  adopted  for 
the  design  of  the  static  structures  and  the  water- 
works of  the  station  are  detailed.  The  EUR  water 
station  has  been   under  construction   since  May 
1986  and  will  be  completed  in  the  spring  of  199a 
The  station  rises  to  88  m  above  ground  level  with 
an  architectural  solution  that  points  out  the  struc- 
tural elements  and  gives  an  aesthetic  result.  The 
construction   is   entirely    metal;    passivant-treated 
steel  is  used,  together  with  nickel-chrome  stainless 
steel  for  the  outer  layer~a  total  of  over  1600  tons 
of  weight.  Once  completed,  the  maximum  flow- 
rate  distributed  by  the  station  will  be  3600  L/sec. 
The  design  (including  schematics  diagrams),  con- 
struction materials,  and  model  testing  are  detailed. 
The  EUR  station  in  operation,  fed  by  the  Pes- 
chiera-Capora  aqueduct  system,  will  supply  water 
to  the  city  districts  of  EUR,  Laurentino,  Ostiense 
and  a  part  of  Ardeatino  and  the  wards  of  Tessacio, 
Ripa  and  S.  Saba,  along  with  water  stations  in 
Cecchignola  and  Ostia  Lido.  With  completion  of 
the   EUR   water   station,   whose   total   cost   will 
amount  to  over  21  billion  lire,  ACEA  will  offer  to 
Roman  and  foreign  citizens  an  interesting  new 
waterworks  to  visit.  (Author's  abstract) 
W90-05318 


CHANNEL  TUNNEL,  TEXAS  STYLE. 

Brown  and  Root  Development,  Inc.,  Houston,  TX. 
For  primary  bibliographic  entry  see  Field  8H. 
W90-05349 


TRANSPORT  MODEL  FOR  WATER  EX- 
CHANGE BETWEEN  COASTAL  INLET  AND 
THE  OPEN  OCEAN. 

State  Univ.  of  New  York  at  Stony  Brook.  Manne 

Sciences  Research  Center. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-05534 

WELL  INSTALLATION  AND  DOCUMENTA- 
TION, AND  GROUND-WATER  SAMPLING 
PROTOCOLS  FOR  THE  PILOT  NATIONAL 
WATER-QUALITY  ASSESSMENT  PROGRAM. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For   primary   bibliographic   entry   see   Field   5G. 

W90-05618 


8B.  Hydraulics 


EUR  WATER  STATION  OF  THE  ACEA  (MU- 
NICIPAL ELECTRICITY  AND  ENVIRON- 
MENT BOARD),  ROME. 

Rome  Univ.  (Italy). 
P.  Martini,  and  F.  Ciacchella. 
Aqua  AQUAAA,  Vol.  30,  No.  6,  p  358-368,  De- 
cember 1989.  8  fig,  2  tab. 

Descriptors:  'Rome,  'Water  tanks,  'Hydraulic 
design,  'Municipal  water,  Water  storage,  Model 
testing,  Construction  materials,  Design  criteria, 
Aqueducts,  Italy. 

The  EUR  water  station  constitutes  another  stage  in 
the  great  'General  Plan  for  the  Collection  and 
Distribution  of  Water  in  Rome'  prepared  by 
ACEA  in  1963  and  approved  in  1965  by  an  inter- 
departmental order.  The  EUR  station  represents 
the  most  important  outcome  led  by  the  Electricity 


APPLICABILITY  OF  THE  SECOND-ORDER 
DISPERSION  MODEL. 

Technische     Univ.,     Karl-Marx-Stadt     (German 

D.R.).  Dept.  of  Numerical  Methods  and  Computer 

Technology. 

K.  Klotz.  .,  ,    „ 

Water  Resources  Research  WRERAQ,  Vol.  25, 

No.  12,  p  2497-2500,  December  1989.  2  fig,  14  ref, 

append. 

Descriptors:  'Dispersion,  'Pipe  flow,  'Mixing, 
•Solute  transport,  'Dispersion,  'Model  studies, 
Mathematical  models,  Convection,  Injection, 
Pulse. 

The  convective  transport  of  a  dissolved  chemical 
species  in  a  pipe  is  studied  both  for  an  injection  and 
pulse  problem.  The  entire  solutions  of  the  equa- 
tions of  the  second-order  dispersion  model  for  the 
averaged  mass  fraction  of  the  solute  are  derived  in 
the  case  of  no  molecular  diffusion.  Although  the 
exact  representation  of  v'v'w'.sub  x  and  v'w'.sub  ii 
(where  v'  is  the  deviation  value  of  the  microscopic 
fluid  velocity  and  w'  is  the  averaged  mass  fraction 
of  dissolved  chemical  species)  deviate  from  corre- 
sponding constitutive  equations  proposed  by 
Tompson  and  Gray,  they  do  not  reflect  the  influ- 
ence of  diffusion  in  the  overall  dispersion  processes 
considered  in  Tompson  and  Gray's  validation  exer- 
cises. The  dispersion  coefficient  of  the  injection 
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problem  considered  clearly  exhibits  a  scale  effect. 

(Author's  abstract) 

W90-04666 


SEVERAL   SOURCES   OF  NONUNIFORMITY 
IN  IRRIGATION  DELIVERY  FLOWS. 

Agricultural     Research     Service,     Phoenix,     AZ. 

Water  Conservation  Lab. 

For  primary  bibliographic  entry  see  Field  3F 

W90-04815 


EFFECT  OF  REACTOR  HYDRAULICS  ON 
THE  PERFORMANCE  OF  ACTIVATED 
SLUDGE  SYSTEMS:  I.  THE  TRADITIONAL 
MODELLING  APPROACH. 

Technical  Univ.  of  Istanbul  (Turkey).   Dept.  of 

Environmental  Engineering. 

For   primary   bibliographic   entry   see   Field   5D 

W90-04839 


FINITE  ANALYTIC  SOLUTION  OF  FLOW 
OVER  SPILLWAYS. 

Wuhan  Inst,  of  Hydraulic  and  Electric  Power  En- 
gineering (China). 
W.  Li,  Z.  Xie,  and  C.  J.  Chen. 
Journal     of     Engineering     Mechanics     (ASCE) 
JENMDT,  Vol.  115,  No.  12,  p  2635-2648,  Decem- 
ber 1989.  5  fig,  1  tab,  12  ref,  append. 

Descriptors:  'Spillways,  'Mathematical  studies, 
♦Finite  difference  methods,  'Gravity  flow,  'Hy- 
drodynamics, 'Hydraulics,  'Model  studies,  Finite 
analytic  method,  Dams,  Discharge  coefficient. 

Two-dimensional  irrotational  gravity  flows  over  a 
spillway  with  a  free  surface  are  investigated  nu- 
merically and  compared  to  available  experimental 
measurements.  The  difficulty  of  the  present  prob- 
lems lies  in  that  both  the  free  surface  elevation  and 
flow  rate  are  unknowns,  even  when  the  reservoir 
and  spillway  crest  heights  are  given.  In  order  to 
solve  the  problem,  the  boundary-fitted  coordinate 
system  is  adapted  to  map  the  complex  domain  into 
a  rectangular  domain  with  uniform  meshes.  The 
finite  analytic  method  is  used  to  obtain  the  numeri- 
cal solution.  In  the  finite  analytic  method,  the  local 
analytic  solution  of  the  governing  equation  in  an 
element  is  obtained  and  used  to  formulate  the 
algebraic  representation  of  the  governing  equation. 
The  discharge  coefficient  is  deduced  by  a  scan 
method  according  to  the  variational  principle  for 
variable  domains.  The  prediction  is  made  for  the 
Waterways  Experimental  Station  spillway,  where 
extensive  data  are  available  for  comparison.  The 
numerical  results  agree  well  with  experimental 
data  on  discharge  coefficients  and  free  surface 
elevation.  (Author's  abstract) 
W90-04962 


BACKWATER  LENGTHS  IN  RIVERS. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
P.  G.  Samuels. 

Proceedings  of  the  Institution  of  Civil  Engineers 
PCIEAT,  Vol.  87,  No.  part  2,  p  571-582,  Decem- 
ber 1989.  1  fig,  3  tab,  14  ref,  append. 

Descriptors:  'River  flow,  'Backwater,  'Flow  pro- 
files, 'Backwater  curve,  'Hydrodynamics,  'Hy- 
draulic engineering,  Canals,  Drainage  pumps, 
Gaging  stations,  Discharge  routing. 

River  engineers  need  to  have  simple  estimators 
which  are  helpful  in  quantifying  the  probable  size 
of  some  parameter  or  process.  A  characteristic 
length  scale  for  a  river  at  a  particular  location 
based  on  an  approximate  solution  to  the  full  flow 
equations  is  introduced.  This  parameter,  the  back- 
water length,  L,  is  equal  to  0.7  D/s-sub-o,  where  D 
is  the  bankfull  depth  of  the  channel  and  s-sub-o  is 
the  mean  slope.  Several  practical  examples  where 
this  estimate  has  been  used  are:  (1)  upstream  influ- 
ence of  works  in  a  river  channel;  (2)  location  of 
hydraulic  model  boundary;  (3)  tailgate  control  on  a 
physical  model;  (4)  location  of  control  structures 
on  a  canal;  (5)  operation  of  automatic  land  drain- 
age pumps;  (6)  spacing  of  cross-sections  in  a  com- 
putational model;  (7)  analysis  of  gaging  station 
records;  and  (8)  validity  of  discharge  routine 
(Sand-PTT) 


W90-04990 


FURTHER  RESEARCH  ON  APPLICATION  OF 
PROBABILITY  WEIGHTED  MOMENTS  IN  ES- 
TIMATING PARAMETERS  OF  THE  PEARSON 
TYPE  THREE  DISTRIBUTION. 

Chengdu     Univ.     of    Science    and     Technoloey 

(China). 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05000 


OPTIMUM  DESIGN  OF  LARGE  SEWER  NET- 
WORKS. 

Kuwait     Inst,     for     Scientific     Research,     Safat. 

Techno-Economics  Div. 

For   primary   bibliographic   entry   see   Field    5D 

W90-05025 


MICROCOMPUTER  MODEL  FOR  SIMULAT- 
ING PRESSURIZED  FLOW  IN  A  STORM 
SEWER  SYSTEM. 

Virginia  Transportation  Research  Council,  Char- 
lottesville. 

S.  L.  Yu,  and  Y.  Wu. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-127906. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche 
Report  No.  FHWA/VA-89-R5,  August  1988.  In- 
terim Report.  13p,  8  fig,  1  tab,  8  ref. 

Descriptors:  'Computer  programs,  'Pipe  flow, 
'Hydraulics,  'Computer  models,  'Model  studies, 
'Simulation  analysis,  'Storm  sewers,  Flow  pro- 
files, Hydrodynamics,  Storm  Water  Management 
Model,  Pressure  conduits,  Sewer  hydraulics,  Illi- 
nois Urban  Drainage  Simulation,  Surface  water, 
Mathematical  studies. 

A  study  is  being  conducted  on  the  development  of 
a  microcomputer  model  for  simulating  storm  sewer 
flow  under  surcharged  or  pressurized  conditions. 
Several  existing  models,  including  the  EPA  Storm 
Water  Management  Model  (SWMM)  and  the  Illi- 
nois Urban  Drainage  Simulation  (ILLUDAS), 
have  been  reviewed.  It  was  concluded  that  the 
SWMM  program's  EXTRAN  subroutine  would  be 
suitable  for  this  purpose.  Certain  modifications  of 
EXTRAN  will  be  necessary,  and  the  modified 
subroutine  will  be  incorporated  into  the  Federal 
Highway  Administration's  Pooled  Fund  Storm 
Sewer  Program  PFP-HYDRA.  EXTRAN  uses  a 
full  dynamic  wave  approach  that  can  better  simu- 
late unsteady  flow  characteristics  in  a  sewer 
system.  In  addition  it  has  the  capability  to  handle 
both  free-surface  flow  and  pressurized  flow. 
EXTRAN  can  be  modified  in  several  ways:  (1) 
excess  surface  water  could  be  stored  in  a  detention 
area  connected  to  the  manhole  and  treated  as  if  it 
will  return  to  the  sewer  system  at  a  later  time;  (2) 
the  numerical  scheme  could  be  modified  by  in- 
creasing the  accuracy  of  the  solution  of  the  differ- 
ential equations;  (3)  some  less  important  hydraulic 
structures  and  pipe  shapes  and  plot  subroutines, 
could  be  dropped  from  EXTRAN  in  order  to 
reduce  the  running  time;  and/or  (4)  a  modified 
EXTRAN  could  aid  PFP-HYDRA  in  its  analysis 
mode  to  give  the  user  options  to  route  free  surface 
flow  or  open-channel  and  surcharge  flows.  It 
would  predict  the  location  of  the  surcharge  pipe, 
the  duration  of  the  surcharge,  and  the  flow  and 
hydraulic  gradeline  at  selected  locations  in  the 
system.  (Lantz-PTT) 
W90-05136 


NEW     REVETMENT     DESIGN     CONTROLS 
STREAMBANK  EROSION. 

Forest  Service,  Albuquerque,  NM.  Southwestern 

Region. 

For   primary   bibliographic   entry   see   Field   4D 

W90-05331 


EMERGENCY     WATERSHED     PROTECTION 
USING  STRAW  BALES. 

Miles  (Thomas  R),  Portland,  OR. 

For   primary   bibliographic   entry   see   Field   4D 

W90-05334 


INDUCED    SURFACE    FLOW    IN    A    MODEL 
RESERVOIR. 

Calgary  Univ.  (Alberta).  Dept.  of  Chemical  and 

Petroleum  Engineering. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05463 


OBSERVATIONS  ON  INLET  FLOW  PAT- 
TERNS DERIVED  FROM  NUMERICAL  AND 
PHYSICAL  MODELING  STUDIES. 

Coastal  Engineering  Research  Center,  Vicksburg, 

MS. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-05535 


NAVIGATION  CONDITIONS  AT  OLIVER 
LOCK  AND  DAM  BLACK  WARRIOR  RIVER 
PROJECT:  HYDRAULIC  MODEL  INVESTIGA- 
TION. 

Army   Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
R.  T.  Wooley. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A2 16924. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Technical  Report  HL-89-27,  September  1989 
Final  Report.  117p,  14  fig,  9  tab,  40  photos,  44 
plates. 

Descriptors:  'Alabama,  'Hydraulic  models,  'Navi- 
gation, Oliver  Lock  and  Dam,  Black  Warrior 
River,  Hydraulic  structures,  River  flow,  Dams, 
Locks. 

William  Bacon  Oliver  Lock  and  Dam  is  located  on 
the  left  descending  bank  of  the  Black  Warrior 
River  about  346.3  river  miles  above  Mobile,  AL,  in 
the  corporate  limits  of  Tuscaloosa,  AL.  The  princi- 
pal existing  structures  are  a  700-ft-long  fixed-crest 
spillway  and  a  95-ft  by  460-ft  lock.  The  dam  forms 
a  run  of  the  river  pool  that  extends  8.8  miles 
upstream  to  Holt  Lock  and  Dam.  During  high 
pool  elevation  and  river  discharges,  tows  bypass 
the  lock  and  navigate  over  the  fixed-crest  weir. 
Oliver  Lock  has  the  smallest  chamber  (95  by  460 
ft)  on  the  Black  Warrior-Tombigbee  Waterway, 
and  the  present  plan  of  development  is  to  replace 
the  existing  lock  and  dam  with  a  new  structure 
located  about  2,300  ft  downstream.  The  replace- 
ment structure  will  provide  a  1 10-ft  by  600- ft  lock 
chamber  and  an  815-ft-long  fixed-crest  spillway.  A 
fixed-bed  model  reproduced  about  2.8  miles  of  the 
Black  Warrior  River  channel  and  adjacent  over- 
bank  area  to  an  undistorted  scale  of  1:100.  Results 
of  the  investigation  indicated  that  satisfactory  navi- 
gation conditions  can  be  established  through  the 
reach  with  all  flows  tested;  however,  with  higher 
riverflows  and  current  velocities,  certain  maneu- 
vers may  be  required  for  downbound  tows  to 
approach  the  lock.  With  the  higher  riverflows,  the 
alignment  of  the  currents  was  satisfactory  for  up- 
bound  and  downbound  tows  to  approach  the  fixed- 
crest  dam;  however,  the  drop  across  the  dam  could 
create  some  difficulties  and  require  considerable 
power  for  tows  to  navigate  over  the  dam.  With  the 
fist-stage  cofferdam  in  place  for  construction  of  the 
replacement  lock,  considerable  power  and  maneu- 
vering could  be  required  for  upbound  tows  to 
move  past  the  cofferdam  with  riverflows  of  30,000 
cu  ft/sec  and  above.  With  the  second-stage  coffer- 
dam in  place,  a  training  structure  placed  in  the 
vicinity  of  the  lower  lock  approach  of  the  replace- 
ment lock  will  provide  satisfactory  conditions  for 
tows  entering  and  leaving  the  lower  lock  canal 
with  riverflows  through  100,000  cu  ft/sec.  (Lantz- 
PTT) 
W90-05587 


NEW  METHOD  OF  STREAM  BANK  PROTEC- 
TION. 

Saint  Charles  City  Engineer's  Office,  MO. 

For   primary   bibliographic   entry   see   Field   4D 
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MULTICRITERION    ANALYSIS    OF   HYDRO- 
POWER  OPERATION. 
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Case    Western    Reserve    Univ.,    Cleveland,    OH. 

Dept.  of  Systems  Engineering. 

For  primary  bibliographic  entry  see  Field  6B. 

W90-04975 

LOW-HEAD  HYDRO:  AN  EXAMINATION  OF 
AN  ALTERNATIVE  ENERGY  SOURCE. 

Idaho  Water  Resources  Research  Inst.,  Moscow. 
For  primary  bibliographic  entry  see  Field  6A. 
W90-05137 


EUR  WATER  STATION  OF  THE  ACEA  (MU- 
NICIPAL ELECTRICITY  AND  ENVIRON- 
MENT BOARD),  ROME. 

Rome  Univ.  (Italy). 

For  primary  bibliographic  entry  see  hield  8 A. 

W90-05318 


ENERGY  FROM  THE  AMAZON. 

J.  D.  Cadman.  . ,  ,     ,„ 

Civil  Engineering  (ASCE)  CEWRA9,  Vol.  59, 
No.  12,  p  54-57,  December  1989.  1  fig. 

Descriptors:  *Dams,  "Hydroelectric  plants, 
•Amazon  River,  *River  basin  development,  Water 
resources  development,  Water  quality,  Brazil,  De- 
forestation, Dam  effects. 

Brazil's  need  for  electrical  energy  has  made  the 
development    of   hydroelectrical    power    in    the 
Amazon  River  basin  a  primary  focus.  Eleven  hy- 
droelectric   projects   have   entered    the    planning 
stages,  are  presently  under  construction  or  are  now 
in  operation.  The  location,  construction  specifica- 
tions and  power  capacity  of  these  projects  are 
briefly  summarized.  Concerns  related  to  the  hydro- 
electric development  of  the  Amazon  basin  include: 
deforestation  due  to  flooding  and  human  migration 
into  areas  utilized  by  the  power  plants;  muddying 
and  mercury  contamination  of  waters  downstream 
from  mining  operations;  and  reduction  of  Indian 
reservation  lands.  It  is  suggested  that  the  removal 
of  valuable  timber  from  flood  land,  once  the  rese- 
voir  is  filled,  may  provide  a  cost-efficient  way  to 
minimize  deforestation.  Problems  stemming  from 
mining  practices  call  for  greater  government  con- 
trol, such  an  effort,  however,  may  require  funding 
that  is  beyond  the  Brazilian  government's  present 
capabilities.  Water  quality  is  affected  by  the  deple- 
tion of  oxygen  and  the  production  of  methane  and 
hydrogen  gases  in  the  lower  portion  of  the  rese- 
voir.  To  prevent  water  quality  problems  for  popu- 
lations downstream  from  from  the  Tucurui  Dam, 
the    practice    of   allowing    oxygen-rich    spillway 
water  to  mix  with  oxygen-deficient  water  from  the 
power  house  is  carried  out  during  the  dry  season. 
The  reduction  of  Indian  reservation  land  has  re- 
sulted in  conflict  between  tribes  and  settlers.  How- 
ever, the  resettlement  of  communities  affected  by 
the  the  Turcurui  resevoir  shows  that  resettlement 
can  be  accomplished  without  serious  problems,  if 
well-planned  and  carried  out.  (Male-PTT) 
W90-05350 

HYDRAULIC  TURBOCHARGEROM):  A  NEW 
TYPE  OF  DEVICE  FOR  THE  REDUCTION  OF 
FEED  PUMP  ENERGY  CONSUMPTION  IN 
REVERSE  OSMOSIS  SYSTEMS. 

Naval  Civil  Engineering  Lab.,  Port  Hueneme,  CA. 
For  primary  bibliographic  entry  see  Field  3A. 
W90-O5430 

HEAT  BUDGET  OF  A  HIGH  MOUNTAIN  RES- 
ERVOIR IN  THE  CENTRAL  PYRENEES. 

Barcelona  Univ.  (Spain). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05459 

8D.  Soil  Mechanics 

FILL  SLOPE  REPAIR  USING  SOIL  BIOEN- 
GINEERING  SYSTEMS. 

Sotir  (Robbin  B.)  and  Associates,  Marietta,  GA. 
R.  B.  Sotir,  and  D.  H.  Gray. 
Public  Works  PUWOAH,  Vol.  120,  No.  13,  p  37- 
40,77,  December  1989.  3  fig,  1  tab. 


Descriptors:  'Slope  stabilization,  *Erosion  control, 
•Soil  engineering,  'Soil  erosion,  Slope  protection, 
Slope  degradation,  Sediment  control,  Planting 
management,  Stability  analysis,  North  Carolina, 
Construction  materials. 

Soil  bioengineering  is  an  applied  science,  combin- 
ing mechanical,  biological,  and  ecological  concepts 
to  construct  living  structures  for  erosion,  sediment, 
and  flood  control.  Plant  parts  are  used  as  the  major 
structural  components  to  reinforce  the  soil  mantle. 
Soil  bioengineering  systems  function  immediately 
as  soil  reinforcing  units  and  as  barriers  to  surtace 
erosion.  In  time,  roots  and  shoots  develop  to  fur- 
ther enhance  stability.  The  North  Carolina  Dept. 
of  Transportation  chose  a  failing  slope  site  about 
sixty  miles  east  of  Ashville  as  the  test  for  soil 
bioengineering    systems.    The    demonstration   site 
was  an  870  ft  long  fill  slope  having  a  southern 
exposure,  and  a  maximum  height  of  60  ft,  with  the 
slope  varying  from  1.5:1  to  2:1.  Robbin  B.  Sotir  & 
Associates  was  contracted  to  develop  preliminary 
construction  plans,  procedures  and  specifications 
for  the  project  in   1986.   Stability  analyses  were 
made,  including  determining  the  factor  of  safety, 
the  effect  of  plant  roots  on  the  soil,  and  infinite 
slope   analysis.   The  site  was  divided   into   three 
major  areas  with  different  systems  to  be  installed  in 
each  area:  live  staking,  live  cribwall,  cut  brush- 
layers,  and  live  fascines  for  fairly  stable  Area  1  (2:1 
slope)-  fill  brushlayers,  reinforced  brushlayers,  live 
staking,  and  rooted  plants  for  heavily  eroded  Area 
2  (151  slope);  and  cut  brushlayers,  live  fascines, 
and  live  staking  for  Area  3  (1.5:1  to  2:1  slope). 
Live    material    requirements,    construction    tech- 
niques, and  spacing  and  width  requirements  from 
brushlayers  were  planned  for  each  area.  Installa- 
tion of  each  of  the  bioengineering  systems  used  are 
discussed,   including   live   staking,   brushlayering, 
live   fascine,   and   live   cribwall   installation.    Soil 
bioengineering  is  an  excellent  way  to  repair  many 
shallow  mass  wasting  and  slope  erosion  problems. 
Systems  installed   on   this  demonstration   project 
permanently  stabilized  the  fill  slope  providing  soil 
reinforcement   from   plant   stems,   induration   and 
reinforcement  from  adventitious  roots,  and  favor- 
able modifications  of  the  soil  moisture  regime  near 
the  face  of  the  slope.  (VerNooy-PTT) 
W90-05333 


8E.  Rock  Mechanics  and 
Geology 

GEOCHEMISTRY  AND  ISOTOPE  HYDRO- 
GEOLOGY  OF  THE  MOUNT  EDZIZA-MESS 
CREEK  GEOTHERMAL  AREA. 

Piteau   (D.R.)   and    Associates   Ltd.,    Vancouver 

(British  Columbia). 

I  D.  Clark,  P.  Fritz,  and  J.  G.  Souther. 

Canadian  Journal  of  Earth  Sciences  CJESAP,  Vol. 

26,  No.  6,  p  1160-1171,  1989.  7  fig,  4  tab,  39  ref. 

Descriptors:  *Geohydrology,  *Geochemistry, 
•Geothermal  studies,  'Volcanoes,  *Thermal 
water,  'Isotope  studies,  Paleohydrology,  Geologic 
history,  Thermal  groundwater,  Mount  Edziza, 
Canada,  Groundwater  movement. 

The   Mount   Edziza   volcanic   complex,   a  recent 
volcano  within  British  Columbia's  northern  Inter- 
montane  Belt,  and  the  adjacent  Mess  Creek  valley, 
were  investigated  to  evaluate  the  origin,  geother- 
mal history,  and  age  of  associated  thermal  waters. 
Samples  of  thermal  and  cold  groundwaters,  runoff, 
and  glacier  ice  were  collected  for  chemical  and 
environmental    isotope    analysis.    Mount    Edziza 
thermal  waters,  discharging  at  36  and  46  C  from 
extensive  travertine  formations  at  the  base  of  the 
volcanic  pile,  originate  as  glacier  meltwater  on  the 
summit  of  the  complex.  Their  Na(Ca,Mg)-HC03 
chemistry  is  a  product  of  alteration  reactions  with 
alkali  basalts  under  a  high  C02  partial  pressure. 
Chemical   and   isotope   geothermometers   suggest 
that  subsurface  temperatures  are  less  than  about 
100  C.  Carbon- 13  data  show  that  the  high  carbon 
dioxide  contents  (close  to  1  bar  (100  kPa)  pressure) 
likely  originate  through  high-temperature  decar- 
bonation  of  marine  carbonates  at  depth,  and  mani- 
fest a  deep  geothermal  component  in  an  essentially 
high-level  geothermal  flow  system.   Mess  Creek 
thermal  waters  discharge  at  43  C  from  a  fault- 


controlled  flow  system  unrelated  to  the  Mount 
Edziza  complex,  showing  evidence  of  equilibrium 
with  local  basement  rocks  at  temperatures  less  than 
about  100  C.  Deep  circulation  within  a  region  of 
slightly  higher  than  normal  geothermal  gradients  is 
given  as  the  mechanism  for  heating.  The  low  H3 
contents  suggest  that  the  thermal  waters  are  triti- 
um free  (>  30  yrs  old)  and  are  mixing  with  be- 
tween 10  and  40%  nonthermal  groundwater  in  the 
discharge  areas.  (Author's  abstract) 
W90-04585 

8G.  Materials 


PLASTIC  PIPE:  A  CHANCE  FOR  REVIVAL. 

Simpson  Gumpertz  and  Heger,   Inc.,  Arlington, 

MA. 

R.  E.  Chambers.  „*~t»*™ 

Water  Engineering  and  Management  WEN  MUZ, 

Vol.  136,  No.  6,  p  27-31,  June  1989. 

Descriptors:  *Pipes,  *Water  conveyance,  'Con- 
veyance structures,  *Plastic  pipes,  Design  stand- 
ards, Design  criteria,  Stress,  Tensile  stress,  Per- 
formance evaluation,  Hydraulic  structures,  Plumb- 
ing. 

The  new  and  revised  American  Water  Works  As- 
sociation (AWWA)  standards  for  plastic  water- 
works pipe  are  reviewed.  These  revisions  include 
dramatic  size  increases  and  significant  new  provi- 
sions on  materials,  design  and  installation.  The  new 
requirements  should  ultimately  result  in  improved 
reliability.  Environmental  stress  crack  resistance  is 
a  key  index  of  long-term  performance  capabilities 
of  polyethylene  pipe  materials.  The  new  standards 
of  polyethylene  pipe  introduced  the  newer  state-of- 
the-art  materials,  namely  PE  2406  and  PE  3408, 
while  retaining  the  older  compounds  with  environ- 
mental stressed  crack  resistance  ratings.  A  new  and 
more    stringent    elevated-temperature    sustained- 
pressure  test,  performed  at  80  C  under  constant 
water   pressure,   replaces   the   original   sustained- 
pressure  test  that  was  performed  at  room  tempera- 
ture For  the  first  time,  a  simple  'bent-strip'  test  can 
be  used  to  check  pipe  quality  before  installing  it 
underground.  Also,  the  new  standard  for  fiberglass 
pipe  now  includes  a  range  of  stiffness  classes,  rang- 
ing from  9  to  72  psi,  rather  than  a  single  minimum 
stiffness  of  10  psi.  Finally,  a  new  calculation,  de- 
rived from  pipe-soil  interaction  tests,  has  been  in- 
cluded in  the  fiberglass   standard   for  combined 
loading  stress  (strain)  due  to  the  effects  of  internal 
pressure  and  externa!  earth  load.  This  accounts  for 
the  lower  bending  stresses  that  develop  as  flexible 
pipe,    naturally    ovalled    underground,    becomes 
more  circular  as  the  pipe  is  pressurized  in  service. 
(Friedmann-PTT) 
W90-04575 

DEVELOPMENT  OF  THE  PIPE  LOOP 
SYSTEM  FOR  DETERMINING  EFFECTIVE- 
NESS OF  CORROSION  CONTROL  CHEMI- 
CALS IN  POTABLE  WATER  SYSTEMS. 

Construction  Engineering  Research  Lab.  (Army), 

Champaign,  IL. 

For  primary  bibliographic  entry  see  Held  M\ 

W90-05148 


ACCURACY  OF  ACOUSTIC  VELOCITY  ME- 
TERING SYSTEMS  FOR  MEASUREMENT  OF 
LOW  VELOCITY  IN  OPEN  CHANNELS. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-05190 


PROTECTIVE  COATINGS  AT  A 

WASTEWATER  TREATMENT  PLANT. 

Willow  Lake  Wastewater  Treatment  Plant,  Salem, 

OR 

For   primary   bibliographic   entry   see   Field   5D. 

W90-05328 

ALBUQUERQUE'S  SEWER  REHABILITATION 
PROGRAM. 

Albuquerque's     Wastewater     Line     Maintenance, 


i 
■  '■  \ 


■ 


a 


197 


Field  8— ENGINEERING  WORKS 


& 


> 

a- 

a. 


Group  8G— Materials 

NM. 

For   primary   bibliographic   entry   see   Field    5D 

W90-05329 


ELECTROCHEMICAL  MONITORING  OF  THE 
PROCESS  OF  BOILER  CLEANING. 

Water  and  Electricity  Dept.,  Abu  Dhabi  (United 

Arab  Emirates).  Material  Testing  Lab 

For  primary  bibliographic  entry  see  Field  3A 

W90-05436 


MEASUREMENT  OF  LOCALIZED  METAL  RE- 
MOVAL IN  PIPES  BY  GAMMARAY  BACK- 
SCATTERING  METHOD. 

King    Abdulaziz    Univ.,    Jeddah    (Saudi    Arabia). 

Coll.  of  Engineering. 

For  primary  bibliographic  entry  see  Field  3A 

W90-05437 


NEUTRON-CAPTURE  GAMMA-RAY  TECH- 
NIQUE FOR  SCALE  IDENTIFICATION 
INSIDE  PIPES. 

King    Abdulaziz    Univ.,    Jeddah    (Saudi    Arabia). 

Coll.  of  Engineering. 

For  primary  bibliographic  entry  see  Field  3A 

W90-05438 

8H.  Rapid  Excavation 


CHANNEL  TUNNEL,  TEXAS  STYLE. 

Brown  and  Root  Development,  Inc.,  Houston,  TX 
D.  Ivor-Smith,  and  S.  Nandagiri. 
Civil   Engineering   (ASCE)   CEWRA9,   Vol.    59 
No.  12,  p  40-43,  December  1989.  4  fig. 

Descriptors:  *Tunnel  construction,  *Water  deliv- 
ery, Cost  analysis,  Water  transport,  Pipes,  Excava- 
tion, Sediments,  Houston  Ship  Channel  Tunnel, 
Greens  Bayou,  Design  criteria. 

Two  tunnels  are  being  constructed  in  soft  ground 
beneath  the  Houston  Ship  Channel  and  Greens 
Bayou  as  part  of  the  Houston  area's  water  delivery 
system.  When  completed  the  tunnels  will  convey 
320  million  gal.day  of  raw  water  to  one  of  Hous- 
ton's water  purification  plants.  The  initial  tunnel 
specifications  emphasized  the  minimization  of  risks 
to  lower  costs  either  through  the  initial  bid  or  as  a 
result  of  claim  mitigation.  Seismic  investigations 
helped  delineate  clay  zones  and  showed  the  need 
to  place  the  tunnels  deeper.  Pipeline  depth  and 
cost  considerations  dictated  a  primary  lining  of 
bolted  steel  segments  with  a  10  ft,  2  inch  diameter 
to  provide  the  necessary  clearance  for  the  108  inch 
steel  carrier  pipe.  Deflection  studies  of  linear  de- 
formation caused  by  ground  stress  showed  that 
overstress  was  not  occurring  and  the  values  ob- 
tained came  in  close  agreement  with  the  0.5  inch 
design  criteria.  Shafts  were  constructed  using  cir- 
cular concrete  caissons  sunk  from  sheetpile  and 
ring  wale  starter  pits.  The  measured  heave  result- 
ing from  deep  excavations  ranged  between  1.7 
inches  and  2.2  inches,  indicating  that  the  ground 
and  tunnels  were  behaving  as  expected.  A  133  inch 
diameter  Lovat  TBM,  which  features  the  ability  to 
convert  to  an  earth  pressure  balance  shield  when 
necessary,  was  used  for  the  deep  tunnel  drives. 
Since  the  TBM  was  designed  with  a  stroke  allow- 
ing simultaneous  erection  of  two  2  ft.  wide  rings,  it 
was  possible  to  reduce  ring  erection  time  consider- 
ably by  prebolting  adjacent  segments  of  two  rings 
at  the  fabricator  shop.  Advance  rates  averaged  30 
ft  per  12  hour  shift,  with  a  maximum  of  64  ft  in  a 
single  shift.  Tunneling  is  expected  to  continue  into 
1990,  with  the  deep  Greens  Bayou  tunnel  being  the 
last  drive  to  be  completed.  (Male-PTT) 
W90-05349 


81.  Fisheries  Engineering 


DEVELOPMENT  OF  WATER  RELEASE 
PLANS  FOR  MINIMIZING  FISH  KILLS 
BELOW  TULSA  DISTRICT,  CORPS  OF  ENGI- 
NEERS IMPOUNDMENTS. 

Corps  of  Engineers,  Tulsa,  OK  Tulsa  District 
S.  L.  Nolen,  J  H.  Carroll,  and  J.  N.  Veenstra. 
Journal  of  Environmental  Systems  JEVSBH,  Vol. 


18,  No.  4,  p  353-366,  1988/89.  3  fig,  2  tab,  9  ref. 

Descriptors:  'Dam  effects,  'Thermal  pollution, 
•Water  pollution  effects,  "Anoxic  conditions, 
Fish  management,  'Temperature  effects,  'Fish- 
kill,  Mortality,  Water  temperature,  Fish  popula- 
tions, Reservoirs,  Reservoir  releases,  Dissolved 
oxygen,  Eufaula  Lake,  Tailwater. 

Late  summer  fish  kills  comprised  primarily  of 
striped  bass  (Morone  saxatilis)  and  associated  with 
high  water  temperatures,  low  levels  of  dissolved 
oxygen  (DO)  and  fish  entrapment  occasionally 
occur  in  the  tailwaters  of  Tulsa  District,  Corps  of 
Engineers  impoundments.  In  response  to  these 
kills,  studies  were  initiated  to  develop  means  of 
using  minimal  water  releases  to  consistently  main- 
tain adequate  temperature  and  dissolved  oxygen 
conditions  for  fish  survival  below  these  projects. 
Activities  included  the  use  of  the  computer  model, 
SELECT,  for  the  prediction  of  minimum  required 
releases,  followed  by  field  verification  of  predicted 
release  characteristics.  At  Eufaula  Lake,  Oklaho- 
ma, release  plans  were  developed  for  preventing 
tailwaters  anoxia  resulting  from  leakage  of  low  DO 
waters  through  power  penstocks.  At  Ft.  Gibson 
Lake,  Oklahoma,  releases  were  used  to  prevent 
fish  mortality  caused  by  elevated  water  tempera- 
tures. In  both  instances,  the  SELECT  model  ade- 
quately predicted  release  characteristics  and  low 
level  (approximately  0.7  cu  m/sec),  continuous 
sluice  releases  were  successfully  used  to  prevent 
fish  kills.  (Author's  abstract) 
W90-04607 


GROWTH  POTENTIALITIES  OF  THE  GIANT 
TROPICAL  PRAWN,  MACROBRACHIUM  RO- 
SENBERGII  (DE  MAN),  IN  WASTE-HEAT  DIS- 
CHARGE WATERS  OF  A  THERMOELECTRIC 
POWER  STATION. 

Akademiya  Navuk  BSSR,  Minsk.  Inst,  of  Zoology 
N.  N.  Khmeleva,  V.  F.  Kulesh,  and  Y.  G. 
Guiguiniak. 

Aquaculture  AQCLAL,  Vol.  81,  No.  2,  p  1 1 1-1 17 
October  1989.  2  fig,  1  tab,  20  ref. 

Descriptors:  'Crustaceans,  'River  shrimp,  'Aqua- 
culture,  'Powerplants,  'Waste  heat,  'Thermal 
water,  'Cooling  ponds,  Growth  rates,  USSR, 
Thermal  powerplants. 

Giant  tropical  prawns,  Macrobrachium  rosenber- 
gii,  of  up  to  60  g  live  weight  have  been  grown  in 
waste-heat  discharge  waters  of  an  electricity  gen- 
erating station  in  the  USSR.  The  giant  prawns 
were  raised  in  mesh  bags  placed  in  a  running  water 
pond  which  received  water  from  a  heat  discharge 
canal  of  the  powerplant.  The  type  of  growth  of  the 
prawns  changes  during  ontogeny  in  accordance 
with  an  S-shaped  curve.  Daily  average  growth 
rates  are  defined  for  various  feed  and  rearing  con- 
ditions. Cooling  reservoirs  of  power-generating 
plants  can  be  used  for  rearing  prawns  both  on  an 
artificial  diet  and  with  natural  feed.  Nearly  80%  of 
the  prawns  attain  a  marketable  mass  of  20-35  g 
within  160-180  days  in  warm  waste  waters.  Annual 
yields  amount  to  3,000-3,500  kg/ha.  (Sand-PTT) 


ECONOMIC  TARGETING  OF  NONPOINT 
POLLUTION  ABATEMENT  FOR  FISH  HABI- 
TAT PROTECTION. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Ag- 
ricultural Economics. 

For  primary  bibliographic  entry  see  Field  5G 
W90-04657 


FACTORS  INFLUENCING  SALMONID  POPU- 
LATIONS IN  SIX  HEADWATERS  STREAMS 
CENTRAL  ARIZONA,  USA. 
Rocky   Mountain   Forest  and  Range  Experiment 
Station,  Tempe,  AZ.  Forestry  Sciences  Lab. 
For  primary  bibliographic  entry  see  Field  2H 
W90-04729 


SIGNIFICANCE  OF  TEMPERATURE  AND 
FOOD  AS  FACTORS  AFFECTING  THE 
GROWTH  OF  BROWN  TROUT,  SALMO 
TRUTTA  L.,  IN  FOUR  DANISH  STREAMS. 


Miljoestyrelsen,  Silkeborg  (Denmark).  Freshwater 

Lab. 

For  primary  bibliographic  entry  see  Field  2H 

W90-04730 


FISH      PRODUCTION-BENTHOS      PRODUC- 
TION RELATIONSHIPS  IN  TROUT  STREAMS. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Fisheries  and 

Wildlife. 

For  primary  bibliographic  entry  see  Field  2H 

W90-04731 


SOME  PHYSIOLOGICAL  RESPONSES  OF  AT- 
LANTIC SALMON  (SALMO  SALAR)  EXPOSED 
TO  SOFT,  ACIDIC  WATER  DURING  SMOLT- 
ING. 

Department    of    Fisheries    and    Oceans,    Halifax 
(Nova  Scotia).  Biological  Sciences  Branch. 
For  primary  bibliographic  entry  see  Field  5C 
W90-04858 


EVIDENCE  FOR  FLUORIDE  EFFECTS  ON 
SALMON  PASSAGE  AT  JOHN  DAY  DAM,  CO- 
LUMBIA RIVER,  1982-1986. 

National  Marine  Fisheries  Service,  Seattle,  WA 

Northwest  Fisheries  Center. 

For  primary  bibliographic  entry  see  Field  5C 

W90-04915 


YOUNG  FISH  DISTRIBUTION  IN  BACKWA- 
TERS AND  MAIN-CHANNEL  BORDERS  OF 
THE  KANAWHA  RIVER,  WEST  VIRGINIA. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.   Dept.   of  Fisheries  and   Wildlife  Sciences. 
For  primary  bibliographic  entry  see  Field  2H 
W90-05296 


STRANDING  OF  FISHES  BELOW  MCALPINE 
DAM  ON  THE  OHIO  RIVER. 

Louisville  Univ.,  KY.  Water  Resources  Lab. 
W.  D.  Pearson,  and  M.  A.  Froedge. 
Transactions  of  the  Kentucky  Academy  of  Science 
TKASAT,  Vol.  50,  No.  3/4,  p.  183-210,  Sep  1989 
1  fig,  4  tab,  46  ref. 

Descriptors:  'Ohio  River,  'Stream  fisheries,  'Dam 
effects,  Fish  stranding,  Seasonal  variation,  Locks, 
Fish  populations. 

Many  fishes  are  stranded  on  dewatered  substrates 
below  McAlpine  Locks  and  Dam  on  the  Ohio 
River  at  Louisville,  Kentucky,  when  the  upper 
gates  of  the  dam  are  closed  during  periods  of  low 
flow,  usually  June  to  October.  Between  11  June 
1984  and  21  April  1985  there  were  15  monitored 
stranding  events  and  166,437  stranded  fishes  of  54 
species  were  counted.  The  10  fishes  stranded  in 
greatest  numbers  were:  emerald  shiner,  freshwater 
drum,  gizzard  shad,  mooneye,  smallmouth  buffalo, 
goldeye,  sauger,  skipjack  herring,  channel  catfish, 
and  blue  sucker.  Numbers  of  fish  stranded  were 
correlated  with  time  of  final  closure,  season,  tem- 
perature, turbidity,  discharge  and  lower  pool  ele- 
vation. Mitigation  techniques  recommended  in- 
clude altering  times,  rate  and  sequence  of  gate 
closures  and  manipulation  of  lower  pool  eleva- 
tions. (Author's  abstract) 
W90-05309 


HEAT  DEATH  OF  FISH  IN  SHRINKING 
STREAM  POOLS. 

Miami  Univ.  Middletown,  OH.  Dept.  of  Zooloev 
N.  D.  Mundahl. 

American  Midland  Naturalist  AMNAAF,  Vol 
123,  No.   1,  p  40-46,  January  1990.  3  tab,  23  ref. 

Descriptors:  'Intermittent  streams,  'Fish  popula- 
tions. 'Thermal  stress,  'Temperature  effects, 
Water  temperature,  Ponds,  Fish,  Ohio,  Mortality, 
Shiner,  Minnow,  Darters,  Streams,  Environmental 
effects. 

During  early  July  1988,  Indian  Creek,  a  third- 
order  stream  in  Butler  County,  Ohio,  ceased  flow- 
ing at  a  site,  forming  a  series  of  isolated  pools. 
Responses  of  14  species  of  fish  were  observed  in 
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two  shallow  (<  20  cm)  pools,  when  maximum 
water  temperatures  reached  38.3  to  39.5  C.  Indi- 
viduals of  12  species  died  from  thermal  stress  in 
one  pool.  Despite  occurrence  of  these  high  water 
temperatures  on  at  least  two  separate  dates,  indi- 
viduals of  4  (of  12)  and  14  (of  14)  species  of  fish 
survived  in  the  two  pools,  respectively.  Mean  criti- 
cal thermal  maxima  (CTM)  of  six  species  of  fish 
(striped  shiner  Notropis  chrysocephalus,  silverjaw 
minnow  Ericymba  buccata,  bluntnose  minnow  Pi- 
mephales  notatus,  central  stoneroller  Campostoma 
anomalum,  quillback  carpsucker  Carpoides  cy- 
prinus,  fantail  darter  Etheostoma  flabellare)  col- 
lected from  one  of  the  pools  after  exposure  to  the 
high  temperatures  ranged  from  36.2  to  38.8  C. 
Survival  of  fish  in  the  pools  was  attributed  to  their 
elevated  thermal  tolerances  (CTMs),  and  the  use  of 
shaded  cooler  refugia  in  each  pool.  (Author's  ab- 
stract) 
W90-05310 

LIFE  HISTORY  OF  ANADROMOUS  COASTAL 

CUTTHROAT      TROUT      IN      SNOW      AND 

SALMON    CREEKS,    JEFFERSON    COUNTY, 

WASHINGTON,  WITH  IMPLICATIONS  FOR 

MANAGEMENT. 

Snow  Creek  Research  Station,  Port  Townsend, 

WA. 

J.H.Michael.  ,   „  VT 

California  Fish  and  Game  CAFGAX,  Vol.  75,  No. 

4,  p  188-203,  1989.  1  fig,  4  tab,  29  ref. 

Descriptors:  'Trout,  *Anadromous  fish,  'Life  his- 
tory studies,  *Fish  populations,  Stream  fisheries, 
Survival,  Smolt,  Fish  migration,  Washington. 

In  recent  years,  angler  effort  directed  at  anadro- 
mous  cutthroat  trout  has  increased  and  biologists 
have  become  concerned  about  the  health  of  im- 
pacted populations.  In  addition,  limited  research 
had  been  done  on  anadromous  cutthroat,  providing 
incomplete  information  on  which  to  base  manage- 
ment decisions.  The  Washington  Department  of 
Wildlife  established  a  field  station  at  Snow  Creek 
in  1976  which  subsequently  provided  an  opportuni- 
ty to  obtain  life  history  data  on  anadromous  and 
resident    cutthroat    trout.    Upstream    and    down- 
stream migrations  of  anadromous  coastal  cutthroat 
trout  adults,  subadults,  and  smolts  were  trapped 
and  enumerated  at  Snow  creek  Research  Station 
(Jefferson  County,  WA)  between  1975  and  1985. 
Survivals  of  adults  and  subadults  in  freshwater 
were  calculated  as  well  as  the  survival  of  smolts  in 
saltwater.  Results  were  than  compared  with  values 
generated  from  other  studies.  The  anadromous  cut- 
throat in  Snow  and  Salmon  creeks  represent  a  late- 
entry  stock  with  upstream  migration  peaking  be- 
tween January  and  April.  Overwinter  survival  of 
adults  and  sub-adults  in  freshwater  ranged  from 
22.2%  to  76.9%  and  appeared  related  to  winter 
temperature    and    flow    regimes    in    the    stream. 
Marine  survival  from  smolt  to  first  return  to  fresh- 
water were  too  low  to  maintain  the   maximum 
smolt  population  observed.  (Author's  abstract) 
W90-05322 


TEMPORAL  AND  SPATIAL  VARIATION  IN 
PELAGIC  FISH  ABUNDANCE  IN  LAKE  MEAD 
DETERMINED  FROM  ECHOGRAMS. 

Nevada  Univ.,  Las  Vegas.  Lake  Mead  Limnologi- 

cal  Research  Center. 

G.  R.  Wilde,  and  L.  J.  Paulson. 

California  Fish  and  Game  CAFGAX,  Vol.  75,  No. 

4,  p  218-223,  1989.  3  fig,  1  tab,  17  ref. 

Descriptors:  'Echograms,  *Sounding,  *Fish  popu- 
lations, 'Reservoir  fisheries,  'Lake  Mead,  *Shad, 
Temporal  distribution,  Population  density,  Season- 
al variation,  Spatial  distribution,  Chlorophyll  a, 
Statistical  analysis,  Correlation  analysis,  Lake  fish- 
eries, Arizona,  Nevada. 

In  freshwater,  echograms  have  been  used  to  de- 
scribe vertical,  spatial  and  temporal  patterns  in  fish 
abundance.  A  procedure  used  for  the  scoring  and 
statistical  analysis  of  echograms  as  relative  esti- 
mates of  pelagic  fish  abundance,  by  reporting  tem- 
poral and  spatial  variation  in  pelagic  fish  abun- 
dance in  Lake  Mead  was  developed.  Echograms 
were  scored  on  a  scale  of  1  to  5  and  used  as 
relative  estimates  of  pelagic  fish  abundance  in  Lake 


Mead,  Arizona-Nevada.  Spatial  and  temporal  pat- 
terns in  fish  abundance  and  the  association  between 
fish  abundance  and  chlorophyll  a  concentration 
were  tested  with  nonparametric  statistical  meth- 
ods. No  difference  was  found  in  fish  abundance 
between  the  years  of  the  study  (March  1981 
through  December  1982;  p  =  0.5017),  but  there 
was  significant  seasonal  (p  =  0.0068)  and  spatial  (p 
<  0.0001  heterogeneity  in  abundance.  Fish  abun- 
dance was  greatest  in  the  summer,  following  the 
threadfin  shad  spawn  in  March-June;  abundance 
declined  during  fall  and  winter,  but  there  was  no 
change  from  winter  to  spring.  Fish  abundance  was 
positively  correlated  with  chlorophyll  a  concentra- 
tion (r  sub  s  =  0.533,  p  <  0.0001).  (Author's 
abstract) 
W90-05324 

BIOACCUMULATION  OF  CINMETHYLIN  IN 
BLUEGILL  SUNFISH. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Wilmington, 

DE.  Agricultural  Products  Dept. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05327 


FISHERY  IN  NATURE  RESERVES  (FIS- 
CHEREI  IN  NATURSCHUTZGEBIETEN). 

Landesamt  fuer  Wasserwirtschaft  Rheinland-Pfalz, 
Mainz  (Germany,  F.R.). 
B.  W.  Scharf.  „      . 

Zeitschrift  fuer  Wasser  -  und  Abwasser  Forshung 
ZWABAQ,  Vol.  22,  No.  6,  p  235-239,  December 
1989.  1  tab,  19  ref.  English  summary. 

Descriptors:  'Fisheries,  'Recreation,  'Environ- 
mental effects,  'Ecological  effects,  Food  chains, 
Ecosystems,  Fish  stocking,  Wildlife  conservation, 
Wildlife  management. 

The  negative  effects  of  fisheries  on  the  ecosystem 
of  lakes  in  nature  reserves  include  deterioration  of 
shore  vegetation,  effects  of  manuring,  fish-feeding, 
fish  stocking  and  other  disturbances  of  the  natural 
food  web.  The  conflict  of  sport  fishery  vs.  nature 
conservation  is  enhanced  by  the  increased  leisure 
demands  of  the  people.  The  impact  of  recreation 
on  natural  waters  can  be  diminished  by  ensuring 
that  fishermen  are  well  informed,  by  reducing  fish- 
ing intensity,  and  providing  alternative  waters  for 
recreation.  The  relation  of  predatory  fish  to  cy- 
prinids  should  be  well  balanced.  Lakes  should  be 
investigated  at  regular  intervals  by  fish  experts.  To 
maintain  an  extensive  fishery,  only  the  natural 
yield  of  the  lake  should  be  caught  thus  preserving 
the  natural  ecosystem.  (Geiger-PTT) 
W90-05417 


Fisheries  Engineering — Group  81 

incorrectly  classified  in  1979.  Comparison  of  the 
1979  and  1989  lists  indicates  that  recovery  efforts 
have  been  locally  effective  for  some  species,  but 
are  clearly  lagging  behind  deterioration  of  the 
overall  fish  fauna.  The  health  of  aquatic  habitats  in 
North  America  continues  to  decay.  A  major  com- 
mitment to  conservation  of  entire  ecosystems, 
rather  than  the  inconsistent  recovery  efforts  for 
individual  species,  is  needed  to  reverse  this  trend. 
(Author's  abstract) 
W90-05448 


EXTINCTIONS  OF  NORTH  AMERICAN 
FISHES  DURING  THE  PAST  CENTURY. 

Michigan  Univ.,  Ann  Arbor.  Museum  of  Zoology. 
R  R  Miller,  J.  D.  Williams,  and  J.  E.  Williams. 
Fisheries  (Bethesda)  FISHDN,  Vol.  14,  No.  6,  p 
22-38,  November/December   1989.   10  fig,  2  tab, 
101  ref.  append. 

Descriptors:  'Fish  management,  'Fish  populations, 
'Extinction,  'Endangered  species,  North  America, 
Habitats,  Ecosystems,  History. 

Extinctions  of  3  genera,  27  species,  and  13  subspe- 
cies of  fishes  from  North  America  are  documented 
during  the  past  100  years.  Extinctions  are  recorded 
from  all  areas  except  northern  Canada  and  Alaska. 
Regions  suffering  the  greatest  loss  are  the  Great 
Lakes,  Great  Basin,  Rio  Grande,  Valley  of 
Mexico,  and  Parras  Valley  in  Mexico.  More  than 
one  factor  contributed  to  the  decline  and  extinc- 
tion of  82%  of  the  fishes.  Physical  habitat  alter- 
ation was  the  most  frequently  cited  causal  factor 
(73%).  Detrimental  effects  of  introduced  species 
also  were  cited  in  68%  of  the  extinctions.  Chemical 
habitat  alteration  (including  pollution)  and  hybrid- 
ization each  were  cited  in  38%  of  the  extinctions, 
and  overharvesting  adversely  affected  15%  of  the 
fishes.  This  unfortunate  and  unprecedented  rate  of 
loss  of  the  fishery  resource  is  expected  to  increase 
as  more  of  the  native  fauna  of  North  America 
becomes  endangered  or  threatened.  (Author's  ab- 
stract) 
W90-05449 


FISHES  OF  NORTH  AMERICA  ENDAN- 
GERED, THREATENED,  OR  OF  SPECIAL 
CONCERN:  1989. 

Bureau  of  Land  Management,  Washington,  DC. 
Endangered  Species  Committee. 
J.  E.  Williams,  J.  E.  Johnson,  D.  A.  Hendrickson, 
S.  Contreras-Balderas,  and  J.  D.  Williams. 
Fisheries  (Bethesda)  FISHDN,  Vol.  14,  No.  6,  p  2- 
20,  November/December  1989.  4  plates,  2  tab,  54 
ref,  append. 

Descriptors:  'Endangered  species,  'Fish  manage- 
ment, 'Fish  populations,  North  America,  Extinc- 
tion, Classification,  Recovery  efforts,  Habitats, 
Ecosystems. 

The  American  Fisheries  Society  provides  an 
update  of  their  now  decade-old  list  of  rare  North 
American  fishes.  The  1989  list  adds  139  new  taxa 
to  the  list  developed  in  1979  of  251  fishes  and 
removes  26  for  a  total  of  364  fishes  in  Canada, 
United  States,  and  Mexico  that  warrant  protection 
because  of  their  rarity.  The  26  taxa  removed  from 
the  1979  list  include  16  removed  because  of  better 
information  on  their  taxonomy  or  status  and  10 
because  they  have  become  extinct.  Not  a  single 
fish  warranted  removal  from  the  list  because  of 
successful  recovery  efforts.  In  addition,  49  fishes 
have  changed  in  status  but  remain  on  the  list:  7 
have  improved  in  status,  24  have  declined,  and  18 
have  been  reclassified  because  new  information 
revealed  that  they  were  either  more  common  or 
rarer  than  was  earlier  believed  and,  therefore,  were 


RESPONSE  OF  JUVENILE  STEELHEAD  TO 
INSTREAM  DEFLECTORS  IN  A  HIGH  GRADI- 
ENT STREAM. 

Humboldt  State  Univ.,  Areata,  CA.  Dept.  of  Fish- 
eries. 

J.  B.  Hamilton. 

IN:  Practical  Approaches  to  Riparian  Resource 
Management:  An  Educational  Workshop.  Ameri- 
can Fisheries  Society,  Bethesda,  MD.  1989.  p  149- 
158.  2  fig,  7  tab,  56  ref. 

Descriptors:  'Land  management,  'Water  resources 
management,  'Water  law,  'Stream  fisheries, 
'Stream  stabilization,  'Fish  management,  'Fish 
populations,  'Stream  improvement,  Steelhead, 
Salmon,  Streamflow,  Wildlife  habitats,  California, 
Deflectors. 

Stream  channel  characteristics  and  juvenile  steel- 
head  Oncorhynchus  mykiss  populations  were  esti- 
mated before  and  after  placement  of  boulder/rock 
triangular  wing  deflectors  in  10  sections  of  a  north- 
ern California  stream  in  an  effort  to  improve  rear- 
ing habitat.  An  equal  number  of  control  sections 
were  monitored.  Following  winter  flows  in  1981- 
1982,  14%  of  the  structures  were  functionally 
intact.  Changes  in  fry  and  parr  numbers,  densities, 
biomass,  and  standing  crops  in  treated  sections 
were  not  significantly  different  from  changes  in 
control  sections.  Condition  factor  of  parr  in  1982 
was  significantly  reduced  in  treated  sections  fol- 
lowing winter  flows.  A  significantly  lower  per- 
centage of  marked  parr  remained  in  treatment  sec- 
tions following  alteration.  A  review  of  similar 
habitat  improvement  evaluations  indicated  projects 
that  increase  populations  have  usually  been  sited 
on  lower  gradient  (mean  of  1.0%)  stream  reaches. 
Projects  that  did  not  demonstrate  population  in- 
creases were  generally  on  higher  gradient  (mean  of 
1.8%)  stream  reaches,  and  results,  although  valua- 
ble, are  less  frequently  published.  (See  also  W90- 
05491)  (Author's  abstract) 
W90-05513 
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RESERVOIR  FISHERIES  MANAGEMENT: 
STRATEGIES  FOR  THE  80'S. 

Proceedings  of  a  Symposium  held  in  Lexington, 
Kentucky,  June  13-16,  1983.  American  Fisheries 
Society,  Bethesda,  MD.  1986.  327p.  Edited  by 
Gordon  E.  Hall  and  Michael  J.  Van  Den  Avyle. 

Descriptors:  'Reservoir  fisheries,  *Reservoir 
design,  'Reservoir  operation,  'Reservoir  releases, 
•Reservoirs,  'Conferences,  Multipurpose  reser- 
voirs, Fish  management,  Fish  populations,  Fish 
stocking,  Fisheries,  Fish,  Fish  establishment,  Man- 
agement planning. 

Reservoirs  constitute  one  of  our  most  valuable 
fishery  resources-a  resource  that  is  exceedingly 
complex,  poorly  understood,  and  crudely  man- 
aged. As  such,  reservoirs  continue  to  provide 
major  fishery  management  problems  and,  conse- 
quently, offer  tremendous  opportunities  for  im- 
provement. A  symposium  was  held  in  Lexington, 
Kentucky,  on  June  13-16,  1983  to  explore  manage- 
ment of  reservoir  fisheries.  Specific  objectives  of 
the  symposium  were  (1)  to  provide  a  critical  as- 
sessment of  current  practices  for  managing  reser- 
voir fisheries;  (2)  to  provide  a  forum  for  the  ex- 
change of  information  and  ideas  among  users  and 
managers  of  reservoir  fishery  resources;  (3)  to 
stimulate  new  ideas  and  approaches  for  managing 
reservoir  fishery  resources;  (4)  to  identify  critical 
research  and  management  needs;  and  (5)  to  clarify 
the  role  of  fishery  management  relative  to  reser- 
voir planning,  operation,  and  other  recreational 
uses.  This  compilation  from  the  symposium  in- 
cludes technical  papers  on  development  of  man- 
agement programs  and  measurement  of  economic 
values,  assessment  of  fish  populations  and  measure- 
ment of  angler  harvest,  management  of  the  physi- 
cal and  chemical  environment,  management  of  res- 
ervoir fish  communities  by  influencing  species 
interactions  and  by  harvest  regulation,  manage- 
ment implications  of  energy  development  and  man- 
agement of  reservoir  releases.  Abstracts  of  poster 
presentations  focus  on  harvest  regulation  and  res- 
ervoir stocking.  (See  W90-05515  thru  W90-05531) 
(Mertz-PTT) 
W90-05514 


SIMULATION  MODEL  FOR  MANAGING 
FISHERIES  IN  RESERVOIRS  ON  THE  RIO 
GRANDE  OF  NEW  MEXICO. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 

Fishery  and  Wildlife  Sciences. 

R.  Cole,  T.  Ward,  F.  Ward,  and  R.  Deitner. 

IN:   Reservoir   Fisheries   Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda, 

MD.  1986.  p  18-27.  5  fig,  2  tab,  20  ref. 

Descriptors:  'Mathematical  models,  'Reservoir 
fisheries,  'Texas,  'Reservoirs,  'Reservoir  oper- 
ation, 'Fish  populations,  'Fish  management,  Res- 
ervoir storage,  Rivers,  Zooplankton,  Benthos, 
Economic  aspects,  Fishing. 

A  mathematical  model  of  the  upper  Rio  Grande 
system  above  El  Paso,  Texas  is  being  constructed 
to  predict  biological  and  economic  consequences 
of  alternatives  for  managing  river  flow  through  six 
reservoirs  and  their  connecting  waters.  The  hydro- 
logic  component  of  the  model  simulates  inputs  of 
water,  suspended  sediments,  and  limiting  plant  nu- 
trients to  reservoirs  which,  in  turn,  alter  reservoir 
water  level,  depth  of  light  penetration,  and  concen- 
tration of  limiting  nutrients.  The  biological  compo- 
nent uses  the  simulated  fluctuations  of  water  levels 
and  material  loadings  as  well  as  meterological  data, 
including  solar  radiation,  to  determine  flows  of 
energy  and  materials  through  aquatic  plants,  inter- 
mediate consumers,  and  fish.  Fish  production  is 
partitioned  into  groups  that  feed  primarily  on  zoo- 
plankton,  zoobenthos,  and  fish,  and  occupy  five 
different  habitats  based  on  levels  of  illumination. 
The  economic  component  requires  predicted  esti- 
mates of  fish  production  and  water-level  changes 
as  well  as  user  travel  costs,  income,  fishing  success 
rates,  and  population  distribution.  A  recreational 
use-projection  and  dollar-benefit  prediction  model 
has  been  developed,  which  includes  an  empirically 
determined  relationship  between  fish  yield,  fishing 
effort,  and  economic  benefits.  The  model  will  be 
useful  for  (1)  improved  predictions  of  fluctuations 
that     cause     reproductive     failure,     productivity 


changes  or  predator/prey  imbalances;  (2)  develop- 
ment of  alternative  water  management  plans  that 
increase  fish  reproductive  success;  (3)  assessing  the 
value  of  water  for  improved  fisheries;  and  (4) 
influencing  policy  or  program  decisions  that  affect 
the  water  quality  or  structure  of  the  river  system 
(See  also  W90-05514)  (Mertz-PTT) 
W90-05515 


MANAGEMENT  OF  FISHERIES  ON  LARGE 
AFRICAN  RESERVOIRS-AN  OVERVIEW. 

Food  and  Agriculture  Organization  of  the  United 
Nations,  Rome  (Italy).  Fishery  Resources  and  En- 
vironment Div. 
J.  M.  Kapetsky. 

IN:  Reservoir  Fisheries  Management:  Strategies 
for  the  80's.  American  Fisheries  Society,  Bethesda 
MD.  1986.  p  28-38.  1  fig,  3  tab,  40  ref. 

Descriptors:  'Reservoir  fisheries,  'Africa,  'Reser- 
voirs, 'Economic  aspects,  'Fish  harvest,  'Fish 
management,  Fish  populations,  Fish,  Reservoir  op- 
eration, Fishing,  Reservoir  yield. 

Reservoirs  provide  about  10%  of  the  1.4  million 
tons  of  fish  harvested  annually  from  Africa's  inland 
waters.  The  cumulative  surface  area  of  African 
reservoirs  exceeds  40,400  square  km.  The  predomi- 
nant resources  in  these  reservoirs  are  tilapias. 
Yields  in  the  larger  reservoirs  under  moderate  to 
heavy  fishing  pressure  currently  vary  from  about 
27  to  65  kg/hectare/year.  Many  African  countries 
are  food-poor,  and  much  of  the  available  labor 
force  is  underemployed;  therefore,  African  reser- 
voir fisheries  are  managed  primarily  to  produce 
food  fishes  and  to  create  employment.  Fisheries  are 
labor  intensive  rather  than  mechanized  and  are 
little  regulated.  Introduction  of  non-indigenous 
species  has  been  a  successful  management  tech- 
nique for  the  development  of  littoral  and  pelagic 
fisheries.  Development  of  reservoir  fisheries  has 
included  a  wide  variety  of  activities-brush  and 
tree  clearing;  boat  building;  training  in  fishing 
methods;  improvement  of  processing  techniques; 
establishment  of  water  and  road  transport  systems; 
market  facilities;  and  organization  of  fishermen's 
cooperatives  and  credit  schemes.  (See  also  W90- 
05514)  (Author's  abstract) 
W90-05516 


MANAGEMENT    OF    THE    PHYSICAL    AND 

CHEMICAL    ENVIRONMENT:    EFFECTS    OF 

WATER-LEVEL   CHANGES   ON   RESERVOIR 

ECOSYSTEMS,    WITH    IMPLICATIONS    FOR 

FISHERIES  MANAGEMENT. 

Aquatic  Ecosystem  Analysts,  Fayetteville,  AR 

G.  R.  Ploskey. 

IN:   Reservoir   Fisheries   Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda 

MD.  1986.  p  86-97.  104  ref. 

Descriptors:  'Reservoir  fisheries,  'Reservoir  re- 
leases, 'Fish  management,  'Reservoir  operation, 
Fish,  Fish  populations,  Management  planning,  Res- 
ervoirs, Water  level,  Model  studies. 

Over  350  papers  published  since  1930  compose  the 
extensive  literature  about  effects  of  water-level 
changes  on  aquatic  biota.  Most  of  the  literature 
details  single  pre-treatment  and  post-treatment 
studies  evaluating  effects  on  species  of  plants,  in- 
vertebrates, or  fish.  Although  some  conflicting  re- 
sults have  been  obtained,  fishery  managers  have 
developed  successful  management  plans  by  relying 
on  the  consensus  of  published  observations.  Most 
managers  seek  to  (1)  draw  down  water  levels  in 
late  summer  or  fall,  (2)  establish  terrestrial  vegeta- 
tion by  seeding  or  allowing  for  recolonization,  (3) 
flood  vegetation  in  spring,  and  (4)  maintain  high 
water  for  as  much  of  the  growing  season  as  possi- 
ble. Variations  of  this  general  plan,  with  regard  to 
magnitude,  duration,  and  timing  have  been  used, 
but  the  literature  suggest  that  only  broad  manipula- 
tions on  seasonal  or  annual  time  scales  yield  signifi- 
cant benefits.  Long-term  data  replicating  several 
management  and  recruitment  events  are  needed  to 
develop  predictive  models.  Comprehensive  models 
probably  are  lacking  today  because  manipulation 
and  evaluation  are  expensive  multi-year  efforts. 
However,  sound  predictions  will  become  increas- 
ingly important  to  justify  future  requests  for  modi- 


fied  reservoir  operations.   (See  also   W90-05514) 

(Author's  abstract) 
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MODIFYING  RESERVOIR  FISH  HABITAT 
WITH  ARTIFICIAL  STRUCTURES. 

Tennessee  Valley  Authority,  Knoxville. 

A.  M.  Brown. 

IN:   Reservoir   Fisheries   Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda, 

MD.  1986.  p  98-102.  25  ref. 

Descriptors:  'Reservoir  fisheries,  'Fish  manage- 
ment, 'Fishing,  'Reservoir  operation,  Fish  attrac- 
tors, Fish,  Fisheries,  Reservoirs,  Vegetation, 
Timber,  Tires,  Illumination. 

Artificial  structures,  mainly  fish  attractors,  have 
been  used  for  many  years  to  enhance  sport  fishing, 
The  effects  of  attractor  installation  were  first  re- 
ported in  1931.  Since  that  time,  the  art  of  fish 
attractor  installation  and  evaluation  has  evolved 
into  a  variety  of  useful  techniques,  many  of  which 
remain  to  be  evaluated  or  still  need  improvement. 
Fish  attractors  can  be  categorized  by  the  type  of 
material  used.  The  major  ones  are  (1)  brush,  (2) 
automobile  tires,  (3)  stake  beds,  (4)  standing 
timber,  and  (5)  shoreline  vegetation.  Many  other 
materials  have  been  used  including  gravel  beds,  log 
cribs,  flue  tile,  and  precast  concrete  forms.  Tech- 
niques of  structure  installation  need  to  be  evaluat- 
ed. The  possibility  of  concentrating  different  de- 
sired fish  species  by  using  a  combination  of  dissimi- 
lar attractor  types  and  installation  procedures  has 
not  been  explored.  Practices  such  as  artificial  bait- 
ing, attraction  with  underwater  lights,  environ- 
mentally safe  dyes  that  provide  shading  in  clear 
water  lakes,  sound  waves,  bubble  curtains,  phero- 
mones,  and  cage  culture  of  catfish  (which  often 
attracts  wild  fish)  are  some  of  the  possible  new 
areas  for  investigations  in  fish  attraction  and  con- 
centration. (See  also  W90-05514)  (Mertz-PTT) 
W90-05518 


REVIEW  OF  WATER  LEVEL  MANAGEMENT 
ON  KANSAS  RESERVOIRS. 

Kansas  Fish  and  Game  Commission,  Emporia 
D.  W.  Willis. 

IN:  Reservoir  Fisheries  Management:  Strategies 
for  the  80's.  American  Fisheries  Society,  Bethesda, 
MD.  1986.  p  110-114.  1  fig,  4  tab,  14  ref.  Federal 
Aid  Project  FW-9-P-2. 

Descriptors:  'Reservoir  operation,  'Reservoir  fish- 
eries, 'Reservoir  releases,  'Fish  management, 
•Kansas,  'Water  level  fluctuations,  'Water  level, 
Fisheries,  Transparency,  Fish  populations,  Wal- 
leyes, Bass,  Crappie,  Vegetation. 

Water  level  management  plans  in  Kansas  typically 
consist  of  a  spring  rise  to  flood  terrestrial  vegeta- 
tion, a  summer  drawdown  of  approximately  4  ft  to 
allow  regrowth  of  vegetation  and  concentrate 
predators  and  prey,  an  autumn  rise  of  approximate- 
ly 2  ft  to  flood  some  terrestrial  vegetation  and 
attract  waterfowl,  and  a  winter  drawdown  to  again 
concentrate  predators  and  prey  and  protect  re- 
maining vegetation  from  water  damage.  Netting 
data  indicate  that  this  program  has  increased  popu- 
lation densities  of  walleye  (Stizostedion  vitreum), 
white  crappie  (Pomoxis  annularis),  and  white  bass 
(Morone  chrysops)  in  impoundments  where  20% 
or  more  of  the  basin  area  was  exposed  during 
drawdown.  Largemouth  bass  (Micropterus  sal- 
moides)  densities  were  negatively  impacted,  pre- 
sumably because  of  the  reduction  of  vegetative 
habitat  resulting  from  mid-summer  drawdown. 
Water  transparencies  typically  increased  with  use 
of  this  water  level  management  plan.  (See  also 
W90-05514)  (Author's  abstract) 
W90-05520 


EFFECTS  OF  ENVIRONMENTAL  FACTORS 
ON  GROWTH  OF  LARGEMOUTH  BASS  IN 
TEXAS  RESERVOIRS. 

Texas  Parks  and  Wildlife  Dept.,  Ingram.  Heart  of 

the  Hills  Research  Station. 

For  primary  bibliographic  entry  see  Field  2H. 
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SPATIAL  HETEROGENEITY  IN  FISH  PA- 
RAMETERS WITHIN  A  RESERVOIR. 

Duke  Power  Co.,  Huntersville,  NC.  Production 

Environmental  Services. 

J.  R.  Siler,  W.  J.  Foris,  and  M.  C.  Mclnerny. 

IN:  Reservoir  Fisheries  Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda, 

MD.  1986.  p  122-136.  4  fig,  77  tab,  49  ref. 

Descriptors:  'Reservoir  fisheries,  *Fish  popula- 
tions, *Bass,  *Crappie,  *Shad,  »Reservoir  oper- 
ation, Fish,  Fish  harvest,  Fish  management,  Phos- 
phorus, Sport  fishing,  Chlorophyll,  Model  studies, 
Physical  properties,  Chemical  properties,  Manage- 
ment planning. 

Various  components  of  the   Lake  Norman   fish 
community  exhibited  spatial  heterogeneity.  Har- 
vest of  sport  fish  exhibited  a  longitudinal  trend 
within  the  reservoir  as  did  total  phosphorus  and 
chlorophyll   a   concentration.    Harvest   of  large- 
mouth  bass  (Micropterus  salmoides),  crappie  (Po- 
moxis  spp.),  striped  bass  (Morone  saxatilis),  and 
white  bass  (Morone  chrysops)  was  lowest  at  the 
most    downlake    area   (3    kg/hectare),    increased 
steadily  to  the  uplake  riverine  area  (51  kg/hectare), 
and  was  highest  at  the  discharge  of  a  steam-electric 
station  (316  kg/hectare).  Fishing  pressure  varied 
similarly.  Threadfin  shad  (Dorosoma  petenense) 
standing  stocks  in  October  exhibited  a  longitudinal 
gradient  that  was  similar  to  the  gradient  observed 
for   phytoplankton   standing   crop.   Interreservoir 
predictive  models  did  not  account  for  the  intrare- 
servoir  variability  in  fish  parameters,  most  likely 
because  the  models  failed  to  consider  the  heteroge- 
neity  of  habitat    and   physicochemical    variables 
within  the  reservoir.  The  existence  of  heterogene- 
ity in  fish  parameters  indicates  that  management 
decisions  based  on  data  collected  from  one  or  two 
stations  within  the  reservoir  could  be  erroneous 
and  that  managing  the  reservoir  as  a  biological 
entity   may  be  ineffective.   An   understanding  of 
gradients  within  reservoirs  would  help  managers 
collect  representative  samples  with  improved  pre- 
cision. Spatial  heterogeneity  in  fish  standing  stock, 
harvest,  and  mortality  in  Lake  Norman  indicates 
that  the  potential  of  the  fishery  is  not  realized 
because  of  species-specific  habitat   and   physical 
constraints.     Density-independent    mortality    ap- 
peared to  regulate  the  biomass  of  striped  bass  and 
threadfin  shad  in  the  reservoir  because  of  their 
relatively  narrow  thermal  requirements.  Removal 
of  these  constraints  would  allow  the  system  to 
become  regulated  by  density-dependent  phenom- 
ena, thus  improving  the  efficiency  and  stability  of 
the  system.  (See  also  W90-05514)  (Author's  ab- 
stract) 
W90-05522 


lent  fisheries,  certain  management  options  need  to 
be  considered  when  siting,  designing,  constructing 
and  operating  the  facilities;  these  include:  (1)  fish- 
eries should  be  an  integral  consideration  in  siting 
and  design  phases  of  project  development;  (2) 
formal  fishery  management  plans  need  to  be  devel- 
oped for  each  cooling  impoundment;  (3)  although 
most  states  maintain  responsibility  for  manage- 
ment, the  responsibility  for  monitoring  fisheries 
can  be  shared  by  the  utility;  (4)  research  is  needed 
to  evaluate  techniques  for  increasing  fish  yield;  (5) 
closure  of  impoundments  to  the  public  is  often 
implemented  for  safety  reasons;  safety  can  be  en- 
hanced by  instituting  relatively  inexpensive  physi- 
cal modifications  or  selectively  restricting  access; 
(6)  regulatory  agencies  that  work  to  reduce  ad- 
verse effects  from  cooling  impoundments  could 
use  monitoring  of  heat  load  to  maximize  fish  pro- 
duction; and  (7)  dialogue  among  fishery  biologists, 
limnologists,  engineers,  and  regulators  would  open 
up  innovative  options  for  increasing  fish  yields. 
(See  also  W90-05514)  (Mertz-PTT) 
W90-05523 


FISHERY  MANAGEMENT  IN  COOLING  IM- 
POUNDMENTS. 

Duke  Power  Co.,  Huntersville,  NC.  Production 

Environmental  Services. 

L.  L.  Olmsted,  and  J.  P.  Clugston. 

IN:  Reservoir  Fisheries  Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda, 

MD.  1986.  p  227-237.  1  fig,  52  ref. 

Descriptors:  *Cooling  ponds,  *Powerplants,  •Res- 
ervoir fisheries,  *Fish  management,  *Reservoir  op- 
eration, 'Waste  heat,  Reservoir  design,  Reservoir 
siting,  Reservoir  construction,  Reservoirs,  Fish, 
Fishing,  Fisheries,  Water  temperature,  Thermal 
pollution,  Heated  water,  Temperature  effects. 

Impoundments  constructed  primarily  for  the  dissi- 
pation of  waste  heat  from  powerplants  represent  a 
unique  aquatic  habitat.  Although  cooling  impound- 
ments typically  support  substantial  fisheries,  in- 
creasing fishing  demand  dictates  that  these  im- 
poundments be  managed  productively.  Virtually 
all  fishery  management  techniques  used  in  non- 
cooling  lakes  and  reservoirs  can  be  applied  to 
cooling  impoundments  with  only  minor  modifica- 
tions. Numerous  additional  management  options 
unique  to  cooling  impoundments  are  available  as  a 
result  of  the  pumping  and  heating  of  large  quanti- 
ties of  water.  These  options  range  from  altering 
stocking  strategies  to  capitalize  on  the  altered  ther- 
mal regime  to  attempting  to  influence  water  qual- 
ity and  nutrient  availability  by  controlling  mixing 
patterns.  For  cooling  impoundments  to  be  excel- 


OVERVIEW  OF  RESERVOIR  FISHERIES 
PROBLEMS  AND  OPPORTUNITIES  RESULT- 
ING FROM  HYDROPOWER. 

Sport  Fishing  Inst.,  Washington,  DC. 

N.  S.  Prosser. 

IN:  Reservoir  Fisheries  Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda, 

MD.  1986.  p  238-246.  63  ref. 

Descriptors:  *Powerplants,  "Hydroelectric  plants, 
•Reservoir  fisheries,  *Fish  management,  *Reser- 
voir  operation,  Fish  migration,  Legal  aspects, 
Water  law,  Environmental  protection,  Environ- 
mental policy,  Fisheries. 

Interest  in  hydropower  in  the  United  States  is 
undergoing  a  resurgence,  and  some  1900  sites  have 
been  identified  for  new  hydropower  development. 
Hydropower  facilities  affect  fisheries  by  creating 
impoundments,  imposing  migration  barriers,  and 
by  altering  physio-chemical  characteristics  and 
biota  of  impounded  water.  Opportunities  for  recre- 
ational fisheries  development  are  commonly  associ- 
ated with  hydropower  impoundments.  Fisheries 
biologists  must  prepare  management  recommenda- 
tions with  an  understanding  of  operational  impacts 
on  fish  passage,  reproduction,  and  survival.  The 
Pacific  Northwest  Electric  Power  Planning  and 
Conservation  Act,  passed  in  December  1980,  man- 
dates the  conservation  and  restoration  of  the  Co- 
lumbia River  Basin's  fish  and  wildlife  resources 
that  have  been  adversely  affected  by  hydroelectric 
development  and  operations.  This  congressionally 
mandated  guidance  for  responsible  natural  re- 
sources management,  including  fisheries,  should 
serve  as  a  protocol  leading  to  similar  commitments 
by  the  hydropower  industry  throughout  the  coun- 
try. (See  also  W90-05514)  (Mertz-PTT) 
W90-05524 
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water  level  fluctuations  and  variable  flows.  Fish 
kills  have  occurred  due  to  gas  supersaturation,  low 
dissolved  oxygen  concentrations,  and  periodic 
dewatering  of  the  turbine  draft  tubes  for  mainte- 
nance purposes.  Mortality  caused  by  pumpback 
also  is  a  severe  problem.  Less  obvious,  long-term 
impacts  of  the  operation  of  Truman  Dam  are  also 
being  studied.  Placement  of  this  type  of  pumped 
storage  hydroelectric  facility  between  two  large 
warm-water  reservoirs  is  unique.  Hopefully,  fish- 
ery problems  documented  at  the  Truman  Dam 
project  can  be  avoided  in  future  energy  develop- 
ment projects.  (See  also  W90-05514)  (Author's  ab- 
stract) 
W90-05525 


MANAGEMENT  OF  LARGEMOUTH  BASS  IN 
A  PERCHED  COOLING  POND  IN  ILLINOIS. 

Illinois  Power  Co.,  Clinton.  Clinton  Power  Sta- 
tion. 

J.  A.  Smithson,  K.  F.  Kurzawski,  and  T.  V. 
Clevenger. 

IN:  Reservoir  Fisheries  Management:  Strategies 
for  the  80's.  American  Fisheries  Society,  Bethesda, 
MD.  1986.  p  255-260.  1  fig,  4  tab,  21  ref. 

Descriptors:  *Cooling  ponds,  'Reservoir  fisheries, 
*Fish  populations,  *Bass,  'Temperature  effects, 
•Powerplants,  *Shad,  Reservoir  discharge,  Water 
temperature,  Illinois,  Reservoirs,  Fish  harvest, 
Growth,  Fish  management. 

A  population  of  largemouth  bass  (Micropterus  sal- 
moides) in  a  perched  cooling  pond  in  Illinois 
(Baldwin  Cooling  Pond)  was  monitored  by  elec- 
trofishing  from  1979  through  1982.  The  population 
was  characterized  by  seasonal  movements  in  re- 
sponse to  thermal  discharges,  rapid  growth,  and  a 
high  proportion  of  young-of-the-year  and  Age-1 
fish.  During  winter  months,  catch  rates  of  large- 
mouth  bass  were  90%  higher  in  the  discharge 
canal  than  at  mid-lake  or  at  the  power  plant  intake. 
Catch  rates  declined  in  the  discharge  canal  during 
the  summer  and  increased  again  in  the  fall.  Mean 
lengths  attained  by  young-of-the-year  (232  mm) 
and  yearling  largemouth  bass  (355  mm)  by  Decem- 
ber were  similar  to  the  highest  growth  rates  re- 
ported in  the  literature.  Rapid  growth  is  attributed 
to  the  general  interaction  of  temperatures  optimum 
for  growth  and  establishment  of  an  overwintering 
threadfin  shad  (Dorosoma  petense)  population. 
The  young-of-the-year  and  Age-1  fish  accounted 
for  more  than  86%  of  the  largemouth  bass  collect- 
ed during  August-December  of  each  year.  The 
combination  of  insufficient  recruitment  and  over- 
harvest  of  Age-2  and  older  fish  contributed  to  the 
imbalanced  age  structure.  Management  strategies 
for  largemouth  bass  are  discussed  in  relation  to 
unique  characteristics  of  perched  cooling  ponds. 
(See  also  W90-05514)  (Author's  abstract) 
W90-05526 


FISHERIES  PROBLEMS  ASSOCIATED  WITH 
THE  TRUMAN  DAM  PUMPED  STORAGE  HY- 
DROELECTRIC PROJECT  IN  WEST  CEN- 
TRAL MISSOURI. 

Missouri  Dept.  of  Conservation,  Columbia. 

K.  R.  Richards,  R.  J.  Dent,  and  W.  H. 

Dieffenbach. 

IN:  Reservoir  Fisheries  Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda, 

MD.  1986.  p  247-254.  2  fig,  26  ref. 

Descriptors:  *Powerplants,  'Hydroelectric  plants, 
•Reservoir  fisheries,  *Fish  management,  *Fish  mi- 
gration, Truman  Dam,  Lake  of  the  Ozarks,  Chemi- 
cal properties,  Reservoir  operation,  Dams,  Bar- 
riers, Fish,  Fish  passages,  Fisheries. 

Harry  S.  Truman  Dam  was  completed  in  1977  to 
provide  flood  control,  recreation,  and  pumped 
storage  hydropower  production.  An  excellent  tail- 
water  fishery  developed  immediately  below 
Truman  Dam;  however,  problems  associated  with 
the  project  have  adversely  impacted  many  aspects 
of  the  fishery  of  Lake  of  the  Ozarks.  Spawning 
migrations  of  several  species  have  been  blocked, 
and  reproductive  success  of  species  able  to  spawn 
downstream  from  the  dam  has  been  affected  by 


MANAGEMENT  OF  RESERVOIR  RELEASES: 
IMPROVING  THE  DOWNSTREAM  ENVIRON- 
MENT BY  RESERVOIR  RELEASE  MODIFICA- 
TIONS. 

Tennessee  Valley   Authority,  Knoxville.   Div.  of 

Air  and  Water  Resources. 

R.  J.  Ruane,  C.  E.  Bohac,  W.  M.  Seawell,  and  R. 

M.  Shane. 

IN:  Reservoir  Fisheries  Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda, 

MD.  1986.  p  270-277.  1  tab,  46  ref. 

Descriptors:  'Water  quality  management,  •Power- 
plants,  *Reservoir  fisheries,  *Fish  management, 
•Reservoir  operation,  Tailwater,  Dams,  Aeration, 
Sluices,  Hydroelectric  plants,  Reservoir  releases, 
Physical  properties,  Chemical  properties,  Fisher- 
ies, Fish,  Environmental  protection. 

Tailwater  fisheries  can  be  adversely  impacted  by 
reservoir  releases,  but  engineering  modifications 
can  significantly  improve  them.  Physical  and 
chemical  factors  that  can  affect  tailwater  fisheries 
include  low  dissolved  oxygen,  changes  in  tempera- 
ture, supersaturation  of  total  dissolved  gases,  dis- 
solved chemical  substances  such  as  iron,  manga- 
nese, hydrogen  sulfide,  and  ammonia,  and  low 
streamflow.  Tailwaters  usually  are  affected  by  only 
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a  few  of  these  factors.  Each  tailwater  is  uniquely 
affected  depending  on  upstream  reservoir  oper- 
ations, the  water  quality  of  the  reservoir  releases, 
and  tailwater  characteristics.  Methods  that  have 
been  demonstrated  to  improve  tailwater  fisheries 
include  aeration  of  the  hypolimnion  in  the  up- 
stream impoundment,  destratification  of  the  up- 
stream impoundment,  hydroturbine  aeration,  tail- 
race  aeration,  multi-level  intakes  for  the  upstream 
reservoir,  sluicing,  modified  reservoir  operations, 
and  regulation  of  the  present  hydropower  releases. 
Few  of  these  methods  have  been  applied  on  a 
widespread  basis;  therefore,  experience  with  these 
techniques  is  limited,  and  associated  fishery  bene- 
fits have  not  been  adequately  documented.  (See 
also  W90-05514)  (Author's  abstract) 
W90-05528 


ENHANCING  TAILWATER  FISHERIES. 

Bureau  of  Reclamation,  Denver,  CO.  Engineering 

and  Research  Center. 

J.  C.  Peters. 

IN:   Reservoir  Fisheries  Management:   Strategies 

for  the  80's.  American  Fisheries  Society,  Bethesda 

MD.  1986.  p  278-285.  2  tab,  21  ref. 

Descriptors:     •Tailwater,     'Reservoir     fisheries, 
Fish  management,  Reservoir  releases,  Fish,  Man- 
agement  planning,    Hydrology,   Geomorphology, 
Research  priorities. 

The  most  important  physical  constraints  on  tail- 
water  fisheries  are  hydrology,  land  use,  geomor- 
phology, and  water  quality.  The  amount  of  water 
released  constitutes  the  most  fundamental  restric- 
tion on  the  range  of  management  and  allocation 
options  available  to  decision-makers.  It  is  essential 
to  balance  the  need  for  healthy  environments  for 
reservoir  and  tailwater  fisheries.  To  do  this  fish 
biologists  must  (1)  document  where  there  have 
been  successes  on  new  projects  or  where  existing 
projects  have  been  successfully  modified  and  (2) 
identify  legislative  needs  to  correct  longstanding 
problems  related  to  tailwater  fisheries.  To  enhance 
tailwater  fisheries  researchers  need  to  improve  life 
history  information  for  warm  and  cool  water  fishes 
in  rivers,  develop  more  effective  fish  sampling 
techniques  in  tailwaters,  increase  their  knowledge 
on  interspecific  competition,  publish  case  histories 
documenting  successful  management  of  tailwater 
fishes,  and  develop  and  implement  project  oper- 
ational criteria  affecting  tailwater  fisheries.  Recom- 
mendations for  future  action  include  setting  stand- 
ards, developing  guidance  documents,  and  carry- 
ing out  environmental  quality  assurance  programs 
(See  also  W90-05541)  (Mertz-PTT) 
W90-05529 


EFFECT  OF  A  HYPOLIMNETIC  DISCHARGE 
ON  REPRODUCTIVE  SUCCESS  AND 
GROWTH  OF  WARMWATER  FISH  IN  A 
DOWNSTREAM  IMPOUNDMENT. 

Tennessee  Valley  Authority,  Norris.  Office  of  Nat- 
ural Resources. 

G.  D.  Hickman,  and  K.  W.  Hevel. 
IN:   Reservoir  Fisheries  Management:   Strategies 
for  the  80's.  American  Fisheries  Society,  Bethesda, 
MD.  1986.  p  286-293.  2  fig,  4  tab,  8  ref. 

Descriptors:  *Reservoir  releases,  'Dam  effects, 
•Fish  populations,  'Reservoir  fisheries,  'Growth, 
Rotenone,  Bass,  Fish  management,  Hypolimnion, 
Plankton,  Ichthyoplankton,  Larvae,  Reservoirs, 
Water  temperature,  Fish  reproduction. 

Cove  rotenone  samples  (1972-1982),  electrofishing 
samples  (1975-1977),  and  ichthyoplankton  samples 
(1975-1976)  in  Melton  Hill  Reservoir  were  com- 
pared with  water  release  rates  from  upriver  Norris 
Dam  to  determine  impacts  of  a  hypolimnetic  dis- 
charge on  fish  reproductive  success  and  growth  of 
largemouth  bass  (Micropterus  salmoides)  in  a 
downstream  impoundment.  A  significant  inverse 
relationship  was  found  between  water  volume  dis- 
charge during  spring  and  early  summer  from 
Norris  Dam  and  same-year  estimates  of  young-of- 
year  numbers  from  cove  rotenone  samples.  Larval 
fish  samples  revealed  low  diversity  and  densities  in 
1975,  when  spring  discharges  were  high,  and  much 
higher  levels  in  1976,  when  spring  discharges  were 
low.  Cove  rotenone  data  showed  similar  increases 


of  2938%  in  clupeid  numbers  and  309%  in  centrar- 
chids  from  1975  to  1976.  Largemouth  bass  (Age  1) 
grew  significantly  faster  and  had  higher  young-of- 
year  production  during  years  of  low  spring  re- 
leases from  Norris  Dam  and  slower  growth  and 
low  young-of-year  production  during  years  of  high 
spring  discharges.  Variable  reservoir  temperature 
regimes  that  resulted  from  yearly  differences  in 
spring  and  early  summer  discharge  rates  produced 
significant  variations  in  spawning  success  of  warm 
water  species  and  growth  of  piscivorous  sport  fish 
(See  also  W90-05514)  (Author's  abstract) 
W90-05530 


WALLEYE  MIGRATION  THROUGH  TYGART 
DAM  AND  ANGLER  UTILIZATION  OF  THE 
RESULTING  TAILWATER  AND  LAKE  FISH- 
ERIES. 

West  Virginia  Dept.  of  Natural  Resources,  Fair- 
mont. Div.  of  Wildlife  Resources. 
F.  Jernejcic. 

IN:  Reservoir  Fisheries  Management:  Strategies 
for  the  80's.  American  Fisheries  Society,  Bethesda 
MD.  1986.  p  294-300.  6  tab,  1 1  ref. 

Descriptors:  'Powerplants,  *Fish  populations, 
'Reservoir  fisheries,  'Hydroelectric  plants,  'Wal- 
leyes, 'Fishing,  Dams,  West  Virginia,  Fish  man- 
agement, Tailwater,  Fish,  Reservoirs,  Fish  migra- 
tion, Environmental  impact  statement,  Dam  ef- 
fects, Sport  fishing,  Tygart  Lake,  Environmental 
effects. 

Fish  populations  in  1740-acre  Tygart  Lake,  West 
Virginia  and  its  tailwater  were  sampled  to  provide 
information  needed  to  evaluate  impacts  associated 
with  the  addition  of  hydropower  facilities  to  the 
Tygart  Lake  projects.  Walleyes  (Stizostedium  vi- 
treum  vitreum)  dominate  the  sport  fishery  of  the 
lake  and  migrate  through  the  dam,  providing  a 
major  tailwater  fishery.  Anglers  caught  6042  wal- 
leyes from  the  lake  and  8724  from  the  tailwater 
during  a  1-year  period.  Walleye  fishing  success 
was  higher  in  the  tailwater  than  in  the  lake  (0.56 
vs.  0.32  caught  per  hour).  Walleye  fishing  success 
was  highest  during  the  fall  in  the  lake  but  during 
the  spring  in  the  tailwater.  Tag  returns  indicated  a 
6%  exploitation  rate  for  lake  walleyes  during  a  1 5- 
month  period.  Tailwater  walleyes  experienced  a 
25%  exploitation  rate  during  a  7-month  period. 
Nine  percent  of  walleyes  tagged  in  the  lake  were 
caught  by  anglers  in  the  tailwater  from  December 
through  March.  Age-0  and  Age-1  walleyes  migrat- 
ed through  the  dam  more  readily  than  older  wal- 
leyes. Walleye  migration  occurred  during  the 
winter,  December  through  April,  at  times  when 
the  pool  elevation  was  decreasing  at  a  rate  of  at 
least  6-ft  per  24  hours.  (See  also  W90-05514)  (Au- 
thor's abstract) 
W90-05531 


LARVAL  FISH  AND  SHELLFISH  TRANSPORT 
THROUGH  INLETS. 

Proceedings  of  a  Workshop  Held  in  Ocean 
Springs,  Mississippi,  August  19-20,  1985.  American 
Fisheries  Society,  Bethesda,  MD.  1988.  Symposi- 
um 3.  165p.  Edited  by  Michael  P.  Weinstein. 

Descriptors:  'North  Carolina,  'Conferences, 
•Larvae,  'Inlets,  'Jetties,  Fish,  Fish  larvae,  Shell- 
fish, Shellfish  larvae,  Coastal  engineering,  Larval 
transport,  Flow,  Alteration  of  flow,  Flow  measure- 
ment. 

The  Larval  Transport  Workshop  was  convened  to 
reexamine  the  technical  foundation  of  the  transport 
issue  as  it  pertains  to  jetty  projects.  The  objective 
was  to  summarize  the  present  state  of  knowledge 
regarding  transport  processes,  because  there  were 
no  existing  data  sets  specifically  on  the  subject. 
The  collection  of  papers  in  this  volume  are  from 
the  workshop,  held  at  the  Gulf  Coast  Research 
Laboratory  in  Ocean  Springs,  Mississippi,  on 
August  19-20,  1985.  Long-standing  questions  re- 
garding the  effects  of  coastal  engineering  projects, 
particularly  construction  of  jetties  at  coastal  inlets, 
on  the  recruitment  of  egg  and  larval  stages  of 
fishes  and  shellfishes  are  addressed.  Thirteen  peer- 
reviewed  papers  examine  topics  such  as  transport 
of  water  masses  and  larvae  from  the  continental 
shelf  to  inlets,  transport  processes  and  mechanisms 


immediately  in  and  around  inlets,  general  physical 
oceanographic  processes  affecting  larval  fish  trans- 
port in  North  Carolina  inlets,  recruitment  process 
for  larvae  passage,  behavioral  tactics  and  physical 
factors  that  cue  larvae  during  passage  from  spawn- 
ing to  nurturing  ground  and  the  relative  roles  of 
passive  and  active  transport.  (See  W90-05533  thru 
W90-05545)  (Mertz-PTT) 
W90-05532 


TRANSPORT  MODEL  FOR  WATER  EX- 
CHANGE BETWEEN  COASTAL  INLET  AND 
THE  OPEN  OCEAN. 

State  Univ.  of  New  York  at  Stony  Brook.  Marine 

Sciences  Research  Center. 

For  primary  bibliographic  entry  see  Field  2L 

W90-05534 


OBSERVATIONS  ON  INLET  FLOW  PAT- 
TERNS DERIVED  FROM  NUMERICAL  AND 
PHYSICAL  MODELING  STUDIES. 

Coastal  Engineering  Research  Center,  Vicksbure 
MS.  6' 

For  primary  bibliographic  entry  see  Field  2L 
W90-05535 


PHYSICAL  OCEANOGRAPHIC  PROCESSES 
AFFECTING  LARVAL  TRANSPORT  AROUND 
AND  THROUGH  NORTH  CAROLINA  INLETS. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 
Marine,  Earth  and  Atmospheric  Sciences. 
For  primary  bibliographic  entry  see  Field  2L 
W90-05537 


ROLES  OF  BEHAVIORAL  AND  PHYSICAL 
FACTORS  IN  LARVAL  AND  JUVENILE  FISH 
RECRUITMENT  TO  ESTUARINE  NURSERY 
AREAS. 

National  Marine  Fisheries  Service,  Honolulu,  HI. 

Honolulu  Lab. 

For  primary  bibliographic  entry  see  Field  2L 

W90-05538 


PHYSICAL  PROCESSES  AND  THE  MECHA- 
NISMS OF  COASTAL  MIGRATIONS  OF  IM- 
MATURE MARINE  FISHES. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Zoology. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-05539 


POPULATION  DYNAMICS  OF  SMALL- 
MOUTH  BASS  (MICROPTERUS  DOLOMIEUI) 
IN  THE  GALENA  (FEVER)  RIVER  AND  ONE 
OF  ITS  TRIBUTARIES. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05611 


9.  MANPOWER,  GRANTS 
AND  FACILITIES 

9A.  Education  (Extramural) 


PERSPECTIVES  ON  WATER  RESOURCES 
EDUCATION  AND  TRAINING. 

Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  1,  p.  99- 
133,  January /February  1990.  30  tab,  3  ref,  2 
append. 

Descriptors:  'Civil  engineering,  'Engineering, 
'Education,  Surveys,  Training,  Professionals. 

An  ASCE  Task  Committee  conducted  an  opinion 
survey  of  563  engineering  professionals  on  the 
adequacy  of  current  educational  programs  in  water 
resources  engineering.  Where  the  responses  of 
practicing  professionals  and  educators  differed, 
separate  tables  present  the  opinions  of  both  groups. 
The  respondents  call  for  many  refinements  and 
changes  of  emphasis  and  scope  in  current  under- 
graduate, graduate,  and  continuing  education  pro- 
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grams.  Specific  recommendations  include  greater 
emphasis  upon  knowledge  and  skills  that  are  im- 
portant in  practice,  improvement  of  communica- 
tions skills  at  all  levels,  and  increasing  the  breadth 
of  degree  programs.  Recommendations  for 
strengthening  entrance  requirements  for  the  pro- 
fession are  included,  and  a  call  is  made  for  institu- 
tional adjustments  that  are  necessary  for  those  in 
practice  to  update  their  education  and  training. 
Respondents  want  the  ASCE  to  continue  to  stimu- 
late interaction  and  discussion  that  will  lead  to 
refinement  and  improvement  of  educational  and 
training  programs.  (Author's  abstract) 
W90-05305 

9D.  Grants,  Contracts,  and 
Research  Act  Allotments 

FISCAL  YEAR  1988  PROGRAM  REPORT 
(VERMONT  WATER  RESOURCES  RESEARCH 
INSTITUTE). 

Vermont  Water  Resources  Research  Center,  Bur- 
lington. 

A.  W.  Mcintosh. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-1 19637/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. School  of  Natural  Resources,  Report  No. 
G1594-01,  July  1989.  25p.  USGS  Contract  14-08- 
0001-G1594.  USGS  Project  G1594-01. 

Descriptors:  *Water  resources  institutes,  "Ver- 
mont, 'Research,  'Training,  'Information  transfer, 
Education,  Projects. 

Both  surface  and  groundwater  issues  were  ad- 
dressed in  the  FY88  Vermont  Water  Resources 
Research  Center  program.  Two  projects  focused 
on  groundwater,  with  one  assessing  techniques  for 
reducing  nitrate  contamination  in  agricultural  areas 
and  a  second  comparing  techniques  for  monitoring 
microbial  contamination.  A  third  project  consid- 
ered the  role  of  acid  deposition  in  the  fate  of 
aluminum  in  soils  and  water,  while  the  final  effort 
focused  on  the  relationship  between  phosphorus 
and  stream  algal  communities.  Information  transfer 
activities  included  a  workshop  on  Lake  Champlain 
issues,  an  annual  spring  meeting  and  the  produc- 
tion of  two  newsletters  in  cooperation  with  the 
Vermont  Extension  Service.  (USGS) 
W90-05195 


cal  models  of  nonpoint  source  contaminant  trans- 
port for  use  by  local  government  staff.  (USGS) 
W90-05197 


FISCAL  YEAR  1988  PROGRAM  REPORT 
(KENTUCKY  WATER  RESOURCES  RE- 
SEARCH INSTITUTE). 

Kentucky  Water  Resources  Research  Inst.,  Lex- 
ington. 

B.  J.  Barfield,  and  D.  T.  Kao. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-1 19660/ 
AS  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G-1564-01,  July  1989.  25p. 
USGS  Project  G1564-01. 

Descriptors:  'Water  resources  institutes,  'Ken- 
tucky, 'Research,  'Information  transfer,  'Train- 
ing, Education,  Projects. 

The  Annual  Report  of  the  Kentucky  Water  Re- 
sources Research  Institute  for  Fiscal  Year   1988 
describes  the  problems  and  issues  facing  the  Com- 
monwealth of  Kentucky.  The  program  goals  and 
priorities   describe   the   areas  of  water   resources 
research  the  Institute  addressed  in  1988.  A  synopsis 
of  each  of  the  four  research  projects  funded  is 
included.  The  four  projects  are  as  follows:  Project 
02,  '  Metal  Speciation  and  Immobilization  Reac- 
tions Affecting  the  True  Efficiency  of  Artificial 
Wetlands  to  Treat  Acid  Mine  Drainage,'  is  study- 
ing the  ability  of  various  organic  substance  found 
in  wetland  areas  to  reduce  acidity  and  levels  of  Al 
and  Fe.  Project  03,  'Effects  of  Aromatic  Concen- 
tration on  Methane  Fermentation,'  has  recognized 
that  phenol-degrading  bacteria  were  more  suscep- 
tible to  inhibition  caused  by  high  concentrations  of 
aromatic  compounds.  Project  04,  'Modeling  Mass 
Transport   in   Aquifers:   The   Distributed    Source 
Problem,'  is  looking  at  mathematical  model  solu- 
tions to  horizontal  and  vertical  infiltration.  Project 
05,  'Regionahzation  of  Flood  Data  Using  Probabil- 
ity Distributions  and  Their  Parameters,'  has  used 
cluster  analysis  to  define  flood  regions  and  flood 
response.  The  Institute's  technology  transfer  ac- 
tivities for  1988  are  included  along  with  the  coop- 
erative arrangements  that  exists  between  the  Insti- 
tute and  participating  universities.  Training  accom- 
plishments for  Fiscal  Year  1988  research  projects 
are  given  in  terms  of  category  and  academic  level. 
(USGS) 
W90-05198 


FISCAL  YEAR  1988  FEDERAL  PROGRAM 
REPORT  (NEW  YORK  STATE  WATER  RE- 
SOURCES INSTITUTE). 

New  York  State  Water  Resources  Research  Inst., 
Ithaca. 
K.  S.  Porter. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-1 19678/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Center  for  Environmental  Research,  Pro- 
gram Report  G 1579-01,  July  1989.  13p.  USGS 
Contract  14-08-0001-G1579.  USGS  Project  G1579- 
01. 

Descriptors:  'Water  resources  institutes,  'Re- 
search, 'Training,  'New  York,  'Information  trans- 
fer, Education,  Projects. 

A  major  portion  of  New  York's  FY88  annual 
program  of  water  research  and  technology  focused 
on  nonpoint  sources  of  water  pollutants  to  surface 
water,  emphasizing  in-place,  contaminated  sedi- 
ment and  the  delivery  of  new  sediment  and  chemi- 
cal contaminants  to  water  bodies.  Four  federally- 
funded  projects  were  conducted  within  this  pro- 
gram in  FY88.  Two  research  projects  were  stud- 
ied: (1)  the  biological  processes  by  which  toxic 
metals  are  immobilized  and  remobilized  in  sedi- 
ments and  plants;  in  particular.the  movement  of 
cadmium  from  sediments  into  rooted  plant  tissue 
and  the  water  column;  and  (2)  a  methodology  to 
model  the  erosion  characteristics  of  contaminated 
sediments  in  rivers.  Two  projects  to  develop  edu- 
cation and  training  materials  produced:  (1)  autotu- 
torial  computer  software  about  the  role  of  micro- 
organisms in  mediating  the  transport  and  fate  of 
contaminants  in  sediment  and  soil,  (2)  computer 
programs  embodying  straightforward  mathemati- 


FISCAL  YEAR  1988  PROGRAM  REPORT 
(KANSAS  WATER  RESOURCES  RESEARCH 
INSTITUTE). 

Kansas  Water  Resources  Research  Inst.,  Manhat- 
tan. 

H.  S.  Jacobs. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-1 19652/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G1563-01,  July  1989,  (re- 
vised Sept.  1989).  26p.  USGS  Contract  14-08-0001- 
G1563.  USGS  Project  G1563-01. 

Descriptors:  'Water  resources  institutes,  'Kansas, 
'Research,  'Training,  'Information  transfer,  Edu- 
cation, Projects. 

The  FY88  KWRRI  research  projects  addressed 
priorities  in  integrated  aquifer  analysis,  water  qual- 
ity, river  basin  management  and  stream-aquifer 
interaction.  Projects  in  integrated  aquifer  analysis 
and  stream  aquifer  analysis  included:  Stream 
Floodwave  Propagation  through  the  Great  Bend 
Alluvial  Aquifer:  A  Significant  Recharge  and 
Stream-Aquifer  Mechanism;  and  Hydrogeology  of 
the  Dakota  Aquifer  in  Western  Kansas.  Aquifer 
characterization  is  a  major  objective  of  the  two 
studies.  The  project,  Development  of  Empirical 
Models  for  the  Effects  of  Cadmium,  Lead,  Manga- 
nese, and  Zinc  on  Resident  Biota  in  the  Short 
Creek-Empire  Lake  Aquatic  System,  Cherokee, 
CO.,  Kansas,  characterized  heavy  metal  effects  of 
mine-waste  discharges  on  stream  and  lake  biota  in 
southeast  Kansas.  The  study,  Management  of  the 
Kansas  River  Basin:  A  Systems  Approach,  applied 
the  optimization  model  developed  in  a  previous 
study  to  six  additional  reservoirs.  Included  are  the 
Marion,  Council  Grove  and  John  Redmond  reser- 


voirs on  the  Cottonwood-Neosho  rivers  and  the 
Toronto,  Fall  River,  and  Elk  City  reservoirs  on 
the  Verdigris  River.  A  total  of  six  undergraduates, 
six  Masters,  and  four  Ph.D.  degree  students  partici- 
pated in  the  1988  program.  (USGS) 
W90-05199 

FISCAL  YEAR  1988  PROGRAM  REPORT 
(NORTH  DAKOTA  WATER  RESOURCES  RE- 
SEARCH INSTITUTE). 

North  Dakota  Water  Resources  Research  Inst., 
Fargo. 

R.  C.  Schnell. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-129115/ 
AS  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Report  No.  G1581-01,  July  1988.  28p.  USGS 
Contract  14-08-0001-G1581. 

Descriptors:  'Water  research  institute,  'North 
Dakota,  'Research,  'Information  transfer,  'Train- 
ing, Education,  Projects. 

The  research  projects  selected  for  funding  in  FY 
1988  were  concerned  with  water  quality  (detection 
and    estimation    of   levels    of   dissolved    organic 
agents)  and  status  of  wetlands  in  North  Dakota. 
The  water  quality  projects  dealt  with  the  develop- 
ment of  a  new  analytical  technique  using  a  combi- 
nation of  high  performance  liquid  chromatography 
and  electrochemical  detection  methods  to  increase 
selectivity  and  sensitivity  of  pesticide  concentra- 
tions. Another  project  was  concerned  with  climat- 
ic factors  (soil  pH,  moisture,  temperature)  on  pesti- 
cide degradation,  persistence,  and  movement.  All 
parameters  affect  pesticide  persistence.  Irrigation 
and  rainfall  showed  considerable  effect  on  pesti- 
cide   movement    in    various   soil    types.    A   third 
project  examined  the  movement  of  contaminants 
from  selected  municipal  landfills  into  adjacent  shal- 
low groundwater.  Toxicological  studies  were  per- 
formed  examining   the   effect   of  herbicides   and 
combinations  on  toxicity  parameters  in  animals.  At 
the  levels  found  environmentally  in  North  Dakota 
no  overt   toxic   symptoms   have   been   observed. 
However,  experiments  performed  using  artificially 
produced  mixtures  of  selected  pesticides  did  yield 
results  showing  toxicity  at  high  (or  pharmacologi- 
cal) doses.  A  case  study  approach  was  used  to 
evaluate  the  number  of  protected  and  threatened 
wetlands  in  North  Dakota.  In  depth  study  of  two 
counties  revealed  that  60%  of  the  wetland  acres 
were  privately  owned  but  that  90%  were  protect- 
ed by  various  Federal  and  State  agreements.  These 
results  will  be  helpful  in  shaping  new  legislation 
regarding  wetlands.  In  addition,  two  graduate  stu- 
dents were  supported  by  special  fellowships  from 
the  NDWRRI.  Mr.  Robert  Kolberg  was  involved 
with  the  project  to  study  the  influence  of  irrigation 
and  rainfall  on  the  movement  of  pesticides  through 
sandy,  loam  soil.   Mr.  Jeff  Hendrickson  was  in- 
volved  in   the   ecological   investigation   of  lakes, 
rivers,  and  impoundments  in  North  Dakota.  Infor- 
mation   transfer    activities    included:    sponsoring 
WET  workshops,  co-sponsoring  a  North  Dakota 
Ground  Water  Quality  Symposium,  publication  of 
two    technical    reports,    several   scientific    manu- 
scripts,   and   presentations   at   national    meetings. 
Twelve  students  (5  undergraduate,  5  M.S.,  2  Ph. 
D.)  were  supported  by  funding  under  this  grant. 
(USGS) 
W90-05225 
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Arizona     Water     Resources     Research     Center, 
Tucson. 
W.  B.  Lord. 
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This  report  describes  the  instituted  fiscal  year  1988 
Water  Resources  Research  Act,  Section  104  pro- 
gram activities.  The  research  projects  summarized 
in  the  report  addressed  the  following  critical  water 
issues  in  Arizona:  Water  conservation  (projects  03 
and  06),  water  quality  (project  05),  and  water 
management  (projects  02,  04  and  07).  Project  03  is 
developing  salt-tolerant  strains  of  alfalfa  capable  of 
germinating,  emerging,  and  establishing  when 
brackish  water  is  used  for  irrigation.  Project  06 
developed  efficient  nursery  production  schemes 
for  new  desert  plant  species  whose  use  in  landscap- 
ing could  produce  significant  water  savings. 
Project  05  provides  a  systematic  data  base  of  radon 
gas  in  domestic  water  of  the  Tucson  area.  Project 
02  is  designed  to  identify  the  conjunctive  and 
integrated  water  management  option  for  the  Phoe- 
nix Active  Management  Area  which  maximizes 
total  benefits  from  all  sources  of  water  less  total 
costs  of  groundwater  overdraft,  enforcement  of 
water  rights,  and  opportunity  costs.  Project  04 
provides  a  state-of-knowledge  assessment  of  the 
processes  in  a  unified  hydrological  flow  model, 
with  emphasis  on  the  three  physiographic  prov- 
inces of  Arizona.  Project  07  is  developing  a  rain- 
fall-runoff model  for  flash  flood  forecasting  appli- 
cable to  watersheds  in  the  arid  southwest.  The 
information  transfer  component  of  the  institute 
continued  to  publish  newsletter  and  issue  papers 
and  sponsored  workshops  and  conferences. 
(USGS) 
W90-05226 
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Nineteen  dams  and  hydropower  systems  provide 
80%  of  the  power  needs  of  the  Pacific  Northwest 
and  the  state  of  Washington.  Water  from  the  Co- 
lumbia-Snake River  watersheds  irrigates  over  4.9 
million  acres  of  farmland,  with  another  1.2  million 
acres  being  considered.  The  50,000  miles  of 
streams  and  8,000  freshwater  lakes  play  a  major 
role  in  the  social,  recreational,  and  economic  struc- 
ture of  the  state.  Recent  droughts  have  shown  that 
under  low-water  conditions  allocations  are  not  suf- 
ficient for  all  users.  A  major  commitment  of  the 
state  water  agencies  and  the  public  is  to  preserve 
the  migration  of  anadromous  fishes  in  the  Pacific 
Northwest  rivers  as  well  as  enhancing  the  recrea- 
tion value  and  safe  usage  of  the  surface  and 
groundwater  of  the  state.  Funding  from  state  agen- 
cies during  FY88  allowed  the  Water  Research 
Center  to  conduct  a  water  use  efficiency  study. 
Results  of  the  study  are  being  used  to  incorporate 
changes  in  state  water  law.  Projects  funded 
through  the  Water  Resources  Research  Program 
such  as  the  expert  system  for  drought  management 
planning  and  the  deficit  or  partial  irrigation  studies 
directly  aid  in  development  of  strategies  to  allevi- 
ate water  shortages.  High  erosion  rates,  agricultur- 
al drainage,  and  increased  use  of  rivers  for  water 
transportation  and  recreation  as  well  as  for  indus- 
trial and  municipal  wastes  disposal  are  reducing 
the  surface  water  and  groundwater  quality  in  many 
areas  of  the  state.  Research  has  shown  that  stand- 
ard batch  equilibrium  tests  overestimate  the  reten- 
tion of  pesticides  by  many  soils  and  that  migration 
may  be  up  to  seven  times  greater  when  dynamic 
tests  are  used.  This  work  has  also  shown  that  each 
soil  group  must  be  evaluated  separately  for  accu- 
rate prediction  of  pesticides  movement.  Deficit 
irrigation  can  greatly  reduce  contamination  of  sur- 
face and  groundwater  as  well  as  reduce  soil  ero- 
sion. Other  research  has  shown  that  high-rate  ap- 
plication of  phosphorus  fertilizers  to  former  or 
existing  orchard  sites  significantly  enhances  the 
rate  of  arsenic  leaching  and  migration  to  ground- 


water. The  State  of  Washington  Water  Research 
Center  program  is  directed  toward  informing,  edu- 
cating, and  attempting  to  solve  or  mitigate  these 
complex  water  contamination,  allocation,  use,  and 
reuse  issues.  These  goals  are  carried  out  through 
publication  of  research  results,  conferences,  work- 
shops, and  presentations.  (USGS) 
W90-05227 
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Arkansas  Univ.,  Fayetteville.  Water  Resources  Re- 
search Center. 
K.  F.  Steele. 
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Some  of  the  major  water  resource  problems  in 
Arkansas  are:  (1)  lowering  of  groundwater  levels 
in  eastern  and  southern  Arkansas,  (2)  groundwater 
pollution,  (3)  determination  of  minimum  instream 
flows,  and  (4)  decrease  in  wetlands.  The  five  re- 
search and  two  information  management  system 
projects  supported  by  the  Center  for  this  year 
focused  on  problems  (1)  and  (2).  A  total  of  14 
students  (3  undergraduate  and  1 1  graduate)  gained 
training  in  these  projects.  Because  Arkansas  is  an 
agricultural  based  state,  it  is  not  surprising  that 
four  (out  of  five)  research  projects  were  concerned 
with  agricultural  topics.  Three  projects  dealt  with 
agricultural  contamination  of  water  (especially 
groundwater)  by  disposal  of  poultry  litter  and  use 
of  pesticides.  Another  studied  methods  of  improv- 
ing irrigation  scheduling  and  water  efficiency  in 
cotton  production.  The  fifth  research  project  de- 
veloped an  expert  system  to  serve  as  a  manage- 
ment tool  for  the  operation  of  an  activated  sludge 
treatment  plant.  A  pilot  relational  database  for 
groundwater  in  Arkansas  was  developed  by  one  of 
the  two  information  management  system  projects. 
The  other  information  management  system  project 
investigated  the  use  of  verified  alga  taxa  as  refer- 
ence sources.  (USGS) 
W90-05228 
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Nevada  is  one  of  the  fastest  growing  states  in  the 
nation  with  most  of  the  population  concentrated  in 
two  urbanized  areas.  Providing  the  water  supply  to 
meet  the  demands  of  these  two  growing  urban 
areas  is  a  challenging  problem.  Both  areas  are 
faced  with  prospects  of  having  to  develop  addi- 
tional facilities  for  increasing  water  supplies  from 
various  sources.  The  purpose  of  one  research 
project  is  to  develop  a  methodology  to  determine 
capacity  expansion  of  municipal  water  supply  sys- 
tems through  optimal  sequencing  of  water 
projects.  Non-potable  urban  water  reuse  has  the 
potential  for  supplementing  water  supplies  and  de- 
creasing municipal  water  costs.  One  research 
project  is  investigating  an  economical  means  of 
upgrading  wastewater  effluents  for  water  reuse. 
Conflicts  in  the  utilization  of  groundwater  often 
occur  when  questions  arise  as  to  whether  the  water 
is  of  recent  atmospheric  origin,  or  was  deposited 
decades  ago.   One  project  seeks  to  develop  an 


alternative  method  for  dating  groundwater,  in  ad- 
dition to  the  well  established  tritium  method.  The 
issue  of  groundwater  quality  and  quantity  is  a 
major  concern  for  those  entities  managing  this 
limited  resource.  Excess  waters  applied  to  the  land 
surface  may  infiltrate  through  the  soil  conducting 
chemical  constituents  to  underlying  aquifers.  One 
research  project  has  been  undertaken  to  character- 
ize the  chemical  and  hydraulic  nature  of  the  shal- 
low aquifer  zone  to  assess  the  potential  impact  on 
the  groundwater  production  zone  of  the  valley 
aquifer.  Nevada,  along  with  other  states  in  the  arid 
southwest,  has  communities  with  undesirably  high 
arsenic  levels.  One  research  project  was  aimed  at 
development  of  a  feasible  method  of  arsenic  re- 
moval from  drinking  water.  (USGS) 
W90-05229 
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Missouri  Water  Resources  Research  Center,  Co- 
lumbia. 

T.  E.  Clevenger. 
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The  Missouri  Water  Resources  Research  Center's 
goals  are  (1)  to  establish  research  programs  that 
will  assist  in  the  study  of  Missouri's  water  prob- 
lems, (2)  to  provide  an  educational  program  that 
offers  graduate  students,  with  an  interest  in  water 
or  related  fields,  the  opportunity  to  continue  their 
education  in  these  areas,  and  (3)  to  be  actively 
dedicated  to  the  dissemination  of  information 
through  all  aspects  of  the  media  in  reaching  the 
researcher,  users  and  citzens  of  Missouri  with  in- 
formative water  related  news  and  research  ideas  on 
the  future  of  Missouri's  water.  Areas  of  research 
covered  under  this  grant  include:  (1)  field  evalua- 
tion of  calibration  for  agricultural  pesticide  trans- 
port to  groundwater,  Phase  II,  (2)  field  evaluation 
of  termiticide  movement,  Phase  II,  (3)  transport  of 
nitrates  in  Missouri  River  Valley  loess  deposits,  (4) 
nitrate  removal  by  denitrification  using  'Captor' 
media  and  (5)  degrading  sludge  with  cellulase 
complex.  A  total  of  10  students,  7  graduate  stu- 
dents and  3  undergraduate  students,  were  involved 
in  this  year's  research  programs.  (USGS) 
W90-05230 
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Oklahoma  State  Univ.,  Stillwater.  Univ.  Center  for 
Water  Research. 
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The  FY  1988  Oklahoma  Water  Resources  Re- 
search Institute  research  program  addressed  the 
issues  of  surface  and  groundwater  quality  and  man- 
agement of  water  resources  with  emphasis  on  the 
determination  of  water  quality  and  remediation  of 
water  resources  determined  to  be  contaminated. 
Task  1  administered  the  program  and  conducted 
information  transfer  activities  such  as  continued 
publication  of  the  newsletter,  publication  of  a  col- 
lection of  papers  on  groundwater  quality,  publica- 
tion of  a  methodology  to  characterize  landfill  sites, 
and  updating  a  directory  of  water  professionals  in 
Oklahoma.  Task  2  investigated  the  risks  to  ground- 
water quality  associated  with  pesticide  use.  Task  3 
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examined  the  cause  and  effect  of  rapid  changes  in 
shallow  groundwater  quality.  Task  4  developed  a 
modeling  tool  to  improve  surface  runoff  prediction 
from  ungaged,  non-urban  sites.  Task  5  began  the 
development  of  biofilms  capable  of  biodegradation 
of  pollutants.  Task  6  investigated  the  effects  of 
agricultural  impacts  on  water  quality.  Task  7  de- 
veloped procedures  to  incorporate  risk  analysis 
into  the  design  processes  for  water  resources  facili- 
ties. (USGS) 
W90-05231 

10.  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 

10B.  Reference  and  Retrieval 


INDEXES  OF  HYDROLOGIC  DATA  FROM  SE- 
LECTED COAL-MINING  AREAS  IN  NORTH- 
WESTERN COLORADO. 

Geological  Survey,  Denver,  CO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-O5217 

IOC.  Secondary  Publication 
And  Distribution 

ABSTRACTS  OF  PUBLICATIONS  AND  PRES- 
ENTATIONS: 1985-1986. 

Environmental   Protection   Agency,   Washington, 


DC.  Office  of  Acid  Deposition,  Environmental 

Monitoring,  and  Quality  Assurance. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05165 


SCIENTIFIC  AND  TECHNICAL  INFORMATION— Field  10 
Preparation  Of  Reviews — Group  10F 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-04812 


PETROLEUM  FATE  AND  CLEANUP  AGENT 
TOXICOLOGY:  AN  ANNOTATED  BIBLIOG- 
RAPHY. c      w    . 

California  Univ.,  Santa  Cruz.  Center  for  Marine 

Studies. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05583 

EPA  TREATABILITY  DATABASE. 

Radian  Corp.,  Milwaukee,  WI. 

For  primary   bibliographic  entry   see  Field   5D. 

W90-05588 

10D.  Specialized  Information 
Center  Services 

ENGINEERS  AND  OPERATORS  NETWORK. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-04577 

10F.  Preparation  Of  Reviews 

SPECIFICITY  OF  THE  DPD  AND  AMPERO- 
METRIC  TITRATION  METHODS  FOR  FREE 
AVAILABLE  CHLORINE:  A  REVIEW. 


EPIDEMIOLOGY  AND  TOXICOLOGY  OF 
VOLATILE  ORGANIC  CHEMICAL  CONTAMI- 
NANTS IN  WATER  ABSORBED  THROUGH 
THE  SKIN. 

National  Academy  of  Sciences,  Washington,  DC. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-04830 

AGRICULTURAL  UTILIZATION  OF  SEWAGE 
SLUDGE:  A  REVIEW. 

For  primary  bibliographic  entry  see  Field  5E. 
W90-04906 

QUANTITATION  OF  ACRYLAMIDE  (AND  PO- 
LYACRYLAMIDE):  CRITICAL  REVIEW  OF 
METHODS  FOR  TRACE  DETERMINATION/ 
FORMULATION  ANALYSIS  AND  FUTURE- 
RESEARCH  RECOMMENDATIONS. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05147 
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SUBJECT  INDEX 


ABSORPTION 

Role  of  Skin  Absorption  as  a  Route  of  Exposure 
to  Volatile  Organic  Compounds  in  Household 
Tap  Water:  A  Simulated  Kinetic  Approach. 
W90-04831  5B 

Human  Skin  Binding  and  Absorption  of  Con- 
taminants   from    Ground    and    Surface    Water 
During  Swimming  and  Bathing. 
W90-04832  5B 


ABSTRACTS 

Abstracts    of 

1985-1986. 

W90-05165 


Publications    and    Presentations: 


5B 


ACTD  LAKES 

Watershed    Acidification    Models    Using    the 
Knowledge-Based  Systems  Approach. 
W9O-05O43  5C 

Perch,  Perca  fluviatilis  L.,  in  Small  Lakes:  Rela- 
tions Between   Population  Characteristics  and 
Lake  Acidity. 
W90-05048  5C 

Dissolution  of  Calcite  in  Acid  Waters:   Mass 

Transport  Versus  Surface  Control. 

W90-05362  5G 

ACID  MINE  DRAINAGE 

Research  on  Metals  in  Acid  Mine  Drainage  in 

the  Leadville,  Colorado,  Area. 

W9O-O5066  5B 

Instream    Chemical    Reactions    of   Acid  Mine 

Water  Entering  a  Neutral  Stream  Near  Lead- 
ville, Colorado. 

W90-05067  5B 

Heavy-Metal  Geochemistry  of  Sediments  in  the 

Pueblo  Reservoir,  Colorado. 

W90-O5068  5B 

Metal  Partitioning  and  Photoreduction  of  Iron  in 
Filtrates  of  Acid  Streamwater,  St.  Kevin  Gulch, 
Leadville,  Colorado. 
W90-05069  5B 

Partitioning  of  Metals  Between  Water  and  Floc- 
culated Bed  Material  in  a  Stream  Contaminated 
by  Acid  Mine  Drainage  near  Leadville,  Colora- 
do. 
W90-05070  5B 

Colloidal  Properties  of  Flocculated  Bed  Materi- 
al in  a  Stream  Contaminated  by  Acid  Mine 
Drainage,  St.  Kevin  Gulch,  Colorado. 
W90-05071  5B 

Preliminary  Assessment  of  the  Effects  of  Acid 
Mine  Drainage  on  Ground  Water  Beneath  a 
Wetland  Near  Leadville,  Colorado. 
W9O-O5072  5B 

Hydroxyl    Radical    Formation    in    St.    Kevin 
Gulch,  an  Iron-Rich  Stream  in  Colorado. 
W90-05073  5B 

Movement  of  Inorganic  Contaminants  in  Acidic 

Water  Near  Globe,  Arizona. 

W90-05121  5B 

Simulation  of  Ground-  and  Surface- Water  Flow 

in  the  Globe  Area,  Arizona. 

W90-05122  5B 

Solubility  of  Aluminum  and   Iron  in  Ground 

Water  Near  Globe,  Arizona. 

W90-05123  2F 

Manganese    in    Channel    Sediments    of    Pinal 

Creek,  Arizona. 

W90-05124  5B 

Research  Activities  Related  to  Acidic  Water 

Near  Globe,  Arizona. 

W90-05125  5B 


Status  Report  on  a  Study  of  the  Effects  of  Acid 

Mine  Drainage  on  Vegetation  Near  Leadville, 

Colorado. 

W90-05128  5C 

Chemical,  Geologic,  and  Hydrologic  Data  from 

the  Study  of  Acidic  Contamination  in  the  Miami 

Wash-Pinal  Creek  Area,  Arizona,  Water  Years 

1984-87. 

W90-05187  5B 

Hydrologic  Data  Collected  in  the  Vicinity  of  the 
Proposed  Gamma-Ray  and  Neutrino  Detector 
Site,  Hot  Spring  County,  Arkansas,  1988-89. 
W90-05268  2F 

Preliminary  Results  of  an  Experiment  to  Assess 
the  Effect  of  Substrate  Type  on  Treatment  of 
Acid  Drainage  Using  Constructed  Wetlands. 
W90-05559  5C 

Chemical,  Geologic,  and  Hydrologic  Data  from 

the  Study  of  Acidic  Contamination  in  the  Miami 

Wash-Pinal  Creek  Area,  Arizona,  Water  Years 

1984-87. 

W90-05600  5B 

ACID  RAIN 

Acid  Deposition  Modeling  and  the  Interpreta- 
tion of  the  United  Kingdom  Secondary  Precipi- 
tation Network  Data. 
W90-04579  5B 

Generalized  Multidimensional  Model  for  Pre- 
cipitation Scavenging  and  Atmospheric  Chemis- 
try. 
W90-04580  5B 

Intercomparison    of    Long-Term    Atmospheric 
Transport  Models;  the  Budgets  of  Acidifying 
Species  for  the  Netherlands. 
W90-04582  SB 

Classifying  Soils  for  Acidic  Deposition  Aquatic 
Effects:  A  Scheme  for  the  Northeast  USA. 
W90-04622  5B 

Prediction  of  Long-Term  Effects  of  Rainwater 
Acidity  on  Peat  and  Associated  Drainage  Water 
Chemistry  in  Upland  Areas. 
W90-04834  5C 

Comparison  of  Chemical  Analyses  of  Boat  and 
Helicopter-collected  Water  Samples. 
W90-04894  7B 

Watershed    Acidification    Models    Using    the 
Knowledge-Based  Systems  Approach. 
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blage Index  to  Organic  Water  Pollution 
(DAI(po))  and  River  Pollution  Index  (RPI(D)), 
(in  Japanese). 
W90-05052  5C 

Nutrient   Status  and   Nutrient   Competition   of 

Phytoplankton    in    a    Shallow,    Hypertrophic 

Lake. 

W90-05388  2H 

DIBROMOCHLOROPROPANE 

Assessment  in  Rats  of  the  Gonadotoxic  and  He- 
patorenal Toxic  Potential  of  Dibromochloropro- 
pane  (DBCP)  in  Drinking  Water. 
W90-05046  5F 

DIFFERENTIAL  EQUATIONS 

Numerical  Solution  for  the  Diffusion  Equation 

in  Hydrogeologic  Systems. 

W90-05222  2F 

DIFFUSERS 

Measurement  of  Upwelling  Flow  from  Air  Dif- 

fuser. 

W90-05032  5G 

DIFFUSION 

Prediction    of  Groundwater    Flow    and    Mass 
Transport  Using  Linear  and  Nonlinear  Estima- 
tion Methods. 
W90-05201  2F 

DIFFUSION  COEFFICIENT 

Numerical  Solution  for  the  Diffusion  Equation 

in  Hydrogeologic  Systems. 

W90-05222  2F 

DINOFLAGELLATES 

Bacteriological  Aspects  of  Florida  Red  Tides:  A 

Revisit  and  Newer  Observations. 

W90-04643  2L 

DINOSEB 

Dinoseb   Presence   in   Agricultural   Subsurface 
Drainage  from  Potato  Fields  in  Northwestern 
New  Brunswick,  Canada. 
W9O-04685  5B 

DIRECT  CONTACT  FREEZING 

Combined    RO/Freezing    System    to    Reduce 

Inland  Rejected  Brine. 

W90-05440  3A 

DISCHARGE  HYDROGRAPHS 

Hydrometeorological  Time  Series  Segmentation 
-  Application  to  West  African  Rainfall  and  Dis- 
charge Series  (Segmentation  des  Series  Hydro- 
meteorologiques  -  Application  a  des  Series  de 
Precipitations  et  de  Debits  de  l'Afrique  de 
l'Ouest). 
W90-05007  2B 

DISCHARGE  MEASUREMENT 

Inverted  V-Notch:  Practical  Proportional  Weir. 
W90-O4823  7B 

DISEASES 

Water  supply  and  Sanitation  in  Rural  Develop- 
ment Aid  Cooperation  Programmes. 
W90-05347  5F 

DISINFECTION 

Backcountry  Water  Treatment  to  Prevent  Giar- 
diasis. 
W90-04635  5F 

Efficacy  and  Mechanism  of  Removal  of  Organic 

Substances  from  Water  by  Ozone  and  Activated 

Carbon. 

W90-04758  5D 

Activity  of  Peracetic  Acid  Against  Sewage  Indi- 
cator Organisms. 
W90-04761  5D 


Specificity  of  the  DPD  and  Amperometric  Ti- 
tration Methods  for  Free  Available  Chlorine:  A 
Review. 
W90-04812  5F 

Efficacy  of  Copper  and  Silver  Ions  and  Reduced 
Levels  of  Free  Chlorine  in  Inactivation  of  Le- 
gionella pneumophila. 
W90-04931  5F 

Enumeration    of    Enterobacter    cloacae    after 

Chloramine  Exposure. 

W90-04937  5F 

DISPERSION 

Applicability  of  the  Second-Order  Dispersion 


Model. 
W90-04666 


8B 


DISSOLVED  ORGANIC  CARBON 

Organic  Carbon  Transport  in  an  Undisturbed 
Boreal  Humic  River  in  Northern  Finland. 
W90-04804  2H 

Dissolved  Organic  Carbon  Dynamics  of  Devel- 
oped and  Undeveloped  Wetland  Catchments  in 
Westland,  New  Zealand. 
W90-04805  2H 

DISSOLVED  OXYGEN 

Assessment  of  Processes  Affecting  Low-Flow 

Water  Quality  of  Cedar  Creek,   West-Central 

Illinois. 

W90-05223  5B 

Factors  Influencing  the  Microspatial  Zooplank- 
ton  and  Oxygen  Heterogeneity  in  Wloclawek 
Dam  Reservoir. 
W90-05451  2H 

DISSOLVED  SOLIDS 

Variations  of  Nitrogen  Nutrient  Concentrations 
in  the  Sediment  Pore  Waters  of  the  Northwest- 
ern Mediterranean  Continental  Shelf. 
W90-04590  2L 


Ricefields  as  Filters. 
W90-04633 


2H 


Organic  Carbon  Transport  in  an  Undisturbed 
Boreal  Humic  River  in  Northern  Finland. 
W90-04804  2H 

River   Quality    Modeling:    Frequency    Domain 

Approach. 

W90-04821  5B 

Seasonal   and    Long-Term   Variations   of  Dis- 
solved Solids  in  Lakes  and  Reservoirs. 
W90-O5028  2H 

Winter  and   Spring  Variability   in   Phyto-   and 
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for  Aquatic  Dredged  Material  Disposal. 
W90-05145  5E 
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Networks    in    Wyoming,    and    Application    to 
Northeastern  Wyoming,  1986. 
W90-05597  7A 

NEVADA 

Fiscal    Year    1988    Program    Report    (Nevada 

Water  Resources  Research  Center). 

W90-05229  9D 

NEW  HAMPSHIRE 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1984. 

W90-05253  7C 

NEW  JERSEY 

Five-Year   Radar   Climatology    of  Convective 

Precipitation  for  New  Jersey. 

W90-04996  2B 

Site  Description  and  Summary  of  Research  Ac- 
tivities on  the  Movement  and  Fate  of  Chlorinat- 
ed Solvents  in  Ground  Water  at  Picatinny  Arse- 
nal, New  Jersey. 
W90-05097  5B 

Preliminary  Results  of  a  Study  of  the  Chemistry 
of  Groundwater  at  the  Building  24  Research 
Site,  Picatinny  Arsenal,  New  Jersey. 
W90-05098  5B 

Distribution    of  Trichloroethene    in    Soil    Gas 
Above  Contaminated  Ground  Water  at  Pica- 
tinny Arsenal,  New  Jersey. 
W90-05099  5B 

Microbiological    Transformation    of    Trichlor- 

oethylene  in   Soil  at  Picatinny   Arsenal,  New 

Jersey. 

W90-05100  5B 

Preliminary    Results   of  a   Study    to    Simulate 
Trichloroethylene  Movement  in  Ground  Water 
at  Picatinny  Arsenal,  New  Jersey. 
W90-05101  5B 

Distribution  of  Major  and  Trace  Elements  in 

Core   Samples   from   Picatinny   Arsenal,    New 

Jersey. 

W90-05102  5B 

Biotransformation  of  Chlorinated  Hydrocarbons 
and  Alkylbenzenes  in  Aquifer  Material  from  the 
Picatinny  Arsenal,  New  Jersey. 
W90-05103  5B 

Methods  of  Evaluating  the  Relation  of  Ground- 
Water  Quality  to  Land  Use  in  a  New  Jersey 
Coastal  Plain  Aquifer  System. 
W90-05105  5  A 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1984.  Volume   1.   Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-05254  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1984.  Volume  2.  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W9O-05255  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1985.  Volume   1.   Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-05256  7C 


Water  Resources  Data  for  New  Jersey,  Water 
Year  1985.  Volume  2,  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-05257  7C 

Corrosive  Groundwater  in  the  Kirkwood-Co- 
hansey  Aquifer  System  in  the  Vicinity  of  Ocean 
County,  East-Central  New  Jersey. 
W90-05275  2K 

NEW  MEXICO 
Water  Resources  Data  for  New  Mexico,  Water 
Year  1984. 
W90-05258  ?C 

Water  Resources  Data  for  New  Mexico,  Water 

Year  1985. 

W90-05259  ?C 

Application  of  the  Precipitation-Runoff  Model- 
ing  System   to   the   AH-SHI-SLE-PAH   Wash 
Watershed,  San  Juan  County,  New  Mexico. 
W90-05272  2A 

Selected     Water-Quality     Characteristics     and 
Flow  of  Groundwater  in  the  San  Luis  Basin, 
Including  the  Conejos  River  Subbasin,  Colorado 
and  New  Mexico. 
W90-05280  2K 

Albuquerque's  Sewer  Rehabilitation  Program. 
W90-05329  5D 

Rehabilitating  Depleted  Riparian  Areas  Using 

Channel  Structures. 

W90-05512  4D 

Application  of  the  Precipitation-Runoff  Model- 
ing System  to  the  Ah-Shi-Sle-Pah  Wash  Water- 
shed, San  Juan  County,  New  Mexico. 
W90-05547  2A 

1988  Annual  Water  Quality  Data  Report  for  the 

Waste  Isolation  Pilot  Plant. 

W90-05598  5E 

NEW  YORK 

Regional  Appraisal  of  Groundwater  Quality  in 
Five  Different  Land-Use  Areas,  Long  Island, 
New  York. 
W90-05104  5B 

Final    Feasibility    Report:    Cattaraugus    Creek, 

New  York. 

W90-05140  6A 

Fiscal  Year  1988  Federal  Program  Report  (New 
York  State  Water  Resources  Institute). 
W90-05197  9D 

Water  Resources  Data  for  New  York,  Water 

Year  1988.  Volume  2.  Long  Island. 

W90-05263  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1988.  Volume  3.  Western  New  York. 
W90-05264  7C 

Superfund  Record  of  Decision:  Old  Bethpage, 

NY. 

W90-05584  5G 

NEW  ZEALAND 

Micro-Algae  of  Lake  Pupuke,  Auckland,  New 

Zealand. 

W90-04873  2H 

Effect  of  a  Cave  on  Benthic  Invertebrate  Com- 
munities in  a  South  Island  Stream. 
W90-04874  2H 

Occurrence,  Causes  and  Potential  Consequences 
of  Low  Zooplankton  to  Phytoplankton  Ratios  in 
New  Zealand  Lakes. 
W90-04949  2H 
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Estimates  of  Trace  Metal  Inputs  from  Non-point 

Sources  Discharged  into  Estuaries. 

W90-04983  5B 

NIGERIA 

Pre-Impoundment  Studies  of  the  Fishes  of  Owa 

Stream  South-West,  Nigeria. 

W90-04810  2H 

Evaluating  Water  and  Sanitation  Projects:  Les- 
sons from  Imo  State,  Nigeria. 
W9O-05285  5F 

NITRATES 

Acid  Deposition  Modeling  and  the  Interpreta- 
tion of  the  United  Kingdom  Secondary  Precipi- 
tation Network  Data. 
W90-04579  5B 

Study  on  Solute  N03-N  Transport  in  the  Hy- 
drologic  Response  by  an  MRF  Model. 
W90-05045  5B 

Use  of  Tracer  Tests  to  Measure  the  Transport 

and  Consumption  of  Methane  in  a  Contaminated 

Aquifer. 

W9O-O5078  5B 

Methods  of  Evaluating  the  Relation  of  Ground- 
Water  Quality  to  Land  Use  in  a  New  Jersey 
Coastal  Plain  Aquifer  System. 
W90-05105  5A 

Overview  of  the  Relations  of  Nonpoint-Source 
Agricultural  Chemical  Contamination  to  Local 
Hydrogeologic,  Soil,  Land-Use,  and  Hydroche- 
mical  Characteristics  of  the  High  Plains  Aquifer 
of  Nebraska. 
W9O-O5106  5B 

Effects  of  Agricultural   Practices  and   Septic- 
System  Effluent  on  the  Quality  of  Water  in  the 
Unconfined  Aquifer  in  Parts  of  Eastern  Sussex 
County,  Delaware. 
W9O-O5209  4c 

Appraisal    of    Ground-Water    Quality  in    the 

Bunker  Hill  Basin  of  San  Bernardino  Valley, 

California. 

W90-05211  2F 

Economic  and  Legal  Analysis  of  Strategies  for 
Managing  Agricultural  Pollution  of  Groundwat- 


NITROGEN 

Ricefields  as  Filters. 
W90-04633 


2H 


W9O-05233 


5G 


Lysimeter  Experiments  on  the  Correlation  of  the 
Increase  of  Nitrate  Concentration  and  Hardness 
in  Groundwater  (Lysimeterversuche  ueber  den 
Zusammenhang  des  Anstieges  der  Nitratkonzen- 
tration  und  der  Haerte  im  Grundwasser) 
W90-05423  5B 

NITRIFICATION 

Variations  of  Nitrogen  Nutrient  Concentrations 
in  the  Sediment  Pore  Waters  of  the  Northwest- 
ern Mediterranean  Continental  Shelf. 
W90-04590  2L 

Nitrification-Denitrification  at  the  Plant  Root- 
Sediment  Interface  in  Wetlands. 
W90-04650  2H 

Simple  and  Practical  Model  for  Toxicological 

Assessment     of    Nitrification     Byproducts     in 

Rivers. 

W90-04702  5B 

Sequencing    Batch   Reactor   Activated    Sludge 
Processes  for  the  Treatment  of  Municipal  Land- 
fill Leachate.  Removal  of  Nitrogen  and  Refrac- 
tory Organic  Compounds. 
W90-04737  5D 

Automatic  Sampling  Equipment  and  BOD  Test 

Nitrification. 

W90-04844  5D 


Soil  Nitrogen  Changes  During  Primary  Succes- 
sion on  a  Floodplain  in  Alaska,  U.S.A. 
W90-04639  2G 

Lysimeter  Experiments  on  the  Correlation  of  the 
Increase  of  Nitrate  Concentration  and  Hardness 
in  Groundwater  (Lysimeterversuche  ueber  den 
Zusammenhang  des  Anstieges  der  Nitratkonzen- 
tration  und  der  Haerte  im  Grundwasser) 
W90-05423  5B 

NITROGEN  REMOVAL 

BIO-DENITRO  and  BIO-DENIPHO  Systems  - 
Experiences   and    Advanced    Model    Develop- 
ment. The  Danish  Systems  for  Biological  N  and 
P  Removal. 
W90-04756  5D 

Biological  Nutrient  Removal  with  Sludge  Bulk- 
ing Control  in  a  Batch  Activated  Sludge  System 
W90-04757  5D 

Nitrification  for  the  '90s. 

W90-04924  5D 

NONPOINT  POLLUTION 

Agricultural  Contamination:  Problems  and  Solu- 
tions. 
W90-04876  5B 

NONPOINT  POLLUTION  SOURCE 

Statistical  Comparison  of  Ground-Water  Quality 
in    Four    Land-Use    Areas    of   Stratified-Drift 
Aquifers  in  Connecticut. 
W90-05111  5B 

NONPOINT  POLLUTION  SOURCES 

Simple  and  Practical  Model  for  Toxicological 

Assessment     of    Nitrification     Byproducts     in 

Rivers. 

W90-04702  5B 

Self-Purification    Processes    Along    a    Polluted 

River  in  Greece. 

W90-04792  5B 

Estimates  of  Trace  Metal  Inputs  from  Non-point 

Sources  Discharged  into  Estuaries. 

W90-04983  5B 

Nonpoint  Source  Pollution  Control  Effective- 
ness of  Riparian  Forests  Along  a  Coastal  Plain 
River. 
W90-O4999  5G 


Review  of  Farm  Waste  Pollution. 
W90-05014 


5G 


Contamination  of  Groundwaters  from  Diffuse 
Sources  Arising  from  Fanning  Activities. 
W90-05019  5B 

Overview  of  the  Relations  of  Nonpoint-Source 
Agricultural  Chemical  Contamination  to  Local 
Hydrogeologic,  Soil,  Land-Use,  and  Hydroche- 
mical  Characteristics  of  the  High  Plains  Aquifer 
of  Nebraska. 
W9O05106  5B 

Relations  Between  Land  Use  and  Water  Quality 

in  the  High   Plains   Aquifer  of  South-Central 

Kansas. 

W9O-05107  5B 

Preliminary  Assessment  of  the  Fate  and  Trans- 
port of  Synthetic  Organic  Agrochemicals  in  the 
Lower  Mississippi  River  and  Its  Tributaries 
W9W)5109  5B 

Evaluation   of  THM    Precursor   Contributions 

from  Agricultural  Drains. 

W90-05291  5B 


NORTH  CAROLINA 

Ash  Basin  Effluents  as  a  Concern  of  Fisheries 
Managers:  A  Case  History  and  Perspective. 
W90-05527  5C 

Larval   Fish   and   Shellfish   Transport   through 

Inlets. 

W90-05532  8I 

Physical    Oceanographic  Processes    Affecting 

Larval  Transport  Around  and  Through  North 
Carolina  Inlets. 

W90-05537  2L 

Modeling  of  Physical  and  Behavioral  Mecha- 
nisms Influencing  Recruitment  of  Spot  and  At- 
lantic Croaker  to  the  Cape  Fear  Estuary 
W90-05543  2L 

Sediment  Transport  and  Accretion  and  the  Hy- 
drologic    Environment   of  Grove   Creek   near 
Kenansville,  North  Carolina. 
W90-05609  2J 

NORTH  DAKOTA 

Fiscal    Year     1988    Program    Report    (North 
Dakota  Water  Resources  Research  Institute). 
W90-05225  9D 

NORTH  SEA 

Contaminant-Induced  Changes  in  the  Structure 
of  the  Digestive  Epithelium  of  Mytilus  edulis 
W90-04941  5C 

NORWAY 

Contaminant-Induced  Changes  in  the  Structure 
of  the  Digestive  Epithelium  of  Mytilus  edulis 
W90-04941  5C 

NUCLEAR  MAGNETIC  RESONANCE 

Phosphorus-3 1  Magic  Angle  Spinning  Nuclear 
Magnetic  Resonance  of  Wastewater  Sludges  and 
Sludge-Amended  Soil. 
W90-04619  5A 

Solubility    and    Phosphorus-3 1     Magic    Angle 
Spinning  Nuclear  Magnetic  Resonance  of  Phos- 
phorus in  Sludge- Amended  Soils. 
W90-04620  5B 

NUCLEAR  POWERPLANTS 

Effects   of  Cooling   Water   Discharge   on   the 
Structure  and  Dynamics  of  Epilithic  Algal  Com- 
munities in  the  Northern  Baltic. 
W90-04960  5C 


Thermal  Regime  of  Lake  Druksiai 
W90-05461 


2H 


NUCLEIC  ACIDS 

Validity  of  the  Empirical  Conversion  Factors 
for   Assessing    Bacterial    Production   from    3H 
Thymidine  Incorporation  Rates. 
W90-05035  2H 

NUCLEOTIDES 

Total  Adenylate  and  Adenylate  Energy-Charge 
Measurements  from  Bacterial  Communities  in 
Ground  Water. 
W90-05118  jA 

NUMERICAL  ANALYSIS 

Observations  and  Numerical  Simulations  of  Pre- 
cipitation Development  in  Seeded  Clouds  over 
the  Sierra  Nevada. 
W90-04599  7C 

Meso-gamma-Scale  Distribution  of  Orographic 
Precipitation:  Numerical  Study  and  Comparison 
with  Precipitation  Derived  from  Radar  Meas- 
urements. 
W90-O4602  2B 

NUTRIENT  BUDGET 

Organic  Carbon  Budget  in  a  Headwater  Stream 

at  Uratakao,  (in  Japanese). 

W90-05055  2H 
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NUTRIENT  REMOVAL 

Sewage  Treatment  in  Constructed  Reed  Beds- 
Danish  Experiences. 
W90-04741  5D 

Kinetics  of  Phosphorus  Release  and  Uptake  by 
Microorganisms  under  Cyclic  Anaerobic/ Aero- 
bic Conditions-Experimental  Study. 
W90-04754  5D 

Fractionation    of   Bioaccumulated    Phosphorus 

Compounds  in  Activated  Sludge. 

W90-04755  5D 

BIO-DENITRO  and  BIO-DENIPHO  Systems  - 
Experiences    and    Advanced    Model    Develop- 
ment. The  Danish  Systems  for  Biological  N  and 
P  Removal. 
W90-04756  5D 

Biological  Nutrient  Removal  with  Sludge  Bulk- 
ing Control  in  a  Batch  Activated  Sludge  System. 
W90-04757  5D 

NUTRIENT  REQUIREMENTS 

Effects  of  Nutrients  and  Grazers  on  Periphyton 

Phosphorus  in  Lake  Enclosures. 

W90-04950  2H 

NUTRIENT  TRANSPORT 

Organic  Carbon  Transport  in  an  Undisturbed 
Boreal  Humic  River  in  Northern  Finland. 
W9O-O4804  2H 


NUTRIENTS 

Ricefields  as  Filters. 
W90-04633 


2H 


Sedimentation  Rates  of  Particulate  Organic  De- 
trital    Carbon,    Nitrogen    and    Phosphorus    in 
Donghu  Lake,  Wuhan. 
W90-04723  2J 

Effect  of  C/N/P  Ratio  on  the  Performance  of  a 

Downflow     Stationary     Fixed    Film    Reactor 

(DSFR)   Working   at   Low   Organic   Loading 

Rates. 

W90-04743  5D 

Manganese:  A  Necessary  Micronutrient  to  En- 
hance Biological  Phosphorus  Removal. 
W90-04753  5D 

Biomass,  and  Nitrogen,  Phosphorus,  and  Heavy 
Metal  Content  of  Phragmites  australis  During 
the  Third  Growing   Season   in  a  Root   Zone 
Waste  Water  Treatment. 
W90-O4809  5D 

Organic  Carbon  Flux  Through  a  Delaware  Bay 
Salt  Marsh:  Tidal  Exchange,  Particle  Size  Distri- 
bution, and  Storms. 
W90-04871  2L 

Bacterial  Production  in  the  Rhone  River  Plume: 
Effect  of  Mixing  on  Relationships  Among  Mi- 
crobial Assemblages. 
W90-04979  2L 

Movement  of  Pesticides  and  Nutrients  into  Tile 

Drainage  Water. 

W90-05232  5B 

Periphyton  Biomass  Dynamics  in  Gravel  Bed 
Rivers:  the  Relative  Effects  of  Flows  and  Nutri- 
ents. 
W90-05359  2H 

Limnological  Reconnaisance  of  Water  Bodies  in 

Central  and  Southern  Nepal. 

W90-05371  2H 

Nutrient   Status  and   Nutrient   Competition   of 

Phytoplankton    in    a    Shallow,    Hypertrophic 

Lake. 

W90-05388  2H 


General  Allometric  Equations  for  Rates  of  Nu- 
trient   Uptake,    Ingestion,    and    Respiration    in 
Plankton  Organisms. 
W90-05396  2H 

OBSERVATION  WELLS 

Procedure     for    Evaluating    Observation-Well 
Networks    in    Wyoming,    and    Application    to 
Northeastern  Wyoming,  1986. 
W90-05276  7A 

Procedure    for    Evaluating    Observation-Well 
Networks    in    Wyoming,    and    Application    to 
Northeastern  Wyoming,  1986. 
W90-05597  7A 

OCEAN  CIRCULATION 

Beaufort  Sea  Mesoscale  Circulation  Study-Final 

Report. 

W90-05555  2L 

OCEAN  DUMPING 

Effect  of  Sludge  Digestion  on  Metal  Segregation 

During  Ocean  Dumping. 

W90-04967  5E 

OCONEE  RIVER 

Low-Flow  Profiles  in  the  Upper  Oconee  River 

and  Tributaries  in  Georgia. 

W90-05614  2E 

OCONTO  RIVER 

Water  Quality  and  Restoration  of  the  Lower 
Oconto  River,  Oconto  County,  Wisconsin. 
W90-05610  5G 

ODOR  CONTROL 

Odor  Characterization  and  Control  in  a  Chemi- 
cal Wastewater  Equalization  Basin. 
W90-04759  5D 

Predation  and  Deodorization  of  Musty  Odor- 
Producing  Filamentous  Algae  by  the  Protozoa 
Trithigmostoma  cucullulus. 
W90-04760  5F 

ODOR-PRODUCING  ALGAE 

Predation  and  Deodorization  of  Musty  Odor- 
Producing  Filamentous  Algae  by  the  Protozoa 
Trithigmostoma  cucullulus. 
W90-04760  5F 

OGEECHEE  RIVER 

Low-Flow  Profiles  of  the  Upper  Savannah  and 
Ogeechee  Rivers  and  Tributaries  in  Georgia. 
W90-05613  2E 

OHIO 

Seasonality  in  River  Phytoplankton:  Multivar- 
iate Analyses  of  Data  from  the  Ohio  River  and 
Six  Kentucky  Tributaries. 
W90-04890  2H 

OHIO  RIVER 

Stranding  of  Fishes  below  McAlpine  Dam  on 

the  Ohio  River. 

W90-05309  81 

OIL 

Estimation  of  Hydrocarbon  Biodegradation  Ve- 
locities in  Tidal  Sediments  under  Standard  Con- 
ditions. 
W90-05561  5B 

OIL  FIELDS 

Investigation  of  an  Innovative  Technology  for 

Oil-Field  Brine  Treatment. 

W90-04787  5D 

OIL  POLLUTION 

Removal  of  the  Groundwater  Pollution  Below 

an  Abandoned  Waste  Oil  Refinery. 

W90-04785  5G 

Contaminant-Induced  Changes  in  the  Structure 
of  the  Digestive  Epithelium  of  Mytilus  edulis. 
W90-04941  5C 


Cost  Effectiveness  of  Benthic  Faunal  Monitor- 
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ing. 
W90-04964 


Silica   Mobility    in   a   Petroleum-Contaminated 

Aquifer. 

W90-05060  5C 

Fate  and  Effects  of  Crude  Oil  in  a  Shallow 
Aquifer:  I.  The  Distribution  of  Chemical  Species 
and  Geochemical  Facies. 
W90-05061  5B 

Fate  and  Effects  of  Crude  Oil  in  a  Shallow 
Aquifer:  II.  Evidence  of  Anaerobic  Degradation 
of  Monoaromatic  Hydrocarbons. 
W90-05062  5B 

Variability  in  the  Chemistry  of  Nonvolatile  Or- 
ganic Acids  Downgradient  from  the  Oil  Body  at 
Bemidji,  Minnesota. 
W90-05063  5B 

Characterization  of  Nonvolatile  Organic  Acids 
Resulting  from  the  Biodegradation  of  Crude  Oil 
by  Nuclear  Magnetic  Resonance  Spectrometry. 
W90-05064  5B 

Determination   of  the   Air-Phase    Permeability 
Tensor  of  an  Unsaturated  Zone  at  the  Bemidji, 
Minnesota,  Research  Site. 
W90-05065  2F 

Algal  Epilithon  and  Water  Quality  of  a  Stream 

Receiving  Oil  Refinery  Effluent. 

W90-05372  5C 

Petroleum  Fate  and  Cleanup  Agent  Toxicology: 

An  Annotated  Bibliography. 

W90-05583  5B 

OIL  SPILLS 

Relative  Concentrations  of  Dissolved/Dispersed 
Fossil  Fuel  Residues  in  Mediterranean  Surface 
Waters  as  Measured  by  UV  Fluorescence. 
W90-04985  5A 

Trends  in  Oil  Spill  Incidents  in  South  African 

Coastal  Waters. 

W90-04986  5B 

Oil  Spill  Research  and  Development  Needs  for 

the  1990's. 

W90-05164  5G 

Petroleum  Fate  and  Cleanup  Agent  Toxicology: 

An  Annotated  Bibliography. 

W90-05583  5B 

OIL  WASTES 

Technology  Evaluation  Report.  SITE  Program 
Demonstration   Test,   Shirco   Infrared   Inciner- 
ation   System,    Peak    Oil,    Brandon,    Florida. 
Volume  I. 
W90-05141  5G 

OILY  WATER 

Removal  of  the  Groundwater  Pollution  Below 

an  Abandoned  Waste  Oil  Refinery. 

W90-04785  5G 

OKLAHOMA 

Fiscal  Year   1988  Program  Report  (Oklahoma 
Water  Resources  Research  Institute). 
W90-05231  9D 

Water  Resources  Data  for  Oklahoma,  Water 

Year  1987. 

W90-05266  7C 

OLD  BETHPAGE 

Superfund  Record  of  Decision:  Old  Bethpage, 

NY. 

W90-05584  5G 
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OLIGOTROPHIC  LAKES 

Lake  Vattern,  Sweden:  A  20-Year  Perspective. 
W90-04709  2H 

Composition,     Distribution     and     Biomass     of 

Benthic   Macrophyte  Communities   from   Lake 

Baciver,  a  Spanish  Alpine  Lake  in  the  Central 

Pyrenees. 

W9O-05037  2H 

Bacterial  Utilization  of  Photosynthetically  Pro- 
duced Dissolved  and  Particulate  Organic  Matter 
and  the  Role  in  C-Flux  of  Lake  Stechlin. 
W90-05475  2H 

ONTARIO 

Towards  a  Biological  and  Chemical  Definition 
of  the  Hyporheic  Zone  in  Two  Canadian  Rivers. 
W9O-05358  2F 

OPEN-CHANNEL  FLOW 

DYN2  Method  for  Optimal  Control  of  Water 

Flow  in  Open  Channels. 

W90-04818  4  A 

OPEN  SPACE 

Integrated  Riparian  Planning  in  the  Urban  Set- 
ting. 
W90-05498  4C 

OREGON 

Water  Resources  Data  for  Oregon,  Water  Year 

1987.  Volume  1.  Eastern  Oregon. 

W90-05260  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1987.  Volume  2.  Western  Oregon. 

W90-05261  7C 

Oregon    Watershed    Improvement    Coalition's 
Approach  to  Riparian  Management. 
W90-05493  4A 

Integration  of  Riparian  Data  in  a  Geographic 

Information  System. 

W90-05495  7C 

ORGANIC  CARBON 

Organic  Carbon  Isotope  Ratios  and  Implications 
for  the  Maximum  Turbidity  Zone  of  the  St. 
Lawrence  Estuary. 
W90-04641  2L 

Changes    in    Phytoplankton    and    Zooplankton 
Biomass  and  Composition   Reflected  by  Sedi- 
mentation. 
W90-04652  2H 

Organic  Carbon  Transport  in  an  Undisturbed 
Boreal  Humic  River  in  Northern  Finland. 
W90-O4804  2H 

Organic  Carbon  Flux  Through  a  Delaware  Bay 
Salt  Marsh:  Tidal  Exchange,  Particle  Size  Distri- 
bution, and  Storms. 
W90-04871  2L 

Phytoplankton  Extracellular  Dissolved  Organic 

Carbon  Production  in  a  Hypertrophic  African 

Lake. 

W90-04892  2H 

Organic  Carbon  Budget  in  a  Headwater  Stream 

at  Uratakao,  (in  Japanese). 

W90-O5055  2H 

ORGANIC  COMPOUNDS 

Toxicology  Studies  of  a  Chemical  Mixture  of  25 
Groundwater  Contaminants:  I.  Chemistry  De- 
velopment. 
W90-04697  5B 

Determination  of  Cellosolve  and  Chlorex  Con- 
centrations Inhibitory  to  Industrial  Waste  Stabi- 
lization Pond  Treatment  Efficiencies. 
W90-04783  5D 


Bis(2-chloroethyl)ether     and  2-Ethoxyethanol 

Treatability  and  Toxicity  in  Lab  Scale  Waste 
Stabilization  Ponds. 

W90-04784  5D 

Outflows  of  Organic   Halide   Precursors   from 

Forest  Regions. 

W90-04794  5F 

Changes    in    Copper-Complexing    Organic    Li- 
gands   During   Spring   Blooms   in   the   Coastal 
Waters  of  Nova  Scotia,  Canada. 
W90-04980  2L 

Direct  Detection  of  Organic  Compounds  in 
Water  at  Parts-per-billion  Levels  Using  a  Simple 
Membrane  Probe  and  a  Quadrupole  Ion  Trap. 
W90-05038  5A 

Ground-Water    Contamination    at    an    Inactive 
Coal  and  Oil  Gasification  Plant  Site,  Gas  Works 
Park,  Seattle,  Washington. 
W90-05550  5B 

USEPA   Method  Study   39,   Method   504,    1,2- 
dibromoethane  (EDB)  and  l,2-dibromo-3-chlor- 
opropane  (DBCP)  in  Water  by  Microextraction 
and  Gas  Chromatography. 
W90-05557  5A 

ORGANIC  MATTER 

Mutagenic    Activity   of  Organic   Concentrates 
from  Municipal  River  Water  and  Sewage  Efflu- 
ent after  Chlorination  or  Ozonation. 
W90-04798  sc 

Isolation  of  Humic  and  Adherent  Organic  Sub- 
stances in  Preparative  Scale  from  Groundwater 
and  Surface  Water  under  Field  Conditions  by 
Means  of  a  Mobile  Adsorption  Device. 
W90-05319  7B 

Humic  Content  of  Lake  Water  and  Its  Relation- 
ship to  Watershed  and  Lake  Morphometry. 
W9O-054O0  2H 

Streaming  Current  Detection  for  Determination 
of  Metal  Complexation  Capacities  of  Aquatic 
Humic  Substances. 
W90-05421  5  a 

Modelling  of  Organic  Particle  Flux  Through  the 

Metalimnion  in  Lakes. 

W90-05468  2H 

Bacterial  Utilization  of  Photosynthetically  Pro- 
duced Dissolved  and  Particulate  Organic  Matter 
and  the  Role  in  C-Flux  of  Lake  Stechlin. 
W90-05475  2H 

Particulate  Organic  Matter  and  its  Role  in  the 
Formation  of  Water  Quality  in  Lake  Sevan  (Ar- 
menia). 
W90-05479  2H 

Sulfur-Containing  Amino  Acids  as  Precursors  of 
Thiols  in  Anoxic  Coastal  Sediments. 
W90-05485  2L 
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Predicting  the  Multicomponent  Removal  of  Sur- 
rogate Compounds  by  a  Fixed-Bed  Adsorber. 
W90-04813  5F 

Fate  and  Transport  of  Organic  Compounds  and 

Trace  Elements  in  the  Lower  Calcasieu  River, 

Louisiana. 

W9O-O5O90  5B 

Remobilization    of  Organic    Compounds    from 
Bottom  Material  Collected  from  Bayou  DTnde, 
Louisiana,  Upon  Exposure  to  Differing  Ionic- 
Strength  Waters. 
W90-05091  5B 

Uptake  of  Manmade  Organic   Compounds  by 

Rangia  Cuneata  in  the  Lower  Calcasieu  River, 

Louisiana. 

W90-05094  5B 


Estimation    of   Volatilization-Rate    Coefficients 
for    Volatile    Organic    Compounds    in    Bayou 
d'Inde,  Louisiana. 
W90-05095  5B 

Abiotic  Photolysis  in  the  Calcasieu  River,  Lou- 
isiana. 
W90-05096  5B 

ORGANIC  SOLVENTS 

PCE  Volatilized  from  Stagnant  Water  and  Soil. 
W90-05027  5B 

Site  Description  and  Summary  of  Research  Ac- 
tivities on  the  Movement  and  Fate  of  Chlorinat- 
ed Solvents  in  Ground  Water  at  Picatinny  Arse- 
nal, New  Jersey. 
W90-05097  5B 

ORGANOPHOSPHORUS  PESTICIDES 

Acute  Toxicity  of  Temephos,  Fenoxycarb,  Di- 
flubenzuron,  and  Methoprene  and  Bacillus  thur- 
ingiensis    var.    israelensis    to    the    Mummichog 
(Fundulus  heteroclitus). 
W90-04675  5C 

ORINOCO  RIVER 

Longitudinal  Study  of  Zooplankton  Along  the 
Lower  Orinoco  River  and  Its  Delta  (Venezuela). 
W90-05036  2E 

OROGRAPHIC  PRECIPITATION 

Meso-gamma-Scale  Distribution  of  Orographic 
Precipitation:  Numerical  Study  and  Comparison 
with  Precipitation  Derived  from  Radar  Meas- 
urements. 
W90-04602  2B 

Effects  of  Different  Rain  Parameterizations  on 
the  Simulation  of  Mesoscale  Orographic  Precipi- 
tation. 
W90-04605  2B 

Influence  of  Riming  on  the  Chemical  Composi- 
tion of  Snow  in  Winter  Orographic  Storms. 
W90-O4608  2C 

Regionalization  of  Thunderstorm  Rainfall  in  the 

Contiguous  United  States. 

W90-04995  2B 

OSCILLATORIA 

Heterotrophic   Capabilities   of  the   Blue-Green 

Alga  Oscillatoria  albescens. 

W90-04808  2H 

OVERLAND  FLOW 

Hydrology  of  Small  Tributary  Streams  in  a  Su- 
barctic Wetland. 
W90-04587  2E 

OXIDATION 

Biochemical  Responses  in  Aquatic  Animals:  A 
Review  of  Determinants  of  Oxidative  Stress. 
W90-04690  5C 

Biooxidation  Studies  of  Pollutants  in  Effluent 

from  the  X-710  Laboratory. 

W90-05185  5D 

OXIDATION-REDUCTION  POTENTIAL 

Menadione-Stimulated  Oxyradical  Formation  in 
Digestive  Gland  Microsomes  of  the  Common 
Mussel,  Mytilus  edulis  L. 
W90-O4671  5C 

Use  of  Redox  Potential  to  Control  Ferric  Sul- 
phate Dosing  During  Phosphate  Removal. 
W90-04911  5D 

OXINE 

Immobilized  8-Oxine  Units  of  Different  Solid 
Sorbents  for  the  Uptake  of  Metal  Traces. 
W9O-05313  7B 
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OXYGEN  DEFICIT 

Analytic  Technique  for  Stochastic  Analysis  in 

Environmental  Models. 

W90-04659  2E 

OXYGEN  ISOTOPES 

Stable  Isotope  Composition  of  Land  Snail  Body 
Water  and  Its  Relation  to  Environmental  Waters 
and  Shell  Carbonate. 
W90-05325  2H 

OXYGEN  REQUIREMENTS 

Menadione-Stimulated  Oxyradical  Formation  in 
Digestive  Gland  Microsomes  of  the  Common 
Mussel,  Mytilus  edulis  L. 
W90-04671  5C 

Respiratory   Responses   of  Aquatic   Insects  to 
Low  Oxygen  Concentration,  (in  Japanese). 
W90-05058  2H 

Influence  of  Salinity,   Leaching  Fraction,  and 
Soil  Type  on  Oxygen  Diffusion  Rate  Measure- 
ments and  Electrode  'Poisoning'. 
W90-05307  7B 

Predicting   Changes   in   Hypolimnetic   Oxygen 
Concentrations    With    Phosphorus    Retention, 
Temperature,  and  Morphometry. 
W90-O54O3  2H 

Oxygen  Utilization  in  Activated  Sludge  Plants: 

Simulation  and  Model  Calibration. 

W90-05558  5D 

OXYGEN  TRANSFER 

Mass  Transfer  Properties  of  the  Benthic  Bounda- 
ry Layer  with  an  Application  to  Oxygen  Fluxes. 
W90-O5O33  2H 

OYSTERS 

Survival  of  Vibrio  vulnificus  in  Shellstock  and 
Shucked  Oysters  (Crassostrea  gigas  and  Crassos- 
trea  virginica)  and  Effects  of  Isolation  Medium 
on  Recovery. 
W90-O4932  5B 

OZARK  AQUIFER 

Analysis  of  the  Effect  of  Pumping  on  Ground- 
Water   Flow   in   the   Springfield    Plateau   and 
Ozark  Aquifers  Near  Springfield,  Missouri. 
W90-05218  2F 

OZONATION 

Efficacy  and  Mechanism  of  Removal  of  Organic 

Substances  from  Water  by  Ozone  and  Activated 

Carbon. 

W90-04758  5D 

Mutagenic   Activity   of  Organic   Concentrates 
from  Municipal  River  Water  and  Sewage  Efflu- 
ent after  Chlorination  or  Ozonation. 
W90-04798  5C 

PALEOHYDROLOGY 

River-Channel  Changes  in  England  and  Wales. 
W90-O4903  2E 

PALEOLIMNOLOGY 

Diatom-based  pH  Reconstruction  of  Lake  Acidi- 
fication Using  Canonical  Correspondence  Anal- 
ysis. 
W90-04711  2H 

Carbonate    Sediments    in    Lakes    of    Yunnan, 

China. 

W90-04721  2H 

Sedimentary  Environments  Inferred  from  Litho- 
facies  of  the  Lake  Biwa  1400  m  Core  Sample, 
Japan,  (in  Japanese). 
W90-O5057  2J 

Lithology,    Mineralogy,    and    Paleontology    of 
Quaternary  Lake  Deposits  in  Long  Valley  Cal- 
dera,  California. 
W90-O5551  2H 


PARASriES 

Backcountry  Water  Treatment  to  Prevent  Giar- 
diasis. 
W90-04635  5F 

PARKS 

Gastrointestinal    Effects    of   Water    Reuse    for 

Public  Park  Irrigation. 

W90-04636  5B 

PARTICLE  SIZE 

Modeling  for  Class-I  Sedimentation. 
W90-05026  5D 


Mineralogy  and  Grain  Size  of  Surficial  Sediment 
from  the  Big  Lost  River  Drainage  and  Vicinity, 
with  Chemical  and  Physical  Characteristics  of 
Geologic  Material  from  Selected  Sites  at  the 
Idaho  National  Engineering  Laboratory,  Idaho. 
W90-05271  2J 

Mineralogy  and  Grain  Size  of  Surficial  Sediment 
from  the  Little  Lost  River  and  Birch  Creek 
Drainages,  Idaho  National  Engineering  Labora- 
tory, Idaho. 
W90-05273  2J 

Unusual  Grain  Size  Effect  on  Trace  Metals  and 
Organic  Matter  in  Contaminated  Sediments. 
W90-05406  5B 

PARTICULATE  MATTER 

Organic  Carbon  Isotope  Ratios  and  Implications 
for  the  Maximum  Turbidity  Zone  of  the  St. 
Lawrence  Estuary. 
W90-04641  2L 

Sedimentation  Rates  of  Particulate  Organic  De- 
trital    Carbon,    Nitrogen    and    Phosphorus    in 
Donghu  Lake,  Wuhan. 
W90-04723  2J 

Organic  Carbon  Transport  in  an  Undisturbed 
Boreal  Humic  River  in  Northern  Finland. 
W90-04804  2H 

Absorption  Coefficient  of  Particulate  Matter  in 

Lake  Haruna. 

W90-05054  2H 

Radionuclides  and  Large  Particles  in  Estuarine 

Sediments. 

W90-05405  5B 

Bacterial  Utilization  of  Photosynthetically  Pro- 
duced Dissolved  and  Particulate  Organic  Matter 
and  the  Role  in  C-Flux  of  Lake  Stechlin. 
W90-05475  2H 

Particulate  Organic  Matter  and  its  Role  in  the 
Formation  of  Water  Quality  in  Lake  Sevan  (Ar- 
menia). 
W90-05479  2H 
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Transfer  of  Radiocesium  from  Different  Envi- 
ronmental   Sources    to    Ewes    and    Suckling 
Lambs. 
W90-04557  5B 

Plutonium  Distribution  and  Oxidation  States  in  a 

Reactor  Leaching  Ponds  System. 

W90-04558  5B 

Acid  Deposition  Modeling  and  the  Interpreta- 
tion of  the  United  Kingdom  Secondary  Precipi- 
tation Network  Data. 
W90-04579  5B 

Generalized  Multidimensional   Model  for  Pre- 
cipitation Scavenging  and  Atmospheric  Chemis- 
try. 
W90-04580  5B 

Modeling  of  Atmospheric  Transport  and  Depo- 
sition of  Toxaphene  into  the  Great  Lakes  Eco- 
system. 
W90-04581  5B 


Intercomparison    of    Long-Term    Atmospheric 
Transport  Models;  the  Budgets  of  Acidifying 
Species  for  the  Netherlands. 
W90-04582  5B 

Reconstruction  of  a  Concentration  Field  in  a 

Coastal  Sea. 

W90-04592  5B 

Influence  of  Riming  on  the  Chemical  Composi- 
tion of  Snow  in  Winter  Orographic  Storms. 
W90-04608  2C 

Modeling  the  Transport  of  Chromium  (VI)  in 

Soil  Columns. 

W90-04615  5B 

Iron  and  Trace  Metals  in  Some  Tidal  Marsh 

Soils  of  the  Chesapeake  Bay. 

W90-04617  5B 

Aluminum  Precipitation  and  Dissolution  Rates 

in  Spodosol  Bs  Horizons  in  the  Northeastern 

USA. 

W90-04618  5B 

Solubility    and    Phosphorus-31     Magic    Angle 
Spinning  Nuclear  Magnetic  Resonance  of  Phos 
phorus  in  Sludge-Amended  Soils. 
W90-04620  5B 

Chromium  Biogeochemical  Cycle  in  Abu  Kir 

Bay,  East  of  Alexandria,  Egypt. 

W90-04644  5B 

Analytical  Solution  of  a  Convection-Dispersion 
Model  with  Time-Dependent  Transport  Coeffi- 
cients. 
W90-04658  5B 

Simulation  of  Three-Dimensional  Flow  of  Im- 
miscible Fluids  Within  and  Below  the  Unsaturat- 
ed Zone. 
W90-04662  5B 

Stochastic  Analysis  of  the  Influence  of  Soil  and 
Climatic  Variability  on  the  Estimate  of  Pesticide 
Groundwater  Pollution  Potential. 
W90-04663  5B 

Field-Scale    Transport    of   Interacting    Solutes 
Through  the  Unsaturated  Zone:  1.  Analysis  of 
the  Spatial  Variability  of  the  Transport  Proper- 
ties. 
W90-04664  2G 

Field-Scale  Transport  of  Interacting  Solutes 
Through  the  Unsaturated  Zone:  2.  Analysis  of 
the  Spatial  Variability  of  the  Field  Response. 
W90-04665  2G 

Hydrostratigraphic  Interpretation  Using  Indica- 
tor Geostatistics. 
W90-04667  2F 

Effect  of  Sediment  on  Cadmium  and  Lead  in  the 
Stone  Loach  (Noemacheilus  barbatulus  L). 
W90-04673  5C 

Cadmium  and  Lead  Accumulation  by  Goldfish 

Exposed  to  Aqueous  Refuse  Incinerator  Fly  Ash 

Leachate. 

W90-04678  5B 

Distribution  of  Polycyclic  Aromatic  Hydrocar- 
bons (PAH's)  in  Marsh  Sediments,  Iraq. 
W90-04681  5B 

Persistence   and   Distribution   of  PCBs   in   the 

Sediments  of  a  Reservoir  (Lake  Hartwell,  South 

Carolina). 

W90-04682  5B 

Water  Hyacinth  as  Indicator  of  Heavy  Metal 

Pollution  in  the  Tropics. 

W90-04684  5A 
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Dinoseb    Presence   in   Agricultural    Subsurface 
Drainage  from  Potato  Fields  in  Northwestern 
New  Brunswick,  Canada. 
W90-04685  5B 

Environmental  Dynamics  of  the  Carbamate  In- 
secticide Aldicarb  in  Soil  and  Water. 
W90-04686  5B 

Toxicology  Studies  of  a  Chemical  Mixture  of  25 
Groundwater  Contaminants:  I.  Chemistry  De- 
velopment. 
W90-04697  5B 

Contribution  of  Domestic  Water  Use  to  Indoor 
Air  Concentrations  of  Chloroform  in  New  York 
City  Apartments  -  A  Pilot  Study. 
W90-04704  5B 

Study  of  Humic  Organic  Substances  and  Heavy 
Metals  in  the  Ivankovo  Reservoir  Waters. 
W90-04705  5B 

Flow   and   Distribution    of  Chromium    in   the 
Swedish   Environment:   A   New   Approach   to 
Studying  Environmental  Pollution. 
W90-04710  5B 

Pathways  of  Arsenic  Uptake  and  Incorporation 
in  Estuarine  Phytoplankton  and  the  Filter-Feed- 
ing  Invertebrates   Eurytemora  affinis,   Balanus 
improvisus  and  Crassostrea  virginica. 
W90-04727  5B 

SPRAT-A  Simple  River  Quality  Impact  Model 

for  Intermittent  Discharges. 

W90-O4773  5C 

Modelling  of  Pollution  Loads  from  Combined 
Sewer  Systems  to  Receiving  Waters. 
W90-04774  5B 

Influence  of  pH,  Ionic  Strength  and  Chloride 
Concentration  on  the  Adsorption  of  Cadmium 
by  a  Sediment. 
W90-04793  5B 

Geochemical  and  Water  Flow  Features  in  a 
Semienclosed  Embayment  of  the  Western 
Aegean  Sea  (Pagassitikos  Gulf,  Greece)  and 
Physical  Oceanographic  and  Geochemical  Con- 
ditions in  Thermaikos  Bay  (Northwestern 
Aegean,  Greece). 
W90-04795  5B 

Reservoir    Sediments    as    Potential    Source    of 

Heavy    Metals    in    Drinking    Water    (Sardinia, 

Italy). 

W90-04797  5B 

Rapid   Pollution   Assessment   in   Tidal   Waters. 
W9O-O480O  5A 

Amount  of  Heavy  Metals  Derived  from  Domes- 
tic Wastewater. 
W90-04802  5B 

Fate  of  Metals  Linked  with  Sewage  Sludges  or 
Municipal   Refuses   Used   as   Improvements   in 
Market  Gardening. 
W90-04803  5E 

Epidemiology  and  Toxicology  of  Volatile  Or- 
ganic   Chemical    Contaminants    in    Water    Ab- 
sorbed through  the  Skin. 
W9O-O4830  5C 

Role  of  Skin  Absorption  as  a  Route  of  Exposure 
to  Volatile  Organic  Compounds  in  Household 
Tap  Water:  A  Simulated  Kinetic  Approach. 
W90-04831  5B 

Human  Skin  Binding  and  Absorption  of  Con- 
taminants   from    Ground    and    Surface    Water 
During  Swimming  and  Bathing. 
W90-04832  5B 


Chemical  Substitution  Reaction  between  Cu(II) 

and  Hg(II)  and  Hydrous  CdS(s). 

W90-04841  5B 

Effect  of  Surface  Active  Substances  on  the  Elec- 
trochemical Behaviour  of  Copper  Ions  in  Chlo- 
ride Solutions  and  in  Natural  Waters. 
W90-04843  2K 

Uptake  and  Depuration  of  241  Am,  239  +  240Pu, 
238Pu,    137Cs   and    106Ru   by    Mytilus   edulis 
under  Natural  Stress. 
W90-04869  5B 

Stable  Isotope  Ratios  and  Contaminant  Concen- 
trations in  a  Sewage-Distorted  Food  Web. 
W90-04872  5B 

Agricultural  Contamination:  Problems  and  Solu- 
tions. 
W90-04876  5B 

Changes  in  Concentration  of  Lead  and  Cadmi- 
um in  Water  from  Three  Rivers  in  Derbyshire. 
W90-04943  5B 

Trace  Elements  and  Chlorinated  Hydrocarbons 
in  Eggs  of  Pelecanus  crispus,  a  World  Endan- 
gered   Bird    Species    Nesting    at    Lake    Mikri 
Prespa,  North-western  Greece. 
W90-04945  5B 

Metals  and   Organochlorines  in   Dolphins  and 
Porpoises  of  Cardigan  Bay,  West  Wales. 
W90-04968  5B 


Ecology  of  the  Lambro  River. 
W90-04969 
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Trend  Monitoring  of  Dissolved  Trace  Metals  in 
Coastal  Sea  Water:  A  Waste  of  Effort. 
W90-04982  5B 

Estimates  of  Trace  Metal  Inputs  from  Non-point 

Sources  Discharged  into  Estuaries. 

W90-04983  5B 

Total  Mercury  and  Cadmium  in  Some  Cephalo- 
pods  and  Fish  from  the  Adriatic  Sea. 
W90-04988  5B 

Nonpoint  Source  Pollution  Control  Effective- 
ness of  Riparian  Forests  Along  a  Coastal  Plain 
River. 
W90-O4999  5G 

Drainage  of  Landfill  Covers  and  Bottom  Liners: 

Unsteady  Case. 

W90-O5020  5B 

Steady  Drainage  of  Landfill  Covers  and  Bottom 

Liners. 

W90-05021  5E 

PCE  Volatilized  from  Stagnant  Water  and  Soil. 
W90-O5027  5B 

Seasonal    and    Long-Term    Variations   of  Dis- 
solved Solids  in  Lakes  and  Reservoirs. 
W90-05028  2H 

Model  Illustrating  the  Environmental  Fate,  Ex- 
posure and  Human  Uptake  of  Persistent  Organic 
Chemicals. 
W9O-05041  5B 

Exposure  and  Ecotoxicity  Estimation  for  Envi- 
ronmental Chemicals  (E4CHEM):  Application 
of  Fate  Models  for  Surface  Water  and  Soil. 
W90-05042  5B 

Fast  Graphical  Simulations  of  Spills  and  Plumes 

for  Application  to  the  Great  Lakes. 

W90-05044  5B 

Study  on  Solute  N03-N  Transport  in  the  Hy- 
drologic  Response  by  an  MRF  Model. 
W90-05045  5B 


U.S.  Geological  Survey  Toxic  Substances  Hy- 
drology Program:  Proceedings  of  the  Technical 
Meeting,    Phoenix,   Arizona,   September   26-30, 
1988. 
W90-05059  5B 

Variability  in  the  Chemistry  of  Nonvolatile  Or- 
ganic Acids  Downgradient  from  the  Oil  Body  at 
Bemidji,  Minnesota. 
W90-05063  5B 

Determination    of  the   Air-Phase    Permeability 
Tensor  of  an  Unsaturated  Zone  at  the  Bemidji, 
Minnesota,  Research  Site. 
W90-05065  2F 

Research  on  Metals  in  Acid  Mine  Drainage  in 

the  Leadville,  Colorado,  Area. 

W90-05066  5B 
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Ground-Water  Monitoring  Compliance  Project 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988. 
W90-05585  5A 

BAYERISCHE  LANDESANSTALT  FUER 
WASSERFORSCHUNG,  WIELENBACH 
(GERMANY,  F.R.). 

Comparative  Aquatic  Ecology  Research  on 
Phosphate  and  Phosphate  Substitutes  for  Deter- 
gents (Vergleichende  Untersuchungen  zur 
Bewertung  von  Phosphat  und  Phosphatersatz- 
stoffen  aus  der  Sicht  der  aquatischen  Oekologie). 
W90-05422  so 

BAYLOR  UNTV,  WACO,  TX.  DEPT.  OF 
CHEMISTRY. 

Determination  of  Chloride  and  Available  Chlo- 
rine  in   Aqueous   Samples  by   Flame   Infrared 
Emission. 
W90-04994  7B 

BEDFORD  INST.  OF  OCEANOGRAPHY, 
DARTMOUTH  (NOVA  SCOTIA). 

Suspended    Sediment    Transport    Processes    in 

Cumberland  Basin,  Bay  of  Fundy. 

W90-O4570  2J 

BIOENERGY  SYSTEMS  LTD,  MILWAUKEE, 
WL 

Anaerobic  Marketing-Three  Cases  in  Point. 
W9W)5570  5D 
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CASE  WESTERN  RESERVE  UNIV.,  CLEVELAND,  OH.  DEPT.  OF  SYSTEMS  ENGINEERING. 


BIONETICS  CORP.,  CINCINNATI,  OH. 

USEPA  Method  Study  39,  Method   504,   1,2- 
dibromoethane  (EDB)  and  l,2-dibromo-3-chlor- 
opropane  (DBCP)  in  Water  by  Microextraction 
and  Gas  Chromatography. 
W90-05557  5A 

BIONOV  CNP,  ESC,  QUEBEC  (CANADA). 
Culture      of      Cyanobacteria      for      Tertiary 
Wastewater  Treatment  and  Biomass  Production. 
W90-04860  5D 

BIOTHANE  CORP.,  CAMDEN,  NJ. 

Industrial-Scale  Anaerobic  Treatment  of  Yeast 

Fermentation  Wastewater. 

W9O-05572  5D 

BKK  CORP.,  WEST  COVTNA,  CA.  LANDFILL 
DIV. 

Biophysical  Treatment  Facility  for  Hazardous 

Waste  Landfill  Leachates. 

W90-04738  5D 

BRNO  UNTV.  (CZECHOSLOVAKIA).  DEPT. 
OF  ENVIRONMENTAL  STUDIES. 

Comparison  of  Extraction  Methods  for  Polycy- 

clic  Aromatic  Hydrocarbon  Determination  in 

Sediments. 

W90-O4707  5A 

BROWN  AND  CALDWELL,  DENVER,  CO. 

Nitrification  for  the  '90s. 

W90-04924  5D 

BROWN  AND  ROOT  DEVELOPMENT,  INC., 
HOUSTON,  TX. 

Channel  Tunnel,  Texas  Style. 

W90-05349  8H 

BUREAU  OF  LAND  MANAGEMENT,  BOISE, 
H).  DDAHO  STATE  OFFICE. 

Use  of  Hydrology  in  Riparian  Classification. 
W90-05500  7B 

BUREAU  OF  LAND  MANAGEMENT, 
DDLLON,  MT. 

Grazing  and  Riparian  Management  in  South- 
western Montana. 
W9O05508  4D 

BUREAU  OF  LAND  MANAGEMENT, 
PRINEVTLLE,  OR.  PRINEVILLE  DISTRICT 
OFFICE. 

Selling  a  Successful  Riparian  Management  Pro- 
gram: A  Public  Land  Manager's  Viewpoint. 
W90-05492  4A 

BUREAU  OF  LAND  MANAGEMENT, 
WASHINGTON,  DC.  ENDANGERED  SPECIES 
COMMITTEE. 

Fishes  of  North  America  Endangered,  Threat- 
ened, or  of  Special  Concern:  1989. 
W90-05448  81 

BUREAU  OF  METEOROLOGY,  MELBOURNE 
(AUSTRALIA).  RESEARCH  CENTRE. 

Diurnal  Variations  During  the  Australian  Mon- 
soon Experiment  (AMEX)  Phase  II. 
W90-04610  2B 

Australian      Summer      Monsoon      Circulation 

During  AMEX  Phase  II. 

W90-04611  2B 

BUREAU  OF  RECLAMATION,  DENVER,  CO. 
ENGINEERING  AND  RESEARCH  CENTER. 

Enhancing  Tailwater  Fisheries. 

W90-05529  81 


CAGLIARI  UNIV.  (ITALY).  1ST.  DI  IGD3NE  E 
MEDICINA  PREVENTIVA. 

Reservoir    Sediments    as    Potential    Source    of 
Heavy    Metals    in    Drinking    Water    (Sardinia, 

Italy). 

W90-04797  5B 

CAGLIARI  UNIV.  (ITALY).  1ST.  DI 
ZOOLOGIA  ED  ANATOMIA  COMPARATA. 

Research  about  the  Mesological  Factors  of  the 
Principal  Sardinian  Ponds  Visited  by  Phoenicop- 
terus  Ruber  Roseus  (Pallas),  and  the  Best  Condi- 
tions Selected  by  It,  (Caratteristiche  Mesolo- 
giche  Dei  Principali  'Stagni'  Sardi  Visitati  da 
Pheonicopteurs  Ruber  Roseus  (Pallas),  Ed  Opti- 
mum Delle  Condizioni  da  Esso  Ricercate). 
W90-04971  2H 

CALGARY  UNIV.  (ALBERTA).  DEPT.  OF 
CHEMICAL  AND  PETROLEUM 
ENGINEERING. 

Induced  Surface  Flow  in  a  Model  Reservoir. 
W90-05463  2H 

CALIFORNIA  DEPT.  OF  HEALTH  SERVICES, 
BERKELEY.  EPIDEMIOLOGICAL  STUDIES 
SECTION. 

Pregnancy  Outcomes  in  Women  Potentially  Ex- 
posed to  Solvent-Contaminated  Drinking  Water 
in  San  Jose,  California. 
W90-05426  5C 

CALIFORNIA  POLYTECHNIC  STATE  UNIV., 
SAN  LUIS  OBISPO.  DEPT.  OF 
AGRICULTURAL  ENGINEERING. 

Canal  Automation  Providing  On-Demand  Water 

Deliveries  for  Efficient  Irrigation. 

W90-05202  7B 

CALIFORNIA  STATE  WATER  RESOURCES 
CONTROL  BOARD,  SACRAMENTO. 

Planning  and  Analysis  for  Water  Reuse  Projects. 
W90-05289  3C 

CALIFORNIA  UNIV.,  BERKELEY.  DEPT.  OF 
ENTOMOLOGICAL  SCIENCES. 

Periphyton  Responses  to  Invertebrate  Grazing 
and  Riparian  Canopy  in  Three  Northern  Califor- 
nia Coastal  Streams. 
W9O-04952  2H 

CALIFORNIA  UNIV.,  DAVIS.  DEPT.  OF 
AGRICULTURAL  ECONOMICS. 

National  Assessment  of  the  State  of  Groundwat- 
er Contamination- An  Overview. 
W90-05170  5B 

CALIFORNIA  UNIV.,  DAVIS.  DEPT.  OF 
ENVIRONMENTAL  TOXICOLOGY. 

Environmental  Persistence  and  Fate  of  Fenoxa- 

prop-Ethyl. 

W90-04694  5B 

CALIFORNIA  UNIV.,  DAVIS.  DEPT.  OF 
LAND,  AIR  AND  WATER  RESOURCES. 

Stochastic  Analysis  of  Field  Measured  Unsatu- 
rated Hydraulic  Conductivity. 
W90-04668  2G 

River   Quality   Modeling:   Frequency   Domain 

Approach. 

W90-O4821  5B 

Optimizing  Spillway  Capacity  with  Uncertainty 

in  Flood  Estimator. 

W9O-05303  2E 

CALIFORNIA  UNIV.,  DAVIS.  DIV.  OF 
ENVmONMENTAL  STUDIES. 

Lake  Tahoe:  Preserving  a  Fragile  Ecosystem. 
W90-O4866  2H 


BUTLER  UNIV.,  INDIANAPOLIS,  IN. 
HOLCOMB  RESEARCH  INST. 

Modeling  Contaminant  Transport  in  Ground- 
water: Approaches,  Current  Status,  and  Needs 
for  Further  Research  and  Development. 
W9O-O5180  5B 


CALIFORNIA  UNTV.,  LOS  ANGELES.  DEPT. 
OF  ENVmONMENTAL  SCONCE  AND 
ENGINEERING. 

Groundwater  Health  Risk  Assessment:  A  Case 

Study. 

W90-O5179  5C 


CALIFORNIA  UNIV.,  RIVERSIDE.  DEPT.  OF 
SOIL  AND  ENVIRONMENTAL  SCIENCES. 

Polymers  as  Soil  Conditioners  Under  Consecu- 
tive Irrigations  and  Rainfall. 
W90-04623  3F 

Stochastic  Analysis  of  the  Influence  of  Soil  and 
Climatic  Variability  on  the  Estimate  of  Pesticide 
Groundwater  Pollution  Potential. 
W90-04663  5B 

CALIFORNIA  UNIV.,  SAN  FRANCISCO. 
DEPT.  OF  DERMATOLOGY. 

Human  Skin  Binding  and  Absorption  of  Con- 
taminants   from    Ground    and    Surface    Water 
During  Swimming  and  Bathing. 
W90-04832  5B 

CALD70RNIA  UNIV.,  SANTA  BARBARA. 
DEPT.  OF  BIOLOGICAL  SCIENCES. 

Floating   Meadow   Epiphyton:   Biological   and 
Chemical  Features  of  Epiphytic  Material  in  an 
Amazon  Floodplain  Lake. 
W90-04955  2H 

CALIFORNIA  UNTV.,  SANTA  CRUZ.  CENTER 
FOR  MARINE  STUDDZS. 

Petroleum  Fate  and  Cleanup  Agent  Toxicology: 

An  Annotated  Bibliography. 

W90-O5583  5B 

CALD70RNIA  UNIV.,  SANTA  CRUZ.  DEPT. 
OF  EARTH  SCIENCES. 

Hydrostratigraphic  Interpretation  Using  Indica- 
tor Geostatistics. 
W90-04667  2F 

CANTERBURY  UNTV.,  CHRISTCHURCH 
(NEW  ZEALAND).  DEPT.  OF  ZOOLOGY. 

Dissolved  Organic  Carbon  Dynamics  of  Devel- 
oped and  Undeveloped  Wetland  Catchments  in 
Westland,  New  Zealand. 
W90-O4805  2H 

Effect  of  a  Cave  on  Benthic  Invertebrate  Com- 
munities in  a  South  Island  Stream. 
W90-04874  2H 

CAPE  TOWN  UNTV.  (SOUTH  AFRICA).  DEPT. 
OF  COMMUNITY  HEALTH. 

Water  Consumption  Patterns  Among  Individ- 
uals in  Cape  Town. 
W90-O4776  6D 

CAPE  TOWN  UNTV.  (SOUTH  AFRICA). 
MARINE  BIOLOGY  RESEARCH  INST. 

General  Allometric  Equations  for  Rates  of  Nu- 
trient  Uptake,    Ingestion,    and    Respiration    in 
Plankton  Organisms. 
W90-05396  2H 

CARNEGD3-MELLON  UNIV.,  PITTSBURGH, 
PA.  DEPT.  OF  CIVIL  ENGINEERING. 

Degradation  of  Polycyclic  Aromatic  Hydrocar- 
bon Compounds  Under  Various  Redox  Condi- 
tions in  Soil-Water  Systems. 
W90-05586  5B 

CASE  WESTERN  RESERVE  UNIV., 
CLEVELAND,  OH.  DEPT.  OF  SYSTEMS 
ENGINEERING. 

Multicriterion  Analysis  of  Hydropower  Oper- 
ation. 
W90-O4975  6B 


Risk  Assessment  for  Groundwater  Contamina- 
tion. 
W90-05178  5G 
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CAULDON  COLLEGE  OF  FURTHER  AND 
HIGHER  EDUCATION,  STOKE  ROAD 
SHELTON,  STOKE  ON  TRENT,  ST4  2DG, 
ENGLAND. 

Experimental  Studies  on  the  Effects  of  Zinc  on 
Erpobdella  octulata  (L.)  (Annelida:  Hirudinea) 
from  the  Afon  Crafnant,  N.  Wales. 
W90-04630  5C 

CENTRE  DE  RECHERCHE  DE  MAISONS- 
LAFFTTTE  (FRANCE). 

Fixed    Biomass   Carriers   in   Activated    Sludge 

Plants. 

W90-04735  5D 

CENTRE  NATIONAL  DU  MACHINISME 
AGRICOLE,  DU  GENIE  RURAL,  DES  EAUX 
ET  DES  FORETS,  LYON  (FRANCE). 

Anaerobic/ Aerobic  Treatment  of  Piggery  and 
Cheese-Dairy  Wastewater-A  Case  Study. 
W9O-04790  5D 

CESKOSLOVENSKA  AKADEMIE  VED, 
CESKE  BUDEJOVICE.  INST.  OF  LANDSCAPE 
ECOLOGY. 

Horizontal  Distribution  of  Limnological  Varia- 
bles in  Rimov  and  Other  Stratified  Czechoslo- 
vak Reservoirs. 
W90-05456  2H 

Responses  in  Bacterial  Activity  to  Challenging 

Conditions   in    Plankton-Probable    Controlling 

Mechanisms. 

W90-05476  2H 

Model  of  Seasonal  Changes  in  Planktonic  Bacte- 
ria Related  to  Phyto-  and  Zooplankton 
W90-05477  2H 

CESKOSLOVENSKA  AKADEMIE  VED, 
PRAGUE.  USTAV  TEORIE  INFORMACE  A 
AUTOMATTZACE. 

Modelling  Internal  and  External  Control  in  Lake 

and  Reservoir  Ecosystems. 

W90-05472  2H 

CETACEAN  RESEARCH  GROUP,  SWANAGE 
(ENGLAND). 

Metals  and  Organochlorines  in  Dolphins  and 
Porpoises  of  Cardigan  Bay,  West  Wales. 
W90-04968  5B 

CHALMERS  UNIV.  OF  TECHNOLOGY, 
GOETEBORG  (SWEDEN).  DEPT.  OF 
SANITARY  ENGINEERING. 

Detention  Time  Distribution  of  Sludge  in  Rec- 
tangular Secondary  Settlers. 
W90-O4765  5E 

CHEMICAL  RESEARCH,  DEVELOPMENT 
AND  ENGINEERING  CENTER,  ABERDEEN 
PROVING  GROUND,  MD. 

Evaluation  of  the  Aquatic  Toxicity  and  Fate  of 
Brass  Dust  Using  the  Standard  Aquatic  Micro- 
cosm. 
W90-05143  5C 

CHENGDU  UNIV.  OF  SCIENCE  AND 
TECHNOLOGY  (CHINA). 

Further  Research  on  Application  of  Probability 
Weighted  Moments  in  Estimating  Parameters  of 
the  Pearson  Type  Three  Distribution. 
W9O-O500O  7c 

Expressions  Relating  Probability  Weighted  Mo- 
ments to   Parameters  of  Several   Distributions 
Inexpressible  in  Inverse  Form. 
W9O-O5001  7C 

CIBA-GEIGY  A.G„  BASEL  (SWITZERLAND). 
PHARMACEUTICALS  RESEARCH  LABS. 

Hydroxyatrazine  and  Atrazine  Determination  in 
Soil  and  Water  by  Enzyme-Linked  Immunosor- 
bent  Assay   Using   Specific   Monoclonal   Anti- 
bodies. 
W90-04688  5a 


CITY  COLL.,  NEW  YORK.  DEPT.  OF  EARTH 
AND  PLANETARY  SCIENCES. 

Formation  and  Optical  Properties  of  a  Warm 
Cloud  in  a  Slow-Expansion  Cloud  Chamber 
W90-05288  2B 

CLARK  UNIV.,  WORCESTER,  MA.  CENTER 
FOR  TECHNOLOGY,  ENVIRONMENT,  AND 
DEVELOPMENT. 

Role  of  Skin  Absorption  as  a  Route  of  Exposure 
to  Volatile  Organic  Compounds  in  Household 
Tap  Water:  A  Simulated  Kinetic  Approach 
W90-04831  5B 

CLAYTON  ENVIRONMENTAL 
CONSULTANTS  LTD.,  WINDSOR  (ONTARIO). 

PCE  Volatilized  from  Stagnant  Water  and  Soil 
W90-05027  5B 

CLEMSON  UNIV.,  SC.  DEPT.  OF 
ENVIRONMENTAL  SYSTEMS 
ENGINEERING. 

Dynamic  Modeling  of  Suspended  Growth  Bio- 
logical Wastewater  Treatment  Processes. 
W90-05150  5D 

CLOUDQUEST  LTD.,  NELSPRUIT  (SOUTH 
AFRICA). 

Estimates    of   Precipitation    Embryo    Densities 
Using  Measuremnts  from  an  Aircraft  Radar 
W90-04601  2B 

CLYDE  RIVER  PURIFICATION  BOARD, 
EAST  KILBRIDE  (SCOTLAND). 

Use  of  Mixing  Zone  to  Derive  a  Toxicity  Test 

Consent  Condition. 

W90-04907  5G 

EC  Bathing  Water  Directive:  A  Sampling  Prob- 
lem. 
W90-05013  5A 

COAL  UNION,  KATOWICE,  POLAND. 

Desalination  Plant  at  KWK  Debiensko,  Poland 
W90-05441  3A 

Pre-Treatment  and  Desalination  of  Mine  Drain- 
age Water  in  a  Pilot  Plant. 
W90-05446  3A 

COASTAL  ENGINEERING  RESEARCH 
CENTER,  VICKSBURG,  MS. 

Observations  on  Inlet  Flow  Patterns  Derived 
from  Numerical  and  Physical  Modeling  Studies. 
W90-05535  2L 

COIMBRA  UNIV.  (PORTUGAL).  DEPT.  DE 
ZOOLOGIA. 

Distribution  of  Macroinvertebrate  Communities 

in  Two  Portuguese  Rivers. 

W90-05364  2H 

COLD  REGIONS  RESEARCH  AND 
ENGINEERING  LAB.,  HANOVER,  NH. 

Elements  of  Floating-Debris  Control  Systems. 
W90-05142  so 

Water  Quality  Changes  Caused  by  Extension  of 
the  Winter  Navigation  Season  on  the  Detroit-St. 
Clair  River  System. 
W90-O5146  so 

COLORADO  STATE  UNTV.,  FORT  COLLINS. 
DEPT.  OF  RADIOLOGY  AND  RADIATION 
BIOLOGY. 

Plutonium  Distribution  and  Oxidation  States  in  a 

Reactor  Leaching  Ponds  System. 

W90-04558  5B 

COLUMBIA  UNIV.,  NEW  YORK.  SCHOOL 
OF  PUBLIC  HEALTH. 

Contribution  of  Domestic  Water  Use  to  Indoor 
Air  Concentrations  of  Chloroform  in  New  York 
City  Apartments  -  A  Pilot  Study. 
W90-04704  5B 


COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
ALICE  SPRINGS  (AUSTRALIA).  DIV.  OF 
WILDLIFE  AND  RANGELANDS  RESEARCH. 

Status  and  Implications  of  the  Invasion  of  Ta- 
marisk (Tamarix  aphylla)  on  the  Finke  River, 
Northern  Territory,  Australia. 
W90-05294  2H 

COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
GRIFFITH  (AUSTRALIA).  CENTRE  FOR 
IRRIGATION  RESEARCH. 

Seasonal  Dynamics  of  Production,  and  Nutrient 
Accumulation  and  Cycling  by  Phragmites  aus- 
tralis  (Cav.)  Trin.  ex  Stuedel  in  a  Nutrient-en- 
riched Swamp  in  Inland  Australia.  I.  Whole 
Plants. 
W90-04882  2H 

Seasonal  Dynamics  of  Production,  and  Nutrient 
Accumulation  and  Cycling  by  Phragmites  aus- 
tralis  (Cav.)  Trin.  ex  Stuedel  in  a  Nutrient-en- 
riched Swamp  in  Inland  Australia.  II.  Individual 
Shoots. 
W90-04883  2H 

CONNECTICUT  DEPT.  OF 
ENVIRONMENTAL  PROTECTION, 
MARLBOROUGH.  BUREAU  OF  FISHERIES. 

Mitigation    Measures    Recommended    in    Con- 
necticut to  Protect  Stream  and   Riparian  Re- 
sources from  Suburban  Development. 
W90-05497  4c 

CONNECTICUT  UNIV.,  GROTON.  MARINE 
SCIENCES  INST. 

Bacteriological  Aspects  of  Florida  Red  Tides:  A 

Revisit  and  Newer  Observations. 

W90-04643  2L 

CONSEJO  SUPERIOR  DE 
INVESTIGACIONES  CIENTIFICAS,  GERONA 
(SPAIN).  CENTRO  DE  ESTUDIOS 
AVANZADOS  DE  BLANES. 

Composition,     Distribution     and     Biomass     of 

Benthic   Macrophyte  Communities  from   Lake 

Baciver,  a  Spanish  Alpine  Lake  in  the  Central 

Pyrenees. 

W90-05037  2H 

CONSIGLIO  NAZIONALE  DELLE 
RICERCHE,  ROME  (ITALY). 

Cadmium  Decontamination  of  Liquid  Streams 

by  Arthrobacter  Species. 

W90-04764  5D 

CONSTRUCTION  ENGINEERING  RESEARCH 
LAB.  (ARMY),  CHAMPAIGN,  DL. 

Artificial       Intelligence       for       U.S.       Army 

Wastewater    Treatment    Plant    Operation    and 

Maintenance. 

W90-05144  5D 

Development  of  the  Pipe  Loop  System  for  De- 
termining  Effectiveness  of  Corrosion   Control 
Chemicals  in  Potable  Water  Systems. 
W90-05148  5F 

COPENHAGEN  UNIV.,  HILLEROED 
(DENMARK).  DET  FERSKVANDS- 
BIOLOGISKE  LAB. 

Biomass  and  Oxygen  Dynamics  of  the  Epiphyte 
Community  in  a  Danish  Lowland  Stream. 
W90-O4951  2H 

CORNELL  UNIV.,  ITHACA,  NY.  DEPT.  OF 
ENVIRONMENTAL  ENGINEERING. 

Optimization  of  Value  of  CVP's  Hydropower 

Production. 

W9O-O5302  6B 
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CORPS  OF  ENGINEERS,  TULSA,  OK.TULSA 
DISTRICT. 

Development  of  Water  Release  Plans  for  Mini- 
mizing Fish  Kills  Below  Tulsa  District,  Corps  of 
Engineers  Impoundments. 
W90-04607  8I 

CORVALLIS  ENVIRONMENTAL  RESEARCH 
LAB.,  OR. 

Classifying  Soils  for  Acidic  Deposition  Aquatic 
Effects:  A  Scheme  for  the  Northeast  USA. 
W90-04622  5B 

COSTA  RICA  UNTV.,  SAN  JOSE. 

Phytoplankton  of  Barba,  Fraijanes,  and  San  Joa- 
quin Lakes,  Costa  Rica  (Fitoplancton  de  las  La- 
gunas  Barba,  Fraijanes  y  San  Joaquin,  Costa 
Rica). 
W90-04992  2H 

COSTA  RICA  UNIV.,  SAN  JOSE.  FACULTAD 
DE  MICROBIOLOGIA. 

Aeromonas  spp.  and  Plesiomonas  shigelloides  in 
Bivalves,    Mud,    and    Water    of   the    Gulf   of 
Nicoya,  Costa  Rica. 
W90-05383  5B 

COUNCIL  FOR  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH,  PRETORIA 
(SOUTH  AFRICA).  DIV.  OF  WATER 
TECHNOLOGY. 

Fractionation    of   Bioaccumulated    Phosphorus 

Compounds  in  Activated  Sludge. 

W90-04755  5D 

Phytoplankton  Extracellular  Dissolved  Organic 

Carbon  Production  in  a  Hypertrophic  African 

Lake. 

W90-04892  2H 

DALHOUSDZ  UNTV.,  HALD7AX  (NOVA 
SCOTIA).  DEFT.  OF  OCEANOGRAPHY. 

Changes    in    Copper-Complexing    Organic    Li- 
gands  During  Spring   Blooms   in  the   Coastal 
Waters  of  Nova  Scotia,  Canada. 
W90-04980  2L 

DALLAS  CITY  WATER  UTILnTES  DEPT., 
TX.  OPERATIONS  ANALYSIS  DIV. 

Inflow  Reduction  Eliminated  Need  for  New  In- 
terceptor. 
W90-04923  5D 

DAMES  AND  MOORE,  ATLANTA,  GA. 

Effect  of  Wastewater  Application  Device  on 

Ammonia  Volatilization. 

W90-05030  5D 

DELAWARE  GEOLOGICAL  SURVEY, 
NEWARK. 

Effects  of  Agricultural   Practices   and   Septic- 
System  Effluent  on  the  Quality  of  Water  in  the 
Unconfined  Aquifer  in  Parts  of  Eastern  Sussex 
County,  Delaware. 
W9O-O5209  4C 

DELAWARE  UNTV.,  LEWES.  COLL.  OF 
MARINE  STUDDZS. 

Bacterial  Production  in  the  Rhone  River  Plume: 
Effect  of  Mixing  on  Relationships  Among  Mi- 
crobial Assemblages. 
W90-04979  2L 

DELAWARE  UNTV.,  NEWARK.  COLL.  OF 
MARINE  STUDDZS. 

Apparatus  for  Monitoring  and  Controlling  Tur- 
bidity in  Biological  Experiments. 
W90-O4728  7B 

Organic  Carbon  Flux  Through  a  Delaware  Bay 
Salt  Marsh:  Tidal  Exchange,  Particle  Size  Distri- 
bution, and  Storms. 
W90-04871  2L 


Monitoring  of  Time  Trends  in  Contaminant 
Levels  Using  a  Multispecies  Approach:  Con- 
taminant Trends  in  Atlantic  Cod  (Gadus 
morhua)  and  European  Flounder  (Platichthys 
flesus)  on  the  Belgian  Coast,  1978-1985. 
W90-04966  5A 

Effect  of  Sludge  Digestion  on  Metal  Segregation 

During  Ocean  Dumping. 

W90-04967  5E 

Transport  of  Invertebrate  Larvae  Between  Estu- 
aries and  the  Continental  Shelf. 
W90-05542  2L 

DELAWARE  UNIV.,  NEWARK.  DEPT.  OF 
CIVIL  ENGINEERING. 

Chemical  Substitution  Reaction  between  Cu(II) 

and  Hg(II)  and  Hydrous  CdS(s). 

W90-04841  5B 

DELFLAND  WATER  AUTHORITY,  DELFT 
(NETHERLANDS). 

Review  on  the  Design  and  Construction  of  a 
Large  Wastewater  Treatment  Plant. 
W90-04775  5D 

DEPARTMENT  OF  CHEMICAL 
ENGINEERING,  UNIVERSITY  OF 
TECHNOLOGY,  BAGHDAD,  IRAQ. 

Design  Method  of  Reverse  Osmosis  Units  Used 

in  Desalination. 

W90-05431  3A 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  HALIFAX  (NOVA  SCOTIA). 
BIOLOGICAL  SCIENCES  BRANCH. 

Some     Physiological     Responses    of    Atlantic 
Salmon  (Salmo  salar)  Exposed  to  Soft,  Acidic 
Water  During  Smolting. 
W90-04858  5C 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  VANCOUVER  (BRITISH 
COLUMBIA).  WEST  VANCOUVER  LAB. 

State  of  Pollution  in  the  Marine  Environment. 
W90-05404  5C 

DEPARTMENT  OF  HOUSING  AND  URBAN 
DEVELOPMENT,  WASHINGTON,  DC. 
OFFICE  OF  INTERNATIONAL  AFFAIRS. 

Urban  Land  Policy:  Selected  Aspects  of  Euro- 
pean Experience. 
W90-05138  4C 

DEPARTMENT  OF  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH,  AUCKLAND  (NEW 
ZEALAND).  BOTANY  DIV. 

Micro-Algae  of  Lake  Pupuke,  Auckland,  New 

Zealand. 

W90-04873  2H 

DEPARTMENT  OF  SCDZNTIFIC  AND 
INDUSTRIAL  RESEARCH,  CHRISTCHURCH 
(NEW  ZEALAND).  HYDROLOGY  CENTRE. 

Periphyton  Biomass  Dynamics  in  Gravel  Bed 
Rivers:  the  Relative  Effects  of  Flows  and  Nutri- 
ents. 
W90-05359  2H 

DIONEX  CORP.,  SUNNYVALE,  CA. 

IC:  A  Powerful  Analytical  Technique  for  Envi- 
ronmental Laboratories. 
W90-O4850  7B 

DISTRICT  OF  COLUMBIA  UNIV., 
WASHINGTON.  DEPT.  OF  BIOLOGY. 

Clam  Burrowing  Bioassay  for  Estuarine  Sedi- 
ment. 
W90-04677  5C 

DORR-OLIVER,  INC.,  STAMFORD,  CT. 

Dorr-Oliver's  Experience  with  Anaerobic  Treat- 
ment of  Industrial  Wastewaters. 
W90-05576  5D 


DREXEL  UNTV.,  PHILADELPHIA,  PA.  DEPT. 
OF  ENVIRONMENTAL  ENGINEERING. 

Advances  in  Anaerobic  Biotechnology  for  In- 
dustrial Wastewater  Treatment. 
W90-05564  5D 

DU  PONT  DE  NEMOURS  (E.I.)  AND  CO., 
AIKEN,  SC.  SAVANNAH  RIVER  PLANT. 

Monitoring  for  Volatile  Organics  in  Efferves- 
cent Ground  Water. 
W90-05581  5A 

DU  PONT  DE  NEMOURS  (E.I.)  AND  CO., 
WILMINGTON,  DE.  AGRICULTURAL 
PRODUCTS  DEPT. 

Bioaccumulation  of  Cinmethylin  in  Bluegill  Sun- 
fish. 
W90-05327  5C 

DUKE  POWER  CO.,  HUNTERSVILLE,  NC. 
PRODUCTION  ENVIRONMENTAL 
SERVICES. 

Spatial  Heterogeneity  in  Fish  Parameters  Within 

a  Reservoir. 

W90-05522  8I 

Fishery  Management  in  Cooling  Impoundments. 
W90-05523  8I 

Ash  Basin  Effluents  as  a  Concern  of  Fisheries 
Managers:  A  Case  History  and  Perspective. 
W90-05527  5C 

DUKE  UNIV.,  DURHAM,  NC.  SCHOOL  OF 
FORESTRY  AND  ENVmONMENTAL 
STUDIES. 

Moisture  and  Nutrient  Status  of  Extremely  Acid 

Umbrepts   in   the   Black   Mountains   of  North 

Carolina. 

W90-04627  2<3 

Biochemical  Responses  in  Aquatic  Animals:  A 
Review  of  Determinants  of  Oxidative  Stress. 
W90-04690  5C 

DUNCAN,  LAGNESE  AND  ASSOCIATES, 
INC.,  PITTSBURGH,  PA. 

Biosulfix:  An  Anaerobic  Treatment  Process  for 
High  Sulfate  Wastestreams  and  Sludges. 
W90-05578  5D 

DUNN  GEOSCIENCE  CORP.,  ALBANY,  NY. 

Environmental  Dynamics  of  the  Carbamate  In- 
secticide Aldicarb  in  Soil  and  Water. 
W90-04686  5B 

EAST  CAROLINA  UNTV.,  GREENVILLE,  NC. 
DEPT.  OF  GEOGRAPHY  AND  PLANNING. 

Nonpoint  Source  Pollution  Control  Effective- 
ness of  Riparian  Forests  Along  a  Coastal  Plain 
River. 
W90-04999  5G 

ECOLE  NATIONALE  SUPERIEURE  DE 
CHIMIE  DE  RENNES  (FRANCE).  LAB.  DE 
CHIMIE  DES  NUISANCES  ET  GENIE  DE 
L'ENVTRONNEMENT. 

Dynamics  of  Protons  in  Activated  Carbon.  Hy- 
drogen-1  NMR  Studies. 
W90-04748  5D 

ECOLE  NATIONALE  SUPERIEURE  DES 
MINES  DE  PARIS,  FONTAINEBLEAU 
(FRANCE).  CENTRE  ^INFORMATION 
GEOLOGIQUE. 

Hydrometeorological  Time  Series  Segmentation 
-  Application  to  West  African  Rainfall  and  Dis- 
charge Series  (Segmentation  des  Series  Hydro- 
meteorologiques  -  Application  a  des  Series  de 
Precipitations  et  de  Debits  de  l'Afrique  de 
l'Ouest). 
W9O-050O7  2B 
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EHIME  UNIV.,  MATSUYAMA  (JAPAN). 
DEPT.  OF  OCEAN  ENGINEERING. 

Model  Analysis  of  Seawater  Intrusion  into  Satu- 
rated and  Unsaturated  Domains,  (in  Japanese) 
W90-05053  7C 

EIDGENOESSISCHE  ANSTALT  FUER 
WASSERVERSORGUNG, 
ABWASSERREINIGUNG  UND 
GEWAESSERSCHULTZ,  DUEBENDORF 
(SWITZERLAND).  INST.  OF  AQUATIC 
SCIENCES. 
Changes    in    Phytoplankton    and    Zooplankton 
Biomass  and  Composition   Reflected   by  Sedi- 
mentation. 
W90-04652  2H 

EIDGENOESSISCHE  TECHNISCHE 
HOCHSCHULE,  ZURICH  (SWITZERLAND). 
INST.  OF  TOXICOLOGY. 

Aluminium  Toxicity  to  Rainbow  Trout  at  Low 

pH. 

W90-04670  5c 

ELECTRICITY  COMMISSION  OF  NEW 
SOUTH  WALES,  SYDNEY  (AUSTRALIA). 

Review   of  Initial   Three   Years   Operation   of 

Waste  Water  Management  Scheme  at  4640MW 

Bayswater/Liddell     Power    Station    Complex, 

Australia. 

W90-05447  5D 

EMORY  UNIV.,  ATLANTA,  GA.  DEPT.  OF 
BIOLOGY. 

Hydrology,  Community  Structure,  and  Produc- 
tivity  Patterns  of  a  Dystrophic  Carolina  Bay 
Wetland. 
W90-05357  2H 

Rapid  Growth  Rates  of  Chironomids  in  Three 
Habitats  of  a  Subtropical  Blackwater  River  and 
Their  Implications  for  P:B  Ratios. 
W9O-05395  2H 

ENGINEERING-SCIENCE,  INC.,  PASADENA, 
CA. 

Community  Participation  in  the  Water  Supply 

Sector  in  Sri  Lanka. 

W90-05375  6A 

ENVJJRESPONSE,  INC.,  LIVINGSTON,  NJ. 

Technology  Evaluation  Report.  SITE  Program 
Demonstration   Test,   Shirco   Infrared    Inciner- 
ation   System,    Peak    Oil,    Brandon,    Florida. 
Volume  I. 
W90-05141  5G 

ENVIRONMENTAL  CANADA,  WASTEWATER 
TECHNOLOGY  CENTRE,  BURLINGTON, 
ONTARIO  CANADA. 

Anaerobic     Treatment     for     Pulp    and     Paper 

Wastewaters. 

W90-05566  5D 

ENVIRONMENTAL  DEFENSE  FUND, 
OAKLAND,  CA. 

Effects  of  San  Francisco  Bay  Water  Quality  on 

Adjacent  Property  Values. 

W90-04963  5c 

ENVIRONMENTAL  MONITORING  SYSTEMS 
LAB.,  CINCINNATI,  OH. 

New  Screening  Test  to  Determine  the  Accept- 
ability   of  0.45-Micron    Membrane    Filters    for 
Analysis  of  Water. 
W90-05482  5A 

ENVIRONMENTAL  PROTECTION  AGENCY, 
CINCINNATL  OH. 

Wastewater    Treatment    and    Receiving    Water 

Body  Interactions. 

W90-05154  5D 

Applications  of  Expert  Systems  in  Environmen- 
tal Engineering. 
W90-05157  5E 


ENVIRONMENTAL  PROTECTION  AGENCY, 
CINCINNATI,  OH.  DRINKING  WATER 
RESEARCH  DIV. 

Environmental  Regulation:  Its  Impact  on  Infra- 
structure Decision  Making. 
W90-05167  5G 

ENVIRONMENTAL  PROTECTION  AGENCY 
CINCINNATI,  OH.  RISK  REDUCTION 
ENGINEERING  LAB. 

Oil  Spill  Research  and  Development  Needs  for 

the  1990's. 

W90-05164  so 

ENVIRONMENTAL  PROTECTION  AGENCY, 
DENVER,  CO.  REGION  VIII. 

Comparison  of  On-Site  and  Laboratory  Toxicity 

Tests:   Derivation  of  Site-Specific  Criteria  for 

Un-Ionized  Ammonia  in  a  Colorado  Transitional 

Stream. 

W90-04695  5C 

ENVIRONMENTAL  PROTECTION  AGENCY, 
SAN  FRANCISCO,  CA.  REGION  IX. 

EPA  Ground  Water  Protection  Strategy. 
W90-05175  so 

ENVIRONMENTAL  PROTECTION  AGENCY 
WASHINGTON,  DC. 

Five  Sister  Lakes:  A  Profile. 

W90-04926  2H 

Status  of  US  EPA's  Sludge  Incinerator  Regula- 
tions. 
W90-05590  5G 

ENVIRONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF  ACID 
DEPOSITION,  ENVIRONMENTAL 
MONITORING,  AND  QUALITY  ASSURANCE. 

Abstracts    of    Publications    and    Presentations: 

1985-1986. 

W90-05165  5B 

ENVIRONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF 
EMERGENCY  AND  REMEDIAL  RESPONSE. 

Superfund  Record  of  Decision:  Old  Bethpage, 

NY. 

W90-05584  5Q 

ENVIRONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF  MUNICIPAL 
POLLUTION  CONTROL. 

Proposed  Technical  Sludge  Regulation  Update. 
W90-05348  5E 

ENVIRONMENTAL  PROTECTION  SERVICE, 
BURLINGTON  (ONTARIO).  WASTE  WATER 
TECHNOLOGY  CENTRE. 

Dynamic    Modeling    and    Expert    Systems    in 

Wastewater    Engineering:    Trends,    Problems, 

Needs. 

W90-O516O  5D 

ENVIRONMENTAL  RESEARCH  LAB.- 
DULUTH,  GROSSE  ILE,  MI.  LARGE  LAKES 
RESEARCH  STATION. 

Learning  in  the  Great  Lakes  'Lab'. 

W90-04928  2H 

ENVIRONMENTAL  RESEARCH  LAB., 
NARRAGANSETT,  RI. 

Synthesis  of  Research  Results:  Applicability  and 
Field  Verification  of  Predictive  Methodologies 
for  Aquatic  Dredged  Material  Disposal. 
W9O-05145  5£ 

ESCOLA  SUPERIOR  DE  AGRICULTURA  DE 
LAVRAS  (BRAZIL).  DEPT.  DE  CIENCIAS 
FLORESTAIS. 

Environmental  Factors  Affecting  Physiognomic 
and  Floristic  Variation  in  an  Area  of  Cerrado  in 
Central  Brazil. 
W90-04725  2H 


EUROPEAN  RESEARCH  OFFICE,  LONDON 
(ENGLAND). 

Flood  Inundation  Modelling  Using  MILHY. 
W90-05181  2E 

FLORENCE  UNIV.  (ITALY).  INST.  OF 
HYGIENE. 

Survey   of  Barium   in    Italian    Drinking   Water 

Supplies. 

W90-04676  5A 

FLORIDA  AGRICULTURAL  AND 
MECHANICAL  UNIV.,  TALLAHASSEE.  DIV. 
OF  AGRICULTURAL  SCIENCE. 

Diffusion  Methods  for  the  Determination  of  Re- 
duced Inorganic  Sulfur  Species  in  Sediments. 
W90-04654  7B 

FLORIDA  INTERNATIONAL  UNIV.,  MIAMI. 
DEPT.  OF  BIOLOGICAL  SCIENCES. 

Comparative  Effects  of  Downslope  Water  and 
Nutrient  Movement  on  Plant  Nutrition,  Photo- 
synthesis, and  Growth  in  Alaskan  Tundra. 
W90-04719  2E 

FLORIDA  STATE  UNIV.,  TALLAHASSEE. 
DEPT.  OF  GEOLOGY. 

Particle-Borne    Radionuclides    as    Tracers    for 
Sediment  in  the  Susquehanna  River  and  Chesa- 
peake Bay. 
W90-04645  2J 

FLORIDA  UNIV.,  GAINESVILLE.  COASTAL 
AND  OCEANOGRAPHIC  ENGINEERING 
LAB. 

Estuarine  Cohesive  Sediment  Suspension  Behav- 
ior. 

W90-04561  2L 

Modeling  the  Effect  of  Suspended  Sediment 
Stratification  on  Bottom  Exchange  Processes. 
W90-04572  2J 

FLORIDA  UNIV.,  GAINESVILLE.  DEPT.  OF 
ENVIRONMENTAL  ENGINEERING 
SCIENCES. 

Automatic  Sampling  Equipment  and  BOD  Test 

Nitrification. 

W90-04844  5D 

FLORIDA  UNIV.,  GAINESVILLE.  DEPT.  OF 
FISHERIES  AND  AQUACULTURE. 

Distribution  of  Florida  Largemouth  Bass  in  a 
Lake  after  Elimination  of  All  Submersed  Aquat- 
ic Vegetation. 
W90-04917  2H 

FLORIDA  UNIV.,  GAINESVILLE.  DEPT.  OF 
MICROBIOLOGY  AND  CELL  SCIENCE. 

Microbial  Aspects  of  Anaerobic  Digestion. 
W90-05568  5D 

FLORIDA  UNIV.,  GAINESVILLE.  DEPT.  OF 
SOIL  SCIENCE. 

Phospiiorus-31  Magic  Angle  Spinning  Nuclear 
Magnetic  Resonance  of  Wastewater  Sludges  and 
Sludge-Amended  Soil. 
W90-04619  5a 

Solubility    and    Phosphorus-31     Magic    Angle 
Spinning  Nuclear  Magnetic  Resonance  of  Phos- 
phorus in  Sludge-Amended  Soils. 
W90-O4620  5B 

Nitrification-Denitrification  at  the  Plant  Root- 
Sediment  Interface  in  Wetlands. 
W90-04650  2H 
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GEOLOGICAL  SURVEY,  CHEYENNE,  WY.  WATER  RESOURCES  DIV. 


FOOD  AND  AGRICULTURE  ORGANIZATION 
OF  THE  UNITED  NATIONS,  ROME  (ITALY). 
FISHERY  RESOURCES  AND  ENVIRONMENT 
DIV. 

Management  of  Fisheries  on  Large  African  Res- 
ervoirs-An  Overview. 
W90-05516  8I 

FOOD  AND  DRUG  ADMINISTRATION, 
BOTHELL,  WA.  SEAFOOD  PRODUCTS 
RESEARCH  CENTER. 

Survival  of  Vibrio  vulnificus  in  Shellstock  and 
Shucked  Oysters  (Crassostrea  gigas  and  Crassos- 
trea  virginica)  and  Effects  of  Isolation  Medium 
on  Recovery. 
W90-04932  5B 

FOREST  SERVICE,  ALBUQUERQUE,  NM. 
SOUTHWESTERN  REGION. 

New  Revetment  Design  Controls  Streambank 

Erosion. 

W90-05331  4D 

FOREST  SERVICE,  LA  GRANDE,  OR. 
FORESTRY  AND  RANGE  SCIENCES  LAB. 

Mass  Movement  of  River  Ice  Causes  Severe 
Tree  Wounds  Along  the  Grande  Ronde  River  in 
Northeastern  Oregeon. 
W90-05381  2C 

FOREST  SERVICE,  LOGAN,  UT. 
INTERMOUNTAIN  RESEARCH  STATION. 

Stream  Development  in  Glacier  Bay  National 

Park,  Alaska,  U.S.A. 

W90-0464O  2J 

FORSCHUNGSINSTTTUT  FUER 
WASSERTECHNOLOGIE  E.V.,  AACHEN 
(GERMANY,  F.R.). 

Production  of  Protein  for  Animal  Feed  Stuff 
Using  Organic  Wastewaters  from  Wine  Distill- 
eries. 
W90-04788  5D 

FRANKLIN  AND  MARSHALL  COLL., 
LANCASTER,  PA.  DEPT.  OF  GEOLOGY. 

Geomorphic  Response  of  Coastal   Streams  to 

Low,  Intermediate,  and  High  Rates  of  Uplift, 

Mendocino  Triple  Junction  Region,  Northern 

California. 

W9O-04584  2E 

fraunhofer-inst.  fuer 
umweltchemdi  und 
oekotoxkologdj:,  schmallenberg 
(germany,  f.r.). 

Evidence  of  Deposition  of  Atmospheric  Pollut- 
ants in  a  Remote  High  Alpine  Lake  in  Austria. 
W90-05419  5B 

FUNDACION  LA  SALLE  DE  CTENCIAS 
NATURALES,  SAN  FELLX  (VENEZUELA). 
ESTACION  HTDROBIOLOGICA  DE 
GUAYANA. 

Longitudinal  Study  of  Zooplankton  Along  the 
Lower  Orinoco  River  and  Its  Delta  (Venezuela). 
W90-05036  2E 

G.S.  PROCESS,  INC.,  SCOTTSDALE,  AZ. 

Hyan  Process  Treats  High  Strength  Wastewater 

and  Generates  Usable  Energy. 

W90-05577  5D 

GENERAL  CHEMICAL  CORP.,  PARSIPPANY, 
NJ. 

Wastewater  Dechlorination  Options. 
W90-05330  5D 


GENERAL  MOTORS  RESEARCH  LABS., 
WARREN,  MI.  E1STVTRONMENTAL  SCIENCE 
DEPT. 

Approximate  Algebraic  Solution  for  a  Biofilm 
Model  with  the  Monod  Kinetic  Expression. 
W90-04836  5D 


GEOLOGICAL  SURVEY,  ALBANY,  NY. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  New  York,  Water 

Year  1988.  Volume  2.  Long  Island. 

W90-05263  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1988.  Volume  3.  Western  New  York. 
W90-05264  7C 

GEOLOGICAL  SURVEY,  ALBUQUERQUE, 
NM.  WATER  RESOURCES  DIV. 

Water  Resources  Data  for  New  Mexico,  Water 

Year  1984. 

W90-05258  7C 

Water  Resources  Data  for  New  Mexico,  Water 

Year  1985. 

W90-05259  7C 

Statistical   Summaries   of  Streamflow   Data  in 

New  Mexico  Through  1985. 

W90-05269  2E 

Application  of  the  Precipitation-Runoff  Model- 
ing  System  to  the   AH-SHI-SLE-PAH   Wash 
Watershed,  San  Juan  County,  New  Mexico. 
W90-05272  2A 

Aquifer  Tests  in  the  Flood-Plain  Alluvium  and 
Santa  Fe  Group  at  the  Rio  Grande  Near  Canu- 
tillo,  El  Paso  County,  Texas. 
W90-05283  2F 

Application  of  the  Precipitation-Runoff  Model- 
ing System  to  the  Ah-Shi-Sle-Pah  Wash  Water- 
shed, San  Juan  County,  New  Mexico. 
W90-05547  2A 

GEOLOGICAL  SURVEY,  ANCHORAGE,  AK. 
WATER  RESOURCES  DIV. 

Flow  and  Hydraulic  Characteristics  of  the  Knik- 
Matanuska  River  Estuary,  Cook  Inlet,  Southcen- 
tral  Alaska. 
W90-05215  2L 

GEOLOGICAL  SURVEY,  ARVADA,  CO. 

Collection   and   Analysis   of  Unsaturated-Zone 
Soil  Gas  for  Volatile  Organic  Compounds. 
W90-05126  5  A 

GEOLOGICAL  SURVEY,  AUGUSTA,  ME. 
WATER  RESOURCES  DD7. 

Water  Resources  Data  for  Maine,  Water  Year 

1984. 

W90-05237  7C 

GEOLOGICAL  SURVEY,  AUSTIN,  TX. 
WATER  RESOURCES  DIV. 

Water  Quality  of  Lake  Austin  and  Town  Lake, 

Austin,  Texas. 

W90-05212  7C 

Water-Resources  Activities  of  the  U.S.  Geologi- 
cal Survey  in  Texas-Fiscal  Year  1988. 
W90-05213  7C 

GEOLOGICAL  SURVEY,  BATON  ROUGE,  LA. 

Fate  and  Transport  of  Organic  Compounds  and 

Trace  Elements  in  the  Lower  Calcasieu  River, 

Louisiana. 

W90-05090  5B 

Remobilization   of  Organic    Compounds   from 
Bottom  Material  Collected  from  Bayou  DTnde, 
Louisiana,  Upon  Exposure  to  Differing  Ionic- 
Strength  Waters. 
W90-05091  5B 

Use  of  Radon-222  as  a  Tracer  of  Transport 
Across  the   Bed   Sediment-Water   Interface  in 
Prien  Lake,  Louisiana. 
W90-05092  5B 


Uptake  of  Manmade  Organic  Compounds  by 

Rangia  Cuneata  in  the  Lower  Calcasieu  River, 

Louisiana. 

W90-05094  5B 


Estimation    of  Volatilization-Rate    Coefficients 
for    Volatile    Organic    Compounds    in    Bayou 
d'Inde,  Louisiana. 
W90-05095  5B 

GEOLOGICAL  SURVEY,  BATON  ROUGE,  LA. 
WATER  RESOURCES  DIV. 

Water   Resources   Data   for   Louisiana,   Water 

Year  1984. 

W90-05236  7C 

GEOLOGICAL  SURVEY,  BILLINGS,  MT. 
WATER  RESOURCES  DIV. 

Trends    in    Selected    Water-Quality    Variables, 

Flathead  River  at  Flathead,  British  Columbia, 

and  at  Columbia  Falls,  Montana,  Water  Years 

1975-86. 

W90-05206  5B 

GEOLOGICAL  SURVEY,  BOISE,  ID.  WATER 
RESOURCES  DIV. 

Hydrologic   and   Chemical   Data   for   Selected 

Thermal-Water  Wells  and  Springs  in  the  Indian 

Bathtub  Area,  Owyhee  County,  Southwestern 

Idaho. 

W90-05282  2F 

GEOLOGICAL  SURVEY,  BOSTON,  MA. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1983. 

W90-05240  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1984. 

W90-05241  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1984. 

W90-05253  7C 

Yield  and  Quality  of  Ground  Water  from  Strati- 
fied-Drift  Aquifers,  Taunton  River  Basin,  Massa- 
chusetts: Executive  Summary. 
W90-05615  2F 

GEOLOGICAL  SURVEY,  CARSON  CITY,  NV. 
WATER  RESOURCES  DIV. 

Documentation  of  a  Computer  Program  to  Sim- 
ulate Stream-Aquifer  Relations  Using  a  Modu- 
lar,    Finite-Difference,     Ground-Water     Flow 
Model. 
W90-05548  2A 

GEOLOGICAL  SURVEY,  CHAMPAIGN,  IL. 
WATER  RESOURCES  DIV. 

Results  of  Hydrologic  Research  at  a  Low-Level 

Radioactive-Waste  Disposal  Site  near  Sheffield, 

Illinois. 

W90-05221  2A 

GEOLOGICAL  SURVEY,  CHARLESTON,  WV. 

Hydraulic  Characteristics  of  the  New  River  in 

the  New  River  Gorge  National  River,  West 

Virginia. 

W90-05191  2E 

GEOLOGICAL  SURVEY,  CHARLESTON,  WV. 
WATER  RESOURCES  DIV. 

Low-Flow  Characteristics  of  Streams  in  West 

Virginia. 

W90-05203  2E 

GEOLOGICAL  SURVEY,  CHEYENNE,  WY. 
WATER  RESOURCES  DIV. 

Flood  Boundaries  and  Water-Surface  Profile  for 
the  Computed  100- Year  Flood,  Swift  Creek  at 
Afton,  Wyoming,  1986. 
W90-05192  7C 

Water-Resources  Activities  of  the  U.S.  Geologi- 
cal Survey  in  Wyoming,  Fiscal  Years  1988-89. 
W90-05214  7C 
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Procedure     for     Evaluating     Observation-Well 
Networks    in    Wyoming,    and    Application    to 
Northeastern  Wyoming,  1986. 
W90-05276  7A 

Procedure     for     Evaluating    Observation-Well 
Networks    in    Wyoming,    and    Application    to 
Northeastern  Wyoming,  1986. 
W90-05597  7A 

GEOLOGICAL  SURVEY,  COLUMBIA,  SC. 
WATER  RESOURCES  DIV. 

Flood  of  September  7-9,  1987,  in  Lexington  and 
Richland  Counties  in  the  Vicinity  of  Saint  An- 
drews Road  and  Irmo,  South  Carolina. 
W90-05188  2E 

Flood  of  September  7-9,  1987,  in  Lexington  and 
Richland  Counties  in  the  Vicinity  of  Saint  An- 
drews Road  and  Irmo,  South  Carolina. 
W90-05549  2E 

GEOLOGICAL  SURVEY,  DENVER,  CO. 

Variability  in  the  Chemistry  of  Nonvolatile  Or- 
ganic Acids  Downgradient  from  the  Oil  Body  at 
Bemidji,  Minnesota. 
W90-05063  5B 

Characterization  of  Nonvolatile  Organic  Acids 
Resulting  from  the  Biodegradation  of  Crude  Oil 
by  Nuclear  Magnetic  Resonance  Spectrometry. 
W90-05064  5B 

Research  on  Metals  in  Acid  Mine  Drainage  in 

the  Leadville,  Colorado,  Area. 

W90-05066  5B 

Instream    Chemical    Reactions   of  Acid    Mine 

Water  Entering  a  Neutral  Stream  Near  Lead- 
ville, Colorado. 

W90-05067  5B 

Metal  Partitioning  and  Photoreduction  of  Iron  in 
Filtrates  of  Acid  Streamwater,  St.  Kevin  Gulch, 
Leadville,  Colorado. 
W9O-05069  5B 

Partitioning  of  Metals  Between  Water  and  Floc- 
culated Bed  Material  in  a  Stream  Contaminated 
by  Acid  Mine  Drainage  near  Leadville,  Colora- 
do. 
W9O-O5070  5B 

Colloidal  Properties  of  Flocculated  Bed  Materi- 
al in  a  Stream   Contaminated   by   Acid   Mine 
Drainage,  St.  Kevin  Gulch,  Colorado. 
W9O-05071  5B 

Preliminary  Assessment  of  the  Effects  of  Acid 
Mine  Drainage  on  Ground  Water  Beneath  a 
Wetland  Near  Leadville,  Colorado. 
W9O-O5072  5B 

Hydroxyl    Radical    Formation    in    St.    Kevin 
Gulch,  an  Iron-Rich  Stream  in  Colorado. 
W9O-O5073  5B 

Simulation  of  the  Rate-Controlled  Transport  of 
Molybdate  in  Column  Experiments. 
W90-05076  5B 

Use  of  Tracer  Tests  to  Measure  the  Transport 

and  Consumption  of  Methane  in  a  Contaminated 

Aquifer. 

W9O-O5078  5B 

Influence  of  Geochemical   Heterogeneity  in  a 

Sand  and  Gravel  Aquifer  on  the  Sorption  of 

Chlorobenzenes. 

W9O05079  5B 

Arsenic  Geochemistry  of  Rapidly  Accumulating 
Sediments,  Lake  Oahe,  South  Dakota. 
W90-05085  5B 


Distribution  of  Major  and  Trace  Elements  in 

Core   Samples    from    Picatinny    Arsenal,    New 

Jersey. 

W90-05102  5B 

Preliminary  Assessment  of  the  Fate  and  Trans- 
port of  Synthetic  Organic  Agrochemicals  in  the 
Lower  Mississippi  River  and  Its  Tributaries. 
W90-05109  5B 

Sampling,    Fractionation,    and    Dewatering    of 
Suspended  Sediment  from  the  Mississippi  River 
for  Geochemical  and  Trace-Contaminant  Analy- 
sis. 
W90-05114  7B 

Characterization  of  Colloids  in  the  Mississippi 

River  and  Its  Major  Tributaries. 

W90-05115  2J 

Solubility   of  Aluminum   and   Iron   in   Ground 

Water  Near  Globe,  Arizona. 

W90-05123  2F 

Status  Report  on  a  Study  of  the  Effects  of  Acid 

Mine  Drainage  on  Vegetation  Near  Leadville, 

Colorado. 

W90-05128  5C 

GEOLOGICAL  SURVEY,  DENVER,  CO. 
WATER  RESOURCES  DIV. 

Indexes  of  Hydrologic  Data  from  Selected  Coal- 
Mining  Areas  in  Northwestern  Colorado. 
W90-05217  7C 

Hydrologic    Effects    of    Pumpage    from    the 
Denver  Basin  Bedrock  Aquifers  of  Northern  El 
Paso  County,  Colorado. 
W90-05219  2F 

Water-Level  Changes  in  the  High  Plains  Aquifer 
Underlying  Parts  of  South  Dakota,  Wyoming, 
Nebraska,  Colorado,  Kansas,  New  Mexico, 
Oklahoma,  and  Texas-Predevelopment 
Through  Nonirrigation  Season  1987-88. 
W90-05220  2F 

Inventory  and  Evaluation  of  Biological  Investi- 
gations That  Relate  to  Stream-Water  Quality  in 
the  Upper  Illinois  River  Basin  of  Illinois,  Indi- 
ana, and  Wisconsin. 
W90-05224  5c 

Selected     Water-Quality     Characteristics     and 
Flow  of  Groundwater  in  the  San  Luis  Basin, 
Including  the  Conejos  River  Subbasin,  Colorado 
and  New  Mexico. 
W90-05280  2K 

Summary  of  Water-Resources  Activities  of  the 
U.S.    Geological    Survey    in    Colorado-Fiscal 
Year  1989. 
W90-05281  2E 

Selected     Water-Quality     Characteristics     and 
Flow  of  Ground  Water  in  the  San  Luis  Basin, 
Including  the  Conejos  River  Subbasin,  Colorado 
and  New  Mexico. 
W90-05593  2F 

Quality-Assurance    Data    for    Routine    Water 
Analysis  in  the  National  Water-Quality  Labora- 
tory of  the  U.S  Geological  Survey  for  Water 
Year  1988. 
W90-05607  7B 

GEOLOGICAL  SURVEY,  DORAVILLE,  GA. 

Comparison  of  Instrumental  Dewatering  Meth- 
ods for  the   Separation  and  Concentration  of 
Suspended  Sediments. 
W90-05112  7B 

GEOLOGICAL  SURVEY,  DORAVILLE,  GA. 
WATER  RESOURCES  DTV. 

Source    and    Transport    of    Arsenic    in    the 
Whitewood      Creek-Belle      Fourche-Cheyenne 
River-Lake  Oahe  System,  South  Dakota. 
W90-05086  5B 


Hydrogeology     and      Simulated      Effects     of 
Ground-Water    Development    of   the    Floridan 
Aquifer  System,  Southwest  Georgia,  Northwest 
Florida,  and  Southernmost  Alabama. 
W90-05562  2F 

Low-Flow  Profiles  of  the  Tallapoosa  River  and 

Tributaries  in  Georgia. 

W90-05601  2E 

Low-Flow  Profiles  of  the  Tennessee  River  Trib- 
utaries in  Georgia. 
W90-05612  2E 

Low-Flow  Profiles  of  the  Upper  Savannah  and 
Ogeechee  Rivers  and  Tributaries  in  Georgia. 
W90-05613  2E 

Low-Flow  Profiles  in  the  Upper  Oconee  River 

and  Tributaries  in  Georgia. 

W90-05614  2E 

GEOLOGICAL  SURVEY,  FAIRBANKS,  AK. 

Advance  of  Hubbard  Glacier  and  1986  Outburst 

of  Russel  Fiord,  Alaska,  U.S.A. 

W90-04708  2C 

GEOLOGICAL  SURVEY,  HARRISBURG,  PA. 
WATER  RESOURCES  DIV. 

Streamflow  and  Water-Quality  Data  for  Little 
Clearfield  Creek  Basin,  Clearfield  County,  Penn- 
sylvania, December  1987-November  1988. 
W90-05552  2E 

Geohydrology  and  Water  Quality  in  the  Vicini- 
ty of  the  Gettysburg  National  Military  Park  and 
Eisenhower  National  Historic  Site,  Pennsylva- 
nia. 
W90-05592  2F 

GEOLOGICAL  SURVEY,  HARTFORD,  CT. 

Statistical  Comparison  of  Ground-Water  Quality 
in    Four    Land-Use    Areas    of   Stratified-Drift 
Aquifers  in  Connecticut. 
W90-05111  5B 

GEOLOGICAL  SURVEY,  HELENA  MT. 
WATER  RESOURCES  DIV. 

Chemical  Characteristics,  Including  Stable-Iso- 
tope Ratios,  of  Surface  Water  and  Groundwater 
From  Selected  Sources  in  and  Near  East  Fork 
Armells  Creek  Basin,  Southeastern  Montana, 
1985. 
W90-05204  2K 

Estimates  of  Monthly  Streamflow  Characteris- 
tics at   Selected   Sites  in   the   Upper   Missouri 
River  Basin,  Montana,  Base  Period  Water  Years 
1937-86. 
W90-05205  2E 

Water  Resources  Data  for  Montana,  Water  Year 
1984.    Volume    1.    Hudson    Bay   and    Missouri 
River  Basins. 
W90-05249  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1984.  Volume  2,  Columbia  River  Basin. 
W90-05250  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1985.  Volume    1.    Hudson    Bay   and    Missouri 
River  Basins. 

W90-05251  7C 

Estimates  of  Mean  Monthly  Streamflow  for  Se- 
lected Sites  in  the  Musselshell  River  Basin,  Mon- 
tana, Base  Period  Water  Years  1937-86. 
W90-05267  2E 
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GEOLOGICAL  SURVEY,  HONOLULU,  HI. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water  Year    1988.   Volume    1, 

Hawaii. 

W90-05265  7C 

GEOLOGICAL  SURVEY,  IDAHO  FALLS,  ID. 
WATER  RESOURCES  DIV. 

Mineralogy  and  Grain  Size  of  Surficial  Sediment 
from  the  Big  Lost  River  Drainage  and  Vicinity, 
with  Chemical  and  Physical  Characteristics  of 
Geologic  Material  from  Selected  Sites  at  the 
Idaho  National  Engineering  Laboratory,  Idaho. 
W90-05271  ^ 

Mineralogy  and  Grain  Size  of  Surficial  Sediment 
from  the  Little  Lost  River  and  Birch  Creek 
Drainages,  Idaho  National  Engineering  Labora- 
tory, Idaho. 
W90-05273  " 

Evaluation  of  Field  Sampling  and  Preservation 

Methods  for  Strontium-90  in  Ground  Water  at 

the    Idaho   National    Engineering    Laboratory, 

Idaho. 

W9O-05278  5A 

GEOLOGICAL  SURVEY,  INDIANAPOLIS,  IN. 

Trends  in  Arsenic  Concentration  and  Grain-Size 

Distribution  of  Metal-Contaminated  Overbank 

Sediments    Along    the    Belle    Fourche    River 

Downstream   from   Whitewood   Creek,    South 

Dakota. 

W90-05084  5B 

GEOLOGICAL  SURVEY,  IOWA  CITY,  IA. 

Planned  Studies  of  Herbicides  in  Ground  and 

Surface  Water  in  the  Mid  Continental  United 

States. 

W9O-05108  5B 

GEOLOGICAL  SURVEY,  JACKSONVDLLE, 
FL.  WATER  RESOURCES  DTV. 

Water  Resources  Data  for  Mississippi,  Water 

Year  1984. 

W90-05246  7C 

GEOLOGICAL  SURVEY,  LAKEWOOD,  CO. 

Total  Adenylate  and  Adenylate  Energy-Charge 
Measurements  from  Bacterial  Communities  in 
Ground  Water. 
W90-05118  5A 

GEOLOGICAL  SURVEY,  LANSING,  MI. 
WATER  RESOURCES  DIV. 

Water   Resources   Data   for   Michigan,   Water 

Year  1985. 

W90-05242  7C 

GEOLOGICAL  SURVEY,  LAWRENCE,  KS. 

Relations  Between  Land  Use  and  Water  Quality 

in  the  High   Plains   Aquifer  of  South-Central 

Kansas. 

W90-05107  5B 

GEOLOGICAL  SURVEY,  LAWRENCE,  KS. 
WATER  RESOURCES  DTV. 

Water  Resource  of  Sedgwick  County,  Kansas. 
W90-05270  2E 

Water  Resources  of  Sedgwick  County,  Kansas. 
W90-05605  2E 

GEOLOGICAL  SURVEY,  LINCOLN,  NE. 

Overview  of  the  Relations  of  Nonpoint-Source 
Agricultural  Chemical  Contamination  to  Local 
Hydrogeologic,  Soil,  Land-Use,  and  Hydroche- 
mical  Characteristics  of  the  High  Plains  Aquifer 
of  Nebraska. 
W9O-05106  5B 

GEOLOGICAL  SURVEY,  LINCOLN,  NE. 
WATER  RESOURCES  DrV. 

Water   Resources   Data   for   Nebraska,   Water 

Year  1984. 

W90-05252  7C 


GEOLOGICAL  SURVEY,  LITTLE  ROCK,  AR. 
WATER  RESOURCES  DIV. 

Hydrologic  Data  Collected  in  the  Vicinity  of  the 
Proposed  Gamma-Ray  and  Neutrino  Detector 
Site,  Hot  Spring  County,  Arkansas,  1988-89. 
W90-05268  2F 

Estimating   Flood   Hydrographs   for   Arkansas 

Streams. 

W90-056O2  2E 

Hydrology  of  the  Mississippi  River  Valley  Allu- 
vial  Aquifer,    South-Central   United    States-A 
Preliminary  Assessment  of  the  Regional  Flow 
System. 
W90-05603  2t 

GEOLOGICAL  SURVEY,  LOUISVILLE,  KY. 
WATER  RESOURCES  DIV. 

Water   Resources   Data   for   Kentucky,   Water 

Year  1985. 

W90-05235  7C 

Geohydrology  and  Ground- Water  Quality  at  Se- 
lected Sites  in  Meade  County,  Kentucky,  1987- 


W90-05604 


2F 


GEOLOGICAL  SURVEY,  MADISON,  WI. 
WATER  RESOURCES  DIV. 

Applicability  of  Ambient  Toxicity  Testmg  to 
National  or  Regional  Water-Quality  Assessment. 
W90-05594  5A 

GEOLOGICAL  SURVEY,  MARLBOROUGH, 

MA- 

Overview    of   Contaminant    Hydrology,    Geo- 
chemistry, and  Microbiology  at  the  Cape  Cod 
Toxic  Waste  Research  Site. 
W90-05074  5B 

Spatial  Variability  of  Hydraulic  Conductivity  in 
a  Sand  and  Gravel  Aquifer,  Cape  Cod,  Massa- 
chusetts. 
W90-05075  2F 

GEOLOGICAL  SURVEY,  MENLO  PARK,  CA. 

Transport  of  Bacteria  in  a  Contaminated  Aqui- 

fer  SR 

W90-05080  5B 

Field  and  Laboratory  Studies  of  Coupled  Flow 

and  Chemical  Reactions  in  the  Ground- Water 

Environment. 

W90-05081  2F 

Coupled  Chemical,  Biological  and  Physical 
Processes  in  Whitewood  Creek,  South  Dakota: 
Evaluation  of  the  Controls  of  Dissolved  Arsenic. 
W90-05087  5B 

Periphyton   Effects   on   Arsenic   Transport   in 

Whitewood  Creek,  South  Dakota. 

W90-05088  5B 

Partitioning,    Distribution,    and    Recovery    of 
DNA  (Deoxyribonucleic  Acid)  from  Water  and 
Sediment  in  a  Contaminated  Aquifer  in  Cape 
Cod,  Massachusetts. 
W90-05119  5A 

Biodegradation  Pathways  for  Benzothiophene  in 

Methanogenic  Microcosms. 

W9O-O5120  5B 

GEOLOGICAL  SURVEY,  MENLO  PARK,  CA. 
WATER  RESOURCES  DIV. 

Lithology,    Mineralogy,    and    Paleontology    of 
Quaternary  Lake  Deposits  in  Long  Valley  Cal- 
dera,  California. 
W90-05551  2H 

GEOLOGICAL  SURVEY,  OKLAHOMA  CITY, 
OK.  WATER  RESOURCES  DIV. 

Water   Resources  Data  for  Oklahoma,   Water 

Year  1987. 

W90-05266  7C 


GEOLOGICAL  SURVEY,  ORLANDO,  FL. 

Assessment  of  Potential  for  Contamination  of 
the  Upper  Floridan  Aquifer  from  Drainage-Well 
Recharge  in  the  Orlando  Area,  Central  Florida. 
W90-05110  5B 

GEOLOGICAL  SURVEY,  PORTLAND,  OR. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Oregon,  Water  Year 

1987.  Volume  1.  Eastern  Oregon. 

W90-05260  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1987.  Volume  2.  Western  Oregon. 

W90-05261  7C 

GEOLOGICAL  SURVEY,  RALEIGH,  NC. 
WATER  RESOURCES  DIV. 

Sediment  Transport  and  Accretion  and  the  Hy- 
drologic   Environment   of  Grove   Creek   near 
Kenansville,  North  Carolina. 
W90-05609  2J 

GEOLOGICAL  SURVEY,  RAPID  CITY,  SD. 

Overview  of  Research  Activities  on  the  Chey- 
enne River  System,  Western  South  Dakota. 
W9O-05082  5B 

Arsenic  in  the  Alluvial  Sediments  of  Whitewood 
Creek  and  the   Belle  Fourche  and  Cheyenne 
Rivers  in  Western  South  Dakota. 
W90-05083  5B 

GEOLOGICAL  SURVEY,  RAPID  CITY,  SD. 
WATER  RESOURCES  DIV. 

Composition,  Distribution,  and  Hydrologic  Ef- 
fects of  Contaminated  Sediments  Resulting  from 
the  Discharge  of  Gold  Milling  Wastes  to 
Whitewood  Creek  at  Lead  and  Deadwood, 
South  Dakota. 
W90-05277  5B 

Composition,  Distribution,  and  Hydrologic  Ef- 
fects of  Contaminated  Sediments  Resulting  from 
the  Discharge  of  Gold  Milling  Wastes  to 
Whitewood  Creek  at  Lead  and  Deadwood, 
South  Dakota. 
W90-05553  5B 

GEOLOGICAL  SURVEY,  RESTON,  VA. 

Fate  and  Effects  of  Crude  Oil  in  a  Shallow 
Aquifer:  I.  The  Distribution  of  Chemical  Species 
and  Geochemical  Facies. 
W90-05061  5B 

Fate  and  Effects  of  Crude  Oil  in  a  Shallow 
Aquifer:  II.  Evidence  of  Anaerobic  Degradation 
of  Monoaromatic  Hydrocarbons. 
W90-05062  5B 

Heavy-Metal  Geochemistry  of  Sediments  in  the 

Pueblo  Reservoir,  Colorado. 

W90-05068  5B 

Solute  Diffusion  Within  Sand  of  the  Cape  Cod, 

Massachusetts,  Aquifer. 

W90-05077  5B 

Phase  Association  of  Trace  Metals  in  Sediments 
from  the  Calcasieu  River,  Louisiana. 
W90-05093  5B 

Abiotic  Photolysis  in  the  Calcasieu  River,  Lou- 
isiana. 
W90-05096  5B 

GEOLOGICAL  SURVEY,  RESTON,  VA. 
WATER  RESOURCES  DIV. 

Requirement   for   a   Microbial   Consortium   to 
Completely  Oxidize  Glucose  in  Fe(III)-Reduc- 
ing  Sediments. 
W90-04936  2H 
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Peak-Flow      Data-Collection      Methods      for 

Streams  in  Arid  Areas. 

W90-05596  7B 

Well     Installation     and     Documentation,     and 
Ground-Water  Sampling  Protocols  for  the  Pilot 
National  Water-Quality  Assessment  Program 
W90-05618  5G 

GEOLOGICAL  SURVEY,  RICHMOND,  VA. 

Use  of  a  Simplified  Transport  Model  for  Pesti- 
cides in  the  Unsaturated  Zone. 
W90-05116  5B 

GEOLOGICAL  SURVEY,  ROLLA,  MO. 
WATER  RESOURCES  DIV. 

Compilation  of  Geohydrologic  Data  Collected 
as  Part  of  the  A  real  Appraisal  of  Ground-Water 
Resources  Near  Branson,  Missouri. 
W90-05216  7C 

Analysis  of  the  Effect  of  Pumping  on  Ground- 
Water    Flow    in    the    Springfield    Plateau   and 
Ozark  Aquifers  Near  Springfield,  Missouri. 
W90-05218  2F 

Water  Resources  Data  for  Missouri,  Water  Year 

1984. 

W90-05247  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1985. 

W90-05248  7C 

Sedimentation  of  Lake  Taneycomo,   Missouri, 

1913-1987. 

W90-05284  2J 

GEOLOGICAL  SURVEY,  SACRAMENTO,  CA. 
WATER  RESOURCES  DIV. 

Vertically  Averaged  Spectral  Model  for  Tidal 
Circulation  in  Estuaries:  Part  1.  Model  Formula- 
tion. 
W90-05193  2L 

Geohydrology   of  the  Foothill   Ground-Water 
Basin  Near  Santa  Barbara,  California. 
W90-05194  2F 

Streamflow,  Sediment  Discharge,  and  Stream- 
bank  Erosion  in  Cache  Creek,   Yolo  County, 
California,  1953-86. 
W90-05210  2J 

Appraisal    of   Ground-Water    Quality  in    the 

Bunker  Hill   Basin  of  San  Bernardino  Valley, 

California. 

W90-05211  2F 

Water  Resources  of  Soledad,  Poway,  and  Moosa 
Basins,  San  Diego  County,  California. 
W9O-05274  5D 

General   Method   for   Generating   Bathymetric 
Data  for  Hydrodynamic  Computer  Models. 
W9O-O5620  7C 

GEOLOGICAL  SURVEY,  SALT  LAKE  CITY, 
UT.  WATER  RESOURCES  DIV. 

Hydrologic  Evaluation  and  Water  Supply  Con- 
siderations for  Five  Paiute  Indian  Land  Parcels, 
Millard,  Sevier,  and  Iron  Counties,  Southwest- 
ern Utah. 
W90-05189  2F 

GEOLOGICAL  SURVEY,  SAN  JUAN,  PR. 
WATER  RESOURCES  DIV. 

Sedimentation   Survey  of  Lago   Loiza,   Puerto 

Rico,  July  1985. 

W90-05546  2J 

Sedimentation    Survey    of    Lago    Dos    Bocas, 

Puerto  Rico,  June  1985. 

W9O-O5608  2J 


GEOLOGICAL  SURVEY,  ST.  PAUL,  MN 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Minnesota,  Water 
Year  1983.  Volume  1,  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 

W90-05243  7C 

Water   Resources   Data   for   Minnesota,   Water 
Year    1983.   Volume  2,   Upper  Mississippi  and 
Missouri  River  Basins. 
W90-05244  7C 

Water   Resources   Data   for   Minnesota,   Water 
Year   1984.   Volume  2,   Upper   Mississippi  and 
Missouri  River  Basin. 
W90-05245  7C 

GEOLOGICAL  SURVEY,  SYOSSET,  NY. 

Regional  Appraisal  of  Groundwater  Quality  in 
Five  Different  Land-Use  Areas,   Long  Island, 
New  York. 
W90-05104  5B 

GEOLOGICAL  SURVEY,  TACOMA,  WA. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Washington,  Water 

Year  1987. 

W90-05262  7C 

Ground-Water    Contamination    at    an    Inactive 
Coal  and  Oil  Gasification  Plant  Site,  Gas  Works 
Park,  Seattle,  Washington. 
W90-05550  5B 

Hydrology  of  the  Castle  Lake  Blockage,  Mount 

St.  Helens,  Washington. 

W90-05599  2A 

GEOLOGICAL  SURVEY,  TALLAHASSEE,  FL. 
WATER  RESOURCES  DIV. 

Accuracy  of  Acoustic  Velocity  Metering  Sys- 
tems for  Measurement  of  Low  Velocity  in  Open 
Channels. 
W90-05190  7B 

Freshwater  Withdrawals  and  Water-Use  Trends 

in  Florida,  1985. 

W90-05279  6D 

Measurement  of  Reaeration  Coefficients  for  Se- 
lected Florida  Streams. 
W90-05606  2E 

GEOLOGICAL  SURVEY,  TOWSON,  MD. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1984. 
W90-05238  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1985. 
W90-05239  7C 

GEOLOGICAL  SURVEY,  TRENTON,  NJ. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1984.   Volume   1.   Atlantic   Slope  Basins, 
Hudson  River  to  Cape  May. 
W9O-05254  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1984.  Volume  2.  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-05255  7c 

Corrosive  Groundwater  in  the  Kirkwood-Co- 
hansey  Aquifer  System  in  the  Vicinity  of  Ocean 
County,  East-Central  New  Jersey. 
W90-05275  2K 

GEOLOGICAL  SURVEY,  TUCSON,  AZ. 

Movement  of  Inorganic  Contaminants  in  Acidic 

Water  Near  Globe,  Arizona. 

W90-05121  5B 


Simulation  of  Ground-  and  Surface- Water  Flow 

in  the  Globe  Area,  Arizona. 

W90-05122  5B 

Research   Activities   Related   to   Acidic   Water 

Near  Globe,  Arizona. 

W90-05125  5B 

GEOLOGICAL  SURVEY,  TUCSON,  AZ. 
WATER  RESOURCES  DIV. 

Chemical,  Geologic,  and  Hydrologic  Data  from 

the  Study  of  Acidic  Contamination  in  the  Miami 

Wash-Pinal  Creek  Area,  Arizona,  Water  Years 

1984-87. 

W90-05187  5B 

Chemical,  Geologic,  and  Hydrologic  Data  from 

the  Study  of  Acidic  Contamination  in  the  Miami 

Wash-Pinal  Creek  Area,  Arizona,  Water  Years 

1984-87. 

W90-0560O  5B 

GEOLOGICAL  SURVEY,  URBANA,  IL. 
WATER  RESOURCES  DIV. 

Numerical  Solution  for  the  Diffusion  Equation 

in  Hydrogeologic  Systems. 

W90-05222  2F 

Assessment  of  Processes  Affecting  Low-Flow 

Water  Quality  of  Cedar  Creek,   West-Central 

Illinois. 

W90-05223  5B 

GEOLOGICAL  SURVEY,  WEST  TRENTON 
NJ. 

Determination   of  the   Air-Phase   Permeability 
Tensor  of  an  Unsaturated  Zone  at  the  Bemidji, 
Minnesota,  Research  Site. 
W90-05065  2F 

Site  Description  and  Summary  of  Research  Ac- 
tivities on  the  Movement  and  Fate  of  Chlorinat- 
ed Solvents  in  Ground  Water  at  Picatinny  Arse- 
nal, New  Jersey. 
W90-05097  5B 

Preliminary  Results  of  a  Study  of  the  Chemistry 
of  Groundwater  at  the  Building  24  Research 
Site,  Picatinny  Arsenal,  New  Jersey. 
W90-05098  5B 

Distribution    of  Trichloroethene    in    Soil    Gas 
Above  Contaminated  Ground  Water  at  Pica- 
tinny Arsenal,  New  Jersey. 
W90-05099  5B 

Microbiological    Transformation    of    Trichlor- 

oethylene  in   Soil   at   Picatinny   Arsenal,   New 

Jersey. 

W9O-O510O  5B 

Preliminary    Results   of  a    Study    to    Simulate 
Trichloroethylene  Movement  in  Ground  Water 
at  Picatinny  Arsenal,  New  Jersey. 
W90-05101  5B 

Methods  of  Evaluating  the  Relation  of  Ground- 
Water  Quality  to  Land  Use  in  a  New  Jersey 
Coastal  Plain  Aquifer  System. 
W9O-O5105  5  A 

Comparison  of  Well-Purging  Criteria  for  Sam- 
pling Purgeable  Organic  Compounds. 
W90-05113  7B 

Method  for  Simulating  Water-Table  Altitudes 
from  Stream  and  Drainage-Basin  Locations  by 
Use  of  a  Geographic  Information  System. 
W90-05117  7c 
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Water  Resources  Data  for  New  Jersey,  Water 
Year   1985.  Volume   1.  Atlantic   Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-05256  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1985.  Volume  2,  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-05257  7C 

GEORGIA  INST.  OF  TECH.,  ATLANTA. 
SCHOOL  OF  APPLIED  BIOLOGY. 

Effects  of  Sulfide  on  the  Growth  of  Three  Salt 

Marsh  Halophytes  of  the  Southeastern  United 

States. 

W90-05287  2L 

GEORGIA  ESST.  OF  TECH.,  ATLANTA. 
SCHOOL  OF  CIVIL  ENGINEERING. 

Role  of  Sulfate-Reducing  Bacteria  in  the  Estab- 
lishment of  the  Methanogenic  Phase  of  Refuse 
Stabilization. 
W90-04747  5E 

GEORGIA  UNIV.,  ATHENS.  INST.  OF 
ECOLOGY. 

Formation  and  Bacterial  Utilization  of  Dissolved 

Organic  Carbon  Derived  from  Detrital  Ligno- 

cellulose. 

W90-04651  2L 

Effects  of  Acid  Stress  on  Aerobic  Decomposi- 
tion of  Algal  and  Aquatic  Macrophyte  Detritus: 
Direct  Comparison  in  a  Radiocarbon  Assay. 
W90-05487  2H 

GEORGIA  UNIV.,  SAPELO  ISLAND.  MARINE 
ESST. 

Simultaneous  Measurement  of  Bacterioplankton 
Production  and  Protozoan  Bacterivory  in  Estua- 
rine  Water. 
W90-04981  2L 

GEOTRANS,  EMC,  HERNDON,  VA. 

Simulation  of  Three-Dimensional  Flow  of  Im- 
miscible Fluids  Within  and  Below  the  Unsaturat- 
ed Zone. 
W90-O4662  5B 

GESELLSCHAFT  FUER  STRAHLEN-  UND 
UMWELTFORSCHUNG  M.B.H.  MUENCHEN, 
NEUHERBERG  (GERMANY,  F.R.). 
PROJEKTGRUPPE 
UMWELTGEFAEHRDUNGSPONTENIALE 

VON  CHEMIKALIEN. 

Exposure  and  Ecotoxicity  Estimation  for  Envi- 
ronmental Chemicals  (E4CHEM):  Application 
of  Fate  Models  for  Surface  Water  and  Soil. 
W90-05042  5B 

GffiSSEN  UNIV.  (GERMANY,  F.R.). 
STRAHLENZENTRUM. 

Radium-226  Content  of  Beverages. 

W90-05366  5B 


GKSS  -  FORSCHUNGSZENTRUM 
GEESTHACHT  G.M.B.H.,  GEESTHACHT- 
TESPERHUDE  (GERMANY,  F.R.) 

Transport  Processes  of  Suspended  Matter  De- 
rived from  Time  Series  in  a  Tidal  Estuary. 
W90-04567  2J 

GLENMORE  WATERWORKS  LAB., 
CALGARY  (ALBERTA). 

Comparison  of  Membrane  Filtration  and  Au- 
toanalysis     Colilert     Presence-Absence     Tech- 
niques for  Analysis  of  Total  Coliforms  and  Es- 
cherichia coli  in  Drinking  Water  Samples. 
W90-04933  5A 


GOODYEAR  ATOMIC  CORP.,  PIKETON,  OH. 
TECHNICAL  DIV. 

Biooxidation  Studies  of  Pollutants  in  Effluent 

from  the  X-710  Laboratory. 

W90-05185  5D 

GORDON  COLL.,  WENHAM,  MA.  DEPT.  OF 
BIOLOGY. 

Carbon  Isotopic  Compositions  of  Estuarine  Bac- 
teria. 
W90-05398  7B 

GRAMPIAN  REGIONAL  COUNCIL, 
ABERDEEN  (SCOTLAND).  DEPT.  OF  WATER 
SERVICES. 

Instrumentation,  Control  and  Automation:  the 

Grampian  Way. 

W90-05012  5F 

GRONTMIG  CONSULTING  ENGINEERS,  DE 
BILT  (NETHERLANDS). 

Reactor  Design  Considerations  and  Experiences 

with  Various  Wastewaters. 

W90-05569  5D 

GUELPH  UNIV.  (ONTARIO).  DEPT.  OF 
COMPUTING  AND  INFORMATION 
SCIENCE. 

Fast  Graphical  Simulations  of  Spills  and  Plumes 

for  Application  to  the  Great  Lakes. 

W90-05044  5B 

GUELPH  UNIV.  (ONTARIO).  DEPT.  OF 
GEOGRAPHY. 

Bedforms,  Bed  Material,  and  Bedload  Transport 

in  a  Salt-Wedge  Estuary:  Fraser  River,  British 

Columbia. 

W90-04586  2J 

GUNMA  UNIV.,  MAEBASHI  (JAPAN).  DEPT. 
OF  CTVTL  ENGINEERING. 

Simplified  Equations  for  Effectiveness  Factors 

in  Anaerobic  Biofilms. 

W9O-05O22  5D 

GUNMA  UNIV.,  MAEBASHI  (JAPAN). 
FACULTY  OF  EDUCATION. 

Absorption  Coefficient  of  Particulate  Matter  in 

Lake  Haruna. 

W90-05054  2H 

HANOVER  UNIV.  (GERMANY,  F.R.).  INST. 
FUER  STROEMUNGSMECHANIK  UND 
ELEKTRONISCHES  RECHNEN  DM 
BAUWESEN. 

Data  Interpretation  and  Numerical  Modeling  of 

the  Mud  and  Suspended  Sediment  Experiment 

1985. 

W90-04568  2J 

HAWAII  INST.  OF  GEOPHYSICS, 
HONOLULU. 

Effects  of  Patch  Size  and  Substrate  Isolation  on 

Colonization  Modes  and  Rates  in  an  Intertidal 

Sediment. 

W90-05394  2L 

HAWAII  INST.  OF  MARINE  BIOLOGY, 
HONOLULU. 

Mass  Balance  of  Biogeochemically  Active  Mate- 
rials (C,  N,  P)  in  a  Hypersaline  Gulf. 
W90-04591  2L 

Oxygen  and  Temperature  Relationships  in  Nine 
Artificially  Aerated  California  Reservoirs. 
W90-05323  5G 

Internal  Sources  and  Sinks  of  Water,  P,  N,  Ca, 

and  CI  in  Lake  Kinneret,  Israel. 

W90-05390  2« 


HAZEN  AND  SAWYER,  NEW  YORK. 

Water  Treatment  Needs  Accelerate. 
W90-04576 


5F 


Gas-chromatographic   Analysis  of  Chlorinated 

Acids  in  Drinking  Water. 

W90-05316  5A 


HAWAII  UNIV.,  HONOLULU.  DEPT.  OF 
METEOROLOGY. 

Hawaiian  Drought  and  the  Southern  Oscillation. 
W90-04998  2B 


HEBREW  UNIV.,  JERUSALEM  (ISRAEL). 
DEPT.  OF  GEOLOGY. 

Geochemical  Evolution  of  Halite  Structures  in 
Hypersaline  Lakes:  The  Dead  Sea,  Israel. 
W90-05391  2H 

Solubility  of  Halite  as  a  Function  of  Tempera- 
ture   in    the    Highly    Saline    Dead    Sea    Brine 
System. 
W90-05392  2H 

HEBREW  UNEV.  OF  JERUSALEM  (ISRAEL). 
DEPT.  OF  ATMOSPHERIC  SCIENCES. 

Factors  Governing  the  Total  Rainfall  Yield  from 

Continental  Convective  Clouds. 

W90-04598  2B 

Effects  of  Cloud  Seeding  in  West  Texas. 
W90-04600  2B 

HELSINKI  CITY  WATER  AND 
WASTEWATER  AUTHORITY  (FINLAND). 
WATER  CONSERVATION  LAB. 

Two  Manipulated  Inner  Bays  in  the  Helsinki  Sea 

Area,  Northern  Gulf  of  Finland. 

W90-05346  5G 

HELSINKI  UNIV.  (FINLAND).  DEPT.  OF 
LIMNOLOGY. 

Water  supply  and  Sanitation  in  Rural  Develop- 
ment Aid  Cooperation  Programmes. 
W90-05347  5F 

HELSINKI  UNIV.  (FINLAND).  DEPT.  OF 
METEOROLOGY. 

Characteristics  of  Mesoscale  Precipitation  Bands 

in  Southern  Finland. 

W90-04612  2B 

HELSINKI  UNIV.,  LAMMI  (FINLAND). 
LAMMI  BIOLOGICAL  STATION. 

Perch,  Perca  fluviatilis  L.,  in  Small  Lakes:  Rela- 
tions  Between   Population   Characteristics   and 
Lake  Acidity. 
W90-05048  5C 

Mercury  Concentrations  of  Perch,  Perca  Fluvia- 
tilis L.,  in  Small  Finnish  Headwater  Lakes  with 
Different  pH  and  Water  Colour. 
W90-05342  5B 

Winter  and   Spring  Variability   in  Phyto-  and 

Bacterioplankton  in  Lakes  with  Different  Water 

Colour. 

W90-05343  2H 

HELSINKI  UNIV.  OF  TECHNOLOGY,  ESPOO 
(FINLAND).  LAB.  OF  HYDROLOGY  AND 
WATER  RESOURCES  ENGINEERING. 

Simulated  Impacts  of  Flow  Regulation  on  Blue- 
Green  Algae  in  a  Short  Retention  Time  Lake. 
W90-05469  5G 

Minimal    Sampling    Schedule    for    a    Dynamic 

Lake  Model. 

W90-05470  7A 

HOSEI  UNIV.,  TOKYO  (JAPAN).  CHEMICAL 
LAB. 

Determination  of  Volatilization  Coefficients  of 

Trihalomethanes  from  Waters. 

W90-04801  5F 

HOUSTON  UNEV.  AT  CLEAR  LAKE  CITY, 
TX.  BUREAU  OF  RESEARCH. 

Gastrointestinal    Effects    of   Water    Reuse    for 

Public  Park  Irrigation. 

W90-04636  5B 
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HOUSTON  UNIV.,  TX.  DEPT.  OF  BIOLOGY. 

Minimizing  THM  Formation  During  Control  of 
the  Asiatic  Clam:  A  Comparison  of  Biocides. 
W90-04900  5F 

Effect  of  Temperature  and  pH  on  the  Toxicity 
of  Monochloramine  to  the  Asiatic  Clam. 
W90-04901  sp 

HULL  UNIV.  (ENGLAND).  DEPT.  OF 
GEOGRAPHY. 

Acid  Deposition  Modeling  and  the  Interpreta- 
tion of  the  United  Kingdom  Secondary  Precipi- 
tation Network  Data. 
W90-04579  5B 

HUMBOLDT  STATE  UNIV.,  ARCATA,  CA. 
DEPT.  OF  FISHERIES. 

Response  of  Juvenile  Steelhead  to  Instream  De- 
flectors in  a  High  Gradient  Stream. 
W90-05j13  si 

HYDRAULICS  RESEARCH  LTD., 
WALLINGFORD  (ENGLAND). 

Backwater  Lengths  in  Rivers. 

W90-04990  8B 


HYDRAULICS  RESEARCH  STATION,  WAD 
MEDANI  (SUDAN). 

Evapotranspiration  in  Sudan  Gezira  Irrigation 

Scheme. 

W90-O4822  2D 

HYDROLOGIC  ENGINEERING  CENTER, 
DAVIS,  CA. 

Developing   and    Managing   a   Comprehensive 

Reservoir  Analysis  Model. 

W90-05182  6  A 

Review  of  the  U.S.  Army  Corps  of  Engineers 
Involvement  with  Alluvial  Fan  Flooding  Prob- 
lems. 
W90-O5186  2E 

Estimation  of  Rainfall   for   Flood   Forecasting 

Using  Radar  and  Rain  Gage  Data. 

W90-05589  7B 

UBARAKI  UNTV.,  AMI  (JAPAN).  DEPT.  OF 
AGRICULTURAL  CHEMISTRY. 

Toxicity  of  Microcystis  Species  Isolated  from 
Natural  Blooms  and  Purification  of  the  Toxin. 
W90-O4935  5c 

IDAHO  WATER  RESOURCES  RESEARCH 
INST.,  MOSCOW. 

Low-Head  Hydro:  An  Examination  of  an  Alter- 
native Energy  Source. 
W90-O5137  6A 

ILLINOIS  INST.  OF  TECH.,  CHICAGO. 
DEPT.  OF  CHEMISTRY. 

Gas  Sensor  and  Permeation  Apparatus  for  the 

Determination  of  Chlorinated  Hydrocarbons  in 

Water. 

W90-05314  7B 

ILLINOIS  NATURAL  HISTORY  SURVEY, 
CHAMPAIGN.  AQUATIC  BIOLOGY 
STATION. 

Summer    Bacterial    Populations    in    Mississippi 
River  Pool  19:  Implications  for  Secondary  Pro- 
duction. 
W90-04885  2H 

ILLINOIS  POWER  CO.,  CLINTON.  CLINTON 
POWER  STATION. 

Management  of  Largemouth  Bass  in  a  Perched 

Cooling  Pond  in  Illinois. 

W9(H)5526  gi 

ILLINOIS  STATE  ENVIRONMENTAL 
PROTECTION  AGENCY,  SPRINGFIELD.  DTV. 
OF  WATER  POLLUTION  CONTROL. 

Volunteer    Lake    Monitoring    Program,    1987. 
Volume  IV:  West-Central  Illinois  Region. 
W90-05133  2H 


Volunteer    Lake    Monitoring    Program,    1987. 
Volume  V:  East-Central  Illinois  Region. 
W90-05134  2H 

ILLINOIS  STATE  WATER  SURVEY  DIV., 
CHAMPAIGN. 

Frequency  Distribution  and  Hydroclimatic 
Characteristics  of  Heavy  Rainstorms  in  Illinois. 
W90-05161  2B 

Economic  Reservoir  Design  and  Storage  Con- 
servation by  Reduced  Sedimentation. 
W90-05304  2J 

ILLINOIS  UNIV.  AT  URBANA-CHAMPAIGN. 
DEPT.  OF  AGRICULTURAL  ECONOMICS. 

Economic    Targeting    of    Nonpoint    Pollution 
Abatement  for  Fish  Habitat  Protection. 
W90-04657  so 

ILLINOIS  UNIV.  AT  URBANA-CHAMPAIGN. 
DEPT.  OF  CIVIL  ENGINEERING. 

Anaerobic  Wastewater  Treatment. 

W90-05132  so 

Mathematical  Modeling  of  Fixed-Film  Growth 
W90-05151  so 

Effect  of  Particle  Size  and  Background  Natural 
Organics  on  the  Adsorption  Efficiency  of  PAC. 
W90-05292  5F 

Discharger  Grouping  for  Water  Quality  Con- 
trol. 
W90-05300  so 

ILLINOIS  UNIV.,  URBANA.  DEPT.  OF 
AGRONOMY. 

Effects  of  Simulated  Acid  Rain  on  Growth  Pa- 
rameters and  Yield  Components  of  Two  Soy- 
bean Cultivars. 
W90-04656  5C 

IMPERIAL  COLL.  OF  SCIENCE  AND 
TECHNOLOGY,  LONDON  (ENGLAND). 

Design  Rainfall  Characteristics  for  South-west 

Saudi  Arabia. 

W90-04989  2B 

IMPERIAL  COLL.  OF  SCIENCE  AND 
TECHNOLOGY,  LONDON  (ENGLAND). 
DEPT.  OF  CHEMICAL  ENGINEERING  AND 
CHEMICAL  TECHNOLOGY. 

Role  of  Formate  in  the  Anaerobic  Baffled  Reac- 
tor. 
W90-04849  5D 

IMPERIAL  COLL.  OF  SCIENCE  AND 
TECHNOLOGY,  LONDON  (ENGLAND). 
DEPT.  OF  CIVIL  ENGINEERING. 

System  Identification  and  Control. 

W90-05158  5D 

INDIAN  INST.  OF  SCIENCE,  BANGALORE. 
DEPT.  OF  CTVTL  ENGINEERING. 

Inverted  V-Notch:  Practical  Proportional  Weir. 
W90-O4823  7B 

INDIAN  INST.  OF  TROPICAL 
METEOROLOGY,  POONA. 

Statistical  Distribution  of  Daily  Rainfall  and  its 
Association  with  the  Coefficient  of  Variation  of 
Rainfall  Series. 
W9O-04595  2B 

INDIANA  UNTV.  AT  BLOOMINGTON.  DEPT. 
OF  GEOGRAPHY. 

Regionalization  of  Thunderstorm  Rainfall  in  the 

Contiguous  United  States. 

W90-04995  2B 

INDIANAPOLIS  PUBLIC  WORKS  DEPT„  IN. 

World's    Only    On-Line    Talking    Wastewater 

Treatment  Plant. 

W90-04878  5D 


INLAND  STEEL  INDUSTRIES,  EAST 
CHICAGO,  IN.  NEW  VENTURES  DEPT. 

Use  of  Cultured  Bacteria  in  a  Full  Scale  Biologi- 
cal System  Treating  Coke  Plant  Wastewater. 
W90-04782  5D 

INLAND  WATERS  DIRECTORATE, 
DARTMOUTH  (NOVA  SCOTIA). 

Hydrometric   Network   Evaluation:  Audit  Ap- 
proach. 
W90-05306  7  a 

INLAND  WATERS  DIRECTORATE, 
MONCTON  (NEW  BRUNSWICK).  WATER 
QUALITY  BRANCH. 

Dinoseb   Presence   in   Agricultural    Subsurface 
Drainage  from  Potato  Fields  in  Northwestern 
New  Brunswick,  Canada. 
W90-04685  5B 

INSTTTUT  FUER  LIMNOLOGIE,  MONDSEE 
(AUSTRIA). 

Phosphate  Uptake  by  Eukaryotic  Algae  in  Cul- 
tures and  by  a  Mixed  Phytoplankton  Population 
in  a  Lake:  Analysis  by  a  Force-Flow  Relation- 
ship. 

W90-05039  2H 

Chemistry  of  High  Mountain  Lakes  in  Siliceous 
Catchments  of  the  Central  Eastern  Alps. 
W90-05386  2H 

INSTTTUT  FUER  PFLANZENBIOLOGTE, 
ZURICH  (SWITZERLAND). 

Effect  of  Eutrophication  on  Species  Composi- 
tion and  Growth  of  Freshwater  Mussels  (Mol- 
lusca,    Unionidae)    in    Lake    Hallwil    (Aargau, 
Switzerland). 
W90-05385  5C 

INSTTTUT  NATIONAL  DE  LA  RECHERCHE 
AGRONOMIQUE,  MONTFAVET  (FRANCE). 
STATION  DE  SCTENCE  DU  SOL. 

Use  of  Remotely  Sensed  Soil  Moisture  Content 
as    Boundary    Conditions    in    Soil-Atmosphere 
Water  Transport  Modeling:  1.  Field  Validation 
of  a  Water  Flow  Model. 
W90-04660  2G 

Use  of  Remotely  Sensed  Soil  Moisture  Content 
as    Boundary    Conditions    in    Soil-Atmosphere 
Water  Transport  Modeling:  2.  Estimating  Soil 
Water  Balance. 
W90-04661  2G 

INSTTTUT  NATIONAL  DE  LA  RECHERCHE 
AGRONOMIQUE,  THONON-LES-BAINS 
(FRANCE).  INST.  DE  LIMONOLOGIE. 

Heterotrophic   Capabilities   of  the   Blue-Green 

Alga  Oscillatoria  rubescens. 

W90-O4808  2H 

INSTTTUT  NATIONAL  DE  LA  RECHERCHE 
AGRONOMIQUE,  VERSAILLES  (FRANCE). 
LAB.  DE  BIOLOGIE  DE  LA  RHIZOSPHERE. 

Use  of  Roots  Transformed  by  Agrobacterium 
rhizogenes  in  Rhizosphere  Research:  Applica- 
tions in  Studies  of  Cadmium  Assimilation  from 
Sewage  Sludges. 
W90-05382  7B 

INSTITUT  NATIONAL  DE  LA  RECHERCHE 
SCTENTIFIQUE,  SAINTE-FOY  (QUEBEC). 

Thermophilic  Process  for  Protein  Recovery  as 

an   Alternative   to   Slaughterhouse   Wastewater 

Treatment. 

W90-04861  5D 
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NEVADA  UNIV.,  LAS  VEGAS.  DESERT 
RESEARCH  INST. 

Application    of   Fractal    Mathematics    to    Soil 

Water  Retention  Estimation. 

W90-04614  7C 

NEVADA  UNIV.,  LAS  VEGAS.  LAKE  MEAD 
LIMNOLOGICAL  RESEARCH  CENTER. 

Temporal  and  Spatial  Variation  in  Pelagic  Fish 

Abundance    in    Lake    Mead    Determined    from 

Echograms. 

W90-05324  8i 

NEVADA  UNIV.,  RENO.  CENTER  FOR 
WATER  RESOURCES  RESEARCH. 

Fiscal    Year    1988    Program    Report    (Nevada 

Water  Resources  Research  Center). 

W9O-05229  9D 

NEVADA  UNIV.,  RENO.  DEPT.  OF  PLANT 
SCIENCE. 

Influence  of  Salinity,   Leaching  Fraction,  and 
Soil  Type  on  Oxygen  Diffusion  Rate  Measure- 
ments and  Electrode  'Poisoning'. 
W90-05307  7B 

NEVADA  UNIV.,  RENO.  DEPT.  OF  RANGE, 
WILDLIFE  AND  FORESTRY. 

Management  of  Winter  Soil  Temperatures  to 

Control  Streambank  Erosion. 

W9O-05502  4D 

NEVADA  UNIV.,  RENO.  SEISMOLOGICAL 
LAB. 

Foam   Rubber  Modeling  of  Topographic   and 
Dam  Interaction  Effects  at  Pacoima  Dam. 
W90-04583  7C 

NEVADA  UNIV.  SYSTEM,  RENO. 
ATMOSPHERIC  SCIENCES  CENTER. 

Influence  of  Riming  on  the  Chemical  Composi- 
tion of  Snow  in  Winter  Orographic  Storms. 
W90-04608  2C 

NEW  HAMPSHIRE  UNIV.,  DURHAM.  DEPT. 
OF  CHEMISTRY. 

Development  of  a  Membrane  for  In-Situ  Optical 

Detection  of  TNT. 

W90-05166  5  A 

NEW  JERSEY  AGRICULTURAL 
EXPERIMENT  STATION,  NEW  BRUNSWICK. 

Five- Year    Radar   Climatology   of  Convective 

Precipitation  for  New  Jersey. 

W90-O4996  2B 

NEW  MEXICO  STATE  UNIV.,  LAS  CRUCES. 
DEPT.  OF  CIVIL,  AGRICULTURAL  AND 
GEOLOGICAL  ENGINEERING. 

Biodegradation  and  Removal  of  Phenols  in  Ro- 
tating Biological  Contactors. 
W90-04762  5D 

NEW  MEXICO  STATE  UNIV.,  LAS  CRUCES. 
DEPT.  OF  FISHERY  AND  WILDLIFE 
SCDZNCES. 

Simulation  Model  for  Managing  Fisheries  in 
Reservoirs  on  the  Rio  Grande  of  New  Mexico. 
W90-O5515  si 

NEW  SOUTH  WALES  UNTV.,  KENSINGTON 
(AUSTRALIA).  SCHOOL  OF  INFORMATION 
SYSTEMS. 

Application   of  a   Lake  Thermal   Stratification 
Model  to  Various  Climatic  Regimes. 
W90-05458  2H 

Sensitivity  of  Thermocline  Models  to  Parametri- 
sations  of  the  Surface  Energy  Budget  and  of 
Wind  Mixing. 
W90-05462  2H 

NEW  YORK  STATE  COLL.  OF 
AGRICULTURE  AND  LIFE  SCIENCES, 
ITHACA.  DEPT.  OF  AGRICULTURAL 
ECONOMICS. 

Local  Government   and  Groundwater  Quality 

Management. 

W90-05176  5G 


NEW  YORK  STATE  COLL.  OF 
AGRICULTURE  AND  LIFE  SCIENCES, 
ITHACA.  TOXIC  CHEMICALS  LAB. 

Cadmium  and  Lead  Accumulation  by  Goldfish 

Exposed  to  Aqueous  Refuse  Incinerator  Fly  Ash 

Leachate. 

W90-04678  5B 

NEW  YORK  STATE  DEPT.  OF  HEALTH, 
ALBANY.  WADSWORTH  CENTER  FOR 
LABS.  AND  RESEARCH. 

Simple  Medium  that  Preserves  Low  Concentra- 
tions of  Escherichia  coli  for  Use  in  the  Water 
Bacteriology  Proficiency  Test. 
W90-05484  5A 

NEW  YORK  STATE  WATER  RESOURCES 
RESEARCH  INST.,  ITHACA. 

Fiscal  Year  1988  Federal  Program  Report  (New 
York  State  Water  Resources  Institute). 
W90-05197  9D 

NEW  YORK  UNIV.  MEDICAL  CENTER,  NY. 
INST.  OF  ENVIRONMENTAL  MEDICINE. 

Activation    of  the    K-ras   Oncogene   in    Liver 

Tumors  of  Hudson  River. 

W90-05040  5C 

NEWCASTLE  UPON  TYNE  UNIV. 
(ENGLAND). 

Diatom-based  pH  Reconstruction  of  Lake  Acidi- 
fication Using  Canonical  Correspondence  Anal- 


ysis. 
W90-04711 
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NICHOLAS  COPERNICUS  UNIV.  OF  TORUN 
(POLAND).  INST.  OF  BIOLOGY. 

Factors  Influencing  the  Microspatial  Zooplank- 
ton  and  Oxygen  Heterogeneity  in  Wloclawek 
Dam  Reservoir. 
W90-05451  2H 

NORSK  INST.  FOR  VANNFORSKNING, 
OSLO. 

Genus  Isoetes  in   Scandinavia:   An   Ecological 

Review  and  Perspectives. 

W90-05338  5C 

NORTH  CAROLINA  STATE  UNIV.  AT 
RALEIGH.  DEPT.  OF  CHEMICAL 
ENGINEERING. 

Simple,  Conceptual  Mathematical  Model  for  the 
Activated  Sludge  Process  and  Its  Variants. 
W90-04842  5D 

NORTH  CAROLINA  STATE  UNIV.  AT 
RALEIGH.  DEPT.  OF  MARINE,  EARTH  AND 
ATMOSPHERIC  SCIENCES. 

Physical    Oceanographic    Processes    Affecting 
Larval  Transport  Around  and  Through  North 
Carolina  Inlets. 
W90-05537  2L 

NORTH  CAROLINA  STATE  UNIV.  AT 
RALEIGH.  DEPT.  OF  ZOOLOGY. 

Physical  Processes  and  the  Mechanisms  of 
Coastal  Migrations  of  Immature  Marine  Fishes. 
W90-05539  2L 

NORTH  CAROLINA  UNIV.  AT 
WILMINGTON. 

Playa  Lakes:  Prairie  Wetlands  of  the  Southern 

High  Plains. 

W90-04555  2H 

NORTH  DAKOTA  MINING  AND  MINERAL 
RESOURCES  RESEARCH  INST.,  GRAND 
FORKS. 

Effects  of  Fly  Ash  and  Flue-Gas  Desulfurization 
Wastes  on  Groundwater  Quality  in  a  Reclaimed 
Lignite  Strip  Mine  Disposal  Site. 
W90-05131  5B 

NORTH  DAKOTA  STATE  UNTV.,  MANDAN. 
LAND  RECLAMATION  RESEARCH  CENTER. 

Sand  Detachment  by  Single  Raindrops  of  Vary- 
ing Kinetic  Energy  and  Momentum. 
W90-O4616  2J 


NORTH  DAKOTA  WATER  RESOURCES 

RESEARCH  INST.,  FARGO. 
Fiscal    Year     1988    Program    Report    (North 
Dakota  Water  Resources  Research  Institute). 
W90-05225  9D 

NORTH  EAST  RIVER  PURIFICATION 
BOARD,  ABERDEEN  (SCOTLAND). 

Effects  of  a  Timber  Preservative  Spillage  on  the 

Ecology  of  the  River  Lossie. 

W90-05017  5C 

NORTH-EASTERN  HILL  UNIV.,  SHILLONG 
(INDIA).  DEPT.  OF  BOTANY. 

Algal  Epilithon  and  Water  Quality  of  a  Stream 

Receiving  Oil  Refinery  Effluent. 

W90-05372  5C 

NOTRE  DAME  UNIV.,  IN.  DEPT.  OF  CIVIL 
ENGINEERING. 

Anaerobic  Sequencing  Batch  Reactor  Treatment 

of  Coal  Conversion  Wastewaters. 

W90-05573  5D 

NOVI  SAD  UNIV.  (YUGOSLAVIA).  FACULTY 
OF  SCIENCE. 

Investigation  of  an  Innovative  Technology  for 

Oil-Field  Brine  Treatment. 

W90-04787  5D 

OAK  RIDGE  NATIONAL  LAB.,  TN. 
ENVIRONMENTAL  SCIENCES  DIV. 

Persistence   and   Distribution   of  PCBs   in   the 

Sediments  of  a  Reservoir  (Lake  Hartwell,  South 

Carolina). 

W90-04682  5B 

Mobility  of  Colloidal  Particles  in  the  Subsurface: 

Chemistry  and   Hydrology  of  Colloid-Aquifer 

Interactions. 

W90-05184  5B 

Limnological  and  Ecological  Changes  Associat- 
ed with  Reservoir  Aging. 
W90-05519  2H 

OBSERVATOIRE  DE  PHYSIQUE  DU  GLOBE 
DE  CLERMONT-FERRAND  (FRANCE). 

Effects  of  Different  Rain  Parameterizations  on 
the  Simulation  of  Mesoscale  Orographic  Precipi- 
tation. 
W90-O46O5  2B 

OGUN  STATE  UNIV.,  AGO-IWOYE 
(NIGERIA).  DEPT.  OF  BIOLOGICAL 
SCIENCES. 

Pre-Impoundment  Studies  of  the  Fishes  of  Owa 

Stream  South- West,  Nigeria. 

W90-04810  2H 

OHIO  STATE  UNTV.,  COLUMBUS.  DEPT.  OF 
AGRONOMY. 

Seasonal   Geochemistry   of  an   Arctic   Tundra 

Drainage  Basin. 

W90-04715  2K 

Correcting   Widespread   Cadmium   Contamina- 
tion. 
W90-O4879  5G 

OHIO  STATE  UNIV.,  COLUMBUS.  SCHOOL 
OF  NATURAL  RESOURCES. 

Influences  of  Interstice  Size,  Shade,  and  Preda- 
tors on  the  Use  of  Artifical  Structures  by  Blue- 
gills. 
W90-04918  2H 

OKLAHOMA  STATE  UNTV.,  STILLWATER. 
UNTV.  CENTER  FOR  WATER  RESEARCH. 

Fiscal  Year   1988  Program  Report  (Oklahoma 
Water  Resources  Research  Institute). 
W90-05231  9D 
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OKLAHOMA  UNIV.,  NORMAN.  DEPT.  OF 
BOTANY  AND  MICROBIOLOGY. 

Microbial  Degradation  of  Nitrogen,  Oxygen  and 
Sulfur  Heterocyclic  Compounds  Under  Anaero- 
bic Conditions:  Studies  With  Aquifer  Samples. 
W90-04692  5B 

OKLAHOMA  UNTV.,  NORMAN. 
ENVIRONMENTAL  AND  GROUND  WATER 
INST. 

Biotransformation  of  Chlorinated  Hydrocarbons 
and  Alkylbenzenes  in  Aquifer  Material  from  the 
Picatinny  Arsenal,  New  Jersey. 
W9O-O5103  5B 

OLD  DOMINION  UNIV.,  NORFOLK,  VA. 
DEPT.  OF  ECONOMICS. 

Economic  Benefits  of  Habitat  Restoration:  Sea- 
grass  and  the  Virginia  Hard-Shell  Blue  Crab 
Fishery. 
W90-04914  2L 

OLD  DOMINION  UNTV.,  NORFOLK,  VA. 
DEPT.  OF  OCEANOGRAPHY. 

Bed  Load  Transport  of  Sand  Mixtures  in  Estu- 
aries: a  Review. 
W90-04562  2L 

Export  and  Reinvasion  of  Larvae  as  Regulators 

of  Estuarine  Decapod  Populations. 

W90-05541  2L 

OLDENBURG  UNTV.  (GERMANY,  F.R.). 

Growth  and  Development  of  Potamogeton  dis- 
tinctus  in  an  Irrigation  Pond  in  SW  Japan. 
W90-05380  2H 

OLDENBURG  UNIV.  (GERMANY,  F.R.). 
FACHBEREICH  7  -  BIOLOGIE. 

Estimation  of  Hydrocarbon  Biodegradation  Ve- 
locities in  Tidal  Sediments  under  Standard  Con- 
ditions. 
W90-05561  5B 

OREGON  STATE  UNTV.,  CORVALLIS.  DEPT. 
OF  RANGELAND  RESOURCES. 

Nutrient  Cycling  at  the  Land-Water  Interface: 
The  Importance  of  the  Riparian  Zone. 
W90-05501  4C 

OREGON  WATERSHED  IMPROVEMENT 
COALITION,  BURNS.  EDUCATION 
COMMITTEE. 

Oregon    Watershed    Improvement    Coalition's 
Approach  to  Riparian  Management. 
W90-05493  4A 

OSAKA  PREFECTURE  WATER  WORKS 
BUREAU  (JAPAN).  WATER  EXAMINATION 
LAB. 

Outflows  of  Organic  Halide  Precursors  from 

Forest  Regions. 

W90-04794  5F 

OSIJEK  UNTV.  (YUGOSLAVIA). 

Vegetation  of  the  Special  Zoological  Reserve  of 

Kopacki  Rit. 

W90-O4893  21 

OSLO  UNTV.  (NORWAY).  BIOLOGISK  INST. 

Plankton  Community  Response  to  Reduction  of 
Planktivorous  Fish  Populations:  A  Review  of  1 1 
Case  Studies. 
W90-05345  6G 

OSMANIA  UNTV.,  HYDERABAD  (INDIA). 
DEPT.  OF  ZOOLOGY. 

Effects  of  Lead  on  the  Spawning  Potential  of 
the  Fresh  Water  Fish,  Anabas  Testudineus. 
W9O-O4680  5C 

OSNABRUECK  UNTV.  (GERMANY,  F.R.). 
DEPT.  OF  ETHOLOGY. 

Cadmium  Levels  in  Oystercatcher  Haematopus 
ostralegus  from  the  German  Wadden  Sea. 
W90-04978  5B 


OTAGO  UNIV.,  DUNEDIN  (NEW  ZEALAND). 
DEPT.  OF  ZOOLOGY. 

Occurrence,  Causes  and  Potential  Consequences 
of  Low  Zooplankton  to  Phytoplankton  Ratios  in 
New  Zealand  Lakes. 
W90-04949  2H 

OXFORD  UNIV.  (ENGLAND).  PHYSICAL 
CHEMISTRY  LAB. 

Dissolution  of  Calcite  in   Acid  Waters:   Mass 

Transport  Versus  Surface  Control. 

W90-05362  5G 

PAPIERTECHNISCHE  STIFTUNG  FUER 

FORSCHUNG  UND  AUSBILDUNG  IN 

PAPIERERZEUGUNG  UND  - 

VERARBEITUNG,  MUNICH  (GERMANY, 

F.R.).  WASSER-  UND 

ABWASSERFORSCHUNGSSTELLE. 

Biological  Treatment  of  Papermill  Wastewater 
in  an  Activated  Sludge  Cascade  Reactor. 
W90-04781  5D 

PARIS-6  UNIV.  (FRANCE).  DEPT.  DE 
GEOLOGIE  DYNAMIQUE. 

Evolution  of  the  Upper  Part  of  the  Estuary  of 
the  Casamance  River  (Senegal):  Toward  a  Pecu- 
liar Evaporatory  Marine  System.  Isotopic  Data 
of  Waters,  (Evolution  du  Haut  Estuaire  de  la 
Casamance  (Senegal):  Vers  un  Systeme  Evapor- 
atoire  Marin.  Donnees  Isotopiques  sur  les  Eaux 
Libres). 
W90-04556  2L 

PATRAS  UNIV.  (GREECE).  DEPT.  OF 
CHEMISTRY. 

Effect  of  High  Sulfite  Contents  on  Anaerobic 
Digestion  of  Raisin-Finishing  Wastewater. 
W90-04865  5D 

PATUXENT  WILDLIFE  RESEARCH  CENTER, 
LAUREL,  MD. 

Use  of  Mixed-Function  Oxygenases  to  Monitor 

Contaminant  Exposure  in  Wildlife. 

W90-04689  5A 

PAUL  SCHERRER  INST.,  WUERENLINGEN 
(SWITZERLAND).  RADIATION  HYGIENE 
DIV. 

Correlation  Among  the  Terrestrial  Gamma  Ra- 
diation,  the  Indoor  Air  222Rn,   and  the  Tap 
Water  222Rn  in  Switzerland. 
W90-05365  5B 

PENNSYLVANIA  STATE  UNIV.,  UNIVERSITY 
PARK.  DEPT.  OF  AGRONOMY. 

Photodecomposition  of  Metalaxyl  in  an  Aqueous 

Solution. 

W90-04687  5B 

PENNSYLVANIA  STATE  UNTV.,  UNIVERSITY 
PARK.  ENVIRONMENTAL  RESOURCES 
RESEARCH  INST. 

Spatial     Interrelationships     Between     Terrain, 
Snow  Distribution  and  Vegetation  Patterns  at  an 
Arctic  Foothills  Site  in  Alaska. 
W90-04714  2  A 

PERUGIA  UNIV.  (ITALY).  DIPT.  DI 
BIOLOGIA  VEGETALE. 

Comparison  of  Some  Photosynthetic  Character- 
istics During  the  Growth  of  Three  Aquatic  Ma- 
crophytes  in  Trasimeno  Lake. 
W90-04970  2H 

PH-CONSULT  APS,  GENTOFTE  (DENMARK). 

Modelling  of  Pollution  Loads  from  Combined 
Sewer  Systems  to  Receiving  Waters. 
W90-04774  5B 

PHOENIX  RESEARCH  LAB.,  TAVISTOCK 
(ENGLAND). 

Radionuclides  and  Large  Particles  in  Estuarine 

Sediments. 

W90-05405  5B 


PITEAU  (D.R.)  AND  ASSOCIATES  LTD., 
VANCOUVER  (BRITISH  COLUMBIA). 

Geochemistry  and  Isotope  Hydrogeology  of  the 
Mount  Edziza-Mess  Creek  Geothermal  Area. 

W90-04585  8E 

PITTSBURG  STATE  UNIV.,  KS.  DEPT.  OF 
BIOLOGY. 

Relationships   Among  Trihalomethane   Forma- 
tion Potential,  Organic  Carbon  and  Lake  En- 
richment. 
W90-04942  5B 

PLYMOUTH  POLYTECHNIC  (ENGLAND). 
INST.  OF  MARINE  STUDIES. 

Sediment   Processes   in   Estuaries:   Future   Re- 
search Requirements. 
W90-04563  2L 

POINT  LOMA  NAZARENE  COLL.,  SAN 
DIEGO,  CA.  DEPT.  OF  CHEMISTRY. 

Aqueous  Chlorination  of  Resorcinol. 
W90-04693  5F 

POLISH  ACADEMY  OF  SCIENCES,  GDANSK. 
INST.  BUDOWNICTWA  WODNEGO. 

On-Offshore  Bedload  Sediment  Transport  in  the 

Coastal  Zone. 

W90-04588  2J 

POLISH  ACADEMY  OF  SCIENCES, 
WARSAW.  ZAKLAD  PALEOBIOLOGY 

Numerical   Experiments   with   a   Mathematical 
Model  of  Phosphorus  Cycling  in  the  Epilimnion 
of  Lake  Glebokie. 
W90-05466  5B 

Modelling  of  Organic  Particle  Flux  Through  the 

Metalimnion  in  Lakes. 

W90-05468  2H 

POLITECHNIKA  WARSZAWSKA  (POLAND). 
FACULTY  OF  SANITARY  AND  HYDRAULIC 
ENGINEERING. 

Organics   Isolation   from   Fresh   and   Drinking 

Waters     by     Macroporous      Anion-Exchange 

Resins. 

W90-04848  5A 

POLITECHNIKA  WARSZAWSKA  (POLAND). 
INST.  OF  ENVIRONMENTAL 
ENGINEERING. 

Analysis  of  Improved  Parameter  Estimation  in 

Lake  Modelling. 

W90-05471  ?C 

PORT  ELIZABETH  UNTV.  (SOUTH  AFRICA). 
DEPT.  OF  ZOOLOGY. 

Short-term  Thermal  Effects  of  a  Power-Gener- 
ating Plant  on  Zooplankton  in  the  Swartkops 
Estuary,  South  Africa. 
W90-05377  5C 

PORTSMOUTH  POLYTECHNIC  (ENGLAND). 
DEPT.  OF  CIVIL  ENGINEERING. 

Crop  Production  and  Sewage  Treatment  Using 

Gravel  Bed  Hydroponic  Irrigation. 

W90-04742  5D 

PORTSMOUTH  POLYTECHNIC  (ENGLAND). 
DEPT.  OF  GEOGRAPHY. 

River-Channel  Changes  in  England  and  Wales. 
W90-04903  2E 

PROCTOR  AND  RED  GROUP,  ST. 
CATHERINES  (ONTARIO). 

Bayesian  Inferencing  Applied  to  Real-Time  Res- 
ervoir Operations. 
W90-05301  6A 
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PUBLIC  HEALTH  LAB.,  HAIFA  (ISRAEL). 

Membrane  Filtration  Differentiation  of  E.  coli 
from  Coliforms  in  the  Examination  of  Water 
W90-04646  5A 

PUERTO  RICO  UNIVERSITY,  MAYAGUEZ, 
DEPT.  OF  SOCIAL  SCIENCES. 

Content  Attitude  Study  of  Water  Related  Topics 

in  Puerto  Rico  Daily  Newspapers. 

W90-05196  6B 

PURDUE  UNIV.,  LAFAYETTE,  IN.  DEPT.  OF 
AGRONOMY. 

Movement  of  Pesticides  and  Nutrients  into  Tile 

Drainage  Water. 

W90-05232  5B 

PURDUE  UNIV.,  LAFAYETTE,  IN.  DEPT.  OF 
BIOLOGICAL  SCIENCES. 

Metalimnetic     Cyanobacteria     in     Hard-Water 

Lakes:  Buoyancy  Regulation  and  Physiological 

State. 

W90-05389  2H 

PURDUE  UNTV.,  LAFAYETTE,  IN.  DEPT.  OF 
CHEMISTRY. 

Direct  Detection  of  Organic  Compounds  in 
Water  at  Parts-per-billion  Levels  Using  a  Simple 
Membrane  Probe  and  a  Quadrupole  Ion  Trap 
W9O-O5038  5A 

QUEBEC  UNIV.,  CHICOUTIMI.  DEPT.  DES 
SCIENCES  FONDAMENTALES. 

Temporal  Variations  of  the  Ultrastructure  in 
Scenedesmus  quadricauda  Exposed  to  Copper  in 
a  Long  Term  Experiment  (Variations  Tempor- 
elles  de  L'ultrastructure  de  Scenedesmus  quadri- 
cauda Exposee  au  Cuivre  lors  d'une  Experience 
a  Long  Terme). 
W90-05050  5c 

QUEBEC  UNTV.,  MONTREAL. 

Organic  Carbon  Isotope  Ratios  and  Implications 
for  the  Maximum  Turbidity  Zone  of  the  St. 
Lawrence  Estuary. 
W90-04641  2L 


RADIAN  CORP.,  MILWAUKEE,  WI. 

EPA  Treatability  Database. 
W90-05588 
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RELIABLE  WATER  CO.,  BTLLERICA,  MA. 

Computerized  Instrumentation  and  Control  for 

Reverse  Osmosis  Systems. 

W90-05434  3A 

RESEARCH  INST.  OF  FUEL  AND  ENERGY 
COMPLEX,  PRAGUE  (CZECHOSLOVAKIA). 

Simulation  of  Reservoirs  in  a  Global  Description 
of  Movement  of  Pollution  in  the  Environment 
W90-05473  5B 

RESEARCH  TRIANGLE  INST.,  DURHAM, 

NC. 
Primary  Health  Care:  Why  has  Water  Been  Ne- 
glected. 
W90-05286  5p 

RESEARCH  TRIANGLE  INST.,  RESEARCH 
TRIANGLE  PARK,  NC. 

Application  of  the  'Master  Analytical  Scheme' 
to  Influent  and  Effluent  Wastewaters. 
W90-05591  5A 

RESOURCES  FOR  THE  FUTURE,  INC., 
WASHINGTON,  DC. 

Impacts,  Costs,  and  Techniques  for  Mitigation  of 
Contaminated  Groundwater:  A  Review. 
W90-05172  so 

RHODE  ISLAND  UNTV.,  NARRAGANSETT. 
GRADUATE  SCHOOL  OF  OCEANOGRAPHY. 

Comparison  of  Sinking  and  Sedimentation  Rate 

Measurements     in     a     Diatom     Winter/Spring 

Bloom. 

W9O-O4870  2L 


RHODE  ISLAND  UNIV.,  NARRAGANSETT. 
MARINE  ECOSYSTEMS  RESEARCH  LAB. 

Alteration  of  Phosphorus  Dynamics  During  Ex- 
perimental Eutrophication  of  Enclosed  Marine 
Ecosystems. 
W90-05410  5C 

RHODES  UNIV.,  GRAHAMSTOWN  (SOUTH 
AFRICA).  INST.  OF  FRESHWATER  STUDIES. 

Temperature  Characteristics  of  an  Impounded 

River. 

W90-O4631  4A 

RICE  UNIV.,  HOUSTON,  TX.  DEPT.  OF 
ENVIRONMENTAL  SCIENCE  AND 
ENGINEERING. 

Dynamics,  Stability  and  Control  of  the  Anaero- 
bic Digestion  Process. 
W90-05153  5D 

RIJKSDIENST  VOOR  DE 
IJSSELMEERPOLDERS,  LELYSTAD 
(NETHERLANDS). 

Development   of  an  Operational   Two-Dimen- 
sional Water  Quality  Model  for  Lake  Marken, 
The  Netherlands. 
W90-04779  2H 

RIJKSINSTTTUUT  VOOR  DE 
VOLKSGEZONDHEID  EN  MILIEUHYGIENE, 
BILTHOVEN  (NETHERLANDS). 

Complexing  of  Copper  in  Drinking  Water  Sam- 
ples to  Enhance  Recovery  of  Aeromonas  and 
Other  Bacteria. 
W90-04811  5F 

ROCKY  MOUNTAIN  FOREST  AND  RANGE 
EXPERIMENT  STATION,  FORT  COLLINS, 
CO. 

Snowfall  into  a  Forest  and  Clearing. 
W90-05006  2C 

ROCKY  MOUNTAIN  FOREST  AND  RANGE 
EXPERIMENT  STATION,  TEMPE,  AZ. 

Interrelationship  Between  Watershed  Condition 
and  Health  of  Riparian  Areas  in  Southwestern 
United  States. 
W90-05499  4D 

Rehabilitating  Depleted  Riparian  Areas  Using 

Channel  Structures. 

W90-05512  4D 

ROCKY  MOUNTAIN  FOREST  AND  RANGE 
EXPERIMENT  STATION,  TEMPE,  AZ. 
FORESTRY  SCIENCES  LAB. 

Factors  Influencing  Salmonid  Populations  in  Six 
Headwaters  Streams,  Central  Arizona,  USA. 
W90-04729  2H 

ROME  UNTV.  (ITALY). 

EUR  Water  Station  of  the  ACEA  (Municipal 
Electricity  and  Environment  Board),  Rome. 
W90-05318  8A 

ROME  UNTV.  (ITALY).  DEPT.  OF  ANIMAL 
AND  HUMAN  BIOLOGY. 

Feature  and  Dynamic  of  the  Zooplankton  of  a 
Lake  of  Central  Italy  (Lake  Albano,  Latium), 
(Struttura  e  Dinamica  Dello  Zooplancton  di  un 
Lago  Vulcanico  Dell'Italia  Centrale  (Lago 
Albano,  Lazio)). 
W90-04972  2H 

Composition  of  the  Invertebrate  Fauna  in  Lake 

Monterosi  (Central  Italy),  1975-1977,  (Composi- 

zione  Delia  Fauna  ad  Invertibrati  del  Lago  di 

Monterosi   (Italia  Centrale)   Negli   Anni    1975- 

1977). 

W90-04973  2H 

Profunda]  Marcobenthos  of  the  Artificial  Lake 
Campotosto  (Abruzzi,   Central   Italy),   (Macro- 
benthos  Profondo  del  Lago  Artificiale  di  Cam- 
potosto (Abruzzo,  Italia  Centrale)). 
W90-04974  2H 


ROORKEE  UNIV.  (INDIA).  DEPT.  OF  CIVIL 
ENGINEERING. 

Modeling  for  Class-I  Sedimentation. 
W90-05026  5D 

ROSENSTIEL  SCHOOL  OF  MARINE  AND 
ATMOSPHERIC  SCIENCE,  MIAMI,  FL. 

Sulfur-Containing  Amino  Acids  as  Precursors  of 
Thiols  in  Anoxic  Coastal  Sediments. 
W90-05485  2L 

ROSENSTIEL  SCHOOL  OF  MARINE  AND 
ATMOSPHERIC  SCIENCE,  MIAMI,  FL.  DIV. 
OF  BIOLOGY  AND  LIVING  RESOURCES. 

Condition  of  Coral  Reef  Cnidarians  from  the 
Northern  Florida  Reef  Tract:  Pesticides,  Heavy 
Metals,  and  Histopathological  Examination. 
W90-04987  5B 

RUHR  UNIV.,  BOCHUM  (GERMANY,  F.R.). 
INST.  FUER  HYGIENE. 

Isolation  of  Humic  and  Adherent  Organic  Sub- 
stances in  Preparative  Scale  from  Groundwater 
and  Surface  Water  under  Field  Conditions  by 
Means  of  a  Mobile  Adsorption  Device. 
W90-05319  7B 

SAINT  ANDREWS  UNTV.  (SCOTLAND). 
DEPT.  OF  GEOGRAPHY. 

Variations  in  Reservoir  Sedimentation  in  Scot- 
land in  Response  to  Land  Use  Changes. 
W90-05453  2J 

SAINT  CHARLES  CITY  ENGINEER'S 
OFFICE,  MO. 

New  Method  of  Stream  Bank  Protection. 
W90-05332  4D 

SAN  DIEGO  STATE  UNTV.,  CA.  DEPT.  OF 
BIOLOGY. 

Nutrient  and  Water  Flux  in  a  Small  Arctic  Wa- 
tershed: An  Overview. 
W90-04712  2H 

Standing    Biomass    and    Production    in    Water 
Drainages  of  the  Foothills  of  the  Philip  Smith 
Mountains,  Alaska. 
W90-04717  2H 

SAN  DTEGO  STATE  UNTV.,  CA.  SYSTEMS 
ECOLOGY  RESEARCH  GROUP. 

Effect  of  Nutrient  and  Water  Additions  on  Ele- 
mental Mobility  Through  Small  Tundra  Water- 
sheds. 
W90-04718  2K 

SANTIAGO  UNTV.  (SPAIN).  DEPT.  OF 
CHEMICAL  ENGINEERING. 

Effect  of  C/N/P  Ratio  on  the  Performance  of  a 

Downflow     Stationary     Fixed     Film     Reactor 

(DSFR)    Working   at    Low   Organic    Loading 

Rates. 

W90-O4743  5D 

Anaerobic  Treatment  of  Cheese  Whey.  Start-Up 

and  Operation. 

W90-04789  5D 

SAO  PAULO  UNTV.  (BRAZIL).  DEPT.  OF 
CHEMICAL  ENGINEERING. 

Treatment  of  Wastewaters  from  Sugar  Cane  Al- 
cohol Production  with  Modified  Bentonites. 
W90-O4786  5D 

SAVANNAH  RIVER  ECOLOGY  LAB.,  AIKEN, 
SC. 

Allozyme  Genotype  and  Time  to  Death  of  Mos- 
quitofish,  Gambusia  affinis  (Baird  and  Girard) 
during  Acute  Toxicant  Exposure:  A  Comparison 
of  Arsenate  and  Inorganic  Mercury. 
W90-O4826  5C 
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SYDLO,  INC.,  MISSISSAUGA  (ONTARIO). 


Effect  of  Leaf  Pack  Composition  on  Processing: 

A   Comparison   of  Mixed   and   Single   Species 

Packs. 

W90-04896  2H 

SAVANNAH  RIVER  LAB.,  AIKEN,  SC. 
TECHNICAL  DIV. 

Capital  Costs  of  Lime  Treatment  at  the  Augusta 

Wastewater  Treatment  Plant. 

W90-05183  5D 

Program  Plan:  Testing  of  Vacuum  Extraction 
and  In-Situ  Air  Stripping  Technologies. 
W90-05582  5G 

SCRIPPS  INSTITUTION  OF 
OCEANOGRAPHY,  LA  JOLLA,  CA.  MARINE 
BIOLOGY  RESEARCH  DIV. 

Sulfide  Tolerance  and  Detoxification  in  Shal- 
low-Water Marine  Fishes. 
W90-04726  2L 

SEA  FISHERIES  RESEARCH  INST.,  ROGGE 
BAY  (SOUTH  AFRICA). 

Trends  in  Oil  Spill  Incidents  in  South  African 

Coastal  Waters. 

W90-04986  5B 

SETSUNAN  UNTV.,  NEYAGAWA  (JAPAN). 
FACULTY  OF  PHARAMACEUTICAL 
SCIENCES. 

Mutagenic   Activity   of  Organic   Concentrates 
from  Municipal  River  Water  and  Sewage  Efflu- 
ent after  Chlorination  or  Ozonation. 
W90-04798  5C 

SEVERN-TRENT  WATER  AUTHORITY 
(ENGLAND). 

EC  Directive  on  Drinking  Water  (EEC  80/778). 
W90-04902  5F 

SHEFFIELD  UNTV.  (ENGLAND).  DEFT.  OF 
GEOGRAPHY. 

Macro-Regional  Definition  and  Characteristics 
of  Indian  Summer  Monsoon  Rainfall,  1871-1985. 
W90-04594  2B 

SHERBROOKE  UNTV.  (QUEBEC).  DEPT.  DE 
BIOLOGIE. 

Lipid  Synthesis  by  Isolated  Duckweed  (Lemna 
minor)  Chloroplasts  in  the  Presence  of  a  Suble- 
thal Concentration  of  Atrazine. 
W90-05351  4A 

SIMON  FRASER  UNTV.,  BURNABY  (BRITISH 
COLUMBIA).  ENVIRONMENTAL 
TOXICOLOGY  PROGRAM. 

Thermal  Modulation  of  Benzo(a)pyrene  Metabo- 
lism by  the  Gulf  Toadfish,  Opsanus  beta. 
W90-04940  5C 

SIMONS,  LI  AND  ASSOCIATES,  INC.,  FORT 
COLLINS,  CO. 

Design  of  Roadside  Channels  with  Flexible  Lin- 
ings. 
W9O-O5130  4D 

SIMPSON  GUMPERTZ  AND  HEGER,  INC., 
ARLINGTON,  MA. 

Plastic  Pipe:  A  Chance  for  Revival. 

W90-04575  8G 

SNOW  CREEK  RESEARCH  STATION,  PORT 
TOWNSEND,  WA. 

Life  History  of  Anadromous  Coastal  Cutthroat 

Trout  in  Snow  and  Salmon  Creeks,  Jefferson 

County,    Washington,    with    Implications    for 

Management. 

W90-05322  81 


SOCIETE  ANONYME  FRANCAISE 
D'ETUDES,  DE  GESTION,  ET 
D'ENTERPRISE,  NANTERRE  (FRANCE). 

Mathematical  Modelling  of  Water  Distribution 

Networks      under      Steady-State      Conditions: 

Recent    Developments    and    Future    Projects, 

(Modelisation  des  Reseaux  de  Distribution  d'eau 

en  Regime  Permanent:  Evolutions  Recentes  et 

Perspectives). 

W90-05317  5F 

SOTIR  (ROBBIN  B.)  AND  ASSOCIATES, 
MARIETTA,  GA. 

Fill  Slope  Repair  Using  Soil  Bioengineering  Sys- 
tems. 
W90-05333  8D 

SOUTH  CAROLINA  UNIV.,  COLUMBIA. 
BELLE  W.  BARUCH  INST.  FOR  MARINE 
BIOLOGY  AND  COASTAL  RESEARCH. 

Sampling    Optimization    for    Studies    of  Tidal 

Transport  in  Estuaries. 

W90-05536  2L 

SOUTH  CAROLINA  UNIV.,  COLUMBIA. 
DEPT.  OF  ENVIRONMENTAL  HEALTH 
SCIENCES. 

Acute  Toxicity  of  Temephos,  Fenoxycarb,  Di- 
flubenzuron,  and  Methoprene  and  Bacillus  thur- 
ingiensis    var.    israelensis    to   the    Mummichog 
(Fundulus  heteroclitus). 
W90-04675  5C 

SOUTH  DAKOTA  STATE  UNIV., 
BROOKINGS.  DEPT.  OF  WILDLIFE  AND 
FISHERIES. 

Habitat  Use  by  Beaver  Along  the  Big  Sioux 

River  in  Eastern  South  Dakota. 

W90-05511  2H 

SOUTHERN  CALIFORNIA  COASTAL  WATER 
RESEARCH  PROJECT,  LONG  BEACH. 

Short-  and  Long-Term  Sediment  Toxicity  Test 
Methods  with  the  Amphipod  Grandidierella  ja- 


ponica. 
W90-04696 


5C 


SOUTHERN  FOREST  EXPERIMENT 
STATION,  NACOGDOCHES,  TX.  WILDLIFE 
HABITAT  LAB. 

Streamside  Zones  and  Wildlife  in  Southern  U.S. 

Forests. 

W90-05510  4A 

SOUTHERN  ILLINOIS  UNTV.  AT 
CARBONDALE.  DEPT.  OF  CIVIL 
ENGINEERING  AND  MECHANICS. 

Sludge  Digestion  by  Anaerobic  Fluidized  Beds: 

II.  Kinetic  Model. 

W90-05024  5D 

SOUTHERN  WATER  AUTHORITY, 
BRIGHTON  (ENGLAND). 

Grit-Its  Removal,  A  New  Idea. 

W90-04766  5D 

SOUTHERN  WATER  AUTHORITY, 
CHATHAM  (ENGLAND).  KENT  DIV. 

Application  of  Microscopic  Examination  of  Ac- 
tivated Sludge  to  Operational  Control. 
W90-04736  5D 

Rapid   Pollution  Assessment  in  Tidal   Waters. 
W90-04800  5A 

SOUTHERN  WATER  AUTHORITY, 
WORTHING  (ENGLAND). 

Contamination  of  Groundwaters  from  Diffuse 
Sources  Arising  from  Fanning  Activities. 
W90-05019  5B 

SPORT  FISHING  INST.,  WASHINGTON,  DC. 

Overview  of  Reservoir  Fisheries  Problems  and 
Opportunities  Resulting  from  Hydropower. 
W90-05524  81 


STANFORD  UNIV.,  CA.  DEPT.  OF  CIVIL 
ENGINEERING. 

Prediction    of   Groundwater    Flow    and    Mass 
Transport  Using  Linear  and  Nonlinear  Estima- 
tion Methods. 
W90-05201  2F 

STATE  POLLUTION  CONTROL 
COMMISSION,  SYDNEY  (AUSTRALIA). 

Levels  of  Heavy  Metals  in  Some  Red  Sea  Fish 

Before  Hot  Brine  Pools  Mining. 

W90-05412  5B 

STATE  UNIV.  OF  NEW  YORK  AT  ALBANY. 
DEPT.  OF  BIOLOGICAL  SCIENCES. 

Runoff  and   Flocculation   Modify   Underwater 
Light  Environment  of  the  Hudson  River  Estu- 
ary. 
W90-04642  2L 

STATE  UNIV.  OF  NEW  YORK  AT  BUFFALO. 
DEPT.  OF  CIVIL  ENGINEERING. 

Specificity  of  the  DPD  and  Amperometric  Ti- 
tration Methods  for  Free  Available  Chlorine:  A 
Review. 
W90-04812  5F 

STATE  UNTV.  OF  NEW  YORK  AT  STONY 
BROOK.  INST.  FOR  ATMOSPHERIC 
SCIENCES. 

Morphology    of    Bistable     180-Degree    Phase 
Switches  in  18.6-year  Induced  Rainfall  Over  the 
North-Eastern  United  States  of  America. 
W90-04596  2B 

STATE  UNIV.  OF  NEW  YORK  AT  STONY 
BROOK.  MARINE  SCIENCES  RESEARCH 
CENTER. 

Transport  Model  for  Water  Exchange  Between 

Coastal  Inlet  and  the  Open  Ocean. 

W90-05534  2L 

STATION  BIOLOGIQUE  DE  LA  TOUR  DU 
VALAT,  ARLES  (FRANCE). 

Trace  Elements  and  Chlorinated  Hydrocarbons 
in  Eggs  of  Pelecanus  crispus,  a  World  Endan- 
gered   Bird    Species    Nesting    at    Lake    Mikri 
Prespa,  North-western  Greece. 
W90-04945  5B 

STIRLING  UNIV.  (SCOTLAND).  SCHOOL  OF 
BIOLOGICAL  AND  MOLECULAR  SCIENCES. 

Cadmium  Effects  on  Plaice  Liver  Xenobiotic 
and    Metal    Detoxication    Systems:    Dose-Re- 
sponse. 
W90-04938  5C 

STONE  AND  WEBSTER  ENGINEERING 
CORP.,  BOSTON,  MA. 

Applications  of  Expert  Systems  in  the  Process 

Industry. 

W90-05155  5D 

STRJTCH  SCHOOL  OF  MEDICINE, 
MAYWOOD,  IL.  DEFT.  OF  BIOCHEMISTRY. 

Transduction  of  Linked   Chromosomal   Genes 
between  Pseudomonas  aeruginosa  Strains  during 
Incubation  In  Situ  in  a  Freshwater  Habitat. 
W90-05483  2H 

SVERIGES  METEOROLOGISKA  OCH 
HYDROLOGISKA  INST.,  NORRKOEPING. 

Mass  Transfer  Properties  of  the  Benthic  Bounda- 
ry Layer  with  an  Application  to  Oxygen  Fluxes. 
W90-05033  2H 

SYDLO,  INC.,  MISSISSAUGA  (ONTARIO). 

Potential    for    Anaerobic    Treatment    of   High 
Sulfur  Wastewater  in  a  Unique  Upflow-Fixed 
Film-Suspended  Growth  Reactor. 
W90-05574  5D 
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SYRACUSE  UNIV.,  NY.  DEPT.  OF  CIVIL 
ENGINEERING. 

Aluminum  Precipitation  and  Dissolution  Rates 

in  Spodosol  Bs  Horizons  in  the  Northeastern 

USA. 

W90-04618  5B 

TAMPERE  UNIV.  OF  TECHNOLOGY 
(FINLAND).  INST.  OF  WATER  AND 
ENVIRONMENTAL  ENGINEERING. 

Floe  Formation  of  Activated  Sludge  Bacteria. 
W90-04733  5D 

Expert  System  as  a  Top  Level  Controller  for 

Activated  Sludge  Process. 

W90-04777  5D 

TECHNICAL  UNIV.  OF  DENMARK,  LYNGBY. 
INST.  FOR  APPLIED  GEOLOGY. 

Evaluation  of  the  Sensitivity  of  Sediment  Sta- 
tions in  Pollution  Monitoring. 
W90-04984  5A 

TECHNICAL  UNIV.  OF  ISTANBUL 
(TURKEY).  DEPT.  OF  ENVIRONMENTAL 
ENGINEERING. 

Anaerobic  Fluidized-Bed  Treatment  of  Brewery 

Wastes  and  Bioenergy  Recovery. 

W90-04745  5D 

Effect  of  Reactor  Hydraulics  on  the  Perform- 
ance of  Activated  Sludge  Systems:  I.  The  Tradi- 
tional Modelling  Approach. 
W90-04839  5D 

Effect  of  Reactor  Hydraulics  on  the  Perform- 
ance of  Activated  Sludge  Systems:  II.  The  For- 
mation of  Microbial  Products. 
W90-04840  5D 

TECHNISCHE  UNIV.  HAMBURG-HARBURG 
(GERMANY,  F.R.).  ARBEITSBEREICH 
UMWELTSCHUTZTECHNIK. 

Use  of  Biodetectors  as  'Channel  Spy'  to  Encircle 

Non-legal  Heavy  Metal  Discharges  in  Sewers 

(Einsatz  eines  Biodetektors  als  Kanalspion  zum 

Nachweis  der  Schwermetallherkunft  in  Abwas- 

sersielen). 

W90-O5418  5  A 

TECHNISCHE  UNTV.,  KARL-MARX-STADT 
(GERMAN  D.R.).  DEPT.  OF  NUMERICAL 
METHODS  AND  COMPUTER 
TECHNOLOGY. 

Applicability  of  the  Second-Order  Dispersion 

Model. 

W90-04666  8B 

TECHNISCHE  UNIV.,  MUNICH  (GERMANY, 
F.R.).  INST.  FUER  WASSERCHEMIE  UND 
CHEMTSCHE  BALNEOLOGIE. 

Analysis  of  Groundwater  Pollution  With  Atra- 
zine    (Untersuchungen    zur    Grundwasserbelas- 
tung  mit  Atrazin). 
W90-05416  5B 

TECHNOLOGY  APPLICATIONS,  INC., 
ATHENS,  GA. 

Initial  Test  of  the   Benchmark   Chemical   Ap- 
proach for  Predicting  Microbial  Transformation 
Rates  in  Aquatic  Environments. 
W90-05488  5B 

TEL-AVTV  UNTV.  (ISRAEL).  DEPT.  OF 
GEOPHYSICS  AND  PLANETARY  SCIENCES. 

Evolution  of  Raindrop  Spectra:  Part  II.  Colli- 

sional  Collection/Breakup  and  Evaporation  in  a 

Rainshaft. 

W90-04597  2B 

Meso-gamma-Scale  Distribution  of  Orographic 
Precipitation:  Numerical  Study  and  Comparison 
with  Precipitation  Derived  from  Radar  Meas- 
urements. 
W9(H)4602  2B 


TEMPLE-EASTEX,  INC.,  DIBOLL,  TX. 

Odor  Characterization  and  Control  in  a  Chemi- 
cal Wastewater  Equalization  Basin. 
W90-04759  5D 

TENNESSEE  VALLEY  AUTHORITY, 
KNOXVILLE. 

Modifying  Reservoir  Fish  Habitat  with  Artificial 

Structures. 

W90-05518  81 

TENNESSEE  VALLEY  AUTHORITY, 
KNOXVILLE.  DIV.  OF  AIR  AND  WATER 
RESOURCES. 

Management  of  Reservoir  Releases:  Improving 
the  Downstream  Environment  by  Reservoir  Re- 
lease Modifications. 
W90-05528  81 

Preliminary  Results  of  an  Experiment  to  Assess 
the  Effect  of  Substrate  Type  on  Treatment  of 
Acid  Drainage  Using  Constructed  Wetlands. 
W90-05559  5C 

TENNESSEE  VALLEY  AUTHORITY,  NORRIS. 
OFFICE  OF  NATURAL  RESOURCES. 

Effect  of  a  Hypolimnetic  Discharge  on  Repro- 
ductive  Success   and   Growth   of  Warmwater 
Fish  in  a  Downstream  Impoundment. 
W90-05530  81 

TETRA  TECH,  INC.,  BELLEVUE,  WA. 

Assessment  of  Potential  Toxic  Problems  in  Non- 
Urban  Areas  of  Puget  Sound. 
W90-05129  5C 

Characterization     of     Spatial     and     Temporal 
Trends  in  Water  Quality  in  Puget  Sound. 
W90-05162  5B 

TEXAS  AGRICULTURAL  EXPERIMENT 
STATION,  COLLEGE  STATION. 

Development  of  a  Capillary  Wick  Unsaturated 

Zone  Pore  Water  Sampler. 

W90-05556  7B 

TEXAS  PARKS  AND  WILDLIFE  DEPT., 
INGRAM.  HEART  OF  THE  HILLS 
RESEARCH  STATION. 

Effects  of  Environmental  Factors  on  Growth  of 
Largemouth  Bass  in  Texas  Reservoirs. 
W90-05521  2H 

TEXAS  UNTV.  AT  AUSTIN.  DEPT.  OF 
GEOLOGICAL  SCIENCES. 

Silica    Mobility    in   a   Petroleum-Contaminated 

Aquifer. 

W90-05060  5C 

TEXAS  UNIV.  HEALTH  SCIENCE  CENTER 
AT  HOUSTON. 

Bis(2-chloroethyl)ether     and     2-Ethoxyethanol 
Treatability  and  Toxicity  in  Lab  Scale  Waste 
Stabilization  Ponds. 
W90-04784  5D 

TEXAS  UNTV.  HEALTH  SCIENCE  CENTER 
AT  HOUSTON.  SCHOOL  OF  PUBLIC 
HEALTH. 

Determination  of  Cellosolve  and  Chlorex  Con- 
centrations Inhibitory  to  Industrial  Waste  Stabi- 
lization Pond  Treatment  Efficiencies. 
W90-O4783  5D 

TGS  TECHNOLOGY,  INC.,  FORT  COLLINS, 
CO. 

Integrated  Riparian  Planning  in  the  Urban  Set- 
ting. 
W90-05498  4C 

THAMES  WATER  AUTHORITY,  LONDON 
(ENGLAND). 

Mogden    Digested    Sludge-Approaches   to   Im- 
proving Dewaterability. 
W90-04768  5D 


Ecology  and   Survival  of  Legionella   Pneumo- 
phila. 
W90-04905  5B 

THESSALONIKI  UNIV.,  SALONIKA 
(GREECE).  DEPT.  OF  CIVIL  ENGINEERING. 

Velocity      Distribution     in     Arrested     Saline 

Wedges. 

W90-05298  2L 

TOKYO  METROPOLITAN  UNIV.  (JAPAN). 
DEPT.  OF  BIOLOGY. 

Methanogenesis  in   Sediments  of  the   Polluted 

Lower  Reaches  of  the  Tama  River. 

W90-05056  5B 

Respiratory    Responses   of  Aquatic   Insects   to 
Low  Oxygen  Concentration,  (in  Japanese). 
W90-05058  2H 

TOKYO  UNIV.  (JAPAN).  INST.  OF 
INDUSTRIAL  SCIENCE. 

Kinetics  of  Phosphorus  Release  and  Uptake  by 
Microorganisms  under  Cyclic  Anaerobic/ Aero- 
bic Conditions-Experimental  Study. 
W90-04754  5D 

Development  of  Dialog  System  Model  for  Eu- 
trophication     Control     Between     Discharging 
River  Basin  and  Receiving  Water  Body  -  Case 
Study  of  Lake  Sagami  (Japan). 
W90-04780  5G 

TOKYO  UNIV.  OF  AGRICULTURE  AND 
TECHNOLOGY  (JAPAN).  DEPT.  OF 
ENVIRONMENTAL  SCIENCE  AND 
CONSERVATION. 

Organic  Carbon  Budget  in  a  Headwater  Stream 

at  Uratakao,  (in  Japanese). 

W90-05055  2H 

TONGJI  UNIV.,  SHANGHAI  (CHINA).  DEPT. 
OF  ENVIRONMENTAL  ENGINEERING. 

Comparison  of  Aluminium  Preparations  as  Co- 
agulants in  Water  Treatment. 
W90-05315  5F 

TORONTO  UNTV.  (ONTARIO).  DEPT.  OF 
BOTANY. 

Waterweed  Invasions. 

W90-04920  4A 

Frequency  and  Local  Abundance  of  Ruppia  oc- 
cidentalis  in  Relation  to  Sediment  Texture  and 
Lake  Salinity. 
W90-05354  2H 

TORONTO  UNIV.  (ONTARIO).  DEPT.  OF 
CHEMICAL  ENGINEERING  AND  APPLIED 
CHEMISTRY. 

Model  Illustrating  the  Environmental  Fate,  Ex- 
posure and  Human  Uptake  of  Persistent  Organic 
Chemicals. 
W90-05041  5B 

TORONTO  UNIV.  (ONTARIO).  DEPT.  OF 
CIVIL  ENGINEERING. 

Structure  of  Activated  Sludge  Floes. 
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PREFACE 


Selected  Water  Resources  Abstracts,  a  monthly 
journal,  includes  abstracts  of  current  and  earlier 
pertinent  monographs,  journal  articles,  reports,  and 
other  publication  formats.  These  documents  cover 
water  resources  as  treated  in  the  life,  physical,  and 
social  sciences  and  the  related  engineering  and  legal 
aspects  of  the  characteristics,  supply  condition,  con- 
servation, control,  use,  or  management  of  water 
resources.  Each  abstract  includes  a  full  bibliographic 
citation  and  a  set  of  descriptors  which  are  listed  in 
the  Water  Resources  Thesaurus.  The  abstract 
entries  are  classified  into  10  fields  and  60  groups 
similar  to  the  water  resources  research  categories 
established  by  the  Committee  on  Water  Resources 
Research  of  the  then  Federal  Council  for  Science  and 
Technology. 

Selected  Water  Resources  Abstracts  is  designed 
to  serve  the  scientific  and  technical  information  needs 
of  scientists,    engineers,  and  managers  as  one  of 


several  services  of  the  Water  Resources  Scientific 
Information  Center.  The  cumulative  SWRA  file  from 
1968  and  monthly  updates  are  available  also  in 
magnetic  tape  through  lease  from  NTIS. 

THE  WATER  RESOURCES  SCIENTIFIC  INFOR- 
MATION CENTER  DOES  NOT  PROVIDE  COPIES  OF 
DOCUMENTS  ABSTRACTED  IN  THIS  JOURNAL. 
Sufficient  bibliographic  information  is  given  to  en- 
able readers  to  order  the  desired  documents  from 
local  libraries  or  other  sources. 

Comments  and  suggestions  concerning  the  contents 
and  arrangement  of  this  bulletin  are  welcome. 

Water  Resources  Scientific 

Information  Center 

U.S.  Geological  Survey 

MS  425  National  Center 

Reston,  VA  22092 
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SUBJECT  FIELDS  AND  GROUPS 

Please  use  the  edge  index  on  the  back  cover  to  locate  Subject  Fields  and  Indexes. 

01  NATURE  OF  WATER 

Includes  the  following  Groups:  Properties;  Aqueous  Solutions  and  Suspensions. 

02  WATER  CYCLE 

Includes  the  following  Groups:  General;  Precipitation;  Snow,  Ice,  and  Frost;  Evaporation  and  Transpiration- 
Streamflow  and  Runoff;  Groundwater;  Water  in  Soils;  Lakes;  Water  in  Plants;  Erosion  and  Sedimentation-' 
Chemical  Processes;  Estuaries. 

03  WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 

Includes  the  following  Groups:  Saline  Water  Conversion;  Water  Yield  Improvement;  Use  of  Water  of  Impaired 
Quality;  Conservation  in  Domestic  and  Municipal  Use;  Conservation  in  Industry;  Conservation  in  Agriculture. 

04  WATER  QUANTITY  MANAGEMENT  AND  CONTROL 

Includes  the  following  Groups:  Control  of  Water  on  the  Surface;  Groundwater  Management;  Effects  on  Water  of 
Man's  Nonwater  Activities;  Watershed  Protection. 

05  WATER  QUALITY  MANAGEMENT  AND  PROTECTION 

Includes  the  following  Groups:  Identification  of  Pollutants;  Sources  of  Pollution;  Effects  of  Pollution-  Waste 
Treatment  Processes;  Ultimate  Disposal  of  Wastes;  Water  Treatment  and  Quality  Alteration-  Water  Quality 
Control.  ' 

06  WATER  RESOURCES  PLANNING 

Includes  the  following  Groups:  Techniques  of  Planning;  Evaluation  Process;  Cost  Allocation  Cost  Sharing 
Pricing/Repayment;  Water  Demand;  Water  Law  and  Institutions;  Nonstructural  Alternatives;  Ecologic  Impact  of 
Water  Development. 

07  RESOURCES  DATA 

Includes  the  following  Groups:  Network  Design;  Data  Acquisition;  Evaluation,  Processing  and  Publication. 

08  ENGINEERING  WORKS 

Includes  the  following  Groups:  Structures;  Hydraulics;  Hydraulic  Machinery;  Soil  Mechanics;  Rock  Mechanics 
and  Geology;  Concrete;  Materials;  Rapid  Excavation;  Fisheries  Engineering. 

09  MANPOWER,  GRANTS,  AND  FACILITIES 

Includes  the  following  Groups:  Education— Extramural;  Education— In-House;  Research  Facilities-  Grants 
Contracts,  and  Research  Act  Allotments. 

10  SCIENTIFIC  AND  TECHNICAL  INFORMATION 

Includes  the  following  Groups:  Acquisition  and  Processing;  Reference  and  Retrieval;  Secondary  Publication 
and  Distribution;  Specialized  Information  Center  Services;  Translations;  Preparation  of  Reviews. 
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2A.  General 


SENSITIVITY  OF  STORM  RUNOFF  HYDRO- 
GRAPHS  TO  HYTEOGRAPH  SHAPE. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05622 


FUZZY-GROUPING    METHOD    OF    DESIGN 
STORM-PATTERN  ANALYSIS. 

Hydrological  General  Station  of  Guangdong  Prov- 
ince, Guangzhou  (China). 
For  primary  bibliographic  entry  see  Field  2B. 
W90-05623 

DISAGGREGATION  OF  DADLY  RAINFALL. 

Agricultural  Research  Service,  Tucson,  AZ. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-05624 


ONE-DIMENSIONAL         MODELING  OF 

MOVING  RAINSTORMS. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-05625 


PEELING    TWO    MISLEADING    CONCEPTS 
OFF  THE  RATIONAL  METHOD. 

Ministry  of  Agriculture,  Jerusalem  (Israel).  Hydro- 
logical  Service. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05627 


DEVELOPMENT  OF  THE  RATIONAL 
METHOD  FOR  FLOOD  DESIGN  FOR  SMALL 
RURAL  BASINS  IN  AUSTRALIA. 

New  South  Wales  Univ.,  Kensington  (Australia). 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05628 

RE-EVALUATION  OF  RATIONAL  METHOD 
USING  KINEMATIC  WAVE  APPROACH. 

Nanyang  Technological  Inst.,  Singapore.  School 

of  Civil  and  Structural  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05629 


IS  THE  RATIONAL  METHOD  RELIABLE  FOR 
AGRICULTURAL  WATERSHEDS. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Agri- 
cultural Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 
W9O-05630 


NOTE  ON  THE  RATIONAL  METHOD. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05631 


EVALUATION  OF  TC  METHODS  IN  A  SMALL 
RURAL  WATERSHED. 

Baker  (Michael),  Jr.,  Inc.,  Alexandria,  VA. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05632 


BASIN  LAG  AS  A  FUNCTION  OF  RAINFALL. 

Missouri  Dept.  of  Natural  Resources,  Rolla.  Div. 

of  Geology  and  Land  Survey. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05633 

RUNOFF      COEFFICIENT      RELATED      TO 
CURVE  NUMBER-SCS  METHOD. 

Institute   of  Environmental    Protection,    Warsaw 
(Poland). 


For  primary  bibliographic  entry  see  Field  2E. 
W90-05634 


RELATIONS  BETWEEN  RATIONAL  AND  SCS 
RUNOFF  COEFFICIENTS  AND  METHODS. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05635 

URBAN  FLOOD  RUNOFF  MODELING  USING 
MEASURED  INFILTRATION  CAPACITY  OF 
VARIOUS  LAND  USES.  . 

Tokyo  Metropolitan  Univ.  (Japan).  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-05637 


SYNTHETIC  HYDROGRAPH  BASED  ON 
KUICHLINGS  AND  MANNINGS  FORMULAS. 

Florida  Univ.,  Gainesville.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05638 

STORM  RUNOFF  SIMULATIONS  IN  MAT- 
SUYAMA  CITY  DRAINAGE  BASIN. 

Kobe  Univ.  (Japan).  Dept.  of  Agricultural  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  4C. 
W90-05639 

COMPARISON  OF  RATIONAL  AND  SCS-TR55 
METHODS  FOR  URBAN  STORM  WATER 
MANAGEMENT. 

Boswell  Engineering,  South  Hackensack,  NJ. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-05640 


SPATIAL    RESOLUTION    IN    HYDROLOGIC 
MODELING. 

Waterloo  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05641 


TILT  AT  THE  WEVDMILL  OF  RUNOFF  SEMU- 
LATION. 

Missouri  Univ.-Rolla.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05642 

COMPARISON  OF  SOME  RAINFALL- 
RUNOFF  MODELS  FOR  NONLINEAR  FLOOD 
FORECASTED. 

Utsunomiya  Univ.  (Japan).  Dept.  of  Civil  Engi- 
neering. . 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05643 


NONLINEAR  ANALYSIS  OF  RAINFALL  AND 
RUNOFF  PROCESS. 

Kanazawa  Inst,  of  Tech.  (Japan).  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05644 


MULTI-TANK  MATRIX  METHOD  FOR 
RUNOFF. 

Niigata  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05645 

APPLICATIONS  OF  THE  MANNING'S  AND 
RATIONAL  FORMULAS  FOR  THE  DESIGN 
OF  STORM  DRAINS  IN  SINGAPORE. 

Nanyang  Technological  Inst.,  Singapore.  School 

of  Civil  and  Structural  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05646 


DESIGN     OF     STORMWATER     DETENTION 
BASINS.  A  SIMPLIFIED  METHOD. 


Rettew  Associates,  Inc.,  Lancaster,  PA. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05648 


LAGSTRUM  AND  NONLINEARITY  OF  HY- 
DROLOGIC TIME  SERIES. 

Tamkang  Univ.,  Taipei  (Taiwan).  Dept.  of  Water 
Resources  and  Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05650 

REGIONAL  GEOHYDROLOGIC-GEOMOR- 
PHIC  RELATIONSHIPS  FOR  THE  ESTIMA- 
TION OF  LOW-FLOWS. 

Tufts  Univ.,  Medford,  MA.  Dept.  of  Civil  Engi- 
neering. . 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05651 


PAVEMENT  DRAINAGE  DESIGN  USING  YEN 
AND  CHOW  RAINFALL. 

Old  Dominion  Univ.,  Norfolk,  VA.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05653 


SURFACE  RUNOFF  FROM  TURFED  AREA  IN 
THE  TROPICS. 

Nanyang  Technological  Inst.,  Singapore.  School 

of  Civil  and  Structural  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05654 

APPLICABILITY  OF  MANNING'S  N  VALUES 
FOR  SHALLOW  OVERLAND  FLOW. 

Agricultural    Research    Service,    Beltsville,    MD. 

Hydrology  Lab. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05655 

RESISTANCE  TO  RAINFALL-RUNOFF  ON  A 
TEXTURED  SURFACE. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05657 

OPTIMUM  MANNING  ROUGHNESS  COEFFI- 
CIENTS FOR  USE  IN  A  FINITE  ELEMENT 
OVERLAND  FLOW  MODEL. 

Virginia  Dept.  of  Conservation  and  Historic  Re- 
sources, Richmond. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-05698 

RUNOFF  CURVE  NUMBERS.  THE  NEXT 
STEP.  „ 

Soil  Conservation  Service,  Washington,  DC.  Engi- 
neering Div. 

N.  Miller,  and  P.  Cronshey. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  910-916,  3  fig,  9  ref. 

Descriptors:  *Rainfall-runoff  relationships, 
•Streamflow  forecasting,  *Runoff,  Runoff  curve 
number,  Infiltration,  Soil  properties,  Antecedent 
moisture,  Mathematical  analysis. 

In  a  review  of  the  Soil  Conservation  Service 
runoff  curve  numbers,  two  facts  have  become  evi- 
dent: (1)  The  concept  of  average  antecedent  mois- 
ture condition  is  for  one  specific  location.  (2)  The 
median  condition,  as  represented  by  the  runoff 
curve  number  varies  by  location,  which  seems  to 
indicate  that  regional  runoff  curve  numbers  may  be 
appropriate  for  design  conditions.  As  an  alterna- 
tive, infiltration-curve-based  procedures  can  be 
used  where  continuous  simulation  models  are  used, 
or  where  a  more-accurate  physically-based  proce- 
dure is  needed.  Green  and  Ampt  infiltration-equa- 
tion parameters  have  been  derived  for   10  soil- 
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texture  classes  and  have  indicated  that  the  results 
can  be  used  in  sensitivity  studies  of  the  influence  of 
soil  variability  on  watershed  hydrologic  outputs. 
The  Green  and  Ampt  equation  appears  to  have 
wide  applicability  to  modeling  the  infiltration 
process.  (See  also  W90-05621)  (Cassar-PTT) 
W90-057U 


EVALUATION  OF  NATURAL  RECHARGE  TO 
AQUIFERS  IN  THE  SUDAN-SAHEL  CLIMATE 
USING  GLOBAL  HYDROLOGICAL  MODEL- 
LING: APPLICATION  TO  TEN  SITES  IN  BUR- 
KINA FASO  (EVALUATION  DE  LA  RE- 
CHARGE NATURELLE  DES  AQUIFERES  IN 
CLIMAT  SOUDANO-SAHELIEN  PAR  MO- 
DELISATION  HYDROLOGIQUE  GLOBAL: 
APPLICATION  A  DIX  SITES  AU  BURKINA 
FASO). 

Bureau  de  Recherches  Geologiques  et  Minieres, 
Orleans  (France).  Water  Resources  Dept. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-05837 


NEW  PRACTICAL  AID  TO  REGIONAL  HY- 
DROGEOLOGIC  PLANNING:  THE  RUNOFF 
COEFFICIENT  MAP. 

Siena  Univ.  (Italy).  Dipt,  di  Scienze  delle  Terra. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05864 


TIBETAN  PLATEAU  AS  THE  WATER  RE- 
SOURCE OF  ASIA  (IN  JAPANESE). 

C.  Nakajima. 

Chigaku       Zasshi       (Journal       of      Geography) 

CGZAAL,  Vol.  98,  No.  5,  p  57-69,  1989.  9  fig. 

Descriptors:  'Asia,  'Himalayan  Mountains, 
•Snow,  *Tibet,  'Water  resources,  Glaciers,  Mon- 
soons, Mountains,  Orographic  precipitation,  Rain- 
fall. 

Approximately  two  million  people  depend  upon 
the  rain  and  snow  that  falls  on  the  Tibetan  Plateau 
for  their  water  supply.  Due  to  the  orographic 
effect  associated  with  the  mountains,  the  monsoon 
season  provides  continuous  and  heavy  rainfall  on 
the  southern  side  of  the  plateau.  The  upper  eleva- 
tions of  the  Himalayas  receive  a  large  amount  of 
snowfall  due  to  the  monsoon.  The  glaciers  and 
snowfields  of  the  Himalayas  are  thus  developed  in 
the  summer.  However,  summer  is  also  the  season 
when  melting  snow  and  ice  supply  water  to  the 
rivers.  The  northwestern  section  of  the  plateau 
does  not  receive  much  precipitation  in  the  summer 
but  does  receive  much  snowfall  in  winter.  As  a 
result,  water  is  stored  during  the  winter  for  release 
during  the  summer.  (Tappert-PTT) 
W90-05889 


CONTINENTAL  SCALE  MODELS  OF  WATER 
BALANCE  AND  FLUVIAL  TRANSPORT:  AN 
APPLICATION  TO  SOUTH  AMERICA. 

New    Hampshire   Univ.,    Durham.    Inst,    for   the 

Study  of  Earth,  Oceans  and  Space. 

C.  J.  Voeroesmarty,  V.  Moore,  A.  L.  Grace,  M.  P. 

Gildea,  and  J.  M.  Melillo. 

Global  Biogeochemical  Cycles  GBCYEP,  Vol.  3, 

No.  3,  p  241-265,  September  1989.  15  fig,  5  tab,  78 

ref.  NASA  Grant  NAGW-714. 

Descriptors:  'Amazon  River,  'Biogeochemistry, 
'Flow  models,  'Geochemistry,  'Hydrologic 
budget,  'Model  studies,  'South  America,  Climates, 
Evapotranspiration,  Flow  discharge,  Land  use, 
Nutrients,  Runoff,  Sediment  transport,  Soil  water, 
Topography,  Vegetation  effects. 

A  coupled  water  balance  and  water  transport 
model  (WBM/WTM)  was  constructed  as  part  of  a 
larger  study  of  global  biogeochemistry.  The 
WBM/WTM  provides  critical  hydrologic  informa- 
tion to  models  of  terrestrial  primary  production, 
organic  matter  decay,  riverine  nutrient  flux  and 
trace  gas  exchanges  with  the  troposphere.  Specifi- 
cally, it  creates  high-resolution  data  sets  for  month- 
ly soil  moisture,  evapotranspiration,  runoff,  river 
discharge  and  floodplain  inundation.  As  a  first  step 
toward  eventual  global  coverage,  the  WBM/ 
WTM  was  applied  to  South  America,  represented 


by  more  than  5700  1/2  degree  (latitude/longitude) 
grid  cells.  The  WBM  transforms  spatially  complex 
data  on  long-term  climate,  vegetation  soils  and 
topography  into  predictions  of  soil  moisture  (SM), 
evapotranspiration  (ET)  and  runoff  (RO).  For 
South  America,  field  capacity  in  soils  ranged  from 
27  to  582  mm  of  water,  and  computed  values  for 
mean  annual  SM,  ET  and  RO  were  284  mm,  1059 
mm/yr  and  619  mm/yr,  respectively.  There  were 
large  differences  regionally  and  over  the  year.  The 
transport  model  uses  WBM-derived  runoff,  infor- 
mation on  fluvial  topology,  linear  transfer  through 
river  channels  and  a  simple  representation  of  flood- 
plain  inundation  to  generate  monthly  discharge 
estimates  for  any  cell  within  a  simulated  catch- 
ment. The  WTM  successfully  determined  the 
timing  and  magnitude  of  discharge  at  selected  loca- 
tions within  the  Amazon/Tocantins  basin.  It  also 
demonstrated  the  importance  of  floodplain  inunda- 
tion in  defining  flow  regime  on  the  mainstem 
Amazon.  Estimated  mean  annual  discharge  was 
207,000  cu  m/sec  for  the  Amazon  River  and  17,000 
cu  m/sec  for  the  Tocantins.  In  these  basins,  45%  of 
the  incident  precipitation  emerges  as  river  flow; 
55%  is  lost  to  ET.  The  present  model  will  be 
expanded  to  include  the  dynamics  of  carbon,  major 
nutrients  and  sediments.  It  will  serve  as  a  semime- 
chanistic  tool  to  quantify  the  transport  of  materials 
from  the  landscape  to  the  world's  oceans.  (Au- 
thor's abstract) 
W90-05951 


STUDY  OF  RAINFALL  INTERCEPTION 
USING  A  LAND  SURFACE  PARAMETERIZA- 
TION FOR  MESOSCALE  METEOROGICAL 
MODELS. 

Centre  National  de  Recherches  Meteorologiques, 

Toulouse  (France). 

For  primary  bibliographic  entry  see  Field  2B. 

W90-06027 


WATER  ENCYCLOPEDIA. 

F.  van  der  Leeden,  F.  L.  Troise,  and  D.  K.  Todd. 
Lewis  Publishers,  Inc.,  Chelsea,  Michigan.   1990. 
808  p. 

Descriptors:  'Climates,  'Groundwater,  'Hydro- 
logic  data  collections,  'Hydrology,  'Surface 
water,  'Water  quality,  'Water  use,  Environmental 
policy,  Legislation,  Water  resources  management. 

This  second  edition  of  "The  Water  Encyclopedia' 
is  a  completely  revised  and  expanded  version  of 
the  original  edition  published  in  1970.  As  in  the 
first  edition,  the  subject  matter  has  been  broadly 
interpreted  to  include  climates,  hydrology,  surface 
and  groundwater,  water  use,  water  quality,  water 
management,  water  resources  agencies,  and  legisla- 
tion. The  book  ends  with  a  chapter  on  constants 
and  conversion  factors.  An  entire  new  chapter, 
Environmental  Problems,  has  been  added,  reflect- 
ing the  greater  awareness  and  concern  by  the 
people  in  this  country  and  elsewhere  about  con- 
tamination of  soil  and  water  and  environmental 
quality  trends.  Among  the  extensive  body  of  mate- 
rial included  in  this  chapter  is  information  on  pol- 
lution sources  and  pathways;  contamination  of  sur- 
face water  and  groundwater;  use  of  pesticides  and 
fertilizers;  domestic,  municipal  and  industrial  waste 
disposal;  water  treatment  and  reuse;  hazardous 
waste  sites;  offshore  disposal;  air  pollution;  acid 
rain;  and  the  projected  rise  of  sea  levels  due  to  the 
greenhouse  effect.  The  environmental  section  con- 
cludes with  a  greatly  expanded  section  on  water- 
borne  diseases  and  toxic  effects  of  chemicals  in 
drinking  water.  The  information  is  presented  in 
tabular  form,  except  in  a  few  places  where  text  is 
provided  to  explain  a  significant  process  or  activi- 
ties of  a  particular  organization.  Time-dependent 
data  are  identified  so  that  the  reader  can  judge  the 
relation  of  information  to  the  current  situation  or 
to  his  or  her  particular  purpose.  (Lantz-PTT) 
W90-06196 
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SENSITIVITY  OF  STORM  RUNOFF  HYDRO- 
GRAPHS  TO  HYTEOGRAPH  SHAPE. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 


of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05622 


FUZZY-GROUPING  METHOD  OF  DESIGN 
STORM-PATTERN  ANALYSIS. 

Hydrological  General  Station  of  Guangdong  Prov- 
ince, Guangzhou  (China). 
C.  Qian  Wang,  S.  G.  Liao,  and  H.  R.  Jiang. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  10-17,  2  tab,  2  ref. 

Descriptors:  'Precipitation,  'Rainfall-runoff  rela- 
tionships, 'Rainfall  distribution,  'Design  storms, 
Fuzzy-grouping  method,  Mathematical  studies, 
Floods,  Design  floods,  Hydraulic  design. 

The  fuzzy-grouping  method  was  applied  to  design 
storm  analysis  in  Guandong  Province,  China.  This 
involved  classification  of  storm  patterns  (selection 
and  standardization  of  storm  pattern  index,  cre- 
ation of  the  fuzzy-similar  relation  among  storm 
patterns,  creation  of  the  fuzzy-equivalent  relation- 
ship, classification  of  the  storm  pattern  by  the 
matrix  of  fuzzy-equivalent  relationship),  derivation 
of  the  grouping  center  (selection  of  a  representa- 
tive sample),  and  derivation  of  the  design  storm 
pattern  from  the  prototype.  The  method  was  used 
to  derive  design  storm  patterns,  and  the  results 
were  compared  with  previous  analyses.  Testing 
included  temporal  distribution,  spatial  variation, 
and  derivation  of  design  flood  peak.  Precision  was 
better  using  the  fuzzy-grouping  method.  It  consid- 
ered the  similarities  and  diversities  of  storms  and 
allowed  a  rational  classification,  substituting  com- 
puter calculations  for  subjective  judgment  and 
hand  calculation.  (See  also  W90-05621)  (Cassar- 
PTT) 
W90-05623 


DISAGGREGATION  OF  DAILY  RAINFALL. 

Agricultural  Research  Service,  Tucson,  AZ. 
D.  A.  Woolhiser,  T.  W.  Econopouly,  and  D.  R. 
Davis. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  18-26,1  fig,  3  tab,  12  ref. 

Descriptors:  'Precipitation,  'Rainfall-runoff  rela- 
tionships, 'Hydrologic  models,  'Disaggregation, 
'Runoff,  Rainfall  intensity,  Infiltration,  Model 
studies,  Mathematical  studies,  Simulation  analysis, 
Catchment  areas. 

A  two-stage  approach  to  disaggregating  daily  rain- 
fall included:  (1)  the  disaggregation  of  the  daily 
rainfall  process  into  the  intermittent  shower  proc- 
ess and  (2)  disaggregation  of  significant  showers 
into  20  increments  using  a  dimensionless  technique. 
Disaggregation  model  parameters  estimated  from 
data  at  one  station  in  a  climatologically  homogene- 
ous region  (Midwest  U.S.,  region  3d)  were  used  to 
disaggregate  daily  rainfall  at  another  station  within 
the  region.  Derived  distributions  of  models  with  an 
interactive  infiltration  component  appeared  rela- 
tively insensitive  to  shower  disaggregation  model 
parameters.  Therefore,  rather  simple  rainfall  inten- 
sity patterns  were  adequate  for  some  cases.  (See 
also  W90-05621)  (Cassar-PTT) 
W90-05624 


ONE-DIMENSIONAL  MODELING  OF 

MOVING  RAINSTORMS. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 
Engineering. 

J.  R.  Richardson,  and  P.  Y.  Julien. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  27-35,  6  fig,  6  ref. 

Descriptors:  'Precipitation,   'Rainfall-runoff  rela- 
tionships,    'Runoff,     'Channel     flow,     'Storms, 
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•Model  studies,  'Finite  element  method,  Mathe- 
matical studies,  Flow,  Overland  flow,  Hydrologic 
models,  Spatial  variation,  Hydrographs,  Flood 
peak,  Flood  waves. 

A  one-dimensional  finite  element  model  was  devel- 
oped to  simulate  surface  runoff  from  rainfall 
excess.  This  model  was  well  suited  to  simulation  of 
overland  and  channel  flows  using  spatially  and 
temporally  varied  precipitation  fields.  Simulations 
of  block  moving  storms  over  simple  plane  and 
open  book  geometries  were  conducted  with  the 
model  and  tested  against  laboratory  results.  The 
results  of  these  simulations  compared  very  well 
with  the  laboratory  data.  Peak  discharges  for 
equivalent  block  moving  storms  were  computed 
using  the  numerical  model  on  a  single  overland 
flow  plane.  From  this  study,  it  was  shown  that 
peak  discharges  for  moving  storms  could  not 
exceed  the  peak  discharge  of  stationary  storms 
which  reached  equilibrium.  However,  when  dura- 
tions were  less  than  the  time  to  equilibrium,  the 
maximum  peak  discharge  occurred  when  storms 
moved  down  a  plane  at  a  speed  of  approximately 
half  the  equilibrium  flood  wave  propagation  speed. 
(See  also  W9O-05621)  (Author's  abstract) 
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ARTIFICIAL    RAINFALL    FOR    PAVEMENT 
RUNOFF  STUDIES. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 
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OBJECTIVE  NEPHOLOGY. 

ST  Systems  Corp.,  Lexington,  MA. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  AD-A200  500. 

Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 

Report  No.  AFGL-TR-88-0109,  April   15,   1988. 

143p,  23  fig,  10  tab,  33  ref.  Edited  by  Alan  M. 

Gerlach. 


model  offers  the  possibility  of  choosing  among  a 
second-order,  fourth-order,  or  fourth-order  com- 
pact scheme.  Time  differencing  options  allow  for 
leap-frog,  Brown-Campana,  or  semi-implicit 
schemes.  All  these  options  work  in  concert  with 
staggered  grids,  as  well  as  with  the  selected  bound- 
ary conditions.  On  18-19  February  1979  an  intense 
cyclone  developed  off  the  eastern  shore  of  the  US 
and  brought  heavy  snow  and  high  winds  to  the 
mid-Atlantic  coastal  states  and  the  District  of  Co- 
lumbia. This  storm,  known  as  the  President's  Day 
storm,  has  been  intensely  studied  by  meteorolo- 
gists. The  storm  was  particularly  difficult  to  fore- 
cast, mainly  because  it  was  a  small  scale  disturb- 
ance that  developed  rapidly  and  deepened  precipi- 
tously, catching  man  and  model  offguard.  In  an 
attempt  to  display  the  flexibility  of  RLAM  and  to 
pinpoint  some  of  the  elements  that  may  have  been 
crucial  in  forecasting  the  storm,  a  series  of  RLAM 
forecasts  was  generated.  These  experiments  indi- 
cate that  proper  numerical  schemes  are  a  neces- 
sary, but  not  sufficient,  condition  for  accurate  fore- 
cast of  mesoscale  cyclones.  From  the  performance 
of  RLAM,  its  value  as  a  research  tool  has  been 
demonstrated.  It  was  possible  to  isolate  various 
factors,  such  as  smoothing  frequency,  resolution, 
or  horizontal  differencing,  simply  by  setting  some 
parameters  and  re-running  the  model.  (See  also 
W90-05712)  (Lantz-PTT) 
W90-05713 


Descriptors:  «Cloud  physics,  *Weather  forecast- 
ing, 'Meteorology,  *Data  acquisition,  *Clouds, 
•Remote  sensing,  *Precipitation,  *Climatology, 
•Model  studies,  Satellite  technology. 

Objective  nephology  is  discussed  in  a  final  report 
on  five  discrete  technical  areas.  The  subjects  are: 
(1)  Improved  Regional  Cloud  Forecast  Model;  (2) 
Global  Cloud  Characterization  from  Digital  Satel- 
lite Data;  (3)  Cloud/Precipitation  Systems;  Mor- 
phology and  motions;  (4)  Automated  Global  Cloud 
Climatology;  and  (5)  Atmospheric  Transport  and 
Diffusion.  (See  W90-05713  thru  W90-05717) 
W90-05712 


APPLICATION  AND  EXPANSION  OF  THE 
RELOCATABLE  LIMITED-AREA  MODEL 
(RLAM). 

ST  Systems  Corp.,  Lexington,  MA. 
I.  M.  Halberstam. 

IN:  Objective  Nephology.  Report  No.  AFGL-TR- 
88-0109,  April   15,   1988.  p   1-48,   14  fig,   17  ref. 

Descriptors:  'Clouds,  *Weather  forecasting, 
•Storms,  *Meteorology,  *Model  studies,  Relocata- 
ble Limited-Area  Model,  Mathematical  studies, 
Cloud  physics. 

The  Relocatable  Limited-Area  Model  (RLAM) 
has  undergone  some  modifications  and  has  been 
employed  in  studies  to  determine  its  ability  to 
forecast  a  storm  system  off  the  East  Coast  of  the 
US.  Input  and  output  from  RLAM  and  the  Re- 
gional Window  Model  (RWM)  have  been  made 
compatible  so  that  similar  synoptic  situations  can 
be  tested  with  both  models.  Because  both  share  the 
same  physics,  differences  in  the  forecasts  stem  only 
from  numerical  considerations,  including  smooth- 
ing and  damping  terms.  Upon  receiving  an  initial 
data  file  the  forecast  model  will  produce  a  forecast 
of  any  desired  length.  The  file  can  contain  either 
an  initial  data  set  or  a  previous  forecast  with  the 
expectation  that  the  model  will  extend  the  forecast. 
The  model  solves  a  set  of  equations  where  certain 
terms  may  even  be  omitted  according  to  a  selec- 
tion of  parameters.  In  solving  the  equations  the 


GROUND  TRUTH  FOR  OBJECTIVE  EVALUA- 
TION OF  AUTOMATED  NEPHANALYSIS. 

ST  Systems  Corp.,  Lexington,  MA. 
G.  B.  Gustafson. 

IN:  Objective  Nephology.  Report  No.  AFGL-TR- 
88-0109,  April   15,   1988.  p  49-71,  2  ref,  append. 

Descriptors:  'Meteorology,  *Cloud  physics,  *Data 
acquisition,  'Remote  sensing,  'Clouds,  'Satellite 
technology,  Data  interpretation. 

An  interactive  technique  has  been  developed  to 
perform  manual  cloud  analysis  from  satellite  im- 
agery. Trained  analysts  use  standard  image  proc- 
essing techniques  to  improve  their  ability  to  inter- 
pret and  detect  cloud  features  in  the  imagery. 
Collocated  images  from  different  satellite  sensors 
are  used  to  generate  the  analysis.  Multiple  images 
can  be  displayed  and  enhanced  simultaneously  on 
an  image  processing  workstation.  The  analyst  can 
selectively  display  and  enhance  the  different 
images  to  aid  in  the  subjective  determination  of 
where  the  cloud  boundaries  lie.  Identified  cloud 
features  are  transferred  to  a  'cloud  truth'  database 
through  a  threshold  blanking  technique.  The  avail- 
able image  processing  functions  aid  the  analyst  in 
overcoming  four  problem  areas  identified  with 
manual  interpretation  of  satellite  imagery.  The  ad- 
vantages of  the  system  include:  (1)  area  estimates 
of  cloud  cover  are  made  directly  by  the  computer 
through  threshold  blanking  of  clear  areas;  (2)  the 
inability  of  most  observers  to  discern  a  large 
number  of  grayshades  is  reduced  through  various 
contrast  enhancement  utilities;  (3)  interpretation  of 
multispectral  data  is  aided  by  24-bit  false  color 
displays;  and  (4)  small  scale  features  are  enhanced 
by  edge  detection  convolution  algorithms  that  en- 
hance high  frequency  features  in  the  data.  (See  also 
W90-05712)  (Lantz-PTT) 
W90-05714 
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those  satellite-to-ground  communication  links  that 
are  adversely  affected  by  the  presence  of  hydrome- 
teors  in  the  atmosphere.  The  system  that  has  been 
developed,  the  Remote  Atmospheric  Probing  In- 
formation Display  (RAPID)  System,  has  several 
components:  Hardware  Development  and  Acquisi- 
tion, Data  and  Memory  Management,  Support 
Software,  Analysis,  and  Prediction.  The  software 
package  emphasizes  user  interaction  as  opposed  to 
speed.  However,  the  modular  nature  of  the  soft- 
ware and  the  expansive  use  of  the  memory  within 
the  software  and  the  expansive  use  of  the  memory 
within  the  ADAGE  image  processor  should  allow 
an  easy  transition  to  a  real-time  analysis  system. 
(See  also  W90-05712)  (Lantz-PTT) 
W90-05716 


AUTOMATED  GLOBAL  CLOUD  CLIMATOLO- 
GY. 

ST  Systems  Corp.,  Lexington,  MA. 
A.  R.  Boehm. 

IN:  Objective  Nephology.  Report  No.  AFGL-TR- 
88-0109,  April  15,  1988.  p  119-138,  3  fig,  2  tab,  8 
ref. 

Descriptors:  'Climatology,  'Meteorology,  'Cloud 
cover,  'Data  interpretation,  'Computer  programs, 
Clouds,  Statistical  analysis,  Fourier  analysis,  Dis- 
tribution patterns. 

An  effective  methodology  for  analyzing  sky  cover 
has  been  developed.  The  analysis  makes  use  of  the 
Burger  (database)  distribution  with  its  two  param- 
eters, mean  and  scale  distance,  to  specify  any  value 
of  the  distribution.  The  mean  and  the  scale  distance 
are  analyzed  in  time  of  day  and  time  of  year  by  a 
two-dimensional  Fourier  analysis.  They  are  ana- 
lyzed in  space  by  a  Fourier/Legendre  analysis. 
The  resultant  scheme  can  synthesize  a  complete 
sky  cover  distribution  for  any  location  between  60 
South  and  60  North.  (See  also  W90-05712)  (Lantz- 
PTT) 
W90-05717 


THREE-DIMENSIONAL  CLOUD  AND  PRE- 
CIPITATION MAPPING. 

ST  Systems  Corp.,  Lexington,  MA. 
F.  I.  Harris. 

IN:  Objective  Nephology.  Report  No.  AFGL-TR- 
88-0109,  April  15,  1988.  p  101-118,  3  fig,  3  tab,  2 
ref. 

Descriptors:  'Meteorology,  'Clouds,  'Precipita- 
tion, 'Mapping,  'Data  interpretation,  Satellite 
technology,  Computer  programs,  Computers, 
Forecasting. 

The  Ground-Based  Remote  Sensing  Branch  of  the 
Air  Force  Geophysics  Laboratory 

(AFGL)(AFGL/LYR)  is  developing  a  hardware/ 
software  system  to  provide  0-30  minute  forecast 
locations  of  cloud/precipitation.  These  forecasts 
are  intended  to  assist  in  assessing  the  quality  of 


SUMMARY  OF  METEOROLOGICAL  OBSER- 
VATIONS, SURFACE  (SMOS)  FOR  CHERRY 
POINT,  NC. 

Naval  Oceanography  Command  Detachment, 
Asheville,  NC. 

For  primary  bibliographic  entry  see  Field  7C. 
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SUMMARY  OF  METEOROLOGICAL  OBSER- 
VATIONS, SURFACE  (SMOS)  FOR  SOUTH 
WEYMOUTH,  MA. 

Naval     Oceanography     Command     Detachment, 

Asheville,  NC. 

For  primary  bibliographic  entry  see  Field  7C. 
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SUMMARY  OF  METEOROLOGICAL  OBSER- 
VATIONS, SURFACE  (SMOS)  FOR  LAKE- 
HURST,  NJ. 

Naval     Oceanography     Command     Detachment, 

Asheville,  NC. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05723 

SUMMARY  OF  METEOROLOGICAL  OBSER- 
VATIONS, SURFACE  (SMOS)  FOR  BERMUDA 

NAS. 

Naval     Oceanography     Command     Detachment, 

Asheville,  NC. 

For  primary  bibliographic  entry  see  Field  7C. 
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SUMMARY  OF  METEOROLOGICAL  OBSER- 
VATIONS, SURFACE  (SMOS)  FOR  ALAMEDA, 
CA. 

Naval     Oceanography     Command     Detachment, 

Asheville,  NC. 

For  primary  bibliographic  entry  see  Field  7C. 
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RECONSTRUCTED  DROUGHT  HISTORY 
NORTH-CENTRAL  GREAT  BASIN:   1601-1982. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 
W.  D.  Nichols. 

IN:  Aspects  of  Climate  Variability  in  the  Pacific 
and  the  Western  Americas.  American  Geophysical 
Union,  Washington,  D.C,  Geophysical  Monograph 
55,  December  1989.  p  61-67,  5  fig,  5  tab,  14  ref. 

Descriptors:  •Drought,  'History,  •Nevada,  *Pa- 
leohydrology,  *Dendrochronology,  *Tree  rings, 
Palmer  Drought  Severity  Index,  Water  deficit, 
Precipitation,  Regression  analysis,  Statistical  stud- 


A  regional  tree-ring  chronology  for  northeastern 
Nevada  shows  strong  correlation  to  the  July 
Palmer  Drought  Severity  Index  (PDSI)  for  the 
northeastern  Nevada  Climatic  Division.  Multiple 
linear  regression  analysis  using  this  chronology  has 
been  used  to  reconstruct  the  July  PDSI  from  1601- 
1982.  The  regression  equation  (period  1932-1981, 
50  years)  explains  74%  of  the  variance  of  the  index 
for  the  calibration  period.  The  reconstructed 
drought  record  shows  that  there  have  been  100 
drought  years  in  the  382  years  since  1601.  Sixty- 
four  percent  of  these  years  occurred  as  l-or-2-year 
droughts.  The  reconstructed  index  suggests  that 
incipient  to  mild  drought  conditions  were  experi- 
enced in  41%  of  these  years,  whereas  severe  to 
extreme  drought  conditions  were  experienced  in 
37%  of  the  years.  One-year  droughts  account  for 
54%  of  the  drought  events  since  1601.  Two-year 
droughts  have  occurred  half  as  often  as  1-year 
droughts,  accounting  for  27%  of  events.  Three 
year  droughts,  account  for  15%  of  the  drought 
events.  Single-year  droughts  tended  to  be  incipient 
to  moderate,  but  multiple-year  droughts  were 
more  commonly  moderate  to  extreme.  Droughts  of 
4-years  and  5-years  duration  are  uncommon,  each 
having  occurred  only  once  in  the  last  382  years. 
The  20th  century  has  had  the  most  severe  single 
drought  year  since  1601,  but  the  18th  and  19th 
centuries  have  had  more  years  of  drought,  more 
multi-year  droughts,  and  more  droughts  of  severe 
to  extreme  intensity.  Both  the  18th  and  19th  cen- 
turies had  31  years  of  (reconstructed)  drought, 
with  10  occurrences  of  multi-year  drought  in  the 
18th  century  and  9  in  the  19th  century.  The  18th 
century  had  14  occurrences  of  severe  to  extreme 
drought,  while  there  were  13  occurrences  in  the 
19th  century.  The  longest  drought-free  span  in  the 
18th  century  was  7  years,  and  in  the  19th  century 
was  8  years.  (Lantz-PTT) 
W90-05747 


MESOSCALE  SEVERE  WEATHER  DEVELOP- 
MENT UNDER  OROGRAPHIC  INFLUENCES. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 
Engineering. 

E.  R.  Reiter,  J.  D.  Sheaffer,  and  M.  A.  Klitch. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A205-082. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  AFOSR-TR-89-0095,  January  1989. 
24p,  6  fig,  2  tab,  19  ref.  Air  Force  Grant  F49620- 
86-C-0080. 

Descriptors:  *Orographic  precipitation,  *Weather 
patterns,  'Energy  transfer,  Thermal  energy,  Gobi 
Desert,  Tibet,  Heat  transfer,  Model  studies,  Flash 
floods,  Cyclones,  Kansas,  Rocky  Mountains. 

Measurements  of  surface  energy  budgets  have  been 
carried  out  at  several  sites  in  the  Colorado  Rocky 
Mountains,  in  the  Kansas  Prairie,  in  the  Gobi 
Desert  and  in  Tibet.  The  fluxes  of  sensible  heat,  H 
sub  s,  from  the  surface  could  be  estimated  as 
functions  of  the  difference  between  air  temperature 
and  infrared  'skin  surface'  temperature,  as  seen  by 
remote  sensing  instruments.  Computations  of  H 
sub  s  involve  a  neutral  stability  coefficient  for 
turbulent  transfer  (drag  coefficient),  C  sub  T,  rang- 
ing between  0.0021  (Gobi  Desert)  and  0.0070 
(alpine  tundra),  and  a  scaling  factor  for  stability. 
Latent  heat  fluxes  were  estimated  either  as  residual 
of  total  energy  fluxes  or  through  a  Bowen  ratio 
approach.  These  flux  estimates  worked  well  in  a 
mesoscale,  nested-grid  model  over  the  Rocky 
Mountains.  The  model  was  able  to  predict  with 
considerable  skill  flash-flood  events  such  as  the  Big 


Thompson  flood  of  1976  and  the  Cheyenne  flood 
of  1985.  By  implanting  'features'  such  as  a  vorticity 
maximum  associated  with  a  low-level  jet  stream, 
the  model  without  the  nested  grid  was  able  to 
predict  severe  cyclogenesis  ('bomb'  formation) 
over  the  eastern  United  States.  Both  model  ver- 
sions run  on  a  desktop  workstation.  (Lantz-PTT) 
W90-05769 


STATION  CLIMATIC  SUMMARIES:  EUROPE. 

Air  Force  Environmental  Technical  Applications 

Center,  Scott  AFB,  IL. 

For  primary  bibliographic  entry  see  Field  7C. 
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CONTRIBUTION  OF  ATMOSPHERIC  NI- 
TRATE DEPOSITION  TO  NITRATE  LOADING 
IN  THE  CHESAPEAKE  BAY. 

Versar,  Inc.,  Columbia,  MD. 

For  primary  bibliographic  entry  see  Field  5B. 
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ROCKY  MOUNTAIN  ACID  DEPOSITION 
MODEL  ASSESSMENT:  ACID  RAIN  MOUN- 
TAIN MESOSCALE  MODEL  (ARM3). 

Systems  Applications,  Inc.,  San  Rafael,  CA. 
For  primary  bibliographic  entry  see  Field  5B. 
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AMPEROMETRIC  FLOW  INJECTION  TECH- 
NIQUE FOR  DETERMINATION  OF  HYDRO- 
GEN PEROXIDE  AND  SULFUROV)  IN  AT- 
MOSPHERIC LIQUID  WATER. 

Sao  Paulo  Univ.  (Brazil).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  7B. 
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RATES  OF  ACID  DEPOSITION  AND  THEIR 

INTERACTION  WITH  FOREST  CANOPY  AND 

SOIX  IN  TWO  BEECH  FOREST  ECOSYSTEMS 

ON  LIMESTONE  AND  TRIASSIC  SANDSTONE 

SODLS  IN  N.  GERMANY. 

Goettingen  Univ.  (Germany,  F.R.).  Abt.  Boden- 

kunde  und  Waldernahrung. 

For  primary  bibliographic  entry  see  Field  5B. 
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CHARACTERISTIC  TIME  TO  ACHIEVE  IN- 
TERFACIAL  PHASE  EQUILIBRIUM  IN 
CLOUD  DROPS. 

General  Motors  Research  Labs.,  Warren,  MI.  En- 
vironmental Science  Dept. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05904 


DETERMINATION  OF  ORGANIC  AND  INOR- 
GANIC ACIDS  IN  PRECIPITATION  SAMPLES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Research  and  Applications  Branch. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05914 


OXYGEN  ISOTOPIC  VARIATION  OF  FALL- 
ING SNOW  PARTICLES  WITH  TIME  DURING 
THE  LIFETIME  OF  A  CONVECTTVE  CLOUD: 
OBSERVATION  AND  MODELLING. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
For  primary  bibliographic  entry  see  Field  2K. 
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METEOROLOGICAL  CHARACTERISTICS  OF 
LARGE  ACIDIC  DEPOSITION  EVENTS  AT 
KEJTMKUJIK,  NOVA  SCOTIA. 

Atmospheric     Environment     Service,      Bedford 

(Nova  Scotia). 

B.  L.  Beattie,  and  D.  M.  Whelpdale. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  45-59,  July/August  1989.  1  fig,  6  tab,  17 

ref. 

Descriptors:  *Acid  rain,  'Canada,  'Deposition, 
•Hydrogen  ion  concentration,  'Nitrates,  •Precipi- 
tation, 'Sulfates,  'Weather  patterns,  Acidity,  Air 
pollution,  Kejimkujik  National  Park,  Nova  Scotia, 
Water  pollution.  Weather  forecasting. 


The  characteristics  of  acidic  deposition  at  Kejim- 
kujik National  Park,  a  rural  site  in  south-central 
Nova  Scotia,  were  determined  for  the  period  from 
May  1979  to  December  1983.  The  acidifying  pol- 
lutants investigated  were  H(  +  ),  sulfate  ion  and 
nitrate  ion.  30%  of  the  total  annual  amount  of 
acidifying  pollutants  deposited  by  precipitation  at 
Kejimkujik  was  deposited  by  only  about  8%  of  the 
precipitation  events  during  the  year.  These  occa- 
sions of  large  deposition  are  referred  to  as  episodes 
and  occurred,  on  average,  about  five  times  per 
year,  usually  between  March  and  November.  The 
precipitation  events  that  produced  episodes  were 
almost  always  rain  events.  The  major  meteorologi- 
cal feature  producing  deposition  episodes  at  Ke- 
jimkujik is  the  sequence  of  a  large  high  pressure 
area  from  midcontinent  moving  south  of  Nova 
Scotia,  producing  a  prolonged  southwesterly  to 
westerly  flow  over  the  site,  and  then  a  weak  fron- 
tal system,  usually  from  south  of  the  Great  Lakes 
region,  bringing  moderate  amounts  of  precipitation 
to  the  site.  Since  deposition  episodes  were  almost 
always  preceded  by  the  above  sequence  of  events, 
the  ability  to  predict  episodes  was  investigated. 
The  results  indicate  that  many  false  alarms  could 
be  anticipated  because  this  sequence  also  occurs 
for  nonepisodes.  (Author's  abstract) 
W90-05980 


PHYSICAL  AND  CHEMICAL  CHARACTERIS- 
TICS OF  THREE  ACIDIC,  OLIGOTROPHY 
LAKES  AND  THEIR  WATERSHEDS  IN  KE- 
JIMKUJIK NATIONAL  PARK,  NOVA  SCOTIA. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05981 


STUDY  OF  RAINFALL  INTERCEPTION 
USING  A  LAND  SURFACE  PARAMETERIZA- 
TION FOR  MESOSCALE  METEOROGICAL 
MODELS. 

Centre  National  de  Recherches  Meteorologiques, 

Toulouse  (France). 

J.  Mahfouf,  and  B.  Jacquemin. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 

28,  No.  12,  p  1282-1302,  December  1989.  17  fig,  33 

ref,  2  append.  Institut  National  des  Sciences  de 

l'Universite  Grant  PAM883614. 

Descriptors:  'Interception,  'Meteorological  data, 
'Model  studies,  'Parametric  hydrology,  'Rainfall- 
runoff  relationships,  Canopy,  Evaporation  rate, 
Model  testing,  Plant  morphology,  Rainfall  penetra- 
tion, Vegetation. 

Rainfall  interception  by  vegetation  canopies  is 
studied  using  a  parameterization  of  land  surface 
processes  for  mesoscale  meteorological  models. 
The  interception  scheme  allows  for  a  single  vege- 
tation canopy,  and  manages  interception  through  a 
prognostic  variable  representing  the  amount  of 
liquid  water  retained  by  the  foliage.  A  set  of  24 
hour  simulations,  fully  interactive  with  the  bounda- 
ry layer,  is  carried  out  with  a  one-dimensional 
model  in  order  to  examine  the  sensitivity  of  the 
interception  scheme  to  vegetation  properties.  The 
evaporation  from  the  interception  reservoir  is 
strongly  enhanced  by  high  values  of  the  roughness 
length.  The  leaf  area  index,  acting  on  the  maximum 
storage  capacity,  modifies  the  drying  time  of  the 
foliage.  As  a  first  stage  of  validation,  the  intercep- 
tion scheme  is  compared  with  other  models  devel- 
oped for  hydrological  purposes.  It  appears  that  the 
scheme  us  not  very  different  from  the  single-layer 
Rutter  model,  which  has  been  well  tested  and 
validated.  Only  minor  differences  are  noticed  be- 
tween the  results  of  the  two  models.  The  scheme  is 
also  compared  with  a  multilayer  model  that  pro- 
vides a  more  physical  description  of  the  rainfall 
interception.  The  main  departure  concerns  the 
drying  time  of  the  canopy,  which  is  almost  inde- 
pendent of  the  rainfall  rate  in  the  single-layer 
model.  Finally,  a  validation  of  the  interception 
scheme  is  made  using  micrometeorological  data 
from  the  Hydrologic  and  Atmospheric  Pilot  Ex- 
periment-Modelisation  du  Bilan  Hydrique 
(HAPEX-MOBILHY)  experiment.  Six  simulations 
lasting  24  hours  indicate  that  the  parameterization 
reproduces  well  the  daily  evolution  of  the  compo- 
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nents  of  the  surface  energy  balance  for  various 
surface  conditions  and   various   rainfall   distribu- 
tions. (Author's  abstract) 
W90-06027 


DOMINATING  INFLUENCE  OF  NH3  ON  THE 
OXIDATION  OF  AQUEOUS  S02:  THE  COU- 
PLING OF  NH3  AND  S02  IN  ATMOSPHERIC 

WATFR 

Eidgenoessische  Anstalt  fuer  Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,   Due- 

bendorf  (Switzerland). 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06096 

IMPACT  OF  SOIX-DERIVED  AEROSOLS  ON 
PRECIPITATION  ACTDITY,  IN  INDIA. 

Meteorological  Office,  Poona  (India). 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06097 


ASSESSING   THE   POTENTIAL   EXTENT   OF 

DAMAGE  TO  INLAND  LAKES  IN  EASTERN 

CANADA  DUE  TO  ACIDIC  DEPOSITION.  I. 

DEVELOPMENT   AND   EVALUATION   OF   A 

SIMPLE  'SITE'  MODEL. 

Environmental  and  Social  Systems  Analysts  Ltd., 

Vancouver  (British  Columbia). 

For  primary  bibliographic  entry  see  Field  5C. 

W9O-06113 


ASSESSING  THE  POTENTIAL  EXTENT  OF 
DAMAGE  TO  INLAND  LAKES  IN  EASTERN 
CANADA  DUE  TO  ACIDIC  DEPOSITION:  II. 
APPLICATION  OF  THE  REGIONAL  MODEL. 

Environmental  and  Social  Systems  Analysts  Ltd., 

Toronto  (Ontario). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06114 

COMPARATIVE  STUDY  OF  PRECIPITATION 
CHEMISTRY  AT  INLAND,  COASTAL  AND 
ISLAND  SITES  IN  THE  BOTHNIAN  BAY 
AREA.  .  ,     , 

Stockholm  Univ.  (Sweden).  Meteorologiska  Insti- 
tutionen. 
L.  Granat. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  N89-12135. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  CM-73,  May  1988.  19p,  5  fig,  4  tab,  2 
ref  National  Swedish  Environment  Protecting 
Board  Contract  Nos.  623-2415-87  and  623-3104-85. 

Descriptors:  *Acid  rain,  'Chemistry  of  precipita- 
tion, 'Gulf  of  Bothnian,  *Path  of  pollutants,  Am- 
monium, Calcium,  Nitrates,  Potassium,  Precipita- 
tion, Rainfall,  Sulfates. 

Rain  chemistry  measurements  were  made  in  the 
northern  part  of  the  Baltic  in  the  Gulf  of  Bothnia 
(Kvarken)  on  both  a  small  island  and  on  a  light- 
house and  compared  with  data  from  nine  coastal 
and  inland  sites  on  both  sides  of  the  water.  The 
distance  from  coast  to  coast  in  the  area  is  120  km. 
The  concentration  of  S04(-2),  N03(-),  and  H(+) 
at  the  island  site  was  about  equal  and  NH4(+) 
about  10%  less  than  the  value  obtained  by  linear 
interpolation  between  coastal  sites.  The  amount  of 
precipitation  was  about  30%  less  on  the  island- 
possibly  representing  conditions  over  the  open 
water.  The  deposition  was,  therefore,  estimated  to 
be  30  to  40%  lower  than  the  values  measured  at 
coastal  sites.  The  concentration  of  sea  salt  compo- 
nents was  higher  at  the  island  site  but  the  level 
may  depend  on  the  sampling  site.  The  concentra- 
tion of  Ca  and  K  was  a  few  micrograms/L  higher 
at  the  island  site.  This  study  together  with  informa- 
tion from  the  national  Swedish  air  and  precipita- 
tion chemistry  network  suggests  that  estimates  of 
wet  deposition  of  several  components  of  anthropo- 
genic origin  to  a  large  water  body  should  be  made 
from  a  combination  of  concentration  data  obtained 
from  many  measurements  around  the  water  body 
with  particular  reference  to  coastal  sites  and  esti- 
mated amount  of  precipitation  over  the  water.  A 
direct  estimate  based  on  deposition  at  coastal  sites 
will  give  too  high  values.  The  measurements  at  the 


lighthouse  were  probably  affected  by  the   very 
exposed  location  and  the  results  were  considered 
to  be  less  reliable  than  those  from  the  much  less 
exposed  site  on  the  island.  (Author's  abstract) 
W90-06171 


HMR52  PROBABLE  MAXIMUM  STORM 
(EASTERN  UNITED  STATES):  USERS 
MANUAL. 

Hydrologic  Engineering  Center,  Davis,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  V A.  22161,  as  AD-A204-564. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
March  1984.  89p,  26  fig,  24  tab,  9  ref,  2  append. 

Descriptors:  *Computer  programs,  *Handbooks, 
•Probable  maximum  precipitation,  'Storms,  Pre- 
cipitation, Spatial  distribution,  Temporal  distribu- 
tion. 

Computer  program  HMR53  computes  basin-aver- 
age precipitation  for  Probable  Maximum  Storms 
(PMS)  in  accordance  with  the  criteria  specified  in 
Hydrometeorological  Report  (HMR)  No.  52.  The 
HMR  describes  a  procedure  for  developing  a  tem- 
poral and  spatial  storm  pattern  to  be  associated 
with  the  Probable  Maximum  Precipitation  (PMP) 
estimates  provided  in  HMR  No.  51.  'Probable 
Maximum  Precipitation  Estimates-United  States 
East  of  the  105th  Meridian.'  Data  required  for 
application  of  the  HMR52  program  are:  (1)  X,  Y 
coordinates  describing  the  river  basin  and  subbasin 
watershed  boundaries;  (2)  PMP  from  HMR  No. 
51;  and  (3)  storm  orientation,  size,  centering,  and 
timing.  The  program  computes  the  spatially  aver- 
age PMP  for  any  of  the  subbasins  or  combinations. 
The  HMR52  computer  program  will  optimize  the 
storm  area  size  and  orientation  in  order  to  produce 
the  maximum  basin  average  precipitation.  The  user 
must  provide  the  desired  centering  and  time  distri- 
bution for  the  storm.  The  HMR52  program  will 
produce  a  precipitation  data  file  which  can  subse- 
quently be  input  to  a  rainfall-runoff  model,  such  as 
HEC1.  (Author's  abstract) 
W90-06193 


3CPO -CLOUD  CHEMISTRY  AND  CLOUD 
PHYSICS  ORGANIZATION.  JUNE  1988:  DATA 
INDEX.  ^r    t 

Brookhaven  National  Lab.,  Upton,  NY.  Atmos- 
pheric Sciences  Div. 
J.  Tichler,  K.  Norden,  and  D.  Sharp. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  V A.  22161,  as  DE89-O07011. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  BNL-42203,  December  1988.  96p,  6 
fig,  2  tab.  DOE  Contract  DE-AC02-76CH00016. 

Descriptors:  *Acid  rain,  *Air  pollution,  'Cloud 
chemistry,  *Cloud  physics,  *Data  collections,  'Illi- 
nois, 'Water  pollution  sources,  Convective  pre- 
cipitation, Precipitation,  Remote  sensing,  Storms. 

Data  that  were  collected  as  part  of  the  Cloud 
Chemistry  and  Cloud  Physics  Organization 
(3CPO)  cooperative  convective  storms  program 
which  took  place  in  June  1988  in  east  central 
Illinois  are  tabulated.  The  objective  of  3CPO  was 
to  assemble  at  a  common  time  and  location  the 
necessary  measurement  facilities  to  provide  a  pre- 
viously unattained  description  of  convective  storm 
characteristics  in  polluted  environments.  Unfortu- 
nately, the  spring  of  1988  was  the  warmest  and 
driest  spring  observed  since  the  dust  bowl  years. 
The  average  June  precipitation  amount  for  the 
study  area  is  5.0  inches,  compared  with  0.32  inches 
received  in  1988.  The  unseasonably  dry  weather 
during  3CPO  caused  the  modification  of  the  field 
strategy,  to  extend  the  length  of  the  field  observa- 
tion period  and  to  divert  measurement  resources  to 
clear  air  applications.  Section  2  of  the  report  de- 
scribes the  measurements  made  during  the  project. 
Some  were  made  continuously  throughout  the 
month  of  June;  others  were  specific  to  project 
missions.  Section  3  describes  the  nine  3CPO  mis- 
sions that  took  place  during  the  project  on  June  2, 
7,  8,  13,  15,  17,  20,  22  and  24,  and  includes  the 
following  information  for  each  mission:  weather 
summary;  mission  objectives;  soundings-CLASS 
and/or  AFGL;  data  on  each  flight,  such  as  take  off 
and  landing  times;  for  the  P-C  aircraft,  a  listing  of 
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the  times  and  altitudes  at  which  samples  were 
taken  or  measurements  made  (Doppler  radar,  radar 
reflectivity),  a  list  of  times  and  altitudes  at  which 
hydrocarbon  grab  samples,  if  any,  were  taken;  and 
a  listing  of  batch  samples  collected  that  day  at 
Bondville  and  Monticello,  IL..  (Lantz-PTT) 
W90-06212 


COMPARISON  OF  SNOW  GAUGES  USED  IN 
NORDIC   COUNTRIES:   CONTRIBUTION   OF 
FINLAND  TO  WMO  SOLID  PRECIPITATION 
MEASUREMENT  INTERCOMPARISON.  PART 
I:  SYSTEM  DESCRIPTION. 
Finnish  Meteorological  Inst.,  Helsinki. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-06214 

AUTOMATED  METHOD  FOR  REPRESENT- 
ING, TRACKING  AND  FORECASTING  RAIN 
FIELDS  OF  SEVERE  STORMS  BY  CONVEN- 
TIONAL AND  DOPPLER  WEATHER  RADARS. 

California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 

Z.  Q.  Chen,  M.  L.  Kavvas,  and  G.  T.  Orbol. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-138629/ 
AS.  Price  codes:  A05  in  paper  copy,  A01  in  micro- 
fiche. Completion  Report,  September  1989.  80p,  29 
fig,  15  ref.  USGS  Contract  14-08-0001-G1291. 

Descriptors:  'Prediction,  'Radar,  'Rain  distribu- 
tion, 'Statistical  methods,  'Weather  forecasting, 
'Weather  patterns,  Model  studies,  Radar  data, 
Rain  intensity,  Severe  storms,  Statistical  models. 

A  new  automated  method  was  developed  in  order 
to  track  and  predict  in  short-term  (15  min-2  hr  lead 
times)  the  evolution  of  rain  fields  in  time  and 
space,  as  observed  by  weather  radars.  First  the  rain 
field  is  decomposed  into  simple,  tractable  elements. 
Then  a  statistical  adaptive  forecasting  scheme  is 
developed  in  order  to  predict  the  changes  in  each 
of  these  elements  in  time.  The  composition  of  these 
elements  forms  the  complete  rain  field  with  respect 
to  its  spatial  configuration,  location  and  rain  inten- 
sity texture  at  each  prediction  lead  time.  The 
method  has  been  applied  to  the  conventional  and 
doppler  digital  weather  radar  data  of  rain  fields. 
Some  application  results  are  given.  (USGS) 
W90-06238 

DISTRIBUTION  AND  VARIABILITY  OF  PRE- 
CD7ITATION  CHEMISTRY  IN  THE  CONTER- 
MINOUS UNITED  STATES,  JANUARY 
THROUGH  DECEMBER  1983. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2K.. 
W90-06239 
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EFFECTS  OF  AN  ICE  COVER  ON  THE  COM- 
POSITE VALUE  OF  MANNING'S  N. 

Michigan  Technological  Univ.,  Houghton.  Dept. 
of  Civil  and  Environmental  Engineering. 
H.  S.  Santeford,  and  G.  R.  Alger. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  539-548,  2  tab,  17  ref. 

Descriptors:  'Ice  cover,  'Hydraulics,  'Stream- 
flow,  'Channel  flow,  'Mannings  equation,  Rough- 
ness coefficient,  Hydraulic  roughness,  Flow  veloc- 
ity, Water  depth,  Backwater,  Reservoirs,  Weirs, 
Hydraulic  resistance. 

A  four-year  study  of  ice  cover  effects  on  depth- 
discharge  relationships  was  conducted  in  Michigan 
streams.  When  the  depth-discharge  relationships 
were  dependent  on  resistance  (uniform  flow  or 
drawdown),  the  under-ice  flow  area  and  mean 
velocity  were  the  same  as  existed  for  the  open 
water  condition  at  the  same  discharge.  The  ice 
cover  produced  a  redistribution  of  shear  forces, 
but  not  an  increase  in  overall  resistance.  For  such 
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reaches,  the  water  level  or  stage  was  increased  by 
an  amount  equal  to  the  submerged  thickness  of  the 
ice.  For  sections  along  a  backwater  curve  located 
upstream  of  a  weir,  water  surface  elevations  were 
unaffected  by  the  presence  or  thickness  of  an  ice 
cover,  providing  that  the  remaining  space  under 
the  ice  was  greater  than  the  normal  depth.  (See 
also  W9O-05621)  (Cassar-PTT) 
W90-05680 


FORMATION  OF  POLAR  SURFACE  WATER 
THE  ICE  EXPORT  AND  THE  EXCHANGES 
THROUGH  THE  FRAM  STRAIT. 

Hamburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Meers- 

kunde. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-05880 


TIBETAN    PLATEAU    AS   THE    WATER    RE- 
SOURCE OF  ASIA  (IN  JAPANESE). 

For  primary  bibliographic  entry  see  Field  2A. 
W9O-05889 


ATMOSPHERIC  AND  DEPOSITIONAL  ENVI- 
RONMENTS TRACED  FROM  UNIQUE  CHEM- 
ICAL COMPOSITIONS  OF  THE  SNOW  OVER 
AN  INLAND  HIGH  PLATEAU,  ANTARCTICA. 

Kyoto  Univ.,  Beppu  (Japan).  Geophysical  Re- 
search Station. 

K.  Kamiyama,  Y.  Ageta,  and  Y.  Fujii. 
Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  94,  No.  15,  p  18,515-18,519,  De- 
cember 1989.  7  fig,  1  tab,  27  ref. 

Descriptors:  *  Acid  rain,  'Antarctica,  'Chemistry 
of  precipitation,  *Snow  sampling,  *Snow  surveys, 
•Tritium,  'Water  chemistry,  Atmospheric  chemis- 
try, Chlorides,  Conductivity,  Geochemistry,  Hy- 
drogen, Nitrates,  Regional  analysis. 

Surface  snow  samples  from  the  inland  high  pla- 
teau, East  Queen  Maud  Land,  Antarctica,  are  char- 
acterized by  high  acidity  accompanying  the  high 
electrical  conductivity,  so  that  the  hydrogen  ion  is 
the  dominant  ion,  coupling  with  chloride  and  ni- 
trate ions.  The  chemical  composition  differs  sharp- 
ly from  sea  salts.  These  characteristics  appear  more 
clearly  than  previously  reported  in  Antarctic  and 
are  most  strongly  developed  in  snow  samples  from 
the  high  region.  The  tritium  content  increases  in 
the  inland  high  area,  especially  in  the  region  higher 
than  3600  m  above  sea  level,  which  corresponds  to 
the  region  where  the  effects  of  katabatic  wind  have 
vanished  in  the  glaciological  observations.  The 
highest  tritium  content  occurs  in  the  vertical  pro- 
file at  a  snow  pit  (3761  m  above  sea  level,  77  deg 
00  min  S,  35  deg  00  min  E),  which  corresponds  to 
the  snow  deposition  in  1966.  The  concentration  is 
the  highest  ever  reported  in  Antarctica  and  is 
almost  as  high  as  the  one  observed  in  the  precipita- 
tion in  the  inland  of  North  America,  which  is  the 
highest  value  ever  reported  in  the  world.  All  the 
results  suggest  that  most  of  the  ions  contained  in 
snow  samples  from  the  inland  high  plateau,  espe- 
cially higher  than  3600  m  above  sea  level,  are  not 
brought  directly  through  the  troposphere  from  the 
sea  around  Antarctica  but  from  the  higher  atmos- 
phere and  that  they  are  under  the  influence  of  the 
physicochemical  reactions  occurring  there.  (Au- 
thor's abstract) 
W90-05963 


OXYGEN  ISOTOPIC  VARIATION  OF  FALL- 
ING SNOW  PARTICLES  WITH  TIME  DURING 
THE  LIFETIME  OF  A  CONVECTIVE  CLOUD: 
OBSERVATION  AND  MODELLING. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
For  primary  bibliographic  entry  see  Field  2K 
W90-05975 


RELATIONSHIP  BETWEEN  ARCTIC  SEA-ICE 
ANOMALIES  AND  FLUCTUATIONS  IN 
NORTHERN  CANADIAN  An*  TEMPERATURE 
AND  RIVER  DISCHARGE. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Mete- 
orology. 

D.  A.  Manak,  and  L.  A.  Mysak. 
Atmosphere  -  Ocean  ATOCDA,  Vol.  27,  No.  4,  p 


682-691,  December  1989.  6  fig,  2  tab,  13  ref. 

Descriptors:  'Air  temperature,  'Arctic  zone, 
•Canada,  'Climatology,  'Marine  climates,  'Sea 
ice,  Climatic  data,  Correlation  analysis,  Freezing, 
Melting,  Stream  discharge,  Water  temperature. 

Sea-ice  acts  as  a  thermal  reservoir,  delaying  the 
seasonal  temperature  cycle.  Air  temperature  di- 
rectly affects  surface  melting  and  freezing.  A 
lagged  cross-correlation  analysis  of  climatic  data 
from  the  period  1953-1984  was  carried  out  for 
three  regions  of  Northern  Canada  (Beaufort  Sea, 
Hudson  Bay,  Baffin  Bay/Labrador  Sea)  to  deter- 
mine the  relationships  between  sea-ice  anomalies 
and  surface  air  temperature  and  river  discharge 
anomalies.  Ice  lagged  temperature  by  several 
months  in  the  Beaufort  Sea  and  Hudson  Bay  re- 
gions; the  lag  was  zero  in  the  Baffin  Bay/Labrador 
Sea  region.  Significant  negative  correlations  at  the 
95%  level  were  found  between  sea-ice  and  temper- 
ature anomalies  in  all  sites.  A  significant  correla- 
tion at  the  95%  level  was  found  between  sea-ice 
and  river  discharge  anomalies  in  only  one  of  two 
subregions  studied,  the  Beaufort  Sea.  (Author's 
abstract) 
W90-06012 


COMPARISON  OF  SNOW  GAUGES  USED  IN 
NORDIC   COUNTRIES:   CONTRIBUTION   OF 
FINLAND  TO  WMO  SOLID  PRECIPITATION 
MEASUREMENT  INTERCOMPARISON.  PART 
I:  SYSTEM  DESCRIPTION. 
Finnish  Meteorological  Inst.,  Helsinki. 
For  primary  bibliographic  entry  see  Field  7B 
W90-06214 


2D.  Evaporation  and  Transpiration 


RELATIONSHIP  BETWEEN  ARCTIC  SEA-ICE 
ANOMALIES  AND  FLUCTUATIONS  IN 
NORTHERN  CANADIAN  AIR  TEMPERATURE 
AND  RIVER  DISCHARGE. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Mete- 
orology. 

For  primary  bibliographic  entry  see  Field  2C. 
W90-06012 


2E.  Streamflow  and  Runoff 


PROCEEDINGS  OF  THE  INTERNATIONAL 
CONFERENCE  ON  CHANNEL  FLOW  AND 
CATCHMENT  RUNOFF:  CENTENNIAL  OF 
MANNING'S  FORMULA  AND  KUICHLING'S 
RATIONAL  FORMULA. 

22-26  May,  1989,  at  the  University  of  Virginia. 
University  of  Virginia,  Charlottesville,  VA.  1989 
916p.  Edited  by  Ben  Chie  Yen. 

Descriptors:  'Runoff  forecasting,  'Flood  forecast- 
ing, 'Urban  hydrology,  'Hydrologic  models, 
•Rainfall-runoff  relationships,  'Hydraulics,  'Chan- 
nel flow,  'Open-channel  flow,  Mannings  equation, 
Rational  formula,  Catchment  areas,  Runoff, 
Roughness  coefficient,  Rivers,  Kuichlings  rational 
method,  Pipe  flow,  Storms,  Floods,  Model  studies, 
Mathematical  studies,  Hydraulic  roughness,  Hy- 
drographs,  Flow,  Watersheds,  Flow  velocity,  Ve- 
locity distribution,  Sediment  transport,  River  beds, 
Flood  plains,  Flow  resistance,  Resistance,  Hydrau- 
lic friction.  Friction,  Drainage  systems. 

A  conference  was  held  to  reflect  on  the  centennials 
of  two  widely  used  formulas  in  hydraulics  and 
hydrology:  Manning's  formula  for  open  channel 
and  pipe  flows  and  Kuichling's  rational  formula  for 
catchment  runoff.  Papers  presented  at  the  confer- 
ence concerned  theoretical  aspects,  model  devel- 
opment, and  practical  applications  of  the  formulas. 
Some  of  the  engineering  uses  included  flood  fore- 
casting and  control,  sediment  yield  and  transport, 
drainage  systems,  urban  storm  water  management, 
highway  pavement  drainage,  sewer  systems,  flow 
under  ice  cover,  and  vegetation  effects  on  flow. 
(See  W90-05622  thru  W90-05711)  (Cassar-PTT) 
W90-05621 


SENSITIVITY  OF  STORM  RUNOFF  HYDRO- 
GRAPHS  TO  HYTEOGRAPH  SHAPE. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Civil  Engineering. 
G.  Aron. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville 
VA.  1989.  p  1-9,  7  fig,  4  tab,  6  ref. 

Descriptors:  'Rainfall-runoff  relationships,  'Hy- 
drographs, 'Storm  runoff,  'Hyetographs,  'Hydro- 
logic  models,  Sensitivity  analysis,  Model  studies, 
Pennsylvania,  Rainfall  intensity,  Design  storms, 
Computer  models,  Precipitation,  Runoff,  Water- 
sheds, Rainfall  distribution,  Yarnell  curves. 

The  sensitivity  of  the  shape  of  a  model-generated 
storm  hydrograph  to  the  design  storm  distribution, 
and  in  particular  to  the  peak  intensity  of  the  storm, 
was  studied  by  applying  various  commonly  used 
standard  storm  distributions  to  a  hypothetical  wa- 
tershed located  in  Southeastern  Pennsylvania.  Sev- 
eral intensity-duration-frequency  distributions,  pre- 
viously available  only  in  graphical  form,  were  ex- 
pressed in  the  form  of  equations  to  simplify  their 
use  in  computer  programs.  It  was  found  that 
among  the  chosen  distributions,  the  largest  runoff 
peaks  were  obtained  by  applying  the  SCS  type  II 
storm,  followed  by  the  SCS  Type  III  and  the 
PDT-IDF  distributions.  Hydrographs  generated 
with  the  use  of  the  Yarnell  curves  were  almost 
identical  to  those  generated  by  a  PDT-IDF  storm, 
and  the  SCS  Type  I  distribution  resulted  in  a  much 
lower  runoff  peak.  (See  also  W90-O5621)  (Author's 
abstract) 
W90-05622 


FUZZY-GROUPING    METHOD    OF    DESIGN 
STORM-PATTERN  ANALYSIS. 

Hydrological  General  Station  of  Guangdong  Prov- 
ince, Guangzhou  (China). 
For  primary  bibliographic  entry  see  Field  2B. 
W90-05623 


EFFECTS  OF  HYETOGRAPH  SHAPE  ON  DE- 
TENTION POND  SIZING. 

Dominion  Engineering  Resources,  Newport  News, 
VA. 

J.  N.  Paine. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  36-44,  3  fig,  2  tab,  7  ref. 

Descriptors:  'Hydrograph  analysis,  'Model  stud- 
ies, 'Storm  runoff,  'Urban  runoff,  'Rainfall-runoff 
relationships,  'Hydraulic  structures,  'Hyeto- 
graphs, 'Detention  reservoirs,  Runoff,  Storm 
water,  Jones  Run  Watershed,  Virginia,  DOWAP 
model,  Computer  models,  Mathematical  models, 
Hydrographs,  Rainfall  intensity,  Drainage,  Design 
criteria,  Flood  protection,  Water  storage,  Catch- 
ment basins,  Routing,  Flood  routing. 

Extended  hydrologic  simulation  was  used  to  size  a 
regional  detention  facility  serving  the  937-acre 
Jones  Run,  Virginia,  watershed.  The  method  used 
a  three-part  package  (the  Dominion  Watershed 
Analysis  Package,  DOWAP)  to  continuously  com- 
pute runoff  hydrographs  from  21  years  of  locally 
recorded  rainfall  data.  The  runoff  hydrographs 
were  then  hydraulically  routed  through  the  drain- 
age system  on  a  continuous  basis.  A  total  of  1288 
storm  events  comprised  the  simulation.  A  statisti- 
cal program  was  then  used  to  project  21 -year 
results  to  10,  25,  and  100  year  levels.  The  process 
allowed  continuous  modeling  of  soil  moisture  re- 
distribution and  infiltration.  In  addition,  hydraulic 
storage  in  the  pond  and  drainage  network  was 
computed  continuously.  The  computed  excavation 
required  was  15,000  cu  yd,  compared  with  260,000 
cu  yd  obtained  using  the  Soil  Conservation  Service 
Type  II  hyetograph.  Single-event  hyetographs 
were  also  run  through  the  same  model,  and  results 
varied  widely.  Several  conclusions  were  reached: 
(1)  higher  rainfall  volumes  consistently  produced 
higher  pond  elevations  for  the  hyetograph  shapes 


WATER  CYCLE— Field  2 


studied;  (2)  where  hyetographs  had  varying  times 
to  peak  intensity,  pond  elevation  (flood  storage 
required)  increased  as  time  to  peak  intensity  in- 
creased; (3)  there  was  no  way  to  predict  which 
hyetograph  and  design  conditions  were  most  ap- 
propriate for  the  site  without  doing  the  continuous 
simulation  and  comparing  the  results;  (4)  flood 
storage  discrepancies  resulting  from  different  hye- 
tograph shapes  decreased  as  rainfall  depth  in- 
creased, while  flood  elevation  increased;  and  (5) 
the  highest  hyetograph  intensities  did  not QProdu« 
the  highest  pond  elevations.  (See  also  W90-05621) 
(Cassar-PTT) 
W9O-05626 

PEELING  TWO  MISLEADING  CONCEPTS 
OFF  THE  RATIONAL  METHOD 

Ministry  of  Agriculture,  Jerusalem  (Israel).  Hydro- 
logical  Service. 

IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling  s  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  45-50,  26  ref. 

Descriptors:  "Urban  hydrology,  'Urban  runoff, 
•Runoff  forecasting,  'Watersheds,  *Rainfall-runoff 
relationships,  'Rational  formula,  Runoff  Kuichl- 
ing rational  method,  Runoff  coefficient,  Hydrolog- 
ic models,  Mathematical  studies,  Hydrographs, 
Flood  peak,  Watersheds. 

Modifications  of  the  100-year-old  Rational  Method 
of  Kuichling  were  proposed.  These  include  elimi- 
nation of  two  misleading  concepts  and  the  addition 
of  two  new  procedures.  The  eliminated  concepts 
were  (1)  that  a  watershed  has  a  unique  time  ot 
concentration  which  is  equal  to  the  time  of  flow 
along  the  watershed;  and  (2)  that  a  rainfall  event  of 
a  given  occurrence  probability  results  in  a  runoft 
event  of  the  same  probability.  Added  procedures 
were  a  formulation  which  links  the  peak  discharge 
to  the  intensity  and  duration  of  the  causative  rain- 
fall with  no  explicit  reference  to  a  time  of  concen- 
tration and  generation  of  a  complete  series  of  peak 
discharges.  The  proposed  rainfall-runoff  relation- 
ship was  calibrated  through  an  envelop  line  de- 
scribing the  case  of  minimal  abstraction.  The  fol- 
lowing  procedure   was   suggested.    Separate   the 
rainfall  data  into  effective  and  abstractive  compo- 
nents. Using  an  equation,  calculate  a  series  ot  peak 
runoff  discharges.  Use  this  series,  together  with  the 
recorded  series  of  peak  discharges,  forstatistical 
analysis.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05627 

DEVELOPMENT  OF  THE  RATIONAL 
METHOD  FOR  FLOOD  DESIGN  FOR  SMALL 
RURAL  BASINS  IN  AUSTRALIA. 

New  South  Wales  Univ.,  Kensington  (Australia). 
D.  H.  Pilgrim,  G.  E.  McDermott,  and  G.  E. 
Mittelstadt.  ,  , 

IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling  s  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  51-60,  4  fig,  24  ref. 

Descriptors:  •Rainfall-runoff  relationships, 
•Runoff  forecasting,  *Flood  forecasting,  'Rational 
formula,  •Australia,  'Design  floods,  'Rural  water- 
sheds, Watersheds,  Kuichling  rational  method, 
Runoff  coefficient,  Probabilistic  process,  Mathe- 
matical studies,  Hydrographs,  Hydrologic  models, 
Flood  frequency,  Storms,  Flood  discharge. 

The  probabilistic  interpretation  of  the  Rational 
Method  has  been  used  for  flood  design  on  small 
rural  basins  in  Australia  during  the  past  20 1  years 
The  practice  of  basing  designs  on  observed  flood 
data,  rather  than  judgment  and  experience  as  in  the 
conventional  Rational  Method,  produced  a  much 
sounder  basis  for  flood  design.  The  alternative 
interpretation  recognized  that  the  objective  in 
design  practice  is  not  to  estimate  the  flood  runoff 
from  an  individual  storm,  but  to  estimate  the  flood 
peak  of  a  selected  average  recurrence  interval 
from  a  design  rainfall  of  some  critical  duration  and 
the  same  average  recurrence  interval.  The  design 
procedure  for  eastern  New  South  Wales  is  given  as 


an  example.  Time  of  concentration  was  found  to  be 
related  to  area  of  the  basin.  Probabilistic  runoff 
coefficients  were  derived  from  frequency  analyses 
of  observed  floods  on  308  basins.  Runoff  coeffi- 
cients (10-yr)  showed  no  relationship  to  basin  size 
up  to  250  sq  km.  The  method  was  also  applicable 
with  fair  to  good  accuracy  up  to  an  average  recur- 
rence interval  of  50  yr;  flood  estimates  for  average 
recurrence  intervals  of  100  yr  were  only  fair  but 
nevertheless  usable.  Although  distance  from  the 
coast  was  a  factor  in  values  of  runoff  coefficient, 
soil  type,  relief,  and  vegetation  were  not  influen- 
tial. (See  also  W90-05621)  (Cassar-PTT) 
W90-05628 

RE-EVALUATION  OF  RATIONAL  METHOD 
USING  KINEMATIC  WAVE  APPROACH. 

Nanyang  Technological  Inst.,  Singapore.  School 
of  Civil  and  Structural  Engineering. 
C.-N  Chen,  and  T.  S.  W.  Wong. 
IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling  s  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  61-70,  8  fig,  1  tab,  18  ref. 

Descriptors:  'Kinematic  wave  theory,  'Runoff 
forecasting,  'Rainfall-runoff  relationships,  'Ration- 
al formula,  'Overland  flow,  Runoff,  Watersheds, 
Runoff  coefficient,  Kuichling  rational  method, 
Singapore,  Kinematic  waves,  Rainfall  intensity, 
Flood  peak,  Infiltration. 

The  kinematic  wave  approach  was  used  to  evalu- 
ate the  two  fundamental  parameters  in  the  rational 
method:  the  runoff  coefficient  and  the  time  of 
concentration.  Overland  flow  for  Singapore  rain- 
fall of  5-year  recurrence  interval  provided  a  basis 
for  the  comparison  of  the  methods.  The  rational 
method  gave  higher  peak  discharges  than  the  kine- 
matic wave  approach  even  when  the  effect  ot 
rainfall  intensity  was  included  in  the  time  ot  con- 
centration. The  difference  in  the  estimates  was 
especially  great  when  the  relative  effect  of  mfiltra- 
tion  on  rainfall  intensity  was  large.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05629 

IS  THE  RATIONAL  METHOD  RELIABLE  FOR 
AGRICULTURAL  WATERSHEDS. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Agri- 
cultural Engineering. 
C.  A.  Madramootoo,  P.  Ennght,  and  V.  l.  v. 

IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling  s  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  71-77,  1  fig,  3  tab,  5  ref. 

Descriptors:  'Rainfall-runoff  relationships, 
'Runoff  forecasting,  'Storm  runoff,  'Agricultural 
watersheds,  'Rational  formula,  Watersheds, 
Kuichling  rational  method,  Mathematical  studies. 
Runoff  coefficient,  Canada,  Flood  peak,  Seasona 
variation,  Drainage,  Storms,  Infiltration,  Rainfall 
intensity. 


Rainfall  and  runoff  measurements  from  a  small,  flat 
rural  watershed  in  western  Quebec  were  analyzed 
using  the  rational  method.  Thirteen  rainfall  events 
causing  runoff  were  recorded  during  the  1985  to 
1988  growing  seasons.  The  runoff  coefficient  was 
not  a  constant  watershed  parameter,  varying  sea- 
sonally. Higher  values  were  observed  in  April 
(0  62)  and  in  November  (0.33),  reflecting  greater 
runoff  potential.  During  July  and  August  runoff 
coefficients  were  0.10  and  0.08,  respectively.  The 
single  June  rainfall  event  produced  a  runoff  coeffi- 
cient of  0.05,  considered  an  aberration,  with  0.10  to 
0  12  a  more  realistic  range  for  June.  Although  the 
runoff  coefficient  for  October  was  0.12 ,  it  was 
believed  that  values  of  0.17  to  0.33  would  be  more 
realistic.  In  spring  and  autumn,  the  rainfall  events 
were  long  and  of  low  intensity.  The  rational 
method  tended  to  overpredict  peak  flows,  (bee 
also  W90-05621)  (Cassar-PTT) 
W90-05630 

NOTE  ON  THE  RATIONAL  METHOD. 


Streamflow  and  Runoff— Group  2E 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 
Engineering. 

V.  P.  Singh,  and  J.  F.  Cruise. 
IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  78-87,  6  fig,  14  ref. 

Descriptors:  'Urban  hydrology,  'Storm  runoff, 
'Watersheds,  'Rainfall-runoff  relationships, 
'Runoff  forecasting,  'Rational  formula,  Mathemat- 
ical studies,  Kuichling  rational  method,  Hydro- 
graphs,  Runoff  coefficient,  Channel  flow,  Flow, 
Probabilistic  process,  Reservoirs. 

The  rational  method  was  evaluated  by  comparison 
with  other  methods  and  by  practical  applications. 
The  following  conclusions  were  drawn:  (1)  the 
rational  method  hypothesizes  a  watershed  to  be  a 
linear,  time-invariant  system,  with  its  instantaneous 
unit  hydrograph  given  as  a  rectangular  distribution 
of  the  base  time  equal  to  the  time  of  concentration 
Consequently,  the  watershed  is  represented  by  a 
rectangular  shape;  (2)  the  abstractions  are  account- 
ed for  through  the  runoff  coefficient,  the  effective 
rainfall-direct  runoff  relation  is  a  one-parameter 
model   for  the   rational   method,   where  time  o 
concentration  is  the  parameter;  (3)  the  rationa 
method  is  a  special  case  of  the  time-area  and  Soil 
Conservation  Service  methods;  (4)  no  information 
about  a  watershed  other  than  time  of  concentration 
is  assumed.  Consequently,  the  probability  density 
function  of  the  rational  method  is  a  uniform  distri- 
bution,  with  entropy  increasing  with  increasing 
value  of  time  of  concentration;  and  (5)  by  compari- 
son with  a  linear  reservoir,  the  rational  method 
produces  a  lower  peak  by  a  factor  equal  to  about 
1.42.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05631 

EVALUATION  OF  TC  METHODS  IN  A  SMALL 
RURAL  WATERSHED. 

Baker  (Michael),  Jr.,  Inc.,  Alexandria,  VA. 
T.  G.  Goitom. 

IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  88-96,  2  fig,  3  tab,  17  ref. 

Descriptors:  'Rainfall-runoff  relationships,  'Arizo- 
na 'Runoff  forecasting,  'Watersheds,  'Concentra- 
tion time,  'Rational  formula,  Kuichling  rational 
method,  'Channel  flow,  Flood  peak,  Rural  areas 
Hydrologic  models,  Mathematical  studies,  Walnut 
Gulch,  Kirpich  equation,  California  Culverts  Prac- 
tice, Papadakis-Kazan  equation,  Flow. 

The  time  of  concentration  parameter  used  in  hy- 
drologic studies  was  computed  with  four  empirical 
equations,  using  data  from  a  560-acre  subwatershed 
in  the  semiarid  Walnut  Gulch  Experimental  Water- 
shed in  Arizona.  Times  of  concentration  (mm) 
were  as  follows:  Kirpich  equation,  45;  California 
Culverts  Practice,  45;  Papadakis-Kazan  equation, 
56-  and  Soil  Conservation  Service  TR-55  proce- 
dure 67  The  Kirpich  and  California  Culverts 
Practice  were  developed  for  well  defined  steep 
channel  slopes  and  assumed  that  time  of  concentra- 
tion was  independent  of  rainfall  intensity.  In  addi- 
tion, the  Kirpich  equation  used  data  from  rural 
basins  in  Tennessee,  while  the  California  Culverts 
Practice  was  developed  for  small  mountainous 
basins  in  California.  Therefore,  these  two  equations 
are  not  recommended  for  use  in  the  WalnutGulch 
Watershed.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05632 


BASIN  LAG  AS  A  FUNCTION  OF  RAINFALL. 

Missouri  Dept.  of  Natural  Resources,  Rolla.  Div. 
of  Geology  and  Land  Survey. 
G.  J.  Swenty,  and  J.  A.  Westphal. 
IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling  s  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA   1989.  p  97-106,  9  fig,  1  tab,  15  ref. 
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Group  2E— Streamflow  and  Runoff 

Descriptors:  'Unit  hydrographs,  •Overland  flow, 
•Storm  runoff,  'Rainfall-runoff  relationships! 
•Runoff  forecasting,  Basins,  Channel  flow,  Water- 
sheds, Catchment  basins,  Hydrographs,  Synthetic 
hydrology,  Hysteresis,  Hyetographs,  Model  stud- 
ies, Mathematical  studies,  Flow,  Temporal  distri- 
bution. 

Runoff  from  storms  of  various  depths  and  two 
different  durations  (6  and  12  hr)  and  temporal 
distributions  was  simulated  for  a  small,  ungaged 
watershed  in  the  Missouri  Ozarks  using  the  Storm 
Water  Management  Model.  Temporal  distributions 
included  the  50-year  and  100-year  precipitation, 
the  probable  maximum  precipitation  (PMP),  the 
0.3  PMP,  the  0.5  PMP,  and  the  0.75  PMP.  Results 
indicated  that,  for  a  given  temporal  distribution  of 
rainfall,  basin  lag  (distance  between  centroids  of 
the  hyetograph  of  effective  precipitation  and  the 
direct  runoff  hydrograph)  could  be  expressed  as  a 
function  of  storm  depth  and  the  ratio  of  flow  path 
length  to  square  root  of  the  flow  path  slope.  A 
high  degree  of  basin  disaggregation  was  necessary 
to  analyze  this  small  basin.  For  example,  a  10-acre 
maximum  was  required  to  limit  the  overland  flow 
lengths  to  500  ft.  For  both  rainfall  durations  the 
simulated  lag  time  decreased  with  increasing  depth 
of  precipitation.  For  a  given  rainfall  depth  the  12- 
hour  lag  times  were  greater  than  the  6-hour  lag 
times.  Using  the  traditional  approach  of  combining 
the  overland  and  channel  flow  lag  times  from  the 
Kerby-Hathaway  and  Kirpich  equations  gave  rea- 
sonable, but  slightly  low,  estimates  of  basin  lag 
time  for  100%  PMP  events.  For  PMP  less  than 
100%,  underestimation  was  greater.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05633 


RUNOFF  COEFFICIENT  RELATED  TO 
CURVE  NUMBER-SCS  METHOD. 

Institute   of   Environmental    Protection,    Warsaw 
(Poland). 
A.  Bielawski. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  107-110,  2  tab,  5  ref. 

Descriptors:  •Rainfall-runoff  relationships, 
•Runoff,  'Rational  formula,  'Runoff  coefficient, 
•Hydrologic  models,  *Urban  hydrology,  Kuichl- 
ing  rational  method,  Hydrographs,  Unit  hydro- 
graphs,  Soil  Conservation  Service  curve  number, 
Poland,  Model  studies,  Mathematical  studies. 

The  runoff  coefficient  and  curve  number  of  the 
Soil  Conservation  Service  method  were  correlated 
with  gaged  urban  watersheds  (1.73  to  697  hectares) 
and  storm  characteristics  in  urban  drainage  areas  in 
Poland.  The  runoff  coefficient  varied  from  0.2  to 
0.58,  and  the  curve  number  varied  from  89.6  to 
98.04.  The  correlation  coefficient  between  the 
values  of  runoff  coefficient  and  curve  number  was 
about  0.8.  (See  also  W90-05621)  (Cassar-PTT) 
W9O-05634 


RELATIONS  BETWEEN  RATIONAL  AND  SCS 
RUNOFF  COEFFICIENTS  AND  METHODS. 

S.  D.  Graber. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  111-120,  3  fig,  1  tab,  5  ref. 

Descriptors:  •Rainfall-runoff  relationships, 
•Runoff  forecasting,  'Storm  runoff,  'Rational  for- 
mula. 'Runoff  coefficient.  Soil  Conservation  Serv- 
ice curve  number,  Kuichling  rational  method, 
Graphical  analysis.  Mathematical  studies. 

Methods  were  developed  for  converting  rational 
method  runoff  coefficient  values  to  Soil  Conserva- 
tion Service  method  curve  number  values  and  vice 
versa.  In  selecting  between  the  rational  method 
and  the  several  TR-55  SCS  methods  (graphical, 
chart,  and  tabular)  it  was  necessary  to  balance 
between  build-in  objectivity  (at  the  expense  of 
accuracy)  and  the  subjectivity  associated  with  in- 
dependent engineering  judgment.  In  one  example, 


a  peak  flow  of  3.71  cfs  for  a  1.54-acre  site  was 
determined  by  the  rational  method.  The  rational 
method  runoff  coefficient  of  0.574  was  converted 
to  a  curve  number  value  of  74.7.  Using  that  curve 
number,  a  complete  hydrograph  was  computed.  Its 
peak  flow  was  3.77  cfs.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05635 


RUNOFF  COEFFICIENT  AND  SEDIMENT 
YIELD  IN  SMALL  WATERSHEDS  UNDER 
LAND-USE  CHANGES  IN  TAIWAN. 

National  Chunghsing  Univ.,  Taichung  (Taiwan). 
Dept.  of  Soil  and  Water  Conservation. 
C.-H.  Tuan. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  121-129,  15  tab,  4  ref. 

Descriptors:  'Watershed  management,  'Land  use, 
•Sediment  yield,  •Rainfall-runoff  relationships, 
•Runoff  coefficient,  'Taiwan,  'Urbanization,  Ra- 
tional formula,  Watersheds,  Soil  conservation,  Re- 
vegetation,  Environmental  effects,  Erosion. 

The  effects  of  land  use  and  soil  conservation  meas- 
ures on  runoff  coefficient  and  sediment  yield  were 
studied  in  four  neighboring  small  watersheds  (sim- 
ulated housing  development  up  to  about  40%)  of 
0.5  ha  for  5  yr,  in  a  3.7-ha  watershed  (orchard 
development)  for  3  yr  in,  and  in  a  7.2-ha  watershed 
(mixed  housing,  roads,  orchard,  with  about  50% 
bamboo  and  brush)  for  2  yr.  The  gross  runoff 
coefficient,  peak  runoff  coefficient,  and  sediment 
yield  per  unit  area  all  increased  with  increasing 
degree  of  land  development.  All  coefficients  de- 
creased when  soil  conservation  measures  using 
vegetation  were  employed.  Sediment  yields  were 
also  significantly  reduced  by  use  of  natural  vegeta- 
tion and/or  artificial  revegetation  in  soil  conserva- 
tion. (See  also  W90-05621)  (Cassar-PTT) 
W90-05636 


URBAN  FLOOD  RUNOFF  MODELING  USING 
MEASURED  INFELTRATION  CAPACITY  OF 
VARIOUS  LAND  USES. 

Tokyo  Metropolitan  Univ.  (Japan).  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  4C 

W90-05637 


SYNTHETIC  HYDROGRAPH  BASED  ON 
KUICHLINGS  AND  MANNINGS  FORMULAS. 

Florida  Univ.,  Gainesville.  Dept.  of  Civil  Engi- 
neering. 

B.  A.  Christensen. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  140-145,  2  fig,  5  ref. 

Descriptors:  'Rainfall-runoff  relationships, 
'Runoff  forecasting,  Routing,  'Hydrographs, 
•Mannings  equation,  'Rational  formula,  Kuichling 
rational  method.  Mathematical  studies,  Reservoirs, 
Channel  flow,  Flow,  Synthetic  hydrographs, 
Storm  runoff,  Water  storage,  Storage,  Flood  peak, 
Runoff  coefficient,  Hydraulic  roughness,  Rough- 
ness coefficient. 

A  hydrograph  for  the  runoff  from  small  drainage 
basins  was  developed  using  a  combination  of 
Kuichlings  rational  method  and  Mannings  formula 
and  based  on  the  drainage  areas'  functions  of  stor- 
ing and  conveying  storm  water.  These  two  func- 
tions can  then  be  separated  and  described  by  means 
of  differential  equations.  This  method  provided 
information  about  the  time  history  of  the  rate  of 
runoff  so  that  the  runoff  could  be  routed  through 
reservoirs  and  channels,  natural  or  man-made.  (See 
also  W90-05621)  (Cassar-PTT) 
W90-05638 


STORM    RUNOFF   SIMULATIONS    IN   MAT- 
SUYAMA  CITY  DRAINAGE  BASIN. 

Kobe  Univ.  (Japan).  Dept.  of  Agricultural  Engi- 


neering. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-05639 


COMPARISON  OF  RATIONAL  AND  SCS-TR55 
METHODS  FOR  URBAN  STORM  WATER 
MANAGEMENT. 

Boswell  Engineering,  South  Hackensack,  NJ. 
For  primary  bibliographic  entry  see  Field  4C 
W90-05640 


SPATIAL  RESOLUTION  IN  HYDROLOGIC 
MODELING. 

Waterloo  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

T.  Tao,  and  N.  Kouwen. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  166-175,  1  fig,  2  tab,  17  ref. 

Descriptors:  'Model  studies,  'Rainfall-runoff  rela- 
tionships, 'Routing,  'Flood  routing,  'Flood  fore- 
casting, 'Runoff  forecasting,  Hydrologic  models, 
Spatial  resolution,  Land  use,  Mathematical  models, 
Grand  River,  Ontario,  SIMPLE  model.  Water- 
sheds. 

The  spatial  resolution  concerning  land  use/cover 
and  other  topographic  characteristics  in  a  physical- 
ly based,  distributed  parameter  flood  forecasting 
model  (SIMPLE)  was  studied.  The  study  area  was 
the  Grand  River,  Ontario.  Runoff  was  calculated 
separately  for  each  land  cover  class  in  each  ele- 
ment, and  the  modeling  parameters  were  identical 
throughout  the  whole  watershed  for  a  particular 
land  cover  class.  The  river  routing  parameters 
were  determined  on  the  basis  of  sub-basins.  Four 
rainfall  events  were  used  in  the  study.  Two  grid 
sizes  (5  x  5  km  and  10  x  10  km)  were  used  in  the 
simulations.  Differences  in  grid  sizes  did  not 
produce  significant  differences  in  flood  forecasting 
simulation,  provided  that  each  element  was  proper- 
ly described.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05641  ' 


TDLT  AT  THE  WINDMIXL  OF  RUNOFF  SIMU- 
LATION. 

Missouri  Univ.-Rolla.  Dept.  of  Civil  Engineering. 
D.  B.  Thompson,  and  J.  A.  Westphal. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  176-185,  3  fig,  2  tab,  9  ref. 

Descriptors:  'Rainfall-runoff  relationships, 
•Runoff  forecasting,  'Model  studies,  Mathematical 
studies,  PRMS  model,  Precipitation-Runoff  Mod- 
eling System,  Watersheds,  Hydrographs,  Storm 
runoff,  Flood  peak,  Hydrologic  models. 

A  continuous  simulation  model,  the  U.S.  Geologi- 
cal Survey  Precipitation  Runoff  Modeling  System, 
was  evaluated  using  data  from  three  small  Missouri 
watersheds,  for  which  calibration  and  verification 
data  were  available.  It  was  impossible  to  reproduce 
daily  values.  Monthly  values  could  be  reproduced 
in  a  gross  sense,  but  the  standard  deviation  of 
residuals  was  large  compared  to  mean  monthly 
runoff.  In  the  event-based  mode,  the  mean  of  storm 
events  was  generally  reproduced,  but  the  model 
was  unable  to  match  either  peaks  or  volumes  of 
observed  events.  The  model  was  considered  useful 
as  a  research  tool  but  deficient  as  an  engineering 
design  tool.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05642 


COMPARISON  OF  SOME  RAINFALL- 
RUNOFF  MODELS  FOR  NONLINEAR  FLOOD 
FORECASTING. 

Utsunomiya  Univ.  (Japan).  Dept.  of  Civil  Engi- 
neering. 

M.  Hasebe,  and  M.  Hino. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
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al  Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  186-195,  12  fig,  8  ref. 

Descriptors:  •Rainfall-runoff  relationships, 
•Runoff  forecasting,  'Hydrologic  models,  •Flood 
forecasting,  *Model  studies,  Mathematical  studies, 
Forecasting,  Flood  peak,  Unit  hydrographs. 

The  filter  separation  AR  method  of  Hino  and 
Hasebe  was  compared  with  three  other  models  for 
flood  forecasting,  using  data  from  an  experimental 
watershed.  The  three  methods  were  a  regression 
model,  a  unit  hydrograph,  and  a  quasi-physicaUy 
based  model  proposed  by  Loague  and  Freeze.  The 
filter  separation  AR  method  accurately  predicted 
runoff,  whereas  the  other  three  models  significant- 
ly underpredicted  peak  heights.  The  regression 
model  also  predicted  a  peak  about  an  hour  later 
than  observed.  Modeling  efficiencies  of  real  time 
forecasting  were  compared;  (1)  the  filter  separation 
AR  method,  (2)  the  generalized  storage  function 
method  to  which  Kalman  filtering  theory  was  ap- 
plied, and  (3)  the  tank  model  method.  Errors  of 
prediction  for  flood  forecasting  and  for  peak  dis- 
charge were  least  when  the  filter  separation  AR 
method  was  used,  compared  with  the  other  three 
models.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05643 

NONLINEAR  ANALYSIS  OF  RAINFALL  AND 
RUNOFF  PROCESS. 

Kanazawa  Inst,  of  Tech.  (Japan).  Dept.  of  Civil 
Engineering. 
K.  Mizumura. 

IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  196-205,  6  fig,  5  ref. 

Descriptors:  'Overland  flow,  *Kinematic  wave 
theory,  *Hydrographs,  'Routing,  'Storm  runoff, 
•Rainfall-runoff  relationships,  *Runoff  forecasting, 
Nonlinear  analysis,  Model  studies,  Mathematical 
studies,  Flow. 

An  analytic  solution  to  the  coupling  of  the  kine- 
matic wave  overland  flow  routing  problem  and 
simple  time-varying  rainfall  excess  was  developed. 
When  the  magnitude  of  the  time-varying  compo- 
nent of  the  rainfall  excess  was  much  smaller  than 
the  constant  component  of  the  rainfall  excess,  the 
nonlinear  partial  differential  equation  was  linear- 
ized. The  analytic  solution  of  the  linearized  partial 
differential  equation  coincided  with  the  nonlinear- 
ized  solution  of  the  nonlinear  partial  differential 
equation.  An  analytic  solution  was  also  obtained  in 
the  case  of  spatial  variation  in  rainfall  excess.  Due 
to  nonlinearity,  the  slope  of  the  rising  limb  became 
steeper  and  the  recession  curve  of  the  hydrograph 
for  time-varying  rainfall  became  less  steep.  There- 
fore, time  to  peak  discharge  decreased.  (See  also 
W90-05621)  (Cassar-PTT) 
W90-05644 


MULTI-TANK      MATRLX      METHOD      FOR 

RUNOFF.  »«_,,,■■ 

Niigata  Univ.  (Japan).  Dept.  of  Civil  Engineering. 

Y.  Okamoto. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  206-215,  9  fig,  1  tab,  1  ref. 

Descriptors:  •Rainfall-runoff  relationships, 
•Runoff  forecasting,  'Japan,  *Model  studies, 
Mathematical  studies,  Unit  hydrographs,  Hydro- 
graphs,  Multi-tank  matrix  method,  Watersheds, 
Mountains. 

A  runoff  calculation  method,  Multi-Tank  Matrix 
Method,  was  developed  because  the  unit  hydro- 
graph  method  is  not  applicable  to  mountainous 
river  basins  in  Japan.  The  new  method  requires  no 
special  hydrologic  knowledge,  it  is  applicable  to 
basins  with  no  hydrologic  data,  and  it  is  fully 
automated.  A  wide  range  of  flow  volume  is  cov- 
ered, and  hourly  changes  can  be  incorporated. 
Inputs  to  the  model  are  temperature  and  rainfall. 
Since  the  mountainous  areas  of  Japan  have  very 


uneven  rainfall  distribution,  it  is  necessary  to  limit 
the  area  represented  by  one  rainfall  gage  to  20  to 
30  sq  km.  The  model  is  expected  to  predict  flood 
discharge  within  10%.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05645 

APPLICATIONS  OF  THE  MANNING'S  AND 
RATIONAL  FORMULAS  FOR  THE  DESIGN 
OF  STORM  DRAINS  IN  SINGAPORE. 

Nanyang  Technological  Inst.,  Singapore.  School 
of  Civil  and  Structural  Engineering. 
E.  B.  Shuy. 

IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  216-225,  2  fig,  2  tab,  9  ref. 

Descriptors:  *Design  standards,  •Rainfall-runoff 
relationships,  'Hydraulic  design,  'Singapore, 
•Urban  hydrology,  *Runoff  forecasting,  'Drain- 
age systems,  'Storm  runoff,  'Rational  formula, 
•Mannings  equation,  Kuichling  rational  method, 
Flood  control,  Flood  peak,  Runoff  coefficient, 
Channel  flow,  Design  criteria,  Hydraulic  design, 
Tidal  effects,  Hydraulic  roughness,  Roughness  co- 
efficient. 

The  extensive  storm  drainage  system  of  flood- 
prone  Singapore  was  designed  using  the  rational 
and  Manning's  formulas.  Extensive  rechannehza- 
tion  has  been  done  over  the  years  in  order  to 
conduct  the  water  to  the  sea  as  rapidly  as  possible. 
Flood  plain  zoning  and  flood  detention  ponds  are 
rarely  used  because  of  space  restrictions.  Tidal 
gates  are  used  in  low-lying  areas;  however,  they 
provide  only  a  temporary  solution  until  fill  can  be 
added  to  raise  the  ground  level.  Runoff  coefficients 
calculated   for   Singapore   are   as  follows:   urban 
areas  fully  built  up,  0.90;  residential  areas  densely 
built  up,  0.80;  residential  areas  densely  built  up 
with  rural  areas,  0.65;  and  rural  areas  with  fish 
ponds  and  vegetable  gardens.  0.45.  In  using  the 
rational  formula,  the  partial  area  effect  is  some- 
times encountered.  This  is  often  encountered  at  the 
junction  of  two  main  drains  and  where  the  sub- 
catchments  are  large.  This  is  accounted  for  by 
using  a  larger  estimated  peak  runoff  rate.  In  storm 
channel  design  a  Manning's  roughness  coefficient 
of  0.015  is  used  for  concrete  channels;  however, 
measured  values,  as  influenced  by  sediment  and 
algae,  range  between  0.012  to  0.035.  Most  of  the 
channels  are  wide,  shallow,  and  with  a  gentle  bed 
gradient;  in  some  cases  the  most  efficient  hydraulic 
cross  sections  are  not  feasible.   The  permissible 
design  peak  flow  velocity  is  limited  to  3  m/s,  and 
the  Froude  number  to    <0.8.   Tidal  effects  are 
assessed,  and  the  channels  are  built  to  accommo- 
date the  steady  state  backwater  profile  created  by 
the  peak  discharge  coinciding  with  the  highest  tide 
level  downstream.  (See  also  W90-05621)  (Cassar- 
PTT) 
W90-05646 

USE  OF  THE  RATIONAL  FORMULA  IN  IN- 
FILTRATING MOUNTAINOUS  CATCH- 
MENTS. tn  .  _.  , 
Sultan  Qaboos  Univ.,  Muscat  (Oman).  Dept.  ot 
Civil  Engineering. 

M.  Nouh.  .       ,   _     , 

IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  226-237,  4  tab,  10  ref. 

Descriptors:  *Rainfall-runoff  relationships, 
•Runoff,  •Infiltration,  *Rational  formula,  'Saudi 
Arabia,  *Storm  runoff,  Mathematical  studies, 
Kuichling  rational  method,  Flow,  Temporal  varia- 
tion, Mountains,  Catchment  areas,  Soil  properties, 
Soil  infiltration. 


Streamflow  and  Runoff— Group  2E 

over  the  catchment.  Several  numerical  measures 
were  used  to  assess  the  accuracy.  These  measures 
included  the  ratio  between  the  predicted  and  ob- 
served flowrate  values,  the  standard  deviation  of 
the  individual  flowrate  values  about  the  overall 
mean,  and  the  absolute  error  between  the  predict- 
ed and  observed  values  expressed  as  a  percentage 
of  the  observed  value.  The  formula  overestimated 
flowrates  in  the  catchments.  Its  accuracy  was  sen- 
sitive to  temporal  rainstorm  variation  more  than 
spatial  rainstorm  variation,  and  to  slope  of  land  and 
catchment  size  more  than  characteristics  of  soils. 
Although  all  the  parameters  affected  the  accuracy 
of  flowrates  prediction  by  the  formula,  size  of 
catchment  was  the  least  important  factor  in  case  of 
low  spatial  variation  of  rainfall,  and  slope  of  land 
was  the  least  important  factor  in  case  of  small  size 
catchments  having  high  infiltration  capability.  The 
formula  coefficient  characteristic  of  the  catchment 
was  related  to  the  characteristics  of  both  rainfall 
and  catchment,  and  a  procedure  was  developed  for 
best  estimation  of  flowrates  by  the  rational  formu- 
la. (See  also  W90-05621)  (Author's  abstract) 
W90-05647 


Data  from  32  infiltrating  mountainous  catchments 
located  in  the  southwest  region  of  Saudi  Arabia 
were  used  to  test  the  accuracy  of  performance  of 
the  rational  formula.  The  data  were  sorted  accord- 
ing to  parameters  identifying  size  and  shape  of 
catchment,  slope  of  land,  characteristics  of  surface 
soils,  and  temporal  and  spatial  variation  of  rainfall 


DESIGN  OF  STORMWATER  DETENTION 
BASINS.  A  SIMPLIFIED  METHOD. 

Rettew  Associates,  Inc.,  Lancaster,  PA. 
H.  T.  Solanki,  and  J.  R.  Weese. 
IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  238-247,  2  fig,  10  ref. 

Descriptors:  *Urban  hydrology,  *Detention  basins, 
•Rational  formula,  'Rainfall-runoff  relationships, 
'Runoff  forecasting,  'Hydraulic  design,  'Storm 
runoff,  Land  use,  Hydrographs,  Urbanization, 
Design  criteria,  Rational  formula,  Kuichling  ra- 
tional method,  Water  storage,  Weirs,  Runoff  coef- 
ficient, Flood  peak. 

A  method  was  developed  for  calculation  of  deten- 
tion basins  so  that  storm  runoff  after  development 
is  approximately  equal  to  pre-development  runoff. 
The  detention  basin  outlet  structure  was  designed 
to  provide  for  complete  draining  of  the  detention 
basin  after  a  storm  event.  The  storage  volume  was 
calculated  by  mathematically  equating  the  storage 
volume  with  the  difference  between  inflow  and 
outflow  volumes  at  the  peak  storage  time.  To 
calculate  the  peak  runoff  for  the  pre-development 
and  post-development  conditions,  the  rational  for- 
mula was  used.  The  outflow  volume  was  calculat- 
ed by  using  a  rectangular  weir  formula.  Assuming 
that  the  rising  side  of  the  outflow  hydrograph  was 
nearly  parabolic,  a  coefficient  of  0.62  was  used  in 
calculating  the  peak  storage  time.  The  time  of 
concentration  after  development  was  related  to  the 
ratio  of  the  pre-development  and  post-develop- 
ment runoff  coefficient  to  the  power  of  0.47  tunes 
the  time  of  concentration  before  development.  (See 
also  W90-05621)  (Cassar-PTT) 
W90-05648 

LAGSTRUM  AND  NONLINEARITY  OF  HY- 
DROLOGIC TIME  SERIES. 

Tamkang  Univ.,  Taipei  (Taiwan).  Dept.  of  Water 
Resources  and  Environmental  Engineering. 
G.-H.  Yu,  and  Y.-M.  Wang. 

IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  258-266,  18  fig,  1  tab,  11  ref.  National 
Science  Council,  Republic  of  China,  Grant  NSC 
76-0410-E032-05. 

Descriptors:  'Nonlinear  series,  'Rainfall-runoff  re- 
lationships, 'Hydrologic  models,  'Runoff  forecast- 
ing, 'Time  series  analysis,  Lagstrum,  Hinch 
method,  Model  studies,  Mathematical  studies,  Syn- 
thetic hydrology,  River  flow,  Channel  flow. 


The  lagstrum  approach  described  by  Hinch  was 
evaluated  for  detection  of  the  nonlinearity  of  time 
series.  This  approach  was  successful  in  detecting 
the  lag  structure  of  a  series  which  obeys  a  quadrat- 
ic model.  However,  if  the  series  does  not  obey  a 
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Group  2E— Streamflow  and  Runoff 

quadratic  model,  nonlinearity  might  not  be  detect- 
ed. It  was  suggested  that  the  series  be  directly 
analyzed  without  transforming  it  to  conform  to  a 
quadratic  model.  The  Canadian  lynx  series  (1821- 
1934)  and  monthly  flows  from  two  rivers  in 
Taiwan  were  analyzed  and  found  to  be  nonlinear 
(See  also  W9O-05621)  (Cassar-PTT) 
W90-05650 


REGIONAL  GEOHVDROLOGIC-GEOMOR- 
PHIC  RELATIONSHIPS  FOR  THE  ESTIMA- 
TION OF  LOW-FLOWS. 

Tufts  Univ.,  Medford,  MA.  Dept.  of  Civil  Engi- 
neering. 

R.  M.  Vogel,  C  N.  Kroll,  and  K.  M.  Driscoll. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville 
VA.  1989.  p  267-277,  4  fig,  2  tab,  16  ref. 

Descriptors:  *Rainfall-runoff  relationships, 
•Streamflow,  'Surface-groundwater  relations, 
*Base  flow,  'Low  flow,  'Geohydrology,  Geomor- 
phology,  Base  runoff,  Flow,  Drainage,  Water- 
sheds, Model  studies,  Mathematical  studies,  Hy- 
drologic  models,  Hydraulic  conductivity,  Drain- 
age, Groundwater  movement,  Aquifers,  Soil  po- 
rosity, Slopes. 

A  simple  conceptual  stream-aquifer  model  was  de- 
veloped and  then  transformed  into  a  watershed 
model  for  low  flow.  The  watershed  system  was 

.  treated  as  a  linear  reservoir,  using  845  site-years  of 

streamflow  data  available  for  23  unregulated  catch- 

j  ments  in  Massachusetts.  After  verifying  the  linear- 

reservoir  hypothesis,  the  watershed  model  of  low 
flow  was  adapted  to  low-flow  statistics.  Basin 
groundwater  outflow  was  shown  to  be  proportion- 
al to  the  product  of  basin  hydraulic  conductivity, 
drainage  area,  average  basin  slope,  and  the  base- 
flow  recession  constant,  acting  as  a  surrogate  for 
both  basin  hydraulic  conductivity  and  drainable 
soil  porosity.  Estimated  regional  regression  equa- 
tions between  the  7-day  2-year  and  7-day  10-year 
low-flow  statistics,  and  the  independent  variables 
(drainage  area,  average  basin  slope,  and  baseflow 
recession  constant)  had  standard  errors  of  estimate 
equal  to  10.2%  and  26.5%,  respectively.  The  re- 
gressions developed  required  estimates  of  the  base- 
flow  recession  constant,  which  was  derived  from  a 
short  sample  of  data  or  from  a  map.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05651 


STOCHASTIC  MODELS  IN  HYDROMORPHO- 
LOGY. 

Moskovskii  Inst.  Inzhenerov  Zheleznodorozhnogo 
Transporta  (USSR). 
Y.  V.  Pissarev. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville. 
VA.  1989.  p  278-284,  3  tab. 

Descriptors:  'Channel  morphology,  'Geomorpho- 
logy,  *Rainfall-runoff  relationships,  'Rivers, 
•Model  studies,  Mathematical  studies,  Stochastic 
process,  Hydrographs,  River  flow,  Runoff,  River 
beds,  Probabilistic  process. 

Randomness  was  considered  in  methods  for  study- 
ing river  flow  and  morphology.  The  stochastic 
process  was  applied  for  design  purposes.  The  cal- 
culation included  three  basic  parts:  (1)  stochastic- 
modeling  of  the  long-term  river  runoff  hydrograph 
with  corresponding  distribution  of  the  discharge 
probabilities;  (2)  determinate-use  of  the  long-term 
runoff  hydrograph  for  calculations  of  hydraulic 
and  morphologic  characteristics,  i.e.,  a  one-dimen- 
sional or  a  two-dimensional  problem  is  solved;  (3) 
statistical-processing  of  the  sequence  of  occur- 
rence of  the  characteristics  calculated  using  statisti- 
cal methods  and  probability  theory.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05652 


PAVEMENT  DRAINAGE  DESIGN  USING  YEN 
AND  CHOW  RAINFALL. 


Old  Dominion  Univ.,  Norfolk,  VA.  Dept.  of  Civil 
Engineering. 
A.  O.  Akan. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  285-291,  3  fig,  1  tab,  4  ref. 

Descriptors:  'Urban  hydrology,  'Pavement  hy- 
draulics, *Rainfall-runoff  relationships,  'Runoff 
forecasting,  'Design  criteria,  'Highways,  'Drain- 
age engineering,  'Overland  flow,  Model  studies, 
Mathematical  studies,  Roads,  Impervious  surfaces, 
Kinematic  wave  model,  Rainfall  intensity,  Flood 
peak,  Precipitation,  Drains,  Storm  runoff. 

A  peak  discharge  chart  was  developed  using  a 
kinematic  wave  model  for  overland  and  gutter 
flow  components  of  a  pavement  drainage  process, 
the  concept  of  hydrologic  similarity,  and  the  Yen 
and  Chow  triangular  rainfall  distribution.  The  peak 
discharge  chart,  with  its  dimensionless  parameters, 
was  used  in  a  sample  application:  a  highway  in 
Norfolk,  Virginia,  with  a  width  of  32  ft  and  slope 
of  0.03.  The  gutter  was  600  ft  long  with  a  longitu- 
dinal slope  of  0.005.  A  chart  of  average  rainfall 
intensity  versus  rainfall  duration  showed  curves  for 
return  periods  of  2,  10,  and  50  years.  At  the  10- 
year  return  period,  the  maximum  peak  discharge 
was  3.4  cfs,  produced  by  a  design  rainfall  of  15  min 
and  5  in/hr  average  intensity.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05653 


SURFACE  RUNOFF  FROM  TURFED  AREA  IN 
THE  TROPICS. 

Nanyang  Technological  Inst.,  Singapore.  School 
of  Civil  and  Structural  Engineering. 
Y.  M.  Chiew,  and  S.  K.  Tan. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  292-298,  3  fig,  1  tab,  5  ref. 

Descriptors:  'Rainfall-runoff  relationships, 
•Runoff,  'Tropical  regions,  'Overland  flow,  'Sur- 
face runoff,  Turf  grasses,  Grasses,  Infiltration, 
Mannings  equation,  Roughness  coefficient,  Hy- 
draulic roughness,  Precipitation,  Hydrographs, 
Rainfall  intensity,  Vegetation,  Singapore. 

Surface  runoff  from  two  turfed  slopes  in  Singapore 
was  studied  to  establish  data  for  tropical  regions. 
Experimental  plots  A  and  B  had  the  following 
characteristics,  respectively:  average  slope,  0.5  and 
0.35;  paved  area  of  catchment,  238  and  zero  sq  m; 
turfed  area  of  catchment,  1017  and  2056  sq  mj 
vegetation,  sparse  and  thick  grass;  soil  porosity,' 
both  49%.  The  sparse  and  coarse  grass  on  plot  A 
allowed  the  runoff  to  flow  with  less  interference  as 
compared  with  the  thick  grass  of  plot  B.  In  plot  A 
runoff  from  trimmed  and  untrimmed  grass  were 
compared.  The  untrimmed  grass,  which  allowed 
some  infiltration,  had  10%  less  runoff  than  the 
trimmed  grass,  where  the  water  tended  to  flow 
over  the  surface.  Mannings  numbers  for  the  plots 
varied  between  0.079  to  0.114  (mean,  0.94)  for  a 
flow  depth  of  7  to  16  mm.  The  ratio  of  runoff 
volume  over  total  rainfall  was  plotted  as  a  function 
of  rainfall  intensity.  This  ratio  increased  rapidly 
with  increase  in  rainfall  intensity  until  a  maximum 
at  5  mm/hr.  Thereafter,  it  decreased  until  a  con- 
stant was  reached  at  50  mm/hr.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05654 


APPLICABILITY  OF  MANNING'S  N  VALUES 
FOR  SHALLOW  OVERLAND  FLOW. 

Agricultural    Research    Service,    Beltsville,    MD. 
Hydrology  Lab. 
E.  T.  Engman. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  299-308,  2  fig,  1  tab,  19  ref. 

Descriptors:  'Rainfall-runoff  relationships,  'Man- 
nings equation,  'Runoff,  'Overland  flow,  Rough- 


ness coefficient,    Hydraulic   roughness,   Sediment 
transport,  Shallow  water,  Channel  flow,  Friction. 

Hydraulic  roughness  coefficients  were  derived 
from  runoff  plot  data  involving  different  agricul- 
tural and  natural  surfaces  by  applying  constant 
rainfall  rates  from  rainfall  simulators.  The  derived 
roughness  coefficient  included  the  effect  of  rain- 
drop impact;  the  effect  of  channelization  of  flow; 
the  effects  of  obstacles  such  as  litter,  crop  ridges,' 
rocks,  and  tillage  roughness;  the  fractional  drag 
over  the  surface;  and  the  erosion  and  transport  of 
sediment.  Manning's  n  values  were  calculated  by 
kinematic  wave  analysis  and  by  storage  volume 
analysis.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05655 


ARTIFICIAL  RAINFALL  FOR  PAVEMENT 
RUNOFF  STUDIES. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Civil  Engineering. 
J.  R.  Reed,  and  D.  F.  Kibler. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville. 
VA.  1989.  p  309-318,  4  fig,  2  tab,  11  ref.  U.s! 
Federal  Highway  Administration  Contract 
DTFH61-80-C-00049. 

Descriptors:  'Data  acquisition,  'Pavement  hydrau- 
lics, 'Roads,  'Hydroplaning,  'Simulated  rainfall, 
'Precipitation,  'Rainfall  simulators,  'Runoff,  Data 
collections,   Impervious  surfaces,  Surface  runoff. 

Inexpensive,  portable  rainfall  simulation  equipment 
was  developed  for  studies  aimed  at  measuring 
runoff  depths  associated  with  hydroplaning  on 
roads.  The  system  provides  a  uniform  rain  of  given 
intensity  on  an  area  of  15  ft  x  30  ft.  It  consists  of 
two  modules,  each  15  x  15  ft,  in  order  to  span  one 
or  two  lanes  of  a  12-ft  wide  road.  The  corner  of 
each  module  is  a  metal  tripod  which  supports 
metal  piping  leading  to  a  spray-up  nozzle  (Rainbird 
1800  quarter-circle),  which  is  preceded  by  a  pres- 
sure gage,  pressure  regulator,  gate  valve,  and  bleed 
valve.  The  nozzles  can  be  placed  at  heights  be- 
tween 4  and  6  ft.  The  swivel  pads  on  the  tripod 
legs  allow  levelling  on  a  sloping  surface.  Control 
of  drop  size  was  not  incorporated  into  the  equip- 
ment. The  simulator  was  used  outdoors  on  high- 
ways and  indoors  on  a  permanent  pavement  test 
area.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05656 


RESISTANCE  TO  RAINFALL-RUNOFF  ON  A 
TEXTURED  SURFACE. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Civil  Engineering. 

J.  R.  Reed,  D.  F.  Kibler,  and  G.  A.  Krallis. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  319-324,  1  fig,  6  ref.  U.S.  Federal 
Aviation  Administration  Contract  N68335-86-C- 
1131. 

Descriptors:  'Hydroplaning,  'Runways,  'Pave- 
ment hydraulics,  'Laminar  flow,  'Rainfall-runoff 
relationships,  'Runoff,  'Mannings  equation,  Pre- 
cipitation, Surface  flow,  Surface  runoff,  Roads, 
Impervious  surfaces,  Roughness  coefficient,  Hy- 
draulic roughness. 

Experiments  aimed  at  predicting  sheet  flow  runoff 
depths  on  pavement  were  conducted  on  a  concrete 
surface  sloping  at  1.5%  and  having  a  mean  texture 
depth  of  0.02 1 5  in.  The  surface  was  subjected  to 
rainfall  intensities  of  1.0  and  2.5  in  per  hour.  Re- 
sulting runoff  depths  measured  remotely  by  pres- 
sure transducer  at  six  downstream  locations  ranged 
between  0.03  and  0.09  in.  Manning's  n  values  were 
inversely  and  nonlinearly  proportional  to  the 
runoff  depth.  Values  of  n  were  0.24  to  0.65,  much 
greater  than  typical  values  of  relative  roughnesses 
on  a  Moody  diagram  for  pipe  flow  where  a  maxi- 
mum relative  roughness  value  of  0.05  extends  from 
the  completely  rough  flow  range  almost  into  the 
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laminar  flow  range.  (See  also  W90-05621)  (Cassar- 

PTT) 

W90-05657 


PREDICTING    STREAM    VELOCITIES    IN    A 
NAVIGATION  CHANNEL. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05659 


MANNING'S     EQUATION     AND    VELOCITY 
DISTRIBUTION  IN  OPEN  CHANNELS. 

Pittsburgh  Univ.,  PA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05660 

DIRECT    APPLICABnJTY    OF   THE   CHEZY 
FORMULA  TO  NATURAL  CHANNELS. 

Polish  Academy  of  Sciences,   Warsaw.   Inst,  of 

Geophysics. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05661 


CHANNEL  RESISTANCE  AT  THE  SIDE-WEIR 
LOCATION  IN  OPEN  CHANNEL  FLOW. 

Technical  Univ.  of  Istanbul  (Turkey).   Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05663 

ESTIMATION  OF  MANNING'S  ROUGHNESS 
COEFFICIENT  IN  ALLUVIAL  STREAMS. 

Queen's  Univ.,  Belfast  (Northern  Ireland).  Dept.  of 

Agriculture  for  Northern  Ireland. 

For  primary  bibliographic  entry  see  Field  8B. 

W9O-05664 

NONLINEAR  RESISTANCE  RELATIONSHD7S 
FOR  ALLUVIAL  CHANNELS. 

Interstate    Commission    on    the    Potomac    River 

Basin,  Rockville,  MD. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05665 

ALLUVIAL  STREAM  HYDRAULIC  RESIST- 
ANCE IN  THE  PRESENCE  OF  FILTRATION. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Vodnykh 
Problem. 

V.  K.  Debolsky,  and  D.  O.  Gubeladze. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  400-409,  2  fig,  1  tab,  8  ref. 

Descriptors:  *Streamflow,  'Hydraulics,  *Alluvial 
channels,  'Channel  flow,  'Hydraulic  friction,  Fil- 
tration, Sediments,  Bed  load,  Reynolds  number, 
Storm  seepage,  Flow  velocity,  Velocity  distribu- 
tion, Permeability,  Mathematical  studies, 
Streambeds. 

The  subsurface  flow  beneath  alluvial  river  beds 
and  its  influence  on  hydraulic  resistance  was  stud- 
ied. The  main  flow  velocities  were  measured  at 
different  ground  permeability  characteristics.  Data 
showed  that  the  main  flow  velocity  distribution 
was  described  by  a  power  law  with  a  variable 
exponent  dependent  on  ground  permeability  char- 
acteristics and  flow  parameters.  The  flow  immedi- 
ately under  the  ground  surface  of  the  main  flow 
had  a  velocity  greater  than  the  filtration  velocity. 
The  dimensionless  complex  analogous  to  the  Reyn- 
olds number,  which  takes  into  account  ground 
filtration  characteristics,  allowed  generalization  of 
data  on  hydraulic  resistance.  However,  at  flow 
velocities  near  to  the  critical  values,  hydraulic 
resistance  coefficients  of  the  streams  were  not  uni- 
form. (See  also  W90-05621)  (Cassar-PTT) 
W90-05666 

SAND-BED  CHANNEL  HYDRAULIC  RESIST- 
ANCE ESTIMATION. 

People's  Friendship  Univ.,  Moscow  (USSR). 


For  primary  bibliographic  entry  see  Field  8B. 
W90-05668 

DIMENSIONLESS  MANNING-TYPE  EQUA- 
TION. 

Cincinnati  Univ.,  OH. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05671 

GENERALIZED  FORMULA  FOR  THE  CHEZY 
COEFFICIENT  FOR  THE  RIVER  FLOW. 

Moskovskii  Inst.  Inzhenerov  Zheleznodorozhnogo 
Transport*  (USSR).  „.,..« 

For  primary  bibliographic  entry  see  Field  8B. 
W90-05672 

BACKWATER  COMPUTATION  OF  NATURAL 
RIVERS  WITH  EXTREME  BANK  OR  FLOOD- 
PLAIN  ROUGHNESS. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 
Lehrstuhl  fuer  Wasserbau  und  Wasserwirtschaft 
und  Inst,  fuer  Wasserbau. 
E.  Ritterbach,  and  G.  Rouve. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  468-477,  7  fig,  2  tab,  8  ref. 

Descriptors:  'Backwater,  'Flood  hydraulics, 
'River  flow,  'Flood  forecasting,  'Flood  plains, 
Banks,  Shear  stress,  Turbulent  flow,  Flow  resist- 
ance, Roughness  coefficient,  Backwater  effect,  Hy- 
draulic roughness,  Model  studies,  Mathematical 
studies,  Water  depth,  Flood  protection,  Vegeta- 
tion, Sieg  River,  Wupper  River,  West  Germany. 

A  one-dimensional  model  (ESNA)  was  developed 
for  predicting  water  surface  elevation  in  natural 
rivers  with  trees  and  bushes  on  the  banks  and  flood 
plains.  The  model  divided  each  river  cross  section 
into  several  subsections,  regarding  the  turbulent 
shear  stresses  as  apparent  wall  shear  stresses.  The 
model  was  applied  first  to  a  7-km  stretch  of  a 
natural  plain-country  river,  Sieg,  in  West  Germa- 
ny. Prediction  of  a  flood  event  was  within  3  cm 
(1.1%)  of  measured  water  levels.  The  model  was 
calibrated  with  data  collected  on  a  75-km  stretch 
of  the  extremely  heterogeneous  river  Wupper  in 
the  hill  country,  dividing  the  river  into  1000  cross 
sections.  Agreement  between  calculated  and  meas- 
ured data  was  very  good.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05673 

EXAMINATION  OF  STAGE-DISCHARGE  RE- 
LATIONSHIPS OF  COMPOUND/COMPOSITE 
CHANNELS. 

WEST  Consultants,  Inc.,  San  Diego,  CA. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05674 

MODEL-PROTOTYPE  COMPARISONS  OF 
BOUNDARY  RESISTANCE  IN  A  TWO  STAGE 
CHANNEL. 

Queen's  Univ.,  Belfast  (Northern  Ireland). 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05675 

MOMENTUM  TRANSFER  IN  COMPOUND 
CHANNELS. 

University   of  the   Witwatersrand,   Johannesburg 
(South  Africa).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05676 

COMPOUND  CHANNEL  FROUDE  NUMBER 
FOR     MANNING'S     N     VARIABLE     WITH 

DEPTH,  o  u     ,     *  n  -i 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05677 

MANNING'S  N  OF  COMPOSITE  ROUGHNESS 
IN  CHANNELS  OF  SIMPLE  CROSS-SECTION. 


Streamflow  and  Runoff— Group  2E 

City  Univ.,  London  (England).  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-05678 


EFFECTS  OF  ASPECT  RATIO  AND  SIDE- 
WALL  ROUGHNESS  ON  VELOCITY  DISTRI- 
BUTION AND  RESISTANCE  COEFFICIENT  IN 
RECTANGULAR  OPEN  CHANNELS. 

Tsinghua  Univ.,  Beijing  (China).  Dept.  of  Hydrau- 
lic Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-05679 


EFFECTS  OF  AN  ICE  COVER  ON  THE  COM- 
POSITE VALUE  OF  MANNING'S  N. 

Michigan  Technological  Univ.,  Houghton.  Dept. 
of  Civil  and  Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  2C. 
W90-05680 

REPLACING  THE  HYDRAULIC  RADIUS  IN 
MANNINGS  FORMULA. 

Florida  Univ.,  Gainesville.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-05681 


PHYSICALLY  BASED  MODEL  FOR  DETER- 
MINING FLOW  RESISTANCE  AND  VELOCI- 
TY PROFILES  IN  VEGETATED  CHANNELS. 

Waterloo  Univ.   (Ontario).   Dept.  of  Mechanical 

Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05682 


DETERMINATION  OF  MANNING'S  N  AND 
FRICTION  FACTOR  IN  VEGETATED  WATER- 
WAYS. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  ot 

Water  Resources  Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05684 


FACTORS  AFFECTING  ROUGHNESS  COEFFI- 
CIENT IN  VEGETATED  CHANNELS. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05685 


HYDRAULICS  RESEARCH  IN  MOUNTAIN 
RrVERS. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05686 

STUDY  ON  THE  MANNING'S  ROUGHNESS 
COEFFICIENT  OF  STEEP  MOUNTAINOUS 
STREAMS  IN  TAIWAN. 

National  Chunghsing  Univ.,  Taichung  (Taiwan). 
Graduate  Inst,  of  Soil  and  Water  Conservation. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05687 

FROUDE  NUMBER  IN  THE  EVALUATION  OF 
THE  FRICTION  FACTOR  IN  THE  NATURAL 
RTVERS. 

Universita  di   Reggio  Calabria,   Cosenza  (Italy). 

Dipt,  di  Difesa  del  Suolo. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05688 


MANNING'S  N  IN  GRAVEL  BED  RIVERS. 

Pahlavi  Univ.,  Shiraz  (Iran).  Dept.  of  Irrigation. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05689 


RIFFLE-POOL  FORMATIONS  IN  NORTHERN 
IRELAND  RTVERS. 

Department  of  Agriculture  for  Northern  Ireland, 
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Belfast. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05690 


COMPARISON  OF  VELOCITY  MEASURE- 
MENTS IN  STRAIGHT,  SINGLE  MEANDER 
AND  MULTIPLE  MEANDER  COMPOUND 
CHANNELS. 

University  Coll.,  Cork  (Ireland).   Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05691 


COMPARISON  OF  TURBULENCE  MEASURE- 
MENTS IN  STRAIGHT,  SINGLE  MEANDER 
AND  MULTIPLE  MEANDER  COMPOUND 
CHANNELS. 

University  Coll.,  Cork  (Ireland).   Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05692 


EFFECTS   OF   DIFFERENTLY   SHAPED   OB- 
STACLES ON  A  RAPID  STREAM  EXPANSION. 

Basilicata  Univ.,  Potenza  (Italy).  Inst,  of  Hydrau- 
lics and  Hydraulic  Construction. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05694 


FRICTIONAL  RESISTANCE  TREATMENT  IN 
UNSTEADY  OPEN-CHANNEL  FLOW  SIMU- 
LATION. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05695 


FLOOD  ROUTING  MODELS  AND  THE  MAN- 
NING N. 

National  Weather  Service,  Silver  Spring,  MD.  Hy- 

drologic  Research  Lab. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05696 


ESTIMATION  OF  THE  MANNTNG- 
STRICKLER  ROUGHNESS  COEFFICIENT  IN 
SAINT- VENANT  EQUATIONS. 

Laboratoire     National     d'Hydraulique,     Chatou 

(France). 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05697 


TWO-DIMENSIONAL    HIGH    SPEED    OPEN 
CHANNEL  FLOW  FRICTION  EFFECTS. 

Demokritos   Univ.   of  Thrace,   Xanthi   (Greece). 

Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05699 


TRANSIENT     CHANNEL     FLOW     ROUTING 
USING  FIXED-POINT  ITERATION  METHOD. 

Institute  of  Technology,  Baghdad  (Iraq).  Dept.  of 

Irrigation. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05700 


GENERAL  APPROACH  TO  SIMPLIFIED 
LINEAR  ST.  VENANT  MODELS. 

Polish  Academy  of  Sciences,  Warsaw.  Inst,  of 
Geophysics. 

W.  G.  Strupczewski,  and  R.  J.  Romanowicz. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  749-758,  9  ref. 

Descriptors:  •Flood  routing,  *Open-channel  flow, 
•Channel  flow,  'Flood  flow,  •Streamflow,  'Model 
studies,  Mathematical  studies,  St  Venant  equation, 
Unit  hydrographs,  Uniform  flow,  Unsteady  flow.' 

The  substitution  rules  for  the  formulation  of  simpli- 
fied floodrouting  models  derived  from  the  linear- 


ized St.  Venant  equation  for  the  case  of  a  uniform 
open  channel  with  an  arbitrary  cross  section  and 
friction  law  are  given.  The  characteristic  equation 
for  deriving  the  cumulants  of  the  IUH  is  used, 
which  is  applicable  when  one  boundary  condition 
is  active.  The  paper  method  for  evaluation  of  cu- 
mulants which  allows  one  to  formulate  the  substi- 
tution rules  for  the  second  order  derivatives  of  the 
linearized  St.  Venant  equation  under  the  conditions 
of  cumulants  equivalence  is  introduced.  Depending 
on  the  number  of  equivalent  cumulants,  three  class- 
es of  approximating  based  on  St.  Venant  equation 
models  are  distinguished;  all  having  the  simplest 
possible  structure.  The  families  of  simplified 
models  belonging  to  each  class  were  derived  using 
the  substitution  rules.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05701 


STUDY  ON  THE  LINEARIZED  ANALYTICAL 
AND  NUMERICAL  SOLUTION  FOR  UN- 
STEADY OPEN  CHANNEL  FLOW. 

Tamkang  Univ.,  Taipei  (Taiwan).  Dept.  of  Water 
Resources  and  Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05702 


UNCERTAINTY  ON  TRAVEL  TIME  IN  KINE- 
MATIC WAVE  CHANNEL  ROUTING. 

Wyoming  Water  Research  Center,  Laramie. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05703 


OPEN   CHANNEL   FLOW   IDENTIFICATION 
CASE  STUDIES. 

Rijkswaterstaat-Deltadienst,      Rijswijk      (Nether- 
lands). Data  Processing  Div. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05704 


POWER  LAW  OF  FLOW  RESISTANCE  IN 
OPEN  CHANNELS,  MANNING'S  FORMULA 
REVISITED. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05708 


MANNING  FORMULA  IN  CONTEXT. 

University    Coll.,    Dublin    (Ireland).    Centre    for 

Water  Resources  Research. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05709 


RUNOFF    CURVE    NUMBERS.    THE    NEXT 
STEP. 

Soil  Conservation  Service,  Washington,  DC.  Engi- 
neering Div. 

For  primary  bibliographic  entry  see  Field  2A. 
W90-05711 


ASSESSMENT  OF  STREAM  ACIDIFICATION 
IN  THE  CATSKILL  MOUNTAINS  OF  NEW 
YORK. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05734 


FLOOD  BOUNDARIES  AND  WATER-SUR- 
FACE PROFILE  FOR  THE  COMPUTED  100- 
YEAR  FLOOD,  SWIFT  CREEK  AT  AFTON, 
WYOMING,  1986. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

J.  G.  Rank],  and  J.  C.  Wallace. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations   Report    88-4064, 
1989.  2p,  27  fig,  1  tab,  1  map,  7  ref. 

Descriptors:  'Wyoming,  'Surface  water,  'Maps, 
•Swift  Creek,  'Flood  flow,  'Flood  peak.  Flood 
plains,  Streamflow. 

Flood  flows  on  Swift  Creek  near  Afton,  Wyoming, 
were  analyzed.  Peak  discharge  with  an  average 


recurrence  interval  of  100  years  was  computed  and 
used  to  determine  the  flood  boundaries  and  water 
surface  profile  in  the  study  reach.  The  study  was 
done  in  cooperation  with  Lincoln  County  and  the 
Town  of  Afton  to  determine  the  extent  of  flooding 
in  the  Town  of  Afton  from  a  100-year  flood  on 
Swift  Creek.  The  reach  of  Swift  Creek  considered 
in  the  analysis  extends  upstream  from  the  culvert 
at  Allred  County  Road  No.  12-135  to  the  US 
Geological  Survey  streamfiow-gaging  station  lo- 
cated in  the  Bridger  National  Forest,  a  distance  of 
3.2  miles.  Boundaries  of  the  100-year  flood  are 
delineated  on  a  map  using  the  computed  elevation 
of  the  flood  at  each  cross  section,  survey  data,  and 
a  1983  aerial  photograph.  The  computed  water 
surface  elevation  for  the  100-year  flood  was  plot- 
ted at  each  cross  section,  then  the  lateral  extent  of 
the  flood  was  transferred  to  the  flood  map.  Bound- 
aries between  cross  sections  were  sketched  using 
information  taken  from  the  aerial  photograph. 
Areas  that  are  inundated,  but  not  part  of  the  active 
flow,  are  designated  on  the  cross  sections.  (Lantz- 
PTT) 
W90-05743 


NATIONAL  RESEARCH  PROGRAM  OF  THE 
WATER  RESOURCES  DIVISION,  U.S.  GEO- 
LOGICAL SURVEY,  FISCAL  YEAR  1988. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For   primary   bibliographic   entry  see   Field   9D 

W90-05744 


ALUMINIUM  DIS-EQUILIBRIUM  SOLUBILI- 
TY CONTROLS  IN  SCOTTISH  ACIDIC 
CATCHMENTS. 

Macaulay   Land    Use    Research    Inst.,    Aberdeen 

(Scotland). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05836 


LINEAR  FLOOD  ROUTING  MODEL  FOR 
RAPID  FLOW. 

Polish  Academy  of  Sciences,   Warsaw.    Inst,   of 

Geophysics. 

W.  G.  Strupczewski,  and  J.  J.  Napiorkowski. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 

No.   1,  p  49-64,  February   1990.  6  fig,   10  ref,  2 

append. 

Descriptors:  'Flood  forecasting,  'Flood  routing, 
•Flow  models,  'Model  studies,  'Rainfall-runoff  re- 
lationships, 'Streamflow,  Froude  number,  Rapid 
flow  model,  St  Venant  equation. 

The  linear  flood  routing  model  presented  was  de- 
rived from  the  linearized  St.  Venant  equation  for 
the  case  of  a  uniform  open  channel  with  arbitrary 
cross-sectional  shape  and  friction  law.  In  order  to 
filter  out  the  downstream  boundary  condition  the 
kinematic  wave  solution  was  used  to  approximate 
the  diffusion  term  in  the  St.  Venant  equation.  The 
hydrodynamic  model  obtained  is  called  the  rapid 
flow  model  (RFM).  It  provides  the  exact  solution 
for  a  Froude  number  equal  to  one.  Such  character- 
istics of  the  RFM  impulse  response  as  cumulants, 
amplitude  and  phase  spectra  are  analyzed,  and  then 
compared  with  those  of  the  complete  linearized  St. 
Venant  equations  for  different  reach  lengths, 
values  of  Froude  number  and  frequencies  of  flood 
waves.  The  RFM  can  be  applied  for  mountainous 
rivers  that  have  large  Froude  numbers  and  both 
quick  and  slow  rising  waves.  (Author's  abstract) 
W90-05838 


WHAT  IS  THE  DISTRIBUTED  DELAYED 
MUSKINGUM  MODEL. 

Polish   Academy  of  Sciences,   Warsaw.   Inst,   of 

Geophysics. 

W.  G.  Strupczewski,  and  J.  J.  Napiorkowski. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 

No.  1,  p  65-78,  February  1990.  4  fig,  12  ref. 

Descriptors:  'Flood  forecasting,  'Flood  routing, 
•Flow  models,  'Model  studies,  'Rainfall-runoff  re- 
lationships, 'Streamflow,  Froude  number,  Muskin- 
gum model,  Rapid  flow  model,  St  Venant  equa- 
tion. 
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A  gap  between  hydrodynamic  modeling  and  con- 
ceptual modeling  of  flood  routing  has  been  filled 
by  the  introduction  of  conceptual  elements.  The 
conceptual  model  gives  results  equivalent  to  those 
of  the  complete  linearized  Saint  Venant  equations 
for  Froude  number  equal  to  one  and  approximately 
so  in  that  vicinity.  It  has  been  applied  to  the  case  of 
a  uniform  open  channel  with  arbitrary  cross  sec- 
tion and  friction  law.  Pure  lag  has  been  introduced 
to  the  Muskingum  model  and  then  such  models 
with  physically  based  parameters  have  been  cou- 
pled in  series  forming  a  multiple  delayed  Muskin- 
gum model.  The  asymptotic  case,  for  a  fimte  river 
reach,  when  the  number  of  submodels  tends  to 
infinity,  gives  the  distributed  delayed  Muskingum 
model.  Further,  this  model  is  a  particular  solution 
of  the  complete  linearized  Saint  Venant  equations 
known  as  the  rapid  flow  model.  The  model  not 
only  originates  from  conceptual  elements  but  its 
impulse  response  has  a  clear  conceptual  interpreta- 
tion. (Author's  abstract) 
W90-05839 

COMPARISON  OF  PARAMETRIC  AND  NON- 
PARAMETRIC  METHODS  FOR  RUNOFF 
FORECASTING. 

Centro  di  Ricerca  Idraulica  e  Strutturale,  Milan 
(Italy). 

Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 
No.  1,  p  79-94,  February  1990.  7  fig,  3  tab,  16  ref. 

Descriptors:  *Hydrologic  models,  'Italy,  *Model 
studies,  'Mountain  streams,  'Parametric  hydrolo- 
gy, 'Rainfall-runoff  relationships,  'Runoff  fore- 
casting, Autoregressive  models,  Hydroelectric 
power,  Nearest  neighbor  method,  Snowmelt, 
Stream  discharge. 

The  performance  of  a  non-parametric  scheme,  the 
nearest  neighbor  (NN)  method,  in  predicting  the 
daily  mean  discharge  in  a  mountain  basin  supply- 
ing a  hydroelectric  reservoir  in  northeastern  Italy 
were  evaluated.  The  results  were  compared  with 
those  of  an  autoregressive  model  with  exogenous 
input,  coupled  with  a  previously  developed  snow 
cover  evolution,  model.  Both  methods  give  good 
performances,  but  the  NN  prediction  requires  a 
much  simpler  simulation  structure.  In  the  case 
investigated,  for  example,  the  snowpack  accumula- 
tion-melting model  can  be  completely  eliminated. 
This  greater  simplification  assumes  considerable 
importance  in  Electric  Load  Distribution  Institutes 
of  the  Italian  National  Electricity  Board,  where 
many  hydroelectric  basins  are  managed  every  day. 
(Author's  abstract) 
W90-05840 


DECISION  MAKING  FOR  MULTIPLE  UTILI- 
ZATION OF  WATER  RESOURCES  IN  NEW 
ZEALAND. 

Otago  Univ.,  Dunedin  (New  Zealand).  Dept.  of 

Geography. 

For  primary  bibliographic  entry  see  Field  6A. 

W90-05862 

NEW  PRACTICAL  AID  TO  REGIONAL  HY- 
DROGEOLOGIC  PLANNING:  THE  RUNOFF 
COEFFICIENT  MAP. 

Siena  Univ.  (Italy).  Dipt,  di  Scienze  delle  Terra. 
P.  Barazzuoli,  S.  Izzo,  P.  Menicori,  M. 
Micheluccini,  and  M.  Salleolini. 
Environmental  Management  EMNGDC,  Vol.  13, 
No.  5,  p  613-622,  September/October  1989.  3  fig,  5 
tab,  10  ref. 

Descriptors:  'Geohydrology,  'Rainfall-runoff  rela- 
tionships, 'Runoff,  'Runoff  forecasting,  Mapping, 
Permeability,  Regional  planning,  Slopes,  Vegeta- 
tion, Watersheds. 

Water-budget  estimation  was  studied  in  particular- 
ly indeterminate  conditions,  in  which  absence  or 
insufficiency  of  hydrographic  instrumentation  pre- 
vents the  adequate  evaluation  of  runoff.  Tech- 
niques were  developed  based  on  the  method  of 
Kennessey,  in  which  the  runoff  coefficient  of  a 
watershed  in  estimated  using  three  physiographic 
variables  (slope  angle,  permeability,  and  vegetation 
cover)  and  a  parameter  that  defines  the  climatic 


conditions  of  the  local  area.  Comparison  of  the 
Kennessey  method  with  instrumental  records  from 
a  wide  variety  of  instrumented  drainage  basins  in 
central  Italy  shows  that  the  method  provides  reli- 
able estimates  of  runoff.  The  analysis  also  indicates 
the  best  criteria  for  its  application.  This  research 
enables  a  new  application  of  the  method,  namely 
the  runoff  coefficient  map,  which,  in  addition  to  its 
specific  usefulness  for  the  evaluation  of  runoff,  has 
three  advantages.  First,  it  supplies  a  more  realistic 
vision  of  the  local  distribution  of  runoff/rainfall 
ratios;  second  it  allows  the  spatial  constraints  im- 
posed by  the  narrow  frame  of  reference  represent- 
ed by  the  watershed  to  be  overcome;  and  third,  it 
makes  an  important  contribution  to  the  solution  of 
other  hydrogeological  problems,  such  as  the  eval- 
uation of  the  amount  of  water  required  for  ade- 
quate recharge  of  the  intake  areas  of  deep  aquifers 
or  the  maintenance  of  geothermal  processes. 
Hence,  this  mapping  technique  is  proposed  as  a 
valuable  practical  aid  to  regional  hydrogeologic 
planning.  (Author's  abstract) 
W90-05864 

DEVELOPMENT  OF  A  MIXED  SOLUTION 
TECHNIQUE  FOR  A  DYNAMIC  RIVER  QUAL- 
ITY MODEL. 

Salford  Univ.  (England).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05870 

SELECTIVE  LUMPING  EFFECTS  ON  DEPTH- 
INTEGRATED  FINITE  ELEMENT  MODEL  OF 
CHANNEL  FLOW. 

Mississippi  Univ.,  University.  Dept.  of  Mechanical 

Engineering. 

J.  Yue. 

Advances  in  Water  Resources  AWREDI,  Vol.  12, 

No.  2,  p74-78,  June  1989.  6  fig,  7  ref. 

Descriptors:  'Channel  flow,  'Finite  element 
method,  'Mathematical  models,  'Water  depth, 
Channels,  Computer  models,  Eddies,  Hydraulic 
engineering,  Numerical  analysis. 

The  depth-integrated  finite  element  model  for 
water  flow  was  derived  from  the  three-dimensional 
Navier-Stokes  equation  by  integrating  and  taking 
an  average  along  water  depth.  Because  it  is  much 
simpler  than  a  three-dimensional  model  and  saves 
computing  time,  it  has  been  widely  applied  to 
many  engineering  problems,  especially  the  shallow 
water  current  and  wave  motion  in  coastal  regions. 
In  applying  the  depth-integrated  finite  element 
model  to  solve  river  and  basin  water  flow  prob- 
lems, matrix  lumping  techniques  are  widely  em- 
ployed for  the  benefits  of  eliminating  matrix  in- 
verse and  economizing  computing  time.  The  possi- 
ble effects  introduced  by  lumping  simplification 
cause  concern  in  engineering  applications.  A  nu- 
merical simulation  of  straight  channel  flow  pro- 
vides a  method  of  comparing  lumped  model  results 
with  unlumped  model  results  to  investigate  the 
effects  introduced  by  the  lumping  scheme.  These 
effects  include  the  influence  of  the  selective  lump- 
ing parameter  on  stability,  numerical  damping, 
Chezy  coefficient,  and  eddy  viscosity.  Results  of 
the  comparison  indicate  that  the  lumping  scheme 
not  only  simplifies  solution  procedure  and  saves 
computing  time,  but  also  improves  stability.  The 
numerical  damping  effect  is  negligible  for  a  large 
range  of  lumping  parameters,  and  the  simple  lump- 
ing scheme  gives  a  better  simulation  of  the  theoret- 
ical solution  than  the  unlumped  model.  (Tappert- 
PTT) 
W90-05885 


For  primary  bibliographic  entry  see  Field  5B. 
W90-05926 


RELATIONSHIP  BETWEEN  BODY  LENGTH 
PARAMETERS  AND  DRY  MASS  IN  RUNNING 
WATER  INVERTEBRATES. 

Konstanz   Univ.   (Germany,   F.R.).    Limnological 

Inst. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05922 

TRANSFORMATION  AND  LOSS  OF  NITRATE 
IN  AN  AGRICULTURAL  STREAM. 

Iowa  State  Univ.,  Ames.  Dept.  of  Botany. 


MICRO-BIOASSAY  FOR  EPILITHON  USING 
NUTRIENT-DIFFUSING  ARTIFICIAL  SUB- 
STRATA. 

Cincinnati  Univ.,  OH.  Dept.  of  Biological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-05931 

AUTOTROPHIC-HETEROTROPHIC  COMMU- 
NITY METABOLISM  RELATIONSHIPS  OF  A 
WOODLAND  STREAM. 

Central  Michigan  Univ.,  Mount  Pleasant.  Dept.  of 

Biology. 

D.  K.  King,  and  K.  W.  Cummins. 

Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 

No.  2,  p  205-218,  December  1989.  3  tab,  55  ref. 

Department      of     Energy      Grant      DE-AT06- 

79EV1004. 

Descriptors:  'Aquatic  productivity,  'Forest  eco- 
systems, 'Metabolism,  'Respiration,  'Stream  biota, 
Chamber  oxygen  method,  Forests,  Meadows, 
Michigan,  Riffles. 

Using  an  in  situ  chamber  oxygen  method  at  five 
first  through  third  order  stream  riffle  sites  in  Au- 
gusta Creek,  Michigan,  estimates  of  community 
metabolism  were  made  on  a  monthly  or  seasonal 
basis  (1973-1975).  Net  community  productivity 
ranged  from  -0.25  to  4.03  g  02/square  meter/day, 
community  respiration  from  0.24  to  3.67  g  02/ 
square  meter/day,  and  gross  community  produc- 
tivity from  0.09  to  5.35  g  02/square  meter/day. 
The  integrative  parameters  net  daily  metabolism 
ranged  from  -0.72  to  2.68  g  02/square  meter/day 
and  the  ratio  of  gross  community  productivity  to 
24  hour  community  respiration  ranged  from  0.017 
to  2.5  g  02/square  meter/day,  and  remained  rela- 
tively constant  at  each  site.  Most  parameters  were 
consistently  low  and  stable  at  first  order  sites, 
while  autotrophic  sites  differed  significantly.  The 
first  order  sites  were  heterotrophic  with  negative 
net  daily  metabolism.  The  meadow  second  order 
site  was  autotrophic  with  little  capacity  for  export, 
illustrated  by  low  net  daily  metabolism.  Both  third 
order  sites  (wooded  and  cleared)  were  autotrophic, 
but  the  cleared  site  had  a  higher  net  daily  metabo- 
lism. (See  also  W90-05933  and  W90-05934)  (Au- 
thor's abstract) 
W90-05932 


FACTORS  AFFECTING  AUTOTROPHIC-HE- 
TEROTROPHIC RELATIONSHIPS  OF  A 
WOODLAND  STREAM. 

Central  Michigan  Univ.,  Mount  Pleasant.  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05933 

ESTIMATES  OF  DETRITAL  AND  EPILITHON 
COMMUNITY  METABOLISM  FROM  PARTI- 
CLE-SIZED RIFFLE  SEDIMENTS  OF  A 
WOODLAND  STREAM. 

Central  Michigan  Univ.,  Mount  Pleasant.  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05934 


PLANARIANS  IN  TOXICOLOGY:  I.  PHYSIOL- 
OGY OF  SEXUAL-ONLY  DUGESIA  DOROTO- 
CEPHALA:  EFFECTS  OF  DIET  AND  POPULA- 
TION DENSITY  ON  ADULT  WEIGHT  AND 
COCOON  PRODUCTION. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Vet- 
erinary Biosciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05943 


SOURCES  AND  ROUTING  OF  THE  AMAZON 
RIVER  FLOOD  WAVE. 

Washington  Univ.,  Seattle.  School  of  Oceanogra- 
phy. 
J.  E.  Richey,  L.  A.  K.  Mertes,  T.  Dunne,  R.  L. 
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Field  2— WATER  CYCLE 
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Group  2E— Streamflow  and  Runoff 

Victoria,  and  B.  R.  Forsberg. 
Global  Biogeochemical  Cycles  GBCYEP   Vol   3 
No.  3,  p  191-204,  September  1989.  7  fig,  3  tab  43 
ref.     NSF     Grant     BSR-8 107522.     International 
Atomic  Energy  Agency  BRA/0/010-08. 

Descriptors:  'Amazon  River,  'Flood  discharge, 
•Flood  hydrographs,  'Flood  routing,  'Flood 
waves,  'Routing,  Flood  peak,  Flood  plains,  Model 
studies. 

The  sources  and  routing  of  the  Amazon  River 
flood  wave  was  examined  through  a  2000-km 
reach  of  the  main  channel,  between  Sao  Paulo  de 
Ohvenca  and  Obidos,  Brazil.  The  sampled  hydro- 
graph  of  the  main  stem  reflects  the  large  drainage 
basin  area,  the  3-mo  phase  lag  in  peak  flows  be- 
tween the  north  and  south  draining  tributaries  due 
to  seasonal  differences  in  precipitation,  and  the 
large  volume  of  water  stored  on  the  flood  plain. 
Several  aspects  of  the  valley  floor  hydrology  that 
are  important  for  biogeochemistry  were  examined, 
including  volumes  of  water  storage  in  the  channel 
and  the  flood  plain  and  the  rates  of  transfer  be- 
tween these  two  storage  elements  at  various  sea- 
sons and  in  each  segment  of  the  valley.  It  was 
estimated  that  up  to  30%  of  the  water  in  the  main 
stem  is  derived  from  water  that  has  passed  through 
the  flood  plain.  To  predict  the  discharge  at  any 
cross  section  within  the  study  reach,  the  Muskin- 
gum formula  was  used  to  predict  the  hydrography 
at  downriver  cross  sections  from  a  known  hydro- 
graph  at  upstream  cross-sections  and  inputs  and 
outputs  along  each  reach.  The  model  was  calibrat- 
ed using  three  years  of  data  and  was  successfully 
tested  against  an  additional  (■  yr  of  data.  With  this 
model  it  is  possible  to  interpolate  discharges  for 
unsampled  times  and  sites.  (Author's  abstract) 
W90-05949 


CONTINENTAL  SCALE  MODELS  OF  WATER 
BALANCE  AND  FLUVIAL  TRANSPORT:  AN 
APPLICATION  TO  SOUTH  AMERICA. 

New    Hampshire    Univ.,    Durham.    Inst,    for   the 

Study  of  Earth,  Oceans  and  Space. 

For  primary  bibliographic  entry  see  Field  2A 

W90-05951 


TWO-DIMENSIONAL    MIXING    IN    RIVERS 
WITH  UNSTEADY  POLLUTANT  SOURCE. 

Ryerson   Polytechnical   Inst.,  Toronto  (Ontario). 

Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05960 


SEASONAL  VARIATIONS  OF  WATER  CHEM- 
ISTRY IN  OLIGOTROPHIC  STREAMS  AND 
RIVERS  IN  KEJIMKUJTK  NATIONAL  PARK 
NOVA  SCOTIA. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia). 

For  primary  bibliographic  entry  see  Field  2K 

W90-05986 


River  is  a  moderately  colored  (dissolved  organic 
carbon  range  of  5-20  mg/L),  high  order  system 
(drainage  area  of  295  square  km)  and  has  been 
sampled  at  varying  intervals  since  1979.  Dissolved 
organic  carbon  concentrations  in  two  streams  of 
different  hydrologic  order  are  highly  variable  with 
the  higher  order  stream  exhibiting  approximately  a 
3  month  response  lag.  Seasonal  variation  of  S04 
concentration  and  flux  are  similar  in  both  streams 
and  do  not  reflect  the  seasonal  patterns  in  precipi- 
tation. The  basins  store  S04  from  May  to  Novem- 
ber and  lose  S04  from  December  to  April.  Conse- 
quently, S04  concentrations  and  flux  are  maximum 
during  January  to  March  and  reach  a  minimum 
during  July  to  September.  The  highly  organic 
lower  order  stream  exhibits  relatively  stable  pH 
controlled  by  two  competing  mechanisms.  The  pH 
is  dominated  by  organic  acids  during  the  summer 
and  autumn  and  by  mineral  acids  during  the  late 
winter  and  early  spring.  In  the  higher  order 
system,  the  pH  tends  to  be  inversely  related  to 
changes  in  S04  concentration.  These  observations 
suggest  that  organic  systems  do  respond  to  acidic 
deposition  but  that  in  some  systems  mineral  acid 
influence  may  be  restricted  to  the  winter  and 
spring.  (Mertz-PTT) 
W90-05989 


ECOLOGICAL  AND  PHYSIOLOGICAL  RE- 
SPONSES OF  ATLANTIC  SALMON  IN  ACIDIC 
ORGANIC  RIVERS  OF  NOVA  SCOTIA 
CANADA. 

Department  of  Fisheries  and  Oceans,  St.  Andrews 

(New  Brunswick).  Biological  Station. 

For  primary  bibliographic  entry  see  Field  2H 

W90-06007 


RELATIONSHIP  BETWEEN  ARCTIC  SEA-ICE 
ANOMALIES  AND  FLUCTUATIONS  IN 
NORTHERN  CANADIAN  AIR  TEMPERATURE 
AND  RIVER  DISCHARGE. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Mete- 
orology. 

For  primary  bibliographic  entry  see  Field  2C. 
W90-06012 


URBAN   STREAMS   AS   A   PLACE   TO   LIVE 
(STADTBACHE  ALS  LEBENSRAUM). 

Gesamthochschule  Essen  (Germany,  F.R.).  Inst. 

fuer  Oekologie. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-06021 


ANALYTICAL  PROBLEMS  ARISING  FROM 
THE  USE  OF  BROMIDE  AND  RHODAMINE 
WT  AS  CO-TRACERS  IN  STREAMS. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,    North    Ryde    (Australia).    Div.    of 

Coal  Technology. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-06083 


Shawnee  State  Univ.,  Portsmouth,  OH.   Div.  of 

Math/Science. 

For  primary  bibliographic  entry  see  Field  2H 

W90-06108 


WOOD    DYNAMICS     IN    COASTAL    PLAIN 
BLACKWATER  STREAMS. 

Alabama  Univ.,  University.  Aquatic  Biology  Pro- 
gram. 

For  primary  bibliographic  entry  see  Field  2H 
W90-06115 


RECYCLING  OF  ELEMENTS  TRANSPORTED 

UPSTREAM  BY  RUNS  OF  PACIFIC  SALMON 

I.  DELTA  15  N  AND  DELTA  13  C  EVIDENCE 

IN       SASHIN       CREEK,       SOUTHEASTERN 

ALASKA. 

Alaska  Univ.,  Fairbanks.  School  of  Fisheries  and 

Ocean  Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06119 


ENVIRONMENTAL  CHARACTERISTICS  OF 
AFFLUENTS  OF  THE  DOBCZYCE  RESER- 
VOIR (SOUTHERN  POLAND)  IN  THE  PREIM- 
POUNDMENT  PERIOD  (1983-1985):  2  PERI- 
PHYTON. 

Polish  Academy  of  Sciences,  Krakow.  Zaklad  Bio- 
logii  Wod. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06136 


ENVIRONMENTAL  CHARACTERISTICS  OF 
AFFLUENTS  OF  THE  DOBCZYCE  RESER- 
VOIR (SOUTHERN  POLAND)  IN  THE  PREIM- 
POUNDMENT  PERIOD  (1983-1985):  3.  ICHTH- 
YOFAUNA. 

Polish  Academy  of  Sciences,  Krakow.  Zaklad  Bio- 
logii  Wod. 

For  primary  bibliographic  entry  see  Field  2H 
W90-06137 


CILIATA  COMMUNITIES  IN  THE  MIDDLE 
SECTOR  OF  THE  RIVER  LYNA  (NORTH- 
EASTERN POLAND)  IN  CONDITIONS  OF 
NONPOINT  POLLUTION  INFLOW. 

Akademia  Rolniczo-Techniczna,  Olsztyn-Kortow 
(Poland).  Dept.  of  Water  and  Wastewater  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06139 


ECOLOGICAL  STUDIES  ON  ROTD7ERA  (AS- 
CHELMINTHES)  IN  THE  RIVER  TIGRIS 
ORAQ). 

Biological  Research  Center,  Baghdad  (Iraq).  Sec- 
tion of  Aquatic  Ecology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06140 


SEASONAL  PATTERNS  OF  MINERAL  AND 
ORGANIC  ACIDIFICATION  IN  TWO 
STREAMS  IN  SOUTHWESTERN  NOVA 
SCOTIA. 

Inland  Waters  Directorate,  Moncton  (New  Bruns- 
wick). Water  Quality  Branch. 
G.  D.  Howell. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol  46 
No.  1-4,  p  165-175,  July/August  1989.  8  fig,  1  tab! 
19  ref. 

Descriptors:  'Acid  rain,  'Acid  streams,  'Canada, 
•Chemical  properties,  'Organic  acids,  'Seasonal 
variation,  'Streams,  Acidity,  Color,  Hydrogen  ion 
concentration,  Kejimkujik  National  Park,  Nova 
Scotia,  Precipitation,  Sulfates,  Water  quality. 

Water  quality  data  was  examined  for  two  highly 
colored  streams  located  in  and  near  to  Kejimkujik 
National  Park,  in  southwestern  Nova  Scotia. 
Moose  Pit  Brook  is  a  small,  low  order  stream  with 
a  drainage  area  of  approximately  16.7  square  km 
and  dissolved  organic  carbon  concentrations  typi- 
cally in  the  range  of  7  to  40  mg/L.  This  stream  has 
been   sampled   weekly   since    1983.   The   Mersey 


WATER  QUALITY  TRENDS  OF  THE  UPPER 

OHIO  RIVER  FROM  1977  TO  1987. 

Ohio  State  Univ.,  Columbus.  School  of  Natural 

Resources. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06102 


FISHES  OF  THE  OHIO  RIVER. 

Louisville  Univ.,  KY.  Water  Resources  Lab. 

For  primary  bibliographic   entry   see  Field   5G. 

W90-06106 


CHANGES  IN  FRESHWATER  MUSSEL  POPU- 
LATIONS OF  THE  OHIO  RD7ER:  1,000  BP  TO 
RECENT  TIMES. 

Marshall  Univ.,  Huntington,  WV.  Dept.  of  Biolog- 
ical Sciences. 

For  primary  bibliographic  entry  see  Field  6G 
W9O-O6107 


BIRDS  IN  THE  OHIO  RIVER  VALLEY:  POSSI- 
BLE INDICATORS  OF  ENVIRONMENTAL 
QUALITY. 


SALINITY  AND  TEMPERATURE  INFLUENCE 
IN  ROTIFER  LIFE  HISTORY  CHARACTERIS- 
TICS. 

Valencia  Univ.  (Spain).  Dept.  of  Ecology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06143 


ABUNDANCE  AND  DIVERSITY  OF  PLANK- 
TONIC  ROTIFERS  IN  THE  PO  RIVER. 

Ferrara  Univ.  (Italy).  1st.  di  Zoologia. 

For  primary  bibliographic  entry  see  Field  2H. 

W9O-O6150 


ROTIFER  DISTRIBUTION  IN  RELATION  TO 
TEMPERATURE  AND  OXYGEN  CONTENT. 

Goethegasse  4,  A-2380  Perchtoldsdorf,  Austria. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06151 


SPECIAL  FLOOD  HAZARD  EVALUATION 
REPORT.  PLEASANT  CREEK:  VILLAGE  OF 
EVANS  MILL,  JEFFERSON  COUNTY,  NEW 
YORK. 
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WATER  CYCLE— Field  2 


Army  Engineer  District,  Buffalo,  NY. 

For  primary  bibliographic  entry  see  Field  6F. 

W90-06172 


For  primary  bibliographic  entry  see  Field  7C. 
W90-06256 


ROANOKE  RIVER  WATER  FLOW  COMMIT- 
TEE REPORT.  A  RECOMMENDED  WATER 
FLOW  REGIME  FOR  THE  ROANOKE  RIVER, 
NORTH  CAROLINA,  TO  BENEFIT  ANADRO- 
MOUS  STRIPED  BASS  AND  OTHER  BELOW- 
DAM  RESOURCES  AND  USERS. 
National  Marine  Fisheries  Service,  Beaufort,  NC. 
Beaufort  Lab. 

For  primary  bibliographic  entry  see  Field  4A. 
W9O-06185 

RECONNAISSANCE  HYDROGEOLOGIC  IN- 
VESTIGATION OF  THE  DEFENSE  WASTE 
PROCESSING  FACILITY  AND  VICINITY,  SA- 
VANNAH RIVER  PLANT,  SOUTH  CAROLINA. 

Geological    Survey,    Columbia,    SC.    Water   Re- 
sources Div.  |j»T3 
For  primary  bibliographic  entry  see  Field  Zh. 
W90-06245 

STREAMFLOW,  SPECIFIC-CONDUCTANCE, 
AND  TEMPERATURE  DATA  FOR  BAYOU 
AND  LITTLE  BAYOU  CREEKS  NEAR  PADU- 
CAH,  KENTUCKY,  AUGUST  15  AND  16,  1989. 

Geological  Survey,  Reston,  VA.  Water  Resources 
Div. 

R.  D.  Evaldi,  and  D.  L.  McClain. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-582,  1990.  19p,  11  fig,  2  tab,  4 
ref. 

Descriptors:  *Kentucky,  *Streamflow,  'Surface 
water,  *Water  quality,  'Water  temperature,  Padu- 
cah,  Stream  discharge. 

Discharge,  temperature,  and  specific  conductance 
measurements  were  made  August  15  and  16,  1989, 
at  74  main  channel  sites  and  seven  flowing  tributar- 
ies on  Bayou  and  Little  Bayou  Creeks,  Kentucky 
in  the  vicinity  of  the  Paducah  Gaseous  Diffusion 
Plant.  These  measurements  were  made  during  base 
flow  conditions  to  provide  data  for  analysis  of  the 
interaction  of  surface  and  groundwater.  The  dis- 
charge of  Bayou  Creek  was  0.30  cfs  at  the  most 
upstream  site,  and  5.8  cfs  at  the  most  downstream 
site.  Total  measured  tributary  inflow  of  Bayou 
Creek  was  5.7  cfs.  Specific  conductance  values  in 
the  Bayou  Creek  watershed  ranged  from  208  to 
489  microsiemens/cm,  and  water  temperature 
ranged  from  20.0  to  32.6  C.  The  discharge  of  Little 
Bayou  Creek  was  0.65  cfs  at  the  most  upstream 
site,  and  1.8  cfs  at  the  most  downstream  site.  Total 
measured  tributary  inflow  of  Little  Bayou  Creek 
was  0.38  cfs.  Specific  conductance  values  in  the 
Little  Bayou  Creek  watershed  ranged  from  211  to 
272  microsiemens/cm,  and  water  temperature 
ranged  from  14.5  to  24.9  C.  (USGS) 
W90-06247 


SALINITY  AND  FLOW  RELATIONS  AND  EF- 
FECTS OF  REDUCED  FLOW  IN  THE  CHAS- 
SAHOWTTZKA  RIVER  AND  HOMOSASSA 
RIVER  ESTUARIES,  SOUTHWEST  FLORIDA. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-06249 

WATER  RESOURCES  DATA  FOR  OREGON 
WATER,  YEAR  1988,  VOLUME  2.  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06250 

WATER  RESOURCES  DATA  COLLECTED 
DURING  WATER  YEAR  1988  AT  SELECTED 
JAMES  RIVER  BASIN  SITES  IN  NORTH 
DAKOTA  AND  SOUTH  DAKOTA. 

Geological  Survey,  Huron,  SD.  Water  Resources 
Div. 


WATER  RESOURCES  DATA  FOR  VIRGINIA 
WATER  YEAR  1985. 

Geological  Survey,  Richmond,  VA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06261 

WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1982.  VOLUME  1.  WEST- 
ERN WASHINGTON. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06262 

WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1982.  VOLUME  2.  EAST- 
ERN WASHINGTON. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06263 

WATER  RESOURCES  DATA  FOR  WASHING- 
TON WATER  YEAR  1983. 

Geological    Survey,    Tacoma,    WA.    Water    Re- 
sources Div.  . 
For  primary  bibliographic  entry  see  Field  7C. 
W90-06264 

WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA, WATER  YEAR  1984. 

Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06265 

WATER  RESOURCES  DATA  FOR  WISCON- 
SIN, WATER  YEAR  1984. 

Geological  Survey,  Madison,  WI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06266 

WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1984. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06267 

WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1985. 

Geological  Survey  of  Alabama,  University.  Div.  of 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06268 

WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1986. 

Geological  Survey  of  Alabama,  University.  Div.  of 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06269 


Streamflow  and  Runoff— Group  2E 

WATER    RESOURCES   DATA   FOR   ALASKA, 
WATER  YEAR  1985. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div.  . 
For  primary  bibliographic  entry  see  Field  7C. 
W90-06272 


WATER   RESOURCES   DATA   FOR   ALASKA, 
WATER  YEAR  1986. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06273 


WATER   RESOURCES   DATA   FOR   ALASKA, 
WATER  YEAR  1987. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06274 


WATER   RESOURCES   DATA   FOR   ALASKA, 
WATER  YEAR  1988. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06275 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1984. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06276 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1985. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06277 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1986. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06278 

WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1987. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06279 

WATER  RESOURCES  DATA  FOR  ARKANSAS, 
WATER  YEAR  1986. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div.  . 
For  primary  bibliographic  entry  see  Field  7C. 
W90-06280 


WATER  RESOURCES  DATA  FOR  ARKANSAS, 
WATER  YEAR  1987. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06281 
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WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1987. 

Geological  Survey  of  Alabama,  University.  Div.  of 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06270 


WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1988. 

Geological  Survey  of  Alabama,  University.  Div.  of 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06271 


WATER  RESOURCES  DATA  FOR  ARKANSAS, 
WATER  YEAR  1988. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06282 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1984.  VOLUME  4.  NORTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  HONEY  LAKE  BASIN 
TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 
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Group  2E— Streamflow  and  Runoff 

W90-06283 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1985.  VOLUME  1.  SOUTH- 
ERN GREAT  BASIN  FROM  MEXICAN 
BORDER  TO  MONO  LAKE  BASIN,  AND  PA- 
CIFIC SLOPE  BASINS  FROM  TIJUANA 
RIVER  TO  SANTA  MARIA  RIVER. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06284 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA,  WATER  YEAR  1985.  VOLUME  2.  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON    STATE   LINE    EXCEPT   CENTRAL 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06285 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1985.  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  WALKER  RIVER  TO 
TRUCKEE  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06286 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1985.  VOLUME  4.  NORTH- 
ERN CALIFORNIA  VALLEY  BASINS  AND 
THE  GREAT  BASIN  FROM  HONEY  LAKE 
BASIN  TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06287 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1986.  VOLUME  1.  SOUTH- 
ERN GREAT  BASIN  FROM  MEXICAN 
BORDER  TO  MONO  LAKE  BASIN,  AND  PA- 
CIFIC SLOPE  BASINS  FROM  TIJUANA 
RIVER  TO  SANTA  MARIA  RIVER. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-O6289 


WATER  RESOURCES  DATA  FOR  CALIPOR- 
NIA,  WATER  YEAR  1986.  VOLUME  2  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON  STATE  LINE  EXCEPT  CENTRAL 
VALLEY. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06290 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1986.  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  WALKER  RIVER  TO 
TRUCKEE  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06291 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1986.  VOLUME  4  NORTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  HONEY  LAKE  BASIN 
TO  OREGON  STATE  LINE. 

Geological  Survey.  Sacramento.  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06292 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1987.  VOLUME  I.  SOUTH- 
ERN GREAT  BASIN  FROM  MEXICAN 
BORDER  TO  MONO  LAKE  BASIN,  AND  PA- 
CIFIC SLOPE  BASINS  FROM  TIJUANA 
RIVER  TO  SANTA  MARIA  RIVER. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06294 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1987.  VOLUME  2  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON   STATE   LINE   EXCEPT   CENTRAL 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 


Wt'.T?.?.^:SOURCES  DATA  pOR  CALIFOR- 
NIA, WATER  YEAR  1987.  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  WALKER  RIVER  TO 
TRUCKEE  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1987.  VOLUME  4.  NORTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  HONEY  LAKE  BASIN 
TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06297 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1988.  VOLUME  1.  SOUTH- 
ERN GREAT  BASIN  FROM  MEXICAN 
BORDER  TO  MONO  LAKE  BASIN,  AND  PA- 
CIFIC SLOPE  BASINS  FROM  TIJUANA 
RTVER  TO  SANTA  MARIA  RIVER. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06299 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA,  WATER  YEAR  1988.  VOLUME  2.  PACIFIC 
SLOPE  BASrNS  FROM  ARROYO  GRANDE  TO 
OREGON   STATE   LINE   EXCEPT   CENTRAL 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1988.  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  WALKER  RTVER  TO 
TRUCKEE  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06301 


Geological   Survey,   Lakewood,   CO.   Water  Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1986.  VOLUME  2.  COLO- 
RADO RIVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06305 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO WATER  YEAR  1987.  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W9O-O6306 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1987.  VOLUME  2.  COLO- 
RADO RIVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06307 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1988.  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06308 


WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1985. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06309 


WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1986. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06310 


WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT,  WATER  YEAR  1987. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06311 


WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1988. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06312 


WATER  RESOURCES  DATA  FOR  CALITOR- 
NIA,  WATER  YEAR  1988.  VOLUME  4.  NORTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  HONEY  LAKE  BASIN 
TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06302 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1986.  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1982.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06313 


WATER  RESOURCES  DATA  FOR  FLORIDA. 
WATER  YEAR  1982.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C 

W90-06314 
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WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W9O-06315 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1985.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W9O-06316 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1985.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W9O-06317 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  1A.  NORTH- 
EAST FLORTOA  -  SURFACE  WATER. 

Geological  Survey,  Orlando,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06318 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  IB.  NORTH- 
EAST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Orlando,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06319 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W9O-O6320 

WATER  RESOURCES  DATA  FOR  FLORTOA, 
WATER  YEAR  1986.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06321 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  3A.  SOUTH- 
WEST FLORIDA-SURFACE  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06322 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  3B.  SOUTH- 
WEST FLORIDA-GROUND  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06323 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06324 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  1A.  NORTH- 
EAST FLORIDA  -  SURFACE  WATER. 


Geological  Survey,  Altamonte  Springs,  FL.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06325 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  IB.  NORTH- 
EAST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06326 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06327 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06328 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  3A.  SOUTH- 
WEST FLORIDA-SURFACE  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06329 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  3B.  SOUTH- 
WEST FLORIDA-GROUND  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06330 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06331 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  1A.  NORTH- 
EAST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06332 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  IB.  NORTH- 
EAST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06333 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06334 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 


W90-06335 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  3A.  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06336 

WATER  RESOURCES  DATA  FOR  FLORTOA, 
WATER  YEAR  1988.  VOLUME  3B.  SOUTH- 
WEST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06337 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06338 

WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1985. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06339 

WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1986. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06340 

WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1987. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06341 

WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1988. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06342 

WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 

1985.  VOLUME  2. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06343 

WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 

1986.  VOLUME  1,  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06344 

WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 

1986.  VOLUME  2. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06345 

WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 

1987.  VOLUME  1,  HAWAII. 
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Group  2E— Streamflow  and  Runoff 

Geological    Survey,    Honolulu,    HI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06346 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1987.  VOLUME  2. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06347 


WATER    RESOURCES    DATA    FOR    IDAHO 
WATER  YEAR  1985. 

Geological  Survey,  Boise,  ID.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06348 


WATER    RESOURCES    DATA    FOR    IDAHO 
WATER  YEAR  1986. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W9O-06349 


WATER    RESOURCES    DATA    FOR    IDAHO, 
WATER  YEAR  1987. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06350 


WATER    RESOURCES    DATA    FOR    IDAHO, 
WATER  YEAR  1988. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06351 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1986.  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06352 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1986  VOLUME  2.  ILLINOIS 
RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06353 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1987  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06354 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1987  VOLUME  2.  HXINOIS 
RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06355 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1988  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div 

For  primary  bibliographic  entry  see  Field  7C. 
W90-O6356 


WATER  RESOURCES  DATA  FOR  ILLINOIS 
WATER  YEAR  1988  VOLUME  2.  ILLINOIS 
RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06357 


WATER  RESOURCES  DATA  FOR   INDIANA, 
WATER  YEAR  1985. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06358 


WATER  RESOURCES  DATA  FOR  INDIANA 
WATER  YEAR  1986. 

Geological  Survey,  Indianapolis,  IN.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06359 


WATER  RESOURCES  DATA  FOR  INDIANA 
WATER  YEAR  1987. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06360 


WATER  RESOURCES  DATA  FOR  INDIANA 
WATER  YEAR  1988. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06361 


WATER     RESOURCES     DATA     FOR     IOWA, 
WATER  YEAR  1986. 

Geological   Survey,   Iowa   City,   IA.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06362 


WATER     RESOURCES     DATA     FOR     IOWA, 
WATER  YEAR  1987. 

Geological   Survey,   Iowa  City,   IA.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06363 


WATER     RESOURCES     DATA     FOR     IOWA, 
WATER  YEAR  1988. 

Geological   Survey,   Iowa  City,   IA.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06364 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984  VOLUME  IB:  NORTH- 
EAST FLORIDA  -  GROUNDWATER. 

Geological  Survey,  Orlando,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06365 


WATER  RESOURCES  DATA  FLORIDA, 
WATER  YEAR  1984,  VOLUME  2A:  SOUTH 
FLORDDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06366 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984,  VOLUME  3A:  SOUTH- 
WEST FLORTOA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06367 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984.  VOLUME  3B:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06368 


WATER  RESOURCES  DATA,  FLORIDA, 
WATER  YEAR  1984,  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06369 


WATER  RESOURCES  DATA  -  FLORIDA 
WATER  YEAR  1985,  VOLUME  IA:  NORTH- 
EAST FLORIDA-SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06370 


WATER  RESOURCES  DATA  -  FLORIDA 
WATER  YEAR  1985,  VOLUME  IB:  NORTH- 
EAST FLORIDA  -  GROUNDWATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06371 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1985.  VOLUME  3A:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06372 


WATER  RESOURCES  DATA  FOR  FLORIDA 
WATER  YEAR  1985.  VOLUME  3B:  SOUTH- 
WEST  FLORIDA-GROUND  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06373 


WATER  RESOURCES  DATA,  FLORIDA, 
WATER  YEAR  1985  VOLUME  4:  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-O6374 


WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1984. 

Geological   Survey,    Doraville,   GA.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06375 


WATER  RESOURCES  DATA  FOR  HAWAU 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1984.  VOLUME  1,  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06376 


WATER  RESOURCES  DATA  FOR  HAWAn 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1984.  VOLUME  2.  GUAM,  NORTHERN  MARI- 
ANA ISLANDS,  FEDERATED  STATES  OF  MI- 
CRONESIA, PALAU,  AND  AMERICAN 
SAMOA. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06377 
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WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1985.  VOLUME  1:  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06378 

WATER  RESOURCES  DATA  FOR  IDAHO, 
WATER  YEAR  1984. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06379 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1984  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RrVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06380 

WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1984  VOLUME  2.  ILLINOIS 
EXCEPT  DLLINOIS  RTVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06381 

WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1985.  VOLUME  1:  ILLINOIS 
EXCEPT  DLLINOIS  RTVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06382 

WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1985  VOLUME  2.  ILLINOIS 
RTVER  BASTN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06383 

WATER  RESOURCES  DATA  FOR  TNDIANA. 
WATER  YEAR  1984. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06384 

WATER  RESOURCES  DATA  FOR  IOWA, 
WATER  YEAR  1984. 

Geological  Survey,  Iowa  City,  IA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06385 

WATER  RESOURCES  DATA  FOR  KANSAS, 
WATER  YEAR  1984. 

Geological  Survey,  Lawrence,  KS.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06386 

WATER  RESOURCES  DATA  FOR  KANSAS 
WATER  YEAR  1985. 

Geological  Survey,  Lawrence,  KS.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06387 

WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1984. 

Geological  Survey,  Louisville,  KY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06388 


WATER   RESOURCES   DATA    FOR    KANSAS, 
WATER  YEAR  1986. 

Geological    Survey,    Lawrence,    KS.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06389 

WATER    RESOURCES   DATA    FOR    KANSAS, 
WATER  YEAR  1988. 

Geological   Survey,   Lawrence,    KS.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06390 

WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1986. 

Geological   Survey,   Louisville,   KY.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06391 


WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1987. 

Geological   Survey,   Louisville,   KY.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06392 


WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1988. 

Geological   Survey,   Louisville,   KY.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06393 

WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1986. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06394 


WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1987. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06395 


WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1988. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06396 


WATER    RESOURCES    DATA    FOR    MAINE, 
WATER  YEAR  1985. 

Geological    Survey,    Augusta,    ME.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06397 


W90-06400 

WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1986. 

Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06401 

WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1987. 
Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06402 


WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1988. 

Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06403 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1985. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06404 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1986. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06405 

WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1986. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-064O6 

WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1987. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06407 

WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1988. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06408 


WATER    RESOURCES    DATA    FOR    MAINE, 
WATER  YEAR  1986. 

Geological    Survey,    Augusta,    ME.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06398 


WATER    RESOURCES    DATA    FOR    MAINE, 
WATER  YEAR  1987. 

Geological    Survey,    Augusta,    ME.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06399 


WATER    RESOURCES    DATA    FOR    MAINE, 
WATER  YEAR  1988. 

Geological    Survey,    Augusta,    ME.    Water    Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1984.  VOLUME  1.  GREAT 
LAKES  AND  SOURIS-RED-RAINY  RIVER 
BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06409 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1985.  VOLUME  1.  GREAT 
LAKES  AND  SOURIS-RED-RAINY  RIVER 
BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06410 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1985.  VOLUME  2.  UPPER 
MISSISSIPPI  AND  MISSOURI  RIVER  BASIN. 
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Group  2E — Streamflow  and  Runoff 

Geological    Survey,    St.    Paul,    MN.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-064U 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1986.  VOLUME  1.  GREAT 
LAKES  AND  SOURIS-RED-RAINY  RIVER 
BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06412 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1986.  VOLUME  2.  UPPER 
MISSISSIPPI  AND  MISSOURI  RIVER  BASIN. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06413 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1985. 

Geological  Survey,  Jackson,  MS.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06414 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1986. 

Geological  Survey,  Jackson,  MS.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06415 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1987. 

Geological  Survey,  Jackson,  MS.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06416 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1988. 

Geological  Survey,  Jackson,  MS.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06417 


WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1986. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06418 


WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1987. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06419 


Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06422 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1987.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06423 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1987.  VOLUME  2.  COLUMBIA 
RIVER  BASIN. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06424 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1988. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06425 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1985. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06426 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1986. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06427 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1987. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06428 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1988. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06429 


WATER   RESOURCES   DATA   FOR   NEVADA, 
WATER  YEAR  1985. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06430 


For  primary  bibliographic  entry  see  Field  7C. 
W90-06433 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1986. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06434 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1987. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06435 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1986.  VOLUME  1.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06436 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1986.  VOLUME  2: 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-O6437 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1987.  VOLUME  1:  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06438 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1987.  VOLUME  2: 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06439 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1988,  VOLUME  1.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06440 


WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1988. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W9O06420 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1986.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RTVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06421 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1986.  VOLUME  2.  COLUMBIA 
RIVER  BASIN. 


WATER   RESOURCES   DATA   FOR   NEVADA, 
WATER  YEAR  1986. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06431 


WATER   RESOURCES   DATA   FOR   NEVADA, 
WATER  YEAR  1987. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06432 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1985. 

Geological  Survey,  Boston,  MA.  Water  Resources 
Div. 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1988.  VOLUME  2: 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06441 


WATER     RESOURCES     DATA     FOR     NEW 
MEXICO  WATER  YEAR  1986. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06442 


WATER     RESOURCES     DATA     FOR     NEW 
MEXICO  WATER  YEAR  1987. 
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Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7<_. 
W90-06443 

WATER  RESOURCES  DATA  FOR  NEW 
MEXICO  WATER  YEAR  1988. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div.  - 
For  primary  bibliographic  entry  see  Field  7C 
W90-06444 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1985.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06445 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1985,  VOLUME  2.  LONG 
ISLAND. 

Geological  Survey,  Syosset,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06446 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1985.  VOLUME  3:  WESTERN 
NEW  YORK. 
Geological  Survey,  Ithaca,  NY.  Water  Resources 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06447 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1986.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06448 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1986.  VOLUME  2:  LONG 
ISLAND. 

Geological  Survey,  Syosset,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06449 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 

WATER  YEAR  1986.  VOLUME  3:  WESTERN 

NEW  YORK. 

Geological  Survey,  Ithaca,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06450 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1987.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06451 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1987.  VOLUME  2:  LONG 
ISLAND. 

Geological  Survey,  Syosset,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06452 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1987.  VOLUME  3:  WESTERN 
NEW  YORK. 

Geological  Survey,  Ithaca,  NY.  Water  Resources 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06453 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1984.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06454 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1984.  VOLUME  2.  LONG 
ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06455 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1984.  VOLUME  3.  WESTERN 
NEW  YORK. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06456 

WATER  RESOURCES  DATA  FOR  NORTH 
CAROLINA,  WATER  YEAR  1985. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06457 

WATER  RESOURCES  DATA  FOR  NORTH 
DAKOTA,  WATER  YEAR  1984. 

Geological  Survey,  Bismarck,  ND.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06458 

WATER  RESOURCES  DATA  FOR  NORTH 
DAKOTA,  WATER  YEAR  1985. 

Geological  Survey,  Bismarck,  ND.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7(_. 
W90-06459 

WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1984.  VOLUME  1.  OHIO  RIVER 

Geological   Survey,   Columbus,   OH.   Water   Re- 
sources Div.  f 
For  primary  bibliographic  entry  see  Field  7C. 
W90-06460 


Streamflow  and  Runoff— Group  2E 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06464 


WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1984.  VOLUME  2.  ST.  LAW- 
RENCE RIVER  BASIN,  STATEWIDE  PROJECT 
DATA. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06461 

WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1985.  VOLUME  1.  OHIO  RIVER 
BASIN. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06462 

WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1985.  VOLUME  2.  ST.  LAW- 
RENCE RIVER  BASIN,  STATEWIDE  PROJECT 
DATA. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06463 

WATER  RESOURCES  DATA  FOR  OKLAHO- 
MA, WATER  YEAR  1983. 

Geological  Survey,  Oklahoma  City,  OK.  Water 
Resources  Div. 


WATER  RESOURCES  DATA  FOR  OKLAHO- 
MA, WATER  YEAR  1984. 

Geological  Survey,  Oklahoma  City,  OK.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06465 

WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1984.  VOLUME  1.  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06466 

WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1984.  VOLUME  2:  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06467 

WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1984.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06468 

WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1984.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06469 


WATER    RESOURCES    DATA    FOR    SOUTH 
DAKOTA,  WATER  YEAR  1984. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06470 


WATER    RESOURCES    DATA    FOR    SOUTH 
DAKOTA,  WATER  YEAR  1985. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06471 

WATER  RESOURCES  DATA  FOR  TENNES- 
SEE, WATER  YEAR  1984. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06472 

WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1984.  VOLUME  1:  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RIVER,  NECHES 
RIVER  TRINITY  RIVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06473 

WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1984.  VOLUME  2.  SAN  JA- 
CINTO RIVER,  BRAZOS  RIVER,  SAN  BER- 
NARD RFVER  BASINS  AND  INTERVENING 
COASTAL  BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 
For  primary  bibliographic  entry  see  Field  7C. 
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W90-06474 


WATER    RESOURCES    DATA    FOR    TEXAS, 

WATER  YEAR  1984.  VOLUME  3:  COLORADO 

RIVER,       LAVACA       RIVER,      GUADALUPE 

RIVER,     NUECES     RIVER,     RIO     GRANDE 

BASINS      AND      INTERVENING      COASTAL 

BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06475 


WATER     RESOURCES     DATA     FOR     UTAH, 
WATER  YEAR  1984. 

Geological  Survey,  Salt  Lake  City,  UT.   Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06476 


WATER     RESOURCES     DATA     FOR     UTAH, 
WATER  YEAR  1985. 

Geological  Survey,  Salt   Lake  City,  UT.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06477 


WATER  RESOURCES  DATA  FOR  VIRGINIA, 
WATER  YEAR  1984. 

Geological   Survey,   Richmond,   VA.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06478 


WATER    RESOURCES    DATA    FOR    NORTH 
CAROLINA,  WATER  YEAR  1986. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06479 


WATER    RESOURCES    DATA    FOR    NORTH 
CAROLINA,  WATER  YEAR  1987. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-O6480 


WATER    RESOURCES    DATA    FOR    NORTH 
CAROLINA,  WATER  YEAR  1988. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06481 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1986. 

Geological    Survey,    Bismarck,    ND.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06482 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1987. 

Geological    Survey,    Bismarck,    ND.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06483 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1988. 
Geological    Survey,    Bismarck,    ND.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06484 


WATER  RESOURCES  DATA  FOR  OHIO,  1986 
VOLUME  2:  ST.  LAWRENCE  RIVER  BASIN. 

Geological    Survey,    Columbus,    OH.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06486 


WATER  RESOURCES  DATA  FOR  OHIO,  1987 
VOLUME  1:  OHIO  RIVER  BASIN. 

Geological   Survey,   Columbus,   OH.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06487 


WATER  RESOURCES  DATA  FOR  OHIO,  1987 
VOLUME  2:  ST.  LAWRENCE  RIVER  BASIN. 

Geological   Survey,   Columbus,   OH.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06488 


WATER  RESOURCES  DATA  FOR  OHIO,  1988. 
VOLUME  1:  OHIO  RIVER  BASIN. 

Geological   Survey,   Columbus,   OH.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06489 


WATER  RESOURCES  DATA  FOR  OHIO,  1988 
VOLUME  2:  ST.  LAWRENCE  RIVER  BASIN 
AND  STATEWIDE  PROJECT  DATA. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06490 


WATER  RESOURCES  DATA  FOR  OKLAHO- 
MA, WATER  YEAR  1985. 

Geological  Survey,  Oklahoma  City,  OK.   Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06491 


WATER  RESOURCES  DATA  FOR  OKLAHO- 
MA, WATER  YEAR  1986. 

Geological  Survey,  Oklahoma  City,  OK.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06492 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1982.  VOLUME  1:  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06493 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1982.  VOLUME  2:  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06494 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1985.  VOLUME  1:  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06495 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1986.  VOLUME  1:  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06497 


WATER  RESOURCES  DATA  FOR  OREGON 
WATER  YEAR  1986,  VOLUME  2.  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06498 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1984.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RIVER  BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06499 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1985.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06500 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1985.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RIVER  BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06501 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1985.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06502 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1986.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06503 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1986.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RIVER  BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06504 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1986.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RrVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06505 


WATER  RESOURCES  DATA  FOR  OHIO,  1986. 
VOLUME  1:  OHIO  RIVER  BASIN. 

Geological   Survey,   Columbus,   OH.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06485 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1985.  VOLUME  2:  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06496 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1987.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06506 
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WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1987.  VOLUME  3, 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS.  „       „, 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06507 

WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1988.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div.  . 
For  primary  bibliographic  entry  see  Field  7C 
W90-06508 

WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1988.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RIVER  BASINS. 

Geological   Survey,  Harrisburg,   PA.  Water  Re- 
sources Div.  „ 
For  primary  bibliographic  entry  see  Field  7C 
W90-06509 

WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1988.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div.  „ 
For  primary  bibliographic  entry  see  Field  7C 
W90-06510 


WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VTRGTN  ISLANDS, 
WATER  YEAR  1985. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06511 


WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VIRGIN  ISLANDS, 
WATER  YEAR  1986. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06512 


WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VIRGIN  ISLANDS, 
WATER  YEAR  1987. 

Geological    Survey,    San   Juan,    PR.    Water   Re- 
sources Div.  . 
For  primary  bibliographic  entry  see  Field  7C. 
W90-06513 

WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VTRGTN  ISLANDS, 
WATER  YEAR  1988. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06514 


WATER    RESOURCES    DATA    FOR    SOUTH 
CAROLINA,  WATER  YEAR  1985. 

Geological    Survey,    Columbia,    SC.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-O6515 

WATER    RESOURCES    DATA    FOR    SOUTH 
CAROLINA,  WATER  YEAR  1986. 

Geological    Survey,    Columbia,    SC.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06516 


sources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06517 


WATER    RESOURCES    DATA    FOR    SOUTH 
DAKOTA,  WATER  YEAR  1986. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div.  . 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06518 


WATER    RESOURCES    DATA    FOR    SOUTH 
CAROLINA,  WATER  YEAR  1987. 

Geological    Survey,    Columbia,    SC.    Water    Re- 


WATER    RESOURCES    DATA    FOR    SOUTH 
DAKOTA,  WATER  YEAR  1987. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06519 

WATER    RESOURCES    DATA    FOR    SOUTH 
DAKOTA,  WATER  YEAR  1988. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06520 

WATER   RESOURCES   DATA   FOR   TENNES- 
SEE, WATER  YEAR  1986. 

Geological    Survey,    Nashville,    TN.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06521 

WATER  RESOURCES  DATA  FOR  TENNES- 
SEE, WATER  YEAR  1987. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7l_. 
W90-06522 

WATER  RESOURCES  DATA  FOR  TENNES- 
SEE, WATER  YEAR  1988. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06523 

WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1985.  VOLUME  1;  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RTVER,  NECHES 
RIVER,  TRINITY  RTVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Houston,  TX.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06524 

WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1985.  VOLUME  2;  SAN  JA- 
CINTO RTVER,  BRAZOS  RIVER,  SAN  BER- 
NARD RTVER  BASINS  AND  INTERVENING 
COASTAL  BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06525 

WATER    RESOURCES    DATA    FOR    TEXAS, 

WATER  YEAR  1985.  VOLUME  3;  COLORADO 

RTVER,      LAVACA      RIVER,      GUADALUPE 

RTVER,     NUECES     RTVER,     RIO     GRANDE 

BASINS      AND      INTERVENING      COASTAL 

BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-O6526 

WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1986.  VOLUME  1:  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RIVER,  NECHES 
RTVER,  TRINITY  RTVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Austin,  TX.  Water  Resources 


Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06527 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1986.  VOLUME  2:  SAN  JA- 
CINTO RIVER,  BRAZOS  RTVER,  SAN  BER- 
NARD RIVER  BASINS  AND  INTERVENING 
COASTAL  BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06528 


WATER    RESOURCES    DATA    FOR    TEXAS, 

WATER  YEAR  1986.  VOLUME  3:  COLORADO 

RTVER,      LAVACA      RTVER,      GUADALUPE 

RIVER,     NUECES     RTVER,     RIO     GRANDE 

BASINS      AND      INTERVENING      COASTAL 

BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06529 

WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1987.  VOLUME  1:  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RIVER,  NECHES 
RIVER,  TRINITY  RTVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06530 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1987.  VOLUME  2:  SAN  JA- 
CINTO RTVER,  BRAZOS  RIVER,  SAN  BER- 
NARD RTVER  BASINS  AND  INTERVENING 
COASTAL  BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06531 

WATER    RESOURCES    DATA    FOR    TEXAS, 

WATER  YEAR  1987.  VOLUME  3:  COLORADO 

RTVER,      LAVACA      RTVER,      GUADALUPE 

RIVER,     NUECES     RTVER,     RIO     GRANDE 

BASINS      AND      INTERVENING      COASTAL 

BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06532 

WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1988:  VOLUME  1:  ARKANSAS 
RTVER,  RED  RIVER,  SABINE  RIVER,  NECHES 
RIVER,  TRINITY  RIVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06533 

WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1988.  VOLUME  2:  SAN  JA- 
CINTO RTVER,  BRAZOS  RIVER,  SAN  BER- 
NARD RTVER  BASINS  AND  INTERVENING 
COASTAL  BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06534 

WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1988.  VOLUME  3:  COLORADO 
RTVER,  LAVACA  RIVER,  GUADALUPE 
RIVER  NUECES  RIVER,  RIO  GRANDE 
BASINS  AND  INTERVENING  COASTAL 
BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 
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Field  2— WATER  CYCLE 


Group  2E — Streamflow  and  Runoff 


I 

i 


* 


For  primary  bibliographic  entry  see  Field  7C. 
W90-06535 


WATER     RESOURCES     DATA     FOR     UTAH, 
WATER  YEAR  1986. 

Geological   Survey,   Salt   Lake  City,   UT.   Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06536 


WATER     RESOURCES     DATA     FOR     UTAH, 

WATER  YEAR  1987. 

Geological   Survey,   Salt  Lake  City,   UT.   Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06537 


WATER     RESOURCES     DATA     FOR     UTAH, 
WATER  YEAR  1988. 

Geological  Survey,  Salt  Lake  City,  UT.   Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06538 


WATER  RESOURCES  DATA  FOR  VIRGINIA, 
WATER  YEAR  1986. 

Geological   Survey,   Richmond,  VA.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06539 


WATER  RESOURCES  DATA  FOR  VIRGINIA, 
WATER  YEAR  1987. 

Geological   Survey,   Richmond,   VA.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06540 


WATER  RESOURCES  DATA  FOR  VIRGINIA, 
WATER  YEAR  1988. 

Geological   Survey,   Richmond,  VA.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06541 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1984. 

Geological    Survey,    Tacoma,    WA.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06542 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1986. 

Geological    Survey,    Tacoma,    WA.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06543 


WATER  RESOURCES  DATA  FOR  WEST  VD3- 
GINIA,  WATER  YEAR  1985. 
Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06544 


WATER  RESOURCES  DATA  FOR  WEST  VD3- 
GINIA,  WATER  YEAR  1986. 

Geological  Survey,  Charleston,  WV.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06545 


WATER  RESOURCES  DATA  FOR  WEST  Vnt- 
GINIA,  WATER  YEAR  1987. 

Geological  Survey,  Charleston,  WV.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06546 


WATER    RESOURCES   DATA   FOR   WISCON- 
SIN, WATER  YEAR  1986. 


Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06547 


WATER   RESOURCES   DATA   FOR   WISCON- 
SIN, WATER  YEAR  1987. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06548 


WATER   RESOURCES   DATA   FOR   WISCON- 
SIN, WATER  YEAR  1988. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06549 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1985. 

Geological   Survey,   Cheyenne,   WY.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06550 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1986. 

Geological   Survey,   Cheyenne,   WY.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06551 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1987. 

Geological   Survey,   Cheyenne,   WY.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06552 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1988. 

Geological   Survey,   Cheyenne,   WY.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06553 


WATER     RESOURCES     DATA     FOR     IOWA, 
WATER  YEAR  1985. 

Geological   Survey,   Iowa  City,   IA.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06554 


2F.  Groundwater 


REGIONAL  GEOHYDROLOGIC-GEOMOR- 
PHIC  RELATIONSHIPS  FOR  THE  ESTIMA- 
TION OF  LOW-FLOWS. 

Tufts  Univ.,  Medford,  MA.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05651 


STUDIES  OF  GEOLOGY  AND  HYDROLOGY 
IN  THE  BASIN  AND  RANGE  PROVINCE, 
SOUTHWESTERN  UNrTED  STATES,  FOR  ISO- 
LATION OF  HIGH-LEVEL  RADIOACTIVE 
WASTE-CHARACTERIZATION  OF  THE  RIO 
GRANDE  REGION,  NEW  MEXICO  AND 
TEXAS. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Professional  Paper  1370-C,  1989.  42p.  Edited  by 
M.  S.  Bedinger,  K.  A.  Sargent,  and  William  H. 
Langer. 

Descriptors:  'Geohydrology,  *Rio  Grande  Basin, 
•Groundwater  movement,  'Groundwater  re- 
charge, 'Radioactive  waste  disposal,  'New 
Mexico,  'Texas,  Dissolved  solids. 

The  Rio  Grande  region,  New  Mexico  and  Texas, 
includes  most  of  the  area  east  of  the  Rio  Grande  to 


the  Sacramento  Mountains.  Sedimentary  rocks  that 
crop  out  in  the  Rio  Grande  region  range  in  age 
from  Precambrian  to  Holocene.  Media  considered 
to  have  potential  for  isolation  of  high-level  radio- 
active waste  include  intrusive  rocks,  ash-flow  tuff, 
and  basaltic  lava  flows.  Laharic  and  mudflow  brec- 
cia and  argillaceous  beds  also  may  be  potential  host 
rocks.  These  and  other  rocks  may  be  potential 
media  in  areas  where  the  unsaturated  zone  is  thick. 
Recharge  to  groundwater  in  the  Rio  Grande 
region  occurs  in  the  higher  altitudes  where  precipi- 
tation is  greater,  that  is,  in  the  San  Andres  and 
Sacramento  Mountains  and  on  the  Chupadera 
Mesa.  Groundwater  flows  from  units  west  of  the 
San  Andres  Mountains  discharge  to  the  Rio 
Grande.  The  groundwater  flow  unit  of  the  Tular- 
osa  basin  ultimately  discharges  to  the  Rio  Grande 
or  to  wells  in  the  vicinity  of  El  Paso.  Intermediate 
discharge  points  in  the  Tularosa  basin  include  seep- 
age to  streams  and  springs  and  evaporation  to 
playas  in  the  central  part  of  the  basin.  Dissolved 
solids  concentrations  in  groundwater  in  the  region 
generally  are  >  1,000  mg/L,  although  the  dis- 
solved solids  concentrations  in  groundwater  in  the 
recharge  areas  generally  are  <  1,000  mg/L.  Dis- 
solved solids  concentrations  ranging  from  3,000  to 
25,000  mg/L  are  found  in  the  groundwater  under- 
lying the  playa  area  in  the  central  part  of  the 
Tularosa  basin.  (See  also  W90-05733)  (Lantz-PTT) 
W90-05732 


GROUND- WATER  HYDROLOGY. 

Geological  Survey,  Denver,  CO. 
M.  S.  Bedinger,  W.  H.  Langer,  and  J.  E.  Reed. 
IN:  Studies  of  Geology  and  Hydrology  in  the 
Basin  and  Range  Province,  Southwestern  United 
States,  for  the  Isolation  of  High-Level  Radioactive 
Waste-Characterization  of  the  Rio  Grande 
Region,  New  Mexico  and  Texas.  USGS  Profes- 
sional Paper  1370-C,  1989.  p  C27-C34,  1  fig,  2  tab, 
16ref. 

Descriptors:  'Water  quality,  'Water  chemistry, 
'Rio  Grande  Basin,  'Groundwater  quality,  'Geo- 
hydrology, 'Groundwater  movement,  'New 
Mexico,  'Texas,  Flow  velocity,  Dissolved  solids, 
Sulfates,  Chlorides,  Sodium  bicarbonate. 

The  relative  velocity  of  groundwater  in  the  geohy- 
drologic  units  of  the  Rio  Grande  region  is  between 
60  m/day  for  the  basin  fill,  to  9  times  10  to  the  -9th 
power  m/day  for  fine-grained  clastic  rocks.  The 
quality  of  water  in  the  Rio  Grande  region  is  char- 
acterized by  maps  showing  the  areal  distribution  of 
dissolved  solids  and  predominant  chemical  con- 
stituents in  solution.  The  dissolved  solids  concen- 
tration generally  is  >  1,000  mg/L  throughout  the 
region.  Groundwater  containing  dissolved  solids 
concentrations  of>  3,000  mg/L  to  as  much  as 
25,000  mg/L  is  found  in  the  northern  and  central 
part  of  the  Tularosa  Valley  in  New  Mexico,  and 
along  the  Rio  Grande  in  Texas.  Sulfate-type  water 
is  the  most  common,  occurring  in  about  68%  of 
the  region.  Chloride-type  water  is  common  in  New 
Mexico,  near  the  Rio  Grande  in  Texas,  and  in  a 
large  area  of  the  north-central  Texas  part  of  the 
region.  Chloride-type  water  occurs  in  about  15% 
of  the  region,  generally  in  areas  corresponding  to 
the  areas  where  dissolved  solids  are  greatest. 
Sodium-bicarbonate-type  water,  which  occurs  in 
about  10%  of  the  region,  is  in  scattered  areas  along 
the  western  and  southern  borders  of  the  region. 
Calcium-magnesium  bicarbonate-type  water, 
which  occurs  in  about  10%  of  the  region,  is  pri- 
marily in  scattered  areas  in  the  San  Andres,  Organ, 
and  Sacramento  Mountains.  (See  also  W90-05732) 
(Lantz-PTT) 
W90-05733 


FLOW  OF  GROUND  WATER  THROUGH 
FRACTURED  CARBONATE  ROCKS  IN  THE 
PRAIRIE  DU  CHIEN-JORDAN  AQUIFER, 
SOUTHEASTERN  MINNESOTA 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W9O-05738 


24 


WATER  CYCLE— Field  2 
Groundwater — Group  2F 


NATIONAL  RESEARCH  PROGRAM  OF  THE 
WATER  RESOURCES  DIVISION,  U.S.  GEO- 
LOGICAL SURVEY,  FISCAL  YEAR  1988. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field   9D. 

W90-05744 

GROUNDWATER  LEVELS  PORTALES  AREA, 
NEW  MEXICO,  1982-1987. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05745 

MAJOR  GEOHYDROLOGIC  UNITS  IN  AND 
ADJACENT  TO  THE  OZARK  PLATEAUS 
PROVINCE,  MISSOURI,  ARKANSAS,  KANSAS, 
AND  OKLAHOMA -OZARK  AQUIFER. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-05746 

GROUND-WATER-QUALITY  ASSESSMENT 
OF  THE  CENTRAL  OKLAHOMA  AQUIFER, 
OKLAHOMA -ANALYSIS  OF  AVAILABLE 
WATER-QUALITY  DATA  THROUGH  1987. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05749 


HANFORD  SITE  GROUND-WATER  MONI- 
TORING DATA  LISTING,  JANUARY  1 
THROUGH  MARCH  31, 1987. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05752 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CnJTIES:  PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  4--APPENDIX  A. 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  8A. 
W90-05766 


CYCLIC  METAL  MIGRATION  IN  A  GROUND- 
WATER STREAM. 

Paul  Scherrer  Inst.,  Wuerenlingen  (Switzerland). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05767 


DETECTION  OF  SUBSURFACE  FLOW  PHE- 
NOMENA BY  SELF-POTENTIAL/GEOELEC- 
TRICAL  AND  THERMICAL  METHODS. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-05771 

GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  6  -  APPENDIX  B  (CONTD). 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05785 


Site,  Washington,  during  the  first  quarter  of  the 
calendar  year  1988  (January  through  March).  The 
data  in  this  volume  of  Appendix  B  cover  the 
following  wells:  199-N-58,  199-N-59,  199-N-60, 
199-N-61,  and  199-N-67.  The  data  are  presented  in 
the  following  order:  well  completion  report/Title 
III  inspection  list,  as-built  diagram,  logging  charts, 
and  drill  logs.  (See  also  W90-05785)  (Lantz-PTT) 
W90-05786 

EVALUATION  OF  NATURAL  RECHARGE  TO 
AQUIFERS  IN  THE  SUDAN-SAHEL  CLIMATE 
USING  GLOBAL  HYDROLOGICAL  MODEL- 
LING: APPLICATION  TO  TEN  SITES  IN  BUR- 
KINA FASO  (EVALUATION  DE  LA  RE- 
CHARGE NATURELLE  DES  AQUIFERES  IN 
CLIMAT  SOUDANO-SAHELIEN  PAR  MO- 
DELISATION  HYDROLOGIQUE  GLOBAL: 
APPLICATION  A  DIX  SITES  AU  BURKINA 
FASO). 

Bureau  de  Recherches  Geologiques  et  Mmieres, 
Orleans  (France).  Water  Resources  Dept. 
C.  Filippi,  F.  Milville,  and  D.  Thiery. 
Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 
No.  1,  p  29-48,  February  1990.  7  fig,  10  tab,  18  ref. 
English  summary. 

Descriptors:  *Aquifers,  *Groundwater  recharge, 
•Hydrologic  models,  *Model  studies,  'Sahel, 
♦Sudan,  'Water  yield,  Evapotranspiration,  Piezo- 
meters, Rainfall,  Recharge,  Simulation  analysis, 
Stream  flow. 

The  considerable  effort  made  to  exploit  ground- 
water in  the  Sudan-Sahel  region  made  the  evalua- 
tion of  the  natural  aquifer  flow  due  to  rainfall 
necessary.  Research  by  an  international  group  of 
organizations  was  performed  at  ten  sites  within 
three  regions  of  Burkina-Faso.  Each  site  was 
equipped  with  a  climate  station  and  a  continuous 
groundwater-level  recorder  during  1985  and  1986 
in  order  to  make  pumping  tests.  The  piezometric 
measurements  at  each  site  have  been  separately 
analyzed  using  lumped  hydrological  models  simu- 
lating the  processes  of  rainfall,  evapotranspiration, 
streamflow  and  recharge.  The  operation  of  the 
models  showed  that,  in  the  absence  of  surface  flow 
measurements,  it  is  not  possible  to  resolve  com- 
pletely the  difficulties  of  estimating  the  storage 
coefficient  of  aquifers.  An  analysis  of  surface  flow 
measurements  in  neighboring  basins  associated  via 
a  hypothesis  of  model  parameter  homogeneity 
within  a  given  region  has  allowed  a  conclusion  to 
be  reached  which  constitutes  the  best  possible 
compromise  between  all  the  data.  A  simulation  of 
piezometric  levels  and  recharge  in  the  period  1954- 
1986,  from  available  piezometric  abstracts  at  four 
synoptic  stations,  allowed  the  evaluation  of  the 
variability  of  recharge  and  a  statistical  assessment 
of  the  1985-1986  period  of  observation.  The  calcu- 
lated annual  recharge  varies  from  year  to  year  in 
the  ratio  of  one  to  two  or  one  to  three  according  to 
the  site.  The  simulation  indicated  that  the  recharge 
calculated  for  1985  is  near  the  minimum  of  the 
period  1954-1986  in  the  regions  of  Katchari,  Silmis- 
sin  and  Barogo,  and  near  the  mean  in  the  region  of 
Sideradougou.  (Author's  abstract) 
W90-05837 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CHJTTES:  PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  9  -  APPENDIX  C. 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE89-OO0263. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  PNL--6581-Vol.9,  May  1988.  187  p. 
DOE  Contract  DE-AC06-76RLO-1830. 

Descriptors:  "Data  collections,  *Groundwater 
management,  'Groundwater  quality,  'Hanford 
Site,  'Monitoring,  'Radioactive  wastes,  'Washing- 
ton, 'Wells,  Inspection,  Well  construction,  Well 
logs. 

This  appendix  is  one  of  nine  volumes,  and  presents 
data  describing  wells  completed  at  the  Hanford 


Advances  in  Water  Resources  AWREDI,  Vol.  12, 
No.   2,  p  59-65,  June   1989.   8  fig,   1   tab,   8  ref. 

Descriptors:  'Finite  element  method,  'Ground- 
water movement,  'Mathematical  models,  'Region- 
al analysis,  'Simulation  analysis,  Computer  models, 
Dupuit-forchheimer  theory,  Glacial  aquifers,  Hy- 
drologic budget,  Numerical  analysis. 

Numerical  models  represent  very  useful  tools  for 
the  simulation  of  regional  flows  and  may  provide  a 
framework  for  rational  management  and  allocation 
of  the  available  water  resources.  The  complex 
alluvial  aquifer  systems  underlying  the  Friuli-Ven- 
ezia  Guilia  Region  in  northeastern  Italy  have  been 
analyzed  with  the  aid  of  two  combined  models 
based  on  the  finite  element  method.  The  first 
model  simulates  the  unconfined  steady  flow  in  the 
coarse-grained  Upper  Plain  aquifer  and  relies  on 
the  Dupuit-Forcheimer-Boussinesq  approach.  Cali- 
bration of  the  Upper  Plain  model  was  based  upon 
piezometric  data  collected  during  the  dry  season. 
The  second  model  simulates  the  multi-aquifer  basin 
of  the  finer-grained  Lower  Plain,  and  is  based  on 
the  integro-differential  theory  of  flow.  Both 
models  have  been  run  under  a  series  of  realistic 
assumptions  based  upon  the  limited  information 
available.  The  results  obtained  for  the  dry  regime 
are  moderately  satisfactory  and  allow  for  the  first- 
hand appraisal  of  the  quantity  involved  in  the 
overall  regional  groundwater  balance.  They  also 
point  out  the  need  for  a  substantial  improvement  in 
the  quality  and  quantity  of  the  regional  subsurface 
data  to  generate  future  predictions  in  a  wider 
framework  of  practical  interest.  (Author's  abstract) 
W90-05883 

MODELLING  OF  SOME  ELLIPTIC  FLUID 
MECHANICS  PROBLEMS  BY  THE  BOUNDA- 
RY ELEMENT  METHOD. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-05884 


3-D  FINITE  ELEMENT  TRANSPORT  MODELS 
BY  UPWIND  PRECONDITIONED  CONJU- 
GATE GRADIENTS. 

Padua  Univ.  (Italy).  Dipt,  di  Metodi  e  Modelli 

Matematici  per  le  Scienze  Applicate. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05882 


SIMULATION  OF  REGIONAL  SUBSURFACE 
FLOW  BY  FEMTTE  ELEMENT  MODELS. 

Padua  Univ.  (Italy).  Dipt,  di  Metodi  e  Modelli 

Matematici  per  le  Scienze  Applicate. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-05883 


SIMULATION  OF  REGIONAL  SUBSURFACE 
FLOW  BY  FINITE  ELEMENT  MODELS. 

Padua  Univ.  (Italy).  Dipt,  di  Metodi  e  Modelli 
Matematici  per  le  Scienze  Applicate. 
G.  Gambolati,  G.  Pini,  and  G.  Verri. 


MULTI-COMPARTMENTAL  MODELLING 
FOR  AQUIFER  PARAMETER  ESTIMATION 
USING  NATURAL  TRACERS  IN  NON-STEADY 
FLOW. 

Ben-Gurion  Univ.  of  the  Negev,  Sde  Boker 
(Israel).  Jacob  Blaustein  Inst,  for  Desert  Research. 
E.  Adar,  and  S.  Sorek. 

Advances  in  Water  Resources  AWREDI,  Vol.  12, 
No.  2,  p  84-89,  June  1989.  3  fig,  22  ref. 

Descriptors:  'Aquifer  characteristics,  'Environ- 
mental tracers,  'Groundwater  movement,  'Mathe- 
matical models,  'Parameter  estimation,  'Unsteady 
flow,  Conductivity,  Isotopic  tracers,  Storativity, 
Transmissivity,  Water  chemistry. 

Aquifers  in  many  basins  have  been  heavily  exploit- 
ed without  complete  information  about  the  hydro- 
logical  characteristics  of  the  groundwater  system. 
Aquifer  parameters  can  be  estimated  with  a  mathe- 
matical model  if  there  are  enough  wells  to  provide 
hydraulic  head  measurements  and  water  samples 
for  chemical  and  isotopic  analysis.  A  model  was 
developed  based  upon  a  distributed  parameter  ap- 
proach in  which  the  aquifer  is  represented  by  a 
finite  number  of  cells.  Inflows  through  aquifer 
boundaries  and  internal  fluxes  are  evaluated  by 
optimizing  a  set  of  mass  balance  equations.  The 
model  utilizes  natural  tracers  such  as  dissolved 
chemicals,  stable  isotope  ratios,  and  electrical  con- 
ductivity measurements  that  are  relatively  easy  to 
obtain  and  measure.  The  method  estimates  aquifer 
parameters  for  non-steady  flow  regimes,  such  that 
the  same  head  values  are  identified  during  seasonal 
time  periods.  (Tappert-PTT) 
W90-05887 

PREDICTION  OF  TRANSMISSIVITIES, 
HEADS,  AND  SEEPAGE  VELOCITIES  USING 
MATHEMATICAL  MODELING  AND  GEOSTA- 
TISTICS. 

Calvin  Coll.,  Grand  Rapids,  MI.  Dept.  of  Engi- 
neering. 
R.  J.  Hoeksema,  and  P.  K.  Kitanidis. 
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Advances  in  Water  Resources  AWREDI,  Vol.  12, 
No.  2,  p  90-102,  June  1989.  17  fig,  1  tab,  23  ref. 
USGS  Grant  1 4-08 -000 1-G 1491. 

Descriptors:  *Flow  velocity,  *Geostatistics, 
•Groundwater  movement,  'Mathematical  models, 
•Seepage,  •Transmissivity,  *Uncertainty,  Comput- 
er models,  Prediction,  Statistical  methods,  Storati- 
vity. 

Groundwater  models  are  widely  used  in  hydrogeo- 
logic  studies  to  predict  hydraulic  head,  flow  rates, 
and  solute  concentrations.  However,  in  most  re- 
gional studies  the  modeler  has  only  a  few  measure- 
ments of  head,  the  results  of  some  pumping  tests, 
and  a  vague  idea  of  the  boundary  conditions,  leak- 
age, or  rates  of  recharge.  As  a  result,  elaborate 
models  are  calibrated  on  the  basis  of  scant  informa- 
tion, and  double  accounting  or  recycling  of  infor- 
mation is  common.  Statistical  methods,  which  rec- 
ognize sources  of  uncertainty  and  their  propaga- 
tion through  the  flow  equations,  provide  a  practi- 
cal system  of  information  accounting  that  distin- 
guishes between  what  is  really  given  from  what  is 
indirectly  inferred.  Geostatistical  methodology  is 
used  to  calculate  the  best  estimates  of  four  spatially 
distributed  variables  associated  with  a  two-dimen- 
sional model  for  steady-state  flow  in  a  confined 
aquifer.  The  variables  are  the  logarithm  of  the 
transmissivity,  hydraulic  head,  x-direction  seepage 
velocity,  and  the  y-direction  seepage  velocity.  The 
methodology  relies  upon  estimating  values  for  the 
variables,  computing  a  cokriging  variance  to  pro- 
vide some  measure  of  the  confidence  that  can  be 
placed  in  the  values,  and  performing  conditional 
simulations  that  allow  the  modeler  to  investigate 
the  full  range  of  model  uncertainty  or  variability 
given  the  available  data.  Using  conditional  simula- 
tions, the  modeler  can  generate  many  possible 
(e.g.,  equally  probable)  log-transmissivity,  head, 
and  velocity  functions  that  conform  to  the  avail- 
able data.  Application  of  the  approach  to  a  hypo- 
thetical aquifer  system  demonstrates  that  the 
method  allows  the  modeler  to  obtain  a  better  pic- 
ture of  the  accuracy  of  model  predictions.  (Tap- 
pert-PTT) 
W90-05888 


GROUNDWATER     RECHARGE     IN     URBAN 
AREAS. 

Birmingham  Univ.  (England).  School  of  Earth  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  4C. 
W90-05899 


SURVEY  FOR  PESTICIDES  IN  WELLS  ASSO- 
CIATED WITH  APPLE  AND  PEACH  OR- 
CHARDS IN  WEST  VIRGINIA. 

West  Virginia  Univ.,  Morgantown.  Div.  of  Plant 

and  Soil  Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06035 


SR87/SR86  VALUES  OF  CANADIAN  SHIELD 
BRINES  AND  FRACTURE  MINERALS  WITH 
APPLICATIONS         TO  GROUNDWATER 

MIXING,  FRACTURE  HISTORY,  AND 
GEOCHRONOLOGY. 

McMaster  Univ.,  Hamilton  (Ontario).  Dept.  of  Ge- 
ology. 

R.  H.  McNutt,  S.  K.  Frape,  P.  Fritz,  M.  G.  Jones, 
and  I.  M.  MacDonald. 

Geochimica  et  Cosmochimica  Acta  GCACAK, 
Vol.  54,  No.  1,  p  205-215,  January  1990.  5  fig,  4 
tab,  46  ref,  append. 

Descriptors:  'Canadian  Shield,  'Geochemistry, 
•Geological  data,  'Isotope  studies,  'Isotopic  trac- 
ers, 'Minerals,  'Strontium,  Brines,  Calcite, 
Canada,  Geologic  fractures,  Geologic  history, 
Groundwater  movement,  Ion  exchange,  Mineral 
water,  Saline  groundwater,  Stable  isotopes. 

Analyses  of  saline  waters,  fracture  minerals,  and 
host  rocks  from  seven  localities  on  the  Canadian 
Shield  demonstrate  the  utility  of  the  Sr87/Sr86 
(strontium)  ratio  in  the  study  of  groundwater  sys- 
tems in  crystalline  rocks.  The  ratios  range  from 
0.704  to  0.753  and  have  obtained  their  signatures 
by  mineral/rock  interactions,  primarily  involving 


the  feldspars.  Brines  have  been  identified  from 
isolated  pockets  in  the  same  mines  where  extensive 
flow  regimes  exist.  There  is  mixing  of  different 
brines  as  well  as  mixing  with  meteoric  waters.  The 
isotopic  results  on  calcites  from  fractures  and  shear 
zones  show  more  than  one  generation  of  mineral 
growth  in  a  given  fracture.  The  Sr87/Sr86  ratios 
of  the  calcites  vary  from  values  identical  to  the 
present-day  brine  in  the  fracture  zone  to  ratios 
with  Archean  signatures.  This  implies  that  activity 
may  occur  in  fault  zones  over  a  very  long  time. 
The  brines  are  very  rich  in  Sr  (up  to  2400  mg/L), 
very  low  in  Rb,  and  have  relatively  radiogenic 
Sr87/Sr86  ratios.  They  are  ubiquitous  in  Shield 
rocks  and,  if  they  were  present  throughout  geolog- 
ical time,  they  may  be  one  reason  why  Rb/Sr 
(rubidium/strontium)  ages  of  felsic  plutons  are 
commonly  younger  than  associated  U/Pb  (urani- 
um/lead) ages.  (Author's  abstract) 
W90-06058 


BRINES  EXPELLED  ALONG  THE  MAIN 
THRUSTS  OF  THE  WESTERN  ALPS  (MIGRA- 
TION DES  SAUMURES  AU  FRONT  DES  CHE- 
VAUCHEMENTS  DE  L'ARC  ALPIN  OCCIDEN- 
TAL). 

Montpellier-2  Univ.  (France).  Lab.  de  Geologie 
Structurale  Appliquee. 

For  primary  bibliographic  entry  see  Field  2K. 
W90-06063 


STUDIES  OF  GEOLOGY  AND  HYDROLOGY 
IN  THE  BASIN  AND  RANGE  PROVINCE, 
SOUTHWESTERN  UNITED  STATES,  FOR  ISO- 
LATION OF  HIGH-LEVEL  RADIOACTIVE 
WASTE-CHARACTERIZATION  OF  THE 
DEATH  VALLEY  REGION,  NEVADA  AND 
CALIFORNIA. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Geological  Survey  Professional  Paper  1370- 
F,  1989.  49p.  Edited  by  M.S.  Bedinger,  K.A.  Sar- 
gent, and  William  H.  Langer. 

Descriptors:  'California,  'Geohydrology,  'Geolo- 
gy, 'Hydrology,  'Nevada,  'Radioactive  wastes, 
'Waste  disposal,  Carbonate  rocks,  Colorado  River, 
Death  Valley,  Flow  profiles,  Groundwater  move- 
ment, Spring  water. 

The  Death  Valley  region,  Nevada  and  California, 
in  the  Basin  and  Range  province,  is  an  area  of 
about  80,200  sq  km  located  in  southern  Nevada 
and  southeastern  California.  Precambrian  meta- 
morphic  and  intrusive  basement  rocks  are  overlain 
by  a  thick  section  of  Paleozoic  clastic  and  evapori- 
tic  sedimentary  rocks.  Mesozoic  and  Cenozoic 
rocks  include  extrusive  and  intrusive  rocks  and 
clastic  sedimentary  rocks.  Structural  features 
within  the  Death  Valley  indicate  a  long  and  com- 
plex tectonic  evolution  from  late  Precambrian  to 
the  present.  Potential  repository  host  media  in  the 
region  include  granite  and  other  coarse-grained 
plutonic  rocks,  ashflow  tuff,  basaltic  and  andesitic 
lava  flows,  and  basin  fill.  The  Death  Valley  region 
is  composed  largely  of  closed  topographic  basins 
that  are  apparently  coincident  with  closed  ground- 
water flow  systems.  In  these  systems,  recharge 
occurs  sparingly  at  higher  altitudes  by  infiltration 
of  precipitation  or  by  infiltration  of  ephemeral 
runoff.  Discharge  occurs  largely  by  spring  flow 
and  by  evaporation  and  transpiration  in  the  playas. 
Death  Valley  proper,  for  which  the  region  was 
named,  is  the  ultimate  discharge  area  for  a  large, 
complex  system  of  groundwater  aquifers  that 
occupy  the  northeastern  part  of  the  region.  The 
deepest  part  of  the  system  consists  of  carbonate 
aquifers  that  connect  closed  topographic  basins  at 
depth.  The  discharge  from  the  system  occurs  in 
several  intermediate  areas  that  are  geomorphically, 
stratigraphically,  and  structurally  controlled.  Ulti- 
mately, most  groundwater  flow  terminates  by  dis- 
charge to  Death  Valley;  groundwater  is  dis- 
charged to  the  Colorado  River  from  a  small  part  of 
the  region.  (Lantz-PTT) 
W90-06160 


GROUND- WATER  HYDROLOGY. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 


M.  S.  Bedinger,  W.  S.  Langer,  and  J.  E.  Reed. 
IN:  Studies  of  Geology  and  Hydrology  in  the 
Basin  and  Range  Province,  Southwestern  United 
States,  for  Isolation  of  High-Level  Radioactive 
Waste-Characterization  of  the  Death  Valley 
Region,  Nevada  and  California.  USGS  Geological 
Survey  Professional  Paper  1370-F,  1989.  p  F28- 
F35,  3  fig,  2  tab,  25  ref. 

Descriptors:  'Geohydrology,  'Groundwater 
movement,  Bicarbonates,  Dissolved  solids,  Flow 
profiles,  Groundwater  quality,  Groundwater  re- 
charge, Infiltration,  Springs. 

Climate  of  the  Death  Valley  region  is  arid  to 
semiarid.  The  annual  average  precipitation  at  Fur- 
nace Creek  Ranch  in  DEAth  Valley  is  50  mm/yr. 
Groundwater  recharge  occurs  by  infiltration  of 
precipitation  and  runoff.  Recharge  in  basins  in 
California  and  Nevada  has  been  estimated  as  a 
function  of  the  quantity  of  precipitation.  Estimated 
recharge  in  areas  receiving  <  200  mm  of  precipita- 
tion annually  was  estimated  to  be  <  3%  of  precipi- 
tation; recharge  was  estimated  to  be  3%  for  areas 
receiving  200-300  mm  and  7%  for  areas  receiving 
300-380  mm.  Natural  discharge  is  by  flow  to 
springs,  by  evapotranspiration  in  areas  where  the 
water  level  is  near  the  land  surface,  and  by  seepage 
to  the  Colorado  River.  The  quality  of  groundwater 
in  the  Death  Valley  region  is  characterized  by  the 
areal  distribution  of  dissolved  solids  and  predomi- 
nant chemical  constituents  in  solution.  Dissolved 
solids  concentration  is  generally  <  500  mg/L 
except  beneath  the  surfaces  of  some  playa  lakes, 
where  groundwater  may  contain  >  500  mg/L  of 
dissolved  solids.  Sodium  bicarbonate  and  calcium- 
magnesium  bicarbonate  type  waters  occur 
throughout  about  90%  of  the  region.  Mixed-cation 
sulfate  and  mixed-cation  chloride  type  waters 
occur  in  and  near  natural  discharge  areas  and 
generally  correspond  to  areas  of  maximum  dis- 
solved solids  concentration.  (Lantz-PTT) 
W90-06161 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  7--APPENDIX  B  (CONTD). 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-06178 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  5--APPENDIX  B. 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-06179 


ASSESSMENT  OF  THE  POTENTIAL  FOR 
TRANSPORT  OF  DIOXINS  AND  CODIS- 
POSED  MATERIALS  TO  GROUNDWATER. 

Maryland  Univ.,  College  Park.  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06182 


FLOW  AND  TRANSPORT  IN  POROUS  FOR- 
MATIONS. 

Tel-Aviv  Univ.  (Israel).  Dept.  of  Fluid  Mechanics 

and  Heat  Transfer. 

G.  Dagan. 

Springer- Verlag,  New  York,  New  York.  1989.  465 

P- 

Descriptors:  'Groundwater  movement,  'Model 
studies,  'Path  of  pollutants,  'Porous  media, 
'Solute  transport,  'Stochastic  models,  Flow  pro- 
files, Heterogeneity,  Homogeneity,  Mathematical 
studies. 

A  comprehensive  textbook  on  water  flow  and 
solute  transport  in  porous  media  summarizes  recent 
developments  in  stochastic  modeling  of  subsurface 
flow  and  transport  at  different  scales.  One  of  the 


26 


WATER  CYCLE— Field  2 


main  topics  is  the  analysis  of  the  effects  heteroge- 
neous natural  formations  exert  upon  water  flow 
and  contaminant  transport.  Sections  present  mate- 
rial about:  (1)  elements  of  probability  theory  and 
random  functions;  (2)  the  laboratory  scale  (homo- 
geneous media;  (3)  water  flow  at  the  local  (forma- 
tion) scale;  (4)  solute  transport  at  the  local  (forma- 
tion) scale;  and  (5)  flow  and  transport  at  the  re- 
gional scale.  (Lantz-PTT) 
W90-06188 


ROLE  OF  SUB-SURFACE  CONTAMINANT 
FATE  AND  TRANSPORT  MODELS  FOR  RCRA 
LAND  BAN  REGULATIONS. 

Kuo  and  Associates,  McLean,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06200 


IN  SITU  DETECTION  OF  ORGANIC  MOLE- 
CULES. 

Lawrence  Livermore  National  Lab.,  CA.  Environ- 
mental Sciences  Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06201 

HYDROGEOLOGY  AND  RESULTS  OF  AQUI- 
FER TESTS  IN  THE  VICINITY  OF  A  HAZARD- 
OUS-WASTE DISPOSAL  SITE  NEAR  BYRON, 
DLLESOIS. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div. 

R.  T.  Kay,  D.  N.  Olson,  and  B.  J.  Ryan. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report   89-4081, 
1989.  62p,  24  fig,  8  tab,  12  ref. 

Descriptors:  *Aquifer  characteristics,  *Aquitards, 
•Groundwater  movement,  *Transmissivity,  *Un- 
confmed  aquifers,  Hazardous  wastes,  Hydraulic 
conductivity,  Illinois,  Ogle  County,  Specific  yield, 
Storativity,  Water  disposal  sites. 

The  U.S.  Geological  Survey,  in  cooperation  with 
the  U.S.  Environmental  Protection  Agency,  con- 
ducted an  investigation  of  a  Superfund  Site  near 
Byron,  Illinois.  The  purpose  of  the  investigation 
was  to  determine  the  hydrogeologic  properties  of 
the  Galena-Platteville  and  St.  Peter  aquifers,  the 
primary  water-supply  aquifers  for  domestic  supply 
in  the  area.  The  Galena  and  Platteville  Groups  and 
older  St.  Peter  Sandstone  are  separated  by  the 
Harmony  Hill  Shale  Member  of  the  Glenwood 
Formation.  The  Harmony  Hill  Shale  Member  is  a 
semiconfining  unit.  Groundwater  flow  in  the  study 
area  is  from  the  site  northwestward  to  the  Rock 
River.  Movement  of  groundwater  in  the  dolomites 
is  mainly  through  joints,  fractures,  and  solution 
openings.  Analysis  of  the  Galena-Platteville  aqui- 
fer-test data  indicates  that  the  calculated  aquifer 
transmissivity  ranges  from  490  to  670  sq  ft/day, 
and  the  calculated  specific  yield  ranges  from  0.017 
to  0.140.  Aquifer  test  data  also  indicate  that  the 
Galena-Platteville  aquifer  is  heterogeneous  and  an- 
isotropic. Analysis  of  the  St.  Peter  aquifer-test  data 
indicates  that  the  calculated  transmissivity  of  the 
aquifer  ranges  from  1,200  to  1,305  sq  ft/day,  stora- 
tivity ranges  from  0.000528  to  0.00128,  horizontal 
hydraulic  conductivity  ranges  from  2.9  to  3.1  ft/ 
day,  and  leakage  through  the  Harmony  Hill  Shale 
Member  ranges  from  .000123  to  .000217  ft/day/ft. 
(USGS) 
W90-06220 


CONVERSION  AND  COMPARISON  OF  THE 
MATHEMATICAL,  THREE-DIMENSIONAL, 
FINITE-DIMENSIONAL,  GROUND-WATER 
FLOW  MODEL  TO  THE  MODULAR,  THREE- 
DIMENSIONAL,  FINITE-DIFFERENCE, 
GROUND-WATER  FLOW  MODEL  FOR  THE 
TESUQUE  AQUD7ER  SYSTEM  IN  NORTHERN 
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Descriptors:  *Groundwater  movement,  •Mathe- 
matical models,  *Model  studies,  *New  Mexico, 
Geohydrology,  Tesuque,  Three-dimensional 
model,  Water  level. 

The  three-dimensional  finite-difference  groundwat- 
er model  (using  a  mathematical  groundwater  flow 
code)  of  the  Tesuque  aquifer  system  in  northern 
New  Mexico  was  converted  to  run  using  the  U.S. 
Geological  Survey's  modular  groundwater  flow 
code.  Results  from  the  final  versions  of  the  prede- 
velopment  and  1947  to  2080  transient  simulations 
of  the  two  models  are  compared.  A  correlation 
coefficient  of  0.9905  was  obtained  for  the  match  in 
block-by-block  head-dependent  fluxes  for  predeve- 
lopment  conditions.  There  are,  however,  signifi- 
cant differences  in  at  least  two  specific  cases.  In 
the  first  case,  a  difference  is  associated  with  the  net 
loss  from  the  Pojoaque  River  and  its  tributaries  to 
the  aquifer.  The  net  loss  by  the  river  is  given  as 
1.134  cu  ft/sec  using  the  original  groundwater 
model,  which  is  38.1%  less  than  the  net  loss  by  the 
river  of  1.8319  cu  ft/sec  computed  in  this  study.  In 
the  second  case,  the  large  difference  is  computed 
for  the  transient  decline  in  the  hydraulic  head  of  a 
model  block  near  Tesuque  Pueblo.  The  hydraulic- 
head  decline  by  2080  is,  using  the  original  model, 
249  ft,  which  is  14.7%  less  than  the  hydraulic  head 
of  292  ft  computed  by  this  study.  In  general,  the 
differences  between  the  two  sets  of  results  are  not 
large  enough  to  lead  to  different  conclusions  re- 
garding the  behavior  of  the  system  at  steady  state 
or  when  pumped.  (USGS) 
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Available  from  Books  and  Open-File  Report  Sec- 
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Geologic,  hydrologic,  and  water-quality  data  were 
collected  at  the  Julietta  and  Tibbs-Banta  landfills  in 
Marion  County.  Both  landfills  were  closed  in  the 
mid  1970's,  and  sewage  sludge  mixed  with  dirt  was 
spread  on  the  landfills  in  the  mid  1980's  as  part  of  a 
revegetation  project.  The  landfills  are  constructed 
in  unconsolidated  glacial  sediments  that  consist  of 
sand,  gravel,  silt,  and  clay.  The  maximum  thickness 
of  the  sediments  it  180  ft  at  Julietta  and  100  ft  at 
Tibbs-Banta.  Both  landfills  are  underlain  by  sand 
and  gravel  aquifers  and  are  adjacent  to  gaining 
streams.  Groundwater  flows  toward  and  into  the 
streams  at  each  study  area.  Two  sand  and  gravel 
aquifers  were  mapped  at  Julietta  and  four  were 
mapped  at  Tibbs-Banta.  The  aquifers  are  separated 
in  places  by  discontinuous  clay  layers.  Groundwat- 
er-flow  models,  calibrated  to  simulate  steady-state 
low-flow  conditions,  indicate  that  about  19,000  gal 
of  water/day  flow  through  the  refuse  at  Julietta 
and  about  42,000  gal/day  flow  through  the  refuse 
at  Tibbs-Banta.  Concentrations  of  dissolved  inor- 
ganic substances  in  groundwater  samples  indicate 
that  leachate  from  both  landfills  is  reaching  the 
shallow  aquifers.  The  effect  of  the  leachate  on 
deep  aquifers  is  minimal  because  of  the  predomi- 
nance of  horizontal  groundwater  flow  and  dis- 
charge to  the  streams.  Increases  in  almost  all  dis- 
solved constituents  were  observed  in  shallow  wells 
that  are  screened  beneath  and  downgradient  from 
the  landfills.  Bromide,  dissolved  solids,  and  ammo- 
nia were  useful  in  delineating  the  plume  of  leachate 
at  both  landfills.  (USGS) 
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The  Pleistocene  drift  in  Vilas  County,  Wisconsin, 
consists  of  three  types  of  material:  till,  debris-flow 
sediment,  and  fluvial  sediment.  Hydraulic  conduc- 
tivity of  the  sand  and  gravel  is  on  the  order  of 
0.001  ft/sec  but  that  of  the  till  and  debris-flow 
sediment  is  on  the  order  of  0.0001  ft/sec.  Calcula- 
tions of  transmissivity  indicate  that  most  sand  and 
gravel  deposits  can  yield  sufficient  quantities  of 
potable  water  for  domestic  use,  but  the  till  and 
debris-flow  deposits  cannot.  The  water  table  is 
generally  shallow  and  there  is  little  water-level 
fluctuation  throughout  the  county.  Fifty-six  wells 
had  median  depths  to  water  of  less  than  20  ft.  The 
range  of  fluctuations  varied  from  0.5  to  7.36  ft. 
Analysis  of  water  samples  collected  from  50  obser- 
vation wells  indicate  that  calcium,  magnesium,  and 
bicarbonate  are  the  major  dissolved  constituents. 
Alkalinity  concentrations  in  Vilas  County  ranged 
from  2  to  152  mg/L  and  had  a  median  concentra- 
tion of  28  mg/L.  The  median  concentration  was 
lower  than  the  102  mg/L  median  for  the  surround- 
ing area.  The  low  alkalinity  concentration  in 
groundwater  implies  a  limited  capacity  to  neutral- 
ize acid;  this  may  increase  the  potential  for  degra- 
dation of  lakes  by  acid  precipitation.  Alkalinity 
data  for  surface  water  were  used  to  classify  546 
lakes  according  to  their  sensitivity  to  acid  precipi- 
tation. Five  lakes  are  classified  as  ultrasensitive, 
108  lakes  are  classified  as  extremely  sensitive,  185 
lakes  are  classified  as  moderately  sensitive,  89  lakes 
are  classified  as  having  low  sensitivity,  and  159 
lakes  are  classified  as  not  sensitive.  (USGS) 
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The  groundwater  resources  of  Wood  County,  Wis- 
consin, are  described.  Groundwater  is  pumped 
only  from  wells  drilled  in  Precambrian  rock  in  the 
northern  two-thirds  of  the  county.  The  generally 
low  permeability  of  this  rock  limits  the  availability 
of  groundwater  in  this  area.  Saturated  deposits  of 
sand  and  gravel  yield  more  than  500  gal/min  to 
wells  in  the  southern  part  of  the  county.  Back- 
ground groundwater  quality  and  indicators  of 
groundwater-quality  problems,  such  as  elevated 
concentrations  of  nitrate,  chloride,  hardness,  and 
iron,  are  compared  by  aquifer  for  the  entire 
county.  An  elevated  concentration  of  iron  is  the 
major  water  quality  problem  in  the  county.  Results 
of  water  quality  analysis  from  observation  wells 
drilled  next  to  abandoned  landfills  throughout  the 
county  indicate  that  groundwater  in  the  immediate 
vicinity  of  these  landfills  has  been  affected  by 
leachate.  The  report  includes  maps  of  the  thickness 
and  saturated  thickness  of  unconsolidated  deposits, 
a  water-table  map,  and  tables  of  aquifer-production 
and  well-production  data  from  about  1,500  drillers' 
well-construction  reports.  (USGS) 
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Group  2F — Groundwater 

K.  D.  Peter,  R.  A.  Williams,  and  K.  W.  King. 
Available  from  Books  and  Open-File  Report  Sec- 
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Water-Resources   Investigations    Report    87-4246 
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Identification  of  the  presence  of  volatile  organic 
compounds  in  liquid-waste  lagoons  in  New  Mexico 
at  the  Lee  Acres  landfill,  beneath  a  refinery  south 
of  the  landfill,  and  in  nearby  residential  wells  has 
led  to  an  hydrologic  investigation  of  the  area.  The 
alluvium  underlying  an  arroyo  adjacent  to  the 
landfill  mostly  consists  of  fine  to  coarse  quartz 
sand  with  some  silt,  gravel,  and  clay  zones.  Thick- 
ness of  the  alluvium  measured  in  12  drill  holes 
ranged  from  13.7  to  61.5  ft.  A  seismic  survey 
indicates  that  buried  channels  are  incised  as  much 
as  26  ft  into  the  bedrock  surface  in  some  areas.  The 
depth  to  water  in  seven  piezometers  ranged  from 
26.6  to  34.9  ft.  The  configuration  of  the  water  table 
in  the  alluvium  indicates  that  groundwater  flow  is 
controlled  by  unidentified  recharge  north  of  the 
landfill,  recharge  from  a  pond  southeast  of  the 
landfill,  discharge  to  pumping  wells,  discharge  to 
the  alluvium  of  the  San  Juan  River  south  of  the 
study  area,  and  hydraulic  conductivity  of  the  allu- 
vial material.  There  also  may  be  additional  re- 
charge to  or  discharge  from  the  underlying  Naci- 
miento  Formation  and  recharge  from  runoff  in  the 
arroyo.  Terrain-conductivity  measurements  indi- 
cate that  the  water  in  the  alluvium  southwest  of 
the  landfill  may  be  more  conductive  than  water  in 
the  underlying  sandstone.  (USGS) 
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Declining  groundwater  levels  resulting  from 
groundwater  withdrawals  in  the  Santa  Fe,  New 
Mexico,  area  have  caused  concern  about  the  future 
availability  of  water  in  the  Tesuque  aquifer  system. 
This  report  describes  the  geohydrology  of  the 
Tesuque  aquifer  system  in  the  Santa  Fe  area  and 
presents  a  three-dimensional  regional  groundwater 
flow  model  which  assesses  the  effects  of  existing 
and  possible  future  groundwater  withdrawals  on 
the  regional  aquifer  system.  The  model  was  cali- 
brated using  simulations  of  the  predevelopment 
steady-state  condition  and  the  1947-82  historical 
period.  The  response  of  the  aquifer  to  two  scenar- 
ios of  future  groundwater  withdrawals  from  1983 
to  2020  was  simulated.  (USGS) 
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Available  from  Books  and  Open-File  Report  Sec- 
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The  hydrogeologic  framework  of  the  area  around 
the  Savannah  River  Plant,  South  Carolina  consists 
of  2  to  3  separate  water  bearing  units.  In  the 
northern  half  of  the  study  area,  the  Barnwell  and 
underlying  McBean  aquifers  are  considered  one 
aquifer  owing  to  the  absence  of  the  tan  clay- 
confining  unit  between  them.  In  the  southern  half 
of  the  study  area  they  are  separated  by  the  tan  clay 
into  two  aquifers.  Underlying  these  aquifers,  and 
separated  from  them  by  the  green  clay-confining 
unit,  is  the  Congaree  aquifer.  Hydraulic  conductiv- 
ities of  the  aquifers  range  from  0.00000001  to 
0.0001  ft/sec.  Directions  of  groundwater  flow  in 
the  Barnwell  and  McBean  aquifers  are  to  the 
north,  with  a  component  of  flow  directed  down- 
ward across  the  green  clay  and  into  the  Congaree 
aquifer.  The  direction  of  flow  in  the  Congaree 
aquifer  is  to  the  northwest.  Water  in  these  aquifers 
evolves  from  an  acidic  (pH  <  6.5)  mixed-cation 
type  in  the  Barnwell  aquifer  to  an  alkaline  (pH  > 
8)  calcium  bicarbonate  water  in  the  Congaree  aqui- 
fer. Laboratory  experiments  indicate  that  reactions 
between  sediments  of  the  Barnwell  aquifer  and  a 
salt-solution  waste  to  be  stored  at  the  study  area 
would  significantly  reduce  the  permeability  of  the 
sediment,  thereby  limiting  the  movement  of  the 
waste  in  groundwater  at  the  site.  (USGS) 
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The  lithology,  thickness,  and  extent  of  eight  dis- 
tinct hydrogeologic  units  are  described  and 
mapped  within  the  East  Portland  area  of  Oregon. 
The  thickness,  extent,  and  top  of  each  unit  are 
shown  on  contour  maps  at  scales  of  1 :24,000.  Their 
stratigraphic  relations  are  displayed  on  a  diagram- 
matic cross  section.  The  geologic  setting  and  unit 
lithology  are  described  within  the  text.  A  data 
table  presents  information  on  each  well  or  boring 
that  was  used  for  determining  the  thickness,  extent, 
and  lithology  of  each  hydrogeologic  unit.  The 
hydrogeologic  units  range  in  age  from  late  Mio- 
cene to  Holocene  and  include  several  facies  of  the 
Troutdale  Formation  and  Sandy  River  Mudstone, 
as  well  as  Quaternary  deposits  of  the  Columbia 
River.  From  oldest  to  youngest,  these  units  are 
referred  to  as:  the  sand  and  gravel  aquifer,  confin- 
ing layer  2,  Troutdale  sandstone  aquifer,  confining 
layer  1,  Unconsolidated  gravel/Troutdale  gravel 
aquifer,  Columbia  River  sand  aquifer,  Blue  Lake 
gravel  aquifer,  and  overbank  deposits.  The  total 
thickness  of  these  sedimentary  deposits  is  more 
than  1,300  ft  in  the  sandy  area.  (USGS) 
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Descriptors:  'Computer  models,  'Computer  pro- 
grams, 'Finite  difference  methods,  'Geohydro- 
logy, 'Groundwater  level,  'Groundwater  move- 
ment, 'Idaho,  'Model  studies,  Aquifer  characteris- 
tics, Boise  River  Valley,  Groundwater  budget, 
Groundwater  pumping,  Groundwater  recharge, 
Model  calibration,  Simulation,  Well  hydrographs, 
Western  Snake  River  Plain. 

A  three  dimensional  groundwater  flow  model  was 
developed  to  simulate  steady  state  and  nonsteady- 
state  hydrologic  conditions  of  the  regional  aquifer 
system  in  the  western  Snake  River  Plain  of  Idaho. 
Water  budget  analysis  showed  that  groundwater 
recharge  was  about  1,400,000  acre-ft  in  1980; 
groundwater  pumpage  was  estimated  to  be  300,000 
acre-ft.  Two  mass  water  level  measurements  were 
made  in  March  and  August  1980  to  define  the 
water  table  in  the  regional  system.  The  model  was 
discretized  into  25  rows,  72  columns,  and  3  layers. 
Each  cell  represented  4  sq  mi.  The  model  was 
calibrated  to  1980  hydrologic  conditions.  Calibrat- 
ed transmissivity  of  layer  1  (500  ft  thick)  ranged 
from  1,500  to  21,500  sq  ft/day.  Calibrated  specific 
yield  of  unconfined  aquifers  was  0.10  and  calibrat- 
ed storage  coefficient  of  confined  aquifers  ranged 
from  0.0004  to  0.007.  The  calibrated  model  was 
verified  by  simulating  monthly  water-level  fluctua- 
tions for  1980.  Simulated  water  levels  matched 
measured  levels  in  the  Boise  River  Valley,  but  the 
match  in  other  areas  was  poor.  (USGS) 
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W90-06266 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1984. 

Geological   Survey,   Cheyenne,   WY.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06267 


WATER  CYCLE— Field  2 
Groundwater — Group  2F 


WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1985. 

Geological  Survey  of  Alabama,  University.  Div.  of 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  1C. 

W90-06268 


WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1986. 

Geological  Survey  of  Alabama,  University.  Div.  of 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06269 


WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1987. 

Geological  Survey  of  Alabama,  University.  Div.  of 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06270 


WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1988. 

Geological  Survey  of  Alabama,  University.  Div.  of 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06271 


WATER   RESOURCES    DATA   FOR   ALASKA, 
WATER  YEAR  1985. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06272 


WATER   RESOURCES   DATA   FOR   ALASKA, 
WATER  YEAR  1986. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06273 


WATER   RESOURCES   DATA   FOR   ALASKA, 
WATER  YEAR  1987. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06274 


WATER   RESOURCES   DATA   FOR   ALASKA, 
WATER  YEAR  1988. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06275 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1984. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06276 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1985. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06277 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1986. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06278 


WATER  RESOURCES  DATA  FOR  ARIZONA, 

WATER  YEAR  1987. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06279 


WATER  RESOURCES  DATA  FOR  ARKANSAS, 
WATER  YEAR  1986. 


Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06280 


WATER  RESOURCES  DATA  FOR  ARKANSAS, 
WATER  YEAR  1987. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06281 


WATER  RESOURCES  DATA  FOR  ARKANSAS, 
WATER  YEAR  1988. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06282 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1984.  VOLUME  4.  NORTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  HONEY  LAKE  BASIN 
TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06283 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1985.  VOLUME  4.  NORTH- 
ERN CALIFORNIA  VALLEY  BASINS  AND 
THE  GREAT  BASIN  FROM  HONEY  LAKE 
BASIN  TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06287 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1985.  VOLUME  5. 
GROUND-WATER  DATA  FOR  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06288 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1986.  VOLUME  5. 
GROUND-WATER  DATA  FOR  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06293 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1987.  VOLUME  4.  NORTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  HONEY  LAKE  BASIN 
TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06297 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1987.  VOLUME  5. 
GROUND-WATER  DATA  FOR  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06298 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1988.  VOLUME  5. 
GROUND-WATER  DATA  FOR  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06303 


WATER   RESOURCES   DATA  FOR  COLORA- 
DO, WATER  YEAR  1986.  VOLUME  1.  MISSOU- 


RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological   Survey,   Lakewood,   CO.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06304 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1986.  VOLUME  2.  COLO- 
RADO RIVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06305 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1987.  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06306 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1987.  VOLUME  2.  COLO- 
RADO RIVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06307 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1988.  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06308 


WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1985. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06309 


WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1986. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06310 


WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1987. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06311 


WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1988. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06312 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1982.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06313 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1982.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div. 
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For  primary  bibliographic  entry  see  Field  7C. 
W90-063I4 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06315 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1985.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06316 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1985.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06317 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  1A.  NORTH- 
EAST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Orlando,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06318 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  IB.  NORTH- 
EAST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Orlando,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06319 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06320 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06321 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  3A.  SOUTH- 
WEST FLORIDA-SURFACE  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06322 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  3B.  SOUTH- 
WEST FLORIDA-GROUND  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06323 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06324 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  1A.  NORTH- 
EAST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06325 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  IB.  NORTH- 
EAST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06326 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06327 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06328 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  3A.  SOUTH- 
WEST FLORIDA-SURFACE  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06329 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  3B.  SOUTH- 
WEST FLORIDA-GROUND  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06330 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06331 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  1A.  NORTH- 
EAST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06332 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  IB.  NORTH- 
EAST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06333 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06334 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 


Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06335 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  3A.  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06336 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  3B.  SOUTH- 
WEST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06337 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06338 


WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1985. 

Geological    Survey,    Doraville,   GA.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06339 


WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1986. 

Geological    Survey,   Doraville,   GA.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06340 


WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1987. 

Geological   Survey,    Doraville,   GA.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06341 


WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1988. 

Geological    Survey,    Doraville,    GA.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06342 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1985.  VOLUME  2. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06343 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1986.  VOLUME  1,  HAWAH. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06344 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1986.  VOLUME  2. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06345 
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WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1987.  VOLUME  1,  HAWAII. 

Geological    Survey,    Honolulu,    HI.    Water    Re- 
sources Div.  . 
For  primary  bibliographic  entry  see  Field  7C. 
W90-06346 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1988  VOLUME  2.  ILLINOIS 
RrVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06357 


WATER  CYCLE— Field  2 
Groundwater — Group  2F 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984.  VOLUME  3B:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06368 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1987.  VOLUME  2. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06347 


WATER    RESOURCES    DATA    FOR    IDAHO, 
WATER  YEAR  1985. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06348 


WATER    RESOURCES    DATA    FOR    IDAHO, 
WATER  YEAR  1986. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div.  . 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06349 


WATER    RESOURCES    DATA    FOR    IDAHO, 

WATER  YEAR  1987. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06350 


WATER    RESOURCES    DATA    FOR    IDAHO, 
WATER  YEAR  1988. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06351 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1986.  VOLUME  1.  ILLINOIS 
EXCEPT  ILLFNOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06352 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1986  VOLUME  2.  ILLINOIS 
RIVER  BASES. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06353 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1987  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RrVER  BASrN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06354 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1987  VOLUME  2.  ILLINOIS 
RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06355 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1988  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASFN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06356 


WATER  RESOURCES  DATA  FOR  FNDIANA, 
WATER  YEAR  1985. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06358 


WATER  RESOURCES  DATA  FOR  INDIANA, 
WATER  YEAR  1986. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06359 


WATER  RESOURCES  DATA  FOR  INDIANA, 
WATER  YEAR  1987. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06360 

WATER  RESOURCES  DATA  FOR  INDIANA, 
WATER  YEAR  1988. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06361 


WATER     RESOURCES     DATA     FOR     IOWA, 
WATER  YEAR  1986. 

Geological   Survey,   Iowa  City,   IA.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06362 


WATER     RESOURCES     DATA     FOR     IOWA, 
WATER  YEAR  1987. 

Geological   Survey,   Iowa  City,   IA.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06363 


WATER     RESOURCES     DATA     FOR     IOWA, 
WATER  YEAR  1988. 

Geological   Survey,   Iowa  City,   IA.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06364 


WATER  RESOURCES  DATA,  FLORIDA, 
WATER  YEAR  1984,  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06369 


WATER  RESOURCES  DATA  -  FLORIDA, 
WATER  YEAR  1985,  VOLUME  IA:  NORTH- 
EAST FLORIDA-SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06370 


WATER  RESOURCES  DATA  -  FLORIDA, 
WATER  YEAR  1985,  VOLUME  IB:  NORTH- 
EAST FLORIDA  -  GROUNDWATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06371 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1985.  VOLUME  3A:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  field  7C. 
W90-06372 


WATER  RESOURCES  DATA  FOR  FLORIDA 
WATER  YEAR  1985.  VOLUME  3B:  SOUTH- 
WEST FLORIDA-GROUND  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06373 

WATER  RESOURCES  DATA,  FLORIDA, 
WATER  YEAR  1985  VOLUME  4:  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06374 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984  VOLUME  IB:  NORTH- 
EAST FLORIDA  -  GROUNDWATER. 

Geological  Survey,  Orlando,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06365 


WATER  RESOURCES  DATA  FLORIDA, 
WATER  YEAR  1984,  VOLUME  2A:  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06366 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984,  VOLUME  3A:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06367 


WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1984. 

Geological   Survey,    Doraville,   GA.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06375 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1984.  VOLUME  1,  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06376 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1984.  VOLUME  2.  GUAM,  NORTHERN  MARI- 
ANA ISLANDS,  FEDERATED  STATES  OF  MI- 
CRONESIA, PALAU,  AND  AMERICAN 
SAMOA. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06377 


31 


Field  2— WATER  CYCLE 
Group  2F — Groundwater 


i 


*  i 


-. 

5 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1985.  VOLUME  1:  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06378 


WATER    RESOURCES    DATA    FOR    IDAHO, 
WATER  YEAR  1984. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06379 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1984  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06380 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1984  VOLUME  2.  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06381 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1985.  VOLUME  1:  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06382 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1985  VOLUME  2.  ILLINOIS 
RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06383 


WATER  RESOURCES  DATA  FOR  INDIANA. 
WATER  YEAR  1984. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06384 


WATER     RESOURCES     DATA     FOR     IOWA, 
WATER  YEAR  1984. 

Geological   Survey,   Iowa  City,   IA.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06385 


WATER    RESOURCES    DATA    FOR    KANSAS, 
WATER  YEAR  1984. 

Geological    Survey,    Lawrence,    KS.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06386 


WATER    RESOURCES    DATA    FOR    KANSAS 
WATER  YEAR  1985. 

Geological    Survey,    Lawrence,    KS.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06387 


WATER    RESOURCES    DATA    FOR    KANSAS, 
WATER  YEAR  1986. 

Geological    Survey,    Lawrence,    KS.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06389 


WATER    RESOURCES    DATA    FOR    KANSAS, 
WATER  YEAR  1988. 

Geological    Survey,    Lawrence,    KS.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06390 


WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1986. 

Geological   Survey,   Louisville,    KY.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06391 


WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1987. 

Geological    Survey,    Louisville,   KY.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06392 


WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1988. 

Geological   Survey,    Louisville,    KY.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06393 


WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1986. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06394 


WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1987. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06395 


WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1988. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06396 


WATER    RESOURCES    DATA    FOR    MAINE, 
WATER  YEAR  1985. 

Geological    Survey,    Augusta,    ME.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06397 


WATER    RESOURCES    DATA    FOR    MAINE, 
WATER  YEAR  1986. 

Geological    Survey,    Augusta,    ME.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06398 


WATER    RESOURCES    DATA    FOR    MAINE, 
WATER  YEAR  1987. 

Geological    Survey,    Augusta,    ME.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06399 


WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1984. 

Geological    Survey,    Louisville,    KY.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06388 


WATER    RESOURCES    DATA    FOR    MAINE, 
WATER  YEAR  1988. 

Geological    Survey,    Augusta,    ME.    Water    Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 


W90-06400 


WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1986. 

Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06401 


WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1987. 
Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06402 


WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1988. 

Geological    Survey,    Towson,    MD.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06403 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1985. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06404 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1986. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-064O5 


WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1986. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06406 


WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1987. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06407 


WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1988. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06408 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1984.  VOLUME  1.  GREAT 
LAKES  AND  SOURIS-RED-RAINY  RIVER 
BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06409 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1985.  VOLUME  1.  GREAT 
LAKES  AND  SOURIS-RED-RAINY  RIVER 
BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06410 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1985.  VOLUME  2.  UPPER 
MISSISSD7PI  AND  MISSOURI  RIVER  BASIN. 
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Geological    Survey,    St.    Paul,    MN.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06411 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1986.  VOLUME  1.  GREAT 
LAKES  AND  SOURIS-RED-RATNY  RIVER 
BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06412 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1987.  VOLUME  2.  COLUMBIA 
RIVER  BASIN. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06424 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1988. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06425 


Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06435 

WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1986.  VOLUME  1.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06436 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1986.  VOLUME  2.  UPPER 
MISSISSIPPI  AND  MISSOURI  RIVER  BASIN. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06413 

WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1985. 

Geological  Survey,  Jackson,  MS.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06414 

WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1986. 

Geological  Survey,  Jackson,  MS.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06415 


WATER  RESOURCES  DATA  FOR  MISSISSTP- 
PI,  WATER  YEAR  1987. 

Geological  Survey,  Jackson,  MS.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06416 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1988. 

Geological  Survey,  Jackson,  MS.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06417 

WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1988. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06420 

WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1986.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RTVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06421 

WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1986.  VOLUME  2.  COLUMBIA 
RTVER  BASIN. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06422 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1987.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RTVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06423 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1985. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06426 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1986. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06427 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1987. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06428 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1988. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06429 


WATER   RESOURCES   DATA  FOR   NEVADA, 
WATER  YEAR  1985. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06430 


WATER  RESOURCES   DATA   FOR  NEVADA, 
WATER  YEAR  1986. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06431 


WATER   RESOURCES   DATA   FOR  NEVADA, 
WATER  YEAR  1987. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06432 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1985. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06433 

WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1986. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06434 


WATER     RESOURCES     DATA     FOR     NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 

1987. 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1986.  VOLUME  2: 
DELAWARE  RTVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06437 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1987.  VOLUME  1:  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06438 

WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1987.  VOLUME  2: 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06439 

WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1988,  VOLUME  1.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RTVER  TO 
CAPE  MAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06440 

WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1988.  VOLUME  2: 
DELAWARE  RTVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06441 

WATER  RESOURCES  DATA  FOR  NEW 
MEXICO  WATER  YEAR  1986. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06442 

WATER  RESOURCES  DATA  FOR  NEW 
MEXICO  WATER  YEAR  1987. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06443 

WATER  RESOURCES  DATA  FOR  NEW 
MEXICO  WATER  YEAR  1988. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06444 
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WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1985.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06445 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1985,  VOLUME  2.  LONG 
ISLAND. 

Geological  Survey,  Syosset,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06446 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1985.  VOLUME  3:  WESTERN 
NEW  YORK. 

Geological  Survey,  Ithaca,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06447 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1986.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06448 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1986.  VOLUME  2:  LONG 
ISLAND. 

Geological  Survey,  Syosset,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06449 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1986.  VOLUME  3:  WESTERN 
NEW  YORK. 

Geological  Survey,  Ithaca,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06450 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1987.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06451 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1987.  VOLUME  2:  LONG 
ISLAND. 

Geological  Survey,  Syosset,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06452 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1987.  VOLUME  3:  WESTERN 
NEW  YORK. 

Geological  Survey,  Ithaca,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06453 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1984.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06454 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1984.  VOLUME  2.  LONG 
ISLAND. 


Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06455 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER   YEAR   1984.   VOLUME  3.  WESTERN 

NEW  YORK. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06456 


WATER    RESOURCES    DATA    FOR    NORTH 
CAROLINA,  WATER  YEAR  1985. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06457 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1984. 

Geological    Survey,    Bismarck,    ND.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06458 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1985. 

Geological    Survey,    Bismarck,    ND.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06459 


WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1984.  VOLUME  1.  OHIO  RIVER 
BASIN. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06460 


WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1984.  VOLUME  2.  ST.  LAW- 
RENCE RIVER  BASIN,  STATEWIDE  PROJECT 
DATA. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06461 


WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1985.  VOLUME  1.  OHIO  RIVER 
BASIN. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06462 


WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1985.  VOLUME  2.  ST.  LAW- 
RENCE RIVER  BASIN,  STATEWIDE  PROJECT 
DATA. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06463 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1984.  VOLUME  1.  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06466 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1984.  VOLUME  2:  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06467 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1984.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06468 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1984.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06469 


WATER    RESOURCES    DATA    FOR    SOUTH 
DAKOTA,  WATER  YEAR  1984. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06470 


WATER    RESOURCES    DATA    FOR    SOUTH 
DAKOTA,  WATER  YEAR  1985. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06471 


WATER    RESOURCES   DATA   FOR   TENNES- 
SEE, WATER  YEAR  1984. 

Geological    Survey,    Nashville,    TN.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06472 


WATER     RESOURCES     DATA     FOR     UTAH, 
WATER  YEAR  1984. 

Geological   Survey,  Salt   Lake  City,  UT.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06476 


WATER     RESOURCES     DATA     FOR     UTAH, 
WATER  YEAR  1985. 

Geological   Survey,   Salt  Lake  City,   UT.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06477 


WATER  RESOURCES  DATA  FOR  VIRGINIA, 
WATER  YEAR  1984. 

Geological   Survey,   Richmond,   VA.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06478 


WATER    RESOURCES    DATA    FOR    NORTH 
CAROLINA,  WATER  YEAR  1986. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06479 


WATER    RESOURCES    DATA    FOR    NORTH 
CAROLINA,  WATER  YEAR  1987. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06480 


WATER    RESOURCES    DATA    FOR    NORTH 
CAROLINA,  WATER  YEAR  1988. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06481 
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WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1986. 

Geological    Survey,    Bismarck,    ND.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06482 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1987. 
Geological   Survey,    Bismarck,    ND.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9O-06483 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1988. 

Geological   Survey,    Bismarck,   ND.    Water   Re- 
sources Div.  , 
For  primary  bibliographic  entry  see  Field  7C. 
W90-06484 


WATER  RESOURCES  DATA  FOR  OHIO,  1986. 
VOLUME  1:  OHIO  RIVER  BASIN. 

Geological   Survey,   Columbus,   OH.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06485 


WATER  RESOURCES  DATA  FOR  OHIO,  1986. 
VOLUME  2:  ST.  LAWRENCE  RTVER  BASIN. 

Geological   Survey,   Columbus,   OH.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06486 


WATER  RESOURCES  DATA  FOR  OHIO,  1987. 
VOLUME  1:  OHIO  RTVER  BASIN. 

Geological   Survey,   Columbus,   OH.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06487 


WATER  RESOURCES  DATA  FOR  OHIO,  1987. 
VOLUME  2:  ST.  LAWRENCE  RIVER  BASIN. 

Geological   Survey,   Columbus,   OH.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06488 


WATER  RESOURCES  DATA  FOR  OHIO,  1988. 
VOLUME  1:  OHIO  RTVER  BASIN. 

Geological   Survey,   Columbus,   OH.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06489 


WATER  RESOURCES  DATA  FOR  OHIO,  1988. 
VOLUME  2:  ST.  LAWRENCE  RIVER  BASIN 
AND  STATEWIDE  PROJECT  DATA. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06490 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1982.  VOLUME  1:  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06493 

WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1982.  VOLUME  2:  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06494 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1985.  VOLUME  1:  EASTERN 
OREGON. 


Geological    Survey,    Portland,    OR.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06495 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1984.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RTVER  BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06499 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1985.  VOLUME  1: 
DELAWARE  RTVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06500 

WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1985.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RTVER  BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06501 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1985.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06502 


Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06508 

WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1988.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RIVER  BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06509 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1988.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06510 

WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VIRGIN  ISLANDS, 
WATER  YEAR  1985. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06511 

WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VIRGIN  ISLANDS, 
WATER  YEAR  1986. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06512 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1986.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06503 

WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1986.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RIVER  BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06504 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1986.  VOLUME  3: 
OHIO  RTVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06505 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1987.  VOLUME  1: 
DELAWARE  RTVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06506 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1987.  VOLUME  3, 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06507 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1988.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 


WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VIRGIN  ISLANDS, 
WATER  YEAR  1987. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06513 

WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VIRGIN  ISLANDS, 
WATER  YEAR  1988. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06514 


WATER    RESOURCES    DATA    FOR    SOUTH 
CAROLINA,  WATER  YEAR  1985. 
Geological    Survey,    Columbia,    SC.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06515 


WATER    RESOURCES    DATA    FOR    SOUTH 
CAROLINA,  WATER  YEAR  1986. 

Geological    Survey,    Columbia,    SC.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06516 


WATER    RESOURCES    DATA    FOR    SOUTH 
CAROLINA,  WATER  YEAR  1987. 
Geological    Survey,    Columbia,    SC.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06517 


WATER    RESOURCES    DATA    FOR    SOUTH 
DAKOTA,  WATER  YEAR  1986. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06518 
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Field  2— WATER  CYCLE 
Group  2F — Groundwater 

WATER    RESOURCES    DATA    FOR    SOUTH 
DAKOTA,  WATER  YEAR  1987. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06519 


WATER    RESOURCES    DATA     FOR    SOUTH 
DAKOTA,  WATER  YEAR  1988. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06520 


WATER    RESOURCES   DATA    FOR   TENNES- 
SEE, WATER  YEAR  1986. 

Geological    Survey,    Nashville,    TN.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06521 


WATER   RESOURCES   DATA   FOR   TENNES- 
SEE, WATER  YEAR  1987. 

Geological    Survey,    Nashville,   TN.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06522 


WATER   RESOURCES   DATA   FOR   TENNES- 
SEE, WATER  YEAR  1988. 

Geological    Survey,    Nashville,    TN.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06523 


WATER     RESOURCES     DATA     FOR     UTAH, 
WATER  YEAR  1986. 

Geological   Survey,  Salt  Lake  City,  UT.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C 

W90-06536 


WATER     RESOURCES     DATA     FOR     UTAH, 
WATER  YEAR  1987. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06537 


WATER     RESOURCES     DATA     FOR     UTAH 
WATER  YEAR  1988. 

Geological  Survey,  Salt   Lake  City,   UT.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06538 


WATER  RESOURCES  DATA  FOR  VIRGINIA, 
WATER  YEAR  1986. 

Geological   Survey,   Richmond,   VA.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06539 


WATER  RESOURCES  DATA  FOR  VIRGINIA 
WATER  YEAR  1987. 

Geological   Survey,   Richmond,   VA.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06540 


WATER  RESOURCES  DATA  FOR  VIRGINIA, 
WATER  YEAR  1988. 

Geological   Survey,   Richmond,   VA.   Water  Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1984. 

Geological    Survey,    Tacoma,    WA.    Water    Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  7C. 


W90-06542 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1986. 

Geological    Survey,    Tacoma,    WA.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06543 


WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA, WATER  YEAR  1985. 

Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06544 


WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA,  WATER  YEAR  1986. 

Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06545 


WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA, WATER  YEAR  1987. 

Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06546 


WATER   RESOURCES   DATA   FOR   WISCON- 
SIN, WATER  YEAR  1986. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06547 


WATER   RESOURCES   DATA    FOR   WISCON- 
SIN, WATER  YEAR  1987. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06548 


WATER   RESOURCES   DATA   FOR   WISCON- 
SIN, WATER  YEAR  1988. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06549 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1985. 

Geological   Survey,   Cheyenne,   WY.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06550 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1986. 

Geological   Survey,   Cheyenne,   WY.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06551 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1987. 

Geological   Survey,   Cheyenne,   WY.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06552 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1988. 

Geological   Survey,   Cheyenne,   WY.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-O6553 


WATER     RESOURCES     DATA     FOR     IOWA 
WATER  YEAR  1985. 


Geological   Survey,   Iowa  City,   IA.   Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W90-06554 


2G.  Water  In  Soils 


AERATION   CHANGES  AFTER   IRRIGATION 
IN  A  CLAY  SOIL. 

Sveriges   Lantbruksuniversitet,   Uppsala.   Div.   of 

Agricultural  Hydrotechnics. 

For  primary  bibliographic  entry  see  Field  3F. 

W90-05915 


SCALING  THE  SATURATED  HYDRAULIC 
CONDUCTIVITY  OF  AN  ALFISOL. 

International  Crops  Research  Inst,  for  the  Semi- 
Arid  Tropics,  Patancheru  (India). 
M.  Bonsu,  and  K.  B.  Laryea. 

Journal  of  Soil  Science  JSSCAH,  Vol.  40,  No  4  p 
731-742,  December  1989.  7  fig,  3  tab,  19  ref. 

Descriptors:  *Alfisols,  'Data  interpretation,  •Hy- 
draulic conductivity,  'Hydraulic  models,  'Labora- 
tory methods,  'Mathematical  models,  'Permeabil- 
ity coefficient,  'Scale  factors,  'Soil  porosity,  'Soil 
saturation,  Hydraulic  permeability,  Semiarid  cli- 
mates, Soil  properties,  Soil  types,  Tropical  regions. 

Alfisols  occupy  about  30%  of  the  land  area  in  the 
semi-arid  tropics,  but  their  low  water-holding  ca- 
pacity owing  to  their  characteristically  shallow 
depth  is  one  of  the  major  constraints  to  sustained 
crop  production.  Alfisols  exhibit  a  high  degree  of 
spatial  variability  in  their  physical  properties.  As  a 
result,  it  is  difficult  to  use  information  on  physical 
parameters  measured  at  one  location  to  model 
larger-scale  hydrologic  processes.  In  this  study,  the 
saturated  hydraulic  conductivity,  K  sub  s,  of  an 
Alfisol  was  determined  on  109  undisturbed  mono- 
liths using  the  falling-head  permeameter  method.  A 
model  developed  by  Arya  and  Paris  was  used  to 
calculate  the  port  volume  from  sand  and  clay 
fractions.  Scaling  factors  were  calculated  from  the 
measured  K  sub  2,  sand  pore-volume,  clay  content 
and  effective  porosity,  using  the  similar  media  con- 
cept. Prediction  of  K  sub  s  of  gravelly  Alfisol 
using  clay  port  volume  is  confounded  by  high 
gravel  content  which,  when  discounted,  improves 
the  prediction  remarkably.  The  scaled  mean  satu- 
rated hydraulic  conductivity  K*  for  all  horizons  of 
the  Alfisol  was  approximately  10  micrometers/sec. 
(Author's  abstract) 
W9O-05916 


EFFECT  OF  BULK  DENSITY,  WATER  CON- 
TENT AND  SOIL  TYPE  ON  THE  DIFFUSION 
OF  CHLORIDE  IN  SOIL. 

Queensland  Univ.,  Brisbane  (Australia).  Dept.  of 

Agriculture. 

H.  B.  So,  and  P.  H.  Nye. 

Journal  of  Soil  Science  JSSCAH,  Vol.  40,  No  4  p 

743-749,  December  1989.  3  fig,  1  tab,  7  ref. 

Descriptors:  'Chlorides,  'Diffusion  coefficient, 
•Impedance,  'Soil  density,  'Soil  types,  'Soil 
water,  'Solute  transport,  Clay  loam,  Loam,  Soil 
compaction,   Soil   porosity,   Soil   water  potential. 

The  relative  importance  of  soil  bulk  density,  water 
content  and  water  potential  on  the  self-diffusion 
and  impedance  factors  of  Cl(36)  in  a  sandy  loam 
and  loamy  clay  were  studied.  The  soils  used  were 
cultivated  topsoils  of  Begbroke  sandy  loam  and 
Evesham  silty  clay  and  the  soil  bulk  densities  used 
represented  a  range  of  conditions  from  freshly 
tilled  seedbeds  to  compacted  soils.  Results  showed 
that  the  relationship  between  water  potential  and 
the  gravimetric  water  content  is  independent  of  the 
soil  bulk  density,  except  near  saturation.  The  volu- 
metric water  contents  and  water  potential  were  the 
main  factors  controlling  the  soil  impedance  factors, 
with  bulk  density  making  a  small  but  significant 
contribution.  There  was  no  significant  reduction  in 
the  residual  variance  of  the  impedance  factor  if  the 
interaction  between  bulk  density  and  volumetric 
water  content  or  water  potential  was  included  in 
the  regression  equations.  Soil  type  affects  the  im- 
pedance factors  through  differences  in  anion  exclu- 
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sion  volumes,  the  water  contents  of  poorly  con- 
nected pores  that  contribute  little  to  the  diffusion 
process,  and  tortuosity  of  the  diffusion  pathways. 
(Author's  abstract) 
W90-05917 

COMPARISON  BETWEEN  ACETONE  AND 
DIOXANE  AND  EXPLANATION  OF  THEIR 
ROLE  IN  WATER  REPLACEMENT  IN  UNDIS- 
TURBED SOIL  SAMPLES. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Soils. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05918 


SOURCES  OF  ACIDITY  IN  FOREST-FLOOR 
PERCOLATE  FROM  A  MAPLE-BIRCH  ECO- 
SYSTEM. ,  „  „  u 
Great  Lakes  Forestry  Research  Centre,  bault 
Sainte  Marie  (Ontario). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05982 

ENVmONMENTAL  CHEMISTRY  OF  HERBI- 
CIDES. VOLUME  I. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06164 


MASS  FLOW  AND  DISPERSION. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06166 


2H.  Lakes 


BIBLIOGRAPHY  OF  FISHERY  INVESTIGA- 
TIONS ON  LARGE  SALMONID  RTVER  SYS- 
TEMS WITH  SPECIAL  EMPHASIS  ON  THE 
BOIS  BRULE  RD7ER,  DOUGLAS  COUNTY, 
WISCONSIN. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
For  primary  bibliographic  entry  see  Field  IOC. 
W90-05735 

FISHERIES-OCEANOGRAPHY  COORDINAT- 
ED INVESTIGATIONS -FIELD  OPERATIONS 
1988. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Seattle,  WA.  Pacific  Marine  Environmental 
Lab. 

For  primary  bibliographic  entry  see  Field  81. 
W90-05737 

EFFECT  OF  DISSOLVED  OXYGEN  CONCEN- 
TRATIONS ON  FISH  AND  INVERTEBRATES 
IN  LARGE  EXPERIMENTAL  CHANNELS. 

Tennessee  Valley  Authority,  Knoxville.  Office  of 
Natural  Resources  and  Economic  Development. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-05751 

DISSOLVED  ORGANIC  MATTER  AND  LAKE 
METABOLISM:  BIOGEOCHEMISTRY  AND 
CONTROLS  OF  NUTRD2NT  FLUX  DYNAMICS 
IN  LAKES. 

Michigan  Univ.,  Ann  Arbor.  Dept.  of  Biology. 
R.  G.  Wetzel. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-016540. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  DOE/ER/605 1 5-2-Pt.  1,  (1988).  56p, 
6  fig,  27  ref.  DOE  Contract  DE-FG02-87ER60515. 

Descriptors:  'Nutrients,  'Fluctuations,  'Water 
chemistry,  'Lake  morphology,  'Limnology,  'Cy- 
cling nutrients,  'Lakes,  Organic  matter,  Wetlands, 
Phytoplankton,  Littoral  environment,  Ecosystems. 

The  littoral-wetland  vegetation  and  its  intensive 
synthesis  and  decompositional  metabolism  of  lakes 
regulate:  (1)  loading  of  inorganic  nutrients  passing 
to  the  open  water  (functioning  as  pulsed  sources 
and  sinks),  and  (2)  loading  of  dissolved  organic 


matter  and  particulate  organic  matter  to  the  recipi- 
ent open  water,  which  by  numerous  complex  path- 
ways and  mechanisms  enhance  or  suppress  pelagic 
productivity.  Recent  investigations  have  addressed 
the  sources,  fates,  and  interactions  of  dissolved  and 
particulate  organic  matter  in  relation  to:  (1)  inor- 
ganic chemical  cycling,  (2)  allochthonous  loading 
to  the  lake  system,  and  (3)  the  coupled  nutrient 
physiology  and  metabolism  of  phytoplankton,  bac- 
teria] populations,  macrophytes  and  attendant  ses- 
sile algal-bacterial  communities.  Regulatory  mech- 
anisms of  growth  and  rates  of  carbon  and  nutrient 
cycling  were  evaluated  among  the:  (1)  inorganic- 
organic  influxes  of  allochthonous  sources  as  they 
are  controlled  by  wetland-littoral  communities,  (2) 
wetland  and  littoral  photosynthetic  producer-de- 
composer complex,  (3)  microflora  of  the  sediment- 
water  interface,  and  (4)  microflora  of  the  pelagic 
zone  as  influenced  by  other  components.  The  re- 
search components  summarized  are  by  necessity 
long-term  and  continuing.  Facets  have  been  in 
progress  for  over  a  decade,  during  which  experi- 
mental subprograms  to  evaluate  regulatory  mecha- 
nisms were  executed  within  long-term  quantitative 
analyses  of  population,  community,  and  ecosystem 
dynamics.  (Lantz-PTT) 
W90-05753 

EFFECTS  OF  TEMPERATURE  AND  REDOX 
CONDITIONS  ON  DEGRADATION  OF 
CHLORINATED  PHENOLS  IN  FRESHWATER 
SEDIMENTS. 

Environmental  Research  Lab.,  Athens,  GA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05756 

TRACE  ELEMENT  CONCENTRATIONS  IN 
TRANSPLANTED  AND  NATURALLY  OCCUR- 
RING UNIONIDAE  MUSSELS,  WATER,  SEDI- 
MENTS, AND  MACROPHYTES  IN  CAYUGA 
LAKE. 

Department  of  Energy,  New  York.  Environmental 
Measurements  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05763 

HISTORICAL  SYNOPSIS  OF  GREAT  LAKES 
WATER  QUALITY  RESEARCH  AND  MAN- 
AGEMENT AND  FUTURE  DIRECTIONS. 

Environmental  Research  Lab.-Duluth,  Grosse  He, 

MI.  Large  Lakes  Research  Station. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05778 


Lakes — Group  2H 

of  the  VLMP  was  to  involve  citizen  volunteers 
with   lake   monitoring,   thereby   providing   public 
education  in  lake/watershed  management,  and  at 
the  same  time  to  establish  a  lake  information  base 
which  could  be  used  to  help  diagnose  lake  prob- 
lems   and    support    lake    management    decision 
making.  The  volunteer  lowers  a  Secchi  disc  into 
the  water  and  records  the  depth  at  which  it  disap- 
pears from  view  to  determine  light  penetration  into 
a  body  of  water.  This  measurement  can  be  used  to 
document  changes  in  transparency  of  lake  water 
due  to  algae,  sediment  and  organic  matter,  which 
interfere  with  light  penetration.  The  volunteer  also 
records  observations  about  other  important  envi- 
ronmental characteristics  of  the  lake,  such  as  water 
color,    suspended    algae    and    sediment,    aquatic 
weeds  and  odor.  Weather  conditions  on  the  day  of 
sampling,  as  well  as  during  the  prior  week,  are 
recorded.  Any  recent  lake  management  activities 
or  other  factors  which  could  impact  the  lake  are 
documented.  VLMP  data  for  9  lakes  in  the  South- 
western Illinois  Region  are  organized  as  follows: 
(1)  summary  of  1987  regional  results,  discussion  of 
lake  characteristics,  volunteer  participation,  rank- 
ing of  lakes  on  a  regional  basis  and  comparison  to 
statewide  statistics;  (2)  individual  lake  summaries 
for  those  VLMP  lakes  that  were  monitored  for 
nine  or  more  periods  during  the  1987  season;  and 
(3)  individual  lake  data  (in  tabular  and  graphic 
form)  for  those  VLMP  lakes  in  the  region  which 
were  monitored  between  four  and  eight  sampling 
periods  during  the  1987  season.  (Lantz-PTT) 
W90-05827 


ION  EXCHANGE  IN  FISH  UNDER  EXTREME 
EFFECTS  OF  A  VARIED  NATURE. 

Akademiya    Nauk    SSSR,    Borok.    Inst.    Biologii 

Vnutrennykh  Vod. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05781 


VOLUNTEER  LAKE  MONITORING  PRO- 
GRAM, 1987.  VOLUME  VI:  SOUTHWESTERN 
ILLINOIS  REGION. 

Illinois  State  Environmental  Protection  Agency, 
Springfield.  Div.  of  Water  Pollution  Control. 
M.  E.  Clement,  and  S.  E.  Andres. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-166797. 
Price  codes:  ACM  in  paper  copy,  A01  in  microfiche. 
Report  No.  IEPA/WPC/88-016f,  November  1988. 
79p,  20  fig,  15  tab,  23  ref,  2  append. 

Descriptors:  'Data  acquisition,  'Illinois,  'Lakes, 
'Monitoring,  'Public  participation,  'Water  quality 
control,  Algae,  Color,  Data  collections,  Hydrolog- 
ic  data,  Organic  matter,  Secchi  disks,  Suspended 
sediments,  Turbidity. 

Illinois  has  more  than  2900  lakes  of  6  acres  or 
more.  These  lakes  comprise  a  valuable  resource 
essential  to  the  economic  health  of  the  State.  Rec- 
ognizing the  need  to  assess  the  quality  of  Illinois 
lakes  and  devise  protection  and  management  strat- 
egies, Illinois  EPA  began  investigating  lakes  in 
1987.  As  a  result  of  these  early  studies  and  growing 
public  interest,  the  Volunteer  Lake  Monitoring 
Program  (VLMP)  was  initiated  in  1981.  The  intent 


LIPID  COMPOSITION  RELATED  TO  SIZE 
AND  MATURITY  OF  THE  AMPHIPOD  PON- 
TOPOREIA  HOYI. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Ann  Arbor,  MI.  Great  Lakes  Environmental 
Research  Lab. 

M.  A.  Quigley,  J.  F.  Cavaletto,  and  W.  S.  Gardner. 
Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
15,  No.  4,  p  601-610,  1989.  5  fig,  51  ref. 

Descriptors:  'Amphipods,  'Lipids,  'Path  of  pol- 
lutants, Lake  Michigan,  Life  history  studies,  Physi- 
ology, Sex,  Size,  Triacylglycerol. 

Micro-gravimetric  determination  of  the  lipid  con- 
tent  of  amphipods   (Pontoporeia   hoyi)   obtained 
from  a  45-m-deep  Lake  Michigan  sampling  site 
indicated  that  the  mean  lipid  content  of  adult  fe- 
males   was    30%    on    a    non-lipid    dry    weight 
(NLDW)  basis,  and  that  juveniles  and  adult  males 
contained  21  and  10%  lipid  (NLDW  basis),  respec- 
tively. Thin  layer  chromatography-flame  ioniza- 
tion detection  analysis  revealed  that  lipids  of  fe- 
males were  composed  primarily  of  triacylglycerols 
(81%),  the  principal  energy  storage  lipid  of  amphi- 
pods. Lipids  of  juveniles  were  composed  largely  of 
triacylglycerols  (41%)  and  phospholipids  (44%). 
Adult  male  P.  hoyi  lipids  consisted  mostly  of  phos- 
pholipids (64%)  and,  secondarily,  of  triacylglycer- 
ols (12%).  The  relatively  low  triacylglycerol  con- 
centrations in  males  may  be  associated  with  the 
minimal  requirements  for  energy  stores  to  support 
metabolic  needs  during  the  male's  brief  (10  day) 
life  span.  By  contrast,  the  high  lipid  content  and 
marked  abundance  of  triacylglycerols  in  adult  fe- 
males represents  an  important  energy  store  sup- 
porting subsequent  egg  development,  particularly 
since  females  appear  to  halt  all  feeding  upon  matu- 
ration. In  juvenile  P.  hoyi,  increased  individual  size 
(NLDW)  was  accompanied  by  increased  lipid  dry 
weight,  implying  that  juveniles  accumulate  lipids 
during  growth.  Overall,  the  results  demonstrated 
the  importance  of  considering  P.  hoyi  size,  life 
stage,  and  sex  when  describing  a  population's  lipid 
content  or  composition.  This  consideration  is  par- 
ticularly critical  when  evaluating  the  role  of  P. 
hoyi  in  the  transfer  of  energy  and/or  organic  con- 
taminants within  the  Great  Lakes  food  web.  (Au- 
thor's abstract) 
W90-05846 


SOME  PROBLEMS  AFFECTING  THE  ASSESS- 
MENT OF  GREAT  LAKES  WATER  QUALITY 
USING  BENTHIC  INVERTEBRATES. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5A. 
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W90-05847 


USE  OF  FRESHWATER  MUSSELS  (BIVALVIA- 
UNIONIDAE)  TO  MONITOR  THE  NEAR- 
SHORE  ENVIRONMENT  OF  LAKES. 

University  of  Western  Ontario,  London.  Dept   of 

Zoology. 

For  primary  bibliographic  entry  see  Field  5A. 


DEVELOPMENT  OF  A  BENTHIC  INVERTE- 
BRATE OBJECTIVE  FOR  MESOTROPHIC 
GREAT  LAKES  WATERS. 

Canada  Centre  for  Inland  Waters,  Burlington  (On- 
tario). 

T.  B.  Reynoldson,  D.  W.  Schloesser,  and  B.  A. 
Manny. 

Journal  of  Great  Lakes  Research  JGLRDE  Vol 
15,  No.  4,  p  669-686,   1989.  5  fig,  7  tab,  81  ref 

Descriptors:  'Benthic  fauna,  *Bioindicators 
Great  Lakes,  *Lake  restoration,  'Macroinverte- 
brates,  'Mesotrophic  lakes,  Environmental  effects 
Mayflies,  Monitoring,  Oligochaetes,  Spatial  varia- 
tion, Tubificids. 

A  biological  indicator  of  mesotrophic  conditions 
should:  (1)  provide  an  appropriate  and  interpreta- 
ble  objective;  (2)  be  achievable  if  corrective  meas- 
ures are  taken  (i.e.,  it  should  be  within  the  expected 
environmental  range  of  the  system);  and  (3)  allow 
measurement   of  progress  toward   the  objective 
Historical  data  from  the  Great  Lakes  suggest  that 
population  density  of  the  burrowing  mayfly,  Hexa- 
genia  limbata,  could  provide  an  appropriate  objec- 
tive, and  that  the  tubificid  oligochaete  community 
can  be  used  to  evaluate  progress  toward  that  ob- 
jective. Even  though  Hexagenia  has  not  returned 
to  the  western  basin  of  Lake  Erie,  there  has  been  a 
change  toward   mesotrophy  in   the  lake  as  evi- 
denced by  the  tubificid  oligochaete  community 
structure.  Furthermore,  trends  in  the  status  of  the 
benthic  community  can  be  tracked  by  observation 
of  the  benthic  community.  Data  from  other  sys- 
tems show  that  Hexagenia  can  return  to  locations 
where  it  was  formerly  abundant,  and  therefore  is 
an  attainable  objective  for  formerly  mesotrophic 
ecosystems.  It  is  recommended:  (1)  that  historic 
data  bases  be  made  more  widely  available  and 
analyzed    more    precisely    to    document    spatial 
changes  and  confirm  the  exact  nature  of  the  de- 
cline in  Hexagenia;  (2)  that  more  detailed  informa- 
tion be  acquired  on  the  environmental   require- 
ments of  Hexagenia;  and  (3)  that  the  entire  benthic 
community  be  monitored  on  a  regular  basis  at  key 
locations  to  track  progress  toward  attaining  the 
desired  objective.  (Author's  abstract) 
W90-05852 


VARIABILITY  OF  PHOSPHORUS  FORMS  IN 
SUSPENDED  SOLIDS  AT  THE  LAKE  ERIE- 
GRAND  RIVER  CONFLUENCE. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
For  primary  bibliographic  entry  see  Field  2K 
W90-05853 


CLADOPHORA     INTERNAL     PHOSPHORUS 
MODELING:  VERIFICATION. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
D.  S.  Painter,  and  M.  B.  Jackson. 
Journal  of  Great  Lakes  Research  JGLRDE,  Vol 
15,  No.  4,  p  700-708,  1989.  10  fig,  1  tab,  16  ref! 

Descriptors:  *Algal  blooms,  'Chlorophyta,  *Eu- 
trophic  lakes,  'Limnology,  'Phosphorus,  'Simula- 
tion analysis,  Canale  and  Auer  model,  Cladophora 
Great  Lakes,  Model  studies,  Monitoring,  Tempera- 
ture, Transparency. 

A  mathematical  model,  simulating  Cladophora  in- 
ternal phosphorus,  was  developed  from  relation- 
ships reported  by  Canale  and  Auer.  The  'Environ- 
ment Canada'  model  was  intended  to  be  a  simpli- 
fied generic  growth  model  that  would  indicate  the 
potential  for  Cladophora  problems  to  develop  at  a 
specific  site.  The  environmental  conditions  re- 
quired for  simulation  of  internal  phosphorus  were 


temperature,  Secchi  disc  transparency,  and  soluble 
reactive  phosphorus.  The  model  inputs  were  sim- 
plified and  some  model  equations  and  coefficients 
were  modified  from  the  original  Canale  and  Auer 
model  and  therefore  the  present  model  required 
verification.  The  model's  response  was  evaluated 
over  a  broad  range  of  environmental  conditions 
using  data  sets  obtained  from  Lakes  Ontario,  Erie 
Huron,  and  Simcoe.  An  assessment  of  the  model's 
predictions  suggests  that  monitoring  programs  de- 
signed to  observe  trends  in  eutrophication  should 
concentrate  on  shoreline  samples  only.  The  inter- 
nal phosphorus  concentration  in  the  shore  samples 
is  dependent  on  ambient  phosphorus  concentration 
and  relatively  independent  of  temperature  and 
clarity.  Therefore,  an  analysis  of  historical  trends 
in  eutrophication  using  shore  samples  only  would 
be  more  valid  and  less  susceptible  to  year-to-year 
climatic  or  storm-induced  factors.  (Author's  ab- 
stract) 
W90-05854 


RESPONSE  OF  SPORT  FISHES  TO  THERMAL 
DISCHARGES  INTO  THE  GREAT  LAKES:  IS 
SOMERSET  STATION,  LAKE  ONTARIO  DIF- 
FERENT. 

State  Univ.  of  New  York  Coll.  at  Brockport.  Dept 

of  Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

wyu-05855 


IM- 


DETECTING     ACID     PRECIPITATION 
PACTS  ON  LAKE  WATER  QUALITY. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri 

cultural  and  Chemical  Engineering. 

For  primary  bibliographic  entry  see  Field  7A. 


LAKE  MANAGEMENT  TECHNIQUES  IN 
FLORIDA,  USA:  COSTS  AND  WATER  QUAL- 
riY  EFFECTS. 

Florida  Inst,  of  Tech.,  Melbourne.  Dept.  of  Chemi- 
cal and  Environmental  Engineering. 
For  primary   bibliographic   entry  see   Field   5G 


'MINOR'  WETLANDS  AS  A  HABITAT  FOR 
SNIPES  IN  ITALY:  PRESENT  SITUATION 
AND  PERSPECTIVES  (LE  ZONE  UMIDE 
MINORP  ITALIANE  COME  HABITAT  PER  I 
BECCACCTNI:  SITUAZIONE  E  PROSPET- 
TIVE).  L1 

M.  N.  Raniero. 

Ricerche  di  Biologia  della  Selvaginna,  No.  82  p  1- 
19,  1989.  2  fig,  12  ref.  English  summary. 

55*5*iP*°™:    *Birds>    'Italy,    'Rice,    'Wetlands, 
Wildlife  habitats,   Bioindicators,  Field  drainage 
Herbicides,  Snipes. 

In  order  to  analyze  the  dramatic  decrease  in  the 
snipe  habitat  in  Italy,  a  questionnaire  was  sent  to  50 
experienced  correspondents.  Habitats  were  classi- 
fied as  natural  (swamps,  marshlands,  grasslands) 
and  artificial  (rice  paddies).  For  the  first  group, 
data  came  back  from  146  questionnaires  that  cov- 
ered the  same  number  of  swamps,  marshlands,  and 
grasslands  existing  in  24  Italian  provinces,  from 
Venice  to  Palermo.  In   1965  these   146  wetlands 
extended  over  32.068  ha;  in   1987  they  were  re- 
duced to  6.036  ha,  with  a  decrease  of  81%.  The 
snipe  bags  (harvests)  on  the  same  146  natural  wet- 
lands, diminished  from  8.1  in  1965  to  1.0  in  1987 
(average  bag  for  one  hunter  in  4  hours  activity)- 
bag  reduction  was  88%.  Research  on  the  habitat  of 
the  snipe  in  Italian  rice  paddies  gave  somewhat 
different  data.  The  total  area  covered  by  rice  pad- 
dies in  Italy,  mostly  concentrated  in  Piedmont  and 
Lombardy  regions,  went  from  160,000  ha  in  1965 
to  190,000  in  1987.  This  19%  increase  brought  no 
increase  in   Snipes:  data   from    12  questionnaires 
from  six  provinces  showed  that  the  average  bag 
went  from  10.4  (1965)  to  2.2  (1987),  with  a  reduc- 
tion of  79%.  Italy  has  in  fact  recently  reached  a 
worldwide  supremacy  in  rice  production/hectare- 
more  than  6000  kg.  This  means  a  highly  negative 
impact  on  snipes,  caused  by  the  continuous  use  of 
herbicides  (Molinate),  total  field  drainage,  a  high 
degree  of  mechanization  with  complete  cutting  of 


rice  plants.  Snipe  bag  statistics  are  thought  to  be 
reliable  environmental  indicators.  The  1986  agree- 
ment between  farmers'  and  hunters  associations  to 
work  together  for  a  better  wildlife  habitat  conser- 
vation, should  immediately  be  implemented  in  the 
Italian  snipe  areas.  (Author's  abstract) 
W90-05881 


INFLUENCE  OF  TWO  TRIAZINE  HERBI- 
?1£F  2™  ™E  PRODUCTIVITY,  BIOMASS 
AND  COMMUNITY  COMPOSITION  OF 
FRESHWATER  MARSH  PERIPHYTON. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Botany. 
For  primary  bibliographic  entry  see  Field  5C 
W90-05894 


INFLUENCE  OF  NITROGEN  SUPPLY  RATES 
ON  GROWTH  AND  NUTRIENT  STORAGE  BY 

SSWSffNra  (EICHHORNIA  <*"». 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

K.  R.  Reddy,  M.  Agami,  and  J.  C  Tucker. 
Aquatic  Botany  AQBODS,  Vol.  36,  No.  1  p  33-43 
December  1989.  7  fig,  3  tab,  30  ref. 

Descriptors:  'Nitrogen,  'Nitrogen  removal,  •Nu- 
trients, 'Plant  growth,  'Wastewater  treatment, 
•Water  hyacinth,  'Water  pollution  treatment 
Aquatic  plants,  Aquatic  productivity,  Metabolism 
Nutrient  removal,  Plant  tissues. 

Aquatic  plants  play  a  significant  role  in  stripping 
nutrients  from  polluted  waters  and  they  may  be  a 
valuable  source  of  protein  and  as  a  feedstock  to 
produce  methane.  The  effect  of  nitrogen  (N)  levels 
of  the  culture  medium  (0.5  to  50.5  mg  N/L  or  38 
to  3820  mg  N/sq  m/day)  on  net  productivity  and 
nutrient  (N,  phosphorus  (P)  and  potassium  (K)) 
?i*ragt  oy  Water  hyacinth  (Eichhornia  crassipes 
(Mart.)  Solms)  plants  was  investigated  using  out- 
door tanks.  Net  productivity  increased  with  N 
supply  rate  of  up  to  5.5  mg  N/L)  or  416  mg  N/sq 
m/day);  higher  concentrations  did  not  significantly 
increase  the  yield.  The  net  productivity  increased 
until  plant  tissue  N  content  reached  16  mg  N/g  dry 
weight,  but  additional  increase  in  tissue  N  content 
did  not  improve  yield.  However,  N  storage  in  the 
plant  tissue  increased  in  response  to  N  supply  rate 
with  maximum  N  storage  (80  g  N/sq  m)  measured 
in  plants  cultured  at  50.5  mg  N/L.  Plant  density 
affected  N  storage  in  the  tissue;  when  water  hya- 
cinths were  cultured  in  N-limited  water,  plant 
tissue-N  decreased  by  75%  within  4  weeks  of 
growth.  The  storage  of  P  and  K  in  the  plant  tissue 
was  increased  up  to  5.5  mg  N/L  and  2.5  mg  N/L 
in  the  culture  medium,  respectively.  (Author's  ab- 
stract) 
W90-05895 


ATMOSPHERIC  DEPOSITION  OF  PERSIST- 
ENT POLLUTANTS  GOVERNS  UPTAKE  BY 
ZOOPLANKTON  IN  A  POND  IN  SOUTHERN 
SWEDEN. 

Lund  Univ.  (Sweden).  Dept.  of  Ecology. 
For  primary  bibliographic  entry  see  Field  5B 
W90-05903 


ECOLOGICAL  GENETICS  OF  DAPHNIA:  RE- 
SPONSE OF  COEXISTING  GENOTYPES  TO 
RESOURCE  MANIPULATION. 

Max-Planck-Inst.  fuer  Limnologie  zu  Ploen  (Ger- 
many, F.R.).  Dept.  of  Ecophysiology. 
M.  A.  Mort,  W.  Fleckner,  W.  Lampert,  and  H.  G 
Wolf. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol  117 
No.  2,  p  141-161,  December  1989.  7  fig,  4  tab  48 
ref. 

Descriptors:  'Daphnia,  'Ecology,  'Genetics, 
•Glacial  lakes,  Algae,  Crustaceans,  Electrophore- 
sis, Eutrophic  lakes,  Genotypes,  Population  densi- 
ty, Reproduction,  West  Germany. 

The  crustacean  waterflea  Daphnia  is  a  useful  orga- 
nism for  ecological  genetics  studies  because  it  ex- 
hibits both  asexual  and  sexual  reproduction.  Large- 
scale  enclosures  (1500  L)  were  used  to  manipulate 
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Daphnia  galeata  populations  to  investigate  re- 
sponses of  2-locus  genotypes  (Pgi-Pgm)  to  addition 
of  the  green  alga  Scenedesmus.  Experiments  were 
conducted  in  the  moderately  eutrophic  Schohsee,  a 
lake  of  glacial  origin  in  northern  Germany.  Four 
experiments  were  conducted  in  summer  and 
autumn  over  a  2-year  period;  the  experiments 
ranged  from  40  to  57  days  in  duration.  Enclosures 
to  which  algae  were  added  represented  conditions 
in  which  a  highly  preferred  resource  was  offered 
continually;  enclosures  without  algae  added  repre- 
sented 'control  enclosures'  in  which  a  declining 
resource  base  created  conditions  of  resource  stress. 
Responses  to  individual  genotypes  to  these  treat- 
ments were  followed  electrophoretically  using  al- 
lozyme  markers.  During  the  experiments,  diversity 
and  relative  abundances  of  genotypes  exhibited 
little  change,  despite  large  changes  in  total  abun- 
dances of  the  enclosed  populations.  These  results 
are  consistent  with  predictions  based  on  previous 
genetic  studies  of  large-lake  Daphnia  species. 
(Mertz-PTT) 
W90-05919 


MULTIVARIATE  ANALYSIS  OF  LAKE  PHY- 
TOPLANKTON  AND  ENVIRONMENTAL  FAC- 
TORS. 

Helsinki  Univ.  of  Technology,  Espoo  (Finland). 
Lab.  of  Hydrology  and  Water  Resources  Engi- 
neering. 

O  Varis,  H.  Sirvio,  and  J.  Kettunen. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 
No   2,  p  163-175,  December  1989.  4  fig,  3  tab,  27 
ref. 

Descriptors:  *Algae,  'Algal  blooms,  'Cyanophyta, 
•Eutrophic  lakes,  *Eutrophication,  *Finland, 
•Multivariate  analysis,  'Phytoplankton,  'Species 
composition,  *Water  pollution  effects,  Ammoni- 
um, Anabaena,  Aphanizomenon,  Canonical  corre- 
lation, Chlamydomonas,  Melosira,  Microcystis,  Ni- 
trogen, Oscillatoria,  Pediastrum,  Phosphorus, 
Water  pollution,  Water  quality,  Water  tempera- 
ture. 

The  water  quality  of  Lake  Enajarvi,  Southern  Fin- 
land, has  deteriorated  strongly  due  to  eutrophica- 
tion,  especially  by  high  summertime  biomasses  of 
cyanobacteria  (bluegreen  algae).  According  to  88 
algal  counts  available  from  the  years  1977-1981, 
the  greatest  problems  were  caused  by  Anabaena, 
Aphanizomenon,  Microcystis  and  Oscillatoria. 
Also  other  phytoplankton  genera,  such  as  Melo- 
sira, Chlamydomonas  and  Pediastrum  were  ob- 
served to  form  blooms.  Of  a  number  of  multivar- 
iate techniques  used  to  find  associations  between 
the  algal  taxa  and  selected  environmental  factors, 
canonical  correlation  analysis  appeared  the  most 
applicable.  Canonical  correlations  were  used  in 
defining  the  roles  of  selected  environmental  varia- 
bles in  the  algal  associations.  A  very  distinct  clus- 
ter of  the  most  dominant  cyanobacteria  was 
formed.  The  taxa  in  the  cluster  had  a  strong  posi- 
tive correlation  with  total  phosphorus  and  water 
temperature,  and  a  negative  correlation  with  the 
N/P  ratio  and  ammonium.  A  number  of  diatoms 
formed  a  cluster  which  correlated  with  nitrate. 
Despite  the  difficulty  of  dealing  with  the  numerous 
zero-valued  observations,  the  method  used  was 
efficient,  and  yielded  information  applicable  in  fur- 
ther studies,  such  as  dynamic  models,  and  in  the 
management  of  the  lake.  (Author's  abstract) 
W90-O5920 


The  Sulejow  Reservoir,  in  Poland,  was  filled  with 
water  in  1973.  The  dam  is  located  at  km  139  of  the 
Pilica  River,  where  the  river  flows  across  glacial 
chalk  sediments.  The  Sulejow  River  is  the  main 
drinking  water  source  for  the  Lodz  Conurbation, 
but  fulfills  several  other  functions:  flood  protec- 
tion, irrigation,   recreation,  fisheries,  and  hydro- 
electric  power   production.   Four   sampling  sites 
were  established  at  the  reservoir.  Sites  1  and  2 
were  located  in  the  Pilica  and  Luciaza  Rivers  near 
their  points  of  discharge  into  the  reservoir.  These 
were  selected  for  estimating  the  inflow  of  nutri- 
ents.  Site   3   was  located  at  the  drinking  water 
intake,  and  site  4,  downstream  from  the  dam.  Total 
nutrient  loadings  of  the  Sulejow  Reservoir,  in  four 
successive  years  (1981-1984)  were  34.6,  41.8,  37.6, 
and  16.1  g  of  total  N  and  5.4,  10.9,  6.5,  and  1.5  g 
total  P  per  square  meter  of  reservoir  area,  respec- 
tively. These  nutrients  entered  the  reservoir  mainly 
through  its  two  largest  tributaries,  the  Pilica  and 
Luciaza  Rivers.  These  inputs  constituted  from  94.5 
%  to  98.2  %  of  the  total  nitrogen  and  from  94.8  % 
to  98.7  %  of  the  total  phosphorus  in  the  reservoir. 
The  contributions  to  the  nutrient  inputs  from  sur- 
face runoff,  precipitation,  and  bird  excreta,  and 
that  due  to  tourist  activity  were  low.  The  mean 
annual  discharges  of  the  Pilica  River  in  the  four 
study  years  were  27.9,  27.2,  20.0,  and  12.8  cubic 
meters/sec,  respectively,  and  5.41,  5.4,  3.6,  and  2.7 
cubic   meters/sec,    respectively   for   the   Luciaza 
River.  The  residence  times  of  the  water  in  Sulejow 
Reservoir  were  estimated  to  be  16  days  for  1981, 
15  days  for  1982,  22  days  for  1983,  and  40  days  for 
1984.  (Mertz-PTT) 
W90-05921 


TOTAL  NITROGEN  AND  PHOSPHORUS 
BUDGETS  IN  THE  LOWLAND  SULEJOW 
RESERVOIR. 

Lodz  Univ.  (Poland).  Dept.  of  Ecology  and  Verte- 
brate Zoology. 
W.  Galicka,  and  T.  Penczak. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 
No.  2,  p  177-190,  December  1989.  2  fig,  7  tab,  31 
ref. 

Descriptors:  'Cycling  nutrients,  'Eutrophication, 
•Nitrogen,  •Phosphorus,  *Poland,  'Reservoirs, 
•Water  pollution  effects,  *Water  quality,  Chemical 
properties,  Drinking  water,  Flood  protection, 
Flow  discharge,  Hydroelectric  power,  Influent 
streams,  Irrigation,  Organic  loading,  Precipitation, 
Recreation,  Stream  fisheries,  Surface  runoff,  Water 
chemistry,  Water  sampling. 


RELATIONSHIP  BETWEEN  BODY  LENGTH 
PARAMETERS  AND  DRY  MASS  IN  RUNNING 
WATER  EWERTEBRATES. 

Konstanz  Univ.   (Germany,   F.R.).   Limnological 

Inst. 

E.  Meyer. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 

No.  2,  p  191-203,  December  1989.  8  tab,  13  ref. 

Descriptors:  *Biomass,  'Invertebrates,  *Lotic  en- 
vironment, 'Stream  biota,  Benthic  fauna,  Caddis- 
flies,  Diptera,  Ecology,  Gastropods,  Hydracarina, 
Hydrozoa,  Insects,  Nemathelminthes,  Ohga- 
chaetes,  Stoneflies,  West  Germany. 

Invertebrates  were  collected  at  several  occasions 
between  November,  1985  and  October,  1987  in  the 
Steina,  a  Black  Forest  mountain  stream,  southern 
West  Germany.  Common  methods  for  biomass  de- 
terminations are  either  direct  weighing  of  pre- 
served specimens  of  length-dry  mass  conversions. 
Body  mass  estimations  from  length-body  mass  rela- 
tionships were  used  in  this  study.  Length-dry  mass 
relationships  can  be  best  described  by  the  power 
equation  y  =  a  times  x  to  the  b  power  or  a 
quadratic  regression  model  y  =  a  +  bx  +  c  times 
x  squared.  Correlation  between  length  parameters, 
i.e.  between  head  capsule  width  and  body  length, 
is  either  linear  or  follows  a  quadratic  regression 
model,  too.  Average  dry  mass  values  are  provided 
for  several  taxa  for  which  body  size  measurements 
often  are  not  carried  out  in  quantitative  studies, 
e.g.  Hydrozoa,  Nemathelminthes,  Oligochaeta, 
Hydracarina  and  pupae  of  Trichoptera  and  Dip- 
tera. Length-dry  mass  relationships  and  mean  dry 
mass  values  for  37  species  of  Central  European 
stream-dwelling  invertebrates  (Gastropoda,  Ephe- 
meroptera,  Plecoptera,  Trichoptera,  and  Diptera) 
are  given  to  enable  calculation  of  benthic  biomass. 
(Mertz-PTT) 
W90-05922 


Lakes— Group  2H 

Descriptors:  'Flagellates,  'France,  'Population 
dynamics,  'Reservoirs,  Biomass,  Chlorophyll, 
Gonyostomum,  Nitrogen,  Phosphorus,  Phyto- 
plankton, Seasonal  variation,  Spatial  distribution. 

The  temporal  and  spatial  distribution  of  the  flagel- 
late Gonyostomum  semen  (Ehr.)  Diesing  was  fol- 
lowed in  a  large  and  deep  reservoir  in  France  in 
1987.  The  seasonal  growth  showed  great  fluctua- 
tions during  the  summer  stratification.  The  maxi- 
mum population  doubling  time  was  1.5  days.  The 
vertical  distribution  depended  on  the  thermal 
cycle.  In  summer,  the  motile  cells  tended  to  aggre- 
gate at  the  depths  associated  with  low  light  intensi- 
ty, about  80  microns  Einstein/square  meter/ 
second.  During  the  same  period,  Gonyostonum 
semen  could  range  from  3  %  to  60  %  of  the  total 
phytoplankton  biomass.  In  autumn,  Gonyostonum 
dominated  the  phytoplankton  and  represented 
from  40  to  60%  of  the  total  biomass.  The  chloro- 
phyll a  content  increased  significantly  only  when 
the  Gonyostomum  biomass  reached  about  65  %  of 
the  total  biomass.  During  the  summer  stratification, 
low  specific  photosynthetic  rates  were  observed  at 
the  depth  where  the  cells  of  Gonyostomum  bio- 
mass and  the  nutrients  (N  and  P)  could  never  be 
demonstrated.  (Author's  abstract) 
W90-05924 

BENTHIC  MACROINVERTEBRATE  COMMU- 
NITY STRUCTURE  IN  A  BACKWATER  LAKE 
OF  POOL  2,  UPPER  MISSISSIPPI  RIVER. 

Macalester  Coll.,  St.  Paul,  MN.  Dept.  of  Biology. 
D.  J.  Hornbach,  and  A.  C.  Miller. 
Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 
No.  2,  p  131-138,  December  1989.  3  fig,  2  tab,  10 
ref.  National  Science  Foundation  College  Science 
Instrumentation  Program,  Grant  No.  CSI-8750483. 

Descriptors:  'Benthic  fauna,  'Lakes,  'Macroinver- 
tebrates,  'Mississippi  River,  'Oxbow  lakes,  'Spe- 
cies composition,  Biomass,  Hexagenia,  Mayflies, 
Midges,  Oligochaetes,  Organic  matter,  Population 
density,  Tanypus. 

The  benthic  community  structure  of  a  backwater 
lake  of  the  upper  Mississippi  River  was  examined 
based  on  samples  taken  in  July,  1986.  The  domi- 
nant taxa  based  on  density  were  the  midge  Tany- 
pus, followed  by  the  naidid  and  tubificid  oligo- 
chaetes and  the  mayfly  Hexagenia.  Based  on  bio- 
mass, however,  Hexagenia  was  the  dominant 
taxon.  The  species  found  were  similar  to  those 
reported  for  other  backwater  lakes  of  the  Missis- 
sippi River,  although  the  relative  abundances  of 
various  taxa  were  different.  A  canonical  correla- 
tion analysis  of  habitat  factors  (based  on  sediment 
grain  size  and  organic  content)  with  community 
characters  (densities  of  all  taxa  found)  indicated 
that  the  percent  sediment  organic  matter  was  the 
most  important  factor  influencing  the  presence  or 
absence  of  various  taxa.  Sediment  particle  size  had 
a  lesser  association  with  the  relative  abundance  of 
the  major  taxa.  (Author's  abstract) 
W90-05927 


GONYOSTOMUM  SEMEN,  A  POTENTIAL 
NUISANCE  IN  LARGE  FRENCH  RESER- 
VOIRS. THE  CASE  OF  THE  PARELOUP  LAKE 
(GONYOSTOMUM  SEMEN  (RAPHIDOPHY- 
CEES),  NUISANCE  POTENTIELLE  DES 
GRANDS  RESERVOIRS  FRANCAIS.  L'EXEM- 
PLE  DU  LAC  DE  PARELOUP). 
Toulouse-3  Univ.  (France).  Lab.  d'Hydrobiologie. 
P.  R.  Le  Cohu,  J.  Guitard,  N.  Comoy,  and  J. 
Brabet. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 
No    2,  p  225-236,  December  1989.  4  fig,  27  ref. 


FATE  OF  FRESHWATER  MUSSELS  TRANS- 
PLANTED TO  FORMERLY  POLLUTED 
REACHES  OF  THE  CLINCH  AND  NORTH 
FORK  HOLSTON  RIVERS,  VIRGINIA. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Fisheries  and  Wildlife  Sciences. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-05928 

MICRO-BIOASSAY  FOR  EPILITHON  USING 
NUTRIENT-DIFFUSING  ARTIFICIAL  SUB- 
STRATA. 

Cincinnati  Univ.,  OH.  Dept.  of  Biological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-05931 


AUTOTROPHIC-HETEROTROPHIC  COMMU- 
NITY METABOLISM  RELATIONSHIPS  OF  A 
WOODLAND  STREAM. 

Central  Michigan  Univ.,  Mount  Pleasant.  Dept.  of 
Biology. 
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Field  2— WATER  CYCLE 
Group  2H— Lakes 

For  primary  bibliographic  entry  see  Field  2E 
W90-05932 


FACTORS  AFFECTING  AUTOTROPHIC-HE- 
TEROTROPHIC RELATIONSHIPS  OF  A 
WOODLAND  STREAM. 

Central  Michigan  Univ.,  Mount  Pleasant.  Dept  of 

Biology. 

D.  K.  King,  and  K.  W.  Cummins. 

Journal  of  Freshwater  Ecology  JFREDW  Vol   5 

No.  2,  p  219-230,  December  1989.  4  tab,  36  ref' 

Department      of      Energy      Grant      DE-AT06- 

79EV1004. 

Descriptors:  'Aquatic  productivity,  •Detritus, 
Forest  ecosystems,  'Light  quality,  'Metabolism, 
Stream    biota,    'Water    temperature,    Michigan 

Penphyton,   Respiration,   Riffles,   Standing  crops. 

The  effects  of  incident  light,  temperature,  and  de- 
tntal  and  epilithon  standing  crops  on  aspects  of 
community  metabolism  were  investigated  at  five 
first  to  third  order  riffle  sites  of  Augusta  Creek, 
Michigan.  Detrital  standing  crops  ranged  from  142 
to  592  g/square  meter  ash  free  dry  weight,  while 
annual  averages  for  the  five  sites  ranged  from  242.4 
to  388.2  g/square  meter  ash  free  dry  weight.  Epi- 
lithon values  were  higher  with  annual  averages  of 
1764  to  3508  g/square  meter  ash  free  dry  weight, 
while  individual  estimates  ranged   from   1480  to 
5030  g/square  meter.  Epilithon  composed  80  to  93 
%  of  the  total  organic  matter  of  the  riffle  sedi- 
ments.   Rates   of  community    productivity    were 
most  highly  correlated  with  incident  light  (r  = 
0.52  to  0.57),  followed  by  temperature  (r  =  0.33  to 
0.64)  and  epilithon  development  (r  =  0.3  to  0.42). 
Community  respiration  was  most  highly  correlated 
with  temperature  (r  =  0.64),  while  multiple  regres- 
sion indicated  light  (n  =  1957)  was  more  influen- 
tial for  predicting  rates  of  net  community  produc- 
tivity, gross  community  productivity,  and  net  daily 
metabolism.  The  importance  of  epilithon  as  both 
an  organic  base  within  riffle  communities  and  as  an 
aid  in  predicting  rates  of  community  metabolism 
was  demonstrated.  (See  also  W90-05932  and  W90- 
05934)  (Author's  abstract) 
W90-05933 


ESTIMATES  OF  DETRITAL  AND  EPILITHON 
COMMUNITY  METABOLISM  FROM  PARTI- 
CLE-SIZED RIFFLE  SEDIMENTS  OF  A 
WOODLAND  STREAM. 

Central  Michigan  Univ.,  Mount  Pleasant.  Dept  of 

Biology. 

D.  K.  King,  and  K.  W.  Cummins. 

Journal  of  Freshwater  Ecology  JFREDW  Vol  5 
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Descriptors:  'Aquatic  productivity,  'Bottom  sedi- 
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Ecology,  Estimating,  Michigan,  Particle  size,  Re- 
spirometry. 

Estimates  of  net  community  productivity  and  com- 
munity respiration  were  made  with  a  Gilson  respi- 
™«ei;  at  levels  of  light-saturated  photosynthesis 
(15000  lux)  and  darkness  for  particle-sized  detrital 
and  inorganic  fractions  of  riffle  sediments  from  five 
sites  (first  to  third  order)  of  Augusta  Creek,  Michi- 
gan. Sediments  were  separated  into  detrital  and 
inorganic  fractions  and  particle-sized  into  >  4  mm, 
1  mm,  250  micrometer,  75  micrometer  and  0.45 
micrometer  fractions.  Net  community  productivity 
as  microliters  02/g/h  ash  free  dry  weight  of  detri- 
tus ranged  from  1319.7  to  1687.6;  both  values  were 
on  0.45  microliters  02/g/h  on  75  micrometer  par- 
ticles. Detntal  community  respiration  ranged  from 
15.1  microliters  02/g/h  on  4  mm  pieces  to  738  8 
microliters  02/g/h  on  0.45  micrometer  fractions, 
while  epilithon  community  respiration  ranged  from 
nondelegable  amounts  for  250  micrometer  sands 
to  241^9  microliters  02/g/h  for  75  micrometer 
sands.  Expressed  on  an  areal  basis  to  analyze  the 
ecological  impact  of  each  particle  size,  detrital 
fragments  were  generally  lower  in  all  rates  except 
community  respiration  ultrafine  particulate  organic 
matter.  Little  autotrophic  potential  existed  in  detri- 
tal communities  at  all   sites,  except   where  algal 


sloughing  into  detrital  pools  occurred.  Epilithon 
rates  were  dominated  by  larger  particles.  Areal 
trends  for  sites  mirrored  in  situ  values  of  net  com- 
munity productivity  and  community  respiration 
The  importance  of  the  epilithon  community  in 
dictating  the  autotrophic-heterotrophic  nature  of 
riffle  sections  and  the  importance  of  measuring 
community  metabolism  on  intact  sediments  were 
reinforced.  (See  also  W90-05932  and  W90-05933) 
(Author's  abstract) 
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SIMULATION    OF   VERTICAL   LIMNOLOGI- 
CAL  GRADIENTS. 
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Descriptors:  'Environmental  gradient,  'Laborato- 
ry equipment,  'Lake  stratification,  'Limnology 
'Oxygen,  'Simulation,  Benthic  fauna,  Chemical 
stratification,  Density  stratification,  Gradients,  Hy- 
poxia, Oxygen  gradients,  Stratification,  Tempera- 
ture gradient,  Thermal  stratification,  Vertical  dis- 
tribution, Water  chemistry,  Water  temperature. 

A  simple  and  inexpensive  method  of  simulating 
vertical  limnological  gradients  is  described.  The 
method  relies  on  density  differences  due  to  temper- 
ature to  maintain  a  stratified  water  column.  Water 
is  stored  in  a  head  tank  which  also  functions  as  an 
oxygen  stripping  column.  Water  flows  by  gravity 
to  a  chiller  tank  where  it  is  cooled  to  the  desired 
temperature.  Next,  it  flows  into  the  experimental 
tank  through  an  inflow  tube  designed  to  produce  a 
laminar  flow  across  the  tank  bottom.  The  water  is 
then  siphoned  out  of  the  tank  through  an  outflow 
tube  and   into  a  drain.   Removal   of  oxygen  or 
addition  of  other  factors  (e.g.,  hydrogen  sulfide)  in 
the  head  tank  allows  various  chemical  gradients  to 
be  established  in  association  with  the  thermal  gra- 
dient. Temperature  and  oxygen  gradients  can  be 
created  that  are  similar  to  those  in  temperate  lakes 
during  winter  or  summer  stratification.  Vertical 
stratification  is  created  by  moving  a  layer  of  cool 
dense  water  across  the  bottom  of  a  laboratory  tank! 
The  stratification  is  maintained  due  to  the  tempera- 
ture-density  relation  of  water.   Hypoxia  can  be 
created    by    bubbling    nitrogen    gas    to    remove 
oxygen  from  the  incoming  water.  Other  vertical 
chemical  gradients  can  be  created  in  addition  to 
those  involving  temperature  and  oxygen.  Use  of 
the  method  is  illustrated  by  the  reaction  of  benthic 
invertebrates  to  developing  hypoxia  such  as  might 
occur  in  a  winterkill  lake.  (Mertz-PTT) 
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Exponentially  growing  blue-green  algae  (Aphani- 
zomenon  gracile  and  Oscillatoria  redekei)  were 
treated  with  copper  sulfate  solution  in  semicontin- 
uous  culture  to  examine  the  effects  of  the  algicide 
on  algal  physiology  and  routes  of  copper  toxicity. 
To  find  possible  copper  resistant  mutants,  two 
copper-treated  cultures  of  both  species  were  con- 
tinued for  4  mo.  The  effect  of  copper  toxicity 
dependence  on  the  cell  status  was  studied  by 
adding  copper  at  different  points  of  time  of  the 
light-dark  cycle.  There  was  no  correlation  between 
initial  biovolumes  in  algae  cultures  and  the  estimat- 
ed copper  concentrations  which  caused  growth 
reductions,  indicating  little  copper  uptake.  In 
Aphanizomenon,  biomass  concentration  is  de- 
pressed rapidly  after  addition  of  sublethal  copper 


concentrations  with  subsequent  recovery.  Oscilla- 
toria also  showed  growth  depression  but  no  loss  of 
biomass  after  addition  of  sublethal  copper  concen- 
trations. Nitrate-fed  algae  were  copper-sensitive  to 
a  high  degree,  but  N2  fixing  Aphanizomenon 
showed  a  lethal  dose  similar  to  the  NH4(  +  )-fed 
algae.  Nitrogen  fixation  was  not  more  reduced 
than  growth.  In  Aphanizomenon  phosphorus  limi- 
tation led  to  a  raising  of  the  toxicity  threshold  No 
copper-resistant  mutants  were  found  in  the  long- 
term  experiments.  (Geiger-PTT) 
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TOLERANCE  TOWARDS  MERCURY  OF 
CHLORELLA  STRAINS  DETERMINED  BY 
ALGAL  PLATING. 

Rome  Univ.  (Italy).  Dipt,  di  Biologia. 
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TEMPORAL  AND  SPATIAL  DISTRIBUTION 
OF  CHLOROPHYLL  A  IN  LAKE  VOLVI 
GREECE.  ' 
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Samples  collected  at  9:00  a.m.  each  day  from  Lake 
Volvi  at  depths  of  0.1  m  below  the  surface  to  a 
depth  of  15  m  were  analyzed  for  chlorophyll  a 
content  of  phytoplankton  at  approximately  month- 
ly and  biweekly  intervals  from  July  1985  to  August 
1986.  Additional  samples  were  taken  from  the  sur- 
face water  layer  of  0-0.1  m.  The  monthly  values  of 
phytoplankton  chlorophyll  varied  from  20  to  147 
milligrams/sq  m  and  were  within  the  range  charac- 
teristic of  eutrophic  waters.  The  seasonal  and  verti- 
cal pattern  of  chlorophyll  followed  that  of  the  total 
phytoplankton  biomass.  The  ratio  of  chlorophyll  a 
to   fresh   weight   biomass   in   the   euphotic   zone 
varied  from  0.1  to  1.3%.  Chlorophyll  content  of 
phytoplankton  in   Lake  Volvi  appeared  to  vary 
primarily  with  the  species  composition  and  to  a 
lesser  extent  with  the  light.  The  chlorophyll  maxi- 
mum in  May  was  made  up  of  cryptophytes  while 
the  summer  maxima  were  composed  largely  of 
cyanophytes.  Diatoms  were  mainly  responsible  for 
the  maximum  in  autumn,  while  in  early  spring 
diatoms  and  cryptophytes  dominated.  Chlorophyll 
a  concentration  displayed  its  minimum  value  in 
August  1986  when  Lyngbya  limnetica  was  domi- 
nant despite  high  phytoplankton  biomass.  In  con- 
trast, during  the  dominance  of  Aphanizomenon  cf. 
flosaquae  in  August  1985,  at  lower  phytoplankton 
biomass  the  chlorophyll  concentration  was  much 
higher.  A  weak  negative  relationship  was  found 
between  the  chlorophyll  content  of  biomass  and 
the  Secchi  disk  transparency,  while  the  relation- 
ships between  the  chlorophyll  content  of  biomass 
and  the  concentrations  of  nutrients  in  the  euphotic 
zone  were  positive.  (Geiger-PTT) 
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PLANARIANS  IN  TOXICOLOGY:  I.  PHYSIOL- 
OGY OF  SEXUAL-ONLY  DUGESIA  DOROTO 
CEPHALA:  EFFECTS  OF  DIET  AND  POPULA- 
TION DENSITY  ON  ADULT  WEIGHT  AND 
COCOON  PRODUCTION. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Vet- 
erinary Biosciences. 

For  primary  bibliographic  entry  see  Field  5A 
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OMBROTROPHIC  BOG  AS  A  METHANE  RES- 
ERVOTJl. 
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Global  Biogeochemical  Cycles  GBCYEP   Vol   3 
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Methanogenesis,  Soil  porosity. 

The  distribution  of  methane  in  an  ombrotrophic 
bog  was  examined  by  extracting  the  gas  from 
different  depths,  using  evacuated  bottles  and  sam- 
pling tubes.  Methane  was  extracted  during  75  min, 
from  60  cm,  90  cm  and  120  cm  depths  at  25 
stations  in  a  24  meter-square  area.  The  amount  of 
methane  extracted  varied  widely  between  samples, 
and  this  variation  was  greater  within  each  depth 
than  between  the  different  depths.  Approximately 
two  and  a  half  times  as  much  methane  was  found 
at  90  cm  and  120  cm  depths  as  at  60  cm.  The 
amount  of  methane  from  sites  more  than  60  cm 
below  the  surface  can  be  correlated  with  the  meth- 
ane microbially  produced  from  peat  from  the  same 
site  during  laboratory  incubations.  Much  less  meth- 
ane could  be  extracted  from  near-surface  peat  than 
from  deeper  levels,  but  laboratory  incubations  of 
peat  from  this  level  produced  10-fold  more  meth- 
ane. The  present  results  show  that  there  is  a  con- 
siderable amount  of  methane  trapped  below  50  cm 
depth  within  an  ombrotrophic  bog,  which  was 
calculated  to  be  1.7  Ggm  in  the  bog  studied.  This 
entrapped  methane  is  suggested  to  reduce  the  hy- 
draulic conductivity  in  the  lower  layers  of  the  peat 
by  blocking  the  soil  pore  spaces  and  preventing 
fluid  movement;  this  in  turn  generates  an  elevated 
water  table  allowing  the  formation  of  a  raised  bog. 
It  is  further  suggested  that  if  this  peat  is  disturbed 
by  mining  or  fanning,  the  entrapped  methane 
could  be  released  into  the  atmosphere  and  add  to 
the  atmospheric  pollution  by  greenhouse  gases. 
(Author's  abstract) 
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KEJIMKUJ1K  PARK-ONE  IN  A  FAMILY  OF 
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A  cluster  analysis  was  used  to  apportion  27  oligo- 
trophy lakes  in  southwestern  Nova  Scotia  into  five 
multivariate  groups  on  the  basis  of  patterns  of 
covariation  of  11  chemical  variables  (CI,  S04, 
Gran  alkalinity,  organic  anions,  Ca,  Mg,  K,  Na, 


H(  +  ),  and  color).  These  groups  were  described  in 
terms  of  the  average  values  of  the  chemical  varia- 
bles. All  of  the  study  are  were  acidic,  ranging  in 
pH  from  6.0  to  4.2.  The  ionic  chemistry  of  all  of 
the  lakes  was  dominated  by  Na  and  CI  from  atmos- 
pheric inputs  of  marine  aerosols.  On  average,  Na 
comprised  65%  of  the  total  equivalents  of  cations, 
while  CI  accounted  for  55%  of  the  total  equiva- 
lents of  anions.  The  other  quantitatively  important 
cations  were  Ca  (averaging  14%  of  total  cation 
equivalents),  Mg  (18%),  H+  (8%),  and  K  (3%), 
while  the  other  important  anions  were  S04  (aver- 
aging 21%  of  total  anion  equivalents)  and  organic 
anions  (24%).  The  relationships  among  the  groups 
were  investigated  by  an  ordination  by  detrended 
correspondence  analysis.  The  first,  and  by  far  the 
strongest  axis  of  the  ordination  separated  lakes 
with  relatively  large  concentrations  of  alkalinity, 
from  strongly  colored  lakes  with  large  concentra- 
tions of  H(+)  and  organic  anions.  Axis  2  separated 
acidic  lakes  from  lakes  with  large  concentrations  of 
Ca  and  alkalinity.  (Mertz-PTT) 
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Soil  and  water  sampling  was  carried  out  on  seven 
wetlands  in  six  sub-basins  of  the  Kejimkujik  Lake 
drainage  basin,  in  Nova  Scotia.  The  sub-basins 
included:  Little  River,  Mersey  River,  Atkins 
Meadow  Brook,  Heber  Meadows  Brook,  Rogers 
Brook  and  West  River.  One  wetland  was  sampled 
within  each  sub-basin,  with  the  exception  of  West 
River,  in  which  two  wetlands  were  sampled.  Of 
the  wetlands  surveyed,  three  were  bogs;  the  re- 
maining four  were  classified  as  graminoid  and 
shrub  fens.  Significant  differences  in  the  major 
ionic  constituents  occurred  between  wetlands  clas- 
sified as  bogs  and  those  classified  as  fens,  indicating 
the  more  minerotrophic  status  of  the  fens.  The 
fens,  however,  were  categorized  as  extremely 
poor,  being  very  low  in  pH  and  base  cations, 
indicating  almost  no  buffering  capacity.  This  type 
of  wetland  is  regarded  as  transitional  to  bog  and  is 
viewed  as  highly  sensitive  to  acid  deposition.  Fur- 
ther alkalinity  losses  may  result  in  abrupt  changes 
in  floral  assemblages  with  rapid  invasion  of  carpet 
forming  Sphagnum  species.  (Mertz-PTT) 
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IMPORTANCE  OF  SELF-OXIDATION  IN  DE- 
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The  hypothesis  that  pH-dependent  self-oxidation 
of  dead   organic   matter  by   its  own   respiratory 


electron  transport  system  can  be  an  important  al- 
ternative process  to  active  decomposition  by 
microorganisms  is  introduced  and  tested.  An  im- 
portant event  of  the  pH-dependent  self-oxidation  is 
the  opening  of  cell  walls  and  envelopes  of  decay- 
ing cells  providing  free  opportunity  for  equilibra- 
tion the  internal  and  external  pH.  The  electron 
transport  system  activity  of  homogenates  of  living 
planktonic  organisms  and  sediments  derived  from 
alkaline  Lake  Balaton  (Ph  8.4-8.6)  and  that  of 
Sphagnum  moss  from  an  acidic  peat  bog  (pH  3.9- 
4.1)  showed  uniform  pH-dependence  of  respiratory 
enzyme  system  in  vitro,  demonstrating  that  there  is 
no  adaptation  in  enzymatic  level  to  the  pH  of 
environment.  In  another  set  of  experiments,  where 
decaying  Selenastrum  capricornutum  Prinz  cul- 
tures were  incubated  in  axenic  conditions  at  pH  5.4 
and  pH  8.4,  electron  transport  system  activity  and 
changes  in  organic  carbon  of  the  samples  at  low 
pH  were  minimal.  At  high  pH  a  considerably  high 
initial  electron  transport  system  activity  was  found 
which  decreased  exponentially  in  time  parallel 
with  the  exponential  decrease  of  organic  carbon 
content  of  the  samples.  Organic  carbon  content  of 
these  samples  stabilized  five  weeks  after  the  begin- 
ning of  the  experiment  at  19.5%  of  the  original 
value.  (Author's  abstract) 
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Results  from  surveys  of  low  acid  neutralizing  ca- 
pacity lakes,  high  elevation,  and  seepage  lakes,  and 
of  surface  waters  in  dystrophic,  acidic  bogs,  indi- 
cate that  acidic  precipitation  and  organic  acidity 
are  each  generally  necessary,  but  not  solely  suffi- 
cient, for  chronically  acidic  status  in  Maine  lakes. 
Acidic,  low  dissolved  organic  carbon  (anion  con- 
centration <  0;  dissolved  organic  carbon  <  5  mg/ 
L)  lakes  of  all  hydrologic  types  are  acidic  due 
largely  to  acidic  deposition;  high  dissolved  organic 
carbon  acidity,  and  high  dissolved  organic  carbon 
drainage  lakes  are  acidic  due  to  a  combination  of 
both  factors.  No  low  dissolved  organic  carbon 
drainage  lakes  are  known  with  pH  less  than  about 
5.0,  suggesting  that  organic  acidity  is  necessary  to 
depress  lake  pH  values  to  below  5  in  Maine  at 
current  deposition  loadings.  The  dominant  anion  of 
low  dissolved  organic  carbon  acidic  waters  is  sul- 
fate. Acidic  waters  with  intermediate  concentra- 
tions of  dissolved  organic  carbon  (5  to  30  mg/L), 
may  be  dominated  by  S04  and/or  organic  acidity. 
Seepage-input  lakes  were  the  only  group  to  include 
both  organically-dominated  (37%  of  the  acidic 
lakes)  and  S04-dominated  members  (63%  of  the 
acidic  lakes).  High  dissolved  organic  carbons  sys- 
tems are  typically  low  pH  bogs,  and  are  all  organic 
acid-dominated.  (Author's  abstract) 
W90-05995 


FINNISH  LAKE  SURVEY:  THE  ROLE  OF  OR- 
GANIC AND  ANTHROPOGENIC  ACIDITY. 

National    Board    of  Waters,    Helsinki    (Finland). 

Water  Research  Inst. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05996 


SPATIAL  CHARACTERIZATION  OF  ACIDIFI- 
CATION RELATED  PARAMETERS  IN  SENSI- 
TIVE REGIONS  OF  ATLANTIC  CANADA. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06000 
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Group  2H — Lakes 

USE  OF  HISTORICAL  INFORMATION  FOR 
SELECTING  A  SAMPLE  FROM  A  POPULA- 
TION OF  LAKES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

A.  H.  El-Shaaraw,  S.  R.  Esterby,  and  G.  Howell 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol  46 
No.  1-4,  p  305-316,  July/August  1989.  1  fig,  6  tab! 
14  ref. 

Descriptors:  *Acid  rain  effects,  *Canada,  'Lakes, 
•Monitoring,  'Statistical  analysis,  'Surveys,  Acid 
rain,  Acidity,  History,  Quebec. 

In  planning  a  monitoring  strategy  to  quantify  the 
present  chemical  status  of  a  population  of  lakes  in 
regions  susceptible  to  the  effects  of  acidic  deposi- 
tion, a  decision  must  be  made  regarding  the 
number  and  locations  of  the  lakes  to  be  monitored. 
Statistical  methods  provide  the  bases  for  making  a 
satisfactory  decision  by  utilizing  the  historical  in- 
formation available  about  the  characteristics  of  the 
population  of  lakes.  It  was  shown  that  stratification 
can  result  in  increased  precision  of  the  required 
estimates,  however,  the  gain  was  dependent  on  the 
variability  of  the  characteristic  under  consider- 
ation. An  approach  for  stratifying  the  population 
was  used  to  investigate  the  spatial  heterogeneity  in 
a  population  of  177  lakes  in  Quebec,  Canada.  The 
results  were  then  used  to  estimate  the  number  of 
lakes  required  for  monitoring  the  temporal  changes 
in  the  population  and  to  allocate  the  selected  lakes 
among  different  strata.  (Mertz-PTT) 
W90-06001 


DIATOM-INFERRED  PH  HISTORY  OF  KE- 
JIMKUJIK  LAKE,  NOVA  SCOTIA:  A  REIN- 
TERPRET ATION. 

Waterloo  Univ.  (Ontario).  Dept.  of  Bioloev 
H.  C.  Duthie.  By' 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol  46 
No.  1-4,  p  317-322,  July/August  1989.  3  fig,  19  ref 

Descriptors:  'Acid  lakes,  'Acid  rain  effects, 
•Canada,  'Diatoms,  'Hydrogen  ion  concentration, 
•Lakes,  'Paleolimnology,  Acidic  water,  Acidity, 
Astenonella,  Color,  Cores,  History,  Humic  acids, 
Kejimkujik  National  Park,  Nova  Scotia,  Organic 
matter. 

A  reanalysis  of  the  diatom-inferred  pH  profile 
from  a  sediment  core  collected  in  1980  from  Ke- 
jimkujik Lake,  in  Nova  Scotia,  has  been  made  in 
the  light  of  improved  techniques  and  ecological 
information.  Using  Index  B  calibrated  for  lakes  in 
Atlantic  Canada,  the  lake  pH  was  4.6  to  4.7  before 
anthropogenic  disturbances  in  the  watershed  began 
around  1850.  These  disturbances  had  little  immedi- 
ate impact  on  pH,  but  minima  of  pH  4.5  were 
evident  in  the  period  1916  to  1950.  A  diatom- 
inferred  pH  of  4.75  in  the  surface  sediments  com- 
pares with  a  measured  pH  of  4.96  in  1980.  Disturb- 
ances in  the  watershed  since  around  1850  resulted 
in  a  large  increase  in  a  form  of  Asterionella  ralfsii, 
a  diatom  associated  with  colored,  humic  water.  A 
decline  in  this  diatom  since  1950  and  an  increase  in 
taxa  less  typical  of  humic  water  is  consistent  with 
the  hypothesis  of  loss  of  organic  matter  accompa- 
nying acidification  from  acidic  precipitation.  (Au- 
thor's abstract) 
W9O-060O2 


EFFECTS  OF  ACIDITY  AND  DOC  ON  PHYTO- 
PLANKTON  COMMUNITY  STRUCTURE  AND 
PRODUCTION  IN  THREE  ACID  LAKES 
(NOVA  SCOTIA).  ^^ 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia). 

For  primary  bibliographic  entry  see  Field  5C. 

W9O-06O03 


COMPARISON  OF  THE  MACROPHYTE  COM- 
MUNITIES OF  A  CLEARWATER  AND  A 
BROWNWATER  OLIGOTROPHIC  LAKE  IN 
KEJTMKUJIK  NATIONAL  PARK,  NOVA 
SCOTIA. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept  of 
Biology.  K 

C.  C.  Stewart,  and  B.  Freedman. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 


No.  1-4,  p  335-341,  July/August  1989.  2  tab,  24  ref 

Descriptors:  'Acid  lakes,  'Acid  rain,  'Acidic 
water,  'Aquatic  productivity,  'Canada,  'Macro- 
phytes,  'Oligotrophic  lakes,  Color,  Kejimkujik  Na- 
tional Park,  Nova  Scotia,  Nuphar,  Organic  matter, 
Sphagnum,  Transparency,  Utricularia. 

Beaverskin  and  Pebbleloggitch  Lakes  are  small, 
proximate,  acidic,  oligotrophic,  headwater  lakes 
located  in  southwestern  Nova  Scotia.  Beaverskin 
Lake  has  clear  water,  its  euphotic  zone  is  deep,  and 
it  has  extensive  beds  of  macrophytic  vegetation 
that  cover  most  of  its  bottom  to  a  depth  of  6.5  m 
In  contrast,  the  water  of  Pebbleloggitch  Lake  is 
highly  colored  by  dissolved  humic  substances,  and 
macrophytes  are  restricted  to  a  narrow  littoral 
fringe  in  depths  of  less  than  about  1.8  m.  The  most 
widespread  macrophyte  community  in  Beaverskin 
Lake  occurs  at  depths  of  2.0-6.5  m  and  is  dominat- 
ed by  Sphagnum  macrophyllum  and  Utricularia 
vulgaris,  while  the  second  most  prominent  commu- 
nity is  littoral  and  is  dominated  by  Eriocaulonh 
septangulare,  Lobelia  dortmanna,  and  Eleocharis 
acicularis.  The  most  prominent  community  in 
Pebbleloggitch  Lake  is  dominated  by  the  floating- 
leaved  Nuphar  vareigatum  rooted  as  deep  as  1.8  m, 
while  communities  dominated  by  E.  septangulare 
and  Sphagnum  spp.  occur  in  water  less  than  about 
0.7  m  deep.  (Author's  abstract) 
W90-06004 


PATTERNS  OF  PLANKTON  SPECIES  PH 
AND  ASSOCIATED  WATER  CHEMISTRY  IN 
NOVA  SCOTIA  LAKES. 

Newfoundland  Dept.  of  Environment  and  Lands 

St.  John's. 

A.  C.  Blouin. 

Water,  Air  and  Soil  Pollution  WAPLAC  Vol  46 

No.  1-4,  p  343-358,  July/August  1989.  10  fig,  3  tab' 

25  ref. 

Descriptors:  'Acid  lakes,  'Acid  rain,  'Canada, 
•Hydrogen  ion  concentration,  'Lakes,  'Phyto- 
plankton,  'Plankton,  'Zooplankton,  Acidity, 
Aquatic  productivity,  Chemical  properties,  Cluster 
analysis,  Diatoms,  Factor  analysis,  Nova  Scotia 
Physical  properties,  Water  chemistry. 

In  order  to  assess  the  patterns  of  distribution  of 
plankton  species  in  relation  to  acidity,  water  chem- 
istry, and  physical  characteristics,  twenty  lakes  in 
Nova  Scotia  were  selected  for  examination,  with 
pH  ranging  from  3.5  to  7.6.  Correlation  and  multi- 
ple regression  analyses  revealed  associations  be- 
tween plankton  and  chemical  variables.  Patterns  of 
plankton  abundance  and  diversity  were  noted  with 
respect  to  both  pH  and  nutrient  status,  with  occa- 
sionally conflicting  effects  of  these  two  factors. 
Phytoplankton  abundance  was  most  closely  associ- 
ated with  nutrient  status,  while  zooplankton  abun- 
dance was  related  to  measures  of  primary  produc- 
tion. The  pH  tended  to  affect  plankton  diversity 
more  than  abundance  or  standing  crop.  Several 
lakes  were  outliers  from  overall  patterns,  with 
several  possible  explanations.  Cluster  and  factor 
analyses  were  used  to  identify  associations  of 
plankton  species  and  to  relate  these  associations  to 
lake  characteristics.  Certain  species  were  noted 
with  relatively  wide  distribution,  but  which  never 
occurred  at  low  pH  (<4.6).  These  were  Chroo- 
coccus  limneticus,  Asterionella  formosa,  Cyclotella 
meneghiniana,  Pinnularia  braunii,  and  Surirella  ro- 
busta  for  phytoplankton,  and  Polyphemus  pedicu- 
lus,  Diaptomus  oregonensis,  and  Tropocyclops 
prasinus  for  zooplankton.  (Author's  abstract) 
W9O-O6O05 


DISTRIBUTION,  ABUNDANCE  AND  BIO- 
MASS  OF  BENTHIC  MACROINVERTE- 
BRATES  RELATTVE  TO  PH  AND  NUTRIENTS 
IN  EIGHT  LAKES  OF  NOVA  SCOTIA, 
CANADA. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 
Scotia). 

V.  A.  Schell,  and  J.  J.  Kerekes. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol  46 
No.  1-4,  p  359-374,  July/August  1989.  5  fig,  3  tab, 
34  ref. 

Descriptors:  'Acid  lakes,  'Benthic  fauna,  'Calci- 
um,    'Canada,     'Hydrogen     ion     concentration, 


•Lakes,  *Macroinvertebrates,  •Phosphorus,  Acidi- 
ty, Aquatic  productivity,  Clams,  Leeches,  Nova 
Scotia,  Snails. 

Eight  lakes  in  Nova  Scotia  (Drain  Lake,  Little 
Springfield  Lake,  Pebbleloggitch  Lake,  Boarback 
Lake,  Big  Dam  West  Lake,  Beaverskin  Lake  Big 
Dam  East  Lake,  and  Spectacle  Lake)  were  sam- 
pled for  benthic  macroinvertebrates,  May-July, 
1987.  The  lakes  investigated  ranged  widely  in  pH 
(3.6-6.3),  total  phosphorus  (3.3-33.1  microgram/L) 
and  calcium  (0.35-6.30  mg/L).  Several  macroinver- 
tebrate  groups  especially  Pelecypoda,  Hirudinea 
and  Gastropoda  did  not  occur  in  lakes  of  low  pH 
(<5.0).  The  bivalve  Pisidium  sp.  occurred  in  one 
acidic  lake  (pH  5.2).  Apparently,  this  was  the 
lowest  pH  occurrence  for  Pisidium  sp.  at  such  low 
calcium  levels  (0.35  mg/L).  Macroinvertebrate 
richness  was  reduced  with  increased  levels  of  acid- 
ity, but  nutrient  availability  apparently  controlled 
macroinvertebrate  abundance  and  biomass  in  the 
lakes.  (Mertz-PTT) 
W90-06O06 


ECOLOGICAL  AND  PHYSIOLOGICAL  RE- 
SPONSES OF  ATLANTIC  SALMON  IN  ACIDIC 
ORGANIC     RIVERS     OF     NOVA     SCOTIA, 

Department  of  Fisheries  and  Oceans,  St.  Andrews 

(New  Brunswick).  Biological  Station. 

G.  L.  Lacroix. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol  46 

No.  1-4,  p  375-386,  July/August  1989.  6  fig,  2  tab' 

39  ref. 

Descriptors:  *Acid  rain,  *Acidic  streams,  •Alumi- 
num, *Canada,  'Ecological  effects,  'Fish  popula- 
tions, 'Hydrogen  ion  concentration,  'Salmon 
•Toxicity,  Acidity,  Chlorine,  Nova  Scotia,  Organ- 
ic acids,  Sodium,  Sublethal  effects,  Water  pollu- 
tion, Water  pollution  effects. 

Ecological  and  toxicological  data  from  field  stud- 
ies on  acidic  rivers  of  Nova  Scotia  were  examined 
to  review  the  effects  of  low  pH  on  Atlantic  salmon 
(Salmo  salar)  populations  in  waters  rich  in  organic 
acids  where  nonexchangeable  forms  of  Al  domi- 
nate at  all  times.  There  was  no  survival  of  salmon 
past  the  fry  stage  at  pH  <  4.7,  and  survival  rates 
for  salmon  from  egg  to  smolt  only  increased  at  pH 
>  4.9.  Annual  production  of  juvenile  salmon  and 
potential  yield  of  smolts  were  lower  at  pH  4.7  to 
5.4  than  at   pH   5.6  to   6.3  because  of  reduced 
densities  attributable  to  the  high  mortality  of  fry  at 
PH   </=  5.0.  However,  acidity  episodes  to  pH 
<4.7  also  resulted  in  mortality  of  parr,  reducing 
densities  and  often  completely  eliminating  year- 
classes.  The  physiological   responses  of  juvenile 
salmon  to  chronic  acid  conditions  and  to  acute 
acidity  typical  of  episodic  events  were  also  re- 
viewed in  relation  to  toxicity.  Decreases  in  plasma 
Na  and  CI  were  well  correlated  with  ambient  pH, 
but  not  with  exchangeable  Al  concentrations  in 
rivers.  These  plasma  electrolytes  provided  reliable 
indicators  of  the  thresholds  for  sublethal  effects  on 
ionoregulatory  mechanisms.  There  was  no  mor- 
phological evidence  of  damage  or  lesions  in  gill 
epithelia,  indicating  that  accumulation  of  Al  in  the 
gills  of  parr  was  not  a  significant  factor  in  the 
lethal  effects  observed  in  acidic  rivers.  High  organ- 
ic matter  content  in  the  water  apparently  protected 
gills  from  adverse  Al  effects.  Toxicity  was  consid- 
ered to  result  from  the  effect  of  low  ambient  pH  on 
branchial   ionoregulatory   mechanisms.    (Author's 
abstract) 
W90-06007 


WATER  CHEMISTRY  AND  PHYTOPLANK- 
TON COMMUNITIES  IN  ACIDIC  CLEAR  AND 
BROWNWATER  LAKES  FN  EASTERN  FIN- 
LAND. 

Maj  and  Tor  Nessling  Foundation,  Helsinki  (Fin- 
land). 

V.  Ilmavirta,  and  P.  Huttunen. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46 
No.  1-4,  p  415-432,  July/August  1989.  8  fig,  3  tab! 
41  ref. 

Descriptors:  *Acid  lakes,  'Acidic  water,  'Finland, 
•Phytoplankton,  'Transparency,  Aquatic  produc- 
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tivity,  Biomass,  Cations,  Chlorophyll,  Color,  Hy- 
drogen ion  concentration,  Seasonal  variation, 
Secchi  disks,  Species  composition. 

Water  quality,  phytoplankton  biomass  and  species 
composition  were  surveyed  in  9  acidic  clear-water 
and  16  acidic  humic  lakes  in  eastern  Finland.  The 
lakes  were  sampled  during  summer  stratification 
and  autumn  turnover  periods.  The  lakes  showed 
reasonably  low  variation  within  the  two  lake 
groups  but  the  differences  between  the  two  groups 
were  significant.  Nutrient  and  base  cation  concen- 
trations and  color  values  declined  with  decreasing 
pH,  but  Secchi  disc  values  increased.  Phytoplank- 
ton species  numbers  and  chlorophyll  a  concentra- 
tions tended  to  lower  at  low  pH,  but  biomass  and 
cell  numbers  were  more  or  less  independent  of  pH. 
The  ecologically  important  relationship  between 
water  color  and  number  of  species  may  indicate 
the  more  difficult  environment  existing  in  dark 
water,  which  requires  that  the  phytoplankton  have 
a  diversified  species  composition  to  ensure  surviv- 
al. On  the  other  hand,  it  may  also  reflect  the 
evidently  more  effective  grazing  of  zooplankton  on 
phytoplankton  cells  in  well  illuminated  water. 
(Mertz-PTT) 
W90-06010 

THERMAL  STRUCTURE  AND  CIRCULATION 
IN  THE  GREAT  LAKES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

F.  M.  Boyce,  M.  A.  Donelan,  P.  F.  Hamblin,  C.  R. 
Murthy,  and  T.  J.  Simons. 

Atmosphere  -  Ocean  ATOCDA,  Vol.  27,  No.  4,  p 
607-642,  December  1989.  19  fig,  146  ref. 

Descriptors:  *Great  Lakes,  *Lakes,  *Thermal 
stratification,  *Water  circulation,  Coriolis  force, 
Ecosystems,  International  commissions,  Lake  mor- 
phology, Seasonal  variation,  Wind-driven  currents. 

Large  enough  to  include  many  oceanic  phenom- 
ena, the  Laurentian  Great  Lakes  are  more  accu- 
rately described  as  inland  seas.  With  the  exception 
of  the  shallow  Western  Basin  of  Lake  Erie,  the 
lakes  are  thermally  stratified  in  summer,  homoge- 
neous in  winter,  with  average  temperatures  passing 
through  the  temperature  of  maximum  density  of 
fresh  water  (4  C)  in  both  the  spring  and  the  fall. 
The  circulation  is  mainly  powered  by  the  wind  but 
is  strongly  modified  by  thermal  stratification  and 
basin  geometry.  Effects  of  the  earth's  rotation  are 
present  in  all  large-scale  flows.  Current  speeds  are 
typically  10  cm/sec;  they  are  too  small,  with  rare 
exceptions,  to  present  difficulties  to  navigation  but 
a  knowledge  of  the  patterns  of  water  movement  is 
essential  for  interpreting  the  behavior  of  these  val- 
uable lakes  as  complex  ecosystems.  This  paper 
reviews  more  than  a  century  of  physical  study  of 
the  Great  Lakes,  including  joint,  inter-agency,  and 
international  studies  of  the  lacustrine  resources  of 
the  Great  Lakes.  (Author's  abstract) 
W90-06013 


PREDICTION     OF    THE    ABUNDANCE     OF 
FISHES  IN  LAKE  SYAM. 

Akademiya  Nauk  SSSR,  Petrozavodsk.  Karelskii 

Filial. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06014 


NUMBERS,  DISTRIBUTION  AND  CLASSIFI- 
CATION OF  NITRATE  REDUCING  AND  DENI- 
TRIFYING BACTERIA  IN  EMLBASE  DEL  RIO 
TERCERO,  CORDOBA,  ARGENTINA  (RE- 
CUENTO,  DISTRIBUCION  Y  CLASIFICACION 
DE  BACTERIAS  REDUCTORAS  DE  NITRATO 
Y  DESNITRIFICANTES  (EMLBASE  DEL  RIO 
TERCERO,  CORDOBA,  ARGENTTNA)). 
A.  J.  Marinelarena,  and  M.  C.  Alt. 
Limnobios,  Vol.  2,  No.  10,  p  717-719,  December 
1989.  2  fig,  12  ref.  English  summary. 

Descriptors:  *Argentina,  *Bacterial  analysis, 
*Denitrification,  'Nitrogen  fixing  bacteria,  'Reser- 
voirs, *Sediment  analysis,  Classification,  Distribu- 
tion patterns,  Enterobacteriaceae,  Flavobacterium, 
Population  density,  Pseudomonas,  Water  sampling. 


Nitrate  reducing  bacteria  ranged  from  500  to 
10,000/ml  in  water  samples  and  from  10,000  to 
4,000,000/milliliter  in  sediments.  Denitrifying  bac- 
teria showed  numbers  from  40  to  100/ml  in  sam- 
ples of  water  and  from  1000  to  3,000,000/milliliter 
in  samples  of  sediments.  Numbers  of  nitrate  reduc- 
ing bacteria  were  always  higher  than  the  denitri- 
fiers  and  both  populations  in  sediments  were  at 
least  three  orders  of  magnitude  above  those  from 
water  samples.  Compared  to  total  heterotrophic 
bacteria,  denitrifiers  were  more  important  in  sedi- 
ments than  in  water.  Representative  strains  were 
isolated  and  classified  at  the  genus  level.  The  pre- 
dominant genera  within  both  groups  were  Pseudo- 
monas, Flavobacterium  and  Enterobacteriaceae. 
(Author's  abstract) 
W90-06029 

LIFE  TABLE  EVALUATION  OF  THE  EFFECTS 
OF  CADMIUM  EXPOSURE  ON  THE  FRESH- 
WATER CLADOCERAN,  MOINA  MACRO- 
COPA. 

Chinese  Univ.  of  Hong  Kong,   Shatin.  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06040 

SPECIATION  OF  PHOSPHORUS  IN  THE  AL- 
TENWORTH-RESERVOIR  OF  THE  RIVER 
DANUBE. 

Bundesversuchs-  und  Forschungsanstalt  Arsenal, 

Vienna  (Austria).  Geotechnical  Inst. 

M.  Sager,  and  R.  Pucsko. 

Archiv  fuer  Hydrobiologie,  Supplement  AHBSA8, 

Vol.  84,  No.  1,  p  21-36,  January  1990.  2  fig,  8  tab, 

36  ref. 

Descriptors:  *Nutrients,  *Path  of  pollutants, 
♦Phosphorus,  *Water  chemistry,  Altenwoerth  Res- 
ervoir, Aluminum,  Chemical  analysis,  Chemical 
interactions,  Chemical  reactions,  Chemical  specia- 
tion,  Contaminated  sediments,  Danube  River,  Geo- 
chemistry, Metals,  Particle  size. 

To  estimate  nutrient  phosphorus  deposits,  avail- 
ability and  redissolution  conditions  in  the  Alten- 
woerth-Reservoir  of  the  Danube/Lower  Austria, 
fine  sediments  were  repeatedly  sampled  from  Nov. 
1986  to  Sept.  1987  at  three  sites.  After  wet  sieving 
into  three  grain  size  fractions,  two  independent 
consecutive  leaching  techniques  were  applied.  No 
significant  changes  of  chemical  and  mineralogical 
composition  occurred  during  the  time  of  the  inves- 
tigation. The  fractionation  patterns  depend  on  the 
grain  size;  the  sampling  site  is  of  no  influence  upon 
the  sieved  samples.   In  the  sequence  dithionite/ 
NaOH/HCl/hot  NaOH,  the  HCl-extractable  frac- 
tion is  dominant,  especially  in  coarser  grains  (those 
bound  to  apatite  or  carbonates).  The  rise  of  NaOH 
extractable  P  toward  fine  grain  sizes  means  Al- 
bound  P.  Within  the  sequence  acetate  buffer/acetic 
acid/oxalate  buffer/decomposition  with  hydrogen 
peroxide/nitric  acid,  the  huge  amounts  leachable 
with  nitric  acid  indicate  that  apatite  was  well;  the 
dominating  oxalate  fraction  at  the  fine  grain  size 
hints  at  binding  in  an  Fe/Al/Mn-phase.  The  main 
amount  of  P  is  dialyzable  as  orthophosphate  in  the 
first  two  fractions  of  each  sequence.  No  significant 
trend  with  locality  and  season  was  found.  There 
are  few  connections  between  the  amount  of  P  and 
the  main  elements  in  the  leaching  solutions,  indi- 
cating that  P  is  not  present  in  a  stoichiometric 
phase.  A  great  deal  of  the  main  elements  are  dis- 
solved from  other  parts  of  the  sediment.  In  com- 
parison to  other  lake  or  river  sediments  of  similar 
geochemical  composition  (termed  Ca/Al/Fe-con- 
tents)  the  total  load  of  N,  P  and  organic  C  is  of 
medium  range.  When  similar  procedures  are  ap- 
plied, the  P-fractionation  patterns  of  the  Danube 
sediments  are  close  to  those  at  Lake  Balaton,  while 
the  sediments  of  most  Swedish  lakes,  as  well  as 
Lake  Piburg  (Tyrol),  release  much  more  into  dith- 
ionite and  NaOH,  possibly  because  the  latter  are 
higher   in   organic   C  and  lower  in  Ca  and  Al. 
(Author's  abstract) 
W90-06060 
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AUGEWASSERN  ANHAND  DER  LITORAL- 
FAUNA  (EVERTEBRATEN,  AMPHIBIEN)). 

Vienna  Univ.  (Austria).  Zoologisches  Inst. 
V.  A.  Waringer-Loschenkohl,  and  J.  Waringer. 
Archiv  fuer  Hydrobiologie,  Supplement  AHBSA8, 
Vol.  84,  No.  1,  p  73-94,  January  1990.  4  fig,  4  tab, 
35  ref. 

Descriptors:  'Amphibians,  'Backwater,  'Classifi- 
cation, 'Invertebrates,  'Limnology,  Biological 
studies,  Danube  River,  Ecosystems,  Flooding, 
Lentic  environment,  Lotic  environment,  Macro- 
phytes,  Water  circulation. 

The  species  composition  of  the  invertebrate  and 
amphibian  fauna  in  different  types  of  backwaters  is 
investigated.  In  comparing  the  different  types  of 
backwaters  investigated,  biotope  diversity  was 
highest  in  riverine  forests  which  are  in  direct  con- 
tact with  the  Danube  river  (e.g.  Stopfenreuther 
Au).  Due  to  flooding,  the  backwaters  show  differ- 
ent succession  stages  ranging  from  lotic  areas  close 
to  the  main  river  lacking  vegetation,  to  lentic  areas 
with  a  high  degree  of  sedimentation  and  a  high 
density  of  macrophytes.  These  succession  stages 
are  characterized  by  distinct  invertebrate  commu- 
nities (e.g.  Odonata  communities).  Backwaters 
which  were  cut  off  by  the  river  due  to  regulation 
or  impoundment  installation  lose  their  diversity- 
flooding  is  eliminated,  resulting  in  high  sedimenta- 
tion rates  and  an  increase  in  plant  biomass  in  all 
types  of  waters.  This  situation  may  be  improved  by 
the  flooding  and  intensive  groundwater  dynamics 
of  tributaries  as  in  the  case  of  the  Altenwoerther 
Au.  The  management  of  riverine  forests  by  means 
of  a  supply  channel  (e.g.  Greifensteiner  Au)  may 
also  result  in  reduced  biotope  diversity.  The  con- 
necting of  individual  backwaters  creates  an  artifi- 
cial running  water  system  which  favors  certain 
lotic  invertebrate  communities  while  lentic  com- 
munities are  repressed.  Flooded  gravel  pits  may  be 
considered  valuable  substitutes  for  backwaters  if 
the  angle  of  shore  inclination  is  not  too  steep. 
(Author's  abstract) 
W90-06062 


CLASSIFICATION  OF  BACKWATERS  BASED 
ON  INVERTEBRATE  COMMUNITIES  AND 
AMPHIBIANS     (ZUR     TYPISIERUNG     VON 


LIMNOLOGICAL  STUDIES  ON  RIVER 
TIGRIS:  SOME  PHYSICAL  AND  CHEMICAL 
CHARACTERS. 

Biological  Research  Center,  Baghdad  (Iraq).  Dept. 
of  Microbiology. 

A.  W.  Sabri,  B.  K.  Maulood,  and  N.  E.  Suliaman. 
Journal  of  Biological  Science  Research  (Baghdad) 
JBSREF,  Vol.  20,  No.  3,  p  565-579,  September 
1989.  8  fig,  30  ref. 

Descriptors:  'Limnology,  'Physical  properties, 
'Tigris  River,  'Water  chemistry,  'Water  quality, 
Alkalinity,  Calcium  carbonate,  Chemical  proper- 
ties, Conductivity,  Dissolved  oxygen,  Flow  dis- 
charge, Hydrogen  ion  concentration,  Transparen- 
cy, Turbidity,  Water  temperature. 

Some  physical  and  chemical  characteristics  of  the 
Tigris  River  were  studied  monthly  during  three 
successive  years  starting  from  January  1983.  Sam- 
ples of  surface  water  were  taken  from  eight  sta- 
tions along  the  stretch  extending  from  Mosul  to 
Baghdad.  The  pH  values  were  found  to  be  always 
on  the  alkaline  side,  ranging  from  36  to  176  mg 
calcium  carbonate/L.  No  stagnation  was  recorded 
and  oxygen  saturation  remained  above  60% 
through  out  the  study  period.  The  range  of  water 
temperature,  river  discharge,  turbidity,  conductivi- 
ty and  transparency  were  8-30  C,  87-4180  cu  m/ 
sec,  2-430  NTU,  275-1145  microSiemens/cm  and  2- 
245  cm,  respectively.  Seasonal,  annual  and  longitu- 
dinal variation  of  the  studied  parameters  were  dis- 
cussed. (Author's  abstract) 
W90-06064 


STUDY  OF  THE  PRIMARY  PRODUCTIVITY 
IN  THE  SHATT  AL-ARAB  ESTUARY  AT 
BASRAH,  IRAQ. 

Basrah  Univ.  (Iraq).  Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  5B. 
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Field  2— WATER  CYCLE 
Group  2H— Lakes 

LIMNOLOGICAL      ASPECTS      OF      SMALL 
SEWAGE  PONDS. 

Murdoch  Univ.  (Western  Australia).  School  of  Bi- 
ological and  Environmental  Sciences. 
For   primary   bibliographic   entry   see   Field   5D 
W90-06076 


OCCURRENCE  OF  THERMOPHILIC  CAMPY- 
LOBACTERS IN  RURAL  AND  URBAN  SUR- 
FACE WATERS  IN  CENTRAL  FINLAND. 

National   Public  Health   Inst.,   Kuopio  (Finland). 
Dept.  of  Environmental  Hygiene  and  Toxicology. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06077 


PHOSPHORUS  TRANSPORT  TO  THE 
BOTTOM  OF  LAKE  CONSTANCE. 

Konstanz   Univ.   (Germany,   F.R.).   Limnological 

Inst. 

J.  Kleiner,  and  H.-H.  Stabel. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  3,  p  181- 

191,  1989.  4  fig,  3  tab,  41  ref. 

Descriptors:  'Lakes,  "Limnology,  'Nutrients, 
•Phosphorus,  'Solute  transport,  Calcite,  Lake 
Constance,  Particulate  matter,  Sedimentation. 

Despite  decreasing  nutrient  loading  of  Lake  Con- 
stance over  the  past  few  years,  annual  sedimenta- 
tion rates  of  dry  matter  remained  nearly  constant 
at  a  level  of  about  1000  g/sq  m/y.  The  phosphorus 
content  in  settling  material  varied  between  0. 1 3  to 
0.22%  of  dry  weight.  Phosphorus  was  transported 
to  the  lake  bottom  mainly  by  particulate  organic 
matter  and  by  coprecipitation  with  authigenically 
formed  calcite  (estimated  from  results  of  laborato- 
ry studies).  Adsorption  to  sinking  particles  of  al- 
lochthonous  origin  was  of  minor  importance.  The 
effect  of  self-cleaning  mechanism  is  discussed  with 
regard  to  continuously  declining  contents  of  dis- 
solved phosphorus  in  Lake  Constance  since  1981, 
due  to  external  sanitation  measures  in  the  drainage 
area.  (Author's  abstract) 
W9O-06O84 


STATISTICAL  MODELS  FOR  THE  ESTIMA- 
TION OF  NET  PHOSPHORUS  SEDIMENTA- 
TION IN  LAKES. 

Konstanz   Univ.   (Germany,   F.R.).   Limnological 

Inst. 

Y.  T.  Prairie. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  3,  p  192- 

210,  1989.  8  fig,  4  tab,  30  ref. 

Descriptors:  'Lakes,  'Limnology,  'Mathematical 
models,  'Phosphorus,  'Sedimentation,  Analysis  of 
variance,  Correlation  analysis,  Estimating,  Time 
series  analysis. 

The  empirical  adequacy  of  four  phosphorus  mass- 
balance  models  is  evaluated  with  respect  to  how 
the  prediction  error  variance  of  the  corresponding 
net  sedimentation  parameters  is  propagated  in  the 
steady-state  equations.  Using  the  criterion  of  mini- 
mum propagation  error  variance  (PEV),  different 
groups  of  lakes  can  be  distinguished  for  which 
different  empirical  equations  are  used  to  predict 
net  phosphorus  sedimentation.  Application  of  this 
criterion  to  time-series  of  individual  lakes  shows 
that  it  is  possible  to  determine  a  priori  whether  net 
annual  sedimentation  will  be  better  correlated  to 
the  annual  loading  or  to  the  lake  content.  The 
correlation  depended  also  on  the  load/lake  content 
ratio,  suggesting  that  net  sedimentation  is  best 
viewed  as  the  sum  of  the  partial  sedimentation  of 
the  load  and  of  the  partial  sedimentation  of  the 
lake  content.  On  average,  25%  of  the  load  and 
18%  of  the  lake  content  are  sedimented  annually. 
Viewing  net  phosphorus  sedimentation  as  a  func- 
tion of  both  the  load  and  the  lake  content  can  also 
explain  and  predict  the  well-known  cross-sectional 
correlation  between  phosphorus  retention  and 
water  residence  time.  (Author's  abstract) 
W90-06085 


WATER  QUALITY  IN  RTVERS  OF  WESTERN 
SWITZERLAND:  APPLICATION  OF  AN 
ADAPTABLE  INDEX  BASED  ON  BENTHIC 
INVERTEBRATES. 


Conservation  de  la  Faune,  Saint-Sulpice  (Switzer- 
land). 

For  primary  bibliographic  entry  see  Field  5A 
W90-06087 


ECOLOGY  OF  CILIATES  IN  RIVERWATERS: 
THE  EVALUATION  OF  WATER  QUALITY  VIA 
CILIATES  AND  FILAMENTOUS  BACTERIA. 

Eidgenoessische   Anstalt   fuer   Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,    Due- 

bendorf  (Switzerland). 

For  primary  bibliographic  entry  see  Field  5A 

W90-06088 


LOW  LEVELS  OF  ALUMINIUM  CAUSING 
DEATH  OF  BROWN  TROUT  (SALMO  TRUTTA 
FARIO,  L.)  IN  A  SWISS  ALPINE  LAKE. 

Eidgenoessische  Technische  Hochschule,  Zurich 

(Switzerland).  Inst,  of  Toxicology. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06089 


GROWTH  PATTERN  AND  MATURATION  IN 
ARCTIC  CHAR  (SALVELINUS  ALPINUS  L) 
OF  LAKE  WALENSTADT,  SWITZERLAND. 

Jagd-   und   Fischereiverwaltung   des   Kantons   St 

Gallen  (Switzerland). 

For  primary   bibliographic   entry  see   Field   5G 

W90-06090 


CONTROL    OF    PRIMARY    PRODUCTIVITY 

AND  THE   SIGNIFICANCE   OF  PHOTOSYN- 

THETIC     BACTERIA     IN     A     MEROMICTIC 

KETTLE    LAKE:    MLTTLERER    BUCHENSEE 

WEST-GERMANY. 

Konstanz   Univ.   (Germany,   F.R.).    Limnological 

Inst. 

J.  Overmann,  and  M.  M.  Tilzer. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  4,  p  261- 

278,  1989.  10  fig,  2  tab,  55  ref. 

Descriptors:  'Limnology,  'Meromictic  lakes, 
•Photosynthetic  bacteria,  'Primary  productivity, 
'West  Germany,  Meromixis,  Mittlerer  Buchensee, 
Oligotrophy,  Plankton. 

During  1986  planktonic  primary  production  and 
controlling  factors  were  investigated  in  a  small 
German  lake.  Annual  phytoplankton  productivity 
was  estimated  to  ca  120  g  C/sq  m/yr.  The  marked 
thermal  stratification  of  the  lake  led  to  irregular 
vertical  distributions  of  chlorophyll  a  concentra- 
tions (Chi  a)  and  to  a  minor  extent  of  photosynthe- 
sis. Between  the  depths  of  0  to  6  m  low  Chi  a 
concentrations  (<7  mg/cu  m)and  comparatively 
high  background  light  attenuation  (77%  of  total 
attenuation  due  to  gelbstoff  and  abioseston)  was 
found.  As  a  consequence,  light  absorption  by  algae 
was  low  (mean  value  17.4%)  and  self-shading  was 
absent.  Because  of  the  small  seasonal  variation  of 
Chi  a  concentrations,  no  significant  correlation 
between  Chi  a  and  areal  photosynthesis  was  ob- 
served. Only  in  early  summer  (June-July)  biomass 
appears  to  influence  the  vertical  distribution  of 
photosynthesis  on  a  bigger  scale.  Around  8  m 
depth,  low-light  adapted  algae  and  phototrophic 
bacteria  formed  dense  layers.  Due  to  low  ambient 
irradiances,  the  contribution  of  these  organisms  to 
total  primary  productivity  was  small.  Primary  pro- 
duction and  incident  irradiance  were  significantly 
correlated  with  each  other.  Although  the  maxi- 
mum assimilation  number  showed  a  clear  depend- 
ence upon  water  temperature,  the  temperature  was 
of  minor  importance  to  areal  photosynthesis.  (Au- 
thor's abstract) 
W90-06091 


Descriptors:  'Limnology,  'Particle  size,  'Phos- 
phorus, 'Reservoir  sediments,  Clays,  Cycling  nu- 
trients, Sand,  Spain. 

Inorganic  phosphorus  was  fractionated  into  three 
categories  (sodium  hydroxide,  bicarbonate/dithio- 
nate,  and  hydrochloric  acid-extractable)  for  30  sur- 
face sediment  samples  in  La  Minilla  Reservoir 
(Seville,  Spain).  The  amount  of  reactive  P  extract- 
ed with  sodium  hydroxide  (sodium  hydroxide-re- 
active P)  and  with  hydrochloric  acid-reactive  P) 
correlated  in  a  multivariate  regression  with  the 
clay  and  sand  content  of  the  sediment.  This  multi- 
variate function  should  aid  in  predicting  the 
amount  of  phosphorus  available  to  the  sediment 
organisms,  and  it  can  also  contribute  to  the  knowl- 
edge of  the  phosphorus  budget  of  the  reservoir.  A 
multivariate  regression  of  P  content  versus  percent 
composition  of  the  sediment  can  probably  be  fit 
adequately  to  many  water  bodies,  but  the  coeffi- 
cients will  probably  vary  considerably.  It  would  be 
interesting  to  determine  what  are  the  factors  that 
affect  this  variation  and  to  what  extent,  thus  im- 
proving our  knowledge  of  the  dynamics  of  P  in 
continental  water  bodies.  (Author's  abstract) 
W90-06092 


INVESTIGATIONS  OF  TROPHIC  CHANGE 
AND  INDUSTRIAL  TAILINGS  ACCUMULA- 
TION  IN  THE  TRAUNSEE  (AUSTRIA)  USING 
DIATOM  STRATIGRAPHY  (DIATOMEEN- 
STRATIGRAPHISCHE  UNTERSUCHUNGEN 
ZER  TROPHIEANDERUNG  UND  INDUS- 
TRIESCHLAMMAKKUMULATION  IM 

TRAUNSEE/OSTERREICH). 
Institut  fuer  Limnologie,  Mondsee  (Austria). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06093 


SUBFOSSIL  AND  MODERN  DIATOM  PLANK- 
TON AND  THE  PALEOLIMNOLOGY  OF 
ROTSEE  (SWITZERLAND)  SINCE  1850. 

Bern  Univ.  (Switzerland).  Systematisch-Geobotan- 

isches  Inst. 

A.  F.  Lotter. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  4,  p  338- 

350,  1989.  7  fig,  1  tab,  29  ref. 

Descriptors:  'Diatoms,  'Eutrophication,  'Limnol- 
ogy, 'Paleolimnology,  'Phytoplankton,  'Switzer- 
land, Biostratigraphy,  Carbonates,  Rotsee. 

The  diatom  biostratigraphy  of  the  topmost  sedi- 
ment meter  of  Rotsee,  Central  Switzerland,  is  char- 
acterized by  a  major  change  from  Cyclotella  co- 
mensis-dominated  to  Stephanodiscus  hantzschii/S. 
parvus-dominated  assemblages.  A  comparison  be- 
tween old  phytoplankton  samples,  taken  between 
1910-1930,  and  subfossil  diatom  assemblages  is  used 
for  dating  the  upper  35  cm  of  the  core.  There  is 
evidence  that  the  change  in  dominant  diatoms  oc- 
curred in  1919/20,  which  was  before  the  openings 
of  an  artificial  inlet  in  1922,  and  is  due  to  increasing 
eutrophication.  Furthermore,  the  sedimentary  car- 
bonate content  can  be  used  as  a  good  indicator  for 
past  phytoplankton  productivity  in  Rotsee.  (Au- 
thor's abstract) 
W90-06094 


RELATIONSHIP  BETWEEN  TEXTURE  AND 
FRACTIONS  OF  INORGANIC  PHOSPHORUS 
IN  THE  SURFACE  SEDIMENT  OF  A  RESER- 
VOIR. 

Universidad   Nacional   de   La   Plata  (Argentina). 

Inst,  del  Museo. 

N.  A.  Gabellone,  and  C.  Guisande. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  4,  p  306- 

316,  1989.  3  fig,  3  tab,  27  ref. 


ANNUAL  HEAT  BALANCE  AND  EQUILIBRI- 
UM TEMPERATURE  OF  LAKE  AEGERI, 
SWITZERLAND. 

Zurich  Univ.,  Kilchberg  (Swizerland).  Hydrobio- 

logical-Limnological  Station. 

D.  M.  Livingston,  and  D.  M.  Imboden. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  4,  p  351- 

369,  1989.  5  fig,  39  ref. 

Descriptors:  'Heat  budget,  'Lakes,  'Limnology, 
•Mathematical  equations,  'Switzerland,  Air  tem- 
perature, Cloud  cover,  Heat  transfer,  Humidity, 
Seasonal  variation,  Temperature,  Wind  speed. 

The  mean  heat  budget  of  Lake  Aegeri,  Switzer- 
land, is  950  MJ/sq  m,  comparable  to  that  of  neigh- 
boring lakes.  The  annual  variation  in  the  net  heat 
flux  can  be  adequately  described  using  a  six-term 
heat  balance  equation  based  on  years  of  monthly 
mean  meteorological  and  surface  temperature  data. 


WATER  CYCLE— Field  2 
Lakes— Group  2H 


Although  the  magnitude  of  the  net  heat  flux  is 
dominated  by  the  radiative  terms  of  the  equation, 
the  one-month  backward  shift  of  the  net  flux  and 
total  heat  content  extrema  from  the  solstices  and 
equinoxes  respectively  is  due  to  the  phase  of  the 
non-radiative  with  respect  to  the  radiative  terms. 
A  linear  approximation  was  used  to  express  the  net 
heat  flux  in  terms  of  a  heat  exchange  coefficient 
and  an  equilibrium  temperature.  The  heat  ex- 
change coefficient  varies  from  17  to  28  W/sq  m/K 
in  the  course  of  a  year:  fluctuations  in  the  equilibri- 
um are  found  to  depend  mainly  on  fluctuations  in 
cloud  cover  and  relative  humidity,  while  the  effect 
of  fluctuations  in  air  temperature  and  wind  speed  is 
slight.  (Author's  abstract) 
W90-06095 


FISHES  OF  THE  OHIO  RIVER. 

Louisville  Univ.,  KY.  Water  Resources  Lab. 

For   primary   bibliographic   entry   see   Field   5G. 

W90-06106 

BIRDS  IN  THE  OHIO  RIVER  VALLEY:  POSSI- 
BLE INDICATORS  OF  ENVIRONMENTAL 
QUALITY.  ,     ^lT    _.        , 

Shawnee  State  Univ.,  Portsmouth,  OH.  Div.  ot 
Math/Science. 

Ohio°Journal  of  Science  OJSCA9,  Vol.  89,  No.  5 
p  192-195,  December  1989.  4  fig,  2  tab,   10  ref. 

Descriptors:  *Birds,  *Ecology,  "Ohio  River,  Spe- 
cies diversity. 

The  1987  Boatload  of  Knowledge,  a  boatload  of 
observant  and  environmentally  conscious  graduate 
students  spending  two  weeks  on  the  Ohio  River, 
provided  a  unique  opportunity  to  census  the  birds 
along  the  Ohio  River  from  Pittsburgh  to  Louis- 
ville. A  daily  species  count  and  determinations  of 
species  diversity  on  three  sections  of  the  River 
were  done.  While  some  difficulties  were  experi- 
enced during  the  censusing  along  the  River,  the 
overall  results,  field  work  plus  a  literature  and 
information  search,  point  to  differences  in  bird 
species  diversity  along  the  Ohio  River.  The  diver- 
sity of  birds  species  corresponds  to  differences 
observed  in  the  habitat  along  the  sampled  sections 
of  the  Ohio  River.  (Author's  abstract) 
W90-06108 

LEAKY  FILTERS:  A  WARNING  TO  AQUATIC 
ECOLOGISTS. 

Department  of  Fisheries  and  Oceans,  Vancouver 
(British  Columbia).  West  Vancouver  Lab. 
For  primary  bibliographic  entry  see  Field  7B. 
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DIET  SELECTION  AND  THE  CONTRIBUTION 
OF  DETRITUS  TO  THE  DIET  OF  THE  JUVE- 
NDLE  WHITE  SUCKER  (CATOSTOMUS  COM- 
MERSOND. 

Michigan  Technological  Univ.,  Houghton.  Dept. 
of  Biological  Sciences. 
M.  W.  Ahlgren. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  41-48,  January 
1990.  2  fig,  4  tab,  38  ref. 

Descriptors:  *Detritus,  *Fish  behavior,  'Fish  diets, 
*Fish  food  organisms,  *Sucker,  Brine  shrimp, 
Diets,  Microcrustaceans,  Organic  matter. 

The  ash-free  dry  mass  (AFDM)  of  detritus,  inver- 
tebrates, and  algae  in  the  diet  of  juvenile  white 
sucker  was  determined  by  quantitative  microsco- 
py. Fish  were  collected  from  a  northern  Michigan 
pond  from  January  through  October  1986  and 
their  seasonal  diet  was  compared  with  benthic 
invertebrate  abundance.  The  quantity  of  detritus  in 
sucker  foreguts  was  inversely  related  to  benthic 
microcrustacean  densities.  In  July,  microcrusta- 
cean  densities  were  high  and  they  comprised  95% 
of  the  AFCM  in  foregut  contents.  By  October, 
microcrustacean  densities  had  declined  to  13%  of 
their  maximum  density  and  detritus  comprised 
over  90%  of  the  sucker's  diet  AFDM.  In  laborato- 
ry aquaria,  sucker  that  were  fed  detritus  mixed 
with   four   different   densities   of  Artemia   (brine 


shrimp)  ingested  significantly  more  detritus  from 
diets  that  provided  lower  Artemia  densities.  In  the 
presence  of  high  Artemia  densities,  sucker  com- 
pletely rejected  detritus  and  ingested  only  Arte- 
mia. The  fact  that  juvenile  sucker  can  separate 
detritus  from  invertebrates  that  they  swallow  dem- 
onstrates that  detritus  in  not  ingested  incidentally. 
Both  laboratory  and  field  data  support  the  hypoth- 
esis that  detritus  is  ingested  intentionally  when 
preferred  invertebrate  prey  are  scarce.  (See  also 
W90-06112)  (Author's  abstract) 
W90-06111 

NUTRITIONAL  SIGNIFICANCE  OF  FACULTA- 
TIVE DETRmVORY  TO  THE  JUVENILE 
WHITE  SUCKER  (CATOSTOMUS  COMMER- 
SONI).  .  ^ 

Michigan  Technological  Univ.,  Houghton.  Dept. 
of  Biological  Sciences. 

M.  O.  Ahlgren.  . 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  49-54,  January 
1990.  3  tab,  37  ref. 

Descriptors:  *Detritus,  *Fish  diets,  'Fish  physiolo- 
gy, *White  sucker,  Brine  shrimp,  Diatoms,  Diets, 
Feeding  behavior,  Fish  food  organisms,  Growth, 
Organic  matter. 

The  nutritional  significance  of  detritus  in  the  diet 
of  the  juvenile  white  sucker  was  evaluated  by 
experiments  designed  to  assess  assimilation  efficien- 
cy and  growth  of  sucker  fed  detritus  and  other 
foods.  Sucker  in  laboratory  aquaria  assimilated  de- 
tritus with  the  following  efficiencies:  dry  mass  = 
19.6%,  ash-free  dry  mass  (AFDM)  =  59.7%,  and 
total  amino  acids  =  68.4%.  Assimilation  efficien- 
cies calculated  for  invertebrates  and  natural  field 
diets  were  slightly  higher.  Diatom  assimilation  was 
low  (5.5%).  In  growth  experiments,  sucker  fed 
detritus  ad  libitum  lost  weight,  while  those  fed 
brine  shrimp  ad  libitum  grew  rapidly.  However, 
detritus  increased  the  growth  rate  of  sucker  fed  a 
limited  invertebrate  ration  and  reduced  the  rate  of 
weight  loss  relative  to  unfed  fish.  The  ratio  of 
digestible  protein  to  digestible  energy  calculated 
for  natural  detritus  diets  (3.2  mg  amino  acid/kJ, 
digestible  energy)  indicates  that  the  protein  con- 
tent of  detritus  is  too  low  to  support  growth. 
Detritus  provides  energy  which  complements  lim- 
ited invertebrate  protein  to  enhance  growth  or 
reduce  the  rate  of  weight  loss  when  invertebrate 
prey  are  not  available.  (See  also  W90-06111)  (Au- 
thor's abstract) 
W90-06112 

WOOD  DYNAMICS  IN  COASTAL  PLAIN 
BLACKWATER  STREAMS. 

Alabama  Univ.,  University.  Aquatic  Biology  Pro- 
gram. 

A.  C.  Benke,  and  J.  B.  Wallace. 
Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  92-99,  January 
1990.  3  fig,  5  tab,  31  ref.  NSF  Grants  BSR  8406630 
and  BSR  8406631. 

Descriptors:  'Detritus,  'Organic  matter,  'River 
ecology,  'Swamps,  'Wetlands,  Decomposition, 
Flooding,  Habitats,  Logs,  Ogeechee  River,  River 
flow. 

The  woody  debris  in  the  river  swamps  of  the  sixth 
order  Ogeechee  River  and  several  smaller  tributar- 
ies in  the  Coastal  Plain  of  the  southeastern  USA 
were  quantified  and  compared  with  swamp  wood 
with  woody  debris  in  the  channel,  and  wood 
movement  in  the  swamp  and  main  channel  was 
studied  over  20  months.  Woody  debris  in  the 
Ogeechee  River  swamps  was  relatively  low  (0.362- 
0.880  kg  ash-free  dry  mass  (AFDM)/sq  m)  in 
comparison  to  several  mixed  temperate  deciduous 
forests.  Similarly,  wood  in  the  tributary  swamps 
was  low  (mean  =  0.82  AFDM/sq  m)  and  a  fourth 
order  tributary  (2.24  kg  AFDM/sq  m)  were  sig- 
nificantly higher  than  found  in  their  adjacent 
floodplains.  Woody  debris  appeared  to  increase  in 
stream  channels  from  smaller  tributaries  to  the 
sixth  order  river,  opposite  of  that  observed  in  other 
river  systems.  Tagging  of  logs  showed  that  only 
17%  of  wood  in  the  Ogeechee  channel  had  moved 
after  3  major  floods,  much  less  than  in  the  swamps 


(21-84%).  The  abundance  and  stability  of  woody 
debris  in  the  main  channel  allows  it  to  be  a  major 
habitat  type  and  source  of  food  for  both  riverine 
invertebrates  and  fishes.  The  fate  of  most  swamp 
wood  appears  to  be  decomposition  and  fragmenta- 
tion, rather  than  import  to  the  river  channel.  (Au- 
thor's abstract) 
W90-06115 


CASCADING  EFFECTS  OF  DECREASED  SA- 
LINITY ON  THE  PLANKTON,  CHEMISTRY, 
AND  PHYSICS  OF  THE  GREAT  SALT  LAKE 
(UTAH). 

Utah  State  Univ.,  Logan.  Dept.  of  Fisheries  and 
Wildlife. 

W.  A.  Wurtsbaugh,  and  T.  S.  Berry. 
Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  100-109,  January 
1990.  9  fig,  45  ref. 

Descriptors:  'Great  Salt  Lake,  'Limnology, 
'Plankton,  'Saline  lakes,  'Utah,  Brine  shrimp, 
Chemical  properties,  Ecosystems,  Nutrients,  Pre- 
dation,  Rotifers,  Salinity,  Species  diversity,  Zoo- 
plankton. 

Physical,  chemical  and  biological  variables  were 
measured  in  the  Great  Salt  Lake  during  1985-87, 
when  salinity  in  the  mixolimnion  was  near  50  g/L, 
much  lower  than  the  250  g/L  maxima  recorded  m 
1963.  Decreased  salinity  has  been  accompanied  by 
a  change  in  macrozooplankton  from  one  species 
(Artemia  franciscana),  to  an  assemblage  with  one 
rotifer,  two  copepods,  Artemia,  and  the  corixid 
Trichocorixa  verticalis.  Predation  by  the  corixid 
may  now  limit  Artemia  to  low  densities  (<  100/cu 
m).  The  low  biomass  of  Artemia  and  other  zoo- 
plankton  has  reduced  grazing  pressure  on  the  algal 
community  so  that  high  chlorophyll  levels  (5-44 
mg/cu  m)  and  low  Secchi  depths  (0.8-2.7  m)  are 
now  present  throughout  the  year.  The  algae  pres- 
ently reduce  soluble  reactive  phosphorus  and  inor- 
ganic nitrogen  in  the  mixolimnion  to  below  5  and 
50  microg/L,   respectively.   Shading   in  the  7-m 
thick  mixolimnion  by  algae,  and  by  purple-sulfur 
bacteria  in  the  chemocline,  decreases  light  penetra- 
tion so  that  the  monimolimnion  now  maintains  a 
nearly  constant  temperature  (9-11  C)  throughout 
the  year.  The  data  support  the  hypothesis  that  the 
effects  of  corixid  predation  have  cascaded  through 
the  Great  Salt  Lake,  affecting  herbivores,  nutrients 
and  thermal  stratification.  (Author's  abstract) 
W90-06116 


ZOOPLANKTON  SPECIES  ASSOCIATIONS  IN 
QUEBEC  LAKES:  VARIATION  WITH  ABIOTIC 
FACTORS,  INCLUDING  NATURAL  AND  AN- 
THROPOGENIC ACIDIFICATION. 

Montreal  Univ.  (Quebec).  Dept.  of  Biological  Sci- 

B.  Pinel-Alloul,  G.  Methot,  G.  Verreault,  and  Y. 
Vigneault. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  110-121,  January 
1990.  3  fig,  4  tab,  47  ref. 

Descriptors:  'Acid  rain  effects,  'Lakes,  'Limnolo- 
gy, 'Quebec,  'Species  diversity,  'Zooplankton, 
Acidity,  Alkalinity,  Hydrogen  ion  concentration, 
Lake  morphology,  Statistical  analysis,  Sulfates. 

Abundances  and  biomass  of  38  zooplankton  species 
and  accompanying  abiotic  data  from  54  Quebec 
lakes  were  subjected  to  cluster  and  correlation 
analysis  to  determine:  (1)  characteristic  zooplank- 
ton associations  of  co-occurring  species;  (2)  rela- 
tive importance  of  abiotic  variables  in  lake  typol- 
ogy; and  (3)  relationships  between  the  integrated 
environmental  factors  derived  from  lake  mor- 
phometry, water  quality,  and  acidification  level, 
and  the  structure  of  zooplankton  communities.  The 
eight  groups  of  species  identified  in  the  cluster 
analysis  may  be  considered  separate  'species  asso- 
ciations' characterized  by  distinct  patterns  of  distri- 
bution in  Quebec  lakes.  Differences  in  mean  pH 
and  sulfate  concentrations  can  be  detected  between 
groups  of  lakes  representing  the  different  species 
associations.  Factor  analysis  produced  seven  factor 
scores  which  explain  82%  of  the  total  variance  of 
the  morphological,  physical,  and  chemical  varia- 
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bles.  The  distribution  pattern  of  acidity  or  alkalini- 
ty represents  the  major  feature  in  water  chemistry 
variation,  but  lake  morphology  also  account  for 
the  observed  environmental  variability.  Each 
factor  represents  an  integrated  environmental 
property  correlated  with  a  set  of  colinear  abiotic 
variables.  These  factors  are  correlated  with  zoo- 
plankton  species  abundances  and  biomass.  The 
community  structure,  whether  expressed  in  size 
classes  or  in  trophic  groups,  tends  to  vary  among 
sets  of  lakes  of  different  pH.  (Author's  abstract) 
wyu-Uoi  1 7 


CONTRIBUTION  OF  RHIZOSOLENIA  ERIEN- 
SIS  AND  CYCLOTELLA  SPP.  TO  THE  DEEP 
CHLOROPHYLL  MAXIMUM  OF  SPROAT 
LAKE,  BRITISH  COLUMBIA,  CANADA. 

British  Columbia  Univ.,  Vancouver.  Dept.  of 
Oceanography. 

L.  J.  Jackson,  J.  G.  Stockner,  and  P.  J.  Harrison. 
Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  128-135,  January 
1990.  8  fig,  26  ref. 

Descriptors:  *Chlorophyll,  •Cycling  nutrients, 
•Diatoms,  'Limnology,  *Phytoplankton,  British 
Columbia,  Nitrogen,  Phosphorus,  Seasonal  varia- 
tion, Spatial  distribution,  Sproat  Lake. 

Experimental  fertilization  of  Sproat  Lake  British 
Columbia  with  nitrogen  and  phosphorus  greatly 
increased  the  abundance  of  two  centric  diatoms: 
Cyclotella  spp.  and  Rhizosolenia  eriensis.  A  de- 
crease in  sinking  rates  to  neutral  buoyancy  at  17.5- 
22.5  m  an  area  of  high  nu'rients  and  low  light, 
coupled  with  sedimentation  estimates  of  10  million- 
100  million  cells/sq  m/d,  provide  strong  evidence 
that  diatoms  contribute  to  the  formation  of  a  sea- 
sonal deep  chlorophyll  maximum  (DCM).  The  po- 
sition of  the  Sproat  Lake  DCM,  occurring  at  or 
just  above  the  1%  light  depth,  appears  to  be  large- 
ly determined  by  the  light  regime.  R.  eriensis 
bloomed  and  sank  out  of  the  mixed  layer  early  in 
the  spring  before  lake  fertilization  began.  Immedi- 
ately after  fertilization,  concentrations  of  nitrate 
and  phosphate  were  elevated  for  1  h  only  in  the 
top  1  m  of  the  water  column.  Most  R.  eriensis  cells 
were  well  below  1  m  and  benefited  little  from  the 
nutrient  addition  because  of  temporal  and  spatial 
separation.  Cyclotella  spp.  occurred  in  the  upper 
epilimnion  and  bloomed  later  in  the  year  and  con- 
sequently benefited  (by  large  density  increases) 
from  fertilization.  It  is  important  to  consider  the 
temporal  and  spatial  distribution  of  phytoplankton 
in  determining  which  species  will  increase  in  abun- 
dance as  a  result  of  areal  fertilization.  (Author's 
abstract) 
W90-06118 


RECYCLING  OF  ELEMENTS  TRANSPORTED 
UPSTREAM  BY  RUNS  OF  PACIFIC  SALMON- 
I.  DELTA  15  N  AND  DELTA  13  C  EVIDENCE 
fN  SASHIN  CREEK,  SOUTHEASTERN 
ALASKA. 

Alaska  Univ.,  Fairbanks.  School  of  Fisheries  and 
Ocean  Sciences. 

T.  C.  Kline,  J.  J.  Goering,  O.  A.  Mathisen,  and  P. 
H.  Poe. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  136-144,  January 
1990.  4  fig,  3  tab,  27  ref.  NSF  Grant  DPP 
844112285  and  Alaska  Sea  Grant  NA  86AA-D- 
SG041. 

Descriptors:  •Alaska,  'Cycling  nutrients,  *Fish  mi- 
gration, 'Salmon,  Carbon,  Nitrogen,  Nutrients, 
Sashm  Creek,  Spawning,  Trout. 

Values  of  delta  15  N  and  delta  13  C  (the  per  mil 
deviation  from  the  recognized  isotope  standard) 
from  biota  of  a  southeastern  Alaska  stream  (Sashin 
Creek)  that  receives  an  annual  run  of  30,000  anad- 
romous  pink  salmon  were  measured  to  determine 
sources  of  nitrogen  (N)  and  carbon  (C).  Marine- 
denyed  nitrogen  (MDN)  is  the  predominant  source 
of  N  for  food  webs  found  in  the  lower  1200  m  of 
the  stream  which,  due  to  a  waterfall,  is  the  only 
portion  of  the  stream  available  to  salmon  returning 
to  spawn.  Comparable  spawning  section  biota 
were  enriched  by  about  5  mil  relative  to  the 
salmon-free  control  section,  corresponding  to  the 


difference  between  0  and  100%  MDN  in  a  mixing 
model.  Food  webs  of  resident  rainbow  trout,  at  the 
outlet  of  one  of  the  source  lakes,  Sashin  Lake,  have 
very  low  delta  13  C,  suggesting  the  importance  of 
a  respired  C  pool  in  the  lake.  The  source  of  C  in 
the  remainder  of  the  stream  is  C  fixation  by  au- 
tochthonous producers  and  marine  organic  C 
(within  the  salmon  spawning  section).  Resident 
fishes  in  the  salmon  spawning  section  depend  on 
MDN  and  some  of  the  C  delivered  by  the  annual 
run  of  returning  salmon.  (Author's  abstract) 
W90-06119  ' 


EFFECTS  OF  LARGE-SCALE  METALIMNETIC 
MIGRATION  EVENTS  ON  PHOSPHORUS  DY- 
NAMICS IN  A  NORTH-TEMPERATE  RESER- 

Army  Engineer  Waterways  Experiment   Station 
Spring  Valley,  WI.  Eau  Galle  Lab. 
W.  F.  James,  R.  H.  Kennedy,  and  R.  F.  Gaugush. 
Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  156-162,  January 
1990.  8  fig,  27  ref.  y 

Descriptors:  *Eau  Galle  Reservoir,  'Lake  sedi- 
ments, *Lake  stratification,  •Limnology,  •Phos- 
phorus, *Water  circulation,  Lake  morphology, 
Mixing,  Wind-driven  currents,  Wisconsin. 

In  Eau  Galle  Reservoir,  Wisconsin,  early  in  the 
stratified  period  of  1982,  hypolimnetic  anoxia  de- 
veloped, soluble  reactive  phosphorus  concentra- 
tions increased  above  the  profundal  sediment  sur- 
face, and  internal  total  phosphorus  loading  was 
high.  Shortly  thereafter,  the  passage  of  a  cold  front 
with  high  wind  power  resulted  in  mixing  and  a 
pronounced  descent  of  the  metalimnion.  During 
this  event,  previously  anoxic  water  within  the  me- 
talimnion and  upper  hypolimnion  became  reoxy- 
genated,  internal  total  phosphorus  loading  declined 
to  a  minimum,  and  a  loss  of  total  phosphorus  mass 
occurred  from  the  metalimnion  and  hypolimnion. 
Total  phosphorus  mass  in  the  epilimnion  remained 
constant  during  this  period.  A  similar  pattern  oc- 
curred during  a  large,  wind-driven  migration  of 
the  metalimnion  in  early  August.  During  such 
events,  phosphorus  sedimentation  rates  increased 
in  the  hypolimnion,  reflecting  the  loss  of  total 
phosphorus  mass  from  the  water  column.  In  con- 
trast, other  investigations  of  lakes  have  reported 
that  phosphorus  is  entrained  into  the  epilimnion 
during  metalimnetic  migrations,  rather  than  lost 
through  sedimentation.  Phosphorus  sedimentation 
during  large  metalimnetic  migration  events  in  Eau 
Galle  Reservoir  may  occur  because  previously 
anoxic  water  containing  iron  becomes  reoxygenat- 
ed,  causing  the  coprecipitation  and  sedimentation 
of  oxidized  iron  and  phosphorus  (Author's  ab- 
stract) 
W90-06120 


EFFECTS  OF  FISH  REMOVAL  ON  THE  LIM- 
NETIC  ECOSYSTEM  OF  A  EUTROPHIC 
LAKE. 

Selskapet   for   Industriell  og  Teknisk   Forskning, 
Trondheim  (Norway).  Div.  of  Applied  Chemistry 
H.  Reinertsen,  A.  Jensen,  J.  I.  Koksvik,  A. 
Langeland,  and  Y.  Olsen. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  166-173,  January 
1990.  6  fig,  6  tab,  29  ref. 

Descriptors:  'Algal  blooms,  'Eutrophic  lakes, 
•Fishkill,  'Limnology,  Chlorophyta,  Cyanophyta, 
Daphnia,  Fish,  Hydrogen  ion  concentration,  Lake 
Naugatiern,  Norway,  Phosphorus,  Population  den- 
sity, Rotenone,  Rotifers,  Zooplankton. 

The  effects  of  fish  elimination  in  the  eutrophic 
Lake  Haugatiern,  Sor-Trondelag  County,  Norway 
were  studied  during  1979-84.  Total  elimination  of 
the  fish  populations  by  rotenone  in  late  1980  result- 
ed in  a  four-fold  decrease  in  the  algal  biomass.  The 
species  composition  changed  from  a  dominance  by 
the  large-sized  Anabaena  flos-aquae  and  Stauras- 
trum  luetkemuelleri  to  smaller,  fast-growing  spe- 
cies and  gelatinous  green  algae.  The  total  zoo- 
plankton  biomass  remained  at  the  same  level  in  all 
years,  but  while  the  rotifers  almost  disappeared 
after  the  rotenone  treatment,  the  daphnids  in- 
creased their  share  of  the  biomass  from  49-63% 


during  1979-80  to  74-90%  during  1982-84  The 
mean  individual  size  of  the  adult  daphnids  in- 
creased in  the  same  period  from  1.3  to  1.8mm.  A 
30%  drop  in  the  total  phosphorus  concentration  in 
the  lake  after  the  biomanipulation  was  explained  by 
increased  sedimentation  of  zooplankton  and  re- 
duced phosphorus  release  from  the  epilimnetic 
sediments  because  of  the  lowered  pH.  The  fish 
elimination  also  resulted  in  a  lower  yield  of  bio- 
mass per  unit  of  phosphorus  in  the  lake.  (Author's 
abstract) 
W90-06121 


NIGHTTIME    POND    RESPIRATION    RATE 
OXYGEN  OR  TEMPERATURE  DEPENDENT! 

Hawaii  Univ.,  Honolulu.  Dept.  of  Zoology. 

C.  P.  Madenjian. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 

?n^SHFSDX'  VoL  47'  No-  '•  P  180-183,  January 
1990.  3  fig,  1  tab,  17  ref. 

Descriptors:  'Dissolved  oxygen,  'Diurnal  varia- 
tion, 'Limnology,  'Oxygen  requirements,  'Ponds 
Respiration,  'Water  temperature,  Data  interpreta- 
tion, Model  studies,  Residual  oxygen. 

Two  different  models  for  the  nighttime  dissolved 
oxygen  concentration  (DO)  dynamics  in  ponds 
were  compared  to  determine  which  was  more  ac- 
curate. DO  and  water  temperature  were  monitored 
overnight  in  marine  shrimp  (Penaeus  vannamei  and 
P.  monodon)  pond;  wind  speed  was  also  measured 
The  Whole  Pond  Respiration-Diffusion  (WPRD) 
model,  in  which  the  night  respiration  rate  of  the 
pond  system  is  a  function  of  water  temperature 
was  fitted  to  observations  of  DO  at  dusk,  and 
approximately  3  h  after  dusk,  to  generate  predic- 
tions of  pond  DO  at  dawn.  The  Olah  model,  which 
is  based  on  a  respiration  rate  varying  in  direct 
proportion  to  DO,  was  also  applied  to  the  same  set 
of  DO  observations  to  generate  predictions  of 
dawn  DO.  The  mean  absolute  values  of  the  residu- 
als (the  residual  is  equal  to  observed  dawn  DO 
minus  predicted  dawn  DO)  from  applications  of 
the  WPRD  and  Olah  models  were  0.39  and  0.77 
mg  02/L,  respectively;  the  Olah  model  showed 
consistent  bias.  The  respiration  rate  of  the  pond 
system  at  night  was  therefore  better  described  as  a 
function  of  water  temperature  than  as  dependent 
on  pond  DO.  (Author's  abstract) 
W90-06122 


ENVIRONMENTAL  CHARACTERISTICS  OF 
AFFLUENTS  OF  THE  DOBCZYCE  RESER- 
VOIR (SOUTHERN  POLAND)  IN  THE  PREIM- 
POUNDMENT  PERIOD  (1983-1985):  1.  SOME 
PHYSICO-CHEMICAL  rNDICES. 
Polish  Academy  of  Sciences,  Krakow.  Zaklad  Bio- 
Iogii  Wod. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06135 


ENVIRONMENTAL  CHARACTERISTICS  OF 
AFFLUENTS  OF  THE  DOBCZYCE  RESER- 
VOIR (SOUTHERN  POLAND)  IN  THE  PREIM- 
POUNDMENT  PERIOD  (1983-1985):  2.  PERI- 
PHYTON. 

Polish  Academy  of  Sciences,  Krakow.  Zaklad  Bio- 

logii  Wod. 

A.  Amirowicz. 

Acta  Hydrobiologica  (Cracow)  AHBPAX,   Vol 

30,  No.  3/4,  p  297-304,  1989.  1  fig,  3  tab,  15  ref. 

Descriptors:  'Limnology,  'Periphyton,  'Poland, 
•Reservoirs,  Biomass,  Chlorophyll,  Dobczyce 
Reservoir,  Mineral  particles,  Organic  matter,  Sea- 
sonal variation. 

The  periphyton  at  the  mouth  section  of  the  major 
affluents  of  the  Dobczyce  Reservoir  was  investi- 
gated. The  mean  weight  of  the  coating  formed  by 
the  periphyton  was  2.5-5.7  g/sq  dm,  of  which  2.2- 
5.1  g/sq  dm  consisted  of  mineral  particles.  The 
average  quantity  of  chlorophyll-a  varied  from  949 
to  3058  microg/sq  dm.  In  the  warm  half  of  the 
year  the  periphyton  showed  smaller  amounts  of 
mineral  particles,  organic  matter,  and  chlorophyll 
a,   and  greater  coefficients  of  variation  of  these 
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parameters  than  in  the  cold  half.  (See  also  W90- 
06135  and  W90-06137)  (Author's  abstract) 
W90-06136 

ENVIRONMENTAL  CHARACTERISTICS  OF 
AFFLUENTS  OF  THE  DOBCZYCE  RESER- 
VOIR (SOUTHERN  POLAND)  IN  THE  PREIM- 
POUNDMENT  PERIOD  (1983-1985):  3.  ICHTH- 
YOFAUNA.  ,         „  „   .  _. 

Polish  Academy  of  Sciences,  Krakow.  Zaklad  Bio- 
logii  Wod. 

M.  Jelonek,  and  J.  Starmach.  1TTO„.„    „, 

Acta  Hydrobiologica  (Cracow)  AHBPAX,  Vol. 
30,  No.  3/4,  p  305-316,  1989.  2  fig,  4  tab,  15  ref. 

Descriptors:  *Fish  populations,  ♦Limnology, 
•Poland,  'Reservoirs,  Biomass,  Density,  Dobczyce 
Reservoir,  River  Raba,  Species  composition. 

The  species  composition,  density,  and  biomass  of 
fish  in  the  River  Raba  and  its  tributaries  in  the  area 
of  the  Dobczyce  Reservoir,  now  under  construc- 
tion, were  investigated.  The  effect  of  these  factors 
on  the  development  of  a  natural  ichthyofauna  in 
the  future  reservoir  was  analyzed.  In  the  zone 
affected  by  the  reservoir  23  fish  species  were  found 
with  numbers  varying  from  851-4135  individuals/ 
ha  and  biomass  from  6980-98,720  g/ha.  Of  these 
species  8  are  adapted  to  life  both  in  flowing  and 
stagnant  waters.  (See  also  W90-06135  and  W90- 
06136)  (Author's  abstract) 
W90-06137 

CILIATA  COMMUNITIES  IN  THE  MIDDLE 
SECTOR  OF  THE  RIVER  LVNA  (NORTH- 
EASTERN POLAND)  IN  CONDITIONS  OF 
NONPOINT  POLLUTION  INFLOW. 

Akademia  Rolniczo-Techniczna,  Olsztyn-Kortow 
(Poland).  Dept.  of  Water  and  Wastewater  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06139 

ECOLOGICAL  STUDIES  ON  ROTIFERA  (AS- 
CHELMINTHES)    IN    THE    RIVER    TIGRIS 

Biological  Research  Center,  Baghdad  (Iraq).  Sec- 
tion of  Aquatic  Ecology. 

Acta  Hydrobiologica  (Cracow)  AHBPAX,  Vol. 
30,  No.  3/4,  p  367-379,  1989.  5  fig,  3  tab,  22  ref. 

Descriptors:  *Bioindicators,  "Iraq,  'Rotifers, 
♦Tigris  River,  *Water  pollution  effects,  Correla- 
tion analysis,  Dissolved  oxygen,  Nitrites,  Phos- 
phates, River  flow,  Species  distribution,  Transpar- 
ency, Turbidity. 

Seasonal  variation  of  the  Rotifer  population  in  the 
River    Tigris    was    observed    during    1984-1985. 
Summer  through  mid-autumn  was  found  to  be  the 
best  growth  period.  Synchaeta  stylata,  an  oligosa- 
probic  organism,  was  quantitatively  the  dominant 
species  in  the  Tigris.  The  index  of  similarity  be- 
tween stations,  using  Jaccard's  presence-communi- 
ty   coefficient    was    calculated.    A    dendrogram 
showed  that  the  studied  stretch  of  the  river  was 
separated  into  three  regions  in  a  linear  arrange- 
ment. The  results  of  a  contingency  table  test  re- 
vealed that  there  was  a  single  group  of  Rotifera 
species  along  the  600  km  stretch  of  the  river.  All 
species  present  at  Station  1  were  collected  from  all 
other  stations  downstream.  It  could  therefore  be 
argued  that  none  of  the  activities  (i.e.  sewage, 
agriculture,  and  industry)  along  the  studied  area  of 
Tigris  affected  the  principal  component  of  Rotifera 
species.  Separate  correlation  coefficients  were  cal- 
culated between   the   environmental   factors   and 
mean  number  of  individuals/cu  dm  and  number  of 
species  per  month.  A  positive  significant  correla- 
tion was  obtained  with  water  temperature,  while  a 
negative  significant  correlation  was  obtained  with 
both  dissolved  oxygen  and  river  discharge.  The 
number  of  species  was  also  negatively  correlated 
with  turbidity,  phosphate,  and  nitrite  during  1985, 
while  it  was  positively  correlated  with  Secchi  disc 
readings.  (Author's  abstract) 
W90-06140 


IS  FOOD  AVAILABILITY  THE  MAIN  FACTOR 
CONTROLLING      THE      ABUNDANCE      OF 


EUCHLANIS  DILATATA  LUCKSIANA  HAUER 
IN  A  SHALLOW,  HYPERTROPHIC  LAKE. 

Polish  Academy  of  Sciences,  Mikolajki.  Inst,  of 

Ecology. 

J  Eismont-Karabin,  R.  D.  Gulati,  and  J.  Rooth. 

Hydrobiologia  HYDRB8,  Vol.   186/87,  p  29-34, 

December  1989.  2  fig,  1  tab,  21  ref. 

Descriptors:  *Eutrophic  lakes,  *Limiting  factors, 
♦Limnology,  ♦Population  dynamics,  ♦Rotifers, 
Cyanophyta,  Food  chains,  Population  density,  Pre- 
dation. 

Visual  observations  and  experiments  on  food  pref- 
erence of  Euchlanis  dilatata  lucksiana  show  that 
this  euchlanid  rotifer  can  feed  on  blue-green  algae 
not  consumed  by  the  most   planktonic   animals. 
Nevertheless,  even  in  lakes  with  blooms  of  blue- 
green  algae,  E.  d.  lucksiana  occur  infrequently  and 
generally  in  low  numbers.  The  causes  for  the  rare 
occurrence  of  Euchlanis  in  the  pelagial  were  ex- 
plored. A  comparison  of  threshold  food  concentra- 
tions calculated  from  N  and  P  excretion  rates  with 
the  concentrations  of  seston  in  Lake  Loosdrecht 
shows  that  the  seston  concentrations  were  several 
times  higher  during  the  study  period.  This  implies 
that   the   food   requirements   of  Euchlanis   were 
always  satisfied  in  this  lake.  The  time  needed  for 
the  consumption  of  the  total  food  fraction  in  a  liter 
of  lake  water  by  a  concentration  of  50  Euchlanis/L 
was  also  calculated.  This  time  varied  from  70  to 
200  days,  so  a  Euchlanis  population  even  at  its 
maximum  density  will  not  cause  major  changes  in 
blue-green  algae  biomass  by  grazing.  Thus,  food 
limitation  cannot  be  viewed  as  a  factor  controlling 
the  Euchlanis  densities  in  Loosdrecht  Lake.  There 
is  some  evidence  the  Euchlanis  is  heavily  predated 
in  the  lake,  losses  in  its  biomass  accounting  for 
126%  of  the  production.  Adaptation  of  this  species 
to  the  littoral  zone,  as  expressed  by  the  deposition 
of  eggs  on  plants,  can  also  limit  the  occurrence  of 
the  lucksiana  form  to  water  bodies  with  blooms  of 
blue-green  algae.  (Author's  abstract) 
W90-06142 

SALINITY  AND  TEMPERATURE  INFLUENCE 
IN  ROTIFER  LIFE  HISTORY  CHARACTERIS- 
TICS. 

Valencia  Univ.  (Spain).  Dept.  of  Ecology. 

M.  R.  Miracle,  and  M.  Serra. 

Hydrobiologia  HYDRB8,  Vol.   186/87,  p  81-102, 

December  1989.  9  fig,  3  tab,  71  ref. 

Descriptors:  *Life  history  studies,  ♦Limnology, 
♦Rotifers,  ♦Salinity,  ♦Temperature  effects,  Aquatic 
habitats,  Genetics,  Population  dynamics,  Spawn- 
ing. 

A  review  of  temperature  and  salinity  effects  on 
rotifer  population  dynamics  is  presented  together 
with  original  data  of  these  effects  for  three  clones 
of  Brachionus  plicatilis.  There  is  a  clear  relation- 
ship between  temperature  and  the  intrinsic  rate  of 
increase,  r:  an  increase  of  temperature-within  the 
natural  environmental  range-produces  an  expo- 
nential increase  of  r,  and  the  slope  of  the  response 
depends  on  the  genotype.  The  effect  of  salinity  is 
also  genetically  dependent;  the  highest  r  for  each 
clone  is  observed  at  the  salinity  close  to  that  of  its 
environmental  origin.  The  response  of  r  to  temper- 
ature is  mainly  a  consequence  of  the  response  of 
the  individual  rates  of  development  and  reproduc- 
tive timing.  The  effect  of  temperature  on  fecundity 
(number  of  descendants  per  individual  life  time)  is 
negligible  when  temperature  values  are  within  the 
normal  habitat  ranges.  On  the  other  hand,  salinity 
seems  to  affect  primarily  fecundity.  The  interaction 
salinity-temperature  may  be  important  in  clones  or 
species  living  in  fluctuating  environments  with 
positive  response  to  the  more  frequent  combina- 
tions found  in  the  corresponding  habitats.  (Au- 
thor's abstract) 
W90-06143 


EMPIRICAL  EVIDENCE  FOR  A  COMPLEX 
DIURNAL  MOVEMENT  IN  HEXARTHRA 
BULGARICA  FROM  AN  OLIGOTROPHY 
HIGH  MOUNTAIN  LAKE  (LA  CALDERA, 
SPAIN).  ,     ■     .    •      , 

Granada  Univ.  (Spain).  Dept.  de  Biologia  Animal, 
Ecologia  y  Genetica. 


Lakes— Group  2H 

P.  Carrillo,  L.  Cruz-Pizarro,  and  R.  Morales- 

Baquero. 

Hydrobiologia  HYDRB8,  Vol.  186/87,  p  103-108, 

December  1989.  4  fig,  12  ref. 

Descriptors:  ♦Limnology,  ♦Mountain  lakes,  ♦Oli- 
gotrophic  lakes,  ♦Rotifers,  ♦Spain,  Diurnal  varia- 
tion, Light  quality,  Population  dynamics,  Spatial 
distribution. 

Data  on  rotifer  spatial  distribution  and  movement 
of  populations  come,  basically,  from  two  mam 
approaches.  Diurnal  vertical  migration  is  a 
common  phenomenon,  but  is  variable  and  far  less 
important  than  in  crustaceans  in  terms  of  amplitude 
and  velocity  of  migration.  Horizontal  distribution 
also  varies  and  the  resultant  patchiness  may  reflect 
shore  avoidance  processes.  A  detailed  24  hour 
sampling  program  has  been  carried  out  at  26 
depths  of  6  stations  located  along  the  two  main 
transects  of  lake  La  Caldera.  The  resultant  data  has 
allowed  us  to  define  for  Hexarthra  bulgarica  a 
general  daily  trend  of  movement  which  couples  a 
typical  nocturnal  vertical  migration  with  an  'hori- 
zontal' one  that  is  particularly  conspicuous  at 
dawn  and  dusk  when  the  population  seemed  to 
move  toward  or  away  from  the  shore,  respective- 
ly. These  results  suggest  that  light  is  responsible 
for  these  complex  movements.  Further  information 
is  needed  on  light  intensity  and  angular  distribution 
in  the  shore  region  of  the  lake.  Subsequent  studies 
should  also  consider  advective  factors  (wind-in- 
duced water  movements)  in  patch  formation  and 
evaluate  downward  movements  over  a  sloping 
bottom.  (Author's  abstract) 
W90-06144 

MORPHOLOGICAL  STRUCTURE  AND  FUNC- 
TIONAL PATTERNS  OF  KERATELLA  COCH- 
LEARS (GOSSE)  POPULATIONS  IN  STRATI- 
FIED LAKES. 

Akademiya  Navuk  BSSR,  Minsk.  Inst,  of  Zoology. 
G  A.  Galkovskaya,  and  I.  F.  Mityanina. 
Hydrobiologia  HYDRB8,  Vol.  186/87,  p  119-128, 
December  1989.  6  fig,  4  tab,  20  ref. 

Descriptors:  ♦Animal  morphology,  ♦Distribution 
patterns,  4Lake  stratification,  ♦Limnology,  ♦Ro- 
tifers, Adaptation,  Eutrophic  lakes,  Mesotrophic 
lakes,  Population  dynamics. 

Vertical  distribution  of  the  rotifer  Keratella  coch- 
learis  in  stratified  water  columns  of  mesotrophic 
and  eutrophic  lakes  during  summer  stagnation  has 
been  studied.  Coexisting  morphs  K.  cochlears  hi- 
spida  (Lauterborn,  1898),  K.  c.  tecta  (Gosse,  1851) 
and  K.  c.  cochlearis  (Gosse,  1851)  inhabit  different 
layers  in  the  water  column  and  are  vertically  sub- 
divided. The  distribution  of  morph  abundance  and 
reproductive  potential  indicate  that  substitution  of 
morphs  within  the  vertical  water  column  may  be 
due  to  trophic  conditions.  The  maximum  popula- 
tion productivity  is  observed  at  the  epi-metalim- 
nion  border.  The  maximum  density  zone  lies  below 
the   zone  of  the  highest  productivity.   Presently 
there  are  not  enough  data  to  explain  morphological 
variability  as  a  type  of  morphophysiological  adap- 
tation occurring  within  the  limits  of  the  genotype, 
nor  to  characterize  morphs  from  the  point  of  total 
genetic  interruption  as  genotypes  adapted  to  differ- 
ent lake  conditions.  If  morphs  are  the  phenotypic 
realization  of  genotypes,  strict  division  of  regions 
inhabited  by  individual  morphs  may  be  facilitated 
in  stratified  lakes.  The  absence  of  shifting  condition 
gradients,  i.e.,  correspondence  of  definite  part  of 
population  to  the  epi-,  meta-,  and  hypoliminion  can 
promote    selection    even    during    successive    par- 
thenogenetic  generations.  The  relative  spatio-tem- 
poral   isolation    of   population    components    may 
create  a  'sliced   functioning'   of  population  as  a 
whole.  Optimal  population  productivity  may  be 
due  to  the  formation  of  morphotypic-distinct  func- 
tional subunits.  High  correlations  between  rotifer 
densities  and  chlorophyll  concentration  permit  one 
to  consider  spatial  morphotypic  shifting  as  a  com- 
ponent of  a  population's  adaptive   ability   in   re- 
sponse to  variability  in  trophic  conditions.  (Au- 
thor's abstract) 
W90-06145 
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Group  2H— Lakes 

?oy.E,L^.PMENT  OF  HEXARTHRA  SPP.  IN  A 
SHALLOW  ALKALINE  LAKE. 

Biologische  Station  Neusiedler  See,  A-7142  Illmitz 

Austria  and  Ludwig-Brill-Strasse  5,  D-4570  Oua- 

kenbruck,  West  Germany. 

A.  Herzig,  and  W.  Koste. 

Hydrobiologia  HYDRB8,  Vol.  186/87   p  129-136 

December  1989.  3  fig,  2  tab,  23  ref. 

Descriptors:  'Alkaline  water,  'Lakes,  'Limnolo- 
gy, 'Phenology,  'Rotifers,  Predation,  Shallow 
water,  Species  diversity,  Water  chemistry. 

In  Neusiedler  See,  a  shallow  alkaline  lake  with 
fluctuating  water  level  and  salinity,  four  species  of 
Hexarthra  occur:  H.  mira,  H.  fennica,  H.  jenkinae 
(occasional)  and  H.  polyodonta.  The  analysis  of 
ong-term  data  reveals  a  general  phenological  pat- 
tern which  does  not  change  from  year  to  year 
These  rotifers  first  occur  in  May,  develop  a  maxi- 
mum in  June/July,   sometimes  a  second  one  in 
August/September  and  disappear  in  October   But 
the  species  succession  is  different  in  the  various 
years,  occasionally  only  one  species  (H.  mira  or  H 
polyodonta)  being  present.  There  is  a  fairly  con- 
sistent relation  between  the  chemical  conditions 
and  the  prevalent  species;  an  increase  in  salinity 
favors  the  development  of  H.  polyodonta.  Low 
temperature  and  wind  generated  suspended  parti- 
cles have  a  negative  influence  on  the  development 
of  the  Hexarthra  populations.  Smaller  populations 
of  Hexarthra  are  in  a  relation  to  the  occurrence  of 
the    cladoceran    Leptodora    indicating    predation 
pressure.  In  Neusiedler  See  the  Hexarthra  popula- 
tions seem  to  be  controlled  to  a  great  extent  by 
abiotic  factors,  but  predation  by  Leptodora  and 
most  probably  by   young  fish  seems  to  play  an 
important  role  too.  (Author's  abstract) 


hudsoni  and  Filinia  hofmanni  are  rare  or  unknown 
in  a  perimeter  of  several  hundreds  of  kilometers 
around  the  lake.  This  illustrates  that  (passive)  dis- 
persal across  large  stretches  of  land  even  occurs  in 
rare  species.  Temporal  and  spatial  distribution  to- 
gether with  specific  diurnal  vertical  movements  in 
different  seasons  facilitate  the  coexistence  of  nu- 
merous species  in  the  lake.  This  complex  ecology 
contrasts  with  the  small  size  of  the  initial  propa- 
ftract)  P      colonize  ,he  lake-  (Author's  ab- 

W90-06148 


mg  a  wide  range  of  temperatures  but  requiring 
high  oxygen  content  (i.e.  Synchaeta  pectinate,  Po- 
lyarthra  dolichoptera  and  Asplanchna  priodonta) 
and  (C)  species  showing  great  tolerance  in  relation 
to  temperature  and  oxygen  content  (i.e.  Ascomor- 
pha  ecaudis  and  Keratella  cochlearis).  (Author's 

W90-06151 


ROTIFER        COMMUNITIES        OF       ACID- 
STRESSED  LAKES  OF  MAINE 

Uppsala    Univ.    (Sweden).    Limnologiska    Institu- 
tionen. 

W9006U9y  bibliographic  entrv  see  F'eld  5C. 


5!PS!£ONTAL      DISTRIBUTION     OF     THE 

r^,IiT?o^,ROTIFERS  KERATELLA  COCH 

LEARIS  (BORY  DE  ST  VINCENT)  AND  PO 

LYARTHRA     VULGARIS     (cTrlIN)     IN     A 

SMALL  EUTROPHIC  LAKE 

33  Park  Road,  Esher,  Surrey  KT10  8NP,  England. 

A.  P.  Saunders-Davies. 

Hydrobiologia  HYDRB8,  Vol.  186/87,  p  153-156 

December  1989.  1  fig,  1  tab,  7  ref. 

Descriptors:  'Distribution  patterns,  'Eutrophic 
lakes,  'Limnology,  'Rotifers,  'Zooplankton,  Cor- 
relation analysis,  Environmental  gradient,  Light 
quality,  Water  depth.  B 

The  planktonic  rotifers  Keratella  cochlearis  and 
Polyarthra  vulgaris  were  sampled  at  10  cm  below 
he  surface  at  different  distances  from  two  dissimi- 
ar  shores  and  in  the  center  of  a  small  eutrophic 
lake.  Light  and  depth  were  measured  at  each  sam- 
pling point.  In  each  case  the  numbers  of  rotifers 
per  liter  increased  with  distance  from  the  shore 
I  here  was  a  significant  correlation  between  the 
numbers  for  the  two  species  for  the  two  shores  but 
none  in  the  center.  In  the  case  of  one  shore  there 
was  a  strong  correlation  between  rotifer  numbers 
stnract)UPra"SU  amb'ent    light    (Author's    ab- 

W90-06147 


ABUNDANCE  AND  DIVERSITY  OF  PLANK- 
TONIC ROTIFERS  IN  THE  PO  RIVER 

Ferrara  Univ.  (Italy).  1st.  di  Zoologia 
J.  Ferrari  A.  Farabegoli,  and  R.  Massoni. 
Hydrobiologia  HYDRB8,  Vol.  186/87,  p  201-208 
December  1989.  5  fig,  1  tab,  19  ref. 

Descriptors:  »Po  River,  'Rotifers,  'Stream  biota, 
Zooplankton,  Floods,  Low  flow,  Population  den- 
sity, Species  diversity. 

Zooplankton  samples  from  the  middle  reach  of  the 
tt>  River  were  collected  daily  from  17  July  to  24 
August  1988  from  a  station  located  near  Viadana 
t-rianges  in  the  biocoenosis  structure  were  ana- 
lyzed in  relation  to  variations  in  flow  rate.  Rotifers 
accounted  for  more  than  99%  of  the  total  zoo- 
plankton (protozoans  excluded)  in  every  sample 
lne   dominant   species   were   Brachionus   calyci- 
tlorus,  Brachionus  bennini,  Brachionus  budapestin- 
ensis    and    Epiphanes    macrourus.     During    the 
summer  low  flow  phases,   the  Po  River  waters 
have  atrophic  structure  comparable  to  that  of  shal- 
low highly  productive  bodies  of  water.  Microzoo- 
plankton  are  dominant,  especially  rotifers  which 
attain  densities  that  are  among  the  highest  report- 
ed  Under  low  water  conditions  zooplankton  tend 
to  become  a  structured  community,  with  a  stable 
composition   abundance  and  diversity  in  time  and 
space.  Floods  have  a  destabilizing  effect  on  the 
rotifer  community,  leading  to  a  sharp  increase  in 
diversity.  This  increase  is  due  to  the  higher  number 
of  species  (benthic  and  phytophilous  forms  dis- 
odged  by  the  current  from  the  bottom  and  vegeta- 
tion), but  especially  to  the  reduction  in  Brachionus 
calyciflorus  density.  (Author's  abstract) 


NTvTD^PAYNr  AND  "rWSJaKK 

SS;  VnAv-  (?pain)' Dept de  Biol°8ia  Animal- 

bcologia  y  Genetica. 

R.  Morales-Baquero,  L.  Cruz-Pizarro,  and  P 
Carnllo. 

Hydrobiologia  HYDRB8,  Vol.  186/87,  p  215-221 
December  1989.  5  fig,  1  tab,  19  ref. 

Descriptors:  'Limnology,  'Mountain  lakes,  'Ro- 
uters Spain,  'Species  composition,  Conductivity 
Distribution  patterns,  Ponds,  Species  diversity. 

On  the  basis  of  periodic  collections  of  rotifers  from 
29  lakes  and  ponds  over  2500  m  above  sea  level  in 
the  Sierra  Nevada  (Southern  Spain),  patterns  of 
species  richness,  distribution  and  community  com- 
position  were  evaluated.  Results  allow  us  to  distin- 
guish communities  which  fall  into  two  major  lake 
types.  One  is  defined  by  the  presence  of  typically 
planktonic  species  as  well  as  lower  specific  rich- 
ness whereas  the  other  includes  communities  of 
mainly  benthic  and  periphytic  species.  Both  lake 
types  seem  to  be  related  to  small  differences  in 
their  physical  and  chemical  characteristics.  In  ear- 
lier studies,  changes  in  pH  were  related  to  chances 
m  the  structure  of  rotifer  communities  in  New- 
foundland and  Adirondack  Mountain  lakes.  In  the 
Sierra  Nevada,  however,  this  factor  was  not  clear- 
y  related  to  rotifer  assemblages.  Another  impor- 
tant factor  m  the  overall  structure  of  rotifer  com- 
munities is  mineralization.  The  finding  that  low 
conductivity  lakes  yielded  greater  densities  of  typi- 
cally planktonic  species,  whereas  high  conductivi- 
ty lakes  contained  predominantly  benthic  and  peri- 
phytic species,  suggests  that  this  change  is  associat- 
ed with  the  development  of  littoral  vegetation  in 
these  small  alpine  lakes.  (Author's  abstract) 
W90-06152 


COMMUNITY   STRUCTURE   AND   COEXIST 
CR^ER™EROTIFERS  °F  AN  ARnnaiL 

Ghent  Rijksuniversiteit  (Belgium).  Lab.  voor  Eco- 
togie  der  Dieren,  Zoogeografie  and  Natuurbehoud 
O.  Bogaert,  and  H.  J.  Dumont. 
Hydrobiologia  HYDRB8,  Vol.  186/87,  p  167-179 
December  1989.  7  fig,  3  tab,  21  ref.  "'»'». 

Descriptors:  'Artificial  lakes,  'Limnology,  'Quar- 
oa?,;^0^"'  *SpCCle>S  comP°siti°n,  Distribution 
tio,„edTn'amfc0sSyStemS•  MesotroPhic  >*>-,  Popula- 
te community  structure  and  dynamics  of  the 
rotifers  of  an  abandoned  and  inundated  limestone 
quarry  are  described.  In  the  site  studied,  quarrying 
ceased  around  1948  and  the  crater-shaped 
was  allowed  to  fill  with  groundwater.  The  lake  I 
mesotrophic.  Zooplankton  standing  crop  is  low 
but  the  community  is  rich  in  species.   Ploesoma 


ROTIFER  DISTRIBUTION  IN  RELATION  to 
TEMPERATURE  AND  OXYGEN TcONTENT 

Goethegasse  4,  A-2380  Perchtoldsdorf,  Austria.' 
E.  Mikschi. 

Hydrobiologia  HYDRB8,  Vol.  186/87,  p  209-214 
December  1989.  3  fig,  1  tab,  14  ref. 

Descriptors:  'Distribution  patterns,  'Limnology 
Oxygen  requirements,  'Rotifers,  'Temperature 
effects,  Mountain  lakes.  Seasonal  variation,  Species 
composition,  Species  diversity. 

L,UM^°beruSee'  a  srna11  lake  Iocated  at  a"  altitude 
?  i     f£>?     ~Ve  Sea  level>  was  investigated  from 
July  1985  to  October  1987.  The  rotifer  community 
consists  of  7  dominant  species,  7  subdominant  spe- 
cies and  34  species  which  occasionally  occurred  in 
the  plankton.  The  dominant  species  show  rather 
different  demands  in  relation  to  temperature  and 
oxygen  content;  e.g.:  Filinia  hofmanni  was  found  at 
a  wI?5„ra"Se  of  oxygen  concentrations  (0.6-13  3 
mg  U2/L)  and  low  temperatures  (4-6  degrees  C) 
living  in  the  upper  water  layers  (1-7  m)  during 
spring  and  in  the  deeper,  anoxic  zone  in  summer 
In  contrast,  Asplanchna  priodonta  was  found  at 
rather  high  oxygen  contents  (>9  mg  02/L),  and 
showed  a  wide  range  of  temperature  tolerance  (4- 
15  degrees  C).  According  to  their  requirements, 
•  hree  different  groups  of  animals  can   be  distin- 
guished: (A)  Cold  stenothermous  species  tolerating 
a  wide  range  of  oxygen  contents  (i.e.  Filinia  hoft 
manni  and  Keratella  hiemalis);  (B)  species  tolerat- 


PERCENTAGE    OF    ROTIFERS    IN    SPRING 
fOOPLANKTON  IN  LAKES  OF  DIFfIrInt 

Akademia  Rolnicza,  Lublin  (Poland).  Dept  of  Zo- 
ology and  Hydrobiology. 
S.  Radwan,  and  B.  Popiolek. 
Hydrobiologia  HYDRB8,  Vol.  186/87,  p  235-238 
December  1989.  I  fig,  1  tab,  15  ref. 

Descriptors:      'Lakes,      'Limnology,      'Rotifers, 
Trophic    level,    'Zooplankton,    Eutrophication, 
Poland,  Seasonal  variation,  Waterfleas. 

Studies  carried  out  on  8  lakes  in  the  Leczna- 
Wlodawa  Lakeland  of  eastern  Poland  indicated 
tnat  the  qualitative  and  quantitative  structure  of 
zooplankton  was  clearly  correlated  with  the  lake 
trophic  state.  In  the  spring  zooplankton  of  lakes 
affected  by  gradual  natural  eutrophication  were 
dominated  by  rotifers.  In  the  zooplankton  of  lakes 
strongly  affected  by  human  activities,  Cladocera 
dominated.  With  an  increase  in  lake  trophy  there 
was  in  increase  in  the  number  of  species  that  were 
indicators  of  eutrophy  and  a  decrease  in  the 
number  of  indicators  of  mesotrophy.  The  total 
number  of  species  in  individual  lakes  tended  to 
increase  with  an  increase  in  trophy.  (Author's  ab- 
stract) 
W90-06153 


I,A^ANIA  REVISITED:  ROTIFER  COMMU- 
NITIES AND  HABITAT  HETEROGENEITY 

Murray-Darling     Freshwater     Research     Centre 
Albury  (Australia). 
R.  J.  Shiel,  W.  Koste,  and  L.  W.  Tan. 
Hydrobiologia  HYDRB8,  Vol.  186/87   p  239-245 
December  1989.  4  fig,  1  tab,  12  ref. 
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WATER  CYCLE— Field  2 
Lakes— Group  2H 


Descriptors:  *Aquatic  habitats,  *Lakes,  'Limnolo- 
gy, 'Rotifers,  'Tasmania,  Acidic  water,  Heteroge- 
neity, Microenvironment,  Species  diversity. 

The  results  of  four  field  surveys  for  Rotifera  in 
Tasmania  are  summarized.  Most  new  species  and 
records  in  a  1987  survey  were  from  acid  waters 
(pH  <4.0)  of  dune  lakes  on  the  west  coast  (42 
degrees  South).  Marked  intra-  and  interhabitat  dif- 
ferences in  rotifer  communities  of  lakes  and  ponds 
were  demonstrated  by  cluster  analysis  and  related 
to  habitat  heterogeneity.  Many  thousands  of  years 
isolation  during  periods  of  climatic  change  could 
account  for  the  high  species  diversity  and  predomi- 
nance of  taxa  now  recorded  primarily  in  the  trop- 
ics, but  which  may  have  persisted  in  Tasmanian 
waters  as  relict  populations  from  a  time  when 
Tasmania's  climate,  and  that  of  southern  Australia, 
was  tropical.  Two  broad  rotifer  assemblages  were 
found.  In  the  west  were  11  of  the  13  endemic  taxa 
and  most  of  the  species  which  have  not  been 
recorded  from  the  mainland.  Waters  are  dark-black 
humic  acid  type,  low  in  electrolytes,  and  presum- 
ably differ  markedly  in  characteristics  such  as  nu- 
trients and  phytoplankton,  and  rotifer  composition 
from  those  to  the  east,  which  is  a  rainshadow  area. 
Here,  waters  are  less  humic,  some  are  alkaline,  and 
electrolytes  are  higher,  including  some  saline  and 
hypersaline  waters  on  the  east  coast,  i.e.  they  re- 
flect geological  and  climatic  differences  between 
the  two  areas.  The  heterogeneity  of  rotifer  assem- 
blages across  the  island  appears  to  be  a  response  to 
local,  even  microhabitat,  variations  in  their  re- 
quirements. (Author's  abstract) 
W90-06154 


OCCURRENCE  OF  ROTIFERA  IN  THE  FIELD 
UNDER  NATURAL  AND  INTENTIONALLY- 
CHANGED  CONDITIONS:  II.  LAKE  NU- 
MASAWA. 

Nihon  Univ.,  Tokyo.  Biological  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06155 

BRACHIONUS  PLICATILIS  TOLERANCE  TO 
LOW  OXYGEN  CONCENTRATIONS. 

Valencia  Univ.  (Spain).  Dept.  of  Ecology. 
A.  Esparcia,  M.  R.  Miracle,  and  M.  Serra. 
Hydrobiologia  HYDRB8,  Vol.  186/87,  p  331-337, 
December  1989.  2  fig,  1  tab,  23  ref. 

Descriptors:  'Limnology,  'Oxygen  depletion, 
'Oxygen  requirements,  'Population  dynamics, 
'Rotifers,  Animal  growth,  Metabolism,  Saline 
lakes,  Tolerance. 

Tolerance  to  low  oxygen  concentrations  is  expect- 
ed in  Brachionus  plicatilis,  a  rotifer  adapted  to  live 
in  saline  warm  waters.  The  population  dynamics  of 
a  clone  of  this  species,  isolated  from  an  endorreic 
saline  lake,  was  studied  under  controlled  laborato- 
ry conditions.  Although  their  growth  and  metabo- 
lism is  extremely  reduced,  B.  plicatilis  populations 
are  able  to  maintain  relatively  high-density  popula- 
tions (a  mean  of  35  individuals/ml)  in  oxygen 
concentrations  below  1  mg/L,  for  more  than  one 
month.  A  decrease  in  metabolic  rate  seems  to  be 
the  main  feature  induced  by  low  oxygen  availabil- 
ity, as  has  been  observed  in  other  invertebrates. 
Because  oxygen  depletion  slows  down  growth  and 
thus  increases  the  survival  time  of  the  population, 
it  could  function  as  a  regulating  mechanism.  In  one 
of  the  studied  cases  in  which  the  density  of  Bra- 
chionus plicatilis  reached  high  values,  the  popula- 
tion died  off  immediately  after  the  period  of  un- 
controlled growth.  This  species  also  seems  to  be 
capable  of  activating  fermentative  metabolic  path- 
ways thus  reducing  the  oxygen  requirements  but 
also  reducing  the  energetic  efficiency.  (Author's 
abstract) 
W90-06156 


483,  October  1989.  2  fig,  5  tab,  26  ref. 

Descriptors:  'Decomposing  organic  matter, 
'Floating  plants,  'India,  'Lakes,  'Limnology, 
Aquatic  plants,  Leaves,  Nutrients,  Roots. 

Rates  of  weight  loss  and  nutrient  release  (N,  P,  Ca, 
Mg,  Na,  K)  were  measured  in  decomposing  tissues 
of  Nymphaea  nouchali  (leaf  and  rhizome)  and 
Nymphoides  indica  under  field  (90  days)  and  labo- 
ratory (60  days)  conditions.  Dry  weight  loss  fol- 
lowed the  sequence  of  Nymphoides 
indica  >  Nymphaea  nouchali  leaf >  Nymphaea  nou- 
chali rhizome.  The  rate  of  nutrient  release  (N,  P, 
Ca,  Mg)  from  the  decomposing  tissues  of  Nym- 
phaea nouchali  rhizome  appears  to  be  correlated 
with  nutrient  concentration  in  leachate  (receiving 
water)  under  laboratory  experiments.  The  concen- 
tration of  nitrogen  in  the  decomposing  tissues  of  all 
the  samples  increased  with  time.  No  increase  in 
sodium  and  potassium  concentrations  was  ob- 
served during  the  study  under  both  the  conditions. 
The  maximum  elemental  loss  was  greater  in  labora- 
tory experiments  than  in  the  field  studies.  Accumu- 
lation of  nitrogen,  calcium  and  magnesium  instead 
of  release  at  certain  stages  of  decomposition  is 
attributed  to  microbial  immobilization.  The  se- 
quence of  elemental  loss  in  the  decomposing  tissues 
of  these  macrophytes  is  Na>K>P>Mg>Ca>N. 
(Author's  abstract) 
W90-06158 


For  primary  bibliographic  entry  see  Field  5B. 
W90-06197 


NATIONAL  BENTHIC  SURVEILLANCE 
PROJECT:  PACIFIC  COAST.  PART  II:  TECH- 
NICAL PRESENTATION  OF  THE  RESULTS 
FOR  CYCLES  I  TO  III  (1984-86). 

National  Marine  Fisheries  Service,  Seattle,  WA. 
Northwest  and  Alaska  Fisheries  Center. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06198 

UPDATE  OF  THE  CORPS'  ENVIRONMENTAL 

EFFECTS  OF  DREDGING  PROGRAMS  (FY  89). 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

For  primary   bibliographic   entry   see   Field   6G. 

W90-06203 


FISH  COMMUNITIES  IN  LAKES  IN  SUBRE- 
GION  2B  (UPPER  PENINSULA  OF  MICHI- 
GAN) IN  RELATION  TO  LAKE  ACIDITY. 
VOLUME  II:  APPENDICES. 

Northrop  Services,  Inc.,  Corvallis,  OR. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06215 


DECOMPOSITION  STUDIES  ON  TWO 
FLOATING  LEAVED  MACROPHYTES,  NYM- 
PHAEA NOUCHALI  AND  NYMPHOIDES 
INDICA,  OF  LAKE  KONDAKARLA,  FNDIA. 

Andhra  Univ.,  Waltair  (India).  Dept.  of  Botany. 
K.  S.  N.  Murty,  and  V.  Seshavatharam. 
Proceedings  of  the  Indian  Academy  of  Sciences 
(Plant  Sciences)  PIPLDS,  Vol.  99,  No.  5,  p  473- 


FISH  COMMUNITIES  IN  LAKES  IN  SUBRE- 
GION  2B  (UPPER  PENINSULA  OF  MICHI- 
GAN) IN  RELATION  TO  LAKE  ACIDITY. 
VOLUME  I. 

Northrop  Services,  Inc.,  Corvallis,  OR. 

R.  F.  Cusimano,  J.  P.  Baker,  W.  J.  Warren-Hicks, 

V.  Lesser,  and  W.  W.  Taylor. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  PB89-161830. 

Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 

Report    No.    EPA/600/3-89/02  la,    March    1989. 

114p,  18  fig,  36  tab,  67  ref. 

Descriptors:  'Acid  rain  effects,  'Fish  populations, 
•Lake  acidification,  'Limnology,  'Michigan,  Acid 
neutralizing  capacity,  Aluminum,  Calcium,  Dart- 
ers, Fish,  Hydrogen  ion  concentration,  Minnow, 
Organic  carbon,  Silica,  Species  diversity. 

Surveys  of  fish  community  status  were  conducted 
in  summer  of  1987  in  49  lakes  in  Subregion  2B,  the 
Upper  Peninsula  of  Michigan,  as  part  of  the  Phase 
II  of  the  Eastern  Lake  Survey.  Lake  selection 
involved  a  variable  probability  sampling  design. 
Fish  communities  were  surveyed  using  gill  nets, 
trap  nets,  beach  seines,  and  angling.  Duplicate 
surveys  were  conducted  for  10  of  the  49  lakes  as 
part  of  the  quality  assurance/quality  control  proto- 
col. Fish  were  collected  in  47  of  the  49  lakes 
surveyed.  Extrapolation  of  the  results  to  the  East- 
ern Lake  Survey  Phase  II  target  population  sug- 
gests that  99.4%  of  the  lakes  in  the  area  support 
fish.  For  the  49  survey  lakes,  the  number  of  fish 
species  caught  per  lake  (species  richness)  was 
lower  in  seepage  lakes  (without  inlets  or  outlets) 
than  in  non-seepage  lakes  and  was  also  lower  in 
lakes  with  lower  pH,  acid  neutralizing  capacity 
(ANC),  calcium  (and  other  base  cations),  dissolved 
oxygen  content  (DOC)  and  silica  and  with  higher 
levels  of  extractable  aluminum.  For  several  fish 
species  and  for  cyprinid  (minnow)  and  darter  spe- 
cies as  a  group,  lakes  without  fish  had  significantly 
lower  levels  of  pH,  ANC,  calcium,  base  cations, 
silica,  and  sulfate;  were  smaller  in  size;  and  were 
more  often  seepage  lakes  than  non-seepage  lakes. 
In  contrast  to  the  large  number  of  variables  associ- 
ated with  fish  presence/absence  and  species  rich- 
ness, variations  in  the  numbers  of  fish  caught  and 
catch  per  unit  effort  among  lakes  appeared  to  be 
independent  of  lake  characteristics.  (See  also  W90- 
06215)  (Author's  abstract) 
W90-06181 


NATIONAL  BENTHIC  SURVEILLANCE 
PROJECT:  PACIFIC  COAST.  PART  I:  SUMMA- 
RY AND  OVERVIEW  OF  THE  RESULTS  FOR 
CYCLES  I  TO  III  (1984-86). 

National  Marine  Fisheries  Service,  Seattle,  WA. 
Northwest  and  Alaska  Fisheries  Center. 


WATER  QUALITY  OF  THE  LEXINGTON  RES- 
ERVOIR, SANTA  CLARA  COUNTY,  CALIFOR- 
NIA, 1978-80. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

R.  T.  Iwatsubo,  M.  A.  Sylvester,  and  I.  S.  Gloege. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report   87-4253, 
Nov.  1988.  64p,  13  fig,  12  tab,  20  ref. 

Descriptors:  'Lake  classification,  'Lexington  Res- 
ervoir, 'Mesotrophy,  'Primary  productivity, 
'Thermal  stratification,  'Water  quality,  Algae, 
Bacteria,  Beneficial  use,  California,  Los  Gatos 
Creek,  Santa  Clara  County,  Trace  elements. 

Analysis  of  water  samples  from  Lexington  Reser- 
voir and  Los  Gatos  Creek  upstream  from  the  reser- 
voir from  June  1978  through  September  1980 
showed  that  water  generally  met  water-quality 
objectives  identified  by  California  Regional  Water 
Quality  Control  Board,  San  Francisco  Bay  Region. 
Water-temperature  profiles  show  that  Lexington 
Reservoir  is  a  warm  monomictic  lake.  During 
summer,  dissolved-oxygen  concentrations  general- 
ly were  not  reduced  below  5.0  mg/L  in  the  hy- 
plimnion;  only  once  during  the  study  did  bottom 
waters  become  anoxic.  Water  transparency  de- 
creased with  depth.  The  euphoric  zone  ranged 
from  1.0  to  5.4  m,  depending  on  suspended  solids 
and  algae,  and  was  greater  in  summer  than  in 
spring.  Calcium  and  bicarbonate  were  dominant 
ions  at  all  stations  except  during  spring,  following 
the  rainy  season,  when  waters  were  a  mixed  cation 
bicarbonate  type.  Nitrogen  concentrations  were 
greater  in  samples  from  reservoir  stations  than  in 
those  from  Los  Gatos  Creek,  with  most  of  the 
nitrogen  in  ammonia  and  organic  forms.  The 
amount  of  dissolved  nitrate  appeared  to  be  related 
to  phytoplankton  abundance.  Phosphorus  and 
trace-element  concentrations  were  low  at  all  sta- 
tions. Estimates  of  net  primary  productivity  and 
Carlson's  trophic-state  index,  based  on  chloro- 
phyll-a  concentrations,  indicated  that  reservoir 
classification  ranges  from  oligotrophic  to  mesotro- 
phic.  Blue-green  algae  generally  were  predominant 
in  reservoir  samples.  (USGS) 
W90-06221 


RECONNAISSANCE  OF  WATER  QUALITY  OF 
PUEBLO  RESERVOIR,  COLORADO-MAY 
THROUGH  DECEMBER  1985. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

P.  Edelmann. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4118, 
1989.  53p,  1  pi,  21  fig,  4  tab,  40  ref.  Project  C0198. 
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Field  2— WATER  CYCLE 
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£   ' 


Group  2H— Lakes 

Descriptors:  •Colorado,  'Limnology,  *Nutrients, 
•Reservoirs,  'Trace  elements,  *Water  quality,  Dis- 
solved  solids,   Phytoplankton,   Pueblo   Reservoir. 

Pueblo  Reservoir  is  the  farthest  upstream,  main- 
stream   reservoir    constructed    on    the    Arkansas 
River  and  is  located  in  Pueblo  County  approxi- 
mately 6  miles  upstream  from  the  city  of  Pueblo, 
Colorado.  During  the  1985  sampling  period,  the 
reservoir  was  stratified,  and  underflow  from  the 
Arkansas  River  occurred  that  resulted  in  stratifica- 
tion with  respect  to  specific  conductance.  Concen- 
trations  of  dissolved   solids   decreased   markedly 
below  the  thermocline  during  June.  Later  in  the 
summer,  dissolved-solids  concentrations  increased 
substantially   below   the   thermocline.    Substantial 
depletion  of  dissolved  oxygen  occurred  near  the 
bottom  of  the  reservoir.   The  dissolved   oxygen 
minimum  of  0.1   mg/L  occurred  during  August 
near  the  reservoir  bottom  at  transect  7  (near  the 
dam).   The  average  total-inorganic-nitrogen  con- 
centration near  the  reservoir  surface  was  about  0.2 
mg/L;  near  the  reservoir  bottom,  the  average  con- 
centration was  about  0.3  mg/L.  Concentrations  of 
total  phosphorus  ranged  from  less  than  0.01  to  0.05 
mg/L  near  the  reservoir  surface,  and  from  less 
than  0.01  to  0.22  mg/L  near  the  reservoir  bottom. 
At  transect  2  (about  7  miles  upstream  from  the 
dam)  near  the  bottom  of  the  reservoir,  concentra- 
tions of  total  iron  exceeded  aquatic-life  standards, 
and  dissolved-manganese  concentrations  exceeded 
standards  for  public  water  supply.  Diatoms,  green 
algae,  blue-green  algae,  and  cryptomonads  com- 
prised the  majority  of  phytoplankton  in  Pueblo 
Reservoir    in    1985.    The    maximum    average    of 
41,000  cells/ml  occurred  in  July.  Blue-green  algae 
dominated  from  June  to  September;  diatoms  were 
the  dominant  group  of  algae  in  October.  The  aver- 
age  concentrations   of  phytoplankton   decreased 
from  July  to  October.  (USGS) 
W90-06232 


TREND  ANALYSIS  OF  LAKE  PARKER  STAGE 
AND  RELATION  TO  VARIOUS  HYDROLOGIC 
FACTORS,  1950-86,  LAKELAND,  FLORIDA. 

Geological  Survey,  Tampa,  FL. 
S.  E.  Henderson,  and  M.  A.  Lopez. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report    89-4037 
1989.  27p,  9  fig,  6  tab,  8  ref. 

Descriptors:  *Lake  stages,  'Statistical  analysis, 
•Water  level,  Pumpage,  Regression  analysis. 

Kendall  tau  test  and  regression  analysis  were  used 
to  determine  if  statistically  significant  long-term 
trends  exist  for  Lake  Parker,  Florida  stage  data  or 
for  four  other  area  lakes,  four  groundwater  sites, 
four  rainfall  sites,  Lakeland  public-supply  pump- 
age,  and  pan  evaporation.  A  10%  significance  level 
was  used  for  criterion  of  an  existing  trend.  Find- 
ings were  consistent  between  the  two  analytical 
methods.  There  were  no  long-term  trends  indicat- 
ed for  seasonal  or  annual  stage  data  at  Lake 
Parker.  Statistically  significant  Kendall  tau  slope 
estimators  were  detected  for  pan  evaporation 
(  +  0.45  in/yr),  Lakeland  well-field  pumpage 
(  +  0.56  million  gal/day/yr),  and  one  groundwater 
site  (+0.48  ft/year).  Decreasing  trends  were  indi- 
cated for  three  other  lakes  (-0.03  to  -0.27  ft/year) 
and  one  groundwater  site  (-0.25  ft/year).  Kendall 
tau  tests  of  four  annual  rainfall  records  indicated 
no  long-term  trends.  Change  in  Lake  Parker  stage 
from  November  to  May  was  related  by  multiple 
linear  regression  to  change  in  groundwater  level, 
rainfall,  and  pumpage  for  the  same  time  period. 
The  regression  coefficient  of  determination  was 
0.90,  and  the  standard  error  was  0.24  ft.  Monthly 
change  in  lake  stage  for  November  through  May 
was  related  to  evaporation,  rainfall,  and  ground- 
water levels  with  a  coefficient  of  determination  of 
0.67  and  a  standard  error  of  0.14  ft  (USGS) 
W90-O6259  ' 


Gulf  Coast  Research  Lab.,  Ocean  Springs,  MS. 

Botany  Section. 

For  primary  bibliographic  entry  see  Field  2L 

W90-05896 


LITTER  PRODUCTION  IN  A  MANGROVE 
STAND  OF  THE  SAUDI  ARABIAN  RED  SEA 
COAST. 

King   Abdulaziz   Univ.,   Jeddah    (Saudi   Arabia) 

Faculty  of  Marine  Science. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-05898 


IMPACTS  OF  FORESTS  ON  WATER  CHEMIS- 
TRY. 

Maritimes   Forest   Research   Centre,   Fredericton 

(New  Brunswick). 

For  primary  bibliographic  entry  see  Field  2K 

W90-05983 


VEGETATION,  SOILS,  AND  ION  TRANSFER 
THROUGH  THE  FOREST  CANOPY  IN  TWO 
NOVA  SCOTIA  LAKE  BASINS. 

Maritimes   Forest   Research   Centre,   Fredericton 

(New  Brunswick). 

For  primary  bibliographic  entry  see  Field  2K 

W90-05984 


HEAT  SHOCK  PROTEIN  EXPRESSION  IN 
THERMOTOLERANT  AND  THERMOSENSI- 
TIVE  LINES  OF  COTTON. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 

Agronomy  and  Horticulture. 

For  primary  bibliographic  entry  see  Field  3F. 

W90-06253 


2J.  Erosion  and  Sedimentation 


RUNOFF  COEFFICIENT  AND  SEDIMENT 
YIELD  IN  SMALL  WATERSHEDS  UNDER 
LAND-USE  CHANGES  IN  TAIWAN. 

National  Chunghsing  Univ.,  Taichung  (Taiwan). 

Dept.  of  Soil  and  Water  Conservation. 

For  primary  bibliographic  entry  see  Field  2E 

W90-05636 


USE  OF  THE  RATIONAL  FORMULA  IN  IN- 
FILTRATING MOUNTAINOUS  CATCH- 
MENTS. 

Sultan  Qaboos  Univ.,  Muscat  (Oman).   Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E 

W90-05647 


STOCHASTIC  MODELS  IN  HYDROMORPHO- 
LOGY. 

Moskovskii  Inst.  Inzhenerov  Zheleznodorozhnogo 

Transporta  (USSR). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05652 


NONLINEAR  RESISTANCE  RELATIONSHIPS 
FOR  ALLUVIAL  CHANNELS. 

Interstate    Commission    on    the    Potomac    River 

Basin,  Rockville,  MD. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05665 


21.  Water  In  Plants 


NATURAL  SELECTION  AND  GENETIC  ADAP- 
TATION TO  HYPERSALINITY  IN  JUNCUS 
ROEMERIANTS  SCHELI.E. 


FLUVIAL  HYDRODYNAMIC  AND  SEDIMENT 
TRANSPORT  MODEL  FOR  THE  CHESA- 
PEAKE BAY  WATERSHED. 

Environmental  Protection  Agency,  Athens,  GA. 
Southeast  Environmental  Research  Lab. 
Z.  Hosseinipour. 

IN:  Proceedings  of  the  Internationa]  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  792-801,  4  fig,  1  tab,  12  ref. 

Descriptors:  'Chesapeake  Bay,  *Estuaries,  •Sedi- 
ment transport,  'Hydraulics,  'Channel  flow, 
Open-channel    flow,    Watersheds,   Model   studies, 


Mathematical  studies,  Sediment  yield,  Erosion 
Monocacy  River,  Maryland,  Rivers,  Water  qual- 
ity, St  Venant  equation,  Flow  velocity,  Hydraulic 
radius. 

A  one-dimensional  hydrodynamics  and  sediment 
transport  model  for  rivers  and  estuaries  was  devel- 
oped. It  used  the  Saint  Venant  equations  for  fluid 
flow  and  sediment  yield  and  sediment  continuity 
equations  for  particulate  transport.  The  Four  Point 
Implicit  numerical  scheme  was  adopted  for  the 
time  iteration.  The  Newton-Raphson  iterative 
technique  was  used  to  treat  nonlinearity.  The  flow 
equations  were  solved  simultaneously  for  velocity 
and  discharge  at  all  cross  sections.  From  these 
parameters,  flow  depth,  channel  width,  and  hy- 
draulic radius  were  calculated  to  be  used  for  the 
computation  of  bed  shear  velocity  and  velocity  for 
incipient  motion.  These  variables  and  the  particle 
fall  velocity  were  then  used  in  the  Yang  equation 
(total  load  formula)  for  finding  the  sediment  flux  at 
a  given  cross  section.  The  sediment  flux  was  then 
used  in  the  sediment  continuity  equation  with  later- 
al sediment  inflow  to  calculate  the  sediment  cross- 
sectional  change.  Scour  and  deposition  was  then 
calculated.  Preliminary  testing  of  the  model  on  the 
Monocacy  River,  Maryland,  produced  promising 
results.  (See  also  W90-05621)  (Cassar-PTD 
W90-05705 


FORECAST  OF  STABILITY  OF  BED  LOAD  IN 
UNSTABLE  CHANNELS. 

Moskovskii  Inst.  Inzhenerov  Zheleznodorozhnogo 
Transporta  (USSR). 
Y.  L.  Peich,  and  Y.  V.  Pissarev. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville 
VA.  1989.  p  802-806,  1  fig. 

Descriptors:  'Sediment  transport,  'Bed  load, 
'Streambeds,  'River  beds,  'Viscosity,  'Water  pol- 
lution effects,  Model  studies,  Mathematical  studies, 
Particle  size,  Particulate  matter. 

The  concept  of  a  characteristic  (critical)  fall  diam- 
eter for  bed  load  particles  is  introduced.  It  was 
determined  that  the  inertial  force  of  the  particle  is 
proportional  to  the  square  of  the  characteristic  fall 
diameter.  This  relationship  was  used  to  forecast  the 
effect  of  liquid  viscosity  changes  on  the  bed  load 
stability  in  polluted  waters.  In  the  case  of  bed  load 
particles  with  large  fall  diameters,  the  bed  load 
mobility  increase  in  relation  to  an  increase  in  liquid 
viscosity  is  insignificant.  For  small  fall  diameters 
an  increase  in  liquid  viscosity  corresponds  to  an 
increase  in  the  bed  load  mobility  coefficient. 
Therefore,  water  contamination  which  causes  an 
increase  in  water  viscosity  results  in  the  increase  in 
the  non-scouring  velocity  of  the  flow  within  the 
entire  range  of  the  Reynolds  numbers.  This  results 
in  an  increase  in  river  bed  resistance  to  scouring 
(See  also  W90-05621)  (Cassar-PTT) 
W90-05706 


NUMERICAL  SIMULATION  OF  TRANSIENT 
SEDIMENT  TRANSPORT  IN  ALLUVIAL 
CHANNELS. 

National   Chiao  Tung   Univ.,   Hsinchu  (Taiwan). 
Dept.  of  Civil  Engineering. 
J.  C.  Yang,  and  J.  Y.  Wang. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  807-816,  3  fig,  1  tab,  14  ref. 

Descriptors:  'Sediment  transport,  'Channel  mor- 
phology, 'Land  use,  'Channels,  'Alluvial  chan- 
nels, Simulation  analysis,  Model  studies,  Mathe- 
matical studies. 

A  model  based  on  the  uncoupling  technique  but 
incorporating  the  coupling  relation  between  the 
sediment  discharge  and  the  bed  level  was  pro- 
posed. This  partially  coupled  model  proved  sim- 
pler and  required  less  computation  time  than  the 
coupled  model.  The  partially  coupled  model  per- 
formed as  well  as  the  coupled  model  in  the  simula- 
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tion  of  transient  uniform  sediment  transport.  The 
numerical  oscillation  phenomena  occurring  with 
use  of  the  uncoupled  model  was  reduced  with  use 
of  the  partially  uncoupled  model.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05707 


COMPARISON  OF  SUSPENSATE  AND 
BOTTOM  STREAM  SEDIMENT  GEOCHEMIS- 
TRY AT  A  PB  OCCURRENCE  IN  THE  SHEN- 
ANDOAH VALLEY  ZN  DISTRICT,  NORTH- 
WEST VIRGINIA. 

George  Washington  Univ.,  Washington,  DC. 
Dept.  of  Geology. 

For  primary  bibliographic  entry  see  Field  2K. 
W90-05856 

MINERALIZATION  OF  CHITIN  IN  THE  SEDI- 
MENTS OF  THE  YTHAN  ESTUARY,  ABER- 
DEENSHIRE, SCOTLAND. 

Aberdeen  Univ.  (Scotland).  Dept.  of  Genetics  and 

Microbiology. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-05911 


SAMPLER  FOR  THE  WATER-SEDIMENT  IN- 
TERFASE  (MUESTREADOR  PARA  LA  INTER- 
FASE  AGUA-SEDIMENTO). 

For  primary  bibliographic  entry  see  Field  7B. 
W90-06028 


INTERACTIONS  BETWEEN  ARSENIC  AND 
mON  OXYHYDROXIDES  IN  LACUSTRINE 
SEDIMENTS. 

Institut   National   de   la   Recherche   Scientifique, 

Sainte-Foy  (Quebec). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06057 

RELATIONSHIP  BETWEEN  TEXTURE  AND 
FRACTIONS  OF  INORGANIC  PHOSPHORUS 
IN  THE  SURFACE  SEDIMENT  OF  A  RESER- 
VOIR. 

Universidad   Nacional   de   La   Plata   (Argentina). 

Inst,  del  Museo. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06092 


INVESTIGATIONS  OF  TROPHIC  CHANGE 
AND  INDUSTRIAL  TAILINGS  ACCUMULA- 
TION IN  THE  TRAUNSEE  (AUSTRIA)  USING 
DIATOM  STRATIGRAPHY  (DIATOMEEN- 
STRATIGRAPHISCHE  UNTERSUCHUNGEN 
ZER  TROPHIEANDERUNG  UND  INDUS- 
TRIESCHLAMMAKKUMULATION  IM 

TRAUNSEE/OSTERREICH). 
Institut  fuer  Limnologie,  Mondsee  (Austria). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-O6O93 


PHYSICAL  PRINCIPLES  OF  SEDIMENTO- 
LOGY:  A  READABLE  TEXTBOOK  FOR  BE- 
GINNERS AND  EXPERTS. 

Eidgenoessische  Technische  Hochschule,  Zurich 

(Switzerland).  Geologisches  Inst. 

K.  J.  Hsu. 

Springer- Verlag,  New  York,  New  York.  1989.  233 

P- 

Descriptors:  'Geophysics,  *Sedimentology,  Evap- 
oration, Geohydrology,  Groundwater  movement, 
Hydraulics,  Oceans,  Particle  size,  Sedimentation, 
Thermodynamics. 

This  is  a  textbook  devoted  to  the  physics  of  sedi- 
mentological  processes.  The  applicability  of  funda- 
mental principles,  such  as  Newton's  Three  Laws  of 
Motion,  the  Law  of  Conservation  of  Energy,  the 
First  and  Second  Laws  of  Thermodynamics,  and 
of  other  physical  relations  in  hydraulics  and 
groundwater  hydrology  is  illustrated  by  discus- 
sions of  natural  processes  which  form  sediments  or 
sedimentary  rocks.  The  14  chapters  include  such 
topics  as:  (1)  mineral  classification;  (2)  grains;  (3) 
sediment  transport;  (4)  gravity;  (5)  suspension  and 
currents;  (6)  sand  wave  migration;  (7)  ocean  cur- 


rents; (8)  groundwater  movement;  (9)  evaporation; 
(10)  isotope  fractions;  and  (11)  basin  subsidence. 
An  appendix  includes  equations  showing  the  quan- 
titative relations  in  the  physical  principles  of  sedi- 
mentology.  (Lantz-PTT) 
W90-06186 

SEDIMENTOLOGY  AND  PETROLEUM  GEOL- 
OGY. 

Oslo  Univ.  (Norway).  Dept.  of  Geology. 

K.  Bjorlykke. 

Springer-Verlag,  New  York,  New  York.  1989.  363 

P- 

Descriptors:  *Geology,  *Petrology,  *Sedimento- 
logy,  Alluvial  deposits,  Deltas,  Geochemistry,  Gla- 
cial sediments,  Hydrologic  budget,  Lake  sedi- 
ments, Logging  (Recording),  Model  studies,  Sedi- 
ment transport,  Sedimentation,  Sediments,  Stratig- 
raphy, Well  logs. 

In  this  introduction  to  sedimentology  and  petrole- 
um geology  the  subjects,  which  are  closely  related 
but  mostly  treated  separately,  are  integrated.  The 
first  part  covers  the  basic  aspects  of  sedimento- 
logy, sedimentary  geochemistry  and  diagenesis,  in- 
cluding brief  discussions  of  flow  in  rivers  and 
channels,  types  of  sediment  transport,  lake  and 
river  deposits,  deltas  (river-dominated,  tide-domi- 
nated, and  wave-dominated)  and  the  water  budget. 
Principles  of  stratigraphy,  seismic  stratigraphy  and 
basin  modeling  form  the  basis  for  the  last  part  on 
petroleum  geology.  Here  subjects  include  the  com- 
position of  kerogen  and  hydrocarbons,  theories  of 
migration  and  trapping  of  hydrocarbons  and  prop- 
erties of  reservoir  rocks.  Finally,  short  introduc- 
tions to  well  logging  and  production  geology  are 
given.  (Lantz-PTT) 
W90-06187 


CONTAMINATED  SEDIMENTS:  LECTURES 
ON  ENVIRONMENTAL  ASPECTS  OF  PARTI- 
CLE-ASSOCIATED CHEMICALS  IN  AQUATIC 
SYSTEMS. 

Technische  Univ.   Hamburg-Harburg   (Germany, 
F.R.).  Arbeitsbereich  Umweltschutztechnik. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06189 


SUSPENDED  SEDIMENT  AND  SEDIMENT- 
SOURCE  AREAS  IN  THE  FOUNTAIN  CREEK 
DRAINAGE  BASIN  UPSTREAM  FROM  WIDE- 
FIELD,  SOUTHEASTERN  COLORADO. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

P.  von  Guerard. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4136, 
1989.  36p,  13  fig,  11  tab,  23  ref.  Project  C0196. 

Descriptors:  *Land  use,  *Sediment  yield,  *Sus- 
pended  load,  *Urban  hydrology,  Bank  erosion, 
Suspended-sediment  concentration. 

Suspended-sediment  samples  were  collected  from 
synoptic-sampling  sites  to  determine  suspended- 
sediment  concentrations,  loads,  yields,  and  sedi- 
ment-source areas  in  the  Fountain  Creek  drainage 
basin  upstream  from  Widefield,  Colorado.  Sus- 
pended-sediment yields  ranged  from  0.004  to  278 
tons/sq  mi/day.  Twenty-four  sites  were  sampled 
that  represent  urban  and  rural  land  use.  The 
median  suspended-sediment  yield  from  urban 
drainage  basins  was  7.7  tons/sq  mi/day  and  the 
median  suspended-sediment  yield  from  rural  drain- 
age basins  was  0.46  ton/sq  mi/day.  Sediment-trans- 
port equations  were  derived  for  total  suspended- 
sediment  discharge  and  suspended-sand  discharge 
at  seven  periodic-sampling  sites.  Annual  suspend- 
ed-sediment loads  and  yields  were  computed  for 
the  1985  water  year.  Urbanization  in  the  down- 
stream parts  of  the  Monument  Creek  drainage 
basin,  the  main  tributary  to  Fountain  Creek,  affect- 
ed sediment  loads.  The  downstream  14%  of  the 
Monument  Creek  drainage  basin  contributed  about 
61%  of  the  annual  suspended-sediment  load  trans- 
ported at  the  mouth  of  Monument  Creek.  About 
73%  of  the  annual  suspended-sediment  load  for 
Fountain  Creek  at  Colorado  Springs  was  contrib- 


Chemical  Processes — Group  2K 

uted  by  Monument  Creek.  Abandoned  mill  tailings 
along  Fountain  Creek  contributed  little  to  total 
suspended  sediment  load.  Contributions  of  stream- 
bank  erosion  to  basin  sediment  yields  were  not 
quantified.  However,  the  measured  rate  of  stream- 
bank  erosion  at  a  site  on  Fountain  Creek  has  in- 
creased during  a  37-year  period.  (USGS) 
W90-06233 

2K.  Chemical  Processes 


PALYGORSKITE-SEPIOLITE. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

B.  F.  Jones,  and  E.  Galan. 

IN:  Hydrous  Phyllosilicates  (Exclusive  of  Micas). 

Mineralogical   Society   of  America.    Reviews   in 

Mineralogy,   Volume    18,    September    1988.   44p, 

20fig,  8  tab,  207  ref. 

Descriptors:  *Palygorskite,  *Sepiolite,  'Minerals, 
•Geohydrology,  Hydrogen  ion  concentration,  Soil 
water,  Sediment  chemistry,  Salinity,  Aquifer  char- 
acteristics, Alkalinity,  Clays. 

Palygorskite  and  sepiolite  clays  are  rare  in  nature, 
but  they  have  been  used  by  man  for  centuries 
because  of  their  many  diverse  and  useful  proper- 
ties. At  present,  the  two  most  important  deposits  of 
these  minerals  are  in  the  Meigs-Attapulgus-Quincy 
district,  Georgia  and  Florida  for  palygorskite,  and 
in  Vallecas-Vicalvaro,  Madrid  (Spain)  for  sepiolite. 
Palygorskite  predominates  in  pedogenic  calcretes 
and  aquifer  cements  where  the  interstitial  solution 
is  recharged  by  dilute  waters  which  never  accumu- 
late as  much  solute,  even  on  evaporative  concen- 
tration as  do  basin  sinks.  Sepiolite  in  calcrete  ap- 
parently forms  only  when  reactive  (probably  large- 
ly colloidal)  alumina  is  unavailable;  it  appears  in 
association  with  closed  basin  solutions  and  sedi- 
ments only  when  solute  alkali  is  too  low  to  form 
smectite  and  pH  levels  are  not  extremely  alkaline. 
Its  formation  may  be  inhibited  by  the  pre-existence 
of  simple  phyllosilicate  or  other  sheet  structures,  as 
with  waters  with  high  sediment  content  or  sedi- 
ments with  insufficient  pore  site.  However,  its 
water-accomodating  structure  is  more  suitable  to 
direct  precipitation  from  solution.  Previous  studies 
indicate  that  palygorskite  formation  in  the  margin- 
al marine  environment  required  less  than  normal 
salinity,  as  well  as  somewhat  elevated  levels  of 
solute  silica.  In  lacustrine  closed  basins  or  marginal 
continental  basins  transitional  to  marine,  the  occur- 
rence of  palygorskite  indeed  appears  to  indicate 
brackish  water,  and  the  presence  of  sepiolite  re- 
flects both  salinity  increases  and  the  lack  of  abun- 
dant surficial  sediment  inflow.  (Lantz-PTT) 
W90-05748 


GROUND-WATER-QUALITY  ASSESSMENT 
OF  THE  CENTRAL  OKLAHOMA  AQUIFER, 
OKLAHOMA -ANALYSIS  OF  AVAILABLE 
WATER-QUALITY  DATA  THROUGH  1987. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05749 


EVALUATION  AND  ANALYSIS  OF  THREE 
DYNAMIC  WATERSHED  ACIDIFICATION 
CODES  (MAGIC,  ETD,  AND  ILWAS). 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-05790 


CHESAPEAKE  BAY  EARTH  SCIENCE  STUDY: 
INTERSTITIAL  WATER  CHEMISTRY-CHEM- 
ICAL ZONATION,  TRIBUTARIES  STUDY  AND 
TRACE  METALS. 

Maryland  Geological  Survey,  Baltimore. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-05808 


ALUMINIUM  DISEQUILIBRIUM  SOLUBILI- 
TY CONTROLS  IN  SCOTTISH  ACIDIC 
CATCHMENTS. 

Macaulay    Land    Use    Research    Inst.,    Aberdeen 

(Scotland). 

For  primary  bibliographic  entry  see  Field  5B. 
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W90-05836 


VARIABILITY  OF  PHOSPHORUS  FORMS  IN 
SUSPENDED  SOLIDS  AT  THE  LAKE  ERIE- 
GRAND  RIVER  CONFLUENCE. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
T.  Mayer,  and  P.  G.  Manning. 
Journal  of  Great  Lakes  Research  JGLRDE,  Vol 
15,  No.  4,  p  687-699,   1989.  9  fig,  2  tab,  36  ref. 

Descriptors:  *Chemical  properties,  *Grand  River, 
•Iron,  *Lake  Erie,  'Phosphorus,  'Sediment  chem- 
istry, Aluminum,  Bioavailable  phosphorus, 
Carbon,  Lake  sediments,  Manganese,  Suspended 
solids. 

The  forms  of  phosphorus  and  iron  have  been  deter- 
mined in  suspended  solids  collected  from  within 
and  off  the  Grand  River  estuary,  Lake  Erie,  in 
August  and  October  of  1985.  Concentrations  of 
organic  and  inorganic  carbon,  aluminum,  and  man- 
ganese were  also  measured.  These  chemical  param- 
eters were  then  used  to  assess  the  importance  of 
processes  such  as  input  of  stream  solids,  biological 
productivity,  shoreline  erosion,  and  lake  sediment 
resuspension  in  regulating  suspended  solids  compo- 
sition in  the  studied  area.  Considerable  spatial  and 
temporal  variation  was  found  in  the  distribution  of 
the  measured  parameters.  Both  total  and  bioavaila- 
ble P  (BAP)  in  suspended  solids  were  higher  in  the 
summer  than  in  the  fall,  BAP  accounting  for  about 
34.5%  of  total  P  in  August  and  about  17.5%  in 
October.  The  BAP  distribution  is  consistent  with 
the  distribution  of  ferric  ion,  whereas  apatite-P 
follows  the  distribution  of  aluminum  and  ferrous 
ion  in  chlorite  and  other  clay  minerals.  The  con- 
centration of  BAP  is  generally  higher  in  the  near- 
surface  solids  and  increases  with  increasing  dis- 
tance from  the  river  mouth.  The  seasonal  and 
spatial  trend  in  total  P,  BAP,  organic  carbon,  and 
ferric  ion  concentrations  reveal  that  a  large  pro- 
portion of  particulate  P  is  associated  with  particles 
of  biogenic  origin,  rather  than  inorganically  bound 
to  Fe  oxides.  The  apatite-P,  Al,  and  ferrous  ion 
concentrations  reveal  the  importance  of  sediment 
resuspension  processes,  within  the  distance  of  ap- 
proximately 4  km,  particularly  in  the  fall.  The  same 
parameters  point  to  loss  of  terrigennous  material  of 
riverine  origin  and  from  the  shoreline  erosion 
within  the  short  distance  from  the  river  mouth 
(Author's  abstract) 
W90-05853 


COMPARISON  OF  SUSPENSATE  AND 
BOTTOM  STREAM  SEDIMENT  GEOCHEMIS- 
TRY AT  A  PB  OCCURRENCE  IN  THE  SHEN- 
ANDOAH VALLEY  ZN  DISTRICT,  NORTH- 
WEST VIRGINIA. 

George     Washington     Univ.,     Washington,     DC. 
Dept.  of  Geology. 
F.  R.  Siegel. 

Southeastern  Geology  SOGEAY,  Vol.  30,  No  3  p 
203-215,  December  1989.  6  fig,  1  tab,  9  ref. 

Descriptors:  *GeochemicaI  prospecting,  'Sedi- 
ment chemistry,  'Virginia,  'Zinc,  Extraction  tech- 
niques, Geochemistry,  Heavy  metals,  Sediment 
identification,  Sediment  transport,  Shenandoah 
Valley,  Suspended  solids. 

Suspended  sediment  was  collected  from  stream 
water  together  with  equivalent  active  sediment 
from  the  stream  bottom  at  42  sites  near  the  Gordon 
Lead  property,  Shenandoah  County,  Virginia 
(USA)  to  test  the  relative  effectiveness  of  suspend- 
ed and  bottom  sediment  in  the  geochemical  explo- 
ration for  stratabound  Mississippi  Valley  type  ores. 
Zn  was  a  pathfinder  to  the  mineralization,  and  Zn 
in  the  suspensates  gave  a  larger  number  of  strong 
anomalies,  higher  in  magnitude,  than  Zn  in  the  - 
100  mesh  size  of  the  bottom  sediment,  either  as 
total  Zn  or  as  Zn  extracted  with  cold  3%  HC1  Pb 
was  detected  only  in  the  cold  acid  extraction.  In 
combination  with  cold  acid  extracted  Zn  and  Cu, 
Pb  formed  a  multielement  anomaly  that  located  the 
Gordon  property  mineralization  and  had  a  longer 
downstream  dispersion  than  did  the  suspensate  or 
total  dissolution  multielement  anomalies.  Ground- 
water inflow  or  spring  discharge  from  the  mineral- 
ized host  rock  into  the  stream  may  influence  the 


development  of  and  locations  of  the  anomalies. 
Both  suspensates  and  cold  acid  extracted  samples 
are  more  effective  for  geochemical  prospecting  in 
this  area  than  the  total  dissolution  samples  of  the  - 
100  mesh  size  of  the  active  stream  sediments.  (Au- 
thor's abstract) 
W90-05856 


TRENDS     IN     PARTICULATE     DEPOSITION 

AND      PRECIPITATION      CHEMISTRY      AT 

LEEDS  (U.K.)  1907-1987. 

Leeds  Univ.  (England).  Dept.  of  Fuel  and  Energy. 

For  primary  bibliographic  entry  see  Field  5B 

W90-05900 


RAINWATER    COMPOSITION    IN    ATHENS 
GREECE. 

Athens  Univ.  (Greece).  Lab.  of  Climatology. 
For  primary  bibliographic  entry  see  Field  5B 
W90-05901 


INFLUENCE  OF  ATMOSPHERIC  TRANS- 
PORT ON  PRECIPITATION  CHEMISTRY  AT 
TWO  SITES  IN  THE  MIDWESTERN  UNITED 
STATES. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05902 


CHARACTERISTIC  TIME  TO  ACHIEVE  IN- 
TERFACIAL  PHASE  EQUILIBRIUM  IN 
CLOUD  DROPS. 

General  Motors  Research  Labs.,  Warren,  MI.  En- 
vironmental Science  Dept. 
For  primary  bibliographic  entry  see  Field  5B 
W90-05904 


CHEMICAL  COMPOSITION  OF  COASTAL 
STRATUS  CLOUDS:  DEPENDENCE  ON 
DROPLET  SIZE  AND  DISTANCE  FROM  THE 
COAST. 

California  Inst,  of  Tech.,  Pasadena.  W.M.  Keck 
Lab.  of  Environmental  Engineering  Science. 
J.  W.  Munger,  J.  Collett,  B.  Daube,  and  M.  R. 
Hoffmann. 

Atmospheric  Environment  ATENBP,  Vol  23  No 
10,  p  2305-2320,  October  1989.  14  fig,  6  tab,  37  ref. 
California  Air  Resources  Board  Contract  A4-142- 
32. 

Descriptors:  'Acid  rain,  'Aerosols,  'Air  pollution, 
•Atmospheric  water,  'Cloud  chemistry,  'Cloud 
liquid  water,  'Clouds,  'Fog,  'Path  of  pollutants, 
California,  Chemical  composition,  Coasts,  Fluid 
drops,  Ions,  Marine  climates,  Sulfates. 

Coastal  stratus  clouds  are  a  major  feature  of  the 
Los  Angeles  weather  pattern,  and  a  correlation  has 
been  noted  between  episodes  of  high  sulfate  con- 
centrations and  the  presence  of  clouds  or  fog.  The 
aerosol  at  elevated  sites  in  'he  South  Coast  Air 
Basin  in  California  is  a  mixture  of  sea  salt  and 
pollution-derived  secondary  aerosol.  The  influence 
of  sea  salt  declines  with  increasing  distance  from 
the  coast.  Nitric  acid  appears  to  react  with  the 
sodium  chloride  in  sea  salt  aerosol  to  release  gase- 
ous hydrogen  chloride  and  form  sodium  nitrate  in 
the  aerosol.  At  inland  sites,  aerosol  concentrations 
differ  during  periods  of  onshore  and  offshore  flow. 
The  highest  concentrations  were  observed  during 
the  day  when  the  onshore  flow  transported  pollut- 
ants to  the  sites,  while  lower  concentrations  were 
observed  at  night  when  drainage  flows  from 
nearby  mountains  influenced  the  sites.  Variations 
in  liquid  water  content  are  a  major  influence  on 
cloudwater  ion  concentrations.  Comparisons  of  the 
ionic  concentration  in  two  size-segregated  frac- 
tions of  cloudwater  collected  during  several  sam- 
pling intervals  suggest  that  there  is  a  large  differ- 
ence between  the  average  composition  of  the 
smaller  droplets  and  that  of  the  larger  droplets. 
Concentrations  of  sodium,  calcium  and  magnesium 
ions  in  the  large  droplet  fraction  were  observed  to 
be  higher  than  in  the  small-droplet  fraction,  while 
the  concentrations  of  sulfate,  nitrate,  ammonium 
and  hydrogen  ions  were  higher  in  the  small-droplet 
fraction.    Chloride    concentrations    were    nearly 


equal  in  both  fractions.  Differences  in  the  composi- 
tion of  size-fractionated  cloudwater  samples  sug- 
gest that  large  droplets  are  formed  on  sea  salt  and 
soil  dust,  which  are  large  aerosol,  and  small  drop- 
lets are  formed  on  small  secondary  aerosol  com- 
posed primarily  of  ammonium  sulfate,  and  ammo- 
nium nitrate.  The  concentration  of  several  compo- 
nents that  exist  partly  in  the  gas  phase  (e.g.  chlo- 
ride), formic  acid  and  acetic  acid)  appear  to  be 
independent  of  droplet  size.  (Author's  abstract) 
W90-05905 


HUMIC  AND  OTHER  NEGATIVELY 
CHARGED  COLLOIDS  OF  IRON  AND 
COPPER  IN  RIVER  WATER. 

Nagoya   Univ.   (Japan).   Faculty  of  Engineering. 
M.  Hiraide,  T.  Ueda,  and  A.  Mizuike. 
Analytica  Chimica  Acta  ACACAM,  Vol.  227  No 
2,  p  421-424,  December  15,  1989.  2  fig,  1  tab    11 
ref. 

Descriptors:  'Copper,  'Heavy  metals,  'Humic 
substances,  »Ion  exchange,  *Iron,  *Pollutant  iden- 
tification, *Water  chemistry,  Anions,  Colloids, 
Membrane  filters,  Metal  complexes,  Particle  size, 
Resins,   Rivers,   Separation   techniques,   Sorption! 

Iron  and  copper  present  as  humic  and  other  nega- 
tively charged  colloids  were  studied  by  sorption 
on  indium-treated  XAD-2  resin  and  DEAE-Sepha- 
dex  A-25  anion  exchanger  and  by  Nuclepore  mem- 
brane filtration.  Nuclepore  polycarbonate  etched- 
track  membrane  filters  were  used  for  size  fraction- 
ation because  they  have  individual  channels  of 
uniform  diameter.  Reagent  humic  acid  and  fulvic 
acid  at  low  milligrams/L  levels  passed  completely 
through  a  0.015  micron  filter.  Sorption  on  the 
filters  of  metal  cations,  humic  complexes  and  hy- 
drated  iron  (III)  oxide  colloids  was  negligible.  The 
predominant  iron  species  was  colloidal  particles 
consisting  of  hydrated  iron  (III)  oxide  and  clay 
covered  with  humic  substances.  Hydrated  iron 
(III)  oxide-clay  particles  are  found  abundantly  in 
river  water  by  x-ray  microanalysis.  Negatively 
charged  inorganic  colloids  containing  iron,  which 
exist  in  lesser  amounts  in  river  water,  include  hy- 
drated iron  (III)  oxide-clay  and  hydrated  iron  (III)- 
hydrated  silica  aggregates  which  are  dominant 
below  0.1  microns.  In  contrast,  humic  colloids  of 
copper  were  mostly  smaller  than  0.015  microns  in 
diameter  and  provided  nearly  all  the  negatively 
charged  species  of  copper,  suggesting  that  most  of 
copper-humic  complexes  were  not  associated  with 
iron-containing  colloidal  particles.  Chemical  spe- 
cies other  than  humic  colloids  and  other  negatively 
charged  species  include  cations  and  neutral  inor- 
ganic complexes  for  copper  and  positively  charged 
inorganic  colloids  for  iron.  (Geiger-PTT) 
W90-05937 


OXYGEN  ISOTOPIC  VARIATION  OF  FALL- 
ING SNOW  PARTICLES  WITH  TIME  DURING 
THE  LIFETIME  OF  A  CONVECTIVE  CLOUD: 
OBSERVATION  AND  MODELLING. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
A.  Sugimoto,  and  K.  Higuchi. 
Tellus  TELLAL,   Vol.   41B,   No.   5,   p   511-523 
November  1989.  9  fig,  2  tab,  17  ref. 

Descriptors:  *Clouds,  *Oxygen,  *Snow,  *Stable 
isotopes,  Chemistry  of  precipitation,  Convection, 
Model  studies,  Precipitation  intensity,  Radar. 

The  delta  018  (per  mille  deviation  from  Standard 
Mean  Ocean  Water)  of  falling  snow  particles  was 
observed  at  two  stations  8  km  apart  along  the 
trajectory  of  a  convective  cloud.  The  comparison 
of  the  difference  in  delta  018  between  the  two 
stations  with  radar  observation  reveals  the  follow- 
ing: (1)  the  delta  018  values  of  snow  from  a 
convective  cloud  decrease  with  time  during  its 
lifetime;  the  rate  of  decrease  observed  in  7  cases  of 
convective  radar  echoes  was  0.2  ppt  to  3.1  ppt 
during  15  min  of  movement  of  radar  echoes  be- 
tween two  stations,  and  was  large  during  and  after 
its  maximum  precipitation  intensity;  and  (2)  the 
rate  of  decrease  was  large  in  cells  in  which  precipi- 
tation intensity  was  large  in  the  windward  area.  A 
one-dimensional  time-dependent  model  is  used  to 
calculate   the   isotopic   variation  of  falling  snow 
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during  the  lifetime  of  a  convective  cloud  cell.  The 
calculated  results  explain  the  observed  results  well. 
In  addition,  calculated  results  show  that  the  rate  of 
decrease  of  delta  018  is  large  in  cells  with  high 
precipitation  efficiency,  and  in  cells  with  large 
terminal  velocity  of  precipitating  particles.  (Au- 
thor's abstract) 
W90-05975 


PRECIPITATION     CHEMISTRY     IN     NOVA 
SCOTIA:  1978-1987. 

Nova  Scotia  Dept.  of  the  Environment,  Halifax. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05978 


ESTIMATION  OF  ATMOSPHERIC  DEPOSI- 
TION INPUT  OF  SULPHUR  AND  NITROGEN 
OXIDES  TO  THE  KEJTMKUJIK  WATERSHED: 

1979-1987. 

Atmospheric   Environment   Service,    Downsview 

(Ontario). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05979 


METEOROLOGICAL  CHARACTERISTICS  OF 
LARGE  ACIDIC  DEPOSITION  EVENTS  AT 
KEJTMKUJIK,  NOVA  SCOTIA. 

Atmospheric     Environment     Service,      Bedford 

(Nova  Scotia). 

For  primary  bibliographic  entry  see  Field  2B. 

W90-05980 


SOURCES  OF  ACIDITY  IN  FOREST-FLOOR 
PERCOLATE  FROM  A  MAPLE-BIRCH  ECO- 
SYSTEM. 

Great    Lakes    Forestry    Research    Centre,    Sault 

Sainte  Marie  (Ontario). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05982 


Maritimes   Forest   Research   Centre,    Fredericton 

(New  Brunswick). 

K.  E.  Percy. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  73-86,  July /August  1989.  1  fig,  4  tab,  27 

ref. 

Descriptors:  *Acid  rain,  *Canada,  *Chemistry  of 
precipitation,  "Coniferous  forests,  "Deciduous  for- 
ests, *Lakes,  *Throughfall,  "Vegetation  effects, 
Cations,  Hydrogen  ion  concentration,  Ions,  Kejim- 
kujik  National  Park,  Nitrates,  Nova  Scotia,  Organ- 
ic soils,  Soil  profiles,  Sulfates,  Water  chemistry. 

Characterization  of  the  forest  vegetation  and  soils 
in  two  adjacent,  contrasting  headwater  lake  basins 
located  in  Kejimkujik  National  Park,  Nova  Scotia 
was  completed  in  1980.  Precipitation  chemistry 
was  studied  during  May  to  November,  1981-83  at 
two  forested  plots  in  each  basin.  There  were  2012 
stems/ha  in  Beaverskin  basin  and  1816  stems/ha  in 
Pebbleloggitch  basin.  Beaverskin  species  composi- 
tion was  predominantly  coniferous  (72%  of  stems), 
while  Pebbleloggitch  was  predominantly  decidu- 
ous (52%  of  stems).  Thickness  and  mass  of  organic 
soil  layers  were  greater  in  Beaverskin.  Mineral  soil 
cation  concentrations  were  similar.  There  were  no 
differences  between  the  basins  in  mean  incident 
bulk  precipitation  pH.  Mean  volume-weighted  pH 
for  the  period  (73  collections)  was  4.80.  Sixteen 
percent  of  collections  had  a  pH  <  4.25.  Sulfate 
deposition  in  incident  bulk  precipitation  (May  to 
November)  ranged  from  5.4-8.5  kg/ha  during 
1981-83,  while  N03(-)  ranged  from  0.04-0.93  kg/ 
ha.  The  partitioning  of  incident  precipitation  into 
throughfall  varied  considerably  (69-38%)  year-to- 
year.  Temporal  flux  of  ions  did  not  differ  signifi- 
cantly. Amounts  of  all  major  ions  in  throughfall 
especially  S04(-2)  and  base  cations  (Ca(  +  2)  + 
Mg(  +  2)  +  K(  +  )  +  Na(  +  ))  were  enriched.  (Au- 
thor's abstract) 
W90-05984 


IMPACTS  OF  FORESTS  ON  WATER  CHEMIS- 
TRY. 

Maritimes   Forest   Research   Centre,   Fredericton 

(New  Brunswick). 

M.  K.  Mahendrappa. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  61-72,  July/ August  1989.  1  fig,  5  tab,  47 

ref. 

Descriptors:  •Chemistry  of  precipitation,  *Acid 
rain,  *Rainfall,  "Canada,  *Soil  water,  *Forest  soils, 
"Forest  hydrology,  "Deciduous  forests,  "Stem- 
flow,  "Throughfall,  Water  chemistry,  Acidity, 
Acid  water,  Hydrologic  cycle,  Ecological  effects, 
New  Brunswick. 

Forest  canopies  and  soil  organic  horizons  have 
been  identified  as  two  major  components  of  forest 
ecosystems  interacting  with  and  altering  the  chem- 
istry of  rainwater.  Data,  collected  over  a  13-year 
period  from  different  softwood  and  hardwood 
stands  located  in  central  New  Brunswick,  are  pre- 
sented to  demonstrate  differences  among  stands  in 
their  ability  to  alter  the  chemistry  of  rainwater.  In 
both  the  canopies  and  the  soil  organic  horizons, 
retention  and  exchange  processes  are  effective  in 
altering  the  chemistry  of  rainwater.  Significant 
species  effects  are  recognized  in  the  partitioning  of 
rainwater  into  throughfall,  stemflow,  and  intercep- 
tion, and  in  altering  of  its  chemistry.  Stemflow 
components  generally  contribute  to  acidity,  while 
throughfall  reduces  acidity  of  rainwater.  Some  of 
the  chemical  characteristics  of  rainwater  reaching 
the  forest  floor  are  shown  to  be  similar  to  those  of 
streams  associated  with  the  forest  stands.  The  data 
show  significant  species  effects  on  the  moisture 
retention  characteristics  of  the  organic  materials 
accumulated  under  each  stand,  which  in  turn  affect 
the  residence  time  of  the  acid  components  of  rain. 
Admittedly,  before  entering  streams  and  lakes  as- 
sociated, the  composition  of  the  liquid  leaving  the 
organic  horizons  is  further  altered  by  mineral  soils. 
(Author's  abstract) 
W90-05983 


VEGETATION,  SOILS,  AND  ION  TRANSFER 
THROUGH  THE  FOREST  CANOPY  IN  TWO 
NOVA  SCOTIA  LAKE  BASINS. 


SEASONAL  VARIATIONS  OF  WATER  CHEM- 
ISTRY IN  OLIGOTROPHIC  STREAMS  AND 
RIVERS  IN  KEJIMKUJIK  NATIONAL  PARK, 
NOVA  SCOTIA. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia). 

J.  Kerekes,  and  B.  Freedman. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  131-144,  July/August  1989.  8  fig,  2  tab, 

20  ref. 

Descriptors:  "Acid  rain,  "Acid  streams,  "Canada, 
"Chemical  properties,  "Seasonal  variation, 
"Streamflow,  Acidity,  Alkalinity,  Anions,  Calci- 
um, Chlorine,  Color,  Hydrogen  ion  concentration, 
Kejimkujik  National  Park,  Magnesium,  Nova 
Scotia,  Sodium,  Sulfates. 

The  seasonal  patterns  of  flow  and  the  concentra- 
tions of  color,  Mg,  Ca,  H(  +  ),  Na,  CI,  organic 
anions,  S04,  and  Gran  alkalinity  were  examined 
for  five  streams  or  rivers  in  Kejimkujik  National 
Park  (Lower  Mersey  River,  Atkins  Brook,  Graf- 
ton Brook,  Pebbleloggitch  Brook,  and  Beaverskin 
Brook).  These  range  in  organic  color  and  acidity 
from  very  dark-water  Atkins  Brook  (average  191 
Hazen  units,  Ph  4.2)  to  clearwater  Beaverskin 
Brook  (5  Hazen  units,  Ph  5.5).  In  general,  most 
dissolved  substances  were  present  in  relatively 
large  concentration  during  the  high-flow  period  of 
winter-spring  (most  notably  color,  Mg,  H(  +  ),  Ca, 
Na,  organic  anions,  and  S04).  In  contrast,  Gran 
alkalinity  generally  occurs  in  its  highest  concentra- 
tion during  the  low-flow  period.  These  observa- 
tions suggest  that  during  the  high-flow  period  sub- 
stances were  flushed  from  the  terrestrial  water- 
sheds of  these  rivers  and  streams.  (Author's  ab- 
stract) 
W90-05986 


ALUMINUM  SPECIES  IN  POREWATERS  OF 
KEJIMKUJIK  AND  MOUNTAIN  LAKES, 
NOVA  SCOTIA. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05988 


SEASONAL  PATTERNS  OF  MINERAL  AND 
ORGANIC  ACIDIFICATION  IN  TWO 
STREAMS  IN  SOUTHWESTERN  NOVA 
SCOTIA. 

Inland  Waters  Directorate,  Moncton  (New  Bruns- 
wick). Water  Quality  Branch. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05989 

CHEMICAL  CHARACTERIZATION  OF  SEV- 
ERAL WETLANDS  IN  KEJIMKUJIK  NATION- 
AL PARK,  NOVA  SCOTIA. 

Canadian  Wildlife  Service,  Hull  (Quebec).  Sustain- 
able Development  Branch. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05990 


FRACTIONAL   PRECIPITATION   OF   HUMIC 
ACID  FROM  COLORED  NATURAL  WATERS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05991 


ACID-BASE  ANALYSIS  OF  DISSOLVED  OR- 
GANIC MATTER  IN  SURFACE  WATERS. 

McMaster  Univ.,  Hamilton  (Ontario).  Dept.  of  Ge- 
ology. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-05992 


CHEMICAL  AND  MICROBIAL  DIAGENSIS  OF 
HUMIC  MATTER  IN  FRESHWATERS. 

McMaster  Univ.,  Hamilton  (Ontario). 

T.  A.  Clair,  F.  Barlocher,  P.  Brassard,  and  J.  R. 

Kramer. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  205-211,  July/August  1989.  2  fig,  1  tab, 

10  ref. 

Descriptors:  "Acid  rain,  "Canada,  "Chemical 
properties,  "Humic  acids,  "Hydrogen  ion  concen- 
tration, "Microbial  degradation,  "Organic  matter, 
"Water  chemistry,  Acidic  water,  Brown  water, 
Kejimkujik  National  Park,  Kinetics,  Neutraliza- 
tion, Nova  Scotia. 

The  importance  of  microbial  activity  in  changing 
the  chemical  properties  of  humic  material  in  brown 
waters  was  measured  as  a  function  of  pH,  acid 
neutralization  capacity,  and  pKa  affinity  spectrum 
from  brownwater  samples  kept  in  aquaria  and  ster- 
ile flasks.  (Waters  and  sediments  were  collected 
from  Moose  Pit  Brook,  located  near  Kejimkujik 
National  Park,  Nova  Scotia.)  Changes  to  the 
humic  matter  in  nonsterile  microcosms  caused  in- 
creases in  pH  and  acid  neutralization  capacity  and 
loss  of  strong  organic  acid  pKa  sites.  Microbial 
activity  was  shown  to  be  the  main  contributor  to  a 
decrease  in  acidity  of  humic  material  as  samples 
kept  under  sterile  conditions  showed  less  change 
than  nonsterile  ones.  Microbial  processes  were 
shown  to  be  mostly  due  to  sessile  organisms  on  the 
walls  of  the  aquaria  and  in  sediments.  The  data 
suggest  that  acid-base  properties  of  brownwaters 
can  be  modified  based  on  residence  times,  as  well 
as  by  temperature  in  their  basins.  Assuming  similar 
starting  humic  materials,  microbial  degradation 
may  account  for  the  lower  acidity  measured  in 
lakes  and  large  rivers,  compared  to  headwaters. 
(Author's  abstract) 
W90-05993 


IMPORTANCE  OF  SELF-OXIDATION  IN  DE- 
COMPOSITION AND  ITS  DEPENDENCE  ON 
THE  PH  OF  THE  ENVIRONMENT. 

Balatoni    Limnologiai    Kutato    Intezete,    Tihany 

(Hungary). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05994 


INFLUENCE  OF  ORGANIC  ACIDITY  ON  THE 
ACID-BASE  CHEMISTRY  OF  SURFACE 
WATERS  IN  MAINE,  USA. 

Maine  Univ.,  Orono.  Dept.  of  Geological  Sciences. 
For  primary  bibliographic  entry  see  Field  2H. 
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W90-05995 


FINNISH  LAKE  SURVEY:  THE  ROLE  OF  OR- 
GANIC AND  ANTHROPOGENIC  ACIDITY. 

National    Board    of   Waters,    Helsinki    (Finland). 

Water  Research  Inst. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05996 


RAIN  PROJECT:  ROLE  OF  ORGANIC  ACIDS 
IN  MODERATING  PH  CHANGE  FOLLOWING 
REDUCTION  IN  ACID  DEPOSITION. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05997 


OCCURRENCE  OF  KRYPTON  AND  XENON 
IN  THE  BAKRESWAR  THERMAL  SPRING 
GASES. 

Variable    Energy    Cyclotron    Centre,     Calcutta 
(India).  Helium  Recovery  Lab. 
D.  Ghose,  S.  K.  Das,  and  S.  D.  Chatterjee. 
Naturwissenschaften  NATWAY,  Vol.  76,  No.  11, 
p  520-521,  November  1989.  1  tab,  4  ref. 

Descriptors:  *Krypton,  *Soil  gases,  'Thermal 
springs,  'Xenon,  Groundwater,  Temperature, 
Earth  pressure,  Radioactivity. 

The  abundance  of  noble  gases  present  in  the  emis- 
sions from  the  Bakreswar  thermal  springs  were 
analyzed  and  compared  to  noble  gas  levels  present 
in  atmospheric  air.  The  ratio  of  krypton  to  xenon 
obtained  is  very  similar  to  that  derived  from  fis- 
sionogenic  materials.  The  pressures  and  high  tem- 
peratures present  in  the  earth's  mantle  may  enable 
these  noble  gases  to  combine  with  highly  electron- 
egative elements  to  form  clathrate  compounds. 
Thus  the  terrestrial  noble  gases  may  contain  both  a 
primordial  component  and  a  component  arising 
from  their  secondary  production  through  nuclear 
processes.  The  natural  outflow  of  these  could  con- 
note the  presence  of  higher  concentrations  of  ra- 
dioactive minerals  embedded  within  groundwater 
below  the  thermal  spring  waters.  (Brunone-PTT) 
W90-06022 


NUMBERS,  DISTRIBUTION  AND  CLASSIFI- 
CATION OF  NITRATE  REDUCING  AND  DENI- 
TRIFYING BACTERIA  IN  EMLBASE  DEL  RIO 
TERCERO,  CORDOBA,  ARGENTINA  (RE- 
CUENTO,  DISTRIBUCION  Y  CLASIFICACION 
DE  BACTERIAS  REDUCTORAS  DE  NITRATO 
Y  DESNITRIFICANTES  (EMLBASE  DEL  RIO 
TERCERO,  CORDOBA,  ARGENTINA)). 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06029 


GOLD  SPECIATION  IN  NATURAL  WATERS:  I. 
SOLUBILITY  AND  HYDROLYSIS  REAC- 
TIONS OF  GOLD  IN  AQUEOUS  SOLUTION. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Geo- 
logical Science. 

D.  Vlassopoulos,  and  S.  A.  Wood. 
Geochimica  et   Cosmochimica  Acta   GCACAK, 
Vol.  54,  No.  1,  p  3-12,  January  1990.  6  fig,  2  tab,  59 
ref,  append. 

Descriptors:  'Chemical  speciation,  'Geochemis- 
try, 'Gold,  'Metal  complexes,  'Thermodynamics, 
•Water  chemistry,  Hydrolysis,  Inorganic  com- 
pounds, Natural  waters,  Sodium  hydroxide,  Solu- 
bility, Solute  transport. 

Geochemical  modeling  of  the  dissolution,  trans- 
port, and  precipitation  of  gold  in  the  hydrosphere 
requires  knowledge  of  the  stoichiometrics  and 
thermodynamic  stabilities  of  gold  species  in  aque- 
ous solution.  The  solubility  of  metallic  gold  (Au) 
and  the  thermodynamics  of  formation  of  hydro- 
lyzed  aqueous  species  of  Au(I)  are  examined.  Solu- 
bility measurements  of  crystalline  Au  in  dilute  to 
concentrated  sodium  hydroxide  (NaOH)  solutions 
at  25  C  have  been  carried  out.  The  data  were  fitted 
to  a  general  half  reaction  of  gold  with  water  to 
produce  Au02Hx  anions  and  H(  +  )  in  order  to 
identify  the  stoichiometry  and  stability  of  the  hy- 
drolyzed    species    formed.    The    monohydroxide, 


AuOH(H20)  is  the  most  stable  inorganic  Au  spe- 
cies up  to  about  pH  12.  The  equilibrium  constant 
for  the  formation  of  this  species  is  log  K  sub  1  = 
negative  22.57  +/-0.44.  Consideration  of  competi- 
tive complexation  of  Au  by  a  number  of  inorganic 
ligands  which  may  occur  in  natural  waters  indi- 
cates that  AuOH(H20)  is  the  most  stable  inorganic 
Au  species  over  a  wide  range  of  Eh,  pH,  and 
ligand  activities.  The  only  inorganic  ligands  which 
may  occur  in  natural  waters  at  concentrations  high 
enough  to  stabilize  Au(I)  include  hydrogen  mono- 
sulfide  ion  (HS(-))  under  reducing  conditions, 
S203(-)  under  alkaline  oxidizing  conditions,  chlo- 
ride ion  (Cl(-))  in  very  acidic,  oxidizing  brines,  and 
possibly  cyanide  (CN(-))  locally,  in  environments 
where  there  is  biogenic  and/or  anthropogenic  pro- 
duction of  cyanide.  Calculated  equilibrium  pe-pH 
diagrams  for  Cl(-)  and  the  Epsilon  S  activities 
typical  of  both  fresh  and  seawater  show  that  gold 
hydroxide  hydrate  (AuOH(H20))  is  probably  the 
dominant  dissolved  Au  species  in  these  environ- 
ments, with  the  exception  of  anoxic  ocean  and  lake 
waters.  (Author's  abstract) 
W90-06O55 


INTERSTITIAL  WATER  CHEMISTRY  OF 
PU239.240  AND  AM241  IN  THE  SEDIMENTS 
OF  THE  NORTH-EAST  IRISH  SEA. 

Ministry  of  Agriculture,  Fisheries  and  Food, 
Lowestoft  (England).  Directorate  of  Fisheries  Re- 
search. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06056 


INTERACTIONS  BETWEEN  ARSENIC  AND 
IRON  OXYHYDROXIDES  IN  LACUSTRINE 
SEDIMENTS. 

Institut    National   de   la   Recherche   Scientifique, 

Sainte-Foy  (Quebec). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06057 


SR87/SR86  VALUES  OF  CANADIAN  SHIELD 
BRINES  AND  FRACTURE  MINERALS  WITH 
APPLICATIONS  TO  GROUNDWATER 
MIXING,  FRACTURE  HISTORY,  AND 
GEOCHRONOLOGY. 

McMaster  Univ.,  Hamilton  (Ontario).  Dept.  of  Ge- 
ology. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-06058 


SPECIATION  OF  PHOSPHORUS  IN  THE  AL- 
TENWORTH-RESERVOIR  OF  THE  RIVER 
DANUBE. 

Bundesversuchs-  und   Forschungsanstalt  Arsenal, 

Vienna  (Austria).  Geotechnical  Inst. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06060 


EVALUATION  OF  THE  SPECIATION  OF  IN- 
ORGANIC CONSTITUENTS  IN  SEDIMENTS 
OF  THE  RESERVOIR  AT  ALTENWORTH  OF 
THE  RIVER  DANUBE. 

Bundesversuchs-   und   Forschungsanstalt  Arsenal, 

Vienna  (Austria).  Geotechnical  Inst. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06061 


BRINES  EXPELLED  ALONG  THE  MAIN 
THRUSTS  OF  THE  WESTERN  ALPS  (MIGRA- 
TION DES  SAUMURES  AU  FRONT  DES  CHE- 
VAUCHEMENTS  DE  L'ARC  ALPIN  OCCIDEN- 
TAL). 

Montpellier-2  Univ.  (France).  Lab.  de  Geologie 
Structurale  Appliquee. 
F.  Arthaud,  and  J.  Dazy. 

Comptes  Rendus  de  l'Academie  des  Sciences 
(Serie  2)  CRASEV,  Vol.  309,  No.  14,  p  1425-1430, 
November  1989.  2  fig,  10  ref. 

Descriptors:  'Alps,  'Brines,  'Geochemistry, 
'Geohydrology,  'Mineral  water,  'Tectonics, 
Chlorides,  Groundwater,  Halite,  Meteoric  water, 
Water  pollution  sources. 

In  the  Alps,  the  presence  of  chloride  ions  in  salt 
waters  was  commonly  considered  to  be  the  result 


of  leaching  of  Triassic  evaporites.  Evapontic  se- 
quences of  Triassic  age  are  widely  spread  in  the 
Alps;  however,  within  the  Alps,  evidence  of  halite 
is  very  scarce.  It  is  highly  probable  that  most 
Triassic  halite  was  leached  and  scattered  into  the 
Mesozoic  sedimentary  sequence,  before  thrusting 
started.  There  is  geochemical  and  isotopic  evi- 
dence that  the  mineralization  of  salt  springs  in  the 
Western  Alps  resulted  from  mixing,  in  various 
proportions,  of  two  types  of  water:  (1)  recent 
meteoric  water,  and  (2)  old  deep-seated  brines. 
This  explanation  is  supported  by  a  model  of  the 
circulation  of  fluids  governed  by  tectonic  evolu- 
tions. (Author's  abstract) 
W90-06063 


PHOSPHORUS       TRANSPORT       TO       THE 
BOTTOM  OF  LAKE  CONSTANCE. 

Konstanz   Univ.   (Germany,   F.R.).   Limnological 

Inst. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06084 


STATISTICAL  MODELS  FOR  THE  ESTIMA- 
TION OF  NET  PHOSPHORUS  SEDIMENTA- 
TION IN  LAKES. 

Konstanz   Univ.   (Germany,   F.R.).   Limnological 

Inst. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06085 


RELATIONSHIP  BETWEEN  TEXTURE  AND 
FRACTIONS  OF  INORGANIC  PHOSPHORUS 
IN  THE  SURFACE  SEDIMENT  OF  A  RESER- 
VOIR. 

Universidad   Nacional   de   La   Plata   (Argentina). 

Inst,  del  Museo. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06092 


DOMINATING  INFLUENCE  OF  NH3  ON  THE 
OXIDATION  OF  AQUEOUS  S02:  THE  COU- 
PLING OF  NH3  AND  S02  IN  ATMOSPHERIC 
WATER. 

Eidgenoessische  Anstalt  fuer   Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,   Due- 

bendorf  (Switzerland). 

P.  Behra,  L.  Sigg,  and  W.  Stumm. 

Atmospheric  Environment  ATENBP,  Vol.  23,  No. 

12,  p  2691-2707,  December  1989. 

Descriptors:  'Acid  rain,  'Ammonia,  'Chemistry  of 
precipitation,  'Ozone,  'Sulfur  dioxide,  Aerosols, 
Alkalinity,  Buffer  capacity,  Fog,  Hydrogen  ion 
concentration,  Model  studies,  Oxidation,  Temporal 
variation. 

The  oxidation  of  sulfur  dioxide  in  atmospheric 
water  (cloud,  rain,  liquid  aerosol  and  fog)  is  influ- 
enced by  the  presence  of  ammonia.  The  enhancing 
effect  of  ammonia  is  especially  pronounced  if  the 
oxidation  occurs  with  an  oxidant  such  as  ozone  for 
which  the  reaction  rate  increases  strongly  with 
increasing  pH,  because  ammonia:  (1)  codetermines 
the  pH  of  the  water  and  thus  in  turn  the  solubility 
of  sulfur  dioxide;  and  (2)  provides  acid  neutralizing 
capacity  as  well  as  buffer  intensity  to  the  heteroge- 
neous atmosphere-water  system  in  counteracting 
the  acidity  produced  by  the  oxidation  of  sulfur 
dioxide.  At  low  buffer  intensity,  the  acidity  pro- 
duction leads  to  the  alleviation  of  further  sulfur 
dioxide  oxidation.  A  computer  model  is  used  to 
assess  the  influence  of  sulfur  dioxide,  ammonia  and 
other  potential  acids  and  bases,  of  aerosols  and  of 
the  liquid  water  content  on  the  composition  and  its 
temporal  variation  of  closed  or  open  atmospheric 
systems  as  a  consequence  of  sulfur  dioxide  oxida- 
tion by  ozone.  An  essential  corollary  to  this  model 
is  a  definition  of  atmospheric  alkalinity  (or  acidity). 
Model  results  are  compared  with  field  data  ob- 
tained in  measuring  the  temporal  variation  in 
urban/rural  fog  composition.  (Author's  abstract) 
W90-06096 


IMPACT  OF  SOIL-DERIVED  AEROSOLS  ON 
PRECIPITATION  ACIDLTY,  IN  INDIA. 

Meteorological  Office,  Poona  (India). 
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G.  S.  Varma. 

Atmospheric  Environment  ATENBP,  Vol.  23,  No. 

12,  p  2723-2728,  1989.  6  fig,  1  tab,  20  ref. 

Descriptors:  *Acid  rain,  *India,  *Particulate 
matter,  *Soil  chemistry,  Acidity,  Alkalinity,  Hy- 
drogen ion  concentration,  Mapping,  Soil-derived 
aerosols. 

An  attempt  has  been  made  to  study  the  impact  of 
soil-derived  aerosols  on  the  rain  acidification  using 
the  data  of  high  volume  samplers  set  up  at  different 
parts  of  the  country  by  the  India  Meteorological 
Department  and  National  Environmental  Engi- 
neering Research  Institute.  Suspended  particulate 
matter  exhibits  significant  positive  correlation  with 
rain  pH  indicating  its  alkaline  behavior.  The  more 
such  particulates  are  present  in  the  atmosphere,  the 
more  alkalinity  will  appear  in  the  rainwater.  It  has 
been  found  statistically  that  the  rainfall  pH  is  a 
function  of  soil  pH.  Thus  the  rainwater  at  a  par- 
ticular place  possesses  all  the  fundamental  charac- 
teristics of  the  nearby  soil.  The  rainfall  weighted 
pH  values  of  the  last  11  years  at  10  Indian  stations 
have  therefore  been  used  along  with  the  pH  values 
as  determined  by  various  other  workers  in  differ- 
ent parts  of  the  country  and  on  that  basis,  iso-pH 
curves  have  been  drawn  and  finally  the  pH  region- 
alization  has  been  determined.  On  the  basis  of  this 
study  the  entire  country  can  be  divided  into  four 
zones  as  follows:  (1)  highly  sensitive  pH  zone;  (2) 
moderately  sensitive  pH  zone;  (3)  normal  pH  zone; 
and  (4)  high  pH  zone.  The  pH  regionalization  of 
India  on  the  basis  of  the  results  obtained  in  the 
present  study  is  of  utmost  importance.  It  is  espe- 
cially of  concern  for  developing  countries  like 
India  where  large  industries  are  very  frequently  set 
up  in  different  parts  of  the  country  without  any 
prior  knowledge  of  the  sensitivity  of  the  region  to 
acid  rain,  because  in  the  past  no  such  zones  were 
prepared  for  the  country.  Acid  zoning  maps  should 
be  prepared  by  each  country  because  acid  rain  has 
now  become  an  international  problem,  not  con- 
fined to  the  boundaries  of  one  country  alone.  (Au- 
thor's abstract) 
W90-06097 


LOCALLY       GENERATED       ATMOSPHERIC 
TRACE  METAL  POLLUTION  IN  CANADIAN 
ARCTIC  AS  REFLECTED  BY  CHEMISTRY  OF 
SNOWPACK  SAMPLES  FROM  THE  MACKEN- 
ZDZ  DELTA  REGION. 
Arctic  Labs.  Ltd.,  Sidney  (British  Columbia). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06098 


PRINCIPAL  COMPONENT  ANALYSIS  OF 
S04(2)  PRECIPITATION  CONCENTRATIONS 
OVER  THE  EASTERN  UNITED  STATES. 

Environmental  Protection  Agency,  Research  Tri- 
angle Park,  NC.  Atmospheric  Research  and  Expo- 
sure Assessment  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06099 


TRACE  METAL  AND  MAJOR  ION  COMPOSI- 
TION OF  PRECIPITATION  AT  A  NORTH  SEA 
COASTAL  SITE. 

Marine  Lab.,  Aberdeen  (Scotland). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06100 


HEALTH  AND  ENVIRONMENTAL  CHEMIS- 
TRY: ANALYTICAL  TECHNIQUES,  DATA 
MANAGEMENT,  AND  QUALITY  ASSUR- 
ANCE. 

Los  Alamos  National  Lab.,  NM. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06190 


DISTRIBUTION  AND  VARIABILITY  OF  PRE- 
CIPITATION CHEMISTRY  IN  THE  CONTER- 
MINOUS UNITED  STATES,  JANUARY 
THROUGH  DECEMBER  1983. 
Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

J.  F.  Rinella,  and  T.  L.  Miller. 
Available   from   National   Technical    Information 


Service,  Springfield,  VA  22161  as  PB90-132663/ 
AS  Price  codes:  A12  in  paper  copy,  A02  in  micro- 
fiche. USGS  Open-File  Report  87-558,  1988.  241p, 
17  fig,  10  tab,  21  ref,  3  append. 

Descriptors:  *Acid  rain,  'Chemistry  of  precipita- 
tion, *Pollutant  identification,  *Water  analysis,  An- 
alytical techniques,  Areal  precipitation,  Chemical 
analysis,  Ions,  Precipitation,  United  States,  Water 
pollution  sources,  Water  quality. 

Analysis  of  atmospheric  precipitation  samples,  col- 
lected during  the  1983  calendar  year  from  109 
National  Trends  Network  sites  in  the  United 
States,  are  presented  in  this  report.  The  sites  were 
grouped  into  six  geographical  regions  based  on  the 
chemical  composition  of  the  samples.  Precipitation 
chemistry  in  these  regions  was  influenced  by  prox- 
imity to  (1)  oceans,  (2)  major  industrial  and  fossil- 
fuel  consuming  areas,  and  (3)  major  agricultural 
and  livestock  areas.  Frequency  distributions  of 
ionic  composition,  determined  on  10  chemical  con- 
stituents and  on  precipitation  quantities  for  each 
site,  showed  wide  variations  in  chemical  concen- 
trations and  precipitation  quantities  from  site  to 
site.  Of  the  109  sites,  55  had  data  coverage  for  the 
year  sufficient  to  characterize  precipitation  quality 
patterns  on  a  nationwide  basis.  Except  for  ammoni- 
um and  calcium,  both  of  which  showed  largest 
concentrations  in  the  agricultural  midwest  and 
plains  states,  the  largest  concentrations  and  loads 
generally  were  in  areas  that  include  the  heavily 
industrialized  population  center  of  the  eastern 
United  States.  Except  for  hydrogen,  all  chemical 
ions  are  inversely  related  to  the  quantity  of  precipi- 
tation depth.  Precipitation  quantities  generally  ac- 
count for  less  than  30%  of  chemical  variation  in 
precipitation  samples.  However,  precipitation 
quantities  account  for  30  to  65%  of  the  variations 
of  calcium  concentrations  in  precipitation.  In  re- 
gions where  precipitation  has  a  large  ionic  propor- 
tion of  hydrogen-ion  equivalents,  much  of  the  hy- 
drogen-ion concentration  could  be  balanced  by 
sulfate  equivalents  and  partly  balanced  by  nitrite- 
plus-nitrate  equivalents.  In  the  regions  where  hy- 
drogen-ion equivalents  in  precipitation  were  small- 
er, ammonion-and  calcium-ion  equivalents  were 
necessary,  along  with  the  hydrogen-ion  equiva- 
lents, to  balance  the  sulfate  plus  nitrite-plus-nitrate 
equivalent.  (USGS) 
W90-06239 


2L.  Estuaries 

PARAMETER  ESTIMATION  IN  STOCHASTIC 
MODELS  FOR  2-D  SHALLOW  WATER  FLOW. 

Technische  Univ.  Twente,  Enschede  (Nether- 
lands). Dept.  of  Applied  Mathematics. 
P.  G.  J.  ten  Brummelhuis,  and  A.  W.  Heemink. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  248-257,  6  fig,  10  ref. 

Descriptors:  *Hydrologic  models,  'Model  studies, 
♦Estuaries,  'Coastal  waters,  'Flow,  'Shallow 
water,  Model  studies,  WAQUA  model,  Mathemat- 
ical studies,   Stochastic  process,  Water  currents. 

A  model  for  simulation  of  movement  of  shallow 
coastal  waters  was  developed  from  the  WAQUA 
program  package.  The  two-dimensional  equations, 
including  some  empirical  laws  with  uncertain  pa- 
rameters, were  used  to  describe  the  dynamics  of 
the  water  movements.  An  algorithm  was  devel- 
oped to  estimate  such  parameters  by  minimizing  a 
criterion  determined  by  the  difference  between  the 
output  of  the  model  and  observations.  Two  cases 
were  described.  In  one,  the  boundary  conditions 
were  exactly  known,  so  the  difference  between  the 
model  and  the  data  were  only  a  result  of  the 
incorrect  parameter  values.  The  simulated  data 
were  treated  as  deterministic  values,  implying  that 
no  stochastic  aspects  were  involved.  In  the  second 
case,  the  boundary  conditions  were  not  known 
exactly  and  consisted  of  two  parts:  the  input  part 
which  was  known  exactly  and  a  random  part 
where  a  system  noise  process  was  introduced. 
Here  the  uncertainty  was  limited  to  the  open 
boundary  condition.  (See  also  W90-05621)  (Cassar- 
PTT) 


W90-05649 

OPEN  CHANNEL  FLOW  IDENTIFICATION. 
CASE  STUDIES. 

Rijkswaterstaat-Deltadienst,      Rijswijk      (Nether- 
lands). Data  Processing  Div. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05704 

FLUVIAL  HYDRODYNAMIC  AND  SEDIMENT 
TRANSPORT  MODEL  FOR  THE  CHESA- 
PEAKE BAY  WATERSHED. 

Environmental  Protection  Agency,  Athens,  GA. 
Southeast  Environmental  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-05705 


TOXIC  ORGANIC  COMPOUNDS  IN  SURFACE 
SEDIMENTS  FROM  THE  ELIZABETH  AND 
PATAPSCO  RIVERS  AND  ESTUARIES:  AP- 
PENDICES. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05719 


FISHERIES-OCEANOGRAPHY  COORDINAT- 
ED INVESTIGATIONS -FIELD  OPERATIONS 
1988. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Seattle,  WA.  Pacific  Marine  Environmental 
Lab. 

For  primary  bibliographic  entry  see  Field  81. 
W90-05737 


TOXIC  ORGANIC  COMPOUNDS  IN  SURFACE 
SEDIMENTS  FROM  THE  ELIZABETH  AND 
PATAPSCO  RD7ERS  AND  ESTUARIES. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05750 


CHESAPEAKE  BAY  EARTH  SCIENCE  STUDY: 
INTERSTITIAL  WATER  CHEMISTRY -CHEM- 
ICAL ZONATION,  TRIBUTARIES  STUDY  AND 
TRACE  METALS. 

Maryland  Geological  Survey,  Baltimore. 

J.  M.  Hill,  P.  J.  Blakeslee,  R.  D.  Conkwright,  and 

J.  McKeon. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  PB89-134399. 

Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 

Report  No.  EPA/600/3-88/053,  November  1982. 

68p,  11  fig,  2  tab,  24  ref,  5  append.  EPA  Grant 

R805693. 

Descriptors:  'Chemical  interactions,  'Chesapeake 
Bay,  'Interstitial  water,  'Trace  metals,  'Water 
chemistry,  Cadmium,  Conductivity,  Copper,  Eliza- 
beth River,  Iron,  James  River,  Lead,  Nitrates,  Oxi- 
dation-reduction potential,  Patapsco  River,  Rhode 
River,  Sediment  chemistry,  Sulfates,  Sulfides, 
Ware  River,  Zinc. 

The  sediments  of  the  Chesapeake  Bay  constitute  a 
large  reservoir  of  chemical  species  derived  from 
natural  and  anthropogenic  sources.  The  behavior 
of  these  materials  in  the  estuary  is  determined  by 
the  physiochemical  sedimentary  environments  in 
which  they  are  found.  Three  major  environments 
were  identified,  from  the  interstitial  water  chemis- 
try as  Northern  Bay,  Middle  Bay,  and  Southern 
Bay.  The  Northern  Bay  is  characterized  by  sulfide 
(pS)  below  detection  limits,  non-conservative  be- 
havior of  the  major  ions,  relatively  positive  redox 
potential  (Eh)  values,  high  carbon  content  of  the 
sediment,  complete  S04  (2-)  reduction,  and  high 
dissolved  Fe.  The  Middle  Bay  characteristics  are: 
strongly  negative  Eh  values  (which  are  seasonally 
stable),  high  pS,  intermediate  carbon  content,  and 
variable  degree  of  S04(2-)  reduction.  The  South- 
ern Bay  characteristics  are:  low  carbon  content, 
low  degree  of  S04(2-)  reduction,  NH4(  +  )  below 
detection,  and  intermediate  Eh  values.  The  chemi- 
cal sedimentary  environments  of  five  tributaries  to 
the  main  Bay  were  sampled  for  interstitial  water.  A 
total  of  twenty-eight  cores  were  taken  from  the 
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Patapsco,  Rhode,  Ware,  Elizabeth  and  James 
Rivers.  The  interstitial  water  data  for  Eh,  pH,  pS, 
conductivity,  Fe,  and  Mn  are  reported.  The  data 
from  the  Patapsco  River  indicates  it  is  an  extension 
of  the  Northern  Bay  environment,  and  the  Eliza- 
beth River  is  not  directly  comparable  to  the  main 
Bay  system.  Cores  were  selected  from  the  main 
Bay,  and  the  Patapsco  and  Elizabeth  Rivers  for 
trace  metal  analyses  of  their  interstitial  waters.  Pb, 
Cd,  Cu,  and  Zn  were  analyzed  for  approximately 
140  samples  (14  cores).  The  data  indicate  that  the 
concentration  of  the  metals  are  greater  than  coastal 
seawater  and  river  water,  and  comparable  to  con- 
centrations found  in  municipal  waste.  (Author's 
abstract) 
W90-05808 


CHESAPEAKE  BAY  MAINSTEM  MONITOR- 
ING PROGRAM.  STATISTICAL  AND  ANALYT- 
ICAL SUPPORT  CONTRACT:  FINAL  REPORT. 
VOLUME  II. 

Martin  Marietta  Environmental  Systems,  Colum- 
bia, MD. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05811 


SPRAY  DISPOSAL  OF  DREDGED  MATERIAL 
IN  LOUISIANA  WETLANDS:  HABITAT  IM- 
PACTS AND  REGULATORY  POLICY  IMPLI- 
CATIONS. 

Louisiana  Sea  Grant  Coll.  Program,  Baton  Rouge. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-05828 


FIELD  MEASUREMENTS  OF  DIRECTIONAL 
WAVE  LOADS  ON  COASTAL  STRUCTURES. 

Rijkswaterstaat,    Delft   (Netherlands).    Road   and 

Hydraulic  Engineering  Div. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05858 


WAVE  PENETRATION  IN  HARBOURS  BY 
THE  FINITE-ELEMENT  SERIES-EXPANSION 
METHOD. 

Bologna  Univ.  (Italy).  Dipt,  di  Fisica. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05859 


HYDROLOGIC    ANALYSIS    FOR    COASTAL 
WETLAND  RESTORATION. 

Williams  (Philip)  and  Associates,  San  Francisco, 

CA. 

For  primary  bibliographic  entry  see  Field  7A. 

W90-05866 


NORTH  SEA  BENTHOS:  A  REVIEW  OF  FIELD 
INVESTIGATIONS  INTO  THE  BIOLOGICAL 
EFFECTS  OF  MAN'S  ACTTVITIES. 

Ministry  of  Agriculture,  Fisheries  and  Food,  Burn- 
ham  on  Crouch  (England).  Fisheries  Lab. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-05874 


HETEROTROPHIC  NANNO-  AND  MICRO- 
PLANKTON  IN  COASTAL  WATERS  OF  THE 
WESTERN  INDIAN  OCEAN. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Okeanolo- 

gii. 

A.  I.  Kopylov. 

Oceanology  ONLGAE,  Vol.  28,  No.  4,  p  508-512, 

Feb  1989.  1  fig,  3  tab,  7  ref. 

Descriptors:  'Coastal  waters,  'Indian  Ocean, 
•Marine  pollution,  'Plankton,  'Water  pollution  ef- 
fects, Abundance,  Bioindicators,  Biomass,  Coral 
islands,  Heterotrophs. 

The  abundance  and  biomass  of  heterotrophic  nan- 
noplankton,  infusoria  and  multicellular  microzoo- 
plankton  were  determined  in  coastal  waters  of  the 
western  Indian  Ocean  in  February-March  1984 
The  greatest  abundances  of  these  organisms  were 
found  in  coastal  ecosystems  exposed  to  anthropo- 
genic pollution.  Considerable  concentrations  of  he- 
terotrophic nannoplankton  and  microplankton 
were  found   near  coral   islands  outside  the  zone 


directly  affected  by  the  reef.  These  eukarotic  mi- 
croheterotrophs  develop  in  considerable  numbers 
and  are  actively  involved  in  self-purification  of 
marine  coastal  waters.  Analysis  of  the  data  sug- 
gests that  the  abundance  of  heterotrophic  orga- 
nisms measuring  2-200  micron  is  an  index  of  an- 
thropogenic pollution  of  inshore  marine  ecosys- 
tems. (Author's  abstract) 
W90-05879 


FORMATION  OF  POLAR  SURFACE  WATER, 
THE  ICE  EXPORT  AND  THE  EXCHANGES 
THROUGH  THE  FRAM  STRAIT. 

Hamburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Meers- 

kunde. 

B.  Rudels. 

Progress  in  Oceanography  POCNA8,  Vol.  22,  No. 

3,  p  205-248,  1989.  17  fig,  5  tab,  31  ref,  append. 

Descriptors:  'Ice-water  interfaces,  'Polar  regions, 
'Saline-freshwater  interfaces,  'Water  circulation, 
Density,  Entrainment,  Mixing,  Runoff,  Stratifica- 
tion. 

Polar  surface  water  is  formed  from  two  parent 
water  masses:  inflowing  Atlantic  water  and  fresh 
water  from  river  run-off  and  net  precipitation. 
Two  possible  modes  for  this  formation  are  consid- 
ered: (1)  Entrainment,  driven  by  mechanical  stir- 
ring, takes  place  over  the  entire  Polar  Ocean  and 
brings  Atlantic  Water  into  the  surface  layer;  and 
(2)  The  interaction  between  the  Atlantic  Water 
and  the  fresh  water  supply  occurs  only  on  the 
shelves,  while  the  mixing  in  the  interior  is  inhibited 
by  a  thick  advective  layer  of  intermediate  density 
formed  on  the  shelves.  The  exchanges  between  the 
Polar  Ocean  and  the  North  Atlantic  and  the  result- 
ing stratification  are  determined  for  the  two  cases. 
The  derived  transports  are  much  smaller  than 
those  often  encountered  in  the  literature.  Which 
mode  dominates  depends  upon  the  fresh  water 
discharge.  From  the  analysis  it  is  found  that  a 
larger  fresh  water  contribution  favors  mixing  on 
the  shelves,  while  the  entrainment  in  the  interior 
becomes  more  important  as  the  run-off  diminishes. 
The  present  day  situation  is  probably  one  where 
the  shelf  processes  dominate.  It  is  found  that  a 
complete  removal  of  the  river  run-off  may  not 
affect  the  extent  of  the  ice  cover  too  seriously  so 
that  a  comparatively  high  ice  export  can  be  main- 
tained. This  is  because  the  higher  salinity  of  the 
polar  surface  water  gradually  increases  the  fresh 
water  buffer  present  in  the  Pacific  inflow.  (Au- 
thor's abstract) 
W90-05880 


WATER  QUALITY/WATER  QUANTITY  CON- 
FLICTS IN  CALIFORNIA. 

McDonough,  Holland  and  Allen,  Sacramento,  CA. 
For  primary  bibliographic  entry  see  Field  6E. 
W90-05890 


NATURAL  SELECTION  AND  GENETIC  ADAP- 
TATION TO  HYPERSALINTTY  IN  JUNCUS 
ROEMERIANUS  SCHELLE. 

Gulf  Coast  Research  Lab.,  Ocean  Springs,  MS. 
Botany  Section. 
L.  N.  Eleuterius. 

Aquatic  Botany  AQBODS,  Vol.  36,  No.  1,  p  45-53, 
December  1989.  2  tab,  19  ref.  US  Army  Corps  of 
Engineers  Contract  DACW01-72-C-0001  and  Na- 
tional Park  Service  Contract  CX500060993. 

Descriptors:  'Adaptation,  'Genetics,  'Hypersalin- 
ity,  'Marsh  plants,  'Natural  selection,  'Plant  mor- 
phology, 'Rushes,  'Salt  tolerance,  'Tidal  marshes, 
Evolution,  Growth,  Leaves,  Phytogeny,  Saline 
soils,  Salinity,  Salt  flats,  Salt  marshes,  Soil  water. 

In  Mississippi,  the  rush  Juncus  roemerianus  Schelle 
dominates  approximately  93%  of  the  tidal  marsh 
and  grows  over  a  wide  range  of  intertidal  marsh 
habitats.  J.  roemerianus  was  found  to  be  composed 
of  genetically  distinct  populations  using  reciprocal 
transplant  studies  and  common  environment  ex- 
periments. The  soil  water  salinity  of  tidal  marshes 
is  the  selective  force  at  work.  Adaptation  is 
through  natural  selection  for  high  salinity  toler- 
ance. Morphological  adaptation  has  resulted  in 
dwarf  plants,  with  very  short  mature  leaves  (aver- 


age 66  cm),  occurring  on  hypersaline  salt  flats  (35 
to  65  ppt  seasalts).  Under  a  less  saline  regime  (15  to 
45  ppt  seasalts),  mature  plant  leaves  were  moderate 
in  length  (average  122  cm)  and  plants  growing 
under  a  very  low  salinity  regime  (3  to  10  ppt 
seasalts)  had  the  longest  leaves  (average  215  cm) 
reported  for  the  species.  Three  populations  of  J. 
roemerianus  were  used  in  this  study.  Reciprocal 
transplant  studies  showed  that  plants  from  habitats 
of  higher  salinity  could  be  successfully  transplant- 
ed into  habitats  of  lower  soil  water  salinity,  but  not 
form  lower  to  higher  salinity  areas,  indicating  that 
salt  tolerance  and  adaptation  is  important  to  sur- 
vival. Plants  from  the  three  populations  were 
grown  in  a  common  environment  experiment  for  3 
years  with  relatively  high  applications  of  nitrogen, 
phosphorus  and  potassium  fertilizer.  Although  the 
leaves  of  dwarf  plants  doubled  in  length  during  the 
second  year  of  the  experiment,  they  did  not  in- 
crease further  during  the  third  year.  Leaf  length 
was  significantly  different  among  the  three  popula- 
tions. Soil  water  salinity  is  the  selective  force  caus- 
ing genetic  differentiation  in  J.  roemerianus.  (Au- 
thor's abstract) 
W90-05896 


EFFECT  OF  BOAT  MOORINGS  ON  SEA- 
GRASS  BEDS  NEAR  PERTH,  WESTERN  AUS- 
TRALIA. 

Western   Australia   Univ.,   Nedlands.   Centre   for 

Water  Research. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-05897 


LITTER  PRODUCTION  IN  A  MANGROVE 
STAND  OF  THE  SAUDI  ARABIAN  RED  SEA 
COAST. 

King  Abdulaziz  Univ.,  Jeddah  (Saudi  Arabia). 
Faculty  of  Marine  Science. 

S.  M.  Saifullah,  A.  K.  Khafaji,  and  A.  S.  Mandura. 
Aquatic  Botany  AQBODS,  Vol.  36,  No.  1,  p  79-86, 
December  1989.  2  fig,  2  tab,  26  ref. 

Descriptors:  'Coastal  waters,  'Litter,  'Mangrove 
swamps,  'Marine  environment,  'Red  Sea,  'Saudi 
Arabia,  'Wetlands,  Aquatic  productivity,  Decom- 
posing organic  matter,  Environmental  effects, 
Flowering,  Leaves,  Seasonal  variation. 

Mangrove  litter  is  a  source  of  energy  to  marine 
organisms  existing  in  waters  adjacent  to  mangrove 
habitats.  Mangroves  of  the  Red  Sea  are  known  to 
grow  in  one  of  the  hottest  and  most  saline  areas  on 
earth.  The  average  daily  production  of  litter  in  a 
mangrove  stand  located  in  the  central  part  of  the 
Saudi  Arabian  Red  Sea  coast  (Ras  Hatiba),  was 
estimated  to  be  2.16  g  dry  weight/sq  m/day  during 
1986  and  was  found  to  be  comparable  with  other 
productive  mangrove  habitats  of  the  world.  Litter 
was  collected  monthly,  and  after  drying  was  sorted 
out  and  weighed  for  different  compartments  or 
fractions  of  litter  like  leaves,  floral  parts  and  fruits. 
Maximum  litter  fall  occurred  during  March  and 
April  and  is  correlated  with  decreasing  air  tem- 
peratures in  the  preceding  months.  Of  all  the  litter 
compartments,  leaves  contributed  overwhelmingly 
to  total  litter  throughout  the  year  except  during 
March  and  April,  when  fruits  superseded  them  at 
66%  of  total  litter  fall.  The  similarity  in  litter 
production  in  mangroves  on  a  unit  area  basis  from 
areas  of  the  world  widely  apart,  including  the 
present  one  with  extreme  climatic  conditions,  sug- 
gests that  it  is  not  a  function  of  climate,  latitude  or 
productivity  of  the  area.  (VerNooy-PTT) 
W90-05898 


SPECIES  COMPOSITION  AND  BIOMASSES 
OF  FISHES  IN  DD7FERENT  HABITATS  FOR  A 
TROPICAL  NORTHERN  AUSTRALIAN  ESTU- 
ARY: THEHt  OCCURRENCE  IN  THE  ADJOIN- 
ING SEA  AND  ESTUARINE  DEPENDENCE. 
Commonwealth  Scientific  and  Industrial  Research 
Organization,  Cleveland  (Australia).  Marine  Labs. 
S.  J.  M.  Blaber,  D.  T.  Brewer,  and  J.  P.  Salini. 
Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  29,  No.  6,  p  509-531,  December  1989.  3  fig,  10 
tab,  65  ref.  Australian  Fishing  Industry  Research 
Trust  Account  Grant  1985/85. 
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Descriptors:  *Aquatic  habitats,  "Australia,  ♦Coast- 
al waters,  "Estuarine  environment,  *Fish  popula- 
tions, *Species  composition,  Biomass,  Estuarine 
fisheries,  Marine  fisheries,  Spatial  distribution, 
Tropical  regions. 

The  fish  communities  of  the  five  habitats  compris- 
ing the  Embley  estuary  in  tropical  northeast  Aus- 
tralia were  studied  for  2.5  years.  Fish  faunas  of 
each  habitat  were  significantly  different  in  both 
biomass  and  species  composition.  Mean  biomasses 
were  estimated  as  7.1  g/sq  m  to  16.1  g/sq  m  for 
open  water  channels,  5.0  g/sq  m  for  sandy  mud 
beaches,  0.5  to  1.8  g/sq  m  for  seagrass  areas,  8.2  g/ 
sq  m  for  small  mangrove  creeks  and  inlets,  and 
70.6  g/sq  m  for  intertidal  mudflats  adjacent  to 
mangroves.  Species  composition  and  biomass  of 
the  estuarine  fish  population  were  compared  with 
those  of  offshore  water  in  adjoining  Albatross  Bay. 
Of  the  197  species  recorded  in  the  estuary,  91  were 
also  recorded  in  the  bay.  They  fell  into  6  species 
categories,  comprising  juveniles  and  adults  found 
only  in  the  estuary,  only  offshore  or  both  in  the 
estuary  and  offshore.  Of  the  106  species  caught 
only  inside  the  estuary,  59  also  occur  in  shallow 
marine  areas,  which  could  not  be  sampled  by 
trawling.  This  estuarine/shallow  marine  compo- 
nent forms  at  least  one-third  of  the  biomass  in  all 
estuarine  habitats.  The  juveniles  of  17  species  of 
this  group  were  found  only  in  the  estuary.  Thirty 
species  from  the  Embley  (17  of  which  were  Gobii- 
dae)  were  considered  truly  estuarine.  The  number 
of  species  recorded,  biomasses  in  the  various  habi- 
tats and  differences  between  the  fish  faunas  of  the 
habitats  are  compared  with  published  data  from 
other  tropical  estuaries.  The  relatively  high 
number  of  species  from  the  Embley  and  the  vari- 
ations in  biomasses  and  communities  emphasize  the 
importance  of  adequate  sampling  of  all  estuarine 
habitats.  The  authors  concluded  that  that  at  least 
one-third  of  the  species  from  the  Embley  estuary 
are  'estuarine-dependent';  they  make  up  at  least 
half  of  the  fish  biomass  in  all  estuarine  habitats. 
(Author's  abstract) 
W90-05908 


MODELLING  TIDAL  ENERGETICS  OF  THE 
COLUMBIA  RIVER  ESTUARY. 

Washington  Univ.,  Seattle.  School  of  Oceanogra- 
phy. 

B.  S.  Giese,  and  D.  A.  Jay. 

Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  29,  No.  6,  p  549-571,  December  1989.  11  fig,  1 
tab,  24  ref  NSF  Grant  OCE-8208856. 

Descriptors:  "Columbia  River  Estuary,  "Estuaries, 
♦Flow  characteristics,  "Mathematical  models, 
"Tidal  energy,  "Tidal  hydraulics,  Energy  transfer, 
River  flow,  Tidal  flats,  Tidal  rivers,  Tidewater, 
Topography. 

The  Columbia  River  Estuary  is  shallow  and  has  a 
mixed  diurnal  and  semidiurnal  tide,  strong  river- 
flow,  broad  tidal  flats  and  variable  channel  cross- 
section.  It  is  weakly  non-linear  with  respect  to  tidal 
forcing,  as  measured  by  a  ratio  to  tidal  amplitude 
to  depth.  These  features,  common  to  many  shallow 
estuaries,  were  incorporated  into  a  one-dimension- 
al harmonic  transport  model.  The  harmonic 
method  utilizes  the  fact  that  nearly  all  of  the 
energy  in  the  system  is  in  a  few  fundamental  tidal 
frequencies,  the  first  overtides  thereof  and  the 
mean  flow.  This  allows  the  representation  of  the 
flow  as  a  series  of  harmonic  components  whose 
spatial  variability  is  determined  by  the  model.  The 
model  provides  a  qualitative  explanation  for  and 
accurate  quantitative  predictions  of  along-channel 
variations  in  tidal  properties  in  terms  of  the  mo- 
mentum balance.  Near  the  mouth  of  the  estuary, 
the  boundary  shear  stress,  pressure  gradient  and 
acceleration  terms  are  all  important  in  the  force 
balance,  and  the  tide  behaves  like  a  damped  oscilla- 
tor. Far  upriver  the  pressure  gradient  is  primarily 
balanced  by  a  friction  at  the  bed,  and  tidal  wave 
propagation  can  be  described  as  a  diffusion  proc- 
ess. Changes  in  the  channel  width  in  mid-estuary 
cause  partial  reflection  of  the  tidal  wave  and  a 
maximum  in  tidal  range.  The  distribution  of  the 
time  averaged  energy  fluxes  was  also  determined 
from  the  model.  Analysis  shows  that  there  are  two 
regions  of  high  energy  dissipation,  near  the  mouth 
of  estuary  and  far  upriver.  These  two  regions  of 


high  dissipation  are  separated  by  a  region  of  low 
dissipation,  the  energy  flux  divergence  minimum. 
This  spatial  division  of  the  estuary  is  mirrored  in 
the  system  biology  and  geology.  It  is  likely  that  the 
energy  flux  divergence  minimum  is  a  common 
feature  of  shallow  estuaries  with  strong  riverflow. 
(Author's  abstract) 
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COMPOSITION  OF  LIGNIN  IN  ESTUARINE 
SUSPENDED  PARTICULATES  AND  THE  DIS- 
TRIBUTION OF  PARTICULATE  LIGNIN  IN 
ESTUARIES  AS  DETERMINED  BY  CAPIL- 
LARY GAS  CHROMATOGRAPHY  OF  CUPRIC 
OXIDE  OXIDATION  PARTICLES. 
Lancaster  Univ.  (England).  Dept.  of  Environmen- 
tal Sciences. 

A.  D.  Reeves,  and  M.  R.  Preston. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  29,  No.  6,  p  583-599,  December  1989.  8  fig,  4 
tab,  23  ref. 

Descriptors:  "Environmental  tracers,  "Estuaries, 
"Gas  chromatography,  "Lignin,  "Particulate 
matter,  "Sediments,  "Suspended  solids,  "Vascular 
tissues,  Copper  compounds,  Diagenesis,  England, 
Neap  tides,  Path  of  pollutants,  Plant  tissues, 
Sample  preparation,  Spatial  distribution,  Spring 
tides,  Tides,  Tracers. 

The  use  of  organic  markers  in  the  differentiation  of 
organic  inputs  to  sediments  has  proved  to  be  a 
valuable  tool  in  the  examination  of  a  number  of 
major  problems  facing  the  environmental  chemist 
such  as  the  reconstruction  of  the  depositional  and 
diagenetic  histories  of  recent  estuarine  sediments 
and  the  determination  of  the  contribution  of  pollut- 
ant inputs  to  the  organic  fraction  of  these  sedi- 
ments. The  contribution  of  lignin  to  the  estuarine 
suspended  particulate  fraction  is  described  in  terms 
of  its  distribution  over  a  spring  tide  and  a  neap  tide 
in  the  Tamar  Estuary,  Southwest  England  and  the 
Mersey  Estuary,  Northwest  England.  Suspended 
particulate  samples  were  treated  with  copper 
oxide/sodium  hydroxide  (CuO-NaOH)  at  170  C  to 
yield  simple,  lignin-derived  phenolic  compounds, 
which  were  separated,  derived  and  quantified  by 
capillary  gas  chromatography  with  flame  ioniza- 
tion detection  (GC-FID).  Estuarine  distributions  of 
particulate  lignin  are  described  and  the  sources  and 
compositional  changes  of  the  lignin  identified. 
Comparison  of  the  lignin  concentrations  in  the 
suspended  material  with  those  in  the  underlying 
sediment  reveals  that  lignin  is  preferentially  en- 
riched in  the  suspended  material.  In  both  estuaries 
the  low  levels  of  p-coumaric  acid  indicated  that 
there  is  little  degraded,  non-woody  tissue  in  the 
suspended  material  and/or  that  the  inputs  of  gym- 
nosperm  or  angiosperm  woods  that  do  not  contain 
p-coumaric  or  ferulic  acids  are  dominant.  (Ver- 
Nooy-PTT) 
W90-05910 


MINERALIZATION  OF  CHLTIN  IN  THE  SEDI- 
MENTS OF  THE  YTHAN  ESTUARY,  ABER- 
DEENSHIRE, SCOTLAND. 

Aberdeen  Univ.  (Scotland).  Dept.  of  Genetics  and 

Microbiology. 

K.  Hillman,  G.  W.  Gooday,  and  J.  I.  Prosser. 

Estuarine,   Coastal  and   Shelf  Science  ECSSD3, 

Vol.  29,  No.  6,  p  601-612,  December  1989.  5  fig,  3 

tab,  13  ref.  NERC  Grant  82.9080. 

Descriptors:  "Biodegradation,  "Chitin,  "Decompo- 
sition, "Estuarine  environment,  "Mineralization, 
"Scotland,  "Sediments,  Animal  tissues,  Carbon 
cycle,  Deposition,  Nitrogen  cycle,  Polymers,  Sedi- 
ment-water interfaces. 

Chitin  is  produced  annually,  on  a  worldwide  scale, 
in  quantities  second  only  to  those  of  cellulose;  its 
mineralization  is  thus  of  great  ecological  signifi- 
cance as  it  enters  into  both  carbon  and  nitrogen 
cycles.  Reliable  methods  have  been  developed  for 
the  quantitative  estimation  of  chitin,  chitosan  and 
chitin  deacetylase  in  sediment  samples,  as  well  as 
two  methods  for  the  estimation  of  chitinase  in 
these  samples.  The  differing  substrates  used  in  the 
latter  two  methods  have  produced  distinct  'depth 
profiles'  for  chitinase  activity  which  suggest  the 
presence  of  more  than  one  chitinolytic  system  in 


the  sediments  of  the  Ythan  estuary.  Studies  on  the 
mineralization  of  chitin  (squid  pen)  in  these  sedi- 
ments have  revealed  a  complex  system  with  a 
number  of  unexpected  features.  The  rate  of  chitin 
degradation  was  reduced  in  late  summer,  possibly 
due  to  the  heavy  seaweed  growth  which  covers 
the  mud  flats  at  this  time,  although  the  potential 
degradative  activities  of  the  enzymes  chitinase  and 
chitin  deacetylase  were  higher  in  summer  than 
winter.  The  proportional  rates  of  degradation  of 
chitin,  chitosan  and  cellulose  were  similar  in  both 
the  absence  and  presence  of  seaweed  overgrowth, 
although  the  apparent  rates  of  degradation  of  these 
substrates  were  higher  in  the  absence  of  seaweeds. 
Core  samples  have  indicated  that  the  major  input 
of  chitin  to  the  sediment  ecosystem  occurs  via 
deposition  at  the  surface,  while  the  input  of  chito- 
san (the  deacetylated  polymer)  occurs  via  its  pro- 
duction within  the  sediment,  primarily  within  the 
upper  5  cm  of  sediment.  The  concentrations  of 
both  these  polymers  decreased  sharply  below  an 
'interface'  between  aerobic  and  anoxic  sediments. 
(Author's  abstract) 
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FILTRATION  ACTIVITY  OF  A  SERPULID  PO- 
LYCHAETE  POPULATION,  FICOPOMATUS 
ENIGMATICUS  (FAUVEL),  AND  ITS  EFFECTS 
ON  WATER  QUALITY  IN  A  COASTAL 
MARINA. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Zoolo- 
gy- 

B.  R.  Davies,  V.  Stuart,  and  M.  de  Villiers. 
Estuarine,   Coastal  and   Shelf  Science   ECSSD3, 
Vol.  29,  No.  6,  p  613-620,  December  1989.  3  fig,  23 
ref. 

Descriptors:  "Biofiltration,  "Coastal  waters,  "Mari- 
nas, "Marine  environment,  "Polychaetes,  "Water 
pollution  treatment,  "Water  quality  control, 
Animal  populations,  Aquatic  weed  control,  Feed- 
ing rates,  Particulate  matter,  Sago  pondweed, 
South  Africa. 

Ficopomatus  enigmaticus  (Fauvel)  is  a  cosmopoli- 
tan tube  worm  which  occurs  in  warm  temperate 
and  tropical  estuaries  and  in  coastal  lakes  open  to 
the  sea.  An  estimate  of  the  total  standing  stock  of 
F.  enigmaticus  in  the  Marina  da  Gama,  Zandvlei, 
near  Cape  Town  was  made,  and  some  aspects  of 
the  animals'  filter-feeding  behavior  investigated. 
Working  on  values  of  5.23  g  dry  mass  of  worm 
(excluding  tube)/sq  m  on  the  submerged  aquatic 
plant  Potamogeton  pectinatus  L.,  plus  84.9  g/sq  m 
on  the  canal  walls,  the  total  standing  stock  of  the 
serpulid  was  estimated  at  0.64  to  5.12  tons  (an 
average  of  1.4  tons  on  Potamogeton,  1.48  tons  on 
canal  walls).  At  the  average  particle  concentration 
of  Marina  water  of  5.27  mg/L,  the  clearance  rate 
of  F.  enigmaticus  was  8.59  mg/mg  worm/hr,  re- 
sulting in  an  ingestion  rate  of  45.27  mg/mg  worm/ 
hr  of  particles  in  the  size  range  2  to  16  microme- 
ters. Clearance  and  digestion  rates  both  increased 
in  direct  proportion  to  feed  concentration.  Using 
estimates  of  total  standing  stocks  within  the 
Marina,  the  F.  enigmaticus  population  clears  2.47 
times  10  to  the  7th  power  liters  of  water/hour  and 
consumes  130  kg  of  particles  in  the  2  to  16  microm- 
eter size  range.  Thus,  the  entire  volume  of  the 
Marina  will  be  filtered  in  26.1  hours  through  the 
activities  of  this  animal  alone,  illustrating  its  impor- 
tance for  the  maintenance  of  water  quality  within 
this  moderately  polluted  system.  Although  F.  enig- 
maticus may  be  viewed  as  a  nuisance  by  inhabit- 
ants and  users  of  the  Marina,  eradication  on  the 
animal  should  not  be  an  option  in  this  system  in 
view  of  its  filtration  role.  Similarly,  since  P.  pectin- 
atus supports  some  49%  of  the  total  dry  mass  on 
Ficopomatus  within  the  Marina,  mechanical  har- 
vesting strategies  should  ensure  the  maintenance  of 
the  plant  and,  hence  of  the  attached  worm  within 
the  system.  (VerNooy-PTT) 
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SALINITY  TOLERANCE  OF  CORBULA  TRI- 
GONA  (BIVALVIA:  CORBULIDAE)  FROM  A 
WEST-AFRICAN  LAGOON  AND  ITS  VARI- 
ATIONS. 

Lyon-1  Univ.,  Villeurbanne  (France).  Dept.  de 
Biologie  Animale  et  Ecologie. 
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J.  L.  Maslin 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.    117, 

No.  2,  p  205-223,  December  1989.  6  fig,  4  tab,  54 

ref. 

I  >i  scriptors:  •Bays.  'Clams.  *  Lagoons,  *Mollusks, 
•Saline  lakes,  'Salt  tolerance,  *West  Africa,  Benin, 
Corbula,  Lethal  limit,  Saline  water,  Salinity. 

1  ake  Aheme  is  one  of  the  coastal  lagoons  of  Benin 
(West  Africa).  It  is  subjected  to  large  fluctuations 
in  salinity  on  an  annual  cycle.  Batches  of  Corbula 
trigona,  the  most  abundant  bivalve  species  in  this 
brackish-water  lagoon,  were  tested  to  assess  their 
salinity  tolerance.  The  responses  of  individuals 
from  two  natural  populations  living  in  very  differ- 
ent salinities  (overall  lower  salinity  in  the  north, 
and  higher  salinity  in  the  south)  were  compared. 
From  both  acute  and  gradual  (involving  acclima- 
tion) tests,  a  lower  and  an  upper  lethal  concentra- 
tion were  determined.  These  concentrations  were 
0.6-25.0  parts  per  thousand  for  the  northern  popu- 
lation and  2.9-32.0  parts  per  thousand  for  the 
southern  population  in  acute  tests.  They  were  0.2- 
20.5  parts  per  thousand  and  0.8-28.0  parts  per 
thousand  in  gradual  tests.  Corbula  appears  to  be  a 
eury-mixohaline  organism,  with  salinity  tolerances 
that  vary  according  to  the  geographical  origin  of 
the  population,  but  not  according  to  individual 
size.  These  results  are  considered  in  the  context  of 
the  variations  encountered  by  the  species  in  the 
Lake  Aheme  system.  (Author's  abstract) 
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EFFECTS  OF  ICE-BREAK  ON  THE  STRUC- 
TURE AND  DYNAMICS  OF  A  BENTHIC 
DIATOM  COMMUNITY  IN  THE  NORTHERN 
BALTIC  SEA. 

Uppsala    Univ.    (Sweden).    Inst,    of    Ecological 

Botany. 

P.  J.  M.  Snoeijs,  and  U.  Kautsky. 

Botanica  Marina  BOTNA7,  Vol.  32,  No.  6,  p  547- 

562,  November  1989.  10  fig,  2  tab,  50  ref,  2  append. 

Descriptors:  'Baltic  Sea,  *Benthic  flora,  *Diatoms, 
•Estuaries,  *Ice  breakup,  'Population  dynamics, 
•Species  composition,  Artificial  substrates,  Coloni- 
zation, Comparison  studies,  Ice  cover,  Phytoplank- 
ton,  Seasonal  variation. 

The  structure  and  dynamics  of  a  vernal  benthic 
diatom  community  were  studied  in  a  shallow 
brackish-water  coastal  ecosystem.  Two  kinds  of 
substrata,  granite  panels  and  polycarbonate  strips, 
were  submerged  for  colonization  so  that  the  effects 
of  substratum-type  could  also  be  studied.  Two 
periods  of  constancy  in  species  composition 
(March  and  the  second  half  of  April)  were  separat- 
ed by  a  period  of  rapid  change  during  ice-break.  In 
March,  under  the  ice  cover,  the  tube-dwelling 
diatom  Navicula  ramosissima  was  dominant  in 
low-diversity  communities  on  both  substrata.  By 
the  end  of  April,  after  ice-break,  another  tube- 
dwelling  species  (Amphipleura  rutilans)  dominated 
on  the  granite  panels,  but  some  species  that  had 
been  abundant  in  the  vernal  phytoplankton  bloom 
in  the  first  half  of  April  (especially  Chaetoceros 
spp.)  dominated  on  the  polycarbonate  strips.  More 
taxa  occurred  on  the  polycarbonate  strips  than  on 
the  granite  panels,  but  Shannon-Weaver  diversity 
was  generally  higher  on  the  granite  panels.  The 
length  of  incubation  of  the  polycarbonate  strips 
(minimum  12  days)  influenced  total  cell  numbers 
and  relative  abundances  of  some  species,  but  had 
only  minor  effects  on  overall  community  composi- 
tion and  diversity.  The  abundance  of  individual 
species  was  influences  by  the  interval  between 
submergence  and  sampling;  among  strips  sampled 
on  the  same  date,  those  submerged  more  recently 
had  higher  abundances  of  species  characteristic  of 
a  later  stage  in  succession.  The  general  pattern  of 
succession  may  reflect  differences  in  species'  re- 
sponses to  light  availability.  The  differences  be- 
tween the  communities  on  polycarbonate  strips 
and  granite  panels  may  reflect  difficulties  in  attach- 
ment to  the  less  porous  artificial  substratum.  (Au- 
thor's abstract) 
W90-05925 


PHYTOPLANKTON  BLOOMS  IN  THE  OLIGO- 
TROPHY OPEN  SOUTH  ADRIATIC  WATERS. 


Biological  Inst.,  Dubrovnik  (Yugoslavia). 
D.  Vilicic,  Z.  Vucak,  A.  Skrivanic,  and  Z.  Grzetic. 
Marine  Chemistry  MRCHBD,  Vol.  28,  No.  1-3,  p 
89-107,  December  1989.  10  fig,  2  tab,  37  ref. 

Descriptors:  *Adriatic  Sea,  *Advection,  'Mediter- 
ranean Sea,  *Oceanography,  *01igotrophy,  •Phy- 
toplankton, Eutrophication,  Hydrologic  data  col- 
lections, Meteorological  data  collection,  Primary 
productivity. 

The  phytoplankton  bloom  recorded  in  April  1987 
in  the  offshore  south  Adriatic  waters  was  com- 
pared with  a  less  extensive  bloom  in  April  1986. 
Differences  between  1986  and  1987  hydrographic 
data  occurred  because  of  different  hydrometeoro- 
logical  conditions.  April  1987  was  a  period  of  a 
pronounced  advection  of  eastern  Mediterranean 
water  (salinity  >  38.65  ppt,  temperature  >  14  C) 
into  the  Adriatic,  and  the  extensive  phytoplankton 
bloom  was  probably  induced  by  earlier  upwelling. 
The  difference  between  the  situations  in  1986  and 
in  1987  can  be  attributed  to  the  measurements 
being  made  at  two  different  stages  of  the  phyto- 
plankton blooms.  In  1986,  the  measurements  were 
made  during  the  first  phase,  whereas  in  April  1987 
they  were  made  during  the  late  phase  of  the 
bloom.  The  complex  dynamics  of  the  south  Adriat- 
ic waters  probably  involve  upwelling/downwell- 
ing  and  advection.  (Author's  abstract) 
W90-05966 


MERCURY  DISTRIBUTION  IN  THE  KRKA 
RIVER  ESTUARY  (EASTERN  ADRIATIC 
COAST). 

Institut    Rudjer   Boskovic,    Zagreb   (Yugoslavia). 

Center  for  Marine  Research. 

For  primary  bibliographic  entry  see  Field  5B. 
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STUDIES  ON  THE  TRANSFER  OF  HEAVY 
METALS  BETWEEN  SEDIMENTARY  PHASES 
WITH  A  MULTI-CHAMBER  DEVICE:  COM- 
BINED EFFECTS  OF  SALINITY  AND  REDOX 
VARIATION. 

Technische   Univ.   Hamburg-Harburg   (Germany, 
F.R.).  Arbeitsbereich  Umweltschutztechnik. 
For  primary  bibliographic  entry  see  Field  5B. 
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CONSERVATIVE  MIXING  IN  ESTUARIES  AS 
AFFECTED  BY  SORPTION,  COMPLEXING 
AND  TURBIDITY  MAXIMUM:  A  SIMPLE 
MODEL  EXAMPLE. 

Nederlands  Inst,  voor  Onderzoek  der  Zee,  Texel. 
E.  K.  Buursma,  and  P.  Rauardij. 
Marine  Chemistry  MRCHBD,  Vol.  28,  No.  1-3,  p 
251-258,  December  1989.  4  fig,  1  tab,  6  ref. 

Descriptors:  *Estuaries,  *Metals,  •Mixing,  *Path 
of  pollutants,  *Sorption,  *Turbidity,  Advection, 
Model  studies,  Organic  matter,  Salinity,  Sedimen- 
tation, Simulation  analysis,  Suspended  solids. 

A  simulation  model  calculation  was  made  for  the 
correlation  of  concentrations  of  metal  species  with 
salinity  for  a  steady-state  estuary  containing  a  tur- 
bidity maximum,  but  having  no  residual  sedimenta- 
tion. The  simulation  model  is  based  on  a  one- 
dimensional  mixing  and  flushing  model.  The  model 
estuary  is  divided  into  15  compartments  of  equal 
length  and  2  ppt  salinity  interval  each,  through 
which  transport  of  metal,  organic  matter  and  par- 
ticulate matter  occurs.  Four  different  cases  have 
been  calculated  with  various  values  of  the  organic 
complexed  metal  stability  constant  and  the  distri- 
bution coefficient.  The  results  of  the  concentra- 
tions of  dissolved  ionic  metal,  organic  complexed 
metal  and  particulate  metal  were  plotted  against 
salinity.  As  dissolved  organic  matter  is  high  in 
freshwater  and  zero  in  seawater,  there  is  an  appar- 
ent proportionality  of  organic  complexed  metal 
with  salinity,  whereas  dissolved  ionic  metal  and 
particulate  metal  can  either  decrease  or  increase 
with  salinity,  as  they  have  non-linear  correlations. 
The  amount  of  metal  in  particulate  matter  has  a 
clear  maximum  at  the  turbidity  maximum.  The 
distribution  of  total  metal  depends  on  the  factors  K 
organic  complexed  metal  stability  constant  st  and 
K   distribution.   Apparent   linear  mixing   plots  of 


concentrations  of  metal  species  with  salinity  do  not 
mean  that  the  metal  species  will  necessarily  behave 
conservatively,  but  that  exchange  processes  of 
complexing  and  sorption  should  be  taken  into  ac- 
count. (Geiger-PTT) 
W90-05971 


EFFECT  OF  TEMPERATURE  AND  FOOD  ON 
HEXAVALENT  CHROMIUM  TOXICITY  TO 
THE  MARINE  NEMATODE  MONHYSTERA 
DISJUNCTA. 

Ghent  Rijksuniversiteit  (Belgium).  Zoology  Inst. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06019 


HARMONIC  ANALYSIS  OF  TIDAL  MODEL 
TIME  SERIES, 

Institute  of  Ocean  Sciences,  Sidney  (British  Co- 
lumbia). 

M.  G.  G.  Stone,  and  R.  F.  Harvey. 
Advances  in  Water  Resources  AWREDI,  Vol.  12, 
No.  3,  p  109-120,  September  1989.  5  fig,  5  tab,  22 
ref. 

Descriptors:  'Tides,  *Tidal  waves,  *Mathematical 
models,  'Time  series  analysis,  Computer  programs, 
Harmonic  analysis,  Numerical  analysis,  Statistical 
methods. 

The  development  of  harmonic  analysis  of  tides  is 
reviewed  with  particular  attention  to  the  analysis 
technique  introduced  by  Godin  and  circulated  by 
Foreman.  A  harmonic  analysis  requires  calculating 
the  amplitudes  and  phases  for  a  finite  number  of 
sinusoidal  functions  with  known  frequencies.  Re- 
lated issues  include  consistuent  selection,  time 
series  length,  confidence  regions  and  inference.  It 
is  shown  that  since  numerical  model  time  series 
have  a  much  lower  non-tidal  content  than  observa- 
tional time  series,  constituents  can  be  separated 
with  shorter  record  lengths.  Experience  has  point- 
ed out  a  number  of  guidelines  which  can  be  recom- 
mended for  the  analysis  of  tidal-model  time  series. 
For  example,  it  is  important  to  maintain  consisten- 
cy between  model  forcing  and  harmonic  analysis. 
A  second  important  point  is  that  the  constituents  to 
be  included  in  the  harmonic  analysis  should  be 
chosen  by  the  user  and  not  by  the  analysis  pro- 
gram. Constituents  chosen  by  the  Rayleigh  selec- 
tion criterion  in  the  analysis  program  may  not 
necessarily  include  all  of  the  constitutents  in  the 
model  time  series.  If  a  model  can  be  run  sufficient- 
ly long  that  all  transients  have  decayed  below 
machine  precision  at  the  beginning  of  the  analysis 
period,  and  the  analysis  period  itself  is  long  enough 
to  resolve  the  constituents,  then  including  all  con- 
stituents in  the  analysis  is  the  best  strategy.  How- 
ever, it  may  be  either  difficult  to  determine  the 
time  required  for  this  decay,  or  it  may  not  be 
economically  feasible  to  run  a  model  this  long.  In 
such  cases,  inference  may  be  required  to  resolve 
closely-separated  constituents.  (Chonka-PTT) 
W90-06023 


HARMONIC  STRUCTURE  OF  ENGLISH 
CHANNEL/SOUTHERN  BIGHT  TIDES  FROM 
A  WAVE  EQUATION  SIMULATION. 

Skidaway  Inst,  of  Oceanography,  Savannah,  GA. 
F.  E.  Werner,  and  D.  R.  Lynch. 
Advances  in  Water  Resources  AWREDI,  Vol.  12, 
No.  3,  p  121-142,  September  1989.  43  fig,  1  tab,  21 
ref.  NSF  grant  CEE-8352226. 

Descriptors:  'Mathematical  models,  'Simulation 
analysis,  *Tidal  waves,  *Tides,  English  Channel, 
Harmonic  analysis,  Least  squares  method,  Time 
series  analysis. 

The  harmonic  structure  of  a  long-term  time-step- 
ping simulation  is  obtained  by  least-squares  decom- 
position. The  structure  of  1 1  major  constituents 
used  to  force  the  model  is  displayed,  reproducing 
the  major  tidal  features  of  the  system.  The  problem 
of  incomplete  field  data  is  analyzed  in  terms  of 
these  and  40  additional  constituents  which  were 
generated  internally.  At  least  two  semi-diurnal 
constituents  which  had  been  previously  neglected 
are  shown  to  be  contributors  to  apparent  errors  in 
time-domain  comparisons  with  field  data.  By  ex- 
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eluding  these  and  all  other  unforced  constituents, 
improved  root-mean-square  error  estimates  are  ob- 
tained in  the  time  domain.  (Author's  abstract) 
W90-06024 


FINITE  ELEMENT  STUDY  OF  TIDAL  FLOW 
DATA  FOR  THE  NORTH  SEA  AND  ENGLISH 
CHANNEL. 

Notre  Dame  Univ.,  IN.  Dept.  of  Civil  Engineer- 
ing. 

W.  G.  Gray. 

Advances  in  Water  Resources  AWREDI,  Vol.  12, 
No.  3,  p  143-154,  September  1989.  31  fig,  10  ref. 

Descriptors:  'English  Channel,  *Finite  element 
method,  'Model  studies,  'North  Sea,  Tidal  cur- 
rents, 'Tides,  Flow  measurement,  Flow  models, 
Model  testing,  Principal  component  analysis. 

An  implicit  wave  equation  model  has  been  applied 
to  a  database  for  two  dimensional  tidal  flow  in  the 
North  Sea  and  English  Channel.  The  simulation 
was  carried  out  for  190  days  to  allow  for  a  direct 
comparison  with  field  measurements  over  a  one- 
day  period  and  for  decomposition  of  the  tide  into 
its  fifty-one  principal  components.  No  attempt  was 
made  to  tune  the  model  to  the  data.  The  purpose  of 
the  study  is  to  facilitate  a  comparison  of  numerical 
models  of  the  data  set  as  well  as  to  demonstrate  the 
ability  of  the  current  model  to  capture  the  flow 
physics.  (Author's  abstract) 
W90-06025 

FINITE  DIFFERENCE  SIMULATION  MODEL 
OF  TIDAL  FLOW  IN  THE  ENGLISH  CHAN- 
NEL AND  THE  SOUTHERN  NORTH  SEA. 

Rijkswaterstaat,  The  Hague  (Netherlands).  Div.  of 

Tidal  Waters. 

N.  Praagman,  J.  Dijkzeul,  R.  van  Dijk,  and  R. 

Plieger. 

Advances  in  Water  Resources  AWREDI,  Vol.  12, 

No.  3,  p  155-164,  September  1989.  6  fig,  9  ref. 

Descriptors:  'English  Channel,  'Finite  difference 
methods,  'Flow  models,  'Model  studies,  'North 
Sea,  'Simulation  analysis,  'Tidal  currents,  'Tides, 
Calibrations,  Data  collections,  Hydraulic  geome- 
try, WAQUA  model. 

Two  simulations  for  tidal  flow  are  carried  out  with 
a  finite  difference  model  known  as  the  WAQUA 
package.  The  models  were  set  up  with  the  geome- 
try data  from  the  dataset  provided  by  the  Tidal 
Forum  held  at  the  Computational  Methods  in 
Water  Resources  Conference  held  in  Lisbon  in 
1986.  After  calibration,  results  obtained  using  the 
model  agree  well  with  observations.  The  region 
under  consideration,  the  southern  part  of  the 
North  Sea  and  the  English  Channel,  is  probably 
not  the  best  test  case  to  compare  the  numerical 
models  since  there  are  not  enough  discriminating 
factors  in  this  water  system.  (Chonka-PTT) 
W90-06026 


OCCURRENCE  AND  SEASONAL  VARIATION 
OF  HEAVY  METALS  IN  THE  OYSTER  SAC- 
CROSTREA  IRIDESCENS. 

Universidad    Nacional     Autonoma    de    Mexico, 

Mexico  City.  Inst,  de  Ciencias  del  Mar  y  Limnolo- 

gia. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06039 


HEAVY  METALS  IN  THE  EASTERN  OYSTER, 
CRASSOTREA  VIRGINICA,  OF  THE  MISSIS- 
SIPPI SOUND. 

Gulf  Coast  Research  Lab.,  Ocean  Springs,  MS. 

Analytical  Chemistry  Section. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06041 


INTERSTITIAL  WATER  CHEMISTRY  OF 
PU239.240  AND  AM241  IN  THE  SEDIMENTS 
OF  THE  NORTH-EAST  IRISH  SEA. 

Ministry    of    Agriculture,    Fisheries    and    Food, 
Lowestoft  (England).  Directorate  of  Fisheries  Re- 
search. 
For  primary  bibliographic  entry  see  Field  5B. 


W90-06056 

SEASONAL  PATTERNS  OF  PHYTOPLANK- 
TON  BIOMASS  AND  PRODUCTIVITY  IN  A 
TROPICAL  ESTUARINE  COMPLEX  (WEST 
COAST  OF  INDIA). 

National   Inst,   of  Oceanography,   Panaji   (India). 
V.  P.  Devassy,  and  J.  I.  Goes. 
Proceedings  of  the  Indian  Academy  of  Sciences 
(Plant  Sciences)  PIPLDS,  Vol.  99,  No.  5,  p  485- 
501,  October  1989.  13  fig,  3  tab,  21  ref. 

Descriptors:  'Aquatic  productivity,  'Estuarine  en- 
vironment, 'India,  'Phytoplankton,  Chlorophyll  a, 
Monsoons,   Seasonal  variation,   Tropical  regions. 

Phytoplankton  cell  numbers  and  chlorophyll  a  de- 
terminations were  made  during  the  premonsoon, 
monsoon  and  postmonsoon  periods  in  the  Man- 
dovi-Zuari  estuarine  complex  (west  coast  of  India). 
Primary  productivity  estimates  agreed  well  with 
chlorophyll  a  and  phytoplankton  cell  numbers. 
The  consequent  decline  in  salinity  with  the  onset 
of  monsoon  was  found  to  be  an  important  factor 
controlling  the  distribution,  abundance  and  pro- 
ductivity of  phytoplankton.  As  compared  to  the 
Zuari  estuary,  the  Mandovi  retained  typical  estua- 
rine conditions  and  a  greater  phytoplankton  bio- 
mass.  Based  on  primary  productivity  estimations, 
the  potential  fishery  resource  of  this  estuarine  com- 
plex has  been  computed  as  18.6  metric  tons/sq  km/ 
yr  or  1714  metric  tons/yr  for  the  entire  estuarine 
complex.  (Author's  abstract) 
W90-06159 


NATIONAL  BENTHIC  SURVEILLANCE 
PROJECT:  PACIFIC  COAST.  PART  I:  SUMMA- 
RY AND  OVERVIEW  OF  THE  RESULTS  FOR 
CYCLES  I  TO  III  (1984-86). 

National  Marine  Fisheries  Service,  Seattle,  WA. 
Northwest  and  Alaska  Fisheries  Center. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06197 


NATIONAL  BENTHIC  SURVEILLANCE 
PROJECT:  PACIFIC  COAST.  PART  II:  TECH- 
NICAL PRESENTATION  OF  THE  RESULTS 
FOR  CYCLES  I  TO  III  (1984-86). 

National  Marine  Fisheries  Service,  Seattle,  WA. 
Northwest  and  Alaska  Fisheries  Center. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06198 


ENVIRONMENTAL  ASSESSMENT  OF  OVER- 
FLOW DREDGFSG  IN  MOBILE  BAY,  ALA- 
BAMA. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

For  primary  bibliographic   entry   see  Field   6G. 

W90-06204 


SALINITY  AND  FLOW  RELATIONS  AND  EF- 
FECTS OF  REDUCED  FLOW  IN  THE  CHAS- 
SAHOWITZKA  RIVER  AND  HOMOSASSA 
RIVER  ESTUARIES,  SOUTHWEST  FLORIDA. 

Geological  Survey,  Tampa,  FL.  Water  Resources 
Div. 

D.  K.  Yobbi,  and  L.  A.  Knochenmus. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report   88-4044, 
1989.  48p,  23  fig,  5  tab,  14  ref. 

Descriptors:  'Chassahowitzka  River,  'Estuaries, 
'Florida,  'Homosassa  River,  'Saline  water  intru- 
sion, 'Surface-groundwater  relations,  Regression 
analysis,  Saline-freshwater  interfaces. 

The  Chassahowitzka  and  Homosassa  Rivers  Flori- 
da, are  spring-fed  streams  flowing  into  the  Gulf  of 
Mexico  that  may  be  affected  by  future  develop- 
ment of  groundwaters.  Reduction  of  streamflow 
may  cause  an  upstream  movement  of  saltwater  in 
the  rivers.  Data  on  flow,  tide,  and  salinity  define 
the  physical  characteristics  of  both  estuaries.  Verti- 
cal and  longitudinal  salinity  profiles  indicate  that 
the  estuaries  are  reasonably  well  mixed  for  the 
streamflow    and    high-tide    conditions    observed 


during  the  study.  Estimates  of  the  daily  maximum 
upstream  locations  of  the  vertically  averaged  3-ppt 
and  5-ppt  salinities  in  the  Chassahowitzka  River 
and  the  vertically  averaged  2-ppt  and  5-ppt  salini- 
ties in  the  Homosassa  River  are  described  by  multi- 
ple linear  regression  analysis  using  daily  mean 
streamflow  of  each  river  and  high-tide  stage  of  the 
gulf.  For  the  vertically  averaged  3-ppt  and  2-ppt 
salinities,  the  square  of  the  correlation  coefficient 
for  the  predictive  equations  ranged  from  0.77  to 
0.85.  For  the  vertically  averaged  5-ppt  salinities, 
the  square  of  the  correlation  coefficient  for  the 
predictive  equations  ranged  from  0.73  to  0.88.  Up- 
stream movement  of  salt-water  due  to  pumping  40 
million  gal/day  from  a  well  field  near  the  headwa- 
ter springs  of  the  Chassahowitzka  and  Homosassa 
Rivers  was  determined.  Pumping  at  this  rate  from 
the  Chassahowitzka  River  would  cause  a  15% 
reduction  of  average  spring  flow,  resulting  in  an 
upstream  movement  of  both  the  vertically  aver- 
aged 3-ppt  and  5-ppt  of  about  0.3  mile.  In  the 
Homosassa  River,  pumping  would  cause  a  13% 
reduction  of  average  spring  flow,  resulting  in  an 
upstream  movement  of  both  the  vertically  aver- 
aged 2-ppt  and  5-ppt  salinities  of  about  0.1  mile. 
(USGS) 
W90-06249 


PHYSICAL  AND  CHEMICAL  PROPERTIES 
OF  SAN  FRANCISCO  BAY,  CALIFORNIA, 
1980. 

Geological  Survey,  Menlo  Park,  CA.  Water  Re- 
sources Div. 

A.  Y.  Ota,  L.  E.  Schemel,  and  S.  W.  Hager. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-421,  1989.  251p,  4  fig,  6  tab, 
26  ref. 

Descriptors:  'Hydrologic  data,  'Sampling,  'San 
Francisco  Bay,  'Water  quality,  Chemical  proper- 
ties, Continuous  sampling,  Discrete  sampling,  Nu- 
trients, Physical  properties. 

The  U.S.  Geological  Survey  conducted  hydrologic 
investigations  in  both  the  deep  water  channels  and 
the  shallow-water  regions  of  the  San  Francisco 
Bay  estuarine  system  during  1980.  Cruises  were 
conducted  regularly,  usually  at  two-week  inter- 
vals. Physical  and  chemical  properties  presented  in 
this  report  include  temperature,  salinity,  suspended 
particulate  matter,  turbidity,  extinction  coefficient, 
partial  pressure  of  C02,  partial  pressure  of  oxygen, 
dissolved  organic  carbon,  particulate  organic 
carbon,  discrete  chlorophyll  a,  fluorescence  of 
photosynthetic  pigments,  dissolved  silica,  dissojved 
phosphate,  nitrate  plus  nitrite,  nitrite,  ammonium, 
dissolved  inorganic  nitrogen,  dissolved  nitrogen, 
dissolved  phosphorus,  total  nitrogen,  and  total 
phosphorus.  Analytical  methods  are  described. 
The  body  of  data  contained  in  this  report  charac- 
terizes hydrologic  conditions  in  San  Francisco  Bay 
during  a  year  with  an  average  rate  of  freshwater 
inflow  to  the  estuary.  Concentrations  of  dissolved 
silica  (discrete-sample)  ranged  from  3.8  to  310 
micro-M  in  the  northern  reach  of  the  bay,  whereas 
the  range  in  the  southern  reach  was  limited  to  63 
to  150  micro-M.  Concentrations  of  phosphate  (dis- 
crete-sample) ranged  from  1.3  to  4.4  micro-M  in 
the  northern  reach,  which  was  narrow  in  compari- 
son with  that  of  2.2  to  19.0  micro-M  in  the  south- 
ern reach.  Concentrations  of  nitrate  plus  nitrite 
(discrete-sample)  ranged  from  near  zero  to  53 
micro-M  in  the  northern  reach,  and  from  2.3  to  64 
micro-M  in  the  southern  reach.  Concentrations  of 
nitrite  (discrete-sample)  were  low  in  both  reaches, 
exhibiting  a  range  from  nearly  zero  to  approxi- 
mately 2.3  micro-M.  Concentrations  of  ammonium 
(discrete-sample)  ranged  from  near  zero  to  14.2 
micro-M  in  the  northern  reach,  and  from  near  zero 
to  8.3  micro-M  in  the  southern  reach.  (USGS) 
W90-06255 


HYDRAULIC  AND  SALINITY  CHARACTERIS- 
TICS OF  THE  TIDAL  REACH  OF  THE  PEACE 
RIVER,  SOUTHWESTERN  FLORIDA. 

Geological  Survey,  Tampa,  FL. 

Y.  E.  Stoker,  S.  E.  Henderson,  and  B.  F. 

McPherson. 

Available  from  Books  and  Open-File  Report  Sec- 
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tion,  USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4162, 
1989.  46p,  26  fig,  4  tab,  6  ref.   Project  FL-377. 

Descriptors:  'Charlotte  Harbor,  •Florida,  *Peace 
River,  •Salinity,  *Tidal  rivers,  Estuarine  environ- 
ment. Flow  duration,  Flow  velocity,  Freshwater 
inflow,  Freshwater  replacement  time,  Hydraulics, 
Low  flow,  Salinity  stratification,  Stages,  Tidal  cur- 
rents, Tidal  discharge,  Tidewater. 

The  tidal  reach  of  the  Peace  River  in  southwestern 
Florida  extends  about  26  miles  upstream  from 
Charlotte  Harbor  and  is  characterized  by  flow- 
direction  reversals,  low  velocities,  and  salinity  gra- 
dients that  vary  with  freshwater  inflow,  tides,  and 
wind.  Flow  reversals  generally  occur  on  each  tide 
throughout  most  of  the  tidal  reach,  their  upstream 
limit  determined  primarily  by  freshwater  inflow 
and  tide.  Flow  reversals  occur  at  river  mile  18.9 
whenever  freshwater  inflows  are  less  than  about 
1,000  cu  ft/sec.  Velocities  were  less  than  0.3  ft/sec 
more  than  half  the  time  at  river  mile  18.9.  The 
volume  of  the  flood  and  ebb  tidal  flows  in  the 
midreach  of  the  tidal  river  (mile  11.5)  on  July  12- 
13,  1984,  was  about  five  times  the  volume  of  flood 
and  ebb  tidal  flow  near  the  upstream  end  of  the 
tidal  reach  July  10-11,  1984  (mile  18.9).  Salinity 
varied  along  the  26-mile  river  reach,  across  chan- 
nel and  with  depth,  depending  upon  complex  pat- 
terns of  flow,  freshwater  runoff,  wind,  tide,  and 
salinity  in  Charlotte  Harbor.  Daily  variations  in 
salinity  increased  downstream  and  variations  were 
larger  near  the  surface  than  near  the  bottom.  Re- 
gression analysis  indicated  that  the  location  of  the 
0.5  ppt  salinity  will  move  upstream  more  than  2 
river  miles  if  low  flows  are  reduced  by  50%. 
Freshwater  flushing  of  the  lower  20-mile  tidal 
reach,  approximated  from  freshwater  replacement 
time,  varied  from  about  2  days  during  heavy  fresh- 
water runoff  to  40  days  during  extreme  low  flows. 
(USGS) 
W90-06258 
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JUNIATA  SUBBASIN:  LOW  FLOW  MANAGE- 
MENT FRAMEWORK  PLAN. 

Susquehanna  River  Basin  Commission,  Harrisbure, 

PA. 

D.  W.  Heicher,  and  G.  H.  Hirschel. 

Susquehanna  River  Basin  Commission,  Harrisburg, 

Pennsylvania.  Publication  No.  126,  January  1990. 

138p,  15  fig,  46  tab,  28  ref,  3  append. 

Descriptors:  *Juniata  River,  *Low-flow  augmenta- 
tion, 'Pennsylvania,  'Susquehanna  River  Basin, 
•Water  use,  Consumptive  use,  Drought,  Water 
deficit,  Water  storage,  Water  supply. 

The  7-day  10-year  low  flow  (Q7-10)  value  was 
used  as  an  indicator  to  identify  historical  low  flow 
periods,  and  to  determine  potential  water  deficits 
within  watersheds  of  the  Juniata  Subbasin  in  south 
central  Pennsylvania  during  a  repeat  of  the  most 
severe  historical  low  flow  period.  In  general,  up- 
stream consumptive  use  ranges  from  about  4%  to 
6%  of  the  Q7-10  value  at  the  outlets  of  major 
stream  sections  in  the  subbasin.  At  the  outlets  of 
Sections  2,  3  and  4,  total  upstream  consumptive 
uses  are  expected  to  be  less  in  1990,  2000,  and  2010 
than  they  were  in  the  base  year.  Total  consumptive 
use  in  the  subbasin  under  baseline  low  flow  condi- 
tions is  estimated  to  be  13.87  million  gallons  per 
day  (mgd).  Consumptive  use  during  potential  low 
flow  conditions  in  the  year  2010  is  projected  to  be 
reduced  to  about  13.66  mgd.  More  than  half  of  the 
subbasin's  total  consumptive  use  occurs  in  Section 
2.  It  is  estimated  that  if  meteorological  conditions 
producing  the  1966  drought  were  repeated  under 
baseline  conditions,  about  6,769  acre-ft  of  water 
would  be  required  to  maintain  Q7-10  flows  at  the 
mouth  of  the  Juniata  River.  An  estimated  6,745 
acre-ft  of  water  would  be  required  if  the  1966 
drought  were  repeated  in  the  year  2010.  The 
amount  of  water  storage  needed  to  maintain  flows 


at  the  Q7-10  value  at  the  outlet  of  each  stream 
section  is  also  provided.  (Lantz-PTT) 
W90-06216 


3C.  Use  Of  Water  Of  Impaired 
Quality 


WATER  USE  BY  AND  SALINITY  EFFECTS 
UPON  TRICKLE  IRRIGATED  GRAPE  PRO- 
DUCTION IN  THE  SOUTHERN  BASIN  AND 
RANGE  PROVINCE  OF  NEW  MEXICO. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 
Agronomy  and  Horticulture. 
R.  S.  Van  Pelt,  and  P.  J.  Wierenga. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90- 145202/ 
AS.  Price  codes:  A05  in  paper  copy,  A01  in  micro- 
fiche. New  Mexico  Water  Resources  Research  In- 
stitute, Las  Cruces,  Technical  Completion  Report 
No.  244,  August  1989.  76p,  8  tab,  31  fig,  51  ref. 
USGS  State  Project  no.  1345627. 

Descriptors:  'Consumptive  use,  'Crop  production, 
'Salinity,  'Trickle  irrigation,  'Vine  crops,  Field 
studies,  Fruit  quality,  Groundwater  quality,  Irriga- 
tion water,  New  Mexico,  Saline  soils,  Soil  treat- 
ment, Water  requirements,  Water  use  efficiency. 

Irrigated  agriculture  in  the  Southwest  depends 
upon  the  continued  availability  of  good  quality 
water.  Recent  increases  in  the  cost  of  pumping 
have  prompted  many  growers  to  consider  planting 
high  value  crops  such  as  wine  grapes.  Recent 
advances  in  irrigation  technology,  particularly 
trickle  irrigation,  may  make  production  of  quality 
fruit  possible  with  groundwater  reserves  of  limited 
availability  or  poor  quality.  No  regional  guidelines 
exist  to  assist  the  potential  grower  in  locating  and 
establishing  vineyards  based  on  the  water  re- 
sources present.  Field  trials  were  conducted  to 
provide  information  necessary  for  the  formulation 
of  such  guidelines.  Cabernet  Sauvignon  grapes  in  a 
trickle  irrigated  commercial  vineyard  in  southern 
New  Mexico  were  irrigated  with  water  of  three 
salinities  (350,  1000,  and  1500  mg/L  TDS).  Grapes 
receiving  the  350  mg/L  water  were  irrigated  with 
water  volumes  representing  60,  80,  100,  and  120% 
of  predicting  evapotranspiration.  Consumptive  use 
of  water  by  the  vines  was  estimated  from  lysimeter 
water  balance  data.  The  results  indicate  grapes 
may  be  produced  with  no  more  than  500  mm  of 
water/year  of  which  nearly  half  may  be  expected 
in  the  form  of  precipitation.  Soil  solution  salinity 
levels  in  vine  root  zones  were  not  found  to  be 
significantly  greater  than  that  of  the  applied  irriga- 
tion water.  Fruit  production  of  acceptable  quality 
was  obtained  from  vines  irrigated  with  water  of  all 
salinity  levels  tested.  (USGS) 
W90-06251 


3E.  Conservation  In  Industry 


WATER  USE  AND  COAL  DEVELOPMENT  IN 
EASTERN  MONTANA:  WATER  AVAILABIL- 
ITY AND  DEMANDS.  APPENDIX  A:  COMPUT- 
ER PROGRAM  DOCUMENTATION  FOR 
PART  VII,  SECTION  A:  DEMANDS  FOR 
WATER  IN  COOLING. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Agricul- 
tural Economics  and  Economics. 
For  primary   bibliographic   entry   see   Field   6D. 
W90-06177 


3F.  Conservation  In  Agriculture 


AERATION  CHANGES  AFTER  IRRIGATION 
IN  A  CLAY  SOIL. 

Sveriges   Lantbruksuniversitet,    Uppsala.    Div.   of 
Agricultural  Hydrotechnics. 
M.  McAfee,  J.  Lindstrom,  and  W.  Johansson. 
Journal  of  Soil  Science  JSSCAH,  Vol.  40,  No.  4,  p 
719-729,  December  1989.  6  fig,  5  tab,  19  ref. 

Descriptors:  'Clays,  'Crop  yield,  'Irrigation  ef- 
fects, 'Soil  aeration,  'Soil-water-plant  relation- 
ships, Aeration,  Field  tests,  Irrigation  efficiency, 
Root  zone,  Soil  absorption  capacity,  Soil  physical 
properties,  Soil  saturation,  Sweden,  Wetting. 


The  effects  on  soil  aeration  of  varying  both  the 
intensity  and  quantity  of  water  applied  per  irriga- 
tion were  investigated  in  Sweden  in  a  field  experi- 
ment on  clay  soil.  Soil  physical  and  soil  aeration 
parameters  were  measured  before,  and  for  up  to  7 
days  after  irrigation.  Irrigation  increased  the  volu- 
metric water  content  of  the  surface  layer  by  ap- 
proximately 8%  v/v.  However,  periods  of  water- 
logging were  short  on  this  soil.  Significant  de- 
creases in  soil  oxygen  content  in  the  days  after 
irrigation  were  caused  by  increased  soil  and  root 
respiration.  In  terms  of  subsequent  crop  growth, 
the  practice  of  applying  30  mm  irrigation  water  at 
an  intensity  of  5  mm/hour  was  shown  to  be  superi- 
or to  irrigations  providing  half  this  quantity  (15 
mm)  or  double  this  intensity  (10  mm/hour).  The 
lower  intensity  irrigations  decreased  soil  perme- 
ability by  homogeneous  wetting  and  swelling,  and 
thus  more  of  the  water  applied  was  recovered  in 
the  soil.  Approximately  one  third  of  the  water 
applied  at  the  higher  intensity  was  lost  through 
cracks,  and  wetting  of  the  soil  was  less  uniform. 
(Author's  abstract) 
W90-05915 


WATER  USE  BY  AND  SALINITY  EFFECTS 
UPON  TRICKLE  IRRIGATED  GRAPE  PRO- 
DUCTION IN  THE  SOUTHERN  BASIN  AND 
RANGE  PROVINCE  OF  NEW  MEXICO. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 

Agronomy  and  Horticulture. 

For  primary  bibliographic  entry  see  Field  3C. 

W90-06251 


HEAT  SHOCK  PROTEIN  EXPRESSION  IN 
THERMOTOLERANT  AND  THERMOSENSI- 
TIVE  LINES  OF  COTTON. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 
Agronomy  and  Horticulture. 
M.  A.  O'Connell. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-145210/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. New  Mexico  Water  Resources  Research  In- 
stitute, Las  Cruces,  Technical  Completion  Report 
No.  246,  November  1989.  30p,  6  fig,  44  ref.  State 
project  1345680. 

Descriptors:  'Biotechnology,  'Cotton,  'Proteins, 
'Water  stress,  'Water  use  efficiency,  Electrophor- 
etic  analysis,  Heritable  thermotolerance,  Plant  heat 
sensitivity,  Plant  heat  tolerance. 

A  large  proportion  of  the  water  absorbed  by  a 
plant  is  used  to  cool  its  leaves  as  the  air  tempera- 
ture becomes  too  hot.  If  the  molecular  basis  of 
heritable  thermotolerance  were  understood,  then 
improvements  in  water  use  by  crop  plants  might  be 
possible.  The  role  of  heat  shock  proteins  (HSPs)  in 
the  expression  of  heritable  thermotolerance  in 
cotton  was  investigated.  Comparisons  were  made 
between  the  expression  of  HSPs  in  genetically 
characterized  heat-tolerant  and  heat-sensitive  lines 
of  cotton.  These  comparisons  were  based  on  elec- 
trophoretic  analysis  of  in  vivo  labelled  proteins. 
No  differences  were  observed  between  the  two 
lines  with  regard  to:  (1)  the  temperature  at  which 
HSP  synthesis  was  introduced  (37  C),  or  the  tem- 
perature at  which  HSP  synthesis  was  maximal  (45 
C);  (2)  the  rates  of  recovery  for  HSP  synthesis  or 
in  the  duration  of  HSP  synthesis;  and  (3)  the  major 
size  classes  of  HSPs  expressed  in  these  two  lines. 
Several  unique  HSPs  were  identified  on  two-di- 
mensional gels:  a  26  kDa  HSP  which  was  ex- 
pressed in  the  tolerant  cotton  line  and  a  24  kDa 
and  an  a  18  kDa  HSP  which  were  expressed  in  the 
sensitive  cotton  line.  However,  the  HSP  pattern 
displayed  in  a  heat-tolerant  BC3  individual  was 
that  of  the  heat-sensitive  parent.  No  alternation  in 
HSP  expression  could  be  found  which  correlated 
with  the  heritable  thermotolerance.  (USGS) 
W90-06253 


60 


WATER  QUANTITY  MANAGEMENT  AND  CONTROL— Field  4 
Effects  On  Water  Of  Man's  Non-Water  Activities— Group  4C 


4.  WATER  QUANTITY 
MANAGEMENT  AND 
CONTROL 

4A.  Control  Of  Water  On  The 
Surface 


CHANNEL  RESISTANCE  AT  THE  SIDE-WEIR 
LOCATION  IN  OPEN  CHANNEL  FLOW. 

Technical  Univ.   of  Istanbul   (Turkey).   Dept.   of 

Civil  Engineering.  . 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05663 


BACKWATER  COMPUTATION  OF  NATURAL 
RIVERS  WITH  EXTREME  BANK  OR  FLOOD- 
PLAIN  ROUGHNESS. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 

Lehrstuhl  fuer  Wasserbau  und  Wasserwirtschaft 

und  Inst,  fuer  Wasserbau. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05673 

RIFFLE-POOL  FORMATIONS  IN  NORTHERN 
IRELAND  RTVERS. 

Department  of  Agriculture  for  Northern  Ireland, 

Belfast. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05690 


RE-OPERATION  OF  OLD  WATER  SYSTEM  IN 
NORTHERN  IRAQ. 

Institute  of  Technology,  Baghdad  (Iraq).  Dept.  of 

Irrigation. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05710 


DESIGN  OF  ROADSIDE  CHANNELS  WITH 
FLEXIBLE  LININGS. 

Simons,  Li  and  Associates,  Inc.,  Fort  Collins,  CO. 
Y.  H.  Chen,  and  G.  K.  Cotton. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A205-702. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  FHWA-IP-87-7,  April  1988.  112p,  32 
fig,  6  tab,  25  charts,  23  ref,  4  append.  Department 
of  Transportation  Contract  DTFH61-84-C  00055. 

Descriptors:  *Channels,  *Design  criteria,  *Liners, 
♦Shoulder  ditches,  Erosion  control,  Fiberglass 
roving,  Gravel,  Jute,  Riprap,  Vegetation. 

Flexible  linings  provide  a  means  of  stabilizing 
roadside  channels.  Flexible  linings  are  able  to  con- 
form to  changes  in  channel  shape  while  maintain- 
ing the  overall  lining  integrity.  Permanent  flexible 
lining  such  as  riprap,  gravel,  or  vegetation  rein- 
forced with  synthetic  mat  are  suitable  for  hydrau- 
lic conditions  similar  to  those  requiring  rigid  lin- 
ings. Vegetation  or  temporary  linings  are  suited  to 
hydraulic  conditions  where  uniform  flow  exists 
and  shear  stresses  are  moderate.  Design  procedures 
are  given  for  rock  riprap,  wire-enclosed  riprap, 
gravel  riprap,  woven  paper  net,  jute  net,  fiberglass 
roving,  curled  wood  mat,  synthetic  mat,  and  straw 
with  net.  Special  design  procedures  are  presented 
for  composite  channels  and  channels  with  steep 
gradients.  The  design  procedures  are  based  on  the 
concept  of  maximum  permissible  tractive  force. 
Methods  for  determination  of  hydraulic  resistance 
and  permissible  shear  stress  for  individual  linings 
are  presented.  Nomographs  are  provided  for  solu- 
tion of  uniform  flow  conditions  in  trapezoidal 
channels.  Nomographs  are  also  provided  for  deter- 
mination of  resistance  characteristics  for  vegeta- 
tion and  permissible  shear  stress  for  soils.  (Author's 
abstract) 
W90-06184 


ROANOKE  RIVER  WATER  FLOW  COMMIT- 
TEE REPORT.  A  RECOMMENDED  WATER 
FLOW  REGIME  FOR  THE  ROANOKE  RrVER, 
NORTH  CAROLINA,  TO  BENEFIT  ANADRO- 
MOUS  STRIPED  BASS  AND  OTHER  BELOW- 
DAM  RESOURCES  AND  USERS. 


National  Marine  Fisheries  Service,  Beaufort,  NC. 
Beaufort  Lab. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-173132. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
Report  No.  NOAA-TM-NMFS-SEFC-216,  Febru- 
ary 1989.  221p,  46  fig,  25  tab,  82  ref,  3  append. 
Edited  by  Charles  S.  Manooch  and  Roger  A. 
Rulifson. 

Descriptors:  *Bass,  *Dam  effects,  'Flow  dis- 
charge, *Reservoir  releases,  *Roanoke  River, 
Dams,  Ecosystems,  Fish,  Flow  profiles,  Flow  ve- 
locity, North  Carolina,  Species  diversity,  Wet- 
lands. 

A  Committee  of  20  representatives  of  State  and 
Federal    agencies    and    university    scientists    was 
formed  in  1988  to  gather  information  on  all  re- 
sources of  the  lower  Roanoke  River  watershed  in 
North  Carolina,  and  recommend  a  flow  regime 
that  will  be  mutually  beneficial  to  these  resources 
and  their  downstream  users.  The  Roanoke  River, 
in  northeastern  North  Carolina,  flows  through  an 
extensive  floodplain  of  national  significance.  The 
wetland  area  is  considered  to  be  the  largest  intact, 
and  least  disturbed,  bottomland  forest  ecosystem 
remaining  in  the  Mid-Atlantic  region.  The  diverse 
habitats  of  the  system  support  a  rich  array  of 
wildlife  and  fish  species.  The  construction  of  six 
upstream  dams  in  the   1950s  and   1960s  and  the 
resulting  water  flow  regulation  has  had  an  impact 
on  downstream  resources  and  those  that  use  them, 
particularly  during  the  spring.  The  striped  bass- 
water  flow  issue  is  the  most  sensitive  of  those 
mentioned  because  of  the  national  importance  of 
the  species.  The  flows  in  the  post-impoundment 
years  of  relatively  high  Juvenile  Abundance  Index 
(JAI)  are  more  similar  to  pre-impoundment  flows 
than  those  of  low  JAI.  This  population  of  striped 
bass  evolved  under  unregulated  flows.  Since  the 
fishery  was  successful  prior  to  flow  regulation  by 
the  reservoirs,  making  the  flows  consistent  with 
pre-impoundment  flows  is  likely  to  improve  the 
production  of  striped  bass.  The  following  flows  are 
recommended:  minimum  allowable  flow-4,000  cu 
ft/sec  (cfs)  (June  1-15)  to  6,600  cfs  (April  1-15); 
maximum  allowable  flow-9,500  cfs  (June  1-15)  to 
13,700  cfs  (April  1-15).  The  importance  of  moder- 
ate, sustained  flow  during  the  spawning  period  is 
emphasized.  (Lantz-PTT) 
W90-06185 


Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-06225 


JUNIATA  SUBBASIN:  LOW  FLOW  MANAGE- 
MENT FRAMEWORK  PLAN. 

Susquehanna  River  Basin  Commission,  Harrisburg, 

PA. 

For  primary  bibliographic  entry  see  Field  3B. 

W90-06216 


WATER  RESOURCES  DATA  COLLECTED 
DURING  WATER  YEAR  1988  AT  SELECTED 
JAMES  RIVER  BASIN  SITES  IN  NORTH 
DAKOTA  AND  SOUTH  DAKOTA. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06256 


TREND  ANALYSIS  OF  LAKE  PARKER  STAGE 
AND  RELATION  TO  VARIOUS  HYDROLOGIC 
FACTORS,  1950-86,  LAKELAND,  FLORIDA. 

Geological  Survey,  Tampa,  FL. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06259 

4B.  Groundwater  Management 


MAPPING  OUT  A  PLAN  TO  PROTECT  ARI- 
ZONA'S GROUNDWATER. 

Arizona  Dept.  of  Environmental  Quality,  Phoenix. 

Office  of  Water  Quality. 

For   primary   bibliographic   entry   see   Field   5G. 

W90-06030 


HYDROGEOLOGY  OF  WOOD  COUNTY,  WIS- 
CONSIN. 


HYDROGRAPHS  FROM  SELECTED  OBSER- 
VATION WELLS  AND  ANNUAL  PUMPAGE 
FROM  MUNICIPAL  SUPPLY  WELLS,  1950-86, 
SANTA  FE,  NEW  MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06231 


GEOHYDROLOGY  OF  THE  REGIONAL  AQ- 
UIFER SYSTEM,  WESTERN  SNAKE  RIVER 
PLAIN,  SOUTHWESTERN  IDAHO. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06257 

4C.  Effects  On  Water  Of 
Man's  Non-Water 
Activities 

PEELING  TWO  MISLEADING  CONCEPTS 
OFF  THE  RATIONAL  METHOD. 

Ministry  of  Agriculture,  Jerusalem  (Israel).  Hydro- 
logical  Service. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05627 

URBAN  FLOOD  RUNOFF  MODELING  USING 
MEASURED  INFILTRATION  CAPACITY  OF 
VARIOUS  LAND  USES. 

Tokyo  Metropolitan  Univ.  (Japan).  Dept.  of  Civil 
Engineering. 

Y.  Ando,  K.  Izumi,  M.  Morita,  and  H.  Morita. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  130-139,  7  fig,  5  tab,  7  ref,  1  append. 

Descriptors:  *Rainfall-runoff  relationships,  *Land 
use,  *Infiltration  capacity,  *Runoff,  *Urban  hy- 
drology, "Japan,  *Storm  runoff,  Urban  runoff, 
Model  studies,  Mathematical  studies,  Floods,  Soil 
absorption  capacity,  Kotta  River,  Hydrographs, 
Impervious  soils. 

A  flood  runoff  model  was  developed  for  urban 
basins  using  measured  final  infiltration  capacities 
for  different  land  uses.  The  12.8  sq  km  Kotta  basin 
near  Tokyo  consisted  of  21.7%  residential  area, 
8.4%  road,  3.1%  school,  2.1%  park,  51.1%  clear 
land  for  residence,  and  13.6%  field  and  forest. 
Average  infiltration  capacities  were  as  follows; 
sports  ground  and  cleared  land,  14  mm/hr;  lawn 
and  grass  land,  67  mm/hr;  slopes  beside  roads,  281 
mm/hr;  and  field  and  forest,  696  mm/hr.  Median 
infiltration  capacities  for  the  four  land  uses  were  7, 
20,  192,  and  612  mm/hr,  respectively.  Relative 
errors  of  total  runoff  in  the  case  of  medians  and 
averages  were  similar,  but  relative  errors  of  peak 
runoff  in  the  case  of  medians  (-0.28  to  +0.10)  were 
much  smaller  than  those  in  the  case  of  averages  (- 
.044  to  -0.33).  Comparison  of  calculated  and  ob- 
served hydrographs  showed  that  the  median  final 
infiltration  capacities  produced  better  results  than 
average  final  infiltration  capacities.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05637 


STORM    RUNOFF   SIMULATIONS    IN   MAT- 
SUYAMA  CITY  DRAINAGE  BASIN. 

Kobe  Univ.  (Japan).  Dept.  of  Agricultural  Engi- 
neering. 

E.  Toyokuni,  and  M.  Watanabe. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  146-155,  10  fig,  2  tab,  4  ref. 
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Group  4C — Effects  On  Water  Of  Man's  Non-Water  Activities 
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Descriptors:  *Urban  runoff,  *Rainfall-runoff  rela- 
tionships, 'Runoff  forecasting,  *Storm  runoff, 
•Urban  hydrology,  •Floods,  Matsyama,  Japan, 
Sewers,  Storm  sewers,  Model  studies,  Mathemati- 
cal studies,  Catchment  areas,  Storm  water,  Flood 
forecasting. 

A  runoff  simulation  model  incorporates  storm 
water  runoff  processes  in  urban  drainage  basins. 
The  model  was  applied  to  data  collected  from  the 
main  sewer  drainage  area  (0.234  sq  km)  in  the 
Matsuyama,  Japan,  drainage  basin  (total  area,  6.46 
sq  km).  Impervious  surfaces  covered  67%  of  the 
basin.  Data  from  small  scale  floods  (about  5  mm/hr 
rainfall  and  2.5  cu  m/sec  peak  discharge)  and 
medium  scale  floods  (peak  rainfall  about  20  mm/hr 
and  peak  discharge  about  6-7  cu  m/sec)  were  used 
in  the  model  and  the  hydrographs  compared  with 
observed  hydrographs.  Results  were  sufficiently 
agreeable  to  be  of  practical  use  in  predicting 
runoff.  However,  less  agreement  was  seen  in  the 
hydrographs  from  the  small  scale  floods.  During  a 
heavy  rainfall,  which  reached  about  70  mm/hr  at 
times  during  its  6  hr  duration,  sewers  overflowed 
and  40  areas  were  inundated.  Results  of  simulation 
of  this  storm  showed  that  the  water  depth  in  the 
main  sewer  agreed  with  measured  depth.  The  sim- 
ulated areas  of  inundation  agreed  quite  well  with 
those  recorded  for  the  actual  storm.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05639 


COMPARISON  OF  RATIONAL  AND  SCS-TR55 
METHODS  FOR  URBAN  STORM  WATER 
MANAGEMENT. 

Boswell  Engineering,  South  Hackensack,  NJ. 
H.  Pazwash. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  156-165,  6  fig,  4  tab,  8  ref,  1  append. 

Descriptors:  *Urban  runoff,  *Urban  hydrology, 
•Rainfall-runoff  relationships,  *Runoff  forecasting, 
•Storm  runoff,  •  Rational  formula,  Kuichling  ra- 
tional method,  Soil  Conservation  Service  hydro- 
graph  method,  Hydrographs,  Rainfall,  Watersheds, 
Mathematical  studies,  Design  criteria,  Urban  wa- 
tersheds, Water  storage. 

The  runoff  hydrographs  generated  by  the  rational 
method,  modified  rational  method  and  the  Soil 
Conservation  Service  TR-55  method  were  com- 
pared, using  data  from  an  urban  watershed.  The 
watershed  included  commercial  development  sub- 
divisions and  a  detention  basin  for  storm  water 
regulation.  Storms  of  2-,  5-,  25-,  and  100-yr  return 
were  considered,  and  hydrographs  were  calculated 
for  storm  durations  of  30,  60,  90,  and  120  min.  The 
rational  method  proved  useful  for  the  design  of 
storm  water  drains  in  urban  watersheds.  The  modi- 
fied rational  method  generally  was  more  conserva- 
tive than  the  rational  method  in  estimation  of 
runoff  volumes.  As  a  result,  it  was  more  appropri- 
ate than  the  rational  formula  for  the  design  of 
detention  basins.  The  Soil  Conservation  Service 
TR-55  method  was  conservative  in  predicting  peak 
rate  and  volume  of  runoff.  Therefore,  it  was 
deemed  suitable  for  sizing  storm  drains  and  in 
design  of  detention  facilities.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05640 


NUMERICAL  SIMULATION  OF  TRANSIENT 
SEDIMENT  TRANSPORT  IN  ALLUVIAL 
CHANNELS. 

National   Chiao  Tung  Univ.,   Hsinchu   (Taiwan). 

Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-05707 


ENGINEERING  GEOLOGY  OF  THE  RENO- 
LAKE  TAHOE  AREA,  NEVADA. 

Nevada  Bureau  of  Mines  and  Geology,  Reno. 
For  primary  bibliographic  entry  see  Field  8E. 
W90-05736 


RIVER  DANUBE  POLLUTION  AND  JTS  RISK 
ASSESSMENT. 


Benezur  U.  28,  H-1068,  Budapest,  Hungary. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05794 


DETERMINING  REFORESTATION  AREA 
AND  DISTRIBUTION  FOR  SALINITY  CON- 
TROL. 

Water  Authority  of  Western  Australia,  Perth.  Sur- 
face Water  Branch. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-05835 


NORTH  SEA  BENTHOS:  A  REVIEW  OF  FIELD 
INVESTIGATIONS  INTO  THE  BIOLOGICAL 
EFFECTS  OF  MAN'S  ACTIVITIES. 

Ministry  of  Agriculture,  Fisheries  and  Food,  Burn- 
ham  on  Crouch  (England).  Fisheries  Lab. 
H.  L.  Rees,  and  A.  Eleftheriou. 
Journal    du    Conseil-Conseil    Internationale    Pour 
1'Exploration  de  la  Mer  JCQWAD,  Vol.  45,  No.  3, 
1989.  p  284-305,  3  fig,  271  ref. 

Descriptors:  •Benthos,  'Coastal  waters,  •Environ- 
mental impact,  •Estuaries,  *North  Sea,  *Water 
pollution  effects,  Literature  review,  Nutrients,  Re- 
gional variation,  Topography. 

English-language  publications  on  the  benthic  fauna 
of  the  North  Sea  were  reviewed,  with  particular 
reference  to  those  studies  aimed  at  assessing  the 
effects  of  man's  activities.  Coverage  includes  estu- 
aries and  coastal  waters  of  the  eastern  United 
Kingdom,  Belgium,  The  Netherlands,  the  Federal 
Republic  of  Germany,  and  the  western  coastlines 
of  Denmark,  Sweden,  and  Norway,  as  well  as 
offshore  areas.  There  are  regional  differences  in 
the  amount  of  evidence  available  for  linking 
changes  in  the  coastal  benthos  with  anthropogenic 
influences,  reflecting  not  only  differences  in  the 
nature  and  magnitude  of  activities,  but  also  vari- 
ations in  coastal  topography  and  prevailing  hydro- 
graphic  conditions  which  may  or  may  not  amelio- 
rate the  effects.  Offshore,  the  weight  of  evidence 
favors  the  view  that  no  significant  benthic  changes 
appear  to  occur  as  a  result  of  waste  discharge, 
excepting  close  to  known  sources  of  input,  e.g.,  oil 
production  platforms.  However,  these  changes  are 
very  localized  and  are  of  little  significance  relative 
to  the  sea  area  as  a  whole.  Recently,  attention  has 
been  focused  on  the  possible  consequences  for  the 
marine  ecosystem  of  an  increasing  trend  of  nutrient 
inputs  to  certain  coastal  areas  from  anthropogenic 
sources.  A  persistent  concern  in  benthic  studies  is 
the  ability  to  account  for,  and  hence  distinguish 
between,  natural  effects  and  those  which  may  be 
attributable  to  low-level  contamination.  This  is  es- 
pecially true  in  inshore  environments  where 
marked  seasonal  or  year-to-year  changes  in  abun- 
dance and  biomass  of  short-lived  species  are  com- 
monly recorded.  In  the  longer  term,  benthic  com- 
munities may  also  respond  to  cyclical  changes  in 
climate  on  a  variety  of  time  scales.  These  factors 
emphasize  the  general  value  of  extended  time- 
series  data  in  the  evaluation  of  ecosystem  changes, 
and  also  the  importance  of  'control'  sites  in  moni- 
toring trends  in  the  biota  in  relation  to  contaminant 
inputs.  (Author's  abstract) 
W90-05874 


'MINOR'  WETLANDS  AS  A  HABITAT  FOR 
SNIPES  IN  ITALY:  PRESENT  SITUATION 
AND  PERSPECTIVES  (LE  ZONE  UMIDE 
'MINORI'  FTALIANE  COME  HABrTAT  PER  I 
BECCACCINI:  SITUAZIONE  E  PROSPET- 
TIVE). 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05881 


EFFECT  OF  BOAT  MOORINGS  ON  SEA- 
GRASS  BEDS  NEAR  PERTH,  WESTERN  AUS- 
TRALIA. 

Western   Australia   Univ.,    Nedlands.    Centre   for 

Water  Research. 

D.  I.  Walker,  R.  J.  Lukatelich,  G.  Bastyan,  and  A. 

J.  McComb. 

Aquatic  Botany  AQBODS,  Vol.  36,  No.  1,  p  69-77, 

December  1989.  5  fig,  1  tab,  12  ref. 

Descriptors:  *Anchors,  'Australia,  •Benthic  flora, 
•Boats,  *Coastal  waters,  'Environmental  effects, 


•Sea  grasses,  *Vegetation  effects,  Marine  plants, 
Moorings,  Reefs,  Scour. 

The  Perth,  Australia  metropolitan  region  has  ex- 
tensive seagrass  meadows,  situated  between  the 
coast  and  a  chain  of  offshore  limestone  reefs.  Perth 
also  has  the  highest  per  capita  boat  ownership  in 
Australia,  and  boats  are  often  left  moored  for  long 
periods.  Boat  moorings  have  been  found  to 
produce  circular  scours  in  seagrass  meadows,  rang- 
ing from  3  to  300  sq  m.  'Swing'  moorings  (with  a 
single  anchor  and  chain)  are  more  damaging  than 
'Cyclone'  moorings  (which  have  three  anchors  and 
a  swivel)  causing  scours  more  than  10  times  the 
area  of  those  created  by  cyclone  moorings.  The 
total  area  of  seagrass  meadow  lost  due  to  moorings 
totals  some  5.4  ha  in  the  Rottnest  Island,  Warnbro 
Sound  and  Cockburn  Sound  regions  of  Western 
Australia,  with  most  loss  (3.14  ha)  in  the  Rottnest 
region.  While  the  relative  area  of  seagrass  meadow 
lost  is  small  (  <  2%),  there  is  considerable  visual 
impact  in  some  areas.  The  scours  created  by  moor- 
ings in  the  seagrass  canopy  interfere  with  the  phys- 
ical integrity  of  the  meadow.  Though  relatively 
small  areas  of  seagrass  are  damaged  by  moorings, 
the  effect  is  much  greater  than  if  an  equivalent  area 
was  lost  from  the  edge  of  a  meadow.  Damage 
resulting  from  moorings  could  be  minimized  by 
discouraging  the  use  of  swing  moorings  and  plac- 
ing moorings  only  within  existing  sand  patches. 
(VerNooy-PTT) 
W90-05897 


GROUNDWATER  RECHARGE  IN  URBAN 
AREAS. 

Birmingham  Univ.  (England).  School  of  Earth  Sci- 
ences. 

D.  N.  Lerner. 

Atmospheric  Environment  Part  B:  Urban  Atmos- 
phere AEBAE5,  Vol.  24B,  No.  1,  p  29-33,  January 
1990.  2  fig,  2  tab,  23  ref. 

Descriptors:  'Groundwater  recharge,  'Hydrologic 
systems,  'Leakage,  'Urban  hydrology,  'Water 
loss,  Natural  recharge,  Seepage  loss,  Sewer  infil- 
tration, Urbanization,  Water  conveyance. 

Urbanization  alters  all  parts  of  the  hydrological 
cycle  so  much  that  no  simple  analysis  of  the  effects 
on  groundwater  is  possible.  The  two  interconnect- 
ed networks  of  pathways  in  urban  areas  are  de- 
scribed with  particular  reference  to  the  links  with 
groundwater.  There  are  the  (heavily  modified)  nat- 
ural pathways,  and  the  water  supply-sewage  path- 
ways. As  well  as  reducing  direct  recharge,  urban- 
ization creates  new  pathways  and  sources  of  water 
for  recharge,  including  leaking  water  mains, 
sewers,  septic  tanks  and  soakaways.  The  net  effect 
is  often  to  increase  recharge  to  pre-urbanization 
rates,  or  higher  in  dry  climates  and  cities  with  high 
densities  and  large  imported  water  supplies.  Few 
reliable  data  are  available  on  urban  recharge,  either 
for  the  individual  component  or  the  total,  and 
further  scientific  and  engineering  studies  are 
needed.  (VerNooy-PTT) 
W90-05899 


URBAN  STREAMS  AS  A  PLACE  TO  LD/E 
(STADTBACHE  ALS  LEBENSRAUM). 

Gesamthochschule  Essen  (Germany,  F.R.).  Inst. 

fuer  Oekologie. 

H.  Schuhmacher. 

Naturwissenschaften  NATWAY,  Vol.  76,  No.  11, 

p  505-511,  November  1989.  2  fig,  25  ref.  English 

summary. 

Descriptors:  'Social  aspects,  'Stream  improve- 
ment, 'Urban  hydrology,  'Water  quality  manage- 
ment, Economic  aspects,  Ecosystems,  Soil  proper- 
ties, Wetland  restoration. 

A  historic  overview  of  stream  management  is  pre- 
sented. Urban  streams  have  been  drastically  al- 
tered, usually  not  in  accordance  with  modern 
stream  theory.  The  secondary  biotopes  of  streams, 
such  as  standing  water  and  groundwater,  are  in- 
cluded in  a  River  Continuum  Theory.  Measures 
are  proposed  to  meet  both  human  needs  and  needs 
for  ecological  restoration.  The  problems  are  com- 
plex  and   require  a  knowledge  of  lotic  ecology 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
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before  resource  management  decisions  can  be 
made.  Contamination  must  be  avoided  to  maintain 
in  the  upper  course  of  a  stream  the  uniformly  high 
pH  and  low  nutrient  content  which  correspond  to 
its  place  in  the  river  continuum.  Before  uncon- 
trolled disturbance  of  urban  soils  a  warning  is 
necessary:  these  soils  are  still  largely  unknown 
regarding  many  of  their  natural  characteristics, 
such  as  their  adsorption  properties  for  ions  and 
other  compounds.  Of  equal  importance  with  ac- 
tions which  are  good  for  the  water  itself,  are  those 
for  natural  habitat  development.  The  restoration  of 
a  streamside  wetland  can  run  into  difficulties  great- 
er than  land  requirements,  therefore  such  remedi- 
ation can  be  accomplished  only  to  a  small  extent  in 
the  short  term.  However,  the  speedy  restoration  of 
extensive  riparian  wetlands  serves  not  only  to 
produce  or  increase  faunal  and  floral  diversity  in 
congested  urban  areas,  it  improves  or  maintains 
water  quality,  restrains  floodwaters,  improves  the 
urban  climate,  and  increases  recreational  values. 
These  general  effects  go  hand-in-hand  with  the 
economic  effect:  the  ongoing  maintenance  expendi- 
ture for  near-natural  streams  decreases  in  return 
for  benefits  which  can  scarcely  be  measured  in 
monetary  terms.  (Brunone-PTT) 
W90-06O21 

RESOURCE  DEVELOPMENT  AND  CONSER- 
VATION HISTORY  ALONG  THE  OHIO 
RIVER. 

Ohio  State  Univ.,  Columbus.  School  of  Natural 

Resources. 

For  primary  bibliographic  entry  see  Field   6G. 

W90-06101 

SUSPENDED  SEDIMENT  AND  SEDIMENT- 
SOURCE  AREAS  IN  THE  FOUNTAIN  CREEK 
DRAINAGE  BASIN  UPSTREAM  FROM  WIDE- 
FTELD,  SOUTHEASTERN  COLORADO. 

Geological  Survey,  Denver,  CO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-06233 

COMPUTERIZED  DATA-BASE  SYSTEM  FOR 
LAND-USE  AND  LAND-COVER  DATA  COL- 
LECTED AT  GROUND-WATER  SAMPLING 
SITES  IN  THE  PILOT  NATIONAL  WATER 
QUALITY  ASSESSMENT  PROGRAM. 
Geological  Survey,  Oklahoma  City,  OK.  Water 
Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06234 

4D.  Watershed  Protection 


RUNOFF  COEFFICIENT  AND  SEDIMENT 
YIELD  IN  SMALL  WATERSHEDS  UNDER 
LAND-USE  CHANGES  IN  TAIWAN. 

National  Chunghsing  Univ.,  Taichung  (Taiwan). 

Dept.  of  Soil  and  Water  Conservation. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05636 

SURFACE  RUNOFF  FROM  TURFED  AREA  IN 
THE  TROPICS. 

Nanyang  Technological  Inst.,  Singapore.  School 

of  Civil  and  Structural  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05654 

DESIGN  OF  ROADSIDE  CHANNELS  WITH 
FLEXIBLE  LININGS. 

Simons,  Li  and  Associates,  Inc.,  Fort  Collins,  CO. 
For  primary  bibliographic  entry  see  Field  4A. 
W90-06184 


5.  WATER  QUALITY 
MANAGEMENT  AND 
PROTECTION 

5A.  Identification  Of  Pollutants 


TOXIC  ORGANIC  COMPOUNDS  IN  SURFACE 
SEDIMENTS  FROM  THE  ELIZABETH  AND 
PATAPSCO  RIVERS  AND  ESTUARIES. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
R.  H.  Bieri,  C.  Hein,  R.  J.  Huggett,  P.  Shou,  and 
H.  Slone. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-134092. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/3-88/049A,  November  1982. 
135p,  69  fig,  7  tab,  8  ref. 

Descriptors:  'Water  pollution,  *Estuaries,  'Mary- 
land, 'Virginia,  'Organic  compounds,  'River  sedi- 
ments, 'Patapsco  River,  'Path  of  pollutants,  'Eliz- 
abeth River,  Gas  chromatography,  Estuaries,  Mass 
spectrometry,  Aromatic  compounds. 

This  study  is  an  extension  of  a  Chesapeake  Bay- 
wide  analysis  of  toxic  organic  substances  into  the 
Elizabeth  and  Patapsco  River  subestuaries. 
Twenty-eight  surface  sediment  samples  from  the 
Patapsco,  were  analyzed  in  detail  for  the  presence 
of  mainly  aromatic  and  polar  organic  compounds. 
Approximately  310  distinct  compounds  were  iden- 
tified by  gas  chromatography-mass  spectrometry 
in  the  Elizabeth  River  samples,  and  about  480  in 
the  Patapsco.  Total  aromatic  concentrations 
ranged  from  440,000  to  3, 100  parts  per  billion  (ppb) 
in  the  Elizabeth  and  from  2,700,000  to  6,100  ppb  m 
the  Patapsco.  Similar  to  observations  in  the  Chesa- 
peake Bay,  unsubstituted  polynuclear  aromatic  hy- 
drocarbons dominated,  contributing  about  50%  to 
the  total  resolved  concentration.  Both  subestuaries 
must  be  considered  to  be  severely  polluted,  and  in 
both  there  is  some  evidence  of  pollutant  transport. 
(Author's  abstract) 
W90-05750 


PRESENT  STATE  OF  MODEL  BANK  FOR 
PREDICTING  WATER  BODY  CONDITIONS. 

Hydrochemical  Inst.,  Rostov-na-Donu  (USSR). 
A.  M.  Nikanorov,  A.  B.  Gortsko,  A.  A.  Matveyev, 
and  M.  G.  Yereshukova. 

IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA. 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
125-149,  2  fig,  27  ref. 

Descriptors:  'Mathematical  models,  'Model  stud- 
ies, 'Water  quality,  'Water  quality  control, 
'Water  quality  management,  Ecosystems,  Mathe- 
matical studies,  Optimization,  Prediction,  Simula- 
tion analysis. 

The  basic  techniques  of  mathematical  modeling  of 
intrabasin  processes  within  the  framework  of  a 
determinate  approach  were  examined.  Any  simula- 
tion model,  specifically  of  a  body  of  water,  is 
developed  with  a  specific  purpose  in  mind,  which 
in  one  way  or  another  is  reflected  in  the  model. 
Simulation  models  basically  serve  descriptive  or 
optimization  purposes.  Basic  groups  of  models, 
serving  various  purposes,  are:  (1)  strictly  descrip- 
tive models-a  more  precise  and  efficient  data  re- 
production, including  data  from  field  studies;  (2) 
predictive  models-rediction  of  changes  in  water 
ecosystem  characteristics;  and  (3)  optimization 
models-selection  of  optimal  strategies  of  monitor- 
ing and  control.  All  models  may  also  be  divided 
into  stationary  and  dynamic,  distribution  and  point, 
theoretical  and  empirical,  and  individual  process 
and  ecosystem  models.  An  overview  of  each  of 
these  model  classifications  and  how  they  can  be 
utilized  for  the  prediction  of  water  body  conditions 
is  presented.  (See  also  W90-05772)  (Lantz-PTT) 
W90-05777 


BIOTESTING  OF  AQUATIC  ENVIRONMENTS 
BASED  ON  THE  BEHAVIORAL  REACTIONS 
OF  AQUATIC  ANIMALS. 


Akademiya  Nauk  SSSR,  Borok.  Inst.  Biologii 
Vnutrennykh  Vod. 

V.  A.  Nepomniashchikh,  and  B.  A.  Flerov. 
IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA. 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
262-282,  7  tab,  16  ref. 

Descriptors:  'Aquatic  animals,  'Behavior,  'Bioin- 
dicators,  'Caddisflies,  'Leeches,  'Toxicity, 
'Water  pollution  effects,  Aquatic  environment, 
Chlorophos,  Feeding,  Larvae,  Metaphos,  Parath- 
ion. 

Numerous  methods  are  available  for  testing  the 
effect  of  water  quality  on  the  behavior  of  aquatic 
animals.  The  primary  focus  is  on  establishing  be- 
havioral indicators  of  contamination  and  on  fore- 
casting the  ecological  effect  of  changes  in  these 
indicators  caused  by  poisoning.  This  article  dis- 
cusses approaches  to  studying  behavior  for  biotest- 
ing  and  presents  the  results  of  experimental  work 
aimed  at  determining  those  characteristics  in  the 
instinctive  behavioral  complexes  that  are  both  vul- 
nerable to  contamination  and  have  a  high  biologi- 
cal importance.  The  bulk  of  this  research  was 
conducted  using  the  leech  (Hemiclepsis  marginata) 
and  caddisfly  larvae,  by  monitoring  the  following 
stages  in  feeding  behavior:  (1)  preparation,  (2)  at- 
tachment, (3)  feeding,  and  (4)  satiation.  With  treat- 
ment using  the  chemical  metaphos,  ethylparathion, 
and  chlorophos,  these  behaviors  were  severely  al- 
tered indicating  that  the  leeches  and  the  caddisfly 
larvae  were  vulnerable  to  the  chemicals.  (See  also 
W90-05772)  (Lantz-PTT) 
W90-05783 


QUALITY  ASSURANCE  GUIDELINES  FOR 
ORGANIC  ANALYSIS. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

R.  A.  Karn,  and  A.  B.  Strong. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161.  Technical  Report 

EL-89-18,  December  1989.  Final  Report.  80p,  6 

tab,  12  ref,  append. 

Descriptors:  'Chemical  analysis,  'Organic  com- 
pounds, 'Pollutant  identification,  'Quality  control, 
'Standards,  Gas  chromatography,  Mass  spectrom- 
etry, Regulations. 

The  Army  Corps  of  Engineers  (CE)  is  involved 
with  numerous  projects  that  are  subject  to  environ- 
mental regulations.  To  meet  the  monitoring  re- 
quirements of  these  regulations,  a  number  of  ana- 
lytical procedures  are  used  to  assess  the  organic 
contaminants  in  environmental  samples.  Most  of 
the  procedures  are  approved  by  the  US  EPA,  the 
American  Society  for  Testing  and  Materials,  or  the 
US  Geological  Survey.  Procedures  requiring  gas 
chromatography  (GC)  or  gas  chromatography/ 
mass  spectrometry  (GC/MS)  are  the  most  fre- 
quently used  techniques.  Many  of  the  procedures 
are  similar,  varying  only  slightly  in  sample  prepa- 
ration or  quality  assurance/quality  control  (QA/ 
QC)  measures.  The  most  commonly  used  organic 
analysis  procedures  and  reference  sources  are  sum- 
marized in  the  appendix.  The  report  also  provides 
QA/QC  guidance  to  CE  personnel  who  either 
perform  organic  chemical  analyses  or  monitor  con- 
tractor laboratories.  The  sequence  of  events  in- 
volved with  sample  analysis  is  presented  from 
sample  handling  in  the  field  to  the  final  reporting 
of  data.  QA/QC  procedures  are  recommended  for 
every  step  in  the  analytical  process.  Sampling 
plans,  with  respect  to  numbers  of  samples,  site 
locations,  and  sampling  procedures  are  not  dis- 
cussed. (Lantz-PTT) 
W90-05806 


U.S.  ENVIRONMENTAL  PROTECTION  AGEN- 
CY'S STRATEGY  FOR  GROUND  WATER 
QUALITY  MONITORING  AT  HAZARDOUS 
WASTE  LAND  DISPOSAL  FACILITIES  LO- 
CATED IN  KARST  TERRANES. 
Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Health  and  Environmental  Assess- 
ment. 
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M.  S.  Field. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-129373. 
Price  codes:  A02  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/60O/D-88/241,  November  1988. 
6p,  1 1  ref. 

Descriptors:  'Groundwater  quality,  'Hazardous 
wastes,  *Karst  hydrology,  'Monitoring  wells, 
•Network  design,  'Waste  disposal,  Caves, 
Groundwater  movement,  Karst,  Puerto  Rico. 

Groundwater  monitoring  of  hazardous  waste  land 
disposal  units  by  a  network  of  wells  is  ineffective 
when  located  in  karstic  terrains.  The  EPA  is  pro- 
posing to  modify  its  current  groundwater  quality 
monitoring  requirement  of  one  upgradient  well  and 
three  downgradient  wells  for  disposal  units  located 
in  karstic  terrains.  The  convergent  nature  of  sub- 
surface flow  to  cave  streams  in  karstic  terrains 
requires  that  effective  monitoring  wells  intercept 
the  cave  streams.  Wells  located  around  a  hazard- 
ous waste  disposal  unit,  but  not  in  the  specific  cave 
stream  draining  the  site,  are  only  providing  irrele- 
vant data  and  a  false  sense  of  security,  because  the 
water  samples  from  such  wells  are  not  necessarily 
from  the  hazardous  waste  disposal  unit.  A  case 
study  of  a  landfill  in  Puerto  Rico  is  provided.  EPA 
is  drafting  a  guidance  document  that  will  allow 
monitoring  by  wells,  only  if  the  up  and  downgra- 
dient wells  can  be  demonstrated  to  be  hydraulical- 
ly  connected  by  means  of  dye-trace  studies.  If  not, 
then  the  monitoring  of  springs  shown  to  be  hy- 
draulically  connected  to  the  facility  by  dye-tracing 
studies  would  be  required.  Monitoring  for  sinkhole 
development  will  also  be  required  to  provide  ad- 
vance warning  of  sinkhole  collapse.  The  investiga- 
tion and  determination  of  the  probability  of  sink- 
hole collapse  will  be  given  special  treatment.  (Au- 
thor's abstract) 
W90-05807 


RESEARCH  PLAN  FOR  INTEGRATED  ECO- 
SYSTEM AND  POLLUTANT  MONITORING 
AT  REMOTE  WILDERNESS  STUDY  SITES. 

Idaho  National  Engineering  Lab.,  Idaho  Falls. 
Center  for  Environmental  Monitoring  and  Assess- 
ment. 

D.  A.  Brans,  and  G.  B.  Wiersma. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-015143. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EGG-EES--7951,  March  1988.  50p,  1 
fig,  9  tab,  68  ref.  DOE  Contract  DE-AC07-76- 
IDO1570. 

Descriptors:    'Monitoring,    'Pollutant    identifica- 
•Wilderness  areas,  Catchment  areas,  Drain- 
age systems,  Field  tests,  Forest  watersheds,  Re- 
:h  priorities.  Water  quality. 


:scnptors:  'Monitoring,  'Pollutant  identifica 
tion,  'Wilderness  areas,  Catchment  areas,  Drain 
age  systems,  Field  tests,  Forest  watersheds.  Re 
search  priorities,  Water  quality 

A  plan  for  measuring  pollutants  and  ecosystem 
parameters  at  remote,  high-elevation,  wilderness 
study  sites  proposes  a  multimedia,  systems  ap- 
proach to  environmental  monitoring.  The  plan  also 
deals  with  the  field  testing  and  evaluation  of  sever- 
al other  monitoring  approaches  to  remote  areas  as 
developed  by  the  Idaho  National  Engineering  Lab- 
oratory (INEL).  The  work  involves  multimedia 
monitoring  of  trace  elements  at  remote  areas,  the 
potential  use  of  portable,  real-time  gas  monitors, 
the  application  of  stream  drainage  basin  ecosystem 
parameters,  and  the  analysis  of  selected  forest  eco- 
system processes  potentially  sensitive  to  airborne 
pollutants.  For  the  purpose  of  field  testing  the 
approaches  to  monitoring  of  pollutants  and  ecosys- 
tems in  remote,  wilderness  areas,  six  evaluation 
criteria  were  developed.  These  criteria  are:  (1) 
useability;  (2)  cost-effectiveness,  (3)  data  variabili- 
ty, (4)  alternative  approaches,  (5)  ecosystem  con- 
ceptual approach,  and  (6)  quality  assurance.  Both 
the  Forest  Service  and  INEL  environmental  moni- 
toring techniques  will  be  evaluated  with  these  cri- 
teria. Another  objective  of  the  research  plan  is  to 
obtain  an  integrated  database  on  pollutants  and 
ecosystem  structure  and  function  at  a  remote  study 
site.  The  methods  tested  will  be  used  to  acquire 
these  data  using  multimedia  monitoring  of  air  and 
water  quality,  soils,  and  forest,  stream,  and  lake 
ecosystems.  (Lantz-PTT) 
W9O-O5810 


CHESAPEAKE  BAY  MAINSTEM  MONITOR- 
ING PROGRAM.  STATISTICAL  AND  ANALYT- 
ICAL SUPPORT  CONTRACT:  FINAL  REPORT. 
VOLUME  II. 

Martin  Marietta  Environmental  Systems,  Colum- 
bia, MD. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89- 156657. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
Report  No.  CBP/TRS  13/87,  September  1987. 
540p,  4  append. 

Descriptors:  'Chesapeake  Bay,  'Monitoring,  'Sta- 
tistical analysis,  'Water  quality,  Ammonium,  Chlo- 
rophyll a,  Density,  Dissolved  oxygen,  Nitrates, 
Nitrites,  Orthophosphorus,  Principal  component 
analysis,  Salinity,  Spatial  distribution,  Temporal 
distribution. 

Spatial  patterns  or  groupings  among  mainstem 
water  quality  monitoring  stations  within  the 
Chesapeake  Bay  mainstem,  which  capture  major 
regional  variations  in  water  quality  (Task  B)  were 
determined,  and  temporal  groupings  among  cruises 
which  can  be  used  to  identify  seasonal  and  interan- 
nual  patterns  in  the  data  (Task  C),  were  developed. 
Principal  components  analysis  (PCA)  was  used  to 
determined  the  spatial  (over  stations)  and  temporal 
(over  cruises)  aggregation  schemes.  Each  principal 
component  represents  a  weighted  linear  combina- 
tion of  the  original  water  quality  variables.  The 
choice  of  weights  (parameter  estimates)  are  deter- 
mined by  an  eigenanalysis  of  the  data  covariance 
or  correlation  matrix.  Principal  components  analy- 
ses were  performed  on  surface  and  bottom,  surface 
only,  and  bottom  only  values  of  subsets  of  the 
water  quality  variables  measured.  All  analyses 
were  performed  on  the  appropriate  correlation 
matrix.  With  respect  to  spatial  analysis,  the  first 
two  principal  components  from  a  PCA  performed 
on  surface  and  bottom  values  of  all  of  the  water 
quality  variables  accounted  for  61%  of  total  varia- 
tion in  the  data.  Salinity  and  water  density  were 
positively  correlated  with  the  first  components 
(PCI),  while  nitrite/nitrate  concentrations  were 
negatively  correlated  with  PCI.  Water  tempera- 
ture, bottom  orthophosphorus,  and  ammonium 
concentrations  were  positively  related  to  PC2.  Dis- 
solved oxygen  concentrations  and  bottom  chloro- 
phyll-a  concentrations  were  negatively  correlated 
with  PC2.  With  respect  to  temporal  analysis,  cruise 
centroids  for  the  first  two  components  from  a  PCA 
of  surface  and  bottom  values  of  all  of  the  water 
quality  variables  are  shown.  The  first  two  compo- 
nents accounted  for  61%  of  the  variation  observed 
in  the  data.  PCI  is  positively  correlated  with  salini- 
ty and  water  density.  PC2  is  positively  correlated 
with  water  temperature  and  bottom  dissolved  nu- 
trient concentrations.  Distinct  seasonal  patterns  are 
evident.  These  seasonal  groupings  were  identified 
by  a  visual  inspection  of  the  clustering  of  cruise 
centroids.  Summer  conditions  are  apparent  in  1984 
(cruises  1  through  7)  and  1985  (cruises  22  through 
27).  Winter  conditions  are  represented  by  cruises 
13  through  17.  Two  transitional  periods,  fall  1984 
(cruises  8  through  12)  and  spring  1985  (cruises  18 
through  21),  are  also  apparent.  (Lantz-PTT) 
W90-05811 


METABOLISM  OF  POLYCYCLIC  AROMATIC 
HYDROCARBONS  IN  THE  AQUATIC  ENVI- 
RONMENT. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05812 


AEROMONAS  AND  OTHER  INDICATOR  BAC- 
TERIA IN  AQUATIC  SOURCES  IN  THAI- 
LAND. 

International   Centre   for   Diarrheal   Disease   Re- 
search, Dacca  (Bangladesh). 
Z.  Rahim,  O.  Suthienkul,  K.  M.  S.  Aziz,  and  P. 
Echeverria. 

Bangladesh  Journal  of  Botany  BJBTB3,  Vol.  18, 
No.  2,  p  197-204,  December  1989.  1  fig,  3  tab,  17 
ref. 

Descriptors:  'Bacteria,  'Bioindicators,  'Coliforms, 
•Thailand,  Aeromonas,  Bacterial  physiology,  Con- 
ductivity, Hydrogen  ion  concentration,  Klebsiella, 
Salinity. 


Aeromonas  sp.,  fecal  coliforms  (FC),  and  Kleb- 
siella sp.  were  counted  in  water  samples  collected 
from  one  lake,  three  ponds,  and  six  points  of  the 
Chao  Phraya  river  passing  through  three  impor- 
tant places  of  Thailand:  Bangkok  city,  Nonburi  and 
Samutprakan  province.  Counts  of  Aeromonas  sp., 
FC  and  Klebsiella  sp.,  ranged  from  1500-26,000, 
130-11,000,  and  1700-15,000  per  100  ml  of  water, 
respectively.  Highest  Aeromonas  sp.  and  FC 
counts  were  recorded  in  the  water  samples  collect- 
ed from  the  Chao  Phraya  river  at  the  Samutprakan 
province  and  from  a  pond  at  the  National  Zoo 
respectively.  Variation  of  electrical  conductivity, 
pH  and  salinity  was  noted  in  the  waters  of  different 
sampling  sites.  The  highest  salinity  10.3  parts  per 
thousand,  pH  (7.6)  and  electrical  conductivity 
(14,000  micro  ohm/cm)  were  recorded  in  the 
brackish  water  of  the  Chao  Phraya  river  in  Samut- 
prakan province.  (Author's  abstract) 
W90-05832 


PATHOGENIC  AMOEBAE  IN  NATURAL 
THERMAL  WATERS  OF  THREE  RESORTS  OF 
HIDALGO,  MEXICO. 

Project  of  Conservation  and  Improvement  of  the 
Environment,  Los  Reyes  (Mexico).  Unit  of  Inter- 
disciplinary Research  of  Health  and  Education  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05833 


AMPEROMETRIC  FLOW  INJECTION  TECH- 
NIQUE FOR  DETERMINATION  OF  HYDRO- 
GEN PEROXIDE  AND  SULFURQV)  IN  AT- 
MOSPHERIC LIQUID  WATER. 

Sao  Paulo  Univ.  (Brazil).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05834 


FRESHWATER  SEDIMENT  TOXICITY  BIOAS- 
SESSMENT:  RATIONALE  FOR  SPECIES  SE- 
LECTION AND  TEST  DESIGN. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 
J.  P.  Giesy,  and  R.  A.  Hoke. 
Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
15,  No.  4,  p  539-569,  1989.  2  fig,  3  tab,  217  ref. 
EPA  Agreement  No.  DL  85-002-06. 

Descriptors:  'Bioassay,  'Pollutant  identification, 
'Sediment  contamination,  'Testing  procedures, 
'Toxicity,  Algae,  Daphnia,  Microtox  assay, 
Midges,  Monitoring. 

The  rationale  and  conceptual  basis  for  the  use  of 
sediment  toxicity  assays  are  discussed  in  relation- 
ship to  their  use  in  sediment  evaluations  employing 
faunal  surveys,  toxicity  assays,  and  chemical  analy- 
sis. The  disadvantages  and  advantages  of  various 
species  from  the  major  classes  of  aquatic  organisms 
for  use  as  sediment  toxicity  assay  organisms  are 
presented.  Relative  sensitivities  of  selected  species 
and  their  ease  of  laboratory  culture  and  utility  as 
assay  organisms  are  used  to  rank  assays  and  pro- 
pose a  battery  of  assays  for  the  rapid  screening 
evaluation  of  sediment  toxicity.  The  usefulness  of  a 
battery  of  assays  for  the  screening  evaluation  of 
sediment  toxicity  and  statistical  considerations 
which  are  important  in  the  development  of  study 
designs  and  the  analysis  of  results  from  the  battery 
of  proposed  assays  are  discussed.  The  assays  rec- 
ommended for  inclusion  in  the  screening  battery 
for  evaluation  of  sediment  toxicity  are  Microtox, 
an  algal  assay,  the  Chironomus  ten  tans  10-d 
growth  assay,  and  the  48-h  Daphnia  magna  acute 
assay.  (Author's  abstract) 
W90-05842 


SOME  PROBLEMS  AFFECTING  THE  ASSESS- 
MENT OF  GREAT  LAKES  WATER  QUALITY 
USING  BENTHIC  INVERTEBRATES. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 

D.  R.  Barton. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

15,  No.  4,  p  611-622,   1989.  6  fig,  2  tab,  53  ref. 

Descriptors:  'Benthos,  'Bioindicators,  'Bottom 
sampling,  'Lake  Michigan,  'Lake  Ontario,  'Ma- 
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croinvertebrates,  Data  interpretation,  Life  cycles, 
Seasonal  variation,  Substrates,  Water  quality. 

The  value  of  benthic  macroinvertebrates  as  indica- 
tors of  water  quality  increases  with  the  understand- 
ing of  the  ways  in  which  environmental  and  meth- 
odological factors  can  affect  the  results  of  field 
studies.  When  such  factors  are  taken  into  account, 
the  benthos  accurately  reflect  changing  conditions 
as  demonstrated  by  long-term  studies  in  southern 
Lake  Michigan  and  Bay  of  Quinte,  Lake  Ontario. 
However,  most  studies  have  employed  different 
field  techniques  and  have  been  conducted  at  differ- 
ent times  of  the  year.  Some  of  the  effects  of  such 
differences  are  illustrated  through  analysis  of  data 
collected  by  the  Great  Lakes  Institute  (University 
of  Toronto)  during  the  mid-1960s.  These  and  other 
data  suggest  that  timing  of  field  work  will  reflect 
life  cycle  events  such  as  recruitment,  migration, 
and  sexual  maturity,  all  of  which  influence  appar- 
ent water  quality.  Texture  of  the  substratum  can 
have  similar  effects,  but  these  are  not  uniform 
across  major  taxonomic  groups.  (Author's  ab- 
stract) 
W90-05847 

AQUATIC  INSECT  ADULTS  AS  INDICATORS 
OF  ORGANOCHLORINE  CONTAMINATION. 

Windsor  Univ.  (Ontario).  Dept.  of  Biology. 

Z.  E.  Kovats,  and  J.  J.  H.  Ciborowski. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

15,  No.  4,  p  623-634,  1989.  6  fig,  3  tab,  21  ref. 

Descriptors:  'Aquatic  insects,  *Bioaccumulation, 
•Bioindicators,  *Caddisflies,  *Mayflies,  ♦Pesti- 
cides, Detroit  River,  Ontario,  Polychlorinated  bi- 
phenyls,  Sampling  techniques,  St  Clair  River. 

The  aquatic  larval  stages  of  many  benthic  inverte- 
brates are  useful  indicators  of  organochlorine  con- 
tamination. However,  it  is  often  difficult  to  obtain 
adequate  material  for  gas  chromatographic  analysis 
using  benthic  sampling  methods.  Alternatively,  one 
can  collect  the  terrestrial  adult  stages  of  aquatic 
insects.  Adult  Trichoptera  and  Ephemeroptera 
were  captured  at  night  at  four  contaminated  sites 
on  the  Detroit  and  St.  Clair  rivers,  and  at  several 
uncontaminated  central  Ontario  locations.  Modi- 
fied Pennsylvania  style  light  traps  containing  dry 
ice  as  a  killing/preserving  agent  attracted  large 
numbers  of  insects.  Adult  Trichoptera  were  active 
throughout  the  summer,  but  catches  were  greatest 
in  late  June.  Hexagenia  (Ephemeroptera:  Ephemer- 
idae)  abundance  was  very  low  except  during  2 
weeks  in  late  June.  Air  temperature,  wind  velocity, 
and  wind  direction  greatly  affected  catches.  Gas 
chromatographic  analysis  of  central  Ontario  sam- 
ples revealed  low  but  detectable  (microg/kg) 
levels  of  individual  PCB  congeners,  and  relatively 
high  concentrations  of  some  pesticides.  Samples 
weighing  0.75  g  dry  weight  yielded  contaminant 
estimates  as  precise  as  larger  samples.  Neither  stor- 
age time  nor  storage  temperature  influenced  analy- 
sis. Adult  insects  collected  near  the  Detroit  and  St. 
Clair  rivers  carried  significantly  higher  body  bur- 
dens of  nearly  all  contaminants  considered  than 
adult  insects  from  central  Ontario  sites.  Spatial 
pattern  of  contaminants  among  insect  samples  cor- 
responded to  that  in  the  sediments.  Adult  aquatic 
insects  are  effective  alternatives  to  immature 
benthic  insects  or  other  invertebrates  for  prelimi- 
nary surveys  of  organic  contamination  in  aquatic 
habitats.  (Author's  abstract) 
W90-05848 


USE  OF  FRESHWATER  MUSSELS  (BIVALVIA: 
UNIONIDAE)  TO  MONITOR  THE  NEAR- 
SHORE  ENVIRONMENT  OF  LAKES. 

University  of  Western  Ontario,  London.  Dept.  of 

Zoology. 

R.  H.  Green,  R.  C.  Bailey,  S.  G.  Hinch,  J.  L. 

Metcalfe,  and  V.  H.  Young.  .„„„ 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

15,  No.  4,  p  635-644,  1989.  3  tab,  42  ref. 

Descriptors:  *Bioindicators,  *Environmental  ef- 
fects, *Mollusks,  *Monitoring,  'Mussels,  'Water 
pollution  effects,  Lakes,  Shell  morphology,  Trans- 
plant experiments. 

A  combination  of  observational  studies  and  ma- 
nipulative field,  mesocosm,  and  laboratory  experi- 


ments have  shown  that  lentic  populations  of  un- 
ionid  mussels,  in  particular  Lampsilis  radiata  and 
Elliptio  complanata,  respond  to  environmental  var- 
iation in  several  ways.  Thus,  mussels  may  be  useful 
as  monitors  of  their  environment.  Shell  morpholo- 
gy, degree  of  shell  etching,  and  shell  growth  rates 
vary  along  a  gradient  of  exposure  to  water  energy. 
These  phenotypic  responses  to  environmental  vari- 
ation appear  to  have  little  genetic  basis.  Two  poly- 
morphic allozyme  loci  were  examined  with  elec- 
trophoresis, and  allelic  frequencies  showed  little 
spatial  pattern.  The  heritability  of  shell  size  and 
shape  was  assessed  and  found  to  be  quite  low. 
However,  in  transplant  experiments  mussels  moved 
to  different  environments  were  strongly  influenced 
by  the  environment  from  which  they  came.  For 
example,  growth  rate  and  tissue  metal  burdens  at 
the  end  of  a  1-year  transplant  study  are  determined 
much  more  by  the  source  lake  than  by  destination 
lake.  This  'source  effect'  can  be  explained  by:  (a) 
slowly  reversing  acclimation  of  a  common  geno- 
type to  contrasting  habitats  (e.g.,  north  shore  Lake 
Erie  and  adjacent  waters),  or  (b)  underlying  but  as 
yet  undetected  genetic  differences  which  are  a 
product  of  selection  in  genetically  isolated  popula- 
tions (e.g.,  separate  lakes  on  an  acidity  gradient  in 
the  Muskoka/Haliburton  region).  Attempts  to  use 
contaminant  levels  in  the  mussel  shell  as  an  envi- 
ronmental monitor  were  not  successful.  However, 
the  research  does  demonstrate  that  changes  in  den- 
sity and  growth  rate  parameters  may  be  attributa- 
ble to  pollution,  despite  the  potentially  confound- 
ing effects  of  natural  environmental  variation.  (Au- 
thor's abstract) 
W90-05849 

COMPARISON  OF  LEECHES  AND  MUSSELS 
AS  BIOMONITORS  FOR  CHLOROPHENOL 
POLLUTION. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
J.  L.  Metcalfe,  and  A.  Hayton. 
Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
15,  No.  4,  p  654-668,  1989.  6  fig,  4  tab,  31  ref. 

Descriptors:  'Annelids,  'Bioaccumulation,  'Bioin- 
dicators,  'Chlorinated  aromatic  compounds, 
♦Leeches,  'Monitoring,  Comparison  studies,  Fat- 
head minnows,  Field  studies,  Mussels,  Ontario. 

Leeches  were  previously  shown  to  have  unusually 
high  bioaccumulation  capacities  for  chlorophenols 
(CPs)  and  have,  therefore,  been  recommended  as 
biomonitors    for    CP    pollution.    To    determine 
whether  leeches  could  survive  on-site  exposures  in 
cages  and  to  compare  leeches  and  mussels  as  bio- 
monitors for  CPs,  two  field  studies  were  conduct- 
ed. CP  residues  in  leeches  (Nephelopsis  obscura) 
exposed  for  3  weeks  above  and  below  a  pulp  mill 
complex  on  the  Rainy  River,  Ontario,  were  com- 
pared   with   concentrations    in    resident    mussels, 
while  leeches  and  mussels  (Elliptio  complanata) 
were  directly  compared  by  exposing  them  simulta- 
neously in  cages  near  a  wood  preserving  plant  on 
Thunder  Bay  Harbour.  Survival  of  caged  leeches 
in  the  Rainy  River  was  excellent  (77-87%),  provid- 
ed conductivity /alkalinity  was  within  the  tolerance 
range  of  the  species.  Leeches  as  far  as  100  km 
downstream   of  the   mills   accumulated   elevated 
levels  of  CPs  (21-121  ng/g  vs.  4-5  ng/g  pre-expo- 
sure),  with  proportions  of  the  various  congeners 
reflecting  those  in  mill  effluent.  Concentrations  of 
CPs  in  mussels  (<0.5-3.5  ng/g)  were  1-2  orders  of 
magnitude  lower  than  in  leeches.  Leeches  in  Thun- 
der Bay  Harbour  accumulated  four  CPs,  with  con- 
centrations  of  the   dominant    pentachlorophenol 
(PCP)  ranging  from  817-5,300  ng/g  near  the  plant 
to  275-375  ng/g  at  100  m,  55-85  ng/g  at  300  m,  and 
<50  ng/g  at  600  m  beyond  the  discharges.  In 
contrast,  CPs  were  never  detected  in  mussels  from 
any  site.  Bioassays  conducted  on  harbor  sediment 
using    fathead    minnows    (Pimephales    promelas), 
burrowing    mayflies    (Hexagenia    limbata),    and 
leeches  demonstrated  that  uptake  and  toxicity  de- 
creased with  increasing  distance  from  the  plant.  At 
all  sites,  PCP  residues  were  similar  in  field-exposed 
and  lab-exposed  leeches.  This  study  demonstrated 
that  leeches  are  far  superior  to  mussels  as  biomoni- 
tors for  CPs,  and  that  leeches  can  be  successfully 
caged  and  used  in  routine  monitoring  where  CP 
pollution  is  suspected.  (Author's  abstract) 
W90-05851 


USE  OF  EXPERIMENTAL  ECOSYSTEM  IN 
REGULATORY  DECISION  MAKING. 

National  Fisheries  Contaminant  Research  Center, 

Columbia,  MO. 

T.  W.  LaPoint,  and  J.  A.  Perry. 

Environmental  Management  EMNGDC,  Vol.  13, 

No.  5,  p  539-544,  September/October  1989.  46  ref. 

Descriptors:  'Bioassay,  'Environmental  effects, 
'Pollutant  identification,  'Regulations,  'Toxicity, 
'Water  pollution  effects,  Ecosystems,  Testing  pro- 
cedures, Tiered  testing. 

Tiered   testing   for   the   effects   of  chemicals   on 
aquatic  ecosystems  has  begun  to  include  tests  at 
the  ecosystem  level  as  a  component  in  pesticide 
registration.  Because  such  tests  are  expensive,  reg- 
ulators and  industry  need  to  know  what  additional 
information  they  can  gain  from  such  tests  relative 
to  the  costs  of  the  simpler  single-species  toxicity 
bioassays.  Requirements  for  ecosystem-level  test- 
ing have  developed  because  resource  managers 
have  not  fully  understood  the  implications  of  po- 
tential damage  to  resources  without  having  evalua- 
tions of  the  predicted  impacts  under  field  condi- 
tions. Approaches  taken  in  the  use  of  experimental 
ecosystems,  are  reviewed,  benefits  and  limitations 
of  small-scale  and  large-scale  ecosystem  tests  are 
discussed,  and  correlative  approaches  between  lab- 
oratory and  field  toxicity  testing  are  pointed  out. 
Laboratory  experimental  ecosystems  (microcosms) 
have  been  successfully  used  to  measure  contami- 
nant bioavailability,  to  determine  routes  of  uptake 
in  moderately  complex  aquatic  systems,  and  to 
isolate  factors  modifying  contaminant  uptake  into 
the  biota.  Such  factors  cannot  be  as  readily  studied 
in  outdoor  experimental  ecosystems  because  direct 
cause-and-effect   relations   are   often   confounded 
and  difficult  to  isolate.  However,  laboratory  tests 
can  be  designed  to  quantify  the  relations  among 
three  variables:  known  concentrations  of  stressors; 
specific    sublethal    behavioral,    biochemical,    and 
physiological  effects  displayed  by  organisms;  and 
responses  that  have  been  observed  in  ecosystem- 
level  analysis.  For  regulatory  purposes,  the  speci- 
ficity of  test  results  determines  how  widely  they 
can  be  applied.  Ecotoxicological  research  should 
be  directed  at  attempts  to  identify  instances  where 
single-species   testing   would   be   the   appropriate 
level  of  analysis  for  identifying  critical  ecological 
endpoints  and  for  clarifying  relationships  between 
ecosystem  structure  and   function  and   where  it 
would  be  inadequate  for  a  given  level  of  analysis. 
(Author's  abstract) 
W90-05861 

ENVIRONMENTAL  MONITORING  AT  HAN- 
FORD,  WASHINGTON,  USA:  A  BRIEF  SITE 
HISTORY  AND  SUMMARY  OF  RECENT  RE- 
SULTS. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 

Office  of  Hanford  Environment. 

R.  H.  Gray,  R.  E.  Jaquish,  P.  J.  Mitchell,  and  W. 

H.  Rickard. 

Environmental  Management  EMNGDC,  Vol.  13, 

No.  5,  p  563-572,  September/October  1989.  4  fig, 

38  ref. 

Descriptors:  'Fate  of  pollutants,  'Hanford  Site, 
•Monitoring,  'Path  of  pollutants,  'Pollutant  identi- 
fication, 'Radioactive  wastes,  'Washington,  Envi- 
ronmental impact,  Industrial  wastes,  Mathematical 
models. 

Nuclear  and  nonnuclear  industrial  and  research 
activities  have  been  conducted  on  the  Hanford 
reservation  since  1943.  Materials  originating  from 
these  activities  may  enter  the  surrounding  environ- 
ment through  releases  of  airborne  and  liquid  ef- 
fluents and  solid  wastes.  Concern  about  the  envi- 
ronmental effects  of  these  releases  has  evolved 
over  the  past  four  decades  into  a  comprehensive 
onsite  and  offsite  monitoring  program.  Today,  en- 
vironmental monitoring  to  assess  potential  impacts 
of  released  materials  includes  field  sampling  and 
chemical  and  physical  analysis  of  air,  ground  and 
surface  water,  fish  and  wildlife,  soil,  vegetation, 
and  foodstuffs.  This  paper  reviews  the  history  of 
Hanford  operations  and  summarizes  the  current 
environmental  monitoring  program  and  its  major 
findings.  Mathematical  models  based  on  monitor- 
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ing  data  show  that  radiation  doses  to  people  living 
near  the  Hanford  site  are  well  below  existing  regu- 
latory standards.  Only  trace  amounts  of  radionu- 
clides from  Hanford  have  been  detected  in  the 
offsite  environment.  (Author's  abstract) 
W90-05863 


REGULATING  CONTAMINATED  SEDIMENTS 
IN  AQUATIC  ENVIRONMENTS:  A  HYDRO- 
LOGIC  PERSPECTIVE. 

Maryland  Univ.,  College  Park.  Dept.  of  Geogra- 
phy. 

W.  A.  Marcus. 

Environmental  Management  EMNGDC,  Vol.  13, 
No.  6,  p  703-731,  November/December  1989.  4  fig, 
34  ref. 

Descriptors:  'Environmental  policy,  *Monitoring, 
•Pollutant  identification,  'Sediment  contamination, 
Enforcement,  Flood  plains.  Hydrology. 

A  number  of  state  and  federal  agencies  are  at- 
tempting to  develop  management  strategies  for 
contaminated  aquatic  sediments.  Research  and 
debate  on  sediment  guidelines  and  regulations  has 
focused  almost  exclusively  on  biological  and  chem- 
ical techniques  for  determining  when  sediments 
pose  an  environmental  risk.  Hydrologic  factors 
must  also  be  considered,  however,  if  these  bio- 
chemically based  techniques  for  establishing  sedi- 
ment quality  standards  are  to  be  feasible.  Hydro- 
logic  issues  that  need  to  be  addressed  include  how 
to  define  the  boundaries  of  the  aquatic  environ- 
ment, the  scope  of  sediment  regulations  in  ephem- 
eral water,  regulations  and  sampling  procedures  in 
heterogeneous  sediment,  and  timing  of  samples  for 
monitoring  and  enforcement  purposes.  Existing 
techniques  for  determining  sediment  contamination 
include:  (1)  the  background  approach;  (2)  the  parti- 
tioning approach;  (3)  the  interstitial  water  ap- 
proach; and  (4)  biological  sampling  approaches. 
No  one  of  the  approaches  is  clearly  superior.  It  is 
likely  that  several  of  the  approaches  will  be  used 
for  any  one  assessment  depending  on  the  deposi- 
tional  environments.  It  is  further  suggested  that  the 
boundaries  of  the  aquatic  environment  be  defined 
for  regulatory  purposes  to  include  intermittently 
inundated  areas,  as  well  as  permanently  flooded 
sediments.  (Author's  abstract) 
W90-05865 


METHOD  FOR  ANALYSIS  OF  BUTYLTIN 
SPECIES  AND  MEASUREMENT  OF  BUTYL- 
TINS  IN  SEDIMENTS  AND  ENGLISH  SOLE 
LrVERS  FOR  PUGET  SOUND. 

National  Marine  Fisheries  Service,  Seattle,  WA. 

Northwest  and  Alaska  Fisheries  Center. 

C.  A.  Krone,  D.  W.  Brown,  D.  G.  Burrows,  R.  G. 

Bogar,  and  S.-L.  Chan. 

Marine  Environmental  Research  MERSDW,  Vol. 

27,  No.  1,  p  1-18,  1989.  1  fig,  4  tab,  39  ref. 

Descriptors:  'Antifoulants,  *Bioaccumulation, 
•Marine  sediments,  *Organotin  compounds,  •Pol- 
lutant identification,  Extraction  techniques,  Sedi- 
ment contamination,  Sole,  Tissues. 

A  method  for  determining  tetra-,  tri-,  di-,  and 
monobuytltin  in  marine  sediments  and  in  tissues 
from  English  sole  was  developed.  The  method 
utilized  dichloromethane/tropolone  extraction  of 
the  butyltins,  derivatization  with  hexylmagnesium 
bromide,  and  a  silica/alumina  column  cleanup 
prior  to  gas  chromatographic/mass  spectrometric 
(GC/MS)  analysis.  A  number  of  quality  assurance 
measures  were  incorporated  in  the  method.  Mean 
recoveries  of  the  surrogate  spike  tripentyltin  from 
sediment  and  tissue  reference  materials  ranged 
from  96%  to  110%.  The  method  was  applied  to 
sediments  and  livers  of  English  sole  collected  in 
Puget  Sound,  Washington  state.  Total  butyltin 
concentrations  in  sediments  ranged  from  <  5  to 
1900  ng/g  dry  weight  as  Sn.  Tributyltin  concentra- 
tions of  >  1000  ng/g  were  found  in  some  sedi- 
ments. Butyltins  were  also  determined  in  livers 
from  English  sole  captured  at  sites  where  sedi- 
ments were  contaminated  with  butyltins.  Dibutyl- 
tin  (at  concentrations  up  to  870  ng/g  dry  weight  as 
Sn)  was  the  predominant  butyltin  species  found  in 
the  livers.  (Author's  abstract) 
W90-05875 


LANTHANIDE  LUMINESCENCE  QUENCH- 
ING AS  A  DETECTION  METHOD  IN  ION 
CHROMATOGRAPHY:  CHROMATE  IN  SUR- 
FACE AND  DRINKING  WATER. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 

Analytical  Chemistry. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-05913 


DETERMINATION  OF  ORGANIC  AND  INOR- 
GANIC ACIDS  IN  PRECIPITATION  SAMPLES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Research  and  Applications  Branch. 
V.  Cheam. 

Journal  of  Chromatography  JOCRAM,  Vol.  482, 
No.  2,  p  381-392,  December  1,  1989.  5  fig,  8  tab,  29 
ref. 

Descriptors:  *Acid  rain,  *Atmospheric  chemistry, 
•Chemistry  of  precipitation,  'Inorganic  acids, 
•Laboratory  methods,  'Organic  acids,  'Pollutant 
identification,  'Precipitation,  Chemical  analysis, 
Chromatography,  Detection  limits,  Natural  waters, 
Water  sampling. 

While  inorganic  acids  continue  to  be  very  impor- 
tant constituents  in  acid  rain  studies,  organic  acids 
are  becoming  more  and  more  a  prerequisite  for 
proper  accounting  of  atmospheric  chemistry  proc- 
esses and  precipitation  ionic  balances.  An  ion  chro- 
matographic method  is  described  for  simultaneous 
analysis  of  major  organic  and  inorganic  acids 
(formic,  acetic,  nitric,  sulfuric,  hydrochloric  and 
hydrofluoric)  in  precipitation  samples.  The  method 
can  also  determine  several  other  acids  commonly 
cited  in  literature  on  precipitation-related  samples; 
namely,  propionic,  glycolic,  butyric,  methanesul- 
fonic,  nitrous,  hydroxymethylsulfonic,  oxalic, 
phosphoric  and  citric  acids.  The  method  can  be 
adapted  for  routine  analysis  of  these  acids,  which 
are  resolved  in  less  than  10  minutes.  Three  types  of 
natural  waters  were  analyzed:  a  rain  sample,  a 
Eulerian  quality  control  sample,  and  an  rain-snow 
mixture  which  was  immediately  preserved  with 
0.2%  chloroform.  Sixty  recoveries  were  made 
giving  a  percent  recovery  range  of  90  to  1 10%. 
(Author's  abstract) 
W90-05914 


SPECTROPHOTOMETRIC  FIELD  MONITOR 

FOR  THE  DETERMINATION  OF  NITRATE  IN 

RIVER  WATER:  STATISTICAL  ANALYSIS  OF 

THE  RESULTS  FROM  A  NINE-MONTH  FIELD 

TRIAL. 

Freshwater     Biological     Association,     Wareham 

(England).  River  Lab. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-05936 


HUMIC  AND  OTHER  NEGATTVELY 
CHARGED  COLLOIDS  OF  IRON  AND 
COPPER  IN  RIVER  WATER. 

Nagoya   Univ.   (Japan).   Faculty   of  Engineering. 
For  primary  bibliographic  entry  see  Field  2K. 
W90-O5937 


FRESHWATER  FISH  CYTOCHROME  P450- 
DEPENDENT  ENZYMATIC  ACTIVITIES:  A 
CHEMICAL  POLLUTION  INDICATOR. 

Centre    National    du    Machinisme    Agricole,    du 

Genie    Rural,    des    Eaux    et    des    Forets,    Lyon 

(France).  Lab.  d'Ecotoxicologie. 

E.  Vindimian,  and  J.  Garric. 

Ecotoxicology       and       Environmental       Safety 

EESADV,  Vol.  18,  No.  3,  p  277-285,  December 

1989.  6  fig,  2  tab,  19  ref. 

Descriptors:  'Bioindicators,  'Cytochromes,  'Fish 
physiology,  'Pollutant  identification,  'Water  pol- 
lution effects,  Enzymes,  Factor  analysis,  Mathe- 
matical studies,  Mixed  function  oxidases,  Regres- 
sion analysis. 

Mixed  function  oxidase  activities  of  fish  liver  ho- 
mogenates  were  measured  during  four  sampling 
campaigns  (March  1986,  October  1986,  June  1987 
and  December  1987)  in  the  river  Durance  in  the 
southeast  of  France.  Six  hundred  fish  belonging  to 
four  species  were  caught  for  this  study;  the  use  of 


factorial  analysis  emphasized  the  strong  pollution 
dependence  of  the  P450-dependent  enzymatic  ac- 
tivities which  vary  with  the  season,  the  species, 
and  the  sex  of  the  fish.  Species  can  be  ordered 
according  to  decreasing  aryl  hydrocarbon  hydrox- 
ylase (AHH)  values  as  follows:  Leuciscus  cepha- 
lus,  Chondrostoma  nasus,  Barbus  barbus,  and  Ne- 
macheilus  barbatulus.  Males  had  higher  AHH  ac- 
tivities than  females.  Higher  activities  in  March 
than  in  June  or  October  were  noted.  Regression 
analysis  of  the  data  allowed  prediction  of  the  type 
of  location  from  which  the  fish  came  (polluted  or 
unpolluted)  for  80%  of  the  fish.  This  supports  use 
of  such  activities  as  chemical  pollution  indicators. 
(Geiger-PTT) 
W90-05942 


PLANARIANS  IN  TOXICOLOGY:  I.  PHYSIOL- 
OGY OF  SEXUAL-ONLY  DUGESIA  DOROTO- 
CEPHALA:  EFFECTS  OF  DIET  AND  POPULA- 
TION DENSITY  ON  ADULT  WEIGHT  AND 
COCOON  PRODUCTION. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Vet- 
erinary Biosciences. 

J.  Kostelecky,  B.  Elliott,  and  D.  J.  Schaeffer. 
Ecotoxicology       and       Environmental       Safety 
EESADV,  Vol.  18,  No.  3,  p  286-295,  December 
1989.  1  fig,  3  tab,  42  ref. 

Descriptors:  *Bioindicators,  *Platyhelminthes, 
•Pollutant  identification,  *Toxicology,  Diets, 
Growth,   Population  density,   Statistical  analysis. 

A  rare  sexual-only  race  of  Dugesia  dorotocephala 
produces  offspring  from  cocoons  rather  than  by 
fissioning,  allowing  individuals  to  be  accurately 
aged.  Because  each  animal  possesses  fully  devel- 
oped male  and  female  reproductive  systems  and  a 
true  brain  with  synapses,  many  types  of  toxicologi- 
cal  studies  which  normally  use  vertebrates  are 
possible  with  these  animals.  Because  these  animals 
are  very  sensitive  to  low  concentrations  of  envi- 
ronmental toxicants,  they  have  been  used  in 
Europe  for  decades  to  detect  pollutants  in  water. 
Prior  to  using  this  race  for  toxicological  studies,  a 
factorial  study  was  carried  out  to  determine  the 
effects  of  environmental  conditions  on  reproduc- 
tion and  growth.  The  factors  studied  were  crowd- 
ing (2,  4,  or  8  animals/50  ml  medium),  age  (17,  19, 
21  mo),  and  type  of  dietary  protein  (soy,  liver, 
cooked  egg  yolk).  Protein  composition  dramatical- 
ly affected  the  numbers  of  cocoons  deposited  per 
planarian,  mean  weight,  and  temporal  patterns  of 
weight  changes.  During  65  days  of  observation, 
planarians  fed  liver  deposited  an  average  of  3.28 
cocoons/planarian  while  those  fed  soya  or  egg 
yolk  deposited  an  average  of  0.25  cocoon/planar- 
ian.  Crowding,  but  not  age,  affected  the  numbers 
of  cocoons  deposited.  Statistical  analysis  showed 
that  protein  composition,  age,  and  crowding,  alone 
and  in  factorial  combinations,  affected  both  the 
absolute  weight  changes  and  the  temporal  patterns 
in  weight  changes  in  each  group.  (Author's  ab- 
stract) 
W90-05943 


ECOTOXICOLOGICAL  CHARACTERIZATION 
OF  INDUSTRIAL  WASTEWATER:  SULFITE 
PULP  MILL  WITH  BLEACHING. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

For  primary  bibliographic  entry  see  Field  5C. 
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SPECIATION  OF  ORGANOTTN  COMPOUNDS 
IN  WATER  BY  GAS  CHROMATOGRAPHY/ 
ATOMIC  ABSORPTION  SPECTROMETRY. 

Antwerp  Univ.,  Wilrijk  (Belgium).  Dept.  of  Chem- 
istry. 

W.  M.  R.  Dirkx,  W.  E.  Van  Mol,  R.  J.  A.  Van 
Cleuvenbergen,  and  F.  C.  Adams. 
Fresenius    Zeitschrift    fuer    Analytische    Chemie 
ZACFAU,  Vol.  335,  No.  7,  p  769-774,  December 
1989.  4  fig,  7  tab,  26  ref. 

Descriptors:  *Antifoulants,  'Atomic  absorption 
spectrophotometry,  'Gas  chromatography,  *Or- 
ganotin  compounds,  'Pesticides,  'Pollutant  identi- 
fication, Biocides,  Speciation,  Water  analysis. 
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A  reproducible  and  interference-free  method  is 
presented  for  simultaneous  determination  of  indi- 
vidual tri-,  di-,  and  monoalkyltin  species  present  in 
aqueous  systems.  The  ionic  methyltin  and  butyltin 
compounds  are  extracted  from  water  into  pentane 
as  diethyldithiocarbamate  complexes  at  pH  5.  The 
organic  phase  is  then  evaporated  to  dryness  under 
reduced  pressure,  after  which  derivatization  with 
n-pentyl  (Pe)  Grignard  reagent  is  carried  out  in  a 
microvolume  of  n-octane  to  form  pentylated  alkyl- 
tin  compounds  R(n)SnPe(4-n)  where  R  =  methyl 
or  butyl.  The  quantitation  is  subsequently  per- 
formed by  gas  chromatography  with  quartz  fur- 
nace atomic  absorption  spectrometric  detection. 
Absolute  detection  limits  range  between  0.16  nano- 
grams and  0.40  nanograms  Sn  for  the  various  or- 
ganotin  species,  allowing  speciation  in  natural 
water  down  to  the  4-10  nanogram/L  level.  (Au- 
thor's abstract) 
W90-05946 


SEPARATE  DETERMINATION  OF  ORGANIC 
HALOGEN  OR  SULPHUR  COMPOUNDS  IN 
WATER  AFTER  ADSORPTION  ON  CHAR- 
COAL AND  STEPWISE  PARTIAL  THERMAL 
DESORPTION  (GETRENNTE  BESTIMMUNG 
VON  ORGANISCHEN  HALOGEN  ODER 
SCHWEFELVERBINDUNGEN  IN  WAESSERN 
NACH  ADSORPTION  AN  AKTIVKOHLE  UND 
SCHRTTTWEISER  PARTIELLER  DESORP- 
TION). 

Muenster  Univ.   (Germany,   F.R.).   Anorgamsch- 
Chemisches  Inst. 
A.  Fissing,  and  F.  Umland. 

Fresenius  Zeitschrift  fuer  Analytische  Chemie 
ZACFAU,  Vol.  335,  No.  7,  p  826-832,  December 
1989.  1 1  fig,  5  tab,  7  ref.  English  summary. 

Descriptors:  'Electrical  studies,  'Halogenated  hy- 
drocarbons, 'Organic  compounds,  'Pollutant  iden- 
tification, 'Sulfur  compounds,  Absorption,  Char- 
coal, Desorption,  Separation  techniques. 

A  method  is  described  for  the  separation  of  mix- 
tures of  halogenated  hydrocarbons,  adsorbed  on 
charcoal,  by  controlled  thermal  desorption.  In  a 
second  step  the  desorbed  species  are  burned.  The 
generated  halogenide  ions  are  determined  coulo- 
metrically.  The  method  was  applied  to  real  water 
samples.  It  can  also  be  applied  to  determine  organ- 
ic thiocompounds.  Thiobenzamide  and  2-mercap- 
toethanol  were  used  as  model  substances.  (Au- 
thor's abstract) 
W90-05947 


DISTRD3UTION  OF  (C14)ACRYLAMIDE  IN 
RAINBOW  TROUT  STUDIED  BY  WHOLE- 
BODY  AUTORADIOGRAPHY. 

Louisville  Univ.,  KY.  Dept.  of  Pharmacology  and 

Toxicology. 

For  primary  bibliographic  entry  see  Field  5B. 
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CHEMICAL  DERIVATIZATION  ANALYSIS  OF 
PHENOLS:  PART  VI.  DETERMINATION  OF 
CHLORINATED  PHENOLICS  IN  PULP  AND 
PAPER  EFFLUENTS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Research  and  Applications  Branch. 
H.-B.  Lee,  R.  L.  Hong- You,  and  P.  J.  A.  Fowlie. 
Journal  -  Association  of  Official  Analytical  Chem- 
ists JANCA2,  Vol.  72,  No.  6,  p  979-984,  Novem- 
ber/December 1989.  4  fig,  5  tab,  16  ref. 

Descriptors:  'Gas  chromatography,  'Phenols, 
'Pollutant  identification,  'Pulp  wastes,  Bleaching 
wastes,  Separation  techniques,  Spectral  analysis, 
Wastewater  analysis. 

Based  on  the  in-situ  acetylation  procedure,  a 
method  for  the  determination  of  31  chlorinated 
phenols,  guaicols,  catechols,  syringols,  and  vanil- 
lins in  pulp  and  paper  effluent  samples  has  been 
successfully  developed.  Except  for  4-chlorocate- 
chol,  this  procedure  provided  satisfactory  recov- 
ery for  all  phenols  at  3  levels  of  fortification, 
namely,  400,  40,  and  4  micrograms/L.  The  acetyl 
derivatives  were  analyzed  by  gas  chromatography 
using  a  30  m  DB-5  capillary  column  interfaced  to 
an  electron-capture  detector.  Mass  spectral  abun- 


dance data  for  the  characteristic  ions  of  the  acetyl 
derivatives  were  used  for  confirmation  of  com- 
pound identities.  By  operating  a  mass  selective 
detector  in  the  selected  ion  monitoring  mode,  this 
procedure  was  further  extended  to  the  monochlor- 
inated  phenolics.  Using  a  50  mL  effluent  sample, 
the  method  detection  limit  was  0.5  micrograms/L 
for  all  except  the  monochlorinated  compounds, 
which  had  a  detection  limit  of  1  microgram/L. 
Several  effluent  samples  from  a  Canadian  paper 
mill  were  analyzed  to  validate  the  procedure.  (Au- 
thor's abstract) 
W90-05952 


EVALUATION  OF  GROWTH  MEDIA  FOR 
THE  RECOVERY  OF  ESCHERICHIA  COLI 
FROM  OZONE-TREATED  WATER  BY  MEM- 
BRANE FILTRATION. 

Alberta  Univ.,  Edmonton.  Dept.  of  Civil  Engi- 
neering. 
G.  R.  Finch. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 
11,  No.  4,  p  383-390,  1989.  2  tab,  18  ref.  Alberta 
Environmental  Research  Trust  Grant  T0937.  Nat- 
ural Sciences  and  Engineering  Research  Council  of 
Canada  Grant  A01010. 

Descriptors:  'Bioindicators,  'Coliforms,  'Escheri- 
chia coli,  'Membrane  filters,  'Ozonation,  'Pollut- 
ant identification,  Culture  media,  Growth  media, 
Ozone. 

The  standard  membrane  filtration  methods  for 
total  coliforms  and  fecal  coliforms  were  evaluated 
for  their  ability  to  recover  injured  E.  coli  ATCC 
11775,  from  ozone-treated  water.  m-T7  Agar  was 
considered  as  an  alternative  growth  medium  at  35 
C  and  44.5  C.  Seven  batch  experiments  revealed 
that  m-T7  agar  recovered  significantly  (Pr  <  or  = 
0.05)  more  E.  coli  than  Standard  Methods  at  each 
incubation  temperature.  m-T7  Agar  incubated  at 
35  C  had  the  best  overall  recovery  of  ozonated  E. 
coli.  The  results  were  consistent  with  other  reports 
in  the  literature  regarding  the  inadequacy  of  stand- 
ard selective  growth  media  for  the  enumeration  of 
injured  coliform  bacteria  in  water.  (Author's  ab- 
stract) 
W90-05973 


AUTOMATIC  MONITORING  OF  SHORT  DU- 
RATION SNOWMELT  EVENTS  IN  A  NOVA 
SCOTIA  HEADWATER  STREAM. 

Inland  Waters  Directorate,  Moncton  (New  Bruns- 
wick). Water  Quality  Branch. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-05987 

USE  OF  SELENASTRUM  CARPICORNUTUM 
AND  MICROFEAST  AS  FOOD  FOR  DAPHNIA 
PULEX. 

North  Texas  State  Univ.,  Denton.  Dept.  of  Biolog- 
ical Sciences. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-06037 


metal  compounds  and  the  chlorinated  hydrocarbon 
substances.  The  response  to  zinc  and  cadmium  was 
characterized  by  decrease  in  signal  amplitude  and 
increase  in  Type  I  (large  volume)  coughs  of  gill 
purges.  The  response  to  chlorinated  hydrocarbons 
was  characterized  by  increases  in  erratic  move- 
ment, gill  purges  and  ventilatory  frequency.  Our 
results  suggest  that  fish  ventilatory  monitoring  can 
provide  a  powerful  tool  for  rapidly  assessing  suble- 
thal as  well  as  acute  toxicity  on  a  real-time  basis. 
Furthermore,  the  type  of  response  generated  may 
be  indicative  of  the  type  of  toxicant  in  the  environ- 
ment. (Author's  abstract) 
W90-06044 


BEHAVIORAL  SCREENING  ASSAY  FOR 
DAPHNIA  MAGNA:  A  METHOD  TO  ASSESS 
THE  EFFECTS  OF  XENOBIOTICS  ON  SPA- 
CIAL  ORIENTATION. 

NIEHS  Marine  and  Freshwater  Biomedical  Core 

Center,  Milwaukee,  WI. 

M.  S.  Goodrich,  and  J.  J.  Lech. 

Environmental      Toxicology      and      Chemistry 

ETOCDK,  Vol.  9,  No.  1,  p  21-30,  1990.  5  fig,  4 

tab,    32    ref.    NIH    Grant    ES01080    and    Grant 

ES04184. 

Descriptors:  'Animal  behavior,  'Bioassay,  'Bioin- 
dicators, 'Daphnia,  'Lindane,  'Sublethal  effects, 
'Water  pollution  effects,  Light  intensity,  Migra- 
tion, Spatial  distribution,  Statistical  analysis,  Toxic- 
ity, Toxins. 

A  short-term,  low-cost  method  of  detecting 
changes  in  the  orienting  ability  of  Daphnia  magna 
in  response  to  xenobiotics  employs  the  reaction 
(migration  along  the  gradient)  of  L.  magna  to  a 
light  intensity  gradient.  The  method  was  derived 
from  techniques  established  to  simulate  and  ana- 
lyze migration  patterns  of  zooplankton  in  the  natu- 
ral environment.  Each  test  uses  a  minimum  of  100 
1  to  3  day  old  Daphnia  exposed  to  a  directional 
light  beam  within  a  circular  chamber.  The  cham- 
ber is  divided  into  eight  sections,  each  containing 
45  degrees  of  arc.  These  quadrants  can  be  isolated 
from  each  other,  thus  isolating  eight  groups  of 
migrating  Daphnia.  Each  test  results  in  three  end- 
points:  an  average  direction  for  the  migration 
(mean  angle),  an  index  of  the  magnitude  of 
random,  undirected  migration  (r  value)  and  a  per- 
centage of  nonresponse.  The  method  was  validated 
by  showing  a  positive  dose-related  response  to  a 
known  neurotoxin,  lindane.  The  method  is  sensi- 
tive to  lindane,  producing  effects  on  orientation 
even  at  a  concentration  as  low  as  50  ppb.  The 
effect  of  lindane  was  a  dramatic  increase  in  the 
random  migration  of  dosed  Daphnia,  showing  a 
less  directed  migration  pattern  than  control.  The 
incorporation  of  this  type  of  test  into  a  general 
toxicity  screening  of  a  xenobiotic  in  Daphnia  can 
make  use  of  the  excess  offspring  in  brood  stocks  in 
a  sublethal  behavioral  assay.  Results  of  the  assay 
could  be  used  to  determine  possible  modes  of 
toxicity.  (VerNooy-PTT) 
W90-06046 


RAPID  DETECTION  OF  SUBLETHAL  TOXICI- 
TY USING  FISH  VENTILATORY  BEHAVIOR. 

Biological  Monitoring,  Inc.,  Blacksburg,  VA. 
J.  M.  Diamond,  M.  J.  Parson,  and  D.  Gruber. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  1,  p  3-11,  1990.  5  fig,  3  tab, 
32  ref.  NIH  Grant  1R4ESO3808  and  NSF  Grant 
ISI-8503191. 

Descriptors:  'Bioindicators,  'Gills,  'Heavy  metals, 
'Pesticide  toxicity,  'Sublethal  effects,  'Sunfish, 
'Toxicity,  'Ventilation,  Bioassay,  Cadmium, 
Chlorinated  hydrocarbons,  Dieldrin,  Fish  toxins, 
Water  pollution  effects,  Zinc. 

Significant  changes  in  bluegill  sunfish  ventilation 
were  observed  at  chronically  toxic  levels  of  vari- 
ous substances  in  under  1  hour  of  exposure  and 
usually  within  15  minutes  of  exposure.  Fish  were 
exposed  in  flow  through  chambers  to  concentra- 
tions of  either  zinc  sulfate  (400  ppb  zinc),  cadmium 
chloride  (4.0  micrograms/L  Cd),  trichloroethylene 
(24  ppb)  or  dieldrin  (27  ppb).  A  different  ventila- 
tion response  was  observed  between  the  heavy 


BEHAVIORAL  TOXICITY  SYNDROMES:  A 
PROMISING  TOOL  FOR  ASSESSING  TOXICI- 
TY MECHANISMS  IN  JUVENILE  FATHEAD 
MINNOWS. 

Environmental  Research  Lab.-Duluth,  MN. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06048 

FISH  BEHAVIOR  AND  ENVIRONMENTAL 
ASSESSMENT. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
R.  H.  Gray. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  1,  p  53-67,  1990.  11  fig,  1 
tab,  68  ref.  DOE  DE-AC06-76RLO-1830. 

Descriptors:  'Avoidance,  'Bioindicators,  'Envi- 
ronmental quality,  'Fish  behavior,  'Tracking  tech- 
niques, 'Water  pollution  effects,  Bullhead,  Carp, 
Coal  wastes,  Fish  migration,  Minnow,  Salmon,  Su- 
persaturation,  Tagging,  Telemetry,  Thermal  pollu- 
tion, Trout,  Water  quality. 
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Studies  at  the  Pacific  Northwest  Laboratory  have 
evaluated  fish  behavior  and  migration  in  response 
to  gas-supersaturated  water,  thermal  discharge, 
water-soluble  fractions  (WSFs)  of  coal  liquids  and 
other  environmental  stresses  Approaches  have  in- 
cluded biotelemetry  in  the  field,  and  avoidance/ 
attraction  and  predator/prey  studies  in  the  labora- 
tory. This  article  specifically  addresses  three  study 
examples  and  integrates  the  results  with  those  of 
related  studies.  Overall,  major  findings  included 
the  following:  thermal  discharges  (surface  water 
temperature  changes  from  0  to  less  than  17  C)  did 
not  block  upstream  migration  of  sonic-tagged  adult 
chinook  salmon  (oncorhynchus  tschawytscha)  and 
rainbow  trout  (O.  mykiss,  formerly  Salmo  gaird- 
neri)  in  the  Hanford  Reach  of  the  Columbia  River. 
Juvenile  chinook  salmon  avoided  thermal  dis- 
charges in  the  laboratory  when  temperature 
changes  exceeded  9  to  1 1  C  above  ambient.  How- 
ever, juvenile  salmon  were  more  susceptible  to 
predation  at  10  to  20%  of  the  thermal  dose  than  in 
normally  saturated  water  in  the  Snake  River  and, 
thereby,  avoided  the  upper,  critical  zone.  Carp 
(Cyprinus  carpio)  and  black  bullhead  (Ictalurus 
melas)  did  not  always  avoid  lethal  gas  levels  in  the 
laboratory  and  some  fish  died  in  the  test  apparatus. 
Fathead  minnow  (Pimephales  promelas)  avoided 
the  WSF  of  a  coal  liquid  at  concentrations  causing 
acute  effects  but  not  at  those  causing  chronic  ef- 
fects. Rainbow  trout  did  not  avoid  coal  liquid 
WSFs  although  they  reportedly  avoid  the  major 
constituent,  phenol,  tested  as  a  pure  compound. 
Susceptibility  to  predation  of  juvenile  rainbow 
trout  did  not  increase  until  phenol  concentrations 
reached  the  acute  LC50  (concentration  lethal  to 
half  of  the  group).  A  conceptual  model  has  been 
developed  to  link  avoidance  and  toxicological  data 
for  environmental  assessment  is  presented.  (Au- 
thor's abstract) 
W90-06050 


BEHAVIORAL  RESPONSES  OF  MARKED 
SNAILS  AS  INDICATORS  OF  WATER  QUAL- 
ITY. 

Jordan  (Edward  C.)  Co.,  Inc.,  Wakefield,  MA. 
J.  A.  Bums,  M.  S.  Bamford,  and  A.  J.  Stewart. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  1,  p  69-76,  1990.  5  fig,  4 
tab,  16  ref.  DOE  Contract  DE-AC05-84OR21400. 

Descriptors:  *Animal  behavior,  'Bioindicators, 
•Migration,  'Snails,  'Stream  pollution,  'Water 
quality,  Behavior,  Bioassay,  Chlorine,  In  situ  tests, 
Monitoring,  Sublethal  effects,  Toxicity,  Water  pol- 
lution effects. 

Behavioral  responses  of  the  common  stream-dwell- 
ing operculate  snail  Elimia  clavaeformis  were  used 
to  provide  information  about  streamwater  quality 
in  in  situ  tests.  These  snails  were  found  to  be 
advantageous  for  such  tests  because  they  can  be 
collected  easily,  individually  marked,  and  trans- 
ferred to  other  stream  sites  for  release  and  recap- 
ture experiments.  In  noncontaminated  stream  sites, 
Elimia  tended  to  disperse  upstream.  The  rate  of  net 
movement  was  variable,  but  typically  ranged  from 
0.5  to  5  meters/day.  Water  velocity  and  food  level 
influenced  the  movement  patterns  of  the  snails  in 
24  and  48  hour  field  experiments  in  noncontaminat- 
ed stream  sites.  Rates  of  movement  in  the  laborato- 
ry were  temperature  dependent,  and  increased 
from  about  1.0  cm/minute  at  9  C  to  2.2  cm/minute 
at  24  C.  In  contaminated  streams,  snails  showed 
clear  evidence  of  stress:  They  moved  downstream, 
and  in  some  sites  either  withdrew  into  the  shell  or 
were  unable  to  retract  the  foot  or  attach  to  a 
substrate.  The  maximum  distance  that  Elimia  trav- 
eled downstream  in  24  hours  in  a  contaminated 
stream  site  was  17.5  meters.  In  laboratory  streams, 
Elimia  moved  downstream  when  exposed  to  0.02 
mg/L  total  residual  chlorine  (TRC);  the  time  re- 
quired to  immobilize  these  snails  declined  rapidly 
as  TRC  concentration  increased.  Behavioral  char- 
acteristics of  snails  that  may  be  useful  for  water 
quality  assessments  include  turnover  time  (the  time 
needed  for  a  snail  to  right  itself  after  being  turned 
onto  its  back),  the  rate  and  direction  of  dispersal  or 
immobilization.  (Author's  abstract) 
W9O-O6051 


EVALUATION  OF  THE  SPECIATION  OF  IN- 
ORGANIC  CONSTITUENTS   IN   SEDIMENTS 


OF  THE  RESERVOIR  AT  ALTENWORTH  OF 
THE  RIVER  DANUBE. 

Bundesversuchs-  und   Forschungsanstalt  Arsenal, 

Vienna  (Austria).  Geotechnical  Inst. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06061 


ASSESSING  RIVER  WATER  QUALITY  BY 
MEANS  OF  MULTIFACTORIAL  METHODS 
USING  MACROINVERTEBRATES.  A  COM- 
PARATIVE STUDY  OF  MAIN  WATER 
COURSES  OF  BISCAY. 

Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Lab. 
de  Ecologia. 

T.  Bargos,  J.  M.  Mesanza,  A.  Basaguren,  and  E. 
Orive. 

Water  Research  WATRAG,  Vol.  24,  No.  1,  p  1- 
10,  January  1990.  5  fig,  2  tab,  27  ref. 

Descriptors:  *Bioindicators,  'Biological  studies, 
•Macroin  vertebrates,  ♦Pollutant  identification, 
*Spain,  'Statistical  analysis,  'Water  pollution  ef- 
fects, 'Water  quality,  Biscay,  Eutrophication,  Sea- 
sonal variation,  Wastewater  disposal. 

Ninety-two  taxa  of  benthic  macroinvertebrates 
were  used  to  study  water  quality  at  175  sites  from 
main  water  courses  of  Biscay  (Basque  Country) 
Spain  by  means  of  correspondence  analysis  (CA). 
The  most  abundant  taxa  were  Oligochaeta,  Chiron- 
omidae,  Baetidae,  Simuliidae  and  the  mollusc  Pota- 
mopyrgus  jenkinsi.  On  the  plane  of  the  first  two 
axes  from  CA,  changes  in  macroinvertebrate  com- 
munity structure  were  observed  between  rivers 
due  to  differences  in  natural  eutrophication  and  as 
a  result  of  the  combined  effect  of  industrial  and 
urban  sewage.  The  groups  of  taxa  observed  could 
be  interpreted  in  ecological  terms  and  were  repre- 
sentative of  headwater  reaches,  moderately  eutro- 
phic  waters  and  polluted  waters.  This  method  of 
ordination  provides  more  information  on  differ- 
ences in  water  quality  among  the  non-polluted  sites 
than  does  a  biotic  index.  (Author's  abstract) 
W90-06066 


RESULTS  OF  THE  HARMFUL  EFFECTS  OF 
WATER  POLLUTANTS  TO  GREEN  ALGAE 
(SCENEDESMUS  SUBSPICATUS)  IN  THE 
CELL  MULTIPLICATION  INHIBITION  TEST. 

Bundesgesundheitsamt,    Berlin    (Germany,    F.R.). 
Inst,  fuer  Wasser-,  Boden-  und  Lufthygiene. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06069 


OCCURRENCE  OF  THERMOPHILIC  CAMPY- 
LOBACTERS IN  RURAL  AND  URBAN  SUR- 
FACE WATERS  IN  CENTRAL  FINLAND. 

National   Public  Health  Inst.,  Kuopio  (Finland). 
Dept.  of  Environmental  Hygiene  and  Toxicology. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06077 


COLIPHAGES  AS  AN  INDICATOR  OF 
FAECAL  POLLUTION  IN  WATER.  THEIR 
SURVIVAL  AND  PRODUCTIVE  INFECTrVTTY 
IN  NATURAL  AQUATIC  ENVIRONMENTS. 

Malaga  Univ.  (Spain).  Dept.  of  Microbiology. 
J.  J.  Borrego,  R.  Cornax,  M.  A.  Morinigo,  E. 
Martinez-Manzanares,  and  P.  Romero. 
Water  Research  WATRAG,  Vol.  24,  No.  1,  p  111- 
1 16,  January  1990.  4  fig,  30  ref. 

Descriptors:  'Bioindicators,  'Fecal  coliforms, 
•Monitoring,  Aquatic  environment,  Bacteria,  Es- 
cherichia coli,  Microbiological  studies. 

The  capability  of  coliphages  as  indicators  of  fecal 
pollution  was  tested,  on  the  basis  of  their  survival 
and  infectivity  in  two  natural  organic  aquatic  envi- 
ronments (marine  and  river).  The  results  obtained 
indicate  that  coliphages  show  a  similar  inactivation 
rate  to  Salmonella  in  all  types  of  water  studied.  On 
the  other  hand,  the  phage  productive  infection  of 
Escherichia  coli  cells  in  water  and  environmental 
conditions  depends  on  the  physiological  character- 
istics of  the  host  bacteria,  which  generally  cannot 
grow  optimally  in  these  conditions.  Therefore,  co- 
liphages may  be  considered  good  indicators  of 
fecal  pollution  in  natural  waters.  (Author's  ab- 
stract) 


W90-06080 


RELATIONSHIPS  BETWEEN  SALMONELLA 
SPP  AND  INDICATOR  MICROORGANISMS 
IN  POLLUTED  NATURAL  WATERS. 

Malaga  Univ.  (Spain).  Dept.  of  Microbiology. 

M.  A.  Morinigo,  R.  Cornax,  M.  A.  Munoz,  P. 

Romero,  and  J.  J.  Borrego. 

Water  Research  WATRAG,  Vol.  24,  No.  1,  p  117- 

120,  January   1990.  3  tab,  26  ref.  WHO  Project 

SPA-D-26. 

Descriptors:  'Bioindicators,  'Monitoring,  'Patho- 
genic bacteria,  'Salmonella,  Fecal  coliforms, 
Wastewater  pollution,  Water  quality  control. 

The  relationships  between  Salmonella  spp  and  in- 
dictor  microorganisms  (total  coliforms,  fecal  coli- 
forms, fecal  streptococci,  Clostridium  perfringens 
and  coliphages)  were  investigated  in  three  different 
aquatic  environments  affected  by  wastewater  dis- 
charges. The  results  indicated  that  the  statistical 
correlations  obtained  depended,  basically,  on  the 
source  of  fecal  discharges.  The  microorganisms 
most  closely  correlated  with  Salmonella  spp  were 
fecal  coliforms  and  C.  perfringens,  the  latter  also 
yielding  the  highest  linear  regression  slope  values. 
The  detection  percentages  of  Salmonella  spp  were 
high  even  at  a  low  degree  of  pollution,  which 
allowed  detection  of  the  pathogens  in  the  absence 
of  classical  indicator  microorganisms  in  the  sample. 
(Author's  abstract) 
W90-06081 


WATER  QUALITY  IN  RIVERS  OF  WESTERN 
SWITZERLAND:  APPLICATION  OF  AN 
ADAPTABLE  INDEX  BASED  ON  BENTHIC 
INVERTEBRATES. 

Conservation  de  la  Faune,  Saint-Sulpice  (Switzer- 
land). 

C.  Lang,  G.  l'Eplattenier,  and  O.  Reymond. 
Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  3,  p  224- 
234,  1989.  4  fig,  5  tab,  13  ref,  append. 

Descriptors:  'Benthic  fauna,  'Bioindicators,  'Data 
acquisition,  'Pollutant  identification,  'Rivers, 
'Switzerland,  Aquatic  insects,  Cluster  analysis,  In- 
vertebrates, Pollution  index,  Water  quality  man- 
agement. 

Water  quality  was  estimated  from  205  samples  of 
benthic  invertebrates  collected  between  1983  and 
1986  in  51  rivers  of  western  Switzerland  (Canton 
of  Vaud).  Each  sample  consisted  of  the  combined 
list  of  taxa  resulting  from  one  spring  sample  pooled 
with  one  summer  sample.  Water  quality  was  indi- 
cated by  total  number  of  taxa  and  number  of  taxa 
intolerant  of  pollution:  i.e.  Heptageniidae,  Plecop- 
tera,  and  Trichoptera  with  a  case.  Six  classes  of 
values  were  delimited  for  each  of  these  two  varia- 
bles by  cluster  analysis.  Values  from  zero  to  five 
were  attributed  to  each  class.  The  index  of  water 
quality  was  computed  by  adding  these  two  values 
in  each  sample.  According  to  this  index,  good 
water  quality  water  indicated  by  42%  of  samples. 
This  index  can  be  adapted  to  other  rivers  because 
its  components  are  easily  modified.  (Author's  ab- 
stract) 
W90-06087 


ECOLOGY  OF  ClilATES  IN  RTVERWATERS: 
THE  EVALUATION  OF  WATER  QUALITY  VIA 
CILIATES  AND  FILAMENTOUS  BACTERIA. 

Eidgenoessische  Anstalt   fuer   Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,   Due- 

bendorf  (Switzerland). 

F.  Stoessel. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  3,  p  235- 

248,  1989.  7  fig,  19  ref. 

Descriptors:  'Bioindicators,  'Data  acquisition, 
•Filamentous  bacteria,  'Pollutant  identification, 
'Protozoa,  'Rivers,  Microbiological  studies,  Peri- 
phyton,  Species  composition,  Switzerland,  Water 
quality  management. 

Since  sewage  treatment  plants  are  quite  effective  in 
Switzerland,  the  micro-benthic  communities  in  re- 
ceiving running  waters  have  changed  consider- 
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ably.  From  January  1980  to  September  1981  the 
periphyton  communities  in  13  Swiss  streams  and 
rivers  were  investigated  monthly.  The  ammonium 
nitrogen  concentration  in  these  waters  varied  be- 
tween 0.015  and  1.0  mg/L.  Four  typical  communi- 
ties of  microorganisms  were  found:  (1)  in  unpollut- 
ed running  waters  mainly  small  vagile  ciliates  were 
abundant;  (2)  In  slightly  polluted  waters  pentncha 
(in  the  presence  of  bacteria)  were  found;  (3)  in 
moderately  polluted  waters  peritricha  in  combina- 
tion with  a  few  hymenostomata  and  Sphaerotilus 
could  grow  when  bacteria  and  some  degradable 
organic  material  were  present;  and  (4)  in  polluted 
waters  the  well-known  Spaerotilus  community 
could  be  found.  The  microscopic  as  well  as  the 
macroscopic  aspect  should  be  considered  when 
estimating  the  degree  of  pollution  in  streams  and 
rivers.  (Author's  abstract) 
W90-06088 

NON-VOLATILE  CHEMICAL  MUTAGENS  IN 
SEDIMENTS  OF  THE  KANAWHA  RIVER, 
WEST  VIRGINIA. 

Marshall  Univ.,  Huntington,  WV.  Dept.  of  Biolog- 
ical Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06105 

LEAKY  FILTERS:  A  WARNING  TO  AQUATIC 
ECOLOGISTS. 

Department  of  Fisheries  and  Oceans,  Vancouver 
(British  Columbia).  West  Vancouver  Lab. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-06110 

EFFECTIVENESS  OF  AGRICULTURAL  AND 
SBLVICULTURAL  NONPOINT  SOURCE  CON- 

TROLS. 

Jones  and  Stokes  Associates,  Inc.,  Bellevue,  WA. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-06175 

HEALTH  AND  ENVIRONMENTAL  CHEMIS- 
TRY- ANALYTICAL  TECHNIQUES,  DATA 
MANAGEMENT,  AND  QUALITY  ASSUR- 
ANCE. 

Los  Alamos  National  Lab.,  NM. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE89-O06697. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  LA-10300-M-Vol.  2,  September  1988. 
124  p.  Edited  by  Margaret  A.  Gautier  and  Ernest 
S.  Gladney. 

Descriptors:  'Analytical  techniques,  'Chemical 
analysis,  'Quality  control,  'Wastewater  analysis, 
'Water  analysis,  Colorimetry,  Gravimetry,  Moni- 
toring, Potentiometry,  Radiochemical  analysis, 
Spectral  analysis,  Titrimetry,  Water  quality  con- 
trol. 

This  manual  has  been  prepared  to  document  the 
analytical  methodology  used  by  the  Los  Alamos 
National  Laboratory  Health  and  Environmental 
Chemistry  Group.  It  is  part  of  the  overall  quality 
control  effort  to  support  the  health,  safety,  and 
environmental  programs  at  the  Laboratory.  This 
section  provides  analytical  methods  for  the  moni- 
toring of  waste  discharges  under  the  National  Pol- 
lutant Discharge  Elimination  System.  The  analyti- 
cal procedures  were  developed  by  the  Health  and 
Environmental  Chemistry  staff.  They  were  modi- 
fied from  standard  methods  developed  and  evaluat- 
ed   by    the    Environmental    Protection    Agency 
(EPA),  or  were  adapted  from  procedures  found  in 
the  literature.  The  procedures  have  been  tested  by 
chemists  and  technicians  to  prove  their  validity, 
and  include:  atomic  absorption,  colorimetry,  gra- 
vimetry, potentiometry,  titrimetry,  and  radioche- 
mistry.  The  methods  measure  the  concentration  of 
the  desired  analytes  with  the  precision,  accuracy, 
and  specificity  required  by  Group  HSE-7,  Waste 
Management,  and  meet  the  needs  of  federal  legisla- 
tion. The  procedures  utilize  equipment  and  skills 
available  in  modern  wastewater  chemistry  labora- 
tories. Precision  procedure  is  presented  in  a  simple 
and  concise  manner  and  includes  interferences,  ap- 
paratus, reagent  preparation,  calibration  methods, 
and  data  reduction  formulas.  (Author's  abstract) 


W90-06190 


IN  SITU  DETECTION  OF  ORGANIC  MOLE- 
CULES. 

Lawrence  Livermore  National  Lab.,  CA.  Environ- 
mental Sciences  Div. 

S.  M.  Angel,  K.  C.  Langry,  T.  J.  Kulp,  P.  F. 
Daley,  and  D.  J.  Bishop. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A.  22161,  as  DE88-0 16646. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  UCRL-21081,  August  15,  1988.  41p,  35 
fig,  2  tab,  24  ref.  DOE  Contract  DE-AC05- 
84OR21400. 

Descriptors:  'Chloroform,  'Groundwater  pollu- 
tion, 'In  situ  tests,  'Pollutant  identification, 
'Trichloroethylene,  Chlorinated  hydrocarbons, 
Fluorescence,  Monitoring. 

A  new  fluorescence-based  chemical  indicator  has 
been  developed  for  detecting  chloroform  and 
trichloroethylene.  The  fluorescent  products  result- 
ing from  this  assay  using  modern  spectroscopic 
techniques  have  been  isolated  and  identified.  In 
this  report,  the  details  of  this  reaction,  its  putative 
reaction  sequences  with  chloroform  and  trichlor- 
oethylene, are  described,  and  an  analysis  of  the 
spectral  data  obtained  from  the  reaction  products 
is  given.  Preliminary  measurements  are  made  using 
a  fiber  optic  chemical  sensor  (optrode)  for  moni- 
toring groundwater  contamination  that  exploits 
this  new  fluorescence-based  indicator  for  chloro- 
form and  trichloroethylene.  Details  of  the  sensor 
configuration  and  the  chemical  reagents  employed 
in  the  transduction  chemistry  are  reported.  A  tech- 
nique was  developed  for  this  optrode  that  permits 
the  selective  detection  of  chloroform  in  the  pres- 
ence of  trichloroethylene,  and  discusses  approach- 
es to  selectively  measure  trichloroethylene  in  the 
presence  of  chloroform.  The  results  of  preliminary 
measurements  of  trichloroethylene  with  optrodes 
that  contain  the  new  chemical  indicator  are  out- 
lined in  this  report.  Syntheses  of  several  com- 
pounds are  evaluated  to  improve  the  luminescence 
properties  of  the  fluorescence-based  test  for  chlo- 
roform and  trichloroethylene.  (Lantz-PTT) 
W90-06201 


GROUNDWATER  CHEMICALS  DESK  REFER- 
ENCE. 

J.  H.  Montgomery,  and  L.  M.  Welkom. 

Lewis  Publishers,  Inc.,  Chelsea,  MI.  1990.  640  p. 

Descriptors:  'Chemical  properties,  'Groundwater 
pollution,  'Pollutant  identification,  'Priority  pol- 
lutants, Data  collections. 

Information  is  compiled  on  more  than  135  com- 
pounds that  may  be  groundwater  pollutants.  The 
compounds  profiled  include  all  the  Priority  Pollut- 
ants promulgated  by  the  U.S.  EPA  under  the 
Clean  Water  Act  (CWA)  of  1977.  Many  of  these 
priority  pollutants  were  included  among  the 
Target  Compounds  promulgated  by  the  EPA 
under  the  Comprehensive  Environmental  Re- 
sponse, Compensation  and  Liability  Act 
(CERCLA)  in  1980  and  the  Superfund  Amend- 
ments and  Reauthorization  Act  (SARA)  of  1986. 
All  chemicals  described  in  the  book  are  classified 
as  priority  pollutants  and/or  target  compounds. 
For  each  chemical,  the  following  information  is 
given:  (1)  synonyms;  (2)  structural  formula;  (3) 
CAS  Registry  number;  (4)  DOT  designation;  (5) 
empirical  formula;  (6)  formula  weight;  (7)  RETCS 
number;  (8)  physical  and  chemical  properties;  (9) 
fire  hazards;  (10)  health  hazard  data;  and  (11) 
manufacturing  data  and/or  selected  manufacturers. 
(Lantz-PTT) 
W90-06205 


WATER  QUALITY  OF  THE  LEXINGTON  RES- 
ERVOIR, SANTA  CLARA  COUNTY,  CALIFOR- 
NIA, 1978-80. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06221 


DISTRIBUTION  AND  VARIABILITY  OF  PRE- 
CIPITATION CHEMISTRY  IN  THE  CONTER- 
MINOUS UNITED  STATES,  JANUARY 
THROUGH  DECEMBER  1983. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2K. 
W90-06239 
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SUPERFUND  RECORD  OF  DECISION: 
LAUREL  PARK,  CT. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-135271. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R01-88/028,  June  30, 
1988.  97p,  1  fig,  1  tab,  14  ref,  3  append. 

Descriptors:  'Superfund,  'Cleanup  operations, 
'Water  pollution  sources,  'Connecticut,  'Land- 
fills, 'Water  pollution  treatment,  Naugatuck, 
Waste  disposal,  Volatile  organic  compounds, 
Heavy  metals,  Groundwater  pollution,  Costs. 

The  Laurel  Park  site  is  located  in  the  town  of 
Naugatuck,  New  Haven  County,  Connecticut.  The 
landfill,  occupying  about  19-acres  of  the  35-acre 
site,  lies  entirely  within  the  drainage  basin  of  the 
Naugatuck  River.  It  is  assumed  that  waste  disposal 
actions  began  in  the  late  1940s.  It  was  common 
practice  to  burn  some  of  the  waste  brought  to  the 
site  Operational  problems  at  the  landfill  were  im- 
ported in  the  early   1960s.   Complaints  included 
chemical  spills  on  roads  leading  to  the  landfill, 
large  quantities  of  black  acid  smoke,  odors,  and 
blowing  litter.  In  1961,  a  lawsuit  was  filed  and,  in 
1964,  the  owner  was  ordered  to  cease  burning 
certain  waste  types.  Between  1965  and  1966,  the 
Connecticut  State  Department  of  Health  investi- 
gated reports  of  contaminated  surface  water.  Con- 
struction of  a  leachate  collection  system  was  com- 
pleted in  1984.  The  operators  of  Laurel  Park  were 
ordered  in  January  1981  to  stop  landfilhng  in  an 
unapproved  excavation  area.  By  April  1987,  the 
landfill  ceased  receiving  wastes.  The  primary  con- 
taminants of  concern  affecting  groundwater,  soil, 
surface  water,  and  sediments  include:  volatile  or- 
ganic compounds  (VOCs),  organics,  and  metals. 
The  selected  remedial  action  for  this  site  includes: 
installation  of  a  Resource  Conservation  and  Re- 
covery Act  cap  over  all  waste  disposal  areas;  reha- 
bilitation of  the  existing  leachate  collection  system, 
supplemented  by  a  shallow  groundwater  extraction 
system    consisting    of    a    French    drain    and/or 
groundwater  extraction  wells,  with  discharge  and 
offsite  treatment  at  the  Naugatuck  Water  Pollution 
Control  Facility;  and  monitoring  of  all  media.  The 
estimated   present   worth   cost   for   this  remedial 
action    is    $21,706,300   without    pretreatment,    or 
$23,078,200  including  pretreatment,  if  necessary. 
(Author's  abstract) 
W90-05718 

TOXIC  ORGANIC  COMPOUNDS  IN  SURFACE 
SEDIMENTS  FROM  THE  ELIZABETH  AND 
PATAPSCO  RIVERS  AND  ESTUARIES:  AP- 
PENDICES. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
R.  H.  Bieri,  C.  Hein,  R.  J.  Hugget,  P.  Shou,  and  H. 
Slone.  ,    . 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-134100. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/3-88/049b,  November  1982. 
194p. 

Descriptors:  'Water  pollution  sources,  'Sediment 
contamination,  'Organic  compounds,  'Chesapeake 
Bay,  'Estuaries,  'Elizabeth  River,  'Patapsco 
River,  Pollutant  identification,  Aromatic  com- 
pounds, Mass  spectrometry,  Gas  chromatography, 
Sediment  analysis,  Maryland,  Virginia. 

An  extension  of  the  study  of  a  Chesapeake  Bay- 
wide  analysis  of  toxic  organic  substances  into  the 
Elizabeth  and  Patapsco  River  subestuaries  was 
conducted.  Twenty-eight  surface  sediment  samples 
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from  the  Elizabeth  River  and  40  surface  sediment 
samples  from  the  Patapsco,  were  analyzed  in  detail 
for  the  presence  of  mainly  aromatic  and  polar 
organic  compounds.  Approximately  310  distinct 
compounds  were  identified  by  gas  chromatogra- 
phy -mass  spectrometry  in  the  Elizabeth  River  sam- 
ples, and  about  480  in  the  Patapsco.  Total  aromatic 
concentrations  ranged  from  440,000  to  3,100  parts 
per  billion  (ppb)  in  the  Elizabeth  and  from 
2,700,000  to  6,100  ppb  in  the  Patapsco.  Similar  to 
observation  in  the  Chesapeake  Bay,  unsubstituted 
polynuclear  aromatic  hydrocarbons  dominated, 
contributing  about  50%  to  the  totaJ  resolved  con- 
centration. Data  lists  of  concentrations  and  com- 
puter reconstructed  gas  chromatograms  of  'aro- 
matic' extracts  from  the  Elizabeth  River  sediments 
are  included.  (Author's  abstract) 
W9O-05719 


SORPTION  OF  SELECTED  VOLATILE  OR- 
GANIC CONSTITUENTS  OF  JET  FUELS  AND 
SOLVENTS  ON  NATURAL  SORBENTS  FROM 
GAS  AND  SOLUTION  PHASES. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

P.  S.  C.  Rao,  R.  D.  Rhue,  C.  T.  Johnston,  and  R. 
A.  Oguda. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A204-073. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 
Report  No.  ESL-TR-88-02,  August  1988.  Final 
Report.  196p,  78  fig,  23  tab,  167  ref. 

Descriptors:  'Path  of  pollutants,  'Sorption,  'Vola- 
tile organic  compounds,  'Fuel,  'Solvents,  'Water 
pollution  treatment,  Organic  compounds,  Dichlor- 
oethylene,  Dichloroethane,  Trichloroethylene,  Te- 
trachloroethane,  Clays,  Soil  contamination,  Chemi- 
cal analysis,  Gas  chromatography. 

Sorption  of  selected  volatile  organic  constituents 
(VOC)  of  jet  fuels  and  solvents  on  several  natural 
sorbents  from  the  gas  and  aqueous  phases  was 
investigated.  The  sorbates  studied  were  trans-1,2- 
dichloroethylene;  1 ,2-dichloroethane;  trichloroeth- 
ylene; 1,1,2,2-tetrachloroethane;  toluene;  ethylben- 
zene;  p-xylene;  o-xylene;  and  cyclohexane.  The 
sorbents  used  included  clays  (kaolin,  montmoril- 
lonite,  SAz-1),  soils  (Webster  and  Oldsmar),  and 
aquifer  materials  (Borden  and  Lula).  Sorption  from 
the  vapor  phase  was  studied  using  three  tech- 
niques: the  headspace  analysis  method,  dynamic 
flow  method,  and  a  gas  chromatographic  method. 
Sorption  of  VOC  on  anhydrous  sorbents  and  sor- 
bents in  equilibrium  with  water  at  different  relative 
humidities  was  examined.  The  energetics  of  sorp- 
tion were  characterized  by  measuring  VOC  sorp- 
tion at  several  temperatures.  Miscible  displacement 
techniques  were  used  to  measure  effluent  break- 
through curves  (BTC)  for  trichloroethylene  (TCE) 
and  p-xylene  displacement  in  saturated  columns  of 
Lula  and  Borden  aquifer  materials.  The  BTC  meas- 
ured at  two  velocities  were  used  to  evaluate  the 
utility  of  a  bicontinuum  model  for  predicting  sorp- 
tion nonequilibrium  during  transport.  BTC  meas- 
ured for  displacement  of  binary  mixtures  (TCE 
plus  p-xylene)  and  single  solute  (TCE  or  p-xylene) 
were  identical,  suggesting  no  competitive  sorption. 
Methods  were  developed  for  molecular-level  in- 
vestigations of  sorption  on  clays  using  Fourier 
Transform  Infrared  (FT-IR)  spectroscopic  tech- 
niques. These  methods  were  used  to  observe  IR 
spectra  of  clay  minerals  as  dry  powders,  thin  self- 
supporting  films,  and  aqueous  slurries.  IR  spectra 
were  obtained  for  kaolinite  and  montmorillonite 
clays  as  well  as  for  p-xylene  adsorbed  on  homoinic 
montmorillonite,  both  in  the  presence  and  absence 
of  water.  The  application  of  FT-IR  methods  to 
study  the  p-xylene-clay  complex  provided  a  sensi- 
tive in-situ  method  to  observe  the  surface-mediated 
transformation  of  the  p-xylene  on  the  montmoril- 
lonite sample  as  the  clay  was  dehydrated.  Such  a 
transformation  was  not  noted  on  Na-montmorillon- 
ite.  (Author's  abstract) 
W9O-05720 


SUPERFUND  RECORD  OF  DECISION:  TAB- 
ERNACLE DRUM  DUMP,  NJ. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For   primary   bibliographic   entry  see  Field   5G. 


W90-05726 


SUPERFUND  RECORD  OF  DECISION: 
SOUTH  ANDOVER,  MN. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G 
W90-05727 


SUPERFUND  RECORD  OF  DECISION:  LONG 
PRAIRIE,  MN. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G 
W90-05728 


SUPERFUND  RECORD  OF  DECISION:  DOUG- 
LASSVILLE  DISPOSAL,  PA. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G 
W90-05729 


SUPERFUND  RECORD  OF  DECISION: 
NORTH  CAVALCADE,  TX. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G 
W90-05730 


ASSESSMENT  OF  STREAM  ACIDIFICATION 
IN  THE  CATSKILL  MOUNTAINS  OF  NEW 
YORK. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

P.  S.  Murdoch,  and  C.  R.  Barnes. 

IN:  Regional  Characterization  of  Water  Quality. 

Proceedings  of  the  Baltimore  Symposium,   May 

1989.  IAHS  Publication  No.  182,  1989.  p  313-319, 

4  fig,  3  tab,  3  ref. 

Descriptors:  'Path  of  pollutants,  'Streams,  'Acidi- 
fication, 'Catskill  Mountains,  'Acid  rain,  'New 
York,  Sulfates,  Nitrates,  Alkalinity,  Hydrogen  ion 
concentration,  Aluminum,  Chemical  analysis. 

Stream  and  precipitation  monitoring  in  the  Catskill 
Mountains  of  New  York  during  1983-86  indicate 
acidification  of  some  streams  from  atmospheric 
deposition.  Concentrations  of  major  ions  in  pre- 
cipitation were  similar  to  those  reported  at  other 
northeastern  sites,  but  precipitation  volumes  were 
greater.  Average  concentration  of  sulfate  and  ni- 
trate were  similar  among  the  streams,  but  base- 
cation  concentrations  differed  widely  and  paral- 
leled the  differences  in  stream  alkalinity.  Relations 
between  sulfate  and  stream  discharge  were  similar 
among  streams  at  discharges  ranging  over  3  orders 
of  magnitude.  Differences  of  about  120  microequi- 
valents/L  between  alkalinity  values  and  concentra- 
tions of  calcium  and  magnesium  matched  the  con- 
centrations of  sulfate.  Episodic  decreases  in  alkalin- 
ity and  pH  during  peak  flows  were  associated  with 
increases  in  nitrate  concentrations  during  all  peri- 
ods except  midsummer,  when  biological  uptake  of 
nitrogen  is  greatest.  Concentrations  of  hydrogen 
and  dissolved  aluminum  in  streams  increased  when 
the  concentrations  of  sulfate  plus  nitrate  exceeded 
80%  of  the  sum  of  base-cation  concentrations. 
During  snowmelt  in  1986,  30%  of  the  streams  had 
elevated  aluminum  concentrations  (>  50  micro- 
grams/L).  (Author's  abstract) 
W90-05734 


FLOW  OF  GROUND  WATER  THROUGH 
FRACTURED  CARBONATE  ROCKS  IN  THE 
PRAIRIE  DU  CHIEN-JORDAN  AQUIFER, 
SOUTHEASTERN  MINNESOTA. 

Geological    Survey,    St.    Paul,    MN.    Water   Re- 
sources Div. 
J.  F.  Ruhl. 

Available  from  Books  and  Open  Files  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-253,   1989.  2p,  2  fig,  6  ref. 

Descriptors:  'Geohydrology,  'Path  of  pollutants, 
'Groundwater     pollution,     'Karst,     'Minnesota, 


•Aquifers,  'Groundwater  movement,  'Carbonate 
rocks,  Geologic  fractures,  Prairie  du  Chien-Jordan 
Aquifer,  Flow  pattern,  Riceford  Creek,  Seepage, 
Radon,  Radioactive  tracers. 

Contamination  of  groundwater  from  point  and 
nonpoint  sources  (such  as  landfills,  feedlots,  agri- 
cultural chemicals  applied  to  fields,  and  septic  sys- 
tems) is  a  recognized  problem  in  the  karst  area  of 
southeastern  Minnesota.  The  US  Geological 
Survey,  in  cooperation  with  the  Minnesota  Depart- 
ment of  Natural  Resources  and  the  Legislative 
Commission  on  Minnesota  Resources,  Began  a 
study  in  October  1987  to  improve  the  understand- 
ing of  local  groundwater  flow  through  karst  ter- 
rain in  southeastern  Minnesota.  The  objectives  of 
the  study  are  to:  (1)  describe  the  orientations  of 
systematic  rock  fractures  and  solution  channels  of 
the  Prairie  du  Chien  Group  of  Ordovician-age 
carbonate  rocks  in  southeastern  Minnesota,  and,  if 
possible,  to  define  the  principal  and  minor  axes  of 
these  orientations;  and  (2)  evaluate  the  effect  of 
fractures  and  solution  channels  in  the  Prairie  du 
Chien  Group  on  the  local  flow  of  groundwater. 
Groundwater  in  the  Upper  Carbonate  aquifer  re- 
gionally flows  toward  the  periphery  of  the  aquifer 
and  locally  flows  into  streams  and  bedrock  valleys. 
The  hydraulic  gradient  in  this  aquifer  generally  is 
greatest  near  areas  of  groundwater  seepage  to 
streams.  Regional  groundwater  flow  in  the  Prairie 
du  Chien-Jordan  aquifer  generally  is  to  the  south 
and  east  in  much  of  Fillmore  and  Houston  Coun- 
ties and  in  the  southern  parts  of  Olmsted  and 
Winona  Counties.  Groundwater  seepage  to  select- 
ed streams  was  evaluated  by  current-meter  meas- 
urements of  downstream  gains  or  losses  of  stream- 
flow  and  by  an  experimental  approach  based  on 
radon  activity  in  streams.  The  activity  of  radon  in 
groundwater  ranges  from  two  to  four  orders  of 
magnitude  greater  than  the  activity  in  surface 
water;  therefore,  groundwater  seepage  to  streams 
generally  increases  the  in-stream  radon  activity. 
(Lantz-PTT) 
W9O-05738 


SUPERFUND  RECORD  OF  DECISION:  FRON- 
TIER HARD  CHROME,  WA. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-05741 


GROUND-WATER-QUALITY       ASSESSMENT 
OF  THE  CENTRAL  OKLAHOMA  AQUD7ER, 
OKLAHOMA-ANALYSIS      OF      AVAILABLE 
WATER-QUALITY  DATA  THROUGH  1987. 
D.  L.  Parkhurst,  S.  C.  Christenson,  and  J.  L. 
Schlottmann. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  88-728,  1989.  80p,  36  fig,  21  tab, 
28  ref. 

Descriptors:  'Groundwater  quality,  'Selenium, 
'Arsenic,  'Groundwater  pollution,  'Oklahoma 
Aquifer,  Sulfates,  Chromium,  Nitrates,  Radioactiv- 
ity, Heavy  metals,  Chlorides. 

The  water  quality  of  the  Central  Oklahoma  aquifer 
was  assessed  using  the  information  available 
through  1987.  The  scope  of  the  work  included 
compiling  data  from  Federal,  State,  and  local  agen- 
cies, evaluating  the  suitability  of  the  information 
for  conducting  a  regional  water  quality  assessment, 
mapping  regional  variations  in  major-ion  chemis- 
try, calculating  summary  statistics  of  the  available 
water  quality  data,  producing  maps  to  show  the 
location  and  number  of  samples  that  exceeded 
water  quality  standards,  and  performing  contingen- 
cy-table analyses  to  determine  the  relation  of  geo- 
logic unit  and  depth  to  the  occurrence  of  chemical 
constituents  that  exceed  water  quality  standards. 
Contingency-table  statistics  indicated  that  the  pro- 
portion of  analyses  that  exceeded  the  water  quality 
standard  was  significantly  different  among  geohy- 
drologic  categories  for  most  constituents.  The  fol- 
lowing conclusions  were  drawn  from  the  available 
data  and  the  contingency-table  statistics.  The  word 
'common'  is  used  to  describe  situations  where  ap- 
proximately 10%  or  more  of  the  data  exceeded  a 
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water  quality  standard:  (1)  groundwater  concentra- 
tions of  nitrate  and  selenium  (Se)  commonly 
exceed  the  10  mg/L  maximum  contaminant  level 
(MCL)  in  most  parts  of  the  study  unit  except  at 
depths  >  300  ft  in  the  Garber  Sandstone  and 
Wellington  Formation;  (2)  groundwater  concentra- 
tions of  arsenic  (As)  and  chromium  (Cr)  commonly 
exceed  the  50  micrograms/L  (ug/L)  MCL  at 
depths  >  300  ft  in  the  Garber  Sandstone  and 
Wellington  Formation,  but  rarely  exceed  the  MCL 
in  the  rest  of  the  study  unit;  (3)  no  data  were 
available  for  residual-alpha  radioactivity  for  many 
parts  of  the  study  unit.  In  the  limited  data  that 
were  available,  concentrations  exceeded  the  MCL 
most  frequently  in  groundwater  samples  from  the 
Chase,  Council  Grove,  and  Admire  Groups;  (4) 
groundwater  pH  values  commonly  exceed  8.5  at 
depths  >  300  ft  in  the  Garber  Sandstone  and  the 
Wellington  Formation  and  in  the  Vanoss  Forma- 
tion; and  (5)  groundwater  concentrations  of  sulfate 
and  chloride  commonly  exceed  the  250  mg/L  sec- 
ondary MCL  (SMCL)  in  most  parts  of  the  study 
unit  and  concentrations  greater  than  the  SMCL  are 
most  common  in  groundwater  from  the  Hennessey 
Group.  (Lantz-PTT) 
W90-05749 

TOXIC  ORGANIC  COMPOUNDS  IN  SURFACE 
SEDIMENTS  FROM  THE  ELIZABETH  AND 
PATAPSCO  RIVERS  AND  ESTUARIES. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05750 


HANFORD  SITE  GROUND-WATER  MONI- 
TORING DATA  LISTING,  JANUARY  1 
THROUGH  MARCH  31, 1987. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
R.  W.  Bryce. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-016518. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  PNL-6650,  August  1988.  109p,  1  tab, 
4  ref.  DOE  Contract  DE-AC06-76RLO  1830. 

Descriptors:  'Groundwater  data,  'Groundwater 
pollution,  *Water  pollution  sources,  'Path  of  pol- 
lutants, 'Washington,  'Monitoring,  'Groundwater 
quality,  'Data  collections,  'Uranium,  Chemical 
analysis,  Nitrates,  Test  wells,  Hanford. 

In  a  continuing  effort  for  the  US  Department  of 
Energy  (DOE),  Pacific  Northwest  Laboratory 
(PNL)  is  conducting  groundwater  monitoring  at 
the  Hanford  Site,  near  Richland,  Washington.  This 
document  contains  a  data  listing  of  results  for 
monitoring  by  PNL  and  Westinghouse  Hanford 
Company  (WHC)  during  January  through  March 
1987.  Samples  taken  during  this  first  quarter  of 
1987  were  analyzed  and  reported  by  the  United 
States  Testing  Company,  Richland,  Washington. 
The  first  table  in  this  report  is  a  key  to  the  constit- 
uent and  constituent  group  names  used  throughout 
the  data  listing.  Some  constituents  appear  more 
than  once  in  the  list  in  different  forms.  Total 
chromium  analyses  were  done  on  unfiltered  and 
filtered  samples.  Each  monitoring  well  sampled  on 
the  Hanford  Site  from  January  through  March 
1987  was  placed  into  one  of  three  groups:  (1)  Site- 
wide  chemical  monitoring  wells;  (2)  compliance 
monitoring  wells;  and  (3)  additional  Site-wide  radi- 
ological and  nitrate  monitoring  wells  that  were  not 
in  either  of  the  other  two  networks.  Therefore,  all 
three  tables  should  be  consulted  if  a  particular  well 
is  of  interest.  Most  wells  are  sampled  once  during 
the  quarter.  Some  exceptions  include  a  few  wells 
that  were  sampled  monthly.  Compliance  monitor- 
ing in  the  100-H  and  300  Areas  was  conducted 
monthly  and  bimonthly,  respectively.  The  data 
listing  contains  all  chemical  results  (above  detec- 
tion levels)  and  radiochemical  results  (for  which 
the  result  is  larger  than  two  times  the  counting 
error).  (Lantz-PTT) 
W90-05752 

EFFECTS  OF  TEMPERATURE  AND  REDOX 
CONDITIONS  ON  DEGRADATION  OF 
CHLORINATED  PHENOLS  IN  FRESHWATER 
SEDIMENTS. 

Environmental  Research  Lab.,  Athens,  GA. 


J.  E.  Rogers,  G.-W.  Kohring,  and  J.  Wiegel. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-129118. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/3-88/048,  November  1988. 
17p,  6  fig,  1  tab,  21  ref. 

Descriptors:  'Fate  of  pollutants,  'Chlorinated 
phenols,  'Biodegradation,  'Sediment  contamina- 
tion, 'Water  temperature,  'Degradation,  Freshwa- 
ter, Oxidation-reduction  potential,  Ponds,  Dichlor- 
ophenol,  Methane,  Anaerobic  bacteria,  Dechlorin- 
ation. 

The  effect  of  temperature  and  redox  conditions  on 
the  anaerobic  degradation  of  2,4-dichlorophenol 
(2,4-DCP)  was  investigated  in  anaerobic  sediment 
slurries,  prepared  from  local  freshwater  pond  sedi- 
ments. Under  methanogenic  conditions,  2,4-DCP 
dechlorination  occurred  in  the  temperature  range 
between  5  C  and  50  C.  Although  dechlorination 
was  not  observed  above  50  C,  anaerobic  bacterial 
activity  was  indicated  by  methane  formation  up  to 
60  C  In  sediment  samples  from  two  sites  and  at  all 
temperatures  from  5  to  50  C,  2,4-DCP  was  trans- 
formed to  4-chlorophenol  (4-CP).  The  4-CP  inter- 
mediate was  subsequently  degraded  after  an  ex- 
tended lag  period.  Adaptation  periods  for  2,4-DCP 
transformation  decreased  between  5  and  25  C, 
were  essentially  constant  between  25  and  35  C,  and 
increased  between  35  and  40  C.  Degradation  rates 
increased  exponentially  between  15  and  30  C,  had 
a  second  peak  at  35  C,  and  decreased  to  about  5% 
of  the  peak  activity  by  40  C.  In  one  sediment 
sample,  an  increase  in  degradation  rates  was  ob- 
served following  the  minimum  at  40  C,  suggesting 
that  at  least  two  different  organisms  were  involved 
in  the  2,4-DCP  dechlorination.  Storage  of  the 
original  sediment  slurries  for  2  months  at  12  C 
resulted  in  increased  adaptation  times  but  did  not 
affect  the  degradation  rates.  (Author's  abstract) 
W90-05756 

TRACE  ELEMENT  CONCENTRATIONS  IN 
TRANSPLANTED  AND  NATURALLY  OCCUR- 
RING UNIONIDAE  MUSSELS,  WATER,  SEDI- 
MENTS, AND  MACROPHYTES  IN  CAYUGA 
LAKE. 

Department  of  Energy,  New  York.  Environmental 
Measurements  Lab. 
S.  Silvestri,  M.  Heit,  and  C.  S.  Klusek. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE88-016988. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EML-514,  August  1988.  76p,  2  fig,  33 
tab,  21  ref. 

Descriptors:  'Path  of  pollutants,  'Water  pollution 
sources,  'New  York,  'Bioaccumulation,  'Biologi- 
cal magnification,  'Trace  elements,  'Mussels, 
•Cayuga  Lake,  Aluminum,  Arsenic,  Beryllium, 
Cadmium,  Chromium,  Cobalt,  Sediment  contami- 
nation, Copper,  Iron,  Mercury,  Manganese,  Mo- 
lybdenum, Nickel,  Lead,  Selenium,  Strontium,  Ti- 
tanium, Vanadium,  Zinc,  Aquatic  plants. 

A  compilation  of  element  data  which  is  used  to 
determine  the  environmental  fate  of  combustion- 
produced  pollutants  released  from  a  coal-fired 
electric  generating  station  into  an  aquatic  ecosys- 
tem is  presented.  An  important  part  of  this  re- 
search is  to  determine  which  compartments  within 
the  ecosystem  are  sequestering  and/or  biomagnify- 
ing  particulate-associated  pollutants  such  as  heavy 
metals,  radionuclides,  and  organic  compounds. 
The  trace  elements  selected  for  study  in  the  aquat- 
ic ecosystem  were:  Ag,  Al,  As,  Be,  Cd,  Co,  Cr, 
Cu,  Fe,  Ga,  Hg,  Mn,  Mo,  Ni,  Pb,  Se,  Sc,  Sn,  Sr, 
Ti,  V,  and  Zn.  Cayuga  Lake,  in  the  Finger  Lakes 
region  of  New  York  State,  was  the  study  location 
for  this  program.  A  coal-fired  power  plant  is  locat- 
ed on  its  eastern  shore.  The  organisms  selected  for 
this  study  were  freshwater  bivalves  belonging  to 
the  family  Unionidae  and  macrophytes.  In  addition 
to  the  mussels  which  naturally  occur  in  Caytiga 
Lake,  three  species  of  freshwater  mussels  were 
collected  from  Lake  George,  NY  and  transplanted 
to  sites  in  Cayuga  Lake  at  various  distances  from 
the  Milliken  Station  coal-fired  power  plant.  Sam- 
ples of  water,  sediment,  fish,  macrocrustaceans, 
and  plankton  were  also  collected  along  with  the 
mussels  and  macrophytes.  Correlation  coefficients 


were  calculated   for  a  comparison  of  the  trace 
element  and  biota  sampled.  (Lantz-PTT) 
W90-05763 

MOBILITY  OF  SOIL  CONTAMINANTS  IN  AN 
ECOSYSTEM  OF  TREES  GROWING  ON 
DREDGED  MATERIAL -THE  BROEKPOLDER 
(ROTTERDAM,  THE  NETHERLANDS). 

European  Research  Office,  London  (England). 
S.  H.  Kay,  M.  C.  T.  Scholten,  and  C.  T.  Bowmer. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  AD-A204-919. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  R  88/488,  December  1988.  73p,  1  fig, 
20  tab,  98  ref.  DOA  Report  DAJA45-87-C-O054. 

Descriptors:  'Path  of  pollutants,  'Bioassay,  'Sedi- 
ment contamination,  'Bioaccumulation,  'Cadmi- 
um, 'Copper,  'Zinc,  Chlorinated  hydrocarbons, 
•Polychlorinated  biphenyls,  Organic  matter, 
Plants,  DDE,  Oligochaetes,  Sludge  disposal. 

A  study  was  conducted  to  determine  whether  or 
not  plant  (Cyperus  esculentus)  and  earthworm  (Ei- 
senia  foetida)  bioassays  applied  to  sediments  ade- 
quately predict  the  long-term  environmental  im- 
pacts of  disposed  contaminated  dredged  material  in 
upland  sites.  At  the  end  of  45-day  and  28-day 
exposure  periods,  respectively,  plants  and  earth- 
worms were  analyzed  for  Cd,  Cu  and  Zn.  Addi- 
tionally, earthworms  were  analyzed   for  several 
organochlorine     contaminants     including     HCB, 
DDE,  and  PCBs.  Humic  and  anaerobic  soil  layers 
from  the  poplar,   oak,   and  maple  stands,   WES 
reference  soil,  and  a  surface  soil  samples  from  a 
nearby  'reference'  poplar  forest  elsewhere  on  the 
Broekpolder  were  analyzed  for  both  the  metals 
and  organochlorine  contaminants.  Soil  pH  ranged 
from  slightly  acidic  to  slightly  basic.  Soil  organic 
matter  content  was  highest  in  humid  soils  (36-67%) 
and  lowest  in  anaerobic  soils  (14.5-21%).  No  rela- 
tionship was  found  between  soil  pH  and  organic 
matter.   Humic   soils   generally  contained   higher 
concentrations  of  total  and  bioavailable  metals  than 
anaerobic  layer  soils.  Concentrations  of  An  and  Cd 
were  significantly  greater  in  humic  soils  from  the 
poplars  than  elsewhere.  Metal  concentrations  in 
newly-fallen  leaves  were  lower  than  in  leaf  litter 
from  the  previous  season.  Concentrations  of  Cd 
and  Zn  were  greatly  elevated  in  litter  and  leaffall 
in  the  poplar  stand,  compared  with  either  the  oaks 
or  maples.  Concentrations  of  Cu  in  leaves  and 
leaffall  were  generally  similar  across  the  experi- 
mental forest.  Earthworm  recovery  (numbers)  was 
excellent  in  all  cases,  but  weight  loss  due  to  de- 
creased body  weight  was  significantly  on  all  anaer- 
obic layer  soils  and  most  humic  soils.  Bioaccumula- 
tion of  Cd  by  earthworms  was  significant  greater 
on  humic  than  anaerobic  layer  soils,  especially  Cd 
in  worms  on  poplar  soils;  copper  and  zinc  uptake 
were  not  significantly  different.  Bioaccumulation 
of  HCB  and  DDE  by  earthworms  was  greater  on 
humic  than  anaerobic  layer  soils;  other  organic 
compounds  (PP,  DDE  and  PCBs)  were  bioaccu- 
mulated  more  from  anaerobic  layer  soils.  (Lantz- 
PTT) 
W90-05765 


CYCLIC  METAL  MIGRATION  IN  A  GROUND- 
WATER STREAM. 

Paul  Scherrer  Inst.,  Wuerenlingen  (Switzerland). 
H.  R.  Von  Gunten,  L.  Jacobs,  M.  Kuslys,  R.  Kell, 
and  U.  Krahenbuhl. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  DE88-703470. 
Price  codes:  A02  in  paper  copy,  A01  in  microfiche. 
PSI-Bericht  No.  4,  April  1989.  7p,  5  fig,  11  ref. 
From:  IAHR  International  Symposium  on  the 
Interaction  Between  Groundwater  and  Surface 
Water,  Ystad,  Sweden,  1988. 

Descriptors:  'Path  of  pollutants,  'Metals, 
•Groundwater  pollution,  'Infiltration,  Groundwat- 
er movement,  Hydrogen  ion  concentration,  Sea- 
sonal variation,  Copper,  Zinc,  Cadmium,  Organic 
matter,  Manganese. 

The  behavior  of  dissolved  (<  0.45  micrometers 
(urn))  inorganic  species  (e.g.  metals,  anions),  and 
changes  in  relevant  properties  of  polluted  river 
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water  during  ir-filtration  into  adjacent  groundwater 
area  is  investigated.  Water  from  the  river  and  from 
several  wells  is  analyzed  for  temporal  and  spacial 
changes.  For  many  of  the  measured  quantities  a 
pronounced  annual  cycle  is  observed.  The  temper- 
ature differences  between  summer  and  winter  in- 
fluence biological  activity.  Growth  and  degrada- 
tion of  organic  material  lead  to  drastic  changes  in 
pH  and  redox  conditions  in  the  near  infiltration 
field.  During  summer,  under  relatively  anoxic  con- 
ditions, manganese  oxides/hydroxides  dissolve.  In 
winter,  the  higher  concentration  of  dissolved 
oxygen  induce  reprecipitation  of  manganese.  Trace 
metal  mobility  (e.g.  Cu,  Zn,  Cd)  is  influenced  by 
these  annual  variations.  In  the  river,  daily  cycles 
are  observed  for  many  of  the  measured  quantities. 
These  short-term  variations  are  induced  by  photo- 
synthesis and  respiration  of  aquatic  biota.  The 
cyclic  behavior  disappears  during  the  early  stage 
of  infiltration.  The  changes  between  river  and 
groundwater  can  be  modelled  by  a  combination  of 
simplified  electron  transfer  and  weathering  reac- 
tions. (Author's  abstract) 
W90-05767 


IDENTIFICATION  OF  POLLUTANTS  SUB- 
JECT TO  NONPOINT  AGRICULTURAL 
MEASURES  IN  THE  MAUMEE  RIVER  BASIN. 

Purdue  Univ.,  Lafayette,  IN. 
J.  B.  Morrison. 

IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
101-120,  4  tab,  9  ref. 

Descriptors:  'Agricultural  runoff,  *Maumee  River 
Basin,  *Nonpoint  pollution  sources,  *Ohio,  *Soil 
erosion,  *Water  pollution  control,  *Water  pollu- 
tion sources,  Black  Creek,  Erosion  control,  Lake 
Erie,  Water  resources  management. 

Efficient  planning  for  resource  management  re- 
quires several  clearly  defined  steps:  (1)  identifica- 
tion of  the  impaired  use  of  a  resource;  (2)  identifi- 
cation of  those  pollutants  that  are  responsible  for 
the  degradation  of  the  resources;  (3)  development 
of  a  strategy  to  control  those  pollutants;  and,  (4) 
careful  implementation  of  the  strategy  while  ob- 
serving and  attempting  to  understand  and  account 
for  environmental  side  effects.  Unfortunately,  this 
type  of  analysis  is  not  often  routinely  applied  to 
planning  for  control  of  pollution  from  nonpoint 
sources  which  are  often  diffuse.  By  its  very  nature, 
the  conduct  of  agricultural  activities  results  in  a 
disturbance  of  the  natural  environment.  In  addi- 
tion, agricultural  point  sources  occur  at  large  con- 
fined animal  feeding  or  breeding  installations,  at 
areas  where  agricultural  materials  are  stored  in 
large  quantities,  at  processing  facilities,  and  at  the 
sites  of  accidental  spills  of  agricultural  chemicals 
or  animal  waste.  In  the  Maumee  River  Basin,  rain- 
storms occurring  when  cropland  was  not  protected 
by  vegetation  were  an  important  cause  of  erosion, 
and  the  Maumee  River  was  the  largest  contributor 
to  sediment  entering  Lake  Erie.  More  serious  than 
the  sediment  entering  the  lake  were  the  nutrients 
associated  with  the  sediments.  A  management  plan 
has  been  implemented  that  includes  conservation 
tillage,  no-till  farming,  herbicide  control,  and  ter- 
racing. By  identifying  the  specific  pollutant  source 
and  concentrating  efforts  on  eliminating  the  origin 
of  the  source,  erosion,  specific  remedial  measures 
could  be  designed.  (See  also  W90-05772)  (Lantz- 
PTT) 
W90-05776 


HISTORICAL  SYNOPSIS  OF  GREAT  LAKES 
WATER  QUALITY  RESEARCH  AND  MAN- 
AGEMENT AND  FUTURE  DIRECTIONS. 

Environmental  Research  Lab.-Duluth,  Grosse  He, 
MI.  Large  Lakes  Research  Station. 
W.  L.  Richardson,  and  J.  F  Paul. 
IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
150-175,  12  fig,  4  tab,  14  ref. 

Descriptors:  'Great  Lakes,  'Path  of  pollutants, 
•Water  pollution  control,  *Water  quality,  'Water 


quality  management,  Eutrophication,  Fate  of  pol- 
lutants, Green  Bay,  History,  Model  studies. 

When  US-USSR  discussions  first  began  in  1972, 
the  US  EPA  was  just  becoming  involved  with 
major  efforts  to  protect  and  clean  the  North  Amer- 
ican Great  Lakes.  Severe  water  quality  issues  were 
confronting  the  United  States  and  Canada -most 
notably,  eutrophication  and  the  consequential  im- 
pacts on  drinking  water,  fisheries,  and  recreation. 
The  International  Field  Year  on  the  Great  Lakes 
(IFYGL)  had  begun,  planning  for  the  Upper  Great 
Lakes  Reference  Studies  (UGLRS)  was  starting, 
and  work  had  begun  through  the  International 
Joint  Commission  in  designing  a  long-term  surveil- 
lance plan  for  the  Great  Lakes.  In  the  following  16 
years,  much  has  been  accomplished  in  understand- 
ing cause-effect  relationships  and  in  managing 
water  quality  in  the  Great  Lakes.  Most  notable  was 
the  establishment  of  target  loadings  for  phospho- 
rus, which  were  established  largely  by  the  negotia- 
tions among  governmental  representatives  facilitat- 
ed by  the  quantitative  relationships  derived 
through  modeling  research.  With  phosphorus 
target  loadings  established,  control  programs  in 
place,  and  eutrophication  declining,  effects  of  toxic 
substances  became  the  major  environmental  issue 
for  the  Great  Lakes  in  the  1980s.  Initial  monitoring 
and  research  into  cause-effect  relationships  has  in- 
dicated that  rational  management  of  toxics  is  and 
will  continue  to  be,  a  difficult  problem.  The 
progress  made  in  managing  eutrophication  is  re- 
viewed and  some  research  results  in  the  Great 
Lakes  are  summarized  along  with  a  discussion  of 
the  approach  being  taken  in  planning  a  major  field 
and  modeling  (mass  balance)  study  of  Green  Bay 
(Lake  Michigan).   (See  also  W90-05772)  (Lantz- 

W90-05778 


PROCEDURAL-METHODOLOGICAL  PROB- 
LEMS OF  INVESTIGATING  PETROLEUM 
PRODUCTS  IN  CONTINENTAL  SURFACE 
WATERS. 

Hydrochemical  Inst.,  Rostov-na-Donu  (USSR). 
A.  G.  Stradomskaya. 

IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA. 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
177-190,  1  fig,  2  tab,  23  ref. 

Descriptors:  *Fate  of  pollutants,  'Monitoring,  'Oil 
pollution,  'Path  of  pollutants,  'Surface  water, 
'Water  pollution  sources,  Chemical  analysis, 
Water  pollution  control. 

The  extreme  complexity  and  diversity  of  petrole- 
um product  compositions  is  the  reason  for  the 
difficulties  that  occur  in  evaluating  contamination 
of  bodies  of  water  by  these  compounds.  The  di- 
verse and  numerous  contamination  sources  of  con- 
tinental surface  waters  include:  oil  production  and 
refining  operations,  and  storage  facilities,  as  well  as 
water  and  land  transport  equipment.  Surface 
waters  have  an  extremely  complex,  diverse  and 
dynamic  chemical  composition,  determined  by  a 
great  variety  of  formation  and  transformation  fac- 
tors. These  include  primarily  lipids  of  natural  ori- 
gins, particularly  their  hydrocarbon  fractions,  con- 
sisting of  normal,  branched  paraffins,  isoparaffins 
and  isoprenoids,  which  are  also  present  in  petrole- 
um production.  A  number  of  the  characteristic 
features  of  interior  basins  influencing  the  behavior 
of  petroleum  products  may  change  within  broad 
limits.  Among  these  features  are  intensive  mixing, 
often  complete  mixing  of  the  water  masses,  heating 
of  the  water  layer,  and  the  significant  influence  of 
the  benthic  deposits  and  suspended  substances.  The 
methodology  of  investigating  petroleum  product 
contamination  of  surface  water  is  made  much  more 
difficult  when  the  petroleum  products  contain  a 
wide  range  of  organic  substances  entering  with  the 
sewage  of  various  production  processes  and  house- 
hold waste.  Methods  designed  for  use  in  monitor- 
ing must  be  simultaneously:  sensitive,  precise  and 
productive;  modern;  specific;  and  adequately 
simple  and  accessible.  It  was  determined  that  it  is 
necessary  to  consider  the  volatile  and  nonvolatile 
hydrocarbons,  the  tars,  and  the  asphaltenes  for 
obtaining  the  correct  information  on  the  total  con- 
tent of  petroleum  products.  Methods  used  for  de- 


termining these  contaminants  include:  pyrolytic 
burning,  simultaneous  infrared  and  ultraviolet  pho- 
tometry, irradiation,  and  variants  of  gas  liquid 
chromatography-chromatomass  spectrometry  and 
highly  efficient  liquid  chromatography.  (See  also 
W90-05772)  (Lantz-PTT) 
W90-05779 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  6  -  APPENDIX  B  (CONTD). 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-017215. 
Price  codes:  N01  in  paper  copy.  Report  No.  PNL- 
6581 -Vol.6,  May  1988.  605  p.  DOE  Contract  DE- 
AC06-76RLO-1830. 

Descriptors:  'Data  collections,  'Groundwater 
management,  'Groundwater  quality,  'Hanford 
Site,  'Monitoring,  'Radioactive  wastes,  'Washing- 
ton, 'Wells,  Inspection,  Well  construction,  Well 
logs. 

This  appendix  is  one  of  nine  volumes,  and  presents 
data  describing  wells  completed  at  the  Hanford 
Site  during  the  fourth  quarter  of  the  calendar  year 
1987  (October  through  December).  The  data  in 
this  volume  of  Appendix  B  cover  the  following 
wells:  299-W7-5,  299-W7-6,  299-W8-1,  299-W9-1 
and  299-W10-13.  The  data  are  presented  in  the 
following  order:  well  completion  report/Title  III 
inspection  list,  inspection  plan,  as-built  diagram, 
logging  charts,  and  drill  logs.  (See  also  W90-O5786) 
(Lantz-PTT) 
W90-05785 


PCB  CONCENTRATIONS  IN  WILSON  RESER- 
VOIR CATFISH  - 1986. 

Tennessee  Valley  Authority,  Knoxville.  Div.  of 

Air  and  Water  Resources. 

D.  L.  Dycus,  and  D.  R.  Lowery. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  DE88-016103. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  TVA/ONRED/AWR-88/2,  August 

1987.  44p,  4  fig,  9  tab,  3  ref,  4  append. 

Descriptors:  'Alabama,  'Bioaccumulation,  'Cat- 
fish, 'Fish,  'Path  of  pollutants,  'Polychlorinated 
biphenyls,  'Tennessee,  'Wilson  Reservoir,  Public 
health,  Seasonal  variation. 

For  three  years  the  Tennessee  Valley  Authority 
(TV A)  has  been  involved  in  a  study  on  Wilson 
Reservoir  to  evaluate  the  year-to-year  trend  in 
polychlorinated  biphenyl  (PCB)  concentrations  in 
catfish.  Samples  taken  the  first  year  of  study  (1984) 
revealed  22  of  45  catfish  equaled  or  exceeded  the 
Food  and  Drug  Administration  (FDA)  tolerance 
of  2.0  micrograms/g,  and  the  overall  average  was 
2.6  microg/g.  Catfish  collected  in  1985  showed 
substantially  reduced  PCB  levels  with  only  4  of  36 
individuals  at  or  above  2.0  microg/g  and  the  over- 
all average  at  1.0  microg/g.  Such  a  large  reduction 
was  unexpected  because  there  had  been  no  known 
major  corrective  actions  taken  between  1984  and 
1985  which  would  have  been  expected  to  reduce 
levels  throughout  the  reservoir.  The  possibility 
that  extreme  hydrologic  conditions  may  have  been 
important  in  causing  the  difference  between  the 
two  years  was  presented  as  one  hypothesis.  Fish  in 
autumn  1984  were  collected  five  months  after  a 
100-yr  flood  event  in  the  Tennessee  River,  whereas 
fish  in  autumn  1985  were  collected  following  a 
drought  which  began  soon  after  the  1984  flood. 
Because  PCBs  are  typically  associated  with  sedi- 
ments, any  action  which  stirs  up  existing  sediments 
(even  contaminated  at  very  low  levels)  or  washes 
in  new  contamination  from  terrestrial  sources 
could  be  expected  to  influence  PCB  levels  in  fish. 
Another  possibility  was  that  an  unknown  polluter 
suspended  illegal  dumping  once  the  1984  data  were 
made  public.  Catfish  collected  in  1986  supported 
findings  of  the  1985  study  by  showing  even  further 
reductions  in  PCB  levels.  Of  the  36  catfish  ana- 
lyzed, none  exceeded  2.0  microg/g  (the  highest 
was  1.9  microg/g),  the  overall  average  was  0.46 
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microg/g,  and  not  even  the  99.9%  confidence  in- 
terval for  any  location  included  2.0  microg/g. 
Therefore,  it  appears  there  should  be  little  concern 
from  consumption  of  catfish  from  Wilson  Reser- 
voir. (Lantz-PTT) 
W90-05788 

AIR  POLLUTION  AND  ACIDIFICATION. 

National  Swedish  Environment  Protection  Board, 

Solna. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  DE88-754411. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  NEI-SE-18,  (1988).  lOp,  18  ref. 

Descriptors:  'Acid  rain,  *Air  pollution,  *Path  of 
pollutants,  *Sweden,  *Water  pollution  effects, 
•Water  pollution  sources,  Corrosion,  Forest  water- 
sheds, Groundwater  pollution. 

In  Sweden  the  environmental  problems  that  are 
traceable  to  air  pollution  are  being  attacked  on  a 
wide  front.  The  main  problems  are  grouped  into 
the  following  five  areas,  with  research  being  car- 
ried on  in  each:  deposition,  forests  and  soils, 
groundwater  and  corrosion,  surface  water,  and 
wildlife.  At  present  the  highest  priority  is  being 
given  to  studies  of  forest  damage  and  the  effects  of 
acidification  on  groundwater,  although  the  corro- 
sion of  buried  structural  materials  is  also  tending  to 
receive  special  attention.  An  account  is  given  of 
the  research  and  monitoring  activities  that  are  cur- 
rently being  carried  on  in  Sweden  in  regard  to  air 
pollution  and  acidification,  as  well  as  the  counter- 
measures  that  are  being  taken  within  the  country 
itself  to  check  both.  The  account  reflects  the  find- 
ings of  a  large  number  of  research  projects;  the 
countermeasures  arising  from  them  are  outlined, 
and  there  is  a  list  of  the  various  agencies  and 
institutions  involved  in  the  work.  (Lantz-PTT) 
W90-05789 


ACTO  RAIN-MODELLING  ITS  RISKS  TO  THE 
EUROPEAN  ENVIRONMENT. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-05793 


RTVER  DANUBE  POLLUTION  AND  ITS  RISK 
ASSESSMENT. 

Benezur  U.  28,  H-1068,  Budapest,  Hungary. 
P.  Benedek. 

IN:  Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. Royal  Society  of  Chemistry,  London,  Eng- 
land, p  315-362,  8  fig,  10  tab,  65  ref. 

Descriptors:  *Danube  River,  *Path  of  pollutants, 
♦Risk  assessment,  *Urbanization,  *Water  pollution 
sources,  Ammonia,  Fertilizers,  Industrial  wastes, 
Inorganic  compounds,  Nonpoint  pollution  sources, 
Oil  pollution,  Organic  compounds,  Pesticides, 
Sediment  transport,  Wastewater  pollution,  Water 
quality. 

The  catchment  area  of  the  Danube  and  the  geo- 
graphic borders  of  the  riparian  countries,  include: 
Austria,  Czechoslovakia,  Hungary,  Romania, 
Yugoslavia,  and  West  Germany.  As  a  major  water 
resource  and  traditional  communication  route  it 
has  yielded  excellent  opportunities  for  urban,  agri- 
cultural, and  industrial  development  from  Roman 
times  to  the  present  day.  During  the  past  decades, 
tremendous  development  in  the  catchment  area, 
urbanization,  industrialization,  hydropower  exploi- 
tation, and  intensified  agriculture,  led  to  changes  in 
the  morphology,  hydrology,  and  biogeochemical, 
and  ecological  characteristics  of  the  river.  This 
includes  increasing  flood  potential,  decreasing  icy 
periods,  and  decreasing  bed  load  and  sediment 
transport,  all  leading  to  a  deteriorating  trend  in 
water  quality.  However,  the  quality  of  the  river  is 
still  fairly  good  with  the  exception  of  relatively 
short  stretches  downstream  from  major 
wastewater  discharges  and  polluted  tributary  con- 
fluences. Apart  from  incidental  and  accidental  risks 
(municipal  sewage  release,  oil  and  oil  derivatives, 
organic  industrial  wastes,  inorganic  industrial 
wastes,  manure  (liquid),  pesticides,  fertilizers,  pu- 
trescible  organic  waste  of  unknown  origin,  ammo- 


nium ion,  and  others  of  unknown  origin),  intention- 
al risks  appear  as  significant  factors  in  water  man- 
agement. Though  management  can  control  the 
major  effects  of  wastewater  discharges,  it  has  to 
tolerate  some  residual  pollutants  in  the  water  due 
to  technical  and  mainly  economic  considerations. 
The  same  is  true  for  the  runoff  water  from  agricul- 
tural areas.  Specific  changes  in  the  ecosystem  are 
expected  as  a  result  of  exploiting  the  hydropower 
potential  of  the  river.  (See  also  W90-05792)  (Lantz- 
PTT) 
W90-05794 


TOTAL  INDEX  OF  ENVIRONMENTAL  QUAL- 
ITY AS  APPLIED  TO  WATER  RESOURCES. 

Ceske  Vysoke  Uceni  Technicke  v  Praze.  Fakulta 

Jaderna  a  Fysikalne  Inzenyrska. 

For  primary  bibliographic  entry  see  Field  6B. 

W90-05795 


DYESTUFFS  AND  THE  ENVIRONMENT-A 
RISK  ASSESSMENT. 

Imperial  Chemical  Industries  Ltd.,  Brixham  (Eng- 
land). Brixham  Lab. 
D.  Brown,  and  R.  Anliker. 

IN:  Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. Royal  Society  of  Chemistry,  London,  Eng- 
land, p  398-413,  1  fig,  1  tab,  42  ref. 

Descriptors:  *Dyes,  *Fate  of  pollutants,  *Path  of 
pollutants,  *Risk  assessment,  *Toxicity,  •Toxicol- 
ogy, Aquatic  environment,  Biodegradation,  Bio- 
logical wastewater  treatment,  Industrial 
wastewater,  Sorption. 

The  vast  number  of  dyestuffs,  and  the  many  varied 
situations  in  which  they  are  used  and  applied, 
inevitably  means  that  an  environmental  risk  assess- 
ment can  only  properly  be  made  on  an  individual 
dyestuff  and  an  individual  dye-house  basis.  How- 
ever, for  most  dyestuffs  aquatic  toxicity  data  will 
be  available  to  demonstrate  that  provided  any  dye- 
stuff  discharge  results  in  levels  below  those  visible 
in  a  natural  water,  then  no  significant  risk  to  water 
organisms  in  that  water  is  likely.  For  those  dyes- 
tuffs where  this  statement  may  not  apply,  it  is 
particularly  important  to  consider  levels  of  dis- 
charge both  in  factory  effluents  and  following  bio- 
logical treatment.  The  basic  dyestuffs  which  are 
most  likely  to  be  toxic  are  in  general  very  substan- 
tive to  the  substrate  which  they  are  dyeing  and  are 
also  well  removed  in  biological  treatment  process- 
es. The  likely  environmental  fate  of  dyestuffs  is  by 
sorption  either  on  to  sewage  works  sludges  or  on 
to  the  sediments  of  natural  waters  where  azo  dyes- 
tuffs in  particular  will  be  degraded  in  an  anaerobic 
environment.  The  available  data  indicate  that  the 
amines  produced  as  the  anaerobic  metabolic  prod- 
ucts will  themselves  be  degradable  or  be  essentially 
nontoxic  to  aquatic  life.  (See  also  W90-05792) 
(Lantz-PTT) 
W90-05797 


HAZARD  AND  RISK  ASSESSMENT  AND  AC- 
CEPTABILITY OF  CHEMICALS  IN  THE  ENVI- 
RONMENT. 

Technical  Univ.   of  Denmark,  Lyngby.   Lab.  of 

Environmental  Science  and  Ecology. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05799 


STUDIES  ON  THE  FATE  OF  CHEMICALS  IN 
THE  ENVIRONMENT  WITH  PARTICULAR 
REFERENCE  TO  PESTICIDES. 

Schering  Agrochemicals  Ltd.,  Essex  (England). 
L.  Somerville. 

IN:  Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. Royal  Society  of  Chemistry,  London,  Eng- 
land, p  451-480,  8  fig,  4  tab,  24  ref. 

Descriptors:  *Fate  of  pollutants,  *Pesticides,  *Risk 
assessment,  *Toxicity,  'Water  pollution  sources, 
Agricultural  runoff,  Aquatic  environment,  Bioac- 
cumulation,  Biodegradation,  DDT,  Fish,  Lethal 
limit,  Nonpoint  pollution  sources,  Polychlorinated 
biphenyls,  Soil  contamination. 

Large  quantities  of  pesticides  are  used  each  year. 
For  good  biological  efficacy,  adequate  coverage  of 


the  crop  is  essential.  Despite  extensive  efforts  on 
the  part  of  the  industry  to  develop  precision  meth- 
ods  of  application   including   controlled   droplet 
spraying  and  electrostatic  techniques,  only  part  of 
the  pesticide  application  reaches  the  target  pest, 
the  remainder  being  distributed  in  the  non-target 
sectors  of  the  agricultural  ecosystem,  i.e.,  the  foli- 
age,  the   soil,   adjacent   streams  and  hedgerows. 
While  the  soil  may  appear  to  be  the  ultimate  site 
for  the  pesticide,  consideration  must  also  be  given 
to  the  aquatic  system,  and  to  terrestrial  wildlife. 
Soil  harbors  vast  numbers  of  bacteria,  actinomy- 
cetes,  fungi,  and  algae.  These  microorganisms  are 
of  prime  importance  not  only  in  degrading  pesti- 
cides in  soil  and  water  system,  but  also  for  break- 
ing down  plant  debris  into  nutrients  which  are  then 
available  for  new  plant  growth.  Disturbance  of 
these  key  biological  processes  may  have  an  effect 
on  soil  fertility.  Contamination  of  natural  waters 
with  a  pesticide  may  occur  as  a  consequence  of 
spray  drift,  soil  erosion,  or  runoff  into  streams. 
Standardized  laboratory  test  methods  have  been 
devised  to  give  information  on  such  aspects.  The 
simplest  test  for  toxicity  is  to  expose  the  test  orga- 
nism to  the  chemical  substance  for  a  specified  time. 
The  results  are  expressed  as  an  LD50,  LC50,  or 
EC50  value.  The  values  are  a  measure  of  the  extent 
to  which  a  chemical  affects  a  test  organism.  Equal- 
ly important  is  the  need  to  test  for  possible  biocon- 
centration  of  the  chemical  in  fish  when  they  are 
continuously  exposed  to  sublethal  concentrations. 
In  such  situations  it  is  not  only  important  to  know 
whether  the  chemical  would  accumulate  in  the 
edible  tissues,  but  also  whether  the  influx  of  fresh 
water  would  rapidly  cleanse  the  tissues.  Examples 
of  pesticide  toxicity  and  fate  are  presented  using 
polychlorinated  biphenyls  and  DDT.  Model  stud- 
ies show  that  solar  photolysis  can  reduce  the  levels 
of  PCBs  in  large  lakes  and  oceans,  but  any  accu- 
mulation in  sediments,   would  be  unaffected  by 
sunlight.  Fourteen  years  after  the  input  of  DDT 
was  stopped,  residue  levels  in  the  aquatic  ecosys- 
tems are  still  extremely  high.  (See  also  W90-05792) 
(Lantz-PTT) 
W90-05800 


PESTICIDES  IN  THE  AQUATIC  ENVIRON- 
MENT-DATA NEEDS  FOR  THEIR  CONTROL. 

Department  of  the  Environment,  London  (Eng- 
land). Water  Quality  Div. 
R.  J.  Otter. 

IN:  Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. Royal  Society  of  Chemistry,  London,  Eng- 
land, p  481-490,  1  tab,  5  ref. 

Descriptors:  *Pesticides,  *Risk  assessment,  'Water 
pollution  control,  'Water  pollution  sources,  Chem- 
ical wastes,  Fate  of  pollutants,  Pollutant  identifica- 
tion. Priority  pollutants. 

The  presence  of  pesticides  is  being  measured  and 
increasingly  confirmed  in  ground  and  surface 
waters.  They  are  the  most  likely  substances  to 
cause  serious  problems  in  the  aquatic  environment. 
Risk  assessment  depends  on  the  quality  of  the  data 
used  to  make  the  assessment  but  pesticides  data- 
bases have  a  number  of  serious  deficiencies,  as 
follows:  (1)  quantities  and  patterns  of  use;  (2) 
chronic  toxicities  for  a  range  of  organisms;  (3) 
environmental  concentrations;  (4)  persistence  data; 
and  (5)  laboratory  quality  control.  The  results  of 
an  exploratory  survey  of  rivers  in  England  indicate 
that  some  herbicides  are  widely  distributed  in  these 
rivers.  Risk  assessment  must  be  based  on  the  best 
available  data;  if  this  data  is  inadequate,  the  judge- 
ments about  risk  must  be  conservative.  (Lantz- 
PTT) 
W90-05801 


CHESAPEAKE  BAY  EARTH  SCIENCE  STUDY: 
INTERSTITIAL  WATER  CHEMISTRY-CHEM- 
ICAL ZONATION,  TRIBUTARIES  STUDY  AND 
TRACE  METALS. 

Maryland  Geological  Survey,  Baltimore. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-05808 


CHESAPEAKE  BAY  MAINSTEM  MONITOR- 
ING PROGRAM.  STATISTICAL  AND  ANALYT- 
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ICAL  SUPPORT  CONTRACT:  FINAL  REPORT. 
VOLUME  II. 

Martin  Marietta  Environmental  Systems,  Colum- 
bia, MD. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05811 


METABOLISM  OF  POLYCYCLIC  AROMATIC 
HYDROCARBONS  IN  THE  AQUATIC  ENVI- 
RONMENT. 

CRC  Press,  Inc.  Boca  Raton,  Florida.  341  p. 
Edited  by  Usha  Varanasi. 

Descriptors:  'Bioaccumulation,  'Biodegradation, 
•Fate  of  pollutants,  'Hydrocarbons,  'Path  of  pol- 
lutants, *Polycyclic  aromatic  hydrocarbons,  •Tox- 
icity, Oil  spills,  Water  pollution,  Water  pollution 
effects. 

During  the  past  decade,  knowledge  about  polycy- 
clic aromatic  hydrocarbons  (PAH)  in  the  aquatic 
environment  has  advanced  substantially  to  encom- 
pass studies  of  bioavailability,  metabolism,  subse- 
quent toxic  effects,  and  their  ecological  conse- 
quences. The  impetus  for  these  studies  has  come 
from  diverse  developments,  including  increased 
transport  of  petroleum  across  major  waterways  of 
the  world  and  consequent  concern  about  acciden- 
tal spills,  reports  of  epizootics  of  diseases  in  fish 
populations  from  PAH-contaminatcd  areas,  and  a 
general  awareness  of  the  problems  of  marine  pollu- 
tion, including  implications  toward  human  health. 
Recent  advances  in  the  areas  of  PAH  biogeoche- 
mistry  and  bioaccumulation,  microbial  degrada- 
tion, enzymes  of  activation  and  detoxication,  me- 
tabolism of  PAH,  and  laboratory  and  field  studies 
on  carcinogenic/toxic  effects,  are  presented.  Addi- 
tionally, important  similarities  and  differences  in 
metabolism  of  PAH  by  aquatic  and  terrestrial  or- 
ganisms are  discussed.  Although  considerable 
progress  has  been  made  in  certain  areas  of  PAH 
metabolism  in  the  aquatic  environment,  the  field  is 
relatively  unexplored  and  many  exciting  possibili- 
ties exist  for  future  investigations.  Because  many 
aquatic  organisms  reside  in  confined  waters,  where 
they  may  be  exposed  to  xenobiotics  over  long 
periods  of  time,  they  serve  as  good  models  for 
studies  to  establish  cause  and  effect  relationships 
between  exposure  to  xenobiotics  and  subsequent 
biological  effects.  Further,  the  ability  to  integrate 
information  from  controlled  laboratory  studies 
with  epizootological  data  on  the  same  species  gives 
added  strength  to  their  use  in  such  studies.  There- 
fore, the  epizootological  evidence  for  the  role  of 
PAH  as  etiologic  agents  in  piscine  hepatocarcino- 
genesis  is  evaluated.  The  use  of  fish  models  in 
experimental  carcinogenesis  is  also  considered, 
even  though  much  of  this  information  is  not  ob- 
tained using  PAH.  Except  for  this  specific  empha- 
sis, the  underlying  theme  of  the  book  is  to  show 
how  biological  transport,  bioaccumulation,  disposi- 
tion, and  toxicity  of  PAH  in  the  aquatic  environ- 
ment are  influenced  by  the  ability  or  inability  of 
organisms  to  metabolize  these  environmental  pol- 
lutants. (See  W90-05813  thru  W90-05822)  (Lantz- 
PTT) 
W90-05812 


BIOAVAILABILITY  OF  POLYCYCLIC  ARO- 
MATIC HYDROCARBONS  IN  THE  AQUATIC 
ENVIRONMENT. 

Massachusetts  Univ.  at  Boston.  Environmental  Sci- 
ence Program. 

A.  E.  McElroy,  J.  W.  Farrington,  and  J.  M.  Teal. 
IN:  Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in   the  Aquatic  Environment.   CRC   Press, 
Inc.,  Boca  Raton,  Florida,  p  1-39,  14  fig,  9  tab,  159 
ref.  NOAA  Contract  83-ABD-00012. 

Descriptors:  •Bioavailability,  *Fate  of  pollutants, 
•Metabolism,  *Path  of  pollutants,  'Polycyclic  aro- 
matic hydrocarbons,  Anthracene,  Aquatic  environ- 
ment, Benzenes,  Bioaccumulation,  Environmental 
effects,  Field  studies,  Laboratory  methods, 
Naphthalenes,  Phenanthrene,  Water  pollution 
sources. 

Information  on  the  bioavailability  of  polynuclear 
aromatic  hydrocarbons  or  polycyclic  aromatic  hy- 
drocarbons (PAH)  (such  as  benzene,  naphthalene, 
phenanthrene,  and  anthracene)  and  their  metabo- 


lites in  the  aquatic  environment  is  reviewed.  Em- 
phasis is  placed  on  the  physical/chemical,  biologi- 
cal, and  environmental  factors  which  drive  these 
processes.  A  rationale  is  provided  for  why  it  is 
important  to  study  metabolism  when  considering 
the  fate  of  PAH  in  aquatic  systems.  The  chapter  is 
divided  into  three  main  sections.  The  first  intro- 
duces PAH,  their  sources,  transformations,  and 
sinks,  and  the  physical/chemical  factors  which  in- 
fluence their  cycling  in  the  environment.  The 
second  section  reviews  information  gathered  from 
field  studies  on  the  bioavailability  of  PAH  to 
aquatic  organisms.  Information  derived  from  labo- 
ratory investigations  on  processes  influencing  bioa- 
vailability is  discussed  in  the  third  section.  Due  to 
the  complexity  of  the  many  parameters  which  in- 
fluence the  fate  of  compounds  such  as  PAH  in  the 
environment,  studies  of  these  processes  in  the  field 
are  required  to  obtain  a  realistic  assessment  of  the 
environmental  fate  of  PAH.  For  the  same  reasons 
it  is  very  difficult  and  often  impossible  to  do  con- 
trolled experiments  in  the  field.  The  chapter  fo- 
cuses first  on  field-collected  data  on  PAH  bioavai- 
lability, and  then  supplements  this  discussion  with 
information  derived  from  laboratory  studies.  (See 
also  W90-05812)  (Lantz-PTT) 
W90-05813 


MICROBIAL  DEGRADATION  OF  POLYCY- 
CLIC AROMATIC  HYDROCARBONS  (PAH)  IN 
THE  AQUATIC  ENVIRONMENT. 

National  Center  for  Toxicological  Research,  Jef- 
ferson, AR. 

C.  E.  Cerniglia,  and  M.  A.  Heitkamp. 
IN:  Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in   the  Aquatic   Environment.   CRC   Press, 
Inc.,  Boca  Raton,  Florida,  p  41-68,  11  fig,  3  tab, 
114  ref. 

Descriptors:  •Biodegradation,  *Fate  of  pollutants, 
•Microbial  degradation,  *Polycyclic  aromatic  hy- 
drocarbons, Algae,  Aquatic  environment,  Bacteria, 
Benzanthracene,  Benzenes,  Benzopyrene,  Fungi, 
Naphthalenes,  Sediment-water  interfaces,  Water 
pollution. 

Microorganisms  play  an  important  role  in  recy- 
cling of  elements  such  as  carbon,  nitrogen,  phos- 
phorus, oxygen,  and  sulfur,  and  in  the  degradation 
of  organic  compounds  to  carbon  dioxide  and  water 
in  nature.  In  recent  years,  the  concern  about  the 
presence  of  polycyclic  aromatic  hydrocarbons 
(PAH)  in  air,  soil,  and  water  systems  has  increased, 
since  this  important  class  of  chemicals  is  carcino- 
genic in  experimental  animals  and  a  potential 
health  risk  to  man.  A  summary  of  the  structure, 
toxicity,  and  genotoxicity  of  PAH  commonly 
found  in  soils  and  aquatic  ecosystems  is  given. 
PAH  are  mainly  formed  as  products  from  the 
combustion  of  fossil  fuels  and  also  occur  as  natural 
constituents  of  unaltered  fossil  fuels.  Due  to  their 
hydrophobic  properties  and  limited  water  solubili- 
ty, PAH  tend  to  adsorb  to  particulates  and  eventu- 
ally migrate  to  the  sediments  in  river,  lake,  estua- 
rine,  and  marine  waters.  The  PAH  levels  ranged 
from  5  parts  per  billion  (ppb)  for  an  undeveloped 
area  in  Alaska  to  1,790,000  ppb  for  an  oil  refinery 
outfall  in  Southampton,  England.  Sediments  from 
other  industrialized  areas  ranged  from  198  to 
232,000  ppb.  A  variety  of  processes  including  vola- 
tilization, adsorption,  chemical  oxidation,  photo- 
decomposition,  and  biodegradation  are  important 
mechanisms  for  environmental  loss  of  PAH.  In 
reviewing  the  literature,  some  general  statements 
can  be  made  about  the  present  knowledge  of  the 
microbial  degradation  of  PAH:  (1)  a  wide  variety 
of  bacteria,  fungi,  and  algae  have  the  ability  to 
metabolize  PAH;  (2)  hydroxylation  of  unsubstitut- 
ed  PAH  always  involves  the  incorporation  of  mo- 
lecular oxygen;  (3)  PAH  with  more  than  three 
condensed  benzene  rings  do  not  serve  as  substrates 
for  microbial  growth;  (4)  fungi  hydroxylate  PAH 
as  a  prelude  to  detoxification,  whereas  bacteria 
oxidize  PAH  as  a  prelude  to  ring  fission  and  as- 
similation; (5)  lower  weight  PAH  such  as  naphtha- 
lene degrade  rapidly,  while  higher  weight  PAH 
such  as  benz(a)anthracene  or  benzo(a)pyrene  are 
quite  resistant  to  microbial  attack;  (6)  most  rapid 
biodegradation  of  PAH  occurs  at  the  water/sedi- 
ment interface  and  degradation  rates  can  be  influ- 
enced by  environmental  factors;  and  (7)  microbial 
adaptations  can  occur  from  chronic  exposure  to 
PAH.  (See  also  W90-05812)  (Lantz-PTT) 


W90-05814 

BIOTRANSFORMATION  AND  DISPOSITION 
OF  PAH  IN  AQUATIC  INVERTEBRATES. 

Florida  Univ.,  Gainesville.  J.  Hillis  Miller  Health 
Center. 
M.  O.  James. 

IN:  Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in  the  Aquatic  Environment.  CRC  Press, 
Inc.,  Boca  Raton,  Florida,  p  69-91,  9  fig,  2  tab,  81 
ref. 

Descriptors:  'Biodegradation,  'Biotransformation, 
•Fate  of  pollutants,  'Invertebrates,  'Metabolism, 
•Polycyclic  aromatic  hydrocarbons,  Annelids, 
Aquatic  environment,  Arthropods,  Biological  stud- 
ies, Echinoderms,  Mollusks,  Protozoa. 

A  combination  of  in  vivo  and  in  vitro  studies  has 
shown  that  cytochrome  P-450-dependent  monoox- 
ygenation,  the  first  step  in  PAH  biotransformation, 
is  usually  slower  in  invertebrates  than  vertebrates, 
sometimes  proceeding  at  rates  so  slow  as  to  be 
undetectable  by  many  standard  techniques;  and, 
furthermore,  that  PAH  metabolites  are  excreted 
quite  inefficiently  by  invertebrates.  Monooxygena- 
tion  of  PAH  occurred  most  rapidly  in  higher  in- 
vertebrates, such  as  arthropods,  echinoderms,  and 
annelids  and  very  slowly  or  not  at  all  in  the  more 
primitive  invertebrates,  such  as  protozoa,  porifera, 
cnidaria,  and  mollusks.  Where  metabolism  oc- 
curred, wide  interspecies  variations  were  observed 
in  rates  of  biotransformation.  More  information  is 
needed  on  PAH  biotransformation  and  the  regula- 
tion of  cytochrome  P-450  in  invertebrate  species 
before  clear  conclusions  can  be  drawn  concerning 
the  ability  of  a  particular  species  to  biotransform 
PAH.  A  few  studies  have  examined  the  influence 
of  environmental  temperature  on  PAH  biotransfor- 
mation, in  vivo  and  in  vitro,  and  on  PAH  metabo- 
lite excretion.  While  it  is  clear  that  PAH  biotrans- 
formation proceeds  in  vitro  more  rapidly  at  higher 
temperatures,  there  are  insufficient  studies  to  con- 
clude that  this  is  true  in  vivo.  There  is  evidence 
that  PAH  metabolite  excretion  by  the  spiny  lobster 
is  more  rapid  at  higher  environmental  seawater 
temperatures.  Further  studies  are  needed  to  clearly 
delineate  the  effects  of  temperature  on  PAH  bio- 
transformation and  excretion  of  PAH  metabolites. 
(See  also  W90-05812)  (Lantz-PTT) 
W90-05815 


BIOTRANSFORMATION  AND  DISPOSITION 
OF  POLYCYCLIC  AROMATIC  HYDROCAR- 
BONS (PAH)  IN  FISH. 

National  Marine  Fisheries  Service,  Seattle,  WA. 
Northwest  and  Alaska  Fisheries  Center. 
U.  Varanasi,  J.  E.  Stein,  and  M.  Nishimoto. 
IN:  Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in  the  Aquatic  Environment.  CRC  Press, 
Inc.,  Boca  Raton,  Florida,  p  93-149,  20  fig,  15  tab, 
171  ref. 

Descriptors:  'Bioaccumulation,  'Biotransforma- 
tion, 'Fate  of  pollutants,  'Fish,  'Metabolism,  'Po- 
lycyclic aromatic  hydrocarbons,  Benzanthracene, 
Benzenes,  Benzopyrene,  Naphthalenes,  Sediment 
contamination,  Tissue  analysis,  Toxicity. 

During  the  early  to  mid-1970s,  concern  about  the 
impact  of  oil  spills  on  the  aquatic  environment  had 
heightened,  and,  consequently,  there  was  great  in- 
terest in  evaluating  the  uptake  and  disposition  of 
petroleum  constituents,  especially  benzenes  and 
polycyclic  aromatic  hydrocarbons  (PAH)  in  fish 
and  shellfish.  Measurements  of  tissue  concentra- 
tions of  benzenes  and  PAH  in  fish  sampled  from 
oil-impacted  areas  or  urban  estuaries  showed  the 
presence  of  aromatic  hydrocarbons  with  1-3  benze- 
noid  rings,  such  as  derivatives  of  benzene,  naphtha- 
lene (NPH),  biphenyl,  and  phenanthrene  (PHN), 
but  rarely  showed  detectable  levels  of  4-ring  and  6- 
ring  PAH,  such  as  benz(a)anthracene  (BaA)  or 
benzo(a)pyrene  (BaP).  In  the  late  1970s  and  early 
1980s,  however,  considerable  evidence  was  ob- 
tained that  demonstrated  strong,  positive  associa- 
tions between  levels  of  PAH  in  sediments  and 
prevalence  of  hepatic  neoplasms  in  benthic  fishes 
from  polluted  areas  in  the  US.  These  findings, 
along  with  the  detection  of  PAH,  such  as  BaP  and 
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BaA,  in  microgram-per-gram  levels  in  urban  sedi- 
ments, and  the  results  with  rodents  demonstrating 
that  these  PAH  exert  their  carcinogenic  and  tera- 
togenic effects  only  after  metabolic  activation, 
have  given  a  strong  impetus  to  studies  of  bioavaila- 
bility and  metabolism  of  carcinogenic  PAH  by 
fish  The  current  interest  in  biotransformation  and 
disposition  of  PAH  in  fish  stems  from  two  rather 
divergent  perspectives:  one  is  to  evaluate  the  po- 
tential of  food  chain  transfer  of  toxic  PAH  and 
their  metabolites,  and  the  other  is  to  evaluate 
mechanisms  of  toxicity  of  environmental  pollutants 
in  fish.  Endogenous  and  exogenous  factors  that 
affect  metabolism  and  disposition  of  PAH  in  fish, 
are  discussed,  followed  by  a  discussion  of  the 
metabolic  activation  and  detoxication  of  PAH, 
with  emphasis  on  the  disposition  of  phase  I  and 
phase  II  metabolites  in  various  tissues  and  fluids, 
and  the  interactions  of  reactive  intermediates  with 
cellular  macromolecules.  (See  also  W90-05812) 
(Lantz-PTT) 
W90-05816 

ENZYMES  INVOLVED  IN  METABOLISM  OF 
PAH  BY  FISHES  AND  OTHER  AQUATIC  ANI- 
MALS: OXIDATIVE  ENZYMES  (OR  PHASE  I 
ENZYMES).  „    .    , 

Oregon  State  Univ.,  Corvalhs.  Toxicology  Pro- 
gram. 

D  R.  Buhler,  and  D.  E.  Williams. 
IN:  Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in  the  Aquatic  Environment.  CRC  Press, 
Inc.,  Boca  Raton,  Florida,  p  151-184,  5  tab,  228  ref. 
National  Institute  of  Environmental  Health  Sci- 
ence Grant  Nos.  ES0040,  ES00210,  and  ES03850. 

Descriptors:  *Biochemistry,  *Enzymes,  *Fate  of 
pollutants,  "Fish,  'Metabolism,  'Polycyclic  aro- 
matic hydrocarbons,  Aquatic  animals,  Benzopyr- 
ene,  Biological  studies,  Biotransformation,  Chemi- 
cal analysis,  Cytochromes. 

Freshwater  and  coastal  marine  environments  act  as 
sinks  for  the  deposition  of  numerous  chemicals 
(xenobiotics)  of  natural  and  anthropogenic  origin. 
Xenobiotics  such  as  the  polycyclic  aromatic  hy- 
drocarbons (PAH)  and  the  polychlorinated  biphen- 
yls  (PCB)  resist  chemical  and  biological  degrada- 
tion and  tend  to  persist  in  the  aquatic  environment. 
Biotransformation  reactions  are  usually  classified 
into  two  categories,  phase  I  and  phase  II  reactions. 
Phase  I  reactions  introduce  polar  groups  into  the 
xenobiotic  molecule  through  oxidative,  hydrolytic, 
or  reductive  processes.  Phase  II  reactions  involve 
conjugation  of  xenobiotics  or  their  phase  I  metabo- 
lites with  polar  cellular  constituents  such  as  glucu- 
ronic acid,  sulfate,  or  glutathione  to  form  highly 
water  soluble  conjugates,  easily  excreted  via  bile, 
kidney,  or  gill.  Although  not  as  thoroughly  studied 
as  in  mammals,   the  comparative  metabolism  of 
xenobiotics  by  fish  and  other  aquatic  animals  has 
been  the  subject  of  several  previous  reviews.  The 
enzymes  involved  in  the  oxidative  metabolism  of 
PAH  by  fishes,  crustaceans,  mollusks,  and  other 
aquatic  animals  are  discussed.  Special  emphasis  is 
given  to  the  cytochrome  P-450-dependent  mixed- 
function  oxidase  (MFO)  system.  These  lipophilic 
compounds  are  oxygenated  by  cytochrome(s)  P- 
450  to  produce   either   detoxication   metabolites, 
usually  in  conjunction  with  the  phase  II  conjuga- 
tion enzymes,  or  to  activated  electrophilic  metabo- 
lites which  can  covalently  react  with  macromole- 
cules producing  a  variety  of  toxic  effects,  including 
carcinogenesis.  The  metabolic  activation  of  PAH, 
such  as  BaP,  has  been  extensively  studied  in  mam- 
mals. Acquisition  of  the  purified  P-450  isozymes 
involved  and  a  combined  utilization  of  metabolism 
and  molecular  biology  studies  have  resulted  in  a 
more  complete  understanding  of  the  properties, 
function,  and  regulation  of  this  pathway.  A  good 
deal  of  effort  by  a  number  of  laboratories  has 
established  that  the  fish  P-450  dependent  MFO 
system  is  similar  to  the  mammalian  one  and  may  be 
a  simpler  model  for  studying  this  phylogenetically 
primitive  P-450  gene  family.  (See  also  W90-05812) 
(Lantz-PTT) 
W90-05817 


ENZYMES  INVOLVED  IN  METABOLISM  OF 
PAH  BY  FISHES  AND  OTHER  AQUATIC  ANI- 
MALS: HYDROLYSIS  AND  CONJUGATION 
ENZYMES  (OR  PHASE  II  ENZYMES). 


Oregon  State  Univ.,  Corvallis.  Dept.  of  Biochemis- 
try and  Biophysics. 
G.  L.  Foureman. 

IN:  Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in  the  Aquatic  Environment.  CRC  Press, 
Inc.,  Boca  Raton,  Florida,  p  185-202,  1  fig,  5  tab, 
128  ref. 

Descriptors:  *Bioaccumulation,  'Enzymes,  'Fate 
of  pollutants,  *Fish,  'Metabolism,  'Polycyclic  aro- 
matic hydrocarbons,  Aquatic  animals,  Biochemis- 
try, Chemical  analysis,  Epoxide  hydrolase,  Floun- 
ders, Glutathione  transferase,  Sulfotransferase. 

Subsequent  to  oxidative  processes,  some  polycy- 
clic aromatic  hydrocarbons  (PAH)  may  undergo 
further  metabolism  by  enzymes.  The  enzymes  in- 
volved in  this  secondary  metabolism  include  the 
glutathione  S-transferases  (GST),  UDP-glucurono- 
syltransferases    (UDPGT),    and    sulfotransferases. 
According   to  the  classical   definition,   these  are 
phase  II  enzymes  which  function  to  increase  the 
polarity  of  the  lipophilic  xenobiotic  (phase  I  meta- 
bolites of  PAH)  by  conjugating  it  with  the  endoge- 
nous compounds  indicated  in  the  names  of  the 
enzymes;  this  increase  in  polarity  makes  phase  II 
metabolites  more  readily  excreted  by  the  organism. 
The  aquatic  species  examined  appear  to  have  a  full 
complement  of  hepatic  and  extrahepatic  phase  II 
enzymes,  although  with  lower  activity  than  the 
well-characterized  mammalian  systems.  The  effica- 
cy of  phase  II  enzymes  in  aquatic  species  has  been 
amply  demonstrated  by  recent  in  vivo  studies  with 
PAH  substrates,  as  appreciable  concentrations  of 
administered   PAH  were  recovered   as  phase  II 
conjugates.  In  comparing  various  hepatic  phase  II 
enzymes  (EH,  GST,  UDPGT)  in  trout  and  seven 
terrestrial  species,  low  values  were  observed  for 
the  trout  enzymes  relative  to  the  terrestrial  species. 
Beside    anthropogenic    factors,    the    environment 
itself  imposes  on  the  physiologies  of  aquatic  orga- 
nisms. The  seasonal  variations  of  phase  I  and  II 
enzyme  activities  are  due  to  the  aquatic  organism 
responding  to  these  impositions.  Routes  of  adminis- 
tration in  experimental  studies  with  fish  include 
force-feeding  of  encapsultated  material,  associating 
the  dose  with  sediment  for  bottom-dwelling  fish, 
and  aqueous  exposure  for  free-swimming  fish.  The 
few  studies  that  have  carefully  compared  dosing 
routes  have  noted  differences.  However,  all  of  the 
studies  emphasize  that  wide  interspecies  variability 
may  exist  and  that  extrapolation  of  results  with  one 
species  to  different  fish  species  could  be  complicat- 
ed. In  future  studies,  the  route  of  exposure  should 
be  carefully  chosen  to  reflect  most  clearly  the 
habitat,  physiology,  and  behavior  of  the  individual 
species.  (See  also  W90-05812)  (Lantz-PTT) 
W90-05818 

METABOLIC  ACTIVATION  OF  PAH  IN  SUB- 
CELLULAR FRACTIONS  AND  CELL  CUL- 
TURES FROM  AQUATIC  AND  TERRESTRIAL 
SPECIES.  .        D       ,     _.. 

National  Marine  Fisheries  Service,  Seattle,  WA. 
Northwest  and  Alaska  Fisheries  Center. 
U.  Varanasi,  M.  Nishimoto,  W.  M.  Baird,  and  T. 
A.  Smolarek. 

IN:  Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in  the  Aquatic  Environment.  CRC  Press, 
Inc.,  Boca  Raton,  Florida,  p  203-251,  12  fig,  5  tab, 
149  ref.  Public  Health  Service  Grant  Nos. 
CA40228  and  CA28825. 

Descriptors:  'Fate  of  pollutants,  'Laboratory 
methods,  'Metabolism,  'Polycyclic  aromatic  hy- 
drocarbons, 'Tissue  culture,  'Toxicity,  Benzenes, 
Benzopyrene,  Biochemistry,  Biodegradation,  De- 
toxification, Microbiological  studies. 


enzymes  in  terrestrial  and  fish  species.   Species- 
specific  differences  such  as  relative  content  and 
activity  of  individual  enzymes  may  have  significant 
implications  in  the  activation  of  PAH  into  muta- 
genic and  carcinogenic  metabolites.  The  absence  of 
phenobarbital-inducible   isozymes   of  cytochrome 
P450  in  fish  shifts  the  balance  of  metabolism  to 
benzo-ring  metabolites  of  BaP.  Cell  cultures  de- 
rived from  a  number  of  species  of  fish  form  high 
proportions  of  conjugated  hydrocarbon  metabo- 
lites. The  formation  of  high  levels  of  the  glucuron- 
ic acid  conjugate  of  BaP-7,8-diol  in  cell  cultures 
from  several  species  of  fish,  and  the  low  level  of 
binding  of  BaP  to  DNA  in  these  cultures,  may 
indicate  that  some  fish  tissues  are  able  to  detoxify 
this  metabolite  through  glucuronide  conjugation. 
Studies  of  the  biological  effects  of  PAH  on  fish  cell 
cultures  have  demonstrated  the  induction  of  cyto- 
toxicity, DNA  damage,  chromosomal  damage,  and 
mutations.  Thus,  studies  which  combine  the  analy- 
sis of  PAH  metabolism,  DNA  binding,  and  the 
induction  of  specific  biological  effects,  should  pro- 
vide a  valuable  method  for  establishing  the  role  of 
specific  metabolic  pathways  in  the  activation  and 
detoxification  of  PAH  in  aquatic  organisms.  The 
data  indicate  the  value  of  both  subcellular  fraction 
studies  and  cell   culture  studies  for  determining 
how  PAH  are  metabolized  in  aquatic  species,  and 
how  they  induce  biological  effects  in  these  species. 
(See  also  W90-05812)  (Lantz-PTT) 
W90-05819 


Analyses  of  polycyclic  aromatic  hydrocarbon 
(PAH)  metabolism  in  both  subcellular  fractions 
and  cell  cultures  from  a  number  of  species  of 
aquatic  organisms,  have  demonstrated  the  ability 
of  many  aquatic  organisms  to  metabolize  PAH. 
These  studies  have  demonstrated  that  similar  meta- 
bolites are  formed  from  benzo(a)pyrene  (BaP)  in 
both  microsomal  preparations  and  cell  cultures 
from  aquatic  and  terrestrial  organisms,  but  the 
proportions  of  particular  metabolites  formed  differ 
greatly  between  species.  Studies  with  subcellular 
fractions  have  shown  the  regiochemical  and  ster- 
eochemical properties  of  xenobiotic  metabolizing 


CONTRIBUTION  OF  ATMOSPHERIC  NI- 
TRATE DEPOSITION  TO  NITRATE  LOADING 
IN  THE  CHESAPEAKE  BAY. 

Versar,  Inc.,  Columbia,  MD. 
M.  Tyler. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-163281. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  AD-88-7,  December  1988.  29p,  1  fig,  4 
tab,  30  ref,  2  append.  Maryland  Department  of 
Natural  Resources  Contract  PR86-043-01(88). 

Descriptors:  'Acid  rain,  'Air  pollution,  'Chesa- 
peake Bay,  'Nitrates,  'Nutrients,  'Path  of  pollut- 
ants, 'Water  pollution  sources,  Cropland,  Fate  of 
pollutants,  Forests,  Land  use,  Pastures,  Urban 
areas. 

Recent  studies  have  suggested  that  nitrate  intro- 
duced into  the  Chesapeake  Bay  via  atmospheric 
deposition  may  be  a  significant  source  of  excess 
nutrients.  In  order  to  determine  if  concerns  about 
atmospheric  deposition  are  justified,  modeled  esti- 
mates of  wetfall  nitrate  deposition  over  the  Chesa- 
peake Bay  basin,  based  on  monitoring  data  collect- 
ed in  1984,  were  used  to  estimate  basin-wide  nitrate 
loading  (1.3  times  10  to  the  8th  power  kg)  over  the 
land  area  of  the  basin.  Estimates  of  transfer  coeffi- 
cients and  nitrate  loadings  to  the  Bay  for  various 
land   use  categories  were  also  calculated,   using 
figures  developed  by  the  EPA  Chesapeake  Bay 
Program:  forest  (0-4.8%);  pastureland  (0.04-6.3%); 
residential   (4.3-38%);   and   cropland   (0.03-24%). 
Point  source  loading  estimates  from  EPA  were 
then  used  to  estimate  total  annual  nitrate  loadmg  to 
the  Bay  (280  million  to  790  million  kg).  Using  the 
minimum  and  maximum  of  both  the  atmosphenc 
nitrate  deposition  and  the  total  nitrate  loadings,  the 
percentage  of  total  nitrate  loading  to  the  Bay  at- 
tributable to  atmospheric  deposition  was  on  the 
order  of  25%.  Great  uncertainty  in  nitrate  input 
estimates  contributes  to  the  wide  range  of  input 
values  used  in  the  calculations.  The  conservative 
nature  of  assumptions  made  in  developing  these 
figures  suggests  that  the  actual  percentage  contri- 
bution of  atmospheric  nitrate  deposition  may  be 
lower  than  the  estimated  value.  (Author's  abstract) 
W90-05823 


NEW    YORK    HARBOR    WATER    QUALITY 
SURVEY  1987. 

New  York  City  Dept.  of  Environmental  Protec- 
tion, Wards  Island.  Water  Quality  Section. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-147276. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
152p,  25  ref,  17  append. 


75 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B— Sources  Of  Pollution 


0: 

I 

1 

I 


Descriptors:  'Hudson  River,  'Hydrologic  dara" 
collections,  'New  York  Harbor,  "Water  pollution 
sources,  *Water  quality,  Ammonia,  Bacteria,  Bio- 
chemical oxygen  demand.  Boron,  Cadmium,  Chro- 
mium, Coliforms,  Copper,  Cyanide,  Dissolved 
oxygen,  East  River,  Hydrocarbons,  Lead,  Mercu- 
ry, Nickel,  Phosphorus,  Raritan  River,  Silver,  Sur- 
veys, Zinc. 

New  York  City's  Department  of  Environmental 
Protection  monitored  52  stations  for  ten  weeks  of 
the  1987  summer  to  provide  the  78th  year  of  the 
NY  Harbor  Water  Quality  Survey.  Significant 
long-term  improvements  in  dissolved  oxygen 
(DO),  bacteria,  biochemical  oxygen  demand 
(BOD),  ammonia,  and  lead  were  detected  at  most 
sites.  A  weak,  but  significant  harborwide  increas- 
ing trend  in  total  phosphorus,  and  scattered  de- 
creases in  copper  and  mercury,  were  also  detected. 
Harborwide,  79%  and  94%  of  the  52  stations 
tested  were  within  total  and  fecal  coliform  state 
standards,  respectively;  violations  were  confined  to 
Flushing  Bay,  Jamaica  Bay,  and  near  the  Raritan 
River.  The  most  dramatic  improvements  occurred 
in  the  Hudson  River  and  Lower  East  River,  coin- 
ciding with  the  operation  of  the  newly  constructed 
North  River  and  Red  Hook  Water  Pollution  Con- 
trol Plants.  Average  DO  met  state  standards  at  39 
of  52  sites,  although  most  sites  contravened  stand- 
ards at  least  once.  The  percentage  of  stations  in 
compliance  with  each  metal  standard  for  1986  and 
1987  (respectively)  is  as  follows:  cadmium  (75% 
and  50%),  chromium  (100%  and  100%),  copper 
(0%  and  19%),  lead  (8%  and  12%),  mercury  (0% 
and  60%),  nickel  (15%  and  27%),  zinc  (100%  and 
16%),  and  silver  (100%  and  100%).  Special  sam- 
pling for  cyanide  and  boron  revealed  low  levels. 
Limited  sampling  for  organochlorine  pesticides 
and  chlorinated  hydrocarbons  showed  no  viola- 
tions of  standards.  Significant  rain  events  were 
associated  with  order-of-magnitude  increases  in 
coliforms,  and  decreases  of  up  to  1.5  mg/L  DO  in 
several  Harbor  branches.  Correlation  and  factor 
analyses  revealed  significant  relationships  between 
many  conventional  parameters,  nutrients,  metals, 
and  sediments  concentrations.  (Author's  abstract) 
W90-05824 


ENVIRONMENTAL  MONITORING  MASTER 
SAMPLING  SCHEDULE:  JANUARY-DECEM- 
BER 1989. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  7A. 
W90-05826 


CHESAPEAKE  BAY  MAINSTEM  MONITOR- 
ING PROGRAM  STATISTICAL  AND  ANALYT- 
ICAL SUPPORT  CONTRACT:  FINAL 
REPORT- VOLUME  I. 

Martin  Marietta  Environmental  Systems,  Colum- 
bia, MD. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-05829 


ROCKY     MOUNTAIN     ACID     DEPOSITION 
MODEL  ASSESSMENT:  ACID  RAIN  MOUN- 
TAIN MESOSCALE  MODEL  (ARM3). 
Systems  Applications,  Inc.,  San  Rafael,  CA. 
R.  E.  Morris,  R.  C.  Kessler,  S.  G.  Douglas,  K.  R. 
Styles,  and  G.  E.  Moore. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-124408. 
Price  codes:  A 14  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/3-88/042,  November  1988. 
298p,  21  fig,  11  tab,  88  ref,  2  append.  EPA  Con- 
tract 68-02-4187. 

Descriptors:  *Acid  rain,  'Computer  models, 
•Model  studies,  'Rocky  Mountains,  'Water  pollu- 
tion sources,  Air  pollution,  Alpine  regions,  Distri- 
bution patterns,  Meteorology,  Mountains,  Nitro- 
gen, Sulfur,  Wind. 

The  Acid  Rain  Mountain  Mesoscale  Model 
(ARM3)  is  a  mesoscale  acid  deposition/air  quality 
model  developed  to  calculate  incremental  acid 
deposition  (sulfur  and  nitrogen  species)  and  pollut- 
ant concentration  impacts  in  complex  terrain.  De- 
velopment of  the  ARM3  was  based  on  comments 
from  western  regulatory  agencies  which  required 


an  acid  deposition/air  quality  model  to  estimate 
long-term  sulfur  and  nitrogen  deposition  and  short- 
term  PSD  pollutant  concentration  impacts  at  me- 
soscale distances  (5  to  200  km).  The  ARM3  is 
designed  to  simulate  long-term  acid  deposition  and 
pollutant  concentrations  for  periods  up  to  a  year 
by  stepping  through  the  year  at  time  steps  of  an 
hour  or  less.  Although  the  model  was  primarily 
designed  for  simulating  impacts  in  regions  within 
the  Rocky  Mountains,  it  can  be  applied  anywhere 
provided  the  proper  inputs  are  prepared.  Howev- 
er, since  the  model  uses  pseudo  first-order  chemis- 
try, it  is  not  suitable  for  applications  in  regions 
dominated  by  nonlinear  chemistry.  The  ARM3 
consists  of  two  main  components:  a  mesoscale  me- 
teorological model  and  a  Lagrangian  acid  deposi- 
tion/air quality  model.  The  mesoscale  meteorolog- 
ical model  contains  a  new  diagnostic  wind  model 
that  accounts  for  the  kinematic,  deflection,  and 
thermal  effects  that  alter  the  flow  fields  due  to 
complex  terrain.  The  Lagrangian  acid  deposition/ 
air  quality  model  has  the  following  attributes:  two 
options  for  calculating  plume  height  above  ground, 
three  options  for  determining  dispersion  rates  in- 
cluding one  that  accounts  for  terrain  roughness;  a 
dry  deposition  algorithm  based  on  the  resistance 
approach;  wet  deposition  using  the  scavenging  co- 
efficient approach;  and  two  options  for  calculating 
chemical  transformation.  (Author's  abstract) 
W90-05831 


PATHOGENIC  AMOEBAE  IN  NATURAL 
THERMAL  WATERS  OF  THREE  RESORTS  OF 
HIDALGO,  MEXICO. 

Project  of  Conservation  and  Improvement  of  the 
Environment,  Los  Reyes  (Mexico).  Unit  of  Inter- 
disciplinary Research  of  Health  and  Education  Sci- 
ences. 

F.  Rivera,  F.  Lares,  E.  Gallegos,  E.  Ramirez,  and 
P.  Bonilla. 

Environmental  Research  ENVRAL,  Vol.  50,  No 
2,  p  289-295,  December  1989.  2  fig,  1  tab,  21  ref. 

Descriptors:  'Amebas,  'Bioindicators,  'Pathogens, 
•Pollutant  identification,  'Public  health,  'Water 
analysis,  Amoebic  encephalitis,  Culturing  tech- 
niques, Mexico,  Recreation. 

In  a  search  for  free-living  amoebae,  seven  water 
samples  from  three  thermal  water  bathing  resorts 
in  Tecozautla,  Hidalgo,  were  analyzed  during  De- 
cember 1984.  The  samples  were  concentrated  by 
filtration  and  centrifugation,  and  inoculated  later 
on  monoxenic  and  axenic  media.  The  identification 
of  the  isolates  was  performed  by  morphology  and 
isoelectric  focusing  of  isoenzymes  and  total  pro- 
teins. Thirty-three  strains  of  free-living  amoebae 
belonging  to  the  genera  Naegleria,  Acanthamoeba, 
and  Willaertia  were  isolated.  Twenty  of  these 
strains  belonged  to  the  Naegleria  genus,  16  of  them 
were  classified  as  Naegleria  spp.,  and  2  were  classi- 
fied as  Naegleria  lovaniensis.  Noteworthy  was  the 
finding  of  two  pathogenic  strains  of  the  species 
Naegleria  australiensis.  N.  australiensis  and  N.  Lo- 
vaniensis may  be  considered  good  indicator  orga- 
nisms, since  they  live  in  the  same  environmental 
conditions  as  N.  fowleri,  the  agent  of  primary 
amoebic  encephalitis  (PAM).  On  the  other  hand, 
amoebae  other  than  Naegleria  were  isolated  and 
identified  as  Acanthamoeba  castellanii  (two 
strains),  Acanthamoeba  lugdunensis  (one  strain), 
which  proved  to  be  pathogenic  when  tested  in 
mice.  Nine  more  pathogenic  strains  of  the  genus 
Acanthamoeba  spp.  were  isolated  together  with 
one  strain  of  Willaertia  magna,  a  thermophilic  non- 
pathogenic amoeba.  The  chlorination  and  periodi- 
cal surveillance  of  water  resorts  like  the  one  stud- 
ied is  recommended,  in  order  to  prevent  the  ap- 
pearance of  more  cases  of  PAM  or  other  human 
diseases  associated  with  pathogenic  Acanthamoeba 
spp.  (Author's  abstract) 
W90-05833 


ALUMINIUM  DIS-EQUILIBRIUM  SOLUBILI- 
TY CONTROLS  IN  SCOTTISH  ACIDIC 
CATCHMENTS. 

Macaulay    Land    Use   Research    Inst.,   Aberdeen 

(Scotland). 

R.  McMahon,  and  C.  Neal. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 

No.  1,  p  21-28,  February  1990.  1  fig,  4  tab,  17  ref. 


Descriptors:  'Acid  rain  effects,  'Acid  streams, 
•Acidic  soils,  'Aluminum,  'Scotland,  'Water 
chemistry,  'Weathering,  Hydrogen  ion  concentra- 
tion, Organic  matter,  Soil  chemistry,  Soil  horizons, 
Solubility,  Thermodynamics,  Water  depth. 

Soil  and  stream  water  aluminum  and  hydrogen  ion 
data  are  presented  for  three  Scottish  catchments 
that  are  both  acidic  and  acid  sensitive.  Stream 
waters  have  pH  values  ranging  from  3.9  to  7. 1  and 
aluminum  concentrations  in  the  range  0.07  to  129 
microM/L.  Within  the  soils  hydrogen  ion  concen- 
trations decline  with  depth,  being  highest  in  the 
organic  horizons  and  lowest  in  the  inorganic  hori- 
zons. Mean  hydrogen  ion  concentrations  vary 
markedly  from  site  to  site  (hydrogen  ion  ranges 
from  12  to  111  and  from  9  to  72  microM/L  in  the 
upper  and  lower  soils  respectively).  Correspond- 
ingly dissolved  aluminum  varies  with  depth  and 
from  site  to  site  (range  from  2  to  21  and  from  8  to 
17  microM/L  in  the  upper  and  lower  soils  respec- 
tively). Thermodynamic  analysis  of  these  data  sets 
show  that  simple  aluminum  hydroxide  and  alumi- 
num hydroxysulfate  solubility  relationships  are  in- 
operative in  the  stream  and  soil  zones.  Disequilib- 
rium 'weathering'  processes  are  inferred,  even  in 
the  case  where  aluminum  hydroxide  (gibbsite)  is 
found  within  the  catchment.  (Author's  abstract) 
W90-05836 


PESTICIDE  RESIDUES  IN  MILK  AND  FISH 
SAMPLES  COLLECTED  FROM  TWO  EGYP- 
TIAN GOVERNORATES. 

Central  Agricultural  Pesticides  Lab.,  Cairo 
(Egypt). 

S.  M.  Dogheim,  E.  N.  Nasr,  M.  M.  Almaz,  and  M. 
M.  El-Tohamy. 

Journal  -  Association  of  Official  Analytical  Chem- 
ists JANCA2,  Vol.  73,  No.  1,  p  19-21,  1990.  5  tab 
6  ref. 

Descriptors:  'Egypt,  'Pesticide  residues,  'Pesti- 
cides, Fish,  Milk,  Monitoring,  Pollutant  identifica- 
tion, Tissue  analysis. 

Because  of  the  intensive  use  of  pesticides  in  Egypt, 
country-wide  residue  monitoring  programs  must 
be  established  that  can  cover  all  the  Egyptian 
Governorates  exposed  to  pesticide  treatments.  To 
do  so,  limited  programs  must  be  adopted  first,  so 
that  current  situations  and  future  needs  for  im- 
proved programs  are  identified.  Results  are  report- 
ed from  a  limited  monitoring  program,  which 
started  in  1985  in  one  governorate  and  than  ex- 
panded to  include  another  in  1986.  Fish  and  milk 
samples  were  the  commodities  selected  for  residue 
analysis.  The  results  showed  that  milk  samples 
collected  from  Beni-Suef  Governorate  in  1986  had 
lower  levels  of  organochlorine  residues  compared 
to  those  collected  in  1985.  Residues  in  boltifish  and 
catfish  samples  in  1986  were  much  higher  than 
those  detected  in  1985.  In  comparison  with  Beni- 
Suef  Governorate,  and  contrary  to  expectations, 
milk  derived  from  Fayoum  Governorate  in  1986 
was  more  contaminated  with  pesticides.  While  the 
amount  of  residues  in  boltifish  was  comparatively 
higher,  catfish  samples  were  less  contaminated. 
(Author's  abstract) 
W90-05841 


BIOACCUMULATION  OF  CHLORINATED 
HYDROCARBONS  BY  THE  MAYFLY  (HEXA- 
GENIA  LIMBATA)  IN  LAKE  ST.  CLAIR. 

Windsor  Univ.  (Ontario).  Great  Lakes  Inst. 

F.  A.  P.  C  Gobas,  D.  C.  Bedard,  J.  J.  H. 

Ciborowski,  and  G.  D.  Haffner. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

15,  No.  4,  p  581-588,   1989.   1  fig,  3  tab,  20  ref. 

Descriptors:  'Bioaccumulation,  'Chlorinated  aro- 
matic compounds,  'Mayflies,  'Path  of  pollutants, 
'Polychlorinated  biphenyls,  Model  studies,  Rate 
constants,  Sediment  contamination. 

Concentrations  of  six  PCB  congeners,  octachloros- 
tyrene,  and  penta-chlorobenzene  and  hexa-chloro- 
benzene  were  measured  in  sediments  and  in  resi- 
dent in  situ  mayfly  populations  (Hexagenia  lim- 
bata)  at  a  location  in  Lake  St.  Clair  from  July  to 
September,  1987.  Observed  mayfly/sediment  con- 
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eentratien*  ratios  varied  from  0.14  for  pentachloro- 
benzene  to  0.71  for  PCB-153,  and  were  linearly 
correlated  with  octanol/water  partition  coefficient 
(Kow)  when  expressed  on  a  logarithmic  basis.  A 
chemical  equilibrium  model  of  sediment-organism 
interactions  predicting  a  mayfly/sediment  concen- 
tration ratio  of  0.5  is  shown  to  be  in  good  agree- 
ment with  the  field  observations,  particularly  for 
the  higher  compounds.  A  dynamic  model  gives  a 
more  realistic  description  of  organic  chemical 
uptake  and  bioaccumulation  in  the  mayfly.  How- 
ever when  calibrated  by  rate  constants  derived 
from  laboratory  experiments,  this  model  tends  to 
overestimate  mayfly  sediment  concentration  ratios 
by  approximately  a  factor  of  10.  (Authors  ab- 
stract) 
W9O-05844 

TOXICOKINETICS  OF  DDE, 

m?N7rMA^PYRNE.  AND  2,  4,  5,  2,  4%  5  -HliA- 
SoROTWHENYL  IN  PONTOPOREIA 
HOYI  AND  MYSIS  RELICTA. 

Michigan  Univ.,  Ann  Arbor.  Great  Lakes  Re- 
search Div. 

M.  S.  Evans,  and  P.  F.  Landrum 
Journal  of  Great  Lakes  Research  JGLRDE.  Vol. 
15  No  4,  p  589-600,  1989.  4  fig,  2  tab,  33  ref.  EPA 
Grant  No.  R-8 123 11 -01-0. 

Descriptors:  'Amphipods,  ♦Benzopyrene,  /Bioac- 
cumulation, 'Crustaceans,  'DDE,  *Path  of  pollut- 
ants 'Pesticides,  *Polychlorinated  biphenyls, 
•Shrimp,  Comparison  studies,  Elimination  rate, 
Partition  coefficients. 

The  toxicokinetics  of  DDE,  benzo(a)pyrene  (BaP), 
and  2  4  5,  2',  4',  5'-hexachlorobiphenyl  (HB)  were 
followed  for  the  amphipod,  Pontoporeia  hoyi,  and 
the  mysid,  Mysis  relicta.  Pontoporeia  and  Mysis 
had  similar  uptake  clearances  for  DDE  (mean  = 
79  2  mL/g/h  and  46.0  mL/g/h,  respectively),  BaF 
(mean  =  75.9  mL/g/h  and  39.9  mL/g/h,  respec- 
tively), and  HB  (mean  =  53.5  mL/g/h  and  57.5 
mL/g/h,  respectively)  compounds  with  log  octa- 
nol-water  partition  coefficients  ranging  from  5.7  to 
6  7  Amphipods  and  mysids  were  most  efficient  at 
eliminating  BaP  (mean  elimination  rate  constant  - 
-0  0017/h  and  -0.0047/h,  respectively)  and  least 
efficient  at  eliminating  HB  (mean  =  -0.0008/h  and 
-0  0001/h  respectively).  Amphipods  were  morej:t- 
ficient  than  mysids  in  eliminating  DDE  (mean  -  - 
0  0010/h   and    -0.0005/h,    respectively)    and    HB 
while  mysids  were  more  efficient  at  eliminating 
BaP  Because  elimination  rate  constants  for  DDfc, 
BaP  and  HB  were  substantially  different  between 
P  hoyi  and  M.  relicta,  there  were  substantial  dif- 
ferences in  the  calculated  bioconcentration  f^tore 
(BCFs).  Amphipods  tended  toward  larger  BCFs 
than  mysids  for  BaP  (mean  =  48,582  and  8,496, 
respectively)  but  lower  BCFs  for  DDE  (mean  = 
95  629  and  138,760,  respectively)  and  HB  (mean  = 
101,663   and  442,231,  respectively)  than  mysids. 
(Author's  abstract) 
W90-05845 

LIPID  COMPOSITION  RELATED  TO  SIZE 
AND  MATURITY  OF  THE  AMPHIPOD  PON- 
TOPOREIA HOYI.  . 

National  Oceanic  and  Atmospheric  Administra- 
tion, Ann  Arbor,  MI.  Great  Lakes  Environmental 
Research  Lab. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05846 

PATTERNS  OF  ORGANIC  CONTAMINANT 
ACCUMULATION  BY  FRESHWATEF [MUS- 
SELS IN  THE  ST.  CLAIR  RTVER,  ONTARIO. 

Windsor  Univ.  (Ontario).  Great  Lakes  Inst 

B.  W.  Muncaster,  D.  J.  Innes,  P.  D.  N.  Hebert,  and 

Journal  of  Great  Lakes  Research  JGLRDE  Vol. 
15,  No.  4,  p  645-653,  1989.  6  fig,  3  tab,  20  ref. 

Descriptors:  «Bioaccumulation,  'Bioindicators, 
•Chlorinated  aromatic  compounds,  Mollusks, 
•Mussels,  'Organic  pollutants,  Seasonal  variation, 
St  Clair  River,  Temporal  variation,  Vertical  varia- 
tion. 

Individuals  of  the  freshwater  mussel,  Elliptio  com- 
planata,  were  exposed  to  organic  contaminants  at 


four  sites  in  and  adjacent  to  the  St.  Clair  River  for 
periods  ranging  from  1  to  12  weeks  in  1986  and 
1987.  Accumulation  patterns  for  hexachloroben- 
zene  (HCB)  and  octachlorostyrene  (OCS)  paral- 
leled those  expected  on  the  basis  of  their  tenfold 
difference  in  octanol-water  partition  coefficients, 
with  mean  HCB  concentrations  peaking  at  3.8  ng/ 
g  after  3  weeks,  while  OCS  burdens  peaked  at  19.6 
ng/g  after  9  weeks.  Mussels  deployed  in  the  St. 
Clair  River  and  Chenal  Ecarte  had  similar  body 
burdens,  indicating  that  a  significant  portion  of  the 
St  Clair  River  contaminant  plume  is  deflected  mto 
Chenal  Ecarte.  Vertical  heterogeneity  of  contami- 
nant accumulation  in  the  water  column  was  mini- 
mal, but  temporal  heterogeneity  was  substantial. 
Weekly  sampling  revealed  erratic  shifts  in  body 
burdens  which  may  correspond  to  short-term  fluc- 
tuations in  contaminant  discharge.  Seasonal  shifts 
in  contaminant  levels  observed  in  1986  were  absent 
in  1987,  while  a  halving  of  HCB  and  OCS  body 
burdens  was  noted  between  the  2  years.  Results 
indicate  that  a  fixed  exposure  period  is  inadequate 
to  characterize  organic  contaminant  levels,  both  as 
a  result  of  chemical  specific  accumulation  patterns 
and  temporal  heterogeneity.  (Author's  abstract) 
W90-05850 

DETECTING     ACID     PRECIPITATION     IM- 
PACTS ON  LAKE  WATER  QUALITY. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri- 
cultural and  Chemical  Engineering. 
For  primary  bibliographic  entry  see  Field  7A. 
W90-05860 

USE  OF  EXPERIMENTAL  ECOSYSTEM  IN 
REGULATORY  DECISION  MAKING. 

National  Fisheries  Contaminant  Research  Center, 

Columbia,  MO. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05861 

ENVIRONMENTAL  MONITORING  AT  HAN- 
FORD,  WASHINGTON,  USA:  A  BRIEF  SITE 
HISTORY  AND  SUMMARY  OF  RECENT  RE- 
SULTS. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 

Office  of  Hanford  Environment. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05863 

DEVELOPMENT  OF  A  MIXED  SOLUTION 
TECHNIQUE  FOR  A  DYNAMIC  RIVER  QUAL- 
ITY MODEL.  r  ^ '     _ 

Salford  Univ.  (England).  Dept.  of  Civil  Engineer- 

R8J.  Norreys,  C.  P.  Crockett,  R.  W.  Crabtree,  and 
J.  P.  Lumbers. 

Environmental  Technology  Letters  ETLEDB, 
Vol.  10,  No.  11,  p  977-988,  November  1989.  9  fig, 
15  ref.  ' 

Descriptors:  »Model  studies,  'Path  of  pollutants, 
•River  flow,  •Streamflow,  Spill  Pollution  Re- 
sponse Assessment  Tech,  Velocity,  Water  pollu- 
tion control. 


required  to  run  the  model  should  compensate  for 
these  shortcomings.  (Author's  abstract) 
W90-05870 

RATES  OF  ACID  DEPOSITION  AND  THEIR 

Interaction  with  forest  canopy  and 

SOIL  IN  TWO  BEECH  FOREST  ECOSYSTEMS 
ON  LIMESTONE  AND  TRIASSIC  SANDSTONE 
SOILS  IN  N.  GERMANY.  • 

Goettingen  Univ.  (Germany,  F.R.).  Abt.  Boden- 

kunde  und  Waldernahrung. 

S.  P.  Sah,  and  K.  J.  Meiwes. 

Environmental    Technology    Letters    ETLEDB, 

Vol.  10,  No.  11,  p  995-1002,  November  1989.  3  tab, 

16  ref. 

Descriptors:  *Acid  rain  effects,  'Forest  soils,  •For- 
ests *West  Germany,  Acidic  soils,  Buffer  capacity, 
Calcareous  soils,  Hydrogen  ion  concentration, 
Leaching,  Toxins. 

From  deposition  measurements  in  a  beech  forest 
on  limestone  soil  it  was  calculated  that  about  60% 
of  deposited  hydrogen  ions  from  the  atmosphere 
were  buffered  through  the  forest  canopy  prior  to 
leaching  onto  the  soil  surface,  compared  to  only 
33%   for  the  acid   soil   ecosystem.   Soil  internal 
proton  production,  as  expected,  was  lower  (1.5 
keq/ha/yr)  in  the  acid  soil  than  the  calcareous  soil 
ecosystem  (15.3  keq/ha/yr).  It  can  be  concluded 
that  the  rate  of  hydrogen-ion  buffering  by  the 
forest  canopy  is  chiefly  dependent  upon  the  soi 
type  The  effect  of  acid  deposition  upon  acid  soil 
can  cause  90%  of  total  acid  production,  whereas  it 
is  much  lower  (10%)  on  calcareous  soil.  In  calcare- 
ous soil,  90%  of  total  acid  production  is  chiefly  ot 
internal  origin  (i.e.  mainly  due  to  leaching  of  bicar- 
bonate ions  and  to  some  extent  'excess  cation 
accumulation  in  biomass  increment).  The  neutral- 
ization of  acid  load  in  the  soil  is  dependent  on  the 
base  content  of  the  soil.  In  calcareous  soil  the  acid 
neutralization  takes  place  without  the  release  of 
considerable  amounts  of  acid  cations  such  as  alumi- 
num, but  in  acid  soil  deposited  strong  acids  cause 
the  release  of  these  toxics,  resulting  in  soil  acidifi- 
cation. (Author's  abstract) 
W90-05871 

SURVEILLANCE:  THE  FOUNDATION  FOR 
CONTROL  AND  ELIMINATION  OF  DRACUN- 
CULIASIS  IN  AFRICA.  . 

WHO  Collaborating  Center  for  Research,  Train- 
ing, and  Control  of  Dracunculiasis,  Atlanta,  GA. 
For  primary  bibliographic  entry  see  Field  7A. 
W90-05873 

GULF  OF  MEXICO  HYDROCARBON  SEEP 
COMMUNITIES:  PART  III.  AROMATIC  HY- 
DROCARBON CONCENTRATIONS  IN  ORGA- 
NISMS, SEDIMENTS  AND  WATER. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Oceanography. 

T  L.  Wade,  M.  C.  Kenmcutt,  and  J.  M.  Brooks. 

Marine  Environmental  Research  MERSDW,  Vol. 

27,  No.    1,  p   19-39,   1989.   2  fig,   1   tab,  25  ref. 


Solution  methods  used  in  the  development  of  a 
simple,  mixed  solution  technique  river  impact 
model,  are  described.  The  Spill  Pollution  Response 
Assessment  Technique  (SPRAT)  model  routes  a 
flow  wave  down  a  river  reach  using  an  fculenan 
reference  frame.  A  simple  velocity/flow  relation- 
ship is  used  to  obtain  a  velocity  field  from  the 
derived  flow  field.  A  Lagrangian  reference  frame 
is  superimposed  upon  the  derived  velocity  field 
and  this  is  then  used  to  route  a  pollutant  wave 
down  the  reach.  The  SPRAT  model  was  shown  to 
offer  a  theoretically  satisfactory  method  for  rout- 
ing flood  and  associated  pollutant  waves  down  an 
idealized  river  reach.  The  advection  solution  is 
capable  of  transporting  a  pollutant  wave  down  a 
reach  without  instability  or  numerical  dispersion. 
The  dispersion  component  provides  a  good  solu- 
tion to  the  diffusion  equation.  Tests  on  the  com- 
bined model  have  shown  that  errors  in  water 
volume  and  pollutant  mass  retention  were  less  than 
0  1%  for  a  river  reach  of  20km  length.  Although 
the  proposed  solutions  have  a  number  of  disadvan- 
tages and  simplifications,  the  low  level  of  data 


Descriptors:  *Bioaccumulation,  'Fate  of  pollut- 
ants, *Gulf  of  Mexico,  'Hydrocarbons,  'Oil  pollu- 
tion, Aquatic  life,  Benthos,  Carbon,  Chemosynthe- 
sis,  Sulfur  cycle. 

Organism  tissues  from  areas  of  natural  oil  seepage 
contain  significant  amounts  of  polynuclear  aromat- 
ic hydrocarbons  (PAH).  Higher  concentrations  are 
found  in  sedentary  organisms  (i.e.  mussels  and  tube 
worms)  than  in  more  mobile  species  (i.e.  fish).  The 
PAH  distributions  indicate  that  the  seep  organisms 
are  exposed  to  sediment  and/or  water  associated 
PAH.  The  concentration  and  composition  of  PAH 
in  sedentary  organisms  are  similar  to  that  of  an 
oyster  from  a  coastal  site  indicating  similar  mecha- 
nisms of  PAH  uptake,  depuration  and  accumula- 
tion. Tissue  PAH  concentrations  indicate  that 
these  organisms  are  chronically  exposed  to  high 
levels  of  petroleum  in  their  environments  and  yet 
thriving  communities  are  present  at  these  locations. 
Microbial  biomass  in  these  seep  areas  is  also  sub- 
stantially enhanced,  and  the  carbon  isotopic  com- 
position of  organism  tissues  from  higher  trophic 
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levels  reflects  the  incorporation  of  bacterial  bio- 
mass.  The  sedimentary  sulfur  cycle  is  heavily  influ- 
enced by  the  process  of  natural  oil  and  gas  seepage 
and  plays  a  key  role  in  maintaining  these  communi- 
ties. The  primary  source  of  isotopically  light 
carbon  to  the  system  can  be  solely  derived  from 
chemosynthesis  (hydrogen  sulfide  or  methane). 
The  role  of  degraded  oil  as  a  partial  source  of  light 
carbon  to  some  organisms  cannot  be  rul.^d  out. 
(Author's  abstract) 
W90-05876 


INDUCED  CYTOCHROME  P-450  IN  FUNDU- 

LUS    HETEROCLITUS    ASSOCIATED    WITH 

ENVIRONMENTAL     CONTAMINATION     BY 

POLYCHLORINATED  BIPHENYLS  AND  PO- 

LYNUCLEAR  AROMATIC  HYDROCARBONS. 

Rhode     Island     Univ.,     Narragansett.     Graduate 

School  of  Oceanography. 

A.  A.  Elskus,  and  J.  J.  Stegeman. 

Marine  Environmental  Research  MERSDW,  Vol 

27,  No.    1,  p  31-50,   1989.   2  fig,   2  tab,   53  ref. 

Descriptors:  'Bioaccumulation,  *Fish  physiology, 
•Hydrocarbons,  'Path  of  pollutants,  •Polychlori- 
nated  biphenyls,  Cytochrome  P-450,  Rhode  Island. 

Fundulus  heteroclitus  were  collected  from  two 
sites  in  Rhode  Island  during  the  non-spawning 
season  and  analyzed  from  hepatic  monooxygenase 
activities  and  for  whole-body  concentrations  of 
polychlorinated  biphenyls  (PCB)  and  polynuclear 
aromatic  hydrocarbons  (PAH).  Microsomal  pro- 
tein, total  spectral  cytochrome  P-450  and  cytoch- 
rome b5  content  did  not  d;.fter  between  Seekonk 
River  and  Succotash  Salt  Marsh  fish.  Ethoxyresor- 
ufin  O-deethylase  activity  was  significantly  higher 
(3-fold)  in  Fundulus  from  the  Seekonk  River  than 
in  fish  from  Succotash  Salt  Marsh.  Similarly,  levels 
of  the  immunodetectable  homolog  of  P450  E  in 
Fundulus,  a  representative  of  the  major  PAH-in- 
ducible  P-450  form  (P450IA1)  in  teleosts,  were 
higher  in  fish  from  the  Seekonk  River.  In  contrast, 
rates  of  aldrin  epoxidase  (AE)  activity  were  the 
same  in  fish  from  the  two  sites.  Concentrations  of 
PCB  were  1000-fold,  and  PAH  60-fold,  greater  in 
Seekonk  River  sediment  than  in  Succotash  Salt 
Marsh  sediment.  The  bioavailability  of  these  con- 
taminants in  not  known.  (Author's  abstract) 
W9O-05877 


ORGANOTIN  COMPOUNDS,  FOULING  AND 
THE  MARINE  ENVIRONMENT. 

Nigerian  Inst,  for  Oceanography  and  Marine  Re- 
search, Lagos. 
E.  O.  Oyewo. 

Ocean  &  Shoreline  Management  OSMAE6,  Vol. 
12,  No.  4,  p  285-294,  1989.  37  ref. 

Descriptors:  *Antifoulants,  'Marine  pollution, 
'Organotin  compounds,  *Water  pollution  sources, 
Aquatic  life,  Toxicity. 

Routine  shipping,  boating  and  ocean  engineering 
activities  present  surfaces  on  which  fouling  orga- 
nisms can  settle  and  create  economic,  operational 
and  aesthetic  problems.  Tri-organotin-based  anti- 
fouling  preparations  are  often  applied  to  these  sur- 
faces, leading  to  the  inevitable  introduction  of  tri- 
organotins  into  the  marine  environment.  After 
critically  considering  several  aspects  of  the  behav- 
ior, toxicity,  toxicology,  known  and  potential  inter- 
actions of  tri-organotins  with  biotic  and  abiotic 
components  of  the  marine  environment,  it  is  con- 
cluded that  tri-organotins  are  potentially  hazard- 
ous. Even  where  the  environmental  behavior  is 
known,  a  surprise  factor  is  often  present.  The 
introduction  of  anything  foreign,  particularly 
chemicals,  into  the  marine  environment  clearly 
needs  to  be  done  with  caution  and  ideally  with  a 
sound  understanding  of  both  the  short-term  and 
long-term  effects.  (Author's  abstract) 
W90-05878 


HETEROTROPHIC  NANNO-  AND  MICRO- 
PLANKTON  IN  COASTAL  WATERS  OF  THE 
WESTERN  INDIAN  OCEAN. 

Akademiya  Nauk  SSSR.  Moscow.  Inst.  Okeanolo- 

g» 

For  primary  bibliographic  entry  see  Field  2L. 


W90-05879 


3-D  FINITE  ELEMENT  TRANSPORT  MODELS 
BY  UPWIND  PRECONDITIONED  CONJU- 
GATE GRADIENTS. 

Padua  Univ.  (Italy).   Dipt,  di  Metodi  e  Modelli 
Matematici  per  le  Scienze  Applicate. 
G.  Pini,  G.  Gambolati,  and  G.  Galeati. 
Advances  in  Water  Resources  AWREDI,  Vol   12 
No.  2,  p  54-58,  June  1989.  7  fig,  18  ref. 

Descriptors:  'Convection,  'Dispersion,  'Finite 
element  method,  'Groundwater  movement, 
•Mode)  studies,  'Path  of  pollutants,  Computer 
models,  Groundwater  pollution,  Mathematical 
analysis,  Mathematical  models,  Numerical  analysis. 

Numerical  solutions  to  the  dispersion-convection 
equation  in  subsurface  systems  have  relied  exten- 
sively on  the  Galerkin  approach  mainly  because  of 
its  high  versatility  in  handling  irregular  geometries. 
In  convection-dominated  problems  this  approach 
leads  to  (1)  unstable  solutions  with  oscillating  be- 
havior, and  (2)  artificial  dispersion  which  causes 
smearing  of  the  simulated  contaminant  plume. 
Mathematical  approaches  to  adjust  for  these  effects 
in  three-dimensional  finite  element  simulations 
commonly  rely  upon  upwinding  schemes  and  re- 
quire a  refined  mesh  with  a  large  number  of  nodes, 
making  a  cost-effective  solution  difficult  to  obtain. 
A  class  of  iterative  solvers,  based  upon  the  precon- 
ditioned conjugate  gradients  (CG)  and  proven  to 
be  robust  and  efficient  in  two-dimensional  applica- 
tions, are  extended  to  three-dimensional  problems 
Solvers  tested  are  ORTHOMIN(k),  the  General- 
ized Conjugate  Residual  GCR(k),  and  the  Mini- 
mum Residual  (MR).  Results  of  three  test  problems 
indicate  convergence  of  the  upwind  precondi- 
tioned solvers  is  quite  good,  and  the  solution  is 
obtained  even  when  failure  to  converge  occurs 
with  the  standard  Galerkin  approach.  GCR(k)  ap- 
pears to  be  the  most  robust,  while  MR  is  the  most 
economical  in  the  vast  majority  of  cases  and  is 
preferred  when  the  Peclet  and  Courant  numbers 
are  not  too  far  from  the  stability  limits.  Upwinding 
improves  the  performance  of  the  solvers  but  also 
tends  to  increase  artificial  dispersion,  and  therefore 
must  be  managed  with  care.  (Tappert-PTT) 
W90-05882 


TRENDS  IN  PARTICULATE  DEPOSITION 
AND  PRECIPITATION  CHEMISTRY  AT 
LEEDS  (U.K.)  1907-1987. 

Leeds  Univ.  (England).  Dept.  of  Fuel  and  Energy. 
A.  G.  Clarke,  D.  R.  Lambert,  and  M.  J.  Willison. 
Atmospheric  Environment  Part  B:  Urban  Atmos- 
phere AEBAE5,  Vol.  24B,  No.  1,  p  159-169,  Janu- 
ary 1990. 

Descriptors:  'Acid  rain,  'Air  pollution,  'Chemis- 
try of  precipitation,  'Data  interpretation,  'Dry 
deposition,  'England,  'Particulate  matter,  'Pre- 
cipitation, 'Water  pollution  sources,  Ammonia, 
Chlorides,  Coal,  Deposition,  Dusts,  History,  Indus- 
trial wastes,  Nitrates,  Path  of  pollutants,  Sulfur 
compounds. 

A  review  of  available  data  on  the  composition  of 
precipitation  and  the  deposition  rates  of  various 
species  has  been  carried  out  for  the  city  of  Leeds  in 
Northern  England  covering  the  years  1907-1987. 
The  information  for  three  typical  sites  representing 
heavily  industrialized,  suburban  and  rural  locations 
is  compared.  Parameters  studied  include  smoke 
and  sulfur  dioxide  concentrations,  dust  deposition, 
sulfur,  nitrogen,  chloride  and  acidity.  The  excep- 
tionally high  deposition  rates  and  large  urban/rural 
differences  of  the  early  years  have  now  disap- 
peared. Perhaps  surprisingly,  the  parameter  which 
has  changed  least  is  net  acidity.  The  highly  acidic 
deposits  of  sulfates  and  chlorides  from  coal  com- 
bustion before  1930  were  counterbalanced  by  cor- 
respondingly high  deposition  rates  of  ammonia  and 
alkaline  dusts.  The  only  major  parameter  which 
shows  a  significant  increase  is  nitrate.  (Author's 
abstract) 
W90-05900 


RAINWATER    COMPOSITION    IN    ATHENS, 
GREECE. 


Athens  Univ.  (Greece).  Lab.  of  Climatology. 
J.  G.  Dikaikos,  C.  G.  Tsitouris,  P.  A.  Siskos,  D.  A. 
Melissos,  and  P.  Nastos. 

Atmospheric  Environment  Part  B:  Urban  Atmos- 
phere AEBAE5,  Vol.  24B,  No.  1,  p  171-176,  Janu- 
ary 1990.  1  fig,  3  tab,  30  ref. 

Descriptors:  'Acid  rain,  'Air  pollution,  'Chemis- 
try of  precipitation,  'Greece,  'Path  of  pollutants, 
•Sulfur  compounds,  Anions,  Cations,  Chemical 
analysis,  Data  interpretation,  Deposition,  Nitrogen 
compounds,  Precipitation,  Statistical  analysis,  Sul- 
furic acid,  Water  sampling. 

Acid  precipitation,  a  major  environmental  prob- 
lem, was  investigated  in  Athens,  Greece.  Wet  pre- 
cipitation-only samplers  were  used  to  collect  wet 
deposition  at  two  sites  in  the  Athens  basin,  Greece 
for  the  period  March  1986  to  February  1987.  Con- 
centration of  major  cations,  hydrogen,  ammonium, 
sodium,  calcium  and  magnesium  (H(  +  ),  NH4(+), 
Na(  +  ),  Ca(+  +)  and  Mg(+  +)),  and  major  anions! 
chloride,  nitrate  and  sulfate  (Cl(-),  N03(-)  and 
S04(-)),  were  determined  for  the  first  time  in 
rainwater  samples  in  Greece.  Bicarbonate  concen- 
trations were  calculated.  The  majority  of  rain  col- 
lected had  a  neutral  or  alkaline  character.  Acidity 
was  due  to  the  of  sulfuric  acid  (H2S04)  and  nitric 
acid  (HN03).  The  relative  importance  of  natural 
and  anthropogenic  sources  were  estimated  by  a 
chemical  balance.  Statistical  analysis  of  the  corre- 
lation between  the  concentration  of  chemical  spe- 
cies confirms  the  influence  of  natural  and  anthro- 
pogenic sources.  In  all  samples,  S04(~)  concentra- 
tions exceed  N03(-)  concentration  despite  the 
dominance  of  low  sulfur  oil  burning  in  the  region. 
The  wet  flux  of  sulfur  was  calculated  to  be  0.34  g/ 
sq  m/acre.  (Author's  abstract) 
W90-05901 


INFLUENCE  OF  ATMOSPHERIC  TRANS- 
PORT ON  PRECIPITATION  CHEMISTRY  AT 
TWO  SITES  IN  THE  MIDWESTERN  UNITED 
STATES. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 
J.  L.  Moody,  and  P.  J.  Samson. 
Atmospheric  Environment  ATENBP,  Vol.  23,  No 
10,  p  2117-2132,  October  1989.  8  fig,  6  tab,  30  ref. 

Descriptors:  'Acid  rain,  'Air  pollution,  'Chemis- 
try of  precipitation,  'Meteorological  data  collec- 
tion, 'Path  of  pollutants,  'Weather  patterns,  Air 
masses,  Chemical  analysis,  Deposition,  Ions,  Multi- 
variate analysis,  Precipitation,  Variability. 

To  determine  how  much  of  the  chemical  variabili- 
ty in  precipitation  could  be  related  to  transport 
differences,  cluster  analyses  of  two-dimensional 
mixed  layer  back  trajectory  data  were  used  to 
classify  precipitation  events  into  subgroups  repre- 
senting similar  transport  patterns.  Trajectories  ar- 
riving at  two  different  sites,  Rockport,  IN,  and 
Gaylord,  MI,  were  clustered  to  identify  events 
occurring  with  similar  transport  patterns.  It  was 
found  that  certain  transport  situations  resulted  in 
significantly  higher  concentrations  and  depositions 
of  the  major  ions  hydrogen,  sulfate,  nitrate  and 
ammonium  (H(  +  ),  S04(-),  N03(-)  and  NH4(+)). 
At  Rockport,  the  greatest  fraction  of  acid  deposi- 
tion was  associated  with  low  wind  speeds.  At 
Gaylord,  transport  direction  played  a  greater  role 
than  transport  speed  in  influencing  precipitation 
composition.  Results  presented  here  suggest  that 
10  to  40%  of  the  variability  in  ion  concentrations 
may  be  related  to  differences  in  atmospheric  trans- 
port. The  residual  variation  in  concentrations  was 
correlated  with  differences  in  the  occurrence  of 
upwind  precipitation,  precipitation  type,  and  varia- 
tion in  precipitation  amount.  (Author's  abstract) 
W90-05902 


ATMOSPHERIC  DEPOSITION  OF  PERSIST- 
ENT POLLUTANTS  GOVERNS  UPTAKE  BY 
ZOOPLANKTON  IN  A  POND  IN  SOUTHERN 
SWEDEN. 

Lund  Univ.  (Sweden).  Dept.  of  Ecology. 

P.  Larsson. 

Atmospheric  Environment  ATENBP,  Vol.  23,  No 

10,  p  2151-2158,  October  1989.  5  fig,  47  ref. 
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Descriptors:  »Air  pollution,  *DDT,  'Daphma, 
♦Fallout,  'Lindane,  'Polychlorinated  biphenyls, 
•Ponds,  *Water  pollution  sources,  'Zooplankton, 
Bioaccumulation,  Chlorinated  hydrocarbons, 
DDD  DDE,  Deposition,  Path  of  pollutants,  Popu- 
lation'  exposure,  Precipitation,  Seasonal  variation, 
Sweden. 

Although  our  knowledge  regarding  the  atmospher- 
ic transport  of  chlorinated  hydrocarbons  is  exten- 
sively  studied,    very   little   is   known   about   the 
uptake  of  transported  substances  by  organisms  as 
well  as  their  biological  effects  in  the  ecosystem. 
The  atmospheric  fallout  of  polychlorinated  biphen- 
yls (PCBs),  epsilon-DDT  and  lindane  (gamma-hex- 
achlorocyclohexane;  g-HCH)  to  a  pond  in  south- 
ern Sweden  was  studied  in  relation  to  uptake  by 
freshwater  zooplankton.  The  extent  of  the  atmos- 
pheric deposition  of  PCBs  and  lindane  was  reflect- 
ed in  the  uptake  by  the  zooplankton;  high  deposi- 
tion in  the  spring  and  autumn  results  in  high  uptake 
by  the  organisms  while  a  lower  uptake  during 
summer  was  a  result  of  lower  deposition.   The 
atmospheric  deposition  of  epsilon-DDT  was  domi- 
nated by  p,p-DDT,  p,p-DDE  and  o,p-DDT,  while 
pp-DDE  and  p,p-DDD  were  dominant  in  zoo- 
plankton. These  differences  in  epsilon-DDT  com- 
position are  probably  attributed  to  microbial  con- 
version- as  a  result,  levels  in  the  zooplankton  ap- 
peared not  to  be  governed  by  atmospheric  deposi- 
tion   The  availability  of  the  previously  airborne, 
persistent  pollutants  to  zooplankton  was  a  function 
of  the  compounds'  chemical  properties,  e.g.  water 
solubility,  and  the  form  of  deposition.  The  results 
show  that  atmospheric  deposition  is  an  important 
route  by  which  persistent  pollutants  are  transport- 
ed to  Holarctic,  aquatic  ecosystems.  (Author's  ab- 
stract) 
W9O-O5903 

CHARACTERISTIC  TIME  TO  ACHIEVE  IN- 
TERFACIAL  PHASE  EQUILIBRIUM  IN 
CLOUD  DROPS. 

General  Motors  Research  Labs.,  Warren,  MI.  En- 
vironmental Science  Dept. 

Atmospheric  Environment  ATENBP,  Vol.  23  No 
10,  p  2299-2304,  October  1989.  1  fig,  2  tab,  17  ref. 

Descriptors:  'Acid  rain,  *Air-water  interfaces, 
•Atmospheric  water,  *Chemistry  of  precipitation, 
•Cloud  liquid  water,  *Cloud  physics,  *Path  of 
pollutants,  *Air  pollution,  Chemical  reactions, 
Equilibrium,  Fluid  drops,  Mathematical  studies, 
Precipitation,  Time  series  analysis,  Water  vapor. 


The  problem  of  gas  absorption  in  a  cloud  drop  for 
the  case  of  a  single  isolated  drop  as  well  as  for  the 
case  of  a  drop  within  a  cloud  is  considered.  Ex- 
pressions for  the  characteristic  times  for  achieving 
phase    equilibrium    between    the    gas-phase    and 
liquid-phase  pollutant  concentrations  at  the  air- 
water  interface  for  the  two  cases  are  derived. 
According  to  the  work  reported  here,  for  highly 
soluble  gases  the  characteristic  time  for  the  case  ot 
an  isolated  drop  as  well  as  for  the  case  of  a  drop 
within  a  cloud  is  directly  proportional  to  the  drop 
radius  and  inversely  proportional  to  the  accommo- 
dation coefficient  of  a  gas.  Furthermore,  m  the  first 
case,  the  characteristic  time  is  directly  proportion- 
al to  the  solubility  of  the  gas,  while  in  the  second 
case,  it  is  independent  of  the  solubility  but  inverse- 
ly proportional  to  the  liquid  water  content  of  the 
cloud.  This  problem  has  been  considered  previous- 
ly   however,  the  expression  in  the  literature  is 
based  on  the  concentration  at  the  interface  of  semi- 
infinite  liquid  body  and  is  not  valid  for  a  cloud 
drop.  The  findings  in  this  paper  disagree  with 
those  obtained  from  the  expressions  derived  in  the 
literature.  In  addition,  for  highly  soluble  gases,  the 
expression  in  the  literature  predicts  unreahstically 
large  characteristic  times  for  establishment  of  inter- 
facial    equilibrium.    The    reaction    characteristic 
times  for  reactions  of  sulfur  dioxide,   hydrogen 
peroxide  and  ozone  leading  to  the  formation  ot 
sulfate  ion  (S04(-))  within  cloud  drops  are  calcu- 
lated and  compared  to  the  characteristic  times, 
predicted  by  the  expressions  derived  here,  for  es- 
tablishment  of  interfacial   equilibrium    for   these 
gases    The  comparison  shows  that  the  establish- 
ment of  interfacial  equilibrium  is  a  rapid  process 
for  all  cases  considered,  and  does  not  limit  the 


chemical  reactions  leading  for  the  formation  of 
S04(-)  within  cloud  drops.  (Author's  abstract) 
W90-05904 

CHEMICAL  COMPOSITION  OF  COASTAL 
STRATUS  CLOUDS:  DEPENDENCE  ON 
DROPLET  SIZE  AND  DISTANCE  FROM  THE 
COAST.  j         „,.,    _     . 

California  Inst,  of  Tech.,  Pasadena.  W.M.  Keck 
Lab.  of  Environmental  Engineering  Science. 
For  primary  bibliographic  entry  see  Field  2K. 
W90-05905 

SEASONAL  VARIATIONS  IN  SULFATE  NI- 
TRATE AND  CHLORIDE  IN  THE  GREEN- 
LAND ICE  SHEET:  RELATION  TO  ATMOS- 
PHERIC CONCENTRATIONS. 

Carnegie-Mellon  Univ.,  Pittsburgh,  PA.  Dept.  of 
Civil  Engineering. 

C  I  Davidson,  J.  R.  Harrington,  M.  J. 
Stephenson,  M.  J.  Small,  and  F^ PBoscoe. 
Atmospheric  Environment  ATENBP,  Vol.  23  No. 
11,  p  2483-2493,  November  1989.  7  fig,  34  ref.  NSF 
Grant  DPP-86 18223. 

Descriptors:  *Acid  rain,  *Air  pollution,  'Arctic, 
•Avoidance,  *Chlorides,  *Greenland,  *Ice,  'Ni- 
trates, *Path  of  pollutants,  'Precipitation  scaveng- 
ing, *  Sulfates,  Aerosols,  Deposition,  Rime,  Season- 
al variation,  Snow. 

Samples  from  three  snowpits  near  Dye  3  in  South 
Greenland  have  been  used  to  study  seasonal  vari- 
ations in  contaminant  transport  from  the  atmos- 
phere to  the  Ice  Sheet.  The  snowpits  cover  the 
years  1982  to  1987.  The  samples  have  been  dated 
by  comparing  delta  018  (oxygen)  values  with  me- 
teorological data  from  Dye  3.  Airborne  concentra- 
tions of  sulfate  (S04(-))  over  the  Ice  Sheet  have 
been  estimated  for  the  dates  corresponding  to  each 
snowpit  sample  by  statistically  analyzing  data  from 
several    air    monitoring    stations   throughout   the 
Arctic,  and  computing  average  values  from  the 
appropriate  stations.  Seasonal  variations  in  concen- 
trations in  air,  concentrations  in  snow,  and  mass- 
basis  scavenging  ratios  (concentration  in  snow  di- 
vided by  concentration  in  air)  have  been  identified. 
Results  indicate  that  concentrations  of  S04(~)  in 
the  air  show  a  strong  peak  in  late  February,  result- 
ing from  long-range  transport  of  mid-latitude  an- 
thropogenic emissions,  while  those  in  the  snow 
show   a  broad   peak   in   January,    February   and 
March  with  smaller  seasonal  variation  overall.  The 
smaller  variation  in  the  snow  is  attributed  in  part  to 
the  effect  of  riming,  which  results  in  more  efficient 
scavenging  during  warm  weather  when  airborne 
concentrations  are  low.  The  importance  of  riming 
is  also  supported  by  the  annual  cycle  in  scavenging 
ratio  which  peaks  in  mid-summer  coincident  with 
maximum  temperatures.  In  agreement  with  previ- 
ous estimates,  dry  deposition  appears  to  account 
for  to  30%  of  the  total  S04(~)  in  the  snow  Con- 
centrations of  nitrate  (N03(-))  in  the  snow  show  a 
strong  peak  in  summer;  natural  material  from  the 
stratosphere  as  well  as  anthropogenic  emissions 
transported  from  the  mid-latitudes  may  be  respon- 
sible. Concentrations  of  chloride  ion  in  the  snow 
are  maximum  in  January,  with  relatively  high  con- 
centrations during  October  through  March  and  a 
smaller  peak  in  July.  The  winter  peak  is  believed 
to  reflect  long-range  transport  of  marine  aerosol 
from  North  Atlantic  storms,  while  the  summer 
peak  is  attributed  to  seaspray  from  nearby  coastal 
Greenland.  (Author's  abstract) 
W90-05906 


growth,  Aquatic  productivity,  Dissolved  oxygen, 
Fertilizers,  Nutrient  requirements,  Respiration, 
Water  temperature. 

Bear  Creek  is  a  shallow,  productive  stream  which 
enters  the  South  Skunk  River  north  of  Ames,  IA. 
In  excess  of  85  %  of  the  South  Skunk  River 
watershed  north  of  Ames  is  in  intensive  row  crop 
agriculture;  most  of  it  receives  annual  nitrogen 
fertilizer  applications.  As  a  result,  Bear  Creek  re- 
ceives substantial  non-point  nitrogen  loading,  pre- 
dominantly in  the  form  of  nitrate.  Mass  balances  of 
nitrate  nitrogen  were  determined  for  Bear  Creek. 
Primary  production  and  respiration  of  stream 
reaches  were  estimated  from  analyses  of  diurnal 
changes  in  dissolved  oxygen  and  temperature.  Sub- 
stantial in-stream  losses  of  nitrate  were  observed, 
averaging  0.66  g  N/square  m/day.  The  estimated 
nitrogen  requirements  to  support  observed  rates  ot 
primary  production  ranged  between  0.15  and  0.27 
g  N/square  m/day.  Laboratory  investigations 
measuring  nitrate  nitrogen  loss  rates  from  stream 
water  overlying  intact  sediment  cores  suggest  that 
algal  assimilation  of  inorganic  nitrogen  contributes 
to  the  overall  nitrate  decline  in  these  systems. 
(Mertz-PTT) 
W90-05926 

EXPERT  SYSTEM  SURVEY  ON  BIODEGRA- 
DATION  OF  XENOBIOTIC  CHEMICALS. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Toxic  Substances. 

R.  S.  Boethling,  B.  Gregg,  R.  Frederick,  N.  W. 

Gabel,  and  S.  E.  Cambell. 

Ecotoxicology       and       Environmental       Safety 

EESADV,  Vol.  18,  No.  3,  p  252-267,  December 

1989.  2  fig,  5  tab,  8  ref. 

Descriptors:  *Biodegradation,  •Chemical  wastes, 
•Fate  of  pollutants,  *Toxic  wastes,  Aerobic  degra- 
dation, Anaerobic  degradation,  Expert  systems, 
Feasibility  studies,  Organic  compounds,  Polymers, 
Wastewater  treatment. 

To   determine   the   feasibility   of  developing   an 
expert  system  for  biodegradability  assessment,  a 
survey  was  conducted  in  which  biodegradation 
experts  were  asked  to  estimate  rates  and  products 
of  degradation  for  50  chemicals.  These  chemicals, 
which  varied  widely  in  structure,  were  considered 
representative  of  the  spectrum  of  premanufacture 
notice  chemicals  subject  to  EPA  review  under  the 
Toxic  Substances  Control  Act.  There  was  substan- 
tial agreement  among  the  22  experts  on  both  sites 
of  initial  attack  and  rates  of  degradation.  The  ap- 
proximate order  in  which  various  groups  were 
viewed  as  contributing  to  aerobic  biodegradability 
is  as  follows:  ester,  amide,  anhydride  >  hydroxyl 
>  carboxyl,  epoxide,  site  of  unsaturation  >  ben- 
zene    ring,     methyl,     methylene.     Hydrolyzable 
groups,   azo  bonds,   halogens,   and   nitro   groups 
were  preferred  sites  of  anaerobic  attack.  Among 
the  negative  influences  on  aerobic  biodegradability 
were  molecular  mass,  branching,  halogenation,  and 
nitrogen  heterocycles.  Results  also  indicate  that 
estimates  of  removal  by  biodegradation  in  aerobic 
wastewater  treatment  and  time  for  aerobic  ultimate 
and  primary  degradation  were  well  correlated,  and 
that  the  predictive  value  of  such  correlations  could 
be  improved  using  correction  factors  for  certain 
classes  of  chemicals.  The  results  lend  support  to 
existing  rules  of  thumb,  but  also  offer  additional 
insight  that  will  prove  useful  in  designing  a  proto- 
type system.  (Author's  abstract) 
W90-05941 


TRANSFORMATION  AND  LOSS  OF  NITRATE 
IN  AN  AGRICULTURAL  STREAM. 

Iowa  State  Univ.,  Ames.  Dept.  of  Botany. 

T.  M.  Isenhart,  and  W.  G.  Crumpton. 

Journal  of  Freshwater  Ecology  JFREDW  Vol.  5 

No   2   p  123-129,  December  1989.  1  fig,  2  tab,  30 

reft    U  S.  Dept.  of  the  Interior  and  Iowa  State 

Water  Resources  Research  Institute  Project  No. 

G-1225-05. 

Descriptors:  'Agricultural  runoff,  •Biotransforma- 
tion *Fate  of  pollutants,  *Iowa,  'Nitrates,  'Nitro- 
gen removal,  'Nonpoint  pollution  sources, 
•Stream  pollution,  Agricultural  watersheds,  Algal 


PRELIMINARY  STUDY  OF  THE  TRANSLO- 
CATION OF  ALDICARB  ACROSS  THE  DUCK 
EGGSHELL. 

Trinity  Coll.,  Dublin  (Ireland).  Dept.  of  Pharma- 
cology and  Therapeutics. 
P.  L.  Chambers,  K.  P.  Twomey,  and  C.  M. 
Chambers. 

Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  18,  No.  3,  p  296-304,  December 
1989.  4  fig,  8  tab,  12  ref. 

Descriptors:  'Aldicarb,  'Ducks,  'Insecticides, 
•Path  of  pollutants,  'Poultry,  'Water  pollution 
effects,  Eggs,  Embryonic  growth  stage,  Toxicity. 
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The  duck  eggshell  has  ohe  .reputation  of  being 
more  permeable  than  that  of  the  domestic  hen.  If 
this  is  true,  the  developing  embryo  could  be  at 
greater  risk  from  xenobiotic  agents,  since  toxicants 
picked  up  on  the  feathers  could  be  transferred  to 
the  embryo  during  incubation.  Such  an  effect  was 
studied  in  developing  duck  embryos  after  the  ap- 
plication of  aldicarb  to  the  eggshell.  At  72  hr,  the 
eggs  were  painted  with  3,  7,  11  or  15  micromoles 
of  aldicarb  in  500  microliters  of  water.  The  eggs 
were  then  incubated  to  Day  24.  The  gross  morpho- 
logical measurements  were  recorded.  A  similar 
study  was  made  using  domestic  hen  eggs;  these 
were  treated  after  36  hr  incubation  and  incubated 
to  Day  17.  Direct  injection  into  the  yolk  sac  of 
both  species  was  used  for  further  comparison. 
There  was  a  statistically  significant  reduction  (P  < 
0.01)  in  the  middle  web  toe  length  with  11  and  15 
micromoles  of  aldicarb  and  the  tarsometatarsus 
length  with  7,  11,  and  15  micromoles.  Compared 
with  the  duck  control  group,  the  group  given  15 
micromoles  of  aldicarb  had  reductions  of  approxi- 
mately 8%  in  the  tarsometatarsus  and  approximate- 
ly 9%  in  the  middle  web  toe.  No  statistically 
significant  changes  were  produced  in  the  chick 
embryos.  (Author's  abstract) 
W90-05944 


ECOTOXICOLOGICAL  CHARACTERIZATION 
OF  INDUSTRIAL  WASTEWATER:  SULFITE 
PULP  MILL  WITH  BLEACHING. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

For  primary  bibliographic  entry  see  Field  5C 
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DISTRIBUTION  OF  (C14)ACRYLAMIDE  IN 
RAINBOW  TROUT  STUDIED  BY  WHOLE- 
BODY  AUTORADIOGRAPHY. 

Louisville  Univ.,  KY.  Dept.  of  Pharmacology  and 

Toxicology. 

W.  J.  Waddell,  J.  J.  Lech,  C.  Marlowe,  K.  M. 

Kleinow,  and  M.  A.  Friedman. 

Fundamental  and  Applied  Toxicology  FAATDF 

Vol.  14,  No.  1,  p  84-87,  January  1990.  3  fig,  10  ref. 

Descriptors:  *Acrylamide,  'Autoradiography, 
'Bioaccumulation,  *Fish  physiology,  'Path  of  pol- 
lutants, 'Trout,  Blood,  Gills,  Kidneys,  Liver, 
Muscle,  Pollutant  identification. 

The  distribution  of  (2,3-C14)acrylamide  was  stud- 
ied in  fingerling  rainbow  trout  by  whole-body 
autoradiography.  Fish  weighing  approximately  7 
gm  were  injected  intraperitoneally  with  3.2  milli- 
grams/kilograms (C14)acrylamide.  One  group  of 
fish  was  kept  in  a  fresh  flowing  water  tank  and 
frozen  in  dry  ice/hexane  22  hr  after  injection; 
another  group  was  placed  in  a  separate  tank  of 
fresh  flowing  water  and  frozen  120  hr  after  treat- 
ment. A  third  group  of  fish  served  as  nontreated 
controls.  The  autoradiographs  of  the  fish  at  22  hr 
showed  the  highest  concentration  of  radioactivity 
in  the  kidney,  urinary  bladder,  blood,  gall  bladder, 
intestinal  contents,  and  eye  lens.  Lesser  amounts  of 
radioactivity  were  seen  in  the  central  nervous 
system,  liver,  and  gills.  Very  low  concentrations 
were  found  in  muscle,  the  tissue  usually  consumed 
by  man.  By  120  hr  the  only  high  concentrations 
were  in  gall  bladder  and  eye  lens.  Lesser  amounts 
were  found  in  the  sclera,  vertebrae,  central  nerv- 
ous system,  kidney,  wall  of  intestine,  and  discrete 
spots  in  subcutaneous  tissue  presumed  to  be  chro- 
matophores.  (Author's  abstract) 
W90-05948 


TWO-DIMENSIONAL  MIXING  IN  RIVERS 
WITH  UNSTEADY  POLLUTANT  SOURCE. 

Ryerson   Polytechnical   Inst.,  Toronto  (Ontario). 
Dept.  of  Civil  Engineering. 
G.  K.  Y.  Luk,  Y.  L.  Lau,  and  W.  E.  Watt. 
Journal   of  Environmental   Engineering   (ASCE) 
JOEEDU,  Vol.   116,  No.   1,  p  125-143,  January/ 
February  1990.  1 1  fig,  3  tab,  37  ref. 

Descriptors:  •Mathematical  models,  'Mixing, 
•Natural  streams,  'Path  of  pollutants.  Advection, 
Dispersion,  Model  studies.  Numerical  analysis, 
Steady  flow,  Tracers. 

A  numerical  model,  the  mixing  analysis  based  on 
the  Concept  of  Stream  Tubes,  has  been  developed 


for  the  analysis  of  two-dimensional,  transient 
mixing  of  nonconservative  substances  in  natural 
streams.  The  model  can  be  applied  to  steady  flows 
in  sinuous,  nonprismatic  channels.  A  curvilinear 
coordinate  system  is  used  to  account  for  variations 
in  velocity,  depth,  and  channel  curvature.  By  di- 
viding the  stream  tubes  into  variable  length  ele- 
ments so  that  the  Courant  number  for  the  grid 
space  is  always  equal  to  unity,  the  problem  of 
numerical  diffusion  and  dispersion  in  the  computa- 
tion of  stream  wise  advection  is  avoided.  The 
model  has  been  verified  with  analytical  solutions 
for  the  cases  of  simple  advection,  continuous  line 
source  and  instantaneous  injection.  Dispersion  ex- 
periments were  carried  out  in  a  sinuous  channel 
with  irregular  bottom  topography,  using  both  slug 
injection  and  a  variable  rate  injection  of  tracer. 
Measured  time-concentration  data  agree  quite  well 
with  predictions  using  the  mixing  analysis  based  on 
the  Concept  of  Stream  Tubes.  (Author's  abstract) 
W90-05960 


PREDICTING  ORGANIC  ACCUMULATION  IN 
SEDIMENTS  NEAR  MARINE  OUTFALLS. 

Clemson  Univ.,  SC.  Dept.  of  Environmental  Sys- 
tems Engineering. 

For  primary  bibliographic  entry  see  Field  5E 
W90-05961 


EFFECTS  OF  PHENOL  WASTEWATER  CO- 
DISPOSAL  ON  THE  ATTENUATION  OF  THE 
REFUSE  LEACHATE  MOLECULE  HEXANOIC 
ACID. 

University   of  Strathclyde,   Glasgow   (Scotland). 

Dept.  of  Bioscience  and  Biotechnology. 

I.  A.  Watson-Craik,  and  E.  Senior. 

Letters  in  Applied  Microbiology  LAMIE7,  Vol  9 

No.  6,  p  227-232,  December  1989.  4  fig,   11  ref! 

Descriptors:  'Ecological  effects,  'Fate  of  pollut- 
ants, 'Landfills,  'Leachates,  'Model  studies,  'Path 
of  pollutants,  'Phenols,  'Soil  bacteria,  Hazardous 
waste  disposal,  Methanogenesis,  Sulfates, 
Wastewater  disposal. 

A  three-stage  continuous  culture  model  system 
was  used  to  investigate  the  impacts  of  increasing 
concentrations  of  phenol  on  the  component  physi- 
ological groups  of  a  hexanoate-catabolizing  asso- 
ciation, isolated  from  anoxic  landfill.  After  inocula- 
tion, and  prior  to  supplementation  of  the  experi- 
mental system  with  incremental  concentrations  of 
phenol,  the  models  were  monitored  to  characterize 
the  hexanoate-catabolizing  association.  Through- 
out the  investigation,  phenol  analyses  indicated 
that  there  was  no  significant  dissimilation  of  the 
molecule  so  that  metabolic  intermediates  such  as 
acetate,  and  products  such  as  methane  were  as- 
sumed to  have  been  derived  from  the  degradation 
of  hexanoic  acid.  Low  concentrations  (2  milli- 
moles/L)  were  found  to  reduce  sulfate-reducing 
bacterial  activity  while  concentrations  of  8  and  22 
millimoles/L  caused  reductions  of  90.2  and  99.1% 
in  methane  release  rate  and  hexanoate  beta-oxida- 
tion, respectively.  Overall,  the  results  of  this  study 
indicated  that,  in  the  presence  of  metabolically 
active  phenolic  methenogenic  population,  the  co- 
disposal  of  wastewater  with  concentrations  from  2 
to  6  millimoles/L  phenol  had  no  inhibitory  effect 
on  the  anaerobic  catabolism  of  a  representative 
leachate  molecule,  hexanoic  acid.  (Geiger-PTT) 
W90-05964  6  ' 


INTERACTION  OF  ESTUARTNE  ORGANIC 
MATTER  WITH  COPPER  AND 

BENZO(A)PYRENE. 

Georgia  Univ.,  Sapelo  Island.  Marine  Inst. 
J.  J.  Alberts,  Z.  Filip,  and  G  J.  Leversee. 
Marine  Chemistry  MRCHBD,  Vol.  28,  No.  1-3,  p 
77-87,  December  1989.   1  fig,  3  tab,  33  ref.  NSF 
Grant  INT-8619167. 

Descriptors:  'Benzopyrene,  'Copper,  'Fulvic 
acids,  'Humic  acids,  'Organic  matter,  'Path  of 
pollutants,  'Salt  marshes,  Adsorption,  Estuaries, 
Marine  sediments,  Marsh  plants,  Organic  carbon, 
Organic  compounds,  Salinity. 

Fulvic  and  humic  acids  were  isolated  from  living 
plants,  dead  plants  and  sediments  of  a  salt  marsh 


estuary  in  the  southeastern  United  States.  Total 
acidity  (435-605  microequivalents  H(  +  )/100  gm 
fulvic  acid  and  295-385  milliequivalents  H(  +  )/100 
gm  humic  acid),  copper  binding  capacities  (0.25- 
0.96  microequivalents  Cu(++)/mg  C  fulvic  acid 
and  0.46-0.65  microequivalents  Cu(  +  +)/mg  C 
humic  acid)  and  benzo(a)pyrene  (BaP)  partitioning 
coefficients  (loglO  K  3.48-3.86  and  4.12-4.29  for 
fulvic  acids  and  humic  acids,  respectively)  were 
determined  and  shown  to  be  within  reported 
ranges  for  fulvic  and  humic  acids  from  other  ter- 
restrial and  aquatic  environments.  Solubilities  of 
fulvic  acids,  humic  acids  and  BaP  varied  with  salt 
concentration,  with  fulvic  acid  being  least  affected 
by  increased  salinity.  Ultrafiltration  of  natural  river 
waters  from  the  region  showed  that  BaP  appears 
to  be  associated  more  with  organic  compounds  of 
larger  molecular  size,  and  between-stream  varia- 
tion in  composition  of  the  dissolved  organic  carbon 
can  significantly  affect  BaP  binding  to  the  organic 
carbon  fractions  of  natural  waters.  (Author's  ab- 
stract) 
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MERCURY  DISTRIBUTION  IN  THE  KRKA 
RIVER  ESTUARY  (EASTERN  ADRIATIC 
COAST). 

Institut   Rudjer   Boskovic,    Zagreb   (Yugoslavia) 
Center  for  Marine  Research. 
N.  Mikac,  Z.  Kwokal,  K.  May,  and  M.  Branica. 
Marine  Chemistry  MRCHBD,  Vol.  28,  No.  1-3,  p 
109-126,  December  1989.  6  fig,  4  tab,  41  ref. 

Descriptors:  'Adriatic  Sea,  'Estuaries,  'Marine 
sediments,  'Mercury,  'Mussels,  'Path  of  pollut- 
ants, 'Water  pollution  sources,  Bioaccumulation, 
Yugoslavia. 

The  distribution  of  total  and  organic  mercury  was 
studied  in  the  water,  sediments  and  mussels  of  the 
Krka  River  Estuary  and  the  Kornati  Archipelago 
(eastern   Adriatic   coast)   during    1985-1987.   The 
mercury  content  of  the  silt/clay  sediment  fraction 
was  analyzed  to  reduce  the  influence  of  irregular 
sediment  structure.  The  results  obtained  suggest 
that  both  the  Krka  River  and  the  Kornati  Archi- 
pelago are  unpolluted  by  mercury.  A  slight  in- 
crease in  the  mercury  concentrations  in  the  central 
part  of  the  estuary  points  to  the  possibility  of 
pollution  by  anthropogenic  sources.  The  distribu- 
tion of  the  concentration  of  reactive  mercury  (0.3- 
3.0  nanograms/cu  dm)  in  the  unfiltered  water  fol- 
lowed the  distribution  pattern  obtained  for  sedi- 
ment. The  portion  of  reactive  versus  total  mercury 
in  water  was  considerably  lower  in  the  freshwater 
surface  layer  (30-50%)  than  in  the  deeper  saline 
water  layer  (>  80%)  of  the  stratified  Krka  River 
Estuary.  Mercury  accumulation  was  observed  at 
the  interface  of  these  two  layers  (at  the  halocline). 
The  concentrations  of  mercury  in  mussels  (10-50 
microgramsAg  wet  wt)  were  significantly  affected 
by  internal  biological  factors  and  their  distribution 
differed  from  the  pattern  observed  for  sediments 
and  water.  Despite  the  fact  that  organic  mercury 
has  been  detected  in  sediments  and  the  edible  part 
of  the  mussels,  it  has  not  for  a  certainty  been 
established  in  water.  A  tendency  to  consider  the 
Mediterranean  as  an  area  of  higher  natural  mercu- 
ry levels  has  been  challenged  by  the  fact  that  the 
concentrations  obtained  are  in  the  same  range  as 
those  obtained  for  other  unpolluted  marine  areas 
throughout  the  world.  (Author's  abstract) 
W90-05967 


STUDTES  ON  THE  TRANSFER  OF  HEAVY 
METALS  BETWEEN  SEDIMENTARY  PHASES 
WITH  A  MULTI-CHAMBER  DEVICE:  COM- 
BINED EFFECTS  OF  SALINITY  AND  REDOX 
VARIATION. 

Technische   Univ.   Hamburg-Harburg   (Germany, 
F.R.).  Arbeitsbereich  Umweltschutztechnik. 
U.  Foerstner,  W.  Ahlf,  and  W.  Calmano. 
Marine  Chemistry  MRCHBD,  Vol.  28,  No.  1-3   p 
145-158,  December  1989.  7  fig,  27  ref. 

Descriptors:  'Algae,  'Bioaccumulation,  'Estu- 
aries, 'Heavy  metals,  'Marine  sediments,  'Path  of 
pollutants.  Cadmium,  Copper,  Dredging,  Ecologi- 
cal effects,  Environmental  effects,  Hydrogen  ion 
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concentration,  Iron^Organic  matter,  Oxidation-re- 
duction potential,  Salinity,  Zinc. 

Mobilization  and  transfer  of  heavy  metals  to  major 
sediment  components  after  changes  of  typical  estu- 
arine  conditions  (salinity,  redox  potential/pH)  have 
been  studied  in  a  newly  developed  experimental 
device,  consisting  of  a  central  chamber  connected 
with  six  external  chambers  and  separated  by  mem- 
branes of  0.45-microns  pore  diameter.  Algal  cell 
walls  (Scenedesmus  quadricuada),  bentonite,  alu- 
minum oxide,  manganese  oxide,  quartz  powder  and 
goethite  were  used  as  model  sediment  components. 
Significant  metal  enrichment  was  found  on  algal 
cell  walls,  and  on  freshly  precipitated  iron  hydrox- 
ide. Oxidation  of  anoxic  mud  from  Hamburg 
harbor  causes  lowering  of  pH  and  remobilization 
of  cadmium  and  zinc.  The  experiments  on  the 
effect  of  seawater  on  sediment  components  and 
dredged  mud  indicate  the  dominant  role  of  organic 
substrates  in  the  binding  of  metals  such  as  cadmium 
and  copper,  suggesting  that  even  at  relatively  small 
percentages  of  organic  substrates  these  materials 
are  primarily  involved  in  metabolic  processes  and 
thus  may  constitute  the  major  carriers  by  which 
metals  are  transferred  within  the  food  chain.  These 
results  demonstrate  that  it  is  particularly  problem- 
atic to  disperse  waste  materials  in  ecologically 
productive,  high-energy  environments  such  as  es- 
tuaries. (Author's  abstract) 
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CONSERVATIVE  MIXING  IN  ESTUARIES  AS 
AFFECTED  BY  SORPTION,  COMPLEXING 
AND  TURBIDITY  MAXIMUM:  A  SIMPLE 
MODEL  EXAMPLE. 

Nederlands  Inst,  voor  Onderzoek  der  Zee,  Texel. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-05971 

AQUEOUS  OZONATION  OF  PESTICIDES:  A 
REVIEW. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England).  Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 
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RIVER  VERSUS  ATMOSPHERIC  INPUT  OF 
MATERIAL  TO  THE  MEDITERRANEAN  SEA: 
AN  OVERVIEW. 

Institut    de    Biogeochimie    Marine,    Montrouge 

(France). 

J.-M.  Martin,  F.  Elbaz-Poulichet,  C.  Guieu,  M.-D. 

Loye-Pilot,  and  G.  Hans. 

Marine  Chemistry  MRCHBD,  Vol.  28,  No.  1-3,  p 

159-182,  December   1989.  4  fig,    11   tab,   61   ref. 

Descriptors:  *Air  pollution,  *  Mediterranean  Sea, 
•Nitrogen,  'Path  of  pollutants,  'Radioisotopes, 
•Trace  metals,  'Water  pollution  sources,  Cadmi- 
um, Cesium  radioisotopes,  Copper,  Lead,  Nitrates, 
Plutonium  radioisotopes,  Rivers. 

The  Land-Sea  Interactions  Group  of  CNRS  (1984- 
1987)  and  the  EROS-2000  program  (1987-1988) 
studied  river  and  atmospheric  fluxes  on  a  variety 
of  elements  and  compounds  in  the  Mediterranean 
Sea  which  is  close  to  potential  pollution  sources  in 
Northern  Europe  and  subjected  to  the  influx  of 
Sahara  red  dust.  Representative  rivers  emptying 
into  the  Mediterranean  Sea  were  sampled  for  nutri- 
ents, radionuclides  and  metals  while  atmospheric 
fallout  data  was  collected  at  monitoring  stations  in 
southern  France.  Results  show  that  the  atmospher- 
ic input  of  red  dust  is  of  the  same  order  of  magni- 
tude as  the  annual  downstream  flow  of  rivers  dis- 
charging to  the  Western  Mediterranean.  The  at- 
mospheric flux  of  Cu,  Pb  and  Cd  exceeded  river 
input  by  one  to  two  orders  of  magnitude.  Howev- 
er, the  incoming  flux  through  the  straits  of  Sicily 
and  mainly  Gibraltar  might  be  as  important  as  the 
atmospheric  flux;  the  residence  times  of  these  three 
metals  are  either  shorter  than  the  water  renewal 
time  (Pb,  Cu)  or  equivalent  to  it,  so  that  their 
accumulation  in  the  water  column  is  unlikely.  At- 
mospheric input  was  predominant  for 
Pu(239  +  240)  and  Cs(137),  whereas  Pu(238)  is 
mainly  of  riverine  origin.  The  fluxes  of  nitrogen 
supplied  by  rivers  and  rain  were  approximately 
equivalent.  It  was  estimated  that  the  atmospheric 
nitrogen  corresponds  to  10%  of  the  average  new 
production  and  may  reach  values  as  high  as  50% 
during  oligotrophy  periods.  (Geiger-PTT) 
W90-05969 

CADMIUM-INDUCED  PROTEINS  FROM  MY- 
TILUS  GALLOPROVINCIALIS:  POLARO- 
GRAPHIC  CHARACTERIZATION  AND 
STUDY  OF  THED*  INTERACTION  WITH  CAD- 
MIUM. 

Institut   Rudjer    Boskovic,   Zagreb   (Yugoslavia). 
Center  for  Marine  Research. 
For  primary  bibliographic  entry  see  Field  5C. 
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KEJIMKUJUC  PARK-ONE  IN  A  FAMILY  OF 
INTEGRATED  WATERSHED  STUDIES. 

Atmospheric  Environment  Service,  Downsview 
(Ontario).  Long-Range  Transport  of  Airborne  Pol- 
lutants Program. 
F.  C.  Elder,  and  H.  C.  Martin. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  1-12,  July/August  1989.  8  fig,  1  tab,  15 
ref. 

Descriptors:  *Acid  rain,  *Acidic  water,  'Canada, 
•Lakes,  'Organic  matter,  *Path  of  pollutants, 
Acidity,  Air  pollution,  Comparison  studies,  Envi- 
ronmental effects,  Kejimkujik  National  Park,  Nova 
Scotia,  Water  pollution. 

The  Canadian  federal  research  program  related  to 
the  Long-Range  Transport  of  Airborne  Pollutants 
included  integrated  studies  to  be  carried  out  in 
selected  watersheds.  These  watersheds  were  se- 
lected through  consideration  of  the  then  existing 
studies  as  well  as  the  need  to  provide  information 
on  the  range  of  ecosystems  susceptible  to  acidifica- 
tion in  Canada.  The  biogeochemical  characteris- 
tics, demonstrating  atmospheric  deposition  load- 
ing, the  study  area  sensitivity  to  acidification,  and 
the  reaction  or  evidence  of  effects  of  the  site 
selected  in  the  highly  sensitive  region  of  Nova 
Scotia,  the  Kejimkujik  National  Park,  are  present- 
ed in  comparison  with  nine  other  integrated  study 
sites  in  North  America  and  in  Europe.  It  is  shown 
that  the  Kejimkujik  site  represents  a  system  that  is 
dominated  by  very  dilute  but  highly  organic 
waters  not  found  in  other  study  sites.  (Mertz-PTT) 
W90-05977 

PRECIPITATION  CHEMISTRY  IN  NOVA 
SCOTIA:  1978-1987. 

Nova  Scotia  Dept.  of  the  Environment,  Halifax. 
J  K.  Underwood,  J.  G.  Ogden,  and  D.  H.  Waller. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  13-27,  July/ August  1989.  7  fig,  3  tab,  15 
ref. 

Descriptors:  *Acid  rain,  *Acidic  water,  'Air  pol- 
lution, 'Canada,  'Chemistry  of  precipitation,  'Pre- 
cipitation, Hydrogen  ion  concentration,  Lakes,  Ni- 
trates, Nova  Scotia,  Path  of  pollutants,  Sulfates, 
Water  pollution. 

More  than  1400  precipitation  samples  were  collect- 
ed weekly  from  five  sites  in  Nova  Scotia  between 
1978  and  1987.  High  concentrations  of  H(+),  non- 
marine  S04(-2)  and  N03(-)  were  observed  in  1978 
and  1986.  In  1983,  concentrations  of  all  three  pa- 
rameters were  the  lowest  in  the  data  record.  Fluc- 
tuations in  emissions  for  S02  are  insufficient  to 
account  for  the  variability  observed  in  concentra- 
tion and  deposition  values.  Mean  annual  concentra- 
tions in  1983  were  13  microequivalents/L  for 
H(  +  )  16  microequivalents/L  for  S04(-2),  and  6 
microequivalents/L  for  N03(-).  In  1986,  the  values 
were  35,  28,  and  13  microequivalents/L.  Concen- 
trations in  1978  were  31,  38,  and  16  microequiva- 
lents/L.  Average  pH  of  precipitation  was  4.61 
during  the  10  year  study.  The  two  most  acidic 
years  were  1979  (4.47)  and  1986  (4.46).  In  1983,  the 
average  pH  was  4.89.  The  ratio  (equivalents)  of 
N03(-)  to  S04(-2)  was  0.41,  so  most  acidity  in  the 
precipitation  results  from  H2S04.  However,  multi- 
ple regression  analysis  revealed  the  H(  +  )  is  more 
sensitive  to  changes  in  N03(-)  concentrations  than 
S04(-2).  Ratios  of  summer  vs.  winter  average  con- 
centrations were  examined.  During  summer 
months,  S04(-2)  and  H(  +  )  were  1.8  times  winter 


values.  The^ummer  to  winter  ratio ioi-HQ3(=}  was 
1.4  and  for  NH4(+)  was  2.5.  (Author's  abstract) 
W90-05978 


ESTIMATION  OF  ATMOSPHERIC  DEPOSI- 
TION INPUT  OF  SULPHUR  AND  NITROGEN 
OXIDES  TO  THE  KEJIMKUJIK  WATERSHED: 
1979-1987. 

Atmospheric   Environment   Service,   Downsview 

(Ontario). 

A.  Sirois,  and  P.  W.  Summers. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  29-43,  July/August  1989.  6  fig,  4  tab,  14 

ref. 

Descriptors:  'Acid  rain,  'Canada,  'Chemistry  of 
precipitation,  'Ions,  'Nitrogen,  'Sulfates,  Acidity, 
Air  pollution,  Deposition,  Kejimkujik  National 
Park,  Nova  Scotia,  Seasonal  variation. 

Daily  measurements  of  the  concentrations  of  major 
ions  in  ambient  air  and  in  precipitation  at  Kejimku- 
jik National  Park,  Nova  Scotia,  Canada  over  the 
period  May  1979  to  December  1987  are  used  to 
estimate  the  wet,  dry  and  total  deposition  to  the 
watershed.  Variations  on  three  time-scales  are  ap- 
parent.  The   strongest   variation,   of  up   to   two 
orders  of  magnitude  occurs  on  a  day  to  day  basis 
resulting  in  a  coefficient  of  variation  in  the  range 
of  110  to  140%.  Deposition  is  highly  episodic  with 
the  highest  20%  of  the  daily  events  accounting  for 
55  to  60%  of  the  long-term  deposition.  The  most 
systematic  variation  is  the  annual  cycle  observed 
for  many  of  the  species.  The  air  concentration  of 
S02  has  the  most  pronounced  cycle  with  a  winter 
maximum  and  a  summer  minimum.  The  S04(-2)  air 
concentrations  show  a  smaller  amplitude  and  are 
out-of-phase  with  S02,  showing  a  summer  maxi- 
mum. Air  concentrations  of  HN03  and  particulate 
N03(-)  also  have  an  out-of-phase  annual  cycle, 
with  a  summer  maximum  for  HN03  and  a  summer 
minimum  for  N03(-).  Wet  deposition  of  S04(-2) 
shows   a  broad   maximum   through   the   summer 
months,  but   for  N03(-)  no  systematic  cycle  is 
evident.  On  an  ion  equivalent  basis,  N03(-)  con- 
tributes as  much  as  S04(-2)  to  the  acidity  of  winter 
precipitation,  but  only  one-third  as  much  in  the 
summer  months.  Although  8.7  years  is  too  short  a 
time-scale  to  establish  long  term  variations  with 
any  certainty,  there  does  appear  to  be  an  overall 
downward  trend  in  S  concentrations  and  deposi- 
tion, but  not  for  N.  This  is  not  inconsistent  with 
the  trends  in  the  emissions  of  S02  and  NOx  in  the 
regions  upwind  of  Nova  Scotia.  The  fraction  of  the 
S   input  to  the  watershed   as  dry   deposition  is 
estimated  to  average  22%  of  the  total.  (Author's 
abstract) 
W90-05979 

METEOROLOGICAL  CHARACTERISTICS  OF 
LARGE  ACIDIC  DEPOSITION  EVENTS  AT 
KEJIMKUJIK,  NOVA  SCOTIA. 

Atmospheric     Environment     Service,      Bedford 

(Nova  Scotia). 

For  primary  bibliographic  entry  see  Field  2B. 

W90-05980 


PHYSICAL  AND  CHEMICAL  CHARACTERIS- 
TICS OF  THREE  ACIDIC,  OLIGOTROPHIC 
LAKES  AND  THEIR  WATERSHEDS  IN  KE- 
JIMKUJIK NATIONAL  PARK,  NOVA  SCOTIA. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia). 

J.  Keredes,  B.  Freedman,  S.  Beauchamp,  and  R. 

Tordon. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  99-117,  July/August  1989.  8  tab,  66  ref. 

Descriptors:  'Acid  rain,  'Acidic  water,  'Canada, 
•Chemistry  of  precipitation,  'Oligotrophic  lakes, 
'Physical  properties,  Acid  lakes,  Ammonium, 
Bogs,  Calcium,  Chemical  properties,  Chlorine, 
Deposition,  Hydrogen  ion  concentration,  Magnesi- 
um, Nova  Scotia,  Organic  matter,  Sodium,  Sul- 
fates. 

Southwestern  Nova  Scotia  receives  acidic  precipi- 
tation (average  pH  4.5  to  4.6),  and  there  are  many 
water  bodies  that  are  susceptible  to  acidification. 
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This  study  characterized  the  physical  and  chemical 
features  of  three  remote,  oligotrophy  lakes  and 
their  watersheds  in  this  region,  in  order  to  provide 
baseline  information  against  which  assessments  can 
be  made  of  changes  caused  by  atmospheric  deposi- 
tions. Two  of  the  lakes  are  small  (<  0.5  square  km) 
and  on  headwater  watersheds:  Beaverskin  Lake 
has  an  almost  completely  forested  watershed  and  is 
moderately  acidic  and  clear  (pH  5.3,  5  Hazen 
units),  while  the  watershed  of  Pebbleloggitch  Lake 
is  about  2/3  forested  and  1/3  covered  by  a  Sphag- 
num-heath bog,  and  its  water  is  very  acidic  and 
highly  colored  (pH  4.3,  87  Hazen  units).  Kejimku- 
jik  Lake  is  much  larger,  its  watershed  is  mostly 
forested  but  also  contains  some  boggy  terrain,  its 
water  is  intermediate  in  acidity  and  color  (pH  4.9, 
65  Hazen  units),  and  because  it  drains  a  much 
larger  area  of  watershed  it  has  relatively  large 
concentrations  of  Ca,  Mg,  Na,  CI,  and  S04.  The 
most  prominent  cations  in  precipitation  were  H(  +  ) 
(accounting  for  41.5%  of  total  cation  equivalents), 
Na  (36.5%),  Mg  (7.9%):,  NH4(  +  )  (7.2%),  Ca 
(5.4%)  and  K  (1.5%).  The  most  prominent  anions 
were  CI  (44.4%),  S04(43.5%)  and  N03  (12.1%). 
Average  concentration  of  particulate  S04  (-2)  was 
2.1  microgram/cubic  meter  and  for  S02,  1.5  mi- 
crogram/cubic  meter.  About  71%  of  the  total  S 
deposition  of  7.2  kg/ha/yr  occurred  as  wet  deposi- 
tion of  S04,  while  26%  was  dry  deposition  of  S02, 
and  3%  was  dry  deposition  of  S04.  During  1968  to 
1982  annual  precipitation  averaged  1458  mm/yr,  of 
which  18%  arrived  as  snow.  On  average,  total 
precipitation  was  greater  during  October  to 
March,  compared  with  April  to  September. 
(Mertz-PTT) 
W90-05981 


SOURCES  OF  ACIDITY  IN  FOREST-FLOOR 
PERCOLATE  FROM  A  MAPLE-BIRCH  ECO- 
SYSTEM. 

Great    Lakes    Forestry    Research    Centre,    Sault 

Sainte  Marie  (Ontario). 

P.  W.  Hazlett,  and  N.  W.  Foster. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  87-97,  July/ August  1989.  5  fig,  4  tab,  19 

ref. 

Descriptors:  *Acid  rain,  *Acidic  water,  'Canada, 
•Forest  soils,  *Forest  watersheds,  'Hydrogen  ion 
concentration,  •Soil  water,  Acidity,  Anions,  Calci- 
um, Cations,  Deciduous  forests,  Nitrates,  Ontario, 
Organic  matter,  Percolation,  Seasonal  variation, 
Sulfates. 

Ion  concentrations  in  water  collected  within  a 
forest  of  sugar  maple  and  yellow  birch  at  the 
Turkey  Lakes  Watershed  near  Sault  Ste.  Maria, 
Ontario  were  examined  from  1982  to  1984  to  deter- 
mine sources  of  acidity  and  the  extent  of  cation 
leaching  from  forest-floor  horizons.  Volume- 
weighted  concentrations  and  ion  fluxes  in  through- 
fall  and  forest-floor  percolate  during  the  growing 
and  dormant  seasons  were  calculated.  Hydrogen 
ion  content  of  the  forest-floor  percolate  decreased 
in  relation  to  that  of  throughfall  in  the  dormant 
season  and  increased  in  the  growing  season.  Hy- 
drogen ion  deposition  in  throughfall  could  account 
for  100%  of  the  flux  of  H(  +  )  through  the  forest 
floor  in  the  dormant  period,  and  40%  of  the  flux 
during  the  growing  season.  In  forest-floor  perco- 
late, Ca(  +  2)  concentrations  were  positively  corre- 
lated with  those  of  S04(-2),  N03()  and  organic 
anions  during  both  dormant  and  growing  seasons. 
Sources  of  N03(-)  and  organic  anions  within  the 
ecosystem  and  major  external  inputs  of  N03(-)  and 
S04(-2)  were  critical  factors  that  influenced  cation 
mobility  in  the  forest  floor.  (Author's  abstract) 
W90-05982 


IMPACTS  OF  FORESTS  ON  WATER  CHEMIS- 
TRY. 

Maritimes   Forest   Research   Centre,   Fredericton 

(New  Brunswick). 

For  primary  bibliographic  entry  see  Field  2K. 
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VEGETATION,  SOILS,  AND  ION  TRANSFER 
THROUGH  THE  FOREST  CANOPY  IN  TWO 
NOVA  SCOTIA  LAKE  BASINS. 

Maritimes   Forest   Research   Centre,    Fredericton 


(New  Brunswick). 

For  primary  bibliographic  entry  see  Field  2K. 
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PATTERNS  OF  WATER  CHEMISTRY  AMONG 
TWENTY-SEVEN  OLIGOTROPHY  LAKES  IN 
KEJIMKUJIK  NATIONAL  PARK,  NOVA 
SCOTIA. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  2H. 
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SEASONAL  VARIATIONS  OF  WATER  CHEM- 
ISTRY IN  OLIGOTROPHY  STREAMS  AND 
RIVERS  IN  KEJIMKUJIK  NATIONAL  PARK, 
NOVA  SCOTIA. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia). 

For  primary  bibliographic  entry  see  Field  2K. 
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ALUMINUM  SPECIES  IN  POREWATERS  OF 
KEJIMKUJIK  AND  MOUNTAIN  LAKES, 
NOVA  SCOTIA. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

H.  K.  T.  Wong,  J.  O.  Nriagu,  and  K.  J.  McCabe. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  155-164,  July/August  1989.  3  fig,  1  tab, 
19  ref. 

Descriptors:  *Acid  rain,  'Canada,  'Interstitial 
water,  'Lake  sediments,  'Lakes,  Aluminum, 
Chemical  properties,  Hydrogen  ion  concentration, 
Kejimkujik  National  Forest,  Membrane  filters, 
Nova  Scotia,  Organic  carbon,  Sediments. 

Sediment  porewaters  were  recovered  by  the  mem- 
brane dialysis  technique  from  Kejimkujik  Lake  and 
Mountain  Lake  in  Nova  Scotia  and  analyzed  for 
pH,  dissolved  organic  carbon,  total  (acid  soluble) 
aluminum,  total  reactive  monomelic  aluminum,  or- 
ganic monomelic  aluminum  and  inorganic  mono- 
melic aluminum.  The  results  show  that  in  the 
colored  lake  water  (Kejimkujik),  close  to  100%  of 
the  total  reactive  monomelic  aluminum  fraction  is 
bound  to  organic  matter  and  that  10  to  60%  of  the 
total  aluminum  is  in  the  monomelic  form.  In  the 
Clearwater  lake  (Mountain),  50  to  65%  of  total 
reactive  monomeric  aluminum  fraction  is  associat- 
ed with  organic  matter  and  less  than  4  to  5%  of  the 
total  aluminum  is  in  the  monomeric  form.  The 
concentrations  of  reactive  monomeric  species  in 
organic-rich  porewaters  decrease  with  time  of  stor- 
age due  to  the  precipitation  of  organo-Al  com- 
pounds. Model  calculations  using  the  porewater 
profiles  of  Al  suggest  that  the  sediment  can  be  an 
important  source  of  dissolved  Al  to  the  overlying 
water.  (Author's  abstract) 
W90-05988 


CHEMICAL  CHARACTERIZATION  OF  SEV- 
ERAL WETLANDS  IN  KEJIMKUJIK  NATION- 
AL PARK,  NOVA  SCOTIA. 

Canadian  Wildlife  Service,  Hull  (Quebec).  Sustain- 
able Development  Branch. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05990 


FINNISH  LAKE  SURVEY:  THE  ROLE  OF  OR- 
GANIC AND  ANTHROPOGENIC  ACIDITY. 

National    Board    of  Waters,    Helsinki    (Finland). 

Water  Research  Inst. 

P.  Kortelainen,  J.  Mannio,  M.  Forsius,  J.  Kamari, 

and  M.  Verta. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  235-249,  July/August  1989.  5  fig,  2  tab, 

33  ref. 

Descriptors:  'Acid  lakes,  'Acid  rain,  'Finland, 
'Humic  acids,  'Hydrogen  ion  concentration, 
'Lakes,  'Organic  carbon,  'Organic  matter,  'Sur- 
veys, 'Water  chemistry,  Acidic  water,  Acidity, 
Anions,  Peat  soils,  Precipitation,  Sulfates. 

A  lake  survey  consisting  of  987  randomly  selected 
lakes  was  conducted  in  Finland  in  autumn  1987. 


The  survey  covered  the  .whole  country,  and  the 
water  quality  of  the  lakes  can  be  considered  as 
representative  of  the  approximately  56,000  lakes 
larger  than  0.01  square  km  in  Finland.  The  median 
total  organic  carbon  concentrations  was  12  mg/L 
and  the  median  pH  6.3.  The  proportion  of  lakes 
with  total  organic  carbon  concentrations  >  =  5 
mg/L  in  the  whole  country  was  91%.  Organic 
anion  is  the  main  anion  in  the  full  data  set  (median 
89  microequivalents/L).  The  high  organic  matter 
concentrations  in  Finnish  lakes  were  associated 
with  catchment  areas  containing  large  proportions 
of  peatlands  and  acid  organic  soils  under  conifer- 
ous forest.  The  survey  demonstrated  that  organic 
matter  strongly  affects  the  acidity  of  lakes  in  Fin- 
land. The  decreasing  effects  of  organic  matter  on 
the  pH  values  was  demonstrated  by  both  regres- 
sion analysis  and  ion  balances.  At  current  deposi- 
tion levels  of  S04  the  pH  of  humic  lakes  in  Finland 
is  determined  to  a  greater  extent  by  high  total 
organic  carbon  concentrations  than  by  S04  in 
most  areas.  In  lakes  with  pH  values  lower  than  5.5 
the  average  organic  anion  contribution  is  56%  and 
nonmarine  sulfate  contribution  39%.  However,  in 
the  southern  parts  of  the  country,  where  the  acidic 
deposition  is  highest,  the  minerogenic  acidity  com- 
monly exceeds  the  catchment  derived  organic 
acidity.  (Author's  abstract) 
W90-05996 


RAIN  PROJECT:  ROLE  OF  ORGANIC  ACIDS 
IN  MODERATING  PH  CHANGE  FOLLOWING 
REDUCTION  IN  ACID  DEPOSITION. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

R.  F.  Wright. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  251-259,  July/August  1989.  4  fig,  2  tab, 

10  ref. 

Descriptors:  'Acid  rain,  'Acid  water,  'Chemistry 
of  precipitation,  'Norway,  'Soil  chemistry, 
'Water  chemistry,  Acidity,  Alkalinity,  Anions,  Ca- 
tions, Chemical  properties,  Hydrogen  ion  concen- 
tration, Organic  acids,  Organic  carbon,  Runoff, 
Sulfates,  Surveys. 

The  RAIN  project  (Reversing  Acidification  In 
Norway)  entails  catchment-scale  experimental  ma- 
nipulations to  investigate  the  effect  on  water  and 
soil  chemistry  of  drastic  changes  in  precipitation 
chemistry.  At  Risdalsheia  in  southernmost  Norway 
wet  deposition  of  acid  is  excluded  from  a  860 
square  meter  headwater  catchment  by  means  of  a 
roof  and  clean  precipitation  is  added  beneath.  Four 
years  of  acid  exclusion  (through  June  1988)  have 
resulted  in  lower  concentrations  of  the  strong  acid 
anions  N03  (from  35  to  7  microequivalents/L)  and 
S04  (from  110  to  53  microequivalents/L)  in 
runoff.  The  decline  in  strong  acid  anion  concentra- 
tions has  been  compensated  partially  by  a  decrease 
in  concentrations  of  base  cations  (55%)  and  partial- 
ly by  an  increase  in  alkalinity  (45%).  pH  has  in- 
creased only  slightly  from  4.0  to  4.1.  Organic  acids 
have  become  increasingly  important  for  the  pH  of 
runoff.  Runoff  from  the  shallow  organic  soils  con- 
tains 10  to  20  mg  C/L  total  organic  carbon.  The 
concentration  of  organic  anions  (estimated  from 
the  ionic  balance)  has  increased  from  about  22 
microequivalents/L  in  1984  to  49  microequivalents 
organic  acids  and  not  to  change  in  total  organic 
carbon  concentrations.  The  organic  C  in  these  acid 
samples  apparently  has  a  maximum  charge  density 
of  about  4.5  microequivalents/mg  C  and  pK  of 
about  4.  (Author's  abstract) 
W90-05997 


APPLICATION  OF  HYDROLOGICAL  MODEL 
TO  ACIDIFIED  WATERSHEDS:  A  STUDY  ON 
MERSEY  RIVER  AND  MOOSEPIT  BROOK, 
NOVA  SCOTIA. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
A.  G.  Bobba,  and  D.  C.  L.  Lam. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  261-275,  July/August  1989.  8  fig,  2  tab, 
20  ref. 

Descriptors:  'Acid  rain,  'Acid  streams,  'Canada, 
•Forest  watersheds,  'Hydrologic  models,  'Model 
studies,  'Runoff,  Comparison  studies,  Nova  Scotia, 
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Organic  carbon,  Rank  order  correlation,  Rivers, 
Snowmelt,  Snowpack,  Statistical  analysis,  Stream- 
flow,  Streams,  Sulfates. 

A  hydrological  model  has  been  applied  to  Mersey 
River  and  Moosepit  Brook  watersheds,  Nova 
Scotia.  Observed  data  was  compared  with  simulat- 
ed results.  To  quantify  the  model  performance, 
three  statistical  methods  were  used:  the  rank  order 
correlation;  the  mean  relative  error;  and  the  coeffi- 
cient of  efficiency.  The  hydrological  model  has 
been  applied  successfully  to  the  watersheds  with 
reasonably  good  predictions  of  the  runoff,  water 
equivalent  and  sulfate  in  the  snow  pack  and  dis- 
solved organic  carbon.  The  calibrated  model  coef- 
ficients were  fairly  consistent  with  known  geologi- 
cal and  geomorphological  characteristics  at  these 
watersheds.  The  relationship  between  the  hydrolo- 
gy and  dissolved  organic  carbon  was  demonstrat- 
ed particularly  during  snowmelt  episodes  and 
among  the  watersheds.  Relationships  between 
stream  flow  and  dissolved  organic  carbon  was  also 
observed.  In  general,  with  the  hydrological  com- 
ponents verified  by  the  flow  data,  the  stage  is  now 
set  for  linking  this  hydrological  model  with  hydro- 
geochemical  models.  (Mertz-PTT) 
W90-05998 

MODELING  ORGANIC  AND  INORGANIC 
ACIDITY  IN  TWO  NOVA  SCOTIA  RIVERS. 

National  Water  Research  Inst.,  Burlmgton  (Ontar- 
io. C.  L.  Lam,  A.  G.  Bobba,  R.  A.  Bourbonniere, 
G.  D.  Howell,  and  M.  E.  Thompson.  „,,,., 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  277-287,  July/ August  1989.  4  fig,  2  tab, 
16  ref. 

Descriptors:  *Acid  rain,  *Acidic  streams,  'Acidic 
water,  'Canada,  'Model  studies,  'Organic  acids, 
•Watersheds,  Anions,  Chemical  properties,  Color, 
Comparison  studies,  Hydrogen  ion  concentration, 
Kinetics,  Nova  Scotia,  Rivers,  Sulfates. 

A  watershed  acidification  model  was  modified  to 
include  organic  acids  and  applied  to  the  colored 
Moose   Pit   Brook   and   Mersey   River   in   Nova 
Scotia  Comparison  with  1983-1985  data  confirmed 
the  capability  of  the  model  to  explain  the  different 
levels  of  organic  and  inorganic  acidity  exhibited  by 
the  two  rivers.  During  model  calibration  for  both 
rivers,  the  charge  density  was  set  at  about  4  mi- 
croequivalents  organic  anion/mg  C  of  dissolved 
organic  carbon,  as  compared  to  a  value  of  10 
previously  reported.  The  difference  was  significant 
and  could  affect  the  predicted  pH  substantially. 
The  three-component  formulation  can  be  extended 
to  allow  mixture  of  organic  functional  groups  with 
different  charge  densities,  each  with  different  pKs. 
However,  since  no  data  were  available  on  these 
constants  as  formulated  for  the  two  rivers,  the 
advantage  of  using  a  triprotic  or  other  organic  acid 
formulation  was  not  fully  demonstrated.  The  com- 
puted  results   indicated   that   the   organic   anion 
model  constants  were  as  sensitive  and  hence  equal- 
ly as  important  as  the  sulfate  input  parameter  in 
both  watersheds.  Thus,  the  model  shows  that  the 
decrease  or  increase  of  sulfate  inputs  to  these  two 
colored  streams  does  not  cause  as  large  a  change  in 
the  mean  pH  as  in  clear  water  systems.  This  result 
confirmed  the  importance  of  the  organic  anions  as 
buffering  agents.  (Mertz-PTT) 
W90-05999 

SPATIAL  CHARACTERIZATION  OF  ACIDIFI- 
CATION RELATED  PARAMETERS  IN  SENSI- 
TIVE REGIONS  OF  ATLANTIC  CANADA. 

National  Water  Research  Inst.,  Burlington  (Omar- 
s' R.  Esterby,  A.  H.  El-Shaarawi,  G.  D.  Howell, 
andT.  A.Clair.  „  ,,  ■   ., 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  289-303,  July /August  1989.  7  fig,  4  tab, 
12  ref. 

Descriptors:  'Acid  lakes,  'Acid  rain,  'Acidic 
water,  'Air  pollution,  'Canada,  'Color,  'Lakes, 
'Water  pollution,  Alkalinity,  Calcium,  Chemical 
properties,  Chlorides,  Cluster  analysis,  Component 
ordination.,  Conductivity,  Daa  analysis,  Marine 
aerosols,  Newfoundland,  Nova  Scotia,  Surveys, 
Weathering. 


Many  lakes  in  eastern  Canada  are  sensitive  to  long 
range  transport  of  atmospheric  pollutants  because 
of  their  low  buffering  capacity.  Thus,  it  is  impor- 
tant to  assess  long-term  changes  in  water  quality. 
Due  to  the  large  number  of  lakes,  a  method  was 
needed  for  choosing  a  subset  of  lakes  to  monitor 
regularly.  Preliminary  surveys  were  conducted  in 
Nova  Scotia  and  Newfoundland  in  which  water 
quality   parameters   connected   with   acidification 
were  measured  in  a  set  of  lakes  in  each  region. 
Lakes  were  divided  into  several  groups,  with  lakes 
in  a  group  having  similar  water  quality  parameter 
values,  by  means  of  cluster  analysis  and  principal 
component  ordination.  The  lakes  from  both  prov- 
inces were  divided  into  two  large  clusters  in  Nova 
Scotia  and  three  large  clusters  in  Newfoundland, 
with  important  differences  between  the  parameters 
of  the  groups.  A  number  of  small  clusters  account- 
ed for  less  common  lake  types.  For  both  provinces, 
water  color  was  an  important  variable  in  the  deter- 
mination of  the  membership  of  the  large  clusters. 
In  Nova  Scotia  both  large  clusters  had  similar 
characteristics  for  alkalinity,  Ca,  chloride,  and  to  a 
lesser  extent,  conductivity,  the  parameters  related 
to  terrestrial  weathering  and  marine  aerosol.  For 
Newfoundland  lakes,  two  large  clusters  displayed 
the  difference  in  acidity  related  parameters  togeth- 
er with  similarity  in  weathering  and  marine  related 
parameters,  as  found  for  Nova  Scotia,  and  a  third 
large    cluster,    characteristic    of   less    susceptible 
lakes,  had  higher  pH  values  and  low  color.  (Mertz- 
PTT) 
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UPTAKE  AND  CATABOLISM  OF  TRIBUTYL- 
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Chlorinated  hydrocarbons,  Endnn,  Halogenated 
pesticides,  Path  of  pollutants,  Terbacil,  Water  sam- 
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groundwater   years  after   use   has,xeased.   (Ver- 

Nooy-PTT) 
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While  it  is  known  that  cadmium  is  concentrated 
from  the   water  to  the  tissues  of  aquatic  biota 
through   respiration  and  surface  adsorption,   the 
role  of  food   in  the  uptake  of  Cd  is  not   well 
understood.  Often  the  exact  quantity  and  Cd  con- 
centration of  the  food  consumed  is  unknown,  with 
the  food  items  being  either  sediment  or  a  mixture 
of  microplankton.  In  the  present  study,  the  flux  of 
dietary  Cd  was  monitored  using  the  mass  balance 
technique  with  the  dragonfly  nymph  (Aeshna  can- 
adensis). Using  a  predatory  test  organism,  enabled 
researchers  to  feed  the  animals  discrete,  quantifi- 
able prey  items  of  known  metal  concentration. 
Nymphs  were  first  fed  blackflies  (Simulium  sp.) 
having  Cd  levels  typical  of  relatively  unpolluted 
waters.  In  the  second  experiment,  nymphs  were 
fed  blackflies  containing  49  to  75  micrograms  Cd/ 
g  dry  weight.  The  Cd  concentration  of  fecal  pellets 
was  significantly   higher   than   that  of  the   food 
source  concentration  (p   <  0.05)  in  both  experi- 
ments, resulting  in  metal  enrichment  factors  of  7.95 
and  5.3  for  experiments  1  and  2,  respectively.  Mass 
balance  calculations  indicate  that  total  Cd  egested 
in  experiment  1  was  significantly  greater  than  the 
total  Cd  ingested  (p  <  0.02).  This  excess  Cd  might 
be  explained  by  the  ability  of  the  odonate  fecal 
pellets  to  scavenge  metal  ions  out  of  the  water 
column.  Nymphs  fed  the  high  Cd  diet  of  experi- 
ment 2  had  significantly  higher  Cd  than  those  of 
experiment  1.  Complete  mass  balances  were  calcu- 
lated for  each  of  five  sacrificed  nymphs.  In  4/5 
nymphs  analyzed,  the  quantity  of  Cd  egested  or 
accumulated  in  the  body  was  greater  than  the 
quantity  ingested,  resulting  in  an  overall  net  in- 
crease in  the  metal.  The  consistency  of  the  metal 
concentration,  both  between  prey  organisms  and 
over  time,  should  be  ascertained  to  provide  for  an 
accurate  assessment  of  the  metal  intake  of  the 
predator.  (VerNooy-PTT) 
W90-06036 


Commercial  apple  and  peach  orchards  in  the  east- 
ern panhandle  of  West  Virginia  typically  receive 
10  to   13  pesticide  applications  per  year  for  the 
control  of  arthropod  pests  and   diseases.   Water 
used  for  spray  application  is  obtained  primarily 
from  wells  located  at  or  near  pesticide  mixing  sites 
within  or  adjacent  to  the  orchards.   Because  of 
heavy  pesticide  usage  in  orchards  and  the  nature  of 
the  soil  structure  in  the  eastern  panhandle,  this 
study  was  conducted  during   1985  and    1986  to 
evaluate  wells  associated  with  orchards  for  pesti- 
cide contamination.  Twenty  wells  associated  with 
orchards  were  sampled   including  wells  located 
within  and  adjacent  to  orchards,  wells  located  at 
pesticide  mixing  sites  and  various  distances  from 
mixing  sites,  and  wells  with  various  use  patterns 
(household,  pesticide  mixing,  or  both).  All  wells 
were   sampled    monthly   from   May   to   October 
during  1985;  those  5  wells  with  detectable  pesticide 
residues  were  sampled  monthly  from  April  to  No- 
vember in  1986.  No  pesticides  were  found  in  15  of 
the  20  wells  sampled.  Five  wells  contained  terbacil 
residues  in    1985   (up  to    1.2   ppb);   however  no 
terbacil  was  detected  in   1986.  Four  of  the  live 
wells  with  terbacil  residues  also  had  residues  of 
endrin  (0.1  to  1.6  ppb).  Endrin  was  commonly  used 
from  1955  to  the  early  1970's  as  a  single  ground 
application  per  year  for  orchard  vole  control.  Al- 
though endrin  is  no  longer  used,  its  detection  in 
this  study  reveals  the  persistence  and  potential  of 
this    chlorinated     hydrocarbon    to    contaminate 
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Carbaryl,  a  methyl  carbamate  insecticide,  is  known 
for  its  wide  application  and  low  mammalian  toxici- 
ty. Carbaryl  is  an  unstable  compound  and  breaks 
down  to  1-naphthol  and  to  unidentified  metabolites 
which  are  water  soluble.  The  residues  of  1-naph- 
thol present  in  soil  and  water  samples  collected  in 
and  around  Bhopal,  India  where  carbaryl  was 
commercially  produced  on  large  scale  for  more 
than  a  decade,  were  measured.  Sixty  two  samples 
of  soil,  surface  and  ground  waters  (ponds,  well  and 
hand  pumps)  were  obtained  from  different  loca- 
tions in  and  around  Bhopal.  Presence  of  1-naphthol 
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was  found  in  all  the  samples  subjected  to  gas-liquid 
chromatography  analysis.  Water  samples  of  wells 
had  the  minimal  residual  contents  (0.012  ppm)  and 
varied  between  0.002  to  0.024  ppm.  Samples  from 
handpumps  and  ponds  were  0.026  ppm  (0.017  to 
0.048  ppm)  and  ponds  from  0.036  to  0.088  ppm, 
respectively.  Soil  samples  obtained  from  ponds, 
however,  showed  alarming  levels  of  1-naphthol  at 
0.153  to  0.6565  ppm.  More  studies  are  in  progress 
to  quantitate  the  specific  metabolite  or  ail  possible 
metabolites  of  carbaryl  present  in  water  and  soil 
samples  collected  from  Bhopal.  (VerNoov-PTT) 
W90-06038  y     "> 


OCCURRENCE  AND  SEASONAL  VARIATION 
OF  HEAVY  METALS  IN  THE  OYSTER  SAC- 
CROSTREA  IRIDESCENS. 

Universidad     Nacional     Autonoma    de    Mexico, 

Mexico  City.  Inst,  de  Ciencias  del  Mar  y  Limnolo- 

gia. 

F.  Paez-Osuna,  and  C.  Marmolejo-Rivas. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  1,  p  129-134 

January  1990.  4  fig,  2  tab,  12  ref. 
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The  oyster  Saccrostrea  iridescens  (naley,  1854)  is  a 
marine  species  of  mollusc  which  is  widely  utilized 
for  human  consumption  in  Mexico,  particularly 
along  the  Pacific  coast.  Oysters  were  collected 
monthly  in  the  northwest  coast  of  Mexico  (South- 
ern Gulf  of  California)  between  August  1985  and 
May  1986.  Heavy  metal  concentrations  in  the  orga- 
nisms sampled  by  divers  from  a  depth  of  2  to  10  m 
were  determined  for  total  flesh  (n  =  6);  average 
concentrations  were  3.6  micrograms/g  for  Cd,  20  4 
for  Cu,  93  for  Fe,  9.4  for  Mn,  1.7  for  Ni,  and  402 
micrograms/g  for  Zn.  Analyses  were  also  run  for 
chromium,  cobalt,  and  lead.  Both  zinc  and  copper 
showed  the  highest  concentration  in  October  and 
the  lowest  in  April  (p  =  0.01)).  With  exception  of 
one  month,  the  levels  of  cadmium  and  iron  were 
relatively  constant,  while  the  cobalt,  nickel  and 
lead  simultaneously  showed  a  light  enrichment  in 
the  months  of  autumn-winter,  when  the  tempera- 
tures of  seawater  in  the  locality  decrease  from  a 
range  of  29  to  34  C,  to  23  to  25  C.  Results  of  this 
study  are  due,  at  least  in  part,  to  variation  of  the 
size  (age)  of  the  oyster  depending  on  the  season. 
Copper  and  zinc  were  positively  correlated  with 
size  (p  =  0.05  and  p  =  0.01),  while  chrome  and 
manganese  were  negatively  correlated  (p  =  0.01 
for  both).  Samples  having  seasonally  high  size  (as 
length)  were  found  to  have  seasonally  low  concen- 
trations of  Cr  and  Mn  and  high  concentrations  of 
Cu  and  Zn.  (VerNooy-PTT) 
W90-06039 


LIFE  TABLE  EVALUATION  OF  THE  EFFECTS 
OF  CADMIUM  EXPOSURE  ON  THE  FRESH- 
WATER CLADOCERAN,  MOINA  MACRO- 
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Bivalves  and  other  sessile  estuarine  organisms  have 
been  increasingly  targeted  as  sentinels  of  ambient 
levels  of  heavy   metals  in   the  water  column  of 


coastal  estuaries.  As  part  of  an  extensive  NOAA 
program  sampling  bivalves  to  monitor  heavy 
metals  along  coastlines,  Crassotrea  virginica  were 
collected  in  the  Mississippi  Sound.  At  each  of  five 
sites  in  January,  1988,  30  oysters  were  collected. 
Six  from  each  site  were  analyzed  for  lead  (Pb) 
cadmium  (Cd),  iron  (Fe),  copper  (Cu),  cobalt  (Co),' 
manganese  (Mn),  zinc  (Zn),  silver  (Ag),  nickel 
(Ni),  mercury  (Hg),  aluminum  (Al),  chromium 
(Cr),  molybdenum  (Mo)  and  vanadium  (V).  Mean 
values  of  Pb,  Fe,  Co,  Mn,  Ni,  Al,  and  Cr  appear  to 
be  elevated  in  oysters  at  the  seriously  polluted 
Pascagoula  River  and  Twin  Island  sites,  compared 
to  other  sites.  These  areas  also  had  the  smallest 
oysters,  and  the  largest  oysters  were  from  Grave- 
line  Bayou,  which  also  had  the  lowest  overall 
values  of  Cd,  Fe,  Cu,  Mn,  Zn  and  Al.  Complica- 
tions experienced  when  comparing  this  data  to 
those  from  previous  heavy  metal  studies  are  dis- 
cussed. Problems  addressed  in  this  study  but  not 
resolved  include  size  variations  in  organisms,  geo- 
graphical and  genetic  differences,  individual  varia- 
bility in  metal  uptake  ability,  ingestion  of  sediment 
particles,  and  induction  of  metal  binding  proteins 
(VerNooy-PTT) 
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Americium  (Am)  and  Curium  (Cm)  isotopes  are 
produced  by  nuclear  reactions  in  commercial  reac- 
tors  and   are   major   components   of  high   level 
wastes.  Am241  is  also  a  decay  product  of  plutoni- 
um-241  (Pu241).  Both  elements  bind  strongly  to 
sediments  which  may  be  the  principal  source  for 
uptake  by  benthic  organisms  in   freshwater  and 
marine  environments.  The  bioaccumulation  of  Am 
and  Cu  by  freshwater  invertebrates  was  examined 
in    laboratory   experiments,    using   the   amphipod 
Hyalella  sp.  and  oligochaete  Tubifex  spp.  Orga- 
nisms were  exposed  to  one  of  the  isotopes  from 
one  of  four  sources  (water,  sand,  detritus  or  NBS 
sediments)  and  samples  were  taken  after  1  hour,  1 
day,  and  5  days  of  continual  exposure.  Measurable 
concentrations  of  Am241  were  transferred  to  Hya- 
lella from  labeled  water,  sand  and  detritus,  and 
accumulations   from    water   occurred    rapidly   to 
produce  concentrations  in  the  organisms  after  1 
hour   that    were   nearly    2   orders   of  magnitude 
higher  than  the  soluble  concentrations.  Accumula- 
tion of  Am241  by  Tubifex  was  very  similar  to  that 
by  Hyalella.  Soluble  activity  of  Cm  increased  with 
time  in  both  Hyalella  and  Tubifex  experiments  and 
exceeded  the  activity  in  the  controls  by  nearly  an 
order  of  magnitude  after  5  days.  Accumulation  of 
Cm244  from  labeled  water  by  both  organisms  was 
very  rapid.  After  1  hour  about  15%  of  the  added 
Cm  had  accumulated  in  tubifex  and  35%  had  accu- 
mulated in  Hyaleila.  After  5  days,  75  to  85%  of 
Cm244  was  found  in  the  organisms  compared  to 
about  35%  of  Am241.  In  the  experiments  with 
labeled    particulates,    measurable    concentrations 
were  never  seen  in  organisms.  (VerNooy-PTT) 
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The  distribution  of  Plutonium  (Pu239,240)  and 
Americium  (Am241)  derived  from  authorized  dis- 
charges of  the  British  Nuclear  Fuels  pic  Sellafield 
reprocessing  plant  was  studied  in  sediments  and 
interstitial  water  of  the  north-east  Irish  Sea  to 
examine  the  post-depositional  behavior  and  to 
assess  the  potential  for  remobilization  of  the  two 
radionuclides.  The  solid  phase  profiles  of 
Pu239,240  and  Am24I  have  major  subsurface 
peaks  which  are  not  related  to  the  distribution  of 
organic  carbon,  iron,  or  manganese,  but  may  re- 
flect the  history  of  discharge  from  Sellafield.  The 
interstitial  water  profiles  of  reduced  Pu  and  Am 
also  show  major  subsurface  peaks  which  are  not 
related  to  the  diagenetic  processes  or  organic 
matter  oxidation  by  oxygen  or  nitrate,  nor  to  the 
remobilization  of  Fe  and  Mn.  The  interstitial 
waster  radionuclide  profiles  show  a  qualitative  re- 
lationship with  the  soil  phase  radionuclide  profiles 
and  this  suggests  an  adsorption/desorption  process 
described  by  apparent  distribution  coefficients  in 
the  range  of  170,000  to  1,180,000  for  reduced  Pu 
and  350,000  to  890,000  for  reduced  Am.  However, 
systematic  variations  of  this  measured  apparent 
distribution  coefficient  with  depth  for  Pu  (and 
possibly  Am)  suggest  that  the  sediment/interstitial 
water  system  is  not  at  equilibrium.  Available  data 
do  not  support  the  suggestion  that  dissolved  organ- 
ic carbon  is  responsible  for  complexing  Pu  in  the 
interstitial  water.  Scavenging  of  Pu  and  Am  by 
precipitating  oxide  phases  near  the  sediment  sur- 
face is  suggested.  (Author's  abstract) 
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Arsenic  and  iron  concentrations  were  measured  in 
surficial  sediments  and  in  interstitial  and  overlying 
waters  at  22  littoral  stations  at  16  lakes.  The  lakes 
were  chosen  to  cover  values  of  pH  between  4.0 
and  8.4  and  various  As  concentrations.  Depth- 
distributions  of  dissolved  As  and  Fe  concentrations 
suggest  a  close  association  of  both  elements  in  a 
dissolution-diffusion-precipitation  cycle  for  Fe  and 
adsorbed  As.  Using  a  simplified  version  of  the 
surface  complexation  model,  apparent  adsorption 
constants  of  As  onto  natural  Fe  oxyhydroxides 
have  been  calculated  from  the  concentrations  of 
As  and  Fe  determined  in  leachates  of  surficial  lake 
sediments  and  the  in  situ  measurement  of  dissolved 
As  in  their  respective  overlying  wasters.  These 
calculations  assume,  based  on  thermodynamic  con- 
siderations and  experimental  evidence,  that  only 
As(V)  is  associated  with  the  natural  Fe  oxyhydrox- 
ides. The  binding  intensity  values  obtained  from 
these  lakes  are  compared  to  those  obtained  for  the 
adsorption  of  As(V)  onto  various  synthetic  iron 
oxyhydroxides  in  well-defined  media.  The  binding 
constants  derived  from  field  measurements  agree 
well  with  those  obtained  from  laboratory  experi- 
ments performed  with  amorphous  Fe  oxyhydrox- 
ides. (Author's  abstract) 
W90-O6057 


MICROBIAL    OXIDATION    OF   CRUDE    Oli 
HYDROCARBONS  IN  DANUBE  WATER. 

Slovenska  Akademia  Vied,  Bratislava  (Czechoslo- 


84 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution— Group  5B 


vakia).  Ustav  Experimentalenj  Biologie  a  Ekolo- 

gie- 

B.  Trzilova,  and  L.  Miklosovicova. 

Archiv  fuer  Hydrobiologie,  Supplement  AHBSA8, 

Vol.  84,  No.  1,  p  1-19,  January  1990.  12  fig,  13  ref. 

Descriptors:  *Biodegradation,  'Danube  River, 
♦Fate  of  pollutants,  'Microbial  degradation,  'Oil 
pollution,  *Water  pollution  treatment,  Bacteria, 
Chromobacter,  Flavobacterium,  Hydrocarbons, 
Pseudomonas. 

Bacterial  degradation  of  soluble  hydrocarbons  in 
water  of  the  Danube  River  was  studied  experimen- 
tally. Total  organotrophic  bacteria  and  bacteria  of 
the  genera  Pseudomonas,  Flavobacterium  and 
Chromobacterium  survived  and  grew  in  contami- 
nated Danube  water  under  static  conditions  and 
with  aeration;  this  applied  to  hydrocarbon  concen- 
trations of  up  to  500  mg/L.  Bacterial  growth  rate 
and  the  degradation  rate  of  soluble  hydrocarbons 
were  both  high  during  the  first  three  days.  Bacte- 
rial respiration  was  most  intensive  from  the  3rd 
through  7th  day  of  exposure,  and  depended  on  the 
composition  of  the  bacterial  microflora.  (Lantz- 
PTT) 
W90-06059 

SPECIATION  OF  PHOSPHORUS  IN  THE  AL- 
TENWORTH-RESERVOIR  OF  THE  RIVER 
DANUBE. 

Bundesversuchs-  und  Forschungsanstalt  Arsenal, 

Vienna  (Austria).  Geotechnical  Inst. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06060 

EVALUATION  OF  THE  SPECIATION  OF  IN- 
ORGANIC CONSTITUENTS  IN  SEDIMENTS 
OF  THE  RESERVOIR  AT  ALTENWORTH  OF 
THE  RTVER  DANUBE. 

Bundesversuchs-  und  Forschungsanstalt  Arsenal, 

Vienna  (Austria).  Geotechnical  Inst. 

M.  Sager,  R.  Pucsko,  and  R.  Belocky. 

Archiv  fuer  Hydrobiologie,  Supplement  AHBSA8, 

Vol.  84,  No.  1,  p  37-72,  January  1990.  12  tab,  43 

ref. 

Descriptors:  'Altenwoerth  Reservoir,  'Chemical 
speciation,  'Metals,  'Path  of  pollutants,  'Pollutant 
identification,  'Sediment  contamination,  Alumi- 
num, Arsenic,  Calcium,  Chromium,  Copper, 
Danube  River,  Heavy  metals,  Iron,  Lead,  Magne- 
sium, Manganese,  Nickel,  Particle  size,  Phospho- 
rus, Potassium,  Zinc. 

For  the  evaluation  of  the  chemical  speciation  of 
major  and  trace  elements  in  fine  sediments  of  the 
Danube  River,  two  independent  consecutive  leach- 
ing techniques  were  applied.  The  elements  Al,  As, 
Ca,  Co,  Cr,  Cu,  Fe,  K,  Mg,  Mn,  Ni,  P,  Pb,  and  Zn 
have  been  investigated  in  the  grain  size  fractions  > 
20  microns,  20-60  microns,  60-200  microns,  and 
unsieved,  6  times  within  a  year  at  three  sampling 
sites  in  the  Altenwoerth  Reservoir.  Location  and 
season   seem  insignificant,   grain   size   effects   are 
dominating.  Correlation  of  the  data  from  the  un- 
sieved samples  with  the  mean  diameter,  shows  that 
all  total  decomposition  data  are  grain  size  depend- 
ent, indicating  dilution  by  quartz.  In  the  leaching 
procedures,  the  bulk  fractions  can  be  found,  which 
are    purely    geogenic,    while    the    surface-bound 
amounts  could  have  passed  into  the  sediments  via 
the  solution.  For  comparison,  results  from  data  of 
the  literature,  obtained  with  similar  procedures,  are 
briefly  reviewed.  In  the  samples  from  the  Danube, 
Cr,  CU,  Co  and  Ni  are  rather  immobile  and  geo- 
genic. The  anthropogenic  load  of  Pb  and  Zn,  al- 
ready detectable  by  total  decomposition  and  clay 
minerals.  Concerning  Fe,  two  amorphous  phases 
could  be  distinguished  by  sequence  I;  the  oxalate 
extractable  surface  layer  contains  many  trace  ele- 
ments. Some  P  could  be  attributed  to  bulky  geo- 
genic apatite.  Desorption  sites  and  possible  uncer- 
tainties of  the  applied  procedures  are  discussed  by 
cross  correlations  between  the  different  leached 
amounts  and  by  intercorrelations  between  the  two 
sequences.  Leaching  with  ethanol  failed  to  yield 
organically  bound  amounts.  Leaching  with  neutral 
ammonium  chloride  yields  less  'exchangeable'  Ca, 
Mg,  Mn,  P,  Pb,  and  Zn  than  with  ammonium 
acetate.  The  correlations  of  leached  fractions  with 


dissolved  components  in  the  interstitial  water  as 
well  as  with  the  composition  of  main  minerals  are 
poor,  the  latter  showing  the  dominant  role  of  non- 
crystalline solids  in  environmental  behavior. 
(Lantz-PTT) 
W90-06061 

STUDY  OF  THE  PRIMARY  PRODUCTIVITY 
IN  THE  SHATT  AL-ARAB  ESTUARY  AT 
BASRAH,  IRAQ. 

Basrah  Univ.  (Iraq).  Dept.  of  Biology. 

R.  A.  M.  Hadi,  A.  H.  A.  Al-Mousawi,  and  A.  J.  M. 

Al-Zubaidy. 

Journal  of  Biological  Science  Research  (Baghdad) 

JBSREF,  Vol.  20,  No.  3,  p  593-606,  September 

1989.  4  fig,  1  tab,  32  ref. 

Descriptors:  'Primary  productivity,  'Shatt  Al- 
Arab  River,  'Water  pollution  effects,  'Water  pol- 
lution sources,  Ammonia,  Basrah,  Chlorophyll  a, 
Industrial  wastewater,  Iraq,  Municipal  wastewater, 
Nutrients,  Organic  carbon,  Phosphates,  Silicon. 

Primary  productivity  was  measured  in  the  Shatt 
Al-Arab  estuary  and  five  of  its  main  canals  around 
the  center  of  City  of  Basrah.  The  primary  produc- 
tivity of  the  estuary  and  two  of  its  eastern  canals 
was  rather  low,  ranging  from  18.5  to  52.9  cu  mg 
C/h.  The  primary  productivity  in  three  of  its  west- 
ern canals  (major  sewage-discharging  canals)  was 
very  high  and  ranged  from  31.5  to  3180.9  cu  mg 
C/h.  Chlorophyll-a  analysis  at  the  same  stations 
showed  a  similar  trend.  These  variations  were  doc- 
umented with  ammonia  nitrogen,  phosphate  phos- 
phorus, and  silicon  dioxide  silicon  results.  These 
results  indicate  that  sewage  and  industrial  wastes 
of  Basrah  cause  an  increase  in  nutrient  content,  and 
probably  the  primary  productivity,  of  the  western 
canals.  In  Shatt  Al-Arab  however,  the  effect  was 
less  prominant.  Agricultural  runoff  at  this  time 
seems  to  have  little  effect  on  the  primary  produc- 
tivity in  the  eastern  canals.  (Lantz-PTT) 
W90-06065 


W90-06077 

EFFECT  OF  SNOW  AND  SOIL  FROST  MELT- 
ING ON  THE  CONCENTRATIONS  OF  SUS- 
PENDED SOLIDS  AND  PHOSPHORUS  IN 
TWO  RURAL  WATERSHEDS  IN  WESTERN 
FINLAND. 

National    Board    of  Waters,    Helsinki    (Finland). 
Water  Research  Inst. 
S.  Rekolainen. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  3,  p  211- 
223,  1989.  6  fig,  1  tab,  35  ref. 

Descriptors:  'Finland,  'Nonpoint  pollution 
sources,  'Phosphorus,  'Runoff,  'Snowmelt,  'Sus- 
pended solids,  'Water  pollution  sources,  Agricul- 
tural watersheds,  Cold  regions,  Frozen  ground, 
Nutrients. 

Hydrological  processes  are  known  to  have  a  con- 
siderable effect  on  nutrient  transport  from  agricul- 
tural land  to  watercourses.  In  cold  temperature 
regions  peak  discharges  are  caused  not  only  by 
storm  conditions  but  also  by  melting  of  snow  and 
frost.  The  objective  of  this  work  was  to  investigate 
the  effects  of  snow  and  frost  melt  on  concentra- 
tions of  phosphorus  and  suspended  solids.  The 
samples  were  taken  using  flow-weighted  automatic 
sampling  techniques  from  two  agricultural  drain- 
age basins.  During  the  beginning  of  the  snowmelt 
period  the  concentration  of  suspended  solids  was 
rather  low  by  comparison  with  the  total  phospho- 
rus concentration  and  the  discharge.  The  different 
behavior  compared  with  the  relationships  found 
during  storm  conditions  was  probably  caused  by 
continuous  extraction  of  the  soil  surface  by  low 
ionic  concentration  melt  water,  and  to  some  extent 
by  leaching  from  plant  residues.  The  gradual  de- 
crease of  total  phosphorus  concentration  during 
the  frost  thawing  period  could  be  attributed  to  the 
gradually  increasing  proportion  of  the  subsurface 
and  groundwater  discharge  in  the  runoff.  (Au- 
thor's abstract) 
W90-06086 


OCCURRENCE  OF  THERMOPHILIC  CAMPY- 
LOBACTERS IN  RURAL  AND  URBAN  SUR- 
FACE WATERS  IN  CENTRAL  FINLAND. 

National   Public  Health  Inst.,  Kuopio  (Finland). 

Dept.  of  Environmental  Hygiene  and  Toxicology. 

P.  J.  Martikainen,  L.  K.  Korhonen,  and  T.  U. 

Kosunen. 

Water  Research  WATRAG,  Vol.  24,  No.  1,  p  91- 

96,  January  1990.  1  fig,  6  tab,  34  ref. 

Descriptors:  'Campylobacter,  'Finland,  'Micro- 
biological studies,  'Pathogenic  bacteria,  'Pollutant 
identification,  'Surface  water,  Fecal  cohforms,  Fil- 
tration, Rural  areas,  Seasonal  variation,  Urban 
areas. 

In  order  to  clarify  the  occurrence  of  Campylo- 
bacters, surface  waters  in  rural  and  urban  sites  in 
Central  Finland  were  studied  in  1987-1988  using 
membrane  filtration  and  enrichment  techniques. 
The  maximum  isolation  frequency  was  in  autumn 
(24%  of  the  sites  were  positive),  with  second  peaks 
in  spring  (17-21%  campylobacter-positive  sites), 
and  minima  in  summer  and  winter  (5-6%  of  the 
sites  were  positive).  The  chemical  and  bacteriolog- 
ical parameters  indicated  higher  fecal  contamina- 
tion in  the  campylobacter-positive  than  in  the  cam- 
pylobacter-negative  waters.  Although  the  urban 
sites,  based  on  the  campylobacter-positive  than  in 
the  campylobacter-negative  waters.  Although  the 
urban  sites,  based  on  the  enumeration  of  fecal 
indicator  bacteria,  were  as  contaminated  as  the 
rural  sites,  the  isolation  frequency  of  Campylo- 
bacters in  the  urban  waters  was  lower  than  in  the 
rural  ones.  The  results  showed  that  when  prefiltra- 
tion  is  necessary  in  turbid  waters,  the  membranes 
of  5.0  and  1/2  micron  pore  size  had  also  to  be 
cultured  to  avoid  underestimation.  Of  the  isolated 
strains  61  were  biotyped  as  Campylobacter  jejuni 
and  one  as  C.  coli.  Of  the  C.  jejuni  strains,  64% 
were  biotype  1  when  the  Skirrow  and  Benjamin 
hydrogen  sulfide  test  was  applied.  Few  of  the 
isolated  Penner  serotypes  and  serogroup  complex- 
es are  reported  to  be  common  in  surface  waters  of 
England  or  U.S.A.  Among  the  isolates  there  were 
serotypes  common  in  human  infections.  (Author's 
abstract) 


LOCALLY  GENERATED  ATMOSPHERIC 
TRACE  METAL  POLLUTION  IN  CANADIAN 
ARCTIC  AS  REFLECTED  BY  CHEMISTRY  OF 
SNOWPACK  SAMPLES  FROM  THE  MACKEN- 
ZIE DELTA  REGION. 
Arctic  Labs.  Ltd.,  Sidney  (British  Columbia). 

Atmospheric  Environment  ATENBP,  Vol.  23,  No. 
12,  p  2729-2737,  1989.  1  fig,  8  tab,  49  ref. 

Descriptors:  'Arctic,  'Chemistry  of  precipitation, 
•Path  of  pollutants,  'Snowpack,  'Trace  metals, 
Mass  balance,  Spatial  distribution. 

Snowpack  samples  from  18  sites  located  in  the 
vicinity  of  the  MacKenzie  delta  town  of  Inuvik  (68 
degrees  22  minutes  N,  133  degrees  42  minutes  W) 
were  collected  in  the  winter  of  1985-1986  and 
analyzed  for  trace  metals  (Pb,  Zn,  Ni,  Cu,  Cd)  and 
particulate  material  load.  The  results  of  the  analy- 
ses, combined  with  data  pertaining  to  the  local 
emissions,  were  used  to  determine  major  sources  of 
trace  metal  pollution,  its  magnitude  and  spatial 
distribution.  High  concentrations  of  trace  metals 
and  particulate  material  were  detected  in  samples 
collected  in  close  proximity  to  emission  sources 
(power  plant,  automobile  emissions,  refuse  inciner- 
ation). Out  of  town,  the  concentrations  rapidly 
decreased  with  distance  and  approached  order  of 
concentration  typical  for  remote  northern  regions 
at  about  20  km  from  Inuvik.  In  all  the  samples,  the 
trace  metals  were  enriched  with  respect  to  crustal 
material.  The  level  of  enrichment  was  exceptional- 
ly high  in  samples  collected  in  the  town,  which 
greatly  exceeded  the  levels  reported  for  other 
northern  regions.  Mass  balance  calculations  have 
shown  that  most  of  the  trace  metals  emitted  by  the 
local  sources  are  transported  outside  the  immediate 
vicinity  of  Inuvik.  (Author's  abstract) 
W90-06098 


PRINCIPAL  COMPONENT  ANALYSIS  OF 
S04(2-)  PRECIPITATION  CONCENTRATIONS 
OVER  THE  EASTERN  UNITED  STATES. 


85 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


i 


i 


Environmental  Protection  Agency,  Research  Tri- 
angle Park,  NC.  Atmospheric  Research  and  Expo- 
sure Assessment  Lab. 
B.  K.  Eder. 

Atmospheric  Environment  ATENBP,  Vol.  23,  No. 
12,  p  2739-2750,  1989.  5  fig,  3  tab,  24  ref. 

Descriptors:  'Acid  rain,  *Chemistry  of  precipita- 
tion, 'Path  of  pollutants,  'Principal  component 
analysis,  'Statistics,  'Sulfates,  Eastern  United 
States,  Spatial  variability,  Statistical  analysis,  Tem- 
poral variability. 

The  spatial  and  temporal  variability  of  sulfate  ion 
concentrations  in  precipitation  over  the  eastern 
U.S.  during  the  period  1981-1986  was  examined 
through  the  use  of  principal  component  analysis. 
Application  of  Kaiser's  Varimax  orthogonal  rota- 
tion led  to  the  delineation  of  seven  contiguous 
subregions,  each  displaying  statistically  unique  sul- 
fate ion  concentration  characteristics.  These  seven 
statistically  significant  modes  of  variability,  which 
together  accounted  for  74.2%  of  the  total  variance, 
corresponded  well  with  major  sulfur  oxide  emis- 
sion patterns.  Examination  of  the  time  series  associ- 
ated with  each  subregion  revealed  a  general  sea- 
sonality in  which  periods  of  high  concentrations 
are  more  likely  during  the  summer,  while  periods 
of  low  concentration  are  more  likely  during  the 
winter.  This  seasonal  cycle,  however,  was  more 
prevalent  in  those  subregions  which  contained  few 
major  emissions,  and  was  less  prevalent  and  often 
obscured  by  perturbations  in  those  subregions 
which  contained  major  emissions.  (Author's  ab- 
stract) 
W90-06099 


TRACE  METAL  AND  MAJOR  ION  COMPOSI- 
TION OF  PRECIPITATION  AT  A  NORTH  SEA 
COASTAL  SITE. 

Marine  Lab.,  Aberdeen  (Scotland). 

P.  W.  Balls. 

Atmospheric  Environment  ATENBP,  Vol.  23,  No. 

12,  p  2751-2759,  1989.  4  fig,  4  tab,  35  ref. 

Descriptors:  'Acid  rain,  'Chemistry  of  precipita- 
tion, 'Path  of  pollutants,  'Sulfates,  'Trace  metals, 
Cadmium,  Copper,  Deposition,  Fog,  Iron,  Lead, 
Manganese,  Mist,  North  Sea,  Zinc. 

Major  ion  and  trace  metal  (Zn,  Cu,  Cd,  Pb,  Fe, 
Mn)  concentrations  have  been  determined  in  32 
rainfall  events  at  a  North  Sea  coastal  site  over  a 
period  of  14  months  (June  1987-July  1988).  Precau- 
tions have  been  taken  to  avoid  trace  metal  con- 
tamination. Trace  metal  depositions  are  positively 
correlated  to  excess  sulfate  deposition;  the  excep- 
tion is  Cd  for  which  no  clear  relationship  is  evi- 
dent. This  is  probably  due  to  contamination  of  the 
samples  with  respect  to  Cd.  The  highest  trace 
metal  concentrations  are  associated  with  small 
rainfall  events  and  with  the  occurrence  of  fog  and 
mist,  except  for  Cd  and  Zn  which  are  lower. 
Therefore  it  is  suggested  that  estimates  of  annual 
deposition  be  revised  downwards.  (Author's  ab- 
stract) 
W90-06100 


RESOURCE  DEVELOPMENT  AND  CONSER- 
VATION HISTORY  ALONG  THE  OHIO 
RIVER. 

Ohio  State  Univ.,  Columbus.  School  of  Natural 

Resources. 

For   primary  bibliographic  entry  see   Field   6G. 

W90-06101 


WATER  QUALITY  TRENDS  OF  THE  UPPER 

OHIO  RIVER  FROM  1977  TO  1987. 

Ohio  State  Univ.,  Columbus.  School  of  Natural 

Resources. 

T.  M.  Cavanaugh,  and  W.  J.  Mitsch. 

Ohio  Journal  of  Science  OJSCA9,  Vol.  89,  No.  5, 

p  153-163,  December  1989.  6  fig,  4  tab,  23  ref. 

Descriptors:  'Ohio  River,  'Water  chemistry, 
•Water  pollution  control,  Cyanide,  Dissolved 
oxygen.  Iron,  Lead,  Monitoring,  Phenols,  River 
flow.  Suspended  solids,  Zinc. 

Water  quality  trends  from  1977  to  1987  at  four 
stations  in  the  upper  Ohio  River  were  explored 


statistically  by  use  of  the  seasonal  Kendall  test  for 
trends  and  informally  described  by  comparison 
with  flow  data  and  water  quality  criteria.  Monthly 
data  for  eight  chemical  parameters  were  evaluated: 
cyanide,  phenolics,  copper,  iron,  lead,  zinc,  dis- 
solved oxygen,  and  total  suspended  solids.  Results 
indicated  general  improvements  in  the  water  qual- 
ity, most  notably  in  decreasing  concentrations  of 
cyanide,  phenolics,  lead,  and  zinc.  The  strongest 
trends  were  noted  for  cyanide.  Flow  adjustment  of 
the  data  did  not  affect  conclusions  about  concen- 
tration trends,  and  flow-concentration  regressions 
were  weak.  (Author's  abstract) 
W90-06102 


DISSOLVED  OXYGEN  PROFILES  AT  MAJOR 
WASTEWATER  DISCHARGES  AND  HYDRO- 
ELECTRIC DAMS  AND  THE  OHIO   RIVER. 

Kentucky  Univ.,   Lexington.   Dept.   of  Geology. 
J.  P.  Wellner,  and  J.  S.  Dinger. 
Ohio  Journal  of  Science  OJSCA9,  Vol.  89,  No.  5, 
p  164-171,  December   1989.  3  fig,   12  tab,  7  ref. 

Descriptors:  'Aeration,  'Dissolved  oxygen,  'Ohio 
River,  'Wastewater  treatment,  Dissolved  oxygen 
profiles,  Hydroelectric  plants,  Temperature. 

Dissolved  oxygen  (DO)  concentrations  in  the 
summer  of  1987  did  not  change  significantly  along 
the  Ohio  River  between  Wheeling,  WV  and  Louis- 
ville, KY.  Depth  variation  was  evident  but  no 
temperature  stratification  was  observed.  DO  con- 
centrations downstream  of  hydroelectric  dams  de- 
creased in  each  case.  Degassing  of  the  water  pass- 
ing through  the  turbines  may  have  accounted  for 
this  decrease.  No  correlation  was  found  between 
DO  concentration  and  volume  of  effluent  dis- 
charged from  waste  water  treatment  plants 
(WWTPs).  Elevated  DO  concentrations  existed  at 
and  below  WWTPs,  indicative  of  the  general  ef- 
fectiveness of  WWTP  reaeration  on  DO  concen- 
trations at  the  point  of  discharge  and  approximate- 
ly one  mile  down  river.  WWTPs  in  the  highly 
urbanized  Cincinnati  area  yielded  results  similar  to 
the  WWTPs  as  a  whole,  but  a  slight  sag  was 
evident  at  the  Dry  Creek  WWTP.  A  hypothetical 
grab-sample  taken  at  1.5  m  depth  at  mid-channel 
was  compared  to  the  mean  obtained  from  a  nine- 
sample-profile.  The  variation  was  not  significant, 
indicating  that  grab-sampling  would  be  equivalent 
to  more  detailed  and  expensive  profile  sampling 
under  similar  flow  conditions  in  the  river.  (Au- 
thor's abstract) 
W90-06103 


HEAVY  METAL  CONCENTRATIONS  IN  OHIO 
RIVER  SEDIMENTS-LONGITUDINAL  AND 
TEMPORAL  PATTERNS. 

Ohio  State  Environmental  Protection  Agency,  Co- 
lumbus. 

J.  D.  Youger,  and  W.  J.  Mitsch. 
Ohio  Journal  of  Science  OJSCA9,  Vol.  89,  No.  5, 
p  172-175,  December  1989.  2  fig,   1  tab,  24  ref. 

Descriptors:  'Heavy  metals,  'Ohio  River,  'Path  of 
pollutants,  'Water  pollution,  Barium,  Cadmium, 
Chromium,  Copper,  Distribution  patterns,  Iron, 
Lead,  Manganese,  Nickel,  Temporal  variation, 
Zinc. 

Concentrations  of  barium,  cadmium,  chromium, 
copper,  iron,  lead,  manganese,  nickel,  and  zinc 
were  determined  in  sediment  samples  collected  in 
1987  at  11  sites  in  the  Ohio  River  between  Pitts- 
burgh, PA,  and  Louisville,  KY.  Samples  were 
digested  by  nitric  acid  treatment.  Concentrations 
of  metals  generally  decreased  with  distance  down- 
stream, with  highest  values  occurring  in  the  indus- 
trial upper  Ohio  River.  The  longitudinal  trend 
paralleled  the  pattern  found  10  years  earlier  by  the 
Ohio  River  Valley  Water  Sanitation  Commission. 
Concentrations  of  cadmium,  chromium,  copper, 
iron,  lead,  nickel  and  zinc  in  1987  were  lower  at 
most  sites  than  those  in  1977.  In  contrast,  the 
manganese  concentration  was  generally  higher  in 
1987,  while  barium  levels  did  not  differ  between 
the  two  sampling  periods.  Most  metal  concentra- 
tions in  the  Ohio  River  remain  greater  by  two  to 
eight  standard  deviations  than  background  concen- 
trations of  metals  published  for  the  State  of  Ohio. 
(Author's  abstract) 
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Sediments  from  the  Kanawha  River  Basin  were 
examined  for  the  presence  of  non-volatile  chemical 
mutagens  using  the  Salmonella/mammalian  micro- 
some assay.  Surface  sediments  were  collected  at 
two  sites,  one  upstream  and  the  other  downstream 
from  the  chemical  manufacturing  complexes  at 
South  Charleston,  Institute,  and  Nitro,  WV.  Sedi- 
ment samples  were  prepared  *br  extraction  by  mill- 
ing a  portion  of  wet  sediment  with  anhydrous 
sodium  sulfate.  Preliminary  chemical  fractionation 
was  achieved  by  extracting  milled  samples  sequen- 
tially with  Freon-113,  methylene  chloride,  acetone, 
and  methanol.  Bacterial  mutagenicity  tests  were 
performed  on  each  solvent  fraction  using  Salmo- 
nella tester  strains  TA98  and  TA100,  with  and 
without  the  addition  of  Aroclor-induced  rat  liver 
microsomal  (S9)  enzymes.  Mutagens  were  recov- 
ered from  both  sampling  sites  and  mutagenic  re- 
sponses were  very  similar  in  the  two  sediment 
samples.  Both  sites  exhibited  more  TA98  than 
TA100  mutagenesis,  indicating  a  greater  abun- 
dance of  frame-shift  mutagens  as  compared  to 
base-substitution  type  mutagens.  The  more  polar 
sediment  extracts  (acetone  and  methanol)  con- 
tained more  mutagenic  residues  than  did  the  less 
polar  methylene  chloride  fractions.  No  mutagenic 
activity  was  recovered  in  the  nonpolar  Freon-113 
extracts.  Methanol  extracts  from  the  two  sampling 
sites  were  different  in  that  the  downstream  sample 
contained  at  least  one  direct-acting  frame-shift  mu- 
tagen, while  the  upstream  sample  was  mutagenic 
only  in  the  presence  of  S9  enzymes.  (Author's 
abstract) 
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The  catchment  basin  of  the  future  water  supply 
reservoir  at  Dobczyce  covers  about  780  sq  km  and 
is  composed  of  the  basin  of  the  River  Raba,  the 
largest  affluent,  and  of  the  Brzezowka,  Ratanica, 
Trzemesnia,  Bulmka.  Debnik,  Zakliczanka,  and 
Wolnica  streams.  On  the  basis  of  two-year  phy- 
sico-chemical studies  carried  out  on  the  affluents  of 
the  Dobczyce  Reservoir  in  the  preimpoundment 
period,  these  feeders  were  characterized  and  the 
magnitude  of  annual  loads  of  mineral  nitrogen  and 
phosphorus  was  determined.  The  magnitude  of 
loading  of  mineral  nitrogen  (2.4  g  cu  m/year)  and 
phosphorus  (0.203  g  cu  m/year)  qualifies  the  reser- 
voir under  construction  as  being  of  eutrophic  type. 
(See  also  W90-06136  and  W90-06137)  (Author's 
abstract) 
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Herbicides  constitute  the  major  portion  of  sales  for 
all  pesticides  in  the  highly  organized  agricultural 
production  systems  in  the  western  industrialized 
world.  Over  100  million  ha  of  agricultural  land  is 
now  being  treated  with  herbicides  each  year  in  the 
U  S  alone.  The  rapid  increase  in  the  use  of  herbi- 
cides over  the  past  decade,  and  the  continuing 
introduction  of  new   herbicides,   as  well   as  the 
expanding  research  efforts  at  universities,  govern- 
ment institutions,  and  in  the  agrochemical  industry 
to  improve  'efficacy'  and  'safety',  necessitate  an 
ongoing  review  process  which  summarizes  infor- 
mation, and  highlights  gaps  in  information  in  order 
to  keep  abreast  of  this  rapidly  expanding  field.  Due 
to  the  vast  database  being  generated  in  this  field,  it 
was  necessary  to  divide  the  subject  matter  in  two 
volumes.  Volume  I  deals  with  the  physicochemical 
principles  controlling  the  behavior  of  herbicides  in 
the  soil  component  of  the  environment,  beginning 
with  soil  adsorption/desorption  characteristics,  dif- 
fusion and  mass  flow,  and  leading  to  transport  as 
surface  runoff  and  volatilization  into  the  atmos- 
phere. The  last  two  chapters  deal  with  the  dissipa- 
tion and  transformations  of  herbicides  in  the  soil. 
Each  chapter  deals  with  the  physicochemical  prin- 
ciples and  processes  controlling  the  behavior  of 
herbicides,  including  a  brief  but  critical  account  of 
the  techniques  associated  with  the  subject  matter  at 
hand.  This  is  followed  by  a  summarizing  of  infor- 
mation for  each  herbicide  class  or  group  and  tabu- 
lation of  this  information  wherever  possible.  The 
type  and  role  of  models  being  developed  as  predic- 
tive tools,  and  validation  using  field  data  whenever 
feasible,    also   receive   special   attention.    Finally, 
each  chapter  concludes  with  a  summary,  which 
indicates  gaps  in  information  and  includes  sugges- 
tions for  potential  areas  of  future  research.  (See 
W90-06165  thru  W90-06168)  (Lantz-PTT) 
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nology    for    assessing    the    predicting    herbicide 
runoff.  (See  also  W90-06164)  (Lantz-PTT) 
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The  ability  of  soil  to  remove  solutes  from  solution 
is  so  well  established  that  for  generations  adventur- 
ers in  arid  regions  have  known  it  is  possible  to 
'recycle'  one's  own  urine  for  drinking  by  passing  it 
through  some  sort  of  crude  soil  column.  However, 
more  precise  studies  have  shown  that  the  removal 
of  solutes  is  not  complete,  but  involves  reversible 
processes  which  provide  a  wide  range  of  ratios  of 
distribution  between  the  solid  and  liquid  compo- 
nents. The  equilibrium  condition  and  the  rate  of  its 
attainment  are  important  factors  affecting  the  bio- 
logical availability  of  a  chemical  in  the  soil.  The 
purpose  of  this  chapter  is  to  outline  the  important 
general  features  of  the  physical  chemistry  involved 
and  to  show  how  they,  together  with  the  con- 
straints imposed  by  processes  controlling  uptake 
by  living  tissues,  would  be  expected  to  affect  the 
interactions  of  herbicides  in  the  soil  with  living 
organisms.  Mechanisms  of  adsorption  discussed  in- 
clude: ionic  bonds,  ligand  exchange,  charge  trans- 
fer, charge-dipole  and  dipole-dipole  bonds,   and 
Landon-Van  der  Waals  forces.  Adsorption,  per  se, 
is  only  one  of  several  factors  affecting  the  avail- 
ability of  herbicides  in  the  soil  to  weeds  and  non- 
target    organisms.    Therefore,    the    situations    in 
which  adsorption  seems  to  be  the  dominant  influ- 
ence and  those  in  which  it  is  not,   are  briefly 
reviewed.  In  the  case  of  plants,  it  is  important  to 
remember  that  where  availability  is  inferred  from 
some  measurement  of  whole  plant  response  (e.g., 
dry  weight),  a  number  of  environmental  factors, 
such  as  availability  of  water,  temperature,  humidi- 
ty, and  light,  may  be  involved,  as  well  as  factors. 
Therefore,  response  may  not  be  a  very  good  indi- 
cator of  availability.  (See  also  W90-06164)  (Lantz- 
PTT) 
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Nonvolatile  herbicides  are  transported  in  soil  solu- 
tion as  a  result  of  two  physical  processes:  mass 
flow  (or  convection)  and  hydrodynamic  disper- 
sion. Convection  is  primarily  responsible  for  the 
progressive  leaching,  and  determines  the  position 
of  the  herbicide  pulse(s).  Dispersion  results  in  a 
broadening  of  the  pulse(s)  about  the  peak.  At  the 
laboratory  column  scale,  at  least  three  processes 
contribute  to  dispersion:  molecular  diffusion  within 
a  pore,  mixing  due  to  pore-velocity  distribution, 
and  diffusive  solute  transfer  among  pore  domains 
with  different  velocities.  Under  field  conditions,  an 
additional  dominant  factor  contributing  to  disper- 
sion is  the  large-scale  heterogeneity  in  soil  hydrau- 
lic and  chemical  properties.  Such  heterogeneities 
may  arise  from  the  presence  of  preferential  flow 
paths  (cracks,  fissures,  biochannels)  as  well  as  spa- 
tial variability  in  soil  hydraulic  properties.  Com- 
plex models,  based  on  fundamental  laws  governing 
various  processes  influencing  herbicide  transport  in 
soils,  may  be  constructed.  Such  models  have  been 
useful  in  enhancing  the  understanding  of  herbicide 
behavior  in  soils  and  for  guiding  research  efforts. 
However,  validation  and  use  of  such  models  at  the 
field  scale,  has  been  limited  by  the  lack  of  detailed 
data  for  input  parameters  and  output  variables. 
Simple  models  may  provide  'reasonable'  predic- 
tions of  herbicide  behavior  under  field  conditions. 
Validation  of  even  these  models  has  been  ham- 
pered by  lack  of  reliable  field  data  and  collabora- 
tive efforts  to  collect  the  necessary  data.  A  number 
of  herbicides  have  been  detected  in  groundwater. 
More  are  likely  to  be  found  as  systematic  ground- 
water monitoring  effects  that  include  more  sam- 
pling locations  and  analyses  for  more  pesticides  are 
completed.  (See  also  W90-06164)  (Lantz-PTT) 
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Dispersion  of  pesticide  residues  into  the  environ- 
ment by  surface  runoff  from  agricultural  lands  has 
been  a  major  concern  for  about  the  last  20  years. 
Early  concerns  centered  primarily  on  the  persist- 
ent chlorinated  hydrocarbon  insecticides  which 
were  transported  by  both  water  and  air  from  their 
site  of  application.  Herbicides  used  in  agriculture 
currently  constitute  the  greatest  tonnage  of  all 
pesticides.  Although  some  herbicides  are  acutely 
toxic  to  fish,  the  hazard  of  herbicides  to  the  aquatic 
environment  is  small  compared  to  insecticides. 
With  a  few  exceptions,  herbicides  have  little  toxici- 
ty to  humans,  wildlife,  and  livestock.  Herbicides 
may  destroy  or  suppress  aquatic  vegetation,  pro- 
ducing both  desirable  and  undesirable  effects. 
Growth  inhibition  of  submerged  aquatic  vegetation 
is  reported  in  the  presence  of  60  to  1040  micro- 
grams/L  (ug/L)  atrazine,  depending  on  species. 
Few  effects  were  observed  at  concentrations  of  10 
microg/L.  The  presence  of  herbicide  residues, 
such  as  picloram,  may  also  impact  the  quality  of 
water  for  irrigation  of  sensitive  crops.  This  chapter 
covers  processes  and  factors  that  determine  quanti- 
ties and  distribution  of  pesticides  in  surface  waters 
emanating  from  treated  lands,  and  modeling  tech- 
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Dissipation  of  pesticides  on  surface  soil,  in  rhizos- 
phere  soil,  and,  presumably,  in  subsoil  usually  fol- 
lows a  simple  exponential  equation,   which  is  a 
lumped  sum  of  all  the  loss  pathways  and  the  chem- 
ical and  environmental  factors  affecting  dissipa- 
tion. An  equation  developed  from  a  given  data  set 
theoretically  is  valid  only  for  that  data  set  and 
should  not  be  used  to  estimate  pesticide  dissipation 
under  different  conditions  without  additional  test- 
ing and  calibration.  If  there  are  not  alternatives,  or 
additional  means  to  test  or  validate  the  equation,  its 
application  must  be  considered  with  caution.  Dissi- 
pation    activation     energies     (delta-E)(Arrhemus 
equation)  have  been  determined  for  several  pesti- 
cides. The  activation  energies  can  be  used  to  esti- 
mate pesticide  dissipation   under  conditions  like 
those  from  which  the  dissipation  activation  ener- 
gies were  determined,  but  should  be  used  only 
with  caution  under  different  conditions.  A  concep- 
tual approach,  in  which  the  dissipation  rate  from 
each  loss  pathway  is  defined  and  in  which  environ- 
mental influence  are  reflected,   has  the  greatest 
potential  because  true  kinetics  can  be  assigned. 
When  pesticide  dissipation  is  primarily  by  volatili- 
zation, several  theoretical  and  empirical  equations 
have  been  derived  to  estimate  pesticide  flux.  Subse- 
quently, the  dissipation  rate  can  be  estimated  from 
the  flux  and  original  amount.  Some  empirically 
derived  equations  (which  include  some  of  the  pes- 
ticide physicochemical  characteristics  and  environ- 
mental parameters)  appear  to  be  capable  of  estimat- 
ing pesticide  dissipation  from  soil  surfaces.  All  ot 
the  empirically  derived  equations  are  only  valid  for 
the  data  sets  from  which  they  were  developed. 
Likewise,  many  of  the  theoretical  equations  may 
be  valid  only  for  the  data  sets  from  which  they 
were  tested,  because  assumptions  are  always  made. 
In  principle,  however,  the  theoretical  equations 
based  upon  sound  thermodynamics  and  kinetics 
should  prove  the  most  useful  in  the  long-run.  (See 
also  W90-06164)  (Lantz-PTT) 
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BIOMOVS  (Biosphere  Model  Validation  Study)  is 
an  international  study  using  models  to  compare 
and  test  the  distribution  of  radioactive  and  nonra- 
dioactive trace  substances  in  terrestrial  and  aquatic 
environment.  The  main  objectives  were  to  com- 
pare and  test  the  accuracy  of  predictions  between 
such  models,  explain  differences  in  these  predic- 
tions, recommend  priorities  for  future  research 
concerning  the  improvement  of  the  accuracy  of 
model  predictions  and  act  as  a  forum  for  the  ex- 
change of  ideas,  experience  and  information.  Two 
approaches  were  used.  Approach  A  compares 
model  predictions  with  actual  field  data.  Within 
this  'model  validation'  approach  five  scenarios 
were  treated.  Two  scenarios  are  already  in  the 
Validation  phase',  namely,  'release  of  mercury  in  a 
river'  and  'iodine-131  and  cesium- 137  in  milk,  beef, 
and  v/barley  after  the  Chernobyl  accident'.  For 
the  iodine-131  and  cesium- 137  study  twelve  inde- 
pendent sets  of  data  have  been  contributed  and  a 
more  or  less  ideal  situation  exists  for  validating  the 
models.  The  alternative  test  procedure,  Approach 
B,  intercomparison  and  testing  of  models,  was  used 
when  it  was  not  possible  to  test  models  against 
independent  data.  The  scenarios  'release  into  a  lake 
from  a  river'  and  'irrigation  with  contaminated 
groundwater'  have  been  completed.  For  the  other 
B-scenarios,  only  preliminary  results  exist.  The  sce- 
nario 'release  into  a  lake  from  a  river'  and  'aging  of 
a  lake'  treat  waterborne  radionuclides  that  reach 
water  reservoirs  and  are  related  to  assessment  stud- 
ies for  radioactive  waste  and  mining  facilities. 
However,  in  these  scenarios  the  interface  between 
the  biosphere  and  geosphere  was  not  modelled.  In 
order  to  address  this  problem,  the  two  scenarios 
'transport  of  contaminated  water  to  soil  and  to  a 
river'  were  formulated.  These  two  scenarios  deal 
with  groundwater  borne  radionuclides  that  reach 
the  biosphere  via  surface  soil  or  sediment.  (Lantz- 
PTT) 
W90-06174 


EVALUATION    OF    THE    SECONDARY    EF- 
FECTS OF  AIR  STRIPPING. 

Montgomery  (James  M),  Inc.,  Pasadena,  CA. 
For  primary  bibliographic  entry  see  Field  5F 
W90-06180 


ASSESSMENT  OF  THE  POTENTIAL  FOR 
TRANSPORT  OF  DIOXINS  AND  CODIS- 
POSED  MATERIALS  TO  GROUNDWATER. 

Maryland  Univ.,  College  Park.  Dept.  of  Civil  En- 
gineering. 

R.  W.  Walters,  Z.  Yousefi,  A.  L.  Tarleton,  S.  A. 
Ostazeski,  and  DC.  Barry. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-166607. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/6-89/002,  March  1989 
101  p,  32  fig,  20  tab,  40  ref.  EPA  Contract 
CR813601. 

Descriptors:  'Dioxins,  'Groundwater  pollution, 
•Path  of  pollutants,  Benzenes,  Chemical  analysis, 
ChJorination,  Kinetics,  Soil  contamination,  Sorp- 
tion. 

Dioxins  are  very  toxic  contaminants  and  warrant 
study  under  a  variety  of  experimental  conditions. 
Studies  were  performed  to  evaluate  the  mobility  of 


several  of  the  dioxins  in  both  soil  columns  as  well 
as  in  batch  experiments.  The  studies  showed  that 
the  amount  of  chlorination  did  not  necessarily  con- 
trol the  partitioning  of  the  dioxins,  as  expected,  but 
also  suggested  that  the  structure  or  location  where 
the  CI  ion  was  attached  to  the  benzene  ring  modi- 
fied the  hydrophobicity  of  the  compound.  Studies 
were  performed  with  a  variety  of  cosolvents 
which  might  mediate  the  movement  of  the  dioxin. 
The  observed  modification  in  mobility  was  consist- 
ent with  existing  theory  for  enhanced  mobility 
with  truly  miscible  solvents.  Experimental  data 
appears  to  show  reversibility  in  the  sorption  proc- 
ess, but  is  significantly  limited  by  kinetics  with  30 
to  50  days  required  to  release  50-90%  of  the  con- 
taminant. (Author's  abstract) 
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Sediments  are  increasingly  recognized  as  both  a 
carrier  and  a  possible  source  of  contaminants  in 
aquatic  systems.  These  materials  may  also  affect 
groundwater    quality    and    agricultural    products 
when  disposed  on  land.  Modern  research  on  parti- 
cle-bound contaminants  probably  originated  with 
the    idea    that    sediments    reflect    the    biological, 
chemical  and  physical  conditions  in  a  water  body. 
Based  on  this  concept  the  historical  evolution  of 
limnological  parameters  could  be  traced  back  from 
the  study  of  vertical  sediment  profiles.  Since  the 
early  part  of  the  century,  limnological  research  on 
eutrophication  problems  and  acidification  indicated 
that  particle-interactions  can  affect  aquatic  ecosys- 
tems,  e.g.,   by  enhancing   the   mobility  of  toxic 
metals.  In  contrast  to  the  eutrophication  and  acidi- 
fication problems,  research  on  toxic  chemicals  has 
included  sediment  aspects  from  its  beginning.  In 
the  lecture  notes,  following  the  description  of  pri- 
ority pollutants  related  to  sedimentary  phases,  four 
aspects  were  covered,  which  in  an  overlapping 
succession  also  reflect  the  development  of  knowl- 
edge in  particle-associated  pollutants  during  the 
past  25  years:  the  identification,  surveillance,  moni- 
toring and  control  of  sources  and  distribution  of 
pollutants  (Chapter  3);   the  evaluation  of  solid/ 
solution  relations  of  contaminants  in  surface  waters 
(Chapter  4);   the  study  of  in-situ  processes  and 
mechanisms  in  pollutant  transfer  in  various  com- 
partments of  the  aquatic  ecosystems  (Chapter  5); 
and,  the  assessment  of  the  environmental  impact  of 
particle-bound  contaminants,  i.e.  the  development 
of  sediment  quality  criteria  (Chapter  6).  The  last 
chapter  focuses  on  dredged  materials,  including 
their  disposal  and  the  treatment  of  strongly  con- 
taminated sediments.  Cases  studies  include  the  Ni- 
agara River/Lake  Ontario  pollution;  solid  specia- 
tion of  metals  in  river  sediments;  the  Rhine  River; 
Puget  Sound;  Rotterdam  Harbor;  and  the  mobiliza- 


tion of  cadmium  from  tidal  river  sediments  (Lantz- 

PTT) 
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Employing  highly  uniform  sampling  protocols  and 
state-of-the-art  analytical  methods,  a  comprehen- 
sive database  has  been  developed,  which  includes 
detailed  information  on  the  distribution  of  a  variety 
of  chemical  contaminants.  These  contaminants  in- 
clude selected  aromatic  hydrocarbons,  PCBs,  or- 
ganochlorine  insecticides  and  metals  in  surficial 
sediments  and  in  liver  tissue,  bile,  and  stomach 
contents  of  selected  bottom-feeding  fish.  This  tech- 
nical memorandum  is  the  first  part  of  a  two-part 
report  which  summarizes  the  results  of  the  first  3 
years  of  the  West  Coast  portion  of  NBSP.  Part  I  is 
an  overview  of  findings  and  is  not  intended  to  be 
an  in-depth  treatment  of  these  data;  a  more  com- 
prehensive presentation  and  detailed  treatment  of 
these  data  can  be  found  in  the  Technical  Part  (Part 
II)  of  this  report.  The  overall  finding  from  the 
NBSP  for  the  years  1984-86  indicated  that  the 
highest  concentrations  of  most  sediment-associated 
contaminants  were  present  in  the  highly  urbanized 
areas  and  that  contaminants  were  bioavailable  to 
indigenous  marine  species.  No  correlation  was 
found  between  concentrations  of  most  of  the  meas- 
ured metals  in  sediment  and  in  liver  tissue  of  the 
target  fish  species.  Of  all  the  sites  sampled,  the 
most  contaminated  sites  were  located  in  San  Diego 
Bay,  Commencement  Bay  (Tacoma),  Elliott  Bay 
(Seattle),  and  San  Pedro  Bay  (Los  Angeles/Long 
Beach).  (Author's  abstract)  (See  also  W90-O6198) 
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Employing  highly  uniform  sampling  protocols  and 
state-of-the-art  analytical  methods,  a  comprehen- 
sive database  has  been  developed,  which  includes 
detailed  information  on  the  distribution  of  a  variety 
of  chemical  contaminants.  These  contaminants  in- 
clude selected  aromatic  hydrocarbons,  PCBs,  or- 
ganochlorine  insecticides  and  metals  in  surficial 
sediments  and  in  liver  tissue,  bile,  and  stomach 
contents  of  selected  bottom-feeding  fish.  This  tech- 
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nical  memorandum  is  the  second  part  of  a  two-part 
report  which  summarizes  the  results  of  the  first  3 
years  of  the  West  Coast  portion  of  NBSP.  Part  II 
includes  descriptions  of  sampling  strategies  and 
analytical  methods,  as  well  as  a  detailed  presenta- 
tion of  the  data.  The  Results  and  Discussion  Sec- 
tion addresses  the  principal  findings  and  compares 
them  with  those  previously  reported.  The  overall 
finding  from  the  NBSP  for  the  years  1984-86  indi- 
cated that  the  highest  concentrations  of  most  sedi- 
ment-associated contaminants  were  present  in  the 
highly  urbanized  areas  and  that  contaminants  were 
bioavailable  to  indigenous  marine  species.  No  cor- 
relation was  found  between  concentrations  of  most 
of  the  measured  metals  in  sediment  and  in  liver 
tissue  of  the  target  fish  species.  Of  all  the  sites 
sampled,  the  most  contaminated  sites  were  located 
in  San  Diego  Bay,  Commencement  Bay  (Tacoma), 
Elliott  Bay  (Seattle),  and  San  Pedro  Bay  (Los 
Angeles/Long  Beach).  (Author's  abstract)  (See 
also  W90-06197) 
W90-06198 

ROLE  OF  SUBSURFACE  CONTAMINANT 
FATE  AND  TRANSPORT  MODELS  FOR  RCRA 
LAND  BAN  REGULATIONS. 

Kuo  and  Associates,  McLean,  VA. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  DE89-002863. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  DOE/FE/60972-T1,  July  1988.  34p,  1 

fig,  2  tab,   10  ref,  append.  DOE  Contract  DE- 

AC01-86FE60972. 

Descriptors:  *Fate  of  pollutants,  *Model  studies, 
*Path  of  pollutants,  *  Resource  Conservation  and 
Recovery  Act,  'Solute  transport,  Aeration  zone, 
Groundwater  pollution,  Regulations. 

For  planning  and  program  implementation  pur- 
poses, it  is  crucial  that  the  Office  of  Fossil  Energy 
(OFE)  maintain  a  cognizance  of  and  be  responsive 
to   the   hazardous   waste   regulatory   process.    A 
major  part  of  this  process  involves  EPA's  use  of, 
and  reliance  on,  subsurface  contaminant  fate  and 
transport  models.  This  report  includes  an  overview 
of  the  requirements  and  complexity  of  groundwat- 
er and  solute  fate  and  transport  models,  and  con- 
siders the  predictive  value  of  existing  models  for 
both  aquifers  and  unsaturated  soils.  The  material  is 
presented  so  as  to  be  of  practical  value  to  OFE  in 
understanding  and  commenting  on  models  used  by 
EPA  in  its  rule-making  and  regulatory  activities. 
Of  specific  interest  is  the  EPACML  model,  EPA's 
new  'back  calculation  model'  (replacing  EPAS- 
MOD)  that  will  be  used  in  the  promulgation  of 
RCRA  land  disposal  regulations.  As  is  the  case 
with  the  back  calculation  model  which  is  still  being 
used  by  EPA,  EPACML  will  probably  incorpo- 
rate assumptions  and  system  constraints  that  will 
not    be    applicable    to    most    landfill/unsaturated 
zone/aquifer/receptor  well  systems.  Accordingly, 
the  findings  and  recommendations  include:  (1)  any 
numerical  solute  transport  model  should  be  field 
tested  and  validated  before  being  used  for  regula- 
tory or  water  management  purposes;  (2)  no  two 
landfill/unsaturated     zone/aquifer/receptor     well 
systems  are  alike;  (3)  unsaturated  zone  solute  trans- 
port models  are  much  less  advanced,   and  less 
reliable,    than    saturated    zone    solute    transport 
models;   (4)  the  utility  of  any  numerical  solute 
transport  model  is  a  direct  function  of  the  'quality 
of  data  inputs;  and  (5)  the  EPACML  model  should 
allow  for  an  unsaturated  zone,  variable  distances 
from  landfill  to  receptor  wells,  and  variable  soil 
and  aquifer  properties.  (Lantz-PTT) 
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The  Federal  Government  has  proposed  to  offer 
Outer  Continental  Shelf  (OCS)  lands  off  the  Gulf 
of  Mexico  coast  for  oil  and  gas  leasing.  Oil  re- 
sources to  be  leased,  discovered,  and  production  of 
0.10  billion  barrels  were  estimated  for  the  proposed 
action  for  the  Western  Planning  Area.  Oil  re- 
sources for  the  proposed  action  for  the  Central 
Planning  Area  were  estimated  at  0.20  billion  bar- 
rels. The  oil  is  expected  to  be  produced,  in  both 
planning  areas,  over  a  period  of  23  years  (1989- 
2012).  A  high-find  scenario  was  also  estimated  as 
0.23  (Western)  and  0.35  (Central)  billion  barrels. 
An  oil-spill  risk  analysis  (OSRA)  was  conducted 
for  the  proposed  Gulf  of  Mexico  OCS  Lease  Sales 
118  and  122.  The  objective  of  this  study  was  to 
determine  relative  risks  associated  with  oil  produc- 
tion in  different  portions  of  the  proposed  lease  sale 
areas.  The  analysis  was  conducted  in  three  parts. 
The  first  part  addressed  the  probability  of  oil-spill 
occurrence,  while  the  second  part  analyzes  the 
trajectories  of  oil  spills  from  potential  launch  sites 
to  various  coastal  resources.  The  third  part  com- 
bined results  of  the  first  two  parts  of  the  analysis  to 
give  estimates  of  the  overall  or  joint  oil-spill  risk 
associated  with  oil  production  in  the  lease  area. 
(Lantz-PTT) 
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Surveys  of  fish  community  status  were  conducted 
in  summer  1987  in  49  lakes  in  Subregion  2B,  the 
Upper  Peninsula  of  Michigan,  as  part  of  Phase  II 
of  the  Eastern  Lake  Survey.  One  of  two  appendi- 
ces contains  information  on  quality  assurance  and 
quality  control   procedures  for  measurements  of 


water  quality.  The  quality  assurance  system  con- 
sisted of  on-site  evaluation  of  the  field  station  and 
field  operations,  the  sample  processing  laboratory, 
and  the  analytical  laboratory.  Facilities,  equipment, 
and  operations  were  reviewed.  The  second  appen- 
dix contains  water  chemistry  and  fish  catch  data  by 
individual  lakes  and  sampling  dates.  Variables  re- 
ported include  lake  area,  watershed  area,  elevation, 
site  depth,  pH,  concentrations  of  aluminum,  calci- 
um, iron,  magnesium,  sodium,  silica,  sulfate,  and 
total  phosphorus,  conductivity,  dissolved  organic 
carbon,  Secchi  depth,  and  color.  (See  also  W90- 
06181)  (Lantz-PTT) 
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Much  of  the  excessive  nutrients  and  suspended 
sediment  that  enter  the  Chesapeake  Bay  are 
thought  to  originate  from  the  lower  Susquehanna 
basin.  Several  studies  have  shown  high  nutrient 
levels  in  streams  in  the  lower  basin,  while  other 
studies  show  high  nutrient  levels  in  groundwater  in 
the  lower  basin.  Three  of  the  studies  showed  high 
suspended  sediment  yields  from  areas  in  the  lower 
basin.  Nutrient  and  suspended  sediment  loads 
transported  by  the  main  stem  of  the  Susquehanna 
River  and  its  major  tributaries  were  measured.  In 
addition,  nutrient  and  suspended  sediment  loads 
were  measured  from  a  few  streams  that  drain  areas 
of  single  or  nearly  single  land  use.  The  annual  and 
seasonal  loads  and  yields  of  total  nitrogen  (TN) 
and  total  phosphorus  (TP)  measured  during  calen- 
dar years  1985,  1986  and  1987  are  tabulated.  A 
method  has  been  developed  which  readily  allows 
the  estimation  of  an  'average  baseline  load'  as  well 
as  a  'loading  rate'  to  which  a  single  figure  reduc- 
tion goal  can  be  related  regardless  of  water  dis- 
charge. The  loads  and  yields  measured  from  the 
two  major  tributaries  to  the  lower  Susquehanna 
River,  the  main  stem  Susquehanna  River  at  Harris- 
burg and  Marietta,  and  selected  tributaries  draining 
the  lower  Susquehanna  River  basin  are  given.  The 
total  basin  loads  and  the  loads  measured  at 
Conowingo  Dam  by  the  USGS  and  the  Maryland 
Office  of  Environmental  Protection  are  also  pre- 
sented to  provide  an  insight  into  the  settling  out  of 
Susquehanna  River  nutrient  loads  prior  to  entering 
the  Chesapeake  Bay.  (Lantz-PTT) 
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REPORT:  SUSQUEHANNA  RD7ER  BASIN. 

Susquehanna  River  Basin  Commission,  Harrisburg, 

PA.  Resource  Quality  Management  and  Protection 

Div. 

C.  P.  McMorran. 

Susquehanna  River  Basin  Commission,  Harrisburg, 

Pennsylvania.  Publication  No.  130,  January  1990. 

51p,  17  fig,  18  tab,  append. 

Descriptors:  'Pennsylvania,  'Pollution  load,  'Sus- 
quehanna River,  'Water  pollution  sources,  'Water 
quality,  Agricultural  runoff,  Metals,  Mine  wastes, 
Municipal  wastewater,  Nonpoint  pollution  sources, 
Nutrients,  Suspended  sediments,  Wastewater  pollu- 
tion, Water  use. 

This  report  was  prepared  to  meet  the  requirements 
of  Section  305(b)  of  the  Clean  Water  Act  (CWA). 
The  Susquehanna  River  drains  27,580  sq  mi  in 
New  York,  Pennsylvania  and  Maryland,  and  con- 
tributes over  half  of  the  freshwater  inflow  to  the 
Chesapeake  Bay.  The  report  covers  13,268  stream 
miles  assessed  out  of  21,100  miles  of  named  streams 
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in  the  basin.  The  assessments  cover  the  Lower 
Susquehanna,  Juniata  and  West  Branch  subbasins 
in  greater  detail  than  the  Upper  Susquehanna,  Che- 
mung and  Eastern  subbasins.  Designated  uses  are 
attained  in  11,812  stream  miles  (89%  of  the  total). 
Ninety-four  percent  (12,520  stream  miles)  meet  the 
CWA  fishable  water  goal  and  99%  (13,223  stream 
miles)  meet  the  CWA  swimmable  waters  goal. 
Metals  (mainly  from  mining  activities)  are  the 
major  cause  of  degradation,  polluting  844  stream 
miles  (58%  of  impaired  stream  miles).  Nutrient 
enrichment  and  sediment  from  agricultural  runoff 
and  municipal  wastewater  discharges  account  for 
another  19%  of  degraded  stream  miles.  At  least 
885  stream  miles  have  elevated  levels  of  toxic 
substances,  mainly  metals.  (Lantz-PTT) 
W90-06218 


GEOHYDROLOGY,  SIMULATION  OF 

GROUND-WATER  FLOW,  AND  GROUND- 
WATER QUALITY  AT  TWO  LANDFILLS, 
MARION  COUNTY,  INDIANA. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-06223 


STREAMFLOW  AND  STREAM  QUALITY  IN 
THE  COAL-MINING  REGION,  PATOKA 
RIVER  BASIN,  SOUTHWESTERN  INDIANA, 
1983-85. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 
D.  E.  Renn. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4150, 
1989.  68p,  8  fig,  14  tab,  31  ref. 

Descriptors:  *Acid  mine  drainage,  *Hydrologic 
data  collections,  'Indiana,  'Water  pollution 
sources,  'Water  quality,  Agricultural  watersheds, 
Stream  discharge,  Surface  water. 

Streamflow  and  stream  quality  data  were  collected 
in  the  coal  mining  region  of  the  Patoka  River 
basin,  Indiana.  Data  were  collected  on  the  Patoka 
River,  tributaries  to  the  Patoka  River,  the  South 
Fork  Patoka  River  (the  largest  tributary  to  the 
Patoka  River),  and  tributaries  to  the  South  Fork 
Patoka  River.  Data  were  collected  4  times  at  29 
sites  from  August  1983  through  March  1985  during 
different  seasons  and  conditions  of  streamflow. 
Data  obtained  at  the  sites  included  instantaneous 
streamflow,  pH,  specific  conductance,  dissolved- 
oxygen  concentration,  water  temperature,  and  con- 
centrations of  alkalinity  and  hot  acidity.  Water 
samples  were  collected  and  analyzed  to  determine 
the  concentrations  of  dissolved  sulfate;  dissolved, 
suspended,  and  total  recoverable  iron  and  manga- 
nese; dissolved  solids  suspended  sediment;  and  sus- 
pended sediment  finer  than  0.0625-mm  diameter. 
Streamflow  in  the  Patoka  River  has  been  regulated 
since  1978  by  Patoka  Lake.  Flow-duration  analysis 
indicate  that  flow  regulation  by  Patoka  Lake  gen- 
erally has  increased  low  streamflows  and  de- 
creased high  streamflows  in  the  Patoka  Lake. 
When  compared  to  sites  on  the  tributaries,  sites  on 
the  Patoka  River  generally  had  smaller  values  for 
specific  conductance  and  concentrations  of  chemi- 
cal constituents.  Sites  on  the  tributaries  had  larger 
values  due  to  the  physical  and  chemical  weather- 
ing of  coal-mined  material  in  their  basins.  For  the 
tributary  sites,  pH  was  near  neutral  at  1 1  sites,  pH 
was  low  at  8  sites,  and  pH  was  variable  at  3  sites 
depending  on  streamflow.  (USGS) 
W90-O6227 


HYDROGEOLOGIC  CHARACTERISTICS  OF 
THE  LEE  ACRES  LANDFILL  AREA,  SAN 
JUAN  COUNTY,  NEW  MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-06228 


VARIABLE-DENSITY  GROUND-WATER 

FLOW  AND  PALEOHYDROLOGY  IN  THE 
WASTE  ISOLATION  PILOT  PLANT  (WIPP) 
REGION,  SOUTHEASTERN  NEW  MEXICO. 


Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 
P.  B.  Davies. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  88-490,  Aug.  1989.  139p,  66  fig, 
1  tab,  93  ref. 

Descriptors:  'Density,  'Geohydrology,  'Ground- 
water movement,  'Hydrologic  systems,  'Model 
studies,  'New  Mexico,  'Path  of  pollutants,  'Ra- 
dioactive waste  disposal,  Brines,  Paleohydrology. 

Variable-density  groundwater  flow  was  studied 
near  the  Waste  Isolation  Pilot  Plant  in  southeastern 
New  Mexico.  An  analysis  of  the  relative  magni- 
tude of  pressure-related  and  density-related  flow- 
driving  forces  indicates  that  density-related  gravity 
effects  are  not  significant  at  the  plant  and  to  the 
west  but  are  significant  in  areas  to  the  north, 
northeast,  and  south.  A  regional-scale  model  of 
variable-density  groundwater  flow  in  the  Culebra 
Dolomite  member  of  the  Rustler  Formation  indi- 
cates that  the  flow  velocities  are  relatively  rapid 
(10  to  the  minus  7th  power  m/sec)  west  of  the  site 
and  extremely  slow  (10  to  the  minus  11th  power 
m/sec)  east  and  northeast  of  the  site.  In  the  transi- 
tion zone  between  those  two  extremes,  which  in- 
cludes the  plant,  velocities  are  highly  variable. 
Sensitivity  simulations  indicate  that  the  central  and 
western  parts  of  the  region,  including  the  plant,  are 
fairly  well  isolated  from  the  eastern  and  northeast- 
ern boundaries.  Vertical-flux  simulations  indicate 
that  as  much  as  25%  of  total  inflow  to  the  Culebra 
could  be  entering  as  vertical  flow,  with  most  of 
this  flow  occurring  west  of  the  plant.  A  simple 
cross-sectional  model  was  developed  to  examine 
the  flow  system  as  it  drains  through  time  following 
recharge  during  a  past  glacial  pluvial.  This  model 
indicates  that  the  system  as  a  whole  drains  very 
slowly  and  that  it  apparently  could  have  sustained 
flow  from  purely  transient  drainage  following  re- 
charge of  the  system  during  the  Pleistocene. 
(USGS) 
W90-06230 


RECONNAISSANCE  HYDROGEOLOGIC  IN- 
VESTIGATION OF  THE  DEFENSE  WASTE 
PROCESSING  FACILITY  AND  VICINITY,  SA- 
VANNAH RIVER  PLANT,  SOUTH  CAROLINA. 

Geological  Survey,  Columbia,  SC.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-06245 


SALINITY  AND  FLOW  RELATIONS  AND  EF- 
FECTS OF  REDUCED  FLOW  IN  THE  CHAS- 
SAHOWITZKA  RTVER  AND  HOMOSASSA 
RIVER  ESTUARIES,  SOUTHWEST  FLORIDA. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-06249 
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FORECAST  OF  STABILITY  OF  BED  LOAD  IN 
UNSTABLE  CHANNELS. 

Moskovskii  Inst.  Inzhenerov  Zheleznodorozhnogo 

Transporta  (USSR). 

For  primary  bibliographic  entry  see  Field  2J. 

W90-05706 


EFFECT  OF  DISSOLVED  OXYGEN  CONCEN- 
TRATIONS ON  FISH  AND  INVERTEBRATES 
IN  LARGE  EXPERIMENTAL  CHANNELS. 

Tennessee  Valley  Authority,  Knoxville.  Office  of 
Natural  Resources  and  Economic  Development. 
J.  H.  Heuer,  and  W.  M.  Seawell. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-016074. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  TVA/ONRED/AWR-88/14,  July 
1987.  34p,  8  fig,  7  tab,  14  ref,  append. 

Descriptors:  'Dissolved  oxygen,  'Water  pollution 
effects,  'Fish,  'Invertebrates,  Bass,  Catfish,  Blue- 
gills,  Zooplankton,  Macroinvertebrates. 


The  responses  of  fish  (smallmouth  bass,  channel 
catfish,  golden  shiners,  and  bluegill),  zooplankton, 
and  benthic  macroinvertebrates  to  various  levels  of 
dissolved  oxygen  (DO)  were  monitored  in  six  large 
outdoor  channels  at  the  Tennessee  Valley  Author- 
ity (TVA)  Aquatic  Research  Laboratory  at 
Browns  Ferry  Nuclear  Plant.  Nitrogen  stripping 
was  used  to  remove  oxygen  from  the  water,  and 
aquatic  organisms  were  exposed  to  target  levels  of 
5,4,3,  and  2  mg/L  (2  channels)  and  to  an  untreated 
control  from  July  24,  1984  until  September  24, 
1984.  Nitrogen  stripping  proved  to  be  an  effective 
and  reliable  method  of  attaining  low  DO  concen- 
trations. However,  DO  levels  fluctuated  during  the 
experiment  because  of  oxygen  produced  and  con- 
sumed by  aquatic  plants  in  the  channels.  Average 
values  in  the  channels  during  the  study  were  5.7, 
4.5,  4.1,  2.9,  and  7.0  mg/L.  Minimum  DO  concen- 
trations were  close  to  target  levels,  but  there  was 
considerable  daily  and  longitudinal  fluctuation  in 
the  channels.  Response  of  adult  golden  shiners, 
bluegill,  and  channel  catfish  to  DO  were  not  con- 
sistent, probably  because  of  predation  by  small- 
mouth  bass  on  golden  shiners  and  competition 
between  bluegill  and  channel  catfish.  Bluegill 
spawned  successfully  only  in  the  control.  Small- 
mouth  bass  exhibited  the  highest  total  weight  and 
survival  in  the  control  channel.  Next  highest 
weights  were  recovered  from  the  5  mg/L  treat- 
ment. Zooplankton  did  not  show  a  consistent  re- 
sponse to  DO,  probably  because  of  predation  by 
fish.  Benthic  invertebrates  showed  some  response 
to  DO.  Two  types  of  snails  were  not  collected  in 
the  2  mg/L  treatment.  One  type  of  midge  larva 
was  less  abundant  in  the  2  mg/L  treatment  where- 
as another  type  was  more  common  there.  One  type 
of  biting  midge  larvae  was  collected  from  the  3 
and  2  mg/L  channels.  (Lantz-PTT) 
W90-05751 


PROTECTION  OF  RIVER  BASINS,  LAKES 
AND  ESTUARIES:  FIFTEEN  YEARS  OF  COOP- 
ERATION TOWARD  SOLVING  ENVIRON- 
MENTAL PROBLEMS  IN  THE  USSR  AND 
USA. 

For  primary  bibliographic  entry  see  Field  6G. 
W90-05772 


USE  OF  MESOCOSMS  IN  EVALUATING  THE 
HEALTH  OF  AQUATIC  ECOSYSTEMS. 

Wisconsin  Univ.-Superior.  Center  for  Lake  Superi- 
or Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-05780 


ION  EXCHANGE  FN  FISH  UNDER  EXTREME 
EFFECTS  OF  A  VARIED  NATURE. 

Akademiya  Nauk  SSSR,  Borok.  Inst.  Biologii 
Vnutrennykh  Vod. 

G.  A.  Vinogradov,  V.  T.  Komov,  and  V.  B. 
Tagunov. 

IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA. 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
212-244,  5  fig,  3  tab,  46  ref. 

Descriptors:  'Environmental  effects,  'Fish  physi- 
ology, 'Ion  exchange,  'Pesticides,  'Stress,  'Toxi- 
cology, 'Water  pollution  effects,  Calcium,  Chlor- 
ides, Magnesium,  Polychlorpinene,  Potassium, 
Sodium,  Toxicity. 

The  stocking  of  fresh  waters  with  teleost  fish  and 
their  successful  adaptation  would  not  be  possible 
without  the  formation  of  physiological  mechanisms 
ensuring  homeostasis  of  osmotic  concentration  and 
ion  composition  in  the  internal  medium.  The  hy- 
perosmotic state  of  the  internal  medium  in  fish,  as 
in  crustaceans,  is  maintained  through  high  concen- 
trations of  Na(  +  )  and  Cl(-)  (120-140  millimols 
(mmols)/L)  compared  to  the  external  medium.  The 
ion  content  of  K(  +  ),  Ca(2  +  )  and  Mg(2  +  )  is  sig- 
nificantly lower  (1.5-5.0  mmols/L).  NaCl  diffuses 
into  the  water  as  a  result  of  the  high  gradient  of 
concentrations  between  the  internal  and  external 
mediums.  Part  of  these  ions  are  excreted  with  the 
urine.  The  regularities  of  ion  exchange  between  the 
fish  and  the  medium  with  individual  living  condi- 
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tion  deviations  from  the  optimal  values  was  estab- 
lished. It  was  determined  that  catching  and  labora- 
tory handling  of  fish  are  the  same  type  of  stress 
factors,  inducing  disturbances  of  the  ion  balance 
between  the  organism  and  medium  through  intensi- 
fication of  Na  and  K  diffusion  into  the  external 
medium.  At  the  start  of  the  stress  period  (<  1  hr 
after  the  effect  begins),  the  ion  loss  increases  sharp- 
ly. The  ion  exchange  characteristics  stabilize  and 
the  cation  exchanges  become  normal  in  the  restora- 
tive period,  lasting  a  maximum  of  2  days.  Sodium 
losses  drop  repeatedly  and  Na  absorption  from  the 
water  increases  as  a  result  of  the  fish  acclimation  to 
the  salt  shortage  in  the  water.  Similar  adaptive 
changes  also  take  place  in  Ca  exchange.  The  pres- 
ence of  Ca(2  +  )  in  the  external  medium  reduces  the 
Na  and  K.  leaving  the  organism.  Mg(2  +  )  depress 
Ca  absorption  from  the  water.  50%  of  Ca  transport 
inhibition  is  observed  with  a  Mg  concentration 
close  to  50  micromols/L.  The  adequate  duration  of 
the  experiments  (20  days)  and  the  use  of  toxicant 
concentrations  close  to  sublethal,  established  the 
differences  in  the  action  of  widespread  pesticides 
on  fish  gill  functions.  Polychlorpinene  increases  Na 
loss  from  the  organism.  Other  pesticides  in  differ- 
ent concentrations  do  not  have  such  an  effect.  (See 
also  W90-05772)  (Lantz-PTT) 
W90-05781 

AQUATIC  TOXICITY  METHODOLOGIES:  AN 
UPDATE  FOR  THE  1980S. 

National  Fisheries  Research  Center-Great  Lakes, 
Ann  Arbor,  MI. 

M.  G.  Henry,  and  R.  A.  Schoettger. 
IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA. 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
245-261,  2  tab,  31  ref. 

Descriptors:  *Bioassay,  *Biological  studies,  ♦Tox- 
icity, *USSR,  *Water  pollution  effects,  Algae, 
Bioaccumulation,  Ecological  effects,  Ecosystems, 
Fish,  International  commissions,  Lethal  limit,  Mi- 
crobiological studies. 

Hazard  assessment  approaches  and  techniques  are 
consistently  being  refined  in  the  face  of  escalating 
industrial,   domestic,   and   agricultural   point   and 
nonpoint  inputs  of  contaminants  to  water  supplies. 
Integral  to  hazard  assessment  are  methods  for  de- 
termining  the   biological   effects   of  single   com- 
pounds and  mixtures  on  non-target  organisms.  The 
ultimate  goal  is  to  produce  meaningful  regulations 
that  preserve  aquatic  biota  and  yet  still  allow  for 
wise  utilization  of  streams,  rivers,  lakes,  and  their 
indigenous  fish.  Prior  to  1975,  when  the  first  US- 
USSR  Joint  Symposium  and  Interlaboratory  Ex- 
change dedicated  to  issues  of  water  pollution  pre- 
vention occurred,  the  only  influence  exerted  by 
Soviet  scientists  on  their  peers  in  the  US  and  vice- 
versa  was  through  the  published  literature,  often 
difficult  to  obtain  or  translate,  and  through  presen- 
tations at  scientific  meetings.  In  what  might  be 
philosophically  viewed  as  a  double-blind  experi- 
ment prior  to  1975,  the  evolution  of  thought  per- 
taining to  test  methods  development  in  each  coun- 
try can  be  chronologically  traced  and  compared. 
The  objectives  of  this  paper  are  three-fold:  (1) 
review  the  general  categories  of  toxicity  tests  inde- 
pendently used  in  the  US  and  USSR  prior  to  the 
signing  of  the  Bilaterial  Agreement  in  1972  and  the 
first  technical  exchange  in  1975,  (2)  discuss  col- 
laborative methods  that  have  been  developed  since 
the  first  technical  exchange,  and  (3)  discuss  some 
distinctive  features  of  research  directions  in  the  US 
and  USSR  that  complement  collaborative  efforts 
and  aid  in  determining  future  research  emphasis  in 
the  development  of  toxicity  test  methods.   The 
methods  discussed  from  the  USSR  are:  acute  letha- 
lity; partial  chronic;  full-cycle;  microbial  assays; 
algal   assays;   behavioral;   biochemical/physiologi- 
cal; histological;  organoleptic  evaluations;  limited 
field  surveys;  microbial  assays;  ponds;  and  zoo- 
plankton  community  investigations.  The  methods 
discussed  from  the  US  are:  acute  lethality;  embryo- 
larval;    full-life    cycle;    algal    assays;    histological; 
bioaccumulation;  field  surveys;  diversity;  and  mi- 
crocosms. (See  also  W90-05772)  (Lantz-PTT) 
W90-05782 


BIOTESTING  OF  AQUATIC  ENVIRONMENTS 
BASED  ON  THE  BEHAVIORAL  REACTIONS 
OF  AQUATIC  ANIMALS. 

Akademiya    Nauk    SSSR,    Borok.    Inst.    Biologu 

Vnutrennykh  Vod. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05783 

AMMONIA  TOXICITY  AND  METABOLISM  rN 
FISHES. 

Environmental  Research  Lab.,  Athens,  GA. 
R.  C.  Russo,  D.  J.  Randall,  and  R.  V.  Thurston. 
IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA. 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
283-310,  3  fig,  1  tab,  90  ref. 

Descriptors:  *Ammonia,  *Fish,  *Toxicity,  *Water 
pollution  effects,  Dissolved  oxygen,  Hydrogen  ion 
concentration,  Nitrogen  compounds,  Temperature. 

Ammonia  can  enter  natural  water  systems  from 
several  sources,  including  industrial  wastes,  sewage 
effluents,  alternative  fuel  conversion  processes,  and 
agricultural  discharges.  It  is  also  a  natural  biologi- 
cal degradation  production  of  nitrogenous  organic 
matter.  To  understand  the  toxicity  of  ammonia  to 
fish,  it  is  important  to  understand  its  chemical 
equilibrium  in  water.  In  aqueous  solutions,  ammo- 
nia assumes  two  chemical  forms:  the  unionized 
form  (NH3),  hydrogen  bonded  to  at  least  three 
water  molecules;  and  the  ionized  form  (NH4(+)). 
Total  ammonia  is  the  sum  of  NH3  and  NH4(  +  ), 
and  it  is  total  ammonia  that  is  measured  analytical- 
ly in  aqueous  solution.  The  relative  concentrations 
of  ionized  and  unionized  ammonia  in  a  given  am- 
monia solution  are  principally  a  function  of  the  pH, 
temperature,  and  ionic  strength  of  that  solution.  As 
pH  increases,  the  equilibrium  is  shifted  toward  the 
unionized  species,  and  the  concentration  of  NH3 
increases  while  that  of  NH4(  +  )  decreases.  Tem- 
perature increase  also  favors  the  NH3  species,  but 
to  a  lesser  extent.  The  interaction  between  ammo- 
nia and  dissolved  oxygen  (DO)  is  an  important 
factor  in  ammonia  toxicity  to  aquatic  life.   Dis- 
charge of  ammonia  is  frequently  associated  with  a 
reduction  of  oxygen  levels  in  the  receiving  water. 
This  is  brought  about  by  several  causes,  including 
the  oxygen  demand  of  the  ammonia  as  it  is  con- 
verted by:  (1)  the  natural  microbial  oxidation  to 
nitrite  and  nitrate,  (2)  the  chemical  and  biological 
oxygen  demand  of  other  chemicals  that  may  be 
discharged  along  with  ammonia,  and  (3)  the  reduc- 
tion in  oxygen-carrying  capacity  of  the  receiving 
water  caused  by  a  high  temperature  discharge. 
Aquatic  life  in  streams  receiving  discharges  con- 
taining ammonia  may  often  be  subjected  to  fluctua- 
tions in  ammonia  concentration,   as  opposed   to 
steady  or  constant  concentrations,  and  when  acci- 
dental spills  of  ammonia  occur,  aquatic  organisms 
may  be  subjected  to  large  slugs  of  ammonia  for 
short  periods  of  time.  Prior  exposure  of  fish  to 
ammonia  appears  to  increase  their  tolerance  to 
acutely   lethal   concentrations.   This   relationships 
may    significantly    affect    the    instantaneous    and 
short-term  maximum  concentrations  of  ammonia 
that  fish  can  tolerate  in  instances  of  accidental 
releases  or  spills.   (See  also  W90-05772)  (Lantz- 
PTT) 
W90-05784 


Descriptors:  *Acid  rain,  *Acid  rain  effects,  •Acidi- 
fication, *Model  studies,  'Neutralization,  •Simula- 
tion, *Water  pollution  effects,  Chemical  interac- 
tions, Clear  Pond,  Forecasting,  Geochemistry, 
New  York,  Panther  Lake,  Woods  Lake. 

The  EPA  is  currently  using  the  dynamic  water- 
shed acidification  codes  MAGIC  (Model  of  Acidi- 
fication  of  Groundwater   in   Catchments),   ETD 
(Enhanced  Trickle-Down),  and  ILWAS  (Integrat- 
ed Lake  Watershed  Acidification  Study)  to  assess 
the  impact  of  acidic  deposition  on  water  quality  by 
simulating  watershed  acid  neutralization  processes. 
The  process  formulations  (i.e.,  conceptual  and  nu- 
merical representation  of  atmospheric,  hydrologic, 
geochemical  and  biogeochemical  processes)  were 
evaluated,    their   approaches   to   calculating   acid 
neutralizing  capacity  (ANC)  were  compared,  and 
the  relative  effects  (sensitivity)  of  perturbations  in 
the  input  data  on  selected  output  variables  for  each 
code  were  estimated.  Input  data  were  drawn  from 
three  Adirondack  watersheds:  Panther  Lake,  Clear 
Pond,  and  Woods  Lake.  The  MAGIC  and  ILWAS 
codes  contain  process-oriented  formulations  based 
on  principles  of  thermodynamic  equilibria  and  ki- 
netics for  the  following  geochemical  and  biogeo- 
chemical processes:  (1)  silicate  mineral  weathering, 
(2)  anion  adsorption,  (3)  cation  exchange,  (4)  alu- 
minum hydroxide  dissolution  and  speciation,  (5) 
carbonic  acid  equilibria,  and  (6)  organic  acid  speci- 
ation. The  additional  process  detail  in  the  ILWAS 
code  has  the  advantages  of  allowing  more  meas- 
urement data  in  the  calibration  process  and  more 
interpretation  of  the  relative  importance  of  various 
biogeochemical  processes.  However,  the  MAGIC 
code  has  the  advantage  of  requiring  fewer  input 
data,  thereby  requiring  the  estimation  of  values  for 
fewer  variables,  and  less  time  to  calibrate.  The 
ETD    code,    in    contrast    to    the    MAGIC    and 
ILWAS  codes,  integrates  watershed  processes  by 
expressing  their  effects  on  the  ANC  mass  balance. 
This  approach  is  based  on  the  role  of  ANC  as  the 
prime  indicator  of  surface  water  acidification.  Lim- 
itations inherent  in  this  code  include  the  absence  of 
reactions  of  important  geochemical  components, 
process  detail,  and  the  choice  of  kinetic  expressions 
for  base-cation  exchange  reactions.  (Lantz-PTT) 
W90-05790 


AIR  POLLUTION  AND  ACIDIFICATION. 

National  Swedish  Environment  Protection  Board, 

Solna. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05789 


EVALUATION  AND  ANALYSIS  OF  THREE 
DYNAMIC  WATERSHED  ACIDIFICATION 
CODES  (MAGIC,  ETD,  AND  ILWAS). 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
E.  A.  Jenne,  L.  E.  Eary,  L.  W.  Vail,  D.  C.  Girvin, 
and  A.  M.  Liebetrau. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE89-006388. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/3-89/045,  June  1989.  227p,  9 
fig,  43  tab,  77  ref,  5  append.  DOE  Contract  DE- 
AC06-76RLO-1830. 


RISK  ASSESSMENT  OF  CHEMICALS  IN  THE 
ENVIRONMENT. 

Royal  Society  of  Chemistry,  London,  England. 
579  p.  Edited  by  Mervyn  L.  Richardson. 

Descriptors:  'Chemical  wastes,  *Hazardous 
wastes,  'Radioactive  wastes,  *Risk  assessment, 
•Water  pollution  effects,  Air  pollution,  Confer- 
ences, Toxicology,  Water  pollution,  Water  pollu- 
tion control. 

Risk  assessment  is  a  multidisciplinary  subject  with 
worldwide  consequences.  These  proceedings 
cover  the  third  European  Conference  on  Chemis- 
try and  the  Environment  as  formulated  by  the 
Federation  of  European  Chemical  Society's 
(FECS)  Working  Party  on  Chemistry  and  the  En- 
vironment. With  worldwide  contributions  from 
eminent,  internationally  known  authors,  the  book 
covers  both  chemical  and  radioactive  risk  assess- 
ment, predictive  techniques,  risk  acceptance  (in- 
cluding prediction  and  reality  on  isolated  and 
global  bases),  approaches  to  the  control  of  chemi- 
cal disasters  and  much  more.  It  is  divided  into  four 
sections:  introduction  and  overview;  contribution 
of  toxicology  to  risk  assessment;  incidental  emis- 
sions-air and  water;  and  international  emissions. 
(See  W90-05793  thru  W90-05802)  (Lantz-PTT) 
W90-05792 


ACID  RAIN -MODELLING  ITS  RISKS  TO  THE 
EUROPEAN  ENVIRONMENT. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
L.  Hordijk. 

IN:  Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. Royal  Society  of  Chemistry,  London,  Eng- 
land, p  298-31 1,  7  fig,  1  tab,  27  ref. 

Descriptors:  *Acid  rain,  *Air  pollution,  *Europe, 
•Model  studies,  *Path  of  pollutants,  *Rain,  'Risk 
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assessment,  *Water  pollution  sources,  Acidifica- 
tion, Regional  Acidification  Information  and  Simu- 
lation, Soil  contamination.  Sulfur,  Sulfur  dioxide. 

As  the  public  debate  on  acid  deposition  escalates, 
governments  and  industry  are  hard  pressed  to 
decide  whether  to  install  additional  controls  on 
powerplants  and  clean  up  other  potential  sources 
of  pollution;  to  take  steps  to  mitigate  possible  ef- 
fects of  acid  deposition  (e.g.  liming  of  waterways 
and  soils,  development  of  resistant  biota);  or  to 
wait  perhaps  5  or  10  years  until  there  is  more 
conclusive  information  about  the  complex  relation- 
ship between  emissions  and  environmental  effects. 
At  the  International  Institute  for  Applied  Systems 
Analysis  (IIASA)  in  Austria  the  Regional  Acidifi- 
cation Information  and  Simulation  (RAINS)  model 
has  been  developed  to  synthesize  the  vast  amount 
of  unstructured  information  abut  acidification  and 
for  dealing  with  the  many  crucial  uncertainties 
associated  with  pollution  emissions  and  their  envi- 
ronmental effects.  The  emphasis  of  RAINS  is  on 
the  transboundary  aspect  of  air  pollution.  There- 
fore, the  spatial  coverage  is  all  of  Europe,  includ- 
ing the  European  part  of  the  USSR,  and  the  time 
period  is  from  1960  up  to  2040.  The  model  is 
currently  sulfur-based  because  of  the  principal  role 
of  sulfur  dioxide  as  a  precursor  of  acid  deposition. 
However,  the  model  is  being  expanded  to  include 
emissions  of  oxides  of  nitrogen  and  ammonia. 
RAINS  consists  of  three  linked  compartments:  pol- 
lutant generation,  atmospheric  processes,  and  envi- 
ronmental impacts.  The  energy  and  emissions  sub- 
model accounts  for  five  emissions  producing  sec- 
tors: conversion,  powerplants,  domestic,  industry, 
and  transportation.  In  addition,  eight  fuels  are  con- 
sidered: brown  coal,  derived  coal,  light  oil, 
medium  distillates,  heavy  oils,  gas,  and  'other 
fuels'.  There  are  basically  four  different  ways  to 
reduce  emissions  of  sulfur  dioxide  from  energy 
combustion:  (1)  energy  conservation,  (2)  fuel  sub- 
stitution, (3)  use  of  fuels  containing  less  sulfur,  and 
(4)  desulfurization  during  or  after  combustion. 
RAINS  contains  procedures  for  options  2-4.  Soil 
acidification  is  an  important  link  between  air  pollu- 
tion and  effects  on  the  terrestrial  and  aquatic  envi- 
ronment. The  RAINS  soil  submodel  deals  only 
with  forest  soils  and  its  working  is  based  on  the 
soil's  ability  to  buffer  acid  deposition.  (See  also 
W90-05792)  (Lantz-PTT) 
W90-05793 


TOTAL  INDEX  OF  ENVIRONMENTAL  QUAL- 
ITY AS  APPLIED  TO  WATER  RESOURCES. 

Ceske  Vysoke  Uceni  Technicke  v  Praze.  Fakulta 

Jaderna  a  Fysikalne  Inzenyrska. 

For  primary  bibliographic  entry  see  Field  6B. 

W90-05795 


QUANTITATIVE  STRUCTURE-ACTIVITY  RE- 
LATIONSHIPS AND  TOXICITY  ASSESSMENT 
IN  THE  AQUATIC  ENVIRONMENT. 

Environmental    Protection   Agency,   Washington, 
DC.  Office  of  Toxic  Substances. 
R.  L.  Lipnick. 

IN:  Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. Royal  Society  of  Chemistry,  London,  Eng- 
land, p  379-397,  3  tab,  48  ref. 

Descriptors:  'Risk  assessment,  'Structure-activity 
relationships,  'Toxicity,  'Toxicology,  'Water  pol- 
lution effects,  Chemical  analysis,  Model  studies. 

Quantitative  structure-activity  relationships 
(QSARs)  are  a  valuable  tool  for  systematizing  tox- 
icity data  on  aquatic  organisms  as  a  function  of 
chemical  structure.  The  application  of  QSAR 
models  for  predictive  purposes  requires  some 
knowledge  or  insight  into  molecular  mechanism  of 
toxicity;  otherwise,  the  toxicity  of  a  new,  untested 
industrial  chemical  may  be  underestimated.  The 
narcosis  model  provides  an  estimate  of  baseline 
toxicity  for  non-electrolytes  in  general.  Therefore, 
such  a  new  substance  can  be  assumed  to  be  at  least 
as  toxic  as  these  narcosis  QSAR  predictions,  which 
are  limited  only  by  the  ability  to  assign  reliably  a 
log  P  value  (P  =  octanol/water  partition  coeffi- 
cient). A  chemical  should  be  considered  as  a  candi- 
date for  chronic  toxicity  testing  if  its  log  P  exceeds 
the  maximum  value  permitting  the  attainment  of 
equilibrium  partitioning  in  the  chosen  test  duration, 


or  if  evidence  exists  for  cumulative  toxicity  via  an 
electrophile  or  other  more  specific  toxicity  mecha- 
nism. (See  also  W90-05792)  (Lantz-PTT) 
W90-05796 


HAZARD  AND  RISK  ASSESSMENT  AND  AC- 
CEPTABILITY OF  CHEMICALS  IN  THE  ENVI- 
RONMENT. 

Technical   Univ.   of  Denmark,   Lyngby.   Lab.   of 
Environmental  Science  and  Ecology. 
F.  BroRasmussen. 

IN:  Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. Royal  Society  of  Chemistry,  London,  Eng- 
land, p  437-450,  4  fig,  12  ref. 

Descriptors:  'Fate  of  pollutants,  'Path  of  pollut- 
ants, 'Risk  assessment,  'Toxicity,  'Water  pollution 
effects,  Bioaccumulation,  Environmental  effects, 
Pollutant  identification. 

In  spite  of  well-established  practices  to  determine 
environmental  risks  and  hazards,  it  is  still  impor- 
tant to  present  a  conceptual  framework  for  the 
evaluation  of  risk  from  environmental  chemicals. 
This  permits  the  development  of  reasonably  strin- 
gent definitions,  and  the  exercising  of  a  more 
narrow  range  of  interpretations  than  normally 
found  in  this  context.  A  few  examples  of  environ- 
mental risk  assessments  are  presented,  and  the  ob- 
servation is  made,  that  the  acceptability  is  as  im- 
portant for  the  assessment,  as  are  the  risk  criteria 
per  se.  Although  the  standards  for  risk  acceptance 
are  variable,  the  hazard  evaluation  is  often  de- 
scribed in  terms  of  a  step-wise  procedure  which 
distinguishes  between  the  hazard  identification 
(HI)  and  the  hazard  assessment  (HA).  The  HI 
identifies  hazardous  properties  inherent  to  the 
chemicals,  e.g.,  persistence,  bioaccumulative  po- 
tential, toxicity,  and  possibly  selected  properties 
which  indicate  environmental  mobility  and  reactiv- 
ity. HI  concludes  in  classification  or  categorization 
of  chemicals  in  numerical  or  otherwise  prioritized 
order.  HA  assesses  the  potential  for  a  chemical  to 
cause  harm  (adverse  effects)  to  targets  or  target 
systems,  such  as  human  population,  environmental 
species  and/or  ecosystems.  HA  concludes  in  iden- 
tification of  targets  at  risk  related  to  potential 
exposure  and  exposure  routes.  Risk  estimation 
(RE)  estimates  the  probability  that  a  chemical 
causes  harm  (adverse  effects)  as  a  result  of  a  speci- 
fied production,  use  and/or  other  emission  into  the 
environment.  RE  concludes  in  a  relationship  (prob- 
abilistic or  quality  related)  between  potential 
target-effect  data  and  data  on  acceptable  or  unac- 
ceptable effects.  (See  also  W90-05792)  (Lantz- 
PTT) 
W90-05799 


METABOLISM  OF  POLYCYCLIC  AROMATIC 
HYDROCARBONS  IN  THE  AQUATIC  ENVI- 
RONMENT. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05812 


FACTORS  INFLUENCING  EXPERIMENTAL 
CARCINOGENESIS  IN  LABORATORY  FISH 
MODELS. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Food  Sci- 
ence and  Technology. 

G.  S.  Bailey,  D.  E.  Goeger,  and  J.  D.  Hendricks. 
IN:  Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in  the  Aquatic  Environment.  CRC  Press, 
Inc.,  Boca  Raton,  Florida,  p  253-268,  7  tab,  62  ref. 
Public  Health  Service  Grant  Nos.  ES00092, 
ES00210,  ES00541,  ES03850,  CA34732,  and 
CA398398. 

Descriptors:  'Cancer,  'Carcinogens,  'Fish,  'Labo- 
ratory methods,  'Model  studies,  'Toxicity,  'Water 
pollution  effects,  Water  temperature. 

The  likely  impact  of  an  environmental  carcinogen 
on  any  fish  population  will  depend  on  the  amount 
of  exposure  received  by  each  susceptible  life-stage, 
the  ability  of  each  stage  to  absorb  and  metabolize 
the  carcinogen  and  to  repair  any  ensuing  damage, 
and  the  genetic  consequences  for  tumor  induction 
per  unit  of  genomic  damage  in  target  organs  at 
each  developmental  age.  Studies  were  reviewed 
that  demonstrate  that  in  laboratory  models,  several 


additional  factors  may  have  significant  impact  on 
the  population  response  to  a  given  chemical  car- 
cinogen. These  include,  but  may  not  be  limited  to, 
developmental  age  at  exposure,  route  of  exposure, 
genetic  variation,  nutritional  status  and  growth 
rate,  nutrient  and  non-nutrient  modulators  of  car- 
cinogenicity, and  water  temperature  during  initi- 
ation and/or  growth.  When  considered  individual- 
ly, the  effect  of  each  parameter  on  experimental 
carcinogenicity  seems  not  be  great,  generally  less 
than  one  order  of  magnitude.  However,  it  may  be  a 
rare  circumstance  that  only  one  such  variable  will 
be  operative  in  comparison  of  tumor  incidences 
among  feral  fish  populations.  More  frequently, 
some  combination  of  several  such  variables  may 
operate,  along  with  carcinogen  exposure,  to  deter- 
mine the  tumor  incidence  in  populations  under 
comparison.  Since  most  of  these  variables  function 
independently,  in  some  instances  their  environmen- 
tally random  occurrence  may  combine  to  pro- 
foundly alter  the  tumor  incidence  among  popula- 
tions under  comparison,  and  confound  any  attempt 
to  ascribe  tumor  incidence  solely  to  variation  in 
exposure  to  a  suspect  environmental  carcinogen. 
The  major  impediment  to  identification  of  specific 
etiological  agents  in  feral  fish  neoplasia  may  well 
be  the  difficulties  imposed  by  the  existence  of 
highly  complicated  mixtures  of  genotoxic  com- 
pounds. This  will  be  superimposed  on  an  intermit- 
tent and  variable  exposure  of  host  species  to  com- 
pounds which  can  modulate  fish  response  to  envi- 
ronmental carcinogens.  (See  also  W90-05812) 
(Lantz-PTT) 
W90-05820 


PAH,  METABOLITES,  AND  NEOPLASIA  IN 
FERAL  FISH  POPULATIONS. 

National  Fisheries  Contaminant  Research  Center, 
Columbus,  OH.  Field  Research  Station. 
P.  C.  Baumann. 

IN:  Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in  the  Aquatic  Environment.  CRC  Press, 
Inc.,  Boca  Raton,  Florida,  p  269-289,  7  fig,  4  tab, 
74  ref. 

Descriptors:  'Bioaccumulation,  'Cancer,  'Fish, 
'Metabolism,  'Polycyclic  aromatic  hydrocarbons, 
'Toxicity,  'Water  pollution  effects,  Benzopyrene, 
Black  River,  Case  studies,  Field  studies,  Laborato- 
ry methods,  Lake  Erie,  Puget  Sound,  Sediment 
contamination,  Tissue  analysis. 

The  hypothesis  that  anthropogenic  polycyclic  aro- 
matic hydrocarbons  (PAH)  cause  epizootics  of  ne- 
oplasia in  feral  fish  rests  primarily  on  research  at 
three  locations:  (1)  Puget  Sound,  Washington;  (2) 
eastern  Lake  Erie;  and  (3)  the  Black  River,  Ohio. 
Case  histories  of  these  three  sites  have  a  number  of 
similarities.  Frequency  of  liver  neoplasia,  including 
both  cholangicellular  and  hepatocellular  lesions, 
was  high  in  bottom-dwelling  fishes  at  each  loca- 
tion. Bottom  sediments  in  the  areas  that  these  fish 
populations  inhabited  contained  elevated  levels  of 
PAH,  including  known  mammalian  carcinogens 
such  as  benzo(a)pyrene  (BaP).  The  PAH  concen- 
trations were  typically  several  orders  of  magnitude 
greater  than  those  recorded  from  less  polluted 
areas.  Skin  painting  experiments  with  PAH  ex- 
tracted from  sediments  produced  papillomas  in 
brown  bullheads  (Buffalo  River  sediment)  and  in 
Swiss  mice  (Buffalo  and  Black  River  sediments). 
Furthermore,  elevated  levels  of  PAH  were  found 
in  the  stomach  contents  of  English  sole  and  white 
suckers  from  populations  with  high  frequencies  of 
neoplasia.  Elevated  PAH  levels  have  been  demon- 
strated in  fish  tissue  from  all  three  research  areas. 
Experiments  with  English  sole  and  brown  bullhead 
have  demonstrated  the  ability  of  both  species  to 
metabolize  BaP  to  carcinogenic  derivatives,  and 
have  documented  the  subsequent  formation  of 
DNA  adducts.  Bile  of  feral  fish  from  all  locations 
has  been  found  to  contain  PAH  metabolites.  A 
recent  experiment  demonstrated  that  hepatic  carci- 
noma can  be  induced  in  rainbow  trout  by  exposure 
to  dietary  BaP.  Although  this  research  taken  as  a 
whole  does  not  demonstrate  cause  and  effect,  the 
field  studies  and  the  results  of  laboratory  investiga- 
tions can  best  be  interpreted  by  assuming  the  pa- 
thology to  be  the  result  of  a  carcinogen  taken  by 
fish  from  their  environment  by  way  of  the  diet,  or 
by  water  and  sediment  intake  or  contact,  and  acti- 
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vated  by  hepatic  enzymes.  (See  also  W90-05812) 

(Lantz-PTT) 

W90-05821 

HYDROCARBONS  IN  MARINE  MOLLUSKS: 
BIOLOGICAL  EFFECTS  AND  ECOLOGICAL 
CONSEQUENCES. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 

M.  N.  Moore,  D.  R.  Livingstone,  and  J.  Widdows. 
IN:  Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in  the  Aquatic  Environment.  CRC  Press, 
Inc.,  Boca  Raton,  Florida,  p  291-328,  11  fig,  7  tab, 
201  ref. 

Descriptors:  *Bioaccumulation,  'Hydrocarbons, 
'Mollusks,  'Polycyclic  aromatic  hydrocarbons, 
•Water  pollution  effects,  Biological  studies,  Bio- 
transformation, Ecological  effects. 

Polycyclic  aromatic  hydrocarbons  (PAH)  repre- 
sent a  major  class  of  environmental  contaminant 
originating  from  both  petrogenic  and  pyrogenic 
sources.  Marine  organisms,  including  mollusks,  ac- 
cumulate PAH  in  their  body  tissues  and  concen- 
trate  them   to   a   marked   degree   over   seawater 
levels.   The  quantity,   form,  biological   fate,   and 
effects  of  toxic  environmental  contaminants  such 
as  PAH  are  determined  by  interactions  between  a 
number  of  processes,   including  uptake  (absorp- 
tion),   distribution,    accumulation    (storage),    bio- 
transformation (metabolism),  and  elimination  (ex- 
cretion and  depuration).  Understanding  of  many  of 
these  processes  is  limited   in  marine  organisms. 
Many  PAH  are  capable  of  being  transformed  to 
carcinogenic    or    cocarcinogenic    derivatives    in 
mammals  by  the  cytochrome  P-450  monooxygen- 
ase-  and  epoxide  hydratase  systems.  An  integrated 
approach  to  the  areas  of  bioaccumulation,  biotrans- 
formation, and  biological  effects  and  their  ecologi- 
cal consequences  is  presented.  It  is  emphasized  that 
while  the  focus  is  on  PAH,  many  of  the  environ- 
mental examples  described   relate  to  petroleum- 
derived  xenobiotics,  which  include  not  only  PAH, 
but  also  aliphatic  hydrocarbons,  as  well  as  hetero- 
cyclic compounds.  The  possibility  of  contributory 
effects  due  to  these  other  components  cannot,  be 
ruled  out.  The  prime  objective  of  this  work  has 
been  to  identify  and  investigate  the  processes  in- 
volved in  the  responses  to  hydrocarbons  at  differ- 
ent levels  of  biological  organization  (i.e.,  molecu- 
lar, subcellular,  cellular,  tissue/organ,  individual, 
and  population),  whether  these  can  be  conceptual- 
ly linked  in  order  to  gain  an  understanding  of  how 
the  animal  responds  to  hydrocarbons  and  to  at- 
tempt to  predict  what  the  possible  ecological  con- 
sequences might  be.  An  additional  objective  is  the 
development  of  indices  of  harmful  effects  at  the 
various  hierarchical  levels  of  biological  organiza- 
tion. (See  also  W90-05812)  (Lantz-PTT) 
W90-05822 


core  toxicity  profiling  and  the  C.  tentans  bioassay 
for  three-dimensional  sediment  quality  assessment 
are  analyzed  as  well  as  comparisons  between  the 
results  of  laboratory  assays  and  field  surveys  of 
benthic  macroinvertebrates.  The  assay  results  are 
used  to  estimate  the  volume  of  toxic  sediment  at 
eight  sites  and  determine  the  costs  of  dredging  and 
disposal  of  the  toxic  sediments.  Preliminary  esti- 
mates of  remedial  actions  were  developed  to 
achieve  several  levels  of  mitigation  of  the  toxicity 
of  sediment  to  macrozoobenthic  populations  in  the 
Trenton  Channel.  (Author's  abstract) 
W90-05843 


TOXICITY  OF  VERTICAL  SEDIMENTS  IN 
THE  TRENTON  CHANNEL,  DETROIT  RIVER, 
MICHIGAN,  TO  CHIRONOMUS  TENTANS 
(INSECTA:  CHIRONOMIDAE). 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 

C.  J.  Rosiu,  J.  P.  Giesy,  and  R.  G.  Kreis. 
Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
15,  No.  4,  p  570-580,  1989.  3  fig,  2  tab,  37  ref.  EPA 
Cooperative  Agreement  No.  DL  85-002-06. 

Descriptors:  'Bioassay,  'Detroit  River,  'Midges, 
•Sediment  contamination,  'Water  pollution  effects, 
•Water  pollution  treatment,  Cores,  Economic  as- 
pects, Macroinvertebrates,  Spatial  variation,  Test- 
ing procedures,  Toxicity. 

The  effects  of  sediment  from  various  sediment  core 
depths  on  survival  and  weight  gain  of  larvae  of  the 
dipteran  midge,  Chironomus  tentans  were  studied 
in  10-d  laboratory  exposures.  Sediment  cores  were 
collected  from  12  sites  in  the  Trenton  Channel  of 
the  Detroit  River  in  1987  and  sectioned  into  5-cm 
intervals  to  a  depth  of  25  cm.  Percent  reductions  in 
larval  weight  gain,  relative  to  that  in  control  sedi- 
ment, were  calculated  for  each  interval.  Two  sites 
were  classified  as  very  toxic,  three  sites  as  toxic, 
three  sites  as  slightly  toxic,  and  four  sites  as  good 
quality   benthic   habitat.   The   utility   of  sediment 


USE  OF  FRESHWATER  MUSSELS  (BIVALVIA: 
UNIONIDAE)  TO  MONITOR  THE  NEAR- 
SHORE  ENVIRONMENT  OF  LAKES. 

University  of  Western  Ontario,  London.  Dept.  of 

Zoology. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05849 

RESPONSE  OF  SPORT  FISHES  TO  THERMAL 
DISCHARGES  INTO  THE  GREAT  LAKES:  IS 
SOMERSET  STATION,  LAKE  ONTARIO,  DIF- 
FERENT. 

State  Univ.  of  New  York  Coll.  at  Brockport.  Dept. 
of  Biological  Sciences. 

J.  M.  Haynes,  G.  P.  Gerber,  and  J.  K.  Buttner. 
Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
15,  No.  4,  p  709-718,  1989.   1  fig,  2  tab,  62  ref. 

Descriptors:  'Fish  behavior,  'Lake  Ontario, 
'Thermal  pollution,  'Water  pollution  effects,  Fish 
tagging,  Salmonines,  Sunfish,  Thermal  attraction. 

To  assess  potential  thermal  impacts  of  Somerset 
Generating  Station  on  sport  fishes,  the  frequencies 
and  durations  of  encountering  the  thermal  dis- 
charge at  Somerset  Station  were  determined  by 
tagging  121  salmonines  and  58  centrarchids  with 
temperature-sensing  radiotransmitters.  Encounters 
of  Lake  Ontario  shoreline  occupied  by  Somerset 
Station  averaged  0.7  and  0.1  per  fish  for  salmonines 
and  centrarchids,  respectively.  Salmonines  aver- 
aged 5.5  h  at  the  station  per  encounter.  Four 
centrarchids  established  residence  areas  in  the  lake 
near  the  station  for  28-79  d;  others  averaged  3.5  d 
at  the  station.  Salmonines  and  centrarchids  occu- 
pied waters  off  Somerset  Station  on  6.7%  and 
16.0%,  respectively,  of  the  days  they  were  tracked. 
No  temperatures  occupied  by  fish  at  the  station 
exceeded  critical  thermal  maxima  for  salmonines 
(20-25  degrees  C)  or  centrarchids  (30-37  degrees 
C).  Salmonines  occupied  heated  water  >2C  de- 
grees above  ambient  lake  temperatures  on  1.3%  of 
the  1,983  occasions  when  temperatures  were  re- 
corded, while  centrarchids  averaged  0.1%  of  1,773 
observations.  Rare  encounters  of  and  lack  of  at- 
traction to  the  thermal  discharge  were  attributed 
to  characteristics  of  the  discharge  (600+  m  off- 
shore, small  delta  T,  small  volume/area),  to  unre- 
markable lake  habitat  (flat  bottom,  physically  simi- 
lar to  other  regions  of  southcentral  Lake  Ontario), 
and  to  the  generally  wide-ranging  movements  of 
fishes  in  Lake  Ontario.  Comparing  results  from 
Somerset  Station  with  similar  studies  at  other 
Great  Lakes  power  stations  suggests  that  discharge 
design  and  lake  habitat  importantly  influence  the 
extent  of  fish  attraction  to  thermal  discharges.  (Au- 
thor's abstract) 
W90-05855 

SURVEILLANCE:  THE  FOUNDATION  FOR 
CONTROL  AND  ELIMINATION  OF  DRACUN- 
CULIASIS  IN  AFRICA. 

WHO  Collaborating  Center  for  Research,  Train- 
ing, and  Control  of  Dracunculiasis,  Atlanta,  GA. 
For  primary  bibliographic  entry  see  Field  7A. 
W90-05873 

NORTH  SEA  BENTHOS:  A  REVIEW  OF  FIELD 
INVESTIGATIONS  INTO  THE  BIOLOGICAL 
EFFECTS  OF  MAN'S  ACTD7ITIES. 

Ministry  of  Agriculture,  Fisheries  and  Food,  Burn- 
ham  on  Crouch  (England).  Fisheries  Lab. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-05874 


GULF  OF  MEXICO  HYDROCARBON  SEEP 
COMMUNITIES:  PART  III.  AROMATIC  HY- 
DROCARBON CONCENTRATIONS  IN  ORGA- 
NISMS, SEDIMENTS  AND  WATER. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Oceanography. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05876 

INFLUENCE  OF  TWO  TRIAZINE  HERBI- 
CIDES ON  THE  PRODUCTIVITY,  BIOMASS 
AND  COMMUNITY  COMPOSITION  OF 
FRESHWATER  MARSH  PERIPHYTON. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Botany. 
S.  E.  Gurney,  and  G  G.  C.  Robinson. 
Aquatic  Botany  AQBODS,  Vol.  36,  No.  1,  p  1-22, 
December  1989.  12  fig,  33  ref. 

Descriptors:  'Algal  growth,  'Aquatic  productivi- 
ty, 'Herbicides,  'Marsh  plants,  'Periphyton,  *Tri- 
azine  pesticides,  'Water  pollution  effects,  'Wet- 
lands, Algae,  Aquatic  weed  control,  Biomass, 
Chlorophyta,  Diatoms,  Nutrients,  Photosynthesis, 
Species  composition. 

Triazine  herbicides  are  used  for  the  control  of 
terrestrial  weeds,  aquatic  macrophytes  and  nui- 
sance algae.  The  primary  and  secondary  effects  of 
simazine  and  terbutryn  on  freshwater  marsh  peri- 
phyton were  evaluated.  Haptobenthic  algae  colo- 
nizing acrylic  substrata  and  herpobenthic  algae 
living  within  the  sediment  were  monitored  within 
in-situ  herbicide-treated  and  control  PVC  (polyvi- 
nyl chloride)  enclosures.  Simazine  (2.0  mg/L)  and 
terbutryn  (0.01  mg/L)  treatment  of  haptobenthic 
communities  produced  photosynthetic  inhibition 
during  the  first  two  weeks  of  exposure,  whereas 
the  herpobenthic  community  remained  inhibited 
throughout  the  84  day  sampling  period.  Hapto- 
benthic chlorophyll  a  content  also  increased  after 
the  period  of  inhibition.  Although  algal  cell  num- 
bers of  this  community  were  similar  in  both  treat- 
ments to  that  of  the  control,  biovolume  data  indi- 
cated significant  inhibition  throughout  the  experi- 
mental period.  Large  filamentous  chlorophytes, 
which  dominated  the  biomass  of  the  control  com- 
munity, were  replaced  by  similar  diatom  species  in 
treated  communities.  Secondary  effects  of  herbi- 
cide treatment  included  increases  in  dissolved  nu- 
trients and  decreases  in  dissolved  oxygen.  In- 
creases in  phosphorus  and  ammonia  were  correlat- 
ed with  accelerated  productivity  rates  of  treated 
communities.  (Author's  abstract) 
W90-05894 


INGESTION  OF  ENVIRONMENTALLY  CON- 
TAMINATED LAKE  ONTARIO  SALMON  BY 
LABORATORY  RATS  INCREASES  AVOID- 
ANCE OF  UNPREDICTABLE  AVERSIVE 
NONREWARD  AND  MILD  ELECTRIC  SHOCK. 
State  Univ.  of  New  York  Coll.  at  Oswego. 
H.  B.  Daly,  D.  R.  Hertzler,  and  D.  M.  Sargent. 
Behavioral  Neuroscience  BENEDJ,  Vol.  103,  No. 
6,  p  1356-1365,  December  1989.  6  fig,  1  tab,  22  ref. 

Descriptors:  'Animal  behavior,  'Avoidance,  'Bio- 
assay, 'Lake  Ontario,  'Lake  fisheries,  *Rats, 
'Salmon,  'Toxicology,  'Water  pollution  effects, 
Heavy  metals,  Mathematical  models,  Path  of  pol- 
lutants, Polychlorinated  biphenyls,  Sublethal  ef- 
fects, Toxicity. 

There  is  growing  evidence  that  suggests  that  inges- 
tion of  contaminated  fish  by  mammals  causes  phys- 
iological and  behavioral  changes,  and  researchers 
have  attributed  these  effects  to  some  combination 
of  the  chemicals  found  in  Great  Lakes  fish.  To 
determine  what  behavioral  changes  are  caused  by 
consumption  of  Lake  Ontario  salmon,  a  30%  diet 
of  Lake  Ontario  or  control  Pacific  Ocean  salmon 
was  fed  to  rats  for  20  days.  In  Experiments  1  and  2 
(preference-for-predictability  E-maze  test),  rats  fed 
Lake  Ontario  salmon  developed  a  preference  for 
predictable  food  rewards  more  quickly  than  did 
the  control  rats.  In  Experiments  3  (passive  avoid- 
ance) and  4  (conditioned  suppression),  rats  fed 
Lake  Ontario  salmon  suppressed  responding  to 
food  far  more  after  the  introduction  of  mild  elec- 
tric shocks  than  did  control  rats.  All  results  sup- 
ported the  hypothesis  that  ingestion  of  Lake  Ontar- 
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io  salmon,  contaminated  with  polychlorinated  bi- 
phenyls,  mercury,  lead,  etc.,  increases  the  reactiv- 
ity of  rats  to  aversive  events.  The  results  were 
successfully  simulated  by  DMOD  (Daly  MODifi- 
cation  of  the  Rescorla-Wagner  model),  a  mathe- 
matical model  of  learning,  using  the  assumption 
that  rats  fed  Lake  Ontario  salmon  find  unpredict- 
able nonreward  and  mild  shock  more  aversive. 
(Author's  abstract) 
W90-05907 


MULTIVARIATE  ANALYSIS  OF  LAKE  PHY- 
TOPLANKTON  AND  ENVIRONMENTAL  FAC- 
TORS. 

Helsinki  Univ.  of  Technology,  Espoo  (Finland). 
Lab.  of  Hydrology  and  Water  Resources  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05920 


INTERACTIVE  EFFECTS  OF  ACIDITY  AND 
ALUMINUM  EXPOSURE  ON  THE  LIFE 
CYCLE  OF  THE  MIDGE  CHIRONOMUS  RI- 
PARIUS  (DIPTERA). 

National  Fisheries  Contaminant  Research  Center, 

Columbia,  MO. 

D.  U.  Palawski,  J.  B.  Hunn,  D.  N.  Chester,  and  R. 

H.  Wiedneyer. 

Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 

No.  2,  p  155-162,  December  1989.  55  tab,  25  ref. 

Descriptors:  'Acid  rain  effects,  *Acidity,  'Alumi- 
num, 'Hydrogen  ion  concentration,  'Life  cycles, 
'Midges,  'Synergistic  effects,  'Toxicity,  'Water 
pollution,  Acidic  water,  Chironomus,  Larval 
growth  stage,  Lethal  limit,  Survival. 

The  chronic  toxicity  of  acidic  pH  and  the  toxicity 
of  aluminum  at  pH  5.6  and  pH  5.0  to  the  midge 
Chironomus  riparius  were  determined  in  30-day 
flow-through  exposures.  Larvae  were  exposed  to 
water  pHs  of  7.2,  6.2,  5.8,  5.3,  and  4.5;  total  alumi- 
num concentrations  were  14.6,  34.8,  61.4,  128.7, 
and  259.2  microgram/L  at  a  water  pH  of  5.6  and 
to  aluminum  concentrations  of  15.6,  32.5,  56.9, 
111.4,  and  235.2  microgram/L  at  a  water  pH  of 
5.0.  The  survival  of  midges  was  only  1 1  %  at  pH 
4.5  and  52.3  %  at  pH  5.8.  In  soft  water  (12  mg/L 
as  CaC03)  at  pH  5.6,  survival  declined  significant- 
ly at  aluminum  concentrations  of  61  to  259  micro- 
gram/L, but  significantly  increased  at  14.6  micro- 
gram/L. In  soft  water  at  pH  5.0,  survival  increased 
at  concentrations  of  14.6  to  111.4  microgram/L, 
but  decreased  significantly  at  235.2  microgram/L. 
At  both  pH  5.6  and  pH  5.0,  the  toxicological 
response  of  midges  to  aluminum  was  thus  bimodal, 
in  that  acid  stress  was  slightly  ameliorated  by 
relatively  low  aluminum  concentrations,  but  exac- 
erbated by  higher  concentrations.  (Mertz-PTT) 
W90-05930 


COPPER  TOXICITY  FOR  BLUE-GREEN 
ALGAE  WITH  REFERENCE  TO  THEIR  PHYS- 
IOLOGICAL STATUS. 

Humboldt-Univ.  zu  Berlin  (German  D.R.).  Sektion 

Biologic 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05938 


TOLERANCE  TOWARDS  MERCURY  OF 
CHLORELLA  STRAINS  DETERMINED  BY 
ALGAL  PLATING. 

Rome  Univ.  (Italy).  Dipt,  di  Biologia. 
P.  Albertano,  G.  Pinto,  A.  Pollio,  and  R.  Taddei. 
Archiv  fuer  Hydrobiologie,  Supplement  AHBSA8, 
Vol.  82,  No.  4,  p  461-468,  December  1989.  3  fig,  1 
tab,  21  ref. 

Descriptors:  'Algal  growth,  'Chlorella,  'Chloro- 
phyta,  'Mercury,  'Toxicity,  'Water  pollution  ef- 
fects, Bioassay,  Taxonomy,  Tolerance. 

The  resistance  towards  mercury  of  45  strains  of 
Chlorella  was  examined  using  a  plate  diffusion 
assay.  Paper  disks  impregnated  with  mercury  in- 
hibited the  growth  of  cultures  of  Chlorella  on  agar 
plates.  The  inhibition  of  growth  increased  with  the 
concentration  of  mercury.  The  screening  demon- 
strated that  the  tolerance  towards  mercury  in  all 


the  species  of  Chlorella  tested  was  similar;  only  the 
strains  assigned  to  Chlorella  emersonii  and  the  type 
strain  of  Chlorella  fusca  var.  fusca  exhibited  a 
higher  resistance  to  mercury,  probably  related  to 
the  different  structure  of  the  cell  wall.  C.  emersonii 
evidences  the  presence  of  an  intermediate  zone  of 
inhibition,  not  found  in  the  other  species  of  Chlo- 
rella probably  due  to  the  peculiar  structure  of  the 
cell  wall  which  is  double-layered,  with  the  outer 
trilaminar  layer  containing  sporopollenin.  On  the 
basis  of  these  biochemical  and  ultrastructural  dif- 
ferences of  the  cell  wall,  C.  emersonii  has  been 
excluded  from  the  genus  Chlorella  (subfamily 
Chlorelloideae)  and  included  in  the  subfamily  Sco- 
tiellocystoideae  as  Graesiella  vacuolata.  (Geiger- 
PTT) 
W90-05939 


FRESHWATER  FISH  CYTOCHROME  P450- 
DEPENDENT  ENZYMATIC  ACTIVITIES:  A 
CHEMICAL  POLLUTION  INDICATOR. 

Centre    National    du    Machinisme    Agricole,    du 

Genie    Rural,    des    Eaux    et    des    Forets,    Lyon 

(France).  Lab.  d'Ecotoxicologie. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05942 


PRELIMINARY  STUDY  OF  THE  TRANSLO- 
CATION OF  ALDICARB  ACROSS  THE  DUCK 
EGGSHELL. 

Trinity  Coll.,  Dublin  (Ireland).  Dept.  of  Pharma- 
cology and  Therapeutics. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05944 


ECOTOXICOLOGICAL  CHARACTERIZATION 
OF  INDUSTRIAL  WASTEWATER:  SULFITE 
PULP  MILL  WITH  BLEACHING. 

Norsk  Inst,  for  Vannforskning,  Oslo. 
T.  Kaellqvist,  G.  E.  Carlberg,  and  A.  Kringstad. 
Ecotoxicology       and       Environmental       Safety 
EESADV,  Vol.  18,  No.  3,  p  321-336,  December 
1989.  7  fig,  5  tab,  28  ref. 

Descriptors:  'Bleaching  wastes,  'Industrial 
wastewater,  'Bleaching  waste,  'Pulp  wastes, 
'Toxicology,  'Waste  characteristics,  'Wastewater 
analysis,  'Water  pollution  effects,  Algae,  Algal 
growth,  Chlorinated  hydrocarbons,  Chlorine, 
Degradation,  Environmental  effects,  Path  of  pol- 
lutants, Toxicity. 

Different  process  wastewaters  from  a  sulfite  pulp 
mill  with  bleaching  were  characterized  by  chemi- 
cal analysis  and  toxicity  tests.  The  amount  of  ad- 
sorbable  organically  bound  halogen  (AOX)  from 
the  bleachery  was  3.6  kilograms/ton  pulp.  The 
extractable  organically  bound  chlorine  was  15%  of 
AOX.  Some  identified  organochlorine  compounds 
in  the  effluent  could  be  traced  in  the  receiving 
water.  Effluents  from  the  chlorination  and  alkaline 
extraction  stages  and  the  condensate  were  the  main 
contributors  to  the  effluent  toxicity.  The  effluents 
were  particularly  toxic  to  the  alga  Skeletonema 
costatum.  The  EC50  value  for  growth  of  the  alga 
was  24-29  ml/L  of  the  total  effluent.  The  toxicity 
cannot  be  ascribed  to  single  chemical  components 
in  the  effluents.  Degradation  of  toxic  components 
occurs  after  dilution  of  the  effluents  in  the  receiv- 
ing water.  The  toxicity  may  be  reduced  to  30-50% 
of  the  initial  toxicity  within  1  wk.  Predictions  of 
toxic  effects  in  the  receiving  water,  based  on  re- 
sults of  toxicity  tests  and  estimated  dilution,  indi- 
cate that  large  areas  are  affected  by  the  discharges. 
Some  observations  of  the  distribution  of  organisms 
in  the  receiving  water  indicate  that  predictions 
from  the  toxicity  tests  may  be  valid.  (Author's 
abstract) 
W90-05945 


CADMIUM-INDUCED  PROTEINS  FROM  MY- 
TIXUS  GALLOPROVINCIALIS:  POLARO- 
GRAPHIC  CHARACTERIZATION  AND 
STUDY  OF  THEIR  INTERACTION  WITH  CAD- 
MIUM. 

Institut    Rudjer    Boskovic,    Zagreb   (Yugoslavia). 
Center  for  Marine  Research. 
B.  Raspor,  J.  Pavicic,  and  M.  Branica. 
Marine  Chemistry  MRCHBD,  Vol.  28,  No.  1-3,  p 


199-214,  December  1989.  4  fig,  2  tab,  33  ref. 

Descriptors:  'Bioaccumulation,  'Cadmium,  'Mus- 
sels, 'Mytilus,  'Path  of  pollutants,  'Proteins,  Ad- 
sorption, Bioindicators,  Polarographic  analysis, 
Water  pollution  effects. 

Mussels,  Mytilus  galloprovincialis,  were  exposed 
for  22  days  to  230  micrograms  Cd/cu  dm  of  flow- 
ing seawater.  Crude  homogenate  was  untreated 
and  thermally  treated  at  70  C  for  10  min.  Superna- 
tant of  27,000  g  was  fractionated  on  a  Sephadex  G- 
75  column  at  4  C.  Five  fractions  from  the  metai- 
lothionein-like-proteins  group,  containing  different 
concentrations  of  cadmium-and  sulfur-containing 
proteins,  were  selected  and  investigated  for  cadmi- 
um complexing  capacity  by  titration  with  increas- 
ing cadmium  concentrations,  at  pH  1.3  and  8.5.  In 
isolated  proteins  from  both  untreated  and  thermal- 
ly treated  homogenates,  two  types  of  binding  sites 
were  recorded  at  25  C  and  0.7  molar  ionic 
strength.  The  first,  strong  binding  site  LI  is  avail- 
able at  an  average  cadmium  concentration  of 
.0000001 1  moles/cu  dm.  The  average  stability  con- 
stant Kl  of  the  CdLl  complex  is  170  million  cm 
dm/mole.  The  second,  weaker  binding  site  L2  is 
available  at  an  average  cadmium  concentration  of 
.00000022  moles/cu  dm,  and  average  stability  con- 
stant K2  of  the  complex  CdL2  is  2  million  cu  dm/ 
mole.  Based  on  the  stepwise  stability  constants  Kl 
and  K2,  the  overall  stability  constant  Beta  2  has 
been  calculated  as  300,000  billion/sq  (cu  dm/ 
mole).  (Author's  abstract) 
W90-05970 


KEJIMKUJIK  PARK-ONE  IN  A  FAMILY  OF 
INTEGRATED  WATERSHED  STUDIES. 

Atmospheric  Environment  Service,  Downsview 
(Ontario).  Long-Range  Transport  of  Airborne  Pol- 
lutants Program. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05977 


PRECIPITATION     CHEMISTRY     IN     NOVA 
SCOTIA:  1978-1987. 

Nova  Scotia  Dept.  of  the  Environment,  Halifax. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05978 


DIATOM-INFERRED  PH  HISTORY  OF  KE- 
JIMKUJIK LAKE,  NOVA  SCOTIA:  A  REIN- 
TERPRET ATION. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06002 


EFFECTS  OF  ACIDITY  AND  DOC  ON  PHYTO- 
PLANKTON  COMMUNITY  STRUCTURE  AND 
PRODUCTION  IN  THREE  ACID  LAKES 
(NOVA  SCOTIA). 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia). 

S.  T.  Beauchamp,  and  J.  Kerekes. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 

No.  1-4,  p  323-333,  July/August  1989.  4  fig,  4  tab, 

35  ref. 

Descriptors:  'Acid  lakes,  'Acid  rain,  'Aquatic 
productivity,  'Canada,  'Phytoplankton,  Chloro- 
phytes,  Chrysophytes,  Color,  Cyanophytes,  Dia- 
toms, Kejimkujik  National  Park,  Nova  Scotia,  Nu- 
trients, Organic  carbon,  Seasonal  variation,  Trans- 
parency. 

Phytoplankton  community  structure  varied  be- 
tween three  lakes  and  between  years  within  lakes 
located  in  Nova  Scotia.  The  Beaverskin  Lake  phy- 
toplankton community  was  dominated  by  cyano- 
phytes and  chlorophytes  in  the  summer  and  chry- 
sophytes in  the  winter.  Kejimkujik  Lake  was  domi- 
nated by  bacillariophytes  in  the  summer  of  1979, 
but  no  single  group  dominated  in  1980  or  1981. 
Pebbleloggitch  Lake  phytoplankton  consisted 
mainly  of  chlorophytes  in  1979,  but  low  biomass 
and  no  dominant  groups  characterized  this  lake 
during  the  growing  season  of  1980.  Daily  integral 
planktonic  primary  production  measured  simulta- 
neously in  the  three  lakes  showed  that  in  both 
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years  annual  planktonic  primary  production  was 
highest  in  the  clear  water  lake,  Beaverskin  Lake, 
which  also  had  lower  dissolved  organic  carbon 
concentration  compared  with  the  two  dystrophic 
lakes.  In  the  clear  water  lake  annual  production 
was  similar  between  years,  but  in  the  two  colored 
lakes  annual  production  was  40%  higher  in  the 
second  year.  The  observed  increases  in  annual 
production  between  years  in  the  colored  lakes 
were  largely  due  to  changes  in  euphotic  depth 
resulting  from  variations  in  hydrology  and  dis- 
solved organic  carbon  export  from  the  lake  catch- 
ments. Lower  discharges  in  the  colored  lakes  in 
1980  were  accompanied  by  significantly  lower  lake 
dissolved  organic  carbon  concentrations,  water 
color,  light  extinction  coefficients  and  increased 
euphotic  depth.  Similar  changes  in  discharge  ac- 
companied by  lower  dissolved  organic  carbon  con- 
centration in  the  clear  water  lake  did  not  produce 
significant  changes  in  water  color,  light  extinction 
coefficient  nor  annual  production  between  years. 
Rates  of  primary  production  at  light  optimum 
were  consistently  higher  in  the  most  colored, 
acidic  lake  indicating  that  relatively  high  rates  of 
autotrophic  production  will  occur  under  acidic 
conditions  if  nutrient  supply  is  maintained.  (Au- 
thor's abstract) 
W90-06O03 


COMPARISON  OF  THE  MACROPHYTE  COM- 
MUNITIES OF  A  CLEARWATER  AND  A 
BROWNWATER  OLIGOTROPHY  LAKE  IN 
KEJTMKUJIK  NATIONAL  PARK,  NOVA 
SCOTIA. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 
Biology. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06004 


PATTERNS  OF  PLANKTON  SPECIES,  PH 
AND  ASSOCIATED  WATER  CHEMISTRY  IN 
NOVA  SCOTIA  LAKES. 

Newfoundland  Dept.  of  Environment  and  Lands, 

St.  John's. 

For  primary  bibliographic  entry  see  Field  2H. 

W9O-06OO5 


DISTRIBUTION,  ABUNDANCE  AND  BIO- 
MASS  OF  BENTHIC  MACROINVERTE- 
BRATES  RELATIVE  TO  PH  AND  NUTRIENTS 
IN  EIGHT  LAKES  OF  NOVA  SCOTIA, 
CANADA. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 
Scotia). 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06OO6 


ECOLOGICAL  AND  PHYSIOLOGICAL  RE- 
SPONSES OF  ATLANTIC  SALMON  IN  ACIDIC 
ORGANIC  RTVERS  OF  NOVA  SCOTIA, 
CANADA. 

Department  of  Fisheries  and  Oceans,  St.  Andrews 

(New  Brunswick).  Biological  Station. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06007 


DIFFERENCES  IN  ACID  TOLERANCE 
DURING  THE  EARLY  LIFE  STAGES  OF 
THREE  STRAINS  OF  BROOK  TROUT,  SALVE- 
LINUS  FONTINALIS. 

Hurley  Fisheries  Consulting  Ltd.,  Dartmouth 
(Nova  Scotia). 

G.  V.  Hurley,  T.  P.  Foyle,  and  W.  J.  White. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  387-398,  July/August  1989.  6  fig,  3  tab, 
30  ref. 

Descriptors:  'Acid  rain,  *Acidic  streams,  'Acidic 
water,  *Bioassay,  'Canada,  *Fish  hatcheries,  'Hy- 
drogen ion  concentration,  "Trout,  *Water  pollu- 
tion effects,  Acidity,  Kejimkujik  National  Park, 
Lethal  effects,  Mortality,  Nova  Scotia,  Sublethal 
effects,  Watersheds. 

Brook  trout  (Salvelinus  fontinalis)  embryo  and  fry 
from  three  sources  (an  acidic  watershed  in  Kejim- 
kujik Park  at  pH  4.7  to  5.3,  a  neutral  watershed  at 
pH  7,  a  hatchery  at  pH  7)  were  exposed  separately 


to  lethal  and  sublethal  levels  of  acidity  (pH  7.0,  5.2, 
4.7,  4.3,  3.9),  beginning  at  fertilization.  Significant 
differences  in  mortality  between  the  strains  at  low 
pH  were  observed  and  these  suggested  a  genetic 
component  to  acid  tolerance.  Mortality  in  the 
strain  from  the  acidic  watershed  was  the  lowest, 
followed  by  the  second  wild  strain.  Survival  in 
both  wild  strains  at  low  pH  was  much  better  than 
survival  in  hatchery  embryos.  These  differences  in 
survival  at  sublethal  acidity  (4.7  to  7.0)  were  prin- 
cipally the  result  of  high  mortality  shortly  after 
fertilization.  After  this  period,  survival  stabilized. 
Only  at  pH  4.3  did  substantial  mortality  occur  at 
hatching.  The  early  embryonic  stage  therefore  ap- 
pears to  be  the  most  susceptible  to  sublethal  acid 
stress  in  brook  trout.  Hatchery  strain  embryos 
were  also  introduced  at  the  eyed  stage  at  213 
degree-days.  Subsequent  survival  of  this  group  was 
better  at  low  pH  than  that  of  hatchery  embryos 
introduced  at  fertilization,  thereby  indicating  an 
early  or  cumulative  deleterious  effect.  Higher  acid- 
ity retarded  hatching  in  all  cases.  The  time  to  50% 
hatch  was  delayed  by  1.2  degree-days  with  each 
increase  of  1  micromole  H  +  .  (Author's  abstract) 
W90-06008 


RESPONSES  OF  ATLANTIC  SALMON 
(SALMO  SALAR)  ALEVINS  TO  DISSLOVED 
ORGANIC  CARBON  AND  DISSOLVED  ALU- 
MINUM AT  LOW  PH. 

Department  of  Fisheries  and  Oceans,  St.  Andrews 
(New  Brunswick).  Biological  Station. 
R.  H.  Peterson,  R.  A.  Bourbonniere,  G.  L. 
Lacroix,  D.  J.  Martin-Robichaud,  and  P.  Takats. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  3999-413,  July/August  1989.  7  fig,  4  tab, 
39  ref. 

Descriptors:  *Acid  rain,  *Acidic  streams,  'Alumi- 
num, *Fish  physiology,  'Salmon,  'Toxicity, 
'Water  pollution  effects,  Acidic  water,  Acidity, 
Anions,  Lethal  effects,  Mortality,  Organic  anions, 
Organic  matter,  Sublethal  effects. 

Mortality  of  Atlantic  salmon  alevins  in  solutions 
containing  Al  and  dissolved  organic  anions  (both 
synthetic  and  natural)  was  correlated  with  Al  ac- 
cumulation in  alevin  tissues.  Both  mortality  and 
accumulation  could  be  related  to  the  concentration 
differences  between  Al  and  organic  anions.  Mortal- 
ity and  body  accumulation  of  Al  both  increased 
dramatically  as  total  Al  concentrations  increasing- 
ly exceeded  organic  anion  concentrations.  Alevin 
growth  and  yolk  utilization  were  both  less  rapid  at 
inorganic  monomelic  Al  concentrations  exceeding 
2  micromoles  (50  microgram/L).  The  acidic  frac- 
tions of  dissolved  organic  matter  were  more  effec- 
tive in  protecting  alevins  against  Al  toxicity  than 
were  the  neutral  and  basic  fractions.  Ambient  inor- 
ganic monomeric  Al  is  probably  not  toxic  to 
salmon  alevins  in  acidic  Nova  Scotian  streams, 
even  during  snow-melt.  (Author's  abstract) 
W90-06009 


WATER  CHEMISTRY  AND  PHYTOPLANK- 
TON  COMMUNITIES  IN  ACIDIC  CLEAR  AND 
BROWN-WATER  LAKES  IN  EASTERN  FIN- 
LAND. 

Maj  and  Tor  Nessling  Foundation,  Helsinki  (Fin- 
land). 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06010 


PREDICTION  OF  THE  ABUNDANCE  OF 
FISHES  IN  LAKE  SYAM. 

Akademiya  Nauk  SSSR,  Petrozavodsk.  Karelskii 

Filial. 

V.  I.  Getsev,  Y.  A.  Smirnov,  and  O.  P.  Sterligova. 

Journal  of  Ichthyology  JITHAZ,  Vol.  29,  No.  1,  p 

10-18,  1989.  2  fig,  2  tab,  8  ref. 

Descriptors:  'Fish  populations,  'Lake  fisheries, 
'Mathematical  models,  'Water  pollution  effects, 
•Water  resources  management,  Commercial  fish- 
ing, Eutrophication,  Population  dynamics,  Species 
composition. 

A  mathematical  model  for  the  prediction  of  abun- 
dance and  spatial  distribution  of  a  population  of 
fish  is  tested  on  the  ichthyofauna  of  Lake  Syam. 


Natural  mortality  from  predation,  cannibalism,  and 
stochastic  elimination,  commercial  fishing,  and 
mortality  as  a  result  of  catastrophic  anthropogenic 
effects  are  calculated  to  determine  the  additive  loss 
in  the  model.  The  model  predicts  that  the  total 
biomass  of  Lake  Syam  would  change  insignificant- 
ly over  a  ten-year  period,  that  the  lake  ichthyocen- 
osis  can  be  considered  dynamically  stable,  that  the 
dynamics  of  species  composition  is  expected  to 
change  with  time  and  will  lead  to  a  relatively 
stable  biomass  of  predatory  fish.  The  change  in  the 
species  composition  of  the  fish  population  will  be 
unidirectional,  leading  to  a  reduction  in  the  per- 
centage of  valuable  species  and  a  substitution  by 
those  less  valuable.  The  eutrophication  of  the  lake 
will  change  the  species  composition  of  the  lake, 
and  possible  reductions  in  commercial  fish  catches 
may  result.  Further  study  would  lead  to  the  formu- 
lation of  resource  management  options  and  correc- 
tion of  fishery  exploitation.  (Brunone-PTT) 
W90-06014 


PECULIARITIES  OF  RESISTANCE  OF  SOME 
FRESHWATER  FISHES  TO  CARBOPHOS. 

Gosudarstvennyi  Nauchno-Issledovatel'skii  Inst. 
Ozernogo  i  Rechnogo  Rybnogo  Khozyaistva,  Len- 
ingrad (USSR). 

A.  N.  Gantberg,  M.  A.  Perevoznikov,  V.  I. 
Rozengart,  and  O.  E.  Sherstobitov. 
Journal  of  Ichthyology  JITHAZ,  Vol.  29,  No.  1,  p 
81-86,  1989.  2  fig,  2  tab,  20  ref. 

Descriptors:  'Fish  physiology,  'Organophos- 
phorus  pesticides,  'Pesticide  toxicity,  'Toxicity, 
'Water  pollution  effects,  Biological  degradation, 
Carp,  Enzymes,  Fate  of  pollutants,  Perch,  Roach, 
Structure-activity  relationships. 

Organophosphorus  compounds  are  widely  used  in 
the  natural  economy,  have  a  relatively  low  stabili- 
ty with  high  biological  activity.  Since  the  toxicity 
of  organophosphorus  compounds  varies  widely  for 
different  fish  species,  it  is  important  to  develop 
chemicals  with  selective  toxicity  to  reduce  their 
harmful  side  effects  on  the  aquatic  ecosystem.  The 
mechanism  of  differential  resistance  of  perch 
(Perca  fluviatilis),  roach  (Rutilus  rutilus),  and  carp 
(Cyprinus  carpio)  to  carbophos  and  the  effects  of 
an  oxon  analogue,  malaoxone,  was  studied.  Carbo- 
phos demonstrated  selective  toxicity  to  perch.  Car- 
bophos toxicity  activated  the  formation  of  the  an- 
tiesterase  agent  malaoxone  in  cyprinids.  The  degra- 
dation process  of  the  toxicant  involves  carboxyl 
esterase.  Organophosphorus  compounds  contain- 
ing a  carboxyester  group  in  their  molecular  struc- 
ture would  be  less  toxic  for  cyprinid  fishes.  (Brun- 
one-PTT) 
W90-06015 


EFFECT  OF  ENVIRONMENTAL  ACIDIFICA- 
TION ON  THE  OLFACTORY  SYSTEM  OF 
CARP,  CYPRINUS  CARPIO. 

Akademiya    Nauk    SSSR,    Borok.    Inst.    Biologii 

Vnutrennykh  Vod. 

P.  A.  Gdovskiy,  and  N.  N.  Ruzhinskaya. 

Journal  of  Ichthyology  JITHAZ,  Vol.  29,  No.  1,  p 

87-95,  1989.  4  fig,  1  tab,  13  ref. 

Descriptors:  'Acid  rain  effects,  'Animal  tissues, 
'Carp,  'Enzymes,  'Fish  physiology,  'Hydrogen 
ion  concentration,  'Lake  acidification,  Acclimati- 
zation, Central  nervous  system,  Electron  microsco- 
py, Ultrastructure. 

Increasing  acidification  of  fresh  waters  by  acid  rain 
during  recent  decades  has  become  a  serious  prob- 
lem. Biological  effects  of  acidification  begin  at  a 
pH  of  6.5.  Changes  in  the  physiological,  morpho- 
logical, and  biochemical  parameters  of  the  periph- 
eral section  of  the  olfactory  system  of  carp,  Cy- 
prinus carpio,  showed  the  effects  of  environmental 
acidification.  Electron  microscopic  study  of  the 
ultrastructure  of  the  olfactory  epithelium  showed 
that  low  sensitivity  is  characterized  by  high  activi- 
ty of  the  secretory  elements  and  an  increase  in  the 
quantity  of  olfactory  mucus  produced.  The  mucus 
pH  shifts  from  normal  to  .4  pH  more  acid.  Car- 
boanhydrase  activity  in  the  olfactory  lining  triples. 
The  mechanism  of  acclimatization  of  the  olfactory 
system  of  carp  to  acidification  is  under  the  control 
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of  the  central  nervous  system  and  the  sympathetic 

cholinergic  system.  (Brunone-PTT) 

W90-06016 


EFFECT  OF  TEMPERATURE  AND  FOOD  ON 
HEXAVALENT  CHROMIUM  TOXICITY  TO 
THE  MARINE  NEMATODE  MONHYSTERA 
DISJUNCTA. 

Ghent  Rijksuniversiteit  (Belgium).  Zoology  Inst. 
G.  Vranken,  C.  Tire,  and  C.  Heip. 
Marine  Environmental  Research  MERSDW,  Vol. 
27,  No.  2,  p  127-136,  1989.  4  fig,  4  tab,  23  ref. 
European  Economic  Community  Environmental 
Programme  Grant  ENV-767-B. 

Descriptors:  'Chromium,  'Foods,  'Marine  pollu- 
tion, 'Nematodes,  'Temperature  effects,  'Toxici- 
ty, 'Water  pollution  effects,  Hazard  assessment, 
Larval  growth  stage,  Mortality,  Synergistic  ef- 
fects. 

Most  studies  dealing  with  the  toxicity  of  chemicals 
to  nematodes  have  been  conducted  under  optimal 
conditions.  In  nature,  however,  all  animals  live 
under  fluctuating  environmental  conditions.  The 
influence  of  temperature,  food  and  hexavalent 
chromium  on  mortality  and  developmental  rate 
was  determined  for  the  larvae  of  the  marine  bac- 
terivorous  nematode  Monhystera  disjuncta.  When 
mortality  was  considered,  temperature  significant- 
ly influenced  chromium  toxicity  (P  <  =  0.001), 
whereas  food  did  not  affect  chromium  toxicity. 
When  development  inhibition  is  used  as  the  toxici- 
ty criterion,  both  temperature  (0.001  <  =  P  <  = 
0.01)  and  food  (P  <  =  0.001)  influenced  chromium 
toxicity.  The  interaction  between  temperature  and 
food  is  not  significant  for  both  criteria  studied.  It  is 
concluded  that  environmental  variables  (abiotic 
and  biotic)  influence  chromium  toxicity  and  that 
this  has  to  be  taken  into  account  in  hazard  assess- 
ment studies.  (Author's  abstract) 
W90-06019 


UPTAKE  AND  CATABOLISM  OF  TRIBUTYL- 
TIN  BY  BLUE  CRABS  FED  TBT  CONTAMI- 
NATED PREY. 

National  Marine  Fisheries  Service,  Auke  Bay,  AK. 

Auke  Bay  Lab. 

S.  D.  Rice,  and  J.  W.  Short. 

Marine  Environmental  Research  MERSDW,  Vol. 

27,  No.  2,  p  137-145,   1989.   1  fig,  2  tab,   13  ref. 

Descriptors:  'Antifoulants,  'Biodegradation, 
•Crabs,  'Crustaceans,  'Organotin  compounds, 
•Path  of  pollutants,  'Pesticides,  'Water  pollution 
effects,  Absorption,  Animal  physiology,  Degrada- 
tion products,  Metabolism,  Shrimp,  Toxicity. 

Accumulation  and  catabolism  of  tributyltin  (TBT) 
was  measured  in  blue  crabs  (Callinectes  sapid  us) 
after  16-day  exposures  to  TBT-contaminated  prey. 
Tributyltin  and  the  metabolites,  dibutyltin  and 
monobutyltin,  were  separated  by  gas  chromatogra- 
phy and  measured  by  atomic  absorption  in  prey 
and  in  crab  tissues  during  the  16-day  test.  Crabs 
were  fed  grass  shrimps  Palaemonetes  pugio  con- 
taminated with  1.8  micrograms  tributyltin,  0.09 
micrograms  dibutyltin,  and  0.03  micrograms  mono- 
butyltin per  gram  wet  weight  tissue.  Feeding  rates 
for  exposed  and  non-exposed  crabs  were  equal 
during  the  16-day  test.  In  16  days,  exposed  crabs 
consumed  about  2.02  micrograms  of  tributyltin. 
Tributyltin  was  sequentially  debutylated  in  a  sig- 
nificant manner  by  blue  crabs,  but  not  by  the  grass 
shrimp.  Tributyltin  concentrations  peaked  in  crabs 
after  4  days  of  feeding,  at  0.12  micrograms  per 
gram,  Dibutyltin  peaked  at  8  days  at  0.39  micro- 
grams per  gram,  and  monobutyltin  peaked  at  12 
days  at  0.35  micrograms  wet  weight  tissue.  Total 
butyltins  reached  equilibrium  by  8  days,  but  the 
relative  toxic  burden  declined  from  8  to  16  days 
because  the  proportion  of  tributyltin  continued  to 
decline.  Growth,  molting  success  and  feeding  rates 
were  not  affected  in  the  juvenile  crabs  during  the 
16-day  test  Catabolism  of  tributyltin  reduces  tissue 
concentrations  of  tributyltin,  thereby  increasing 
the  tolerance  of  blue  crabs  to  tributyltin.  (Author's 
abstract) 
W9O-O6O20 


ASSESSMENT  OF  DI  AND  TRI-BUTYLTIN 
INTERACTION  WITH  SKELETAL  MUSCLE 
MEMBRANES. 

Industrial  Toxicology  Research  Centre,  Lucknow 
(India).  Biomembrane  Lab. 
A.  A.  Ali,  R.  K.  Upreti,  and  A.  M.  Kidwai. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  44,  No.    1,  p  29-38, 
January  1990.  4  fig,  1  tab,  19  ref. 

Descriptors:  'Antifoulants,  'Biological  mem- 
branes, 'Frogs,  'Organotin  compounds,  'Pesticide 
toxicity,  'Tin,  'Toxicity,  'Water  pollution  effects, 
Animal  tissues,  Bioassay,  Muscle,  Path  of  pollut- 
ants, Sarcolemma,  Sublethal  effects,  Tissue  analy- 
sis. 

Organotin  compounds  are  widely  used  as  fungi- 
cides, miticides,  biocides,  surface  disinfectants,  ant- 
helmintic and  marine  antifungal  agents,  but  are  also 
known  to  exert  toxic  effects  in  man  and  animals. 
Muscle  cell  membranes  are  the  most  exposed 
target  sites  for  the  interaction  of  environmental 
pollutants.  In  this  the  paper  binding  of  di-butyltin 
and  tri-butyltins  were  studied  on  frog  skeletal 
muscle  sarcolemma  (muscle  cell  membranes)  and 
basement  membrane.  Membrane  preparations  from 
the  Common  Indian  frog  (Rana  tigrina)  were  incu- 
bated in  0  to  500  micromolar  solutions  of  dibutyltin 
dichloride  or  tributyltin  chloride  for  15  min  at  37 
C.  Free  and  bound  organotin  compounds  were 
then  determined  by  scatchard  analysis  using  the 
dithizone  assay.  The  binding  of  dibutyltin  dichlo- 
ride with  sarcolemma  was  increased  with  increas- 
ing concentration.  Maximum  binding  was  about 
0.04  micromoles  tin  compound/mg  protein  with 
saturation  at  350  micromoles;  ninety  percent  bind- 
ing was  found  within  5  minutes  incubation  (0.0371 
micromoles/mg  protein).  No  significant  differences 
in  binding  of  dibutyltin  dichloride  at  varying  pH 
and  buffers  were  observed.  Thiol  compounds  were 
used  to  antagonize  the  binding  of  tributyl  tin  di- 
chloride with  sarcolemma.  Binding  was  almost 
completely  abolished  at  concentrations  of  10  mi- 
cromoles of  dithiothreitol,  and  200  micromoles  of 
glutathione  or  cysteine.  At  500  micromoles  beta- 
mercaptoethanol  the  total  binding  effect  was  re- 
duced only  67%.  This  binding  inhibition  suggests  a 
possible  involvement  of  sulfhydryl  groups  of  the 
sarcolemma  protein  in  binding  dibutyl  tin  dichlo- 
ride. (VerNooy-PTT) 
W90-06034 


FATE  OF  DIETARY  CADMIUM  AT  TWO 
INTAKE  LEVELS  IN  THE  ODONATE  NYMPH, 
AESHNA  CANADENSIS. 

Trent  Univ.,  Peterborough  (Ontario).  Dept.  of  Bi- 
ology. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06036 


LIFE  TABLE  EVALUATION  OF  THE  EFFECTS 
OF  CADMIUM  EXPOSURE  ON  THE  FRESH- 
WATER CLADOCERAN,  MOINA  MACRO- 
COPA. 

Chinese  Univ.  of  Hong  Kong,  Shatin.  Dept.  of 

Biology. 

C.  K.  Wong,  and  P.  K.  Wong. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  1,  p  135-141, 

January  1990.  5  fig,  1  tab,  10  ref. 

Descriptors:  'Cadmium,  'Life  cycles,  'Median  tol- 
erance limit,  'Toxicity,  'Water  pollution  effects, 
'Waterfleas,  Aquaculture,  Bioassay,  Fish  food  or- 
ganisms, Heavy  metals,  Hong  Kong,  Lethal  limit, 
Mortality,  Path  of  pollutants,  Sublethal  effects, 
Survival. 

In  Hong  Kong,  Moina  macrocopa  Straus  is 
common  in  small  ponds  and  rice  paddies  and  is 
mass  cultured  by  local  fish  farmers  as  a  fish  food. 
The  life  table  method  was  used  to  study  the  effect 
of  cadmium  (Cd)  on  the  survival  and  reproductive 
capacity  of  this  freshwater  cladoceran.  Moina  ma- 
crocopa were  from  laboratory  cultures  raised  from 
a  single  parthenogenetic  female.  Groups  of  20  or 
30  neonates  were  exposed  in  beakers  to  0  (control), 
0.001,  0.005,  0.01,  0.1,  1,  5,  and  10  mg  Cd/L.  Test 
solutions  were  changed  every  24  hours,  and  all 
animals  were  observed  through  their  life  spans. 


Survivorship  at  0.01  mg/L  and  all  higher  concen- 
trations was  significantly  different  from  survivor- 
ship at  lower  concentrations.  The  time  until  death 
of  half  of  the  group  of  animals  (LT50)  was  less 
than  50%  that  of  control,  and  at  5  and  10  mg/L 
was  less  than  24  hours.  Animals  at  0.1  mg/L  and 
higher  concentrations  did  not  survive  to  the  onset 
of  reproduction,  and  fecundity  at  0.005  and  0.01 
mg/L  was  significantly  different  that  of  control 
and  0.001  mg/L  groups.  The  net  reproductive  rate 
at  0.005  mg/L  was  44%  that  of  control,  and  the 
net  reproductive  rate  was  just  around  1  at  0.01 
mg/L.  Results  show  that  although  the  survivor- 
ship of  M.  macrocopa  was  not  affected  by  Cd  at 
0.005  mg/L  or  lower  concentrations,  fecundity  and 
net  replacement  rate  were  clearly  reduced  as  a 
result  of  exposure  to  Cd  at  this  level  or  above. 
(VerNooy-PTT) 
W90-06040 


CADMIUM  UPTAKE  AND  TOXICITY  TO 
WATER  HYACINTH:  EFFECT  OF  REPEATED 
EXPOSURES  UNDER  CONTROLLED  CONDI- 
TIONS. 

Tel-Aviv  Univ.  (Israel).  Inst,  for  Nature  Preserva- 
tion Research. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-06042 


RAPID  DETECTION  OF  SUBLETHAL  TOXICI- 
TY USING  FISH  VENTILATORY  BEHAVIOR. 

Biological  Monitoring,  Inc.,  Blacksburg,  VA. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-06044 


SWIMMING  BEHAVIOR  AS  AN  INDICATOR 
OF  SUBLETHAL  TOXICITY  TO  FISH. 

Fish  and  Wildlife  Service,  Columbia,  MO. 

E.  E.  Little,  and  S.  E.  Finger. 

Environmental      Toxicology      and      Chemistry 

ETOCDK,  Vol.  9,  No.  1,  p  13-19,  1990.  1  tab,  44 

ref. 

Descriptors:  'Fish  behavior,  'Sublethal  effects, 
'Swimming,  'Toxicity,  Aquatic  animals,  Behavior, 
Bioassay,  Reviews,  Water  pollution  effects. 

Swimming  behavior  of  fish  is  impaired  by  exposure 
to  a  diversity  of  contaminants.  Gross  aberrations  in 
swimming  can  be  qualitatively  assessed  while 
subtle  changes  in  swimming  behavior  arising  from 
sublethal  exposures  can  be  detected  through  a 
more  detailed  analysis  of  this  response.  Compared 
to  other  swimming  behavior  variables,  the  physical 
capacity  to  swim  against  water  flow  tends  to  be 
affected  at  relatively  high  toxicant  concentrations 
and  often  presages  mortality.  Orientation  to  water 
flow,  however,  is  altered  at  sublethal  concentra- 
tions. Frequency  of  activity  is  a  more  sensitive 
measure  in  detecting  contamination  than  measure- 
ments of  survival  alone.  Alterations  in  swimming 
behavior  have  been  detected  during  exposures  to 
various  contaminants  at  concentrations  as  low  as 
0.7  to  5%  of  their  LC50  values  and  at  concentra- 
tions that  subsequently  inhibited  growth  after 
longer  periods  of  exposure.  Analysis  of  swimming 
patterns  provides  even  higher  resolution  for  analy- 
sis of  swimming  behavior,  and  increased  availabil- 
ity of  the  instrumentation  necessary  for  such  meas- 
urements should  facilitate  use  of  this  approach. 
Fish  swimming  activity  can  easily  be  incorporated 
in  test  protocols  to  expand  the  sensitivity  of  stand- 
ard toxicity  tests.  (Author's  abstract) 
W90-06045 


BEHAVIORAL  SCREENING  ASSAY  FOR 
DAPHN1A  MAGNA:  A  METHOD  TO  ASSESS 
THE  EFFECTS  OF  XENOBIOTICS  ON  SPA- 
CIAL  ORIENTATION. 

NIEHS  Marine  and  Freshwater  Biomedical  Core 

Center,  Milwaukee,  WI. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06046 


BEHAVIORAL    TOXICITY    SYNDROMES:    A 
PROMISING  TOOL  FOR  ASSESSING  TOXICI- 
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TY  MECHANISMS  IN  JUVENILE  FATHEAD 
MINNOWS. 

Environmental  Research  Lab.-Duluth,  MN. 
R.  A.  Drummond,  and  C.  L.  Russom. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  1,  p  37-46,  1990.  2  tab,  10 
ref,  append. 

Descriptors:  *Bioassay,  *Bioindicators,  *Fish  be- 
havior, 'Minnow,  *Sublethal  effects,  'Toxicity, 
•Water  pollution  effects,  Animal  tissues,  Behavior, 
Biochemistry,  Fish  toxins,  Morbidity,  Morpholo- 
gy, Organic  compounds,  Tissue  analysis. 

Fathead  minnows  (Pimephales  promelas)  were  ex- 
posed to  acutely  toxic  concentrations  of  organic 
chemicals  under  flow-through  conditions  at  25  C 
for  96  hours.  Changes  in  behavior  and  morphology 
were  systematically  recorded  to  develop  a  plan  for 
classifying  these  chemicals.  On  this  basis,  three 
behavioral  toxicity  syndromes  were  evident.  Each 
syndrome  appears  to  represent  a  different  general 
mode  of  toxic  action.  The  hypoactivity  syndrome, 
reflecting  narcosis,  is  characterized  by  depressed 
locomotor  activity,  loss  of  startle  response  and 
very  dark  body  coloration.  The  hyperactivity  syn- 
drome, representing  metabolic  dysfunction  (e.g., 
uncouplers  of  oxidative  phosphorylation),  is  char- 
acterized by  greatly  accelerated  locomotor  activi- 
ty, overreaction  to  stimuli  and  increased  ventila- 
tory activity.  The  physical  deformity  syndrome, 
indicative  of  neurological  dysfunction  (e.g.,  acetyl 
cholinesterase  inhibition),  is  characterized  by  a 
high  incidence  of  convulsions,  tetany,  scoliosis/ 
lordosis  and  hemorrhage  in  the  vertebral  area.  This 
classification  approach  also  should  be  useful  to 
help  delineate  specific,  underlying  mechanisms  or 
sites  of  chemical  action.  (Author's  abstract) 
W90-06048 

SUBLETHAL  EXPOSURE  TO  LEAD  INHIBITS 
ACQUISITION  AND  RETENTION  OF  DIS- 
CRIMINATE AVOIDANCE  LEARNING  IN 
GREEN  FROG  (RANA  CLAMITANS)  TAD- 
POLES. 

Miami  Univ.,  Oxford,  OH.  Dept.  of  Zoology. 
S.  Strickler-Shaw,  and  D.  H.  Taylor. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  1,  p  47-52,  1990.  2  fig,  2 
tab,  23  ref. 

Descriptors:  *Animal  behavior,  'Avoidance, 
•Frogs,  *Lead,  'Toxicity,  *Water  pollution  ef- 
fects, Amphibians,  Bioassay,  Heavy  metals,  Mor- 
bidity, Sublethal  effects. 

Animals  with  aquatic  larval  stages,  such  as  the 
green  frog  (Rana  clamitans),  are  potentially  excel- 
lent models  for  investigating  the  effects  of  lead  on 
behavior  since  many  aquatic  systems,  particularly 
along  roadways,  commonly  contain  high  concen- 
trations of  lead.  In  this  study,  green  frog  tadpoles 
were  exposed  to  750  micrograms  Pb/L  as  lead 
nitrate.  Tadpoles  used  in  learning  acquisition  tests 
were  exposed  for  6  days  (144  hours)  and  tadpoles 
used  in  retention  (memory)  tests  were  exposed  for 
5  days  (120  hours).  Both  lead-exposed  and  control 
tadpoles  were  conditioned,  using  shock  avoidance, 
to  associate  illumination  (conditioned  stimulus) 
with  shock  (unconditioned  stimulus).  The  mean 
response  time,  fhumber  of  avoidances  and  differ- 
ences in  the  learning  curves  of  lead-exposed  and 
control  tadpoles  were  compared  statistically. 
Learning  acquisition  tests  showed  increased  re- 
sponse times  and  fewer  avoidances  in  lead-exposed 
as  compared  to  control  tadpoles.  Retention  tests 
showed  higher  response  times  and  no  avoidances 
in  lead-exposed  tadpoles  as  compared  to  controls. 
These  results  indicate  that  sublethal  exposure  to 
lead  adversely  affected  both  acquisition  learning 
and  memory.  (Author's  abstract) 
W90-06049 


Descriptors:  *Avoidance,  *Fish  behavior,  *Fish 
migration,  'Industrial  wastes,  'Laboratory  meth- 
ods, 'Water  pollution  effects,  Bass,  Behavior, 
Computers,  Domestic  wastes,  Effluent  streams, 
Salmon,  Sublethal  effects,  Toxicity,  Trout. 

In  the  laboratory,  preference/avoidance  behavior- 
al testing  was  used  to  investigate  the  potential  of 
both  domestic  and  industrial  waste  discharges  to 
interfere  with  the  migration  of  anadromous  fish. 
Various  dilutions  of  the  effluents  (oil  refinery  efflu- 
ent and  domestic  sewage)  were  tested  using  the 
behavioral  response  of  fish  as  measured  by  linear 
velocity,  locational  position  and  other  factors.  A 
video-based  computerized  system  was  used  to  cap- 
ture and  analyze  the  behavioral  data  in  real  time. 
Test  species  were  chinook  salmon,  Oncorhynchus 
tshawytscha,  striped  bass,  Morone  saxatilis  and 
steelhead,  Salmo  gairdneri.  Dilution  rates  were 
established  based  upon  dye  studies  and  waste  field 
dispersion  modeling.  Dilutions  down  to  1,000:1 
were  tested  and  evaluation  of  the  potential  for  each 
discharge  to  affect  fish  migrations  were  made. 
Both  attraction  and  avoidance  responses  were  ob- 
served at  different  concentrations  of  the  discharges 
studied.  Test  fish  exhibited  strong  responses  at 
levels  as  low  as  1,000:1  of  effluent.  Laboratory 
behavioral  data  were  compared  with  field  surveys 
where  possible.  Once  behavioral  baselines  derived 
from  the  animals'  response  range  are  established, 
significant  departures  from  these  can  be  used  to 
measure  the  effect  of  a  perturbation.  The  guide- 
lines to  determine  the  response  level  were  conserv- 
ative. Preliminary  statistical  techniques  were 
robust  and  significant  differences  were  indications 
of  actual  behavioral  changes.  (VerNooy-PTT) 
W90-06052 


RESPONSES  OF  GREEN  FROG  (RANA  CLA- 
MITANS) TADPOLES  TO  LEAD-POLLUTED 
WATER. 

Miami  Univ.,  Oxford,  OH.  Dept.  of  Zoology. 
D.  H.  Taylor,  C.  W.  Steele,  and  S.  Strickler-Shaw. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  1,  p  87-93,  1990.  1  fig,  5 
tab,  21  ref. 

Descriptors:  'Animal  behavior,  'Avoidance, 
'Frogs,  'Lead,  'Toxicity,  *Water  pollution  ef- 
fects, Amphibians,  Bioassay,  Heavy  metals,  Suble- 
thal effects. 

Green  frog  (Rana  clamitans)  tadpoles  were  ex- 
posed to  0,  500,  750  and  1,000  micrograms  Pb/L 
(as  lead  nitrate)  for  6  days  (144  hours).  Previous 
studies  have  shown  that  similar  exposure  to  750  or 
1,000  micrograms  Pb/L  produces  deficiencies  in 
both  acquisition  and  retention  of  learned  responses 
in  green  frog  tadpoles.  Preference/avoidance  re- 
sponses and  spontaneous  locomotor  activity  of  Pb- 
exposed  and  control  tadpoles  to  plumes  of  lead 
polluted  water  at  each  concentration  in  an  octago- 
nal fluviarium  were  examined.  Results  indicated  no 
significant  preference  or  avoidance  for  500,  750,  or 
1,000  micrograms  Pb/L  by  either  control  or  Pb- 
exposed  animals,  and  no  significant  effects  on  the 
amount  of  locomotor  activity.  Preexposure  of  tad- 
poles to  these  concentrations  of  Pb  did  not  affect 
the  sensitivity  of  animals  to  subsequent  encounters 
with  Pb.  However,  there  was  significantly  greater 
(p  >  0.005;  folded  F  test)  variability  in  locomotor 
activity  for  tadpoles  exposed  to  750  and  1,000 
micrograms  Pb/L  compared  to  control  animals 
and  to  those  exposed  to  500  micrograms  Pb/L. 
These  findings  suggest  that  variability  of  response 
is  a  more  sensitive  index  of  sublethal  Pb  toxicosis 
than  is  gross  locomotor  activity  and  that  prefer- 
ence/avoidance responses  and  locomotor  activity 
are  less  sensitive  indices  of  sublethal  Pb  toxicosis  in 
green  frog  tadpoles  than  is  discriminate  avoidance 
learning.  (Author's  abstract) 
W90-06053 


tab,  78  ref. 

Descriptors:  *Experimental  design,  •Fish  behav- 
ior, *Predation,  'Sublethal  effects,  'Toxicity, 
'Water  pollution  effects,  Behavior,  Data  interpre- 
tation, Fish  diets,  Literature  review,  Model  studies, 
Simulation  analysis. 

Previous  studies  of  toxicant  effects  on  fish  foraging 
behavior  and  predator-prey  interactions  have  taken 
a  strictly  empirical  approach.  The  most  common 
observation  of  altered  feeding  behavior  was  cessa- 
tion of  feeding  or  reduction  in  the  amount  of 
artificial  food  consumed.  Changes  in  the  number  of 
live  prey  attacked  and  captured,  latency  to  feed 
and  capture  efficiency  have  also  been  documented. 
Predator-prey  tests  have  placed  major  emphasis  on 
toxicant  effects  on  the  ability  of  prey  to  escape 
predation.  Several  different  test  systems,  as  well  as 
model  ecosystems,  have  been  used.  It  is  difficult  to 
evaluate  the  sensitivity  of  these  behavioral  tests  in 
relation  to  standard  chronic  tests.  There  was  no 
consistency  in  test  design,  and  few  studies  provid- 
ed information  on  chemical  effects  on  reproduction 
or  growth  in  conjunction  with  behavioral  effects. 
These  empirical  studies  have  little  basis  in  ecologi- 
cal theory  and  do  not  allow  development  of  testa- 
ble hypotheses  a  priori  to  field  verification  of  labo- 
ratory results.  Few  laboratory  feeding  studies  have 
been  verified  in  the  field.  A  mechanistic  approach 
to  feeding  studies  using  optimal  foraging  and 
bioenergetics  models  may  provide  sensitive  tests  of 
contaminant  effects  that  may  be  readily  verified  in 
the  field.  Model  simulations  demonstrate  how  toxi- 
cant effects  on  components  of  fishes'  predation 
sequence  can  modify  the  size-frequency  distribu- 
tion of  prey  in  the  fishes'  diet  and  how  reductions 
in  the  amount  of  food  consumed  may  alter  growth. 
(Author's  abstract) 
W90-06054 


PREFERENCE/AVOIDANCE  TESTING  OF 
WASTE  DISCHARGES  ON  ANADROMOUS 
FISH. 

E.  H.  Smith,  and  H.  C.  Bailey. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  1,  p  77-86,  1990.  5  fig,  4 
tab,  15  ref. 


SUBLETHAL  TOXICANT  EFFECTS  ON  FISH 
FORAGING  BEHAVIOR:  EMPIRICAL  VS. 
MECHANISTIC  APPROACHES. 

Iowa  State  Univ.,  Ames.  Dept.  of  Animal  Ecolo- 
gy. 

M.  B.  Sandheinrich,  and  G.  J.  Atchison. 
Environmental       Toxicology       and       Chemistry 
ETOCDK,  Vol.  9,  No.  1,  p  107-119,  1990.  3  fig,  4 


STUDY  OF  THE  PRIMARY  PRODUCTIVITY 
IN  THE  SHATT  AL-ARAB  ESTUARY  AT 
BASRAH,  IRAQ. 

Basrah  Univ.  (Iraq).  Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06065 


ASSESSING  RIVER  WATER  QUALITY  BY 
MEANS  OF  MULTIFACTORIAL  METHODS 
USING  MACROINVERTEBRATES.  A  COM- 
PARATIVE STUDY  OF  MAIN  WATER 
COURSES  OF  BISCAY. 

Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Lab. 
de  Ecologia. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06066 


RESULTS  OF  THE  HARMFUL  EFFECTS  OF 
WATER  POLLUTANTS  TO  GREEN  ALGAE 
(SCENEDESMUS  SUBSPICATUS)  IN  THE 
CELL  MULTIPLICATION  INHIBITION  TEST. 

Bundesgesundheitsamt,    Berlin    (Germany,    F.R.). 

Inst,  fuer  Wasser-,  Boden-  und  Lufthygiene. 

R.  Kuhn,  and  M.  Pattard. 

Water  Research  WATRAG,  Vol.  24,  No.  1,  p  31- 

38,  January  1990.  5  tab,  6  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Chloro- 
phyta,  'Water  pollution  effects,  Biological  studies, 
Chloramine,  Chloroacetaldehyde,  Monobromoace- 
tic  acid,  Monochloroacetic  acid,  Organic  com- 
pounds, Scenedesmus  subspicatus. 

In  the  Scenedesmus  cell  multiplication  inhibition 
test,  68  potentially  hazardous  substances  were  ex- 
amined to  determine  the  effect  of  concentrations. 
The  tests  were  conducted  in  accordance  with  the 
test  procedure  Deutsches  Institut  fuer  Normung 
e.V.  38  412,  Part  9  (draft  standard).  The  green  alga 
Scenedesmus  subspicatus  was  cultivated  as  the  test 
organism.  Twenty-five  substances  were  examined 
according  to  the  standardized  test  procedure.  The 
procedure  was  modified  somewhat  for  the  exami- 
nation of  volatile  and/or  strongly  smelling  sub- 
stances. For  21  of  the  tested  substances  the  effec- 
tive concentrations  for  the  72  h  and/or  48  h  toxici- 
ty tests  were  in  the  concentration  range  0.0001-2 
mg/L.  Thus,  they  provide  very /highly  toxic  to  the 
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cell  multiplication  of  Scenedesmus  subspicatus. 
When  compared  with  the  results  of  the  21  day 
Daphnia  reproduction  test,  monobromoacetic, 
monochloroacetic  acid,  chloroacetaldehyde  and 
chloramine  T  proved  very  harmful  to  green  algae. 
(Author's  abstract) 
W90-06069 


EFFECT  OF  SEDIMENT  ON  ESTIMATES  OF 
DIQUAT  TOXICITY  IN  LABORATORY  MI- 
CROCOSMS. 

Murray  State  Univ.,  KY.  Hancock  Biological  Sta- 
tion. 

J.  R.  Pratt,  N.  J.  Bowers,  and  J.  Cairns. 
Water  Research  WATRAG,  Vol.  24,  No.  1,  p  51- 
57,  January  1990.  2  fig,  3  tab,  28  ref.  EPA  Grant 
R-8 128 13-0 1-0  and  Air  Force  Grant  AFOSR-85- 
0324. 

Descriptors:  *Diquat,  *Environmental  effects, 
•Herbicides,  'Microbiological  studies,  'Pesticides, 
•Sediments,  'Toxicity,  'Water  pollution  effects, 
Biomass,  Lake  sediments. 

The  influence  of  sediment  on  the  toxicity  of  the 
herbicide  diquat  to  microbial  communities  was  ex- 
amined in  laboratory  microcosms.  Microbial  com- 
munities collected  on  polyurethane  foam  substrata 
were  used  to  establish  replicate  microcosms  with 
and  without  sediment.  After  a  single  application  of 
diquat,  microbial  community  structure  and  func- 
tion were  evaluated.  Three  weeks  after  diquat 
treatment,  communities  in  microcosms  without 
sediment  exhibited  decreased  biomass  production, 
increased  alkaline  phosphatase  activity,  decreased 
dissolved  oxygen  production  and  altered  protozo- 
an species  richness  and  composition  at  maximum 
allowable  toxicant  concentrations  of  0.04-21.9  mg 
diquat/L.  In  microcosms  amended  with  natural 
lake  sediments,  communities  were  initially  affected 
by  diquat  treatment,  but,  by  2  weeks,  dosed  com- 
munities were  indistinguishable  from  controls. 
Diquat  disappeared  rapidly  in  sediment-amended 
microcosms  and  could  not  be  detected  (<0.1  mg 
diquat/L)  in  any  but  the  highest  treatment  after  1 
week.  In  microcosms  without  sediment,  44-75%  of 
the  diquat  remained  in  the  three  highest  treatments 
after  3  weeks.  Results  stress  the  consideration  of 
the  environmental  fate  of  chemicals  in  different 
ecosystems  when  designing  conditions  under 
which  the  toxicity  of  a  chemical  is  tests.  Simplistic 
experimental  designs  for  toxicological  studies  may 
overestimate  adverse  environmental  effects.  (Au- 
thor's abstract) 
W90-06072 


AQUATIC  TOXICOLOGY  OF  ALKYL-QUINO- 
LINES. 

Environmental  Protection  Service,  Edmonton  (Al- 
berta). Western  and  Northern  Region. 
D.  A.  Birkholz,  R.  T.  Coutts,  S.  E.  Hrudey,  R  W 
Danell,  and  W.  L.  Lockhart. 
Water  Research  WATRAG,  Vol.  24,  No.  1,  p  67- 
73,  January  1990.  2  fig,  3  tab,  45  ref. 

Descriptors:  'Quinolines,  'Toxicity,  'Water  pollu- 
tion effects,  Bioassay,  Ethylquinoline,  Fish,  Isopro- 
pylquinoline,  Isoquinolin,  Lethal  limit,  Organic 
compounds. 

Isoquinolin,  2-methyl-8-ethylquinoline,  3-isopro- 
pylquinoline,  three  isomers  of  methylquinoline  and 
fourteen  isomers  of  dimethylquinoline  were  sub- 
jected to  toxicity  testing  using  luminescent  bacte- 
ria. Toxicity  values  (effective  concentrations  of  the 
toxic  substances  that  causes  a  50%  light  reduction- 
EC50)  were  determined  5  and  15  mm  after  expo- 
sure. Toxicity  values  were  observed  to  differ  by 
two  orders  of  magnitude  and  varied  according  to 
the  degree  of  substitution  and  molecular  structure. 
Static  48-h  LC50  fish  bioassays  (Salmo  gairdneri) 
were  conducted  for  three  isomers  of  dimethylquin- 
oline. Good  correlation  was  observed  between  the 
fish  48-h  LC50  and  the  bacteria  EC50.  (Author's 
abstract) 
W90-06074 


LOW  LEVELS  OF  ALUMINIUM  CAUSING 
DEATH  OF  BROWN  TROUT  (SALMO  TRUTTA 
FARIO,  L.)  IN  A  SWISS  ALPINE  LAKE. 


Eidgenoessische  Technische  Hochschule,  Zurich 

(Switzerland).  Inst,  of  Toxicology. 

D.  Dietrich,  and  C.  Schlatter. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  4,  p  279- 

295,  1989.  6  fig,  7  tab,  38  ref. 

Descriptors:  'Acid  rain  effects,  'Aluminum, 
•Mountain  lakes,  'Switzerland,  'Trout,  'Water 
pollution  effects,  Acidic  water,  Fish  stocking,  Ions, 
Synergistic  effects,  Toxicity. 

Several  attempts  to  stock  fish  in  acidified  alpine 
lakes  have  so  far  proven  unsuccessful.  In  an  effort 
to  investigate  the  problems  associated  with  the 
stocking  of  fish,  the  Swiss  alpine  lake  Laiozza  was 
chosen  for  experimentation.  An  analysis  of  Lake 
Laiozza  water  revealed  low  ion  concentrations  (0.5 
mg  Ca/L,  0.13  mg  Na/L,  0.02  mg  Cl/L),  moderate 
aluminum  concentrations  (about  28  microg  al/L), 
and  a  moderately  low  pH  (about  5.41).  As  in 
common  practice,  one  and  two  year  old  brown 
trout  were  exposed  in  a  closed  keep-net  in  Lake 
Laiozza.  The  water  of  Lake  Laiozza  proved  to  be 
acutely  toxic  to  the  fish.  Mucous  clogging  of  the 
gills,  gill  epithelial  damage,  plasma  electrolyte 
losses,  and  high  hematocrits  were  the  predominant 
symptoms  observed.  All  symptoms  observed  are 
typical  for  an  acute  intoxication  with  aluminum. 
This  stands  in  contrast  to  the  generally  accepted 
view  that  aluminum  concentrations  lower  than  200 
microg  Al/L  should  not  be  toxic  to  brown  trout  at 
a  pH  5.4.  The  low  Na  and  CI  and  low  Ca  concen- 
trations in  the  Lake  Laiozza  water  seem  to  have 
rendered  the  fish  much  more  susceptible  to  alumi- 
num intoxication.  (Author's  abstract) 
W90-06089 


INVESTIGATIONS  OF  TROPHIC  CHANGE 
AND  INDUSTRIAL  TAILINGS  ACCUMULA- 
TION IN  THE  TRAUNSEE  (AUSTRIA)  USING 
DIATOM  STRATIGRAPHY  (DIATOMEEN- 
STRATIGRAPHISCHE  UNTERSUCHUNGEN 
ZER  TROPHIEANDERUNG  UND  INDUS- 
TRIESCHLAMMAKKUMULATION  IM 

TRAUNSEE/OSTERREICH). 
Institut  fuer  Limnologie,  Mondsee  (Austria). 
R.  Schmidt. 

Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  4,  p  317- 
337,  1989.  11  fig,  1  tab,  45  ref.  English  summary. 

Descriptors:  'Austria,  'Eutrophication,  'Lakes, 
'Stratigraphy,  'Water  pollution  effects,  Dating, 
Diatoms,  Industrial  wastes,  Traunsee. 

Three  cores  from  the  Traunsee  (one  from  the 
Altmunster  Bay  and  two  deep  water  cores)  were 
investigated  using  freezing  and  tape-peel  tech- 
niques and  compared  with  respect  to  diatom  stra- 
tigraphy. Two  particular  questions  were  ad- 
dressed: (1)  change  in  trophy;  and  (2)  dating  of 
incursions  into  and  rate  of  accumulation  of  indus- 
trial tailings  in  the  profundal  zones.  Three  steps  of 
increasing  trophy  supported  by  analysis  of  sedi- 
ment chemistry  could  be  recognized  on  the  basis  of 
lead-210  dating  and  annual  cycles  of  diatoms.  Since 
the  mid  1960's  the  accumulation  of  the  industrial 
tailings  (1ST),  in  the  profundal  has  increased  con- 
siderably. This  can  be  correlated  with  flooding  in 
1985,  1981/82,  1978,  1975/74,  and  1966.  An  up  to 
35  cm  larger  1ST  can  be  linked  to  a  period  of 
increased  hydrodynamic  activity  in  the  years 
1975/74.  Thus  in  the  post-1966  section  average 
accumulation  rates  of  2.5-4.5  cm/year  can  be  cal- 
culated for  the  investigated  profundal  cores.  On 
the  other  hand  the  1ST  unaffected  'normal  sedi- 
ment' can  have  accumulation  rates  of  4-5  mm/ 
year.  Several  diatom  species  were  of  particular 
interest:  Skeletonema  subsalsus  in  relation  to  chlo- 
ride levels:  Stephanocostis  chantaicus  was  previ- 
ously unknown  in  the  lakes  of  this  area;  forms  of 
Cyclotella  bodanica  were  studied  by  scanning  elec- 
tron microscopy.  (Author's  abstract) 
W90-06093 


SUBFOSSIL  AND  MODERN  DIATOM  PLANK- 
TON AND  THE  PALEOLIMNOLOGY  OF 
ROTSEE  (SWITZERLAND)  SINCE  1850. 

Bern  Univ.  (Switzerland).  Systematisch-Geobotan- 

lsches  Inst. 

For  primary  bibliographic  entry  see  Field  2H. 
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ASSESSING  THE  POTENTIAL  EXTENT  OF 
DAMAGE  TO  INLAND  LAKES  IN  EASTERN 
CANADA  DUE  TO  ACIDIC  DEPOSITION  I 
DEVELOPMENT  AND  EVALUATION  OF  A 
SIMPLE  'SITE'  MODEL. 

Environmental  and  Social  Systems  Analysts  Ltd., 
Vancouver  (British  Columbia). 
D.  R.  Marmorek,  M.  L.  Jones,  C.  K.  Minns,  and  F 
C.  Elder. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  55-66,  January 
1990.  8  fig,  2  tab,  43  ref,  append. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Data 
interpretation,  'Lake  acidification,  'Model  studies, 
•Water  pollution  effects,  Acidification,  Alkalinity, 
Forecasting,  Hydrogen  ion  concentration,  Ontario, 
Sensitivity  analysis,  Sulfates. 

Large  scale  aquatic  effects  of  acidic  deposition 
have  become  a  prominent  environmental  issue  in 
North  America  and  Europe.  Models  are  required 
to  assess  the  potential  future  impacts  of  current 
levels  of  acidic  deposition,  and  the  potential  bene- 
fits of  emission  controls.  A  model  is  presented  that 
uses  measurements  of  current  lake  chemistry  and 
assumptions  about  the  processes  governing  acidifi- 
cation, to  first  estimate  original  (i.e.  preacidifica- 
tion)  lake  chemistry  and  then  predict  the  eventual 
chemistry  expected  given  a  specified  level  of  acidic 
sulfate  deposition.  The  model  is  deliberately  kept 
simple,  so  that  its  input  requirements  are  modest 
and  can  be  met  on  a  regional  scale.  When  applied 
on  a  regional  scale  the  model  predicts  the  expected 
eventual  distributions  of  alkalinity  and  pH.  Appli- 
cation of  the  model  is  illustrated  for  a  watershed  in 
north-central  Ontario,  which  includes  the  area  im- 
mediately to  the  south  and  west  of  Sudbury. 
Model-based  estimates  of  current  alkalinity  are 
very  similar  to  observed  alkalinities.  The  predicted 
eventual  alkalinity  distributions,  given  current 
levels  of  deposition,  indicate  a  trend  towards  re- 
covery, consistent  with  other  observations  in  the 
Sudbury  region.  A  sensitivity  analysis  of  the  model 
indicates  that  its  outputs  are  highly  sensitive  to 
estimates  of  preacidification  lake  sulfate  levels,  and 
less  so  to  assumptions  about  the  catchment's  ability 
to  neutralize  incoming  acidity.  Simple,  regional 
models  such  as  the  one  presented  should  play  a 
more  central  role  than  they  presently  do  both  in 
assessment  and  in  the  definition  of  future  research 
and  monitoring  needs.  (See  also  W90-061 14)  (Au- 
thor's abstract) 
W90-06113 


ASSESSING  THE  POTENTIAL  EXTENT  OF 
DAMAGE  TO  INLAND  LAKES  IN  EASTERN 
CANADA  DUE  TO  ACIDIC  DEPOSITION:  II. 
APPLICATION  OF  THE  REGIONAL  MODEL. 

Environmental  and  Social  Systems  Analysts  Ltd., 
Toronto  (Ontario). 

M.  L.  Jones,  C.  K.  Minns,  D.  R.  Marmorek,  and  F. 
C.  Elder. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  67-80,  January 
1990.  7  fig,  7  tab,  49  ref. 

Descriptors:  *Acid  rain,  'Acid  rain  effects,  'Data 
interpretation,  *Lake  acidification,  *ModeI  studies, 
•Water  pollution  effects,  Acidification,  Alkalinity, 
Forecasting,  Hydrogen  ion  concentration,  Sulfates. 

The  results  of  initial  applications  of  the  surface 
water  acidification  model  to  sensitive  regions  of 
eastern  Canada  are  presented.  Data  used  for  re- 
gional application  of  the  model  were  obtained 
from  a  variety  of  sources,  including  acidic  sulfate 
deposition  monitoring  data  and  regional  lake  water 
chemistry  surveys.  While  these  data  do  not  pro- 
vide a  random  sample  of  eastern  Canadian  lakes,  it 
can  be  argued  that  there  are  no  a  priori  reasons  for 
expecting  highly  misleading  biases  in  the  data. 
Results  of  model  applications  are  presented  for 
observed  1980  sulfate  deposition  levels  and  for 
three  alternative  emission  scenarios.  The  emission 
scenarios  were  simulated  using  a  transfer  matrix 
derived  from  the  AES-LRTAP  model.  The  results 
suggest  that  substantial  additional  damage  (declines 
in  surface  water  alkalinity  and  pH)  is  expected  in 
some  regions  (e.g.  northeastern  Ontario),  even  at 
current   deposition    levels.    The   consequences   of 
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simple  emission  reduction  strategies  differ  signifi- 
cantly among  regions,  suggesting  that  more  com- 
plex strategies  may  by  required  to  produce  equita- 
ble benefits.  To  assist  interpretation  of  a  complex 
array  of  results,  an  integrated  representation  of 
regional  impacts  that  uses  quantile-quantile  plots  of 
regional  distributions  of  lake  chemistry  is  pro- 
posed Finally,  it  is  argued  that  while  the  results 
presented  are  highly  uncertain,  there  are  reasons  to 
believe  that,  if  anything,  the  damage  estimates  are 
conservative.  (See  also  W90-06113)  (Authors  ab- 
stract) 
W90-06114 

ZOOPLANKTON  SPECIES  ASSOCIATIONS  IN 
QUEBEC  LAKES:  VARIATION  WITH  ABIOTIC 
FACTORS,  INCLUDING  NATURAL  AND  AN- 
THROPOGENIC ACIDIFICATION.  . 

Montreal  Univ.  (Quebec).  Dept.  of  Biological  Sci- 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06117 

EFFECTS  OF  ALUMINUM  ON  THE  LEOPARD 
FROG,  RANA  PD7IENS:  LIFE  STAGE  COM- 
PARISONS AND  ALUMINUM  UPTAKE. 

McMaster  Univ.,  Hamilton  (Ontario).  Dept.  of  Bi- 
ology. 

J  Freda,  and  D.  G.  McDonald.  . 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  210-216,  January 
1990.  4  fig,  1  tab,  30  ref. 

Descriptors:  *Acid  rain  effects,  *Alumiiium,  •Am- 
phibians, *Frogs,  *Life  history  studies,  'Toxicity, 
•Water  pollution  effects,  Bioassay,  Hydrogen  ion 
concentration,  Lethal  limit,  Physiology,  Stress, 
Synergistic  effects,  Tadpoles. 

A  series  of  toxicity  tests  were  conducted  to  investi- 
gate the  response  of  embryos,  prestage  25  tadpoles, 
and  3-wk  old  tadpoles  of  the  leopard  frog  (Rana 
pipiens),  to  a  wide  range  of  pH  (4.2-4.8)  and  Al  (0- 
1000  microg/L),  and  to  pH  6.5  with  no  Al  present. 
In  embryos  and  prestage  25  tadpoles,  Al  ameliorat- 
ed the  toxic  effects  of  very  low  pH's  t4-2'4-4). 
while  becoming  toxic  at  higher  pH's  (4.6-4.8).  Al- 
though both  embryos  and  prestage  25  tadpoles 
were  killed  by  low  pH  (pH  4.2-4.4  and  4.2,  respec- 
tively) and  elevated  Al  (>  or  =  500  and  >  or  = 
250  microg/L   Al,   respectively),   embryos   were 
more  sensitive  (i.e.  higher  percent  mortality)  to 
low  pH,  while  prestage  25  tadpoles  were  more 
sensitive  to  Al.  Three  week  old  tadpoles  did  not 
die  at  any  test  pH  (without  Al)  and  mortality 
(>20%)  caused  by  Al  occurred  at  only  pH  4.8  and 
750-1000  microg/L  Al.  The  body  sodium  concen- 
trations of  3-wk  old  tadpoles  that  survived  high  Al 
exposure    were    depressed    indicating    sublethal 
stress.  Whole  body  Al  uptake  in  3-wk  old  tadpoles 
was  also  elevated  in  water  containing  high  concen- 
trations of  Al,  but  it  was  positively  related  to  water 
pH  and  exposure  time.  This  result  suggests  that 
body  Al  content  is  not  an  accurate  indicator  of  Al 
exposure  in  tadpoles  living  in  acidic  Al  contami- 
nated ponds.  (Author's  abstract) 
W90-06123 


mary  production  of  algae.  In  sea  water  they  pri- 
marily  stimulated   the   development   of  diatoms. 
(Author's  abstract) 
W90-06138 

CILIATA  COMMUNITIES  IN  THE  MIDDLE 
SECTOR  OF  THE  RIVER  LYNA  (NORTH- 
EASTERN POLAND)  IN  CONDITIONS  OF 
NONPOINT  POLLUTION  INFLOW. 

Akademia  Rolniczo-Techniczna,  Olsztyn-Kortow 
(Poland).  Dept.  of  Water  and  Wastewater  Biology. 

Acta  Hydrobiologica  (Cracow)  AHBPAX,  Vol. 
30,  No.  3/4,  p  353-366,  1989.  4  fig,  3  tab,  24  ref. 

Descriptors:  *Farm  wastes,  *Nonpoint  pollution 
sources,  •Protozoa,  *Water  pollution  effects,  Com- 
munity structure,  Microbenthos,  Seston. 

The  reactions  of  Ciliata  communities  to  rainfall- 
induced  nonpoint  pollution  runoff  from  areas  of 
intensive  pig  farming  were  analyzed.  Structural 
changes  in  communities  ranged  from  changes  w 
species  composition,  the  structure  of  food  groups, 
and  saprobity  to  pronounced  changes  in  the  struc- 
ture of  dominance  and  number  of  communities. 
The  succession  of  structural  changes  corresponded 
to  a  rise  in  the  oxidation  potential.  Seston  commu- 
nities responded  to  pollution  more  readily  and 
more  dynamically  than  did  those  of  the  micro- 
benthos.  (Author's  abstract) 
W90-06139 

ECOLOGICAL  STUDIES  ON  ROTIFERA  (AS- 
CHELMINTHES)    IN    THE    RIVER    TIGRIS 

Biological  Research  Center,  Baghdad  (Iraq).  Sec- 
tion of  Aquatic  Ecology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06140 


IMPACT  OF  COBALT  ON  THE  CARBOHY- 
DRATE METABOLISM  OF  A  FRESHWATER 
TROPICAL  PERCH,  COLISA  FASCIATUS 
(BLOCH  ET  SCHN). 

Gorakhpur  Univ.  (India).  Dept.  of  Zoology. 

K.  Nath,  and  N.  Kumar. 

Acta  Hydrobiologica  (Cracow)  AHBPAX,  Vol. 

30,  No.  3/4,  p  429-436,  1989.  2  tab,  54  ref. 

Descriptors:  *Cobalt,  *Fish  physiology,  •Metabo- 
lism, 'Toxicology,  »Water  pollution  effects,  Lethal 
limit,  Perch,  Sublethal  effects,  Tropical  regions. 

Median  lethal  concentrations  of  cobalt  for  the  te- 
leost  fish  Colisa  fasciatus  were  computed  at  24,  48, 
72  and  96  h.  The  effect  of  a  sublethal  concentra- 
tion of  232.8  ppm  (0.8  of  LC50  96h)  of  cobalt  on 
the  fishes'  carbohydrate  metabolism  was  investigat- 
ed from  3-96  h.  Liver  glycogen  in  the  treated  fish 
decreased  significantly  at  6  h  onwards,  with  a 
maximum  depletion  at  72  h.  Hyperglycemia  was 
recorded  at  every  exposure  interval  studied  but  its 
peak  value  was  at  72  h.  (Author's  abstract) 
W90-06141 


EFFECT  OF  INDUSTRIAL  WATERS  OF  FLY- 
ASH  STORAGE  FROM  A  STORAGE  YARD  OF 
GRATE      WASTES      ON      ORGANISMS      IN 
WATERS      OF     THE     GDANSK     COASTAL 
REGION  (NORTHERN  POLAND). 
Polish  Academy  of  Sciences,  Gdansk.  Inst.  Bu- 
downictwa  Wodnego. 
I.  Kuziemska,  B.  Quant,  and  Z.  Sulek. 
Acta  Hydrobiologica  (Cracow)  AHBPAX,  Vol. 
30,  No.  3/4,  p  317-328,  1989.  5  fig,  3  tab,  17  ref. 

Descriptors:  *Algae,  'Fly  ash,  'Industrial 
wastewater,  *Poland,  *Water  pollution  effects, 
Aluminum,  Calcium,  Coasts,  Hydroxides,  Iron  sul- 
fate, Magnesium,  Potassium,  Sodium. 

Industrial  waters  of  fly-ash  storage  contain  soluble 
components  of  ash  (hydroxides  and  calcium, 
sodium,  potassium,  magnesium,  aluminum,  and 
iron  sulfates)  and  trace  elements.  At  doses  of  0.1- 
100  cc  per  1  cc  of  river  or  sea  water  or  of  Guillard- 
Rychter  medium  these  waters  stimulated  the  pri- 


IS  FOOD  AVAILABILITY  THE  MAIN  FACTOR 
CONTROLLING  THE  ABUNDANCE  OF 
EUCHLANIS  DILATATA  LUCKSIANA  HAUER 
IN  A  SHALLOW,  HYPERTROPHIC  LAKE. 

Polish  Academy  of  Sciences,  Mikolajki.  Inst,  of 

Ecology. 

For  primary  bibliographic  entry  see  Field  2H. 
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ROTIFER  COMMUNITIES  OF  ACID- 
STRESSED  LAKES  OF  MAINE. 

Uppsala  Univ.  (Sweden).  Limnologiska  Institu- 
tionen. 

Hydrobiologia  HYDRB8,  Vol.  186/87,  p  181-189, 
December  1989.  7  tab,  32  ref. 

Descriptors:  *Acid  lakes,  *Acid  rain  effects,  •Lim- 
nology, *Maine,  'Rotifers,  Crustaceans,  Hydrogen 
ion  concentration,  Population  dynamics,  Trophic 
level. 


The  structure  of  the  rotifer  community  in  relation 
to  lake  pH,  trophic  status,  the  type  of  planktivore 
assemblage  and  the  crustacean  community  was  as- 
sessed in  a  survey  of  23  lakes  ranging  in  pH  from 
4.4  to  7.3,  and  in  a  study  of  two  lakes-one  acidic, 
the  other  circumneutral-during  two  summers.  In 
both  investigations  the  number  of  rotifer  species 
encountered  per  sample  was  strongly  reduced  with 
pH.  Although  the  reason  for  this  is  not  clear,  acid- 
stress,  the  ultraoligotrophic  nature  of  the  acidic 
lakes,  and  competitive  interactions  with  crustacean 
zooplankters  may  all  have  played  a  role.  More 
importantly  the  ecological  significance  of  this  rela- 
tionship is  not  known.  The  rotifer  Keratella  tauro- 
cephala  was  a  principal  species  in  the  most  acidic 
lakes,  while  several  common  rotifers  were  notably 
absent  from  these  lakes.  Although  rotifer  abun- 
dance was  correlated  with  lake  pH,  the  results  of 
this  study  indicate  that  rotifer  abundance  is  not  a 
result  of  lake  pH  per  se,  but  of  lake  trophic  status 
and  interactions  with  the  crustacean  community. 
(Author's  abstract) 
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Seasonal  and  vertical  occurrences  of  representative 
rotifer  species  were  recorded  together  with  Cyan- 
ophycea,    Phytomastigophorea,    Bacillanophycea, 
Protozoa,  Rotifera,  and  Crustacea,  from  1982  to 
1986  at  two  sites  in  a  lake.  One  site  (SI)  is  natural 
lake  water  and  the  other  (S2)  is  in  water  that  has 
been  recirculated  by  an  electric  powerplant  in  op- 
eration since  1952.  Keratella  hiemahs,  Chromogas- 
ter  ovalis,  Notholca  labis,  Lepadella  patella,  and 
Anuraeopsis  sp.   were  observed  at  SI   and  Bra- 
chionus  urceolaris  and  Ascomorpha  ecaudis  at  S2. 
Thus,  occurrence  of  rotifer  species  seems  to  be 
affected  by   the   electric   powerplant  circulation. 
Keratella     cochlearis,     Brachionus     calyciflorus, 
Proalides  sp.,  Diurella  sp.,  Notholca  labis,  B.  ur- 
ceolaris, and  bdelloids  did  not  appear  until  1986. 
The  abundance  of  K.  cochlearis  in  1986  suggests  a 
beta-oligosaprobic   or   meso-eutrophic   degree   of 
pollution.  Asplanchna  priodonta  herricki  and  Col- 
lotheca  sp.  have  decreased  or  disappeared  since 
1982;  and  Conochiloides  coenobasis,  Conochilus 
hippocrepis,  and  Keratella  hiemalis  since  1984   A 
complicated  relation  was  observed  between  rotifer 
population  density  and  that  of  other  plankton.  For 
example,  P.  t.  vulgaris  occurrence  is  correlated 
with  Phytomastigophorea  but  varies  inversely  with 
Bacillariophycea;   Filinia   longiseta   abundance   is 
negatively  correlated  with  Bacillanophycea;  and 
A.  p.  herricki  is  inversely  related  to  Phytomastigo- 
phorea. (Author's  abstract) 
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OF  PETROLEUM  OILS  AND  THEIR  AQUE- 
OUS EXTRACTS  TOWARDS  ANABAENA  DO- 
LIOLUM.  ^ 

North-Eastern  Hill  Univ.,  Shillong  (India).  Dept. 

of  Botany. 

J.  P.  Gaur,  and  A.  K.  Singh. 

Proceedings  of  the  Indian  Academy  of  Sciences 

(Plant  Sciences)  PIPLDS,  Vol.  99,  No.  5,  p  459- 

466,  October  1989.  3  fig,  2  tab,  30  ref. 

Descriptors:  *Anabaena,  *Oil  pollution,  'Toxicity, 
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studies,  Growth  rates,  Petroleum  products. 

Assam  crude,  kerosene,  petrol,  diesel  and  furnace 
oil  administered  into  the  culture  suspension  of  An- 
abaena  doliolum  as  whole  oil  or  aqueous  extract 
exerted  concentration  dependent  toxic  effects.  The 
hierarchy    of    toxicity    of    the    test    oils    was 
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Group  5C— Effects  Of  Pollution 

diesel>  furnace  oil  >  petrol  >  kerosene  >  crude.  The 
oils  rich  in  aromatics  were  most  toxic  and  there- 
fore estimation  of  this  fraction  might  enable  predic- 
tion of  toxicity  of  an  oil.  Growth  rate  was  a  more 
sensitive  criterion  of  oil  toxicity  as  compared  of 
final  standing  crop.  In  case  of  crude  and  kerosene, 
the  whole  oil  application  was  more  inhibitory  than 
their  respective  aqueous  extracts,  whereas  reverse 
trend  was  obtained  in  case  of  other  oils.  Toxicolog- 
icaj  evaluation  of  whole  oils  as  well  as  their  aque- 
ous extracts  is  recommended  for  meaningful  re- 
sults. (Author's  abstract) 
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LOROETHANE  (1,1,2-TCA)  IN  CALIFORNIA 
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pollution  effects,  Bioassay,  Biological  studies,  Path 
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1,1,2-Trichloroethane  (1,1,2-TCA)  is  used  mainly 
as  a  chemical  intermediate  in  the  manufacture  of 
1,1-dichloroethylene.  It  is  also  used  as  a  solvent  in 
industry.  1,1,2-TCA  is  a  colorless  volatile  liquid 
and  it  has  a  pleasant  odor.  In  California,  it  was 
detected  in  4  of  2,949  wells  in  large  water  systems, 
at  concentrations  ranging  from  0.70  to  1.10  micro- 
grams/L  (ug/L).  A  model  that  considers  the  inges- 
tion, dermal,  and  inhalation  routes  of  exposure 
associated  with  the  use  of  1,1,2-TCA  contaminated 
drinking  water  is  used  in  the  estimation  of  human 
exposure.  The  estimated  contribution  of  each  route 
of  exposure  is  approximately  one  third  of  the  total 
exposure.  In  California,  an  estimated  population  of 
5,861  is  receiving  an  average  lifetime  daily  dose  of 
9,770,000  mg/kg/day  1,1,2-TCA.  The  toxic  effects 
of  1,1,2-TCA  in  animals  include  decreases  in  fluid 
intake  and  weight  gain,  impairment  of  liver  and 
kidney  functions,  hepatic  and  renal  necrosis,  cen- 
tral nervous  system  depression,  irritation  of  the 
skin,  eyes  and  mucous  membranes,  and  hematolo- 
gical and  immunological  alterations.  No  reproduc- 
tive or  developmental  toxicity  associated  with 
1,1,2-TCA  exposure  has  been  reported.  1,1,2-TCA 
is  not  mutagenic  in  the  Ames  Salmonella/micro- 
some  assay.  No  case  reports  or  epidemiological 
studies  concerning  the  effects  of  1,1,2-TCA  in 
humans  have  been  found.  1,1,2-TCA  is  a  narcotic 
as  well  as  an  irritant  to  the  eyes,  skin,  and  respira- 
tory tract.  No  information  on  the  mutagenicity  or 
carcinogenicity  of  1,1,2-TCA  in  humans  is  avail- 
able. (Lantz-PTT) 
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1,2-Dichloropropane  (1,2-DCP)  is  an  intermediate 
in  the  production  of  tetrachloroethylene.  It  is  used 
as  a  solvent,  a  nematocidal  soil  fumigant,  and  in  the 
regeneration  of  petroleum  catalyst.  1,2-DCP  is  a 
colorless  liquid  with  a  chloroform-like  odor.  In 
California,  it  was  detected  in  4  of  2,949  wells  in 
large   water   systems,   at   concentrations   ranging 


from  0.70  to  1.37  micrograms/L.  A  model  that 
considers  the  ingestion,  dermal,  and  inhalation 
routes  of  exposure  associated  with  the  use  of  1,2- 
DCP  contaminated  drinking  water  is  used  in  the 
estimation  of  human  exposure.  The  estimated  con- 
tribution of  each  route  of  exposure  is  approximate- 
ly one  third  of  the  total  exposure.  An  estimated 
population  of  4,948  is  receiving  an  average  lifetime 
daily  dose  of  9.48  ng/kg/day  of  1,2-DCP.  The 
toxic  effects  of  1,2-DCP  in  animals  include  lethar- 
gy, reduction  in  body  weight  gain,  hepatic,  renal, 
and  adrenal  lesions  and  degeneration,  impairment 
of  liver  function,  pulmonary  congestion,  olfactory 
degeneration,  hemosiderosis  of  the  spleen,  eye  irri- 
tation and  central  nervous  system  depression.  No 
epidemiological  studies  on  the  effects  of  1,2-DCP 
in  humans  are  available.  Information  from  case 
reports  indicated  that  the  following  effects  are 
associated  with  exposure  to  1,2-DCP;  liver  and 
kidney  dysfunction,  skin  and  eye  irritation,  narco- 
sis, hemolytic  anemia,  and  cardiac  failure.  No  in- 
formation on  the  possible  reproductive,  terato- 
genic, mutagenic,  or  carcinogenic  effects  in 
humans  was  found  in  the  available  literature. 
(Lantz-PTT) 
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Soil  bacteria,  Soil  contamination,  Soil  fungi,  Te- 
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Agent  C-8  is  a  new  Army  decontamination  agent 
designed  to  deactivate  and  remove  chemical  and 
biological  warfare  agents  from  vehicles  and  equip- 
ment. Its  active  ingredients  are  tetrachloroethylene 
(designated  as  a  priority  pollutant  by  the  US  EPA) 
and  calcium  hypochlorite  (a  source  of  free  chlo- 
rine). This  laboratory  study  focused  on  the  envi- 
ronmental fate  of  C-8  constituents  in  the  soil  eco- 
system; the  soil  transport  characteristics  of,  and 
potential  for  groundwater  contamination  by,  te- 
trachloroethylene; and  the  effects  of  C-8  constitu- 
ents on  soil  microorganisms.  Four  scenarios  were 
developed  to  simulate  most  actual  C-8  spills  in  the 
field.  Soil  columns  in  glass  cylinders  simulated  the 
upper  portion  of  a  typical  soil  profile.  Effluents 
and  soils  from  each  column  were  analyzed  by  gas 
chromatography  to  determine  tetrachloroethylene 
concentrations.  An  identical  set  of  soil  samples  was 
screened  for  effects  on  various  groups  of  soil 
microorganisms.  When  tetrachloroethylene  in  C-8 
enters  the  soil,  it  appears  to  be  sorbed  in  certain 
profile  regions  and  its  movement  is  retarded  with 
respect  to  that  of  water.  This  bound  tetrachlor- 
oethylene appears  to  leach  out  of  the  soil  profile 
over  a  long  time,  moving  down  toward  ground- 
water at  concentrations  that  are  low  (about  10 
parts  per  million)  compared  with  those  originally 
applied  to  or  retained  in  the  soil.  Effects  on  soil 
biota  depend  on  physiological  differences  among 
species.  Soil  fungi  appear  to  be  affected  most  ad- 
versely, while  some  bacterial  groups  are  unaffected 
by  exposure  to  C-8  and  others  are  enhanced.  (Au- 
thor's abstract) 
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Commonly  used  drinking  water  treatment  process- 
es, including  disinfection,  filtration,  and  other 
processes  designed  to  remove  chemical  and  physi- 
cal contaminants,  provide  enormous  benefits  in 
ensuring  the  quality  and  safety  of  drinking  water  in 
the  United  States.  This  report  focuses  on  the  risks 
of  disinfection  and  its  by-products  because  it  is  the 
most  widespread  treatment  technique  employed  on 
a  national  basis.  The  public  is  generally  exposed  to 
disinfection  by-products,  almost  exclusively  from 
drinking  water,  throughout  their  lifetime.  Patho- 
genic microorganisms  continue  to  be  the  major 
cause  of  waterborne  disease  outbreaks  in  the 
United  States.  Raw  water  quality  is  highly  variable 
in  its  content  of  microbes,  organic  substances,  inor- 
ganic compounds,  and  radionuclides.  Since  patho- 
gens clearly  exist  in  many  raw  waters,  disinfection 
and/or  other  technologies  designed  to  remove 
them  should  be  used  by  those  water  systems  with 
contaminated  water  to  ensure  protection  against 
significant  public  health  risks.  To  date,  analytical 
surveys  have  discovered  a  number  of  organic  by- 
products of  chlorination,  including  chloroform, 
dichloroacetic  and  trichloroacetic  acids,  trichlor- 
oacetaldehyde,  and  bromodichloromethane.  Other 
disinfectants  have  been  less  extensively  studied 
than  chlorine.  On  the  other  hand,  chlorine,  chlo- 
rine dioxide,  and  monochloramines,  and  other  by- 
products of  chlorine  dioxide,  show  some  evidence 
of  toxicity  at  high  doses.  Another  health  concern  is 
the  low  level  contamination  of  drinking  water  by 
industrial  solvents,  such  as  trichloroethylene  and 
tetrachloroethylene.  Granular  activated  carbon 
and  air  stripping  are  effective  treatment  technol- 
ogies for  these  organic  compounds.  (Lantz-PTT) 
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Ecological  degradation  of  aquatic  ecosystems  asso- 
ciated with  the  presence  of  elevated  concentrations 
of  the  trace  element  selenium  has  been  of  consider- 
able scientific,  governmental  and  public  concern. 
The  increased  flux  of  selenium  into  several  aquatic 
ecosystems,  due  to  anthropogenic  activities,  has 
resulted  in  death,  teratogenesis,  reproductive  im- 
pairment and  decreased  populations  in  fish  and 
waterfowl  communities  in  these  systems.  Research 
is  continuing  on  several  investigations  into  the 
toxicity,  bioaccumulation,  transfer  and  biotransfor- 
mation of  selenium  in  aquatic  organisms  and  labo- 
ratory food  chains.  Initial  studies  were  primarily 
concerned  with  the  comparative  acute  and  chronic 
toxicity,  water  quality  interactions,  and  toxicologi- 
cal  interactions  of  several  chemical  species  of  sele- 
nium to  a  variety  of  aquatic  organisms  including 
two  algal  primary  producers  (Selenastrum  capri- 
cornutum  and  Anabaena  flos-aquae),  three  inverte- 
brate primary  consumers  (Daphnia  magna,  chiron- 
omus  decorus,  and  Hyalella  azteca),  and  a  fish 
(Pimephales  promelas).  Further  research  was  di- 
rected towards  the  biotransformation,  transfer,  and 
subsequent  bioaccumulation  of  selenium  in  simpli- 
fied laboratory  aquatic  food  chains.  Studies  on  the 
transfer,  bioaccumulation  and  toxicity  of  selenium 
from  dietary  sources  (algal  primary  producer:  Se- 
lenastrum Capricornutum)  to  consumers  (aquatic 
invertebrates:  Daphnia  magna  and  Chironomus  de- 
corus) were  conducted.  The  development  of  a 
methodology  for  determining  and  quantifying  the 
biochemical  speciation  of  selenium  in  aquatic  orga- 
nisms was  initiated,  as  was  a  study  examining  the 
comparative  accumulation  of  waterbome  selenium 
by  bluegill  (Lepomis  macrochirus)  and  fathead 
minnows  (Pimiphales  promelas).  (USGS) 
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Three  general  types  of  management  measures  have 
been  determined,  through  previous  Federal  High- 


way Administration  studies,  to  be  effective  in  Creat- 
ing highway  runoff:  vegetative  controls  (overland 
flow  and  grassed  channels),  detention  basins  (wet 
detention  basins  and  wetlands),  and  retention  meas- 
ures (retention  basins,  trenches  and  wells).  These 
interim  design  guidelines  have  been  developed 
based  on  experience  of  the  project  team  and  by  a 
thorough  review  of  available  literature.  Field  and 
laboratory  studies  are  currently  underway  to 
verify  the  design  procedures  and  assumptions  pre- 
sented in  this  report.  (Author's  abstract) 
W90-05754 

TREATMENT  OF  CHROMIUM  CONTAMI- 
NATED PLATING  SHOP  RINSEWATER 
STREAMS  BY  REVERSE  OSMOSIS. 

Oak  Ridge  National  Lab.,  TN. 
J.  F.  Walker,  C.  H.  Brown,  and  J.  H.  Wilson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-014565. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  CONF-88 1003-1,  1988.  14p,  8  fig,  3 
tab;  1  ref.  DOE  Contract  DE-AC05-84OR21400. 

Descriptors:  'Chromium,  'Metal-finishing  wastes, 
•Reverse  osmosis,  'Wastewater  treatment,  Evapo- 
ration, Wash  water. 

A  characterization  study  of  the  effluent  from  the 
plating  shop  indicated  that  the  effluent  contained 
chromium  concentrations  which  were  at  times  in 
violation  of  the  permit  discharge  limits.  Several 
improvements  in  the  operation  of  the  plating  shop 
were  implemented  which  reduced  the  quantity  of 
chromium  in  the  effluent  by  as  much  as  85%.  The 
use  of  reverse  osmosis  (RO)  and  evaporation  were 
recommended,  to  meet  the  sponsors  objective  for 
the  demonstration  of  innovative  wastewater  treat- 
ment technology.  This  technique  would  be  applied 
to  the  two  remaining  major  sources  of  chromium 
contamination  (the  gun  line  rinse  and  the  bright  dip 
rinse).  Pilot  scale  RO  tests  indicate  that  the  gun 
line  rinse  waters  can  be  successfully  treated  by 
RO.  Further  tests  are  being  conducted  on  the 
bright  dip  rinse  waters  to  determine  the  best  pre- 
treatment  scheme.  The  installation  of  a  full-scale 
treatment  system  is  dependent  on  the  successful 
completion  of  pilot  studies  currently  being  con- 
ducted. (Lantz-PTT) 
W90-05787 

SEPTIC  TANK  ABSORPTION  SYSTEMS:  A 
LITERATURE  REVIEW. 

National  Building  Research  Inst.,  Pretoria  (South 

Africa). 

D.  C.  de  Villiers. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  PB89-167233. 

Price  codes:  E05  in  paper  copy,  E05  in  microfiche. 

Report  No.  CSIR-BOU-78,  1987.  36p,  9  fig,  1 1  tab, 

119  ref. 

Descriptors:  'Literature  review,  'Septic  tanks, 
•South  Africa,  'Wastewater  disposal,  'Wastewater 
treatment,  Domestic  wastes,  Waste  disposal. 

From  the  literature,  it  is  clear  that  a  septic  tank 
absorption  field  can  have  a  considerable  life  ex- 
pectancy when  properly  designed,  constructed  and 
maintained.  The  US  disposes  of  one-third  of  its 
liquid  domestic  waste  by  way  of  subsurface  ab- 
sorption fields.  An  absorption  field  can  therefore 
be  a  worthy  alternative  to  reticulated  sewerage 
and  not  just  a  second-class  option  or  last  resort.  A 
review  of  overseas  research  on  field  absorption 
systems  is  presented  along  with  speculation  on  the 
applicability  of  the  results  in  South  Africa.  In 
general,  subsurface  absorption  systems  appear  to 
be  an  acceptable  and  safe  method  for  disposal  of 
effluent,  provided  that  the  systems  are  properly 
designed,  sited,  constructed  and  maintained.  Up  to 
now,  the  South  African  authorities  have  scarcely 
ensured  that  septic  tank  absorption  systems  func- 
tion as  intended  or  that  they  are  properly  main- 
tained. (Author's  abstract) 
W90-05791 


Imperial    Chemical    Industries    Ltd.,    Manchester 
(England).  Organics  Div. 
H.  M.  Donaldson. 

IN:  Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. Royal  Society  of  Chemistry,  London,  Eng- 
land, p  509-523,  3  fig,  4  ref. 

Descriptors:  'Chemical  industry,  'Risk  assessment, 
•Wastewater  management,  'Wastewater  treat- 
ment, 'Water  pollution  control,  Chemical 
wastewater,  Design  standards,  Management  plan- 
ning, Monitoring,  Policy  making. 

In  the  19th  century,  public  concerns  over  hydro- 
chloric acid  pollution  from  the  alkali  industry  led 
directly  to  the  passing  of  the  Alkali  Act  of  1863. 
This  was  the  first  effective  environmental  protec- 
tion Act,  eventually  encompassing  much  of  the 
chemical  industry  and  establishing  the  Alkali  In- 
spectorate as  an  enforcement  authority.  Over  the 
years  there  has  been  an  increase  in  the  complexity 
and  sophistication  of  chemical  processes  and  manu- 
facturing plants.  This  has  been  reflected  in  the 
nature  of  the  effluents  from  such  processes  and  the 
problems  of  disposal.  Such  problems  are  particular- 
ly acute  in  multi-purpose  fine  chemicals  plants.  It  is 
important  to  differentiate  between  those  units,  typ- 
ical of  either  petrochemical,  commodity  or  special- 
ty chemical  manufacture,  which  are  designed  with 
a  high  degree  of  specificity  for  a  single  product  or 
small  group  of  products  and  a  multi-purpose  fine 
chemicals  plant.  Three  plant  types  and  effluents 
(olefins;  biocides  unit;  and  intermediates  plant)  are 
used  as  examples  of  single  and  batch  operations  for 
wastewater  streams.  Management  of  the  more 
common,  multi-purpose  (batch)  fine  chemical  sites 
requires:  (1)  development  of  a  management  policy; 
(2)  site  organization;  (3)  site  systems  policy;  (4)  site 
hardware  policy;  (5)  procedures  and  management 
systems~the  design  of  plants  and  processes,  design 
information,  working  procedures,  start-up  of  new 
plants,  and  work  general  orders;  (6)  training;  and 
(7)  monitoring  and  auditing.  (See  also  W90-05792) 
(Lantz-PTT) 
W90-05802 


MANAGEMENT  OF  EFFLUENTS/BY-PROD- 
UCTS OF  MULTI-PURPOSE  FTNE  CHEMICAL 
MANUFACTURE. 


GROWTH  AND  BIOCATALYTIC  ACTTVITIES 
OF  AEROBIC  THERMOPHILIC  POPULA- 
TIONS IN  SEWAGE  SLUDGE. 

Eidgenoessische  Technische  Hochschule,  Zurich 
(Switzerland).  Dept.  of  Biotechnology. 
M.  Bomio,  B.  Sonnleitner,  and  A.  Fiechter. 
Applied       Microbiology       and       Biotechnology 
AMBIDG,  Vol.  32,  No.  3,  p  356-362,  1989.  5  fig,  1 
tab,  20  ref. 

Descriptors:  'Aerobic  treatment,  'Biological 
wastewater  treatment,  'Enzymes,  'Microbial  deg- 
radation, 'Sludge  treatment,  'Wastewater  treat- 
ment, Carbon,  Oxygen,  Proteolytic  activity,  Tem- 
perature. 

Enzymatic  activities  of  aerobic  thermophilic 
microorganisms  are  described  and  investigated  for 
the  development  and  control  of  sewage  sludge 
treatment  processes  in  batch  and  fed-batch  cul- 
tures. Proteolytic  activity  is  the  main  enzymatic 
activity  in  an  aerobic  thermophilic  sewage  sludge 
treatment  process.  It  has  an  optimum  activity  at  80 
C  and  can  be  found  also  during  growth  on  synthet- 
ic media.  The  activity  is  correlated  with  the  in- 
crease in  ammonium  in  the  particle-free  fraction 
and  the  values  of  the  respiratory  quotients  during 
cultivation  either  in  sewage  sludge  or  in  a  synthetic 
medium.  No  other  extracellular  activities  (lipase, 
amylase,  pectinase  and  cellulase)  were  detected  in 
the  investigated  sludge  samples.  Carbohydrates, 
lipids  and  other  polymers  were  either  not  present 
in  significant  amounts  or  passed  with  only  minor 
modifications  through  the  treatment.  Cultures  in 
sewage  sludge  were  either  oxygen  or  carbon  limit- 
ed. One  strain  able  to  excrete  lysozyme  was  isolat- 
ed. It  might  have  a  synergistic  effect  on  the  heat 
inactivation  of  pathogenic  microorganisms  (cryptic 
growth)  although  lytic  activity  remained  very  low. 
Two-thirds  of  the  entire  metabolic  activity  is  due 
to  degradation  of  insoluble  matter.  The  utilization 
of  particulate  matter  also  has  a  positive  influence 
on  the  efficiency  of  the  process  by  reduction  in  dry 
matter  and  increase  in  water  removal  properties. 
Even  at  extremely  low  aeration  rates,  the  acidifica- 
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tion  effect  was  small.  Only  small  amounts  of  isobu- 
tyrate,  isovaleriate  and  2-methylbutyrate  were 
formed  at  extremely  low  aeration  rates  and  caused 
an  increase  in  the  total  volatile  fatty  acid  content 
after  12  and  36  h  culture  time.  (Author's  abstract) 
W90-05857  ' 


VARIABLE  MORPHOLOGY  IN  CERTAIN  FIL- 
AMENTOUS BACTERIA  AND  THE  IMPLICA- 
TIONS OF  THIS  FOR  THEORIES  OF  ACTI- 
VATED SLUDGE  BULKING. 

Leeds  Univ.  (England).  Dept.  of  Civil  Engineer- 
ing. 

A.  M.  Buali,  and  N.  J.  Horan. 
Environmental    Technology    Letters    ETLEDB, 
Vol.  10,  No.  1 1,  p  941-950,  November  1989.  4  fie,  4 
tab,  2  pi,  21  ref. 

Descriptors:  'Activated  sludge  process,  'Biologi- 
cal wastewater  treatment,  'Bulking  sludge, 
'Wastewater  treatment,  Fast-feed  control  strategy, 
Filamentous  bacteria. 

Many  activated  sludges  are  subjected  to  a  rapid 
proliferation  of  filamentous  bacteria  leading  to  a 
bulking  sludge.  This  phenomenon  often  occurs  in 
24  hr  or  less  and  these  same  sludges  appear  able  to 
eliminate  the  filamentous  bacteria  in  an  equally 
short  time  period.  Two  causative  filamentous  bac- 
teria have  been  characterized  and  grown  under  a 
range  of  feed-fast  regimes.  The  imposition  of  a 
fasting  phase  caused  morphological  changes  in  the 
filaments  with  an  ultimate  breakdown  to  individual 
cells.  The  results  suggest  the  possibility  of  a  fast/ 
feed  control  strategy  based  on  the  identification  of 
the  predominant  filament  type.  (Author's  abstract) 
W90-05868 


EFFECT  OF  TRANSIENT  LOADING,  PH  AND 
TEMPERATURE  SHOCKS  ON  ANAEROBIC 
FILTERS  AND  FLUIDISED  BEDS. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England).  Public  Health  Engineering  Lab. 

S.  M.  Cayless,  D.  M.  L.  da  Motta  Marques,  and  J. 

N.  Lester. 

Environmental    Technology    Letters    ETLEDB, 

Vol.  10,  No.  11,  p  951-968,  November  1989.  9  fie,  4 

tab,  20  ref. 

Descriptors:  'Anaerobic  digestion,  'Chemical 
oxygen  demand,  'Food-processing  wastes,  'Or- 
ganic wastes,  'Wastewater  treatment,  Alkalinity, 
Filters,  Fluidized  beds,  Hydrogen  ion  concentra- 
tion, Methane,  Suspended  solids,  Temperature, 
Volatile  acids. 

Two  anaerobic  filters,  two  fluidized  beds  and  a 
two-phase  anaerobic  system  consisting  of  a  con- 
tinuously-stirred tank  reactor  acidogenic  phase  and 
a  fluidized  bed  methanogenic  phase,  operating  at 
mesophilic  temperatures  on  an  influent  of  ice- 
cream factory  production  waste,  were  subjected  to 
quantitative  increases  of  chemical  oxygen  demand 
(COD)  loading  under  varying  conditions  for  8 
hour  periods.  Methane  production  and  effluent  sus- 
pended solids,  total  volatile  acids,  and  alkalinity 
levels  increased  but  percent  COD  removals  de- 
creased during  the  shock  periods.  However,  most 
operational  parameters  had  returned  to  pre-shock 
levels  by  24h.  Variations  in  operating  temperature 
and  COD/influent  pH  were  also  applied.  Eight 
hour  reductions  to  ambient  temperature  were  tol- 
erated well  in  both  filters  and  fluidized  beds  but 
low  influent  pH  levels  coupled  with  increased 
loading  produced  a  permanent  shift  in  reactor 
operational  parameters  and  were  considered  inad- 
visable. (Author's  abstract) 
W90-05869 


EFFECTS  OF  SONICATION  ON  ACTIVATED 
SLUDGE. 

Birmingham  Univ.  (England).  Dept.  of  Chemical 

Engineering. 

R  O.  King,  and  C.  F.  Forster. 

Enzyme   and    Microbial   Technology    EMTED2, 

Vol.  12,  No.  2,  p  109-115,  Feb  1990.  9  fig,  17  ref. 

Descriptors:  'Activated  sludge  process,  'Floccula- 
tion.  'Ultrasonics,  'Wastewater  treatment,  Biopo- 
lymers.  Carbohydrates,  Filtration,  Proteins,  Shear, 
Sludge. 


Sonication  with  power  levels  of  7.5-75  watt-min- 
utes caused  disruption  of  the  sludge  floes  which 
increased  with  the  intensity  of  the  power.  This 
caused  the  filtration  characteristics  and  the  quality 
of  the  sludge  supernatant  to  deteriorate.  There  was 
a  clear  relationship  between  the  mean  particle  size 
and  the  sonic  power,  a  relationship  that  could  be 
used  to  derive  values  for  the  floe  for  the  strength. 
Sonication  also  released  soluble  carbohydrate  and 
protein  from  the  sludge.  The  way  in  which  this 
release  occurred  in  the  presence  of  a  high-molecu- 
lar-weight cationic  polyelectrolyte  suggests  that 
there  was  a  sequential  release  of  different  biopo- 
lymers  from  the  sludge  as  the  power  was  in- 
creased. Since  there  are  many  places  in  an  activat- 
ed sludge  plant  where  floes  are  subjected  to  shear, 
the  regular  determination  of  floe  strength  might 
provide  a  useful  operational  tool.  (Author's  ab- 
stract) 
W90-05872 


INFLUENCE  OF  NITROGEN  SUPPLY  RATES 
ON  GROWTH  AND  NUTRIENT  STORAGE  BY 
WATER  HYACINTH  (EICHHORNIA  CRAS- 
SIPES)  PLANTS. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

For  primary  bibliographic  entry  see  Field  2H 
W90-05895 


EXPERT  SYSTEM  SURVEY  ON  BIODEGRA- 
DATION  OF  XENOBIOTIC  CHEMICALS. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Toxic  Substances. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05941 


NITROSOMONAS  AND  NITROBACTER 
INTERACTIONS  IN  BIOLOGICAL  NITRIFICA- 
TION. 

Illinois  State  Water  Survey  Div.,  Champaign. 
C.  S.  Gee,  J.  T.  Pfeffer,  and  M.  T.  Suidan. 
Journal   of  Environmental   Engineering   (ASCE) 
JOEEDU,  Vol.  116,  No.  1,  p  4-17,  January/Febru- 
ary 1990.  9  fig,  5  tab,  9  ref.  U.S.  Department  of 
Energy  Grant  No.  DE-AC21-82MC 19352. 

Descriptors:  'Ammonia,  'Denitrification,  'Nitrifi- 
cation, 'Nitrites,  'Nitrogen  fixing  bacteria, 
'Wastewater  treatment,  Limiting  nutrients,  Ni- 
trates, Oxidation,  Population  dynamics,  Retention 
time. 

The  biological  oxidation  of  ammonia  to  nitrate 
occurs  in  two  distinct  oxidation  steps;  ammonia  is 
oxidized  to  nitrite  by  Nitrosomonas  and  nitrite  is 
then  oxidized  to  nitrate  by  Nitrobacter.  To  better 
understand  this  two-step  process,  biological-nitrifi- 
cation experiments  were  performed  in  chemostats 
with  three  different  nitrogenous  substrates:  ammo- 
nia, nitrate,  and  various  mixtures  of  ammonia  and 
nitrite.  The  interrelationship  between  two  groups 
of  nitrifying  bacteria  (Nitrosomonas  and  Nitro- 
bacter) was  studied  using  different  substrates 
within  the  same  environment.  Continuous-feed  am- 
monia or  nitrate  experiments  were  conducted  at  a 
pH  of  8.0  at  room  temperature  (23  C)  for  various 
hydraulic  retention  times  in  the  chemostats.  The 
nitrogen  species  were  analyzed  according  to 
Standard  Methods  for  the  Examinations  of  Water 
and  Wastewater.  Effects  on  bacteria  population 
dynamics  were  plotted  as  a  function  of  ammonia 
and  nitrite  concentrations.  The  activity  of  the  Ni- 
trobacter population  was  strongly  dependent  on 
the  population  of  Nitrosomonas,  but  not  vice 
versa.  Nitrite  oxidation  in  the  absence  of  ammonia 
resulted  in  a  very  unstable  system  and  required 
hydraulic-retention  times  of  10  days  or  greater  to 
obtain  complete  nitrite  oxidation.  This  was  in  sharp 
contrast  to  the  complete  oxidation  of  ammonia  to 
nitrate  at  the  hydraulic-retention  time  of  2.7  days. 
The  specific  activity  of  the  Nitrobacter  population 
was  reduced  to  about  one-third  of  the  optimum 
activity  when  the  Nitrosomonas  population  was 
one-tenth  of  its  maximum  density.  (Geiger-PTT) 
W90-05953 


Illinois  State  Water  Survey  Div.,  Champaign. 
C.  S.  Gee,  M.  T.  Suidan,  and  J.  T.  Pfeffer. 
Journal    of  Environmental    Engineering   (ASCE) 
JOEEDU,   Vol.    116,   No.    1,   p    18-31,   January/ 
February  1990.  6  fig,  1  tab,  15  ref.  U.S.  Depart- 
ment of  Energy  Grant  DE-AC21-82MC 19352. 

Descriptors:  'Ammonia,  'Biological  wastewater 
treatment,  'Nitrification,  'Nitrites,  'Oxidation, 
•Wastewater  treatment,  Mathematical  models, 
Model  studies,  Nitrates,  Regression  analysis. 

A  mathematical  model  was  developed  for  the  bio- 
logical-nitrification process.  The  model  assumed 
two  consecutive  oxidation  steps  occurring  under  a 
substrate-inhibiting  condition.  The  mathematical 
model  was  calibrated  using  data  obtained  from 
batch  experiments  performed  on  the  contents  of 
five  chemostats  operated  to  steady-state  on  a  feed 
containing  1,000  milligrams/L  of  ammonia-nitro- 
gen. In  the  batch  experiments,  initial  ammonia 
concentrations  ranging  from  100  to  1,000  milli- 
grams N/L  were  used.  Time-varying  concentra- 
tions of  ammonia  and  nitrite  were  collected  until 
the  oxidation  of  these  constituents  was  complete. 
Parameter  sets  that  optimized  the  fit  on  the  mathe- 
matical model  to  the  experimental  data  were  ob- 
tained by  nonlinear-regression  analyses.  The  oxida- 
tion of  ammonia  to  nitrite  was  well  represented  by 
the  Haldane-inhibition  model.  The  Haldane-inhibi- 
tion  model  did  not  satisfactorily  describe  the  oxida- 
tion of  nitrite  to  nitrate.  It  was  observed  that  the 
simultaneous  presence  of  both  nitrite  and  ammonia 
led  to  the  inhibition  of  nitrite  oxidation.  Modifica- 
tion of  the  model  to  consider  a  revised  inhibition 
mechanism  that  accounted  for  the  observed  behav- 
ior was  quite  successful  for  the  interpretation  of 
the  nitrite-oxidation  data.  (Author's  abstract) 
W90-05954 


MODELING     OF     NITRIFICATION     UNDER 
SUBSTRATE-INHIBITING  CONDITIONS. 


SENSITIVITY  ANALYSES  OF  BIODEGRADA- 
TION/ADSORPTION  MODELS. 

Texas  Univ.,  Austin.  Dept.  of  Civil  Engineering. 
G.  E.  Speitel,  and  X.  J.  Zhu. 
Journal   of  Environmental   Engineering   (ASCE) 
JOEEDU,   Vol.    116,   No.    1,   p   32-48,   January/ 
February  1990.  11  fig,  2  tab,  14  ref,  append. 

Descriptors:  'Activated  carbon,  'Adsorption, 
'Biodegradation,  'Biofilms,  'Sensitivity  analysis, 
•Wastewater  treatment,  'Water  treatment,  Biolog- 
ical wastewater  treatment,  Biomass,  Mathematical 
models,  Microbiological  studies,  Organic  com- 
pounds, Sorption. 

Mathematical  models  of  simultaneous  adsorption 
and  biodegradation  in  granular  activated  carbon 
(GAC)  columns  used  in  the  treatment  of  low  con- 
centrations of  synthetic  organic  chemicals  were 
developed  and  refined.  The  sensitivity  of  models  to 
individual  parameters  was  investigated,  along  with 
alternative  formulations  for  mass  transport  resist- 
ances within  the  biofilm  and  at  the  biofilm/GAC 
interface.  The  sensitivity  analyses  identified  three 
important  parameters:  the  Monod  half-saturation 
coefficient,  the  GAC  surface  diffusion  coefficient, 
and  the  amount  of  biomass  initially  attached  to  the 
GAC.  Small  values  of  the  half-saturation  coeffi- 
cient, which  are  characteristic  of  oligotrophic 
microorganisms,  were  required  to  simulate  the 
entire  range  of  experimental  data.  Models  with  and 
without  a  diffusive  transport  resistance  through  a 
biofilm  matched  the  experimental  data  well.  The 
substrate  concentration,  however,  was  quite  low, 
and  biofilm  diffusion  probably  would  be  important 
at  somewhat  higher  concentrations.  A  model 
having  a  transport  resistance  at  the  biofilm/GAC 
interface  did  not  perform  well,  implying  that 
sorbed  substrate  is  readily  available  to  microorga- 
nisms even  under  conditions  that  select  for  scat- 
tered growth  of  microorganisms  on  the  GAC  sur- 
face. (Author's  abstract) 
W90-05955 


FIXED-FILM    BIOMETHANATION    MODEL- 
ING. 

Western  India  Industries,  Poona  (India). 

A.  P.  Annachhatre,  and  P.  Khanna. 

Journal   of  Environmental    Engineering   (ASCE) 

JOEEDU,   Vol.    116,   No.    1,   p  49-69,  January/ 
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February  199&.11  fig,  3  tab,  28  ref. 

Descriptors:  *Biofilm  reactors,  'Mathematical 
models,  *Methylation,  'Wastewater  treatment, 
•Water  hyacinth,  Graphical  analysis,  Kinetics, 
Mass  transport,  Retention  time. 

A  biofilm  model  incorporating  diffusive  mass 
transport  and  Monod  kinetics  to  represent  sub- 
strate uptake  by  biofilm  during  its  growth  phase,  is 
developed,  calibrated,  verified,  and  used  for  esti- 
mation of  minimum  hydraulic-retention  time 
(HRT)  with  respect  to  biomethanation  of  water 
hyacinth  through  fixed-film-reactor  technology. 
The  results  have  been  compared  with  those  ob- 
tained through  Young's  Model,  which  incorporates 
the  concept  of  effective  substrate  concentration  in 
the  biofilm.  A  graphical  procedure  is  also  devel- 
oped for  estimation  of  minimum  steady-state  HRT. 
The  variations  between  predicted  values  and  ex- 
perimental observations  have  been  attributed  to 
substrate  multiplicity  in  real-life  situations  and  the 
need  for  simplistic  modeling  approaches  as  an  aid 
to  design.  The  procedures  presented  in  this  paper 
could  be  employed  for  design  of  fixed-film-reactor 
systems  for  biomethanation  of  any  substrate.  (Au- 
thor's abstract) 
W90-05956 


ing  the  influence  of  variables  "5nd  ttte"  stotcnlome- 
try,  and  an  agitated  cell  for  kinetic  measurements. 
Both  the  film  theory  and  the  modes  of  ozone 
action  on  organic  matter  have  been  considered  for 
obtaining  the  kinetic  rate  constants.  A  model  of 
ozone  absorption  in  the  fast  pseudo-m-th  ozone 
order  kinetic  regime  with  two  parallel  reactions 
fits  satisfactorily  the  experimental  results.  From  the 
model  the  kinetic  constants  of  both  reactions  have 
been  evaluated.  The  three  dyes  were  depleted  by 
ozone  either  by  electrophilic  attack  (direct  reac- 
tion) or  by  non-selective  action  of  the  hydroxyl 
free  radical  generated  by  ozone  decomposition. 
The  non-selective  action  of  the  hydroxyl  free  radi- 
cal generated  by  ozone  decomposition  has  little 
effect  or  no  significance  in  the  case  of  Direct  Blue 
1.  Overall  first  order  reactions  for  each  dye,  and 
0.5  order  (in  ozonation  of  Direct  Yellow  27  and 
Acid  Black  52)  and  0  order  (in  the  case  of  Direct 
Blue  1)  for  ozone,  have  been  deduced.  Two  paral- 
lel reactions  of  (1,1)  dye  and  ozone  kinetic  orders 
(direct  pathway)  and  (1,0)  orders  (radical  path- 
way), deduced  from  a  mechanism,  explain  this 
behavior.  (Geiger-PTT) 
W90-05974 


plants,  and  the  Cd  concentration  in  roots  and 
leaves  of  exposed  plants  was  positively  correlated 
with  the  Cd  concentration  in  solution  (r  >  0.9)  and 
to  the  time  of  exposure  (up  to  3  weeks,  r  >  0.9). 
Maximum  Cd  concentration  in  plants  exposed  to 
0.4  ppm  for  3  weeks  was  found  in  the  roots  (703 
and  67  ppm  in  the  roots  and  leaves,  respectively). 
The  data  also  revealed  about  30%  reduction  in  the 
Cd  removed  per  week,  after  one  week  of  exposure. 
The  new  gain  of  wet  biomass  was  negatively  cor- 
related with  the  Cd  concentration  in  the  medium 
and  the  period  of  exposure.  A  50%  reduction  in 
plant  growth  and  chlorosis  of  the  leaves  was  re- 
corded in  plants  exposed  to  0.4  ppm  Cd  within  the 
first  week,  while  at  the  lower  concentration  of  0.1 
ppm  an  effect  was  noticeable  after  three  weeks. 
Under  favorable  nutrient  conditions  and  interfer- 
ence from  no  other  toxic  metals,  water  hyacinth 
has  been  shown  to  have  a  remarkable  capacity  for 
removing  Cd  from  solution  (  >  70%),  under  con- 
ditions of  repeated  exposure  to  relatively  low  con- 
centrations of  the  metal  (  <  0.5  ppm).  (VerNooy- 
PTT) 
W90-06042 


AERATION-BASIN  HEAT  LOSS. 

Braun  (C.F.)  and  Co.,  Alhambra,  CA. 

S.  N.  Talati,  and  M.  K.  Stenstrom. 

Journal   of  Environmental   Engineering   (ASCE) 

JOEEDU,  Vol.    116,  No.    1,   p  70-86,  January/ 

February  1990.  6  fig,  5  tab,  17  ref. 

Descriptors:  *Aeration,  *Aerators,  *Heat  transfer, 
•Temperature  effects,  'Wastewater  treatment, 
Computer  models,  Design  criteria,  Humidity,  Ra- 
diation, Wind  velocity. 

When  choosing  aeration  systems  for  wastewater 
treatment,  potential  effects  of  recent  designs  on 
aeration  basin  temperature  should  be  evaluated.  To 
predict  aeration-basin  temperature  and  its  effect  on 
system  design,  previous  research  was  surveyed  and 
a  spreadsheet-based  computer  model  was  devel- 
oped. The  equilibrium  temperature  predicted  in  the 
model  is  obtained  from  a  heat  balance  around  the 
aeration  basin.  Various  components  of  heat  transfer 
in  the  aeration  basin  are  identified,  quantified,  and 
arranged  for  estimating  equilibrium  aeration  basin 
temperature.  The  model  is  applicable  to  a  com- 
pletely mixed  basin  under  steady-state  conditions. 
Calculations  were  improved  significantly  in  the 
areas  of  heat  loss  from  evaporation  due  to  aeration 
and  atmospheric  radiation.  The  model  was  verified 
with  17  literature-data  sets,  and  predicted  tempera- 
ture with  a  root-mean-squared  error  of  1.24  C  for 
these  sets.  The  model  can  be  used  to  predict  aer- 
ation basin  temperature  for  plants  at  different  geo- 
graphical locations  with  varying  meteorological 
conditions  for  surface,  subsurface,  and  high-purity 
aeration  systems.  The  major  heat  loss  is  through 
evaporation  from  aeration,  accounting  for  as  much 
as  50%.  Heat  loss  from  surface  aerators  can  be 
twice  that  of  an  equivalent  subsurface  system. 
Wind  speed  and  ambient  humidity  are  important 
parameters  in  determining  aeration-basin  tempera- 
ture. (Geiger-PTT) 
W90-05957 

AZO  DYE  OZONATION  FILM  THEORY  UTI- 
LIZATION FOR  KINETIC  STUDIES. 

Universidad    Complutense    de    Madrid    (Spain). 

Dept.  de  Ingenieria  Quimica. 

J.  L.  Sotelo,  F.  J.  Beltran,  J.  Beltran-Heredia,  and 

J.  M.  Encinar. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 

11,  No.  4,  p  391-409,  1989.  6  fig,  8  tab,   16  ref, 

append,  Comision  Asesora  de  Investigacion  Cienti- 

fica  y  Technica  Grant  1 109/81.. 

Descriptors:  *Azo  dyes,  'Organic  matter,  ♦Ozona- 
tion, *Water  treatment,  Absorption,  Kinetics, 
Model  studies. 

The  ozonation  kinetics  of  three  azo  dyes  (Direct 
Yellow  27,  Direct  Blue  1  and  Acid  Black  52)  in 
aqueous  solution  has  been  studied.  Two  types  of 
reactors  have  been  used,  an  agitated  tank  for  study- 


RUNNTNG  LIFT  STATIONS  VIA  TELEMETRY. 

M.  Entus. 

Water  Engineering  and  Management  WENMD2, 

Vol.  137,  No.  11,  p  41-42,  November  1989.  1  fig. 

Descriptors:  'Control  systems,  'Pumping  plants, 
•Remote  sensing,  'Telemetry,  'Utilities, 
•Wastewater  management,  ^Wastewater  treat- 
ment, Florida,  Monitoring,  Wastewater  facilities. 

Daily  operations  are  continuously  tracked  for  criti- 
cal alarm  situations  via  telemetric  monitoring  for 
111  wastewater  pumping  stations  in  Plantation, 
Florida.  The  24-hour  monitoring  provides  Planta- 
tion personnel  the  ability  to  take  care  of  critical 
problems  such  as  malfunction  of  pumps  or  power 
failures  (possibly  resulting  in  sewage  back-up  in 
homes  or  raw  sewage  spills)  before  they  endanger 
the  health  and  safety  of  community  residents.  A 
printer  records  each  alarm  including  location,  type 
of  alarm,  date,  time  of  day,  and  a  summary  of  the 
activity.  An  operator  checks  the  data  and  makes 
decisions  about  changes  in  the  status  of  the  sta- 
tions. Printed  readouts  are  tuned  in  to  the  city  on  a 
weekly  basis  to  be  analyzed  by  the  utilities  depart- 
ments. Saving  over  conventional  monitoring  sta- 
tions in  which  a  station  checker  checked  each 
station  once  each  every  24  hours,  averages  13.54 
percent.  (Chonka-PTT) 
W90-06033 

CADMIUM  UPTAKE  AND  TOXICITY  TO 
WATER  HYACINTH:  EFFECT  OF  REPEATED 
EXPOSURES  UNDER  CONTROLLED  CONDI- 
TIONS. 

Tel-Aviv  Univ.  (Israel).  Inst,  for  Nature  Preserva- 
tion Research. 

R.  Nir,  A.  Gasith,  and  A.  S.  Perry. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  44,  No.  1,  p  149-157, 
January  1990.  5  fig,  4  tab,  20  ref. 

Descriptors:  *Bioaccumulation,  'Biological 
wastewater  treatment,  'Cadmium,  'Toxicity, 
'Wastewater  treatment,  'Water  hyacinth,  Aquatic 
plants,  Biomass,  Plant  growth,  Plant  tissues,  Tissue 
analysis,  Water  pollution  treatment. 

Water  hyacinth,  Eichornia  crassipes  (Mart)  Solms, 
has  drawn  attention  as  a  plant  of  rapid  growth  and 
high  biomass  production,  with  the  capability  of 
removing  pollutants  from  domestic  and  industrial 
waste  effluents.  This  study  was  undertaken  to 
evaluate  the  potential  capacity  of  water  hyacinth 
to  remove  Cd  from  solution  under  conditions  of 
repeated  exposures  but  otherwise  favorable  growth 
conditions,  and  without  interference  from  other 
toxic  compounds.  Plants  were  repeatedly  exposed 
to  0,  0.1,  0.5,  1,  or  2.5  mg  Cd/L  by  replacing  the 
medium  once  a  week  following  flushing  of  the  test 
buckets  with  tap  water.  Exposure  of  water  hya- 
cinth to  Cd  in  concentrations  greater  than  0.1  ppm 
resulted  in  accumulation  of  Cd  in  roots  and  leaves, 
chlorosis  of  the  cleaves  and  suppression  of  plant 
growth.  No  trace  of  Cd  was  found  in  unexposed 


MICROBIAL  OXIDATION  OF  CRUDE  OIL 
HYDROCARBONS  IN  DANUBE  WATER. 

Slovenska  Akademia  Vied,  Bratislava  (Czechoslo- 
vakia). Ustav  Experimentalenj  Biologie  a  Ekolo- 
gie. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06059 


GENOSPECIES  DIVERSITY  OF  ACTNETO- 
BACTER  ISOLATES  OBTAINED  FROM  A  BIO- 
LOGICAL NUTRIENT  REMOVAL  PILOT 
PLANT  OF  A  MODIFIED  UCT  CONFIGURA- 
TION. 

Bendigo  Coll.  of  Advanced  Education  (Australia). 
Dept.  of  Biological  and  Chemical  Sciences. 
A.  M.  Beacham,  R.  J.  Seviour,  K.  C.  Lindrea,  and 
I.  Livingston. 

Water  Research  WATRAG,  Vol.  24,  No.  1,  p  23- 
29,  January  1990.  6  fig,  3  tab,  25  ref. 

Descriptors:  *Acinetobacter,  'Biological  studies, 
'Microbiological  studies,  'Phosphorus  removal, 
'Species  diversity,  'Wastewater  treatment,  Aero- 
bic digestion,  Anaerobic  digestion. 

Isolates  of  Acinetobacter  obtained  from  all  stages 
of  a  wastewater  phosphorus-removal  pilot  plant 
over  a  14  month  periods  were  characterized  and 
classified  into  the  genospecies  of  Bouvet  and  Gri- 
mont.  The  pilot  plant  used  in  this  study,  based  on 
the  modified  University  of  Cape  Town  configura- 
tion, had  a  total  operating  volume  of  120  L  and  a 
mean  biomass  retention  time  of  25  days.  It  consist- 
ed of  three  anaerobic,  four  anoxic  and  five  aerobic 
reactors  in  sequence,  but  with  recycling.  Sludge 
samples  were  removed  from  each  reactor  stage  at 
approximately  monthly  intervals,  over  a  14  month 
period.  Both  freely  dispersed  and  clustered  cells 
were  studied.  The  plant  contained  a  very  diverse 
Acinetobacter  population  with  only  A.  haemolyti- 
cus  (genospecies  4)  and  A.  calcoaceticus  (genospe- 
cies 1)  not  found.  The  dominant  recovered  isolate 
was  A.  junii  (genospecies  5),  and  ability  to  cluster 
was  not  associated  with  a  single  genospecies. 
(Schidler-PTT) 
W90-06068 


REMOVAL  OF  CHROME  DYE  FROM  AQUE- 
OUS SOLUTIONS  BY  MIXED  ADSORBENTS: 
FLY  ASH  AND  COAL. 

Banaras  Hindu  Univ.,  Varanasi  (India).   Inst,  of 

Tech. 

G.  S.  Gupta,  G.  Prasad,  and  V.  N.  Singh. 

Water  Research  WATRAG,  Vol.  24,  No.  1,  p  45- 

50,  January  1990.  6  fig,  5  tab,  28  ref. 

Descriptors:  'Adsorption,  'Coal,  'Dyes,  'Fly  ash, 
•Wastewater  treatment,  Hydrogen  ion  concentra- 
tion, Particle  size,  Physicochemical  properties, 
Temperature. 

The  removal  of  Omega  Chrome  Red  ME  (a  popu- 
lar chrome  dye)  from  its  aqueous  solutions  by 
adsorption  on  a  homogenous  mixture  of  fly  ash  and 
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coal  in  difTerenl  proportions  has  been  earned  out. 
It  has  been  noted  that  low  adsorbate  concentration, 
small  particle  size  of  adsorbent,  low  temperature 
and  acidic  medium  favor  the  removal  of  the  dye.  A 
100%  removal  of  the  said  dye  was  achieved  at  10 
mg/L,  30  C,  2.0  pH  and  53  micron  particle  size, 
using  a  1:1  ratio  of  fly  ash  and  coal.  The  equilibri- 
um data  fit  well  in  the  Langmuir  model  of  adsorp- 
tion, showing  the  formation  of  monolayer  cover- 
age of  dye  molecules  at  the  outer  surface  of  the 
adsorbent.  Effect  of  temperature  was  explained  on 
the  basis  of  solubility  and  chemical  potential  of  the 
adsorbate.  An  attempt  has  been  made  to  explain 
the  results  thus  obtained  on  the  basis  of  various 
physicochemical  properties  of  the  solid-solution 
interface  involved  in  the  process  of  removal.  (Au- 
thor's abstract) 
W90-06071 


REACTOR  DESIGN  FOR  HAZARDOUS 
WASTE  TREATMENT  USING  A  WHITE  ROT 
FUNGUS. 

New  Jersey    Inst,   of  Tech.,   Newark.    Dept.   of 

Chemical  Engineering. 

G.  A.  Lewandowski,  P.  M.  Armenante,  and  D. 

Pak. 

Water  Research  WATRAG,  Vol.  24,  No.  1   p  75- 

82,  January  1990.  6  fig,  4  tab,  26  ref. 

Descriptors:  *Design  standards,  'Fungi,  •Hazard- 
ous wastes,  *Wastewater  reactors,  *Wastewater 
treatment,  Biodegradation,  Chlorinated  aromatic 
compounds,  Microbiological  studies,  Nutrients, 
Phanerochaete  chrysosporium,  Silica. 

Various  nutrient  media  and  reactor  configuration 
were  explored  in  order  to  grow  the  white  rot 
fungus  Phanerochaete  chrysosporium,  induce  its 
active  enzyme  system,  develop  kinetic  data  for  the 
degradation  of  2-chlorophenol  and  use  chemical 
engineering  analysis  to  design  an  effective  reactor. 
Preliminary  experiments  indicated  that  the  biode- 
gradation rate  was  improved  by  a  factor  of  40 
when  the  fungus  was  immobilized.  As  a  result,  the 
project  focused  on  packed-bed  reactor  employing 
a  silica-based  porous  support  for  the  fungus,  and  a 
well-mixed  reactor  employing  alginate  beads  as  the 
immobilizing  medium.  Both  were  very  effective  in 
degrading  20  chlorophenol  at  inlet  concentrations 
up  to  520  ppm.  Apparent  Michaelis-Menten  kinetic 
rate  constants  were  developed  for  both  reactors, 
which  to  our  knowledge  are  the  first  reactor 
design  parameters  to  be  published  for  this  fungus 
for  treating  a  hazardous  waste.  (Author's  abstract) 
W90-06075 


LIMNOLOGICAL  ASPECTS  OF  SMALL 
SEWAGE  PONDS. 

Murdoch  Univ.  (Western  Australia).  School  of  Bi- 
ological and  Environmental  Sciences. 
T.  J.  Wrigley,  and  D.  F.  Toerien. 
Water  Research  WATRAG,  Vol.  24,  No.  1,  p  83- 
90,  January  1990.  7  fig,  6  tab,  26  ref. 

Descriptors:  'Limnology,  'Wastewater  lagoons, 
♦Wastewater  treatment,  Algae,  Ammonia,  Biode- 
gradation, Biomass,  Chlorophyll  a,  Inorganic  com- 
pounds, Nitrogen,  Phosphates,  Phosphorus,  Pro- 
ductivity, Respiration,  Seasonal  variation,  Sus- 
pended solids,  Toxicity. 

Four  small-scale  sewage  ponds  were  linked  in 
series  and  fed  settled  sewage  for  21  months.  Inor- 
ganic nutrient  ammonia  nitrogen  and  phosphate 
phosphorus  removal  was  primarily  by  biological 
uptake  and  export  as  algal  material.  Ammonia  ni- 
trogen was  reduced  by  82%  in  the  pond  stream, 
half  of  this  removal  according  to  chlorophyll-a  and 
total  suspended  solids  data  occurring  in  pond  1 .  Up 
to  50%  of  the  influent  phosphate  phosphorus  con- 
centration was  removed  in  the  pond  system,  re- 
moval rates  of  between  10-20%  occurring,  respec- 
tively, in  three  of  the  four  ponds.  Uptake  by  and 
export  as  algal  biomass  indicated  that  between  16- 
65%  of  the  phosphate  phosphorus  removed  was  by 
these  processes  in  the  ponds.  Chlorophyll-a  and 
total  suspended  solids  concentrations  were  signifi- 
cantly correlated  for  ponds,  2,  3  and  4  suggesting 
that  the  majority  of  solids  exported  from  the  ponds 
was  algal  material.  Laboratory  algal  bioassays  indi- 
cated  that  ammonia  toxicity  was  present  in  the 


settled  sewage  inflow  and  pond  I  water.  The 
ponds  were  highly  productive  according  to  pro- 
ductivity values  calculated  from  diurnal  oxygen 
curves.  Winter  and  spring  productivity  values 
were  on  the  whole  greater  than  those  in  summer. 
Production/respiration  ratios  of  the  ponds  were 
close  to  1.  suggesting  that  these  ponds  were  rela- 
tively robust  and  stable  systems.  The  flagellated 
algal  genera,  Euglena,  Lepocinclis  and  Chlamydo- 
monas  were  dominant  in  association  with  Micrac- 
tinium.  Zooplankton  biomass  was  low  in  ponds  1,  2 
and  3,  probably  because  of  an  exclusion  effect  of 
high  pH  and  ammonia  nitrogen  concentrations.  In 
pond  4,  zooplankton  biomass  peaked  during  domi- 
nance of  flagellated  algae.  (Author's  abstract) 
W90-06076  ; 


EFFECT  OF  TEMPERATURE  AND  PH  ON 
THE  EFFECTIVE  MAXIMUM  SPECIFIC 
GROWTH  RATE  OF  NITRIFYING  BACTERIA. 

Florida  Univ.,  Gainesville.  Dept.  of  Environmental 

Engineering  Sciences. 

P.  Antoniou,  J.  Hamilton,  B.  Koopman,  R.  Jain, 

and  B.  Holloway. 

Water  Research  WATRAG,  Vol.  24,  No.  1,  p  97- 

101,  January  1990.  4  fig,  1  tab,  18  ref.  NSF  Grant 

EET-8657394. 

Descriptors.  'Growth  rates,  'Hydrogen  ion  con- 
centration, 'Nitrogen  fixing  bacteria,  'Tempera- 
ture, 'Wastewater  treatment,  Biodegradation,  Mi- 
crobiological studies,  Sludge  treatment. 

For  modeling  nitrification  in  wastewater  treatment 
processes  it  is  necessary  to  determine  the  depend- 
ence of  the  maximum  specific  growth  rate  of  nitri- 
fying bacteria  on  temperature  and  pH.  A  function- 
al relationship  for  the  simultaneous  dependence  of 
the  effective  maximum  specific  growth  rate  minus 
the  decay  coefficient  on  temperature  and  pH,  ob- 
tained from  theoretical  arguments,  was  verified  via 
batch  experiments  with  sludge  from  a  local 
wastewater  treatment  plant.  The  parameters  for 
the  functional  relationship  were  determined  from 
the  experimental  data  using  a  nonlinear  regression 
scheme.  An  optimum  pH  of  7.8  was  determined 
and  the  effective  maximum  specific  growth  rate 
was  found  to  be  monotonically  increasing  function 
of  temperature  in  the  range  of  15-25  C.  (Author's 
abstract) 
W90-06078 


PAC  ADDITION  AS  A  MEANS  OF  REGENER- 
ATING GAC  IN  A  GAC  FLUIDIZED-BED  RE- 
ACTOR. 

General  Motors  Research  Labs.,  Warren,  MI.  En- 
vironmental Science  Dept. 
B.  R.  Kim,  and  M.  B.  Cognata. 
Water  Research  WATRAG,  Vol.  24,  No.  1,  p  103- 
109,  January  1990.  6  fig,   1  tab,   15  ref,  append. 

Descriptors:  'Activated  carbon,  'Fluidized  bed 
process,  'Granular  activated  carbon,  'Powdered 
activated  carbon,  'Wastewater  treatment,  Adsorp- 
tion, Desorption,  Evaluation,  Flow  rates,  Nitro- 
phenols. 

When  the  adsorption  capacity  of  a  biological, 
GAC  (granular  activated  carbon)  fluidized-bed  re- 
actor is  exhausted,  a  portion  of  the  exhausted  GAC 
may  have  to  be  replaced  with  fresh  GAC.  As  an 
alternative,  the  addition  of  powdered  activated 
carbon  to  the  fluidized-bed  reactor  in  which  the 
GAC  was  already  exhausted  was  examined.  The 
effectiveness  of  this  scheme  was  evaluated  using  p- 
nitrophenol  as  a  model  compound  to  study  the 
adsorption-desorption  behavior  of  the  system.  The 
p-nitrophenol,  adsorbed  on  granular  activated 
carbon,  was  desorbed  with  deionized  water  in  the 
presence  and  in  the  absence  of  powdered  activated 
carbon  in  the  reactor  to  determine  whether  pow- 
dered activated  carbon  expedites  the  desorption 
process.  Desorption  of  p-nitrophenol  was  acceler- 
ated in  the  presence  of  powdered  activated  carbon, 
indicating  that  partial  regeneration  of  exhausted 
granular  activated  carbon  could  be  achieved  by 
periodically  adding  powdered  activated  carbon  to 
the  fluidized-bed  reactor.  During  the  experiments 
with  powdered  activated  carbon,  the  majority  of 
the  added  powdered  activated  carbon  was  not 
flushed  out  of  the  reactor  even  at  a  relatively  high 


recirculation  flow  rate  because  the  flow  regime 
near  the  effluent  port  was  dominated  by  the  feed 
flow  rate,  not  by  the  recirculation  flow  rate.  This 
prolongs  the  usefulness  of  the  added  powdered 
activated  carbon.  (Author's  abstract) 
W90-06079 


MICROCOMPUTER-BASED  INSTRUMENTA- 
TION SYSTEM  FOR  ANAEROBIC 
WASTEWATER  TREATMENT  PROCESSES. 

Washington  Univ.,  Seattle.  Dept.  of  Chemical  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-06082 


SEPTIC  SYSTEM  DENSITY  AND  GROUND- 
WATER CONTAMINATION  IN  ILLINOIS:  A 
SURVEY  OF  STATE  AND  LOCAL  REGULA- 
TION. 

American  Planning  Association,  Chicago,  IL. 
For  primary  bibliographic   entry   see   Field   5G 
W90-06162 


GUIDE  TO  LAND  TREATMENT  OF  MUNICI- 
PAL WASTEWATER  IN  ILLINOIS. 

Institute  of  Technology  Assessment,  Springfield, 

L.  W.  Skelton,  T.  D.  Hinesly,  and  S.  F.  John. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89- 163026. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche 
Report  No.  ILENR/RE-PA-88/12,  January  1989. 
83p,  5  fig,  21  ref,  append. 

Descriptors:  'Illinois,  'Land  disposal,  'Municipal 
wastewater,  'Wastewater  treatment,  Economic  as- 
pects, Management  planning,  Site  selection, 
Wastewater  management. 

Wastewater  is  a  recyclable  commodity.  The  water 
itself  can,  after  sufficient  purification,  be  reused  for 
agriculture,  silviculture  or  aquaculture;  irrigation 
of  lawns,  golf  courses  or  horticultural  plants;  in- 
dustrial cooling  and  process  water;  revegetation  of 
disturbed  lands  such  as  strip-mined  areas;  or  re- 
charge of  aquifers.  Organic  matter,  nitrogen,  phos- 
phorus and  micronutrients  in  wastewater  are  gen- 
erally harmful  when  discharged  to  lakes  and 
streams,  but  these  constituents  have  a  positive  eco- 
nomic value  when  applied  under  properly  con- 
trolled conditions  to  vegetated  soils.  Advocates  of 
wastewater  land  treatment  maintain  that  the  bene- 
ficial reuse  of  wastewater  and  the  nutrients  it  con- 
tains ought  to  be  the  rule  rather  than  the  exception. 
At  the  present  time,  however,  treatment  and  dis- 
charge into  surface  waters  is  the  more  common 
approach  to  wastewater  management  in  the  United 
States.  This  guide  provides  an  overview  of  plan- 
ning for  a  land  treatment  system.  It  first  discusses 
the  potential  for  land  treatment  in  Illinois,  how  to 
modify  lagoons  for  land  treatment,  economic  con- 
siderations, health  and  environmental  concerns, 
regulatory  requirements,  and  public  education.  It 
then  provides  more  technical  information  on  land 
treatment  processes,  site  and  wasteload  evaluation, 
systems  for  agricultural  production,  the  potential 
for  supplemental  irrigation  in  Illinois,  general  site 
management,  and  system  monitoring.  (Author's  ab- 
stract) 
W90-06176 


ILLINOIS    SELF-HELP    CONSORTIUM    FOR 
WATER  AND  WASTEWATER  PROJECTS. 

Illinois  Community   Action  Association,   Spring- 
field. 

For  primary   bibliographic  entry  see   Field   5G. 
W90-06192 


SLUDGE  INCINERATION  MODELING  (SIM) 
SYSTEM  USER'S  GUIDE. 

General  Sciences  Corp.,  Laurel,  MD. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-149314. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
March  1989.  62p,  append. 
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Descriptors:  'Computer  models,  'Computer  pro- 
grams, 'Incineration,  'Model  studies,  'Sludge  dis- 
posal, 'Sludge  treatment,  Handbooks,  Industrial 
Source  Complex  Long-Term  model. 

A  user-friendly,  menu-driven  PC  version  of  the 

Ind 

W90-06194 


RAPID  DESTRUCTION  OF  ORGANIC  CHEMI- 
CALS IN  GROUNDWATER  USING  SUNLIGHT. 

Sandia  National  Labs.,  Albuquerque,  NM.  Solar 

Thermal  Collector  Technology  Div. 

C.  E.  Tyner,  J.  E.  Pacheco,  C.  A.  Haslund,  and  J. 

T.  Holmes. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  DE89-006766. 

Price  codes:  A02  in  paper  copy,  A01  in  microfiche. 

Report  No.  SAND--89-0236c,  (1989).  8p,  5  fig,  10 

ref  DOE  Contract  DE-AC04-76DP00789. 

Descriptors:  'Groundwater  pollution,  'Organic 
compounds,  'Photolysis,  'Water  pollution  treat- 
ment, Catalysis,  Salicylic  acid,  Titanium  dioxide, 
Ultraviolet  radiation. 

This  study  investigates  a  solar-driven  photocataly- 
tic  process  that  promises  to  destroy  low  concentra- 
tions of  hazardous  organic  molecules  in  large  vol- 
umes of  contaminated  groundwater  or  industrial 
waste  streams.  Preliminary  results  of  laboratory- 
scale  screening  tests  using  a  model  compound, 
salicylic  acid,  and  titanium  dioxide  catalyst  have 
shown  that  no  measurable  reaction  occurs  without 
both  UV  light  and  catalyst;  no  measurable  volatili- 
zation of  the  salicylic  acid  occurs  at  room  tempera- 
ture; salicylic  acid  destruction  rates  depend  on 
catalyst  supplier  and  concentration  and  on  UV 
light  intensity;  and  some  intermediates  are  being 
formed  and  subsequently  destroyed.  Observed  re- 
action rates  are  consistent  with  those  observed  in 
an  initial  pilot-scale  solar  test  of  a  falling-film  reac- 
tor, although  further  testing  will  be  required  to 
quantify  the  comparison.  (Author's  abstract) 
W90-06199 


EVALUATION  CRITERIA  GUIDE  FOR 
WATER  POLLUTION  PREVENTION,  CON- 
TROL, AND  ABATEMENT  PROGRAMS. 

Department  of  the  Army,  Washington,  DC. 

For  primary  bibliographic   entry   see  Field   5G. 

W90-06211 


REMOVAL  OF  TOXIC  HEAVY  METALS 
FROM  CONTAMINATED  GROUNDWATER 
BY  A  FUNGAL  ADSORPTION  PROCESS. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

C.  Huang,  C.  P.  Huang,  A.  L.  Morehart,  and  D.  C. 
Westman. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-138637/ 
AS.  Price  codes:  A07  in  paper  copy,  A01  in  micro- 
fiche. Final  Technical  Report,  1989.  12 lp,  72  fig, 
22  tab,  100  ref.  USGS  Contract  14-08-0001-G1292. 

Descriptors:  'Adsorption,  'Biofilm  reactors, 
•Fungi,  'Heavy  metals,  'Wastewater  renovation, 
•Wastewater  treatment,  Aspergillus  oryzae,  Com- 
puter models,  Groundwater  pollution,  Pretreat- 
ment,  Saccharomyces  cerevisiae. 

The  metal  adsorption  behavior  of  12  species  of 
fungi  was  investigated  using  batch  reactors.  Specif- 
ic surface  area  and  surface  characteristics  of  the 
fungal  biomass  were  determined.  Two  typical 
fungal  species,  Aspergillus  oryzae  and  Saccharo- 
myces cerevisiae  were  chosen  for  further  investi- 
gation. Factors  such  as  growth  conditions,  pre- 
treatment  of  biomass  and  pH  of  the  metal  solution 
were  thoroughly  studied.  The  results  indicate  that 
the  optimum  growth  condition  for  metal  take-up 
by  A.  oryzae  biomass  was  at  the  C/N  ratio  of  10- 
15.  The  amounts  of  Cu(II),  Cd(II),  Zn  (II)  and 
Ni(II)  removal  increased  with  pH.  The  removal  of 
Pb(II)  by  fungal  biomass  is  pH-independent.  Metal- 
laden  fungal  biomass  can  be  regenerated  by  acid- 
washing.  Moreover,  the  acid-washing  is  the  most 
effective  pretreatment  of  biomass  for  heavy  metal 
removal.  The  adsorption  of  various  metals  onto 


fungal  wall  can  be  described-by~e1rh'er  singte--site  or 
multiple-site  Langmuir  isotherm  using  both  the 
modified  Langmuir  plot  and  the  Scatchard  plot. 
Heavy  metal  removal  with  columns  packed  with 
pelleted  A.  oryzae  or  immobilized  yeast  cells  of 
sand  bed  was  conducted.  A  finite  difference  com- 
puter model  was  applied  to  simulate  the  perform- 
ance of  these  column  reactors.  (USGS) 
W90-06237 

5E.  Ultimate  Disposal  Of  Wastes 

STUDIES  OF  GEOLOGY  AND  HYDROLOGY 
IN  THE  BASIN  AND  RANGE  PROVINCE, 
SOUTHWESTERN  UNITED  STATES,  FOR  ISO- 
LATION OF  HIGH-LEVEL  RADIOACTIVE 
WASTE -CHARACTERIZATION  OF  THE  RIO 
GRANDE  REGION,  NEW  MEXICO  AND 
TEXAS. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-05732 


RETENTION,  DETENTION,  AND  OVERLAND 
FLOW  FOR  POLLUTANT  REMOVAL  FROM 
HIGHWAY  STORMWATER  RUNOFF:  ENTER- 
IM  GUIDELINES  FOR  MANAGEMENT  MEAS- 
URES. 

Versar,  Inc.,  Springfield,  VA. 
For  primary  bibliographic  entry   see  Field   5D. 
W90-05754 


SEPTIC    TANK    ABSORPTION    SYSTEMS:    A 
LrTERATURE  REVIEW. 

National  Building  Research  Inst.,  Pretoria  (South 

Africa). 

For  primary  bibliographic   entry   see   Field   5L>. 

W90-05791 


MANAGEMENT  OF  EFFLUENTS/BY-PROD- 
UCTS OF  MULTI-PURPOSE  FINE  CHEMICAL 
MANUFACTURE. 

Imperial    Chemical    Industries    Ltd.,    Manchester 

(England).  Organics  Div. 

For   primary  bibliographic  entry  see  Field   5L>. 

W90-05802 


SPRAY  DISPOSAL  OF  DREDGED  MATERIAL 
IN  LOUISIANA  WETLANDS:  HABITAT  IM- 
PACTS AND  REGULATORY  POLICY  IMPLI- 
CATIONS. 

Louisiana  Sea  Grant  Coll.  Program,  Baton  Rouge. 
D.  R.  Cahoon,  and  J.  H.  Cowan. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-173124. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
27p,  13  fig,  3  tab,  21  ref. 

Descriptors:  'Dredging  wastes,  'Environmental 
effects,  'Louisiana,  'Spoil  banks,  'Waste  disposal, 
'Water  pollution  prevention,  'Wetlands,  Ecologi- 
cal effects,  Marshes,  Regulations,  Salt  marshes, 
Spraying,  Vegetation. 

Dredging  canals  for  navigation,  pipelines,  and 
access  to  drilling  sites  is  a  common  activity  in  the 
Louisiana  coastal  zone.  Traditionally,  the  spoil 
dredged  during  construction  is  banked  alongside 
the  canal  at  elevations  significantly  higher  than  the 
surrounding  marsh.  Minimizing  the  impacts  associ- 
ated with  spoil  banks  is  a  major  concern  of  state 
and  federal  agencies  regulating  development  in 
wetlands.  Current  regulatory  practices  of  the  Lou- 
isiana Department  of  Natural  Resources'  Coastal 
Management  Division  (LDNR/CMD)  require  that 
access  canals  must  be  plugged  and  spoil  either 
gapped  or  backfilled  when  wells  are  abandoned. 
The  regulatory  requirements  of  federal  agencies 
are  similar  in  intent  and  scope.  High-pressure  spray 
disposal  of  spoil  in  saline  marshes  has  great  poten- 
tial to  minimize  dredging  related  impacts  on  Lou- 
isiana's coastal  resources.  Salt  marsh  at  the  disposal 
site  is  not  converted  to  upland  shrub/scrub  habitat 
because  a  spoil  bank  two  to  six  feet  high  is  not 
created  on  the  marsh  surface.  Vegetation  at  the 
disposal  site  is  crushed,  as  it  is  with  conventional 
bucket  dredging,  but  the  sprayed  marsh  is  recolon- 
ized    by    intertidal    marsh    plants.    High-pressure 


spray  disposal  is  capable  of  depositing  spoil  in  a 
thin  layer  (approximately  four  inches),  giving  it 
great  potential  for  minimizing  hydrologic  impacts 
and  maintaining  marsh  elevations.  Further  research 
is  needed,  however,  to  determine  if  this  potential  is 
actually  being  realized.  (Lantz-PTT) 
W90-05828 


PREDICTING  ORGANIC  ACCUMULATION  IN 
SEDIMENTS  NEAR  MARINE  OUTFALLS. 

Clemson  Univ.,  SC.  Dept.  of  Environmental  Sys- 
tems Engineering. 
K.  J.  Farley. 

Journal  of  Environmental  Engineering  (ASCE) 
JOEEDU,  Vol.  116,  No.  1,  p  144-165,  January/ 
February  1990.  9  fig,  23  ref,  append.  USEPA  Con- 
tract 68-01-6938. 

Descriptors:  'Coastal  waters,  'Marine  sediments, 
♦Organic  matter,  'Outfall  sewers,  'Path  of  pollut- 
ants, 'Sediment  contamination,  Coagulation,  Ki- 
netics, Mathematical  models,  Model  studies,  Ocean 
circulation,  Organic  carbon,  Sedimentation,  Tidal 
effects,  Water  currents. 

The  impacts  of  wastewater  discharges  in  coastal 
waters  are  largely  exhibited  in  sediment  composi- 
tion changes.  Processes  controlling  the  accumula- 
tion of  organic  material  in  sediments  near  sub- 
merged sewage  outfalls  include  tidal  oscillations, 
wind-driven  currents,  and  large-scale  mean  circula- 
tion. A  simplified  model  is  formulated  for  predict- 
ing particle  deposition  and  organic  accumulation  in 
surface  sediments.  The  model  is  based  on  mathe- 
matical descriptions  of  coastal  transport,  particle 
dynamics,  and  organic  carbon  cycles  and  includes 
a  second-order  kinetic  description  for  the  coagula- 
tion and  settling  of  sewage  particles  and  natural 
organic  material.  Sample  calculations  are  presented 
demonstrating  the  importance  of  coagulation  and 
settling  behavior  and  tidal  motion  in  determining 
the  pronounced  changes  in  deposition  and  sedi- 
ment composition  near  outfalls.  Model  applications 
are  presented  for  the  Orange  County  and  Los 
Angeles  County  outfalls  using  predetermined  mod- 
eling coefficients.  Results  compare  quite  well  to 
field  observations  for  both  outfalls  demonstrating 
the  capabilities  of  the  model  in  predicting  deposi- 
tion and  accumulation  of  organic  material  in  sur- 
face sediments  near  sewage  outfalls  in  deep  coastal 
waters.  (Author's  abstract) 
W90-05961 

ACOUSTIC  IMAGING  OF  SUBSURFACE  FEA- 
TURES. 

Oak  Ridge  National  Lab.,  TN.  Energy  Div. 

A.  J.  Witten,  and  W.  C.  King. 

Journal   of  Environmental   Engineering   (ASCE) 

JOEEDU,  Vol.  116,  No.  1,  p  166-181,  January/ 

February  1990.  10  fig,  22  ref. 

Descriptors:  'Acoustics,  'Geophysical  surveys, 
•Hazardous  waste  disposal,  *Subsurface  mapping, 
•Tomography,  Remote  sensing,  Underground 
waste  disposal. 

The  characterization  of  sites  containing  buried  haz- 
ardous wastes  and  the  selection  of  new  waste  dis- 
posal sites  have  become  important  problems  for 
environmental  engineers.  Because  of  the  potential 
risks  associated  with  uncertainty  of  the  subsurface 
environment,  increasing  effort  has  been  dedicated 
to  application  of  available  remote  sensing  tech- 
niques. One  such  technique  which  is  quantitative 
and  offers  high  resolution  is  an  acoustic  approach 
involving  geophysical  tomography  (GT).  Two  ap- 
proaches to  GT  are  examined:  backprojection, 
which  traces  straight  ray  paths,  and  backpropaga- 
tion,  which  inverts  the  wave  equation.  Results  of 
field  studies  demonstrate  that  buried  inclusions 
having  length  scales  on  the  order  of  0.5  m  can  be 
resolved  using  GT  and  that  identification  of  differ- 
ing buried  waste  forms  is  possible.  This  method  has 
been  successfully  demonstrated  for  a  number  of 
applications  such  as  detecting  leakage  of  under- 
ground fuel  or  waste  storage  tanks  and  shows  great 
promise  for  many  more  applications.  (Author's  ab- 
stract) 
W90-05962 
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EFFECTS  OF  PHENOL  WASTEWATER  eO- 
DISPOSAL  ON  THE  ATTENUATION  OF  THE 
REFUSE  LEACHATE  MOLECULE  HEXANOIC 
ACID. 

University   of  Strathclyde,    Glasgow   (Scotland). 
Dept.  of  Bioscience  and  Biotechnology. 
For  primary  bibliographic  entry  see  Field  5B 
W90-05964 


INDUSTRIAL  PROPERTY  TRANSFER  EVAL- 
UATIONS: LIMITING  LIABILITY. 

B  and  V  Waste  Science  and  Technology  Com 
Philadelphia,  PA.  V 

For  primary  bibliographic  entry  see  Field  6B. 
W90-05976 


EFFECTS  OF  MUNICIPAL  SLUDGE  ON  LO- 
COMOTOR ACTIVITY  AND  EXPLORATORY 
BEHAVIOR  OF  MEADOW  VOLES,  MICRO- 
TUS  PENNSYLVANICUS. 

Miami  Univ.,  Oxford,  OH.  Dept.  of  Zoology. 
A.  T.  Hall,  D.  H.  Taylor,  and  P.  E.  Woods. 
Environmental       Toxicology      and      Chemistrv 
ETOCDK,  Vol.  9,  No.  1,  p  31-36,  1990.  2  fig   2 
tab,  34  ref.  EPA  Grant  R-81238501. 

Descriptors:  *Animal  behavior,  'Bioaccumulation, 
•Heavy  metals,  'Land  disposal,  'Municipal' 
wastes,  'Rodents,  *Sludge  disposal,  *Sludge  utili- 
zation, Behavior,  Cadmium,  Copper,  Lead,  Path  of 
pollutants,  Sludge,  Soil  contamination,  Sublethal 
effects,  Tissue  analysis,  Toxicity,  Zinc. 

Behavioral  responses  of  meadow  voles  (microtus 
pennsylvanicus),  inhabiting  sludge-treated  outdoor 
enclosures,  were  studied  during  the  1987  growing 
season.  Significant  accumulations  of  Cd,  Cu,  Pb 
and  Zn  were  found  in  the  soils  of  sludge-treated 
enclosures.  Significant  uptake  of  Zn  and  Cd  were 
observed  in  Poa  spp.,  while  Bromus  japonicum 
significantly  accumulated  An.  Additionally, 
Bromus  from  the  sludge-treated  enclosures  showed 
a  strong  trend  of  increased  Cd.  Both  of  these  plant 
species  are  potentially  eaten  by  voles.  Both  male 
and  female  sludge-exposed  voles  significantly 
bioaccumulated  Cd  in  their  livers  and  brains.  Al- 
terations in  locomotor  activity  and  exploratory 
behavior  were  found  in  sludge-exposed  females 
that  appeared  either  not  to  habituate  to  the  novel 
environment  of  the  activity  chamber,  or  were  hy- 
peractive as  a  consequence  of  Cd  exposure,  or 
possibly  an  interaction  between  the  two.  No 
changes  in  behavior  of  males  exposed  to  sludge 
was  observed.  Observed  differences  between  the 
male  and  female  voles  might  be  due  to  sex-related 
differential  responses  to  Cd  toxicity.  (Author's  ab- 
stract) 
W90-O6047 


BRACHIONUS  PLICATILIS  TOLERANCE  TO 
LOW  OXYGEN  CONCENTRATIONS. 

Valencia  Univ.  (Spain).  Dept.  of  Ecology. 
For  primary  bibliographic  entry  see  Field  2H 
W90-O6156 


STUDIES  OF  GEOLOGY  AND  HYDROLOGY 
IN  THE  BASIN  AND  RANGE  PROVINCE 
SOUTHWESTERN  UNITED  STATES,  FOR  ISO- 
LATION OF  HIGH-LEVEL  RADIOACTIVE 
WASTE-CHARACTERIZATION  OF  THE 
DEATH  VALLEY  REGION,  NEVADA  AND 
CALIFORNIA. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-O6160 


DESIGN,  CONSTRUCTION,  AND  EVALUA- 
TION OF  CLAY  LINERS  FOR  WASTE  MAN- 
AGEMENT FACILITIES. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Solid  Waste  and  Emergency  Re- 
sponse. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-181937. 
Price  codes:  A24  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/53O/SW-86/0O7F,  November 
1988.  516p,  117  fig,  53  tab,  349  ref,  append.  EPA 
Contract  68-03-7310. 


Descriptors:  *Clay  liners,  •Design  standards, 
Landfills,  *Liners,  'Reservoirs,  'Waste  disposal, 
♦Waste  management,  Case  studies,  Construction, 
Hydraulic  conductivity,  Literature  review,  Soil 
properties. 

This  Technical  Resource  Document  (TRDT)  is  a 
compilation  of  available  information  on  the  design, 
construction,  and  evaluation  of  clay  liners  for  land- 
fills, surface  impoundments  and  wastepiles.  The 
information  was  obtained  from  the  literature  and 
from  in-depth  interviews  with  design  and  construc- 
tion engineers  and  other  knowledgeable  individ- 
uals in  both  the  private  and  government  sectors. 
As  a  consequence,  some  information  is  presented 
for  the  first  time  in  this  document.  The  broad 
topics  covered  are:  clays  with  emphasis  on  their 
composition,  fabric,  and  hydraulic  conductivity; 
geotechnical  test  methods  and  soil  properties  in- 
cluding soil  classification,  and  hydraulic  conduc- 
tivity testing;  clay  chemical  compatibility,  includ- 
ing a  discussion  of  the  mechanisms  of  interaction 
and  a  compilation  of  test  data  from  the  literature 
and  private  sources,  construction  and  quality  assur- 
ance; clay  liner  failure  mechanisms;  the  perform- 
ance of  existing  clay  liners  based  on  case  studies  of 
17  sites;  and  clay  liner  transit  time  prediction  meth- 
ods including  discussion  of  many  available  tech- 
niques and  models.  (Author's  abstract) 
W90-06163 


GUIDE  TO  LAND  TREATMENT  OF  MUNICI- 
PAL WASTEWATER  IN  ILLINOIS. 

Institute  of  Technology  Assessment,  Springfield, 

For  primary   bibliographic   entry  see   Field   5D. 


SLUDGE  INCINERATION  MODELING  (SIM) 
SYSTEM  USER'S  GUIDE. 

General  Sciences  Corp.,  Laurel,  MD. 

For  primary  bibliographic   entry  see  Field   5D. 


EVALUATION  PROCEDURES  TECHNICAL 
APPENDIX.  PHASE  I  (CENTRAL  PUGET 
SOUND):  SAMPLING,  TESTING,  AND  TEST 
INTERPRETATION  OF  DREDGED  MATERI- 
AL PROPOSED  FOR  UNCONFINED,  OPEN- 
WATER  DISPOSAL  IN  CENTRAL  PUGET 
SOUND. 

Evaluation  Procedures  Work  Group,  Seattle,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A205-290. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
June  1988.  445p,  42  fig,  51  tab,  28  exhibits,  96  ref. 

Descriptors:  'Dredging,  'Dredging  wastes, 
•Waste  disposal,  'Waste  management,  Confined 
disposal,  Contaminated  sediments,  Dikes,  Land  dis- 
posal, Management  planning,  Ocean  dumping, 
Puget  Sound.  F    6 

The  document  is  a  technical  appendix  to  the  Man- 
agement Plan  Report  (MPR)  for  the  Puget  Sound 
Dredged  Disposal  Analysis  (PSDDA)  study,  and 
was  prepared  by  the  Evaluation  Procedures  Work 
Group  (EPWG).  Part  I  of  the  technical  appendix 
contains  background  and  introductory  information 
for  dredged  material  management.  The  remaining 
parts  are  organized  by  disposal  option  and  address 
the  technical  conclusions  of  EPWG.  The  PSDDA 
study  focuses  on  unconfined,  open-water  disposal, 
discussed  in  detail  in  part  II.  In  addition  to  techni- 
cal recommendations,  a  detailed  cost  analysis  is 
presented  based  on  alternative  chemical  and  bio- 
logical guidelines  for  disposal  of  dredged  material 
at  unconfined,  open-water  sites.  In  part  III,  dispos- 
al on  land  or  intertidal  areas  using  a  conventional 
design  is  briefly  addressed.  Confined  disposal  of 
contaminated  sediments  is  also  discussed.  Capping 
an  aquatic  disposal  site  is  one  method  of  confined 
disposal.  Two  other  methods  are  diked  nearshore 
(i.e.,  intertidal)  and  upland  disposal.  The  technical 
appendix  is  concluded  with  a  list  of  references,  a 
glossary,  and  several  exhibits.  (Lantz-PTT) 
W90-O6213 


HYDROGEOLOGY  AND  RESULTS  OF  AQUI- 
FER TESTS  IN  THE  VICINITY  OF  A  HAZARD- 


OUS-WASTE DISPOSAL  SITE  NEAR  BYRON, 
ILLINOIS. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06220 


VARIABLE-DENSITY  GROUND-WATER 

FLOW  AND  PALEOHYDROLOGY  IN  THE 
WASTE  ISOLATION  PILOT  PLANT  (WIPP) 
REGION,  SOUTHEASTERN  NEW  MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B 
W90-06230 


5F.  Water  Treatment  and 
Quality  Alteration 


ECONOMIC  ANALYSIS  OF  TREATMENT 
TECHNOLOGIES  TO  ACHIEVE  VOC  REMOV- 
AL TO  SAFE  LEVELS. 

Environmental  Protection  Agency,  Cincinnati, 
OH.  Drinking  Water  Research  Div. 
R.  M.  Clark,  and  J.  Q.  Adams. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-129407. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  no.  EPA/6O0/D-88/245,  November  1988 
54p,  16  fig,  8  tab,  18  ref. 

Descriptors:  'Water  treatment,  'Volatile  organic 
compounds,  'Granular  activated  carbon,  'Aer- 
ation, Economic  aspects,  Model  studies,  Dichlor- 
oethane,  Trichloroethylene,  Vinyl  chloride,  Or- 
ganic compounds,  Costs. 

Both  granular  activated  carbon  (GAC)  and  packed 
tower  aeration  (PTA)  have  been  designated  as  best 
available  treatment  technology  in  the  volatile  or- 
ganic compound  (VOC)  regulations.  Cost  and  per- 
formance models  have  been  developed  to  examine 
various  treatment  scenarios  for  controlling  VOCs. 
The     constant-pattern-homogeneous-surface-diffu- 
sion model   (CPHSDM)  was  utilized   to  predict 
liquid-phase  GAC  use  rates  for  selected  single- 
solute  VOCs.  In  this  analysis,  eight  currently  regu- 
lated VOCs  were  examined.  Only  one  of  the  com- 
pounds,  p-dichlorobenzene,   exhibited  a  bed   life 
greater  than  2  years,  typical  of  taste-and-odor  con- 
trol applications  using  GAC.  Most  of  the  VOCs 
exhibited  bed  lives  in  the  range  of  6  to  24  months 
with  empty  bed  contact  times  (EBCTs)  of  10  and 
15    minutes.    Three    VOCs    (1,2,-dichloroethane; 
1,1,1-trichJoroethylene;   and   vinyl   chloride)   had 
predicted  bed  lives  of  <  3  months.  Preliminary 
cost  estimates  for  liquid-phase  GAC  treatment  sys- 
tems have  been  developed  for  a  range  of  plant 
sizes,  EBCTs  and  carbon  bed  lives.  Most  of  VOCs 
examined    exhibited    bed    lives   of  6   months   or 
longer.  Cost  estimates  for  these  scenarios  range 
from  about  34-45  cents/ 1,000  gal  for  a  1  million 
gallon/day  (mgd)  system,  to  about  20-30  cents/ 
1,000  gal  for  a  10  mgd  system  to  about  11-15  cents/ 
1,000  gal  for  a  100  mgd  system.  A  cost  and  per- 
formance model  has  been  developed  to  examine 
various  scenarios  for  controlling  VOCs  by  packed 
tower  aeration  (PTA)  including  off-gas  treatment. 
Preliminary  cost  estimates  for  PTA  excluding  off- 
gas  control  varied  from  49  cents/ 1,000  gal  (treat- 
ing 1,2-dichloroethane)  to  35  cents/1,000  gal  (treat- 
ing vinyl  chloride)  for  a  0.1  mgd  system,  21  to  10 
cents/ 1,000  gal  for  a  1  mgd  system,  and  14  to  6 
cents/ 1,000  gal  for  a  10  mgd  system.  System  cost 
approximately  doubles  or  triples  when  gas-phase 
GAC  treatment  is  included  in  the  PTA  system  for 
off-gas  control.  A  comparison  was  made  between 
liquid-phase  GAC  and  PTA  treatment  alternatives. 
For  all  VOCs  in  this  analysis,  PTA  treatment  as 
more  cost  effective  than  liquid-phase  GAC  at  all 
system  sizes  when  assuming  no  PTA  off-gas  con- 
trol. (Lantz-PTT) 
W90-05755 


NEW    WATER   TREATMENT   FACILITY    IM- 
PROVES EFFICIENCY. 

BCM  Engineers,  Mobile,  AL. 
J.  A.  Holifield. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Water  Treatment  and  Quality  Alteration— Group  5F 


Public  Works  PUWOAH,  Vol.  121,  No.  1,  p  67-69, 
January  1990. 

Descriptors:  'Alabama,  'Design  criteria,  'Project 
planning,  *Water  treatment  facilities,  Automation, 
Costs,  Filtration,  Sludge. 

Building  or  expanding  water  supply  systems  that 
are  technologically  reliable  and  economically  feasi- 
ble requires  considerable  planning  and  no  small 
amount  of  innovative  thinking.  The  challenge  was 
recently  met  by  the  city  of  Mobile,  Alabama, 
which  had  to  come  up  with  a  master  plan  to  meet 
its  steadily  increasing  demand  for  water.  The  city 
was  faced  with  a  choice  of  expanding  its  existing 
facility  to  meet  future  need,  or  building  a  new 
facility  close  to  the  area  of  growth.  Because  of  the 
cost  of  the  changes  required  to  expand  the  existing 
facility  it  was  decided  to  build  a  new  plant.  A 
second  plant  also  provided  the  advantage  of  addi- 
tional fire  protection,  enabled  the  city  to  solve  a 
problem  with  processing  sludge  from  the  existing 
plant,  and  could  be  designed  to  be  expandable  to 
meet  future  needs.  The  new  plant  is  rated  at  40 
mgd,  and  is  expandable  to  80  mgd.  Innovative 
technical  features  include  a  computer  controlled 
filtration  system  that  informs  the  operator  when 
the  filters  require  backwashing,  override  systems 
to  ensure  operation  of  the  filtration  system  during 
malfunctions,  a  closed  circuit  television  security 
system,  and  overall  plant  design  intended  to  simpli- 
fy operation  and  reduce  construction  and  mainte- 
nance costs.  The  operating  and  maintenance  ex- 
penses for  the  new  facility  are  projected  to  be  the 
same  as  current  expenses.  (Tappert-PTT) 
W90-05892 


TURNKEY  WELL,  RESERVOIR,  AND  PUMP 
STATION  IN  AN  ARID  REGION. 

Engineering-Science,  Inc.,  Phoenix,  AZ. 

K.  R.  James. 

Public  Works  PUWOAH,  Vol.  121,  No.  1,  p  79-80, 

January  1990.  1  fig. 

Descriptors:  'Arid  lands,  'Arizona,  'Production 
wells,  'Reservoir  design,  'Water  resources  devel- 
opment, 'Water  supply,  Groundwater  manage- 
ment, Pumps,  Reservoir  evaporation,  Reservoir 
linings. 

During  the  last  ten  years  population  growth  in  the 
Phoenix  suburb  of  Gilbert  has  increased  400  per- 
cent, from  5,000  people  to  over  20,000  people.  This 
population  increase,  coupled  with  high  average 
daily  maximum  temperatures  (104  F  in  July)  and 
an  average  rainfall  of  7.5  inches,  created  a  critical 
condition  in  Gilbert's  water  supply.  A  water  re- 
sources study  recommended  adding  eight  1,500 
gpm  wells  and  constructing  a  new  45  mgd  surface 
water  treatment  plant  to  meet  future  demand.  To 
meet  a  desire  to  have  additional  water  facilities 
online  by  1989,  Gilbert  arranged  for  a  turnkey 
project  that  included  one  1,500  gpm  well,  a  4  MG 
reservoir,  and  a  booster  pumping  station.  Test  well 
samples  indicated  a  nitrate  concentration  in  excess 
of  drinking  water  standards  within  500  feet  of  the 
surface,  and  fluoride  levels  exceeding  drinking 
water  standards  at  the  deepest  zones  of  the  1,000 
foot  deep  well.  The  production  well  was  cased  to 
eliminate  the  undesirable  water.  The  reservoir  was 
lined  and  covered  with  Hypalon  to  prevent  seep- 
age and  evaporation.  Two  200-hp  pumps  provide 
system  pressure.  The  turnkey  approach  simplified 
design,  equipment  procurement,  and  construction. 
The  lined  and  covered  reservoir  provides  signifi- 
cant cost  savings  for  the  project.  (Tappert-PTT) 
W90-05893 

SENSITIVITY  ANALYSES  OF  BIODEGRADA- 
TION/ADSORPTION  MODELS. 

Texas  Univ.,  Austin.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-05955 


APPLICATION  OF  DECLINING  RATE  FIL- 
TRATION THEORY:  CONTINUOUS  OPER- 
ATION. 

King   Abdulaziz   Univ.,   Jeddah   (Saudi   Arabia). 
Dept.  of  Civil  Engineering. 
A.  M.  Saatci. 


Journal  of  Environmental  Engineering  (ASCE) 
JOEEDU,  Vol.  116,  No.  1,  p  87-105,  January/ 
February  1990.  8  fig,  2  tab,  24  ref,  append. 

Descriptors:  'Filters,  'Filtration,  'Hydraulic  con- 
ductivity, 'Mathematical  models,  'Water  treat- 
ment, Comparison  studies,  Model  studies,  Perform- 
ance evaluation,  Polymers,  Sand  filters,  Theoreti- 
cal analysis. 

Equations  describing  the  change  of  hydraulic  con- 
ductivity with  solids  accumulation  in  deep-bed  fil- 
ters are  presented.  Declining  rate  filtration  theory 
is  extended  to  incorporate  harmonic  mean  conduc- 
tivity equations  derived  using  Ives's,  Mints's,  and 
Shekhtman's  solids  accumulation  models.  The  dif- 
ference among  the  harmonic  mean  conductivity 
values  calculated  using  each  model  increases  with 
increase  of  filter  run  time.  Consequently,  as  filtra- 
tion time  increases,  each  model  predicts  increasing- 
ly different  filter  effluent  quality,  filtrate  volume 
production,  and  head-loss  development.  Data  ob- 
tained from  laboratory  constant  rate  filtration,  split 
flow  filtration,  and  true  declining  rate  filtration 
experiments  are  compared  with  the  predictions  of 
the  theory.  Solids  accumulation  in  different  layers 
of  sand  filter  media  for  constant  rate  filtration,  split 
flow  filtration,  and  true  declining  rate  filtration  are 
measured  with  and  without  polymer  application. 
(Author's  abstract) 
W90-05958 


TUBE  SETTLER  MODELING. 

Mansoura  Univ.  (Egypt).  Faculty  of  Engineering. 
A.  A.  Fadel,  and  E.  R.  Baumann. 
Journal  of  Environmental  Engineering  (ASCE) 
JOEEDU,  Vol.  116,  No.  1,  p  107-124,  January/ 
February  1990.  10  fig,  5  tab,  11  ref. 

Descriptors:  'Model  studies,  'Settleable  solids, 
•Settling  tanks,  'Water  treatment,  Design  criteria, 
Flow  velocity,  Performance  evaluation,  Sedimen- 
tation. 

A  new  tube  settler  model,  the  Fadel  model,  useful 
for  tube  design  and  performance  evaluation  is  de- 
veloped based  on  the  assumption  of  uniformly 
distributed  flow  velocity  at  the  tube  entrance.  As 
flow  through  the  tube  occurs,  the  velocity  distribu- 
tion in  the  tube  changes  from  uniform  flow  to  a 
fully  developed  parabolic  velocity  (laminar)  profile 
at  some  distance  along  the  tube.  The  varying  ve- 
locity encountered  by  a  settling  particle  results  in 
variations  in  its  settling  path.  A  model  is  developed 
based  on  these  effects  and  is  verified  in  laboratory 
tests.  Using  the  model,  the  effects  of  solids  accu- 
mulation on  the  bottom  of  essentially  horizontal 
tubes  on  particle  settling  is  predicted  with  a  mean 
error  of  about  2%.  Laboratory  tests  indicate  that 
the  model  predictions  are  accurate  up  to  the  point 
that  40%  of  the  tube  diameter  is  used  for  solids 
storage.  (Author's  abstract) 
W90-05959 

AQUEOUS  OZONATION  OF  PESTICIDES:  A 
REVIEW. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England).  Dept.  of  Civil  Engineering. 

G.  Reynolds,  N.  Graham,  R.  Perry,  and  R.  G. 

Rice. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 

11,  No.  4,  p  339-382,  1989.  20  fig,  5  tab,  39  ref, 

append. 

Descriptors:  'Literature  review,  'Ozonation,  'Pes- 
ticides, 'Water  treatment,  Chlorinated  hydrocar- 
bons, Fate  of  pollutants,  Nitrogen  compounds,  Or- 
ganophosphorus  pesticides. 

The  ozonation  reactions  of  five  groups  of  pesti- 
cides (chlorinated  hydrocarbons,  organophos- 
phorus  compounds,  phenoxyalkyl  acid  derivatives, 
organonitrogen  compounds,  and  phenolic  com- 
pounds) were  reviewed  from  the  literature.  For  the 
chlorinated  hydrocarbon  pesticides  reactivity  with 
ozone  ranged  from  slight  to  substantial.  Endosul- 
fan  and  heptachlor  epoxide  showed  little  destruc- 
tion upon  ozonation.  Some  evidence  for  epoxide 
formation  following  ozone  attack  at  the  non-chlor- 
inated double  bond  of  the  cyclodiene  insecticides 
aldrin  and  heptachlor  was  presented;  however,  the 


study  of  Brower  (1966)  indicated  that  the  epoxide 
is  unlikely  to  be  the  major  reaction  product  follow- 
ing the  ozonation  of  aldrin.  In  general,  a  readier 
removal  of  the  less  stable  organophosphorus  insec- 
ticides was  demonstrated.  Oxons  (of  malathion, 
parathion,  methyl  parathion  and  phosalone)  were 
identified  frequently  as  products  of  reaction,  as 
were  products  of  cleavage  of  the  P-S.O  bond 
following  malathion  and  parathion  ozonation.  Rel- 
atively rapid  and  virtually  complete  destruction  of 
the  herbicides  2,4-D,  MCPA  and  MCPB  generally 
was  observed  upon  ozonation.  Limited  removal  of 
2,4,5-T  was  recorded.  The  reaction  products  iden- 
tified tended  to  be  aliphatic  acids  of  short  carbon 
chain  length,  carbon  dioxide  and  chloride  ion. 
Low  levels  of  aromatic  intermediate  compounds 
were  also  observed.  Virtually  complete  removal  of 
all  organonitrogen  pesticides  was  observed  upon 
ozonation.  Complete  destruction  of  the  N-aryl- 
N'.N'-dimethyl  areas  was  limited  to  conditions  of 
high  pH  and  that  of  the  N-heterocycle,  atrazine,  to 
periods  of  prolonged  ozonation.  The  products  of 
reaction  identified  for  carbaryl  suggested  that  reac- 
tion between  carbamate  compounds  and  ozone  oc- 
curred either  directly  at  the  carbamate  group  or 
following  hydrolysis  of  that  group.  Triazine  de- 
rivatives were  identified  as  products  of  ozonation 
of  both  five-membered  and  six-membered  N-heter- 
ocyclic  compounds.  Complete  removal  of  the  phe- 
nolic pesticides  was  demonstrated  upon  ozonation. 
In  general,  only  inorganic  anions  were  identified  as 
products  of  reaction,  namely  nitrates  and  chloride, 
although  dinitrophenols  and  alcohols  were  shown 
to  be  present  following  the  ozonation  of  dinobuton 
and  dinocap.  (Geiger-PTT) 
W90-05972 


EVALUATION  OF  GROWTH  MEDIA  FOR 
THE  RECOVERY  OF  ESCHERICHIA  COLI 
FROM  OZONE-TREATED  WATER  BY  MEM- 
BRANE FILTRATION. 

Alberta  Univ.,  Edmonton.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05973 


AZO  DYE  OZONATION  FILM  THEORY  UTI- 
LIZATION FOR  KINETIC  STUDIES. 

Universidad    Complutense    de    Madrid    (Spain). 

Dept.  de  Ingenieria  Quimica. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-05974 


IN-HOUSE  DESIGN  AND  CONSTRUCTION  OF 
A  SCADA  SYSTEM. 

Springfield  Utility  Board,  OR.  Water  Operations 

and  Engineering. 

K.  Cerotsky,  and  C.  Arrera. 

Water  Engineering  and  Management  WENMD2, 

Vol.  137,  No.  11,  p  28-33,  November  1989.  2  fig. 

Descriptors:  'Control  systems,  'Data  acquisition, 
•SCADA  program,  'Supervisory  control,  'Utili- 
ties, 'Water  treatment  facilities,  Information  sys- 
tems, Oregon,  Water  users. 

Rapid  city  growth,  higher  customer  expectations, 
and  higher  operating  costs  forced  the  Springfield 
water  utility  (Oregon)  Utility  Board  to  improve 
and  modernize  its  control  system.  Also,  the  water 
system  required  more  timely,  accurate  information. 
In  1981,  Springfield  decided  to  design  and  build  its 
own  supervisory  control  and  data  acquisition 
(SCADA)  system.  A  SCADA  system  can  provide 
more  reliable  water  utility  service  for  the  custom- 
er, reduce  operating  costs,  and  provide  better  in- 
formation for  today's  sophisticated  water  utilities. 
To  date,  the  Springfield  system  has  cost  475  thou- 
sand dollars.  This  includes  the  purchase  of  hard- 
ware, software,  associated  electronics,  and  person- 
nel time.  The  project  involved  reconstruction  and 
upgrading  of  existing  facilities  so  that  it  now  pro- 
vides more  useful  information  and  monitors  more 
facilities  than  originally  planned.  Because  of  in- 
house  design  and  phased  construction,  the  Spring- 
field Utility  Board  was  able  to  incorporate  newer 
technology  as  they  progressed  through  the  project. 
(Chonka-PTT) 
W90-06031 
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ANCHORAGE  LAUNCHES  NEW  SCADA  CON- 
TROLS. 

Ship  Creek  Treatment  Facility,  AK. 

E.  Lindboe. 

Water  Engineering  and  Management  WENMD2, 

Vol.  137,  No.  11,  p  36-40,  November  1989.  6  fig. 

Descriptors:  •Control  systems,  *Data  acquisition, 
*SCADA,  'Supervisory  control,  'Utilities,  *Water 
treatment  facilities,  Alaska,  Computer  programs, 
Information  systems.  Process  control. 

To  coordinate  three  major  Alaskan  water  systems 
at  Anchorage,  Eklutna  and  Ship  Creek,  the  city  of 
Anchorage  is  using  a  supervisory  control  and  data 
acquisition  (SCADA)  system  to  (1)  receive  and 
store  accurate  and  reliable  operating  information 
from  in-plant  process  transmitters;  (2)  perform 
real-time  process  control  for  the  filter  system;  (3) 
receive  and  store  manually-entered  information 
such  as  laboratory  test  results  and  chemical  dos- 
ages; (4)  make  calculations  on  transmitted  and 
manually  entered  data  for  operator  guidance  and 
report  generation;  (5)  display  collected  and  calcu- 
lated data  to  the  operator  to  aid  in  the  operation  of 
the  water  treatment  facility  in  graphic  and  list 
form;  (6)  prepare  logs  such  as  alarm  and  operating 
logs  as  well  as  daily  and  monthly  reports  to  assist 
operating,  maintenance,  and  management  person- 
nel in  evaluating  facility  operations  and  improving 
facility  performance;  and  (7)  monitor  system  oper- 
ations and  alert  the  operator  when  abnormal  condi- 
tions exist  which  may  require  intervention.  Cur- 
rently, the  system  is  monitoring  slightly  more  than 
1,400  sampling  points,  but  it  can  be  expanded  to 
2,000  points  without  adding  additional  software. 
(Chonka-PTT) 
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CARBAMATE  INSECTICIDES:  REMOVAL 
FROM  WATER  BY  CHLORTNATION  AND 
OZONATION. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Div.  of  Envi- 
ronmental Sciences. 

Y.  Mason,  E.  Choshen,  and  C.  Rav-Acha. 
Water  Research  WATRAG,  Vol.  24,  No.  1,  p  11- 
21,  January  1990.  1 1  fig,  4  tab,  42  ref. 

Descriptors:  'Carbamate  pesticides,  *Chlorination, 
•Insecticides,  •Ozonation,  *Water  treatment,  Aldi- 
carb,  Carbaryl,  Chemical  analysis,  Chlorine,  Chlo- 
rine dioxide,  Degradation,  Methomyl,  Ozone,  Pro- 
poxur. 

A  simple  approach  for  removal  of  carbamates  from 
drinking  water  by  disinfection  is  presented.  Four 
carbamates,  aldicarb,  methomyl,  carbaryl  and  pro- 
poxur  were  reacted  with  excess  of  each  of  three 
disinfectants,  chlorine,  chlorine  dioxide,  and  ozone. 
Carbaryl  and  propoxur  did  not  react  with  chlorine, 
none  of  the  selected  carbamates  reacted  with  chlo- 
rine dioxide  and  all  reacted  very  rapidly  with 
ozone.  The  reaction  kinetics  were  determined  for 
aldicarb  and  chlorine  and  for  methomyl  and  chlo- 
rine dioxide.  Product  analysis  for  the  reaction  of 
aldicarb  and  chlorine  was  carried  out  using  re- 
verse-phase high  performance  liquid  chromatogra- 
phy and  gas  chromatography/mass  spectrometry. 
The  common  degradation  products,  aldicarb-sulf- 
oxide  and  aldicarb-sulfone  were  found  together 
with  other  by-products.  A  mechanism  is  suggested 
based  upon  an  electrophilic  ionic  attack  by  hypo- 
chlorous  acid.  A  possible  mechanism  of  electrophi- 
lic attack  by  ozone  is  also  suggested.  A  preliminary 
bioassay  using  Daphnia  magna,  to  compare  the 
toxicity  of  aldicarb  and  chlorination  by-products  of 
aldicarb  showed  that  the  by-products  were  less 
toxic.  Therefore,  removal/degradation  of  these 
carbamates  can  be  achieved  using  chlorine  and/or 
ozone,  but  not  chlorine  dioxide.  (Author's  abstract) 
W90-06067 


Descriptors:  'Ethylenediaminetetraacetic  acid, 
•Hydrogen  ion  concentration,  'Metals,  'Ozona- 
tion, 'Water  treatment,  Ammonia,  Cadmium,  Cal- 
cium, Formic  acid,  Glycine,  Hydrogen  peroxide, 
Iron,  Nitriloacetic  acid,  Organic  carbon,  Oxida- 
tion. 

Ozonation  of  ethylenediaminetetraacetic  acid 
(EDTA)  (C  =  1  mmol/L,  ozone  dose  10  mg/min/ 
L  in  aqueous  solution  as  a  function  of  pH  value 
(pH  3  and  7))  was  investigated.  At  pH  3  ethylene- 
diaminediacetic  acid  iminodiacetic  acid,  nitriiotria- 
cetic  acid,  glyoxylic-,  oxalic-,  formic  acid,  glycine, 
ammonia,  nitrate  and  hydrogen  peroxide  were 
identified  and  their  quantities,  as  a  function  of 
ozone  consumption,  were  measured.  At  pH  7  the 
same  oxidation  products,  except  formic  acid  and 
hydrogen  peroxide  are  formed.  The  carbon  bal- 
ance shows  that,  at  pH  3,  84%  and,  at  pH  7,  62- 
81%  of  the  organic  carbon  was  covered  by  the 
identified  products.  After  100%  EDTA-elimina- 
tion  the  oxidation  products  are  biodegradable. 
While  the  presence  of  calcium  and  cadmium  ions 
has  only  little  impact  on  EDTA-elimination,  the 
rate  of  EDTA  degradation  is  notably  reduced  by 
the  addition  of  ferric  ions.  (Author's  abstract) 
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EVALUATION  OF  THE  SECONDARY  EF- 
FECTS OF  AIR  STRIPPING. 

Montgomery  (James  M.),  Inc.,  Pasadena,  CA. 
M.  D.  Umphres,  and  J.  H.  Van  Wagner. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-161517. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/2-89/005,  March  1989.  87p, 
32  fig,  28  tab,  14  ref.  EPA  Contract  CR-809974. 

Descriptors:  'Air  stripping,  'Water  pollution 
sources,  'Water  treatment,  Aeration,  Bacteria,  Cal- 
cium carbonate,  Coliforms,  Costs,  Model  studies, 
Trichloroethylene,  Turbidity,  Volatile  organic 
compounds,  Water  temperature. 

At  a  2.9  million  gallon  per  day  (mgd)  well  con- 
taminated with  several  volatile  organic  compounds 
(VOCs),  principally  trichloroethylene  (TCE),  a 
packed  tower  aerator  (PTA)  was  pilot  tested,  de- 
signed, constructed  and  monitored  during  its  first 
seven  months  of  operation.  Pilot  testing  was  based 
on  gas/liquid  mass  transfer  theory.  Calculated 
mass  transfer  coefficients  coupled  with  this  theory 
were  used  to  design  the  full-scale  aerator  for  TCE 
control.  Modeling  of  VOC  off-gas  dispersion  was 
required  for  a  permit  to  construct  in  southern 
California.  In  addition  to  liquid-phase  VOCs,  other 
parameters  including  bacteria,  turbidity,  particle 
counts,  noise,  and  air-phase  VOCs  were  monitored 
to  assess  the  secondary  effects  of  aeration.  Second- 
ary effects  refer  to  the  air,  water,  and  ambient 
quality  that  might  be  affected  by  control  of  VOCs. 
Calcium  carbonate  was  found  to  deposit  on  the 
lowest  packing  and  a  downstream  pump.  This  was 
consistent  with  the  calculated  Langlier  Index  for 
treated  water  being  mildly  scale  forming.  Sodium 
hexametaphosphate  addition  halted  deposition. 
Bacterial  levels  were  found  to  increase  by  two  logs 
with  aeration,  but  chlorine  addition  was  correc- 
tive. Aeration  had  not  significant  effect  on  water 
temperature,  turbidity  and  particulates,  coliforms, 
Legionella,  or  ambient  noise.  Modeling  of  TCE  off 
gases  indicated  levels  in  the  low  part-per-trillion 
range  which  were  not  significantly  different  than 
ambient  TCE  levels  measured.  Factors  such  as 
water  distribution  over  the  packing,  redistribution 
onto  the  packing,  and  changes  in  packing  depth 
were  found  to  influence  PTA  performance.  A  total 
cost  of  <  $0.10/1000  gallons  was  demonstrated. 
(Author's  abstract) 
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OZONATION  OF  ETHYLENEDIAMTNETE- 
TRAACETIC  ACID  (EDTA)  IN  AQUEOUS  SO- 
LUTION, INFLUENCE  OF  PH  VALUE  AND 
METAL  IONS. 

Kernforschungszentrum  Karlsruhe  G.m.b.H.  (Ger- 
many, F.R.).  Inst,  fuer  Radiochemie. 
E.  Gilbert,  and  S.  Hoffmann-Glewe. 
Water  Research  WATRAG,  Vol.  24,  No.  1,  p  39- 
44,  January  1990.  14  fig,  15  ref. 


URANIUM  REMOVAL  FROM  DRINKING 
WATER  USING  A  SMALL  FULL-SCALE 
SYSTEM. 

Arber  (Richard  P.)  Associates,  Inc.,  Denver,  CO. 
R.  T.  Jelinek,  R.  L.  Clemmer,  and  F.  J.  Johns. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-169890. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600-89/012,  March  1989.  37p,  5 
fig,  1 1  tab,  27  ref,  append.  EPA  Contract  7C7639. 


Descriptors:  'Drinking  water,  'Uranium,  'Water 
treatment,  Anion  exchange,  Costs,  Gamma  radi- 
ation, Granular  activated  carbon,  Ion  exchange, 
Maximum  contaminant  level. 

It  is  anticipated  that  the  US  EPA  will  establish  the 
National  Primary  Drinking  Water  Regulation 
(NPDWR)  for  uranium  as  a  maximum  contaminant 
level  (MCL)  at  approximately  10  to  40  pCi/L.  Of 
the  approximately  60,000  community  water  sys- 
tems in  the  United  States,  it  is  estimated  that  be- 
tween 100  and  2,000  will  require  treatment  to 
reduce  uranium  levels  to  a  concentration  within 
this  proposed  MCL  range.  The  primary  focus  of 
this  report  is  to  present  the  background  and  history 
of  water  quality,  basis  for  design,  and  actual  oper- 
ating data  for  a  small,  full-scale  strong  base  ion 
exchange  system  that  is  used  to  reduce  levels  of 
uranium  to  less  than  probable  MCL  range.  The 
study  showed  that  the  small  anion  exchange 
system  removed  the  uranium  in  the  raw  water,  40- 
1 10  micrograms/L  (ug/L),  to  consistently  below  1 
ug/L  for  a  removal  of  >  99%.  The  gamma  radi- 
ation profile  in  the  small  pump  house  was  very  low 
until  a  granular  activated  carbon  (GAC)  system 
was  installed  to  remove  radon.  The  small  system 
has  a  capacity  of  10  gallons  per  minute  and  cost 
$8,900  to  construct.  The  operation  and  mainte- 
nance costs  are  estimated  to  be  $4.30/1,000  gallons 
of  water  treated.  Because  of  no  on-site  disposal 
system,  the  regeneration  wastewater  is  hauled 
away  to  a  school  district  wastewater  treatment 
plant  at  a  cost  of  $2.40/1,000  gallons  of  treated 
water.  (Lantz-PTT) 
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ILLINOIS    SELF-HELP    CONSORTIUM    FOR 
WATER  AND  WASTEWATER  PROJECTS. 

Illinois  Community   Action  Association,   Spring- 
field. 

For  primary  bibliographic   entry  see  Field   5G. 
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COMPARATIVE  HEALTH  EFFECTS  ASSESS- 
MENT OF  DRINKING  WATER  TREATMENT 
TECHNOLOGIES:  REPORT  TO  CONGRESS. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Drinking  Water. 

For  primary  bibliographic  entry  see  Field  5C. 
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SUPERFUND   RECORD   OF   DECISION: 
LAUREL  PARK,  CT. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5B. 
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SORPTION  OF  SELECTED  VOLATILE  OR- 
GANIC CONSTITUENTS  OF  JET  FUELS  AND 
SOLVENTS  ON  NATURAL  SORBENTS  FROM 
GAS  AND  SOLUTION  PHASES. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
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SUPERFUND  RECORD  OF  DECISION:  TAB- 
ERNACLE DRUM  DUMP,  NJ. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-137053. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R02-88/059,  June  30, 
1988.  104p,  3  fig,  5  tab. 

Descriptors:  'Water  pollution  treatment,  'Waste 
dumps,  'Soil  contamination,  'Waste  disposal,  *Su- 
perfund,  'Cleanup  operations,  'New  Jersey, 
•Water  pollution  sources,  Air  stripping,  Ground- 
water pollution.  Heavy  metals,  Chromium,  Lead, 
Burlington,  Trichloroethane,  Methylene  chloride, 
Water  pollution  treatment. 
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The-  .labeniacle  Drum  Dump  site  is  a  one-acre 
facility  located  in  Tabernacle  Township,  Burling- 
ton County,  New  Jersey.  Drum  disposal  activities, 
which  resulted  in  contamination  by  hazardous  sub- 
stances, occurred  on  a  2,000  sq  ft  area  portion  of 
the  site.  In  1976  and  1977,  the  property  was  occu- 
pied by  Mr.  and  Mrs.  Robert  Ware.  During  that 
period,  Mr.  Ware's  employer,  the  Atlantic  Dispos- 
al Services  (ADS),  disposed  of  approximately  200 
fifty-five  gallon  drums,  twenty  gallon  containers, 
and  five  gallon  paint  cans.  Three  containers  were 
stored  at  the  site  from  1977  to  1984.  Deterioration 
and  leakage  of  some  containers  resulted  in  visible 
soil  contamination  and  ultimately  groundwater 
contamination.  Based  on  a  referral  from  Taberna- 
cle Township  officials,  the  Burlington  County 
Health  Department  conducted  a  site  inspection  in 
August  1982,  and  discovered  over  100  abandoned 
drums.  A  remedial  investigation  found  the  site  to 
be  contaminated  with  trichloroethane,  methylene 
chloride  and  trichloroethylene  (TCE),  and  heavy 
metals  such  as  chromium  and  lead.  Pump/treat- 
ment using  air  stripping  was  the  selected  remedy 
for  cleanup  of  the  sites.  (Lantz-PTT) 
W90-05726 

SUPERFUND  RECORD  OF  DECISION: 
SOUTH  ANDOVER,  MN. 

Environmental  Protection  Agency,  Washington, 
DC  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-135354. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R05-88/065,  March  30, 
1988.  16p,  2  fig,  3  tab. 

Descriptors:  *Water  pollution  treatment,  *Waste 
dumps,  *Waste  disposal,  *Superfund,  'Cleanup  op- 
erations, 'Minnesota,  *Water  pollution  sources, 
♦Water  pollution  treatment,  Andover,  Waste  treat- 
ment, Chromium,  Lead,  Volatile  organic  com- 
pounds, Tetrachloroethylene,  Trichloroethylene, 
Toluene,  Organic  compounds,  Costs. 

The  South  Andover  site  is  comprised  of  several 
separate  parcels  of  land  totalling  approximately  50 
acres  in  the  southern  portion  of  Andover,  Minne- 
sota  The  Waste  Disposal  Engineering  landfill,  a 
Superfund  National  Priorities  List  Site,  is  located 
3,000  ft  northeast  of  South   Andover.   Multiple 
waste  handling  operations  occurred  between  1954 
and    1981   on  several  properties  within  the  site 
boundaries.  Waste  processing  was  discontinued  in 
early  1977,  and  waste  acceptance  ceased  in  1978. 
In  1980,  the  Minnesota  Pollution  Control  Agency 
(MPCA)  issued  Notices  of  Violation  for  improper 
disposal  of  industrial  wastes.   Soil  investigations 
have  been   limited   by   the   presence   of  a  large 
volume  of  tires  piled  on  site  and  piles  of  junked 
automobiles.  The  majority  of  the  tires  are  current- 
ly being  shredded  and  removed   from  the  site. 
Currently,  the  primary  contaminants  of  concern 
affecting  the  groundwater  include:  arsenic,  chro- 
mium, lead,  metals,  volatile  organic  compounds, 
tetrachloroethylene,     trichloroethylene,     toluene, 
and  organics.  The  selected  remedial  action  for  this 
site  includes:  continuous  groundwater  extraction; 
provision  of  municipal  water  to  private  well  users 
on  or  near  the  site;  groundwater  monitoring;  and 
placement  of  restrictions  on  new  wells  on  or  near 
the  site  The  present  worth  cost  for  this  remedial 
action  ranges  from  $920,000  to  $2,460,000  depend- 
ing  on    the   discharge   option    selected.    Present 
worth  operations  and  maintenance  ranges  from 
$21,000  to  $140,000.  (Author's  abstract) 
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SUPERFUND  RECORD  OF  DECISION:  LONG 
PRAIRIE,  MN. 

Environmental  Protection  Agency,  Washington, 
DC  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-1 35339. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche 
Report  No.  EPA/ROD/R05-88/066,  June  1988. 
58p,  5  fig,  7  tab. 

Descriptors:  'Superfund,  'Cleanup  operations, 
•Minnesota,  'Water  pollution  sources,  'Water  pol- 
lution treatment,  'Groundwater  pollution,  Long 
Prairie  River,  Volatile  organic  compounds,  Te- 


trachloroethylene,     Trichloroethylene,      Organic 
compounds,  Monitoring,  Air  stripping,  Costs. 

The  Long  Prairie  site,  as  defined  by  the  extent  of 
the  plume  of  contaminated  groundwater,  extends 
2  100  ft  by  1,000  ft  in  Long  Prairie,  Todd  County, 
Minnesota.  The  Long  Prairie  River  flows  within 
500  ft  of  the  contaminant  plume.  In  August  and 
October  1983,  routine  municipal  well  monitoring 
by  the  Minnesota  Department  of  Health  (MDH) 
indicated  contamination  in  two  of  five  municipal 
wells.  The  MDH  ordered  the  two  wells  shut  down 
in  October  1983,  and  in  November  1983,  issued  an 
advisory  to  provide  bottled  water  for  area  resi- 
dents. About  50  of  the  area's  300  private  wells 
were  affected  by  the  groundwater  contamination. 
Since  the  advisory  was  issued,  39  of  the  45  acre 
homes  using  contaminated  groundwater  have  con- 
nected to  the  municipal  drinking  water  system. 
Well  monitoring  in  1984  implicated  an  area  dry 
cleaning  operation  as  the  potential  source  of  con- 
tamination. The  primary  contaminants  of  concern 
affecting   7,000,000  gallons  of  groundwater  and 
3,800  cu  yd  of  soil  are  volatile  organic  compounds 
and  include:  dichloroethane,  tetrachloroethylene, 
and    trichloroethylene.     The    selected     remedial 
action  for  this  site  includes:  groundwater  pump 
and  treatment  using  air  stripping  with  discharge  to 
the  river;  spill  treatment  using  active  soil  venting; 
and  groundwater  monitoring.  The  estimated  cap- 
ital cost  for  this  remedial  action  is  $680,000  with 
annual  operation  and  maintenance  of  $290,000  for 
year  1  and  $150,000  for  years  2-5.  The  estimated 
present   worth   cost   for   this   remedial   action   is 
$21,706,300  without  pretreatment,  or  $23,078,200 
including  pretreatment,  if  necessary.  (Author's  ab- 
stract) 
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SUPERFUND  RECORD  OF  DECISION:  DOUG- 
LASSVILLE  DISPOSAL,  PA. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-135305. 
Price  codes:  A03  in  paper  copy,  A01  m  microfiche. 
Report  No.  EPA/ROD/R03-88/041,  June  1988. 
39p,  3  fig,  3  tab. 

Descriptors:  'Waste  dumps,  'Superfund,  'Cleanup 
operations,  'Water  pollution  sources,  'Waste  dis- 
posal 'Water  pollution  treatment,  Solvents,  Penn- 
sylvania, Schuylkill  River,  Organic  compounds, 
Oil  wastes,  Volatile  organic  compounds,  Polychlo- 
rinated  biphenyls,  Aromatic  compounds,  Lead, 
Costs,  Incineration. 


The  Douglassville  Disposal  Site  occupies  approxi- 
mately 50  acres  of  land  in  Union  Township,  Berks 
County,  Pennsylvania.  In  1941,  Berks  Associates 
began  recycling  lubrication  oil  at  the  site;  waste 
solvents  were  recycled  in  the   1950s  and   1960s. 
Wastes  generated  from  those  recycling  processes 
were  stored  in  onsite  lagoons  from  1941  until  1972. 
In  November  1970,  heavy  rains  caused  the  lagoons 
to  overflow  and  release  as  much  as  3,000,000  gal- 
lons of  wastes  down  the  Schuylkill  River.  Federal 
and  State  actions  were  initiated  to  dispose  of  the 
waste  material  remaining  in  the  lagoons.  Before 
this  action  could  be  carried  out,  heavy  rains  from  a 
hurricane  caused  the  river  to  overflow  its  banks 
and  inundate  the  entire  site  area  in  June  1972.  An 
estimated  6,000,000  to  8,000,000  gallons  of  wastes 
were  carried  by  floodwaters  downstream  for  about 
15  miles.  During  cleanup  after  the  storm,  the  la- 
goons were  drained   and  backfilled  by   the  US 
EPA   Lubrication  oil  recycling  operations  contin- 
ued at  the  site  until   1979.  In  late   1985,  all  oil 
recycling  operations  at  the  facility  were  complete- 
ly discontinued.  Approximately  200,000  gallons  of 
polychlorinated  biphenyl  (PCB)  and  lead  contami- 
nated  oil   and   waste   sludges  remain   in   storage 
tanks.  The  buildings,  tanks,  tank  wastes,  and  proc- 
essing equipment  are  impediments  to  any  future 
soil  and  groundwater  remediation,  and  are  a  source 
of  continuing  contamination  of  these  media.  The 
primary  contaminants  of  concern  include:  volatile 
organic   compounds,   PCBs,   polycyclic   aromatic 
hydrocarbons,   and   lead.   The   selected   remedial 
action  for  this  site  includes:  removal  of  liquid  and 
sludge  tank  waste  with  transportation  to  an  offsite 
incineration    facility;    decontamination    of   tanks, 


piping,  processing  equipment,  and  buikkng  materi- 
als- offsite  disposal  of  building  rubble,  selling  ot 
tanks  and  other  metal  materials  as  scrap;  offsite 
disposal  of  concrete,  asphalt,  and  other  materials; 
and  treatment  of  generated  decontamination  fluids, 
as  appropriate.  The  estimated  capital  cost  for  this 
remedial  action  is  $4,050,000.  No  operation  and 
maintenance  will  be  incurred.  (Lantz-PTT) 
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SUPERFUND  RECORD  OF  DECISION: 
NORTH  CAVALCADE,  TX. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-135289. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R06-88/034,  June  1988. 
39p,  5  fig,  4  tab,  append. 

Descriptors:  'Water  pollution  treatment,  'Waste 
dumps,  'Waste  disposal,  'Superfund,  'Texas, 
•Cleanup  operations,  'Water  pollution  sources, 
'Groundwater  pollution,  Houston,  Pentachloro- 
phenol,  Aromatic  compounds,  Volatile  organics, 
Hydrocarbons,  Toluene,  Organic  compounds, 
Costs,  Xylenes,  Biological  treatment,  Incineration. 

The  21 -acre  North  Cavalcade  site  is  located  in 
northeast  Houston,  Texas.  The  surrounding  areas 
are  a  mixture  of  residential,  commercial,  and  indus- 
trial properties.  Surface  water  is  drained  by  three 
stormwater  drainage  ditches  one  of  which  flows 
into  Hunting  Bayou,  a  limited  aquatic  habitat  as 
classified  by  Texas  Water  Quality  Standards.  The 
site  was  developed  in  1946  when  Houston  Creosot- 
ing  Company,  Inc.  (HCCI)  established  creosote 
wood  preserving  operations.  The  property  was 
sold  in  1964;  there  has  been  no  industrial  activity  at 
the  site  since  1964.  Between  September  1985  and 
November  1987,  EPA  sampled  all  environmental 
media  and  found  polycyclic  aromatic  hydrocar- 
bons (PAHs),  volatile  organic  compounds  (VOCs), 
and  components  of  creosote  in  soil,  groundwater, 
and  sediments.  The  area  of  soil  contamination  cor- 
responds to  where  creosote  was  historically  stored, 
and  the  point  of  entry  for  the  contaminants  into  the 
groundwater.  The  plume  of  contamination  current- 
ly covers  approximately  4  acres.  The  primary  con- 
taminants of  concerning  affecting  the  groundwat- 
er   soils,  and  sediments  include:  VOCs,  benzene, 
toluene,  xylene,  and  PAHs.  The  selected  remedial 
action  for  this  site  includes:  in-situ  biological  treat- 
ment of  22,300  cu  yd  of  soil  (optimum  method  will 
be  determined   after  pilot   testing);   groundwater 
pump  and  treatment  of  5,600,000  gallons  using  oil/ 
water  separation  and  carbon  adsorption  with  rein- 
jection  into  the  aquifer  or,  if  necessary  to  maintain 
the  water  balance,  discharge  into  an  onsite  drain- 
age ditch  which  discharges  into  Hunting  Bayou; 
and  offsite  incineration  of  all  nonaqueous  phase 
liquids  separated  out  from  the  groundwater.  The 
estimated   present   worth   cost   for   this  remedial 
action  is  $4,210,000.  There  is  no  operation  and 
maintenance   associated   with   this   remedy.   (Au- 
thor's abstract) 
W90-05730 


WOOD-DEGRADING  FUNGI  AS  DEGRADERS 
OF  HAZARDOUS  WASTE. 

Environmental    Protection    Agency,    Cincinnati, 
OH.  Risk  Reduction  Engineering  Lab. 
J.  A.  Glaser. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-129076. 
Price  codes:  A02  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/D-88/258,  November  1988. 
5p,  17  ref. 

Descriptors:  'Hazardous  wastes,  'Biodegradation, 
'Fungi,  'Waste  disposal,  'Waste  treatment,  Cul- 
turing  techniques,  Soil  treatment,  Biomass,  Biolog- 
ical studies. 

The  biological  detoxification  of  hazardous  waste  is 
largely  an  underdeveloped  technology.  Bacterial 
species  are  known  to  possess  a  variety  of  detoxifi- 
cation skills,  apparently  associated  with  the  need  to 
survive.  Single  bacterial  species  may  not  have  the 
ability  to  convert  a  toxicant  to  carbon  dioxide  and 


109 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5G— Water  Quality  Control 


2 


water.  The  use  of  fungi  to  degrade  waste  materials 
has  not  been  investigated  to  any  extent  until  re- 
cently. Recent  research  has  assessed  the  effects  of 
selected  soil  types,  temperatures,  pH,  and  water 
potentiaJs  on  the  growth  of  fungus  in  sterile  and 
non-sterile  soils.  Three  well  characterized  soils 
(topsoil  and  subsoil)  were  used  in  this  work.  Bio- 
mass  accumulations  as  well  as  growth  habitat  of 
Phanerochmete  carysosporium  were  greatly  infiu- 
enced  by  soil  type.  Soil  nitrogen  content  appears  to 
be  the  primary  factor  responsible  for  differences  ill 
fungal  growth  in  the  three  studied  soils.  Growth 
was  strongly  and  positively  correlated  with  nitro- 
gen content.  This  factor,  therefore,  appears  to  play 
a  major  role  in  mediating  the  growth  of  the  fungus 
in  soil,  and  is  easily  controlled  by  nitrogen  supple- 
mentation. The  application  of  the  fungus  to  treat 
contaminated  soils  will  include  small-scale  treat- 
ment of  selected  pollutants  at  environmentally  sig- 
nificant concentrations,  the  evaluation  of  amend- 
ments on  primary  and  secondary  metabolism,  and 
the  delivery  of  oxygen  within  the  soil  to  the  grow- 
ing fungus.  Ancillary  investigations  will  look  into 
the  development  of  better  estimates  of  fungal  bio- 
mass  in  soil,  the  importance  of  soil  sterilization  to 
growth  of  the  fungus,  and  inoculum  development 
(Lantz-PTT) 
W90-05731 


ARCTIC  OIL  SPILL  RESPONSE  GUIDE  FOR 
THE  ALASKAN  BEAUFORT  SEA. 

Coast  Guard  Research  and  Development  Center, 
Groton,  CT. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22)61,  as  AD-A204-788. 
Price  codes:  A 14  in  paper  copy,  A01  in  microfiche. 
Report  No.  CG-D- 18-88,  March  1988.  316p,  74  fie, 
32  tab,  79  ref. 

Descriptors:  'Arctic  zone,  'Alaska,  *Oil  pollution, 
•Beaufort  Sea,  *Oil  spills,  •Cleanup  operations, 
Management  planning,  Contingency  planning. 

This  document  describes  equipment,  techniques 
and  logistics  for  responding  to  oil  spills  in  the 
Alaskan  Beaufort  Sea.  It  is  designed  to  serve  as  a 
planning  guide  which  will  help  the  US  Coast 
Guard  on-Scene  Coordinator  identify  the  steps  and 
priorities  for  responding  to  major  oil  spills  or  oil 
well  blowouts  associated  with  petroleum  activity 
off  the  northern  coast  of  Alaska.  Along  with  pro- 
viding critical  insight  for  developing  an  oil  spill 
response  strategy,  this  document  discusses  environ- 
mental factors  which  can  contribute  to  the  success 
or  failure  of  an  oil  spill  cleanup  operation  in  arctic 
waters.  Additionally,  it  provides  a  detailed  descrip- 
tion of  the  oil  spill  cleanup  equipment  in  Alaska 
and  outlines  manpower  requirements  for  its  de- 
ployment and  operation.  (Author's  abstract) 
W90-05739 


SUPERFUND  RECORD  OF  DECISION:  FRON- 
TIER HARD  CHROME,  WA. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-135313. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R10-85/014,  July  1988 
29p,  7  fig,  1  tab. 

Descriptors:  *Water  pollution  treatment,  'Super- 
fund,  *Water  pollution  sources,  *Cleanup  oper- 
ations, •Groundwater  pollution,  Vancouver, 
Washington,  Water  pollution  treatment,  Chromi- 
um, Adsorption,  Volatile  organic  compounds,  Ac- 
tivated carbon,  Costs. 

The  Frontier  Hard  Chrome  (FHC)  site,  covering 
approximately  one-half  acre,  is  located  in  the  City 
of  Vancouver,  Washington.  The  area!  groundwat- 
er is  used  as  the  drinking  water  supply  for  the  City 
of  Vancouver,  which  has  two  well  fields  within 
one  mile  of  the  site.  Since  1955,  the  site  as  primari- 
ly been  occupied  by  two  companies  engaged  in  the 
chrome  plating  business.  The  facility  is  now  being 
used  as  a  storage  and  staging  area  for  a  neighbor- 
ing business.  In  1975,  the  City  of  Vancouver  deter- 
mined that  the  chromium  in  the  wastewater  from 
FHC  was  upsetting  the  operation  of  its  new  sec- 
ondary treatment  system.  At  that  time,  FHC  began 


discharge  of  their  untreated  plating  wastes  to  a  dry 
well  behind  the  facility.  In  1976,  the  Washington 
State  Department  of  Ecology  permitted  FHC  to 
discharge  to  the  dry  well.  In  1982,  Ecology  found 
FHC  in  violation  of  the  Washington  State  Danger- 
ous Waste  Act  for  the  illegal  disposal  of  hazardous 
wastes,  and  in  1983  ordered  FHC  to  stop  discharg- 
ing to  the  dry  well.  In  December  1987,  EPA 
published  a  Record  of  Decision  for  the  site's  first 
operable  unit,  which  addressed  the  soil  contamina- 
tion. The  second  and  final  operable  unit  addresses 
chromium  contaminated  groundwater.  The  select- 
ed remedial  action  for  this  site  includes:  ground- 
water pump  and  treatment  using  selective  media 
ion  exchange  to  remove  chromium,  followed  by 
carbon  adsorption  to  remove  volatile  organic  com- 
pounds with  discharge  into  the  river  or  the  city 
sanitary  sewer;  groundwater  monitoring;  and  im- 
plementation of  institutional  controls  to  restrict 
groundwater  usage  and  to  control  new  well  drill- 
ing. The  estimated  present  worth  cost  for  this 
remedy  is  $3,800,000.  (Lantz-PTT) 
W90-05741 


RETENTION,  DETENTION,  AND  OVERLAND 
FLOW  FOR  POLLUTANT  REMOVAL  FROM 
HIGHWAY  STORMWATER  RUNOFF:  INTER- 
IM GUIDELINES  FOR  MANAGEMENT  MEAS- 
URES. 

Versar,  Inc.,  Springfield,  VA. 
For  primary  bibliographic   entry  see  Field   5D 
W90-05754 


REVIEW  AND  EVALUATION  OF  CONTIN- 
GENCY  PLANS  FOR  OIL  AND  HAZARDOUS 
SUBSTANCES  IN  THE  UPPER  GREAT  LAKES 
REGION. 

E-Tech,  Inc.,  Naragansett,  RI. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A205-209. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 
November  15,  1986.  268p,  10  fig,  9  tab,  9  append 
DOA  Contract  DACW35-86-R-O046. 

Descriptors:  'Emergency  planning,  *Oil  pollution, 
♦Hazardous  wastes,  *Great  Lakes,  *Water  pollu- 
tion treatment,  'Cleanup  operations,  Ice,  Cold  re- 
gions, Evaluation,  Oil  recovery. 

A   contingency   plan   review   conducted   for   the 
Corps  in  1979  by  the  St.  Lawrence-Eastern  Ontar- 
io Commission  for  handling  oil  and  hazardous  sub- 
stance spills  on  the  upper  Great  Lakes  and  their 
connecting  channels  was  updated  and  reviewed. 
Special  attention  was  given  to  cleanup  and  control 
methods  described  for  ice  conditions  that  may  exist 
in  the  region  in  winter.   A  total  of  50  federal, 
international,  state,  and  private  contingency  plans 
was  reviewed  and  evaluated  as  part  of  this  project. 
In  addition,  a  summary  of  equipment  and  person- 
nel available  for  response  in  this  region  was  pre- 
pared based  on  information  collected  from  49  pri- 
vate companies  as  well  as  the  Canadian   Coast 
Guard.  A  total  of  13  plans  present  information 
concerning  techniques  to  contain  and  recover  oil 
in    non-ice    conditions.    Representative    diagrams 
from  these  plans  are  presented.  Only  four  plans 
make  any  notations  toward  ice  conditions,  and 
most  provide  only  a  curt  description  of  seasonal 
ice  coverage.  The  exception  to  this  is  the  plan 
developed  by  the  Sault  Ste.  Marie  Marine  Safety 
Office  which  describes  basics  concerning  oil  re- 
covery, storage,  and  disposal  in  ice  conditions. 
Plans     specifically     to     mitigate     environmental 
damage  are  essentially  nonexistent.  Several  plans 
provide  specific  oil  recovery  sites.  Environmental 
sensitivity  maps,  present  brief  summaries  of  pre- 
ferred cleanup  methods  for  oiled  shorelines.  Most 
contingency  plans  in  the  region  provide  at  least 
basic  information  concerning  the  resources  need- 
ing  protection.    Nine   plans   also   reference   bird 
cleaning  and  hazing  as  a  method  of  mitigating 
damage  to  wildlife.  Methods  to  deflect  oil  in  swift- 
flowing  rivers  are  presented  in  ten  plans.  Disposal 
methods  are  summarized   by   type  in  the  plans. 
Plans  for  specific  spill  scenario  are  generally  lack- 
ing. Licensed  disposal  sites  are,  however,  common- 
ly listed.  It  assumed  that  if  these  sites  are  contact- 
ed, then  the  material  will  be  disposed  of  properly. 
Other  guidelines  are  not  generally  presented.  In  all 
(with  the  exception  of  the  Sault  Ste.  Marie  MSO 


plan),  there  appears  to  be  a  serious  lack  of  informa- 
tion presented  in  these  contingency  plans  concern- 
ing the  collection  and  disposal  of  oil  in  ice  condi- 
tions. (Lantz-PTT) 
W90-05768 


PROTECTION  OF  RIVER  BASINS,  LAKES 
AND  ESTUARIES:  FIFTEEN  YEARS  OF  COOP- 
ERATION TOWARD  SOLVING  ENVIRON 
MENTAL  PROBLEMS  IN  THE  USSR  AND 
USA. 

For  primary  bibliographic  entry  see  Field  6G 
W90-05772 


STRATEGY  OF  WATER  QUALITY  PLANNING 
AND  MANAGEMENT. 

Vsesoyuznyi  Nauchno-Issledovatel'skii  Inst.  Gi- 
drotekhniki  i  Melioratsii,  Kharkov  (USSR). 
A.  V.  L'vov,  and  A.  K.  Kuzin. 
IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA 
Report  No.  EPA/600/9-88/023,  November  1988  d 
5-36,  6  fig,  2  tab,  7  ref. 

Descriptors:  'Management  planning,  'Water  pol- 
lution control,  'Water  quality  management,  Policy 
making,  Water  quality. 

The  uneven  presentation  in  volume  of  the  compo- 
nents of  water  quality  control  strategy  (determina- 
tion of  goals,  planning,  plan  realization  and  con- 
trol) does  not  diminish  the  functioning  importance 
of  each  of  them.  The  leading  component  of  the 
strategy,  however,  is  the  determination  for  goals. 
It  is  here  that  the  question  'to  be  or  not  to  be'  is 
solved  of  whether  the  rivers,  lakes,  and  bays  are  to 
be  clean  or  whether  they  shall  forever  turn  into 
sewage  ditches  and  storage  areas  of  malodorous 
poisonous  waters.   It  is  here  that  state  wisdom, 
power,  and  will  of  a  nation  are  displayed.  Clean 
water  is  a  full-fledged  component  of  well-being 
and,  for  this  reason,  the  selection  of  water  protec- 
tion goals  is  important  within  the  framework  of 
promoting  general  well-being.  For  more  complete 
and  comprehensive  development  of  water  protec- 
tion programs,  environmental  protection  has  to  be 
based  on  the  ecosystem  approach,  the  determina- 
tion of  water  pollution  sources  has  to  be  based  on 
the  mass  balance  approach,  and  the  determination 
of  water  protection  measure  efficiency  has  to  be 
based  on  a  combination  of  the  technological  and 
basin  approaches.  The  area  of  priorities  has  to  be 
transferred  to  resource-saving  technology,  which 
is  nature  protective  and  economical  at  the  same 
time.  The  coordination  in  the  implementation  of 
water  protection  measures  for  the  realization  of 
protection  programs  has  to  be  combined  with  a 
functioning  system  of  carefully  thought  out  eco- 
nomic sanctions  and  stimuli.  The  development  of  a 
special  fund,  based  on  payments  for  sewage  dispos- 
al, promises  a  double  advantage:  stimulation  for 
cutting  poflutant  disposal  and  the  formation  of 
funds  for  implementation  of  intersectorial  meas- 
ures. Efficient  water  condition  control  should  be 
based  on  the  completeness,  reliability,  and  econom- 
ical nature  of  the  information  on  sewage  composi- 
tion and  properties,  and  surface  water  quality.  This 
control  should  allow  for  the  determination  of  the 
cause-effect  relationship  between  pollution  sources 
and  water  quality.  (See  also  W90-05772)  (Lantz- 
PTT) 
W90-05773 


MASS  BALANCE  APPROACH  TO  WATER 
QUALITY  MANAGEMENT  IN  THE  GREAT 
LAKES  BASIN  TRIBUTARIES. 

Environmental  Protection  Agency,  Chicago,  IL. 
Region  V. 

L.  E.  Fink,  and  P.  L.  Wise. 

IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
37-57,  1  fig,  4  ref. 

Descriptors:  'Great  Lakes,  'Mass  balance,  'Model 
studies,  'Water  pollution  control,  'Water  quality 
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management, -Eate  of  pollutants,  Management  plan- 
ning, Monitoring,  Path  of  pollutants. 

The  mass  balance  approach  is  a  simple  accounting 
scheme  that  allows  one  to  identify,  quantify,  and 
control,  where  possible,  all  significant  sources  of  a 
toxicant  to  a  receiving  water.  Its  application  re- 
quires no  new  theories  or  principles.  It  does  re- 
quire a  broader  view,  however,  of  what  sources 
need  to  be  addressed  under  the  Clean  Water  Act 
(CWA).  It  also  requires  an  understanding  of  the 
transport  and  fate  of  toxicants  in  lotic  and  lentic 
ecosystems,  so  that  the  appropriate  limiting  water 
body  is  identified.  In  addition  an  appreciation  of 
the  sources  and  magnitudes  of  the  error  and  uncer- 
tainty associated  with  modeling  of  the  load-con- 
centration relationships,  is  necessary  in  order  to 
include  an  appropriate  margin  of  safety  in  the 
waste  load  allocation  formula.  The  tools  that  will 
be  used  in  mass  balance  modeling  are  the  same 
basic  tools  successfully  utilized  for  conventional 
pollutants.  The  success  of  the  mass  balance  effort 
for  toxic  chemicals  relies  on  the  ability  to  success- 
fully monitor  these  chemicals  from  diffuse  sources 
at  levels  corresponding  to  loading  rates  of  concern 
and  in  the  ambient  environment  at  concentrations 
at  or  near  the  Water  Quality  Standard  (WQS). 
This  will  require  the  characterization  of  as  yet 
untested  or  inadequately  tested  environmental  pol- 
lutants so  that  appropriate  WQS  can  be  derived. 
Once    protective    WQS    are    derived,    analytical 
methods  with  the  appropriate  limits  of  quantifica- 
tion  can  be   developed.    With   such   methods   it 
should  be  possible  to  evaluate  how  well  the  models 
used  to  calculate  load-concentration  relationships 
match  actual  monitoring  results  after  all  significant 
sources   are   identified    and    quantified,    and   the 
sources  controls  under  the  waste  load  allocation 
are  implemented.   Feedback  from  this  follow-up 
monitoring  will  allow  the  refinment  of  the  loading 
and  fate  rate  estimates,  as  well  as  the  accuracy  and 
precision  of  model  predictions.  The  1978  Great 
Lakes   Water    Quality    Agreement    between    the 
United  States  and  Canada  underscores  the  unique 
and  irreplaceable  character  of  the  Great  Lakes 
ecosystem,  making  it  all  the  more  imperative  that 
the  total  loadings  of  the  most  persistent  and  bioac- 
cumulative  of  the  toxic  pollutants  to  the  Great 
Lakes  be  reduced  to  the  maximum  extent  practica- 
ble in  the  shortest  time  possible.  (See  also  W90- 
05772)  (Lantz-PTT) 
W90-05774 


WATER  QUALITY  MODELING  AND  DEVEL- 
OPMENT OF  WATER  PROTECTION  PRO- 
GRAMS. 

Vsesoyuznyi  Nauchno-Issledovatefskii  Inst.  Gi- 
drotekhniki  i  Melioratsii,  Kharkov  (USSR). 
Y.  V.  Yermenko,  and  G.  A.  Sukhorukov. 
IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA. 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
58-100,  4  fig,  4  tab,  35  ref. 

Descriptors:  'Management  planning,  *Model  stud- 
ies, *Water  pollution  control,  *Water  quality  man- 
agement, Mathematical  analysis,  Mathematical 
models,  Theoretical  analysis. 

Progress  in  the  improvement  of  water  quality  for- 
mation models  and  the  optimization  of  water  pro- 
tection measures  may  be  characterized  as  a  change 
from  a  static  formulation  of  problems  to  dynamic 
ones,  a  change  from  the  simplest  single  component 
models  of  water  quality  formation  to  multicom- 
ponent  models  that  consider  the  processes  of  inter- 
ference and  transformation  of  substances  in  a  body 
of  water,  and  a  change  from  a  single  criterion 
formulation  of  problems  to  a  multicriteria  ap- 
proach. Such  development  of  modeling  technolo- 
gy is  based  on  the  need  to  provide  tools  that  are 
adequate  for  actual  water  protection  problems  and 
at  the  same  time  are  suitable  for  extensive  use.  To 
this,  a  whole  number  of  scientific  problems  must  be 
solved  including:  selection  and  improvement  of  the 
theoretical  basis  for  the  synthesis  of  program  de- 
velopment control  in  the  area  of  water  protection; 
building  a  system  of  optimization  models  for  the 
water  protection  complexes;  and  building  a  more 
improved  system  of  water  quality  formation 
models  that  are  convenient  for  inclusion  in  the 


program  optimization  process.  Expansion  of  the 
concept  of  water  protective  measures,  which  leads 
to  substantial  complication  of  the  models,  has 
become  important  along  with  the  qualitative 
change  in  the  formulation  of  the  optimization  prob- 
lems. These  include,  in  the  number  of  optimized 
variables,  the  characteristic  set  of  production  tech- 
nology development,  treatment  technology  (purifi- 
cation) and  recovery  of  discharged  water,  as  well 
as  water  supply  technology,  which  significantly 
influences  the  amount  of  water  in  the  water 
sources.  Such  an  approach  requires  an  examination 
of  the  processes  for  attaining  the  final  product 
output  objectives.  (See  also  W90-05772)  (Lantz- 
PTT) 
W90-05775 


PROCEDURAL-METHODOLOGICAL  PROB- 
LEMS OF  INVESTIGATING  PETROLEUM 
PRODUCTS  IN  CONTINENTAL  SURFACE 
WATERS. 

Hydrochemical  Inst.,  Rostov-na-Donu  (USSR). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05779 


RISK  ASSESSMENT  OF  CHEMICALS  IN  THE 
ENVIRONMENT. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05792 


SELECTION   OF   SUBSTANCES   REQUIRING 
PRIORITY  ACTION. 

Department  of  the  Environment,  London  (Eng- 
land). Water  Quality  Div. 
For  primary  bibliographic  entry  see  Field  6B. 
W90-05798 


PESTICIDES   IN   THE   AQUATIC   ENVIRON- 
MENT-DATA NEEDS  FOR  THEIR  CONTROL. 

Department  of  the  Environment,  London  (Eng- 
land). Water  Quality  Div. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05801 

QUALITY    ASSURANCE    GUTDELINES    FOR 
ORGANIC  ANALYSIS. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05806 


U  S.  ENVIRONMENTAL  PROTECTION  AGEN- 
CY'S STRATEGY  FOR  GROUND  WATER 
QUALITY  MONITORING  AT  HAZARDOUS 
WASTE  LAND  DISPOSAL  FACILITIES  LO- 
CATED IN  KARST  TERRANES. 
Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Health  and  Environmental  Assess- 
ment. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05807 


FINAL  PROGRAM  PLAN:  RESEARCH  STUDY 
ON  HORIZONTAL  WELL  DRILLING  AND  IN- 
SITU  REMEDIATION. 

Savannah  River  Lab.,  Aiken,  SC.  Technical  Div. 
D.  S.  Kaback,  and  B.  B.  Looney. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE89-000010. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  DPST-88-346,  February  22,  1988.  23p, 
13  fig,  1  tab,  3  ref. 

Descriptors:  *Groundwater  pollution,  *Horizontal 
wells,  *In  situ  treatment,  *Water  pollution  treat- 
ment, Air  stripping,  Soil  contamination,  Vacuum 
extraction,  Vadose  zone,  Volatile  organic  com- 
pounds. 

Vacuum  extraction  and  air  stripping  are  new  tech- 
nologies that  have  broad  application  at  sites  of 
volatile  organic  contaminated  soils  and  groundwat- 
er. These  types  of  sites  are  very  common  across 
the  United  States.  A  research  study  to  test  the 
combined  effect  of  both  technologies  in  an  m-situ 
setting  is  planned.  Vacuum  extraction  has  been 


demonstrated  as  an  effective  technique-to  remedi- 
ate the  vadose  zone  both  at  the  Savannah  River 
Plant  (SRP)  in  Georgia,  and  at  numerous  sites 
across  the  country.  Air  stripping  has  also  been 
demonstrated  as  an  effective  technique  in  an 
above-ground  setting  at  SRP  and  across  the  coun- 
try. However,  it  has  not  been  tested  as  an  in-situ 
method.  The  proposed  research  is  on  the  leading 
edge  of  groundwater/vadose  zone  remediation 
technology  and  has  great  potential  to  impact  avail- 
able technology  in  this  field.  Plans  call  for  installa- 
tion of  two  horizontal  wells  one  below  the  water 
table  and  one  in  the  vadose  zone,  to  test  a  combina- 
tion of  vacuum  extraction  and  in-situ  air  stripping 
at  a  site  with  known  volatile  organic  contamina- 
tion of  both  soils  and  groundwater.  The  proposed 
research  study  has  no  potential  for  causing  signifi- 
cant adverse  environmental  impact.  The  detailed 
program  plan  has  been  revised  to  incorporate  com- 
ments received  from  the  South  Carolina  Depart- 
ment of  Health  and  Environmental  Control 
(SCDHEC)  on  the  proposal  submitted  in  October 
of  1987.  The  final  program  plan  is  being  submitted 
to  SCDHEC  as  an  attachment  to  the  Underground 
Injection  Well  Permit  Application.  (Author's  ab- 
stract) 
W90-05809 

VOLUNTEER  LAKE  MONITORING  PRO- 
GRAM, 1987.  VOLUME  VI:  SOUTHWESTERN 
ILLINOIS  REGION. 

Illinois  State  Environmental  Protection  Agency, 
Springfield.  Div.  of  Water  Pollution  Control. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05827 

SPRAY  DISPOSAL  OF  DREDGED  MATERIAL 
IN  LOUISIANA  WETLANDS:  HABITAT  IM- 
PACTS AND  REGULATORY  POLICY  IMPLI- 
CATIONS. 

Louisiana  Sea  Grant  Coll.  Program,  Baton  Rouge. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-05828 

CHESAPEAKE  BAY  MAINSTEM  MONITOR- 
ING PROGRAM  STATISTICAL  AND  ANALYT- 
ICAL SUPPORT  CONTRACT:  FINAL 
REPORT- VOLUME  I. 

Martin  Marietta  Environmental  Systems,  Colum- 
bia, MD. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-156640. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  CBS/TRS  12/87,  September  1987. 
48p,  8  fig,  8  tab,  14  ref,  4  append.  Chesapeake 
Research  Consortium  contract  X-003321-02. 

Descriptors:  'Chesapeake  Bay,  *Data  acquisition, 
•Hydrologic  data,  *Monitoring,  *Water  quality, 
Chlorophyll  a,  Data  interpretation,  Dissolved 
oxygen,  Network  design,  Salinity,  Statistical  meth- 
ods, Water  sampling. 

A  statistical  analysis  framework  was  developed  for 
detection  of  trends  in  Chesapeake  Bay  water  qual- 
ity attributable  to  pollution  control  management 
actions.  A  procedure  for  selecting  among  the  many 
possible  statistical  methods  appropriate  for  trend 
analysis  of  water  quality  data  is  presented.  The 
analysis  selection  procedure  is  based  on  the  charac- 
teristics of  the  data  being  analyzed  and  is  applica- 
ble to  both  historical  and  Chesapeake  Bay  Pro- 
gram (CBP)  water  quality  monitoring  data.  Based 
on  the  proposed  analysis  framework  and  graphical 
and  tabular  analyses  of  the  CBP  monitoring  data,  a 
preliminary  evaluation  of  the  sampling  design  of 
the  CBP  monitoring  program  is  provided.  The 
quality  assurance/quality  control  (QA/QC)  proce- 
dures applied  to  CBP  monitoring  data  prior  to 
analyses  are  described  and  recommendations  on 
various  aspects  of  collection  and  analysis  of  Chesa- 
peake Bay  water  quality  monitoring  program  data 
are  made.  For  data  analysis,  the  recommendations 
are:  (1)  additional  refinements  of  the  proposed 
analysis  framework  should  be  performed;  (2)  Main 
Bay  stations  located  in  the  vicinity  of  tributaries 
should  not  be  included  in  analyses  characterizing 
mainstem  water  quality;  (3)  QA/QC  procedures, 
including  estimation  of  error  rates,  should  be  ap- 
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plied  to  data  (both  new  and  historical)  before  they 
are  incorporated  into  the  CBP  database  to  ensure 
data  are  acceptable  for  public  dissemination;  and 
(4)  information  on  exchange  rates  among  dissolved 
and  particulate  nutrients,  chlorophyll-a,  and  dis- 
solved oxygen  (DO)  for  both  the  water  column 
and  the  sediments  should  be  incorporated  into 
analyses  of  CBP  water  quality  monitoring  data. 
For  sampling  design,  the  recommendations  are:  (1) 
rigorous  evaluation  of  the  CBP  water  quality  mon- 
itoring program  design;  (2)  as  is  being  done,  meas- 
urements of  temperature,  salinity,  conductivity, 
DO,  and  pH  should  be  taken  at  2  m  depth  intervals 
for  the  above  and  below  pycnocline  layers,  and 
DO  and  salinity  measurements  should  be  take  at  1 
m  depth  intervals  within  the  pycnocline  for  the 
central  region  of  the  Bay  to  define  DO  and  salinity 
isopleths  as  accurately  as  possible;  and  (3)  data 
generators,  to  the  degree  possible,  should  be  re- 
quired to  use  similar  data  collection  and  measure- 
ment techniques.  (Lantz-PTT) 
W90-05829 


NATIONAL     STREAM     SURVEY-PHASE     I: 
QUALITY  ASSURANCE  REPORT. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Acid   Deposition,   Environmental 

Monitoring,  and  Quality  Assurance. 

For  primary  bibliographic  entry  see  Field  7A. 

W9O-05830 


DETERMINING  REFORESTATION  AREA 
AND  DISTRIBUTION  FOR  SALINITY  CON- 
TROL. 

Water  Authority  of  Western  Australia,  Perth.  Sur- 
face Water  Branch. 
N.  J.  Schofield. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 
No.  1,  p  1-19,  February  1990.  7  fig,  3  tab,  29  ref. 

Descriptors:  *Forest  hydrology,  'Hydrologic 
budget,  'Hydrologic  models,  'Model  studies,  'Re- 
forestation, 'Water  pollution  control,  Data  inter- 
pretation, Design  criteria,  Prediction,  Regression 
analysis,  Salinity  control. 

Two  methods  of  estimating  reforestation  area  for 
salinity  control  are  described.  The  first  method,  a 
simple  water  balance  model,  has  readily  determina- 
ble parameters  and  sensitivity.  Further  parameter 
measurements  are  necessary  to  improve  its  reliabil- 
ity and  applicability.  The  second  method  is  based 
on  regressions  of  observed  water  table  reductions 
below  reforestation  on  the  area  and  density  of 
reforestation.  The  regressions  have  high  correla- 
tion coefficients  and  are  statistically  significant  at 
the  0. 1  %  level.  A  groundwater  modeling  approach 
to  determine  the  optimum  reforestation  distribution 
was  found  to  have  extensive  data  requirements  and 
involved  assuming  values  for  some  key  model  pa- 
rameters. Predictions  should  be  checked  in  the 
field.  The  best  current  approach  to  reforestation 
design  is  to  use  the  water  balance  model  or  experi- 
mental regressions  to  predict  reforestation  area, 
and  then  use  the  groundwater  model  to  design  the 
optimum  reforestation  layout.  (Author's  abstract) 
W90-05835 


DEVELOPMENT  OF  A  BENTHIC  INVERTE- 
BRATE OBJECTIVE  FOR  MESOTROPHIC 
GREAT  LAKES  WATERS. 

Canada  Centre  for  Inland  Waters,  Burlington  (On- 
tario). 

For  primary  bibliographic  entry  see  Field  2H. 
W90-05852 


CLADOPHORA     INTERNAL     PHOSPHORUS 
MODELING.  VERIFICATION. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05854 


REGULATING  CONTAMINATED  SEDIMENTS 
IN  AQUATIC  ENVIRONMENTS:  A  HYDRO- 
LOGIC  PERSPECTIVE. 

Maryland  Univ.,  College  Park.  Dept.  of  Geogra- 
phy. 


For  primary  bibliographic  entry  see  Field  5 A. 
W90-05865 


HYDROLOGIC    ANALYSIS     FOR    COASTAL 
WETLAND  RESTORATION. 

Williams  (Philip)  and  Associates,  San  Francisco 

CA. 

For  primary  bibliographic  entry  see  Field  7A. 

W90-05866 


LAKE  MANAGEMENT  TECHNIQUES  IN 
FLORIDA,  USA:  COSTS  AND  WATER  QUAL- 
ITY EFFECTS. 

Florida  Inst,  of  Tech.,  Melbourne.  Dept.  of  Chemi- 
cal and  Environmental  Engineering. 
F.  E.  Dierberg,  and  V.  P.  Williams. 
Environmental  Management  EMNGDC,  Vol.  13, 
No.  6,  p  729-742,  November/December  1989.  2  fie' 
6  tab,  9  ref. 

Descriptors:  'Eutrophic  lakes,  'Florida,  'Lake 
management,  'Lake  restoration,  Economic  as- 
pects, Management  planning,   Statistical  analysis. 

Economic  evaluations  of  restored  or  enhanced 
lakes  in  Florida  indicated  gravity  drawdown  was 
the  least  expensive  action,  whereas  effluent  diver- 
sion was  10,000  times  more  costly  on  a  per  hectare 
basis,  with  the  other  lake  treatment  costs  occurring 
in  the  following  order:  gravity  drawdown  <  grass 
carp  introduction  <  mechanical  drawdown  <  aer- 
ation <  stormwater  control  =  drawdown-dredg- 
ing <  effluent  diversion.  Within  a  particular  treat- 
ment category,  the  costs  spanned  approximately 
one  and  one  half  orders  of  magnitude.  Contrary  to 
the  abundant  cost  data,  which  permitted  an  eco- 
nomic analysis,  inappropriate  statistical  design  and 
lack  of  commitment  toward  sampling  Florida's  re- 
stored lakes  undermines  attempts  to  understand 
long-term  water  quality  responses  to  various  en- 
hancement techniques.  Using  lake  Tohopekaliga  as 
a  case  study,  ordinary  statistical  tests  produced 
contradictory  and  unreliable  interpretations  on  the 
effectiveness  of  drawdown  and  phosphorus  remov- 
al at  sewage  treatment  plants  in  improving  the 
trophic  state  index.  This  emphasizes  the  need  for 
more  robust  statistical  approaches  and  more  de- 
tailed data  collection  in  evaluating  lake  restoration 
activities.  It  is  unfortunate  for  Florida's  lake  resto- 
ration program  that  quantitative  conclusions  based 
on  inferential  statistics,  replete  with  tests  of  as- 
sumptions, is  limited  to  very  few  lakes.  (Author's 
abstract) 
W90-05867 


WATER  QUALITY/WATER  QUANTITY  CON- 
FLICTS IN  CALIFORNIA. 

McDonough,  Holland  and  Allen,  Sacramento,  CA. 
For  primary  bibliographic  entry  see  Field  6E. 
W9O-O5890 


FILTRATION  ACnvrrY  OF  A  SERPULID  PO- 
LYCHAETE  POPULATION,  FICOPOMATUS 
ENIGMATICUS  (FAUVEL),  AND  ITS  EFFECTS 
ON  WATER  QUALITY  IN  A  COASTAL 
MARINA. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Zoolo- 
gy- 

For  primary  bibliographic  entry  see  Field  2L. 
W90-05912 


FATE  OF  FRESHWATER  MUSSELS  TRANS- 
PLANTED TO  FORMERLY  POLLUTED 
REACHES  OF  THE  CLINCH  AND  NORTH 
FORK  HOLSTON  RIVERS,  VIRGINIA. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Fisheries  and  Wildlife  Sciences. 
R.  J.  Sheehan,  R.  J.  Neves,  and  H.  E.  Kitchel. 
Journal  of  Freshwater  Ecology  JFREDW,  Vol  5 
No.  2,  p  139-149,  December  1989.  2  fig,  3  tab,  20 
ref. 

rors:      'Habitat      restoration,      'Mussels, 
.rs,  'Stream  biota,  'Virginia,  'Water  pollu- 
tion effects,  Environmental  effects,  Mollusks,  Mor- 
tality, Population  reestablishment,  Recolonization, 
Tennessee,  Water  pollution,  Water  quality. 


The  Clinch  River  in  southwestern  Virginia  and 
eastern  Tennessee  contains  roughly  45  species  of 
freshwater  mussels.  However,  environmental  con- 
taminants and  toxic  spills  have  eradicated  mussels 
from  a  section  of  the  river  where  the  fauna  was 
once  diverse  and  abundant.  Adult  freshwater  mus- 
sels (Unionidae)  were  translocated  to  reaches  of 
the  Clinch  and  North  Fork  Holston  rivers  in  south- 
western Virginia,  where  mussels  had  previously 
been  eliminated  by  water  pollution.  A  total  of 
3,872  adult  mussels  of  seven  species  were  translo- 
cated and  monitored  for  up  to  four  years.  Annual 
declines  of  some  species  were  roughly  10  %, 
whereas  other  species  appeared  to  decline  much 
more  rapidly.  Losses  were  attributed  largely  to  the 
high  natural  mortality  of  the  older  mussels  that 
were  translocated,  as  little  active  or  passive  move- 
ment of  mussels  from  the  sites  was  detected.  Some 
mortality  of  mussels  moved  to  the  Clinch  River 
may  have  been  related  to  continuing  perturbations 
in  water  quality.  Site  selection  and  the  use  of  both 
young  and  adult  cohorts  appear  to  be  key  factors 
in  the  successful  translocation  of  mussels.  (Mertz- 
PTT) 
W90-05928 


COPPER  TOXICITY  FOR  BLUE-GREEN 
ALGAE  WITH  REFERENCE  TO  THEIR  PHYS- 
IOLOGICAL STATUS. 

Humboldt-Univ.  zu  Berlin  (German  D.R.).  Sektion 

Biologic 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05938 


URBAN   STREAMS   AS   A   PLACE   TO   LIVE 
(STADTBACHE  ALS  LEBENSRAUM). 

Gesamthochschule  Essen  (Germany,  F.R.).  Inst. 

fuer  Oekologie. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-06O21 


MAPPING  OUT  A  PLAN  TO  PROTECT  ARI- 
ZONA'S GROUNDWATER. 

Arizona  Dept.  of  Environmental  Quality,  Phoenix. 

Office  of  Water  Quality. 

D.  Totman. 

Water  Engineering  and  Management  WENMD2, 

Vol.  137,  No.  11,  p  24-26,  November  1989. 

Descriptors:  'Arizona,  'Environmental  protection, 
•Groundwater  quality,  'Hydrologic  maps,  'Water 
pollution  control,  'Water  pollution  prevention, 
Administrative  agencies,  Computers,  Geographic 
information  systems,  Management  planning,  Ni- 
trates. 

The  Arizona  Department  of  Environmental  Qual- 
ity (DEQ)  is  addressing  the  health  threat  posed  by 
nitrates  with  a  progressive  groundwater  protection 
program.  Among  other  functions,  the  program  is 
designed  to  monitor  and  reduce  nitrate  levels  state- 
wide. Assisting  the  DEQ  in  its  efforts  is  a  geo- 
graphical information  system  using  graphics  soft- 
ware and  running  on  a  computer  workstation  with 
a  19-inch  color  monitor  and  an  eight-color  plotter. 
Data  has  been  downloaded  from  the  state  land 
department's  database  into  state  topographic  maps. 
Groundwater-quality  data  has  also  been  download- 
ed, including  nitrate  levels  obtained  by  field  testing 
of  wells.  To  map  these  levels,  a  hydrologist  over- 
lays the  latest  map  with  nitrate  data.  A  program 
then  transforms  the  point  data,  in  this  case,  the 
well  heads,  into  color-coded  contours  that  estimate 
nitrate  levels  for  the  entire  region.  Using  a  menu  of 
pull-down  symbols,  the  hydrologists  can  also  plot 
pollution  sources,  water  levels  in  tested  wells,  loca- 
tion of  public  water  supplies  and  land-use  activities 
which  affect  the  groundwater  flow  in  given  areas. 
As  new  test  results  come  in,  the  maps  can  be 
updated  using  a  'mouse'.  (Chonka-PTT) 
W90-O6030 


GROWTH  PATTERN  AND  MATURATION  IN 
ARCTIC  CHAR  (SALVELINUS  ALPDrtJS  L.) 
OF  LAKE  WALENSTADT,  SWITZERLAND. 

Jagd-   und   Fischereiverwaltung  des   Kantons   St. 
Gallen  (Switzerland). 
C.  Ruhle. 
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Aquatic  Sciences  AQSCEA,  Vol.  51,  No.  4,  p  296- 
305,  1989.  7  fig,  2  tab,  27  ref. 

Descriptors:  *Char,  'Growth,  *Lake  fisheries, 
♦Lake  restoration,  'Switzerland,  Fish  harvest, 
Lake  Walenstadt,  Limnology,  Mature  growth 
stage,  Mountain  lakes. 

Within  one  decade  the  yield  in  arctic  char  fishery 
of  Lake  Walenstadt  (Switzerland)  has  dropped 
from  1.7  kg/ha  to  0.7  kg/ha.  In  the  same  period 
growth  decreased  by  about  15%.  The  fish  consid- 
ered as  'degenerated  dwarfed  chars'  by  fisherman 
are  supposed  to  mature  at  very  young  ages.  The 
change  of  the  growth  pattern  can  be  related  to 
reoligotrophication  of  the  lake  and  impoverish- 
ment of  the  food  source.  The  hypothesis  of  in- 
breeding and  early  maturation  raised  by  fisherman 
could  not  be  substantiated.  Compared  to  other 
arctic  char  populations  in  Switzerland  maturation 
takes  place  at  least  one  year  later.  (Author's  ab- 
stract) 
W90-06090 


WATER  QUALITY  TRENDS  OF  THE  UPPER 

OHIO  RIVER  FROM  1977  TO  1987. 

Ohio  State  Univ.,  Columbus.  School  of  Natural 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06102 


DISSOLVED  OXYGEN  PROFILES  AT  MAJOR 
WASTEWATER  DISCHARGES  AND  HYDRO- 
ELECTRIC DAMS  AND  THE  OHIO  RIVER. 

Kentucky  Univ.,  Lexington.   Dept.   of  Geology. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06103 


FISHES  OF  THE  OHIO  RIVER. 

Louisville  Univ.,  KY.  Water  Resources  Lab. 
W.  D.  Pearson,  and  B.  J.  Pearson. 
Ohio  Journal  of  Science  OJSCA9,  Vol.  89,  No.  5, 
p  181-187,  December  1989.  3  tab,  46  ref. 

Descriptors:  *Fish  populations,  'Ohio  River, 
•Water  pollution  control,  Habitats,  Siltation,  Spe- 
cies diversity. 

To  date,  159  species  of  fishes  (14  of  them  intro- 
duced by  humans)  have  been  reported  from  the 
Ohio  River.  Three  native  fishes  (Acipenser  fulves- 
cens,  Alosa  alabamae,  and  Ammocrypta  asprella) 
have  apparently  been  eliminated  from  the  river. 
The  Ohio  River  fish  community  was  severely  af- 
fected by  the  siltation  of  clean  gravel  substrates, 
and  the  inundation  of  those  substrates  by  the  canal- 
ization of  the  river  before  1927.  In  the  past  20-30 
years,  populations  of  many  species  have  increased, 
particularly  in  the  upper  third  of  the  river.  Some 
pollution-intolerant  species  which  had  disappeared 
from  the  upper  reaches  of  the  river  between  1900 
and  1950  have  been  returning  since  1970  (e.g. 
Polyodon  spathula,  Hiodon  tergisus,  and  Car- 
piodes  velifer).  A  few  pollution-tolerant  species 
have  declined  in  abundance  since  1970  (e.g.  bull- 
heads and  Ictalurus  catus).  The  most  abundant 
fishes  in  the  lock  chamber  samples  of  1957-87  were 
Notropis  atherinoides,  Dorosoma  cepedianum, 
Aplodinotus  grunniens,  Notropis  volucellus,  and 
Ictalurus  punctatus.  The  ongoing  recovery  of  the 
Ohio  River  fish  community  should  encourage  us  to 
take  additional  steps  to  protect  the  river  from 
catastrophic  spills  of  toxic  materials  and  to  reintro- 
duce eliminated  native  fishes.  (Author's  abstract) 
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CHANGES  IN  FRESHWATER  MUSSEL  POPU- 
LATIONS OF  THE  OHIO  RTVER:  1,000  BP  TO 
RECENT  TIMES. 

Marshall  Univ.,  Huntington,  WV.  Dept.  of  Biolog- 
ical Sciences. 

For  primary  bibliographic  entry  see  Field  Mj. 
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SEPTIC  SYSTEM  DENSITY  AND  GROUND- 
WATER CONTAMINATION  IN  ILLINOIS:  A 
SURVEY  OF  STATE  AND  LOCAL  REGULA- 
TION. 


American  Planning  Association,  Chicago,  IL. 
T.  Smith,  and  M.  Ince. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-178545. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  ILENR/RE-WR-89/08,  March  1989. 
139p,  5  fig,  8  tab,  4  append. 

Descriptors:  'Groundwater  pollution,  'Illinois, 
♦Regulations,  *Septic  tanks,  'Wastewater  manage- 
ment, 'Wastewater  treatment,  State  jurisdiction, 
Wastewater  disposal. 

Regulations  of  on-site  septic  systems  in  Illinois  and 
nationally  are  summarized  and  strategies  to  address 
local  on-site  sewage  disposal  problems  are  estimat- 
ed. A  survey  of  county  planners  and  health  offi- 
cials in  Illinois  found  widespread  problems  with 
septic  systems  although  related  environmental  con- 
sequences have  limited  documentation.  Failures  of 
systems  were  reported  by  nearly  every  county 
surveyed,  primarily  due  to  unsuitability  of  soils  for 
system,  age  of  system,  lack  of  maintenance,  im- 
proper design,  and  improper  installation.  The 
survey  found  that  Illinois  counties  experiencing 
rapid  residential  growth  in  unsewered  areas  were 
also  experiencing  problems  with  septic  system  fail- 
ures and  potential  contamination  of  groundwater 
and  surface  water.  Based  on  the  findings  of  this 
report,  the  American  Planning  Association  makes 
the  following  recommendations  to  help  local  gov- 
ernments design  siting  regulations  for  septic  sys- 
tems and  soil  absorption  fields  in  Illinois:  require 
site  evaluations  for  soil  suitability,  limit  septic 
system  density  to  control  the  volume  of  septic  tank 
discharges  to  groundwater,  provide  stricter  and 
more  actively  enforced  regulation  along  lakefront 
and  riverfront  areas,  use  state  and  regional  data  on 
sensitive  aquifers  to  target  local  regulation  of 
septic  systems,  and  provide  better  enforcement  of 
local  sanitation  and  land-use  codes.  (Author's  ab- 
stract) 
W90-06162 

EFFECTIVENESS  OF  AGRICULTURAL  AND 
SILVICULTURAL  NONPOINT  SOURCE  CON- 
TROLS. 

Jones  and  Stokes  Associates,  Inc.,  Bellevue,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-164203. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA  910/9-88-210,  October  1988. 
220p,  4  tab,  124  ref,  4  append. 

Descriptors:  'Agricultural  runoff,  'Forest  manage- 
ment 'Nonpoint  pollution  sources,  'Water  pollu- 
tion control,  Fisheries,  Monitoring,  Water  quality 
control. 

This  report  summarizes  state-of-the-art  information 
in  the  Northwest  on  available  nonpoint  source 
(NPS)  monitoring  techniques  for  aquatic  ecosys- 
tems. The  document  evaluates  the  potential  to  use 
ecosystem  measures  such  as  fish  habitat  improve- 
ments and  riparian  area  quality  to  assess  the  effec- 
tiveness of  NPS  control.  The  four  main  objectives 
of  the  report  are  to:  (1)  inventory  selected  monitor- 
ing programs  associated  with  best  management 
practices  implemented  by  agricultural  and  silvicul- 
tural  resource  management  agencies,  including 
programs  that  use  only  baseline  monitoring;  (2) 
summarize  water  quality  and  aquatic  habitat  pa- 
rameters that  have  been  monitored  and  the  tech- 
niques that  have  been  used;  (3)  evaluate  the  appli- 
cability of  monitoring  techniques,  particularly 
those  assessing  aquatic  habitat  condition;  and  (4) 
recommend,  based  on  experience  of  the  region, 
appropriate  elements  of  a  monitoring  program. 
(Author's  abstract) 
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DOE  Contract  DE-AC06-.76RLO-1830. 

Descriptors:  'Groundwater  quality,  'Hanford  Site, 
•Monitoring,  'Radioactive  wastes,  'Washington, 
Groundwater  management,  Inspection,  Logging 
(Recording),  Well  construction,  Well  logs. 

This  appendix  is  one  of  nine  volumes,  and  presents 
data  describing  monitoring  wells  completed  at  the 
Hanford  Site  during  the  fourth  quarter  of  calendar 
year  1987  (October  through  December).  The  data 
in  this  volume  of  Appendix  B  cover  the  following 
wells:  299-W10-14,  299-W15-15,  299-W15-16,  299- 
W15-17,  and  299-W15-18.  The  data  are  presented 
in  the  following  order:  well  completion  report/ 
Title  HI  inspection  list,  inspection  plan,  as-built 
diagram,  logging  charts,  and  drill  logs.  (Lantz- 
PTT) 
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GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  7 -APPENDIX  B  (CONTD). 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-017371. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
Report  No.  PNL--6851,  Vol.  7,  May  1988.  801  p. 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  S-APPENDIX  B. 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-017372. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
Report  No.  PNL--6851,  Vol.  5,  May  1988.  718  p. 
DOE  Contract  DE-AC06-76RL0-1830. 

Descriptors:  'Groundwater  quality,  'Hanford  Site, 
'Monitoring,  'Washington,  Groundwater  manage- 
ment, Inspection,  Logging  (Recording),  Well  con- 
struction, Well  logs. 

This  appendix  is  one  of  nine  volumes,  and  presents 
data  describing  monitoring  wells  completed  at  the 
Hanford  Site  during  the  fourth  quarter  of  calendar 
year  1987  (October  through  December).  The  data 
in  this  volume  of  Appendix  B  cover  the  following 
wells:  299-W6-2,  299-W7-1,  299-W7-2,  299-W7-3, 
and,  299-W7-4.  The  data  are  presented  in  the  fol- 
lowing order:  well  completion  report/Title  III  in- 
spection list,  inspection  plan,  as-built  diagram,  log- 
ging charts,  and  drill  logs.  (Lantz-PTT) 
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EVALUATION  AND  PREDICTION  OF 
HENRY'S  LAW  CONSTANTS  AND  AQUEOUS 
SOLUBILITIES  FOR  SOLVENTS  AND  HY- 
DROCARBON FUEL  COMPONENTS. 
VOLUME  I:  TECHNICAL  DISCUSSION. 
Research  Triangle  Inst.,  Research  Triangle  Park, 
NC. 

For  primary  bibliographic  entry  see  Field  7B. 
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ILLINOIS  SELF-HELP  CONSORTIUM  FOR 
WATER  AND  WASTEWATER  PROJECTS. 

Illinois  Community  Action  Association,  Spring- 
field. 

C.  W.  Levesque. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-179552. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  ILENR/RE-WR-89/09,  March  1989. 
48p,  5  append.  Illinois  Department  of  Natural  Re- 
sources Contract  WR-34. 

Descriptors:  'Illinois,  'Public  participation, 
'Wastewater  management,  'Wastewater  treat- 
ment, 'Water  resources  management,  'Water 
treatment,  Public  policy,  Water  pollution  control. 

This  report  documents  the  development  and  pro- 
posed implementation  of  an  initial  self-help  project 
for  water  and  wastewater  in  Illinois.  It  describes 
the  creation  of  a  Self-Help  Consortium  composed 
of  leading  state  agencies  to  test  the  application  of 
self-help  principles  in  developing  water  and 
wastewater  systems  in  Illinois.  The  report  includes 
a  review  of  existing  environmental  programs  with 
self-help  components  in  other  states,  outlines  self- 
help  and  its  institutionalization  within  the  New 
York  State  Self-Help  Support  System,  proposes  a 
similar  structure  for  the  delivery  of  self-help  might 
be  tested.  The  report  also  records  the  work  under- 
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taken  to  develop  the  Illinois  Self-Help  Consortium 
and  indicates  future  activities  that  it  might  under- 
take. A  draft  of  the  'Inter-Agency  Agreement  for 
Program  Development  and  Implementation'  be- 
tween nine  disparate  state  and  federal  agencies  and 
organizations  which  forms  the  backbone  of  the 
Illinois  Self-Help  Consortium  is  included.  The 
report  is  recommended  for  individuals  interested  in 
both  the  concept  of  'self-help'  as  well  as  the  proc- 
ess by  which  program  proposals  are  translated  into 
extant  initiatives.  (Author's  abstract) 
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RAPID  DESTRUCTION  OF  ORGANIC  CHEMI- 
CALS IN  GROUNDWATER  USING  SUNLIGHT. 

Sandia  National  Labs.,  Albuquerque,  NM.  Solar 

Thermal  Collector  Technology  Div. 

For   primary  bibliographic  entry   see   Field   5D. 
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ROLE  OF  SUB-SURFACE  CONTAMINANT 
FATE  AND  TRANSPORT  MODELS  FOR  RCRA 
LAND  BAN  REGULATIONS. 

Kuo  and  Associates,  McLean,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 
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SUPERFUND  RECORD  OF  DECISION:  HAST- 
ING GROUND  WATER/FAR-MAR,  NE. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-182463. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD-88/017,  September  1988. 
25p,  3  fig,  6  tab. 

Descriptors:  'Cleanup  operations,  'Groundwater 
pollution,  'Nebraska,  'Soil  contamination,  'Super- 
fund,  'Water  pollution  control,  'Water  pollution 
sources,  Carbon  tetrachloride,  Ethylene  dibro- 
mide,  In  situ  treatment,  Monitoring,  Sediment  con- 
tamination, Vacuum  extraction. 

The  FAR-MAR-CO  subsite  of  the  Hastings 
Ground  Water  Contamination  site  is  located  east  of 
the  City  of  Hastings,  Nebraska.  The  site  is  owned 
by  Farmland  Industries,  Inc.,  which  acquired  the 
property  through  a  merger  with  FAR-MAR-CO, 
Inc.  in  1967.  The  current  and  previous  owners 
used  various  chemicals  onsite  for  fumigation  of 
stored  grain.  Contamination  was  discovered  when 
complaints  about  water  quality  were  received  by 
the  Nebraska  Department  of  Health  (NDOH). 
Subsequently,  the  NDOH  and  the  Nebraska  De- 
partment of  Environmental  Control  began  investi- 
gating widespread  groundwater  contamination  in 
the  Hastings  area.  Contaminated  soil  at  the  subsite 
is  believed  to  be  the  result  of  accidental  spills  and 
may  be  the  direct  result  of  a  1959  grain  dust 
explosion  which  damaged  a  fumigation  tank 
system,  releasing  997  gallons  of  fumigant.  The 
primary  contaminants  of  concern  affecting  soil  and 
groundwater  are  carbon  tetrachloride  and  ethylene 
dibromide  (EDB).  The  selected  remedial  action  for 
this  site  includes:  in  situ  soil  vapor  extraction, 
utilizing  vacuum  extraction  technologies;  treat- 
ment of  extracted  vapor  with  an  activated  carbon 
system,  if  necessary;  access  restrictions;  and  imple- 
mentation of  an  operation  and  maintenance  pro- 
gram which  includes  soil,  air  and  groundwater 
monitoring.  Results  of  the  groundwater  monitor- 
ing will  be  used  to  develop  a  technical  approach 
for  plume  management  and  evaluate  the  need  for 
groundwater  treatment  in  a  subsequent  record  of 
decision.  The  estimated  present  worth  cost  for  this 
remedial  action  is  $2,526,000,  which  includes  a 
projection  of  annual  operation  and  maintenance 
costs  for  the  five  year  operating  period.  Long-term 
operation  and  maintenance  costs  will  depend  on 
the  success  of  the  vapor  extraction  during  the 
operating  period.  (Lantz-PTT) 
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SUPERFUND  RECORD  OF  DECISION:  ATCH- 
ISON/SANTA FE/CLOVIS,  NM. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 


Service,  Springfield,  VA.  22161,  as  PB89-182505. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R06-88/039,  September 
1988.  27p,  4  fig,  6  tab,  3  append. 

Descriptors:  'Cleanup  operations,  'New  Mexico, 
'Santa  Fe  Lake,  'Superfund,  'Water  pollution  pre- 
vention, 'Water  pollution  sources,  Arsenic,  Biode- 
gradation,  Chromium,  Clovis,  Dikes,  Groundwater 
pollution,  Industrial  wastewater,  Lead,  Monitor- 
ing, On-site  wastewater  treatment,  Organic  com- 
pounds, Phenols. 

The  Atchison/Santa  Fe  (Clovis)  Superfund  site  is 
located  just  south  of  the  Atchison,  Topeka  and 
Santa  Fe  (ATSF)  Railway  switching  yard  in 
Clovis,  New  Mexico.  The  site  is  comprised  of  an 
approximately  26-acre  playa  lake  (Santa  Fe  Lake) 
which  has  been  owned  by  ATSF  since  the  early 
1900s.  Wastewater  from  the  washing  of  hopper 
cars  used  for  hauling  potash,  cement,  fertilizer, 
grain,  and  coke  were  disposed  in  the  lake  from 
1962  to  1982.  EPA  and  ATSF  reached  an  agree- 
ment under  an  Administrative  Order  on  Consent 
for  ATSF  to  conduct  an  investigation  of  the  lake 
area.  The  investigation  included  sampling  of  the 
lake  water,  the  sediments  at  the  bottom  of  the  lake, 
the  soils  between  the  lake  bottom  and  the  water 
table,  and  the  groundwater  underlying  the  lake. 
The  major  concern  at  this  site  is  the  potential 
threat  to  groundwater.  The  primary  contaminants 
of  concern  affecting  the  sediments,  soil,  surface 
water,  and  groundwater  are  metals  including  ar- 
senic, chromium  and  lead,  organics  including 
phenols  and  inorganics.  The  selected  remedial 
action  for  this  site  includes:  construction  of  a  run- 
on  control  dike  and  ditch  system;  evaporation  of 
the  water  in  Santa  Fe  Lake  through  a  pump  and 
spray  sprinkler  system;  excavation  and  onsite  treat- 
ment of  the  lake  sediments  through  biodegrada- 
tion;  in  situ  biodegradation  of  contaminated  soil 
followed  by  excavation  and  placement  in  the  land 
treatment  area;  capping  the  land  treatment  area 
with  a  PVC  liner  and  vegetated  soil  layer;  grading 
and  revegetation  of  the  disturbed  area;  access  re- 
strictions; and  groundwater  and  land  treatment 
area  monitoring.  Additional  action  may  be  taken  to 
remediate  groundwater  contamination  if  subse- 
quent monitoring  results  indicate  the  need  for 
action.  The  estimated  present  worth  cost  for  this 
remedial  action  is  $2,840,000.  (Lantz-PTT) 
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PHASE  I  DIAGNOSTIC/FEASIBILITY  STUDY 
COVENTRY  LAKE,  COVENTRY,  CONNECTI- 
CUT, 1984. 

Connecticut  Dept.  of  Environmental  Protection, 
Hartford.  Water  Compliance  Unit. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-181663. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
(1984).    109p,    15   fig,    17  tab,   52  ref,   2  append. 

Descriptors:  'Connecticut,  'Coventry  Lake,  *Eu- 
trophication,  'Fate  of  pollutants,  'Limnology, 
•Path  of  pollutants,  'Water  pollution  control, 
•Water  pollution  sources,  Algicides,  Drawdown, 
Lake  morphology,  Nutrients,  Water  quality,  Wa- 
tershed management. 

Coventry  Lake,  (Lake  Waumgumbaug),  is  a  recre- 
ational waterbody  located  in  the  town  of  Coven- 
try, CT.  A  diagnostic/feasibility  study  as  conduct- 
ed to  provide  a  detailed  evaluation  of  the  eutroph- 
ication  process  of  Coventry  Lake.  Existing  water 
quality  conditions  in  the  lake  were  examined 
during  an  intensive  one  year  study  of  lake  biology, 
water  chemistry,  and  physical  characteristics.  Wa- 
tershed characteristics  associated  with  lake  water 
quality  were  evaluated  by  examining  land  use  in- 
formation and  watershed  geological  data,  particu- 
larly soils  information.  Water  quality  conditions 
and  watershed  characteristics  were  interpreted, 
and  the  results  were  used  to  evaluate  and  recom- 
mend lake  and  watershed  management  alternatives 
for  mitigating  the  eutrophication  process.  The 
study  recommends  watershed  management  to 
reduce  further  nutrient  loading  and  overwinter 
drawdown  to  mitigate  macrophyte  problems.  Algi- 
cides may  be  necessary  to  treat  phytoplankton. 
(Lantz-PTT) 
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EVALUATION  CRITERIA  GUIDE  FOR 
WATER  POLLUTION  PREVENTION,  CON- 
TROL, AND  ABATEMENT  PROGRAMS. 

Department  of  the  Army,  Washington,  DC. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-175459. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  DA-TM-5-814-8,  April  23,  1987.  145p, 
12  fig,  48  tab,  168  ref,  3  append. 

Descriptors:  'Handbooks,  'Management  planning, 
•Wastewater  treatment,  'Water  pollution  control, 
'Water  pollution  prevention,  'Water  pollution 
treatment,  Costs,  Economic  aspects,  Municipal 
wastewater,  Wastewater  facilities. 

The  manual  describes  principles  and  procedures  to 
be  followed  in  formulating  and  conducting  a  water 
pollution  prevention,  control,  and  abatement  pro- 
gram, and  in  planning  facilities  required  for  solu- 
tion of  water  pollution  problems.  The  manual  pro- 
vides guidance  for  selecting  and  applying  proven 
technologies  for  wastewater  treatment  and  for 
solids  handling  and  disposal.  Both  capital  expendi- 
tures and  operating  costs  are  outlined.  While  the 
manual  is  directed  primarily  toward  handling  of 
domestic  wastewaters,  system  alternatives  for  han- 
dling special  process  wastes  from  munitions  manu- 
facture and  processing,  metal  plating,  washrack, 
photographic,  laundry,  hospital  and  other  sources 
are  also  addressed.  The  manual  includes  technical 
and  cost  information  needed  for  project  decisions 
and  supporting  data.  (Author's  abstract) 
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COMPUTERIZED  DATA-BASE  SYSTEM  FOR 
LAND-USE  AND  LAND-COVER  DATA  COL- 
LECTED AT  GROUND-WATER  SAMPLING 
SITES  IN  THE  PILOT  NATIONAL  WATER 
QUALITY  ASSESSMENT  PROGRAM. 
Geological  Survey,  Oklahoma  City,  OK.  Water 
Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C. 
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SELECTION   OF   SUBSTANCES    REQUIRING 
PRIORLTY  ACTION. 

Department  of  the  Environment,  London  (Eng- 
land). Water  Quality  Div. 
For  primary  bibliographic  entry  see  Field  6B. 
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LESSONS  LEARNED  FROM  THE  1986 
DROUGHT. 

Hydrologic  Engineering  Center,  Davis,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A204-091. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
IWR  Policy  Study  88-PS-l,  June  1988.  64p,  2  tab, 
68  ref,  append. 

Descriptors:  'Drought,  'Emergency  planning, 
•Management  planning,  Contingency  planning,  In- 
formation exchange,  Water  resources  management. 

A  study  was  conducted  to  determine  whether 
there  is  a  need  to  modify  current  Corps  of  Engi- 
neers drought  policy  based  on  lessons  learned 
during  the  1985-86  drought  in  the  southeastern 
United  States.  By  gathering  information  from  a 
variety  of  agencies  and  interests,  a  comprehensive 
view  of  the  1986  drought  was  gained.  Information 
was  obtained  both  by  personal  interviews  and 
review  of  correspondence  and  documents.  Three 
principal  findings  have  been  derived  as  follows:  (1) 
Corps  offices,  in  all  regions  of  the  country,  could 
benefit  from  a  revision  of  the  current  policy  docu- 
ment which  would  reflect  the  lessons  learned  from 
the  1985-86  southeast  drought  and  which  provides 
guidance  for  developing  drought  contingency 
plans  which  are  responsive  to  those  lessons;  (2) 
Corps  authorities,   responsibilities  and  assistance, 
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including  that  related  to  Federal  Emergency  Man- 
agement Agency  (FEMA),  need  to  be  more  clearly 
described  for  the  time  when  a  drought  progresses 
from  a  matter  of  concern  to  a  disaster  and  possible 
Presidential  declaration.  Consideration  should  be 
given  to  establishing,  as  part  of  drought  manage- 
ment, a  federal  interagency  advisory  group;  and  (3) 
a  Corps  sponsored  two-day  workshop  during  1988 
on  'Preparation  of  Drought  Contingency  Plans' 
would  be  a  quick  and  effective  way  to  transfer 
information  on  the  lessons  learned  from  the  south- 
east drought  to  Corps  district  and  division  offices 
in  other  regions.  (Lantz-PTT) 
W9O-05825 

DECISION  MAKING  FOR  MULTIPLE  UTILI- 
ZATION OF  WATER  RESOURCES  IN  NEW 
ZEALAND. 

Otago  Univ.,  Dunedin  (New  Zealand).  Dept.  of 

Geography. 

P.  Ali  Memon. 

Environmental  Management  EMNGDC,  Vol.  13, 

No.  5,  p  533-562,  September/October  1989.  1  fig, 

29  ref. 

Descriptors:  *Decision  making,  *New  Zealand, 
•Public  policy,  *Water  resources  development, 
•Water  resources  management,  Clutha  River,  Eco- 
nomic aspects,  Legal  aspects,  Water  demand. 

The  Clutha  is  the  largest  river  in  New  Zealand. 
The  last  two  decades  have  witnessed  major  con- 
flicts centered  on  the  utilization  of  the  water  re- 
sources of  the  upper  Clutha  river.  Hitherto,  central 
government  has  been  able  to  manipulate  the  water 
resources  allocation  process  to  its  advantage  be- 
cause of  a  lack  of  clear  separation  between  its  two 
roles  as  a  policy  maker  and  developer.  The  con- 
flicts that  have  manifested  themselves  during  the 
last  two  decades  over  the  Clutha  should  be  seen  as 
part  of  a  wider  public  debate  during  the  last  two 
decades  concerning  resource  utilization  in  New 
Zealand.  There  has  been  a  political  and  economic 
policy  shift  in  New  Zealand  towards  minimizing 
the  role  of  public  intervention  in  resource  alloca- 
tion and  major  structural  reforms  in  the  relative 
roles  of  central  and  regional  government  in  re- 
source management.  The  significance  of  these 
changes  pose  important  implications  for  the  future 
management  of  the  Clutha.  (Author's  abstract) 
W90-05862 


STATISTICAL  POWER  ANALYSIS  CAN  IM- 
PROVE FISHERIES  RESEARCH  AND  MAN- 
AGEMENT. 

Simon  Fraser  Univ.,  Burnaby  (British  Columbia). 
Natural  Reource  Management  Program. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-06109 

EVALUATION  PROCEDURES  TECHNICAL 
APPENDIX.  PHASE  I  (CENTRAL  PUGET 
SOUND):  SAMPLING,  TESTING,  AND  TEST 
INTERPRETATION  OF  DREDGED  MATERI- 
AL PROPOSED  FOR  UNCONFINED,  OPEN- 
WATER  DISPOSAL  IN  CENTRAL  PUGET 
SOUND.  &       ,     _A 

Evaluation  Procedures  Work  Group,  Seattle,  WA. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-06213 
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UNCERTAINTY  ANALYSIS  FOR  URBAN 
FLOOD  DAMAGE  REDUCTION  BENEFITS: 
ATTITUDES  AND  PRACTICES  OF  CORPS  OF 
ENGINEER  ECONOMISTS. 

Army  Engineer  Inst,  for  Water  Resources,  Fort 
Belvoir,  VA. 

S.  A.  Davis,  S.  J.  Ratick,  and  M.  Ballew. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  AD-A204-944. 
Price  codes:  ACM  in  paper  copy,  A01  in  microfiche. 
IWR   Paper   89-P-l,  January    1989.    57p,   33   fig. 

Descriptors:  •Flood  hazard,  *Flood  damage, 
•Flood  benefits,  •Cost-benefit  analysis,  Surveys, 
Flood  insurance,  Economic  aspects. 


In  April  .128^,-the-JflStitute  for.  Water  Resources 
(IWR)  conducted  a  workshop  on  uncertainty  in 
benefit  analysis.  The  purpose  of  the  workshop  was 
to  meet  with  district  and  division  economists  to 
discuss  details  of  the  IWR  work  unit,  'Uncertainty 
in  Benefit  Analysis.'  The  workshop  allowed  re- 
searchers a  chance  to  discuss  the  project  definition 
document  and  to  solicit  field  input  on  where  the 
research  effort  should  be  focused.  The  workshop 
allowed  IWR  to  get  an  extensive  response  to  a 
questionnaire  and  have  an  open  discussion  of  the 
most  critical  issues  related  to  the  work  unit.  Not- 
withstanding  the   limitation   of  sample   size,   the 
questionnaire  was  found  to  be  valuable  for  a  first 
look  at  the  relative  importance  of  benefit  catego- 
ries, getting  a  perspective  on  resource  allocation 
for  economics  tasks,  getting  the  economists'  per- 
spective of  the  major  sources  of  uncertainty,  and 
determining    current    attitudes    and    practices    of 
economists  on  ways  of  handling  uncertainty  in 
benefit  analysis.  The  major  findings  of  the  ques- 
tionnaire are:  (1)  the  group  conformed  to  the  as- 
sumption that  the  greatest  part  of  the  benefits  from 
flood  damage  reduction  projects,  in  this  case  80%, 
comes  from  existing  inundation  reduction  benefits; 
(2)  most  of  the  effort  for  estimating  benefits,  in  this 
case  about  63%,  goes  into  tasks  related  to  comput- 
ing existing  inundation  reduction  benefits;  (3)  the 
economists  in  the   group  considered   insufficient 
data  to  be  the  greatest  source  of  uncertainty  in 
benefit  analysis,  although  faulty  data,  unreliable 
methods,  and  unanticipated  changes  in  conditions 
were  all  found  to  be  significant  problems  for  vari- 
ous stages  in  the  planning  process;  and  (4)  a  large 
portion  of  the  respondents  indicated  that  they  were 
already  consistently  using  subjective  expert  opin- 
ion, performing  sensitivity  analysis  for  key  varia- 
bles, and  using  qualitative  descriptions  in  reports  to 
handle  uncertainty.  Use  of  all  these  methods  can  be 
expected  to  increase,  and  most  of  these  people  can 
be  expected  to  consistently  use  graphic  display  of 
uncertainty.  (Lantz-PTT) 
W90-05764 

REVIEW  AND  EVALUATION  OF  CONTIN- 
GENCY PLANS  FOR  OIL  AND  HAZARDOUS 
SUBSTANCES  IN  THE  UPPER  GREAT  LAKES 
REGION. 

E-Tech,  Inc.,  Naragansett,  RI. 

For  primary  bibliographic   entry   see   Field   5G. 

W90-05768 

RISK  ASSESSMENT  OF  CHEMICALS  IN  THE 
ENVIRONMENT. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05792 

TOTAL  INDEX  OF  ENVIRONMENTAL  QUAL- 
ITY AS  APPLIED  TO  WATER  RESOURCES. 

Ceske  Vysoke  Uceni  Technicke  v  Praze.  Fakulta 
Jaderna  a  Fysikalne  Inzenyrska. 
J.  Riha.  .     _ 

IN:  Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. Royal  Society  of  Chemistry,  London,  Eng- 
land, p  363-378,  3  fig,  3  tab,  11  ref. 

Descriptors:  *Environmental  quality,  •Mathemati- 
cal studies,  »Risk  assessment,  *Water  pollution 
control,  *Water  pollution  sources,  *Water  re- 
sources development,  Decision  making,  Mathemat- 
ical analysis,  Mathematical  equations,  Water  re- 
sources management. 

Experience  gained  in  Czechoslovakia  and  in  other 
countries  has  shown  that  crude  oil  accidents 
caused  primarily  by  the  failure  of  technical  equip- 
ment and  the  human  factor  are  the  main  cause  of 
accidents  resulting  in  the  pollution  of  the  hydro- 
sphere with  chemical  substances.  During  the  plan- 
ning and  design  of  a  new  water  pollution  control 
structure,  including  its  technology  and  siting  in  a 
certain  area,  concern  is  with  a  decision  making 
problem:  the  determination  of  the  optimal  choice 
of  variant  with  regard  to  the  site  of  many  criteria. 
There  are  four  main  factors  in  the  theory  of  deci- 
sion making  under  conditions  of:  (1)  certainty;  (2) 
risk;  (3)  uncertainty;  and  (4)  unknown  factors.  The 
first  step  of  the  solution  is  to  choose  between  the 
application  of  the  so-called  real  functions  of  partial 
benefit  systems,  e.g.  from  ecological  relations  and 
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standards  and  monotonousiuncliQns_expressingJhe 
tendency  to  risk.  Mathematical  proofs  are  present- 
ed for  the  claim  that  decision  making:  (1)  has  a 
tendency  to  risk  when  the  function  is  convex;  (2) 
has  an  aversion  to  risk  when  the  function  is  con- 
cave; and  (3)  has  a  neutral  tendency  to  risk  precise- 
ly when  the  function  is  linear.  The  application  of  a 
multicriteria  axiomatic  multiattribute  utility  theory 
proceeds  the  assumption  that  the  total  quality  of 
the  environment  for  any  given  region  is  deter- 
mined by  the  essential  properties  of  the  individual 
components  of  the  environment.  The  quality  of  the 
individual  components  may  be  assessed  using  avail- 
able analytical  and  diagnostic  indicators.  These 
indicators  of  quality  will  form  a  catalogue  of  crite- 
ria whose  values  are  determined  either  exactly  or 
by  estimation,  by  experts.  Utility  can  be  defined  as 
representing  an  overall  evaluation  of  benefit  and 
costs.  Utility  models  are  based  on  the  assumption 
that  the  whole  vector  of  relevant  objectives  can  be 
translated  by  means  of  a  weighting  procedure  into 
the  master  control  of  one  unambiguous  utility 
function.  This  assumption  of  explicit  and  known 
trade-offs  between  objectives  is  essential  in  multi- 
criteria  axiomatic  multiattribute  utility  theory.  (See 
also  W90-05792)  (Lantz-PTT) 
W90-05795 

QUANTITATIVE  STRUCTURE-ACTIVITY  RE- 
LATIONSHIPS AND  TOXICITY  ASSESSMENT 
IN  THE  AQUATIC  ENVIRONMENT. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Toxic  Substances. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05796 

DYESTUFFS  AND  THE  ENVIRONMENT--A 
RISK  ASSESSMENT. 

Imperial  Chemical  Industries  Ltd.,  Bnxham  (Eng- 
land). Brixham  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05797 

SELECTION  OF  SUBSTANCES  REQUIRING 
PRIORITY  ACTION. 

Department  of  the  Environment,  London  (Eng- 
land). Water  Quality  Div. 
C.  D.  Byrne. 

IN:  Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. Royal  Society  of  Chemistry,  London,  Eng- 
land, p  414-434,  8  fig,  4  tab,   15  ref,  2  append. 

Descriptors:  'Chemical  properties,  'Decision 
making,  »Europe,  'Priority  pollutants,  *Risk  as- 
sessment, *Water  pollution  control,  Aquatic  envi- 
ronment. 

There  are  approximately  100,000  chemical  sub- 
stances registered  on  the  European  market.  Some 
of  these  substances  have  the  potential  to  cause 
harm  to  the  aquatic  environment  and  the  orga- 
nisms that  it  supports.  The  problem  faced  by  pollu- 
tion controlling  authorities  is  one  of  selecting  from 
this  large  number  of  substances  those  chemicals 
which  warrant  some  form  of  priority  action.  This 
chapter  outlines  a  general  selection  scheme  which 
can  be  used  to  identify  priority  aquatic  pollutants 
in  a  wide  range  of  circumstances.  The  scheme 
consists  of  a  set  of  decision  trees  into  which  param- 
eters appropriate  to  particular  circumstances  can 
be  slotted.  The  identification  of  List  I  substances  in 
the  context  of  the  European  Economic  Commis- 
sion (EEC)  Dangerous  Substances  Directive  has 
been  taken  as  an  example  of  an  appropriate  use  of 
the  scheme,  in  order  to  illustrate  its  detailed  work- 
ings. The  proposed  scheme  does  not  attempt  to 
model  the  fate  of  the  substances  in  the  environ- 
ment, but  identifies  those  combinations  of  proper- 
ties and  input  which  appear  likely  to  have  the 
potential  to  result  in  environmental  problems. 
These  combinations  of  properties  and  input  are 
quantified  using  readily  available  data  resulting  in  a 
set  of  look-up  diagrams  which  can  be  easily  used 
for  deciding  whether  a  substance  should  be  consid- 
ered for  List  I  status.  When  applied  to  the  Europe- 
an Community  List  of  129,  comparison  of  the 
substances  selected  by  the  scheme  with  those  cur- 
rently classified  as  List  I  or  under  consideration  of 
List  I  status,  shows  a  marked  correlation.  If  noth- 
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ing  else,  this  demonstrates  that  the  results  it  pro- 
duces accord  closely  with  current  views  about 
priority  substances  based  on  the  subjective  assess- 
ment and  practical  experience  of  environmental 
risk.  (See  also  W90-05792)  (Lantz-PTT) 
W9O-05798 


HAZARD  AND  RISK  ASSESSMENT  AND  AC- 
CEPTABILITY OF  CHEMICALS  IN  THE  ENVI- 
RONMENT. 

Technical   Univ.  of  Denmark,   Lyngby.   Lab.  of 

Environmental  Science  and  Ecology. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05799 


STUDIES  ON  THE  FATE  OF  CHEMICALS  IN 
THE  ENVIRONMENT  WITH  PARTICULAR 
REFERENCE  TO  PESTICIDES. 

Schering   Agrochemicals   Ltd.,   Essex  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05800 


PESTICIDES   IN   THE   AQUATIC   ENVIRON- 
MENT-DATA NEEDS  FOR  THEIR  CONTROL. 

Department  of  the  Environment,  London  (Eng- 
land). Water  Quality  Div. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05801 


MANAGEMENT  OF  EFFLUENTS/BY-PROD- 
UCTS OF  MULTI-PURPOSE  FINE  CHEMICAL 
MANUFACTURE. 

Imperial    Chemical    Industries    Ltd.,    Manchester 

(England).  Organics  Div. 

For  primary   bibliographic   entry  see   Field   5D. 

W90-05802 


INDUSTRIAL  PROPERTY  TRANSFER  EVAL- 
UATIONS: LTMnTNG  LIABILITY. 

B  and  V  Waste  Science  and  Technology  Corp., 

Philadelphia,  PA. 

D.  S.  Duffala,  and  M.  Miller. 

Water  Environment  &  Technology,  Vol.  I,  No.  4, 

p  492^95,  December  1989. 

Descriptors:  *Environmental  effects,  •Environ- 
mental impact  statement,  'Evaluation,  'Industrial 
development,  'Legal  aspects,  'Liability,  'Waste 
disposal,  Inspection,  Property  value. 

Parties  involved  in  commercial  and  industrial 
property  transfers  frequently  require  an  environ- 
mental investigation  of  the  property  before  busi- 
ness transaction  decisions  can  be  finalized.  Such 
investigations,  called  property  transfer  evaluations, 
are  necessary  to  clearly  delineate  potential  liabil- 
ities associated  with  waste  management  practices. 
The  method  for  conducting  a  property  transfer 
evaluation  is  a  phased  approach.  It  consists  of  a 
background  data  review,  a  visual  inspection,  any 
required  sampling  and  analysis,  and  a  final  report. 
The  investor  or  financier  is  interested  in  protecting 
the  property's  collateral  value  and  wants  a  realistic 
assessment  of  environmental  conditions  at  the 
property.  Investors  also  want  to  avoid  liabilities 
associated  with  equitable  subordination,  which 
could  occur  when  an  investor  assumes  a  day-to- 
day management  role  in  facility  operations.  Facili- 
ty owners  and  operators  can  limit  the  liabilities 
associated  with  a  property  transfer  through  a  real- 
istic compliance  assessment  and  a  comprehensive 
management  program.  Specific  activities  that 
should  be  included  in  this  liability  reduction  pro- 
gram include  a  complete  environmental  compli- 
ance audit,  waste  minimization  surveys,  recycling/ 
reuse/recovery  studies,  remedial  or  corrective 
action  implementation,  compliance  and  manage- 
ment monitoring,  thorough  recordkeeping,  and 
employee  training  programs.  (Mertz-PTT) 
W90-05976 


FURTHER  DEVELOPMENT  OF  THE  THEORY 
OF  RELIABHJTY  OF  HYDRAULIC  STRUC- 
TURES. 

For  primary  bibliographic  entry  see  Field  8A. 

W90-06133 
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USE  OF  THE  DANUBE  RIVER  AND  THE  IN- 
TEGRATED GABCIKOVO-NAGYMAROS 
HYDRO  DEVELOPMENT  PROJECT. 

For  primary  bibliographic  entry  see  Field  8C. 
W90-06134 


WATER  USE  AND  COAL  DEVELOPMENT  IN 
EASTERN  MONTANA:  WATER  AVAILABIL- 
ITY AND  DEMANDS.  APPENDIX  A:  COMPUT- 
ER PROGRAM  DOCUMENTATION  FOR 
PART  VII,  SECTION  A:  DEMANDS  FOR 
WATER  IN  COOLING. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Agricul- 
tural Economics  and  Economics. 
A.  Barr. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161.  Report  No.  59, 
Appendix,  (1984).  125  p. 

Descriptors:  'Available  water,  'Coal  mines, 
•Computer  programs,  'Montana,  'Water  demand, 
•Water  requirements,  'Water  supply,  Costs,  Water 
allocation,  Water  resources  management,  Water 
utilization. 

A  one-year,  two-phase  study  was  undertaken  to 
assess  the  availability  and  demand  for  water  in  the 
coal  region  of  eastern  Montana.  Data  presented 
indicate  that  sufficient  groundwater  is  available  in 
eastern  Montana  to  permit  substantial  amounts  of 
coal  development.  The  demand  for  water  in  coal 
development  will  depend  in  part  on  the  cost  of 
water  to  developers.  For  any  given  type  of  pro- 
posed coal  conversion  plant  there  is  considerable 
flexibility  in  the  extent  of  water  use.  Data  collected 
for  the  numerical  analysis  of  the  project  were  of 
such  a  nature  that  they  were  best  handled  by 
computer.  The  main  thrust  of  the  computer  system 
is  to  calculate  the  cost  of  building  and  maintaining 
an  electric  generator  which  uses  cooling  methods 
which  are  relatively  economical  in  their  use  of 
water.  These  costs  were  calculated  both  in  terms 
of  dollars  and  cents  and  in  terms  of  money  per 
quantity  of  electricity  generated.  These  costs  were 
calculated  over  a  wide  range  of  conditions;  ie.,  air 
temperature.  The  methods  used  to  calculate  a  par- 
ticular data  field  are  described  in  the  text  which  is 
divided  by  individual  programs.  For  each  field  of 
output  one  or  more  equations  is  given  to  show  the 
computations  from  its  point  of  input  to  the  point  of 
output.  Nearly  all  of  the  equations  are  given  using 
the  FORTRAN  conventions  to  show  algebraic 
operators.  (See  also  W75-06478  and  W75-06979) 
(Lantz-PTT) 
W90-06177 


HYDROGRAPHS  FROM  SELECTED  OBSER- 
VATION WELLS  AND  ANNUAL  PUMPAGE 
FROM  MUNICIPAL  SUPPLY  WELLS,  1950-86, 
SANTA  FE,  NEW  MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-06231 
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USE   OF   EXPERIMENTAL   ECOSYSTEM    IN 
REGULATORY  DECISION  MAKING. 

National  Fisheries  Contaminant  Research  Center, 

Columbia,  MO. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-05861 


WATER  QUALITY/WATER  QUANTITY  CON- 
FLICTS IN  CALIFORNIA. 

McDonough,  Holland  and  Allen,  Sacramento,  CA. 
S.  L.  Somach 

Natural  Resources  &  Environment  NRENEL, 
Vol.  2,  No.  2,  p  39^*0,69-70,  Fall  1986. 

Descriptors:  'California,  'Water  allocation, 
•Water  law,  *Water  quality.  'Water  rights, 
•Water  supply,  Administrative  agencies,  Estuaries, 
River  basin  development,  Water  quality  manage- 
ment, Water  use. 


Moderating  the  impacts  of  water  quality  regulation 
on  water  rights  vested  under  state  laws  is  the  water 
resource  management  problem  of  the  1980s.  Water 
quality  degradation  due  to  loss  of  dilution  capacity, 
alteration  in  temperature,  and  reduction  in  dis- 
solved oxygen  levels  commonly  results  from  the 
construction  of  instream  reservoirs,  transbasin  di- 
versions, and  consumptive  use.  This  loss  of  water 
quality  is  not  subject  to  point  source  discharge 
regulations  such  as  the  issuance  of  National  Pollu- 
tion Discharge  Elimination  System  (NPDES)  per- 
mits. Because  the  loss  of  water  quality  is  directly 
related  to  a  decrease  in  water  volume,  the  owners 
of  vested  water  rights  are  affected  by  any  action 
taken  to  improve  water  quality.  Water  quality 
agencies  are  often  poorly  equipped  to  balance  the 
public  interest  in  water  quality  against  rights  to 
particular  quantities  of  water  which  are  vested 
under  the  constitutions  and  laws  of  the  states.  The 
Sacramento  River  delta  in  California  is  an  example 
of  the  kind  of  legal  conflicts  that  can  arise  when 
water  use  results  in  water  quality  degradation.  The 
loss  in  volume  of  the  river  system  due  to  upstream 
appropriations  has  reduced  the  quality  of  the  water 
and  allowed  salt  intrusion  from  San  Francisco  Bay. 
While  the  ultimate  outcome  of  the  case  is  not 
certain,  the  courts  have  held  that  vested  water 
rights  may  be  limited  and  qualified  as  necessary  to 
maintain  'without  project'  quality  of  river  systems. 
This  approach  may  well  lead  to  impairment  of 
most  water  rights.  Suggested  solutions  to  the  Delta 
problem  include  utilizing  the  law  of  prior  appro- 
priation as  a  mechanism  for  ensuring  high  quality 
for  Delta  users,  or  limiting  further  depletions  by 
new  appropriations.  If  the  quality  level  obtained  is 
inadequate  to  serve  the  public  interest,  water  sup- 
plies can  be  augmented  by  acquisition  of  river 
flows  for  dilution  of  pollutants  and  repelling  of  salt 
intrusions  by  purchase  or  condemnation,  with 
compensation  to  the  vested  right  owner  for  loss  of 
private  rights  in  pursuit  of  a  public  interest.  (Tap- 
pert-PTT) 
W90-O589O 


EVOLUTION  OF  ESA  CONSULTATIONS  ON 
WESTERN  WATER  PROJECTS. 

Office  of  the  Solicitor  (Interior),   Denver,   CO. 

Rocky  Mountain  Region. 

M.  Zallen. 

Natural    Resources    &    Environment    NRENEL, 

Vol.  2,  No.  2,  p41-42,70-71,  Fall  1986. 

Descriptors:  'Administrative  regulations,  'Endan- 
gered species,  'Environmental  policy,  'Water  law, 
'Water  resources  development,  Fish  conservation, 
River  basin  development,  Water  allocation,  Water 
rights. 

Section  7  of  the  Endangered  Species  Act  (ESA) 
requires  a  Federal  agency,  when  authorizing,  fund- 
ing, or  carrying  out  any  project,  to  ensure  that  its 
actions  are  not  likely  to  jeopardize  an  endangered 
or  threatened  species  or  adversely  modify  their 
critical  habitat.  As  a  result,  the  ESA  has  become  a 
major  factor  in  virtually  all  new  water  projects, 
with  the  Fish  and  Wildlife  Service  (FWS)  and  the 
Army  Corps  of  Engineers  (Corps)  providing  con- 
sultation on  a  variety  of  projects.  Early  projects, 
such  as  the  Grayrocks  Project  in  Wyoming  in 
1977,  pitted  the  FWS  against  development  interests 
in  order  to  preserve  the  critical  habitat  of  the 
whooping  crane  in  the  Platte  River  basin.  At  about 
the  same  time  the  FWS  was  consulting  on  several 
Bureau  of  Reclamation  (BR)  projects  in  the  Colo- 
rado River  basin  which  threatened  several  endan- 
gered species  of  fish.  Court  issues  revolved  around 
the  agency's  authority  to  abrogate  state  water  allo- 
cation procedures,  methods  of  calculating  mini- 
mum water  flow  rates,  and  the  role  of  the  Corps  as 
a  permitting  agency  in  regulating  water  diversions. 
The  need  for  cooperation  among  agencies,  states, 
and  developers  led  to  the  formation  of  the  Upper 
Colorado  River  Basin  Coordinating  Committee 
(UCRBCC)  in  1984.  The  UCRBCC,  in  conjunc- 
tion with  private  conservation  groups,  has  devel- 
oped and  implemented  a  series  of  proposals  to 
balance  the  needs  of  endangered  species  with  addi- 
tional water  development.  As  proof  that  the  proc- 
ess is  working,  development  and  conservation  in- 
terests have  requested  formation  of  a  similar  group 
for  the  Platte  River  basin.  (Tappert-PTT) 
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W90-05891 

6F.  Nonstructural  Alternatives 


SPECIAL  FLOOD  HAZARD  EVALUATION 
REPORT.  PLEASANT  CREEK:  VILLAGE  OF 
EVANS  MILL,  JEFFERSON  COUNTY,  NEW 
YORK. 

Army  Engineer  District,  Buffalo,  NY. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A200-933. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
November  1988.  18p,  1  fig,  3  tab,  2  plates,  4  ref. 

Descriptors:  *Flood  control,  'Flood  plain  manage- 
ment, Flood  forecasting,  Flood  warning  systems, 
Floods,  Land  use,  New  York,  Pleasant  Creek, 
Regulations,  Snowmelt. 

This  report  documents  the  results  of  an  investiga- 
tion  to   determine   the   potential   flood   situation 
along  Pleasant  Creek  within  the  Village  of  Evans 
Mills,  New  York.  Although  flood  insurance  rate 
maps  have  been  developed  for  the  community, 
approximate  analyses  were  used  to  delineate  an 
approximate  flood  plain  along  Pleasant  Creek.  The 
area  was  thought  to  have  low  development  poten- 
tial at  the  time  the  maps  were  prepared.  The  area 
now,  however,  is  experiencing  residential  develop- 
ment pressure  resulting  from  the  expansion  of  the 
nearby  Fort  Drum  military  complex  and  more 
detailed   flood   plain   information   is  required   by 
local  officials  to  manage  this  development.  The 
greatest  potential  and  frequency  for  floods  within 
the  study  area  occurs  in  the  early  spring  when  rain 
combines  with  snow  melt.  Although  cool,  early 
spring  temperatures  are  conducive  to  a  slower  rate 
of  snow  melt,  spring  floods  do  occur  most  years. 
The   strategy   to   modify   susceptibility   to   flood 
damage  and  disruption  consists  of  actions  to  avoid 
dangerous,   economically   undesirable,   or  unwise 
use  of  the  flood  plain.  Responsibility  for  imple- 
menting such  actions  rests  largely  with  the  non- 
Federal  sector  and  primarily  at  the  local  level  of 
Government.  These  actions  include  restrictions  in 
the  mode  and  the  time  of  occupancy;  in  the  ways 
and  means  of  access;  in  the  pattern,  density,  and 
elevation  of  structures  and  in  the  character  of  their 
materials;  in  the  shape  and  type  of  buildings  and  in 
their  contents;  and  in  the  appurtenant  facilities  and 
landscaping  of  the  grounds.  The  strategy  may  also 
necessitate  changes  in  the  interdependencies  be- 
tween flood  plains  and  surrounding  areas  not  sub- 
ject to  flooding,  especially  interdependencies  re- 
garding   utilities    and    commerce.    Implementing 
mechanisms  for  these  actions  include  land  use  reg- 
ulations, development  and  redevelopment  policies, 
flood-proofing,  disaster  preparedness  and  response 
plans,  and  flood  forecasting  and  warning  systems. 
(Lantz-PTT) 
W90-06172 


6G.  Ecologic  Impact  Of 
Water  Development 


in  effects  of  pollutants  on  aquatic  organisms  and 
ecosystems.  Among  the  papers  are  discussions  of 
water  quality  management  strategies  and  modeling 
techniques  for  water  protection  (USSR)  and  of 
mass  balance  approaches  and  nonpoint  agricultural 
measures  in  water  quality  management  (USA). 
Other  contributions  address  predictive  models  of 
water  body  conditions  and  problems  in  investigat- 
ing petroleum  pollution  (USSR)  and  describe  me- 
socosms  for  evaluating  ecosystem  health  and  water 
quality  research  in  the  Great  Lakes  (USA).  Final- 
ly, papers  are  presented  regarding  ion  exchange  in 
fish  and  biotesting  of  aquatic  environments  (USSR) 
and  describing  aquatic  toxicity  methodologies  and 
ammonia  toxicity  test  methodologies  and  ammonia 
toxicity  and  metabolism  in  fish.  (See  W90-05773 
thru  W90-05784)  (Author's  abstract) 
W90-05772 

STRATEGY  OF  WATER  QUALITY  PLANNING 
AND  MANAGEMENT. 

Vsesoyuznyi    Nauchno-Issledovatel'skii    Inst.    Gi- 
drotekhniki  i  Melioratsii,  Kharkov  (USSR). 
For  primary  bibliographic  entry  see  Field   5G. 
W90-05773 

MASS  BALANCE  APPROACH  TO  WATER 
QUALITY  MANAGEMENT  IN  THE  GREAT 
LAKES  BASIN  TRIBUTARIES. 

Environmental  Protection  Agency,  Chicago,  IL. 

Region  V. 

For  primary  bibliographic  entry   see  Field   5G. 

W90-05774 


WATER  QUALITY  MODELING  AND  DEVEL- 
OPMENT OF  WATER  PROTECTION  PRO- 
GRAMS. 

Vsesoyuznyi   Nauchno-Issledovatel'skn    Inst.    Gi- 

drotekhniki  i  Melioratsii,  Kharkov  (USSR). 

For  primary  bibliographic  entry  see  Field   5G. 

W90-05775 


IDENTIFICATION  OF  POLLUTANTS  SUB- 
JECT TO  NONPOINT  AGRICULTURAL 
MEASURES  IN  THE  MAUMEE  RIVER  BASIN. 

Purdue  Univ.,  Lafayette,  IN. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05776 


PRESENT    STATE    OF   MODEL   BANK    FOR 
PREDICTING  WATER  BODY  CONDITIONS. 

Hydrochemical  Inst.,  Rostov-na-Donu  (USSR). 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05777 


PHASE  II  GDM  ON  THE  SANTA  ANA  RTVER 
MATNSTEM  INCLUDING  SANTIAGO  CREEK. 
MAIN  REPORT  AND  SUPPLEMENTAL  ENVI- 
RONMENTAL IMPACT  STATEMENT. 

Army  Engineer  District,  Los  Angeles,  CA. 
For  primary  bibliographic  entry  see  Field  8A. 
W90-05804 


W9O-O6018 


PROTECTION  OF  RTVER  BASINS,  LAKES 
AND  ESTUARIES:  FIFTEEN  YEARS  OF  COOP- 
ERATION TOWARD  SOLVING  ENVIRON- 
MENTAL PROBLEMS  IN  THE  USSR  AND 
USA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-129688. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/9-88/023,  November  1988. 
310  p.  Edited  by  Robert  C.  Ryans. 

Descriptors:  *Environmental  protection,  'Estu- 
aries, 'Lakes,  *River  basins,  *USSR,  ♦Water  pollu- 
tion control,  *Water  resources  management,  Am- 
monia, Great  Lakes,  Nonpoint  pollution  sources, 
Toxicity,  Water  pollution  effects,  Water  quality, 
Water  quality  control. 

In  1987,  the  United  States  and  the  Union  of  Soviet 
Socialist  Republics  completed  15  years  of  coopera- 
tion in  the  field  of  environmental  protection.  Over- 
views are  provided  of  joint  activities  in  water 
planning  and  management,  in  protection  and  man- 
agement of  water  quality  in  lakes  and  estuaries,  and 


LETHAL  EFFECTS  OF  DRAINING  ON 
BROWN  TROUT.  A  PREDICTIVE  MODEL 
BASED  ON  FIELD  AND  LABORATORY  STUD- 
IES. 

Centre    National    du    Machinisme    Agncole,    du 

Genie    Rural,    des    Eaux    et    des    Forets,    Lyon 

(France). 

J.  Garric,  B.  Migeon,  and  E.  Vindimian. 

Water  Research  WATRAG,  Vol.  24,  No.  1,  p  59- 

65,  January  1990.  8  fig,  7  tab,  15  ref. 

Descriptors:  'Ecological  effects,  'Model  studies, 
•Reservoir  operation,  'Trout,  'Water  resources 
management,  Chemical  properties,  Dissolved 
oxygen,  France,  Isere  River,  Physical  properties, 
Suspended  sediments. 

During  the  draining  of  dams  to  remove  the  sedi- 
ment from  the  reservoir  drastic  fish  mortalities 
have  been  observed  down-stream  in  the  river. 
These  mortalities  are  correlated  with  an  increase  of 
the  suspended  solids  and  ammonia  concentrations 
in  the  water  and  a  fall  in  dissolved  oxygen  concen- 
tration. A  field  study  was  carried  out  in  the  Isere 
River  in  France.  Different  chemical  and  physical 
parameters  of  water  quality  were  recorded  with 
simultaneous  toxicity  testing  using  water  from  the 
river  during  the  draining  process.  The  results  ob- 
tained are  considered  as  reference  data  allowing 
laboratory  experimental  conditions  to  be  drawn  up. 
This  methodology  enables  the  predictive  model 
derived  from  laboratory  surveys  to  be  consistent 
with  the  observed  environmental  phenomenon. 
The  only  way  to  predict  the  lethal  impact  of  dam 
draining  on  fish  (brown  trout)  was  to  take  into 
account  the  strong  synergistic  effect  between  sus- 
pended sediment  and  the  drop  in  dissolved  oxygen. 
(Author's  abstract) 
W90-06073 


EVOLUTION  OF  ESA  CONSULTATIONS  ON 
WESTERN  WATER  PROJECTS. 

Office  of  the   Solicitor  (Interior),   Denver,   CO. 

Rocky  Mountain  Region. 

For  primary  bibliographic  entry  see  Field  6E. 

W90-05891 


EFFECT  OF  BOAT  MOORINGS  ON  SEA- 
GRASS  BEDS  NEAR  PERTH,  WESTERN  AUS- 
TRALIA. 

Western   Australia  Univ.,   Nedlands.   Centre  for 

Water  Research. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-05897 

REPRODUCTION  OF  THE  AZOV-DON  SHAD 
FOLLOWING  REGULATION  OF  THE  DON 
RTVER 

Azovskii  Nauchno-Issledovatel'skii  Inst.  Rybnogo 
Khozyaistva,  Rostov-na-Donu  (USSR). 
For  primary  bibliographic  entry  see  Field  81. 


RESOURCE  DEVELOPMENT  AND  CONSER- 
VATION HISTORY  ALONG  THE  OHIO 
RTVER. 

Ohio  State  Univ.,  Columbus.  School  of  Natural 

Resources. 

S.  L.  Frost,  and  W.  J.  Mitsch. 

Ohio  Journal  of  Science  OJSCA9,  Vol.  89,  No.  5, 

p  143-152,  December  1989.  8  fig,  43  ref. 

Descriptors:  *Ohio  River,  *River  basin  develop- 
ment, *Water  pollution  sources,  'Water  resources 
development,  Industrial  development,  Interstate 
commissions,  Navigation,  Water  pollution. 

The  1578  km-long  Ohio  River  has  a  rich  history  of 
natural  resource  use  and  abuse,  starting  with  the 
development  of  the  river  itself  for  navigational 
purposes.  There  is  a  rich  early  record  of  natural 
history  studies  by  Bartram,  Michaux,  Lesueur,  Ra- 
finesque  and  others.  The  navigational  use  of  the 
river  began  with  snag  pulling  and  has  progressed 
to  modern  high-lift  dams.  Flood  control,  naviga- 
tional use  of  tributaries,  and  canal-building  have 
been  water  resource  development  projects  of  the 
past.  Early  industries  that  developed  around  the 
availability  and  abundance  of  coal,  oil,  natural  gas, 
salt,  iron  ore,  timber,  and  clay  in  the  valley  ulti- 
mately led  to  the  more  recent  pottery,  iron  and 
steel,  chemical,  and  power  generation  industries 
along  the  river  and  its  tributaries.  There  were  also 
major  horticultural  developments  of  apple  or- 
chards, wine  vineyards,  and  even  silk  worm  farms 
along  the  river  and  a  modest  button  industry  from 
the  mussels  in  the  river  itself.  The  pollution  of  the 
Ohio  River  has  been  a  concern  for  decades,  and 
the  involvement  of  the  federal  government  and  the 
establishment  of  interstate  compacts  have  led  to 
the  development  of  significant  understanding  of 
the  science  of  water  pollution  and  to  the  general 
improvement  of  the  river's  water  quality.  (Au- 
thor's abstract) 
W90-06101 


CHANGES  IN  FRESHWATER  MUSSEL  POPU- 
LATIONS OF  THE  OHIO  RTVER:  1,000  BP  TO 
RECENT  TIMES. 

Marshall  Univ.,  Huntington,  WV.  Dept.  of  Biolog- 
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k.iI  Sciences. 

R.  W.  Taylor. 

Ohio  Journal  of  Science  OJSCA9,  Vol.  89,  No.  5, 

p  188-191,  December  1989.  3  tab,  19  ref. 

Descriptors:  'Mollusks,  'Mussels,  *Ohio  River, 
•Water  pollution  control,  Habitats,  Populations, 
Species  diversity. 

Through  the  use  of  literature  records  and  new 
data,  it  was  possible  to  compile  a  list  of  species  of 
freshwater  mussels  that  inhabited  the  upper  Ohio 
River  (Ohio  River  Mile  0-300)  around  a  thousand 
years  ago.  This  information  was  derived  from 
specimens  found  associated  with  Indian  middens 
located  along  the  banks  of  the  Ohio.  Analysis  of 
these  data  indicates  that  at  least  31  species  of 
mussels  were  present  in  the  river.  Arnold  Ortmann 
recorded  37  species  from  the  same  area  as  a  result 
of  his  many  years  of  collecting  around  the  turn  of 
the  20th  century.  Thirty-three  species  have  been 
collectively  documented  as  currently  residing  in 
limited  numbers  in  the  river.  The  number  of  spe- 
cies present  has  remained  essentially  unchanged 
through  time.  There  have  been,  however,  signifi- 
cant changes  in  species  composition  and  total  num- 
bers of  individual  mussels  present.  Occasionally, 
healthy  populations  can  be  found  presently  but 
much  of  the  upper  Ohio  River  is  devoid  of  mussel 
life.  Several  large-river  species  have  become  estab- 
lished in  this  reach  of  the  river  as  a  consequence  of 
damming  and  the  resulting  increase  in  depth,  great- 
er siltation  and  slowed  rate  of  flow.  Seventeen 
species  known  to  have  previously  inhabited  the 
upper  Ohio  River  are  listed  as  presumed  to  no 
longer  survive  there.  (Author's  abstract) 
W90-06107 


UPDATE  OF  THE  CORPS'  ENVIRONMENTAL 
EFFECTS  OF  DREDGING  PROGRAMS  (FY  89). 
Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
R.  M.  Engler,  T.  R.  Patin,  and  R.  F.  Theriot. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161.  Miscellaneous 
Paper  D-90-2,  February  1990.  Final  Report.  32p, 
append. 

Descriptors:  'Dredging,  •Environmental  effects, 
•Research  priorities,  Corps  of  Engineers,  Sediment 
contamination,  Water  pollution  effects,  Wetlands. 

Before  the  early  1970s,  there  was  limited  knowl- 
edge of  the  environmental  effects  of  dredging  and 
dredged  material  placement.  The  Dredged  Materi- 
al Research  Program  (DMRP),  which  was  con- 
ducted from  1973-1978,  subsequently  developed 
first-generation  procedures  for  determining  the  en- 
vironmental consequences  of  dredged  material 
placement  and  developed  new  or  improved  meth- 
ods for  minimizing  adverse  effects.  The  Corps  was 
given  the  lead  responsibility  for  conducting  the 
research  since  the  Corps  is  responsible  for  main- 
taining over  25,000  miles  of  Federal  channels  and 
over  400  harbors  involving  the  annual  disposal  of 
250  to  300  million  cu  yds  of  dredged  material.  In 
addition,  the  Corps  regulates  the  discharge  of 
dredged  and  fill  material  in  waters  of  the  United 
States  including  ocean  waters  involving  an  addi- 
tional 150-200  million  cu  yd  annually.  Although 
the  Corps  is  responsible  for  and  regulates  dredged 
material  placement,  the  regulations  are  based  on 
environmental  guidelines  and  criteria  developed 
jointly  by  the  Corps  and  the  EPA.  This  report 
describes  the  major  completed  and  ongoing  pro- 
gram (1973  to  the  present)  addressing  environmen- 
tal effects  of  dredging,  disposal,  and/or  fill  activi- 
ties. These  are:  (1)  Dredged  Material  Research 
Program  (DMRP);  (2)  Field  Verification  Program 
(FVP);  (3)  Dredging  Operations  Technical  Sup- 
port (DOTS)  Program;  (4)  Long-Term  Effects  of 
Dredging  Operations  (LEDO)  Program;  (5)  Wet- 
lands Research  Program  (WRP);  and  (6)  Dredging 
Contaminated  Sediment  Work  Unit  of  the  Im- 
provement of  Operations  and  Maintenance  Tech- 
niques (IOMT)  Program.  All  of  these  programs  are 
research,  field  demonstrations,  or  technology 
transfer  efforts  of  the  Environmental  Laboratory 
of  the  US  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  MS.  Work  is  accomplished 
using  contractual  and  in-house  research  and  devel- 
opment capabilities.  (Lantz-PTT) 


W90-06203 


ENVIRONMENTAL  ASSESSMENT  OF  OVER- 
FLOW DREDGING  IN  MOBILE  BAY,  ALA- 
BAMA. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
D.  Clarke,  and  D.  Imsand 

Army  Corps  of  Engineers  Waterways  Experiment 
Station,  Vicksburg,  Mississippi.  Information  Ex- 
change Bulletin,  Vol.  D-90-1,  February  1990.  7p,  4 
fig,  1  tab,  13  ref. 

Descriptors:  'Alabama,  *Bays,  'Dredging,  •Envi- 
ronmental effects,  *Mobile  Bay,  Benthic  environ- 
ment, Deposition,  Overflow. 

The  available  evidence  regarding  overflow  dredg- 
ing operations  in  Mobile  Bay  supports  a  finding  of 
minimal  risk  to  bay  habitats  and  organisms.  Im- 
pacts due  to  deposition  of  overflow  slurries  would 
be  limited  to  the  channel  side  slopes  and  small 
areas  of  adjacent  shallow  bay  bottoms.  Recovery 
of  benthic  assemblages,  encompassing  newly  re- 
cruited individuals  of  opportunistic  species  and 
pre-existing  benthos  able  to  vertically  migrate  up 
through  thin  overburdens  of  dredged  material, 
would  be  rapid  in  affected  habitats.  If  enhanced 
loading  can  be  demonstrated  from  an  economic 
standpoint,  either  by  modification  of  existing 
equipment  or  improved  dredging  techniques,  over- 
flow dredging  appears  to  be  an  environmentally 
acceptable  option  for  future  projects  in  the  Mobile 
Bay  system.  Overflow  operations  in  deeper  estu- 
aries, where  dissimilar  sedimentological  and  hydro- 
dynamic  conditions  might  create  different  disper- 
sion and  deposition  patterns,  should  be  treated  as 
separate  cases.  Overflow  dredging,  however,  de- 
serves further  consideration  and  study  as  a  viable 
alternative  for  future  dredging  requirements. 
(Lantz-PTT) 
W90-06204 
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USE  OF  MESOCOSMS  IN  EVALUATING  THE 
HEALTH  OF  AQUATIC  ECOSYSTEMS. 

Wisconsin  Univ.-Superior  Center  for  Lake  Superi- 
or Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-05780 


U.S.  ENVIRONMENTAL  PROTECTION  AGEN- 
CY'S STRATEGY  FOR  GROUND  WATER 
QUALITY  MONITORING  AT  HAZARDOUS 
WASTE  LAND  DISPOSAL  FACILITIES  LO- 
CATED IN  KARST  TERRANES. 
Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Health  and  Environmental  Assess- 
ment. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05807 


RESEARCH  PLAN  FOR  INTEGRATED  ECO- 
SYSTEM AND  POLLUTANT  MONITORING 
AT  REMOTE  WILDERNESS  STUDY  SITES. 

Idaho  National  Engineering  Lab.,  Idaho  Falls. 
Center  for  Environmental  Monitoring  and  Assess- 
ment. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05810 


ENVIRONMENTAL  MONITORING  MASTER 
SAMPLING  SCHEDULE:  JANUARY-DECEM- 
BER 1989. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
L.  E.  Bisping. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE89-O07101. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  PNL-6816,  January  1989.  49p.  DOE 
Contract  DE- AC06-76RLO- 1 830. 

Descriptors:  'Columbia  River,  'Data  acquisition, 
•Hanford  Site,  'Monitoring,  'Radioactive  wastes, 


•Scheduling,  'Washington,  'Water  quality, 
•Water  sampling,  Drinking  water,  Groundwater 
pollution,  Groundwater  quality,  Irrigation  water, 
Monitoring  wells. 

Environmental  monitoring  of  the  Hanford  Site  is 
conducted  by  the  Pacific  Northwest  Laboratory 
(PNL)  for  the  US  Department  of  Energy  (DOE). 
This  document  contains  the  planned  schedule  for 
routine  sample  collection  for  calendar  year  1989 
for  the  Surface  and  Groundwater  Environmental 
Monitoring  Projects.  The  schedule  includes  rou- 
tine groundwater  sampling,  but  does  not  include 
samples  that  may  be  collected  in  1989  to  support 
special  studies  or  special  contractor  projects,  or  for 
quality  control.  The  sample  type,  number,  frequen- 
cy, and  analyses  performed  are  tabulated  for  such 
specimens  as  Columbia  River  water,  onsite  ponds, 
irrigation  water,  drinking  water,  and  sediment,  all 
for  radiological  analysis.  For  direct  radiation  meas- 
urements of  the  Columbia  River  shoreline,  onsite 
roadways  and  railways,  and  inactive  waste  sites, 
the  location,  frequency  and  type  of  instrument  are 
tabulated.  Hanford  groundwater  monitoring  wells 
are  also  identified  and  the  frequency  and  type  of 
analyses  tabulated.  (Lantz-PTT) 
W90-05826 


CHESAPEAKE  BAY  MAINSTEM  MONITOR- 
ING PROGRAM  STATISTICAL  AND  ANALYT- 
ICAL SUPPORT  CONTRACT:  FINAL 
REPORT- VOLUME  I. 

Martin  Marietta  Environmental  Systems,  Colum- 
bia, MD. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-05829 


NATIONAL  STREAM  SURVEY-PHASE  I: 
QUALITY  ASSURANCE  REPORT. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Acid  Deposition,  Environmental 
Monitoring,  and  Quality  Assurance. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-125983. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/4-88/018,  April  1988.  206p, 
15  fig,  31  tab,  56  ref,  4  append.  EPA  contract  no. 
68-03-3249  and  68-03-3246. 

Descriptors:  *Acid  rain,  *Data  acquisition,  *Hy- 
drologic  data,  'Quality  control,  'Streams,  *Water 
quality,  'Water  sampling,  Management  planning, 
Model  studies,  National  Stream  Survey. 

The  National  Stream  Survey-Phase  I,  conducted 
during  the  spring  of  1986,  was  designed  to  assess 
quantitatively,  the  present  chemical  status  of 
streams  in  regions  of  the  eastern  United  States 
where  aquatic  resources  are  potentially  at  risk  as  a 
result  of  acidic  deposition.  A  quality  assurance 
program  was  implemented  to  ensure  consistency  in 
the  collection  and  analysis  of  water  samples  and  to 
verify  the  reported  results.  In  addition,  the  quality 
assurance  program  provides  data  users  with  quanti- 
tative and  qualitative  documentation  of  the  quality 
of  the  database  in  terms  of  representativeness,  com- 
pleteness, and  comparability  and  the  quality  of  the 
analytical  results  in  terms  of  detectability,  accura- 
cy, and  precision.  This  quality  assurance  report 
describes  the  major  design  and  operational  aspects 
of  the  quality  assurance  program  and  the  final 
assessment  of  the  quality  of  the  National  Stream 
Survey  database.  This  report  also  describes  sam- 
pling and  analytical  problems  that  occurred  during 
the  survey  and  the  corrective  actions  implemented. 
The  survey  database  is  sufficiently  representative 
and  complete  so  that  population  estimates  based  on 
chemical  characteristics  can  be  computed  and  in- 
terpreted. There  are  only  a  few  cases  in  which  data 
interpretation  may  be  limited  by  data  quality  in 
terms  of  detectability,  accuracy,  and  precision.  In 
most  of  these  cases,  the  limitations  affect  only 
interpretation  of  measurements  at  low  concentra- 
tions. A  model-based  approach  to  evaluating  sys- 
tematic errors  is  presented  as  an  appendix.  Sugges- 
tions for  future  surveys  include  performing  on-site 
inspections  of  all  operations  earlier  in  the  survey  so 
that  most  potential  problems  can  be  identified 
before  they  affect  data  quality  and  modifying  the 
procedures  for  preparation  of  synthetic  audit  sam- 
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pies  to  facilitate  improved  estimates  of  accuracy. 

(Author's  abstract) 

W9O-0583O 


DETECTING  ACID  PRECIPITATION  IM- 
PACTS ON  LAKE  WATER  QUALITY. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri- 
cultural and  Chemical  Engineering. 
J.  C.  Loftis,  and  C.  H.  Taylor. 
Environmental  Management  EMNGDC,  Vol.  13, 
No.  5,  p  529-538,  September/October  1989.  3  fig,  1 
tab,  25  ref. 

Descriptors:  *Acid  lakes,  *Acid  rain  effects, 
•Lakes,  *Monitoring,  'Network  design,  *Water 
pollution  effects,  *Water  pollution  sources,  Envi- 
ronmental Protection  Agency,  Limnology,  Model 
studies,  Project  planning,  Statistical  analysis. 

The  US  Environmental  Protection  Agency  is  plan- 
ning to  expand  its  long  term  monitoring  of  lakes 
that  are  sensitive  to  acid  deposition  effects.  Effec- 
tive use  of  resources  will  require  a  careful  defini- 
tion of  the  statistical  objectives  of  monitoring,  a 
network  design  which  balances  spatial  and  tempo- 
ral coverage,  and  a  sound  approach  to  data  analy- 
sis. This  study  examines  the  monitoring  objective 
of  detecting  trends  in  water  quality  for  individual 
lakes  and  small  groups  of  lakes.  Appropriate  meth- 
ods of  trend  analysis  are  suggested,  and  the  power 
of  trend  detection  under  seasonal  (quarterly)  sam- 
pling is  compared  to  that  of  annual  sampling.  The 
simple  univariate  approach  is  a  logical  starting 
point  for  designing  a  monitoring  network  and 
specifying  routine  data  analysis  procedures.  An  in- 
depth  understanding  of  cause-and-effect  relation- 
ships, however,  will  require  the  application  of 
more  comprehensive  methods  such  as  multivariate 
statistical  models;  intensive  studies  of  deposition, 
water  quality  hydrology,  limnology,  and  biology 
at  the  watershed  level;  and  detailed  watershed 
modeling  of  multiple  processes.  A  truly  effective 
national  lake  quality  monitoring  program  should 
include  intensive  surveys  of  'typical'  ecological 
systems  in  addition  to  periodic  population  surveys 
and  routine  monitoring  of  individual  lakes.  (Au- 
thor's abstract) 
W90-05860 


REGULATING  CONTAMINATED  SEDIMENTS 
IN  AQUATIC  ENVIRONMENTS:  A  HYDRO- 
LOGIC  PERSPECTIVE. 

Maryland  Univ.,  College  Park.  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-05865 


HYDROLOGIC  ANALYSIS  FOR  COASTAL 
WETLAND  RESTORATION. 

Williams  (Philip)  and  Associates,  San  Francisco, 

CA. 

R.  Coates,  M.  Swanson,  and  P.  Williams. 

Environmental  Management  EMNGDC,  Vol.  13, 

No.  6,  p  715-727,  November/December  1989.  9  fig, 

1  tab,  26  ref. 

Descriptors:  *California,  *Marsh  plants,  'Water 
resources  management,  *Wetland  restoration, 
♦Wetlands,  Comprehensive  planning,  Hydrology, 
Model  studies,  Project  planning. 

Increasing  recognition  of  the  value  of  tidal  wet- 
lands has  led  to  interest  in  how  to  restore  and 
enhance  areas  that  have  been  modified  by  human 
activity.  The  policy  of  recognizing  restoration  or 
enhancement  as  mitigation  for  destruction  of  other 
wetlands  is  controversial.  Once  policy  questions 
are  separated  from  technical  questions,  the  steps  in 
a  successful  project  are  straightforward.  Restora- 
tion projects  at  two  sites  in  California  (the  Hay- 
ward  Area  Recreation  District  and  the  Tijuana 
Estuary)  used  a  combination  of  empirical  geomor- 
phic  relationships,  numerical  modeling,  and  verifi- 
cation with  field  observations.  The  objectives  at 
the  Hay  ward  area  were  to:  restore  habitat,  and 
maintain  healthy  pickleweed  on  levees  as  habitat 
for  the  endangered  salt  marsh  harvest  mouse.  The 
objective  at  the  Tijuana  Estuary  was  to  protect 
and  restore  a  productive  cordgrass  tidal  salt  marsh. 
Experience  with  these  and  other  projects  indicate 


that  successful  projects  include  the  following  ele- 
ments: (1)  clear  definition  of  biological  objectives 
that  can  be  translated  to  hydrologic  objectives;  (2) 
good  definition  of  site  topography  and  tidal 
regime;  (3)  analysis  of  physical  and  biological  con- 
straints and  opportunities;  (4)  development  of 
design  alternatives  using  numerical  computer 
models  and  empirical  geomorphic  relationships 
along  with  calibration  and  verification  of  models 
with  field  data;  (5)  selection  and  review  of  the 
preferred  alternative;  (6)  field  inspections  by  the 
design  team  during  construction;  and  (7)  postcon- 
struction  monitoring  of  biological  and  hydrologi- 
cal  parameters.  (Author's  abstract) 
W90-05866 


SURVEILLANCE:  THE  FOUNDATION  FOR 
CONTROL  AND  ELIMINATION  OF  DRACUN- 
CULIASIS  IN  AFRICA. 

WHO  Collaborating  Center  for  Research,  Train- 
ing, and  Control  of  Dracunculiasis,  Atlanta,  GA. 
F.  Richards,  and  D.  Hopkins. 
International  Journal  of  Epidemiology  IJEPBF, 
Vol.  18,  No.  4,  p  934-943,  December  1989.  1  fig,  1 
tab,  33  ref. 

Descriptors:      *Dracunculiasis,  *  Epidemiology, 

•Human  diseases,  *Monitoring,  *Water  pollution 

control,  Developing  countries,  Parasites,  Public 
health,  Sanitation,  Surveillance. 

The  International  Drinking  Water  Supply  and 
Sanitation  Decade  has  stimulated  a  movement  to 
eradicate  human  infection  with  the  helminthic 
parasite  Dracunculus  medinensis  (dracunculiasis), 
whose  victims  are  disabled  for  weeks  or  months 
during  the  painful  emergence  of  one  or  more 
worms  from  beneath  the  skin.  Each  year,  millions 
of  people  acquire  this  infection  by  drinking  un- 
clean water.  Among  the  critical  activities  that  are 
necessary  for  the  elimination  of  dracunculiasis,  one 
of  the  most  fundamental  is  that  of  epidemiological 
surveillance.  Surveillance  activities  play  a  key  role 
in  the  strategy  to  target  affected  villages  for  im- 
proved water  supplies  and  other  control  activities. 
Accurate  surveillance  data  also  stimulate  interest 
and  support  for  national  eradication  programs. 
Dracunculiasis  is  a  condition  with  excellent  char- 
acteristics for  reporting  through  passive  surveil- 
lance systems.  However,  active  surveillance,  as 
well  as  other  innovative  surveillance  strategies, 
should  be  used  to  establish  baseline  information  in 
those  villages  where  cases  occur,  and  later  to  mon- 
itor epidemiologically  important  indices  needed  to 
evaluate  the  progress  of  elimination  efforts.  (Au- 
thor's abstract) 
W90-05873 


SUBLETHAL  TOXICANT  EFFECTS  ON  FISH 
FORAGING  BEHAVIOR:  EMPIRICAL  VS. 
MECHANISTIC  APPROACHES. 

Iowa  State  Univ.,  Ames.  Dept.  of  Animal  Ecolo- 
gy. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-06054 


STATISTICAL  POWER  ANALYSIS  CAN  IM- 
PROVE FISHERIES  RESEARCH  AND  MAN- 
AGEMENT. 

Simon  Fraser  Univ.,  Burnaby  (British  Columbia). 
Natural  Reource  Management  Program. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-06109 
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ARTIFICIAL    RAINFALL    FOR    PAVEMENT 
RUNOFF  STUDIES. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05656 


HYDRAULICS    RESEARCH    IN    MOUNTAIN 
RIVERS. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  8B. 


W90-05686 


OBJECTIVE  NEPHOLOGY. 

ST  Systems  Corp.,  Lexington,  MA. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-05712 


GROUND  TRUTH  FOR  OBJECTIVE  EVALUA- 
TION OF  AUTOMATED  NEPHANALYSIS. 

ST  Systems  Corp.,  Lexington,  MA. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-05714 


GOES  SATELLITE  DATA  FOR  AIMS. 

ST  Systems  Corp..  Lexington,  MA. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-05715 


DETECTION  OF  SUBSURFACE  FLOW  PHE- 
NOMENA BY  SELF-POTENTIAL/GEOELEC- 
TRICAL  AND  THERMICAL  METHODS. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  AD-A204-488. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
International  Symposium,  Karlsruhe,  West  Germa- 
ny, March  14-18,  1988.  48p. 

Descriptors:  •  Instrumentation,  'Groundwater 
movement,  *Data  acquisition,  Geophysical  meth- 
ods, Symposium,  Geoelectrical  method,  Thermical 
methods,  Infrared  imagery. 

Geophysical  methods  can  be  useful  tools  for  detec- 
tion of  leakages  in  dams  and  waste  disposal.  Self- 
potential/geolectrical  and  thermometrical  technics 
as  well  as  infrared  imagery  procedure  are  still 
under  development  in  this  field  of  application. 
Major  problems  concerning  these  methods  are  the 
reproducibility  of  the  data  and  the  elimination  of 
noise  effects.  This  symposium  was  planned  to  serve 
as  an  international  exchange  of  knowledge  and 
experiences  concerning  the  application  of  the 
methods  mentioned  above  for  the  detection  of 
subsurface  waterflow,  especially  in  connection 
with  leakages  in  dams  and  waste  disposal  sites.  The 
main  topics  will  deal  with  fundamental  aspects, 
theory  of  methods,  instrumentation,  data  acquisi- 
tion, processing  and  interpretation  as  well  as  noise 
effects.  This  publication  contains  abstracts  of  43 
papers  presented  at  the  symposium.  (Lantz-PTT) 
W90-05771 


FACTORS  INFLUENCING  EXPERIMENTAL 
CARCINOGENESIS  IN  LABORATORY  FISH 
MODELS. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Food  Sci- 
ence and  Technology. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-05820 


CHESAPEAKE  BAY  MAINSTEM  MONITOR- 
ING PROGRAM  STATISTICAL  AND  ANALYT- 
ICAL SUPPORT  CONTRACT:  FINAL 
REPORT- VOLUME  I. 

Martin  Marietta  Environmental  Systems,  Colum- 
bia, MD. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-05829 


AMPEROMETRIC  FLOW  INJECTION  TECH- 
NIQUE FOR  DETERMINATION  OF  HYDRO- 
GEN PEROXIDE  AND  SULFUR(IV)  IN  AT- 
MOSPHERIC LIQUID  WATER. 

Sao  Paulo  Univ.  (Brazil).  Dept.  of  Chemistry. 
I.  G.  R.  Gutz,  and  D.  Klockow. 
Fresenius    Zeitschrift    fuer    Analytische    Chemie 
ZACFAU,  Vol.  335,  No.  8,  p  919-923,  1989.  3  fig, 
1  tab,  41  ref. 

Descriptors:  *Acid  rain,  *Chemical  analysis,  'Hy- 
drogen peroxide,  'Pollutant  identification,  'Sulfur, 
•Water  analysis,  Atmospheric  water  vapor,  Chem- 
istry of  precipitation,  Detection  limits,  Flow  injec- 
tion system,  Fog,  Rain,  Snow. 
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A  sensitive,  selective  and  fast  method  for  the  deter- 
mination of  hydrogen  peroxide  and  sulfur(IV) 
present  in  atmospheric  liquid  phase  is  presented. 
The  flow  injection  system  used  contains  a  specially 
designed  electrochemical  micro-cell.  The  neces- 
sary selectivity  is  achieved  using  an  alkaline  carrier 
flow  for  the  oxidative  determination  of  hydrogen 
peroxide  and  an  acidic  one  for  the  bisulfite  oxida- 
tion, and  employing  differential  measurements 
before  and  after  addition  of  catalase  or  sulfite 
oxidase,  respectively.  Samples  of  200  microL 
volume  can  be  injected  at  a  rate  of  30  per  hour  and 
the  electroactive  species  be  determined  in  the 
range  from  millimolar  level  down  to  the  detection 
limit  of  20  nano  M/L.  The  S(IV)  present  as  hy- 
droxymethanesulfonate  or  in  form  of  other  carbon- 
yl  adducts  is  determined  after  a  previous  alkaliniza- 
tion  of  the  sample  to  liberate  the  sulfite.  The 
method  has  been  tested  with  rain,  snow,  fog  and 
cryo-sampled  atmospheric  water  vapor.  The  time 
resolution  is  adequate  to  follow  precipitation 
events.  (Author's  abstract) 
W90-05834 


DETERMINING  REFORESTATION  AREA 
AND  DISTRIBUTION  FOR  SALINITY  CON- 
TROL. 

Water  Authority  of  Western  Australia,  Perth.  Sur- 
face Water  Branch. 

For  primary  bibliographic  entry  see  Field  5G. 
W9O-05835 


AQUATIC  INSECT  ADULTS  AS  INDICATORS 
OF  ORGANOCHLORINE  CONTAMINATION. 

Windsor  Univ.  (Ontario).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05848 


COMPARISON  OF  SUSPENSATE  AND 
BOTTOM  STREAM  SEDIMENT  GEOCHEMIS- 
TRY AT  A  PB  OCCURRENCE  IN  THE  SHEN- 
ANDOAH VALLEY  ZN  DISTRICT,  NORTH- 
WEST VIRGINIA. 

George  Washington  Univ.,  Washington,  DC. 
Dept.  of  Geology. 

For  primary  bibliographic  entry  see  Field  2K. 
W90-05856 


COMPOSITION  OF  LIGNTN  IN  ESTUARINE 
SUSPENDED  PARTICULATES  AND  THE  DIS- 
TRIBUTION OF  PARTICULATE  LIGNTN  IN 
ESTUARIES  AS  DETERMINED  BY  CAPJX- 
LARY  GAS  CHROMATOGRAPHY  OF  CUPRIC 
OXD3E  OXIDATION  PARTICLES. 
Lancaster  Univ.  (England).  Dept.  of  Environmen- 
tal Sciences. 

For  primary  bibliographic  entry  see  Field  2L. 
W90-05910 


LANTHANTDE  LUMINESCENCE  QUENCH- 
ING AS  A  DETECTION  METHOD  IN  ION 
CHROMATOGRAPHY:  CHROMATE  IN  SUR- 
FACE AND  DRINKING  WATER. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 

Analytical  Chemistry. 

M.  Schreurs,  G.  W.  Somsen,  C.  Gooijer,  N.  H. 

Velthorst,  and  R.  W.  Frei. 

Journal  of  Chromatography  JOCRAM,  Vol.  482, 

No.  2,  p  351-359,  December  1,  1989.  5  fig,  2  tab,  19 

ref. 

Descriptors:  'Chromates,  'Chromium,  'Drinking 
water,  'Europium,  'Gas  liquid  chromatography, 
'Laboratory  methods,  'Luminescence,  'Pollutant 
identification,  'Surface  water,  'Terbium,  'Water 
analysis,  'Water  pollution,  Chemical  reactions, 
Detection  limits,  Lanthanides,  Selectivity. 

Dynamic  quenching  of  europium  (Eu(III))  and  ter- 
bium (Tb(Iir))  luminescence  by  inorganic  anions  as 
a  detection  method  in  ion  chromatography  was 
investigated.  To  obtain  a  high  luminescence  inten- 
sity, lanthanide<III)  complexes  were  formed  with 
ligands  which  make  indirect  excitation  of  the  ions 
possible.  Tb-acetylacetone  (acac)  complexes  are 
simply  obtained  by  mixing  equimolar  solutions  of 
Tb(III)  and  acac,  and  oxygen  removal  is  not  neces- 
sary. This  method  has  a  high  inherent  selectivity  as 


only  a  few  anions  (e.g.,  nitrite,  chromate)  induce 
efficient  dynamic  luminescence  quenching.  Chro- 
mate was  found  to  be  an  efficient  quencher  of 
terbium-acetylacetone  luminescence.  Epidemiolog- 
ical studies  have  indicated  that  chromium(VI)  is 
carcinogenic  in  humans,  and  the  World  Health 
Organization  has  a  limit  of  50  ppb  for  chromate  in 
drinking  water.  Samples  of  tap  water  and  surface 
water,  spiked  with  chromate,  were  injected  into  a 
high-performance  liquid  chromatographic  system 
with  post-column  addition  of  the  luminescent  com- 
plex. In  this  way,  a  detection  limit  of  0. 1 1  micro- 
moles  (13  ppb)  of  chromate  was  obtained,  demon- 
strating the  suitability  of  dynamic  luminescence 
quenching  as  a  detection  method  for  chromate  in 
water  samples.  (Author's  abstract) 
W90-05913 


DETERMINATION  OF  ORGANIC  AND  INOR- 
GANIC ACIDS  IN  PRECIPITATION  SAMPLES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Research  and  Applications  Branch. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-05914 


SCALING    THE    SATURATED    HYDRAULIC 
CONDUCTIVITY  OF  AN  ALFISOL. 

International  Crops  Research  Inst,  for  the  Semi- 
Arid  Tropics,  Patancheru  (India). 
For  primary  bibliographic   entry  see  Field   2G. 
W90-05916 


COMPARISON  BETWEEN  ACETONE  AND 
DIOXANE  AND  EXPLANATION  OF  THEIR 
ROLE  IN  WATER  REPLACEMENT  IN  UNDIS- 
TURBED SOIL  SAMPLES. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Canberra  (Australia).  Div.  of  Soils. 

C.  J.  Chartres,  A.  J.  Ringrose-Voase,  and  M. 

Raupach. 

Journal  of  Soil  Science  JSSCAH,  Vol.  40,  No.  4,  p 

849-863,  December  1989.  7  fig,  2  tab,  30  ref. 

Descriptors:  'Acetone,  'Clays,  'Dioxane,  'Micro- 
scopic analysis,  'Sample  preparation,  'Soil  analy- 
sis, 'Soil  physical  properties,  'Soil  structure,  'Soil 
water,  Infrared  spectroscopy,  Molecular  structure, 
Polymers,  Soil  cement,  Swelling,  X-ray  diffraction. 

Undisturbed,  moist  samples  from  the  A  horizon  of 
a  swelling  gray  clay  were  treated  with  acetone  or 
dioxane,  with  or  without  para-dichlorobenzene  to 
replace  soil  water.  They  were  then  either  impreg- 
nated with  polyester  resin  while  still  solvent-wet 
or  after  drying.  Structural  changes  in  samples 
treated  with  dioxane  and  then  impregnated  while 
solvent-wet  indicated  little  evidence  of  either  disin- 
tegration or  shrinkage  resulting  from  the  treat- 
ment. However,  samples  treated  with  acetone  were 
prone  to  disintegration,  but  this  was  mitigated 
somewhat  by  the  addition  of  para-dichloroben- 
zene. Allowing  either  solvent  to  evaporate  before 
impregnation  caused  shrinkage.  X-ray  diffraction 
and  infrared  studies  of  treated  clay  separates  indi- 
cated that  dioxane  prevented  the  marked  swelling 
and  potential  dispersion  found  with  acetone.  It  was 
concluded  that  dioxane  breaks  structural  bonds 
within  clay  interlayers  and  between  soil  crumbs, 
thus  limiting  both  collapses  of  clay  minerals  and 
sample  shrinkage  on  drying.  No  changes  to  plas- 
mic  fabrics  could  be  seen  under  a  penological 
microscope.  Because  of  their  appropriate  size  and 
shape,  dioxane  molecules  could  also  enter  clay 
interlayers,  thus  preventing  marked  shrink/swell 
movements.  There  is  some  indication  that  they 
may  also  form  epoxide-like  compounds  that  them- 
selves form  structural  'cements'.  (Author's  ab- 
stract) 
W90-05918 


EVALUATION  OF  A  SKIMMER  DREDGE  FOR 
COLLECTING  FRESHWATER  MUSSELS. 

Army  Engineer  Waterways  Experiment   Station, 

Vicksburg,  MS. 

A.  C.  Miller,  R.  Whiting,  and  D.  B.  Wilcox. 

Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 

No.  2,  p  151-154,  December  1989.  1  fig,  1  tab,  10 

ref. 


Descriptors:  'Biological  samples,  'Dredging, 
•Mussels,  'Samplers,  Bottom  sediments,  Mississip- 
pi River,  Mollusks,  Mortality,  Performance  evalua- 
tion, Population  density,  Skimmer  dredge,  Species 
diversity,  Surveys. 

A  skimmer  dredge  was  used  effectively  to  collect 
freshwater  mussels  from  sand-silt  substrate  in  the 
upper  Mississippi  River.  The  skimmer  dredge  used 
was  a  smaller  version  of  a  marine  dredge  without 
hydraulic  jets.  This  dredge  was  made  with  0.63  cm 
mild  steel  plate  and  weighed  34.5  kg.  Runners 
were  10  cm  wide  and  105  cm  long.  The  skimmer 
blade  was  43  cm  wide  with  a  set  of  forward- 
pointing  0.6  cm  diameter  tines  spaced  1.9  cm  apart 
that  extended  2.5  cm  beyond  the  leading  edge  of 
the  blade.  The  blade  and  ramp  assembly  could  be 
adjusted  to  alter  dredging  depth.  Effectiveness  was 
determined  by  comparing  the  numbers  of  mussels 
collected  by  the  dredge  to  the  total  number 
present.  The  dredge  obtained  62.3  %  of  the  mus- 
sels in  its  path  and  provided  good  estimates  of 
species  richness,  diversity,  and  relative  species 
abundance.  It  caused  10  %  mortality  of  thin- 
shelled  species  but  did  not  damage  thick-shelled 
species.  In  suitable  substrate  the  skimmer  dredge  is 
preferable  to  a  brail  for  exploratory  surveys. 
(Mertz-PTT) 
W90-05929 


MICRO-BIOASSAY  FOR  EPILITHON  USING 
NUTRIENT-DIFFUSING  ARTIFICIAL  SUB- 
STRATA. 

Cincinnati  Univ.,  OH.  Dept.  of  Biological  Sci- 
ences. 

G.  G.  Gibeau,  and  M.  C.  Miller. 
Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 
No.  2,  p  171-176,  December  1989.  1  fig,  3  tab,  24 
ref.  Grant  NFS-DPP-83320544. 

Descriptors:  'Algae,  'Artificial  substrates,  'Bioas- 
say,  'Grazing,  'Invertebrates,  'Nutrient  require- 
ments, 'Periphyton,  'Rivers,  Antibiotics,  Aquatic 
productivity,  Arctic  rivers,  Nitrogen,  Nutrient-dif- 
fusing substrata  method,  Nutrients,  Organic  sub- 
strates, Phosphorus,  Pollutants,  Porcelain,  Silica. 

A  modification  of  the  nutrient-diffusing  substrata 
method  was  used  to  evaluate  nutrient  and  inverte- 
brate grazer  effects  on  attached  epilithic  algae  in 
the  Kuparuk  River,  located  on  the  North  Slope  of 
the  Brooks  Range,  AK.  An  acid-cleaned  porcelain 
or  fused  silica  disk  was  melted  into  the  opening  of 
a  small  plastic,  agar-filled  vial,  supplemented  with 
water  soluble  materials.  These  materials  were  such 
that  they  would  have  an  impact  on  the  biomass 
and/or  productivity  of  the  autotrophic  and/or  he- 
terotrophic communities  colonizing  hard  surfaces 
in  rivers  and  lakes.  The  vials  were  independent 
replicates  (3-6/treatment),  providing  many  more 
treatments  per  unit  cost  and  unit  effort  than  other 
methods  currently  employed.  After  3  week  incuba- 
tion periods  in  the  river,  it  was  shown  that  this 
method  worked  very  well,  it  was  also  demonstrat- 
ed that  the  river  was  limited  by  phosphorus  and 
nitrogen,  thereby  confirming  the  results  of  previ- 
ous assays.  The  method  would  also  allow  for  the 
use  of  nutrients,  xenobiotics,  antibiotics,  and/or 
organic  substrates  to  be  used  to  enhance  or  mini- 
mize the  effects  on  autotrophs  or  heterotrophs  in 
complex  communities.  (Author's  abstract) 
W90-05931 


SIMULATION    OF   VERTICAL   LIMNOLOGI- 
CAL  GRADIENTS. 

Wyoming  Univ.,  Laramie.  Dept.  of  Zoology  and 

Physiology. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-05935 


SPECTROPHOTOMETRIC  FIELD  MONITOR 

FOR  THE  DETERMINATION  OF  NITRATE  IN 

RIVER  WATER:  STATISTICAL  ANALYSIS  OF 

THE  RESULTS  FROM  A  NINE-MONTH  FTELD 

TRIAL. 

Freshwater     Biological     Association,     Wareham 

(England).  River  Lab. 

H.  Casey,  R.  T.  Clarke,  S.  M.  Smith,  J.  R.  Clinch, 

and  P.  J.  Worsfold. 
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RESOURCES  DATA— Field  7 
Data  Acquisition— Group  7B 


Analytica  Chimica  Acta  ACACAM,  Vol.  227,  No. 
2,  p  379-385,  December   15,   1989.  7  tab,  4  ref. 

Descriptors:  *  Instrumentation,  *Monitoring,  'Ni- 
trates, 'Spectral  analysis,  'Spectrophotometry, 
•Statistical  analysis,  'Water  analysis,  Automation, 
Computers,  Diurnal  variation,  Field  tests,  Hydro- 
logic  data  collections,  Rivers. 

Nitrate  levels  were  recorded  for  9  mo  in  field  tests 
on  the  River  Frome,  Dorset,  England  using  a 
spectrophotometric  nitrate  monitor.  The  monitor 
sampled  river  water  at  30-min  intervals  to  give  48 
results  per  day.  The  nitrate  level  in  the  sample  was 
calculated  by  ratioing  the  means  of  the  sample  and 
standard  signals  and  was  output  to  a  miniprinter 
together  with  the  date  and  time.  Automation  and 
data  presentation  were  controlled  by  a  single- 
board  microcomputer.  For  each  analysis  cycle,  the 
software  compared  both  the  duplicate  values  for 
the  sample  and  the  duplicate  values  for  the  stand- 
ard; if  the  difference  between  the  duplicate  values 
differed  by  more  than  5%  for  either  the  sample  or 
the  standard,  the  results  for  that  analysis  cycle  was 
rejected.  At  least  one  valid  result  was  obtained  on 
92%  of  the  days  and  a  complete  30-min  interval 
sampling  record  was  obtained  on  34%  of  the  days. 
The  overall  mean  of  8122  valid  results  taken 
during  the  273-day  field  trial  was  4.90  milligrams/ 
L  N03-N  compared  with  an  overall  mean  of  4.60 
milligrams/L  N03-N  for  a  parallel  manual  sam- 
pling and  laboratory  analysis  program  of  one 
sample  per  wk.  With  only  one  maintenance  visit  of 
1  hr  per  wk  and  low  reagent  consumption,  the 
automated  monitor  is  cost  effective  relative  to  a 
manual  sampling  program  and  provides  a  much 
better  profile  of  the  change  in  nitrate  concentration 
with  respect  to  time.  Daily  distribution  of  means 
ranged  from  3.51  to  5.56  milligrams/L  N03-N. 
(Geiger-PTT) 
W9O-05936 


ACOUSTIC  IMAGING  OF  SUBSURFACE  FEA- 
TURES. 

Oak  Ridge  National  Lab.,  TN.  Energy  Div. 
For  primary  bibliographic  entry  see  Field  5E. 
W9O-05962 


STUDIES  ON  THE  TRANSFER  OF  HEAVY 
METALS  BETWEEN  SEDIMENTARY  PHASES 
WITH  A  MULTI-CHAMBER  DEVICE:  COM- 
BINED EFFECTS  OF  SALINITY  AND  REDOX 
VARIATION. 

Technische  Univ.   Hamburg-Harburg   (Germany, 
F.R.).  Arbeitsbereich  Umweltschutztechnik. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05968 


AUTOMATIC  MONITORING  OF  SHORT  DU- 
RATION SNOWMELT  EVENTS  IN  A  NOVA 
SCOTIA  HEADWATER  STREAM. 

Inland  Waters  Directorate,  Moncton  (New  Bruns- 
wick). Water  Quality  Branch. 
G.  S.  Howell,  and  T.  A.  Springer. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  145-153,  July/ August  1989.  6  fig,  6  ref. 

Descriptors:  *Acid  rain,  'Canada,  'Hydrogen  ion 
concentration,  'Snowmelt,  'Stream  profiles, 
•Streamflow,  'Water  quality,  Chlorine,  Conduct- 
ance, Nova  Scotia,  Precipitation,  Streams,  Water 
sampling,  Water  temperature. 

A  Montedoro-Whitney  automatic  water  quality 
monitor  equipped  to  measure  pH,  specific  conduct- 
ance, water  temperature  and  chloride  was  installed 
in  situ  in  Moose  Pit  Brook  in  May,  1987  and 
operated  throughout  the  winter  and  spring  of  1988. 
On  numerous  occasions  throughout  the  winter  and 
particularly  during  the  month  of  February,  ex- 
tremely short  duration  pH  depressions  were  meas- 
ured. These  episodes  typically  occurred  during 
midday  and  were  characterized  by  a  rapid  pH  drop 
over  1  hour,  followed  by  a  5  to  6  hour  recovery 
period.  These  pH  events  were  not  consistently 
related  to  elevated  air  temperatures  or  precipita- 
tion events  but  were  with  few  exceptions  observed 
on  days  of  high  insolation,  These  data  indicate  that 
solar  radiation  can  result  in  small  snowmelt  events 
even  when  air  temperatures  are  below  zero  (de- 


grees C)  and  that  these  episodes  can  in  turn  influ- 
ence the  pH  of  a  dilute,  low  order  stream.  (Au- 
thor's abstract) 
W90-05987 


FRACTIONAL  PRECIPITATION  OF  HUMIC 
ACID  FROM  COLORED  NATURAL  WATERS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
R.  A.  Bourbonniere,  and  T.  van  Halderen. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  187-198,  July/ August  1989.  4  fig,  5  tab, 
14  ref. 

Descriptors:  'Acid  rain,  'Acid  streams,  'Bogs, 
'Canada,  'Humic  acids,  'Water  analysis,  Chemical 
analysis,  Hydrogen  ion  concentration,  Interstitial 
water,  Kejimkujik  National  Park,  Metal  complex- 
es, Nova  Scotia,  Organic  matter,  Physical  proper- 
ties, Soil  chemistry,  Water  quality. 

Humic  acid  is  usually  defined  in  the  soil  and  aquat- 
ic sciences  as  that  fraction  of  base-soluble  soil 
organic  matter  or  dissolved  organic  matter  which 
is  insoluble  in  acid.  Stepwise  titration  of  bulk  dis- 
solved organic  matter  from  four  samples  of  bog 
pore  water  and  stream  water  collected  from  Ke- 
jimkujik National  Park,  Nova  Scotia  were  under- 
taken to  study  the  fractional  precipitation  of  humic 
acid.  Three  independent  methods:  dissolved  organ- 
ic matter  analysis,  absorbence  measurements  at  330 
mn,  and  densityometry  of  photographic  negatives 
of  filters,  were  used  to  quanitfy  the  precipitation  of 
humic  acid.  The  dissolved  organic  matter  of  the 
water  remaining  after  filtration  (i.e.,  fulvic  acid)  of 
the  titrated  samples  shows  a  general  trend  toward 
lower  dissolved  organic  matter  values  as  pH  de- 
creased, indicating  a  sequential  precipitation  of 
humic  acid.  Half  of  the  humic  acid  that  would  be 
precipitable  at  pH  2.0  could  be  precipitated  at  pH 
values  from  3.4  to  4.6.  There  was  good  agreement 
among  the  three  methods  for  bog  waters,  but  sur- 
face water  from  Moose  Pit  Brook  samples  had 
dissolved  organic  matter  results  that  did  not  corre- 
late with  the  other  two  methods.  These  prelimi- 
nary results  have  implications  for  the  stability  of 
dissolved  organic  matter  in  waters  that  experience 
pH  decreases,  and  for  the  capacity  of  dissolved 
organic  matter  to  complex  metals.  (Mertz-PTT) 
W90-05991 


ACID-BASE  ANALYSIS  OF  DISSOLVED  OR- 
GANIC MATTER  IN  SURFACE  WATERS. 

McMaster  Univ.,  Hamilton  (Ontario).  Dept.  of  Ge- 
ology. 

J.  R.  Kramer,  P.  Brassard,  and  P.  V.  Collins. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  46, 
No.  1-4,  p  199-204,  July/August  1989.  2  fig,  9  ref. 

Descriptors:  'Acid  rain,  'Acid  water,  'Acidity, 
'Alkalinity,  'Mathematical  studies,  'Organic 
matter,  'Water  analysis,  Canada,  Chemical  analy- 
sis, Hydrogen  ion  concentration,  Inorganic  carbon, 
Kejimkujik  National  Park,  Nova  Scotia,  Organic 
acids,  Organic  carbon,  Titration. 

Detailed  acid-base  characteristics  of  dissolved  or- 
ganic matter  can  be  obtained  by  applying  linear 
programming  techniques  to  quality  titration  data. 
If  carbonato  ions  are  present,  they  can  be  subtract- 
ed from  the  titration  curve  by  measurement  of 
dissolved  inorganic  carbon  and  carrying  out  the 
titration  in  a  closed  system.  A  mono-protic  multi- 
site  model  is  developed  to  obtain  a  pK(acid)- 
concentration  distribution.  Dense  and  equal  inter- 
val pH  data  are  required  for  an  accurate  character- 
ization. A  computer  driven  titrimetric  system  is 
used  to  obtain  the  data.  The  technique  is  applied  to 
dissolved  organic  carbon  (>  15  mg  C/L)  samples 
from  the  Kejimkujik  region,  Nova  Scotia.  A  calcu- 
lation shows  that  the  acidic  (pH  4.6)  dystrophic 
water  can  result  from  mixing  15  mg  C/L  of  the 
organic  acids  with  an  initial  inorganic  system  of 
about  75  microequivalents/L  alkalinity.  (Mertz- 
PTT) 
W90-05992 


A.  J.  Marinelarena. 

Limnobios,  Vol.  2,  No.  10,  p  713-714,  December 

1989.  2  fig.  English  summary. 

Descriptors:  'Instrumentation,  'Lentic  environ- 
ment, 'Samplers,  'Sediment-water  interfaces, 
•Water  sampling,  Chemical  analysis,  Environmen- 
tal gradient,  Microenvironment,  Microorganisms. 

In  lentic  environments  the  waters  immediately 
above  the  sediments  are  relatively  still.  The  intense 
microbial  activity  which  develops  there  causes  mi- 
crozones  in  which  concentration  gradients  of 
chemicals  and  microorganisms  are  formed.  A 
simple  device,  consisting  of  a  tripod  with  a  central 
1 -meter  bar  to  which  flexible  tubes  can  be  plugged 
in  at  different  levels,  permits  easy  sampling  of 
waters  close  to  the  sediments.  Using  this  sampler,  it 
can  be  observed  that  between  samples  taken  at  50 
cm  and  at  1  cm  above  the  sediment,  the  concentra- 
tion of  ammonium  is  doubled  and  the  concentra- 
tions of  oxygen  and  of  nitrate  are  reduced  by  about 
half.  These  differences  cannot  be  appreciated  with 
a  conventional  sampler.  (Chonka-PTT) 
W90-06028 


IN-HOUSE  DESIGN  AND  CONSTRUCTION  OF 
A  SCADA  SYSTEM. 

Springfield  Utility  Board,  OR.  Water  Operations 

and  Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-06031 


ANCHORAGE  LAUNCHES  NEW  SCADA  CON- 
TROLS. 

Ship  Creek  Treatment  Facility,  AK. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-06032 

USE  OF  SELENASTRUM  CARPICORNUTUM 
AND  MICROFEAST  AS  FOOD  FOR  DAPHNIA 
PULEX. 

North  Texas  State  Univ.,  Denton.  Dept.  of  Biolog- 
ical Sciences. 

E.  E.  Price,  T.  F.  Parkerton,  and  K.  L.  Dickson. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  44,  No.   1,  p  59-66, 
January  1990.  1  tab,  1  fig,  14  ref. 

Descriptors:  'Bioindicators,  'Daphnia,  'Diets, 
'Laboratory  methods,  'Population  dynamics,  *Se- 
lenastrum,  'Yeasts,  Algae,  Aquatic  populations, 
Bioassay,  Chlorophyta,  Fertility,  Optimal  yield, 
Toxicology. 

Recently  Daphnia  pulex  has  become  increasingly 
popular  as  a  toxicity  test  organism  due  to  its  appar- 
ently greater  sensitivity  to  toxicants  than  Daphnia 
magna.  As  part  of  a  program  to  develop  a  protocol 
to  maximize  D.  pulex  neonate  production,  studies 
were  implemented  with  the  following  objectives: 
examination  of  the  effect  of  stored  (4  C)  versus 
fresh  S.  carpicornutum  algae  on  neonate  produc- 
tion and  use  of  an  algal  batch  culture  system; 
determination  of  a  feeding  level  which  maximizes 
neonate  production;  and  examination  of  the  effect 
of  a  yeast  extract  (Microfeast)  addition  to  the 
optimum  S.  carpicornutum  feeding  concentration. 
Mean  neonate  production  per  brood  for  fresh 
versus  stored  (up  to  5  weeks)  food  treatments  was 
not  significantly  different.  Mean  number  of  neo- 
nates per  brood  increased  as  a  function  of  increas- 
ing algal  concentration  until,  at  a  concentration  of 
240,000  cells/mL/day,  a  decrease  occurred.  Neon- 
ate production  was  significantly  affected  by  feed- 
ing level  (p  <  0.0001),  and  the  optimum  feeding 
levels  were  120,000  and  150,000  cells/mL/day. 
Adults  fed  an  algal  concentration  of  240,000  cells/ 
mL/day  gained  the  most  weight.  Supplemental 
cultures  containing  150,000  cells/mL  algae  and  5 
micrograms/mL/day  Microfeast  resulted  in  a  sig- 
nificant increase  in  fecundity  (p  <  0.001)  and  adult 
weight  (p  <  0.001).  (VerNooy-PTT) 
W90-06037 


SAMPLER  FOR  THE  WATER-SEDIMENT  IN- 
TERFASE  (MUESTREADOR  PARA  LA  INTER- 
FASE  AGUA-SEDIMENTO). 


PREFERENCE/  AVOIDANCE  TESTING  OF 
WASTE  DISCHARGES  ON  ANADROMOUS 
FISH. 
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For  primary  bibliographic  entry  see  Field  5C. 
W90-06052 


ASSESSING  RIVER  WATER  QUALITY  BY 
MEANS  OF  MULTIFACTORIAL  METHODS 
USING  MACROINVERTEBRATES.  A  COM- 
PARATIVE STUDY  OF  MAIN  WATER 
COURSES  OF  BISCAY. 

Universidad  de!  Pais  Vasco,  Bilbao  (Spain).  Lab. 
de  Ecologia. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06066 


MICROCOMPUTER-BASED  INSTRUMENTA- 
TION SYSTEM  FOR  ANAEROBIC 
WASTEWATER  TREATMENT  PROCESSES. 

Washington  Univ.,  Seattle.  Dept.  of  Chemical  En- 
gineering. 

W.  R.  Slater,  M.  Merigh,  N.  L.  Ricker,  F.  Labib, 
and  J.  F.  Ferguson. 

Water  Research  WATRAG,  Vol.  24,  No.  1,  p  121- 
123,  January  1990.  2  fig,  11  ref.  NSF  Grant  CES- 
8416150. 

Descriptors:  'Automation,  'Computers,  'Instru- 
mentation, 'Measuring  instruments,  'Wastewater 
facilities,  'Wastewater  treatment,  Anaerobic  diges- 
tion, Data  acquisition,  Gas  chromatography. 

A  microcomputer-based  system  for  monitoring  and 
control  of  anaerobic  wastewater  treatment  process- 
es is  described.  Instrumentation  includes  a  gas 
chromatograph  that  measures  methane,  carbon  di- 
oxide, hydrogen,  and  carbon  monoxide  concentra- 
tions in  the  gas  phase  every  2  min,  a  second  gas 
chromatograph  that  measures  volatile  acids  (1-to- 
4-carbon)  every  1 2  min,  and  sensors  for  continuous 
measurement  of  temperature,  pH,  ORP  and  gas 
production  rate.  The  hydrogen  and  carbon  monox- 
ide detection  limits  are  less  than  1  ppm.  Nutrient 
and  substrate  feed  rates  can  be  varied  in  a  pre- 
programmed manner  to  allow  automated  collec- 
tion of  transient-response  data.  Data  are  presented 
for  experiments  in  which  fluidized-bed  reactor  (for 
which  the  main  carbon  sources  is  butyrate)  is  sub- 
jected to  multi-frequency  binary  variations  in  feed 
flow  rate.  (Author's  abstract) 
W90-O6082 


ANALYTICAL  PROBLEMS  ARISING  FROM 
THE  USE  OF  BROMIDE  AND  RHODAMINE 
WT  AS  CO-TRACERS  IN  STREAMS. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,    North    Ryde   (Australia).    Div.   of 

Coal  Technology. 

D.  R.  Jones,  and  R.  F.  Jung. 

Water  Research  WATRAG,  Vol.  24,  No.  1,  p  125- 

128,  January  1990.  5  fig,  7  ref. 

Descriptors:  'Bromides,  'Chemical  analysis,  'Dye 
releases,  'Dyes,  'Hydrodynamics,  'Tracers,  Data 
acquisition,  Environmental  tracers,  Streamflow. 

Bromide  and  the  fluorescent  red  dye  rhodamine 
WT  were  used  as  co-tracers  to  determine  the  hy- 
drodynamic  characteristics  of  an  experimental 
stream.  However,  the  presence  of  the  dye  caused  a 
negative  interference  during  the  subsequent  colori- 
metric  analysis  of  bromide.  Approximately  two 
bromide  atoms  reacted  with  each  molecule  of  rho- 
damine. The  fixed  stoichiometry  of  this  reaction 
permitted  the  true  concentration  (in  micromole 
units)  of  bromide  to  be  determined  from  the  simple 
relationship:  true  (Br)  =  apparent  (Br)  +  1.61 
(rhodamine).  Thus,  bromide  and  the  dye  can  be 
used  together  as  co-tracers  without  having  to  carry 
out  a  time  consuming  pre-treatment  step  to  remove 
the  rhodamine  WT  prior  to  the  determination  of 
the  bromide.  Bromide  proved  to  be  a  more  reliable 
tracer  than  lithium  ion  or  rhodamine  WT  in  the 
stream  that  was  studied.  (Author's  abstract) 
W90-06083 


WATER  QUALITY  IN  RIVERS  OF  WESTERN 
SWITZERLAND:  APPLICATION  OF  AN 
ADAPTABLE  INDEX  BASED  ON  BENTHIC 
INVERTEBRATES. 

Conservation  de  la  Faune,  Saint-Sulpice  (Switzer- 
land). 


For  primary  bibliographic  entry  see  Field  5A. 
W90-06087 


ECOLOGY  OF  CILIATES  IN  RIVERWATERS: 
THE  EVALUATION  OF  WATER  QUALITY  VIA 
CILIATES  AND  FILAMENTOUS  BACTERIA. 

Eidgenoessische   Anstalt   fuer   Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,   Due- 

bendorf  (Switzerland). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06088 


LEAKY  FILTERS:  A  WARNING  TO  AQUATIC 
ECOLOGISTS. 

Department  of  Fisheries  and  Oceans,  Vancouver 
(British  Columbia).  West  Vancouver  Lab. 
J.  G.  Stockner,  M.  E.  Klut,  and  W.  P.  Cochlan. 
Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  16-23,  January 
1990.  5  fig,  1  tab,  48  ref. 

Descriptors:  'Data  acquisition,  'Data  quality  con- 
trol, 'Filters,  'Laboratory  methods,  'Membrane 
filters,  Bacteria,  Data  interpretation,  Limnology, 
Microbiological  studies,  Oceanography,  Plankton, 
Pore  size,  Semipermeable  membranes,  Separation 
techniques,  Viruses. 

The  retention  characteristics  of  commonly  used  0.2 
micron  nucleation-track  (Nuclepore,  Poretics), 
polymer  (Millipore,  Sartorius)  and  inorganic  mem- 
brane (Anopore)  filters  were  examined.  Scanning 
electron  micrographs  of  the  filter  surface  showed 
many  to  contain  large  holes  or  pores,  some  5  times 
larger  than  the  manufacturer's  stated  nominal  pore 
diameter.  Electron  micrographs  of  filtrates  from 
both  fresh  and  seawater  samples  contained  a  varie- 
ty of  organisms,  including  viruses,  ultramicrobac- 
teria,  bacteria,  phototrophic  picoplankton,  and 
larger  nanophytoplankton  and  microphytoplank- 
ton  (e.g.  diatoms),  passed  through  the  large  open- 
ings. Total  particles  in  the  size  range  1.0-12.8, 
micron  passing  through  the  various  0.2  micron 
filters  tested,  ranged  from  2.2  to  14.3%,  with  'best' 
retention  (>  97%)  by  the  Anopore.  Average  parti- 
cle retention  for  all  0.2  micron  filters  tested  was 
92.5%.  Higher  passage  rates  (lower  retention)  are 
predicted  for  even  smaller  (<  1.0  micron)  particles 
(prochlorophytes,  bacteria,  viruses)  and  investiga- 
tors are  urged  to  use  care  when  using  polycarbon- 
ate or  matrix  type  filters  for  partitioning  size  frac- 
tions for  chemical,  physiological,  and  ecological 
work.  Caution  should  be  used  when  interpreting 
results,  especially  if  separations  have  not  been  veri- 
fied by  microscopy,  incubation,  or  culture.  (Au- 
thor's abstract) 
W90-06110 


EFFECTIVENESS  OF  AGRICULTURAL  AND 
SILVICULTURAL  NONPOINT  SOURCE  CON- 
TROLS. 

Jones  and  Stokes  Associates,  Inc.,  Bellevue,  WA. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-06175 


EVALUATION  AND  PREDICTION  OF 
HENRY'S  LAW  CONSTANTS  AND  AQUEOUS 
SOLUBILITIES  FOR  SOLVENTS  AND  HY- 
DROCARBON FUEL  COMPONENTS. 
VOLUME  I:  TECHNICAL  DISCUSSION. 
Research  Triangle  Inst.,  Research  Triangle  Park, 
NC. 

G.  B.  Howe,  M.  E.  Mullins,  and  T.  N.  Rogers. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A188-571. 
Price  codes:  A05  in  paper  copy,  A01  in  microfiche. 
Report  No.  ESL-TR-86-66,  Volume  I,  September 
1987.  Final  Report.   86p,   16  fig,    19  tab,  49  ref. 

Descriptors:  'Chemical  analysis,  'Henrys  Law, 
•Hydrocarbons,  'Laboratory  methods,  'Path  of 
pollutants,  'Solvents,  Air  stripping,  EPICS,  Equi- 
librium Partitioning  in  Closed  Systems,  Fuel,  Tem- 
perature. 

Laboratory  measurements  of  Henry's  Law  con- 
stants are  reported  for  51  chemicals,  spanning  a 
wide  range  of  chemical  structures  and  volatiles.  A 
static  headspace  method  (Equilibrium  Partitioning 


in  Closed  Systems,  referred  to  as  EPICS)  was  used 
to  measure  Henry's  Law  Constant,  with  the  stand- 
ard batch  air  stripping  method  used  as  a  check.  An 
average  precision  of  5%  was  obtained  for  the 
EPICS  runs,  and  the  Henry's  Law  constants 
agreed  reasonably  well  (within  10%)  with  the 
batch  air  stripping  results  and  other  reported  ex- 
perimental values.  Measurements  were  conducted 
over  a  temperature  range  of  10-30  C,  and  the  data 
were  correlated  with  a  temperature  regression 
equation  coupled  with  a  temperature  dependent 
error  term  based  on  95%  confidence  limits.  The 
aqueous  solubilities  of  the  study  compounds  were 
also  determined  via  the  shake-flask  method  at  tem- 
peratures of  10,20,  and  30  C.  Finally,  the  results  of 
this  study  were  incorporated  into  a  thermodynam- 
ic correlation  (UNIFAC),  based  on  chemical  struc- 
ture, which  allows  the  prediction  of  Henry's  Law 
constants  and  aqueous  solubilities  for  a  wide  varie- 
ty of  pure  compounds  and  mixtures  in  dilute  aque- 
ous solutions.  Volume  I,  contains  the  technical 
discussion  and  tabulated  values  of  Henry's  Law 
constants  and  aqueous  solubilities.  (Author's  ab- 
stract) 
W90-06183 


HEALTH  AND  ENVIRONMENTAL  CHEMIS- 
TRY: ANALYTICAL  TECHNIQUES,  DATA 
MANAGEMENT,  AND  QUALITY  ASSUR- 
ANCE. 

Los  Alamos  National  Lab.,  NM. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06190 


HMR52  PROBABLE  MAXIMUM  STORM 
(EASTERN  UNITED  STATES):  USERS 
MANUAL. 

Hydrologic  Engineering  Center,  Davis,  CA. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-06193 


COMPARISON  OF  SNOW  GAUGES  USED  IN 
NORDIC   COUNTRIES:   CONTRIBUTION   OF 
FINLAND  TO  WMO  SOLID  PRECIPITATION 
MEASUREMENT  INTERCOMPARISON.  PART 
I:  SYSTEM  DESCRIPTION. 
Finnish  Meteorological  Inst.,  Helsinki. 
S.  Huovila,  E.  Elomaa,  K.  Leminen,  B.  Tammelin, 
and  A.  Tuominen. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  N89-18975. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Meteorological  Publication  No.  9,  1988.  61p,  25 
fig,  6  tab,  22  ref. 

Descriptors:  'Comparison  studies,  'Instrumenta- 
tion, 'Measuring  instruments,  'Rain  gages,  'Snow, 
Denmark,  Finland,  Norway,  Precipitation, 
Sweden,  Wind. 

Instruments  and  methods  used  during  a  Nordic 
comparison  of  precipitation  gages  in  Jokloinen, 
Finland,  are  described.  The  comparison  is  a  part  of 
the  Solid  Precipitation  Measurement  Intercompari- 
son  organized  by  the  Commission  for  Instruments 
and  Methods  of  Observation  of  the  World  Meteor- 
ological Organization  (CIMO/WMO).  Eighteen 
precipitation  gages  used  by  Denmark,  Finland, 
Norway  and  Sweden  were  compared  over  a 
period  of  five  years.  The  influence  of  wind  on 
precipitation  measurements  and,  particularly,  on 
snow  measurements  and  the  performance  of  differ- 
ent wind  shields  on  an  open  field  was  investigated. 
The  wetting  and  evaporation  losses  of  different 
gages  as  well  as  other  sources  of  error  were  also 
evaluated.  Detailed  technical  system  description 
and  schematic  drawings  are  given  for  the  various 
gages.  A  data  collection  system,  which  measures 
and  saves  data  automatically,  uses  a  PC  and  soft- 
ware developed  specifically  for  the  project  using  a 
QuickBasic  compiler.  Preliminary  data  on  meas- 
urement errors  are  included.  More  statistical  and 
scientific  results  will  be  published  later  by  the 
participating  countries  and  the  WMO.  (Author's 
abstract) 
W90-O6214 
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AUTOMATED  METHOD  FOR  REPRESENT- 
ING, TRACKING  AND  FORECASTING  RAIN 
FIELDS  OF  SEVERE  STORMS  BY  CONVEN- 
TIONAL AND  DOPPLER  WEATHER  RADARS. 

California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-06238 

7C.  Evaluation,  Processing  and 
Publication 

PROCEEDINGS    OF   THE    INTERNATIONAL 

CONFERENCE    ON    CHANNEL    FLOW    AND 

CATCHMENT    RUNOFF:    CENTENNIAL    OF 

MANNING'S  FORMULA  AND  KUICHLING'S 

RATIONAL  FORMULA. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05621 

ONE-DIMENSIONAL  MODELING  OF 

MOVING  RAINSTORMS. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2B. 

W9O-05625 

EFFECTS  OF  HYETOGRAPH  SHAPE  ON  DE- 
TENTION POND  SIZING. 

Dominion  Engineering  Resources,  Newport  News, 

VA. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05626 

SPATIAL  RESOLUTION  IN  HYDROLOGIC 
MODELING. 

Waterloo  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05641 


TILT  AT  THE  WINDMILL  OF  RUNOFF  SIMU- 
LATION. 

Missouri  Univ.-Rolla.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05642 


COMPARISON  OF  SOME  RAINFALL- 
RUNOFF  MODELS  FOR  NONLINEAR  FLOOD 
FORECASTING. 

Utsunomiya  Univ.  (Japan).  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05643 


PARAMETER  ESTIMATION  IN  STOCHASTIC 
MODELS  FOR  2-D  SHALLOW  WATER  FLOW. 

Technische    Univ.    Twente,    Enschede    (Nether- 
lands). Dept.  of  Applied  Mathematics. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-05649 


LAGSTRUM   AND  NONLINEARITY   OF  HY- 
DROLOGIC TIME  SERIES. 

Tamkang  Univ.,  Taipei  (Taiwan).  Dept.  of  Water 
Resources  and  Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05650 

STOCHASTIC  MODELS  IN  HYDROMORPHO- 
LOGY. 

Moskovskii  Inst.  Inzhenerov  Zheleznodorozhnogo 

Transporta  (USSR). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05652 


PREDICTING    STREAM    VELOCITIES    IN    A 
NAVIGATION  CHANNEL. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-O5659 


MANNING'S    EQUATION     AND    VELOCITY 
DISTRIBUTION  IN  OPEN  CHANNELS. 

Pittsburgh  Univ.,  PA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05660 


ANALYTICAL    METHOD    FOR    COMPUTA- 
TION OF  ROUGH  BOUNDARY  RESISTANCE. 

Tri-State  Univ.,  Angola,  IN.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-05667 


BACKWATER  COMPUTATION  OF  NATURAL 
RIVERS  WITH  EXTREME  BANK  OR  FLOOD- 
PLAIN  ROUGHNESS. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 

Lehrstuhl  fuer  Wasserbau  und  Wasserwirtschaft 

und  Inst,  fuer  Wasserbau. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05673 


MODEL-PROTOTYPE  COMPARISONS  OF 
BOUNDARY  RESISTANCE  IN  A  TWO  STAGE 
CHANNEL. 

Queen's  Univ.,  Belfast  (Northern  Ireland). 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05675 


FLOOD  ROUTING  MODELS  AND  THE  MAN- 
NING N. 

National  Weather  Service,  Silver  Spring,  MD.  Hy- 

drologic  Research  Lab. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05696 


vides  sounding  data  on  an  operational  basis.  A 
capability  to  routinely  receive,  extract,  and  store 
GOES    sounding    data    (excluding    data    ingest), 
GOES  multispectral  imagery,  navigation  data,  and 
grid    information    has    been    established    for    the 
AFGL       Interactive       Meteorological       System 
(AIMS).  The  necessary  software  has  been  devel- 
oped and  implemented  to  achieve  this  capability. 
The  software  is  based  on  functional  specifications 
drawn  from  system  requirements  for  a  fully-func- 
tional GOES  groundstation.  Software  design  and 
development  and  the  application  of  some  new  con- 
cepts have  been  directed  in  three  broad  categories: 
data  storage,  data  structures  were  defined  for  three 
data  types;  area  directory,  satellite;  and  navigation 
data.  Based  on  these  structures  database  manage- 
ment software  was  developed  which  in  turn  was 
utilized  as  foundation  software  by  applications  to 
perform  data-specific  functions.  The  concepts  of 
areas  and  groups  of  areas  were  applied  to  provide 
an  interrelationship  among  the  three  data  types 
that  is  characterized  by  fast  and  efficient  single- 
point  access  to  any  data  source.   In  addition,  a 
utility  was  developed  to  provide  user-friendly  con- 
figuration of  multi-disk  systems  for  storage  of  satel- 
lite data.  Under  data  ingest,  the  real  time  ingest 
sequence  was  automated  to  provide  continuous 
acquisition  of  GOES  satellite  data  without  coop- 
eration operation  intervention.  This  capability  re- 
sults from  the  coordination  of  the  ingest  sequence, 
scheduling  software,  macro-expander,  and  macro- 
generation  programs.  Finally,  system  requirements 
and  specifications  were  generated  for  the  commu- 
nications aspect  of  GOES  satellite  data  as  it  relates 
to  AIMS.  (See  also  W90-05712)  (Lantz-PTT) 
W90-05715 


TRANSIENT     CHANNEL     FLOW     ROUTING 
USING  FIXED-POINT  ITERATION  METHOD. 

Institute  of  Technology,  Baghdad  (Iraq).  Dept.  of 

Irrigation. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05700 


GENERAL     APPROACH     TO     SIMPLIFIED 
LINEAR  ST.  VENANT  MODELS. 

Polish   Academy   of  Sciences,   Warsaw.   Inst,  of 

Geophysics. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05701 


FLUVIAL  HYDRODYNAMIC  AND  SEDIMENT 
TRANSPORT  MODEL  FOR  THE  CHESA- 
PEAKE BAY  WATERSHED. 

Environmental  Protection  Agency,  Athens,  GA. 
Southeast  Environmental  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-05705 


NUMERICAL  SIMULATION  OF  TRANSIENT 
SEDIMENT  TRANSPORT  IN  ALLUVIAL 
CHANNELS. 

National  Chiao  Tung  Univ.,  Hsinchu  (Taiwan). 

Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-05707 


GOES  SATELLITE  DATA  FOR  AIMS. 

ST  Systems  Corp.,  Lexington,  MA. 

C.  F.  Ivaldi. 

IN:  Objective  Nephology.  Report  No.  AFGL-TR- 

88-0109,  April  15,  1988.  p  72-97,  2  fig,  5  tab,  3  ref. 

Descriptors:  *Meteorology,  *Data  acquisition, 
•Satellite  technology,  *Computer  programs,  *Data 
storage  and  retrieval,  Data  interpretation,  Comput- 
er models,  Computers,  Automation. 

The  Air  Force  Geophysics  Laboratory  (AFGL) 
has  a  continuing  need  for  satellite  sounding  data 
for  test  and  evaluation  of  temperature  retrieval 
algorithms,  and  for  temperature  profiles  for  input 
into  numerical  weather  prediction  models.  The 
Geostationary  Operational  Environmental  Satellite 
(GOES)  VISSR  Atmospheric  Sounder  (VAS)  pro- 


THREE-DIMENSIONAL    CLOUD    AND    PRE- 
CIPITATION MAPPING. 

ST  Systems  Corp.,  Lexington,  MA. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-05716 


AUTOMATED  GLOBAL  CLOUD  CLIMATOLO- 
GY. 

ST  Systems  Corp.,  Lexington,  MA. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-05717 


SUMMARY  OF  METEOROLOGICAL  OBSER- 
VATIONS, SURFACE  (SMOS)  FOR  CHERRY 
POINT,  NC. 

Naval  Oceanography  Command  Detachment, 
Asheville,  NC. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A203-627. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
December  1988.  335p. 

Descriptors:  *  Meteorological  data,  *Meteorology, 
'Hydrologic  data  collections,  'Weather  data  col- 
lections, 'Climatology,  'North  Carolina,  Cherry 
Point,  Wind,  Precipitation,  Weather,  Snow, 
Clouds. 

This  data  report  consists  of  a  six  part  statistical 
summary  of  surface  weather  observations  at 
Cherry  Point,  North  Carolina,  for  the  years  1945 
through  1986.  The  six  parts  are:  (1)  Weather  Con- 
ditions/Atmospheric Phenomena,  (2)  Precipita- 
tion/Snowfall/Snow Depth,  (3)  Surface  Winds, 
Part  (4)  Ceiling  versus  Visibility/Sky  Cover,  (5) 
Psychrometric  Summaries,  and  (6)  Station  Pres- 
sure/Sea Level  Pressure.  (Author's  abstract) 
W90-05721 


SUMMARY  OF  METEOROLOGICAL  OBSER- 
VATIONS, SURFACE  (SMOS)  FOR  SOUTH 
WEYMOUTH,  MA. 

Naval  Oceanography  Command  Detachment, 
Asheville,  NC. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  AD-A204-124. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
December  1988.  343p. 

Descriptors:  'Meteorology,  'Meteorological  data, 
•Hydrologic  data  collections,  'Weather  data  col- 
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lections,  'Climatology,  'Massachusetts,  South 
Weymouth,  Wind,  Precipitation,  Weather,  Snow, 
Clouds. 

This  data  report  consists  of  a  six  part  statistical 
summary  of  surface  weather  observations  at  South 
Weymouth,  Massachusetts,  for  the  years  1945 
through  1986.  The  six  parts  are:  Part  A-Weather 
Conditions/Atmospheric  Phenomena,  Part  B--Pre- 
cipitation/Snowfall/Snow  Depth,  Part  C--Surface 
Winds,  Part  D-Ceiling  versus  Visibility/Sky 
Cover,  Part  E~Psychrometric  Summaries,  and 
Part  F-Station  Pressure/Sea  Level  Pressure.  (Au- 
thor's abstract) 
W90-05722 


SUMMARY  OF  METEOROLOGICAL  OBSER- 
VATIONS, SURFACE  (SMOS)  FOR  LAKE- 
HURST,  NJ. 

Naval  Oceanography  Command  Detachment, 
Asheville,  NC. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  AD-A204-204. 
Price  codes:  AH  in  paper  copy,  A01  in  microfiche. 
December  1988.  330p. 

Descriptors:  'Meteorological  data,  'Meteorology, 
•Hydrologic  data  collections,  'Weather  data  col- 
lections, 'Climatology,  'New  Jersey,  Lakehurst, 
Wind,  Precipitation,  Weather,  Snow,  Clouds. 

This  data  report  consists  of  a  six  part  statistical 
summary  of  surface  weather  observations  at  Lake- 
hurst, New  Jersey,  for  the  years  1945  through 
1986.  The  six  parts  are:  Part  A-Weather  Condi- 
tions/Atmospheric Phenomena,  Part  B-Precipita- 
tion/Snowfall/Snow  Depth,  Part  C-Surface 
Winds,  Part  D-Ceiling  versus  Visibility/Sky 
Cover,  Part  E— Psychrometric  Summaries,  and 
Part  F-Station  Pressure/Sea  Level  Pressure.  (Au- 
thor's abstract) 
W90-05723 


SUMMARY  OF  METEOROLOGICAL  OBSER- 
VATIONS, SURFACE  (SMOS)  FOR  BERMUDA 

NAS. 

Naval     Oceanography     Command     Detachment, 

Asheville,  NC. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  AD-A204-205. 

Price  codes:  A 14  in  paper  copy,  A01  in  microfiche. 

December  1988.  326p. 

Descriptors:  'Meteorology,  'Hydrologic  data  col- 
lections, 'Weather  data  collections,  'Meteorologi- 
cal data,  'Climatology,  'Bermuda,  Wind,  Precipi- 
tation, Weather,  Snow,  Clouds. 

This  data  report  consists  of  a  six  part  statistical 
summary  of  surface  weather  observations  at  Ber- 
muda Naval  Air  Station,  for  the  years  1945 
through  1986.  The  six  parts  are:  Part  A-Weather 
Conditions/Atmospheric  Phenomena,  Part  B-Pre- 
cipitation/Snowfall/Snow  Depth,  Part  C-Surface 
Winds,  Part  D-Ceiling  versus  Visibility/Sky 
Cover,  Part  E-Psychrometric  Summaries,  and 
Part  F-Station  Pressure/Sea  Level  Pressure.  (Au- 
thor's abstract) 
W90-O5724 


SUMMARY  OF  METEOROLOGICAL  OBSER- 
VATIONS, SURFACE  (SMOS)  FOR  ALAMEDA, 
CA. 

Naval  Oceanography  Command  Detachment, 
Asheville,  NC. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  AD-A204-123. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
December  1988.  33 lp. 

Descriptors:  'Meteorology,  'Hydrologic  data  col- 
lections, 'Weather  data  collections,  'Meteorologi- 
cal data,  'Climatology,  'California,  Wind,  Alame- 
da, Precipitation,  Weather,  Snow,  Clouds. 

This  data  report  consists  of  a  six  part  statistical 
summary  of  surface  weather  observations  at  Ala- 
meda, California,  for  the  years  1945  through  1986. 
The  six  parts  are:  Part  A-Weather  Conditions/ 
Atmospheric   Phenomena,   Part   B— Precipitation/ 


Snowfall/Snow  Depth,  Part  C-Surface  Winds, 
Part  D-Ceiling  versus  Visibility/Sky  Cover,  Part 
E-Psychrometric  Summaries,  and  Part  F-Station 
Pressure/Sea  Level  Pressure.  (Author's  abstract) 
W90-05725 


FLOOD  BOUNDARIES  AND  WATER-SUR- 
FACE PROFILE  FOR  THE  COMPUTED  100- 
YEAR  FLOOD,  SWIFT  CREEK  AT  AFTON, 
WYOMING,  1986. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05743 


GROUNDWATER  LEVELS  PORTALES  AREA, 
NEW  MEXICO,  1982-1987. 
R.  R.  Cruz. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  New 
Mexico  State  Engineer  Office  Map  No.  GWL-PA- 
82/87,  1989.  lp,  1  map,  lOref. 

Descriptors:  'Groundwater  level,  'Maps,  'New 
Mexico,  Hydrologic  data,  Groundwater  budget, 
Ogallala  Aquifer,  Groundwater  depletion, 
Groundwater  recharge,  Precipitation,  Water 
demand. 

One  of  a  series  of  maps,  prepared  by  the  New 
Mexico  State  Engineer  Office  and  the  US  Geologi- 
cal Survey,  shows  changes  in  groundwater  levels 
over  a  5-year  period.  Groundwater  data  were  col- 
lected as  part  of  the  continuing  federal-state  coop- 
erative observation  well  program  in  New  Mexico. 
Hydrologic  data  are  collected  to  determine  short- 
term  changes  and  long-term  trends  in  groundwater 
levels,  to  relate  these  data  to  changes  in  storage, 
and  to  provide  the  database  necessary  for  manage- 
ment of  groundwater  resources.  The  areas  covered 
during  the  reporting  period  (1982-1987)  are  the 
Clovis,  House  and  Portales  areas;  Harding  and 
Mora  Counties;  and  the  Mimbres  and  Nutt-Hock- 
ett  groundwater  basins.  The  map  shows  rises  and 
declines  in  groundwater  levels  from  1982  to  1987 
and  the  1987  depth  to  water.  Groundwater  from 
the  Quaternary  valley  fill  and  the  Ogallala  Forma- 
tion is  the  principal  source  of  all  water  used  in  the 
Portales  area.  Total  groundwater  withdrawals  in 
the  area  were  about  178,000  acre-ft  in  1985  and 
about  142,000  acre-ft  in  1980.  Estimated  surface 
water  withdrawals,  not  including  stock  pond  evap- 
oration, were  98  acre-ft  in  1985  and  184  acre-ft  in 
1980.  In  1931,  about  300  wells  irrigated  approxi- 
mately 8,850  acres;  in  1985,  about  95,000  acres  of 
land  were  being  irrigated,  and  computerized  data 
existed  for  approximately  870  wells.  Annual  pre- 
cipitation from  1970  through  1986  ranged  from  a 
low  of  10.39  inches  in  1970  to  a  high  of  23.91 
inches  in  1984  at  the  Portales  weather  station.  The 
total  precipitation  recorded  for  the  period  was 
277.48  inches;  the  average  annual  precipitation  was 
16.32  inches.  About  22%,  or  61.13  inches,  of  the 
total  precipitation  occurred  in  the  last  3-year 
period  of  1984  through  1986.  (Lantz-PTT) 
W90-05745 


MAJOR  GEOHYDROLOGIC  UNITS  IN  AND 
ADJACENT  TO  THE  OZARK  PLATEAUS 
PROVINCE,  MISSOURI,  ARKANSAS,  KANSAS, 
AND  OKLAHOMA-OZARK  AQUIFER. 

J.  L.  Imes. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Hydrologic  Investigations  Atlas  HA-711-E,  1990. 
3p,  3  maps,  9  ref. 

Descriptors:  'Geohydrology,  'Ozark  Aquifer, 
•Groundwater  resources,  'Maps,  'Missouri,  'Ar- 
kansas, 'Kansas,  'Oklahoma,  Geology,  Ground- 
water movement,  Hydraulic  conductivity,  Dolos- 
tone,  Limestone,  Permeability,  Sandstones,  Shales, 
Porosity. 

An  investigation  of  the  geohydrologic  system  in 
the  Ozark  Plateaus  province  has  been  made  as  part 
of  the  Central  Midwest  Regional  Aquifer  System 
Analysis,  a  major  study  that  encompasses  parts  of 
10  States.  This  portion  of  the  Atlas  focuses  on  the 
Ozark  aquifer,  a  geohydrologic   unit  within  the 


Ozark  Plateaus  aquifer  system  underlying  the 
Ozark  Plateaus  province.  The  hydraulic  conduc- 
tivity of  the  Ozark  aquifer  has  been  estimated  from 
specific  capacity  data.  The  areas  of  greatest  hy- 
draulic conductivity  are  concentrated  along  an 
east-trending  line  passing  through  the  St.  Francois 
Mountains  and  parallel  to  the  Missouri  River, 
where  the  hydraulic  conductivity  may  be  as  great 
as  0.001  and  0.0001  ft/sec,  respectively.  The  hy- 
draulic conductivity  decreases  to  the  south  as  small 
as  10  to  the  -8th  power  near  the  south  boundary  of 
the  Ozark  Plateaus  aquifer  system.  The  Ozark  aq- 
uifer consists  of  a  complex  sequence  of  geologic 
formations  of  differing  lithologies  and  varying  per- 
meability and  porosity.  The  formations  include 
dolostone,  limestone,  sandstone,  chert,  and  shale 
with  dolostone  as  the  predominant  rock  type  in 
most  of  the  Ozark  Plateaus  province.  Movement  of 
water  within  an  aquifer,  assuming  isotropic  condi- 
tions, is  perpendicular  to  the  lines  of  equal  hydrau- 
lic head  and  proportional  to  the  hydraulic  gradi- 
ent. Generally,  fresh  water  enters  the  Ozark  aqui- 
fer by  precipitation  on  the  outcrop  areas.  Most  of 
the  water  discharges  into  streams  within  relatively 
short  distances,  but  some  flows  radially  away  from 
the  Ozark  Plateaus  province  toward  surrounding 
regions  containing  saline  groundwater.  The  limit  of 
fresh  water  to  the  west  of  the  Ozark  Plateaus 
province  is  depicted  by  the  1,000  and  2,000  mg/L 
dissolved  solids  concentration  lines  that  approxi- 
mately parallel  the  western  limit  of  the  Ozark 
Plateaus  aquifer  systems.  It  is  probable  that  a 
groundwater  divide  exists  in  the  Boston  Mountains 
between  the  Arkansas  River  to  the  south  and  the 
White  and  Buffalo  Rivers  to  the  north.  The  divide 
coincides  with  the  transition  zone  between  saline 
water  and  fresh  water  in  northern  Arkansas.  North 
of  the  groundwater  divide,  water  recharges  the 
Ozark  aquifer  primarily  via  the  overlying  Missis- 
sippian  limestone  rocks  and  from  precipitation  in 
outcrop  areas  and  flows  toward  the  White  and 
Buffalo  Rivers.  South  of  the  divide,  recharge  to 
the  aquifer  is  small  due  to  the  thick  surficial  confin- 
ing the  system.  (Lantz-PTT) 
W90-05746 


HANFORD  SITE  GROUND-WATER  MONI- 
TORING DATA  LISTING,  JANUARY  1 
THROUGH  MARCH  31, 1987. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05752 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  4--APPENDIX  A. 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  8A. 
W90-05766 


MESOSCALE  SEVERE  WEATHER  DEVELOP- 
MENT UNDER  OROGRAPHIC  INFLUENCES. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-05769 


STATION  CLIMATIC  SUMMARIES:  EUROPE. 

Air  Force  Environmental  Technical  Applications 
Center,  Scott  AFB,  IL. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  AD-A204-331. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
Report  No.  USAFETAC/DS-89/033,  January 
1989.  473p. 

Descriptors:  'Meteorological  data,  'Climatology, 
'Data  collections,  'Meteorology,  'Europe, 
•Weather,  Cloud  cover,  Temperature,  Precipita- 
tion, Snow,  Relative  humidity,  Vapor  pressure, 
Dewpoint,  Winds,  Storms,  Fog. 

A  collection  of  summarized  monthly  and  annual 
climatic  data  for  specific  locations  in  Europe  is 
presented.  Summarized  climatological  elements 
are:  percent  frequency  of  occurrence  of  ceiling  and 
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visibility;  means,  extremes,  and  number  of  days 
with  specified  values  of  temperature,  precipitation, 
and  snowfall;  means  of  relative  humidity,  vapor 
pressure,  dew  point,  pressure  altitude,  and  cloud 
cover;  prevailing  wind  direction,  with  mean  and 
extreme  speeds;  and  number  of  days  with  thunder- 
storms and  fog.  (Author's  abstract) 
W9O-O5770 


USE  OF  MESOCOSMS  IN  EVALUATING  THE 
HEALTH  OF  AQUATIC  ECOSYSTEMS. 

Wisconsin  Univ.-Superior.  Center  for  Lake  Superi- 
or Environmental  Studies. 
S.  J.  Lozano. 

IN:  Protection  of  River  Basins,  Lakes  and  Estu- 
aries: Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA. 
Report  No.  EPA/600/9-88/023,  November  1988.  p 
191-206,  1  tab,  67  ref. 

Descriptors:  *Aquatic  environment,  *Bioassay, 
•Bioindicators,  *Ecological  effects,  *Mesocosms, 
♦Water  pollution  effects,  Biological  studies,  Cy- 
cling nutrients,  Pesticides,  Species  composition, 
Species  diversity. 

The  ability  to  predict  ecological  effects  of  contami- 
nants in  aquatic  ecosystems  is  a  goal  of  environ- 
mentally concerned  agencies.  Single-species  labo- 
ratory bioassays  are  an  excellent  method  for  quick- 
ly obtaining  comparative  toxicological  information 
on  survival,  growth,  and  reproduction  of  aquatic 
organisms  under  stress  from  a  contaminant.  How- 
ever, because  the  interactions  between  species  and 
other  biogeochemical  factors  are  missing,  extrapo- 
lation of  laboratory  results  from  single  species  tests 
to  natural  systems  is  difficult  and  unreliable.  Alter- 
natives to  single  species  tests  include  microcosm, 
mesocosm,  and  macrocosm  studies.  Mesocosm 
studies  combine  field  validation  of  single  species 
tests  with  replication  to  achieve  realism  not  possi- 
ble in  laboratory  microcosms.  Expected  results  for 
mesocosm  studies  include:  (1)  the  loss  of  sensitive 
species  due  to  the  direct  effect  of  the  pesticides;  (2) 
changes  in  species  composition  at  all  trophic  levels; 
(3)  changes  in  nutrient  cycling;  (4)  replacement  of 
k-strategist  species  with  r-strategist,  i.e.,  smaller, 
more  reproductive  species  replace  longer-lived, 
less  focused  species;  (5)  lower  species  diversity  and 
increase  of  dominance;  and  (6)  reduction  in  both 
size  and  lifespan  for  dominant  species.  (See  also 
W90-05772)  (Lantz-PTT) 
W9O-O5780 

GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CnnTES:  PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  6  -  APPENDLX  B  (CONTD). 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05785 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  9  -  APPENDIX  C. 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-05786 


ACID  RAIN-MODELLING  ITS  RISKS  TO  THE 
EUROPEAN  ENVIRONMENT. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5C. 
W9O-05793 


ROCKY  MOUNTAIN  ACID  DEPOSITION 
MODEL  ASSESSMENT:  ACID  RAIN  MOUN- 
TAIN MESOSCALE  MODEL  (ARM3). 

Systems  Applications,  Inc.,  San  Rafael,  CA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05831 


LINEAR    FLOOD    ROUTING    MODEL    FOR 
RAPID  FLOW. 


Polish  Academy   of  Sciences,   Warsaw.   Inst,   of 

Geophysics. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05838 


WHAT    IS    THE    DISTRIBUTED    DELAYED 
MUSKINGUM  MODEL. 

Polish   Academy  of  Sciences,   Warsaw.   Inst,   of 

Geophysics. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05839 


COMPARISON  OF  PARAMETRIC  AND  NON- 
PARAMETRIC  METHODS  FOR  RUNOFF 
FORECASTING. 

Centro  di  Ricerca  Idraulica  e  Strutturale,  Milan 

(Italy). 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05840 


CLADOPHORA     INTERNAL     PHOSPHORUS 
MODELING:  VERIFICATION. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-05854 


WAVE  PENETRATION  IN  HARBOURS  BY 
THE  FINITE-ELEMENT  SERIES-EXPANSION 
METHOD. 

Bologna  Univ.  (Italy).  Dipt,  di  Fisica. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-05859 

NEW  PRACTICAL  AID  TO  REGIONAL  HY- 
DROGEOLOGIC  PLANNING:  THE  RUNOFF 
COEFFICIENT  MAP. 

Siena  Univ.  (Italy).  Dipt,  di  Scienze  delle  Terra. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05864 


DEVELOPMENT  OF  A  MIXED  SOLUTION 
TECHNIQUE  FOR  A  DYNAMIC  RIVER  QUAL- 
ITY MODEL. 

Salford  Univ.  (England).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05870 

3-D  FINITE  ELEMENT  TRANSPORT  MODELS 
BY  UPWIND  PRECONDITIONED  CONJU- 
GATE GRADIENTS. 

Padua  Univ.  (Italy).  Dipt,  di  Metodi  e  Modelh 

Matematici  per  le  Scienze  Applicate. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05882 


MODELLING  OF  SOME  ELLIPTIC  FLUID 
MECHANICS  PROBLEMS  BY  THE  BOUNDA- 
RY ELEMENT  METHOD. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-05884 


SELECTIVE  LUMPING  EFFECTS  ON  DEPTH- 
INTEGRATED  FINITE  ELEMENT  MODEL  OF 
CHANNEL  FLOW. 

Mississippi  Univ.,  University.  Dept.  of  Mechanical 

Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05885 

USING  SUPERCOMPUTERS  FOR  THE  TIME 
HISTORY  ANALYSIS  OF  OLD  GRAVITY 
DAMS. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 

Lihrstuhl  fuer  Wasserbau  und  Wasserwirtschaft 

und  Inst,  fuer  Wasserbau. 

For  primary  bibliographic  entry  see  Field  8A. 

W90-05886 


MULTI-COMPARTMENTAL  MODELLING 
FOR  AQUIFER  PARAMETER  ESTIMATION 
USING  NATURAL  TRACERS  IN  NON-STEADY 
FLOW. 

Ben-Gurion    Univ.    of   the    Negev,    Sde    Boker 
(Israel).  Jacob  Blaustein  Inst,  for  Desert  Research. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-05887 

PREDICTION  OF  TRANSMISSIVITIES, 
HEADS,  AND  SEEPAGE  VELOCITIES  USING 
MATHEMATICAL  MODELING  AND  GEOSTA- 
TISTICS. 

Calvin  Coll.,  Grand  Rapids,  MI.  Dept.  of  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-05888 


TRENDS    IN    PARTICULATE    DEPOSITION 

AND      PRECIPITATION      CHEMISTRY      AT 

LEEDS  (U.K.)  1907-1987. 

Leeds  Univ.  (England).  Dept.  of  Fuel  and  Energy. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05900 


RAINWATER  COMPOSITION  IN  ATHENS, 
GREECE. 

Athens  Univ.  (Greece).  Lab.  of  Climatology. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05901 

INFLUENCE  OF  ATMOSPHERIC  TRANS- 
PORT ON  PRECIPITATION  CHEMISTRY  AT 
TWO  SITES  IN  THE  MIDWESTERN  UNITED 
STATES. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-05902 

SCALING  THE  SATURATED  HYDRAULIC 
CONDUCTIVITY  OF  AN  ALFISOL. 

International  Crops  Research  Inst,  for  the  Semi- 
Arid  Tropics,  Patancheru  (India). 
For  primary  bibliographic   entry  see   Field   2G. 
W90-05916 

SOURCES  AND  ROUTING  OF  THE  AMAZON 
RIVER  FLOOD  WAVE. 

Washington  Univ.,  Seattle.  School  of  Oceanogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-05949 

SENSITIVITY  ANALYSES  OF  BIODEGRADA- 
TION/ ADSORPTION  MODELS. 

Texas  Univ.,  Austin.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-05955 


AERATION-BASIN  HEAT  LOSS. 

Braun  (C.F.)  and  Co.,  Alhambra,  CA. 

For   primary  bibliographic  entry   see  Field   5D. 

W90-05957 

APPLICATION  OF  DECLINING  RATE  FIL- 
TRATION THEORY:  CONTINUOUS  OPER- 
ATION. 

King   Abdulaziz   Univ.,   Jeddah   (Saudi   Arabia). 

Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-05958 


TWO-DIMENSIONAL    MIXING    IN    RIVERS 
WITH  UNSTEADY  POLLUTANT  SOURCE. 

Ryerson   Polytechnical   Inst.,  Toronto  (Ontario). 

Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-05960 
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PHYTOPLANKTON  BLOOMS  IN  THE  OLIGO- 
TROPHIC  OPEN  SOUTH  ADRIATIC  WATERS. 

Biological  Inst.,  Dubrovnik  (Yugoslavia). 
For  primary  bibliographic  entry  see  Field  2L. 
W90-05966 


CONSERVATIVE  MIXING  IN  ESTUARIES  AS 
AFFECTED  BY  SORPTION,  COMPLEXING 
AND  TURBIDITY  MAXIMUM:  A  SIMPLE 
MODEL  EXAMPLE. 

Nederlands  Inst,  voor  Onderzoek  der  Zee,  Texel. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-05971 


APPLICATION  OF  HYDROLOGICAL  MODEL 
TO  ACIDIFIED  WATERSHEDS:  A  STUDY  ON 
MERSEY  RIVER  AND  MOOSEPIT  BROOK, 
NOVA  SCOTIA. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-05998 


USE  OF  HISTORICAL  INFORMATION  FOR 
SELECTING  A  SAMPLE  FROM  A  POPULA- 
TION OF  LAKES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06001 


HARMONIC  ANALYSIS  OF  TIDAL  MODEL 
TIME  SERIES, 

Institute  of  Ocean  Sciences,  Sidney  (British  Co- 
lumbia). 

For  primary  bibliographic  entry  see  Field  2L. 
W90-06023 


HARMONIC  STRUCTURE  OF  ENGLISH 
CHANNEL/SOUTHERN  BIGHT  TIDES  FROM 
A  WAVE  EQUATION  SIMULATION. 

Skidaway  Inst,  of  Oceanography,  Savannah,  GA. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-06024 


FINITE  ELEMENT  STUDY  OF  TIDAL  FLOW 
DATA  FOR  THE  NORTH  SEA  AND  ENGLISH 
CHANNEL. 

Notre  Dame  Univ.,  IN.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2L. 
W90-06025 


FINITE  DIFFERENCE  SIMULATION  MODEL 
OF  TIDAL  FLOW  IN  THE  ENGLISH  CHAN- 
NEL AND  THE  SOUTHERN  NORTH  SEA. 

Rijkswaterstaat,  The  Hague  (Netherlands).  Div.  of 

Tidal  Waters. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-06026 


RESIDUES  OF  1-NAPHTHOL  IN  SOIL  AND 
WATER  SAMPLES  IN  AND  AROUND 
BHOPAL,  INDIA. 

Industrial  Toxicology  Research  Centre,  Lucknow 

(India).  Pesticide  Toxicology  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06038 


HEAVY  METALS  IN  THE  EASTERN  OYSTER, 
CRASSOTREA  VIRGINICA,  OF  THE  MISSIS- 
SIPPI SOUND. 

Gulf  Coast  Research  Lab.,  Ocean  Springs,  MS. 

Analytical  Chemistry  Section. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06041 


STATISTICAL  MODELS  FOR  THE  ESTIMA- 
TION OF  NET  PHOSPHORUS  SEDIMENTA- 
TION IN  LAKES. 

Konstanz   Univ.    (Germany,    F.R.).    Limnological 

Inst. 

For  primary  bibliographic  entry  see  Field  2H. 


W90-06085 


STATISTICAL  POWER  ANALYSIS  CAN  IM- 
PROVE FISHERIES  RESEARCH  AND  MAN- 
AGEMENT. 

Simon  Fraser  Univ.,  Burnaby  (British  Columbia). 
Natural  Reource  Management  Program. 
R.  M.  Peterman. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  1,  p  2-15,  January 
1990.  9  fig,  2  tab,  80  ref. 

Descriptors:  'Data  interpretation,  *Fish  manage- 
ment, *Fisheries,  *Research,  'Sampling,  •Statisti- 
cal analysis,  ^Statistics,  Null  hypothesis,  Sample 
size,  Sampling  variability,  Statistical  methods, 
Type  II  error. 

Ninety-eight  percent  of  recently  surveyed  papers 
in  fisheries  and  aquatic  sciences  that  did  not  reject 
some  null  hypothesis  (H  sub  0)  failed  to  report 
Beta,  the  probability  of  making  a  type  II  error  (not 
rejecting  H  sub  0  when  it  should  have  been),  or 
statistical  power  (1-Beta).  However,  52%  of  those 
papers  drew  conclusions  as  if  H  sub  0  were  true.  A 
false  H  sub  0  could  have  been  missed  because  of  a 
low-power  experiment  caused  by  a  small  sample 
size  or  large  sampling  variability.  Costs  of  type  II 
errors  can  be  large  (for  example  for  cases  that  fail 
to  detect  harmful  effects  of  some  industrial  effluent 
or  a  significant  effect  of  fishing  on  stock  depletion). 
Past  statistical  power  analyses  show  that  abun- 
dance estimation  techniques  usually  have  high  Beta 
and  that  only  large  effects  are  detectable.  In  order 
to  address  this  problem,  relationships  among  Beta, 
power,  detectable  effect  size,  sample  size  and  sam- 
pling variability  are  reviewed;  how  statistical 
power  analysis  can  help  interpret  past  results  and 
improve  designs  of  future  experiments,  impact  as- 
sessments, and  management  regulations  is  shown; 
and  recommendations  are  made  for  researchers 
and  decision  makers,  including  routine  application 
of  power  analysis,  more  cautious  management  and 
reversal  of  the  burden  of  proof  to  put  it  on  indus- 
try not  management  agencies.  (Author's  abstract) 
W90-06109 


ASSESSING   THE    POTENTIAL   EXTENT   OF 

DAMAGE  TO  INLAND  LAKES  IN  EASTERN 

CANADA  DUE  TO  ACIDIC  DEPOSITION.  I. 

DEVELOPMENT   AND   EVALUATION   OF   A 

SIMPLE  'SITE'  MODEL. 

Environmental  and  Social  Systems  Analysts  Ltd., 

Vancouver  (British  Columbia). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06113 


ASSESSING  THE  POTENTIAL  EXTENT  OF 
DAMAGE  TO  INLAND  LAKES  IN  EASTERN 
CANADA  DUE  TO  ACIDIC  DEPOSITION:  II. 
APPLICATION  OF  THE  REGIONAL  MODEL. 

Environmental  and  Social  Systems  Analysts  Ltd., 

Toronto  (Ontario). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06114 


NIGHTTIME    POND    RESPIRATION    RATE: 
OXYGEN  OR  TEMPERATURE  DEPENDENT. 

Hawaii  Univ.,  Honolulu.  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06122 


BIOMOVS:    AN    INTERNATIONAL    MODEL 
VALIDATION  STUDY. 

Statens  Straalskyddsinstitut,  Stockholm  (Sweden). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-O6174 


SLUDGE  INCINERATION  MODELING  (SIM) 
SYSTEM  USER'S  GUIDE. 

General  Sciences  Corp.,  Laurel,  MD. 

For  primary   bibliographic   entry   see   Field   5D. 

W9O-06194 


WATER  ENCYCLOPEDIA. 

For  primary  bibliographic  entry  see  Field  2A. 


W90-06196 


GROUNDWATER  CHEMICALS  DESK  REFER- 
ENCE. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06205 


3CPO--CLOUD  CHEMISTRY  AND  CLOUD 
PHYSICS  ORGANIZATION.  JUNE  1988:  DATA 
INDEX. 

Brookhaven  National  Lab.,  Upton,  NY.  Atmos- 
pheric Sciences  Div. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-06212 


CONVERSION  AND  COMPARISON  OF  THE 
MATHEMATICAL,  THREE-DIMENSIONAL, 
FINITE-DIMENSIONAL,  GROUND-WATER 
FLOW  MODEL  TO  THE  MODULAR,  THREE- 
DIMENSIONAL,  FINITE-DIFFERENCE, 
GROUND-WATER  FLOW  MODEL  FOR  THE 
TESUQUE  AQUIFER  SYSTEM  IN  NORTHERN 
NEW  MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-06222 


WATER-RELATED  SCIENTIFIC  ACnvnTES 
OF  THE  U.S.  GEOLOGICAL  SURVEY  IN 
NEVADA,  FISCAL  YEARS  1985-89. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 
K.  C.  Kilroy. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-264,  1989.  99p,  4  fig,  3  tab, 
161  ref. 

Descriptors:  *Data  collections,  'Hydrologic  data, 
•Hydrology,  'Interagency  cooperation,  'Nevada, 
•Water  resources  data,  Geochemistry,  Geographic 
information  systems,  Geophysics,  Groundwater, 
Publications,  Remote  sensing,  Surface  water, 
Water  quality,  Water  resources. 

The  U.S.  Geological  Survey  has  been  collecting 
water  resources  data  in  Nevada  since  1890.  Most 
of  the  projects  in  the  current  Nevada  District 
program  can  be  classified  as  either  basic-data  ac- 
quisition (about  25%)  or  hydrologic  interpretation 
(about  75%).  About  52%  of  the  activities  are  sup- 
ported by  cooperative  agreements  with  State  and 
local  agencies.  Technical  projects  supported  by 
other  Federal  agencies  make  up  about  23%  of  the 
program,  and  the  remaining  25%  consists  of  data 
collection,  research,  and  interpretive  projects  sup- 
ported directly  by  the  U.S.  Geological  Survey. 
Water  conditions  in  Nevada  during  the  4  years 
covered  by  this  report  were  by  no  means  average, 
with  1  very  wet  year  (1986)  and  2  very  dry  years 
(1987-88).  The  major  water  resources  issues  in- 
clude: water  allocation  in  the  Truckee-Carson 
River  basin;  irrigation  return  flow  contamination 
of  the  Stillwater  Wildlife  Management  Area;  ef- 
fects of  weapons  testing  at  the  Nevada  Test  Site; 
assessment  of  potential  long-term  impacts  of  the 
proposed  Yucca  Mountain  Nuclear  Waste  Reposi- 
tory; and  drought.  Future  water-resources  issues  in 
Nevada  are  likely  to  center  on  water  supply  for 
and  the  environmental  effects  of,  the  rapidly  grow- 
ing population  centers  at  Las  Vegas,  Reno,  and 
Elko;  impacts  of  operations  at  the  Nevada  Test 
Site;  management  of  interstate  rivers  such  as  the 
Truckee  and  Colorado  Rivers;  hydrologic  and  en- 
vironmental impacts  at  heavily  mined  areas;  and 
water  quality  management  in  the  Lake  Tahoe 
Basin.  (Thacker-USGS-WRD) 
W90-06226 


SIMULATION  OF  THE  REGIONAL  GEOHY- 
DROLOGY  OF  THE  TESUQUE  AQUIFER 
SYSTEM. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-06229 
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HYDROGRAPHS  FROM  SELECTED  OBSER- 
VATION WELLS  AND  ANNUAL  PUMPAGE 
FROM  MUNICIPAL  SUPPLY  WELLS,  1950-86, 
SANTA  FE,  NEW  MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 
R.  G.  Roybal. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  88-339,  Jun  1988.  1  (map)  sheet. 

Descriptors:  *Municipal  water,  *New  Mexico, 
•Pumpage,  »Santa  Fe,  'Water  use,  Hydrographs, 
Maps. 

Annual  pumpage  of  the  municipal  supply  wells  in 
Santa  Fe,  New  Mexico  has  fluctuated  from  zero  to 
over  4,000  acre-ft  in  a  seemingly  random  manner 
during  the  period  from  1950  to  1986.  Water  levels 
of  seven  selected  observation  wells  have  shown  an 
overall  gradual  decrease  in  altitude  ranging  from 
about  5  to  10+  ft  during  the  period  of  record. 
Three  observation  wells  have  shown  some  fluctua- 
tions but  water  levels  have  remained  essentially 
unchanged  overall,  and  two  of  the  selected  obser- 
vation wells  have  shown  a  slight  overall  increase 
in  water  level  altitude  of  5  to  20  ft  during  the 
period  of  record.  (USGS) 
W90-06231 

COMPUTERIZED  DATA-BASE  SYSTEM  FOR 
LAND-USE  AND  LAND-COVER  DATA  COL- 
LECTED AT  GROUND-WATER  SAMPLING 
SITES  IN  THE  PJXOT  NATIONAL  WATER 
QUALITY  ASSESSMENT  PROGRAM. 
Geological  Survey,  Oklahoma  City,  OK.  Water 
Resources  Div. 
J.  C.  Scott. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4172, 
November  1989.  139p,  23  fig,  8  tab,  13  ref. 

Descriptors:  'Computer  programs,  *Data  storage 
and  retrieval,  'Groundwater,  'Land  use,  'Water 
resources  data,  Data  processing,  Databases. 

Data-base  software  has  been  developed  for  the 
management  of  land-use  and  land-cover  data  col- 
lected by  the  U.S.  Geological  Survey  as  part  of  a 
pilot  program  to  test  and  refine  concepts  for  a 
National  Water-Quality  Assessment  Program.  This 
report  describes  the  purpose,  use,  and  design  of  the 
land-use  and  land-cover  data-base  software.  The 
software  provides  capabilities  for  interactive  stor- 
age and  retrieval  of  land-use  and  land-cover  data 
collected  at  groundwater  sampling  sites.  Users  of 
the  software  can  add,  update,  and  delete  land-use 
and  land-cover  data.  The  software  also  provides 
capabilities  to  group,  print,  and  summarize  the 
data.  The  land-use  and  land-cover  data  base  soft- 
ware supports  multiple  data  base  systems  so  that 
data  can  be  assessed  by  persons  in  different  offices. 
Data-base  systems  are  organized  in  a  tiered  struc- 
ture. Each  data-base  system  contains  all  the  data 
stored  in  the  data-base  systems  located  in  lower 
tiers  of  the  structure.  Data  can  be  readily  transmit- 
ted from  lower  tiers  to  higher  tiers  of  the  structure. 
Therefore,  the  data-base  system  at  the  highest  tier 
of  the  structure  contains  land-use  and  land  cover 
data  for  the  entire  pilot  program.  (USGS) 
W90-06234 

WATER-RESOURCES  ACTIVITIES  OF  THE 
U.S.  GEOLOGICAL  SURVEY  IN  MISSOURI, 
FISCAL  YEAR  1989. 

Geological  Survey,  Rolla,  MO.  Water  Resources 
Div. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-621,  1990.  54p,  8  fig,  1  tab, 
133  ref.  Compiled  by  K.  L.  Jenkins. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
'Missouri,  'Water  resources  data,  Groundwater 
data,  Surface  water  data,  Water  quality. 

Water  resources  activities  of  the  U.S.  Geological 
Survey  in  Missouri  consist  of  collecting  hydrologic 
data  and  making  interpretive  studies.  Hydrologic 
studies  in  Missouri  are  made  through  three  basic 


types  of  projects:  hydrologic  data  collection  pro- 
grams; local  or  areal  hydrologic  investigations;  and 
statewide  or  regional  studies.  These  projects  are 
funded  through  cooperative  joint-funding  agree- 
ments with  State  and  local  agencies,  transfer  of 
funds  from  other  Federal  agencies,  and  direct  Fed- 
eral funds.  The  data  and  the  results  of  the  investi- 
gations are  published  or  released  by  either  the  U.S. 
Geological  Survey  or  by  cooperating  agencies. 
The  report  describes  the  hydrologic  data  collec- 
tion programs  and  local  or  areal  hydrologic  inves- 
tigations in  Missouri  for  fiscal  year  1989  and  pro- 
vides a  list  of  selected  water  resources  references 
for  Missouri.  (USGS) 
W90-06244 


COMPUTER  PROGRAM  FOR  CONVERTING 
RECTANGULAR  COORDINATES  TO  LATI- 
TUDE-LONGITUDE COORDINATES. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 
A.  T.  Rutledge. 

Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4070, 
1989.   20p,   5  fig,   1   ref.   USGS  Project  FL-410. 

Descriptors:  'Computer  programs,  'Coordinate 
transformation,  'Mapping,  Computer  models,  Co- 
ordinates, Geography,  Latitude,  Longitude,  Map 
coordinates,  Maps,  Radial  coordinates,  Rectangu- 
lar coordinates. 

A  computer  program  was  developed  for  convert- 
ing the  coordinates  of  any  rectangular  grid  on  a 
map  to  coordinates  on  a  grid  that  is  parallel  to  lines 
of  equal  latitude  and  longitude.  Using  this  program 
in  conjunction  with  groundwater  flow  models,  the 
user  can  extract  data  and  results  from  models  with 
varying  grid  orientations  and  place  these  data  into 
grid  structure  that  is  oriented  parallel  to  lines  of 
equal  latitude  and  longitude.  All  cells  in  the  rectan- 
gular grid  must  have  equal  dimensions,  and  all  cells 
in  the  latitude-longitude  grid  measure  one  minute 
by  one  minute.  This  program  is  applicable  if  the 
map  used  shows  lines  of  equal  latitude  as  arcs  and 
lines  of  equal  longitude  as  straight  lines  and  as- 
sumes that  the  Earth's  surface  can  be  approximated 
as  a  sphere.  The  program  user  enters  the  row 
number,  column  number,  and  latitude  and  longi- 
tude of  the  midpoint  of  the  cell  for  three  test  cells 
on  the  rectangular  grid.  The  latitude  and  longitude 
of  boundaries  of  the  rectangular  grid  also  are  en- 
tered. By  solving  sets  of  simultaneous  linear  equa- 
tions, the  program  calculates  coefficients  that  are 
used  for  making  the  conversion.  As  an  option  in 
the  program,  the  user  may  build  a  groundwater 
model  file  based  on  a  grid  that  is  parallel  to  lines  of 
equal  latitude  and  longitude.  The  program  reads  a 
data  file  based  on  the  rectangular  coordinates  and 
automatically  forms  the  new  data  file.  (USGS) 
W90-06246 

WATER  RESOURCES  DATA  FOR  OREGON 
WATER,  YEAR  1988,  VOLUME  2.  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

L.  E.  Hubbard,  T.  A.  Herrett,  R.  L.  Kraus,  and  R. 
L.  Moffatt. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-0161803/ 
AS  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. Water-Data  Report  OR-88-2  (USGS/WRD/ 
HD-90/237),  1989.  320p.  Prepared  in  cooperation 
with  the  State  of  Oregon  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Gaging  stations, 
•Hydrologic  data,  'Oregon,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature 

Water  Resources  Data  for  the  1988  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  and  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs.  This  report, 
in  two  volumes,  contains  discharge  records  for  250 
gaging  stations;  stage  only  records  for  7  gaging 
stations;  stage  and  contents  for  39  lakes  and  reser- 
voirs; water  quality   for  44  stations,   and   water 


quality  for  3  precipitation  stations.  Also  included 
are  5  crest-stage,  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oregon.  (See  also  W90-05260)  (USGS) 
W90-06250 


WATER  RESOURCES  DATA  COLLECTED 
DURING  WATER  YEAR  1988  AT  SELECTED 
JAMES  RIVER  BASIN  SITES  IN  NORTH 
DAKOTA  AND  SOUTH  DAKOTA. 

Geological  Survey,  Huron,  SD.  Water  Resources 
Div.  . 

S.  K.  Sando,  K.  G.  Guttomson,  and  T.  A.  Gleich. 
Available  from  Books  and  Open-File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  90-101,  1990.  230p,  3  fig,  41  tab, 
9  ref. 

Descriptors:  'Garrison  Diversion  Unit,  'James 
River  Basin,  'North  Dakota,  'Stream  discharge, 
'Streamflow  data,  'Surface  water  data,  'Water 
quality,  'Water  resources  data,  Reservoir  eleva- 
tion, Stream  gage  height. 

Operation  of  the  proposed  Garrison  Diversion 
Unit  will  supply  water  from  the  Missouri  River  in 
North  Dakota  to  the  upstream  part  of  the  James 
River  basin.  The  U.S.  Bureau  of  Reclamation  initi- 
ated a  monitoring  program  in  1984  to  aid  in  deter- 
mining whether  the  potential  impacts  resulting 
from  Garrison  Diversion  Unit  operation  will  be 
compatible  with  the  operational  objectives  of  the 
three  national  wildlife  refuges  located  on  the  James 
River  in  North  Dakota  and  South  Dakota.  This 
report  presents  water  resources  data  collected  by 
the  U.S.  Geological  Survey  during  water  year 
1988  in  the  James  River  basin  as  part  of  the  Garri- 
son Diversion  Unit  monitoring  program.  Water 
discharge  records  for  12  stations,  reservoir  eleva- 
tion and  contents  records  for  one  station,  stream 
gage-height  records  for  three  stations,  and  water 
quality  records  for  23  stations  are  presented. 
(USGS) 
W90-06256 


GEOHYDROLOGY  OF  THE  REGIONAL  AQ- 
UIFER SYSTEM,  WESTERN  SNAKE  RIVER 
PLAIN,  SOUTHWESTERN  IDAHO. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06257 

WATER  RESOURCES  DATA  FOR  VIRGINIA 
WATER  YEAR  1985. 

Geological  Survey,  Richmond,  VA.  Water  Re- 
sources Div. 

B.  J.  Prugh,  F.  J.  Easton,  and  D.  D.  Lynch. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-1 11852/ 
AS  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  VA-85-1  (WRD/ 
HD-86/255),  1986.  398p.  Prepared  in  cooperation 
with  the  State  of  Virginia  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Virginia, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Virginia  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater  wells.  This 
volume  contains  records  for  water  discharge  at  190 
gaging  stations,  stage  only  at  1  gaging  station, 
stage  and  contents  at  10  lakes  and  reservoirs,  water 
quality  at  41  gaging  stations  and  1  well,  and  water 
levels  at  58  observation  wells.  Also  included  are 
data  for  78  crest-stage  partial-record  stations.  Ad- 
ditional water  data  were  collected  at  various  sites 
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not  involved  in  the  systematic  data-collection  pro- 
gram, such  as,  discharge-measurement  data  collect- 
ed at  53  low-flow  partial-record  stations,  and  mis- 
cellaneous hydrologic  data  collected  at  97  measur- 
ing sites  and  12  water-quality  sampling  sites.  The 
data  in  this  report  represent  that  part  of  the  Na- 
tional Water  Data  System  collected  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Virginia.  (USGS) 
W90-06261 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1982.  VOLUME  1.  WEST- 
ERN WASHINGTON. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB85-236826. 
Price  codes:  A14  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  WA-82-1  (WRD/HD- 
85/220),  1985.  310p.  Prepared  in  cooperation  with 
the  State  of  Washington  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Washington, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

The  Water  resources  data  for  the  1982  water  year 
for  Washington  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  wells  and  springs. 
This  report,  in  two  volumes,  contains  discharge 
records  for  253  gaging  stations;  stage  only  records 
for  8  gaging  stations;  stage  and  contents  for  37 
lakes  and  reservoirs;  water  quality  for  81  gaging 
stations;  and  water  levels  for  57  observation  wells. 
Also  included  are  data  for  33  crest-stage  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  various  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements  and  analyses.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  local,  state  and  federal  agencies  in 
Washington.  (See  also  W90-06263)  (USGS) 
W90-06262 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1982.  VOLUME  2.  EAST- 
ERN WASHINGTON. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-236834. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  WA-82-2  (WRD/HD- 
85/221),  1985.  21  lp.  Prepared  in  cooperation  with 
the  State  of  Washington  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Washington, 
•Water  quality,  Chemical  analysis.  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1982  water  year  for 
Washington  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  wells  and  springs.  This 
report,  in  two  volumes,  contains  discharge  records 
for  253  gaging  stations;  stage  only  records  for  8 
gaging  stations;  stage  and  contents  for  37  lakes  and 
reservoirs;  water  quality  for  81  gaging  stations;  and 
water  levels  for  57  observation  wells.  Also  includ- 
ed are  data  for  33  crest-stage  partial-record  sta- 
tions. Additional  water  data  were  collected  at  vari- 
ous sites,  not  part  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements and  analyses.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
local,  state  and  federal  agencies  in  Washington. 
(See  also  W90-06262)  (USGS) 
W90-06263 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON WATER  YEAR  1983. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86- 162542. 
Price  codes:  A 19  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  (WRD/HD-86/204), 
1985.  433p.  Prepared  in  cooperation  with  the  State 
of  Washington  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  ^Washington, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1983  water  year  for 
Washington  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  wells  and  springs.  This 
report  contains  discharge  records  for  200  gaging 
stations;  stage  only  records  for  22  gaging  stations; 
stage  and  contents  for  22  lakes  and  reservoirs; 
water  quality  for  43  gaging  stations;  and  water 
levels  for  124  observation  wells.  Also  included  are 
data  for  79  crest-stage  partial-record  stations.  Ad- 
ditional water  data  were  collected  at  various  sites, 
not  part  of  the  systematic  data  collection  program, 
and  are  published  as  miscellaneous  measurements 
and  analyses.  These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  local,  state  and 
federal  agencies  in  Washington.  (See  also  W90- 
06262)  (USGS) 
W90-06264 


WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA, WATER  YEAR  1984. 

Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

W.  N.  Embree,  W.  A.  Friel,  and  F.  M.  Taylor. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86- 162641. 
Price  codes:  A15  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  WV-84-1  (WRD/HD- 
85/274),  1985.  323p.  Prepared  in  cooperation  with 
the  State  of  West  Virginia  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Water  quality, 
•West  Virginia,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

The  Water  resources  data  for  the  1984  water  year 
for  West  Virginia  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams  and  springs, 
and  water  levels  in  wells.  This  report  contains 
discharge  records  for  76  gaging  stations;  stage  only 
records  for  13  gaging  stations;  content  for  2  reser- 
voirs; change  in  contents  for  1  reservoir;  water 
quality  for  24  gaging  stations;  and  water  levels  for 
31  observation  wells.  Also  included  are  2  crest- 
stage  partial-record  stations,  and  1  low-flow  partial 
record  station.  Additional  water  data  were  collect- 
ed at  various  sites,  not  part  of  the  systemic  data 
collections  program,  and  are  published  as  miscella- 
neous measurements  and  analysis.  These  data  rep- 
resent the  National  Water  Data  System  records 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating local,  state  and  federal  agencies  in  West 
Virginia.  Field  data  for  two  projects  are  also  in- 
cluded in  this  report:  the  first  group  includes  data 
collected  during  the  period  1980-1982  for  the 
water  resources  study  of  the  Gauley  River  basin. 
Included  are  physical  data  for  250  wells,  quality 
analysis  of  water  from  125  wells,  discharge  and 
chemical  data  for  53  sites  sampled  occasionally, 
and  discharge  and  chemical  data  for  17  index  sites 
sampled  monthly.  The  geology  and  hydrology  of 
the  basin  will  be  described  in  greater  detail  in  a 
future  report.  The  second  group  includes  discharge 
and  field  determinations  collected  at  293  sites 
throughout  the  State  during  September  and  Octo- 
ber 1983.  This  information  will  be  included  with 
other  data  for  a  project  studying  low  flow  charac- 
teristics in  West  Virginia.  (USGS) 
W90-06265 


WATER  RESOURCES  DATA  FOR  WISCON- 
SIN, WATER  YEAR  1984. 

Geological  Survey,  Madison,  WI.  Water  Re- 
sources Div. 

B.  K.  Holmstrom,  P.  A.  Kammerer,  and  R.  M. 
Erickson. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86- 197084. 
Price  codes:  A17  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  WI-84-1  (WRD/HD- 
86/213),  1985.  373p.  Prepared  in  cooperation  with 
the  State  of  Wisconsin  and  other  agencies. 

Descriptors:  'Acid  rain,  *Data  collections, 
•Groundwater,  'Hydrologic  data,  'Surface  water, 
•Water  quality,  'Wisconsin,  Chemical  analysis, 
Flow  rates,  Gaging  stations,  Lakes,  Microbiologi- 
cal analysis,  Sediments,  Water  level. 

Water  resources  data  for  the  1984  water  year  for 
Wisconsin  include  records  of  streamflow  at  gaging 
stations,  partial-record  stations,  and  miscellaneous 
sites;  records  of  chemical,  biological,  and  physical 
characteristics  of  surface  and  groundwater. 
Records  of  chemical  analysis  of  precipitation,  sur- 
face and  groundwater  associated  with  acid  deposi- 
tion are.  included.  In  addition  water  levels  in  ob- 
servation wells  are  reported.  These  data  represent 
the  National  Water  Data  System  records  collected 
by  the  U.S.  Geological  Survey  and  cooperating 
local,  state  and  federal  agencies  in  Wisconsin. 
(USGS) 
W90-06266 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1984. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

S.  A.  Druse,  and  S.  J.  Rucker. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  PB86-106127. 
Price  codes:  A21  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  84  (WRD/HD-85/252), 
1985.  470p.  Prepared  in  cooperation  with  the  State 
of  Wyoming  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Water  quality, 
•Wyoming,  Chemical  analysis,  Flow  rates,  Gaging 
stations,  Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1984  water  year  for 
Wyoming  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater.  This  volume  contains  dis- 
charge records  for  186  gaging  stations;  stage  and 
contents  for  14  lakes  and  reservoirs;  water  quality 
for  72  gaging  stations,  and  66  ungaged  stations;  and 
water  levels  for  4  observation  wells.  Also  included 
are  32  crest-stage  partial-record  stations.  Addition- 
al water  data  were  collected  at  various  sites,  not 
part  of  the  systematic  data  collection  program,  and 
are  published  as  miscellaneous  measurements. 
These  data  represent  the  National  Water  Data 
System  records  collected  by  the  U.S.  Geological 
Survey  and  cooperating  local,  state  and  federal 
agencies  in  Wyoming.  (USGS) 
W90-06267 


WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1985. 

Geological  Survey  of  Alabama,  University.  Div.  of 

Water  Resources. 

H.  C.  Rollins,  F.  C.  Sedberry,  T.  R.  Duvall,  and  F. 

D.  Byrd. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB87-172284. 

Price  codes:  A13  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  Al-85  (WRD/HD-87/ 

203),  1986.  286p.  Prepared  in  cooperation  with  the 

state  of  Alabama  and  other  agencies. 

Descriptors:  'Alabama,  'Data  collections, 
•Groundwater,  'Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
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Sediments,   Water   analysis,   Water   level,   Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Alabama  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  in  wells.  This 
report  includes  records  on  both  surface  and 
ground  water  in  the  State.  Specifically,  it  contains: 
(1)  Discharge  records  for  86  streamflow-gaging 
stations,  for  62  partial-record  or  miscellaneous 
streamflow  stations,  and  for  4  crest-stage  or  par- 
tial-record streamflow  stations;  (2)  stage  and  con- 
tent records  for  13  lakes  and  reservoirs  and  stage  at 
27  stations;  (3)  water-quality  records  for  22  stream- 
flow-gaging  stations,  for  66  ungaged  streamsites, 
and  for  7  wells;  and  (4)  water-level  records  for  62 
observation  wells.  Discharge  records  for  a  few 
pertinent  stations  in  bordering  States  are  also  in- 
cluded in  this  report.  (USGS) 
W90-06268 

WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1986. 

Geological  Survey  of  Alabama,  University.  Div.  ot 
Water  Resources. 

H.  C.  Rollins,  F.  C.  Sedberry,  J.  L.  Pearman,  and 
T.  R.  Duvall.  .    .    ,  r  , 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-136551/ 
AS.  Price  codes:  A14  in  paper  copy,  A01  m  micro- 
fiche. USGS  Water-Data  Report  AL-86-1  (WRD/ 
HD-87/272),  1987.  307p.  Prepared  in  cooperation 
with  the  state  of  Alabama  and  other  agencies. 

Descriptors:  'Alabama,  'Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Alabama  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  in  wells.  This 
report  includes  records  on  both  surface  and 
ground  water  in  the  State.  Specifically,  it  contains: 
(1)  Discharge  records  for  84  streamflow-gaging 
stations,  for  134  partial-record  or  miscellaneous 
streamflow  stations,  and  for  2  crest-stage  or  par- 
tial-record streamflow  stations;  (2)  stage  and  con- 
tent records  for  13  lakes  and  reservoirs  and  stage  at 
27  stations;  (3)  water-quality  records  for  23  stream- 
flow-gaging stations,  for  27  ungaged  streamsites, 
for  36  wells,  and  3  precipitation  stations;  (4)  water 
temperature  at  6  surface-water  stations;  and  (5) 
water-level  records  for  17  observation  wells.  Dis- 
charge records  for  a  few  pertinent  stations  in  bor- 
dering States  are  also  included  in  this  report.  (See 
also  W90-06268)  (USGS) 
W90-06269 

WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1987. 

Geological  Survey  of  Alabama,  University.  Div.  ot 
Water  Resources. 

H.  C.  Rollins,  F.  C.  Sedberry,  J.  L.  Pearman,  and 
T.  R.  Duvall.  .    .    ,,  . 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89- 120349/ 
AS  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  AL-87-1  (WRD/ 
HD-88/270),  1988.  337p.  Prepared  in  cooperation 
with  the  state  of  Alabama  and  other  agencies. 

Descriptors:  'Alabama,  *Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Alabama  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  ot 
lakes  and  reservoirs;  and  water  levels  in  wells.  This 
report  includes  records  on  both  surface  and 
ground  water  in  the  State.  Specifically,  it  contains: 
(1)  Discharge  records  for  84  streamflow-gaging 
stations,    for   58   partial-record    or   miscellaneous 


streamflow  stations,  and  for  2  crest-stage  or  par- 
tial-record streamflow  stations;  (2)  stage  and  con- 
tent records  for  13  lakes  and  reservoirs  and  stage  at 
27  stations;  (3)  water-quality  records  for  22  stream- 
flow-gaging stations,  for  66  ungaged  streamsites, 
for  12  wells,  and  3  precipitation  stations;  (4)  water 
temperature  at  9  surface-water  stations;  and  (5) 
water-level  records  for  20  observation  wells.  Dis- 
charge records  for  a  few  pertinent  stations  in  bor- 
dering States  are  also  included  in  this  report.  (See 
also  W90-06269)  (USGS) 
W90-06270 

WATER  RESOURCES  DATA  FOR  ALABAMA, 
WATER  YEAR  1988. 

Geological  Survey  of  Alabama,  University.  Div.  of 
Water  Resources. 

H.  C.  Rollins,  J.  L.  Pearman,  F.  C.  Sedberry,  and 
P.  W.  Cole. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-194534/ 
AS  Price  codes:  A15  in  paper  copy,  A01  m  micro- 
fiche. USGS  Water-Data  Report  AL-88-1  (WRD/ 
HD-89/230),  1989.  324p.  Prepared  in  cooperation 
with  the  State  of  Alabama  and  other  agencies. 

Descriptors:  'Alabama,  *Data  collections, 
•Groundwater,  *Hydrologic  data,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Alabama  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  in  wells.  This 
report  includes  records  on  both  surface  and 
ground  water  in  the  State.  Specifically,  it  contains: 
(1)  Discharge  records  for  92  streamflow-gaging 
stations,  for  132  partial-record  or  miscellaneous 
streamflow  stations;  (2)  stage  and  content  records 
for  13  lakes  and  reservoirs  and  stage  at  27  stations; 
(3)  water-quality  records  for  24  streamflow-gaging 
stations,  for  2  lake  stations,  for  56  ungaged  stream- 
sites,  for  6  wells,  and  3  precipitation  stations;  (4) 
water  temperature  at  12  surface-water  stations;  and 
(5)  water-level  records  for  20  observation  wells. 
Discharge  records  for  a  few  pertinent  stations  in 
bordering  States  are  also  included  in  this  report. 
(See  also  W90-06270)  (USGS) 
W90-06271 

WATER  RESOURCES  DATA  FOR  ALASKA, 
WATER  YEAR  1985. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

B.  B.  Bigelow,  R.  D.  Lamke,  P.  J.  Still,  J.  L.  Van 
Maanen,  and  J.  E.  Vaill. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-182910/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in i  micro- 
fiche. USGS  Water-Data  Report  AK-85-1  (WRD/ 
HD-86/252),  1986.  328p.  Prepared  in  cooperation 
with  the  State  of  Alaska  and  with  other  agencies. 

Descriptors:  'Alaska,  'Data  collections,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Sampling  sites,  Sediments,  Water 
analysis,  Water  level,  Water  temperature. 


Water  resources  data  for  the  1985  water  year  for 
Alaska  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  water  quality  ot 
lakes;  and  water  levels  and  water  quality  in  wells 
This  report  contains  discharge  records  for  108 
gaging  stations;  water  quality  for  40  stations;  and 
water  levels  for  31  observation  wells.  Also  includ- 
ed are  66  crest-stage,  15  low-flow,  and  19  water- 
quality  partial-record  stations.  Additional  water 
data  were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements  of  discharge, 
lake  stage,  or  water  quality.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Alaska.  (UMjb) 
W90-06272 


WATER  RESOURCES  DATA  FOR  ALASKA, 
WATER  YEAR  1986. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

J.  L.  VanMaanen,  R.  D.  Lamke,  P.  J.  Still,  J.  E. 
Vaill,  and  B.  B.  Bigelow. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-197421. 
Price  codes:  A15  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  AK-86-1  (WRD/HD- 
88/214),  1988.  330p.  Prepared  in  cooperation  with 
the  State  of  Alaska  and  with  other  agencies. 

Descriptors:  'Alaska,  'Data  collections,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Sampling  sites,  Sediments,  Water 
analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Alaska  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  water  quality  of 
lakes-  and  water  levels  and  water  quality  of 
groundwater  wells.  This  volume  contains  records 
for  water  discharge  at  103  gaging  stations;  water 
quality  at  42  gaging  stations;  and  water  levels  for 
30  observation  wells.  Also  included  are  data  for  18 
low-flow,  68  crest-stage,  and  18  water-quality  par- 
tial-record stations  and  40  lakes.  Additional  water 
data  were  collected  at  various  sites,  not  involved  in 
the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements  and  anal- 
yses. These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Alaska.  (See  also  W90-06272)  (USGS) 
W90-06273 

WATER  RESOURCES  DATA  FOR  ALASKA, 
WATER  YEAR  1987. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

J.  E.  Vaill,  P.  J.  Still,  R.  D.  Lamke,  B.  B.  Bigelow, 
and  J.  L.  VanMaanen. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-1 39588/ 
AS  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  AK-87-1  (WRD/ 
HD-89/209),  1988.  284p.  Prepared  in  cooperation 
with  the  State  of  Alaska  and  with  other  agencies. 

Descriptors:  'Alaska,  'Data  collections,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Row  rates,  Gaging  sta- 
tions, Lakes,  Sampling  sites,  Sediments,  Water 
analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
Alaska  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  water  quality  of 
lakes-  and  water  levels  and  water  quality  of 
groundwater  wells.  This  volume  contains  records 
for  water  discharge  at  83  gaging  stations;  water 
quality  at  27  gaging  stations;  and  water  levels  for 
29  observation  wells.  Also  included  are  data  for  16 
low-flow,  86  crest-stage,  and  14  water-quality  par- 
tial-record stations  and  20  lakes.  Additional  water 
data  were  collected  at  various  sites,  not  involved  m 
the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements  and  anal- 
yses. These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Alaska.  (See  also  W90-06273)  (USGS) 
W90-06274 


WATER   RESOURCES   DATA   FOR   ALASKA, 
WATER  YEAR  1988. 

Geological  Survey,  Anchorage,  AK.  Water  Re- 
sources Div. 

B.  B.  Bigelow,  R.  D.  Lamke,  P.  J.  Still,  J.  L. 
VanMaanen,  and  R.  L.  Burrows. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-212294/ 
AS  Price  codes:  A10  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  AK-88-1  (WRD/ 
HD-89/231),  1989.  196p.  Prepared  in  cooperation 
with  the  State  of  Alaska  and  with  other  agencies. 
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Descriptors:  'Alaska,  'Data  collections,  •Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Sampling  sites,  Sediments,  Water 
analysis.  Water  level.  Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
Alaska  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  of  lakes;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  volume  contains  records  for  water  discharge 
at  85  gaging  stations;  water  quality  at  24  gaging 
stations,  and  water  levels  for  26  observation  wells. 
Also  included  are  data  for  66  crest-stage  partial- 
record  stations  and  1 3  lakes.  Additional  water  data 
were  collected  at  various  sites,  not  involved  in  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements  and  analyses. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Alaska.  (See  also  W90-06274)  (USGS) 
W90-06275 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1984. 

Geological  Survey,  Tucson,  AZ. 
N.  D.  White,  and  W.  B.  Garrett. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-227567. 
Price  codes:  A17  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  AZ-84-1  (WRD/HD- 
87/228),  1987.  381p.  Prepared  in  cooperation  with 
the   State  of  Arizona   and   with   other  agencies. 

Descriptors:  *Arizona,  'Data  collections, 
•Groundwater,  'Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
Arizona  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  of 
observation  wells;  and  quality  of  groundwater. 
This  report  contains  discharge  records  for  184 
gaging  stations,  annual  peaks  for  23  crest-stage 
partial-record  stations,  and  discharge  measure- 
ments at  9  miscellaneous  sites;  peak  discharges  for 
the  flood  of  October  1-4,  1983,  at  24  discontinued 
gaging  stations  and  miscellaneous  sites;  contents 
only  records  for  8  lakes  and  reservoirs;  stage  and 
contents  for  1  lake;  elevation  only  for  1  streamflow 
station;  16  supplementary  records,  included  with 
gaging-station  records,  consisting  of  monthend  or 
monthly  stage,  contents,  and  evaporation  of  lakes 
and  reservoirs,  diversions,  and  return  flows;  water- 
quality  records  for  43  continuous-record  stations 
and  3  miscellaneous  sites;  water  levels  for  95  obser- 
vation wells;  and  water-quality  data  for  water  from 
116  wells.  These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Arizona.  (USGS) 
W90-06276 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1985. 
Geological  Survey,  Tucson,  AZ. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-197546. 
Price  codes:  A 16  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  AZ-85-1  (WRD/HD- 
88/215),  1988.  343p.  Prepared  in  cooperation  with 
the   State   of  Arizona   and   with   other  agencies. 

Descriptors:  'Arizona,  *Data  collections, 
•Groundwater,  *HydroIogic  data,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates. 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Arizona  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  of 
observation  wells;  and  quality  of  ground  water. 
This   report   contains  discharge   records   for    186 


gaging  stations,  annual  peaks  for  24  crest-stage 
partial-record  stations,  and  discharge  measure- 
ments at  7  miscellaneous  sites;  contents  only 
records  for  8  lakes  and  reservoirs;  stage  and  con- 
tents for  1  lake;  elevation  only  for  1  streamflow 
station;  18  supplementary  records,  included  with 
gaging-station  records,  consisting  of  monthend  or 
monthly  stage,  contents,  and  evaporation  of  lakes 
and  reservoirs,  diversions,  and  return  flows;  water- 
quality  records  for  34  continuous-record  stations 
and  5  miscellaneous  sites;  water  levels  for  95  obser- 
vation wells;  and  water-quality  data  for  water  from 
230  wells.  These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Arizona.  (See  also  W90-06276) 
(USGS) 
W90-06277 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1986. 

Geological  Survey,  Tucson,  AZ. 
R.  P.  Wilson,  and  W.  B.  Garrett. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89- 130793/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  AZ-86-1  (WRD/ 
HD-88/262),  1988.  341p.  Prepared  in  cooperation 
with  the  State  of  Arizona  and  with  other  agencies. 

Descriptors:  •Arizona,  *Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Arizona  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  water  levels  of 
observation  wells;  and  quality  of  groundwater. 
This  report  contains  discharge  records  for  171 
gaging  stations,  annual  peaks  for  21  crest-stage 
partial-record  stations,  and  discharge  measure- 
ments at  1 1  miscellaneous  sites;  contents  only 
records  for  9  lakes  and  reservoirs;  stage  and  con- 
tents for  1  lake;  elevation  only  for  1  streamflow 
station;  22  supplementary  records,  included  with 
gaging-station  records,  consisting  of  monthend  or 
monthly  stage,  contents,  and  evaporation  of  lakes 
and  reservoirs,  diversions,  and  return  flows;  water- 
quality  records  for  33  continuous-record  stations 
and  8  miscellaneous  sites;  water  levels  for  88  obser- 
vation wells;  and  water-quality  data  for  water  from 
345  wells.  These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Arizona.  (See  also  W90-06277) 
(USGS) 
W90-06278 


WATER  RESOURCES  DATA  FOR  ARIZONA, 
WATER  YEAR  1987. 
Geological  Survey,  Tucson,  AZ. 
R.  P.  Wilson,  and  W.  B.  Garrett. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89- 194963/ 
AS.  Price  codes:  A17  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  AZ-87-1  (WRD/ 
HD-89/218),  1989.  385p.  Prepared  in  cooperation 
with  the  State  of  Arizona  and  with  other  agencies. 

Descriptors:  'Arizona,  *Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Arizona  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  of 
observation  wells;  and  quality  of  groundwater. 
This  report  contains  discharge  records  for  168 
gaging  stations,  annual  peaks  for  22  crest-stage 
partial-record  stations,  and  discharge  measure- 
ments at  8  miscellaneous  sites;  contents  only 
records  for  9  lakes  and  reservoirs;  stage  and  con- 
tents for  1  lake;  elevation  only  for  1  streamflow 


station;  20  supplementary  records,  included  with 
gaging-station  records,  consisting  of  monthend  or 
monthly  stage,  contents,  and  evaporation  of  lakes 
and  reservoirs,  diversions,  and  return  flows;  water- 
quality  records  for  41  continuous-record  stations 
and  6  miscellaneous  sites;  water  levels  for  1,007 
observation  wells;  and  water-quality  data  for  water 
from  261  wells.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Arizona.  (See  also  W90-06278) 
(USGS) 
W90-06279 


WATER  RESOURCES  DATA  FOR  ARKANSAS, 
WATER  YEAR  1986. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

T.  E.  Lamb,  J.  E.  Porter,  B.  F.  Lambert,  and  J. 
Edds. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-231031/ 
AS.  Price  codes:  A23  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  AR-86-1  (WRD/ 
HD-87/240),  1987.  533p.  Prepared  in  cooperation 
with  the  State  of  Arkansas  and  with  other  agen- 


Descriptors:  'Arkansas,  'Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Sampling  sites,  Sediments, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Arkansas  consist  of  records  of  discharge,  and 
water  quality  of  streams;  water  quality  of  lakes; 
water  levels  and  water  quality  of  observation 
wells.  This  report  contains  discharge  records  for 
48  regular  surface-water  stations;  water-quality 
data  for  154  regular  water-quality  stations,  73  par- 
tial-record water-quality  stations,  5  observation 
wells,  and  1  precipitation  station;  water-level  meas- 
urements for  96  observation  wells.  Also  included 
are  data  for  85  crest-stage  partial-record  surface- 
water  stations.  Additional  water  data  were  collect- 
ed at  various  sites,  not  part  of  the  systematic  data 
collection  program,  and  are  published  as  miscella- 
neous measurements.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Arkansas.  (USGS) 
W90-06280 


WATER  RESOURCES  DATA  FOR  ARKANSAS, 
WATER  YEAR  1987. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

T.  E.  Lamb,  J.  E.  Porter,  B.  F.  Lambert,  and  M. 
Plafcan. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-246897/ 
AS.  Price  codes:  A25  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  AR-87-1  (WRD/ 
HD-88/259),  1988.  575p.  Prepared  in  cooperation 
with  the  State  of  Arkansas  and  with  other  agen- 


Descriptors:  'Arkansas,  'Data  collections, 
•Groundwater,  'Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Sampling  sites,  Sediments, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
Arkansas  consist  of  records  of  gage  height,  dis- 
charge, and  water  quality  of  streams;  water  quality 
of  lakes;  water  levels,  and  water  quality  of  obser- 
vation wells.  This  report  contains  discharge 
records  for  47  gaging  stations;  water-quality  data 
for  160  regular  water-quality  stations,  63  partial- 
record  water-quality  stations,  5  observation  wells, 
and  1  precipitation  station;  water-level  measure- 
ments for  97  observation  wells.  Also  included  are 
data  for  58  crest-stage  partial-record  surface-water 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
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U.S.  Geological  Survey  and  cooperating  State  and 
Federal   agencies   in   Arkansas.    (See   also   W90- 
06280)  (USGS) 
W90-06281 


WATER  RESOURCES  DATA  FOR  ARKANSAS, 
WATER  YEAR  1988. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

M.  A.  Moore,  J.  E.  Porter,  P.  W.  Westerfield,  and 
K.Young. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-214191/ 
AS  Price  codes:  A99  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  AR-88-1  (WRD/ 
HD-89/225),  1989.  622p.  Prepared  in  cooperation 
with  the  State  of  Arkansas  and  with  other  agen- 
cies. 

Descriptors:  'Arkansas,  *Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Sampling  sites,  Sediments, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
Arkansas  consist  of  records  of  gage  height,  dis- 
charge, and  water  quality  of  streams;  water  quality 
of  lakes;  water  levels,  and  water  quality  of  obser- 
vation wells.  This  report  contains  discharge 
records  for  51  gaging  stations;  water-quality  data 
for  159  regular  water-quality  stations,  63  partial- 
record  water-quality  stations,  6  observation  wells, 
and  1  precipitation  station;  water-level  measure- 
ments for  97  observation  wells.  Also  included  are 
data  for  57  crest-stage  partial-record  surface-water 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Arkansas.  (See  also  W90- 
06281)  (USGS) 
W90-06282 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1984.  VOLUME  4.  NORTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  HONEY  LAKE  BASIN 
TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

R.  P.  Fogelman,  J.  R.  Mullen,  W.  F.  Shelton,  R. 
G.  Simpson,  and  D.  A.  Grillo. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-182036/ 
AS  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CA-84-4  (WRD/ 
HD-86/228),  1986.  277p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  'California,  'Data  collections, 
♦Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  4  contains  discharge 
records  for  152  gaging  stations;  stage  and  contents 
for  25  lakes  and  reservoirs;  water  precipitation  data 
for  2  stations;  water  quality  for  9  stations;  water 
levels  for  12  and  water  quality  for  46  observation 
wells.  Also  included  is  one  low-flow  partial-record 
station  and  19  water-quality  partial-record  stations. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  California.  (USGS) 
W90-06283 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1985.  VOLUME  1.  SOUTH- 
ERN     GREAT     BASIN      FROM      MEXICAN 


BORDER  TO  MONO  LAKE  BASIN,  AND  PA- 
CIFIC SLOPE  BASINS  FROM  TIJUANA 
RIVER  TO  SANTA  MARIA  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div.  . 
J.  C.  Bowers,  C.  E.  McConaughy,  K.  G.  Pohnoski, 
and  G.  B.  Smith. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-222980/ 
AS  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CA-85-1  (WRD/ 
HD-87/229),  1987.  325p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  *California,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  1  contains  discharge 
records  for  150  gaging  stations;  stage  and  contents 
for  17  lakes  and  reservoirs;  water  quality  for  23 
streams.  Also  included  are  10  crest-stage  partial- 
record  stations,  three  miscellaneous  measurement 
sites,  and  one  water-quality  partial-record  station. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  California.  (See  W90-06285  thru  W90- 
06288)  (USGS) 
W90-06284 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1985.  VOLUME  2.  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON  STATE  LINE  EXCEPT  CENTRAL 
VALLEY. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

S.  Anderson,  K.  L.  Markham,  L.  F.  Trujillo,  W.  F. 
Shelton,  and  D.  A.  Grillo. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-121637/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CA-85-2  (WRD/ 
HD-87/255),  1987.  341p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  'California,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sediments,  Water  analysis, 
Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  and  stage  and  con- 
tents in  lakes  and  reservoirs;  and  water  levels  and 
water  quality  in  wells.  Volume  2  contains  dis- 
charge records  for  133  gaging  stations;  stage  and 
contents  for  9  lakes  and  reservoirs;  and  water 
quality  for  34  stations.  Also  included  are  3  low- 
flow  partial-record  stations  and  18  water-quality 
partial-record  stations.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  California.  (See 
W90-06284  and  W90-06286  thru  W90-06288) 
(USGS) 
W90-06285 


87/265),  1987.  381p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  'California,  'Data  collections,  *Hy- 
drologic  data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  stage  and  con- 
tents in  lakes  and  reservoirs.  Volume  3  contains 
discharge  records  for  149  gaging  stations;  stage 
and  contents  for  41  lakes  and  reservoirs;  gage 
height  records  for  2  lakes;  and  water  quality  for  34 
streams.  Also  included  are  4  crest-stage  partial- 
record  stations.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  California.  (See  W90-06284 
thru  W90-06285  and  W90-06287  thru  W90-06288) 
(USGS) 
W90-06286 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1985.  VOLUME  4.  NORTH- 
ERN CALIFORNIA  VALLEY  BASINS  AND 
THE  GREAT  BASIN  FROM  HONEY  LAKE 
BASIN  TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

J.  R.  Mullen,  W.  F.  Shelton,  R.  G.  Simpson,  and 
D.  A.  Grillo. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-170188. 
Price  codes:  A14  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  CA-85-4  (WRD/HD- 
87/270),  1987.  289p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  'California,  'Data  collections, 
'Groundwater,  'Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sediments, 
Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  and  stage  and  con- 
tents in  lakes  and  reservoirs;  and  water  levels  and 
water  quality  in  wells.  Volume  4  contains  dis- 
charge records  for  155  gaging  stations;  stage  and 
contents  for  29  lakes  and  reservoirs;  water  precipi- 
tation data  for  2  stations;  and  water  quality  for  16 
stations.  Also  included  are  7  water-quality  partial- 
record  stations.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  California.  (See  W90-06284 
thru  W90-06286  and  W90-06288) )  (USGS) 
W90-06287 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA. WATER  YEAR  1985.  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  WALKER  RIVER  TO 
TRUCKEE  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

T.  C.  Hunter,  J.  R.  Mullen,  R.  G.  Simpson,  and  D. 
A.  Grillo.  . 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-131214. 
Price  codes:  A 17  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  CA-85-3  (WRD/HD- 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1985.  VOLUME  5. 
GROUND-WATER  DATA  FOR  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

D.  E.  Maltby,  K.  T.  Downing,  G.  L.  Keeter,  and 
C.  E.  Lamb. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-1 16561/ 
AS  Price  codes:  A 16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CA-85-5  (WRD/ 
HD-87/223),  1987.  359p.  Prepared  in  cooperation 
with  other  Federal,  State,  and  local  agencies. 

Descriptors:  'California,  'Data  collections, 
•Groundwater,  *Hydrologic  data,  Chemical  analy- 
sis, Sampling  sites,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  5  contains  water  levels 
for  1052  observation  wells,  and  water-quality  data 
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for  924  observation  wells.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  California.  (See 
W90-06284  thru  W90-06287)  (USGS) 
W90-06288 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1986.  VOLUME  1.  SOUTH- 
ERN GREAT  BASIN  FROM  MEXICAN 
BORDER  TO  MONO  LAKE  BASIN,  AND  PA- 
CIFIC SLOPE  BASINS  FROM  TIJUANA 
RIVER  TO  SANTA  MARIA  RIVER. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

J.  C.  Bowers,  C.  E.  McConaughy,  K.  G.  Polinoski, 
and  G.  B.  Smith. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-230867. 
Price  codes:  A 14  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  CA-86-1  (WRD/HD- 
88/221),  1988.  301p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  *California,  'Data  collections,  'Hy- 
drologic data,  'Surface  water,  •Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  1  contains  discharge 
records  for  144  gaging  stations;  stage  and  contents 
for  15  lakes  and  reservoirs;  water  quality  for  21 
streams.  Also  included  are  crest-stage  partial- 
record  stations,  3  miscellaneous  measurement  sites, 
and  5  water-quality  partial-record  stations.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
California.  (See  W90-06284  and  W90-06290  thru 
W90-06293)  (USGS) 
W90-06289 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1986.  VOLUME  2.  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON  STATE  LINE  EXCEPT  CENTRAL 
VALLEY. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

S.  Anderson,  K.  L.  Markham,  W.  F.  Shelton,  L.  F. 
Trujillo,  and  D.  A.  Grillo. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-230891. 
Price  codes:  A17  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  CA-86-2  (WRD/HD- 
88/222),  1988.  371p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  'California,  'Data  collections,  'Hy- 
drologic data,  'Surface  water,  *Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  2  contains  discharge 
records  for  1 32  gaging  stations;  stage  and  contents 
for  1 1  lakes  and  reservoirs;  and  water  quality  for 
32  stations.  Also  included  are  4  partial-record  sta- 
tions and  24  water-quality  partial-record  stations. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  California.  (See  W90-06289  and  W90- 
06291  thru  W90-06293)  (USGS) 
W90-06290 


GREAT  BASIN  FROM  WALKER  RIVER  TO 
TRUCKEE  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

T.  C.  Hunter,  J.  R.  Mullen,  R.  G.  Simpson,  and  D. 
A.  Grillo. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-241591/ 
AS.  Price  codes:  A 16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CA-86-3  (WRD/ 
HD-88/223),  1988.  353p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  "California,  *Data  collections,  'Hy- 
drologic data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  3  contains  discharge 
records  for  159  gaging  stations;  stage  and  contents 
for  37  lakes  and  reservoirs;  gage  height  records  for 
2  lakes;  and  water  quality  for  16  streams.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
California.  (See  W90-06289  thru  W90-06290  and 
W90-06292  thru  W90-06293)  (USGS) 
W90-06291 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1986.  VOLUME  4.  NORTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  HONEY  LAKE  BASIN 
TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

J.  R.  Mullen,  W.  F.  Shelton,  R.  G.  Simpson,  and 
D.  A.  Grillo. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-230941. 
Price  codes:  A13  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  CA-86-4  (WRD/HD- 
88/224),  1988.  286p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  'California,  'Data  collections,  'Hy- 
drologic data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sediments,  Water  analysis, 
Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  4  contains  discharge 
records  for  1 56  gaging  stations;  stage  and  contents 
for  37  lakes  and  reservoirs;  water  precipitation  data 
for  2  stations;  and  water  quality  for  8  stations.  Also 
included  is  one  water-quality  partial-record  station. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  California.  (See  W90-06289  thru  W90- 
06291  and  W90-06293)  (USGS) 
W90-06292 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1986.  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1986.  VOLUME  5. 
GROUND-WATER  DATA  FOR  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

C.  E.  Lamb,  G.  I ..  Keeter,  and  D.  A.  Grillo. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-232335/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CA-86-5  (WRD/ 
HD-88/225),  1988.  317p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  'California,  'Data  collections, 
•Groundwater,  'Hydrologic  data,  Chemical  analy- 
sis, Sampling  sites,  Water  analysis.  Water  level, 
Water  temperature. 


Water  resources  data  for  the  1986  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  5  contains  water  levels 
for  765  observation  wells  and  water-quality  data 
for  174  observation  wells.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  California.  (See 
W90-O6289  thru  W90-06292)  (USGS) 
W90-06293 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1987.  VOLUME  1.  SOUTH- 
ERN GREAT  BASIN  FROM  MEXICAN 
BORDER  TO  MONO  LAKE  BASIN,  AND  PA- 
CIFIC SLOPE  BASINS  FROM  TIJUANA 
RIVER  TO  SANTA  MARIA  RIVER. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

J.  C.  Bowers,  C.  E.  McConaughy,  K.  G.  Polinoski, 
and  G.  B.  Smith. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-166789/ 
AS.  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CA-87-1  (WRD/ 
HD-89/206),  1988.  303p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  'California,  'Data  collections,  'Hy- 
drologic data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  1  contains  discharge 
records  for  134  gaging  stations;  stage  and  contents 
for  16  lakes  and  reservoirs;  and  water  quality  for 
16  streams.  Also  included  are  10  crest-stage  partial- 
record  stations,  3  miscellaneous  measurement  sites, 
and  10  water-quality  partial-record  stations.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
California.  (See  W90-06289  and  W90-06295  thru 
W90-06298)  (USGS) 
W90-06294 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1987.  VOLUME  2.  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON  STATE  LINE  EXCEPT  CENTRAL 
VALLEY. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

S.  Anderson,  K.  L.  Markham,  W.  F.  Shelton,  and 
L.  F.  Trujillo. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-126296/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CA-87-2  (WRD/ 
HD-88/283),  1988.  315p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  'California,  'Data  collections,  'Hy- 
drologic data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  2  contains  discharge 
records  for  123  gaging  stations;  stage  and  contents 
for  7  lakes  and  reservoirs;  and  water  quality  for  29 
stations.  Also  included  are  1  partial-record  station 
and  24  water-quality  partial-record  stations.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating   State   and   Federal   agencies  in 
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California.  (See  W90-06294  and  W9O-06296  thru 

W90-06298)  (USGS) 

W90-06295 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1987.  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  WALKER  RIVER  TO 
TRUCKEE  RIVER. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div.  ._-,«,. 
T  C  Hunter,  J.  R.  Mullen,  and  R.  G.  Simpson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-126452/ 
AS.  Price  codes:  A 18  in  paper  copy,  A01  in: micro- 
fiche.  USGS  Water-Data  Report  CA-87-3  (WRD/ 
HD-88/284),  1988.  392p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  "California,  'Data  collections,  'Hy- 
drologic data,  'Surface  water,  *Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  3  contains  discharge 
records  for  177  gaging  stations;  stage  and  contents 
for  46  lakes  and  reservoirs;  and  water  quality  tor 
29  stations.  These  data  represent  that  part  or  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  r-ed- 
era?  agencies  in  California.  (See  W9WK294  tihni 
W90-06295  and  W90-06297  thru  W90-06298) 
(USGS) 
W90-06296 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA WATER  YEAR  1987.  VOLUME  4.  NORTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  HONEY  LAKE  BASIN 
TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

J  R  Mullen,  W.  F.  Shelton,  and  R.  G.  Simpson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-132286/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  ui 'micro- 
fiche USGS  Water-Data  Report  CA-87-4  (WRD/ 
HD-88/285),  1988.  276p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  -California,  *Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  4  contains  discharge 
records  for  154  gaging  stations;  stage  and  contents 
for  33  lakes  and  reservoirs;  water  precipitation  data 
for  2  stations;  and  water  quality  for  5  stations.  Also 
included  is  one  low-flow  partial-record  station 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  California.  (See  W90-06294  thru  W90- 
06296  and  W90-06298)  (USGS) 
W90-06297 


WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA. WATER  YEAR  1987.  VOLUME  5. 
GROUND-WATER  DATA  FOR  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

C  E.  Lamb,  R.  P.  Fogelman,  and  D.  A.  Gnllo. 
Available  from  the  National  Technical  Inforratton 
Service,  Springfield,  VA  22161,  as  PB89-190458/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  uimicro- 
fiche  USGS  Water-Data  Report  CA-87-5  (WRD/ 
HD-89/221)    1989.  291  p.  Prepared  in  cooperation 


with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  •California,  *Data  collections, 
•Groundwater,  •Hydrologic  data,  Chemical  analy- 
sis, Sampling  sites,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  5  contains  water  levels 
for  786  observation  wells  and  water-quality  data 
for  168  observation  wells.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  California.  (See 
W90-06294  thru  W90-06297)  (USGS) 
W90-06298 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA WATER  YEAR  1988.  VOLUME  1.  SOUTH- 
ERN     GREAT     BASIN      FROM      MEXICAN 
BORDER  TO  MONO  LAKE  BASIN,  AND  PA- 
CIFIC    SLOPE     BASINS     FROM     TIJUANA 
RIVER  TO  SANTA  MARIA  RIVER. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div.  _..,,.         , 
K.  G.  Polinoski,  E.  B.  Hoffman,  G.  B.  Smith,  and 
J.  C.  Bowers.  . 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-203467. 
Price  codes:  A13  in  paper  copy,  A01  in . microfiche. 
USGS  Water-Data  Report  CA-88-1  (WRD/HD- 
89/250)   1989.  271p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  *California,  *Data  collections,  •Hy- 
drologic data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  1  contains  discharge 
records  for  134  gaging  stations;  stage  and  contents 
for  17  lakes  and  reservoirs;  and  water  quality  tor 
24  streams.  Also  included  are  10  crest-stage  partial- 
record  stations,  5  miscellaneous  measurement  sites, 
and  16  water-quality  partial-record  stations.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
California.  (See  W90-06294  and  W90-06300  thru 
W90-06303)  (USGS) 
W90-06299 


WATER  RESOURCES  DATA  FOR  CALIFOR; 
MA,  WATER  YEAR  1988.  VOLUME  2.  PACIFIC 
SLOPE  BASINS  FROM  ARROYO  GRANDE  TO 
OREGON STATE  LINE  EXCEPT  CENTRAL 
VAT  ¥  FY 
Geological  Survey,  Sacramento,  CA.  Water  Re- 

K.T  Markham,  J.  R.  Palmer,  W.  F.  Shelton,  and 
L.  F.  Trujillo.  .-.,», 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-207625/ 
AS.  Price  codes:  A15  in  paper  copy,  AOliB .micro- 
fiche USGS  Water-Data  Report  CA-88-2  (WRL>/ 
HD-89/251),  1989.  327p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  'California,  *Data  collections,  •Hy- 
drologic data,  'Surface  water,  »Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  2  contains  discharge 
records  for  123  gaging  stations;  stage  and  contents 


for  7  lakes  and  reservoirs;  and  water  quality  for  38 
stations.  Also  included  are  1  low-flow  partial- 
record  station  and  22  water-quality  partial-record 
stations.  These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and 1  Fed- 
eral agencies  in  California.  (See  W90-06299  and 
W90-06301  thru  W90-06303)  (USGS) 
W90-06300 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1988.  VOLUME  3.  SOUTH- 
ERN CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  WALKER  RIVER  TO 
TRUCKEE  RIVER.  „■»„,.      „ 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

J  R  Mullen,  S.  W.  Anderson,  and  T.  C.  Hunter. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-237325/ 
AS.  Price  codes:  A19  in  paper  copy,  A01  m  micro- 
fiche USGS  Water-Data  Report  CA-88-3  (WRU/ 
HD-89/252),  1989.  419p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 

Descriptors:  •California,  *Data  collections,  •Hy- 
drologic data,  *Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  3  contains  discharge 
records  for  178  gaging  stations;  stage  and  water 
contents  for  47  lakes  and  reservoirs;  water  quality 
for  32  stations;  and  4  crest-stage  partial-record 
stations.  These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperatmg  State  and  Fed- 
eral afencies  in  California.  (See  W90-06299  thru 
W90-06300  and  W90-06302  thru  W90-06303) 
(USGS) 
W90-06301 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA WATER  YEAR  1988.  VOLUME  4.  NORTH- 
ERN  CENTRAL  VALLEY  BASINS  AND  THE 
GREAT  BASIN  FROM  HONEY  LAKE  BASIN 
TO  OREGON  STATE  LINE. 
Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

W  F  Shelton,  S.  W.  Anderson,  and  R.  J.  Mullen. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-203475/ 
AS.  Price  codes:  A14  in  paper  copy,  A01  in 'micro- 
fiche USGS  Water-Data  Report  CA-88-4  (WRD/ 
HD-89/253),  1989.  289p.  Prepared  in  cooperation 
with  the  California  Department  of  Water  Re- 
sources and  with  other  agencies. 


Descriptors:  'California,  'Data  collections,  'Hy- 
drologic data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  4  contains  discharge 
records  for  160  gaging  stations;  stage  and  contents 
for  35  lakes  and  reservoirs;  water  precipitation  data 
for  2  stations;  and  water  quality  for  9  stations.  Also 
included  is  one  low-flow  partial-record  station. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  California.  (See  W90-06299  thru  W90- 
06301  and  W90-06303)  (USGS) 
W90-06302 

WATER  RESOURCES  DATA  FOR  CALIFOR- 
NIA, WATER  YEAR  1988.  VOLUME  5. 
GROUND-WATER  DATA  FOR  CALIFORNIA. 
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Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

C.  E.  Lamb,  R.  P.  Fogelman,  and  D.  A.  Grille 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-203483. 
Price  codes:  A16  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  CA-88-5  (WRD/HD- 
89/254),  1989.  357p.  Prepared  in  cooperation  with 
the  California  Department  of  Water  Resources  and 
with  other  agencies. 

Descriptors:  •California,  *Data  collections, 
•Groundwater,  •Hydrologic  data,  Chemical  analy- 
sis, Sampling  sites,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
California  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  in 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  Volume  5  contains  water  levels 
for  980  observation  wells  and  water-quality  data 
for  239  observation  monitoring  wells.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
California.  (See  W90-06299  and  W90-06302) 
(USGS)  ' 

W90-06303 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1986.  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

R.  C.  Ugland,  J.  T.  Steinheimer,  J.  L.  Ebling,  and 
R.  D.  Steger. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-121371/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CO-86-1  (WRD/ 
HD-87/263),  1987.  345p.  Prepared  in  cooperation 
with  the  State  of  Colorado  and  other  agencies. 

Descriptors:  *Colorado,  *Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  Colorado  for  the  1986 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  discharge  records  for  374  gaging 
stations,  stage  and  contents  of  24  lakes  and  reser- 
voirs, 5  partial-record  low-flow  stations,  peak  flow 
information  for  34  crest-stage  partial  record  sta- 
tions, and  1  miscellaneous  site;  water  quality  for 
118  gaging  stations  and  256  miscellaneous  sites; 
and  water  levels  for  44  observation  wells.  Six 
pertinent  stations  in  bordering  States  also  are  in- 
cluded in  this  report.  These  data  represent  that 
part  of  the  National  Water  Data  System  collected 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies.  (See  also  W90-06305) 
(USGS) 
W90-O6304 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1986.  VOLUME  2.  COLO- 
RADO RIVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

R.  C.  Ugland,  J.  T.  Steinheimer,  R.  G. 
Kretschman,  E.  A.  Wilson,  and  J.  D.  Bennett. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-121389/ 
AS.  Price  codes:  A 19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CO-86-2  (WRD/ 
HD-87/264),  1987.  434p.  Prepared  in  cooperation 
with  the  State  of  Colorado  and  other  agencies. 

Descriptors:  'Colorado,  'Data  collections, 
•Groundwater,  'Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations.  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 


Water  resources  data  for  Colorado  for  the  1986 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  wells  and  springs.  This 
report  (Volumes  1  and  2)  contains  discharge 
records  for  374  gaging  stations,  stage  and  contents 
of  24  lakes  and  reservoirs,  5  partial-record  low- 
flow  stations,  peak  flow  information  for  34  crest- 
stage  partial  record  stations,  and  1  miscellaneous 
site;  water  quality  for  118  gaging  stations  and  256 
miscellaneous  sites;  and  water  levels  for  44  obser- 
vation wells.  Six  pertinent  stations  in  bordering 
States  also  are  included  in  this  report.  These  data 
represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies.  (See 
also  W90-06304)  (USGS) 
W90-06305 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1987.  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

R.  C.  Ugland,  J.  L.  Ebling,  and  R.  D.  Steger. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-243043/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CO-87-1  (WRD/ 
HD-88/249),  1988.  409p.  Prepared  in  cooperation 
with  the  State  of  Colorado  and  other  agencies. 

Descriptors:  'Colorado,  'Data  collections, 
'Groundwater,  'Hydrologic  data,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  temperature. 

Water  resources  data  for  Colorado  for  the  1987 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
discharge  records  for  319  gaging  stations,  stage 
and  contents  of  24  lakes  and  reservoirs,  5  partial- 
record  low-flow  stations,  peak  flow  information 
for  34  crest-stage  partial  record  stations,  and  1 
miscellaneous  site;  water  quality  for  115  gaging 
stations,  177  miscellaneous  sites,  and  for  14  obser- 
vation wells.  Six  pertinent  stations  in  bordering 
States  also  are  included  in  this  report.  These  data 
represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies.  (See 
W90-06304  and  W90-06307)  (USGS) 
W90-06306 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1987.  VOLUME  2.  COLO- 
RADO RIVER  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

R.  C.  Ugland,  R.  G.  Kretschman,  E.  A.  Wilson, 
and  J.  D.  Bennett. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-243050. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  CO-87-2  (WRD/HD- 
88/250),  1988.  394p.  Prepared  in  cooperation  with 
the  State  of  Colorado  and  other  agencies. 

Descriptors:  'Colorado,  'Data  collections, 
•Groundwater,  *Hydrologic  data,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  temperature. 

Water  resources  data  for  Colorado  for  the  1987 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  wells  and  springs.  This 
report  (Volumes  1  and  2)  contains  discharge 
records  for  319  gaging  stations,  stage  and  contents 
of  24  lakes  and  reservoirs,  5  partial-record  low- 
flow  stations,  peak  flow  information  for  34  crest- 
stage  partial  record  stations,  and  1  miscellaneous 
site;  water  quality  for  115  gaging  stations,  177 
miscellaneous  sites  and  for  14  observation  wells. 
Six  pertinent  stations  in  bordering  States  also  are 


included  in  this  report.  These~d«ta  represent  that 
part  of  the  National  Water  Data  System  collected 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies.  (See  also  W90-06306) 
(USGS) 
W90-06307 


WATER  RESOURCES  DATA  FOR  COLORA- 
DO, WATER  YEAR  1988.  VOLUME  1.  MISSOU- 
RI RIVER  BASIN,  ARKANSAS  RIVER  BASIN, 
AND  RIO  GRANDE  BASIN. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

R.  C.  Ugland,  B.  J.  Cochran,  J.  L.  Ebling,  and  R. 
D.  Steger. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-190433/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CO-88-1  (WRD/ 
HD-89/228),  1989.  41  lp.  Prepared  in  cooperation 
with  the  State  of  Colorado  and  other  agencies. 

Descriptors:  'Colorado,  'Data  collections, 
'Groundwater,  'Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  temperature. 

Water  resources  data  for  Colorado  for  the  1988 
water  year  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs.  This  report 
(Volumes  1  and  2)  contains  discharge  records  for 
310  gaging  stations,  stage  and  contents  of  25  lakes 
and  reservoirs,  5  partial-record  low-flow  stations, 
peak  flow  information  for  40  crest-stage  partial 
record  stations,  and  1  miscellaneous  site;  water 
quality  for  114  gaging  stations,  170  miscellaneous 
sites,  and  for  14  observation  wells.  Four  pertinent 
stations  in  bordering  states  also  are  included.  These 
data  represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies.  (See 
also  W90-06306)  (USGS) 
W90-06308 


WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1985. 

Geological  Survey,  Hartford,  CT.  Water  Re- 
sources Div. 

M.  A.  Cervione,  L.  A.  Weiss,  J.  Bohr,  and  J.  W. 
Bingham. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-227526/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CT-85-1  (WRD/ 
HD-87/220),  1987.  279p.  Prepared  in  cooperation 
with  the  State  of  Connecticut  and  with  other  agen- 
cies. 

Descriptors:  •Connecticut,  'Data  collections, 
'Groundwater,  'Hydrologic  data,  'Surface  water, 
'Water  quality,  Biological  analysis,  Chemical  anal- 
ysis, Estuaries,  Flow  rates,  Gaging  stations,  Lakes, 
Reservoirs,  Sampling  sites,  Sediments,  Streamflow, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
Connecticut  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  volume  contains  records  for  water  discharge 
at  46  gaging  stations;  tidal  volume  at  1  gaging 
station;  tidal  stage  at  4  gaging  stations;  contents  at 
35  lakes  and  reservoirs;  water  quality  at  39  gaging 
stations,  4  lakes  and  reservoirs,  2  harbors,  3  pre- 
cipitation stations,  and  2 1  wells;  and  water  levels  at 
32  observation  wells.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Connecticut.  (USGS) 
W90-O6309 


WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1986. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 
M.  A.  Cervione,  L.  A.  Weiss,  J.  R.  Bohr,  and  J.  W. 
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Bingham. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-126288/ 
AS  Price  codes:  A12  in  paper  copy,  A01  in  micro- 
fiche USGS  Water-Data  Report  CT-86-1  (WRD/ 
HD-88/246),  1988.  263p.  Prepared  in  cooperation 
with  the  State  of  Connecticut  and  with  other  agen- 
cies. 

Descriptors:  'Connecticut,  *Data  collections, 
•Groundwater,  *Hydrologic  data,  *Surface  water, 
•Water  quality,  Biological  analysis,  Chemical  anal- 
ysis, Estuaries,  Flow  rates,  Gaging  stations,  Lakes, 
Reservoirs,  Sampling  sites,  Sediments,  Streamflow, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Connecticut  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  volume  contains  records  for  water  discharge 
at  49  gaging  stations;  tidal  volume  at  1  gaging 
station;  tidal  stage  at  4  gaging  stations;  contents  at 
35  lakes  and  reservoirs;  water  quality  at  39  gaging 
stations,  4  lakes  and  reservoirs,  2  harbors,  3  pre- 
cipitation stations,  and  52  wells;  and  water  levels  at 
38  observation  wells.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Connecticut.  (See 
also  W90-06309)  (USGS) 
W9O-O6310 

WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1987. 

Geological  Survey,  Hartford,  CT.  Water  Re- 
sources Div.  ,._, 
M.  A.  Cervione,  L.  A.  Weiss,  J.  R.  Bohr,  and  J.  W. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-194575/ 
AS  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CT-87-1  (WRD/ 
HD-89/215),  1989.  295p.  Prepared  in  cooperation 
with  the  State  of  Connecticut  and  with  other  agen- 
cies. 

Descriptors:  *Connecticut,  'Data  collections, 
•Groundwater,  *Hydrologic  data,  *  Surface  water, 
•Water  quality,  Biological  analysis,  Chemical  anal- 
ysis, Estuaries,  Flow  rates,  Gaging  stations,  Lakes, 
Reservoirs,  Sampling  sites,  Sediments,  Streamflow, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
Connecticut  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  volume  contains  records  for  water  discharge 
at  47  gaging  stations;  tidal  volume  at  1  gaging 
station;  tidal  stage  at  4  gaging  stations;  contents  at 
35  lakes  and  reservoirs;  water  quality  at  39  gaging 
stations,  4  lakes  and  reservoirs,  2  harbors,  3  pre- 
cipitation stations,  and  1 10  wells;  and  water  levels 
at  38  observation  wells.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Connecticut.  (See 
also  W90-063 10)  (USGS) 
W90-06311 

WATER  RESOURCES  DATA  FOR  CONNECTI- 
CUT, WATER  YEAR  1988. 

Geological  Survey,  Hartford,  CT.  Water  Re- 
sources Div. 

M.  A.  Cervione,  B.  S.  Davies,  J.  R.  Bohr,  and  J. 
W.  Bingham.  . 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-235485/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  CT-88-1  (WRD/ 
HD-89/267),  1989.  346p.  Prepared  m  cooperation 
with  the  State  of  Connecticut  and  with  other  agen- 
cies. 

Descriptors:  *Connecticut,  *Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  Biological  analysis,  Chemical  anal- 
ysis, Estuaries,  Flow  rates,  Gaging  stations,  Lakes, 


Reservoirs,  Sampling  sites,  Sediments,  Streamflow, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
Connecticut  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
Specifically,  it  contains:  (1)  discharge  records  for 
47  streamflow-gaging  stations,  and  for  1  tidal 
volume  streamflow  station;  (2)  stage-only  records 
for  4  tidal-gaging  stations;  (3)  content  records  for 
35  lakes  and  reservoirs;  (4)  water-quality  records 
for  14  streamflow-gaging  stations,  for  24  ungaged 
stream  sites,  for  1  tidal-gaging  station,  for  4  lakes 
and  reservoirs,  for  2  harbors,  for  3  precipitation 
stations,  and  for  220  wells;  and  (5)  water-level 
records  for  38  observation  wells.  These  data  repre- 
sent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  and  coop- 
erating State  and  Federal  agencies  in  Connecticut. 
(See  also  W90-0631 1)  (USGS) 
W90-06312 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1982.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div.  ,  _  _  . 

J  Warren,  W.  Haire,  T.  Miller,  and  C.  Price. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-180327/ 
AS  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche USGS  Water-Data  Report  FL-82-2A 
(WRD/HD-84/040),  1984.  445p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  *Data  collections,  *Florida,  'Ground- 
water, *Hydrologic  data,  'Surface  water,  *Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1982  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
264  streams,  periodic  discharge  for  41  streams, 
miscellaneous  discharge  for  71  streams,  continuous 
or  daily  stage  for  102  streams,  periodic  stage  for  15 
streams,  peak  discharge  for  83  streams,  and  peak 
stage  for  8  streams;  continuous  or  daily  elevations 
for  102  lakes,  periodic  elevations  for  111  lakes; 
continuous  groundwater  levels  for  420  wells,  and 
periodic  groundwater  levels  for  587  wells;  and 
miscellaneous  water  level  measurements  for  2,794 
wells-  quality-of-water  data  for  327  surface-water 
sites  'and  791  wells.  The  data  for  south  Florida 
include  continuous  or  daily  discharge  for  82 
streams,  periodic  discharge  for  2  streams,  peak 
discharge  for  2  streams,  continuous  or  daily  stage 
for  60  streams,  and  periodic  stage  for  33  streams; 
continuous  elevations  for  10  lakes,  and  periodic 
elevations  for  8  lakes;  continuous  groundwater 
levels  for  180  wells,  periodic  groundwater  levels 
for  120  wells,  and  miscellaneous  water  level  meas- 
urements for  336  wells;  quality  of  water  for  141 
surface  water  sites  and  for  292  wells.  These  data 
represent  the  National  Water  Data  System  records 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating local,  state  and  federal  agencies  in  Florida. 
(See  also  W90-06314)  (USGS) 
W90-06313 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1982.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div. 

J  Warren,  W.  Haire,  T.  Miller,  and  C.  Price. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-180335/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche USGS  Water-Data  Report  FL-82-2B 
(WRD/HD-84/041),  1984.  276p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 


Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1982  water  year  in 
Florida  consists  of  continuous  or  daily  discharge 
for  264  streams,  periodic  discharge  for  41  streams, 
miscellaneous  discharge  for  71  streams,  continuous 
or  daily  stage  for  102  streams,  periodic  stage  for  15 
streams,  peak  discharge  for  83  streams,  and  peak 
stage  for  8  streams;  continuous  or  daily  elevations 
for   102  lakes,  periodic  elevations  for   111  lakes; 
continuous  groundwater  levels  for  420  wells,  and 
periodic  groundwater  levels  for   587  wells;  and 
miscellaneous  water  level  measurements  for  2,794 
wells-  quality-of-water  data  for  327  surface-water 
sites  and  791  wells.  The  data  for  south  Florida 
include    continuous    or    daily    discharge    for    82 
streams,  periodic  discharge  for  2  streams,  peak 
discharge  for  2  streams,  continuous  or  daily  stage 
for  60  streams,  and  periodic  stage  for  33  streams; 
continuous  elevations  for  10  lakes,  and  periodic 
elevations   for   8   lakes;   continuous   groundwater 
levels  for  180  wells,  periodic  groundwater  levels 
for  120  wells,  and  miscellaneous  water  level  meas- 
urements for  336  wells;  quality  of  water  for  141 
surface  water  sites  and  for  292  wells.  These  data 
represent  the  National  Water  Data  System  records 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating local,  state  and  federal  agencies  in  Florida. 
(See  also  W90-06313)  (USGS) 
W90-06314 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div. 

W.  J.  Haire,  C.  Price,  and  R.  Sonenshein. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-172292/ 
AS  Price  codes:  A 17  in  paper  copy,  A01  in  micro- 
fiche USGS  Water-Data  Report  FL-84-2B 
(WRD/HD-87/206),  1986.  373p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  How  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1984  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
251   streams,  periodic  discharge  for   32  streams, 
miscellaneous  discharge  for  43  streams,  continuous 
or  daily  stage  for  92  streams,  periodic  stage  for  31 
streams,  peak  discharge  for  60  streams,  and  peak 
stage  for  37  streams;  continuous  or  daily  elevations 
for  73  lakes,  periodic  elevations  for  82  lakes;  con- 
tinuous groundwater  levels  for  467  wells,  and  peri- 
odic groundwater  levels  for  539  wells;  and  miscel- 
laneous water  level  measurements  for  2,039  wells; 
quality-of-water  data  for  200  surface-water  sites 
and  596  wells.  The  data  for  south  Florida  include 
continuous  or  daily  discharge  for  74  streams,  peri- 
odic discharge  for  2  streams,  peak  discharge  for  2 
streams,  continuous  or  daily  stage  for  76  streams, 
and  periodic  stage  for  29  streams;  continuous  ele- 
vations for  18  lakes,  and  periodic  elevations  for  5 
lakes;  continuous  groundwater  levels  for  180  wells, 
periodic  groundwater  levels  for   130  wells,   and 
miscellaneous  water  level  measurements  for  360 
wells-  quality  of  water  for  40  surface  water  sites 
and  for  310  wells.  These  data  represent  the  Nation- 
al Water  Data  System  records  collected  by  the 
US    Geological   Survey   and   cooperating   local, 
state  and  federal  agencies  in  Florida.   (See  also 
W90-06314)  (USGS) 
W90-06315 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1985.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 

Div. 

W.  J.  Haire,  C.  Price,  R.  E.  Curtis,  and  C.  Lietz. 

Available  from  the  National  Technical  Information 
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Service,  Springfield,  VA  22161,  as  PB89-180343/ 
AS.  Price  codes:  A 12  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-85-2A 
(WRD/HD-87/232),  1987.  258p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1985  water  year  in 
Florida  consists  of  continuous  or  daily  discharge 
for  285  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  110  streams,  continu- 
ous or  daily  stage  for  124  streams,  periodic  stage 
for  32  streams,  peak  discharge  for  98  streams,  and 
peak  stage  for  87  streams;  continuous  or  daily 
elevations  for  89  lakes,  periodic  elevations  for  82 
lakes;  continuous  groundwater  levels  for  473  wells, 
and  periodic  groundwater  levels  for  550  wells;  and 
miscellaneous  water  level  measurements  for  2,588 
wells;  quality-of-water  data  for  239  surface-water 
sites  and  699  wells.  The  data  for  south  Florida 
include  continuous  or  daily  discharge  for  73 
streams,  periodic  discharge  for  3  streams,  peak 
discharge  for  2  streams,  continuous  or  daily  stage 
for  71  streams,  periodic  stage  for  1  stream,  peak 
discharge  for  27  streams,  and  peak  stage  for  27 
streams;  continuous  elevations  for  14  lakes,  and 
periodic  elevations  for  4  lakes;  continuous  ground- 
water levels  for  198  wells,  periodic  groundwater 
levels  for  136  wells,  and  miscellaneous  water  level 
measurements  for  521  wells;  quality  of  water  for  49 
surface  water  sites  and  for  310  wells.  These  data 
represent  the  National  Water  Data  System  records 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating local,  state  and  federal  agencies  in  Florida. 
(See  W9O-06315  and  W9O-06317)  (USGS) 
W90-06316 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1985.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div. 

W.  J.  Haire,  C.  Price,  and  R.  S.  Sonenshein. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-180350/ 
AS.  Price  codes:  A 16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-85-2B 
(WRD/HD-87/250),  1987.  367p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1985  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
285  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  1 10  streams,  continu- 
ous or  daily  stage  for  124  streams,  periodic  stage 
for  32  streams,  peak  discharge  for  98  streams,  and 
peak  stage  for  87  streams;  continuous  or  daily 
elevations  for  89  lakes,  periodic  elevations  for  82 
lakes;  continuous  groundwater  levels  for  473  wells, 
and  periodic  groundwater  levels  for  550  wells;  and 
miscellaneous  water  level  measurements  for  2,588 
wells;  quality-of-water  data  for  239  surface-water 
sites  and  699  wells.  The  data  for  south  Florida 
include  continuous  or  daily  discharge  for  73 
streams,  periodic  discharge  for  3  streams,  peak 
discharge  for  2  streams,  continuous  or  daily  stage 
for  71  streams,  periodic  stage  for  1  stream,  peak 
discharge  for  27  streams,  and  peak  stage  for  27 
streams;  continuous  elevations  for  14  lakes,  and 
periodic  elevations  for  4  lakes;  continuous  ground- 
water levels  for  198  wells,  periodic  groundwater 
levels  for  136  wells,  and  miscellaneous  water  level 
measurements  for  52 1  wells;  quality  of  water  for  49 
surface  water  sites  and  310  wells.  These  data  repre- 
sent the  National  Water  Data  System  records  col- 
lected by  the  U.S.  Geological  Survey  and  cooper- 
ating local,  state  and  federal  agencies  in  Florida. 
(See  also  W90-06316)  (USGS) 


W90-06317 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  1A.  NORTH- 
EAST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Orlando,  FL.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-1 18583/ 
AS.  Price  codes:  A12  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-86-1A 
(WRD/HD-87/259),  1987.  242p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 


Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
277  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  34  streams,  continuous 
or  daily  stage  for  77  streams,  periodic  stage  for  20 
streams,  peak  discharge  for  88  streams,  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  69  lakes,  periodic  elevations  for  72  lakes;  con- 
tinuous groundwater  levels  for  476  wells,  and  peri- 
odic groundwater  levels  for  1,226  wells;  and  mis- 
cellaneous water  level  measurements  for  1,570 
wells;  quality  of  water  data  for  188  surface-water 
sites  and  878  wells.  The  data  for  northeast  Florida 
include  continuous  or  daily  discharge  for  70 
streams,  periodic  discharge  for  9  streams,  miscella- 
neous discharge  for  21  streams,  continuous  or  daily 
stage  for  27  streams,  periodic  stage  for  8  streams; 
peak  discharge  for  21  streams,  and  peak  stage  for 
25  streams;  continuous  or  daily  elevations  for  20 
lakes,  periodic  elevations  for  35  lakes;  continuous 
groundwater  levels  for  40  wells,  periodic  ground- 
water levels  for  105  wells,  and  miscellaneous 
water-level  measurements  for  589  wells;  quality  of 
water  data  for  19  surface-water  sites  and  for  82 
wells.  These  data  represent  the  National  Water 
Data  System  records  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local,  state  and 
federal  agencies  in  Florida.  (See  W90-06316  and 
W90-06319  thru  W90-06324)  (USGS) 
W90-06318 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  IB.  NORTH- 
EAST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Orlando,  FL.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  PB87-202123/ 
AS.  Price  codes:  A10  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-86-1B 
(WRD/HD-87/219),  1987.  214p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 


Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
277  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  34  streams,  continuous 
or  daily  stage  for  77  streams,  periodic  stage  for  20 
streams,  peak  discharge  for  88  streams,  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  69  lakes,  periodic  elevations  for  72  lakes;  con- 
tinuous groundwater  levels  for  476  wells,  and  peri- 
odic groundwater  levels  for  1,226  wells;  and  mis- 
cellaneous water-level  measurements  for  1,570 
wells;  quality  of  water  data  for  188  surface-water 
sites  and  878  wells.  The  data  for  northeast  Florida 
include  continuous  or  daily  discharge  for  70 
streams,  periodic  discharge  for  9  streams,  miscella- 
neous discharge  for  21  streams,  continuous  or  daily 
stage  for  27  streams,  periodic  stage  for  8  streams; 
peak  discharge  for  21  streams,  and  peak  stage  for 


25  streams;  continuous  or  daily  elevations  for  20 
lakes,  periodic  elevations  for  35  lakes;  continuous 
groundwater  levels  for  40  wells,  periodic  ground- 
water levels  for  105  wells,  and  miscellaneous 
water-level  measurements  for  589  wells;  quality  of 
water  data  for  19  surface-water  sites  and  for  82 
wells.  These  data  represent  the  National  Water 
Data  System  records  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local,  state  and 
federal  agencies  in  Florida.  (See  also  W90-06318 
and  W90-06320  thru  W90-06324)  (USGS) 
W90-06319 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div. 

W.  J.  Haire,  and  E.  C.  Price. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-197538/ 
AS.  Price  codes:  A12  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-86-2A 
(WRD/HD-88/217),  1988.  260p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 


Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
277  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  34  streams,  continuous 
or  daily  stage  for  77  streams,  periodic  stage  for  20 
streams,  peak  discharge  for  88  streams  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  69  lakes,  periodic  elevations  for  72  lakes;  con- 
tinuous groundwater  levels  for  476  wells,  periodic 
groundwater  levels  for  1,226  wells;  and  miscellane- 
ous water  level  measurements  for  1,570  wells;  qual- 
ity of  water  data  for  188  surface-water  sites  and 
878  wells.  The  data  for  south  Florida  include  con- 
tinuous or  daily  discharge  for  71  streams,  periodic 
discharge  for  5  streams,  peak  discharge  for  2 
streams,  continuous  or  daily  stage  for  23  streams, 
periodic  stage  for  2  streams;  peak  discharge  for  6 
streams,  and  peak  stage  for  2  streams;  continuous 
elevations  for  14  lakes,  and  periodic  elevations  for 
5  lakes;  continuous  groundwater  levels  for  198 
wells,  periodic  groundwater  levels  for  806  wells, 
and  miscellaneous  water-level  measurements  for 
259  wells;  quality  of  water  for  38  surface-water 
sites  and  511  wells.  These  data  represent  the  Na- 
tional Water  Data  System  records  collected  by  the 
U.S.  Geological  Survey  and  cooperating  local, 
state  and  federal  agencies  in  Florida.  (See  also 
W90-O6318  thru  W90-06319  and  W90-06321  thru 
W90-O6324)  (USGS) 
W9O-O6320 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div. 

W.  J.  Haire,  R.  S.  Sonenshein,  C.  Lietz,  and  E. 
Workman. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-236328/ 
AS.  Price  codes:  A17  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-86-2B 
(WRD/HD-88/238),  1988.  394p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
277  streams,   periodic  discharge  for   38  streams, 
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miscellaneous  discharge  for  34  streams,  continuous 
or  daily  stage  for  77  streams,  periodic  stage  for  20 
streams,  peak  discharge  for  88  streams,  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  69  lakes,  periodic  elevations  for  72  lakes;  con- 
tinuous groundwater  levels  for  476  wells,  and  peri- 
odic groundwater  levels  for  1,226  wells;  and  mis- 
cellaneous water  level  measurements  for  1,570 
wells;  quality  of  water  data  for  188  surface-water 
sites  and  878  wells.  The  data  for  south  Florida 
include  continuous  or  daily  discharge  for  71 
streams,  periodic  discharge  for  5  streams,  peak 
discharge  for  2  streams,  continuous  or  daily  stage 
for  23  streams,  and  periodic  stage  for  2  streams; 
peak  discharge  for  6  streams,  and  peak  stage  for  2 
streams;  continuous  elevations  for  14  lakes,  and 
periodic  elevations  for  5  lakes;  continuous  ground- 
water levels  for  198  wells,  periodic  groundwater 
levels  for  806  wells,  and  miscellaneous  water-level 
measurements  for  259  wells;  quality  of  water  for  38 
surface-water  sites  and  511  wells.  These  data  repre- 
sent the  National  Water  Data  System  records  col- 
lected by  the  U.S.  Geological  Survey  and  cooper- 
ating local,  state  and  federal  agencies  m  Florida. 
(See  W90-06318  thru  W90-06320  and  W90-06322 
thru  W90-06324)  (USGS) 
W90-06321 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  3A.  SOUTH- 
WEST FLORIDA-SURFACE  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div 

W.  L.  Fletcher,  J.  K.  Ogle,  J.  L.  Oberg,  and  J.  M. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-165816. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  FL-86-3A  (WRD/HD- 
88/203),  1987.  397p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 

Descriptors:  *Data  collections,  *Florida,  ♦Ground- 
water, 'Hydrologic  data,  *Surface  water,  *Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
277  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  34  streams,  continuous 
or  daily  stage  for  77  streams,  periodic  stage  for  20 
streams,  peak  discharge  for  88  streams,  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  69  lakes,  periodic  elevations  for  72  lakes;  con- 
tinuous groundwater  levels  for  476  wells,  periodic 
groundwater  levels  for  1,226  wells,  and  miscellane- 
ous  water-level    measurements   for    1,570   wells; 
quality  of  water  data  for  188  surface-water  sites 
and  878  wells.  The  data  for  southwest  Florida 
include    continuous    or    daily    discharge    for    85 
streams,  periodic  discharge  for  21  streams,  miscel- 
laneous discharge  for  7   streams,   contmuous  or 
daily  stage  for  26  streams,  periodic  stage  for  10 
streams;  peak  discharge  for  20  streams,  and  peak 
stage  for  1  stream;  continuous  elevations  for  30 
lakes,  and  periodic  elevations  for  28  lakes;  continu- 
ous  groundwater   levels   for   25   wells,    periodic 
groundwater  levels  for  146  wells,  and  miscellane- 
ous water-level  measurements  for  722  wells;  qual- 
ity of  water  for  106  surface-water  sites  and  265 
wells.  These  data  represent  the  National  Water 
Data  System  records  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local,  state  and 
federal  agencies  in  Florida.  (See  W90-06318  thru 
W90-06321     and    W90-06323    thru    W90-06324) 
(USGS) 
W90-06322 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  3B.  SOUTH- 
WEST FLORIDA-GROUND  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 
W.  L.  Fletcher,  J.  K.  Ogle,  J.  L.  Oberg,  and  J.  M. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-125646/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 


fiche. USGS  Water-Data  Report  FL-86-3B 
(WRD/HD-87/236),  1986.  343p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  ♦Ground- 
water, *Hydrologic  data,  *Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
277  streams,  periodic  discharge  for   38  streams, 
miscellaneous  discharge  for  34  streams,  continuous 
or  daily  stage  for  77  streams,  periodic  stage  for  20 
streams,  peak  discharge  for  88  streams  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  69  lakes,  periodic  elevations  for  72  lakes;  con- 
tinuous groundwater  levels  for  476  wells,  periodic 
groundwater  levels  for  1,226  wells,  and  miscellane- 
ous  water-level    measurements   for    1,570   wells; 
quality  of  water  data  for  188  surface-water  sites 
and  878  wells.  The  data  for  southwest  Florida 
include    continuous    or    daily    discharge    for    85 
streams,  periodic  discharge  for  21  streams,  miscel- 
laneous discharge  for  7   streams,   continuous  or 
daily  stage  for  26  streams,  periodic  stage  for  10 
streams,  peak  discharge  for  20  streams,  and  peak 
stage  for  1  stream;  continuous  elevations  for  30 
lakes  and  periodic  elevations  for  28  lakes;  continu- 
ous  groundwater   levels   for   25    wells,    periodic 
groundwater  levels  for  146  wells,  and  miscellane- 
ous water-level  measurements  for  722  wells;  qual- 
ity of  water  for  106  surface-water  sites  and  265 
wells.  These  data  represent  the  National  Water 
Data  System  records  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local,  state  and 
federal  agencies  in  Florida.  (See  W90-06318  thru 
W90-06322  and  W90-06324)  (USGS) 
W90-06323 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1986.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

P.  E.  Meadows,  J.  B.  Martin,  and  P.  R.  Mixson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-1 17049/ 
AS  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-86-4  (WRD/ 
HD-87/245),  1987.  267p.  Prepared  in  cooperation 
with  the  State  of  Florida  and  other  agencies. 

Descriptors:  *Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
277  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  34  streams,  continuous 
or  daily  stage  for  77  streams,  periodic  stage  for  20 
streams,  peak  discharge  for  88  streams  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  69  lakes,  periodic  elevations  for  72  lakes; 
groundwater  levels  for  476  wells,  periodic  ground- 
water levels  for  1,226  wells,  and  miscellaneous 
water-level  measurements  for  1,570  wells;  quality 
of  water  data  for  188  surface-water  sites  and  878 
wells  The  data  for  northwest  Florida  include  con- 
tinuous or  daily  discharge  for  51  streams,  periodic 
discharge  for  3  streams,  miscellaneous  discharge 
for  6  streams,  continuous  or  daily  stage  for  1 
stream,  peak  discharge  for  41  streams,  and  peak 
stage  for  41  streams;  continuous  elevations  for  5 
lakes,  and  periodic  elevations  for  4  lakes;  continu- 
ous groundwater  levels  for  13  wells,  and  periodic 
groundwater  levels  for  169  wells,  quality  of  water 
for  25  surface-water  sites  and  20  wells.  These  data 
represent  the  National  Water  Data  System  records 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating local,  state  and  federal  agencies  in  Florida. 
(See  W90-06318  thru  W90-06323)  (USGS) 
W90-06324 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  1A.  NORTH- 
EAST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 
Resources  Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-149660/ 
AS  Price  codes:  A19  in  paper  copy,  A01  in  micro- 
fiche USGS  Water-Data  Report  FL-87-1A 
(WRD/HD-89/211),  1988.  416p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
320  streams,   periodic  discharge  for   38  streams, 
miscellaneous  discharge  for  29  streams,  continuous 
or  daily  stage  for  94  streams,  periodic  stage  for  48 
streams,  peak  discharge  for  76  streams,  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  80  lakes,  periodic  elevations  for  74  lakes;  con- 
tinuous groundwater  levels  for  477  wells,  periodic 
groundwater  levels  for  562  wells,  and  miscellane- 
ous   water-level    measurements   for   2,886   wells; 
quality  of  water  data  for  223  surface-water  sites 
and  900  wells.   The  data   for  northeast   Florida 
include   continuous   or   daily   discharge   for    125 
streams,  periodic  discharge  for  15  streams,  miscel- 
laneous discharge  for   14  streams,  continuous  or 
daily  stage  for  45  streams,  periodic  stage  for  27 
streams;  peak  discharge  for  26  streams,  and  peak 
stage  for  27  streams;  continuous  or  daily  elevations 
for  39  lakes,  periodic  elevations  for  53  lakes;  con- 
tinuous groundwater  levels  for  81  wells,  periodic 
groundwater  levels  for  150  wells,  and  miscellane- 
ous water-level  measurements  for  969  wells;  qual- 
ity of  water  data  for  59  surface-water  sites  and  105 
wells.  These  data  represent  the  National  Water 
Data  System  records  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local,  state  and 
federal  agencies  in  Florida.  (See  W90-06318  and 
W90-06326  thru  W90-06331)  (USGS) 
W90-06325 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  IB.  NORTH- 
EAST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 
Resources  Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-1 17121/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche USGS  Water-Data  Report  FL-87-1B 
(WRD/HD-88/267),  1988.  346p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  in 
Florida  consists  of  continuous  or  daily  discharge 
for  320  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  29  streams,  continuous 
or  daily  stage  for  94  streams,  periodic  stage  for  48 
streams,  peak  discharge  for  76  streams,  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  80  lakes,  periodic  elevations  for  74  lakes;  con- 
tinuous groundwater  levels  for  477  wells,  periodic 
groundwater  levels  for  562  wells;  and  miscellane- 
ous water-level  measurements  for  2,886  wells; 
quality  of  water  data  for  223  surface-water  sites 
and  900  wells.  The  data  for  northeast  Florida 
include  continuous  or  daily  discharge  for  125 
streams,  periodic  discharge  for  15  streams,  miscel- 
laneous discharge  for  14  streams,  continuous  or 
daily  stage  for  45  streams,  periodic  stage  for  27 
streams;  peak  discharge  for  26  streams,  and  peak 
stage  for  27  streams;  continuous  or  daily  elevations 
for  39  lakes,  periodic  elevations  for  53  lakes;  con- 
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tinuous  groundwater  levels  for  81  wells,  periodic 
groundwater  levels  for  150  wells,  and  miscellane- 
ous water-level  measurements  for  969  wells;  qual- 
ity of  water  data  for  59  surface-water  sites  and  105 
wells.  These  data  represent  the  National  Water 
Data  System  records  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local,  state  and 
federal  agencies  in  Florida.  (See  W90-06325  and 
W90-06327  thru  W90-06331)  (USGS) 
W9O-06326 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div. 

W.  J  Haire,  E.  C.  Price,  and  C.  Lietz. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89- 126304/ 
AS.  Price  codes:  A09  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-87-2A 
(WRD/HD-88/265),  1988.  174  p.  Prepared  in  co- 
operation with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Florida,  *Data  collections,  ♦Hydro- 
logic  data,  'Surface  water,  'Groundwater,  'Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 
sis, Elevation,  Wells. 

Water  resources  data  for  the  1987  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
320  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  29  streams,  continuous 
or  daily  stage  for  94  streams,  periodic  stage  for  48 
streams,  peak  discharge  for  76  streams  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  80  lakes,  periodic  elevations  for  74  lakes;  con- 
tinuous groundwater  levels  for  477  wells,  and  peri- 
odic groundwater  levels  for  562  wells;  and  miscel- 
laneous water  level  measurements  2,886  wells; 
quality  of  water  data  for  223  surface-water  sites 
and  900  wells.  The  data  for  south  Florida  include 
continuous  or  daily  discharge  for  47  streams,  peri- 
odic discharge  for  2  streams,  peak  discharge  for  4 
streams,  miscellaneous  discharge  for  8  streams, 
continuous  or  daily  stage  for  63  streams,  periodic 
stage  for  16  streams;  peak  discharge  for  3  streams, 
and  peak  stage  for  12  streams;  continuous  eleva- 
tions for  5  lakes;  continuous  groundwater  levels 
for  169  wells,  periodic  groundwater  levels  for  213 
wells,  and  miscellaneous  water-level  measurements 
for  388  wells;  quality  of  water  for  10  surface-water 
sites  and  521  wells.  These  data  represent  the  Na- 
tional Water  Data  System  records  collected  by  the 
U.S.  Geological  Survey  and  cooperating  local, 
state  and  federal  agencies  in  Florida.  (See  W90- 
06325  thru  W90-06326  and  W90-06328  thru  W90- 
06331)  (USGS). 
W90-06327 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div. 

W.  J.  Haire,  R.  S.  Sonenshein,  C.  Lietz,  and  E. 
Workman. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-174387/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-87-2B 
(WRD/HD-89/208),  1988.  354p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 


Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis.  Elevation,  Flow  rates, 
Gaging  stations.  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
320  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  29  streams,  continuous 
or  daily  stage  for  94  streams,  periodic  stage  for  48 
streams,  peak  discharge  for  76  streams,  and  peak 


stage  for  69  streams;  continuous  or  daily  elevations 
for  80  lakes,  periodic  elevations  for  74  lakes;  con- 
tinuous groundwater  levels  for  477  wells,  periodic 
groundwater  levels  for  562  wells;  and  miscellane- 
ous water  level  measurements  for  2,886  wells;  qual- 
ity of  water  data  for  223  surface-water  sites  and 
900  wells.  The  data  for  south  Florida  include  con- 
tinuous or  daily  discharge  for  47  streams,  periodic 
discharge  for  2  streams,  peak  discharge  for  4 
streams,  continuous  or  daily  stage  for  63  streams, 
periodic  stage  for  16  streams;  peak  discharge  for  3 
streams,  and  peak  stage  for  12  streams;  continuous 
elevations  for  1  lake,  and  periodic  elevations  for  5 
lakes;  continuous  groundwater  levels  for  169  wells, 
periodic  groundwater  levels  for  213  wells,  and 
miscellaneous  water-level  measurements  for  388 
wells;  quality  of  water  for  10  surface-water  sites 
and  for  521  wells.  These  data  represent  the  Nation- 
al Water  Data  System  records  collected  by  the 
U.S.  Geological  Survey  and  cooperating  local, 
state  and  federal  agencies  in  Florida.  (See  W90- 
06325  thru  W90-06327  and  W90-06329  thru  W90- 
06331)  (USGS) 
W90-06328 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  3A.  SOUTH- 
WEST FLORIDA-SURFACE  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 
Div. 

W.  L.  Fletcher,  R.  K.  White,  V.  T.  Coston,  and  J. 
M.  Todd. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-113310/ 
AS.  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-87-3A 
(WRD/HD-88/254),  1988.  300p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
320  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  29  streams,  continuous 
or  daily  stage  for  94  streams,  periodic  stage  for  48 
streams,  peak  discharge  for  76  streams  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  80  lakes,  periodic  elevations  for  74  lakes;  con- 
tinuous groundwater  levels  for  477  wells,  and  peri- 
odic groundwater  levels  for  562  wells;  and  miscel- 
laneous water-level  measurements  for  2,886  wells; 
quality  of  water  data  for  223  surface-water  sites 
and  900  wells.  The  surface  water  data  for  south- 
west Florida  include  continuous  or  daily  discharge 
for  61  streams,  periodic  discharge  for  5  streams, 
miscellaneous  discharge  for  4  streams,  continuous 
daily  stage  for  22  streams,  periodic  stage  for  2 
streams;  peak  discharge  for  16  streams,  continuous 
daily  tide  stage  for  10  sites,  continuous  elevations 
for  22  lakes  and  periodic  elevations  for  16  lakes, 
and  quality  of  water  for  80  surface-water  sites. 
These  data  represent  the  National  Water  Data 
System  records  collected  by  the  U.S.  Geological 
Survey  and  cooperating  local,  state  and  federal 
agencies  in  Florida.  (See  W90-06325  thru  W90- 
06328  and  W90-06330  thru  W90-06331)  (USGS) 
W90-06329 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  3B.  SOUTH- 
WEST FLORIDA-GROUND  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 

Div. 

W.  L.  Fletcher,  R.  K.  White,  J.  L.  Oberg,  and  J. 

M.  Todd. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB88-2 17476. 

Price  codes:  A 16  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  FL-87-3B  (WRD/HD- 

88/219),  1988.  340p.  Prepared  in  cooperation  with 

the  State  of  Florida  and  other  agencies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 


quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
320  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  29  streams,  continuous 
or  daily  stage  for  94  streams,  periodic  stage  for  48 
streams,  peak  discharge  for  76  streams  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  80  lakes,  periodic  elevations  for  74  lakes;  con- 
tinuous groundwater  levels  for  477  wells,  and  peri- 
odic groundwater  levels  for  562  wells  and  miscel- 
laneous water-level  measurements  for  2,886  wells; 
quality  of  water  data  for  223  surface-water  sites 
and  900  wells.  The  groundwater  data  for  south- 
west Florida  include  records  for  continuous 
groundwater  elevations  at  189  wells;  periodic 
groundwater  elevations  at  108  wells;  miscellaneous 
groundwater  elevations  at  823  wells;  and  water 
quality  at  279  groundwater  sites.  These  data  repre- 
sent the  National  Water  Data  System  records  col- 
lected by  the  U.S.  Geological  Survey  and  cooper- 
ating local,  state  and  federal  agencies  in  Florida. 
(See  W90-06325  thru  W90-06329  and  W90-06331) 
(USGS) 
W90-06330 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1987.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

P.  E.  Meadows,  J.  B.  Martin,  and  P.  R.  Mixson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-128672/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-87-4  (WRD/ 
HD-88/280),  1988.  265p.  Prepared  in  cooperation 
with  the  State  of  Florida  and  other  agencies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
320  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  29  streams,  continuous 
or  daily  stage  for  94  streams,  periodic  stage  for  48 
streams,  peak  discharge  for  76  streams  and  peak 
stage  for  69  streams;  continuous  or  daily  elevations 
for  80  lakes,  periodic  elevations  for  74  lakes; 
groundwater  levels  for  477  wells,  periodic  ground- 
water levels  for  562  wells,  and  miscellaneous 
water-level  measurements  for  2,886  wells;  quality 
of  water  data  for  223  surface-water  sites  and  900 
wells.  The  data  for  northwest  Florida  include  con- 
tinuous or  daily  discharge  for  49  streams,  periodic 
discharge  for  4  streams,  miscellaneous  discharge 
for  6  streams,  continuous  or  daily  stage  for  9 
streams,  peak  discharge  for  30  streams,  and  peak 
stage  for  30  streams;  continuous  elevations  for  5 
lakes,  and  periodic  elevations  for  4  lakes;  continu- 
ous groundwater  levels  for  16  wells,  and  periodic 
groundwater  levels  for  70  wells,  quality  of  water 
for  22  surface-water  sites  and  20  wells.  These  data 
represent  the  National  Water  Data  System  records 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating local,  state  and  federal  agencies  in  Florida. 
(See  W90-06325  thru  W90-06330)  (USGS) 
W90-06331 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  LA.  NORTH- 
EAST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 
Resources  Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-207617/ 
AS.  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-88-1A 
(WRD/HD-89/239),  1989.  440p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 
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Descriptors:  *Data  collections,  'Florida,  •Ground- 
water, *Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
338  streams,  periodic  discharge  for  34  streams, 
miscellaneous  discharge  for  28  streams,  continuous 
or  daily  stage  for  152  streams,  periodic  stage  for  29 
streams,  peak  discharge  for  71  streams,  continuous 
daily  tide  stage  for  8  streams,  and  peak  stage  for  84 
streams;  continuous  or  daily  elevations  for  73 
lakes,  periodic  elevations  for  72  lakes;  continuous 
groundwater  levels  for  490  wells,  periodic  ground- 
water levels  for  1,620  wells,  and  miscellaneous 
water-level  measurements  for  2,678  wells;  quality 
of  water  data  for  158  surface-water  sites  and  884 
wells.  The  data  for  northeast  Florida  include  con- 
tinuous or  daily  discharge  for  132  streams,  periodic 
discharge  for  15  streams,  miscellaneous  discharge 
for  14  streams,  continuous  or  daily  stage  for  45 
streams,  periodic  stage  for  27  streams;  peak  dis- 
charge for  26  streams,  and  peak  stage  for  27 
streams;  continuous  or  daily  elevations  for  39 
lakes,  periodic  elevations  for  53  lakes;  continuous 
groundwater  levels  for  81  wells,  periodic  ground- 
water levels  for  150  wells,  and  miscellaneous 
water-level  measurements  for  970  wells;  quality  of 
water  data  for  59  surface-water  sites  and  100  wells. 
These  data  represent  the  National  Water  Data 
System  records  collected  by  the  U.S.  Geological 
Survey  and  cooperating  local,  state  and  federal 
agencies  in  Florida.  (See  W90-06325  and  W90-6333 
thru  W90-06338)  (USGS) 
W90-06332 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  IB.  NORTH- 
EAST FLORTOA  -  GROUND  WATER. 

Geological  Survey,  Altamonte  Springs,  FL.  Water 
Resources  Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  PB89-168165/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-88-1B 
(WRD/HD-89/213),  1988.  396p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
338  streams,  periodic  discharge  for  34  streams, 
miscellaneous  discharge  for  28  streams,  continuous 
or  daily  stage  for  152  streams,  periodic  stage  for  29 
streams,  peak  discharge  for  71  streams,  continuous 
daily  tide  stage  for  8  streams,  and  peak  stage  for  84 
streams;  continuous  or  daily  elevations  for  73 
lakes,  periodic  elevations  for  72  lakes;  continuous 
groundwater  levels  for  490  wells,  and  periodic 
groundwater  levels  for  1,620  wells,  and  miscellane- 
ous water  level  measurements  for  2,678  wells;  qual- 
ity of  water  data  for  158  surface-water  sites  and 
884  wells.  The  data  for  northeast  Florida  include 
continuous  or  daily  discharge  for  1 32  streams,  peri- 
odic discharge  for  15  streams,  miscellaneous  dis- 
charge for  14  streams,  continuous  or  daily  stage  for 
45  streams,  periodic  stage  for  27  streams;  peak 
discharge  for  26  streams,  and  peak  stage  for  27 
streams;  continuous  or  daily  elevations  for  39 
lakes,  periodic  elevations  for  53  lakes;  continuous 
groundwater  levels  for  81  wells,  periodic  ground- 
water levels  for  150  wells,  and  miscellaneous 
water-level  measurements  for  970  wells;  quality  of 
water  data  for  59  surface-water  sites  and  100  wells. 
These  data  represent  the  National  Water  Data 
System  records  collected  by  the  U.S.  Geological 
Survey  and  cooperating  local,  state  and  federal 
agencies  in  Florida.  (See  W90-06332  and  W90- 
06334  thru  W90-O6338)  (USGS) 
W90-06333 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  2A.  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div. 

W.  J.  Haire,  E.  C.  Price,  A.  Lietz,  and  E. 
Workman. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB8-228654/ 
AS.  Price  codes:  A10  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-88-2A 
(WRD/HD-89/234),  1989.  210p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
338  streams,  periodic  discharge  for  34  streams, 
miscellaneous  discharge  for  28  streams,  continuous 
or  daily  stage  for  152  streams,  periodic  stage  for  29 
streams,  peak  discharge  for  71  streams,  continuous 
daily  tide  stage  for  8  streams,  and  peak  stage  for  84 
streams;  continuous  or  daily  elevations  for  73 
lakes,  periodic  elevations  for  72  lakes;  continuous 
groundwater  levels  for  490  wells,  periodic  ground- 
water levels  for  1,620  wells;  and  miscellaneous 
water-level  measurements  for  2,678  wells;  quality 
of  water  data  for  158  surface-water  sites  and  884 
wells.  The  data  for  south  Florida  include  continu- 
ous or  daily  discharge  for  65  streams,  periodic 
discharge  for  2  streams,  peak  discharge  for  4 
streams,  continuous  or  daily  stage  for  82  streams, 
periodic  stage  for  16  streams;  peak  discharge  for  2 
streams,  and  peak  stage  for  12  streams;  continuous 
elevations  for  1  lake  and  periodic  elevations  for  5 
lakes;  continuous  groundwater  levels  for  179  wells, 
periodic  groundwater  levels  for  298  wells,  and 
miscellaneous  water-level  measurements  for  250 
wells;  quality  of  water  for  6  surface-water  sites  and 
558  wells.  These  data  represent  the  National  Water 
Data  System  records  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local,  state  and 
federal  agencies  in  Florida.  (See  W90-06332  thru 
W90-6333  and  W90-06338)  (USGS) 
W90-06334 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  2B.  SOUTH 
FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Miami,  FL.  Water  Resources 
Div. 

W.  J.  Haire,  and  C.  Lietz. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-228662/ 
AS.  Price  codes:  A 16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-88-2B 
(WRD/HD-89/220),  1989.  369p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
338  streams,  periodic  discharge  for  34  streams, 
miscellaneous  discharge  for  28  streams,  continuous 
or  daily  stage  for  152  streams,  periodic  stage  for  29 
streams,  peak  discharge  for  71  streams,  continuous 
daily  tide  stage  for  8  streams,  and  peak  stage  for  84 
streams;  continuous  or  daily  elevations  for  73 
lakes,  periodic  elevations  for  72  lakes;  continuous 
groundwater  levels  for  490  wells,  periodic  ground- 
water levels  for  1,620  wells,  and  miscellaneous 
water  level  measurements  for  2,678  wells;  quality 
of  water  data  for  158  surface-water  sites  and  884 
wells.  The  data  for  south  Florida  include  continu- 
ous or  daily  discharge  for  65  streams,  periodic 
discharge  for  2  streams,  peak  discharge  for  4 
streams,  continuous  or  daily  stage  for  82  streams, 
periodic  stage  for  16  streams;  peak  discharge  for  2 


streams,  and  peak  stage  for  12  streams;  continuous 
elevations  for  1  lake,  and  periodic  elevations  for  5 
lakes;  continuous  groundwater  levels  for  179  wells, 
periodic  groundwater  levels  for  298  wells,  and 
miscellaneous  water-level  measurements  for  250 
wells;  quality  of  water  for  6  surface-water  sites  and 
558  wells.  These  data  represent  the  National  Water 
Data  System  records  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local,  state  and 
federal  agencies  in  Florida.  (See  W90-06332  thru 
W90-06334  and  W90-06336  thru  W90-06338) 
(USGS) 
W90-06335 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  3A.  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-194930/ 
AS.  Price  codes:  A14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-88-3A 
(WRD/HD-89/236),  1989.  290p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 


Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  in 
Florida  consists  of  continuous  or  daily  discharge 
for  338  streams,  periodic  discharge  for  34  streams, 
miscellaneous  discharge  for  28  streams,  continuous 
or  daily  stage  for  152  streams,  periodic  stage  for  29 
streams,  peak  discharge  for  71  streams  and  peak 
stage  for  84  streams;  continuous  daily  tide  stage  for 
10  sites,  continuous  or  daily  elevations  for  73  lakes, 
periodic  elevations  for  72  lakes;  continuous 
groundwater  levels  for  490  wells,  and  periodic 
groundwater  levels  for  1,620  wells,  and  miscellane- 
ous water-level  measurements  for  2,678  wells; 
quality  of  water  data  for  158  surface-water  sites 
and  884  wells.  The  surface  water  data  for  south- 
west Florida  include  continuous  or  daily  discharge 
for  59  streams,  periodic  discharge  for  5  streams, 
miscellaneous  discharge  for  4  streams,  continuous 
daily  stage  for  25  streams,  periodic  stage  for  2 
streams,  peak  discharge  for  15  streams,  continuous 
daily  tide  stage  for  10  sites,  continuous  elevations 
for  22  lakes,  and  periodic  elevations  for  16  lakes, 
and  quality  of  water  for  64  surface-water  sites. 
These  data  represent  the  National  Water  Data 
System  records  collected  by  the  U.S.  Geological 
Survey  and  cooperating  local,  state  and  federal 
agencies  in  Florida.  (See  W90-06332  thru  W90- 
06335  and  W90-06337  thru  W90-0633)  (USGS) 
W90-06336 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  3B.  SOUTH- 
WEST FLORIDA  -  GROUND  WATER. 

Geological  Survey,  Tampa,  FL.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  PB89- 194948/ 
AS.  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-88-3B 
(WRD/HD-89/222),  1989.  31  lp.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  in 
Florida  consists  of  continuous  or  daily  discharge 
for  338  streams,  periodic  discharge  for  34  streams, 
miscellaneous  discharge  for  28  streams,  continuous 
or  daily  stage  for  152  streams,  periodic  stage  for  29 
streams,  peak  discharge  for  71  streams,  continuous 
daily  tide  stage  for  8  sites,  and  peak  stage  for  84 
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streams;  continuous  or  daily  elevations  for  73 
lakes,  periodic  elevations  for  72  lakes;  continuous 
groundwater  levels  for  490  wells,  and  periodic 
groundwater  levels  for  1,620  wells  and  miscellane- 
ous water-level  measurements  for  2,678  wells; 
quality  of  water  data  for  158  surface-water  sites 
and  884  wells.  The  groundwater  data  for  south- 
west Florida  include  continuous  groundwater  ele- 
vations at  203  wells;  periodic  groundwater  eleva- 
tions at  125  wells;  miscellaneous  groundwater  ele- 
vations at  831  wells;  and  water  quality  at  237 
groundwater  sites.  These  data  represent  the  Na- 
tional Water  Data  System  records  collected  by  the 
U.S.  Geological  Survey  and  cooperating  local, 
state  and  federal  agencies  in  Florida.  (See  W90- 
06332  thru  W90-06336  and  W90-06338)  (USGS) 
W90-06337 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1988.  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

P.  E.  Meadows,  J.  B.  Martin,  and  P.  R.  Mixson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-203491/ 
AS.  Price  codes:  A 13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-88-4  (WRD/ 
HD-89/233),  1989.  264p.  Prepared  in  cooperation 
with  the  State  of  Florida  and  other  agencies. 

Descriptors;  *Data  collections,  *Florida,  •Ground- 
water, 'Hydrologic  data,  'Surface  water,  *Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
338  streams,  periodic  discharge  for  34  streams, 
miscellaneous  discharge  for  28  streams,  continuous 
or  daily  stage  for  152  streams,  periodic  stage  for  29 
streams,  peak  discharge  for  71  streams,  continuous 
daily  tide  stage  for  8  streams,  and  peak  stage  for  84 
streams;  continuous  or  daily  elevations  for  73 
lakes,  periodic  elevations  for  72  lakes;  continuous 
groundwater  levels  for  490  wells,  periodic  ground- 
water levels  for  1,620  wells;  and  miscellaneous 
water-level  measurements  for  2,678  wells;  quality 
of  water  data  for  158  surface-water  sites  and  884 
wells.  The  data  for  northwest  Florida  include  con- 
tinuous or  daily  discharge  for  52  streams,  periodic 
discharge  for  7  streams,  continuous  or  daily  stage 
for  1 1  streams,  peak  discharge  for  26  streams,  and 
peak  stage  for  26  streams;  continuous  elevations 
for  5  lakes,  and  periodic  elevations  for  4  lakes; 
continuous  groundwater  levels  for  12  wells,  and 
periodic  groundwater  levels  for  80  wells,  and  mis- 
cellaneous water-level  measurements  for  55  wells; 
quality  of  water  for  28  surface-water  sites  and  22 
wells.  These  data  represent  the  National  Water 
Data  System  records  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local,  state  and 
federal  agencies  in  Florida.  (See  W90-O6332  thru 
W90-06337)  (USGS) 
W90-06338 


WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1985. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

W.  R.  Stokes,  T.  W.  Hale,  J.  L.  Pearman,  and  G. 
R.  Buell. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87- 172300. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  GA-85-1  (WRD/HD- 
86/264),  1986.  389p.  Prepared  in  cooperation  with 
the  State  of  Georgia  and  with  other  Federal  agen- 
cies. 

Descriptors:  •Data  collections,  'Georgia, 
•Groundwater,  'Hydrologic  data,  'Surface  water, 
•Water  quality,  'Wells,  Chemical  analysis,  Flow 
rates.  Gaging  stations,  Lakes,  Reservoirs,  Sampling 
sites.  Sediments,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
Georgia  consist  of  records  of  stage,  discharge,  and 


water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  groundwater  levels.  This 
report  contains  discharge  records  of  109  gaging 
stations;  stage  for  11  gaging  stations;  stage  and 
contents  for  18  lakes  and  reservoirs;  water  quality 
for  109  continuing-record  stations;  peak  stage  and 
discharge  only  for  121  crest-stage  partial-record 
stations  and  6  miscellaneous  sites;  and  water  levels 
of  27  observation  wells.  These  data  represent  that 
part  of  the  National  Water  Data  System  collected 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Georgia.  (USGS) 
W90-06339  ' 


WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1986. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

W.  R.  Stokes,  T.  W.  Hale,  and  G.  R.  Buell. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-180419/ 
AS.  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  GA-86-1  (WRD/ 
HD-88/207),  1987.  446p.  Prepared  in  cooperation 
with  the  State  of  Georgia  and  with  other  Federal 
agencies. 

Descriptors:  *Data  collections,  »Georgia, 
•Groundwater,  »Hydrologic  data,  *Precipitation, 
•Surface  water,  *Water  quality,  *Wells,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Georgia  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  groundwater  levels;  and  pre- 
cipitation quality.  This  report  contains  discharge 
records  of  107  gaging  stations;  stage  for  13  gaging 
stations;  stage  and  contents  for  18  lakes  and  reser- 
voirs; water  quality  for  111  continuing-record  sta- 
tions; peak  stage  and  discharge  only  for  119  crest- 
stage  partial-record  stations  and  30  miscellaneous 
sites;  base-flow  discharge  measurements  at  236  mis- 
cellaneous sites;  water  levels  of  26  observation 
wells  and  water  quality  for  4  precipitation-quality 
sites.  These  data  represent  that  part  of  the  National 
Water  Data  System  collected  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Georgia.  (See  also  W90-06339)  (USGS) 
W90-06340 


WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1987. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

W.  R.  Stokes,  T.  W.  Hale,  R.  D.  McFarlane,  and 
G.  R.  Buell. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89- 102586/ 
AS.  Price  codes:  A 19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  GA-87-1  (WRD/ 
HD-88/264),  1988.  424p.  Prepared  in  cooperation 
with  the  State  of  Georgia  and  with  other  Federal 
agencies. 

Descriptors:  *Data  collections,  'Georgia, 
•Groundwater,  *Hydrologic  data,  •Precipitation, 
•Surface  water,  *Water  quality,  Chemical  analysis, 
Flow  rates,  Gaging  stations,  Lakes,  Reservoirs, 
Sampling  sites,  Sediments,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  for 
Georgia  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  groundwater  levels;  and  pre- 
cipitation quality.  This  report  contains  discharge 
records  of  115  gaging  stations;  stage  for  17  gaging 
stations;  stage  and  contents  for  18  lakes  and  reser- 
voirs; water  quality  for  111  continuing-record  sta- 
tions; water  quality  for  1  miscellaneous  station; 
peak  stage  and  discharge  only  for  105  crest-stage 
partial-record  stations  and  30  miscellaneous  sites; 
water  levels  of  26  observation  wells  and  water 
quality  for  1  precipitation  quality  site.  These  data 
represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Georgia.  (See  also  W90-06340)  (USGS) 


W90-06341 


WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1988. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

W.  R.  Stokes,  R.  D.  McFarlane,  and  G.  R.  Buell. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-224703/ 
AS.  Price  codes:  A 19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  GA-88-1  (WRD/ 
HD-89/237),  1989.  438p.  Prepared  in  cooperation 
with  the  State  of  Georgia  and  with  other  Federal 
agencies. 

Descriptors:  •Data  collections,  *Georgia, 
•Groundwater,  'Hydrologic  data,  *Precipitation, 
•Surface  water,  •Water  quality,  Chemical  analysis, 
Flow  rates,  Gaging  stations,  Lakes,  Reservoirs, 
Sampling  sites,  Sediments,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  for 
Georgia  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  groundwater  levels;  and  pre- 
cipitation quality.  This  report  contains  discharge 
records  of  114  gaging  stations;  stage  for  19  gaging 
stations;  stage  and  contents  for  18  lakes  and  reser- 
voirs; water  quality  for  107  continuing-record  sta- 
tions; water  quality  for  4  miscellaneous  stations; 
peak  stage  and  discharge  only  for  76  crest-stage 
partial-record  stations  and  8  miscellaneous  sites; 
base-flow  discharge  measurements  at  149  miscella- 
neous sites;  water  levels  of  26  observation  wells; 
and  water  quality  for  1  precipitation  quality  site. 
These  data  represent  that  part  of  the  National 
Water  Data  System  collected  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Georgia.  (See  alto  W90-06341)  (USGS) 
W90-06342 


WATER  RESOURCES  DATA  FOR  HAWAH 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1985.  VOLUME  2. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

S.  S.  Chinn,  G.  A.  Tateishi,  and  J.  J.  S.  Yee. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-202131/ 
AS.  Price  codes:  A08  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  HI-85-02  (WRD/ 
HD-87/218),  1987.  142p.  Prepared  in  cooperation 
with  the  Governments  of  Guam,  Northern  Mari- 
ana Islands,  Federated  States  of  Micronesia,  Palau 
Islands,  American  Samoa,  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Pacific  Ocean,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
other  Pacific  areas  consist  of  records  of  stage, 
discharge,  and  water  quality  of  streams  and 
springs;  stage  of  2  lakes  and  a  reservoir;  and  water 
levels  and  water  quality  in  wells.  This  report  con- 
tains discharge  records  for  3 1  gaging  stations;  stage 
only  record  for  3  gaging  stations;  water  quality  for 
8  gaging  stations;  6  partial-record  stations;  water 
temperature  for  31  gaging  stations;  and  water 
levels  for  35  observation  wells  and  water  quality 
for  110  groundwater  sites.  Also  included  are  19 
low-flow  partial-record  stations.  Additional  water 
data  were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  Governments  and  Federal  agen- 
cies in  other  Pacific  areas.  (USGS) 
W90-O6343 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACD7IC  AREAS,  WATER  YEAR 
1986.  VOLUME  1,  HAWAII. 

Geological    Survey,    Honolulu,    HI.    Water    Re- 
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S.  S.  Chinn,  G.  A.  Tateishi,  and  J.  J.  S.  Yee. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-190657/ 
AS.  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  HI-86-1  (WRD/ 
HD-88/213),  1988.  283p.  Prepared  in  cooperation 
with  the  State  of  Hawaii  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hawaii,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Sampling  sites,  Sediments,  Water 
analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Hawaii  and  other  Pacific  Areas  consist  of  records 
of  stage,  discharge,  and  water  quality  of  streams 
and  springs;  and  water  levels  and  water  quality  in 
wells.  This  report,  volume  1,  contains  discharge 
records  for  83  gaging  stations;  water  quality  for  13 
gaging  stations,  73  partial-record  flow  stations,  and 
172  wells;  and  water  levels  for  40  observations 
wells.  Also  included  are  107  crest-stage  partial- 
record  stations  and  10  low-flow  partial  record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State,  Federal, 
and  other  agencies  in  Hawaii.  (See  W90-06343  and 
W90-O6345)  (USGS) 
W90-06344 

WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1986.  VOLUME  2. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

S.  S.  Chinn,  G.  A.  Tateishi,  and  J.  J.  S.  Yee. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-232327/ 
AS  Price  codes:  A07  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  HI-86-2  (WRD/ 
HD-88/239),  1988.  126p.  Prepared  m  cooperation 
with  the  Governments  of  Guam,  Northern  Mari- 
ana Islands,  Federated  States  of  Micronesia,  Palau 
Islands,  American  Samoa,  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  *Pacific  Ocean,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
other  Pacific  areas  consist  of  records  of  stage, 
discharge,  and  water  quality  of  streams  and 
springs;  stage  of  2  lakes  and  a  reservoir;  and  water 
levels  and  water  quality  in  wells.  This  report  con- 
tains discharge  records  for  29  gaging  stations;  stage 
only  record  for  3  gaging  stations;  water  quality  for 
8  gaging  stations;  5  partial-record  stations;  water 
temperature  for  28  gaging  stations;  and  water 
levels  for  35  observation  wells  and  water  quality 
for  81  groundwater  sites.  Also  included  are  8  low- 
flow  partial-record  stations.  Additional  water  data 
were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  Governments  and  Federal  agen- 
cies in  other  Pacific  areas.  (See  also  W90-06344) 
(USGS) 
W90-06345 


WATER  RESOURCES  DATA  FOR  HAWAn 
AND  OTHER  PACD7IC  AREAS,  WATER  YEAR 
1987.  VOLUME  1,  HAW  AH. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

S.  S.  Chinn,  J.  J.  S.  Yee,  and  J.  A.  Domingo. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-139596/ 
AS.  Price  codes:  A12  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  HI-87-1  (WRD/ 
HD-89/204),  1988.  260p.  Prepared  m  cooperation 
with  the  State  of  Hawaii  and  with  other  agencies. 


Descriptors:  *Data  collections,  'Groundwater, 
•Hawaii,  'Hydrologic  data,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Sampling  sites,  Sediments,  Water 
analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
Hawaii  and  other  Pacific  Areas  consist  of  records 
of  stage,  discharge,  and  water  quality  of  streams 
and  springs;  and  water  levels  and  water  quality  in 
wells.  This  report,  volume  1,  contains  discharge 
records  for  84  gaging  stations;  water  quality  for  14 
gaging  stations,  53  partial-record  flow  stations,  and 
184  wells;  and  water  levels  for  41  observations 
wells.  Also  included  are  107  crest-stage  partial- 
record  stations  and  10  low-flow  partial  record 
stations.  These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State,  Federal, 
and  other  agencies  in  Hawaii.  (See  W90-06344  and 
W90-06347)  (USGS) 
W90-06346 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1987.  VOLUME  2. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

S.  S.  Chinn,  G.  A.  Tateishi,  and  J.  J.  S.  Yee. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-134993/ 
AS  Price  codes:  A06  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  HI-87-2  (WRD/ 
HD-88/277),  1988.  108p.  Prepared  in  cooperation 
with  the  Governments  of  Guam,  Northern  Mari- 
ana Islands,  Federated  States  of  Micronesia,  Palau 
Islands,  American  Samoa,  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Pacific  Ocean,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
other  Pacific  areas  consist  of  records  streamflow 
and  stage  of  2  lakes  and  a  reservoir;  and  water 
levels  and  water  quality  in  wells.  This  report  con- 
tains discharge  records  for  26  gaging  stations;  stage 
only  records  for  3  gaging  stations;  water  tempera- 
ture for  26  gaging  stations;  and  water  levels  for  36 
observations  wells  and  water  quality  for  64 
groundwater  sites.  Also  included  are  12  low-flow 
and  2  crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  Governments  and  Federal  agen- 
cies in  other  Pacific  areas.  (See  also  W90-06346) 
(USGS) 
W90-06347 


WATER  RESOURCES  DATA  FOR  IDAHO, 
WATER  YEAR  1985. 

Geological  Survey,  Boise,  ID.  Water  Resources 
Div. 

W.  A.  Harenberg,  H.  G.  Sisco,  I.  O'Dell,  and  S.  C. 
Cordes. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-208989/ 
AS  Price  codes:  A99  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  ID-85-1  (WRD/ 
HD-87/215),  1986.  633p.  Prepared  in  cooperation 
with  the  State  of  Idaho  and  with  other  agencies. 

Descriptors:  'Idaho,  'Data  collections,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Chemical  analysis,  Sediments,  Water  tem- 
perature, Sampling  sites,  Water  level,  Water  analy- 
sis. 

Water  resources  data  for  the  1985  water  year  for 
Idaho  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater.  This  report 
contains  discharge  records  of  211  gaging  stations; 


stage  only  records  for  2  gaging  stations;  stage  only 
for  8  lakes  and  reservoirs;  contents  only  for  21 
lakes  and  reservoirs;  water  quality  for  19  gaging 
stations  and  85  wells;  and  water  levels  for  415 
observation  wells.  Additional  water  data  were  col- 
lected at  various  sites,  not  involved  in  the  system- 
atic data  collection  program,  and  are  published  as 
miscellaneous  measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  col- 
lected by  the  U.S.  Geological  Survey  and  cooper- 
ating State  and  Federal  agencies  in  Idaho,  adjacent 
States,  and  Canada.  (USGS) 
W90-06348 


WATER  RESOURCES  DATA  FOR  IDAHO, 
WATER  YEAR  1986. 

Geological  Survey,  Boise,  ID.  Water  Resources 
Div. 

W.  A.  Harenberg,  M.  L.  Jones,  I.  O'Dell,  and  S.  C. 
Cordes. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-211438/ 
AS.  Price  codes:  A99  in  paper  copy,  E04  in  micro- 
fiche. USGS  Water-Data  Report  ID-86-1  (WRD/ 
HD-88/216),  1987.  682p.  Prepared  in  cooperation 
with  the  State  of  Idaho  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Idaho,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1986  water  year  for 
Idaho  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater.  This  report 
contains  discharge  records  for  248  gaging  stations; 
stage  only  records  for  2  gaging  stations;  stage  only 
for  13  lakes  and  reservoirs;  contents  only  for  23 
lakes  and  reservoirs;  water  quality  for  24  gaging 
stations  and  52  wells;  and  water  levels  for  516 
observation  wells.  Additional  water  data  were  col- 
lected at  various  sites,  not  involved  in  the  system- 
atic data  collection  program,  and  are  published  as 
miscellaneous  measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Idaho,  adjacent 
States,  and  Canada.  (See  also  W90-06348)  (USGS) 
W90-06349 

WATER  RESOURCES  DATA  FOR  IDAHO, 
WATER  YEAR  1987. 

Geological  Survey,  Boise,  ID.  Water  Resources 
Div. 

W.  A.  Harenberg,  M.  L.  Jones,  I.  O'Dell,  and  S.  C. 
Cordes. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-131353/ 
AS  Price  codes:  A99  in  paper  copy,  E04  in  micro- 
fiche. USGS  Water-Data  Report  ID-87-1  (WRD/ 
HD-88/278),  1988.  655p.  Prepared  in  cooperation 
with  the  State  of  Idaho  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Idaho,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1987  water  year  for 
Idaho  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater.  This  report 
contains  discharge  records  for  230  gaging  stations; 
stage  only  records  for  2  gaging  stations;  stage  only 
for  11  lakes  and  reservoirs;  contents  only  for  25 
lakes  and  reservoirs;  water  quality  for  24  gaging 
stations  and  52  wells;  and  water  levels  for  467 
observation  wells.  Additional  water  data  were  col- 
lected at  various  sites,  not  involved  in  the  system- 
atic data  collection  program,  and  are  published  as 
miscellaneous  measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
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ing  State  and  Federal  agencies  in  Idaho,  adjacent 
Mates,  and  Canada.  (See  also  W90-06349)  (USGS) 


WATER  RESOURCES  DATA  FOR  IDAHO 
WATER  YEAR  1988.  "' 

Geological  Survey,  Boise,  ID.  Water  Resources 
Div. 

W.  A.  Harenberg,  M.  L.  Jones,  I.  O'Dell,  and  S  C 

Cordes. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB89-203293 

,P,o^oCC??fs:  A"  in  paPer  c°Py-  E04  in  microfiche. 
USGS  Water-Data  Report  ID-88-1  (WRD/HD- 
89/226),  1989.  669p.  Prepared  in  cooperation  with 
the  State  of  Idaho  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater 
•Hydrologic  data,  *Idaho,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1988  water  year  for 
Idaho  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  discharge  of  irriga- 
tion diversions;  and  water  levels  and  water  quality 
of  groundwater.  This  report  contains  discharge 
records  for  208  stream-gaging  stations;  36  irriga- 
tion diversions;  stage  only  records  for  2  stream- 
gaging  stations;  stage  only  for  8  lakes  and  reser- 
voirs; contents  only  for  23  lakes  and  reservoirs- 
water  quality  for  25  stream-gaging  stations,  64 
wells,  and  1  lake;  and  water  levels  for  452  observa- 
tion wells.  Additional  water  data  were  collected  at 
various  sites,  not  involved  in  the  systematic  data 
collection  program,  and  are  published  as  miscella- 
neous measurements.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Idaho,  adjacent 
States,  and  Canada.  (See  also  W90-06350)  (USGS) 
W90-06351  ' 


WATER  RESOURCES  DATA  FOR  ILLINOIS 
WATER  YEAR  1986.  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div. 

R.  L.  Stahl,  K.  K.  Fitzgerald,  T.  E.  Richards,  and 
P.  D.  Hayes. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88- 117189/ 
AS.  Price  codes:  A21  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  IL-86-1  (WRD/ 
HD-87/248),  1987.  482p.  Prepared  in  cooperation 
with  the  State  of  Illinois  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  •Illinois,  'Surface  water' 
•Water  quality,  Chemical  analysis,  Flow  rates,' 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Illinois  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  (1)  discharge 
for  76  streamflow-gaging  stations  and  for  9  crest- 
stage,  partial-record  streamflow  stations;  (2)  stage 
for  19  streamflow-gaging  stations;  (3)  stage  and 
contents  for  3  lakes  and  reservoirs;  and  (4)  water 
quality  records  for  48  streamflow-gaging  stations, 
3  of  which  include  sediment  discharge,  and  for  66 
ungaged  stream  sites.  (See  also  W90-O6353) 
(USGS) 
W90-06352 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1986  VOLUME  2.  ILLINOIS 
RrVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

K.  K.  Fitzgerald,  P.  D.  Hayes,  T.  E.  Richards,  and 

R.  L.  Stahl. 

Available  from  the  National  Technical  Information 


Service,  Springfield,  VA  22161  as  PB88-1 17197/ 

ASt.  Pr,'fo^2des:  A18  in  PaPer  c°Py>  A01  '"  micro- 
fiche. USGS  Water-Data  Report  IL-86-2  (WRD/ 
HD-87/249),  1987.  415p.  Prepared  in  cooperation 
with  the  State  of  Illinois  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater 
•Hydrologic  data,  'Illinois,  'Surface  water, 
Water  quality,  Chemical  analysis,  Flow  rates 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Illinois  consist  of  records  of  stage,  discharge  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  (1)  discharge 
for  77  streamflow-gaging  stations  and  for  14  crest- 
stage,  partial-record  streamflow  stations;  (2)  stage 
for  2  streamflow-gaging  stations  and  3  lake  sta- 
tions; (3)  water  quality  records  for  44  streamflow- 
gaging  stations,  6  of  which  include  sediment  dis- 
charge, and  for  49  ungaged  stream  sites;  and  (4) 
water-level  records  for  3  observation  wells.  Addi- 
tional water  data  were  collected  at  various  sites 
not  involved  in  the  systematic  data-collection  pro- 
gram and  are  published  as  miscellaneous  measure- 
ments. (See  also  W90-06352)  (USGS) 
W90-06353  ' 


WATER  RESOURCES  DATA  FOR  DLLINOIS 
WATER  YEAR  1987  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div. 

R.  L.  Stahl,  K.  K.  Fitzgerald,  T.  E.  Richards,  and 
P.  D.  Hayes. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-1 11728/ 
AS.  Price  codes:  A21  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  IL-87-1  (WRD/ 
HD-88/268),  1988  482p.  Prepared  in  cooperation 
with  the  State  of  Illinois  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater 
'Hydrologic  data,  *Illinois,  'Surface  water' 
'Water  quality,  Chemical  analysis,  Flow  rates,' 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Illinois  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  (1)  discharge 
for  73  streamflow-gaging  stations  and  for  10  crest- 
stage,  partial-record  streamflow  stations;  (2)  stage 
for  18  streamflow-gaging  stations;  (3)  stage  and 
contents  for  3  lakes  and  reservoirs;  and  (4)  water 
quality  records  for  44  streamflow-gaging  stations, 
3  of  which  include  sediment  discharge,  and  for  70 
ungaged  stream  sites.  (See  W90-06352  and  W90- 
06355)  (USGS) 
W90-06354 


WATER  RESOURCES  DATA  FOR  ILLINOIS 
WATER  YEAR  1987  VOLUME  2.  ILLINOIS 
RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div. 

K.  K.  Fitzgerald,  P.  D.  Hayes,  T.  E.  Richards,  and 
R.  L.  Stahl. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-1 11736/ 
AS.  Price  codes:  A22  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  IL-87-2  (WRD/ 
HD-88/269),  1988.  492p.  Prepared  in  cooperation 
with  the  State  of  Illinois  and  other  agencies. 


lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  (!)  discharge 
for  76  streamflow-gaging  stations  and  for  14  crest- 
stage,  partial-record  streamflow  stations;  (2)  stage 
for  3  streamflow-gaging  stations  and  for  3  lake 
stations;  (3)  water  quality  records  for  45  stream- 
flow-gaging stations,  2  of  which  include  sediment 
discharge,  and  for  49  ungaged  stream  sites;  and  (4) 
water-level  records  for  3  observation  wells.  Addi- 
tional water  data  were  collected  at  various  sites 
not  involved  in  the  systematic  data-collection  pro- 
gram and  are  published  as  miscellaneous  measure- 
ments and  miscellaneous  water  qualitv  analvses 
(See  also  W90-06534)  (USGS) 
W90-06355 


Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  •Illinois,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates,' 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Illinois  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 


WAJP  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1988  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div. 

R.  L.  Stahl,  R.  H.  Coupe,  T.  E.  Richards,  and  P. 
D.  Hayes. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-203277 

Pe^C0^fs:  A18  in  PaPer  c°Py-  A01  in  microfiche. 
USGS  Water-Data  Report  IL-88-1  (WRD/HD- 
89/248),  1989  413p.  Prepared  in  cooperation  with 
the  State  of  Illinois  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater 
Hydrologic  data,  'Illinois,  'Surface  water 
•Water  quality,  Chemical  analysis,  Flow  rates' 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites' 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Illinois  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  (1)  discharge 
for  70  streamflow-gaging  stations  and  for  10  crest- 
stage,  partial-record  streamflow  stations;  (2)  stage 
for  18  streamflow-gaging  stations;  (3)  stage  and 
contents  for  3  lakes  and  reservoirs;  and  (4)  water 
quality  records  for  46  streamflow-gaging  stations, 
3  of  which  include  sediment  discharge,  and  for  40 
ungaged  stream  sites.  (See  also  W90-06354  and 
W90-06357)  (USGS) 
W90-06356 


WATER  RESOURCES  DATA  FOR  ILLINOIS 
WATER  YEAR  1988  VOLUME  2.  ILLINOIS 
RIVER  BASIN.  *-uw« 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div. 

R.  H.  Coupe,  P.  D.  Hayes,  T.  E.  Richards,  and  R. 
L.  Stahl. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-203285/ 
AS.  Price  codes:  A24  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  IL-88-2  (WRD/ 
HD-89/249),  1989.  556p.  Prepared  in  cooperation 
with  the  State  of  Illinois  and  other  agencies. 

Descriptors:  *Data  collections,  •Groundwater, 
•Hydrologic  data,  •Illinois,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates! 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Illinois  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  (1)  discharge 
for  77  streamflow-gaging  stations  and  for  14  crest- 
stage  partial-record  streamflow  stations;  (2)  stage 
for  3  streamflow-gaging  stations  and  for  3  lake 
stations;  (3)  water  quality  records  for  47  stream- 
flow-gaging stations,  1  of  which  includes  sediment 
discharge,  and  for  32  ungaged  stream  sites;  and  (4) 
water-level  records  for  3  observation  wells.  Addi- 
tional water  data  were  collected  at  various  sites 
not  involved  in  the  systematic  data-collection  pro- 
gram and  are  published  as  miscellaneous  discharge 
measurements  and  miscellaneous  water  quality 
analyses.  (See  also  W90-06356)  (USGS) 


142 


RESOURCES  DATA— Field  7 


Evaluation,  Processing  and  Publication— Group  7C 


W90-06357 

WATER  RESOURCES  DATA  FOR  INDIANA, 
WATER  YEAR  1985. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

D.  R.  Glatfelter,  R.  E.  Thompson,  and  G.  E.  Nell. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-208997/ 
AS  Price  codes:  A14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  IN-85-1  (WRD/ 
HD-87/216),  1986.  303p.  Prepared  in  cooperation 
with  the  State  of  Indiana  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Indiana,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Indiana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of  1 
reservoir;  and  water  levels  in  wells.  This  report 
contains  discharge  records  for  185  gaging  stations, 
stage  and  contents  for  1  reservoir,  water  tempera- 
ture for  1  gaging  station,  water  quality  for  5  gaging 
stations,  and  water  levels  for  84  observation  wells. 
Also  included  are  25  crest-stage  partial-record  sta- 
tions. Additional  water  data  were  collected  at  vari- 
ous sites,  not  part  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Indiana.  (USGS) 
W90-06358 

WATER  RESOURCES  DATA  FOR  INDIANA, 
WATER  YEAR  1986. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

D.  R.  Glatfelter,  R.  E.  Thompson,  and  G.  E.  Nell. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-165808. 
Price  codes:  A20  in  papercopy,  A01  in  microfiche. 
USGS  Water-Data  Report  IN-86-1  (WRD/HD- 
88/202),  1987.  441p.  Prepared  in  cooperation  with 
the  State  of  Indiana  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Indiana,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Indiana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  reservoir  stage  and  con- 
tents; and  water  levels  in  lakes  and  wells.  This 
report  contains  discharge  records  for  189  stream- 
gaging  stations,  stage  for  stream  station,  stage  and 
contents  for  1  reservoir,  water  quality  for  5 
streams,  and  water  levels  for  79  lakes  and  94 
observation  wells.  Also  included  are  records  of 
peak  flow  for  24  crest-stage,  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Indiana.  (See  also  W90-06358) 
(USGS) 
W9O-06359 

WATER  RESOURCES  DATA  FOR  INDIANA, 
WATER  YEAR  1987. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

D.  R.  Glatfelter,  R.  E.  Thompson,  and  G.  E.  Nell. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-100424/ 
AS  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  IN-87-1  (WRD/ 
HD-88/255),  1988.  433p.  Prepared  in  cooperation 
with  the  State  of  Indiana  and  other  agencies. 


Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Indiana,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Indiana  consist  of  records  of  discharge,  stage,  and 
water  quality  of  streams  and  wells;  reservoir  stage 
and  contents;  and  water  levels  in  lakes  and  wells. 
This  report  contains  discharge  records  for  187 
stream-gaging  stations,  stage  for  1  stream  station, 
stage  and  contents  for  1  reservoir,  water  quality 
for  3  streams  and  3  observation  wells,  and  water 
levels  for  79  lakes  and  87  observation  wells.  Also 
included  are  records  of  peak  flows  for  23  crest- 
stage,  partial-record  stations.  Additional  water 
data  were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in  In- 
diana. (See  also  W90-06359)  (USGS) 
W90-06360 


WATER  RESOURCES  DATA  FOR  INDIANA, 
WATER  YEAR  1988. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

D.  R.  Glatfelter,  R.  E.  Thompson,  and  G  E.  Nell. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB-148206/AS. 
Price  codes:  A15  in  paper  copy,  A02  in  microfiche. 
USGS  Water-Data  Report  IN-88-1  (WRD/HD- 
89/282),  1989.  331  p.  Prepared  in  cooperation  with 
the  State  of  Indiana  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Indiana,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Indiana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams  and  wells;  reservoir  stage 
and  contents;  and  water  levels  in  lakes  and  wells. 
This  report  contains  records  of  discharge  for  176 
stream-gaging  stations,  stage  for  4  stream  stations, 
stage  and  contents  for  1  reservoir,  water  quality 
for  3  streams  and  2  observation  wells,  and  water 
levels  for  79  lakes  and  88  observation  wells.  Also 
included  are  records  of  peak  flows  for  23  crest- 
stage  partial-record  stations.  Additional  water  data 
were  collected  at  various  sites,  not  part  of  the 
systematic  data-collection  program,  and  are  shown 
as  miscellaneous  measurements.  These  data  repre- 
sent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  in  Indiana 
in  cooperation  with  State  and  Federal  agencies. 
(See  also  W90-06360)  (USGS) 
W90-06361 


WATER  RESOURCES  DATA  FOR  IOWA, 
WATER  YEAR  1986. 

Geological  Survey,  Iowa  City,  IA.  Water  Re- 
sources Div. 

N.  B.  Melcher,  M.  G.  Detroy,  W.  J.  Matthes,  and 
R    A   TCsrstcn 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-1 17031/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  IA-86-1  (WRD/ 
HD-87/246),  1987.  333p.  Prepared  in  cooperation 
with  the  State  of  Iowa  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Iowa,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1986  water  year  for 
Iowa  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  groundwater  levels 
and  groundwater  quality.  This  report  contains  dis- 


charge records  for  110  stream-gaging  stations; 
stage  and  contents  for  8  lakes  and  reservoirs;  water 
quality  for  8  stream-gaging  stations;  sediment 
records  for  10  stream-gaging  stations,  water  levels 
for  108  observation  wells;  and  chemical  analysis 
for  214  observation  wells.  Also  included  are  116 
crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data-collection  program,  and  are 
shown  as  miscellaneous  measurements  and  analy- 
ses. These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  in  Iowa  in  cooperation  with  State  and 
Federal  agencies  in  Iowa.  (USGS) 
W90-06362 

WATER  RESOURCES  DATA  FOR  IOWA, 
WATER  YEAR  1987. 

Geological  Survey,  Iowa  City,  IA.  Water  Re- 
sources Div. 

N.  B.  Melcher,  R.  W.  Baebenroth,  M.  G.  Detroy, 
R.  A.  Karsten,  and  W.  J.  Matthes. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-252028/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  IA-87-1  (WRD/ 
HD-88/252),  1988.  345p.  Prepared  in  cooperation 
with  the  State  of  Iowa  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  *Iowa,  *Surface  water,  *Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1987  water  year  for 
Iowa  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  groundwater  levels 
and  water  quality  of  groundwater  wells.  This 
report  contains  discharge  records  for  112  stream- 
gaging  stations;  stage  or  contents  for  8  lakes  and 
reservoirs;  water  quality  for  8  stream-gaging  sta- 
tions; sediment  records  for  10  stream-gaging  sta- 
tions, water  levels  for  112  observation  wells;  and 
chemical  analysis  for  197  municipal  wells.  Also 
included  are  113  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data-collection 
program,  and  are  shown  as  miscellaneous  measure- 
ments and  analyses.  These  data  represent  that  part 
of  the  National  Water  Data  System  operated  by 
the  U.S.  Geological  Survey  in  Iowa  in  cooperation 
with  State  and  Federal  agencies  in  Iowa.  (See  also 
W90-06362)  (USGS) 
W90-06363 


WATER  RESOURCES  DATA  FOR  IOWA, 
WATER  YEAR  1988. 

Geological  Survey,  Iowa  City,  IA.  Water  Re- 
sources Div. 

N.  B.  Melcher,  M.  G.  Detroy,  R.  A.  Karsten,  and 
W.  J.  Matthes. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-194559/ 
AS  Price  codes:  A17  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  IA-88-1  (WRD/ 
HD-89/224),  1989.  377p.  Prepared  in  cooperation 
with  the  State  of  Iowa  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Iowa,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1988  water  year  for 
Iowa  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  groundwater  levels 
and  water  quality  of  groundwater  wells.  This 
report  contains  discharge  records  for  117  stream- 
gaging  stations;  stage  or  contents  for  7  lakes  and 
reservoirs;  water  quality  for  9  stream-gaging  sta- 
tions; sediment  records  for  8  stream-gaging  sta- 
tions, water  levels  for  108  observation  wells;  and 
chemical  analysis  for  153  municipal  wells.  Also 
included  are  113  crest-stage  partial-record  stations. 
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Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data-collection 
program,  and  are  shown  as  miscellaneous  dis- 
charge measurements  and  miscellaneous  water 
quality   analyses.   (See  also  W90-06363)  (USGS) 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984  VOLUME  IB:  NORTH 
EAST  FLORIDA  -  GROUNDWATER. 

Geological  Survey,  Orlando,  FL.  Water  Resources 
Div 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-11 1 175/ 
AS.  Price  codes:  Al  1  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-84-1B 
(WRD/HD-86/222),  1986.  168p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water-resources  data  for  the  1984  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
251  streams,  periodic  discharge  for  32  streams, 
miscellaneous  discharge  for  43  streams,  continuous 
or  daily  stage  for  92  streams,  periodic  stage  for  31 
streams,  peak  discharge  for  60  streams  and  peak 
stage  for  37  streams;  continuous  or  daily  elevations 
for  73  lakes,  periodic  elevations  for  82  lakes;  con- 
tinuous groundwater  levels  for  467  wells,  periodic 
groundwater  levels  for  539  wells,  and  miscellane- 
ous water  level  measurements  for  2,039  wells;  qual- 
ity of  water  data  for  200  surface  water  sites  and 
596  wells.  The  data  for  northeast  Florida  include 
continuous  or  daily  discharge  for  65  streams,  peri- 
odic discharge  for  7  streams,  miscellaneous  dis- 
charge for  21  streams,  continuous  or  daily  stage  for 
37  streams,  peak  discharge  for  15  streams  and  peak 
stage  for  8  streams;  continuous  or  daily  elevations 
for  22  lakes,  periodic  elevations  for  33  lakes;  con- 
tinuous groundwater  levels  for  31  wells,  periodic 
groundwater  levels  for  90  wells,  and  miscellaneous 
water  level  measurements  for  563  wells;  quality  of 
water  data  for  15  surface  water  sites  and  45  wells. 
These  data  represent  the  National  Water  Data 
System  records  collected  by  the  U.S.  Geological 
Survey  and  cooperating  State  and  Federal  agencies 
in  Florida.  (See  W90-04554  and  W90-06366  thru 
W90-06369)  (USGS) 
W90-06365 


WATER  RESOURCES  DATA  FLORIDA, 
WATER  YEAR  1984,  VOLUME  2A:  SOUTH 
FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

W.  J.  Haire,  and  C.  Price. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-137071. 
Price  codes:  A13  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  FL-84-2A  (WRD/HD- 
86/244),  1986.  282p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water-resources  data  for  the  1984  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
251  streams,  periodic  discharge  for  32  streams, 
miscellaneous  discharge  for  43  streams,  continuous 
or  daily  stage  for  92  streams,  periodic  stage  for  3 1 
streams,  peak  discharge  for  60  streams  and  peak 
stage  for  37  streams;  continuous  or  daily  elevations 
for  73  lakes,  periodic  elevations  for  82  lakes;  con- 
tinuous groundwater  levels  for  467  wells,  periodic 
groundwater  levels  for  539  wells,  and  miscellane- 
ous water  level  measurements  for  2,039  wells;  qual- 
ity of  water  data  for  200  surface  water  sites  and 
596  wells.  The  data  for  south  Florida  include  con- 
tinuous or  daily  discharge  for  74  streams,  periodic 


discharge  for  2  streams,  peak  discharge  for  2 
streams,  continuous  or  daily  stage  for  76  streams; 
and  periodic  stage  for  29  streams;  continuous  ele- 
vations for  18  lakes  and  periodic  elevations  for  5 
lakes;  continuous  groundwater  levels  for  180  wells, 
periodic  groundwater  levels  for  130  wells,  and 
miscellaneous  water  level  measurements  for  360 
wells;  quality  of  water  for  40  surface  water  sites 
and  310  wells.  These  data  represent  the  National 
Water  Data  System  records  collected  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Florida.  (See  W90-04554,  W90- 
06365  and  W90-06367  thru  W90-06369)  (USGS) 
W90-06366  ' 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984,  VOLUME  3A:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

R.  T.  Mycyk,  L.  D.  Fayard,  W.  L.  Fletcher,  and  J. 
K.  Ogle. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161.  USGS  Water- 
Data  Report  FL-84-3A  (WRD/HD-86/207),  1986. 
398p.  Prepared  in  cooperation  with  the  State  of 
Florida  and  other  agencies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water-resources  data  for  the  1984  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
251  streams,  periodic  discharge  for  32  streams, 
miscellaneous  discharge  for  43  streams,  continuous 
or  daily  stage  for  92  streams,  periodic  stage  for  31 
streams,  peak  discharge  for  60  streams  and  peak 
stage  for  37  streams;  continuous  or  daily  elevations 
for  73  lakes,  periodic  elevations  for  82  lakes;  con- 
tinuous groundwater  levels  for  467  wells,  periodic 
groundwater  levels  for  539  wells,  and  miscellane- 
ous water  level  measurements  for  2,039  wells;  qual- 
ity of  water  data  for  200  surface  water  sites  and 
596  wells.  The  data  for  southwest  Florida  include 
continuous  or  daily  discharge  for  81  streams,  peri- 
odic discharge  for  15  streams,  miscellaneous  dis- 
charge for  14  streams,  peak  discharge  for  20 
streams,  continuous  or  daily  stage  for  31  streams; 
continuous  elevations  for  30  lakes  and  periodic 
elevations  for  43  lakes;  continuous  groundwater 
levels  for  231  wells,  periodic  groundwater  levels 
for  199  wells,  and  miscellaneous  water  level  meas- 
urements for  799  wells;  quality  of  water  for  117 
surface  water  sites  and  289  wells.  These  data  repre- 
sent the  National  Water  Data  System  records  col- 
lected by  the  U.S.  Geological  Survey  and  cooper- 
ating State  and  Federal  agencies  in  Florida.  (See 
W90-04544,  W90-06365,  W90-06366,  W90-06368, 
and  W90-06369)  (USGS) 
W90-06367 


WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1984.  VOLUME  3B:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

R.  T.  Mycyk,  L.  D.  Fayard,  W.  L.  Fletcher,  and  J. 
K.  Ogle. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-105623/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-84-3B 
(WRD/HD-86/208),  1986.  336p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Elevation,  Flow  rates,  Gaging 
stations,  Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature, Wells. 

Water-resources  data  for  the  1984  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
251  streams,  periodic  discharge  for  32  streams, 
miscellaneous  discharge  for  43  streams,  continuous 


or  daily  stage  for  92  streams,  periodic  stage  for  31 
streams,  peak  discharge  for  60  streams  and  peak 
stage  for  37  streams;  continuous  or  daily  elevations 
for  73  lakes,  periodic  elevations  for  82  lakes;  con- 
tinuous groundwater  levels  for  467  wells,  periodic 
groundwater  levels  for  539  wells,  and  miscellane- 
ous water  level  measurements  for  2,039  wells;  qual- 
ity of  water  data  for  200  surface  water  sites  and 
596  wells.  The  data  for  southwest  Florida  include 
continuous  or  daily  discharge  for  81  streams,  peri- 
odic discharge  for  15  streams,  miscellaneous  dis- 
charge for  14  streams,  peak  discharge  for  20 
streams,  continuous  or  daily  stage  for  31  streams; 
continuous  elevations  for  30  lakes  and  periodic 
elevations  for  43  lakes;  continuous  groundwater 
levels  for  231  wells,  periodic  groundwater  levels 
for  199  wells,  and  miscellaneous  water  level  meas- 
urements for  799  wells;  quality  of  water  for  117 
surface  water  sites  and  289  wells.  These  data  repre- 
sent the  National  Water  Data  System  records  col- 
lected by  the  U.S.  Geological  Survey  and  cooper- 
ating State  and  Federal  agencies  in  Florida.  (See 
W90-04554,  W90-06365  thru  W90-06367,  and  W90- 
06369)  (USGS) 
W90-06368 


WATER  RESOURCES  DATA,  FLORnM, 
WATER  YEAR  1984,  VOLUME  4.  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

P.  E.  Meadow,  J.  B.  Martin,  and  P.  R.  Mixson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-195724. 
Price  codes:  A 12  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  FL-84-4  (WRD/HD- 
86/215),  1986.  240p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Surface  water,  'Water  quality,  Chemical  analysis, 
Elevation,  Flow  rates,  Gaging  stations,  Hydrolog- 
ic data,  Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature, Wells. 

Water-resources  data  for  the  1984  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
251  streams,  periodic  discharge  for  32  streams, 
miscellaneous  discharge  for  43  streams,  continuous 
or  daily  stage  for  92  streams,  periodic  stage  for  31 
streams,  peak  discharge  for  60  streams  and  peak 
stage  for  37  streams;  continuous  or  daily  elevations 
for  73  lakes,  periodic  elevations  for  82  lakes;  con- 
tinuous groundwater  levels  for  467  wells,  periodic 
groundwater  levels  for  539  wells,  and  miscellane- 
ous water  level  measurements  for  2,039  wells;  qual- 
ity of  water  data  for  200  surface  water  sites  and 
596  wells.  The  data  for  northwest  Florida  include 
continuous  or  daily  discharge  for  46  streams,  peri- 
odic discharge  for  7  streams,  peak  discharge  for  19 
streams  and  peak  stage  for  19  streams,  continuous 
or  daily  stage  for  4  streams;  continuous  elevations 
for  5  lakes  and  periodic  elevations  for  4  lakes; 
continuous  groundwater  levels  for  25  wells,  peri- 
odic groundwater  levels  for  87  wells,  and  miscella- 
neous water  level  measurements  for  70  wells;  qual- 
ity of  water  for  27  surface  water  sites  and  22  wells. 
These  data  represent  the  National  Water  Data 
System  records  collected  by  the  U.S.  Geological 
Survey  and  cooperating  State  and  Federal  agencies 
in  Florida.  (See  W90-04554  and  W90-O6365  thru 
W90-06368)  (USGS) 
W90-06369 


WATER  RESOURCES  DATA  -  FLORIDA, 
WATER  YEAR  1985,  VOLUME  1A  NORTH- 
EAST FLORIDA-SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-151734/ 
AS.  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-85-1A 
(WRD/HD-86/266),  1986.  290p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 


Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
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quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Oklawaha  River  basin, 
Reservoirs,  Sampling  sites,  Sediments,  St  Johns 
River  basin,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water-resources  data  for  the  1985  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
285  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  110  streams,  continu- 
ous or  daily  stage  for  124  streams,  periodic  stage 
for  32  streams,  peak  discharge  for  98  streams  and 
peak  stage  for  87  streams;  continuous  or  daily 
elevations  for  89  lakes,  periodic  elevations  for  82 
lakes;  continuous  groundwater  levels  for  473  wells, 
periodic  groundwater  levels  for  550  wells,  and 
miscellaneous  water  level  measurements  for  2,588 
wells;  quality  of  water  data  for  239  surface  water 
sites  and  699  wells.  The  data  for  northeast  Florida 
include  continuous  or  daily  discharge  for  75 
streams,  periodic  discharge  for  9  streams,  miscella- 
neous discharge  for  21  streams,  continuous  or  daily 
stage  for  22  streams;  periodic  stage  for  21  streams, 
peak  discharge  for  17  streams,  and  peak  stage  for 
25  streams,  continuous  or  daily  elevations  for  20 
lakes,  periodic  elevations  for  35  lakes;  continuous 
groundwater  levels  for  40  wells,  periodic  ground- 
water levels  for  103  wells,  and  miscellaneous  water 
level  measurements  for  590  wells;  quality  of  water 
for  19  surface  water  sites  and  82  wells.  These  data 
represent  the  National  Water  Data  System  records 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating State  and  Federal  agencies  in  Florida.  (See 
W90-04554,  W90-06365,  and  W90-06371  thru  W90- 
06374)  (USGS) 
W90-06370 

WATER  RESOURCES  DATA  -  FLORIDA, 
WATER  YEAR  1985,  VOLUME  IB:  NORTH- 
EAST FLORIDA  -  GROUNDWATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-111175. 
Price  codes:  All  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  FL-85-1B  (WRD/HD- 
86/248),  1986.  232p.  Prepared  in  cooperation  with 
the  State  of  Florida  and  other  agencies. 

Descriptors:  *Data  collections,  •Florida,  ♦Ground- 
water, *Hydrologic  data,  'Surface  water,  *Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water-resources  data  for  the  1985  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
285  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  1 10  streams,  continu- 
ous or  daily  stage  for  124  streams,  periodic  stage 
for  32  streams,  peak  discharge  for  98  streams  and 
peak  stage  for  87  streams;   continuous  or  daily 
elevations  for  89  lakes,  periodic  elevations  for  82 
lakes;  continuous  groundwater  levels  for  473  wells, 
periodic  groundwater  levels  for   550  wells,  and 
miscellaneous  water  level  measurements  for  2,588 
wells;  quality  of  water  data  for  239  surface  water 
sites  and  699  wells.  The  data  for  northeast  Florida 
include    continuous    or    daily    discharge    for    75 
streams,  periodic  discharge  for  9  streams,  miscella- 
neous discharge  for  21  streams,  continuous  or  daily 
stage  for  22  streams;  periodic  stage  for  21  streams, 
peak  discharge  for  17  streams,  and  peak  stage  for 
25  streams,  continuous  or  daily  elevations  for  20 
lakes,  periodic  elevations  for  35  lakes;  continuous 
groundwater  levels  for  40  wells,  periodic  ground- 
water levels  for  103  wells,  and  miscellaneous  water 
level  measurements  for  590  wells;  quality  of  water 
for  19  surface  water  sites  and  82  wells.  These  data 
represent  the  National  Water  Data  System  records 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating State  and  Federal  agencies  in  Florida.  (See 
W90-O6370    and    W90-O6372     thru    W90-06374) 
(USGS) 
W90-06371 

WATER  RESOURCES  DATA  FOR  FLORIDA, 
WATER  YEAR  1985.  VOLUME  3A:  SOUTH- 
WEST FLORIDA  -  SURFACE  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 


sources Div. 

R.  T.  Mycyk,  L.  D.  Fayard,  and  J.  K.  Ogle. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-149969/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-85-3A 
(WRD/HD-87-205),  1986.  402p.  Prepared  in  coop- 
eration with  the  state  of  Florida  and  other  agen- 
cies. 

Descriptors:  *Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Peace  River  basin,  Reser- 
voirs, Sampling  sites,  Sediments,  Tampa  Bay, 
Water  analysis,  Water  level,  Water  temperature, 
Wells,  Withlacoochee  River  basin. 

Water  resources  data  for  the  1985  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
285  streams,  periodic  discharge  for   38  streams, 
miscellaneous  discharge  for  110  streams,  continu- 
ous or  daily  stage  for  124  streams,  periodic  stage 
for  32  streams,  peak  discharge  for  98  streams  and 
peak  stage  for  87  streams;  continuous  or  daily 
elevations  for  89  lakes,  periodic  elevations  for  82 
lakes;  continuous  groundwater  levels  for  473  wells, 
periodic  groundwater  levels  for   550  wells,  and 
miscellaneous  water  level  measurements  for  2,588 
wells;  quality  of  water  data  for  239  surface  water 
sites  and  699  wells.  The  data  for  southwest  Florida 
include    continuous    or    daily    discharge    for    91 
streams,  periodic  discharge  for  23  streams,  miscel- 
laneous discharge  for  57  streams,  peak  discharge 
for  20  streams,  continuous  or  daily  stage  for  30 
streams;  continuous  elevations  for  50  lakes  and 
periodic    elevations     for     39    lakes;    continuous 
groundwater  levels  for  233  wells,  periodic  ground- 
water levels  for  146  wells,  and  miscellaneous  water 
level   measurements   for    1,477   wells;   quality   of 
water  for  146  surface  water  sites  and  287  wells. 
These  data  represent  the  National  Water  Data 
System  records  collected  by  the  U.S.  Geological 
Survey  and  cooperating  local,  state  and  federal 
agencies  in  Florida.  (See  W90-06370,  W90-06371, 
W90-06373,  and  W90-06374)  (USGS) 
W90-06372 


WATER  RESOURCES  DATA  FOR  FLORIDA 
WATER  YEAR  1985.  VOLUME  3B:  SOUTH- 
WEST FLORIDA-GROUND  WATER. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 
R.  T.  Mycyk,  L.  D.  Fayard,  W.  L.  Fletcher,  and  J. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-151742/ 
AS  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-85-3B 
(WRD/HD-86/246),  1986.  345p.  Prepared  in  coop- 
eration with  the  State  of  Florida  and  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Surface  water,  'Water  quality,  Chemical 
analysis,  Elevation,  Flow  rates,  Gaging  stations, 
Hydrologic  data,  Lakes,  Reservoirs,  Sampling 
sites,  Sediments,  Water  analysis,  Water  level, 
Water  temperature,  Wells. 

Water-resources  data  for  the  1985  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
285  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  110  streams,  continu- 
ous or  daily  stage  for  124  streams,  periodic  stage 
for  32  streams,  peak  discharge  for  98  streams  and 
peak  stage  for  87  streams;  continuous  or  daily 
elevations  for  89  lakes,  periodic  elevations  for  82 
lakes  continuous  groundwater  levels  for  473  wells, 
periodic  groundwater  levels  for  550  wells,  and 
miscellaneous  water  level  measurements  for  2,588 
wells-  quality  of  water  data  for  239  surface  water 
sites  and  699  wells.  The  data  for  southwest  Florida 
include  continuous  or  daily  discharge  for  91 
streams,  periodic  discharge  for  23  streams,  miscel- 
laneous discharge  for  57  streams,  peak  discharge 
for  20  streams,  continuous  or  daily  stage  for  30 
streams;  continuous  elevations  for  50  lakes  and 
periodic  levels  for  39  lakes;  continuous  groundwat- 
er levels  for  233  wells,  periodic  groundwater  levels 
for  146  wells,  and  miscellaneous  water  level  meas- 
urements for  1,477  wells;  quality  of  water  for  146 


surface  water  sites  and  287  wells.  These  data  repre- 
sent the  National  Water  Data  System  records  col- 
lected by  the  U.  S.  Geological  Survey  and  cooper- 
ating local,  state  and  federal  agencies  in  Florida. 
(See  W90-06370  thru  W90-06372  and  W90-06374) 
(USGS) 
W90-06373 

WATER  RESOURCES  DATA,  FLORIDA, 
WATER  YEAR  1985  VOLUME  4:  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL.  Water  Re- 
sources Div. 

P.  E.  Meadows,  J.  B.  Martin,  and  P.  R.  Mixson. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-151759/ 
AS  Price  codes.  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  FL-85-4  (WRD/ 
HD-87/204),  1986.  317p.  Prepared  in  cooperation 
with  the  state  of  Florida  and  other  agencies. 

Descriptors:  'Data  collections,  'Florida,  'Ground- 
water, 'Hydrologic  data,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Elevation,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1985  water  year  in 
Florida  consist  of  continuous  or  daily  discharge  for 
285  streams,  periodic  discharge  for  38  streams, 
miscellaneous  discharge  for  110  streams,  continu- 
ous or  daily  stage  for  124  streams,  periodic  stage 
for  32  streams,  peak  discharge  for  98  streams  and 
peak  stage  for  87  streams;  continuous  or  daily 
elevations  for  89  lakes,  periodic  elevations  for  82 
lakes;  continuous  groundwater  levels  for  473  wells, 
periodic  groundwater  levels  for  550  wells,  and 
miscellaneous  water  level  measurements  for  2,588 
wells;  quality  of  water  data  for  239  surface  water 
sites  and  699  wells.  The  data  for  northwest  Florida 
include  continuous  or  daily  discharge  for  46 
streams,  periodic  discharge  for  3  streams,  miscella- 
neous discharge  for  30  streams,  continuous  or  daily 
stage  for  1  stream,  peak  discharge  for  34  streams, 
and  peak  stage  for  34  streams;  continuous  eleva- 
tions for  5  lakes  and  periodic  elevations  for  4  lakes, 
continuous  groundwater  levels  for  12  wells,  and 
periodic  groundwater  levels  for  165  wells;  quality 
of  water  for  25  surface  water  sites  and  20  wells. 
These  data  represent  the  National  Water  Data 
System  records  collected  by  the  U.  S.  Geological 
Survey  and  cooperating  local,  state  and  federal 
agencies  in  Florida.  (See  W90-06370  thru  W90- 
06373)  (USGS) 
W90-06374 

WATER  RESOURCES  DATA  FOR  GEORGIA, 
WATER  YEAR  1984. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

W.  R.  Stokes,  T.  W.  Hale,  J.  L.  Pearman,  and  G. 
R.  Buell. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-127016. 
Price  codes:  A17  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  GA-85-1  (WRD/HD- 
85/259),  1985.  382p.  Prepared  in  cooperation  with 
the  state  of  Georgia  and  with  other  Federal  agen- 
cies. 

Descriptors:  'Data  collections,  'Georgia, 
'Groundwater,  'Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Wells. 

Water  resources  data  for  the  1985  water  year  in 
Georgia  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  groundwater  levels.  This 
report  contains  discharge  records  of  108  gaging 
stations;  stage  for  11  gaging  stations;  stage  and 
contents  for  17  lakes  and  reservoirs;  water  quality 
for  14  continuous  stations,  109  periodic  stations 
and  miscellaneous  sites;  peak  stage  and  discharge 
only  for  130  crest-stage  partial-record  stations  and 
44  miscellaneous  sites;  and  water  levels  of  27  ob- 
servation wells.  These  data  represent  that  part  of 
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the  National  Water  Data  System  records  collected 
by  the  U.  S.  Geological  Survey  and  cooperating 
local,    state    and    federal    agencies    in    Georgia. 
(USGS) 
W90-06375 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1984.  VOLUME  1,  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

S.  S.  Chinn,  G.  A.  Tateishi,  and  J.  J.  S.  Yee. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-130663. 
Price  codes:  A13  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  HI-84-01  (WRD/HD- 
85/247),  1985.  287p.  Prepared  in  cooperation  with 
the  state  of  Hawaii  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hawaii,  *Hydrologic  data,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Sampling  sites,  Sediments,  Water 
analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1984  water  year  in 
Hawaii  and  other  Pacific  Areas  consist  of  records 
of  stage,  discharge,  and  water  quality  of  streams 
and  springs;  and  water  levels  and  water  quality  in 
wells.  This  report,  Volume  1,  contains  discharge 
records  for  96  gaging  stations;  water  quality  for  13 
gaging  stations,  102  partial-record  flow  stations, 
and  153  wells;  and  water  levels  for  39  observation 
wells.  Also  included  are  108  crest-stage  partial 
record  stations  and  21  low-flow  partial-record  sta- 
tions. Additional  water  data  collected  at  various 
sites,  not  part  of  the  systematic  data  collection 
program,  are  published  as  miscellaneous  measure- 
ments. These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.  S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral, and  other  agencies  in  Hawaii.  (See  also  W90- 
06377)  (USGS) 
W90-06376 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACTFIC  AREAS,  WATER  YEAR 
1984.  VOLUME  2.  GUAM,  NORTHERN  MARI- 
ANA ISLANDS,  FEDERATED  STATES  OF  MI- 
CRONESIA,  PALAU,  AND  AMERICAN 
SAMOA. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

S.  S.  Chinn,  G.  A.  Tateishi,  and  J.  J.  S.  Yee. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86- 126869. 
Price  codes:  A08  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  HI-84-02  (WRD/HD- 
85/269),  1985.  152p. 

Descriptors:  'Data  collections,  *Groundwater, 
•Hydrologic  data,  'Pacific  Ocean,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  level,  Water  temperature. 

Volume  2  of  water  resources  data  for  the  1984 
water  year  for  other  Pacific  areas  consists  of 
records  of  stage,  discharge,  and  water  quality  of 
streams  and  springs;  stage  of  2  lakes  and  a  reser- 
voir; and  water  levels  and  water  quality  in  wells. 
This  report  contains  discharge  records  for  32 
gaging  stations;  stage  only  records  for  3  gaging 
stations;  water  quality  for  14  gaging  stations,  14 
partial-record  stations,  water  temperature  for  32 
gaging  stations;  and  water  levels  for  37  observation 
wells;  and  water  quality  for  113  groundwater  sites. 
Also  included  are  19  low-flow  partial-record  sta- 
tions. Additional  water  data  were  collected  at  vari- 
ous sites,  not  part  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.  S. 
Geological  Survey  and  cooperating  Governments 
and  Federal  agencies  in  other  Pacific  areas.  (See 
also  W90-07376)  (USGS) 
W90-06377 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1985.  VOLUME  1:  HAWAII. 


Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

S.  S.  Chinn,  G.  A.  Tateishi,  and  J.  J.  S.  Yee. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-152666/ 
AS.  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  HI-85-01  (WRD/ 
HD-86/262),  1986.  302p.  Prepared  in  cooperation 
with  the  state  of  Hawaii  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hawaii,  'Hydrologic  data,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Sampling  sites,  Sediments,  Water 
analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  in 
Hawaii  and  other  Pacific  Areas  consist  of  records 
of  stage,  discharge,  and  water  quality  of  streams 
and  springs;  and  water  levels  and  water  quality  in 
wells.  This  report,  Volume  1,  contains  discharge 
records  for  98  gaging  stations;  water  quality  for  13 
gaging  stations,  100  partial-record  flow  stations, 
and  154  wells;  and  water  levels  for  39  observation 
wells.  Also  included  are  108  crest-stage  partial 
record  stations  and  20  low-flow  partial-record  sta- 
tions. Additional  water  data  collected  at  various 
sites,  not  part  of  the  systematic  data  collection 
program,  are  published  as  miscellaneous  measure- 
ments. These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.  S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral, and  other  agencies  in  Hawaii.  (See  also  W90- 
06376)  (USGS) 
W90-06378 


WATER  RESOURCES  DATA  FOR  IDAHO, 
WATER  YEAR  1984. 

Geological  Survey,  Boise,  ID.  Water  Resources 

Div. 

R.  W.  Harper,  H.  G.  Sisco,  I.  O'dell,  and  S.  C. 

Cordes. 

Available   from   National   Technical    Information 

Service,  Springfield,  VA  22161,  as  PB86- 159290. 

Price  codes:  A24  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  ID-84-01  (WRD/HD- 

85/268),  1985.  540p.  Prepared  in  cooperation  with 

the  state  of  Idaho  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  *Idaho,  *Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1984  water  year  in 
Idaho  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater.  This  report 
contains  discharge  records  for  178  gaging  stations; 
stage  only  records  for  2  gaging  stations;  stage  only 
for  9  lakes  and  reservoirs;  contents  only  for  17 
lakes  and  reservoirs;  water  quality  for  22  gaging 
stations  and  66  wells,  and  water  levels  for  420 
observation  wells.  Additional  water  data  were  col- 
lected at  various  sites,  not  involved  in  the  system- 
atic data  collection  program,  and  are  published  as 
miscellaneous  measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.  S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Idaho,  adjacent 
States,  and  Canada.  (USGS) 
W90-06379 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1984  VOLUME  1.  ILLINOIS 
EXCEPT  ILLINOIS  RD7ER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

R.  L.  Stahl,  K.  K.  Fitzgerald,  T.  E.  Richards,  and 

P.  D.  Hayes. 

Available   from   National   Technical   Information 

Service,  Springfield,  VA  22161,  as  PB86-128568. 

Price  codes:  A20  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  IL-84-01  (WRD/HD- 

85/239),  1985.  447p   Prepared  in  cooperation  with 

the  state  of  Illinois  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic     data,     'Illinois,     'Surface     water, 


'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  in 
Illinois  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  records  for 
water  discharge  at  75  gaging  stations;  stage  at  17 
gaging  stations;  stage  and  contents  at  3  lakes  and 
reservoirs;  and  water  quality  at  1 14  gaging  stations. 
Also  included  are  data  for  10  crest-stage  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  various  sites  not  involved  in  the  systemat- 
ic data  collection  program,  and  are  published  as 
miscellaneous  measurements  and  analysis.  These 
data  together  with  the  data  in  Volume  2  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.  S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Illinois.  (See  also 
W90-06381)(USGS) 
W90-06380 


WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1984  VOLUME  2.  ILLINOIS 
EXCEPT  ILLINOIS  RIVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div. 

K.  K.  Fitzgerald,  P.  D.  Hayes,  T.  E.  Richards,  and 
R.  L.  Stahl. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161.  USGS  Water- 
Data  Report  IL-84-2  (WRD/HD-85/240),  1985. 
383p.  Prepared  in  cooperation  with  the  state  of 
Illinois  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  •Illinois,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites. 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  in 
Illinois  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  records  for 
water  discharge  at  74  gaging  stations;  stage  only  at 
2  gaging  stations;  stage  only  at  3  lakes  stations; 
water  quality  at  94  gaging  stations;  and  water 
levels  at  3  observation  wells.  Also  included  are 
data  for  15  crest-stage  partial-record  stations.  Ad- 
ditional water  data  were  collected  at  various  sites 
not  involved  in  the  systematic  data  collection  pro- 
gram, and  are  published  as  miscellaneous  measure- 
ments and  analysis.  These  data  together  with  the 
data  in  Volume  1  represent  that  part  of  the  Nation- 
al Water  Data  System  operated  by  the  U.  S.  Geo- 
logical Survey  and  cooperating  State,  local,  and 
Federal  agencies  in  Illinois.  (See  also  W90-06380) 
(USGS) 
W90-06381 


WATER  RESOURCES  DATA  FOR  U.LINOIS, 
WATER  YEAR  1985.  VOLUME  1:  DLLINOIS 
EXCEPT  ILLINOIS  RTVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 

Div. 

R.  L.  Stahl,  K.  K.  Fitzgerald,  T.  E.  Richards,  and 

P.  D.  Hayes. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB87-105631. 

Price  codes:  A20  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  IL-85-1   (WRD/HD- 

86/241),  1986.  444p.  Prepared  in  cooperation  with 

the  State  of  Illinois  and  other  agencies. 

Descriptors:  *Data  collections,  •Groundwater, 
•Hydrologic  data,  *Illinois,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Illinois  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
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lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  (1)  discharge 
for  74  streamflow-gaging  stations  and  for  10  crest- 
stage,  partial-record  streamflow  stations;  (2)  stage 
for  17  streamflow-gaging  stations;  (3)  stage  and 
contents  for  3  lakes  and  reservoirs;  and  (4)  water 
quality  records  for  48  streamflow-gaging  stations, 
3  of  which  include  sediment  discharge,  and  for  66 
ungaged  stream  sites.  These  data  represent  the 
National  Water  Data  System  records  collected  by 
the  U.S.  Geological  Survey  and  cooperating  local, 
state  and  federal  agencies  in  Illinois.  (See  W90- 
06380  and  W90-06383)  (USGS) 
W90-06382 

WATER  RESOURCES  DATA  FOR  ILLINOIS, 
WATER  YEAR  1985  VOLUME  2.  ILLINOIS 
RTVER  BASIN. 

Geological  Survey,  Urbana,  IL.  Water  Resources 
Div.  .      , 

K.  K.  Fitzgerald,  P.  D.  Hayes,  T.  E.  Richards,  and 
R.  L.  Stahl. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-105649. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  IL-85-2  (WRD/HD- 
86/242),  1986.  397p.  Prepared  in  cooperation  with 
the  State  of  Illinois  and  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  'Illinois,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Illinois  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  (1)  discharge 
for  74  streamflow-gaging  stations  and  for  15  crest- 
stage,  partial-record  streamflow  stations;  (2)  stage 
for  2  streamflow-gaging  stations  and  for  3  lake 
stations;  (3)  water  quality  records  for  43  stream- 
flow-gaging stations,  5  of  which  include  sediment 
discharge,  and  for  50  ungaged  stream  sites;  and  (4) 
water-level  records  for  3  observation  wells.  Addi- 
tional water  data  were  collected  at  various  sites 
not  involved  in  the  systematic  data-collection  pro- 
gram and  are  published  as  miscellaneous  measure- 
ments. These  data  represent  the  National  Water 
Data  System  records  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local,  state  and 
federal  agencies  in  Illinois.  (See  also  W90-06382) 
(USGS) 
W90-06383 

WATER  RESOURCES  DATA  FOR  INDIANA. 
WATER  YEAR  1984. 

Geological  Survey,  Indianapolis,  IN.  Water  Re- 
sources Div. 

D.  R.  Glatfelter,  J.  A.  Stewart,  and  G.  E.  Nell. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  PB86-163698. 
Price  codes:  A14  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  IN-84-1  (WRD/HD- 
85-044),  1985.  292p.  Prepared  in  cooperation  with 
the  State  of  Indiana  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Indiana,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
Indiana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  in  wells.  This 
report  contains  discharge  records  for  185  gaging 
stations,  stage  and  contents  for  7  lakes  and  reser- 
voirs, releases  from  7  flood  control  reservoirs, 
water  quality  for  5  gaging  stations,  and  water 
levels  for  83  observation  wells.  Also  included  are 
24  crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data-collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  the  National  Water  Data  System 


records  collected  by  the  U.S.  Geological  Survey 
and  cooperating  local,  state  and  federal  agencies  in 
Indiana.  (USGS) 
W90-06384 


WATER  RESOURCES  DATA  FOR  IOWA, 
WATER  YEAR  1984. 

Geological  Survey,  Iowa  City,  IA.  Water  Re- 
sources Div. 

V.  E.  Miller,  W.  J.  Matthes,  M.  G.  Detroy,  and  R. 
E.  Hansen. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-173077. 
Price  codes:  A12  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  IA-84-1  (WRD/HD- 
85-263),  1985.  263p.  Prepared  in  cooperation  with 
the  State  of  Iowa  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Iowa,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Groundwater  level,  Lakes,  Reservoirs,  Sam- 
pling sites,  Sediments,  Streamflow,  Water  analysis, 
Water  level,  Water  temperature. 

Water  resources  data  for  the  1984  water  year  for 
Iowa  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  groundwater  levels 
and  groundwater  quality.  This  report  contains  dis- 
charge records  for  115  gaging  stations,  stage  and 
contents  for  7  lakes  and  reservoirs,  water  quality 
for  7  gaging  stations,  and  water  levels  for  90 
observation  wells.  Also  included  are  120  crest- 
stage  partial-record  stations.  Additional  water  data 
were  collected  at  various  sites,  not  part  of  the 
systematic  data-collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  the  National  Water  Data  System  records 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating local,  state  and  federal  agencies  in  Iowa. 
(USGS) 
W90-06385 


WATER  RESOURCES  DATA  FOR  KANSAS, 
WATER  YEAR  1984. 

Geological  Survey,  Lawrence,  KS.  Water  Re- 
sources Div. 

C.  O.  Geiger,  D.  L.  Lacock,  L.  R.  Shelton,  M.  L. 
Penny,  and  C.  E.  Merry. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-166170. 
Price  codes:  A22  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  KS-84-1  (WRD/HD- 
85/270),  1985.  500p.  Prepared  in  cooperation  with 
the  State  of  Kansas  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Kansas,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
Kansas  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  elevation,  contents,  and 
water  quality  of  lakes  or  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  report  contains  records  for  water  discharge  at 
141  gaging  stations;  elevation  and  contents  at  24 
lakes  or  reservoirs;  water  quality  at  50  gaging 
stations;  and  water  levels  at  436  observation  wells 
and  water  quality  at  231  wells.  Also  included  are 
data  for  91  high-flow,  9  low-flow,  and  2  flood 
hydrograph  partial-record  stations;  and  2  chemical 
quality  of  precipitation  stations.  Miscellaneous 
water-temperature  data  were  collected  at  151 
measuring  sites,  and  miscellaneous  water  quality 
data  were  collected  at  85  sampling  sites.  These 
data  represent  the  National  Water  Data  System 
records  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  m 
Kansas.  (USGS) 
W90-06386 

WATER    RESOURCES    DATA    FOR    KANSAS 
WATER  YEAR  1985. 

Geological    Survey,    Lawrence,    KS.   Water   Re- 
sources Div. 


C.  O.  Geiger,  D.  L.  Lacock,  J.  E.  Putnam,  B.  L. 
Riche,  and  C.  E.  Merry. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-152351/ 
AS  Price  codes:  A21  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  KS-85-1  (WRD/ 
HD-86/261),  1986.  478p.  Prepared  in  cooperation 
with  the  State  of  Kansas  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  'Kansas,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Kansas  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  elevation,  contents,  and 
water  quality  of  lakes  or  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  report  contains  records  for  water  discharge  at 
142  gaging  stations;  elevation  and  contents  at  24 
lakes  or  reservoirs;  water  quality  at  46  gaging 
stations;  and  water  levels  at  1,496  observation 
wells  and  water  quality  at  235  wells.  Also  included 
are  data  for  92  high-flow,  9  low-flow,  and  2  flood 
hydrograph  partial-record  stations;  and  2  chemi- 
cal-quality of  precipitation  stations.  Miscellaneous 
water  temperature  data  were  collected  at  142 
measuring  sites,  and  miscellaneous  water  quality 
data  were  collected  at  31  sampling  sites.  These 
data  represent  the  National  Water  Data  System 
records  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Kansas.  (See  also  W90-06386)  (USGS) 
W90-06387 

WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1984. 

Geological  Survey,  Louisville,  KY.  Water  Re- 
sources Div. 

J.  M.  Bettandorff,  N.  B.  Melcher,  C.  J.  Sholar,  and 
J.  L.  Smoot. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  PB86- 162526. 
Price  codes:  A 17  in  paper  copy,  A01  in  microfiche 
USGS  Water-Data  Report  WRD/HD-85/260, 
1984.  368p.  Prepared  in  cooperation  with  the  State 
of  Kentucky  and  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  'Kentucky,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Streamflow,  Suspended 
sediments,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1984  water  year  for 
Kentucky  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams:  stage  and  contents  of 
lakes;  and  water  levels  and  water  quality  of  wells 
and  springs.  This  report  contains  discharge  records 
from  99  gaging  stations;  stage  and  contents  for  4 
lakes;  suspended-sediment  data  for  26  stations  (8 
daily);  daily  temperature  records  for  13  stations; 
daily  specific  conductance  for  9  stations;  ground- 
water levels  for  22  continuous-record  wells  and 
102  partial-records  wells;  water  quality  data  from 
16  surface  water  stations  sampled  at  regular  inter- 
vals; and  miscellaneous  temperature  and  specific 
conductance  data  from  82  gaging  stations.  Also 
included  are  data  for  85  partial-record  crest-stage 
sites.  Data  collected  at  various  miscellaneous  sites 
are  also  published.  These  data  represent  the  Na- 
tional Water  Data  System  records  collected  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Kentucky.  (USGS) 
W90-06388 


WATER    RESOURCES    DATA   FOR    KANSAS, 
WATER  YEAR  1986. 

Geological    Survey,    Lawrence,    KS.   Water   Re- 
sources Div. 

C.  O.  Geiger,  D.  L.  Lacock,  J.  E.  Putnam,  C.  E. 
Merry,  and  D.  R.  Schneider. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-150651/ 
AS  Price  codes:  A21  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  KS-86-1  (WRD/ 
HD-88/205),  1987.  482p.  Prepared  in  cooperation 
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with  the  State  of  Kansas  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Kansas,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Kansas  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  elevation,  contents,  and 
water  quality  of  lakes  or  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  report  contains  records  for  water  discharge  at 
139  gaging  stations;  elevation  and  contents  at  24 
lakes  or  reservoirs;  water  quality  at  31  gaging 
stations;  and  water  levels  at  1,490  observation 
wells  and  water  quality  at  221  wells.  Also  included 
are  data  for  88  high-flow,  10  low-flow,  and  2  flood 
hydrograph  partial-record  stations;  and  2  chemi- 
cal-quality of  precipitation  stations.  Miscellaneous 
field  water-quality  data  were  collected  at  101 
measuring  sites,  and  miscellaneous  water-quality 
data  were  collected  at  14  sampling  sites.  These 
data  represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Kansas.  (See  also  W90-06387)  (USGS) 
W90-06389 


WATER  RESOURCES  DATA  FOR  KANSAS, 
WATER  YEAR  1988. 

Geological  Survey,  Lawrence,  KS.  Water  Re- 
sources Div. 

C.  O.  Geiger,  D.  L.  Lacock,  C.  E.  Merry,  and  D. 
R.  Schneider. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90-140328. 
Price  codes:  A22  in  paper  copy,  A03  in  microfiche. 
USGS  Water-Data  Report  KS-88-1  (WRD/HD- 
89/281),  1989.  490p.  Prepared  in  cooperation  with 
the  State  of  Kansas  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Kansas,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Kansas  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  elevation,  contents,  and 
water  quality  of  lakes  or  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  report  contains  records  for  water  discharge  at 
140  gaging  stations;  elevation  and  contents  at  24 
lakes  or  reservoirs;  water  quality  at  26  gaging 
stations;  and  water  levels  at  1,590  observation 
wells  and  water  quality  at  221  wells.  Also  included 
are  data  for  87  high-flow,  10  low-flow,  and  1  flood 
hydrograph  partial-record  station;  and  2  chemical- 
quality  of  precipitation  stations.  Miscellaneous 
field  water-quality  data  were  collected  at  101 
measuring  sites,  and  miscellaneous  water-quality 
data  were  collected  at  14  sampling  sites.  These 
data  represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Kansas.  (See  also  W90-06389)  (USGS) 
W90-06390 


WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1986. 

Geological  Survey,  Louisville,  KY.  Water  Re- 
sources Div. 

S.  G.  Toms,  C.  J.  Sholar,  and  D.  D.  Zettwoch. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-137492. 
Price  codes:  A 17  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  KY-86-1  (WRD/HD- 
87/243),  1987.  380p.  Prepared  in  cooperation  with 
the  State  of  Kentucky  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Kentucky,  'Surface  water, 
•Water  quality.  Chemical  analysis,  Flow  rates, 
Gaging  stations.  Lakes,  Streamflow,  Suspended 
sediments.  Water  level,  Water  temperature,  Wells. 


Water  resources  data  for  the  1986  water  year  for 
Kentucky  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  water 
levels  of  wells.  This  report  contains  discharge 
records  from  103  gaging  stations;  suspended-sedi- 
ment data  for  26  stations  (1 1  daily);  daily  tempera- 
ture records  for  14  stations;  daily  specific  conduct- 
ance for  12  stations;  groundwater  levels  for  9  con- 
tinuous-record wells  and  102  partial-record  wells; 
water-quality  data  from  26  surface-water  stations 
sampled  at  regular  intervals;  and  miscellaneous 
temperature  and  specific  conductance  data  from  81 
gaging  stations.  Also  included  are  77  partial-record 
crest-stage  sites.  Data  collected  at  various  miscella- 
neous sites  are  also  published.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Kentucky.  (See 
also  W90-06388)  (USGS) 
W90-06391 


WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1987. 

Geological  Survey,  Louisville,  KY.  Water  Re- 
sources Div. 

S.  G.  Toms,  C.  J.  Sholar,  and  D.  D.  Zettwoch. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-249321/ 
AS.  Price  codes:  A 16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  KY-87-1  (WRD/ 
HD-88/242),  1987.  356p.  Prepared  in  cooperation 
with  the  State  of  Kentucky  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Kentucky,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Streamflow,  Suspended 
sediments,  Water  level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  for 
Kentucky  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  water 
levels  of  wells.  This  report  contains  discharge 
records  from  102  gaging  stations;  suspended-sedi- 
ment data  for  21  stations  (12  daily);  daily  tempera- 
ture records  for  9  stations;  daily  specific  conduct- 
ance for  6  stations;  groundwater  levels  for  22  con- 
tinuous-record wells  and  119  partial-record  wells; 
water-quality  data  from  24  surface-water  stations 
sampled  at  regular  intervals;  and  miscellaneous 
temperature  and  specific  conductance  data  from  79 
gaging  stations.  Also  included  are  31  partial-record 
crest-stage  and  80  low-flow  partial-record  and  mis- 
cellaneous sites.  Data  collected  at  various  miscella- 
neous sites  are  also  published.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Kentucky.  (See 
also  W90-06391)  (USGS) 
W90-06392 


WATER  RESOURCES  DATA  FOR  KENTUCKY, 
WATER  YEAR  1988. 

Geological   Survey,   Louisville,    KY.   Water   Re- 
sources Div. 

R.  Garcia,  C.  J.  Sholar,  and  S.  G.  Toms. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-232425/ 
AS.  Price  codes:  A25  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  KY-88-1  (WRD/ 
HD-89/257),  1988.  569p.  Prepared  in  cooperation 
with  the  State  of  Kentucky  and  with  other  agen- 


Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Kentucky,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Streamflow,  Suspended 
sediments,  Water  level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  for 
Kentucky  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  water 
levels  of  wells.  This  report  contains  discharge 
records  from  107  gaging  stations;  suspended-sedi- 
ment data  for  21  stations  (12  daily);  daily  tempera- 
ture records  for  15  stations;  daily  specific  conduct- 
ance for  12  stations;  groundwater  levels  for  22 
continuous-record  wells  and  117  partial-record 
wells;  water-quality  data  from  50  surface-water 
stations  sampled  at  regular  intervals;  and  miscella- 


neous temperature  and  specific  conductance  data 
from  106  gaging  stations.  Also  included  are  21 
partial-record  crest-stage  and  144  low-flow  partial 
record  and  miscellaneous  sites.  Data  collected  at 
various  miscellaneous  sites  are  also  published. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Kentucky.  (See  also  W90-06392) 
(USGS) 
W90-06393 


WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1986. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

D.  D.  Carlson,  L.  J.  Dantin,  C.  R.  Garrison,  and 
C.  G.  Stuart. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-156799/ 
AS.  Price  codes:  A24  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  LA-86-1  (WRD/ 
HD-87/267),  1986.  547p.  Prepared  in  cooperation 
with  the  State  of  Louisiana  and  with  other  agen- 
cies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  'Louisiana,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Louisiana  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater.  This 
report  contains  records  for  water  discharge  at  70 
gaging  stations;  stage  only  for  17  gaging  stations 
and  11  lakes;  water  quality  for  56  surface-water 
stations  (including  24  gaging  stations),  6  lakes,  and 
113  wells;  and  water  levels  for  398  observation 
wells.  Also  included  are  data  for  136  crest-stage 
and  flood-profile  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites  not 
involved  in  the  systematic  data-collection  pro- 
gram, and  are  published  as  miscellaneous  measure- 
ments. These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Louisiana.  (USGS) 
W90-06394 


WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1987. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

D.  D.  Carlson,  L.  J.  Dantin,  C.  R.  Garrison,  and 
C.  G.  Stuart. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  PB89- 174395/ 
AS.  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  LA-87-1  (WRD/ 
HD-89/205),  1988.  445p.  Prepared  in  cooperation 
with  the  State  of  Louisiana  and  with  other  agen- 
cies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Louisiana,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Louisiana  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater.  This 
report  contains  records  for  water  discharge  at  63 
gaging  stations;  stage  only  for  19  gaging  stations 
and  7  lakes;  water  quality  for  48  surface-water 
stations  (including  19  gaging  stations),  6  lakes,  and 
77  wells;  and  water  levels  for  346  observation 
wells.  Also  included  are  data  for  103  crest-stage 
and  flood-profile  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites  not 
involved  in  the  systematic  data-collection  pro- 
gram, and  are  published  as  miscellaneous  measure- 
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ments.  These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Louisiana.  (See  also  W90-06394) 
(USGS) 
W90-06395 

WATER  RESOURCES  DATA  FOR  LOUISIANA, 
WATER  YEAR  1988. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

G.  J.  Arcement,  L.  J.  Dantin,  C.  R.  Garrison,  and 
C.  G.  Stuart. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-230601/ 
AS  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  LA-88-1  (WRD/ 
HD-89/262),  1989.  413p.  Prepared  in  cooperation 
with  the  State  of  Louisiana  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Louisiana,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Louisiana  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater.  This 
report  contains  records  for  water  discharge  at  61 
gaging  stations;  stage  only  for  19  gaging  stations 
and  7  lakes;  water  quality  for  39  surface-water 
stations  (including  15  gaging  stations),  and  118 
wells;  and  water  levels  for  215  observation  wells. 
Also '  included  are  data  for  103  crest-stage  and 
flood-profile  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites  not 
involved  in  the  systematic  data-collection  pro- 
gram, and  are  published  as  miscellaneous  measure- 
ments. These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Louisiana.  (See  also  W90-06395) 
(USGS) 
W90-06396 


WATER  RESOURCES  DATA  FOR  MAINE, 
WATER  YEAR  1985. 

Geological  Survey,  Augusta,  ME.  Water  Re- 
sources Div. 

W.  P.  Bartlett,  W.  B.  Higgins,  and  W.  J.  Nichols. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-181896/ 
AS  Price  codes:  A08  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  ME-85-1  (WRD/ 
HD-88/210),  1987.  158p.  Prepared  in  cooperation 
with  the  State  of  Maine  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  *Maine,  *Surface  water,  *Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1985  water  year  for 
Maine  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  contains 
discharge  records  for  48  gaging  stations;  stage  only 
for  2  gaging  stations;  contents  for  17  lakes  and 
reservoirs;  water  quality  for  1 1  gaging  stations  and 
6  groundwater  wells;  and  water  levels  for  17 
groundwater  wells.  Additional  water  data  were 
collected  at  other  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies.  (USGS) 
W90-06397 


sources  Div. 

W.  P.  Bartlett,  W.  B.  Higgins,  and  W.  J.  Nichols. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161.  USGS  Water- 
Data  Report  ME-86-1  (WRD/HD-88/251),  1988. 
159p.  Prepared  in  cooperation  with  the  State  of 
Maine  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  *Maine,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1986  water  year  for 
Maine  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  contains 
discharge  records  for  48  gaging  stations;  stage  only 
for  2  gaging  stations;  contents  for  17  lakes  and 
reservoirs;  water  quality  for  1 1  gaging  stations  and 
5  groundwater  wells;  and  water  levels  for  19 
groundwater  wells.  Additional  water  data  were 
collected  at  other  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies.  (See  also  W90- 
06397)  (USGS) 
W90-06398 


WATER    RESOURCES    DATA    FOR    MAINE, 
WATER  YEAR  1986. 

Geological    Survey,    Augusta,    ME.    Water    Re- 


WATER  RESOURCES  DATA  FOR  MAINE, 
WATER  YEAR  1987. 

Geological  Survey,  Augusta,  ME.  Water  Re- 
sources Div. 

W.  P.  Bartlett,  W.  B.  Higgins,  and  W.  J.  Nichols. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-190466/ 
AS  Price  codes:  A09  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  ME-87-1  (WRD/ 
HD-89/217),  1989.  173p.  Prepared  in  cooperation 
with  the  State  of  Maine  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Maine,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1987  water  year  for 
Maine  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  contains 
discharge  records  for  49  gaging  stations;  stage  only 
for  2  gaging  stations;  contents  for  17  lakes  and 
reservoirs;  water  quality  for  10  gaging  stations  and 
3  groundwater  wells;  and  water  levels  for  24 
groundwater  wells.  Additional  water  data  were 
collected  at  other  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements.  (See  also  W90-06398) 
(USGS) 
W90-06399 

WATER  RESOURCES  DATA  FOR  MAINE, 
WATER  YEAR  1988. 

Geological  Survey,  Augusta,  ME.  Water  Re- 
sources Div. 

W.  P.  Bartlett,  W.  B.  Higgins,  and  W.  J.  Nichols. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90-1 13390/ 
AS.  Price  codes:  A09  in  paper  copy,  A02  in  micro- 
fiche. USGS  Water-Data  Report  ME-88-1  (WRD/ 
HD-89/277),  1989.  183p.  Prepared  in  cooperation 
with  the  State  of  Maine  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Maine,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1987  water  year  for 
Maine  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 


lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  contains 
discharge  records  for  51  gaging  stations;  stage  only 
for  2  gaging  stations;  contents  for  17  lakes  and 
reservoirs;  water  quality  for  12  gaging  stations;  and 
water  levels  for  31  groundwater  wells.  Additional 
water  data  were  collected  at  other  sites,  not  part  of 
the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  (See  also 
W90-06399)  (USGS) 
W90-06400 

WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1986. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

R.  W.  James,  R.  H.  Simmons,  and  B.  F.  Strain. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-136783/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MD-DE-86-1 
(WRD/HD-87/227),  1986.  316p.  Prepared  in  coop- 
eration with  the  States  of  Maryland  and  Delaware 
and  with  other  agencies. 

Descriptors:  'Data  collections,  'Delaware,  'Dis- 
trict of  Columbia,  'Groundwater,  'Hydrologic 
data,  'Maryland,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Maryland  and  Delaware  consist  of  records  of 
stage,  discharge,  and  water  quality  of  streams; 
stage  and  contents  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  groundwater 
wells.  This  volume  contains  records  for  water  dis- 
charge at  96  gaging  stations;  stage  and  contents  at 
1  reservoir;  water  quality  at  23  gaging  stations  and 
228  wells;  and  water  levels  at  24  observation  wells. 
Also  included  are  data  for  12  crest-stage,  11  low- 
flow,  and  6  tidal  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites  not  involved  in  the  systematic  data-collection 
program  and  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Maryland  and  Delaware.  (USGS) 
W90-06401 


WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1987. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

R.  W.  James,  R.  J.  Simmons,  and  B.  F.  Strain. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-246905/ 
AS  Price  codes:  A21  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MD-DE-87-1 
(WRD/HD-88/244),  1987.  470p.  Prepared  in  coop- 
eration with  the  States  of  Maryland  and  Delaware 
and  with  other  agencies. 

Descriptors:  'Data  collections,  'Delaware,  'Dis- 
trict of  Columbia,  'Groundwater,  'Hydrologic 
data,  'Maryland,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
Maryland  and  Delaware  consist  of  records  of 
stage,  discharge,  and  water  quality  of  streams; 
stage  and  contents  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  groundwater 
wells.  This  volume  contains  records  for  water  dis- 
charge at  98  gaging  stations;  stage  and  contents  at 
1  reservoir;  water  quality  at  20  gaging  stations  and 
147  wells;  and  water  levels  at  149  observation 
wells.  Also  included  are  data  for  3  crest-stage,  10 
low-flow,  and  6  tidal  crest-stage  partial-record  sta- 
tions. Additional  water  data  were  collected  at  vari- 
ous sites  not  involved  in  the  systematic  data-collec- 
tion program  and  are  published  as  miscellaneous 
measurements.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.   Geological   Survey  and   cooperating   State, 
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local,  and  Federal  agencies  in  Maryland  and  Dela- 
ware. (See  also  W90-06401)  (USGS) 
W9O-06402 


WATER  RESOURCES  DATA  FOR  MARYLAND 
AND  DELAWARE,  WATER  YEAR  1988. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

R.  W.  James,  R.  H.  Simmons,  B.  F.  Strain,  and  M. 
J.  Smigaj. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-194542. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  MD-DE-88-1  (WRD/ 
HD-88/232),  1988.  590p.  Prepared  in  cooperation 
with  the  States  of  Maryland  and  Delaware  and 
with  other  agencies. 

Descriptors:  *Data  collections,  'Delaware,  •Dis- 
trict of  Columbia,  'Groundwater,  'Hydrologic 
data,  'Maryland,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates.  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
Maryland  and  Delaware  consist  of  records  of 
stage,  discharge,  and  water  quality  of  streams; 
stage  and  contents  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  groundwater 
wells.  This  volume  contains  records  for  water  dis- 
charge at  100  gaging  stations;  stage  and  contents  at 
1  reservoir;  water  quality  at  23  gaging  stations  and 
229  wells;  and  water  levels  at  204  observation 
wells.  Also  included  are  data  for  3  crest-stage,  9 
low-flow,  and  6  tidal  crest-stage  partial-record  sta- 
tions. Additional  water  data  were  collected  at  vari- 
ous sites  not  involved  in  the  systematic  data-collec- 
tion program  and  are  published  as  miscellaneous 
measurements.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State, 
local,  and  Federal  agencies  in  Maryland  and  Dela- 
ware. (See  also  W90-06402)  (USGS) 
W90-06403 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1985. 

Geological  Survey,  Boston,  MA.  Water  Resources 

Div. 

R.  A.  Gadoury,  D.  J.  Kent,  K.  G.  Ries,  and  H.  L. 

White. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB88-137567. 

Price  codes:  All  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  MA-RI-85-1   (WRD/ 

HD-87/262),  1987.  235p.  Prepared  in  cooperation 

with  the  States  of  Massachusetts  and  Rhode  Island 

and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Massachusetts,  'Rhode  Island, 
•Surface  water,  'Water  quality,  Chemical  analysis, 
Flow  rates,  Gaging  stations,  Lakes,  Reservoirs, 
Sampling  sites,  Sediments,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
Massachusetts  and  Rhode  Island  consist  of  records 
of  stage,  discharge,  and  water  quality  of  streams; 
contents  of  lakes  and  reservoirs;  and  groundwater 
levels.  This  report  contains  discharge  records  for 
97  gaging  stations,  monthend  contents  for  31  lakes 
and  reservoirs,  water  quality  for  9  gaging  stations, 
and  water  levels  for  104  observation  wells.  Also 
included  are  data  for  one  crest-stage  partial-record 
station.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data-collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  A  few  pertinent  stations  (not  in- 
cluded above)  in  bordering  states  are  also  included 
in  this  report.  These  data  represent  that  portion  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Massachusetts  and  Rhode 
Island.  (USGS) 
W90-O64O4 


WATER  RESOURCES  DATA  FOR  MASSACHU- 
SETTS AND  RHODE  ISLAND,  WATER  YEAR 
1986. 

Geological  Survey,  Boston,  MA.  Water  Resources 
Div. 

R.  A.  Gadoury,  D.  J.  Kent,  K.  G.  Ries,  and  H.  L. 
White. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89- 194567/ 
AS.  Price  codes:  A 12  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MA-RI-86-1 
(WRD/HD-88/282),  1988.  251  p.  Prepared  in  coop- 
eration with  the  States  of  Massachusetts  and 
Rhode  Island  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Massachusetts,  'Rhode  Island, 
•Surface  water,  •Water  quality,  Chemical  analysis, 
Flow  rates,  Gaging  stations,  Lakes,  Reservoirs, 
Sampling  sites,  Sediments,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Massachusetts  and  Rhode  Island  consist  of  records 
of  stage,  discharge,  and  water  quality  of  streams; 
contents  of  lakes  and  reservoirs;  and  groundwater 
levels.  This  report  contains  discharge  records  for 
97  gaging  stations,  monthend  contents  for  30  lakes 
and  reservoirs,  water  quality  for  9  gaging  stations, 
and  water  levels  for  111  observation  wells.  Also 
included  are  data  for  one  crest-stage  partial-record 
station.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data-collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  A  few  pertinent  stations  in  border- 
ing states  are  also  included  in  this  report.  These 
data  represent  that  portion  of  the  National  Water 
Data  System  operated  by  the  U.S.  Geological 
Survey  and  cooperating  State  and  Federal  agencies 
in  Massachusetts  and  Rhode  Island.  (See  also  W90- 
06404)  (USGS) 
W90-064O5 


WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1986. 

Geological  Survey,  Lansing,  MI.  Water  Resources 
Div. 

J.  B.  Miller,  J.  C.  Failing,  and  W.  W.  Larson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-107578/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MI-86-1  (WRD/ 
HD-87/254),  1987.  353p.  Prepared  in  cooperation 
with  the  State  of  Michigan  and  with  other  agen- 


Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  'Michigan,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Michigan  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
temperature  of  groundwater.  This  report  contains 
discharge  records  for  136  gaging  stations;  stage 
only  records  for  1  gaging  station;  stage  and  con- 
tents for  5  lakes  and  reservoirs;  water-quality 
records  for  56  gaging  stations;  water-level  records 
for  53  observation  wells;  and  water-temperature 
records  for  6  observation  wells.  Also  included  are 
52  crest-stage  partial-record  stations  and  33  low- 
flow  partial-record  stations.  Additional  water  data 
were  collected  at  various  sites  not  involved  in  the 
systematic  data-collection  program.  Miscellaneous 
data  were  collected  at  58  measuring  sites  and  38 
water-quality  sampling  sites.  These  data  represent 
that  part  of  the  National  Water  Data  System  col- 
lected by  the  U.S.  Geological  Survey  and  cooper- 
ating State,  local,  and  Federal  agencies  in  Michi- 
gan. (USGS) 
W90-06406 


WATER  RESOURCES  DATA  FOR  MICHIGAN, 

WATER  YEAR  1987. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

S.  P.  Blumer,  J.  C  Failing,  W.  W.  Larson,  C.  R. 


Whited,  and  R.  L.  LeuVoy. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-231287/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MI-87-1  (WRD/ 
HD-88/231),  1988.  281  p.  Prepared  in  cooperation 
with  the  State  of  Michigan  and  with  other  agen- 
cies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Michigan,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Michigan  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
temperature  of  groundwater.  This  report  contains 
discharge  records  for  135  streamflow-gaging  sta- 
tions; stage  only  records  for  15  lake-gaging  sta- 
tions; stage  and  contents  for  5  lakes  and  reservoirs; 
water-quality  records  for  24  streamflow-gaging 
stations;  water-level  records  for  52  observation 
wells;  and  water-temperature  records  for  6  obser- 
vation wells.  Also  included  are  52  crest-stage  par- 
tial-record stations  and  8  low-flow  partial-record 
stations.  Additional  water  data  were  collected  at 
various  sites  not  involved  in  the  systematic  data- 
collection  program.  Miscellaneous  data  were  col- 
lected at  100  measuring  sites  and  23  water-quality 
sampling  sites.  These  data  represent  that  part  of  the 
National  Water  Data  System  collected  by  the  U.S. 
Geological  Survey  and  cooperating  State,  local, 
and  Federal  agencies  in  Michigan.  (See  also  W90- 
06406)  (USGS) 
W90-06407 


WATER  RESOURCES  DATA  FOR  MICHIGAN, 
WATER  YEAR  1988. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

S.  P.  Blumer,  J.  C.  Failing,  W.  W.  Larson,  C.  R. 

Whited,  and  R.  L.  LeuVoy. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB89-203517. 

Price  codes:  A 15  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  MI-88-1  (WRD/HD- 

89/235),  1989.  296p.  Prepared  in  cooperation  with 

the  State  of  Michigan  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Michigan,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Michigan  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
temperature  of  groundwater.  This  report  contains 
discharge  records  for  138  streamflow-gaging  sta- 
tions; stage  only  records  for  15  lake-gaging  sta- 
tions; stage  and  contents  for  5  lakes  and  reservoirs; 
water-quality  records  for  20  streamflow-gaging 
stations;  water-level  records  for  51  observation 
wells.  Also  included  are  52  crest-stage  partial- 
record  stations  and  8  low-flow  partial-record  sta- 
tions. Additional  water  data  were  collected  at  vari- 
ous sites  not  involved  in  the  systematic  data-collec- 
tion program.  Miscellaneous  data  were  collected  at 
180  measuring  sites  and  10  water-quality  sampling 
sites.  These  data  represent  that  part  of  the  National 
Water  Data  System  collected  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State,  local,  and  Fed- 
eral agencies  in  Michigan.  (See  also  W90-06407) 
(USGS) 
W90-06408 


WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1984.  VOLUME  1.  GREAT 
LAKES  AND  SOURIS-RED-RATNY  RIVER 
BASINS. 

Geological    Survey,    St.    Paul,    MN.    Water   Re- 
sources Div. 
K.  T.  Gunard,  J.  H.  Hess,  J.  L.  Zirbel,  and  C.  E. 
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Cornelius.  , 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-172318/ 
AS  Price  codes:  A09  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MN-84-1  (WRD/ 
HD-87/210),  1986.  181p.  Prepared  in  cooperation 
with  the  State  of  Minnesota  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Minnesota,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
Minnesota  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  in  wells  and  springs.  This 
volume  contains  discharge  records  for  50  gaging 
stations;  stage-only  records  for  1  gaging  station; 
stage  and  contents  for  5  lakes  and  reservoirs;  water 
quality  for  16  gaging  stations,  10  partial-record 
stations,  and  29  wells;  and  water  levels  for  39 
observation  wells.  Also  included  are  41  high-flow 
partial-record  stations.  Additional  water  data  were 
collected  at  various  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  together 
with  the  data  in  Volume  2,  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Minnesota.  (USGS) 
W90-06409 

WATER  RESOURCES  DATA  FOR  MINNESO- 
TA WATER  YEAR  1985.  VOLUME  1.  GREAT 
LAKES  AND  SOURIS-RED-RAINY  RIVER 
BASINS. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

K.  T.  Gunard,  J.  H.  Hess,  J.  L.  Zirbel,  and  C.  E. 
Cornelius. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-221171. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  MN-85-1  (WRD/HD- 
88/208),  1987.  191p.  Prepared  in  cooperation  with 
the  State  of  Minnesota  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Minnesota,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Minnesota  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  in  wells  and  springs.  This 
volume  contains  discharge  records  for  46  gaging 
stations;  stage-only  records  for  1  gaging  station; 
stage  and  contents  for  5  lakes  and  reservoirs;  water 
quality  for  8  gaging  stations,  7  partial-record  sta- 
tions, 10  lake  stations,  and  12  wells;  and  water 
levels  for  26  observation  wells.  Also  included  are 
38  high-flow  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  together  with  the  data  in  Volume  2,  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Minnesota.  (See 
also  W90-06409  and  W90-0641 1)  (USGS) 
W90-06410 

WATER  RESOURCES  DATA  FOR  MINNESO- 
TA, WATER  YEAR  1985.  VOLUME  2.  UPPER 
MISSISSD7PI  AND  MISSOURI  RIVER  BASIN. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

K.  T.  Gunard,  J.  H.  Hess,  J.  L.  Zirbel,  and  C.  E. 
Cornelius.  . 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-221650/ 
AS.  Price  codes:  A 16  in  paper  copy,  A01  in  micro- 


fiche. USGS  Water-Data  Report  MN-85-2  (WRD/ 
HD-88/209),  1987.  341p.  Prepared  in  cooperation 
with  the  State  of  Minnesota  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Minnesota,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Minnesota  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  in  wells  and  springs.  This 
volume  contains  discharge  records  for  59  gaging 
stations;  stage  and  contents  for  8  lakes  and  reser- 
voirs; water  quality  for  14  stream  stations,  2  par- 
tial-record stations,  1  lake  station,  1  precipitation 
station,  and  151  wells;  and  water  levels  for  152 
observation  wells.  Also  included  are  96  high-flow 
partial-record  stations  and  99  low-flow  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  various  sites,  not  part  of  the  systematic 
data  collection  program  and  are  published  as  mis- 
cellaneous measurements.  These  data,  together 
with  the  data  in  Volume  1,  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Minnesota.  (See  also  W90- 
06410)  (USGS) 
W90-06411 

WATER  RESOURCES  DATA  FOR  MINNESO- 
TA WATER  YEAR  1986.  VOLUME  1.  GREAT 
LAKES     AND     SOURIS-RED-RAINY     RIVER 

Geological    Survey,    St.    Paul,    MN.    Water   Re- 
sources Div.  .„...,       j  /-,  c 
K.  T.  Gunard,  J.  H.  Hess,  J.  L.  Zirbel,  and  C.  E. 
Cornelius. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-165880/ 
AS  Price  codes:  A09  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MN-86-1  (WRD/ 
HD-88/274),  1988.  184p.  Prepared  in  cooperation 
with  the  State  of  Minnesota  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Minnesota,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Minnesota  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  in  wells  and  springs.  This 
volume  contains  discharge  records  for  52  gaging 
stations;  stage-only  records  for  1  gaging  station; 
stage  and  contents  for  5  lakes  and  reservoirs;  water 
quality  of  10  stream  stations  and  15  partial-record 
lake  stations;  and  water  levels  for  16  observation 
wells.  Also  included  are  35  high-flow  partial- 
record  stations  and  23  low-flow  partial-record  sta- 
tions. Additional  water  data  were  collected  at  vari- 
ous sites,  not  part  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data  together  with  the  data  m 
Volume  2,  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Minnesota.  (See  also  W90-06410  and 
W90-06413)(USGS) 
W90-06412 

WATER  RESOURCES  DATA  FOR  MINNESO- 
TA WATER  YEAR  1986.  VOLUME  2.  UPPER 
MISSISSIPPI  AND  MISSOURI  RIVER  BASIN. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

K.  T.  Gunard,  J.  H.  Hess,  J.  L.  Zirbel,  and  C  E. 
Cornelius.  . 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-165898/ 
AS.  Price  codes:  A 10  in  paper  copy,  A01  in  micro- 


fiche. USGS  Water-Data  Report  MN-86-2  (WRD/ 
HD-88/275),  1988.  295p.  Prepared  in  cooperation 
with  the  State  of  Minnesota  and  with  other  agen- 
cies. 

Descriptors:  »Data  collections,  'Groundwater, 
'Hydrologic  data,  'Minnesota,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Minnesota  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  in  wells  and  springs.  This 
volume  contains  discharge  records  for  53  gaging 
stations;  stage  and  contents  for  8  lakes  and  reser- 
voirs- water  quality  for  14  stream  stations,  8  par- 
tial-record stations,  1  lake  station,  1  precipitation 
station,  and  87  wells;  and  water  levels  for  136 
observation  wells.  Also  included  are  78  high-flow 
partial-record  stations  and  1  low-flow  partial- 
record  station.  Additional  water  data  were  collect- 
ed at  various  sites,  not  part  of  the  systematic  data 
collection  program  and  are  published  as  miscella- 
neous measurements  or  low-flow  investigations. 
These  data,  together  with  the  data  in  Volume  1, 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Minnesota.  (See  also  W90-06412)  (USGS) 
W90-06413 

WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1985. 

Geological  Survey,  Jackson,  MS.  Water  Resources 
Div. 

E.  J.  Tharpe,  M.  L.  Plunkett,  F.  Morris,  and  W.  T. 
Oakley. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-209O03/ 
AS  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MS-85-1  (WRD/ 
HD-87/217),  1987.  456p.  Prepared  in  cooperation 
with  the  State  of  Mississippi  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
♦Hydrologic  data,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Mississippi,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Mississippi  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  report  contains  records  of  water  discharge  at 
71  gaging  stations;  stage  records  for  18  of  these 
gaging  stations;  stage  only  at  5  gaging  stations; 
water  quality  for  13  stations,  2  precipitation  quality 
stations,  and  263  wells;  and  water  levels  for  629 
observation  wells.  Also  included  are  peak-dis- 
charge data  for  58  crest-stage  partial-record  sta- 
tions and  water  quality  data  at  106  partial-record 
or  miscellaneous  sites.  Additional  water  data  were 
collected  at  various  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Mississippi. 
(USGS) 
W90-06414 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1986. 

Geological  Survey,  Jackson,  MS.  Water  Resources 
Div. 

E.  J.  Tharpe,  M.  L.  Plunkett,  F.  Morris,  and  W.  T. 
Oakley.  . 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-137575/ 
AS  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MS-86-1  (WRD/ 
HD-87/269),  1987.  396p.  Prepared  in  cooperation 
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X 


with  the  State  of  Mississippi  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Mississippi,  'Surface  water, 
•Water  quality,  Chemical  analysis.  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Mississippi  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater  wells.  This 
report  contains  records  of  water  discharge  at  71 
gaging  stations;  stage  records  for  18  of  these 
gaging  stations;  stage  only  at  5  gaging  stations; 
water  quality  for  12  stations,  3  precipitation  quality 
stations,  and  32  wells;  and  water  levels  for  609 
observation  wells.  Also  included  are  peak-dis- 
charge data  for  56  crest-stage  partial-record  sta- 
tions, discharge  data  at  97  low-flow  partial-record 
stations,  and  water  quality  data  at  3  partial-record 
or  miscellaneous  sites.  Additional  water  data  were 
collected  at  various  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Mississippi.  (See 
also  W90-06414)  (USGS) 
W90-06415 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1987. 

Geological  Survey,  Jackson,  MS.  Water  Resources 
Div. 

E.  J.  Tharpe,  M.  L.  Plunkett,  F.  Morris,  and  W.  T. 
Oakley. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-228670/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MS-87-1  (WRD/ 
HD-88/273),  1988.  408p.  Prepared  in  cooperation 
with  the  State  of  Mississippi  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Mississippi,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Mississippi  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater  wells.  This 
report  contains  records  of  water  discharge  at  78 
gaging  stations;  stage  records  for  18  of  these 
gaging  stations;  stage  only  at  5  gaging  stations; 
water  quality  for  1 1  stations,  3  precipitation  quality 
stations,  and  120  wells;  and  water  levels  for  498 
observation  wells.  Also  included  are  peak-dis- 
charge data  for  56  crest-stage  partial-record  sta- 
tions, discharge  data  at  263  low-flow  partial-record 
stations,  and  water  quality  data  at  2  partial-record 
or  miscellaneous  sites.  Additional  water  data  were 
collected  at  various  sites,  not  part  of  the  systematic 
data  collection  progTam,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Mississippi.  (See 
also  W90-O6415)  (USGS) 
W90-06416 


WATER  RESOURCES  DATA  FOR  MISSISSIP- 
PI, WATER  YEAR  1988. 

Geological  Survey,  Jackson,  MS.  Water  Resources 
Div. 

E.  J.  Tharpe,  M.  L.  Plunkett,  F.  Morris,  and  W.  T. 
Oakley. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-203509/ 
AS.  Price  codes:  A 19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MS-88-1  (WRD/ 
HD-89/227),  1989.  428p.  Prepared  in  cooperation 
with  the  State  of  Mississippi  and  with  other  agen- 


Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Mississippi,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Mississippi  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater  wells.  This 
report  contains  records  of  water  discharge  at  70 
gaging  stations;  stage  records  for  19  of  these 
gaging  stations;  stage  only  at  6  gaging  stations; 
water  quality  for  1 1  streamflow  gaging  stations,  2 
ungaged  stream  sites,  3  precipitation  quality  sta- 
tions, and  205  wells;  and  water  levels  for  498 
observation  wells.  Also  included  are  peak-dis- 
charge data  for  55  crest-stage  partial-record  sta- 
tions, discharge  data  at  5  flood  hydrograph  partial- 
record  stations  and  158  low-flow  partial-record 
stations,  and  water  quality  data  at  12  partial-record 
or  miscellaneous  sites  and  26  short-term  study  sites. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Mississippi.  (See  also  W90-06416) 
(USGS) 
W90-06417 


WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1986. 

Geological  Survey,  Rolla,  MO.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-1 17023/ 
AS.  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MO-86-1  (WRD/ 
HD-87/251),  1987.  319p.  Prepared  in  cooperation 
with  the  State  of  Missouri  and  other  agencies. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
'Missouri,  'Surface  water,  'Water  quality,  Chemi- 
cal analysis,  Flow  rates,  Gaging  stations,  Lakes, 
Reservoirs,  Sampling  sites,  Sediments,  Streamflow, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Missouri  consist  of  records  of  stage,  discharge,  and 
water  quality  of  lakes  and  reservoirs.  The  report 
contains  records  for  water  discharge  at  107  gaging 
stations;  stage  and  contents  at  10  lakes  and  reser- 
voirs; and  water  quality  at  67  sampling  stations 
(including  2  lakes);  and  data  for  20  crest-stage 
stations.  (USGS) 
W90-06418 


WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1987. 

Geological  Survey,  Rolla,  MO.  Water  Resources 
Div. 

L.  A.  Waite,  J.  V.  Davis,  H.  L.  Reed,  D.  O. 
Hatten,  and  T.  J.  Perkins. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-121016/ 
AS.  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MO-87-1  (WRD/ 
HD-88/266),  1988.  295p.  Prepared  in  cooperation 
with  the  State  of  Missouri  and  other  agencies. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
'Missouri,  'Surface  water,  'Water  quality,  Chemi- 
cal analysis,  Flow  rates,  Gaging  stations,  Lakes, 
Reservoirs,  Sampling  sites,  Sediments,  Streamflow, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
Missouri  consist  of  records  of  stage,  discharge,  and 
water  quality  of  lakes  and  reservoirs.  The  report 
contains  records  for  water  discharge  at  105  gaging 
stations;  stage  and  contents  at  10  lakes  and  reser- 
voirs; water  quality  at  60  sampling  stations  (includ- 
ing 2  lakes);  and  data  for  18  crest-stage  stations. 
(See  also  W90-06418)  (USGS) 
W90-06419 


WATER  RESOURCES  DATA  FOR  MISSOURI, 
WATER  YEAR  1988. 

Geological  Survey,  Rolla,  MO.  Water  Resources 
Div. 

L.  A.  Waite,  J.  V.  Davis,  H.  L.  Reed,  D.  O. 
Hatten,  and  T.  J.  Perkins. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-221089/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MO-88-1  (WRD/ 
HD-89/260),  1989.  289p.  Prepared  in  cooperation 
with   the  State  of  Missouri  and  other  agencies. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
•Missouri,  'Surface  water,  'Water  quality,  Chemi- 
cal analysis,  Flow  rates,  Gaging  stations,  Lakes, 
Reservoirs,  Sampling  sites,  Sediments,  Streamflow, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
Missouri  consist  of  records  of  stage,  discharge,  and 
water  quality  of  lakes  and  reservoirs.  This  report 
contains  records  for  water  discharge  at  108  gaging 
stations;  stage  and  contents  at  10  lakes  and  reser- 
voirs; water  quality  at  51  sampling  stations  (includ- 
ing 2  lakes);  and  data  for  18  crest-stage  stations. 
(See  also  W90-06419)  (USGS) 
W90-06420 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1986.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

R.  R.  Shields,  J.  R.  Knapton,  M.  K.  White,  T.  M. 
Brosten,  and  J.  H.  Lambing. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-182944/ 
AS.  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MT-86-1  (WRD/ 
HD-87/271),  1987.  437p.  Prepared  in  cooperation 
with  the  State  of  Montana  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Montana,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Montana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  in 
wells.  Volume  1  contains  discharge  records  for  191 
gaging  stations;  stage  only  records  for  1  lake  sta- 
tion; stage/contents  for  5  lakes  and  reservoirs; 
water  quality  for  60  stations;  water  levels  for  194 
observation  wells.  Also  included  are  132  crest- 
stage  partial-record  stations  and  33  smaller  reser- 
voirs. Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Montana.  Specific  conductance 
determinations  are  also  published  for  discharge 
measurements  made  during  the  year.  (See  also 
W90-06422)  (USGS) 
W90-06421 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1986.  VOLUME  2.  COLUMBIA 
RD/ER  BASIN. 

Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

R.  R.  Shields,  J.  R.  Knapton,  M.  K.  White,  T.  M. 
Brosten,  and  J.  H.  Lambing. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-227492/ 
AS.  Price  codes:  A09  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MT-86-2  (WRD/ 
HD-87/231),  1987.  170p.  Prepared  in  cooperation 
with  the  State  of  Montana  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Montana,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
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Sediments,   Water   analysis,   Water   level,    Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Montana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  in 
wells.  Volume  2  contains  discharge  records  for  60 
gaging  stations;  stage/contents  for  3  lakes  and  res- 
ervoirs; water  quality  for  23  stations,  3  lakes;  water 
levels  for  9  observation  wells  and  3  long-term 
observation  wells  equipped  with  continuous  re- 
corders. Also  included  are  24  crest-stage  partial- 
record  stations  and  20  smaller  reservoirs.  Addition- 
al water  data  were  collected  at  various  sites,  not 
part  of  the  systematic  data  collection  program,  and 
are  published  as  miscellaneous  measurements. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Montana.  (See  also  W90-06421) 
(USGS) 
W90-06422 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1987.  VOLUME  1.  HUDSON 
BAY  AND  MISSOURI  RIVER  BASINS. 

Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  PB89- 117626/ 
AS.  Price  codes:  A19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MT-87-1  (WRD/ 
HD-88/276),  1988.  432p.  Prepared  in  cooperation 
with  the  State  of  Montana  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  'Montana,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Montana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  in 
wells.  Volume  1  contains  discharge  records  for  186 
gaging  stations;  stage/contents  for  6  lakes  and  res- 
ervoirs; water  quality  for  53  stations;  water  levels 
for  250  observation  wells.  Also  included  are  131 
crest-stage  partial-record  stations  and  33  smaller 
reservoirs.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  These  data  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State  and 
Federal  agencies  in  Montana.  Specific  conductance 
determinations  are  also  published  for  discharge 
measurements  made  during  the  year.  (See  also 
W90-06421  and  W90-06424)  (USGS) 
W90-06423 


WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1987.  VOLUME  2.  COLUMBIA 
RIVER  BASIN. 

Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  PB88-242409/ 
AS.  Price  codes:  A09  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MT-87-2  (WRD/ 
HD-88/230),  1988.  176p.  Prepared  in  cooperation 
with  the  State  of  Montana  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Montana,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Montana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  in 
wells.  Volume  2  contains  discharge  records  for  60 
gaging  stations;  stage/contents  for  3  lakes  and  res- 
ervoirs; water  quality  for  22  stations,  3  lakes;  water 
levels  for  32  observation  wells  and  3  long-term 


observation  wells  equipped  with  continuous  re- 
corders. Also  included  are  23  crest-stage  partial- 
record  stations  and  20  smaller  reservoirs.  Addition- 
al water  data  were  collected  at  various  sites,  not 
part  of  the  systematic  data  collection  program,  and 
are  published  as  miscellaneous  measurements. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Montana.  (See  also  W90-06423) 
(USGS) 
W90-06424 

WATER  RESOURCES  DATA  FOR  MONTANA, 
WATER  YEAR  1988. 

Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-207583/ 
AS.  Price  codes:  A23  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  MT-88-1  (WRD/ 
HD-89/223),  1989.  5 lip.  Prepared  in  cooperation 
with  the  State  of  Montana  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  'Montana,  *  Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Montana  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels  in 
wells.  This  report  contains  discharge  records  for 
238  gaging  stations;  stage/contents  for  9  lakes  and 
reservoirs;  water  quality  for  91  stations,  3  lakes; 
water  levels  for  254  observation  wells  and  5  long- 
term  observation  wells  equipped  with  continuous 
recorders.  Also  included  are  53  smaller  reservoirs. 
Additional  water  year  1988  data  collected  at  crest- 
stage  gage  and  miscellaneous  measurement  sites 
were  collected  but  are  not  published  in  this  report. 
These  data  are  stored  within  the  district  office  files 
in  Helena  and  are  available  on  request.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Montana.  (See  also  W90-06423)  (USGS) 
W90-06425 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1985. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 
Div. 

G.  B.  Engel,  R.  A.  Engberg,  and  M.  J.  Ellis. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-172532/ 
AS.  Price  codes:  A 16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NE-85-1  (WRD/ 
HD-87/212),  1986.  340p.  Prepared  in  cooperation 
with  the  State  of  Nebraska  and  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  'Nebraska,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
Nebraska  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  This  report  contains  discharge 
records  for  159  streamflow  gaging  stations,  11 
partial-record  or  miscellaneous  streamflow  gaging 
stations,  and  5  crest-stage,  partial-record  stream- 
flow  stations;  stage  and  content  records  for  10 
lakes  and  reservoirs;  water  quality  records  for  43 
streamflow  stations,  8  ungaged  streamsites,  and  1 3 1 
wells;  and  water  level  records  for  57  observation 
wells.  These  data  represent  that  part  of  the  Nation- 
al Water  Data  System  operated  by  the  U.S.  Geo- 
logical Survey  and  cooperating  State  and  Federal 
agencies  in  Nebraska.  (USGS) 
W90-06426 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1986. 


Geological  Survey,  Lincoln,  NE.  Water  Resources 
Div. 

G.  B.  Engel,  C.  G.  Hoy,  and  M.  J.  Ellis. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-144654/ 
AS.  Price  codes:  A17  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NE-86-1  (WRD/ 
HD-88/204),  1987.  371p.  Prepared  in  cooperation 
with  the  State  of  Nebraska  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Nebraska,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Nebraska  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  This  report  contains  discharge 
records  for  160  streamflow  gaging  stations,  7  par- 
tial-record or  miscellaneous  streamflow  stations, 
and  5  crest-stage,  partial-record  streamflow  sta- 
tions; stage  and  contents  records  for  1 1  lakes  and 
reservoirs;  water  quality  records  for  43  streamflow 
stations,  8  ungaged  streamsites,  and  144  wells;  and 
water  level  records  for  56  observation  wells.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in  Ne- 
braska. (See  also  W90-06426)  (USGS) 
W90-06427 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1987. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 
Div. 

J.  A.  Boohar,  C.  G.  Hoy,  and  M.  J.  Ellis. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-141352/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NE-87-1  (WRD/ 
HD-89/210),  1988.  391p.  Prepared  in  cooperation 
with  the  State  of  Nebraska  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Nebraska,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Nebraska  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  This  report  contains  discharge 
records  for  158  streamflow  gaging  stations,  7  par- 
tial-record or  miscellaneous  streamflow  stations, 
and  5  crest-stage,  partial-record  streamflow  sta- 
tions; stage  and  contents  records  for  11  lakes  and 
reservoirs;  water  quality  records  for  35  streamflow 
stations,  8  ungaged  streamsites,  and  144  wells;  and 
water  level  records  for  56  observation  wells.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in  Ne- 
braska. (See  also  W90-06427)  (USGS) 
W90-06428 


WATER  RESOURCES  DATA  FOR  NEBRASKA, 
WATER  YEAR  1988. 

Geological  Survey,  Lincoln,  NE.  Water  Resources 
Div. 

J.  A.  Boohar,  C.  G.  Hoy,  and  M.  J.  Ellis. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-233407/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche USGS  Water-Data  Report  NE-88-1  (WRD/ 
HD-89/273),  1989.  391p.  Prepared  in  cooperation 
with  the  State  of  Nebraska  and  other  agencies. 

Descriptors:  'Data  collections,  *Groundwater, 
•Hydrologic  data,  *Nebraska,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 
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Water  resources  data  for  the  1988  water  year  for 
Nebraska  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  in  wells.  This  report  contains  discharge 
records  for  158  streamflow  gaging  stations,  10 
partial-record  or  miscellaneous  streamflow  sta- 
tions, and  5  crest-stage,  partial-record  streamflow 
stations;  stage  and  contents  records  for  1 1  lakes 
and  reservoirs;  water  quality  records  for  37  stream- 
flow  stations,  6  ungaged  streamsites,  and  84  wells; 
and  water  level  records  for  56  observation  wells. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Nebraska.  (See  also  W90-06428) 
(USGS) 
W90-06429 


WATER  RESOURCES  DATA  FOR  NEVADA, 
WATER  YEAR  1985. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

H.  R.  Frisbie,  R.  J.  LaCamera,  M.  M.  Riek,  and  D. 
B.  Wood. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-124267/ 
AS.  Price  codes:  A12  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NV-85-1  (WRD/ 
HD-87/234),  1987.  255p.  Prepared  in  cooperation 
with  the  State  of  Nevada  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Nevada,  'Surface  water, 
•Water  quality,  Chemical  analysis.  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  Nevada  for  the  1984 
water  year  comprise  the  following  records:  (1) 
Water  discharge  for  89  gaging  stations  on  streams, 
canals,  and  drains;  (2)  Discharge  data  for  43  peak- 
flow  stations,  2  low-flow  stations  on  streams,  and 
41  springs;  (3)  Stage  and  contents  for  14  lakes  and 
reservoirs;  (4)  Water  levels  for  298  observation 
wells;  (5)  Water  quality  data  for  23  stream,  canal, 
and  drain  sites,  3  lake  and  reservoir  sites,  and  5 
wells;  and  (6)  Precipitation  totals  for  10  stations. 
Additional  water  data,  collected  at  various  sites 
that  are  not  part  of  the  systematic  data-collection 
program,  are  published  as  miscellaneous  measure- 
ments. These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Nevada.  (USGS) 
W90-06430 


WATER  RESOURCES  DATA  FOR  NEVADA, 
WATER  YEAR  1986. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

A.  Pupacko,  R.  J.  LaCamera,  M.  M.  Riek,  and  D. 

B.  Wood. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-125876/ 
AS.  Price  codes:  A12  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NV-86-1  (WRD/ 
HD-88/245),  1987.  263p.  Prepared  in  cooperation 
with  the  state  of  Nevada  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Nevada,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  Nevada  for  the  1986 
water  year  comprise  the  following  records:  (1) 
Water  discharge  for  91  gaging  stations  on  streams, 
canals,  and  drains;  (2)  Discharge  data  for  78  peak- 
flow  stations,  2  low-flow  stations  on  streams,  and 
39  springs;  (3)  Stage  and  contents  for  15  lakes  and 
reservoirs;  (4)  Water  levels  for  354  observation 
wells;  (5)  Water  quality  data  for  18  stream,  canal, 
and  drain  sites,  and  5  wells;  and  (6)  Precipitation 
totals  for  16  stations.  Additional  water  data,  col- 
lected at  various  sites  that  are  not  part  of  the 
systematic  data-collection  program,  are  published 
as  miscellaneous  measurements.  These  data  repre- 


sent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  and  coop- 
erating State  and  Federal  agencies  in  Nevada.  (See 
also  W90-06430)  (USGS) 
W90-06431 


WATER  RESOURCES  DATA  FOR  NEVADA, 
WATER  YEAR  1987. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

A.  Pupacko,  R.  J.  LaCamera,  M.  M.  Riek,  and  J. 
R.  Swartwood. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89- 180392/ 
AS.  Price  codes:  A 12  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water- Data  Report  NV-87-1  (WRD/ 
HD-89/219),  1989.  250p.  Prepared  in  cooperation 
with   several   Federal,   State   and   local   agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  'Nevada,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  Nevada  for  the  1987 
water  year  comprise  the  following  records:  (1) 
Water  discharge  for  86  gaging  stations  on  streams, 
canals,  and  drains;  (2)  Discharge  data  for  144  peak- 
flow  stations  and  miscellaneous  sites,  and  35 
springs;  (3)  Stage  and  contents  for  14  lakes  and 
reservoirs;  (4)  Water  levels  for  304  observation 
wells;  (5)  Water  quality  data  for  29  stream,  canal, 
and  drain  sites,  and  5  wells;  and  (6)  Precipitation 
totals  for  12  stations.  Additional  water  data,  col- 
lected at  various  sites  that  are  not  part  of  the 
systematic  data-collection  program,  are  published 
as  miscellaneous  measurements.  These  data  repre- 
sent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  and  coop- 
erating State  and  Federal  agencies  in  Nevada.  (See 
also  W90-06431)  (USGS) 
W90-06432 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1985. 

Geological  Survey,  Boston,  MA.  Water  Resources 
Div. 

F.  E.  Blackey,  J.  E.  Cotton,  and  K.  W.  Toppin. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-223020/ 
AS.  Price  codes:  A08  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NH-VT-85-1 
(WRD/HD-87/221),  1987.  139p.  Prepared  in  coop- 
eration with  the  State  of  New  Hampshire  and 
Vermont  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  *New  Hampshire,  'Surface 
water,  'Vermont,  'Water  quality,  Chemical  analy- 
sis, Flow  rates,  Gaging  stations,  Lakes,  Reservoirs, 
Sampling  sites,  Sediments,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
New  Hampshire  and  Vermont  consist  of  records  of 
stage,  discharge,  and  water  quality  of  streams; 
stage  and  contents  of  lakes  and  reservoirs;  and 
groundwater  levels.  This  report  contains  discharge 
records  for  74  gaging  stations,  stage  records  for  4 
lakes,  month-end  contents  for  24  lakes  and  reser- 
voirs, water  quality  data  for  3  gaging  stations,  and 
water  levels  for  30  observation  wells.  Also  includ- 
ed are  data  for  4  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data-collection 
program,  and  are  published  as  miscellaneous  meas- 
urements Locations  of  gaging  stations,  partial- 
record  stations,  and  observation  wells  are  shown. 
A  few  pertinent  stations  (not  included  above)  in 
bordering  States  and  Province  of  Quebec  are  also 
included.  These  data  represent  that  portion  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  by  the  cooperating  State 
and  Federal  agencies  in  New  Hampshire  and  Ver- 
mont. (USGS) 
W90-06433 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1986. 

Geological  Survey,  Boston,  MA.  Water  Resources 
Div. 

F.  E.  Blackey,  J.  E.  Cotton,  and  J.  C.  Denner. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-231295/ 
AS.  Price  codes:  A08  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NH-VT-86-1 
(WRD/HD-88/229),  1988.  140p.  Prepared  in  coop- 
eration with  the  State  of  New  Hampshire  and 
Vermont  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'New  Hampshire,  'Surface 
water,  'Vermont,  'Water  quality,  Chemical  analy- 
sis, Flow  rates,  Gaging  stations,  Lakes,  Reservoirs, 
Sampling  sites,  Sediments,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
New  Hampshire  and  Vermont  consist  of  records  of 
stage,  discharge,  and  water  quality  of  streams; 
stage  and  contents  of  lakes  and  reservoirs;  and 
groundwater  levels.  This  report  contains  discharge 
records  for  70  gaging  stations,  stage  records  for  4 
lakes,  month-end  contents  for  23  lakes  and  reser- 
voirs, water  quality  data  for  7  gaging  stations,  and 
water  levels  for  30  observation  wells.  Also  includ- 
ed are  data  for  4  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data-collection 
program,  and  are  published  as  miscellaneous  meas- 
urements Locations  of  gaging  stations,  partial- 
record  stations,  and  observation  wells  are  shown. 
A  few  pertinent  stations  (not  included  above)  in 
bordering  States  and  Province  of  Quebec  are  also 
included.  These  data  represent  that  portion  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  by  the  cooperating  State 
and  Federal  agencies  in  New  Hampshire  and  Ver- 
mont. (See  also  W90-06433)  (USGS) 
W90-06434 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1987. 

Geological  Survey,  Boston,  MA.  Water  Resources 
Div. 

F.  E.  Blackey,  J.  E.  Cotton,  and  S.  M.  Flanagan. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-1 15528/ 
AS.  Price  codes:  A08  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NH-VT-87-1 
(WRD/HD-88/279),  1989.  142p.  Prepared  in  coop- 
eration with  the  State  of  New  Hampshire  and 
Vermont  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'New  Hampshire,  'Surface 
water,  'Vermont,  'Water  quality,  Chemical  analy- 
sis, Flow  rates,  Gaging  stations,  Lakes,  Reservoirs, 
Sampling  sites,  Sediments,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
New  Hampshire  and  Vermont  consist  of  records  of 
stage,  discharge,  and  water  quality  of  streams; 
stage  and  contents  of  lakes  and  reservoirs;  and 
groundwater  levels.  This  report  contains  discharge 
records  for  72  gaging  stations,  stage  records  for  4 
lakes,  month-end  contents  for  23  lakes  and  reser- 
voirs, water  quality  data  for  3  gaging  stations,  and 
water  levels  for  29  observation  wells.  Also  includ- 
ed are  data  for  7  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data-collection 
program,  and  are  published  as  miscellaneous  meas- 
urements Locations  of  gaging  stations,  partial- 
record  stations,  and  observation  wells  are  shown. 
A  few  pertinent  stations  (not  included  above)  in 
bordering  States  and  Province  of  Quebec  are  also 
included.  These  data  represent  that  portion  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  by  the  cooperating  State 
and  Federal  agencies  in  New  Hampshire  and  Ver- 
mont. (See  also  W90-06434)  (USGS) 
W90-06435 
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WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1986.  VOLUME  1.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

W.  R.  Bauersfeld,  E.  W.  Moshinsky,  E.  A.  Pustay, 
and  W.  D.  Jones. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-121710/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NJ-86-1  (WRLV 
HD-87/260),  1987.  335p.  Prepared  in  cooperation 
with  the  New  Jersey  Department  of  Environmen- 
tal Protection  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
'Hydrologic  data,  *New  Jersey,  'Surface  water, 
♦Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
New  Jersey  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater.  This 
volume  contains  discharge  records  for  77  gaging 
stations;  tide  summaries  for  1  station;  stage  and 
contents  for  15  lakes  and  reservoirs;  water  quality 
for  60  surface  water  sites  and  150  wells;  and  water 
levels  for  39  observation  wells.  Also  included  are 
data  for  41  crest-stage  partial-record  stations,  12 
tidal  crest-stage  gages,  and  49  low-flow  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  various  sites,  not  part  of  the  systematic 
data-collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  New  Jersey.  (See 
also  W90-06437)  (USGS) 
W90-06436 


LANTIC  SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

W.  R.  Bauersfeld,  E.  W.  Moshinsky,  E.  A.  Pustay, 
and  W.  D.  Jones. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-1 17618/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NJ-87-1  (WRD/ 
HD-88/271),  1988.  347p.  Prepared  in  cooperation 
with  the  New  Jersey  Department  of  Environmen- 
tal Protection  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  *New  Jersey,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
New  Jersey  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater.  This 
volume  contains  discharge  records  for  77  gaging 
stations;  tide  summaries  for  1  station;  stage  and 
contents  for  15  lakes  and  reservoirs;  water  quality 
for  62  surface  water  sites  and  160  wells;  and  water 
levels  for  39  observation  wells.  Also  included  are 
data  for  40  crest-stage  partial-record  stations,  12 
tidal  crest-stage  gages,  and  49  low-flow  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  various  sites,  not  part  of  the  systematic 
data-collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  New  Jersey.  (See 
also  W90-06436  and  W90-06439)  (USGS) 
W90-06438 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1986.  VOLUME  2: 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

W.  R.  Bauersfeld,  E.  W.  Moshinsky,  E.  A.  Pustay, 
and  W.  D.  Jones. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-121728/ 
AS.  Price  codes:  A10  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NJ-86-2  (WRD/ 
HD-87/261),  1987.  197p.  Prepared  in  cooperation 
with  the  New  Jersey  Department  of  Environmen- 
tal Protection  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  *New  Jersey,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
New  Jersey  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater.  This 
volume  contains  discharge  records  for  23  gaging 
stations;  tide  summaries  for  3  stations;  stage  and 
contents  for  18  lakes  and  reservoirs;  water  quality 
for  30  surface  water  sites  and  79  wells;  and  water 
levels  for  23  observation  wells.  Also  included  are 
data  for  27  crest-stage  partial-record  stations,  2 
tidal  crest-stage  gages,  and  9  low-flow  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  various  sites,  not  part  of  the  systematic 
data-collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  New  Jersey.  (See 
also  W90-06436)  (USGS) 
W90-06437 


WATER     RESOURCES     DATA     FOR     NEW 
JERSEY,  WATER  YEAR  1987.  VOLUME  1:  AT- 


Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

W.  R.  Bauersfeld,  E.  W.  Moshinsky,  E.  A.  Pustay, 
and  W.  D.  Jones. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-233613/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NJ-88-1  (WRD/ 
HD-89/274),  1989.  359p.  Prepared  in  cooperation 
with  the  New  Jersey  Department  of  Environmen- 
tal Protection  and  with  other  agencies. 

Descriptors:  'Data  collections,  *Groundwater, 
•Hydrologic  data,  'New  Jersey,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
New  Jersey  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater.  This 
volume  contains  discharge  records  for  77  gaging 
stations;  tide  summaries  for  1  station;  stage  and 
contents  for  15  lakes  and  reservoirs;  water  quality 
for  61  surface  water  sites  and  141  wells;  and  water 
levels  for  68  observation  wells.  Also  included  are 
data  for  37  crest-stage  partial-record  stations,  12 
tidal  crest-stage  gages,  and  43  low-flow  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  60  sites,  not  part  of  the  systematic  data- 
collection  program,  and  are  published  as  miscella- 
neous measurements.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  New  Jersey.  (See 
also  W90-06438  and  W90-06441)  (USGS) 
W90-06440 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1987.  VOLUME  2: 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

W.  R.  Bauersfeld,  E.  W.  Moshinsky,  E.  A.  Pustay, 
and  W.  D.  Jones. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89- 120463/ 
AS.  Price  codes:  A10  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NJ-87-2  (WRD/ 
HD-88/272),  1988.  199p.  Prepared  in  cooperation 
with  the  New  Jersey  Department  of  Environmen- 
tal Protection  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'New  Jersey,  'Surface  water, 
♦Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
New  Jersey  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater.  This 
volume  contains  discharge  records  for  23  gaging 
stations;  tide  summaries  for  3  stations;  stage  and 
contents  for  18  lakes  and  reservoirs;  water  quality 
for  32  surface  water  sites  and  114  wells;  and  water 
levels  for  24  observation  wells.  Also  included  are 
data  for  27  crest-stage  partial-record  stations,  2 
tidal  crest-stage  gages,  and  19  low-flow  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  various  sites,  not  part  of  the  systematic 
data-collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  New  Jersey.  (See 
also  W90-06438)  (USGS) 
W90-06439 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1988,  VOLUME  1.  AT- 
LANTIC SLOPE  BASINS,  HUDSON  RIVER  TO 
CAPE  MAY. 


WATER  RESOURCES  DATA  FOR  NEW 
JERSEY,  WATER  YEAR  1988.  VOLUME  2: 
DELAWARE  RIVER  BASIN  AND  TRIBUTAR- 
IES TO  DELAWARE  BAY. 

Geological  Survey,  Towson,  MD.  Water  Re- 
sources Div. 

W.  R.  Bauersfeld,  E.  W.  Moshinsky,  E.  A.  Pustay, 
and  W.  D.  Jones. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-233621/ 
AS.  Price  codes:  Al  1  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NJ-88-2  (WRD/ 
HD-89/275),  1989.  217p.  Prepared  in  cooperation 
with  the  New  Jersey  Department  of  Environmen- 
tal Protection  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'New  Jersey,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
New  Jersey  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater.  This 
volume  contains  discharge  records  for  24  gaging 
stations;  tide  summaries  for  3  stations;  stage  and 
contents  for  18  lakes  and  reservoirs;  water  quality 
for  30  surface  water  sites  and  81  wells;  and  water 
levels  for  53  observation  wells.  Also  included  are 
data  for  27  crest-stage  partial-record  stations,  2 
tidal  crest-stage  gages  and  19  low-flow  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  26  sites,  not  part  of  the  systematic  data- 
collection  program,  and  are  published  as  miscella- 
neous measurements.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  New  Jersey.  (See 
also  W90-06440)  (USGS) 
W90-06441 


WATER     RESOURCES     DATA     FOR     NEW 
MEXICO  WATER  YEAR  1986. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 
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L.  V.  Beal,  and  R.  L.  Gold. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-148531/ 
AS.  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NM-86-1  (WRD/ 
HD-87/273),  1987.  454p.  Prepared  in  cooperation 
with  the  State  of  New  Mexico  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'New  Mexico,  ^Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
New  Mexico  consist  of  records  of  discharge  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  in  wells  and  springs.  This  report 
contains  discharge  records  for  166  gaging  stations; 
stage  and  contents  for  24  lakes  and  reservoirs; 
water  quality  for  64  gaging  stations  and  168  wells; 
and  water  levels  at  111  observation  wells.  Also 
included  are  135  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  involved  in  the  systematic  data-collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. Also,  one  seepage  investigation  was  pub- 
lished. These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  New  Mexico.  (USGS) 
W90-06442 


WATER  RESOURCES  DATA  FOR  NEW 
MEXICO  WATER  YEAR  1987. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

L.  V.  Beal,  and  R.  L.  Gold. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-1 14359/ 
AS.  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NM-87-1  (WRD/ 
HD-88/261),  1988.  450p.  Prepared  in  cooperation 
with  the  State  of  New  Mexico  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  *New  Mexico,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
New  Mexico  consist  of  records  of  discharge  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  in  wells  and  springs.  This  report 
contains  discharge  records  for  165  gaging  stations; 
stage  and  contents  for  25  lakes  and  reservoirs; 
water  quality  for  67  gaging  stations  and  180  wells; 
and  water  levels  at  100  observation  wells.  Also 
included  are  108  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  involved  in  the  systematic  data-collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. Also,  one  seepage  investigation  was  pub- 
lished. These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  New  Mexico.  (See  also  W90- 
06442)  (USGS) 
W90-06443 


WATER  RESOURCES  DATA  FOR  NEW 
MEXICO  WATER  YEAR  1988. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

L.  V.  Beal,  and  J.  P.  Borland. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-214712/ 
AS.  Price  codes:  A22  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NM-88-1  (WRD/ 
HD-89/261),  1989.  450p.  Prepared  in  cooperation 
with  the  State  of  New  Mexico  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  *New  Mexico,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 


Sediments,    Water   analysis,    Water    level,    Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
New  Mexico  consist  of  records  of  discharge  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  in  wells  and  springs.  This  report 
contains  discharge  records  for  165  gaging  stations; 
stage  and  contents  for  26  lakes  and  reservoirs- 
water  quality  for  64  gaging  stations  and  76  wells; 
and  water  levels  at  105  observation  wells.  Also 
included  are  108  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  involved  in  the  systematic  data-collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. Also,  one  seepage  investigation  was  pub- 
lished. These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  New  Mexico.  (See  also  W90- 
06443)  (USGS) 
W90-06444 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1985.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 
Div. 

G.  D.  Firda,  R.  Lumia,  R.  J.  Archer,  and  P.  M. 
Burke. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87- 172540/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NY-85-1  (WRD/ 
HD-87-207),  1986.  268p.  Prepared  in  cooperation 
with  the  State  of  New  York  and  with  other  agen- 
cies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  *New  York,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents, 
and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  in  observation  wells.  This  volume 
contains  records  of  water  discharge  at  97  gaging 
stations;  stage  only  at  5  gaging  stations;  and  stage 
and  contents  at  4  gaging  stations  and  19  lakes  and 
reservoirs;  water  quality  at  36  gaging  stations;  and 
water  levels  at  23  observation  wells.  Locations  of 
these  sites  are  shown.  Also  included  are  data  for  66 
crest-stage  and  8  low-flow  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites  not  in  the  systematic  data  collection  program 
and  are  published  as  miscellaneous  measurements 
and  analysis.  These  data,  together  with  the  data  in 
Volumes  2  and  3,  represent  that  part  of  the  Nation- 
al Water  Data  System  operated  by  the  U.S.  Geo- 
logical Survey  and  cooperating  State  and  Federal 
agencies  in  New  York.  (See  W90-06446,  W90- 
06447,  and  W90-06454)  (USGS) 
W90-06445 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1985,  VOLUME  2.  LONG 
ISLAND. 

Geological  Survey,  Syosset,  NY.  Water  Resources 
Div. 

A.  G.  Spinello,  J.  H.  Nakao,  and  R.  B.  Winowitch. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87- 178240/ 
AS.  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NY-85-2  (WRD/ 
HD-87-214),  1986.  304p.  Prepared  in  cooperation 
with  the  State  of  New  York  and  other  agencies. 

Descriptors:  *Data  collections,  •Groundwater, 
•Hydrologic  data,  *New  York,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 


and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  volume  contains  records  of  water  discharge  at 
17  gaging  stations;  water  quality  at  16  gaging  sta- 
tions, 850  wells;  and  water  levels  at  139  observa- 
tion wells.  Also  included  are  data  for  79  low-flow 
partial-record  stations.  Additional  water  data  were 
collected  at  various  sites  not  involved  in  the  sys- 
tematic data  collection  program,  and  are  published 
as  miscellaneous  measurements  and  analyses.  These 
data,  together  with  the  data  in  Volumes  1  and  3, 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey  in 
cooperation  with  State,  Federal  and  other  agencies 
in  New  York.  (See  W90-06445  and  W90-06447) 
(USGS) 
W90-06446 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1985.  VOLUME  3:  WESTERN 
NEW  YORK. 

Geological  Survey,  Ithaca,  NY.  Water  Resources 
Div. 

J.  B.  Hood,  W.  H.  Johnston,  W.  E.  Harding,  and 
D.  A.  Sherwood. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-181863/ 
AS.  Price  codes:  A09  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NY-85-3  (WRD/ 
HD-87-208),  1985.  185p.  Prepared  in  cooperation 
with  the  State  of  New  York  and  other  agencies. 

Descriptors:  'Data  collections,  *Groundwater, 
•Hydrologic  data,  'New  York,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Seepage,  Streamflow,  Water  analysis, 
Water  level,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  records  for 
water  discharge  at  78  gaging  stations;  stage  only  at 
19  gaging  stations;  stage  and  contents  at  6  gaging 
stations;  water  quality  at  7  gaging  stations;  and 
water  levels  at  21  observation  wells.  Also  included 
are  data  for  67  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites  not  involved  in  the  systematic  data  collection 
program  and  are  published  as  miscellaneous  meas- 
urements. These  data  together  with  the  data  in 
Volumes  1  and  2,  represent  that  part  of  the  Nation- 
al Water  Data  System  operated  by  the  U.S.  Geo- 
logical Survey  and  cooperating  State,  local  and 
Federal  agencies  in  New  York.  (See  W90-O6445 
and  W90-06446)  (USGS) 
W90-06447 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1986.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 
Div. 

G.  D.  Firda,  R.  Lumia,  and  P.  M.  Burke. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-174388. 
Price  codes:  A 12  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  NY-86-1  (WRD/HD- 
88-206),  1987.  262p.  Prepared  in  cooperation  with 
the  State  of  New  York  and  other  agencies. 

Descriptors:  *Data  collections,  •Groundwater, 
•Hydrologic  data,  *New  York,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  in  observation  wells.  This  volume  contains 
records  of  water  discharge  at  97  gaging  stations; 
stage  only  at  5  gaging  stations;  and  stage  and 
contents  at  4  gaging  stations  and  19  lakes  and 
reservoirs;  water  quality  at  34  gaging  stations;  and 
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water  levels  at  24  observation  wells.  Locations  of 
these  sites  are  shown.  Also  included  are  data  for  45 
crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites  not  in 
the  systematic  data  collection  program  and  are 
published  as  miscellaneous  measurements  and  anal- 
yses. These  data,  together  with  the  data  in  Vol- 
umes 2  and  3,  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  New  York.  (See  W90-06445,  W90- 
06449,  and  W90-06450)  (USGS) 
W90-06448 

WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1986.  VOLUME  2:  LONG 
ISLAND. 

Geological  Survey,  Syosset,  NY.  Water  Resources 

Div. 

A.  G.  Spinello,  J.  H.  Nakao,  D.  L.  Simmons,  and 

R.  B.  Winowitch. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB88- 174396. 

Price  codes:  A17  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  NY-86-2  (WRD/HD- 

87-274),  1987.  164p.  Prepared  in  cooperation  with 

the  State  of  New  York  and  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
*Hydrologic  data,  *New  York,  'Surface  water, 
*Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  volume  contains  records  for  water  discharge 
at  17  gaging  stations;  water  quality  at  16  gaging 
stations,  109  wells;  and  3  precipitation  stations;  and 
water  levels  at  118  observation  wells.  Also  includ- 
ed are  data  for  82  low-flow  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites  not  involved  in  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements and  analyses.  These  data,  together  with 
the  data  in  Volumes  1  and  3  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  in  cooperation  with  State, 
Federal  and  other  agencies  in  New  York.  (See 
W90-06448  and  W90-06450)  (USGS) 
W90-06449 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1986.  VOLUME  3:  WESTERN 
NEW  YORK. 

Geological  Survey,  Ithaca,  NY.  Water  Resources 

Div. 

W.  F.  Coon,  W.  H.  Johnston,  D.  A.  Sherwood, 

and  D.  D.  Deloff. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB90-156258. 

Price  codes:  A 10  in  paper  copy,  A02  in  microfiche. 

USGS  Water-Data  Report  NY-86-3  (WRD/HD- 

87-275),  1986.  186p.  Prepared  in  cooperation  with 

the  State  of  New  York  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  *New  York,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  records  for 
water  discharge  at  80  gaging  stations;  stage  only  at 
19  gaging  stations;  stage  and  contents  at  6  gaging 
stations;  water  quality  at  7  gaging  stations;  and 
water  levels  at  22  observation  wells.  Also  included 
are  data  for  67  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites  not  involved  in  the  systematic  data  collection 
program  and  are  published  as  miscellaneous  meas- 
urements. These  data  together  with  the  data  in 


Volumes  1  and  2,  represent  that  part  of  the  Nation- 
al Water  Data  System  operated  by  the  U.S.  Geo- 
logical Survey  and  cooperating  State,  local  and 
Federal  agencies  in  New  York.  (See  W90-06448 
and  W90-06449)  (USGS) 
W90-06450 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1987.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 
Div. 

G.  D.  Firda,  R.  Lumia,  and  P.  M.  Burke. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-131379/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NY-87-1  (WRD/ 
HD-88-260),  1988.  267p.  Prepared  in  cooperation 
with  the  State  of  New  York  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'New  York,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  in  observation  wells.  This  volume  contains 
records  of  water  discharge  at  97  gaging  stations; 
stage  only  at  4  gaging  stations;  and  stage  and 
contents  at  4  gaging  stations,  and  19  other  lakes 
and  reservoirs;  water  quality  at  33  gaging  stations; 
and  water  levels  at  24  observation  wells.  Locations 
of  these  sites  are  shown.  Also  included  are  data  for 
35  crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites  not  part 
of  the  systematic  data  collection  program  and  are 
published  as  miscellaneous  measurements  and  anal- 
yses. These  data,  together  with  the  data  in  Vol- 
umes 2  and  3,  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  New  York.  (See  W90-06448,  W90- 
06452,  and  W90-06453)  (USGS) 
W90-06451 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1987.  VOLUME  2:  LONG 
ISLAND. 

Geological  Survey,  Syosset,  NY.  Water  Resources 
Div. 

A.  G.  Spinello,  J.  H.  Nakao,  D.  L.  Simmons,  and 
R.  B.  Winowitch. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89- 114367/ 
AS.  Price  codes:  All  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NY-87-2  (WRD/ 
HD-88-247),  1988.  218p.  Prepared  in  cooperation 
with  the  State  of  New  York  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'New  York,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  groundwater  wells. 
This  volume  contains  records  for  water  discharge 
at  17  gaging  stations;  water  quality  at  17  gaging 
stations,  217  wells;  and  3  precipitation  stations;  and 
water  levels  at  113  observation  wells.  Also  includ- 
ed are  data  for  74  low-flow  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites  not  involved  in  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements and  analyses.  These  data,  together  with 
the  data  in  Volumes  1  and  3,  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  in  cooperation  with  State, 
Federal  and  other  agencies  in  New  York.  (See  also 
W90-06451  and  W90-06453)  (USGS) 
W90-06452 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1987.  VOLUME  3:  WESTERN 
NEW  YORK. 

Geological  Survey,  Ithaca,  NY.  Water  Resources 
Div. 

W.  F.  Coon,  W.  H.  Johnston,  D.  A.  Sherwood, 
and  D.  D.  Deloff. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-249313/ 
AS.  Price  codes:  A10  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NY-87-3  (WRD/ 
HD-88-253),  1987.  178p.  Prepared  in  cooperation 
with  the  State  of  New  York  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'New  York,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  records  for 
water  discharge  at  77  gaging  stations;  stage  only  at 
19  gaging  stations;  stage  and  contents  at  6  gaging 
stations;  water  quality  at  8  gaging  stations;  and 
water  levels  at  21  observation  wells.  Also  included 
are  data  for  38  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites  not  involved  in  the  systematic  data  collection 
program  and  are  published  as  miscellaneous  meas- 
urements. These  data  together  with  the  data  in 
Volumes  1  and  2,  represent  that  part  of  the  Nation- 
al Water  Data  System  operated  by  the  U.S.  Geo- 
logical Survey  and  cooperating  State,  local  and 
Federal  agencies  in  New  York.  (See  W90-06451 
and  W90-06452)  (USGS) 
W90-06453 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1984.  VOLUME  1:  EASTERN 
NEW  YORK  EXCLUDING  LONG  ISLAND. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

G.  D.  Firda,  R.  Lumia,  R.  J.  Archer,  and  P.  M. 

Burke. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB86-132784. 

Price  codes:  A12  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  NY-84-1  (WRD/HD- 

85/253),  1985.  249p.  Prepared  in  cooperation  with 

the  State  of  New  York  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'New  York,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1984  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  discharge,  and 
water  quality  of  lakes  and  reservoirs;  quality  of 
precipitation,  and  water  levels  and  quality  of  water 
in  wells.  This  volume  contains  records  of  water 
discharge  at  96  gaging  stations;  stage  only  at  5 
gaging  stations;  and  stage  and  contents  at  4  gaging 
stations  and  19  lakes  and  reservoirs;  water  quality 
at  34  gaging  stations  and  3  precipitation  stations, 
and  water  levels  at  24  observation  wells.  Locations 
of  these  sites  are  shown.  Also  included  are  data  for 
66  crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  in 
the  systematic  data  collection  program  and  are 
published  as  miscellaneous  measurements.  These 
data  together  with  the  data  in  Volumes  2  and  3, 
represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
New  York.  (See  W90-06455  and  W90-06456) 
(USGS) 
W90-06454 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1984.  VOLUME  2.  LONG 
ISLAND. 
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Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

A.  G.  Spinello,  J.  H.  Nakao,  W.  J.  Flipse,  and  J.  G. 

Carcaci. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB86- 137338. 

Price  codes:  A13  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  NY-84-2  (WRD/HD- 

85/246),  1985.  288p.  Prepared  in  cooperation  with 

the  State  of  New  York  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'New  York,  'Surface  water, 
♦Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1984  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  ground  water  wells. 
This  report  contains  records  for  water  discharge  at 
17  gaging  stations;  water  quality  at  17  gaging  sta- 
tions, 884  wells;  and  water  levels  at  139  observa- 
tion wells.  Also  included  are  data  for  79  low-flow 
partial-record  stations.  Additional  water  data  were 
collected  at  various  sites,  not  involved  in  the  sys- 
tematic data  collection  program,  and  are  published 
as  miscellaneous  measurements  and  analyses.  These 
data  together  with  the  data  in  Volumes  1  and  3, 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
New  York.  (See  W90-06454  and  W90-06456) 
(USGS) 
W90-06455 


WATER  RESOURCES  DATA  FOR  NEW  YORK, 
WATER  YEAR  1984.  VOLUME  3.  WESTERN 
NEW  YORK. 

Geological  Survey,  Albany,  NY.  Water  Resources 
Div. 

J.  B.  Hood,  W.  J.  Johnston,  and  H.  J.  Zajd. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-130630. 
Price  codes:  A09  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  NY-84-3  (WRD/HD- 
85/238),  1985.  184p.  Prepared  in  cooperation  with 
the  State  of  New  York  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'New  York,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1984  water  year  for 
New  York  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  records  for 
water  discharge  at  78  gaging  stations;  stage  only  at 
14  gaging  stations;  stage  and  contents  at  6  gaging 
stations;  water  quality  at  7  gaging  stations;  and 
water  levels  at  22  observation  wells.  Also  included 
are  data  for  63  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  involved  in  the  systematic  data  collection 
program  and  are  published  as  miscellaneous  meas- 
urements. These  data  together  with  the  data  in 
Volumes  1  and  2  represent  that  part  of  the  Nation- 
al Water  Data  System  operated  by  the  U.S.  Geo- 
logical Survey  and  cooperating  State  and  Federal 
agencies  in  New  York.  (See  W90-06454  and  W90- 
06455)  (USGS) 
W90-06456 


WATER    RESOURCES    DATA    FOR    NORTH 
CAROLINA,  WATER  YEAR  1985. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 
Div. 

C.  L.  Hill,  J.  F.  Rinehardt,  and  T.  E.  Dillard. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-1 11894. 
Price  codes:  A24  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  NC-85-1  (WRD/HD- 
86/223),  1985.  550p.  Prepared  in  cooperation  with 
the  State  of  North  Carolina  and  with  other  agen- 


Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'North  Carolina,  'Surface 
water,  'Water  quality,  Chemical  analysis,  Flow 
rates,  Gaging  stations,  Lakes,  Reservoirs,  Sampling 
sites,  Sediments,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
North  Carolina  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage  and 
contents  of  lakes  and  reservoirs;  and  groundwater 
levels.  This  report  contains  discharge  records  for 
154  gaging  stations  and  stage  and  contents  for  25 
lakes  and  reservoirs;  water  quality  for  137  gaging 
stations  and  12  miscellaneous  sites;  and  water 
levels  for  68  observation  wells.  Additional  water 
data  were  collected  at  various  sites,  not  involved  in 
the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements  in  this 
report.  The  collection  of  water-resources  data  in 
North  Carolina  is  a  part  of  the  National  Water 
Data  System  operated  by  the  U.S.  Geological 
Survey  in  cooperation  with  State,  Municipal,  and 
Federal  agencies.  (USGS) 
W90-06457 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1984. 
Geological    Survey,    Bismarck,    ND.    Water   Re- 
sources Div. 

N.  D.  Haffield,  and  G.  L.  Ryan. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86- 159282. 
Price  codes:  A16  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  ND-84-1  (WRD/HD- 
85/271),  1985.  358p.  Prepared  in  cooperation  with 
the  State  of  North  Dakota  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'North  Dakota,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
North  Dakota  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  groundwater 
wells.  This  report  contains  discharge  records  for 
108  gaging  stations;  stage  only  records  for  21 
gaging  stations;  stage  and  contents  for  13  lakes  and 
reservoirs;  water  quality  for  108  gaging  stations,  8 
lakes,  33  wells,  2  precipitation  stations;  and  water 
levels  for  31  observation  wells.  These  data  repre- 
sent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  and  coop- 
erating State,  Federal,  and  local  agencies  in  North 
Dakota.  (USGS) 
W90-06458 


WATER  RESOURCES  DATA  FOR  NORTH 
DAKOTA,  WATER  YEAR  1985. 

Geological  Survey,  Bismarck,  ND.  Water  Re- 
sources Div. 

R.  E.  Harkness,  N.  D.  Haffield,  and  G.  L.  Ryan. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-1 18642. 
Price  codes:  A 17  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  ND-85-1  (WRD/HD- 
86/254),  1986.  368p.  Prepared  in  cooperation  with 
the  State  of  North  Dakota  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'North  Dakota,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
North  Dakota  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  groundwater 
wells.  This  report  contains  discharge  records  for 
105  gaging  stations;  stage  only  records  for  21 
gaging  stations;  stage  and  contents  for  1 5  lakes  and 


reservoirs;  water  quality  for  103  gaging  stations,  7 
lakes,  3  crest-stage  gages,  76  wells;  and  water 
levels  for  31  observation  wells.  These  data  repre- 
sent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  and  coop- 
erating State,  Federal,  and  local  agencies  in  North 
Dakota.  (See  also  W90-06458)  (USGS) 
W90-06459 


WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1984.  VOLUME  1.  OHIO  RIVER 
BASIN. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

H.  L.  Shindel,  L.  L.  Stewart,  and  J.  R.  Kolva. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-233500. 
Price  codes:  A15  in  paper  copy,  A01  in  microfiche. 
USGS  Water- Data  Report  OH-84-1  (WRD/HD- 
85/222),  1985.  316p.  Prepared  in  cooperation  with 
the  State  of  Ohio  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Ohio,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Streamflow,  Water  analysis,  Water  level, 
Water  temperature,  Water  wells. 

Water  resources  data  for  the  1984  water  year  for 
Ohio  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  in  two 
volumes  contains  records  for  water  discharge  at 
127  gaging  stations,  stage  and  contents  at  4  lakes 
and  reservoirs;  water  quality  at  31  gaging  stations, 
32  wells,  and  14  partial  record  sites;  and  water 
levels  at  387  observation  wells.  Also  included  are 
data  from  60  crest-stage  partial-record  stations  and 
4  miscellaneous  sites.  Additional  water  data  were 
collected  at  various  sites,  not  involved  in  the  sys- 
tematic data  collection  program  and  are  published 
as  miscellaneous  measurements  and  analyses.  These 
data  represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Ohio.  (See  also  W90-06461)  (USGS) 
W90-06460 


WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1984.  VOLUME  2.  ST.  LAW- 
RENCE RIVER  BASIN,  STATEWIDE  PROJECT 
DATA. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

H.  L.  Shindel,  L.  L.  Stewart,  and  J.  R.  Kolva. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-230233. 
Price  codes:  All  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  OH-84-2  (WRD/HD- 
85/223),  1985.  224p.  Prepared  in  cooperation  with 
the  State  of  Ohio  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Ohio,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Streamflow,  Water  analysis,  Water  level, 
Water  temperature,  Wells. 

Water  resources  data  for  the  1984  water  year  for 
Ohio  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  in  two 
volumes  contains  records  for  water  discharge  at 
127  gaging  stations;  stage  and  contents  at  4  lakes 
and  reservoirs;  water  quality  at  3 1  gaging  stations, 
32  wells,  and  14  partial  record  sites;  and  water 
levels  at  387  observation  wells.  Also  included  are 
data  from  60  crest-stage  partial-record  stations  and 
4  miscellaneous  sites.  Additional  water  data  were 
collected  at  various  sites  not  involved  in  the  sys- 
tematic data  collection  program  and  are  published 
as  miscellaneous  measurements  and  analyses.  These 
data  represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Ohio.  (See  also  W90-06460)  (USGS) 
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W90-06461 

WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1985.  VOLUME  1.  OHIO  RIVER 
BASES. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

H.  L.  Shindel,  J.  H.  Klinqler,  J.  P.  Mangus,  and  L. 
E.  Trimble. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  Price  codes:  A16 
in  paper  copy,  A01  in  microfiche.  USGS  Water- 
Data  Report  OH-85-1  (WRD/HD-86/231),  1986. 
338p.  Prepared  in  cooperation  with  the  State  of 
Ohio  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  *Ohio,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Streamflow,  Water  analysis,  Water  level, 
Water  temperature,  Wells. 

Water  resources  data  for  the  1985  water  year  for 
Ohio  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  in  two 
volumes  contains  records  for  water  discharge  at 
136  gaging  stations,  stage  and  contents  at  4  lakes 
and  reservoirs;  water  quality  at  32  gaging  stations, 
87  wells,  and  5  partial  record  sites;  and  water 
levels  at  460  observation  wells.  Also  included  are 
data  from  61  crest-stage  partial-record  stations  and 
19  miscellaneous  sites.  Additional  water  data  were 
collected  at  various  sites,  not  involved  in  the  sys- 
tematic data  collection  program  and  are  published 
as  miscellaneous  measurements  and  analyses.  These 
data  represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Ohio.  (See  W90-06460  and  W90-06463)  (USGS) 
W90-06462 


WATER  RESOURCES  DATA  FOR  OHIO, 
WATER  YEAR  1985.  VOLUME  2.  ST.  LAW- 
RENCE RIVER  BASIN,  STATEWIDE  PROJECT 
DATA. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

H.  L.  Shindel,  J.  H.  Klingler,  J.  P.  Mangus,  and  L. 
E.  Trimble. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  PB87-1 11324. 
Price  codes:  A13  in  paper  copy,  A13  in  microfiche. 
USGS  Water-Data  Report  OH-85-2  (WRD/HD- 
86/232),  1986.  281p.  Prepared  in  cooperation  with 
the  State  of  Ohio  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Ohio,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Streamflow,  Water  analysis,  Water  level, 
Water  temperature,  Wells. 

Water  resources  data  for  the  1985  water  year  for 
Ohio  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  in  two 
volumes  contains  records  for  water  discharge  at 
136  gaging  stations,  stage  and  contents  at  4  lakes 
and  reservoirs;  water  quality  at  32  gaging  stations, 
87  wells,  and  5  partial  record  sites;  and  water 
levels  at  460  observation  wells.  Also  included  are 
data  from  61  crest-stage  partial-record  stations  and 
19  miscellaneous  sites.  Additional  water  data  were 
collected  at  various  sites  not  involved  in  the  sys- 
tematic data  collection  program  and  are  published 
as  miscellaneous  measurements  and  analyses.  These 
data  represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Ohio.  (See  also  W90-06462)  (USGS) 
W90-06463 


WATER  RESOURCES  DATA  FOR  OKLAHO- 
MA, WATER  YEAR  1983. 

Geological   Survey,  Oklahoma  City,  OK.   Water 


Resources  Div. 

L.  D.  Hauth,  J.  K.  Kurklin,  and  D.  M.  Walters. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-236289. 
Price  codes:  A13  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  OK-83-1  (WRD/HD- 
85/217),  1985.  286p.  Prepared  in  cooperation  with 
the  State  of  Oklahoma  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
'Oklahoma,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1983  water  year  for 
Oklahoma  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs.  This  report 
contains  discharge  records  for  117  gaging  stations; 
stage  and  contents  for  27  lakes  or  reservoirs;  water 
quality  for  39  gaging  stations  and  3  lakes.  Also 
included  are  39  crest-stage  partial-record  stations 
and  3  low-flow  stations.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Oklahoma.  (USGS) 
W90-06464 


WATER  RESOURCES  DATA  FOR  OKLAHO- 
MA, WATER  YEAR  1984. 

Geological  Survey,  Oklahoma  City,  OK.  Water 
Resources  Div. 

L.  D.  Hauth,  J.  K.  Kurklin,  and  D.  M.  Walters. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-149944/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OK-84-1  (WRD/ 
HD-86/235),  1986.  302p.  Prepared  in  cooperation 
with  the  State  of  Oklahoma  and  with  other  agen- 


Descriptors:  'Data  collections,  'Hydrologic  data, 
'Oklahoma,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1984  water  year  for 
Oklahoma  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs.  This  report 
contains  discharge  records  for  122  gaging  stations; 
stage  and  contents  for  28  lakes  or  reservoirs;  water 
quality  for  36  gaging  stations  and  3  lakes.  Also 
included  are  39  crest-stage  partial-record  stations 
and  3  low-flow  stations.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Oklahoma.  (See  also 
W90-06464)  (USGS) 
W90-06465 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1984.  VOLUME  1.  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

L.  L.  Hubbard,  M.  L.  Smith,  and  L.  E.  Hubbard. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-1 15986. 
Price  codes:  Al  1  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  OR-84-1  (WRD/HD- 
86/217),  1986.  224p.  Prepared  in  cooperation  with 
the  State  of  Oregon  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Oregon,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  in  wells  and  springs.  This  report, 
in  two  volumes,  contains  discharge  records  for  259 
gaging  stations;  stage  only  records  for  8  gaging 
stations;  stage  and  contents  for  39  lakes  and  reser- 


voirs; water  quality  for  96  stations,  water  levels  for 
59  observation  wells;  and  water  quality  for  3  pre- 
cipitation stations.  Also  included  are  1 3  crest-stage, 
partial-record  stations.  Additional  water  data  were 
collected  at  various  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Oregon.  (See  also 
W90-06467)  (USGS) 
W90-06466 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1984.  VOLUME  2:  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

L.  L.  Hubbard,  M.  L.  Smith,  and  L.  E.  Hubbard. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  PB87-1 11860. 
Price  codes:  A21  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  OR-84-2  (WRD/HD- 
86/218),  1986.  467p.  Prepared  in  cooperation  with 
the  State  of  Oregon  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Oregon,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  in  wells  and  springs.  This  report, 
in  two  volumes,  contains  discharge  records  for  259 
gaging  stations;  stage  only  records  for  8  gaging 
stations;  stage  and  contents  for  39  lakes  and  reser- 
voirs; water  quality  for  96  stations,  water  levels  for 
59  observation  wells;  and  water  quality  for  3  pre- 
cipitation stations.  Also  included  are  13  crest-stage, 
partial-record  stations.  Additional  water  data  were 
collected  at  various  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Oregon.  (See  also 
W90-06466)  (USGS) 
W90-06467 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1984.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

J.  R.  Kolva,  T.  E.  White,  R.  L.  Druther,  and  P. 
Moleski. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-162534. 
Price  codes:  A12  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  PA-84-1  (WRD/HD- 
86/206),  1985.  261p.  Prepared  in  cooperation  with 
the  State  of  Pennsylvania  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  *Pennsylvania,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1984  water  year  for 
Pennsylvania  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  elevation  and  con- 
tents of  lakes  and  reservoirs;  and  elevation  of  tides; 
and  water  levels  of  groundwater  wells.  This 
volume  contains  records  for  water  discharge  at  68 
gaging  stations;  elevation  and  contents  at  12  lakes 
and  reservoirs;  elevation  of  tides  at  3  gaging  sta- 
tions; water  quality  at  33  gaging  stations;  and 
water  levels  at  17  observation  wells.  Also  included 
are  data  for  33  crest-stage,  53  low-flow,  and  42 
water-quality  partial-record  stations.  Location  of 
these  sites  are  shown.  Additional  water  data  were 
collected  at  various  sites,  not  involved  in  the  sys- 
tematic data  collection  program,  and  are  published 
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as  miscellaneous  measurements  and  analysis.  These 
data  together  with  the  data  in  Volumes  2  and  3 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State,  local  and  Federal  agencies 
in  Pennsylvania.  (See  W90-06469  and  W90-06499) 
(USGS) 
W90-06468 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1984.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

J.  B.  Lescinsky,  M.  B.  Coll,  and  R.  W.  Siwicki. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-239606. 
Price  codes:  A 10  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  PA-84-3  (WRD/HD- 
85/228),  1985.  207p.  Prepared  in  cooperation  with 
the  State  of  Pennsylvania  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  'Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1984  water  year  for 
Pennsylvania  consist  of  records  of  discharge,  and 
water  quality  of  streams;  elevation  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  records  for 
water  discharge  at  83  gaging  stations;  elevations 
and  contents  at  3  lakes  and  reservoirs;  and  water 
levels  at  39  observation  wells.  Also  included  are 
data  for  3  crest-stage,  5  low-flow  stations,  50  water 
quality  and  85  groundwater-quality  partial-record 
stations.  Locations  of  these  sites  are  shown.  Addi- 
tional water  data  were  collected  at  various  sites, 
not  involved  in  the  systematic  data  collection  pro- 
gram and  are  published  as  miscellaneous  measure- 
ments and  analysis.  These  data,  together  with  the 
data  in  Volume  1  and  2,  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State,  local 
and  Federal  agencies  in  Pennsylvania.  (See  also 
W90-06468  and  W90-06499)  (USGS) 
W90-06469 


WATER  RESOURCES  DATA  FOR  SOUTH 
DAKOTA,  WATER  YEAR  1984. 

Geological  Survey,  Huron,  SD.  Water  Resources 
Div. 

E.  B.  Hoffman,  R.  D.  Benson,  and  G.  R.  Wisnieski. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-130507. 
Price  codes:  A12  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  SD-84-1  (WRD/HD- 
85/266),  1985.  259p.  Prepared  in  cooperation  with 
the  State  of  South  Dakota  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'South  Dakota,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
South  Dakota  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  in  wells.  This  report  contains  dis- 
charge records  for  105  gaging  stations,  stage  and 
contents  for  13  lakes  and  reservoirs;  water  quality 
for  17  gaging  stations;  and  water  levels  for  37 
observation  wells.  Additional  water  data  were  col- 
lected at  various  sites,  not  part  of  the  systematic 
data  collection  program,  and  are  published  as  mis- 
cellaneous measurements  and  analyses.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
South  Dakota.  (USGS) 
W90-06470 


WATER    RESOURCES    DATA    FOR    SOUTH 
DAKOTA,  WATER  YEAR  1985. 


Geological  Survey,  Huron,  SD.  Water  Resources 
Div. 

E.  B.  Hoffman,  R.  D.  Benson,  and  G.  R.  Wisnieski. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87- 152062/ 
AS.  Price  codes:  A 13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  SD-85-1  (WRD/ 
HD-86/265),  1986.  265p.  Prepared  in  cooperation 
with  the  State  of  South  Dakota  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'South  Dakota,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
South  Dakota  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  in  wells.  This  report  contains  dis- 
charge records  for  115  streamflow-gaging  stations; 
stage  and  contents  records  for  10  lakes  and  reser- 
voirs, stage  for  2  streams  and  1  lake;  water  quality 
records  for  30  stream-gaging  stations,  3  wells,  5 
ungaged  streamsites,  4  lakes,  and  4  sewage  lagoons; 
and  water  levels  for  30  observation  wells.  Addi- 
tional water  data  were  collected  at  various  sites, 
not  part  of  the  systematic  data  collection  program, 
and  are  published  as  miscellaneous  measurements 
and  analysis.  These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  South  Dakota.  (See  also  W90- 
06470)  (USGS) 
W90-06471 


WATER  RESOURCES  DATA  FOR  TENNES- 
SEE, WATER  YEAR  1984. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

J.  F.  Lowery,  P.  H.  Counts,  H.  L.  Edmiston,  and 
F.  D.  Edwards. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-232338. 
Price  codes:  A15  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  TN-84-1  (WRD/HD- 
85/216),  1985.  331  p.  Prepared  in  cooperation  with 
the  State  of  Tennessee  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  "Surface  water,  'Tennessee, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Seepage,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1984  water  year  for 
Tennessee  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  wells.  This  report  con- 
tains discharge  records  for  91  gaging  stations;  stage 
only  records  for  2  lake  gaging  stations;  elevation 
and  contents  for  28  lakes  and  reservoirs;  water 
quality  for  22  stations;  and  water  levels  for  32 
observation  wells.  Also  included  are  93  crest-stage 
partial-record  stations  and  79  low-flow  partial- 
record  stations.  Additional  water  data  were  col- 
lected at  various  stream  and  spring  sites  not  in- 
volved in  the  systematic  data  collection  program 
and  are  published  as  miscellaneous  measurements 
and  analyses,  or  as  seepage  investigations  of  dis- 
charge and  water  quality.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Tennessee. 
(USGS) 
W90-O6472 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1984.  VOLUME  1:  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RTVER,  NECHES 
RIVER,  TRINITY  RIVER  BASINS  AND  ENTER- 
VENTNG  AND  ADJACENT  COASTAL  BASENS. 
Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

H.  D.  Buckner,  E.  R.  Carrillo,  and  H.  J.  Davidson. 
Available  from  the  National  Technical  Information 


Service,  Springfield,  VA  22161,  as  PB86-130267. 
Price  codes:  A21  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  TX-84-1  (WRD/HD- 
85/249),  1985.  485p.  Prepared  in  cooperation  with 
the  State  of  Texas  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
'Surface  water,  'Texas,  'Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  temperature. 

Surface-water  data  for  the  1984  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood-hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06474  and  W90-O6475)  (USGS) 
W90-06473 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1984.  VOLUME  2.  SAN  JA- 
CINTO RIVER,  BRAZOS  RIVER,  SAN  BER- 
NARD RIVER  BASENS  AND  ENTERVEMNG 
COASTAL  BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

H.  D.  Buckner,  E.  R.  Carrillo,  and  H.  J.  Davidson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB86-128592. 
Price  codes:  A19  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  TX-84-2  (WRD/HD- 
85/250),  1985.  427p.  Prepared  in  cooperation  with 
the  State  of  Texas  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
•Surface  water,  *Texas,  *Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  temperature. 

Surface-water  data  for  the  1984  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood-hydro- 
graph  partial -record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial -record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06473  and  W90-06475)  (USGS) 
W90-06474 


WATER    RESOURCES    DATA    FOR    TEXAS, 

WATER  YEAR  1984.  VOLUME  3:  COLORADO 

RTVER,      LAVACA      RIVER,      GUADALUPE 

RTVER,     NUECES     RrVER,     RIO     GRANDE 

BASINS      AND      rNTERVENING      COASTAL 

BASEVS. 

Geological  Survey,  Austin,  TX.  Water  Resources 

Div. 

H.  D.  Buckner,  E.  R.  Carrillo,  and  H.  J.  Davidson. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB86-135167. 

Price  codes:  A 19  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  TX-84-3  (WRD/HD- 

85/251),  1985.  429p.  Prepared  in  cooperation  with 

the  State  of  Texas  and  with  other  agencies. 
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RESOURCES  DATA— Field  7 


Evaluation,  Processing  and  Publication — Group  7C 


Descriptors:  *Data  collections,  *Hydrologic  data, 
•Surface  water,  'Texas,  'Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  temperature. 

Surface-water  data  for  the  1984  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  stage, 
contents  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood-hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06473  and  W90-06474)  (USGS) 
W90-06475 


WATER  RESOURCES  DATA  FOR  UTAH, 
WATER  YEAR  1984. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 

Resources  Div. 

M.  D.  ReMillard,  G.  C.  Andersen,  G.  A.  Birdwell, 

and  E.  Hookano. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  PB86-126968. 

Price  codes:  A20  in  paper  copy,  A01  in  microfiche. 

USGS  Water-Data  Report  UT-84-1  (WRD/HD- 

85/241),  1985.  463p.  Prepared  in  cooperation  with 

the  State  of  Utah  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  'Surface  water,  'Utah,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1984  water  year  for 
Utah  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater.  This  report  contains  dis- 
charge records  for  221  gaging  stations;  stage  and 
contents  for  18  lakes  and  reservoirs;  water  quality 
for  48  hydrologic  stations  and  166  wells;  miscella- 
neous temperature  measurements  and  field  deter- 
minations for  162  stations;  and  water  levels  for  36 
observation  wells.  Additional  water  data  were  col- 
lected at  various  sites  not  involved  in  the  systemat- 
ic data  collection  program,  and  are  published  as 
miscellaneous  measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Utah.  (USGS) 
W90-06476 


WATER  RESOURCES  DATA  FOR  UTAH, 
WATER  YEAR  1985. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 

M.  D.  ReMillard,  G.  C.  Andersen,  G.  A.  Birdwell, 
and  G.  W.  Sandberg. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87- 152369/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  UT-85-1  (WRD/ 
HD-86/250),  1986.  400p.  Prepared  in  cooperation 
with  the  State  of  Utah  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Surface  water,  'Utah,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1985  water  year  for 
Utah  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater.  This  report  contains  dis- 
charge records  for  198  gaging  stations;  stage  and 


contents  for  17  lakes  and  reservoirs;  water  quality 
for  24  hydrologic  stations  and  186  wells;  miscella- 
neous temperature  measurements  and  field  deter- 
minations for  157  stations;  and  water  levels  for  31 
observation  wells.  Additional  water  data  were  col- 
lected at  various  sites,  not  involved  in  the  system- 
atic data  collection  program,  and  are  published  as 
miscellaneous  measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Utah.  (See  also 
W90-06476)  (USGS) 
W90-06477 


WATER  RESOURCES  DATA  FOR  VIRGINIA, 
WATER  YEAR  1984. 

Geological  Survey,  Richmond,  VA.  Water  Re- 
sources Div. 

B.  J.  Prugh,  F.  J.  Easton,  and  D.  D.  Lynch. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB85-242105. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  VA-84-1  (WRD/HD- 
85/226),  1985.  405p.  Prepared  in  cooperation  with 
the  State  of  Virginia  and   with   other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Surface  water,  'Virginia, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
Virginia  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater  wells.  This 
report  contains  records  for  water  discharge  at  192 
gaging  stations;  stage  only  at  1  gaging  station; 
stage  and  contents  at  10  lakes  and  reservoirs;  water 
quality  at  43  gaging  stations  and  5  wells;  and  water 
levels  at  56  observation  wells.  Also  included  are 
data  for  78  crest-stage  partial-record  stations.  Lo- 
cations of  these  sites  are  shown.  Additional  water 
data  were  collected  at  various  sites,  not  involved  in 
the  systematic  data  collection  program.  Discharge 
measurements  were  made  at  172  low-flow  partial- 
record  stations.  Miscellaneous  data  were  collected 
at  133  measuring  sites  and  31  water-quality  sam- 
pling sites.  These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Virginia.  (USGS) 
W90-06478 


WATER  RESOURCES  DATA  FOR  NORTH 
CAROLINA,  WATER  YEAR  1986. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div  „  ^ 

R.  G.  Barker,  W.  H.  Eddins,  R.  G.  Garrett,  B.  C. 

Ragland,  and  J.  F.  Rinehardt. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-231049/ 
AS.  Price  codes:  A22  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NC-86-1  (WRD/ 
HD-87/233),  1986.  495p.  Prepared  in  cooperation 
with  the  State  of  North  Carolina  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'North  Carolina,  'Surface 
water,  'Water  quality,  Chemical  analysis,  Flow 
rates,  Gaging  stations,  Lakes,  Reservoirs,  Sampling 
sites,  Sediments,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
North  Carolina  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage  and 
contents  of  lakes  and  reservoirs;  and  groundwater 
levels.  This  report  contains  discharge  records  for 
159  gaging  stations  and  stage  and  contents  for  25 
lakes  and  reservoirs;  water  quality  for  130  gaging 
stations  and  8  miscellaneous  sites;  and  water  levels 
for  73  observation  wells.  Additional  water  data 
were  collected  at  various  sites  not  involved  in  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements  in  this 
report.  The  collection  of  water-resources  data  in 
North  Carolina  is  a  part  of  the  National  Water 


Data  System  operated  by  the  U.S.  Geological 
Survey  in  cooperation  with  State,  municipal,  and 
Federal  agencies.  (See  also  W90-06457)  (USGS) 
W90-06479 


WATER  RESOURCES  DATA  FOR  NORTH 
CAROLINA,  WATER  YEAR  1987. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 
Div. 

B.  C.  Ragland,  R.  G.  Garrett,  R.  G.  Barker,  W.  H. 
Eddins,  and  J.  F.  Rinehardt. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-2 12550/ 
AS  Price  codes:  A23  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NC-87-1  (WRD/ 
HD-88/218),  1987.  542p.  Prepared  in  cooperation 
with  the  State  of  North  Carolina  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'North  Carolina,  'Surface 
water,  'Water  quality,  Chemical  analysis,  Flow 
rates,  Gaging  stations,  Lakes,  Reservoirs,  Sampling 
sites,  Sediments,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
North  Carolina  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage  and 
contents  of  lakes  and  reservoirs;  and  groundwater 
levels.  This  report  contains  discharge  records  for 
173  gaging  stations  and  stage  and  contents  for  25 
lakes  and  reservoirs;  water  quality  for  140  gaging 
stations  and  21  miscellaneous  sites;  and  water 
levels  for  72  observation  wells.  Additional  water 
data  were  collected  at  various  sites  not  involved  in 
the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements  in  this 
report.  The  collection  of  water-resources  data  in 
North  Carolina  is  a  part  of  the  National  Water 
Data  System  operated  by  the  U.S.  Geological 
Survey  in  cooperation  with  State,  municipal,  and 
Federal  agencies.  (See  also  W90-06479)  (USGS) 
W90-06480 


WATER  RESOURCES  DATA  FOR  NORTH 
CAROLINA,  WATER  YEAR  1988. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 
Div. 

B.  C.  Ragland,  R.  G.  Garrett,  R.  G.  Barker,  W.  H. 
Eddins,  and  J.  F.  Rinehardt. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-204333/ 
AS.  Price  codes:  A 19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  NC-88-1  (WRD/ 
HD-89/228),  1989.  418p.  Prepared  in  cooperation 
with  the  State  of  North  Carolina  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'North  Carolina,  'Surface 
water,  'Water  quality,  Chemical  analysis,  Flow 
rates,  Gaging  stations,  Lakes,  Reservoirs,  Sampling 
sites,  Sediments,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
North  Carolina  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage  and 
contents  of  lakes  and  reservoirs;  and  groundwater 
levels.  This  report  contains  discharge  records  for 
171  gaging  stations  and  stage  and  contents  for  26 
lakes  and  reservoirs;  water  quality  for  35  gaging 
stations  and  10  miscellaneous  sites;  and  water 
levels  for  43  observation  wells.  Additional  water 
data  were  collected  at  various  sites  not  involved  in 
the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements  in  this 
report.  The  collection  of  water-resources  data  in 
North  Carolina  is  a  part  of  the  National  Water 
Data  System  operated  by  the  U.S.  Geological 
Survey  in  cooperation  with  State,  municipal,  and 
Federal  agencies.  (See  also  W90-06480)  (USGS) 
W90-06481 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1986. 

Geological    Survey,    Bismarck,    ND.    Water   Re- 
sources Div. 
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Field  7— RESOURCES  DATA 


Group  7C — Evaluation,  Processing  and  Publication 


5 

V: 

ft 


R.  E.  Harkness,  N.  D.  Haffield,  and  G.  L.  Ryan. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-102231/ 
AS.  Price  codes:  A 18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  ND-86-1  (WRD/ 
HD-87/226),  1987.  399p.  Prepared  in  cooperation 
with  the  State  of  North  Dakota  and  with  other 
agencies. 

Descriptors:  'Data  collections,  *Groundwater, 
•Hydrologic  data,  •North  Dakota,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
North  Dakota  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents, and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  groundwater 
wells.  This  report  contains  discharge  records  for 
107  gaging  stations;  stage  only  records  for  22 
gaging  stations;  stage  and  contents  for  14  lakes  and 
reservoirs;  peak  flow  data  for  10  crest-stage  gages; 
water  quality  data  for  100  gaging  stations,  8  lakes, 
10  crest-stage  gages,  68  wells;  and  water  levels  for 
31  observation  wells.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State,  Federal  and  local  agencies  in  North  Dakota. 
(See  also  W90-06459)  (USGS) 
W90-06482 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1987. 
Geological    Survey,    Bismarck,    ND.    Water   Re- 
sources Div. 

R.  E.  Harkness,  N.  D.  Haffield,  and  G.  L.  Ryan. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-217484. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  ND-87-1  (WRD/HD- 
88/226),  1988.  392p.  Prepared  in  cooperation  with 
the  State  of  North  Dakota  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  *North  Dakota,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
North  Dakota  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents, and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  groundwater 
wells.  This  report  contains  discharge  records  for 
104  gaging  stations;  stage  only  records  for  22 
gaging  stations;  contents  and/or  stage  for  15  lakes 
and  reservoirs;  peak  flow  data  for  17  crest-stage 
gages;  water  quality  data  for  102  gaging  stations,  4 
lakes,  13  crest-stage  gages,  50  wells;  and  water 
levels  for  31  observation  wells.  These  data  repre- 
sent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  and  coop- 
erating State,  Federal  and  local  agencies  in  North 
Dakota.  (See  also  W90-06482)  (USGS) 
W90-06483 


WATER  RESOURCES  DATA  FOR  NORTH 
DAKOTA,  WATER  YEAR  1988. 

Geological  Survey,  Bismarck,  ND.  Water  Re- 
sources Div. 

R.  E.  Harkness,  N.  D.  Haffield,  G.  L.  Ryan,  and  E. 
A.  Wesolowski. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89- 194997. 
Price  codes:  A 17  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  ND-88-1  (WRD/HD- 
89/238),  1989.  380p.  Prepared  in  cooperation  with 
the  State  of  North  Dakota  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'North  Dakota,  'Surface  water, 
•Water  quality.  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 


Water  resources  data  for  the  1988  water  year  for 
North  Dakota  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents, and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  and  water  quality  of  groundwater 
wells.  This  report  contains  discharge  records  for 
105  gaging  stations;  stage  only  records  for  22 
gaging  stations;  contents  and/or  stage  for  14  lakes 
and  reservoirs;  peak  flow  data  for  15  crest-stage 
gages;  water  quality  data  for  96  gaging  stations,  8 
lakes,  13  crest-stage  gages,  30  wells;  and  water 
levels  for  31  observation  wells.  These  data  repre- 
sent that  part  of  the  National  Water  Data  System 
operated  by  the  U.S.  Geological  Survey  and  coop- 
erating State,  Federal  and  local  agencies  in  North 
Dakota.  (See  also  W90-06483)  (USGS) 
W90-06484 


WATER  RESOURCES  DATA  FOR  OHIO,  1986. 
VOLUME  1:  OHIO  RIVER  BASIN. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

H.  L.  Shindel,  J.  H.  Klingler,  J.  P.  Mangus,  and  L. 
E.  Trimble. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-144704/ 
AS.  Price  codes:  A 14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OH-86-1  (WRD/ 
HD-87/237),  1987.  295p.  Prepared  in  cooperation 
with  the  State  of  Ohio  and  with  other  agencies. 

Descriptors:  *Data  collections,  •Groundwater, 
•Hydrologic  data,  *Ohio,  *Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Streamflow,  Water  analysis,  Water  level, 
Water  temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  for 
Ohio  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report,  in  two 
volumes,  contains  records  for  water  discharge 
records  at  125  gaging  stations,  stage  and  contents 
at  4  lakes  and  reservoirs,  water  quality  at  1 7  gaging 
stations,  100  wells,  and  60  partial-record  sites;  and 
water  levels  at  948  observation  wells.  Also  includ- 
ed are  data  from  59  crest-stage  partial-record  sta- 
tions and  19  miscellaneous  sites.  Additional  water 
data  were  collected  at  various  sites  not  involved  in 
the  systematic  data  collection  program  and  are 
published  as  miscellaneous  measurements  and  anal- 
yses. These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  US  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Ohio.  (See  also  W90-06412  and  W90- 
06486)  (USGS) 
W90-06485 


WATER  RESOURCES  DATA  FOR  OHIO,  1986. 
VOLUME  2:  ST.  LAWRENCE  RIVER  BASIN. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

H.  L.  Shindel,  J.  H.  Klingler,  J.  P.  Mangus,  and  L. 
E.  Trimble. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88- 144696/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OH-86-2  (WRD/ 
HD-87/268),  1987.  287p.  Prepared  in  cooperation 
with  the  State  of  Ohio  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Ohio,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Streamflow,  Water  analysis,  Water  level, 
Water  temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  for 
Ohio  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report,  in  two 
volumes,  contains  records  fcr  water  discharge 
records  at  125  gaging  stations,  stage  and  contents 
at  4  lakes  and  reservoirs,  water  quality  at  17  gaging 
stations,  100  wells,  and  60  partial-record  sites;  and 
water  levels  at  948  observation  wells.  Also  includ- 
ed are  data  from  59  crest-stage  partial-record  sta- 


tions and  19  miscellaneous  sites.  Additional  water 
data  were  collected  at  various  sites  not  involved  in 
the  systematic  data  collection  program  and  are 
published  as  miscellaneous  measurements  and  anal- 
yses. These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Ohio.  (See  also  W90-06485)  (USGS) 
W90-06486 


WATER  RESOURCES  DATA  FOR  OHIO,  1987 
VOLUME  1:  OHIO  RIVER  BASIN. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

H.  L.  Shindel,  J.  H.  Klingler,  J.  P.  Mangus,  and  L. 
E.  Trimble. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB88-221676. 
Price  codes:  A15  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  OH-87-1  (WRD/HD- 
88/227),  1988.  319p.  Prepared  in  cooperation  with 
the  State  of  Ohio  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  *Ohio,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Streamflow,  Water  analysis,  Water  level, 
Water  temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  for 
Ohio  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report,  in  two 
volumes,  contains  records  for  water  discharge 
records  at  123  gaging  stations,  stage  and  contents 
at  8  lakes  and  reservoirs,  water  quality  at  25  gaging 
stations,  196  wells,  and  93  partial-record  sites;  and 
water  levels  at  828  observation  wells.  Also  includ- 
ed are  data  from  31  crest-stage  partial-record  sta- 
tions and  89  miscellaneous  sites.  Additional  water 
data  were  collected  at  various  sites  not  involved  in 
the  systematic  data  collection  program  and  are 
published  as  miscellaneous  measurements  and  anal- 
yses. These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Ohio.  (See  W90-06485  and  W90-O6488) 
(USGS) 
W90-06487 


WATER  RESOURCES  DATA  FOR  OHIO,  1987. 
VOLUME  2:  ST.  LAWRENCE  RIVER  BASIN. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

H.  L.  Shindel,  J.  H.  Klingler,  J.  P.  Mangus,  and  L. 
E.  Trimble. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-223110/ 
AS.  Price  codes:  A 16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OH-87-2  (WRD/ 
HD-88/233),  1987.  342p.  Prepared  in  cooperation 
with  the  State  of  Ohio  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Ohio,  *Surface  water,  *Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Streamflow,  Water  analysis,  Water  level, 
Water  temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  for 
Ohio  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report,  in  two 
volumes,  contains  records  for  water  discharge 
records  at  123  gaging  stations,  stage  and  contents 
at  8  lakes  and  reservoirs,  water  quality  at  25  gaging 
stations,  196  wells,  and  93  partial-record  sites;  and 
water  levels  at  828  observation  wells.  Also  includ- 
ed are  data  from  31  crest-stage  partial-record  sta- 
tions and  89  miscellaneous  sites.  Additional  water 
data  were  collected  at  various  sites  not  involved  in 
the  systematic  data  collection  program  and  are 
published  as  miscellaneous  measurements  and  anal- 
yses. These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 


162 


RESOURCES  DATA— Field  7 


Evaluation,  Processing  and  Publication — Group  7C 


cal  Survey  and  cooperating  State  and  Federal 
agencies  in  Ohio.  (See  also  W90-06487)  (USGS) 
W90-06488 


WATER  RESOURCES  DATA  FOR  OHIO,  1988. 
VOLUME  1:  OHIO  RIVER  BASIN. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

H.  L.  Shindel,  J.  H.  Klingler,  J.  P.  Mangus,  and  L. 
E.  Trimble. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161.  USGS  Water- 
Data  Report  OH-88-1  (WRD/HD-89/241),  1989. 
298p.  Prepared  in  cooperation  with  the  State  of 
Ohio  and  with  other  agencies. 

Descriptors:  'Data  collections,  *Groundwater, 
'Hydrologic  data,  *Ohio,  'Surface  water,  *Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Streamflow,  Water  analysis,  Water  level, 
Water  temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  for 
Ohio  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report,  in  two 
volumes,  contains  records  for  water  discharge 
records  at  133  gaging  stations,  stage  and  contents 
at  9  lakes  and  reservoirs,  water  quality  at  34  gaging 
stations,  59  wells,  and  47  partial-record  sites;  and 
water  levels  at  450  observation  wells.  Also  includ- 
ed are  data  from  miscellaneous  sites.  Additional 
water  data  were  collected  at  various  sites  not 
involved  in  the  systematic  data  collection  program 
and  are  published  as  miscellaneous  measurements 
and  analyses.  These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Ohio.  (See  W90-06487  and  W90- 
06490)  (USGS) 
W90-06489 


L.  D.  Hauth,  J.  K.  Kurklin,  D.  M.  Walters,  and  T. 
E.  Coffey. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-103098/ 
AS.  Price  codes:  A14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OK-85-1  (WRD/ 
HD-87/222),  1985.  302p.  Prepared  in  cooperation 
with  the  State  of  Oklahoma  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  *Hydrologic  data, 
•Oklahoma,  *  Surface  water,  *  Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
Oklahoma  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs.  This  report 
contains  discharge  records  for  122  gaging  stations; 
stage  and  contents  for  29  lakes  or  reservoirs;  water 
quality  for  41  gaging  stations  and  3  lakes.  Also 
included  are  30  crest-stage  partial-record  stations 
and  3  low-flow  stations.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Oklahoma.  (See  also 
W90-06465)  (USGS) 
W90-06491 


WATER  RESOURCES  DATA  FOR  OHIO,  1988. 
VOLUME  2:  ST.  LAWRENCE  RIVER  BASIN 
AND  STATEWIDE  PROJECT  DATA. 

Geological  Survey,  Columbus,  OH.  Water  Re- 
sources Div. 

H.  L.  Shindel,  J.  H.  Klingler,  J.  P.  Mangus,  and  L. 
E.  Trimble. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-194989. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  OH-88-2  (WRD/HD- 
89/242),  1989.  204p.  Prepared  in  cooperation  with 
the  State  of  Ohio  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Ohio,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Streamflow,  Water  analysis,  Water  level, 
Water  temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  for 
Ohio  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report,  in  two 
volumes,  contains  records  for  water  discharge 
records  at  133  gaging  stations,  stage  and  contents 
at  9  lakes  and  reservoirs,  water  quality  at  34  gaging 
stations,  59  wells,  and  47  partial-record  sites;  and 
water  levels  at  450  observation  wells.  Also  includ- 
ed are  data  from  miscellaneous  sites.  Additional 
water  data  were  collected  at  various  sites  not 
involved  in  the  systematic  data  collection  program 
and  are  published  as  miscellaneous  measurements 
and  analyses.  These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Ohio.  (See  also  W90-06489) 
(USGS) 
W90-06490 


WATER  RESOURCES  DATA  FOR  OKLAHO- 
MA, WATER  YEAR  1985. 

Geological  Survey,  Oklahoma  City,  OK.  Water 
Resources  Div. 


WATER  RESOURCES  DATA  FOR  OKLAHO- 
MA, WATER  YEAR  1986. 

Geological  Survey,  Oklahoma  City,  OK.  Water 
Resources  Div. 

L.  D.  Hauth,  J.  K.  Kurklin,  D.  M.  Walters,  and  T. 
E.  Coffey. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-241583/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OK-86-1  (WRD/ 
HD-88/228),  1986.  316p.  Prepared  in  cooperation 
with  the  State  of  Oklahoma  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
'Oklahoma,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Oklahoma  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs.  This  report 
contains  discharge  records  for  126  gaging  stations; 
stage  and  contents  for  29  lakes  or  reservoirs;  water 
quality  for  40  gaging  stations  and  3  lakes.  Also 
included  are  3  partial-record  stations.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oklahoma.  (See  also  W90-06491)  (USGS) 
W90-06492 


in  two  volumes,  contains  discharge  records  for  253 
gaging  stations;  stage  only  records  for  8  gaging 
stations;  stage  and  contents  for  37  lakes  and  reser- 
voirs; water  quality  for  81  gaging  stations,  water 
levels  for  57  observation  wells;  and  water  quality 
for  4  precipitation  stations.  Also  included  are  33 
crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oregon.  (See  also  W90-06494)  (USGS) 
W90-06493 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1982.  VOLUME  2:  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

L.  L.  Hubbard,  T.  D.  Parks,  D.  L.  Weiss,  and  L. 
E.  Hubbard. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB84-164334/ 
AS  Price  codes:  A 19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OR-82-2,  1983. 
419p.  Prepared  in  cooperation  with  the  State  of 
Oregon  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Oregon,  'Surface  water, 
♦Water  quality,  Chemical  analysis,  Columbia 
River,  Flow  rates,  Gaging  stations,  Lakes,  Pacific 
slope  basins,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1982  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  in  wells  and  springs.  This  report, 
in  two  volumes,  contains  discharge  records  for  253 
gaging  stations;  stage  only  records  for  8  gaging 
stations;  stage  and  contents  for  37  lakes  and  reser- 
voirs; water  quality  for  81  gaging  stations,  water 
levels  for  57  observation  wells;  and  water  quality 
for  4  precipitation  stations.  Also  included  are  33 
crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oregon.  (See  also  W90-06493)  (USGS) 
W90-06494 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1982.  VOLUME  1:  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

L.  L.  Hubbard,  T.  D.  Parks,  D.  L.  Weiss,  and  L. 
E.  Hubbard. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB84-164326/ 
AS.  Price  codes:  A 10  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OR-82-1,  1983. 
206p.  Prepared  in  cooperation  with  the  State  of 
Oregon  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Oregon,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Columbia 
River,  Flow  rates,  Gaging  stations,  Great  Basin, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1982  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  in  wells  and  springs.  This  report, 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1985.  VOLUME  1:  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

C.  W.  Alexander,  R.  L.  Moffatt,  P.  R.  Boucher, 
and  M.  L.  Smith. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-103114/ 
AS.  Price  codes:  All  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OR-85-1  (WRD/ 
HD-87/241),  1987.  218p.  Prepared  in  cooperation 
with  the  State  of  Oregon  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
'Oregon,  'Surface  water,  'Water  quality,  Chemi- 
cal analysis,  Flow  rates,  Gaging  stations,  Lakes, 
Reservoirs,  Sampling  sites,  Sediments,  Water  anal- 
ysis, Water  level,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  and  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs.  This  report, 
in  two  volumes,  contains  discharge  records  for  259 
gaging  stations;  stage  only  records  for  10  gaging 
stations;  stage  and  contents  for  37  lakes  and  reser- 
voirs; water  quality  for  82  stations,  and  water 
quality  for  3  precipitation  stations.  Also  included 
are  5  crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
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published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oregon.  (See  W90-06466  and  W90-06496)  (USGS) 
W90-06495 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1985.  VOLUME  2:  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

C.  W.  Alexander,  R.  L.  Moffatt,  P.  R.  Boucher, 
and  M.  L.  Smith. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-103122/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OR-85-2  (WRD/ 
HD-87/242)  1987.  396p.  Prepared  in  cooperation 
with  the  State  of  Oregon  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Hydrologic  data, 
•Oregon,  *Surface  water,  'Water  quality,  Chemi- 
cal analysis,  Flow  rates,  Gaging  stations,  Lakes, 
Reservoirs,  Sampling  sites,  Sediments,  Water  anal- 
ysis, Water  level,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  and  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  This  report, 
in  two  volumes,  contains  discharge  records  for  259 
gaging  stations;  stage  only  records  for  10  gaging 
stations;  stage  and  contents  for  37  lakes  and  reser- 
voirs; water  quality  for  82  stations,  water  levels  for 
3  precipitation  stations.  Also  included  are  5  crest- 
stage  partial-record  stations.  Additional  water  data 
were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oregon.  (See  also  W90-06495)  (USGS) 
W90-06496 


WATER  RESOURCES  DATA  FOR  OREGON, 
WATER  YEAR  1986.  VOLUME  1:  EASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

C.  W.  Alexander,  P.  R.  Boucher,  R.  L.  Moffatt, 
and  M.  L.  Smith. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89- 139984/ 
AS.  Price  codes:  Al  1  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OR-86-1  (WRD/ 
HD-89/202),  1988.  232p.  Prepared  in  cooperation 
with  the  State  of  Oregon  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Hydrologic  data, 
•Oregon,  *Surface  water,  *Water  quality,  Chemi- 
cal analysis,  Flow  rates,  Gaging  stations,  Lakes, 
Reservoirs,  Sampling  sites,  Sediments,  Water  anal- 
ysis, Water  level,  Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  and  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs.  This  report, 
in  two  volumes,  contains  discharge  records  for  269 
gaging  stations;  stage  only  records  for  10  gaging 
stations;  stage  and  contents  for  39  lakes  and  reser- 
voirs; water  quality  for  78  stations,  water  levels  for 
3  precipitation  stations.  Also  included  are  5  crest- 
stage  partial-record  stations.  Additional  water  data 
were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oregon.  (See  W90-06495  and  W90-06498)  (USGS) 
W90-O6497  '  V  ' 


WATER  RESOURCES  DATA  FOR  OREGON 
WATER  YEAR  1986,  VOLUME  2.  WESTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 


C.  W.  Alexander,  R.  L.  Kraus,  C.  G.  Kroll,  R.  L. 
Moffatt,  and  M.  L.  Smith. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89- 139992/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  OR-86-2  (WRD/ 
HD-89/203),  1988.  398p.  Prepared  in  cooperation 
with  the  State  of  Oregon  and  with  other  agencies. 

Descriptors:  *Data  collections,  •Hydrologic  data, 
•Oregon,  •Surface  water,  *Water  quality,  Chemi- 
cal analysis,  Flow  rates,  Gaging  stations,  Lakes, 
Reservoirs,  Sampling  sites,  Sediments,  Water  anal- 
ysis, Water  level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Oregon  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  and  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  This  report, 
in  two  volumes,  contains  discharge  records  for  269 
gaging  stations;  stage  only  records  for  10  gaging 
stations;  stage  and  contents  for  39  lakes  and  reser- 
voirs; water  quality  for  78  stations,  and  water 
quality  for  3  precipitation  stations.  Also  included 
are  5  crest-stage  partial-record  stations.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oregon.  (See  also  W90-06497)  (USGS) 
W90-06498 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1984.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RIVER  BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

W.  C.  Loper,  T.  E.  Behrendt,  W.  P.  Schaffstall, 
and  R.  A.  Hainly. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB87-212411/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-84-2  (WRD/ 
HD-85/248),  1985.  327p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  'Data  collections,  *Groundwater, 
•Hydrologic  data,  'Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1984  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  contents  of  lakes  and 
reservoirs;  and  water  levels,  and  water  quality  of 
groundwater  wells.  This  volume  contains  water 
discharge  at  87  stations;  contents  at  13  lakes  and 
reservoirs,  water  quality  at  17  gaging  stations;  and 
water  levels  at  24  network  observation  wells  and  6 
project  wells.  Also  included  are  data  for  13  crest- 
stage  and  48  low-flow  stations.  Water  quality  data 
for  2  surface  water  and  41  groundwater  partial- 
record  stations  are  also  published.  Locations  of 
these  sites  are  shown.  Additional  water  data  were 
collected  at  various  sites  not  involved  in  the  sys- 
tematic data  collection  program  and  are  published 
as  miscellaneous  measurements  and  analyses  and 
represent  115  discharge  sites,  98  surface-water 
quality  sites  and  39  groundwater  quality  sites. 
These  data,  together  with  the  data  in  Volumes  1 
and  3,  represent  that  part  of  the  National  Water 
Data  System  operated  by  the  U.S.  Geological 
Survey  and  cooperating  State,  local  and  Federal 
agencies  in  Pennsylvania.  (See  W90-06468  and 
W90-06469)  (USGS) 
W90-06499 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1985.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

J.  R.  Kolva,  T.  E.  White,  R.  L.  Druther,  and  P. 
Moleski. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-223137/ 


AS.  Price  codes:  A 13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-85-1  (WRD/ 
HD-87/230),  1987.  269p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  •Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1985  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  elevation  and  contents  of 
lakes  and  reservoirs  elevation  of  tides;  and  water 
levels  of  groundwater  wells.  This  volume  contains 
records  for  water  discharge  at  68  gaging  stations; 
elevation  and  contents  at  12  lakes  and  reservoirs- 
elevation  of  tides  at  4  gaging  stations;  water  quality 
at  33  gaging  stations;  and  water  levels  at  17  obser- 
vation wells.  Also  included  are  data  for  33  crest- 
stage,  51  low-flow,  and  42  water  quality  partial- 
record  stations.  Location  of  these  sites  are  shown. 
Additional  water  data  were  collected  at  various 
sites  not  involved  in  the  systematic  data  collection 
program  and  are  published  as  miscellaneous  meas- 
urements and  analyses.  These  data  together  with 
the  data  in  Volumes  2  and  3,  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  state, 
local  and  Federal  agencies  in  Pennsylvania.  (See 
W90-06468,  W90-06501,  and  W90-06502)  (USGS) 
W90-06500 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1985.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RIVER  BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

W.  C.  Loper,  T.  E.  Behrendt,  W.  P.  Schaffstall, 
and  R.  A.  Hainly. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-138094/ 
AS;  price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-85-2  (WRD/ 
HD-87/266),  1987.  361p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  'Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1985  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  contents  of  lakes  and 
reservoirs;  and  water  levels,  and  water  quality  of 
groundwater  wells.  This  volume  contains  records 
for  water  discharge  at  95  stations;  contents  at  13 
lakes  and  reservoirs,  water  quality  at  33  gaging 
stations;  and  water  levels  at  25  network  observa- 
tion wells  and  12  project  wells.  Also  included  are 
data  for  13  crest-stage  and  96  low-flow  stations. 
Water  quality  data  for  2  surface  water  and  21 
water  level  stations  are  also  published.  Locations 
of  these  sites  are  shown.  Additional  water  data 
were  collected  at  various  sites  not  involved  in  the 
systematic  data  collection  program  and  are  pub- 
lished as  miscellaneous  measurements  and  analyses 
and  represent  10  discharge  sites,  and  115  ground- 
water quality  sites.  These  data  together  with  the 
data  in  Volume  1  and  3  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State,  local 
and  Federal  agencies  in  Pennsylvania.  (See  W90- 
06500  and  W90-06502)  (USGS) 
W90-06501 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1985.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological   Survey,   Harrisburg,   PA.   Water  Re- 
sources Div. 
J.  B.  Lescinsky,  M.  B.  Coll,  and  R.  W.  Siwicki. 
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Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-178232/ 
AS-  price  codes:  A 10  in  paper  copy,  A01  m  micro- 
fiche USGS  Water-Data  Report  PA-85-3  (WRD/ 
HD-86/251),  1986.  191p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
*Hydrologic  data,  'Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  How  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1985  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  elevation  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  records  for 
water  discharge  at  82  gaging  stations;  elevations 
and  contents  at  3  lakes  and  reservoirs;  and  water 
levels  at  39  observation  wells.  Also  included  are 
data  for  3  crest-stage,  5  low-flow  stations,  43  water 
quality  and  10  groundwater-quality  partial-record 
stations.  Locations  of  these  sites  are  shown.  Addi- 
tional water  data  were  collected  at  various  sites 
not  involved  in  the  systematic  data  collection  pro- 
gram and  are  published  as  miscellaneous  measure- 
ments and  analyses.  These  data  together  with  the 
data  in  Volumes  1  and  2,  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State,  local 
and  Federal  agencies  in  Pennsylvania.  (See  W90- 
06500  and  W90-06501)  (USGS) 
W90-06502 

WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1986.  VOLUME  1: 
DELAWARE  RTVER  BASIN. 

Geological   Survey,  Harrisburg,   PA.   Water  Re- 
sources Div. 
J.  R.  Kolva,  T.  E.  White,  L.  D.  Cecil,  and  R.  L. 
Druther. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-131361/ 
AS  Price  codes:  A14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-86-1  (WRD/ 
HD-88/281),  1988.  294p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Pennsylvania,  'Surface  water, 
'Water  quality,  'Wells,  Chemical  analysis,  Flow 
rates,  Gaging  stations,  Lakes,  Reservoirs,  Sampling 
sites,  Sediments,  Streamflow,  Water  analysis, 
Water  level,  Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  contents  and  elevations  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report,  includes 
records  from  the  Delaware  River  basins.  Specifi- 
cally, it  contains:  (1)  Discharge  records  for  74 
continuous  record  streamflow-gaging  stations  and 
72  partial-record  stations;  (2)  Elevation  and  con- 
tents records  for  12  lakes  and  reservoirs  and  eleva- 
tions for  4  tidal  stations;  (3)  Water  quality  records 
for  40  streamflow-gaging  stations,  for  43  ungaged 
streamsites,  and  (4)  Water  level  records  for  17 
observation  wells.  The  locations  of  these  sites  are 
shown.  Additional  water  data  were  collected  at 
various  sites  not  involved  in  the  systematic  data 
collection  program  and  are  published  as  miscella- 
neous measurements  and  analyses.  These  data  to- 
gether with  the  data  in  Volume  2  and  3,  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State,  local  and  Federal  agencies  in  Pennsylva- 
nia. (See  W90-06500,  W90-06504  and  W90-06505) 
(USGS) 
W90-06503 


Schaffstall.  . 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-241328/ 
AS-  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-86-2  (WRD/ 
HD-87/241),  1988.  330p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  contents  and  elevations  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  includes 
records  from  the  Susquehanna  and  Potomac  River 
basins.  Specifically,  it  contains:  (1)  Discharge 
records  for  93  continuous  record  stream-flow- 
gaging  stations  and  12  crest-stage  partial-record 
stations;  (2)  Elevation  and  contents  records  for  13 
lakes  and  reservoirs;  (3)  Water  quality  records  for 
22  streamflow-gaging  stations,  for  8  ungaged 
streamsites,  and  for  30  wells  or  springs;  and  (4) 
Water  level  records  for  41  observation  wells.  Lo- 
cations of  these  sites  are  shown.  Additional  water 
data  were  collected  at  various  sites  not  involved  in 
the  systematic  data  collection  program  and  are 
published  as  miscellaneous  measurements  and  anal- 
yses and  represent  3  special  study  and  miscellane- 
ous streamflow  sites  and  22  groundwater  quality 
sites.  These  data  together  with  the  data  in  Volumes 
1  and  3,  represent  that  part  of  the  National  Water 
Data  System  operated  by  the  U.S.  Geological 
Survey  and  cooperating  State,  local  and  Federal 
agencies  in  Pennsylvania.  (See  also  W90-6503  and 
W90-06505)  (USGS) 
W90-06504 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1986.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RIVER  BASINS. 

Geological   Survey,   Harrisburg,   PA.   Water  Re- 
sources Div. 
W.  C.  Loper,  T.  E.  Behrendt,  and  W.  P. 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1986.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div.  . 
J.  B.  Lescinsky,  M.  B.  Coll,  and  R.  W.  Siwicki. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-100416/ 
AS  Price  codes:  A10  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-86-3  (WRD/ 
HD-88/211),  1987.  205p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1986  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  elevation  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  observa- 
tion wells.  This  volume  contains  records  for  water 
discharge  at  82  gaging  stations;  elevations  and  con- 
tents at  3  lakes  and  reservoirs;  and  water  levels  at 
20  observation  wells.  Also  included  are  data  for  4 
crest-stage,  5  low-flow  stations,  and  51  water  qual- 
ity stations.  Locations  of  these  sites  are  shown. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements and  analyses.  These  data  together  with 
the  data  in  Volumes  1  and  2,  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State, 
local  and  Federal  agencies  in  Pennsylvania.  (See 
W90-06503  and  W90-06504)  (USGS) 
W90-06505 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1987.  VOLUME  1: 
DELAWARE  RIVER  BASFN. 

Geological   Survey,   Harrisburg,  PA.   Water  Re- 


sources Div. 

J.  R.  Kolva,  T.  E.  White,  R.  L.  Druther,  and  P. 
Moleski. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-207526/ 
AS.  Price  codes:  A14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-87-1  (WRD/ 
HD-89/246),  1989.  290p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  ♦Data  collections,  *Groundwater, 
♦Hydrologic  data,  'Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  contents  and  elevations  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  includes 
records  from  the  Delaware  River  basins.  Specifi- 
cally, it  contains:  (1)  Discharge  records  for  77 
continuous  record  streamflow-gaging  stations  and 
57  partial-record  stations;  (2)  Elevation  and  con- 
tents records  for  12  lakes  and  reservoirs  and  eleva- 
tion for  4  tidal  stations;  (3)  Water  quality  records 
for  39  streamflow-gaging  station,  and  for  43  un- 
gaged streamsites,  and  (4)  Water-level  records  for 
16  observation  wells.  Locations  of  these  sites  are 
shown.  Additional  water  data  were  collected  at 
various  sites  not  part  of  the  systematic  data  collec- 
tion program  and  are  published  as  miscellaneous 
measurements  and  analyses.  These  data,  together 
with  the  data  in  Volumes  2  and  3,  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State,  local,  and  Federal  agencies  in  Pennsylvania. 
(See  W90-06503  and  W90-06507)  (USGS) 
W90-06506 

WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1987.  VOLUME  3, 
OHIO  RTVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

J.  B.  Lescinsky,  M.  B.  Coll,  and  R.  W.  Siwicki. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-149678/ 
AS.  Price  codes:  All  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-87-3  (WRD/ 
HD-89-212),  1988.  233p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  *  Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  elevation  and  contents  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  volume  contains  records  for 
water  discharge  at  81  gaging  stations;  elevations 
and  contents  at  3  lakes  and  reservoirs;  and  water 
levels  at  35  observation  wells.  Also  included  are 
data  for  3  crest-stage,  7  partial-record  or  miscella- 
neous streamflow  stations  and  water  quality 
records  for  8  streamflow-gaging  stations  and  25 
water  quality  stations.  Locations  of  these  sites  are 
shown.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements  and  analyses.  These  data,  together 
with  the  data  in  Volumes  1  and  2,  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Pennsylvania.  (See 
also  W90-06506)  (USGS) 
W90-06507 
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WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1988.  VOLUME  1: 
DELAWARE  RIVER  BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

J.  R.  Kolva,  T.  E.  White,  R.  L.  Druther,  and  K.  E. 
White. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-232433/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-88-1  (WRD/ 
HD-89-272),  1989.  275p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  contents  and  elevations  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  includes 
records  from  the  Delaware  River  basins.  Specifi- 
cally, it  contains  (1)  discharge  records  for  80  con- 
tinuous record  streamflow-gaging  stations  and  74 
partial-record  stations;  (2)  elevation  and  contents 
records  for  12  lakes  and  reservoirs  and  elevations 
for  1  tidal  station;  (3)  water  quality  records  for  32 
gaging  stations,  for  39  ungaged  streamsites;  and  (4) 
water-level  records  for  1 7  observation  wells.  Loca- 
tions of  these  sites  are  shown.  Additional  water 
data  were  collected  at  various  sites  not  part  of  the 
systematic  data  collection  program  and  are  pub- 
lished as  miscellaneous  measurements  and  analyses. 
These  data,  together  with  the  data  in  Volumes  2 
and  3,  represent  that  part  of  the  National  Water 
Data  System  operated  by  the  U.S.  Geological 
Survey  and  cooperating  State  and  Federal  agencies 
in  Pennsylvania.  (See  W90-06506,  W90-06509  and 
W90-06510)(USGS) 
W90-06508 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1988.  VOLUME  2:  SUS- 
QUEHANNA AND  POTOMAC  RIVER  BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

W.  C.  Loper,  T.  E.  Behrendt,  and  W.  P. 
Schaffstall. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-214704/ 
AS.  Price  codes:  A13  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-88-2  (WRD/ 
HD-89/259),  1989.  276p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  'Pennsylvania,  'Surface  water, 
'Water  quality,  Chemical  analysis.  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1987  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  contents  and  elevations  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater  wells.  This  report  includes 
records  from  the  Susquehanna  and  Potomac  River 
basins.  Specifically,  it  contains:  (1)  Discharge 
records  for  99  continuous  record  streamflow- 
gaging  stations  and  14  crest-stage  partial-record 
stations;  (2)  Elevation  and  contents  records  for  13 
lakes  and  reservoirs;  (3)  Water  quality  records  for 
17  streamflow-gaging  stations,  for  10  ungaged 
streamsites,  and  for  16  wells  or  springs;  and  (4) 
Water-level  records  for  39  observation  wells.  Lo- 
cations of  these  sites  are  shown.  Additional  water 
data  were  collected  at  various  sites  not  part  of  the 
systematic  data  collection  program  and  are  pub- 
lished as  miscellaneous  measurements  and  analyses 
and  represent  4  special  study  and  miscellaneous 
streamflow  sites.  These  data,  together  with  the 
data  in  Volumes  1  and  3,  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 


eral agencies  in  Pennsylvania.  (See  also  W90-06508 

and  W90-06510)  (USGS) 

W90-06509 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1988.  VOLUME  3: 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASINS. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

J.  B.  Lescinsky,  M.  B.  Coll,  and  R.  W.  Siwicki. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-224026/ 
AS.  Price  codes:  Al  1  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PA-88-3  (WRD/ 
HD-89/265),  1989.  217p.  Prepared  in  cooperation 
with  the  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Streamflow,  Water  analysis,  Water 
level,  Water  temperature,  Wells. 

Water  resources  data  for  the  1988  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  streams;  contents  and  elevations  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  report  includes  records  from  the 
Ohio  and  St.  Lawrence  River  basins.  Specifically, 
it  contains:  (1)  Discharge  records  for  82  continuous 
record  streamflow-gaging  stations  and  29  partial- 
record  stations;  (2)  Elevation  and  contents  records 
for  3  lakes  and  reservoirs;  (3)  Water  quality 
records  for  14  streamflow-gaging  stations,  for  47 
ungaged  streamsites,  and  (4)  Water-level  records 
for  20  network  observation  wells  and  18  project 
wells.  Locations  of  these  sites  are  shown.  Addi- 
tional water  data  were  collected  at  various  sites 
not  part  of  the  systematic  data  collection  program 
and  are  published  as  miscellaneous  measurements 
and  analyses.  These  data,  together  with  the  data  in 
Volumes  1  and  2,  represent  that  part  of  the  Nation- 
al Water  Data  System  operated  by  the  U.S.  Geo- 
logical Survey  and  cooperating  State  and  Federal 
agencies  in  Pennsylvania.  (See  also  W90-06508  and 
W90-06510)(USGS) 
W90-06510 


WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VIRGIN  ISLANDS, 
WATER  YEAR  1985. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

E.  Colon-Dieppa,  R.  Garcia,  and  P.  Diaz. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88- 136569/ 
AS.  Price  codes:  A 18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PR-85-1  (WRD/ 
HD-87/252),  1987.  400p.  Prepared  in  cooperation 
with  the  Commonwealth  of  Puerto  Rico,  the  Gov- 
ernment of  the  Virgin  Islands  and  other  agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  *Puerto  Rico,  'Surface  water, 
'Virgin  Islands(US),  'Water  quality,  Aquifers, 
Chemical  analysis,  Gaging  stations,  Lakes,  Sam- 
pling sites,  Sediments,  Streamflow,  Water  analysis, 
Water  level. 

Water  resources  data  for  surface-water,  quality-of- 
water,  and  groundwater  records  for  the  1985  water 
year  for  Puerto  Rico  and  the  U.S.  Virgin  Islands, 
consist  of  records  of  discharge,  water  quality  of 
streams,  and  water  levels  of  wells.  This  report 
contains  discharge  records  for  57  streamflow- 
gaging  stations,  131  partial-record  or  miscellaneous 
streamflow  stations,  and  1  crest-stage,  partial- 
record  streamflow  station;  stage  and  content 
records  for  4  lakes  and  reservoirs;  water  quality 
records  for  16  streamflow-gaging  stations,  45  un- 
gaged streamsites,  1 1  lake  sites,  1  lagoon,  and  1 
bay;  and  water  level  records  for  94  observation 
wells.  These  data  represent  that  part  of  the  Nation- 
al Water  Data  System  collected  by  the  U.S.  Geo- 
logical Survey  and  cooperating  local  and  Federal 
agencies  in  Puerto  Rico  and  the  U.S.  Virgin  Is- 
lands. (USGS) 
W90-06511 


WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VIRGIN  ISLANDS, 
WATER  YEAR  1986. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

R.  E.  Curtis,  Z.  Aquino,  R.  Garcia,  and  P.  Diaz. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-1 13161/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PR-86-1  (WRD/ 
HD-88/220),  1988.  362p.  Prepared  in  cooperation 
with  the  Commonwealth  of  Puerto  Rico,  the  Gov- 
ernment of  the  Virgin  Islands  and  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Puerto  Rico,  'Surface  water, 
•Virgin  Islands(US),  *Water  quality,  Aquifers, 
Chemical  analysis,  Gaging  stations,  Lakes,  Sam- 
pling sites,  Sediments,  Streamflow,  Water  analysis. 
Water  level. 

Water  resources  data  for  surface-water,  quality-of- 
water,  and  groundwater  records  for  the  1986  water 
year  for  Puerto  Rico  and  the  U.S.  Virgin  Islands, 
consist  of  records  of  discharge,  water  quality  of 
streams,  and  water  levels  of  wells.  This  report 
contains  discharge  records  for  50  streamflow- 
gaging  stations,  and  2  crest-stage,  partial-record 
streamflow  stations;  stage  records  for  1  lagoon; 
water  quality  records  for  16  streamflow-gaging 
stations,  45  ungaged  streamsites,  11  lakes  sites,  1 
lagoon,  and  1  bay;  and  water  level  records  for  57 
observation  wells.  These  data  represent  that  part  of 
the  National  Water  Data  System  collected  by  the 
U.S.  Geological  Survey  and  cooperating  local  and 
Federal  agencies  in  Puerto  Rico  and  the  U.S. 
Virgin  Islands.  (See  also  W90-0651 1)  (USGS) 
W90-06512 


WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  VTOGIN  ISLANDS, 
WATER  YEAR  1987. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

R.  E.  Curtis,  Z.  Aquino,  R.  J  Vachier,  and  P.  L. 
Diaz. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-104597/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  PR-87-1  (WRD/ 
HD-89/266),  1989.  356p.  Prepared  in  cooperation 
with  the  Commonwealth  of  Puerto  Rico,  the  Gov- 
ernment of  the  Virgin  Islands  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  'Puerto  Rico,  'Surface  water, 
•Virgin  Islands(US),  'Water  quality,  Aquifers, 
Chemical  analysis,  Gaging  stations,  Lakes,  Sam- 
pling sites,  Sediments,  Streamflow,  Water  analysis, 
Water  level. 

Water  resources  data  for  surface-water,  quality-of- 
water,  and  groundwater  records  for  the  1987  water 
year  for  Puerto  Rico  and  the  U.S.  Virgin  Islands, 
consist  of  records  of  discharge,  water  quality  of 
streams,  and  water  levels  of  wells.  This  report 
contains  discharge  records  for  49  streamflow- 
gaging  stations,  and  1  crest-stage,  partial-record 
streamflow  station;  water  quality  records  for  16 
streamflow-gaging  stations,  42  ungaged  stream- 
sites,  1 1  lakes  sites,  1  lagoon,  and  1  bay;  and  water 
level  records  for  56  observation  wells.  These  data 
represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  local  and  Federal  agencies  in 
Puerto  Rico  and  the  U.S.  Virgin  Islands.  (See  also 
W90-06512)(USGS) 
W90-06513 


WATER  RESOURCES  DATA  FOR  PUERTO 
RICO  AND  THE  U.S.  Vn*GE\  ISLANDS, 
WATER  YEAR  1988. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

R.  E.  Curtis,  Z.  Aquino,  R.  J.  Vachier,  and  P.  L. 
Diaz. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-140310/ 
AS.  Price  codes:  A21  in  paper  copy,  A03  in  micro- 
fiche. USGS  Water-Data  Report  PR-88-1  (WRD/ 
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HD-89/280),  1989.  460p.  Prepared  in  cooperation 
with  the  Commonwealth  of  Puerto  Rico,  the  Gov- 
ernment of  the  Virgin  Islands  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
'Hydrologic  data,  'Puerto  Rico,  'Surface  water, 
•Virgin  Islands(US),  'Water  quality,  Aquifers, 
Chemical  analysis,  Gaging  stations,  Lakes,  Sam- 
pling sites,  Sediments,  Streamflow,  Water  analysis, 
Water  level. 

Water  resources  data  for  surface-water,  quality-of- 
water,  and  groundwater  records  for  the  1988  water 
year  for  Puerto  Rico  and  the  U.S.  Virgin  Islands, 
consist  of  records  of  discharge,  water  quality  of 
streams,  and  water  levels  of  wells.  This  report 
contains  discharge  records  for  52  streamflow- 
gaging  stations,  stage  records  for  5  reservoirs; 
water  quality  records  for  16  streamflow-gaging 
stations,  42  ungaged  streamsites,  11  lakes  sites,  2 
lagoons,  and  1  bay;  and  water  level  records  for  63 
observation  wells.  These  data  represent  that  part  of 
the  National  Water  Data  System  collected  by  the 
U.S.  Geological  Survey  and  cooperating  local  and 
Federal  agencies  in  Puerto  Rico  and  the  U.S. 
Virgin  Islands.  (See  also  W90-06513)  (USGS) 
W90-06514 


WATER  RESOURCES  DATA  FOR  SOUTH 
CAROLINA,  WATER  YEAR  1985. 

Geological  Survey,  Columbia,  SC.  Water  Re- 
sources Div. 

C.  S.  Bennett,  R.  D.  Hayes,  J.  W.  Gissendanner, 
and  K.  H.  Jones. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-178893/ 
AS  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  SC-85-1  (WRD/ 
HD-87/213),  1986.  412p.  Prepared  in  cooperation 
with  the  State  of  South  Carolina  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'South  Carolina,  'Surface 
water,  'Water  quality,  Chemical  analysis,  Flow 
rates,  Gaging  stations,  Lakes,  Reservoirs,  Sampling 
sites,  Sediments,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
South  Carolina  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents, and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  of  groundwater  wells.  This  volume 
contains  records  for  water  discharge  at  98  gaging 
stations,  stage  only  at  5  gaging  stations,  stage  and 
contents  at  12  lakes  and  reservoirs,  water  quality  at 
54  gaging  stations,  and  water  levels  at  61  observa- 
tion wells.  Also  included  are  data  for  40  crest-stage 
partial-record  stations.  Locations  of  these  sites  are 
shown.  Additional  water  data  were  collected  at 
various  sites  not  part  of  the  systematic  data  collec- 
tion program.  These  data  represent  that  part  of  the 
National  Water  Data  System  collected  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  South  Carolina.  (USGS) 
W90-06515 


WATER  RESOURCES  DATA  FOR  SOUTH 
CAROLINA,  WATER  YEAR  1986. 

Geological  Survey,  Columbia,  SC.  Water  Re- 
sources Div. 

C.  S.  Bennett,  R.  D.  Hayes,  K.  H.  Jones,  and  T.  W. 
Cooney. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-181615/ 
AS.  Price  codes:  A17  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  SC-86-1  (WRD/ 
HD-88/212),  1987.  384p.  Prepared  in  cooperation 
with  the  State  of  South  Carolina  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  *South  Carolina,  'Surface 
water,  'Water  quality,  Chemical  analysis,  Flow 
rates,  Gaging  stations,  Lakes,  Reservoirs,  Sampling 
sites,  Sediments,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1986  water  year  for 
South  Carolina  consist  of  records  of  stage,  dis- 


charge, and  water  quality  of  streams;  stage,  con- 
tents, and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  of  groundwater  wells.  This  volume 
contains  records  for  water  discharge  at  100  gaging 
stations,  stage  only  at  7  gaging  stations,  stage  and 
contents  at  13  lakes  and  reservoirs,  water  quality  at 
47  gaging  stations,  and  water  levels  at  40  observa- 
tion wells.  Also  included  are  data  for  38  crest-stage 
partial-record  stations.  Locations  of  these  sites  are 
shown.  Additional  water  data  were  collected  at 
various  sites  not  part  of  the  systematic  data  collec- 
tion program.  These  data  represent  that  part  of  the 
National  Water  Data  System  collected  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  South  Carolina.  (See  also  W90- 
06515)  (USGS) 
W90-06516 

WATER    RESOURCES    DATA    FOR    SOUTH 
CAROLINA,  WATER  YEAR  1987. 
Geological    Survey,    Columbia,    SC.    Water    Re- 
sources Div. 

C.  S.  Bennett,  R.  D.  Hayes,  K.  H.  Jones,  and  T.  W. 
Cooney. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-141360/ 
AS.  Price  codes:  A21  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  SC-87-1  (WRD/ 
HD-88/243),  1988.  483p.  Prepared  in  cooperation 
with  the  State  of  South  Carolina  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'South  Carolina,  'Surface 
water,  'Water  quality,  Chemical  analysis,  Flow 
rates,  Gaging  stations,  Lakes,  Reservoirs,  Sampling 
sites,  Sediments,  Water  analysis,  Water  level, 
Water  temperature. 

Water  resources  data  for  the  1987  water  year  for 
South  Carolina  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents, and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  of  groundwater  wells.  This  volume 
contains  records  for  water  discharge  at  gaging 
stations,  stage  only  at  19  gaging  stations,  stage  and 
contents  at  12  lakes  and  reservoirs,  water  quality  at 
52  gaging  stations,  and  water  levels  at  40  observa- 
tion wells.  Also  included  are  data  for  41  crest-stage 
partial-record  stations  and  discharge  measurement 
information  at  5  locations.  Locations  of  these  sites 
are  shown.  Additional  water  data  were  collected  at 
various  sites  not  involved  in  the  systematic  data 
collection  program.  These  data  represent  that  part 
of  the  National  Water  Data  System  collected  by 
the  U.S.  Geological  Survey  and  cooperating  State 
and  Federal  agencies  in  South  Carolina.  (See  also 
W90-06517)(USGS) 
W90-06517 


precipitation  records  at  6  sites.  Additional  water 
data  were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements  and  analyses. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  South  Dakota.  (USGS) 
W90-06518 


WATER  RESOURCES  DATA  FOR  SOUTH 
DAKOTA,  WATER  YEAR  1986. 

Geological  Survey,  Huron,  SD.  Water  Resources 
Div. 

E.  B.  Hoffman,  R.  D.  Benson,  and  S.  J.  Lawrence. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-1 18575/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  SD-86-1  (WRD/ 
HD-87/244),  1987.  347p.  Prepared  in  cooperation 
with  the  State  of  South  Dakota  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'South  Dakota,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level.  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
South  Dakota  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents, and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  in  wells.  This  report  contains  dis- 
charge records  for  1 10  streamflow-gaging  stations; 
stage  and  contents  records  for  10  lakes  and  reser- 
voirs, stage  for  1  stream  and  1  lake;  water  quality 
records  for  30  stream-gaging  stations,  3  wells,  5 
ungaged  streamsites,  4  lakes,  4  sewage  lagoons,  and 
1  precipitation  site;  water  levels  for  31  wells;  and 


WATER  RESOURCES  DATA  FOR  SOUTH 
DAKOTA,  WATER  YEAR  1987. 

Geological  Survey,  Huron,  SD.  Water  Resources 
Div. 

E.  B.  Hoffman,  R.  D.  Benson,  and  S.  J.  Lawrence. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-236344/ 
AS.  Price  codes:  A14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  SD-87-1  (WRD/ 
HD-88/234),  1988.  307p.  Prepared  in  cooperation 
with  the  State  of  South  Dakota  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'South  Dakota,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
South  Dakota  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents, and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  in  wells.  This  report  contains  dis- 
charge records  for  114  streamflow-gaging  stations; 
stage  and  contents  records  for  10  lakes  and  reser- 
voirs, stage  for  2  streams  and  2  lakes;  water  quality 
records  for  25  stream-gaging  stations,  3  wells,  6 
ungaged  streamsites,  3  lakes,  1  sewage  lagoon,  and 
1  precipitation  site;  water  levels  for  31  wells;  and 
precipitation  records  at  9  sites.  Additional  water 
data  were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements  and  analyses. 
These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  South  Dakota.  (See  also  W90-06518) 
(USGS) 
W90-06519 


WATER  RESOURCES  DATA  FOR  SOUTH 
DAKOTA,  WATER  YEAR  1988. 

Geological  Survey,  Huron,  SD.  Water  Resources 
Div. 

M.  J.  Burr,  R.  D.  Benson,  and  D.  S.  Hansen. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-216493/ 
AS  Price  codes:  A14  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  SD-88-1  (WRD/ 
HD-89/263),  1989.  304p.  Prepared  in  cooperation 
with  the  State  of  South  Dakota  and  with  other 
agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  'South  Dakota,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
South  Dakota  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  stage,  con- 
tents, and  water  quality  of  lakes  and  reservoirs;  and 
water  levels  in  wells.  This  report  contains  dis- 
charge records  for  129  streamflow-gaging  stations; 
stage  and  contents  records  for  10  lakes  and  reser- 
voirs, stage  for  3  streams  and  3  lakes;  water  quality 
records  for  16  streamflow-gaging  stations,  3  daily- 
sediment  stations;  3  wells,  4  ungaged  streamsites,  1 
lake,  1  sewage  lagoon,  and  1  precipitation  site; 
water  levels  for  27  wells;  and  precipitation  records 
at  4  sites.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements  and  analyses.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
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ing  State  and  Federal  agencies  in  South  Dakota. 

(See  also  W90-06519)  (USGS) 

W90-06520 


WATER  RESOURCES  DATA  FOR  TENNES- 
SEE, WATER  YEAR  1986. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

J.  F.  Lowery,  P.  H.  Counts,  H.  L.  Edmiston,  and 
F.  D.  Edwards. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-228581/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  TN-86-1  (WRD/ 
HD-87/225),  1987.  303p.  Prepared  in  cooperation 
with  the  state  of  Tennessee  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  *Groundwater, 
•Hydrologic  data,  'Surface  water,  'Tennessee, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Tennessee  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  springs;  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs; 
and  water  levels  and  water  quality  of  wells.  This 
report  contains  discharge  records  for  96  gaging 
stations;  stage  only  records  for  2  lake-gaging  sta- 
tions; elevation  and  contents  for  28  lakes  and  reser- 
voirs; water  quality  for  43  stations  and  45  wells; 
and  water  levels  for  33  observation  wells.  Also 
included  are  90  crest-stage  partial-record  stations 
and  78  low-flow  partial-record  stations.  Additional 
water  data  were  collected  at  various  streams  and 
spring  sites  not  involved  in  the  systematic  data 
collection  program,  and  are  published  as  miscella- 
neous measurements.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Tennessee.  (USGS) 
W90-06521 


WATER  RESOURCES  DATA  FOR  TENNES- 
SEE, WATER  YEAR  1987. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

J.  F.  Lowery,  P.  H.  Counts,  H.  L.  Edmiston,  and 
F.  D.  Edwards. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-242417/ 
AS.  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  TN-87-1  (WRD/ 
HD-88/225),  1988.  437p.  Prepared  in  cooperation 
with  the  state  of  Tennessee  and  with  other  agen- 


Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Tennessee, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Tennessee  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  springs;  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs; 
water  levels  and  water  quality  of  wells;  and  quanti- 
ty and  quality  of  precipitation.  This  report  contains 
discharge  records  for  100  gaging  stations;  stage 
only  records  for  6  gaging  stations;  elevation  and 
contents  for  27  lakes  and  reservoirs;  water  quality 
for  37  stations  and  149  wells;  water  levels  for  32 
observation  wells;  and  1  precipitation  station.  Also 
included  are  89  crest-stage  partial-record  stations 
and  82  low-flow  partial-record  stations.  Additional 
water  data  were  collected  at  various  streams  and 
spring  sites  not  involved  in  the  systematic  data 
collection  program,  and  are  published  as  miscella- 
neous measurements.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  Tennessee.  (See  also 
W90-06521)(USGS) 
W90-06522 


WATER  RESOURCES  DATA  FOR  TENNES- 
SEE, WATER  YEAR  1988. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

J.  F.  Lowery,  P.  H.  Counts,  F.  D.  Edwards,  and  J 
W.  Garrett. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-106568/ 
AS.  Price  codes:  A 17  in  paper  copy,  A03  in  micro- 
fiche. USGS  Water-Data  Report  TN-88-1  (WRD/ 
HD-89/258),  1989.  382p.  Prepared  in  cooperation 
with  the  state  of  Tennessee  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Tennessee, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Tennessee  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  springs;  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs; 
and  water  levels  and  water  quality  of  wells;  and 
quantity  and  quality  of  precipitation.  This  report 
contains  discharge  records  for  103  gaging  stations; 
stage  only  records  for  6  gaging  stations;  elevation 
and  contents  for  27  lakes  and  reservoirs;  water 
quality  for  41  stations  and  32  wells;  water  levels 
for  32  observation  wells;  and  1  precipitation  sta- 
tion. Also  included  are  92  crest-stage  partial-record 
stations  and  207  low-flow  partial-record  stations. 
Additional  water  data  were  collected  at  various 
streams  and  spring  sites  not  involved  in  the  system- 
atic data  collection  program  and  are  published  as 
miscellaneous  measurements.  These  data  represent 
that  part  of  the  National  Water  Data  System  oper- 
ated by  the  U.S.  Geological  Survey  and  cooperat- 
ing State  and  Federal  agencies  in  Tennessee.  (See 
also  W90-06522)  (USGS) 
W90-06523 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1985.  VOLUME  1;  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RIVER,  NECHES 
RIVER,  TRINITY  RIVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Houston,  TX.  Water  Re- 
sources Div. 

H.  D.  Buckner,  E.  R.  Carrillo,  and  H.  J.  Davidson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-209367/ 
AS.  Price  codes:  A21  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  TX-85-1  (WRD/ 
HD-86-256),  1986.  463p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  'Arkansas  River  Basin,  *Data  collec- 
tions, 'Hydrologic  data,  *Neches  River  Basin, 
•Red  River  Basin,  *Sabine  River  Basin,  *Surface 
water,  'Texas,  *Trinity  River  Basin,  *Water  qual- 
ity, Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites,  Sediments, 
Water  analysis,  Water  level,  Water  temperature. 

The  report  series  includes  records  of  stage,  dis- 
charge, and  water  quality  of  streams  and  canals, 
stage,  contents,  and  water  quality  of  lakes  and 
reservoirs.  Volume  1  contains  records  for  water 
discharge  at  139  gaging  stations;  stage  only  at  5 
gaging  station;  stage  and  contents  at  40  lakes  and 
reservoirs;  and  water  quality  at  72  gaging  stations. 
Also  included  are  data  for  13  partial-record  sta- 
tions. Additional  water  data  were  collected  at  2 
miscellaneous  sites  not  involved  in  the  systematic 
data-collection  program.  The  data  in  this  report 
represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  City,  State,  and  Federal  agencies 
in  Texas.  (See  W90-06525  and  W90-06526)  (USGS) 
W90-06524 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1985.  VOLUME  2;  SAN  JA- 
CINTO RIVER,  BRAZOS  RIVER,  SAN  BER- 
NARD RIVER  BASINS  AND  INTERVENING 
COASTAL  BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 


H.  D.  Buckner,  E.  R.  Carrillo,  and  H.  J.  Davidson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87- 179800/ 
AS.  Price  codes:  A 19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  TX-85-2  (WRD/ 
HD-86/257),  1986.  429p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Hydrologic  data, 
•Surface  water,  *Texas,  *Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Water  resources  data  for  the  1985  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood  hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06524  and  W90-06526)  (USGS) 
W90-06525 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1985.  VOLUME  3;  COLORADO 
RIVER,  LAVACA  RIVER,  GUADALUPE 
RIVER,  NUECES  RIVER,  RIO  GRANDE 
BASINS  AND  INTERVENING  COASTAL 
BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87- 178224/ 
AS.  Price  codes:  A16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  TX-85-3  (WRD/ 
HD-86/258),  1986.  447p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Hydrologic  data, 
•Surface  water,  'Texas,  'Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Surface  water  data  for  the  1985  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood  hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial -record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  also  W90-06524  and  W90-06525) 
(USGS) 
W90-06526 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1986.  VOLUME  1:  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RTVER,  NECHES 
RIVER,  TRINITY  RIVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-160817/ 
AS.  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  TX-86-1  (WRD/ 
HD-87/256),  1987.  463p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 
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Descriptors:  *Data  collections,  *Hydrologic  data, 
•Surface  water,  'Texas,  *Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Surface-water  data  for  the  1986  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood-hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06524,  W900-06528,  and  W90- 
06529)  (USGS) 
W90-06527 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1986.  VOLUME  2:  SAN  JA- 
CINTO RIVER,  BRAZOS  RIVER,  SAN  BER- 
NARD RIVER  BASINS  AND  INTERVENING 
COASTAL  BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-160825/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Date  Report  TX-86-2  (WRD/ 
HD-87/257),  1987.  41 3p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  *Date  collections,  "Hydrologic  date, 
•Surface  water,  *Texas,  *Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Surface  water  date  for  the  1986  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Date  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood  hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  date  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06527  and  W90-06529)  (USGS) 
W90-06528 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1986.  VOLUME  3:  COLORADO 
RIVER,  LAVACA  RIVER,  GUADALUPE 
RTVER,  NUECES  RIVER,  RIO  GRANDE 
BASINS  AND  INTERVENING  COASTAL 
BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-160833/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Date  Report  TX-86-3  (WRD/ 
HD-87/258),  1987.  405p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  *Date  collections,  *Hydrologic  date, 
•Surface  water,  *Texas,  *Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Surface  water  date  for  the  1986  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 


each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood  hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  date  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  date 
represent  that  part  of  the  National  Water  Date 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06527  and  W90-06528)  (USGS) 
W90-06529 

WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1987.  VOLUME  1:  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RIVER,  NECHES 
RTVER,  TRINITY  RIVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

H.  D.  Buckner,  E.  R.  Carrillo,  and  H.  J.  Davidson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-1 13427/ 
AS  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Date  Report  TX-87-1  (WRD/ 
HD-88/256),  1988.  443p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Hydrologic  data, 
•Surface  water,  *Texas,  *Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Surface-water  date  for  the  1987  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood-hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  date  were  collected  at 
various  sites,  not  part  of  the  systematic  date  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  data 
represent  that  part  of  the  National  Water  Date 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06527,  W90-065431,  and  W90- 
06532)  (USGS) 
W90-06530 


tion  program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  date 
represent  that  part  of  the  National  Water  Date 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06530  and  W90-06532)  (USGS) 
W90-06531 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1987.  VOLUME  2:  SAN  JA- 
CINTO RIVER,  BRAZOS  RIVER,  SAN  BER- 
NARD RIVER  BASINS  AND  INTERVENING 
COASTAL  BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

H.  D.  Buckner,  E.  R.  Carrillo,  and  H.  J.  Davidson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-1 13435/ 
AS.  Price  codes:  A 19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Date  Report  TX-87-2  (WRD/ 
HD-88/257),  1988.  419p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Hydrologic  date, 
•Surface  water,  *Texas,  *  Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Surface  water  date  for  the  1987  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood  hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  date  collec- 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1987.  VOLUME  3:  COLORADO 
RIVER,  LAVACA  RIVER,  GUADALUPE 
RIVER,  NUECES  RIVER,  RIO  GRANDE 
BASINS  AND  INTERVENING  COASTAL 
BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

H.  D.  Buckner,  E.  R.  Carrillo,  and  H.  J.  Davidson. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-1 13443/ 
AS.  Price  codes:  A19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  TX-87-3  (WRD/ 
HD-88/258),  1988.  417p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  *Date  collections,  *Hydrologic  date, 
•Surface  water,  *Texas,  'Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Surface  water  data  for  the  1987  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Date  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood  hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  date  were  collected  at 
various  sites,  not  part  of  the  systematic  date  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  date 
represent  that  part  of  the  National  Water  Date 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06530  and  W90-06531)  (USGS) 
W90-06532 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1988:  VOLUME  1:  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RTVER,  NECHES 
RIVER,  TRINITY  RIVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

H.  D.  Buckner,  E.  R.  Carrillo,  H.  J.  Davidson,  and 
W.J.  Shelby. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-1 14380/ 
AS.  Price  codes:  A21  in  paper  copy,  A03  in  micro- 
fiche. USGS  Water-Data  Report  TX-88-1  (WRD/ 
HD-89/243),  1989.  467p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  *Date  collections,  *Hydrologic  date, 
•Surface  water,  *Texas,  *Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Surface-water  date  for  the  1988  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood-hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  date  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  date 
represent  that  part  of  the  National  Water  Date 
System  operated  by  the  U.S.  Geological  Survey 
and   cooperating   State   and   Federal   agencies   in 
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Texas.  (See  W90-06530,  W90-06534,  and  W90- 

06535)  (USGS) 

W90-06533 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1988.  VOLUME  2:  SAN  JA- 
CINTO RIVER,  BRAZOS  RIVER,  SAN  BER- 
NARD RIVER  BASINS  AND  INTERVENING 
COASTAL  BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

H.  D.  Buckner,  E.  R.  Carrillo,  H.  J.  Davidson,  and 
W.  J.  Shelby. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-237309/ 
AS.  Price  codes:  A 19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  TX-88-2  (WRD/ 
HD-89/244),  1989.  425p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  'Data  collections,  *Hydrologic  data, 
•Surface  water,  'Texas,  »Water  quality,  Chemicai 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Surface  water  data  for  the  1988  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood  hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06533  and  W90-06535)  (USGS) 
W90-06534  v  ' 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1988.  VOLUME  3:  COLORADO 
RTVER,  LAVACA  RIVER,  GUADALUPE 
RIVER,  NUECES  RIVER,  RIO  GRANDE 
BASINS  AND  INTERVENING  COASTAL 
BASINS. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

H.  D.  Buckner,  E.  R.  Carrillo,  H.  J.  Davidson,  and 
W.  J.  Shelby. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-237317/ 
AS.  Price  codes:  A 19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  TX-88-3  (WRD/ 
HD-89/245),  1989.  425p.  Prepared  in  cooperation 
with  the  State  of  Texas  and  with  other  agencies. 

Descriptors:  *Data  collections,  *Hydrologic  data, 
•Surface  water,  'Texas,  *Water  quality,  Chemical 
analysis.  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites.  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Surface  water  data  for  the  1988  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood  hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record stations,  and  low-flow  partial-record 
stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data  collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  are  also  included.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  W90-06533  and  W90-06534)  (USGS) 
W90-06535  ' 


WATER     RESOURCES     DATA     FOR     UTAH 
WATER  YEAR  1986. 


Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 

M.  D.  ReMillard.  L.  R.  Herbert,  G.  W.  Sandbere 
and  G.  A.  Birdwell. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-224341/ 
AS.  Price  codes:  A18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  UT-86-1  (WRD/ 
HD-87/238),  1987.  404p.  Prepared  in  cooperation 
with  the  State  of  Utah  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Utah,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1986  water  year  for 
Utah  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  quality  of  ground- 
water. This  report  contains  discharge  records  for 
209  gaging  stations;  stage  and  contents  for  21  lakes 
and  reservoirs;  water  quality  for  25  hydrologic 
stations  and  210  wells;  miscellaneous  temperature 
measurements  and  field  determinations  for  162  sta- 
tions; and  water  levels  for  33  observation  wells. 
Additional  water  data  were  collected  at  various 
sites  not  involved  in  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Utah.  (See  also  W90-06477) 
(USGS)  ' 

W90-06536 


WATER  RESOURCES  DATA  FOR  UTAH 
WATER  YEAR  1987. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 

M.  D.  ReMillard,  L.  R.  Herbert,  G.  W.  Sandbere, 
and  G.  A.  Birdwell. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-231303/ 
AS.  Price  codes:  A 17  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  UT-87-1  (WRD/ 
HD-88/232),  1988.  367p.  Prepared  in  cooperation 
with  the  State  of  Utah  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Surface  water,  'Utah,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1987  water  year  for 
Utah  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  quality  of  ground- 
water. This  report  contains  discharge  records  for 
180  gaging  stations;  stage  and  contents  for  21  lakes 
and  reservoirs;  water  quality  for  22  hydrologic 
stations  and  225  wells;  miscellaneous  temperature 
measurements  and  field  determinations  for  143  sta- 
tions; and  water  levels  for  32  observation  wells. 
Additional  water  data  were  collected  at  various 
sites  not  involved  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  collected  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Utah.  (See  also  W90-06536) 
(USGS) 
W90-06537 


WATER  RESOURCES  DATA  FOR  UTAH, 
WATER  YEAR  1988. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 

M.  D.  ReMillard,  L.  R.  Herbert,  G.  W.  Sandbere, 
and  G.  A.  Birdwell. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-207633/ 
AS.  Price  codes:  A 16  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  UT-88-1  (WRD/ 
HD-89/256),  1989.  364p.  Prepared  in  cooperation 
with  the  State  of  Utah  and  with  other  agencies. 


Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Surface  water,  'Utah,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1988  water  year  for 
Utah  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  quality  of  ground- 
water. This  report  contains  discharge  records  for 
178  gaging  stations;  stage  and  contents  for  22  lakes 
and  reservoirs;  water  quality  for  20  hydrologic 
stations  and  163  wells;  miscellaneous  temperature 
measurements  and  field  determinations  for  141  sta- 
tions; and  water  levels  for  31  observation  wells. 
Additional  water  data  were  collected  at  various 
sites  not  involved  of  the  systematic  data  collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. These  data  represent  that  part  of  the 
National  Water  Data  System  collected  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Utah.  (See  also  W90-06537) 
(USGS) 
W90-06538 


WATER  RESOURCES  DATA  FOR  VIRGINIA 
WATER  YEAR  1986. 

Geological  Survey,  Richmond,  VA.  Water  Re- 
sources Div. 

B.  J.  Prugh,  F.  J.  Easton,  and  D.  D.  Lynch. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-101423. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  VA-86-1  (WRD/HD- 
87/247),  1987.  395p.  Prepared  in  cooperation  with 
the  State  of  Virginia  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Surface  water,  'Virginia, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Virginia  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater  wells.  This 
volume  contains  records  for  water  discharge  at  189 
gaging  stations,  stage  only  at  1  gaging  station, 
stage  and  contents  at  10  lakes  and  reservoirs,  water 
quality  at  41  gaging  stations  and  26  wells,  and 
water  levels  at  63  observation  wells.  Also  included 
are  data  for  78  crest-stage  partial-record  stations. 
Locations  of  these  sites  are  shown.  Miscellaneous 
hydrologic  data  were  collected  at  18  measuring 
sites  not  involved  in  the  systematic  data  collection 
program.  The  data  represent  that  part  of  the  Na- 
tional Water  Data  System  collected  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Virginia.  (See  also  W90-O6261) 
(USGS) 
W90-06539 


WATER  RESOURCES  DATA  FOR  VIRGINIA, 
WATER  YEAR  1987. 

Geological  Survey,  Richmond,  VA.  Water  Re- 
sources Div. 

B.  J.  Prugh,  F.  J.  Easton,  and  D.  D.  Lynch. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-1 14375/ 
AS.  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  VA-87-1  (WRD/ 
HD-88/248),  1988.  441  p.  Prepared  in  cooperation 
with  the  State  of  Virginia  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Surface  water,  'Virginia, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
Virginia  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
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and  water  quality  of  groundwater  wells.  This 
volume  contains  records  for  water  discharge  at  174 
gaging  stations,  stage  only  at  1  gaging  station, 
stage  and  contents  at  10  lakes  and  reservoirs,  water 
quality  at  34  gaging  stations  and  45  wells,  and 
water  levels  at  189  observation  wells.  Also  includ- 
ed are  data  for  89  crest-stage  partial-record  sta- 
tions. Locations  of  these  sites  are  shown.  Miscella- 
neous hydrologic  data  were  collected  at  44  meas- 
uring sites  and  17  water  quality  sampling  sites  not 
involved  in  the  systematic  data  collection  program. 
The  data  represent  that  part  of  the  National  Water 
Data  System  collected  by  the  U.S.  Geological 
Survey  and  cooperating  State  and  Federal  agencies 
in  Virginia.  (See  also  W90-06539)  (USGS) 
W90-06540 

WATER  RESOURCES  DATA  FOR  VIRGINIA, 
WATER  YEAR  1988. 

Geological  Survey,  Richmond,  VA.  Water  Re- 
sources Div. 

B.  J.  Prugh,  F.  J.  Easton,  and  D.  D.  Lynch. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-207591/ 
AS  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  VA-88-1  (WRD/ 
HD-89/255),  1989.  447p.  Prepared  in  cooperation 
with  the  State  of  Virginia  and  with  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Virginia, 
♦Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1988  water  year  for 
Virginia  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  and  water  levels 
and  water  quality  of  groundwater  wells.  This 
volume  contains  records  for  water  discharge  at  170 
gaging  stations,  stage  only  at  1  gaging  station, 
stage  and  contents  at  10  lakes  and  reservoirs,  water 
quality  at  38  gaging  stations  and  72  wells,  and 
water  levels  at  207  observation  wells.  Also  includ- 
ed are  data  for  92  crest-stage  partial-record  sta- 
tions. Locations  of  these  sites  are  shown.  Miscella- 
neous hydrologic  data  were  collected  at  47  meas- 
uring sites  and  23  water  quality  sampling  sites  not 
involved  in  the  systematic  data  collection  program. 
The  data  represent  that  part  of  the  National  Water 
Data  System  collected  by  the  U.S.  Geological 
Survey  and  cooperating  State  and  Federal  agencies 
in  Virginia.  (See  also  W90-06540)  (USGS) 
W90-06541 

WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1984. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-236302/ 
AS.  Price  codes:  A20  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WA-84-1  (WRD/ 
HD-86/260),  1986.  427p.  Prepared  in  cooperation 
with  the  State  of  Washington  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Washington, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1984  water  year  for 
Washington  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  and  water  quality  of  wells  and  springs.  This 
report  contains  discharge  records  for  196  gaging 
stations;  stage  only  records  for  4  gaging  stations; 
stage  and  contents  for  41  lakes  and  reservoirs; 
water  quality  for  42  gaging  stations;  and  water 
levels  for  121  observation  wells.  Also  included  are 
data  for  14  crest-stage  partial-record  stations.  Lo- 
cations of  these  sites  are  shown.  Additional  water 
data  were  collected  at  various  sites,  not  part  of  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements  and  analyses. 


These  data  represent  that  part  of  the  National 
Water  Data  System  operated  by  the  U.S.  Geologi- 
cal Survey  and  cooperating  State  and  Federal 
agencies  in  Washington.  (See  also  W90-06264) 
(USGS) 
W90-06542 


WATER  RESOURCES  DATA  FOR  WASHING- 
TON, WATER  YEAR  1986. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-246889/ 
AS.  Price  codes:  A23  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WA-86-1  (WRD/ 
HD-88/235),  1988.  517p.  Prepared  in  cooperation 
with  the  State  of  Washington  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
♦Hydrologic  data,  'Surface  water,  'Washington, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
Washington  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  and  reservoirs;  and  water 
levels  of  wells.  This  report  contains  discharge 
records  for  215  gaging  stations;  stage  only  records 
for  7  gaging  stations;  stage  and  contents  for  38 
lakes  and  reservoirs;  water  quality  for  38  stream- 
flow-gaging  stations  and  9  ungaged  streamsites; 
and  water  levels  for  75  observation  wells.  Also 
included  are  data  for  15  crest-stage  partial-record 
stations  and  355  partial-record  or  miscellaneous 
streamflow  stations.  Locations  of  these  sites  are 
shown.  These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Washington.  (See  also  W90-06542) 
(USGS) 
W90-06543 


WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA, WATER  YEAR  1985. 

Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

W.  N.  Embree,  E.  A.  Friel,  and  F.  M.  Taylor. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-224879/ 
AS  Price  codes:  All  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WV-85-1  (WRD/ 
HD-87/224),  1987.  224p.  Prepared  in  cooperation 
with  the  State  of  West  Virginia  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Water  quality, 
•West  Virginia,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1985  water  year  for 
West  Virginia  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  contents  of 
reservoirs;  and  water  levels  and  water  quality  of 
observation  wells.  This  report  contains:  (1)  Dis- 
charge records  for  75  streamflow-gaging  stations; 
stage  only  records  for  12  gaging  stations,  and  2 
crest-stage  partial-record  stations;  (2)  Contents  for 
2  reservoirs,  and  change  in  contents  for  1  reser- 
voir; (3)  Water  quality  records  for  24  streamflow- 
gaging  stations;  (4)  Water  level  records  for  33 
observation  wells;  and  (5)  Water  quality  records 
for  17  observation  wells.  Locations  of  these  sites 
are  shown.  Additional  water  data  were  collected  at 
various  sites,  not  involved  in  the  systematic  data 
collection  program,  and  are  published  as  miscella- 
neous measurements.  These  data  represent  that 
part  of  the  National  Water  Data  System  operated 
by  the  U.S.  Geological  Survey  and  cooperating 
State  and  Federal  agencies  in  West  Virginia.  (See 
also  W90-06265)  (USGS) 
W90-06544 


WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA, WATER  YEAR  1986. 


Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

S.  M.  Ward,  E.  A.  Friel,  F.  M.  Taylor,  and  G.  M. 
Ferrell. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-236310/ 
AS.  Price  codes:  A10  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WV-86-1  (WRD/ 
HD-88/237),  1988.  196p.  Prepared  in  cooperation 
with  the  State  of  West  Virginia  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  *Surface  water,  *Water  quality, 
'West  Virginia,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1986  water  year  for 
West  Virginia  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  contents  of 
reservoirs;  and  water  levels  of  observation  wells. 
This  report  contains:  (1)  Discharge  records  for  79 
streamflow-gaging  stations;  stage  only  records  for 
12  gaging  stations,  and  2  crest-stage  partial-record 
stations;  (2)  Contents  for  1  reservoir,  and  change  in 
contents  for  1  reservoir;  (3)  Water  quality  records 
for  20  streamflow-gaging  stations;  and  (4)  Water 
level  records  for  33  observation  wells.  Locations 
of  these  sites  are  shown.  Additional  water  data 
were  collected  at  various  sites,  not  involved  in  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
West  Virginia.  (See  also  W90-06544)  (USGS) 
W90-06545 


WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA, WATER  YEAR  1987. 

Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

S.  M.  Ward,  W.  A.  Hobba,  F.  M.  Taylor,  and  G. 
M.  Ferrell. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-223994/ 
AS  Price  codes:  Al  1  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WV-87-1  (WRD/ 
HD-89/271),  1989.  228p.  Prepared  in  cooperation 
with  the  State  of  West  Virginia  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Water  quality, 
'West  Virginia,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1987  water  year  for 
West  Virginia  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  contents  of 
reservoirs;  and  water  levels  of  observation  wells. 
This  report  contains:  (1)  Discharge  records  for  83 
streamflow-gaging  stations;  stage  only  records  for 
7  gaging  stations,  and  2  crest-stage  partial-record 
stations;  (2)  Contents  for  1  reservoir,  and  change  in 
contents  for  1  reservoir;  (3)  Water  quality  records 
for  20  streamflow-gaging  stations;  and  (4)  Water 
level  records  for  34  observation  wells.  Locations 
of  these  sites  are  shown.  Additional  water  data 
were  collected  at  various  sites,  not  involved  in  the 
systematic  data  collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
West  Virginia.  (See  also  W90-06545)  (USGS) 
W90-06546 


WATER   RESOURCES   DATA   FOR   WISCON- 
SIN, WATER  YEAR  1986. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

B.  K.  Holmstrom,  P.  A.  Kammerer,  and  R.  M. 
Erickson. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB88-102678/ 
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AS.  Price  codes:  A 18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WI-86-1  (WRD/ 
HD-87/253),  1987.  402p.  Prepared  in  cooperation 
with  the  State  of  Wisconsin  and  with  other  agen- 
cies. 

Descriptors:  'Acid  rain,  'Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  'Wisconsin,  Chemical  analysis, 
Flow  rates,  Gaging  stations.  Lakes,  Microbiologi- 
cal studies,  Sediments,  Water  level. 

Water  resources  data  for  the  1986  water  year  for 
Wisconsin  include  records  of  streamflow  at  gaging 
stations,  partial-record  stations,  and  miscellaneous 
sites;  records  of  chemical,  biological,  and  physical 
characteristics  of  surface  and  groundwater. 
Records  of  chemical  analysis  of  precipitation,  sur- 
face and  groundwater  associated  with  acid  deposi- 
tion are  included.  In  addition  water  levels  in  obser- 
vation wells  are  reported.  These  data  represent 
that  part  of  the  National  Water  Data  System  col- 
lected by  the  U.S.  Geological  Survey  and  cooper- 
ating State  and  Federal  agencies  in  Wisconsin.  (See 
also  W90-06266)  (USGS) 
W90-06547 


WATER  RESOURCES  DATA  FOR  WISCON- 
SIN, WATER  YEAR  1987. 

Geological  Survey,  Madison,  WI.  Water  Re- 
sources Div. 

B.  K.  Holmstrom,  P.  A.  Kammerer,  and  R.  M. 
Erickson. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-130801/ 
AS.  Price  codes:  A 17  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WI-87-1  (WRD/ 
HD-88/279),  1988.  367p.  Prepared  in  cooperation 
with  the  State  of  Wisconsin  and  with  other  agen- 
cies. 

Descriptors:  *Acid  rain,  *Data  collections, 
•Groundwater,  *Hydrologic  data,  'Surface  water, 
•Water  quality,  •Wisconsin,  Chemical  analysis, 
Flow  rates,  Gaging  stations,  Lakes,  Microbiologi- 
cal studies,  Sediments,  Water  level. 

Water  resources  data  for  the  1987  water  year  for 
Wisconsin  include  records  of  streamflow  at  gaging 
stations,  partial-record  stations,  and  miscellaneous 
sites;  records  of  chemical,  biological,  and  physical 
characteristics  of  surface  water  and  groundwater. 
Records  of  chemical  analysis  of  precipitation,  sur- 
face water  and  groundwater  associated  with  acid 
deposition  are  included.  In  addition  water  levels  in 
observation  wells  are  reported.  These  data  repre- 
sent that  part  of  the  National  Water  Data  System 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating State  and  Federal  agencies  in  Wisconsin. 
(See  also  W90-06547)  (USGS) 
W90-06548 


WATER  RESOURCES  DATA  FOR  WISCON- 
SrN,  WATER  YEAR  1988. 

Geological  Survey,  Madison,  WI.  Water  Re- 
sources Div. 

B.  K.  Holmstrom,  P.  A.  Kammerer,  and  R.  M. 
Erickson. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-224695/ 
AS.  Price  codes:  A19  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WI-88-1  (WRD/ 
HD-89/264),  1989.  429p.  Prepared  in  cooperation 
with  the  State  of  Wisconsin  and  with  other  agen- 
cies. 

Descriptors:  'Acid  rain,  'Data  collections, 
•Groundwater,  »Hydrologic  data,  *Surface  water, 
•Water  quality,  'Wisconsin,  Chemical  analysis, 
Flow  rates,  Gaging  stations,  Lakes,  Microbiologi- 
cal studies,  Sediments,  Water  level. 

Water  resources  data  for  the  1988  water  year  for 
Wisconsin  include  records  of  streamflow  at  gaging 
stations,  partial-record  stations,  and  miscellaneous 
sites;  records  of  chemical,  biological,  and  physical 
characteristics  of  surface  water  and  groundwater. 
Records  of  chemical  analysis  of  precipitation,  sur- 
face water  and  groundwater  associated  with  acid 
deposition  are  included.  In  addition  water  levels  in 
observation  wells  are  reported.  These  data  repre- 


sent that  part  of  the  National  Water  Data  System 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating State  and  Federal  agencies  in  Wisconsin 
(See  also  W90-06548)  (USGS) 
W90-06549 


WATER  RESOURCES  DATA  FOR  WYOMING 
WATER  YEAR  1985. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

S.  A.  Druse,  and  S.  J.  Rucker. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87- 172565/ 
AS.  Price  codes:  A22  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WY-85-1  (WRD/ 
HD-86/243),  1986.  499p.  Prepared  in  cooperation 
with  the  State  of  Wyoming  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Surface  water,  'Water  quality, 
'Wyoming,  Chemical  analysis,  Flow  rates,  Gaging 
stations,  Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1985  water  year  for 
Wyoming  consist  of  records  of  stage,  discharge 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater.  This  report  contains  dis- 
charge records  for  187  gaging  stations;  stage  and 
contents  for  15  lakes  and  reservoirs;  water  quality 
for  78  gaging  stations,  and  73  ungaged  stations;  and 
water  levels  for  5  observation  wells.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in  Wy- 
oming. (See  also  W90-06267)  (USGS) 
W90-06550 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1986. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

S.  A.  Druse,  W.  R.  Glass,  P.  B.  McCoIlam,  and  H. 
I.  Kennedy. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-231056/ 
AS.  Price  codes:  A21  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WY-86-1  (WRD/ 
HD-87/239),  1987.  474p.  Prepared  in  cooperation 
with  the  State  of  Wyoming  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  *Surface  water,  *Water  quality, 
•Wyoming,  Chemical  analysis,  Flow  rates,  Gaging 
stations,  Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1986  water  year  for 
Wyoming  consist  of  records  of  stage,  discharge 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater.  This  report  contains  dis- 
charge records  for  195  gaging  stations;  stage  and 
contents  for  15  lakes  and  reservoirs;  water  quality 
for  79  gaging  stations,  and  69  ungaged  stations;  and 
water  levels  for  5  observation  wells.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in  Wy- 
oming. (See  also  W90-06550) 
W90-06551 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1987. 

Geological   Survey,   Cheyenne,   WY.    Water  Re- 
sources Div. 

S.  A.  Druse,  W.  R.  Glass,  P.  B.  McCoIlam,  and  D. 
A.  Peterson. 
Available  from  the  National  Technical  Information 


Service,  Springfield,  VA  22161  as  PB88-240338/ 
AS.  Price  codes:  A 18  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WY-87-1  (WRD/ 
HD-88/240),  1988.  396p.  Prepared  in  cooperation 
with  the  State  of  Wyoming  and  with  other  agen- 
cies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Surface  water,  'Water  quality, 
•Wyoming,  Chemical  analysis,  Flow  rates,  Gaging 
stations,  Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1987  water  year  for 
Wyoming  consist  of  records  of  stage,  discharge 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater.  This  report  contains  dis- 
charge records  for  172  gaging  stations;  stage  and 
contents  for  16  lakes  and  reservoirs;  water  quality 
for  67  gaging  stations,  and  52  ungaged  stations;  and 
water  levels  for  5  observation  wells.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in  Wy- 
oming. (See  also  W90-06551)  (USGS) 
W90-06552 


WATER  RESOURCES  DATA  FOR  WYOMING, 
WATER  YEAR  1988. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

S.  A.  Druse,  W.  R.  Glass,  P.  B.  McCoIlam,  and  D. 
A.  Peterson. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-194955/ 
AS.  Price  codes:  A23  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  WY-88-1  (WRD/ 
HD-89/240),  1989.  518p.  Prepared  in  cooperation 
with  the  State  of  Wyoming  and  with  other  agen- 
cies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  *Surface  water,  *Water  quality, 
•Wyoming,  Chemical  analysis,  Flow  rates,  Gaging 
stations,  Lakes,  Reservoirs,  Sampling  sites,  Sedi- 
ments, Water  analysis,  Water  level,  Water  temper- 
ature. 

Water  resources  data  for  the  1988  water  year  for 
Wyoming  consists  of  records  of  stage,  discharge 
and  water  quality  of  streams;  stage  and  contents  of 
lakes  and  reservoirs;  and  water  levels  and  water 
quality  of  groundwater.  This  report  contains  dis- 
charge records  for  177  gaging  stations;  stage  and 
contents  for  16  lakes  and  reservoirs;  water  quality 
for  66  gaging  stations,  and  43  ungaged  stations;  and 
water  levels  for  5  observation  wells.  Additional 
water  data  were  collected  at  various  sites,  not  part 
of  the  systematic  data  collection  program,  and  are 
published  as  miscellaneous  measurements.  These 
data  represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in  Wy- 
oming. (See  also  W90-O6552)  (USGS) 
W90-06553 


WATER  RESOURCES  DATA  FOR  IOWA 
WATER  YEAR  1985. 

Geological  Survey,  Iowa  City,  IA.  Water  Re- 
sources Div. 

N.  B.  Melcher,  M.  G.  Detroy,  W.  J.  Matthes,  and 
R.  E.  Hansen. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB87-1 11886/ 
AS.  Price  codes:  A15  in  paper  copy,  A01  in  micro- 
fiche. USGS  Water-Data  Report  IA-85-1  (WRD/ 
HD-86-237),  1986.  332p.  Prepared  in  cooperation 
with  the  State  of  Iowa  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hydrologic  data,  'Iowa,  'Surface  water,  'Water 
quality,  Chemical  analysis,  Flow  rates,  Gaging  sta- 
tions, Groundwater  level,  Lakes,  Reservoirs,  Sam- 
pling sites,  Sediments,  Streamflow,  Water  analysis, 
Water  level,  Water  temperature. 
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Water  resources  data  for  the  1985  water  year  for 
Iowa  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  and  water 
quality  of  lakes  and  reservoirs;  groundwater  levels 
and  groundwater  quality.  This  report  contains  dis- 
charge records  for  111  stream-gaging  stations, 
stage  and  contents  for  8  lakes  and  reservoirs,  water 
quality  for  8  stream-gaging  stations,  sediment 
records  for  12  stream-gaging  stations;  water  levels 
for  94  observation  wells;  and  chemical  analysis  for 
214  observation  wells.  Also  included  are  118  crest- 
stage  partial-record  stations.  Additional  water  data 
were  collected  at  various  sites,  not  part  of  the 
systematic  data-collection  program,  and  are  pub- 
lished as  miscellaneous  measurements.  These  data 
represent  the  National  Water  Data  System  records 
coUected  by  the  U.S.  Geological  Survey  and  coop- 
erating local,  State  and  Federal  agencies  in  Iowa. 
(USGS) 
W9O-06554 

8.  ENGINEERING  WORKS 


(including  the  spillway  monoliths,  nonoverflow 
sections,  and  intake  structure);  removal  and  re- 
building of  the  spillway  piers;  new  gate  installa- 
tion; and  adding  additional  concrete  mass  to  insure 
stability  of  the  gravity  structures  with  the  higher 
reservoir.  This  report  was  prepared  to  ensure  the 
preservation  for  future  use  of  complete  records  of 
foundation  conditions  encountered  during  con- 
struction and  methods  used  to  adapt  structures  to 
these  conditions.  The  final  foundation  conditions 
and  treatment  for  the  additional  powerhouse  units; 
post  construction  instrumentation,  drain  hole  drill- 
ing and  rock  contour  maps  for  the  spillway,  nono- 
verflow, intake  and  closure  monoliths;  and  the  left 
and  right  abutment  exploration  and  instrumenta- 
tion programs  are  documented.  (Lantz-PTT) 
W90-05740 


8A.  Structures 

EFFECTS  OF  HYETOGRAPH  SHAPE  ON  DE- 
TENTION POND  SIZING. 

Dominion  Engineering  Resources,  Newport  News, 

VA. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05626 

APPLICATIONS  OF  THE  MANNING'S  AND 
RATIONAL  FORMULAS  FOR  THE  DESIGN 
OF  STORM  DRAINS  IN  SINGAPORE. 

Nanyang  Technological  Inst.,  Singapore.  School 

of  Civil  and  Structural  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05646 

DESIGN  OF  STORMWATER  DETENTION 
BASINS.  A  SIMPLIFIED  METHOD. 

Rettew  Associates,  Inc.,  Lancaster,  PA. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-05648 

PAVEMENT  DRAINAGE  DESIGN  USING  YEN 
AND  CHOW  RAINFALL. 

Old  Dominion  Univ.,  Norfolk,  VA.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2b. 

W90-05653 

FLOW  BEHAVIORS  IN  HEADRACE  TUNNEL 
OF  RUNOF-THE-RTVER  POWER  STATIONS. 

Kyoto  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05693 

CHIEF  JOSEPH  DAM,  COLUMBIA  RIVER, 
WASHINGTON,  ADDITIONAL  UNITS  AND 
STRUCTURAL  MODIFICATION  FOUNDA- 
TION REPORT. 

Army  Engineer  District,  Seattle,  WA.  Seattle  Dis- 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A204-685. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
Final  report,  1988.  263p,  13  fig,  5  tab,  23  plates,  8 
ref,  4  append. 

Descriptors:  "Chief  Joseph  Dam,  'Hydraulic 
structures,  *Dam  foundations,  *Dams,  'Washing- 
ton, Construction,  Spillways,  Intakes,  Instrumenta- 
tion, Design  criteria,  Concrete  dams. 

Chief  Joseph  Dam  is  located  on  the  Columbia 
River  in  north  central  Washington,  545  river  miles 
above  its  mouth  and  51  river  miles  below  Grand 
Coulee  Dam.  In  order  to  produce  additional 
power,  construction  of  structural  modifications  to 
raise  the  pool  elevation  10  feet  and  install  11  addi- 
tional generating  units  was  started  in  1974  and  was 
completed  in  1980.  Raising  the  pool  to  elevation 
956  feet  occurred  in  February  1981.  The  structural 
modification  consisted  of  raising  the  dam  10  feet 


PHASE  II  GDM  ON  THE  SANTA  ANA  RIVER 
MAINSTEM  INCLUDING  SANTIAGO  CREEK. 
VOLUME  3:  LOWER  SANTA  ANA  RIVER,  AP- 
PENDIXES. 

Army  Engineer  District,  Los  Angeles,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A204-543. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
August  1988.  572p,  7  fig,  11  tab,  39  plates,  52  ref, 
append. 

Descriptors:  •California,  *Dams,  'Channeling, 
'Hydraulic  structures,  'Santa  Ana  River,  'Geohy- 
drology,  'Geology,  Santiago  Creek,  Geologic 
fractures,  Foundation  rocks. 

Geotechnical  investigations  were  conducted  to  de- 
termine and  evaluate  the  topography,  geology,  and 
groundwater  and  foundation  conditions  of  the 
Lower  Santa  Ana  River.  This  appendix  provides  a 
description  of  the  project  area;  the  geology,  fault- 
ing and  seismicity;  groundwater  conditions;  the 
geotechnical  explorations  and  testing  performed; 
presents  the  existing  foundation  conditions;  and 
parameters  used  in  the  project  design.  Recommen- 
dations are  given  for  foundation  treatment,  em- 
bankment design,  subdrainage  systems,  disposal 
site  compatibility,  and  construction  applications. 
The  channelization  measures  for  the  Lower  Santa 
Ana  River  discussed  in  this  report  extend  approxi- 
mately 23  miles  through  the  northwestern  portion 
of  Orange  County,  California.  The  project  begins 
at  Weir  Canyon  Road  and  ends  at  the  Pacific 
Ocean  between  Huntington  and  Newport  Beaches. 
Localized  improvements  are  also  proposed  within 
Santa  Ana  Canyon,  immediately  below  Prado 
Dam.  (See  also  W90-05762)  (Lantz-PTT) 
W90-05757 


PHASE  II  GDM  ON  THE  SANTA  ANA  RIVER 
MAINSTEM  INCLUDING  SANTIAGO  CREEK. 
VOLUME  1:  SEVEN  OAKS  DAM  INCLUDING 
APPENDIX  A. 

Army  Engineer  District,  Los  Angeles,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  V A  22161,  as  AD-A204-540. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
August  1988.  822p,  12  fig,  16  tab,  35  plates,  22  ref, 
7  append. 

Descriptors:  'Dams,  'California,  'Earth  dams, 
•Hydraulic  structures,  'Santa  Ana  River,  Seven 
Oaks  Dam,  Santiago  Creek,  Costs,  Dam  construc- 
tion, Spillways. 

This  volume  contains  the  general  design  for  the 
Seven  Oaks  Dam  and  the  preliminary  floodplain 
and  floodway  delineation  between  Seven  Oaks 
Dam  and  Prado  Reservoir.  Seven  Oaks  Dam,  lo- 
cated 8  miles  northeast  of  the  city  of  Redlands  in 
San  Bernardino  County,  California  will  be  an  earth 
and  fill  structure  with  a  height  of  550  ft  above  the 
existing  streambed,  crest  width  of  40  ft,  crest 
length  of  2,980  ft  and  crest  elevation  at  2,610  ft. 
The  upstream  and  downstream  slopes  will  be  1 
vertical  on  2  horizontal.  The  dam  will  have  a 
storage  capacity  of  145,600  acre-ft  at  the  spillway 
crest  elevation  of  2,580  ft.  A  detached  spillway 
will  be  located  about  1,700  ft  east  of  the  dam.  It 
will  have  a  trapezoidal  cross-section  with  a  base 
width  of  500  ft  and  sideslopes  averaging  1  vertical 
on  1  horizontal.  The  spillway  will  be  about  1,400  ft 
long  and  unlined  except  for  a  concrete  control  sill 
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at  the  crest,  approximately  1,000  ft  from  the  down- 
stream end.  The  outlet  works  tunnel  will  be  locat- 
ed within  the  east  abutment.  The  tunnel,  excavated 
in  rock  and  lined  with  reinforced  concrete,  will  be 
approximately  1,750  ft  long.  Total  first  cost  of  the 
project  is  estimated  at  $316,283,000.  (See  W90- 
05759  thru  W90-05762)  (Lantz-PTT) 
W90-05758 


PHASE  II  GDM  ON  THE  SANTA  ANA  RIVER 
MAINSTEM  INCLUDING  SANTIAGO  CREEK. 
VOLUME  7:  HYDROLOGY. 

Army  Engineer  District,  Los  Angeles,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A204-547. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
August  1988.  223p,  41  tab,  77  plates. 

Descriptors:  'Dams,  'California,  'Hydraulic  struc- 
tures, *  Santa  Ana  River,  *Flood  control,  Dams, 
Seven  Oaks  Dam,  Santiago  Creek,  Reservoirs. 

This  volume  of  the  Phase  II  General  Design 
Memorandum  (GDM)  presents  the  results  of  hy- 
drologic  investigations  made  for  the  Santa  Ana 
River  Project  in  connection  with  flood  control 
planning  and  design  efforts  not  covered  in  the  1975 
Review  Report,  the  1980  Phase  I  GDM,  or  the 
1985  Supplement  to  the  Phase  I  GDM,  plus  updat- 
ing for  changed  conditions  and  new  information. 
Primary  emphasis  was  placed  on  studies  concerned 
with  recommended  project  elements  for  flood  con- 
trol on  Seven  Oaks  Dam  (previously  known  as 
Upper  Santa  Ana  River  Dam),  Prado  Dam,  Mill 
Creek  Levees,  Oak  Street  Drain,  Santiago  Creek, 
and  lower  Santa  Ana  River,  and  how  the  reservoir 
system  will  operate.  (See  also  W90-05757,  W90- 
05758,  W90-05760,  W90-05761  and  W90-05762) 
(Lantz-PTT) 
W90-05759 

PHASE  II  GDM  ON  THE  SANTA  ANA  RIVER 
MAINSTEM  INCLUDING  SANTIAGO  CREEK. 
VOLUME  5:  OAK  STREET  DRAIN. 

Army  Engineer  District,  Los  Angeles,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A204-546. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
August  1988.  174p,  13  fig,  10  tab,  19  plates,  2 
append. 

Descriptors:  'Dams,  'California,  'Flood  control, 
•Hydraulic  structures,  'Santa  Ana  River,  Santiago 
Creek,  Channels,  Economic  aspects. 

This  volume  accompanies  the  Main  Report  and 
Supplemental  Environmental  Impact  Statement  for 
the  Phase  II  General  Design  Memorandum  for  the 
Santa  Ana  River  Mainstem  including  Santiago 
Creek  and  contains  the  general  design  for  the  Oak 
Street  Drain.  The  recommended  plan  for  Oak 
Street  Drain  consists  of  a  concrete  channel  begin- 
ning at  the  existing  Oak  Street  debris  basin  and 
extending  over  3  miles  to  the  confluence  with 
Temescal  Wash.  The  channel  is  designed  to  pro- 
vide 100-year  level  of  protection.  Total  project 
first  cost  is  estimated  at  $20,652,000.  (See  W90- 
05757  thru  W90-05759,  W90-05761  and  W90- 
05762)  (Lantz-PTT) 
W90-05760 


PHASE  II  GDM  ON  THE  SANTA  ANA  RIVER 
MAINSTEM  INCLUDING  SANTIAGO  CREEK. 
VOLUME  4:  MILL  CREEK  LEVEE. 

Army  Engineer  District,  Los  Angeles,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A204-545. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
August  1988.  108p,  9  fig,  18  tab,  31  plates,  11  ref. 

Descriptors:  'California,  'Flood  control,  'Santa 
Ana  River,  'Prado  Dam,  'Hydraulic  structures, 
'Levees,  Santiago  Creek,  Mill  Creek,  Floodwall, 
Vegetation,  Bank  stabilization,  Costs. 

This  volume  accompanies  the  Main  Report  and 
Supplemental  Environmental  Impact  Statement  for 
the  Phase  II  General  Design  Memorandum  for  the 
Santa   Ana   River   Mainstem   including   Santiago 
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Creek  and  contains  the  general  design  for  the  Mill 
Creek  Levee.  The  recommended  flood  control 
plan  for  the  Mill  Creek  levee  consists  of  raising  a 
portion  of  the  existing  levee  from  stations  70  +  00 
to  88  +  70,  extending  the  toe  protection  from  sta- 
tions 70  +  00  to  129  +  33.33  and  from  stations 
130  +  72  to  196  +  25.37,  and  constructing  a  flood- 
wall  along  the  top  of  the  levee  from  stations 
70  +  00  to  130  +  20  and  from  stations  130  +  72  to 
196  +  25.37.  Esthetic  treatment  will  consist  of 
groupings  of  native  trees  and  large  shrubs  planted 
along  the  landward  side  of  the  embankment.  Total 
first  cost  for  this  element  of  the  Santa  Ana  River 
Mainstem  project  is  estimated  at  $5,109,000.  (See 
W90-05757  thru  W90-05760  and  W90-05762) 
(Lantz-PTT) 
W90-05761 


PHASE  II  GDM  ON  THE  SANTA  ANA  RIVER 
MAINSTEM  INCLUDING  SANTIAGO  CREEK 
VOLUME  3:  LOWER  SANTA  ANA  RIVER 
(PRADO  DAM  TO  PACIFIC  OCEAN). 

Army  Engineer  District,  Los  Angeles,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A204-544. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
August  1988.  256p,  7  fig,  28  tab,  108  plates,  8 
photos,  5  ref,  5  append. 

Descriptors:  'Channeling,  'Flood  control,  'Cali- 
fornia, 'Channel  stability,  'Santa  Ana  River, 
•Prado  Dam,  'Hydraulic  structures,  Design  stand- 
ards, Environmental  policy,  Overflows,  Riprap, 
Channel  flow,  Costs,  Santiago  Creek. 

This  volume  accompanies  the  Main  Report  and 
Supplemental  Environmental  Impact  Statement  for 
the  Phase  II  General  Design  Memorandum  for  the 
Santa   Ana    River    Mainstem    including    Santiago 
Creek   and   contains   the   general   design   for  the 
Santa  Ana  River  from  Prado  Dam  to  the  Pacific 
Ocean.  The  recommended  plan  will  convey  design 
outflows  of  30,000  cu  ft/sec  from  Prado  Dam  to 
47,000  cu  ft/sec  at  the  Pacific  Ocean.  The  project 
consists  of  acquisition  of  the  post  project  overflow 
area  along  8  miles  of  river  just  downstream  of 
Prado  Dam  (Prado  Dam  to  Weir  Canyon  Road) 
and  23  miles  of  improved  channel  (Weir  Canyon  to 
the  Ocean).  The  reach  from  Prado  Dam  to  Weir 
Canyon  would  remain  in  a  natural  rural  condition 
for  wildlife  and  open  space  value.  The  improved 
channel   will   consist   of  sections   of  trapezoidal 
riprap  or  grouted  riprap  channel,  trapezoidal  con- 
crete-lined channel  and  rectangular  concrete-lined 
channel.   The   ocean   outlet   will   consist  of  rock 
mounded  jetties.  In  addition,  the  Greenville-Ban- 
ning Channel  would  be  modified  to  join  the  Santa 
Ana  River  about  1  mile  upstream  of  the  Pacific 
Ocean.  Talbert  Channel  will  be  relocated  1,000  ft 
upcoast  from  its  present  location  to  accommodate 
widening  of  the  Santa  Ana  River  at  the  ocean.  The 
channel  access  and  maintenance  roads  would  be 
incorporated    into    the    overall    recreational    trail 
system  for  the  entire  river.  A  92-acre  marsh  will  be 
restored  at  the  mouth  of  the  river  for  the  preserva- 
tion and  enhancement  of  wildlife.  The  estimated 
total   project   first  cost  is  $365,000,000  including 
preconstruction  engineering  and  design.  Average 
annual  charges  will  include  $595,000  for  channel 
operation  and  maintenance  and  $50,000  for  recre- 
ational maintenance.  (See  W90-05758  thru  W90- 
05761)  (Lantz-PTT) 
W90-05762 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988 
VOLUME  4--APPENDK  A. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  DE88-0 17370 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
Report  No.  PNL— 6581-Vol.  4,  May  1988.  728p 
DOE  Contract  DE-AC06-76RLO  1830. 

Descriptors:  'Groundwater  pollution,  'Radioac- 
tive wastes,  'Hanford  Site,  'Washington,  'Moni- 
toring, 'Data  collections,  'Wells,  Groundwater 
quality,  Well  construction,  Washington,  Well  logs 
Drillers  logs. 


This  Inspection  Plan  identifies  the  inspections  re- 
quired and  the  responsible  people  to  perform  the 
inspections  of  the  monitoring  wells  to  be  construct- 
ed under  Project  B-678.  The  inspection  of  well 
construction  activities  is  intended  to  provide  assur- 
ance that  the  work  performed  by  construction 
forces  is  in  accordance  with  the  approved  contract 
documents.  The  degree  of  inspection  is  commensu- 
rate with  the  significance  of  the  monitoring  wells 
with  regard  to  function  and  safety.  (Lantz-PTT) 
W90-05766  ; 


PHASE  II  GDM  ON  THE  SANTA  ANA  RIVER 
MAINSTEM  INCLUDING  SANTIAGO  CREEK 
VOLUME  2:  PRADO  DAM. 

Army  Engineer  District,  Los  Angeles,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A204-542. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
August  1988.  591p,  7  fig,  10  tab,  22  plates,  4 
append. 

Descriptors:  'California,  'Dams,  'Flood  control, 
'Prado  Dam,  'Santa  Ana  River,  Costs,  Dikes, 
Hydraulic  structures,  Reservoirs,  Santiago  Creek, 
Spillways. 

Recommended  improvement  to  the  existing  flood 
control  Prado  Dam  on  the  Santa  Ana  River  in 
California  which  was  completed  by  Corps  of  Engi- 
neers in  1941,  consists  of  enlarging  the  reservoir 
capacity  by  raising  the  spillway  crest  20  ft  and  the 
top  of  the  dam  28.4  ft,  to  elevations  563  ft  and 
594.4  ft,  respectively.  A  new  gated  outlet  structure 
capable  of  releasing  30,000  cu  ft/sec,  an  auxiliary 
dike,  and  a  dike  along  the  Corona  Expressway 
would  be  provided.  Approximately  1,660  acres  of 
land  up  to  elevation  566  ft  would  be  required  for 
the  enlarged  reservoir.  Interior  dikes  would  be 
provided  for  the  protection  of  the  existing  facilities 
at  the  Corona  Sewage  Treatment  Plant,  Alcoa 
Aluminum  Plant,  Corona  Housing  Tract,  and  Cali- 
fornia Institution  for  Women.  The  cost  for  the 
recommended  improvement  is  estimated  at 
$212,623,000,  including  $116,274,000  for  land  ac- 
quisition. (See  W90-05804  thru  W90-05805)  (Au- 
thor's abstract) 
W90-05803 


PHASE  II  GDM  ON  THE  SANTA  ANA  RIVER 
MAINSTEM  INCLUDING  SANTIAGO  CREEK 
MAIN  REPORT  AND  SUPPLEMENTAL  ENVI- 
RONMENTAL IMPACT  STATEMENT. 

Army  Engineer  District,  Los  Angeles,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A204-539. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche 
August  1988.  558p,  23  fig,  13  tab. 

Descriptors:  'California,  'Dam  design,  'Environ- 
mental effects,  'Environmental  impact  statement, 
'Flood  control,  'Santa  Ana  River,  'Water  re- 
sources development,  'Water  resources  manage- 
ment, Endangered  species,  Flood  channels,  Flood 
protection,  Wetlands. 

This  Santa  Ana  River  Mainstem  project  is  de- 
signed to  provide  urban  flood  protection  to  the 
growing  communities  in  Orange,  Riverside,  and 
San  Bernardino  counties.  The  project  will  provide 
various  levels  of  flood  protection  ranging  from 
100-yr  to  190-yr  in  areas  most  susceptible  to  dam- 
ages from  floodflows  for  over  2  million  people  and 
businesses  within  the  three-county  area.  Most  of 
the  development  is  in  the  Lower  Santa  Ana  River 
Basin  (Orange  County).  The  project  will  provide 
environmental  enhancement  in  a  currently  degrad- 
ed marsh  area  at  the  mouth  the  Santa  Ana  River, 
thereby  providing  significant  value  as  a  wetland 
habitat  for  migrating  waterfowl  and  for  the  Cali- 
fornia least  tern,  a  federally  listed  endangered  spe- 
cies. The  recommended  plan  consists  of  the  follow- 
ing elements  on  the  Santa  Ana  River  Mainstem:  (1) 
construction  of  Seven  Oaks  Dam  in  the  upper 
Santa  Ana  Canyon  to  control  a  350-yr  flood  event 
at  the  damsite;  (2)  delineation  of  the  100-yr  flood- 
way  and  floodway  fringe  for  the  35-mile  reach 
between  Seven  Oaks  Dam  and  Prado  Dam,  with 
local  authorities  managing  this  area  in  accordance 
with  guidelines  established  by  the  Federal  Emer- 
gency Management  Agency  (FEMA);  (3)  modifi- 


cations to  the  existing  Federal  flood  control  levees 
at  Mill  Creek  to  restore  their  original  Standard 
Project  Flood  (SPF)  level  of  protection;  (4)  con- 
struction of  a  100-yr  level  of  protection  channel  on 
the  Oak  Street  Drain  in  the  City  of  Corona-  (5) 
modifications  to  the  existing  Prado  Dam  to  pro- 
vide a  190-yr  level  of  protection;  (6)  channel  im- 
provements to  provide  a  100-yr  level  flood  protec- 
tion along  Santiago  Creek  in  Orange  County  (7) 
construction  of  the  Lower  Santa  Ana  River  Chan- 
nel to  provide  190-yr  level  flood  protection;  and 
(8)  enhancement  of  84  acres  of  marshland  at  the 
mouth  of  the  Santa  Ana  River  for  the  endangered 
species  plus  restoration  of  8  acres  of  marshland  for 
mitigation  of  wildlife  habitat.  (See  also  W90-05803 
and  W90-05805)  (Lantz-PTT) 
W90-05804 


PHASE  II  GDM  ON  THE  SANTA  ANA  RIVER 
MAINSTEM  INCLUDING  SANTIAGO  CREEK 
VOLUME  1:  SEVEN  OAKS  DAM,  APPEN- 
DIXES B  THROUGH  G. 

Army  Engineer  District,  Los  Angeles,  CA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A204-541. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche 
August  1988.  682p,  39  fig,  39  tab,  33  plates. 

Descriptors:  'California,  'Dam  design,  'Environ- 
mental effects,  'Environmental  impact  statement, 
•Flood  control,  'Santa  Ana  River,  'Seven  Oaks 
Dam,  'Water  resources  management,  Flood  chan- 
nels, Flood  protection. 

The  Santa  Ana  River  Mainstem  project  is  designed 
to  provide  urban  flood  protection  to  the  growing 
communities  in  Orange,  Riverside,  and  San  Ber- 
nardino counties.  The  project  will  provide  various 
levels  of  flood  protection  ranging  from  100-yr  to 
190-yr  in  areas  most  susceptible  to  damages  from 
floodflows  for  over  2  million  people  and  businesses 
within  the  three-county  area.  One  of  the  recom- 
mendations is  the  construction  of  Seven  Oaks  Dam 
in  the  upper  Santa  Ana  Canyon  to  control  a  350-yr 
flood  event  at  the  damsite.  General  design  informa- 
tion relating  to  the  Seven  Oaks  Outlet  Works  are 
presented.  (See  W90-O5803  thru  W90-05804) 
(Lantz-PTT) 
W90-05805 


FIELD  MEASUREMENTS  OF  DIRECTIONAL 
WAVE  LOADS  ON  COASTAL  STRUCTURES. 

Rijkswaterstaat,    Delft   (Netherlands).    Road   and 

Hydraulic  Engineering  Div. 

For  primary  bibliographic  entry  see  Field  8B 

W90-05858 


USING  SUPERCOMPUTERS  FOR  THE  TIME 
HISTORY  ANALYSIS  OF  OLD  GRAVITY 
DAMS. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 

Lehrstuhl   fuer  Wasserbau   und   Wasserwirtschaft 

und  Inst,  fuer  Wasserbau. 

G.  Rouve,  and  A.  Peters. 

Advances  in  Water  Resources  AWREDI,  Vol   12 

No.  2,  p  79-83,  June  1989.  6  fig,  6  ref. 

Descriptors:  'Computers,  'Dam  stability,  'Dams, 
•Finite  element  method,  'Gravity  dams,  'Risk  as- 
sessment, Computer  models,  Deterioration,  Hy- 
draulic structures,  Percolation,  Temperature  ef- 
fects, Weathering. 

Some  of  the  old  masonry  dams  that  were  built  in 
West  Germany  at  the  beginning  of  this  century  are 
a  matter  of  concern  today.  Over  time,  the  effects 
of  aging  include  weathering,  deterioration  at  the 
downstream  and  upstream  dam  faces,  wet  areas  at 
the  downstream  face,  loosening  of  the  upstream 
facing,  cracks  due  to  temperature  changes,  and 
increased  percolation  of  water  through  the  dam. 
The  Finite  Element  Method  offers  a  suitable  tool 
to  evaluate  the  safety  of  the  old  gravity  dams.  The 
model  itself  consists  of  three  finite  element  models 
coupled  together  to  compute  seepage,  temperature 
distribution,  and  tensions  and  displacements.  The 
reliability  of  the  results  strongly  depends  on 
knowledge  of  the  material  parameters.  Using  his- 
torical records  and  observations  a  numerical  back- 
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analysis  model  has  been  developed  to  simulate  the 
behavior  of  these  old  masonry  structures  and  to 
estimate  their  material  properties  by  calibration. 
Only  an  implementation  on  a  fourth  generation 
vector  computer  made  the  application  for  this 
large  model  possible  in  practice.  (Tappert-PTT) 
W90-05886 


TURNKEY  WELL,  RESERVOIR,  AND  PUMP 
STATION  IN  AN  ARID  REGION. 

Engineering-Science,  Inc.,  Phoenix,  AZ. 
For  primary  bibliographic  entry  see  Field  5F. 
W90-05893 

SUBSTANTIATION  OF  THE  TIERED  TECH- 
NOLOGY OF  CONSTRUCTING  ARCH  DAMS. 

For  primary  bibliographic  entry  see  Field  8F. 
W90-06124 

REGULATION  OF  THE  TEMPERATURE 
REGIME  OF  CONCRETE  IN  THE  TIERED 
TECHNOLOGY  OF  CONSTRUCTING  AN 
ARCH  DAM. 

For  primary  bibliographic  entry  see  Field  8F. 
W90-06125 


REINFORCED-CONCRETE  PANELS  FOR 
FORMING  GROUT  JOINTS  AS  AN  ELEMENT 
OF  TIERED  TECHNOLOGY. 

For  primary  bibliographic  entry  see  Field  8F. 
W90-06126 

CHARACTERISTICS  OF  THE  CONSTRUC- 
TION OF  ARCH  DAMS  ON  THE  SULAK 
RIVER. 

For  primary  bibliographic  entry  see  Field  8F. 
W90-06129 

IMPROVEMENT  OF  BULKHEAD-TYPE 
STRUCTURES. 

O.  N.  Chebotarev,  R.  M.  Erlikh,  and  Y.  N. 
Feldman. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  3,  p  161-162,  March  1989.  1  fig,  1  tab.  Trans- 
lated from  Gidrotekhnicheskoe  Stroitel'stvo,  No. 
3,  pp.  37,  March,  1989. 

Descriptors:  *Bulkheads,  *Construction  materials, 
•Construction  methods,  "Hydraulic  structures, 
Costs,  Design  criteria,  Sheet  piling. 

One  of  the  problems  encountered  in  construction  is 
obtaining  the  necessary  supplies.  Due  to  a  shortage 
of  sheet  piling  and  the  need  to  complete  the  bulk- 
head designed,  constructing  a  wall  from  single-row 
Larsen-5  sheet  piling  reinforced  with  R-50  rails 
was  considered.  To  determine  the  effectiveness  of 
the  proposed  substitution,  the  ratio  of  the  moment 
being  absorbed  by  the  wall  to  its  mass  was  derived. 
The  index  for  the  design  solution  was  265  and  for 
the  proposed  one  506.  In  order  to  test  the  structure 
a  section  pile  of  Larsen-5  sheet  piling  with  a  length 
of  27  m  with  a  15-m-long  R-50  rail  welded  to  it 
was  investigated.  The  tests  were  conducted  ac- 
cording to  the  scheme  of  a  single-span  beam  with  a 
16-m  span  and  two  cantilevers,  each  5.5  m.  The 
pile  was  driven  in  two  stages  by  a  point  load 
located  in  the  central  part  of  the  span.  After  each 
driving  the  elements  of  the  sectional  pile  were 
thoroughly  inspected.  Cracks  were  not  found  in 
the  sheet  piling,  rail,  and  welds.   In  the  second 
stage  plastic  deformation  occurred.  By  strengthen- 
ing the  sheet  piles  with  two  rails,  the  resisting 
moment  of  the  wall  was  equal  to  7831  cu  cm.  The 
moment  being  absorbed  by  the   wall   was   3030 
kNm,  and  the  index  of  effectiveness  was  580.  The 
economic  cost  of  introducing  the  described  tech- 
nological solution  on  the  wharf  with  a  depth  of  1 1 
m  and  length  of  80  m  was  24,000  rubles,  and  the 
annual  cost  from  introducing  this  solution  in  two 
ports  on  the  Black  Sea  basin  was  127,000  rubles.  It 
was  determined  that  reinforcing  sheet  piling  by 
welding  rails  (used  ones)  was  acceptable  in  hydro- 
technical  construction.  (White-Reimer-PTT) 
W90-06132 


FURTHER  DEVELOPMENT  OF  THE  THEORY 
OF  RELIABILITY  OF  HYDRAULIC  STRUC- 
TURES. 

T.  E.  Mirtskhulava. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  3,  p  163-167,  March  1989.  15  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  pp. 
39-41,  March,  1989. 

Descriptors:  "Hydraulic  design,  "Hydraulic  engi- 
neering, "Hydraulic  structures,  "Reliability,  Model 
studies,  Probabilistic  process,  Project  planning. 

Despite  great  progress  made  in  the  design  and 
construction  of  hydraulic  structures,  problems  de- 
velop in  their  operation  too  frequently.  In  order  to 
improve  the  reliability  of  these  structures,  research 
has  been  conducted  to  predict  their  performance. 
Recent  investigations  and  research  have  developed 
methods  to  calculate  the  reliability  of:  parts  of 
structures  subjected  to  eroding,  seepage,  and  other 
effects   of  water;    slopes,    embankments,    flumes, 
canals,  and  covered  pipelines,  settling  basins  and 
linings,  pumping  stations;  and  dams,  drainage  sys- 
tems, and  large  canals.  At  this  time  the  inability  to 
construct  reliable  hydrotechnical  projects  and  sys- 
tems is  not  due  to  a  lack  of  scientific  and  technical 
information,  but  to  an  absence  of  standards  and 
implementation  of  new  concepts.  The  introduction 
of  reliability  theory  would  take  into  account  the 
nature  and  characteristics  of  hydraulic  structures, 
and  model  so-called  aging  systems  taking  into  ac- 
count the  time  of  effect  and  cyclical  nature  of 
processes.  Deterministic  calculations  would  be  car- 
ried   out,    but    the    calculated    parameter    values 
would   be   selected   by   probabilistic-optimization 
standardization.  This  method  can  be  considered 
one  of  the  first  steps  for  a  gradual  conversion  of 
the  present  standards  with  a  'semiprobabilistic'  ap- 
proach to  the  next  generation  of  standards  based 
on  a  probabilistic-economic  approach.   Improve- 
ment of  deterministic  relations  should  be  regarded 
as  one  of  the  first  steps  forward  in  creating  general 
methods  from  the  standpoint  of  reliability  theory. 
(White-Reimer-PTT) 
W90-06133 


SPALL  REPAIR  OF  WET  CONCRETE  SUR- 
FACES. 

Singleton  Materials  Engineering  Labs.,  Knoxville, 

TN. 

For  primary  bibliographic  entry  see  Field  8F. 

W90-06219 


8B.  Hydraulics 


PROCEEDINGS    OF   THE    INTERNATIONAL 

CONFERENCE    ON    CHANNEL    FLOW    AND 

CATCHMENT    RUNOFF:    CENTENNIAL    OF 

MANNING'S  FORMULA  AND  KUICHLING'S 

RATIONAL  FORMULA. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05621 

RELATD7E  VELOCITY  IN  A  PARTIALLY 
FULL  PIPE. 

Colorado  Univ.  at  Denver.  Dept.  of  Civil  Engi- 
neering. 
W.  C.  Hughes. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  325-330,  3  fig,  2  tab,  5  ref. 

Descriptors:  "Flow  resistance,  "Conveyance  struc- 
tures, "Hydraulics,  "Hydraulic  roughness,  "Pipe 
flow,  "Flow  velocity,  Water  transport,  Mannings 
equation,  Mathematical  studies,  Channel  flow, 
Flow  characteristics,  Velocity,  Roughness  coeffi- 
cient. 

An  equation  was  developed  to  compute  the  veloci- 
ty in  a  partially  full  circular  conduit  based  on  full 
flow  conduit  properties.  It  incorporates  the  results 
of  empirical  studies  showing  that  the  velocity  in  a 
partially  full  conduit  is  a  function  of  wall  rough- 
ness as  well  as  relative  depth.  The  equation  is  valid 
for  pipes  within  a  Manning  coefficient  range  of 
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0.009  to  0.013.  Pipe  materials  studied  included 
polyvinyl  chloride,  concrete,  clay/concrete,  con- 
crete, and  asbestos  cement.  When  compared  with 
the  conventional  constant  n  relative  velocity 
curve,  velocity  predictions  with  the  newly  devel- 
oped equation  were  substantially  better  with 
smooth  polyvinyl  chloride  pipe  (4.2%  vs.  18.4% 
deviation  from  observed  values),  slightly  better 
with  asbestos  cement  pipe  (14.9%  vs.  18.1%  devi- 
ation), and  no  different  with  concrete  pipe  (13.5% 
deviation  for  both).  (See  also  W90-05621)  (Cassar- 
PTT) 
W90-05658 


PREDICTING  STREAM  VELOCITIES  IN  A 
NAVIGATION  CHANNEL. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Civil  Engineering. 
C.  Y.  Kuo. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  331-339,  8  fig,  3  ref. 

Descriptors:  "Hydraulics,  "Flow  velocity,  "Navi- 
gable waters,  "Channel  flow,  "Streamflow,  Hy- 
draulic roughness,  Roughness  coefficient,  Man- 
nings equation,  Chezy  equation,  Hydraulic  friction, 
Kanawha  River,  West  Virginia,  Mathematical 
studies,  Velocity,  Friction. 

A  procedure  was  developed  to  perform  hydrologic 
and  hydraulic  analysis  in  order  to  predict  stream- 
flows,  cross-sectional  mean  velocities,  mean  veloci- 
ties in  subsections  within  a  cross  section,  and  point 
velocities.  Both  Manning's  equation  and  the 
Chezy's  equation  were  used  to  study  channel 
roughness  and  calculate  velocities.  Field  experi- 
ments were  conducted  at  a  selected  river  section  of 
a  navigation  channel,  Marmet  Locks  on  the  Kana- 
wha River,  West  Virginia.  Comparisons  of  the 
calculated  and  measured  point  velocities  for  differ- 
ent flow  conditions  showed  very  good  agreement, 
indicating  that  the  procedures  used  to  predict  point 
velocities  and  mean  velocities  were  adequate.(See 
also  W90-05621)  (Author's  abstract) 
W90-05659 

MANNING'S  EQUATION  AND  VELOCITY 
DISTRIBUTION  IN  OPEN  CHANNELS. 

Pittsburgh  Univ.,  PA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W90-05660 

MANNING'S  EQUATION  AND  VELOCITY 
DISTRIBUTION  IN  OPEN  CHANNELS. 

Pittsburgh  Univ.,  PA.  Dept.  of  Civil  Engineering. 
C.-L.  Chiu,  and  J.-D.  Chiou. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  340-349,  3  fig,  7  ref. 

Descriptors:  "Hydraulics,  "Streamflow,  "Man- 
nings equation,  "Flow  velocity,  "Channel  flow, 
"Flow,  "Channel  morphology,  Velocity  distribu- 
tion, Open-channel  flow,  Mathematical  studies, 
Hydraulic  radius,  Slopes,  Cross-sections,  Rough- 
ness coefficient,  Hydraulic  roughness. 

A  velocity  distribution  equation  was  developed 
from  the  probability  and  entropy  concepts  to  es- 
tablish a  linkage  between  the  mean  velocity  ob- 
tained from  the  Manning's  equation  and  the  corre- 
sponding velocity  distribution  in  a  channel  cross 
section.  The  equation  was  useful  in  computing  the 
velocity  distribution  and  the  mean  velocity  from 
simple  inputs  such  as  Manning's  n,  hydraulic 
radius,  and  channel  slope.  Two  examples  were 
given-  one  was  a  wide  channel,  one  was  a  non- 
wide  channel.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05660 


DIRECT    APPLICABILITY    OF   THE   CHEZY 
FORMULA  TO  NATURAL  CHANNELS. 

Polish   Academy   of  Sciences,   Warsaw.   Inst,  of 
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Geophysics. 

W.  G.  Strupczewski,  and  R.  Szymkiewicz. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville 
VA.  1989.  p  350-361,  9  fig,  3  ref. 

Descriptors:  'Hydraulics,  •Streamflow,  'Channel 
flow,  *Chezy  equation,  'Flow,  'Channel  morphol- 
ogy. Mannings  equation,  Cross-sections,  Mathe- 
matical studies,  Hydraulic  radius,  Hydraulic  fric- 
tion, Friction,  Hydraulic  roughness,  Roughness  co- 
efficient. 

The  Chezy  formula  with  constant  roughness  was 
applied  to  a  symmetric  uniform  channel  with  con- 
stant surface  friction.  Cross-section  profiles  were 
derived  which  satisfy  certain  conditions  imposed 
on  a  stage-discharge  rating  curve.  For  a  given 
initial  shape  of  the  channel,  an  equation  for  a 
profile  above  the  initial  level  was  derived,  and  the 
effect  of  change  in  geometric  patterns  was  investi- 
gated. The  following  conditions  were  considered: 
(1)  constant  value  of  the  ratio  of  kinematic  wave 
speed  to  the  average  velocity  of  flow  above  initial 
levels,  (2)  discharge  equalling  1,  resulting  from 
vertical  walls  with  the  Manning  friction  above  the 
initial  level,  and  (3)  as  case  (2)  but  with  fricionless 
walls.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05661 


APPLICATION  OF  MANNING  FORMULA 
FOR  POLISH  SEWERS. 

Institute   of   Environmental    Protection,    Warsaw 
(Poland). 
P.  Blaszczyk. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  362-371,  4  fig,  2  tab,  8  ref. 

Descriptors:  'Hydraulics,  'Mannings  equation, 
•Chezy  equation,  'Sewers,  'Channel  flow,  'Pipe 
flow,  Mathematical  studies,  Wastewater,  Rough- 
ness coefficient,  Hydraulic  roughness,  Flow  veloc- 
ity, Poland. 

The  Chezy  formula,  conventionally  used  in  calcu- 
lations of  uniform  sewage  flow,  and  Manning's 
formula  were  compared  in  calculations  of  hydrau- 
lic properties  in  Polish  closed  sewers.  Manning's 
formula  proved  satisfactory  for  such  use,  taking 
into  account  the  variable  roughness  coefficient 
value,  depending  on  the  sewer  wall  roughness, 
Reynolds  number,  and  flow  phase.  Failure  to  in- 
clude these  parameters  in  the  calculations  caused 
errors  in  velocity  and  flow  rate  for  partially  filled 
sewers.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05662 


CHANNEL  RESISTANCE  AT  THE  SIDE- WEIR 
LOCATION  IN  OPEN  CHANNEL  FLOW. 

Technical   Univ.   of  Istanbul  (Turkey).   Dept.  of 
Civil  Engineering. 
L.  Yilmaz. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville 
VA.  1989.  p  372-382,  3  fig,  15  ref. 

Descriptors:  'Hydraulics,  'Side  weirs,  'Channel 
flow,  'Weirs,  'Canals,  'Flow,  Mathematical  stud- 
ies, Flow  control,  Open-channel  flow,  Velocity 
distribution,  Flow  velocity,  Mannings  equation, 
Roughness  coefficient,  Hydraulic  roughness,  Re- 
sistance, Hydraulic  resistance,  Flood  control,  Irri- 
gation canals,  Drainage  systems. 

The  performance  of  side  weirs,  typically  used  for 
water  level  control  in  irrigation  and  drainage  canal 
systems,  was  investigated.  The  general  differential 
equation  of  the  water  surface  profile  along  the  side 
weir  in  rectangular  canals  was  derived  from  the 
energy  equation.  Assumptions  were  that  the  canal 
was  infinitely  long,  the  flow  was  uniform,  and  the 
specific  energy  was  constant.  Manning's  formula 
was  used  to  examine  the  energy  variation  and 
discharge  variation.  It  was  necessary  to  consider 


the  interaction  of  the  side  weir  size  with  other 
hydraulic  factors.  Diagrams  were  developed  to 
show  the  relationships  between  the  nondimensional 
weir  discharge  over  unit  length  of  side  weir  and 
the  weir  length,  and  the  weir  discharge  coefficient 
and  the  weir  length.  Velocity  vector  angles  with 
the  canal  axis  along  the  side  weir  showed  the  same 
distribution  as  the  nondimensional  discharge  (See 
also  W90-05621)  (Cassar-PTT) 
W90-05663 


ESTIMATION  OF  MANNING'S  ROUGHNESS 
COEFFICIENT  IN  ALLUVIAL  STREAMS. 

Queen's  Univ.,  Belfast  (Northern  Ireland).  Dept.  of 
Agriculture  for  Northern  Ireland. 
N.  N.  J.  Higginson,  and  H.  T.  Johnston. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  383-391,  7  fig,  8  ref. 

Descriptors:  'Hydraulics,  'Streamflow,  'Alluvial 
channels,  'Mannings  equation,  'Channel  morphol- 
ogy, 'Roughness  coefficient,  Alluvial  rivers,  Flow 
velocity,  River  morphology,  Flow  depth,  Mathe- 
matical studies,  Particle  size,  Hydraulic  radius, 
Bankfull  stage,  Open-channel  flow. 

A  study  relating  flow  resistance  to  channel  geome- 
try and  bed  material  characteristics  was  undertak- 
en on  68  rivers  in  Northern  Ireland.  Best  fit  equa- 
tions for  estimating  Manning's  n  as  power  func- 
tions of  the  characteristic  bed  material  size,  slope 
and  channel  section  were  given.  The  value  of 
Manning's  n  was  highly  correlated  with  the  hy- 
draulic radius  for  the  channel  sections  used  in  this 
study.  The  relationship  was  nonlinear.  The  equa- 
tion gave  65%  of  predictions  of  bankfull  n  values 
within  a  factor  of  2  of  the  observed  values.  A 
method  of  predicting  bankfull  values  of  n  was 
extended  to  estimation  of  flows  down  to  half  the 
channel  capacity.  The  depth  of  flow  at  half  the 
channel  capacity  was  then  used,  together  with  the 
maximum  in-bank  depth  and  flow,  to  estimate  a 
rating  equation  for  the  channel.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05664 


NONLINEAR  RESISTANCE  RELATIONSHIPS 
FOR  ALLUVIAL  CHANNELS. 

Interstate    Commission    on    the    Potomac    River 
Basin,  Rockville,  MD. 
R.  Camacho,  and  B.  C.  Yen. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville 
VA.  1989.  p  392-399,  3  fig,  1  tab,  9  ref. 

Descriptors:  'Hydraulics,  'Streamflow,  'Sediment 
transport,  'Channel  flow,  'Alluvial  channels,  'Hy- 
draulic friction,  'Flow,  Mathematical  studies,  Par- 
ticle size,  Sediments,  Roughness  coefficient,  Man- 
nings equation,  Hydraulic  roughness,  Chezy  equa- 
tion, Weisbach  equation,  Particle  size,  Froude 
number. 

A  set  of  four  nonlinear  equations  was  proposed  for 
the  determination  of  the  hydraulic  resistance  in 
alluvial  channels  with  steady,  reachwise,  uniform 
flows  with  equilibrium  sediment  transport.  An  ana- 
lytical study  based  on  dimensional  analysis  and 
fluid  mechanics  concepts  was  conducted  to  deter- 
mine the  parameters  involved  in  the  functional 
relationship  of  these  equations.  These  functional 
relationships  were  analyzed  through  stepwise 
multi-regression  analysis  of  a  sediment  data  bank  of 
more  than  7000  records.  The  Weisbach  resistance 
coefficient  was  expressed  as  a  nonlinear  function  of 
the  Froude  and  Reynolds  numbers  and  the  relative 
sediment  particle  size.  As  the  Froude  number  in- 
creased, the  relative  importance  of  the  Reynolds 
number  decreased.  The  relative  sediment  particle 
size  gave  some  indication  of  sediment  particle  mo- 
bility. With  increasing  Froude  number,  the  sedi- 
ment particle  mobility  increased  due  to  the  increas- 
ing flow  energy.  For  high  Froude  number  flows 
(>  1)  the  appearance  of  the  Froude  number  reflect- 
ed the  effects  of  the  wave  resistance.  (See  also 
W90-05621)  (Cassar-PTT) 


W90-05665 


ALLUVIAL    STREAM    HYDRAULIC    RESIST- 
ANCE IN  THE  PRESENCE  OF  FILTRATION. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Vodnykh 

Problem. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-05666 


ANALYTICAL  METHOD  FOR  COMPUTA- 
TION OF  ROUGH  BOUNDARY  RESISTANCE. 

Tri-State  Univ.,  Angola,  IN.  Dept.  of  Civil  Engi- 
neering. 
S.  Kumar. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville 
VA.  1989.  p  410-427,  8  fig,  1  tab,  21  ref. 

Descriptors:  'Hydraulic  roughness,  'Flow,  'Flow 
resistance,  'Hydraulics,  'Channel  flow,  'Hydrau- 
lic friction,  Resistance,  Mathematical  studies, 
Roughness  coefficient,  Turbulent  flow,  Shear 
stress,  Stress,  Pipe  flow,  Reynolds  number,  Flow 
velocity,  Velocity  distribution,  Wake  effects 
Drag. 

An  analytical  method  for  computing  the  resistance 
to  flow  on  rough  boundaries,  based  on  the  geomet- 
ric characteristics  of  the  roughness  elements  on  the 
boundary,  was  developed.  The  flow  resistance  of  a 
rough  boundary  was  determined  by  estimating  (1) 
the  average  height  of  the  roughness  elements,  (2) 
the  projected  area  of  the  elements  on  a  plane 
normal  to  the  flow  for  a  given  boundary  area,  and 
(3)  the  drag  coefficient  of  the  elements  for  a  non- 
uniform velocity  of  approach.  A  chart  was  devel- 
oped to  facilitate  computation  of  the  flow  resist- 
ance based  on  the  aforementioned  characteristics 
of  the  roughness  elements  on  the  boundary.  The 
results  of  computations  were  compared  with  ex- 
perimental results  for  different  types  of  artificial 
and  natural  roughness.  In  the  so-called  completely 
turbulent  zone,  large  viscous  shear  was  sometimes 
present,  contrary  to  literature  on  the  subject.  This 
was  described  as  a  Reynolds  number  independent 
regime.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05667 


SAND-BED  CHANNEL  HYDRAULIC  RESIST- 
ANCE ESTIMATION. 

People's  Friendship  Univ.,  Moscow  (USSR). 
E.  K.  Rabkova,  and  V.  K.  Rumjantsev. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville 
VA.  1989.  p  428-433,  3  ref. 

Descriptors:  'Alluvial  channels,  'Mannings  equa- 
tion, 'Chezy  equation,  'Hydraulics,  'Channel 
flow,  'Hydraulic  friction,  'Flow,  Sand,  Roughness 
coefficient,  Hydraulic  roughness,  Mannings  equa- 
tion. 

Chezy's  coefficient  and  Manning's  coefficient  n 
were  calculated  for  sand-bed  channels  with  sand 
particles  of  0. 1  to  0.25  mm  diameter  and  channel 
width/depth  relationships  of  10  to  50.  Field  data 
from  channels  fitting  these  requirements  were  the 
Carakum,  North  Crimea  and  Kizketken  channels  in 
the  Soviet  Union,  and  Sarda  and  Hardoy  channels 
in  Pakistan.  'Surface  of  the  channel'  patterns  were 
used  when  calculating  the  field  Chezy's  coefficient, 
the  measured  values  of  the  mean  velocities,  the 
mean  depths,  and  the  slopes  of  the  water.  In  calcu- 
lating the  field  roughness  coefficient  it  was  decided 
to  adopt  a  constant  value  for  the  exponent  (y)  in 
Chezy's  formula.  By  plotting  the  corresponding 
values  of  the  roughness  coefficient,  a  linear  equa- 
tion was  derived  that  was  used  to  demonstrate  the 
influence  of  bed  relief  on  the  roughness  coefficient. 
(See  also  W90-05621)  (Cassar-PTT) 
W90-05668 


SOME  SUGGESTIONS  FOR  FRICTION  AND 
MEAN  VELOCITY  OF  FLOW  IN  PIPES. 
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Nihon  Univ.,  Koriyama.  Coll.  of  Engineering. 
Y.  Fujita,  and  T.  Yasuda. 

IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  434-443,  9  fig,  1  tab,  3  ref. 

Descriptors:  "Hydraulics,  'Pipe  flow,  "Flow  fric- 
tion, 'Hydraulic  friction,  *Flow,  Flow  velocity, 
Velocity,  Friction,  Hydraulic  roughness,  Rough- 
ness coefficient,  Mannings  equation,  Hydraulic  re- 
sistance, Resistance,  Chezy  equation,  Hazen-Wu- 
liams  equation,  Mathematical  studies. 

Friction  and  mean  velocity  of  flow  in  polyvinyl 
chloride  pipes  were  calculated  using  several 
widely  used  hydraulic  equations  (Prandtl-Kar- 
man's,  Colebrook-White's,  Chezy's,  Manning's, 
Hazen-Williams',  and  Weston's)  and  several  equa- 
tions modified  by  the  authors.  The  new  equations 
were  easier  to  use,  more  theoretical,  and  had  con- 
stant coefficients,  in  contrast  to  the  previously- 
used  equations.  (See  also  W90-05621)  (Cassar- 
PTT) 
W90-05669 


CONSIDERATION  OF  WALL  SHEAR  STRESS 
AND  FRICTION  FACTORS. 

Nihon  Univ.,  Koriyama.  Coll.  of  Engineering. 
T.  Yasuda. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Bow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  444-452,  5  fig,  3  tab,  2  ref. 

Descriptors:  »Flow  friction,  "Hydraulics,  'Shear 
stress,  *Pipe  flow,  "Flow,  "Hydraulic  friction, 
Mathematical  studies,  Laminar  flow,  Flow  veloci- 
ty, Darcy-Weisbach  equation,  Mannings  equation, 
Chezy  equation,  Hydraulic  roughness,  Roughness 
coefficient. 

New  equations  were  developed  to  better  describe 
wall  shear  stress  and  friction  factors  in  pipes.  For- 
merly, stress  was  regarded  as  directly  proportional 
to  kinetic  energy  of  fluid  per  unit  volume,  and  its 
coefficient  was  defined  as  the  friction  factor.  This 
relationship  was  found  to  be  valid  only  in  the 
wholly  rough  turbulent  flow  region  with  a  large 
Reynolds  number,  but  not  in  other  flow  regions. 
The  Darcy-Weisbach  formula  for  loss  of  head  and 
the  Chezy  formula  for  mean  velocity  were  found 
valid  within  the  former  region,  but  the  Manning 
formula  was  found  invalid  within  any  region.  (See 
also  W90-05621)  (Cassar-PTT) 
W90-05670 


DIMENSIONLESS  MANNING-TYPE  EQUA- 
TION. 

Cincinnati  Univ.,  OH. 
L.  M.  Laushey. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  453-461,  1  fig  3  tab,  9  ref. 

Descriptors:  "Hydraulics,  "Streamflow,  "Flow, 
•Channel  flow,  "Hydraulic  roughness,  "Channel 
morphology,  "Mannings  equation,  Roughness  co- 
efficient, Mathematical  studies,  Chezy  equation, 
Hydraulic  radius,  Streambeds,  Ripples,  Dunes, 
Pools,  Turbulent  flow,  Unsteady  flow,  Open-chan- 
nel flow. 

A  dimensionless  equation  was  proposed  for  the 
velocity  in  streams  with  fully-developed  turbu- 
lence where  the  boundary  roughness  can  be  deter- 
mined. The  exponent  on  the  hydraulic  radius  in  the 
Chezy-Manning  equations  was  calculated  as  0.62. 
This  equation  was  comparable  to  the  Manning 
equation  but  not  necessarily  identical.  It  proved 
useful  in  streams  with  very  rough  or  non-planar 
movable  material,  such  as  boulders,  ripples,  dunes, 
or  chutes  and  pools.  (See  also  W90-05621)  (Cassar- 
PTT) 
W90-05671 


GENERALIZED  FORMULA  FOR  THE  CHEZY 
COEFFICIENT  FOR  THE  RIVER  FLOW. 

Moskovskii  Inst.  Inzhenerov  Zheleznodorozhnogo 
Transporta  (USSR). 
G.  V.  Zheleznyakov. 

IN-  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  462-467,  6  ref. 

Descriptors:  "Hydraulics,  "River  flow,  "Flow, 
"Channel  flow,  "Chezy  equation,  Mathematical 
studies,  Open-channel  flow,  Hydraulic  friction, 
Hydraulic  radius,  Mannings  equation,  Roughness 
coefficient,  Hydraulic  roughness. 

A  general  formula  for  the  Chezy  coefficient  was 
derived  based  on  the  logarithmic  formula  for  the 
hydraulic  friction  coefficient  into  which  is  intro- 
duced a  variable  value  of  the  parameter  of  the 
logarithmic  velocity  diagram.  It  was  shown  to  be 
valid  within  a  wide  range  of  hydraulic  radii  and 
channel  roughness  coefficients.  It  was  also  demon- 
strated that  the  Manning  formula  is  a  particular 
case  of  the  suggested  generalized  formula  for  the 
Chezy  coefficient.  (See  also  W90-05261)  (Cassar- 
PTT) 
W90-05672 

EXAMINATION  OF  STAGE-DISCHARGE  RE- 
LATIONSHIPS OF  COMPOUND/COMPOSITE 
CHANNELS. 

WEST  Consultants,  Inc.,  San  Diego,  CA. 
D.  R.  Williams,  and  P.  Y.  Julien. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  478-488,  7  fig,  37  ref. 

Descriptors:  "Channel  morphology,  "Streamflow, 
"Stage-discharge  relations,  "Compound  channels, 
"Model  studies,  "Hydraulics,  "Flow,  "Channel 
flow,  Open-channel  flow,  Mathematical  studies, 
River  flow,  Roughness  coefficient,  Hydraulic 
roughness,  Shear  stress,  Flood  flow,  Hydraulic 
friction,  Literature  review. 

The  nature  of  compound  channels  and  problems 
associated  with  their  calculations  are  reviewed. 
Compound  channels  have  lateral  subsections  with 
significantly    different    hydraulic    characteristics. 
For  model  studies,  a  compound  channel  can  be 
composited  into  equivalent  roughness  parameters. 
Compositing  can  be  done  by  the  single  channel 
method,    the    separate    channel    method,    and    a 
method  which  considers  the  interaction  between 
the  channels  and  overbanks.  Problems  associated 
with  modeling  of  compound  channels  are  involved 
with  flood  routing,  critical  flow,  distribution  of 
shear  stress  and  horizontal  velocity,  meandering, 
sediment  transport,  and  inappropriate  model  cali- 
bration  and   extrapolation.   Several   methods   are 
available  for  compound  channel  analysis:  weighted 
roughness  methods,  the  imaginary  wetted  perime- 
ter  method,    the   apparent    shear   stress   method 
(found  not  applicable  to  field  conditions),  the  fric- 
tion correction  factor,  and  two-dimensional  and 
three-dimensional  approaches.  Most  of  the  studies 
on  compound  channel  flow  involve  flume  experi- 
ments, and  little  field  data  is  available.  Under  these 
conditions  the  weighted  roughness  and  imaginary 
wall   methods,   in   conjunction   with   engineering 
judgement,  must  be  used.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05674 


Hydraulics — Group  8B 

locity,  Roughness  coefficient,  Hydraulic  rough- 
ness, Berms,  Boundary  processes,  Flood  plains, 
Shear  stress,  Water  depth,  Mannings  equation, 
Mathematical  studies,  Flumes,  Flow. 

Flow  in  a  two-stage  trapezoidal  channel,  as  studied 
in  a  11.5-m  long  physical  model  and  a  numerical 
model,  was  found  to  be  highly  dependent  on  the 
roughness  of  the  berm.  The  percentage  of  the  total 
flow  carried  by  the  berms  even  in  smooth  channels 
was  small  relative  to  two-stage  channels  of  rectan- 
gular cross  section.  The  Manning  roughness  coeffi- 
cient averaged  over  the  cross  section  decreased 
with  increasing  depth  until  the  berms  were  cov- 
ered and  then  increased  until  the  depth  on  the 
berms  was  large  relative  to  the  depth  of  the  pri- 
mary channel.  The  magnitude  of  this  relative  depth 
was  greater  when  the  berms  were  rough.  The 
roughness  on  the  berms  was  best  represented  as 
distributed  over  the  depth  of  flow.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05675 


MODEL-PROTOTYPE  COMPARISONS  OF 
BOUNDARY  RESISTANCE  IN  A  TWO  STAGE 
CHANNEL. 

Queen's  Univ.,  Belfast  (Northern  Ireland). 
H.  T.  Johnston,  Y.  L.  Lau,  and  N.  N.  J.  Higginson. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  489-498,  10  fig,  1  tab,  10  ref. 

Descriptors:  "Hydraulics,  "Channel  flow,  "Berm, 
"Compound  channels,  "Model  studies,  Flow  ve- 


MOMENTUM  TRANSFER  IN  COMPOUND 
CHANNELS. 

University  of  the  Witwatersrand,  Johannesburg 
(South  Africa).  Dept.  of  Civil  Engineering. 
D.  Stephenson,  and  P.  Kolovopoulos. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  499-508,  6  fig,  12  ref. 

Descriptors:  "Hydraulics,  "Channel  flow,  "Flood 
flow,  "Compound  channels,  "Flood  plains,  "Model 
studies,  Flow,  Hydrographs,  Mathematical  studies, 
Flood  routing,  Shear  stress,  Momentum  transfer, 
Prinos  equation. 

The  mechanism  of  momentum  transfer  between  a 
main  channel  and  its  flood  plains  was  analyzed 
under  steady  and  unsteady-state  conditions.  From 
the  evaluation  of  various  steady-state  methods,  it 
was  concluded  that  the  area  method  was  most 
promising  for  computing  discharge  and  that  the 
Prinos  model  gave  the  most  accurate  results  for  the 
apparent  shear  force  at  the  interface  of  the  mam 
channel  and  flood  plain.  Incorporation  of  these 
features  in  the  model  allowed  analysis  of  the  effect 
of  momentum  transfer  in  flood  routing.  A  range  of 
hydrographs  was  routed  through  a  compound 
channel  with  symmetrical  flood  plains.  The  mo- 
mentum exchange  resulted  in:  (1)  an  attenuation  of 
the  flowrate  hydrographs  at  low  depths,  (2)  a 
delay  in  the  falling  of  the  water  levels,  (3)  a  shaft 
on  the  loop-rating  curve,  and  (4)  an  increase  m  the 
flood  plain  flow  and  a  decrease  of  the  main  chan- 
nel carrying  capacity.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05676 

COMPOUND  CHANNEL  FROUDE  NUMBER 

FOR  MANNING'S  N  VARIABLE  WITH 
DEPTH. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 
Engineering. 
T.  W.  Sturm. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  509-517,  6  fig,  19  ref. 

Descriptors:  "Flood  flow,  "Streamflow,  "Hydrau- 
lics, "Channel  flow,  "Mannings  equation,  "Com- 
pound channels,  Water  depth,  Froude  number, 
Roughness  coefficient,  Hydraulic  roughness,  Over- 
flow, Flow,  Open-channel  flow. 

The  compound  channel  Froude  number  for  Man- 
ning's n  variable  with  depth  was  used  to  investi- 
gate critical  depth  in  overbank  flow  in  compound 
channels.  Manning's  n  variation  with  depth  in- 
creased the  influence  of  the  rate  of  change  in  the 
kinetic  energy  flux  correction  coefficient  with  re- 
spect to  depth  on  the  value  of  the  Froude  number. 
The  compound  channel  Froude  number  with  con- 
stant Manning's  n  was  recommended  for  use  only 
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in  situations  for  which  Manning's  n  was  not  sensi- 
tive to  depth.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05677 


MANNING'S  N  OF  COMPOSITE  ROUGHNESS 
IN  CHANNELS  OF  SIMPLE  CROSS-SECTION. 

City  Univ.,  London  (England).  Dept.  of  Civil  En- 
gineering. 

T.  P.  Flintham,  and  P.  A.  Carling. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  518-529,  4  fig,  1  tab,  19  ref. 

Descriptors:  *Streamflow,  *Hydraulic  roughness, 
•Flow,  'Hydraulics,  'Channel  flow,  'Mannings 
equation,  Roughness  coefficient,  Mathematical 
studies,  Pavloski  equation,  Colebatch  equation, 
Einstein  equation,  Lotter  equation. 

The  effective  Manning's  n  was  estimated  using  a 
composite  roughness  formula  in  differentially 
roughened  channels.  The  predictive  accuracy  of 
four  composite  roughness  formulas  was  studied; 
equations  were  by  Einstein,  Pavloski,  Colebatch,' 
and  Lotter.  The  Pavloski  equation  was  most  ap- 
propriate for  the  application.  It  predicted  the  effec- 
tive coefficient  to  an  accuracy  of  about  8%  with 
95%  confidence  limits  with  certain  provisions. 
Subarea  division  according  to  velocity  contour 
pattern  did  not  significantly  improve  the  predictive 
accuracy.  When  appropriate  constant  component 
Manning's  n  values  were  used,  the  Pavloski  equa- 
tion predicted  the  effective  n  value  to  within  15% 
with  95%  confidence  limits.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05678 


EFFECTS  OF  ASPECT  RATIO  AND  SIDE- 
WALL  ROUGHNESS  ON  VELOCITY  DISTRI- 
BUTION AND  RESISTANCE  COEFFICIENT  IN 
RECTANGULAR  OPEN  CHANNELS. 

Tsinghua  Univ.,  Beijing  (China).  Dept.  of  Hydrau- 
lic Engineering. 
Y.  Hui,  and  N.  Chunhong. 

IN:  Proceedings  of  the  Internationa]  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  530-538,  10  fig,  10  ref. 

Descriptors:  'Hydraulic  roughness,  'Hydraulics, 
•Streamflow,  'Channel  flow,  'Flow,  Velocity  dis- 
tribution, Flow  velocity,  Open-channel  flow, 
Roughness  coefficient,  Resistance,  Flumes,  Aspect 
ratio,  Mathematical  studies,  Shear  stress,  Cross- 
section. 

A  series  of  experiments  were  conducted  in  a  rec- 
tangular flume  by  varying  aspect  ratio  and  sidewall 
roughness.  The  vertical  velocity  distributions 
along  cross  sections  were  analyzed.  It  was  shown 
that  every  velocity  profile  could  be  divided  into  a 
logarithmic  velocity  region  in  the  lower  part  and  a 
parabolic  velocity  region  in  the  upper  part,  accord- 
ing to  the  characteristics  of  every  vertical  velocity 
distribution.  Although  aspect  ratio  and  sidewall 
roughness  had  no  effect  on  the  form  of  vertical 
velocity  distribution  formula  for  each  region,  they 
affected  the  ratio  of  the  height  to  the  water  depth 
(beta)  and  the  ratio  of  the  height  of  maximum 
velocity  point  to  the  water  depth  (alpha).  Both 
alpha  and  beta  coefficients  decreased  gradually 
from  the  centerline  to  the  sidewall  and  increased 
with  sidewall  roughness.  In  this  experiment  alpha 
values  were  0.45  to  1.0  and  beta,  0.05  to  0.25. 
Resistance  coefficients  of  smooth  and  rough  open 
channel  flow  were  analyzed  by  varying  aspect 
ratio  and  sidewall  roughness.  Separation  of  bed 
resistance  coefficient  and  sidewall  resistance  coeffi- 
cient was  analyzed  under  different  conditions  of 
bed  and  sidewall  roughness.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05679 


REPLACING  THE  HYDRAULIC  RADIUS  IN 
MANNTNGS  FORMULA. 

Florida  Univ.,  Gainesville.   Dept.  of  Civil  Engi- 
neering. 


B.  A.  Christensen. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville. 
VA.  1989.  p  549-558,  2  fig,  5  ref. 

Descriptors:  'Hydraulics,  'Channel  flow,  'Man- 
nings equation,  'Roughness  coefficient,  'Hydrau- 
lic radius,  Shear  stress,  Open  channels,  Water 
depth,  Cross-sections. 

A  replacement  for  the  hydraulic  radius  as  the 
cross-sectional  dimension  in  Manning's  formula 
was  sought  for  use  in  open  channels.  Two  approxi- 
mations of  the  true  boundary  shear  stress  distribu- 
tion were  explored,  and  formulas  for  a  more  realis- 
tic conveyance  depth  were  developed.  A  symmet- 
rical trapezoidal  cross  section  was  used  in  all  three 
formulas.  Maximum  depths  (in  meters)  obtained 
were  as  follows:  hydraulic  radius  method,  2.668 
local  vertical  depth  method,  2.429;  and  local 
normal  depth  method,  2.473.  Cross-sectional  areas 
(in  sq  m)  corresponding  to  these  depths  were  as 
follows:  24.9,  21.5,  and  22.1,  respectively.  (See  also 
W90-05621)  (Cassar-PTT) 
W90-05681 


PHYSICALLY  BASED  MODEL  FOR  DETER- 
MINING FLOW  RESISTANCE  AND  VELOCI- 
TY PROFILES  IN  VEGETATED  CHANNELS. 

Waterloo  Univ.  (Ontario).  Dept.  of  Mechanical 
Engineering. 

C.  Saowapon,  and  N.  Kouwen. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  559-568,  6  fig,  31  ref. 

Descriptors:  'Hydraulics,  'Channel  flow,  'Vegeta- 
tion, 'Flow  resistance,  'Streamflow,  'Model  stud- 
ies, 'Hydraulic  roughness,  'Flow  velocity,  Model 
studies,  Mathematical  studies,  Velocity  distribu- 
tion, Roughness  coefficient,  Open-channel  flow, 
Turbulent  flow,  Flumes,  Mannings  equation. 

A  physically  based  model  was  developed  for 
studying  resistance  parameters  and  velocity  pro- 
files for  open  channel  lines  with  artificial  flexible 
roughness.  The  model  consisted  of  a  flume  with 
embedded  plastic  strips  of  various  stiffness  to  simu- 
late vegetation.  The  parameters  of  the  model  were 
as  follows:  the  plastic  strip  length  and  stiffness, 
coefficient  of  drag,  and  eddy  viscosity.  Laboratory 
results  showed  that  the  model  accurately  predicted 
velocity  profile  measurements  for  erect  and 
waving  roughness.  The  model  analytically  predict- 
ed the  friction  factor  or  other  roughness  coeffi- 
cient. The  results  for  artificial  grass  lying  flat  were 
not  satisfactory  because  the  Manning's  n  value  was 
overpredicted.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05682 


HYDRAULIC  MODEL  OF  OVERLAND  FLOW 
ON  GRASS  COVERED  SLOPES. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 
Engineering. 

D.  D.  Adrian,  and  C.  J.  Martel. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  569-578,  4  fig,  14  ref. 

Descriptors:  'Land  disposal,  'Hydraulics, 
'Wastewater  treatment,  'Model  studies,  'Over- 
land flow,  Shallow  flow,  Mathematical  studies, 
Wastewater  disposal,  Grasses,  Vegetation,  Man- 
nings equation,  Uniform  flow,  Slopes,  Drag,  Hy- 
draulic roughness,  Roughness  coefficient. 

A  one-dimensional  model  of  the  hydraulic  behav- 
ior of  wastewater  flowing  down  a  grass-covered 
slope  of  an  overland  flow  system  was  developed. 
The  model  was  based  on  the  assumption  of  laminar 
and  uniform  flow.  It  accounted  for  the  resistance 
imparted  by  grass  as  well  as  the  resistance  impart- 
ed by  the  soil.  Velocity  was  treated  as  varying 
with  depth.  The  model  did  not  account  for  the 
tortuous  flow  paths  of  the  fluid  around  each  blade 


of  grass  but  assigned  a  drag  coefficient  dependent 
on  the  Reynolds  number,  which  in  turn,  was  based 
on  the  grass  diameter.  The  parameter  representing 
the  effect  of  the  grass  in  changing  the  flow  in- 
creased as  average  flow  velocity  decreased.  When 
this  parameter  was  <1,  the  grass  had  a  negligible 
effect  on  the  average  velocity;  when  it  was  100, 
the  average  velocity  was  about  10%  of  the  unim- 
peded   velocity.    (See   also    W90-05621)   (Cassar- 

W90-05683 


DETERMINATION  OF  MANNING'S  N  AND 
FRICTION  FACTOR  IN  VEGETATED  WATER- 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 
Water  Resources  Engineering. 
G.  N.  Paudyal,  and  B.  Panigrahi. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville 
VA.  1989.  p  579-588,  5  fig,  2  tab,  4  ref. 

Descriptors:  'Hydraulics,  'Channel  flow,  'Vege- 
tation, 'Mannings  equation,  'Hydraulic  roughness, 
Waterways,  Roughness  coefficient,  Friction,  Hy- 
draulic friction,  Flow  resistance,  Hydraulic  resist- 
ance, Weisbach  equation,  Shallow  channels, 
Grasses,  Reynolds  number,  Mathematical  studies, 
Drainage  systems,  Irrigation  canals,  Canals,  Over- 
land flow. 

Resistance  coefficients  were  experimentally  deter- 
mined in  shallow  channels  lined  with  three  types  of 
grass  commonly  found  in  Thailand.  The  boundary 
resistances  of  vegetated  waterways  were  higher 
than  those  of  unlined  channels,  and  they  depended 
on  the  heights  and  densities  of  the  grasses.  The 
most  obvious  differences  were  found  in  grass-lined 
channels  in  the  very  high  range  of  Weisbach  fric- 
tion factor  and  Manning's  n  value.  Both  the  fric- 
tion factor  and  the  roughness  coefficient  decreased 
with  the  increase  in  flow  velocity.  The  friction 
factor  decreased  with  the  increase  in  the  flow 
Reynolds  number.  (See  also  W90-O5621)  (Cassar- 
PTT) 
W90-05684 


FACTORS  AFFECTING  ROUGHNESS  COEFFI- 
CIENT IN  VEGETATED  CHANNELS. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 
Civil  Engineering. 
C.  Nalluri,  and  N.  D.  Judy. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  589-598,  9  fig,  1  tab,  6  ref. 

Descriptors:  'Hydraulics,  'Hydraulic  roughness, 
•Mannings  equation,  'Channel  flow,  'Streamflow, 
•Vegetation,  Roughness  coefficient,  Hydraulic  re- 
sistance, Flow  resistance,  Flumes,  Chezy  equation, 
Drag,  Flow  velocity,  Velocity  distribution. 

Laboratory  experiments  were  carried  out  to  deter- 
mine the  resistance  in  vegetated  channels  under 
different  flow  conditions.  Two  types  of  roughness 
elements  were  used:  5-mm  wide  strips  from  a  0.5- 
mm  plastic  sheet  cut  to  lengths  of  40,  80,  nd  160 
mm  and  plastic  tubes  of  6-mm  diameter  and  150 
mm  length.  These  were  placed  in  staggered  and 
parallel  arrangements  with  a  variety  of  distribu- 
tions and  densities.  The  most  important  factor  af- 
fecting the  resistance  in  the  experimental  channels, 
as  expressed  by  Manning's  n  value  and  the  Chezy 
coefficient,  was  the  relative  submergence  depth  of 
the  roughness  elements.  Shape,  concentration,  and 
distribution  of  the  simulated  vegetation  was  only 
significant  at  shallow  depths.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05685 


HYDRAULICS    RESEARCH    IN    MOUNTAIN 
RIVERS. 

Geological  Survey,  Denver,  CO. 

R.  D.  Jarrett. 

IN:  Proceedings  of  the  International  Conference 
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on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  599-608,  6  fig,  1  tab,  16  ref. 

Descriptors:  *Stream  gages,  'Hydraulic  roughness, 
'Streamflow,  'Hydraulics,  'Rivers,  'How  meas- 
urement, 'Mountains,  Flow  resistance,  Hydraulic 
resistance,  Mannings  equation,  Roughness  coeffi- 
cient, Flow  velocity,  Turbulent  flow,  Wild  rivers, 
Measuring  instruments,  Price  current  meter. 

Results  to  date  of  an  ongoing  research  project  on 
hydraulics  in  mountain  rivers  in  Colorado  and  in 
flumes  are  reported.  Gradients  of  these  rivers  are 
greater  than  0.002  m/m.  Preliminary  data  show 
that:  (1)  flow  resistance  varies  inversely  (and  sub- 
stantially) with  depth  of  flow  and  varies  directly 
with  river  gradient  (or  friction  slope),  (2)  velocity 
head  coefficients  vary  inversely  with  relative 
smoothness  and  directly  with  river  gradient,  (3) 
flow  predominantly  is  subcritical,  (4)  vertical-ve- 
locity profiles  are  S-shaped  and  not  logarithmic 
(the  velocities  are  slower  near  the  streambed  than 
for  a  logarithmically  distributed  profile  and  are 
faster  near  the  water  surface),  and  (5)  the  Price 
AA  current  meter  may  consistently  over-register 
velocity  in  turbulent  mountain-river  flow.  (See  also 
W90-05621)  (Cassar-PTT) 
W90-05686 

STUDY  ON  THE  MANNING'S  ROUGHNESS 
COEFFICIENT  OF  STEEP  MOUNTAINOUS 
STREAMS  IN  TAIWAN. 

National  Chunghsing  Univ.,  Taichung  (Taiwan). 
Graduate  Inst,  of  Soil  and  Water  Conservation. 
C  W.  Ho,  and  H.  P.  Huang. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  609-617,  3  fig,  5  ref. 

Descriptors:  'Hydraulics,  'Streams,  'Mountain 
streams,  'Hydraulic  roughness,  'Mannings  equa- 
tion, 'Taiwan,  'Flow  characteristics,  'Sediment 
transport,  Roughness  coefficient,  Streambeds, 
Cho-Shui  Stream,  Mathematical  studies,  Flumes, 
Model  studies. 

Formulas  were  developed  to  describe  the  hydrau- 
lic conditions  in  mountainous  streams  which  are 
very  steep  and  have  coarse-grained  sediment. 
These  formulas  expressed  the  relationship  between 
the  dimensionless  Manning's  roughness  factor  and 
other  parameters.  Flume  experiments,  using  grav- 
els of  2.2  to  15.0  mm  diameter,  were  used  to 
develop  the  formulas.  Field  data  collected  in  the 
upstream  part  of  Cho-Shui  Stream,  Taiwan,  veri- 
fied the  formula  with  satisfactory  results.  (See  also 
W90-05621)  (Cassar-PTT) 
W90-05687 


the  influence  of  the  Froude  number.   (See  also 

W90-05621)  (Cassar-PTT) 

W90-05688 


FROUDE  NUMBER  IN  THE  EVALUATION  OF 
THE  FRICTION  FACTOR  IN  THE  NATURAL 
RIVERS. 

Universita  di  Reggio  Calabria,  Cosenza  (Italy). 
Dipt,  di  Difesa  del  Suolo. 
C.  Colosimo,  M.  Veltri,  and  B.  Mendicino. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff.  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  618-627,  2  fig,  2  tab,  16  ref. 

Descriptors:  'Hydraulics,  'Rivers,  'Froude 
number,  'Hydraulic  friction,  'Streamflow,  Keule- 
gan  equation,  Mathematical  studies,  Flow  velocity, 
Velocity  distribution,  River  beds,  Sediment  trans- 
port, Bed  load,  Italy. 

Data  from  43  river  reaches  in  Italy  were  used  to 
define  the  optimum  value  of  a  (constant)  in  the 
Keulegan  equation,  which  estimates  the  average 
flow  velocity.  In  addition,  best  fit  relationships  for 
estimating  friction  factor  as  power  functions  and  as 
logarithmic  functions  were  adopted.  A  simplified 
method  for  the  assessment  of  friction  factor  was 
also  developed,  starting  with  the  Keulegan  equa- 
tion and  accounting  for  parameters  which  describe 
the  presence  or  the  lack  of  bed  load  transport  and 


MANNING'S  N  IN  GRAVEL  BED  RIVERS. 

Pahlavi  Univ.,  Shiraz  (Iran).  Dept.  of  Irrigation. 
M.  Javan,  E.  McKeogh,  and  M.  Yasi. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  628-637,  1  fig,  7  tab,  20  ref. 

Descriptors:  'Alluvial  channels,  'Channel  mor- 
phology, 'Hydraulics,  'Mannings  equation,  'Hy- 
draulic roughness,  'River  flow,  'Flow  characteris- 
tics, Roughness  coefficient,  Fahlian  River,  Iran, 
Floods,  Gravel,  Flow  characteristics,  Mathemati- 
cal studies,  River  beds. 

Values  for  Manning's  n  were  calculated  using  flow 
data  collected  before  and  after  a  flood  in  the 
Fahlian  River,  Iran.  The  roughness  coefficients 
obtained  during  normal  flows  were  less  than  the 
values  obtained  during  high  flows.  After  the  flood, 
the  n  values  were  less.  The  size  of  the  bed  material 
used  as  the  main  parameter  in  empirical  formulas 
was  dependent  on  the  flow  regime  of  the  gravel 
bed  rivers.  During  low  flow,  sand  dunes  were 
observed,  while  during  floods  and  high  flows, 
grain  size  distribution  of  the  bed  material  changed 
drastically.  This  change  affected  the  water  surface 
profile  and,  in  turn,  the  n  values.  Therefore,  it  was 
recommended  that  the  n  value  be  measured  in  a 
river  before  using  it  in  an  empirical  formula.  Based 
on  the  size  distribution  of  the  bed  material,  empiri- 
cal formulas  were  developed  for  low  and  high 
flow  regimes.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05689 

RIFFLE-POOL  FORMATIONS  IN  NORTHERN 
IRELAND  RIVERS. 

Department  of  Agriculture  for  Northern  Ireland, 
Belfast. 

N.  N.  J.  Higginson,  and  H.  T.  Johnston. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  638-647,  7  fig,  4  tab,  9  ref. 

Descriptors:  'Channel  morphology,  'Channel  im- 
provement, 'River  beds,  'Hydraulics,  'Rivers, 
'Riffles,  'Channel  flow,  Pools,  Main  River,  North- 
ern Ireland,  Fish  management,  Aquatic  habitats, 
Mannings  equation,  Roughness  coefficient,  Hy- 
draulic roughness,  Sediment  transport,  Alluvial 
rivers. 

Alluvial  rivers  and  streams  in  North  Ireland  were 
studied  in  order  to  develop  a  method  of  predicting 
the  natural  location  and  spacing  of  riffles  so  that 
they  can  be  regenerated  after  stream  improvement 
activities.  The  bed  widths  of  the  study  streams 
were  2  to  50  m;  the  slopes  were  1:70  in  mountain 
streams  to  1:1000  in  the  lower  reaches.  River  im- 
provement schemes  had  been  carried  out  on  most 
of  the  channels  during  the  past  30  years.  Rivers 
showing   no   riffle   formation   had   bed   materials 
(D50)  less  than  3  mm.  Where  riffles  were  found, 
the  D50  size  for  the  riffles  were  20  to  200  mm.  The 
median  particle  size  in  a  riffle  was  greater  than  that 
in  the  pool  by  a  factor  of  2.  Coarser  material  was 
found  in  the  riffle  than  in  the  pool.  Marked  stones 
placed  in  a  riffle  were  found  in  downstream  riffles 
after  a  flood.  The  value  of  the  Manning  n  coeffi- 
cient applicable  at  low  flows  varied  greatly  along  a 
pool-riffle  sequence.  At  high  flows,  the  effect  of 
the  bed  formation  had  little  effect,  and  uniform 
flow  could  be  assumed.  Riffle  spacing  was  found  to 
be  non-linearly  related  to  the  channel  slope.  The 
formula  developed  to  describe  this  was  dependent 
on  channel  width  and  slope  and  the  median  parti- 
cle sizes  in  the  bed  material  at  pool  and  riffle 
locations.  Sets  of  riffles  with  long  pools  between 
were  observed  in  natural  rivers.  The  group  length 
was  related  to  the  channel  width  and  the  medial 
particle  size  forming  the  riffles.  The  average  spac- 
ing within  the  groups  was  related  to  channel  width 
and  slope  and  the  bed  material  sizes.  (See  also 
W90-05621)  (Cassar-PTT) 
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W90-05690 

COMPARISON  OF  VELOCITY  MEASURE- 
MENTS IN  STRAIGHT,  SINGLE  MEANDER 
AND  MULTIPLE  MEANDER  COMPOUND 
CHANNELS. 

University  Coll.,  Cork  (Ireland).  Dept.  of  Civil 
Engineering. 

E.  J  .  McKeogh,  and  G.  K.  Kiely. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  648-658,  20  fig,  1  tab,  12  ref. 

Descriptors:  'Hydraulics,  'Streamflow,  'Channel 
flow,  'Flow  characteristics,  'Meanders,  'Flow  ve- 
locity, Compound  channels,  Velocity  distribution, 
Flood  flow,  Channel  morphology,  Flood  plains, 
Mathematical  studies. 

Velocity  measurements  were  taken  for  three  differ- 
ent types  of  flood  flow  situations  in  compound 
channels  (straight,  single  meander,  multiple  mean- 
der) to  examine  and  compare  the  interaction  mech- 
anisms between  flood  plain  and  main  channel 
flows.  Measurements  were  done  with  the  Laser 
Doppler  Anemometer  oriented  to  measure  the  re- 
sultant velocity  component.  The  depth-averaged 
lateral  velocity  distributions  for  the  straight  chan- 
nel fit  exponential  and  power  functions;  however, 
the  velocity  distributions  for  the  meandering  chan- 
nels, which  vary  from  cross  section  to  cross  sec- 
tion, were  more  difficult  to  fit  into  a  general  equa- 
tion. Flow  velocities  in  flood  plains  in  meandering 
channels  were  greater  than  in  straight  channels.  At 
bends,  the  maximum  velocity  was  shifted  toward 
the  inner  bank.  In  the  straight  channel  the  lateral 
velocity  distribution  for  different  depth  ratios 
showed  steeper  velocity  gradient  across  the  inter- 
face at  lower  depth  ratios.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05691 


COMPARISON  OF  TURBULENCE  MEASURE- 
MENTS IN  STRAIGHT,  SINGLE  MEANDER 
AND  MULTIPLE  MEANDER  COMPOUND 
CHANNELS. 

University  Coll.,  Cork  (Ireland).  Dept.  of  Civil 
Engineering. 

G.  Kiely,  M.  Javan,  and  E.  J.  McKeogh. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichhng's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  659-668,  15  fig,  15  ref. 

Descriptors:  'Hydraulics,  'Streamflow,  'Channel 
morphology,  'Flood  flow,  'Channel  flow,  'Tur- 
bulent flow,  'Flow  velocity,  'Flow  characteris- 
tics, 'Meanders,  Mathematical  studies,  Compound 
channels,  Velocity  distribution,  Flood  plains. 

Velocity  and  turbulence  measurements  were  taken 
for  three  different  types  of  flood  flow  situations  in 
compound  channels  (straight,  single  meander,  mul- 
tiple meander)  to  examine  and  compare  the  turbu- 
lent flow  mechanisms  between  flood  plain  and 
main  channel  flows.  Measurements  were  taken 
using  a  Laser  Doppler  Anemometer  oriented  to 
measure  the  resultant  velocity  and  turbulence  com- 
ponent. The  lateral  turbulence  intensity  profiles  in 
the  straight  compound  channel  showed  a  variation 
of  6  to  12%  with  lowest  values  near  the  water 
surface  and  highest  values  near  the  bed.  The  mean- 
dering geometries  showed  similar  trends  with 
higher  magnitudes.  The  contours  of  turbulence 
intensity  for  the  straight  channel  showed  a  transfer 
of  turbulence  from  the  flood  plain  to  the  main 
channel.  This  was  also  true  for  the  meandering 
geometries.  Increased  turbulence  intensity  values 
were  seen  at  the  inner  bend  for  both  meander 
geometries.  The  highest  turbulence  index  (up  to 
25%)  in  the  meander  geometries  were  observed  on 
the  flood  plains  adjacent  to  the  downstream  inter- 
face of  the  crossover  sections  between  bends.  The 
turbulence  intensity  decreased  from  the  bend  en- 
trance toward  the  exit  due  to  accelerated  flow. 
Measurements  of  the  longitudinal  turbulence 
(depth-averaged)  were  useful  in  determining  the 
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eddy  viscosity,  and  thus  the  answer  to  the  simpli- 
fied dynamic  equation,  in  straight  compound  chan- 
nels. (See  also  W90-05621)  (Cassar-PTT) 
W90-05692 


FLOW  BEHAVIORS  IN  HEADRACE  TUNNEL 
OF  RUN-OF-THE-RIVER  POWER  STATIONS. 

Kyoto  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
Y.  Iwasa,  and  S.  Yokosi. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  669-678,  14  fig,  3  tab,  5  ref. 

Descriptors:  'Pipe  flow,  'Hydraulics,  'Hydraulic 
structures,  'Powerplants,  *Flow  characteristics, 
•Tunnels,  'Electric  powerplants,  'Hydroelectric 
plants,  Headrace  tunnel,  Mathematical  studies,  Un- 
steady flow,  Mannings  equation,  St  Venant  equa- 
tion, Roughness  coefficient,  Rivers,  Channel  flow, 
Hydraulic  roughness. 

Flow  behavior  in  run-of-the-river  hydropower  sta- 
tions was  studied  using  the  St.  Venant  equation 
with  the  Manning  formula.  Two  situations  were 
examined:  (1)  the  entrance  of  water  into  a  vacant 
headrace  tunnel  under  a  sudden  increase  in  load; 
and  (2)  load  interception  at  the  head  tank.  Numeri- 
cal analysis  results  were  satisfactory,  indicating 
that  the  equations  could  be  used  for  practical 
design  purposes.  (See  also  W90-05621)  (Cassar- 
PTT) 
W90-05693 


EFFECTS  OF  DIFFERENTLY  SHAPED  OB- 
STACLES ON  A  RAPID  STREAM  EXPANSION. 

Basilicata  Univ.,  Potenza  (Italy).  Inst,  of  Hydrau- 
lics and  Hydraulic  Construction. 
B.  Molino. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  679-687,  7  fig,  10  ref. 

Descriptors:  'Streamflow,  'Flow  around  objects, 
•Model  studies,  'Hydraulics,  'Channel  flow, 
Rapid  flow,  Flow  characteristics,  Unsteady  flow, 
Mathematical  studies,  Froude  number. 

A  physical  model  was  constructed  to  study  the 
effects  on  flow  patterns  of  obstacles  placed  on  the 
bottom  of  a  divergent  channel  in  which  a  rapid 
stream  flowed.  The  three  types  of  obstacles  were  a 
semi-ellipsoidal  shaped  bottom,  traverses  at  regular 
distances  along  the  axis  of  the  channel,  and  rows  of 
teeth.  The  arrangement  of  traverses  allowed  the 
most  rapid  stream  expansion.  The  semi-ellipsoid 
shape  allowed  expansion  of  the  stream;  however, 
this  effect  was  negated  when  aperture  angles  of  the 
walls  of  the  divergent  channel  were  greater  than 
16  degrees.  The  tooth  arrangement  was  least  effi- 
cient in  allowing  rapid  stream  expansion.  (See  also 
W90-O5621)  (Cassar-PTT) 
W90-05694 


FRICTIONAL  RESISTANCE  TREATMENT  IN 
UNSTEADY  OPEN-CHANNEL  FLOW  SIMU- 
LATION. 

Geological  Survey,  Reston,  VA.  Water  Resources 
Div. 

C.  Lai,  R.  W.  Schaffranek,  and  R.  A.  Baltzer. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  688-698,  2  fig,  3  tab,  9  ref. 

Descriptors:  'Hydraulics,  'Channel  flow,  'Model 
studies,  Flow,  Resistance,  Hydraulic  friction, 
Mathematical  studies,  Open-channel  flow,  Un- 
steady flow,  Numerical  analysis. 

The  treatment  of  the  frictional  resistance  term  in 
unsteady  open-channel  flow  simulation  models  was 
investigated  using  various  combinations  of  depend- 
ent variables  and  boundary  conditions.  A  nondi- 
mensional  form  of  the  characteristics  equations 
derived  from  the  governing  equations  was  used  as 


the  basis  for  a  systematic  set  of  numerical  experi- 
ments and  analyses.  Findings  indicated  that  both 
the  particular  boundary  conditions  used  and  other 
nonhomogeneous  terms  considered  in  the  equation 
set  had  significant  effects  on  evaluation  of  the 
flow-resistance  coefficient.  The  model  was  applied 
to  data  from  Threemile  Slough  in  California,  and 
practical  suggestions  made  for  proper  and  optimal 
treatment  of  the  frictional  resistance  coefficient 
(See  also  W90-05621)  (Cassar-PTT) 
W90-05695 


FLOOD  ROUTING  MODELS  AND  THE  MAN- 
NING N. 

National  Weather  Service,  Silver  Spring,  MD.  Hy- 
drologic  Research  Lab. 
D.  L.  Fread. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  699-708,  10  fig,  1  tab,  16  ref. 

Descriptors:  'Flood  forecasting,  'Flood  flow, 
•Hydraulics,  'Rivers,  'Flood  routing,  'Channel 
flow,  'Mannings  equation,  Hydraulic  roughness, 
Roughness  coefficient,  Routing,  Model  studies, 
Mathematical  studies,  Flow  resistance,  Unsteady 
flow,  DWOPER  model,  Mississippi  River,  Alluvi- 
al rivers,  Vegetation,  Dam  failure,  Floods,  River 
beds. 

The  selection  of  n  values  for  use  in  flood  routing 
models  was  studied  with  respect  to:  (1)  the  use  of 
historical  flood  observations,  and  (2)  the  situation 
with  no  available  observed  flood  data.  The 
DWOPER  flood  routing  model  was  used  to  obtain 
Manning's  n  values  for  rivers  with  unsteady  flows. 
For  the  Baton  Rouge-Donaldsonville  reach  of  the 
Mississippi  River  and  the  Shawneetown-Fords 
Ferry  reach  of  the  Ohio  River,  the  n  value  in- 
creased with  increasing  discharge.  This  was  attrib- 
uted to  the  resistance  produced  by  bank  vegetation 
as  the  water  rose  to  that  level.  Manning's  n  values 
decreased  with  increasing  discharge  in  another 
type  of  river,  those  where  the  increase  in  the 
overbank  flow  area  is  relatively  small  compared  to 
the  increase  of  flow  area  within  bank  (Donaldson- 
ville-New  Orleans  reach,  Cairo-Caruthersville 
reach,  and  Chester-Cairo  reach  of  the  Mississippi 
and  the  Kentucky  Dam-Ohio  River  reach  of  the 
Tennessee  River.  Numerical  and  analytical  studies 
were  described  which  illustrate  the  effect  of  the 
uncertainty  associated  with  selected  n  values  on 
the  routing  model's  predicted  stages.  Changes  in  n 
value  for  a  single  reach  were  shown  to  affect 
computed  stages  at  all  points  along  the  river.  Simu- 
lation of  13  historical  floods  (1959-1971)  on  the 
lower  Mississippi  with  the  calibrated  Manning  n 
revealed  an  average  root-mean-square  error  of  0.47 
ft.  A  methodology  was  presented  for  including 
within  flood  routing  models  the  combined  friction- 
al effects  of  dynamic  alluvial  bed  forms  and  over- 
bank  vegetation.  (See  also  W90-05621)  (Cassar- 
PTT) 
W90-05696 


ESTIMATION  OF  THE  MANNING- 
STRICKLER  ROUGHNESS  COEFFICIENT  IN 
SAINT- VENANT  EQUATIONS. 

Laboratoire     National     d'Hydraulique,     Chatou 
(France). 
A.  Lebosse. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  709-718,  2  fig,  7  ref. 

Descriptors:  'Hydraulics,  'Mannings  equation, 
'Channel  flow,  'Streamflow,  'Roughness  coeffi- 
cient, Hydraulic  roughness,  Mathematical  studies, 
St  Venant  equation,  Manning-Strickler  coefficient, 
Open-channel  flow,  Unsteady  flow,  Garonne 
River,  Flood  flow,  France. 

An  iterative  method  is  presented  for  estimating  the 
values  of  the  Manning-Strickler  roughness  coeffi- 
cient in  the  one  dimensional  Saint-Venant  equa- 
tions, using  the  Manning  friction  law  for  open 
channels.  Data  requirements  are  a  set  of  flow  level 


measures  obtained  during  a  flood.  The  river  is 
divided  into  several  segments.  One  (main  channel) 
or  two  (main  channel  and  flood  plain)  coefficients 
are  estimated  for  each  segment.  The  iterative  pro- 
cedure has  two  steps.  First,  the  gradient  of  this 
function  is  computed,  using  control  techniques  in 
the  discrete,  linearized  Saint-Venant  equations. 
Second,  a  new  value  is  obtained  for  each  segment 
by  means  of  a  gradient  descent  method.  The  proce- 
dure, tested  on  a  prismatic  channel  and  a  natural 
stream  (Garonne  River,  France),  was  proved  to 
converge  in  any  case  provided  that  at  least  one 
measure  for  each  segment  was  available.  Determi- 
nation of  both  main  channel  and  flood  plain  coeffi- 
cients requires  performing  two  separate  estima- 
tions, using  two  relevant  sets  of  measures.  The 
method  has  the  advantage  of  smoothing  coeffi- 
cients. (See  also  W90-05621)  (Cassar-PTT) 
W90-05697 


OPTIMUM  MANNING  ROUGHNESS  COEFFI- 
CIENTS FOR  USE  IN  A  FINITE  ELEMENT 
OVERLAND  FLOW  MODEL. 

Virginia  Dept.  of  Conservation  and  Historic  Re- 
sources, Richmond. 
I.  S.  Sandhu,  and  D.  N.  Contractor. 
IN:  Proceedings  of  the  Internationa]  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  719-730,  6  fig,  1  tab,  5  ref. 

Descriptors:  'Hydraulics,  'Rainfall-runoff  rela- 
tionships, 'Overland  flow,  'Runoff,  'Mannings 
equation,  'Roughness  coefficient,  Hydraulic 
roughness,  Flow,  Model  studies,  Mathematical 
models,  Forests,  Watersheds,  Storms,  Flood  rout- 
ing, Turbulent  flow,  Land  use. 

Values  for  Manning's  roughness  coefficients  for 
overland  flow  were  investigated  in  a  finite  element 
routing  model  applied  to  the  Upper  South  River 
watershed  in  Virginia.  The  magnitude  of  rough- 
ness coefficients  for  overland  flow  was  generally 
much  higher  than  roughness  coefficients  for  open 
channel  flow.  For  turbulent  overland  flow,  the 
roughness  coefficient  was  a  function  of  land  use 
and  the  Reynolds  number  of  the  flow.  Four  storms 
and  four  land  uses  (woods,  two  agricultural  areas, 
and  a  residential  area)  were  considered.  (See  also 
W90-05621)  (Cassar-PTT) 
W90-05698 


TWO-DIMENSIONAL  HIGH  SPEED  OPEN 
CHANNEL  FLOW  FRICTION  EFFECTS. 

Demokritos   Univ.   of  Thrace,   Xanthi   (Greece). 
Dept.  of  Civil  Engineering. 
J.  V.  Soulis. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  731-740,  8  fig,  11  ref. 

Descriptors:  'Hydraulics,  'Channel  flow,  'Hy- 
draulic friction,  'Open-channel  flow,  'Flow, 
Model  studies,  Friction,  Mathematical  studies, 
Rapid  flow,  Slopes,  Flow  velocity,  Velocity  distri- 
bution. 

A  numerical  method  was  developed  for  calculation 
of  the  two-dimensional,  high  speed,  open-channel 
flow,  including  the  usually  neglected  terms  of 
slope  and  friction.  Flow  was  assumed  to  be  fully 
mixed  in  the  vertical  direction  so  that  vertical 
variations  could  be  neglected.  The  method  was 
applied  to  a  variety  of  open  channel  configura- 
tions, including  a  gradually  expanding  configura- 
tion. Charts  indicated  the  differences  between  fric- 
tionless,  zero  slope  conditions  and  realistic  condi- 
tions. The  proposed  numerical  scheme  agreed  sat- 
isfactorily with  observed  results.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05699 


TRANSIENT     CHANNEL     FLOW     ROUTING 
USING  FIXED-POINT  ITERATION  METHOD. 

Institute  of  Technology,  Baghdad  (Iraq).  Dept.  of 
Irrigation. 
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A.-S.  M.  Shakir,  and  A.-I.  Y.  Mohammed. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  741-748,  4  fig,  8  ref. 

Descriptors:  *Hydraulics,  *Streamflow,  'Unsteady 
flow,  'Channel  flow,  Model  studies,  Mathematical 
models,  Newton-Raphson  method,  Tigris  River, 
Iraq,  Flow,  St  Venant  equation,  Hydrographs, 
Mannings  equation,  Hydraulic  roughness,  Rough- 
ness coefficient. 

An  efficient  iteration  method  was  devised  to  solve 
the  implicit  formulation  of  the  one-dimensional  St. 
Venant  equations.  Rather  than  apply  the  Newton- 
Raphson  technique,  as  is  customary  in  these  meth- 
ods, the  computation  of  discharge  corrections  was 
uncoupled  from  computation  of  depth  corrections. 
The  Newton-Raphson  technique  was  applied  only 
to  the  momentum  equations  to  compute  discharge 
corrections.  Improved  values  of  depth  were  com- 
puted from  a  fixed-point  iteration  function  derived 
from  Manning's  formula.  This  halved  the  number 
of  equations  in  the  iteration  system  as  compared 
with  ordinary  methods.  The  new  technique  was 
applied  to  a  60-km  reach  of  the  Tigris  River  within 
the  city  of  Baghdad,  Iraq.  Model  results  agreed 
satisfactorily  with  field  observations,  and  the  com- 
putation time  was  25%  of  the  time  required  by 
ordinary  methods.  (See  also  W90-05621)  (Cassar- 
FTT) 
W90-05700 

STUDY  ON  THE  LINEARIZED  ANALYTICAL 
AND  NUMERICAL  SOLUTION  FOR  UN- 
STEADY OPEN  CHANNEL  FLOW. 

Tamkang  Univ.,  Taipei  (Taiwan).  Dept.  of  Water 
Resources  and  Environmental  Engineering. 
S.-H.  Wang. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  759-766,  10  fig,  1  tab,  4  ref. 

Descriptors:  'Hydraulics,  'Channel  flow,  'Open- 
channel  flow,  'Flow  characteristics,  'Unsteady 
flow,  Model  studies,  Mathematical  studies,  Numer- 
ical analysis,  Backwater  effect,  Hydrographs. 

A  linearized  analytical  solution  was  proposed  for 
simulating  unsteady  open  channel  flow  in  various 
cross-sectional  shapes  (triangular,  rectangular,  and 
trapezoidal)  where  significant  backwater  effects 
exist.  An  error  analysis  of  reference  discharge  was 
made  to  obtain  the  best  solution.  The  proposed 
method  was  compared  with  a  nonlinear  dynamic 
wave  model,  which  is  solved  by  an  explicit  finite 
difference  method.  The  linearized  analytical  solu- 
tion was  a  good  approximation,  provided  a  refer- 
ence discharge  was  chosen  between  the  mean  flow 
and  one-third  of  peak  flow.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05702 


UNCERTAINTY  ON  TRAVEL  TIME  IN  KINE- 
MATIC WAVE  CHANNEL  ROUTING. 

Wyoming  Water  Research  Center,  Laramie. 
Y.-K.  Tung. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  767-781,  1  fig,  6  tab,  18  ref. 

Descriptors:  'Unsteady  flow,  'Hydraulics, 
'Streamflow,  'Kinematic  wave  theory,  'Channel 
flow,  'Flood  forecasting,  'Flood  routing,  Model 
studies,  Mathematical  studies,  Flood  waves,  Kine- 
matic wave  model,  Wave  velocity,  Mellin  trans- 
form, Flow  velocity,  Disasters,  Warning  systems, 
Flood  peak. 

A  probabilistic  analysis  using  the  Mellin  transform 
was  performed  to  assess  the  uncertainty  in  comput- 
ing the  travel  time  of  flood  waves  in  a  channel 
derived  from  the  kinematic  wave  model.  The  dif- 
ferences in  the  lower  end  points  were  4  to  24 
hours;  in  the  upper  end  points,  1  to  8  hours.  The 


uncertainty  in  the  flood  arrival  time  was  about  33 
hours.  (See  also  W90-05621)  (Cassar-PTT) 
W90-05703 


OPEN  CHANNEL  FLOW  IDENTIFICATION. 
CASE  STUDIES. 

Rijkswaterstaat-Deltadienst,  Rijswijk  (Nether- 
lands). Data  Processing  Div. 
A.  W.  Heemink,  and  P.  G.  J.  ten  Brummelhuis. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  782-791,  8  fig,  9  ref. 

Descriptors:  'Flow  characteristics,  'Hydraulics, 
'Channel  flow,  'Open-channel  flow,  'Model  stud- 
ies, 'Estuaries,  Mathematical  studies,  WAKFIL 
model,  St  Venant  equation,  Stochastic  process, 
Friction,  Wind,  Hydraulic  friction,  Rhine-Scheldt 
Channel,  Scheldt  Estuary,  The  Netherlands. 

The  program  system  WAKFIL,  based  on  the  St. 
Venant  equations,  was  applied  to  two  open-chan- 
nel flow  problems  in  the  Netherlands.  Wind  stress 
coefficients,  bottom  friction  coefficients,  water 
levels,  and  discharges  were  estimated  by  using  an 
extended  Kalman  filter  procedure.  In  the  Eastern 
Scheldt  Estuary  the  bottom  friction  parameter  was 
found  to  depend  on  both  the  phase  and  the  ampli- 
tude of  the  tide,  which  was  in  agreement  with 
published  observations.  The  wind  stress  coeffi- 
cient, estimated  for  a  stormy  period  within  a  67% 
confidence  level,  was  more  accurately  determined 
during  the  strongest  winds.  In  the  Rhine-Scheldt 
channel,  which  connects  two  lakes,  the  WAKFIL 
program  indicated  that  the  bottom  friction  would 
be  reduced  significantly  when  the  dams  at  both 
ends  were  closed.  This  resulted  in  a  20%  increase 
in  current  velocity  compared  with  modeling  with- 
out the  WAKFIL  program.  (See  also  W90-05621) 
(Cassar-PTT) 
W90-05704 


FORECAST  OF  STABILITY  OF  BED  LOAD  IN 
UNSTABLE  CHANNELS. 

Moskovskii  Inst.  Inzhenerov  Zheleznodorozhnogo 

Transporta  (USSR). 

For  primary  bibliographic  entry  see  Field  2J. 

W90-05706 


Water  Resources  Research. 
J.  C.  I.  Dooge. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  849-902,  5  tab,  104  ref. 

Descriptors:  'Flow  characteristics,  'Open-channel 
flow,  'Hydraulics,  'Channel  flow,  'Mannings 
equation,  'Roughness  coefficient,  Hydraulic 
roughness,  Flow  resistance,  Mathematical  studies, 
Ireland,  Concentration  time,  Rainfall-runoff  rela- 
tionships, Pipe  flow,  Chezy  equation,  Gauckler 
formula,  Bazin  formula,  Humphrey-Abbott  formu- 
la, Kutter  formula,  Etely-Stearns  formula,  Revy 
formula,  Nikuradze  coefficient. 

The  Manning  formula  of  1889  was  presented 
within  several  contexts:  Robert  Manning's  early 
background  and  the  flow  formulas  available  for  his 
study,  river  engineering  in  Ireland  in  the  mid 
1800s,  classical  experiments  on  flow  by  several 
researchers  on  flow,  derivation  of  the  monomial 
formula  in  1889,  and  developments  since  1889. 
Manning  was  influenced  by  the  concepts  and  tradi- 
tions which  had  been  developed  at  the  time  he 
began  his  engineering  career.  These  included  the 
uniform  flow  concept  (1686-1786),  the  Chezy  ex- 
periments (1769-1776),  and  the  universal  channel 
flow  formulas  (1775-1851).  His  design  tables  pub- 
lished in  1852  revealed  his  desire  for  simplification 
and  ease  of  computation.  In  his  prolific  writings 
Manning  commented  on  the  classical  experiments 
of  Darcy  on  roughness  in  pipes  in  1847-1857,  the 
Darcy-Bazin  experiments  of  1855-1865  on  pipe 
flow  principles  applied  to  open  channel  flow,  the 
Mississippi  Report  of  1851-1858,  and  the  Ganguil- 
let-Kutter  formula  of  1869.  After  Manning  devel- 
oped the  monomial  formula,  he  derived  a  second 
dimensionally  correct  formula  as  an  alternative. 
The  n  value  was  later  introduced  into  the  equation, 
following  the  example  of  Kutter's  n.  Citation  of 
Manning's  1889  paper  in  the  literature  began  in 
1891,  and  use  of  the  formula  spread  rapidly  during 
1919-1959,  gradually  replacing  Kutter's  formula. 
Manning's  formula  is  still  widely  used  in  spite  of 
logarithmic-type  formulas  developed  in  modern 
fluid  mechanics.  A  relationship  between  Manning's 
n  and  Nikuradze's  k  (roughness  size)  was  devel- 
oped. (See  also  W90-05621)  (Cassar-PTT) 
W90-05709 


POWER  LAW  OF  FLOW  RESISTANCE  IN 
OPEN  CHANNELS,  MANNING'S  FORMULA 
REVISITED. 

Geological  Survey,  Menlo  Park,  CA. 
C.  Chen. 

IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  817-848,  2  fig,  4  tab,  73  ref. 

Descriptors:  'Flow  characteristics,  'Hydraulics, 
'Channel  flow,  'Mannings  equation,  'Roughness 
coefficient,  'Flow  resistance,  'Open-channel  flow, 
Open  channels,  Turbulent  flow,  Hydraulic  rough- 
ness, Resistance. 

Manning's  formula  was  critically  evaluated  by  ad- 
dressing important  issues  in  the  power  formulation 
of  flow  resistance.  The  m-th-power  formulas  were 
generally  applicable  to  turbulent  flow  in  open 
channels,  regardless  of  the  stability  of  the  free 
surface.  Manning's  equation  (1/6-th-power  formu- 
la) was  shown  to  apply  to  virtually  all  possible 
flows.  The  method  of  least  squares  was  used  to 
estimate  the  values  of  the  coefficient  and  exponent 
in  the  power  law.  Then  the  accuracy  of  Manning's 
formula  was  evaluated  by  computing  its  variance 
or  standard  deviation  from  the  logarithmic  formula 
for  various  ranges  of  the  relative  roughness.  For 
the  widest  range  of  relative  roughness  tested  (be- 
tween 1  and  1000),  Manning's  formula  fit  the  loga- 
rithmic formula  within  5%  error.  (See  also  W90- 
05621)  (Cassar-PTT) 
W90-05708 


MANNING  FORMULA  IN  CONTEXT. 

University    Coll.,    Dublin    (Ireland).    Centre    for 


RE-OPERATION  OF  OLD  WATER  SYSTEM  IN 
NORTHERN  IRAQ. 

Institute  of  Technology,  Baghdad  (Iraq).  Dept.  of 
Irrigation. 

S.  T.  Azzawi,  and  A.  I.  J.  Hawa. 
IN:  Proceedings  of  the  International  Conference 
on  Channel  Flow  and  Catchment  Runoff:  Centen- 
nial of  Manning's  Formula  and  Kuichling's  Ration- 
al Formula.  University  of  Virginia,  Charlottesville, 
VA.  1989.  p  903-909,  1  fig,  2  tab,  8  ref. 

Descriptors:  'Hydraulics,  'Water  management, 
'Channel  flow,  'Water  supply,  'Iraq,  Sedimenta- 
tion, Drinking  water,  Irrigation  water,  Water  stor- 
age, Canals,  Flood  peak,  Rational  formula,  Catch- 
ment basins,  Kuichlings  rational  method. 

The  rational  formula  was  applied  to  a  1500-year 
old  water  collection  and  storage  system  in  Iraq  to 
estimate  peak  flow.  The  system  consisted  of  a 
catchment  basin  on  which  rainfall  was  conducted 
to  two  sloping  canals,  then  to  three  sedimentation 
tanks  and  two  storage  tanks  contained  in  a  conical 
rock  cavity  of  2000  cu  m  capacity  with  a  80  x  80 
cm  top  opening.  After  proposed  repairs  to  the 
ancient  system  (increasing  the  canal  capacity  in  the 
lower  reaches  and  reconstructing  the  sedimenta- 
tion tanks),  it  was  expected  that  the  system  could 
supply  20,000  cu  m  water  yearly  at  a  cost  less  than 
the  cost  of  groundwater  development.  (See  also 
W90-05621)  (Cassar-PTT) 
W90-05710 


FIELD  MEASUREMENTS  OF  DIRECTIONAL 
WAVE  LOADS  ON  COASTAL  STRUCTURES. 

Rijkswaterstaat,    Delft    (Netherlands).    Road    and 
Hydraulic  Engineering  Div. 
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J.  van  Heteren,  H.  C.  Botma,  and  A.  P.  Roskam. 
Applied  Ocean  Research  AOCRDS,  Vol.  11,  No. 
2,  p  58-74,  April  1989.  15  fig,  3  tab,  14  ref. 

Descriptors:  'Ocean  waves,  *Sluice  gates,  'The 
Netherlands,  'Waves,  Hydrodynamics,  Loading, 
Model  studies,  Regression  analysis,  Velocity. 

Data  were  collected  at  the  Haringvliet  barrier  in 
The  Netherlands  to  verify  the  theory  that  wave 
loading  on  long  structures  is  considerably  reduced 
if  wave  directionality  is  used  in  the  calculations 
instead  of  assuming  unidirectional  long-crest 
waves.  Wave  loads  were  measured  with  a  row  of 
pressure  gages  at  the  barrier.  The  directional  pa- 
rameters of  the  incoming  wave  field  were  calculat- 
ed from  recorded  signals  of  a  3-component  acous- 
tic current  meter,  mounted  7.5  m  in  front  of  the 
barrier.  These  calculations  differed  from  those 
used  for  an  open  sea,  because  the  waves  near  a 
reflecting  structure  are  formed  by  two  highly  cor- 
related wave  field.  A  new  method  of  calculating 
the  wave  directional  parameters  of  the  incoming 
wave  field  from  the  three  orthogonal  velocity 
components  were  developed.  It  appears  to  be  suc- 
cessful. The  results  show  that  the  theoretical 
model  for  incorporating  wave  directional  proper- 
ties agrees  very  well  with  full  scale  measurements. 
The  regression  coefficient  between  theoretical  and 
measured  values  does  not  differ  statistically  from 
the  value.  (Author's  abstract) 
W90-05858 


WAVE  PENETRATION  IN  HARBOURS  BY 
THE  FINITE-ELEMENT  SERIES-EXPANSION 
METHOD. 

Bologna  Univ.  (Italy).  Dipt,  di  Fisica. 

F.  Mattioli. 

Applied  Ocean  Research  AOCRDS,  Vol.  11,  No. 

3,  p  135-142,  July  1989.  7  fig,  8  ref. 

Descriptors:  'Harbors,  'Ocean  waves,  'Water  cir- 
culation, 'Waves,  Model  studies,  Morphology,  Os- 
cillations. 

The  finite-element  series-expansion  technique  has 
been  recently  introduced  to  study  the  propagation 
of  linear  surface  waves  in  large  regions  of  sea.  In 
previous  applications  rectangular  domains  subdi- 
vided into  many  square  elements  have  been  consid- 
ered, especially  to  show  the  main  property  of  the 
method,  i.e.  the  possibility  of  dealing  with  larger 
regions  of  sea.  Here,  another  important  property  of 
the  method  is  stressed,  i.e.  the  possibility  of  using 
elements  of  arbitrary  shape  and  size.  An  applica- 
tion to  the  wave  penetration  in  a  harbor  points  out 
the  simplicity  of  use  of  the  method.  The  model 
points  out  the  strong  influence  of  the  geometry  of 
the  basins  and  the  nature  of  the  boundaries  on  the 
response  curves,  which  prove  to  be  highly  sensi- 
tive to  these  factors.  The  peculiar  modes  of  oscilla- 
tions of  the  single  basins  and  their  coupling  play  a 
fundamental  role  in  the  harbor  response,  and  at 
present  can  only  be  investigated  by  means  of  a 
numerical  model.  (Author's  abstract) 
W90-05859 


MODELLING  OF  SOME  ELLIPTIC  FLUID 
MECHANICS  PROBLEMS  BY  THE  BOUNDA- 
RY ELEMENT  METHOD. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

S.  Grilli. 

Advances  in  Water  Resources  AWREDI,  Vol.  12, 
No.  2,  p  66-73,  June   1989.  7  fig,   1  tab,   15  ref. 

Descriptors:  'Boundary  processes,  'Finite  element 
method,  'Fluid  mechanics,  'Laplace  equation, 
•Numerical  analysis,  Differential  equations, 
Groundwater  movement,  Mathematical  models, 
Ocean  waves,  Porous  media,  Saline-freshwater 
interfaces. 

The  Boundary  Element  Method  (BEM)  is  consid- 
ered one  of  the  leading  methods  for  solving  the 
partial  differential  equations  which  mathematically 
express  many  practical  engineering  problems.  The 
BEM  is  a  combination  of  Boundary  Integral  Equa- 
tion (BIE)  methods  and  numerical  techniques  de- 
rived from  the  Finite  Element  Method  (FEM). 
The  BEM  has  proved  to  be  a  powerful  numerical 


tool  when  applied  to  problems  in  fluid  mechanics, 
particularly  when  applied  to  perfect  fluid  problems 
(elliptic  or  Laplace  problems).  By  providing  results 
on  the  boundaries  of  a  system  (particularly  moving 
boundaries  such  as  a  phreatic  surface,  wave  free 
surface,  or  saltwater  interface),  the  BEM  elimi- 
nates the  need  to  obtain  results  inside  the  fluid 
domain.  The  BEM  is  applied  to  Laplace  problems, 
linear  sea  wave  modeling,  steady  state  porous 
media  flow,  and  linear  fluid-structure  interaction. 
Although  special  numerical  problems  need  to  be 
addressed  (such  as  singular  integration,  discretiza- 
tion, and  full  matrices),  for  many  problems  the 
solution  time  of  the  BEM  is  up  to  an  order  of 
magnitude  faster  that  the  FEM  for  both  two-di- 
mensional and  three-dimensional  applications. 
(Tappert-PTT) 
W90-05884 


MODELLING  TIDAL  ENERGETICS  OF  THE 
COLUMBIA  RIVER  ESTUARY. 

Washington  Univ.,  Seattle.  School  of  Oceanogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2L. 
W90-05909 


WATER  WAVES  PAST  ABRUPT  CHANNEL 
TRANSITIONS. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

R.  A.  Dalrymple. 

Applied  Ocean  Research  AOCRDS,  Vol.  11,  No. 
4,  p  170-175,  October  1989.  3  fig,  20  ref. 

Descriptors:  'Channel  flow,  'Channel  morpholo- 
gy, 'Flow  models,  'Harbors,  'Hydraulic  design, 
'Resources  management,  'Wave  propagation, 
Coastal  engineering,  Diffraction,  Eigenvalue, 
Mathematical  models,  Variational  method,  Water 
waves,  Wave  height. 

The  reduction  of  wave  height  by  diffraction  is  an 
important  design  factor  in  locating  harbor  facili- 
ties. The  propagation  of  waves  in  a  narrow  chan- 
nel with  an  abrupt  transition  to  a  wider  channel 
was  modeled  to  determine  the  reflection  coeffi- 
cients and  the  diffraction  patterns  associated  with 
the  transition.  An  eigenfunction  expansion  method 
was  used  for  the  full  range  of  channel  transitions, 
while  a  variational  solution  was  developed  for  the 
case  when  only  planar  waves  are  reflected  in  the 
upwave  channel.  Significant  reflections  occur 
when  the  wavelength  of  the  waves  in  the  wider 
channel  corresponds  to  multiples  of  the  channel 
width.  The  eigenvalue  and  variation  methods  pro- 
vide an  accurate  means  to  determine  the  reflection 
from  the  channel  transition.  (Brunone-PTT) 
W90-06011 


FORMED  SUCTION  INTAKE  APPROACH  AP- 
PURTENANCE GEOMETRY. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Hydraulics  Lab. 

B.  P.  Fletcher. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161.  Technical  Report 

HL-90-1,  February  1990.  Final  Report.  41p,  3  fig,  3 

tab,  23  plates. 

Descriptors:  'Design  criteria,  'Hydraulic  models, 
'Hydrodynamics,  'Intakes,  'Pump  testing,  'Suc- 
tion intakes,  Flow  profiles.  Hydraulic  properties, 
Pumps. 

Physical  hydraulic  model  tests  were  conducted  to 
investigate  the  hydraulic  characteristics  of  a  select- 
ed formed  suction  intake  (FSI)  design  subjected  to 
various  hydraulic  conditions.  A  variety  of  pump 
bay  lengths  and  widths  were  evaluated.  Hydraulic 
performance  was  evaluated  by  measuring  flow  dis- 
tribution, swirl  angle,  and  vortex  intensity.  Test 
results  revealed  that  the  FSI  provided  satisfactory 
flow  to  the  pump  with  adverse  flow  in  the  ap- 
proach. Test  results  are  presented  in  dimensionless 
terms  in  plots  and  sketches.  (Author's  abstract) 
W90-06202 


PHYSICAL  TEST  FACILITY  FOR  MODELING 
OPEN-WATER  PLACEMENT  OF  DREDGED 
MATERIAL. 


Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
B.  H.  Johnson,  M.  J.  Trawle,  and  R.  W.  McCarley. 
Army  Corps  of  Engineers  Information  Exchange 
Bulletin,  Vol.  DRP-90-1,  January  1990.  p  1-4,  1  fig, 
3  ref. 

Descriptors:  'Dredging,  'Fate  of  pollutants,  'Hy- 
draulic models,  'Path  of  pollutants,  'Physical 
models,  Dredging  wastes,  Model  studies,  Waste 
disposal. 

To  obtain  data  to  guide  numerical  model  refine- 
ments for  predicting  the  short-term  fate  of  dredged 
material  placed  in  open  waters,  laboratory  experi- 
ments of  various  placement  operations  are  being 
conducted  at  the  Army  Corp  of  Engineers'  Water- 
ways Experiment  Station.  An  investigation  into 
appropriate  scaling  laws  resulted  in  the  conclusion 
that  at  model-to-prototype  scales  greater  than 
1:100,  physical  model  studies  can  be  reasonably 
scaled  to  prototype  phenomena.  Therefore,  results 
from  the  model  studies  can  be  used  to  provide  an 
increased  understanding  of  the  physical  processes 
that  occur  during  the  open-water  placement  of 
dredged  material.  (Lantz-PTT) 
W90-06206 


8C.  Hydraulic  Machinery 


EXPERIENCE  IN  THE  OPERATION  AND  AD- 
JUSTMENT OF  ELECTROHYDRAULIC  GOV- 
ERNORS OF  HYDRAULIC  TURBINES. 

A.  A.  Pimburgskii. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  3,  p  153-157,  March  1989.  4  fig,  2  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3, 
pp.  31-34,  March,  1989. 

Descriptors:  'Control  systems,  'Hydraulic  ma- 
chinery, 'Hydraulic  turbines,  'Turbines,  Electro- 
hydraulic  governors,  Floating  control  devices,  Hy- 
dromechanical  governors. 

Six  modifications  of  electrohydraulic  governors 
(EHGs)  differing  not  only  in  basic  design  but  also 
in  the  block  diagram  are  presently  operating  at 
Soviet  and  foreign  hydroelectric  stations  along 
with  hydromechanical  governors.  One  of  the  dif- 
ferences between  the  floating  control  device  in  an 
EHG  and  the  dashpot  in  hydromechanical  gover- 
nors is  the  absence  of  limitation  on  the  action  of 
the  RC  output  signal  on  the  EHG.  This  results  in 
the  need  for  an  automatic  device  that  eliminates 
the  consequences  of  this  characteristic.  However, 
the  uncoordinated  or  untimely  action  of  these 
automatic  devices  may  cause  system  malfunctions. 
Two  electrohydraulic  governors,  the  EGRK.-2M 
and  the  EGRK-1T,  have  been  developed  to  cor- 
rect this  problem.  Experience  in  operating  and 
adjusting  these  governors  shows  that  it  is  possible 
to  greatly  improve  the  characteristics  of  the  con- 
trol system  and  to  increase  the  operating  reliability 
of  the  governors  by  uncomplicated  improvements 
in  the  circuit  of  the  automatic  devices  floating 
control  systems.  (White-Reimer-PTT) 
W90-06130 


USE  OF  ELECTRICAL  BRAKEVG  OF  UNITS 
AT  HYDROELECTRIC  STATIONS  WHEN 
DROPPING  THE  LOAD. 

N.  N.  Arshenevskii,  and  G.  G.  Sotnikov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  3,  p  158-161,  March  1989.  4  fig,  4  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3, 
pp.  34-36,  March,  1989. 

Descriptors:  'Electrical  braking,  'Electrical  equip- 
ment, 'Hydraulic  machinery,  'Hydroelectric 
plants,  Control  systems,  Gates,  Hydraulic  equip- 
ment, Water  hammer. 

At  hydroelectric  stations  with  a  high-inertia  pres- 
sure system,  one  of  the  means  of  reducing  water 
hammer  is  to  slow  the  closing  of  the  gate  appara- 
tus. However,  the  rotational  speed  when  dropping 
the  load  can  exceed  the  mechanical  strength  of  the 
generator.  A  method  for  determining  the  electrical 
braking  system  parameters  and  its  effect  on  fluid 
mechanical  transients  after  dropping  the  load  was 
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examined  for  a  hydrostation  with  long  intake 
works  and  mixed-flow  turbines.  Even  though  the 
runaway  speed  exceeds  the  rated  by  almost  2 
times,  closing  of  the  gate  apparatus  provides  ac- 
ceptable water  hammer  values.  The  temporary 
speed  increase  of  the  unit  can  reach  90%.  It  was 
determined  that  electrical  braking  on  the  process 
of  dropping  the  load  was  effective  from  the  view- 
point of  fluid  mechanics  phenomena.  One  virtue  of 
electrical  braking  is  the  simplicity  of  controlling 
the  electrical  power  which  makes  it  possible  to 
control  the  braking  torque  and  the  entire  transient. 
In  order  to  implement  the  method,  it  is  necessary 
to  develop  a  scheme  for  controlling  the  electrical 
braking  system,  and  select  the  appropriate  electri- 
cal resistances  and  other  electrical  equipment. 
(White-Reimer-PTT) 
W90-06131 


USE  OF  THE  DANUBE  RIVER  AND  THE  IN- 
TEGRATED GABCIKOVO-NAGYMAROS 
HYDRO  DEVELOPMENT  PROJECT. 

Y.  S.  Vasilev,  and  G.  A.  Pretro. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  3,  p  171-176,  March  1989.  3  fig,  2  tab,  5  ref. 
Translated  from  Gidrotekhnicheskoe  Stroitel'stvo, 
No.  3,  pp.  51-54,  March,  1989. 

Descriptors:  *Danube  River,  *Hydroelectric 
plants,  *Water  resources  development,  Czechoslo- 
vakia, Gabcikovo-Nagymaros  hydro  project,  Hun- 
gary, Reservoirs,  River  basin  development,  River 
systems,  Water  resources  management. 

An  overview  of  the  uses  of  the  Danube  River 
along  with  the  specifications  for  the  Gabcikovo- 
Nagymaros  Hydro  Development  project  are  pre- 
sented. The  Danube  is  located  in  the  territory  of 
eight  European  countries  and  is  important  as  a 
means  of  transport,  for  international  shipping,  and 
for  hydroelectric  power.  On  the  basis  of  25-yr 
surveys,  investigations,  and  negotiations,  in  1977 
Czechoslovakia  and  Hungary  signed  an  agreement 
for  a  joint  hydro  development  project.  The  main 
part  consists  of  two  hydro  developments,  the  Gab- 
cikovo  and  Nagymaros.  The  system  will  encom- 
pass a  220  km  stretch  of  the  Danube  with  142  km 
along  the  Czechoslovakia  and  Hungary  border. 
The  joint  construction  of  the  upper  Gabcikovo 
reach  began  in  1978  and  the  lower  Nagymmaros  in 
1984.  The  Drushov-Dunakiliti  reservoir  created  on 
the  Danube  by  the  Dunakiliti  dam  with  an  area  of 
60  sq  km  and  a  length  of  about  30  km  will  be 
located  near  Bratislava.  Its  useful  storage  at  a  pool 
level  to  elevation  131.2  m  will  be  197.5  million  cu 
m  and  the  useful  storage  at  drawdown  by  1.0  m 
will  be  49  million  cu  m.  This  storage  provides  daily 
regulation  of  river  discharge.  (White-Reimer-PTT) 
W90-06134 


FORMED  SUCTION  INTAKE  APPROACH  AP- 
PURTENANCE GEOMETRY. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Hydraulics  Lab. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-06202 


can  significantly  influence  land-use  considerations 
in  this  rapidly  growing  urban  area.  Although  there 
are  numerous  engineering  geology  topics  of  inter- 
est-including expansive  soils  and  groundwater  re- 
sources-this  study  focuses  on  several  of  the  more 
important,  and  interesting,  aspects:  earthquake  haz- 
ards of  the  Reno-Carson  City  urban  corridor;  slope 
stability  characteristics  of  the  Reno-Lake  Tahoe 
area,  including  the  1983  landslide  and  associated 
waterflood  at  Slide  Mountain;  and  surface  runoff 
characteristics  in  the  Lake  Tahoe  area.  Five  princi- 
pal creeks  in  the  Incline  Village  area,  First  Creek, 
Second  Creek,  Wood  Creek,  Third  Creek,  and 
Incline  Creek  have  a  cumulative  drainage  of  46  sq 
km  and  furnish  a  yearly  average  of  about  18.5  cu 
hectometers  of  runoff  to  Lake  Tahoe.  For  the  4 
year  period  1970-1973,  annual  runoff  from  the  indi- 
vidual streams  ranged  from  0.567  to  8.717  cu  hec- 
tometers, and  discharges  ranged  from  0.0057  to  3.1 
cu  m/sec.  During  the  4  years,  the  five  streams 
delivered  about  28,000  metric  tons  of  sediment, 
which  averaged  about  75%  gravel  and  sand,  15% 
silt,  and  10%  clay,  to  the  lake.  Annual  quantities 
ranged  from  1,360  to  9,980  tons.  The  1982/83 
winter  was  noted  for  a  record  snow  pack  in  the 
Sierra  Nevada.  At  mid-day  of  May  30,  1983,  a 
large  mass  of  rock  detached  from  the  southeast 
side  of  Slide  Mountain,  NV.  The  lowest  part  of  the 
slide  entered  Upper  Price  Lake,  a  small  reservoir. 
The  sudden  movement  of  landslide  debris  into  the 
lake  created  a  surge  of  water  that  rapidly  exited 
the  pond  and  flowed  into  Lower  Price  Lake.  This 
wave  of  water  immediately  flushed  Lower  Price 
Lake,  and  the  cumulative  contents  of  both  lakes, 
about  0.025-0.037  cu  hectometers  of  muddy  water, 
rushed  down  the  steep  canyon  of  Ophir  Creek 
below  the  lakes.  After  about  8-9  minutes  of  travel, 
this  debris  wave,  with  a  leading  edge  about  9  m 
high,  reached  the  canyon  mouth  where  the  chan- 
nel abruptly  widened  and  flattened.  At  the  canyon 
mouth,  the  boulder-laden  flood  wave  encountered 
and  destroyed  2  homes.  Maximum  depth  of  fill 
across  an  old  roadway  was  about  2.7  m.  (Lantz- 
PTT) 
W90-05736 


PALYGORSKITE-SEPIOLITE. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2K. 
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PHASE  II  GDM  ON  THE  SANTA  ANA  RIVER 
MAINSTEM  INCLUDING  SANTIAGO  CREEK. 
VOLUME  3:  LOWER  SANTA  ANA  RIVER,  AP- 
PENDIXES. 

Army  Engineer  District,  Los  Angeles,  CA. 
For  primary  bibliographic  entry  see  Field  8A. 

W90-05757 


8E.  Rock  Mechanics  and 
Geology 


ENGINEERING  GEOLOGY  OF  THE  RENO- 
LAKE  TAHOE  AREA,  NEVADA. 

Nevada  Bureau  of  Mines  and  Geology,  Reno. 
J.  W.  Bell,  R.  J.  Watters,  and  P.  A.  Glancy. 
IN:  Engineering  Geology  of  Western  United 
States  Urban  Centers.  Los  Angeles,  California  to 
Denver,  Colorado,  June  27-July  7,  1989.  American 
Geophysical  Union,  Washington,  DC.  Field  Trip 
Guidebook  T181,  (1989).  p  41-50,  18  fig,  14  ref. 

Descriptors:  *Urban  hydrology,  'Nevada,  "Geo- 
hydrology,  "Lake  Tahoe,  *Engineering  geology, 
•Floods,  Lake  Price,  Landslides,  Reno. 

Reno  is  located  at  the  western  edge  of  the  Great 
Basin  province  along  the  foot  of  the  Sierra 
Nevada.  The  varied  geology,  hydrology,  and 
physiography  of  the  area  contribute  to  a  wide 
range  of  engineering  geologic  conditions  which 


8F.  Concrete 


EVALUATION  OF  POLYESTER  RESIN, 
EPOXY,  AND  CEMENT  GROUTS  FOR  EM- 
BEDDING REINFORCING  STEEL  BARS  IN 
HARDENED  CONCRETE. 

Singleton  Materials  Engineering  Labs.,  Knoxville, 

TN. 

For  primary  bibliographic  entry   see   Field   8G. 
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er,  the  problem  of  prevention  has  not  been  com- 
pletely solved.  Several  dams  in  the  Soviet  Union 
were  studied  to  address  this  problem.  It  was  ob- 
served that  cracks  were  not  found  in  sections  of 
the  Bukhtarma  Dam  when  the  long  blocks  were 
under  a  shelter  that  protected  the  block  faces  from 
the  outside  air  and  provided  slow  cooling  of  the 
concrete.  An  analysis  of  Chirkey  Dam  (USSR) 
indicated  that  parameters  such  as  the  temperature 
of  the  concrete  mix,  maximum  temperature  of  the 
concrete  in  the  blocks,  and  differences  between  the 
temperatures  in  the  core  and  on  the  surface  of  the 
block  are  important  factors  in  controlling  cracking. 
However,  these  conditions  are  difficult  to  satisfy 
simultaneously.  On  the  basis  of  the  principles  for 
preventing  cracking  formulated  as  a  result  of  the 
comprehensive  study  of  previous  construction  ex- 
perience, a  fundamentally  new  'tiered'  technology 
for  constructing  the  Miatla  Hydroelectric  Station 
arch  dam  was  developed.  The  tiered  method  is:  (1) 
not  limited  to  one  layer,  but  can  have  two  or  more 
layers  in  the  block;  and  (2)  temperature  regulated 
by  means  of  an  internal  cooling  pipe  used  in  combi- 
nation with  the  periodic  placement  of  temporary 
heat  protectors  for  the  external  faces,  that  equalize 
the  temperature  field  of  the  dam  and  the  differ- 
ences between  the  external  and  internal  tempera- 
ture. (White-Reimer-PTT) 
W90-06124 


REGULATION  OF  THE  TEMPERATURE 
REGIME  OF  CONCRETE  IN  THE  TIERED 
TECHNOLOGY  OF  CONSTRUCTING  AN 
ARCH  DAM. 

Y.  S.  Gunter,  A.  S.  Danilov,  V.  A.  Redkin,  and  M. 
V.  Shchelkanova. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  3,  p  130-134,  March  1989.  2  fig,  2  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3, 
pp.  14-16,  March,  1989. 

Descriptors:  *Arch  dams,  'Concrete  construction, 
•Concrete  dams,  'Concrete  technology,  *Dam 
construction,  Concretes,  Cracking,  Miatla  Dam, 
Regulations,  Temperature  effects,  Tiered  construc- 
tion, USSR. 

A  method  for  constructing  arch  dams  without 
cracks  was  demonstrated  by  the  technique  used  in 
the  construction  of  the  Miatla  hydrostation.  The 
prevention  of  cracking  was  achieved  not  by  more 
stringent  temperature  requirements  and  an  increase 
in  regulations,  but  as  a  result  of  a  fundamental 
change  in  the  technology  which  also  reduced  the 
regulation  costs.  The  technique  used  allowed  an 
increase  in  the  temperature  of  the  concrete  mix  to 
23  C,  a  maximum  concrete  temperature  of  45  C,  an 
increase  of  the  cooling  rate  of  concrete  in  the 
period  after  the  temperature  peak  to  2  C/day,  and 
an  increase  in  the  rate  of  growth  of  the  dam  in 
height  to  8  m/month.  For  tiered  technology  con- 
struction the  time  of  block  covering,  continuous 
pipe  cooling,  and  insulation  of  the  faces  from  tem- 
perature shock  are  of  primary  importance  for 
crack  prevention.  The  success  of  the  Miatla  dam 
construction  indicates  that  removing  restrictions 
on  the  rate  of  growth  of  structure  height,  tempera- 
tures of  mix  and  concrete,  cooling  rates  and  block 
dimensions  should  be  considered.  (Wnite-Reimer_ 
PTT) 
W90-06125 


SUBSTANTIATION  OF  THE  TIERED  TECH- 
NOLOGY OF  CONSTRUCTING  ARCH  DAMS. 

U.  S.  Gunter,  A.  S.  Danilov,  V.  A.  Shilov,  and  M. 
V.  Shchelkanova. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  3,  p  127-130,  March  1989.  7  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  pp. 
11-14,  March,  1989. 

Descriptors:  *Arch  dams,  "Concrete  construction, 
♦Concrete  dams,  "Concrete  technology,  "Dam 
construction,  Concrete  mixes,  Concretes,  Crack- 
ing, Miatla  Dam,  Temperature  effects,  Tiered  con- 
struction, USSR. 

It  has  been  established  that  thermal  stress  is  the 
main  cause  of  cracking  in  concrete  blocks;  howev- 


REINFORCED-CONCRETE  PANELS  FOR 
FORMING  GROUT  JOINTS  AS  AN  ELEMENT 
OF  TIERED  TECHNOLOGY. 

I.  V.  Artemev,  A.  S.  Danilov,  V.  N.  Dvurekov, 
and  A.  V.  Evseev. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  3,  p  134-138,  March  1989.  2  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  pp. 
17-19,  March,  1989. 

Descriptors:  "Concrete  construction,  "Concrete 
dams,  "Concrete  technology,  "Construction  joints, 
•Dam  construction,  "Reinforced  concrete,  Arch 
dams,  Construction  standards,  Grouting,  Miatla 
Dam,  USSR. 

A  new  tiered  method  of  construction  was  intro- 
duced in  the  building  of  the  Miatla  Hydroelectric 
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Station,  USSR.  The  main  elements  of  this  method 
are:  (1)  concreting  of  the  dam  with  horizontal  tiers 
from  bank  to  bank;  (2)  successive  concreting  of  the 
blocks  of  adjacent  sections  separated  by  a  joint 
between  the  sections;  and  (3)  no  interruptions  for 
hardening  the  concrete,  removing  the  forms  from 
the  surface  of  joints,  installing  cement  grouting 
pipes  and  outlets,  and  sealing  of  the  joints  being 
grouted.  Two  variations  were  examined  for  form- 
ing the  surface  of  the  joint  from  precast  panels. 
The  first  method  formed  the  joint  surface  from 
rectangular  panels  of  one  or  two  types  placed  in 
the  middle,  offset  part  of  the  joint,  with  additional 
(add-on)  panels  of  variable  width  placed  on  seg- 
ments of  the  joints  connecting  the  main  panels  with 
the  faces  of  the  dam.  The  second  method  formed 
the  joint  surface  from  panels  in  the  form  of  a 
trapezoid,  the  side  surfaces  of  which  are  parallel  to 
the  upstream  and  downstream  faces  of  the  dam;  the 
bases  have  a  length  equal  to  the  thickness  of  the 
arch  at  the  given  elevation.  Since  the  thickness  of 
the  arch  varies  from  1 1.5  to  6.3  m,  all  slabs  forming 
the  joint  have  a  different  base  length  and  variable 
slope  along  the  sides.  The  second  method  was 
employed  for  the  Miatla  station.  In  addition  to 
developing  the  design  of  the  joints  and  reinforced 
concrete  panels,  the  work  program  included  the 
creation  of  molds  for  manufacturing  the  panels; 
manufacturing  and  testing  experimental  specimens; 
tryout  of  structural  elements  of  the  joints,  technol- 
ogy of  manufacture,  and  installation  of  the  panels 
on  experimental  articles  and  fragments  of  the  sec- 
tion joint;  and,  investigation  under  actual  condi- 
tions for  the  quality  of  the  surface  obtained,  open- 
ing and  passability  of  the  joints,  cohesion  of  the 
reinforced  concrete  panels  with  the  in  situ  con- 
crete, and  other  characteristic  indices.  (White- 
Reimer-PTT) 
W90-06126 


MONITORING  DURING  CONSTRUCTION  OF 
THE  MIATLA  DAM. 

For   primary  bibliographic   entry  see   Field   8G. 
W90-06127 


EFFECT  OF  THE  MAXIMUM  SIZE  OF 
COARSE  AGGREGATE  ON  THE  MAIN  PA- 
RAMETERS OF  CONCRETE. 

A.  M.  Ibragimov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  3,  p  141-144,  March  1989.  4  fig,  2  tab,  8  ref. 
Translated  from  Gidrotekhnicheskoe  Stroitel'stvo, 
No.  3,  pp.  22-24,  March,  1989. 

Descriptors:  'Concrete  construction,  'Concrete 
technology,  'Construction  materials,  Aggregates, 
Concrete  additives,  Concrete  mixes,  Particle  size. 

The  effect  of  aggregate  size  on  the  properties  of 
concrete  is  complex  and  has  not  been  well  studied. 
It  has  been  demonstrated  that  an  increase  in  the 
maximum  diameter  of  coarse  aggregate  allows  a 
reduction  in  the  water  and  cement  content  in  con- 
crete, reduces  volume  deformations  from  shrink- 
age, and  increases  density.  However,  an  increase  in 
the  aggregate  size  also  results  in  an  increase  in 
concrete  mix  segregation  during  transport  and 
placement,  increases  wear  on  concrete  mixers,  and 
complicates  the  compaction  of  the  concrete  mix.  In 
the  course  of  constructing  a  hydroelectric  station 
in  the  Sulak  River  basin,  concrete  with  a  maximum 
aggregate  size  of  80  mm  was  investigated  and 
compared  with  results  for  concrete  with  a  maxi- 
mum aggregate  size  of  40  mm.  It  was  found  that 
for  80  mm  aggregate:  (1)  the  consumption  of 
cement  decreases  by  20-30  kg/cu  m,  and  the  densi- 
ty of  the  concrete  mix  increases;  (2)  concretes  with 
a  water/cement  ratio  from  0.40  to  0.68,  the  com- 
pressive strength  increases  insignificantly  (up  to 
9%)  and  the  splitting  strength  decreases  up  to 
10%;  and  (3)  a  decrease  of  the  tensile  strength, 
accompanied  by  an  increase  of  the  elasticity  modu- 
lus, led  to  a  substantial  decrease  of  the  ultimate 
extensibility  of  concrete  (up  to  28%),  which  occurs 
as  a  result  of  an  increase  of  the  inhomogeneity  of 
the  concrete  and  decrease  of  the  cohesive  strength 
of  the  aggregate  with  the  hardened  cement.  It  was 
concluded  that  the  limiting  value  of  the  maximum 
size  of  aggregate  should  be  selected  on  the  basis  of 
the  fractional  composition  of  natural  deposits 
planned  to  be  used  for  obtaining  aggregates  with 


consideration  of  their  rational  use  and  the  design 
characteristics    of   the    structures    and    feasibility 
study.  (White-Reimer-PTT) 
W90-06128 


CHARACTERISTICS  OF  THE  CONSTRUC- 
TION OF  ARCH  DAMS  ON  THE  SULAK 
RIVER. 

A.  S.  Danilov,  V.  N.  Dvurekov,  and  V.  I. 

Zholnerchuk. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 

No.  3,  p  145-147,  March  1989.  2  tab.  Translated 

from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  pp 

24-26,  March,  1989. 

Descriptors:  'Arch  dams,  'Concrete  construction, 
•Concrete  dams,  'Concrete  technology,  'Dam 
construction,  Cement  mixes,  Construction  stand- 
ards, Miatla  Dam,  Sulak  River,  Temperature, 
USSR. 

The  construction  of  the  first  high  arch  dam  at  the 
Chirkey  Hydroelectric  Station  in  the  USSR  raised 
a  number  of  problems  related  to  developing  effi- 
cient construction  methods  that  combine  quality 
work  with  the  building  of  a  unique  structure.  The 
possibility  of  using  ordinary  high-alite  cements  for 
arch  dams  was  demonstrated  by  investigations  of 
the  heat  liberation  of  cements,  and  by  a  compara- 
tive analysis  of  the  maximum  temperature  of  the 
Chirkey  and  Miatla  dams  concrete.  Underlying  the 
development  of  the  technology  for  the  Miatla  dam 
construction  were  ideas  of  uniform  dam  construc- 
tion with  successive  placement  of  concrete  blocks 
from  bank  to  bank  without  leading  and  lagging 
sections  with  a  work  cycle  on  the  concreting  tier 
of  not  more  than  7  days;  active  regulation  of  the 
temperature  regime  of  the  concrete  by  intense  pipe 
cooling  in  combination  with  thermal  protection  of 
the  external  faces;  better  achievement  of  the  highly 
mechanized  Chirkey  method;  and  formation  of  a 
helicoid  surface  of  the  joints  between  sections  by 
permanent  reinforced-concrete  panels  containing 
grouting  fittings  and  groutstops.  The  tiered  tech- 
nology is  applicable  only  under  conditions  of  high- 
speed construction.  Any  deviation  from  the  princi- 
ples underlying  this  technology  can  lead  to  the 
formation  of  cracks.  Before  starting  concreting 
operations,  the  concrete  facilities  should  be  com- 
pletely ready,  the  methods  of  performing  the 
works  and  regimes  of  regulating  the  temperature 
of  the  concrete  should  be  worked  out,  a  construc- 
tion monitoring  service  should  be  organized,  and 
the  monitoring  means  should  be  developed.  Suc- 
cessful completion  of  the  construction  of  the  Chir- 
key and  Miatla  arch  dams,  and  their  normal  behav- 
ior under  a  load  indicate  the  possibility  of  wide  use 
of  this  economical  class  of  retaining  structures. 
(White-Reimer-PTT) 
W90-06129 


SPALL  REPAIR  OF  WET  CONCRETE  SUR- 
FACES. 

Singleton  Materials  Engineering  Labs.,  Knoxville, 

TN. 

J.  F.  Best,  and  J.  E.  McDonald. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161.  Technical  Report 

REMR-CS-25,  January  1990.  Final  Report.  33p,  17 

fig,  9  tab,  6  ref.  DOE  Contract  WESSC-85-05/ 

TV-67769A. 

Descriptors:  'Concrete  repair,  'Concretes,  'Hy- 
draulic structures,  'Maintenance,  Abrasion,  Bond- 
ing, Epoxy  resins,  Freeze-thaw  tests,  Strength. 

Because  of  the  nature  of  the  hydraulic  structures 
over  which  the  Corps  of  Engineers  has  responsibil- 
ity, there  are  frequent  requirements  to  repair 
spalled  or  eroded  concrete  that  is  underwater, 
close  to  the  waterline,  or  in  areas  from  which  it  is 
difficult  to  divert  flow  or  dry  the  concrete.  An 
investigation  was  conducted  to  evaluate  the  effec- 
tiveness of  commercially  available  products  in 
repair  of  concrete  with  wet  surfaces.  Slant-shear 
bond  and  compressive  strength  tests  were  conduct- 
ed on  each  of  the  22  materials  recommended  for 
repair  of  spalls  in  wet  concrete.  Based  on  the 
results  of  these  screening  tests,  eight  materials 
were  selected  for  additional  laboratory  tests  in- 
cluding: (1)  bonding  capacity  in  direct  tension;  (2) 


bonding  capacity  under  flexural  stress;  (3)  resist- 
ance to  abrasion;  (4)  resistance  to  cycles  of  freezing 
and  thawing;  (5)  impact  resistance;  and  (6)  thermal 
compatibility  with  concrete.  Test  results  and  mate- 
rial costs  were  used  in  developing  a  rating  system 
to  compare  the  relative  performance  of  the  various 
materials.  Overall  performance  ratings  indicate 
two  materials,  an  epoxy  and  a  cement-based  prod- 
uct, were  nearly  equal  in  outperforming  the  other 
products  tested.  Which  of  these  two  materials  to 
be  specified  for  a  given  repair  will  likely  depend 
on  the  specific  project  requirements  and  critical 
material  properties.  (Author's  abstract) 
W90-06219 
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EVALUATION  OF  POLYESTER  RESIN, 
EPOXY,  AND  CEMENT  GROUTS  FOR  EM- 
BEDDING REINFORCING  STEEL  BARS  IN 
HARDENED  CONCRETE. 

Singleton  Materials  Engineering  Labs.,  Knoxville. 

TN. 

J.  F.  Best,  and  J.  E.  McDonald. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161.  Technical  Report 

REMR-CS-23,  January  1990.  Final  Report.  63p,  30 

fig,  16  tab,  3  ref. 

Descriptors:  'Polyester  resin,  'Resins,  'Epoxy 
resins,  'Cements,  'Grouting,  'Concrete  technolo- 
gy, 'Materials  testing,  'Reinforced  concrete,  Steel, 
Creep,  Hydraulic  structures. 

Rehabilitation  of  hydraulic  structures  usually  in- 
cludes removal  and  replacement  of  deteriorated 
concrete.  Dowels  are  normally  used  to  anchor  the 
new  concrete  to  the  existing  concrete  and  to  posi- 
tion vertical  and  horizontal  reinforcing  steel  in  the 
replacement  concrete.  An  investigation  was  con- 
ducted to  evaluate  the  effectiveness  of  cement, 
epoxy,  and  polyester  resin  grouts  used  to  embed 
reinforcing  steel  bars  in  hardened  concrete  under  a 
variety  of  placing  and  curing  conditions.  The  fol- 
lowing parameters  were  determined  for  each 
grout:  (1)  physical  characteristics  of  the  grouts,  (2) 
effects  of  temperature  and  moisture  on  early  serv- 
ice performance,  (3)  long-term  pullout  strength 
under  varying  curing  conditions,  (4)  creep  strain  of 
grout  under  sustained  loading  in  both  wet  and  dry 
environments,  and  (5)  effects  of  hole  roughness 
and  cleanliness  on  grout  performance.  With  the 
exception  of  the  polyester  resin  grout  placed  under 
submerged  condition,  pullout  strengths  were  essen- 
tially equal  to  the  ultimate  strength  of  the  anchor 
when  the  grouts  were  placed  under  wet  or  sub- 
merged conditions.  The  overall  average  pullout 
strength  of  polyester  resin  grout  placed  and  cured 
under  submerged  conditions  was  35%  less  than  the 
strength  of  the  same  grout  placed  and  cured  under 
dry  conditions.  The  largest  reduction  in  pullout 
strength,  approximately  50%,  occurred  at  ages  of  6 
months  and  16  months.  Polyester-resin-grouted  an- 
chors exhibited  significantly  higher  creep  than  that 
exhibited  by  epoxy-,  and  cement-grouted  anchors 
under  both  wet  and  dry  conditions.  Consequently, 
creep  data  should  be  considered  in  the  selection  of 
an  anchorage  grout  where  the  frictional  resistance 
and  bond  between  the  surfaces  of  the  two  masses 
to  be  anchored  together  are  important.  Although 
the  epoxy  grout  performed  well  in  these  tests  when 
placed  in  wet  holes,  it  should  be  noted  that  the 
manufacturer  does  not  recommend  placement 
under  submerged  conditions.  (Lantz-PTT) 
W90-05742 


MONITORING  DURING  CONSTRUCTION  OF 
THE  MIATLA  DAM. 

G.  M.  Drozdov,  E.  G.  Levchenko,  M.  V. 
Shchelkanova,  and  G.  K.  Skripitsyn. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  3,  p   138-140,  March   1989.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  pp.20-21, 
March,  1989. 

Descriptors:  'Concrete  construction,  'Concrete 
dams,  'Dam  construction,  'Measuring  instruments, 
'Monitoring,  'Quality  control,  Construction  joints, 
Miatla  Dam,  Temperature,  USSR. 
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In  order  to  monitor  the  construction  of  the  Miatla 
Dam,  USSR,  which  used  the  new  tiered  technolo- 
gy, a  large  number  of  monitoring  and  measuring 
instruments  were  installed  in  the  dam.  These  in- 
struments included  a  140  DDShch-6  remote  gap 
meters  and  470  PPT-60  thermistor  temperature 
transducers.  The  temperature  transducers  were  in- 
stalled in  135  of  the  290  blocks  at  a  height  of  1.5  m 
with  from  1-14  instruments  in  a  block.  The  gap 
meters  were  installed  at  one  or  two  sites  in  each 
grouting  segment  in  all  section  joints  with  1  to  3 
instruments  in  a  block.  At  the  time  the  grouting 
segments  were  sealed,  from  50  to  88%  of  the 
temperature  transducers  and  from  40  to  80%  of  the 
gap  meters  were  still  operating.  In  addition  a  new 
instrument  was  developed  for  measuring  the  defor- 
mation of  the  joints.  The  measurement  and  calcula- 
tion time  was  10-12  sec  and  the  maximum  error 
was  50  micron  with  a  measurement  range  of  7  mm. 
It  was  concluded  that  the  organization  of  the  mon- 
itoring program  during  construction  promoted  the 
successful  solution  of  the  problem  of  accelerated 
construction  and  sealing  of  the  Miatla  Dam. 
(White-Reimer-PTT) 
W90-06127 

DESIGN,  CONSTRUCTION,  AND  EVALUA- 
TION OF  CLAY  LINERS  FOR  WASTE  MAN- 
AGEMENT FACILITIES. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Solid  Waste  and  Emergency  Re- 
sponse. 

For  primary  bibliographic  entry  see  Field  5E. 
W90-06163 

81.  Fisheries  Engineering 

BD3LIOGRAPHY  OF  FISHERY  INVESTIGA- 
TIONS ON  LARGE  SALMONID  RIVER  SYS- 
TEMS WITH  SPECIAL  EMPHASIS  ON  THE 
BOIS  BRULE  RIVER,  DOUGLAS  COUNTY, 
WISCONSIN. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
For  primary  bibliographic  entry  see  Field  IOC. 
W90-05735 


FISHERD2S-OCEANOGRAPHY  COORDINAT- 
ED INVESTIGATIONS -FIELD  OPERATIONS 
1988. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Seattle,  WA.  Pacific  Marine  Environmental 
Lab. 

P.  D.  Proctor. 

NOAA  Data  Report  ERL  PMEL-25,  October 
1989.  69p,  19  fig,  10  tab,  9  ref. 

Descriptors:  'Fisheries,  'Bering  Sea,  'Oceanogra- 
phy, 'Alaska,  Pollock,  Shelikof  Strait,  Fish  popu- 
lations, Conductivity,  Water  temperature,  Biologi- 
cal studies,  Water  currents,  Ocean  circulation. 

Begun  in  1984  as  the  Fisheries-Oceanography  Ex- 
periment (FOX),  1988  marks  the  third  field  year  of 
the  Fisheries-Oceanography  Coordinated  Investi- 
gations (FOCI).  The  current  goal  of  FOCI  is  to 
understand  the  processes  that  influence  the  life- 
cycle  and  recruitment  of  walleye  pollock  into  the 
Shelikof  Strait  fishery  and  enable  projections  of 
fish  abundance  prior  to  recruitment  into  the  fishing 
stock.  FOCI  also  incorporates  research  being  done 
in  the  Bering  Sea  by  the  Recruitment  Investiga- 
tions in  the  Bering  Sea  (RIBS)  projects.  FOCI  is  a 
joint  project  of  the  Pacific  Marine  Environmental 
Laboratory  (PMEL)  and  Northwest  and  Alaska 
Fisheries  Center  (NWAFC).  Investigators  from 
several  universities  and  research  facilities  are  also 
involved  in  the  project.  FOCI-88  involved  five 
ship  cruises  that  continued  long-term  time  series  of 
Conductivity /Temperature/Depth  (CTD)  data;  bi- 
ological and  chemical  sampling;  and  studies  of 
currents  using  moored  current  meters,  ship-mount- 
ed Acoustic  Data  Current  Profilers  (ADCP)  and 
drifting  buoys.  Oceanographic  sampling  was  pri- 
marily done  using  a  grid  system  originally  devised 
for  the  FOX  project.  RIBS  stations  follow  no 
standard  grid  pattern.  The  ships  also  recovered 
current  meter  moorings  deployed  during  the  previ- 
ous field  season  and  deployed  new  moorings. 
FOCI-88  also  continued  the  weather  monitoring 


that  was  begun  in  1984  and  expanded  in  1986  and 
1987.  The  number  of  weather  stations  was  reduced 
at  the  end  of  1988.  A  description  of  the  equipment 
and  methods  that  were  used  during  the  1988  FOCI 
field  season  is  presented.  (Lantz-PTT) 
W90-05737 


RESPONSE  OF  SPORT  FISHES  TO  THERMAL 
DISCHARGES  INTO  THE  GREAT  LAKES:  IS 
SOMERSET  STATION,  LAKE  ONTARIO,  DIF- 
FFRENT 

State  Univ.  of  New  York  Coll.  at  Brockport.  Dept. 

of  Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-05855 


SPECIES  COMPOSITION  AND  BIOMASSES 
OF  FISHES  IN  DIFFERENT  HABITATS  FOR  A 
TROPICAL  NORTHERN  AUSTRALIAN  ESTU- 
ARY: THEIR  OCCURRENCE  IN  THE  ADJOIN- 
ING SEA  AND  ESTUARINE  DEPENDENCE. 
Commonwealth  Scientific  and  Industrial  Research 
Organization,  Cleveland  (Australia).  Marine  Labs. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-05908 


FATE  OF  FRESHWATER  MUSSELS  TRANS- 
PLANTED TO  FORMERLY  POLLUTED 
REACHES  OF  THE  CLINCH  AND  NORTH 
FORK  HOLSTON  RIVERS,  VIRGINIA. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Fisheries  and  Wildlife  Sciences. 
For  primary  bibliographic   entry  see  Field   5G. 

W90-05928 


run  of  shad  into  the  Don  in  1979-1986  began,  as  in 
previous  years,  during  the  last  five  days  of  April  at 
water  temperatures  of  8-10  C>  The  run  peaked 
during  May  6  to  20  when  water  temperature  in  the 
river  had  increased  to  14-15  C.  The  main  spawning 
areas  were  channel  areas  with  a  fast  current  (0.6  to 
0.6  meters  per  second)  and  depths  of  5-11  meters 
between  Kochetovskaya  and  Arpachin.  Following 
construction  of  dams  the  shad  spawning  grounds 
were  reduced  by  approximately  120  kilometers. 
The  highest  egg  mortality  was  noted  in  parts  of  the 
river  where  flow  velocity  was  less  than  0.4-0.5 
meters  per  second,  and  also  in  the  navigation  chan- 
nel due  to  the  effect  of  high  speed  vessels.  The 
survival  rate  from  egg  to  juvenile  is  directly  relat- 
ed to  the  volume  of  river  discharge  in  May-June  (r 
=  0.94  plus  or  minus  0.08).  The  year-class  strength 
in  1979-1986,  as  indicated  by  lampara  net  surveys 
in  August,  was  at  an  extremely  low  level,  averag- 
ing 337  million  for  the  period,  compared  to  849 
million  for  the  period  before  regulation  (1935-1951) 
and  748  million  for  the  twenty-year  period  (1952- 
1971)  following  completion  of  the  construction  of 
the  Tsimlyansk  hydrosystem.  (Author's  abstract) 
W90-06018 

SWIMMING  BEHAVIOR  AS  AN  INDICATOR 
OF  SUBLETHAL  TOXICITY  TO  FISH. 

Fish  and  Wildlife  Service,  Columbia,  MO. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06045 


ROLE  OF  HYDRODYNAMIC  STIMULI  IN 
THE  BEHAVIOR  AND  ORIENTATION  OF 
FISHES  NEAR  OBSTACLES. 

Akademiya  Nauk  SSSR,  Moscow.  Inst,  of  Evolu- 
tionary Morphology  and  Animal  Ecology. 
D.  S.  Pavlov,  and  S.  N.  Tyuryukov. 
Journal  of  Ichthyology  JITHAZ,  Vol.  29,  No.  1,  p 
96-107,  1989.  6  fig,  1  tab,  21  ref. 

Descriptors:  'Fish  behavior,  'Flow  around  ob- 
jects, 'Hydrodynamics,  'Water  currents,  Fish 
guiding,  Fish  management,  Fish  physiology,  Ori- 
entation. 

Hydrodynamic  perturbations  can  convey  informa- 
tion, without  light  radiation,  about  the  presence  of 
obstacles  in  the  space  surrounding  a  fish.  These 
obstacles  create  conditions  for  the  use  of  the  lateral 
line  and  the  semicircular  canals  in  orientation.  The 
existence  of  a  hydrodynamic  mechanism  of  orien- 
tation in  space  is  demonstrated  in  Percidae  and 
Cyprinidae  by  the  coincidence  of  distance  of  hy- 
drodynamic perturbations  created  by  the  move- 
ment of  the  fish  and  various  other  objects  in  stand- 
ing water  or  by  immobile  objects  in  a  current.  The 
hydrodynamic  perturbations  carry  information  to 
the  fish  about  the  presence  of  obstacles  and  cause 
an  avoidance  reaction.  Juvenile  fish  carried  by  the 
current  avoid  the  areas  with  a  negative  longitudi- 
nal gradient  in  the  dark  and  also  avoid  zones  of 
high  velocities.  Rheotaxis  is  important  for  regulat- 
ing fish  behavior,  and  can  be  used  in  the  planning 
of  fish  protection  structures.  (Brunone-PTT) 
W90-06017 

REPRODUCTION  OF  THE  AZOV-DON  SHAD 
FOLLOWING  REGULATION  OF  THE  DON 
RIVER. 

Azovskii  Nauchno-Issledovatel'skii  Inst.  Rybnogo 

Khozyaistva,  Rostov-na-Donu  (USSR). 

I.  F.  Kovtun,  and  I.  M.  Nikulshin. 

Journal  of  Ichthyology  JITHAZ,  Vol.  29,  No.  4,  p 

43-49,  1989.  2  fig,  8  tab,  4  ref. 

Descriptors:  'Dam  effects,  'Regulated  flow, 
•Shad,  'Spawning,  'Stream  fisheries,  Anadromous 
fish,  Fish  migration,  Hydroelectric  plants,  Naviga- 
tion channels. 

Before  regulation  of  the  Don  River,  stocks  of  the 
Azov-Don  migratory  shad,  Alosa  pontica  pontica, 
were  as  high  as  14,000  to  15,000  tons,  and  the  mean 
annual  catch  was  5000  to  6000  tons.  The  spawning 


FISH    BEHAVIOR    AND    ENVIRONMENTAL 

ASSESSMENT. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06050 

PREFERENCE/ AVOIDANCE  TESTING  OF 
WASTE  DISCHARGES  ON  ANADROMOUS 
FISH. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-06052 


LETHAL  EFFECTS  OF  DRAINING  ON 
BROWN  TROUT.  A  PREDICTIVE  MODEL 
BASED  ON  FIELD  AND  LABORATORY  STUD- 
IES. 

Centre    National    du    Machinisme    Agricole,    du 

Genie    Rural,    des    Eaux    et    des    Forets,    Lyon 

(France). 

For  primary  bibliographic   entry  see  Field   6G. 

W90-06073 


ROANOKE  RIVER  WATER  FLOW  COMMIT- 
TEE REPORT.  A  RECOMMENDED  WATER 
FLOW  REGIME  FOR  THE  ROANOKE  RIVER, 
NORTH  CAROLINA,  TO  BENEFIT  ANADRO- 
MOUS STRIPED  BASS  AND  OTHER  BELOW- 
DAM  RESOURCES  AND  USERS. 
National  Marine  Fisheries  Service,  Beaufort,  NC. 
Beaufort  Lab. 

For  primary  bibliographic  entry  see  Field  4A. 
W90-06185 

9.  MANPOWER,  GRANTS 
AND  FACILITIES 


9C.  Research  Facilities 


WATER-RESOURCES  ACTrVITIES  OF  THE 
U.S.  GEOLOGICAL  SURVEY  IN  MISSOURI, 
FISCAL  YEAR  1989. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06244 
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9D.  Grants,  Contracts,  and 
Research  Act  Allotments 


NATIONAL  RESEARCH  PROGRAM  OF  THE 
WATER  RESOURCES  DIVISION,  U.S.  GEO- 
LOGICAL SURVEY,  FISCAL  YEAR  1988. 

Geological  Survey,  Reston,  VA.  Water  Resources 
Div. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-250,  1989.  240p.  Compiled  by 
L.  C.  Friedman  and  C.  N.  Donato. 

Descriptors:  'Research,  •Water  resources  re- 
search, 'Geological  Survey,  Research  priorities, 
Grants,  Ecology,  Groundwater  quality,  Water 
chemistry,  Sediment  transport,  Geomorphology, 
Surface  water,  Geohydrology,  Hydrology. 

The  National  Research  Program  (NRP)  of  the  US 
Geological  Survey's  Water  Resources  Division 
(WRD)  had  its  beginnings  in  the  late  1950's  when 
'core  research'  was  added  as  a  line  item  to  the 
Congressional  budget.  Since  that  time,  the  NRP 
has  grown  to  encompass  a  broad  spectrum  of  sci- 
entific investigations.  The  sciences  of  hydrology, 
mathematics,  chemistry,  physics,  ecology,  biology, 
geology,  and  engineering  are  used  to  gain  a  funda- 
mental understanding  of  the  processes  that  affect 
the  availability,  movement,  and  quality  of  the  Na- 
tion's water  resources.  The  NRP  is  located  princi- 
pally in  Reston,  VA,  Denver,  CO,  and  Menlo 
Park,  CA.  The  NRP  is  subdivided  into  six  disci- 
plines as  follows:  (1)  Ecology;  (2)  Geomorphology 
and  Sediment  Transport;  (3)  Groundwater  Chemis- 
try; (4)  Groundwater  Hydrology;  (5)  Surface 
Water  Chemistry;  and  (6)  Surface  Water  Hydrolo- 
gy. The  report  provides  current  information  about 
the  NRP  on  an  annual  basis.  Organized  by  the  six 
research  disciplines,  the  volume  contains  a  summa- 
ry of  the  problem,  objective,  approach,  and 
progress  for  each  project  that  was  active  during 
fiscal  year  1988.  Bibliographic  information  is  in- 
cluded with  each  project  summary  in  the  form  of 
reports  published  between  April  1987  and  May 
1988.  (Lantz-PTT) 
W90-05744 


FISCAL  YEAR  1988  PROGRAM  REPORT  (MIS- 
SISSIPPI WATER  RESOURCES  RESEARCH 
INSTITUTE). 

Mississippi  State  Univ.,  Mississippi  State.  Water 
Resources  Research  Inst. 
M.  T.  Bond. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB89-237242. 
Price  codes:  A  03  in  paper  copy,  A01  in  microfiche. 
Program  Report  G1571-01,  July  1989.  22p.  USGS 
Contract  14-08-0001-G1571.  USGS  Project  G1571- 
01. 

Descriptors:  'Information  transfer,  'Mississippi, 
•Research,  'Training,  'Water  resources  Institutes, 
Education,  Projects. 

During  1988  the  Institute's  planning  activities  and 
research  program  addressed  major  issues  in  Missis- 
sippi. Water  management  planning  is  a  top  priority 
issue.  The  need  for  adequate  groundwater  manage- 
ment plans  for  some  areas  and  total  water  manage- 
ment plans  for  the  entire  state  have  been  identified 
as  critical.  Other  areas  of  importance  are  ground 
and  surface  water  quality,  erosion  and  sedimenta- 
tion, and  flow  plan  management.  G 157 1-02:  The 
objective  of  this  project  is  to  develop  a  physically 
based  methodology  which  will  determine  the  fate 
of  agricultural  sediment  transport  through  streams 
and  lakes.  The  project  is  developing  two  water 
quality  computer  simulation  models.  The  first  will 
be  used  primarily  in  determining  water  quality  in 
streams  and  lakes.  The  second  focuses  on  small 
catchments  for  the  detailed  study  of  the  interaction 
between  transport  processes.  G1571-03:  The  objec- 
tive is  to  assess  the  effect  of  30  years  of  annual 
flooding  on  the  vegetative  composition  and  pro- 
ductivity of  two  Green  Tree  reservoirs  (GTR's). 
Preliminary  findings  imply  that  the  initiation,  date, 
water  depth  at  initiation,  and  duration  of  water 
drawn  down  may  be  critical  in  defining  long  term 
productivity    and    species    composition    of   GTR 


management  areas.  G 157 1-04:  The  objectives  were 
to  describe  the  hydrology  of  the  neogene  aquifer 
system  in  Jones,  Forest,  and  Lamar  Counties  in 
South  Mississippi,  to  document  the  historic  lower- 
ing of  potentiometric  surfaces,  and  to  develop 
three  dimensional,  steady  state  models  to  predict 
future  aquifer  performance.  G 157 1-07:  This  re- 
search will  help  policy  makers  identify  social  and 
economic  barriers  to  farmers'  adoption  of  conser- 
vation technologies.  G 157 1-08:  A  literature  review 
of  drought-emergency  management  strategies  has 
yielded  an  extensive  bibliography  from  which  a 
questionnaire  was  constructed  to  develop  a  proto- 
type water  use  plan  for  short-term  droughts  and 
emergencies.  G 157 1-22:  This  project  supported 
dissemination  of  research  results,  response  to  re- 
quests for  information,  coordination  of  the  Missis- 
sippi water  resources  conference.  G 157 1-32:  This 
project  provides  information  management  support 
agency  in  assessing  pumping  records,  mathematical 
modeling  of  multi  layers  in  the  aquifers  underlying 
northeast  Mississippi,  and  computations  for  assess- 
ment of  groundwater  resources  for  permitting  and 
management  purposes.  (USGS) 
W90-06235 


FISCAL  YEAR  1988  PROGRAM  REPORT 
(CALIFORNIA  WATER  RESOURCES 

CENTER). 

California    Univ.,    Riverside.    Water    Resources 
Center. 
H.  J.  Vaux. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-138595/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G1550-01,  July  1989.  36p,  3 
tab,  1  fig.  USGS  Contract  1 4-08-000 1-G 15 50. 
USGS  Project  G1550-01. 

Descriptors:  'California,  'Information  transfer, 
'Research,  'Training,  'Water  resources  Institutes, 
Education,  Projects. 

A  synopsis  is  presented  of  the  result  of  research 
projects  sponsored  under  Grant  No.  14-08-0001- 
G1550,  the  1988  Water  Research  Institute  Program 
(WRIP)  for  the  University  of  California  Water 
Resources  Center.  It  also  contain  summaries  of 
water  problems  and  issues  in  California  and  the 
Water  Resources  Center's  Program  Goals  and  Pri- 
orities, Information  Dissemination  Activities  and 
Cooperative  Arrangements.  The  California  WRIP 
package  is  a  subset  of  the  Center's  overall  research 
program  and  consists  of  five  projects  investigating 
the  following  topic  areas:  Supercritical  Fluid  Re- 
generation of  Spent  Carbon  Adsorbent,  Evaluation 
of  Evaporation  Ponds  for  Saline  Drainage  Waters, 
Wetland  Treatment  of  Urban  Runoff,  Physics- 
based  Stochastic  Description  of  Overland  Flows 
Due  To  Excess  Applied  Irrigation  Water  Over  an 
Infiltrating  Agricultural  Region,  and  Optimal  Con- 
junctive Use  Model  for  Managing  Water  Supply 
Systems.  (USGS) 
W90-06240 


FISCAL  YEAR  1988  PROGRAM  REPORT 
(GUAM  WATER  RESOURCES  RESEARCH  IN- 
STITUTE). 

Guam  Univ.,  Agana.  Water  and  Energy  Research 
Inst,  of  the  Western  Pacific. 
S.  Khosrowpanah. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90- 138587/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Report  G1557-01,  July  1989.  24p.  USGS 
Contract  14-08-O0O1-G1557.  USGS  Project  G1557- 
01. 

Descriptors:  'Guam,  'Information  transfer,  'Re- 
search, 'Training,  'Water  resources  Institutes, 
Education,  Projects. 

An  overview  of  the  Fiscal  Year  1988  research  and 
information  transfer  activities  accomplished  by  the 
University  of  Guam  Water  and  Energy  Research 
Institute  is  give.  These  activities  were  sponsored 
by  the  Water  Research  Institute  Program  of  the 
U.S.  Geological  Survey  and  include  the  following 
completed  projects:  (1)  A  Study  of  Soil  Erodibility 
Factors  for  Guam  Watersheds  (Phase  I);  (2)  Loss 
of  Freshwater  from  Aquifer  and  Storm  Water  Dis- 


charge to  the  Coastal  Zone  of  Guam;  (3)  A  Study 
of  the  Behavioral  Effects  of  Modern  Water  Stor- 
age and  Disposal  Systems  on  Atoll  Island  Ground- 
water Quality;  (4)  Applicability  of  New  Recre- 
ational Water  Quality  Standards  to  Freshwaters  in 
Guam;  and  (5)  Assessment  of  Waste  Disposal  on 
Water  Resources  in  Guam  Resources  in  Guam  and 
Micronesia  and  Related  Quality  Studies.  (USGS) 
W90-06241 


FISCAL  YEAR  1988  PROGRAM  REPORT  (ALA- 
BAMA WATER  RESOURCES  RESEARCH  IN- 
STITUTE). 

Auburn  Univ.,  AL.  Water  Resources  Research 
Inst. 

J.  F.  Judkins. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90- 138603/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G-1508-01,  July  1989.  27p. 
USGS  Contract  14-08-O0O1-G15O8.  USGS  Project 
G-1508-01. 

Descriptors:  'Alabama,  'Information  transfer, 
'Research,  'Training,  'Water  resources  Institutes, 
Education,  Projects. 

Alabama's  Water  Resources  Research  Institute  at 
Auburn  University  provided  support  for  four  re- 
search projects.  The  program  focuses  on  research 
and  training  that  is  responsive  to  identified  priority 
problems  of  the  State  and  Region.  Project  No.  02 
deals  with  the  development  of  a  filter  to  remove 
pesticides  and  other  organic  pollutants  from  water 
supplies.  Project  No.  03  is  the  first  year  of  a 
project  to  develop  a  novel  industrial  wastewater 
treatment  process  for  paper  mill  bleach  plant  efflu- 
ent. Project  No.  04  looks  at  a  common  and  costly 
problem  in  municipal  wastewater  treatment  plants; 
the  disruption  of  settleability  caused  by  sludge/ 
biomass  adsorption  to  polymers  when  they  are 
used  as  flocculants.  Since  more  of  the  financial 
incentives  must  come  out  of  operating  costs  while 
maintaining  or  improving  the  quality  of  treatment 
processes,  Project  No.  05  looks  at  the  impact  of 
recent  changes  in  Federal  tax  laws  on  consider- 
ation of  privatization  of  municipal  wastewater 
treatment  facilities.  The  Institute  remains  active  in 
a  modest  information  transfer  program,  develop- 
ment of  support  from  a  variety  of  extramural 
sources,  and  the  work  of  the  newly  established 
Alabama  Water  Resources  Study  Commission. 
(USGS) 
W90-06242 


FISCAL  YEAR  1988  PROGRAM  REPORT 
(NEW  HAMPSHIRE  WATER  RESOURCES  RE- 
SEARCH CENTER). 

New  Hampshire  Univ.,  Durham.  Water  Resources 
Research  Center. 
T.  P.  Ballestero. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-138611/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. USGS  Contract  14-08-0001-G1576.  USGS 
Project  G 1576-01. 

Descriptors:  'Information  transfer,  'New  Hamp- 
shire, 'Research,  'Training,  'Water  resources  In- 
stitutes, Education,  Projects. 

The  report  covers  the  activities  of  the  New  Hamp- 
shire Water  Resources  Research  Center  for  the 
period  of  July  1,  1988  through  June  30,  1989.  The 
results  of  five  research  projects  are  briefly  dis- 
cussed. Projects  include:  cloud  water  and  wet  dep- 
osition chemistry,  hydraulic  mounding  under  com- 
munity septic  systems,  estimation  of  low  stream 
flows  on  ungaged  watersheds,  geothermal  poten- 
tial of  northern  New  Hampshire  granites,  and  eval- 
uation of  the  treatment  potential  of  soils  to  ash 
landfill  leachate.  (USGS) 
W90-06243 


FISCAL  YEAR  1988  PROGRAM  REPORT 
(PUERTO  RICO  WATER  RESOURCES  RE- 
SEARCH INSTITUTE). 

Puerto  Rico  Univ.,  Mayaguez.  Water  Resources 
Research  Inst. 
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R.  Munoz. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-145228/ 
AS  Price  codes:  A03  in  paper  copy,  A01  in  mi- 
crofche.  Report  G-1611-01,  August  1989.  23p. 
USGS  Contract  14-08-0001-G1611.  USGS  Project 
no.  G-1611-01. 

Descriptors:  'Information  transfer,  'Puerto  Rico, 
•Research,  'Training,  'Water  resources  Institutes, 
Education,  Projects. 

Four  major  projects  were  accepted  for  research 
and  were  sponsored  with  the  1988  Institute's  grant. 
A  study  was  successfully  conducted  which  reflects 
the  effects  of  sewage  sludge  on  nutrient  and  toxic 
metal  content  of  tropical  soils  and  selected  crops 
grown  on  them.  It  was  found  that  fruit  and  grain 
quality  are  generally  unaffected  by  the  sludge 
treatment  of  the  soil  and  that  the  intake  concentra- 
tions of  various  elements  were  in  the  normal  safe 
range.  The  second  project,  a  study  of  the  sludge 
composting  process  using  recycled  compost  as  the 
bulking  material,  demonstrated  that  recycled  com- 
post used  as  bulking  material  produces  yields  com- 
parable to  those  obtained  by  using  fresh  bulking 
material.  The  fourth  project,  related  to  hydrocar- 
bon content  of  groundwater  near  gasoline  stations, 
required  drilling  sampling  holes  for  the  collection 
of  samples.  Six  observation  wells  were  installed 
and  developed  at  two  sampling  sites  with  under- 
ground gasoline  storage  tanks,  boring  logs  were 
prepared,  and  samples  were  taken  for  chromato- 
graphic analysis.  A  one-day  water  resources  con- 
ference was  held  in  the  Mayaguez  Campus  related 
to  water  quality  and  management  in  Puerto  Rico. 
A  directory  of  professionals  working  in  the  differ- 
ent areas  of  the  broad  water  resources  field  was 
prepared.  A  total  of  8  students  (5  undergraduates 
and  3  graduates)  participated  in  conducting  the 
various  research  projects  developed  during  the 
year.  (USGS) 
W90-06252 


FISCAL  YEAR  1988  PROGRAM  REPORT 
(RHODE  ISLAND  WATER  RESOURCES 
CENTER). 

Rhode  Island  Univ.,  Kingston.  Water  Resources 
Center. 
C.  P.  C.  Poon. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-145715/ 
AS.  Price  codes:  A04  in  paper  copy,  A01  in  micro- 
fiche. FY-1988  Institute  Program  Report,  Report 
No.  G-1612-01,  July  1989.  54p.  Contract  14-08- 
0001-G1612.  USGS  Project  G1612-01. 

Descriptors:  'Information  transfer,  'Research, 
'Rhode  Island,  'Training,  'Water  resources  Insti- 
tutes, Education,  Projects. 

The  State  of  Rhode  Island  is  active  in  water  re- 
sources planning,  development,  and  management 
activities  which  include  legislation,  upgrading  of 
wastewater  treatment  facilities,  upgrading  and  im- 
plementing pretreatment  programs,  protecting  wa- 


tersheds and  aquifers  throughout  the  state.  Current 
and  anticipated  state  water  problems  are  contami- 
nation and  cleanup  of  aquifers  to  protect  the  valua- 
ble groundwater  resources;  protection  of  water- 
sheds by  controlling  nonpoint  source  pollution; 
development  of  pretreatment  technologies;  and  de- 
teriorating groundwater  quality  from  landfill 
leachate  or  drainage  from  septic  tank  leaching 
field.  Seven  projects  were  included  covering  the 
following  subjects:  (1)  Radon  and  its  nuclei  parents 
in  bedrock;  (2)  Model  for  natural  flushing  of  aqui- 
fer; (3)  Microbial  treatment  of  heavy  metals;  (4) 
Vegetative  uptake  of  nitrate;  (5)  Microbial  process- 
es in  vegetative  buffer  strips;  (6)  Leachate  charac- 
terization in  landfills;  and  (7)  Electrochemical 
treatment  of  heavy  metals  and  cyanide.  This 
Center  works  closely  with  the  R.I.  Dept.  of  Envi- 
ronmental Management;  R.I.  Solid  Waste  Manage- 
ment Corp.,  USGS  Subdistrict  Office,  USEPA 
region  1  Office,  Other  New  England  Water  Re- 
sources Centers,  and  citizen  groups  in  program 
planning  as  well  as  in  research  coordination. 
(USGS) 
W90-06254 


FISCAL  YEAR  1988  PROGRAM  REPORT 
(NEW  MEXICO  WATER  RESOURCES  RE- 
SEARCH INSTITUTE). 

New  Mexico  Water  Resources  Research  Inst.,  Las 
Cruces. 
T.  G.  Bahr. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-132655/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G1578-01,  July  1989.  37p. 
USGS  contract  14-08-0001-G1578.  USGS  project 
G1578-01. 

Descriptors:  'Information  transfer,  'New  Mexico, 
'Research,  'Training,  'Water  resources  Institutes, 
Education,  Projects. 

The  New  Mexico  Water  Resources  Research  Insti- 
tute's (WRRI)  goal  is  to  maintain  a  balanced  re- 
search program  that  addresses  water  problems  crit- 
ical to  New  Mexico,  the  Southwest  and  the  nation. 
Areas  targeted  as  high  priority  for  institute  funding 
are:  (1)  water  conservation,  primarily  toward  de- 
velopment of  water  conserving  agricultural  crops; 
(2)  development  of  economically  beneficial  uses 
for  impaired  quality  water;  (3)  surface/groundwat- 
er  relationships,  particularly  recharge;  and  (4) 
water  quality,  focusing  on  protecting  present  and 
anticipated  water  uses  from  impairment  by  actions 
that  affect  the  quality  of  the  water.  The  institute's 
USGS  program  supported  three  projects  in  the 
first  area:  a  project  that  employed  advanced  genet- 
ic engineering  research  to  identify  new  gene 
sources  that  can  be  used  to  develop  stress-tolerant 
plants,  a  second  project  which  studied  the  correla- 
tion between  the  genetic  differences  observed  in 
heat  resistant  and  heat  sensitive  lines  of  cotton  and 
heat  shock  protein  expression,  and  a  third  project 
which  investigated  the  existing  constraints  on  irri- 
gators' ability  to  realize  the  value  of  conserved 
irrigation  water.  Area  two  was  addressed  by  a 


project  which  investigated  the  economic  potential 
for  growing  algae  for  oil  (lipid)  production.  The 
third  priority  area  was  addressed  by  two  projects. 
One  project  analyzed  clay  minerals  for  their  com- 
position, their  proportions  in  the  rock  matrix  and 
their  effects  on  porosity  and  transmissivity.  The 
other  project  evaluated  whether  three  dimensional 
flow  of  soil  moisture  plays  a  significant  role  in 
calculating  recharge  or  evapotranspiration  on  a 
local  scale.  The  final  priority  category  was  ad- 
dressed by  three  projects.  The  first  studied  the 
nature  of  multiphase  flow  in  a  near-surface  envi- 
ronment with  an  emphasis  on  capillary  trapped 
liquid  organics  which  replenish  the  air  and  water 
with  dangerous  and/or  toxic  material.  The  second 
studied  solute  dispersion,  or  the  tendency  of  pollu- 
tion to  spread  out  as  it  travels  along  with  the 
water.  The  third  continued  the  development  of 
effective  and  reliable  tools  for  speciation  analysis 
of  natural  waters,  which  will  provide  a  better 
understanding  of  the  toxicity,  bioavailability  and 
transport  of  trace  metals.  (USGS) 
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10.  SCIENTIFIC  AND 

TECHNICAL  INFORMATION 

IOC.  Secondary  Publication 
And  Distribution 


BIBLIOGRAPHY  OF  FISHERY  INVESTIGA- 
TIONS ON  LARGE  SALMONID  RIVER  SYS- 
TEMS WITH  SPECIAL  EMPHASIS  ON  THE 
BOIS  BRULE  RIVER,  DOUGLAS  COUNTY, 
WISCONSIN. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
R.  B.  DuBois. 
Technical  Bulletin  No.    166,   1989.   58p,  966  ref. 

Descriptors:  'Bibliographies,  'Fisheries,  'Salmon, 
'Trout,  'Wisconsin,  'Bois  Brule  River. 

This  report  provides  966  literature  citations  perti- 
nent to  management  of  salmonids  in  lotic  systems. 
Of  these  citations,  229  (24%)  include  brief  annota- 
tions to  highlight  their  salient  aspects  to  manage- 
ment of  the  Bois  Brule  River  and  other  northern 
Wisconsin  trout  rivers.  The  subject  index  lists  cita- 
tions under  41  topic  headings  in  5  categories:  Biol- 
ogy (10  headings),  Ecology  (9  headings),  Manage- 
ment (13  headings),  Sport  Fishery  Assessment  (4 
headings),  and  Physical  Environment  (5  headings). 
A  salmonid  species  index  is  also  provided.  (Au- 
thor's abstract) 
W90-05735 


WATER-RELATED  SCIENTIFIC  ACTIVITIES 
OF  THE  U.S.  GEOLOGICAL  SURVEY  IN 
NEVADA,  FISCAL  YEARS  1985-89. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
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Obtained  from  a  Biological  Nutrient  Removal 
Pilot  Plant  of  a  Modified  UCT  Configuration. 
W90-06068  5D 

BIOLOGICAL  WASTEWATER  TREATMENT 

Growth  and  Biocatalytic  Activities  of  Aerobic 
Thermophilic  Populations  in  Sewage  Sludge. 
W90-05857  5D 

Variable   Morphology   in   Certain   Filamentous 
Bacteria  and  the  Implications  of  this  for  Theo- 
ries of  Activated  Sludge  Bulking. 
W90-05868  5D 

Modeling  of  Nitrification  Under  Substrate-Inhib- 
iting Conditions. 
W90-05954  5D 

Cadmium  Uptake  and  Toxicity  to  Water  Hya- 
cinth: Effect  of  Repeated  Exposures  under  Con- 
trolled Conditions. 
W90-06042  5D 

BIOMASS 

Relationship  Between  Body  Length  Parameters 
and  Dry  Mass  in  Running  Water  Invertebrates. 
W90-05922  2H 

BIOMOVS 

BIOMOVS:  An  International  Model  Validation 

Study. 

W90-06174  5B 

BIOSPHERIC  MODEL  VALIDATION  STUDY 

BIOMOVS:  An  Internationa]  Model  Validation 

Study. 

W90-06174  5B 

BIOTECHNOLOGY 

Heat  Shock  Protein  Expression  in  Thermotoler- 
ant  and  Thermosensitive  Lines  of  Cotton. 
W90-06253  3F 

BIOTRANSFORMATION 

Biotransformation  and   Disposition  of  PAH  in 

Aquatic  Invertebrates. 

W9O-05815  5B 

Biotransformation  and  Disposition  of  Polycyclic 
Aromatic  Hydrocarbons  (PAH)  in  Fish. 
W90-05816  5B 

Transformation  and  Loss  of  Nitrate  in  an  Agri- 
cultural Stream. 
W90-05926  5B 

BIRDS 

'Minor'  Wetlands  as  a  Habitat  for  Snipes  in  Italy: 
Present   Situation   and    Perspectives   (Le   Zone 
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Umide  'Minori'  Italiane  Come  Habitat  per  i  Bec- 

caccini:  Situazione  e  Prospettive). 

W90-05881  2H 

Birds  in  the  Ohio  River  Valley:  Possible  Indica- 
tors of  Environmental  Quality. 
W90-06108  2H 

BLEACHING  WASTE 

Ecotoxicological  Characterization  of  Industrial 
Wastewater:  Sulfite  Pulp  Mill  with  Bleaching. 
W90-05945  5C 

BLEACHING  WASTES 

Ecotoxicological  Characterization  of  Industrial 
Wastewater:  Sulfite  Pulp  Mill  with  Bleaching. 
W90-05945  5C 

BOATS 

Effect  of  Boat  Moorings  on  Seagrass  Beds  near 

Perth,  Western  Australia. 

W90-05897  4C 

BOGS 

Chemical  Characterization  of  Several  Wetlands 
in  Kejimkujik  National  Park,  Nova  Scotia. 
W90-05990  2H 

Fractional  Precipitation  of  Humic  Acid  from 
Colored  Natural  Waters. 


W90-05991 
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Influence  of  Organic  Acidity  on  the  Acid-Base 
Chemistry  of  Surface  Waters  in  Maine,  USA. 
W90-05995  2H 

BOIS  BRULE  RIVER 

Bibliography  of  Fishery  Investigations  on  Large 
Salmonid  River  Systems  with  Special  Emphasis 
on  the  Bois  Brule  River,  Douglas  County,  Wis- 
consin. 
W90-05735  10C 

BOTTOM  SAMPLENG 

Some   Problems   Affecting   the   Assessment   of 
Great  Lakes  Water  Quality  Using  Benthic  Inver- 
tebrates. 
W90-05847  5A 

BOTTOM  SEDIMENTS 

Estimates  of  Detrital  and  Epilithon  Community 
Metabolism  from  Particle-sized  Riffle  Sediments 
of  a  Woodland  Stream. 
W90-05934  2H 

BOUNDARY  PROCESSES 

Modelling  of  Some  Elliptic  Fluid  Mechanics 
Problems  by  the  Boundary  Element  Method. 
W90-05884  8B 

BRINES 

Brines  Expelled  Along  the  Main  Thrusts  of  the 
Western  Alps  (Migration  des  Saumures  au  Front 
des  Chevauchements  de  l'Arc  Alpin  Occiden- 
tal). 
W90-06063  2K 

BROMIDES 

Analytical  Problems  Arising  from  the  Use  of 

Bromide  and  Rhodamine  WT  as  Co-Tracers  in 

Streams. 

W90-06O83  7B 


BULKHEADS 

Improvement  of  Bulkhead-Type  Structures. 
W90-06132 
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BULKING  SLUDGE 

Variable   Morphology   in   Certain   Filamentous 
Bacteria  and  the  Implications  of  this  for  Theo- 
ries of  Activated  Sludge  Bulking. 
W90-05868  5D 

CADDISFLIES 

Biotesting  of  Aquatic  Environments  Based  on 
the  Behavioral  Reactions  of  Aquatic  Animals. 
W90-05783  5A 


Aquatic  Insect  Adults  as  Indicators  of  Organ- 

ochlorine  Contamination. 

W90-05848  5A 

CADMIUM 

Mobility  of  Soil  Contaminants  in  an  Ecosystem 
of  Trees  Growing  on  Dredged  Material-The 
Broekpolder  (Rotterdam,  The  Netherlands). 
W90-05765  5B 

Cadmium-Induced  Proteins  from  Mytilus  gallo- 
provincialis:  Polarographic  Characterization  and 
Study  of  Their  Interaction  with  Cadmium. 
W90-05970  5C 

Fate  of  Dietary  Cadmium  at  Two  Intake  Levels 
in  the  Odonate  Nymph,  Aeshna  canadensis. 
W90-06036  5B 

Life  Table  Evaluation  of  the  Effects  of  Cadmi- 
um Exposure  on  the  Freshwater  Cladoceran, 
Moina  macrocopa. 
W90-06040  5C 

Cadmium  Uptake  and  Toxicity  to  Water  Hya- 
cinth: Effect  of  Repeated  Exposures  under  Con- 
trolled Conditions. 
W90-06042  5D 

CALCIUM 

Distribution,  Abundance  and  Biomass  of  Benthic 
Macroinvertebrates  Relative  to  pH  and  Nutri- 
ents in  Eight  Lakes  of  Nova  Scotia,  Canada. 
W90-06006  2H 

CALIFORNIA 

Summary  of  Meteorological  Observations,  Sur- 
face (SMOS)  for  Alameda,  CA. 
W90-05725  7C 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    including    Santiago    Creek.    Volume    3: 
Lower  Santa  Ana  River,  Appendixes. 
W90-05757  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  1:  Seven 
Oaks  Dam  including  Appendix  A. 
W90-05758  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  7:  Hy- 
drology. 
W90-05759  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  5:  Oak 
Street  Drain. 
W90-05760  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  4:  Mill 
Creek  Levee. 
W90-05761  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    including    Santiago    Creek.    Volume    3: 
Lower  Santa  Ana  River  (Prado  Dam  to  Pacific 
Ocean). 
W90-05762  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    Including    Santiago    Creek.    Volume    2: 
Prado  Dam. 
W90-05803  8  A. 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  Including   Santiago  Creek.   Main  Report 
and  Supplemental  Environmental  Impact  State- 
ment. 
W90-05804  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  Including  Santiago  Creek.  Volume  1: 
Seven  Oaks  Dam,  Appendixes  B  through  G. 
W90-05805  8A 


Hydrologic  Analysis  for  Coastal  Wetland  Resto- 
ration. 
W90-05866  7A 

Water  Quality/Water  Quantity  Conflicts  in  Cali- 
fornia. 
W90-05890  6E 

Studies  of  Geology  and  Hydrology  in  the  Basin 
and  Range  Province,  Southwestern  United 
States,  for  Isolation  of  High-Level  Radioactive 
Waste-Characterization  of  the  Death  Valley 
Region,  Nevada  and  California. 
W90-06160  2F 

Health  Risk  Assessment  of  1,1,2-Trichloroethane 
(1,1,2-TCA)  in  California  Drinking  Water. 
W90-06169  5C 

Health  Risk  Assessment  of  1,2-Dichloropropane 
(1,2-DCP)  in  California  Drinking  Water. 
W90-06170  5C 

Fiscal  Year   1988  Program  Report  (California 

Water  Resources  Center). 

W90-06240  9D 

Water   Resources   Data   for   California,   Water 
Year  1984.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06283  ?C 

Water  Resources  Data  for  California,  Water 
Year  1985.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06284  7C 

Water   Resources   Data   for   California,   Water 
Year  1985.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06285  7C 

Water   Resources   Data   for   California,   Water 
Year  1985.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06286  7C 

Water   Resources   Data   for   California,   Water 
Year    1985.    Volume    4.    Northern    California 
Valley  Basins  and  The  Great  Basin  from  Honey 
Lake  Basin  to  Oregon  State  Line. 
W90-06287  7C 

Water   Resources   Data   for   California,   Water 

Year  1985.  Volume  5.  Ground-water  Data  for 

California. 

W90-06288  7C 

Water  Resources  Data  for  California,  Water 
Year  1986.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06289  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  except 
Central  Valley. 
W90-06290  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06291  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06292  7C 
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Water    Resources   Data   for   California,    Water 

Year   1986.  Volume  5.  Ground-water  Data  for 

California. 

W90-06293  7C 

Water  Resources  Data  for  California,  Water 
Year  1987.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06294  7C 

Water   Resources   Data   for  California,    Water 
Year  1987.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06295     '  7C 

Water   Resources   Data   for   California,    Water 
Year  1987.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06296  7C 

Water   Resources   Data   for   California,    Water 
Year  1987.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06297  7C 

Water   Resources   Data   for   California,    Water 

Year  1987.  Volume  5.  Ground-water  Data  for 

California. 

W90-06298  7C 

Water  Resources  Data  for  California,  Water 
Year  1988.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06299  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-O630O     '  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06301  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06302  7C 

Water   Resources   Data   for   California,   Water 

Year  1988.  Volume  5.  Ground-Water  Data  for 

California. 

W90-06303  7C 

CAMPYLOBACTER 

Occurrence  of  Thermophilic  Campylobacters  in 
Rural  and  Urban  Surface  Waters  in  Central  Fin- 
land. 
W90-06077  5B 

CANADA 

Kejimkujik  Park-One  in  a  Family  of  Integrated 

Watershed  Studies. 

W90-05977  5B 

Precipitation  Chemistry  in  Nova  Scotia:   1978- 

1987. 

W90-05978  5B 

Estimation  of  Atmospheric  Deposition  Input  of 
Sulphur  and  Nitrogen  Oxides  to  the  Kejimkujik 
Watershed:  1979-1987. 
W90-05979  5B 

Meteorological  Characteristics  of  Large  Acidic 
Deposition  Events  at  Kejimkujik,  Nova  Scotia 
W90-05980  2B 


Physical  and  Chemical  Characteristics  of  Three 
Acidic,  Oligotrophic  Lakes  and  Their  Water- 
sheds in  Kejimkujik  National  Park,  Nova  Scotia 
W90-05981  5B 

Sources  of  Acidity  in   Forest-Floor   Percolate 

from  a  Maple-Birch  Ecosystem. 

W90-05982  5B 

Impacts  of  Forests  on  Water  Chemistry. 
W90-05983  2K 

Vegetation,  Soils,  and  Ion  Transfer  Through  the 

Forest    Canopy    in    Two    Nova    Scotia    Lake 

Basins. 

W90-05984  2K 

Patterns  of  Water  Chemistry  Among  Twenty- 
seven  Oligotrophic  Lakes  in  Kejimkujik  Nation- 
al Park,  Nova  Scotia. 
W90-05985  2H 

Seasonal  Variations  of  Water  Chemistry  in  Oli- 
gotrophic Streams  and  Rivers  in  Kejimkujik  Na- 
tional Park,  Nova  Scotia. 
W90-05986  2K 

Automatic  Monitoring  of  Short  Duration  Snow- 
melt    Events    in    a    Nova    Scotia    Headwater 
Stream. 
W90-05987  7B 

Aluminum  Species  in  Porewaters  of  Kejimkujik 

and  Mountain  Lakes,  Nova  Scotia. 

W90-05988  5B 

Seasonal  Patterns  of  Mineral  and  Organic  Acidi- 
fication in  Two  Streams  in  Southwestern  Nova 
Scotia. 
W90-05989  2E 

Chemical  Characterization  of  Several  Wetlands 
in  Kejimkujik  National  Park,  Nova  Scotia. 
W90-05990  2H 

Fractional   Precipitation  of  Humic  Acid  from 

Colored  Natural  Waters. 

W90-05991  7B 

Chemical   and   Microbial   Diagensis  of  Humic 

Matter  in  Freshwaters. 

W90-05993  2K 

Application  of  Hydrological  Model  to  Acidified 
Watersheds:    A   Study   on   Mersey   River   and 
Moosepit  Brook,  Nova  Scotia. 
W90-05998  5B 

Modeling   Organic   and    Inorganic   Acidity    in 

Two  Nova  Scotia  Rivers. 

W90-05999  5B 

Spatial  Characterization  of  Acidification  Related 

Parameters    in    Sensitive    Regions   of   Atlantic 

Canada. 

W90-06000  5B 

Use  of  Historical  Information  for  Selecting  a 

Sample  from  a  Population  of  Lakes. 

W90-06001  2H 

Diatom-Inferred     pH     History    of    Kejimkujik 
Lake,  Nova  Scotia:  A  Reinterpretation. 
W90-06002  2H 

Effects  of  Acidity  and  DOC  on  Phytoplankton 
Community  Structure  and  Production  in  Three 
Acid  Lakes  (Nova  Scotia). 
W90-06003  5C 

Comparison  of  the  Macrophyte  Communities  of 
a  Clearwater  and  a  Brownwater  Oligotrophic 
Lake  in  Kejimkujik  National  Park,  Nova  Scotia. 
W90-06004  2H 

Patterns  of  Plankton  Species,  pH  and  Associated 
Water  Chemistry  in  Nova  Scotia  Lakes. 
W90-06005  2H 


Distribution,  Abundance  and  Biomass  of  Benthic 
Macroinvertebrates  Relative  to  pH  and  Nutri- 
ents in  Eight  Lakes  of  Nova  Scotia,  Canada 
W90-06006  2H 

Ecological  and  Physiological  Responses  of  At- 
lantic Salmon  in  Acidic  Organic  Rivers  of  Nova 
Scotia,  Canada. 
W90-06007  2H 

Differences  in  Acid  Tolerance  During  the  Early 
Life  Stages  of  Three  Strains  of  Brook  Trout, 
Salvelinus  fontinalis. 
W90-06008  5C 

Relationship  Between  Arctic  Sea-Ice  Anomalies 
and    Fluctuations    in    Northern    Canadian    Air 
Temperature  and  River  Discharge. 
W90-06012  2C 

CANADIAN  SHIELD 

Sr87/Sr86  Values  of  Canadian  Shield  Brines  and 
Fracture  Minerals  with  Applications  to  Ground- 
water Mixing,  Fracture  History,  and  Geochron- 
ology. 
W90-06058  2F 

CANALS 

Channel  Resistance  at  the  Side- Weir  Location  in 

Open  Channel  Flow. 

W90-05663  8B 

CANCER 

Factors  Influencing  Experimental  Carcinogene- 
sis in  Laboratory  Fish  Models. 
W90-05820  5C 

PAH,  Metabolites,  and  Neoplasia  in  Feral  Fish 

Populations. 

W90-05821  5C 

CARBAMATE  PESTICIDES 

Residues  of  1-Naphthol  in  Soil  and  Water  Sam- 
ples in  and  Around  Bhopal,  India. 
W90-06038  5B 

Carbamate  Insecticides:  Removal  from  Water  by 

Chlorination  and  Ozonation. 

W90-06067  5F 

CARBARYL 

Residues  of  1-Naphthol  in  Soil  and  Water  Sam- 
ples in  and  Around  Bhopal,  India. 
W90-06038  5B 

CARBONATE  ROCKS 

Flow  of  Ground  Water  through  Fractured  Car- 
bonate Rocks  in  the  Prairie  du  Chien-Jordan 
Aquifer,  Southeastern  Minnesota. 
W90-05738  5B 

CARCINOGENS 

Factors  Influencing  Experimental  Carcinogene- 
sis in  Laboratory  Fish  Models. 
W90-05820  5C 

CARP 

Effect  of  Environmental   Acidification  on  the 
Olfactory  System  of  Carp,  Cyprinus  carpio. 
W90-06016  5C 

CATFISH 

PCB  Concentrations  in  Wilson  Reservoir  Catfish 

-  1986. 

W90-05788  5B 

CATSKILL  MOUNTAINS 

Assessment  of  Stream  Acidification  in  the  Cats- 
kill  Mountains  of  New  York. 
W90-05734  5B 

CAYUGA  LAKE 

Trace  Element  Concentrations  in  Transplanted 

and    Naturally   Occurring    Unionidae   Mussels, 

Water,  Sediments,  and  Macrophytes  in  Cayuga 

Lake. 

W90-05763  5B 
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CEMENTS 

Evaluation    of   Polyester    Resin,    Epoxy,    and 
Cement    Grouts    for    Embedding    Reinforcing 
Steel  Bars  in  Hardened  Concrete. 
W90-05742  8G 

CHANNEL  FLOW 

Proceedings  of  the  International  Conference  on 
Channel  Flow  and  Catchment  Runoff:  Centenni- 
al of  Manning's  Formula  and  Kuichling's  Ra- 
tional Formula. 
W90-05621  2E 

One-Dimensional   Modeling   of  Moving   Rain- 
storms. 
W90-05625  2B 

Evaluation  of  Tc  Methods  in  a  Small  Rural 

Watershed. 

W90-05632  2E 

Predicting  Stream  Velocities  in  a  Navigation 

Channel. 

W90-05659  8B 

Manning's  Equation  and  Velocity  Distribution 

in  Open  Channels. 

W90-05660  8B 

Direct  Applicability  of  the  Chezy  Formula  to 

Natural  Channels. 

W90-05661  8B 

Application   of  Manning   Formula   for   Polish 

Sewers. 

W90-05662  8B 

Channel  Resistance  at  the  Side- Weir  Location  in 

Open  Channel  Flow. 

W90-05663  8B 

Nonlinear  Resistance  Relationships  for  Alluvial 

Channels. 

W90-05665  8B 

Alluvial   Stream   Hydraulic   Resistance   in   the 

Presence  of  Filtration. 

W90-05666  2E 

Analytical  Method  for  Computation  of  Rough 

Boundary  Resistance. 

W90-05667  8B 

Sand-Bed  Channel  Hydraulic  Resistance  Estima- 
tion. 
W90-05668  8B 


Dimensionless  Manning-Type  Equation. 
W90-05671 
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Generalized  Formula  for  the  Chezy  Coefficient 

for  the  River  Flow. 

W90-05672  8B 

Examination  of  Stage-Discharge  Relationships 
of  Compound/Composite  Channels. 
W90-05674  8B 

Model-Prototype  Comparisons  of  Boundary  Re- 
sistance in  a  Two  Stage  Channel. 
W90-05675  8B 

Momentum  Transfer   in   Compound   Channels. 
W90-05676  8B 

Compound  Channel  Froude  Number  for  Man- 
ning's n  Variable  with  Depth. 
W90-05677  8B 

Manning's  N  of  Composite  Roughness  in  Chan- 
nels of  Simple  Cross-Section. 
W90-05678  8B 

Effects  of  Aspect  Ratio  and  Sidewall  Roughness 
on  Velocity  Distribution  and  Resistance  Coeffi- 
cient in  Rectangular  Open  Channels. 
W90-05679  8B 


Effects  of  an  Ice  Cover  on  the  Composite  Value 

of  Manning's  n. 

W90-05680  2C 

Replacing  the   Hydraulic   Radius  in  Mannings 

Formula. 

W90-05681  8B 

Physically  Based  Model  for  Determining  Flow 

Resistance  and  Velocity  Profiles  in  Vegetated 

Channels. 

W90-05682  8B 

Determination    of   Manning's    n    and    Friction 

Factor  in  Vegetated  Waterways. 

W90-05684  8B 

Factors    Affecting    Roughness    Coefficient    in 

Vegetated  Channels. 

W90-05685  8B 

Riffle-Pool    Formations    in    Northern    Ireland 

Rivers. 

W90-05690  8B 

Comparison     of    Velocity     Measurements     in 
Straight,  Single  Meander  and  Multiple  Meander 
Compound  Channels. 
W90-05691  8B 

Comparison    of   Turbulence    Measurements    in 
Straight,  Single  Meander  and  Multiple  Meander 
Compound  Channels. 
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W90-05832  5A 

Evaluation  of  Growth  Media  for  the  Recovery 
of  Escherichia  Ooli  from  Ozone-Treated  Water 
by  Membrane  Filtration. 
W90-05973  5A 

COLOR 

Spatial  Characterization  of  Acidification  Related 

Parameters    in    Sensitive    Regions    of   Atlantic 

Canada. 

W9O-06O00  5B 


COLORADO 

Reconnaissance  of  Water  Quality  of  Pueblo  Res- 
ervoir,    Colorado-May     Through     December 
1985. 
W90-06232  2H 

Water    Resources    Data    for    Colorado,  Water 

Year    1986.   Volume    1.    Missouri   River  Basin, 

Arkansas  River  Basin,  and  Rio  Grande  Basin 
W90-06304  7c 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  2.  Colorado  River  Basin 
W90-06305  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06306  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  2.  Colorado  River  Basin. 
W90-06307  7c 

Water  Resources  Data  for  Colorado,  Water 
Year  1988.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin 
W90-06308  7c 

COLUMBIA  RIVER 

Environmental     Monitoring    Master    Sampling 

Schedule:  January-December  1989. 

W90-05826  7A 

COLUMBIA  RIVER  ESTUARY 

Modelling   Tidal   Energetics  of  the   Columbia 

River  Estuary. 

W90-05909  2L 

COMPARISON  STUDIES 

Comparison  of  Snow  Gauges  Used  in  Nordic 
Countries:   Contribution   of  Finland   to   WMO 
Solid  Precipitation  Measurement  Intercompari- 
son.  Part  I:  System  Description. 
W90-06214  7B 

COMPOUND  CHANNELS 

Examination  of  Stage-Discharge   Relationships 
of  Compound/Composite  Channels. 
W90-05674  8B 

Model-Prototype  Comparisons  of  Boundary  Re- 
sistance in  a  Two  Stage  Channel. 
W90-05675  8B 

Momentum   Transfer   in   Compound   Channels. 
W90-05676  8B 

Compound  Channel  Froude  Number  for  Man- 
ning's n  Variable  with  Depth. 
W90-05677  8B 

COMPUTER  MODELS 

Rocky  Mountain  Acid  Deposition  Model  As- 
sessment: Acid  Rain  Mountain  Mesoscale  Model 
(ARM3). 
W90-05831  5B 

Sludge    Incineration    Modeling    (SIM)    System 

User's  Guide. 

W90-O6194  so 

Geohydrology  of  the  Regional  Aquifer  System, 
Western     Snake     River     Plain,     Southwestern 
Idaho. 
W90-06257 


COMPUTER  PROGRAMS 

GOES  Satellite  Data  for  AIMS. 
W90-05715 

Automated  Global  Cloud  Climatology. 
W90-05717 


2F 


7C 


2B 


Water  Use  and  Coal  Development  in  Eastern 
Montana:  Water  Availability  and  Demands.  Ap- 
pendix A:  Computer  Program  Documentation 


for  Part  VII,  Section  A:  Demands  for  Water  in 

Cooling. 

W90-06177  6D 

HMR52    Probable    Maximum    Storm    (Eastern 

United  States):  Users  Manual. 

W90-06193  2B 

Sludge    Incineration    Modeling   (SIM)    System 

User's  Guide. 

W90-06194  5D 

Computerized  Data-Base  System  for  Land-Use 
and    Land-Cover   Data   Collected   at   Ground- 
Water    Sampling    Sites    in    the    Pilot    National 
Water  Quality  Assessment  Program. 
W90-06234  7C 

Computer  Program  for  Converting  Rectangular 
Coordinates  to  Latitude-Longitude  Coordinates 
W90-06246  7c 

Geohydrology  of  the  Regional  Aquifer  System, 

Western     Snake     River     Plain,     Southwestern 

Idaho. 

W90-06257  2F 

COMPUTERS 

Using   Supercomputers   for   the   Time   History 

Analysis  of  Old  Gravity  Dams. 

W90-05886  8A 

Microcomputer-Based  Instrumentation  System 
for  Anaerobic  Wastewater  Treatment  Processes. 
W90-06082  7B 

CONCENTRATION  TIME 

Evaluation  of  Tc   Methods  in  a  Small   Rural 

Watershed. 

W90-05632  2E 

CONCRETE  CONSTRUCTION 

Substantiation  of  the  Tiered  Technology  of  Con- 
structing Arch  Dams. 
W90-06124  8p 

Regulation  of  the  Temperature  Regime  of  Con- 
crete in  the  Tiered  Technology  of  Constructing 
an  Arch  Dam. 
W90-06125  8F 

Reinforced-Concrete  Panels  for  Forming  Grout 
Joints  as  an  Element  of  Tiered  Technology. 
W90-06126  8F 

Monitoring  During  Construction  of  the  Miatla 

Dam. 

W90-06127  8G 

Effect  of  the  Maximum  Size  of  Coarse  Aggre- 
gate on  the  Main  Parameters  of  Concrete. 
W90-06128  8F 

Characteristics   of   the    Construction    of  Arch 

Dams  on  the  Sulak  River. 

W90-06129  8F 

CONCRETE  DAMS 

Substantiation  of  the  Tiered  Technology  of  Con- 
structing Arch  Dams. 
W90-06124  8F 

Regulation  of  the  Temperature  Regime  of  Con- 
crete in  the  Tiered  Technology  of  Constructing 
an  Arch  Dam. 
W90-06125  8F 

Reinforced-Concrete  Panels  for  Forming  Grout 
Joints  as  an  Element  of  Tiered  Technology. 
W90-06126  8F 

Monitoring  During  Construction  of  the  Miatla 

Dam. 

W90-06127  8G 

Characteristics    of   the    Construction    of  Arch 

Dams  on  the  Sulak  River. 

W90-O6129  8F 
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CONCRETE  REPAIR 

Spall  Repair  of  Wet  Concrete  Surfaces. 
W90-06219  8F 

CONCRETE  TECHNOLOGY 

Evaluation    of    Polyester    Resin,    Epoxy,    and 
Cement    Grouts    for    Embedding    Reinforcing 
Steel  Bars  in  Hardened  Concrete. 
W90-05742  8G 

Substantiation  of  the  Tiered  Technology  of  Con- 
structing Arch  Dams. 
W90-06124 


CONTROL  SYSTEMS 

In-House  Design  and  Construction  of  a  SCADA 

System. 

W90-06031  5F 

Anchorage  Launches  New  SCADA  Controls. 
W90-06032  5F 


8F 


Regulation  of  the  Temperature  Regime  of  Con- 
crete in  the  Tiered  Technology  of  Constructing 
an  Arch  Dam. 
W90-06125 


8F 


Reinforced-Concrete  Panels  for  Forming  Grout 
Joints  as  an  Element  of  Tiered  Technology. 
W90-06126  8F 

Effect  of  the  Maximum  Size  of  Coarse  Aggre- 
gate on  the  Main  Parameters  of  Concrete. 
W90-06128  8F 

Characteristics   of  the   Construction   of  Arch 

Dams  on  the  Sulak  River. 

W90-06129  8F 

CONCRETES 

Spall  Repair  of  Wet  Concrete  Surfaces. 
W90-06219 


8F 


Running  Lift  Stations  via  Telemetry. 
W90-06033 


5D 


Experience  in  the  Operation  and  Adjustment  of 
Electrohydraulic  Governors  of  Hydraulic  Tur- 
bines. 
W90-06130  8C 

CONVECTION 

3-D    Finite    Element    Transport    Models    by 
Upwind  Preconditioned  Conjugate  Gradients. 
W90-05882  5B 


Mass  Flow  and  Dispersion. 
W90-06166 


5B 


CONIFEROUS  FORESTS 

Vegetation,  Soils,  and  Ion  Transfer  Through  the 

Forest    Canopy    in    Two    Nova    Scotia    Lake 

Basins. 

W90-05984  2K 

CONNECTICUT 

Superfund   Record  of  Decision:   Laurel   Park, 

CT. 

W90-05718  5B 

Phase  I  Diagnostic/Feasibility  Study  Coventry 
Lake,  Coventry,  Connecticut,  1984. 
W90-06210  5G 

Water  Resources  Data  for  Connecticut,  Water 

Year  1985. 

W90-06309  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1986. 

W90-06310  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1987. 

W90-06311  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1988. 

W90-06312  7C 

CONSTRUCTION  JOINTS 

Reinforced-Concrete  Panels  for  Forming  Grout 
Joints  as  an  Element  of  Tiered  Technology. 
W90-06126  8F 

CONSTRUCTION  MATERIALS 

Effect  of  the  Maximum  Size  of  Coarse  Aggre- 
gate on  the  Main  Parameters  of  Concrete. 
W90-06128  8F 

Improvement  of  Bulkhead-Type  Structures. 
W90-06132  8A 

CONSTRUCTION  METHODS 

Improvement  of  Bulkhead-Type  Structures. 
W90-06132  8A 

CONSUMPTIVE  USE 

Water  Use  By  and  Salinity  Effects  Upon  Trickle 
Irrigated   Grape    Production   in   the   Southern 
Basin  and  Range  Province  of  New  Mexico. 
W90-06251  3C 


CONVEYANCE  STRUCTURES 

Relative  Velocity  in  a  Partially  Full  Pipe. 
W90-05658  8B 

COORDINATE  TRANSFORMATION 

Computer  Program  for  Converting  Rectangular 
Coordinates  to  Latitude-Longitude  Coordinates. 
W90-06246  7C 

COPPER 

Mobility  of  Soil  Contaminants  in  an  Ecosystem 
of  Trees  Growing  on  Dredged  Material-The 
Broekpolder  (Rotterdam,  The  Netherlands). 
W90-05765  5B 

Humic  and  Other  Negatively  Charged  Colloids 

of  Iron  and  Copper  in  River  Water. 

W90-05937  2K 

Interaction  of  Estuarine  Organic  Matter  with 

Copper  and  Benzo(a)pyrene. 

W90-05965  5B 

COPPER  SULFATE 

Copper  Toxicity   for   Blue-Green   Algae   with 
Reference  to  Their  Physiological  Status. 
W90-05938  2H 

COST-BENEFIT  ANALYSIS 

Uncertainty  Analysis  for  Urban  Flood  Damage 
Reduction  Benefits:  Attitudes  and  Practices  of 
Corps  of  Engineer  Economists. 
W90-05764  6B 

COTTON 

Heat  Shock  Protein  Expression  in  Thermotoler- 
ant  and  Thermosensitive  Lines  of  Cotton. 
W90-06253  3F 

COVENTRY  LAKE 

Phase  I  Diagnostic/Feasibility  Study  Coventry 

Lake,  Coventry,  Connecticut,  1984. 

W90-06210  5G 

CRABS 

Uptake  and  Catabolism  of  Tributyltin  by  Blue 
Crabs  Fed  TBT  Contaminated  Prey. 
W90-06020  5C 

CROP  PRODUCTION 

Water  Use  By  and  Salinity  Effects  Upon  Trickle 
Irrigated    Grape    Production   in   the    Southern 
Basin  and  Range  Province  of  New  Mexico. 
W90-06251  3C 


CROP  YIELD 

Aeration  Changes  after  Irrigation  in  a  Clay  Soil. 
W90-05915  3F 

CRUSTACEANS 

Toxicokinetics  of  DDE,  Benzo(a)pyrne,  and  2, 
4,  5,  2',  4',  5'-Hexachlorobiphenyl  in  Pontopor- 
eia  hoyi  and  Mysis  relicta. 
W90-05845  5B 


Uptake  and  Catabolism  of  Tributyltin  by  Blue 
Crabs  Fed  TBT  Contaminated  Prey. 
W90-06020  5C 

CURIUM  RADIOISOTOPES 

Accumulation    of  Am-241    and   Cm-244   from 
Water  and  Sediments  by  Hyalella  sp.  and  Tubi- 
fex  spp. 
W90-06043  5B 

CYANOPHYTA 

Multivariate   Analysis  of  Lake   Phytoplankton 

and  Environmental  Factors. 

W90-05920  2H 

Copper  Toxicity   for   Blue-Green   Algae   with 
Reference  to  Their  Physiological  Status. 
W90-05938  2H 

CYCLING  NUTRIENTS 

Dissolved  Organic  Matter  and  Lake  Metabolism: 
Biogeochemistry  and  Controls  of  Nutrient  Flux 
Dynamics  in  Lakes. 
W90-05753  2H 

Total  Nitrogen  and  Phosphorus  Budgets  in  the 

Lowland  Sulejow  Reservoir. 

W90-05921  2H 

Contribution  of  Rhizosolenia  eriensis  and  Cyclo- 
tella  spp.  to  the  Deep  Chlorophyll  Maximum  of 
Sproat  Lake,  British  Columbia,  Canada. 
W90-06118  2H 

Recycling  of  Elements  Transported  Upstream 
by  Runs  of  Pacific  Salmon:  I.  delta  15  N  and 
delta  13  C  Evidence  in  Sashin  Creek,  Southeast- 
ern Alaska. 
W90-06119  2H 

CYTOCHROMES 

Freshwater  Fish  Cytochrome  P450-Dependent 
Enzymatic  Activities:  A  Chemical  Pollution  In- 
dicator. 
W90-05942  5A 

DAM  CONSTRUCTION 

Substantiation  of  the  Tiered  Technology  of  Con- 
structing Arch  Dams. 
W90-06124  8F 

Regulation  of  the  Temperature  Regime  of  Con- 
crete in  the  Tiered  Technology  of  Constructing 
an  Arch  Dam. 
W90-06125  8F 

Reinforced-Concrete  Panels  for  Forming  Grout 
Joints  as  an  Element  of  Tiered  Technology. 
W90-06126  8F 

Monitoring  During  Construction  of  the  Miatla 

Dam. 

W90-06127  8G 

Characteristics   of   the    Construction    of   Arch 

Dams  on  the  Sulak  River. 

W90-06129  8F 

DAM  DESIGN 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem   Including  Santiago  Creek.   Main  Report 
and  Supplemental  Environmental  Impact  State- 
ment. 
W90-05804  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  Including  Santiago  Creek.  Volume  1: 
Seven  Oaks  Dam,  Appendixes  B  through  G. 
W90-05805  8A 


DAM  EFFECTS 

Reproduction  of  the  Azov-Don  Shad  Following 

Regulation  of  the  Don  River. 

W90-06018  8I 

Roanoke  River  Water  Flow  Committee  Report. 
A  Recommended  Water  Flow  Regime  for  the 


SU-15 


DAM  EFFECTS 


SUBJECT  INDEX 


2? 

§ 

I 


Roanoke    River,    North    Carolina,    to    Benefit 
Anadromous  Striped  Bass  and  other  Below-Darn 
Resources  and  Users. 
W90-06185  4A 

DAM  FOUNDATIONS 

Chief  Joseph  Dam,  Columbia  River,  Washing- 
ton, Additional  Units  and  Structural  Modifica- 
tion Foundation  Report. 
W90-05740  gA 

DAM  STABILITY 

Using   Supercomputers   for   the   Time   History 

Analysis  of  Old  Gravity  Dams. 

W90-05886  8A 

DAMS 

Chief  Joseph  Dam,  Columbia  River,  Washing- 
ton, Additional  Units  and  Structural  Modifica- 
tion Foundation  Report. 
W90-05740  gA 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    including    Santiago    Creek.    Volume    3: 
Lower  Santa  Ana  River,  Appendixes. 
W90-05757  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  1:  Seven 
Oaks  Dam  including  Appendix  A. 
W90-05758  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  7:  Hy- 
drology. 
W90-05759  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  5:  Oak 
Street  Drain. 
W90-05760  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    Including    Santiago    Creek.    Volume    2: 
Prado  Dam. 
W90-05803  8A 

Using   Supercomputers   for   the  Time   History 

Analysis  of  Old  Gravity  Dams. 

W90-05886  8A 

DANUBE  RIVER 

River  Danube  Pollution  and   Its  Risk  Assess- 
ment. 
W90-05794  5B 

Microbial  Oxidation  of  Crude  Oil  Hydrocarbons 

in  Danube  Water. 

W90-06059  5B 

Use  of  the  Danube  River  and  the  Integrated 

Gabcikovo-Nagymaros     Hydro  Development 

Project. 

W90-06134  8C 

DAPHNIA 

Atmospheric  Deposition  of  Persistent  Pollutants 
Governs  Uptake  by  Zooplankton  in  a  Pond  in 
Southern  Sweden. 
W90-05903  5B 

Ecological  Genetics  of  Daphnia:   Response  of 
Coexisting  Genotypes  to   Resource   Manipula- 
tion. 
W90-05919  2H 

Use  of  Selenastrum  carpicornutum  and  Micro- 
feast  as  Food  for  Daphnia  pulex. 
W90-O6037  7B 

Behavioral  Screening  Assay  for  Daphnia  magna: 
A  Method  to  Assess  the  Effects  of  Xenobiotics 
on  Spacial  Orientation. 
W90-06046  5A 

DATA  ACQUISITION 

Artificial  Rainfall  for  Pavement  Runoff  Studies 
W90-05656  2E 


Objective  Nephology. 
W90-05712 


2B 


Ground    Truth    for    Objective    Evaluation    of 

Automated  Nephanalysis. 

W90-05714  2B 

GOES  Satellite  Data  for  AIMS. 

W90-05715  7C 

Detection  of  Subsurface  Flow  Phenomena  by 

Self-Potential/Geoelectrical      and      Thermical 

Methods. 

W90-05771  7B 

Environmental     Monitoring    Master    Sampling 

Schedule:  January-December  1989. 

W90-05826  7A 

Volunteer    Lake    Monitoring    Program,    1987. 
Volume  VI:  Southwestern  Illinois  Region. 
W90-05827  2H 

Chesapeake  Bay  Mainstem  Monitoring  Program 
Statistical    and    Analytical    Support    Contract: 
Final  Report- Volume  I. 
W90-05829  5G 

National  Stream  Survey-Phase  I:  Quality  Assur- 
ance Report. 
W90-05830  7A 

In-House  Design  and  Construction  of  a  SCADA 

System. 

W90-06031  5p 

Anchorage  Launches  New  SCADA  Controls. 
W90-06032  5F 

Water  Quality  in  Rivers  of  Western  Switzerland: 
Application  of  an  Adaptable  Index  Based  on 
Benthic  Invertebrates. 
W90-06O87  5A 

Ecology  of  Ciliates  in  Riverwaters:  The  Evalua- 
tion of  Water  Quality  via  Ciliates  and  Filamen- 
tous Bacteria. 
W90-06088  5A 

Leaky  Filters:  A  Warning  to  Aquatic  Ecologists. 
W90-06110  7B 

Fish  Communities  in   Lakes  in   Subregion   2B 
(Upper  Peninsula  of  Michigan)  in  Relation  to 
Lake  Acidity.  Volume  II:  Appendices. 
W90-06215  5B 

DATA  COLLECTIONS 

Hanford  Site  Ground-Water  Monitoring  Data 
Listing,  January  1  through  March  31,  1987. 
W90-05752  5B 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
4— Appendix  A. 
W90-05766  8A 


Station  Climatic  Summaries:  Europe. 
W90-05770 


7C 


Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
6  --  Appendix  B  (contd). 
W90-05785  5B 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
9  -  Appendix  C. 
W90-05786  2F 

3CPO-Cloud  Chemistry  and  Cloud  Physics  Or- 
ganization. June  1988:  Data  Index. 
W90-06212  2B 


Water-Related  Scientific  Activities  of  the  U.S. 

Geological    Survey    in    Nevada,    Fiscal    Years 

1985-89. 

W90-06226  7C 

Water-Resources  Activities  of  the  U.S.  Geologi- 
cal Survey  in  Missouri,  Fiscal  Year  1989 
W90-06244  7C 

Water  Resources  Data  for  Oregon  Water,  Year 

1988,  Volume  2.  Western  Oregon. 

W90-O625O  7C 

Water  Resources  Data  for  Virginia  Water  Year 

1985. 

W90-06261  7C 

Water  Resources  Data  for  Washington,  Water 
Year  1982.  Volume  1.  Western  Washington. 
W90-06262  7C 

Water  Resources  Data  for  Washington,  Water 
Year  1982.  Volume  2.  Eastern  Washington. 
W90-06263  7C 

Water  Resources  Data  for  Washington  Water 

Year  1983. 

W90-06264  7c 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1984. 

W90-06265  7C 

Water   Resources   Data   for  Wisconsin,   Water 

Year  1984. 

W90-06266  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1984. 

W90-06267  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1985. 

W90-06268  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1986. 

W90-06269  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1987. 

W90-06270  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1988. 

W90-06271  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1985. 

W90-06272  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1986. 

W90-06273  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1987. 

W90-06274  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1988. 

W90-06275  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1984. 

W90-O6276  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1985. 

W90-06277  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1986. 

W90-06278  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1987. 

W90-06279  7C 
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Water  Resources  Data  for  Arkansas,  Water  Year 

1986. 

W90-06280 


7C 


Water  Resources  Data  for  Arkansas,  Water  Year 

1987. 

W90-06281 


7C 


Water  Resources  Data  for  Arkansas,  Water  Year 

1988. 

W90-06282 


7C 


Water   Resources   Data   for   California,   Water 
Year  1984.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06283  7C 

Water  Resources  Data  for  California,  Water 
Year  1985.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06284  7C 

Water   Resources   Data   for   California,   Water 
Year  1985.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06285  7C 

Water   Resources   Data   for   California,   Water 
Year  1985.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06286  7C 

Water   Resources   Data   for   California,   Water 
Year    1985.    Volume    4.    Northern    California 
Valley  Basins  and  The  Great  Basin  from  Honey 
Lake  Basin  to  Oregon  State  Line. 
W90-06287  7C 

Water   Resources   Data   for   California,   Water 

Year  1985.  Volume  5.  Ground-water  Data  for 

California. 

W90-06288  7C 

Water  Resources  Data  for  California,  Water 
Year  1986.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06289  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  except 
Central  Valley. 
W90-06290  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06291  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06292  7C 

Water   Resources   Data   for   California,   Water 

Year  1986.  Volume  5.  Ground-water  Data  for 

California. 

W90-06293  7C 

Water  Resources  Data  for  California,  Water 
Year  1987.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06294  7C 

Water   Resources   Data   for   California,   Water 
Year  1987.  Volume  2.  Pacific  Slope  Basins  from 


Arroyo  Grande  to  Oregon  State  Line  Except 

Central  Valley. 

W90-06295  7C 

Water  Resources   Data   for   California,   Water 
Year  1987.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06296  7C 

Water   Resources   Data   for   California,   Water 
Year  1987.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06297  7C 

Water   Resources   Data   for   California,   Water 

Year  1987.  Volume  5.  Ground-water  Data  for 

California. 

W90-06298  7C 

Water  Resources  Data  for  California,  Water 
Year  1988.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06299  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-0630O  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06301  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06302  7C 

Water   Resources   Data   for   California,   Water 

Year  1988.  Volume  5.  Ground-Water  Data  for 

California. 

W90-06303  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06304  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  2.  Colorado  River  Basin. 
W90-06305  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06306  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  2.  Colorado  River  Basin. 
W90-06307  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1988.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06308  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1985. 

W90-06309  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1986. 

W90-06310  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1987. 

W90-06311  7C 


Water  Resources  Data  for  Connecticut,  Water 

Year  1988. 

W90-06312  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2 A.    South    Florida    -    Surface 

Water. 

W90-06313  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06314  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume    2B.    South    Florida    -    Ground 
Water. 

W90-06315  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2A.    South    Florida    -    Surface 
Water. 

W90-06316  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2B.    South    Florida   -   Ground 
Water. 

W90-06317  ?C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06318  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06319  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2A.    South    Florida   -    Surface 

Water. 

W90-06320  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2B.    South    Florida   -   Ground 

Water. 

W90-06321  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3A.   Southwest  Florida-Surface 

Water. 

W90-06322  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3B.   Southwest  Florida-Ground 

Water. 

W90-06323  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  4.  Northwest  Florida. 
W90-06324  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06325  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06326  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.    Volume    2A.    South    Florida    -    Surface 

Water. 

W90-06327  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.    Volume    2B.    South    Florida   -    Ground 

Water. 

W90-06328  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume   3 A.   Southwest   Florida-Surface 

Water. 

W90-06329  7C 
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Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume  3B.   Southwest   Florida-Ground 

Water. 

W90-06330  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  4.  Northwest  Florida. 
W90-06331  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06332  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06333  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume   2A.    South    Florida    -    Surface 

Water. 

W90-06334  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06335  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3 A.  Southwest  Florida  -  Surface 

Water. 

W90-06336  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3B.  Southwest  Florida  -  Ground 

Water. 

W90-06337  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1988.  Volume  4.  Northwest  Florida. 
W90-06338  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1985. 

W90-06339  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1986. 

W90-06340  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1987. 

W90-06341  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1988. 

W90-06342  7C 

Water  Resources  Data  for  Hawaii   and  other 
Pacific  Areas,  Water  Year  1985.  Volume  2. 
W90-06343  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1986.    Volume    1, 

Hawaii. 

W90-06344  7C 

Water   Resources   Data   for   Hawaii   and   other 
Pacific  Areas,  Water  Year  1986.  Volume  2. 
W90-06345  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1987.    Volume    1, 

Hawaii. 

W90-06346  7C 

Water   Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1987.  Volume  2. 
W90-06347  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1985. 

W90-06348  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1986. 

W90-06349  7C 


Water  Resources  Data  for  Idaho,  Water  Year 

1987. 

W90-06350  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1988. 

W90-06351  7C 

Water  Resources  Data  for  Illinois,  Water  Year 
1986.  Volume  1.  Illinois  Except  Illinois  River 
Basin. 

W90-06352  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1986  Volume  2.  Illinois  River  Basin. 
W90-06353  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume  1.  Illinois  Except  Illinois  River 
Basin. 

W90-06354  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume  2.  Illinois  River  Basin. 
W90-06355  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1988  Volume  1.  Illinois  Except  Illinois  River 
Basin. 

W90-06356  7C 

Water  Resources  Data  for  Illinois,  Water  Year 
1988  Volume  2.  Illinois  River  Basin. 
W90-06357  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1985. 

W90-06358  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1986. 

W90-06359  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1987. 

W90-06360  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1988. 

W90-06361  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1986. 

W90-06362  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1987. 

W90-06363  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1988. 

W90-06364  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1984  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06365  7C 

Water    Resources    Data    Florida,    Water    Year 

1984,    Volume    2A:    South    Florida    -    Surface 

Water. 

W90-06366  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984,  Volume  3 A:  Southwest  Florida  -  Surface 

Water. 

W90-06367  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume  3B:  Southwest  Florida  -  Surface 

Water. 

W90-06368  7C 

Water   Resources   Data,   Florida,   Water   Year 
1984,  Volume  4.  Northwest  Florida. 
W90-06369  7C 


Water  Resources  Data  -  Florida,  Water  Year 

1985,    Volume    1A:    Northeast   Florida-Surface 

Water. 

W90-06370  7C 

Water  Resources  Data  -  Florida,  Water  Year 
1985,  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06371  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06372  7C 

Water  Resources  Data  for  Florida  Water  Year 

1985.   Volume   3B:   Southwest  Florida-Ground 

Water. 

W90-06373  7C 

Water   Resources   Data,    Florida,   Water   Year 

1985  Volume  4:  Northwest  Florida. 

W90-06374  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1984. 

W90-06375  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1984.    Volume    1, 

Hawaii. 

W90-06376  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1984.    Volume   2. 

Guam,    Northern    Mariana    Islands,    Federated 

States    of    Micronesia,    Patau,    and    American 

Samoa. 

W90-06377  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1985.    Volume    1: 

Hawaii. 

W90-06378  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1984. 

W90-06379  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume   1.   Illinois  Except  Illinois  River 

Basin. 

W90-06380  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume  2.  Illinois  Except  Illinois  River 
Basin. 

W90-06381  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985.  Volume  1:  Illinois  Except  Illinois  River 

Basin. 

W90-06382  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985  Volume  2.  Illinois  River  Basin. 
W90-06383  7C 

Water  Resources  Data  for  Indiana.  Water  Year 

1984. 

W90-O6384  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1984. 

W90-06385  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1984. 

W90-06386  7C 

Water  Resources  Data  for  Kansas  Water  Year 

1985. 

W90-06387  7C 

Water    Resources   Data   for    Kentucky,    Water 

Year  1984. 

W90-O6388  7C 
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Water  Resources  Data  for  Kansas,  Water  Year 

1986. 

W90-06389  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1988. 

W90-06390  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1986. 

W90-06391  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1987. 

W90-06392  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1988. 

W90-06393  7C 

Water   Resources   Data   for   Louisiana,    Water 

Year  1986. 

W90-06394  7C 

Water   Resources   Data   for   Louisiana,   Water 

Year  1987. 

W90-06395  7C 

Water   Resources   Data   for   Louisiana,   Water 

Year  1988. 

W90-06396  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1985. 

W90-06397  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1986. 

W90-06398  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1987. 

W90-06399  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1988. 

W90-06400  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1986. 
W90-06401  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1987. 
W90-06402  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1988. 
W90-064O3  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1985. 

W90-06404  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1986. 

W90-06405  7C 

Water   Resources   Data   for   Michigan,    Water 

Year  1986. 

W90-064O6  7C 

Water   Resources   Data   for   Michigan,    Water 

Year  1987. 

W90-06407  7C 

Water   Resources   Data   for   Michigan,    Water 

Year  1988. 

W90-064O8  7C 

Water   Resources   Data  for  Minnesota,   Water 
Year  1984.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06409  7C 

Water   Resources   Data   for  Minnesota,   Water 
Year  1985.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06410  7C 


Water  Resources  Data  for   Minnesota,   Water 

Year   1985.   Volume  2.  Upper  Mississippi  and 
Missouri  River  Basin. 

W90-06411  7C 

Water  Resources  Data  for   Minnesota,   Water 
Year  1986.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06412  7C 

Water  Resources  Data  for  Minnesota,   Water 
Year   1986.   Volume  2.  Upper  Mississippi  and 
Missouri  River  Basin. 
W90-06413  7C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1985. 

W90-06414  7C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1986. 

W90-06415  7C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1987. 

W90-06416  ?C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1988. 

W90-06417  ?C 

Water  Resources  Data  for  Missouri,  Water  Year 

1986. 

W90-06418  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1987. 

W90-06419  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1988. 

W90-06420  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1986.    Volume    1.    Hudson   Bay    and    Missouri 
River  Basins. 
W90-06421  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1986.  Volume  2.  Columbia  River  Basin. 
W90-06422  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1987.  Volume    1.    Hudson    Bay   and    Missouri 
River  Basins. 

W90-06423  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1987.  Volume  2.  Columbia  River  Basin. 
W90-06424  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1988. 

W90-06425  7C 

Water    Resources   Data   for    Nebraska,    Water 

Year  1985. 

W90-06426  ?C 

Water   Resources   Data   for   Nebraska,    Water 

Year  1986. 

W90-06427  7C 

Water   Resources   Data   for   Nebraska,    Water 

Year  1987. 

W90-06428  7C 

Water   Resources   Data   for   Nebraska,    Water 

Year  1988. 

W90-06429  ?C 

Water  Resources  Data  for  Nevada,  Water  Year 

1985. 

W90-06430  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1986. 

W90-06431  7C 


Water  Resources  Data  for  Nevada,  Water  Year 

1987. 

W90-06432  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1985. 

W90-06433  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1986. 

W90-06434  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1987. 

W90-06435  ?C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1986.  Volume   1.   Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06436  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1986.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06437  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1987.   Volume   1:  Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06438  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1987.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06439  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1988,  Volume   1.   Atlantic   Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06440  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1988.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06441  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1986. 

W90-06442  ?C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1987. 

W90-06443  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1988. 

W90-06444  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06445  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1985,  Volume  2.  Long  Island. 

W90-06446  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  3:  Western  New  York. 
W90-06447  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06448  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1986.  Volume  2:  Long  Island. 

W90-06449  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  3:  Western  New  York. 
W90-06450  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06451  7C 
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Water  Resources  Data  for  New   York,   Water 

Year  1987.  Volume  2:  Long  Island. 

W90-06452  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  3:  Western  New  York. 
W90-06453  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06454  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1984.  Volume  2.  Long  Island. 

W90-06455  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  3.  Western  New  York. 
W90-06456  7c 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1985. 

W90-06457  7c 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1984. 

W90-06458  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1985. 

W90-06459  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume  1.  Ohio  River  Basin. 

W90-06460  7c 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume   2.   St.    Lawrence   River   Basin, 
Statewide  Project  Data. 

W90-06461  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1985.  Volume  1.  Ohio  River  Basin. 
W90-06462  7C 

Water  Resources  Data  for  Ohio,  Water  Year 
1985.    Volume   2.    St.    Lawrence   River   Basin, 
Statewide  Project  Data. 
W90-06463  7c 

Water   Resources   Data  for  Oklahoma,   Water 

Year  1983. 

W90-06464  7c 

Water   Resources   Data  for   Oklahoma,   Water 

Year  1984. 

W90-06465  7c 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  1.  Eastern  Oregon. 

W90-06466  7c 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  2:  Western  Oregon. 

W90-06467  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  1:  Delaware  River  Basin 
W90-06468  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06469  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1984. 

W90-06470  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1985. 

W90-06471  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1984. 

W90-06472  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1984.   Volume    1:   Arkansas  River,   Red   River, 


Sabine    River,    Neches  River,    Trinity    River 

Basins  and   Intervening  and  Adjacent  Coastal 
Basins. 

W90-06473  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1984.    Volume   2.    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06474  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1984.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06475  7c 

Water  Resources  Data  for  Utah,  Water  Year 

1984. 

W90-06476  7c 

Water  Resources  Data  for  Utah,  Water  Year 

1985. 

W90-06477  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1984. 

W90-06478  7c 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1986. 

W90-06479  7c 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1987. 

W90-06480  7c 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1988. 

W90-06481  7c 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1986. 

W90-06482  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1987. 

W90-06483  7c 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1988. 

W90-06484  7c 

Water  Resources  Data  for  Ohio,  1986.  Volume 

1 :  Ohio  River  Basin. 

W90-06485  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06486  7c 

Water  Resources  Data  for  Ohio,  1987.  Volume 

1:  Ohio  River  Basin. 

W90-06487  7c 

Water  Resources  Data  for  Ohio,  1987.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06488  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 

1:  Ohio  River  Basin. 

W90-06489  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 
2:    St.    Lawrence    River    Basin    and    Statewide 
Project  Data. 
W90-06490  7c 

Water  Resources   Data  for  Oklahoma,   Water 

Year  1985. 

W90-06491  7C 

Water   Resources   Data   for  Oklahoma,   Water 

Year  1986. 

W90-06492  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  1:  Eastern  Oregon. 

W90-06493  7c 


Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  2:  Western  Oregon. 

W90-06494  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1985.  Volume  I:  Eastern  Oregon. 

W90-06495  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1985.  Volume  2:  Western  Oregon. 
W90-06496  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1986.  Volume  1:  Eastern  Oregon. 
W90-06497  7C 

Water  Resources  Data  for  Oregon  Water  Year 

1986,  Volume  2.  Western  Oregon. 

W90-06498  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06499  7c 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  1:  Delaware  River  Basin 
W90-06500  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06501  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06502  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  1:  Delaware  River  Basin 
W90-06503  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06504  7c 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06505  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  1:  Delaware  River  Basin. 
W90-06506  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06507  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  1:  Delaware  River  Basin. 
W90-O6508  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06509  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06510  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1985. 
W90-06511  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1986. 
W90-06512  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1987. 
W90-06513  7C 
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Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1988. 
W90-06514  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1985. 

W90-06515  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1986. 

W90-06516  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1987. 

W90-06517  ?C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1986. 

W90-06518  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1987. 

W90-06519  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1988. 

W90-06520  7C 

Water  Resources   Data  for  Tennessee,   Water 

Year  1986. 

W90-06521  7C 

Water  Resources   Data  for  Tennessee,   Water 

Year  1987. 

W90-06522  7C 

Water  Resources   Data  for  Tennessee,   Water 

Year  1988. 

W90-06523  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.  Volume   1;  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and  Intervening  and  Adjacent  Coastal 

Basins. 

W90-06524  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1985.    Volume   2;    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06525  1C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.  Volume  3;  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06526  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06527  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1986.    Volume   2:    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06528  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06529  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06530  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1987.    Volume   2:    San   Jacinto   River,    Brazos 


River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06531  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06532  ?C 

Water  Resources  Data  for  Texas,  Water  Year 

1988:  Volume   1:  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and  Adjacent  Coastal 

Basins. 

W90-06533  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1988.  Volume  2:  San  Jacinto  River,  Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 

W90-06534  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1988.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06535  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1986. 

W90-06536  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1987. 

W90-06537  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1988. 

W90-06538  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1986. 

W90-06539  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1987. 

W90-06540  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1988. 

W90-06541  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1984. 

W90-06542  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1986. 

W90-06543  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1985. 

W90-06544  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1986. 

W90-06545  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1987. 

W90-06546  7C 

Water   Resources  Data  for  Wisconsin,   Water 

Year  1986. 

W90-06547  7C 

Water   Resources  Data  for  Wisconsin,   Water 

Year  1987. 

W90-06548  7C 

Water   Resources  Data  for   Wisconsin,   Water 

Year  1988. 

W90-06549  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1985. 

W90-06550  7C 


Water   Resources   Data   for   Wyoming,   Water 

Year  1986. 

W90-06551  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1987. 

W90-06552  1C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1988. 

W90-06553  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1985. 

W90-06554  7C 

DATA  INTERPRETATION 

Three-Dimensional     Cloud     and     Precipitation 

Mapping. 

W90-05716  2B 

Automated  Global  Cloud  Climatology. 
W90-05717  2B 

Trends  in  Particulate  Deposition  and  Precipita- 
tion Chemistry  at  Leeds  (U.K.)  1907-1987. 
W90-05900  5B 

Scaling  the  Saturated  Hydraulic  Conductivity  of 

an  Alfisol. 

W90-05916  2G 

Statistical  Power  Analysis  can  Improve  Fisher- 
ies Research  and  Management. 
W90-06109  7C 

Assessing  the  Potential  Extent  of  Damage  to 
Inland  Lakes  in  Eastern  Canada  due  to  Acidic 
Deposition.  I.  Development  and  Evaluation  of  a 
Simple  'Site'  Model. 
W90-06113  5C 

Assessing  the  Potential  Extent  of  Damage  to 

Inland  Lakes  in  Eastern  Canada  due  to  Acidic 

Deposition:    II.    Application    of   the    Regional 

Model. 

W90-06114  5C 

DATA  QUALITY  CONTROL 

Leaky  Filters:  A  Warning  to  Aquatic  Ecologists. 
W90-06110  7B 


DATA  STORAGE  AND  RETRIEVAL 

GOES  Satellite  Data  for  AIMS. 
W90-05715 


7C 


Computerized  Data-Base  System  for  Land-Use 
and   Land-Cover   Data   Collected   at   Ground- 
Water    Sampling    Sites    in    the   Pilot    National 
Water  Quality  Assessment  Program. 
W90-06234  7C 

DDE 

Toxicokinetics  of  DDE,  Benzo(a)pyrne,  and  2, 
4,  5,  2',  4',  5'-Hexachlorobiphenyl  in  Pontopor- 
eia  hoyi  and  Mysis  relicta. 
W90-05845  5B 

DDT 

Atmospheric  Deposition  of  Persistent  Pollutants 
Governs  Uptake  by  Zooplankton  in  a  Pond  in 
Southern  Sweden. 
W90-05903  5B 


DECIDUOUS  FORESTS 

Impacts  of  Forests  on  Water  Chemistry. 
W90-05983 


2K 


Vegetation,  Soils,  and  Ion  Transfer  Through  the 

Forest    Canopy    in    Two    Nova    Scotia    Lake 

Basins. 

W90-05984  2K 

DECISION  MAKING 

Selection    of    Substances    Requiring    Priority 

Action. 

W90-05798  6B 
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Decision    Making    for    Multiple    Utilization    of 

Water  Resources  in  New  Zealand. 

W90-05862  6A 

DECOMPOSING  ORGANIC  MATTER 

Decomposition  Studies  on  Two  Floating  Leaved 
Macrophytes,    Nymphaea   nouchaJi   and    Nym- 
phoides  indica,  of  Lake  Kondakarla,  India. 
W90-06158  2H 

DECOMPOSITION 

Mineralization  of  Chitin  in  the  Sediments  of  the 
Ythan  Estuary,  Aberdeenshire,  Scotland. 
W90-05911  2L 

DECONTAMINATION 

Environmental  Effects  and  Fate  of  Decontami- 
nation Agent  C-8  in  Soil. 
W90-06173  5C 

DEGRADATION 

Effects  of  Temperature  and  Redox  Conditions 
on    Degradation    of    Chlorinated    Phenols    in 
Freshwater  Sediments. 
W90-05756  5B 

DEGRADATION  PRODUCTS 

Residues  of  1-Naphthol  in  Soil  and  Water  Sam- 
ples in  and  Around  Bhopal,  India. 
W90-06038  5B 

DELAWARE 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1986. 
W90-06401  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1987. 
W90-06402  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1988. 
W90-06403  7C 

DENDROCHRONOLOGY 

Reconstructed  Drought  History,  North-Central 

Great  Basin:  1601-1982. 

W90-05747  2B 

DENITRIFICATION 

Nitrosomonas  and   Nitrobacter   Interactions  in 

Biological  Nitrification. 

W90-05953  5D 

Numbers,  Distribution  and  Classification  of  Ni- 
trate Reducing  and  Denitrifying  Bacteria  in 
Emlbase  del  Rio  Tercero,  Cordoba,  Argentina 
(Recuento,  Distribucion  y  Clasificacion  de  Bac- 
terias  Reductoras  de  Nitrato  y  Desnitrificantes 
(Emlbase  del  Rio  Tercero,  Cordoba,  Argenti- 
na)). 
W90-06029  2H 

DENSITY 

Variable-Density  Ground-Water  Flow  and  Pa- 
leohydrology  in  the  Waste  Isolation  Pilot  Plant 
(WIPP)  Region,  Southeastern  New  Mexico. 
W90-06230  5B 

DEPOSITION 

Meteorological  Characteristics  of  Large  Acidic 
Deposition  Events  at  Kejimkujik,  Nova  Scotia. 
W90-05980  2B 

DESIGN  CRITERIA 

Pavement    Drainage    Design    Using    Yen    and 


Chow  Rainfall. 
W90-05653 


2E 


New  Water  Treatment  Facility  Improves  Effi- 
ciency. 
W90-05892  5F 

Design  of  Roadside  Channels  with  Flexible  Lin- 
ings. 
W90-06184  4A 


Formed  Suction  Intake  Approach  Appurtenance 

Geometry. 

W90-06202  8B 

DESIGN  FLOODS 

Development  of  the  Rational  Method  for  Flood 
Design  for  Small  Rural  Basins  in  Australia. 
W90-05628  2E 

DESIGN  STANDARDS 

Applications  of  the  Manning's  and  Rational  For- 
mulas for  the  Design  of  Storm  Drains  in  Singa- 
pore. 
W90-05646  2E 

Reactor  Design  for  Hazardous  Waste  Treatment 

Using  a  White  Rot  Fungus. 

W90-06075  5D 

Design,  Construction,  and  Evaluation  of  Clay 
Liners  for  Waste  Management  Facilities. 
W90-06163  5E 

DESIGN  STORMS 

Fuzzy-Grouping  Method  of  Design  Storm-Pat- 
tern Analysis. 
W90-05623  2B 

DETENTION  BASINS 

Design  of  Stormwater  Detention  Basins.  A  Sim- 
plified Method. 
W90-05648  2E 

DETENTION  RESERVOIRS 

Effects  of  Hyetograph  Shape  on  Detention  Pond 

Sizing. 

W90-05626  2E 

DETRITUS 

Factors    Affecting    Autotrophic-Heterotrophic 
Relationships  of  a  Woodland  Stream. 
W90-05933  2H 

Estimates  of  Detrital  and  Epilithon  Community 
Metabolism  from  Particle-sized  Riffle  Sediments 
of  a  Woodland  Stream. 
W90-05934  2H 

Diet  Selection  and  the  Contribution  of  Detritus 
to  the  Diet  of  the  Juvenile  White  Sucker  (Catos- 
tomus  commersoni). 
W90-06111  2H 

Nutritional  Significance  of  Facultative  Detriti- 

vory  to  the  Juvenile  White  Sucker  (Catostomus 

commersoni). 

W90-06112  2H 

Wood  Dynamics  in  Coastal  Plain  Blackwater 

Streams. 

W90-06115  2H 

DETROIT  RIVER 

Toxicity  of  Vertical  Sediments  in  the  Trenton 
Channel,  Detroit  River,  Michigan,  to  Chirono- 
mus  Tentans  (Insecta:  Chironomidae). 
W90-05843  5C 

DIATOMS 

Effects  of  Ice-Break  on  the  Structure  and  Dy- 
namics of  a  Benthic  Diatom  Community  in  the 
Northern  Baltic  Sea. 
W90-05925  2L 

Diatom-Inferred    pH    History    of    Kejimkujik 
Lake,  Nova  Scotia:  A  Reinterpretation. 
W90-O6O02  2H 

Subfossil  and  Modern  Diatom  Plankton  and  the 

Paleolimnology  of  Rotsee  (Switzerland)  since 

1850. 

W90-06094  2H 

Contribution  of  Rhizosolenia  eriensis  and  Cyclo- 
tella  spp.  to  the  Deep  Chlorophyll  Maximum  of 
Sproat  Lake,  British  Columbia,  Canada. 
W90-O6118  2H 


DICHLOROPROPANE 

Health  Risk  Assessment  of  1,2-Dichloropropane 
(1,2-DCP)  in  California  Drinking  Water. 
W90-06170  5C 

DIETS 

Use  of  Selenastrum  carpicornutum  and  Micro- 
feast  as  Food  for  Daphnia  pulex. 
W90-06037  7B 

DIFFUSION  COEFFICIENT 

Effect  of  Bulk  Density,  Water  Content  and  Soil 
Type  on  the  Diffusion  of  Chloride  in  Soil. 
W90-05917  2G 

DIOXANE 

Comparison  between  Acetone  and  Dioxane  and 
Explanation  of  Their  Role  in  Water  Replace- 
ment in  Undisturbed  Soil  Samples. 
W90-05918  7B 

DIOXINS 

Assessment  of  the  Potential   for  Transport  of 
Dioxins  and  Codisposed  Materials  to  Ground- 
water. 
W90-06182  5B 

DIQUAT 

Effect  of  Sediment  on  Estimates  of  Diquat  Tox- 
icity in  Laboratory  Microcosms. 
W90-06072  5C 


DISAGGREGATION 

Disaggregation  of  Daily  Rainfall. 
W90-05624 


2B 


DISPERSION 

3-D    Finite    Element    Transport    Models    by 
Upwind  Preconditioned  Conjugate  Gradients. 
W90-05882  5B 


Mass  Flow  and  Dispersion. 
W90-06166 


5B 


DISSOLVED  OXYGEN 

Effect  of  Dissolved  Oxygen  Concentrations  on 

Fish  and  Invertebrates  in  Large  Experimental 

Channels. 

W90-05751  5C 

Dissolved  Oxygen  Profiles  at  Major  Wastewater 
Discharges  and   Hydroelectric   Dams  and   the 
Ohio  River. 
W90-06103  5B 

Nighttime  Pond  Respiration  Rate:  Oxygen  or 

Temperature  Dependent. 

W90-06122  2H 

DISTRIBUTION  PATTERNS 

Morphological   Structure   and   Functional   Pat- 
terns of  Keratella  cochlearis  (Gosse)  Populations 
in  Stratified  Lakes. 
W90-06145  2H 

Horizontal  Distribution  of  the  Plankton  Rotifers 
Keratella  cochlearis  (Bory  de  St  Vincent)  and 
Polyarthra  vulgaris  (Carlin)  in  a  Small  Eutro- 
phic  Lake. 
W90-06147  2H 

Rotifer  Distribution  in  Relation  to  Temperature 

and  Oxygen  Content. 

W90-06151  2H 

DISTRICT  OF  COLUMBIA 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1986. 
W90-06401  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
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Phase  I  Diagnostic/Feasibility  Study  Coventry 
Lake,  Coventry,  Connecticut,  1984. 
W90-06210  5G 

FECAL  COLIFORMS 

Coliphages  as  an  Indicator  of  Faecal  Pollution  in 
Water.  Their  Survival  and  Productive  Infectiv- 
ity  in  Natural  Aquatic  Environments. 
W90-06080  5A 

FENS 
Chemical  Characterization  of  Several  Wetlands 
in  Kejimkujik  National  Park,  Nova  Scotia. 
W90-05990  2H 

FILAMENTOUS  BACTERIA 

Ecology  of  Ciliates  in  Riverwaters:  The  Evalua- 
tion of  Water  Quality  via  Ciliates  and  Filamen- 
tous Bacteria. 
W90-06088  5A 

FILTERS 

Application     of     Declining     Rate     Filtration 

Theory:  Continuous  Operation. 

W90-05958  5F 

Leaky  Filters:  A  Warning  to  Aquatic  Ecologists. 
W90-06110  7B 

FILTRATION 

Application     of     Declining     Rate     Filtration 

Theory:  Continuous  Operation. 

W90-05958  5F 

FINITE  DIFFERENCE  METHODS 

Finite   Difference   Simulation   Model   of  Tidal 
Flow  in  the  English  Channel  and  the  Southern 
North  Sea. 
W90-06026  2L 

Geohydrology  of  the  Regional  Aquifer  System, 

Western     Snake     River     Plain,     Southwestern 

Idaho. 

W90-06257  2F 

FINITE  ELEMENT  METHOD 

One-Dimensional    Modeling    of   Moving    Rain- 
storms. 
W90-05625  2B 

3-D    Finite    Element    Transport    Models    by 
Upwind  Preconditioned  Conjugate  Gradients. 
W90-05882  5B 

Simulation   of  Regional    Subsurface    Flow   by 

Finite  Element  Models. 

W90-05883  2F 

Modelling  of  Some  Elliptic  Fluid  Mechanics 
Problems  by  the  Boundary  Element  Method. 
W90-05884  8B 

Selective  Lumping  Effects  on  Depth-Integrated 
Finite  Element  Model  of  Channel  Flow. 
W90-05885  2E 

Using   Supercomputers   for   the   Time   History 

Analysis  of  Old  Gravity  Dams. 

W90-05886  8A 

Finite  Element  Study  of  Tidal  Flow  Data  for  the 

North  Sea  and  English  Channel. 

W90-06025  2L 

FINLAND 

Multivariate   Analysis   of  Lake   Phytoplankton 

and  Environmental  Factors. 

W90-05920  2H 
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Finnish  Lake  Survey:  The  Role  of  Organic  and 

Anthropogenic  Acidity. 

W90-05996  5B 

Water  Chemistry  and  Phytoplankton  Communi- 
ties in  Acidic  Clear  and  Brown-Water  Lakes  in 
Eastern  Finland. 
W90-06010  2H 

Occurrence  of  Thermophilic  Campylobacters  in 
Rural  and  Urban  Surface  Waters  in  Central  Fin- 
land. 
W90-06077  5B 

Effect  of  Snow  and  Soil  Frost  Melting  on  the 
Concentrations  of  Suspended  Solids  and  Phos- 
phorus in  Two  Rural  Watersheds  in  Western 
Finland. 
W90-06O86  5B 

FISH 

Effect  of  Dissolved  Oxygen  Concentrations  on 

Fish  and  Invertebrates  in  Large  Experimental 

Channels. 

W90-05751  5C 

Ammonia  Toxicity  and  Metabolism  in  Fishes. 
W90-05784  5C 

PCB  Concentrations  in  Wilson  Reservoir  Catfish 

-  1986. 

W90-05788  5B 

Biotransformation  and  Disposition  of  Polycyclic 
Aromatic  Hydrocarbons  (PAH)  in  Fish. 
W90-05816  5B 

Enzymes  Involved  in  Metabolism  of  PAH  by 
Fishes  and  Other  Aquatic  Animals:  Oxidative 
Enzymes  (or  Phase  I  Enzymes). 
W90-05817  5B 

Enzymes  Involved  in  Metabolism  of  PAH  by 
Fishes  and  Other  Aquatic  Animals:  Hydrolysis 
and   Conjugation   Enzymes   (or   Phase   II   En- 
zymes). 
W90-05818  5B 

Factors  Influencing  Experimental  Carcinogene- 
sis in  Laboratory  Fish  Models. 
W90-05820  5C 

PAH,  Metabolites,  and  Neoplasia  in  Feral  Fish 

Populations. 

W90-05821  5C 

FISH  BEHAVIOR 

Response  of  Sport  Fishes  to  Thermal  Discharges 
into  the  Great  Lakes:  Is  Somerset  Station,  Lake 
Ontario,  Different. 
W90-05855  5C 

Role  of  Hydrodynamic  Stimuli  in  the  Behavior 
and  Orientation  of  Fishes  Near  Obstacles. 
W90-06017  81 

Swimming  Behavior  as  an  Indicator  of  Sublethal 

Toxicity  to  Fish. 

W90-06045  5C 

Behavioral  Toxicity  Syndromes:  A   Promising 
Tool  for  Assessing  Toxicity  Mechanisms  in  Ju- 
venile Fathead  Minnows. 
W90-06048  5C 

Fish  Behavior  and  Environmental  Assessment. 
W90-O6050  5A 

Preference/Avoidance   Testing  of  Waste   Dis- 
charges on  Anadromous  Fish. 
W90-06052  5C 

Sublethal   Toxicant   Effects  on   Fish   Foraging 
Behavior:  Empirical  vs.  Mechanistic  Approach- 
es. 
W9O-O6054  5C 


Diet  Selection  and  the  Contribution  of  Detritus 
to  the  Diet  of  the  Juvenile  White  Sucker  (Catos- 
tomus  commersoni). 
W90-06111  2H 

FISH  DIETS 

Diet  Selection  and  the  Contribution  of  Detritus 
to  the  Diet  of  the  Juvenile  White  Sucker  (Catos- 
tomus  commersoni). 
W90-06111  2H 

Nutritional  Significance  of  Facultative  Detriti- 

vory  to  the  Juvenile  White  Sucker  (Catostomus 

commersoni). 

W90-06112  2H 

FISH  FOOD  ORGANISMS 

Diet  Selection  and  the  Contribution  of  Detritus 
to  the  Diet  of  the  Juvenile  White  Sucker  (Catos- 
tomus commersoni). 
W90-06111  2H 

FISH  HATCHERIES 

Differences  in  Acid  Tolerance  During  the  Early 
Life  Stages  of  Three  Strains  of  Brook  Trout, 
Salvelinus  fontinalis. 
W90-06008  5C 

FISH  MANAGEMENT 

Statistical  Power  Analysis  can  Improve  Fisher- 
ies Research  and  Management. 
W90-06109  7C 

FISH  MIGRATION 

Preference/Avoidance   Testing   of  Waste   Dis- 
charges on  Anadromous  Fish. 
W90-06052  5C 

Recycling  of  Elements  Transported  Upstream 
by  Runs  of  Pacific  Salmon:  I.  delta  15  N  and 
delta  13  C  Evidence  in  Sashin  Creek,  Southeast- 
ern Alaska. 
W90-06119  2H 

FISH  PHYSIOLOGY 

Ion  Exchange  in  Fish  Under  Extreme  Effects  of 

a  Varied  Nature. 

W90-05781  5C 

Induced  Cytochrome  P-450  in  Fundulus  Hetero- 
clitus  Associated  with  Environmental  Contami- 
nation by  Polychlorinated  Biphenyls  and  Polyn- 
uclear  Aromatic  Hydrocarbons. 
W90-05877  5B 

Freshwater  Fish  Cytochrome  P450-Dependent 
Enzymatic  Activities:  A  Chemical  Pollution  In- 
dicator. 
W90-05942  5A 

Distribution   of  (C14)Acrylamide   in   Rainbow 
Trout     Studied    by    Whole-Body    Autoradio- 
graphy. 
W90-05948  5B 

Responses  of  Atlantic  Salmon  (Salmo  salar)  Ale- 
vins  to  Dissloved  Organic  Carbon  and  Dissolved 
Aluminum  at  Low  pH. 
W90-06009  5C 

Peculiarities  of  Resistance  of  Some  Freshwater 

Fishes  to  Carbophos. 

W90-06015  5C 

Effect  of  Environmental   Acidification   on  the 
Olfactory  System  of  Carp,  Cyprinus  carpio. 
W90-06016  5C 

Nutritional  Significance  of  Facultative  Detriti- 

vory  to  the  Juvenile  White  Sucker  (Catostomus 

commersoni). 

W90-06112  2H 

Impact  of  Cobalt  on  the  Carbohydrate  Metabo- 
lism  of  a  Freshwater  Tropical   Perch,   Colisa 
fasciatus  (Bloch  et  Schn). 
W90-06141  5C 


FISH  POPULATIONS 

Species  Composition  and  Biomasses  of  Fishes  in 
Different  Habitats  for  a  Tropical  Northern  Aus- 
tralian Estuary:  Their  Occurrence  in  the  Adjoin- 
ing Sea  and  Estuarine  Dependence. 
W90-05908  2L 

Ecological  and  Physiological  Responses  of  At- 
lantic Salmon  in  Acidic  Organic  Rivers  of  Nova 
Scotia,  Canada. 
W90-06007  2H 

Prediction  of  the  Abundance  of  Fishes  in  Lake 

Syam. 

W90-06014  5C 


Fishes  of  the  Ohio  River. 
W90-06106 


5G 


Environmental   Characteristics  of  Affluents  of 

the  Dobczyce  Reservoir  (Southern  Poland)  in 

the    Preimpoundment    Period    (1983-1985):    3. 

Ichthyofauna. 

W90-06137  2H 

Fish   Communities   in   Lakes  in   Subregion   2B 
(Upper  Peninsula  of  Michigan)  in  Relation  to 
Lake  Acidity.  Volume  I. 
W90-06181  2H 

Fish   Communities  in   Lakes  in   Subregion  2B 
(Upper  Peninsula  of  Michigan)  in  Relation  to 
Lake  Acidity.  Volume  II:  Appendices. 
W90-06215  5B 

FISHERIES 

Bibliography  of  Fishery  Investigations  on  Large 
Salmonid  River  Systems  with  Special  Emphasis 
on  the  Bois  Brule  River,  Douglas  County,  Wis- 
consin. 
W90-05735  IOC 

Fisheries-Oceanography  Coordinated  Investiga- 
tions-Field Operations  1988. 
W90-05737  81 

Statistical  Power  Analysis  can  Improve  Fisher- 
ies Research  and  Management. 
W90-06109  7C 

FISHKILL 

Effects  of  Fish  Removal  on  the  Limnetic  Eco- 
system of  a  Eutrophic  Lake. 
W90-06121  2H 

FLAGELLATES 

Gonyostomum  semen,  a  Potential  Nuisance  in 
Large  French  Reservoirs.  The  Case  of  the  Pare- 
loup  Lake  (Gonyostomum  semen  (Raphidophy- 
cees),  Nuisance  Potentielle  des  Grands  Reser- 
voirs Francais.  L'exemple  du  Lac  de  Pareloup). 
W90-05924  2H 

FLOATING  PLANTS 

Decomposition  Studies  on  Two  Floating  Leaved 
Macrophytes,    Nymphaea   nouchali   and   Nym- 
phoides  indica,  of  Lake  Kondakarla,  India. 
W90-06158  2H 

FLOCCULATION 

Effects  of  Sonication  on  Activated  Sludge. 
W90-O5872  5D 

FLOOD  BENEFITS 

Uncertainty  Analysis  for  Urban  Flood  Damage 
Reduction  Benefits:  Attitudes  and  Practices  of 
Corps  of  Engineer  Economists. 
W90-05764  6B 

FLOOD  CONTROL 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  7:  Hy- 
drology. 
W90-05759  8A 
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Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  5:  Oak 
Street  Drain. 
W90-05760  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  4:  Mill 
Creek  Levee. 
W90-05761  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    including    Santiago    Creek.    Volume    3: 
Lower  Santa  Ana  River  (Prado  Dam  to  Pacific 
Ocean). 
W90-05762  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    Including    Santiago    Creek.    Volume    2: 
Prado  Dam. 
W90-05803  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  Including  Santiago  Creek.   Main  Report 
and  Supplemental  Environmental  Impact  State- 
ment. 
W90-05804  8  A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  Including  Santiago  Creek.  Volume  1: 
Seven  Oaks  Dam,  Appendixes  B  through  G. 
W90-05805  8A 

Special  Flood  Hazard  Evaluation  Report.  Pleas- 
ant  Creek:    Village   of  Evans   Mill,   Jefferson 
County,  New  York. 
W90-06172  6F 

FLOOD  DAMAGE 

Uncertainty  Analysis  for  Urban  Flood  Damage 
Reduction  Benefits:  Attitudes  and  Practices  of 
Corps  of  Engineer  Economists. 
W90-05764  6B 

FLOOD  DISCHARGE 

Sources   and   Routing   of  the   Amazon   River 

Flood  Wave. 

W90-05949  2E 

FLOOD  FLOW 

Momentum  Transfer  in  Compound  Channels. 
W90-05676  8B 

Compound  Channel  Froude  Number  for  Man- 
ning's n  Variable  with  Depth. 
W90-05677  8B 

Comparison    of  Turbulence    Measurements   in 
Straight,  Single  Meander  and  Multiple  Meander 
Compound  Channels. 
W90-05692  8B 


Flood  Routing  Models  and  the  Manning  n. 
W90-05696 


8B 


General    Approach    to    Simplified    Linear    St. 

Venant  Models. 

W90-05701  2E 

Flood  Boundaries  and  Water-Surface  Profile  for 
the  Computed  100- Year  Flood,  Swift  Creek  at 
Afton,  Wyoming,  1986. 
W90-05743  2E 

FLOOD  FORECASTING 

Proceedings  of  the  International  Conference  on 
Channel  Flow  and  Catchment  Runoff:  Centenni- 
al of  Manning's  Formula  and  Kuichling's  Ra- 
tional Formula. 
W90-05621  2E 

Development  of  the  Rational  Method  for  Flood 
Design  for  Small  Rural  Basins  in  Australia. 
W90-05628  2E 

Spatial  Resolution  in  Hydrologic  Modeling. 
W90-05641  2E 


Comparison  of  Some  Rainfall-Runoff  Models  for 

Nonlinear  Flood  Forecasting. 

W90-05643  2E 

Backwater  Computation  of  Natural  Rivers  with 
Extreme  Bank  or  Floodplain  Roughness. 
W90-05673  2E 

Flood  Routing  Models  and  the  Manning  n. 
W90-05696  8B 

Uncertainty  on  Travel  Time  in  Kinematic  Wave 

Channel  Routing. 

W90-05703  8B 

Linear  Flood  Routing  Model  for  Rapid  Flow. 
W90-05838  2E 

What  Is  the  Distributed  Delayed  Muskingum 

Model. 

W90-05839  2E 

FLOOD  HAZARD 

Uncertainty  Analysis  for  Urban  Flood  Damage 
Reduction  Benefits:  Attitudes  and  Practices  of 
Corps  of  Engineer  Economists. 
W90-05764  6B 

FLOOD  HYDRAULICS 

Backwater  Computation  of  Natural  Rivers  with 
Extreme  Bank  or  Floodplain  Roughness. 
W90-05673  2E 

FLOOD  HYDROGRAPHS 

Sources   and    Routing   of  the   Amazon    River 

Flood  Wave. 

W90-05949  2E 

FLOOD  PEAK 

Flood  Boundaries  and  Water-Surface  Profile  for 
the  Computed  100- Year  Flood,  Swift  Creek  at 
Afton,  Wyoming,  1986. 
W90-05743  2E 

FLOOD  PLAIN  MANAGEMENT 

Special  Flood  Hazard  Evaluation  Report.  Pleas- 
ant  Creek:   Village   of  Evans   Mill,   Jefferson 
County,  New  York. 
W90-06172  6F 

FLOOD  PLAINS 

Backwater  Computation  of  Natural  Rivers  with 
Extreme  Bank  or  Floodplain  Roughness. 
W90-05673  2E 

Momentum  Transfer  in   Compound   Channels. 
W90-05676  8B 

FLOOD  ROUTING 

Spatial  Resolution  in  Hydrologic  Modeling. 
W90-05641  2E 

Flood  Routing  Models  and  the  Manning  n. 
W90-05696  8B 

General    Approach    to    Simplified    Linear    St. 

Venant  Models. 

W90-05701  2E 

Uncertainty  on  Travel  Time  in  Kinematic  Wave 

Channel  Routing. 

W90-05703  8B 

Linear  Flood  Routing  Model  for  Rapid  Flow. 
W90-05838  2E 

What  Is  the  Distributed  Delayed  Muskingum 

Model. 

W90-05839  2E 

Sources   and    Routing   of  the   Amazon    River 

Flood  Wave. 

W90-05949  2E 

FLOOD  WAVES 

Sources   and    Routing   of  the   Amazon   River 

Flood  Wave. 

W90-05949  2E 


FLOODS 

Storm  Runoff  Simulations  in  Matsuyama  City 

Drainage  Basin. 

W90-05639  4C 

Engineering  Geology  of  the  Reno-Lake  Tahoe 

Area,  Nevada. 

W90-05736  8E 

FLORIDA 

Lake  Management  Techniques  in  Florida,  USA: 

Costs  and  Water  Quality  Effects. 

W90-05867  5G 

Salinity  and  Flow  Relations  and  Effects  of  Re- 
duced Flow  in  the  Chassahowitzka  River  and 
Homosassa  River  Estuaries,  Southwest  Florida. 
W90-06249  2L 

Hydraulic  and   Salinity  Characteristics  of  the 

Tidal  Reach  of  the  Peace  River,  Southwestern 

Florida. 

W90-06258  2L 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2A.    South    Florida   -    Surface 

Water. 

W90-06313  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06314  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume  2B.  South  Florida  -  Ground 
Water. 

W90-06315  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume  2A.  South  Florida  -  Surface 
Water. 

W90-06316  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume  2B.  South  Florida  -  Ground 
Water. 

W90-06317  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06318  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06319  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2A.    South    Florida    -    Surface 

Water. 

W90-06320  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06321  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3A.   Southwest  Florida-Surface 

Water. 

W90-06322  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3B.   Southwest  Florida-Ground 

Water. 

W90-06323  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  4.  Northwest  Florida. 
W90-06324  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 
W90-06325  7C 
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Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06326  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1987.  Volume  2 A.  South  Florida  -  Surface 
Water. 

W90-06327  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06328  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume   3A.   Southwest   Florida-Surface 

Water. 

W90-06329  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume   3B.   Southwest  Florida-Ground 

Water. 

W90-06330  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  4.  Northwest  Florida. 
W90-06331  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06332  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06333  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume   2A.    South    Florida    -    Surface 

Water. 

W90-06334  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06335  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3 A.  Southwest  Florida  -  Surface 

Water. 

W90-06336  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3B.  Southwest  Florida  -  Ground 

Water. 

W90-06337  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1988.  Volume  4.  Northwest  Florida. 
W90-06338  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1984  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06365  7C 

Water    Resources    Data   Florida,    Water   Year 

1984,    Volume   2A:    South    Florida    -    Surface 

Water. 

W90-06366  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984,  Volume  3A:  Southwest  Florida  -  Surface 
Water. 

W9O-06367  7C 

Water  Resources  Data  -  Florida,  Water  Year 

1985,  Volume  1A:  Northeast  Florida-Surface 
Water. 

W9O-O6370  7C 

Water  Resources  Data  -  Florida,  Water  Year 
1985,  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06371  7C 


Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06372  7C 

Water  Resources  Data  for  Florida  Water  Year 

1985.   Volume   3B:   Southwest   Florida-Ground 

Water. 

W90-06373  7C 

Water   Resources   Data,    Florida,    Water   Year 

1985  Volume  4:  Northwest  Florida. 

W90-06374  7C 

FLOW 

Parameter  Estimation  in  Stochastic  Models  for 

2-D  Shallow  Water  Flow. 

W90-05649  2L 

Manning's  Equation  and  Velocity  Distribution 

in  Open  Channels. 

W90-05660  8B 

Direct  Applicability  of  the  Chezy  Formula  to 

Natural  Channels. 

W90-05661  8B 

Channel  Resistance  at  the  Side-Weir  Location  in 

Open  Channel  Row. 

W90-05663  8B 

Nonlinear  Resistance  Relationships  for  Alluvial 

Channels. 

W90-05665  8B 

Analytical  Method  for  Computation  of  Rough 

Boundary  Resistance. 

W90-05667  8B 

Sand-Bed  Channel  Hydraulic  Resistance  Estima- 
tion. 
W90-05668  8B 

Some  Suggestions  for  Friction  and  Mean  Veloci- 
ty of  Flow  in  Pipes. 
W90-05669  8B 

Consideration  of  Wall  Shear  Stress  and  Friction 

Factors. 

W90-05670  8B 

Dimensionless  Manning-Type  Equation. 
W90-05671  8B 

Generalized  Formula  for  the  Chezy  Coefficient 

for  the  River  Flow. 

W90-05672  8B 

Examination  of  Stage-Discharge  Relationships 
of  Compound/Composite  Channels. 
W90-05674  8B 

Manning's  N  of  Composite  Roughness  in  Chan- 
nels of  Simple  Cross-Section. 
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Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06283  7C 

Water   Resources   Data   for   California,   Water 
Year    1985.    Volume    4.    Northern    California 
Valley  Basins  and  The  Great  Basin  from  Honey 
Lake  Basin  to  Oregon  State  Line. 
W90-06287  7C 

Water   Resources   Data   for   California,   Water 

Year  1985.  Volume  5.  Ground-water  Data  for 

California. 

W90-06288  7C 

Water   Resources   Data   for   California,   Water 

Year  1986.  Volume  5.  Ground-water  Data  for 

California. 

W90-06293  7C 

Water   Resources   Data   for   California,   Water 
Year  1987.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-C6297  7C 

Water   Resources   Data   for   California,   Water 

Year  1987.  Volume  5.  Ground-water  Data  for 

California. 

W90-06298  7C 

Water   Resources   Data   for   California,   Water 

Year  1988.  Volume  5.  Ground-Water  Data  for 

California. 

W90-06303  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06304  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  2.  Colorado  River  Basin. 
W90-06305  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06306  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  2.  Colorado  River  Basin. 
W90-06307  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1988.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06308  7C 


Water  Resources  Data  for  Connecticut,  Water 

Year  1985. 

W90-06309  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1986. 

W90-06310  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1987. 

W90-06311  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1988. 

W90-06312  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2 A.    South    Florida    -    Surface 

Water. 

W90-06313  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06314  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume    2B.    South    Florida    -    Ground 
Water. 

W90-06315  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2 A.    South    Florida   -    Surface 
Water. 

W90-06316  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2B.    South    Florida    -    Ground 
Water. 

W90-06317  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06318  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06319  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume   2A.    South    Florida    -    Surface 

Water. 

W90-06320  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06321  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3 A.   Southwest  Florida-Surface 

Water. 

W90-06322  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume  3B.   Southwest  Florida-Ground 

Water. 

W90-06323  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  4.  Northwest  Florida. 
W90-06324  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06325  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06326  7C 
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Water  Resources  Data  for  Florida,  Water  Year 
1987.  Volume  2A.  South  Florida  -  Surface 
Water. 

W90-06327  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06328  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume  3A.   Southwest   Florida-Surface 

Water. 

W90-06329  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume   3B.   Southwest   Florida-Ground 

Water. 

W90-06330  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  4.  Northwest  Florida. 
W90-06331  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06332  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06333  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume   2A.    South    Florida    -    Surface 

Water. 

W90-06334  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06335  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3 A.  Southwest  Florida  -  Surface 

Water. 

W90-06336  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3B.  Southwest  Florida  -  Ground 

Water. 

W90-06337  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1988.  Volume  4.  Northwest  Florida. 
W90-06338  1C 

Water  Resources  Data  for  Georgia,  Water  Year 

1985. 

W90-06339  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1986. 

W90-06340  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1987. 

W90-06341  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1988. 

W90-06342  7C 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1985.  Volume  2. 
W90-06343  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1986.    Volume    1, 

Hawaii. 

W90-O6344  7C 

Water   Resources   Data   for   Hawaii   and  other 
Pacific  Areas,  Water  Year  1986.  Volume  2. 
W90-06345  7C 


Water   Resources   Data   for   Hawaii   and   other 

Pacific   Areas,    Water   Year    1987.    Volume    1, 

Hawaii. 

W90-06346  7C 

Water   Resources   Data   for   Hawaii   and   other 
Pacific  Areas,  Water  Year  1987.  Volume  2. 
W90-06347  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1985. 

W90-06348  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1986. 

W90-06349  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1987. 

W90-06350  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1988. 

W90-06351  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1986.  Volume   1.  Illinois  Except  Illinois  River 

Basin. 

W90-06352  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1986  Volume  2.  Illinois  River  Basin. 
W90-06353  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume   1.   Illinois  Except  Illinois  River 
Basin. 

W90-06354  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume  2.  Illinois  River  Basin. 
W90-06355  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1988  Volume   1.  Illinois  Except  Illinois  River 
Basin. 

W90-06356  7C 

Water  Resources  Data  for  Illinois,  Water  Year 
1988  Volume  2.  Illinois  River  Basin. 
W90-06357  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1985. 

W90-06358  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1986. 

W90-06359  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1987. 

W90-06360  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1988. 

W90-06361  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1986. 

W90-06362  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1987. 

W90-06363  1C 

Water  Resources  Data  for  Iowa,  Water  Year 

1988. 

W90-06364  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1984  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06365  7C 

Water    Resources    Data    Florida,    Water    Year 

1984,    Volume    2A:    South    Florida    -    Surface 

Water. 

W90-06366  7C 


Water  Resources  Data  for  Florida,  Water  Year 

1984,  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06367  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume  3B:  Southwest  Florida  -  Surface 

Water. 

W90-06368  7C 

Water   Resources   Data,   Florida,   Water   Year 

1984,  Volume  4.  Northwest  Florida. 
W90-06369  7C 

Water  Resources  Data  -  Florida,  Water  Year 

1985,  Volume    1A:   Northeast   Florida-Surface 
Water. 

W90-06370  7C 

Water  Resources  Data  -  Florida,  Water  Year 
1985,  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06371  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06372  7C 

Water  Resources  Data  for  Florida  Water  Year 

1985.   Volume   3B:   Southwest  Florida-Ground 

Water. 

W90-06373  7C 

Water   Resources   Data,   Florida,    Water   Year 

1985  Volume  4:  Northwest  Florida. 

W90-06374  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1984. 

W90-06375  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,    Water   Year    1984.   Volume    1, 

Hawaii. 

W90-06376  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1984.    Volume   2. 

Guam,    Northern    Mariana    Islands,    Federated 

States    of    Micronesia,    Palau,    and    American 

Samoa. 

W90-06377  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,    Water   Year    1985.    Volume    1: 

Hawaii. 

W90-06378  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1984. 

W90-06379  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume   1.   Illinois  Except  Illinois  River 

Basin. 

W90-06380  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume  2.  Illinois  Except  Illinois  River 
Basin. 

W90-06381  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985.  Volume   1:  Illinois  Except  Illinois  River 

Basin. 

W90-06382  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985  Volume  2.  Illinois  River  Basin. 
W90-06383  7C 

Water  Resources  Data  for  Indiana.  Water  Year 

1984. 

W90-06384  7C 
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Water  Resources  Data  for  Iowa,  Water  Year 

1984. 

W90-06385  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1984. 

W90-06386  7C 

Water  Resources  Data  for  Kansas  Water  Year 

1985. 

W90-06387  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1984. 

W90-06388  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1986. 

W90-06389  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1988. 

W90-06390  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1986. 

W90-06391  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1987. 

W90-06392  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1988. 

W90-06393  7C 

Water   Resources   Data   for   Louisiana,    Water 

Year  1986. 

W90-06394  7C 

Water   Resources   Data   for   Louisiana,   Water 

Year  1987. 

W90-06395  7C 

Water   Resources   Data   for   Louisiana,   Water 

Year  1988. 

W90-06396  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1985. 

W90-06397  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1986. 

W90-06398  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1987. 

W90-06399  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1988. 

W90-06400  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1986. 
W90-06401  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1987. 
W90-06402  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1988. 
W90-06403  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1985. 

W90-06404  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1986. 

W90-06405  7C 

Water    Resources   Data   for   Michigan,    Water 

Year  1986. 

W90-06406  7C 


Water   Resources   Data   for   Michigan,    Water 

Year  1987. 

W90-06407  7C 

Water   Resources   Data   for    Michigan,    Water 

Year  1988. 

W90-06408  7C 

Water   Resources   Data   for   Minnesota,   Water 
Year  1984.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06409  7C 

Water  Resources   Data  for   Minnesota,   Water 
Year  1985.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06410  7C 

Water  Resources   Data  for  Minnesota,   Water 
Year   1985.   Volume  2.   Upper  Mississippi  and 
Missouri  River  Basin. 
W90-06411  7C 

Water   Resources   Data  for   Minnesota,   Water 
Year  1986.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06412  7C 

Water  Resources  Data  for   Minnesota,   Water 

Year   1986.  Volume  2.  Upper  Mississippi  and 
Missouri  River  Basin. 

W90-06413  7C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1985. 

W90-06414  7C 

Water  Resources  Data  for  Mississippi,   Water 

Year  1986. 

W90-06415  7C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1987. 

W90-06416  7C 

Water  Resources  Data  for  Mississippi,   Water 

Year  1988. 

W90-06417  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1986.    Volume    1.    Hudson    Bay   and    Missouri 
River  Basins. 
W90-06421  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1986.  Volume  2.  Columbia  River  Basin. 
W90-06422  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1987.  Volume    1.    Hudson    Bay   and    Missouri 
River  Basins. 

W90-06423  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1987.  Volume  2.  Columbia  River  Basin. 
W90-06424  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1988. 

W90-06425  7C 

Water   Resources   Data   for    Nebraska,    Water 

Year  1985. 

W90-06426  7C 

Water    Resources   Data   for   Nebraska,    Water 

Year  1986. 

W90-06427  7C 

Water   Resources   Data   for    Nebraska,    Water 

Year  1987. 

W90-06428  7C 

Water    Resources    Data   for   Nebraska,    Water 

Year  1988. 

W90-06429  7C 


Water  Resources  Data  for  Nevada,  Water  Year 

1985. 

W90-06430  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1986. 

W90-06431  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1987. 

W90-06432  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1985. 

W90-06433  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1986. 

W90-06434  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1987. 

W90-06435  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1986.   Volume   1.   Atlantic   Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06436  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1986.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06437  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1987.   Volume   1:  Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06438  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1987.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06439  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1988,  Volume   1.   Atlantic   Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06440  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1988.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06441  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1986. 

W90-06442  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1987. 

W90-06443  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1988. 

W90-06444  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06445  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1985,  Volume  2.  Long  Island. 

W90-06446  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  3:  Western  New  York. 
W90-06447  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06448  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1986.  Volume  2:  Long  Island. 

W90-06449  7C 
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Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  3:  Western  New  York. 
W90-06450  7C 

Water  Resources  Data  for  New  York,   Water 
Year  1987.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06451  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1987.  Volume  2:  Long  Island. 

W90-06452  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  3:  Western  New  York. 
W90-06453  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06454  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1984.  Volume  2.  Long  Island. 

W90-06455  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  3.  Western  New  York. 
W90-06456  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1985. 

W90-06457  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1984. 

W90-06458  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1985. 

W90-06459  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume  1.  Ohio  River  Basin. 

W90-06460  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume  2.  St.  Lawrence  River  Basin, 
Statewide  Project  Data. 

W90-06461  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1985.  Volume  1.  Ohio  River  Basin. 
W90-06462  7C 

Water  Resources  Data  for  Ohio,  Water  Year 
1985.    Volume   2.    St.    Lawrence   River   Basin, 
Statewide  Project  Data. 
W90-06463  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  1.  Eastern  Oregon. 

W90-06466  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  2:  Western  Oregon. 

W90-06467  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  1:  Delaware  River  Basin. 
W90-06468  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06469  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1984. 

W90-06470  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1985. 

W90-06471  7C 

Water   Resources   Data   for   Tennessee,   Water 

Year  1984. 

W90-06472  7C 


Water  Resources  Data  for  Utah,  Water  Year 

1984. 

W90-06476  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1985. 

W90-06477  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1984. 

W90-06478  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1986. 

W90-06479  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1987. 

W90-06480  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1988. 

W90-06481  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1986. 

W90-06482  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1987. 

W90-06483  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1988. 

W90-06484  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

1:  Ohio  River  Basin. 

W90-06485  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06486  7C 

Water  Resources  Data  for  Ohio,  1987.  Volume 

1 :  Ohio  River  Basin. 

W90-06487  7C 

Water  Resources  Data  for  Ohio,  1987.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06488  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 

1 :  Ohio  River  Basin. 

W90-06489  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 
2:    St.    Lawrence   River    Basin   and    Statewide 
Project  Data. 
W90-06490  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  1:  Eastern  Oregon. 

W90-06493  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  2:  Western  Oregon. 

W90-06494  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06499  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  1:  Delaware  River  Basin. 
W90-06500  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06501  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06502  7C 


Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  1:  Delaware  River  Basin. 
W90-06503  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06504  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06505  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  1:  Delaware  River  Basin. 
W90-06506  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06507  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  1:  Delaware  River  Basin. 
W90-06508  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06509  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06510  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1985. 
W90-06511  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1986. 
W90-06512  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1987. 
W90-06513  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1988. 
W90-06514  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1985. 

W90-06515  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1986. 

W90-06516  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1987. 

W90-06517  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1986. 

W90-06518  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1987. 

W90-06519  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1988. 

W90-06520  7C 

Water   Resources   Data   for   Tennessee,   Water 

Year  1986. 

W90-06521  7C 

Water   Resources   Data   for   Tennessee,   Water 

Year  1987. 

W90-06522  7C 

Water   Resources   Data   for   Tennessee,   Water 

Year  1988. 

W90-06523  7C 
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Water  Resources  Data  for  Utah,  Water  Year 

1986. 

W90-06536  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1987. 

W90-06537  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1988. 

W90-06538  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1986. 

W90-06539  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1987. 

W90-06540  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1988. 

W90-06541  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1984. 

W90-06542  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1986. 

W90-06543  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1985. 

W90-06544  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1986. 

W90-06545  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1987. 

W90-06546  7C 

Water  Resources   Data  for  Wisconsin,   Water 

Year  1986. 

W90-06547  7C 

Water  Resources   Data  for  Wisconsin,   Water 

Year  1987. 

W90-06548  7C 

Water  Resources   Data  for  Wisconsin,   Water 

Year  1988. 

W90-06549  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1985. 

W90-06550  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1986. 

W90-06551  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1987. 

W90-06552  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1988. 

W90-06553  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1985. 

W90-06554  7C 

GROUNDWATER  DATA 

Hanford  Site  Ground-Water  Monitoring  Data 
Listing,  January  1  through  March  31,  1987. 
W90-05752  5B 

GROUNDWATER  LEVEL 

Groundwater     Levels     Portales     Area,     New 

Mexico,  1982-1987. 

W90-05745  7C 

Geohydrology  of  the  Regional  Aquifer  System, 

Western     Snake     River     Plain,     Southwestern 

Idaho. 

W90-06257  2F 


GROUNDWATER  MANAGEMENT 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
6  -  Appendix  B  (contd). 
W90-05785  5B 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
9  -  Appendix  C. 
W90-05786  2F 

GROUNDWATER  MOVEMENT 

Studies  of  Geology  and  Hydrology  in  the  Basin 
and  Range  Province,  Southwestern  United 
States,  for  Isolation  of  High-Level  Radioactive 
Waste-Characterization  of  the  Rio  Grande 
Region,  New  Mexico  and  Texas. 
W90-05732  2F 


Ground-Water  Hydrology. 
W90-05733 


2F 


Flow  of  Ground  Water  through  Fractured  Car- 
bonate Rocks  in  the  Prairie  du  Chien-Jordan 
Aquifer,  Southeastern  Minnesota. 
W90-05738  5B 

Detection  of  Subsurface  Flow  Phenomena  by 

Self-Potential/Geoelectrical      and      Thermical 

Methods. 

W90-05771  7B 

3-D    Finite    Element    Transport    Models    by 
Upwind  Preconditioned  Conjugate  Gradients. 
W90-05882  5B 

Simulation   of  Regional    Subsurface    Flow   by 

Finite  Element  Models. 

W90-05883  2F 

Multi-Compartmental  Modelling  for  Aquifer  Pa- 
rameter Estimation   Using   Natural  Tracers  in 
Non-Steady  Flow. 
W90-05887  2F 

Prediction  of  Transmissivities,  Heads,  and  Seep- 
age  Velocities   Using   Mathematical   Modeling 
and  Geostatistics. 
W90-05888  2F 


GROUNDWATER  POLLUTION 

Superfund  Record  of  Decision:  Long  Prairie, 

MN. 

W90-05728  5G 

Superfund  Record  of  Decision:  North  Caval- 
cade, TX. 
W90-05730  5G 

Flow  of  Ground  Water  through  Fractured  Car- 
bonate Rocks  in  the  Prairie  du  Chien-Jordan 
Aquifer,  Southeastern  Minnesota. 
W90-05738  5B 

Superfund  Record  of  Decision:  Frontier  Hard 

Chrome,  WA. 

W90-05741  5G 

Ground-Water-Quality  Assessment  of  the  Cen- 
tral Oklahoma  Aquifer,  Oklahoma-Analysis  of 
Available  Water-Quality  Data  through  1987. 
W90-05749  5B 

Hanford  Site  Ground-Water  Monitoring  Data 
Listing,  January  1  through  March  31,  1987. 
W90-05752  5B 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
4-Appendix  A. 
W90-05766  «A 

Cyclic    Metal    Migration    in    a    Groundwater 

Stream. 

W90-05767  5B 

Final  Program  Plan:  Research  Study  on  Hori- 
zontal Well  Drilling  and  In-Situ  Remediation. 
W90-05809  5G 

Survey  for  Pesticides  in  Wells  Associated  with 
Apple  and  Peach  Orchards  in  West  Virginia. 
W90-06035  5B 

Septic  System  Density  and  Groundwater  Con- 
tamination in  Illinois:  A  Survey  of  State  and 
Local  Regulation. 
W90-06162  5G 


Ground-Water  Hydrology. 
W90-06161 


2F 


Flow  and  Transport  in  Porous  Formations. 
W90-06188  2F 

Hydrogeology  and  Results  of  Aquifer  Tests  in 
the  Vicinity  of  a  Hazardous-Waste  Disposal  Site 
Near  Byron,  Illinois. 
W90-06220  2F 

Conversion  and  Comparison  of  the  Mathemati- 
cal, Three-Dimensional,  Finite-Dimensional, 
Ground-Water  Flow  Model  to  the  Modular, 
Three-Dimensional,  Finite-Difference,  Ground- 
Water  flow  Model  for  the  Tesuque  Aquifer 
System  in  Northern  New  Mexico. 
W90-06222  2F 

Geohydrology,    Simulation    of    Ground-Water 
Flow,  and  Ground-Water  Quality  at  Two  Land- 
fills, Marion  County,  Indiana. 
W90-06223  2F 

Hydrogeologic  Characteristics  of  the  Lee  Acres 
Landfill  Area,  San  Juan  County,  New  Mexico. 
W90-06228  2F 

Variable-Density  Ground-Water  Flow  and  Pa- 
leohydrology  in  the  Waste  Isolation  Pilot  Plant 
(WIPP)  Region,  Southeastern  New  Mexico. 
W90-06230  5B 

Geohydrology  of  the  Regional  Aquifer  System, 

Western     Snake     River     Plain,     Southwestern 

Idaho. 

W90-06257  2F 


Mass  Flow  and  Dispersion. 
W90-06166 


5B 


Environmental  Effects  and  Fate  of  Decontami- 
nation Agent  C-8  in  Soil. 
W90-06173  5C 

Assessment  of  the  Potential  for  Transport  of 
Dioxins  and  Codisposed  Materials  to  Ground- 
water. 
W90-06182  5B 

Rapid    Destruction    of   Organic    Chemicals   in 

Groundwater  Using  Sunlight. 

W90-06199  5D 

In  Situ  Detection  of  Organic  Molecules. 
W90-06201  5A 

Groundwater  Chemicals  Desk  Reference. 
W90-06205  5A 

Superfund  Record  of  Decision:  Hasting  Ground 

Water/Far-Mar,  NE. 

W90-06207  5G 

Geohydrology,    Simulation    of    Ground-Water 
Flow,  and  Ground-Water  Quality  at  Two  Land- 
fills, Marion  County,  Indiana. 
W90-06223  2F 

Hydrogeologic  Characteristics  of  the  Lee  Acres 
Landfill  Area,  San  Juan  County,  New  Mexico. 
W90-06228  2F 

GROUNDWATER  QUALITY 

Ground-Water  Hydrology. 

W90-05733  2F 
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Ground-Water-Quality  Assessment  of  the  Cen- 
tral Oklahoma  Aquifer,  Oklahoma-Analysis  of 
Available  Water-Quality  Data  through  1987. 
W90-05749  5B 

Hanford  Site  Ground-Water  Monitoring  Data 
Listing,  January  1  through  March  31,  1987. 
W90-05752  5B 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
6  -  Appendix  B  (contd). 
W90-05785  5B 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
9  -  Appendix  C. 
W9O-05786  2F 

U.S.  Environmental  Protection  Agency's  Strate- 
gy  for  Ground   Water  Quality   Monitoring  at 
Hazardous  Waste  Land  Disposal  Facilities  Lo- 
cated in  Karst  Terranes. 
W90-05807  5A 

Mapping    Out    a    Plan    to    Protect    Arizona's 

Groundwater. 

W90-06030  5G 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
7--Appendix  B  (contd). 
W90-06178  5G 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
5-Appendix  B. 
W90-06179  5G 

GROUNDWATER  RECHARGE 

Studies  of  Geology  and  Hydrology  in  the  Basin 
and  Range  Province,  Southwestern  United 
States,  for  Isolation  of  High-Level  Radioactive 
Waste-Characterization  of  the  Rio  Grande 
Region,  New  Mexico  and  Texas. 
W90-05732  2F 

Evaluation  of  Natural  Recharge  to  Aquifers  in 
the  Sudan-Sahel  Climate  Using  Global  Hydrolo- 
gical  Modelling:  Application  to  Ten  Sites  in 
Burkina  Faso  (Evaluation  de  la  Recharge  Natur- 
elle  des  Aquiferes  in  Climat  Soudano-Sahelien 
par  Modelisation  Hydrologique  Global:  Applica- 
tion a  Dix  Sites  au  Burkina  Faso). 
W90-05837  2F 


Groundwater  Recharge  in  Urban  Areas. 
W9O-05899 


4C 


GROUNDWATER  RESOURCES 

Major  Geohydrologic  Units  in  and  Adjacent  to 
the  Ozark  Plateaus  Province,  Missouri,  Arkan- 
sas, Kansas,  and  Oklahoma-Ozark  Aquifer. 
W90-05746  7C 

GROUTING 

Evaluation    of    Polyester    Resin,    Epoxy,    and 
Cement    Grouts    for    Embedding    Reinforcing 
Steel  Bars  in  Hardened  Concrete. 
W90-05742  8G 

GROWTH 

Growth  Pattern  and  Maturation  in  Arctic  Char 

(Salvelinus    alpinus    L.)    of   Lake    Walenstadt, 

Switzerland. 

W90-06090  5G 

GROWTH  RATES 

Effect  of  Temperature  and  pH  on  the  Effective 

Maximum  Specific  Growth  Rate  of  Nitrifying 

Bacteria. 

W90-06078  5D 


GUAM 

Fiscal  Year  1988  Program  Report  (Guam  Water 

Resources  Research  Institute). 

W90-06241  9D 

GULF  OF  BOTHNIAN 

Comparative  Study  of  Precipitation  Chemistry 
at  Inland,  Coastal  and  Island  Sites  in  the  Both- 
nian  Bay  Area. 
W90-06171  2B 

GULF  OF  MEXICO 

Gulf  of  Mexico  Hydrocarbon  Seep  Communi- 
ties: Part  III.  Aromatic  Hydrocarbon  Concen- 
trations in  Organisms,  Sediments  and  Water. 
W90-05876  5B 

Oil  Spill  Risk  Analysis:  Central  and   Western 
Gulf  of  Mexico  (Proposed  Lease  Sales  118  and 
122)  Outer  Continental  Shelf. 
W90-06209  5B 

HABITAT  RESTORATION 

Fate   of  Freshwater   Mussels   Transplanted   to 
Formerly  Polluted  Reaches  of  the  Clinch  and 
North  Fork  Holston  Rivers,  Virginia. 
W90-05928  5G 

HALOGENATED  HYDROCARBONS 

Separate  Determination  of  Organic  Halogen  or 
Sulphur  Compounds  in  Water  After  Adsorption 
on  Charcoal  and  Stepwise  Partial  Thermal  De- 
sorption  (Getrennte  Bestimmung  von  Organis- 
chen  Halogen  oder  Schwefelverbindungen  in 
Waessern  nach  Adsorption  an  Aktivkohle  und 
Schrittweiser  Partieller  Desorption). 
W90-05947  5A 

HANDBOOKS 

HMR52    Probable    Maximum    Storm    (Eastern 

United  States):  Users  Manual. 

W90-06193  2B 

Evaluation  Criteria  Guide  for  Water  Pollution 
Prevention,  Control,  and  Abatement  Programs. 
W90-06211  5G 

HANFORD  SITE 

Ground- Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
4— Appendix  A. 
W90-05766  8A 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
6  -  Appendix  B  (contd). 
W90-05785  5B 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
9  -  Appendix  C. 
W90-05786  2F 

Environmental    Monitoring    Master    Sampling 

Schedule:  January-December  1989. 

W90-05826  7A 

Environmental  Monitoring  at  Hanford,  Wash- 
ington, USA:  A  Brief  Site  History  and  Summary 
of  Recent  Results. 
W90-05863  5A 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
7-Appendix  B  (contd). 
W90-06178  5G 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
5— Appendix  B. 
W90-06179  5G 


HARBORS 

Wave  Penetration  in  Harbours  by  the  Finite- 
Element  Series-Expansion  Method. 
W90-05859  8B 

Water  Waves  Past  Abrupt  Channel  Transitions. 
W90-06011  8B 

HAWAII 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1986.    Volume    1, 

Hawaii. 

W90-06344  7C 

Water  Resources   Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1987.    Volume    1, 

Hawaii. 

W90-06346  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1984.    Volume    1, 

Hawaii. 

W90-06376  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1985.    Volume    1: 

Hawaii. 

W90-06378  7C 

HAZARDOUS  WASTE  DISPOSAL 

Acoustic  Imaging  of  Subsurface  Features. 
W90-05962  5E 

HAZARDOUS  WASTES 

Wood-Degrading  Fungi  as  Degraders  of  Haz- 
ardous Waste. 
W90-05731  5G 

Review  and  Evaluation  of  Contingency  Plans 
for  Oil  and  Hazardous  Substances  in  the  Upper 
Great  Lakes  Region. 
W90-05768  5G 

Risk  Assessment  of  Chemicals  in  the  Environ- 
ment. 
W90-05792  5C 

U.S.  Environmental  Protection  Agency's  Strate- 
gy for  Ground   Water  Quality  Monitoring  at 
Hazardous  Waste  Land  Disposal  Facilities  Lo- 
cated in  Karst  Terranes. 
W90-05807  5A 

Reactor  Design  for  Hazardous  Waste  Treatment 

Using  a  White  Rot  Fungus. 

W90-06075  5D 

HEAT  BUDGET 

Annual  Heat  Balance  and  Equilibrium  Tempera- 
ture of  Lake  Aegeri,  Switzerland. 
W90-06095  2H 

HEAT  TRANSFER 

Aeration-Basin  Heat  Loss. 

W90-05957  5D 

HEAVY  METALS 

Humic  and  Other  Negatively  Charged  Colloids 
of  Iron  and  Copper  in  River  Water. 
W90-05937  2K 

Studies  on  the  Transfer  of  Heavy  Metals  Be- 
tween Sedimentary  Phases  with  a  Multi-Cham- 
ber Device:  Combined  Effects  of  Salinity  and 
Redox  Variation. 
W90-05968  5B 

Occurrence  and   Seasonal   Variation   of  Heavy 
Metals  in  the  Oyster  Saccrostrea  iridescens. 
W90-06039  5B 

Heavy  Metals  in  the  Eastern  Oyster,  Crassotrea 

virginica,  of  the  Mississippi  Sound. 

W90-06041  5B 
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Rapid  Detection  of  Sublethal  Toxicity   Using 
Fish  Ventilatory  Behavior. 


W90-06044 


5A 


Effects  of  Municipal  Sludge  on  Locomotor  Ac- 
tivity  and   Exploratory   Behavior  of  Meadow 
Voles,  Microtus  Pennsylvanicus. 
W90-06047  5E 

Heavy  Metal  Concentrations  in  Ohio  River 
Sediments-Longitudinal  and  Temporal  Patterns. 
W90-06104  5B 

Removal  of  Toxic  Heavy  Metals  from  Contami- 
nated  Groundwater  by   a   Fungal   Adsorption 
Process. 
W90-06237  5D 

HENRYS  LAW 

Evaluation  and  Prediction  of  Henry's  Law  Con- 
stants and  Aqueous  Solubilities  for  Solvents  and 
Hydrocarbon    Fuel    Components.    Volume    I: 
Technical  Discussion. 
W90-06183  7B 

HERBICIDES 

Influence  of  Two  Triazine  Herbicides  on  the 
Productivity,  Biomass  and  Community  Compo- 
sition of  Freshwater  Marsh  Periphyton. 
W90-05894  5C 

Effect  of  Sediment  on  Estimates  of  Diquat  Tox- 
icity in  Laboratory  Microcosms. 
W90-06072  5C 

Environmental      Chemistry      of      Herbicides. 

Volume  I. 

W90-06164  5B 


Adsorption  and  Bioavailability. 
W90-06165 

Mass  Flow  and  Dispersion. 
W90-06166 

Herbicides  in  Surface  Waters. 
W90-06167 

Dissipation  from  Soil. 
W90-06168 


5B 


5B 


5B 


5B 


HIGHWAYS 

Pavement    Drainage    Design    Using    Yen    and 

Chow  Rainfall. 

W90-05653  2E 

Retention,  Detention,  and  Overland  Flow  for 

Pollutant  Removal  from  Highway  Stormwater 

Runoff:    Interim    Guidelines    for    Management 

Measures. 

W90-05754  5D 

HIMALAYAN  MOUNTAINS 

Tibetan  Plateau  as  the  Water  Resource  of  Asia 

(in  Japanese). 

W90-05889  2A 

HISTORY 

Reconstructed  Drought  History,  North-Central 

Great  Basin:  1601-1982. 

W90-05747  2B 

HOMOSASSA  RIVER 

Salinity  and  Flow  Relations  and  Effects  of  Re- 
duced Flow  in  the  Chassahowitzka  River  and 
Homosassa  River  Estuaries,  Southwest  Florida. 
W90-06249  2L 

HORIZONTAL  WELLS 

Final  Program  Plan:  Research  Study  on  Hori- 
zontal Well  Drilling  and  In-Situ  Remediation. 
W90-05809  5G 

HUDSON  RIVER 

New  York  Harbor  Water  Quality  Survey  1987. 
W90-05824  5B 


HUMAN  DISEASES 

Surveillance:  The  Foundation  for  Control  and 
Elimination  of  Dracunculiasis  in  Africa. 
W90-05873  7A 

HUM1C  ACIDS 

Interaction  of  Estuarine  Organic  Matter  with 

Copper  and  Benzo(a)pyrene. 

W90-05965  5B 

Fractional  Precipitation  of  Humic  Acid  from 

Colored  Natural  Waters. 

W90-05991  7B 

Chemical   and   Microbial   Diagensis  of  Humic 

Matter  in  Freshwaters. 

W90-05993  2K 

Finnish  Lake  Survey:  The  Role  of  Organic  and 

Anthropogenic  Acidity. 

W90-05996  5B 

HUMIC  SUBSTANCES 

Humic  and  Other  Negatively  Charged  Colloids 

of  Iron  and  Copper  in  River  Water. 

W90-05937  2K 

HYDRAULIC  CONDUCTIVITY 

Scaling  the  Saturated  Hydraulic  Conductivity  of 

an  Alfisol. 

W90-05916  2G 

Application     of     Declining     Rate     Filtration 

Theory:  Continuous  Operation. 

W90-05958  5F 

HYDRAULIC  DESIGN 

Applications  of  the  Manning's  and  Rational  For- 
mulas for  the  Design  of  Storm  Drains  in  Singa- 
pore. 
W90-05646  2E 

Design  of  Stormwater  Detention  Basins.  A  Sim- 
plified Method. 
W90-05648  2E 

Water  Waves  Past  Abrupt  Channel  Transitions. 
W90-06011  8B 

Further  Development  of  the  Theory  of  Reliabil- 
ity of  Hydraulic  Structures. 
W90-06133  8A 

HYDRAULIC  ENGINEERING 

Further  Development  of  the  Theory  of  Reliabil- 
ity of  Hydraulic  Structures. 
W90-06133  8  A 

HYDRAULIC  FRICTION 

Nonlinear  Resistance  Relationships  for  Alluvial 

Channels. 

W90-05665  8B 

Alluvial    Stream   Hydraulic   Resistance   in   the 

Presence  of  Filtration. 

W90-05666  2E 

Analytical  Method  for  Computation  of  Rough 

Boundary  Resistance. 

W90-05667  8B 


Two-Dimensional   High   Speed   Open   Channel 

Flow  Friction  Effects. 

W90-05699  8B 

HYDRAULIC  MACHINERY 

Experience  in  the  Operation  and  Adjustment  of 
Electrohydraulic  Governors  of  Hydraulic  Tur- 
bines. 
W90-06130  8C 

Use  of  Electrical  Braking  of  Units  at  Hydroelec- 
tric Stations  When  Dropping  the  Load. 
W90-06131  8C 

HYDRAULIC  MODELS 

Scaling  the  Saturated  Hydraulic  Conductivity  of 

an  Alfisol. 

W90-05916  2G 

Formed  Suction  Intake  Approach  Appurtenance 

Geometry. 

W90-O62O2  8B 

Physical  Test  Facility  for  Modeling  Open- Water 

Placement  of  Dredged  Material. 

W90-06206  8B 

HYDRAULIC  RADIUS 

Replacing  the  Hydraulic  Radius  in  Mannings 

Formula. 

W90-05681  8B 

HYDRAULIC  ROUGHNESS 

Relative  Velocity  in  a  Partially  Full  Pipe. 
W90-05658  8B 

Analytical  Method  for  Computation  of  Rough 

Boundary  Resistance. 

W90-05667  8B 

Dimensionless  Manning-Type  Equation. 
W90-05671  8B 

Manning's  N  of  Composite  Roughness  in  Chan- 
nels of  Simple  Cross-Section. 
W90-05678  8B 

Effects  of  Aspect  Ratio  and  Sidewall  Roughness 
on  Velocity  Distribution  and  Resistance  Coeffi- 
cient in  Rectangular  Open  Channels. 
W90-05679  8B 

Physically  Based  Model  for  Determining  Flow 

Resistance  and  Velocity  Profiles  in  Vegetated 

Channels. 

W90-05682  8B 

Determination    of   Manning's    n    and    Friction 

Factor  in  Vegetated  Waterways. 

W90-05684  8B 

Factors    Affecting    Roughness    Coefficient    in 

Vegetated  Channels. 

W90-05685  8B 

Hydraulics  Research  in  Mountain  Rivers. 
W90-05686  8B 

Study  on  the  Manning's  Roughness  Coefficient 
of  Steep  Mountainous  Streams  in  Taiwan. 
W90-05687  8B 


Sand-Bed  Channel  Hydraulic  Resistance  Estima- 
tion. 
W90-05668  8B 

Some  Suggestions  for  Friction  and  Mean  Veloci- 
ty of  Flow  in  Pipes. 
W90-05669  8B 

Consideration  of  Wall  Shear  Stress  and  Friction 

Factors. 

W90-05670  8B 

Froude  Number  in  the  Evaluation  of  the  Fric- 
tion Factor  in  the  Natural  Rivers. 
W90-05688  8B 


Manning's  n  in  Gravel  Bed  Rivers. 
W90-05689 


8B 


HYDRAULIC  STRUCTURES 

Effects  of  Hyetograph  Shape  on  Detention  Pond 

Sizing. 

W90-05626  2E 

Flow  Behaviors  in  Headrace  Tunnel  of  Run-of- 

the-River  Power  Stations. 

W90-05693  8B 

Chief  Joseph  Dam,  Columbia  River,  Washing- 
ton, Additional  Units  and  Structural  Modifica- 
tion Foundation  Report. 
W90-05740  8A 


SU-37 


HYDRAULIC  STRUCTURES 


SUBJECT  INDEX 


I 

i 


Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    including    Santiago    Creek.     Volume    3: 
Lower  Santa  Ana  River,  Appendixes. 
W90-05757  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  1 :  Seven 
Oaks  Dam  including  Appendix  A. 
W90-05758  gA 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  7:  Hy- 
drology. 
W90-05759  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  5:  Oak 
Street  Drain. 
W90-05760  gA 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  4:  Mill 
Creek  Levee. 
W90-05761  gA 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    including    Santiago    Creek.    Volume    3: 
Lower  Santa  Ana  River  (Prado  Dam  to  Pacific 
Ocean). 
W90-05762  8A 

Improvement  of  Bulkhead-Type  Structures. 
W90-06132  8A 

Further  Development  of  the  Theory  of  Reliabil- 
ity of  Hydraulic  Structures. 
W90-06133  8  A 

Spall  Repair  of  Wet  Concrete  Surfaces. 
W90-06219  8F 

HYDRAULIC  TURBINES 

Experience  in  the  Operation  and  Adjustment  of 
Electrohydraulic  Governors  of  Hydraulic  Tur- 
bines. 
W90-06130  8C 

HYDRAULICS 

Proceedings  of  the  International  Conference  on 
Channel  Flow  and  Catchment  Runoff:  Centenni- 
al of  Manning's  Formula  and  Kuichling's  Ra- 
tional Formula. 
W90-05621  2E 

Relative  Velocity  in  a  Partially  Full  Pipe. 
W90-05658  8B 

Predicting   Stream   Velocities  in  a   Navigation 

Channel. 

W90-05659  8B 

Manning's  Equation  and  Velocity  Distribution 

in  Open  Channels. 

W90-0566O  gB 

Direct  Applicability  of  the  Chezy  Formula  to 

Natural  Channels. 

W90-05661  8B 

Application    of  Manning    Formula   for   Polish 

Sewers. 

W90-05662  8B 

Channel  Resistance  at  the  Side- Weir  Location  in 

Open  Channel  Flow. 

W90-05663  gB 

Estimation  of  Manning's  Roughness  Coefficient 

in  Alluvial  Streams. 

W90-05664  8B 

Nonlinear  Resistance  Relationships  for  Alluvial 

Channels. 

W90-05665  8B 

Alluvial    Stream    Hydraulic    Resistance    in    the 

Presence  of  Filtration. 

W90-05666  2E 


Analytical  Method  for  Computation  of  Rough 

Boundary  Resistance. 

W90-05667  gB 

Sand-Bed  Channel  Hydraulic  Resistance  Estima- 
tion. 
W90-05668  gB 

Some  Suggestions  for  Friction  and  Mean  Veloci- 
ty of  Flow  in  Pipes. 
W90-05669  8B 

Consideration  of  Wall  Shear  Stress  and  Friction 

Factors. 

W90-05670  8B 

Dimensionless  Manning-Type  Equation. 
W90-05671  8B 

Generalized  Formula  for  the  Chezy  Coefficient 

for  the  River  Flow. 

W90-05672  8B 

Examination  of  Stage-Discharge  Relationships 
of  Compound/Composite  Channels. 
W90-05674  gB 

Model-Prototype  Comparisons  of  Boundary  Re- 
sistance in  a  Two  Stage  Channel. 
W90-05675  gB 

Momentum   Transfer   in   Compound   Channels 
W90-05676  8B 

Compound  Channel  Froude  Number  for  Man- 
ning's n  Variable  with  Depth. 
W90-05677  8B 

Manning's  N  of  Composite  Roughness  in  Chan- 
nels of  Simple  Cross-Section. 
W90-05678  8B 

Effects  of  Aspect  Ratio  and  Sidewall  Roughness 
on  Velocity  Distribution  and  Resistance  Coeffi- 
cient in  Rectangular  Open  Channels. 
W90-05679  8B 

Effects  of  an  Ice  Cover  on  the  Composite  Value 

of  Manning's  n. 

W90-05680  2C 

Replacing  the  Hydraulic  Radius  in   Mannings 

Formula. 

W90-05681  8B 

Physically  Based  Model  for  Determining  Flow 

Resistance  and  Velocity  Profiles  in  Vegetated 

Channels. 

W90-05682  8B 

Hydraulic  Model  of  Overland  Flow  on  Grass 

Covered  Slopes. 

W90-05683  8B 

Determination    of   Manning's    n    and    Friction 

Factor  in  Vegetated  Waterways. 

W90-05684  8B 

Factors    Affecting    Roughness    Coefficient    in 

Vegetated  Channels. 

W90-05685  gB 

Hydraulics  Research  in  Mountain  Rivers. 
W90-05686  8B 

Study  on  the  Manning's  Roughness  Coefficient 
of  Steep  Mountainous  Streams  in  Taiwan. 
W90-05687  8B 

Froude  Number  in  the  Evaluation  of  the  Fric- 
tion Factor  in  the  Natural  Rivers. 
W90-05688  8B 


Comparison     of     Velocity     Measurements     in 
Straight,  Single  Meander  and  Multiple  Meander 
Compound  Channels. 
W90-05691  8B 

Comparison    of  Turbulence    Measurements    in 
Straight,  Single  Meander  and  Multiple  Meander 
Compound  Channels. 
W90-05692  8B 

Flow  Behaviors  in  Headrace  Tunnel  of  Run-of- 

the-River  Power  Stations. 

W90-05693  gB 

Effects  of  Differently  Shaped  Obstacles  on  a 

Rapid  Stream  Expansion. 

W90-05694  8B 

Frictional    Resistance   Treatment   in    Unsteady 

Open-Channel  Flow  Simulation. 

W90-05695  8B 

Flood  Routing  Models  and  the  Manning  n. 
W90-05696  8B 

Estimation  of  the  Manning-Strickler  Roughness 
Coefficient  in  Saint- Venant  Equations. 
W90-05697  gB 

Optimum  Manning  Roughness  Coefficients  for 
Use  in  a  Finite  Element  Overland  Flow  Model 
W90-05698  8B 

Two-Dimensional   High   Speed   Open  Channel 

Flow  Friction  Effects. 

W90-05699  8B 

Transient  Channel  Flow  Routing  Using  Fixed- 
Point  Iteration  Method. 
W90-05700  8B 

Study  on  the  Linearized  Analytical  and  Numeri- 
cal Solution  for  Unsteady  Open  Channel  Flow. 
W90-05702  8B 

Uncertainty  on  Travel  Time  in  Kinematic  Wave 

Channel  Routing. 

W90-05703  8B 

Open  Channel  Flow  Identification.  Case  Studies. 
W90-05704  8B 

Fluvial  Hydrodynamic  and  Sediment  Transport 
Model  for  the  Chesapeake  Bay  Watershed. 
W90-05705  2J 

Power  Law  of  Flow  Resistance  in  Open  Chan- 
nels, Manning's  Formula  Revisited. 
W90-05708  8B 


Manning  Formula  in  Context. 
W90-05709 


8B 


Manning's  n  in  Gravel  Bed  Rivers. 
W90-05689 


8B 


Riffle-Pool    Formations    in    Northern    Ireland 

Rivers. 

W90-05690  8B 


Re-Operation  of  Old  Water  System  in  Northern 

Iraq. 

W90-05710  8B 

HYDROCARBONS 

Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in  the  Aquatic  Environment. 
W90-05812  5B 

Hydrocarbons  in  Marine  Mollusks:   Biological 
Effects  and  Ecological  Consequences. 
W90-05822  5C 

Gulf  of  Mexico  Hydrocarbon  Seep  Communi- 
ties: Part  III.  Aromatic  Hydrocarbon  Concen- 
trations in  Organisms,  Sediments  and  Water. 
W90-05876  5B 

Induced  Cytochrome  P-450  in  Fundulus  Hetero- 
clitus  Associated  with  Environmental  Contami- 
nation by  Polychlorinated  Biphenyls  and  Polyn- 
uclear  Aromatic  Hydrocarbons. 
W90-05877  5B 


SU-38 


SUBJECT  INDEX 


HYDROLOGIC  DATA 


Evaluation  and  Prediction  of  Henry's  Law  Con- 
stants and  Aqueous  Solubilities  for  Solvents  and 
Hydrocarbon    Fuel    Components.    Volume    I: 
Technical  Discussion. 
W90-06183  ?B 

HYDRODYNAMICS 

Role  of  Hydrodynamic  Stimuli  in  the  Behavior 
and  Orientation  of  Fishes  Near  Obstacles. 
W90-06017  81 

Analytical  Problems  Arising  from  the  Use  of 

Bromide  and  Rhodamine  WT  as  Co-Tracers  in 

Streams. 

W90-06083  ?B 

Formed  Suction  Intake  Approach  Appurtenance 

Geometry. 

W90-06202  8B 


HYDROELECTRIC  PLANTS 

Flow  Behaviors  in  Headrace  Tunnel  of  Run-of- 

the-River  Power  Stations. 

W90-05693  8B 

Use  of  Electrical  Braking  of  Units  at  Hydroelec- 
tric Stations  When  Dropping  the  Load. 
W90-06131  8C 

Use  of  the  Danube  River  and  the  Integrated 

Gabcikovo-Nagymaros     Hydro  Development 

Project. 

W90-06134  8C 

HYDROGEN  ION  CONCENTRATION 

Interactive  Effects  of  Acidity  and  Aluminum 
Exposure  on  the  Life  Cycle  of  the  Midge  Chir- 
onomus  riparius  (Diptera). 
W90-05930  5C 

Meteorological  Characteristics  of  Large  Acidic 
Deposition  Events  at  Kejimkujik,  Nova  Scotia. 
W90-05980  2B 

Sources  of  Acidity  in  Forest-Floor  Percolate 

from  a  Maple-Birch  Ecosystem. 

W90-05982  5B 

Automatic  Monitoring  of  Short  Duration  Snow- 
melt    Events    in    a    Nova    Scotia    Headwater 
Stream. 
W90-05987  7B 

Chemical   and   Microbial   Diagensis   of  Humic 

Matter  in  Freshwaters. 

W90-05993  2K 

Importance  of  Self-Oxidation  in  Decomposition 
and  Its  Dependence  on  the  pH  of  the  Environ- 
ment. 
W90-05994  2H 

Finnish  Lake  Survey:  The  Role  of  Organic  and 

Anthropogenic  Acidity. 

W90-05996  5B 

Diatom-Inferred    pH    History    of    Kejimkujik 
Lake,  Nova  Scotia:  A  Reinterpretation. 
W90-06002  2H 

Patterns  of  Plankton  Species,  pH  and  Associated 
Water  Chemistry  in  Nova  Scotia  Lakes. 
W90-06005  2H 

Distribution,  Abundance  and  Biomass  of  Benthic 
Macroinvertebrates  Relative  to  pH  and  Nutri- 
ents in  Eight  Lakes  of  Nova  Scotia,  Canada. 
W90-O6006  2H 

Ecological  and  Physiological  Responses  of  At- 
lantic Salmon  in  Acidic  Organic  Rivers  of  Nova 
Scotia,  Canada. 
W90-06007  2H 

Differences  in  Acid  Tolerance  During  the  Early 
Life  Stages  of  Three  Strains  of  Brook  Trout, 
Salvelinus  fontinalis. 
W90-06008  5C 


Effect  of  Environmental  Acidification  on  the 
Olfactory  System  of  Carp,  Cyprinus  carpio. 
W90-06016  5C 

Ozonation  of  Ethylenediaminetetraacetic  Acid 
(EDTA)  in  Aqueous  Solution,  Influence  of  pH 
Value  and  Metal  Ions. 
W90-06070  5F 

Effect  of  Temperature  and  pH  on  the  Effective 

Maximum  Specific  Growth  Rate  of  Nitrifying 

Bacteria. 

W90-06078  5D 

HYDROGEN  PEROXIDE 

Amperometric   Flow   Injection   Technique   for 
Determination     of    Hydrogen     Peroxide     and 
Sulfur(IV)  in  Atmospheric  Liquid  Water. 
W90-05834  ?B 

HYDROGRAPH  ANALYSIS 

Effects  of  Hyetograph  Shape  on  Detention  Pond 

Sizing. 

W90-05626  2E 

HYDROGRAPHS 

Sensitivity  of  Storm  Runoff  Hydrographs  to  Hy- 

teograph  Shape. 

W90-05622  2E 

Synthetic  Hydrograph  Based  on  Kuichlings  and 

Mannings  Formulas. 

W90-05638  2E 

Nonlinear  Analysis  of  Rainfall  and  Runoff  Proc- 
ess. 
W90-05644  2E 

HYDROLOGIC  BUDGET 

Determining  Reforestation  Area  and  Distribu- 
tion for  Salinity  Control. 
W90-05835  5G 

Continental  Scale  Models  of  Water  Balance  and 

Fluvial   Transport:    An   Application    to    South 

America. 

W90-05951  2  A 

HYDROLOGIC  DATA 

Chesapeake  Bay  Mainstem  Monitoring  Program 
Statistical    and    Analytical    Support    Contract: 
Final  Report- Volume  I. 
W90-05829  5G 

National  Stream  Survey-Phase  I:  Quality  Assur- 
ance Report. 
W90-05830  7A 

Water-Related  Scientific  Activities  of  the  U.S. 

Geological    Survey    in    Nevada,    Fiscal    Years 

1985-89. 

W90-06226  7C 

Water-Resources  Activities  of  the  U.S.  Geologi- 
cal Survey  in  Missouri,  Fiscal  Year  1989. 
W90-06244  7C 

Water  Resources  Data  for  Oregon  Water,  Year 

1988,  Volume  2.  Western  Oregon. 

W90-06250  7C 

Physical  and  Chemical  Properties  of  San  Fran- 
cisco Bay,  California,  1980. 
W90-06255  2L 

Water  Resources  Data  for  Virginia  Water  Year 

1985. 

W90-06261  7C 

Water  Resources  Data  for  Washington,  Water 
Year  1982.  Volume  1.  Western  Washington. 
W90-06262  7C 

Water  Resources  Data  for  Washington,  Water 
Year  1982.  Volume  2.  Eastern  Washington. 
W90-06263  ?C 


Water  Resources  Data  for  Washington  Water 

Year  1983. 

W90-06264  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1984. 

W90-06265  7C 

Water   Resources   Data  for   Wisconsin,   Water 

Year  1984. 

W90-06266  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1984. 

W90-06267  ?C 

Water  Resources  Data  for  Alabama,  Water  Year 

1985. 

W90-06268  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1986. 

W90-06269  ?C 

Water  Resources  Data  for  Alabama,  Water  Year 

1987. 

W90-06270  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1988. 

W90-06271  ?C 

Water  Resources  Data  for  Alaska,  Water  Year 

1985. 

W90-06272  ?C 

Water  Resources  Data  for  Alaska,  Water  Year 

1986. 

W90-06273  ?C 

Water  Resources  Data  for  Alaska,  Water  Year 

1987. 

W90-06274  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1988. 

W90-06275  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1984. 

W90-06276  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1985. 

W90-06277  ?C 

Water  Resources  Data  for  Arizona,  Water  Year 

1986. 

W90-06278  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1987. 

W90-06279  7C 

Water  Resources  Data  for  Arkansas,  Water  Year 

1986. 

W90-06280  7C 

Water  Resources  Data  for  Arkansas,  Water  Year 

1987. 

W90-06281  ?C 

Water  Resources  Data  for  Arkansas,  Water  Year 

1988. 

W90-06282  ?C 

Water   Resources   Data   for   California,   Water 
Year  1984.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06283  ?C 

Water  Resources  Data  for  California,  Water 
Year  1985.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06284  7C 


SU-39 


HYDROLOGIC  DATA 


SUBJECT  INDEX 


I 

i 
4 


Water   Resources   Data   for   California,    Water 
Year  1985.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06285  7C 

Water    Resources   Data   for   California,    Water 
Year  1985.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06286  7C 

Water   Resources   Data   for   California,    Water 
Year    1985.    Volume    4.    Northern    California 
Valley  Basins  and  The  Great  Basin  from  Honey 
Lake  Basin  to  Oregon  State  Line. 
W90-06287  7C 

Water   Resources   Data   for   California,   Water 

Year  1985.  Volume  5.  Ground-water  Data  for 

California. 

W90-06288  7C 

Water  Resources  Data  for  California,  Water 
Year  1986.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06289  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  except 
Central  Valley. 
W90-06290  7C 

Water   Resources   Data   for   California,    Water 
Year  1986.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06291  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06292  7C 

Water   Resources   Data   for   California,   Water 

Year  1986.  Volume  5.  Ground-water  Data  for 

California. 

W90-06293  7C 

Water  Resources  Data  for  California,  Water 
Year  1987.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06294  7C 

Water   Resources   Data   for   California,    Water 
Year  1987.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06295  7C 

Water   Resources   Data   for   California,    Water 
Year  1987.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06296  7C 

Water   Resources   Data   for   California,    Water 
Year  1987.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06297  7C 

Water   Resources   Data   for   California,   Water 

Year  1987.  Volume  5.  Ground-water  Data  for 

California. 

W90-06298  7C 

Water  Resources  Data  for  California,  Water 
Year  1988.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 


Pacific  Slope  Basins  from  Tijuana  River  to  Santa 

Maria  River. 

W90-06299  7C 

Water   Resources   Data    for   California,    Water 
Year  1988.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06300     '  7C 

Water   Resources   Data   for   California,    Water 
Year  1988.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06301  7C 

Water   Resources   Data   for   California,    Water 
Year  1988.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06302  7C 

Water   Resources   Data   for   California,   Water 

Year  1988.  Volume  5.  Ground-Water  Data  for 

California. 

W90-06303  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-063O4  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  2.  Colorado  River  Basin. 
W90-06305  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06306  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  2.  Colorado  River  Basin. 
W90-06307  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1988.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06308  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1985. 

W90-06309  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1986. 

W90-06310  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1987. 

W90-06311  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1988. 

W90-06312  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2A.    South    Florida    -    Surface 

Water. 

W90-06313  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06314  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume    2B.    South    Florida    -    Ground 
Water. 

W90-06315  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2A.    South    Florida    -    Surface 
Water. 

W90-06316  7C 


Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2B.    South    Florida    -    Ground 
Water. 

W90-06317  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06318  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06319  7c 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2 A.    South    Florida   -    Surface 

Water. 

W90-06320  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06321  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3A.   Southwest  Florida-Surface 

Water. 

W90-06322  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3B.   Southwest  Florida-Ground 

Water. 

W90-06323  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  4.  Northwest  Florida. 
W90-06324  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06325  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06326  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.    Volume   2A.    South    Florida   -    Surface 

Water. 

W90-06327  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.    Volume    2B.    South    Florida   -   Ground 

Water. 

W90-06328  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume  3A.   Southwest   Florida-Surface 

Water. 

W90-06329  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume   3B.   Southwest  Florida-Ground 

Water. 

W90-06330  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  4.  Northwest  Florida. 
W90-06331  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06332  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06333  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume    2A.    South    Florida   -    Surface 

Water. 

W90-06334  7C 
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Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume    2B.    South    Florida   -    Ground 

Water. 

W90-06335  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3A.  Southwest  Florida  -  Surface 

Water. 

W90-06336  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3B.  Southwest  Florida  -  Ground 

Water. 

W90-06337  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1988.  Volume  4.  Northwest  Florida. 
W90-06338  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1985. 

W90-06339  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1986. 

W90-06340  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1987. 

W90-06341  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1988. 

W90-06342  7C 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1985.  Volume  2. 
W90-06343  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1986.   Volume    1, 

Hawaii. 

W90-06344  7C 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1986.  Volume  2. 
W90-06345  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water  Year    1987.   Volume    1, 

Hawaii. 

W90-06346  7C 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1987.  Volume  2. 
W90-06347  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1985. 

W90-06348  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1986. 

W90-06349  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1987. 

W90-06350  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1988. 

W90-06351  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1986.  Volume  1.  Illinois  Except  Illinois  River 

Basin. 

W90-06352  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1986  Volume  2.  Illinois  River  Basin. 
W90-06353  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume   1.  Illinois  Except  Illinois  River 
Basin. 

W90-06354  7C 


Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume  2.  Illinois  River  Basin. 
W90-06355  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1988  Volume   1.  Illinois  Except  Illinois  River 
Basin. 

W90-06356  7C 

Water  Resources  Data  for  Illinois,  Water  Year 
1988  Volume  2.  Illinois  River  Basin. 
W90-06357  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1985. 

W90-06358  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1986. 

W90-06359  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1987. 

W90-06360  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1988. 

W90-06361  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1986. 

W90-06362  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1987. 

W90-06363  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1988. 

W90-06364  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1984  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06365  7C 

Water    Resources   Data   Florida,    Water   Year 

1984,    Volume    2A:    South    Florida   -    Surface 

Water. 

W90-06366  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984,  Volume  3 A:  Southwest  Florida  -  Surface 

Water. 

W90-06367  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume  3B:  Southwest  Florida  -  Surface 
Water. 

W90-06368  7C 

Water  Resources  Data  -  Florida,  Water  Year 

1985,  Volume    1A:   Northeast   Florida-Surface 
Water. 

W90-06370  7C 

Water  Resources  Data  -  Florida,  Water  Year 
1985,  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06371  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06372  7C 

Water   Resources   Data,   Florida,   Water  Year 

1985  Volume  4:  Northwest  Florida. 

W90-06374  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1984. 

W90-06375  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1984.   Volume    1, 

Hawaii. 

W90-06376  7C 


Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1984.   Volume   2. 

Guam,    Northern    Mariana    Islands,    Federated 

States    of    Micronesia,    Palau,    and    American 

Samoa. 

W90-06377  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,    Water   Year    1985.    Volume    1: 

Hawaii. 

W90-06378  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1984. 

W90-06379  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume   1.  Illinois  Except  Illinois  River 

Basin. 

W90-06380  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume  2.  Illinois  Except  Illinois  River 
Basin. 

W90-06381  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985.  Volume   1:  Illinois  Except  Illinois  River 

Basin. 

W90-06382  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985  Volume  2.  Illinois  River  Basin. 
W90-06383  7C 

Water  Resources  Data  for  Indiana.  Water  Year 

1984. 

W90-06384  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1984. 

W90-06385  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1984. 

W90-06386  7C 

Water  Resources  Data  for  Kansas  Water  Year 

1985. 

W90-06387  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1984. 

W90-06388  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1986. 

W90-06389  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1988. 

W90-06390  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1986. 

W90-06391  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1987. 

W90-06392  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1988. 

W90-06393  7C 

Water   Resources   Data   for   Louisiana,    Water 

Year  1986. 

W90-06394  7C 

Water   Resources   Data   for   Louisiana,   Water 

Year  1987. 

W90-06395  7C 

Water   Resources   Data   for   Louisiana,    Water 

Year  1988. 

W90-06396  7C 
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Water  Resources  Data  for  Maine,  Water  Year 

1985. 

W90-06397  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1986. 

W90-06398  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1987. 

W90-06399  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1988. 

W90-06400  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1986. 
W90-06401  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1987. 
W90-06402  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1988. 
W90-06403  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1985. 

W90-06404  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1986. 

W90-06405  7C 

Water   Resources   Data    for   Michigan,    Water 

Year  1986. 

W90-064O6  7C 

Water    Resources   Data   for   Michigan,    Water 

Year  1987. 

W90-06407  7C 

Water   Resources    Data   for   Michigan,    Water 

Year  1988. 

W90-064O8  7C 

Water   Resources  Data   for  Minnesota,   Water 
Year  1984.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06409  7C 

Water  Resources  Data  for  Minnesota,  Water 
Year  1985.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 

W90-06410  7C 

Water  Resources   Data  for   Minnesota,   Water 

Year   1985.   Volume  2.  Upper  Mississippi  and 
Missouri  River  Basin. 
W90-06411  7C 

Water  Resources  Data   for   Minnesota,   Water 
Year  1986.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06412  7C 

Water   Resources   Data   for   Minnesota,   Water 
Year   1986.   Volume  2.   Upper  Mississippi  and 
Missouri  River  Basin. 
W90-06413  7C 

Water  Resources  Data  for  Mississippi,   Water 

Year  1985. 

W90-06414  7C 

Water  Resources  Data  for  Mississippi,   Water 

Year  1986. 

W90-O6415  7C 

Water  Resources  Data  for  Mississippi,   Water 

Year  1987. 

W90-06416  7C 

Water  Resources  Data  for  Mississippi,   Water 

Year  1988. 

W90-06417  7C 


Water  Resources  Data  for  Missouri,  Water  Year 

1986. 

W90-06418  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1987. 

W90-06419  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1988. 

W90-06420  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1986.    Volume    1.    Hudson    Bay   and    Missouri 
River  Basins. 
W90-06421  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1986.  Volume  2.  Columbia  River  Basin 
W90-06422  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1987.  Volume    1.    Hudson    Bay   and    Missouri 
River  Basins. 

W90-06423  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1987.  Volume  2.  Columbia  River  Basin. 
W90-06424  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1988. 

W90-06425  7C 

Water   Resources    Data    for    Nebraska,    Water 

Year  1985. 

W90-06426  7C 

Water   Resources    Data    for   Nebraska,    Water 

Year  1986. 

W90-06427  7C 

Water    Resources    Data    for    Nebraska,    Water 

Year  1987. 

W90-06428  7C 

Water   Resources   Data    for    Nebraska,    Water 

Year  1988. 

W90-06429  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1985. 

W90-06430  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1986. 

W90-06431  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1987. 

W90-06432  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1985. 

W90-06433  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1986. 

W90-06434  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1987. 

W90-06435  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1986.   Volume   1.   Atlantic   Slope   Basins, 
Hudson  River  to  Cape  May. 
W90-06436  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1986.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06437  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1987.   Volume    1:   Atlantic   Slope   Basins, 
Hudson  River  to  Cape  May. 
W90-06438  7C 


Water  Resources  Data  for  New  Jersey,  Water 
Year  1987.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06439  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1988,   Volume   1.   Atlantic  Slope   Basins, 
Hudson  River  to  Cape  May. 
W90-06440  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1988.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06441  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1986. 

W90-06442  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1987. 

W90-06443  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1988. 

W90-06444  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06445  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1985,  Volume  2.  Long  Island. 

W90-06446  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  3:  Western  New  York 
W90-06447  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06448  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1986.  Volume  2:  Long  Island. 

W90-06449  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  3:  Western  New  York 
W90-06450  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06451  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1987.  Volume  2:  Long  Island. 

W90-06452  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  3:  Western  New  York 
W90-06453  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06454  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1984.  Volume  2.  Long  Island. 

W90-06455  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  3.  Western  New  York. 
W90-06456  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1985. 

W90-06457  7C 

Water  Resources  Data  for  North  Dakota  Water 

Year  1984. 

W90-06458  7C 
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Water  Resources  Data  for  North  Dakota,  Water 

Year  1985. 

W90-06459  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume  1.  Ohio  River  Basin. 

W90-06460  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume   2.    St.   Lawrence   River   Basin, 
Statewide  Project  Data. 

W90-06461  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1985.  Volume  1.  Ohio  River  Basin. 
W90-06462  7C 

Water  Resources  Data  for  Ohio,  Water  Year 
1985.   Volume   2.   St.   Lawrence   River   Basin, 
Statewide  Project  Data. 
W90-06463  7C 

Water  Resources  Data  for  Oklahoma,   Water 

Year  1983. 

W90-06464  7C 

Water  Resources  Data  for  Oklahoma,   Water 

Year  1984. 

W90-06465  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  1.  Eastern  Oregon. 

W90-06466  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  2:  Western  Oregon. 

W90-06467  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  1:  Delaware  River  Basin. 
W90-06468  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06469  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1984. 

W90-06470  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1985. 

W90-06471  7C 

Water   Resources   Data  for  Tennessee,   Water 

Year  1984. 

W90-06472  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1984.  Volume   1:  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and  Intervening  and  Adjacent  Coastal 

Basins. 

W90-06473  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1984.   Volume   2.    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06474  1C 

Water  Resources  Data  for  Texas,  Water  Year 
1984.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06475  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1984. 

W90-06476  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1985. 

W90-06477  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1984. 

W90-06478  7C 


Water    Resources    Data    for    North    Carolina, 

Water  Year  1986. 

W90-06479  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1987. 

W90-06480  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1988. 

W90-06481  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1986. 

W90-06482  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1987. 

W90-06483  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1988. 

W90-06484  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

1:  Ohio  River  Basin. 

W90-06485  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06486  7C 

Water  Resources  Data  for  Ohio,  1987.  Volume 

1:  Ohio  River  Basin. 

W90-06487  7C 

Water  Resources  Data  for  Ohio,  1987.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06488  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 

1:  Ohio  River  Basin. 

W90-06489  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 
2:   St.    Lawrence   River   Basin   and   Statewide 
Project  Data. 
W90-06490  7C 

Water  Resources  Data  for  Oklahoma,   Water 

Year  1985. 

W90-06491  7C 

Water   Resources   Data  for  Oklahoma,   Water 

Year  1986. 

W90-06492  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  1:  Eastern  Oregon. 

W90-06493  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  2:  Western  Oregon. 

W90-06494  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1985.  Volume  1:  Eastern  Oregon. 

W90-06495  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1985.  Volume  2:  Western  Oregon. 
W90-06496  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1986.  Volume  1:  Eastern  Oregon. 
W90-06497  7C 

Water  Resources  Data  for  Oregon  Water  Year 

1986,  Volume  2.  Western  Oregon. 

W90-06498  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06499  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  1:  Delaware  River  Basin. 
W90-06500  7C 


Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06501  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06502  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  1:  Delaware  River  Basin. 
W90-06503  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06504  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06505  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  1:  Delaware  River  Basin. 
W90-06506  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06507  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  1:  Delaware  River  Basin. 
W90-06508  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06509  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06510  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1985. 
W90-06511  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1986. 
W90-06512  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1987. 
W90-06513  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1988. 
W90-06514  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1985. 

W90-06515  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1986. 

W90-06516  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1987. 

W90-06517  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1986. 

W90-06518  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1987. 

W90-06519  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1988. 

W90-06520  7C 
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Water    Resources   Data   for   Tennessee,    Water 

Year  1986. 

W90-06521  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1987. 

W90-06522  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1988. 

W90-06523  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.   Volume   1;   Arkansas  River,   Red   River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and   Adjacent   Coastal 

Basins. 

W90-06524  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1985.    Volume    2;    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06525  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.  Volume  3;  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06526  7c 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06527  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1986.    Volume   2:    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06528  7c 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins 
W90-06529  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06530  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1987.    Volume    2:    San   Jacinto    River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06531  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06532  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1988:   Volume    1:  Arkansas  River,   Red   River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and  Adjacent  Coastal 

Basins. 

W90-06533  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1988.  Volume  2:  San  Jacinto  River,  Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 

W90-06534  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1988.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins 
W90-O6535  7C 


Water  Resources  Data  for  Utah,   Water  Year 

1986. 

W90-06536  7C 

Water  Resources  Data  for  Utah,   Water  Year 

1987. 

W90-06537  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1988. 

W90-06538  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1986. 

W90-06539  7c 

Water  Resources  Data  for  Virginia,  Water  Year 

1987. 

W90-06540  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1988. 

W90-06541  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1984. 

W90-06542  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1986. 

W90-06543  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1985. 

W90-06544  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1986. 

W90-06545  7c 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1987. 

W90-06546  7c 

Water   Resources   Data   for   Wisconsin,   Water 

Year  1986. 

W90-06547  7C 

Water  Resources   Data  for   Wisconsin,   Water 

Year  1987. 

W90-06548  7C 

Water   Resources   Data  for   Wisconsin,   Water 

Year  1988. 

W90-06549  7c 

Water   Resources   Data   for   Wyoming,    Water 

Year  1985. 

W90-06550  7C 

Water   Resources   Data   for   Wyoming,    Water 

Year  1986. 

W90-06551  7c 

Water   Resources   Data   for   Wyoming,    Water 

Year  1987. 

W90-06552  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1988. 

W90-06553  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1985. 

W90-06554  7c 

HYDROLOGIC  DATA  COLLECTIONS 

Summary  of  Meteorological  Observations,  Sur- 
face (SMOS)  for  Cherry  Point,  NC. 
W90-05721  7c 

Summary  of  Meteorological  Observations,  Sur- 
face (SMOS)  for  South  Weymouth,  MA. 
W90-05722  7C 

Summary  of  Meteorological  Observations,  Sur- 
face (SMOS)  for  Lakehurst,  NJ. 
W90-05723  7C 


Summary  of  Meteorological  Observations,  Sur- 
face (SMOS)  for  Bermuda  NAS. 
W90-05724  7C 

Summary  of  Meteorological  Observations,  Sur- 
face (SMOS)  for  Alameda,  CA. 
W90-05725  7C 

New  York  Harbor  Water  Quality  Survey  1987 
W90-05824  5B 


Water  Encyclopedia. 
W90-06196 


2A 


Streamflow  and   Stream  Quality  in   the  Coal- 
Mining  Region,  Patoka  River  Basin,  Southwest- 
ern Indiana,  1983-85. 
W90-06227  5B 

HYDROLOGIC  MAPS 

Mapping    Out    a    Plan    to    Protect    Arizona's 

Groundwater. 

W90-06030  5G 

HYDROLOGIC  MODELS 

Proceedings  of  the  International  Conference  on 
Channel  Flow  and  Catchment  Runoff:  Centenni- 
al of  Manning's  Formula  and  Kuichling's  Ra- 
tional Formula. 
W90-05621  2E 

Sensitivity  of  Storm  Runoff  Hydrographs  to  Hy- 

teograph  Shape. 

W90-05622  2E 


Disaggregation  of  Daily  Rainfall. 
W90-05624 


2B 


Runoff  Coefficient  Related  to  Curve  Number- 

SCS  Method. 

W90-05634  2E 

Comparison  of  Some  Rainfall-Runoff  Models  for 

Nonlinear  Flood  Forecasting. 

W90-05643  2E 

Parameter  Estimation  in  Stochastic  Models  for 

2-D  Shallow  Water  Flow. 

W90-05649  2L 

Lagstrum  and  Nonlinearity  of  Hydrologic  Time 

Series. 

W90-05650  2E 

Determining  Reforestation  Area  and  Distribu- 
tion for  Salinity  Control. 
W90-05835  so 

Evaluation  of  Natural  Recharge  to  Aquifers  in 
the  Sudan-Sahel  Climate  Using  Global  Hydrolo- 
gical  Modelling:  Application  to  Ten  Sites  in 
Burkina  Faso  (Evaluation  de  la  Recharge  Natur- 
elle  des  Aquiferes  in  Climat  Soudano-Sahelien 
par  Modelisation  Hydrologique  Global:  Applica- 
tion a  Dix  Sites  au  Burkina  Faso). 
W90-05837  2F 

Comparison  of  Parametric  and  Non-Parametric 

Methods  for  Runoff  Forecasting. 

W9O-O5840  2E 

Application  of  Hydrological  Model  to  Acidified 
Watersheds:   A    Study   on    Mersey   River   and 
Moosepit  Brook,  Nova  Scotia. 
W9O-05998  5B 

HYDROLOGIC  SYSTEMS 

Groundwater  Recharge  in  Urban  Areas. 
W90-05899  4C 

Variable-Density  Ground-Water  Flow  and  Pa- 
leohydrology  in  the  Waste  Isolation  Pilot  Plant 
(WIPP)  Region,  Southeastern  New  Mexico. 
W90-06230  5B 

HYDROLOGY 

Studies  of  Geology  and  Hydrology  in  the  Basin 
and     Range     Province,     Southwestern     United 
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States,  for  Isolation  of  High-Level  Radioactive 
Waste-Characterization   of  the   Death   Valley 
Region,  Nevada  and  California. 
W90-06160  2F 

Water  Encyclopedia. 
W90-06196 


2A 


Water-Related  Scientific  Activities  of  the  U.S. 

Geological    Survey    in    Nevada,    Fiscal    Years 

1985-89. 

W90-06226  7C 

HYDROPLANING 

Artificial  Rainfall  for  Pavement  Runoff  Studies. 
W90-05656  2E 

Resistance   to   Rainfall-Runoff  on   a   Textured 

Surface. 

W90-05657  2E 

HYETOGRAPHS 

Sensitivity  of  Storm  Runoff  Hydrographs  to  Hy- 

teograph  Shape. 

W90-05622  2E 

Effects  of  Hyetograph  Shape  on  Detention  Pond 

Sizing. 

W90-05626  2t 

HYPERSALINTTY 

Natural  Selection  and  Genetic   Adaptation  to 
Hypersalinity  in  Juncus  roemerianus  Schelle. 
W90-05896  2L 

ICE 

Seasonal  Variations  in  Sulfate,  Nitrate  and  Chlo- 
ride in  the  Greenland  Ice  Sheet:  Relation  to 
Atmospheric  Concentrations. 
W90-05906  5B 

ICE  BREAKUP 

Effects  of  Ice-Break  on  the  Structure  and  Dy- 
namics of  a  Benthic  Diatom  Community  in  the 
Northern  Baltic  Sea. 
W90-05925  2L 

ICE  COVER 

Effects  of  an  Ice  Cover  on  the  Composite  Value 

of  Manning's  n. 

W90-05680  2C 

ICE-WATER  INTERFACES 

Formation   of  Polar    Surface   Water,    the   Ice 

Export  and  the  Exchanges  Through  the  Fram 

Strait. 

W90-05880  2L 

IDAHO 

Geohydrology  of  the  Regional  Aquifer  System, 

Western     Snake     River     Plain,     Southwestern 

Idaho. 

W90-06257  2F 

Water  Resources  Data  for  Idaho,  Water  Year 

1985. 

W90-06348  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1986. 

W90-06349  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1987. 

W90-06350  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1988. 

W90-06351  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1984. 

W90-06379  7C 

ILLINOIS 

Volunteer    Lake    Monitoring    Program,    1987. 
Volume  VI:  Southwestern  Illinois  Region. 
W90-05827  2H 


Septic  System  Density  and  Groundwater  Con- 
tamination in  Illinois:  A  Survey  of  State  and 
Local  Regulation. 
W90-06162  5G 

Guide     to     Land     Treatment     of     Municipal 

Wastewater  in  Illinois. 

W90-06176  5D 

Illinois   Self-Help   Consortium   for   Water   and 

Wastewater  Projects. 

W90-06192  5G 

3CPO-Cloud  Chemistry  and  Cloud  Physics  Or- 
ganization. June  1988:  Data  Index. 
W90-06212  2B 

Water  Resources  Data  for  Illinois,  Water  Year 

1986.  Volume  1.  Illinois  Except  Illinois  River 

Basin. 

W90-06352  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1986  Volume  2.  Illinois  River  Basin. 
W90-06353  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume   1.  Illinois  Except  Illinois  River 
Basin. 
W90-06354  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume  2.  Illinois  River  Basin. 
W90-06355  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1988  Volume   1.  Illinois  Except  Illinois  River 
Basin. 
W90-06356  7C 

Water  Resources  Data  for  Illinois,  Water  Year 
1988  Volume  2.  Illinois  River  Basin. 
W90-06357  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume   1.   Illinois  Except  Illinois  River 

Basin. 

W90-06380  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume  2.  Illinois  Except  Illinois  River 
Basin. 
W90-06381  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985.  Volume  1:  Illinois  Except  Illinois  River 

Basin. 

W90-06382  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985  Volume  2.  Illinois  River  Basin. 
W90-06383  7C 

IMPEDANCE 

Effect  of  Bulk  Density,  Water  Content  and  Soil 
Type  on  the  Diffusion  of  Chloride  in  Soil. 
W90-05917  2G 

IN  SITU  TESTS 

In  Situ  Detection  of  Organic  Molecules. 
W90-06201  5A 

IN  SITU  TREATMENT 

Final  Program  Plan:  Research  Study  on  Hori- 
zontal Well  Drilling  and  In-Situ  Remediation. 
W90-05809  5G 

INCINERATION 

Sludge    Incineration    Modeling    (SIM)    System 

User's  Guide. 

W90-06194  5D 

INDIA 

Residues  of  1-Naphthol  in  Soil  and  Water  Sam- 
ples in  and  Around  Bhopal,  India. 
W90-06038  5B 


Impact  of  Soil-Derived  Aerosols  on  Precipita- 
tion Acidity,  in  India. 
W90-06097  2K 

Decomposition  Studies  on  Two  Floating  Leaved 
Macrophytes,   Nymphaea   nouchali   and   Nym- 
phoides  indica,  of  Lake  Kondakarla,  India. 
W90-06158  2H 

Seasonal  Patterns  of  Phytoplankton  Biomass  and 
Productivity  in  a  Tropical  Estuarine  Complex 
(West  Coast  of  India). 
W90-06159  2L 

INDIAN  OCEAN 

Heterotrophic  Nanno-  and  Microplankton  in 
Coastal  Waters  of  the  Western  Indian  Ocean. 
W90-05879  2L 

INDIANA 

Streamflow  and   Stream  Quality  in  the  Coal- 
Mining  Region,  Patoka  River  Basin,  Southwest- 
ern Indiana,  1983-85. 
W90-06227  5B 

Water  Resources  Data  for  Indiana,  Water  Year 

1985. 

W90-06358  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1986. 

W90-06359  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1987. 

W90-06360  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1988. 

W90-06361  7C 

Water  Resources  Data  for  Indiana.  Water  Year 

1984. 

W90-06384  7C 

INDUSTRIAL  DEVELOPMENT 

Industrial  Property  Transfer  Evaluations:  Limit- 
ing Liability. 
W90-05976  6B 

INDUSTRIAL  WASTES 

Preference/ Avoidance  Testing   of  Waste   Dis- 
charges on  Anadromous  Fish. 
W90-06052  5C 

INDUSTRIAL  WASTEWATER 

Ecotoxicological  Characterization  of  Industrial 
Wastewater:  Sulfite  Pulp  Mill  with  Bleaching. 
W90-05945  5C 

Effect  of  Industrial  Waters  of  Fly-Ash  Storage 
from  a  Storage  Yard  of  Grate  Wastes  on  Orga- 
nisms in  Waters  of  the  Gdansk  Coastal  Region 
(Northern  Poland). 
W90-06138  5C 

INFILTRATION 

Use   of  the    Rational    Formula   in    Infiltrating 

Mountainous  Catchments. 

W90-05647  2E 

Cyclic    Metal    Migration    in    a    Groundwater 

Stream. 

W90-05767  5B 

INFILTRATION  CAPACITY 

Urban  Flood  Runoff  Modeling  Using  Measured 
Infiltration  Capacity  of  Various  Land  Uses. 
W90-05637  4C 

INFORMATION  TRANSFER 

Fiscal  Year  1988  Program  Report  (Mississippi 
Water  Resources  Research  Institute). 
W90-06235  9D 
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Fiscal   Year    1988   Program   Report   (California 

Water  Resources  Center). 

W90-06240  9D 

Fiscal  Year  1988  Program  Report  (Guam  Water 

Resources  Research  Institute). 

W90-06241  9D 

Fiscal    Year    1988    Program    Report   (Alabama 
Water  Resources  Research  Institute). 
W90-06242  9D 

Fiscal  Year  1988  Program  Report  (New  Hamp- 
shire Water  Resources  Research  Center). 
W90-06243  9D 

Fiscal  Year  1988  Program  Report  (Puerto  Rico 
Water  Resources  Research  Institute). 
W90-06252  9D 

Fiscal  Year  1988  Program  Report  (Rhode  Island 

Water  Resources  Center). 

W90-06254  9D 

Fiscal  Year  1988  Program  Report  (New  Mexico 
Water  Resources  Research  Institute). 
W90-06260  9D 

INORGANIC  ACIDS 

Determination  of  Organic  and  Inorganic  Acids 

in  Precipitation  Samples. 

W90-05914  5A 

INSECTICIDES 

Preliminary  Study  of  the  Translocation  of  Aldi- 

carb  Across  the  Duck  Eggshell. 

W90-05944  5B 

Carbamate  Insecticides:  Removal  from  Water  by 

Chlorination  and  Ozonation. 

W90-06067  5F 

INSTRUMENTATION 

Detection  of  Subsurface  Flow  Phenomena  by 

Self-Potential/Geoelectrical      and      Thermical 

Methods. 

W90-05771  7B 

Spectrophotometric  Field  Monitor  for  the  De- 
termination of  Nitrate  in  River  Water:  Statistical 
Analysis  of  the  Results  from  a  Nine-Month  Field 
Trial. 
W90-05936  7B 

Sampler  for  the  Water-Sediment  Interfase 
(Muestreador  Para  la  Interfase  Agua-sedimento). 
W9O-06O28  7B 

Microcomputer-Based  Instrumentation  System 
for  Anaerobic  Wastewater  Treatment  Processes. 
W90-06082  7B 

Comparison  of  Snow  Gauges  Used  in  Nordic 
Countries:   Contribution   of  Finland   to   WMO 
Solid  Precipitation  Measurement  Intercompari- 
son.  Part  I:  System  Description. 
W90-06214  7B 

INTAKES 

Formed  Suction  Intake  Approach  Appurtenance 

Geometry. 

W90-06202  8B 

INTERAGENCY  COOPERATION 

Water-Related  Scientific  Activities  of  the  U.S. 

Geological    Survey    in    Nevada,    Fiscal    Years 

1985-89. 

W90-06226  1C 

INTERCEPTION 

Study  of  Rainfall   Interception   Using  a  Land 
Surface  Parameterization  for  Mesoscale  Meteor- 
ogical  Models. 
W90-06027  2B 


INTERSTITIAL  WATER 

Chesapeake  Bay  Earth  Science  Study:  Intersti- 
tial Water  Chemistry-Chemical  Zonation,  Trib- 
utaries Study  and  Trace  Metals. 
W90-05808  2L 

Aluminum  Species  in  Porewaters  of  Kejimkujik 

and  Mountain  Lakes,  Nova  Scotia. 

W90-05988  5B 

Interstitial  Water  Chemistry  of  Pu239,240  and 

Am241  in  the  Sediments  of  the  North-east  Irish 

Sea. 

W90-06056  5B 

INVERTEBRATES 

Effect  of  Dissolved  Oxygen  Concentrations  on 

Fish  and  Invertebrates  in  Large  Experimental 

Channels. 

W90-05751  5C 

Biotransformation  and   Disposition  of  PAH  in 

Aquatic  Invertebrates. 

W90-05815  5B 

Relationship  Between  Body  Length  Parameters 
and  Dry  Mass  in  Running  Water  Invertebrates. 
W90-05922  2H 

Micro-Bioassay   for   Epilithon   Using   Nutrient- 
Diffusing  Artificial  Substrata. 
W90-05931  7B 

Classification  of  Backwaters  Based  on  Inverte- 
brate Communities  and  Amphibians  (Zur  Typi- 
sierung  von  Augewassern  Anhand  der  Litoral- 
fauna  (Evertebraten,  Amphibien)). 
W90-06062  2H 

ION  EXCHANGE 

Ion  Exchange  in  Fish  Under  Extreme  Effects  of 

a  Varied  Nature. 

W90-05781  5C 

Humic  and  Other  Negatively  Charged  Colloids 

of  Iron  and  Copper  in  River  Water. 

W90-05937  2K 
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Estimation  of  Atmospheric  Deposition  Input  of 
Sulphur  and  Nitrogen  Oxides  to  the  Kejimkujik 
Watershed:  1979-1987. 
W90-05979  5B 

IOWA 

Transformation  and  Loss  of  Nitrate  in  an  Agri- 
cultural Stream. 
W90-05926  5B 

Water  Resources  Data  for  Iowa,  Water  Year 

1986. 

W90-06362  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1987. 

W90-06363  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1988. 

W90-06364  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1984. 

W90-06385  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1985. 

W90-06554  7C 

IRAQ 

Re-Operation  of  Old  Water  System  in  Northern 

Iraq. 

W90-05710  8B 

Ecological  Studies  on  Rotifera  (Aschelminthes) 

in  the  River  Tigris  (Iraq). 

W90-06140  2H 


IRISH  SEA 

Interstitial  Water  Chemistry  of  Pu239,240  and 

Am241  in  the  Sediments  of  the  North-east  Irish 

Sea. 

W90-06056  5B 

IRON 

Variability  of  Phosphorus  Forms  in  Suspended 
Solids  at  the  Lake  Erie-Grand  River  Conflu- 
ence. 
W90-05853  2K 

Humic  and  Other  Negatively  Charged  Colloids 

of  Iron  and  Copper  in  River  Water. 

W90-05937  2K 

IRON  OXIDES 

Interactions  between  Arsenic  and  Iron  Oxyhy- 

droxides  in  Lacustrine  Sediments. 

W90-06057  5B 

IRRIGATION  EFFECTS 

Aeration  Changes  after  Irrigation  in  a  Clay  Soil. 
W90-05915  3F 

ISOTOPE  STUDIES 

Sr87/Sr86  Values  of  Canadian  Shield  Brines  and 
Fracture  Minerals  with  Applications  to  Ground- 
water Mixing,  Fracture  History,  and  Geochron- 
ology. 
W90-06058  2F 

ISOTOPIC  TRACERS 

Sr87/Sr86  Values  of  Canadian  Shield  Brines  and 
Fracture  Minerals  with  Applications  to  Ground- 
water Mixing,  Fracture  History,  and  Geochron- 
ology. 
W90-06058  2F 

ITALY 

Comparison  of  Parametric  and  Non-Parametric 

Methods  for  Runoff  Forecasting. 

W90-05840  2E 

'Minor'  Wetlands  as  a  Habitat  for  Snipes  in  Italy: 
Present   Situation   and   Perspectives   (Le  Zone 
Umide  'Minori'  Italiane  Come  Habitat  per  i  Bec- 
caccini:  Situazione  e  Prospettive). 
W90-05881  2H 

JAMES  RIVER  BASIN 

Water  Resources  Data  Collected  During  Water 
Year  1988  at  Selected  James  River  Basin  Sites  in 
North  Dakota  and  South  Dakota. 
W90-06256  7C 

JAPAN 

Urban  Flood  Runoff  Modeling  Using  Measured 
Infiltration  Capacity  of  Various  Land  Uses. 
W90-05637  4C 


Multi-Tank  Matrix  Method  for  Runoff. 
W90-05645 
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JUNIATA  RIVER 

Juniata     Subbasin:     Low     Flow     Management 

Framework  Plan. 

W90-06216  3B 

KANSAS 

Major  Geohydrologic  Units  in  and  Adjacent  to 
the  Ozark  Plateaus  Province,  Missouri,  Arkan- 
sas, Kansas,  and  Oklahoma-Ozark  Aquifer. 
W90-05746  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1984. 

W90-O6386  7C 

Water  Resources  Data  for  Kansas  Water  Year 

1985. 
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Water  Resources  Data  for  Kansas,  Water  Year 

1986. 

W90-06389  7C 


SU-46 


SUBJECT  INDEX 


LAKES 


Water  Resources  Data  for  Kansas,  Water  Year 

1988. 

W90-06390  7C 

KARST 

Flow  of  Ground  Water  through  Fractured  Car- 
bonate Rocks  in  the  Prairie  du  Chien-Jordan 
Aquifer,  Southeastern  Minnesota. 
W90-05738  5B 

KARST  HYDROLOGY 

U.S.  Environmental  Protection  Agency's  Strate- 
gy for  Ground  Water  Quality  Monitoring  at 
Hazardous  Waste  Land  Disposal  Facilities  Lo- 
cated in  Karst  Terranes. 
W90-05807  5A 

KENTUCKY 

Streamflow,  Specific-Conductance,  and  Temper- 
ature Data  for  Bayou  and  Little  Bayou  Creeks 
Near  Paducah,  Kentucky,  August   15  and   16, 
1989. 
W90-06247  2E 

Water   Resources   Data   for   Kentucky,   Water 

Year  1984. 

W90-06388  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1986. 

W90-06391  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1987. 

W90-06392  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1988. 

W90-06393  7C 

KINEMATIC  WAVE  THEORY 

Re-Evaluation  of  Rational  Method  Using  Kine- 
matic Wave  Approach. 
W90-05629  2E 

Nonlinear  Analysis  of  Rainfall  and  Runoff  Proc- 
ess. 
W90-05644  2E 

Uncertainty  on  Travel  Time  in  Kinematic  Wave 

Channel  Routing. 

W90-05703  8B 

KRYPTON 

Occurrence  of  Krypton  and  Xenon  in  the  Bak- 

reswar  Thermal  Spring  Gases. 

W90-06022  2K 

LABORATORY  EQUIPMENT 

Simulation  of  Vertical  Limnological  Gradients. 
W90-05935  2H 

LABORATORY  METHODS 

Metabolic   Activation   of  PAH   in   Subcellular 
Fractions  and  Cell  Cultures  from  Aquatic  and 
Terrestrial  Species. 
W90-05819  5B 

Factors  Influencing  Experimental  Carcinogene- 
sis in  Laboratory  Fish  Models. 
W90-05820  5C 

Lanthanide  Luminescence  Quenching  as  a  De- 
tection Method  in  Ion  Chromatography:  Chro- 
mate  in  Surface  and  Drinking  Water. 
W90-05913  7B 

Determination  of  Organic  and  Inorganic  Acids 

in  Precipitation  Samples. 

W90-05914  5A 

Scaling  the  Saturated  Hydraulic  Conductivity  of 

an  Alfisol. 

W90-05916  2G 

Use  of  Selenastrum  carpicornutum  and  Micro- 
feast  as  Food  for  Daphnia  pulex. 
W90-06037  7B 


Accumulation   of  Am-241    and    Cm-244   from 
Water  and  Sediments  by  Hyalella  sp.  and  Tubi- 
fex  spp. 
W90-06O43  5B 

Preference/ Avoidance   Testing   of  Waste   Dis- 
charges on  Anadromous  Fish. 
W90-06052  5C 

Leaky  Filters:  A  Warning  to  Aquatic  Ecologists. 
W90-06110  7B 

Evaluation  and  Prediction  of  Henry's  Law  Con- 
stants and  Aqueous  Solubilities  for  Solvents  and 
Hydrocarbon    Fuel    Components.    Volume    I: 
Technical  Discussion. 
W90-06183  7B 

LAGOONS 

Salinity  Tolerance  of  Corbula  trigona  (Bivalvia: 
Corbulidae)  from  a  West-African  Lagoon  and 
Its  Variations. 
W90-05923  2L 

LAKE  ACIDIFICATION 

Effect  of  Environmental  Acidification  on  the 
Olfactory  System  of  Carp,  Cyprinus  carpio. 
W90-06016  5C 

Assessing  the  Potential  Extent  of  Damage  to 
Inland  Lakes  in  Eastern  Canada  due  to  Acidic 
Deposition.  I.  Development  and  Evaluation  of  a 
Simple  'Site'  Model. 
W90-06113  5C 

Assessing  the  Potential  Extent  of  Damage  to 

Inland  Lakes  in  Eastern  Canada  due  to  Acidic 

Deposition:    II.    Application    of   the    Regional 

Model. 

W90-06114  5C 

Fish  Communities  in  Lakes  in  Subregion  2B 
(Upper  Peninsula  of  Michigan)  in  Relation  to 
Lake  Acidity.  Volume  I. 
W90-06181  2H 

LAKE  CLASSIFICATION 

Water  Quality  of  the  Lexington  Reservoir,  Santa 

Clara  County,  California,  1978-80. 

W90-06221  2H 

LAKE  ERIE 

Variability  of  Phosphorus  Forms  in  Suspended 
Solids  at  the  Lake  Erie-Grand  River  Conflu- 


ence. 
W90-05853 
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LAKE  FISHERIES 

Ingestion    of    Environmentally    Contaminated 
Lake  Ontario  Salmon  by  Laboratory  Rats  In- 
creases Avoidance  of  Unpredictable  Aversive 
Nonreward  and  Mild  Electric  Shock. 
W90-05907  5C 

Prediction  of  the  Abundance  of  Fishes  in  Lake 

Syam. 

W90-06014  5C 


Growth  Pattern  and  Maturation  in  Arctic  Char 

(Salvelinus    alpinus    L.)    of   Lake    Walenstadt, 

Switzerland. 

W90-06090  5G 

LAKE  MANAGEMENT 

Lake  Management  Techniques  in  Florida,  USA: 

Costs  and  Water  Quality  Effects. 

W90-05867  5G 

LAKE  MICHIGAN 

Some   Problems   Affecting   the   Assessment   of 
Great  Lakes  Water  Quality  Using  Benthic  Inver- 
tebrates. 
W90-05847  5A 


LAKE  MORPHOLOGY 

Dissolved  Organic  Matter  and  Lake  Metabolism: 
Biogeochemistry  and  Controls  of  Nutrient  Flux 
Dynamics  in  Lakes. 
W90-05753  2H 

LAKE  ONTARIO 

Some   Problems   Affecting   the   Assessment   of 
Great  Lakes  Water  Quality  Using  Benthic  Inver- 
tebrates. 
W90-05847  5A 

Response  of  Sport  Fishes  to  Thermal  Discharges 
into  the  Great  Lakes:  Is  Somerset  Station,  Lake 
Ontario,  Different. 
W90-05855  5C 

Ingestion    of    Environmentally    Contaminated 
Lake  Ontario  Salmon  by  Laboratory  Rats  In- 
creases Avoidance  of  Unpredictable  Aversive 
Nonreward  and  Mild  Electric  Shock. 
W90-05907  5C 

LAKE  RESTORATION 

Development  of  a  Benthic  Invertebrate  Objec- 
tive for  Mesotrophic  Great  Lakes  Waters. 
W90-05852  2H 

Lake  Management  Techniques  in  Florida,  USA: 

Costs  and  Water  Quality  Effects. 

W90-05867  5G 

Growth  Pattern  and  Maturation  in  Arctic  Char 

(Salvelinus    alpinus    L.)    of   Lake    Walenstadt, 

Switzerland. 

W90-06090  5G 

LAKE  SEDIMENTS 

Aluminum  Species  in  Porewaters  of  Kejimkujik 

and  Mountain  Lakes,  Nova  Scotia. 

W90-05988  5B 

Interactions  between  Arsenic  and  Iron  Oxyhy- 

droxides  in  Lacustrine  Sediments. 

W90-06057  5B 

Effects  of  Large-Scale  Metalimnetic  Migration 
Events  on  Phosphorus  Dynamics  in  a  North- 
Temperate  Reservoir. 
W90-06120  2H 

LAKE  STAGES 

Trend  Analysis  of  Lake  Parker  Stage  and  Rela- 
tion to  Various  Hydrologic  Factors,   1950-86, 
Lakeland,  Florida. 
W90-06259  2H 

LAKE  STRATIFICATION 

Simulation  of  Vertical  Limnological  Gradients. 
W90-05935  2H 

Effects  of  Large-Scale  Metalimnetic  Migration 
Events  on  Phosphorus  Dynamics  in  a  North- 
Temperate  Reservoir. 
W90-06120  2H 

Morphological   Structure   and   Functional   Pat- 
terns of  Keratella  cochlearis  (Gosse)  Populations 
in  Stratified  Lakes. 
W90-06145  2H 

LAKE  TAHOE 

Engineering  Geology  of  the  Reno-Lake  Tahoe 

Area,  Nevada. 

W90-05736  8E 

LAKES 

Dissolved  Organic  Matter  and  Lake  Metabolism: 
Biogeochemistry  and  Controls  of  Nutrient  Flux 
Dynamics  in  Lakes. 
W90-05753  2H 

Protection  of  River  Basins,  Lakes  and  Estuaries: 
Fifteen  Years  of  Cooperation  toward  Solving 
Environmental  Problems  in  the  USSR  and  USA. 
W90-05772  6G 
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Volunteer    Lake    Monitoring    Program,     1987. 
Volume  VI:  Southwestern  Illinois  Region. 
W90-05827  2H 

Detecting  Acid  Precipitation  Impacts  on  Lake 

Water  Quality. 

W90-05860  7A 

Benthic   Macroinvertebrate   Community  Struc- 
ture  in   a   Backwater   Lake  of  Pool   2,  Upper 
Mississippi  River. 
W90-05927  2H 

Kejimkujik  Park-One  in  a  Family  of  Integrated 

Watershed  Studies. 

W90-05977  5B 

Vegetation,  Soils,  and  Ion  Transfer  Through  the 

Forest    Canopy    in    Two    Nova    Scotia    Lake 

Basins. 

W90-05984  2K. 

Patterns  of  Water  Chemistry  Among  Twenty- 
seven  Oligotrophic  Lakes  in  Kejimkujik  Nation- 
al Park,  Nova  Scotia. 
W90-05985  2H 

Aluminum  Species  in  Porewaters  of  Kejimkujik 

and  Mountain  Lakes,  Nova  Scotia. 

W90-05988  5B 

Finnish  Lake  Survey:  The  Role  of  Organic  and 

Anthropogenic  Acidity. 

W90-05996  5B 

Spatial  Characterization  of  Acidification  Related 

Parameters    in    Sensitive    Regions    of   Atlantic 

Canada. 

W90-06000  5B 

Use  of  Historical  Information  for  Selecting  a 

Sample  from  a  Population  of  Lakes. 

W90-060O1  2H 

Diatom-Inferred    pH    History    of    Kejimkujik 
Lake,  Nova  Scotia:  A  Reinterpretation. 
W90-06002  2H 

Patterns  of  Plankton  Species,  pH  and  Associated 
Water  Chemistry  in  Nova  Scotia  Lakes. 
W90-060O5  2H 

Distribution,  Abundance  and  Biomass  of  Benthic 
Macroinvertebrates  Relative  to  pH  and  Nutri- 
ents in  Eight  Lakes  of  Nova  Scotia,  Canada. 
W90-060O6  2H 

Thermal  Structure  and  Circulation  in  the  Great 

Lakes. 

W90-06013  2H 

Phosphorus  Transport  to  the  Bottom  of  Lake 

Constance. 

W90-06084  2H 

Statistical   Models   for  the   Estimation   of  Net 
Phosphorus  Sedimentation  in  Lakes. 
W90-06085  2H 

Investigations  of  Trophic  Change  and  Industrial 

Tailings  Accumulation  in  the  Traunsee  (Austria) 

Using  Diatom  Stratigraphy  (Diatomeenstratigra- 

phische  Untersuchungen  zer  Trophieanderung 

und    Industrieschlammakkumulation   im   Traun- 

see/Osterreich). 

W90-06093  5C 

Annual  Heat  Balance  and  Equilibrium  Tempera- 
ture of  Lake  Aegeri,  Switzerland. 
W90-06095  2H 

Zooplankton  Species  Associations  in  Quebec 
Lakes:  Variation  with  Abiotic  Factors,  Includ- 
ing Natural  and  Anthropogenic  Acidification. 
W90-O6117  2H 

Development  of  Hexarthra  spp.   in  a  Shallow 

Alkaline  Lake. 

W90-06146  2H 


Percentage  of  Rotifers  in  Spring  Zooplankton  in 

Lakes  of  Different  Trophy. 

W90-06153  2H 

Tasmania   Revisited:   Rotifer  Communities  and 

Habitat  Heterogeneity. 

W90-06154  2H 

Occurrence  of  Rotifera  in  the  Field  Under  Natu- 
ral   and    Intentionally-changed    Conditions:    II. 
Lake  Numasawa. 
W90-06155  5C 

Decomposition  Studies  on  Two  Floating  Leaved 
Macrophytes,    Nymphaea   nouchali    and    Nym- 
phoides  indica,  of  Lake  Kondakarla,  India. 
W90-06158  2H 

Fish   Communities   in   Lakes   in   Subregion   2B 
(Upper  Peninsula  of  Michigan)  in  Relation  to 
Lake  Acidity.  Volume  II:  Appendices. 
W90-06215  5B 

LAMINAR  FLOW 

Resistance  to  Rainfall-Runoff  on  a  Textured  Sur- 
face. 
W90-05657  2E 

LAND  DISPOSAL 

Hydraulic  Model  of  Overland  Flow  on  Grass 

Covered  Slopes. 

W90-05683  8B 

Effects  of  Municipal  Sludge  on  Locomotor  Ac- 
tivity  and   Exploratory   Behavior  of  Meadow 
Voles,  Microtus  Pennsylvanicus. 
W90-06047  5E 

Guide     to     Land     Treatment     of     Municipal 

Wastewater  in  Illinois. 

W90-06176  5D 

LAND  USE 

Runoff  Coefficient  and  Sediment  Yield  in  Small 

Watersheds     Under     Land-Use     Changes     in 

Taiwan. 

W90-05636  2E 

Urban  Flood  Runoff  Modeling  Using  Measured 
Infiltration  Capacity  of  Various  Land  Uses. 
W90-05637  4C 

Numerical    Simulation    of  Transient    Sediment 

Transport  in  Alluvial  Channels. 

W90-05707  2J 

Suspended     Sediment     and     Sediment-Source 
Areas  in  the  Fountain  Creek  Drainage  Basin 
Upstream  from  Widefield,  Southeastern  Colora- 
do. 
W90-06233  2J 

Computerized  Data-Base  System  for  Land-Use 
and   Land-Cover   Data   Collected   at   Ground- 
Water    Sampling    Sites    in    the    Pilot    National 
Water  Quality  Assessment  Program. 
W90-06234  7C 

LANDFILLS 

Superfund   Record   of  Decision:   Laurel   Park, 


CT. 
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Effects  of  Phenol  Wastewater  Co-Disposal  on 
the  Attenuation  of  the  Refuse  Leachate  Mole- 
cule Hexanoic  Acid. 
W90-05964  5B 

Design,  Construction,  and  Evaluation  of  Clay 
Liners  for  Waste  Management  Facilities. 
W90-06163  5E 

Geohydrology,    Simulation    of    Ground-Water 
Flow,  and  Ground-Water  Quality  at  Two  Land- 
fills, Marion  County,  Indiana. 
W90-06223  2F 


Hydrogeologic  Characteristics  of  the  Lee  Acres 
Landfill  Area,  San  Juan  County,  New  Mexico 
W90-06228  2F 

LAPLACE  EQUATION 

Modelling  of  Some  Elliptic  Fluid  Mechanics 
Problems  by  the  Boundary  Element  Method. 
W90-05884  gB 

LEACHATES 

Effects  of  Phenol  Wastewater  Co-Disposal  on 
the  Attenuation  of  the  Refuse  Leachate  Mole- 
cule Hexanoic  Acid. 
W90-05964  5B 

LEAD 

Sublethal  Exposure  to  Lead  Inhibits  Acquisition 
and     Retention     of    Discriminate     Avoidance 
Learning  in  Green  Frog  (Rana  clamitans)  Tad- 
poles. 
W90-06049  5C 

Responses  of  Green  Frog  (Rana  clamitans)  Tad- 
poles to  Lead-Polluted  Water. 
W90-06053  5C 
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Groundwater  Recharge  in  Urban  Areas. 
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LEE  ACRES  LANDFILL 

Hydrogeologic  Characteristics  of  the  Lee  Acres 
Landfill  Area,  San  Juan  County,  New  Mexico. 
W90-06228  2F 

LEECHES 

Biotesting  of  Aquatic  Environments  Based  on 
the  Behavioral  Reactions  of  Aquatic  Animals. 
W90-05783  5A 

Comparison  of  Leeches  and  Mussels  as  Biomoni- 

tors  for  Chlorophenol  Pollution. 

W90-05851  5A 

LEGAL  ASPECTS 

Industrial  Property  Transfer  Evaluations:  Limit- 
ing Liability. 
W90-05976  6B 

LENTIC  ENVIRONMENT 

Sampler  for  the  Water-Sediment  Interfase 
(Muestreador  Para  la  Interfase  Agua-sedimento). 
W90-06028  7B 

LEVEES 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  4:  Mill 
Creek  Levee. 
W90-05761  8A 

LEXINGTON  RESERVOIR 

Water  Quality  of  the  Lexington  Reservoir,  Santa 

Clara  County,  California,  1978-80. 
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LIABILITY 

Industrial  Property  Transfer  Evaluations:  Limit- 
ing Liability. 
W90-05976  6B 

LIFE  CYCLES 

Interactive  Effects  of  Acidity  and  Aluminum 
Exposure  on  the  Life  Cycle  of  the  Midge  Chir- 
onomus  riparius  (Diptera). 
W90-O5930  5C 

Life  Table  Evaluation  of  the  Effects  of  Cadmi- 
um  Exposure  on   the   Freshwater  Cladoceran, 
Moina  macrocopa. 
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Design  of  Stormwater  Detention  Basins.  A  Sim- 
plified Method. 
W90-05648  2E 

Lagstrum  and  Nonlinearity  of  Hydrologic  Time 

Series. 

W90-05650  2E 

Pavement    Drainage    Design    Using    Yen    and 

Chow  Rainfall. 

W90-05653  2E 

Comparison  of  Parametric  and  Non-Parametric 

Methods  for  Runoff  Forecasting. 

W90-0584O  2E 

New  Practical  Aid  to  Regional  Hydrogeologic 
Planning:  The  Runoff  Coefficient  Map. 
W90-05864  2E 

RUNWAYS 

Resistance  to  Rainfall-Runoff  on  a  Textured  Sur- 
face. 
W90-05657  2E 

RURAL  WATERSHEDS 

Development  of  the  Rational  Method  for  Flood 
Design  for  Small  Rural  Basins  in  Australia. 
W90-05628  2E 

RUSHES 

Natural   Selection  and   Genetic  Adaptation   to 
Hypersalinity  in  Juncus  roemerianus  Schelle. 
W90-05896  2L 

SABINE  RIVER  BASIN 

Water  Resources  Data  for  Texas,  Water  Year 

1985.   Volume   1;  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and  Adjacent  Coastal 

Basins. 

W90-06524  7C 

SAHEL 

Evaluation  of  Natural  Recharge  to  Aquifers  in 
the  Sudan-Sahel  Climate  Using  Global  Hydrolo- 
gical Modelling:  Application  to  Ten  Sites  in 
Burkina  Faso  (Evaluation  de  la  Recharge  Natur- 
elle  des  Aquiferes  in  Climat  Soudano-Sahelien 
par  Modelisation  Hydrologique  Global:  Applica- 
tion a  Dix  Sites  au  Burkina  Faso). 
W90-05837  2F 

SALINE-FRESHWATER  INTERFACES 

Formation    of   Polar    Surface    Water,    the   Ice 

Export  and  the  Exchanges  Through  the  Fram 

Strait. 

W90-05880  2L 

SALINE  LAKES 

Salinity  Tolerance  of  Corbula  trigona  (Bivalvia: 
Corbulidae)  from  a  West-African  Lagoon  and 
Its  Variations. 
W90-05923  2L 

Cascading  Effects  of  Decreased  Salinity  on  the 
Plankton,  Chemistry,  and  Physics  of  the  Great 
Salt  Lake  (Utah). 
W90-06116  2H 

SALINE  WATER  INTRUSION 

Salinity  and  Flow  Relations  and  Effects  of  Re- 
duced Flow  in  the  Chassahowitzka  River  and 
Homosassa  River  Estuaries,  Southwest  Florida. 
W90-06249  2L 

SALINITY 

Salinity  and  Temperature  Influence  in  Rotifer 

Life  History  Characteristics. 

W90-06143  2H 

Water  Use  By  and  Salinity  Effects  Upon  Trickle 
Irrigated    Grape    Production    in    the    Southern 
Basin  and  Range  Province  of  New  Mexico. 
W90-06251  3C 
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Hydraulic   and   Salinity   Characteristics  of  the 

Tidal  Reach  of  the  Peace  River,  Southwestern 

Florida. 

W90-06258  2L 

SALMON 

Bibliography  of  Fishery  Investigations  on  Large 
Salmonid  River  Systems  with  Special  Emphasis 
on  the  Bois  Brule  River,  Douglas  County,  Wis- 
consin. 
W90-05735  1°° 

Ingestion    of    Environmentally    Contaminated 
Lake  Ontario  Salmon  by  Laboratory  Rats  In- 
creases Avoidance  of  Unpredictable  Aversive 
Nonreward  and  Mild  Electric  Shock. 
W90-05907  5C 

Ecological  and  Physiological  Responses  of  At- 
lantic Salmon  in  Acidic  Organic  Rivers  of  Nova 
Scotia,  Canada. 
W90-06007  2H 

Responses  of  Atlantic  Salmon  (Salmo  salar)  Ale- 
vins  to  Dissloved  Organic  Carbon  and  Dissolved 
Aluminum  at  Low  pH. 
W90-06009  5C 

Recycling  of  Elements  Transported  Upstream 
by  Runs  of  Pacific  Salmon:  I.  delta  15  N  and 
delta  13  C  Evidence  in  Sashin  Creek,  Southeast- 
ern Alaska. 
W90-06119  2H 

SALMONELLA 

Relationships  Between  Salmonella  spp  and  Indi- 
cator    Microorganisms     in     Polluted     Natural 
Waters. 
W90-06081  5A 

SALT  MARSHES 

Interaction  of  Estuarine  Organic  Matter  with 

Copper  and  Benzo(a)pyrene. 

W90-05965  5B 

SALT  TOLERANCE 

Natural   Selection  and  Genetic  Adaptation  to 
Hypersalinity  in  Juncus  roemerianus  Schelle. 
W90-05896  2L 

Salinity  Tolerance  of  Corbula  trigona  (Bivalvia: 
Corbulidae)  from  a  West-African  Lagoon  and 
Its  Variations. 
W90-05923  2L 

SAMPLE  PREPARATION 

Comparison  between  Acetone  and  Dioxane  and 
Explanation  of  Their  Role  in  Water  Replace- 
ment in  Undisturbed  Soil  Samples. 
W90-05918  7B 

SAMPLERS 

Evaluation  of  a  Skimmer  Dredge  for  Collecting 

Freshwater  Mussels. 

W90-05929  7B 

Sampler  for  the  Water-Sediment  Interfase 
(Muestreador  Para  la  Interfase  Agua-sedimento). 
W90-06028  7B 

SAMPLING 

Statistical  Power  Analysis  can  Improve  Fisher- 
ies Research  and  Management. 
W90-06109  7C 

Physical  and  Chemical  Properties  of  San  Fran- 
cisco Bay,  California,  1980. 
W90-06255  2L 

SAN  FRANCISCO  BAY 

Physical  and  Chemical  Properties  of  San  Fran- 
cisco Bay,  California,  1980. 
W90-O6255  2L 


SANTA  ANA  RIVER 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    including    Santiago    Creek.    Volume    3: 
Lower  Santa  Ana  River,  Appendixes. 
W90-05757  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  1 :  Seven 
Oaks  Dam  including  Appendix  A. 
W90-O5758  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  7:  Hy- 
drology. 
W90-05759  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  5:  Oak 
Street  Drain. 
W90-05760  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  4:  Mill 
Creek  Levee. 
W90-05761  8  A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    including    Santiago    Creek.    Volume    3: 
Lower  Santa  Ana  River  (Prado  Dam  to  Pacific 
Ocean). 
W90-05762  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    Including    Santiago    Creek.    Volume    2: 
Prado  Dam. 
W90-05803  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  Including  Santiago  Creek.   Main  Report 
and  Supplemental  Environmental  Impact  State- 
ment. 
W90-058O4  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  Including  Santiago  Creek.  Volume  1: 
Seven  Oaks  Dam,  Appendixes  B  through  G. 
W90-05805  8  A 

SANTA  FE 

Hydrographs  from  Selected  Observation  Wells 
and  Annual  Pumpage  from  Municipal  Supply 
Wells,  1950-86,  Santa  Fe,  New  Mexico. 
W90-06231  ?C 

SANTA  FE  LAKE 

Superfund  Record  of  Decision:  Atchison/Santa 

Fe/Clovis,  NM. 

W90-06208  5G 

SATELLITE  TECHNOLOGY 

Ground    Truth    for    Objective    Evaluation    of 

Automated  Nephanalysis. 

W90-05714  2B 


SCALE  FACTORS 

Scaling  the  Saturated  Hydraulic  Conductivity  of 

an  Alfisol. 

W90-05916  2G 

SCHEDULING 

Environmental    Monitoring    Master    Sampling 

Schedule:  January-December  1989. 

W90-05826  ?A 

SCOTLAND 

Aluminium  Dis-equilibrium  Solubility  Controls 

in  Scottish  Acidic  Catchments. 

W90-05836  5B 

Mineralization  of  Chitin  in  the  Sediments  of  the 
Ythan  Estuary,  Aberdeenshire,  Scotland. 
W90-05911  2L 

SEA  GRASSES 

Effect  of  Boat  Moorings  on  Seagrass  Beds  near 

Perth,  Western  Australia. 

W90-05897  4C 

SEA  ICE 

Relationship  Between  Arctic  Sea-Ice  Anomalies 
and    Fluctuations   in    Northern    Canadian   Air 
Temperature  and  River  Discharge. 
W90-06012  2C 

SEASONAL  VARIATION 

Seasonal  Variations  of  Water  Chemistry  in  Oli- 
gotrophy Streams  and  Rivers  in  Kejimkujik  Na- 
tional Park,  Nova  Scotia. 
W90-05986  2K 

Seasonal  Patterns  of  Mineral  and  Organic  Acidi- 
fication in  Two  Streams  in  Southwestern  Nova 
Scotia. 
W90-05989  2E 

SEDIMENT  ANALYSIS 

Numbers,  Distribution  and  Classification  of  Ni- 
trate Reducing  and  Denitrifying  Bacteria  in 
Emlbase  del  Rio  Tercero,  Cordoba,  Argentina 
(Recuento,  Distribucion  y  Clasificacion  de  Bac- 
terias  Reductoras  de  Nitrato  y  Desnitrificantes 
(Emlbase  del  Rio  Tercero,  Cordoba,  Argenti- 
na)). 
W90-06029  2H 

SEDIMENT  CHEMISTRY 

Variability  of  Phosphorus  Forms  in  Suspended 
Solids  at  the  Lake  Erie-Grand  River  Conflu- 


GOES  Satellite  Data  for  AIMS. 
W90-05715 
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SAUDI  ARABIA 

Use   of  the    Rational    Formula   in    Infiltrating 

Mountainous  Catchments. 

W90-05647  2E 

Litter  Production  in  a  Mangrove  Stand  of  the 

Saudi  Arabian  Red  Sea  Coast. 

W90-05898  2L 

SCADA 

Anchorage  Launches  New  SCADA  Controls. 
W90-06032  5F 

SCADA  PROGRAM 

In-House  Design  and  Construction  of  a  SCADA 

System. 

W90-06031  5F 


ence. 
W90-05853 
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Comparison  of  Suspensate  and  Bottom  Stream 

Sediment  Geochemistry  at  a  Pb  Occurrence  in 

the  Shenandoah  Valley  ZN  District,  Northwest 

Virginia. 

W90-05856  2K 

SEDIMENT  CONTAMINATION 

Toxic  Organic  Compounds  in  Surface  Sediments 
from  the  Elizabeth   and  Patapsco  Rivers  and 
Estuaries:  Appendices. 
W90-05719  5B 

Effects  of  Temperature  and  Redox  Conditions 
on    Degradation    of    Chlorinated    Phenols    in 
Freshwater  Sediments. 
W90-05756  5B 

Mobility  of  Soil  Contaminants  in  an  Ecosystem 
of  Trees  Growing  on  Dredged  Material-The 
Broekpolder  (Rotterdam,  The  Netherlands). 
W90-05765  5B 

Freshwater  Sediment  Toxicity  Bioassessment: 
Rationale  for  Species  Selection  and  Test  Design. 
W90-05842  5A 

Toxicity  of  Vertical  Sediments  in  the  Trenton 
Channel,  Detroit  River,  Michigan,  to  Chirono- 
mus  Tentans  (Insecta:  Chironomidae). 
W90-05843  5C 
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Regulating  Contaminated  Sediments  in  Aquatic 
Environments:  A  Hydrologic  Perspective. 
W90-05865  5A 

Predicting  Organic  Accumulation  in  Sediments 

Near  Marine  Outfalls. 

W90-05961  5E 

Evaluation  of  the  Speciation  of  Inorganic  Con- 
stituents in  Sediments  of  the  Reservoir  at  Alten- 
worth  of  the  River  Danube. 
W90-06061  5B 

Non-Volatile  Chemical  Mutagens  in  Sediments 
of  the  Kanawha  River,  West  Virginia. 
W90-06105  5B 

Contaminated  Sediments:  Lectures  on  Environ- 
mental Aspects  of  Particle- Associated  Chemicals 
in  Aquatic  Systems. 
W90-06189  5B 

SEDIMENT  TRANSPORT 

Nonlinear  Resistance  Relationships  for  Alluvial 

Channels. 

W90-05665  8B 

Study  on  the  Manning's  Roughness  Coefficient 
of  Steep  Mountainous  Streams  in  Taiwan. 
W90-05687  8B 

Fluvial  Hydrodynamic  and  Sediment  Transport 
Model  for  the  Chesapeake  Bay  Watershed. 
W90-05705  2J 

Forecast  of  Stability  of  Bed  Load  in  Unstable 

Channels. 

W90-05706  2J 

Numerical    Simulation   of  Transient    Sediment 

Transport  in  Alluvial  Channels. 

W90-05707  2J 

SEDIMENT- WATER  INTERFACES 

Sampler  for  the  Water-Sediment  Interfase 
(Muestreador  Para  la  Interfase  Agua-sedimento). 
W90-06028  7B 

SEDIMENT  YIELD 

Runoff  Coefficient  and  Sediment  Yield  in  Small 

Watersheds     Under     Land-Use     Changes     in 

Taiwan. 

W90-05636  2E 

Suspended     Sediment     and     Sediment-Source 
Areas  in  the  Fountain  Creek  Drainage  Basin 
Upstream  from  Widefield,  Southeastern  Colora- 
do. 
W90-06233  2J 

SEDIMENTATION 

Statistical   Models   for  the   Estimation   of  Net 
Phosphorus  Sedimentation  in  Lakes. 
W90-06085  2H 

SEDIMENTOLOGY 

Physical  Principles  of  Sedimentology:  A  Read- 
able Textbook  for  Beginners  and  Experts. 
W90-06186  2J 


Sedimentology  and  Petroleum  Geology. 
W90-06187 
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SEDIMENTS 

Composition  of  Lignin  in  Estuarine  Suspended 
Particulates  and  the  Distribution  of  Particulate 
Lignin  in  Estuaries  as  Determined  by  Capillary 
Gas  Chromatography  of  Cupric  Oxide  Oxida- 
tion Particles. 
W90-05910  2L 

Mineralization  of  Chitin  in  the  Sediments  of  the 
Ythan  Estuary,  Aberdeenshire,  Scotland. 
W90-05911  2L 

Effect  of  Sediment  on  Estimates  of  Diquat  Tox- 
icity in  Laboratory  Microcosms. 
W90-06072  5c 


SEEPAGE 

Prediction  of  Transmissivities,  Heads,  and  Seep- 
age  Velocities   Using   Mathematical    Modeling 
and  Geostatistics. 
W90-05888  2F 

SELENASTRUM 

Use  of  Selenastrum  carpicornutum  and  Micro- 
feast  as  Food  for  Daphnia  pulex. 
W90-06037  7B 

SELENIUM 

Ground-Water-Quality  Assessment  of  the  Cen- 
tral Oklahoma  Aquifer,  Oklahoma-Analysis  of 
Available  Water-Quality  Data  through  1987. 
W90-05749  5B 

Determination  of  the  Toxicity,   Water  Quality 
Interactions  and  Biomagnification  of  Selenium  in 
Aquatic  Food  Chains. 
W90-06236  sc 

SENSITIVITY  ANALYSIS 

Sensitivity  Analyses  of  Biodegradation/ Adsorp- 
tion Models. 
W90-05955  5D 

SEPARATION  TECHNIQUES 

Non- Volatile  Chemical  Mutagens  in  Sediments 
of  the  Kanawha  River,  West  Virginia. 
W90-06105  5B 


SEPIOLITE 

Palygorskite-Sepiolite. 
W90-05748 
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SEPTIC  TANKS 

Septic  Tank  Absorption  Systems:  A  Literature 

Review. 

W90-05791  5D 

Septic  System  Density  and  Groundwater  Con- 
tamination in  Illinois:  A  Survey  of  State  and 
Local  Regulation. 
W90-06162  5G 


SETTLEABLE  SOLIDS 

Tube  Settler  Modeling. 
W90-05959 

SETTLING  TANKS 

Tube  Settler  Modeling. 
W90-05959 
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SEVEN  OAKS  DAM 
Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    Including    Santiago    Creek.    Volume    1: 
Seven  Oaks  Dam,   Appendixes  B  through  G. 
W90-05805  8A 

SEWERS 

Application    of  Manning    Formula   for    Polish 

Sewers. 

W90-05662  8B 

SHAD 

Reproduction  of  the  Azov-Don  Shad  Following 

Regulation  of  the  Don  River. 

W90-06018  81 

SHALLOW  WATER 

Parameter  Estimation  in  Stochastic  Models  for 

2-D  Shallow  Water  Flow. 

W90-05649  2L 

SHATT  AL-ARAB  RIVER 

Study  of  the  Primary  Productivity  in  the  Shatt 

AJ-Arab  Estuary  at  Basrah,  Iraq. 

W90-06065  5B 

SHEAR  STRESS 

Consideration  of  Wall  Shear  Stress  and  Friction 

Factors. 

W90-05670  8B 

SHOULDER  DITCHES 

Design  of  Roadside  Channels  with  Flexible  Lin- 
ings. 
W90-06184  4A 


SHRIMP 

Toxicokinetics  of  DDE,  Benzo(a)pyrne,  and  2, 
4,  5,  2',  4',  5'-Hexachlorobiphenyl  in  Pontopor- 
eia  hoyi  and  Mysis  relicta. 
W90-05845  5B 

SIDE  WEIRS 

Channel  Resistance  at  the  Side- Weir  Location  in 

Open  Channel  Flow. 

W90-05663  8B 

SIMULATED  RAINFALL 

Artificial  Rainfall  for  Pavement  Runoff  Studies. 
W90-05656  2E 

SIMULATION 

Evaluation  and  Analysis  of  Three  Dynamic  Wa- 
tershed  Acidification   Codes   (MAGIC,   ETD, 
and  ILWAS). 
W90-05790  5C 

Simulation  of  Vertical  Limnological  Gradients. 
W90-05935  2H 

SIMULATION  ANALYSIS 

Cladophora  Internal  Phosphorus  Modeling:  Ver- 
ification. 
W90-05854  2H 

Simulation    of  Regional    Subsurface   Flow   by 

Finite  Element  Models. 

W90-05883  2F 

Harmonic  Structure  of  English  Channel/South- 
ern Bight  Tides  from  a  Wave  Equation  Simula- 
tion. 
W90-06024  2L 

Finite   Difference   Simulation   Model   of  Tidal 
Flow  in  the  English  Channel  and  the  Southern 
North  Sea. 
W90-06026  2L 

SINGAPORE 

Applications  of  the  Manning's  and  Rational  For- 
mulas for  the  Design  of  Storm  Drains  in  Singa- 
pore. 
W90-05646  2E 

SLUDGE  DISPOSAL 

Effects  of  Municipal  Sludge  on  Locomotor  Ac- 
tivity  and   Exploratory   Behavior   of  Meadow 
Voles,  Microtus  Pennsylvanicus. 
W90-06047  5£ 

Sludge    Incineration    Modeling    (SIM)    System 

User's  Guide. 

W90-06194  5D 

SLUDGE  TREATMENT 

Growth  and  Biocatalytic  Activities  of  Aerobic 
Thermophilic  Populations  in  Sewage  Sludge. 
W90-05857  5D 

Sludge    Incineration    Modeling    (SIM)    System 

User's  Guide. 

W90-06194  5D 

SLUDGE  UTILIZATION 

Effects  of  Municipal  Sludge  on  Locomotor  Ac- 
tivity  and   Exploratory   Behavior  of  Meadow 
Voles,  Microtus  Pennsylvanicus. 
W90-06047  5E 

SLUICE  GATES 

Field  Measurements  of  Directional  Wave  Loads 

on  Coastal  Structures. 

W90-05858  8B 

SNAILS 

Behavioral  Responses  of  Marked  Snails  as  Indi- 
cators of  Water  Quality. 
W90-06051  5A 
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SNOW 

Tibetan  Plateau  as  the  Water  Resource  of  Asia 

(in  Japanese). 

W90-05889  2A 

Oxygen  Isotopic  Variation  of  Falling  Snow  Par- 
ticles with  Time  During  the  Lifetime  of  a  Con- 
vective  Cloud:  Observation  and  Modelling. 
W90-05975  2K 

Comparison  of  Snow  Gauges  Used  in  Nordic 
Countries:   Contribution  of  Finland   to  WMO 
Solid  Precipitation  Measurement  Intercompari- 
son.  Part  I:  System  Description. 
W90-06214  7B 

SNOW  SAMPLING 

Atmospheric    and    Depositional    Environments 
Traced  from  Unique  Chemical  Compositions  of 
the  Snow  Over  an  Inland  High  Plateau,  Antarc- 
tica. 
W90-05963  2C 

SNOW  SURVEYS 

Atmospheric    and    Depositional    Environments 
Traced  from  Unique  Chemical  Compositions  of 
the  Snow  Over  an  Inland  High  Plateau,  Antarc- 
tica. 
W90-05963  2C 

SNOWMELT 

Automatic  Monitoring  of  Short  Duration  Snow- 
melt    Events    in    a    Nova    Scotia    Headwater 
Stream. 
W90-05987  7B 

Effect  of  Snow  and  Soil  Frost  Melting  on  the 
Concentrations  of  Suspended  Solids  and  Phos- 
phorus in  Two  Rural  Watersheds  in  Western 
Finland. 
W90-06086  5B 

SNOWPACK 

Locally  Generated   Atmospheric  Trace   Metal 
Pollution  in  Canadian  Arctic  as  Reflected  by 
Chemistry  of  Snowpack  Samples  from  the  Mac- 
kenzie Delta  Region. 
W90-06098  5B 

SOCIAL  ASPECTS 

Urban  Streams  as  a  Place  to  Live  (Stadtbache 

als  Lebensraum). 

W90-06021  4C 

SOIL  AERATION 

Aeration  Changes  after  Irrigation  in  a  Clay  Soil. 
W90-05915  3F 

SOIL  ANALYSIS 

Comparison  between  Acetone  and  Dioxane  and 
Explanation  of  Their  Role  in  Water  Replace- 
ment in  Undisturbed  Soil  Samples. 
W90-05918  7B 

SOIL  BACTERIA 

Effects  of  Phenol  Wastewater  Co-Disposal  on 
the  Attenuation  of  the  Refuse  Leachate  Mole- 
cule Hexanoic  Acid. 
W90-05964  5B 

SOIL  CHEMISTRY 

Chemical  Characterization  of  Several  Wetlands 
in  Kejimkujik  National  Park,  Nova  Scotia. 
W90-05990  2H 

Rain  Project:  Role  of  Organic  Acids  in  Moder- 
ating pH  Change  Following  Reduction  in  Acid 
Deposition. 
W90-05997  5B 

Impact  of  Soil-Derived  Aerosols  on  Precipita- 
tion Acidity,  in  India. 
W90-06097  2K 

SOIL  CONTAMINATION 

Superfund    Record    of    Decision:    Tabernacle 

Drum  Dump,  NJ. 

W90-05726  5G 


Environmental       Chemistry       of      Herbicides. 

Volume  I. 

W90-06164  5B 


Dissipation  from  Soil. 
W90-06168 
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Superfund  Record  of  Decision:  Hasting  Ground 

Water/Far-Mar,  NE. 

W90-06207  5G 

SOIL  DENSITY 

Effect  of  Bulk  Density,  Water  Content  and  Soil 
Type  on  the  Diffusion  of  Chloride  in  Soil. 
W90-05917  2G 

SOIL  EROSION 

Identification  of  Pollutants  Subject  to  Nonpoint 

Agricultural   Measures   in   the   Maumee   River 

Basin. 

W90-05776  5B 

SOIL  GASES 

Occurrence  of  Krypton  and  Xenon  in  the  Bak- 

reswar  Thermal  Spring  Gases. 

W90-06O22  2K 

SOIL  PHYSICAL  PROPERTIES 
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Superfund  Record  of  Decision:  Frontier  Hard 

Chrome,  WA. 

W90-05741  5G 

Superfund  Record  of  Decision:  Hasting  Ground 

Water/Far-Mar,  NE. 

W90-06207  5G 


Superfund  Record  of  Decision:  Atchison/Santa 

Fe/Clovis,  NM. 

W90-06208  5G 

SUPERVISORY  CONTROL 

In-House  Design  and  Construction  of  a  SCADA 

System. 

W90-06031  5F 

Anchorage  Launches  New  SCADA  Controls. 
W90-06032  5F 

SURFACE-GROUNDWATER  RELATIONS 

Regional  Geohydrologic-Geomorphic  Relation- 
ships for  the  Estimation  of  Low-Flows. 
W90-05651  2E 

Salinity  and  Flow  Relations  and  Effects  of  Re- 
duced Flow  in  the  Chassahowitzka  River  and 
Homosassa  River  Estuaries,  Southwest  Florida. 
W90-06249  2L 

SURFACE  RUNOFF 

Surface  Runoff  from  Turfed  Area  in  the  Trop- 
ics. 
W90-05654  2E 

SURFACE  WATER 

Flood  Boundaries  and  Water-Surface  Profile  for 
the  Computed  100- Year  Flood,  Swift  Creek  at 
Afton,  Wyoming,  1986. 
W90-05743  2E 

Procedural-Methodological  Problems  of  Investi- 
gating Petroleum  Products  in  Continental  Sur- 
face Waters. 
W90-05779  5B 

Lanthanide  Luminescence  Quenching  as  a  De- 
tection Method  in  Ion  Chromatography:  Chro- 
mate  in  Surface  and  Drinking  Water. 
W90-05913  7B 

Occurrence  of  Thermophilic  Campylobacters  in 
Rural  and  Urban  Surface  Waters  in  Central  Fin- 
land. 
W90-06077  5B 


Herbicides  in  Surface  Waters. 
W90-06167 

Water  Encyclopedia. 
W90-06196 
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Reconnaissance  Hydrogeologic  Investigation  of 
the  Defense  Waste  Processing  Facility  and  Vi- 
cinity, Savannah  River  Plant,  South  Carolina. 
W90-06245  2F 

Streamflow,  Specific-Conductance,  and  Temper- 
ature Data  for  Bayou  and  Little  Bayou  Creeks 
Near  Paducah,   Kentucky,   August    15  and    16, 
1989. 
W90-06247  2E 

Water  Resources  Data  for  Oregon  Water,  Year 

1988,  Volume  2.  Western  Oregon. 

W90-06250  7C 

Water  Resources  Data  for  Virginia  Water  Year 

1985. 

W90-06261  7C 

Water  Resources  Data  for  Washington,  Water 
Year  1982.  Volume  1.  Western  Washington. 
W90-06262  7C 

Water  Resources  Data  for  Washington,  Water 
Year  1982.  Volume  2.  Eastern  Washington. 
W90-06263  7C 

Water  Resources  Data  for  Washington  Water 

Year  1983. 

W90-O6264  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1984. 

W90-06265  7C 


Water   Resources   Data   for   Wisconsin,   Water 

Year  1984. 

W90-06266  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1984. 

W90-06267  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1985. 

W90-O6268  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1986. 

W90-06269  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1987. 

W90-06270  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1988. 

W90-06271  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1985. 

W90-06272  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1986. 

W90-06273  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1987. 

W90-06274  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1988. 

W90-06275  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1984. 

W90-06276  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1985. 

W90-06277  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1986. 

W90-06278  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1987. 

W90-06279  7C 

Water  Resources  Data  for  Arkansas,  Water  Year 

1986. 

W90-06280  7C 

Water  Resources  Data  for  Arkansas,  Water  Year 

1987. 

W90-06281  7C 

Water  Resources  Data  for  Arkansas,  Water  Year 

1988. 

W90-06282  7C 

Water   Resources   Data   for   California,    Water 
Year  1984.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06283  7C 

Water  Resources  Data  for  California,  Water 
Year  1985.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06284  7C 

Water   Resources   Data   for   California,    Water 
Year  1985.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06285  7C 
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Water   Resources   Data  for   California,   Water 
Year  1985.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06286  7C 

Water  Resources   Data  for   California,   Water 
Year    1985.    Volume    4.    Northern    California 
Valley  Basins  and  The  Great  Basin  from  Honey 
Lake  Basin  to  Oregon  State  Line. 
W90-06287  7C 

Water  Resources  Data  for  California,  Water 
Year  1986.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06289  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  except 
Central  Valley. 
W90-06290  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06291  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06292  7C 

Water  Resources  Data  for  California,  Water 
Year  1987.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06294  7C 

Water   Resources   Data   for   California,   Water 
Year  1987.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06295  7C 

Water   Resources   Data   for   California,   Water 
Year  1987.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06296  7C 

Water   Resources   Data   for   California,   Water 
Year  1987.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06297  1C 

Water  Resources  Data  for  California,  Water 
Year  1988.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06299  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W9O-O630O  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06301  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06302  7C 


Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-063O4  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  2.  Colorado  River  Basin. 
W90-06305  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06306  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  2.  Colorado  River  Basin. 
W90-06307  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1988.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06308  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1985. 

W90-06309  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1986. 

W90-06310  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1987. 

W90-06311  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1988. 

W90-06312  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2A.    South    Florida   -    Surface 

Water. 

W90-06313  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2B.    South    Florida   -    Ground 

Water. 

W90-06314  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume    2B.    South    Florida    -    Ground 
Water. 

W90-06315  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2A.    South    Florida   -    Surface 
Water. 

W90-06316  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2B.    South    Florida    -    Ground 
Water. 

W90-06317  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06318  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06319  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2A.    South    Florida   -    Surface 

Water. 

W90-06320  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06321  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3 A.   Southwest  Florida-Surface 

Water. 

W90-06322  7C 


Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3B.   Southwest  Florida-Ground 

Water. 

W90-06323  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  4.  Northwest  Florida. 
W90-06324  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06325  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06326  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.    Volume    2A.    South    Florida   -    Surface 

Water. 

W90-06327  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06328  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume   3A.   Southwest  Florida-Surface 

Water. 

W90-06329  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume   3B.   Southwest  Florida-Ground 

Water. 

W90-06330  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  4.  Northwest  Florida. 
W90-06331  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06332  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06333  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume    2A.    South    Florida   -    Surface 

Water. 

W90-06334  ?C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume    2B.    South   Florida    -   Ground 

Water. 

W90-06335  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3A.  Southwest  Florida  -  Surface 

Water. 

W90-06336  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3B.  Southwest  Florida  -  Ground 

Water. 

W90-06337  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1988.  Volume  4.  Northwest  Florida. 
W90-06338  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1985. 

W90-06339  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1986. 

W90-06340  7C 
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Water  Resources  Data  for  Georgia,  Water  Year 

1987. 

W90-06341  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1988. 

W90-06342  7C 

Water   Resources   Data   for   Hawaii   and   other 
Pacific  Areas,  Water  Year  1985.  Volume  2. 
W90-06343  7C 

Water   Resources  Data  for  Hawaii  and  other 

Pacific   Areas,    Water   Year    1986.    Volume    1, 

Hawaii. 

W90-06344  7C 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1986.  Volume  2. 
W90-06345  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1987.    Volume    1, 

Hawaii. 

W90-06346  7C 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1987.  Volume  2. 
W90-06347  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1985. 

W90-06348  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1986. 

W90-06349  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1987. 

W90-06350  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1988. 

W90-06351  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1986.  Volume  1.  Illinois  Except  Illinois  River 

Basin. 

W90-06352  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1986  Volume  2.  Illinois  River  Basin. 
W90-06353  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume   1.   Illinois  Except  Illinois  River 
Basin. 

W90-06354  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume  2.  Illinois  River  Basin. 
W90-06355  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1988  Volume   1.   Illinois  Except  Illinois  River 
Basin. 

W90-06356  7C 

Water  Resources  Data  for  Illinois,  Water  Year 
1988  Volume  2.  Illinois  River  Basin. 
W90-06357  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1985. 

W90-06358  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1986. 

W90-06359  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1987. 

W9O-O6360  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1988. 

W90-06361  7C 


Water  Resources  Data  for  Iowa,   Water  Year 

1986. 

W90-06362  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1987. 

W90-06363  7C 

Water  Resources  Data  for  Iowa,   Water  Year 

1988. 

W90-06364  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1984  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06365  7C 

Water    Resources    Data    Florida,    Water   Year 

1984,    Volume    2A:    South    Florida    -    Surface 

Water. 

W90-06366  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984,  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06367  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume  3B:  Southwest  Florida  -  Surface 

Water. 

W90-06368  7C 

Water   Resources   Data,    Florida,    Water   Year 

1984,  Volume  4.  Northwest  Florida. 
W90-06369  7C 

Water  Resources  Data  -  Florida,  Water  Year 

1985,  Volume    1A:   Northeast   Florida-Surface 
Water. 

W90-06370  7C 

Water  Resources  Data  -  Florida,  Water  Year 
1985,  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06371  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06372  7C 

Water  Resources  Data  for  Florida  Water  Year 

1985.   Volume   3B:   Southwest  Florida-Ground 

Water. 

W90-06373  7C 

Water   Resources   Data,   Florida,   Water   Year 

1985  Volume  4:  Northwest  Florida. 

W90-06374  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1984. 

W90-06375  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,    Water   Year    1984.    Volume    1, 

Hawaii. 

W90-06376  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific    Areas,   Water   Year    1984.    Volume   2. 

Guam,    Northern    Mariana    Islands,    Federated 

States    of    Micronesia,    Palau,    and    American 

Samoa. 

W90-06377  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1985.    Volume    1: 

Hawaii. 

W90-06378  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1984. 

W90-06379  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume   1.   Illinois  Except   Illinois  River 

Basin. 

W90-06380  7C 


Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume  2.   Illinois  Except  Illinois  River 
Basin. 

W90-06381  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985.  Volume   1:  Illinois  Except  Illinois  River 

Basin. 

W90-06382  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985  Volume  2.  Illinois  River  Basin. 
W90-06383  7C 

Water  Resources  Data  for  Indiana.  Water  Year 

1984. 

W90-06384  7c 

Water  Resources  Data  for  Iowa,  Water  Year 

1984. 

W90-O6385  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1984. 

W90-06386  7C 

Water  Resources  Data  for  Kansas  Water  Year 

1985. 

W90-06387  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1984. 

W90-06388  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1986. 

W90-06389  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1988. 

W90-06390  7C 

Water   Resources   Data   for   Kentucky,    Water 

Year  1986. 

W90-06391  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1987. 

W90-06392  7C 

Water   Resources   Data   for   Kentucky,    Water 

Year  1988. 

W90-06393  7C 

Water   Resources   Data   for   Louisiana,    Water 

Year  1986. 

W90-06394  7C 

Water   Resources   Data   for   Louisiana,    Water 

Year  1987. 

W90-06395  7C 

Water   Resources   Data   for   Louisiana,    Water 

Year  1988. 

W90-06396  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1985. 

W90-O6397  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1986. 

W90-06398  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1987. 

W90-O6399  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1988. 

W90-06400  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1986. 
W90-06401  7C 
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Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1987. 
W90-06402  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1988. 
W90-064O3  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1985. 

W90-064O4  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1986. 

W90-06405  7C 

Water   Resources   Data   for   Michigan,    Water 

Year  1986. 

W90-06406  7C 

Water   Resources   Data   for   Michigan,    Water 

Year  1987. 

W90-06407  7C 

Water   Resources   Data   for   Michigan,    Water 

Year  1988. 

W90-06408  7C 

Water  Resources  Data  for  Minnesota,   Water 
Year  1984.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-064O9  7C 

Water  Resources  Data  for   Minnesota,  Water 
Year  1985.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06410  7C 

Water  Resources  Data  for  Minnesota,   Water 
Year   1985.  Volume  2.  Upper  Mississippi  and 
Missouri  River  Basin. 
W90-06411  7C 

Water  Resources  Data  for  Minnesota,   Water 
Year  1986.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06412  7C 

Water  Resources   Data  for   Minnesota,   Water 
Year   1986.  Volume  2.   Upper  Mississippi  and 
Missouri  River  Basin. 
W90-06413  7C 

Water  Resources  Data  for  Mississippi,   Water 

Year  1985. 

W90-06414  7C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1986. 

W90-06415  7C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1987. 

W90-06416  7C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1988. 

W90-06417  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1986. 

W90-06418  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1987. 

W90-06419  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1988. 

W90-06420  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1986.    Volume    1.    Hudson    Bay   and   Missouri 
River  Basins. 
W90-06421  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1986.  Volume  2.  Columbia  River  Basin. 
W90-06422  7C 


Water  Resources  Data  for  Montana,  Water  Year 
1987.    Volume    1.    Hudson    Bay   and   Missouri 
River  Basins. 
W90-06423  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1987.  Volume  2.  Columbia  River  Basin. 
W90-06424  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1988. 

W90-06425  7C 

Water   Resources   Data   for   Nebraska,    Water 

Year  1985. 

W90-06426  7C 

Water   Resources   Data   for    Nebraska,    Water 

Year  1986. 

W90-06427  7C 

Water   Resources    Data   for   Nebraska,    Water 

Year  1987. 

W90-06428  7C 

Water   Resources   Data   for   Nebraska,    Water 

Year  1988. 

W90-06429  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1985. 

W90-06430  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1986. 

W90-06431  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1987. 

W90-06432  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1985. 

W90-06433  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1986. 

W90-06434  ~IC 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1987. 

W90-06435  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1986.   Volume   1.   Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06436  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1986.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06437  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1987.  Volume   1:   Atlantic   Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06438  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1987.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06439  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1988,  Volume   1.  Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06440  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1988.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06441  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1986. 

W90-06442  7C 


Water  Resources  Data  for  New  Mexico  Water 

Year  1987. 

W90-06443  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1988. 

W90-06444  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06445  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1985,  Volume  2.  Long  Island. 

W90-06446  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  3:  Western  New  York. 
W90-06447  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06448  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1986.  Volume  2:  Long  Island. 

W90-06449  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  3:  Western  New  York. 
W90-06450  1C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06451  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1987.  Volume  2:  Long  Island. 

W90-06452  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  3:  Western  New  York. 
W90-06453  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06454  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1984.  Volume  2.  Long  Island. 

W90-06455  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  3.  Western  New  York. 
W90-06456  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1985. 

W90-06457  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1984. 

W90-06458  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1985. 

W90-06459  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume  1.  Ohio  River  Basin. 

W90-06460  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume   2.    St.    Lawrence   River   Basin, 
Statewide  Project  Data. 

W90-06461  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1985.  Volume  1.  Ohio  River  Basin. 
W90-06462  7C 
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Water  Resources  Data  for  Ohio,  Water  Year 
1985.  Volume  2.  St.  Lawrence  River  Basin, 
Statewide  Project  Data. 

W90-06463  7C 

Water   Resources   Data   for   Oklahoma,    Water 

Year  1983. 

W90-06464  7C 

Water   Resources   Data   for  Oklahoma,   Water 

Year  1984. 

W90-06465  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  1.  Eastern  Oregon. 

W90-06466  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  2:  Western  Oregon. 

W90-06467  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  1:  Delaware  River  Basin. 
W90-06468  7c 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06469  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1984. 

W90-06470  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1985. 

W90-06471  7C 

Water   Resources   Data   for   Tennessee,   Water 

Year  1984. 

W90-06472  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1984.   Volume   1:   Arkansas  River,   Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and  Adjacent  Coastal 

Basins. 

W90-06473  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1984.    Volume    2.    San   Jacinto    River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06474  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1984.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06475  7C 

Water  Resources  Data  for  Utah,   Water  Year 

1984. 

W90-06476  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1985. 

W90-06477  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1984. 

W90-06478  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1986. 

W90-06479  7c 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1987. 

W90-06480  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1988. 

W90-06481  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1986. 

W90-06482  7C 


Water  Resources  Data  for  North  Dakota,  Water 

Year  1987. 

W90-06483  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1988. 

W90-06484  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

1:  Ohio  River  Basin. 

W90-06485  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06486  7C 

Water  Resources  Data  for  Ohio,  1987.  Volume 

1:  Ohio  River  Basin. 

W90-06487  7c 

Water  Resources  Data  for  Ohio,  1987.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06488  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 

1 :  Ohio  River  Basin. 

W90-06489  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 
2:    St.    Lawrence   River   Basin   and    Statewide 
Project  Data. 
W90-06490  7C 

Water   Resources   Data   for   Oklahoma,   Water 

Year  1985. 

W90-06491  7C 

Water   Resources   Data  for  Oklahoma,   Water 

Year  1986. 

W90-06492  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  1:  Eastern  Oregon. 

W90-06493  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  2:  Western  Oregon. 

W90-06494  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1985.  Volume  1:  Eastern  Oregon. 

W90-06495  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1985.  Volume  2:  Western  Oregon. 
W90-06496  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1986.  Volume  1:  Eastern  Oregon. 
W90-06497  7C 

Water  Resources  Data  for  Oregon  Water  Year 

1986,  Volume  2.  Western  Oregon. 

W90-06498  ic 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06499  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  1:  Delaware  River  Basin. 
W90-06500  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06501  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W9O-06502  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  1:  Delaware  River  Basin. 
W90-06503  7C 


Water  Resources  Data  for  Pennsylvania,  Water 
Year   1986.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06504  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06505  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  1:  Delaware  River  Basin. 
W90-06506  7c 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06507  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  1:  Delaware  River  Basin. 
W90-06508  7c 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06509  7c 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06510  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1985. 
W90-06511  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1986. 
W90-06512  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1987. 
W90-06513  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1988. 
W90-06514  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1985. 

W90-06515  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1986. 

W90-06516  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1987. 

W90-06517  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1986. 

W90-06518  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1987. 

W90-06519  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1988. 

W90-06520  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1986. 

W90-06521  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1987. 

W90-06522  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1988. 

W90-O6523  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1985.  Volume  1;  Arkansas  River,  Red  River, 
Sabine    River,    Neches    River,    Trinity    River 
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Basins  and   Intervening  and  Adjacent   Coastal 

Basins. 

W90-06524 


7C 


Water  Resources  Data  for  Texas,  Water  Year 
1985.    Volume    2;    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06525  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.  Volume  3;  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06526  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06527  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1986.    Volume   2:    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06528  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06529  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06530  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1987.    Volume   2:    San   Jacinto    River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06531  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06532  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1988:  Volume   1:  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and  Intervening  and  Adjacent  Coastal 

Basins. 

W90-06533  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1988.  Volume  2:  San  Jacinto  River,  Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 

W90-06534  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1988.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06535  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1986. 

W90-06536  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1987. 

W90-06537  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1988. 

W90-06538  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1986. 

W90-06539  7C 


Water  Resources  Data  for  Virginia,  Water  Year 

1987. 

W90-06540  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1988. 

W90-06541  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1984. 

W90-06542  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1986. 

W90-06543  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1985. 

W90-06544  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1986. 

W90-06545  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1987. 

W90-06546  7C 

Water  Resources   Data  for  Wisconsin,   Water 

Year  1986. 

W90-06547  7C 

Water   Resources   Data  for  Wisconsin,   Water 

Year  1987. 

W90-06548  7C 

Water  Resources   Data   for  Wisconsin,   Water 

Year  1988. 

W90-06549  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1985. 

W90-06550  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1986. 

W90-06551  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1987. 

W90-06552  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1988. 

W90-06553  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1985. 

W90-06554  7C 

SURFACE  WATER  DATA 

Water  Resources  Data  Collected  During  Water 
Year  1988  at  Selected  James  River  Basin  Sites  in 
North  Dakota  and  South  Dakota. 
W90-06256  7C 

SURVEYS 

Finnish  Lake  Survey:  The  Role  of  Organic  and 

Anthropogenic  Acidity. 

W90-05996  5B 

Use  of  Historical  Information  for  Selecting  a 

Sample  from  a  Population  of  Lakes. 

W90-06001  2H 

SUSPENDED  LOAD 

Suspended     Sediment     and     Sediment-Source 
Areas  in  the  Fountain  Creek  Drainage  Basin 
Upstream  from  Widefield,  Southeastern  Colora- 
do. 
W90-06233  2J 

SUSPENDED  SOLIDS 

Composition  of  Lignin  in  Estuarine  Suspended 
Particulates  and  the  Distribution  of  Particulate 
Lignin  in  Estuaries  as  Determined  by  Capillary 
Gas  Chromatography  of  Cupric  Oxide  Oxida- 
tion Particles. 
W90-05910  2L 


Effect  of  Snow  and  Soil  Frost  Melting  on  the 
Concentrations  of  Suspended  Solids  and  Phos- 
phorus in  Two  Rural  Watersheds  in  Western 
Finland. 
W90-06086  5B 

SUSQUEHANNA  RIVER 

Interim  Report:  Nitrogen  and  Phosphorus  Loads 
for  the  Susquehanna  River  Basin,  1985-1987. 
W90-06217  5B 

1990  Water  Quality  Assessment  Report:  Susque- 
hanna River  Basin. 
W90-06218  5B 

SUSQUEHANNA  RIVER  BASIN 

Juniata     Subbasin:     Low     Flow     Management 

Framework  Plan. 

W90-06216  3B 

SWAMPS 

Wood  Dynamics  in  Coastal  Plain  Blackwater 

Streams. 

W90-06115  2H 


SWEDEN 

Air  Pollution  and  Acidification. 
W90-05789 


5B 


SWIFT  CREEK 

Flood  Boundaries  and  Water-Surface  Profile  for 
the  Computed  100- Year  Flood,  Swift  Creek  at 
Afton,  Wyoming,  1986. 
W90-05743  2E 

SWIMMING 

Swimming  Behavior  as  an  Indicator  of  Sublethal 

Toxicity  to  Fish. 

W90-06045  5C 

SWITZERLAND 

Water  Quality  in  Rivers  of  Western  Switzerland: 
Application  of  an  Adaptable  Index  Based  on 
Benthic  Invertebrates. 
W90-06087  5A 

Low  Levels  of  Aluminium  Causing  Death  of 
Brown  Trout  (Salmo  trutta  fario,  L.)  in  a  Swiss 
Alpine  Lake. 
W90-06089  5C 

Growth  Pattern  and  Maturation  in  Arctic  Char 

(Salvelinus    alpinus    L.)    of   Lake    Walenstadt, 

Switzerland. 

W90-06090  5G 

Subfossil  and  Modern  Diatom  Plankton  and  the 

Paleolimnology  of  Rotsee   (Switzerland)  since 

1850. 

W90-06094  2H 

Annual  Heat  Balance  and  Equilibrium  Tempera- 
ture of  Lake  Aegeri,  Switzerland. 
W90-06095  2H 

SYNERGISTIC  EFFECTS 

Interactive  Effects  of  Acidity  and  Aluminum 
Exposure  on  the  Life  Cycle  of  the  Midge  Chir- 
onomus  riparius  (Diptera). 
W90-05930  5C 

TAIWAN 

Runoff  Coefficient  and  Sediment  Yield  in  Small 

Watersheds     Under     Land-Use     Changes     in 

Taiwan. 

W90-05636  2E 

Study  on  the  Manning's  Roughness  Coefficient 
of  Steep  Mountainous  Streams  in  Taiwan. 
W90-05687  8B 

TASMANIA 

Tasmania  Revisited:   Rotifer  Communities  and 

Habitat  Heterogeneity. 

W90-06154  2H 
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Brines  Expelled  Along  the  Main  Thrusts  of  the 
Western  Alps  (Migration  des  Saumures  au  Front 
des  Chevauchements  de  1'Arc  Alpin  Occiden- 
tal). 
W90-06063  2K 


TELEMETRY 

Running  Lift  Stations  via  Telemetry. 
W90-06033 


5D 


TEMPERATURE 

Effect  of  Temperature  and  pH  on  the  Effective 

Maximum  Specific  Growth  Rate  of  Nitrifying 

Bacteria. 

W90-06078  5D 

TEMPERATURE  EFFECTS 

Aeration-Basin  Heat  Loss. 

W90-05957  5D 

Effect  of  Temperature  and  Food  on  Hexavalent 
Chromium   Toxicity  to  the  Marine  Nematode 
Monhystera  disjuncta. 
W90-06019  5C 

Salinity  and  Temperature  Influence  in  Rotifer 

Life  History  Characteristics. 

W90-06143  2H 

Rotifer  Distribution  in  Relation  to  Temperature 

and  Oxygen  Content. 

W90-06151  2H 

TEMPORAL  DISTRIBUTION 

Temporal  and  Spatial  Distribution  of  Chloro- 
phyll a  in  Lake  Volvi,  Greece. 
W90-05940  2H 

TENNESSEE 

PCB  Concentrations  in  Wilson  Reservoir  Catfish 

-  1986. 

W90-05788  5B 

Water   Resources   Data   for  Tennessee,   Water 

Year  1984. 

W90-06472  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1986. 

W90-06521  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1987. 

W90-06522  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1988. 

W90-06523  7C 

TERBIUM 

Lanthanide  Luminescence  Quenching  as  a  De- 
tection Method  in  Ion  Chromatography:  Chro- 
mate  in  Surface  and  Drinking  Water. 
W90-05913  7B 

TESTING  PROCEDURES 

Freshwater  Sediment  Toxicity  Bioassessment: 
Rationale  for  Species  Selection  and  Test  Design. 
W90-05842  5A 

TEXAS 

Superfund  Record  of  Decision:   North  Caval- 
cade, TX. 
W90-05730  5G 

Studies  of  Geology  and  Hydrology  in  the  Basin 
and  Range  Province,  Southwestern  United 
States,  for  Isolation  of  High-Level  Radioactive 
Waste-Characterization  of  the  Rio  Grande 
Region,  New  Mexico  and  Texas. 
W9O-05732  2F 


Ground-Water  Hydrology. 
W90-05733 


2F 


Water  Resources  Data  for  Texas,  Water  Year 
1984.   Volume    1:  Arkansas  River,   Red   River, 


Sabine    River,    Neches    River,    Trinity    River 

Basins   and   Intervening  and   Adjacent   Coastal 

Basins. 

W90-06473  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1984.    Volume    2.    San   Jacinto    River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06474  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1984.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe   River,   Nueces   River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06475  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.  Volume  1;  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06524  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1985.    Volume    2;    San    Jacinto    River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06525  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.  Volume  3;  Colorado  River,  Lavaca  River, 
Guadalupe   River,   Nueces  River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06526  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06527  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1986.    Volume    2:    San    Jacinto    River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06528  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06529  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06530  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1987.    Volume    2:    San    Jacinto    River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06531  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06532  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1988:   Volume   1:  Arkansas  River,   Red   River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening   and   Adjacent   Coastal 

Basins. 

W90-06533  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1988.  Volume  2:  San  Jacinto  River,  Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 

W90-06534  7C 


Water  Resources  Data  for  Texas,  Water  Year 
1988.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe   River,   Nueces   River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06535  7C 

THAILAND 

Aeromonas    and    Other    Indicator    Bacteria    in 

Aquatic  Sources  in  Thailand. 

W90-05832  5A 

THE  NETHERLANDS 

Field  Measurements  of  Directional  Wave  Loads 

on  Coastal  Structures. 

W90-05858  8B 

THERMAL  POLLUTION 

Response  of  Sport  Fishes  to  Thermal  Discharges 
into  the  Great  Lakes:  Is  Somerset  Station,  Lake 
Ontario,  Different. 
W90-05855  5C 

Occurrence  of  Rotifera  in  the  Field  Under  Natu- 
ral   and    Intentionally-changed    Conditions:    II. 
Lake  Numasawa. 
W90-06155  5C 

THERMAL  SPRINGS 

Occurrence  of  Krypton  and  Xenon  in  the  Bak- 

reswar  Thermal  Spring  Gases. 

W90-06022  2K 

THERMAL  STRATIFICATION 

Thermal  Structure  and  Circulation  in  the  Great 

Lakes. 

W90-06013  2H 

Water  Quality  of  the  Lexington  Reservoir,  Santa 

Clara  County,  California,  1978-80. 

W90-06221  2H 

THERMODYNAMICS 

Gold  Speciation  in  Natural  Waters:  I.  Solubility 

and  Hydrolysis  Reactions  of  Gold  in  Aqueous 

Solution. 

W90-06055  2K 

THROUGHFALL 

Impacts  of  Forests  on  Water  Chemistry. 
W90-05983  2K 

Vegetation,  Soils,  and  Ion  Transfer  Through  the 

Forest    Canopy    in    Two    Nova    Scotia    Lake 

Basins. 

W90-05984  2K 

TIBET 

Tibetan  Plateau  as  the  Water  Resource  of  Asia 

(in  Japanese). 

W90-05889  2A 

TIDAL  CURRENTS 

Finite  Element  Study  of  Tidal  Flow  Data  for  the 

North  Sea  and  English  Channel. 

W90-06025  2L 

Finite   Difference   Simulation   Model  of  Tidal 

Flow  in  the  English  Channel  and  the  Southern 
North  Sea. 
W90-06026  2L 

TIDAL  ENERGY 

Modelling   Tidal    Energetics   of  the   Columbia 

River  Estuary. 

W90-O59O9  2L 

TTDAL  HYDRAULICS 

Modelling   Tidal    Energetics   of  the   Columbia 

River  Estuary. 

W90-05909  2L 

TIDAL  MARSHES 

Natural   Selection   and   Genetic   Adaptation   to 
Hypersalinity  in  Juncus  roemerianus  Schelle. 
W90-05896  2L 
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TIDAL  RIVERS 

Hydraulic  and   Salinity   Characteristics  of  the 

Tidal  Reach  of  the  Peace  River,  Southwestern 

Florida. 

W90-06258  2L 

TIDAL  WAVES 

Harmonic  Analysis  of  Tidal  Model  Time  Series, 
W90-06023  2L 

Harmonic  Structure  of  English  Channel/South- 
ern Bight  Tides  from  a  Wave  Equation  Simula- 
tion. 
W90-06024  2L 

TIDES 

Harmonic  Analysis  of  Tidal  Model  Time  Series, 
W90-06023  2L 

Harmonic  Structure  of  English  Channel/South- 
ern Bight  Tides  from  a  Wave  Equation  Simula- 
tion. 
W90-06024  2L 

Finite  Element  Study  of  Tidal  Flow  Data  for  the 

North  Sea  and  English  Channel. 

W90-06025  2L 

Finite   Difference   Simulation   Model   of  Tidal 
Flow  in  the  English  Channel  and  the  Southern 
North  Sea. 
W90-06026  2L 

TIGRIS  RIVER 

Linmological   Studies   on   River   Tigris:    Some 

Physical  and  Chemical  Characters. 

W90-06064  2H 

Ecological  Studies  on  Rotifera  (Aschelminthes) 

in  the  River  Tigris  (Iraq). 

W90-06140  2H 

TIME  SERIES  ANALYSIS 

Lagstrum  and  Nonlinearity  of  Hydrologic  Time 

Series. 

W90-05650  2E 

Harmonic  Analysis  of  Tidal  Model  Time  Series, 
W90-06023  2L 

TIN 

Assessment  of  Di  and  Tri-butyltin  Interaction 

with  Skeletal  Muscle  Membranes. 

W90-06034  5C 

TISSUE  ANALYSIS 

Occurrence  and  Seasonal  Variation  of  Heavy 
Metals  in  the  Oyster  Saccrostrea  iridescens. 
W90-06039  5B 

TISSUE  CULTURE 

Metabolic   Activation   of  PAH   in   Subcellular 
Fractions  and  Cell  Cultures  from  Aquatic  and 
Terrestrial  Species. 
W90-05819  5B 

TOMOGRAPHY 

Acoustic  Imaging  of  Subsurface  Features. 
W90-05962  5E 

TOXIC  WASTES 

Expert   System   Survey   on   Biodegradation   of 

Xenobiotic  Chemicals. 

W90-05941  5B 

TOXICITY 

Aquatic  Toxicity  Methodologies:  An  Update  for 


the  1980s. 
W90-05782 
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Biotesting  of  Aquatic  Environments  Based  on 
the  Behavioral  Reactions  of  Aquatic  Animals. 
W90-05783  5A 

Ammonia  Toxicity  and  Metabolism  in  Fishes. 
W90-05784  5C 


Quantitative     Structure-Activity     Relationships 
and  Toxicity  Assessment  in  the  Aquatic  Envi- 
ronment. 
W90-05796  5C 

Dyestuffs  and  the  Environment-A  Risk  Assess- 
ment. 
W90-05797  5B 

Hazard  and  Risk  Assessment  and  Acceptability 

of  Chemicals  in  the  Environment. 

W90-05799  5C 

Studies  on  the  Fate  of  Chemicals  in  the  Environ- 
ment with  Particular  Reference  to  Pesticides. 
W90-05800  5B 

Metabolism  of  Polycyclic  Aromatic  Hydrocar- 
bons in  the  Aquatic  Environment. 
W90-05812  5B 

Metabolic   Activation   of  PAH   in   Subcellular 
Fractions  and  Cell  Cultures  from  Aquatic  and 
Terrestrial  Species. 
W90-05819  5B 

Factors  Influencing  Experimental  Carcinogene- 
sis in  Laboratory  Fish  Models. 
W90-05820  5C 

PAH,  Metabolites,  and  Neoplasia  in  Feral  Fish 

Populations. 

W90-05821  5C 

Freshwater  Sediment  Toxicity  Bioassessment: 
Rationale  for  Species  Selection  and  Test  Design. 
W90-05842  5A 

Use  of  Experimental  Ecosystem  in  Regulatory 

Decision  Making. 

W90-05861  5A 

Interactive  Effects  of  Acidity  and  Aluminum 
Exposure  on  the  Life  Cycle  of  the  Midge  Chir- 
onomus  riparius  (Diptera). 
W90-05930  5C 

Copper  Toxicity   for   Blue-Green   Algae   with 
Reference  to  Their  Physiological  Status. 
W90-05938  2H 

Tolerance     Towards     Mercury     of    Chlorella 
Strains  Determined  by  Algal  Plating. 
W90-05939  5C 

Ecological  and  Physiological  Responses  of  At- 
lantic Salmon  in  Acidic  Organic  Rivers  of  Nova 
Scotia,  Canada. 
W90-06007  2H 

Responses  of  Atlantic  Salmon  (Salmo  salar)  Ale- 
vins  to  Dissloved  Organic  Carbon  and  Dissolved 
Aluminum  at  Low  pH. 
W90-06009  5C 

Peculiarities  of  Resistance  of  Some  Freshwater 

Fishes  to  Carbophos. 

W90-06015  5C 

Effect  of  Temperature  and  Food  on  Hexavalent 
Chromium  Toxicity  to  the  Marine  Nematode 
Monhystera  disjuncta. 
W90-06019  5C 

Assessment  of  Di  and  Tri-butyltin  Interaction 

with  Skeletal  Muscle  Membranes. 

W90-06034  5C 

Life  Table  Evaluation  of  the  Effects  of  Cadmi- 
um Exposure  on  the  Freshwater  Cladoceran, 
Moina  macrocopa. 
W90-06040  5C 

Cadmium  Uptake  and  Toxicity  to  Water  Hya- 
cinth: Effect  of  Repeated  Exposures  under  Con- 
trolled Conditions. 
W90-06042  5D 


Rapid   Detection  of  Sublethal  Toxicity   Using 

Fish  Ventilatory  Behavior. 

W90-06044  5A 

Swimming  Behavior  as  an  Indicator  of  Sublethal 

Toxicity  to  Fish. 

W90-06045  5C 

Behavioral  Toxicity  Syndromes:  A  Promising 
Tool  for  Assessing  Toxicity  Mechanisms  in  Ju- 
venile Fathead  Minnows. 
W90-06048  5C 

Sublethal  Exposure  to  Lead  Inhibits  Acquisition 
and     Retention     of    Discriminate     Avoidance 
Learning  in  Green  Frog  (Rana  clamitans)  Tad- 
poles. 
W90-06049  5C 

Responses  of  Green  Frog  (Rana  clamitans)  Tad- 
poles to  Lead-Polluted  Water. 
W90-06053  5C 

Sublethal  Toxicant  Effects  on   Fish   Foraging 
Behavior:  Empirical  vs.  Mechanistic  Approach- 


W90-06054 


5C 


Effect  of  Sediment  on  Estimates  of  Diquat  Tox- 
icity in  Laboratory  Microcosms. 
W90-06072  5C 

Aquatic  Toxicology  of  Alkyl-Quinolines. 
W90-06074  5C 

Effects   of  Aluminum  on   the   Leopard   Frog, 
Rana  pipiens:  Life  Stage  Comparisons  and  Alu- 
minum Uptake. 
W90-06123  5C 

Comparative  Studies  on  the  Toxicity  of  Petrole- 
um Oils  and  Their  Aqueous  Extracts  Towards 
Anabaena  doliolum. 
W90-06157  5C 

Determination  of  the  Toxicity,  Water  Quality 
Interactions  and  Biomagnification  of  Selenium  in 
Aquatic  Food  Chains. 
W90-06236  5C 

TOXICOLOGY 

Ion  Exchange  in  Fish  Under  Extreme  Effects  of 

a  Varied  Nature. 

W90-05781  5C 

Quantitative     Structure-Activity     Relationships 
and  Toxicity  Assessment  in  the  Aquatic  Envi- 
ronment. 
W90-05796  5C 

Dyestuffs  and  the  Environment-A  Risk  Assess- 
ment. 
W90-05797  5B 

Ingestion    of    Environmentally    Contaminated 
Lake  Ontario  Salmon  by  Laboratory  Rats  In- 
creases Avoidance  of  Unpredictable  Aversive 
Nonreward  and  Mild  Electric  Shock. 
W90-05907  5C 

Planarians    in    Toxicology:    I.    Physiology    of 
Sexual-Only  Dugesia  dorotocephala:  Effects  of 
Diet  and  Population  Density  on  Adult  Weight 
and  Cocoon  Production. 
W90-05943  5A 

Ecotoxicological  Characterization  of  Industrial 
Wastewater:  Sulfite  Pulp  Mill  with  Bleaching. 
W90-05945  5C 

Impact  of  Cobalt  on  the  Carbohydrate  Metabo- 
lism  of  a  Freshwater  Tropical   Perch,   Colisa 
fasciatus  (Bloch  et  Schn). 
W90-06141  5C 
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TRACE  ELEMENTS 

Trace  Element  Concentrations  in  Transplanted 

and    Naturally    Occurring    Unionidae    Mussels, 

Water,  Sediments,  and  Macrophytes  in  Cayuga 

Lake. 

W90-05763  5B 

Reconnaissance  of  Water  Quality  of  Pueblo  Res- 
ervoir,    Colorado-May     Through     December 
1985. 
W90-06232  2H 

TRACE  METALS 

Chesapeake  Bay  Earth  Science  Study:  Intersti- 
tial Water  Chemistry-Chemical  Zonation,  Trib- 
utaries Study  and  Trace  Metals. 
W90-05808  2L 

River  Versus  Atmospheric  Input  of  Material  to 
the  Mediterranean  Sea:  An  Overview. 
W90-05969  5B 

Locally  Generated   Atmospheric  Trace   Metal 
Pollution  in  Canadian  Arctic  as  Reflected  by 
Chemistry  of  Snowpack  Samples  from  the  Mac- 
kenzie Delta  Region. 
W90-06098  5B 

Trace  Metal  and  Major  Ion  Composition  of  Pre- 
cipitation at  a  North  Sea  Coastal  Site. 
W90-06100  5B 

TRACERS 

Analytical  Problems  Arising  from  the  Use  of 

Bromide  and  Rhodamine  WT  as  Co-Tracers  in 

Streams. 

W90-06083  7B 

TRACKING  TECHNIQUES 

Fish  Behavior  and  Environmental  Assessment. 
W90-06050  5A 

TRAINING 

Fiscal  Year  1988  Program  Report  (Mississippi 
Water  Resources  Research  Institute). 
W90-06235  9D 

Fiscal   Year    1988   Program   Report  (California 

Water  Resources  Center). 

W90-06240  9D 

Fiscal  Year  1988  Program  Report  (Guam  Water 

Resources  Research  Institute). 

W90-06241  go 

Fiscal   Year    1988    Program   Report   (Alabama 
Water  Resources  Research  Institute). 
W90-06242  9D 

Fiscal  Year  1988  Program  Report  (New  Hamp- 
shire Water  Resources  Research  Center). 
W90-06243  9D 

Fiscal  Year  1988  Program  Report  (Puerto  Rico 
Water  Resources  Research  Institute). 
W90-06252  9D 

Fiscal  Year  1988  Program  Report  (Rhode  Island 

Water  Resources  Center). 

W90-06254  9D 

Fiscal  Year  1988  Program  Report  (New  Mexico 
Water  Resources  Research  Institute). 
W90-0626O  9D 

TRANSMISSrVTTY 

Prediction  of  Transmissivities,  Heads,  and  Seep- 
age   Velocities   Using    Mathematical    Modeling 
and  Geostatistics. 
W90-05888  2F 

Hydrogeology  and  Results  of  Aquifer  Tests  in 
the  Vicinity  of  a  Hazardous- Waste  Disposal  Site 
Near  Byron,  Illinois. 
W90-G6220  2F 


TRANSPARENCY 

Water  Chemistry  and  Phytoplankton  Communi- 
ties in  Acidic  Clear  and  Brown-Water  Lakes  in 
Eastern  Finland. 
W90-06O10  2H 

TREE  RINGS 

Reconstructed  Drought  History,  North-Central 

Great  Basin:  1601-1982. 

W90-05747  2B 

TRIAZINE  PESTICIDES 

Influence  of  Two  Triazine  Herbicides  on  the 
Productivity,  Biomass  and  Community  Compo- 
sition of  Freshwater  Marsh  Periphyton. 
W90-05894  5C 

TRICHLOROETHANE 

Health  Risk  Assessment  of  1,1,2-Trichloroethane 
(1,1,2-TCA)  in  California  Drinking  Water. 
W90-06169  5c 

TRICHLOROETHYLENE 

In  Situ  Detection  of  Organic  Molecules. 
W90-06201  5  A 


TRICKLE  IRRIGATION 

Water  Use  By  and  Salinity  Effects  Upon  Trickle 
Irrigated    Grape    Production    in    the    Southern 
Basin  and  Range  Province  of  New  Mexico 
W90-06251  3c 

TRINITY  RIVER  BASIN 

Water  Resources  Data  for  Texas,  Water  Year 

1985.   Volume    1;   Arkansas  River,   Red   River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and  Adjacent  Coastal 

Basins. 

W90-06524  7C 

TRITIUM 

Atmospheric    and    Depositional    Environments 
Traced  from  Unique  Chemical  Compositions  of 
the  Snow  Over  an  Inland  High  Plateau,  Antarc- 
tica. 
W90-05963  2C 

TROPHIC  LEVEL 

Percentage  of  Rotifers  in  Spring  Zooplankton  in 

Lakes  of  Different  Trophy. 

W90-06153  2H 

TROPICAL  REGIONS 

Surface  Runoff  from  Turfed  Area  in  the  Trop- 
ics. 
W90-05654  2E 

TROUT 

Bibliography  of  Fishery  Investigations  on  Large 
Salmonid  River  Systems  with  Special  Emphasis 
on  the  Bois  Brule  River,  Douglas  County,  Wis- 
consin. 
W90-05735  ioc 

Distribution   of  (C14)Acrylamide   in    Rainbow 

Trout     Studied  by    Whole-Body    Autoradio- 
graphy. 

W90-05948  5B 

Differences  in  Acid  Tolerance  During  the  Early 
Life  Stages  of  Three  Strains  of  Brook  Trout, 
Salvelinus  fontinalis. 
W90-06008  5C 

Lethal  Effects  of  Draining  on  Brown  Trout.  A 
Predictive  Model  Based  on  Field  and  Laborato- 
ry Studies. 
W90-06073  6G 

Low  Levels  of  Aluminium  Causing  Death  of 
Brown  Trout  (Salmo  trutta  fario,  L.)  in  a  Swiss 
Alpine  Lake. 
W90-06089  5C 

TUNNELS 

Flow  Behaviors  in  Headrace  Tunnel  of  Run-of- 

the-River  Power  Stations. 

W90-05693  8B 


TURBIDITY 

Conservative  Mixing  in  Estuaries  as  Affected  by 
Sorption,  Complexing  and  Turbidity  Maximum: 
A  Simple  Model  Example. 
W90-05971  2L 

TURBINES 

Experience  in  the  Operation  and  Adjustment  of 
Electrohydraulic  Governors  of  Hydraulic  Tur- 
bines. 
W90-06130  gC 

TURBULENT  FLOW 

Comparison    of   Turbulence    Measurements    in 
Straight,  Single  Meander  and  Multiple  Meander 
Compound  Channels. 
W90-05692  8B 

ULTRASONICS 

Effects  of  Sonication  on  Activated  Sludge. 
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UNCERTAINTY 

Prediction  of  Transmissivities,  Heads,  and  Seep- 
age  Velocities   Using   Mathematical    Modeling 
and  Geostatistics. 
W90-05888  2F 

UNCONFINED  AQUIFERS 

Hydrogeology  and  Results  of  Aquifer  Tests  in 
the  Vicinity  of  a  Hazardous-Waste  Disposal  Site 
Near  Byron,  Illinois. 
W90-06220  2F 

UNCONSOLIDATED  AQUIFERS 

Simulation  of  the  Regional  Geohydrology  of  the 

Tesuque  Aquifer  System. 

W90-06229  2F 

UNDERGROUND  WASTE  DISPOSAL 

Reconnaissance  Hydrogeologic  Investigation  of 
the  Defense  Waste  Processing  Facility  and  Vi- 
cinity, Savannah  River  Plant,  South  Carolina. 
W90-06245  2F 

UNIT  HYDROGRAPHS 

Basin  Lag  as  a  Function  of  Rainfall. 

W90-05633  2E 

UNSTEADY  FLOW 

Transient  Channel  Flow  Routing  Using  Fixed- 
Point  Iteration  Method. 
W90-05700  8B 

Study  on  the  Linearized  Analytical  and  Numeri- 
cal Solution  for  Unsteady  Open  Channel  Flow. 
W90-05702  8B 

Uncertainty  on  Travel  Time  in  Kinematic  Wave 

Channel  Routing. 

W90-05703  8B 

Multi-Compartmental  Modelling  for  Aquifer  Pa- 
rameter  Estimation   Using   Natural   Tracers  in 
Non-Steady  Flow. 
W90-05887  2F 

URANIUM 

Hanford   Site  Ground-Water  Monitoring  Data 
Listing,  January  1  through  March  31,  1987. 
W90-05752  5B 

Uranium  Removal  from  Drinking  Water  Using  a 

Small  Full-Scale  System. 

W90-06191  5F 

URBAN  HYDROLOGY 

Proceedings  of  the  International  Conference  on 
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W90-05912  2L 

Microbial  Oxidation  of  Crude  Oil  Hydrocarbons 

in  Danube  Water. 

W90-06059  5B 

Rapid    Destruction    of   Organic    Chemicals    in 

Groundwater  Using  Sunlight. 

W90-06199  5D 


Evaluation  Criteria  Guide  for  Water  Pollution 
Prevention,  Control,  and  Abatement  Programs 
W90-06211  5G 


WATER  QUALITY 

Ground-Water  Hydrology. 
W90-05733 


2F 


Present   State   of  Model    Bank   for   Predicting 

Water  Body  Conditions. 

W90-05777  5A 

Historical  Synopsis  of  Great  Lakes  Water  Qual- 
ity Research  and  Management  and  Future  Di- 
rections. 
W90-05778  5B 

Chesapeake  Bay  Mainstem  Monitoring  Program. 
Statistical    and    Analytical    Support    Contract: 
Final  Report.  Volume  II. 
W90-05811  5A 

New  York  Harbor  Water  Quality  Survey  1987 
W90-05824  5B 

Environmental     Monitoring    Master    Sampling 

Schedule:  January-December  1989. 

W90-05826  7A 

Chesapeake  Bay  Mainstem  Monitoring  Program 
Statistical    and    Analytical    Support    Contract: 
Final  Report- Volume  I. 
W90-05829  5G 

National  Stream  Survey-Phase  I:  Quality  Assur- 
ance Report. 
W90-05830  7A 

Water  Quality/Water  Quantity  Conflicts  in  Cali- 
fornia. 
W90-05890  6E 

Total  Nitrogen  and  Phosphorus  Budgets  in  the 

Lowland  Sulejow  Reservoir. 

W90-05921  2H 

Automatic  Monitoring  of  Short  Duration  Snow- 
melt    Events    in    a    Nova    Scotia    Headwater 
Stream. 
W90-05987  7B 

Behavioral  Responses  of  Marked  Snails  as  Indi- 
cators of  Water  Quality. 
W90-C6051  5A 

Limnological    Studies   on   River   Tigris:    Some 

Physical  and  Chemical  Characters. 

W90-06064  2H 

Assessing   River   Water  Quality  by   Means  of 
Multifactorial    Methods    Using    Macroinverte- 
brates.  A  Comparative  Study  of  Main  Water 
Courses  of  Biscay. 
W90-06066  5A 

Environmental   Characteristics  of  Affluents  of 
the  Dobczyce  Reservoir  (Southern  Poland)  in 
the    Preimpoundment    Period    (1983-1985):     1. 
Some  Physico-chemical  Indices. 
W90-06135  5B 


Water  Encyclopedia. 
W90-06196 


2A 


National   Benthic  Surveillance   Project:   Pacific 
Coast.  Part  I:  Summary  and  Overview  of  the 
Results  for  Cycles  I  to  III  (1984-86). 
W90-06197  5B 

National   Benthic   Surveillance  Project:   Pacific 
Coast.   Part   II:  Technical   Presentation  of  the 
Results  for  Cycles  I  to  III  (1984-86). 
W90-06198  5fi 

Interim  Report:  Nitrogen  and  Phosphorus  Loads 
for  the  Susquehanna  River  Basin,  1985-1987. 
W90-06217  5B 
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1990  Water  Quality  Assessment  Report:  Susque- 
hanna River  Basin. 
W90-06218  5B 

Water  Quality  of  the  Lexington  Reservoir,  Santa 

Clara  County,  California,  1978-80. 

W90-06221  2H 

Water  Resources  of  Vilas  County,  Wisconsin. 
W90-06224  2F 

Streamflow  and   Stream  Quality  in  the  Coal- 
Mining  Region,  Patoka  River  Basin,  Southwest- 
ern Indiana,  1983-85. 
W90-06227  5B 

Reconnaissance  of  Water  Quality  of  Pueblo  Res- 
ervoir,    Colorado-May     Through     December 
1985. 
W90-06232  2H 

Streamflow,  Specific-Conductance,  and  Temper- 
ature Data  for  Bayou  and  Little  Bayou  Creeks 
Near  Paducah,  Kentucky,  August   15  and   16, 
1989. 
W90-06247  2E 

Water  Resources  Data  for  Oregon  Water,  Year 

1988,  Volume  2.  Western  Oregon. 

W90-06250  7C 

Physical  and  Chemical  Properties  of  San  Fran- 
cisco Bay,  California,  1980. 
W90-06255  2L 

Water  Resources  Data  Collected  During  Water 
Year  1988  at  Selected  James  River  Basin  Sites  in 
North  Dakota  and  South  Dakota. 
W90-06256  7C 

Water  Resources  Data  for  Virginia  Water  Year 

1985. 

W90-06261  7C 

Water  Resources  Data  for  Washington,  Water 
Year  1982.  Volume  1.  Western  Washington. 
W90-06262  7C 

Water  Resources  Data  for  Washington,  Water 
Year  1982.  Volume  2.  Eastern  Washington. 
W90-06263  7C 

Water  Resources  Data  for  Washington  Water 

Year  1983. 

W90-06264  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1984. 

W90-06265  7C 

Water  Resources  Data   for   Wisconsin,   Water 

Year  1984. 

W90-06266  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1984. 

W90-06267  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1985. 

W90-06268  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1986. 

W90-06269  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1987. 

W90-06270  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1988. 

W90-06271  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1985. 

W90-06272  7C 


Water  Resources 

1986. 

W90-06273 

Water  Resources 

1987. 

W90-06274 

Water  Resources 

1988. 

W90-06275 

Water  Resources 

1984. 

W90-06276 

Water  Resources 

1985. 

W90-06277 

Water  Resources 

1986. 

W90-06278 

Water  Resources 

1987. 

W90-06279 


Data  for  Alaska,  Water  Year 

7C 

Data  for  Alaska,  Water  Year 

7C 
Data  for  Alaska,  Water  Year 

7C 
Data  for  Arizona,  Water  Year 

7C 
Data  for  Arizona,  Water  Year 

7C 
Data  for  Arizona,  Water  Year 

7C 
Data  for  Arizona,  Water  Year 

7C 


Water  Resources  Data  for  Arkansas,  Water  Year 

1986. 

W90-06280  7C 

Water  Resources  Data  for  Arkansas,  Water  Year 

1987. 

W90-06281  7C 

Water  Resources  Data  for  Arkansas,  Water  Year 

1988. 

W90-06282  7C 

Water   Resources   Data   for   California,   Water 
Year  1984.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06283  ?C 

Water  Resources  Data  for  California,  Water 
Year  1985.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06284  7C 

Water   Resources   Data   for   California,   Water 
Year  1985.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06285  7C 

Water   Resources   Data   for   California,   Water 
Year  1985.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06286  ?C 

Water   Resources   Data   for   California,   Water 
Year    1985.    Volume    4.    Northern    California 
Valley  Basins  and  The  Great  Basin  from  Honey 
Lake  Basin  to  Oregon  State  Line. 
W90-06287  ?C 

Water  Resources  Data  for  California,  Water 
Year  1986.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06289  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  except 
Central  Valley. 
W90-06290  7C 

Water   Resources   Data   for   California,    Water 
Year  1986.  Volume  3.  Southern  Central  Valley 


Basins  and  The  Great  Basin  from  Walker  River 

to  Truckee  River. 

W90-06291  1C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06292  7C 

Water  Resources  Data  for  California,  Water 
Year  1987.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06294  7C 

Water   Resources   Data   for   California,   Water 
Year  1987.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06295  7C 

Water   Resources   Data   for   California,   Water 
Year  1987.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06296  7C 

Water   Resources   Data   for   California,   Water 
Year  1987.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06297  7C 

Water  Resources  Data  for  California,  Water 
Year  1988.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06299  ?C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06300  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06301  ?C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06302  ?C 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06304  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  2.  Colorado  River  Basin. 
W90-06305  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06306  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  2.  Colorado  River  Basin. 
W90-06307  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1988.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06308  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1985. 

W90-06309  7C 
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Water  Resources  Data  for  Connecticut,  Water 

Year  1986. 

W90-06310  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1987. 

W90-06311  7c 

Water  Resources  Data  for  Connecticut,  Water 

Year  1988. 

W90-06312  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2A.    South    Florida    -    Surface 

Water. 

W90-06313  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06314  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume    2B.    South    Florida    -    Ground 
Water. 

W90-06315  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2A.    South    Florida    -    Surface 
Water. 

W90-06316  7c 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2B.    South    Florida    -    Ground 
Water. 

W90-06317  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06318  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06319  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2A.    South    Florida   -    Surface 

Water. 

W90-06320  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06321  7c 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3 A.   Southwest   Florida-Surface 

Water. 

W90-06322  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3B.   Southwest   Florida-Ground 

Water. 

W90-06323  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  4.  Northwest  Florida. 
W90-06324  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06325  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06326  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.    Volume    2A.    South    Florida    -    Surface 

Water. 

W90-06327  7C 


Water  Resources  Data  for  Florida,  Water  Year 

1987.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06328  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume   3A.   Southwest   Florida-Surface 

Water. 

W90-06329  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.   Volume   3B.   Southwest   Florida-Ground 

Water. 

W90-06330  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  4.  Northwest  Florida. 
W90-06331  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06332  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06333  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume    2 A.    South    Florida   -    Surface 

Water. 

W90-06334  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06335  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3 A.  Southwest  Florida  -  Surface 

Water. 

W90-06336  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3B.  Southwest  Florida  -  Ground 

Water. 

W90-06337  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1988.  Volume  4.  Northwest  Florida. 
W90-06338  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1985. 

W90-06339  7c 

Water  Resources  Data  for  Georgia,  Water  Year 

1986. 

W90-06340  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1987. 

W90-06341  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1988. 

W90-06342  7C 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1985.  Volume  2. 
W90-06343  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,    Water   Year    1986.    Volume    1, 

Hawaii. 

W90-06344  7C 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1986.  Volume  2. 
W90-06345  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,    Water   Year    1987.    Volume    1, 

Hawaii. 

W90-06346  7C 


Water   Resources   Data   for   Hawaii   and   other 
Pacific  Areas,  Water  Year  1987.  Volume  2. 
W90-06347  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1985. 

W90-06348  7c 

Water  Resources  Data  for  Idaho,  Water  Year 

1986. 

W90-06349  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1987. 

W90-06350  7C 

Water  Resources  Data  for  Idaho,  Water  Year 
1988. 


W90-06351 


7C 


Water  Resources  Data  for  Illinois,  Water  Year 

1986.  Volume  1.  Illinois  Except  Illinois  River 

Basin. 

W90-06352  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1986  Volume  2.  Illinois  River  Basin. 
W90-06353  7c 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume   1.   Illinois  Except  Illinois  River 
Basin. 

W90-06354  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume  2.  Illinois  River  Basin. 
W90-06355  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1988  Volume   1.   Illinois  Except  Illinois  River 
Basin. 

W90-06356  7C 

Water  Resources  Data  for  Illinois,  Water  Year 
1988  Volume  2.  Illinois  River  Basin. 
W90-06357  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1985. 

W90-06358  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1986. 

W90-06359  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1987. 

W90-06360  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1988. 

W90-06361  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1986. 

W90-06362  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1987. 

W90-06363  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1988. 

W90-06364  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1984  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06365  7C 

Water    Resources    Data    Florida,    Water    Year 

1984,    Volume    2A:    South    Florida    -    Surface 

Water. 

W90-06366  7C 


SU-90 


SUBJECT  INDEX 


WATER  QUALITY 


Water  Resources  Data  for  Florida,  Water  Year 

1984,  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06367  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume  3B:  Southwest  Florida  -  Surface 

Water. 

W90-06368  7C 

Water   Resources   Data,   Florida,   Water   Year 

1984,  Volume  4.  Northwest  Florida. 
W90-06369  7C 

Water  Resources  Data  -  Florida,  Water  Year 

1985,  Volume    1A:   Northeast   Florida-Surface 
Water. 

W90-06370  7C 

Water  Resources  Data  -  Florida,  Water  Year 
1985,  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06371  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06372  7C 

Water  Resources  Data  for  Florida  Water  Year 

1985.   Volume  3B:   Southwest   Florida-Ground 

Water. 

W90-06373  7C 

Water   Resources   Data,   Florida,   Water   Year 

1985  Volume  4:  Northwest  Florida. 

W90-06374  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1984. 

W90-06375  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1984.    Volume    1, 

Hawaii. 

W90-06376  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1984.    Volume   2. 

Guam,    Northern    Mariana    Islands,    Federated 

States    of    Micronesia,    Palau,    and    American 

Samoa. 

W90-06377  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1985.    Volume    1: 

Hawaii. 

W90-06378  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1984. 

W90-06379  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume   1.   Illinois  Except  Illinois  River 

Basin. 

W90-06380  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume  2.   Illinois  Except  Illinois  River 
Basin. 

W90-06381  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985.  Volume  1:  Illinois  Except  Illinois  River 

Basin. 

W90-06382  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985  Volume  2.  Illinois  River  Basin. 
W90-06383  7C 

Water  Resources  Data  for  Indiana.  Water  Year 

1984. 

W90-06384  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1984. 

W90-06385  7C 


Water  Resources  Data  for  Kansas,  Water  Year 

1984. 

W90-06386  7C 

Water  Resources  Data  for  Kansas  Water  Year 

1985. 

W90-06387  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1984. 

W90-06388  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1986. 

W90-06389  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1988. 

W90-06390  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1986. 

W90-06391  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1987. 

W90-06392  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1988. 

W90-06393  7C 

Water   Resources   Data   for   Louisiana,   Water 

Year  1986. 

W90-06394  7C 

Water   Resources   Data   for   Louisiana,   Water 

Year  1987. 

W90-06395  7C 

Water   Resources   Data   for   Louisiana,   Water 

Year  1988. 

W90-06396  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1985. 

W90-06397  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1986. 

W90-06398  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1987. 

W90-06399  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1988. 

W90-06400  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1986. 
W90-06401  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1987. 
W90-06402  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1988. 
W90-06403  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1985. 

W90-06404  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1986. 

W90-06405  7C 

Water   Resources   Data   for   Michigan,    Water 

Year  1986. 

W90-06406  7C 

Water    Resources   Data   for   Michigan,    Water 

Year  1987. 

W90-06407  7C 


Water   Resources   Data   for   Michigan,    Water 

Year  1988. 

W90-06408  7C 

Water   Resources   Data  for   Minnesota,   Water 
Year  1984.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06409  7C 

Water   Resources  Data  for  Minnesota,   Water 
Year  1985.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06410  7C 

Water   Resources  Data  for  Minnesota,   Water 
Year   1985.   Volume  2.  Upper  Mississippi  and 
Missouri  River  Basin. 
W90-06411  7C 

Water   Resources  Data  for  Minnesota,   Water 
Year  1986.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06412  7C 

Water   Resources  Data  for   Minnesota,   Water 

Year   1986.   Volume  2.  Upper  Mississippi  and 
Missouri  River  Basin. 

W90-06413  7C 

Water  Resources  Data  for  Mississippi,   Water 

Year  1985. 

W90-06414  7C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1986. 

W90-06415  7C 

Water  Resources  Data  for  Mississippi,  Water 

Year  1987. 

W90-06416  7C 

Water  Resources  Data  for  Mississippi,   Water 

Year  1988. 

W90-06417  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1986. 

W90-06418  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1987. 

W90-06419  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1988. 

W90-06420  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1986.    Volume    1.    Hudson   Bay   and   Missouri 
River  Basins. 
W90-06421  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1986.  Volume  2.  Columbia  River  Basin. 
W90-06422  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1987.  Volume    1.    Hudson    Bay   and   Missouri 
River  Basins. 

W90-06423  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1987.  Volume  2.  Columbia  River  Basin. 
W90-06424  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1988. 

W90-06425  7C 

Water    Resources   Data   for   Nebraska,    Water 

Year  1985. 

W90-06426  7C 

Water    Resources    Data   for    Nebraska,    Water 

Year  1986. 

W90-06427  7C 
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Water    Resources   Data    for    Nebraska,    Water 

Year  1987. 

W90-06428  7C 

Water    Resources    Data    for    Nebraska,    Water 

Year  1988. 

W90-06429  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1985. 

W90-06430  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1986. 

W90-06431  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1987. 

W90-06432  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1985. 

W90-06433  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1986. 

W90-06434  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1987. 

W90-06435  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1986.   Volume   1.  Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06436  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1986.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06437  7C 

Water  Resources  Data  for  New  Jersey,  Water 

Year   1987.   Volume   1:  Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 

W90-06438  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1987.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06439  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1988,  Volume   1.   Atlantic   Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06440  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1988.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06441  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1986. 

W90-06442  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1987. 

W90-06443  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1988. 

W90-06444  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06445  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1985,  Volume  2.  Long  Island. 

W90-06446  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  3:  Western  New  York. 
W90-06447  7C 


Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06448  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1986.  Volume  2:  Long  Island. 

W90-06449  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  3:  Western  New  York. 
W90-06450  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06451  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1987.  Volume  2:  Long  Island. 

W90-06452  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  3:  Western  New  York. 
W90-06453  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06454  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1984.  Volume  2.  Long  Island. 

W90-06455  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  3.  Western  New  York. 
W90-06456  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1985. 

W90-06457  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1984. 

W90-06458  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1985. 

W90-06459  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume  1.  Ohio  River  Basin. 

W90-06460  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume  2.  St.  Lawrence  River  Basin, 
Statewide  Project  Data. 

W90-06461  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1985.  Volume  1.  Ohio  River  Basin. 
W90-06462  7C 

Water  Resources  Data  for  Ohio,  Water  Year 
1985.    Volume   2.   St.    Lawrence   River   Basin, 
Statewide  Project  Data. 
W90-06463  7C 

Water   Resources   Data   for  Oklahoma,   Water 

Year  1983. 

W90-06464  7C 

Water  Resources  Data  for  Oklahoma,   Water 

Year  1984. 

W90-06465  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  1.  Eastern  Oregon. 

W90-06466  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  2:  Western  Oregon. 

W90-06467  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  1:  Delaware  River  Basin. 
W90-06468  7C 


Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06469  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1984. 

W90-06470  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1985. 

W90-06471  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1984. 

W90-06472  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1984.   Volume    1:  Arkansas  River,   Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and  Adjacent  Coastal 

Basins. 

W90-06473  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1984.    Volume    2.    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06474  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1984.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06475  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1984. 

W90-06476  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1985. 

W90-06477  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1984. 

W90-06478  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1986. 

W90-06479  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1987. 

W90-06480  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1988. 

W90-O6481  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1986. 

W90-06482  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1987. 

W90-06483  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1988. 

W90-06484  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

1 :  Ohio  River  Basin. 

W90-06485  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06486  7C 

Water  Resources  Data  for  Ohio,  1987.  Volume 

1:  Ohio  River  Basin. 

W90-06487  7C 

Water  Resources  Data  for  Ohio,  1987.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06488  7C 
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Water  Resources  Data  for  Ohio,  1988.  Volume 

1 :  Ohio  River  Basin. 

W90-06489  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 
2:    St.    Lawrence   River   Basin   and   Statewide 
Project  Data. 
W90-06490  7C 

Water  Resources   Data  for  Oklahoma,   Water 

Year  1985. 

W90-06491  7C 

Water   Resources   Data  for  Oklahoma,   Water 

Year  1986. 

W90-06492  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  1:  Eastern  Oregon. 

W90-06493  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  2:  Western  Oregon. 

W90-06494  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1985.  Volume  1:  Eastern  Oregon. 

W90-06495  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1985.  Volume  2:  Western  Oregon. 
W90-06496  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1986.  Volume  1:  Eastern  Oregon. 
W90-06497  7C 

Water  Resources  Data  for  Oregon  Water  Year 

1986,  Volume  2.  Western  Oregon. 

W90-06498  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06499  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  1:  Delaware  River  Basin. 
W90-06500  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06501  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06502  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  1:  Delaware  River  Basin. 
W90-06503  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06504  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06505  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  1:  Delaware  River  Basin. 
W90-06506  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06507  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  1:  Delaware  River  Basin. 
W90-06508  7C 


Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06509  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06510  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1985. 
W90-06511  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1986. 
W90-06512  ?C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1987. 
W90-06513  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1988. 
W90-06514  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1985. 

W90-06515  ?C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1986. 

W90-06516  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1987. 

W90-06517  1C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1986. 

W90-06518  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1987. 

W90-06519  ?C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1988. 

W90-06520  7C 

Water   Resources   Data   for  Tennessee,   Water 

Year  1986. 

W90-06521  7C 

Water   Resources  Data  for  Tennessee,   Water 

Year  1987. 

W90-06522  7C 

Water   Resources  Data  for  Tennessee,   Water 

Year  1988. 

W90-06523  ?C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.  Volume   1;  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and  Intervening  and  Adjacent  Coastal 

Basins. 

W90-06524  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1985.    Volume   2;    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06525  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.  Volume  3;  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06526  ?C 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06527  ?C 


Water  Resources  Data  for  Texas,  Water  Year 
1986.    Volume   2:    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06528  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06529  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06530  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1987.    Volume   2:   San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06531  ?C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06532  1C 

Water  Resources  Data  for  Texas,  Water  Year 

1988:  Volume   1:  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and  Intervening  and  Adjacent  Coastal 

Basins. 

W90-06533  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1988.  Volume  2:  San  Jacinto  River,  Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 

W90-06534  "!C 

Water  Resources  Data  for  Texas,  Water  Year 
1988.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,  Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06535  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1986. 

W90-06536  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1987. 

W90-06537  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1988. 

W90-06538  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1986. 

W90-06539  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1987. 

W90-06540  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1988. 

W90-06541  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1984. 

W90-06542  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1986. 

W90-06543  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1985. 

W90-06544  7C 


SU-93 


WATER  QUALITY 


SUBJECT  INDEX 


Water  Resources  Data  for  West  Virginia,  Water 

Year  1986. 

W90-06545  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1987. 

W90-06546  7C 

Water   Resources   Data   for   Wisconsin,   Water 

Year  1986. 

W90-06547  7C 

Water   Resources   Data   for   Wisconsin,    Water 

Year  1987. 

W90-06548  7C 

Water   Resources   Data   for   Wisconsin,   Water 

Year  1988. 

W90-06549  7C 

Water   Resources   Data   for   Wyoming,    Water 

Year  1985. 

W90-06550  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1986. 

W90-06551  7C 

Water    Resources   Data   for   Wyoming,    Water 

Year  1987. 

W90-06552  7C 

Water   Resources   Data   for   Wyoming,    Water 

Year  1988. 

W90-06553  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1985. 

W90-06554  7C 

WATER  QUALITY  CONTROL 

Present   State   of  Model   Bank   for   Predicting 

Water  Body  Conditions. 

W90-05777  5A 

Volunteer    Lake    Monitoring    Program,    1987. 
Volume  VI:  Southwestern  Illinois  Region. 
W90-05827  2H 

Filtration    Activity   of  a    Serpulid    Polychaete 

Population,  Ficopomatus  enigmaticus  (Fauvel), 

and  Its  Effects  on  Water  Quality  in  a  Coastal 

Marina. 

W90-05912  2L 

WATER  QUALITY  MANAGEMENT 

Strategy  of  Water  Quality  Planning  and  Man- 
agement. 
W90-05773  5G 

Mass  Balance  Approach  to  Water  Quality  Man- 
agement in  the  Great  Lakes  Basin  Tributaries. 
W90-05774  5G 

Water  Quality  Modeling  and  Development  of 

Water  Protection  Programs. 

W90-05775  5G 

Present   State   of  Model    Bank   for   Predicting 

Water  Body  Conditions. 

W90-05777  5A 

Historical  Synopsis  of  Great  Lakes  Water  Qual- 
ity Research  and  Management  and  Future  Di- 
rections. 
W90-05778  5B 

Urban  Streams  as  a  Place  to  Live  (Stadtbache 

als  Lebensraum). 

W90-06021  4C 

WATER  REQUIREMENTS 

Water  Use  and  Coal  Development  in  Eastern 
Montana:  Water  Availability  and  Demands.  Ap- 
pendix A:  Computer  Program  Documentation 
for  Part  VII,  Section  A:  Demands  for  Water  in 
Cooling. 
W90-06177  6D 


WATER  RESOURCES 

Tibetan  Plateau  as  the  Water  Resource  of  Asia 
(in  Japanese). 

W90-05889  2A 

WATER  RESOURCES  DATA 

Water  Resources  of  Vilas  County,   Wisconsin. 
W90-06224  2F 

Hydrogeology  of  Wood  County,  Wisconsin. 
W90-06225  2F 

Water-Related  Scientific  Activities  of  the  U.S. 

Geological    Survey    in    Nevada,    Fiscal    Years 

1985-89. 

W90-06226  7C 

Computerized  Data-Base  System  for  Land-Use 
and    Land-Cover   Data   Collected   at   Ground- 
Water    Sampling    Sites   in    the    Pilot    National 
Water  Quality  Assessment  Program. 
W90-06234  7C 

Water-Resources  Activities  of  the  U.S.  Geologi- 
cal Survey  in  Missouri,  Fiscal  Year  1989. 
W90-06244  7C 

Water  Resources  Data  Collected  During  Water 
Year  1988  at  Selected  James  River  Basin  Sites  in 
North  Dakota  and  South  Dakota. 
W90-06256  7C 

WATER  RESOURCES  DEVELOPMENT 

Total  Index  of  Environmental  Quality  as  Ap- 
plied to  Water  Resources. 
W90-05795  6B 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem   Including  Santiago  Creek.   Main   Report 
and  Supplemental  Environmental  Impact  State- 
ment. 
W90-05804  8A 

Decision    Making    for    Multiple    Utilization   of 

Water  Resources  in  New  Zealand. 

W90-05862  6A 

Evolution   of  ESA   Consultations  on   Western 

Water  Projects. 

W90-05891  6E 

Turnkey  Well,  Reservoir,  and  Pump  Station  in 

an  Arid  Region. 

W90-05893  5F 

Resource  Development  and  Conservation  Histo- 
ry Along  the  Ohio  River. 
W90-06101  6G 

Use  of  the  Danube   River  and  the   Integrated 

Gabcikovo-Nagymaros     Hydro  Development 

Project. 

W90-06134  8C 

WATER  RESOURCES  INSTITUTES 

Fiscal  Year   1988  Program  Report  (Mississippi 
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CHICAGO,  IL. 

Septic  System  Density  and  Groundwater  Con- 
tamination in  Illinois:  A  Survey  of  State  and 
Local  Regulation. 
W90-06162  5G 

ANDHRA  UNTV.,  WALTAIR  (INDIA).  DEPT. 
OF  BOTANY. 

Decomposition  Studies  on  Two  Floating  Leaved 
Macrophytes,   Nymphaea   nouchali   and   Nym- 
phoides  indica,  of  Lake  Kondakarla,  India. 
W90-06158  2H 

ANTWERP  UNTV.,  WDLRIJK  (BELGIUM). 
DEPT.  OF  CHEMISTRY. 

Speciation  of  Organotin  Compounds  in  Water 

by    Gas    Chromatography/ Atomic    Absorption 

Spectrometry. 

W90-05946  5A 

ARBER  (RICHARD  P.)  ASSOCIATES,  INC., 
DENVER,  CO. 

Uranium  Removal  from  Drinking  Water  Using  a 

Small  Full-Scale  System. 

W90-06191  5F 

ARCTIC  LABS.  LTD.,  SIDNEY  (BRITISH 
COLUMBIA). 

Locally   Generated   Atmospheric  Trace   Metal 
Pollution  in  Canadian  Arctic  as  Reflected  by 
Chemistry  of  Snowpack  Samples  from  the  Mac- 
kenzie Delta  Region. 
W90-06098  5B 

ARGONNE  NATIONAL  LAB.,  IL.  ENERGY 
AND  ENVIRONMENTAL  SYSTEMS  DIV. 

Environmental  Effects  and  Fate  of  Decontami- 
nation Agent  C-8  in  Soil. 
W90-06173  5C 

ARIZONA  DEPT.  OF  ENVIRONMENTAL 
QUALITY,  PHOENIX.  OFFICE  OF  WATER 
QUALITY. 

Mapping    Out    a    Plan    to    Protect    Arizona's 

Groundwater. 

W90-06030  5G 

ARMY  ENGINEER  DISTRICT,  BUFFALO,  NY. 

Special  Flood  Hazard  Evaluation  Report.  Pleas- 
ant  Creek:    Village   of  Evans   Mill,    Jefferson 
County,  New  York. 
W90-06172  6F 

ARMY  ENGINEER  DISTRICT,  LOS 
ANGELES,  CA. 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    including    Santiago    Creek.    Volume    3: 
Lower  Santa  Ana  River,  Appendixes. 
W90-O5757  8A 


Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  1:  Seven 
Oaks  Dam  including  Appendix  A. 
W90-05758  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  7:  Hy- 
drology. 
W90-05759  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  5:  Oak 
Street  Drain. 
W90-05760  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  including  Santiago  Creek.  Volume  4:  Mill 
Creek  Levee. 
W90-05761  8  A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    including    Santiago    Creek.    Volume    3: 
Lower  Santa  Ana  River  (Prado  Dam  to  Pacific 
Ocean). 
W90-05762  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem    Including    Santiago    Creek.    Volume    2: 
Prado  Dam. 
W90-05803  8A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  Including  Santiago  Creek.   Main  Report 
and  Supplemental  Environmental  Impact  State- 
ment. 
W90-05804  8  A 

Phase  II  GDM  on  the  Santa  Ana  River  Main- 
stem  Including  Santiago  Creek.  Volume  1: 
Seven  Oaks  Dam,  Appendixes  B  through  G. 
W90-05805  8A 

ARMY  ENGINEER  DISTRICT,  SEATTLE,  WA. 
SEATTLE  DISTRICT. 

Chief  Joseph  Dam,  Columbia  River,  Washing- 
ton, Additional  Units  and  Structural  Modifica- 
tion Foundation  Report. 
W90-05740  8A 

ARMY  ENGINEER  INST.  FOR  WATER 
RESOURCES,  FORT  BELVOIR,  VA. 

Uncertainty  Analysis  for  Urban  Flood  Damage 
Reduction  Benefits:  Attitudes  and  Practices  of 
Corps  of  Engineer  Economists. 
W90-05764  6B 

ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION,  SPRING  VALLEY, 
WI.  EAU  GALLE  LAB. 

Effects  of  Large-Scale  Metalimnetic  Migration 
Events  on  Phosphorus  Dynamics  in  a  North- 
Temperate  Reservoir. 
W90-06120  2H 

ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION,  VICKSBURG,  MS. 

Evaluation  of  a  Skimmer  Dredge  for  Collecting 

Freshwater  Mussels. 

W90-05929  ?B 

ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION,  VICKSBURG,  MS. 
ENVIRONMENTAL  LAB. 

Quality  Assurance  Guidelines  for  Organic  Anal- 
ysis. 
W90-05806  5A 

Update  of  the  Corps'  Environmental  Effects  of 

Dredging  Programs  (FY  89). 

W90-06203  6G 
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ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION,  VICKSBURG,  MS.  ENVIRONMENTAL 


Environmental  Assessment  of  Overflow  Dredg- 
ing in  Mobile  Bay,  Alabama. 
W90-06204  6G 

ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION,  VICKSBURG,  MS. 
HYDRAULICS  LAB. 

Formed  Suction  Intake  Approach  Appurtenance 

Geometry. 

W90-06202  8B 

Physical  Test  Facility  for  Modeling  Open-Water 

Placement  of  Dredged  Material. 

W90-06206  8B 

ASIAN  INST.  OF  TECH.,  BANGKOK 
(THAILAND).  DIV.  OF  WATER  RESOURCES 
ENGINEERING. 

Determination    of   Manning's    n    and    Friction 

Factor  in  Vegetated  Waterways. 

W90-05684  8B 

ATHENS  UNIV.  (GREECE).  LAB.  OF 
CLIMATOLOGY. 

Rainwater  Composition  in  Athens,  Greece. 
W90-05901  5B 

ATMOSPHERIC  ENVIRONMENT  SERVICE, 
BEDFORD  (NOVA  SCOTIA). 

Meteorological  Characteristics  of  Large  Acidic 
Deposition  Events  at  Kejimkujik,  Nova  Scotia. 
W90-05980  2B 

ATMOSPHERIC  ENVIRONMENT  SERVICE, 
DOWNSVIEW  (ONTARIO). 

Estimation  of  Atmospheric  Deposition  Input  of 
Sulphur  and  Nitrogen  Oxides  to  the  Kejimkujik 
Watershed:  1979-1987. 
W90-05979  5B 

ATMOSPHERIC  ENVIRONMENT  SERVICE, 
DOWNSVIEW  (ONTARIO).  LONG-RANGE 
TRANSPORT  OF  AIRBORNE  POLLUTANTS 
PROGRAM. 

Kejimkujik  Park-One  in  a  Family  of  Integrated 

Watershed  Studies. 

W90-05977  5B 

AUBURN  UNIV.,  AL.  WATER  RESOURCES 
RESEARCH  INST. 

Fiscal   Year    1988   Program   Report   (Alabama 
Water  Resources  Research  Institute). 
W90-06242  9D 

AZOVSKII  NAUCHNO-ISSLEDOVATEL'SKII 
INST.  RYBNOGO  KHOZYAISTVA,  ROSTOV- 
NA-DONU  (USSR). 

Reproduction  of  the  Azov-Don  Shad  Following 

Regulation  of  the  Don  River. 

W90-06018  81 

B  AND  V  WASTE  SCIENCE  AND 
TECHNOLOGY  CORP.,  PHILADELPHIA,  PA. 

Industrial  Property  Transfer  Evaluations:  Limit- 
ing Liability. 
W90-05976  6B 

BAKER  (MICHAEL),  JR.,  INC., 
ALEXANDRIA,  VA. 

Evaluation  of  Tc  Methods  in   a  Small   Rural 

Watershed. 

W90-O5632  2E 

BALATONI  LIMNOLOGIAI  KUTATO 
INTEZETE,  TIHANY  (HUNGARY). 

Importance  of  Self-Oxidation  in  Decomposition 
and  Its  Dependence  on  the  pH  of  the  Environ- 
ment. 
W90-05994  2H 

BANARAS  HINDU  UNIV.,  VARANASI 
(INDIA).  INST.  OF  TECH. 

Removal  of  Chrome  Dye  from  Aqueous  Solu- 
tions by  Mixed  Adsorbents:  Fly  Ash  and  Coal. 
W90-06071  5D 


BASILICATA  UNIV.,  POTENZA  (ITALY). 
INST.  OF  HYDRAULICS  AND  HYDRAULIC 
CONSTRUCTION. 

Effects  of  Differently   Shaped  Obstacles  on  a 

Rapid  Stream  Expansion. 

W90-05694  8B 

BASRAH  UNIV.  (IRAQ).  DEPT.  OF  BIOLOGY. 

Study  of  the  Primary  Productivity  in  the  Shatt 

Al-Arab  Estuary  at  Basrah,  Iraq. 

W90-06065  5B 

BATTELLE  PACIFIC  NORTHWEST  LABS., 
RICHLAND,  WA. 

Hanford   Site  Ground-Water  Monitoring   Data 
Listing,  January  1  through  March  31,  1987. 
W90-05752  5B 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
4«Appendix  A. 
W90-05766  8A 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
6  -  Appendix  B  (contd). 
W90-05785  5B 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
9  ~  Appendix  C. 
W90-05786  2F 

Evaluation  and  Analysis  of  Three  Dynamic  Wa- 
tershed  Acidification   Codes   (MAGIC,    ETD, 
and  ILWAS). 
W90-05790  5C 

Environmental    Monitoring    Master    Sampling 

Schedule:  January-December  1989. 

W90-05826  7A 

Fish  Behavior  and  Environmental  Assessment. 
W90-06O5O  5A 

Ground- Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
7-Appendix  B  (contd). 
W90-06178  5G 

Ground-Water  Monitoring  Compliance  Projects 
for  Hanford  Site  Facilities:  Progress  Report  for 
the  Period  January  1  to  March  31,  1988.  Volume 
5~Appendix  B. 
W90-06179  5G 

BATTELLE  PACIFIC  NORTHWEST  LABS., 
RICHLAND,  WA.  OFFICE  OF  HANFORD 
ENVIRONMENT. 

Environmental  Monitoring  at  Hanford,  Wash- 
ington, USA:  A  Brief  Site  History  and  Summary 
of  Recent  Results. 
W90-05863  5A 

BCM  ENGINEERS,  MOBILE,  AL. 

New  Water  Treatment  Facility  Improves  Effi- 
ciency. 
W90-05892  5F 

BEDFORD  INST.  OF  OCEANOGRAPHY, 
DARTMOUTH  (NOVA  SCOTIA). 

Physical  and  Chemical  Characteristics  of  Three 
Acidic,  Oligotrophic  Lakes  and  Their  Water- 
sheds in  Kejimkujik  National  Park,  Nova  Scotia. 
W90-05981  5B 

Seasonal  Variations  of  Water  Chemistry  in  Oli- 
gotrophic Streams  and  Rivers  in  Kejimkujik  Na- 
tional Park,  Nova  Scotia. 
W90-05986  2K 


Effects  of  Acidity  and  DOC  on  Phytoplankton 
Community  Structure  and  Production  in  Three 
Acid  Lakes  (Nova  Scotia). 
W90-06003  5c 

Distribution,  Abundance  and  Biomass  of  Benthic 
Macroinvertebrates  Relative  to  pH  and  Nutri- 
ents in  Eight  Lakes  of  Nova  Scotia,  Canada. 
W90-06OO6  2H 

BEN-GURION  UNIV.  OF  THE  NEGEV,  SDE 
BOKER  (ISRAEL).  JACOB  BLAUSTEIN  INST. 
FOR  DESERT  RESEARCH. 

Multi-Compartmental  Modelling  for  Aquifer  Pa- 
rameter  Estimation   Using   Natural   Tracers  in 
Non-Steady  Flow. 
W90-05887  2F 

BENDIGO  COLL.  OF  ADVANCED 
EDUCATION  (AUSTRALIA).  DEPT.  OF 
BIOLOGICAL  AND  CHEMICAL  SCIENCES. 

Genospecies  Diversity  of  Acinetobacter  Isolates 
Obtained  from  a  Biological  Nutrient  Removal 
Pilot  Plant  of  a  Modified  UCT  Configuration. 
W90-06068  5D 

BENEZUR  U.  28,  H-1068,  BUDAPEST, 
HUNGARY. 

River  Danube   Pollution  and   Its  Risk  Assess- 
ment. 
W90-05794  5B 

BERN  UNIV.  (SWITZERLAND). 
SYSTEMATISCH-GEOBOTANISCHES  INST. 

Subfossil  and  Modern  Diatom  Plankton  and  the 

Paleolimnology  of  Rotsee  (Switzerland)  since 

1850. 

W90-06094  2H 

BIOLOGICAL  INST.,  DUBROVNIK 
(YUGOSLAVIA). 

Phytoplankton  Blooms  in  the  Oligotrophic  Open 

South  Adriatic  Waters. 

W90-05966  2L 

BIOLOGICAL  MONITORING,  INC., 
BLACKSBURG,  VA. 

Rapid   Detection  of  Sublethal  Toxicity  Using 

Fish  Ventilatory  Behavior. 

W90-06044  5A 

BIOLOGICAL  RESEARCH  CENTER, 
BAGHDAD  (IRAQ).  DEPT.  OF 
MICROBIOLOGY. 

Limnological   Studies   on   River   Tigris:   Some 

Physical  and  Chemical  Characters. 

W90-06064  2H 

BIOLOGICAL  RESEARCH  CENTER, 
BAGHDAD  (IRAQ).  SECTION  OF  AQUATIC 
ECOLOGY. 

Ecological  Studies  on  Rotifera  (Aschelminthes) 

in  the  River  Tigris  (Iraq). 

W90-06140  2H 

BIOLOGISCHE  STATION  NEUSIEDLER  SEE, 
A-7142  ILLMTTZ,  AUSTRIA  AND  LUDWIG- 
BRILL-STRASSE  5,  D-4570  QUAKENBRUCK, 
WEST  GERMANY. 

Development  of  Hexarthra  spp.  in  a  Shallow 

Alkaline  Lake. 

W90-06146  2H 

BIRMINGHAM  UNIV.  (ENGLAND).  DEPT.  OF 
CHEMICAL  ENGINEERING. 

Effects  of  Sonication  on  Activated  Sludge. 
W90-05872  5D 

BIRMINGHAM  UNIV.  (ENGLAND).  SCHOOL 
OF  EARTH  SCIENCES. 

Groundwater  Recharge  in  Urban  Areas. 
W90-05899  4C 
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COLORADO  UNIV.  AT  DENVER.  DEPT.  OF  CIVIL  ENGINEERING. 


BOLOGNA  UNIV.  (ITALY).  DIPT.  DI  FISICA. 

Wave  Penetration  in  Harbours  by  the  Finite- 
Element  Series-Expansion  Method. 
W90-05859  8B 

BOSWELL  ENGINEERING,  SOUTH 
HACKENSACK,  NJ. 

Comparison  of  Rational  and  SCS-TR55  Meth- 
ods for  Urban  Storm  Water  Management. 
W90-05640  4C 

BRAUN  (C.F.)  AND  CO.,  ALHAMBRA,  CA. 

Aeration-Basin  Heat  Loss. 

W90-05957  5D 

BRITISH  COLUMBIA  UNTV.,  VANCOUVER. 
DEPT.  OF  OCEANOGRAPHY. 

Contribution  of  Rhizosolenia  eriensis  and  Cyclo- 
tella  spp.  to  the  Deep  Chlorophyll  Maximum  of 
Sproat  Lake,  British  Columbia,  Canada. 
W90-06118  2H 

BROOKHAVEN  NATIONAL  LAB.,  UPTON, 
NY.  ATMOSPHERIC  SCIENCES  DIV. 

3CPO-Cloud  Chemistry  and  Cloud  Physics  Or- 
ganization. June  1988:  Data  Index. 
W90-06212  2B 

BUNDESGESUNDHEJTSAMT,  BERLIN 
(GERMANY,  F.R.).  INST.  FUER  WASSER-, 
BODEN-  UND  LUFTHYGIENE. 

Results  of  the  Harmful  Effects  of  Water  Pollut- 
ants to  Green  Algae  (Scenedesmus  subspicatus) 
in  the  Cell  Multiplication  Inhibition  Test. 
W90-06069  5C 

BUNDESVERSUCHS-  UND 
FORSCHUNGSANSTALT  ARSENAL,  VIENNA 
(AUSTRIA).  GEOTECHNICAL  INST. 

Speciation  of  Phosphorus  in  the  Altenworth- 

Reservoir  of  the  River  Danube. 

W90-06060  2H 

Evaluation  of  the  Speciation  of  Inorganic  Con- 
stituents in  Sediments  of  the  Reservoir  at  Alten- 
worth  of  the  River  Danube. 
W90-06061  5B 

BUREAU  DE  RECHERCHES  GEOLOGIQUES 
ET  MINIERES,  ORLEANS  (FRANCE).  WATER 
RESOURCES  DEPT. 

Evaluation  of  Natural  Recharge  to  Aquifers  in 
the  Sudan-Sahel  Climate  Using  Global  Hydrolo- 
gical  Modelling:  Application  to  Ten  Sites  in 
Burkina  Faso  (Evaluation  de  la  Recharge  Natur- 
elle  des  Aquiferes  in  Climat  Soudano-Sahelien 
par  Modelisation  Hydrologique  Global:  Applica- 
tion a  Dix  Sites  au  Burkina  Faso). 
W90-05837  2F 

CALIFORNIA  INST.  OF  TECH.,  PASADENA. 
W.M.  KECK  LAB.  OF  ENVIRONMENTAL 
ENGINEERING  SCIENCE. 

Chemical     Composition     of     Coastal     Stratus 
Clouds:  Dependence  on  Droplet  Size  and  Dis- 
tance from  the  Coast. 
W90-05905  2K 

CALIFORNIA  UNTV.,  DAVIS.  DEPT.  OF 
CIVIL  ENGINEERING. 

Automated  Method  for  Representing,  Tracking 
and  Forecasting  Rain  Fields  of  Severe  Storms 
by  Conventional  and  Doppler  Weather  Radars. 
W90-06238  2B 

CALD70RNIA  UNIV.,  DAVIS.  DEPT.  OF 
ENVIRONMENTAL  TOXICOLOGY. 

Health  Risk  Assessment  of  1,1,2-Trichloroethane 
(1,1,2-TCA)  in  California  Drinking  Water. 
W90-06169  5C 

Health  Risk  Assessment  of  1,2-Dichloropropane 
(1,2-DCP)  in  California  Drinking  Water. 
W90-06170  5C 


CALIFORNIA  UNIV.,  DAVIS.  DEPT.  OF 
LAND,  AIR  AND  WATER  RESOURCES. 

Determination  of  the  Toxicity,  Water  Quality 
Interactions  and  Biomagnification  of  Selenium  in 
Aquatic  Food  Chains. 
W90-06236  5C 

CALIFORNIA  UNIV.,  RIVERSIDE.  WATER 
RESOURCES  CENTER. 

Fiscal  Year   1988  Program  Report  (California 

Water  Resources  Center). 

W90-0624O  9D 

CALVIN  COLL.,  GRAND  RAPIDS,  MI.  DEPT. 
OF  ENGINEERING. 

Prediction  of  Transmissivities,  Heads,  and  Seep- 
age  Velocities   Using   Mathematical   Modeling 
and  Geostatistics. 
W90-05888  2F 

CANADA  CENTRE  FOR  INLAND  WATERS, 
BURLINGTON  (ONTARIO). 

Development  of  a  Benthic  Invertebrate  Objec- 
tive for  Mesotrophic  Great  Lakes  Waters. 
W90-05852  2H 

CANADIAN  WILDLIFE  SERVICE,  HULL 
(QUEBEC).  SUSTAINABLE  DEVELOPMENT 
BRANCH. 

Chemical  Characterization  of  Several  Wetlands 
in  Kejimkujik  National  Park,  Nova  Scotia. 
W90-05990  2H 

CAPE  TOWN  UNIV.  (SOUTH  AFRICA).  DEPT. 
OF  ZOOLOGY. 

Filtration   Activity   of  a    Serpulid    Polychaete 

Population,  Ficopomatus  enigmaticus  (Fauvel), 

and  Its  Effects  on  Water  Quality  in  a  Coastal 

Marina. 

W90-05912  2L 

CARNEGIE-MELLON  UNIV.,  PITTSBURGH, 
PA.  DEPT.  OF  CIVIL  ENGINEERING. 

Seasonal  Variations  in  Sulfate,  Nitrate  and  Chlo- 
ride in  the  Greenland  Ice  Sheet:  Relation  to 
Atmospheric  Concentrations. 
W90-05906  5B 

CENTRAL  AGRICULTURAL  PESTICIDES 
LAB.,  CAIRO  (EGYPT). 

Pesticide  Residues  in  Milk  and  Fish  Samples 
Collected  from  Two  Egyptian  Governorates. 
W90-05841  5B 

CENTRAL  MICHIGAN  UNIV.,  MOUNT 
PLEASANT.  DEPT.  OF  BIOLOGY. 

Autotrophic-Heterotrophic  Community  Metabo- 
lism Relationships  of  a  Woodland  Stream. 
W90-05932  2E 

Factors    Affecting    Autotrophic-Heterotrophic 
Relationships  of  a  Woodland  Stream. 
W90-05933  2H 

Estimates  of  Detrital  and  Epilithon  Community 
Metabolism  from  Particle-sized  Riffle  Sediments 
of  a  Woodland  Stream. 
W90-05934  2H 

CENTRE  NATIONAL  DE  RECHERCHES 
METEOROLOGIQUES,  TOULOUSE 
(FRANCE). 

Study  of  Rainfall   Interception  Using  a  Land 
Surface  Parameterization  for  Mesoscale  Meteor- 
ogical  Models. 
W90-06027  2B 

CENTRE  NATIONAL  DU  MACHINISME 
AGRICOLE,  DU  GENIE  RURAL,  DES  EAUX 
ET  DES  FORETS,  LYON  (FRANCE). 

Lethal  Effects  of  Draining  on  Brown  Trout.  A 
Predictive  Model  Based  on  Field  and  Laborato- 
ry Studies. 
W90-06073  6G 


CENTRE  NATIONAL  DU  MACHINISME 
AGRICOLE,  DU  GENIE  RURAL,  DES  EAUX 
ET  DES  FORETS,  LYON  (FRANCE).  LAB. 
D'ECOTOXICOLOGIE. 

Freshwater  Fish  Cytochrome  P450-Dependent 
Enzymatic  Activities:  A  Chemical  Pollution  In- 
dicator. 
W90-05942  5A 

CENTRO  DI  RICERCA  IDRAULICA  E 
STRUTTURALE,  MILAN  (ITALY). 

Comparison  of  Parametric  and  Non-Parametric 

Methods  for  Runoff  Forecasting. 

W90-05840  2E 

CESKE  VYSOKE  UCENI  TECHNICKE  V 
PRAZE.  FAKULTA  JADERNA  A  FYSDXALNE 
INZENYRSKA. 

Total  Index  of  Environmental  Quality  as  Ap- 
plied to  Water  Resources. 
W90-05795  6B 

CHINESE  UNIV.  OF  HONG  KONG,  SHATIN. 
DEPT.  OF  BIOLOGY. 

Life  Table  Evaluation  of  the  Effects  of  Cadmi- 
um Exposure  on  the  Freshwater  Cladoceran, 
Moina  macrocopa. 
W90-06040  5C 

CINCINNATI  UNrV.,  OH. 

Dimensionless  Manning-Type  Equation. 
W90-05671  8B 


CINCINNATI  UNTV.,  OH.  DEPT.  OF 
BIOLOGICAL  SCIENCES. 

Micro-Bioassay   for  Epilithon   Using   Nutrient- 
Diffusing  Artificial  Substrata. 
W90-05931  7B 

CITY  UNIV.,  LONDON  (ENGLAND).  DEPT. 
OF  CIVIL  ENGINEERING. 

Manning's  N  of  Composite  Roughness  in  Chan- 
nels of  Simple  Cross-Section. 
W90-05678  8B 

CLEMSON  UNIV.,  SC.  DEPT.  OF 
ENVIRONMENTAL  SYSTEMS 
ENGINEERING. 

Predicting  Organic  Accumulation  in  Sediments 

Near  Marine  Outfalls. 

W90-05961  5E 

COAST  GUARD  RESEARCH  AND 
DEVELOPMENT  CENTER,  GROTON,  CT. 

Arctic  Oil  Spill  Response  Guide  for  the  Alaskan 

Beaufort  Sea. 

W90-05739  5G 

COLORADO  STATE  UNrv\,  FORT  COLLINS. 
DEPT.  OF  AGRICULTURAL  AND  CHEMICAL 
ENGINEERING. 

Detecting  Acid  Precipitation  Impacts  on  Lake 

Water  Quality. 

W9O-0586O  1 A 

COLORADO  STATE  UNIV.,  FORT  COLLINS. 
DEPT.  OF  CTVIL  ENGINEERING. 

One-Dimensional   Modeling   of  Moving   Rain- 
storms. 
W90-05625  2B 

Mesoscale  Severe  Weather  Development  under 

Orographic  Influences. 

W90-05769  2B 

COLORADO  UNIV.  AT  DENVER.  DEPT.  OF 
CIVIL  ENGINEERING. 

Relative  Velocity  in  a  Partially  Full  Pipe. 
W90-05658  8B 
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COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
CANBERRA  (AUSTRALIA).  DIV.  OF  SOILS. 

Comparison  between  Acetone  and  Dioxane  and 
Explanation  of  Their  Role  in  Water  Replace- 
ment in  Undisturbed  Soil  Samples. 
W90-059I8  7B 

COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
CLEVELAND  (AUSTRALIA).  MARINE  LABS. 

Species  Composition  and  Biomasses  of  Fishes  in 
Different  Habitats  for  a  Tropical  Northern  Aus- 
tralian Estuary:  Their  Occurrence  in  the  Adjoin- 
ing Sea  and  Estuarine  Dependence. 
W90-05908  2L 

COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
NORTH  RYDE  (AUSTRALIA).  DIV.  OF  COAL 
TECHNOLOGY. 

Analytical   Problems  Arising  from  the  Use  of 

Bromide  and  Rhodamine  WT  as  Co-Tracers  in 

Streams. 

W90-06083  7B 

CONNECTICUT  DEPT.  OF 
ENVIRONMENTAL  PROTECTION, 
HARTFORD.  WATER  COMPLIANCE  UNIT. 

Phase  I  Diagnostic/Feasibility  Study  Coventry 
Lake,  Coventry,  Connecticut,  1984. 
W90-06210  5G 

CONSERVATION  DE  LA  FAUNE,  SAINT- 
SULPICE  (SWITZERLAND). 

Water  Quality  in  Rivers  of  Western  Switzerland: 
Application  of  an  Adaptable  Index  Based  on 
Benthic  Invertebrates. 
W90-06087  5A 

DALHOUSIE  UNIV.,  HALIFAX  (NOVA 
SCOTIA).  DEPT.  OF  BIOLOGY. 

Patterns  of  Water  Chemistry  Among  Twenty- 
seven  Oligotrophic  Lakes  in  Kejimkujik  Nation- 
al Park,  Nova  Scotia. 
W90-05985  2H 

Comparison  of  the  Macrophyte  Communities  of 
a  Clearwater  and  a  Brownwater  Oligotrophic 
Lake  in  Kejimkujik  National  Park,  Nova  Scotia. 
W90-06004  2H 

DELAWARE  UNTV.,  NEWARK.  DEPT.  OF 
CIVIL  ENGINEERING. 

Modelling  of  Some  Elliptic  Fluid  Mechanics 
Problems  by  the  Boundary  Element  Method. 
W90-05884  8B 

Water  Waves  Past  Abrupt  Channel  Transitions. 
W90-06011  8B 

Removal  of  Toxic  Heavy  Metals  from  Contami- 
nated  Groundwater   by   a   Fungal   Adsorption 
Process. 
W90-06237  5D 

DEMOKRITOS  UNTV.  OF  THRACE,  XANTHI 
(GREECE).  DEPT.  OF  CIVIL  ENGINEERING. 

Two-Dimensional   High    Speed   Open   Channel 

Flow  Friction  Effects. 

W9O-05699  8B 

DEPARTMENT  OF  AGRICULTURE  FOR 
NORTHERN  IRELAND,  BELFAST. 

Riffle-Pool    Formations    in    Northern    Ireland 

Rivers. 

W90-05690  8B 

DEPARTMENT  OF  ENERGY,  NEW  YORK. 
ENVIRONMENTAL  MEASUREMENTS  LAB. 

Trace  Element  Concentrations  in  Transplanted 

and    Naturally    Occurring    Unionidae    Mussels, 

Water,  Sediments,  and  Macrophytes  in  Cayuga 

Lake. 

W90-05763  5B 


DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  ST.  ANDREWS  (NEW 
BRUNSWICK).  BIOLOGICAL  STATION. 

Ecological  and  Physiological  Responses  of  At- 
lantic Salmon  in  Acidic  Organic  Rivers  of  Nova 
Scotia,  Canada. 
W90-06007  2H 

Responses  of  Atlantic  Salmon  (Salmo  salar)  Ale- 
vins  to  Dissloved  Organic  Carbon  and  Dissolved 
Aluminum  at  Low  pH. 
W90-06009  5C 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  VANCOUVER  (BRITISH 
COLUMBIA).  WEST  VANCOUVER  LAB. 

Leaky  Filters:  A  Warning  to  Aquatic  Ecologists. 
W90-06110  7B 

DEPARTMENT  OF  THE  ARMY, 
WASHINGTON,  DC. 

Evaluation  Criteria  Guide  for  Water  Pollution 
Prevention,  Control,  and  Abatement  Programs. 
W90-06211  5G 

DEPARTMENT  OF  THE  ENVIRONMENT, 
LONDON  (ENGLAND).  WATER  QUALITY 
DIV. 

Selection    of    Substances    Requiring    Priority 

Action. 

W90-05798  6B 

Pesticides   in   the   Aquatic    Environment-Data 

Needs  for  Their  Control. 

W90-05801  5B 

DOMINION  ENGINEERING  RESOURCES, 
NEWPORT  NEWS,  VA. 

Effects  of  Hyetograph  Shape  on  Detention  Pond 

Sizing. 

W90-05626  2E 

E-TECH,  INC.,  NARAGANSETT,  RI. 

Review  and  Evaluation  of  Contingency  Plans 
for  Oil  and  Hazardous  Substances  in  the  Upper 
Great  Lakes  Region. 
W90-05768  5G 

EIDGENOESSISCHE  ANSTALT  FUER 

WASSERVERSORGUNG, 

ABWASSERREINIGUNG  UND 

GEWAESSERSCHULTZ,  DUEBENDORF 

(SWITZERLAND). 
Ecology  of  Ciliates  in  Riverwaters:  The  Evalua- 
tion of  Water  Quality  via  Ciliates  and  Filamen- 
tous Bacteria. 
W90-06O88  5A 

Dominating  Influence  of  NH3  on  the  Oxidation 
of  Aqueous  S02:  The  Coupling  of  NH3  and 
S02  in  Atmospheric  Water. 
W90-06096  2K 

EIDGENOESSISCHE  TECHNISCHE 
HOCHSCHULE,  ZURICH  (SWITZERLAND). 
DEPT.  OF  BIOTECHNOLOGY. 

Growth  and  Biocatalytic  Activities  of  Aerobic 
Thermophilic  Populations  in  Sewage  Sludge. 
W90-05857  5D 

EIDGENOESSISCHE  TECHNISCHE 
HOCHSCHULE.  ZURICH  (SWITZERLAND). 
GEOLOGISCHES  INST. 

Physical  Principles  of  Sedimentology:  A  Read- 
able Textbook  for  Beginners  and  Experts. 
W90-06186  2J 

EIDGENOESSISCHE  TECHNISCHE 
HOCHSCHULE,  ZURICH  (SWITZERLAND). 
INST.  OF  TOXICOLOGY. 

Low  Levels  of  Aluminium  Causing  Death  of 
Brown  Trout  (Salmo  trutta  fario,  L.)  in  a  Swiss 
Alpine  Lake. 
W90-06089  5C 


ENGINEERING-SCIENCE,  INC.,  PHOENIX, 
AZ. 

Turnkey  Well,  Reservoir,  and  Pump  Station  in 

an  Arid  Region. 

W90-05893  5F 

ENVIRONMENTAL  AND  SOCIAL  SYSTEMS 
ANALYSTS  LTD.,  TORONTO  (ONTARIO). 

Assessing   the   Potential   Extent  of  Damage  to 

Inland  Lakes  in  Eastern  Canada  due  to  Acidic 

Deposition:    II.    Application    of   the    Regional 

Model. 

W90-06114  5C 

ENVIRONMENTAL  AND  SOCIAL  SYSTEMS 
ANALYSTS  LTD.,  VANCOUVER  (BRITISH 
COLUMBIA). 

Assessing  the  Potential   Extent  of  Damage  to 
Inland  Lakes  in  Eastern  Canada  due  to  Acidic 
Deposition.  I.  Development  and  Evaluation  of  a 
Simple  'Site'  Model. 
W90-06113  5C 

ENVIRONMENTAL  PROTECTION  AGENCY, 
ATHENS,  GA.  SOUTHEAST 
ENVIRONMENTAL  RESEARCH  LAB. 

Fluvial  Hydrodynamic  and  Sediment  Transport 
Model  for  the  Chesapeake  Bay  Watershed. 
W90-05705  2J 

ENVIRONMENTAL  PROTECTION  AGENCY, 
CHICAGO,  IL.  REGION  V. 

Mass  Balance  Approach  to  Water  Quality  Man- 
agement in  the  Great  Lakes  Basin  Tributaries. 
W90-05774  5G 

ENVIRONMENTAL  PROTECTION  AGENCY, 
CINCINNATI,  OH.  DRINKING  WATER 
RESEARCH  DIV. 

Economic  Analysis  of  Treatment  Technologies 
to  Achieve  VOC  Removal  to  Safe  Levels. 
W90-05755  5F 

ENVIRONMENTAL  PROTECTION  AGENCY, 
CINCINNATI,  OH.  RISK  REDUCTION 
ENGINEERING  LAB. 

Wood-Degrading  Fungi  as  Degraders  of  Haz- 
ardous Waste. 
W90-05731  5G 

ENVIRONMENTAL  PROTECTION  AGENCY, 
RESEARCH  TRIANGLE  PARK,  NC. 
ATMOSPHERIC  RESEARCH  AND 
EXPOSURE  ASSESSMENT  LAB. 

Principal  Component  Analysis  of  S04(2-)  Pre- 
cipitation    Concentrations     over     the     Eastern 
United  States. 
W90-06099  5B 

ENVIRONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF  ACID 
DEPOSITION,  ENVIRONMENTAL 
MONITORING,  AND  QUALITY  ASSURANCE. 

National  Stream  Survey-Phase  I:  Quality  Assur- 
ance Report. 
W90-05830  7A 

ENVIRONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF  DRINKING 
WATER. 

Comparative    Health    Effects    Assessment    of 
Drinking      Water      Treatment      Technologies: 
Report  to  Congress. 
W90-06195  5C 

ENVIRONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF 
EMERGENCY  AND  REMEDIAL  RESPONSE. 

Superfund    Record   of  Decision:    Laurel    Park, 

CT. 

W90-05718  5B 
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Superfund    Record    of    Decision:    Tabernacle 

Drum  Dump,  NJ. 

W90-05726  5G 

Superfund  Record  of  Decision:  South  Andover, 

MN. 

W90-05727  5G 

Superfund  Record  of  Decision:  Long  Prairie, 

MN. 

W90-05728  5G 

Superfund   Record   of  Decision:   Douglassville 

Disposal,  PA. 

W90-05729  5G 

Superfund  Record  of  Decision:  North  Caval- 
cade, TX. 
W90-05730  5G 

Superfund  Record  of  Decision:  Frontier  Hard 

Chrome,  WA. 

W90-05741  5G 

Superfund  Record  of  Decision:  Hasting  Ground 

Water/Far-Mar,  NE. 

W90-06207  5G 

Superfund  Record  of  Decision:  Atchison/Santa 

Fe/Clovis,  NM. 

W90-06208  5G 

ENVIRONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF  HEALTH 
AND  ENVIRONMENTAL  ASSESSMENT. 

U.S.  Environmental  Protection  Agency's  Strate- 
gy for  Ground  Water  Quality  Monitoring  at 
Hazardous  Waste  Land  Disposal  Facilities  Lo- 
cated in  Karst  Terranes. 
W90-05807  5A 

ENVIRONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF  SOLID 
WASTE  AND  EMERGENCY  RESPONSE. 

Design,  Construction,  and  Evaluation  of  Clay 
Liners  for  Waste  Management  Facilities. 
W90-06163  5E 

ENVIRONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF  TOXIC 
SUBSTANCES. 

Quantitative     Structure-Activity     Relationships 
and  Toxicity  Assessment  in  the  Aquatic  Envi- 
ronment. 
W90-05796  5C 

Expert   System   Survey   on   Biodegradation   of 

Xenobiotic  Chemicals. 

W90-05941  5B 

ENVIRONMENTAL  PROTECTION  SERVICE, 
EDMONTON  (ALBERTA).  WESTERN  AND 
NORTHERN  REGION. 

Aquatic  Toxicology  of  Alkyl-Quinolines. 
W90-06074  5C 

ENVIRONMENTAL  RESEARCH  LAB., 
ATHENS,  GA. 

Effects  of  Temperature  and  Redox  Conditions 
on    Degradation    of    Chlorinated    Phenols    in 
Freshwater  Sediments. 
W90-05756  5B 

Ammonia  Toxicity  and  Metabolism  in  Fishes. 
W90-05784  5C 

ENVIRONMENTAL  RESEARCH  LAB.- 
DULUTH,  GROSSE  ILE,  MI.  LARGE  LAKES 
RESEARCH  STATION. 

Historical  Synopsis  of  Great  Lakes  Water  Qual- 
ity Research  and  Management  and  Future  Di- 
rections. 
W90-05778  5B 


ENVIRONMENTAL  RESEARCH  LAB.- 
DULUTH,  MN. 

Behavioral  Toxicity  Syndromes:  A  Promising 
Tool  for  Assessing  Toxicity  Mechanisms  in  Ju- 
venile Fathead  Minnows. 
W90-06048  5C 

EUROPEAN  RESEARCH  OFFICE,  LONDON 
(ENGLAND). 

Mobility  of  Soil  Contaminants  in  an  Ecosystem 
of  Trees  Growing  on  Dredged  Material-The 
Broekpolder  (Rotterdam,  The  Netherlands). 
W90-05765  5B 

EVALUATION  PROCEDURES  WORK 
GROUP,  SEATTLE,  WA. 

Evaluation  Procedures  Technical  Appendix. 
Phase  I  (Central  Puget  Sound):  Sampling,  Test- 
ing, and  Test  Interpretation  of  Dredged  Material 
Proposed  for  Unconfmed,  Open- Water  Disposal 
in  Central  Puget  Sound. 
W90-06213  5E 

FERRARA  UNIV.  (ITALY).  1ST.  DI 
ZOOLOGIA. 

Abundance  and  Diversity  of  Planktonic  Rotifers 

in  the  Po  River. 

W90-06150  2H 

FINNISH  METEOROLOGICAL  INST., 
HELSINKI. 

Comparison  of  Snow  Gauges  Used  in  Nordic 
Countries:   Contribution  of  Finland   to  WMO 
Solid  Precipitation  Measurement  Intercompari- 
son.  Part  I:  System  Description. 
W90-06214  7B 

FISH  AND  WILDLIFE  SERVICE,  COLUMBIA, 
MO. 

Swimming  Behavior  as  an  Indicator  of  Sublethal 

Toxicity  to  Fish. 

W90-06045  5C 

FLORIDA  INST.  OF  TECH.,  MELBOURNE. 
DEPT.  OF  CHEMICAL  AND 
ENVIRONMENTAL  ENGINEERING. 

Lake  Management  Techniques  in  Florida,  USA: 

Costs  and  Water  Quality  Effects. 

W90-05867  5G 

FLORIDA  UNIV.,  GAINESVILLE.  DEPT.  OF 
CIVIL  ENGINEERING. 

Synthetic  Hydrograph  Based  on  Kuichlings  and 

Mannings  Formulas. 

W90-05638  2E 

Replacing   the  Hydraulic  Radius  in  Mannings 

Formula. 

W90-05681  8B 

FLORIDA  UNIV.,  GAINESVILLE.  DEPT.  OF 
ENVIRONMENTAL  ENGINEERING 
SCIENCES. 

Effect  of  Temperature  and  pH  on  the  Effective 

Maximum  Specific  Growth  Rate  of  Nitrifying 

Bacteria. 

W90-06078  5D 

FLORIDA  UNIV.,  GAINESVILLE.  INST.  OF 
FOOD  AND  AGRICULTURAL  SCIENCES. 

Sorption  of  Selected  Volatile  Organic  Constitu- 
ents of  Jet  Fuels  and  Solvents  on  Natural  Sor- 
bents  from  Gas  and  Solution  Phases. 
W90-05720  5B 

Influence  of  Nitrogen  Supply  Rates  on  Growth 
and  Nutrient  Storage  by  Water  Hyacinth  (Eich- 
hornia  crassipes)  Plants. 
W90-05895  2H 


Mass  Flow  and  Dispersion. 
W90-06166 


5B 


FLORIDA  UNIV.,  GAINESVILLE.  J.  HILLIS 
MILLER  HEALTH  CENTER. 

Biotransformation  and  Disposition  of  PAH  in 

Aquatic  Invertebrates. 

W90-05815  5B 


FRESHWATER  BIOLOGICAL  ASSOCIATION, 
WAREHAM  (ENGLAND).  RIVER  LAB. 

Spectrophotometric  Field  Monitor  for  the  De- 
termination of  Nitrate  in  River  Water:  Statistical 
Analysis  of  the  Results  from  a  Nine-Month  Field 
Trial. 
W90-05936  7B 

GENERAL  MOTORS  RESEARCH  LABS., 
WARREN,  MI.  ENVIRONMENTAL  SCIENCE 
DEPT. 

Characteristic  Time  to  Achieve  Interfacial  Phase 

Equilibrium  in  Cloud  Drops. 

W90-05904  5B 

PAC  Addition  as  a  Means  of  Regenerating  GAC 

in  a  GAC  Fluidized-Bed  Reactor. 

W90-06079  5D 

GENERAL  SCIENCES  CORP.,  LAUREL,  MD. 

Sludge    Incineration    Modeling    (SIM)    System 

User's  Guide. 

W90-06194  5D 

GEOLOGICAL  SURVEY,  ALBANY,  NY. 
WATER  RESOURCES  DIV. 

Assessment  of  Stream  Acidification  in  the  Cats- 
kill  Mountains  of  New  York. 
W90-05734  5B 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06445  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06448  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06451  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  1:  Eastern  New  York  Ex- 
cluding Long  Island. 
W90-06454  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1984.  Volume  2.  Long  Island. 

W90-06455  ?C 

Water  Resources  Data  for  New  York,  Water 
Year  1984.  Volume  3.  Western  New  York. 
W90-06456  7C 

GEOLOGICAL  SURVEY,  ALBUQUERQUE, 
NM.  WATER  RESOURCES  DIV. 

Conversion  and  Comparison  of  the  Mathemati- 
cal, Three-Dimensional,  Finite-Dimensional, 
Ground-Water  Flow  Model  to  the  Modular, 
Three-Dimensional,  Finite-Difference,  Ground- 
Water  flow  Model  for  the  Tesuque  Aquifer 
System  in  Northern  New  Mexico. 
W90-06222  2F 

Hydrogeologic  Characteristics  of  the  Lee  Acres 
Landfill  Area,  San  Juan  County,  New  Mexico. 
W90-06228  2F 

Simulation  of  the  Regional  Geohydrology  of  the 

Tesuque  Aquifer  System. 

W90-06229  2F 

Variable-Density  Ground-Water  Flow  and  Pa- 
leohydrology  in  the  Waste  Isolation  Pilot  Plant 
(WIPP)  Region,  Southeastern  New  Mexico. 
W90-06230  5B 
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Hydrographs  from  Selected  Observation  Wells 
and  Annual  Pumpage  from  Municipal  Supply 
Wells,  1950-86,  Santa  Fe,  New  Mexico. 
W90-O6231  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1986. 

W90-06442  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1987. 

W90-06443  7C 

Water  Resources  Data  for  New  Mexico  Water 

Year  1988. 

W90-06444  7C 

GEOLOGICAL  SURVEY,  ALTAMONTE 
SPRINGS,  FL.  WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  1A.  Northeast  Florida  -  Surface 

Water. 

W90-06325  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  IB.  Northeast  Florida  -  Ground 
Water. 

W90-06326  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  1A.  Northeast  Florida  -  Surface 
Water. 

W90-06332  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06333  7C 

GEOLOGICAL  SURVEY,  ANCHORAGE,  AK. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Alaska,  Water  Year 

1985. 

W90-06272  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1986. 

W90-06273  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1987. 

W90-06274  7C 

Water  Resources  Data  for  Alaska,  Water  Year 

1988. 

W90-06275  7C 

GEOLOGICAL  SURVEY,  AUGUSTA,  ME. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Maine,  Water  Year 

1985. 

W90-06397  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1986. 

W90-06398  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1987. 

W90-06399  7C 

Water  Resources  Data  for  Maine,  Water  Year 

1988. 

W90-O64O0  7C 

GEOLOGICAL  SURVEY,  AUSTIN,  TX. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Texas,  Water  Year 

1984.   Volume   1:  Arkansas  River,   Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and   Adjacent   Coastal 

Basins. 

W90-O6473  7C 


Water  Resources  Data  for  Texas,  Water  Year 
1984.  Volume  2.  San  Jacinto  River,  Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 

W90-06474  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1984.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06475  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.  Volume  2;  San  Jacinto  River,  Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 

W90-06525  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1985.  Volume  3;  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06526  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W90-06527  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1986.    Volume   2:    San   Jacinto   River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06528  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1986.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06529  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  1:  Arkansas  River,  Red  River, 
Sabine  River,  Neches  River,  Trinity  River 
Basins  and  Intervening  and  Adjacent  Coastal 
Basins. 

W9O-O6530  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1987.    Volume   2:    San   Jacinto    River,    Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 
W90-06531  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1987.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,  Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06532  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1988:   Volume   1:   Arkansas  River,   Red   River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and  Adjacent  Coastal 

Basins. 

W90-O6533  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1988.  Volume  2:  San  Jacinto  River,  Brazos 
River,  San  Bernard  River  Basins  and  Interven- 
ing Coastal  Basins. 

W90-06534  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1988.  Volume  3:  Colorado  River,  Lavaca  River, 
Guadalupe  River,   Nueces  River,   Rio  Grande 
Basins  and  Intervening  Coastal  Basins. 
W90-06535  7C 

GEOLOGICAL  SURVEY,  BATON  ROUGE,  LA. 
WATER  RESOURCES  DIV. 

Water    Resources    Data    for    Louisiana,    Water 

Year  1986. 

W90-O6394  7C 


Water    Resources    Data    for    Louisiana,    Water 

Year  1987. 

W90-06395  7C 

Water   Resources   Data   for   Louisiana,    Water 

Year  1988. 

W90-06396  7c 

GEOLOGICAL  SURVEY,  BISMARCK,  ND. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1984. 

W90-06458  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1985. 

W90-06459  7c 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1986. 

W90-06482  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1987. 

W90-06483  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1988. 

W90-06484  7C 

GEOLOGICAL  SURVEY,  BOISE,  ID.  WATER 
RESOURCES  DIV. 

Geohydrology  of  the  Regional  Aquifer  System, 

Western     Snake     River     Plain,     Southwestern 

Idaho. 

W90-06257  2F 

Water  Resources  Data  for  Idaho,  Water  Year 

1985. 

W90-06348  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1986. 

W90-06349  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1987. 

W90-06350  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1988. 

W90-06351  7C 

Water  Resources  Data  for  Idaho,  Water  Year 

1984. 

W90-06379  7C 

GEOLOGICAL  SURVEY,  BOSTON,  MA. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1985. 

W9O-064O4  7C 

Water  Resources  Data  for  Massachusetts  and 

Rhode  Island,  Water  Year  1986. 

W90-06405  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1985. 

W90-06433  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1986. 

W90-06434  7C 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1987. 

W90-06435  7C 
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GEOLOGICAL  SURVEY,  CARSON  CITY,  NV. 
WATER  RESOURCES  DIV. 

Reconstructed  Drought  History,  North-Central 

Great  Basin:  1601-1982. 

W90-05747  2B 

Water-Related  Scientific  Activities  of  the  U.S. 

Geological    Survey    in    Nevada,    Fiscal    Years 

1985-89. 

W90-06226  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1985. 

W90-06430  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1986. 

W90-06431  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1987. 

W90-06432  ?C 

GEOLOGICAL  SURVEY,  CHARLESTON,  WV. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1984. 

W90-06265  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1985. 

W90-06544  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1986. 

W90-06545  ?C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1987. 

W90-06546  7C 

GEOLOGICAL  SURVEY,  CHEYENNE,  WY. 
WATER  RESOURCES  DIV. 

Flood  Boundaries  and  Water-Surface  Profile  for 
the  Computed  100- Year  Flood,  Swift  Creek  at 
Afton,  Wyoming,  1986. 
W90-05743  2E 

Water   Resources   Data   for   Wyoming,   Water 

Year  1984. 

W90-06267  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1985. 

W90-06550  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1986. 

W90-06551  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1987. 

W90-06552  7C 

Water   Resources   Data   for   Wyoming,   Water 

Year  1988. 

W90-06553  7C 

GEOLOGICAL  SURVEY,  COLUMBIA,  SC. 
WATER  RESOURCES  DIV. 

Reconnaissance  Hydrogeologic  Investigation  of 
the  Defense  Waste  Processing  Facility  and  Vi- 
cinity, Savannah  River  Plant,  South  Carolina. 
W90-06245  2F 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1985. 

W90-06515  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1986. 

W90-06516  7C 

Water    Resources    Data    for    South    Carolina, 

Water  Year  1987. 

W90-06517  7C 


GEOLOGICAL  SURVEY,  COLUMBUS,  OH. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume  1.  Ohio  River  Basin. 

W90-06460  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1984.  Volume   2.   St.   Lawrence   River   Basin, 
Statewide  Project  Data. 
W90-06461  7C 

Water  Resources  Data  for  Ohio,  Water  Year 

1985.  Volume  1.  Ohio  River  Basin. 
W90-06462  7C 

Water  Resources  Data  for  Ohio,  Water  Year 
1985.   Volume   2.   St.   Lawrence   River   Basin, 
Statewide  Project  Data. 
W90-06463  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

1 :  Ohio  River  Basin. 

W90-06485  7C 

Water  Resources  Data  for  Ohio,  1986.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06486  7C 

Water  Resources  Data  for  Ohio,  1987.  Volume 

1:  Ohio  River  Basin. 

W90-06487  7C 

Water  Resources  Data  for  Ohio,  1987.  Volume 

2:  St.  Lawrence  River  Basin. 

W90-06488  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 

1 :  Ohio  River  Basin. 

W90-06489  7C 

Water  Resources  Data  for  Ohio,  1988.  Volume 
2:    St.    Lawrence   River   Basin   and   Statewide 
Project  Data. 
W90-06490  7C 

GEOLOGICAL  SURVEY,  DENVER,  CO. 

Hydraulics  Research  in  Mountain  Rivers. 
W90-05686  8B 


Ground-Water  Hydrology. 
W90-05733 


2F 


GEOLOGICAL  SURVEY,  DENVER,  CO. 
WATER  RESOURCES  DIV. 

Ground-Water  Hydrology. 

W90-06161  2F 

Reconnaissance  of  Water  Quality  of  Pueblo  Res- 
ervoir,    Colorado-May     Through     December 
1985. 
W90-06232  2H 

Suspended     Sediment     and     Sediment-Source 
Areas  in  the  Fountain  Creek  Drainage  Basin 
Upstream  from  Widefield,  Southeastern  Colora- 
do. 
W90-06233  2J 

GEOLOGICAL  SURVEY,  DORAVUXE,  GA. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Georgia,  Water  Year 

1985. 

W90-06339  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1986. 

W90-06340  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1987. 

W90-06341  7C 

Water  Resources  Data  for  Georgia,  Water  Year 

1988. 

W90-06342  7C 


Water  Resources  Data  for  Georgia,  Water  Year 

1984. 

W90-06375  7C 

GEOLOGICAL  SURVEY,  HARRISBURG,  PA. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  1:  Delaware  River  Basin. 
W90-06468  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06469  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1984.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06499  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  1:  Delaware  River  Basin. 
W90-065O0  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06501  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1985.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06502  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  1:  Delaware  River  Basin. 
W90-06503  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06504  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1986.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06505  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  1:  Delaware  River  Basin. 
W90-06506  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1987.  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06507  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  1:  Delaware  River  Basin. 
W90-06508  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  2:  Susquehanna  and  Poto- 
mac River  Basins. 
W90-06509  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1988.  Volume  3:  Ohio  River  and  St.  Law- 
rence River  Basins. 
W90-06510  7C 

GEOLOGICAL  SURVEY,  HARTFORD,  CT. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Connecticut,  Water 

Year  1985. 

W90-06309  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1986. 

W90-06310  7C 
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Water  Resources  Data  for  Connecticut,  Water 

Year  1987. 

W90-06311  7C 

Water  Resources  Data  for  Connecticut,  Water 

Year  1988. 

W90-06312  7C 

GEOLOGICAL  SURVEY,  HELENA,  MT. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Montana,  Water  Year 
1986.  Volume  1.  Hudson  Bay  and  Missouri 
River  Basins. 

W90-06421  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1986.  Volume  2.  Columbia  River  Basin. 
W90-06422  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1987.  Volume  1.  Hudson  Bay  and  Missouri 
River  Basins. 

W90-06423  7C 

Water  Resources  Data  for  Montana,  Water  Year 
1987.  Volume  2.  Columbia  River  Basin. 
W90-06424  7C 

Water  Resources  Data  for  Montana,  Water  Year 

1988. 

W90-06425  7C 

GEOLOGICAL  SURVEY,  HONOLULU,  HI. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1985.  Volume  2. 
W90-06343  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,    Water   Year    1986.   Volume    1, 

Hawaii. 

W90-06344  7C 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1986.  Volume  2. 
W90-06345  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,    Water   Year    1987.   Volume    1, 

Hawaii. 

W90-06346  7C 

Water  Resources  Data  for  Hawaii  and  other 
Pacific  Areas,  Water  Year  1987.  Volume  2. 
W90-06347  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,    Water   Year    1984.    Volume    1, 

Hawaii. 

W90-06376  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,   Water   Year    1984.    Volume   2. 

Guam,    Northern    Mariana    Islands,    Federated 

States    of    Micronesia,    Palau,    and    American 

Samoa. 

W90-06377  7C 

Water  Resources  Data  for  Hawaii  and  Other 

Pacific   Areas,    Water   Year    1985.    Volume    1: 

Hawaii. 

W90-06378  7C 

GEOLOGICAL  SURVEY,  HOUSTON,  TX. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Texas,  Water  Year 

1985.   Volume   1;   Arkansas  River,   Red   River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and  Adjacent  Coastal 

Basins. 

W90-06524  7C 

GEOLOGICAL  SURVEY,  HURON,  SD. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  Collected  During  Water 
Year  1988  at  Selected  James  River  Basin  Sites  in 
North  Dakota  and  South  Dakota. 
W90-06256  7C 


Water  Resources  Data  for  South  Dakota,  Water 

Year  1984. 

W90-06470  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1985. 

W90-06471  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1986. 

W90-06518  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1987. 

W90-06519  7C 

Water  Resources  Data  for  South  Dakota,  Water 

Year  1988. 

W90-06520  7C 

GEOLOGICAL  SURVEY,  INDIANAPOLIS,  IN. 
WATER  RESOURCES  DIV. 

Geohydrology,    Simulation    of    Ground-Water 
Flow,  and  Ground-Water  Quality  at  Two  Land- 
fills, Marion  County,  Indiana. 
W90-06223  2F 

Streamflow   and   Stream  Quality  in   the  Coal- 
Mining  Region,  Patoka  River  Basin,  Southwest- 
ern Indiana,  1983-85. 
W90-06227  5B 

Water  Resources  Data  for  Indiana,  Water  Year 

1985. 

W90-06358  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1986. 

W90-06359  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1987. 

W90-06360  7C 

Water  Resources  Data  for  Indiana,  Water  Year 

1988. 

W90-06361  7C 

Water  Resources  Data  for  Indiana.  Water  Year 

1984. 

W90-06384  7C 

GEOLOGICAL  SURVEY,  IOWA  CITY,  IA. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Iowa,  Water  Year 

1986. 

W90-06362  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1987. 

W90-06363  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1988. 

W90-06364  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1984. 

W90-06385  7C 

Water  Resources  Data  for  Iowa,  Water  Year 

1985. 

W90-06554  7C 

GEOLOGICAL  SURVEY,  ITHACA,  NY. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  New  York,  Water 
Year  1985.  Volume  3:  Western  New  York. 
W90-06447  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1986.  Volume  3:  Western  New  York. 
W90-06450  7C 

Water  Resources  Data  for  New  York,  Water 
Year  1987.  Volume  3:  Western  New  York. 
W90-06453  7C 


GEOLOGICAL  SURVEY,  JACKSON,  MS. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Mississippi,   Water 

Year  1985. 

W90-06414  7C 

Water   Resources   Data   for   Mississippi,   Water 

Year  1986. 

W90-06415  7C 

Water   Resources  Data  for  Mississippi,   Water 

Year  1987. 

W90-06416  7C 

Water  Resources  Data  for  Mississippi,   Water 

Year  1988. 

W90-O6417  7C 

GEOLOGICAL  SURVEY,  LAKEWOOD,  CO. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06304  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1986.  Volume  2.  Colorado  River  Basin. 
W90-06305  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06306  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1987.  Volume  2.  Colorado  River  Basin. 
W9O-O6307  7C 

Water  Resources  Data  for  Colorado,  Water 
Year  1988.  Volume  1.  Missouri  River  Basin, 
Arkansas  River  Basin,  and  Rio  Grande  Basin. 
W90-06308  7C 

GEOLOGICAL  SURVEY,  LANSING,  Ml. 
WATER  RESOURCES  DIV. 

Water    Resources   Data   for   Michigan,    Water 

Year  1986. 

W90-06406  7C 

Water   Resources    Data   for    Michigan,    Water 

Year  1987. 

W90-06407  7C 

Water    Resources    Data    for   Michigan,    Water 

Year  1988. 

W90-06408  7C 

GEOLOGICAL  SURVEY,  LAWRENCE,  KS. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Kansas,  Water  Year 

1984. 

W90-06386  7C 

Water  Resources  Data  for  Kansas  Water  Year 

1985. 

W90-06387  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1986. 

W90-06389  7C 

Water  Resources  Data  for  Kansas,  Water  Year 

1988. 

W90-06390  7C 

GEOLOGICAL  SURVEY,  LINCOLN,  NE. 
WATER  RESOURCES  DIV. 

Water    Resources    Data    for    Nebraska,    Water 

Year  1985. 

W90-O6426  7C 
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Water   Resources   Data   for   Nebraska,   Water 

Year  1986. 

W90-06427  7C 

Water   Resources   Data   for   Nebraska,    Water 

Year  1987. 

W90-06428  7C 

Water   Resources   Data   for   Nebraska,    Water 

Year  1988. 

W90-06429  7C 

GEOLOGICAL  SURVEY,  LITTLE  ROCK,  AR. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Arkansas,  Water  Year 

1986. 

W90-06280  /<- 

Water  Resources  Data  for  Arkansas,  Water  Year 
W90-06281  "- 

Water  Resources  Data  for  Arkansas,  Water  Year 

1988. 

W90-06282  '*- 

GEOLOGICAL  SURVEY,  LOUISVILLE,  KY. 
WATER  RESOURCES  DIV. 

Water   Resources   Data   for   Kentucky,   Water 

Year  1984. 

W90-06388  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1986. 

W90-06391  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1987. 

W90-06392  7C 

Water   Resources   Data   for   Kentucky,   Water 

Year  1988. 

W90-06393  7C 

GEOLOGICAL  SURVEY,  MADISON,  WI. 
WATER  RESOURCES  DIV. 

Water  Resources  of  Vilas  County,  Wisconsin. 
W90-06224  2F 

Hydrogeology  of  Wood  County,  Wisconsin. 
W90-06225     '  2F 

Water  Resources  Data   for  Wisconsin,   Water 

Year  1984. 

W90-06266  7C 

Water  Resources  Data  for   Wisconsin,   Water 

Year  1986. 

W90-06547  7C 

Water   Resources   Data  for  Wisconsin,   Water 

Year  1987. 

W90-06548  7C 

Water   Resources  Data  for  Wisconsin,   Water 

Year  1988. 

W90-06549  7C 

GEOLOGICAL  SURVEY,  MENLO  PARK,  CA. 

Power  Law  of  Flow  Resistance  in  Open  Chan- 
nels, Manning's  Formula  Revisited. 
W90-05708  8B 

GEOLOGICAL  SURVEY,  MENLO  PARK,  CA. 
WATER  RESOURCES  DIV. 

Physical  and  Chemical  Properties  of  San  Fran- 
cisco Bay,  California,  1980. 
W90-06255  2L 

GEOLOGICAL  SURVEY,  MIAMI,  FL.  WATER 
RESOURCES  DIV. 

Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2A.    South    Florida    -    Surface 

Water. 

W90-06313  7C 


Water  Resources  Data  for  Florida,  Water  Year 

1982.    Volume    2B.    South    Florida    -    Ground 

Water. 

W90-06314  "- 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume    2B.    South    Florida    -    Ground 
Water. 
W90-06315  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2A.    South    Florida    -    Surface 
Water. 
W90-06316  7t- 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume    2B.    South    Florida    -   Ground 
Water. 
W90-06317  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume    2 A.    South   Florida    -    Surface 
Water. 
W90-06320  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume    2B.    South    Florida   -    Ground 
Water. 
W90-06321  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume    2A.    South   Florida   -    Surface 
Water. 
W90-06327  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume    2B.    South    Florida   -    Ground 
Water. 
W90-06328  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume    2 A.    South    Florida    -    Surface 
Water. 
W90-06334  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.    Volume    2B.    South   Florida    -   Ground 

Water. 

W90-06335  7C 

GEOLOGICAL  SURVEY,  NASHVILLE,  TN. 
WATER  RESOURCES  DIV. 

Water   Resources  Data   for   Tennessee,   Water 

Year  1984. 

W90-06472  7C 

Water  Resources   Data  for  Tennessee,   Water 

Year  1986. 

W90-06521  7C 

Water  Resources  Data   for  Tennessee,   Water 

Year  1987. 

W90-06522  7C 

Water   Resources  Data   for  Tennessee,   Water 

Year  1988. 

W90-06523  7C 

GEOLOGICAL  SURVEY  OF  ALABAMA, 
UNIVERSITY.  DIV.  OF  WATER  RESOURCES. 

Water  Resources  Data  for  Alabama,  Water  Year 

1985. 

W90-06268  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1986. 

W90-06269  7C 


GEOLOGICAL  SURVEY,  OKLAHOMA  CITY, 
OK.  WATER  RESOURCES  DIV. 

Computerized  Data-Base  System  for  Land-Use 
and   Land-Cover   Data   Collected   at   Ground- 
Water    Sampling    Sites   in   the    Pilot   National 
Water  Quality  Assessment  Program. 
W90-06234  7C 

Water  Resources  Data  for  Oklahoma,   Water 

Year  1983. 

W90-06464  7C 

Water  Resources   Data  for  Oklahoma,   Water 

Year  1984. 

W90-06465  7C 

Water   Resources  Data  for  Oklahoma,   Water 

Year  1985. 

W90-06491  7C 

Water   Resources  Data   for  Oklahoma,   Water 

Year  1986. 

W90-06492  7C 

GEOLOGICAL  SURVEY,  ORLANDO,  FL. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  1A.  Northeast  Florida  -  Surface 

Water. 

W90-06318  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume  IB.  Northeast  Florida  -  Ground 

Water. 

W90-06319  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1984  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06365  7C 

GEOLOGICAL  SURVEY,  PORTLAND,  OR. 
WATER  RESOURCES  DIV. 

Distribution    and    Variability    of    Precipitation 
Chemistry  in  the  Conterminous  United  States, 
January  Through  December  1983. 
W90-06239  2K 

Lithology,  Thickness,  and  Extent  of  Hydrogeo- 

logic  Units  Underlying  the  East  Portland  Area, 

Oregon. 

W90-06248  2F 

Water  Resources  Data  for  Oregon  Water,  Year 

1988,  Volume  2.  Western  Oregon. 

W90-06250  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  1.  Eastern  Oregon. 

W90-06466  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1984.  Volume  2:  Western  Oregon. 

W90-06467  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  1:  Eastern  Oregon. 

W90-06493  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1982.  Volume  2:  Western  Oregon. 

W90-06494  7C 


Water  Resources  Data  for  Alabama,  Water  Year 

1987. 

W90-06270  7C 

Water  Resources  Data  for  Alabama,  Water  Year 

1988. 

W90-06271  7C 


Water  Resources  Data  for  Oregon,  Water  Year 

1985.  Volume  1:  Eastern  Oregon. 

W90-06495  7C 

Water  Resources  Data  for  Oregon,  Water  Year 

1985.  Volume  2:  Western  Oregon. 

W90-06496  7C 
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Water  Resources  Data  for  Oregon,  Water  Year 

1986.  Volume  1:  Eastern  Oregon. 

W90-06497  7C 

Water  Resources  Data  for  Oregon  Water  Year 

1986,  Volume  2.  Western  Oregon. 

W90-06498  7C 

GEOLOGICAL  SURVEY,  RALEIGH,  NC. 
WATER  RESOURCES  DIV. 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1985. 

W90-06457  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1986. 

W90-06479  7C 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1987. 

W90-06480  7c 

Water    Resources    Data    for    North    Carolina, 

Water  Year  1988. 

W90-06481  7C 

GEOLOGICAL  SURVEY,  RESTON,  VA. 
WATER  RESOURCES  DIV. 

Frictional    Resistance   Treatment    in    Unsteady 

Open-Channel  Flow  Simulation. 

W90-05695  8B 

National  Research  Program  of  the  Water  Re- 
sources Division,  U.S.  Geological  Survey,  Fiscal 
Year  1988. 
W90-05744  9D 


Palygorskite-Sepiolite. 
W90-05748 


2K 


Streamflow,  Specific-Conductance,  and  Temper- 
ature Data  for  Bayou  and  Little  Bayou  Creeks 
Near  Paducah,   Kentucky,  August   15  and   16 
1989. 
W90-06247  2E 

GEOLOGICAL  SURVEY,  RICHMOND,  VA. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Virginia  Water  Year 

1985. 

W90-06261  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1984. 

W90-06478  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1986. 

W90-06539  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1987. 

W90-06540  7C 

Water  Resources  Data  for  Virginia,  Water  Year 

1988. 

W90-06541  7C 

GEOLOGICAL  SURVEY,  ROLLA,  MO. 
WATER  RESOURCES  DIV. 

Water-Resources  Activities  of  the  U.S.  Geologi- 
cal Survey  in  Missouri,  Fiscal  Year  1989 
W90-06244  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1986. 

W90-06418  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1987. 

W90-06419  7C 

Water  Resources  Data  for  Missouri,  Water  Year 

1988. 

W9O-06420  7C 


GEOLOGICAL  SURVEY,  SACRAMENTO,  CA. 
WATER  RESOURCES  DIV. 

Water  Quality  of  the  Lexington  Reservoir,  Santa 

Clara  County,  California,  1978-80. 

W90-06221  2H 

Water   Resources    Data   for   California,    Water 
Year  1984.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06283  7C 

Water  Resources  Data  for  California,  Water 
Year  1985.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06284  7C 

Water   Resources   Data   for   California,    Water 
Year  1985.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06285     '  7C 

Water   Resources   Data   for   California,    Water 
Year  1985.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06286  7C 

Water   Resources   Data   for   California,    Water 
Year    1985.    Volume    4.    Northern    California 
Valley  Basins  and  The  Great  Basin  from  Honey 
Lake  Basin  to  Oregon  State  Line. 
W90-06287  7C 

Water   Resources   Data   for   California,   Water 

Year  1985.  Volume  5.  Ground-water  Data  for 

California. 

W90-06288  7C 

Water  Resources  Data  for  California,  Water 
Year  1986.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06289  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  except 
Central  Valley. 
W90-06290     '  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06291  7C 

Water   Resources   Data   for   California,   Water 
Year  1986.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06292  7C 

Water   Resources   Data   for   California,    Water 

Year  1986.  Volume  5.  Ground-water  Data  for 

California. 

W90-06293  7c 

Water  Resources  Data  for  California,  Water 
Year  1987.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06294  7c 

Water   Resources   Data    for   California,    Water 
Year  1987.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-O6295     '  7c 


Water    Resources    Data    for   California,    Water 
Year  1987.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06296  7C 

Water    Resources    Data    for   California,    Water 
Year  1987.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06297  7C 

Water   Resources   Data   for   California,    Water 

Year  1987.  Volume  5.  Ground-water  Data  for 

California. 

W90-06298  7C 

Water  Resources  Data  for  California,  Water 
Year  1988.  Volume  1.  Southern  Great  Basin 
from  Mexican  Border  to  Mono  Lake  Basin,  and 
Pacific  Slope  Basins  from  Tijuana  River  to  Santa 
Maria  River. 
W90-06299  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  2.  Pacific  Slope  Basins  from 
Arroyo  Grande  to  Oregon  State  Line  Except 
Central  Valley. 
W90-06300  7C 

Water   Resources   Data   for   California,    Water 
Year  1988.  Volume  3.  Southern  Central  Valley 
Basins  and  The  Great  Basin  from  Walker  River 
to  Truckee  River. 
W90-06301  7C 

Water   Resources   Data   for   California,   Water 
Year  1988.  Volume  4.  Northern  Central  Valley 
Basins  and  The  Great  Basin  from  Honey  Lake 
Basin  to  Oregon  State  Line. 
W90-06302  7C 

Water   Resources   Data   for  California,    Water 

Year  1988.  Volume  5.  Ground-Water  Data  for 

California. 

W90-06303  7C 

GEOLOGICAL  SURVEY,  SALT  LAKE  CITY, 
UT.  WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Utah,  Water  Year 

1984. 

W90-06476  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1985. 

W90-06477  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1986. 

W90-06536  7C 

Water  Resources  Data  for  Utah,  Water  Year 

1987. 

W90-06537  7c 

Water  Resources  Data  for  Utah,  Water  Year 

1988. 

W90-06538  7C 

GEOLOGICAL  SURVEY,  SAN  JUAN,  PR. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1985. 
W90-06511  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1986. 
W90-O6512  7C 

Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1987. 
W9O-06513  7C 
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Water  Resources  Data  for  Puerto  Rico  and  the 
U.S.  Virgin  Islands,  Water  Year  1988. 
W90-06514  7C 

GEOLOGICAL  SURVEY,  ST.  PAUL,  MN. 
WATER  RESOURCES  DIV. 

Flow  of  Ground  Water  through  Fractured  Car- 
bonate Rocks  in  the  Prairie  du  Chien-Jordan 
Aquifer,  Southeastern  Minnesota. 
W90-05738  5B 

Water   Resources   Data  for   Minnesota,   Water 
Year  1984.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06409  7C 

Water  Resources  Data  for  Minnesota,   Water 
Year  1985.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06410  7C 

Water  Resources  Data  for  Minnesota,   Water 
Year   1985.  Volume  2.   Upper  Mississippi  and 
Missouri  River  Basin. 
W90-06411  7C 

Water   Resources  Data  for  Minnesota,   Water 
Year  1986.  Volume  1.  Great  Lakes  and  Souris- 
Red-Rainy  River  Basins. 
W90-06412  7C 

Water  Resources  Data  for  Minnesota,   Water 
Year   1986.   Volume  2.  Upper  Mississippi  and 
Missouri  River  Basin. 
W90-06413  7C 

GEOLOGICAL  SURVEY,  SYOSSET,  NY. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  New  York,  Water 

Year  1985,  Volume  2.  Long  Island. 

W90-06446  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1986.  Volume  2:  Long  Island. 

W90-06449  7C 

Water  Resources  Data  for  New  York,  Water 

Year  1987.  Volume  2:  Long  Island. 

W90-06452  7C 

GEOLOGICAL  SURVEY,  TACOMA,  WA. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Washington,  Water 
Year  1982.  Volume  1.  Western  Washington. 
W90-06262  7C 

Water  Resources  Data  for  Washington,  Water 
Year  1982.  Volume  2.  Eastern  Washington. 
W90-06263  7C 

Water  Resources  Data  for  Washington  Water 

Year  1983. 

W90-06264  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1984. 

W90-06542  7C 

Water  Resources  Data  for  Washington,  Water 

Year  1986. 

W90-06543  7C 

GEOLOGICAL  SURVEY,  TALLAHASSEE,  FL. 
WATER  RESOURCES  DIV. 

Computer  Program  for  Converting  Rectangular 
Coordinates  to  Latitude-Longitude  Coordinates. 
W90-06246  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1986.   Volume   3B.   Southwest  Florida-Ground 

Water. 

W90-06323  7C 

Water  Resources  Data  for  Florida,  Water  Year 
1986.  Volume  4.  Northwest  Florida. 
W90-06324  7C 


Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  4.  Northwest  Florida. 
W90-06331  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  4.  Northwest  Florida. 
W90-06338  7C 

Water    Resources   Data   Florida,    Water    Year 

1984,    Volume    2A:    South    Florida   -    Surface 

Water. 

W90-06366  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984,  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06367  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1984.  Volume  3B:  Southwest  Florida  -  Surface 

Water. 

W90-06368  7C 

Water   Resources   Data,   Florida,   Water   Year 

1984,  Volume  4.  Northwest  Florida. 
W90-06369  ?C 

Water  Resources  Data  -  Florida,  Water  Year 

1985,  Volume    1A:   Northeast   Florida-Surface 
Water. 
W90-06370  7C 

Water  Resources  Data  -  Florida,  Water  Year 
1985,  Volume  IB:  Northeast  Florida  -  Ground- 
water. 
W90-06371  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1985.  Volume  3A:  Southwest  Florida  -  Surface 

Water. 

W90-06372  7C 

Water  Resources  Data  for  Florida  Water  Year 

1985.   Volume  3B:   Southwest  Florida-Ground 

Water. 

W90-06373  7C 

Water   Resources   Data,   Florida,   Water   Year 

1985  Volume  4:  Northwest  Florida. 

W90-06374  7C 

GEOLOGICAL  SURVEY,  TAMPA,  FL. 

Hydraulic  and   Salinity   Characteristics  of  the 

Tidal  Reach  of  the  Peace  River,  Southwestern 

Florida. 

W90-06258  2L 

Trend  Analysis  of  Lake  Parker  Stage  and  Rela- 
tion to  Various  Hydrologic  Factors,    1950-86, 
Lakeland,  Florida. 
W90-06259  2H 

GEOLOGICAL  SURVEY,  TAMPA,  FL.  WATER 
RESOURCES  DIV. 

Salinity  and  Flow  Relations  and  Effects  of  Re- 
duced Flow  in  the  Chassahowitzka  River  and 
Homosassa  River  Estuaries,  Southwest  Florida. 
W90-06249  2L 

Water  Resources  Data  for  Florida,  Water  Year 

1986.  Volume   3A.   Southwest   Florida-Surface 
Water. 
W90-06322  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume   3A.   Southwest  Florida-Surface 
Water. 
W90-06329  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1987.  Volume  3B.   Southwest  Florida-Ground 
Water. 
W90-06330  7C 

Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3A.  Southwest  Florida  -  Surface 
Water. 
W90-06336  7C 


Water  Resources  Data  for  Florida,  Water  Year 

1988.  Volume  3B.  Southwest  Florida  -  Ground 

Water. 

W90-06337  7C 

GEOLOGICAL  SURVEY,  TOWSON,  MD. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1986. 
W90-06401  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1987. 
W90-06402  7C 

Water  Resources  Data  for  Maryland  and  Dela- 
ware, Water  Year  1988. 
W90-06403  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1986.  Volume   1.   Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06436  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1986.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06437  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1987.  Volume   1:  Atlantic   Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06438  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1987.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06439  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year   1988,  Volume   1.   Atlantic  Slope  Basins, 
Hudson  River  to  Cape  May. 
W90-06440  7C 

Water  Resources  Data  for  New  Jersey,  Water 
Year  1988.  Volume  2:  Delaware  River  Basin  and 
Tributaries  to  Delaware  Bay. 
W90-06441  7C 

GEOLOGICAL  SURVEY,  TUCSON,  AZ. 

Water  Resources  Data  for  Arizona,  Water  Year 

1984. 

W90-06276  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1985. 

W90-06277  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1986. 

W90-06278  7C 

Water  Resources  Data  for  Arizona,  Water  Year 

1987. 

W90-06279  7C 

GEOLOGICAL  SURVEY,  URBANA,  IL. 
WATER  RESOURCES  DIV. 

Hydrogeology  and  Results  of  Aquifer  Tests  in 
the  Vicinity  of  a  Hazardous- Waste  Disposal  Site 
Near  Byron,  Illinois. 
W90-06220  2F 

Water  Resources  Data  for  Illinois,  Water  Year 

1986.  Volume  1.  Illinois  Except  Illinois  River 

Basin. 

W90-06352  7C 

Water  Resources  Data  for  Illinois,  Water  Year 
1986  Volume  2.  Illinois  River  Basin. 
W90-06353  7C 
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Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume    1.   Illinois  Except   Illinois  River 

Basin. 

W90-06354  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1987  Volume  2.  Illinois  River  Basin. 
W90-06355  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1988  Volume   1.   Illinois  Except  Illinois  River 
Basin. 

W90-06356  7C 

Water  Resources  Data  for  Illinois,  Water  Year 
1988  Volume  2.  Illinois  River  Basin. 
W90-06357  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume    1.   Illinois  Except   Illinois  River 

Basin. 

W90-06380  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1984  Volume  2.   Illinois  Except   Illinois  River 
Basin. 

W90-06381  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985.  Volume   1:  Illinois  Except  Illinois  River 

Basin. 

W90-06382  7C 

Water  Resources  Data  for  Illinois,  Water  Year 

1985  Volume  2.  Illinois  River  Basin. 
W90-06383  7C 

GEORGE  WASHINGTON  UNIV., 
WASHINGTON,  DC.  DEPT.  OF  GEOLOGY. 

Comparison  of  Suspensate  and  Bottom  Stream 

Sediment  Geochemistry  at  a  Pb  Occurrence  in 

the  Shenandoah  Valley  ZN  District,  Northwest 

Virginia. 

W90-05856  2K 

GEORGIA  COASTAL  PLAIN  EXPERIMENT 
STATION,  TIFTON. 

Herbicides  in  Surface  Waters. 

W90-06167  5B 

GEORGIA  INST.  OF  TECH.,  ATLANTA. 
SCHOOL  OF  CIVIL  ENGINEERING. 

Compound  Channel  Froude  Number  for  Man- 
ning's n  Variable  with  Depth. 
W90-05677  8B 

GEORGIA  UNTV.,  SAPELO  ISLAND.  MARINE 
INST. 

Interaction  of  Estuarine  Organic  Matter  with 

Copper  and  Benzo(a)pyrene. 

W90-05965  5B 

GESAMTHOCHSCHULE  ESSEN  (GERMANY, 
F.R.).  INST.  FUER  OEKOLOGIE. 

Urban  Streams  as  a  Place  to  Live  (Stadtbache 

als  Lebensraum). 

W90-06021  4C 

GHENT  RIJKSUNTVERSITEIT  (BELGIUM). 
LAB.  VOOR  ECOLOGIE  DER  DIEREN, 
ZOOGEOGRAFIE  AND  NATUURBEHOUD. 

Community  Structure  and  Coexistence  of  the 
Rotifers  of  an  Artificial  Crater  Lake. 
W90-06148  2H 

GHENT  RIJKSUNIVERSrrEIT  (BELGIUM). 
ZOOLOGY  INST. 

Effect  of  Temperature  and  Food  on  Hexavalent 
Chromium  Toxicity  to  the  Marine  Nematode 
Monhystera  disjuncta. 
W90-06019  5C 

GOETHEGASSE  4,  A-2380 
PERCHTOLDSDORF,  AUSTRIA. 

Rotifer  Distribution  in  Relation  to  Temperature 

and  Oxygen  Content. 

W90-06151  2H 


GOETTINGEN  UNIV.  (GERMANY,  F.R.).  ABT. 
BODENKUNDE  UND  WALDERNAHRUNG. 

Rates  of  Acid  Deposition  and  Their  Interaction 
with   Forest  Canopy  and   Soil  in  Two  Beech 
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NIIGATA  UNTV.  (JAPAN).  DEPT.  OF  CTVIL 
ENGINEERING. 

Multi-Tank  Matrix  Method  for  Runoff. 
W90-05645  2E 

NORSK  INST.  FOR  VANNFORSKNING, 
OSLO. 

Ecotoxicological  Characterization  of  Industrial 
Wastewater:  Sulfite  Pulp  Mill  with  Bleaching. 
W90-05945  5C 

Rain  Project:  Role  of  Organic  Acids  in  Moder- 
ating pH  Change  Following  Reduction  in  Acid 
Deposition. 
W90-05997  5B 

NORTH-EASTERN  HILL  UNTV.,  SHILLONG 
(INDIA).  DEPT.  OF  BOTANY. 

Comparative  Studies  on  the  Toxicity  of  Petrole- 
um Oils  and  Their  Aqueous  Extracts  Towards 
Anabaena  doliolum. 
W90-06157  5C 

NORTH  TEXAS  STATE  UNIV.,  DENTON. 
DEPT.  OF  BIOLOGICAL  SCIENCES. 

Use  of  Selenastrum  carpicornutum  and  Micro- 
feast  as  Food  for  Daphnia  pulex. 
W90-06037  7B 


OFFICE  OF  THE  SOLICITOR  (INTERIOR), 
DENVER,  CO.  ROCKY  MOUNTAIN  REGION. 

Evolution  of  ESA   Consultations  on  Western 

Water  Projects. 

W90-05891  6E 

OHIO  STATE  ENVIRONMENTAL 
PROTECTION  AGENCY,  COLUMBUS. 

Heavy  Metal  Concentrations  in  Ohio  River 
Sediments-Longitudinal  and  Temporal  Patterns. 
W90-06104  5B 

OHIO  STATE  UNIV.,  COLUMBUS.  SCHOOL 
OF  NATURAL  RESOURCES. 

Resource  Development  and  Conservation  Histo- 
ry Along  the  Ohio  River. 
W90-06101  6G 

Water  Quality  Trends  of  the  Upper  Ohio  River 

from  1977  to  1987. 

W90-06102  5B 

OLD  DOMINION  UNIV.,  NORFOLK,  VA. 
DEPT.  OF  CTVIL  ENGINEERING. 

Pavement    Drainage    Design    Using    Yen    and 

Chow  Rainfall. 

W90-05653  2E 

OREGON  STATE  UNIV.,  CORVALLIS.  DEPT. 
OF  BIOCHEMISTRY  AND  BIOPHYSICS. 

Enzymes  Involved  in  Metabolism  of  PAH  by 
Fishes  and  Other  Aquatic  Animals:  Hydrolysis 
and   Conjugation   Enzymes   (or   Phase   II   En- 
zymes). 
W90-05818  5B 

OREGON  STATE  UNIV.,  CORVALLIS.  DEPT. 
OF  FOOD  SCIENCE  AND  TECHNOLOGY. 

Factors  Influencing  Experimental  Carcinogene- 
sis in  Laboratory  Fish  Models. 
W90-05820  5C 

OREGON  STATE  UNTV.,  CORVALLIS. 
TOXICOLOGY  PROGRAM. 

Enzymes  Involved  in  Metabolism  of  PAH  by 
Fishes  and  Other  Aquatic  Animals:  Oxidative 
Enzymes  (or  Phase  I  Enzymes). 
W90-05817  5B 

OSLO  UNIV.  (NORWAY).  DEPT.  OF 
GEOLOGY. 

Sedimentology  and  Petroleum  Geology. 
W90-06187  2J 


OTAGO  UNIV.,  DUNEDIN  (NEW  ZEALAND). 
DEPT.  OF  GEOGRAPHY. 

Decision    Making    for    Multiple    Utilization    of 

Water  Resources  in  New  Zealand. 

W90-05862  6A 

OTTAWA  UNIV.  (ONTARIO).  DEPT.  OF 
BIOLOGY. 

Ombrotrophic  Bog  as  a  Methane  Reservoir. 
W90-05950  2H 

PADUA  UNIV.  (ITALY).  DIPT.  DI  METODI  E 
MODELLI  MATEMATICI  PER  LE  SCIENZE 
APPLICATE. 

3-D    Finite    Element    Transport    Models    by 
Upwind  Preconditioned  Conjugate  Gradients. 
W90-05882  5B 

Simulation   of  Regional    Subsurface   Flow   by 

Finite  Element  Models. 

W90-05883  2F 

PAHLAVI  UNTV.,  SHIRAZ  (IRAN).  DEPT.  OF 
IRRIGATION. 

Manning's  n  in  Gravel  Bed  Rivers. 

W90-05689  8B 

PAUL  SCHERRER  INST.,  WUERENLINGEN 
(SWITZERLAND). 

Cyclic    Metal    Migration    in    a    Groundwater 

Stream. 

W90-05767  5B 

PENNSYLVANIA  STATE  UNTV.,  UNIVERSITY 
PARK.  DEPT.  OF  CTVIL  ENGINEERING. 

Sensitivity  of  Storm  Runoff  Hydrographs  to  Hy- 

teograph  Shape. 

W90-05622  2E 

Artificial  Rainfall  for  Pavement  Runoff  Studies. 
W90-05656  2E 

Resistance   to   Rainfall-Runoff  on   a   Textured 

Surface. 

W90-05657  2E 

PEOPLE'S  FRIENDSHD?  UNIV.,  MOSCOW 

(USSR). 

Sand-Bed  Channel  Hydraulic  Resistance  Estima- 
tion. 
W90-05668  8B 

PITTSBURGH  UNTV.,  PA.  DEPT.  OF  CD7IL 
ENGINEERING. 

Manning's  Equation  and  Velocity  Distribution 

in  Open  Channels. 

W90-05660  8B 

POLISH  ACADEMY  OF  SCIENCES,  GDANSK. 
INST.  BUDOWNICTWA  WODNEGO. 

Effect  of  Industrial  Waters  of  Fly-Ash  Storage 
from  a  Storage  Yard  of  Grate  Wastes  on  Orga- 
nisms in  Waters  of  the  Gdansk  Coastal  Region 
(Northern  Poland). 
W90-06138  5C 

POLISH  ACADEMY  OF  SCIENCES, 
KRAKOW.  ZAKLAD  BIOLOGII  WOD. 

Environmental  Characteristics  of  Affluents  of 
the  Dobczyce  Reservoir  (Southern  Poland)  in 
the    Preimpoundment    Period    (1983-1985):    1. 
Some  Physico-chemical  Indices. 
W90-06135  5B 

Environmental   Characteristics  of  Affluents   of 

the  Dobczyce  Reservoir  (Southern  Poland)  in 

the  Preimpoundment  Period  (1983-1985):  2.  Peri- 

phyton. 

W90-06136  2H 
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Environmental   Characteristics  of  Affluents  of 

the  Dobczyce  Reservoir  (Southern  Poland)  in 

the    Preimpoundment     Period    (1983-1985):    3. 

Ichthyofauna. 

W90-06137  2H 

POLISH  ACADEMY  OF  SCIENCES, 
MIKOLAJKI.  INST.  OF  ECOLOGY. 

Is  Food  Availability  the  Main  Factor  Control- 
ling the  Abundance  of  Euchlanis  dilatata  luck- 
siana  Hauer  in  a  Shallow,  Hypertrophic  Lake. 
W90-06142  2H 

POLISH  ACADEMY  OF  SCIENCES, 
WARSAW.  INST.  OF  GEOPHYSICS. 

Direct  Applicability  of  the  Chezy  Formula  to 

Natural  Channels. 

W90-05661  8B 

General    Approach    to    Simplified    Linear    St. 

Venant  Models. 

W90-05701  2E 

Linear  Flood  Routing  Model  for  Rapid  Flow 
W90-05838  2E 

What  Is  the  Distributed  Delayed  Muskingum 

Model. 

W90-05839  2E 

PROJECT  OF  CONSERVATION  AND 
IMPROVEMENT  OF  THE  ENVIRONMENT, 
LOS  REYES  (MEXICO).  UNIT  OF 
INTERDISCIPLINARY  RESEARCH  OF 
HEALTH  AND  EDUCATION  SCIENCES. 
Pathogenic     Amoebae     in     Natural     Thermal 
Waters  of  Three  Resorts  of  Hidalgo,  Mexico. 
W90-05833  5B 

PUERTO  RICO  UNIV.,  MAYAGUEZ.  WATER 
RESOURCES  RESEARCH  INST. 

Fiscal  Year  1988  Program  Report  (Puerto  Rico 
Water  Resources  Research  Institute). 
W90-06252  9D 

PURDUE  UNIV.,  LAFAYETTE,  IN. 

Identification  of  Pollutants  Subject  to  Nonpoint 

Agricultural   Measures   in   the   Maumee   River 

Basin. 

W90-05776  5B 

QUEEN'S  UNIV.,  BELFAST  (NORTHERN 
IRELAND). 

Model-Prototype  Comparisons  of  Boundary  Re- 
sistance in  a  Two  Stage  Channel. 
W90-05675  8B 

QUEEN'S  UNIV.,  BELFAST  (NORTHERN 
IRELAND).  DEPT.  OF  AGRICULTURE  FOR 
NORTHERN  IRELAND. 

Estimation  of  Manning's  Roughness  Coefficient 

in  Alluvial  Streams. 

W90-05664  8B 

QUEENSLAND  UNIV.,  BRISBANE 
(AUSTRALIA).  DEPT.  OF  AGRICULTURE. 

Effect  of  Bulk  Density,  Water  Content  and  Soil 
Type  on  the  Diffusion  of  Chloride  in  Soil. 
W90-05917  2G 

RESEARCH  TRIANGLE  INST.,  RESEARCH 
TRIANGLE  PARK,  NC. 

Evaluation  and  Prediction  of  Henry's  Law  Con- 
stants and  Aqueous  Solubilities  for  Solvents  and 
Hydrocarbon    Fuel    Components.    Volume    I: 
Technical  Discussion. 
W90-06183  7B 

RETTEW  ASSOCIATES,  INC.,  LANCASTER, 
PA. 

Design  of  Stormwater  Detention  Basins.  A  Sim- 
plified Method. 
W90-05648  2E 

RHODE  ISLAND  UNIV.,  KINGSTON.  WATER 
RESOURCES  CENTER. 

Fiscal  Year  1988  Program  Report  (Rhode  Island 

Water  Resources  Center). 

W90-06254  9D 


RHODE  ISLAND  UNIV.,  NARRAGANSETT. 
GRADUATE  SCHOOL  OF  OCEANOGRAPHY. 

Induced  Cytochrome  P-450  in  Fundulus  Hetero- 
clitus  Associated  with  Environmental  Contami- 
nation by  Polychlorinated  Biphenyls  and  Polyn- 
uclear  Aromatic  Hydrocarbons. 
W90-05877  5B 

RIJKSINSTITUUT  VOOR  DE 
VOLKSGEZONDHEID  EN  MILIEUHYGIENE, 
BILTHOVEN  (NETHERLANDS). 

Acid  Rain-Modelling  Its  Risks  to  the  European 

Environment. 

W90-05793  5c 

RIJKSWATERSTAAT,  DELFT 
(NETHERLANDS).  ROAD  AND  HYDRAULIC 
ENGINEERING  DIV. 

Field  Measurements  of  Directional  Wave  Loads 

on  Coastal  Structures. 

W90-05858  SB 

RIJKSWATERSTAAT-DELTADIENST, 
RIJSWIJK  (NETHERLANDS).  DATA 
PROCESSING  DIV. 

Open  Channel  Flow  Identification.  Case  Studies. 
W90-05704  8B 

RIJKSWATERSTAAT,  THE  HAGUE 
(NETHERLANDS).  DIV.  OF  TIDAL  WATERS. 

Finite   Difference   Simulation   Model   of  Tidal 
Flow  in  the  English  Channel  and  the  Southern 
North  Sea. 
W90-06026  2L 

ROME  UNIV.  (ITALY).  DIPT.  DI  BIOLOGIA. 

Tolerance     Towards     Mercury     of    Chlorella 
Strains  Determined  by  Algal  Plating. 
W90-05939  5C 

RYERSON  POLYTECHNICAL  INST., 
TORONTO  (ONTARIO).  DEPT.  OF  CIVIL 
ENGINEERING. 

Two-Dimensional   Mixing  in   Rivers   with   Un- 
steady Pollutant  Source. 
W90-05960  5B 

SALFORD  UNIV.  (ENGLAND).  DEPT.  OF 
CIVIL  ENGINEERING. 

Development  of  a  Mixed  Solution  Technique  for 

a  Dynamic  River  Quality  Model. 

W90-05870  5B 

SANDIA  NATIONAL  LABS.,  ALBUQUERQUE, 
NM.  SOLAR  THERMAL  COLLECTOR 
TECHNOLOGY  DIV. 

Rapid    Destruction    of  Organic    Chemicals    in 

Groundwater  Using  Sunlight. 

W90-06199  5D 

SAO  PAULO  UNIV.  (BRAZIL).  DEPT.  OF 
CHEMISTRY. 

Amperometric   Flow   Injection   Technique   for 
Determination     of    Hydrogen     Peroxide     and 
Sulfur(IV)  in  Atmospheric  Liquid  Water. 
W90-05834  7B 

SAVANNAH  RIVER  LAB.,  AIKEN,  SC. 
TECHNICAL  DIV. 

Final  Program  Plan:  Research  Study  on  Hori- 
zontal Well  Drilling  and  In-Situ  Remediation. 
W90-05809  5G 

SCHERING  AGROCHEMICALS  LTD.,  ESSEX 
(ENGLAND). 

Studies  on  the  Fate  of  Chemicals  in  the  Environ- 
ment with  Particular  Reference  to  Pesticides. 
W90-05800  5B 

SELSKAPET  FOR  INDUSTRIELL  OG 
TEKNISK  FORSKNTNG,  TRONDHEIM 
(NORWAY).  DIV.  OF  APPLIED  CHEMISTRY. 

Effects  of  Fish  Removal  on  the  Limnetic  Eco- 
system of  a  Eutrophic  Lake. 
W9O-06121  2H 


SHAWNEE  STATE  UNIV.,  PORTSMOUTH, 
OH.  DIV.  OF  MATH/SCIENCE. 

Birds  in  the  Ohio  River  Valley:  Possible  Indica- 
tors of  Environmental  Quality. 
W90-06108  2H 

SHIP  CREEK  TREATMENT  FACILITY,  AK. 

Anchorage  Launches  New  SCADA  Controls. 
W90-06032  5p 

SIENA  UNIV.  (ITALY).  DIPT.  DI  SCIENZE 
DELLE  TERRA. 

New  Practical  Aid  to  Regional  Hydrogeologic 
Planning:  The  Runoff  Coefficient  Map. 
W90-05864  2E 

SIMON  FRASER  UNIV.,  BURNABY  (BRITISH 
COLUMBIA).  NATURAL  REOURCE 
MANAGEMENT  PROGRAM. 

Statistical  Power  Analysis  can  Improve  Fisher- 
ies Research  and  Management. 
W90-06109  7c 

SIMONS,  LI  AND  ASSOCIATES,  INC.,  FORT 
COLLINS,  CO. 

Design  of  Roadside  Channels  with  Flexible  Lin- 
ings. 
W90-06184  4A 

SINGLETON  MATERIALS  ENGINEERING 
LABS.,  KNOXVILLE,  TN. 

Evaluation    of    Polyester    Resin,    Epoxy,    and 
Cement    Grouts    for    Embedding    Reinforcing 
Steel  Bars  in  Hardened  Concrete. 
W90-05742  8G 


Spall  Repair  of  Wet  Concrete  Surfaces. 
W90-06219 


8F 


SKIDAWAY  INST.  OF  OCEANOGRAPHY, 
SAVANNAH,  GA. 

Harmonic  Structure  of  English  Channel/South- 
ern Bight  Tides  from  a  Wave  Equation  Simula- 
tion. 
W90-06024  2L 

SLOVENSKA  AKADEMIA  VIED, 
BRATISLAVA  (CZECHOSLOVAKIA).  USTAV 
EXPERIMENTALENJ  BIOLOGIE  A 
EKOLOGIE. 

Microbial  Oxidation  of  Crude  Oil  Hydrocarbons 

in  Danube  Water. 

W90-06059  5fi 

SOIL  CONSERVATION  SERVICE, 
WASHINGTON,  DC.  ENGINEERING  DIV. 

Runoff  Curve  Numbers.  The  Next  Step. 
W90-05711  2A 

SPRINGFIELD  UTILITY  BOARD,  OR. 
WATER  OPERATIONS  AND  ENGINEERING. 

In-House  Design  and  Construction  of  a  SCADA 

System. 

W90-06031  5F 

ST  SYSTEMS  CORP.,  LEXINGTON,  MA. 

Objective  Nephology. 

W90-05712  2B 

Application  and  Expansion  of  the  Relocatable 

Limited-Area  Model  (RLAM). 

W90-05713  2B 

Ground    Truth    for    Objective    Evaluation    of 

Automated  Nephanalysis. 

W90-05714  2B 


GOES  Satellite  Data  for  AIMS. 
W90-057I5 


7C 


Three-Dimensional     Cloud     and     Precipitation 

Mapping. 

W90-05716  2B 
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UNIVERSITA  Dl  REGGIO  CALABRIA,  COSENZA  (ITALY).  DIPT.  Dl  DIFESA  DEL 


Automated  Global  Cloud  Climatology. 
W90-05717 


STATE  UNTV.  OF  NEW  YORK  COLL.  AT 
BROCKPORT.  DEFT.  OF  BIOLOGICAL 
SCIENCES. 

Response  of  Sport  Fishes  to  Thermal  Discharges 
into  the  Great  Lakes:  Is  Somerset  Station,  Lake 
Ontario,  Different. 
W90-05855  5C 

STATE  UNTV.  OF  NEW  YORK  COLL.  AT 
OSWEGO. 

Ingestion    of    Environmentally    Contaminated 
Lake  Ontario  Salmon  by  Laboratory  Rats  In- 
creases Avoidance  of  Unpredictable  Aversive 
Nonreward  and  Mild  Electric  Shock. 
W90-05907  5C 

STATENS  STRAALSKYDDSINSTTrUT, 
STOCKHOLM  (SWEDEN). 

BIOMOVS:  An  International  Model  Validation 

Study. 

W90-06174  5B 

STOCKHOLM  UNTV.  (SWEDEN). 
METEOROLOGISKA  INSTTTUTIONEN. 

Comparative  Study  of  Precipitation  Chemistry 
at  Inland,  Coastal  and  Island  Sites  in  the  Both- 
nian  Bay  Area. 
W90-06171  2B 

SULTAN  QABOOS  UNTV.,  MUSCAT  (OMAN). 
DEPT.  OF  CTVTL  ENGINEERING. 

Use   of  the    Rational    Formula   in    Infiltrating 

Mountainous  Catchments. 

W90-05647  2E 

SUSQUEHANNA  RIVER  BASIN 
COMMISSION,  HARRISBURG,  PA. 

Juniata     Subbasin:     Low     Flow     Management 

Framework  Plan. 

W90-06216  3B 

SUSQUEHANNA  RIVER  BASIN 
COMMISSION,  HARRISBURG,  PA. 
RESOURCE  QUALrTY  MANAGEMENT  AND 
PROTECTION  DrV. 

Interim  Report:  Nitrogen  and  Phosphorus  Loads 
for  the  Susquehanna  River  Basin,  1985-1987. 
W90-06217  5B 

1990  Water  Quality  Assessment  Report:  Susque- 
hanna River  Basin. 
W90-06218  5B 

SVERIGES  LANTBRUKSUNTVERSnET, 
UPPSALA.  DFV.  OF  AGRICULTURAL 
HYDROTECHNICS. 

Aeration  Changes  after  Irrigation  in  a  Clay  Soil. 
W90-05915  3F 

SYSTEMS  APPLICATIONS,  INC.,  SAN 
RAFAEL,  CA. 

Rocky  Mountain  Acid  Deposition  Model  As- 
sessment: Acid  Rain  Mountain  Mesoscale  Model 
(ARM3). 
W90-05831  5B 

TAMKANG  UNTV.,  TAIPEI  (TAIWAN).  DEPT. 
OF  WATER  RESOURCES  AND 
ENVIRONMENTAL  ENGINEERING. 

Lagstrum  and  Nonlinearity  of  Hydrologic  Time 

Series. 

W90-05650  2E 

Study  on  the  Linearized  Analytical  and  Numeri- 
cal Solution  for  Unsteady  Open  Channel  Flow. 
W90-05702  8B 

TECHNICAL  UNIV.  OF  DENMARK,  LYNGBY. 
LAB.  OF  ENVIRONMENTAL  SCIENCE  AND 
ECOLOGY. 

Hazard  and  Risk  Assessment  and  Acceptability 

of  Chemicals  in  the  Environment. 

W90-05799  5C 


TECHNICAL  UNIV.  OF  ISTANBUL 
2B       (TURKEY).  DEPT.  OF  CIVIL  ENGINEERING. 

Channel  Resistance  at  the  Side-Weir  Location  in 

Open  Channel  Flow. 

W90-05663  8B 

TECHNISCHE  HOCHSCHULE  AACHEN 
(GERMANY,  F.R.).  LEHRSTUHL  FUER 
WASSERBAU  UND  WASSERWIRTSCHAFT 
UND  FNST.  FUER  WASSERBAU. 

Backwater  Computation  of  Natural  Rivers  with 
Extreme  Bank  or  Floodplain  Roughness. 
W90-05673  2E 

Using   Supercomputers   for   the   Time   History 

Analysis  of  Old  Gravity  Dams. 

W90-05886  8A 

TECHNISCHE  UNTV.  HAMBURG-HARBURG 
(GERMANY,  F.R.).  ARBEITSBEREICH 
UMWELTSCHUTZTECHNUC. 

Studies  on  the  Transfer  of  Heavy  Metals  Be- 
tween Sedimentary  Phases  with  a  Multi-Cham- 
ber Device:  Combined  Effects  of  Salinity  and 
Redox  Variation. 
W90-05968  5B 

Contaminated  Sediments:  Lectures  on  Environ- 
mental Aspects  of  Particle- Associated  Chemicals 
in  Aquatic  Systems. 
W90-06189  5B 

TECHNISCHE  UNTV.  TWENTE,  ENSCHEDE 
(NETHERLANDS).  DEPT.  OF  APPLIED 
MATHEMATICS. 

Parameter  Estimation  in  Stochastic  Models  for 

2-D  Shallow  Water  Flow. 

W90-05649  2L 

TEL-AVTV  UNIV.  (ISRAEL).  DEPT.  OF  FLUID 
MECHANICS  AND  HEAT  TRANSFER. 

Flow  and  Transport  in  Porous  Formations. 
W90-06188  2F 

TEL-AVIV  UNIV.  (ISRAEL).  INST.  FOR 
NATURE  PRESERVATION  RESEARCH. 

Cadmium  Uptake  and  Toxicity  to  Water  Hya- 
cinth: Effect  of  Repeated  Exposures  under  Con- 
trolled Conditions. 
W90-06042  5D 

TENNESSEE  VALLEY  AUTHORITY, 
KNOXVILLE.  DrV.  OF  AIR  AND  WATER 
RESOURCES. 

PCB  Concentrations  in  Wilson  Reservoir  Catfish 

-  1986. 

W90-05788  5B 

TENNESSEE  VALLEY  AUTHORITY, 
KNOXVILLE.  OFFICE  OF  NATURAL 
RESOURCES  AND  ECONOMIC 
DEVELOPMENT. 

Effect  of  Dissolved  Oxygen  Concentrations  on 

Fish  and  Invertebrates  in  Large  Experimental 

Channels. 

W90-05751  5C 

TEXAS  A  AND  M  UNTV.,  COLLEGE 
STATION.  DEPT.  OF  OCEANOGRAPHY. 

Gulf  of  Mexico  Hydrocarbon  Seep  Communi- 
ties: Part  III.  Aromatic  Hydrocarbon  Concen- 
trations in  Organisms,  Sediments  and  Water. 
W90-05876  5B 

TEXAS  UNIV.,  AUSTIN.  DEPT.  OF  CTVIL 
ENGINEERING. 

Sensitivity  Analyses  of  Biodegradation/ Adsorp- 
tion Models. 
W90-05955  5D 

THESSALONIKI  UNIV.,  SALONIKA 
(GREECE).  INST.  OF  BOTANY. 

Temporal  and  Spatial  Distribution  of  Chloro- 
phyll a  in  Lake  Volvi,  Greece. 
W90-05940  2H 


TOKYO  METROPOLITAN  UNIV.  (JAPAN). 
DEPT.  OF  CTVTL  ENGINEERING. 

Urban  Flood  Runoff  Modeling  Using  Measured 
Infiltration  Capacity  of  Various  Land  Uses. 
W90-05637  4C 

TOULOUSE-3  UNTV.  (FRANCE).  LAB. 
D'HYDROBIOLOGIE. 

Gonyostomum  semen,  a  Potential  Nuisance  in 
Large  French  Reservoirs.  The  Case  of  the  Pare- 
loup  Lake  (Gonyostomum  semen  (Raphidophy- 
cees),  Nuisance  Potentielle  des  Grands  Reser- 
voirs Francais.  L'exemple  du  Lac  de  Pareloup). 
W90-05924  2H 

TRENT  UNIV.,  PETERBOROUGH 
(ONTARIO).  DEPT.  OF  BIOLOGY. 

Fate  of  Dietary  Cadmium  at  Two  Intake  Levels 
in  the  Odonate  Nymph,  Aeshna  canadensis. 
W90-06036  5B 

TRI-STATE  UNTV.,  ANGOLA,  IN.  DEPT.  OF 
CIVIL  ENGINEERING. 

Analytical  Method  for  Computation  of  Rough 

Boundary  Resistance. 

W90-05667  8B 

TRINITY  COLL.,  DUBLIN  (IRELAND).  DEPT. 
OF  PHARMACOLOGY  AND  THERAPEUTICS. 

Preliminary  Study  of  the  Translocation  of  Aldi- 

carb  Across  the  Duck  Eggshell. 

W90-05944  5B 

TSINGHUA  UNIV.,  BEIJING  (CHINA).  DEPT. 
OF  HYDRAULIC  ENGINEERING. 

Effects  of  Aspect  Ratio  and  Sidewall  Roughness 
on  Velocity  Distribution  and  Resistance  Coeffi- 
cient in  Rectangular  Open  Channels. 
W90-05679  8B 

TUFTS  UNIV.,  MEDFORD,  MA.  DEPT.  OF 
CTVIX  ENGINEERING. 

Regional  Geohydrologic-Geomorphic  Relation- 
ships for  the  Estimation  of  Low-Flows. 
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As  the  Nation's  principal  conservation  agency,  the  Department  of  the  Interior  has  respon- 
sibility for  most  of  our  nationally  owned  public  lands  and  natural  resources.  This  in- 
cludes fostering  the  wisest  use  of  our  land  and  water  resources,  protecting  our  fish  and 
wildlife,  preserving  the  environmental  and  cultural  values  of  our  national  parks  and  historical 
places,  and  providing  for  the  enjoyment  of  life  through  outdoor  recreation.  The  Department 
assesses  our  energy  and  mineral  resources  and  works  to  assure  that  their  development  is  in 
the  best  interests  of  all  our  people.  The  Department  also  has  a  major  responsibility  for 
American  Indian  reservation  communities  and  for  people  who  live  in  Island  Territories  under 
U.S.  administration. 
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Selected  Water  Resources  Abstracts,  a  monthly 
journal,  includes  abstracts  of  current  and  earlier 
pertinent  monographs,  journal  articles,  reports,  and 
other  publication  formats.  These  documents  cover 
water  resources  as  treated  in  the  life,  physical,  and 
social  sciences  and  the  related  engineering  and  legal 
aspects  of  the  characteristics,  supply  condition,  con- 
servation, control,  use,  or  management  of  water 
resources.  Each  abstract  includes  a  full  bibliographic 
citation  and  a  set  of  descriptors  which  are  listed  in 
the  Water  Resources  Thesaurus.  The  abstract 
entries  are  classified  into  10  fields  and  60  groups 
similar  to  the  water  resources  research  categories 
established  by  the  Committee  on  Water  Resources 
Research  of  the  then  Federal  Council  for  Science  and 
Technology. 

Selected  Water  Resources  Abstracts  is  designed 
to  serve  the  scientific  and  technical  information  needs 
of  scientists,    engineers,  and  managers  as  one  of 


several  services  of  the  Water  Resources  Scientific 
Information  Center.  The  cumulative  SWRA  file  from 
1968  and  monthly  updates  are  available  also  in 
magnetic  tape  through  lease  from  NTIS. 

THE  WATER  RESOURCES  SCIENTIFIC  INFOR- 
MATION CENTER  DOES  NOT  PROVIDE  COPIES  OF 
DOCUMENTS  ABSTRACTED  IN  THIS  JOURNAL. 
Sufficient  bibliographic  information  is  given  to  en- 
able readers  to  order  the  desired  documents  from 
local  libraries  or  other  sources. 

Comments  and  suggestions  concerning  the  contents 
and  arrangement  of  this  bulletin  are  welcome. 
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SELECTED  WATER  RESOURCES  ABSTRACTS 


1.  NATURE  OF  WATER 
1A.  Properties 


SUPERCOMPUTER  SIMULATION  OF  LIQUID 
DROP  FORMATION,  FALL,  AND  COLLISION. 

Texas  Univ.  at  Arlington.  Dept.  of  Mathematics. 

D.  Greenspan. 

Applied    Mathematical     Modelling    AMMODL, 

Vol.  13,  No.  10,  p  562-567,  October  1989.  5  fig,  5 

ref. 

Descriptors:  'Computer  models,  *Fluid  drops, 
•Hydrodynamics,  'Model  studies,  'Simulation, 
•Supercomputers,  Computers,  Fluid  mechanics, 
Mathematical  studies,  Physical  properties. 

On  the  basis  of  a  molecular-type  approach  devel- 
oped previously,  a  new  generic  liquid  drop  model 
is  derived  to  simulate  formation,  fall,  and  collision 
processes.  Drop  generation  is  considered  for  an 
open  basin  in  the  upper  half  of  an  xy  plane  that  lies 
above  the  x  axis,  onto  which  2,500  particles  are 
placed.  A  velocity  is  prescribed  for  each  particle  in 
an  arbitrary  fashion.  All  particles  are  allowed  to 
interact  dynamically,  each,  being  acted  upon  by 
gravity  and,  locally  only,  by  a  Lennard-Jones  type 
force.  The  distance  of  local  interaction  and  gravity 
are  denoted.  To  keep  the  fluid  within  the  basin, 
particles  are  reflected  symmetrically  from  the 
boundaries  but  with  a  constant  velocity  damping 
factor.  Then,  in  accordance  with  the  Newtonian 
dynamical  equations,  the  particles  are  allowed  to 
interact  with  the  parameter  choices.  For  drop  fall 
simulation,  the  lowest  particle  in  each  strip  was 
damped  every  500  steps  by  having  its  vertical 
component  of  velocity  multiplied  by  a  constant 
factor.  To  study  drop  collision,  the  relatively  cir- 
cular drop  configuration  on  the  bottom  of  the 
leftmost  column  was  isolated,  and  a  symmetric 
image,  with  the  same  particle  velocities,  was  gen- 
erated about  the  y  axis.  For  quantitative  results  for 
particular  fluids  whose  Lennard-Jones  parameters 
are  known,  one  can  proceed  in  any  of  three  ways: 
first,  one  can  use  the  formulas  presented  to  direct 
molecular  dynamical  simulation.  Second,  one  can 
use  a  least  squares  approximation.  Finally,  one  can 
use  experimental  stress-strain  measurements  and  a 
viscosity-stress-strain  relationship  to  determine  an 
appropriate  approximation  for  the  known  force 
and  then  proceed  numerically.  In  all  cases,  super- 
computer capability  seems  essential.  (Friedmann- 
PTT) 
W90-07000 


2.  WATER  CYCLE 
2A.  General 


FACTORS  CONTROLLING  THROUGHFALL 
CHEMISTRY  IN  A  BALSAM  FOR  CANOPY:  A 
MODELING  APPROACH. 

New  York  Botanical  Garden,  Bronx,  NY.  Inst,  of 

Ecosystem  Studies. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06556 


RENEWAL  THEORY  CRITERIA  OF  EVALUA- 
TION OF  WATER-RESOURCE  SYSTEMS:  RE- 
LIABnJTY  AND  RESBLDZNCE. 

Polish  Academy  of  Sciences,   Warsaw.   Inst,   of 

Geophysics. 

For  primary  bibliographic  entry  see  Field  6B. 

W90-06811 


MODELING    RAINFALL-RUNOFF    PROCESS 
INCLUDING  LOSSES. 

Academia  Sinica,  Beijing  (China).  Inst,  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-06823 


TRENDS  IN  FRESHWATER  INFLOW  TO  SAN 
FRANCISCO  BAY  FROM  THE  SACRAMENTO- 
SAN  JOAQUIN  DELTA. 


Consulting  Engineer,  2530  Etna  Street,  Berkeley, 

California  94704. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-06827 


DEVELOPMENT  AND  TESTING  OF  A  SNOW- 
MELT-RUNOFF  FORECASTING  TECHNIQUE. 

Agricultural    Research    Service,    Beltsville,    MD. 

Hydrology  Lab. 

A.  Rango,  and  V.  van  Katwijk. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 

1,  p  135-144,  February  1990.  11  fig,  2  tab,  7  ref. 

Descriptors:  *Hydrologic  models,  *Model  studies, 
•Runoff  forecasting,  *Snowmelt,  'Snowmelt- 
runoff  models,  *Streamflow  forecasting,  Hydro- 
graphs,  Simulation  analysis. 

The  snowmelt-runoff  model  (SRM)  was  used  to 
produce  accurate  simulations  of  streamflow  during 
the  snowmelt  period  (April-September)  for  ten 
years  on  the  Rio  Grande  Basin  (3419  sq  km)  near 
Del  Norte,  Colorado,  U.S.A.  In  order  to  use  SRM 
in  the  forecast  situation,  it  was  necessary  to  devel- 
op a  family  of  snow  cover  depletion  curves  for 
each  elevation  zone  based  on  accumulated  snow 
water  equivalent  on  April  1 .  Selection  of  an  appro- 
priate curve  for  a  particular  year  from  snow  course 
measurements  allows  input  of  the  daily  snow  cover 
extent  to  SRM  for  forecast  purposes.  Data  from 
three  years  (1980,  1981,  and  1985)  were  used  as  a 
quasiforecast  test  of  the  procedure.  In  these  years 
forecasted  snow  cover  extent  data  were  input  to 
SRM,  but  observed  temperature  and  precipitation 
data  were  used.  The  resulting  six-month  hydro- 
graphs  were  very  similar  to  the  hydrographs  in  the 
ten  simulation  years  previously  tested  based  on 
comparisons  of  performance  evaluation  criteria. 
Based  on  this  result,  the  Soil  Conservation  Service 
(SCS)  requested  SRM  forecasts  for  1987  on  the 
Rio  Grande.  Using  the  same  procedure  but  with 
SCS  estimated  temperature  and  precipitation  data, 
SRM  produced  a  forecast  hydrograph  that  had  a  R 
squared  =  0.82  and  difference  in  seasonal  volume 
of  4.4  percent.  To  approximate  actual  operational 
conditions,  SRM  computed  daily  flows  were  up- 
dated every  seven  days  with  measured  flows.  The 
resulting  forecast  hydrograph  had  a  R  squared  = 
0.90  and  a  difference  in  volume  of  3.5  percent.  The 
method  developed  needs  to  be  refined  and  tested 
on  additional  years  and  basins,  but  the  approach 
appears  to  be  applicable  to  operational  runoff  fore- 
casting using  remote  sensing  data.  (Author's  ab- 
stract) 
W90-06830 


GLOBAL  WATER  CYCLE:  GEOCHEMISTRY 
AND  ENVIRONMENT. 

Yale  Univ.,  New  Haven,  CT. 

E.  K.  Berner,  and  R.  A.  Berner. 

Prentice-Hall,  Inc.,  Englewood  Cliffs,  New  Jersey. 

1987.  397  p. 

Descriptors:  *Acid  rain,  *  Environmental  quality, 
•Geochemistry,  *Geohydrology,  *Hydrologic 
cycle,  'Natural  waters,  *Water  chemistry,  Estu- 
aries, Groundwater,  Lakes,  Marine  environment, 
Rainfall,  Rivers,  Soil  water. 

The  study  of  natural  waters  is  approached  via  a 
discussion  of  the  geological,  biological,  physical, 
and  anthropogenic  factors  which  control  the 
chemical  composition  of  rainwater,  groundwater, 
rivers,  lakes,  estuaries,  and  the  oceans.  The  ap- 
proach is  worldwide  in  scope  and  includes  quanti- 
tative estimates  of  the  relative  importance  of  vari- 
ous natural  and  human  processes  on  water  compo- 
sition and  cycling  of  the  major  elements.  Chapter 
contents  include:  the  structure  and  physical  and 
chemical  properties  of  water;  oceanic  and  atmos- 
pheric circulation  and  the  greenhouse  effect;  rain 
formation,  aerosols,  gases  and  rain,  sulfate  and 
nitrogen  in  rain,  and  acid  rain;  biogeochemical 
cycling  in  forests,  and  chemical  weathering;  sus- 
pended matter,  chemical  composition,  and  pollu- 
tion; physical  and  biological  processes  of  lakes, 
pollutant  changes,  acid  lakes,  and  saline  lakes;  estu- 
aries and  hypersaline  basins;  and  chemical  compo- 
sition, energy  sources,  major  processes  of  seawater 
modification,  and  chemical  budgets  for  individuals 
elements,  within  the  ocean.  (Lantz-PTT) 


W90-06946 


HYDROLOGIC  EFFECTS  OF  CLIMATE 
CHANGE  IN  THE  DELAWARE  RIVER  BASIN. 

Geological  Survey,  West  Trenton,  NJ. 

G.  J.  McCabe,  and  M.  A.  Ayers. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p  1231-1242,  December  1989.  11  fig,  3  tab,  39 

ref. 

Descriptors:  *Climatic  changes,  'Delaware  River 
Basin,  'Environmental  effects,  'Global  warming, 
•Hydrologic  budget,  Evapotranspiration,  Humid 
climates,  Hydrologic  models,  Precipitation, 
Runoff,  Snow,  Soil  water,  Temperate  zone,  Water 
supply. 

The  Thornthwaite  water  balance  and  combination 
of  temperature  and  precipitation  changes  repre- 
senting climate  change  were  used  to  estimate 
changes  in  seasonal  soil-moisture  and  runoff  in  the 
Delaware  River  basin.  Winter  warming  may  cause 
a  greater  proportion  of  precipitation  in  the  north- 
ern part  of  the  basin  to  fall  as  rain,  which  may 
increase  winter  runoff  and  decrease  spring  and 
summer  runoff.  Estimates  of  total  annual  runoff 
indicate  that  a  5%  increase  in  precipitation  would 
be  needed  to  counteract  runoff  decreases  resulting 
from  a  warming  of  25  C;  a  15%  increase  for  a 
warming  of  4  C.  A  warming  of  2-4%,  without 
precipitation  increases,  may  cause  a  9-25%  de- 
crease in  runoff.  The  general  circulation  model 
derived  changes  in  annual  runoff  ranged  from  -39 
to  +  9%.  Results  generally  agree  with  those  ob- 
tained in  studies  elsewhere.  The  changes  in  runoff 
agree  in  direction  but  differ  in  magnitude.  In  this 
humid  temperate  climate,  where  precipitation  is 
evenly  distributed  over  the  year,  decreases  in  snow 
accumulation  in  the  northern  part  of  the  basin  and 
increases  in  evapotranspiration  throughout  the 
basin  could  change  the  timing  of  runoff  and  signifi- 
cantly reduce  total  annual  water  availability  unless 
precipitation  were  to  increase  concurrently.  (Au- 
thor's abstract) 
W90-07212 


2B.  Precipitation 


ACID  DEPOSrriON,  SUMMER  DROUGHT 
AND  ENHANCED  PRODUCTION  OF  NI- 
TRATE IN  FOREST  SOILS;  RISK  COFACTORS 
RELATTVE  TO  FOREST  DECLINE.  AN  ADDI- 
TIONAL HYPOTHESIS  CONCERNING  THE 
SYNERGISTICAL  EFFECTS:  THE  NITROUS 
ACID  CYCLE. 

Association  pour  la  Prevention  de  la  Pollution 
Atmospherique,  Bordeaux  (France). 
J.-A.  Bardy. 

Environmental  Technology  Letters  ETLEDB, 
Vol.  10,  No.  7,  p  681-686,  July  1989.  68  ref. 

Descriptors:  'Acid  rain,  'Ecological  effects, 
•Forest  ecosystems,  'Forest  soils,  'Nitrates,  'Syn- 
ergistic effects,  Acidification,  Ammonia,  Drought, 
Nitrification. 

A  correlation  seems  to  exist  between  forest  decline 
and  enhanced  production  of  nitrate  in  forest  soils. 
Nitrate  in  streamwaters  may  provide  an  early 
warning  of  incipient  forest  damage.  Dry  and  warm 
summers  are  more  injurious  because  acidification 
pushes  give  higher  aluminum  ion  concentrations  in 
the  direct  vicinity  of  the  roots.  The  purpose  of  this 
paper  is  to  review  previous  studies  and  to  suggest  a 
link  between  acid  precipitation  containing  ammoni- 
um ions,  acidification  pushes,  nitrate  production, 
and  forest  decline.  The  author  suggests  that 
drought  conditions  may  trigger  forest  decline  in 
areas  subjected  to  acid  precipitation.  Soil  drying 
produces  a  pulse  of  decomposition  of  organic 
matter,  favored  by  aluminum  ion  levels,  thereby 
increasing  the  amount  of  carbon  and  nitrogen 
available  for  subsequent  nitrification.  The  first  rain- 
fall after  a  summer  drought  induces  a  surge  of 
activity  of  autotrophic  nitrifying  microorganisms. 
During  acidification  pulses,  an  oxygen  stress  result- 
ing from  rapid  oxygen  consumption  in  nitrification 
could  induce  a  temporal  shift  of  ammonium  ion 
and  nitrite  oxidation  giving,  within  a  few  days,  a 
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transient  peak  of  nitric  acid  accumulation  injurious 
to  fine  roots  and  mycorrhizae.  (Brunone-PTT) 
W90-06619 


OBJECTIVE  ANALYSIS  OF  DAILY  RAINFALL 
BY  DISTANCE  WEIGHTING  SCHEMES  ON  A 
MESOSCALE  GRID. 

Atmospheric    Environment   Service,    Downsview 

(Ontario). 

N.  Bussieres,  and  W.  Hogg. 

Atmosphere-Ocean  ATOCDA,  Vol.  27,  No.  3,  p 

521-541,  September  1989.  8  fig,  5  tab,  14  ref. 

Descriptors:  'Climatology,  *Error  analysis,  'Pre- 
cipitation napping,  'Rainfall,  'Rainfall  distribution, 
'Statistical  analysis.  Climatic  data,  Comparison 
studies.  Interpolation,  Performance  evaluation, 
Sampling,  Spatial  distribution,  Statistical  methods. 

The  error  of  spatial  interpolation  was  studied  in 
the  context  of  a  climatic  data  gridding  project 
(CLI-GRID).  Four  objective  analysis  (OA)  tech- 
niques were  implemented:  the  empirical  techniques 
of  Barnes,  Cressman  and  Shepard,  and  a  Gandin- 
based  statistical  technique.  These  were  applied  to 
the  interpolation  of  irregularly  distributed  daily 
rainfall  data.  Spatial  resolution  of  the  interpolated 
arrays  was  0.05  degree  of  latitude  by  0.05  degree 
of  longitude.  In  this  experiment,  radar  rainfall  pat- 
terns served  as  reference  data  for  evaluations  of 
OA  techniques.  Each  reference  pattern  was  sam- 
pled at  the  irregularly  spaced  locations  of  a  climat- 
ic rain-gauge  network.  The  sampled  data  were 
then  input  to  one  of  the  four  OA  techniques.  The 
resulting  analysis  was  subtracted  from  the  corre- 
sponding reference  pattern.  Absolute  values  of  the 
differences  were  recorded.  This  sampling-to-differ- 
ence cycle  was  repeated  with  63  reference  pat- 
terns. Every  map  of  absolute  differences  was 
summed.  The  resulting  map  of  total  errors  was 
normalized  by  the  sum  of  the  reference  patterns. 
Average  bias,  average  RMS  error  and  averages  of 
the  ratios  of  the  standard  deviations  were  slao 
computed.  All  four  OA  techniques  were  evaluated 
separately.  The  authors  recognized  that  totally  un- 
biased intercomparisons  were  not  possible  because 
of  the  range  in  execution  parameters  for  each  OA 
technique.  Reasonable  efforts  were  made  to  mini- 
mize subjectivity  in  the  setting  of  parameters.  For 
application  to  the  specific  project  grid,  the  statisti- 
cal optimal  interpolation  technique  displayed  the 
lowest  RMS  errors.  This  technique  and  Shepard 
OA,  were  found  more  suitable  than  the  other  two 
techniques  studied.  Statistical  and  Barnes  OA  dis- 
played zero  average  bias  and  would  be  useful  for 
area!  average  computations.  The  Cressman  OA 
was  judged  least  suitable  for  interpolation  of  daily 
rainfall.  An  application  of  the  two-dimensional 
error  maps  to  network  analysis  was  demonstrated 
by  plotting  the  relationship  between  interpolation 
errors  and  distance  (D)  from  the  closest  station. 
Error  increased  as  D  to  the  1/2.  Error  and  station 
density  were  verified  as  being  inversely  related. 
(Author's  abstract) 
W90-06655 


POLARIZATION  RADAR  ESTIMATES  OF 
RAINDROP  SIZE  SPECTRA  AND  RAINFALL 
RATES. 

University   of  Manchester   Inst,   of  Science  and 

Technology  (England).  Dept.  of  Pure  and  Applied 

Physics. 

A.  J.  Illingworth,  and  I.  J.  Caylor. 

Journal  of  Atmospheric  and  Oceanic  Technology 

JAOTES,   Vol.  6,  No.   6,  p  939-949,  December 

1989.  10  fig,  4  tab,  31  ref. 

Descriptors:  'Drop  size,  'Instrumentation,  'Mete- 
orology, 'Polarization  radar,  'Radar,  'Remote 
sensing,  Estimating,  Fluid  drops,  Frequency  distri- 
bution, Measuring  instruments,  Polarization,  Rain, 
Rainfall,  Rainfall  rate,  Reflectance  techniques. 

The  differential  reflectivity  (Z  sub  DR)  measures 
the  mean  shape  of  hydrometeors  and  provides  and 
estimate  of  the  mean  size  of  raindrops.  Observa- 
tions of  Z  sub  DR  for  rain  may  be  combined  with 
the  conventional  radar  reflectivity  factor  (Z)  and 
fitted  to  any  two-parameter  raindrop  size  distribu- 
tion and  this  information  used  to  derive  more 
accurate  rainfall  rates.  In  such  work  the  precise 


shape  of  raindrops  is  a  critical  parameter.  Recently 
available  data  suggest  that  large  raindrops  are 
more  oblate  than  previously  believed.  These  new 
shapes  support  the  idea  that  Z  sub  DR  values 
above  3.5  dB  can  be  attributed  to  rain.  Average 
values  of  Z  sub  DR  as  a  function  of  Z  obtained  in 
heavy  rain  by  the  Chilbolton  radar  agree  very 
closely  with  those  predicted  using  the  new  shapes. 
Statistics  are  also  presented  of  the  natural  variabili- 
ty of  raindrop  spectra  in  heavy  rain.  Analytic 
expressions  are  proposed  for  computing  rainfall 
rate  from  Z  and  Z  sub  DR.  (Author's  abstract) 
W90-06665 


FORMALISM  FOR  COMPARING  RAIN  ESTI- 
MATION DESIGNS. 

Texas  A  and  M  Univ.,  College  Station.  Coll.  of 

Geosciences. 

For  primary  bibliographic  entry  see  Field  7C. 
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COMPARISON  OF  SEVERAL  RADIOMETRIC 
METHODS  OF  DEDUCING  PATH-INTEGRAT- 
ED CLOUD  LIQUID  WATER. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Mete- 
orology. 

C.  Wei,  H.  G.  Leighton,  and  R.  R.  Rogers. 
Journal  of  Atmospheric  and  Oceanic  Technology 
JAOTES,  Vol.  6,  No.  6,  p  1001-1012,  December 
1989.  7  fig,  6  tab,  19  ref. 

Descriptors:  'Cloud  liquid  water,  'Clouds,  'Data 
interpretation,  'Meteorology,  'Radiometry,  Math- 
ematical analysis.  Simulation,  Statistical  methods, 
Water. 

Using  radiometer  data  collected  during  the  Cana- 
dian Atlantic  Storms  Program,  we  have  investigat- 
ed five  different  methods  of  estimating  the  path- 
integrated,  or  columnar,  cloud  liquid  water.  The 
methods  consist  of  one-and  two-channel  physical 
retrievals,  the  standard  method  of  linear  statistical 
inversion  using  two  channels,  and  two  statistical 
methods  that  proceed  from  an  initial  determination 
of  several  empirical  regressions  between  measured 
and  computed  quantities.  Though  differing  in  de- 
tails and  complexity,  the  methods  gave  estimates  of 
cloud  liquid  that  did  not  deviate  greatly  from  one 
another.  We  assessed  the  accuracy  of  the  methods 
by  simulation.  Using  hypothetical  profiles  of  cloud 
liquid  in  archival  soundings,  we  calculated  the 
atmospheric  emission  and  thus  the  brightness  tem- 
peratures that  would  be  measured  in  the  two  chan- 
nels of  the  radiometer.  These  values  were  taken  as 
data  for  the  five  methods,  and  the  amount  of  liquid 
was  calculated.  Results  showed  that  the  three  sta- 
tistical methods  were  more  accurate  than  the  phys- 
ical methods,  but  no  one  of  the  three  was  signifi- 
cantly better  than  the  others.  In  the  four  methods 
requiring  measurements  in  two  channels,  the  co- 
lumnar water  vapor  is  computed  as  part  of  the 
retrieval  procedure.  A  comparison  of  the  comput- 
ed with  the  actual  vapor  amounts  showed  that  one 
of  the  statistical  methods  employing  empirical  re- 
gressions was  the  most  accurate  for  vapor  retriev- 
al. For  this  optimum  method,  the  nns  deviation  of 
the  measured  columnar  liquid  from  its  actual  value 
was  0.159  millimeters  and  the  nns  deviation  of  the 
columnar  vapor  was  0.867  millimeters.  As  fractions 
of  the  overall  average  liquid  and  vapor  in  the 
simulations,  these  deviations  amount  to  37%  and 
8.7%  respectively.  If  cases  are  excluded  in  which 
the  liquid  amount  is  small  or  nonexistent,  the  frac- 
tional deviation  of  the  liquid  estimates  decreases 
and  that  of  the  vapor  increases.  (Author's  abstract) 
W90-06667 


FIELD  AND  LABORATORY  COMPARISONS 
OF  TWO  CLOUD  CONDENSATION  NUCLEI 
COUNTERS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Epping  (Australia).  Div.  of  Atmos- 
pheric Physics. 

E.  K.  Bigg,  A.  D  Kaye,  and  W.  J.  Megaw. 
Journal  of  Atmospheric  and  Oceanic  Technology 
JAOTES,  Vol.  6,  No.  6,  p  1066-1077,  December 
1989.  13  fig,  Href. 

Descriptors:  'Clouds,  'Condensation,  'Instrumen- 
tation,   'Measuring    instruments,    'Meteorology, 


•Nucleation,  Atmosphere,  Field  tests,  Laboratory 
methods,  Supersaturation. 

Cloud  microstructure  is  controlled  to  a  consider- 
able extent  by  the  subcloud  supersaturation  spec- 
trum of  cloud  condensation  nuclei  (CCN)  and  by 
the  updraft  speed,  and  it  is  therefore  to  be  able  to 
measure  the  concentrations  of  CCN  active  at  vari- 
ous supersaturations.  An  extensive  series  of  experi- 
ments was  carried  out  to  compare  the  performance 
of  two  cloud  nucleus  counters,  a  Static  Diffusion 
Chamber  and  a  Thermal  Diffusion  Tube,  operating 
under  quite  different  principles,  in  a  wide  range  of 
field  conditions  and  with  a  number  of  laboratory 
aerosols.  The  operating  ranges  of  the  instruments 
only  overlap  slightly;  nevertheless  the  supersatura- 
tion versus  CCN  concentration  spectra  obtained 
showed  rather  good  agreement  at  the  range  bound- 
aries. Neither  instrument  performed  reliably  out- 
side its  accepted  range,  but  together  they  provided 
reliable  data  over  the  supersaturation  range  from 
0.04  to  1.25  percent  and  suggest  that  use  of  the  two 
instruments  in  combination  would  provide  a  con- 
venient and  reliable  method  of  obtaining  CCN 
concentrations  over  this  range.  (Author's  abstract) 
W90-06668 


REMOTE  SENSING  OF  CLOUDS  AND  FOG 
WITH  A  1.4-MM  RADAR. 

Massachusetts  Univ.,  Amherst.  Dept.  of  Electrical 

and  Computer  Engineering. 

J.  B.  Mead,  R.  E.  Mcintosh,  D.  Vandemark,  and 

C.  T.  Swift. 

Journal  of  Atmospheric  and  Oceanic  Technology 

JAOTES,  Vol.  6,  No.  6,  p  1090-1097,  December 

1989.  9  fig,  2  tab,  11  ref. 

Descriptors:  'Clouds,  'Fog,  'Instrumentation, 
•Measuring  instruments,  'Meteorology,  'Remote 
sensing,  Atmosphere,  Oscillatory  waves,  Radar, 
Reflectance  techniques. 

A  recently  developed  1.4  millimeter  wavelength 
incoherent  radar  has  potential  for  remote  sensing 
of  low  reflectivity  atmospheric  targets  for  ranges 
up  to  several  kilmoeters.  Power  output  of  60  watts 
is  achieved  using  an  Extended  Interaction  Oscilla- 
tor (EIO).  Preliminary  reflectivity  measurements 
of  clouds  and  fog  for  ranges  between  36  and  1900 
meters  are  believed  to  be  the  first  such  measure- 
ments at  this  wavelength.  Limiations  on  the  accu- 
racy of  the  reflectivity  measurements  are  dis- 
cussed, highlighting  uncertainties  due  to  highly 
variable  attenuation.  (Author's  abstract) 
W90-06669 


RADIATIVE  TRANSFER  TO  SPACE 
THROUGH  A  PRECIPITATING  CLOUD  AT 
MULTIPLE  MICROWAVE  FREQUENCIES. 
PART  HI.  INFLUENCE  OF  LARGE  ICE  PARTI- 
CLES. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Meteor- 
ology. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-06724 


STRUCTURE  OF  A  LAND  BREEZE  AND 
SNOWFALL  ENHANCEMENT  AT  THE  LEAD- 
ING EDGE. 

Hokkaido  Univ.,  Sapporo  (Japan).  Inst,  of  Low 
Temperature  Science. 

K.  Tsuboki,  Y.  Fujiyoshi,  and  G.  Wakahama. 
Journal  of  the  Meteorological  Society  of  Japan 
JMSJAU,  Vol.  67,  No.  5,  p  757-770,  October  1989. 
19  fig,  1  tab,  21  ref,  append. 

Descriptors:  'Land  breezes,  'Snow,  'Wind,  Ishi- 
kari  Plain,  Japan,  Precipitation,  Radar,  Storms, 
Weather. 

A  land  breeze  is  frequently  observed  along  the 
coastal  region  of  the  Ishikari  Plain  during  the 
winter  season.  A  land  breeze  front  is  formed  off- 
shore between  colder  over-land  air  and  warmer 
over-sea  air.  A  single  Doppler  radar  was  used  to 
examine  the  structure  of  the  land  breeze  and  its 
effect  on  snow  clouds.  The  vertical  profile  of  wind 
velocity  was  divided  into  three  layers:  the  land 
breeze  layer  (about  300  m  in  depth),  the  shear  layer 
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and  the  prevailing  wind  layer.  The  frontal  surface 
was  steep  near  the  front,  but  almost  horizontal  at  a 
distance  from  the  front.  Kelvin-Helmholtz  instabil- 
ity waves  were  observed  along  the  interface  of  the 
land  breeze  and  the  northwesterly  monsoon  wind. 
The  land  breeze  strongly  influenced  the  modifica- 
tion of  snow  clouds.  A  rapid  intensification  of 
snow  cloud  echo,  which  was  often  observed  at  the 
land  breeze  front,  might  have  been  caused  by  a 
strong  low-level  convergence  at  the  front.  Behind 
the  front,  however,  the  echo  rapidly  weakened  and 
dissipated,  since  the  air  mass  of  the  north-westerly 
monsoon  wind  lost  vapor  and  its  lower  portion 
became  stable  when  mixed  with  the  land  breeze. 
Consequently,  convection  was  suppressed.  Since 
the  intensification  and  dissipation  of  echo  recurred, 
the  intense  echo  region  seemed  to  be  stagnant  at 
the  front,  while  each  cell  moved  at  the  speed  of  the 
prevailing  wind;  this  resulted  in  the  localization  of 
heavy  precipitation  at  the  front.  The  time-averaged 
distribution  of  echo  intensity  shows  the  concentra- 
tion of  precipitation  in  the  coastal  region  where  the 
front  was  located.  Analysis  of  the  AMeDAS 
(Automated  Meteorological  Data  Acquisition 
System)  data  also  shows  that  precipitation  was 
localized  along  the  coastal  region  when  there  was 
a  land  breeze.  (Author's  abstract) 
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NOTES  AND  CORRESPONDENCE.  DEPEND- 
ENCE OF  RAINFALL  VARIABILITY  ON 
MEAN  RAINFALL,  LATITUDE,  AND  THE 
SOUTHERN  OSCILLATION. 

Bureau   of  Meteorology,   Melbourne   (Australia). 

Research  Centre. 

N.  Nicholls,  and  K.  K.  Wong. 

Journal  of  Climate  JLCLEL,  Vol.  3,  No.  1,  p  163- 

170,  January  1990.  5  fig,  3  tab,  5  ref. 

Descriptors:  'Rainfall,  'Southern  oscillation, 
Annual  variation,  Latitude,  Rainfall  index. 

The  relationship  between  the  relative  variability  of 
annual  rainfall,  the  long-term  mean  annual  rainfall, 
the  latitude,  and  the  correlation  between  annual 
rainfall  and  the  Southern  Oscillation  Index  was 
examined,  using  data  from  974  stations.  A  nonlin- 
ear relationship  between  these  variables  accounts 
for  94%  of  the  variance  in  annual  rainfall  variabili- 
ty. Relative  variability  typically  increases  as  mean 
annual  rainfall  decreases,  as  latitude  decreases,  and 
as  the  effect  of  the  Southern  Oscillation  increases. 
There  is  an  interaction  between  latitude  and  the 
Southern  Oscillation  so  that  the  effect  of  the 
Southern  Oscillation  on  variability  weakens  as  lati- 
tude increases.  (Author's  abstract) 
W90-06798 


GENERATION  AND  PROPAGATION  OF  A 
NOCTURNAL  SQUALL  LINE.  PART  I:  OBSER- 
VATIONS AND  IMPLICATIONS  FOR  MESOS- 
CALE  PREDICTABnJTY. 

National  Center  for  Atmospheric  Research,  Boul- 
der, CO. 

R.  E.  Carbone,  J.  W.  Conway,  N.  A.  Crook,  and 
M.  W.  Moncrieff. 

Monthly  Weather  Review  MWREAB,  Vol.  118, 
No.  1,  p  26-49,  January  1990.  24  fig,  81  ref. 

Descriptors:  'Climatology,  'Kansas,  'Meteorol- 
ogy, 'Squalls,  'Storms,  'Weather,  Convective 
weather.  Convergence,  Forecasting,  Horizontal 
vorticity,  Mesoscale  convective  systems,  Moisture. 

The  initiation  and  forcing  of  a  squall  line  on  26-27 
May  1985  near  Wichita,  Kansas  is  examined.  The 
squall  line  is  secondary  convection  in  the  sense  that 
it  is  preceded  in  the  diurnal  cycle  by  other  mesos- 
cale convective  systems.  The  squall  line  develops 
in  synoptic  conditions  frequently  associated  with 
convective  weather  in  the  central  United  States. 
This  includes  moderate  shear,  moderate-to-high 
convective  available  potential  energy,  a  quasi-sta- 
tionary dryline,  a  low-level  southerly  jet,  and  an  85 
kPa  moist  tongue.  The  initiation  of  free  convection 
is  specifically  attributed  to  a  gust  front  that  propa- 
gates into  a  low-level  jet  with  attendant  horizontal 
vorticity,  convergence  and  moisture.  The  gust 
front  initially  propagates  as  a  gravity  current  and 
subsequently  as  an  internal  undular  bore.  Observa- 
tions of  gravity  currents,  gravity  waves  and  the 


'collision'  of  radar  echo  'boundaries'  provide  valu- 
able clues  for  short  period  forecasting.  They  estab- 
lish the  presence  of  potential  triggering  mecha- 
nisms that  can  propagate  from  convectively  less- 
favorable  to  more-favorable  environments.  Such 
observations  in  themselves,  however,  are  insuffi- 
cient to  establish  the  dynamical  causes  of  convec- 
tion. To  forecast  squall  line  precipitation  in  metro- 
politan areas  beyond  one  to  four  hours  is  a  major 
challenge  given  the  ubiquity  of  weakly  coupled, 
shallow  disturbances  in  the  nocturnal  PBL.  While 
it  is  necessary  to  model  and  accurately  forecast 
larger  scale  conditions,  this  is  likely  to  be  insuffi- 
cient for  advances  in  locationally  specific  6-12  h 
forecasts  of  convective  precipitation.  Finally,  the 
squall  line  described  herein  forms  in  a  region 
where  there  exists,  climatologically,  a  nocturnal 
maximum  in  thunderstorm  occurrence.  If  this 
event  is  typical,  then  it  suggests  that  the  nocturnal 
maximum  is  due,  in  part,  to  an  interaction  between 
earlier  disturbances  that  have  formed  over  the 
Rockies  and  unstable  conditions  in  the  vicinity  of 
the  Great  Plains  southerly  jet.  This  may  be  viewed 
as  a  form  of  discrete  propagation  for  mesoscale 
convective  systems.  (See  also  W90-06806)  (Au- 
thor's abstract) 
W90-06805 


GENERATION  AND  PROPAGATION  OF  A 
NOCTURNAL  SQUALL  LINE.  PART  II:  NU- 
MERICAL SIMULATIONS. 

National  Center  for  Atmospheric  Research,  Boul- 
der, CO. 

N.  A.  Crook,  R.  E.  Carbone,  M.  W.  Moncrieff, 
and  J.  W.  Conway. 

Monthly  Weather  Review  MWREAB,  Vol.  118, 
No.  1,  p  50-65,  January  1990.  18  fig,  28  ref. 

Descriptors:  'Climatology,  'Kansas,  'Meteorol- 
ogy, 'Model  studies,  'Squalls,  'Storms,  'Weather, 
Convection,  Convective  regeneration,  Gust  front, 
Low-level  moisture,  Low-level  shear,  Mesoscale 
oscillation,  Numerical  models. 

The  mechanisms  behind  the  convective  regenera- 
tion that  occurred  at  midnight  on  26  May  1985  in 
the  Kansas  PRE-STORM  network  are  examined 
with  a  numerical  cloud  model.  Three  mechanisms 
that  could  have  caused  the  regeneration  are  identi- 
fied: (1)  an  increase  in  low-level  moisture,  (2)  an 
increase  in  low-level  shear  and  (3)  a  mesoscale 
oscillation  forced  by  previous  convection.  The  first 
numerical  experiments  begin  with  a  horizontally 
uniform  environment.  A  primary  squall  line  is  gen- 
erated in  this  environment  and  is  then  allowed  to 
decay.  Four  hours  after  the  decay,  a  second  con- 
vective system  develops  at  the  leading  edge  of  the 
gust  front  from  the  primary  squall  line.  It  is  shown 
that  this  secondary  generation  is  due  to  a  mesos- 
cale oscillation  centered  at  70  kPa  that  is  forced  by 
the  previous  convective  system.  Horizontal  vari- 
ations in  the  upstream  environment  are  then  con- 
sidered. An  increase  in  low-level  moisture  is  exam- 
ined first,  and  it  is  shown  that  the  consequent 
lowering  of  the  level  of  free  convection  allows  the 
gust  front  to  trigger  new  convection.  It  is  also 
found  that  the  convective  regeneration  is  stronger 
when  the  gust  front  collides  with  the  moisture 
gradient  during  the  upward  phase  of  the  mesoscale 
oscillation.  Horizontal  increases  in  low-level  shear 
are  then  considered.  In  the  region  of  enhanced 
shear,  the  lifting  at  the  gust  front  is  increased  and 
consequently  new  convection  can  be  triggered.  In 
a  comparison  of  the  three  regeneration  mechanisms 
it  is  found  that  the  strongest  convection  occurs  for 
increases  in  low-level  shear.  (See  also  W90-06805) 
(Author's  abstract) 
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ESTIMATION  OF  EXTREME  PRECIPITA- 
TION IN  NORWAY. 

Norske  Meteorologiske  Inst.,  Oslo. 

E.  J.  Forland,  and  D.  Kristoffersen. 

Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  4/5,  p 

257-276,  1989.  6  fig,  5  tab,  14  ref. 

Descriptors:  'British  growth-factor  method,  'Me- 
teorology, 'Norway,  'Precipitation,  'Probable 
maximum  precipitation,  Model  studies,  Rainfall 
patterns. 


According  to  the  World  Meteorological  Organiza- 
tion, different  but  equally  valid  approaches  may 
yield  slightly  different  estimates  of  probable  maxi- 
mum precipitation  (PMP).  For  some  basins  in 
Norway  the  different  methods  yield  more  than 
'slightly  different'  estimates.  All  existing  methods 
for  estimation  of  PMP  are  connected  to  rather 
large  uncertainties,  and  the  estimates  must  be  con- 
sidered as  approximations.  By  using  different  meth- 
ods it  may  be  possible  to  assess  the  uncertainties  in 
the  PMP  estimates.  For  Norwegian  conditions  a 
modified  version  of  the  British  growth-factor 
method  is  preferred.  Although  the  maximizing  pro- 
cedure differs  from  those  usually  accepted,  the 
uncertainties  in  estimating  PMP  in  Norway  are  so 
great  that  this  method  may  be  regarded  as  least  as 
valid  as  any  other.  In  addition  it  is  quite  easy  to 
perform  and  may  be  used  for  both  areas  with 
representative  rainfall  stations  and  for  areas  with- 
out rainfall  observations.  In  the  last  case  the  rather 
well  known  average  annual  rainfall  (AAR)  pattern 
is  one  of  the  input  parameters.  For  areas  with 
uncertain  AAR  values,  average  annual  runoff  may 
be  used  to  assess  the  AAR  value.  These  methods 
yield  values  for  various  return  periods,  various 
area  sizes,  various  durations,  specified  seasons,  and 
also  ensures  regional  consistency  as  well  as  internal 
consistency  between  the  regions  and  the  PMP 
value.  For  critical  hydrologic  regulations,  the 
PMP  value  should  be  estimated  by  more  than  one 
method,  and  preferably  by  both  statistical  and  me- 
teorological methods.  (Author's  abstract) 
W90-06814 


MODELING    RAINFALL-RUNOFF    PROCESS 
INCLUDING  LOSSES. 

Academia  Sinica,  Beijing  (China).  Inst,  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-06823 


INFILTRATION  EVALUATION  OF  FOUR  ME- 
CHANICAL RAINFALL  SIMULATION  TECH- 
NIQUES IN  SIERRA  NEVADA  WATERSHEDS. 

Nevada  Univ.,  Reno.  Dept.  of  Range,  Wildlife  and 

Forestry. 

For  primary  bibliographic  entry  see  Field  7B. 
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DEUTERIUM  VARIATIONS  IN  STORM  RAIN- 
FALL: IMPLICATIONS  FOR  STREAM  HY- 
DROGRAPH  SEPARATION. 

Universities  Space  Research  Association,  Hunts- 

ville,  AL. 

J.  J.  McDonnell,  M.  Bonell,  M.  K.  Stewart,  and  A. 

J.  Pearce. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  3,  p  455-458,  March  1990.  2  fig,  4  tab,  24  ref. 

Descriptors:  'Deuterium,  'Hydrograph  analysis, 
'Hydrographs,  'New  Zealand,  'Rainfall-runoff  re- 
lationships, 'Rainstorms,  'Tracers,  Hydrogen  iso- 
topes. 

Isotopic  variation  in  storm  rainfall  is  an  important 
consideration  in  hydrograph  separation  using  the 
mass  balance  approach  but  is  rarely  considered 
when  determining  the  accuracy  of  old  water  esti- 
mates. Study  of  a  small  watershed  on  the  South 
Island  of  New  Zealand  in  which  new  water  is  a 
major  component  of  the  storm  hydrograph  shows 
that,  in  addition  to  the  within-storm  isotopic  vari- 
ations themselves,  rainfall  weighting  techniques 
may  substantially  influence  estimates  of  old/new 
water  as  a  function  of  both  total  runoff  and  total 
quick  flow  production.  Two  incremental  ap- 
proaches to  rainfall  weighting  are  presented.  Re- 
sults show  that  within-storm  incremental  weight- 
ing is  better  than  the  standard  weighting  technique, 
which  imposes  a  total  storm  rainfall  value  exoge- 
nously  on  the  mass  balance  equation.  (Author's 
abstract) 
W90-06854 


STOCHASTIC  INTERPOLATION  OF  RAIN- 
FALL DATA  FROM  RAIN  GAGES  AND 
RADAR  USING  COKRIGING:  1.  DESIGN  OF 
EXPERIMENTS. 


Field  2— WATER  CYCLE 
Group  2B — Precipitation 


I 
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Utah  Water  Research  Lab.,  Logan. 
D.-J.  Seo,  W.  J.  Kxajewski,  and  D.  S.  Bowles. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  3,  p  469-477,  March  1990.  1  fig,  34  ref.  NSF 
Grant  No.  ECE-8419189. 

Descriptors:  •Cokriging,  "Data  interpretation, 
•Kriging,  'Radar,  »Rain  gages,  'Rainfall,  'Statisti- 
cal methods,  Comparison  studies,  Experimental 
design. 

Cokriging  is  used  to  merge  rain  gage  measure- 
ments and  radar  rainfall  data.  The  cokriging  esti- 
mators included  are  ordinary,  universal,  and  dis- 
junctive. To  evaluate  the  estimators,  two  simula- 
tion experiments  are  performed.  The  first  experi- 
ment assumes  that  high-quality  radar  rainfall  fields 
are  ground  truth  rainfall  fields.  From  each  ground 
truth  rainfall  field,  multiple  combinations  of  rain 
gage  measurement  field  and  radar  rainfall  field  are 
artificially  generated  with  varying  gage  network 
density  and  error  characteristics  of  radar  rainfall. 
The  second  experiment  uses  a  stochastic  space- 
time  rainfall  model  to  generate  assumed  ground 
truth  rainfall  fields  of  various  characteristics.  Due 
to  the  sparsity  of  rain  gage  measurements,  the 
second-order  statistics  required  for  cokriging  can 
only  be  estimated  with  large  uncertainty.  The  ad- 
verse effects  of  this  uncertainty,  and  the  point 
sampling  error  of  rain  gage  measurements  are  ex- 
plicitly assessed  by  cokriging  the  ground  truth 
rainfall  data  and  the  radar  rainfall  data  with  near 
perfectly  known  second-order  statistics.  (Author's 
abstract) 
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Descriptors:  'Climatic  changes,  'Global  warming, 
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analysis,  Uganda,  Utah. 

Some  climate-related  time  series  were  analyzed  to 
see  if  the  effects  of  any  such  change  can  be  identi- 
fied. Series  of  lake  levels  and  river  flows  were 
analyzed  for  linear  trends,  periodicities,  autor- 
egressions,  and  random  residuals.  Time  series  used 
were:  (1)  river  flows  (1916-1986:  Bow  River,  Al- 
berta; Saugeen  River,  Ontario;  and  St.  Mary's 
River,  Nova  Scotia);  (2)  lake  levels  (1918-1987: 
Lake  Superior  at  Duluth,  Minnesota;  Lake  Victo- 
ria, Uganda;  and  Lake  Superior,  Michipicoten  Har- 
bour). Comparisons  were  made  with  precipitation 
at  Banff,  Alberta  (1918-1986),  and  the  maximum 
levels  of  Great  Salt  Lake,  Utah  (1851-1988).  Possi- 
ble physical  causes  are  given  for  those  components 
found  to  be  significant.  No  statistical  components 
were  found  that  could  be  ascribed  to  'greenhouse'- 
induced  climatic  change.  Reasons  for  the  lack  of 
detectable  change  (besides  its  possible  absence) 
include:  limited  sample  size,  insensitivity  of  data  or 
errors,  or  inappropriate  analysis  techniques.  (Roch- 
ester-PTT) 
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STATE-OPERATED  PRECIPITATION  COL- 
LECTION NETWORK:  1987. 

Research  Triangle  Inst.,  Research  Triangle  Park, 

NC. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-06949 
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For  primary  bibliographic  entry  see  Field  7B. 
W90-06967 


STEREORADAR  METEOROLOGY:  A  PROM- 
ISING TECHNIQUE  FOR  OBSERVATION  OF 
PRECIPITATION  FROM  A  MOBILE  PLAT- 
FORM. 

Centre  de  Recherches  en  Physique  de  l'Environne- 

ment,  Issy-les-Moulineaux  (France). 

J.  Testud,  and  P.  Amayenc. 

Journal  of  Atmospheric  and  Oceanic  Technology 

JAOTES,  Vol.  6,  No.  1,  p  89-108,  February  1989. 

15  fig,  21  ref. 

Descriptors:  'Instrumentation,  'Meteorological 
data  collection,  'Radar,  'Rainfall  distribution, 
'Rainfall  rate,  'Remote  sensing,  'Simulated  rain- 
fall, 'Simulation  analysis,  Estimating,  Mathemati- 
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A  new  concept  in  the  measurement  of  precipitation 
by  radar  is  studied.  The  principle  consists  of 
stereoscopic  observations:  the  same  precipitation 
cell  is  observed  by  two  radars  operating  at  the 
same  attenuated  frequency  but  following  two  dif- 
ferent angles  of  view.  For  instance,  a  system  of 
two  ground  based  20  kilometer-spaced  radars  oper- 
ating in  X-band  may  provide  stereoscopic  observa- 
tions. The  present  paper  considers  more  particular- 
ly an  airborne  radar  configuration  where  a  dual 
beam  antenna  system,  combined  with  the  aircraft 
displacement,  views  a  precipitation  cell  under  two 
incidents.  In  the  method  developed,  the  signal  of 
interest  is  the  difference  zl-z2  between  the  appar- 
ent radar  reflectivities  (in  dBZ)  observed  from  the 
two  viewing  angles.  A  second-order  differentiation 
of  zl-z2  allows  one  to  estimate  the  along  track 
gradient  in  the  attenuation  coefficient.  However, 
because  this  estimate  is  too  noisy,  a  variational 
method  is  proposed  to  retrieve  the  K-field  from 
the  zl  and  z2  observations.  The  validation  of  such 
a  concept  is  then  investigated  on  the  basis  of  a 
numerical  simulation.  In  consideration  of  a  simple 
raincell  model  and  realistic  sampling  of  the  appar- 
ent reflectivity  fields  zl  and  z2,  the  K-field  can  be 
reliably  retrieved  in  the  range  of  values  0.5  to  7  dB 
per  Km.  The  obtained  K-field  may  then  be  used  to 
correct  the  apparent  reflectivities  for  attenuation, 
and  achieve  an  estimate  of  the  'true'  reflectivity  Z. 
Another  variational  approach  draws  benefit  of  the 
simultaneous  knowledge  of  Z  and  K  to  achieve  an 
improved  estimate  of  the  rainfall  rate  R.  A  numeri- 
cal simulation  is  again  used  as  a  tool  to  test  it. 
(Author's  abstract) 
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Measurements  of  raindrop  fall  velocity  spectra 
have  been  made  with  a  minisodar.  Amplitude  cali- 


bration of  the  system  enables  the  calculation  of 
drop  size  parameters  such  as  number  density, 
water  density,  and  surface  area  using  methods  simi- 
lar to  those  with  Doppler  radar  studies.  The  acous- 
tic measurements  are  at  10  meter  intervals  within 
200  meters  of  the  surface  and  benefit  from  an 
almost  complete  separation  of  droplet  velocity 
spectra  from  atmospheric  vertical  velocity  spectra. 
Comparison  of  parameters  with  those  reported  in 
the  literature  shows  good  agreement.  The  chief 
difficulty  with  the  method  is  atmospheric  attenu- 
ation; however,  excess  attenuation  due  to  scatter- 
ing from  droplets  is  found  to  be  unimportant.  (Au- 
thor's abstract) 
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Liquid  water  measurements  from  the  Rosemount 
icing  detector  (RICE),  Particle  Measuring  Systems 
(PMS)  forward  scattering  spectrometer  probe 
(FSSP),  and  Johnson-Williams  and  King  hot-wire 
probes  used  on  the  NCAR  King  Air  aircraft  are 
evaluated  for  10  flights  into  clouds  during  the  First 
ISCCP  Research  Experiment  (FIRE).  The  noise 
level  of  the  RICE  instrument  has  not  previously 
been  defined,  and  an  upper  limit  is  determined  by 
analyzing  data  collected  at  temperatures  below  -40 
C,  where  laboratory  measurements  and  theoretical 
analyses  suggest  that  all  water  droplets  are  frozen, 
and  therefore  the  liquid  water  content  (LWC) 
should  be  zero.  Similarly,  FSSP  spectra  at  tem- 
peratures below  -40  C  are  used  to  place  upper 
bounds  on  the  false  signatures  produced  from  con- 
tamination by  ice  particles.  The  RICE  and  FSSP 
'noise'  levels  appear  to  apply  to  all  temperatures 
between  -40  and  -20  C  as  well.  The  RICE  is 
calibrated  for  liquid  water  content  measurement  by 
comparing  its  voltage  output  with  simultaneous 
FSSP  measurements,  after  removing  the  noise 
levels.  LWC  measurements  from  the  icing  detector 
and  the  FSSP  compare  favorably  with  those  from 
the  hot-wire  probes  in  the  range  where  LWC  is 
above  the  detection  limits  of  the  latter  (about  0.02 
g/cm).  The  hot-wire  probes,  which  have  been  used 
in  many  past  studies  in  high  clouds,  have  been 
detection  thresholds  about  one  order  of  magnitude 
higher  than  is  possible  with  the  RICE  and  FSSP 
instruments.  Most  of  the  LWC  measured  at  tem- 
peratures below  -20  C  during  FIRE  fell  below  the 
hot-wire  probe  detection  thresholds.  A  compila- 
tion of  data  from  the  FIRE  experiment  indicates 
that  LWC  should  be  taken  into  consideration  in 
cloud  studies  at  temperatures  down  to  at  least  -35 
C.  (Author's  abstract) 
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Employing  drop-size  distributions  obtained  with  a 
disdrometer  during  three  spring  days  with  moder- 
ate to  heavy  rain  in  Norman,  Oklahoma,  simulated 
rain  rates  were  derived  from  various  polarimetric 
radar  algorithms.   These   distributions   gave   rain 
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rates  that  agreed  well  with  those  obtained  from  a 
nearby  rain  gauge.  Simulated  rain  rates  were  de- 
rived based  on  (1)  reflectivity  at  horizontal  polar- 
ization, Zh,  (2)  differential  reflectivity,  Zdr  (ratio 
of  horizontal  to  vertical  reflectivity  factors),  (3) 
differential  propagation  constant,  Kdp.  The  accu- 
racies of  the  simulated  rain  rates  from  Zh,  Zdr,  and 
Kdp  are  evaluated  and  compared.  Statistical  errors 
and  drop  size  distribution  (DSD)  variations  affect 
both  radar  derived  measurements  and  disdrometer- 
simulated  rain  measurements.  DSD  variations  have 
the  same  effects  on  a  given  algorithm,  but  statisti- 
cal variations  are  instrument  dependent.  These  two 
errors  cannot  be  easily  separated  from  observa- 
tions. The  main  thrust  of  simulations  with  disdro- 
meter  data  is  to  reveal  the  sensitivities  of  algo- 
rithms to  DSD  variations.  Therefore,  statistics  of 
instrumental  errors  have  been  examined  in  order  to 
gauge  their  contribution  to  the  total  variability.  In 
the  case  of  differential  reflectivity  at  moderate 
rainfall  rates,  statistical  errors  of  radar-derived  and 
simulated  measurements  are  comparable.  As  a  by- 
product, this  study  found  that  a  disdrometer  might 
be  used  instead  of  a  rain  gauge  to  determine 
needed  adjustments,  particularly  in  single-parame- 
ter radar  algorithms.  (Chonka-PTT) 
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A  new  method  is  given  to  determine  the  rain 
intensity  from  data  collected  by  a  vertically  scan- 
ning Doppler  radar.  The  method  is  based  on  relat- 
ing a  theoretical  velocity  spectrum  derived  from  a 
gamma  drop  size  distribution  to  the  measured 
Doppler  spectra.  A  considerable  reduction  in  cal- 
culation time  is  obtained  by  characterizing  a  Dopp- 
ler spectrum  by  its  total  reflectivity  and  three 
velocities,  and  relating  these  parameters  directly  to 
the  rain  intensity,  vertical  air  velocity  and  drop 
size  distribution  parameters.  The  method  is  verified 
with  observations  of  a  high-resolution  radar.  A 
good  agreement  with  the  resulting  rain  intensity  is 
found  when  large  raindrops  are  present,  but  the 
accuracy  of  the  method  appears  to  reduce  sharply 
in  the  absence  of  large  raindrops.  The  Doppler 
spectrum  shows  a  sudden  decrease  in  reflectivity 
near  the  maximum  fall  velocity  of  raindrops  when 
large  enough  drops  are  present.  Without  large 
drops,  the  Doppler  spectrum  appears  hardly  sensi- 
tive to  the  mean  drop  size,  and  any  method  that  is 
based  on  an  interpretation  of  the  shape  of  the 
Doppler  spectrum  should  be  restricted  with  large 
raindrops  to  produce  accurate  results.  (Author's 
abstract) 
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For  a  spaceborne  meteorological  radar,  the  use  of 
frequencies  above  10  GHz  may  be  necessary  to 
attain  sufficient  spatial  resolution.  As  the  frequency 


increases,  however,  attenuation  by  rain  becomes 
significant.  To  extend  the  range  of  rain  rates  that 
can  be  accurately  estimated,  methods  other  than 
the  conventional  Z-R,  or  backscattering  method, 
are  needed.  Tests  are  made  of  two  attenuation- 
based  methods  using  data  from  a  dual-wavelength 
airborne  radar  operating  at  3  cm  and  0.87  cm.  For 
the  conventional  dual  wavelength  method,  the  dif- 
ferential attenuation  is  estimated  from  the  relative 
decrease  in  the  signal  level  with  range.  For  the 
surface  reference  method,  the  attenuation  is  deter- 
mined from  the  difference  of  surface  return  powers 
measured  in  the  absence  and  the  presence  of  rain. 
For  purposes  of  comparison,  and  as  an  indication 
of  the  relative  accuracies  of  the  techniques,  the 
backscattering  (Z-R),  method,  as  applied  to  the  3 
cm  data,  is  employed.  As  the  primary  sources  of 
error  for  the  Z-R,  dual  wavelength,  and  surface 
reference  methods  are  nearly  independent,  some 
confidence  in  the  results  is  warranted  when  these 
methods  yield  similar  rain  rates.  Cases  of  good 
agreement  occur  most  often  in  straitform  rain  for 
rain  rates  between  a  few  mm/hr  to  about  15  mm/ 
hr,  that  is,  where  attenuation  at  the  shorter  wave- 
length is  significant  but  not  so  severe  as  to  result  in 
a  loss  of  signal.  When  the  estimates  disagree,  it  is 
sometimes  possible  to  identify  the  likely  error 
source  by  an  examination  of  the  return  power 
profiles  and  a  knowledge  of  the  error  sources. 
(Author's  abstract) 
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A  technique  for  numerical  simulation  of  a  station- 
ary, two-dimensional  laminar  flow  process  is  de- 
scribed. In  the  governing  equations  for  the  one- 
dimensional,  time  dependent  warm  rain  process, 
the  temperature,  pressure  and  mixing  ratio  are 
treated  as  in  a  parcel  model.  The  flow  is  assumed 
laminar  in  the  vertical.  Only  sedimentation  of  hy- 
drometeors  is  treated  in  the  one-dimensional  space. 
Treatment  of  microphysics  includes  an  initial  drop- 
let spectrum,  condensation  growth  of  water  drop- 
lets, terminal  velocity  of  water  drops,  and  coales- 
cence growth  of  drops.  The  numerical  methods 
include  an  advection  scheme  for  condensation 
growth  and  a  stochastic  collection  growth  equa- 
tion solution.  The  coalescence  process  depletes  the 
cloud  droplets,  causing  the  supersaturation  ratio  to 
rise  and  may  cause  additional  cloud  condensation 
nuclei  to  activate.  The  model  predicts  the  initial 
shape  of  droplet  spectra  fairly  well  for  large  drops 
compared  with  the  field  observations.  There  was  a 
discrepancy,  however,  between  the  predicted  and 
observed  droplet  spectra.  It  was  found  that  the 
observed  coalescence  rate  was  much  faster  than 
the  calculated  rate.  This  difference  could  not  be 
explained  by  giant  nuclei  or  inadequate  collision 
efficiences.  The  available  data  suggest  that  entrain- 
ment  and  inhomogeneous  mixing  was  occurring 
near  cloud  top,  but  the  mixing  effect  could  not  be 
fully  evaluated.  (Friedmann-PTT) 
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The  annual  rainfall  over  California  during  11  El 
Nino/Southern  Oscillation  (ENSO)  events  within 
the  period  1950  to  1982  are  examined.  During  six 
of  these,  unusually  wet  conditions  prevailed 
throughout  California;  conditions  were  near 
normal  during  five  events;  and  in  one  extreme, 
drought  occurred  statewide.  A  comparison  with 
the  ENSO  classification  scheme  of  Fu  et  al.,  based 
on  SST  patterns  in  the  Pacific,  shows  an  excellent 
correspondence.  Type  1  years,  with  large  positive 
temperature  anomalies  east  of  the  date  line  and 
lasting  well  into  winter,  are  invariably  events  that 
enhance  California  rainfall.  Normal  years  coincide 
with  Type  2  ENSO  events  (moderate  wanning 
over  a  broad  sector);  the  dry  year  is  the  sole  Type 
3  year,  with  weak  anomalies  confined  to  the  east- 
ern Pacific.  It  is  also  shown  that  the  response  to 
ENSO  is  regionally  specific.  Although  throughout 
the  state,  most  years  with  extremely  wet  conditions 
are  ENSO  years,  the  tendency  for  an  ENSO  event 
to  increase  rainfall  is  greatest  in  southern  Califor- 
nia, where  9  of  11  events  produced  above-normal 
rainfall  and  8  of  the  10  wettest  years  was  an  ENSO 
year.  The  pattern  is  more  complex  in  central  Cali- 
fornia; there,  ENSO  years  are  almost  invariably 
ones  with  highly  abnormal  rainfall,  but  they  may 
be  either  be  wet  or  dry.  The  areas  least  influenced 
by  ENSO  are  the  Sierra  Nevada  and  northern 
California.  The  reasons  for  the  geographical  pat- 
tern of  response  become  apparent  when  the  season- 
ality and  causes  of  rainfall  in  the  various  regions 
are  evaluated.  (Author's  abstract) 
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SYNOPTIC  CLIMATOLOGY  OF  THE  BIMOD- 
AL  PRECIPITATION  DISTRIBUTION  IN  THE 
UPPER  MIDWEST. 

Denver  Univ.,  CO.  Dept.  of  Geology  and  Geogra- 
phy. 

M.  J.  Keables. 

Journal  of  Climate  JLCLEL,  Vol.  2,  No.  11,  p 
1289-1294,  November  1989.  8  fig,  3  tab,   13  ref. 

Descriptors:  'Climates,  'Climatology,  'Precipita- 
tion, 'Rainfall,  'Rainfall  distribution,  Air  circula- 
tion, Meteorological  data  collection,  Rainstorms, 
Seasonal  variation,  Temporal  distribution,  Weath- 
er, Weather  data  collections. 

The  synoptic  climatology  of  the  precipitation 
regime  in  the  Upper  Midwest  was  investigated. 
The  annual  march  of  precipitation  is  characterized 
by  a  bimodal  distribution,  with  maxima  occurring 
during  the  months  of  June  and  September.  Mid- 
summers are  noticeably  drier.  Using  daily  precipi- 
tation and  twice-daily  700  mb  height  data  for  the 
period  1950-1979,  composite  difference  maps  of  the 
700  mb  height  field  corresponding  to  wet  and  dry 
Junes,  Augusts  and  Septembers  were  constructed 
to  identify  the  nature  of  the  difference  in  midtro- 
pospheric  circulation  associated  with  the  midsum- 
mer minima  and  the  September  maxima.  Correla- 
tion of  monthly  total  precipitation  with  monthly 
precipitation  event  frequency  was  undertaken  of 
determine  whether  precipitation  during  the 
summer  months  is  the  result  of  a  small  number  of 
high-intensity  storms  or  in  fact  due  to  the  frequen- 
cy of  less  intense  rain  events.  The  influence  of 
North  Atlantic  tropical  cyclones  on  the  late 
summer  precipitation  was  investigated  using  tropi- 
cal cylcone  tracks  and  satellite  photography.  Re- 
sulted indicated  that  (1)  the  monthly  precipitation 
in  the  region  primarily  depends  upon  the  frequen- 
cy of  rain  events  as  opposed  to  a  small  number  of 
intense  storms;  (2)  the  midsummer  minima  is  a 
result  of  increased  northerly  flow  aloft  of  continen- 
tal origin  in  response  to  the  building  of  a  ridge  to 
the  west;  (3)  the  secondary  maxima  is  associated 
with  a  southwestward  shift  in  position  of  the  mean 
summer  trough,  producing  an  increased  southwest- 
erly flow  aloft  with  increased  water  vapor  advec- 
tion from  the  Gulf  of  Mexico;  (4)  remnant  North 
Atlantic  tropical  cyclones  entering  the  region  can 
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significantly  influence  the  precipitation  receipt  for 
a  given  month,  but  there  is  no  evidence  in  the 
record  to  indicate  that  tropical  cyclones  are  the 
sole  mechanism  responsible  for  the  September 
maxima.  (Author's  abstract) 
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SOIL   MOISTURE   AND   THE   PERSISTENCE 
OF  NORTH  AMERICAN  DROUGHT. 

Yale  Univ.,  New  Haven,  CT.  Dept.  of  Geology 

and  Geophysics. 

For  primary   bibliographic   entry   see   Field   2G. 
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DOPPLER  RADAR  ANALYSIS  OF  THE 
STRUCTURE  OF  MESOSCALE  SNOW  BANDS 
DEVELOPED  BETWEEN  THE  WINTER  MON- 
SOON AND  THE  LAND  BREEZE. 

Meteorological  Research  Inst.,  Yatabe  (Japan). 
M.  Ishihara,  H.  Sakakibara,  and  Z.  Yanagisawa. 
Journal  of  the  Meteorological  Society  of  Japan 
JMSJAU,  Vol.  67,  No.  4,  p  503-520,  August  1989. 
15  fig,  2  tab,  23ref. 

Descriptors:  'Atmospheric  water,  'Cloud  liquid 
water,  'Clouds,  'Meteorology,  'Radar,  'Remote 
sensing,  'Snow,  'Weather,  Climates,  Doppler 
radar,  Japan,  Monsoons. 

The  characteristics  and  structure  of  mesoscale 
snow  clouds  generated  in  the  western  Hokuriku 
District  of  Japan  was  examined,  mainly  through 
Doppler  Radar  data.  These  clouds  were  produced 
in  the  convergence  zone  between  the  land-originat- 
ed local  wind  (land  breeze)  and  the  northwesterly 
monsoon  flow.  This  convergence  zone  was  located 
in  a  convective  mixed  layer  over  the  relatively 
warm  sea  producing  mesoscale  snow  bands  found 
along  the  coast.  The  snow  bands  periodically  ap- 
peared in  synoptic  situations  during  which  the 
northwesterly  monsoon  was  not  intense  and  mod- 
erately cold  air  existed  in  the  lower  troposphere. 
They  occurred  at  an  interval  of  3-4  days  and 
brought  about  moderate  snowfall  to  the  coastal 
regions.  Their  horizontal  scale  was  approximately 
100  km  by  20  km  with  a  lifetime  of  1-1.5  hr, 
classified  as  meso-beta-scale  phenomena.  The  land 
breeze  circulation  was  produced  by  a  thermal  con- 
trast between  the  warm  sea  and  the  cold  mountain- 
ous land.  The  cold  gravity  current  associated  with 
the  circulation  flowed  downward  toward  the  sea. 
The  current  was  modified  by  the  relatively  warm 
sea  surface  and  converged  with  the  northwesterly 
monsoon  flow  10-30  km  offshore,  producing  the 
snow  bands.  The  snow  bands  exhibited  a  marked 
evolution  from  the  growing  stage  to  the  decaying 
stage,  as  they  moved  from  the  sea  to  the  coast.  The 
successive  production  of  the  snow  bands  resulted 
from  the  coupling  of  three  air  flows:  the  north- 
westerly monsoon,  the  land  breeze  and  the  low- 
level  outflow  originating  from  the  anvil-like  cloud 
at  the  rear  of  the  snow  bands.  The  low-level  con- 
vergence between  the  monsoon  flow  and  the  land 
breeze  resulted  in  the  development  of  the  snow 
bands  in  the  growing  stage.  The  pumping  of  land 
breeze  air  into  the  updraft  of  the  snow  bands 
caused  the  land  breeze  front  to  retreat  toward  the 
coast,  accompanied  by  the  snow  bands.  The  low- 
level  outflow  from  the  decaying  snow  bands  acted 
as  a  trigger  or  a  seed  for  the  formation  of  a  new 
snow  band.  The  dissipation  of  the  snow  band  and 
the  extinction  of  the  updraft  pumping  allowed  the 
front  to  advance  offshore  again.  (Author's  ab- 
stract) 
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ANNUAL  RAINFALL  VARIABILITY  AND  ITS 
INTERHEMISPHERIC  COHERENCE  IN  THE 
SEMI-ARID  REGION  OF  TROPICAL  AFRICA. 

Tokyo  Univ.  (Japan).  Dept.  of  Geography. 

M.  Shinoda. 

Journal  of  the  Meteorological  Society  of  Japan 
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Descriptors:  'Arid  zone,  'Climates,  'Climatology, 
•Drought,  'Precipitation,  'Rainfall,  'Rainfall  dis- 
tribution, 'Tropical  regions,  Africa,  Weather. 

The  annua]  rainfall  variability  and  its  interhemis- 
pheric  coherence  in  the  semi-arid  region  of  tropical 


Africa  was  investigated  using  the  data  set  updated 
to  include  1987  rainfall.  The  semi-arid  region, 
having  an  annual  rainfall  of  200-800  mm,  is  divid- 
ed, in  terms  of  geographical  location,  into  six  re- 
gions: the  eastern  and  western  Sahel,  East  Africa, 
the  northeastern,  northwestern,  and  southern  Kala- 
hari. The  regions  located  in  the  same  hemisphere 
exhibit  a  high  positive  correlation,  while  the  inter- 
hemispheric  correlation  is  positive  but  weak.  The 
interhemispheric  concurrence  of  rainfall  variation 
between  the  western  Sahel  and  northeastern  Kala- 
hari is  found  during  the  three  drought  periods;  the 
early  1910s,  from  the  late  1960s  to  the  early  1970s, 
and  the  early  1980s.  Concurrence  was  also  found 
for  the  wet  period  of  the  1950s.  However,  the 
1970s  demonstrated  a  contrasting  trend  between 
the  hemispheres  in  that  the  Sahel  experienced  a 
drought,  whereas  the  Kalahari  experienced  a  wet 
condition.  The  reduction  in  rainfall  from  the  early 
1950s  to  the  early  1970s  was  observed  in  both 
hemispheres.  This  resulted  from  the  contraction  of 
the  tropical  annual  rainfall  zone,  probably  associat- 
ed with  the  weakening  of  convective  activity  over 
tropical  Africa  west  of  West  Africa.  Subsequently, 
rainfall  continued  to  decrease  only  in  the  Northern 
Hemisphere  until  the  mid-1980s,  accompanied  by 
the  retraction  toward  the  equator  of  the  rainfall 
zone.  (Author's  abstract) 
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MEASUREMENTS  OF  WET  AND  DRY  DEPO- 
SITION IN  A  NORTHERN  HARDWOOD 
FOREST. 

State  Univ.  of  New  York  at  Syracuse.  Coll.  of 

Environmental  Science  and  Forestry. 

For  primary  bibliographic  entry  see  Field  5B. 
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SIMULATION  OF  THE  LONG-TERM  SOIL 
RESPONSE  TO  ACID  DEPOSITION  IN  VARI- 
OUS BUFFER  RANGES. 

Winard  Staring  Centre  for  Integrated  Land,  Soil 
and  Water  Research,  Wageningen  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
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EFFECT  OF  FREEZING  ON  THE  COMPOSI- 
TION OF  SUPERCOOLED  DROPLETS--I.  RE- 
TENTION OF  HCL,  HN03,  NH3  AND  H202. 

Toronto    Univ.    (Ontario).    McLennan    Physical 

Labs. 

J.  V.  Iribame,  and  T.  Pyshnov. 

Atmospheric  Environment  ATENBP,  Vol.  24A, 

No.  2,  p  383-387,  1990.  2  fig,  1  tab,  12  ref. 

Descriptors:  'Acid  rain,  'Ammonia,  'Cloud  liquid 
water,  'Hydrochloric  acid,  'Hydrogen  peroxide, 
'Nitric  acid,  'Path  of  pollutants,  'Supercooling, 
Air  temperature,  Clouds. 

Experiments  were  done  to  check  on  the  possibility 
that  cloud  droplets  might,  during  freezing,  lose 
acidity  by  evolution  of  hydrochloric  or  nitric  acid, 
lose  ammonia,  or  lose  dissolved  hydrogen  perox- 
ide. A  spray  of  droplets  with  an  average  diameter 
of  39  micrometers  was  produced  by  an  ultrasonic 
transducer.  The  droplets  acquired  a  temperature 
between  -8  and  -12  C  and  fell  onto  an  ice  surface, 
where  they  froze.  Appropriate  analytical  tech- 
niques were  applied  to  compare  the  composition  of 
the  frozen  droplets  with  that  of  the  sprayed  liquid. 
It  was  found  that  the  four  chemical  species  studied 
were  totally  retained  in  the  ice  after  freezing.  (See 
also  W90-07232)  (Author's  abstract) 
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EFFECT  OF  FREEZING  ON  THE  COMPOSI- 
TION OF  SUPERCOOLED  DROPLETS-H.  RE- 
TENTION OF  S(TV). 

Toronto  Univ.  (Ontario).  McLennan  Physical 
Labs. 

J.  W.  Iribarne,  T.  Pyshnov,  and  B.  Naik. 
Atmospheric  Environment  ATENBP,  Vol.  24A, 
No.  2,  p  389-398,   1990.   10  fig,   15  ref,  append. 

Descriptors:  'Acid  rain,  'Cloud  liquid  water, 
'Path  of  pollutants,  'Sulfur,  'Supercooling,  Air 
temperature,  Clouds,  Sulfur  dioxide. 


Total  sulfur-S(IV)-dissolved  in  droplets  is  partial- 
ly evolved  as  sulfur  dioxide  during  freezing.  A 
spray  of  droplets  with  an  average  diameter  39 
micrometers,  produced  by  an  ultrasonic  transduc- 
er, was  let  to  fall  through  a  controlled  atmosphere 
with  a  known  sulfur  dioxide  concentration,  at 
varying  temperatures  between  -8  and  -23  C,  attain- 
ing thermal  and  chemical  equilibrium.  In  a  first 
arrangement,  the  droplets  fell  by  gravitation  on  an 
ice  surface.  Two  other  arrangements  simulated  the 
riming  ventilation  conditions;  in  one  series  of  ex- 
periments, the  droplets  were  projected  by  a  gas  jet 
at  several  m/sec  against  a  target;  in  another,  the 
droplets  were  caught  by  rotating  rods.  The  frac- 
tion of  S(IV)  retained  in  the  ice  (Gamma)  was 
determined  by  analysis  of  the  samples  and  compar- 
ison with  the  equilibrium  concentration  in  the 
liquid  droplets.  Samples  collected  by  gravitation 
showed  a  retention  coefficient 

Gamma=0.25  +  0.012  Ts  (Ts  =  supercooling);  rime 
samples  showed  large  dispersion  in  the  results,  the 
retention  coefficient  being  best  represented  by  an 
average  value  Gamma  =  0.62,  independent  of  tem- 
perature. (See  also  W90-07231)  (Author's  abstract) 
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COMPARATIVE  STUDY  OF  PRECIPITATION 
CHEMISTRY  AT  INLAND,  COASTAL  AND 
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ACID  RAIN  IN  THE  UNITED  KINGDOM:  SPA- 
TIAL DISTRIBUTIONS  AND  SEASONAL 
VARIATIONS  IN  1986. 

Warren  Spring  Lab.,  Stevenage  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
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DETERMINATION  OF  HYDROGEN  CARBON- 
ATE IN  RAINWATER. 

Warren  Spring  Lab.,  Stevenage  (England). 
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Descriptors:  'Acid  rain,  'Bicarbonates,  'Chemical 
analysis,  'Chemistry  of  precipitation,  'Laboratory 
methods,  'Rainfall,  Anions,  Cations,  Hydrogen  ion 
concentration,  Water  analysis. 

As  part  of  the  research  program  of  the  Department 
of  the  Environment,  the  Air  Pollution  Division  at 
Warren  Spring  Laboratory,  Stevenage,  England, 
conducts  a  large  long-term  project  on  the  monitor- 
ing of  acid  rain  in  the  United  Kingdom.  Quality 
assurance  and  control  of  data  are  extremely  impor- 
tant and  one  of  the  many  control  measures  used  in 
this  regard  is  the  ion  balance.  Many  of  the  imbal- 
ances observed  show  an  anion  deficit,  particularly 
in  samples  of  high  pH.  Two  analytical  methods, 
the  Ion  Chromatographic  Exclusion  and  the  Ion 
Selective  Electrode,  were  used  for  the  analysis  of 
rainwater  samples  of  pH  above  5.6  to  determine 
hydrogen  carbonate  (bicarbonate-an  anion  not 
otherwise  routinely  determined)  concentration. 
The  results  of  the  two  techniques  were  compared 
with  those  obtained  by  difference  calculation  from 
cation  and  anion  analyses  routinely  performed  on 
these  samples.  Agreement  between  the  concentra- 
tions determined  by  the  three  methods  was  gener- 
ally good.  (Lantz-PTT) 
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STRUCTURE  OF  A  LAND  BREEZE  AND 
SNOWFALL  ENHANCEMENT  AT  THE  LEAD- 
ING EDGE. 

Hokkaido  Univ.,  Sapporo  (Japan).  Inst,  of  Low 

Temperature  Science. 
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NUMERICAL  STUDY  OF  THE  INFLUENCE 
OF  ENVIRONMENTAL  CONDITIONS  ON 
LAKE-EFFECT  SNOWSTORMS  OVER  LAKE 
MICHIGAN. 

South  Dakota  School  of  Mines  and  Technology, 
Rapid  City.  Inst,  of  Atmospheric  Sciences. 
M.  R.  Hjelmfelt. 

Monthly  Weather  Review  MWREAB,  Vol.  118, 
No.  1,  p  138-150,  January  1990.  9  fig,  7  tab,  48  ref. 
NCAR  and  the  FAA  through  Interagency  Agree- 
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*Snow,  'Storms,  'Weather,  Humidity,  Lake  effect 
snowstorms,  Numerical  models,  Storm  morpholo- 
gy, Temperature,  Wind  direction,  Wind  speed. 

Numerical  simulations  are  used  to  examine  the 
influence  of  environmental  parameters  on  the  mor- 
phology of  lake  effect  snowstorms  over  Lake 
Michigan.  A  series  of  model  sensitivity  studies  are 
performed  using  the  Colorado  State  University 
mesoscale  model  to  examine  the  effects  of  lake- 
land temperature  difference,  surface  roughness,  at- 
mospheric boundary  layer  stability,  humidity,  and 
wind  speed  and  direction  on  the  morphology  of 
simulated  storms.  Four  morphological  types  of 
lake  effect  snowstorms  have  been  identified:  (1) 
Broad  area  coverage,  which  may  become  orga- 
nized into  wind  parallel  bands  or  cellular  convec- 
tion, (2)  shoreline  bands  with  a  line  of  convection 
roughly  parallel  to  the  lee  shore  and  a  well  devel- 
oped land  breeze  on  the  lee  shore;  (3)  midlake  band 
with  low-level  convergence  centered  over  the 
lake;  and  (4)  mesoscale  vortices  with  a  well-devel- 
oped cyclonic  flow  pattern  in  the  boundary  layer. 
The  model  is  able  to  reproduce  all  four  morpho- 
logical types.  Simulations  varying  environmental 
parameters  independently  define  the  thermody- 
namic and  wind  conditions  for  the  occurrence  of 
each  morphological  type.  In  particular,  the  limiting 
conditions  of  lake-land  temperature  difference, 
upwind  wind  speed,  stability,  and  humidity  for 
development  of  a  land  breeze  on  the  east  side  of 
Lake  Michigan  are  defined  for  lake  snow  condi- 
tions. The  effects  of  wind  directions,  surface 
roughness,  and  latent  heat  release  are  also  de- 
scribed. (Author's  abstract) 
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MODELLING    WATER    TEMPERATURE    BE- 
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ZEN WATER  CONTENT  OF  Ant-FREE 
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tivity, Mathematical  analysis,  Model  studies,  Silt, 
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Unfrozen  water  content  and  hydraulic  conductivi- 
ty data  were  obtained  for  an  air-free  frozen  Alas- 
kan silt  using  a  new  form  of  ice  sandwich  dilatome- 
ter/permeameter  designed  to  allow  control  of  ef- 
fective stress  in  the  granular  matrix  through  appro- 
priate adjustments  of  pressure  in  liquid  surrounding 
a  specimen  confined  as  in  a  triaxial  test  apparatus. 
Experimental  complications  included  rejuvenation 
of  conductivity  during  prolonged  period  of  equilib- 
rium (no  flow)  after  each  temperature  step,  imme- 
diately followed  by  very  slow  but  continuing 
decay,  as  if  without  limit.  When  a  formula  of  the 
Brooks  and  Corey  type  was  fitted  to  unfrozen 
water  content  data,  hydraulic  conductivities  in- 
ferred from  the  formula  parameter,  through  the 
model  of  Mualem,  provided  an  acceptable  decrit- 
pion  of  observed  hydraulic  conductivity  values,  as 
measured  immediately  after  the  equilibrium  period. 
(Author's  abstract) 
W90-O7360 


KINEMATIC  MODELING  OF  MULTIPHASE 
SOLUTE  TRANSPORT  IN  THE  VADOSE 
ZONE. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07503 


2D.  Evaporation  and  Transpiration 


ESTIMATING  TOTAL  DADLY  EVAPOTRAN- 
SPHtATION  FROM  REMOTE  SURFACE  TEM- 
PERATURE MEASUREMENTS. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Meteorology. 

T.  N.  Carlson,  and  M.  J.  Buffum. 

Remote  Sensing  of  the  Environment  RSEEA7, 

Vol.  29,  No.  2,  p  197-207,  August  1989.  8  fig,  2  tab, 

18  ref.  NASA  grant  NAG5-919. 

Descriptors:  'Evapotranspiration,  'Remote  sens- 
ing, 'Soil  water,  'Thermal  radiation,  Air  tempera- 
ture, Mathematical  equations,  Model  studies,  Simu- 
lation analysis,  Wind  velocity. 

A  method  for  calculating  daily  evapotranspiration 
from  the  daily  surface  energy  budget,  using  re- 
motely sensed  surface  temperature  and  meteoro- 
logical variables,  is  presented.  Values  of  the  coeffi- 
cients are  determined  from  simulations  with  a  one- 
dimensional  boundary  layer  model  with  vegetative 
cover.  Model  constants  are  obtained  for  vegetation 
and  bare  soil  at  two  air  temperature  and  wind 
speed  levels  over  a  range  of  surface  roughness  and 
wind  speeds.  The  problem  with  complex  models  is 
that  they  require  a  detailed  set  of  initial  conditions 
for  the  atmosphere,  surface,  and  substrate  in  order 
to  obtain  a  solution.  As  a  result,  semiempirical 
methods  have  been  proposed  for  estimating  the 
total  daily  evapotranspiration  integrated  over  a  24- 
h  period  from  remotely  sensed  surface  temperature 
measurements.  One  such  formula,  the  B-method, 
arose  from  analysis  of  a  daily  water  stress  index, 
which  was  defined  for  surface  and  air  temperatures 
made  near  1300  local  standard  time  (LST).  The 
present  study  addresses  the  variation  in  the  param- 
eters B  and  n  in  the  B-method.  These  parameters 
are  sensitive  to  wind  speed  and  roughness,  espe- 


cially over  vegetation.  The  authors  suggest  that 
the  B-method  might  be  more  generally  applicable 
to  regional-scale  remote  sensing  if  the  reference 
level  for  air  temperature  and  wind  speed  were 
taken  at  50  m,  rather  than  at  2  m  because  the 
temperature  and  wind  speed  at  the  50  m  level  are 
relatively  insensitive  to  local  surface  inhomogenei- 
ties,  For  this  reason  they  show  the  distribution  of 
B  and  n  for  air  temperatures  measured  both  at  the 
customary  2  m  elevation  (6.4  m  for  wind  speed) 
and  at  50  m.  In  view  of  all  the  errors  inherent  in 
the  B-method,  it  may  be  sufficiently  accurate  to 
use  regional-scale  surface  wind  and  air  temperature 
measurements  and  to  stratify  the  wind  speed,  sur- 
face roughness,  and  vegetation  type  into  just  two 
or  three  categories.  (Author's  abstract) 
W90-06738 


EVAPORATION  FROM  HEATED  WATER 
BODIES:  PREDICTING  COMBINED  FORCED 
PLUS  FREE  CONVECTION. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 
Civil  Engineering. 

E.  E.  Adams,  D.  J.  Cosier,  and  K.  R.  Helfrich. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  3,  p  425-435,  March  1990.  7  fig,  3  tab,  39  ref. 

Descriptors:  'Convection,  'Cooling  water,  'Equa- 
tions, 'Evaporation,  East  Mesa  Site,  Savannah 
River  Plant. 

Recent  measurements  at  the  National  Geothermal 
Test  Facility  at  East  Mesa,  California,  and  the 
Savannah  River  Plant,  South  Carolina,  have 
spurred  a  renewed  look  at  evaporation  from  heated 
water  bodies.  Theoretical  analyses  are  provided 
for  each  of  four  evaporation  regimes  that  could  be 
experienced  at  heated  ponds,  ranging  from  free 
convective  layers  to  forced  convective  layers.  Dif- 
ferences among  regimes  are  highlighted  by  calcula- 
tions appropriate  for  the  Savannah  River  site 
where  water  temperatures  reach  70  C  and  under- 
score the  difficulty  in  finding  a  single  evaporation 
equation  to  adequately  cover  the  entire  range. 
Consequently,  a  new  equation  was  developed 
which  combines  free  and  forced  convection  in  a 
different  manner  from  previous  equations:  evapo- 
ration is  computed  as  the  square  root  of  the  sum  of 
the  squares  of  the  respective  components.  The  new 
equation  and  several  existing  equations  were  com- 
pared with  evaporation  measured  at  water  bodies 
at  the  Savannah  River  and  the  East  Mesa  sites. 
(Author's  abstract) 
W90-06851 


POTENTIAL  EVAPORATION  AND  THE 
'COMPLEMENTARY  RELATIONSHIP'. 

University  Coll.,  Galway  (Ireland).  Dept.  of  Engi- 
neering Hydrology. 
J.  E.  Nash. 

Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 
p  1-7,  November  1989.  1  fig,  3  ref. 

Descriptors:  'Evaporation,  'Evaporation  rate, 
Complementary  relationship,  Mathematical  analy- 
sis, Mathematical  equations,  Penman  equation. 

On  a  cursory  reading,  the  1948  work  of  Penman 
and  the  1983  contribution  of  Morton  on  evapora- 
tion seem  diametrically  opposed.  A  closer  reading, 
however,  shows  that  they  invoke  the  same  concept 
of  potential  evaporation.  It  is  shown  here  that 
Morton's  concept  of  a  complementary  relationship 
between  actual  and  potential  evaporation  is  in  no 
way  incompatible  with  Penman's  concept  of  poten- 
tial evaporation.  A  difference  in  terminology,  with 
some  lack  of  precision  in  the  definition  of  what 
was  being  kept  constant,  has  led  to  an  apparent 
conflict.  The  only  real  conflict  between  Morton's 
views  and  those  of  Penman  arises  through  Mor- 
ton's rejection  of  the  assumption  that  when  the 
water  supply  is  limiting  the  actual  evaporation  is 
proportional  to  the  potential  evaporation  and  some 
function  of  the  water  supply.  There  is  no  conflict 
between  Penman's  and  Morton's  definitions  of  po- 
tential evaporation,  although  Morton's  is  clearer 
and  less  open  to  misinterpretation.  Morton's  use  of 
the  complementary  relationship  extends  rather 
than  contradicts  Penman's  work.  This  extension 
permits  estimation  of  actual  rather  than  potential 
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evaporation,  thus  avoiding  the  necessity  of  assum- 
ing an  empirical  relationship  between  actual  and 
potential  evaporation  as  a  function  of  soil  moisture 
deficiency.  (Rochester-PTT) 
W90-06881 


EXAMINATION  OF  THE  CONCEPT  OF  PO- 
TENTIAL EVAPORATION. 

Saskatchewan  Univ.,  Saskatoon.  Div.  of  Hydrolo- 
gy- 

R.  J.  Granger. 

Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 
p  9-19,  November  1989.  1  fig,  1  tab,  22  ref. 

Descriptors:  'Evaporation,  'Evaporation  rate, 
Energy,  Mathematical  analysis,  Mathematical 
equations,  Water  vapor. 

A  survey  of  the  literature  reveals  that  the  concept 
of  potential  evaporation  has  been  the  source  of 
some  ambiguity.  Multiple  'definitions'  exist  that  in 
fact  can  represent  several  distinct  parameters.  A 
systematic  approach  was  used  to  derive  a  series  of 
distinct  'potential  evaporation  parameters.'  The 
evaporating  surface  is  considered  as  a  system  to 
and  from  which  energy  and  vapor  can  be  trans- 
ferred; the  potential  evaporation  parameters  de- 
scribe the  evaporation  rates  that  occur  when  pre- 
scribed changes,  including  saturating  the  surface, 
are  imposed  on  this  system.  Of  the  defined  poten- 
tial evaporation  parameters,  the  most  useful  are:  (1) 
the  'equilibrium'  evaporation  rate,  which  is  gov- 
erned solely  by  the  available  energy  and  represents 
a  lower  limit  to  evaporation  from  moist  surfaces; 
(2)  the  'wet  surface'  evaporation,  which  is  gov- 
erned by  the  available  energy  and  atmospheric 
considerations  and  is  represented  by  the  Penman 
equation;  and  (3)  the  'potential'  evaporation,  which 
is  defined  by  the  atmospheric  conditions  and  the 
saturation  vapor  pressure  at  the  actual  surface  tem- 
perature and  represents  an  upper  limit  to  evapora- 
tion from  a  moist  surface.  (Author's  abstract) 
W90-06882 


EVAPORATION  FROM  NATURAL  NONSA- 
TURATED  SURFACES. 

Saskatchewan  Univ.,  Saskatoon.  Div.  of  Hydrolo- 
gy- 

R.  J.  Granger,  and  D.  M.  Gray. 
Journal  of  Hydrology  JHYDA7,  Vol.  1 1 1,  No.  1-4, 
p  21-29,  November  1989.  2  fig,  14  ref. 

Descriptors:  'Evaporation,  'Evaporation  rate, 
Energy,  Heat  flux,  Mathematical  analysis,  Mathe- 
matical equations,  Relative  evaporation,  Soil  tem- 
perature. 

Following  a  development  similar  to  that  used  by 
Penman  in  1948,  a  general  combination  equation  is 
derived  to  describe  evaporation  from  nonsaturated 
surfaces.  To  account  for  departure  from  saturated 
conditions,  the  equation  utilizes  the  concept  of 
relative  evaporation,  the  ratio  actuahpotential 
evaporation,  defined  here  as  the  evaporation  rate 
that  would  occur  under  the  existing  atmospheric 
conditions  if  the  surface  were  saturated  at  the 
actual  surface  temperature.  A  relationship  is  estab- 
lished between  the  relative  evaporation  and  a  di- 
mensionless  parameter  called  'relative  drying 
power,'  the  ratio  drying  powendrying  power  + 
net  available  energy  (i.e.,  net  radiation  +  soil  heat 
flux).  The  relationship  is  non-dimensional  and  ap- 
pears to  be  single-valued.  The  combination  of  this 
relationship  with  the  general  evaporation  equation 
derived  constitutes  a  simple  model  for  obtaining 
estimates  of  evaporation  from  nonsaturated  sur- 
faces; no  prior  estimate  of  the  potential  evapora- 
tion is  required  and  the  surface  conditions  of  tem- 
perature and  humidity  need  not  be  known.  (Au- 
thor's abstract) 
W90-06883 


COMPLEMENTARY  RELATIONSHIP  AP- 
PROACH FOR  EVAPORATION  FROM  NON- 
SATURATED  SURFACES. 

Saskatchewan  Univ.,  Saskatoon.  Div.  of  Hydrolo- 
gy 

R.  J.  Granger. 

Journal  of  Hydrology  JHYDA7,  Vol.  1 1 1.  No.  1-4, 
p  31-38,  November  1989. 


Descriptors:  'Evaporation,  'Evaporation  rate, 
Complementary  relationship,  Mathematical  analy- 
sis, Mathematical  equations,  Relative  evaporation. 

The  complementary  relationship  between  actual 
and  potential  evaporation  introduced  in  1963  by 
Bouchet  is  evaluated.  Definitions  for  the  potential 
and  wet-surface  evaporation  rates  are  chosen  that 
allow  both  these  parameters  to  be  derived  from  the 
energy  balance  and  mass  transfer  equations,  and  to 
be  expressed  in  terms  of  appropriate  vapor  pres- 
sure gradients.  Using  a  development  similar  to  that 
of  Bouchet,  the  general  form  of  the  relationship 
among  the  actual  evaporation  (E),  the  potential 
evaporation  (Ep)  and  the  potential  evaporation 
when  the  actual  regional  evaporation  equals  the 
potential  rate  (Epw)  is  then  derived.  The  resulting 
equation,  unlike  Bouchet's,  shows  that  changes  in 
actual  and  potential  evaporation  are  not  equal.  By 
introducing  the  concept  of  'relative'  evaporation 
(G  =  E/Ep),  the  modified  complementary  rela- 
tionship reduces  to  a  general  equation  describing 
evaporation  from  nonsaturated  surfaces.  Thus, 
both  the  combination  approach  and  complementa- 
ry relationship  yield  the  same  result.  (Author's 
abstract) 
W90-06884 


DEVELOPMENT  OF  A  SYSTEM  TO  ESTI- 
MATE EVAPOTRANSPIRATION  OVER  COM- 
PLEX TERRAIN  USING  LANDSAT  MSS,  ELE- 
VATION AND  METEOROLOGICAL  DATA. 

Tsukuba  Univ.  (Japan).  Science  Information  Proc- 
essing Center. 

T.  Hoshi,  S.  Uchida,  and  K.  Kotoda. 
Hydrological  Sciences  Journal  HSJODN,  Vol.  34, 
No.  6,  p  635-649,  December  1989.  7  fig,  5  tab,  9  ref. 

Descriptors:  'Elevation,  'Evapotranspiration, 
•Hydrologic  cycle,  'Meteorological  data  collec- 
tion, 'Remote  sensing,  'Satellite  technology,  'To- 
pography, Altitude,  Estimating,  Statistical  meth- 
ods, Stomatal  transpiration,  Transpiration. 

In  order  to  estimate  areal  evapotranspiration  (ET), 
a  system  using  Landsat  MSS  and  elevation  data 
was  developed.  After  extraction  of  the  study  area 
and  its  geometric  correction,  Landsat  MSS  data 
are  classified  into  land  use  categories,  which  give 
empirical  parameters  for  calculation  of  ET.  Eleva- 
tion data,  which  are  originally  given  at  the  mesh  of 
7.5  seconds  in  latitude  by  11.25  seconds  in  longi- 
tude, are  interpolated  and  fitted  to  each  pixel  of 
land  use  image  data.  Calculation  of  ET  is  executed 
by  using  empirical  functions  in  terms  of  meteoro- 
logical elements  which  are  linearly  regressed  with 
elevation  from  data  at  several  observatories.  The 
calculated  results  are  represented  by  the  form  of 
not  only  statistical  quantities  but  also  transformed 
image  data.  The  distribution  of  ET  over  mountain- 
ous areas,  represented  as  image  data,  reasonably 
shows  the  effect  of  topography.  After  comparing 
with  observed  data  of  pan  evaporation  and  with 
the  values  estimated  by  Thornthwaite's  method,  it 
can  be  concluded  that  this  system  would  reliably 
estimate  the  actual  monthly  ET  over  large  areas. 
(Author's  abstract) 
W90-07022 


PATTERNS  OF  STRATIFIED  SOIL  WATER 
LOSS  IN  CHHIUAHUAN  DESERT  COMMUNI- 
TY. 

San  Diego  State  Univ.,  CA.  Systems  Ecology  Re- 
search Group. 

For  primary  bibliographic  entry  see  Field  2G. 
W90-07081 

2E.  Streamflow  and  Runoff 


CILIATED  PROTOZOAN  COMMUNITIES  IN 
A  FLUVIAL  ECOSYSTEM. 

Barcelona  Univ.  (Spain).  Facultat  de  Biologia. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06581 


EROSION,  PHOSPHORUS  AND  PHYTO- 
PLANKTON  RESPONSE  IN  RIVERS  OF 
SOUTH-EASTERN  NORWAY. 


Norges  Landbrukshoegskole,  Aas.  Dept.  of  Soil 

Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06582 


DOWNSTREAM  DRIFT  OF  THE  LARVAE  OF 
CHIRONOMIDAE  (DIPTERA)  IN  THE  RIVER 
CHEW,  S.  W.  ENGLAND. 

Bristol  Univ.  (England).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06584 


MACROINVERTEBRATE  COMMUNITIES  IN 
WHEELER  RESERVOIR  (ALABAMA)  TRIBU- 
TARIES AFTER  PROLONGED  EXPOSURE  TO 
DDT  CONTAMINATION. 

Auburn  Univ.,  AL.  Dept.  of  Fisheries  and  Allied 

Aquacultures. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06588 


ROTIFER  OCCURRENCE  IN  RELATION  TO 
OXYGEN  CONTENT. 

Uppsala   Univ.    (Sweden).    Limnologiska    Institu- 

tionen. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06589 


INFLUENCE  OF  DIFFERENT  LITTER  BAG 
DESIGNS  ON  THE  BREAKDOWN  OF  LEAF 
MATERIAL  IN  A  SMALL  MOUNTAIN 
STREAM. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Water 
Resources  and  Public  Health  Engineering. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-06590 


DECOMPOSITION  RATE  OF  PLANT  MATE- 
RIAL IN  THE  PARANA  MEDIO  RTVER  (AR- 
GENTINA). 

Centro  de  Estudios  del  Agua,  Santa  Fe  (Argenti- 
na). 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06591 


URUGUAYIAN  WATER-PRIMROSE  (LUDWI- 
GIA  URUGUAYENSIS)  IN  TENNESSEE  AND 
KENTUCKY. 

Austin  Peay  State  Univ.,  Clarksville,  TN. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06597 


INVESTIGATION  OF  ORCONECTES  SHOUPI 
EN  MILL  AND  SEVENMTLE  CREEKS,  TEN- 
NESSEE. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06598 


PHYSICAL  HABITAT  SELECTION  BY 
BROWN  TROUT  (SALMO  TRUTTA)  IN  RIVER- 
ISE  SYSTEMS. 

Norges  Landbrukshoegskole,  Aas.  Dept.  of  Nature 

Conservation. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06600 


PHENOLOGY  OF  THE  CLADOPHORA-STI- 
GEOCLONIUM  COMMUNITY  IN  TWO 
URBAN  CREEKS  OF  MELBOURNE. 

Melbourne  Univ.,  Parkville  (Australia).  Dept.  of 

Botany. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06657 


EFFECTS  OF  HYPOXIA  ON  OXYGEN  CON- 
SUMPTION BY  TWO  SPECEES  OF  FRESHWA- 
TER MUSSEL  (UNIONACEA:HYRIIDAE) 
FROM  THE  RTVER  MURRAY. 

Adelaide  Univ.  (Australia).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2H. 
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W90-06658 


IMPACT    OF    TIMBER    HARVESTING    AND 
PRODUCTION  ON  STREAMS:  A  REVIEW. 

Chisholm  Inst,  of  Tech.,  Melbourne  (Australia). 

Center  for  Stream  Ecology. 

For  primary  bibliographic  entry  see  Field  4C 

W90-06659 


CONVERSION  OF  THE  DIGITAL  LAND  IN- 
FORMATION FILES  FOR  THE  PURPOSE  OF 
DRAWING  RTVER  BED  PROFILES. 

Tokyo  Univ.  (Japan). 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06661 


DIFFERENTIATION  OF  THE  HABITATS  OF 
HYDROPSICHIDAE  LARVAE  (TNSECTA:  TRI- 
CHOPTERA)  IN  THE  PASLEKA  RIVER  AS  A 
RESULT  OF  AVOIDANCE  OF  TROPHIC  COM- 
PETITION. 

Akademia  Rolniczo-Techniczna,  Olsztyn-Kortow 
(Poland).  Inst,  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06695 


LABORATORY  STUDTES  OF  THE  EFFECT  OF 
AN  ANIONIC  DETERGENT  AND  FUEL  OIL 
ON  THE  LEVELS  OF  CHLOROPHYLL, 
OXYGEN  AND  TOTAL  SUSPENDED  PARTIC- 
ULATE MATTER  IN  WATER  OF  THE  BRDA 
RTVER. 

Akademia  Medyczna,  Bydgoszcz  (Poland).  Dept. 
of  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 
W9O-06697 

PRODUCTIVE  CAPACITY  OF  PERIPHYTON 
AS  A  DETERMINANT  OF  PLANT-HERBI- 
VORE INTERACTIONS  IN  STREAMS. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Fisheries 

and  Wildlife. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06704 


RETENTION  AND  TRANSPORT  OF  NUTRI- 
ENTS IN  A  THIRD-ORDER  STREAM:  CHAN- 
NEL PROCESSES. 

Geological  Survey,  Menlo  Park,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-O6705 


RETENTION  AND  TRANSPORT  OF  NUTRI- 
ENTS TN  A  THIRD-ORDER  STREAM  IN 
NORTHWESTERN  CALIFORNIA:  HYPOR- 
HEIC  PROCESSES. 

Geological  Survey,  Menlo  Park,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06706 


OCEANIC  AND  RTVERTNE  INFLUENCES  ON 
VARIATIONS  IN  YIELD  AMONG  ICELANDIC 
STOCKS  OF  ATLANTIC  SALMON. 

Iowa  State  Univ.,  Ames.  Dept.  of  Animal  Ecolo- 
gy. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06740 


SPAWNING  HABITAT  AND  REDD  CHARAC- 
TERISTICS OF  SOCKEYE  SALMON  IN  THE 
GLACIAL  TAKU  RTVER,  BRITISH  COLUMBIA 
AND  ALASKA. 

National  Marine  Fisheries  Service,  Auke  Bay,  AK. 

Auke  Bay  Lab. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06741 


REGIONAL  EXCEEDANCE  PROBABILITIES. 

Oslo  Univ.  (Norway).  Inst,  of  Geophysics. 
For  primary  bibliographic  entry  see  Field  7C. 
W9O-O6810 


PROPOSED  SWEDISH  SPILLWAY  DESIGN 
FOODS  IN  RELATION  TO  OBSERVATIONS 
AND  FREQUENCY  ANALYSIS. 

Sveriges  Meteorologiska  och  Hydrologiska  Inst., 

Norrkoeping. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-06815 


PROPOSED  SWEDISH  SPILLWAY  DESIGN 
GUIDELTNES  COMPARED  WITH  HISTORI- 
CAL FLOOD  MARKS  AT  LAKE  SDUAN. 

Sveriges  Meteorologiska  och  Hydrologiska  Inst., 

Norrkoeping. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-06816 


MODELING  RAINFALL-RUNOFF  PROCESS 
INCLUDING  LOSSES. 

Academia  Sinica,  Beijing  (China).  Inst,  of  Geogra- 
phy. 

G.-T  Wang,  and  Y.-S.  Yu. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 
1,  p  61-66,  February   1990.  3  fig,  2  tab,   13  ref. 

Descriptors:  'Hydrologic  models,  'Model  studies, 
♦Rainfall,  *Rainfall-runoff  relationships,  *Runoff, 
Autoregressive  moving  average  model,  Nonlinear 
iterative  technique. 

Existing  discrete,  linear  rainfall-runoff  models  gen- 
erally require  the  effective  rainfall  of  a  given  storm 
as  the  input  for  computing  the  runoff  hydrograph. 
A  method  is  proposed  for  estimating,  simulta- 
neously, the  optimal  values  of  model  parameters 
and  the  rainfall  losses  from  the  measured  rainfall 
hyetograph  and  the  runoff  hydrograph.  The 
method  involves  an  ARMA  (autoregressive/ 
moving  average)  model  for  the  rainfall-runoff 
process  and  a  nonlinear  iterative  technique.  The 
number  of  model  parameters  to  be  estimated  for 
the  ARMA  model  is  much  less  than  the  unit  hy- 
drograph model.  Applications  of  the  model  to 
three  different  watersheds  show  that  the  computed 
runoff  hydrographs  agree  well  with  the  measure- 
ments. (Author's  abstract) 
W90-06823 


TRENDS  IN  FRESHWATER  INFLOW  TO  SAN 
FRANCISCO  BAY  FROM  THE  SACRAMENTO- 
SAN  JOAQUIN  DELTA. 

Consulting  Engineer,  2530  Etna  Street,  Berkeley, 

California  94704. 

J.  P.  Fox,  T.  R.  Mongan,  and  W.  J.  Miller. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 

1,  p  101-116,  February  1990.  5  fig,  5  tab,  41  ref. 

Descriptors:  'California,  'Sacramento  River, 
•Saline-freshwater  interfaces,  'San  Francisco  Bay, 
•San  Joaquin  River,  Flood  control,  Groundwater, 
Land  use,  Rainfall,  Runoff,  Seasonal  variation, 
Water  resources  development. 

Outflow  from  the  Sacramento-San  Joaquin  river 
system  (Delta  outflow)  provides  about  90  percent 
of  the  freshwater  flow  to  San  Francisco  Bay.  Be- 
cause this  river  system  also  supplies  most  of  the 
water  used  in  California,  some  believed  that  annual 
freshwater  flow  to  the  Bay  had  declined  by  as 
much  as  50  to  60  percent  as  water  use  increased. 
Consequently,  trends  in  actual  Delta  outflow  and 
precipitation  for  the  period  1921  to  1986,  which  is 
when  Delta  outflow  data  are  available  were  stud- 
ied. It  was  found  that  there  has  been  no  decrease  in 
the  annual  Delta  outflow  over  this  period.  In  fact, 
a  statistically  significant  increase  in  annual  Delta 
outflow  of  87  cfs/yr  has  occurred  during  the 
period  1921  to  1986.  One  reason  that  Delta  outflow 
has  increased  is  because  precipitation  has  increased 
faster  than  water  use.  Other  contributing  factors 
include  increased  runoff  from  land  use  changes, 
water  imports  from  other  areas,  and  the  redistribu- 
tion of  ground  water.  In  addition,  statistically  sig- 
nificant seasonal  trends  in  Delta  outflow  were 
found.  Over  the  period  1921-1986  Delta  outflow 
decreased  in  April  and  May  and  increased  from 
July  through  November.  Changes  in  other  months 
were  not  statistically  significant.  These  seasonal 
changes  result  primarily  from  the  operation  of 
upstream  flood  control  and  water  development 
projects,  which  store  water  in  the  spring  and  re- 


lease it  in  the  summer  and  fall.  These  seasonal 
changes  are  also  influenced  by  a  climatic  shift  that 
has  decreased  spring  snowmelt  runoff  and  in- 
creased late  summer  through  winter  precipitation. 
(Author's  abstract) 
W90-06827 


DEVELOPMENT  AND  TESTING  OF  A  SNOW- 
MELT-RUNOFF  FORECASTING  TECHNIQUE. 

Agricultural    Research    Service,    Beltsville,    MD. 

Hydrology  Lab. 

For  primary  bibliographic  entry  see  Field  2A. 

W90-06830 


COMPARISON  OF  REGIONAL  FLOOD  FRE- 
QUENCY ESTIMATION  METHODS  USING  A 
RESAMPLING  METHOD. 

Wisconsin  Univ.,  Madison.  Dept.  of  Civil  and  En- 
vironmental Engineering. 
K.  W.  Potter,  and  D.  P.  Lettenmaier. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  3,  p  415-424,  March  1990.  6  fig,  1  tab,  15  ref. 

Descriptors:  'Flood  forecasting,  'Flood  frequen- 
cy, 'Statistical  methods,  Estimating,  New  Eng- 
land, Statistics,  Wisconsin. 

Most  comparisons  of  flood  frequency  estimation 
methods  have  been  based  on  Monte  Carlo  simula- 
tion. An  alternative  method  which  does  not  re- 
quire the  choice  of  a  parent  distribution  is  to 
resample  from  the  historical  record.  The  relative 
performance  of  10  flood  frequency  estimation 
methods,  including  four  at-site  methods,  four  re- 
gional index  flood  methods,  and  two  variations  of 
the  U.S.  Water  Resources  Council  regional 
method,  was  evaluated  using  a  resampling  method. 
Performance  measures  were  based  on  two  statis- 
tics. The  first  was  a  flood  damage  surrogate,  which 
was  defined  as  a  power  of  the  excess  of  the  flood 
peak  over  a  fixed  threshold  approximately  equal  to 
the  median  annual  flood;  the  second  was  the  esti- 
mator of  the  100-year  flood.  For  each  subsampling 
of  the  historical  record,  the  expected  flood  loss  and 
100-year  flood  quantile  conditioned  on  the  estimat- 
ed parameters  were  computed.  From  the  remain- 
der of  the  record,  an  empirical  estimate  of  the 
mean  damage  was  computed.  The  performance  of 
the  methods  is  summarized  in  terms  of  the  mean 
and  variance  of  the  difference  between  the  condi- 
tional expectation  and  the  empirical  damages,  and 
the  variance  of  the  100-year  flood  estimates.  The 
results  are  qualitatively  similar  to  those  reported  in 
earlier  Monte  Carlo  studies.  The  U.S.  Water  Re- 
sources Council  method,  in  particular,  produced 
variability  in  the  damage  estimates  that  was  much 
greater  than  that  for  any  of  the  index  flood  meth- 
ods tested.  Estimates  of  the  100-year  flood  were 
about  twice  as  variable  on  average  as  100-year 
food  estimates  obtained  using  any  of  the  regional 
index  flood  methods.  For  the  Wisconsin  and  New 
England  flood  records  tested,  the  regional  Gener- 
alized Extreme  Value  estimators  yielded  100-year 
flood  estimates  with  lower  variability  at  virtually 
all  sites  than  the  U.S.  Water  Resources  Council 
method.  (Author's  abstract) 
W90-06850 


DETERMINING  THE  MEAN  DEPTH  OF 
OVERLAND  FLOW  IN  FIELD  STUDIES  OF 
FLOW  HYDRAULICS. 

State  Univ.  of  New  York  at  Buffalo.   Dept.  of 

Geography. 

A.  D.  Abrahams,  and  A.  J.  Parsons. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  3,  p  501-503,  March  1990.  1  fig,  1  tab,  7  ref. 

NATO  Grant  RG  85/0066. 

Descriptors:  'Hydraulics,  'Overland  flow, 
•Runoff,  'Runoff  forecasting,  Rills. 

In  field  studies  of  intertill  overland  flow  conducted 
on  runoff  plots,  the  mean  depth  of  flow  is  usually 
obtained  by  averaging  measurements  of  flow  depth 
at  regularly  spaced  points  across  the  plot,  includ- 
ing points  where  there  is  no  flow.  Although  this 
procedure  may  be  appropriate  in  studies  aimed  at 
runoff  prediction,  it  is  not  in  studies  concerned 
with  flow  hydraulics.  In  the  latter  studies,  more 
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realistic  results  can  be  obtained  by  excluding  those 
points  where  the  depth  is  zero  and  reducing  the 
width  of  flow  in  proportion  to  the  number  of 
points  excluded.  Failure  to  do  this  results  in  the 
underestimation  of  the  actual  mean  flow  depth, 
Reynolds  number,  and  friction  factor.  Where  dis- 
charges are  small  or  microtopography  is  large,  this 
underestimation  is  likely  to  be  significant.  (Au- 
thor's abstract) 
W9O-06859 


MODELING  TRANSIENT  STORAGE  AND  NI- 
TRATE UPTAKE  KINETICS  IN  A  FLUME 
CONTAINING  A  NATURAL  PERIPHYTON 
COMMUNITY. 

California  Univ.,  Davis.  Dept.  of  Chemical  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5B. 
W9O-06860 


SIMPLE  SUBSAMPLING  DEVICE  FOR  MA- 
CROINVERTEBRATES  WITH  GENERAL  RE- 
MARKS ON  THE  PROCESSING  OF  STREAM 
BENTHOS  SAMPLES. 

Konstanz   Univ.   (Germany,   F.R.).   Limnological 

Inst. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-06878 


ONE-DIMENSIONAL  FLOW  OVER  A  PLANE: 
CRITERIA  FOR  KINEMATIC  WAVE  MODEL- 
LING. 

Department  of  Scientific  and  Industrial  Research, 
Christchurch  (New  Zealand).  Hydrology  Centre. 
C.  P.  Pearson. 

Journal  of  Hydrology  JHYDA7,  Vol.  1 1 1,  No.  1-4, 
p  39-48,  November  1989.  7  fig,  16  ref. 

Descriptors:  'Kinematic  waves,  'Mathematical 
models,  'Model  studies,  'Runoff,  'Shallow  water, 
•Unsteady  flow,  Froude  number,  Hydrologic 
models,  Mathematical  equations,  New  Zealand, 
Overland  flow,  St  Venant  equation,  Stream  dis- 
charge. 

Criteria  for  using  the  kinematic  wave  approxima- 
tion to  the  Saint  Venant  equations  for  shallow 
water  flow  are  examined.  Attention  is  focused  on 
the  steady-state  upstream  depth,  which,  for  the 
condition  of  zero  flow  at  the  upstream  boundary,  is 
generally  non-zero  (proven  mathematically)  but  in 
the  kinematic  approximation  is  implicitly  assumed 
to  be  zero.  Conditions  when  the  upstream  depth 
tends  to  zero  were  investigated  and  served  to 
verify  the  existing  criteria  for  using  the  kinematic 
wave  approximation  to  the  Saint  Venant  equations. 
The  criteria  were  used  to  crudely  check  the  validi- 
ty of  kinematic  wave  routing  of  overland  flow  and 
streamflow  in  the  Waihopai  River  catchment, 
southern  New  Zealand.  The  use  of  solutions  em- 
ploying one-dimensional  flow  over  a  plane,  par- 
ticularly those  of  kinematic  wave  approximation, 
for  catchment  runoff  modeling  has  to  be  conduct- 
ed over  appropriate  catchment  geometries  to  give 
realistic  results.  Representing  a  catchment  as  one 
or  two  planes  only  is  unlikely  to  improve  upon 
simpler,  conceptual  models.  Greater  computer 
power  will  facilitate  evaluation  of  using  a  large 
number  of  infiltrating  overland  flow  planes  for 
modelling  the  rainfall-runoff  process  on  a  catch- 
ment-wide scale.  Contours  of  dimensionless  steady- 
state  upstream  depth  over  a  two-parameter  plane 
are  used  to  obtain  a  further  criterion  for  kinematic 
wave  modeling.  The  new  criterion  is  consistent 
with,  and  improves  upon,  the  existing  criteria. 
(Rochester-PTT) 
W90-06885 


SEDIMENT  CONCENTRATION  VERSUS 
WATER  DISCHARGE  DURING  SINGLE  HY- 
DROLOGIC EVENTS  IN  RD/ERS. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-06888 


STREAMFLOW  MODEL  USING  PHYSICAL- 
LY-BASED INSTANTANEOUS  UNIT  HYDRO- 
GRAPHS. 


Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 
Engineering. 

A.  P.  Georgakakos,  and  J.  C.  Kabouris. 
Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 
p  107-131,  November  1989.  14  fig,  7  tab,  27  ref. 
USGS  Grant  G-1011  and  Georgia  Power  Compa- 
ny Research  Project  POE-06608. 

Descriptors:  'Catchment  areas,  'Georgia,  'Hydro- 
graph  analysis,  'Hydrologic  models,  'Streamflow, 
•Unit  hydrographs,  Little  River,  Markov  process, 
Mathematical  studies,  Temporal  distribution. 

The  Geomorphologic  Instantaneous  Unit  Hydro- 
graph  watershed  modeling  approach  is  extended  to 
account  for  subsurface  runoff.  Watershed  response 
to  rainfall  is  modeled  as  a  Markov  process,  the 
parameters  of  which  can  be  related  to  physical 
watershed  characteristics.  Time-varying  instanta- 
neous unit  hydrographs  subsequently  are  derived 
and  convoluted  with  antecedent  rainfall  intensities 
to  generate  total  streamflow  discharges.  This  wa- 
tershed model  was  applied  to  the  Little  River 
watershed,  southeastern  Georgia.  Predicted 
streamflows  were  in  good  agreement  with  stream 
gage  measurements.  The  proposed  model  can  ac- 
count for  spatial  variations  in  geomorphologic  wa- 
tershed characteristics,  land  usage,  and  rainfall 
depth.  Also,  it  can  be  integrated  into  a  real  time 
storm  tracking  and  flood  forecasting  scheme.  (Au- 
thor's abstract) 
W90-06889 


DISTRIBUTED  MUSKINGUM  MODEL. 

Polish   Academy   of  Sciences,   Warsaw.    Inst,   of 

Geophysics. 

W.  G.  Strupczewski,  J.  J.  Napiorkowski,  and  J.  C. 

I.  Dooge. 

Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 

p  235-257,  November  1989.  4  fig,  22  ref,  append. 

Descriptors:  'Flood  control,  'Flood  routing,  'Hy- 
drologic models,  'Model  studies,  'Muskingum 
model,  'Routing,  Errors,  Mathematical  analysis, 
Mathematical  equations,  St  Venant  equation, 
Stream  discharge. 

The  limiting  form  of  the  multiple  Muskingum 
model  was  investigated  for  the  case  when  the 
number  of  reaches  increases  to  infinity  while  main- 
taining finite  values  for  the  first  and  second  mo- 
ments. Both  the  cumulants  and  the  amplitude  and 
phase  characteristics  of  this  distributed  Muskingum 
model  (DMM)  are  derived.  The  model  is  com- 
pared to  the  solution  of  this  linearized  Saint- 
Venant  equation  for  a  semi-infinite  uniform  chan- 
nel. The  error  of  the  DMM  in  predicting  the  third 
central  moment  of  the  LSV  is  shown  to  be  inde- 
pendent of  channel  length,  in  contrast  to  the  classic 
Muskingum  model  in  which  the  error  increases 
rapidly  with  length  of  channel.  (Author's  abstract) 
W90-06897 


APPROXIMATE  ANALYSIS  OF  SURFACE 
RUNOFF  MODEL  UNCERTAINTY. 

Williamson  and  Schmid,  Irvine,  CA. 

T.  V.  Hromadka,  and  R.  H.  McCuen. 

Journal  of  Hydrology  JHYDA7,  Vol.  1 1 1,  No.  1-4, 

p  321-360,  November  1989.  16  fig,  3  tab,  18  ref. 

Descriptors:  'Hydrologic  models,  'Mathematical 
models,  'Rainfall-runoff  relationships,  'Stream- 
flow  forecasting,  'Surface  runoff,  'Uncertainty, 
Errors,  Statistical  analysis,  Stochastic  hydrology. 

Recent  work  of  Schilling  and  Fuchs  is  useful  in 
evaluating  the  potential  success  of  a  surface  runoff 
model  in  reliably  predicting  the  runoff  response  at 
a  stream  gage  from  a  catchment,  given  rainfall  data 
from  a  single  rain  gage.  The  present  work  approxi- 
mates the  uncertainty  in  runoff  predictions  from 
the  Schilling  and  Fuchs  method  by  coupling  to  the 
rainfall-runoff  model  a  stochastic  model  that  repre- 
sents the  error  between  measured  runoff  data  and 
model  estimates  of  runoff.  The  stochastic  model  is 
developed  using  a  multilinear  model  of  either  the 
catchment  runoff  itself,  or  a  multilinear  equivalent 
to  some  particular  surface  runoff  modeling  ap- 
proach. From  this  coupled  model,  distributions  of 
the  predicted  outcomes  of  criterion  variables  (e.g., 
peak  flow  rate  detention  basin  maximum  volume) 


can  be  obtained  and  confidence  intervals  can  be 
estimated  and  used  in  flood  control  planning.  Once 
the  distribution  of  the  predicted  outcomes  of  the 
criterion  variable  is  developed,  T-year  estimates  of 
the  criterion  variable  are  evaluated.  New  notation 
is  introduced  to  unify  the  theory  of  uncertainty  as 
applied  to  rainfall-runoff  models.  (Rochester-PTT) 
W90-06901 


OPERATIONAL  GLS  MODEL  FOR  HYDRO- 
LOGIC  REGRESSION. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

G.  D.  Tasker,  and  J.  R.  Stedinger. 

Journal  of  Hydrology  JHYDA7,  Vol.  1 1 1,  No.  1-4, 

p  361-375,  November  1989.  2  fig,  22  ref,  append. 

Descriptors:  'Catchment  areas,  'Flood  forecast- 
ing, *Hydrologic  models,  'Least  squares  method, 
•Model  studies,  Correlation  analysis,  Errors,  Gen- 
eralized least  squares  procedures,  Mathematical 
analysis,  Monte  Carlo  method,  Statistics,  Stream 
gages,  United  States  Geological  Survey. 

The  US  Geological  Survey  has  for  some  time 
employed  regional  models  that  estimate  statistics  at 
ungaged  locations  and  for  sites  with  very  short 
records  by  use  of  physiographic  characteristics  of 
a  catchment,  including  drainage  area,  main-channel 
slope,  and  land-use  and  land-cover  statistics;  mete- 
orological variables,  such  as  mean  annual  precipita- 
tion and  snowpack  statistics  are  also  employed. 
Recent  Monte  Carlo  studies  have  documented  the 
value  of  generalized  least  squares  (GLS)  proce- 
dures to  estimate  empirical  relationships  between 
streamflow  statistics  and  physiographic  basin  char- 
acteristics. A  number  of  extension  of  the  GLS 
method  are  presented  that  deal  with  the  realities 
and  complexities  of  regional  hydrologic  data  sets 
that  were  not  addressed  by  earlier  simulation  stud- 
ies. These  extensions  include:  a  more  realistic 
model  of  the  underlying  model  errors;  (2) 
smoothed  estimates  of  cross  correlation  of  flows; 

(3)  procedures  for  including  historical  flow  data; 

(4)  diagnostic  statistics  describing  leverage  and  in- 
fluence of  GLS  regression;  and  (5)  the  formulation 
of  a  mathematical  program  for  evaluating  future 
gaging  activities  of  the  United  States  Geological 
Survey.  (Author's  abstract) 

W9O-O6902 


UNIT  HYDROGRAPH  STABDLITY  AND 
LINEAR  ALGEBRA. 

University  Coll.,  Galway  (Ireland).  Dept.  of  Engi- 
neering Hydrology. 
J.  C.  I.  Dooge,  and  M.  Bruen. 
Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 
p  377-390,  November  1989.  21  ref,  append. 

Descriptors:  'Data  quality  control,  'Errors,  *Hy- 
drograph  analysis,  'Mathematical  analysis, 
•Streamflow  forecasting,  'Unit  hydrographs, 
Least  squares  method,  Linear  algebra,  Rainfall- 
runoff  relationships,  Storm  runoff. 

The  feasibility  is  explored  of  using  concepts  from 
linear  algebra  such  as  the  condition  number  as  a 
basis  for  studying  the  conditions  under  which  data 
error  causes  unacceptable  instabilities  in  unit  hy- 
drographs. The  condition  number,  which  provides 
an  upper  bound  for  the  amplification  of  error,  is 
shown  to  depend  on  the  shape  of  the  input  time 
series  and  the  method  of  deriving  the  unit  hydro- 
graph.  A  number  of  methods  (forward  substitution, 
Collins  method,  least  squares,  and  smoothed  least 
squares)  were  compared  for  the  highly  simplified 
case  of  a  two-ordinate  unit  hydrograph  for  which  a 
closed  form  solution  can  be  obtained  in  each  case. 
The  condition  number  does  not  have  a  finite  limit 
for  any  of  the  methods  that  solve  directly  some  of 
the  convolution  equations,  but  does  have  a  finite 
limit  for  the  least-squares  methods,  both  uncon- 
strained and  smoothed.  This  finite  limit  is  an  in- 
creasing function  of  the  length  of  the  input  data 
series  and  its  lag-one  autocorrelation.  The  analyti- 
cal results  for  the  forward  substitution  method 
confirm  the  conclusions  from  numerical  experi- 
mentation that  the  amplification  of  error  is  greater 
for  this  method  when  the  intensity  of  effective 
rainfall  increases  rather  than  decreases  during  a 
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storm.  The  better  performance  of  the  Collins 
method  compared  to  forward  substitution  for  most 
inputs  is  explained  by  the  condition  number.  The 
results  of  this  simplified  analysis  are  sufficiently 
encouraging  to  warrant  further  studies  of  this  type 
on  more  complex  storms,  longer  unit  hydrographs, 
and  other  methods  of  unit  hydrograph  derivation. 
(Rochester-PTT) 
W90-06903 


EPISODIC  VARIATIONS  IN  STREAMWATER 
ALUMINUM  CHEMISTRY  AT  BIRKENES, 
SOUTHERNMOST  NORWAY. 

Senter  for  Industriforskning,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06936 


ALUMINUM  SPECIATION  AND  ORGANIC 
CARBON  IN  WATERS  OF  CENTRAL  ONTAR- 
IO. 

Ontario  Ministry  of  the  Environment,  Toronto. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06938 


ALUMINUM  SPECIATION  AND  TOXICITY  IN 
UPLAND  WATERS. 

Water  Research  Centre,  Medmenham  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06939 


ORGANIC   CARBON    IN    WATERS    OF   THE 
WHITE  SEA  DURING  THE  SUMMER  OF  1984. 

All-Union  Research  Inst,  of  Marine  Fisheries  and 

Oceanography,  Moscow  (USSR). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06957 


INDUCED  CHANNEL  ENLARGEMENT  IN 
SMALL  URBAN  CATCHMENTS,  ARMTDALE, 
NEW  SOUTH  WALES. 

Chinese  Univ.  of  Hong  Kong,  Shatin.  Dept.  of 

Geography. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-06959 


EPHEMERAL  FOREST  DRAINAGE  DITCH  AS 
A  SOURCE  OF  ALUMINTUM  TO  SURFACE 
WATERS. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 

Bangor  Research  Station. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06976 


INORGANIC  ALUMINIUM-HYDROGEN  ION 
RELATIONSHIPS  FOR  ACIDIFIED  STREAMS; 
THE  ROLE  OF  WATER  MIXING  PROCESSES. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06977 


PREDICTING  THE  LONG-TERM  VARI- 
ATIONS IN  STREAM  AND  LAKE  INORGANIC 
ALUMINIUM  CONCENTRATIONS  FOR 
ACIDIC  AND  ACTO  SENSITIVE  CATCH- 
MENTS. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06978 


SOURCES  AND  STORM  LOADING  VARI- 
ATIONS OF  METAL  SPECDZS  IN  A  GULLY- 
POT  CATCHMENT. 

Middlesex  Polytechnic,  Enfield  (England).  Urban 

Pollution  Research  Center. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06980 


TRANSPORT  OF  CARBON,  NITROGEN  AND 
PHOSPHORUS  IN  A  BRITTANY  RIVER, 
FRANCE. 

Universale       de       Bretagne-Occidentale,       Brest 

(France).  Station  Biologique. 

For  primary  bibliographic  entry  see  Field  5B. 


W90-07006 

PROBLEMS  OF  SNOWMELT  RUNOFF  MOD- 
ELLING FOR  A  VARIETY  OF  PHYSIOGRA- 
PHIC AND  CLIMATIC  CONDITIONS. 

Geological  Survey,  Denver,  CO. 

G.  H.  Leavesley. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  34, 

No.  6,  p  617-634,  December  1989.  71  ref. 

Descriptors:  *Climates,  *Geomorphology,  *Hy- 
drologic  cycle,  'Hydrologic  models,  'Model  stud- 
ies, 'Runoff,  'Runoff  forecasting,  'Snow,  'Snow- 
melt,  Algorithms,  Remote  sensing,  Runoff  cycle, 
Runoff  rates,  Runoff  volume,  Snow  accumulation, 
Uncertainty. 

Snowmelt  runoff  is  a  significant  component  of  the 
hydrological  cycle  in  many  regions.  Major  prob- 
lems of  snowmelt  runoff  modeling  associated  with 
the  physiographic  and  climatic  conditions  of  these 
regions,  and  solutions  being  investigated,  are  re- 
viewed. Problems  common  to  all  regions  include: 
(a)  definition  of  the  spatial  and  temporal  distribu- 
tion of  model  input;  (b)  measurement  or  estimation 
of  snow  accumulation,  snowmelt,  and  runoff  proc- 
ess parameters  for  a  range  of  applications  and 
scales;  and  (c)  development  of  accurate  short  term 
and  long  term  snowmelt  runoff  forecasts.  Proce- 
dures being  investigated  to  solve  these  problems 
include:  (a)  integrating  conventional  and  remote- 
sensing  data  to  improve  estimates  of  input  data;  (b) 
developing  snowmelt  process  algorithms  that  have 
parameters  that  are  closely  related  to  measurable 
basin  and  climatic  characteristics;  and  (c)  updating 
model  parameters  and  components  using  measured 
data  or  knowledge  of  past  uncertainty.  Research 
needs  include  development  of  improved  model  ca- 
pabilities and  establishment  of  standardized  tech- 
niques and  measures  to  evaluate  model  perform- 
ance and  results.  (Author's  abstract) 
W90-07021 


CHEMISTRY  OF  STREAMS  DRATNING 
GRASSLAND  AND  FOREST  CATCHMENTS  AT 
PLYNLEMON,  MID-WALES. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 

Bangor  Research  Station. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-07024 


WATER  QUALITY  MODEL  FOR  THE  TIGRIS 
RTVER  DOWNSTREAM  OF  SADAM  DAM, 
IRAQ. 

Mosul    Univ.    (Iraq).     Saddam    Dam    Research 

Centre. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-07025 


RISK  ASSESSMENT  AND  DROUGHT  MAN- 
AGEMENT IN  THE  THAMES  BASIN. 

Institute  of  Hydrology,  Wallingford  (England). 
R.  J.  Moore,  D.  A.  Jones,  and  K.  B.  Black. 
Hydrological  Sciences  Journal  HSJODN,  Vol.  34, 
No.  6,  p  705-717,  December  1989.  9  fig,  1  tab,  6  ref. 

Descriptors:  'Drought,  'Management  planning, 
•Reservoir  operation,  'Risk  assessment,  'Storage 
reservoirs,  'Thames  River  Basin,  'Water  deficit, 
•Water  scarcity,  'Water  yield  improvement,  'Wa- 
tershed management,  Meteorological  data  collec- 
tion, Rainfall-runoff  relationships,  Statistical  meth- 
ods, Water  management,  Water  shortage. 

A  risk  assessment  procedure  is  presented  for  use  in 
managing  a  system  of  pumped-storage  reservoirs  in 
the  Thames  basin  during  a  drought.  Historical 
daily  rainfall  sequences  are  used  as  equi-probable 
scenarios  of  future  rainfall.  These  are  transformed 
to  flow,  reservoir  level,  and  demand  restriction 
sequences  through  the  use  of  rainfall-runoff  and 
water  resource  system  models.  The  risk  assessment 
information  required  is  then  obtained  through  a 
statistical  analysis  of  these  sequences.  A  novel 
technique  is  presented  for  incorporating  monthly 
rainfall  forecasts,  presented  as  probabilities  of  rain- 
fall being  above  average,  average,  or  below  aver- 
age, into  the  risk  assessment  scheme.  Information 
on  current  hydrological  conditions  is  incorporated 


in  the  procedure  through  the  use  of  recently  ob- 
served natural  flows  to  adjust  the  internal  state 
variables  of  a  conceptual  rainfall-runoff  model  to 
achieve  agreement  between  observed  and  model 
flow.  The  overall  procedure  is  accommodated 
within  a  decision  support  system  for  drought  man- 
agement that  is  implemented  on  a  microcomputer 
and  makes  extensive  use  of  interactive  menus, 
forms  and  color  graphic  displays.  A  key  feature  of 
the  system  is  the  maintenance  of  an  up-to-date 
archive  of  hydrometric  data  which  is  achieved 
through  a  real-time  communication  link  with  a 
second  computer  dedicated  to  real-time  data  acqui- 
sition via  telemetry.  Monitoring  the  reliability  of 
the  water  resource  system  during  droughts  is  made 
a  quick  and  easy  task,  and  the  effect  of  a  change  in 
the  operating  policy  on  system  reliability  can  be 
readily  assessed.  The  information  obtained  pro- 
vides valuable  support  for  tactical  decision-making 
within  the  overall  long-term  operating  strategy. 
(Author's  abstract) 
W90-07026 


HYDRAULIC  RESISTANCES  OF  DEFORMA- 
BLE  CHANNELS  AND  THEnt  STABILITY 
CRITERIA. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-07048 


SEASONAL  VARIATION  OF  CERTAIN  OXI- 
DATION-REDUCTION CHARACTERISTICS 
OF  THE  RD7ER  BHAGIRATHI  (INDIA). 

Garhwal  Univ.,  Srinagar  (India).  Dept.  of  Zoolo- 
gy. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07058 


FLOW  NEAR  SLOPED  BANK  IN  CURVED 
CHANNEL. 

Alberta  Univ.,  Edmonton.  Dept.  of  Civil  Engi- 
neering. 

F.  E.  Hicks,  Y.  C.  Jin,  and  P.  M.  Steffler. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.  116,  No.  1,  p  55-70,  January  1990. 
14  fig,  1  tab,  15  ref. 

Descriptors:  'Channel  flow,  'Channel  morpholo- 
gy, 'Flow  characteristics,  'Flow  velocity,  'Fluid 
mechanics,  'Hydraulics,  'Shear  drag,  'Stream- 
flow,  Downstream,  Flow  pattern,  Hydraulic  prop- 
erties, Turbulent  flow,  Upstream. 

Shear  and  velocity  distributions  near  a  sloped  bank 
in  a  270  degree  open  channel  bend  were  studied. 
Data,  which  included  detailed  velocity  and  turbu- 
lence measurements  in  both  the  longitudinal  and 
transverse  flow  directions,  were  collected  with  a 
laser  Doppler  anemometer  system.  The  flow  adja- 
cent to  a  2:1  (horizontal:vertical)  and  a  3:1  sloped 
bank  were  examined  to  determine,  in  unprecedent- 
ed detail,  the  developing  flow  near  a  sloped  bank 
in  a  curved  channel,  including  the  effect  of  varying 
side  slope.  It  was  found  that  the  longitudinal  flow 
redistribution  is  fully  developed  at  the  downstream 
end  of  this  270  degree  bend,  although  the  spiral 
flow  is  found  to  develop  much  more  quickly.  In 
the  straight  reach  upstream  of  the  bend,  it  was 
found  that  the  friction  factor  on  the  sloped  bank  is 
more  dependent  on  channel  shape  than  a  local 
velocity-shear-stress  relationship.  Within  the  bend, 
velocities  and  shear  stresses  on  the  sloped  bank 
increase  significantly,  with  the  shear  stress  corre- 
lating more  directly  with  the  local  velocity.  (Au- 
thor's abstract) 
W90-07067 


2-D    DEPTH-AVERAGED    FLOW    COMPUTA- 
TION NEAR  GROYNE. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 

Water  Resources  Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-07068 


TRANSMISSION  LOSSES  IN  ARID  REGION. 

Dames  and  Moore,  Sarasota,  FL. 

M.  O.  Walters. 

Journal     of     Hydraulic     Engineering     (ASCE) 
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Field  2— WATER  CYCLE 

Group  2E — Streamflow  and  Runoff 


JHEND8,  Vol.  116,  No.  1,  p  129-138,  January 
1990.  2  fig,  3  tab,  12  ref. 

Descriptors:  'Arid  lands,  'Arid-zone  hydrology, 
•Ephemeral  streams,  'Hydrographs,  *Surface- 
groundwater  relations,  •Tributaries,  'Water  loss, 
•Water  shortage.  Drought,  Groundwater  re- 
charge. Mathematical  studies,  Model  studies,  Saudi 
Arabia,  Streamflow,  Water  scarcity. 

Hydrographs  of  ephemeral  streams  in  arid  and 
semiarid  regions  usually  decrease  significantly  in 
magnitude  downstream,  unless  augmented  by  trib- 
utary flows.  This  process,  termed  transmission  loss, 
is  important  not  only  in  its  obvious  effect  on  flow 
reduction,  but  also  as  a  source  of  groundwater 
recharge  to  underlying  alluvial  aquifers.  Most  of 
the  previous  work  in  transmission  loss  was  carried 
out  on  the  semiarid  regions  of  the  United  States. 
Three  regression  equations  were  developed  for 
relating  transmission  loss  to  channel  characteristics 
for  an  arid  region  in  southwest  Saudi  Arabia.  One 
of  the  equations  seems  to  be  a  reliable  predictor  of 
small  losses  associated  with  small  upstream  vol- 
umes. The  other  two  equations  were  better  predic- 
tors for  large  losses  associated  with  large  upstream 
volumes.  Transmission  loss  data  were  also  com- 
pared with  some  previously  published.  Although 
there  was  some  scatter,  the  data  was  generally 
consistent  with  that  previously  published.  (Au- 
thor's abstract) 
W9O-O7072 


SOIL  MOISTURE   AND  THE   PERSISTENCE 
OF  NORTH  AMERICAN  DROUGHT. 

Yale  Univ.,  New  Haven,  CT.  Dept.  of  Geology 

and  Geophysics. 

For  primary  bibliographic   entry  see   Field   2G 

W90-07076 


EFFICIENT      HORIZONTAL      TWO-DIMEN- 
SIONAL HYDRODYNAMIC  MODEL. 

William  and  Mary  Coll.,  Gloucester  Point,  VA. 

Inst,  of  Marine  Science. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-07093 


NEED  FOR  COMPUTER-ASSISTED  HYDROG- 
RAPHY. 

E  and  S  Computer  Systems,  Inc.,  Sparta,  NJ. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-07103 


CHANGES  OF  SOME  PHYSICO-CHEMICAL 
AND  SAPROBIOLOGIC  CHARACTERISTICS 
IN  THE  LOWER  COURSE  OF  THEISS  IN  THE 
PERIOD  1980-1986. 

Novi   Sad   Univ.   (Yugoslavia).   Inst,   of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07111 


PHOSPHATASE  ACnVTTY  OF  WATER  AS  A 
PARAMETER  OF  THE  RIVER  TISA  WATER 
MONITORING. 

Novi   Sad   Univ.   (Yugoslavia).   Inst,  of  Biology. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07112 


DOMINANT  BACTERIOFLORA  IN  THE 
WATER  OF  THE  RIVER  TISA  AND  THE 
MRTVA  TISA  (YUGOSLAVIA). 

Novi   Sad   Univ.   (Yugoslavia).    Inst,   of  Biology. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07113 


DEVELOPMENTS  IN  THE  COMPOSITION  OF 
BIOCENOSIS  IN  THE  LOWER  TISA  RIVER 
(YUGOSLAVIA)  CAUSED  BY  HYDROLOGI- 
CAL  CHANGES. 

Novi   Sad   Univ.   (Yugoslavia).    Inst,   of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07114 


CHANGES  IN  THE  QUALITY  OF  WATER  IN 
LASKO  STREAM  AND  THE  STORAGE  LAKE 
BUILT  ON  IT  AT  EGERSZALOK. 


Heves  County  Service  of  Public  Health  and  Epide- 
miology, Eger  (Hungary). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07118 


COEXISTENCE      OF     TWO      SPECIES      OF 

SUCKER,      CATOSTOMUS,      IN      SAGEHEN 

CREEK,     CALIFORNIA,     AND     NOTES     ON 

THEIR  STATUS  IN  THE  WESTERN  LAHON- 

TAN  BASIN. 

California  Univ.,  Berkeley.  Dept.  of  Forestry  and 

Resources  Management. 

L.  M.  Decker. 

Great  Basin  Naturalist  GRBNAR,  Vol.  49,  No.  4, 

p   540-551,   October    1989.   4  fig,   3   tab,   21   ref. 

Descriptors:  *California,  *Fish  populations, 
•Nevada,  •Species  composition,  *Stream  fisheries, 
•Sucker,  Adaptation,  Aquatic  habitats,  Evolution, 
Fish  management,  Snorkel  survey,  Speciation. 

The  mountain  sucker,  Catostomus  platyrhynchus, 
and  the  Tahoe  sucker,  C.  tahoensis,  co-occur  in 
Sagehen  Creek  and  other  streams  in  the  Lahontan 
drainage  basin  of  eastern  California  and  west  cen- 
tral Nevada.  They  are  morphologically  similar, 
and  natural  hybrids  occur.  The  more  widely  dis- 
tributed mountain  sucker  has  been  considered  a 
product  of  Catostomus  evolution,  specialized  for 
cool  waters,  rapid  currents,  and  rocky  substrates. 
The  Tahoe  sucker,  endemic  to  the  Lahontan  Basin, 
is  considered  a  stream  generalist  and  reaches  great- 
est size  and  numbers  in  lakes  and  reservoirs.  The 
observed  distribution  and  relative  abundance  of  the 
two  Catostomus  suckers  have  shifted  dramatically 
over  the  past  four  decades  in  Sagehen  Creek  and 
nearby  streams  in  eastern  California.  The  mountain 
sucker,  formerly  abundant  and  more  numerous 
than  the  Tahoe  sucker  has  become  relatively  rare 
and  during  this  study  was  consistently  less  abun- 
dant than  the  Tahoe  sucker  at  all  eastern  California 
sites  in  1983.  Similar  shifts  in  abundance  were  not 
seen  at  the  three  Nevada  sites.  Behavioral  observa- 
tions and  data  on  spatial  and  temporal  patterns  of 
habitat  use,  collected  in  Sagehen  Creek  between 
May  and  September  1982  and  1983  using  a  snorkel 
survey  method,  indicate  nearly  complete  overlap 
between  mountain  and  Tahoe  sucker  habitat  use 
and  an  absence  of  any  antagonistic  behavioral 
interaction  between  species.  The  decline  of  the 
mountain  sucker  in  these  areas  is  likely  the  result  of 
an  interaction  of  loss  of  habitat  due  to  reservoir 
construction  and  destructive  management  prac- 
tices. These  changes  may  have  led  to  the  elimina- 
tion of  isolating  mechanisms  between  the  two  spe- 
cies and  may  be  increasing  the  opportunity  for 
introgressive  hybridization.  (Mertz-PTT) 
W90-07141 


ASSESSMENT  OF  SHORT-TERM  DEPLETION 
OF  STREAM  MACROINVERTEBRATE 
BENTHOS  BY  DRIFT. 

Pittsburgh  Univ.,  PA.  Dept.  of  Biological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-07147 


DIATOM  SPECIES  COMPOSITION  ALONG  A 
THERMAL  GRADIENT  IN  THE  PORTNEUF 
RTVER,  IDAHO,  USA. 

Idaho  State  Univ.,  Pocatello.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07148 


FLUCTUATIONS  IN  THE  COMMUNITY  COM- 
POSITION OF  WATER-COLUMN  PROTOZOA 
IN    TWO    SOUTHEASTERN     BLACKWATER 
RIVERS  (GEORGIA,  USA). 
Georgia  Univ.,  Athens.  Inst,  of  Ecology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07149 


EFFECT  OF  LONG  POOLS  ON  THE  DRIFT  OF 
MACRO-INVERTEBRATES  IN  A  MOUNTAIN 
STREAM. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07150 


UPSTREAM-DOWNSTREAM  MOVEMENTS 
OF  AQUATIC  INVERTEBRATES  IN  A  ROCKY 
MOUNTAIN  STREAM. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Ento- 
mology. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-07151 


MODELLING  ECOLOGICAL  IMPACTS  OF 
THE  ACIDIFICATION  OF  WELSH  STREAMS: 
TEMPORAL  CHANGES  IN  THE  OCCUR- 
RENCE OF  MACROFLORA  AND  MACROIN- 
VERTEBRATES. 

University  Coll.,  Cardiff  (Wales).  Dept.  of  Applied 
Biology. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-07I56 


WINTER  AND  SPRING  MACROINVERTE- 
BRATE DRIFT  IN  AN  OUTPOCKETING  OF 
THE  LOWER  MISSISSIPPI  RIVER,  LOUISI- 
ANA (USA). 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  For- 
estry and  Wildlife  Management. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07158 


EVALUATION  OF  THE  EFFECT  OF  BANK 
STORAGE  ON  THE  HYDROPOWER  INDICES 
OF  A  HYDROELECTRIC  STATION. 

A.  Y.  Aleksandrovskii,  G.  F.  Chernenko,  and  N. 
K.  Litvin. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  329-333,  1990.  2  fig,  2  tab,  9  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  6, 
p.  23-26,  June  1989. 

Descriptors:  *Bank  storage,  'Hydroelectric  plants, 
•Model  studies,  •Reservoirs,  'Surface  runoff, 
•Surface-ground  water  relations,  Geohydrology, 
Rivers,  Runoff. 

In  the  practice  of  hydropower  calculations  the 
effect  of  the  bank  storage  of  surface  runoff  on  the 
hydropower  indices  of  a  hydrostation  has  been 
insufficiently  studied.  One  of  the  ways  to  increase 
the  accuracy  of  evaluating  hydropower  indices  is 
to  improve  the  mathematical  models  of  the  hydros- 
tation. The  essence  of  the  suggestion  under  consid- 
eration requires  an  increase  in  the  number  of  river 
runoff  factors  in  the  water-balance  equation.  The 
hydrogeological  river  runoff  factor  called  the  bank 
storage  represents  the  infiltration  of  river  water 
into  the  banks  during  the  rising  stage  of  a  flood  and 
their  return  to  the  river  during  falling  of  the  flood. 
For  reservoirs  with  a  long  cycle  of  regulation  this 
phenomenon  is  more  characteristic  and  consider- 
able than  for  the  channel  part  of  a  stream,  since  the 
time  of  water  exchange  of  surface  and  subsurface 
waters  increases  during  transformation  of  the  river 
runoff  by  a  reservoir.  Methods  for  evaluating  the 
effect  of  bank  storage  are  complex  and  labor- 
intensive.  Furthermore,  they  require  a  large 
amount  of  initial  information  or  systematic  on-site 
observations  of  the  groundwater  regime  in  the 
zone  of  reservoirs.  The  proposed  approach  to  an 
evaluation  of  the  effect  of  bank  storage  on  hydro- 
power  indices  of  a  hydrostation  in  the  absence  of 
detailed  hydrogeological  investigations  of  the  terri- 
tory directly  adjacent  to  the  reservoir,  has  suffi- 
cient accuracy  and  can  be  recommended  for  use  at 
preliminary  design  stages.  (Mertz-PTT) 
W90-07168 


KINEMATIC  CHARACTERISTICS  OF  FLOWS 
IN  TRANSITION  SECTIONS  OF  UNLINED 
CANALS. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-07174 


WALLEYE  SPAWNING  HABITAT  IN  POOL  13 
OF  THE  UPPER  MISSISSIPPI  RIVER. 

Iowa  Dept.  of  Natural  Resources,  Bellevue.  Belle- 

vue  Research  Station. 

For  primary  bibliographic  entry  see  Field  81. 

W90-07180 
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WATER  CYCLE— Field  2 
Groundwater — Group  2F 


RELATIONS  OF  PHYSICAL  HABITAT  TO 
ABUNDANCE  OF  FOUR  NONGAME  FISHES 
IN  HIGH-PLAINS  STREAMS:  A  TEST  OF 
HABITAT  SUITABILITY  INDEX  MODELS. 

Wyoming  Cooperative  Fishery  and  Wildlife  Re- 
search Unit,  Laramie. 

For  primary  bibliographic  entry  see  Field  81. 
W9O-07182 


STUDY  OF  GROUNDWATERS  USING  THE 
ENVIRONMENTAL  TRITIUM  AND  HYDRO- 
CHEMICAL  DATA  IN  THE  BELGRADE 
REGION. 

Institut  za  Nuklearne  Nauke  Boris  Kidric,  Bel- 
grade (Yugoslavia). 

For  primary  bibliographic  entry  see  Field  2F. 
W90-07188 


NEW  METHOD  OF  QUANTnATTVELY  DE- 
SCRIBING DRAINAGE  AREAS. 

Uppsala  Univ.  (Sweden).  Dept.  of  Hydrology. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-07190 


LONG-TERM  CHANGE  IN  THE  SUITABILITY 
OF  WELSH  STREAMS  FOR  DIPPERS  CTN- 
CLUS  CTNCLUS  AS  A  RESULT  OF  ACIDIFICA- 
TION AND  RECOVERY:  A  MODELLING 
STUDY. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-07194 


STREAMFLOW  CHARACTERISTICS  OF 
SMALL  WATERSHEDS  IN  THE  BLUE  MOUN- 
TAINS OF  OREGON. 

Chequamegon  National  Forest,   Park  Falls,  WI. 
D.  A.  Higgins,  A.  R.  Tiedemann,  T.  M.  Quigley, 
and  D.  B.  Marx. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
6,  p  1131-1149,  December  1989.  7  fig,  8  tab,  26  ref. 

Descriptors:  *Flow  characteristics,  'Grazing, 
•Land  use,  *Oregon,  *Small  watersheds,  ♦Stream- 
flow,  Flood  peak,  Flow  duration,  Vegetation  ef- 
fects, Water  yield. 

Streamflow  data  for  water  years  1978-84  were 
evaluated  to  identify  streamflow  characteristics  for 
13  small  watersheds  (0.46-7.00  sq  m)  in  the  Blue 
Mountains  of  eastern  Oregon  and  to  determine 
differences  among  grazing  intensities  and  vegeta- 
tion types.  The  ranges  for  mean  annual  water 
yields,  peaks  flows,  and  7-day  low  flows  for  the  1 3 
watersheds  were  5.5-28.1  inches,  2.0-34.7  cfsm,  and 
0.006-0.165  cfsm,  respectively.  Two  classes  of 
vegetation  were  evaluated:  (1)  western  larch- 
Douglas  fir  (9  watersheds)  and  (2)  other  (4  water- 
sheds representing  fir-spruce,  lodgepole  pine,  pon- 
derosa  pine,  and  mountain  meadow).  The  means 
for  annual  peak  flows  and  the  slopes  of  the  flow- 
duration  curve  were  significantly  different 
(p=0.05)  for  the  two  vegetation  classes;  differ- 
ences in  mean  annual  water  yield  were  marginally 
significant  (0.05<p<0.10).  After  they  were  adjust- 
ed for  precipitation,  the  means  for  annual  water 
yield,  peak  flows,  and  slopes  of  the  flow-duration 
curve  were  significantly  different  for  the  two  vege- 
tation classes;  differences  in  the  means  for  annual 
7-day  low  flows  were  marginally  significant.  The 
western  larch-Douglas  fir  group  had  somewhat 
lower  water  yields  but,  overall,  tended  to  have 
more  favorable  streamflow  characteristics  includ- 
ing lower  peak  flows,  higher  low  flows,  and  more 
evenly  distributed  flow  regimes  (flatter  flow-dura- 
tion curves)  than  the  'other'  class.  Four  levels  of 
grazing  intensity  had  no  effect  on  streamflow  char- 
acteristics. (Author's  abstract) 
W90-07203 


INCIDENCE  OF  FIN  EROSION  AND  ANOMA- 
LOUS FISHES  IN  A  POLLUTED  STREAM 
AND  A  NEARBY  CLEAN  STREAM. 

Ohio  State  Univ.,  Columbus.  Environmental  Biol- 
ogy Program. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-07218 


MODELLING    WATER    TEMPERATURE    BE- 
NEATH RIVER  ICE  COVERS. 

National    Hydrology    Research    Inst.,    Saskatoon 

(Saskatchewan). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-07235 


SYSTEMATIC  PROCEDURE  FOR  EVALUAT- 
ING PARTIAL  AREAS  OF  WATERSHED 
RUNOFF. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
W.  C.  Boughton. 

Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.  116,  No.  1,  p  83-98,  Janu- 
ary/February 1990.  1  fig,  7  tab,  9  ref. 

Descriptors:  'Australia,  'Catchment  areas,  'Math- 
ematical analysis,  'Rainfall-runoff  relationships, 
'Runoff,  Long-term  studies,  Source  areas,  Storage 
capacity. 

A  method  was  developed  by  which  the  propor- 
tions of  a  watershed  that  contribute  surface  runoff 
in  different  storms  and  at  different  times  during  the 
same  storm  can  be  determined  by  analysis  of  rain- 
fall and  runoff  records.  The  method  is  a  modifica- 
tion of  a  previously  published  method  that  elimi- 
nates the  need  for  subjective  selection  of  a  particu- 
lar runoff  for  analysis.  The  method  was  applied  to 
data  from  a  16.8-ha  watershed  in  Queensland,  Aus- 
tralia, and  the  estimates  of  runoff  from  the  different 
source  areas  were  compared  with  actual  records  of 
runoff  from  the  whole  watershed.  Runoff  occurred 
from  the  entire  watershed  area  on  only  three  occa- 
sions for  the  15-yr  study  period,  about  10%  of  the 
runoff  events.  In  about  two-thirds  of  the  runoff 
events,  runoff  came  only  from  the  15%  of  the 
watershed  that  has  the  smallest  surface  storage 
capacity.  (Author's  abstract) 
W90-07321 


WATER  MANAGEMENT  AND  ECOLOGICAL 
PERSPECTIVES  OF  THE  UPPER  RHINE'S 
FLOODPLAINS. 

Institute  for  Floodplains  Ecology,  Rastatt  (Germa- 
ny, F.R.). 

For  primary  bibliographic  entry  see  Field  6F. 
W90-07331 


RIVER  ENGINEERING  IN  NATIONAL  PARKS: 
THE  CASE  OF  THE  RIVER  WHARFE,  U.K. 

University  of  East  Anglia,   Norwich  (England). 

School  of  Environmental  Sciences. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-07333 


RESTORATION  AND  ENHANCEMENT  OF 
ENGENEERED  RTVER  CHANNELS:  SOME  EU- 
ROPEAN EXPERIENCES. 

Thames    Water    Authority,    Reading    (England). 

Rivers  Div. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-07334 


DISTRIBUTION  AND  MOBILIZATION  OF  AR- 
SENIC AND  ANTIMONY  SPECIES  IN  THE 
COEUR  D'ALENE  RrVER,  IDAHO. 

Idaho  Univ.,  Moscow.  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07367 


RATIONAL  APPROACH  TO  THE  ASSESS- 
MENT OF  ALUMINIUM  SOLUBILITY  CON- 
TROLS IN  FRESHWATERS. 

Senter  for  Industriforskning,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07391 


FREEZE-CORING  TECHNIQUE  APPLIED  TO 
POLLUTION  BY  FINE  SEDIMENTS  IN 
GRAVEL-BED  RIVERS. 

Loughborough   Univ.   of  Technology   (England). 

Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07399 


SEASONAL  VARIATIONS  OF  THE  DEUTERI- 
UM CONTENT  IN  THE  PARANA  AND  LIMAY 
RIVERS. 

Comision  Nacional  de  Energia  Atomica,  Buenos 
Aires  (Argentina).   Dept.   de  Quimica  Analitica. 
For  primary  bibliographic  entry  see  Field  2K. 
W90-07420 


RESULTS  OF  BIOLOGICAL  INVESTIGA- 
TIONS FROM  THE  LOWER  VIRGIN  RIVER 
VEGETATION  MANAGEMENT  STUDY. 

Bureau  of  Reclamation,  Boulder  City,  NV.  Lower 

Colorado  Region. 

For   primary  bibliographic   entry   see   Field  4D. 

W90-07481 
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IN-SITU  EXPERIMENTS  ON  CHANGES  OF 
SOLID  HEAVY  METAL  PHASES  IN  AEROBIC 
AND  ANAEROBIC  GROUNDWATER 

AQUIFERS. 

Technische   Univ.    Hamburg-Harburg   (Germany, 
F.R.).  Arbeitsbereich  Umweltschutztechnik. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06624 


PROBLEMS  AND  METHODS  INVOLVED  IN 
RELATING  LAND  USE  TO  GROUND- WATER 
QUALITY. 

Geological  Survey,  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06817 


MANAGEMENT  AND  POLICY  EFFECTS  ON 
POTENTIAL  GROUNDWATER  CONTAMINA- 
TION FROM  DAIRY  WASTE. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Agricultural  Engineering. 
For   primary   bibliographic   entry   see   Field   5G. 
W90-06819 


RISK  ANALYSIS  ON  AIR  EMISSIONS  FROM 
GROUNDWATER  AERATION. 

Midwest  Research  Inst.,  Cary,  NC. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-06834 


ANALYSIS  OF  ONE-DIMENSIONAL  SOLUTE 
TRANSPORT  THROUGH  POROUS  MEDIA 
WITH  SPATIALLY  VARIABLE  RETARDA- 
TION FACTOR. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06852 


MODELING  FRACTURE  FLOW  WITH  A  STO- 
CHASTIC DISCRETE  FRACTURE  NETWORK: 
CALIBRATION  AND  VALIDATION:  1.  THE 
FLOW  MODEL. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau  (France). 

M.  C.  Cacas,  E.  Ledoux,  G  de  Marsily,  B.  Tillie, 

and  A.  Barbreau. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  3,  p  479-489,  March  1990.  12  fig,  1  tab,  39  ref. 

Descriptors:  'Fracture  flow,  'France,  'Geologic 
fractures,  'Groundwater  movement,  'Model  stud- 
ies, 'Radioactive  waste  disposal,  'Stochastic 
models,  Groundwater  pollution,  Path  of  pollutants, 
Radioactive  wastes. 

A  large-scale  investigation  of  fracture  flow  was 
recently  conducted  in  a  granite  uranium  mine  at 
Fanay-Augeres,  France.  Its  aim  was  to  develop  a 
methodology  for  the  investigation  of  possible  nu- 
clear waste  repository  sites  in  crystalline  environ- 
ments, and  thus  to  determine  what  measurements 
to  make  and  what  models  to  use  in  order  to  predict 
the  flow  and  transport  properties  of  the  medium, 
i.e.,  their  average  behaviors  and  spatial  variabilities 
at  different  scales.  Four  types  of  data  were  collect- 
ed: (1)  geometry  of  the  fracture  network;  (2)  local 
hydraulic  properties  measured  by  injection  tests  in 
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boreholes;  (3)  global  hydraulic  behavior  from  flow 
rate  and  piezometric  head  distribution  at  the  mil- 
lion-square-meter scale;  and  (4)  tracer  tests  per- 
formed at  a  scale  of  up  to  40  m.  The  stochastic 
discrete  fracture  network  model  developed  in  this 
study  assumes  that  fractures  can  be  represented  as 
circular  discs,  the  density,  orientation  and  size  of 
which  can  be  inferred  from  in  situ  geometric  ob- 
servations. However,  the  flow  in  this  model  is 
assumed  to  be  restricted  to  idealized  channels 
within  the  fracture  planes,  the  hydraulic  conduc- 
tivities of  which  must  be  inferred  from  hydraulic 
tests.  The  parameters  of  a  probability  distribution 
function  of  the  hydraulic  properties  of  these  chan- 
nels can  be  inferred  from  local  scale  hydraulic 
injection  tests  in  boreholes,  using  the  ergodic  argu- 
ment. A  first  validation  of  both  the  model  structure 
and  its  calibrated  parameters  was  obtained  by  suc- 
cessfully predicting  the  global-scale  hydraulic  con- 
ductivity of  the  system,  determined  in  situ  by 
global  flow  measurements.  (See  also  W90-06858) 
(Author's  abstract) 
W9O-06857 


MODELING  FRACTURE  FLOW  WITH  A  STO- 
CHASTIC DISCRETE  FRACTURE  NETWORK: 
CALIBRATION  AND  VALIDATION:  2.  THE 
TRANSPORT  MODEL. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau  (France). 

M.  C.  Cacas,  E.  Ledoux,  G.  de  Marsily,  A. 

Barbreau,  and  P.  Calmels. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  3,  p  491-500,  March  1990.  14  fig,  1  tab,  18  ref. 

Descriptors:  *Fracture  flow,  'Geologic  fractures, 
•Groundwater  movement,  *Model  studies,  *Ra- 
dioactive  waste  disposal,  'Stochastic  models, 
France,  Groundwater  pollution,  Path  of  pollutants, 
Radioactive  wastes. 

As  part  of  the  development  of  a  methodology  for 
investigating  flow  and  transport  in  fractured  rocks, 
a  large-scale  experiment  was  recently  performed  at 
Fanay-Augeres,  France.  A  transport  model  was 
calibrated  using  in-situ  tracer  tests.  Microscopic 
dispersion  in  the  fractures  and  retardation  effects 
due  to  unevenness  of  the  flow  paths  were  taken 
into  account.  The  model  is  capable  of  predicting 
both  the  regional  flow  properties  of  the  medium 
and  its  variability  at  any  scale  starting  from  that  of 
a  single  fracture.  The  dispersive  properties  of  the 
model  were  reasonably  comparable  to  those  of  the 
real  site.  The  validity  of  the  preliminary  hydraulic 
calibration  of  the  model  was  confirmed  and  the 
approach  used  to  simulate  hydraulic  and  transport 
phenomena  was  thus  validated.  (See  also  W90- 
06857)  (Author's  abstract) 
W90-06858 


DIRECT  AND  BOUNDARY-ONLY  SOLU- 
TIONS OF  MULTDLAYER  AQUIFER  SYS- 
TEMS: PART  A.  STEADY  STATE-SOLUTION. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

M.  Zakikhani,  and  M.  M.  Aral. 

Journal  of  Hydrology  JHYDA7,  Vol.  1 1 1,  No.  1-4, 

p  49-67,  November  1989.  9  fig,  25  ref. 

Descriptors:  'Aquifers,  'Boundary  integral  ele- 
ment method,  'Flow  equations,  'Groundwater 
movement,  'Mathematical  models,  'Model  studies, 
•Multilayer  aquifers,  'Steady  flow,  Model  testing, 
Numerical  models,  Pumping,  Wells. 

In  recent  years,  the  boundary  integral  element 
method  (BIEM)  has  been  widely  used  in  the  area 
of  groundwater  modeling.  This  method,  which  is 
based  on  Green's  theorem,  has  a  variety  of  advan- 
tages over  domain  methods.  Early  applications  of 
the  BIEM  to  multilayer  aquifer  problems  were 
made  using  iterative  procedures.  Iterative  methods 
usually  are  slower  than  the  direct  solutions  and  are 
prone  to  errors  due  to  their  biased  convergence 
criteria  definitions.  In  the  study  presented  here,  a 
noniterative  boundary  integral  equation  formula- 
tion (NIBIEM)  for  multilayer  aquifer  systems  is 
developed.  Further,  this  formulation  is  combined 
with  the  secondary  reduction  boundary  element 
formulation  (SR-BEM)  to  reduce  the  computation 
to  a  boundary-only  form.  The  accuracy  of  the 


proposed  procedure  was  verified  with  application 
of  the  computer  program  to  classical  homogeneous 
groundwater  problems,  where  analytical  or  finite 
element  solutions  can  be  defined.  In  this  analysis  it 
was  observed  that  numerical  error  was  mainly  a 
function  of  order  of  Gaussian  quadrature  tech- 
niques used  and  the  idealization  of  the  region.  For 
accurate  solutions,  high-order  Gaussian  quadra- 
tures and  smaller  elements  are  needed  near  the 
well  as  expected.  In  this  application,  four-point 
Gaussian  quadratures  are  used  for  domain  integrals 
and  two-point  Gaussian  quadratures  are  used  for 
boundary  integral  evaluations  in  all  applications. 
For  a  domain  with  a  point  source  or  sink  (e.g., 
pumping  or  recharge  well),  a  mesh  system  that 
consists  of  symmetric  and  finer  elements  around 
the  well,  is  recommended.  For  the  SR-BEM,  the 
locations  and  the  number  of  internal  points  play  a 
major  role  in  the  accuracy  of  the  results.  In  apply- 
ing the  SR-BEM  to  radial  problems  such  as  those 
presented  here,  radially  located  internal  points  im- 
prove the  accuracy  considerably.  The  nodal  ar- 
rangement for  NIBEM  has  to  be  such  that  internal 
nodes  do  not  coincide  with  the  well  locations, 
whereas  for  SR-BEM  this  is  not  necessary  since 
such  nodes  can  be  eliminated.  (See  also  W90- 
06887)  (Rochester-PTT) 
W90-06886 


DIRECT  AND  BOUNDARY-ONLY  SOLU- 
TIONS OF  MULTILAYER  AQUIFER  SYS- 
TEMS: PART  B.  UNSTEADY-STATE  SOLU- 
TION. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

M.  Zakikhani,  and  M.  M.  Aral. 

Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 

p  69-87,  November  1989.  5  fig,  22  ref. 

Descriptors:  'Aquifers,  'Flow  equations, 
•Groundwater  movement,  'Mathematical  models, 
'Model  studies,  'Multilayer  aquifers,  'Unsteady 
flow,  Algorithms,  Aquitards,  Numerical  models, 
Porous  media,  Secondary  reduction  boundary  ele- 
ment formulation. 

In  a  previous  paper,  direct  boundary  integral  for- 
mulation of  steady-state  groundwater  flow  equa- 
tions in  multilayer  aquifer  systems  were  described 
in  which  the  solution  can  be  reduced,  if  desired,  to 
a  boundary-only  form  using  the  secondary  reduc- 
tion boundary  element  formulation.  The  present 
contribution  extends  this  formulation  to  unsteady 
problems  in  multilayered  aquifer  systems.  In  this 
approach  unsteady  flow  equations  in  aquitards  are 
solved  analytically,  including  aquifer  storage. 
These  analytical  solutions  then  are  coupled  with 
numerical  algorithms  in  main  aquifers  to  yield  pro- 
cedures for  time-dependent  simulation  of  multilay- 
er aquifer  systems.  The  proposed  procedure  can  be 
used  for  computation  of  the  piezometric  head 
within  the  multilayer  domain  or  the  computation 
may  be  reduced  to  boundary-only  form  if  desired. 
Using  the  natural  log  function  rather  than  the 
Bessel  function  in  this  formulation  yielded  more 
accurate  and  stable  results  in  all  applications.  The 
temporal  terms  in  the  governing  equation  are  eval- 
uated by  the  use  of  a  finite  difference  formulation 
that  improves  the  efficiency  of  the  computation. 
Application  of  the  proposed  formulation  to  classic 
porous  media  problems  demonstrated  the  reliabil- 
ity and  accuracy  of  the  method.  Although  only 
two-layer  problems  are  considered,  the  formula- 
tion may  be  used  for  N-layer  aquifer-aquitard  sys- 
tems. (See  also  W90-06886)  (Rochester-PTT) 
W90-06887 


OPTIMIZATION  MODEL  FOR  UNCONFTNED 
STRATIFIED  AQUIFER  SYSTEMS. 

Utah  Water  Research  Lab.,  Logan. 

U.  Lall,  and  M.  D.  Santini. 

Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 

p  145-162,  November  1989.  3  fig,  4  tab,  17  ref.  DOI 

Contract  14-08-0001-1072. 

Descriptors:  'Groundwater  management, 

•Groundwater  movement,  'Mathematical  analysis, 
•Model  studies,  *Unconfined  aquifers,  'Water 
yield,  Cost  analysis,  Mathematical  models,  Optimi- 
zation, Stratification. 


A  response  matrix  formulation  is  presented  for 
optimal  groundwater  management  where  the  aqui- 
fer system  is  unconfined  and  stratified  (layered). 
While  such  formulations  are  easy  to  develop  for 
the  case  of  a  confined  aquifer  with  a  linear  partial 
differential  equation  governing  flow,  they  can  be 
difficult  for  unconfined  aquifer  systems.  The  con- 
cept of  the  Girinski  potential  is  shown  to  be  useful 
for  the  development  of  a  linear  approximation  to 
the  equation  for  flow  in  an  unconfined,  stratified 
aquifer  system.  The  use  of  superposition  (implicit 
in  the  response  matrix  approach)  with  the  Girinski 
potential  for  a  unconfined,  stratified  aquifer  system 
is  strictly  valid  for  steady-state  flow  conditions. 
Linear  superposition  of  Girinski  potentials  in  the 
transient  case  is  valid,  subject  only  to  a  restriction 
determined  by  the  relative  hydraulic  conductivities 
and  thickness  of  each  layer  in  the  strata,  and  the 
head  of  the  aquifer.  For  a  given  situation,  the 
limiting  value  of  the  head  in  the  aquifer  that  re- 
stricts the  application  of  superposition  with  the 
Girinski  potential  can  be  evaluated  prior  to  the 
application  of  the  optimization  model.  In  example 
applications  involving  minimum  pumping,  mini- 
mum pumping  cost,  and  minimum  pumping  and 
well  installation  cost  for  pumped  aquifer  dewater- 
ing,  it  was  observed  that,  if  high  drawdowns  are 
desired  and  well  capacities  are  limited,  three  differ- 
ent optimization  formulations  give  the  similar  re- 
sults. However,  if  these  factors  are  not  limiting  and 
amortized  well  installation  costs  are  significant  rel- 
ative to  pumping  costs,  the  commonly  used  surro- 
gate formulations  of  minimum  pumping  and  mini- 
mum pumping  costs  lead  to  solutions  that  may  be 
far  from  optimal  in  terms  of  system  cost.  (Roches- 
ter-PTT) 
W90-06891 


SURFACE  GEOELECTRICS  FOR  THE  STUDY 
OF  GROUNDWATER  POLLUTION:  SURVEY 
DESIGN. 

Geofyzika  N.E.,  Geologicka,  Barrandov  (Czecho- 
slovakia). 

For  primary  bibliographic  entry  see  Field  7A. 
W90-06892 


OPTIMAL  PUMPING  POLICY  AND  GROUND- 
WATER BALANCE  FOR  THE  BLUE  LAKE  AQ- 
UIFER, CALIFORNIA,  INVOLVING  NONLIN- 
EAR GROUNDWATER  HYDRAULICS. 

Indian   Inst,   of  Tech.,   Bombay.   Dept.   of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  4B. 

W90-O6893 


SPATIAL  VARIABILITY  OF  GROUNDWATER 
RECHARGE  IN  A  SEMIARLD  REGION. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Glen  Osmond  (Australia).  Div.  of 
Water  Resources. 

P.  G.  Cook,  G.  R.  Walker,  and  I.  D.  Jolly. 
Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 
p  195-212,  November  1989.  9  fig,  1  tab,  35  ref. 
Australian  Water  Advisory  Council  Grant  85/135. 

Descriptors:  'Arid  lands,  'Australia,  'Geophysical 
exploration,  'Groundwater  recharge,  'Recharge, 
'Saline  groundwater,  Chlorides,  Electrical  studies, 
Hydraulic  conductivity.  Infiltration  rate,  Network 
design,  Prediction,  Salinity,  Sampling,  Spatial  vari- 
ation, Statistics. 

Chloride  profiles  and  electromagnetic  techniques 
were  used  to  estimate  rates  of  groundwater  re- 
charge in  the  Western  Murray  Basin,  southern 
Australia.  The  use  of  electromagnetic  techniques 
allowed  large  numbers  of  estimates  to  be  made  in  a 
relatively  short  period  of  time,  thus  permitting 
statistical  analysis  of  the  spatial  variability.  Re- 
charge rates  appear  to  be  approximately  log-nor- 
mally distributed,  in  accordance  with  published 
results  of  infiltration  rate  and  hydraulic  conductivi- 
ty. The  spatial  structure  is  defined  approximately 
by  a  spherical  semivariogram.  The  results  derived 
were  applied  to  a  study  of  groundwater  saliniza- 
tion.  Based  on  the  estimated  recharge  distribution, 
predictions  of  future  recharge  and  salt  loads  to  the 
aquifer  were  made.  The  increase  in  groundwater 
salinity  resulting  from  the  flux  of  salt  to  the  water 
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table  will  depend  on  the  rate  of  movement  of  the 
groundwater  and  the  amount  of  mixing  with 
deeper  groundwaters.  The  importance  of  consider- 
ing spatial  variability  in  recharge  studies  can  be 
seen  by  comparing  mean  recharge  and  salt  fluxes 
to  the  groundwater  predicted  using  areal  averages 
with  those  predicted  after  considering  spatial  vari- 
ability. Large  spatial  variability  results  in  the  ef- 
fects of  clearing  beginning  to  be  seen  much  sooner, 
due  to  the  effect  of  the  high-recharge  sites,  but 
with  the  full  impact  delayed,  because  of  the  low- 
recharge  sites.  Lower  spatial  variability  results  in  a 
much  more  sudden  impact.  (Rochester-PTT) 
W90-06894 


INTEGRAL  METHOD  SOLUTION  FOR  DIF- 
FUSION IN  A  SPHERICAL  BLOCK. 

Lawrence  Berkeley  Lab.,  CA.  Earth  Sciences  Div. 
R.  W.  Zimmerman,  and  G.  S.  Bodvarsson. 
Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 
p  213-224,  November  1989.  5  fig,   18  ref.  DOE 
Contract  DE-AC03-76SF00098. 

Descriptors:  'Diffusion,  *Fracture  permeability, 
♦Groundwater  movement,  *Infiltration,  *Porous 
media,  Aquifers,  Integral  method,  Mathematical 
analysis,  Physics,  Reservoirs. 

An  appropriate  analytical  solution  is  derived  for 
the  problem  of  a  Newtonian  fluid  infiltrating  into  a 
porous  spherical  block.  The  fluid  in  the  block  is 
initially  at  a  constant  pressure,  while  the  pressure 
at  the  outer  boundary  is  held  at  a  constant  value. 
Using  the  simple  assumption  of  linear  pressure 
profiles,  the  instantaneous  and  cumulative  fluxes 
into  the  sphere  are  predicted  with  surprisingly 
high  accuracy.  The  solution  applies  to  all  other 
physical  processes  governed  by  the  same  equation, 
such  as  heat  conduction  and  chemical  diffusion. 
The  solution  should  be  very  useful  for  incorpora- 
tion into  double-porosity  models  for  fractured  res- 
ervoirs and  aquifers.  (Author's  abstract) 
W90-06895 


GROUNDWATER  RECHARGE  PROCESSES  IN 
SEDIMENTARY  STRUCTURES  OF  THE 
CZECH  CRETACEOUS  BASIN. 

Stavebni  Geologie,  Prague  (Czechoslovakia). 
J.  Balek,  and  M.  Bursik. 

Journal  of  Hydrology  JHYDA7,  Vol.  1 1 1,  No.  1-4, 
p  225-234,  November  1989.  6  fig,  4  tab,   10  ref. 

Descriptors:  'Czechoslovakia,  'Geohydrology, 
'Groundwater  recharge,  'Hydrologic  models, 
Aquifers,  Experimental  basins,  Mathematical  stud- 
ies, Prediction,  Regional  planning,  Sedimentary 
structures,  Soil  properties,  Temporal  distribution. 

Intensive  studies  of  the  groundwater  regime  in  the 
Czech  Turonian  formations  were  carried  out  in 
1982-1987.  In  this  area  of  about  15,000  sq  km,  25 
conceptual  models  (one/subregion)  were  applied 
to  determine  the  safe  yield  and  its  variability 
throughout  the  whole  area.  To  assess  model  pa- 
rameters, an  intensive  observation  of  groundwater 
regime  and  other  components  of  the  hydrologic 
balance  were  conducted  at  the  Nedamov  experi- 
mental basin.  In-situ  experiments  were  focused  on 
the  magnitude  of  the  baseflow  (considered  identi- 
cal to  the  safe  yield  over  the  long  term).  A  time 
delay  of  the  baseflow  with  respect  to  the  precipita- 
tion regime  and  significant  spatial  variability  in 
recharge  were  apparent.  The  hydrologic  regime, 
particularly  the  baseflow,  originates  from  three 
types  of  recharge  processes.  Entering  water  of 
recent  origin  is  stored  temporarily  before  it  forms 
the  baseflow.  The  time  of  delay  does  not  exceed  6 
yr,  however,  and  may  vary  from  place  to  place. 
Only  a  small  part  of  the  water  contributes  to 
baseflow  formation  immediately  or  after  a  short 
delay.  A  significant  contribution  is  made  by  a 
separate  exogenous  system  of  horizontal  fissures.  A 
rather  insignificant  contribution  can  be  expected 
from  the  Cenomanian  aquifer  along  isolated  verti- 
cal communications  in  the  impermeable  layer. 
Deep  soils  of  aeolian  origin  are  less  favorable  for 
local  recharge,  whereas  shallow  sandy  profiles  on 
fractured  rock  seem  to  form  the  majority  of  the 
contributing  areas.  (Rochester-PTT) 
W90-O6896 


POTENTIAL  USE  OF  DEEP  AQUIFERS  IN 
THE  NEGEV  DESERT,  ISRAEL:  A  MATHE- 
MATICAL MODEL  AND  ITS  NUMERICAL  SO- 
LUTION. 

Hebrew    Univ.    of   Jerusalem    (Israel).    Seagram 

Centre  for  Soil  and  Water  Sciences. 

R.  Nativ,  Y.  Bachmat,  and  A.  Dax. 

Journal  of  Hydrology  JHYDA7,  Vol.  1 1 1,  No.  1-4, 

p  293-319,  November  1989.  6  fig,  11  ref. 

Descriptors:  'Confined  aquifers,  'Groundwater 
movement,  'Groundwater  potential,  'Hydrologic 
models,  'Israel,  'Mathematical  models,  'Water 
yield,  Aquicludes,  Groundwater  management, 
Head,  Mathematical  equations,  Negev  Desert,  Nu- 
merical analysis,  Salinity,  Temperature. 

A  mathematical  model  and  its  numerical  solution 
are  presented  for  a  hydraulic  system  consisting  of 
two  deep  aquifers  in  the  Negev  Desert  that  are 
partially  separated  by  an  aquiclude.  Groundwater 
is  confined,  except  for  small  areas,  and  it  is  not 
homogenous  because  of  large  variations  in  salinity 
and  temperature.  The  model  is  designed  to  predict 
aquifer  response  to  pumpage  in  terms  of  water 
pressure  and  density.  Increasing  the  rate  of  pump- 
age  is  likely  to  enlarge  the  unconfined  area.  The 
conceptual  model  has  been  transformed  to  a  three- 
dimensional  mathematical  model.  Two  factors 
made  it  possible  to  reduce  the  mathematical  to  two 
dimensions  in  each  aquifer  by  averaging  equations 
along  the  vertical:  (1)  little  variation  in  state  varia- 
bles along  the  vertical  plane  and  (2)  the  presence 
of  hydrostatic  distribution  and  pressure.  Differen- 
tial mass  and  volume  balance  equations  were  em- 
ployed for  which  the  averages  of  water  density 
and  pressure  along  the  vertical  and  any  given  point 
were  the  dependent  variables.  The  piezometric 
head  at  any  geographical  point,  however,  could  be 
used  as  a  means  for  distinguishing  between  con- 
fined and  water-table  conditions  in  the  hydraulic 
system  at  the  initial  state  and  at  various  pumpage 
states.  The  transformation  of  these  equations  into 
finite  differences  results  in  a  large  system  of  nonlin- 
ear equations.  The  sparse  structure  of  this  system 
suggests  the  use  of  a  succession-over-relaxation 
scheme.  However,  the  presence  of  highly  nonlin- 
ear terms  in  the  difference  equations  introduces 
considerable  difficulty  in  applying  this  method.  A 
special  linearization  technique  was  designed  to 
overcome  this  difficulty.  Other  features  that  com- 
plicate the  solution  process  are  the  dynamic  con- 
fined-unconfined  nature  of  the  aquifers  and  the 
irregular  shape  of  the  aquiclude.  The  validity  of 
the  model  was  tested  and  verified  by  a  series  of 
simple  test  cases  and  the  model  was  used  to  study 
aquifer  response  to  various  pumpage  conditions. 
(Author's  abstract) 
W90-06900 


SIMULTANEOUS  WATER  AND  SOLUTE 
MOVEMENT  THROUGH  AN  UNSATURATED 
SOIL  FOLLOWING  AN  INCREASE  IN  RE- 
CHARGE. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Glen  Osmond  (Australia).  Div.  of 

Water  Resources. 

For  primary   bibliographic   entry  see   Field   2G. 

W90-06904 


APPLICATION  OF  GENE  PROBES  TO  THE 
DETECTION  OF  ENTEROVIRUSES  IN 
GROUNDWATER. 

Arizona  Univ.,  Tucson.  Dept.  of  Microbiology  and 

Immunology. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06927 


HOW  ALUMINUM  LEVELS  IN  SUBSURFACE 
DRINKING  WATER  SUPPLIES  IN  CANADA 
CAN  BE  USED  TO  PREDICT  POSSIBLE 
IMPACT  BY  ACIDIC  DEPOSITION. 

Health  and  Welfare  Canada,  Ottawa  (Ontario).  En- 
vironmental Health  Centre. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06935 


FIELD  HYDROGEOLOGY. 

North  West  Water  Authority,  Warrington  (Eng- 


land). Planning  Dept. 
R.  Brassington. 

Geological  Society  of  London  Professional  Hand- 
book. Halsted  Press,  New  York,  New  York.  1988. 
175  p. 

Descriptors:  'Data  acquisition,  'Geohydrology, 
♦Geologic  control,  'Groundwater  movement, 
'Measuring  instruments,  Field  tests,  Flow  profiles, 
Groundwater  resources,  Rainfall,  Surface  water. 

This  book  is  primarily  intended  to  help  graduate 
geologists  undertake  the  basic  fieldwork  necessary 
to  understand  the  geohydrology  of  an  area.  It  is  a 
field  guide  with  an  emphasis  on  the  'how  to'  as- 
pects. Geohydrology  is  not  entirely  a  field-based 
branch  of  the  geological  sciences.  Therefore,  a 
certain  amount  of  background  theory  and  analyti- 
cal methods  to  explain  why  particular  field  meas- 
urements are  required,  and  the  importance  of 
making  them  in  a  particular  way,  is  included.  In- 
creasingly, electronic  equipment  collecting  data  in 
digital  form,  and  computer-based  methods  for  han- 
dling these  data,  are  employed,  but  the  value  of  the 
answers  so  obtained  relies  entirely  upon  the  rel- 
evance of  the  information  used,  and  this  in  turn 
relies  upon  a  consideration  of  the  fundamental 
geological  controls  on  groundwater  movement. 
This  handbook  is  intended  to  be  a  ready  reference 
to  simple  field  techniques  which  will  help  secure  a 
knowledge  of  the  fundamental  controls  operating 
in  an  area,  and  which  can  be  used  as  a  basis  from 
which  more  elaborate  theories  may  be  developed. 
The  order  in  which  topics  are  covered  in  the  book 
is  designed  to  take  the  reader  logically  through  the 
steps  involved  in  a  groundwater  investigation  in  an 
unknown  area.  Early  chapters  cover  the  choice  of 
equipment,  collation  of  the  available  information 
and  planning  a  fieldwork  program.  Various  field 
methods  are  then  described,  including  the  measure- 
ments of  rainfall  and  surface  water  flow.  Advice  is 
offered  on  carrying  out  a  wide  range  of  specific 
investigations  to  help  place  the  earlier  chapters  in 
an  everyday  context.  The  final  chapter  provides 
suggestions  on  safe  working  practices.  (Lantz- 
PTT) 
W90-06942 


FIELD  GUIDE  TO  WATER  WELLS  AND  BOR- 
EHOLES. 

Water  Research  Centre,  Medmenham  (England). 
For  primary  bibliographic  entry  see  Field  8A. 
W90-06943 


CORROSION  MANAGEMENT  IN  WATER 
SUPPLY  SYSTEMS. 

W.  H.  Smith. 

Van  Nostrand  Reinhold,  New  York,  New  York. 

1989.  125  p. 

Descriptors:  'Contamination,  'Corrosion,  'Corro- 
sion control,  'Leakage,  'Water  conveyance, 
'Water  supply,  Maintenance,  Pipelines,  Storage 
tanks,  Water  storage,  Wells. 

Corrosion  failures  can  permit  the  entry  of  contami- 
nation into  otherwise  safe  water-containing  struc- 
tures, such  as  tanks,  pipe,  wells,  and  even  water 
sources,  including  both  surface  storage  reservoirs 
and  underground  aquifers.  Such  failures  can  also 
result  in  the  escape  of  water  from  transmission  or 
distribution  piping,  causing  flooding  and  the  ac- 
companying threats  to  property  and  public  safety. 
This  book  is  designed  to  serve  water  system  opera- 
tors, engineers,  managers,  and  superintendents  who 
need  day-to-day  corrosion  reference  guidelines  ap- 
plicable to  water  system  management.  It  covers 
those  subjects  most  likely  to  be  encountered  in  any 
water  supply  system:  soil  and  water  corrosion, 
atmospheric  corrosion,  stray  current  corrosion, 
and  chemical  attack.  Within  these  broad  catego- 
ries, many  specific  factors  that  may  cause  corro- 
sion damage  are  described.  For  new  and  replace- 
ment projects,  corrosion  prevention  procedures 
through  materials  selection,  proper  design  and  in- 
stallation procedures,  and  environmental  control 
are  discussed  along  with  mitigation  practices  for 
existing  facilities.  (Lantz-PTT) 
W90-06945 
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SUPERFUND  RECORD  OF  DECISION:  HAST- 
INGS   GROUND    WATER/COLORADO    AVE., 

NE. 

Environmental    Protection   Agency,   Washington, 

DC.  Office  of  Emergency  and  Remedial  Response. 

For  primary   bibliographic   entry  see   Field   5G. 

W90-06950 


SUPERFUND  RECORD  OF  DECISION:  AR- 
KANSAS crry  dump,  ks. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-06951 


SUPERFUND  RECORD  OF  DECISION:  OAK 

GROVE  LANDFILL,  MN. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Emergency  and  Remedial  Response. 

For  primary   bibliographic   entry   see   Field   5G. 

W90-06952 


SUPERFUND  RECORD  OF  DECISION: 
LUDLOW  SAND  AND  GRAVEL,  NY. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-06953 


SUPERFUND  RECORD  OF  DECISION:  NA- 
TIONAL STARCH,  NC. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-06954 


INTEGRATION  OF  SURFACE  AND  GROUND- 
WATER RESOURCES  FOR  THE  DEVELOP- 
MENT OF  HAMAD  BASIN  PROJECT. 

Arab  Center  for  the  Studies  of  Arid  Zones  and 

Dry  Lands,  Damascus  (Syria). 

For  primary  bibliographic  entry  see  Field  4B. 

W90-06960 


ASSESSMENT  OF  THE  EFFECT  OF  URBAN 
DEVELOPMENT  ON  GROUNDWATER 
LEVELS  IN  A  CHALK  AQUIFER. 

University  Coll.,  Cardiff  (Wales).  School  of  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  4C. 
W90-06962 


HYDROGEOCHEMICAL  ASSESSMENT  OF 
GROUNDWATER  QUALITY  IN  PARTS  OF 
THE  NIGER  DELTA,  NIGERIA. 

Port  Harcourt  Univ.  (Nigeria). 
P.  A.  Amadi,  C.  O.  Ofoegbu,  and  T.  Morrison. 
Environmental    Geology    and     Water    Sciences 
EGWSEI,  Vol.  14,  No.  3,  p  195-202,  November/ 
December  1989.  4  fig,  3  tab,  25  ref. 

Descriptors:  'Groundwater  chemistry,  'Ground- 
water data,  'Groundwater  quality,  'Niger  Delta, 
•Nigeria,  'Water  chemistry,  'Water  quality,  Bicar- 
bonates,  Calcium,  Chlorides,  Coastal  aquifers, 
Geohydrology,  Iron,  Magnesium,  Sodium,  Sul- 
fates. 

Detailed  hydrogeochemical  analysis  of  several 
samples  of  groundwater  collected  from  parts  of  the 
Niger  Delta,  Nigeria  has  been  carried  out  in  an 
effort  to  assess  the  quality  of  groundwater  in  the 
area.  Results  obtained  showed  the  groundwater  in 
the  area  to  be  enriched  in  Na(  +  ),  Ca(++), 
Mg(++),  Cl(-),  HC03(),  and  S04(~).  The  con- 
centration of  these  ions  as  well  as  such  parameters 
as  salinity,  total  hardness,  and  total  dissolved  solids 
are  below  the  World  Health  Organization  (WHO) 
standards  for  drinking  water.  The  concentration  of 
Ca(+  +  )  was  found  to  be  higher  than  Mg(++) 
except  in  some  areas  very  close  to  the  coast  sug- 
gesting the  encroachment  of  saltwater.  The  en- 
croachment of  saltwater  is  further  indicated  by  the 
general  increase  in  Cl(-)  and  a  decreased  in 
HC03(-)  content  towards  the  coast  and  NaCI 
ratios.  On  the  basis  of  the  present  hydrogeochemi- 


cal studies,  five  groundwater  types  have  been  rec- 
ognized to  occur  in  the  area  of  study.  These  are  (1) 
Sodium-Calcium-Magnesium-Bicarbonate  type 
(Na-Ca-Mg-5HC03),  (2)  Iron-Calcium-Bicarbon- 
ate type  (Fe-Ca-4HC03),  (3)  Sodium-Calcium- 
Magnesium-Sulfate  type  (Na-Ca-Mg-5/2S04),  (4) 
Iron-Chloride-Bicarbonate  (Fe-CI-HC03),  and  (5) 
Magnesium-Chloride  type  (Mg-2C1).  The  assem- 
blage of  groundwater  types  in  the  area  shows  that 
both  compound  and  single  groundwater  types 
occur.  The  geochemical  characteristics  of  the 
groundwaters  are  thought  to  be  closely  related  to 
the  peculiar  geologic  and  hydrologic  conditions 
that  prevail  in  the  Niger  Delta  area  of  Nigeria. 
(Author's  abstract) 
W90-06963 


EVALUATION  OF  SPATIAL  DISTRIBUTION 
OF  HYDRAULIC  CONDUCTIVITY  USING  EF- 
FECTIVE POROSITY  DATA. 

Agricultural     Research     Service,     Durant,     OK. 

Water  Quality  and  Watershed  Research  Lab. 

L.  R.  Ahuja,  D.  K.  Cassel,  R.  R.  Bruce,  and  B.  B. 

Barnes. 

Soil  Science  SOSCAK,  Vol.  148,  No.  6,  p  404-411, 

December  1989.  6  fig,  1  tab,  16  ref. 

Descriptors:  'Effective  porosity,  'Groundwater 
movement,  'Hydraulic  conductivity,  'Mathemati- 
cal equations,  'Saturated  flow,  'Soil  physical 
properties,  'Soil  porosity,  'Soil  saturation,  'Spatial 
distribution,  Kozeny-Carman  equation,  Soil  types. 

The  use  of  spatial  distribution  of  effective  porosity 
to  estimate  the  distribution  of  saturated  hydraulic 
conductivity  is  evaluated  on  five  new  soils  and  on 
a  combination  of  soils.  The  distribution  of  saturat- 
ed hydraulic  conductivity  is  related  to  effective 
porosity  by  a  generalized  Kozeny-Carman  equa- 
tion. This  equation  is  then  combined  with  scaling 
theory  to  derive  the  frequency  distribution  of  satu- 
rated hydraulic  conductivity  scaling  factors  from 
effective  porosity  distribution.  The  results  of  frac- 
tile  diagrams  and  variances  show  that  the  use  of 
the  generalized  Kozeny-Carman  equation,  with  ex- 
ponent taken  equal  to  4  or  5  gives,  overall,  good 
estimates  of  the  distribution  of  saturated  hydraulic 
conductivity  scaling  factors  from  effective  porosity 
measurements.  The  exponent  factor  of  4  is  more 
generally  applicable.  The  above  method  applies  as 
well  across  soil  types,  i.e.  when  the  data  of  differ- 
ent soils  are  combined.  The  empirical  equation  for 
combined  soils  may  also  be  used  directly  to  esti- 
mate saturated  hydraulic  conductivity  over  an 
area,  as  a  first-order  approximation.  (Author's  ab- 
stract) 
W90-06983 


OBSERVATIONS  OF  DELAYED  GRAVITY  RE- 
SPONSE IN  PARTIALLY  PENETRATING 
WELLS. 

CH2M  Hill,  Inc.,  Tempe,  AZ. 

P.  Mock,  and  J.  Merz. 

Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  11-16, 

January /February  1990.  5  fig,  2  tab,  19  ref. 

Descriptors:  'Aquifer  testing,  'Drawdown,  'Geo- 
hydrology, 'Gravity  groundwater,  'Groundwater 
movement,  'Hydraulic  conductivity,  'Partially 
penetrating  wells,  'Pumping  tests,  'Water  table, 
•Water  table  profiles,  Graphical  analysis,  Ground- 
water, Groundwater  recharge,  Lithologic  logs, 
Pump  wells,  Unconfined  aquifers,  Vertical  flow, 
Water  level,  Water  table  wells. 

A  72-hr  aquifer  test  was  conducted  at  the  Sweet- 
water Recharge  site  in  Tucson,  AZ  for  the  purpose 
of  estimating  aquifer  parameters  using  an  earlier 
graphical  curve-matching  technique.  These  param- 
eter estimates  will  be  used  to  estimate  the  move- 
ment of  groundwater  under  seasonal  recharge  and 
recovery  operations  at  the  site.  The  lithology  of 
the  saturated  sediments  at  the  site  appears  to  be 
relatively  uniform  and  homogeneous  from  the 
water  table  at  about  100  feet  below  land  surface  to 
about  600  feet  below  land  surface.  The  aquifer  base 
is  a  fine-grained  unit  which  extends  from  600  feet 
to  an  unknown  depth  below  the  site.  Poorly  sorted 
sandy  gravels  and  gravelly  sands  are  predominant 
above  600  feet.  A  well  was  pumped  at  an  average 
rate  of  2,020  gallons  per  minute  for  72  hr.  Draw- 


down and  recovery  measurements  of  water  levels 
were  made  in  five  shallow  monitoring  wells  and 
one  deep  monitoring  well.  The  log-log  drawdown 
versus  time  plots  indicated  delayed  gravity  re- 
sponse. The  graphical  curve-matching  method  was 
used  to  estimate  aquifer  parameters  from  the  test 
results.  Because  the  pumped  and  monitoring  wells 
were  characterized  by  varying  degrees  of  partial 
penetration,  the  computer  program  DELAY2  was 
used  to  generate  type  curves  for  the  unique  ar- 
rangement of  wells  at  the  site.  Based  on  the  testing 
conducted  thus  far,  the  aquifer  was  interpreted  to 
respond  to  pumping  as  a  homogeneous,  vertically 
anisotropic  water-table  aquifer  in  which  the  verti- 
cal hydraulic  conductivity  is  much  less  than  the 
horizontal  hydraulic  conductivity  and  elastic  stor- 
age affects  aquifer  response.  Groundwater  moves 
preferentially  in  the  horizontal  direction  at  this 
site,  and  vertical  gradients  become  significant  in 
response  to  stresses  in  discrete  vertical  intervals. 
This  evaluation  is  thought  ot  be  reliable  at  the 
spatial  and  time  scale  at  which  the  aquifer  has  been 
tested.  The  horizontal  hydraulic  conductivity  of 
the  sediments  tested  at  the  site  was  estimated  to  be 
of  the  order  of  320  gpd/sq  ft.  The  vertical  hydrau- 
lic conductivity  of  the  sediments  tested  was  esti- 
mated to  be  of  the  order  of  5  gpd/sq  ft.  (Author's 
abstract) 
W90-07010 


EXTRACTION  OF  TCE-CONTAMINATED 
GROUND  WATER  BY  SUBSURFACE  DRAINS 
AND  A  PUMPING  WELL. 

EBASCO  Services,  Inc.,  Chicago,  IL. 

For  primary   bibliographic  entry  see   Field   5G. 

W90-07011 


LABORATORY  AND  NUMERICAL  INVESTI- 
GATION OF  SOLUTE  TRANSPORT  IN  DIS- 
CONTINUOUS FRACTURE  SYSTEMS. 

Newfoundland  Dept.  of  Environment  and  Lands, 

St.  John's. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07012 


SIMULATED  EFFECTS  OF  QUARRY  DEWA- 
TERING  NEAR  A  MUNICIPAL  WELL  FIELD. 

Geological  Survey,  Columbus,  OH. 

S.  M.  Eberts,  and  E.  S.  Bair. 

Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  37-47, 

January  /February  1990.  9  fig,  2  tab,  14  ref. 

Descriptors:  'Dewatering,  'Geohydrology, 
•Groundwater  movement,  •Groundwater  pollu- 
tion, 'Leaching,  'Municipal  water,  'Path  of  pol- 
lutants, Hydrologic  models,  Infiltration,  Landfills, 
Leachates,  Quarries,  Simulation,  Water  level, 
Water  pollution  sources. 

The  City  of  Columbus,  OH  obtains  nearly  15%  of 
its  municipal  water  supply  from  four  radial-collec- 
tor wells  located  along  the  Scioto  River  and  Big 
Walnut  Creek.  Upstream  from  the  three  wells  lo- 
cated adjacent  to  the  Scioto  River  are  five  uncon- 
trolled landfills  and  two  aggregate  mines  that  oper- 
ate quarry-dewatering  systems.  Flow  paths  along 
which  leachate  could  migrate  from  the  landfills, 
under  existing  conditions  and  under  various  hypo- 
thetical conditions  related  to  the  cessation  of 
quarry  dewatering,  were  simulated  with  a  two- 
layer,  steady-state,  groundwater  flow  model  incor- 
porating spatially  variable  recharge,  transmissivity, 
and  hydraulic  conductivity.  The  model  was  cali- 
brated with  two  sets  of  water-level  data  and  with 
the  results  of  a  seepage  study  along  the  Scioto 
River  and  Scioto  Big  Run.  Results  of  simulations 
indicate  that  water  levels  near  the  quarries  and 
landfills  will  rise  to  an  altitude  sufficient  to  saturate 
some  of  the  landfill  wastes.  Predicted  flow  direc- 
tions associated  with  all  the  hypothetical  condi- 
tions indicate  that  leachate  migrating  from  the 
landfills  will  not  discharge  directly  into  the  capture 
zones  of  the  collector  wells;  rather,  the  leachate 
will  be  diverted  into  one  or  the  other  quarry- 
dewatering  systems  and/or  into  the  Scioto  River. 
The  model  simulations  also  indicate  that  approxi- 
mately 60%  of  the  groundwater  discharged  within 
the  study  area  is  by  quarry  dewatering,  and  about 
13%   of  the  yield  of  the  collector  wells  under 


16 


WATER  CYCLE— Field  2 
Groundwater — Group  2F 


normal  pumping  rates  is  from  induced  stream  infil- 
tration. (Author's  abstract) 
W90-07013 


VOLUME  ESTIMATION  OF  LIGHT  NONA- 
QUEOUS PHASE  LIQUIDS  IN  POROUS 
MEDIA. 

Kennedy/Jenks/Chilton,  Inc.,  San  Francisco,  CA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07014 


ESTIMATION  OF  FREE  HYDROCARBON 
VOLUME  FROM  FLUH)  LEVELS  IN  MONI- 
TORING WELLS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07015 


WELL-PURGING  CRITERIA  FOR  SAMPLING 
PURGEABLE  ORGANIC  COMPOUNDS. 

Geological  Survey,  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07016 


COMPATD3LE  SINGLE-PHASE/TWO-PHASE 
NUMERICAL  MODEL:  1.  MODELING  THE 
TRANSDXNT  SALT-WATER/FRESHWATER 
INTERFACE  MOTION. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau     (France).     Centre     dTnformation 

Geologique. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07017 


EVALUATION  OF  METHODS  FOR  DETER- 
MINING THE  VERTICAL  DISTRIBUTION  OF 
HYDRAULIC  CONDUCTTvTTY. 

Nevada  Univ.  System,  Reno.  Desert  Research  Inst. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-07018 


ANALYSIS  OF  AQUD7ER  TESTS  CONDUCTED 
IN  FRACTURED  ROCK:  A  REVIEW  OF  THE 
PHYSICAL  BACKGROUND  AND  THE  DESIGN 
OF  A  COMPUTER  PROGRAM  FOR  GENER- 
ATING TYPE  CURVES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

K.  S.  Novakowski. 

Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  99- 
107,  January /February  1990.  4  fig,  25  ref,  append. 

Descriptors:  'Aquifer  testing,  'Computer  pro- 
grams, 'Fracture  permeability,  'Geohydrology, 
'Geologic  fractures,  'Groundwater  movement, 
'Pumping  tests,  'Type  curves,  Aquifers,  Boundary 
conditions,  Computer  models,  Hydrologic  models, 
Interstitial  water,  Pump  wells,  Test  wells. 

Assessing  the  hydrogeological  character  of  frac- 
tured bedrock  between  two  or  more  wells  is  usual- 
ly accomplished  through  an  analysis  of  the  results 
of  traditional  pumping  tests.  Because  these  tests  are 
subject  to  field  boundary  conditions  that  may  be 
different  from  those  conducted  in  porous  media, 
alternative  testing  techniques  or  analytical  methods 
are  required.  To  provide  an  adaptable  interpretive 
package  for  analyzing  interwell  hydraulic  tests  in 
fractured  rock,  a  FORTRAN  program  was  devel- 
oped to  generate  type  curves  for  pumping  tests  and 
pulse  interference  tests.  A  review  of  the  physical 
conditions  which  most  influence  the  results  of 
these  tests  was  conducted  to  provide  the  back- 
ground for  the  development  and  use  of  the  pro- 
gram. The  analytical  solutions  included  in  the  pro- 
gram consider  inner  boundary  conditions  such  as 
wellbore  storage,  infinitesimally  thin  skin  and 
finite-thickness  skin.  In  addition,  a  solution  is  in- 
cluded to  analyze  results  influenced  by  wellbore 
storage  and  infinitesimally  thin  skin  at  both  the 
pumping  and  observation  wells.  The  solutions  are 
given  in  the  Laplace  domain  and  are  numerically 
inverted  to  generate  data  for  the  type  curves.  The 
curves  can  be  plotted  using  any  standard  plotting 
program,  or  they  can  be  plotted  manually.  The 


program  is  menu  driven,  easily  adaptable  to  in- 
clude additional  solutions,  and  can  be  executed  on 
a  personal  computer.  (Author's  abstract) 
W90-07019 


AUTOMATED  ANALYSIS  OF  PUMPING 
TESTS  IN  UNCONFINED  AQUIFERS  OF 
SEMI-INFINITE  THICKNESS. 

Kuwait  Inst,  for  Scientific  Research,  Safat.  Water 

Resources  Div. 

S.  A.  S.  Sayed. 

Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  108- 

112,  January/February  1990.  2  fig,  19  ref,  append. 

Descriptors:  'Aquifers,  'Automation,  'Computer 
programs,  'Drawdown,  'Mathematical  analysis, 
'Pump  wells,  'Pumping  tests,  'Test  wells,  *Un- 
confined  aquifers,  Hydraulic  properties,  Least 
squares  method,  Mathematical  studies,  Pakistan, 
Sensitivity  analysis. 

A  mathematical  procedure  is  presented  for  auto- 
mated fitting  of  test  data  for  pumping  from  an 
unconfined  aquifer  of  semi-infinite  thickness.  The 
fitting  is  achieved  by  sensitivity  analysis  and  the 
least-squares  method.  The  early  and  late  time  data 
are  fitted  to  previously  established  models.  The 
procedure  has  been  used  successfully  in  analyzing 
data  from  an  extensive  pumping  test  in  Indus 
Basin,  Pakistan.  The  results  for  one  observation 
well  indicated  a  close  match  with  the  computed 
and  observed  drawdowns.  The  method  can  be 
very  useful  in  the  analysis  of  pumping  tests  in 
thick,  partially  penetrated  aquifers  of  unknown 
thickness.  Such  aquifers  are  common  in  the  Indo- 
Gangetic  plains.  (Friedmann-PTT) 
W90-07020 


SURVEY  OF  FARM  WELLS  FOR  PESTICIDES, 
ONTARIO,  CANADA,  1986  AND  1987. 

Ontario  Ministry  of  Agriculture  and  Food,  Guelph 
(Ontario).  Agricultural  Lab.  Services  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07028 


DETERMINATION  OF  IN  SITU  METAL  PAR- 
TTnONING  BETWEEN  PARTICULATE 
MATTER  AND  GROUNDWATER. 

Weizmann    Inst,    of  Science,    Rehovoth   (Israel). 

Dept.  of  Isotope  Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07051 

TRANSMISSION  LOSSES  IN  ARID  REGION. 

Dames  and  Moore,  Sarasota,  FL. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-07072 


TRANSPORT  OF  NONSORBED  CHEMICALS 
IN  THE  SUBSURFACE  ENVIRONMENT:  PRO- 
POSED MODEL  WITH  EXPERIMENTAL  VER- 
IFICATION. 

Southern  Univ.,  Baton  Rouge,  LA.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07108 


EVALUATION  OF  THE  EFFECT  OF  BANK 
STORAGE  ON  THE  HYDROPOWER  INDICES 
OF  A  HYDROELECTRIC  STATION. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-07168 


INFLUENCE  OF  CONSTRUCTION  ON  HY- 
DROGEOLOGICAL AND  ENVIRONMENTAL 
CONDITIONS  IN  THE  KARST  REGION,  EAST- 
ERN HERZEGOVINA,  YUGOSLAVIA. 

Karst  Water  Research  Inst.,  Trebinje  (Yugoslavia). 
For  primary  bibliographic  entry  see  Field  6G. 
W90-07187 


STUDY  OF  GROUNDWATERS  USING  THE 
ENVIRONMENTAL  TRITIUM  AND  HYDRO- 
CHEMICAL  DATA  FN  THE  BELGRADE 
REGION. 


Institut  za  Nuklearne  Nauke  Boris  Kidric,  Bel- 
grade (Yugoslavia). 

M.  Hadzisehovic,  M.  Zupancic,  N.  Miljevic,  D. 
Palogoric,  and  M.  Komatina. 
Environmental     Geology    and    Water    Sciences 
EGWSEI,  Vol.  15,  No.  1,  p  13-29,  January/Febru- 
ary 1990.  16  fig,  4  tab,  5  ref. 

Descriptors:  'Groundwater  movement,  'Surface- 
groundwater  relations,  'Tritium,  'Water  chemis- 
try, 'Yugoslavia,  Belgrade,  Conductivity,  Danube 
River,  Groundwater,  Hardness,  Ions,  Piezometers, 
Ranney  wells,  Sava  River,  Surface  water. 

A  study  of  tritium  content  and  some  physicochem- 
ical  parameters  was  performed  in  order  to  investi- 
gate the  interconnection  between  surface  and  at- 
mospheric waters  and  underground  waters  in  the 
Belgrade  area.  Samples  of  the  precipitation  at 
Zeleno  Brdo-Ue!grade  meteorological  station,  the 
Danube  and  the  Sava  river  water,  and  under- 
ground water  (Ranney  wells  and  piezometers) 
were  analyzed.  The  tritium  content,  the  content  of 
dissolved  ions,  total  hardness,  and  electrical  con- 
ductivity were  measured.  The  tritium  data  show 
the  existence  of  two  water  strata  in  the  aquifer. 
The  upper  stratum  (about  16  m  thick)  contains 
older  water  (mean  monthly  tritium  concentration 
of  17  TU)  and  has  weak  interaction  with  the  river 
and  the  precipitation.  Below  this  lies  the  principal 
water  bearing  stratum,  strongly  connected  with 
the  river  with  the  tritium  concentration  similar  to 
that  of  surface  water  (mean  monthly  tritium  con- 
centration of  50  TU)  and  spreading  out  through 
the  entire  aquifer.  The  contribution  of  the  Sava 
river  water  and  the  two  water  layers  at  the  Ranney 
well  are  calculated  starting  with  the  hydrological 
aquifer  model,  which  supposes  that  three  water 
components  are  mixed  in  the  pumped  Ranney  well 
water.  According  to  calculation  results  using  the 
tritium  concentration  and  physicochemical  charac- 
teristics as  parameters,  more  than  70%  of  the  water 
pumped  by  the  Ranney  well  (in  1983)  comes  from 
the  Sava  with  a  time  delay  of  less  than  15  days. 
Properties  of  tritium  distribution  in  precipitation, 
river  waters,  and  underground  water  in  the  Bel- 
grade region  are  established  from  the  results  of 
measurements  of  tritium  concentrations  in  the 
period  1976-83.  (Author's  abstract) 
W90-07188 


LEAD  AND  CADMIUM  ASSOCIATED  WITH 
SALTWATER  INTRUSION  IN  A  NEW  JERSEY 
AQUIFER  SYSTEM. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07216 


SORPTION  AND  TRANSPORT  OF  PESTI- 
CIDES IN  GROUND  WATER:  CRITICAL 
REVIEW. 

Oklahoma  Univ.,  Norman.  School  of  Civil  Engi- 
neering and  Environmental  Science. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07315 


VALIDATING  GLEAMS  WITH  FIELD  DATA 
FOR  FENAMIPHOS  AND  ITS  METABOLITES. 

Agricultural  Research  Service,  Tifton,  GA.  South- 
east Watershed  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07317 


ALDICARB  IN  VADOSE  ZONE:  REVIEW. 

Bureau  of  Reclamation,  Denver,  CO.   Resource 

Suitability  Branch. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07318 


PUMP  TEST  ANALYSIS  OF  CONFINED  AQUI- 
FER. 

Roorkee  Univ.  (India).  Dept.  of  Civil  Engineering. 
P.  K.  Swamee,  and  C.  S.  P.  Ojha. 
Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.  116,  No.  1,  p  99-106,  Janu- 
ary/February 1990.  2  fig,  2  tab,  8  ref. 
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Descriptors:  *Confined  aquifers,  'Mathematical 
analysis,  'Pumping  tests,  Accuracy,  Performance 
evaluation,  Storage  coefficient,  Transmissivity, 
Well  function. 

The  storage  coefficient  and  transmissivity  are  im- 
portant aquifer  parameters  that  are  useful  in  assess- 
ing the  ground-water  potential  of  an  aquifer.  For  a 
nonleaky  confined  aquifer,  these  parameters  can  be 
determined  with  the  help  of  a  pump  test.  The 
present  practice  of  aquifer  parameters  determina- 
tion uses  approximations  of  well  function  valid  for 
small  arguments  only.  In  the  absence  of  a  full- 
range  equation  for  the  well  function,  it  is  not 
possible  to  utilize  the  entire  set  of  pump  test  data. 
A  high-accuracy  expression  for  the  well  function 
valid  for  the  entire  range  of  its  argument  has  been 
developed.  The  present  practice  of  parameter  esti- 
mation uses  least  square  method.  This  gives  undue 
importance  to  large  errors.  A  criteria  function 
capable  of  ignoring  large  observational  errors  has 
been  suggested  to  replace  the  least  square  method. 
Minimizing  the  cumulative  criteria  function,  the 
aquifer  parameters  can  be  estimated  with  a  high 
degree  of  accuracy.  A  criteria  function  capable  of 
ignoring  large  observational  errors  also  was  devel- 
oped. Minimizing  the  cumulative  criteria  function, 
aquifer  parameters  can  be  estimated  with  a  high 
degree  of  accuracy.  (Author's  abstract) 
W90-07322 


FINITE  DIFFERENCE  SOLUTION  OF  BOUS- 
SINESQ  UNSTEADY-STATE  EQUATION  FOR 
HIGHLY  SLOPING  LANDS. 

Govind   Ballabh   Pant   Univ.   of  Agriculture  and 

Technology,  Pantnagar  (India).  Dept.  of  Irrigation 

and  Drainage  Engineering. 

K.  N.  Shukla,  H.  S.  Chauhan,  and  V.  K. 

Srivastava. 

Journal  of  Irrigation  and  Drainage  Engineering 

(ASCE)  JIDEDH,  Vol.   116,  No.    1,  p   107-113, 

January/February  1990.  1  fig,  1  tab,  12  ref. 

Descriptors:  *Boussinesq  equation,  'Groundwater 
movement,  Comparison  studies,  Groundwater 
level,  Mathematical  equations,  Performance  eval- 
uation, Slopes. 

Various  analytical  and  numerical  solutions  are 
available  for  the  steady-state  form  of  Boussinesq's 
equation  describing  the  phreatic  surface  on  sloping 
lands.  Except  for  a  single  set  of  published  experi- 
mental results,  no  analytical  or  numerical  solution 
is  available  for  the  unsteady-state  drainage  of 
highly  sloping  lands.  A  finite  difference  solution 
has  been  obtained  for  the  nonlinear  unsteady-state 
differential  Boussinesq  equation  for  drainage  of 
sloping  lands.  Overall  on  the  basis  of  a  study  of 
dimensionless  heights  and  location  of  water  table 
divide  for  various  values  of  dimensionless  times 
(tK/EL  as  given  by  finite  difference  solution),  the 
unsteady-state  form  of  the  Boussinesq  equation  is 
able  to  characterize  appropriately  the  phreatic  sur- 
face and  the  location  of  highest  point  of  water 
table  only  up  to  30%  slope.  This  is  probably  be- 
cause the  original  Boussinesq  equation  is  based  on 
the  Dupuit  assumption  in  which  streamlines  are 
horizontal  in  slowly  varying  seepage.  Beyond  a 
particular  slope,  this  assumption  gets  completely 
vitiated,  which  probably  explains  why  the  numeri- 
cal solution  does  not  give  reasonable  results. 
(Rochester-PTT) 
W90-07323 


IMPACT  OF  CHANNELIZATION  ON  THE  HY- 
DROLOGY OF  THE  UPPER  RrVER  MAIN, 
COUNTY  ANTRIM,  NORTHERN  IRELAND:  A 
LONG-TERM  CASE  STUDY. 

Ulster    Univ.    at    Jordanstown,    Newtownabbey 
(Northern  Ireland).  Dept.  of  Computing  Science. 
For  primary  bibliographic  entry  see  Field  4A. 
W90-07332 


SIMULATION  OF  BIODEGRADABLE  ORGAN- 
IC CONTAMINANTS  IN  GROUNDWATER:  1. 
NUMERICAL  FORMULATION  OF  PRINCI- 
PAL DIRECTIONS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 


W90-07351 


SIMULATION  OF  BIODEGRADABLE  ORGAN- 
IC CONTAMINANTS  IN  GROUNDWATER:  2. 
PLUME  BEHAVIOR  IN  UNIFORM  AND 
RANDOM  FLOW  FIELDS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07352 


CONTINUOUS-TIME  INVERSE  OPERATOR 
FOR  GROUNDWATER  AND  CONTAMINANT 
TRANSPORT  MODELING:  DETERMINISTIC 
CASE. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07353 


LABORATORY  VERIFICATION  OF  THE  RE- 
SIDUAL FLOW  PROCEDURE  FOR  THREE-DI- 
MENSIONAL FREE  SURFACE  FLOW. 

Fluor  Daniel,  Inc.,  Irvine,  CA. 

B.  Baseghi,  and  C.  S.  Desai. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.   2,  p259-272,   February    1990.    18  fig,   2  tab. 

•Free  surfaces,  'Groundwater  movement,  'Hy- 
draulic models,  Porous  media,  Dams,  Wells, 
Aquifers,  Numerical  analysis. 

Many  practical  situations  in  water  resources  engi- 
neering, such  as  flow  through  and  in  dams,  wells, 
and  aquifers,  involve  three-dimensional  free  sur- 
face seepage.  With  such  complexities  as  nonhomo- 
geneities  in  material  properties  and  arbitrary  ge- 
ometries, it  very  often  is  difficult  to  develop 
closed-form  analytical  solutions  for  these  prob- 
lems. The  residual  flow  procedure  with  the  finite 
element  method  is  presented  for  three-dimensional 
free  surface  flow.  It  was  verified  with  respect  to 
observations  of  transient  free  surface  during  rise, 
steady  state,  and  drawdown  calculations  in  homo- 
geneous and  nonhomogenous  glass  bead  models 
for  dams.  Particular  attention  was  given  to  the 
determination  of  material  properties:  permeability 
and  specific  storage.  The  numerical  procedure  was 
able  to  provide  highly  satisfactory  back  predictions 
of  the  observed  flow  behavior.  (Rochester-PTT) 
W90-07355 


VARIABLE-RATE  PUMPING  TESTS  FOR  RA- 
DIALLY SYMMETRIC  NONUNIFORM 
AQUIFERS. 

Kansas  State  Geological  Survey,  Lawrence. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-07358 


COLLOID  MOBILIZATION  IN  TWO  ATLAN- 
TIC COASTAL  PLAIN  AQUIFERS:  FIELD 
STUDIES. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Ralph  M. 

Parsons  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07359 


COLD  WATER  INJECTION  INTO  SINGLE- 
AND    TWO-PHASE    GEOTHERMAL    RESER- 

vonts. 

S-Cubed,  La  Jolla,  CA. 

S.  K.  Garg,  and  J.  W.  Pritchett. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  2,  p  331-338,  February  1990.  5  fig,  1  tab,  10 

ref. 

Descriptors:  'Aquifer  testing,  'Geothermal  water, 
•Groundwater  movement,  'Injection,  'Model 
studies,  'Pumping  tests,  Numerical  analysis,  Per- 
formance evaluation,  Porous  media.  Pressure,  Sim- 
ulation, Temperature,  Viscosity. 

Approximate  analytical  solutions  are  derived  for 
cold  water  injection  into  single-phase  and  two- 
phase  'porous  medium'  geothermal  reservoirs.  A 
numerical  geothermal  reservoir  simulator  is  used 
to  verify  the  applicability  of  the  analytical  solution 


for  pressure  transient  analysis.  In  accordance  with 
these  numerical  results  the  analytical  solutions  indi- 
cate that  the  pressure  buildup  behavior  during 
injection  into  either  a  single-phase  liquid  or  two- 
phase  reservoir  is  governed  by  the  kinematic  vis- 
cosity of  the  cold  injected  fluid.  The  falloff  pres- 
sures after  cold  water  injection  into  a  single-phase 
liquid  reservoir  (except  for  very  early  shut-in 
times)  are  controlled  primarily  by  the  kinematic 
viscosity  of  the  in  situ  (hot)  reservoir  fluid.  For 
two-phase  reservoirs,  however,  the  falloff  behavior 
is  considerably  more  complex  and  cannot  be  de- 
scribed fully  by  the  analytical  solution  developed 
herein.  (Author's  abstract) 
W90-07361 


FIRST-  AND  THIRD-TYPE  BOUNDARY  CON- 
DITIONS IN  TWO-DIMENSIONAL  SOLUTE 
TRANSPORT  MODELING. 

Internationa)  Technology  Corp.,  Monroeville,  PA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07362 


NEW  COUPLING  TERM  FOR  DUAL-POROSI- 
TY MODELS. 

Sandia  National  Labs.,  Albuquerque,  NM.  Fluid 

and  Thermal  Sciences  Dept. 

R.  C.  Dykhuizen. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  2,  p  351-356,  February  1990.  3  fig,  1  tab,  23 

ref.  DOE  Contract  DE-ACO4-76DP00789. 

Descriptors:  'Dual-porosity  models,  'Groundwat- 
er movement,  'Model  studies,  'Porous  media, 
Concentration,  Heat  flow,  Mathematical  models, 
Numerical  analysis,  Performance  evaluation,  Pres- 
sure, Solute  transport,  Temperature. 

Numerous  models  are  available  for  simulating 
dual-porosity  flow  of  groundwater,  heat,  or  solute 
in  a  fractured  porous  medium.  Each  approach  in- 
volves various  approximations  and  results  in 
models  of  varying  complexity.  One  of  the  simplest 
models  was  proposed  by  Barenblatt  and  others  in 
1960  and  Warren  and  Root  in  1963.  It  assumes  that 
the  flow  exchange  (of  fluid,  heat,  or  solute)  be- 
tween the  two  porosity  systems  can  be  written  as  a 
linear  function  of  the  difference  between  averaged 
driving  potentials  (pressure,  temperature,  or  con- 
centration). This  has  been  called  the  quasi-static 
formulation  because  it  can  be  shown  to  be  correct 
only  for  long  dimensionless  time.  A  new  formula- 
tion of  this  model  is  proposed  here  that  retains  the 
original  simplicity  but  is  not  restricted  to  very  slow 
transient  flows.  The  integral  method  was  used  to 
derive  the  coupling  term  for  the  early  parts  of  the 
transient  regime.  While  the  quasi-steady  approxi- 
mation is  eliminated  in  deriving  the  coupling  term, 
the  only  extra  calculation  is  a  choice  in  the  cou- 
pling term  based  on  a  switchover  relation.  The 
model  can  be  used  for  the  transport  of  fluid,  heat, 
or  solute  by  simply  switching  the  potential  used  in 
the  formulation.  The  new  coupling  term  is  nonlin- 
ear, which  makes  the  solution  somewhat  more 
difficult  than  the  quasi-steady  model  (which  is 
linear),  but  numerical  solutions  usually  are  used. 
(Author's  abstract) 
W90-07363 


PROPERTIES  OF  FULVIC  ACIDS  FROM 
DEEP  GROUNDWATERS. 

Linkoeping  Univ.  (Sweden).  Dept.  of  Water  arid 

Environmental  Research. 

C.  Pettersson,  I.  Arsenie,  J.  Ephraim,  H.  Boren, 

and  B.  Allard. 

Science  of  the  Total  Environment  STENDL,  Vol. 

81/82,  p  287-296,  June  1989.  2  fig,  2  tab,  13  ref. 

Descriptors:  'Fulvic  acids,  'Groundwater  dating, 
•Humic  substances,  'Organic  matter,  'Water 
chemistry,  Acidity,  Carbonates,  Chemical  proper- 
ties, Degradation. 

Fulvic  acids  were  recovered  from  three  deep 
groundwaters  and  one  surface  water  and  charac- 
terized with  respect  to  elemental  composition,  mo- 
lecular weight,  acid  capacity  and  C14-age.  The 
corresponding  waters  were  also  characterized  in 
detail.  All  of  the  fulvic  acids,  with  ages  varying 
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from  0  to  5250  years,  were  very  similar  in  chemical 
composition  and  acidity.  The  only  significant  dif- 
ference between  fresh  and  old  materials  was  lower 
content  of  oxygen  and  nitrogen  and  higher 
COOH/OH-ratios  for  the  materials  from  the  old 
waters.  The  high  resistance  to  degradation  of  the 
humic  substances  in  groundwater,  as  well  as  the 
expected  low  interactions  between  humic  sub- 
stances and  geologic  matter  would  make  the  humic 
substances  excellent  indicators  of  groundwater  age 
and  probably  more  suitable  than  the  inorganic  car- 
bonates for  this  purpose.  (Geiger-PTT) 
W9O-07380 


GROUNDWATER  POLLUTION  BY  MANGA- 
NESE: MANGANESE  SPECIATION--APPLICA- 
TION  TO  THE  SELECTION  AND  DISCUSSION 
OF  AN  IN  SITU  GROUNDWATER  TREAT- 
MENT. 

Aix-Marseille-1  Univ.  (France).  Lab.  Chimie  et 
Environnement. 

For  primary  bibliographic  entry  see  Field  5B. 
W9O-07396 


MUTAGENIC  ACTIVITY  IN  GROUNDWATER 
IN  RELATION  TO  MOBIXIZATION  OF  OR- 
GANIC MUTAGENS  IN  SODL. 

Stichting    Waterlaboratorium    Oost,    Doetinchem 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  5C. 

W9O-07397 


SPECIATION  OF  IONIC  ALKYLLEAD  IN  PO- 
TABLE WATER  AND  SOBL. 

Antwerp  Univ.,  Wilrijk  (Belgium).  Dept.  of  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  5B. 
W9O-07398 


BIOREMEDIATION  OF  CHLOROPHENOL 
CONTAINING  SIMULATED  GROUND  WATER 
BY  IMMOBILIZED  BACTERIA. 

Alko  Ltd.,  Helsinki  (Finland). 

For  primary  bibliographic   entry   see  Field   5G. 

W90-07429 


DRUM  CENTRIFUGATION  MODELLING  OF 
LONG  TERM  POLLUTANT  MIGRATION 
THROUGH  A  SODL  LAYER. 

Cambridge  Univ.  (England).  Dept.  of  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07465 


MOBILITY  OF  COLLOIDAL  PARTICLES  IN 
THE  SUBSURFACE:  CHEMISTRY  AND  HY- 
DROLOGY OF  COLLOID-AQUD7ER  INTER- 
ACTIONS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07482 


RECHARGE  STUDIES  IN  THE  WESTERN 
MURRAY  BASIN:  4.  RESULTS  OF  A  DRILL- 
ING PROGRAM  AT  KULKAMI. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Wembley  (Australia).  Div.  of  Water 

I.  D.  Jolly!  M.  Trenordan,  A.  N.  Holub,  P.  G. 
Cook,  and  J.  C.  Dighton. 

Technical  Memorandum  90/3,  January  1990.  64p, 
27  fig,  27  tab,  5  ref. 

Descriptors:  'Australia,  'Groundwater  recharge, 
•Murray  River  Basin,  *Saline  groundwater, 
•Saline  water  intrusion,  Aluminum,  Calcium, 
Chlorides,  Deuterium,  Drilling  samples,  Dry  farm- 
ing, Grazing,  Iron,  Magnesium,  Particle  size,  Phos- 
phorus, Potassium,  Sodium,  Soil  properties,  Soil 
water,  Sulfur,  Vegetation  effects. 

This  report  presents  the  results  of  a  drilling  pro- 
gram carried  out  between  July  1987  and  April 
1989  at  a  field  site  near  Kulkami  in  the  western 
Murray  Basin,  South  Australia.  The  aim  of  the 
project  was  to  determine  the  time  lag  between  the 


clearing  of  native  mallee  (Eucalyptus  spp.)  vegeta- 
tion and  the  commencement  of  the  resultant  rise  in 
the  underlying  saline  groundwater.  The  holes  were 
located  beneath  mallee  vegetation,  and  on  land 
which  had  been  cleared  in  the  last  9  to  22  years, 
and  has  since  been  used  for  dryland  cropping  and 
grazing.  The  samples  collected  were  selectively 
analyzed  for  water  content,  chloride  concentra- 
tion, matric  and  total  suction,  deuterium  concen- 
tration, elemental  potassium,  phosphorus,  sulfur, 
calcium,  sodium,  magnesium,  aluminum,  and  iron 
concentrations,  and  particle  size  composition.  (Au- 
thor's abstract) 
W90-07483 


SUBSURFACE  SCDZNCE  PROGRAM.  PRO- 
GRAM OVERVIEW  AND  SCOPE:  OVERVIEW 
OF  THE  SCIENTIFIC  SCOPE,  GOALS  AND 
RELEVANCE  OF  FUNDAMENTAL  RE- 
SEARCH IN  SUBSOILS,  GROUNDWATER 
AND  CHEMICAL  CONTAMINATION  SPON- 
SORED BY  THE  U.S.  DEPARTMENT  OF 
ENERGY. 

Department  of  Energy,  Washington,  DC.  Office  of 
Energy  Research. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07485 
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USE  OF  A  THERMAL  SCANNER  IMAGE  OF  A 
WATER  STRESSED  CROP  TO  STUDY  SOIL 
SPATIAL  VARIABILITY. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Griffith  (Australia). 

R.  C.  G.  Smith,  S.  A.  Prathapar,  H.  D.  Barrs,  and 

P.  Slavich. 

Remote  Sensing  of  the  Environment  RSEEA7, 

Vol.  29,  No.  2,  p  111-120,  August  1989.  5  fig,  19 

ref. 

Descriptors:  *Available  water,  'Cropland,  'Data 
acquisition,  'Remote  sensing,  *Soil  water,  'Water 
stress,  Clay  loam,  Clays,  Infrared  imagery,  Ther- 
mal radiation. 

This  study  evaluated  the  use  of  radiative  surface 
temperature  from  a  water-stressed  crop  to  indicate 
sources  of  variability  in  soil  characteristics  affect- 
ing the  availability  of  soil  water.  Use  was  made  of 
a  thermal  infrared  image  collected  by  aircraft  near 
solar  noon  of  a  45-ha  water  stressed  wheat  crop. 
The  data  was  analyzed  by  the  a  theory  of  regional- 
ized variables  to  determine  whether  variability  in 
observed  radiative  surface  temperature  was 
random  or  spatially  related.  Radiative  surface  tem- 
peratures varied  between  24-29  C  and  semivariance 
analysis  revealed  that  the  variations  were  random 
but  structured.  The  analysis  indicated  that  any  two 
locations  separated  within  the  field  by  400  or  700 
m  were  spatially  unrelated.  Field  observations 
found  that,  at  about  700  m,  the  soil  type  changed 
from  a  more  fertile  Yooroobla  clay  soil  to  a  less 
fertile  Wilbriggie  clay  loam.  At  about  400  m,  soil 
coring  data  indicated  that  the  thickness  of  heavy 
clay  at  the  surface  declined  from  3  to  <  1  m.  At  a 
smaller  distance,  the  semivariance  analysis  indicat- 
ed microvariations,  which  field  observations  asso- 
ciated with  either  gilgais  or  laser  leveling  of  the 
land  surface.  These  soil  variations  were  likely  to 
have  caused  variations  in  soil  water  availability 
and  the  observed  spatial  variability  in  radiative 
surface  temperature.  Semivariance  analysis  was 
also  successful  in  indicating  the  location  of  these 
sources  of  spatial  soil  variability.  (Author's  ab- 
stract) 
W90-06737 


ESTIMATING  TOTAL  DAILY  EVAPOTRAN- 
SPIRATION  FROM  REMOTE  SURFACE  TEM- 
PERATURE MEASUREMENTS. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Meteorology. 

For  primary  bibliographic   entry  see  Field   2D. 

W90-06738 


INFILTRATION  EVALUATION  OF  FOUR  ME- 
CHANICAL RAINFALL  SIMULATION  TECH- 
NIQUES IN  SIERRA  NEVADA  WATERSHEDS. 


Nevada  Univ.,  Reno.  Dept.  of  Range,  Wildlife  and 

Forestry. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-06829 


SOME  GENERAL  RESULTS  ON  THE  SEEP- 
AGE EXCLUSION  PROBLEM. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Envi- 
ronmental Mechanics. 
J.  R.  Philip. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  3,  p  369-377,  March  1990.  2  fig,  1  tab,  5  ref. 

Descriptors:  'Mathematical  models,  'Model  stud- 
ies, 'Seepage,  'Soil  water,  Groundwater,  Unsatu- 
rated flow. 

The  problems  of  water  exclusion  from,  or  entry 
into,  subterranean  macropores,  tunnels,  and  cav- 
ities from  steady  downward  unsaturated  seepage 
were  previously  solved  for  cavities  of  certain  geo- 
metric shapes.  Asymptotic  roof-boundary-layer  so- 
lutions have  now  been  obtained  for  the  quasilinear 
seepage  exclusion  problem  for  ellipsoidal  cavities 
of  arbitrary  aspect  ratio  and  arbitrary  horizontal 
axial  index.  An  equation  was  developed  for  the 
maximum  dimensionless  potential  at  the  cavity 
wall.  The  equation  includes  as  special  cases  previ- 
ous results  for  circular,  elliptic,  and  parabolic  cyl- 
inders and  for  spheres,  spheroids,  and  paraboloids. 
The  equation  for  elliptic  discs  includes  as  special 
cases  previous  results  for  strips  and  circular  discs. 
The  various  results  are  relevant  also  to  cavities 
with  ellipsoidal  and  flat  elliptic  roofs  but  otherwise 
of  arbitrary  (though  not  too  irregular)  configura- 
tion. (Shidler-PTT) 
W90-06846 


ADVECTIVE-DISPERSrVE  TRANSPORT  OF 
DENSE  ORGANIC  VAPORS  IN  THE  UNSATU- 
RATED ZONE.   1.  MODEL  DEVELOPMENT. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06847 


ADVECTIVE-DISPERSIVE  TRANSPORT  OF 
DENSE  ORGANIC  VAPORS  IN  THE  UNSATU- 
RATED ZONE.  2.  SENSITIVITY  ANALYSIS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06848 


EXACT  INTEGRAL  SOLUTIONS  FOR  TWO- 
PHASE  FLOW. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri- 
cultural and  Chemical  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06849 


DIFFUSION  AND  CONSUMPTION  OF  METH- 
ANE IN  AN  UNSATURATED  ZONE  IN 
NORTH-CENTRAL  ILLINOIS,  U.S.A. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06890 


SIMULTANEOUS  WATER  AND  SOLUTE 
MOVEMENT  THROUGH  AN  UNSATURATED 
SOIL  FOLLOWING  AN  EMCREASE  IN  RE- 
CHARGE. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Glen  Osmond  (Australia).  Div.  of 

Water  Resources. 

I.  D.  Jolly,  P.  G.  Cook,  G.  B.  Allison,  and  M.  W. 

Hughes. 

Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 

p  391-396,  November  1989.  2  fig,  19  ref.  Australian 

Water  Research  Advisory  Council  Grants  85/135 

and  86/05. 

Descriptors:  'Australia,  'Groundwater  movement, 
'Infiltration,    'Saline   groundwater,    'Soil   water, 
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'Solute  transport,  Eucalyptus  trees,  Land  clearing, 
Pressure  fronts,  Salinity,  Solute  fronts,  Vegetation. 

A  number  of  studies  have  dealt  with  the  propaga- 
tion of  pressure  and  solute  fronts  through  soil  after 
large  increases  in  infiltration.  The  present  work 
describes,  possibly  for  the  first  time,  the  movement 
of  pressure  and  solute  fronts  in  response  to  long- 
term  hydrologic  changes  induced  by  modifications 
in  land  use.  Results  from  two  soil  profiles  in  semi- 
arid  South  Australia:  (I)  a  site  under  native  (Euca- 
lyptus) vegetation  and  (2)  a  cleared  field  nearby. 
At  the  native  vegetation  site,  the  constancy  of 
gravimetric  water  content,  chloride  concentration, 
and  matric  suction  with  increasing  depth  (range:  0- 
>  15  m)  was  notable  throughout  the  profiles  except 
near  the  surface,  where  the  effects  of  a  clayey  sand 
layer  and  the  route  zone  could  b  seen.  Depth 
profiles  from  the  adjacent  field,  which  was  cleared 
9  yr  previously,  showed  a  pressure  front  developed 
at  about  7.5  m  and  a  solute  front  somewhat  lower 
in  the  profile  than  was  seen  in  the  native  vegeta- 
tion area.  The  solute  front  in  the  cleared  area  is 
interpreted  as  representing  the  boundary  between 
water  stored  in  the  soil  before  clearing  and  that 
which  has  entered  since  clearing.  The  water  enter- 
ing the  profile  post-clearing  moved  downward  and 
displaced  the  'pre-clearing'  water  ahead  of  it,  lead- 
ing to  the  downward  propagation  of  the  pressure 
front  ahead  of  the  solute  front.  Below  the  pressure 
front  the  soil  water  is  still  moving  at  the  new  rate. 
When  the  pressure  front  reaches  the  water  table, 
water  of  high  salt  concentration  will  be  added  to 
the  aquifer  at  the  post-clearing  recharge  rate.  The 
high  salt  flux  to  the  aquifer  will  continue  until  the 
solute  front  reaches  the  water  table;  then  water  of 
relatively  low  salt  content  will  enter  the  aquifer  at 
the  same  rate.  Thus  the  water  table  will  continue 
to  rise,  but  its  salinity  will  decrease.  (Rochester- 
PTT) 
W90-06904 


STUDY  OF  SOIL  WATER  CHANGES  IN  A 
PEANUT  FIELD  (IN  CHINESE). 

National  Taiwan  Univ.,  Taipei.  Dept.  of  Agricul- 
tural Engineering. 
C.-L.  Chen,  and  K.-H.  Houng. 
Memoirs  of  the  College  of  Agriculture  National 
Taiwan  University,  Vol.  29,  No.  1,  p  1-17,  April 
1989.  1 1  fig,  6  tab,  25  ref.  English  summary. 

Descriptors:  'Peanuts,  'Soil  water,  'Soil-water- 
plant  relationships,  'Taiwan,  Comparison  studies, 
Computer  programs,  Gypsum  block  method,  Irri- 
gation requirements,  Simulation,  Soil  moisture 
meters. 

Gypsum  blocks  were  used  for  monitoring  soil 
moisture  contents  of  peanut  fields  in  Taipei  and 
Tainan.  The  results  are  compared  with  changes  in 
soil  moisture  contents  as  predicted  by  a  growth 
simulation  program,  PNUTGRO,  as  a  way  of  test- 
ing the  usefulness  of  the  gypsum  block  method  and 
the  simulation  model.  For  Taipei  soil,  the  soil 
moisture  content  as  measured  by  the  gypsum  block 
method  were  consistently  higher  than  the  actual 
values  as  measured  by  the  standard  gravitational 
method,  when  the  soil  moisture  contents  were 
close  to  or  higher  than  the  field  capacities.  The 
gypsum  block  method  could  approximate  the  field 
moisture  contents  fairly  closely  when  the  moisture 
contents  were  much  lower  than  the  field  capac- 
ities. When  the  measured  resistances  were  higher 
than  about  900  ohms,  regression  coefficient  was 
0.9762.  For  Tainan  soil,  the  moisture  contents 
measured  by  the  gypsum  block  method  significant- 
ly overestimated  the  actual  values,  but  at  higher 
electrical  resistance  ranges  the  moisture  contents 
given  by  the  gypsum  block  method  were  fairly 
close  to  the  values  predicted  by  the  PNUTGRO 
program.  In  the  later  stages  of  growth  the  soil 
moisture  contents  in  the  peanut  field  in  Tainan 
declined  to  levels  close  to  the  wilting  percentage. 
Irrigation  at  these  stages  is  essential  to  ensure  a 
good  harvest  of  peanuts.  In  Taipei,  the  soil  mois- 
ture contents  remained  sufficiently  high  and  the 
irrigation  requirement  was  minimal.  For  soil  mois- 
ture potentials  >  1  bar,  the  gypsum  block  method 
can  reflect  sensitively  the  soil  moisture  status  and  is 
effective  in  monitoring  the  soil  moisture  contents 
to  avoid  reaching  the  wilting  percentage.  (Au- 
thor's abstract) 


W90-06905 


ALUMINUM  CHEMISTRY  OF  ACIDIC  SANDY 
SOILS  WITH  VARIOUS  INPUTS  OF  ACIDIC 
DEPOSITION  IN  THE  NETHERLANDS  AND 
IN  DENMARK. 

Agricultural  Univ.,  Wageningen  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06937 


ESTIMATING  THE  SOIL  MOISTURE  RETEN- 
TION CHARACTERISTIC  FROM  TEXTURE, 
BULK  DENSITY,  AND  CARBON  CONTENT. 

Katholieke  Univ.  Leuven  (Belgium).  Lab.  of  Land 

Management. 

H.  Vereecken,  J.  Maes,  J.  Feyen,  and  P.  Darius. 

Soil  Science  SOSCAK,  Vol.  148,  No.  6,  p  389-403, 

December  1989.  7  fig,  8  tab,  45  ref. 

Descriptors:  'Estimating  equations,  'Regression 
analysis,  'Soil  moisture  retention,  'Soil  properties, 
'Soil  tests,  'Soil  texture,  'Soil  water,  'Statistical 
models,  Carbon  content,  Data  interpretation,  Den- 
sity, Particle-size  distribution,  Sensitivity  analysis. 

The  soil  horizons  of  40  important  Belgian  soil 
series  were  with  textures  ranging  from  sand  to 
heavy  clay,  and  their  moisture  retention  character- 
istic (MRC)  measured.  Of  these  horizons,  the  parti- 
cle-size distribution  in  nine  fractions,  the  dry  bulk 
density,  and  the  carbon  content  were  determined 
as  well.  The  Van  Genuchten  equation  reduced  to 
four  parameters  on  the  basis  of  a  model  compari- 
son technique,  was  fitted  through  the  measured 
MRCs  using  Marquardt's  algorithm  for  nonlinear 
parameter  estimation.  A  one-dimensional  sensitivi- 
ty analysis  was  performed  on  the  optimized  param- 
eters of  different  MRCs  to  check  their  relative 
importance  and  stability.  Principle  factor  analysis 
was  used  to  reveal  the  structure  in  the  data  and  to 
examine  the  relation  between  MRC  parameters  and 
measured  soil  properties.  To  test  the  need  for 
detailed  information  regarding  the  textural  compo- 
sition of  the  soil,  two  information  levels  were  used. 
The  first  level  contains  the  textural  composition  in 
three  fractions  (sand,  silt,  and  clay)  while  the 
second  level  takes  into  account  the  textural  com- 
position in  nine  fractions  and  two  distributional 
parameters  (GMPS,  GSD).  It  was  concluded  that 
the  MRC  can  be  estimated  at  a  reasonable  level  of 
accuracy  from  such  simple  soil  properties  as  a 
particle  size  distribution,  dry  bulk  density,  and 
carbon  content.  Detailed  information  on  the  parti- 
cle-size distribution  results  in  a  better  estimation  of 
the  parameters  describing  the  shape  of  the  MRC. 
The  study  further  shows  that  for  the  prospected 
horizons  the  Van  Genuchten  model  gives  a  good 
description  over  the  entire  range  of  the  MRC.  In 
addition,  it  has  been  shown  that  the  approach  is 
flexible  enough  to  model  the  MRC  for  a  wide 
range  of  textures.  (Author's  abstract) 
W90-06982 


EVALUATION  OF  SPATIAL  DISTRIBUTION 
OF  HYDRAULIC  CONDUCTrvTTY  USING  EF- 
FECTIVE POROSITY  DATA. 

Agricultural     Research     Service,     Durant,     OK. 
Water  Quality  and  Watershed  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2F. 
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SOIL  THERMAL  EMISSIVITY  AS  AFFECTED 
BY  rrs  WATER  CONTENT  AND  SURFACE 
TREATMENT. 

Academia  Sinica,  Beijing  (China).  Inst,  of  Geogra- 
phy. 

J.  M.  Chen,  B.  J.  Yang,  and  R.  H.  Zhang. 
Soil  Science  SOSCAK,  Vol.  148,  No.  6,  p  433-435, 
December  1989.  2  fig,  1  tab,  5  ref. 

Descriptors:  'Instrumentation,  'Measuring  instru- 
ments, 'Soil  surfaces,  'Soil  temperature,  'Soil 
water,  'Temperature  effects,  Clay  soils,  Soil  poros- 
ity. Soil  treatment,  Thermometers. 

A  simple  and  reliable  device  equipped  with  an 
infrared  thermometer  was  designed  for  measuring 
soil  thermal  emissivity.  Emissivity  was  measured  in 
the  field  for  silty  clay  soil  of  different  water  con- 


tents under  two  treatments:  (1)  tilled  (plowed  and 
raked),  and  (2)  tilled  and  compacted.  The  increase 
in  soil  water  content  results  in  an  increase  in  the 
thermal  emissivity.  This  increase  is  more  apparent 
in  the  compacted  soil.  Soil  water  fills  in  the  pore 
space  between  soil  particles  and  forms  thin  films 
that  have  an  emissivity  close  to  1,  much  higher 
than  that  of  soil  particles.  When  the  surface  is 
rough,  such  as  tilled  and  uncompacted  treatment, 
the  incident  radiation  undergoes  several  reflection 
and  absorption  processes  within  the  large  pores 
and  water  films  may  not  add  significantly  to  the 
amount  of  radiation  absorbed.  But  in  the  compact- 
ed soil  such  multireflectional  processes  may  be 
greatly  reduced,  and  hence  emissivity  or  the  ab- 
sorptivity is  correspondingly  reduced.  In  this  case 
the  additional  water  films  in  the  pore  space  may 
become  effective  in  changing  the  radiation  proper- 
ty of  the  surface,  resulting  in  a  significant  increase 
in  the  bulk  emissivity.  More  detailed  studies  of  the 
mechanism  are  required.  (Author's  abstract) 
W90-06984 


CORRELATION  OF  SPATIALLY  VARIABLE 
SOIL  WATER  RETENTION  FOR  A  SURFACE 
SOIL. 

Louisiana   State   Univ.,    Baton   Rouge.    Dept.   of 

Agronomy. 

D.  S.  Burden,  and  H.  M.  Selim. 

Soil  Science  SOSCAK,  Vol.  148,  No.  6,  p  436-447, 

December  1989.  11  fig,  3  tab,  29  ref. 

Descriptors:  'Hydraulic  conductivity,  'Mathemat- 
ical analysis,  'Soil  moisture  retention,  'Soil  satura- 
tion, 'Soil  surfaces,  'Soil  water,  Correlation  analy- 
sis, Correlation  coefficient,  Density,  Field  capac- 
ity. 

The  variability  of  soil  moisture  retention  was  stud- 
ied in  space  over  a  wide  range  of  suctions  for  an 
Olivier  soil.  Soil  moisture  at  field  capacity;  satura- 
tion; and  0.005-,  0.01-,  0.03-,  0.1-,  and  1.5-MPa 
suctions  was  measured  on  undisturbed  soil  cores, 
which  were  sampled  at  30-cm  spacing  from  the  soil 
surface  along  an  80  meter  transect.  The  soil  cores 
were  further  used  for  laboratory  measurements  of 
saturated  hydraulic  conductivity  (K),  bulk  density, 
and  particle-size  fractions.  As  suctions  increased, 
the  correlation  coefficients  (CV)  for  the  corre- 
sponding moisture  contents  increased.  Lowest  CVs 
were  obtained  for  bulk  density  and  silt  fractions, 
whereas  the  highest  CV  was  for  measured  K  along 
the  transect.  Semivariogram  analysis  indicated  ex- 
tensive spatial  structure  for  soil  moisture  data  sets 
at  most  suctions,  with  50%  of  the  sample  variance 
attributed  to  spatial  variation.  However,  lack  of 
spatial  structure,  i.e.  pire  nugget  effect,  was  ob- 
tained for  moisture  data  sets  at  low  suctions  (0.005 
and  0.01  MPa).  This  semivariogram  finding  was 
consistent  with  results  based  on  autocorrelation 
analyses.  Moreover,  no  clear  patterns  were  ob- 
served for  the  range  of  spatial  influence  or  length 
of  correlation  for  soil  moisture  with  increased  suc- 
tions. We  concluded  that  the  extent  of  spatial 
structures  for  soil  moisture  was  not  influenced  by 
the  degree  of  tension  in  the  0-1.5-MPa  range.  In 
addition,  cross-correlogram  results  indicated  that 
optimum  correlations  were  obtained  for  field  ca- 
pacity and  theta  at  0.03  MPa  and  for  field  capacity 
and  bulk  density  observations.  Poorly  defined 
ranges  with  significance  but  low  correlations  were 
obtained  for  field  capacity  and  K  and  for  field 
capacity  and  the  silt  fraction.  (Author's  abstract) 
W90-06985 


SOU.  MOISTURE  AND  THE  PERSISTENCE 
OF  NORTH  AMERICAN  DROUGHT. 

Yale  Univ.,  New  Haven,  CT.  Dept.  of  Geology 

and  Geophysics. 

R.  J.  Oglesby,  and  D.  J.  Erickson. 

Journal  of  Climate  JLCLEL,  Vol.  2,  No.   11,  p 

1362-1380,  November  1989.  14  fig,  1  tab,  37  ref. 

NASA  Contract  NAS8-36356,  NSF  Grants  SCD 

3621 1006  and  35631016. 

Descriptors:  'Air  circulation,  'Air-earth  inter- 
faces, 'Climates,  'Climatology,  'Drought,  'North 
America,  'Soil  water,  Atmosphere,  Gulf  of 
Mexico,  Model  studies,  Numerical  analysis,  Rain- 
fall penetration,  Weather. 
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Numerical  sensitivity  experiments  are  presented 
that  explored  the  effects  of  soil  moisture  on  North 
American  summer  time  climate  using  the  NCAR 
CCMI,  a  12-layer  global  atmospheric  general  cir- 
culation model.  In  particular,  the  hypothesis  that 
reduced  soil  moisture  may  help  induce  and  amplify 
warm,  dry  summers  over  midlatitude  continental 
interiors  was  examined.  Equilibrium  climate  statis- 
tics were  computed  for  the  perpetual  July  model 
response  to  imposed  soil  moisture  anomalies  over 
North  America  between  36  and  49  degrees  N.  In 
addition,  the  persistence  of  imposed  soil  moisture 
anomalies  was  examined  through  use  of  the  season- 
al cycle  mode  of  operation  with  use  of  various 
initial  atmospheric  states  both  equilibrated  and 
nonequilibrated  to  the  initial  soil  moisture  anoma- 
ly. The  climate  statistics  generated  by  these  model 
simulations  resembled,  in  general,  those  of  the 
summer  of  1988,  when  extensive  heat  and  drought 
occurred  over  much  of  North  America.  A  reduc- 
tion in  soil  moisture  in  the  model  leads  to  an 
increase  in  surface  temperature,  lower  surface 
pressure,  increased  ridging  aloft,  and  a  northward 
shift  of  the  jet  stream.  Low-level  moisture  advec- 
tion  from  the  Gulf  of  Mexico  is  important  in 
determining  where  persistent  soil  moisture  deficits 
can  be  maintained.  In  seasonal  cycle  simulations,  it 
took  longer  for  an  initially  unequilibrated  atmos- 
phere to  respond  to  the  imposed  soil  moisture 
anomaly,  via  moisture  transport  from  the  Gulf  of 
Mexico,  than  when  initially  the  atmosphere  was  in 
equilibrium  with  the  imposed  anomaly;  i.e.,  the 
initial  state  was  obtained  from  the  appropriated 
perpetual  July  simulation.  The  results  demonstrate 
the  important  role  of  soil  moisture  in  prolonging 
and/or  amplifying  North  American  summertime 
drought.  (Author's  abstract) 
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PATTERNS  OF  STRATIFIED  SOIL  WATER 
LOSS  IN  CHIHUAHUAN  DESERT  COMMUNI- 
TY. 

San  Diego  State  Univ.,  CA.  Systems  Ecology  Re- 
search Group. 

D.  L.  Moorhead,  J.  F.  Reynolds,  and  P.  J. 
Fonteyn. 

Soil  Science  SOSCAK,  Vol.  148,  No.  4,  p  244-249, 
October  1989.  3  fig,  1  tab,  22  ref.  NSF  grants  BSR- 
8507380  and  BSR  82-12466. 

Descriptors:  *Arid  lands,  *Arid  zone,  'Deserts, 
•Evaporation,  *Evapotranspiration,  'Soil  moisture 
deficiency,  'Soil  water,  *Soil-water-plant  relation- 
ships, *Water  loss,  Drought,  Soil  horizons,  Top- 
soil. 

An  accurate  assessment  of  the  moisture  content  of 
surface  soils  in  arid  and  semi-arid  systems  is  neces- 
sary to  predict  the  productivities  of  shallow-rooted 
plants  and  decomposition  rates  of  surface  and  near- 
surface  litter.  Soil  water  loss  has  often  been  as- 
sumed to  proceed  in  a  stepwise  manner,  beginning 
at  the  surface  and  proceeding  to  deeper  layers  as 
the  profile  dries.  However,  recent  studies  suggest 
that  plants  draw  water  simultaneously  from  many 
or  all  soil  layers  where  roots  are  present.  The 
potential  significance  of  this  phenomenon  was  ex- 
amined in  a  semiarid  ecosystem  utilizing  two  simu- 
lation models,  one  integrating  soil  water  loss 
throughout  the  profile  and  the  other  sequentially 
removing  water  from  soil  horizons.  Field  observa- 
tions indicate  greater  moisture  retention  in  shallow 
soils  than  could  be  explained  by  a  stepwise  remov- 
al of  water;  a  better  correlation  was  achieved  by 
simultaneously  drawing  water  from  all  horizons. 
(Author's  abstract) 
W9O-O7081 


ETHYLENE  DIBROMIDE:  PERSISTENCE  IN 
SOIL  AND  UPTAKE  BY  PLANTS. 

Connecticut     Agricultural     Experiment     Station, 

New  Haven.  Dept.  of  Soil  and  Water. 

For  primary  bibliographic  entry  see  Field  5B. 
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ESTIMATING  UNSATURATED  HYDRAULIC 
CONDUCnVITY  FROM  EASILY  MEASURED 
SOEL  PROPERTIES. 

Katholieke  Univ.  Leuven  (Belgium).  Lab.  for 
Land  Management. 


H.  Vereecken,  J.  Maes,  and  J.  Feyen. 

Soil  Science  SOSCAK,  Vol.  149,  No.   1,  p  1-12, 

January  1990.  6  fig,  5  tab,  32  ref. 

Descriptors:  *Flow  characteristics,  'Hydraulic 
conductivity,  'Mathematical  models,  'Organic 
carbon,  'Soil  density,  'Soil  texture,  'Soil  water, 
Crust  method,  Hot  air  method,  Regression  analy- 
sis. 

The  hydraulic  conductivity  and  the  soil  water 
characteristic  are  important  factors  in  describing 
soil  water  movement.  Hydraulic  conductivity 
(saturated  and  unsaturated)  measurements  were 
taken  for  a  wide  variety  of  Belgian  soil  series.  The 
hot  air  method  and  the  crust  method  were  com- 
bined to  obtain  the  complete  range  of  hydraulic 
conductivity  from  saturation  to  air-dry.  The  tex- 
tural  composition,  the  organic  carbon  content,  and 
the  dry  bulk  density  were  determined  for  each  of 
the  sample  horizons  as  well.  Four  different  empiri- 
cal models  were  evaluated  on  their  performance  in 
describing  the  measured  hydraulic  conductivity 
curves.  The  model  parameters  were  estimated  by 
linear  and  nonlinear  regression  techniques.  The 
Gardner  equation  (1958)  seems  to  best  describe  the 
hydraulic  conductivity  for  the  given  soils.  Regres- 
sion equations  for  estimating  the  Gardner  param- 
eters were  established  from  simple  soil  properties, 
such  as  soil  texture,  carbon  content,  bulk  density, 
and  saturated  hydraulic  conductivity.  The  three 
parameters  can  be  reasonably  well  estimated  from 
the  textural  composition  and  the  saturated  hydrau- 
lic conductivity.  (Author's  abstract) 
W90-07106 


INFILTRATION  IN  SATURATED  SWELLING 
SOILS  AND  SLURRIES:  EXACT  SOLUTIONS 
FOR  CONSTANT  SUPPLY  RATE. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Envi- 
ronmental Mechanics. 
P.  Broadbridge. 

Soil  Science  SOSCAK,  Vol.  149,  No.  1,  p  13-22, 
January  1990.  6  fig,  32  ref,  append. 

Descriptors:  'Infiltration,  'Mathematical  models, 
'Soil  saturation,  'Soil  types,  'Soil  water,  Diffusi- 
vity  absorption  capacity. 

The  infiltration  of  water  into  swelling  soil  is  of 
considerable  interest  to  agricultural  and  civil  engi- 
neering and,  more  generally,  to  terrestrial  ecology. 
Analytically  solvable  physically  based  mathemati- 
cal models  of  the  water  infiltration  are  needed.  In  a 
Lagrangian  material  coordinate  system,  flow  in  a 
saturated  swelling  soil  or  slurry  is  governed  by  a 
nonlinear  convection-diffusion  equation.  Analysis 
of  the  Lagrangian  diffusivity  function  shows  that 
typically,  at  moderate  moisture  levels,  diffusivity 
depends  weakly  on  moisture  content  though,  at 
high  moisture  contents,  it  decreases  strongly.  In 
either  case,  exact  solutions  may  be  found  for  some 
relevant  analytic  flow  models.  One  of  the  spin-offs 
of  these  exact  solutions  is  the  direct  analytic  pre- 
diction of  the  time  to  incipient  ponding  under 
conditions  of  constant  water  supply  rate,  thereby 
extending  previous  analytic  estimates  that  applied 
only  to  rigid  porous  media.  (Author's  abstract) 
W90-07107 


USING  SURFACTANTS  TO  ENHANCE  DRAIN- 
AGE FROM  A  DEWATERED  COLUMN. 

Texas  Tech  Univ.,  Lubbock.  Dept.  of  Plant  and 

Soil  Science. 

R.  E.  Zartman,  and  R.  A.  Bartsch. 

Soil  Science  SOSCAK,  Vol.  149,  No.  1,  p  52-55, 

January  1990.  3  tab,  8  ref. 

Descriptors:  'Aquifer  management,  'Aquifers, 
•Drainage,  'Nonionic  surfactants,  'Surfactants, 
Anionic  surfactants,  Cationic  surfactants,  Sand. 

The  efficacy  was  determined  of  surfactants  as  sec- 
ondary recovery  agents  to  enhance  drainage  from 
a  previously  dewatered  sand  column.  Seventeen 
surfactants  at  concentrations  of  0,  0.01,  0.1,  1.0, 
10.0  and  100  g  (solid)  or  ml  (liquid)  surfactants  per 
liter  of  water  were  evaluated.  Anionic,  cationic, 
and  nonionic  classes  of  surfactants  were  represent- 
ed. Surfactant  solutions  (150  ml)  were  added  to  the 


top  of  dewatered  sand  columns  (0.1 -m  diameter  by 
0.5-m  length),  and  column  outflow  was  measured. 
Each  treatment  was  replicated  four  times.  Between 
surfactants  additions,  columns  were  cleaned  with 
500  ml  of  methanol  and  750  ml  of  tap  water. 
Outflow  significantly  increased  as  the  log  of  sur- 
factant concentration  increased,  but  no  surfactant 
class  was  significantly  more  efficient  than  any 
other  class.  Surface  tension  was  significantly  corre- 
lated with  log  of  concentration  (-0.73)  and  outflow 
(-0.42).  This  indicated  that  decreases  in  surface 
tension  are  associated  with  increase  in  column 
dewatering.  Outflows  from  the  less  than  1  g  or  ml 
surfactant  per  liter  of  water  treatment  were  not 
significantly  different  from  the  blank  (no  surfac- 
tant). Surfactant  chemistry  was  additionally  evalu- 
ated using  several  Igepal  DM  surfactants  with 
differing  numbers  of  ethyleneoxy  (EO)  units.  Maxi- 
mum outflow  occurred  at  EO  ratios  of  15.3,  indi- 
cating that  surfactant  chemical  structure  is  also 
important.  The  high  concentration  of  surfactant 
required  to  show  significant  benefits  (1  g  or  ml  per 
L)  probably  precludes  use  of  surfactants  as  second- 
ary recovery  agents  for  water.  (Author's  abstract) 
W90-07109 


PERSISTENCE,  LEACHABILITY,  AND  LAT- 
ERAL MOVEMENT  OF  TRICLOPYR 
(GARLON)  IN  SELECTED  CANADIAN  FOR- 
ESTRY SOILS. 

Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 

For  primary  bibliographic  entry  see  Field  5B. 
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APPLICATION  OF  GAUSS  PRINCIPLE  OF 
LEAST  CONSTRAINT  TO  THE  INFILTRA- 
TION INTO  UNSATURATED  SOIL. 

Alexandria  Univ.  (Egypt).  Faculty  of  Engineering. 
Y.  Z.  Boutros,  H.  Mansour,  and  I.  A.  El-Awadi. 
Applied     Mathematical     Modelling     AMMODL, 
Vol.  13,  No.  12,  p  716-723,  December  1989.  10  fig, 
2  tab,  8  ref,  append. 

Descriptors:  'Furrows,  'Infiltration,  'Pipes,  'Soil 
water,  Gauss  principle,  Mathematical  models,  Un- 
saturated flow. 

This  paper  presents  a  new  method  for  solving  the 
problem  of  infiltration  into  unsaturated  soils  using 
the  Gauss  principle  of  least  constraint.  This  tech- 
nique gives  a  reasonable  qualitative  as  well  as 
quantitative  picture  of  moisture  condition  during 
the  unsteady  infiltration  from  both  semicircular 
furrows  and  buried  pipes.  The  results  are  in  good 
agreement  with  those  obtained  by  the  alternating 
direction  implicit  (AID)  difference  method.  The 
computation  time  is  reduced  to  about  1/900  of  that 
of  the  AID  method.  (Author's  abstract) 
W90-07186 


PERMEABILITY  OF  AIR  AND  IMMISCIBLE 
ORGANIC  LIQUIDS  IN  POROUS  MEDIA. 

Battelle-Northwest,  Richland,  WA. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07210 


LEACHATE  QUALITY  FROM  GYPSUM  NEU- 
TRALIZED RED  MUD  APPLIED  TO  SANDY 
SOILS. 

Murdoch  Univ.  (Western  Australia).  School  of  En- 
vironmental and  Life  Science. 
G.  E.  Ho,  K.  Matthew,  and  P.  W.  G.  Newman. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 
No.  1-2,  p  1-18,  September  1989.  8  fig,  4  tab,  14  ref. 

Descriptors:  'Gypsum,  'Leachates,  'Sandy  soils, 
'Soil  amendments,  'Soil  chemistry,  'Water  qual- 
ity, Aluminum,  Bauxite  refining  residue,  Cadmium, 
Catchment  areas,  Estuaries,  Fluorides,  Iron,  Path 
of  pollutants,  Phosphates,  Red  mud,  Salts,  Sulfates. 

Mixtures  of  fine  bauxite  refining  residue  (red  mud), 
waste  gypsum  and  local  sandy  soil  that  are  pro- 
posed to  be  used  in  a  catchment  nutrient  manage- 
ment program  were  watered  in  columns  simulating 
rainfall  over  a  period  of  2  yr  and  the  quality  of  the 
leachate  determined.  The  major  salts  released  were 
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sodium  sulfate,  a  product  of  red  mud  alkalinity 
neutralization  by  gypsum,  and  excess  gypsum  re- 
leased at  its  solubility  concentration.  At  an  applica- 
tion rate  of  850  t/ha  of  red  mud  the  salts  leached  to 
groundwater  (40  kg/t  red  mud)  would  be  equiva- 
lent to  salts  leached  by  rainfall  over  a  20  yr  period 
from  soil  without  red  mud  application,  and  would 
pose  no  significant  impact  when  applied  to  the 
sandy  agricultural  soils  in  the  catchment  area  of  an 
estuary.  The  leaching  of  Al,  Fe,  and  Cd  from  the 
red  mud  and  gypsum  was  negligible,  while  the 
retention  of  superphosphate  was  over  99%.  Fluo- 
ride from  the  waste  gypsum  was  leached  rapidly 
and  reduced  to  background  concentration  (less 
than  1  mg/L)  within  one  winter  rainfall.  (Author's 
abstract) 
W90-07217 


ATRAZINE   AND   METOLACHLOR    IN   SUB- 
SURFACE DRAIN  WATER  IN  LOUISIANA. 

Agricultural  Research  Service,  Baton  Rouge,  LA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07316 


PREFERENTIAL  MOVEMENT  OF  PESTI- 
CIDES AND  TRACERS  IN  AGRICULTURAL 
SOILS. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07319 


ANALYTICAL  SOLUTION  TO  RICHARDS' 
EQUATION  FOR  A  DRAINING  SOIL  PRO- 
FILE. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 
Science. 

A.  W.  Warrick,  D.  O.  Lomen,  and  A.  Islas. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  2,  p  253-258,  February  1990.  3  fig,  1  tab,  19 
ref,  2  append.  EPA  and  Western  Regional  Re- 
search Project  W-128  and  EPA  Grant  CR-8 14243- 
01-10. 

Descriptors:  'Drainage,  'Richards  equation,  'Soil 
profiles,  'Soil  water,  Diffusivity,  Hydraulic  con- 
ductivity, Mathematical  equations. 

Analytical  solutions  are  developed  for  the  Rich- 
ards' equation  following  the  recent  analysis  of 
Broadbridge  and  White.  A  solution  is  included  for 
drainage  and  redistribution  of  a  partially  or  deeply 
wetted  profile.  Also,  infiltration  for  various  initial 
conditions  is  examined  including  evaporation  at  the 
upper  boundary.  In  all  cases,  the  surface  flux  is 
constant,  whether  it  be  zero  for  drainage,  positive 
for  infiltration,  or  negative  for  evaporation.  The 
solutions  assume  specific  forms  for  the  soil  water 
diffusivity  and  hydraulic  conductivity  functions. 
The  examples  described  are  for  Yolo  light  clay  and 
Brindabella  silty  clay  loam,  using  the  hydraulic 
properties  employed  by  Broadbridge  and  White. 
The  present  analytical  solution  to  Richards'  equa- 
tion for  drainage  conditions  may  be  the  only  one 
available  that  includes  the  effect  of  gravity.  Al- 
though algebraic  relationships  are  involved,  calcu- 
lations are  extremely  rapid  with  minimal  numerical 
difficulties.  (Rochester-PTT) 
W90-07354 


ANALYSIS  OF  SOLUTE  REDISTRIBUTION  IN 
A  HETEROGENEOUS  FIELD. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Soil  Science  and  Plant  Nutrition. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07356 


EFFICIENT  NUMERICAL  METHODS  FOR  IN- 
FILTRATION USING  RICHARDS'  EQUATION. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Townsville  (Australia).  Div.  of  Soils. 
P  J  Ross. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  2,  p  279-290,  February  1990.  8  fig,  2  tab,  23 
ref,  2  append. 

Descriptors:  'Infiltration,  'Mathematical  equa- 
tions, 'Richards  equation,  Computers,  Finite  dif- 


ference   methods,    Performance    evaluation.    Soil 
water. 

Two  efficient  finite  difference  methods  for  solving 
Richards'  equation  in  one  dimension  are  presented, 
and  their  use  in  a  range  of  soils  and  conditions  is 
reported.  Large  time  steps  are  possible  when  the 
mass-conserving  mixed  form  of  Richards'  equation 
is  combined  with  an  implicit  iterative  scheme, 
while  a  hyperbolic  sine  transformation  for  the 
matric  potential  allows  large  spatial  increments 
even  in  dry,  homogeneous  soil.  Infiltration  in  a 
range  of  soils  can  be  simulated  in  a  few  seconds  on 
a  personal  computer  with  errors  of  only  a  few 
percent  in  the  amount  and  distribution  of  soil 
water.  One  of  the  methods  adds  points  to  the  space 
grid  as  an  infiltration  or  redistribution  front  ad- 
vances, thus  gaining  considerably  in  efficiency 
over  the  other  fixed  grid  method  for  infiltration 
problems.  In  17  sec  of  computing  (AT  compatible 
with  a  floating  point  coprocessor  running  at  8 
MHz),  this  advancing  front  method  simulated  infil- 
tration, redistribution,  and  drainage  for  50  days  in 
an  inhomogeneous  soil  with  nonuniform  initial 
conditions.  Only  16  space  and  21  time  steps  were 
need  for  the  simulation,  which  included  early 
ponding  with  the  development  and  dissipation  of  a 
perched  water  table.  (Author's  abstract) 
W90-07357 


HYDRAULIC  CONDUCTIVITY  AND  UNFRO- 
ZEN WATER  CONTENT  OF  AIR-FREE 
FROZEN  SILT. 

Cold   Regions   Research   and   Engineering   Lab., 

Hanover,  NH. 

For  primary  bibliographic  entry  see  Field  2C. 

W90-07360 


MUTAGENIC  ACTIVITY  IN  GROUNDWATER 
IN  RELATION  TO  MOBILIZATION  OF  OR- 
GANIC MUTAGENS  IN  SOIL. 

Stichting    Waterlaboratorium    Oost,    Doetinchem 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07397 


SPECIATION  OF  IONIC  ALKYLLEAD  IN  PO- 
TABLE WATER  AND  SOIL. 

Antwerp  Univ.,  Wilrijk  (Belgium).  Dept.  of  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07398 


MODELING  SOLUTE  TRANSPORT  IN  SODLS 
IN  THE  PRESENCE  OF  DISSOLVED  HUMIC 
SUBSTANCES. 

Institut   National   de   la   Recherche   Scientifique, 

Sainte-Foy  (Quebec). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07401 


EFFECT  OF  LUCERNE  ON  RECHARGE  TO 
CLEARED  MALLEE  LANDS:  RESULTS  OF  A 
DRILLING  PROGRAM  AT  BURONGA, 
EUSTON  AND  BALRANALD. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

K.  L.  McEwan,  G.  R.  Budd,  A.  K.  Kennett-Smith, 

P.  G.  Cook,  and  G.  R.  Walker. 

Technical  Memorandum  90/2,  January  1990.  48p, 

24  fig,  20  tab,  3  ref. 

Descriptors:  'Alfalfa,  'Australia,  'Groundwater 
recharge,  'Vegetation  effects,  Chlorides,  Clays, 
Eucalyptus,  New  South  Wales,  Soil  analysis,  Soil 
suction,  Soil  water. 

This  report  presents  the  results  of  a  drilling  pro- 
gram carried  out  between  December  1988  and 
June  1989  at  field  sites  near  Buronga,  Euston  and 
Balranald,  south-western  New  South  Wales.  The 
sites  were  located  on  cleared  mallee  country, 
which  as  been  used  for  dryland  farming  (crops  and 
pasture).  The  aim  of  the  project  was  to  determine 
whether  growing  lucerne  (alfalfa)  on  such  land 
could  deplete  the  extra  moisture  stored  in  the  soil 
since  clearing  and  thus  reduce  recharge.  Seventeen 


holes  were  drilled  under  lucerne  and  at  one  site, 
three  holes  were  drilled  in  pasture  adjacent  to 
lucerne  holes.  Soil  samples  were  analyzed  for 
water  content,  chloride  concentration,  matric  suc- 
tion and  soil  texture.  Data  presented  as  figures  and 
tables:  (1)  gives  the  relative  locations  of  the  holes 
at  each  of  the  field  sites;  (2)  results  of  the  soil 
analyses;  (3)  gravimetric  water  content;  (4)  chlo- 
ride concentration  in  the  soil  water;  (5)  matric 
suction;  and  (6)  percent  clay  for  each  hole.  (Lantz- 
PTT) 
W90-07484 

2H.  Lakes 


DYNAMICS  OF  SILICA  IN  A  SHALLOW, 
DIATOM-RICH  SCOTTISH  LOCH:  I.  STREAM 
INPUTS  OF  THE  DISSOLVED  NUTRIENT. 

Institute  of  Terrestrial  Ecology,  Edinburgh  (Scot- 
land). 

A.  E.  Bailey- Watts,  I.  R.  Smith,  and  A.  Kirika. 
Diatom  Research,  Vol.  4,  No.  2,  p  179-190,  1989.  5 
fig,  4  tab,  46  ref. 

Descriptors:  'Cycling  nutrients,  'Diatoms,  'Lakes, 
•Limnology,  'Scotland,  'Silica,  'Water  chemistry, 
Annual  streamflow,  Catchment  areas,  Chemical 
properties,  Rainfall,  Seasonal  variation,  Stream- 
flow,  Streams,  Temperature,  Water  sampling. 

Dissolved  silica  was  measured  in  five  feeder 
streams  to  Loch  Leven,  Scotland,  sampled  at  8-day 
intervals  throughout  1985.  Similar  mean  concen- 
trations (8.7  to  10.7  mg  Si02/L)  and  narrow 
ranges  of  values  were  found  in  all,  in  spite  of  a  25- 
fold  variation  in  subcatchment  area  and  a  63-fold 
variation  in  mean  annual  flow.  As  a  consequence, 
variation  in  loading  (the  product  of  concentration 
and  flow)  within  and  between  sites,  mainly  reflects 
variation  in  flow  rather  than  in  Si02  concentra- 
tion. Various  methods  of  calculating  loading  were 
explored,  but  even  for  a  site  where  continuous 
flow  records  were  available,  a  total  of  7  methods 
gave  similar  answers  (annual  mean  instantaneous 
loads  of  8208  to  8815  mg  Si02/sec).  It  is  possible 
that  this  close  agreement  reflects  a  chance  similari- 
ty between  the  frequency  distribution  of  the  flow 
values  recorded  at  the  instants  of  sampling  and  that 
of  the  flows  recorded  continuously.  Annual  loads 
from  the  five  streams  ranged  from  7.3  to  448.9 
tonnes  Si02,  and  assuming  a  prorata  loss  of  Si02 
to  the  loch  from  the  14%  of  the  area  of  its  catch- 
ment not  drained  by  these  waters,  a  total  input  of 
1157  tonnes  Si02  to  the  loch  can  be  calculated. 
Areal  losses  from  the  subcatchments  ranged  from 
42.5  to  104.4  kg  Si02/ha/year  and  increased  ex- 
ponentially with  catchment  area;  these  values  are 
compared  with  corresponding  data  in  the  litera- 
ture. Plots  of  the  year's  individual  sample  results 
confirm  the  insensitivity  of  Si02  concentration  to 
changes  in  flow  and  a  multivariate  analysis--not 
reported  here-involving  rainfall  and  temperature 
did  not  explain  the  relationships  any  more  effec- 
tively. However,  a  graph  of  moving  averages 
(each  of  3  points)  revealed  distinct  seasonal  differ- 
ences in  the  concentration-flow  relationship,  al- 
though reference  to  the  timing  of  major  agricultur- 
al activities  in  the  catchment  provided  few  clues  as 
to  the  causes  of  these  patterns.  (See  also  W90- 
06576)  (Author's  abstract) 
W90-06576 


DYNAMICS  OF  SILICA  IN  A  SHALLOW 
DIATOM-RICH  SCOTTISH  LOCH:  II.  THE  IN- 
FLUENCE OF  DIATOMS  ON  AN  ANNUAL 
BUDGET. 

Institute  of  Terrestrial  Ecology,  Edinburgh  (Scot- 
land). 

A.  E.  Bailey-Watts,  I.  R.  Smith,  and  A.  Kirika. 
Diatom  Research,  Vol.  4,  No.  2,  p  191-205,  1989.  9 
fig,  1  tab,  33  ref. 

Descriptors:  'Cycling  nutrients,  'Diatoms,  'Lakes, 
•Limnology,  'Scotland,  'Silica,  'Streams,  'Water 
chemistry,  Asterionella,  Chemical  properties,  Fra- 
gilaria,  Melosira,  Nutrient  budget,  Outlets,  Season- 
al variation,  Water  sampling. 

Stream  inputs  of  soluble  reactive  silica,  changes  in 
its  concentration  in  the  loch  and  its  export  via  the 
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outflow  of  Loch  Leven,  Scotland,  and  in-loch 
shifts  in  diatom  silica  were  estimated  from  samples 
collected  every  8  days  from  January  1 1  to  Decem- 
ber 13,  1985.  A  silica  budget  was  erected  for  the 
whole  period  and,  by  considering  the  data  in  four- 
teen 24-day  blocks,  seasonal  changes  in  the  various 
component  terms  were  assessed.  In  the  absence  of 
direct  chemical  determinations,  the  opal  in  the 
diatom  assemblages  (dominated  by  unicellular  Cen- 
trales and  Asterionella  formosa)  was  estimated  as 
follows:  for  the  discoid  forms,  from  cell  dimen- 
sions and  published  values  suggesting  a  general 
ratio  of  cell  volume  to  silica  volume  of  10:1,  and 
for  Asterionella  (and  populations  of  Fragilaria  and 
Melosira)  from  other  published  values.  Stream 
inputs  of  953  tonnes  soluble  reactive  silica  over  the 
336  days  are  equivalent  to  97%  of  the  total  in- 
crease in  opaline  silica  of  985  tonnes,  including  70 
tonnes  passing  down  the  outflow.  However  in  the 
amounts  of  soluble  reactive  silica  present  in  the 
loch  at  the  beginning  (383  tonnes)  and  the  end  (178 
tonnes)  of  the  period  and  that  exported  (282 
tonnes)  are  taken  into  account,  only  876  tonnes 
was  made  available.  Although  the  flux  of  soluble 
reactive  silica  to  the  sediment  represents  only  40% 
of  the  external  loading  over  the  whole  period,  the 
daily  rates  (equivalent  to  34-362  mg  Si02/square 
m  of  loch  floor)  over  the  24-day  blocks  were 
commonly  equivalent  to  3  times  the  amounts  of 
soluble  reactive  silica  arriving  meanwhile  from  the 
feeder  streams.  Internal  loading  is  especially  im- 
portant in  supporting  the  post-spring  diatom  popu- 
lations; by  contrast,  the  late  winter-early  spring 
crop  is  able  to  draw  on  the  initial  reservoir  of 
soluble  reactive  silica  in  the  loch.  (See  also  W90- 
06575)  (Mertz-PTT) 
W90-06577 


QUANTITATIVE  ESTIMATION  OF  DIATOM 
ALGAE  USING  THE  SCANNING  AND  TRANS- 
MISSION ELECTRON  MICROSCOPES. 

Akademiya    Nauk    SSSR,    Borok.    Inst.    Biologii 

Vnutrennykh  Vod. 

For  primary  bibliographic  entry  see  Field  7B. 

W9O-06578 


ECOLOGICAL  STUDIES  ON  THE  PLANK- 
TONIC  PROTOZO  OF  A  EUTROPHIC  RESER- 
VOIR (RIO  GRANDE  RESERVOIR--BRAZTL). 

Universidade  Federal  de  Sao  Carlos  (Brazil).  Dept. 
de  Ciencias  Biologicas. 

S.  M.  Barbieri,  and  M.  J.  L.  Godinho  Orlandi. 
Hydrobiologia  HYDRB8,  Vol.  183,  No.  1,  p  1-10, 
October  2,  1989.  1 1  fig,  1  tab,  24  ref. 

Descriptors:  'Aquatic  populations,  *Brazil,  'Popu- 
lation density,  'Protozoa,  'Reservoirs,  'Seasonal 
variation,  'Spatial  distribution,  'Temporal  distri- 
bution, Condonella,  Copeps,  Difflugia,  Ecological 
distribution,  Halteria,  Mesodinium,  Tintinnidium, 
Urotricha,  Vorticella. 

The  abundance,  composition  and  seasonal  distribu- 
tion of  planktonic  protozoans  and  physical  and 
chemical  variables  such  as  temperature,  dissolved 
oxygen  content,  pH,  and  chlorophyll  a  concentra- 
tion were  analyzed  monthly  from  February  1985  to 
January  1986  in  the  eutrophic  Rio  Grande  Reser- 
voir, located  in  Sao  Paulo  State,  Brazil.  Analyses 
were  performed  on  water  samples  collected  at  the 
surface  and  bottom  (0.5  m  above  the  sediment)  in 
three  stations,  and  individual  distribution  profiles 
were  constructed  for  the  major  species.  Popula- 
tions showed  a  very  clear  temporal  and  spatial 
distribution.  Highest  densities  occurred  in  Decem- 
ber at  station  2  and  in  March  bottom  samples  at 
station  3.  The  dominant  species  of  protozoa  were 
Codonella  cratera,  Coleps  amphacanthus,  Coleps 
hirtus,  Halteria  grandinella,  Mesodinium  pulex, 
Tintinnidium  sp.,  Urotricha  spp.,  Vorticella  spp., 
and  Difflugia  sp.  Species  such  as  Coleps  ampha- 
canthus, Coleps  hirtus,  and  Halteria  grandinella 
were  mainly  observed  in  summer  samples.  Codon- 
ella cratera  and  Coleps  amphacanthus  occurred  at 
bottom  samples,  whereas  Vorticella  sp.  at  surface 
ones,  suggesting  that  the  distribution  of  some  spe- 
cies was  affected  by  temperature  and  dissolved 
oxygen  content.  (Mertz-PTT) 
W90-O6580 


CILIATED  PROTOZOAN  COMMUNITIES  IN 
A  FLUVIAL  ECOSYSTEM. 

Barcelona  Univ.  (Spain).  Facultat  de  Biologia. 

M.  del  Pilar  Gracia,  C.  Castellon,  J.  Igual,  and  R. 

Sunyer. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  1,  p  11-31, 

October  2,  1989.  27  fig,  1  tab,  15  ref. 

Descriptors:  'Population  distribution,  'Protozoa, 
•Rivers,  'Spain,  'Water  pollution  effects,  Aspi- 
disca,  Colpidium,  Cyclidium,  Ecological  distribu- 
tion, Lionotus,  Oxygen,  River  flow,  Seasonal  dis- 
tribution, Spatial  distribution,  Water  temperature. 

The  ciliated  protozoan  communities  in  the  Llobre- 
gat  River  in  Barcelona,  Spain  were  studied  for  one 
year.  Samples  were  taken  from  1 1  different  stations 
to  study  the  physical-chemical  factors  of  the  water 
as  well  as  the  qualitative  and  quantitative  nature  of 
the  ciliate  populations.  105  species  of  ciliates, 
grouped  in  13  orders  were  found.  The  dynamics  of 
the  ciliated  protozoan  communities  in  the  Llobre- 
gat  River,  similar  to  those  of  other  fluvial  courses, 
showed  great  fluctuations  due  to  flow  variations  as 
well  as  to  the  vigorous  chemical  changes  of  the 
environment.  These  changes  are  mainly  caused  by 
the  heterogeneity  of  the  waste  matter  which  these 
waters  receive.  Flow  differences  also  caused  the 
oxygen  content  and  temperature  to  vary.  During 
the  study  year  (1984)  the  highest  numbers  of  spe- 
cies were  found  in  the  middle  section  of  the  river, 
which  had  17  species  in  June  and  21  species  in 
July.  The  most  abundant  species  in  the  higher 
stretches  of  the  river  were  Aspidisca  lynceus,  Cy- 
clidium glaucoma,  Litonotus  fasciola  and  Colpi- 
dium colpoda.  In  the  middle  of  the  river,  Cycli- 
dium glaucoma,  Aspidisca  lynceus,  Euplotes  sp., 
Trithigmostoma  cuculluls,  Holosticha  sp.  and  Vor- 
ticella microstoma  were  most  numerous,  while  in 
the  lower  stretches  Aspidisca  lynceus,  Aspidisca 
costata,  Trithigmostoma  cucullulus,  Paramaecium 
caudatum  and  Oxytricha  sp.  were  numerically 
dominant.  (Mertz-PTT) 
W90-06581 


EROSION,  PHOSPHORUS  AND  PHYTO- 
PLANKTON  RESPONSE  IN  RIVERS  OF 
SOUTH-EASTERN  NORWAY. 

Norges  Landbrukshoegskole,  Aas.  Dept.  of  Soil 

Sciences. 

T.  Krogstad,  and  O.  Lovstad. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  1,  p  33-41, 

October  1989.  13  fig,  22  ref. 

Descriptors:  'Algal  blooms,  'Erosion,  'Nonpoint 
pollution  sources,  'Phosphorus,  'Phytoplankton, 
'Rivers,  Algae,  Algal  growth,  Aquatic  popula- 
tions, Norway,  Seston,  Soil  algae,  Soil  chemistry, 
Water  chemistry,  Water  sampling. 

The  development  of  phosphorus  fractions  and  phy- 
toplankton was  studied  in  three  rivers  with  varying 
concentrations  of  seston.  In  1981  water  samples 
were  taken  from  one  station  in  Leira  River  and 
Nitelva  River,  Norway.  Samples  from  19  stations 
in  the  Romua  River  system  were  taken  at  about  10 
cm  depth  during  1983,  1984,  and  1986.  At  station  8 
both  river  samples  and  surface  runoff  samples  from 
a  corn  area  were  collected.  Surface  soil  samples 
were  taken  at  different  localities.  The  major  agri- 
cultural soils  in  the  watershed  of  Romua  River 
were  represented  in  the  samples.  Less  than  1%  of 
the  yearly  total  phosphorus  transport  may  take 
place  during  periods  with  high  algal  biomass.  The 
observation  of  a  high  growth  rate  of  phytoplank- 
ton in  the  rivers  coinciding  with  high  concentra- 
tions of  molybdate  reactive  phosphorus  in  filtered 
samples,  low  content  of  seston  and  high  total 
phosphorus:chlorophyll  a  ratio,  indicate  that  the 
growth  was  often  not  phosphorus-limiting.  During 
short  periods  with  high  phytoplankton  biomass  the 
ratio  of  total  phosphorusxhlorophyll  a  may  be 
low,  indicating  that  a  high  fraction  of  total  phos- 
phorus was  available.  The  content  of  phosphorus 
in  soil  samples  and  in  samples  with  high  seston 
content  was  about  0.1%  of  dry  weight,  and  the 
algal  availability  of  phosphorus  often  varied  be- 
tween 25  and  75%  of  total  phosphorus  for  both 
types  of  samples.  Decreasing  biomass  or  low 
growth  rates  were  observed  at  secchi  depths  less 
than  0.5  m  and  seston  concentrations  less  than 
about  25  mg  dry  weight/L.  High  flow  rate  also 
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depressed  the  development  of  the  total  phyto- 
plankton biomass.  The  assimilation  of  available 
phosphorus  is  incomplete  under  such  conditions, 
for  example,  under  conditions  of  light  limitation 
and  high  dilution  rate.  (Mertz-PTT) 
W90-06582 


ICTHYOLOGICAL  STUDIES  IN  LA  CUAREN- 

TENA      LAGOON      (CARABAJAL     ISLAND), 

PARANA  RTVER:  DENSITY  OF  PROCHILO- 

DUS    PLATENSIS    HOLMBERG    (CURIMATI- 

DAE). 

Institute   Nacional   de   Limnologia,   Santo  Tome 

(Argentina). 

E.  Cordiviola  de  Yuan,  and  C.  Pignalberi  de 

Hassan. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  1,  p  43-46, 

October  1989.  2  fig,  1  tab,  23  ref. 

Descriptors:  'Aquatic  populations,  'Argentina, 
'Biomass,  'Fish,  'Intermittent  lakes,  'Limnology, 
Lakes,  Prochilodus,  Rivers. 

Carabajal  Island  lies  in  a  river-bar-plain.  Its  bound- 
aries are  the  Parana,  Colastine,  and  Tiradero  Viejo 
rivers,  and  the  access  channel  to  Santa  Fe  Harbor 
in  Argentina.  It  contains  numerous  bodies  of 
water,  linked  in  different  ways  to  the  nearby  fluvi- 
al courses.  The  detritivorous  species  Prochilodus 
platensis  (sabalo),  comprises  60%  of  the  ichthyo- 
mass  of  the  floodplain  pools  in  the  La  Plata  system. 
A  survey  was  conducted  of  numbers  and  biomass 
of  sabalo  when  the  lagoon  was  isolated  during  a 
low  water  period.  Capture-recapture  data  on  the 
fish  of  La  Cuarentena  Lagoon  (Carabajal  Island) 
shows  that  Prochilodus  platensis  represented  90% 
of  the  1287  fish  tagged.  By  means  of  the  Schu- 
macher and  Eschemeyer  formula,  it  was  estimated 
the  6681  (6657-6706)  individuals  were  present. 
Total  biomass  of  the  species  was  calculated  at 
87,094  kg,  representing  66.18  kg/ha.  (Mertz-PTT) 
W90-06583 


DOWNSTREAM  DRIFT  OF  THE  LARVAE  OF 
CHIRONOMIDAE  (DIPTERA)  IN  THE  RIVER 
CHEW,  S.  W.  ENGLAND. 

Bristol  Univ.  (England).  Dept.  of  Zoology. 
C.  J.  Williams. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  1,  p  59-72, 
October  1989.  7  fig,  2  tab,  25  ref.  Natural  Environ- 
ment Research  Council  Grant  GR3/3987. 

Descriptors:  'Aquatic  populations,  'England, 
'Lotic  environment,  'Midges,  'Rivers,  Diptera, 
Larvae,  Orthocladiinae,  Population  distribution. 

The  larvae  of  Chironomidae  (Diptera)  are 
common  in  the  drift  of  lotic  waters,  where  this  is 
often  the  most  abundant  family  and  may  account 
for  34-85%  of  drifting  invertebrates.  The  river 
Chew  drains  an  area  143  square  km  of  the  north 
Mendip  Hills,  S.W.  England,  which  are  composed 
largely  of  limestone.  The  drift  of  larval  Chironomi- 
dae was  investigated  at  two  sites  on  the  River 
Chew,  using  a  pump  filtration  system  with  50 
micrometers  mesh-aperture  aerial  nets,  situated  on 
the  river  bank.  Chironomid  larvae  were  found  to 
drift  in  far  greater  numbers  than  previously  report- 
ed, even  in  slow-flowing  water.  First  and  second 
instar  larvae  dominated  the  drift.  Variation  in  drift- 
ing behavior  between  taxa  was  observed,  where 
Orthocladiinae  drifted  in  all  instars  and  Chirono- 
minae  predominantly  as  first  and  second  instars. 
Proportionally  different  rates  of  drift  were  ob- 
served between  these  taxa  from  the  benthos  at  the 
two  sites.  It  is  suggested  that  the  majority  of 
chironomid  drift  represents  an  active  dispersal  and 
colonization  mechanism  by  which  population  re- 
distribution and  habitat  selection  occurs.  (Mertz- 
PTT) 
W90-06584 


ASPECTS  OF  THE  PHOSPHORUS  CYCLE  IN 

HARTBEESPOORT   DAM   (SOUTH    AFRICA), 

PHOSPHORUS    LOADING    AND   SEASONAL 

DISTRIBUTION  OF  PHOSPHORUS  IN  THE 

RESERVOIR. 

National  Inst,  for  Water  Research,  Pretoria  (South 

Africa). 
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J.  A.  Thornton,  and  P.  J.  Ashton. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  1,  p  73-85, 

October  2,  1989.  5  fig,  3  tab,  52  ref. 

Descriptors:  'Municipal  wastewater,  'Phosphorus, 
•Pollution  load,  'Reservoirs,  'South  Africa, 
•Wastewater  pollution,  'Water  chemistry,  Hart- 
beespoort  Dam,  Pollutant  identification,  Seasonal 
variation. 

Hartbeespoort  Dam,  a  hypertrophic,  warm  mono- 
mictic  impoundment  in  South  Africa,  receives  ex- 
tremely high  phosphorus  loads  (14.6-25.9  g/square 
m/a)  that  are  dominated  by  point  source  dis- 
charges from  municipal  wastewater  treatment 
works.  The  reduced  state  of  the  phosphorus  dis- 
charged from  the  works  has  lead  to  the  dominance 
of  the  dissolved  phosphorus  pool  by  low  molecular 
weight  orthophosphates  which  are  analytically  de- 
tectable as  soluble  reactive  phosphorus  (60%  of 
total  phosphorus  pool).  Seasonality  in  the  in-lake 
total  phosphorus  pool  is  regulated  by  a  combina- 
tion of  abiotic  and  hydrological  processes;  biotic 
processes  appear  to  play  a  minor  role.  Mass  bal- 
ance calculations  indicate  that  between  62  and 
77%  of  the  annual  total  phosphorus  inflow  load  is 
retained  within  the  impoundment  each  year.  (See 
also  W90-06585)  (Author's  abstract) 
W90-06585 


ASPECTS  OF  THE  PHOSPHORUS  CYCLE  IN 
HARTBEESPOORT  DAM  (SOUTH  AFRICA), 
PHOSPHORUS  KINETICS. 

National  Inst,  for  Water  Research,  Pretoria  (South 

Africa). 

J.  A.  Thornton. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  2,  p  87-95, 

October  9,  1989.  4  fig,  6  tab,  40  ref 

Descriptors:  *Algae,  *Cycling  nutrients,  •Munici- 
pal wastewater,  *Path  of  pollutants,  *Phosphorus, 
•Pollution  load,  'Reservoirs,  'Seasonal  variation, 
•South  Africa,  'Wastewater  pollution,  Fluctua- 
tions, Hartbeespoort  Dam,  Isotopic  tracers. 

Previous  studies  of  Hartbeespoort  Dam,  a  warm, 
monomictic,  hypertrophic  impoundment  in  South 
Africa,  have  suggested  that,  due  to  the  influence  of 
domestic  wastewater  discharges  from  the  city  of 
Johannesburg  and  surrounding  area  in  maintaining 
high  ambient  concentrations  of  bioavailable  phos- 
phorus, the  seasonality  in  the  dissolved  phosphorus 
pool  is  largely  dominated  by  hydrological  and 
abiotic  processes.  The  role  of  biotic  processes  in 
Hartbeespoort  Dam  is  examined  using  32P  radio- 
bioassays.  Phosphorus  demand  is  assessed  by  phos- 
phorus turnover  times,  alkaline  phosphatase  activi- 
ty, cellular  phosphorus  status  and  the  phosphorus 
deficiency  index.  Long  turnover  times  indicative  of 
an  enriched  system  were  recorded,  ranging  from  9 
hours  to  1992  hours,  with  no  evidence  of  phospho- 
rus stress  being  present.  These  turnover  times  sup- 
port the  hypothesis  that  the  phosphorus  cycle  in 
Hartbeespoort  Dam  is  dominated  by  the  algal  com- 
munity which  is  shown  to  play  an  important  role  in 
phosphorus  cycling  within  the  water  column. 
However,  hydrological  processes  remain  the  driv- 
ing force  in  phosphorus  seasonality  in  the  lake. 
(See  also  W90-O6584)  (Mertz-PTT) 
W90-06586 


QUANTITATIVE  IMPORTANCE  OF  DIFFER- 
ENT PHYTOPLANKTONIC  SIZE  FRACTIONS 
IN  A  EUTROPH1C  LAKE  ENVIRONMENT 
(IMPORTANCE  QUANTITATIVE  DE  DIFFER- 
ENTES  CLASSES  DE  TAHLE  PHYTOPLANC- 
TONIQUES  EN  MTLEEU  LACUSTRE  EU- 
TROPHE). 

Clermont-Ferrand-2  Univ.,  Aubiere  (France).  Lab. 
de  Zoologie. 

L.  Aleya,  and  C.  Amblard. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  2,  p  97- 
113,  October  9,  1989.  9  fig,  5  tab,  71  ref.  English 
summary. 

Descriptors:  'Chlorophyll  a,  'Ecological  distribu- 
tion, 'Eutrophic  lakes,  'France,  'Phytoplankton, 
•Population  density,  Adenosine  triphosphate,  Bio- 
mass,  Cell  enumeration,  Comparison  studies,  Lake 
Aydat,  Microscopy. 


The  distribution  of  three  phytoplanktonic  size  frac- 
tions was  studied  in  an  eutrophic  lake  (Lake 
Aydat,  France).  Size  fractionation  experiments 
were  performed  using  cell  enumeration  by  inverted 
microscopy  and  chlorophyll  a  estimation.  The  re- 
sults were  also  compared  with  the  ATP  content  in 
the  analyzed  algal  fractions.  The  (1-12  micrometer) 
fraction  represented  only  on  average  5%  of  the 
total  biomass,  when  estimated  by  the  cell  enumera- 
tion method,  but  made  up  26%  of  the  total  chloro- 
phyll a  and  33%  of  the  total  ATP.  This  discrepan- 
cy confirms  that  cell  enumeration  with  an  inverted 
microscope  seriously  underestimates  the  nano- 
plankton  biomass.  The  (12-45  micrometer)  fraction 
made  up  to  50%  of  the  total  biomass  regardless  the 
method  of  analysis  used.  The  chlorophyll  a  and 
biovolume  estimation  in  this  fraction  were  positive- 
ly correlated.  The  contribution  of  algal  species 
with  large  cell  size  (45-160  micrometer)  to  the  total 
algal  biomass  was  higher  (39%)  when  based  on 
their  biovolume  estimation  than  when  on  the  chlo- 
rophyll a  (27%).  The  low  ATP  contribution  of  this 
fraction  (17%)  may  be  attributable  to  high  percent- 
age of  dead  cells.  (Author's  abstract) 
W90-06587 


MACROINVERTEBRATE  COMMUNITIES  IN 
WHEELER  RESERVOIR  (ALABAMA)  TRIBU- 
TARIES AFTER  PROLONGED  EXPOSURE  TO 
DDT  CONTAMINATION. 

Auburn  Univ.,  AL.  Dept.  of  Fisheries  and  Allied 

Aquacultures. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06588 


ROTIFER  OCCURRENCE  IN  RELATION  TO 
OXYGEN  CONTENT. 

Uppsala   Univ.    (Sweden).    Limnologiska    Institu- 

tionen. 

B.  Berzins,  and  B.  Pejler. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  2,  p  165- 

172,  October  9,  1989.  4  fig,  19  ref. 

Descriptors:  *Lakes,  *Oxygen,  *Ponds,  *Rivers, 
•Rotifers,  'Sweden,  'Zooplankton,  Ecological  ef- 
fects, Mires,  Oxygen  demand,  Plankton. 

The  dependence  on  oxygen  of  nonplanktic  rotifers 
was  investigated.  The  area  covered  comprises 
about  350  lakes,  50  ponds,  20  pools,  150  running 
water  localities,  and  15  mires  in  Sweden.  Informa- 
tion on  the  distribution  of  204  species  of  planktic, 
periphytic  and  benthic  rotifers  from  diverse  waters 
in  south  and  central  Sweden  was  analyzed  for 
details  on  relationships  to  the  oxygen  content  of 
the  environment.  No  sign  of  truly  anoxybiotic  ap- 
pearance was  traced,  although  some  species  may 
be  encountered  in  high  abundance  at  low  02- 
values.  Most  cold-stenothermal  species  prefer  an 
environment  rich  in  oxygen,  but  there  are  a  few 
exceptions.  For  the  warm-stenothermal  species  no 
really  close  connections  with  oxygen  exist.  Several 
species  combine  a  tolerance  of  low  oxygen  content 
with  a  preference  of  high  Pt-values.  No  such  con- 
nections were  traced  between  oxygen  content  and 
trophic  degree.  (Mertz-PTT) 
W90-06589 


INFLUENCE  OF  DIFFERENT  LITTER  BAG 
DESIGNS  ON  THE  BREAKDOWN  OF  LEAF 
MATERIAL  IN  A  SMALL  MOUNTAIN 
STREAM. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Water 
Resources  and  Public  Health  Engineering. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-06590 


DECOMPOSITION  RATE  OF  PLANT  MATE- 
RIAL US  THE  PARANA  MEDIO  RIVER  (AR- 
GENTINA). 

Centro  de  Estudios  del  Agua,  Santa  Fe  (Argenti- 
na). 

J.  Hammerly,  M.  Leguizamon,  M.  A.  Maine,  D. 
Schiver,  and  M.  J.  Pizarro. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  3,  p  179- 
184,  October  15,  1989.  2  fig,  2  tab,  10  ref. 

Descriptors:  'Biodegradation,  'Decomposition, 
•Grasses,    *Rivers,   'Water   hyacinth,   Argentina, 


Degradation,  Mathematical  analysis,  Oxygen 
demand,  Panicum,  Paspalum,  Reservoirs,  Water 
currents. 

Degradation  constants  of  different  plant  species 
were  required  for  a  mathematical  model  describing 
the  oxygen  consumption  in  the  future  reservoir  at 
the  Parana  Medio  Dam.  Plant  degradation  may  be 
considered  as  an  integrative  function  of  the  physi- 
cal, chemical,  microbial  and  animal  interactions. 
The  degradation  of  plant  material  in  the  center  of 
two  plain  streams  (the  Parana  Medio  River  main 
channel  flowing  at  0.6  m/s  and  the  Colorado  River 
flowing  at  0.03  m/s)  was  studied  in  order  to  obtain 
a  degradation  coefficient  for  the  species  Panicum 
prionitis,  Paspalum  repens  and  Eichhornia  cras- 
sipes,  representative  of  the  vegetation  of  the  area 
where  the  future  man-made  lake  of  the  Parana 
Medio  Dam  is  to  be  located.  The  experimental  sites 
were  chosen  at  the  limit  (minimum  and  maximum) 
velocities  of  the  two  streams  in  the  valley  to  be 
flooded.  The  plant  samples  (submerged  at  different 
depths)  were  periodically  analyzed  during  80  days, 
the  experimental  data  being  fitted  to  an  exponential 
decomposition  model.  Degradation  coefficients 
ranged  from  0.0357  to  0.0682/day  (P.  prionitis); 
from  0.0182  to  0.0643/day  (P.  repens)  and  from 
0.0120  to  0.0425/day  (E.  crassipes).  The  action  of 
the  current  is  most  important  for  the  soft  material 
of  hydrophytes,  as  intuitively  expected.  (Mertz- 
PTT) 
W90-06591 


CONTRIBUTION  OF  DISSOLVED  CALCIUM 
AND  MAGNESIUM  TO  PHYTOPLANKTONIC 
PARTICULATE  PHOSPHORUS  CONCENTRA- 
TION AT  THE  HEADS  OF  TWO  RTVER  RES- 
ERVOIRS. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 
H.  Kagawa,  and  M.  Togashi. 
Hydrobiologia  HYDRB8,  Vol.  183,  No.  3,  p  185- 
193,  October  15,  1989.  6  fig,  2  tab,  26  ref. 

Descriptors:  'Algae,  'Calcium,  'Japan,  'Limnolo- 
gy, 'Magnesium,  'Phosphorus,  'Reservoirs,  Chlo- 
rophyll a,  Mathematical  equations,  Regression 
analysis. 

From  the  viewpoint  of  the  chemical  control  of 
algal  nutrition  in  lakes  and  ponds,  it  is  important  to 
clarify  the  participation  of  Ca  and  Mg  in  the  algal 
P-nutrition  in  situ.  A  Mg/Ca  quotient  was  pro- 
posed as  a  trophic  state  index  of  lakes  and  ponds. 
At  the  heads  of  two  river  reservoirs,  the  Ishi- 
tegawa  Dam  and  the  Normura  Dam  Reservoirs  in 
Japan,  the  concentrations  of  phytoplanktonic  par- 
ticulate phosphorus  were  compared  with  those  of 
dissolved  calcium  and  magnesium,  using  multiple 
regression  analyses  on  the  data  taken  from  samples 
which  registered  more  than  6.0  microgram/L  in 
chlorophyll  a  concentration.  Of  the  27  monthly 
samples,  16  from  the  Ishitegawa  Reservoir  and  17 
from  the  Nomura  Reservoir  were  used.  A  signifi- 
cant regression  line,  log  particulate  phosphorus  = 
kl(F)  +  k2,  was  obtained,  where  kl  (>0)  and  k2 
were  constants  and  F  (named  the  Ca-Mg  index) 
consisted  of  log  (Ca/Mg)-0.5  log  (Ca  +  Mg)  in 
mol  concentration  in  Ca  and  Mg,  in  common  with 
the  two  reservoirs.  The  Ca-Mg  index  seemed  to  be 
closely  related  with  P-nutrition  rather  than  growth 
in  general.  In  addition,  another  regulating  factor  of 
P-nutrition,  presumably  a  stimulatory  factor,  might 
be  synergistic  with  the  Ca-Mg  index  in  the  case  of 
the  Ishitegawa  Reservoir,  because  the  contribution 
of  the  Ca-Mg  index  to  the  total  variance  of  log 
particulate  phosphorus  is  low  in  contrast  to  the 
Nomura  Reservoir.  (Mertz-PTT) 
W90-06592 


ACCUMULATION  OF  A  PEPTIDE  TOXIN 
FROM  THE  CYANOBACTERIUM  OSCILLA- 
TORIA  AGARDHII  IN  THE  FRESHWATER 
MUSSEL  ANADONTA  CYGNEA. 

Abo  Akademi,  Turku  (Finland).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06594 
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EFFECT  OF  PHENOLIC  ACIDS  ON  GROWTH 
OF  CHLORELLA  PYRENOIDOSA. 

Wisconsin  Univ.-Superior.  Center  for  Lake  Superi- 
or Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06595 


AQUATIC  MACROPHYTE  STUDIES  ON 
WOODS  RESERVOIR,  TENNESSEE. 

Tennessee   Cooperative   Fishery    Research   Unit, 

Cookeville. 

P.  W.  Bettoli,  and  J.  A.  Gordon. 

Journal   of  the  Tennessee  Academy  of  Science 

JTASAG,  Vol.  45,  No.  1,  p  4-8,  January  1990.  2 

fig,  2  tab,  24  ref. 

Descriptors:  'Aquatic  plants,  'Limnology,  'Ma- 
crophytes, 'Reservoirs,  'Tennessee,  Drawdown, 
Potamogeton,  Sagittaria,  Vallisneria. 

After  a  system-wide  decline  of  aquatic  macro- 
phytes  in  Woods  Reservoir,  Tennessee,  studies 
were  initiated  to  determine  if  the  reservoir  sedi- 
ments and  water  quality  were  suitable  for  macro- 
phytes.  Established  Vallisneria  americana,  Potamo- 
geton nodosus,  and  Sagittaria  platyphylla  plants 
were  collected  and  replanted  at  five  sites  on 
Woods  Reservoir  in  tubs  containing  Woods  Reser- 
voir sediments  and  control  sediments.  Although 
success  of  the  transplants  varied  greatly,  all  three 
species  survived  and  grew  well  at  some  of  the  test 
sites.  After  the  winter  die-back,  only  V.  americana 
failed  to  initiate  new  growth  the  following  spring. 
Laboratory  bioassays  with  P.  nodosus,  V.  ameri- 
cana, and  Egeria  densa  grown  in  Woods  Reservoir 
and  control  sediments  yielded  no  significant  differ- 
ences in  the  ability  of  the  different  sediments  to 
support  plants.  These  results  indicated  that  the 
sediments  and  water  of  Woods  Reservoir  were 
capable  of  supporting  aquatic  macrophytes.  These 
conclusions  were  confirmed  when  the  abundance 
and  diversity  of  macrophytes  in  the  reservoir  in- 
creased following  a  drawdown  during  the  winter 
of  1984-1985.  (Author's  abstract) 
W90-O6596 


URUGUAYIAN  WATER-PRIMROSE  (LUDWI- 
GIA  URUGUAYENSIS)  IN  TENNESSEE  AND 
KENTUCKY. 

Austin  Peay  State  Univ.,  Clarksville,  TN. 

E.  W.  Chester,  and  S.  E.  Holt. 

Journal  of  the  Tennessee  Academy  of  Science 

JTASAG,  Vol.  45,  No.  1,  p  9-12,  January  1990.  2 

fig,  14  ref. 

Descriptors:  'Aquatic  plants,  'Hydrologic  data 
collections,  'Kentucky,  'Tennessee,  'Water  prim- 
rose, Bays,  Data  collections,  Floating  plants, 
March  plants,  Marshes,  Streams,  Swamps. 

The  Uruguayian  water-primrose,  Ludwigia  uru- 
guayensis  (Camb.)  Hara,  Onagraceae,  is  an  aquatic 
or  semiaquatic  perennial  herb  with  long-trailing, 
usually  floating  and  often  matted  vegetative  stems 
that  freely  branch  and  root  at  the  nodes.  The  plant 
appears  to  be  a  recent  immigrant  into  the  lower 
Cumberland  River  Valley  of  Tennessee  and  Ken- 
tucky; the  first  known  collection  was  in  1968  from 
Montgomery  County.  Known  occurrences  and 
habitats  of  the  potentially-troublesome  aquatic 
weed  are  summarized  for  Tennessee  and  Ken- 
tucky. In  the  lower  Cumberland  River  Valley  col- 
lections were  made  in  the  following  Tennessee 
counties:  Montgomery  (first  in  1968),  Sumner 
(1975),  southern  Stewart  (1981),  and  northern 
Stewart  (1988).  The  1988  collections  from  Lyon 
and  Trigg  counties,  Kentucky,  were  the  first  from 
that  state.  Stands  were  often  extensive  and  oc- 
curred in  three  aquatic  habitat  types:  (1)  emergent 
marshes  and  swamps  around  permanently-pooled 
bottomland  depressions  separated  from  the  main 
river  channel  but  flooded  periodically  (Montgom- 
ery and  Stewart  counties),  (2)  along  the  shoreline 
and  extending  outward  into  shallow  bays  of  Lake 
Barkely  (Lyon,  Stewart,  Trigg  counties),  and  (3) 
sandy  banks  and  gravel  bars  of  shallow  streams 
(Sumner  County).  (Mertz-PTT) 
W90-06597 


INVESTIGATION  OF  ORCONECTES  SHOUPI 
IN  MILL  AND  SEVENMILE  CREEKS,  TEN- 
NESSEE. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS. 

A.  C.  Miller,  P.  D.  Hartfield,  and  L.  Rhodes. 
Journal   of  the  Tennessee   Academy  of  Science 
JTASAG,  Vol.  45,  No.  1,  p  21-24,  January  1990.  2 
fig,  1  tab,  9  ref. 

Descriptors:  'Crayfish,  'Endangered  species,  'En- 
vironmental impact,  'Stream  biota,  'Tennessee, 
Animal  populations,  Data  collections,  Ecological 
effects,  Orconectes,  Population  density,  Sedimen- 
tation. 

The  Nashville  crayfish,  Orconectis  shoupi  Hobbs 
(Crustacea:  Cambaridae),  is  currently  only  known 
from  Mill  and  Sevenmile  creeks  in  Davidson  and 
Williamson  counties,  Tennessee.  Crayfish  were 
collected  at  14  sites  on  Mill  and  Sevenmile  creeks 
in  July,  1985.  The  Nashville  crayfish,  listed  as 
endangered  by  the  U.S.  Fish  and  Wildlife  Service, 
comprised  89%  of  the  crayfish  collected  in  Mill 
creek  and  29%  collected  in  Sevenmile  creek.  Two 
similar  species,  O.  minis  Hagen  and  O.  palacidus 
Ortmann,  comprised  the  rest  of  the  assemblage.  At 
sites  in  Mill  Creek  with  heavy  sedimentation,  O. 
shoupi  density  was  4.9  +A3.4  individuals/square 
m  and  with  moderate-to-no  sedimentation  density 
was  4.6  +A3.3  individuals/square  m.  These  num- 
bers were  not  significantly  higher  than  at  sites  in 
Sevenmile  Creek  with  moderate-to-no  sedimenta- 
tion (1.8  +/-1.9  individuals/square  m,  p  =  0.14). 
Total  density  of  Orconectes  spp.  in  Mill  Creek  was 
significantly  less  than  in  Sevenmile  Creek.  Total 
crayfish  density  was  not  significantly  different  be- 
tween creeks.  Although  O.  shoupi  has  been  report- 
ed only  from  nonturbid,  well-oxygenated  water 
and  clean  substrate,  the  results  of  this  study  indi- 
cate that  it  also  occurs  in  pools,  riffles  with  gravel, 
cobble,  or  slab  rock,  with  moderate  to  high  sedi- 
mentation. (Mertz-PTT) 
W90-06598 


CRUSTACEAN  PLANKTON  AND  FISH 
DURING  THE  FIRST  DECADE  OF  A  SUBAL- 
PINE,  MAN-MADE  RESERVOIR. 

Trondheim  Univ.  (Norway).  Museum. 

J.  W.  Jensen. 

Nordic  Journal  of  Freshwater  Research,  No.  64,  p 

5-53,  1988.  29  fig,  24  tab,  155  ref. 

Descriptors:  'Fish  harvest,  'Fish  populations, 
'Growth,  'Limnology,  'Norway,  'Reservoir  fish- 
eries, 'Trout,  Biomass,  Burbot,  Char,  Midges,  Oli- 
gotrophic  lakes,  Polymictic  lakes. 

The  Nesjo  reservoir,  in  central  Norway,  was  made 
in  1970  by  impounding  38.7  square  km.  It  was 
studied  in  1970-1983,  with  parallel  sampling  in  the 
adjacent  Essand  reservoir,  regulated  since  1940. 
The  reservoirs  are  oligotrophic  and  polymictic 
with  maximum  temperatures  of  11-13  C.  In  Nesjo 
the  biomass  of  crustacean  plankton  was  at  its  maxi- 
mum in  1970.  Chironomids  predominated  the  ma- 
crobenthos  and  were  eaten  in  largest  quantities  by 
fish  in  1972-1974.  Brown  trout,  burbot  and  Arctic 
char  predominated  in  succession  net  catches  in  the 
littoral  zone.  Until  1976,  the  biomass  caught  per 
net  was  4-6  times  higher  than  normal  in  similar 
Norwegian  lakes.  Growth  rates  close  to  the  maxi- 
mum known  for  any  salmonid  were  recorded  in 
1972.  Chironomids  and  cladocerans  were  the  most 
important  prey  for  the  fish.  Compared  to  Essand, 
the  Nesjo  cladocerans  were  larger,  carried  more 
eggs  and  represented  a  larger  biomass.  The  Nesjo 
fish  took  more  food,  were  larger  and  fatter,  grew 
better  and  gave  higher  catches  in  weight  per  unit 
effort.  These  differences  became  less  distinct,  but 
were  still  noticeable  by  the  end  of  the  decade.  The 
study  gives  additional  results  on  the  sex  ratios, 
maturing,  migrations,  diet,  size  of  food  rations, 
seasonal  growth  cycles,  population  number,  bio- 
mass and  food  conversion  efficiencies  of  the  fish, 
and  on  the  interactions  between  planktonic  crusta- 
ceans and  Arctic  char.  (Author's  abstract) 
W90-06599 


PHYSICAL  HABITAT  SELECTION  BY 
BROWN  TROUT  (SALMO  TRUTTA)  IN  RIVER- 
INE SYSTEMS. 


Norges  Landbrukshoegskole,  Aas.  Dept.  of  Nature 

Conservation. 

J.  Heggenes. 

Nordic  Journal  of  Freshwater  Research,  No.  64,  p 

74-90,  1988.2  tab,  66  ref. 

Descriptors:    'Aquatic   habitats,    'Fish   behavior, 
'Trout,  Fish,  Stream  fisheries. 

Knowledge  about  habitat  requirements  of  brown 
trout  (Salmo  trutta)  is  important  for  stream  man- 
agement and  impact  assessment.  The  method  of 
observation  may  influence  the  habitat  suitability 
results  obtained.  The  best  approach  may  be  to 
adopt  a  combination  of  direct  underwater  observa- 
tion and  electrofishing,  if  a  variety  of  habitat  con- 
ditions are  studied.  A  distinction  should  be  made 
between  physical  habitat  variables  affecting  in  situ 
habitat  choice  and  habitat  variables  affecting  carry- 
ing capacity,  such  as,  boundary  conditions,  because 
their  spatio-temporal  dimensions  are  different. 
Water  depth,  water  velocity,  streambed  substrate 
and  cover  seem  to  be  the  most  important  physical 
stream  characteristics  influencing  in  situ  habitat 
choice  by  brown  trout.  Preferred  habitat  is  posi- 
tively correlated  with  fish  size.  Smaller  brown 
trout  occupy  shallow  riffle  areas  with  cobble  sub- 
strate, while  the  larger  fish  prefer  deeper  stream 
areas  with  cobble/boulder  substrate  and  abundant 
cover.  All  sizes  of  fish  seek  out  low  water  velocity 
micro-niches  to  minimize  energy  expenditure.  Dif- 
ferent studies  emphasize  the  importance  of  differ- 
ent habitat  variables.  This  is  probably  a  reflection 
of  the  diverse  factors  modifying  habitat  selection. 
Total  available  habitat  should  be  quantified  in  all 
habitat  analysis  studies,  because  availability  can 
modify  habitat  choice  strongly.  Different  habitat 
characteristics  may  be  the  limiting  factors  in  differ- 
ent streams  and  true  habitat  preferences  cannot 
therefore  be  constructed  from  habitat  use  data 
alone.  Furthermore,  habitat  selection  may  be  modi- 
fied by  biological  factors  such  as  fish  population 
density  and  composition,  food  supply  and  presence 
of  other  species.  In  addition  greater  attention 
should  be  given  to  the  possible  interactions  be- 
tween physical  habitat  variables.  (Author's  ab- 
stract) 
W90-06600 


ESTIMATING  THE  NUMBER  OF  SPECIES 
AND  RELATIVE  ABUNDANCE  OF  FISH  IN 
OLIGOTROPHIC  SWEDISH  LAKES  USING 
MULTI-MESH  GILLNETS. 

Institute  of  Freshwater  Research,  Drottningholm 

(Sweden). 

For  primary  bibliographic   entry  see   Field   5G. 
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OXYGEN  DEFICIT  IN  LAKE  DOM  HELVECIO 
(PARQUE  FLORESTAL  DO  RIO  DOCE, 
MINAS  GERAIS),  (O  DEFICIT  DE  OXIGENIO 
NO  LAGO  DOM  HELVECIO  (PARQUE  FLOR- 
ESTAL DO  RIO  DOCE,  MESAS  GERAIS)). 
Universidade  Estadual  Paulista,  Botucatu  (Brazil). 
Dept.  of  Zoology. 

R.  Henry,  M.  C.  F.  Pontes,  and  J.  G.  Tundisi. 
Revista  Brasileira  de  Biologia  RBBIAL,  Vol.  49, 
No.  1,  p  251-260,  February  1989.  2  fig,  4  tab,  34 
ref.  English  summary. 

Descriptors:  'Brazil,  'Limnology,  'Oligotrophic 
lakes,  'Oxygen,  'Oxygen  deficit,  Lakes,  Oxygen 
requirements,  Seasonal  variation,  Stratification, 
Vertical  distribution. 

The  actual  and  relative  oxygen  deficits  were  com- 
puted from  temperature  and  dissolved  oxygen  pro- 
files in  Lake  Dom  Helvecio,  Brazil  during  1978. 
The  areal  hypolimnetic  oxygen  deficit  was  also 
computed  in  order  to  evaluate  the  trophic  state  of 
the  lake.  In  July,  the  actual  oxygen  deficit  was 
around  2  mg  02/L  in  all  the  water  column.  It 
increased  slowly  with  the  settlement  of  thermal 
stratification  and  it  attained  8  mg  02/L  in  the 
hypolimnetic  zone.  The  relative  oxygen  deficits 
did  not  exceed  6.5  mg  02/L  in  the  water  column 
and  were  found  from  20  m  depth  to  sediment.  The 
total  actual  oxygen  deficit  by  lake  surface  unit 
ranged  from  119.70  tons  02  (in  September)  to 
163.28  tons  02  in  May.  The  actual  oxygen  deficit 
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by  lake  surface  unit  ranged  from  1.37  mg  02/ 
square  cm  in  September  to  2.37  mg  02/square  cm 
in  May.  The  area!  hypolimnetic  oxygen  deficits  in 
Lake  Dom  Helvecio  ranged  from  0.56  to  1.30  mg/ 
square  cm/month.  The  trophic  state  of  lake  is 
almost  all  the  year  oligotrophic.  A  discussion  on 
the  vertical  distribution  of  oxygen  in  the  water 
column,  on  temperatures  profiles  and  on  the 
oxygen  distribution  and  its  action  on  the  respirato- 
ry activities  of  the  lacustrine  organisms  is  given. 
The  use  of  the  areal  hypolimnetic  oxygen  deficit  as 
an  index  of  lake  trophy  is  stressed.  (Author's  ab- 
stract) 
W90-06603 


PRIMARY  PRODUCTION  OF  PHYTOPLANK- 
TON  OF  CHASCOMUS  POND.  (PROV.  BS.AS., 
ARGENTINA).  CRITICAL  EVALUATION  OF 
PHOTOSYNTHESIS  VALUES  OBTAINED  BY 
02  AND  14C  METHODS,  (PRODUCCION  PRI- 
MARIA  DEL  FITOPLANCTON  DE  LA  LA- 
GUANA  DE  CHASCOMUS  (PROV.  DE 
BUENOS  AIRES,  ARGENTINA).  EVALUACION 
CRITICA  DE  LOS  VALORES  DE  FOTOSINTE- 
SIS  OBTENIDOS  POR  LOS  METODOS  DEL 
02  Y  140. 

Universidad    Nacional   de   La   Plata   (Argentina). 
Inst,  de  Limnologia. 
M.  C.  Romero,  and  P.  M.  Arenas. 
Revista  Brasileira  de  Biologia  RBBIAL,  Vol.  49, 
No.  1,  p  303-308,  February  1989.  3  fig,  2  tab,  17 
ref.  English  summary. 

Descriptors:  *Aquatic  productivity,  *Argentina, 
•Limnology,  *Phytoplankton,  *Ponds,  'Primary 
productivity,  Bacteria,  Bicarbonates,  Carbon  diox- 
ide, Carbon  radioisotopes,  Photosynthesis,  Season- 
al variation. 

The  primary  production  of  the  phytoplankton  of 
Chascomus  pond,  in  Argentina,  was  estimated  with 
the  dissolved  oxygen  and  the  assimilation  of 
14C02  techniques,  in  the  laboratory,  at  light  satu- 
ration. The  bicarbonate  consumptions  by  the  phy- 
toplankton was  corrected  by  the  excretion  values, 
anaplerotic  uptake  of  C02  by  heterotrophic  bacte- 
ria and  for  adsorption  on  suspended  material. 
Gross  production  primary  values  fluctuated  within 
619.5  and  168.9  mg  C/cubic  m/hour,  the  net  pri- 
mary production  with  564.8  and  168.9  mg  C/cubic 
m/hour  and  the  assimilation  rate  of  C02  was  576.3 
(summer)  and  93.8  (winter)  mg  C/cubic  m/hour. 
The  Steemann  Neilsen  technique  gave  an  estimate 
of  the  primary  production  at  an  average  of  21%. 
During  the  months  of  December,  January  and 
February  those  differences  were  only  of  the  8.6 
and  1%,  respectively,  implying  that  carrying  out 
the  respective  corrections,  both  methods  equalize 
themselves.  The  C02  assimilation  rates  fitted 
better  with  net  primary  production  when  the  pho- 
tosynthesis was  low  and  with  gross  primary  pro- 
duction when  the  photosynthesis  was  high.  The 
photosynthesis  showed  an  unimodal  pattern,  that 
increased  in  summer  and  diminished  in  winter, 
being  the  difference  from  June  to  February  of  16% 
for  the  14C  method  and  24%  for  the  02  method. 
(Author's  abstract) 
W90-06604 


INCORPORATION  AND  RELEASE  OF  PHOS- 
PHORUS BY  PLANKTONIC  BACTERIA  AND 
PHAGOTROPHIC  FLAGELLATES. 

Staatliches  Inst,  fuer  Seenforschung  und  Fischer- 

eiwesen,  Langenargen  (Germany,  F.R.). 

K.  Juergens,  and  H.  Guede. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

59,  No.  3,  p  271-284,  January  1990.  8  fig,  6  tab,  52 

ref. 

Descriptors:  *Bacterial  physiology,  *Flagellates, 
•Lake  Constance,  'Limnology,  •Phagotrophy, 
•Phosphorus,  Biomass,  Heterotrophic  bacteria,  La- 
custrine environment. 

Phosphorus  binding  by  heterotrophic  bacteria  was 
studied  in  mixed  assemblages  of  lakewater  bacteria 
in  continuous  culture  under  carbon  and  phospho- 
rus limitation  and  with  different  inocula  (winter, 
summer)  carbon:phosphorus  ratios  of  the  cultures 
varied  from  80  to  100:1  under  phosphorus  limita- 
tion and  from  30  to  60:1  under  carbon  limitation. 


Resulting  estimates  of  bacterioplankton  phospho- 
rus content  suggest  that  bacteria  can  be  regarded 
as  a  significant  phosphorus  pool.  This  result  was 
supported  by  measurements  of  the  phosphorus 
content  of  bacterial  communities  in  Lake  Con- 
stance which  showed  that  during  summer  on  aver- 
age 62%  of  the  particulate  and  40%  of  the  total 
phosphorus  in  the  euphotic  zone  was  bound  by 
bacteria.  The  partitioning  of  grazing  to  the  regen- 
eration of  the  bacterially  bound  phosphorus  was 
evaluated  in  culture  experiments  with  mixed  bacte- 
rial populations  and  isolated  strains  of  heterotro- 
phic nanoflagellates  under  batch  and  two-stage 
continuous  culture  conditions.  Phosphorus  release 
due  to  grazing  was  most  efficient  when  bacteria 
were  carbon  limited,  leading  to  the  regeneration  of 
50  to  90%  of  the  bacterial  phosphorus.  With  phos- 
phorus-limited bacteria,  regeneration  efficiency 
was  highly  variable  and  could  be  reduced  to  less 
than  20%,  depending  on  the  kind  of  bacterial  pop- 
ulations. Phosphorus  release  in  the  absence  of 
grazers  occurred  in  a  variable  amount  only  from 
bacteria  under  carbon  starvation,  parallel  to  a  loss 
of  biomass.  (Author's  abstract) 
W90-06635 


ADDITIONS  TO  THE  DIATOMS  OF  VIRGIN- 
IA'S INLAND  FRESH  WATERS:  LAKE  BAR- 
CROFT,  FAIRFAX  COUNTY,  VIRGINIA. 

George    Washington     Univ.,     Washington,     DC. 

Dept.  of  Biological  Sciences. 

R.  G.  Trumbull,  and  T.  L.  Hufford. 

Virginia  Journal  of  Science  VJSCAI,  Vol.  40,  No. 

4,  p  218-229,  Winter  1989.  1  fig,  21  ref,  1  append. 

Descriptors:  *Diatoms,  *Lake  Barcroft,  •Limnolo- 
gy, 'Species  composition,  'Virginia,  Distribution 
patterns. 

From  May  1979  through  October  1979,  benthic, 
epiphytic,  and  planktonic  diatom  samples  were  col- 
lected from  Lake  Barcroft,  Fairfax  County,  Vir- 
ginia. A  total  of  177  samples  were  collected,  with 
several  hundred  valves  identified  from  each 
sample.  From  these  observations,  179  diatom  taxa 
representing  29  genera  were  identified.  Previously, 
there  were  367  recognized  validly  published  dia- 
toms from  Virginia  inland  waters.  The  present 
study  reports  on  74  diatom  taxa  from  Lake  Bar- 
croft not  previously  published  for  Virginia  inland 
waters,  thus  raising  the  total  taxa  reported  for 
Virginia  to  441  for  the  Commonwealth.  Species 
composition  in  an  area  is  a  useful  baseline  indicator 
to  gauge  effects  of  later  developmental  changes  to 
the  ecosystem  resulting  from  industrial  or  residen- 
tial development.  (Author's  abstract) 
W90-06653 


REFINEMENT  AND  TESTING  OF  A  LAKE 
WIND  WAVE  MODEL  ON  SEASONAL  DATA. 

Atmospheric   Environment    Service,    Downsview 

(Ontario). 

S.  Clodman. 

Atmosphere-Ocean  ATOCDA,  Vol.  27,  No.  3,  p 

588-596,  September  1989.  2  tab,  3  fig,  8  ref. 

Descriptors:  'Lakes,  'Model  studies,  'Waves, 
•Wind  waves,  Model  testing,  Seasonal  variation, 
Testing  procedures,  Weather,  Weather  data  collec- 
tions, Wind. 

A  lake  wind  wave  model  was  modified  by  increas- 
ing the  forcing  function,  reducing  the  wave  direc- 
tional spreading,  and  correcting  for  static  stability. 
This  study  was  designed  to  improve  the  computa- 
tion of  wind  wave  characteristics  on  medium  sized 
water  bodies,  such  as  the  Great  Lakes  of  North 
America,  using  a  large,  high  quality  data  set  and 
tuning  an  existing  numerical  wind  wave  model  for 
selected  cases.  The  model  results  were  compared 
with  data  for  several  seasons  and  locations.  It  was 
found  that  the  existing  model,  tuned  for  selected 
constant  wind  cases,  is  accurate  and  consistent  for 
various  weather  situations  and  lakes.  (Author's  ab- 
stract) 
W90-06656 


PHENOLOGY  OF  THE  CLADOPHORA-STI- 
GEOCLONIUM  COMMUNITY  IN  TWO 
URBAN  CREEKS  OF  MELBOURNE. 


Melbourne  Univ.,  Parkville  (Australia).  Dept.  of 
Botany. 
T.  J.  Entwisle. 

Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  40,  No.  5,  p  471-489,  1989.  3 
tab,  5  fig,  48  ref.  National  Water  Research  Progra, 
project  number  85/75. 

Descriptors:  'Algae,  'Australia,  'Periphyton, 
•Phenology,  'Urban  watersheds,  Biomass,  Clado- 
phora,  Ecology,  Plant  populations,  Seasonal  varia- 
tion, Species  composition,  Streams,  Vegetation  ef- 
fects. 

Cladophora  glomerata  and  Stigeoclonium  tenue 
dominate  lowland  urban  creeks  in  the  Yarra  River 
basin  of  south-central  Victoria.  In  Darebin  and 
Merri  Creeks,  Cladophora  produces  extensive  mats 
in  summer  and  autumn,  and  is  mostly  replaced  by 
Stigeoclonium  in  winter  and  spring.  Although  Sti- 
geoclonium can  grow  all  year  round,  it  only  out- 
competes  Cladophora  in  winter  and  spring,  when 
air  temperatures  range  between  a  maximum  of  less 
than  15  C  and  a  nightly  minimum  of  less  than  10  C 
(water  temperaturrre  less  than  1 5  C,  usually  about 
10  C).  The  seasonal  composition  and  abundance  of 
these  macroalgae  depend  on  temperature  and  on 
the  severity  of,  and  time  since,  the  last  floods,  and 
the  effect  that  these  factors  have  on  interspecific 
competition.  Features  of  the  microhabitat  (e.g. 
photon  irradiance,  substratum  stability  and  compo- 
sition, and  mean  flow  rates)  determine  the  range  of 
these  variations.  The  biomass  of  both  macroalgae 
fluctuates  widely;  this  is  due  mainly  to  floods, 
which  can  remove  almost  the  entire  standing  crop. 
In  off-seasons,  both  species  are  maintained  by  small 
resilient  plants  or  protected  populations  (in  culture, 
plants  remain  viable  after  up  to  6  months  in  com- 
plete darkness).  Filaments  of  Cladophora  readily 
produce  zoospores  and  new  vegetative  growth  fol- 
lowing dormancy.  The  prostrate  thallus  of  Stigeo- 
clonium initiates  new  erect  filaments  before  zoo- 
spores are  produced.  An  understanding  of  the 
large  local  and  seasonal  variations  in  macroalgal 
biomass  is  essential  for  biological  monitoring  pro- 
grams. (Author's  abstract) 
W90-06657 


EFFECTS  OF  HYPOXIA  ON  OXYGEN  CON- 
SUMPTION BY  TWO  SPECIES  OF  FRESHWA- 
TER MUSSEL  (UNIONACEA:HYRnDAE) 
FROM  THE  RIVER  MURRAY. 

Adelaide  Univ.  (Australia).  Dept.  of  Zoology. 
F.  Sheldon,  and  K.F.  Walker. 
Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  40,  No.  5,  p  491-499,  1989.  3 
fig,  49  ref. 

Descriptors:  'Australia,  'Clams,  'Limnology, 
•Oxygen  depletion,  *Oxygen  requirements, 
•Rivers,  Adaptation,  Lentic  environment,  Lotic 
environment,  Mussels. 

The  mussel  Alathyria  jacksoni  typically  occurs  in 
the  main  rivers  of  the  Murray-Darling  Basin  and 
not  in  slow-flowing  or  standing  waters.  Converse- 
ly, Velesunio  ambiguus  is  typical  of  billabongs  and 
creeks  and  rarely  occurs  in  big  rivers  except  in  the 
vicinity  of  impoundments,  the  exclusion  of  V.  am- 
biguus from  the  main  rivers  probably  reflects  its 
weak  anchorage,  whereas  the  exclusion  of  A.  jack- 
soni from  billabongs  may  reflect  its  inability  to 
withstand  low  levels  of  oxygen  (hypoxia).  At 
normal  oxygen  levels  the  mean  rates  of  oxygen 
consumption  for  A.  jacksoni  and  V.  ambiguus  are 
21.5  (standard  deviation  =  6.43,  n=17)  and  13.5 
(s.d.  =  5.85,  n=10)  micromoles  per  gram  to  the 
negative  0.75  (dry  tissue)  per  hour  to  the  negative 
one,  respectively  (a  body-mass  exponent  of  0.75 
was  included  in  calculations  of  the  mass-soecific 
oxygen  consumption  rate).  When  exposed  to  de- 
clining oxygen,  A.  jacksoni  shows  little  or  no 
regulatory  ability,  whereas  V.  ambiguus  maintains 
a  steady  rate  of  oxygen  consumption  down  to  65 
torr.  Under  extreme  hypoxia,  a.  jacksoni  loses  mus- 
cular tone  but  V.  ambiguus  closes  its  values  and 
remains  inactive.  On  removal  from  water  a.  jack- 
soni incurs  a  significant  oxygen  debt  after  10  days, 
but  V.  ambiguus  shows  no  oxygen  debt  after  15 
days.  In  general,  animals  adapted  to  lotic  environ- 
ments may  need  more  oxygen,  and  may  be  more 
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susceptible  to  hypoxia,  than  those  adapted  to  lentic 

environments.  (Author's  abstract) 

W90-06658 


PALEOUMNOLOGICAL  EVIDENCE  FOR 
THE  RECENT  ACIDIFICATION  OF  LYN  HIR, 
DYFED,  WALES. 

Minnesota  Univ.,  Minneapolis.  Limnological  Re- 
search Center. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-06671 


PALEOUMNOLOGICAL  RECONSTRUCTION 
OF  RECENT  ACIDITY  CHANGES  IN  FOUR 
SIERRA  NEVADA  LAKES. 

Indiana  Univ.  at  Bloomington.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06672 


COMPARISON  OF  LAKES  AND  LAKE  EN- 
CLOSURES WITH  CONTRASTING  ABUN- 
DANCES OF  PLANKTTVOROUS  FISH. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 

A.  Mazumder,  WD.  Taylor,  D.J.  McQueen, 

D.R.S.  Lean,  and  N.R.  Lafontaine. 

Journal  of  Plankton  Research  JPLRD9,  Vol  12, 

No  1,  p  109-124,  Jan  1990.  4  fig,  6  tab,  41  ref. 

Descriptors:  *Fish,  *Fish  food  organisms,  'Lakes, 
•Limnology,  'Phytoplankton,  *Predation,  Aquatic 
life,  Aquatic  populations,  Epilimnion,  Phosphorus, 
Plankton,  Secchi  disks. 

Experimental  manipulations  of  planktivorous  fish 
in  large  enclosures  produced  plankton  communi- 
ties comparable  to  those  in  lakes  with  contrasting 
abundances  of  planktivorous  fish.  Total  epilimnetic 
phosphorus  (TP),  its  distribution  among  five  size- 
classes  of  dissolved  (less  tnan  0.2  microm)  and 
particulate  phosphorous  (PP  0.2-1,  1-20,  20-200  and 
greater  than  200  micrometers),  phosphate  turnover 
time,  water  clarity  (Secchi  depth)  and  phytoplank- 
ton  biomass  (chlorophyll  a)  were  measured  for  two 
summers  in  eight  large  enclosures  where  planktivo- 
rous fish  (1  +  yellow  perch)  and  nutrients  (N  and 
P)  were  added  in  a  2  x  2  factorial  design.  These 
parameters  were  also  measured  in  two  meso-eutro- 
phic  kettle  lakes,  Lake  St.  George  and  Haynes 
Lake,  containing  low  and  high  abundances  of 
planktivorous  fish,  one  of  which  was  the  lake  (St. 
George)  containing  the  enclosures.  Comparable 
data  were  also  collected  from  three  oligo-mesotro- 
phic  lakes  in  central  Ontario.  In  both  the  enclo- 
sures and  the  lakes,  intense  planktivorous  fish  pre- 
dation  was  associated  with  increased  TP,  de- 
creased abundance  of  larger  zooplankton  and  me- 
soplanktonic  PP  (greater  than  200  micrometers), 
increased  pico-  and  nanoplanktonic  PP  (1-20  mi- 
crometers), increased  phosphate  limitation  (faster 
turnover  time),  increased  chlorophyll  a  and  re- 
duced water  clarity.  Slope  parameter,  an  index  of 
plankton  size-spectrum,  was  correlated  with  phos- 
phate turnover  time  and  Secchi  depth  among  en- 
closures, and  the  data  from  all  five  lakes  con- 
formed to  these  empirical  relationships.  Fertiliza- 
tion of  enclosures  produced  increased  variability  in 
the  relationship  among  the  variables.  The  2  years 
of  experiments  produced  qualitatively  similar  treat- 
ment effects,  but  the  magnitude  of  the  effects  was 
not  similar  for  all  parameters.  The  authors  suggest 
that  the  responses  of  plankton  communities  and 
associated  parameters  to  planktivore  predation  that 
were  observed  in  large  experimental  enclosures  are 
basically  similar  to  those  in  the  lakes  studied,  and 
that  enclosures  are  an  important  tool  in  under- 
standing complex  interactions  in  aquatic  systems. 
(Author's  abstract) 
W90-06673 


NITROGEN  BUDGET  IN  THE  EUPHOTIC 
ZONE  OF  LAKE  BWA  FROM  SPRING  TO 
SUMMER,  1986. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
T.  Hama,  K.  Matsunaga,  N.  Handa,  and  M. 

'  I  alf  a  rins  rll 

Journal  of  Plakton  Research  JPLRD9,  Vol.  12, 
No.  1,  p  125-131,  January  1990.  1  tab,  1  fig,  23  ref. 

Descriptors:  'Cycling  nutrients,  'Euphotic  zone, 
•Japan,  *Lake  Biwa,  'Lakes,  'Limnology,  'Nitro- 


gen,   'Seasonal   variation,   Aquatic   environment, 
Sediments. 

The  production  rate  of  particulate  nitrogen  (PN)  in 
Lake  Biwa  from  March  to  June  1986  was  calculat- 
ed by  monthly  measurements  of  the  proteinaceous 
nitrogen  production  rates.  The  'new'  production 
rate  was  estimated  from  the  decrease  in  nitrate  in 
the  euphotic  zone;  during  this  period  (91  days)  it 
was  estimated  as  93  milligram  atoms/sq  m  and 
accounted  for  20%  of  the  'total'  PN  production 
(460  milligram  atoms/sq  2).  This  implies  that  ap- 
proximately 80%  of  the  PN  produced  might  be 
recycled  in  the  euphotic  zone.  The  increase  in  PN 
in  the  euphotic  zone  during  this  period  (27  mg 
atoms/sq  m)  accounted  for  5.9%  of  the  'total'  PN 
production.  This  indicates  that  the  remaining  14% 
of  PN  produced  in  the  euphotic  zone  was  vertical- 
ly transported.  Sediment  trap  experiments  at  30  m 
depth  indicate  that  8.1%  of  the  PN  produced  in 
the  euphotic  zone  was  measured  as  downward  flux 
at  30  m  depth  during  the  stagnation  period.  De- 
compositional  loss  of  PN  between  12.5  (bottom  of 
the  euphotic  zone)  and  30  m  depth  was  estimated 
as  17  mg  atoms/sq  m.  This  was  calculated  on  the 
basis  of  accumulation  of  ammonium,  which  ac- 
counted for  3.7%  of  the  'total'  PN  production.  The 
flux  from  the  euphotic  zone  thus  accounted  for 
12%  of  the  'total'  PN  production,  suggesting  the 
validity  of  the  production  model.  (Author's  ab- 
stract) 
W90-06674 


COMPOSITION  OF  PHOTOSYNTHETIC 
PRODUCTS  IN  LAKE  BTWA,  JAPAN;  VERTI- 
CAL AND  SEASONAL  CHANGES  AND  THEIR 
RELATION  TO  ENVIRONMENTAL  FACTORS. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
T.  Hama,  K.  Matsunaga,  N.  Handa,  and  M. 

"  ■  alfajiacfil 

Journal  of  Plankton  Research  JPLRD9,  Vol.  12, 
No.  1,  p  133-147,  Jan  1990.  12  fig,  51  ref,  Lake 
Biwa  Research  Institute,  Shiga  Prefecture  grant. 

Descriptors:  'Japan,  'Lake  Biwa,  'Lakes,  'Lim- 
nology, 'Metabolites,  'Photosynthesis,  Aquatic  en- 
vironment, Chromatography,  Isotope  studies,  Ni- 
trogen, Phytoplankton,  Productivity,  Seasonal  var- 
iation, Spectrometry,  Temperature  effects. 

The  seaonal  and  vertical  changes  in  photosynthetic 
products  were  determined  in  Lake  Biwa,  which  is 
the  largest  lake  in  Japan,  by  combined  Carbon- 13 
and  gas  chromatography-mass  spectrometry.  The 
temperature  dependence  of  the  production  rates 
differed  among  organic  compounds.  The  seasonal 
change  in  the  protein  specific  production  rate 
(SPR)  showed  a  strong  temperature  dependence, 
indicating  that  phytoplankton  growth  rate  was  pri- 
marily governed  by  water  temperature.  In  August 
and  September,  low  protein  SPR  was,  however, 
observed,  probably  due  to  low  inorganic  nitrogen 
concentration.  Nitrogen  deficiency  in  the  late  stag- 
nation period  was  also  suggested  by  high  C:N 
ratios  both  in  particulate  matter  and  photosynthet- 
ic products.  The  glucose  SPR  did  not  show  any 
significant  correlation  with  water  temperature,  ir- 
radiance  and  inorganic  nitrogen  concentration. 
Highly  variable  glucose  SPR  might  be  due  to  high 
turnover  of  glucose,  and  vertical  mixing  in  the 
mixed  surface  layer  may  be  one  of  the  most  impor- 
tant factors  causing  variability  of  glucose  SPR. 
(Author's  abstract) 
W90-06675 


LOW-COST,  PORTABLE  FLOW  CYTOMETER 
SPECIFICALLY  DESIGNED  FOR  PHYTO- 
PLANKTON ANALYSIS. 

University   of  Strathclyde,   Glasgow   (Scotland). 

Dept.  of  Applied  Physics. 

For  primary  bibliographic  entry  see  Field  7B. 
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EFFECT  OF  DETRITAL  ADDITION  ON  THE 
DEVELOPMENT  OF  NANOFLAGELLATES 
AND  BACTERIA  IN  LAKE  KINNERET. 

Kinneret  Limnological  Lab.,  Tiberias  (Israel). 

O.  Hadas,  R.  Pinkas,  C.  Albert-Diez,  J.  Bloem,  and 

T.  Cappenberg. 

Journal  of  Plankton  Research  JPLRD9,  Vol.  12, 


No.  1,  p  185-199,  January  1990.  7  fig,  5  tab,  56  ref. 

Descriptors:  'Bacteria,  'Detritus,  'Flagellates, 
'Israel,  'Lake  Kinneret,  'Lakes,  'Limnology,  Cy- 
cling nutrients,  Growth  rates,  Nitrogen,  Phospho- 
rus. 

The  effect  of  adding  dissolved  substrates  derived 
from  algal  cells  on  the  patterns  of  nutrient  cycling 
and  growth  of  bacteria,  heterotrophic  nanoflagel- 
lates  (HNAN)  and  photoautotrophs  was  deter- 
mined in  samples  of  near-surface  waters  from  Lake 
Kinneret.  Supplementation  of  subtrates  always  re- 
sulted in  an  increased  peak  of  HNAN  numbers  and 
had  little  effect  on  bacterial  numbers.  HNAN- 
mediated  nutrient  remineralization  of  nitrogen  and 
phosphorus  was  also  stimulated.  In  light-incubated 
samples  the  remineralized  nutrients  were  taken  up 
by  photoautotrophic  cells.  Maximum  growth  rates 
observed  for  HNAN  ranged  from  0.03  to  0.1 1/h, 
clearance  rates  for  bacteria  1.1-7.3  nl/HNAM/h 
and  remineralization  rates  6.4-8.4  micrograms  ni- 
trogen/mg  dry  wt/h  and  0.37-0.99  micrograms 
phosphorous/mg  dry  wt/h.  (Author's  abstract) 
W90-06677 


HYDROCHEMISTRY  AND  POLLUTION 
STATUS  OF  SOME  KASHMIR  HIMALAYAN 
LAKES. 

Kashmir  Univ.,   Srinagar  (India).   Centre  of  Re- 
search for  Development. 
For  primary  bibliographic  entry  see  Field  5B. 
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TRANSFORMATIONS  OF  NITROGEN  FORMS 
IN  EPILIMNION  OF  EUTROPHIC  GLEBOKIE 
LAKE  (MASURIAN  LAKE  DISTRICT, 
POLAND). 

Polish  Academy  of  Sciences,  Lomianki.  Inst.  Eko- 

logii. 

H.M.  Krupka. 

Polskie  Archiwum  Hydrobiologii  PAHYA2,  Vol. 

36,  No.  1,  p  29-96,  1989.  17  tab,  30  fig,  175  ref. 

Descriptors:  'Eutrophic  lakes,  'Limnology,  'Ni- 
trogen, 'Nitrogen  cycle,  'Poland,  Epilimnion,  Ni- 
trogen fixation,  Stagnant  water,  Water  tempera- 
ture. 

The  seasonal,  24  hour  and  spatial  (during  summer 
stagnation)  variability  of  the  concentrations  of  ni- 
trogen forms,  as  well  as  the  relationships  between 
these  forms  and  environmental  parameters  were 
investigated  in  1981-1983  in  Glebokie  lake,  Poland. 
Throughout  the  year  DON  (dissolved  organic  ni- 
trogen) was  quantitatively  dominant.  Low  24  hour 
and  spatial  variability  was  displayed  by:  water 
temperature,  oxygen,  pH,  chlorophyll  a,  total  Ni- 
trogen, DON,  and  crustacean  and  rotifers  density; 
high  variability  was  found  for:  PON  (particulate 
organic  nitrogen),  NH4-N,  N02-N  +  N03-N.  Sig- 
nificant correlations  (p  less  than  or  equal  to  0.05) 
were  found:  1.  during  the  period  of  summer  stagna- 
tion between  DON  and  PON,  as  well  as  between 
DON,  and  water  temperature,  oxygen,  pH,  NH4- 
N;  2.  for  individual  24-h  observations,  between 
DON  and  PON  on  27  July,  3  August,  10  August, 
21  September,  and  4  October  1982,  as  well  as 
between  DON  and  chlorophyll  a  on  10  August, 
and  24  August  1982.  In  1981  and  1982  (but  not  in 
1983)  nitrogen  fixed  from  the  atmosphere  account- 
ed for  less  than  1%  of  nitrogen  supplied  by  exter- 
nal sources.  (Author's  abstract) 
W90-06691 


DETERMINATION  OF  THE  METABOLIC  AC- 
TIVITY OF  HETEROTROPHIC  BACTERIA 
ISOLATED  FROM  ESTUARINE  GARDNO 
LAKE. 

Wyzsza  Szkola  Nauczycielska  w  Slupsku  (Poland). 
Dept.  of  Ecology  and  Protection  of  Environment. 
Z.  Mudryk. 

Polskie  Archiwum  Hydrobilogii  PAHYA2,  Vol. 
36,  No.    1,  p  97-103,   1989.  3  fig,   1   tab,  31  ref. 

Descriptors:  'Estuaries,  'Heterotrophic  bacteria, 
•Lakes,  'Metabolism,  Amino  acids,  Glucose, 
Marine  bacteria,  Plankton,  Respiration. 
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Respirometric  studies  were  performed  to  deter- 
mine the  metabolic  activity  of  bacteria  isolated 
from  Gardno  Lake,  Poland.  Planktonic  bacteria 
displayed  a  higher  respiratory  activity  than  benthic 
bacteria.  In  terms  of  respiratory  substrates  casa- 
mino  acids  were  metabolized  most  actively,  and 
glucose  least  actively.  Casamino  acids  were  uti- 
lized as  an  exogenous  substrate  by  nearly  all  the 
bacteria  studied,  whereas  glucose  was  metabolized 
by  only  50-60%  of  strains.  Halophilic  bacteria  uti- 
lized sodium  acetate  to  a  greater  extent,  taking  up 
in  its  presence  more  oxygen  than  the  nonhalophilic 
ones.  The  latter  exhibited  a  higher  metabolic  activ- 
ity with  respect  to  casamino  acids  and  glucose. 
(Author's  abstract) 
W90-06692 


EFFECT  OF  TEMPERATURE  ON  VERTICAL 
DISTRIBUTION  OF  ROTIFERS  IN  A  MESO- 
TROPHIC  LAKE. 

Akademia  Rolnicza,  Lublin  (Poland).  Dept.  of  Zo- 
ology and  Hydrobiology. 
S.  Radwan,  B.  Popiolek,  and  A.  Paleolog. 
Polskie  Archiwum  Hydrobiologii  PAHYA2,  Vol. 
36,  No.   1,  p  113-121,  1989.   1  tab,  4  fig,   12  ref. 

Descriptors:  •Limnology,  'Mesotrophic  lakes, 
•Rotifers,  'Temperature  effects,  Distribution,  Epi- 
limnion,  Plankton,  Temperature,  Vertical  distribu- 
tion. 

The  effect  of  temperature  on  vertical  distribution 
of  14  species  of  planktonic  rotifers  in  the  mesotro- 
phic Piaseczno  Lake,  was  studied.  During  summer 
stagnation,  in  the  epilimnion  of  the  lake  the  follow- 
ing rotifer  species  occurred  in  greater  numbers: 
Conochilus  uniconis,  Keratella  cochlearis,  Kera- 
tella  cochlearis  hispida,  Keratella  cochlearis  tecta, 
Polyarthra  rulgaris.  In  the  deeper  water  layers 
Kellicottia  longispina  and  Filinia  maior  were  more 
numerous.  The  remaining  rotifer  species  were 
present  in  smaller  numbers.  They  were  nearly  uni- 
formly distributed  within  the  whole  water  column 
or  were  somewhat  more  numerous  in  the  epilim- 
nion and  metalimnion.  (Author's  abstract) 
W90-06694 


DIFFERENTIATION  OF  THE  HABITATS  OF 
HYDROPSICHIDAE  LARVAE  (INSECTA:  TRI- 
CHOPTERA)  IN  THE  PASLEKA  RIVER  AS  A 
RESULT  OF  AVOIDANCE  OF  TROPHIC  COM- 
PETITION. 

Akademia  Rolniczo-Techniczna,  Olsztyn-Kortow 
(Poland).  Inst,  of  Biology. 
S.  Czachorowski. 

Polskie  Archiwum  Hydrobiologii  PAHYA2,  Vol. 
36,  No.  1,  p  123-132,  1989.  6  fig,  8  ref. 

Descriptors:  *  Aquatic  insects,  *Caddisflies,  'Eco- 
logical distribution,  'Rivers,  Habitats,  Larvae, 
Poland,  Stream  biota. 

Studies  were  performed  in  1984-1986  at  11  sam- 
pling stations  situated  more  or  less  uniformly  along 
the  Pasleka  River  (North-East  Poland).  Samples 
were  collected  at  1 -month  intervals,  with  the  ex- 
ception of  winter  when  the  river  was  covered  with 
ice.  More  than  5000  larvae  of  four  caddisflies  spe- 
cies of  the  family  Hydropsychidae  were  collected. 
Changes  in  the  numbers  and  frequency  in  the  lon- 
gitudinal profile  of  the  river,  as  well  as  the  distri- 
bution in  dependence  of  the  nature  of  the  bottom 
and  as  a  function  of  the  character  of  the  bottom 
and  of  the  season  were  analyzed.  The  species  Hy- 
dropsyche  pellucidula  proved  to  be  dominant  both 
in  the  river  and  in  all  the  microhabitats  of  the 
bottom.  Retardation  of  the  development  of  larvae 
in  the  life  cycle  of  Hydropsyche  siltalai  was  found. 
Presumably  this  retardation  results  from  avoidance 
of  trophic  competition  with  H.  pellucidula  larvae. 
The  life  cycle  of  Cheumatopsyche  lepida  proved 
to  resemble  that  of  Hydropsyche  siltalai;  however, 
the  increase  in  larval  size  began  already  in  autumn. 
The  above-mentioned  three  species  differ  in  the 
selection  (for  colonization)  of  bottoms  character- 
ized by  dissimilar  environmental  conditions.  It 
seems  that  the  occurrence  of  Hydropsyche  angusti- 
pennis  larvae  in  the  Pasleka  River  is  accidental;  the 
larvae  of  this  species  either  drift  to  the  river  from 
its  small  tributaries,  or  the  Pasleka  River  is  only  a 
marginal  environment  for  their  occurrence.  (Male- 
PTT) 
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REPRODUCTIVE  BIOLOGY  OF  MYSTUS  VIT- 
TATUS  (BLOCH)  (PISCES,  BAGRIDAE). 

Bangalore  Univ.  (India).  Dept.  of  Zoology. 
H.R.  Sudha,  and  K.  Shakuntala. 
Polskie  Archiwum  Hydrobiologii  PAHYA2,  Vol. 
36,  No.  1,  p  133-148,  1989.  11  fig,  2  tab,  37  ref. 

Descriptors:  'Catfish,  'India,  'Life  cycles, 
•Spawning,  Climatic  conditions,  Fish  populations, 
Lentic  environment,  Mature  growth  stage. 

Mystus  vittatus  (bloch)  is  a  freshwater  catfish  in- 
habiting the  lentic  habitats  of  Bangalore  (South 
India).  The  reproductive  cycle  of  a  natural  popula- 
tion of  this  fish  studied  in  relation  to  the  environ- 
mental factors.  Females  of  the  species  attain  first 
maturity  at  a  minimum  size  of  85  mm.  The  stages 
of  maturity  and  the  cycle  of  maturation  of  ovaries 
indicate  that  this  species  spawns  once  annually 
between  August  and  September.  The  reproductive 
biology  of  this  fish  is  largely  dependent  on  the 
subtle,  local  climatic  conditions  of  water  tempera- 
ture, photoperiod  and  precipitation.  The  reproduc- 
tive cycle  of  the  fish  varies  in  populations  collected 
from  different  regions  of  India  and  combination  of 
the  above  climatic  factors  seems  to  regulate  the 
spawning  periodically  of  the  fish.  (Author's  ab- 
stract) 
W90-06696 


PRODUCTIVE  CAPACITY  OF  PERIPHYTON 
AS  A  DETERMINANT  OF  PLANT-HERBI- 
VORE INTERACTIONS  IN  STREAMS. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Fisheries 

and  Wildlife. 

G.  A.  Lamberti,  S.  V.  Gregory,  L.  R.  Ashkenas, 

A.  D.  Steinman,  and  C.  D.  Mclntire. 

Ecology  ECOLAR,  Vol.  70,  No.  6,  p  1840-1856, 

December  1989.  6  fig,  3  tab,  8  ref.  NSF  grants 

BSR-83 18386  and  BSR-8508356. 

Descriptors:  'Algae,  'Aquatic  plants,  'Food 
chains,  'Grazing,  'Primary  productivity, 
•Streams,  Biomass,  Ecosystems,  Irradiance,  Snails. 

To  investigate  the  influence  of  plant  productivity 
on  plant-herbivore  interactions  in  stream  ecosys- 
tems, the  productive  capacity  of  algal  assemblages 
was  varied  by  exposing  periphyton  to  3  levels  of 
irradiance  and  2  levels  of  grazing.  Rates  of  primary 
production,  algal  biomass  accumulation,  and  domi- 
nance by  chlorophytes  generally  increased  with 
higher  irradiance.  Ungrazed  periphyton  at  low  ir- 
radiance accumulated  little  biomass,  which  was 
further  reduced  by  grazing  snails  (Juga  silicula).  At 
intermediate  and  high  irradiance,  snails  delayed  the 
accumulation  of  algal  biomass  but  did  not  affect 
the  final  biomass.  After  43  d,  net  primary  produc- 
tion (NPP)  at  high  irradiance  was  unaffected  by 
grazing,  whereas  grazing  increased  NPP  at  both 
low  and  intermediate  irTadiance.  Algal  export  in- 
creased with  both  irradiance  and  the  presence  of 
grazers  and  constituted  a  significant  loss  of  plant 
biomass  from  the  streams.  Grazing  by  Juga  de- 
layed algal  succession  and  altered  algal  taxonomic 
structure  and  assemblage  physiognomy  by  reduc- 
ing the  relative  abundance  of  erect  and  nonat- 
tached  algae,  while  increasing  the  abundance  of 
adnate  diatoms.  Snails  grew  slowly  at  low  irradi- 
ance, due  to  scant  food  resources,  but  had  high 
growth  rates  at  intermediate  and  high  irradiance, 
probably  because  food  was  not  limiting.  Assimila- 
tion efficiencies  for  snails  varied  from  40-70%  and 
were  highest  at  low  irradiance.  At  low  irradiance, 
90%  of  benthic  production  was  harvested  by 
grazers,  whereas  only  10%  accumulated  as  at- 
tached biomass  or  was  exported.  At  higher  irra- 
diances,  <15%  of  primary  production  was  har- 
vested by  grazers,  and  >  85%  persisted  as  attached 
algae  or  was  exported.  In  these  stream  ecosystems, 
the  biomass  and  production  of  grazers  were  influ- 
enced by  abiotic  constraints  placed  on  algal  pro- 
ductive capacity.  The  structure  and  metabolism  of 
algal  assemblages  were  affected,  in  turn,  by  con- 
sumptive demand  of  herbivores.  The  productive 
capacity  of  periphyton  modified  the  nature  and 
outcome  of  plant-herbivore  interactions.  This  ca- 
pacity therefore  has  important  implications  for  the 
operation  of  stream  ecosystems.  (Author's  abstract) 


W90-06704 


RETENTION  AND  TRANSPORT  OF  NUTRI- 
ENTS IN  A  THIRD-ORDER  STREAM:  CHAN- 
NEL PROCESSES. 

Geological  Survey,  Menlo  Park,  CA.  Water  Re- 
sources Div. 

F.  J.  Triska,  V.  C.  Kennedy,  R.  J.  Avanzino,  G. 
W.  Zellweger,  and  K.  E.  Bencala. 
Ecology  ECOLAR,  Vol.  70,  No.  6,  p  1877-1892, 
December  1989.  10  fig,  5  tab,  74  ref. 

Descriptors:  'Cycling  nutrients,  'Nitrates,  'Peri- 
phyton, 'Primary  productivity,  'Solute  transport, 
•Streams,  California,  Chlorides,  Chlorophyll  a, 
Environmental  tracers. 

Chloride  was  injected  as  a  conservative  tracer  with 
nitrate  to  examine  nitrate  retention  (storage  plus 
biotic  uptake)  and  transport  in  a  327-m  reach  of  a 
third  order  stream  draining  a  forested  basin  in 
northwestern  California.  Prior  to  injections,  diel 
patterns  of  nutrient  concentrations  were  measured 
under  background  conditions.  Nitrate  concentra- 
tion of  stream  water  increased  downstream,  indi- 
cating that  the  reach  was  a  source  of  dissolved 
inorganic  nitrogen  to  downstream  communities 
under  background,  low-flow  conditions,  despite 
uptake  by  photoautotrophs.  At  the  onset  of  contin- 
uous solute  injection  over  a  10-d  period,  timing  the 
passage  of  the  solute  front  indicated  that  storage 
dominated  nitrate  retention.  Instantaneous  concen- 
tration differences  at  the  base  of  the  reach  at  hour 
24  indicated  that  biotic  uptake  accounted  for  13% 
of  the  nitrate  amendment  while  hydrologic  storage 
constituted  29%.  Corrected  for  groundwater  dilu- 
tion (1 1.7%),  saturation  of  the  stream's  channel  and 
hyporheic  zones  was  not  complete  until  6.8  d  of 
continuous  injection.  By  day  3  nitrate  retention 
was  dominated  by  biotic  processes.  Biotic  uptake 
was  greatest  during  daylight  hours,  indicating  re- 
tention by  photoautotrophs,  but  also  occurred 
during  darkness.  After  10  d  of  continuous  injec- 
tion, mass  balance  calculations  indicated  that  29% 
of  N  (339  g)  was  retained  from  the  total  injected 
(1155  g),  while  the  balance  of  injected  nitrate  was 
transported  downstream.  Storage  of  N03-N  was 
117  g  or  10  %,  while  biotic  uptake  was  222  g  or 
19%.  Periphyton  biomass  on  slides,  chlorophyll  a 
both  on  slides  and  on  natural  cobbles,  and  net 
community  primary  production  all  indicated  a  lag 
in  periphyton  response  to  nitrate  amendment.  Ear- 
liest indicators  of  a  biotic  response  to  nutrient 
amendment  were  decreases  in  both  tissue  C/N  and 
epilithic  respiration.  (Author's  abstract) 
W9O-06705 


RETENTION  AND  TRANSPORT  OF  NUTRI- 
ENTS IN  A  THIRD-ORDER  STREAM  IN 
NORTHWESTERN  CALIFORNIA:  HYPOR- 
HEIC PROCESSES. 

Geological  Survey,  Menlo  Park,  CA.  Water  Re- 
sources Div. 

F.  J.  Triska,  V.  C.  Kennedy,  R.  J.  Avanzino,  G. 
W.  Zellweger,  and  K.  E.  Bencala. 
Ecology  ECOLAR,  Vol.  70,  No.  6,  p  1893-1905, 
December  1989.  6  fig,  4  tab,  55  ref. 

Descriptors:  *Cycling  nutrients,  *Groundwater, 
•Nitrates,  *Solute  transport,  *Streams,  California, 
Chlorides,  Chlorophyll  a,  Environmental  tracers, 
Hyporheic  zone,  Wells. 

Chloride  and  nitrate  were  coinjected  into  the  sur- 
face waters  of  a  third-order  stream  for  20  d  to 
examine  solute  retention,  and  the  fate  of  nitrate 
during  subsurface  transport.  A  series  of  wells  (shal- 
low pits)  0.5-10  m  from  the  adjacent  channel  were 
sampled  to  estimate  the  lateral  interflow  of  water. 
Two  subsurface  return  flows  beneath  the  wetted 
channel  were  also  examined.  The  conservative 
tracer  (chloride)  was  hydrologically  transported  to 
all  wells.  Stream  water  was  >  88  of  flow  in  wells 
<4  m  from  the  wetted  channel.  The  lowest  per- 
centage of  stream  water  was  47%  at  a  well  10  m 
perpendicular  to  the  stream.  Retention  of  solutes 
was  greater  in  the  hyporheic  zone  than  in  the 
channel  under  summer  low-flow  conditions.  Nomi- 
nal travel  time  (the  interval  required  for  chloride 
concentration  to  reach  50%  of  the  plateau  concen- 
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tration)  was  variable  by  well  location,  indicating 
different  flow  paths  and  presumably  permeability 
differences  in  subsurface  gravels.  Nominal  travel 
time  was  <24  h  for  wells  <5  m  from  the  wetted 
channel.  Coinjected  nitrate  was  not  conservative. 
Two  wells  were  significantly  higher  in  nitrate-N 
than  would  be  predicted  from  chloride,  while  four 
were  significantly  lower.  Wells  2.0-4.0  m  from  the 
wetted  channel  tended  to  have  higher  nitrate  con- 
centration than  predicted,  whereas  nitrate  sink  lo- 
cations tended  to  have  transport  distances  >4.3  m. 
The  capacity  of  the  hyporheic  zone  for  transient 
solute  storage  and  as  potential  biological  habitat 
varies  with  channel  morphology,  bed  roughness, 
and  permeability.  A  conceptual  model  that  consid- 
ers the  groundwater-stream  water  interface  as  the 
fluvial  boundary  is  proposed.  Emerging  paradigms 
of  the  riverine  network  should  consider  the  hypor- 
heic zone  and  associated  nutrient  cycling  as  an 
integral  component  of  fluvial  structure  and  func- 
tion. (Author's  abstract) 
W90-06706 


RHEOTAXIS  OF  YOUNG  ARCTIC  GRAYLING 
FROM  POPULATIONS  THAT  SPAWN  IN 
INLET  OR  OUTLET  STREAMS  OF  A  LAKE. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Biology. 
C.  M.  Kaya. 

Transactions  of  the  American  Fisheries  Society 
TAFSAI,  Vol.  118,  No.  5,  p  474-481,  September 
1989.  2  fig,  2  tab,  22  ref. 

Descriptors:  'Arctic  grayling,  *Fish  migration, 
•Lake  fisheries,  'Spawning,  'Streams,  Fish  behav- 
ior, Genetics,  Light  intensity,  Rheotaxis,  Water 
currents,  Water  temperature. 

Rheotactic  behavior  of  young  Arctic  grayling 
Thymallus  arcticus  from  two  populations  that 
spawn  in  inlet  or  outlet  streams  of  a  lake  and  from 
reciprocal  crosses  between  the  two  populations 
was  tested  in  an  artificial  stream  at  flow  velocities 
up  to  7  cm/s.  Fertilized  eggs  from  wild  fish  and 
the  resulting  young  from  the  two  populations  were 
incubated  and  reared  under  identical  conditions  in 
a  hatchery  before  being  tested.  Young  fish  from 
both  populations  (referred  to  as  inlet  and  outlet 
young)  were  tested  at  the  time  of  initial  swim-up 
and  at  11-41  d  after  swim-up.  Outlet  young  had  a 
significantly  greater  tendency  to  swim  upstream 
than  inlet  young  at  temperatures  of  10  (newly 
emerged  but  not  older  young),  12,  and  16  C  under 
both  full  (10.1-15.6  micromol/s/sq  m)  and  dim 
(0.03-0.05  micromol/s/sq  m)  light  conditions. 
Young  from  reciprocal  crosses  had  intermediate 
responses  at  12  and  16  C.  However,  both  outlet 
and  inlet  young  had  similar,  very  weak,  upstream 
responses  when  tested  in  darkness  or  (except  for 
newly  emerged  young)  at  10  C.  Directional  re- 
sponses to  water  current  appeared  to  be  innate  and 
genetically  based  but  may  be  subject  to  environ- 
mental modification.  (Author's  abstract) 
W90-O6739 


OCEANIC  AND  RIVERINE  INFLUENCES  ON 
VARIATIONS  IN  YIELD  AMONG  ICELANDIC 
STOCKS  OF  ATLANTIC  SALMON. 

Iowa  State  Univ.,  Ames.  Dept.  of  Animal  Ecolo- 
gy. 

D.  L.  Scarnecchia,  A.  Isaksson,  and  S.  E.  White. 
Transactions  of  the  American  Fisheries  Society 
TAFSAI,  Vol.  118,  No.  5,  p  482-494,  September 
1989.  4  fig,  4  tab,  28  ref,  append. 

Descriptors:  *Fish  migration,  *Fish  populations, 
♦Marine  climates,  'Rivers,  *Salmon,  Air  tempera- 
ture, Iceland,  Seasonal  variation,  Spawning, 
Streamflow,  Water  temperature. 

Data  on  yields  of  Atlantic  salmon  Salmo  salar  from 
59  Icelandic  rivers  were  analyzed  with  data  on 
streamflows  and  sea  and  air  temperatures,  in  an 
attempt  to  identify  why  some  stocks  exhibited 
more  variable  yields  than  others.  A  group  of  24 
northern  and  northeastern  rivers,  which  flowed 
into  seas  with  wide  annual  variations  in  climatic 
and  oceanic  conditions  (as  indicated  by  coastal  sea 
and  air  temperatures),  exhibited  significantly  great- 
er variation  in  Atlantic  salmon  yields  of  both  grilse 
and  two-sea-winter  fish  (two  winters  at  sea  before 
first  spawning)  than  the  31  western  rivers,  which 


flowed  into  seas  with  more  stable  climatic  and 
oceanic  conditions.  Yields  were  the  most  varied 
for  stocks  in  the  northeast,  the  region  with  the 
greatest  annual  variation  in  sea  temperatures 
during  spring  and  summer-the  time  when  smolts 
migrate  to  the  sea  and  begin  to  feed.  Rivers  with 
more  variable  seasonal  streamflows  also  tended  to 
have  more  variable  two-sea-winter  Atlantic  salmon 
yields  (P  <  0.05)  but  not  more  variable  grilse 
yields  (P  >  0.05).  However,  variations  in  stream- 
flows  were  less  useful  than  variations  in  sea  and  air 
temperatures  for  explaining  variations  in  yield.  It  is 
concluded  that  climatic  and  oceanic  factors  exert 
important  influences  on  the  variability  in  yield  and 
abundance  of  Icelandic  stocks  of  Atlantic  salmon. 
(Author's  abstract) 
W90-06740 


SPAWNING  HABITAT  AND  REDD  CHARAC- 
TERISTICS OF  SOCKEYE  SALMON  IN  THE 
GLACIAL  TAKU  RD/ER,  BRITISH  COLUMBIA 
AND  ALASKA. 

National  Marine  Fisheries  Service,  Auke  Bay,  AK. 

Auke  Bay  Lab. 

J.  M.  Lorenz,  and  J.  H.  Eiler. 

Transactions  of  the  American  Fisheries  Society 

TAFSAI,  Vol.  118,  No.  5,  p  495-502,  September 

1989.  4  fig,  1  tab,  30  ref. 

Descriptors:  'Aquatic  habitats,  *Fish  migration, 
•Glacial  streams,  *Salmon,  'Spawning,  Flow  ve- 
locity, Groundwater,  River  sediments,  Taku  River, 
Telemetry,  Water  temperature. 

Spawning  habitats  of  sockeye  salmon  (Oncorhyn- 
chus  nerka)  in  the  Taku  River  and  its  tributaries  in 
British  Columbia  and  Alaska  were  studied  to  deter- 
mine habitat  use  and  redd  characteristics  in  a  gla- 
cial river  stream.  Radiotelemetry  was  used  to  track 
adult  sockeye  salmon  to  26  spawning  reaches,  and 
63  spawning  sites  were  sampled  for  habitat  charac- 
teristics. Over  40%  of  the  salmon  in  the  sampling 
area  had  a  freshwater  age  of  zero,  and  most  of 
these  spawned  in  main  channels  or  off-channel 
areas.  The  availability  of  upwelling  groundwater 
influenced  habitat  use  in  the  main  stem  of  the  river; 
upwelling  groundwater  was  detected  in  nearly 
60%  of  the  sites  sampled  in  main-stem  areas. 
Spawning  sites  with  upwelling  groundwater  had 
lower  water  velocities  and  more  variable  substrate 
compositions  than  sites  without  upwelling  ground- 
water. Redds  had  2-4  times  more  fine  sediment 
than  previously  reported.  The  probability  of  use 
was  greatest  when  substrate  had  less  than  15%  fine 
sediment,  water  velocity  was  between  10-15  cm/s, 
and  intragravel  temperature  was  between  4.5  and 
6.0  C.  (Author's  abstract) 
W90-06741 


DISTRIBUTION  AND  MIGRATION  OF  ADULT 
STRIPED  BASS  IN  LAKE  WHITNEY,  TEXAS. 

Texas  Parks  and  Wildlife  Dept.,  Fort  Worth.  Fort 
Worth  Research  Unit. 

B.  W.  Farquhar,  and  S.  Gutreuter. 
Transactions  of  the  American  Fisheries  Society 
TAFSAI,  Vol.  118,  No.  5,  p  523-532,  September 
1989.  4  fig,  4  tab,  22  ref.  Federal  Aid  in  Fish 
Restoration  Project  F-31-R. 

Descriptors:  *Bass,  *Fish  migration,  *Fish  popula- 
tions, 'Reservoirs,  Dissolved  oxygen,  Fish  behav- 
ior, Lake  Whitney,  Lakes,  Population  dynamics, 
Seasonal  distribution,  Seasonal  variation,  Teleme- 
try, Texas,  Water  temperature. 

Thirty  adult  (3.2-8.6  kg)  striped  bass  Morone  saxa- 
tilis  were  tagged  with  ultrasonic  transmitters  and 
tracked  for  up  to  475  d  in  9,510-hectare  Lake 
Whitney,  a  Texas  reservoir,  to  determine  seasonal 
distribution,  migration  patterns,  and  water  tem- 
peratures occupied.  Striped  bass  distribution  in 
summer  was  limited  to  an  area  near  the  dam, 
where  they  survived  temperatures  as  high  as  29.0 

C.  Tagged  fish  generally  were  found  in  the  coolest 
water  available  (27.0-29.0  C)  that  contained  ade- 
quate dissolved  oxygen  (>4.0  mg/1)  in  summer 
and  occupied  the  warmest  water  (7.4-8.8  C)  in 
winter.  For  the  rest  of  the  year,  the  fish  were 
distributed  throughout  available  water  tempera- 
tures. Beginning  in  autumn,  most  striped  bass 
moved  up  the  reservoir  to  and  into  the  main  tribu- 


Lakes — Group  2H 

taries  and  remained  there  until  spring,  when  they 
returned  to  the  main  reservoir.  No  spawning  run 
up  the  main  tributaries  was  observed  in  either  of 
the  two  study  years,  possibly  due  to  low  inflows. 
Individual  fish  displayed  a  preference  for  certain 
areas  to  which  they  returned  yearly.  (Author's 
abstract) 
W90-06742 


FACTORS  AFFECTING  FISH  SPECIES  RICH- 
NESS IN  ONTARIO  LAKES. 

Bayfield  Inst.,  Burlington  (Ontario). 

C.  K.  Minns. 

Transactions  of  the  American  Fisheries  Society 

TAFSAI,  Vol.  118,  No.  5,  p  533-545,  September 

1989.  4  fig,  3  tab,  39  ref. 

Descriptors:  'Fish  populations,  'Lakes,  'Ontario, 
'Species  diversity,  Canada,  Hydrogen  ion  concen- 
tration, Limnology,  Regression  analysis,  Statistical 
models,  Water  depth. 

A  large  data  set  on  Ontario  lakes  and  their  fish 
species  was  examined  for  evidence  of  the  influence 
on  species  richness  of  regional,  local,  anthropogen- 
ic, and  methodological  factors.  Analysis  of  region- 
al species  distributions  and  associations  showed 
patterns  consistent  with  species  invasion  into  On- 
tario since  the  last  period  of  glaciation.  A  compari- 
son of  local  species  richness  (mean  richness  among 
lakes)  with  regional  richness  pointed  to  a  domi- 
nance of  local  over  regional  factors  in  determining 
lake  species  richness.  A  multiple  regression  model 
of  species  richness  accounted  for  48%  of  variance. 
Of  the  two  regional  factors  included  in  the  model, 
watershed  species  richness  increased  lake  species 
richness  and  elevation  decreased  it.  An  increase  in 
two  local  abiotic  factors,  lake  area  and  mean 
depth,  increased  richness.  Richness  also  increased 
with  increasing  pH,  an  anthropogenic  factor,  and 
increased  in  more  recent  survey  years,  an  indicator 
of  methodological  effects.  Analyses  of  mean  spe- 
cies richness  in  relation  to  the  presence  or  absence 
of  individual  species  provided  further  evidence  of 
sampling  (methodological)  effects.  Overall,  the  re- 
sults were  consistent  with  the  existing  theory  of 
island  biogeography  and  its  specific  application  to 
fishes  in  lakes.  (Author's  abstract) 
W90-06743 


ACID  NEUTRALIZATION  IN  LABORATORY 
SEDIMENT-WATER  MICROCOSMS  FROM  A 
ROCKY      MOUNTAIN      SUBALPINE      LAKE 

(USA). 

Idaho  National  Engineering  Lab.,  Idaho  Falls. 
Center  for  Environmental  Monitoring  and  Assess- 
ment. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06778 


NUMERICAL  STUDY  OF  THE  INFLUENCE 
OF  ENVIRONMENTAL  CONDLTIONS  ON 
LAKE-EFFECT  SNOWSTORMS  OVER  LAKE 
MICHIGAN. 

South  Dakota  School  of  Mines  and  Technology, 
Rapid  City.  Inst,  of  Atmospheric  Sciences. 
For  primary  bibliographic  entry  see  Field  2C. 
W90-06807 


VARIATION  IN  ADIRONDACK,  NEW  YORK, 
LAKEWATER  CHEMISTRY  AS  FUNCTION  OF 
SURFACE  AREA. 

E  and  S  Environmental  Chemistry,  Inc.,  Corvallis, 

OR. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06833 

EFFECTS  OF  PARAMETER  UNCERTAINTY 
ON  LONG-TERM  SIMULATIONS  OF  LAKE 
ALKALINITY. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06855 
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MODELING  TRANSIENT  STORAGE  AND  NI- 
TRATE UPTAKE  KINETICS  IN  A  FLUME 
CONTAINING  A  NATURAL  PERIPHYTON 
COMMUNITY. 

California  Univ.,  Davis.  Dept.  of  Chemical  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5B. 
W9O-06860 


HATCHING  OF  DIAPTOMUS  STAGNALIS 
EGGS  FROM  A  TEMPORARY  POND  AFTER  A 
PROLONGED  DRY  PERIOD. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 

B.  E.  Taylor,  G.  A.  Wyngaard,  and  D.  L. 

Mahoney. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 

No.  3,  p  271-278,  January  1990.  1  fig,  2  tab,  15  ref. 

DOE  Contract  DE-AC-09-76SROO819. 

Descriptors:  •Copepods,  'Drought,  'Limnology, 
•Ponds,  'Reproduction,  'South  Carolina,  Life  his- 
tory studies,  Mortality,  Savannah  River  Plant,  Sea- 
sonal distribution. 

The  calanoid  copepod  D.  stagnalis  is  an  important 
member  of  early  season  zooplankton  communities 
in  temporary  ponds  on  the  Savannah  River  Site  in 
South  Carolina.  It  is  univoltine,  producing  only 
resting  eggs.  Rainbow  Bay  is  a  1-ha  pond  that 
usually  fills  in  winter  and  dries  in  spring  or 
summer.  Laboratory  experiments  and  field  obser- 
vations during  an  extended  dry  period  in  1988-1989 
in  Rainbow  Bay  demonstrated  that  some  Diapto- 
mus  eggs  remain  viable  for  more  than  2  yr.  Rapid 
hatching  under  suitable  conditions  suggests  that 
embryogenesis  is  completed  before  the  pond  fills. 
Experiments  with  various  temperature  treatments 
in  late  spring,  summer,  and  fall  failed  to  induce 
hatching.  It  is  hypothesized  that  some  additional 
condition,  probably  an  extended  exposure  to  moist 
substrate,  is  required  to  complete  embryogenesis. 
Hatching  did  occur  in  subsequent  winter  laborato- 
ry experiments.  Mortality  of  developed  embryos 
during  summer  in  the  dry  pond  probably  is  severe 
and  probably  contributed  to  the  substantial 
(approx.  10X)  decline  in  the  resting  egg  production 
from  1985-1989.  (Author's  abstract) 
W90-06876 


VERTICAL  MIGRATION  OF  CHAOBORUS 
FLAVICANS  (DIPTERA,  CHAOBORIDAE): 
CONTROL  OF  ONSET  OF  MIGRATION  AND 
MIGRATION  VELOCITY  BY  ENVIRONMEN- 
TAL STIMULI. 

Munich  Univ.  (Germany,  F.R.).  Zoologisches  Inst. 
I.  Wagner-Dobler. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  117, 
No.  3,  p  279-307,  January  1990.  8  fig,  5  tab,  41  ref. 
DFGFKZJA-145/12-2. 

Descriptors:  'Light  effects,  'Limnology,  'Midges, 
•Mountain  lakes,  'Vertical  migration,  Animal  be- 
havior, Buoyancy,  Life  history  studies,  Pressure. 

Upward  migration  at  dusk  and  downward  migra- 
tion at  dawn  were  studied  in  Chaoborus  flavicans 
4th-instar  larvae  in  three  small,  mesotrophic  to 
eutrophic  peralpine  lakes  throughout  1  yr.  Migra- 
tion curves  were  obtained  from  quantitative  echo- 
gram analysis.  Onset  of  migration  appeared  to  be 
triggered  by  the  decrease  of  light  intensity  below  a 
certain  threshold  value  in  upward  migration.  In 
downward  migration,  a  certain  rate  of  change  of 
light  intensity  triggered  the  onset  of  migration. 
Onset  of  migration  may  require  that  both  light 
intensity  and  rate  of  change  of  light  intensity  drop 
below  a  certain  threshold  value.  Migration  veloci- 
ty was  independent  of  the  rate  of  change  in  light 
intensity  and  the  isophote  velocity.  The  animals 
generally  migrated  more  slowly  than  the  isophotes, 
thus  experiencing  a  decrease  in  light  intensity 
during  upward  migration  and  a  decrease  in  light 
intensity  during  downward  migration.  Neither 
temperature  nor  oxygen  concentration  exhibited 
any  detectable  influence  on  migration  velocity.  By 
contrast,  migration  velocity  was  con-elated  nega- 
tively with  light  intensity  in  upward  migration, 
independent  of  the  other  variables  studied.  Thus, 
high  light  intensities  inhibited  migration.  Addition- 
ally, migration  velocity  was  positively  correlated 
with  lake  depth  (hydrostatic  pressure)  in  upward 


as  well  as  downward  migration.  Buoyancy  adapta- 
tion in  Chaoborus  is  known  to  be  a  very  sensitive 
mechanism.  Because  relative  change  in  hydrostatic 
pressure  decreases  with  depth,  less  buoyancy  adap- 
tation is  required  at  greater  depths  and  may  allow 
for  larger  migration  speed  of  the  larvae.  This  phe- 
nomenon could  account  for  the  observed  positive 
correlation  between  migration  velocity  and  depth. 
(Author's  abstract) 
W90-06877 


SIMPLE  SUBSAMPLING  DEVICE  FOR  MA- 
CROINVERTEBRATES  WITH  GENERAL  RE- 
MARKS ON  THE  PROCESSING  OF  STREAM 
BENTHOS  SAMPLES. 

Konstanz   Univ.   (Germany,   F.R.).   Limnological 

Inst. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-06878 


LIMNOLOGY  OF  THE  DUMARESQ  RESER- 
VOIR: A  SMALL  MONOMICTIC  UPLAND 
LAKE  IN  NORTHERN  NEW  SOUTH  WALES, 
AUSTRALIA. 

University  of  New  England,  Armidale  (Australia). 

Dept.  of  Resource  Engineering. 

R.  J.  Banens. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 

No.  3,  p  319-355,  January  1990.  12  fig,  4  tab,  39  ref. 

Descriptors:  'Australia,  'Limnology,  'Reservoirs, 
Algae,  Bacteria,  Depth  variation,  Drought,  Du- 
maresq  Reservoir,  Eutrophic  lakes,  Floods,  Geo- 
chemistry, Monomixis,  Mountain  lakes,  Nutrients, 
Temporal  variation. 

Dumaresq  Reservoir  is  a  small,  rural  reservoir 
located  at  1000  m  on  the  tablelands  of  eastern 
Australia.  The  effects  of  drought,  flood,  and  other 
factors  on  the  temporal  and  depth  variations  of 
physical,  chemical,  and  biological  parameters  were 
examined  over  a  4-yr  period.  The  reservoir  is 
eutrophic  and  is  characterized  by  high  levels  of 
nutrients  and  algae,  frequently  dominated  by  blue- 
greens.  Nutrient-chlorophyll  analysis  suggested 
that  algal  growth  is  N  limited.  Extensive  weed 
beds  and  nutrient-rich  organic  sediments  confirm 
its  eutrophic  character.  It  exhibits  strong,  pro- 
longed, shallow  stratification  during  summer,  prin- 
cipally as  a  result  of  low  clarity  caused  by  organic 
color  and  high  algal  levels,  and  because  of  moder- 
ate winds,  partial  shelter,  and  the  small  fetch  of  the 
reservoir.  The  relatively  large,  anoxic,  nutrient- 
rich  hypolimnion  regularly  develops  dense  blooms 
of  phototrophic  sulfur  bacteria.  Nutrient  levels  and 
other  water  quality  parameters  are  tied  intimately 
to  the  prevailing  hydrologic  regime.  The  ion 
chemistry  of  the  reservoir  and  its  two  inflowing 
streams  is  influenced  largely  by  geology.  A  heat 
budget  and  annual  stability  data  were  determined 
for  the  reservoir.  Prolonged  shallow  stratification 
and  blooms  of  phototrophic  sulfur  bacteria,  not 
commonly  reported  for  Australian  waters,  are  be- 
lieved to  be  typical  of  many  rural  water-supply 
reservoirs.  (Author's  abstract) 
W90-06879 


FLUCTUATIONS  IN  SOME  HYDROLOGIC 
FACTORS  AND  THE  CONDITION  INDEX  OF 
ASPATHARIA  SINUATA  (BIVALVLA,  UNION- 
ACEA)  IN  A  SMALL  NIGERIAN  RESERVOm. 

Ilorin   Univ.   (Nigeria).   Dept.  of  Biological   Sci- 
ences. 
J.  Blay. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  117, 
No.   3,  p   357-363,  January    1990.   2  fig,    16  ref. 

Descriptors:  'Clams,  'Limnology,  'Mollusks,  'Ni- 
geria, 'Reservoirs,  Calcium,  Dissolved  oxygen, 
Growth,  Reproduction,  Seasonal  distribution,  Silt, 
Temperature. 

The  relationship  between  the  fluctuations  in  some 
environmental  factors  and  the  tissue  condition  of 
the  tropical  bivalve  Aspatharia  sinuata  occurring 
in  a  small  man-made  Nigerian  lake  were  investigat- 
ed. The  condition  index  (meat:shell  ratio)  was  high 
in  December-May,  when  the  water  was  character- 
ized generally  by  high  temperatures,  low  silt  con- 
tent, high  calcium  and  dissolved  oxygen  concen- 


trations, high  conductivities,  and  neutral/alkaline 
conditions.  In  June-November,  the  index  was  low 
and  this  seemed  related  to  the  slightly  reduced 
temperatures,  high  silt  content,  low  calcium  and 
oxygen  concentrations,  low  conductivities,  and 
acid  waters  that  occurred  for  most  of  the  interval. 
Observations  indicate  that  reproductive  activity 
may  have  played  a  less  significant  role  in  determin- 
ing the  pattern  of  changes  in  the  condition  index  of 
the  population,  presumably  because  high  gonadal 
activity  was  maintained  throughout  the  year.  (Au- 
thor's abstract) 
W90-06880 


STABILITY  OF  ALUMINUM  SPECIES  IN  A 
NATURAL  AUDIT  SAMPLE:  POSSIBLE  AP- 
PLICATION AS  A  QUALITY  CONTROL  SOLU- 
TION. 

Lockheed  Engineering  and  Sciences  Co.,  Inc.,  Las 

Vegas,  NV. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-O6932 


ALUMINUM  SPECIATION  AND  ORGANIC 
CARBON  IN  WATERS  OF  CENTRAL  ONTAR- 
IO. 

Ontario  Ministry  of  the  Environment,  Toronto. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06938 


ALUMINUM  SPECIATION  AND  TOXICITY  IN 
UPLAND  WATERS. 

Water  Research  Centre,  Medmenham  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-O6939 


RADIONUCLIDE     PARTITIONING     ACROSS 
GREAT  LAKES  NATURAL  INTERFACES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06961 


PREDICTING  THE  LONG-TERM  VARI- 
ATIONS IN  STREAM  AND  LAKE  INORGANIC 
ALUMINIUM  CONCENTRATIONS  FOR 
ACIDIC  AND  ACID  SENSITIVE  CATCH- 
MENTS. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06978 


ORGANIC  GEOCHEMISTRY  AND  BRINE 
COMPOSITION  IN  GREAT  SALT,  MONO, 
AND  WALKER  LAKES. 

Johns  Hopkins  Univ.,  Baltimore,  MD.  Dept.  of 

Earth  and  Planetary  Sciences. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-07009 


CONTAMINATION  OF  RURAL  PONDS  WITH 
PESTICIDE,  1971-85,  ONTARIO,  CANADA. 

Ontario     Ministry     of    Agriculture     and     Food, 

Guelph.  Pesticide  Residue  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W9O-O7027 


EFFECT  OF  HYDROMETEOROLOGICAL 
FACTORS  ON  SPREADING  OF  OIL  PROD- 
UCTS IN  RESERVOIRS. 

For  primary  bibliographic  entry  see  Field  5B. 
W9O-07045 


PLANKTON,  PRIMARY  PRODUCTION  AND 
SOME  PHYSICO-CHEMICAL  FACTORS  OF 
TWO  LAKES  FROM  BAIXADA  MARANHENSE 
(PLANCTON,  PRODUCAO  PRIMARIA  E 
ALGUNS  FATORES  FISICO-QUTMICOS  DE 
DOIS  LAGOS  DA  BAIXADA  MARANHENSE). 
Universidade  Federal  do  Maranhao,  Sao  Luis 
(Brazil).  Lab.  de  Hidrobiologia 
R.  Barbieri,  M.  S.  R.  Ibanez,  F.  J.  Aranha,  M.  M. 
F.  Corrreia,  and  J.  W.  Reid. 


WATER  CYCLE— Field  2 
Lakes — Group  2H 


Revista  Brasileira  de  Biologia  RBBIAL,  Vol.  49, 
No.  2,  p  399-408,  May  1989.  2  fig,  6  tab,  15  ref. 
English  summary. 

Descriptors:  'Aquatic  life,  'Brazil,  'Lakes,  'Lim- 
nology, 'Plankton,  'Primary  productivity,  Algal 
blooms,  Physicochemical  properties,  Water  chem- 
istry. 

The  physico-chemical  and  biological  characteris- 
tics of  two  'varzea'  lakes  from  the  State  of  Maran- 
hao,  Brazil  (Lago  Acu  and  Lago  de  Viana)  were 
studied.  In  Lago  de  Viana,  samples  were  only 
taken  during  low  water  periods.  For  Lago  Acu, 
the  fluctuating  water  level  is  a  consequence  of  the 
fluctuating  water  level  of  the  Mearim  River;  for 
Lago  de  Viana  of  the  Pindare  River.  The  param- 
eters measured  were:  temperature,  water  transpar- 
ency, pH,  electrical  conductivity,  alkalinity,  dis- 
solved oxygen,  seston,  primary  production,  chloro- 
phyll a,  as  well  as  the  composition  of  the  phyto 
and  zooplankton.  Both  lakes  are  shallow  and 
turbid.  The  lack  of  thermal  stratifications  is  prob- 
ably due  to  wind  action.  The  primary  production 
and  chlorophyll  a  results  showed  that  Lago  Acu  is 
more  productive  and  the  primary  production  was 
higher  during  low  water.  Blooms  of  blue-greens 
were  observed  during  both  sampling  periods.  In 
Lago  de  Viana,  diatoms  were  dominant.  Repre- 
sentatives of  the  three  principal  groups  of  zoo- 
plankton  (Rotifera,  Copepoda  and  Cladocera) 
were  found  in  both  lakes,  however,  due  to  few 
available  samples,  it  was  not  possible  to  clearly 
define  a  seasonal  pattern.  (Author's  abstract) 
W90-07060 


TEMPORAL  AND  SPATIAL  PATTERNS  IN 
LITTORAL-ZONE  FISH  ASSEMBLAGES  OF  A 
RESERVOHl  (LAKE  TEXOMA,  OKLAHOMA- 
TEXAS,  USA). 

Oklahoma  Univ.,  Kingston.  Biological  Station. 
F.  P.  Gelwick,  and  W.  J.  Matthews. 
Environmental  Biology  of  Fishes  EBFID3,  Vol. 
27,  No.  2,  p  107-120,  February  1990.  4  fig,  5  tab,  48 
ref. 

Descriptors:  'Fish  populations,  'Lake  Texoma, 
'Littoral  zone,  'Spatial  distribution,  'Species  com- 
position, 'Temporal  distribution,  Electrofishing, 
Evolution,  Gizzard  shad,  Oklahoma,  Seasonal  dis- 
tribution, Texas. 

Fishery  biologist  have  begun  studying  the  ecosys- 
tem as  a  whole  to  try  to  better  understand  the 
needs  of  managed  fish  populations.  The  littoral- 
zone  fish  fauna  of  Lake  Texoma  reservoir  was 
sampled  by  electrofishing  from  January  through 
December  1986  to  examine  species  abundance,  spe- 
cies associations,  and  assemblage  structure.  Al- 
though total  fish  abundance  differed  significantly 
across  seasons,  only  one  common  species  (Doro- 
soma  cepedianum)  exhibited  significant  seasonal 
movement  in  or  out  of  the  littoral  zone.  Overall 
littoral-zone  assemblage  structure  (based  on  rank 
order  of  species  abundance)  was  concordant  across 
seasons  and  habitat  types  (vegetation,  wood,  open). 
However,  within  individual  seasons  and  habitat 
types,  assemblage  structure  was  likely  influenced 
by  temporal  and  spatial  differences  in  habitat  avail- 
ability and  physicochemical  conditions.  Associa- 
tions characteristic  of  species  in  natural  aquatic 
environments  were  not  so  well  developed  among 
species  in  this  partially  artificial,  evolutionarily 
short-lived  reservoir  assemblage.  Conditions  relat- 
ed to  water-level  fluctuation  appeared  to  deter  the 
formation  of  persistent  species  associations  and  as- 
semblage structure,  especially  in  vegetation  and 
open  littoral  zone  habitats  of  this  multi-species 
reservoir.  (Author's  abstract) 
W90-07095 


DAPHNIA  AND  TOXIC  BLOOMS  OF  MICRO- 
CYSTIS AERUGINOSA  IN  BAUTZEN  RESER- 
VOIR (GDR). 

Technische  Univ.,  Dresden  (German  D.R.).  Sek- 

tion  Wasserwesen. 

J.  Benndorf,  and  M.  Henning. 

Internationale  Revue  der  Gesamten  Hydrobiologie 

IGHYAZ,  Vol.  74,  No.  3,  p  233-248,  1989.  4  fig,  4 

tab,  41  ref. 


Descriptors:  'Acute  toxicity,  'Algal  toxins,  'Bior- 
emediation,  'Cyanophyta,  'Daphnia,  'Ecosystems, 
•Eutrophication,  'Food  chains,  'Lake  restoration, 
•Water  pollution  control,  Biomass,  East  Germany, 
Phytoplankton,  Reservoirs,  Temporal  variation. 

As  a  part  of  a  whole-lake,  long-term  experiment  in 
biomanipulation  in  the  hypertrophic  Bautzen  reser- 
voir (GDR)  during  three  years  (1984-1986)  the 
dynamics  of  mouse-related  LD50  of  Microcystis 
aeruginosa  was  compared  with  the  biomass  devel- 
opment of  this  blue-green  and  the  grazing  pressure 
exerted  by  Daphnia  galeata.  Since  the  three 
summer  averages  of  the  biomass  of  Daphnia  ga- 
leata revealed  strong  differences  due  to  decreasing 
predation  activity  of  fish  from  1984  to  1986,  the 
effects  of  different  grazing  pressure  on  Microcystis 
toxicity  could  be  investigated  under  field  condi- 
tions. Microcystis  was  nontoxic  at  the  beginning  of 
the  growing  season  and  developed  high  toxicity 
during  its  first  strong  biomass  increase  in  summer 
in  all  three  years.  But  this  decrease  of  the  LD50 
together  with  the  first  biomass  increase  of  the 
season  is  found  in  quite  different  periods  in  differ- 
ent years.  The  development  of  toxic  Microcystis 
blooms  seems  to  be  promoted  by  a  combination  of 
five  conditions:  (1)  Presence  of  a  mixture  of  toxic 
and  nontoxic  Microcystis  strains  at  the  beginning 
of  the  growing  season  even  if  the  portion  of  toxic 
strains  is  very  low;  (2)  physical  and  chemical 
growth  conditions  which  favor  Microcystis  over 
other  phytoplankton;  (3)  high  grazing  pressure  by 
zooplankton  on  edible  food  particles  over  a  long 
period;  (4)  patchy  distribution  of  the  different  Mi- 
crocystis strains  if  nonselective  filterers  such  as 
Daphnia  dominate  the  zooplankton;  and  (5)  ab- 
sence of  defense  mechanisms  of  Microcystis 
against  grazing  which  are  not  coupled  with  toxici- 
ty. These  conclusions  contribute  to  a  better  under- 
standing of  the  possibilities  and  limits  of  in-lake 
eutrophication  control  by  biomanipulation  and  em- 
phasize the  need  to  combine  top-down  and  bottom- 
up  control  mechanisms  in  eutrophic  and  hyper- 
trophic waters.  (Author's  abstract) 
W90-07096 


HERBIVORES  AND  THE  SPATIAL  DISTRIBU- 
TION OF  THE  PHYTOPLANKTON:  II.  ESTI- 
MATING GRAZING  IN  PLANKTONIC  ENVI- 
RONMENTS. 

Brookhaven  National  Lab.,  Upton,  NY.  Oceano- 

graphic  Sciences  Div. 

For  primary  bibliographic  entry  see  Field  2L. 

W90-07097 


SOME  OBSERVATIONS  ON  THE  IRRADI- 
ANCE  AND  CARBON  FIXATION  IN  GRANE 
LANGSO. 

Copenhagen    Univ.,    Hilleroed    (Denmark).    Det 

Ferskvands-Biologiske  Lab. 

G.  Nygaard. 

Internationale  Revue  der  Gesamten  Hydrobiologie 

IGHYAZ,  Vol.  74,  No.  3,  p  293-319,  1989.  13  fig, 

19  tab,  28  ref. 

Descriptors:  'Carbon  cycle,  'Denmark,  •Irradi- 
ance,  'Lakes,  'Limnology,  'Net  radiation,  'Photo- 
synthesis, 'Phytoplankton,  Carbon  radioisotopes, 
Inhibition,  Primary  production. 

Most  Danish  lakes  are  rich  in  bicarbonate  ions  and 
other  vital  ions.  Grane  Langso,  however,  is  a 
sodium  chloride  lake  with  alkalinity  values  close  to 
zero  and  poor  in  potassium  ions,  nitrate,  phosphate, 
and  carbon  dioxide.  Photosynthetically  active  radi- 
ation (PAR)  was  registered  daily  in  0.25  meters 
and  11.25  meters  in  three  years.  Upwards  irradi- 
ance  of  green  light  was  1%  of  downwards  irradi- 
ance.  Incubator  carbon- 14  experiments  showed 
that  the  phytoplankton  enhanced  its  carbon  uptake 
substantially  with  increasing  concentrations  of  the 
carrier  carbon  dioxide  in  the  ampoules.  Severe 
carbon  limitation  of  photosynthesis  occurred  in 
spring  and  summer  of  1961,  where  the  real  carbon 
fixation  was  only  about  34%  of  that  calculated  by 
the  usual  procedure.  Utilization  of  light  and  dis- 
solved inorganic  carbon  by  the  phytoplankton  and 
its  compensation  depth  was  determined.  Photoinhi- 
bition  occurred  down  to  10-11  meters,  and  net 
primary  production  was  nearly  always  positive  in 
any  depth  down  to  the  lake  bottom.  (Author's 
abstract) 


W90-07099 


PHOSPHORUS  LOAD-CONCENTRATION  RE- 
LATIONSHIP IN  LAKE  DAL,  A  HIGH  ALTI- 
TUDE MARL  LAKE  IN  THE  KASHMIR  HIMA- 
LAYAS. 

Kashmir  Univ.,  Srinagar  (India).  Dept.  of  Botany. 
M.  Ishaq,  and  V.  Kaul. 

Internationale  Revue  der  Gesamten  Hydrobiologie 
IGHYAZ,  Vol.  74,  No.  3,  p  321-328,  1989.  2  fig,  8 
tab,  33  ref. 

Descriptors:  'Eutrophic  lakes,  'India,  'Lake  Dal, 
'Limnology,  'Mountain  lakes,  'Nutrients,  'Phos- 
phorus, Glacial  lakes,  Kashmir  Himalayas,  Lake 
sediments,  Phosphorus  compounds,  Residence 
time,   Vegetative  growth,   Wastewater  pollution. 

The  relationship  between  phosphorus  concentra- 
tion and  estimated  phosphorus  load  in  Lake  Dal,  a 
marl  lake,  is  described  for  the  past  decade.  The 
concentration  of  this  element  in  the  lake  system 
remained  constant  during  this  period  although  the 
phosphorus  load  increased  about  40%.  The  con- 
stancy of  phosphorus  concentrations  is  attributed 
mainly  to  calcium  carbonate-phosphorus  interac- 
tions in  water  followed  by  the  subsequent  settling 
of  phosphorus.  The  sediment  is  the  lake's  main 
phosphorus  sink  and  holds  about  99%  of  the  total 
pool.  The  low  total  phosphorus:  orthophosphate 
ratio  in  the  outflow  channel  compared  with  high 
level  caused  in  the  lake  by  the  introduction  of 
domestic  sewage  was  found  to  be  related  to  the 
low  co-precipitation  activity  due  to  the  low  resi- 
dence time  of  the  water  and  the  low  microphytic 
and  macrophytic  growth  in  the  outflow  channel. 
(Brunone-PTT) 
W90-07100 


FIELD  AND  LABORATORY  STUDIES  ON 
NILE  PHYTOPLANKTON  IN  EGYPT:  III. 
SOME  PHYSICAL  AND  CHEMICAL  CHARAC- 
TERISTICS OF  ASWAN  HIGH  DAM  LAKE 
(LAKE  NASSER). 

Assiut  Univ.  (Egypt).  Dept.  of  Botany. 
A.  M.  Ahmed,  A.  A.  Mohammed,  I.  Springuel, 
and  A.  M.  El-Otify. 

Internationale  Revue  der  Gesamten  Hydrobiologie 
IGHYAZ,  Vol.  74,  No.  3,  p  329-348,  1989.  10  fig,  3 
tab,  52  ref. 

Descriptors:  'Aswan  Dam,  'Egypt,  'Lake  Nasser, 
•Limnology,  'Nile  River,  'Phytoplankton,  'Res- 
ervoirs, 'Seasonal  variation,  'Water  chemistry, 
Oxygen  content,  Thermal  stratification,  Vegetative 
growth,  Water  transparency. 

Seasonal,  local  and  monthly  vertical  variations  in 
physical  and  chemical  characteristics  of  Aswan 
High  Dam  Lake  (AHDL)  were  followed  during 
the  period  from  March  1982  to  February  1984.  The 
results  show  that  distinct  seasonal  thermal  vari- 
ations exist.  Similarly,  thermal  stratification  was 
evident  from  late  spring  through  early  autumn. 
Oxygen  content  appeared  to  vary  with  the  changes 
in  hydrogen  ion  concentration  value.  Water  trans- 
parency in  the  southern  part  was  greatly  reduced 
by  the  incoming  silt-laden  flood  waters,  especially 
in  summer  months.  Consequently,  nitrate-nitrogen 
and  total  residue  increased  considerably  in  the 
southern  part  during  the  summer.  The  recorded 
minimum  nitrogen-concentration  limited  the 
growth  of  phytoplankton.  Suspended  and  organic 
matter  exhibited  somewhat  irregular  variations  at 
least  during  the  period  of  this  study.  (Author's 
abstract) 
W90-07101 


CENOLOGICAL  RELATIONS  OF  MUD  VEGE- 
TATION OF  A  HYPERTROPHIC  LAKE  IN  TIS- 
ZAALPAR  BASIN. 

Jozsef  Attila  Univ.,  Szeged  (Hungary).  Dept.  of 

Botany. 

I.  Bagi. 

Tiscia  TSCAB8,  Vol.  23,  p  3-12,  1989.  2  fig,  2  tab, 

13  ref. 

Descriptors:  'Benthic  flora,  'Lake  sediments, 
•Plant  populations,  *Species  composition,  *Water 
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resources  management,  Hungary,  Nutrients,  Sedi- 
ments, Sheep,  Tisza  River,  Tizaalpar  Basin, 
Wastewater  pollution. 

The  mud  vegetation  of  a  meander  lake  found  in  the 
area  of  the  proposed  Alpar  Reservoir  in  Hungary 
is  described.  This  lake  was  formed  by  the  receding 
water  after  the  flooding  of  the  Tisa  River  had 
ceased.  The  water  quality  is  influenced  by  untreat- 
ed wastewater  onginating  from  a  sheep  fold  built 
near  the  lake.  The  area  is  important  as  a  newly 
identified  habitat  of  Eleocharis  ovata  in  the  Great 
Hungarian  Plain.  The  stands  of  Eleocharis  ovata 
can  be  regarded  as  a  considerably  modified  Eleo- 
charito-Caricetum  bohemicae  association,  influ- 
enced in  its  ecological  structure  by  the  high  nutri- 
ent content  of  the  lake  sediment.  Certain  associa- 
tions of  plants,  including  Ranunculetum  sclerati 
and  Polygono-Bidentetum,  are  strongly  competi- 
tive and  influence  the  species  composition  of  the 
meander  lake  vegetation.  The  building  of  the  reser- 
voir will  cause  the  decay  of  this  unique  vegetation 
by  destroying  one  of  its  few  habitats  in  the  Great 
Hungarian  Plain.  (Brunone-PTT) 
W9O-07110 


CHANGES  OF  SOME  PHYSICO-CHEMICAL 
AND  SAPROBIOLOGIC  CHARACTERISTICS 
IN  THE  LOWER  COURSE  OF  THEISS  IN  THE 
PERIOD  1980-1986. 

Novi  Sad  Univ.   (Yugoslavia).   Inst,   of  Biology. 

K.  Kojcic,  V.  Pujin,  and  R.  Bugarski. 

Tiscia  TSCAB8,  Vol.  23,  p  21-28,  1989.  4  fig,  1  tab, 

7ref. 

Descriptors:  'Biochemical  oxygen  demand,  'Dam 
effects,  'Flow  rates,  *Physicochemical  properties, 
•Tisza  River,  *Water  quality,  Ammonium,  Hunga- 
ry, Oxygen,  Pollution  index,  Water  currents. 

Research  on  the  lower  course  of  the  Tisa  River 
(Theiss)  in  1980-1986  shows  certain  changes  in  the 
physicochemical  and  saprobiologic  characteristics 
of  the  river  water.  The  erection  of  a  dam  at  Novi 
Becej  and  on  the  Danube  (Djerdap)  has  slowed  the 
current  in  the  lower  course  of  the  river.  Dissolved 
oxygen  levels  dropped  7%  and  the  biochemical 
oxygen  demand  increased  approximately  10%.  The 
concentration  of  ammonium  ion  increased,  espe- 
cially in  the  winter  months.  The  pollution  index  up 
to  1983  was  about  constant,  but  in  recent  months 
shows  some  worsening.  (Author's  abstract) 
W90-07111 


PHOSPHATASE  ACnVITY  OF  WATER  AS  A 
PARAMETER  OF  THE  RD7ER  TISA  WATER 
MONITORING. 

Novi  Sad   Univ.   (Yugoslavia).   Inst,   of  Biology. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07112 


DOMINANT  BACTERIOFLORA  IN  THE 
WATER  OF  THE  RD7ER  TISA  AND  THE 
MRTVA  TISA  (YUGOSLAVIA). 

Novi  Sad  Univ.   (Yugoslavia).   Inst,  of  Biology. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07113 


DEVELOPMENTS  IN  THE  COMPOSrTION  OF 
BIOCENOSIS  IN  THE  LOWER  TISA  RTVER 
(YUGOSLAVIA)  CAUSED  BY  HYDROLOGI- 
CAL  CHANGES. 

Novi   Sad  Univ.   (Yugoslavia).   Inst,   of  Biology. 

V.  Pujin. 

Tiscia  TSCAB8,  Vol.  23,  p  43-49,  1989.  4  fig,  16 

ref. 

Descriptors:  *Dam  effects,  'Species  composition, 
*Tisza  River,  Ammonia,  Benthic  fauna,  Biochemi- 
cal oxygen  demand,  Fish,  Flow  rates,  Oligo- 
chaetes,  Oxygen  saturation,  Rotifers,  Seasonal  var- 
iation, Water  currents,  Zooplankton. 

The  construction  of  the  Hydroelectric  Power 
Plant  on  the  Danube  and  the  dam  on  the  Tisa  at 
Novi  Becej,  Yugoslavia,  have  slowed  the  flow  of 
the  river,  causing  changes  in  the  physical  and 
chemical  properties  of  the  river  water  and  in  spe- 
cies composition  of  the  biocenosis.  The  oxygen 


saturation  level  decreased,  while  biochemical 
oxygen  demand  and  the  level  of  ammonia  ions 
increased,  particularly  in  winter  months.  In  the 
zooplankton,  the  number  of  rotifer  species,  as  well 
as  the  population  densities  of  the  dominant  species, 
increased.  In  the  bottom  fauna,  oligochaetes,  repre- 
sented by  ten  to  sixteen  species  of  the  Naididae  and 
Tubificidae  families  are  dominant  The  species 
composition  of  the  ichthyofauna  has  shifted  to  less 
sterlet  and  more  predatory  fishes  and  carp.  The 
species  diversity  of  the  fish  community  has  de- 
creased. (Author's  abstract) 
W90-07U4 


GROWTH  OF  CARP  (CYPRINUS  CARPIO  L.) 
IN  THE  KISKORE  STORAGE  LAKE. 

Lajos  Kossuth  Univ.,  Debrecen  (Hungary). 
For  primary  bibliographic  entry  see  Field  81. 
W90-07122 


ORIENTATION  OF  ZOOPLANKTON  TO  THE 
OXYCLINE  IN  BIG  SODA  LAKE,  NEVADA. 

Nevada   Univ.,   Las  Vegas.   Dept.   of  Biological 

Sciences. 

M.  A.  Bozek. 

Great  Basin  Naturalist  GRBNAR,  Vol.  49,  No.  4, 

p  535-539,  October  1989.  3  fig,  17  ref. 

Descriptors:  'Crater  Lake,  'Irrigation  effects, 
•Limnology,  'Meromictic  lakes,  'Nevada,  'Zoo- 
plankton, Anoxic  conditions,  Aquatic  populations, 
Aquatic  productivity,  Bacteria,  Water  level. 

Big  Soda  Lake  is  an  ectogenic  meromictic  crater 
lake  located  near  Fallon,  Nevada.  A  remnant  of 
pluvial  Lake  Lahontan,  Big  Soda  Lake  has  under- 
gone considerable  change  because  irrigation  of  the 
surrounding  area  has  increased  the  water  table  and 
lake  level,  thus  resulting  in  reduced  salinity  and 
increased  chemocline  depth.  Zooplankton  in  Big 
Soda  Lake,  were  sampled  in  October  1982  to  de- 
termine species  composition  and  vertical  distribu- 
tion relative  to  the  oxycline.  Moina  hutchinsoni 
was  most  abundant  in  the  epilimnion,  but  prior  to 
migrating  into  the  anoxic  hypolimnion,  it  aggregat- 
ed at  the  oxycline.  Brachionum  placatilis  was  most 
abundant  below  the  oxycline.  Concentrations  of 
Brachionum  and  Moina  near  the  oxycline  corre- 
sponded with  peaks  in  bacterial  productivity  found 
by  previous  investigators.  However,  further  inves- 
tigation should  be  conducted  to  verify  feeding  by 
zooplankton  primarily  in  the  anoxic  hypolimnion. 
(Mertz-PTT) 
W90-07140 


COEXISTENCE  OF  TWO  SPECIES  OF 
SUCKER,  CATOSTOMUS,  IN  SAGEHEN 
CREEK,  CALIFORNIA,  AND  NOTES  ON 
THEIR  STATUS  IN  THE  WESTERN  LAHON- 
TAN BASIN. 

California  Univ.,  Berkeley.  Dept.  of  Forestry  and 
Resources  Management. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-07141 


RESPONSE  OF  NESTING  WATERFOWL  TO 
FLOODING  IN  GREAT  SALT  LAKE  WET- 
LANDS. 

Utah  State  Univ.,  Logan.  Dept.  of  Fisheries  and 

Wildlife. 

For  primary   bibliographic  entry   see   Field   6G. 

W90-07142 


MOURNING  DOVE  USE  OF  MAN-MADE 
PONDS  IN  A  COLD-DESERT  ECOSYSTEM  IN 
n>AHO. 

South  Dakota  State  Univ.,  Brookings.   Dept.  of 

Wildlife  and  Fisheries. 

F.  P.  Howe,  and  L.  D.  Flake. 

Great  Basin  Naturalist  GRBNAR,  Vol.  49,  No.  4, 

p  627-631,  October  1989.  2  fig,  13  ref. 


Descriptors:  'Adaptation, 
•Birds,  'Deserts,  'Idaho, 
Doves,  Ponds,  Zenaida. 


•Artificial      ponds, 
•Wildlife     habitats, 


Because  many  natural  water  sources  are  desiccated 
during  the  summer,  mourning  doves  (Zenaida  ma- 


croura)  in  the  cold-desert  environment  of  the 
Idaho  National  Engineering  Laboratory  depend 
primarily  on  man-made  ponds  for  drinking  water. 
Mourning  doves  in  the  cold-desert  ecosystem  use 
man-made  ponds  for  watering,  feeding,  gritting, 
loafing,  and  courting.  Diurnal  pond  use  by  doves 
peaked  in  the  morning  and  evening.  Monthly  dove 
use  of  ponds  fluctuated  slightly  during  the  sum- 
mers of  1984  and  1985.  Pond  size,  pH,  and  shore- 
line characteristics  had  little  association  with  the 
intensity  of  pond  use  by  doves;  but  geographic 
isolation  of  ponds  was  weakly  associated  with 
number  of  arrivals  during  that  period.  It  is  con- 
cluded that  man-made  water  sources  are  important 
in  areas  where  water  availability  may  limit  mourn- 
ing dove  productivity  and  abundance.  It  is  suggest- 
ed that  mourning  dove  arrival  rates  could  be  used 
as  a  population  index  in  cold-desert  areas.  (Mertz- 
PTT) 
W9O-07143 


INDEPENDENT  AND  INTERACTIVE  EF- 
FECTS OF  SNAIL  GRAZING  AND  NUTRDZNT 
ENRICHMENT  ON  STRUCTURING  PERIPHY- 
TON  COMMUNITIES. 

Bowling  Green  State  Univ.,  OH.  Dept.  of  Biologi- 
cal Sciences. 

J.  C.  Marks,  and  R.  L.  Lowe. 
Hydrobiologia  HYDRB8,  Vol.  185,  No.  1,  p  9-17, 
November  1989.  3  fig,  2  tab,  24  ref. 

Descriptors:  'Algae,  'Chlorophyta,  'Cyanophyta, 
•Diatoms,  'Limnology,  'Nitrogen,  'Periphyton, 
•Phosphorus,  •Snails,  'Species  composition, 
Aquatic  ecosystems,  Aquatic  life,  Elimia,  Gonioba- 
sis,  Grazing,  Michigan,  Navicula,  Oedogonium, 
Stigeoclonium. 

The  independent  and  interactive  effects  of  nutrient 
enrichment  and  snail  grazing  on  structuring  peri- 
phyton communities  in  a  northern  temperate  lake 
(Douglas  Lake,  Michigan)  were  investigated.  Nu- 
trient releasing  substrates  and  grazer  enclosures 
were  used  to  simultaneously  manipulate  nutrient 
availability  and  herbivory.  Periphyton  was  al- 
lowed 18  days  to  accrue  before  grazers  (Elimia 
livescens  =  Goniobasis  livescens)  were  introduced. 
Addition  of  nitrogen  and  phosphorus  caused  a 
significant  increase  in  biovolume,  whereas  grazing 
had  no  significant  effect  on  biovolume  but  resulted 
in  a  shift  in  species  composition.  Four  taxa  were 
largely  responsible  for  the  increase  in  biovolume 
on  the  nutrient  enriched  substrates:  Oedogonium 
sp.,  Stigeoclonium  tenue,  Navicula  radiosa  var. 
radiosa  and  Navicula  radiosa  var.  tenella.  By  the 
28th  day,  nutrient  enrichment  caused  a  shift  from  a 
community  dominated  by  diatoms  (Bacillariophy- 
ceae)  to  a  community  dominated  by  green  algae 
(Chlorophyceae).  Blue  green  algae  (Myxophyceae) 
maintained  an  equal  proportion  in  high  and  low- 
nutrient  regimes.  Grazing  had  a  more  pronounced 
effect  on  altering  community  composition  on  the 
nutrient  enriched  substrates  than  on  the  unenriched 
substrates.  Grazing  caused  a  decrease  in  diversity 
and  an  increase  in  dominance  by  green  algae  on 
the  nutrient  enriched  substrates.  The  relative  bio- 
volume of  green  algae  increased  from  64%  to  93% 
on  grazed  substrates,  due  to  the  significant  increase 
in  relative  abundance  of  Stigeoclonium  tenue.  This 
taxon  has  both  prostate  basal  cells  and  erect  fila- 
mentous cells.  The  ratio  of  basahfilamentous  cells 
increased  from  4.7  to  5.2  with  grazing,  suggesting 
that  the  heretotrichous  growth  form  of  Stegeo- 
clonium  tenue  is  adapted  to  grazing  by  virtue  of 
the  basal  cells  which  are  able  to  adhere  to  the 
substratum  and  resist  being  grazed.  (Author's  ab- 
stract) 
W90-07145 


SIGNIFICANCE  OF  A  LOW  OXYGEN  LAYER 
FOR  A  DAPHNIA  POPULATION  IN  LAKE 
YUNOKO,  JAPAN. 

National  Inst,  for  Environmental  Studies,  Ibaraki 

(Japan). 

T.  Hanazato,  M.  Yasuno,  and  M.  Hosomi. 

Hydrobiologia  HYDRB8,  Vol.  185,  No.  1,  p  19-27, 

November  1989.  6  fig,  38  ref. 

Descriptors:  'Daphnia,  'Japan,  'Lake  stratifica- 
tion,   'Lakes,    'Limnology,    'Oxygen,    'Seasonal 


32 


WATER  CYCLE— Field  2 
Lakes — Group  2H 


variation,  'Temperature  effects,  'Thermal  stratifi- 
cation, Anoxic  conditions,  Population  dynamics, 
Predation,  Reproduction. 

Population  dynamics  and  vertical  migration  of 
Daphnia  longispina  in  Lake  Yunoko,  Japan  were 
studied.  The  Daphnia  population  was  small  in 
spring  and  early  summer,  probably  because  of  high 
predation  pressure  by  fish.  The  population  grew  in 
midsummer,  when  thermal  stratification  developed 
and  the  dissolved  oxygen  became  very  low  in  the 
deeper  layer  of  the  hypolimnion.  In  this  season, 
adults  of  D.  longispina  concentrated  in  the  daytime 
near  the  lake  bottom,  where  fish  were  absent  be- 
cause of  the  anoxic  conditions,  but  ascended  at 
night  to  the  upper  layer  of  the  hypolimnion,  where 
food  was  most  abundant.  The  low  oxygen  layer 
near  the  bottom  kept  out  the  predators  and  pro- 
tected Daphnia  from  predation,  and  consequently 
contributed  to  the  build-up  of  its  population.  How- 
ever, the  low  oxygen  layer  was  unfavorable  for 
reproduction  of  Daphnia,  as  reflected  in  the  low 
egg  ratio  and  high  percentage  of  males  in  the 
population.  The  population  decreased  in  the  fall, 
when  thermal  stratification  disappeared  and  preda- 
tion pressure  seemed  to  increase.  (Author's  ab- 
stract) 
W90-07146 


ASSESSMENT  OF  SHORT-TERM  DEPLETION 
OF  STREAM  MACROINVERTEBRATE 
BENTHOS  BY  DRIFT. 

Pittsburgh  Univ.,  PA.  Dept.  of  Biological  Sci- 
ences. 

M.  A.  Wilzbach,  and  K.  W.  Cummins. 
Hydrobiologia  HYDRB8,  Vol.  185,  No.  1,  p  29-39, 
November   1989.   5   fig,   4  tab,  46  ref.   National 
Science  Foundation  grant  BRS-8606549  and  U.S. 
Department  of  Energy  grant 

DEFGO585ER60301. 

Descriptors:  'Aquatic  insects,  'Macroinverte- 
brates,  'Maryland,  'Riffles,  'Streams,  Aquatic 
drift,  Benthic  fauna,  Dolophilodes,  Mortality,  Tan- 
ytarsini. 

Emigration  of  drifting  macroinvertebrates  from  a 
stream  riffle  that  was  blocked  for  one  week  from 
immigration  by  upstream  colonists  was  studied  to 
determine  if  it  significantly  reduced  the  abundance 
of  drift  collected  from  the  tail  of  the  riffle.  The 
head  of  a  9  m  long  riffle  of  a  2nd  order  stream  in 
Maryland  (Piney  Run)  was  blocked  from  incoming 
drift  by  a  250  micrometer  mesh  weir.  Upstream 
immigration  of  invertebrates  into  the  riffle  was 
largely  prevented  by  a  partition  placed  at  the  tail 
of  the  riffle  which  held  the  drift  nets.  Benthos  and 
drift  samples  were  collected  from  the  riffle  prior  to 
weir  placement  and  following  its  removal,  and 
drift  was  collected  at  dusk  on  each  day.  No  differ- 
ence in  drift  or  in  benthic  abundance  between  the 
beginning  and  end  of  the  study  was  observed.  This 
is  largely  attributed  to  recruitment  of  immature 
insects  (primarily  hatching  of  eggs  present  at  the 
outset),  particularly  of  Dolophilodes  distinctus  and 
species  of  Tanytarsini,  from  within  the  riffle.  Re- 
sults suggest  that  recruitment  of  riffle  species  is  of 
sufficient  magnitude  to  more  than  compensate  for 
short-term  riffle  depletion  due  to  drift.  Samples  of 
drifting  and  non-drifting  (benthic)  animals  were 
held  without  food  for  12  hours  after  collection  and 
mortality  within  each  group  was  determined.  The 
mortality  of  drifting  animals  was  three-fold  that  of 
benthic  animals.  (Author's  abstract) 
W90-07147 


DIATOM  SPECTES  COMPOSITION  ALONG  A 
THERMAL  GRADD2NT  IN  THE  PORTNEUF 
RIVER,  DDAHO,  USA. 

Idaho  State  Univ.,  Pocatello.  Dept.  of  Biology. 
D.  K.  Vinson,  and  S.  R.  Rushforth. 
Hydrobiologia  HYDRB8,  Vol.  185,  No.  1,  p  41-54, 
November  1989.  6  fig,  4  tab,  54  ref. 

Descriptors:  'Algae,  'Diatoms,  'Idaho,  'Rivers, 
•Temperature  effects,  'Thermal  springs,  'Warm 
springs,  Achnanthes,  Gomphonema,  Nitzschia, 
Population  density,  Temperature  gradient. 

Most  research  dealing  with  algae  of  thermal  sys- 
tems has  addressed  blue-green  algae  and  bacteria. 


Few  studies  have  investigated  diatom  species  di- 
versity along  thermal  gradients.  This  study  was 
conducted  on  the  Portneuf  River,  Caribou  county, 
Idaho,  where  a  small  warm  spring  with  a  discharge 
of  .0025  cubic  m/sec  enters  the  river  near  Deer 
Canyon.  Glass  microscope  slides  were  placed  to 
span  a  range  of  temperatures  in  and  around  a  warm 
spring  in  the  Portneuf  River  in  the  winter  of  1987. 
Diatoms  were  allowed  to  colonize  these  slides  for 
8  weeks.  Analysis  of  slides  revealed  that  maximum 
species  diversity  and  species  richness  were  reached 
between  25  and  30  C.  Analysis  also  showed  that 
certain  diatom  taxa  were  stenothermal,  showing 
distinct  preferences  for  various  temperatures  while 
others  were  eurythermal.  Achnanthes  lanceolata 
and  Gomphonema  parvulum  were  present  at  all 
temperatures,  but  preferred  the  14-22  C  range. 
Nitzschia  frustulum  var.  perminuta  occurred  at  all 
temperatures,  but  was  most  abundant  at  39  C.  As  a 
group,  Achnanthes  spp.  preferred  cooler  tempera- 
tures, Cocconeis  spp.  and  Nitzchia  spp.  favored 
warmer  temperatures,  and  Navicula  spp.  were 
most  abundant  only  in  the  8-12  C  range.  (Mertz- 
PTT) 
W90-07148 


FLUCTUATIONS  IN  THE  COMMUNITY  COM- 
POSITION OF  WATER-COLUMN  PROTOZOA 
IN    TWO    SOUTHEASTERN     BLACKWATER 
RIVERS  (GEORGIA,  USA). 
Georgia  Univ.,  Athens.  Inst,  of  Ecology. 
L.  A.  Carlough. 

Hydrobiologia  HYDRB8,  Vol.  185,  No.  1,  p  55-62, 
November  1989.  3  fig,  34  ref.  National  Science 
Foundation  grant  BSR-8406631. 

Descriptors:  'Aquatic  habitats,  'Georgia,  'Popula- 
tion dynamics,  'Protozoa,  'Stream  biota,  Animal 
populations,  Benthos,  Environmental  effects,  Pop- 
ulation density,  Species  diversity,  Swamps. 

Protozoan  population  dynamics  of  two  southeast- 
ern blackwater  rivers  in  Georgia  were  examined: 
the  sixth  order  Ogeechee  River  and  fourth  order 
Black  Creek.  The  density  and  composition  of  the 
protozoan  community  was  assessed  by  counting 
the  protozoans  and  separating  them  into  size  class- 
es. Particularly  abundant  flagellate  types  (bloom 
forms)  and  ciliates  were  enumerated  separately. 
Protozoan  density  in  these  blackwater  rivers  is 
high.  Observations  during  a  two  week  and  a  ten 
month  census  showed  that  the  rate  of  community 
change  is  rapid  and  that  the  range  in  diversity  is 
great.  A  backwater  site  showed  the  highest  per- 
centage of  bloom  forms,  while  the  main  channel 
sites  of  Black  Creek  and  the  Ogeechee  River  had 
fewer  bloom  forms.  Rapid  increases  in  density 
during  a  two  week  microcosm  study  were  attrib- 
uted to  isolation  of  the  water-column  from  filter- 
feeders,  the  benthos,  and  different  source  areas.  An 
analogous  situation  may  exist  in  the  low  order 
swamp  streams  and  backwater  habitats  where 
many  dense  blooms  occur.  The  high  protozoan 
population  densities  observed  were  partially  due  to 
rapid  changes  in  the  physical  characteristics  of  the 
environment,  reactions  of  the  protozoa  to  such 
changes,  growth  in  the  swamp  tributaries  and 
backwater  areas,  subsequent  washing  into  the 
river,  and  further  growth  as  the  water  moves 
toward  the  sea.  (Author's  abstract) 
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EFFECT  OF  LONG  POOLS  ON  THE  DRIFT  OF 
MACRO-INVERTEBRATES  IN  A  MOUNTAIN 
STREAM. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Biology. 
J.  C.  Martin,  and  A.  W.  Knight. 
Hydrobiologia  HYDRB8,  Vol.  185,  No.  1,  p  63-70, 
November  1989.  6  fig,  9  ref. 

Descriptors:  'Aquatic  drift,  'Aquatic  habitats, 
•Aquatic  insects,  'Benthic  fauna,  'California,  'Ma- 
croinvertebrates, 'Mountain  streams,  Mayflies, 
Midges,  Population  dynamics,  Stoneflies,  Streams. 

Macroinvertebrate  drift  was  measured  entering 
and  leaving  two  pools  on  the  Middle  Fork  of  the 
Cosumnes  River,  a  third  order  California  stream. 
Drift  rates  for  Baetis  spp.,  Chironomidae,  Simu- 
lium  spp.,  Capniidae  and  total  drift  were  calculat- 
ed. Significant  differences  in  the  numbers  of  orga- 


nisms entering  the  two  pools  were  found  for 
Baetis,  Chrionomidae,  and  Capniidae.  Comparisons 
of  drift  rates  at  the  upstream  and  downstream  ends 
of  each  pool  showed  that  the  abundance  of  Chiron- 
omidae, Simulium,  Capniidae  and  total  drift 
changed  in  different  directions  across  the  pools. 
The  numbers  of  organisms  leaving  the  two  pools, 
however,  were  not  significantly  different  for 
Baetis,  Simulium,  Capniidae  and  total  drift.  These 
findings  lead  us  to  hypothesize  that  long  pools  act 
as  barriers,  not  filters,  to  stream  macroinvertebrate 
drift.  The  composition  of  drift  leaving  the  pools  in 
this  experiment  appeared  to  be  controlled  by  the 
composition  of  the  benthic  habitat  at  the  tail  of  the 
pool  and  not  by  the  composition  of  upstream  drift 
entering  the  pools.  (Author's  abstract) 
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UPSTREAM-DOWNSTREAM  MOVEMENTS 
OF  AQUATIC  INVERTEBRATES  IN  A  ROCKY 
MOUNTAIN  STREAM. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Ento- 
mology. 

E.  A.  Bergey,  and  J.  V.  Ward. 
Hydrobiologia  HYDRB8,  Vol.  185,  No.  1,  p  71-82, 
November  1989.  5  fig,  4  tab,  30  ref. 

Descriptors:  'Aquatic  drift,  'Aquatic  habitats, 
•Aquatic  insects,  'Colorado,  'Mountain  streams, 
'Stream  biota,  Benthic  fauna,  Benthos,  Caddisflies, 
Invertebrates,  Mayflies,  Population  dynamics,  Rif- 
fles. 

Simultaneous  collections  of  drift  and  organisms 
moving  either  upstream  or  downstream  in  associa- 
tion with  the  substrate  were  made  using  a  specially 
designed  sampler.  Samples  were  taken  in  a  diel 
series  on  six  dates  over  an  annual  cycle  along  a 
transect  across  a  single  riffle  of  Buckhorn  Creek,  a 
Colorado  foothills  stream.  In  addition  to  longitudi- 
nal movements,  taxonomic  composition  and  diel 
periodicity  were  evaluated.  The  insect-dominated 
fauna  showed  a  net  downstream  displacement. 
Only  the  caddisflies  Helicopsyche  borealis  and  He- 
sperophylax  occidentalis  exhibited  net  upstream 
movement,  primarily  a  result  of  low  drift  frequen- 
cies. The  taxonomic  composition  of  moving  inver- 
tebrates differed  from  that  of  the  benthos.  Drift 
resembled  downstream  moving  substrate-associat- 
ed invertebrates  in  composition,  but  differed  from 
that  of  the  upstream  directed  fauna.  Taxa  collec- 
tively exhibited  four  types  of  diel  patterns:  (1) 
similar  downstream  (drift  and  substrate-associated 
movements)  patterns,  which  generally  differed 
from  the  upstream  pattern;  (2)  similar  benthic  (up- 
stream and  downstream)  patterns,  which  differed 
from  that  of  drift;  (3)  aperiodic  patterns;  and  (4) 
independent  patterns  for  each  type  of  directional 
movement.  Analysis  of  size  classes  based  on  head 
capsule  width  for  the  mayfly  Baetis  tricaudatus 
showed  significantly  smaller  size  in  stationary  indi- 
viduals compared  with  moving  individuals  in  the 
population  and  revealed  that  nymphs  moving 
during  the  day  were  smaller  than  those  moving  at 
night.  (Author's  abstract) 
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NEW     BATHYMETRIC     MAP     BASED     ON 
ECHO-SOUNDING  AND  MORPHOMETRICAL 
CHARACTERIZATION    OF    THE    LAKE    OF 
BANYOLES  (NE-SPATN). 
Institut  d'Ecologia  Aquatica,  Gerona  (Spain). 
R.  Moreno-Amich,  and  E.  Garcia-Berthou. 
Hydrobiologia  HYDRB8,  Vol.  185,  No.  1,  p  83-90, 
November  1989.  3  fig,  4  tab,  15  ref. 

Descriptors:  'Bathymetry,  'Hydrologic  maps, 
'Karst,  'Lakes,  'Limnology,  'Mapping,  'Spain, 
Sinkholes,  Subsurface  mapping. 

The  lake  of  Banyoles  is  situated  at  172  m  above  sea 
level,  on  a  karstic  system,  adjacent  to  the  city  of 
Banyoles  17  km  from  Girona,  in  NE  Spain.  The 
lake  is  a  flooded  polje  consisting  of  independent 
basins  (dolines)  which  were  joined  following  an 
elevation  of  water  level.  In  addition,  the  Lake  of 
Banyoles  has  a  mixed  tectonic-karstic  origin,  based 
on  the  presence  of  a  fault.  Water  entry  is  basically 
subterranean.  In  the  new  bathymetric  map,  the 
lake  configuration  is  made  up  of  6  basins,  with  12 
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areas  occupied  by  suspended  mud  corresponding 
at  least  to  13  bottom  springs.  Several  differences 
were  observed  from  the  old  map.  The  authors 
suggest  that  the  observed  differences  with  the  old 
map  can  be  attributed  to  a  low  survey  intensity. 
There  is  also  the  possibility  that  some  of  the  differ- 
ences have  been  originated  from  recent  sinkings, 
after  thr  old  map  design,  proved  by  the  formation 
of  other  small  lakes  since  compilation  of  the  old 
map  in  1980.  (Mertz-PTT) 
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LIMNIC  MICRO-CRUSTACEANS  AND 
TROPHIC  DEGREE. 

Uppsala    Univ.    (Sweden).    Limnologiska    Institu- 

tionen. 

B.  Berzins,  and  J.  Bertilsson. 

Hydrobiologia  HYDRB8,  Vol.  185,  No.  2,  p  95- 

100,  November  1989.  3  fig,  13  ref. 

Descriptors:  •Crustaceans,  'Limnology,  'Microor- 
ganisms,  'Phosphorus,  'Plankton,  'Pollution 
index,  'Trophic  level,  Benthic  fauna,  Conductivi- 
ty, Eutrophy,  Oligotrophy,  Periphyton,  Suspended 
sediments,  Sweden. 

During  the  years  1945-1982  an  extensive  collection 
of  planktonic,  periphytic  and  benthic  microzoans 
from  different  types  of  waters  in  south  and  central 
Sweden  was  collected.  The  material  also  includes 
several  abiotic  factors,  consisting  of  about  twenty 
parameters.  A  computerized  compilation  of  the 
microcrustaceans  and  their  relation  to  trophic 
degree  is  presented.  The  more  frequent  species 
were  ranked  according  to  phosphorus  content, 
electrolytic  conductivity  and  content  of  suspended 
matter.  Correlations  were  obtained  between  occur- 
rence of  species  and  each  environmental  factor  to 
determine  possible  correlations  with  trophic 
degree.  With  few  exceptions,  species  indicating 
oligotrophy  are  found  at  lower  factor  values  and 
those  indicating  eutrophy  at  higher  values  con- 
cerning all  the  abiotic  factors  considered.  (Mertz- 
PTT) 
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MODELLING  ECOLOGICAL  IMPACTS  OF 
THE  ACIDIFICATION  OF  WELSH  STREAMS: 
TEMPORAL  CHANGES  IN  THE  OCCUR- 
RENCE OF  MACROFLORA  AND  MACROIN- 
VERTEBRATES. 

University  Coll.,  Cardiff  (Wales).  Dept.  of  Applied 
Biology. 

For  primary  bibliographic  entry  see  Field  7C. 
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PRODUCTION  BY  HEXAGENIA  LIMBATA  IN 
A  WARM-WATER  RESERVOIR  AND  ITS  AS- 
SOCIATION WITH  CHLOROPHYLL  CON- 
TENT OF  THE  WATER  COLUMN. 

Baylor  Univ.,  Waco,  TX.  Dept.  of  Biology. 
C.  L.  Welch,  and  D.  S.  Vodopich. 
Hydrobiologia  HYDRB8,  Vol.  185,  No.  3,  p  183- 
193,  November  1989.  6  fig,  2  tab,  39  ref. 

Descriptors:  'Aquatic  productivity,  'Benthic 
fauna,  'Chlorophyll,  'Limnology,  'Mayflies, 
'Reservoirs,  'Texas,  Dissolved  oxygen,  Hexa- 
genia, Population  density,  Size-frequency  method, 
Substrates,  Temperature,  Water  sampling. 

The  productivity  of  nymphs  of  the  mayfly  Hexa- 
genia  limbata  in  Lake  Waco,  a  central  Texas  reser- 
voir was  investigated,  and  its  association  with 
chlorophyll  content  of  the  water  was  assessed.  It  is 
hypothesized  that  food  availability  measured  as 
chlorophyll  content  of  the  water  may  directly  as- 
sociate with  growth  of  Hexagenia  and  predict  pop- 
ulation productivity.  To  test  this,  the  production 
by  mayfly  populations  at  two  stations  in  the  same 
reservoir  was  compared;  a  northern  station  receiv- 
ing water  input  with  high  chlorophyll  content,  and 
a  southern  station  receiving  water  with  low  chlo- 
rophyll content.  Both  stations  had  similar  substrate 
type  and  abundant  mayflies.  Benthic  samples  were 
collected  from  October  1984  through  September 
1985,  and  dissolved  oxygen  and  temperature  of  the 
water  were  monitored.  Annual  production  (Size- 
frequency  meiiiod)  was  1270  mg/square  m  at  the 
northern   station   and    1990   mg/square   m   at   the 


southern  station.  The  mean  standing  crop  was  323 
mg/square  m  at  the  southern  station  and  169  mg/ 
square  m  at  the  northern  station.  Densities  of  may- 
flies at  the  two  stations  were  not  significantly 
different.  Mean  chlorophyll  concentration  (total 
mg  pigment)  during  the  sampling  period  was  23.5 
mg/cubic  m  at  the  northern  station  and  16.7  mg/ 
cubic  m  at  the  southern  station.  Therefore,  the 
station  with  lower  mean  chlorophyll  content  had 
higher  secondary  productivity  by  Hexagenia.  Con- 
versely, the  station  with  higher  mean  chlorophyll 
content  had  lower  mayfly  productivity.  The  pro- 
ductivity of  the  mayfly  populations  did  not  posi- 
tively associate  with  the  chlorophyll  content  of  the 
water,  and  chlorophyll  content  did  not  predict  the 
success  of  the  population  of  Hexagenia.  Variation 
in  mayfly  growth  success  was  associated  with  dif- 
ferences in  temperature  and  dissolved  oxygen.  The 
northern  station  with  higher  chlorophyll  content 
and  lower  productivity  had  low  dissolved  oxygen 
and  temperatures  higher  than  optimum  for  growth. 
(Author's  abstract) 
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WINTER  AND  SPRING  MACROINVERTE- 
BRATE  DRTFT  IN  AN  OUTPOCKETING  OF 
THE  LOWER  MISSISSIPPI  RTVER,  LOUISI- 
ANA (USA). 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  For- 
estry and  Wildlife  Management. 
P.  Koetsier,  and  C.  F.  Bryan. 
Hydrobiologia  HYDRB8,  Vol.  185,  No.  3,  p  205- 
209,  November  1989.  2  fig,  22  ref. 

Descriptors:  'Aquatic  drift,  'Aquatic  habitats, 
•Macroinvertebrates,  'Mississippi  River,  'Seasonal 
variation,  'Temporal  distribution,  Benthic  fauna, 
Benthos,  Hydroida,  Predation. 

Invertebrates  in  stream  benthic  communities  utilize 
flow  for  downstream  dispersal  and  to  escape  pre- 
dation. This  study  was  initiated  to  catalogue  inver- 
tebrate drift  during  the  fall,  winter  and  early  spring 
in  a  man-made  outpocketing  on  the  lower  Missis- 
sippi River,  as  well  as  to  characterize  temporal  and 
seasonal  distributional  drift  patterns.  To  examine 
temporal  variations  in  macroinvertebrate  drift  in  a 
high-order  river  system,  surface  drift  was  sampled 
each  month  from  November  1984  to  June  1985. 
Routinely,  two  stations  were  sampled  at  2-hour 
intervals  through  the  night,  but  during  January  and 
April  samples  were  taken  every  4  hours  for  a  24- 
hour  period.  Greatest  drift  density  occurred  in 
April,  when  Hydroida  dominated,  while  lowest 
densities  occurred  in  December.  Drifting  orga- 
nisms displayed  the  bigeminus  pattern  with  highest 
densities  4  hours  after  dusk  and  lowest  numbers 
one  hour  before  sunrise.  (Mertz-PTT) 
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DAIXY  CHANGES  OF  UPTAKE  OF  INORGAN- 
IC CARBON  AND  NITROGEN,  AND  THEIR 
RELATION  TO  PHYTOPLANKTON  BLOOMS 
IN  LATE  SPRING-EARLY  SUMMER  IN  LAKE 
NAKANUMA,  JAPAN. 

Tsukuba  Univ.  (Japan).  Inst,  of  Biological  Sci- 
ences. 

T.  Miyazaki,  M.  Watase,  and  K.  Miyake. 
Hydrobiologia  HYDRB8,  Vol.  185,  No.  3,  p  223- 
231,  November  1989.  8  fig,  1  tab,  25  ref. 

Descriptors:  'Algae,  'Ammonium,  'Aquatic  pro- 
ductivity, 'Carbon,  'Chlorophyll  a,  'Japan,  'Lim- 
nology, 'Nitrogen,  'Nutrients,  'Phytoplankton, 
Algae  blooms,  Growth  rates,  Lake  Nakanuma. 

Daily  changes  of  inorganic  carbon  and  nitrogen 
uptake  were  measured  in  May,  1986  in  Lake  Na- 
kanuma, Japan.  Uptake  of  inorganic  carbon  and 
ammonium  in  the  light-bottle  experiments  in  the 
lm  layers,  showed  daily  changes  similar  to  chloro- 
phyll a  changes,  though  the  uptake  activities 
peaked  before  chlorophyll  a  peaks  (phytoplankton 
blooms)  appeared.  Potential  growth  rates  of  phyto- 
plankton and  observed  growth  rates  were  calculat- 
ed from  the  uptake  rates  and  chlorophyll  a 
changes.  The  potential  growth  rates  did  not  always 
correspond  to  the  observed  growth  rates.  The 
potential  growth  rates  did  not  correlate  with  loss 
rates.  The  correlation  between  the  observed 
growth  rates  and  the  loss  rates  was  better.  These 


results  suggest  that  though  the  increase  of  uptake 
activities  may  be  necessary  for  occurrence  of  phy- 
toplankton blooms,  loss  processes  may  affect  the 
occurrence  of  blooms.  (Author's  abstract) 
W90-07159 


PREDATION,  SEDIMENT  STABILITY  AND 
FOOD  AVAILABILITY  AS  DETERMINANTS 
OF  THE  BENTHIC  INVERTEBRATE  FAUNA 
IN  TWO  SHALLOW  LAKES. 

University  of  East   Anglia,   Norwich   (England). 

School  of  Environmental  Sciences. 

B.  Moss,  and  M.  Timms. 

Hydrobiologia  HYDRB8,  Vol.  185,  No.  3,  p  249- 

257,  November  1989.  2  fig,  3  tab,  37  ref. 

Descriptors:  'Benthic  fauna,  'England,  'Eutro- 
phic  lakes,  'Lakes,  'Limnology,  'Predation,  Chir- 
onomids,  Macrophytes,  Midges,  Norfolk  Broads, 
Oligochaetes,  Organic  matter,  Population  density, 
Suspended  sediments,  Waterlilies. 

The  Norfolk  Broads,  England  are  ancient  man- 
made  lakes  excavated  as  peat  pits  between  the 
ninth  and  fourteenth  centuries  and  subsequently 
flooded  by  rising  water  tables.  The  sedimentary 
benthos  of  this  series  of  shallow,  eutrophicated 
lakes  is,  in  general,  low  not  only  in  number  of 
species  but  unexpectedly  in  number  of  individuals. 
In  two  lakes,  Hudsons  Bay  and  Hoveton  Great 
Broad,  chironomids  and  oligochaetes  dominated 
the  fauna.  Hudsons  Bay  has  an  extensive  stand  of 
water  lilies  (Nuphar  lutea);  Hoveton  Great  Broad 
does  not.  There  were  significant  relationships  be- 
tween number  of  chironomids  and  of  Potamothrix 
hammoniensis  with  organic  content  of  the  sedi- 
ments, but  these  were  due  not  to  food  availability 
but  to  the  structure  imparted  to  the  otherwise  fluid 
sediment  by  the  organic  matter.  Sediment  stabi- 
lized in  plastic  bowls  developed  much  larger  popu- 
lations of  oligochaetes  than  found  in  the  unrestrict- 
ed sediment.  Protection  of  the  community  from 
fish  predation  resulted  in  a  further  major  increase 
in  numbers.  Sediment  stability  and  predation  rather 
than  food  supply  were  the  major  determinants  of 
these  benthic  populations.  (Mertz-PTT) 
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IN  SITU  PRIMARY  PRODUCTION,  BIOMASS 
AND  LIGHT  REGIME  IN  THE  WOLDERWIJD, 
THE  MOST  STABLE  OSCILLATORIA  AGARD- 
Hn  LAKE  IN  THE  NETHERLANDS. 

Rijksdienst   voor   de   Ijsselmeerpolders,   Lelystad 

(Netherlands). 

C.  Bercer. 

Hydrobiologia  HYDRB8,  Vol.  185,  No.  3,  p  233- 

244,  November  1989.  6  fig,  7  tab,  37  ref. 

Descriptors:  'Algae,  'Aquatic  productivity,  'Irra- 
diation, 'Lakes,  'Limnology,  'Primary  productivi- 
ty, 'Temperature  effects,  'The  Netherlands,  Algal 
blooms,  Biomass,  Lake  stratification,  Oscillatoria, 
Phosphorus. 

The  Wolderwijd,  in  The  Netherlands,  man-made 
by  closing  the  dykes  of  the  Southern  Flevoland 
polder  in  1969  and  covering  an  area  of  2700  ha,  has 
an  average  depth  of  1.6  m  and  a  residence  time  of 
around  0.9  year.  The  phosphorus  load  varies  from 
0.5  to  1.5  g  P/square  m/year.  During  the  entire 
period  of  research  from  1971  to  1982,  Oscillatoria 
agardhii  Gomont  was  overwhelmingly  present  in 
the  Wolderwijd.  Six  years  of  measurements  of 
primary  production  has  suggested  that  the  gross 
production  per  day  firstly  is  related  to  temperature 
and  secondly  to  irradiation.  However,  the  produc- 
tion per  year  is  neither  related  to  temperature  nor 
to  irradiation.  In  a  cold  summer,  gross  production 
is  as  high  as  in  a  warm  summer  due  to  higher 
production  in  the  lower  part  of  the  euphotic  zone. 
Up  to  an  average  depth  of  2.5  m  blooming  of  O. 
agardhii  occurs  easily,  while  light  saturated  pro- 
duction achieves  its  maximum  between  2.0  and  2.5 
m.  Increasing  depth  leads  to  photo-inhibition  in  the 
upper  layers  followed  by  lowering  of  light  saturat- 
ed production.  Only  special  circumstances  such  as 
days  with  microstratification  allow  growth;  result- 
ing in  a  monoculture  of  the  alga.  (Mertz-PTT) 
W90-07161 


ARAL  SEA  AND  THE  ECOLOGICAL  SITUA- 
TION IN  CENTRAL  ASIA  AND  KAZAKHSTAN. 

For  primary  bibliographic   entry  see   Field   6G. 
W90-07166 


NEW  METHOD  OF  QUANTITATIVELY  DE- 
SCRIBING DRAINAGE  AREAS. 

Uppsala  Univ.  (Sweden).  Dept.  of  Hydrology. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-07190 


LONG-TERM  CHANGE  IN  THE  SUITABILITY 
OF  WELSH  STREAMS  FOR  DIPPERS  CIN- 
CLUS  CINCLUS  AS  A  RESULT  OF  ACIDIFICA- 
TION AND  RECOVERY:  A  MODELLING 
STUDY. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-07194 


ACTD  AND  ALUMINUM  EFFECTS  ON  FRESH- 
WATER ZOOPLANKTON:  AN  IN  SITU  MESO- 
COSM  STUDY. 

Kent  State  Univ.,  OH.  Dept.  of  Biological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-07196 


ASSESSMENT  OF  NUTRIENT  EFFECTS  AND 
NUTRIENT  LIMITATION  IN  LAKE  OKEE- 
CHOBEE. 

Florida  Univ.,  Gainesville.  Dept.  of  Fisheries  and 

Aquaculture. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07202 


OXYGEN  DEMAND  IN  ICE  COVERED  LAKES 
AS  IT  PERTAINS  TO  WINTER  AERATION. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 

Hydraulic  Lab. 

C.  R.  Ellis,  and  H.  G.  Stefan. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p  1169-1176,  December  1989.  5  fig,  1  tab,  45  ref. 

Descriptors:  *Aeration,  'Fishkill,  *Ice  cover, 
•Lake  ice,  'Limnology,  *Oxygen  demand,  Fish, 
Lake  management,  Lake  sediments,  Oxygen  trans- 
port, Seasonal  variation,  Water  quality,  Winterkill. 

Winterkill,  the  death  of  fish  under  ice  due  to 
oxygen  deficiency,  threatens  hundreds  of  shallow 
lakes  in  the  upper  Midwest  of  the  U.S.  every 
winter.  For  decades,  attempts  have  been  made  to 
prevent  winterkill,  usually  through  aeration,  with 
mixed  results.  In  large  part,  the  failure  of  strategies 
to  prevent  winterkill  can  be  linked  to  a  lack  of 
understanding  of  winter  limnology  and  in  particu- 
lar, of  oxygen  dynamics  under  ice.  Most  winterkill 
lakes  behave  as  closed  systems  with  regard  to 
oxygen.  Consequently,  the  content  of  an  ice  and 
snow  covered  lake  is  essentially  a  function  of  the 
amount  of  initial  storage  and  the  rate  of  depletion. 
Should  the  stored  oxygen  be  insufficient  to  prevent 
near  anoxia  before  melting  of  the  ice  cover  occurs, 
winterkill  will  result.  Most  oxygen  consumption  in 
ice  covered  lakes  is  due  to  bacterial  respiration  and 
chemical  oxidation  at  the  sediment/water  inter- 
face, the  remainder  occurring  in  the  water  column. 
Oxygen  consumption  (and  thus  depletion)  is  a 
function  of  the  velocity  and  oxygen  concentration 
of  the  near  sediment  water.  This  is  due  to  the  fact 
that  oxygen  transport  to  the  sediment  is  mediated 
by  a  diffusive  boundary  layer  adjacent  to  the  sedi- 
ment surface.  Winter  oxygen  depletion  rates  de- 
crease when  the  oxygen  concentration  of  the  over- 
lying water  falls  below  about  3  mg/L.  Aeration 
techniques  which  increase  the  oxygen  concentra- 
tion and  velocity  of  the  near-sediment  water  also 
increase  the  oxygen  consumption  (depletion)  rate. 
(Author's  abstract) 
W90-07206 


PROPOSED    MODIFICATION    TO    REGULA- 
TION OF  LAKE  OKEECHOBEE. 

South  Florida  Water  Management  District,  West 
Palm  Beach.  Water  Resources  Div. 


For  primary  bibliographic  entry  see  Field  4A. 
W90-07214 


IMPROVED  GROWTH  IN  STUNTED  BROWN 
TROUT  (SALMO  TRUTTA  L.)  AFTER  RELIM- 
ING  OF  LAKE  HOWATN,  SOUTHERN 
NORWAY. 

Bergen  Univ.  (Norway).  Zoological  Museum. 
For  primary  bibliographic   entry  see   Field   5G. 
W90-07223 


MERCURY  LEVELS  IN  THE  SEDIMENT, 
WATER,  AND  SELECTED  FINFISHES  OF 
LAGUNA  LAKE,  THE  PHILIPPINES. 

Southeast   Asian   Fisheries  Development  Center, 

Iloilo  (Philippines).  Aquaculture  Dept. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07226 


MODELLING  WATER  TEMPERATURE  BE- 
NEATH RIVER  ICE  COVERS. 

National    Hydrology    Research    Inst.,    Saskatoon 

(Saskatchewan). 

P.  Marsh. 

Canadian  Journal  of  Civil  Engineering  CJCEB8, 

Vol.  17,  No.  1,  p  36-44,  February  1990.  7  fig,  36 

ref. 

Descriptors:  *Ice  cover,  *Model  studies,  *Rivers, 
•Water  temperature,  Ice  breakup,  Liard  River, 
Water  depth. 

The  water  temperature  beneath  river  ice  covers 
has  an  important  influence  on  the  heat  flux  to  the 
overlying  ice  cover  and  on  ice  melt.  Measurements 
of  water  temperature  beneath  the  Liard  River  ice 
cover  showed  that  prior  to  spring  breakup,  the 
water  temperature  was  always  between  0.0  and 
0.025  degrees  C,  with  important  cross-channel  and 
diurnal  variations.  The  lowest  temperatures  were 
controlled  by  the  bed  heat  flux  and  frictional  heat- 
ing, while  variations  above  these  minimum  values 
were  explained  by  changes  in  solar  radiation. 
Using  measurements  of  these  heat  fluxes,  in  con- 
junction with  measurements  of  ice  and  bed  rough- 
ness, water  depth  and  velocity,  and  slope,  a  simple 
method  which  assumes  the  similarity  between  heat 
and  momentum  transfer,  was  able  to  accurately 
predict  water  temperatures  beneath  the  ice  cover. 
During  breakup  when  the  river  had  both  ice-free 
and  ice-covered  sections,  water  temperatures  rose 
to  a  few  degrees  above  0  C.  When  this  water 
entered  an  ice-covered  reach,  the  water  tempera- 
ture declined  rapidly  to  near  0  C  within  10  km. 
This  temperature  decay  was  predicted  from  meas- 
urements of  the  initial  temperature,  ice  and  bed 
roughness,  and  water  depth.  Using  a  similar  ap- 
proach, it  was  estimated  that  only  1-3  km  was 
required  for  a  new  equilibrium  temperature  to  be 
approached  beneath  the  prebreakup  ice  cover. 
(Author's  abstract) 
W90-07235 


IMPACT  OF  A  MASSIVE  CRUDE  OIL  SPILL 
ON  THE  INVERTEBRATE  FAUNA  OF  A  MIS- 
SOURI OZARK  STREAM. 

Missouri  Dept.  of  Conservation,  Columbia. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07239 


ACCURACY     AND     INTERPRETATION     OF 
GROWTH  CURVES  OF  PLANKTONIC  ALGAE. 

Technische  Hogeschool  Delft  (Netherlands).  Dept. 

of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07264 


STUDY    OF    PHOSPHATE    LIMITATION    IN 
LAKE  MAARSSEVEEN:  PHOSPHATE 

UPTAKE  KINETICS  VERSUS  BIOASSAYS. 

Water  Board  of  Utrecht  (Netherlands). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07267 


EVIDENCE  FROM  ALGAL  BIOASSAYS  OF 
SEASONAL  NUTRIENT  LIMITATIONS  IN 
TWO  ENGLISH  LAKES. 


WATER  CYCLE— Field  2 
Lakes — Group  2H 

Freshwater    Biological     Association,     Ambleside 

(England). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07268 


EXAMINATION      OF      THE      EFFECT      OF 

WASTEWATER  ON  THE  PRODUCTIVITY  OF 

LAKE  ZURICH  WATER  USING  INDIGENOUS 

PHYTOPLANKTON         BATCH         CULTURE 

BIOASSAYS. 

Zurich  Univ.,  Kilchberg  (Swizerland).  Hydrobio- 

logical-Limnological  Station. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07269 


FINE  STRUCTURE  OF  AN  ALGAL  MAT 
FROM  A  FRESHWATER  MARITIME  ANT- 
ARCTIC LAKE. 

Portsmouth  Polytechnic  (England).  School  of  Bio- 
logical Sciences. 

D.  R.  Oppenheim,  and  D.  M.  Paterson. 
Canadian  Journal  of  Botany  CJBOAW,  Vol.  68, 
No.   1,  p   174-183,  January   1990.  26  fig,   38  ref. 

Descriptors:  *Algae,  'Antarctica,  *Diatoms,  *Epi- 
phytes,  *Lakes,  Algal  mats,  Community  structure, 
Growth  strategies,  Plant  populations,  Species  di- 
versity. 

The  three-dimensional  microstructure  of  Toly- 
pothrix  mats  from  the  bottom  of  a  maritime  anarc- 
tic  lake  of  Signy  Island,  South  Orkneys,  was  exam- 
ined. Samples  from  mats  at  two  depths,  4  and  6m, 
within  the  lake  were  taken  by  scuba  divers  and 
frozen  (-80  C)  in  March  1987.  The  samples  were 
freeze-fractured  and  examined  by  ambient  and  low 
temperature  scanning  electron  microscopy 
(LTSEM).  The  mats  shared  a  similar  structure 
consisting  of  a  compact  lower  zone  of  prostrate 
filaments  and  an  upper  zone  of  loose  vertical  fila- 
ments. An  outer  layer  of  extremely  loose  spreading 
filaments  was  only  found  by  LTSEM,  leading  to 
the  conclusion  that  some  collapse  of  the  mat  struc- 
ture occurred  during  dehydration  for  ambient 
scanning  electron  microscopy  (SEM).  A  variety  of 
attachment  stategies  were  observed  although  ses- 
sile forms  were  most  common.  Further  fast-parti- 
cle etching  of  the  epiphytic  diatom  assemblages 
revealed  that  many  of  the  attached  diatoms  were 
devoid  of  cell  contents.  Together  with  the  epiphy- 
tic diatoms  a  variety  of  microfauna  were  identified, 
both  incorporated  within  the  mat  and  on  the  mat 
surface.  It  is  likely  that  the  loose  upper  layer  of 
upright  filaments  represents  recent  growth  that 
becomes  compacted  by  the  overgrowth  of  younger 
filaments  and  sediment  accretion.  Light  may  also 
play  a  significant  role  in  determining  mat  structure. 
The  loose  basal  layer  found  in  some  samples  is 
believed  to  be  an  artifact  caused  by  disruption  of 
the  mats  during  their  removal  from  the  sediment. 
The  abundant  microfauna  present  in  the  algal  mats 
will  affect  competition  for  space,  whereas  grazing 
is  a  major  influence  on  the  colonization  and  surviv- 
al of  benthic  diatoms.  It  is  suspected  that  structural 
damage  to  the  lower  margin  of  the  mat  was  caused 
during  sampling.  Sampling  could  be  improved  by 
the  use  of  an  in  situ  freezing  method.  (White- 
Reimer-PTT) 
W90-07314 


CHANGES  IN  PLANKTON  COMMUNITIES  IN 
REGULATED  REACHES  OF  THE  LOWER 
RHINE  RIVER. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary   bibliographic   entry   see   Field   6G. 
W90-07336 


TIME  SCALES  FOR  THE  RECOVERY  POTEN- 
TIAL OF  RTVER  COMMUNITIES  AFTER  RES- 
TORATION: LESSONS  TO  BE  LEARNED 
FROM  SMALLER  STREAMS. 

Karlsruhe  Univ.  (Germany,  F.R.).  Zoologisches 
Inst. 

U.  Fuchs,  and  B.  Statzner. 

Regulated  Rivers  Research  &  Management 
RRRMEP,  Vol.  5,  No.  1,  p  77-87,  January/Febru- 
ary 1990.  3  fig,  5  tab,  32  ref. 


35 


Field  2— WATER  CYCLE 
Group  2H — Lakes 


Descriptors:  'Benthic  fauna,  'Rehabilitation, 
•Streams,  'West  Germany,  Aquatic  habitats,  Colo- 
nization, Succession. 

It  is  anticipated  that  small  streams  should  show 
recovery  sooner  after  restoration  or  reduction  in 
detrimental  human  influence  than  larger  streams. 
With  this  expectation  in  mind,  two  restoration 
projects  in  German  lowland  streams,  differing  in 
their  degree  of  isolation,  were  studied  to  determine 
the  time  periods  that  could  be  expected  for  the 
recovery  of  Central  European  rivers.  The  two 
study  sites  were  Lower  Schierenseebach  in  North- 
ern Germany,  near  Kiel,  and  the  Giessbach  in  the 
Upper  Rhine  valley  on  the  outskirts  of  Karlsruhe. 
Quantitative  benthic  samples  were  obtained  by 
using  box  samplers,  modified  Surber  samplers,  and 
Eckmann  grabs.  Under  optimal  conditions,  as  oc- 
curred at  Lower  Schierenseebach  where  almost 
completely  intact  communities  upstream  and 
downstream  from  the  400-m  restored  (study) 
reach,  sufficient  recovery  of  the  macroinvertebrate 
fauna  could  be  achieved  in  relatively  short  periods. 
However,  in  the  relatively  isolated  area  of  Giess- 
bach, where  the  closest  intact  lotic  ecosystems  of  a 
comparable  type  were  20-25  km  away,  a  sufficient 
recovery  of  benthic  macroinvertebrates  was  not 
achieved  within  5  yr  after  restoration,  despite  the 
existence  of  high  diversity  of  physical  habitats  and 
the  acceptable  water  quality  (except  for  two  oil 
accidents  in  the  fourth  and  fifth  year).  It  is  con- 
cluded that  recovery  of  a  large  Central  European 
river  ecosystem  like  the  Rhine,  which  has  lost  a 
large  number  of  its  former  species  and  is  more 
isolated  than  small  streams,  will  require  more  than 
12  yr  to  reach  a  state  significantly  different  from 
the  present  one.  (Rochester-PTT) 
W90-07337 


ENGINEERING  OPERATIONS  AND  INVER- 
TEBRATES: LINKING  HYDROLOGY  WITH 
ECOLOGY. 

Leicester  Univ.  (England). 

For   primary   bibliographic   entry   see   Field   6G. 

W90-07338 


VOLATILE  COMPOUNDS  ASSOCIATED 
WITH  AQUATIC  HUMIC  SUBSTANCES. 

National  Inst,  of  Public  Health,  Oslo  (Norway). 
G.  Becher,  M.  Froshaug,  and  E.  T.  Gjessing. 
Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  279-285,  June  1989.  2  fig,  2  tab,  13  ref. 

Descriptors:  *Humic  substances,  'Separation  tech- 
niques, 'Volatile  organic  compounds,  Adsorption, 
Aromatic  compounds,  Lake  sediments,  Norway, 
Organic  matter. 

Humic  water  and  solid  humic  matter,  isolated  from 
a  small  marsh  area  of  Norway  by  evaporation  at 
reduced  pressure  and  the  International  Humic  Sub- 
stances Society  XAD-resin  procedure,  have  been 
purged  with  highly  purified  nitrogen.  The  volatiles 
were  adsorbed  onto  activated  charcoal  and  the 
extracts  analyzed  by  capillary  gas  chromatogra- 
phy. While  little  material  is  purged  from  water, 
considerable  amounts  of  volatiles  were  stripped 
from  the  solid  concentrates.  The  amount  and  pro- 
file of  the  volatile  compounds  were  dependent  on 
the  isolation  technique.  Dominating  components 
were  cyclic  siloxanes  and  n-alkanes  and  alkenes 
with  even  carbon  numbers.  These  compounds  have 
been  previously  identified  in  sediments  of  various 
water  environments  and  it  is  suggested  that  they 
are  mobilized  into  the  water  by  humic  substances. 
It  appears  that  some  of  the  volatile  components  are 
regenerated  after  exhaustive  purging  and  subse- 
quent storage  at  4  C.  (Author's  abstract) 
W9O-07379 


FACTORS  AFFECTING  THE  VARIATION  IN 
THE  AVERAGE  MOLECULAR  WEIGHT  OF 
DISSOLVED  ORGANIC  CARBON  IN  FRESH- 
WATERS. 

Toronto  Univ.  (Ontario).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2K. 
W90-07381 


RATIONAL  APPROACH  TO  THE  ASSESS- 
MENT OF  ALUMINIUM  SOLUBILITY  CON- 
TROLS IN  FRESHWATERS. 

Senter  for  Industriforskning,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07391 


THYMIDINE  INCORPORATION  IN  SALTERN 
PONDS  OF  DIFFERENT  SALINITIES:  ESTI- 
MATION OF  IN  SITU  GROWTH  RATES  OF 
HALOPHILIC  ARCHAEOBACTERIA  AND  EU- 
BACTERIA. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Div.  of  Micro- 
bial and  Molecular  Ecology. 
A.  Oren. 

Microbial  Ecology  MCBEBU,  Vol.  19,  No.  1,  p 
43-51,  January/February  1990.  3  fig,  19  ref. 

Descriptors:  'Aquatic  bacteria,  'Bacterial  physiol- 
ogy, 'Saline  water,  'Thymidine,  Aphidicolin,  Ar- 
chaeobacteria,  Deoxyribonucleic  acid,  Eubacteria, 
Growth  rates,  Halophilic  bacteria,  Nalidixic  acid. 

Incorporation  of  methyl(3H)thymidine  was  meas- 
ured in  solar  saltern  ponds  of  different  salinities. 
Estimated  doubling  times  of  the  bacterial  commu- 
nities were  in  the  range  of  1.1  to  22.6  days.  Even  at 
the  highest  salt  concentrations  (NaCl  saturation), 
relatively  rapid  thymidine  incorporation  was  ob- 
served. In  an  attempt  to  differentiate  between  ac- 
tivity of  halophilic  archaeobacteria  (the  Halobac- 
terium  group)  and  halophilic  eubacteria,  taurocho- 
late,  which  causes  lysis  of  the  halobacteria  without 
affecting  eubacteria,  was  used.  At  salt  concentra- 
tions exceeding  250  g/liter  all  thymidine  incorpo- 
ration activity  could  be  attributed  to  halobacteria. 
Aphidicolin,  a  potent  inhibitor  of  DNA  synthesis 
in  halobacteria,  completely  abolished  thymidine 
incorporation  at  the  highest  salinities,  but  also 
caused  significant  inhibition  at  salinities  at  which 
halobacteria  are  expected  to  be  absent.  Attempts  to 
use  nalidixic  acid  to  selectively  inhibit  DNA  syn- 
thesis by  the  eubacterial  communities  were  unsuc- 
cessful. (Author's  abstract) 
W90-07409 


BACTERIAL  PRODUCTION  IN  FRESHWATER 
SEDIMENTS:  CELL  SPECIFIC  VERSUS 
SYSTEM  MEASURES. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Wilmington, 
DE.   Central   Research   and   Development   Dept. 
R.  D.  Fallon,  and  C.  W.  Boylen. 
Microbial  Ecology  MCBEBU,  Vol.  19,  No.  1,  p 
53-62,  January /February  1990.  1  fig,  4  tab,  35  ref. 

Descriptors:  'Aquatic  bacteria,  'Bacterial  physiol- 
ogy, 'Respiration,  'Thymidine,  Growth  rates, 
Methyl(3H)thymidine,  Productivity,  Sediments, 
Trichloroacetic  acid. 

Estimates  of  bacterial  production  based  on  total 
trichloroacetic  acid  (TCA)-precipitable 

methyl(3H)thymidine  incorporation  and  frequency 
of  dividing  cell  (FDC)  techniques  were  compared 
to  sediment  respiration  rates  in  Lake  George,  New 
York.  Bacterial  growth  rates  based  on  thymidine 
incorporation  ranged  from  0.024  to  0.41/day, 
while  rates  based  on  FDC  ranged  from  1.78  to 
2.48/day.  Respiration  rates  ranged  from  0.  II  to  1.8 
micromol  oxygen/hr/g  dry  weight  sediment.  Thy- 
midine incorporation  yielded  production  estimates 
which  were  in  reasonable  agreement  with  respira- 
tion rates.  Production  estimates  based  on  FDC 
were  4-fold  to  190-fold  higher  than  those  predicted 
from  respiration  rates.  (Author's  abstract) 
W90-07410 


DENJTRIFICATION  AND  OXYGEN  RESPIRA- 
TION IN  BIOFILMS  STUDIED  WITH  A  MI- 
CROSENSOR  FOR  NITROUS  OXIDE  AND 
OXYGEN. 

Aarhus  Univ.  (Denmark).   Inst,  of  Ecology  and 

Genetics. 

L.  P.  Nielsen,  P.  B.  Christensen,  N.  P.  Revsbech, 

and  J.  Sorensen. 

Microbial  Ecology  MCBEBU,  Vol.  19,  No.  1,  p 

63-72,  January /February  1990.  4  fig,  27  ref. 

Descriptors:  'Biofilms,  'Denitrification,  'Dis- 
solved oxygen,  'Nitrous  oxide,  'Respiration,  'Sen- 


sors, Anoxic  conditions,  Depth,  Dissolved  oxygen 
profiles,  Model  studies,  Organic  matter,  Polaro- 
graphic  microsensors. 

Depth  distributions  of  oxygen  respiration  and  deni- 
trification activity  were  studied  in  1-mm  to  2-mm 
thick  biofilms  from  nutrient-rich  Danish  streams. 
Acetylene  was  added  to  block  the  reduction  of 
nitrous  oxide  and  microprofiles  of  oxygen  and 
nitrous  oxide  in  the  biofilm  were  measured  simulta- 
neously with  a  polarographic  microsensor.  The 
specific  activities  of  the  two  respiratory  processes 
were  calculated  from  the  microprofiles  using  a 
one-dimensional  diffusion-reaction  model.  Denitri- 
fication only  occurred  in  layers  where  oxygen  was 
absent  or  present  at  low  concentrations  (of  a  few 
micromol).  Introduction  of  oxygen  into  deeper 
layers  inhibited  denitrification,  but  the  process 
started  immediately  after  anoxic  conditions  were 
reestablished.  Denitrification  activity  was  present 
at  greater  depth  in  the  biofilm  when  the  nitrate 
concentration  in  the  overlying  water  was  elevated, 
and  the  deepest  occurrence  of  denitrification  was 
apparently  determined  by  the  depth  penetration  of 
nitrate.  The  denitrification  rate  within  each  specif- 
ic layer  was  not  affected  by  an  increase  in  nitrate 
concentration,  and  the  half-saturation  concentra- 
tion for  nitrate  was  therefore  considered  to  be  low 
(<25  micromol).  Addition  of  0.2%  yeast  extract 
stimulated  denitrification  only  in  the  uppermost  0.2 
mm  of  the  denitrification  zone  indicating  a  very 
efficient  utilization  of  the  dissolved  organic  matter 
within  the  layers  of  the  biofilm.  (Author's  abstract) 
W90-07411 


MICROBIAL  COMMUNITY  STRUCTURE  AND 
BIOMASS  ESTIMATES  OF  A  METHANO- 
GENIC  ANTARCTIC  LAKE  ECOSYSTEM  AS 
DETERMINED  BY  PHOSPHOLIPU)  ANALY- 
SIS. 

Tasmania  Univ.,  Hobart  (Australia).  Dept.  of  Agri- 
cultural Science. 

C.  A.  Mancuso,  P.  D.  Franzmann,  H.  R.  Burton, 
and  P.  D.  Nichols. 

Microbial  Ecology  MCBEBU,  Vol.  19,  No.  1,  p 
73-95,  January /February  1990.  5  fig,  4  tab,  59  ref. 

Descriptors:  'Antarctica,  'Chemical  analysis, 
•Limnology,  'Meromictic  lakes,  'Methanogenesis, 
•Microbial  degradation,  Ace  Lake,  Depth,  Meth- 
anogenic  biomass,  Microeukaryotes,  Sediments, 
Sulfate-reducing  bacteria. 

Phospholipid  analyses  were  performed  on  water 
column  particulate  and  sediment  samples  from  Ace 
Lake,  a  meromictic  lake  in  the  Vestfold  Hills, 
Antarctica,  to  estimate  the  viable  microbial  bio- 
mass and  community  structure  in  the  lake.  In  the 
water  column,  methanogenic  bacterial  phospholi- 
pids were  present  below  17  m  in  depth  at  concen- 
trations which  converted  to  a  biomass  of  between 
1  and  700  million  cells/liter.  Methanogenic  bio- 
mass in  the  sediment  ranged  from  17.7  billion  cells/ 
g  dry  weight  of  sediment  at  the  surface  to  100 
million  cells/g  dry  weight  at  2  m  in  depth.  This 
relatively  high  methanogenic  biomass  implies  that 
current  microbial  degradation  of  organic  carbon  in 
Ace  Lake  sediments  may  occur  at  extremely  slow 
rates.  Total  microbial  biomass  increased  from  440 
million  cells/liter  at  2  m  in  depth  to  1.94  billion 
cells/liter  at  23  m,  near  the  bottom  of  the  water 
column.  Total  nonarchaebacterial  biomass  de- 
creased from  4.2  billion  cells/g  dry  weight  in  the 
surface  sediment  (1/4  the  biomass  of  methanogens) 
to  6  million  cells/g  dry  weight  at  2  m  in  depth  in 
the  sediment.  Phospholipid  fatty  acid  profiles 
showed  that  microeukaryotes  were  the  major  mi- 
crobial group  present  in  the  oxylimnion  of  the  lake, 
while  bacteria  dominated  the  lower  anoxic  zone. 
Sulfate-reducing  bacteria  (SRB)  comprised  25%  of 
the  microbial  population  at  23  m  in  depth  in  the 
water  column  particulates  and  were  present  in  the 
surface  sediment  but  to  a  lesser  extent.  This  is  the 
first  known  instance  in  which  the  viable  biomass  of 
methanogenic  and  SRB  have  been  estimated  for  an 
antarctic  microbial  community.  (Author's  abstract) 
W90-07412 


NITROGEN  ANALYSES  IN  EUTROPHIC  AL- 
KALINE AND  PEATY  WATERS:  A  COMPARI- 
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SON  OF  DIFFERENT  METHODS  TO  ANA- 
LYSE AMMONIA-NITROGEN. 

Limnologisch  Inst.,  Oosterzee  (Netherlands).  Tjeu- 

kemeer  Lab. 

For  primary  bibliographic  entry  see  Field  7B. 

W9O-07424 

CYANOBACTERIA  (BLUE-GREEN  ALGAE)  IN 
WISCONSIN  WATERS:  ACUTE  AND  CHRON- 
IC TOXICITY. 

Wisconsin  Univ.-Madison.  Lab.  of  Hygiene. 
W.  M.  Repavich,  W.  C.  Sonzogni,  J.  H. 
Standridge,  R.  E.  Wedepohl,  and  L.  F.  Meisner. 
Water  Research  WATRAG,  Vol.  24,  No.  2,  p  225- 
231,  February  1990.  2  fig,  5  tab,  22  ref. 

Descriptors:  *Algal  blooms,  *Algal  toxins,  'Cyan- 
ophyta,  *Eutrophic  lakes,  *Livestock,  'Toxicity, 
•Water  pollution  effects,  Chromosome  breakage, 
Sporulation  test,  Wisconsin. 

Toxins  produced  by  several  species  of  cyanobac- 
teria  (blue-green  algae)  are  a  potentially  serious 
environmental  problem.  These  substances  can  be 
acutely  toxic  as  evidenced  by  the  death  of  live- 
stock and  other  animals  that  have  been  exposed  to 
them.  In  this  study,  samples  collected  from  102 
sites  in  Wisconsin  were  analyzed  for  toxicity. 
Acute  toxicity  was  tested  by  intraperitoneal^  in- 
jecting mice  with  lysed  algal  cells  (identified  to 
genus)  and  observing  the  effects.  Chronic  toxicity 
was  tested  using  the  Salmonella  typhimurium  mu- 
tagenicity test,  the  Bacillus  subtilis  multigene  spor- 
ulation test  and  a  chromosome  breakage  test  using 
human  lymphocytes.  Mouse  bioassay  results 
showed  that  about  25%  of  the  sites  contained  toxic 
algae,  indicating  acutely  toxic  algae  are  common- 
place in  Wisconsin  waters.  Bacterial  assay  results 
suggested  the  toxins  were  not  directly  mutagenic, 
but  a  chromosomal  breakage  test  suggested  the 
possibility  that  the  algal  toxins  may  be  clastogenic. 
Overall,  the  results  indicate  that  algal  toxins  may 
be  more  serious  environmental  hazards  than  gener- 
ally recognized.  (Author's  abstract) 
W90-07425 


DEVELOPMENT  OF  CRITICAL  LIFE  STAGE 

ASSAYS:  TERATOGENIC  EFFECTS  OF  ASH 

BASIN       EFFLUENT      COMPONENTS      ON 

FRESHWATER    FISH,    GAMBUSIA    AFFINIS 

ANDDAPHNIA. 

Voorhees  Coll.,  Denmark,  SC. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07463 


STEEL  CREEK  WATER  QUALLTY:  L  LAKE/ 
STEEL  CREEK  BIOLOGICAL  MONITORING 
PROGRAM,  NOVEMBER  1985-DECEMBER 
1987. 

Environmental     and     Chemical     Sciences,     Inc., 

Aiken,  SC. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07470 

KANSAS   CLEAN   LAKES   PROGRAM,   LAKE 
OLATHE,  CTTY  OF  OLATHE,  KANSAS. 
Kansas  Dept.  of  Health  and  Environment,  Topeka. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-07492 


CAPITAL  LAKE  FINAL  REPORT. 

South  Dakota  Dept.  of  Water  and  Natural  Re- 
sources, Pierre. 

For   primary  bibliographic   entry   see   Field   4D. 
W90-07493 


SURVEY  AND  CLASSD7ICATION  OF  DELA- 
WARE'S PUBLIC  LAKES. 

Delaware  State  Dept.  of  Natural  Resources  and 
Environmental  Control,  Dover. 
W.  F.  Ritter. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  V A.  22161,  as  PB89-209944. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
Report  prepared  for  U.S.  Environmental  Protec- 
tion Agency,  Philadelphia,  PA,  March  1981.  459p, 
31  fig,  8  tab,  23  ref,  append.  EPA  Grant  S003150- 


61-1. 

Descriptors:  'Delaware,  *Lake  classification, 
♦Lake  restoration,  *  Lakes,  *  Limnology,  'Water 
quality,  Aquatic  vegetation,  Chlorophyll  a,  Classi- 
fication, Coliforms,  Dissolved  oxygen,  Eutrophic 
lakes,  Eutrophication,  Hydrogen  ion  concentra- 
tion, Nitrogen,  Phosphorus,  Recreation. 

Thirty  public  lakes  in  Delaware  were  sampled  for 
a  year  and  classified  according  to  trophic  condi- 
tions. Samples  were  analyzed  for  orthophosphor- 
ous,  total  phosphorus,  organic  nitrogen,  ammonia, 
nitrate-nitrite  nitrogen,  pH,  acidity,  alkalinity, 
hardness,  chlorophyll  a,  total  coliform,  fecal  coli- 
form  and  dissolved  oxygen.  Temperature  and 
secchi  disc  readings  were  also  taken.  Annual  nitro- 
gen and  phosphorous  budgets  were  estimated  for 
each  lake.  A  priority  classification  for  lake  restora- 
tion was  developed  for  the  30  lakes.  The  factors 
involved  in  the  priority  ratings  were:  (1)  aquatic 
vegetation  problems  in  the  lake;  (2)  recreational 
potential  of  the  lake;  (3)  interest  displayed  by  the 
surrounding  population  in  the  condition  of  the  lake 
and  the  potential  of  available  money  for  the  resto- 
ration of  the  lake;  and  (4)  eutrophication  status  of 
the  lake.  A  five  parameter  eutrophication  index 
involving  total  phosphorus,  total  nitrogen,  chloro- 
phyll a,  secchi  disc  and  dissolved  oxygen  deficit 
was  also  developed  for  the  lakes.  Most  of  the  lakes 
were  phosphorus  limited  and  highly  eutrophic. 
The  five  parameter  eutrophication  index  did  not 
describe  the  trophic  status  of  all  30  lakes.  The 
Vollenweider  model  and  the  three  Carlson  trophic 
indexes  were  not  satisfactory  for  describing  eutro- 
phic conditions  in  Delaware  lakes.  Lake  Como 
received  the  top  priority  rating  for  lake  restoration 
followed  by  the  Milford  Chain  of  Lakes  and  Lums 
Pond.  (Author's  abstract) 
W90-07495 


21.  Water  In  Plants 

BIOGEOCHEMICAL  CYCLES  IN  FORESTS  OF 
THE  SIERRA  DE  BEJAR  (SALAMANCA, 
SPAIN):  RETURN  OF  BIOELEMENTS  IN 
RAINFALL. 

Instituto  de  Microbiologia  Bioquimica,  Salamanca 

(Spain). 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06861 

RAINFALL  INTERCEPTION  BY  BRACKEN 
LITTER:  RELATIONSHIP  BETWEEN  BIO- 
MASS,  STORAGE,  AND  DRAINAGE  RATE. 

King's  Coll.,  London  (England).  Dept.  of  Geogra- 
phy. 

J.  I.  Pitman. 

Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 
p  281-291,  November  1989.  3  fig,   1  tab,  33  ref. 

Descriptors:  *Ferns,  'Interception,  'Litter,  'Rain- 
fall, Artificial  precipitation,  Biomass,  Bracken, 
Evaporation,  Mathematical  analysis,  Simulation, 
Water  loss. 

A  rainfall  simulator  was  used  to  investigate  the 
relationship  between  canopy  storage  (C)  and  drain- 
age rate  (Ds)  of  bracken  (Pteridium  aquilinum) 
litter.  Measured  maximum  storage,  Cmax,  for  the 
litter  was  4.84  mm/kg  per  sq  m  and  litter  storage 
capacity,  Cmin,  was  1.67  mm/kg  per  sq  m.  Ds  was 
found  to  be  related  to  C  by  an  exponential  func- 
tion: Ds  =  e  to  K(C-Cmin)  power- 1.  Optimization 
of  the  function  for  K  accounted  for  96%  of  the 
variation  between  Ds  and  C.  Comparison  of  the 
values  K  and  Cmin  with  those  reported  previously 
showed  that  K  was  a  simple  function  of  Cmin  for 
both  bracken  litter  and  bracken  fronds  (R  square 
=  0.991).  Because  K  is  predictable  from  values  of 
Cmin  determined  from  the  leaf  area  index  or  bio- 
mass (kg/sq  m)  the  equation  for  Ds  has  wide 
applicability  to  both  bracken  litter  and  bracken 
frond  drainage  rates.  Litter  storage  capacity  also  is 
important  because  at  rainfalls  of  <  0.5  mm  are 
wholly  intercepted  by  the  upper  layers  of  the 
fronds  during  the  growing  season.  (Author's  ab- 
stract) 
W90-06899 


STUDY   OF   SOIL   WATER   CHANGES   IN   A 
PEANUT  FIELD  (IN  CHINESE). 

National  Taiwan  Univ.,  Taipei.  Dept.  of  Agricul- 
tural Engineering. 

For  primary  bibliographic   entry   see   Field   2G. 
W90-06905 


GENETIC  VARIANCES  FOR  FORAGE  YIELD 
IN  CRESTED  WHEATGRASS  AT  SIX  LEVELS 
OF  IRRIGATION. 

Agricultural     Research     Service,     Logan,     UT. 

Forage  and  Range  Research  Lab. 

For  primary  bibliographic  entry  see  Field  3F. 

W90-07404 


LEAF  WATER  CONTENT  AND  GAS-EX- 
CHANGE PARAMETERS  OF  TWO  WHEAT 
GENOTYPES  DIFFERING  IN  DROUGHT  RE- 
SISTANCE. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Botany  and 
Plant  Pathology. 

S.  W.  Ritchie,  H.  T.  Nguyen,  and  A.  S.  Holaday. 
Crop  Science  CRPSAY,  Vol.  30,  No.  1,  p  105-111, 
January /February  1990.  7  fig,  16  ref. 

Descriptors:  'Drought  resistance,  'Genetics, 
•Grain  crops,  'Wheat,  Leaf  water  content,  Photo- 
synthesis, Stress. 

It  is  still  unclear  what  parameter(s),  other  than 
grain  yield,  might  be  a  suitable  indicator  in  a  wheat 
(Triticum  aestivum)  breeding  program  for  drought 
resistance.  In  this  study,  the  leaf  relative  water 
content  (RWC)  and  gas-exchange  parameters  were 
compared  between  a  drought-resistant  winter 
wheat  genotype  (cultivar  TAM  W-101)  and  a 
drought-susceptible  genotype  (cultivar  Sturdy)  to 
determine  if  these  physiological  parameters  con- 
tribute to  drought  resistance  in  TAM  W-101. 
Plants  were  grown  under  well-watered  conditions 
in  growth  chambers  until  drought  stress  was  im- 
posed by  limited  watering  of  plants  at  anthesis  or 
during  vegetative  growth.  In  both  growth  stages, 
TAM  W-101  maintained  a  higher  RWC  and  appar- 
ent photosynthesis  (A)  than  Sturdy  under  moder- 
ate to  severe  drought  stress.  TAM  W-101  plants 
also  maintained  a  higher  photosynthetic  capacity 
(higher  A  at  a  given  intercellular  carbon  dioxide 
concentration)  under  stress  than  did  Sturdy  in  both 
growth  stages.  Photosynthetic  water  use  efficiency 
(pWUE  =  A/stomatal  conductance)  generally  in- 
creased with  stress  severity  until  very  severe  stress 
levels  were  attained.  Thus,  genotypic  pWUE  com- 
parisons using  stressed  plants  should  be  evaluated 
on  a  water-status  basis  (e.g.  RWC)  to  avoid  the 
confounding  effect  of  stress  severity  on  pWUE. 
TAM  W-101  tended  to  have  higher  pWUE  (RWC 
basis)  than  Sturdy  under  moderate  to  severe  stress 
conditions,  but  not  under  well-watered  conditions. 
High  leaf  RWC,  A,  and  photosynthetic  capacity 
are  traits  that  may  contribute  to  drought  resistance 
in  TAM  W-101.  (Author's  abstract) 
W90-07405 


FIELD  DROUGHT  TOLERANCE  OF  A  SOY- 
BEAN PLANT  INTRODUCTION. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 
Crop  Science. 

R.  J.  Sloane,  R.  P.  Patterson,  and  T.  E.  Carter. 
Crop  Science  CRPSAY,  Vol.  30,  No.  1,  p  118-123, 
January /February  1990.  4  fig,  2  tab,  29  ref. 

Descriptors:  'Crops,  'Drought  resistance,  'Genet- 
ics, 'Soybeans,  Comparison  studies,  Genotypes, 
Leaf  water,  Soil  types,  Solute  accumulation. 

Rainfall  is  seldom  sufficient  to  meet  the  evapora- 
tive and  transpirational  demands  of  a  soybean  crop 
(Glycine  max)  in  the  southeastern  USA.  Develop- 
ment of  new  drought-tolerant  cultivars  would  thus 
seem  an  effective  way  in  which  to  address  the 
problem  of  moisture  stress.  Unfortunately,  few 
drought-tolerance  genotypes  have  been  identified 
for  use  as  breeding  stock.  The  objective  of  this 
study  was  to  compare  the  relative  drought  toler- 
ance of  plant  introduction  PI  416937,  a  visually 
slow-wilting  accession,  with  that  of  'Forrest',  a 
popular  cultivar  of  similar  maturity.  Leaf  water 
potential,  leaf  water  potential  solute  potential  SP, 
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and  relative  water  content  (RWC)  of  these  geno- 
types were  measured  under  two  levels  of  soil 
water  adjustment  (well-watered  and  water-stress  at 
early  pod-fill)  during  2  yr  in  the  field  (on  a  Varina 
loamy  sand,  a  clayey,  kaolinitic,  thermic  Plinthic 
Paleudult).  Although  water  stress  reduced  leaf 
water  potential  equally  for  both  genotypes,  PI 
416937  maintained  lower  levels  of  SP  and  higher 
levels  of  pressure  potential  and  RWC  than  Forrest. 
A  comparison  of  the  relationship  between  RWC 
and  SP  for  the  two  genotypes  indicated  that  the  PI 
may  accumulate  more  solutes  in  leaf  tissue  under 
stress  than  Forrest.  That  is,  at  a  normalized  leaf 
pressure  potential  of  zero,  the  SP  of  the  PI  was 
estimated  to  be  0.3  MPa  lower  than  that  of  Forrest. 
Seed  yields  of  Forrest  and  the  unadapted  PI  were 
comparable  under  stress.  However,  stress  reduced 
the  yield  of  Forrest  by  more  than  half  while  reduc- 
ing yield  of  the  PI  by  only  a  third.  The  superior 
turgor  maintenance  and  competitive  yielding  abili- 
ty of  the  unadapted  PI  under  stress  indicated  that 
the  PI  may  be  an  important  source  of  drought 
tolerance  for  breeding  programs.  (Author's  ab- 
stract) 
W90-07406 


PHOSPHORUS  ENHANCEMENT  OF  SALT 
TOLERANCE  OF  TOMATO. 

New  South  Wales  Dept.  of  Agriculture,  Rydal- 
mere  (Australia).  Biological  and  Chemical  Re- 
search Inst. 

For  primary  bibliographic  entry  see  Field  3C. 
W9O-074O7 


WATER-USE  EFFICIENCY  AND  YIELD  OF 
SAINFOIN  AND  ALFALFA. 

Texas  Tech  Univ.,  Lubbock.  Dept.  of  Agronomy, 

Horticulture,  and  Entomology. 

T.  P.  Bolger,  and  A.  G.  Matches. 

Crop  Science  CRPSAY,  Vol.  30,  No.  1,  p  143-148, 

January /February  1990.  6  fig,  3  tab,  24  ref. 

Descriptors:  'Alfalfa,  'Arid  lands,  'Forages,  'Irri- 
gation requirements,  'Sainfoin,  'Semiarid  lands, 
Dormancy,  Evaporation,  Leaf  area  index,  Seasonal 
variation,  Water  use  efficiency,  Yield. 

Water  is  often  the  primary  limiting  resource  for 
forage  production  in  semiarid  and  arid  regions. 
The  objective  of  the  study  was  to  determine  yield 
and  water-use  efficiency  (WUE)  of  sainfoin  (Ono- 
brychis  viciifolia)  and  alfalfa  (Medicago  sativa)  as 
related  to  evapotranspiration  (ET).  Species  were 
grown  in  rows  under  an  irrigation  gradient.  Total 
seasonal  yields  were  a  linear  function  of  ET  for 
both  species.  Maximum  sainfoin  yields  were  85% 
of  alfalfa  (20.7  Mg/ha).  Sainfoin  produced  58  to 
63%  of  its  total  yield  in  the  first  two  harvests  as 
compared  to  41  to  46%  for  alfalfa.  When  soil 
water  was  adequate  for  spring  growth,  sainfoin 
was  ready  to  harvest  2  wk  earlier  than  alfalfa. 
Total  ET  of  both  species  was  similar.  Season-long 
WUE  of  alfalfa  (18.3  kg/ha/mm)  was  greater  than 
sainfoin  (10.7  kg/ha/mm)  in  1986  due  to  a  lack  of 
water  in  spring  when  sainfoin  yield  potential  and 
WUE  is  highest.  In  1987,  seasonal  WUE  of  sain- 
foin and  alfalfa  was  similar  (18.2  vs  16.7  kg/ha/ 
mm),  but  alfalfa  had  a  smaller  evaporation  (E) 
component  giving  it  greater  overall  WUE  and 
yield.  Sainfoin  WUE  remained  high  throughout 
the  spring  and  summer.  Both  species  had  low 
WUE  in  the  fall  due  to  dormancy  responses.  Dif- 
ferences in  leaf  area  index  account  for  differences 
in  E  between  sainfoin  and  alfalfa.  Sudden  death  of 
sainfoin  plants  in  summer  was  observed  under  low 
irrigation;  therefore,  moderate  levels  of  summer 
irrigation  may  be  necessary  to  prevent  stand  loss. 
In  dryland  areas,  sainfoin's  greatest  utility  is  for 
early  season  irrigated  pasture  or  hay.  (Author's 
abstract) 
W90-07408 


23.  Erosion  and  Sedimentation 


MEASUREMENT  OF  BACTERIAL  SULFATE 
REDUCTION  IN  SEDIMENTS:  EVALUATION 
OF  A  SINGLE-STEP  CHROMIUM  REDUC- 
TION METHOD. 

Aarhus  Univ.   (Denmark).   Inst,   of  Ecology  and 


Genetics. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06555 


SEMIQUANTITATIVE  X-RAY  DIFFRACTION 
METHOD  TO  DETERMINE  MINERAL  COM- 
POSITION IN  STREAM  SEDIMENTS  WITH 
SIMILAR  MINERALOGY. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-06625 


CONVERSION  OF  THE  DIGITAL  LAND  IN- 
FORMATION FILES  FOR  THE  PURPOSE  OF 
DRAWING  RIVER  BED  PROFILES. 

Tokyo  Univ.  (Japan). 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06661 


PLUTONIUM,  LEAD-210,  AND  CARBON  ISO- 
TOPES IN  THE  SAVANNAH  ESTUARY:  RI- 
VERBORNE  VERSUS  MARINE  SOURCES. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

C.  R.  Olsen,  M.  Thein,  I.  L.  Larsen,  P.  D.  Lowry, 
and  P.  J.  Mulholland. 

Environmental  Science  and  Technology 
ESTHAG,  Vol  23,  No.  12,  p  1475-1481,  December 
1989.  3  fig,  3  tab,  38  ref. 

Descriptors:  'Estuaries,  'Isotopic  tracers,  'Pluto- 
nium, 'Savannah  River  Plant,  'Sediment  transport, 
•Tracers,  'Water  pollution  sources,  Carbon, 
Coastal  waters,  Dissolved  solids,  Lead,  Marine 
sediments,  Ocean  dumping,  Rivers,  Sea  level,  Sus- 
pended solids. 

Plutonium-238  from  the  Savannah  River  Plant 
labels  riverborne  particles,  providing  a  unique  op- 
portunity for  tracing  river-ocean  exchange  proc- 
esses. Results  indicate  that  plutonium  and  lead-210 
are  enriched  on  estuarine  particles  and  that  inputs 
of  plutonium  from  oceanic  sources  greatly  exceed 
inputs  from  riverborne  or  drainage-basin  sources  as 
far  upstream  as  30  kilometers  in  the  Savannah 
River  estuary.  This  is  near  the  landward  limit  of 
seawater  penetration.  Sediment  resuspension  in  dy- 
namic coastal  areas,  sorption  onto  fine  particles, 
and  landward  transport  mechanisms  for  removing 
dissolved  plutonium  and  lead-210  from  oceanic 
water  and  for  concentrating  these  two  radionu- 
clides in  estuarine  areas.  Since  estuaries,  bays,  and 
intertidal  areas  serve  as  effective  traps  for  fine 
particles  and  associated  substances,  this  landward 
transport  from  the  ocean  has  important  implica- 
tions concerning  the  disposal  of  chemically  reac- 
tive substances  in  oceanic  waters  off  coastlines 
affected  by  a  rising  sea  level.  (Author's  abstract) 
W90-06663 


NEW    TRIGGER    MECHANISM    FOR    SEDI- 
MENT SAMPLERS. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Geog- 
raphy. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-06670 


DISTRIBUTION  OF  PCB  CONGENERS  IN 
SEDIMENTS  OF  THE  OTONABEE  RIVER- 
RICE  LAKE  SYSTEM,  PETERBOROUGH, 
CANADA. 

Trent  Univ.,  Peterborough  (Ontario).  Environmen- 
tal and  Resource  Studies  Program. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06758 


ANALYSIS  OF  THE  RELATIONSHIP  FOR  DE- 
TERMINING THE  BED  LOAD  IN  SAND 
CHANNELS. 

V.  A.  Bazilevich,  and  V.  V.  Kozitskii. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  5,  p  288-292,   1990.  3  fig,   14  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  pp. 
47-50,  May,  1989. 

Descriptors:  'Bed  load,  'Channel  morphology, 
•Hydraulic   geometry,    'Sand    waves,    'Sediment 


transport,  Flow  velocity,  Mathematical  equations, 
Particle  size. 

The  formula  established  at  the  State  Hydrological 
Institute  of  the  USSR  (GGI)  in  which  the  bed  load 
acts  as  function  of  the  height  of  sand  waves  in  the 
absence  of  a  relation  between  this  height  and  the 
sediment  particle  size,  has  recently  gained  wide  use 
for  determining  the  bed  load.  At  the  same  time, 
many  formulas  are  known  in  which  the  bed  load  is 
a  function  of  the  size  of  the  sediment  being  trans- 
ported. In  connection  with  this,  the  GGI  relation- 
ship was  analyzed  and  compared  with  other  for- 
mulas, and  its  area  of  use  was  determined.  The 
GGI  formula  makes  it  possible  to  calculate  the  bed 
load  based  on  only  two  parameters  of  the  water: 
mean  velocity  and  depth  of  the  flow.  The  results  of 
the  analysis  showed  that,  in  flatland  rivers  with  a 
sand  channel  and  with  the  friction  velocity  of  the 
flow  >  or  =  the  noneroding  friction  velocity  of 
the  sediment,  in  which  movement  of  the  bed  load 
is  realized  mainly  in  the  form  of  steep  waves  and 
ripples,  the  GGI  relationship,  in  which  unit 
volume  bed  load  is  represented  as  a  function  of  the 
height  of  the  bed  forms  (sand  waves),  should  be 
used.  This  relationship  gives  results  substantially 
different  from  those  calculated  by  relationships  in 
which  unit  volume  bed  load  is  expressed  as  a 
function  of  the  size  of  the  sediment  particles  and 
valid  for  conditions  not  characteristic  of  sand 
channels  of  flatland  rivers.  When  the  threshold 
velocity  <  or  =  the  friction  velocity  of  the  flow 
<  noneroding  friction  velocity  of  the  sediment, 
when  there  is  still  no  mass  traction  of  all  fractions 
of  the  channel  deposits,  the  Einstein  and  Paintal 
relationships  are  better  substantiated  for  all  chan- 
nels. However,  for  practical  calculations  for  sand 
channels  of  flatland  rivers  it  can  be  assumed  that 
unit  volume  bed  load  =  0  when  the  friction  veloci- 
ty of  the  flow  is  less  than  the  noneroding  friction 
velocity  of  the  sediment.  (Rochester-PTT) 
W90-06869 


EFFECT  OF  A  FREE  SURFACE  ON  THE  FOR- 
MATION OF  A  WAVE  BED  OF  A  CHANNEL 
FLOW. 

A.  N.  Lyapin,  and  M.  B.  Polyanskaya. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  5,  p  293-297,  1990.  3  fig,  1  tab,  16  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  5, 
pp.  50-52,  May,  1989. 

Descriptors:  'Channel  morphology,  'Hydrodyna- 
mics, 'Open-channel  flow,  'Sand  waves,  'Sedi- 
ment transport,  Bed  forms,  Flow  velocity,  Free 
surfaces,  Mathematical  equations,  Turbulent  flow. 

Analysis  of  the  interaction  of  a  fluid  flow  with  a 
boundary,  including  a  mobile  sand  layer,  presently 
is  based  on  consideration  of  the  unsteady  turbulent 
fluctuations  of  the  velocity  and  pressure  fields  de- 
veloping within  the  flow.  The  simultaneous  effect 
on  the  flow  of  gravitational  forces  and  low-fre- 
quency turbulent  disturbances,  which  are  periodi- 
cally recurring  processes,  can  be  represented  sche- 
matically by  two  wavy  lines,  one  near  the  bottom 
in  the  form  of  the  envelope  of  the  sand  wave  and 
the  second  near  the  free  surface  with  various 
lengths,  frequencies,  and  amplitudes  of  the  free 
surface  and  the  bottom.  The  variations  of  the  am- 
plitude of  the  free  surface  can  be  very  small, 
almost  unnoticeable  under  laboratory  and  on-site 
conditions,  but  can  have  a  great  effect  on  the 
velocity  structure  of  the  flow.  The  changes  in  the 
bottom  streamline,  which  to  a  considerable  extent 
determines  the  change  in  a  bottom  riffled  by  sand 
waves,  can  be  completely  perceptible.  A  clear-cut 
dependence  of  the  Froude  number  is  noted  with 
respect  to  them:  as  it  increases,  the  heights  of  the 
sand  waves  under  laboratory  conditions  (sand  di- 
ameter >  1  mm)  greatly  increase,  for  example  to 
360%  for  a  ratio  of  frequencies  =  0.85,  compared 
with  the  original  heights  for  a  ratio  of  frequencies 
=  0.3-0.4.  According  to  the  present  experimental 
data,  the  lengths  between  wave  crests  (wave- 
length) completely  satisfactorily  follow  the  Froude 
numbers,  increasing  as  the  Froude  number  de- 
creases. Theoretically,  such  a  relation  follows  from 
the  equality  of  the  frequency  (n)  and  the  frequency 
(f)  for  the  motion  of  gravity  waves  in  shallow 
water.  Thus,  the  effect  of  large  turbulent  structures 
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on  a  channel  bottom  as  presented  here  represents 
an  orderly  combination  of  experimental,  physical, 
and  mathematical  approaches  to  the  interaction  of 
flow  and  channel.  It  is  emphasized  that  account 
must  be  taken  not  only  of  the  control  frequency  of 
the  kinematic  part  of  the  flow,  but  of  the  second 
frequency  related  to  the  wave  characteristic  of  the 
free  surface  occurring  within  morphological  struc- 
tures. (Rochester-PTT) 
W9O-O6870 


SEDIMENT  CONCENTRATION  VERSUS 
WATER  DISCHARGE  DURING  SINGLE  HY- 
DROLOGIC  EVENTS  IN  RIVERS. 

Geological  Survey,  Denver,  CO. 

G.  P.  Williams. 

Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 

p  89-106,  November   1989.  7  fig,   1   tab,   16  ref. 

Descriptors:  'Floods,  'Graphical  analysis,  'Hy- 
drology, 'Sediment  discharge,  'Sediment  trans- 
port, 'Stream  discharge,  Flood  hydrographs,  Geo- 
morphology,  Mathematical  studies,  Rainfall,  Tem- 
poral distribution,  Traveltime. 

Relations  between  sediment  concentration  (C)  and 
water  discharge  (Q)  for  a  hydrologic  event  such  a 
flood  are  studied  quantitatively  by  analyzing 
'smoothed'  temporal  graphs  (discharge  and  con- 
centration vs.  time)  in  terms  of  mode,  spread,  and 
skewness.  Comparing  C/Q  ratios  at  a  given  dis- 
charge on  the  rising  and  falling  limbs  of  the  dis- 
charge hydrograph  provides  a  consistent,  reliable 
method  for  categorizing  C-Q  relations.  Five 
common  classes  of  such  relations  are  single-valued 
(straight  or  curved),  clockwise  loop,  counterclock- 
wise loop,  single-valued  plus  a  loop,  and  figure 
eight.  Temporal-graph  mode  and  skewness  influ- 
ence the  type  of  relation,  whereas  temporal-graph 
spread  affects  the  details  of  the  particular  C-Q 
relation  (its  graphical  breadth,  shape,  orientation, 
and  plotted  location).  Field  examples  of  the  vari- 
ous types  of  relations  were  analyzed.  Features 
brought  out  in  this  study,  which  heretofore  have 
received  little  or  no  attention,  include:  (1)  the 
upward-bending  and  downward-bending  C-Q 
curves  (single-valued  lines);  (2)  the  clockwise-loop 
C-Q  relation  when  sediment  and  water  peak  simul- 
taneously; (3)  the  counterclockwise  loop  when 
sediment  and  water  peak  simultaneously;  (4)  the 
single-line-plus-loop  relation;  (5)  the  figure-eight 
relation;  (6)  the  overall  classification  of  C-Q  rela- 
tions; and  the  graphical  explanations  for  each  rela- 
tion (C/Q  ratios).  C-Q  relations  are  influenced  by 
precipitation  intensity  and  areal  distribution,  runoff 
amount  and  rate,  floodwater  travel  rates  and  travel 
distances,  spatial  and  temporal  storage-mobiliza- 
tion-depletion processes  of  available  sediment,  and 
sediment  travel  rates  and  distances.  The  potential 
mix  and  interrelations  of  these  and  other  variables 
present  a  formidable  challenge  to  predicting  the 
type  and  magnitude  of  C-Q  relation  for  a  particular 
site  and  occasion.  (Rochester-PTT) 
W90-06888 


INDUCED  CHANNEL  ENLARGEMENT  IN 
SMALL  URBAN  CATCHMENTS,  ARMTOALE, 
NEW  SOUTH  WALES. 

Chinese  Univ.  of  Hong  Kong,  Shatin.  Dept.  of 

Geography. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-06959 


COMMON  ANALYTICAL  ERRORS  IN  THE 
RADIODATING  OF  RECENT  SEDIMENTS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
S.  R.  Joshi. 

Environmental  Geology  and  Water  Sciences 
EGWSEI,  Vol.  14,  No.  3,  p  203-207,  November/ 
December  1989.  2  fig,  2  tab,  8  ref. 

Descriptors:  'Error  analysis,  'Radiochemical  anal- 
ysis, 'Sediment  analysis,  'Sedimentation  rates, 
Cesium  radioisotopes,  Isotope  studies,  Lead  radioi- 
sotopes, Mathematical  models,  Polonium  radioiso- 
topes. 

Four  possible  sources  of  analytical  error  in  the 
measurement  of  unsupported  210Pb  and/or  nuclear 


fallout  radionuclide  (such  as  137Cs)  profiles  in 
sediment  cores  are  (1)  Freezing  the  entire  sediment 
core  prior  to  precise  sectioning;  (2)  Sectioning  the 
sediment  core  at  room  temperature  or  lower  (4  C 
usually)  by  pushing  it  outward  using  an  extruder 
(though  both  of  these  methods  can  distort  the 
profile  of  a  radionuclide  such  as  137Cs  due  to 
shearing  effect  of  the  sampler  and/or  cover);  (3) 
Determining  210Pb  via  its  5.01-day  halflife  beta 
emitting  (E  max=1.17  MeV)  daughter  210Bi;  (4) 
Determining  210Pb  via  the  138-day  alpha-emitting 
(5.3  MeV)  granddaughter  210Po.  Simple  procedur- 
al modifications  can  substantially  improve  the  qual- 
ity of  analytical  data  that  are  subsequently  used  to 
develop  intricate  mathematical  models  to  aid  the 
interpretation  of  observed  radionuclide  profiles. 
These  modifications  include  (1)  Always  store  sub- 
samples  for  sufficiently  long  periods  of  time  to 
ensure  equilibrium  between  210Po  and  unsupport- 
ed 210Pb;  (2)  Always  use  208Po  as  yield  monitor 
and  assay  autoplated  sources  on  an  alpha-particle 
counter  since  the  alpha  particle  energies  of  208Po 
(5.11  MeV)  and  210Po  (5.303  MeV)  are  separable 
only  on  a  spectrometer  using  a  detector  such  as  the 
commonly-available  silicon  surface-barrier  detec- 
tor; (3)  Never  use  any  glassware  for  radiochemical 
work  involved  polonium  since  several  polonium 
compounds  are  known  to  absorb  onto  glass  sur- 
faces. Quartz  is  perhaps  the  best  choice  though 
Teflon  or  similar  materials  are  also  suitable  for 
most  situations.  Avoid  heating  above  120  C  during 
HC1  leaching  and  above  90  C  during  plating  since 
PoC14  is  highly  volatile.  (Chonka-PTT) 
W90-06964 


ADSORPTION  CAPACITY  OF  PHOSPHORUS 
IN  BALTIC  SEA  SEDIMENTS. 

Stockholm  Univ.  (Sweden).  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2K. 
W9O-O7003 


SEDIMENT  STABHJZATION  BY  HALO- 
PHILA  DECIPD2NS  IN  COMPARISON  TO 
OTHER  SEAGRASSES. 

National  Marine  Fisheries  Service,  Beaufort,  NC. 

Beaufort  Lab. 

M.  S.  Fonseca. 

Estuarine,   Coastal  and   Shelf  Science  ECSSD3, 

Vol.  29,  No.  5,  p  501-507,  November  1989.  1  fig,  1 

tab,  17  ref. 

Descriptors:  'Bottom  sediments,  'Erosion  control, 
•Estuarine  sediments,  'Sea  grasses,  'Sediment  con- 
trol, 'Sediment-water  interfaces,  Aquatic  environ- 
ment, Biomass,  Ecosystems,  Flumes,  Plant  mor- 
phology, Sediment  distribution,  Sediment  trans- 
port. 

While  seagrasses  are  known  for  their  sediment 
stabilization  qualities,  some  genera,  such  as  the 
diminutive  Halophila,  are  not.  An  underwater 
flume  was  used  to  evaluate  the  threshold  of  sedi- 
ment motion  in  a  20  m  deep  Halophila  decipiens 
bed.  Results  were  compared  to  unvegetated  sand 
and  seagrasses  elsewhere.  Despite  having  substan- 
tially smaller  leaves  and  leaf  biomass  than  other 
seagrass  species,  H.  decipiens  increases  the  thresh- 
old velocity  for  sediment  motion  significantly  as 
compared  to  sand,  and  was  similar  to  threshold 
velocity  effects  by  larger  seagrasses.  Allocation  of 
leaf  biomass  and  rhizomes  closer  to  the  sediment- 
water  interface  than  observed  for  other  seagrasses 
was  hypothesized  as  the  primary  physical  basis  for 
the  sediment  stabilization  effects  provided  by  this 
species.  (Author's  abstract) 
W90-07007 


PORE  WATER  CHEMISTRY  OF  RARE  EARTH 
ELEMENTS  IN  BUZZARDS  BAY  SEDIMENTS. 

Woods  Hole  Oceanographic  Institution,  MA. 

E.  R.  Sholkovitz,  D.  J.  Piepgras,  and  S.  B. 

Jacobsen. 

Geochimica  et  Cosmochimica  Acta  GCACAK, 

Vol,  53,  No.  11,  p  2847-2856,  November  1989.  5 

fig,  5  tab,  33  ref.  NSF  Grants  OCE-85-1 13910  and 

OCE-85- 16094. 

Descriptors:  'Buzzards  Bays,  'Geochemistry, 
'Marine  sediments,  'Pore  water,  'Rare  earth  ele- 
ments,   'Sediment    chemistry,    'Trace    elements, 


Bottom    sediments,    Chemical    properties,    Cores, 
Leaching,  Phosphorus. 

A  72  cm  deep  pore  water  profile  of  rare  earth 
elements  (REE)  is  presented  from  Buzzards  Bay, 
Mass.,  sediments.  This  profile  shows  large  enrich- 
ments of  all  REE  in  the  upper  half  followed  by  the 
preferential  removal  of  light  and  middle  REE  in 
the  lower  part  of  the  core.  As  such,  this  study  (1) 
confirms  earlier  observations  from  a  30  cm  profile 
that  REE  undergo  active  diagenesis  in  Buzzards 
Bay  sediments  and  (2)  provides  new  data  to  show 
that  removal  and  fractionation  occur  upon  further 
burial  and  diagenesis.  In  the  upper  half  of  the  core, 
the  diagenetic  input  of  REE  into  pore  waters  is 
accompanied  by  the  preferential  release  of  light 
REE  (LREE)  and  middle  REE  (MREE)  relative 
to  heavy  REE  (HREE).  At  their  maximum  near  40 
cm,  pore  water  concentrations  reach  values  10-20 
times  (30  times  for  Ce)  those  of  bottom  water. 
Between  40  and  70  cm,  the  concentrations  of  La 
through  Gd  decrease  by  50%  while  Er  and  Yb 
decrease  by  only  25%  and  Lu  shows  no  decrease. 
Hence,  both  the  production  and  removal  of  REE 
results  in  significant  fractionation.  Positive  Ce 
anomalies  are  restricted  to  the  upper  9  cm;  at 
greater  depths  the  Ce  profile  tracks  that  of  other 
trivalent  neighbors  (La,  Nd).  A  mild  leach  of  sedi- 
ments with  0.3  M  HC1  showed  that  a  large  fraction 
of  REE  and  P  are  released  (30-40%  and  60%, 
respectively)  to  solution  while  the  percentage  was 
only  4%  for  Al.  While  phosphatic  phases  are  im- 
portant carriers  of  REE  in  marine  sediments,  their 
link  to  diagnesis  and  pore  water  chemistry  remains 
to  be  solved.  (Author's  abstract) 
W90-07008 


ORGANIC  GEOCHEMISTRY  AND  BRINE 
COMPOSITION  IN  GREAT  SALT,  MONO, 
AND  WALKER  LAKES. 

Johns  Hopkins  Univ.,   Baltimore,   MD.   Dept.  of 
Earth  and  Planetary  Sciences. 
J.  L.  Domagalski,  W.  H.  Orem,  and  H.  P.  Eugster. 
Geochimica  et   Cosmochimica   Acta  GCACAK, 
Vol,  53,  No.  11,  p  2857-2872,  November  1989.  10 
fig,  6  tab,  44  ref. 

Descriptors:  'Brines,  'Geochemistry,  'Lake  sedi- 
ments, 'Oil  shale,  'Saline  lakes,  'Sediment  chemis- 
try, 'Sedimentology,  Algae,  Anaerobic  processes, 
Aquatic  environment,  Biomass,  Bottom  sediments, 
Decomposing  organic  matter,  Detritus,  Diagenesis, 
Ecosystems,  Great  Salt  Lake,  Mono  Lake,  Organic 
carbon,  Organic  matter,  Trace  elements,  Walker 
Lake. 

Samples  of  recent  sediments,  representing  up  to 
1000  years  of  accumulation,  were  collected  form 
three  closed  basin  lakes  (Mono  Lake,  CA,  Walker 
Lake,  NV,  and  Great  Salt  Lake,  UT)  to  assess  the 
effects  of  brine  composition  on  the  accumulation  of 
total  organic  carbon,  the  concentration  of  dis- 
solved organic  carbon,  humic  acid  structure  and 
diagenesis,  and  trace  metal  complexation.  The 
Great  Salt  Lake  water  column  is  a  stratified  Na- 
Mg-Cl-S04  brine  with  low  alkalinity.  Algal  debris 
is  entrained  in  the  high  density  (1.132-1.190  g/cc) 
bottom  brines,  and  in  this  region  maximum  organic 
matter  decomposition  occurs  by  anaerobic  process- 
es, with  sulfate  ion  as  the  terminal  electron  accep- 
tor. Organic  matter,  below  5  cm  of  the  sediment- 
water  interface,  degrades  at  a  very  slow  rate  in 
spite  of  very  high  pore-fluid  sulfate  levels.  The 
organic  carbon  concentration  stabilizes  at  1.1  wt%. 
Mono  Lake  is  an  alkaline  (Na-C03-Cl-S04) 
system.  The  water  column  is  stratified,  but  the 
bottom  brines  are  of  lower  density  relative  to  the 
Great  Salt  Lake,  and  sedimentation  of  algal  debris 
is  rapid.  Depletion  of  pore-fluid  sulfate,  near  1  m  of 
core,  results  in  a  much  higher  accumulation  of 
organic  carbon,  approximately  6  wt%.  Walker 
Lake  is  also  an  alkaline  system.  The  water  column 
is  not  stratified,  and  decomposition  of  organic 
maUer  occurs  by  aerobic  processes  at  the  sedi- 
ment-water interface  and  by  anaerobic  processes 
below.  Total  organic  carbon  and  dissolved  organic 
carbon  concentrations  in  Walker  Lake  sediments 
vary  with  location  and  depth  due  to  changes  in 
input  and  pore-fluid  concentrations.  Nuclear  mag- 
netic resonance  studies  (13C)  of  humic  substances 
and  dissolved  organic  carbon  provide  information 
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on  the  source  of  the  Recent  sedimentary  organic 
carbon  (aquatic  vs.  terrestrial),  its  relative  state  of 
decomposition,  and  its  chemical  structure.  The 
spectra  suggest  an  algal  origin  with  little  terrestrial 
signature  at  all  three  lakes.  The  dissolved  organic 
carbon  of  the  Mono  Lake  pore  fluids  is  structurally 
related  to  humic  acid  and  is  also  related  to  carbo- 
hydrate metabolism.  (Author's  abstract) 
W90-07009 


HYDRAULIC  RESISTANCES  OF  DEFORMA- 
BLE  CHANNELS  AND  THEIR  STABILITY 
CRITERIA. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-07048 


VELOCITY  OF  PARTICLES  FALLING  IN  VER- 
TICALLY OSCILLATING  FLOW. 

Delaware  Univ.,  Lewes.  Air-Sea  Interaction  Lab. 
P.  A.  Hwang. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  116,  No.  1,  p  23-35,  January  1990. 
4  fig,  1  tab,  9  ref. 

Descriptors:  'Fall  velocity,  'Flow  velocity,  'Fluid 
mechanics,  'Numerical  analysis,  'Sedimentation, 
•Vertical  flow,  Flow  characteristics,  Fourier  anal- 
ysis, Least  squares  method,  Reynolds  number. 

The  instantaneous  velocity  of  particles  driven  by 
an  oscillating  flow  can  be  determined  by  means  of 
Fourier  analysis.  A  simple  numerical  method  based 
on  the  principle  of  least  square  error  is  presented 
to  obtain  the  solutions  of  the  Fourier  coefficients. 
The  computed  zeroeth  harmonic  term,  which  is 
the  effective  fall  velocity  and  is  less  than  the 
terminal  velocity  in  still  fluid,  was  in  good  agree- 
ment with  experimental  observations.  The  reduced 
velocity  is  caused  by  the  nonlinear  modification  of 
the  drag  force  exerted  on  the  particle  by  the  fluid 
because  the  relative  velocity  between  the  particle 
and  the  fluid  is  no  longer  the  constant  terminal 
velocity.  There  are  three  parameters  that  deter- 
mine the  effectiveness  of  fall  velocity  reduction: 
the  terminal  velocity  Reynolds  number,  the  ratio 
of  the  flow  velocity  to  the  terminal  velocity,  and  a 
quantity  characterizing  the  frequency  response  of 
the  particle  to  the  unsteadiness  of  the  flow  motion. 
(Author's  abstract) 
W9O-O7065 


HYPERCONCENTRATED  SAND-WATER  MIX- 
TURE FLOWS  OVER  FLAT  BED. 

Waterloopkundig  Lab.  te  Delft  (Netherlands). 
J.  C.  Winterwerp,  M.  B.  de  Groot,  D.  R. 
Mastbergen,  and  H.  Verwoert. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.  116,  No.  1,  p  36-54,  January  1990. 
1 1  fig,  1  tab,  27  ref. 

Descriptors:  'Erosion,  'Fluid  mechanics,  'Hy- 
draulic properties,  'Sediment  distribution,  'Sedi- 
ment transport,  'Sedimentation,  'Solute  transport, 
•Viscous  flow,  Density  stratification,  Flow  veloci- 
ty, Laminar  flow,  Sand,  Turbulent  flow. 

Field  surveys  and  experiments  in  two  tilting  flumes 
on  hyperconcentrated  sand-water-mixture  (swm) 
flows  were  conducted.  It  is  shown  that  an  equilib- 
rium slope  can  be  defined  at  which  sedimentation 
and  erosion  are  in  balance.  For  laminar  flow  condi- 
tions, this  slope  is  only  dependent  on  the  average 
sand  concentration,  whereas  for  turbulent  condi- 
tions the  flow  rate  per  unit  width  is  the  main 
parameters.  The  sand  concentration  near  the  bed 
measured  about  35%  by  volume  for  most  test 
conditions.  The  vertical  gradient  in  sand  concen- 
tration decreased  with  increasing  mean  sand  con- 
centration, indicating  a  decrease  in  the  damping  of 
turbulence.  The  velocity  distribution  behaved 
fairly  logarithmically,  showing  a  variation  in  slope 
with  varying  sand  concentration.  A  minimum 
value  of  the  effective  von  Karman  constant  was 
found  at  concentrations  of  about  20%.  Finally,  it 
appears  plausible  that  at  high  concentrations,  a 
considerable  growth  of  the  viscous  sublayer 
occurs,  resulting  in  an  increase  in  bed  shear  stress. 
(Author's  abstract) 
W90-07066 


HYDRAULIC    DESIGN    OF    EROD1BLE-BED 
CHANNELS. 

San  Diego  State  Univ.,  CA.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  8B. 
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FAIRWEATHER  VERSUS  FLOOD  SEDIMEN- 
TATION IN  MHLANGA  LAGOON,  NATAL: 
IMPLICATIONS  FOR  ENVIRONMENTAL 
MANAGEMENT. 

National    Inst,    for    Water    Research,    Congella 

(South  Africa).  Natal  Regional  Lab. 

J.  A.  G.  Cooper. 

South  Africa  Journal  of  Geology  SAJGET,  Vol. 

92,  No.  3,  p  279-294,  September  1989.  10  fig,  I  tab, 

50  ref. 

Descriptors:  'Bottom  sediments,  'Brackish  water, 
•Lagoons,  *Mud,  'Sediment  distribution,  'Sedi- 
mentation, Dunes,  Lake  morphology,  Marl,  Sedi- 
ment erosion,  Sedimentology,  South  Africa. 

The  Mhlanga  River  joins  a  small,  brackish-water 
lagoon  separated  from  the  Indian  Ocean  by  a  con- 
tinuous barrier.  The  sedimentary  erosion  of  this 
lagoon  and  its  probable  causes  were  studied.  Sedi- 
ments in  the  present  lagoon  accumulated  during 
and  since  the  Flandrian  Transgression  and  the 
lagoon  probably  had  a  greater  open-water  area 
several  thousand  years  ago.  The  lagoon  has  shown 
little  morphological  change  over  the  past  50  years, 
suggesting  that  a  state  of  dynamic  equilibrium  has 
now  been  reached  between  sediment  accumulation 
when  the  lagoon  is  closed  and  sand  scour  when  its 
mouth  is  open.  Modern  lagoonal  sediments  include 
marine  sand  derived  by  barrier  overwash  and 
catchment-derived  sediment  comprising  mainly 
fine-grained  sand  and  mud.  Erosion  of  surrounding 
sediments,  including  aeolian  dunes,  contributes  a 
minor  portion  of  the  lagoonal  sediment.  Mud  is 
deposited  from  suspension  in  areas  where  wave 
action  is  restricted.  The  lagoonal  sediments  have 
an  average  organic  content  of  about  2%.  Current 
velocities  are  too  low  to  initiate  sediment  motion 
and  consequently  sedimentation  occurs  by  barrier 
overwash,  in  situ  organic  production,  and  hill  wash 
from  surrounding  areas.  Severe  floods  in  Septem- 
ber 1987  provided  the  opportunity  to  study  the 
effect  of  high  discharge  of  sediment  erosion  and 
deposition.  Under  flood  conditions,  a  mouth  is 
formed  through  the  barrier  and  the  river  dis- 
charges in  the  Indian  Ocean.  During  flood  condi- 
tions, estimated  current  velocities  are  capable  of 
transporting  only  fine-grained  sand  and  mud.  An 
ephemeral  delta  is  formed  in  the  ocean  and  sus- 
pended sediment  is  transported  seaward.  The 
mouth  closes  rapidly  due  to  littoral  drift  and  wave 
action  and  the  lagoon  again  fills  with  water.  The 
major  management  concern  in  the  Mhlanga 
Lagoon  is  the  erosion  of  vegetated  dunes  both  at 
the  northern  and  southern  ends  of  the  sandbar.  It  is 
suggested  that,  at  the  northern  end  of  the  lagoon, 
access  to  the  beach  via  the  base  of  the  dune  should 
be  prohibited.  This  will  prevent  dune  erosion  and 
help  maintain  the  near-natural  condition  of  the 
lagoon.  A  boardwalk  could  be  constructed  if 
demand  warranted  such  a  step.  (Author's  abstract) 
W90-07080 


MODELING  COASTAL  LANDSCAPE  DYNAM- 
ICS. 

Maryland  Univ.,  Solomons.  Chesapeake  Biological 

Lab. 

For  primary  bibliographic  entry  see  Field  4C. 
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POLYCHLORINATED  BIPHENYLS  (PCBS)  IN 
SEDIMENTS  IN  HONG  KONG:  A  CONGENER- 
SPECIFIC  APPROACH  TO  THE  STUDY  OF 
COPLANAR  PCBS  IN  AQUATIC  ECOSYS- 
TEMS. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07197 


DISCHARGE  OF  SEDIMENT  IN  CHANNEL- 
IZED ALLUVIAL  STREAMS. 


Geological    Survey,    Nashville,    TN.    Water   Re- 
sources Div. 
A.  Simon. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
6,  p  1 177-1 188,  December  1989.  6  fig,  6  tab,  25  ref. 

Descriptors:  'Alluvial  channels,  'Channeling, 
•Geomorphology,  'Sediment  discharge,  'Sedi- 
ment yield,  'Stream  erosion,  Channel  morphology, 
Mississippi  River,  Streams,  Suspended  sediments, 
Tennessee. 

Approximately  400  million  cubic  feet  of  channel 
sediments  have  been  delivered  to  the  Mississippi 
River  from  the  Obion-Forked  Deer  River  system 
in  the  last  20  years.  The  discharge  of  sediment 
from  these  channelized  networks  in  West  Tennes- 
see varies  systematically  with  the  stage  of  channel 
evolution.  Variations  in  yields  over  time  reflect  the 
shifting  dominance  of  fluvial  and  mass-wasting 
processes  as  the  networks  adjust  to  lower  energy 
conditions.  Maximum  bed-material  discharges 
occur  during  the  initial  phases  of  degradation 
(Stage  III).  In  contrast,  yields  of  suspended-sedi- 
ment peak  during  the  threshold  stage  (Stage  IV: 
large-scale  mass  wasting)  as  sediments  are  deliv- 
ered from  main-channel  banks  and  tributary  beds. 
Suspended-sediment  yields  then  decrease  as  aggra- 
dation (Stage  V)  becomes  the  dominant  trend  in 
the  main  channels,  but  remains  relatively  high 
through  restabilization  (Stage  VI)  because  of  con- 
tinued degradation  and  widening  in  the  tributaries. 
Bed-material  discharges  decrease  from  the  degra- 
dation Stage  (III)  to  Stage  V,  and  decrease  again 
during  restabilization  (Stage  VI)  because  second- 
ary aggradation  increases  gradients  and  incipient 
meandering  serves  to  rework  bed  sediments.  This 
secondary  maximum  in  bed-material  discharge  is 
analogous  to  those  described  previously  as  com- 
plex, or  oscillatory,  response.  The  trends  of  sedi- 
ment production  and  transport  described  from 
these  rejuvenated  networks  are  in  agreement  with 
experimental  and  theoretical  results  of  earlier  in- 
vestigations. (Author's  abstract) 
W90-07207 


ESTIMATION  OF  POTENTIAL  REDUCTIONS 
IN  RECREATIONAL  BENEFITS  DUE  TO 
SEDIMENTATION. 

Salisbury  State  Coll.,  MD.  Perdue  School  of  Busi- 
ness. 

For  primary  bibliographic  entry  see  Field  4C. 
W90-07215 


COMPARISON  OF  EROSION  AND  WATER 
POLLUTION  CONTROL  STRATEGIES  FOR 
AN  AGRICULTURAL  WATERSHED. 

Missouri  Univ.-Columbia.   Dept.   of  Agricultural 

Economics. 

For  primary  bibliographic  entry  see   Field   5G. 
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FREEZE-CORING  TECHNIQUE  APPLDZD  TO 
POLLUTION  BY  FINE  SEDIMENTS  IN 
GRAVEL-BED  RIVERS. 

Loughborough  Univ.  of  Technology  (England). 

Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  5A. 
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ORGANOCHLORINE  COMPOUNDS  AND  PCB 
CONGENERS  IN  CONTAMINATED  SEDI- 
MENTS. 

Commission  of  the  European  Communities,  Ispra 

(Italy).    Radiochemistry   and   Nuclear   Chemistry 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 
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MEASUREMENT  OF  BACTERIAL  SULFATE 
REDUCTION  IN  SEDIMENTS:  EVALUATION 
OF  A  SINGLE-STEP  CHROMIUM  REDUC- 
TION METHOD. 

Aarhus  Univ.  (Denmark).  Inst,  of  Ecology  and 
Genetics. 
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H.  Fossing,  and  B.  B.  Jorgensen. 
Biogeochemistry  BIOGEP,  Vol.  8,  No.  3,  p  205- 
222,  November  1989.  3  fig,  3  tab,  38  ref.  Danish 
Natural  Science  Research  Council  grants  11.5736, 
11.6308,  and  11.6711. 

Descriptors:  *Analytical  techniques,  "Chemical 
analysis,  'Laboratory  methods,  'Radioactivity 
techniques,  'Sediment  chemistry,  'Sulfur,  Chemi- 
cal properties,  Comparison  studies,  Distillation. 

A  procedure  that  includes  the  Total  Reduced  Inor- 
ganic Sulfur  in  a  single  distillation  step  is  used  for 
the  radiotracer  measurement  of  sulfate  reduction  in 
sediments.  The  Total  Reduced  Inorganic  Sulfur 
includes  both  Acid  Volatile  Sulfide  (H2S  -I-  FeS) 
and  the  remaining  Chromium  Reducible  Sulfur 
(SO,  FeS2).  The  single-step  distillation  was  simpler 
and  faster  than  the  consecutive  distillations  of  Acid 
Volatile  Sulfide  and  Chromium  Reducible  Sulfur. 
It  also  resulted  in  higher  (4-50%)  sulfate  reduction 
rates  than  those  obtained  from  the  sum  of  35S  in 
Acid  Volatile  Sulfide  and  Chromium  Reducible 
Sulfur.  The  difference  was  largest  when  the  sedi- 
ment had  been  dried  after  Acid  Volatile  Sulfide, 
but  before  Chromium  Reducible  Sulfur  distillation. 
Relative  to  the  35S-Acid  Reducible  Sulfur  distilla- 
tion alone,  the  35S-Total  Reduced  Inorganic 
Sulfur  single-step  distillation  yielded  8-87%  higher 
reduction  rates.  The  separation  and  recovery  of 
FeS,  SO  and  FeS2  was  studied  under  three  distilla- 
tion conditions:  (1)  cold  acid,  (2)  cold  acid  with  Cr 
(++),  and  (3)  hot  acid  with  Cr(+ +).  The  FeS 
was  recovered  by  cold  acid  alone,  while  pyrite  was 
recovered  by  cold  acid  with  Cr(++).  A  smaller 
SO  fraction,  presumably  of  the  finer  crystal  sizes, 
was  recovered  also  in  the  cold  acid  with  Cr(+  +). 
while  most  of  the  SO  required  hot  acid  with 
Cr(++)  for  reduction  to  H2S.  (Author's  abstract) 
W90-06555 


FACTORS  CONTROLLING  THROUGHFALL 
CHEMISTRY  IN  A  BALSAM  FIR  CANOPY:  A 
MODELING  APPROACH. 

New  York  Botanical  Garden,  Bronx,  NY.  Inst,  of 
Ecosystem  Studies. 

G.  M.  Lovett,  W.  A.  Reiners,  and  R.  K.  Olson. 
Biogeochemistry  BIOGEP,  Vol.  8,  No.  3,  p  239- 
264,  November  1989.  10  fig,  1  tab,  26  ref.  National 
Science  Foundation  grant  BSR-8036228. 

Descriptors:  'Ammonium,  'Chemistry  of  precipi- 
tation, 'Coniferous  forests,  'Forest  hydrology, 
•Model  studies,  'Potassium,  'Throughfall,  'Water 
chemistry,  Hydrologic  models,  Precipitation,  Rain- 
fall, Water  level  fluctuations. 

A  model  of  water  flux  and  throughfall  concentra- 
tions of  K(+)  and  NH4(+)  was  created  for  a 
subalpine  balsam  fir  forest.  The  model  is  based  on  a 
multi-layer  submodel  of  hydrologic  flow.  Cloud 
water  deposition  and  evaporation  are  incorporated 
as  separate  submodels.  Chemical  exchange  is  para- 
meterized with  diffusion  resistances  and  internal 
foliar  concentrations  determined  from  leaching  ex- 
periments on  isolated  canopy  components.  The 
model  was  tested  against  within-storm  throughfall 
measurements  and  found  to  agree  reasonably  well 
in  most  instances.  Some  specific  departures  from 
observed  data  were  noted,  of  which  some  can  be 
explained.  Differences  between  observed  and  mod- 
eled concentrations  of  K(  +  )  early  in  the  storm 
events  suggested  that  pre-storm  conditions  that 
were  not  modeled,  were  important  in  controlling 
the  chemical  exchange.  Responses  of  throughfall 
chemistry  to  changes  in  rain  rate,  rain  concentra- 
tion, and  stand  surface  area  index  were  investigat- 
ed by  simulation  with  the  model.  Increasing  rain 
rates  increased  leaching  of  K(+)  and  uptake  of 
NH4(+).  Increasing  concentrations  of  K(+ )  in 
rain  decreased  slightly  the  amount  of  K(+) 
leached,  but  increasing  concentration  of  NH4(+) 
in  rain  increased  NH4(  +  )  uptake  proportionately. 
Increasing  canopy  surface  area  index  increased  the 
leaching  of  K(+)  and  the  uptake  of  NH4(+),  with 
the  pattern  of  the  increase  dependent  on  rain  rate. 
(Author's  abstract) 
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DYNAMICS  OF  SILICA  IN  A  SHALLOW, 
DIATOM-RICH  SCOTTISH  LOCH:  I.  STREAM 
INPUTS  OF  THE  DISSOLVED  NUTRIENT. 


Institute  of  Terrestrial  Ecology,  Edinburgh  (Scot- 
land). 

For  primary  bibliographic  entry  see  Field  2H. 
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DYNAMICS  OF  SILICA  IN  A  SHALLOW 
DIATOM-RICH  SCOTTISH  LOCH:  II.  THE  IN- 
FLUENCE OF  DIATOMS  ON  AN  ANNUAL 
BUDGET. 

Institute  of  Terrestrial  Ecology,  Edinburgh  (Scot- 
land). . 
For  primary  bibliographic  entry  see  Field  2H. 
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ACID  DEPOSITION,  SUMMER  DROUGHT 
AND  ENHANCED  PRODUCTION  OF  NI- 
TRATE IN  FOREST  SOILS;  RISK  COFACTORS 
RELATTVE  TO  FOREST  DECLINE.  AN  ADDI- 
TIONAL HYPOTHESIS  CONCERNING  THE 
SYNERGISTICAL  EFFECTS:  THE  NITROUS 
ACID  CYCLE. 

Association  pour  la  Prevention  de  la  Pollution 
Atmospherique,  Bordeaux  (France). 
For  primary  bibliographic  entry  see  Field  2B. 
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IN-SITU  EXPERIMENTS  ON  CHANGES  OF 
SOLID  HEAVY  METAL  PHASES  IN  AEROBIC 
AND  ANAEROBIC  GROUNDWATER 

AQUIFERS. 

Technische   Univ.   Hamburg-Harburg  (Germany, 
F.R.).  Arbeitsbereich  Umweltschutztechnik. 
For  primary  bibliographic  entry  see  Field  5B. 
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NITROGEN  BUDGET  IN  THE  EUPHOTIC 
ZONE  OF  LAKE  BIWA  FROM  SPRING  TO 
SUMMER,  1986. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
For  primary  bibliographic  entry  see  Field  2H. 
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COMPOSITION  OF  PHOTOSYNTHETIC 
PRODUCTS  IN  LAKE  BIWA,  JAPAN;  VERTI- 
CAL AND  SEASONAL  CHANGES  AND  THEIR 
RELATION  TO  ENVIRONMENTAL  FACTORS. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
For  primary  bibliographic  entry  see  Field  2H. 
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CONTINENTAL  FLUXES  TO  THE  BAY  OF 
BISCAY:  PROCESSES  AND  BEHAVIOUR. 

Institut  de  Geologie  du  Bassin  d'Aquitaine,  Ta- 

lence  (France). 

J.M.  Jouanneau,  and  C.  Latouche. 

Ocean  and  Shoreline  Management  OSMAE6,  Vol. 

21,  No.  5/6,  p477-485,  1989.  4  fig,  16  ref. 

Descriptors:  'Continental  shelf,  'Estuaries,  'Geo- 
chemistry, 'Sediment  transport,  'Solute  transport, 
Bays,  Dissolved  solids,  Marine  environment,  Par- 
ticulate matter. 

Continental  inputs  of  dissolved  materials  and  par- 
ticulates from  the  Gironde  estuary  to  the  Bay  of 
Biscay  are  the  largest  of  the  French  Atlantic  coast. 
In  order  to  study,  through  a  pluridisciplinary  re- 
search program,  the  ecosystems  of  continental 
shelves,  the  main  characteristics  of  the  Bay  of 
Biscay  are  presented.  The  relationships  between 
continental  fluxes  and  the  shelf  are  summarized. 
The  main  characteristics  of  the  shelf  on  the  French 
part  of  the  Bay  of  Biscay  are  those  of  a  macrotidal 
shelf  subject  to  strong  dynamic  conditions;  the 
large  inputs  of  the  biggest  estuary  of  the  western 
Atlantic  coast,  the  Gironde,  provide  a  good  exam- 
ple for  the  study  of  the  behavior  of  matter  and 
energy  fluxes  to  the  shelves  and  later  to  the  ocean. 
More  research  is  needed  on  the  identification, 
extent,  frequency  and  quantification  of  the  conti- 
nental influence.  An  important  point  is  to  deter- 
mine the  relationships  with  the  biological  cycle, 
both  in  surface  waters  and  in  the  bottom  sediments; 
and  to  determine  the  relationships  with  the  biologi- 
cal cycle,  both  in  surface  waters  and  in  the  bottom 
sediments;  and  to  examine  if  and  how  the  variabili- 
ty of  the  different  continental  fluxes  is  recorded  in 
the  surficial   sediment   layer.   (Author's  abstract) 
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HYDROCHEMISTRY  AND  POLLUTION 
STATUS  OF  SOME  KASHMIR  HIMALAYAN 
LAKES. 

Kashmir  Univ.,  Srinagar  (India).  Centre  of  Re- 
search for  Development. 
For  primary  bibliographic  entry  see  Field  5B. 
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TRANSFORMATIONS  OF  NITROGEN  FORMS 
IN  EPILIMNION  OF  EUTROPHIC  GLEBOKIE 
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POLAND). 

Polish  Academy  of  Sciences,  Lomianki.  Inst.  Eko- 

logii. 

For  primary  bibliographic  entry  see  Field  2H. 
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FATE  OF  SOME  CRUDE  OIL  RESIDUES  IN 
SEDIMENTS. 

Jyvaeskylae  Univ.  (Finland).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5B. 
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ORGANOCHLORINE  COMPOUNDS  AND 
BROMODIPHENYLETHERS  IN  LIVERS  OF 
ATLANTIC  COD  (GADUS  MORHUA)  FROM 
THE  NORTH  SEA,  1977-1987. 

Rijksinstituut    voor    Visserijonderzoek,    Ijmuiden 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  5B. 
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DISTRIBUTION  OF  POLYCHLORINATED  BI- 
PHENYLS  IN  WATER,  SEDIMENT  AND 
BIOTA  OF  TWO  HARBOURS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
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METHOD   FOR  THE  DETERMINATION   OF 
2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN 
IN     PROCESSED    WASTEWATER     AT    THE 
PARTS  PER  QUADRILLION  LEVEL. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 

Sciences  Research  Lab. 

For  primary  bibliographic  entry  see  Field  5A. 
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POTENTIAL  UNDERESTIMATION  OF 
CHLORINATED  HYDROCARBON  CONCEN- 
TRATIONS IN  FRESH  WATER. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5A. 
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ASSESSMENT  OF  THE  TRANSPORT  OF  AT- 
MOSPHERIC C02  INTO  THE  ARCTIC 
OCEAN. 

Chalmers  Univ.  of  Technology,  Goeteborg 
(Sweden).  Dept.  of  Analytical  and  Marine  Chemis- 
try. 

L.  G.  Anderson,  and  D.  Dyrssen. 
Journal    of   Geophysical    Research    (C)    Oceans 
JGRCEY,  Vol.  95,  No.  2,  p  1701-1711,  February 
15,  1990.  4  fig,  1  tab,  30  ref. 

Descriptors:  'Arctic  Ocean,  'Carbon  dioxide, 
'Geochemistry,  'Oceanography,  Alkalinity,  At- 
mospheric carbon  dioxide,  Calcium,  Carbonates, 
Mixing,  Salinity,  Temperature. 

Data  on  concentration  of  total  carbonate  together 
with  calcium,  total  alkalinity,  salinity,  and  temper- 
ature from  the  Canadian  Expedition  to  Study  the 
Alpha  Ridge  (CESAR)  Ice  Camp,  the  Ymer  80 
expedition  and  the  1984  F.  S.  Polarstern  Marginal 
Ice  Zone  Experiment  (MIZEX  84)  are  used  to 
assess  the  transport  of  carbon  dioxide  into  the 
different  water  masses  of  the  Arctic  Ocean.  Most 
of  this  carbon  dioxide  goes  into  the  surface  mixed 
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layer  and  halocline  waters.  A  small  flux  to  the 
Atlantic  layer  is  discernible.  No  flux  to  the  deep 
water  could  be  observed.  It  is  possible  to  separate 
the  carbon  input  to  the  Arctic  Ocean  into  three 
components:  carbon  from  the  atmosphere  fixed  in 
river  drainage  basins  (20  to  60  teragrams  C/yr),  a 
similar  amount  of  carbon  from  dissolved  mineral 
calcium  carbonate  in  river  drainage  basins  and 
carbon  from  the  atmosphere  fixed  over  the  conti- 
nental shelves  (64  to  194  teragrams  C/yr).  From 
these  data  the  transport  of  decayed  organic  carbon 
from  the  tundra  to  the  Arctic  Ocean  and  the  'new 
production'  25  to  65  g  C/sq  m/yr  for  biogenic 
carbon  over  the  continental  shelves  of  the  Arctic 
Ocean  was  estimated.  (Author's  abstract) 
W90-06801 


RESIDENCE  TIMES  FOR  CD  AND  P04  IN 
FUNKA  BAY,  JAPAN. 

Hokkaido  Univ.,  Sapporo  (Japan).  Dept.  of  Chem- 
istry. 

K.  Abe,  K.  Kuma,  I.  Kudo,  and  K.  Matsunaga. 
Marine  Chemistry  MRCHBD,  Vol.  28,  No.  4,  p 
325-331,  January  1990.  3  fig,  1  tab,  11  ref 

Descriptors:  *Cadmium,  'Cycling  nutrients, 
•Japan,  *  Phosphates,  'Water  chemistry,  Funka 
Bay,  Organic  matter,  Residence  time,  Seasonal 
variation,  Sediment  trap,  Water  depth. 

The  fluxes  of  cadmium  and  phosphate  were  meas- 
ured during  the  summer  using  a  sediment  trap 
moored  in  Funka  Bay.  These  fluxes  were  corrected 
with  a  phytoplankton  decomposition  rate  constant 
obtained  by  a  laboratory  experiment  because  of 
decomposition  of  organic  matter  in  the  trap.  The 
residence  times  for  cadmium  and  phosphate  in  the 
bay  were  calculated  by  dividing  their  standing 
stocks  in  the  water  column  by  the  corrected  fluxes, 
on  the  assumption  that  cadmium  and  phosphate  are 
at  steady-state  during  the  summer.  The  calculated 
residence  times  for  cadmium  and  phosphate  in  the 
0-40  m  depth  interval  were  117  and  58  days  in 
1985,  and  124  and  50  days  in  1987,  respectively. 
The  residence  time  for  cadmium  was  approximate- 
ly twice  as  long  as  that  for  phosphate.  These 
values  were  in  good  accordance  with  the  results 
previously  obtained  from  the  uptake  rate  constants 
of  cadmium  and  phosphate  in  the  bay.  These  re- 
sults also  indicate  that  the  uptake  rates  of  cadmium 
and  phosphate  by  phytoplankton  in  the  euphotic 
zone  reflect  the  residence  times  for  these  elements. 
(Author's  abstract) 
W90-06802 


CHEMICAL  PROPERTIES  OF  A  LOW- 
OXYGEN  WATER  COLUMN  IN  PORT  HACK- 
ING (AUSTRALIA):  ARSENIC,  IODINE  AND 
NUTRIENTS. 

Melbourne    Univ.,    Parkville    (Australia).    Marine 

Chemistry  Lab. 

J.  D.  Smith,  and  E.  C.  V.  Butler. 

Marine  Chemistry  MRCHBD,  Vol.  28,  No.  4,  p 

353-364,  January  1990.  3  fig,  1  tab,  45  ref. 

Descriptors:  'Arsenic,  'Australia,  'Chemical 
properties,  'Geochemistry,  'Iodine,  'Nutrients, 
•Oceanography,  'Water  chemistry,  Ammonia, 
Dissolved  oxygen,  Nitrates,  Nitrites,  Orthophos- 
phates,  Port  Hacking,  Salinity,  Sediment-water 
interfaces,  Silicates,  Temperature. 

In  a  study  of  a  water  column  in  a  basin  of  the 
South  West  Arm  of  Port  Hacking,  changes  in 
dissolved  oxygen,  temperature  and  salinity  were 
determined  for  several  weeks.  When  there  was  <  1 
ml/L  oxygen  in  the  bottom  water,  the  water 
column  was  sampled  to  study  the  vertical  distribu- 
tion of  dissolved  nutrients  (ammonia,  nitrate,  ni- 
trite, orthophosphate  and  reactive  silicate)  and  the 
oxidized  and  reduced  forms  of  arsenic  and  iodine. 
Results  showed  that  changes  in  the  water  column 
were  dominated  by  inputs  of  these  elements  from 
the  anoxic  sediment.  Near-bottom  waters  were  en- 
riched in  all  nutrients,  arsenate  and  iodide.  The 
sedimentary  input  of  iodine  was  as  the  reduced 
species,  I(-),  but  the  increased  arsenic  in  the  bottom 
waters  was  in  the  oxidized  form,  As(V).  The  au- 
thors were  unable  to  distinguish  whether  AS(III) 
diffused  from  the  sediments  and  was  rapidly  oxi- 
dized to  As(V)  in  the  overlying  waters;  or  AS(V), 


possibly  as  thioarsenate,  diffused  across  the  sedi- 
ment-water interface.  In  the  oxygen-depleted 
waters,  some  I(-)  is  also  derived  from  reduction  of 
iodate  in  the  water  column.  (Author's  abstract) 
W90-06804 


VARIATION  IN  ADIRONDACK,  NEW  YORK, 
LAKEWATER  CHEMISTRY  AS  FUNCTION  OF 
SURFACE  AREA. 

E  and  S  Environmental  Chemistry,  Inc.,  Corvallis, 

OR. 

T.  J.  Sullivan,  D.  L.  Kugler,  M.  J.  Small,  C.  B. 

Johnson,  and  D.  H.  Landers. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 

1,  p  167-176,  February  1990.  8  fig,  1  tab,  29  ref. 

EPA  Contract  No.  68-C8-O0O6. 

Descriptors:  'Acid  lakes,  'Acid  neutralizing  ca- 
pacity, 'Acid  rain  effects,  'Adirondack  Mountains, 
'New  York,  Calcium,  Organic  carbon,  Surface 
area,  Water  chemistry. 

Data  from  a  recent  survey  conducted  by  the  Adi- 
rondack Lake  Survey  Corporation  were  used  to 
evaluate  the  influence  of  lake  surface  area  on  the 
acid-base  status  of  lakes  in  Adirondack  State  Park, 
New  York.  Acid  neutralizing  capacity  (ANC)  in 
the  small  lakes  (<4  ha)  occurred  more  frequently 
at  extreme  values  (>200,  <0  microeq/L),  whereas 
larger  lakes  tended  to  be  intermediate  in  ANC. 
Consequently,  acidic  (ANC  less  than  or  equal  to  0) 
and  low-pH  lakes  were  typically  small.  The  small 
lakes  also  exhibited  lower  ionic  calcium  concentra- 
tion and  higher  dissolved  organic  carbon  than  did 
larger  lakes.  Lakes  greater  than  or  equal  to  4  ha 
were  only  half  as  likely  to  be  acidic  as  were  lakes 
greater  than  or  equal  to  1  ha  in  area.  These  data 
illustrate  the  dependence  of  lake  chemistry  on  lake 
surface  area  and  the  importance  of  the  lower  lake 
area  limit  for  a  statistical  survey  of  lakewater 
chemistry.  (Author's  abstract) 
W90-06833 


BIOGEOCHEMICAL  CYCLES  IN  FORESTS  OF 
THE  SIERRA  DE  BEJAR  (SALAMANCA, 
SPAIN):  RETURN  OF  BIOELEMENTS  IN 
RAINFALL. 

Instituto  de  Microbiologia  Bioquimica,  Salamanca 

(Spain). 

I.  Santa  Regina,  and  J.  F.  Gallardo. 

Acta  Oecologia,  Oecologia  Plantarum  AOSPDY, 

Vol.    10,  No.   4,   p  433-438,    1989.   2  tab,   9   ref. 

Descriptors:  'Chemistry  of  precipitation,  'Cycling 
nutrients,  'Forest  ecosystems,  'Forests,  *Geo- 
chemical  cycles,  'Spain,  Calcium,  Carbon, 
Copper,  Iron,  Magnesium,  Manganese,  Nitrogen, 
Phosphorus,  Pine  trees,  Potassium,  Rainfall,  Sierra 
de  Bejar,  Sodium,  Stemflow,  Zinc. 

The  annual  return  of  bioelements  by  rainfall  was 
estimated  in  a  repopulated  forest  of  Scots  pine 
(Pinus  sylvestris  L.)  in  the  Candelario  Basin,  cen- 
tral Spain.  Of  all  the  elements  contributed  to  the 
soil  in  rainwater,  most  of  the  C,  N,  P,  Ca,  K,  Na, 
and  Zn  entered  the  soil  via  throughfall,  whereas 
only  10%  of  the  elements  entered  by  stemflow. 
Eighty-two  percent  of  the  Mg  reaches  the  soil  via 
throughfall  and  the  rest  by  stemflow;  the  percent- 
ages of  Mn  and  Fe  entering  by  throughfall  were 
70%  and  30%,  respectively.  In  contrast,  more  than 
60%  of  copper  enters  by  stemflow.  During  the 
study  period  (27  April  1984-6  November  1986), 
1040  mm  of  rainfall  fell  on  the  site,  whereas 
throughfall  was  825  mm.  It  was  estimated  that 
elements  were  contributed  to  the  soil  at  the  follow- 
ing annual  rates:  C  114  kg/ha;  N  14.2  kg/ha;  Ca, 
2.9  kg/ha;  Mg  1.1  kg/ha;  P  0.31  kg/ha;  K  6.63  kg/ 
ha;  Na  0.87  kg/ha;  Mn  0.96  kg/ha;  Fe  0.49  kg/ha; 
Cu  0.013  kg/ha;  and  Zn  1.7  kg/ha.  (Rochester- 
PTT) 
W90-06861 


COORDINATION  CHEMISTRY  AND  SPECIA- 
TION  OF  ALUII)  IN  AQUEOUS  SOLUTION. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Chemistry. 

For  primary  bibliographic  entry  see  Field  7B. 

W9O-O6930 


SPECIATION  METHOD  FOR  PARTITIONING 
MONONUCLEAR  AND  POLYNUCLEAR  ALU- 
MINUM USING  FERRON. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06931 


MODELING  THE  INTERACTIONS  OF  AL 
SPECIES,  PROTONS  AND  CA(2  +  )  WITH 
HUMIC  SUBSTANCES  IN  ACID  WATERS  AND 
SOILS. 

Freshwater     Biological     Association,     Ambleside 

(England). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06933 


CHEMISTRY  AND  TRANSFER  OF  ALUMI- 
NUM IN  A  FORESTED  WATERSHED  IN  THE 
ADIRONDACK  REGION  OF  NEW  YORK,  USA. 

Institute  for  Ecosystem  Studies,  Millbrook,  NY. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06934 


EPISODIC  VARIATIONS  IN  STREAMWATER 
ALUMINUM  CHEMISTRY  AT  BIRKENES, 
SOUTHERNMOST  NORWAY. 

Senter  for  Industriforskning,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06936 


GLOBAL   WATER   CYCLE:   GEOCHEMISTRY 
AND  ENVIRONMENT. 

Yale  Univ.,  New  Haven,  CT. 

For  primary  bibliographic  entry  see  Field  2A. 

W90-06946 


DETERMINATION    OF   TRACE   LEVELS   OF 
HERBICIDES    AND    THEIR    DEGRADATION 
PRODUCTS    IN    SURFACE    AND    GROUND 
WATERS  BY  GAS  CHROMATOGRAPHY/ION- 
TRAP  MASS  SPECTROMETRY. 
Geological  Survey,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-06987 


DETERMINATION  OF  HYPOCHLORITE  IN 
WATERS  BY  STOPPED-FLOW  CHEMILU- 
MINESCENCE  SPECTROMETRY. 

Cordoba  Univ.  (Spain).  Dept.  of  Analytical  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06988 


FLOW-INJECTION  ULTRAVIOLET  SPECTRO- 
PHOTOMETRIC  DETERMINATION  OF  SUL- 
PHATE IN  NATURAL  WATERS. 

Warsaw  Univ.  (Poland).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-06989 


ADSORPTION  CAPACITY  OF  PHOSPHORUS 
IN  BALTIC  SEA  SEDIMENTS. 

Stockholm  Univ.  (Sweden).  Dept.  of  Geology. 
R.  Carman,  and  F.  Wulff. 

Estuanne,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  29,  No.  5,  p  447-456,  November  1989.  2  fig,  3 
tab,  44  ref. 

Descriptors:  'Adsorption,  'Baltic  Sea,  'Cycling 
nutrients,  'Marine  sediments,  Anaerobic  condi- 
tions, Bottom  sediments,  Ecosystems,  Eutrophica- 
tion,  Phosphates,  Phosphorus. 

Nutrient  budgets  of  the  Baltic  Sea  indicate  that  an 
increased  loading  of  phosphorus  to  a  great  extent  is 
counteracted  by  adsorption  to  the  sediments,  re- 
sulting in  a  comparatively  small  net  increase  of  the 
phosphorus-concentration  in  the  water  column. 
The  permanent  salinity  stratification  and  increasing 
eutrophication  of  this  sea  has  caused  almost  perma- 
nent anoxic  conditions  which  limit  the  phosphorus- 
storage  capacities  in  the  deep  basins  below  the 
halocline.  The  phosphorus-loading  has  increased 
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about  eight-fold  during  this  century  and  does  not 
show  any  sign  of  declination.  An  investigation  was 
conducted  to  determine  what  type  of  sediments 
store  the  phosphorus,  and  to  determine  the  binding 
mechanisms  and  whether  the  maximum  storage 
capacity  is  reached.  The  phosphorus  adsorption 
capacities  of  three  different  Baltic  Sea  sediments 
were  thus  investigated.  The  greatest  amount  of 
adsorbed  phosphorus,  measured  as  mol/g  dry  sub- 
stance, was  found  for  an  accumulation  bottom 
from  the  deeper  part  of  the  Baltic  Sea  and  the 
lowest  for  a  transportation  bottom  above  the  halo- 
cline.  However,  if  the  rates  are  recalculated  as 
phosphorus  adsorption  per  area,  which  is  more 
pertinent  from  an  ecological  point  of  view,  most 
phosphorus  is  adsorbed  in  the  shallow  sediments. 
A  comparison  of  the  experimental  data  and  ambi- 
ent conditions  in  the  water  and  sediments  indicate 
that  adsorption  of  phosphate  from  the  water 
column  plays  a  minor  role  in  the  phosphorus 
budget  of  the  Baltic  Sea.  Only  the  assimilation  of 
phosphate  and  subsequent  sedimentation  and  de- 
composition of  organic  matter  at  the  sediment  sur- 
face will  result  in  a  sufficiently  high  sediment  pore 
water  concentration  to  explain  the  large  sink  of 
phosphorus  to  the  Baltic  Sea  sediments  calculated 
from  input  and  output  data.  (Author's  abstract) 
W90-07003 


TIGHT  COUPLING  BETWEEN  ENRICHMENT 
OF  IRON  AND  MANGANESE  IN  NORTH  SEA 
SUSPENDED  MATTER  AND  SEDIMENTARY 
REDOX   PROCESSES:  EVIDENCE  FOR  SEA- 
SONAL VARIABILITY. 
Vrije  Univ.,  Brussels  (Belgium). 
F.  Dehairs,  W.  Baeyens,  and  D.  Van  Gansbeke. 
Estuarine,   Coastal   and   Shelf  Science  ECSSD3, 
Vol.  29,  No.  5,  p  457-471,  November  1989.  4  fig,  3 
tab,  46  ref.  Belgium  CEC  contracts  ENV-555-B, 
and  ENV-766-B. 

Descriptors:  'Bottom  sediments,  'Cycling  nutri- 
ents, 'Enrichment,  'Iron,  'Manganese,  'North 
Sea,  'Oxidation-reduction  potential,  'Suspended 
load,  Aluminum,  Biomass,  Ecosystems,  Heavy 
metals,  Phytoplankton,  Seasonal  variation,  Trace 
elements. 

Suspended  matter  and  sediments  from  the  North 
Sea  were  analyzed  for  Al,  Fe  and  Mn.  A  seasonal 
variation  of  Mn  and  Fe  over  Al  ratios  was  ob- 
served. For  most  of  the  year  suspended  matter  is 
enriched  in  Mn  and  Fe  relative  to  average  soil 
composition.  No  enrichment,  and  even  depletion, 
occurs  during  a  short  period  of  the  year  (April- 
May)  coinciding  with  the  occurrence  of  the  spring 
phytoplankton  bloom.  Surface  sediments  from  the 
Southern  Bight  show  the  inverse  image,  with  Mn 
and  Fe  enrichment  occurring  only  in  April-May 
and  no  enrichment  during  the  rest  of  the  year. 
These  observations  suggest  a  tight  coupling  be- 
tween: (1)  the  change  of  redox  potential  in  surface 
sediments,  as  triggered  by  the  advection  of  organic 
matter  from  the  spring  bloom;  (2)  the  outflow  of 
reduced  iron  and  manganese  from  sediments  to  the 
watercolumn;  and  (3)  the  enrichment  of  suspended 
matter  in  iron  and  manganese  due  to  the  oxidation- 
precipitation  of  reduced  iron  and  manganese.  The 
role  of  the  coastal  sediments  investigated  as  an 
important  site  of  organic  matter  mineralization  is 
stressed  by  the  dissolved  oxygen  profiles  indicating 
a  transition  from  100  <  1%  saturation  within  the 
surface  3  mm  of  sediment.  This  steep  gradient 
sustains  a  rate  of  oxygen  inflow  from  the  waterco- 
lumn balancing  consumption.  Depletion  of  oxygen 
results  in  the  mobilization  of  sedimentary  iron  and 
manganese.  The  source  strength  of  dissolved  iron 
and  manganese  from  the  coastal  sediments  is 
shown  to  be  compatible  with  the  observed  magni- 
tude of  iron  and  manganese  enrichments  in  sus- 
pended matter,  stressing  the  role  of  the  sediments 
as  main  source.  The  enrichment  data  for  suspended 
matter  also  suggest  that  sediments  remain  a  source 
for  iron  and  manganese  from  the  bloom  period  till 
February.  Between  February  and  the  onset  of  the 
phytoplankton  bloom  in  April-May,  oxic  condi- 
tions appear  to  be  restored  in  surface  sediments, 
precluding  the  further  outflow  of  dissolved  iron 
and  manganese  and  the  subsequent  enrichment  of 
these  elements  in  suspended  matter.  (Author's  ab- 
stract) 
W90-07004 


PORE  WATER  CHEMISTRY  OF  RARE  EARTH 
ELEMENTS  IN  BUZZARDS  BAY  SEDIMENTS. 

Woods  Hole  Oceanographic  Institution,  MA. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-07008 


ORGANIC  GEOCHEMISTRY  AND  BRINE 
COMPOSITION  IN  GREAT  SALT,  MONO, 
AND  WALKER  LAKES. 

Johns  Hopkins  Univ.,   Baltimore,   MD.   Dept.   of 

Earth  and  Planetary  Sciences. 

For  primary  bibliographic  entry  see  Field  2J. 

W90-07O09 


CHEMISTRY  OF  STREAMS  DRAINING 
GRASSLAND  AND  FOREST  CATCHMENTS  AT 
PLYNLIMON,  MID-WALES. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 

Bangor  Research  Station. 

B.  Reynolds,  M.  Hornung,  and  S.  Hughes. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  34, 

No.  6,  p  667-686,  December  1989.  5  fig,  10  tab,  40 

ref. 

Descriptors:  'Acidification,  'Forest  watersheds, 
•Grasslands,  'Land  use,  'Wales,  'Water  analysis, 
'Water  chemistry,  Anions,  Catchment  areas,  Ca- 
tions, Drainage  area,  Forest  hydrology,  Ion  trans- 
port, Mineralization,  Soil  water,  Solutes,  Streams, 
Throughfall. 

The  chemistry  of  streamwater,  bulk  precipitation, 
throughfall  and  soil  waters  was  studied  for  three 
years  in  two  plantation  forest  and  two  moorland 
catchments  in  mid-Wales.  Na  and  CI  are  the  major 
ions  in  streamwater  reflecting  the  maritime  influ- 
ence on  atmospheric  inputs.  In  all  streams,  base- 
flow  is  characterized  by  high  pH  waters  enriched 
in  Ca,  Mg,  Si  and  HC03.  Differences  in  baseflow 
chemistry  between  streams  reflect  the  varying 
extent  of  calcite  and  base  metal  sulfide  mineraliza- 
tion within  the  catchments.  Except  for  K,  mean 
stream  solute  concentrations  are  higher  in  the  un- 
mineralized  and  mineralized  forest  catchments 
compared  with  their  respective  grassland  counter- 
parts. In  the  forest  streams,  storm  flow  concentra- 
tions of  H(  +  )  are  approximately  1.5  times  and  Al 
four  times  higher  than  in  the  moorland  streams. 
Annual  catchment  losses  of  Na,  CI,  S04,  N03,  Al 
and  Si  are  greatest  in  the  forest  streams.  In  both 
grassland  and  forest  systems,  variations  in  stream 
chemistry  is  explained  by  mixing  waters  from  dif- 
ferent parts  of  the  catchment,  although  N03  con- 
centrations may  additionally  be  controlled  by  N 
transformations  occurring  between  soils  and 
streams.  Differences  in  stream  chemistry  and  solute 
budgets  between  forest  and  moorland  catchments 
are  related  to  greater  atmospheric  scavenging  by 
the  trees  and  changes  in  catchment  hydrology 
consequent  of  aforestation.  Mineral  veins  within 
the  catchment  bedrock  can  significantly  modify 
the  stream  chemical  response  to  aforestation.  (Au- 
thor's abstract) 
W90-07024 


REMOVAL  OF  SOME  HEAVY  METALS  BY 
MORDENITE. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

C.  P.  Huang,  and  O.  J.  Hao. 

Environmental  Technology  Letters  ETLEDB, 
Vol.  10,  No.  10,  p  863-874,  October  1989.  8  fig,  2 
tab,  22  ref.  NSF  Grant  CE  8104728. 

Descriptors:  'Adsorption,  'Heavy  metals,  *Mor- 
denite,  'Path  of  pollutants,  'Wastewater  treatment, 
'Water  pollution  treatment,  'Water  treatment,  Ion 
exchange,  Silicates,  Soil  contamination,  Water 
chemistry,  Water  pollution. 

One  of  the  processes  which  affect  the  metal  con- 
centration in  an  environment  is  its  adsorption  onto 
solid  phases.  Various  types  of  adsorbents,  includ- 
ing aluminosilicates  in  the  aquatic  or  soil  environ- 
ment, can  be  recognized.  Metal  removal  capability 
by  an  aluminosilicate,  mordenite,  was  investigated. 
Type  of  metal,  pH,  and  surface  loading  are  the 
most  important  factors  controlling  metal  removal 
by  mordenite.  The  extent  of  removal  follows  the 
order  of  Pb  >  Cd  >  Zn.  Ion  exchange  is  the  most 


important  mechanism  for  metal  removal  by  mor- 
denite at  pH  <  7.  In  the  presence  of  ligands,  metal 
removal  capability  is  affected  by  the  extent  of 
metal  complexation.  Hence,  there  is  no  effect  on 
metal  removal  in  the  presence  of  equal  molar  con- 
centration of  weak  ligands  such  as  glycine.  Strong 
complex-formers  such  as  ethylenediaminetetraace- 
tate  significantly  impedes  metal  removal  by  mor- 
denite. (Author's  abstract) 
W90-07052 


FIELD  AND  LABORATORY  STUDIES  ON 
NILE  PHYTOPLANKTON  IN  EGYPT:  III. 
SOME  PHYSICAL  AND  CHEMICAL  CHARAC- 
TERISTICS OF  ASWAN  HIGH  DAM  LAKE 
(LAKE  NASSER). 

Assiut  Univ.  (Egypt).  Dept.  of  Botany. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07101 


SIMULATION  OF  THE  LONG-TERM  SOIL 
RESPONSE  TO  ACID  DEPOSITION  IN  VARI- 
OUS BUFFER  RANGES. 

Winard  Staring  Centre  for  Integrated  Land,  Soil 
and  Water  Research,  Wageningen  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07130 


INFLUENCE  OF  BEDROCK  GEOCHEMISTRY 

ON    THE    HEAVY    METAL    CONTENT    OF 

STREAM  WATER,  MARINE  WATER,  MARINE 

SEDIMENTS  AND  ORGANISMS  IN  ST.  JOHN, 

USVI. 

Center  for  Energy  and   Environment   Research, 

San  Juan,  PR. 

C.  R.  Ramos-Perez,  C.  Gines-Sanchez,  and  W.  H. 

McDowell. 

Caribbean  Journal  of  Science  CRJSA4,  Vol.  25, 

No.  3/4,  p  218-227,  December  1989.  2  fig,  4  tab,  26 

ref. 

Descriptors:  'Geochemistry,  'Heavy  metals, 
'Marine  environment,  'Path  of  pollutants,  'Sedi- 
ment contamination,  'Water  chemistry,  'Water 
pollution  sources,  Bioaccumulation,  Chromium, 
Copper,  Fish  Bay,  Iron,  Magnesium,  Manganese, 
Nickel,  Tissue  analysis,  Virgin  Islands  (US),  Zinc. 

Three  metal-rich  geochemical  anomalies  have  been 
identified  in  St.  John,  Virgin  Islands  (US).  In  order 
to  determine  whether  these  anomalies  contribute 
significant  amounts  of  heavy  metals  to  near  shore 
marine  ecosystems,  concentrations  of  Fe,  Mg,  Mn, 
Cu,  Cr,  Ni  and  Zn  were  measured  in  stream  water, 
sea  water,  marine  sediments  and  marine  organisms 
from  five  watersheds  affected  by  the  anomalies. 
Concentrations  in  all  sample  types  followed  a  simi- 
lar pattern:  Mg  >  Fe  >  Mn  >  Cu  >  Cr  >  Ni  > 
Zn.  Concentrations  in  stream  water  and  sea  water 
were  typical  of  unpolluted  areas,  and  only  iron 
exceeded  U.S.  EPA  (Environmental  Protection 
Agency)  standards  in  both  sample  types.  Manga- 
nese also  exceeded  U.S.  EPA  standards  for  sea- 
water.  The  estimated  export  of  iron  and  magnesi- 
um exceeded  100  g/ha/yr;  export  of  the  other 
metals  rarely  exceeded  this  value.  There  was  great 
variability  in  the  estimated  annual  export  rate  de- 
pending primarily  on  the  magnitude  and  frequency 
of  rain  events.  Metal  concentrations  in  marine  sedi- 
ments also  were  typical  of  unpolluted  sites.  Inten- 
sive sampling  in  Fish  Bay  demonstrated  that  man- 
ganese, nickel  and  iron  were  horizontally  zonated 
with  respect  to  the  discharge  point  of  Fish  Bay 
Gut.  There  was  great  variability  in  the  concentra- 
tion of  metals  in  the  tissues  of  various  marine 
organisms.  Although  samples  from  several  water- 
sheds were  analyzed,  no  conclusions  can  be  made 
concerning  the  relative  impact  of  the  geochemical 
anomalies  in  these  watersheds  due  to  the  limited 
number  of  samples  taken.  However,  marine  water 
and  sediments  from  Fish  Bay  had  higher  concen- 
trations of  some  metals  than  the  other  bays,  sug- 
gesting that  the  Fish  Bay  geochemical  anomaly 
may  contribute  significant  quantities  of  metals  to 
the  nearby  marine  environment.  (Author's  ab- 
stract) 
W90-07238 
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REMOVING     RADIUM     BY     ADDING     PRE- 
FORMED HYDROUS  MANGANESE  OXIDES. 

Iowa  Univ.,  Iowa  City.  Depl.  of  Civil  and  Envi- 
ronmental Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 
W90-07329 


EXTRACTING  HEAVY  METALS  FROM  MU- 
NICIPAL AND  INDUSTRIAL  SLUDGES. 

National  Taiwan  Univ.,  Taipei.  Inst,  of  Environ- 
mental Engieering. 

For   primary   bibliographic   entry   see   Field    5D. 
W90-07343 


SPECIATION  OF  ALUMINIUM  IN  SURFACE 
WATER. 

Ghent  Rijksuniversiteit  (Belgium).  Inst,  voor  Nuk- 
leaire  Wetenschappen. 

E.  Courtijn,  V.  Vandecasteele,  and  R.  Dams. 
Science  of  the  Total  Environment  STENDL,  Vol. 
90,  p  191-202,  January  1990.  7  fig,  2  tab,  14  ref. 

Descriptors:  'Acid  rain  effects,  'Aluminum, 
•Chemical  speciation,  *Ions,  *Path  of  pollutants, 
•Water  chemistry,  *Water  pollution  sources, 
Chemical  studies,  Fluorides,  Humic  acids,  Hydro- 
gen ion  concentration,  Neutron  activation  analysis, 
Spectroscopy,  Surface  water,  Toxicity. 

A  Chelex-100  ion  exchange  column  was  used  for 
the  separation  of  different  dissolved  aluminum  spe- 
cies occurring  in  acidified  waters  in  the  Belgian 
Campine.  The  samples  were  filtered  through 
Whatman  41  and  0.4  micron  Nuclepore  filters  and 
the  particulate  aluminum  was  determined  by  in- 
strumental neutron  activation  analysis.  The  filtrates 
were  submitted  to  ion  exchange  in  order  to  sepa- 
rate aluminum  combined  with  humic  acid,  fluo- 
ride-complexed  aluminum,  and  free  or  hydrolyzed 
aluminum.  The  concentrations  in  the  different  frac- 
tions were  determined  by  inductively  coupled 
plasma  atomic  emission  spectrometry.  Humic  acid, 
originating  from  the  soil,  is  the  main  component  of 
bogs.  Due  to  its  high  complexing  capacity  with 
cations,  it  may  decrease  aluminum  toxicity.  The 
more  toxic  forms,  Al(OH)(2  +  )  and  Al(OH)2(  +  ), 
still  represent  an  important  fraction  of  the  total 
aluminum  between  pH  4  and  6,  especially  when 
the  humic  acid  content  is  low.  In  general,  the 
concentration  of  fluoride  in  the  bogs,  originating 
from  atmospheric  deposition,  is  too  low  to  com- 
plex a  major  fraction  of  aluminum.  (Author's  ab- 
stract) 
W90-07344 


COLLOID  MOBILIZATION  IN  TWO  ATLAN- 
TIC COASTAL  PLAIN  AQUIFERS:  FIELD 
STUDIES. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Ralph  M. 

Parsons  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07359 


STRUCTURAL  STUDIES  OF  MARINE  AND  RI- 
VERINE HUMIC  MATTER  BY  CHEMICAL 
DEGRADATION. 

Hamburg  Univ.  (Germany,  F.R.).  Geologisch-Pa- 

laeontologisches  Inst,  und  Museum. 

For  primary  bibliographic  entry  see  Field  7B. 

W9O-07369 


PY-GC-MS  ANALYSIS  OF  ORGANIC  MATTER 
IN  SUSPENDED  MATERIAL  AND  DEPOSITS 
OF  THE  SUB-MARINE  DELTA  OF  THE 
RHONE  RIVER  (FRANCE). 

Instituto   Quimico   de   Sarria,    Barcelona   (Spain) 

Dept.  Quimica  Analitica. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-07370 


MAJOR  AND  TRACE  ELEMENTS  IN  STAND- 
ARD AND  REFERENCE  SAMPLES  OF 
AQUATIC  HUMIC  SUBSTANCES  DETER- 
MINED BY  INSTRUMENTAL  NEUTRON  AC- 
TIVATION ANALYSIS  (INAA). 
National  Inst,  of  Public  Health,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  7B. 


W90-07371 


SPECTROSCOPIC     AND     COMPOSITIONAL 

COMPARATIVE     CHARACTERIZATION     OF 

I.H.S.S.       REFERENCE      AND      STANDARD 

FULVIC  AND  HUMIC  ACIDS  OF  VARIOUS 

ORIGIN. 

Bari  Univ.  (Italy).  1st.  di  Chimica  Agraria. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-07372 


NATURALLY  PRODUCED  ADSORBABLE  OR- 
GANIC HALOGENS  (AOX)  IN  HUMIC  SUB- 
STANCES FROM  SOIL  AND  WATER. 

Linkoeping  Univ.  (Sweden).  Dept.  of  Water  and 
Environmental  Research. 
G.  Asplund,  A.  Grimvall,  and  C.  Petterson. 
Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  239-248,  June  1989.  3  fig,  4  tab,   18  ref. 

Descriptors:  *Groundwater  pollution,  'Halogenat- 
ed  compounds,  *Humic  substances,  'Organic 
acids,  'Soil  water,  'Water  pollution  sources,  Ad- 
sorption, Bogs,  Fulvic  acids,  Organic  carbon,  Or- 
ganic matter,  Peat,  Soil  contamination. 

The  amount  of  adsorbable  organic  halogens 
(AOX)  in  surface  water,  groundwater,  soil  and  a 
raised  bog  was  measured  by  a  method  which  ab- 
sorbs the  humic  substances  onto  activated  carbon, 
and  detects  halogens  through  combustion  and  mi- 
crocoulometric  titration  with  silver  ions.  Areas  far 
from  industrial  activities  contained  measurable 
amounts  of  AOX.  In  surface  water,  the  ratio  be- 
tween AOX  and  total  organic  carbon  (TOC) 
varied  between  730  and  8600  micrograms/gm.  In 
soil,  the  AOX  content  ranged  from  210  to  1400 
micrograms  AOX/gm  organic  matter.  The  fact 
that  organohalogens  (230-370  micrograms/gm) 
could  be  detected  in  fulvic  acids  isolated  from  old 
groundwaters  (1300,  4600  and  5200  yrs)  indicated  a 
large  natural  production  of  organohalogens.  This 
hypothesis  was  further  strengthened  by  mass  bal- 
ance calculations  for  a  raised  bog  in  Sweden.  The 
pool  of  AOX  in  this  bog  is  at  least  300  times  larger 
than  the  present  annual  deposition.  The  total  pool 
of  AOX  in  peat  in  Sweden  was  estimated  to  be  at 
least  30,000  metric  tons.  Artifacts  in  the  analysis 
such  as  trapped  inorganic  halides  in  soil  particles 
should  be  taken  into  consideration  when  determin- 
ing the  amount  of  AOX.  (Geiger-PTT) 
W90-07375 


VOLATILE       COMPOUNDS       ASSOCIATED 
WITH  AQUATIC  HUMIC  SUBSTANCES. 

National  Inst,  of  Public  Health,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  2H. 

W90-07379 


PROPERTIES     OF     FULVIC     ACIDS     FROM 
DEEP  GROUNDWATERS. 

Linkoeping  Univ.  (Sweden).  Dept.  of  Water  and 

Environmental  Research. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-07380 


FACTORS  AFFECTING  THE  VARIATION  IN 
THE  AVERAGE  MOLECULAR  WEIGHT  OF 
DISSOLVED  ORGANIC  CARBON  IN  FRESH- 
WATERS. 

Toronto  Univ.  (Ontario).  Dept.  of  Zoology. 
H.  E.  Evans,  R.  D.  Evans,  and  S.  M.  Lingard. 
Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  297-306,  June  1989.  4  fig,  1  tab,  22  ref. 

Descriptors:  'Dissolved  organic  carbon,  'Lakes, 
•Limnology,  'Molecular  weight,  'Water  chemis- 
try, Catchment  areas,  Color,  Humic  substances. 
Hydrogen  ion  concentration,   Lake  morphology. 

The  molecular  size  distribution  of  concentrated 
filtered  (<  0.45  microns)  lake  water  samples,  col- 
lected from  20  lakes  in  Ontario,  Canada,  was  meas- 
ured using  size  exclusion  chromatography  (Sepha- 
dex  G-25,  fractionation  range  100-5000  daltons). 
Average  molecular  weights  ranged  from  1225  to 
2170  and  a  strong  positive  correlation  was  ob- 
served between  average  molecular  weight  and  dis- 


solved organic  carbon  concentration,  of  which 
humic  substances  were  a  major  component.  Addi- 
tional factors  which  may  affect  the  variation  in  the 
average  molecular  weights  among  the  study  lakes 
were  also  examined  and  included  catchment  area, 
lake  area,  ratio  of  catchment  area  to  lake  area, 
color,  percentage  of  peat  in  the  catchment,  and 
pH.  Of  these,  the  ratio  of  catchment  area  to  lake 
area  appeared  to  be  the  most  important  and  ex- 
plained 25.9%  of  the  variance  in  average  molecu- 
lar weights.  (Author's  abstract) 
W90-07381 


COMPARISON  OF  MOLECULAR  WEIGHT 
DISTRIBUTION  AND  ACID/BASE  PROPER- 
TIES BETWEEN  THE  IHSS  NORDIC  FULVIC 
ACID  AND  WHOLE  WATER  HUMIC  SUB- 
STANCES. 

National  Inst,  of  Public  Health,  Oslo  (Norway). 
D.  Hongve,  G.  Akesson,  and  G.  Becher. 
Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  307-314,  June  1989.  2  fig,  1 1  ref. 

Descriptors:  'Fulvic  acids,  'Humic  substances, 
'Laboratory  methods,  'Sampling,  'Water  analysis, 
•Water  chemistry,  Gas  chromatography,  Molecu- 
lar weight,  Organic  matter,  Separation  techniques. 

Some  properties  of  the  Nordic  fulvic  acid  refer- 
ence material  were  compared  with  untreated  water 
from  the  same  source,  an  evaporated  and  freeze- 
dried  whole  water  sample,  and  the  International 
fulvic  acid  sample.  The  samples  were  character- 
ized according  to  molecular  weight  distribution  by 
high-performance  size  exclusion  chromatography. 
A  method  was  developed  for  continuous  recording 
of  dissolved  organic  carbon  in  the  eluate  from  the 
chromatographic  column.  The  content  of  titratable 
groups  was  measured  with  acid/base  titration.  Re- 
sults were  plotted  as  curves  for  buffer  intensity  as 
functions  of  pH.  This  method  made  it  possible  to 
demonstrate  the  impact  of  various  compounds  on 
the  total  buffer  capacity.  Increased  molecular 
weight  was  found  in  the  isolated  fulvic  acid  which 
made  it  elute  from  the  column  faster  than  the 
reference  materials.  The  acid/base  properties  of 
total  dissolved  organic  substances  were  in  good 
agreement  with  the  isolated  fulvic  acid.  (Geiger- 
PTT) 
W90-07382 


ANALYSIS  OF  HUMIC  AND  LIGNIN  COM- 
POUNDS IN  THE  NORTHERN  BALTIC  SEA. 

National  Board  of  Waters,  Helsinki  (Finland). 
For  primary  bibliographic  entry  see  Field  7B. 
W90-07383 


HUMIC  SUBSTANCES  IN  HOLOCENE  SEDI- 
MENTS OF  THE  SKAGERRAK  (NE  NORTH 
SEA)  AND  THE  ELBE  RIVER. 

Hamburg  Univ.  (Germany,  F.R.).  Geologisch-Pa- 
laeontologisches  Inst,  und  Museum. 
G.  Fengler,  E.  T.  K.  Haupt,  and  G.  Liebezeit. 
Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  335-342,  June  1989.  6  fig,  1  tab,  9  ref. 
Bundesministerium  fuer  Forschung  und  Technolo- 
gie  Contract  MFU  08534. 

Descriptors:  'Fluvial  sediments,  'Humic  acids, 
'Marine  sediments,  'North  Sea,  'Sediment  analy- 
sis, 'Sediment  chemistry,  Amino  acids,  Carbohy- 
drates, Chemical  properties,  Humic  substances, 
Molecular  structure. 

Humic  acids,  isolated  from  Skagerrak  (VA  28/12) 
and  Elbe  sediments,  have  been  characterized  by 
elementary,  amino  acid  and  carbohydrate  analysis 
as  well  as  infrared,  nuclear  magnetic  resonance 
(NMR)  and  CPMAS-NMR  spectroscopy.  Samples 
from  core  VA  28/12  were  suboxic  whereas  Elbe 
sediments  were  strongly  reducing.  Both  were  com- 
parable in  grain  size  composition  as  examined  by 
visual  inspection.  Elementary  analysis  gave  an  av- 
erage composition  for  Skag  humic  acids  of 
C14.1N05.8H17.9  and  C14.0NO4.8H14.2  for  Elbe 
humic  acids.  In  a  van  Krevelen  diagram  the  Elbe 
humic  acids  plotted  close  to  kerogen  type  III  (ter- 
restrial). Skag  humic  acids  occupied  a  position 
intermediate  between   types  II  (marine)  and   III. 


WATER  CYCLE— Field  2 
Estuaries — Group  2L 


Clay  fraction  humic  acids  from  Wadden  Sea  sedi- 
ments plotted  closer  to  type  II  material.  This  sug- 
gests some  terrestrial  contribution  in  Skag  humic 
acids.  E4/E6  ratios  were  5.2  (Elbe)  and  5.1  (Skag). 
IR  spectra  showed  no  significant  differences  either 
in  position  or  intensity  of  absorption  maxima 
except  for  the  carbonyl  band  at  1725/cm.  C13- 
High  resolution-NMR  indicated  a  somewhat 
higher  content  of  aliphatic  (0-50  ppm)  and  carbo- 
hydrate moieties  (50-110  ppm)  in  Skag  humic  acids 
although  the  spectra  were  difficult  to  compare  due 
to  the  high  noise  level.  Aromatic  carbon  content 
(110-160  ppm)  appeared  to  be  slightly  higher  in 
Elbe  humic  acids.  A  comparison  with  CI  3- 
CPMAS  spectra  of  diatoms  and  lignin  showed  that 
lignin  was  not  prominent  in  Elbe  humic  acids. 
Compared  to  the  diatom  spectrum,  both  Elbe 
humic  acids,  and  Skag  humic  acids  had  lower 
carbohydrate  contents.  Amino  acids  in  Elbe  humic 
acids  accounted  for  significantly  higher  propor- 
tions of  both  carbon  and  nitrogen  than  in  Skag 
humic  acids.  Amino  acid  composition,  however, 
was  similar  for  both  isolates  with  aspartic  and 
glutamic  acids,  alanine  and  glycine  being  the  domi- 
nant compounds.  Skag  humic  acids  were  enriched 
in  aspartic  acid,  glycine  and  lysine  whereas  a 
slightly  higher  leucine  content  was  found  in  Elbe 
humic  acids.  Significantly  higher  mannose,  fruc- 
tose and  fucose  contents  were  found  in  Skag  humic 
acids  whereas  galactose  and  arabinose  were  en- 
riched in  Elbe  humic  acids.  (Geiger-PTT) 
W90-07384 


HUMIC-LDIE  SUBSTANCES  FROM  LAND- 
FILL LEACHATES:  CHARACTERIZATION 
AND  COMPARISON  WITH  TERRESTRIAL 
AND  AQUATIC  HUMIC  SUBSTANCES. 

Karlsruhe  Univ.   (Germany,   F.R.).   Engler-Bunte 

Inst. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07385 


SOURCES  AND  CHARACTERISTICS  OF 
FULVIC  AND  HUMIC  ACIDS  FROM  A  SALT 
MARSH  ESTUARY. 

Georgia  Univ.,  Sapelo  Island.  Marine  Inst. 

J.  J.  Alberts,  and  Z.  Filip. 

Science  of  the  Total  Environment  STENDL,  Vol. 

81/82,  p  353-361,  June  1989.  2  fig,  2  tab,  3  ref. 

Descriptors:  *Estuaries,  'Fulvic  acids,  'Humic 
acids,  *Humic  substances,  *Salt  marshes,  Amino 
acids,  Carbohydrates,  Chemical  properties,  Marine 
sediments,  Organic  acids,  Organic  carbon,  Sedi- 
ment analysis,  Sediment  chemistry,  Spartina. 

Fulvic  and  humic  acids  were  isolated  from  living 
and  dead  Spartina  alterniflora  and  the  marsh  sedi- 
ments of  a  Georgia  salt  marsh  estuary.  Elemental 
composition,  C13-nuclear  magnetic  resonance, 
Fourier  transform  infrared  spectra,  carbohydrate 
and  amino  acid  analyses  were  performed  on  these 
compounds  and  indicate  that  these  fulvic  acids  and 
humic  acids  are  very  similar  regardless  of  source 
material.  Furthermore,  both  groups  of  compounds 
generally  resemble  marine  humic  matter,  although 
specific  differences  can  be  identified.  Calculations 
indicate  that  28.6%  of  the  fulvic  acid  carbon  and 
14.8%  of  the  humic  acid  carbon  can  be  accounted 
for  as  sugars  and  amino  acids.  (Author's  abstract) 
W90-07386 


HUMIC  SUBSTANCES  IN  A  CATENA  OF  ES- 
TUARINE  SOILS:  DISTRIBUTION  OF  OR- 
GANIC NTTROGEN  AND  CARBON. 

Instituto  de  Investigaciones  Agrobiologicas  de  Ga- 

licia,  Santiago  (Spain). 

S.  J.  Gonzalez  Prieto,  M.  A.  Lista,  M.  Carballas, 

and  T.  Carballas. 

Science  of  the  Total  Environment  STENDL,  Vol. 

81/82,  p  363-372,  June  1989.  6  fig,  3  tab,  13  ref. 

Descriptors:  *Estuaries,  *Humic  substances, 
•Marine  sediments,  'Organic  matter,  Decompos- 
ing organic  matter,  Nitrogen,  Nitrogen  com- 
pounds, Organic  acids,  Organic  carbon. 

The  organic  fractions  of  a  catena  comprising  two 
eutric  fluvisols,  one  in  the  intertidal  zone  of  an 
estuary  and  the  other  on  its  bank,  and  a  distric 


cambisol  that  is  not  affected  by  seawater  are  de- 
scribed. The  humus  of  the  fluvisols  has  features 
inherited  from  the  terrestrial  humus  together  with 
others  acquired  during  its  evolution  in  the  marine 
environment.  All  the  samples  had  little  unhumified 
organic  matter,  a  fair  amount  of  humin  and  a  major 
fraction  that  is  soluble  in  alkalis.  Exposure  to  sea- 
water  changes  the  kind  of  organo-metallic  com- 
plexes present  and  alters  the  relative  solubility  of 
humic  and  fulvic  acids  in  alkaline  reagents,  thereby 
modifying  the  degree  of  polymerization  of  the 
humus.  The  distribution  of  organic  nitrogen  also 
changes  with  exposure  to  seawater:  ammonium 
content  gradually  rises,  amide  content  remains 
practically  constant  and  amino  acids  fall  gradually, 
while  hexosamines,  hydrolysable  unknown  nitro- 
gen and  hydrolysable  organic  nitrogen  all  decrease 
sharply.  (Author's  abstract) 
W90-07387 


INFLUENCE  OF  VENICE  LAGOON  MACRO- 
FAUNA  ON  NUTRIENT  EXCHANGE  AT  THE 
SEDIMENT- WATER  INTERFACE. 

Venice  Univ.  (Italy).  Dept.  of  Environmental  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  2L. 
W90-07402 


DENrTRIFICATION  AND  OXYGEN  RESPIRA- 
TION IN  BIOFILMS  STUDIED  WITH  A  MI- 
CROSENSOR  FOR  NITROUS  OXIDE  AND 
OXYGEN. 

Aarhus  Univ.  (Denmark).   Inst,  of  Ecology  and 

Genetics. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-0741 1 


CHEMICAL  CHARACTERISTICS  OF  A  MEDI- 
TERRANEAN RIVER  AS  INFLUENCED  BY 
LAND  USES  EM  THE  WATERSHED. 

Barcelona  Univ.  (Spain).  Dept.  de  Ecologia. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07415 


SEASONAL  VARIATIONS  OF  THE  DEUTERI- 
UM CONTENT  IN  THE  PARANA  AND  LIMAY 
RIVERS. 

Comision  Nacional  de  Energia  Atomica,  Buenos 
Aires  (Argentina).  Dept.  de  Quimica  Analitica. 
E.  A.  Gautier,  R.  A.  Lukaszew,  and  R.  E.  Servant. 
Water  Research  WATRAG,  Vol.  24,  No.  2,  p  191- 
194,  February  1990.  3  fig,  14  ref. 

Descriptors:  'Argentina,  'Baseline  studies,  •Deu- 
terium, *Hydrogen,  'Mass  spectrometry,  *Water 
quality,  Correlation  analysis,  Flow,  Limay  River, 
Parana  River,  Seasonal  variation. 

An  analysis  of  the  possible  sources  of  small  deuteri- 
um/hydrogen ratio  (D/H)  variations  in  waters  is 
made  and  applied  to  the  Parana  and  Limay  rivers 
in  Argentina.  These  two  rivers  were  studied  be- 
cause their  waters  will  feed  an  experimental  and  an 
industrial  plant  for  the  production  of  heavy  water, 
respectively.  The  isotopic  analysis  was  made  by 
mass  spectrometry.  The  average  D/H  concentra- 
tion found  for  the  Parana  and  Limay  rivers  was 
150.8  and  144.4  ppma,  respectively.  Seasonal  D/H 
variations  of  about  1  %  were  found  for  the  Parana 
river  and  could  be  correlated  with  flow  fluctua- 
tions over  the  year.  The  Limay  river  did  not  show 
the  same  variations,  the  deuterium  content  remain- 
ing constant  over  the  year,  within  the  experimental 
error.  (Author's  abstract) 
W90-07420 


COMPARATTVE  STUDY  OF  PRECIPITATION 
CHEMISTRY  AT  INLAND,  COASTAL  AND 
ISLAND  SITES  IN  THE  BOTHNIAN  BAY 
AREA. 

Stockholm  Univ.  (Sweden).  Meteorologiska  Insti- 

tutionen. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07478 


DETERMINATION  OF  HYDROGEN  CARBON- 
ATE IN  RAINWATER. 


Warren  Spring  Lab.,  Stevenage  (England). 
For  primary  bibliographic  entry  see  Field  2B. 
W90-07490 

2L.  Estuaries 


ECOLOGICAL  EFFECTS  OF  COOLEMG 
WATER  DISCHARGE  ON  HYDROLITTORAL 
EPILITHIC  DIATOM  COMMUNITIES  IN  THE 
NORTHERN  BALTIC  SEA. 

Uppsala    Univ.    (Sweden).    Inst,    of    Ecological 

Botany. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06579 


MECHANISMS  AND  ECOLOGICAL  CONSE- 
QUENCES OF  ANNUAL  DESTRATIFICATION 
IN  A  STRATIFIED  EUTROPHIC  ENVIRON- 
MENT (MECANISMES  ET  INCIDENCES  ECO- 
LOGIQUES  DE  L'HOMOGENEISATION  AN- 
NUELLE  DE  DENSITE  DANS  UN  MILIEU  EU- 
TROPHE  STRATIFIE). 

Centre  de  Recherches  Oceanographiques,  Abidjan 
(Ivory  Coast). 

D.  Guiral,  R.  Arfi,  and  J.  P.  Torreton. 
Hydrobiologia  HYDRB8,  Vol.  183,  No.  3,  p  195- 
210,  1989.  10  fig,  33  ref.  English  summary. 

Descriptors:  *Bays,  'Density  stratification,  *Des- 
tratification,  'Ivory  Coast,  Ecological  effects,  Sa- 
linity, Seasonal  variation,  Tidal  currents,  Water 
chemistry,  Water  sampling. 

Two  sets  of  data  were  collected  in  the  Bietri  bay 
(Ebrie  lagoon,  Ivory  Coast).  The  first  one  con- 
cerns a  program  with  a  low  frequency  sampling 
(October  1985-March  1986),  during  which  hydro- 
climatic  conditions  necessary  to  the  suppression  of 
the  density  gradient  (increasing  surface  salinity, 
cooling  of  surface  waters  in  relation  with  a  coastal 
upwelling)  were  defined.  The  second  one  refers  to 
a  high  frequency  program  (January-February 
1987),  in  the  same  area,  in  order  to  describe  the 
mechanisms  and  the  ecological  consequences  of 
the  destratification.  When  hydroclimatic  condi- 
tions are  favorable,  destratification  occurs  during  a 
spring  tide  period,  corresponding  to  an  exceptional 
low  waters,  induced  by  a  higher  tidal  current 
velocity  in  the  bay,  evidenced  by  a  low  Richard- 
son number.  That  destratification  allows  an  ho- 
mogenization  of  vertical  profiles  of  nutrient  con- 
centrations, but  leads  mainly  to  the  disappearance 
of  90%  of  N-NH4  and  60%  of  the  P-P04  loads.  A 
modification  of  the  chemical  environment  in  the 
hypolimnion  during  its  re-oxygenation  is  proposed 
to  explain  this  sudden  and  transitory  disappear- 
ance. On  the  contrary,  the  vertical  distribution  of 
biomass  seems  to  be  little  affected  by  the  gradient 
suppression,  the  bottom  topography  preventing 
from  important  convective  movements.  Thus,  the 
biological  consequences  of  the  destratification  in 
this  eutrophic  estuarine  area  are  not  as  important 
as  the  hydrodynamical  and  hydrochemical  modifi- 
cations observed  during  this  phenomenon.  (Au- 
thor's abstract) 
W90-06593 


TRACE  METALS  IN  BD7ALVES  AND  SEDI- 
MENTS FROM  TOLO  HARBOUR,  HONG 
KONG. 

Chinese  Univ.  of  Hong  Kong,  Shatin.  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06606 


HEAVY  METAL  DETECTION  IN  THE  SEDI- 
MENT-WATER COMPONENTS  OF  THE  SADO 
ESTUARY  BY  MULTIELEMENTAL  ANALY- 
SIS. 

Laboratorio  Nacional  de  Engenharia  e  Tecnologia 
Industrial,  Lisbon  (Portugal). 
For  primary  bibliographic  entry  see  Field  5A. 
W90-06620 


STEADY-STATE  ANALYSIS  OF  THE  'MICRO- 
BIAL LOOP'  IN  STRATIFIED  SYSTEMS. 

Marine  Biological  Association  of  the  United  King- 
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dom,  Plymouth  (England). 

A.  H.  Taylor,  and  I.  Joint. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

59,  No.  1/2,  p  1-17,  January  1990.  9  fig,  2  tab,  47 

ref,  3  append. 

Descriptors:  'Bacterioplankton,  'Food  chains, 
'Mathematical  models,  'Microorganisms,  'Phyto- 
plankton,  'Population  dynamics,  Dissolved  organ- 
ic carbon,  Mixing,  Nitrates,  Zooplankton. 

Steady  state  solutions  are  presented  for  a  simple 
model  of  the  surface  mixed  layer,  which  contains 
the  components  of  the  'microbial  loop',  namely 
phytoplankton,  picophytoplankton,  bacterioplank- 
ton,  microzooplankton,  dissolved  organic  carbon, 
detritus,  nitrate,  and  ammonia.  This  system  is  as- 
sumed to  be  in  equilibrium  with  the  larger  grazers 
present  at  any  time,  which  are  represented  as  an 
external  mortality  function.  The  models  also 
allows  for  dissolved  organic  nitrogen  consumption 
by  bacteria,  and  self-grazing  and  mixotrophy  of  the 
microzooplankton.  The  model  steady  states  are 
always  stable.  The  solution  shows  a  number  of 
general  properties,  for  example,  biomass  of  each 
individual  component  depends  only  on  total  nitro- 
gen concentration  below  the  mixed  layer,  not 
whether  the  nitrate  is  in  the  form  of  nitrate  or 
ammonia.  Standing  stocks  and  production  rates 
from  the  model  are  compared  with  summer  obser- 
vations from  the  Celtic  Sea  and  Porcupine  Sea 
Bight.  The  agreement  is  good  and  suggests  that  the 
system  is  not  often  far  from  equilibrium.  A  sensitiv- 
ity analysis  of  the  model  is  included.  The  effect  of 
varying  the  mixing  across  the  pycnocline  is  investi- 
gated; more  intense  mixing  results  in  the  large 
phytoplankton  population  increasing  at  the  ex- 
pense of  picophytoplankton,  microzooplankton 
and  DOC.  The  change  from  phytoplankton  to 
picophytoplankton  dominance  at  low  mixing 
occurs  even  though  the  same  physiological  param- 
eters are  used  for  both  size  fractions.  The  F-ratio 
falls  abruptly  at  low  mixing  rates.  Estimates  of 
microbial  food  web  efficiency  made  with  this 
model  show  that  bacteria  are  not  important,  a 
result  confirmed  by  excluding  bacteria  from  the 
system.  The  model  therefore  does  not  support  the 
'microbial  loop'  hypothesis.  (Author's  abstract) 
W90-06631 


MEIOFAUNAL  RESPONSES  TO  SEDIMENTA- 
TION FROM  AN  ALASKAN  SPRING  BLOOM: 
II.  HARPATICOID  POPULATION  DYNAMICS. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Zo- 
ology and  Physiology. 
J.  W.  Fleeger,  and  T.  C.  Shirley. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
59,  No.  3,  p  239-247,  January  1990.  7  fig,  38  ref. 
NOAA  Contract  No.  NA-85-ABH-022. 

Descriptors:  'Copepods,  'Marine  animals,  'Popu- 
lation dynamics,  'Seasonal  variation,  'Sedimenta- 
tion, Food  chains,  Population  density,  Reproduc- 
tive cycle,  Sex  ratio,  Species  composition. 

Metazoan  meiofaunal  major  taxon  seasonal  varia- 
tion and  density  maxima  have  been  shown  to  be 
unrelated  to  spring  phytoplankton  sedimentation 
over  a  four  year  period  in  Auke  Bay,  Alaska.  To 
determine  how  individual  species  responded  to 
sedimentation,  meiobenthic  copepods  were  ana- 
lyzed separately.  The  harpaticoid  copepod  assem- 
blage was  diverse:  thirty-five  species,  of  which  16 
were  common  and  abundant  each  field  season  and 
throughout  the  bay.  Three  species,  Tachidiella  cf. 
minuta,  Danielssenia  reducta  Gee  and  Pseudameira 
sp.,  dominated  collections,  comprising  about  60% 
of  all  individuals.  Reproductive  cycles  in  some 
species  appeared  to  be  related  to  the  April-May 
sedimentation  event.  Age-structured  data  indicate 
marked  changes  coincident  with  sedimentation  for 
tow  of  the  three  predominant  species.  In  the  over- 
wintering species  D.  reducta  and  T.  cf.  minuta,  the 
proportion  of  copepodites  increased  in  April  and 
May  and  striking  increases  in  the  proportions  of 
males  followed  in  May  and  June  annually.  This 
pattern  suggests  that  a  cohort  is  produced  in  con- 
junction with  spring  sedimentation.  Pseudameira 
sp.  produced  early,  before  spring  sedimentation. 
Most  significantly  however,  seasonality  in  popula- 
tion density  was  not  obvious,  and  although  abun- 
dances differed  among  years,  density  maxima  did 


not  co-vary  with  sedimentation  intensity.  This  sug- 
gests that  harpaticoid  density  maxima  are  not  tight- 
ly linked  with  phytodetritus  and  that  other  factors 
regulate  abundance.  (Author's  abstract) 
W90-06632 


SEASONAL  PATTERNS  OF  BACTERIAL  PRO- 
DUCTION AND  BIOMASS  IN  INTERTIDAL 
SEDIMENTS  OF  THE  WESTERN  DUTCH 
WADDEN  SEA. 

Nederlands  Inst,  voor  Onderzoek  der  Zee,  Texel. 

F.  C.  van  Duyl,  and  A.  J.  Kop. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

59,  No.  3,  p  249-261,  January  1990.  7  fig,  6  tab,  68 

ref. 

Descriptors:  'Bacterial  physiology,  'Bacterial  pro- 
duction, 'Biomass,  'Estuarine  sediments,  'Season- 
al variation,  * Wadden  Sea,  Isotopic  tracers,  Litto- 
ral environment.  Population  dynamics,  Sedimenta- 
tion. 

Tritiated-methyl  thymidine  incorporation,  bacterial 
abundance  and  biomass  were  measured  over  one 
year  on  intertidal  flats  in  the  western  Dutch 
Wadden  Sea.  Thymidine  incorporation  and  bio- 
mass carbon  production  peaked  in  March  and  in 
mid-late  summer  with  thymidine  incorporation 
rates  ranging  from  15  to  15,300  nm/L  wet  sedi- 
ment/day in  the  top  3  mm  of  sediment  (0.4  to  518 
mg  carbon/L  wet  sediment/day).  Bacterial  pro- 
duction was  site-specific.  The  higher  bacterial  pro- 
duction at  one  site  could  be  related  to  higher 
organic  carbon  sedimentation.  At  most  sites  bacte- 
rial production  covaried  with  particulate  organic 
carbon  content  and  its  decomposable  fraction  in 
the  sediment,  suggesting  nutrient  stress.  Covaria- 
tion of  production  with  bacterial  abundance  and 
biomass  was  not  found.  The  latter  variables 
showed  a  distinct  seasonality  with  lowest  values  in 
spring/summer  and  highest  values  in  autumn.  Reg- 
ulation of  bacterial  density  appeared  to  be  strongly 
density-dependent.  (Author's  abstract) 
W90-06633 


METABOLIC  ACTIVITY  OF  SIZE-FRACTION- 
ATED MICROBIAL  PLANKTON  IN  ESTUA- 
RINE, NEARSHORE,  AND  CONTINENTAL 
SHELF  WATERS  OF  GEORGIA. 

Georgia  Univ.,  Athens.  Inst,  of  Ecology. 
P.  C.  Griffith,  D.  J.  Douglas,  and  S.  C.  Wainright. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
59,  No.  3,  p  263-270,  January  1990.  5  fig,  4  tab,  32 
ref.  DOE  Grant  DE-FG09-86ER60451. 

Descriptors:  'Bacterial  physiology,  'Coastal 
waters,  'Continental  shelf,  'Estuaries,  'Georgia, 
•Microorganisms,  'Separation  techniques,  Ecosys- 
tems,  Growth  efficiency,   Plankton,   Respiration. 

Estimates  of  bacterial  production  and  activity,  and 
of  planktonic  community  respiration,  were  made  at 
a  series  of  stations  starting  in  an  estuary,  passing 
through  the  coastal  front,  and  across  the  continen- 
tal shelf  to  a  distance  of  120  kilometers  offshore  in 
the  Georgia  Bight.  Measurements  were  made  on 
unfiltered  and  on  1.0  micrometer  (pore-size)  fil- 
tered water  samples  to  examine  the  small  free- 
living  bacterial  size  fraction  relative  to  the  larger 
plankton.  In  waters  landward  of  the  coastal  front, 
about  50  to  80%  of  bacterial  and  community  activ- 
ity was  associated  with  the  larger  size  fraction, 
indicating  the  importance  of  larger  and  particle- 
associated  heterotrophs  in  the  nearshore,  highly 
turbid  water.  Seaward  of  the  front,  80  to  90%  of 
activity  was  in  the  <  1.0  micrometer  fraction. 
Thus,  the  <  1.0  micrometer  size  fraction  is  respon- 
sible for  most  of  the  respiration  in  shelf-waters. 
Bacterial  production  and  activity  decreased  mark- 
edly with  distance  from  shore;  community  respira- 
tion also  decreased  across  the  shelf,  but  not  as 
much  as  the  bacterial  production  decreased.  Bacte- 
rial growth  efficiency  was  low  in  estuarine  waters 
(11%),  and  decreased  in  nearshore  (6%)  and  shelf 
(2%)  waters.  (Author's  abstract) 
W90-06634 


HYDROCARBON  WEATHERING  AND  BIO- 
DEGRADATION  IN  A  TROPICAL  ESTUARINE 
ECOSYSTEM. 


Museume    National    d'Histoire    Naturelle,    Paris 

(France).  Lab.  de  Cryptogamie. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06638 


EXPECTED  EFFECTS  OF  THE  USE  OF  THE 
OOSTERSCHELDE  STORM  SURGE  BARRIER 
ON  THE  SURVIVAL  OF  THE  INTERTIDAL 
FAUNA:  PART  1.  THE  EFFECTS  OF  PRO- 
LONGED EMERSION. 

Delta  Inst,  for  Hydrobiological  Research,  Yerseke 
(Netherlands). 

For  primary  bibliographic  entry  see  Field  6G. 
W90-06639 


EXPECTED  EFFECTS  OF  THE  USE  OF  THE 
OOSTERSCHELDE  STORM  SURGE  BARRIER 
ON  THE  SURVIVAL  OF  THE  INTERTIDAL 
FAUNA:  PART  2.  THE  EFFECTS  OF  PRO- 
TRACTED TIDAL  CYCLES. 
Delta  Inst,  for  Hydrobiological  Research,  Yerseke 
(Netherlands). 

For  primary   bibliographic  entry  see   Field   6G. 
W90-06640 


DISTRIBUTION  OF  TRACE  METALS  IN 
SOME  REPRESENTATIVE  FAUNA  OF  THE 
SOUTHERN  BALTIC. 

Akademia  Medyczna,  Gdansk  (Poland).  Dept.  of 

Analytical  Chemistry. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06641 


CHROMIUM  FLUXES  THROUGH  MEX  BAY 
INSHORE  WATERS. 

Alexandria  Univ.  (Egypt).  Dept.  of  Oceanography. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06642 


PESTICIDES  AND  PCBS  IN  SOUTH  CAROLI- 
NA ESTUARIES. 
Fluor  Daniel,  Greenville,  SC. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06648 


PRIMARY  PRODUCTION  IN  THE  COLUMBIA 
RIVER  ESTUARY.  I:  SPATIAL  AND  TEMPO- 
RAL VARIABILITY  OF  PROPERTIES. 

Centro  de  Investigacion  Cientifica  y  de  Educacion 
Superior  de  Ensenada  (Mexico). 
J.  R.  Lara-Lara,  B.  E.  Frey,  and  L.  F.  Small. 
Pacific  Science  PASCAP,  Vol.  44,  No.  1,  p  17-37, 
January  1990.  13  fig,  5  tab,  58  ref. 

Descriptors:  'Chlorophyll,  'Columbia  River  Estu- 
ary, 'Estuarine  environment,  'Light  penetration, 
•Nutrient  concentrations,  'Particulate  matter,  'Or- 
ganic carbon,  'Plant  pigments,  'Primary  produc- 
tivity, 'Temporal  variation,  'Turbidity,  'Water 
temperature,  Light,  Mt  St  Helens,  Nitrogen  com- 
pounds, Phytoplankton,  Seasonal  variation. 

Estuarine  systems  are  perhaps  the  most  variable  of 
aquatic  ecosystems,  exhibiting  frequent  physico- 
chemical  fluctuations  and  varying  over  tidal,  diel 
and  seasonal  cycles.  Light,  major  nutrients,  water 
temperature,  turbidity,  and  its  inorganic  and  organ- 
ic fractions,  chlorophyll,  phaeophytin,  DCMU  (3- 
(3,4-dichlorophenyl)-l,l  dimethyl  urea)-enhanced 
fluorescence  (DCMU  ratio),  particulate  organic 
carbon  (POC),  particulate  organic  nitrogen  (PON), 
and  primary  production  were  measured  from  April 
1980  through  April  1981  in  a  65  kilometer  stretch 
of  Columbia  River  estuary.  Daily  solar  input,  light 
attenuation  in  the  water,  and  chlorophyll  concen- 
tration accounted  for  75%  of  the  variability  of 
daily  primary  production  in  the  main  estuarine  axis 
and  85%  in  the  shallows.  The  rapid  appearance  of 
a  turbidity  load  created  by  the  Mt.  Saint  Helens 
volcanic  eruption  in  May  1980  and  the  subsequent 
clearing  of  the  water  as  the  load  moved  out  of  the 
estuary  became  a  natural  experiment  to  show  that 
light  availability  was  indeed  the  limiting  factor  to 
phytoplankton  production  in  the  estuary.  Spatial 
variability  in  the  chlorophyll  concentration  was 
caused  mainly  by  large  summer  reductions  at  the 
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location  where  freshwater  cells  were  lysed  on  con- 
tact with  low-salinity  intrusions.  Mean  values  for 
properties  in  the  main  axis  generally  were  not 
significantly  different  from  those  in  the  shallows, 
suggesting  that  the  main  axis  and  shallows  experi- 
ence similar,  rapid  flushing  times.  Total  primary 
production  for  the  estuary  was  almost  30,000 
metric  tons  of  carbon  per  year,  but  areal  produc- 
tion was  only  100  grams  of  carbon  per  square 
meter  per  year,  which  puts  the  Columbia  system  at 
the  low  end  of  North  American  estuaries.  (See  also 
W90-06650)  (Author's  abstract) 
W90-06649 


PRIMARY  PRODUCTION  IN  THE  COLUMBIA 
RIVER  ESTUARY.  II:  GRAZING  LOSSES, 
TRANSPORT,  AND  A  PHYTOPLANKTON 
CARBON  BUDGET. 

Centro  de  Investigacion  Cientifica  y  de  Educacion 
Superior  de  Ensenada  (Mexico). 
J.  R.  Lara-Lara,  B.  E.  Frey,  ar,d  L.  F.  Small. 
Pacific  Science  PASCAP,  Vol.  44,  No.  1,  p  38-50, 
January  1990.  4  fig,  6  tab,  53  ref. 

Descriptors:  'Carbon  cycle,  'Columbia  River  Es- 
tuary, *Estuarine  environment,  *Food  chains, 
♦Grazing,  'Nutrient  transport,  *Phytoplankton, 
♦Primary  productivity,  Brackish  water,  Freshwa- 
ter, Mt  St  Helens,  Respiration. 

Mean  loss  of  phytoplankton  carbon  as  a  result  of 
microcrustacean  grazing  ranged  from  0.03  to  8.94 
milligrams  of  carbon  per  cubic  meter  per  day, 
depending  upon  time  of  year  and  location  in  the 
estuary.  On  an  annual  basis,  median  grazing  rate 
represented  6.3%  of  the  annual  primary  produc- 
tion in  the  estuary.  Daily  transport  of  phytoplank- 
ton carbon  decreased  from  the  fluvial  regions  to 
the  ocean,  with  the  largest  decrease  occurring  at 
the  freshwater-brackish  water  interface.  Annual 
import  to  the  study  area  from  upriver  (excluding 
the  May  1980  data,  which  were  affected  by  the 
eruption  of  Mt.  Saint  Helens)  was  61,440  mt  of 
carbon  per  year,  while  annual  export  to  the  ocean 
was  40,560  mt  of  carbon  per  year.  Total  phyto- 
plankton carbon  input  to  the  estuary  was  91,316  mt 
of  carbon  per  year,  a  summation  of  import  from 
upriver  and  in  situ  primary  production.  Export  to 
the  ocean  plus  median  in  situ  grazing  loss  equalled 
42,453  mt  of  carbon  per  year,  so  that  there  was  an 
unaccounted  balance  of  48,863  mt  of  carbon  per 
year.  Some  of  this  was  nighttime  respiratory  loss 
from  the  phytoplankton.  If  the  standing  stock  of 
the  phytoplankton  carbon  in  the  estuary  was  rea- 
sonably in  steady  state  on  an  annual  basis,  the 
remaining  balance  must  have  been  satisfied  by  con- 
version of  phytoplankton  carbon  to  non-chloro- 
phyllous  detrital  particulate  carbon  and/or  conver- 
sion to  dissolved  organic  carbon  during  transit 
through  the  estuary.  Some  indirect  evidence  sug- 
gests that  phytoplankton  carbon  was  mainly  con- 
verted to  detrital  particulate  carbon  during  the 
short  transit  time  through  the  estuary,  but  verifica- 
tion requires  further  data.  (Author's  abstract) 
W90-06650 


in  the  brackish  'upper  layer'  from  the  Norwegian 
Coastal  Current.  A  second  diatom  bloom  was  ob- 
served during  an  upwelling  period  in  early  May. 
After  the  event,  a  two-layer  system  could  be  rec- 
ognized. Below  the  pycnocline  shade-adapted  cells 
formed  a  distinct  maximum  layer  of  chlorophyll  a. 
A  similar  situation  appeared  in  late  June,  during 
which  autochthonous  populations  of  the  coccolith- 
ophorid  Emiliania  huxleyi  made  up  the  major  part 
of  the  biomass  of  the  'upper  layer'.  On  June  25 
more  than  50%  of  the  chlorophyll  a  content  of  the 
upper  40  meters  was  found  deeper  than  the  1% 
light  depth.  Grazing  by  copepods  and  very  low 
nutrient  concentrations  kept  the  phytoplankton 
biomass  low  throughout  summer.  Mass  occurrence 
of  the  dinoflagellate  Gyrodinium  aureolum  was 
encountered  in  the  uppermost  part  of  the  'upper 
layer'  in  early  October  during  an  inflow  of  warm 
and  brackish  coastal  water  deprived  of  nutrients. 
Very  high  chlorophyll  a/carbon  ratios  indicate 
that  this  species  was  extremely  well-adapted  for 
growth  under  low  irradiances.  (Author's  abstract) 
W90-06651 


PLANKTON  IN  THE  JAMES  RIVER  ESTU- 
ARY, VntGINIA.  V.  PHYTOPLANKTON  COM- 
POSITION OF  THE  NANSEMOND  RTVER. 

Old  Dominion  Univ.,  Norfolk,  VA.  Dept.  of  Bio- 
logical Sciences. 

C.  E.  Shomers,  and  H.  G.  Marshall. 
Virginia  Journal  of  Science  VJSCAI,  Vol.  40,  No. 
4,  p   193-205,  Winter  1989.  6  fig,  2  tab,   19  ref. 

Descriptors:  'Estuarine  environment,  'James 
River  Estuary,  *Phytoplankton,  *Species  composi- 
tion, 'Virginia,  Chlorophyta,  Cryptomonads, 
Cyanophyta,  Diatoms,  Dinoflagellates,  Euglen- 
oids,  Seasonal  variation. 

The  phytoplankton  of  the  Nansemond  River  con- 
tained two  major  size  categories.  The  most  numer- 
ous was  a  ubiquitous  pico-nanoplankton  compo- 
nent consisting  mainly  of  cyanobacteria,  microfla- 
gellates  and  chlorophyceans  that  were  <10  mi- 
crons in  size,  with  major  growth  periods  in  spring 
and  fall.  The  second  group  was  microplankton  that 
contained  cells  generally  >  10  microns  and  were 
composed  primarily  of  species  from  the  Bacillario- 
phyceae,  Dinophyceae,  Cryptophyceae,  Chloro- 
phyceae,  and  Euglenophyceae.  This  group  also 
had  a  bimodal  abundance  pattern  occurring  in 
spring  and  fall.  The  major  phytoplankters  in  the 
Nansemond  River  were  primarily  estuarine  species 
similar  to  populations  previously  reported  in  the 
lower  James  River,  its  tributaries  and  the  lower 
Chesapeake  Bay.  The  diatoms  had  seasonal  means 
of  64.8  ppt  and  52.5  ppt  of  the  total  biovolume  for 
winter  and  spring  respectively.  The  Dinophyceae 
were  the  most  important  contributor  to  biovolume 
in  summer  and  the  fall  of  1985.  The  characteristic 
phytoplankton  in  the  Nansemond  River  were  not 
unique,  but  have  a  wide  distribution  within  the 
region  and  in  the  lower  Chesapeake  Bay.  (Author's 
abstract) 
W90-06652 


but  are  always  at  the  bed  in  finite-depth  waters. 
Large-celled  species  with  high  sinking  rates  are 
least  sustainable  in  stable  water  columns,  especially 
a  weakly  mixed,  mixed  layer.  Conversely,  cell 
sinking  rates  have  little  effect  on  net  growth  in 
accentuated  under  weakly  mixed  conditions.  Com- 
parison with  field  data  shows  quite  good  agree- 
ment with  the  model  predictions  and  underlines 
the  fact  that  simple  analytical  tools  are  often  quite 
adequate  when  dealing  with  a  sparse  experimental 
data  base.  (Author's  abstract) 
W90-06660 


PLUTONIUM,  LEAD-210,  AND  CARBON  ISO- 
TOPES IN  THE  SAVANNAH  ESTUARY:  RI- 
VERBORNE  VERSUS  MARINE  SOURCES. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  2J. 
W90-06663 


IMPORTANCE  OF  MICROALGAE  IN  THE 
BIODEGRADATION  OF  TRIBUTYLTIN  IN  ES- 
TUARINE WATERS. 

Skidaway  Inst,  of  Oceanography,  Savannah,  GA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06664 


POLYCYCLIC  AROMATIC  HYDROCARBONS 
IN  MARINE  ORGANISMS  FROM  ITALIAN 
CENTRAL  MEDITERRANEAN  COASTS. 

Naples  Univ.  (Italy).  Dipt,  di  Farmacologia  Speri- 

mentale. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06679 


MEDIATORS  OF  MICROBIOLOGICAL 
ORIGEN  AND  EUTROPHICATION  PHENOM- 
ENA. 

Centre  d'Etudes  et  de  Recherches  de  Biologie  et 
d'Oceanographie  Medicale,  Nice  (France). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06681 


RELATIONSHIP  BETWEEN  METALS  IN  SEA- 
WATER  AND  METAL  ACCUMULATION  IN 
SHRIMPS. 

Nantes  Univ.  (France).  Lab.  de  Physiologie. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06682 


EFFECT  OF  CHLOR-ALKALI  INDUSTRY  EF- 
FLUENT ON  THE  GROWTH  AND  BIOCHEMI- 
CAL COMPOSITION  OF  TWO  MARINE  MA- 
CROALGAE. 

Central  Salt  and  Marine  Chemicals  Research  Inst., 

Bhavnagar  (India). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06683 


ECOLOGICAL  STUDIES  ON  THE  PHYTO- 
PLANKTON OF  BOKNAFJORDEN,  WESTERN 
NORWAY.  1:  THE  EFFECT  OF  WATER  EX- 
CHANGE PROCESSES  AND  ENVIRONMEN- 
TAL FACTORS  ON  TEMPORAL  AND  VERTI- 
CAL VARIABILITY  OF  BIOMASS. 
Norsk  Inst,  for  Vannforskning,  Oslo. 
S.  V.  Erga. 

Sarsia  SARIA3,  Vol.  74,  No.  3,  p  161-176,  1989.  10 
fig,  1  tab,  78  ref. 

Descriptors:  *Biomass,  'Boknafjorden,  'Ecosys- 
tems, 'Estuarine  environment,  'Fjords,  'Norway, 
•Phytoplankton,  'Temporal  distribution,  'Vertical 
distribution,  'Water  exchange,  Chlorophyll,  Dia- 
toms, Nutrient  concentrations,  Upwelling. 

Temporal  and  vertical  variability  of  phytoplankton 
biomass  were  studied  throughout  1981  in  Boknaf- 
jorden,  a  deep-silled  fjord  of  southwestern 
Norway.  Local  blooms  of  autochthonous  popula- 
tions of  the  diatom  Skeletonema  costatum  were 
found  in  stratified  waters  of  sheltered  areas  in  late 
February.  The  first  widespread  diatom  bloom  oc- 
curred in  late  March  and  was  probably  transported 


EFFECT  OF  PHYSICAL  FACTORS  ON  THE 
VERTICAL  DISTRIBUTION  OF  PHYTO- 
PLANKTON IN  EUTROPHIC  COASTAL 
WATERS. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
A.  J.  Gabric,  and  J.  Parslow. 
Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  40,  No.  5,  p  559-569,  1989.  1 
tab,  7  fig,  19  ref. 

Descriptors:  'Coastal  waters,  'Model  studies, 
'Phytoplankton,  Algal  growth,  Eutrophication, 
Nearshore  processes,  Sedimentation  rates,  Turbidi- 
ty, Vertical  distribution. 

A  new  analytical  model  for  the  vertical  distribu- 
tion of  phytoplankton  in  shallow,  turbid  waters  is 
presented.  The  effects  of  vertical  mixing,  light- 
attenuated  growth  and  algal-cell  sinking  rates  are 
included.  The  two  cases  of  a  finite-depth  water 
column  and  a  mixed  layer  are  investigated.  The 
results  for  negatively  buoyant  cells  suggest  that 
concentration  maxima  can  occur  above  the  sea  bed 
for  either  strong  or  weak  mixing  in  a  mixed  layer 


DISTRIBUTION  OF  OIL-DEGRADING  BACTE- 
RIA IN  THE  NORTHWEST  ARABIAN  GULF. 

Basrah  Univ.  (Iraq).  Marine  Science  Centre. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06684 


METAL     LEVELS     IN     A     LEATHERBACK 
TURTLE. 

University  Coll.  of  North  Wales,  Menai  Bridge. 

School  of  Ocean  Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06685 


COASTAL    ZONE:    OCCUPANCE,    MANAGE- 
MENT AND  ECONOMIC  COMPETITIVENESS. 

HAECON  N. V.,  Ghent  (Belgium). 

For  primary  bibliographic  entry  see  Field  6F. 

W90-06686 


CONTINENTAL   FLUXES   TO   THE   BAY   OF 
BISCAY:  PROCESSES  AND  BEHAVIOUR. 

Institut  de  Geologie  du  Bassin  d'Aquitaine,  Ta- 
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Field  2— WATER  CYCLE 
Group  2L — Estuaries 

lence  (France). 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06688 


HETEROTROPHIC    NANNO-    AND    MICRO- 
PLANKTON  NEAR  LARGE  SEAPORT  CITIES. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Okeanolo- 

g"- 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06689 


DETERMINATION  OF  THE  METABOLIC  AC- 
TIVITY OF  HETEROTROPHIC  BACTERIA 
ISOLATED  FROM  ESTUARINE  GARDNO 
LAKE. 

Wyzsza  Szkola  Nauczycielska  w  Slupsku  (Poland). 
Dept.  of  Ecology  and  Protection  of  Environment. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-O6692 


VERTICAL  DISTRIBUTION  OF  ROTATORIA 
BIOMASS  IN  BRACKISH  WATERS  OF  THE 
VISTULA  LAGOON. 

Akademia  Rolniczo-Techniczna,  Olsztyn-Kortow 
(Poland).  Dept.  of  Sanitary  Hydrobiology. 
B.  Adamkiewicz-Chojnacka,  and  S.  Radwan. 
Polskie  Archiwum  Hydrobiologii  PAHYA2,  Vol. 
36,  No.  1,  p  105-1 1 1,  1989.  4  fig,  12  ref. 

Descriptors:  'Brackish  water,  •Distribution  pat- 
terns, 'Estuarine  ecology,  'Rotifers,  Baltic  Sea, 
Biomass,  Lagoons,  Vertical  distribution. 

Studies  on  vertical  distribution  of  the  predominat- 
ing Rotatoria  species  were  carried  out  in  the  Vis- 
tula Lagoon.  It  is  a  brackish  (0.8-4.5%  salinity)  and 
polymictic  bay  adjacent  to  the  southeastern  part  of 
the  Baltic  Sea.  A  uniform  occurrence  of  the  bio- 
mass of  each  species  in  the  whole  water  column 
was  found.  Slightly  elevated  values  of  the  surface 
layers  of  water  were  found  sporadically  in  some 
localities.  A  clear  spatial  differentiation  in  the  bio- 
mass distribution  of  each  rotifer  species  was  ob- 
served; this  phenomenon  is  typical  of  estuaries. 
(Author's  abstract) 
W90-06693 


ROLE  OF  LITTER  IN  NUnUENT  CYCLING  IN 
A  BRACKISH  TTOAL  MARSH. 

Smithsonian  Environmental  Research  Center, 
Edgewater,  MD. 

T.  E.  Jordan,  D.  F.  Whigham,  and  D.  L.  Correll. 
Ecology  ECOLAR,  Vol.  70,  No.  6,  p  1906-1915, 
December  1989.  7  fig,  1  tab,  48  ref.  NSF  grant 
BSR-83 16948. 

Descriptors:  •Ammonium,  'Cattails,  'Cycling  nu- 
trients, 'Litter,  'Marsh  plants,  'Nitrates,  'Phos- 
phates, 'Tidal  marshes,  Decomposition,  Nitrites, 
Sediments. 

The  role  of  litter  in  nutrient  cycling  in  a  Typha 
angustifolia  dominated  brackish  tidal  marsh  was 
studied  with  a  field  experiment.  In  replicated  plots, 
litter  was  either  removed,  replaced  with  plastic 
strips  (pseudolitter),  increased  3-fold,  or  left  unal- 
tered. One  set  of  plots  received  fortnightly  surface 
applications  of  ammonium  phosphate  solution  at  an 
annual  rate  of  65  g/sq  m  of  N  and  72  g/sq  m  of  P. 
The  nutrient  additions  increased  the  concentrations 
of  dissolved  and  extractable  ammonium  and  phos- 
phate, but  decreased  the  concentration  of  dissolved 
nitrate  plus  nitrite  in  the  sediment.  The  effects  of 
the  litter  manipulations  were  mostly  attributable  to 
the  physical  structure  of  the  litter  layer  rather  than 
the  decomposition  process.  Plots  with  no  litter  or 
pseudolitter  developed  higher  concentrations  of 
total  NH4  in  the  sediment  than  other  plots.  Also, 
when  litter  and  pseudolitter  were  absent,  the  nutri- 
ent additions  caused  greater  increases  in  P04  in  the 
sediment.  Decomposition  and  changes  in  nutrient 
content  of  Typha  litter  were  measured  in  mesh 
bags  placed  in  the  plots  containing  litter.  In  plots 
with  increased  litter,  litter  placed  on  the  top  of  the 
litter  layer  decomposed  faster  than  litter  placed  on 
the  sediment  surface.  The  experimentally  manipu- 
lated litter  took  up  nutrients  during  the  experiment. 
The  litter  in  plots  with  extra  litter  took  up  more  N 
and  P  than  was  in  total  NH4  and  dissolved  P04  in 


the  sediment.  However,  litter  decomposition  did 
not  affect  inorganic  N  and  P  pools  on  the  sedi- 
ment, possibly  because  large  pools  of  organic  N 
and  P  in  the  sediment  buffer  the  supply  of  inorgan- 
ic nutrients  against  short-term  changes  in  litter. 
(Author's  abstract) 
W90-06707 


WATER  MASS  STRUCTURE  AND  BOUND- 
ARIES IN  THE  MACKENZIE  SHELF  ESTU- 
ARY. 

Institute  of  Ocean  Sciences,  Sidney  (British  Co- 
lumbia). 

E.  C.  Carmack,  R.  W.  Macdonald,  and  J.  E. 
Papadakis. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  94,  No.  12,  p  18043-18055,  Decem- 
ber 15,  1989.  10  fig,  43  ref. 

Descriptors:  'Arctic  Ocean,  'Beaufort  Sea,  'Con- 
tinental shelf,  'Estuaries,  'Mackenzie  Shelf  Estu- 
ary, 'Physical  properties,  'Water  masses,  Light 
transmissivity,  Plumes,  Salinity,  Turbidity,  Water 
temperature. 

The  Mackenzie  shelf  is  a  broad,  estuarine  region 
bordering  the  southeastern  Beaufort  Sea  in  the 
Arctic  Ocean.  Its  fields  of  temperature  and  salinity 
result  from  the  modification  of  offshore  water 
masses  by  river  inflow,  ice  melting  and  freezing, 
solar  insolation,  and  air-sea  exchange.  This  study 
relates  water  masses  resident  on  the  Mackenzie 
shelf  to  the  large-scale  oceanography  of  the  Arctic 
mediterranean.  The  summertime  exchange  be- 
tween the  shelf  and  open  ocean  is  largely  confined 
to  waters  lying  above  the  main  halocline  (S<32.3 
psu),  thus  excluding  underlying  offshore  waters 
from  the  nutrient  maximum  layer  (S  approximately 
33.1  psu)  and  Atlantic  layer  (S>34.2  psu).  Cross- 
shelf  property  distributions  show  that  individual 
water  masses  maintain  their  structural  identity  (i.e., 
core  properties  and  buoyancy  frequency)  as  they 
move  across  the  shelf  and  participate  in  the  estua- 
rine circulation.  Shelf  waters  are  strongly  influ- 
enced by  river  inflow;  however,  the  concept  of  a 
single  'plume'  issuing  from  the  incoming  river  and 
forming  a  strictly  two-layered  structure  over  uni- 
form shelf  water  is  misleading,  since  a  variety  of 
temperature,  salinity,  and  turbidity  fronts  co-exist 
on  the  shelf  at  any  given  time.  (Author's  abstract) 
W90-06709 


COMPOSITION  AND  MODIFICATION  OF 
WATER  MASSES  IN  THE  MACKENZIE 
SHELF  ESTUARY. 

Institute  of  Ocean  Sciences,  Sidney  (British  Co- 
lumbia). 

R.  W.  Macdonald,  E.  C.  Carmack,  F.  A. 
McLaughlin,  K.  Iseki,  and  D.  M.  Macdonald. 
Journal    of   Geophysical    Research    (C)    Oceans 
JGRCEY,  Vol.  94,  No.  12,  p  18057-18070,  Decem- 
ber 15,  1989.  8  fig,  4  tab,  40  ref. 

Descriptors:  'Arctic  Ocean,  'Beaufort  Sea,  'Con- 
tinental shelf,  'Estuaries,  'Ice  formation,  'Mac- 
kenzie Shelf  Estuary,  'Physical  properties,  'Sea 
ice,  'Water  masses,  Geochemical  model,  Nutrients, 
Plumes,  Remote  imaging,  Runoff,  Salinity,  Water 
temperature. 

The  distributions  of  delta-oxygen- 18,  salinity,  tem- 
perature, and  nutrients  were  used  to  quantify  water 
sources  to  the  Mackenzie  shelf  in  the  Beaufort  Sea. 
Comparison  of  water  masses  with  satellite  imagery 
confirms  that  the  meteoric  (runoff)  water  is  associ- 
ated with  the  Mackenzie  plume.  The  seasonally 
variable  surface  layer  for  the  shelf  is  viewed  as 
cycling  between  a  'reverse  estuary'  in  winter, 
when  the  polar  mixed  layer  (PML)  is  formed,  and 
a  positive  estuary  in  summer  when  the  shelf  waters 
respond  to  freshwater  inputs  (runoff  and  ice  melt). 
A  standing  stock  of  3.7  m  fresh  water  at  the  end  of 
summer  of  1986  is  inferred,  of  which  30%  owes  its 
origin  to  the  melting  of  sea  ice;  the  data  coupled 
with  river  flow  imply  a  freshwater  flushing  time 
for  the  Mackenzie  shelf  at  about  150  days.  To 
reform  the  PML  during  winter  requires  the  remov- 
al of  this  seasonal  fresh  water  through  the  com- 
bined processes  of  flushing  and  ice  formation;  once 
this  fresh  water  has  been  removed,  continued  ice 
growth  can  produce  'new'  brine  which  would  r": 


observed  as  a  deeper  and  saltier  PML  from  the 
previous  year.  A  simple  geochemical  model  shows 
that  autumn  conditions  (freshwater  accumulation) 
and  the  rate  of  flushing  are  important  controls  on 
the  potential  of  the  shelf  to  produce  'new'  brine 
and  that  winter  runoff,  were  it  to  distribute  evenly 
across  the  shelf,  is  sufficient  to  inhibit  brine  pro- 
duction. (Author's  abstract) 
W90-06710 


SPATIO-TEMPORAL  DISTRIBUTION  OF  PO- 
LYCHAETES  IN  AN  ITALIAN  COASTAL 
LAGOON  (LAGO  FUSARO,  NAPLES). 

Bioservice  Soc.  Coop.,  vico  S.  Domenico  Maggio- 

re  9,  80134  Napoli  (Italy). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06726 


DIEL  CHANGES  IN  THE  EGG  PRODUCTION 
RATE  OF  ACARTIA  TONSA  (COPEPODA,  CA- 
LANOIDA)  AND  RELATED  ENVIRONMEN- 
TAL FACTORS  IN  TWO  ESTUARIES. 

Skidaway  Inst,  of  Oceanography,  Savannah,  GA. 
D.  E.  Stearns,  P.  A.  Tester,  and  R.  L.  Walker. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
52,  No.  1,  p  7-16,  February  1989.  3  fig,  3  tab,  27 
ref. 

Descriptors:  'Copepods,  'Diurnal  variation, 
'Eggs,  'Estuaries,  Biological  studies,  Coastal 
waters,  Light  intensity,  Pigments,  Salinity,  Water 
temperature. 

Two  48-h  field  experiments  were  completed  in 
different  USA  east  coast  estuaries  to  study  short- 
interval  changes  in  egg  production  by  the  coastal 
copepod  Acartia  tonsa.  In  April  and  June  1986, 
adult  females  were  collected  periodically,  sorted 
into  separate  glass  vials  filled  with  20  micron  or 
202  micron  filtered  seawater,  then  placed  near  the 
estuarine  bottom  during  the  day  and  at  1  m  depth 
at  night  to  mimic  the  vertical  spatiotemporal  loca- 
tion of  the  adult  A.  tonsa  population.  Field  meas- 
urements of  the  following  factors  were  made  at  3  h 
intervals:  egg  production,  light  intensity,  water 
temperature,  salinity,  concentrations  of  plant  pig- 
ments, and  A.  tonsa  gut  fullness  measured  fluoro- 
metrically  from  field-collected,  nonexperimental 
specimens.  Copepods  in  both  experiments  showed 
strong  nocturnal  egg-laying  behavior.  Changes  in 
temperature,  salinity  or  plant  pigments  did  not 
explain  this  behavior,  but  egg  production  correlat- 
ed well  with  gut  fullness  measured  24  to  27  h 
earlier.  Differences  in  daily  food  consumption, 
temperature  and  salinity  may  explain  large  site 
differences  in  daily  egg  production  rates.  (Author's 
abstract) 
W90-O6731 


VERTICAL  DISTRIBUTION  OF  MICROBIO- 
LOGICAL AND  HYDROGRAPHIC-CHEMICAL 
PARAMETERS  IN  DIFFERENT  AREAS  OF 
THE  BALTIC  SEA. 

Kiel  Univ.  (Germany,  F.R.).  Inst,  fuer  Meeres- 

kunde. 

G.  Rheinheimer,  K.  Gocke,  and  H.-G.  Hoppe. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

52,  No.  1,  p  55-70,  February  1989.  15  fig,  2  tab,  33 

ref. 

Descriptors:  'Baltic  Sea,  'Marine  bacteria,  'Sapro- 
phytic bacteria,  'Vertical  distribution,  Bacteria, 
Biomass,  Denitrification,  Enzymes,  Hydrogen  sul- 
fide, Microbiological  studies,  Nitrates,  Nitrifica- 
tion, Nitrites,  Oxygen. 

During  2  cruises  with  RV  'Poseidon'  in  August 
1982  and  August  1986  in  the  Baltic  Sea,  a  series  of 
vertical  profiles  between  the  Fehmarn  Belt  and  the 
northern  Gulf  of  Bothnia  was  investigated.  Among 
the  bacteriological  variables  determined  were  total 
bacteria  number,  bacterial  biomass,  saprophyte 
count  on  different  media,  turnover  rate  and  maxi- 
mum uptake  velocity  of  glucose,  and,  for  some 
stations,  extracellular  enzyme  activity.  Highest 
bacteria  numbers  and  biomass  values  were  always 
found  in  the  photic  zone.  In  the  colder  waters 
below  the  mixed  layer  all  microbiological  values 
decrease.   In  the  boundary  layer  of  the  central 
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Gotland  Sea,  especially  between  the  oxic  and 
anoxic  hydrogen  sulfide-containing  zone,  bacterio- 
logical values  increase  markedly.  In  the  water 
layer  above  the  sediment  another  increase  of  bacte- 
rial stock  and  activity  measurements  was  occasion- 
ally determined.  In  the  Gulf  of  Bothnia,  where  the 
whole  water  column  is  sufficiently  aerated,  only  in 
bottom  waters  may  an  increase  in  bacterial  values 
occur.  Depending  on  the  oxygen  regime,  bacterial 
nitrogen  conversion  is  very  different  in  the  individ- 
ual areas  of  the  Baltic  Sea.  Comparison  of  nitrite 
and  nitrate  concentrations  shows  that  nitrification 
in  the  Gotland  Deep  occurs  down  to  the  chemo- 
cline.  Below  this  a  narrow  denitrification  zone 
(about  10  m)  was  found  in  which  nitrate  almost 
completely  disappears.  In  the  Gulf  of  Bothnia,  as  a 
result  of  the  favorable  oxygen  conditions,  the  nitri- 
fication zone  extends  down  to  the  sea  bottom. 
(Sand-PTT) 
W90-06732 


MICROBIOLOGY  OF  A  HIGH  ENERGY 
BEACH  SEDIMENT:  EVIDENCE  FOR  AN 
ACUVE  AND  GROWING  COMMUNITY. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Biology. 

J.  A.  Novitsky,  and  M.  C.  MacSween. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

52,  No.  1,  p  71-75,  February  1989.  1  fig,  1  tab,  14 

ref.  National  Research  Council  of  Canada  Grant 

A-6548. 

Descriptors:  'Beaches,  *Coastal  ecosystems,  'He- 
terotrophic bacteria,  'Marine  bacteria,  *Sand, 
•Sediments,  Biomass,  Canada,  Microbiological 
studies,  Nova  Scotia. 

Microbial  biomass,  heterotrophic  activity,  and 
growth  rates  were  measured  in  sandy  sediments 
from  2  very  different  beaches  in  Nova  Scotia, 
Canada:  a  protected  beach  inside  Halifax  Harbor 
(HH),  and  an  exposed  high  energy  beach  along  the 
coast  (LT).  Scanning  electron  microscopy  of  sand 
grains  revealed  that  the  microbial  cells  from  HH 
were  predominantly  cocci  whereas  the  cells  from 
LT  were  mostly  rods.  HH  sand  contained  3.8  times 
as  many  cells  (direct  count)  and  6.9  times  as  much 
biomass  (ATP)  as  did  LT  sand.  Likewise,  the 
heterotrophic  uptake,  rates  of  nucleic  acid  synthe- 
sis, and  the  rate  of  carbon  production  were  all 
several  times  higher  in  HH  sand  than  in  LT  sand. 
However,  on  a  biomass-specific  basis,  both  sedi- 
ments had  similar  activity.  Moreover,  specific 
growth  rates  (5.18/day)  were  identical.  The  data 
indicate  that  size  and  total  activity  of  the  microbial 
population  depend  on  the  location  of  the  sediment 
but  that  growth  rate  and  per  cell  activity  are 
apparently  not  affected  by  abrasion  and  shear 
stress.  (Author's  abstract) 
W90-06733 


PLANKTONIC  AVAELABILITY,  MOLT  STAGE 
AND  SETTLEMENT  OF  BLUE  CRAB  POST- 
LARVAE. 

William  and  Mary  Coll.,  Gloucester  Point,  VA. 
Inst,  of  Marine  Science. 

R.  N.  Lipcius,  E.  J.  Olmi,  and  J.  Van  Montfrans. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
58,  No.  3,  p  235-242,  January  1,  1990.  3  fig,  2  tab, 
45  ref.  Commonwealth  of  Virginia,  Virginia  Sea 
Grant  NA86AA-D-SG042,  NSF  grant  OCE 
8700414. 

Descriptors:  *Aquatic  habitats,  'Coastal  environ- 
ment, *Crabs,  'Larval  growth  stage,  'Plankton, 
Chesapeake  Bay,  Ecosystems,  Molt  stage,  Popula- 
tion dynamics,  Settlement. 

This  study  quantified  the  spatio-temporal  variation 
in  the  molt  stage  (developmental  state)  of  the  blue 
crab  Callinectes  sapidus  megalopae  (postlarvae), 
and  the  relationship  between  planktonic  availabil- 
ity, molt  stage  and  settlement  of  megalopae  during 
peak  settlement  in  the  Chesapeake  Bay.  Settlement 
was  significantly  correlated  with  the  planktonic 
availability  of  megalopae.  Developmental  state  of 
megalopae  also  appears  to  be  influential  in  settle- 
ment because:  (1)  blue  crab  megalopae  display 
quantifiable  changes  in  molt  stage;  (2)  molt  stage  of 
megalopae  vary  on  a  temporal  scale  of  days  to  1 
month  or  more;  and  (3)  molt  stage  of  megalopae 


advance  in  collections  and  plankton,  on  artificial 
settlement  habitats,  and  in  benthos,  indicating  the 
approach  to  settlement,  metamorphosis  and  a 
benthic  existence.  In  addition,  settlement  was  not 
necessarily  obligatory  until  sometime  in  late  pre- 
molt,  as  many  megalopae  collected  with  the  plank- 
ton were  in  late  premolt.  Therefore,  megalopae 
have  the  time  in  which  to  exercise  some  degree  of 
habitat  selection.  The  findings  show  that  settlement 
of  a  benthic  invertebrate  is  regulated  partly  by  the 
planktonic  availability  of  post-larvae,  and  that 
these  post-larvae  progress  through  a  predictable 
series  of  changes  in  developmental  state  as  they 
invade  settlement  habitats.  Therefore,  a  quantita- 
tive measure  of  postlarval  development  state  ap- 
pears useful  in  relating  planktonic  availability  of 
post-larvae  to  natural  settlement  patterns.  Similar 
alterations  in  developmental  state  occur  in  the 
larval  and  post-larval  stages  of  marine  fish  and  a 
wide  range  of  invertebrate  taxa,  indicating  the 
potentially  broad  applicability  of  quantitative 
measures  of  developmental  state  in  studies  of  set- 
tlement. (Author's  abstract) 
W90-06734 


PREDATION  RATES  ON  JUVENILE  BLUE 
CRABS  IN  ESTUARTNE  NURSERY  HABrTATS: 
EVIDENCE  FOR  THE  IMPORTANCE  OF  MA- 
CROALGAE  (ULVA  LACTUCA). 

Rutgers  -  The  State  Univ.,  New  Brunswick,  NJ. 
Center  for  Coastal  and  Environmental  Studies. 
K.  A.  Wilson,  K.  W.  Able,  and  K.  L.  Heck. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
58,  No.  3,  p  243-251,  January  1990.  3  fig,  4  tab,  46 
ref.  NOAA,  Office  of  Sea  Grant,  NA85AA- 
SG084. 

Descriptors:  *Crabs,  'Ecosystems,  'Estuaries, 
•Marine  plants,  'Predation,  'Salt  marshes,  Coastal 
environment,  Marine  algae,  Marsh  plants,  New 
Jersey. 

Rates  of  predation  on  juvenile  blue  crabs  Callin- 
ectes sapidus  (12-64  mm  carapace  width)  in  eel- 
grass  Zostera  marina,  sea  lettuce  Ulva  lactuca,  and 
paired  adjacent  unvegetated  substrates,  and  a  Spar- 
tina  marsh  creek  were  compared  using  24  h  tether- 
ing experiments  from  July  to  October  1987.  Vege- 
tation provided  the  best  cover  from  predation, 
with  mean  predation  rates  in  sea  lettuce  of  9%  and 
in  eelgrass  of  20%,  compared  with  mean  rates  of 
40%  or  greater  in  unvegetated  controls  and  the 
marsh  creek.  Seasonal  changes  in  rates  of  preda- 
tion on  crabs  occurred  in  eelgrass  and  sea  lettuce 
habitats,  indicating  that  the  refuge  value  of  these 
macrophytes  varied  seasonally.  Sea  lettuce,  previ- 
ously considered  a  poor  habitat  for  decapod  crus- 
taceans, provided  effective  refuge  for  blue  crabs 
and  should  be  considered  a  potential  nursery  habi- 
tat. (Author's  abstract) 
W90-06735 


IMPACT  OF  ACCUMULATING  DRIFTING 
MACROALGAE  ON  A  SHALLOW-WATER 
SEDIMENT  SYSTEM:  AN  EXPERIMENTAL 
STUDY. 

Goeteborg    Univ.    (Sweden).    Dept.    of    Marine 

Botany. 

K.  Sundback,  B.  Jonsson,  P.  Nilsson,  and  I. 

Lindstrom. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

58,  No.  3,  p  261-274,  January  1990.  11  fig,  68  ref. 

Descriptors:  'Coastal  environment,  'Marine  algae, 
'Primary  productivity,  Ammonium,  Biological 
studies,  Biomass,  Invertebrates,  Nutrients,  Organic 
carbon,  Oxygen,  Particulate  matter,  Protozoa, 
Shallow  water. 

Using  an  outdoor  flow-through  experimental  set- 
up consisting  of  twelve  30  L  containers,  the  effect 
of  accumulation  of  drifting  filamentous  macroalgae 
on  a  shallow-water  sediment  system  was  studied 
for  3  wk  after  the  addition  of  0.9  (low  dose)  and 
1.8  kg  fresh  wt/sq  m  (high  dose)  of  filamentous  red 
algae.  Effects  on  the  functional  level  were  assessed 
by  measuring  primary  productivity,  changes  in 
carbon  pools,  as  well  as  oxygen  and  nutrient  flux. 
The  low-dose  treatment  did  not  significantly  alter 
the  composition  or  patterns  of  primary  productivi- 
ty and  nutrient  fluxes  when  compared  with  the 


control  (no  addition).  The  high-dose  addition  de- 
creased the  abundance  of  microalgae,  ciliates  and 
meiofauna,  whereas  no  clear  trend  was  seen  for 
bacteria  relative  to  the  control.  From  the  oxygen 
flux  values  it  was  apparent  that  the  systems  in 
control  and  low-dose  containers  were  autotrophic 
while  in  the  high-dose  treatments  the  oxygen  con- 
centration fell  sharply,  exhibiting  a  net  oxygen 
consumption  after  due  to  fast  mineralization  of  the 
macroalgal  biomass.  The  ammonium  concentration 
increased  significantly  (maximum  mean  rate  1.4 
millimol/sq  m/d)  and  concomitantly  with  low 
oxygen  values.  The  content  of  particulate  organic 
carbon  (POC)  in  the  top  5  mm  sediment  increased 
by  2  g/sq  m  in  both  control  and  low-dose  contain- 
ers due  to  increased  meiofaunal  biomass,  while  in 
the  high-dose  treatments  the  POC  content  de- 
creased by  2.3  g/sq  m.  It  appears  that  the  influence 
of  accumulating  macroalgae  on  the  sediment 
system  depends  on  the  amount  and  physiologic 
status  of  the  macroalgae.  With  a  high  load  of 
drifting  macroalgae  in  a  stagnant  situation,  the 
structure  and  function  of  the  sediment  community 
are  strongly  affected.  No  significant  flow  of  organ- 
ic material  from  the  macroalgal  mat  to  the  sedi- 
ment system  could  be  proven.  The  macroalgal  mat 
apparently  constitutes  an  independent  habitat, 
which  influences  the  sediment  community  by  shad- 
ing and,  when  mineralization  is  fast,  by  creating 
unfavorable  conditions  via  low  oxygen  values. 
(Author's  abstract) 
W90-06736 


HALOGENATED  ORGANIC  COMPOUNDS 
FOUND  IN  SHRIMP  FROM  THE  CALCASIEU 
ESTUARY. 

McNeese  State  Univ.,  Lake  Charles,  LA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06759 


CHLOROPHYLL  A  AND  RESPHtATORY 
ELECTRON  TRANSPORT  SYSTEM  ACTIVITY 
IN  MICROPLANKTON  FROM  THE  SURFACE 
WATERS  OF  THE  WESTERN  MEDITERRANE- 
AN. 

Consejo  Superior  de  Investigaciones  Cientificas, 
Gerona  (Spain).  Centro  de  Estudios  Avanzados  de 
Blanes. 

R.  Martinez,  R.  A.  Arnone,  and  Z.  Velasquez. 
Journal    of   Geophysical    Research    (C)    Oceans 
JGRCEY,  Vol.  95,  No.  2,  p  1615-1622,  February 
15,  1990.  7  fig,  2  tab,  23  ref. 

Descriptors:  'Chlorophyll  a,  *Marine  environ- 
ment, *Mediterranean  Sea,  *Phytoplankton,  •Res- 
piratory electron  transport  system,  'Satellite  tech- 
nology, Circulation  patterns,  Correlation  analysis, 
Temperature,  Water  currents. 

The  distribution  of  microplankton  biomass  and  the 
metabolism  of  surface  waters  in  the  western  Medi- 
terranean are  shown  to  be  strongly  associated  with 
the  circulation.  Chlorophyll  a  and  respiratory  elec- 
tron transport  system  (ETS)  activity  of  micro- 
plankton  were  measured  in  surface  waters  during 
the  Western  Mediterranean  Circulation  Experi- 
ment in  May  and  June  1986.  Biological  signatures, 
defined  by  satellite  and  surface  ship  measurements, 
defined  complex  circulation  patterns  of  surface 
waters  between  the  Alboran  Basin  and  the  Straits 
of  Sicily.  Close  correlation  was  found  between  the 
distribution  of  in  situ  measured  surface  chloro- 
phyll, ETS  activity,  ETS/Chl  ratio  (chlorophyll- 
specific  ETS  activity),  salinity,  and  temperature 
with  satellite-derived  chlorophyll  and  surface  tem- 
perature. High  ETS/Chl  ratios  were  found  located 
in  frontal  regions  of  the  Algerian  Current  and 
encircling  a  large  anticyclonic  eddy.  Statistical 
correlations  were  performed  on  in  situ  and  synop- 
tic satellite  data.  Results  show  positive  correlation 
between  chlorophyll  and  ETS  activity  and  ETS/ 
Chi  ratio  and  temperature.  Excellent  correlations 
were  found  between  in  situ  chlorophyll  and  chlo- 
rophyll derived  from  the  coastal  zone  color  scan- 
ner. Improved  statistical  correlations  were  ob- 
served by  separation  of  the  surface  waters  based  on 
their  salinity  into  Modified  Atlantic  Water  (MAW) 
(S<37)  and  Mediterranean  surface  waters  (S>37). 
MAW  with  higher  chlorophyll  and  metabolic  ac- 
tivity is  shown  to  characterize  the  circulation  of 
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the  Algerian  Current.  The  differences  in  the  statis- 
tical correlations  of  these  water  masses  indicate 
that  regional  circulation  significantly  influences  the 
biological  functions  of  microplankton  populations. 
(Author's  abstract) 
W90-06799 


CESIUM  137  TRANSPORT  INTO  THE  ARCTIC 
OCEAN  THROUGH  FRAM  STRAIT. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 
Scotia).  Dept.  of  Fisheries  and  Oceans. 
J.  N.  Smith,  K.  M.  Ellis,  and  E.  P.  Jones. 
Journal    of   Geophysical    Research    (C)    Oceans 
JGRCEY,  Vol.  95,  No.  2,  p  1693-1701,  February 
15,  1990.  4  fig,  2  tab,  31  ref. 

Descriptors:  *Arctic  Ocean,  *Cesium,  'Industrial 
wastes,  'Ocean  circulation,  'Oceanography,  'Ra- 
dioactive tracers,  'Tracers,  'Water  currents,  Fram 
Strait,  Salinity. 

Cesium  134  and  137Cs  activities  were  measured  in 
water  samples  collected  in  March- April  1 98 1  at  the 
Fram  3  ice  station  located  200  km  north  of  Fram 
Strait.  The  water  depth  profiles  of  these  isotopes 
reveal  the  presence  of  two  pathways  for  the  entry 
of  anthropogenic  tracers  into  the  Arctic  Ocean 
through  Fram  Strait.  Atlantic  water  passing  across 
the  Yermak  Plateau  at  the  100-200  m  level  is 
labeled  by  elevated  concentrations  of  134Cs  and 
137Cs  associated  with  inputs  from  the  Sellafield 
reprocessing  plant  in  the  United  Kingdom.  The 
134Cs/137Cs  ratio  is  consistent  with  a  transit  time 
into  the  Nansen  Basin  from  the  Sellafield,  United 
Kingdom,  vicinity  of  5-6  years.  An  elevated  con- 
centration of  137Cs  at  the  1500-m  level  is  associat- 
ed with  inputs  of  recently  ventilated  water  from 
the  Greenland-Norwegian  seas  or  as  a  consequence 
of  brine  formation  and  off-shelf  transport  from  the 
Barents  Sea.  (Author's  abstract) 
W90-06800 


ASSESSMENT  OF  THE  TRANSPORT  OF  AT- 
MOSPHERIC C02  INTO  THE  ARCTIC 
OCEAN. 

Chalmers  Univ.  of  Technology,  Goeteborg 
(Sweden).  Dept.  of  Analytical  and  Marine  Chemis- 
try. 

For  primary  bibliographic  entry  see  Field  2K. 
W90-O6801 


RESIDENCE  TIMES  FOR  CD  AND  P04  IN 
FUNKA  BAY,  JAPAN. 

Hokkaido  Univ.,  Sapporo  (Japan).  Dept.  of  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  2K. 
W90-06802 


CHEMICAL  PROPERTIES  OF  A  LOW- 
OXYGEN  WATER  COLUMN  IN  PORT  HACK- 
ING (AUSTRALIA):  ARSENIC,  IODINE  AND 
NUTRIENTS. 

Melbourne   Univ.,    Parkville   (Australia).    Marine 

Chemistry  Lab. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06804 


NUTRIENT  DISTRIBUTION  AND  VARIABILI- 
TY IN  THE  CHARLOTTE  HARBOR  ESTUA- 
RINE  SYSTEM,  FLORIDA. 

Geological  Survey,  Tampa,  FL. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06824 


ORGANIC    CARBON    IN    WATERS    OF   THE 
WHITE  SEA  DURING  THE  SUMMER  OF  1984. 

All-Union  Research  Inst,  of  Marine  Fisheries  and 

Oceanography,  Moscow  (USSR). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-O6957 


MACROALGAE  AND  PHYTOPLANKTON 
STANDING  CROPS  IN  THE  CENTRAL 
VENICE  LAGOON:  PRIMARY  PRODUCTION 
AND  NUTRIENT  BALANCE. 

Venice  Univ.  (Italy).  Dept.  of  Environmental  Sci- 


ence. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06975 


DISSOLVED  ARSENIC  SPECIES  IN  THE 
SCHELDE  ESTUARY  AND  WATERSHED, 
BELGIUM. 

Antwerp  Univ.,  Wilrijk  (Belgium).  Dept.  of  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  5B. 
W9O-07OO1 


INFLUENCE  OF  INTERNAL  WAVE  INDUCED 
VERTICAL  MIXING  ON  ICE  ALGAL  PRO- 
DUCTION IN  A  HIGHLY  STRATIFIED 
SOUND. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Mete- 
orology. 

R.  G.  Ingram,  J.  C.  Osier,  and  L.  Legendre. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  29,  No.  5,  p  435-446,  November  1989.  7  fig,  24 
ref. 

Descriptors:  'Algal  growth,  'Ice- water  interfaces, 
•Internal  waves,  'Sea  ice,  'Thermal  stratification, 
Algae,  Bays,  Biomass,  Hudson  Bay,  Salinity  cur- 
rents, Sills,  Tidal  waves,  Tides,  Vertical  flow, 
Wave  propagation. 

Field  observations  of  tidally  forced  flow  over  a  sill 
in  a  constricted  region  of  the  highly  stratified 
Manitounuk  Sound  (Hudson  Bay,  Canada)  were 
examined  during  the  winter  period  under  a  com- 
plete landfast  ice  cover.  Necessary  conditions  for 
high  frequency  internal  wave  generation  over  the 
semi-diurnal  tidal  cycle  for  both  spring  and  neap 
tides  were  considered.  Internal  wave  activity  was 
found  to  occur  more  often  on  the  downstream  side 
of  the  constriction  during  flood.  A  fortnightly 
variation  in  upper  layer  salinity  and  nutrients  was 
attributed  to  a  similar  periodicity  in  internal  wave 
activity  and  upward  salt  transport  across  the  pyc- 
nocline.  The  variation  in  nutrient  levels  within  the 
upper  layer  and  at  the  ice-water  interface  was 
thought  to  have  a  controlling  effect  on  underice 
microalgal  biomass  downstream  of  the  sill.  (Au- 
thor's abstract) 
W9O-O70O2 


ADSORPTION  CAPACITY  OF  PHOSPHORUS 
IN  BALTIC  SEA  SEDIMENTS. 

Stockholm  Univ.  (Sweden).  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2K. 
W9O-07OO3 


TIGHT  COUPLING  BETWEEN  ENRICHMENT 
OF  IRON  AND  MANGANESE  IN  NORTH  SEA 
SUSPENDED  MATTER  AND  SEDIMENTARY 
REDOX  PROCESSES:  EVIDENCE  FOR  SEA- 
SONAL VARIABILITY. 
Vrije  Univ.,  Brussels  (Belgium). 
For  primary  bibliographic  entry  see  Field  2K. 
W90-07004 


OCCURRENCE  AND  DISTRIBUTION  OF  PO- 
LYCYCLIC  AROMATIC  HYDROCARBONS  FN 
SURFACE  SEDIMENTS  AND  WATER  FROM 
THE  BRISBANE  RIVER  ESTUARY,  AUSTRA- 
LIA. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07005 


SEDIMENT  STABILIZATION  BY  HALO- 
PHILA  DECIPEENS  FN  COMPARISON  TO 
OTHER  SEAGRASSES. 

National  Marine  Fisheries  Service,  Beaufort,  NC. 

Beaufort  Lab. 

For  primary  bibliographic  entry  see  Field  2J. 

W9O-O7O07 


PORE  WATER  CHEMISTRY  OF  RARE  EARTH 
ELEMENTS  FN  BUZZARDS  BAY  SEDFMENTS. 

Woods  Hole  Oceanographic  Institution,  MA. 
For  primary  bibliographic  entry  see  Field  2J. 


W90-07008 


TRIBUTYLTIN  AND  TOTAL  TIN  IN  MARINE 
SEDIMENTS:  PROFILES  AND  THE  APPAR- 
ENT RATE  OF  TBT  DEGRADATION. 

Auckland  Univ.  (New  Zealand).  Dept.  of  Zoolo- 
gy- 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07054 


SPARTINA  ALTERNIFLORA  AS  A  POTEN- 
TIAL SOURCE  OF  HEAVY  METALS  TO  THE 
FOOD  CHAIN  OF  THE  SEPETIBA  BAY,  RIO 
DE  JANIERO,  BRAZIL. 

Universidade  Federal  de  Sao  Carlos  (Brazil).  Dept. 

de  Ciencias  Biologicas. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07055 


SPONGES  AS  POLLUTION-BIOMONITORS 
AT  ARRAIAL  DO  CABO,  SOUTHEASTERN 
BRAZIL. 

Universidade  Federal  do  Rio  de  Janeiro  (Brazil). 

Inst,  de  Biologia. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07059 


NITRIFICATION  AND  NITRATE  REDUCTION 
IN  BOTTOM  SEDIMENT  OF  LOUISIANA'S 
BARATARIAN  BASIN. 

Louisiana  State  Univ.,  Baton  Rouge.  Center  for 

Wetland  Resources. 

R.  D.  DeLaune,  and  C.  W.  Lindau. 

Northeast  Gulf  Science  NGSCDE,  Vol.  10,  No.  2, 

p  163-167,  August  1989.  3  fig,  1  tab,  11  ref.  NSF 

Grant  BSR-84 14006. 

Descriptors:  'Bays,  'Bottom  sediments,  'Cycling 
nutrients,  'Nitrates,  'Nitrification,  'Sediment- 
water  interfaces,  Lake  sediments,  Marine  sedi- 
ments, Nitrogen,  Sediments,  Water  column. 

An  understanding  of  internal  nutrient  cycling  is 
important  in  developing  loading  rates  for  Louisi- 
ana's coastal  drainage  basins.  Emphasis  must  be 
placed  on  understanding  the  various  nutrient 
cycles  and  related  processes  occurring  within  the 
water  column  and  at  the  sediment-water  interfaces 
of  coastal  bays,  lakes  and  channels.  The  rate  of 
nitrification  and  nitrate  reduction  was  determined 
using  an  isotope  dilution  technique  in  sediment- 
water  columns  representing  two  lakes  in  Louisi- 
ana's Barataria  Basin.  Mean  nitrification  and  nitrate 
reduction  rates  for  sediment-water  columns  were 
39.4  micromols  N/cu  m-h  and  65.0  micromoles  N/ 
sq  m-h  for  the  Lac  Des  Allemands  (freshwater) 
and  45.7  and  74.2  micromoles  N/sq  m-h  for  Little 
(brackish)  Lake.  Appreciable  N03(-)  was  being 
produced  in  the  sediment-water  columns  represent- 
ing each  lake.  THe  production  rate  was  less  than 
the  N03(-)  reduction  rate.  Nitrification  was  60% 
and  62%,  respectively,  for  Lac  Des  Allemand  and 
Little  Lake.  The  process  limiting  nitrification  and 
denitrification  in  such  a  system  is  NH4(  +  )  diffu- 
sion from  bottom  sediment  to  the  sediment-water 
interface  where  nitrification  can  occur.  The  meas- 
ured rates  of  reduction  and  production  of  N03(-) 
for  the  two  study  sites,  Lac  Des  Allemands  and 
Little  Lake  sediment-water  columns  were  similar 
to  published  values  reported  for  other  estuarine 
systems  where  denitrification  was  found  to  be  a 
major  sink  for  fixed  nitrogen  compounds.  Nutrient 
and  trophic  state  of  water  bodies  in  upper  Bara- 
taria Basin  are  governed  by  agricultural  and  do- 
mestic nitrogen  inputs,  but,  as  shown  by  this  study, 
nitrification-denitrification  processes  can  act  to 
remove  appreciable  quantities  of  nitrogen  entering 
the  Basin.  (Friedmann-PTT) 
W9O-07O79 


FAIRWEATHER  VERSUS  FLOOD  SEDIMEN- 
TATION rN  MHLANGA  LAGOON,  NATAL: 
IMPLICATIONS  FOR  ENVIRONMENTAL 
MANAGEMENT. 

National    Inst,    for    Water    Research,    Congella 

(South  Africa).  Natal  Regional  Lab. 

For  primary  bibliographic  entry  see  Field  2J. 
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W9O-07080 


EFFICIENT      HORIZONTAL      TWO-DIMEN- 
SIONAL HYDRODYNAMIC  MODEL. 

William  and  Mary  Coll.,  Gloucester  Point,  VA. 

Inst,  of  Marine  Science. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-07093 


HERBIVORES  AND  THE  SPATIAL  DISTRIBU- 
TION OF  THE  PHYTOPLANKTON:  II.  ESTI- 
MATING GRAZING  IN  PLANKTONIC  ENVI- 
RONMENTS. 

Brookhaven  National  Lab.,  Upton,  NY.  Oceano- 

graphic  Sciences  Div. 

C.  D.  Wirick. 

Internationale  Revue  der  Gesamten  Hydrobiologie 

IGHYAZ,  Vol.  74,  No.  3,  p  249-259,  1989.  4  fig,  2 

tab,      23      ref.      DOE      Contract      DE-AC02- 

76CH0OO16. 

Descriptors:  *Copepods,  'Ecosystems,  'Error 
analysis,  'Limnology,  'Marine  biology,  'Mathe- 
matical models,  'Phytoplankton,  'Plankton,  Prob- 
ability distribution,  Spatial  heterogeneity. 

Plankton  ecologists  routinely  extrapolate  results 
from  laboratory  experiments  to  field  situations. 
Large  errors  are  made  when  laboratory  measure- 
ments of  the  ingestion  rate  of  herbivorous  zoo- 
plankton  are  used  to  estimate  grazing  in  planktonic 
environments.  The  errors  arise  because  the  spatial 
heterogeneity  in  natural  plankton  distributions  is 
greater  than  the  heterogeneity  present  in  laborato- 
ry experiments.  Two  probability  models  are  devel- 
oped for  extrapolating  laboratory  measurements  of 
ingestion  to  planktonic  environments.  Both  models 
require  sample  statistics  of  the  plankton  distribu- 
tion of  marine  plankton.  One  model  predicts  labo- 
ratory measurements  overestimate  the  ration  ob- 
tained by  an  individual  copepod  by  30%.  A  second 
model  predicts  errors  exceeding  plus  or  minus  50% 
are  possible  when  laboratory  measurements  are 
used  to  estimate  the  grazing  by  a  population  of 
copepods.  (Author's  abstract) 
W90-07097 


PHYTOPLANKTON  DISTRIBUTION  IN  A 
FRONTAL  REGION  OF  TOKYO  BAY,  JAPAN 
IN  NOVEMBER  1985. 

Tokyo  Univ.  (Japan).  Ocean  Research  Inst. 

M.  S.  Han,  K.  Furuya,  and  T.  Nemoto. 

Journal  of  the  Oceanographical  Society  of  Japan 

NKGKB4,  Vol.  45,  No.   5,  p  301-309,  October 

1989.  7  fig,  2  tab,  13  ref. 

Descriptors:  'Japan,  'Phytoplankton,  'Salinity, 
'Spatial  distribution,  'Species  composition,  'Tem- 
perature, 'Tokyo  Bay,  Diatoms,  Dinoflagellates, 
Kenzaki  offshore  front,  Nitrates,  Nitrites,  Yoko- 
suka  inshore  front. 

Phytoplankton  distribution  in  a  frontal  region  of 
Tokyo  Bay  was  investigated  in  relation  to  hydrog- 
raphy in  November  1985.  The  frontal  region  was 
observed  from  the  central  to  the  mouth  area  of  the 
bay  and  consisted  of  fine  scale  discontinuities  of 
salinity  and  temperature.  Among  them  the  Kenzaki 
offshore  front  (KOF)  and  the  Yokosuka  inshore 
front  were  most  prominent  in  terms  of  the  duration 
and  the  magnitudes  of  the  hydrographic  gaps. 
Three  major  phytoplankton  assemblages  were  ob- 
served: (A)  neritic  and  offshore  diatoms  in  the 
mouth  area  of  Tokyo  Bay,  (B)  a  diatom  Leptocy- 
lindrus  danicus  and  dinoflagellates  in  the  central 
area,  and  (C)  bloom  forming  cryptophyceans,  din- 
oflagellates and  Leptocylindrus  danicus  from  the 
inner  Tokyo  Bay.  The  KOF  was  approximate 
boundary  of  the  outside  assemblage  (A)  and  the 
intermediate  (B),  and  the  YIF  was  that  of  (B)  and 
the  inner  bay  population  (C).  Species  changes 
across  the  fronts  were  rather  gradual  in  the  KOF 
making  strong  to  distinct  jumps  in  temperature, 
salinity,  in  vivo  chlorophyll  fluorescence  and  ni- 
trate plus  nitrite.  An  outward  surface  flow  of  the 
inside  population  along  the  western  coast  off  Yo- 
kosuka was  detected.  (Author's  abstract) 
W90-07102 


EFFECTS  OF  HOPPER  DREDGING  AND 
SEDIMENT  DISPERSION,  CHESAPEAKE 
BAY. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-07189 


PHTHALATE  ESTER  SPECIATION  IN  ESTUA- 
RINE  WATER,  SUSPENDED  PARTICULATES 
AND  SEDIMENTS. 

Liverpool  Univ.   (England).   Oceanography  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07195 


INFLUENCE  OF  BEDROCK  GEOCHEMISTRY 

ON    THE    HEAVY    METAL    CONTENT    OF 

STREAM  WATER,  MARINE  WATER,  MARINE 

SEDIMENTS  AND  ORGANISMS  IN  ST.  JOHN, 

USVI. 

Center  for  Energy  and   Environment  Research, 

San  Juan,  PR. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-07238 


COMPARISON  OF  THE  FISH  COMMUNITIES 
IN  NEARBY  PERMANENTLY  OPEN,  SEA- 
SONALLY OPEN  AND  NORMALLY  CLOSED 
ESTUARIES  IN  THE  SOUTH-WESTERN  CAPE, 
SOUTH  AFRICA. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Zoolo- 
gy- 

B.  A.  Bennett. 

South  African  Journal  of  Marine  Science  SJMSE7, 
Vol.  8,  p  43-55,  1989.  7  fig,  7  tab,  43  ref. 

Descriptors:  'Estuaries,  'Fish  populations,  Bot  Es- 
tuary, Fish,  Kleinmond  Estuary,  Palmiet  Estuary, 
Population  dynamics,  Seasonal  variation,  South 
Africa,  Species  diversity. 

Seine-netting  for  13  consecutive  months  in  the 
permanently  open  Palmiet  Estuary,  in  the  seasonal- 
ly open  Kleinmond  Estuary,  and  in  the  Bot  Estu- 
ary, which  had  been  closed  for  three  years,  yielded 
101,000  fish.  Seven  species  complete  their  entire 
life  cycles  in  estuaries,  13  breed  in  the  sea  and 
migrate  into  the  estuaries  as  juveniles,  and  two 
were  freshwater  species.  Classification  and  ordina- 
tion showed  that  the  structure  of  the  communities 
changed  markedly  during  heavy  freshwater  flush- 
ing in  the  Palmiet  and  Kleinmond  estuaries  but  not 
in  the  Bot.  This  was  related  to  a  massive  emigra- 
tion of  species  and  individuals  in  the  former  two 
systems.  Spawning  by  the  permanent  residents  in 
spring/summer  ensures  minimal  loss  of  eggs  and 
larvae  from  the  estuaries  and  allows  juveniles  to 
benefit  from  favorable  summer  and  autumn  condi- 
tions. Winter  spawning  by  the  marine  migrants 
allows  juveniles  to  enter  the  estuaries  in  the  spring 
and  early  summer,  after  the  winter  floods  but 
before  the  estuaries  close.  Differences  in  the  spe- 
cies composition  of  the  three  estuaries  are  related 
to  differences  in  the  duration  of  connection  be- 
tween the  estuaries  and  the  sea.  (Author's  abstract) 
W90-07243 


OBSERVATIONS  OF  THE  OCEANIC  ENVI- 
RONMENT AND  WARM-WATER  OUTFALL 
NEAR  THE  KOEBERG  NUCLEAR  POWER 
STATION,  SOUTH  AFRICA. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Ocean- 
ography. 

M.  R.  Jury,  and  C.  A.  Bain. 

South  African  Journal  of  Marine  Science  SJMSE7, 
Vol.  8,  p  67-89,  1989.  14  fig,  1  tab,  69  ref. 

Descriptors:  'Heated  water,  'Koeberg  Nuclear 
Power  Station,  'Outfall,  'Path  of  pollutants, 
•Thermal  pollution,  'Upwelling,  'Wave  action, 
Mixing,  Water  temperature,  Wind  waves. 

The  oceanographic  dynamics  of  a  small-scale 
coastal  upwelling  site  near  the  Koeberg  Nuclear 
Power  Station  are  investigated  by  means  of  spatial 
observations  over  a  10-km  domain  and  time-series 
analysis  at  scales  of  hours  to  months.  The  back- 
ground environmental  data  set  used  for  the  siting 
and  engineering  design  aspects  includes  analyses  of 
sea  temperatures,  winds  and  waves  in  the  near- 


shore  zone.  The  relationship  between  winds  and 
coastal  upwelling  is  established  and  statistical  anal- 
yses reveal  prominent  cycles  at  24  hours  and  5-20 
days.  The  extent,  trajectory  and  dilution  of  the 
heated  effluent  water  discharged  by  Koeberg  in  its 
operational  mode  is  studied  by  means  of  field  ob- 
servations. Intensive  surveys,  made  under  various 
conditions,  show  that  the  warm  plume  mixes  via 
inherent  turbulence  and  wave  action.  Wave  action 
and  the  breakwater  structure  cause  the  plume  to 
drift  southwards  along  the  beach.  Farther  offshore, 
the  buoyant  plume  spreads  laterally,  halving  the 
sea  temperature  excess.  Outside  the  surf  zone,  the 
diluted  water  remains  at  the  surface  and  is  advect- 
ed  by  wind-driven  currents.  Ambient  conditions 
appear  to  be  maintained  along  the  sea  bed  except 
within  500  m  of  the  outfall,  and  the  potential  for 
ecological  impact  by  the  warm  plume  is  therefore 
spatially  limited.  (Author's  abstract) 
W90-07244 


SEA  TEMPERATURE  VARIATIONS  IN  THE 

TSITSIKAMMA  COASTAL  NATIONAL  PARK, 

SOUTH    AFRICA,    WITH    NOTES    ON    THE 

EFFECT  OF  COLD  CONDITIONS  ON  SOME 

FISH  POPULATIONS. 

Tsitsikamma  Coastal  National  Park,  P.O.  Storms 

River  6308,  South  Africa. 

N.  Hanekom,  L.  Hutchings,  P.  A.  Joubert,  and  P. 

C.  Van  Der  Byl. 

South  African  Journal  of  Marine  Science  SJMSE7, 

Vol.  8,  p  145-153,  1989.  7  fig,  1  tab,  26  ref. 

Descriptors:  'Fish  populations,  'South  Africa, 
'Tsitsikamma  Coastal  National  Park,  'Water  tem- 
perature, Coastal  waters,  Population  dynamics, 
Seasonal  variation. 

From  sea  surface  temperature  records  for  the 
Storms  River  area,  South  Africa,  between  1978 
and  1984,  a  mean  of  nine  major  declines  (up  to  3  C 
or  more  within  48  h)  per  annum  were  recorded, 
81%  between  November  and  April.  Continuous 
temperature  records  were  made  at  12  and  22  m 
during  summer  1983/84,  and  90%  of  the  tempera- 
ture declines  (up  to  1  C  or  more)  were  found  to 
occur  during  or  just  after  (up  to  3  days)  easterly 
(NE-SE)  winds.  Also,  there  was  a  marked  tenden- 
cy (c.  75%)  for  temperatures,  at  the  surface  and  12 
m  deep,  to  decrease  during  the  first  day  of  these 
winds  and,  conversely,  to  increase  during  the  first 
day  of  westerly  (NW-SW)  winds.  Cool  conditions 
in  January  1984  resulted  in  the  death  of  14  fish 
species  and,  for  some  of  the  species,  the  rapidity  of 
the  temperature  decline  appeared  to  be  the  deter- 
minant factor.  A  comparison  of  rock  and  estuarine 
angling  catches  for  the  Tsitsikamma  region  during 
summers  experiencing  warm  (1983)  and  cold 
(1984)  sea  conditions  suggests  that  Pomatomus  sal- 
tatrix  (bluefish,  or  elf)  migrate  into  the  Keurbooms 
Estuary  during  cold  upwelling  events.  (Author's 
abstract) 
W90-07245 


ORGANOCHLORINES  IN  BOTTLENOSE 
DOLPHINS  TURSIOPS  TRUNCATUS  FROM 
THE  EAST  COAST  OF  SOUTH  AFRICA. 

Port     Elizabeth     Museum,     Humewood     (South 

Africa). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07246 


COMPOSITION,  SPECIES  RICHNESS  AND 
SIMILARITY  OF  ICHTHYOFAUNAS  IN  EEL- 
GRASS  ZOSTERA  CAPENSIS  BEDS  OF 
SOUTHERN  AFRICA. 

J.L.B.  Smith  Inst,  of  Ichthyology,  Grahamstown 

(South  Africa). 

A.  K.  Whitfield,  L.  E.  Beckley,  B.  A.  Bennett,  G. 

M.  Branch,  and  H.  M.  Kok. 

South  African  Journal  of  Marine  Science  SJMSE7, 

Vol.  8,  p  251-259,  1989.  3  fig,  4  tab,  43  ref. 

Descriptors:  'Estuaries,  'Fish  populations,  'Sea 
grasses,  'Species  diversity,  Biological  studies,  Clas- 
sification, Coastal  waters,  Literature  review,  Popu- 
lation density. 


51 


Field  2— WATER  CYCLE 


Group  2L — Estuaries 


I 


This  study  collates  published  and  unpublished  data 
on  the  ichthyofaunas  associated  with  beds  of  eel- 
grass  Zostera  capensis  in  eight  estuaries  and  one 
lagoon  in  southern  Africa.  These  macrophyte  beds 
are  utilized  predominantly  by  small  teleosts;  both 
species  breed  in  the  estuary  and  juvenile  marine 
fish.  By  far  the  most  abundant  of  the  97  species  of 
fish  recorded  in  these  beds  were  Atherina  brevi- 
ceps,  Gilchristella  aestuaria,  Liza  dumerilii,  Liza 
richardsonii  and  Rhabdosargus  holubi.  Classifica- 
tion grouped  the  ichthyofaunas  of  the  six  warm- 
temperate  estuaries  in  the  South-Eastern  and 
Southern  Cape  at  a  similarity  level  >  50%.  Ordina- 
tion produced  a  similar  clustering  and  also  demon- 
strated that  the  subtropical  Richards  Bay  and 
warm-temperate  Mngazana  estuary,  together  with 
the  cold-temperate  Langebaan  Lagoon,  were  out- 
liers. Classification  and  ordination  showed  that, 
within  an  estuary,  the  ichthyofaunas  of  dense  and 
sparse  Zostera  areas  were  more  similar  than  either 
was  with  those  of  non-vegetated  areas.  The  species 
richness  of  fish  within  eelgrass  habitats  along  the 
southern  African  coast  tended  to  decrease  from 
north-east  to  south-west,  a  trend  attributable  to  an 
attenuation  in  the  number  of  tropical/subtropical 
Indo-Pacific  species.  The  numerically  dominant 
fish  families  in  eelgrass  beds  in  South  Africa 
showed  a  greater  degree  of  overlap  with  those  of 
south-eastern  Australia  than  with  those  of  either 
southern  Japan  or  eastern  North  America.  (Au- 
thor's abstract) 
W90-07247 


INHIBITION  OF  FERTILIZATION  IN  THE 
SEA  URCHIN  PARECHINUS  ANGULOSUS  BY 
ORGANIC  POLLUTANTS:  CORRELATION 
WITH  MOLECULAR  VALENCE  CONNECTI- 
VITY INDICES. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Zoolo- 
gy- 

For  primary  bibliographic  entry  see  Field  5C. 
W90-07248 


NOTE  ON  THE  EFFECTS  OF  A  FLOOD  OF 
MEDIUM  INTENSITY  ON  MACROBENTHOS 
OF  SOFT  SUBSTRATA  IN  THE  SWARTKOPS 
ESTUARY,  SOUTH  AFRICA. 

Port  Elizabeth  Univ.  (South  Africa).  Dept.  of  Zo- 
ology. 

N.  Hanekom. 

South  African  Journal  of  Marine  Science  SJMSE7, 
Vol.  8,  p  349-355,  1989.  2  fig,  2  tab,  17  ref. 

Descriptors:  'Benthic  environment,  *Flood  flow, 
•Macroinvertebrates,  Biological  studies,  Estuaries, 
Mortality,  Population  dynamics,  Salinity,  Swart- 
kops  Estuary. 

The  intensity  and  effects  of  a  flood  in  September- 
October  1975  on  certain  macrobenthic  species  of 
the  soft  substrata  of  the  Swartkops  Estuary  were 
assessed.  Significant  decreases  were  recorded  in 
populations  of  the  bivalve  Solen  cylindraceus  and 
the  prawns  Upogebia  africana  and  Callianassa 
kraussi  in  the  middle  and  upper  reaches.  The  re- 
ductions were  respectively  some  93%,  49%  and 
28%  of  the  pre-flood  values.  No  decrease  was 
noted  in  populations  of  the  bivalve  Dosinia  hepati- 
ca  in  the  middle  reaches  or  of  U.  africana  in  the 
lower  reaches.  Both  large  and  small  S.  cylindra- 
ceus and  C.  kraussi  were  apparently  affected  by 
the  flood,  but  in  the  case  of  U.  africana  it  was 
primarily  small  individuals  that  suffered.  Under 
flood  conditions,  U.  africana  and  C.  kraussi  were 
either  evacuating  their  burrows  or  being  flushed 
out  by  the  strong  freshwater  flow.  The  mean  salini- 
ty (9  ppt)  of  the  mantle  cavity  fluids  taken  from  S. 
cylindraceus  during  the  1975  flood  was  below  the 
lower  tolerance  level  of  the  species  (c.  13  ppt),  and 
mortalities  are  therefore  assumed  to  be  the  result  of 
hypo-osmotic  stress.  (Authors  abstract) 
W90-07249 


CHANGES  IN  PLANKTON  COMMUNITIES  IN 
REGULATED  REACHES  OF  THE  LOWER 
RHINE  RIVER. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For   primary   bibliographic   entry   see   Field   6G. 
W9O-07336 


SOURCES  AND  CHARACTERISTICS  OF 
FULVIC  AND  HUMIC  ACIDS  FROM  A  SALT 
MARSH  ESTUARY. 

Georgia  Univ.,  Sapelo  Island.  Marine  Inst. 
For  primary  bibliographic  entry  see  Field  2K. 
W90-07386 


HUMIC  SUBSTANCES  IN  A  CATENA  OF  ES- 
TUARINE  SOILS:  DISTRIBUTION  OF  OR- 
GANIC NITROGEN  AND  CARBON. 

Instituto  de  Investigaciones  Agrobiologicas  de  Ga- 

licia,  Santiago  (Spain). 

For  primary  bibliographic  entry  see  Field  2K. 

W90-07387 


HEAVY  METAL  POLLUTION  INDUCED  BY  A 
FERRO-NICKEL  SMELTING  PLANT  IN 
GREECE. 

Athens    Univ.    (Greece).    Zoological    Lab.    and 

Museum. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07392 


MERCURY  LEVELS  IN  TOTAL  SUSPENDED 
MATTER  AND  IN  PLANKTON  OF  THE  MEDI- 
TERRANEAN BASIN. 

Istituto  di  Biofisica,  Pisa  (Italy). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07393 


TRACE  METALS  IN  SEDIMENTS  FROM  THE 
ADRIATIC  SEA. 

Institut    Rudjer   Boskovic,    Zagreb   (Yugoslavia). 

Center  for  Marine  Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07394 


RADIONUCLIDES  IN  SHORELINE  WATERS 

OF  THE  NORTHEAST  IRISH  SEA. 

UKAEA  Atomic  Energy  Research  Establishment, 

Harwell   (England).   Environmental  and   Medical 

Sciences  Div. 

For  primary  bibliographic  entry  see  Field  5B. 
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INFLUENCE  OF  VENICE  LAGOON  MACRO- 
FAUNA  ON  NUTRIENT  EXCHANGE  AT  THE 
SEDIMENT-WATER  INTERFACE. 

Venice  Univ.  (Italy).  Dept.  of  Environmental  Sci- 
ence. 

R.  Donazzolo,  D.  Degobbis,  A.  Sfriso,  B.  Pavoni, 
and  A.  A.  Orio. 

Science  of  the  Total  Environment  STENDL,  Vol. 
86,  No.  3,  p  223-238,  October  1989.  5  fig,  4  tab,  27 
ref.  EEC  Grant  ENV-751-I-SB.  CNR  (Rome) 
Grant  83.02334.03. 

Descriptors:  'Bays,  *Benthic  fauna,  'Cycling  nu- 
trients, 'Eutrophication,  'Sediment-water  inter- 
faces, 'Venice  Lagoon,  Bioturbation,  Interstitial 
water,  Macroinvertebrates,  Marine  sediments,  Ni- 
trogen, Nutrients,  Oxidation-reduction  potential, 
Phosphorus. 

To  estimate  the  relative  contribution  of  macro- 
fauna  bioturbation  to  the  nutrient  release  rate  rela- 
tive to  other  processes  (e.g.,  diffusion,  influence  of 
microorganisms),  a  representative  set  of  Venice 
Lagoon  benthic  organisms  were  added  to  a  large 
laboratory  sediment-water  experimental  system 
and  nutrient  release  rates  were  measured  both  with 
and  without  macrofauna.  Venice  Lagoon  benthic 
macrofauna,  in  an  experimental  laboratory  system 
(0.2  by  0.4  by  0.8  m),  significantly  affected  nutrient 
exchange  at  the  sediment-water  interface.  After 
macrofauna  addition,  the  inorganic  nitrogen  re- 
lease rate  from  the  sediment  increased  by  an  order 
of  magnitude  compared  with  the  values  obtained  in 
the  undisturbed  experimental  system  (from  1.7  to 
23  millimoles/sq  m/day),  while  a  two-fold  to 
three-fold  increase  was  observed  for  reactive  phos- 
phorus (from  0.26  to  0.7  millimoles/sq  m/day).  In 
this  system,  the  sediment  redox  potential  and  nutri- 
ent concentrations  in  the  interstitial  waters  were 
similar  to  those  observed  in  situ  in  the  lagoon. 
(Author's  abstract) 
W90-07402 


3.  WATER  SUPPLY 
AUGMENTATION 
AND  CONSERVATION 

3A.  Saline  Water  Conversion 


OPERATING  EXPERIENCE  OF  AN  R.  O. 
PLANT  AS  PRETREATMENT  OF  THE  DEMIN- 
ERALIZER  SYSTEM  IN  A  COGENERATION 
PLANT. 

Power  Resources,  Inc.,  Big  Spring,  TX. 

K.  Hamby,  and  J.  Chen. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  3-14, 

November  1989.  2  fig,  8  tab. 

Descriptors:  'Boiler  water,  'Demineralization, 
•Desalination  apparatus,  'Electric  powerplants, 
•Pretreatment  of  water,  'Reverse  osmosis,  'Texas, 
Cost  repayment,  Desalination  plants,  Membranes, 
Powerplants,  Steam  turbines,  Water  treatment, 
Water  treatment  facilities. 

In  May,  1988,  Power  Resources  Inc.  installed  a  550 
gallons  per  minute  Reverse  Osmosis  System  at  the 
C.  R.  Wing  Cogeneration  Plant  in  Big  Spring, 
Texas.  The  Reverse  Osmosis  System  was  provided 
as  a  pretreatment  of  the  existing  demineralizer  to 
lengthen  the  demineralizer  runs  and  effectively 
increase  the  plant's  overall  boiler  water  makeup 
capabilities.  The  system  was  also  intended  to  sig- 
nificantly reduce  the  costs  associated  with  the 
boiler  feed  water  treatment.  Regeneration  cycle 
time  of  a  demineralizer  was  extended  from  ap- 
proximately 9  hours  to  almost  336  hours,  resulting 
in  a  substantial  savings  of  the  chemicals  used  for 
regeneration  and  minimum  regenerant  for  deep 
well  disposal.  The  Reverse  Osmosis  System  in- 
stalled at  the  C.  R.  Cogeneration  Plant  is  function- 
ing as  intended.  Because  demineralizer  runs  are 
currently  approximately  10  days  in  length,  one 
band  of  the  system  is  turned  off  when  the  deminer- 
alizer storage  tank  is  full.  It  is  estimated  that  most 
of  the  time  the  reverse  osmosis  system  is  running 
50%  of  its  capacity.  Payback  of  the  capital  invest- 
ment in  this  Reverse  Osmosis  System  was  calculat- 
ed to  be  less  than  two  years.  (Mertz-PTT) 
W90-06557 


GRAPHIC     EVOLUTION     OF     THE     24,000 

HOURS  (3  YEARS),  OPERATING  DATA  OF  A 

RO     BRACKISH     WATER     DESALINATION 

PLANT,  IN  LAS  PALMAS,  CANARY  ISLANDS, 

SPAIN. 

Universidad  Politecnica  de  Canarias,  Las  Palmas 

de  Gran  Canaria  (Spain).  Escuela  Tecnica  Superior 

de  Ingenieros  Industriales  de  Las  Palmas. 

E.  R.  Ruiz  Saavedra. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  15-26, 

November  1989.  6  fig,  3  tab. 

Descriptors:  'Brackish  water,  'Desalination,  'De- 
salination plants,  'Reverse  osmosis,  'Spain, 
•Water  treatment  facilities,  Desalination  apparatus, 
Membrane  processes,  Performance  evaluation, 
Water  treatment. 

The  capacity  of  the  reverse  osmosis  brackish  water 
desalting  plant  in  Las  Palmas,  Canary  Islands, 
Spain  is  370  cubic  m/day.  Since  January  1986  it 
has  been  operating  without  using  acid  pretreatment 
and  using  only  Flocon.  100  antiscalant.  The  reverse 
osmosis  system  is  equipped  with  Filmtec  BW30- 
8040  reverse  osmosis  elements.  Examination  of  the 
first  three  years  of  the  plant's  operation  showed 
that  the  use  of  acid  in  the  pretreatment  leads  to  a 
greater  percentage  of  recovery,  which  could  also 
cause  a  greater  operating  pressure.  However,  for 
convenience  and  simplicity  of  maintenance,  and  to 
avoid  posttreatment  of  the  product  water,  it  was 
required  that  acid  pretreatment  not  be  used.  In  the 
future  the  pretreatment  stage  will  be  reduced;  this 
will  minimize  the  use  of  acid.  Then,  it  will  be 
important  to  get  practical  information  on  systems 
without  acid  pretreatment.  After  the  first  three 
years  of  operation  of  the  plant,  a  chemical  cleaning 
will  take  place  following  the  instructions  of  the 
manufacturer  of  the  membranes,  so  that  the  level 
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of  the  membrane  compaction  can  be  measured 

accurately.  (Mertz-PTT) 

W90-06558 


REVERSE  OSMOSIS  AND  ION  EXCHANGE 
DEMINERALIZER  SYSTEM  FOR  BASRAH 
PETROCHEMICAL  COMPLEX  NO.  1. 

G.  Ali,  J.  H.  Dalton,  P.  D.  Judges,  and  C.  Tao. 
Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  27-37, 
November  1989.  1  fig,  1  tab,  4  ref. 

Descriptors:  *Demineralization,  'Desalination, 
•Desalination  apparatus,  'Desalination  plants,  *Ion 
exchange,  'Iraq,  'Reverse  osmosis,  'Water  treat- 
ment, Boiler  water,  Industrial  plants,  Pretreatment 
of  water,  Shatt  Al-Arab  River,  Water  quality 
trends,  Water  treatment  facilities. 

The  advancement  of  reverse  osmosis  technology 
and  equipment  manufacturing  has  now  made  it 
economically  competitive  with  other  water  treat- 
ment systems.  The  selection  of  reverse  osmosis 
system  for  Basrah  Petrochemical  Complex  No.  1, 
Basrah,  Iraq  was  based  on  its  better  overall  econo- 
my. Basrah  Petrochemical  Complex  No.  1  takes  its 
water  supply  from  the  Shatt-Al-Arab  River.  Since 
the  initial  startup  in  1980,  the  water  treatment 
system  has  been  faced  with  continued  deterioration 
of  the  river  water  quality.  Modification  of  the 
water  treatment  system  became  necessary  to  recti- 
fy the  problem  resulting  from  significant  increases 
of  total  dissolved  solid  concentration  in  the  raw 
water  supply.  The  original  water  treatment  system 
consisted  of  pretreatment  of  oil,  solids  removal  and 
chlorination  at  the  Shatt-AJ-Arab  River  intake, 
primary  treatment  by  clarification  and  sand  filtra- 
tion, and  secondary  treatment  by  Zeolite  softening 
and  flash  evaporation.  This  was  coupled  with  ion 
exchange  demineralization  of  boiler  feedwater 
make-up  and  process  water  usage  at  the  Complex. 
An  additional  treatment  system  was  needed  be- 
tween the  primary  and  secondary  water  treatment 
facilities.  Three  alternative  treatment  schemes 
were  considered.  In  all  three  cases  the  reverse 
osmosis  permeate  was  to  be  used  as  cooling  water 
makeup  and  the  existing  Zeolite  softener  bypassed. 
Significant  modification  of  the  existing  water  treat- 
ment facilities  was  required.  Results  of  the  investi- 
gation indicated  that  a  reverse  osmosis  system  with 
a  new  coarse  demineralizer  system  offered  the  best 
economy.  (Mertz-PTT) 
W90-06559 


THM  PRECURSOR  REMOVAL  AND  SOFTEN- 
ING-FT.  MYERS  12  MGD  RO  MEMBRANE 
PLANT,  FLORIDA  USA. 

Hydranautics,  San  Diego,  CA. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-06560 


'DESIGN  OF  COMPACT,  CONTAINERIZED 
DESALINATION  PLANTS'  EXECUTED  FOR 
MINISTRY  OF  ELECTRICITY  AND  WATER, 
KUWATT. 

Hydrotechnik,  Salzburg  (Austria). 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  53-60, 

November  1989. 

Descriptors:  *Brackish  water,  'Desalination,  'De- 
salination apparatus,  'Desalination  plants, 
•Kuwait,  'Water  treatment  facilities,  Drinking 
water,  Foreign  design  practices,  Membranes,  Per- 
formance evaluation,  Reverse  osmosis,  Water 
treatment. 

On  August  8,  1987  Hydrotechnik  signed  a  contract 
with  the  Ministry  of  Electricity  and  Water, 
Kuwait,  for  the  supply,  erection  and  commission- 
ing of  13  containerized  mobile  Brackish  Water 
Reverse  Osmosis  Desalination  Plants  with  a  capac- 
ity of  13  times  1 136  cubic  m/day.  The  units,  which 
draw  brackish  water  from  the  ground  water 
system,  serve  as  Emergency  Units  for  hospitals  and 
other  important  government  installations.  Only  six 
months  after  the  date  of  signing  the  contract,  the 
first  Reverse  Osmosis  Unit,  consisting  of  one  20- 
foot  pretreatment-filtration  container,  one  40-foot 
operation  container,  one  40-foot  storage  container, 
two  50,000  imperial  gallons  raw  water/product 
water  tanks,  and  complete  civil  work  and  erection 


had  passed  the  initial  reliability  test  and  went  into 
commercial  operation.  On  November  13,  1988,  15 
months  after  signing  the  contract,  all  13  units  had 
been  successfully  put  into  operation,  each  unit 
thereby  passing  a  110  day  reliability  test.  Up  to 
publication  of  this  paper,  all  units  were  operating 
to  the  satisfaction  of  the  customer,  producing 
drinking  water  with  a  salinity  which  was  far  below 
the  limits  of  the  World  Health  Organization  stand- 
ard. For  example,  the  first  unit  had  a  record  of 
9850  operation  hours  as  per  April  1988.  (Author's 
abstract) 
W90-06561 


DESAL-5  MEMBRANE  FOR  WATER  SOFTEN- 
ING. 

Desalination  Systems,  Inc.,  Escondido,  CA. 
For  primary  bibliographic  entry  see  Field  5F. 
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JEDDAH  1  RO  PLANT-PHASE  I  15  MGD  RE- 
VERSE OSMOSIS  PLANT. 

Saline   Water   Conversion   Corp.,   Jeddah   (Saudi 

Arabia). 

M.  Muhurji,  G.  Faggard,  V.  Van  Der  Mast,  and  H. 

Imai. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  75-88, 

November  1989.  6  fig,  4  tab. 

Descriptors:  'Desalination,  'Desalination  plants, 
'Reverse  osmosis,  'Saudi  Arabia,  'Water  treat- 
ment, 'Water  treatment  facilities,  Filters,  Mem- 
branes, Performance  evaluation,  Seawater. 

The  largest  seawater  reverse  osmosis  desalination 
plant  in  the  world  has  been  constructed  at  Jeddah 
in  Saudi  Arabia.  It  has  been  successfully  operating 
since  April,  1989.  The  15  million  gallon/day 
(56,800  cubic  m/day)  seawater  reverse  osmosis 
plant  consists  of  the  following  systems:  seawater 
supply  system,  dual  media  filter  and  micron  car- 
tridge filters,  high  pressure  pumps  and  reverse 
osmosis  trains,  product  delivery,  chemical  addi- 
tion, electrical  power  supply,  central  control  room, 
and  auxiliary  systems.  Based  on  500  hours  of  oper- 
ation, it  has  been  confirmed  that  all  plant  require- 
ments have  been  exceeded.  Plant  production  per 
train  was  specified  at  1.5  million  gallons/day  (237 
cubic  m/hour)  at  a  maximum  design  pressure  of  70 
kg/square  cm  x  gram.  Actual  production  of  the 
plant  far  exceeds  these  requirements.  Presently, 
production  is  maintained  at  a  nominal  production 
of  1.5  million  gallons/day  per  train  by  reducing  the 
inlet  pressure.  (Mertz-PTT) 
W90-06563 


INTEGRATED     PRODUCTION     OF     POWER 
AND  WATER. 

Saline  Water  Conversion  Corp.,  Al-Khobar  (Saudi 

Arabia). 

For  primary  bibliographic  entry  see  Field  5F. 
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CONCENTRATION  OF  RO-BRINES  BY 
SEEDED  HORIZONTAL  TUBE  FALLING 
FILM  EVAPORATION  (HTFE). 

Technische  Hochschule  Aachen  (Germany,  F.R.). 

Lehrstuhl  fuer  Verfahrenstechnik  1  und  Inst,  fuer 

Verfahrenstechnik. 

R.  Rautenbach,  and  J.  Gebel. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  107- 

119,  November  1989.  9  fig,  16  ref. 

Descriptors:  'Brackish  water,  'Brines,  'Desalina- 
tion, 'Desalination  apparatus,  'Evaporators,  'Re- 
verse osmosis,  'Water  treatment,  Brine  seeding, 
Evaporation,  Flash  evaporation,  Magnesium  hy- 
droxide, Silica,  Sulfates,  Water  treatment  facilities. 

Horizontal  tube  multiple  effect  has  proved  to  be 
reliable,  energy-efficient  and  capital  cost-efficient 
in  a  number  of  medium  sized  seawater  desalination 
plants.  The  stacked  version,  especially  the  brine 
distribution  by  sieve  trays,  has  optimal  stack  design 
with  respect  to  low  vapor  side  pressure  losses  and 
the  efficient  removal  of  noncondensibles.  This 
design  might  be  of  use  for  the  concentration/ 
crystallization  of  brines  from  brackish  water  re- 
verse osmosis  plants,  though  there  is  a  question 


whether  it  would  operate  in  the  supersaturated 
range  with  respect  to  components  like  calcium 
sulfate,  magnesium  hydroxide  and  silica.  For  large 
brackish  water  desalination  plants  far  inland  the 
concentration  of  the  reverse  osmosis  brines  has 
become  essential  since  the  waste  of  about  20%  of 
the  water  can  no  longer  be  afforded  and  since  the 
area  required  for  the  large  solar  evaporation  ponds 
is  often  not  available.  Scaling  of  evaporation  heat 
transfer  surface  can  be  controlled  in  this  concen- 
tration range  only  by  either  a  seeding  or  a  fluidized 
bed  technique.  Fluidized  bed  technique  is  presently 
restricted  to  vertical  tube  heat  exchangers/flash 
evaporator  systems.  Seeding  in  combination  with 
horizontal  tube/falling  film  evaporators  is  superior 
to  most  other  evaporator  designs  with  respect  to 
investment  costs  and  energy  consumption  because 
of  its  simple  brine  distribution  (sieve  plates)  and  its 
high  overall  heat  transfer  coefficients.  The  pres- 
ence of  seeding  crystals  in  the  brine  has  no  nega- 
tive effects  on  film  formation.  (Mertz-PTT) 
W90-06565 


TECHNOECONOMICS  OF  POWER/DESALT- 
ING COGENERATION  PLANTS  IN  KUWAIT-- 
A  PRELIMINARY  STUDY. 

Kuwait   Water   Resources   Development   Centre, 

Safat. 

A.  A.  J.  Al-Zubaidi. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  121- 

154,  November  1989.  17  fig,  5  tab,  13  ref. 

Descriptors:  'Cost  allocation,  'Desalination  plants, 
•Electric  power  production,  'Kuwait,  'Power- 
plants,  Available  energy  method,  Water  treatment, 
Water  treatment  facilities. 

Cogeneration  power/desalting  plants  offer  eco- 
nomic advantages  over  single-purpose  plants. 
These  advantages  are  derived  from  more  efficient 
utilization  of  fuel  and  savings  in  capital  investment 
costs  of  common  components.  Two  basic  cost  allo- 
cation methods  have  been  established.  These  are 
the  credit  and  available  energy  methods.  While 
most  previous  published  studies  have  adopted  the 
credit  method,  relatively  few  have  tackled  the 
available  energy  method.  Although  the  available 
energy  method  will  typically  predict  power  and 
water  cost  values  from  a  totally  impartial  stand- 
point, it  has  the  disadvantage  of  being  complex. 
Cogeneration  systems  design  based  on  extraction- 
condensing  steam  turbines  and  multi-stage  flash 
plants  results  in  comparatively  very  competitive 
power  and  water  units  costs  and  ensures  reliability 
and  flexibility  in  plant  operation  required  to  meet 
variable  demands.  At  maximum  water  production 
rating,  the  power  unit  cost  decreases  with  increas- 
ing power/water  ratio.  The  rate  of  decrease  is 
variable,  depending  on  the  range  of  power/water 
ratio  under  consideration.  At  maximum  water  pro- 
duction rating,  an  optimum  power/water  ratio 
exists  which  results  in  the  lowest  water  unit  cost. 
The  optimum  value  for  power/water  ratio  lies 
between  4124.5  and  5000  KW/  1000  cubic  m/day. 
(Mertz-PTT) 
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OPTIMIZATION  OF  DUAL-PURPOSE  STEAM 
POWER  AND  MSF  DESALINATION  PLANT. 

Consulting  Engineers,  P.O.  Box  223,  Heliopolis, 
Cairo,  Egypt. 

M.  H.  Ali  El-Saie,  and  Y.  M.  H.  Ali  El-Saie. 
Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  155- 
175,  November  1989.  8  fig,  5  tab. 

Descriptors:  'Cost  analysis,  'Desalination  plants, 
'Electric  power,  'Electric  power  costs,  'Multis- 
tage flash  distillation,  'Thermal  powerplants,  Elec- 
tric power  production,  Optimization,  Persian  Gulf, 
United  Arab  Emirates,  Water  production. 

One  of  the  main  targets  in  the  design  stage  of  a 
dual-purpose  steam  power  and  large  multistage 
flash  desalination  plants  of  known  outputs  is  the 
determination  of  the  lowest  performance  ratio  for 
the  desalination  plant  to  ensure  lower  capital  and 
operating  costs,  after  selection  of  the  system,  based 
on  thermodynamic  and  economic  comparisons. 
After  determining  the  best  size  and  performance 
ratio  of  the  desalination  units,  the  following  ele- 
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ments  were  considered  for  the  calculation  of  the 
water  production  cost:  capital  cost  of  the  plant 
including  civil  engineering,  cost  of  heat,  cost  of 
electricity,  cost  of  chemicals,  plant  economic  life, 
interest  rate,  and  utilization  factor  of  the  plant.  A 
preliminary  study  for  a  400  megawatt  steam  power 
and  48  million  imperial  gallon/day  plant  for  Abu 
Dhabi,  Arabian  Gulf  was  conducted.  The  main 
concern  was  to  determine  the  lowest  performance 
ratio  of  the  desalination  plant.  Sensitivity  analysis 
showed  that  if  cost  of  heat  was  doubled  then  an 
optimum  performance  ratio  of  7  was  recommended 
provided  enough  steam  was  available  from  the 
turbines.  The  unit  capacity  of  7/8.4  million  imperi- 
al gallons/day  gives  the  most  economic  solution. 
However,  this  capacity  is  about  17%  bigger  than 
units  currently  in  commercial  production.  With 
good  specification  and  control  during  the  design 
stage  and  a  prototype  test  or  mathematical  analy- 
sis, there  should  be  no  risk  on  having  a  reliable  unit 
plant  of  7/8.4  million  imperial  gallons/day.  (Mertz- 
PTT) 
W90-06567 


flash/power  plant  with  the  following  advantages: 
The  capital  cost  of  the  combined  reverse  osmosis- 
multistage  flash  plant  can  be  reduced.  A  common, 
considerably  smaller  seawater  intake  can  be  used, 
in  view  of  the  smaller  feedwater  requirements  of 
reverse  osmosis  plants.  Product  water  from  the 
reverse  osmosis  and  multistage  flash  plants  are 
blended  to  obtain  suitable  product  water  quality. 
Taking  advantage  of  the  fact  that  the  multistage 
flash  product  typically  exceeds  potable  water  spec- 
ifications, the  product  water  specification  in  the 
reverse  osmosis  system  can  thereby  be  reduced.  A 
single  stage  reverse  osmosis  process  can  be  used 
and  the  reverse  osmosis  membrane  life  can  be 
extended  because  of  the  reduced  product  water 
specification.  Electric  power  production  from  the 
multistage  flash  plant  can  be  efficiently  utilized  in 
the  reverse  osmosis  plant,  thereby  reducing  net 
export  power  production.  By  blending  with  re- 
verse osmosis  product  water,  the  temperature  of 
the  multistage  flash  product  water  is  reduced.  (Au- 
thor's abstract) 
W90-06569 


collected  together  at  great  efforts.  Usually,  previ- 
ous tenders  are  used  and  these  do  not  satisfy  the 
expectations  with  respect  to  the  process,  the  size 
and/or  the  situation  for  the  specified  application. 
This  study  calculates  the  capital  and  operating 
costs  of  seawater  desalting  plants.  The  costs  of 
seawater  intake  and  outfall,  seawater  pretreatment, 
power  supply,  type  of  desalting  plant,  pure  water 
posttreatment,  drinking  water  storage,  related  civil 
work,  and  capital  expenditures  are  considered.  In- 
vestment costs  for  reverse  osmosis,  multistage 
flash,  multieffect,  multieffect  evaporation  with 
thermal  vapor  compression,  and  mechanical  vapor 
compression  plants  are  calculated  along  with  the 
process-related  and  equipment-related  expendi- 
tures. Multistage  flash  plants  are  not  competitive  in 
the  selected  performance  range.  Whether  reverse 
osmosis  plants  or  thermic  plants  yield  the  lowest 
water  prices  depends  on  how  the  prices  for  electric 
power  and  heavy  fuel  are  set.  These  factors  point 
to  the  need  for  carrying  out  detailed  calculations 
for  each  case.  (Mertz-PTT) 
W90-06571 
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OPTIMUM  DESIGN  FOR  A  HYBRID  DESALT- 
ING PLANT. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Coll.  of 

Engineering. 

I.  S.  Al-Mutaz,  M.  A.  Soliman,  and  A.  M. 

Daghthem. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  177- 

187,  November  1989.  2  fig,  1  tab,  3  ref. 

Descriptors:  'Cost  analysis,  'Desalination,  'De- 
salination plants,  'Multistage  flash  distillation,  'Re- 
verse osmosis,  Desalination  apparatus,  Design  cri- 
teria, Membrane  processes,  Optimization,  Water 
treatment,  Water  treatment  facilities. 

Dual-purpose  multistage  flash  desalination  plants 
provide  freshwater  with  low  cost  at  high  desalting 
capacity,  but  require  high  installation  costs.  Two- 
stage  reverse  osmosis  desalination  plants  require 
only  half  the  multistage  flash  installation  cost  while 
producing  water  at  a  comparable  price.  By  com- 
bining a  sea  water  reverse  osmosis  plant  with  the 
dual  purpose  multistage  flash  plant,  the  capital  and 
operating  cost  can  be  reduced  and  the  excess 
power  can  be  efficiently  utilized.  The  design  pa- 
rameters for  such  a  hybrid  plant  will  be  the  operat- 
ing pressure  and  water  recovery  of  the  reverse 
osmosis  plant  and  the  number  of  stages  and  heat 
transfer  areas  for  the  multistage  flash  plant.  The 
objective  is  to  minimize  the  cost  of  water  satisfying 
maximum  total  dissolved  salt  criteria.  If  high  pres- 
sure membranes  that  can  stand  a  pressure  higher 
than  80  atmospheres  are  developed  and  become 
reliable  and  as  fuel  costs  increase,  the  reverse  os- 
mosis plants  will  certainly  replace  the  multistage 
flash  plants.  At  a  fuel  cost  of  $18/barrel,  water 
produced  from  multistage  flash  is  cheaper,  whereas 
at  a  fuel  cost  of  $27/barrel,  water  from  reverse 
osmosis  plants  is  marginally  cheaper.  It  is  conclud- 
ed from  this  study  that  the  savings  obtained  from 
scaling-up  is  more  than  that  obtained  from  hybrid- 
ization. (Mertz-PTT) 
W90-06568 


HYBRID  DESALTING  SYSTEMS. 

Bechtel  Group,  Inc.,  San  Francisco,  CA. 

L.  Awerbuch,  S.  May,  R.  Soo-Hoo,  and  V.  Van 

Der  Mast. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  189- 

197,  November  1989.  5  fig. 

Descriptors:  'Desalination  plants,  'Electric  power 
production,  'Multistage  flash  distillation,  'Power- 
plants,  'Reverse  osmosis,  'Water  treatment  facili- 
ties, Cost  analysis.  Drinking  water,  Temperature 
control,  Water  treatment. 

Currently,  most  large-scale  seawater  desalting 
complexes  are  dual-purpose  multistage  flash  plants 
producing  both  power  and  desalinated  water. 
These  plants  produce  high  purity  distilled  water 
and  also  provide  excess  electrical  power  for  sale  at 
a  typical  ratio  of  10  megawatt  power  per  1  million 
gallon  per  day  of  water.  In  the  hybrid  multistage 
flash/reverse  osmosis  desalination  power  process,  a 
seawater  reverse  osmosis  plant  is  combined  with 
either  a  new  or  existing  dual  purpose  multistage 


COSTS  OF  SEAWATER  DESALINATION  IN 
REAL  TERMS,  1979  THROUGH  1989,  AND 
PROJECTIONS  FOR  1999. 

Leitner  and  Associates,  Inc.,  Elm  Grove,  WI. 
G.  F.  Leitner. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  201- 
213,  November  1989.  6  tab,  7  ref. 

Descriptors:  'Cost  analysis,  'Cost-benefit  analysis, 
'Desalination,  'Desalination  plants,  'Multieffect 
distillation,  'Multistage  flash  distillation,  'Reverse 
osmosis,  'Seawater,  'Water  treatment,  Capital 
costs,  Fuel  costs,  Membranes,  Operating  costs, 
Projections,  Water  treatment  facilities. 

A  very  adequate  inventory  of  desalting  plants  in 
operation  around  the  world  has  been  available  for 
many  years,  but  there  is  no  compilation  of  capital 
and  operating  costs  for  these  plants.  Yet  for  any 
agency  or  municipality  considering  desalination, 
such  cost  data  is  vital  to  making  a  decision  on 
whether  or  not  to  build  the  plant  and  what  process 
to  employ.  Capital  costs  for  reverse  osmosis  con- 
tinue to  demonstrate  the  most  favorable  and  lowest 
cost,  with  multistage  flash  the  highest,  and  the 
multiple  effect  distillation  process  in  between.  On 
the  basis  of  world  fuel  cost,  the  reverse  osmosis 
process  would  save  over  10%  as  compared  with 
multiple  effect  distillation  and  32%  as  compared 
with  multistage  flash.  As  we  look  toward  1999, 
favorable  experience  with  the  multistage  flash 
plants  will  be  a  factor  in  selection  of  future  plants. 
However,  the  lower  capital  and  operating  costs  for 
the  reverse  osmosis  process  should  receive  increas- 
ing attention  in  the  coming  years.  The  future 
brings  a  notable  increase  in  membrane  life  and  a 
good  potential  for  reducing  costs  with  membranes 
that  operate  at  higher  pressures.  And  for  those 
cases  where  a  dual  purpose  plant  is  called  for,  a 
hybrid  plant  will  demand  attention,  but  instead  of 
automatic  selection  of  the  multistage  flash  process, 
the  cost  figures  suggest  a  careful  look  at  the  multi- 
ple effect  distillation  process.  (Mertz-PTT) 
W90-06570 


COMPREHENSrVE  STUDY  ON  CAPrTAL  AND 
OPERATIONAL  EXPENDITURES  FOR  DIF- 
FERENT TYPES  OF  SEAWATER  DESALTING 
PLANTS  (RO,  MVC,  ME,  ME-TVC,  MSF) 
RATED  BETWEEN  200  CUBIC  M/D  AND  3000 
CUBIC  M/D. 

TRACTEBEL  S.A.,  Brussels  (Belgium). 
G.  Fosselard,  and  K.  Wangnick. 
Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  215- 
240,  November  1989.  17  fig,  2  ref. 

Descriptors:  'Capital  costs,  'Cost  analysis,  'De- 
salination plants,  'Multieffect  distillation,  'Multis- 
tage flash  distillation,  'Operating  costs,  'Reverse 
osmosis,  'Seawater,  'Vapor  compression  distilla- 
tion, 'Water  treatment  facilities.  Desalination  ap- 
paratus, Drinking  water,  Fuel  costs,  Water  treat- 
ment. 

For  planning  purposes,  the  purchasers  and  their 
consultants,  operators  and  salesmen  often  need 
prices   for  the  desalination   plants   that   must  be 


PARAMETRIC  COST  ANALYSIS  STUDY  OF 
SEAWATER  REVERSE  OSMOSIS  SYSTEMS 
DESIGN  IN  KUWAIT. 

Kuwait   Water   Resources   Development   Centre, 

Safat. 

A.  A.  J.  Al-Zubaidi. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  241- 

280,  November  1989.  15  fig,  4  tab,  22  ref. 

Descriptors:  'Cost  analysis,  'Desalination, 
•Kuwait,  'Reverse  osmosis,  'Seawater,  Capital 
costs,  Design  criteria,  Membranes,  Operating  costs, 
Pretreatment  of  water,  Sensitivity  analysis,  Water 
production,  Water  treatment,  Water  treatment  fa- 
cilities. 

Parameters  affecting  process  design  of  seawater 
reverse  osmosis  are  varied.  Examination  of  these 
parameters  is  carried  out  under  seawater  condi- 
tions prevailing  in  Kuwait.  The  main  parameters 
studied  include  plant  production  capacity,  water 
recoveries  and  feed  and  product  quality.  Sensitivi- 
ty analysis  with  respect  to  plant  economic  life, 
interest  rate,  energy  prices  and  membrane  replace- 
ment rate  has  led  to  the  following  conclusions:  To 
ensure  reliable  and  efficient  plant  design  it  is  im- 
portant that  actual  membrane  productivity  ac- 
counts for  all  pertinent  data  characteristic  of  sea- 
water feed.  Plant  design  must  allow  maintenance 
of  rated  productivity  under  both  extreme  summer 
and  winter  conditions  for  the  duration  of  the  mem- 
brane life.  Particular  attention  must  be  paid  to  the 
design  of  the  pretreatment  section.  The  estimated 
total  energy  consumption  is  higher  than  expected. 
High  overall  recovery  was  considered  as  unsound 
engineering  practice,  as  it  violates  the  90%  design 
rule  during  summer  condition.  The  parametric  cost 
functions  accurately  predict  the  plant  capital  in- 
vestment costs.  Water  unit  cost  decreases  with 
increasing  plant  overall  recovery.  And  finally,  the 
most  dominant  water  unit  cost  components  are 
energy,  membrane  replacement  and  capital 
charges.  (Mertz-PTT) 
W90-06572 


TECHNICAL  AND  ECONOMICAL  COMPARI- 
SON BETWEEN  LARGE  CAPACITY  MSF  AND 
RO  DESALTING  PLANTS. 

Kuwait  Univ.,  Safat.  Dept.  of  Mechanical  Engi- 
neering. 

M.  A.  Darwish,  M.  Abdel  Jawad,  and  G.  S.  Aly. 
Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  281- 
304,  November  1989.  4  tab,  4  fig,  9  ref. 

Descriptors:  'Cost  analysis,  'Desalination  plants, 
•Multistage  flash  distillation,  'Reverse  osmosis, 
Comparison  studies,  Energy  costs,  Membranes, 
Water  treatment,  Water  treatment  facilities. 

In  the  course  of  evaluating  the  unit  cost  of  desalted 
water  by  either  the  predominant  multistage  flash, 
and  its  competitor  reverse  osmosis  desalting  sys- 
tems, a  quantitative  comparison  between  the  equip- 
ment was  conducted.  The  chemical  and  energy 
consumptions  were  also  compared  for  both  sys- 
tems. The  study  indicated  that  more  extensive  ma- 
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terials  and  more  energy  were  consumed  in  the 
multistage  flash  desalting  system,  as  compared  to 
the  reverse  osmosis  system.  Consequently,  the  unit 
cost  of  desalted  seawater  by  reverse  osmosis 
system  was  lower  than  that  obtained  by  the  multis- 
tage flash  system.  Moreover,  prospects  for  lower 
cost  by  the  reverse  osmosis  system  exist  by  devel- 
oping more  efficient  energy  recovery  systems,  and 
reducing  the  cost  of  the  membranes.  It  is  believed 
that  the  present  membrane  cost  is  much  higher 
than  real  manufacturing  cost.  (Author's  abstract) 
W9O-06573 


TECHNICAL  ASPECTS  OF  REDUCING  DE- 
SALTING WATER  COST  BY  DISTILLATION 
METHODS. 

Kuwait  Univ.,  Safat.  Dept.  of  Mechanical  Engi- 
neering. 

M.  A.  Darwish,  and  M.  Abdel-Jawad. 
Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  305- 
322,  November  1989.  7  fig,  2  tab,  3  ref. 

Descriptors:  *Cost  analysis,  'Desalination,  *De- 
salination  plants,  'Kuwait,  *Multieffect  distillation, 
•Multistage  flash  distillation,  *Vapor  compression 
distillation,  *Water  costs,  *Water  treatment,  Elec- 
tric power  production,  Powerplants,  Steam  tur- 
bines, Water  treatment  facilities. 

In  Kuwait,  the  installed  capacity  of  desalting 
plants  is  continuously  increasing  (from  1  million 
gallons/day  in  1953  to  263  million  gallons/day  in 
1989)  as  well  as  the  water  consumption  per  capita 
(from  57  L/day  in  the  late  1950s  to  272  L/day  in 
the  mid-1980s).  Any  decrease  in  the  desalted  water 
unit  cost  means  substantial  savings  to  Kuwait  due 
to  the  huge  amounts  of  desalted  water  production. 
Prospects  of  the  present  and  near  future  improve- 
ments in  desalination  technologies  by  distillation 
processes  that  may  affect  the  desalted  water  unit 
cost  include  capital  and  running  costs  of  the  main 
distillation  systems  such  as  multistage  flash,  mul- 
tieffect  boiling,  and  vapor  compression  systems. 
Design  and  operating  parameters  that  have  impact 
on  the  cost  include  maximum  brine  temperatures, 
type  of  water  treatment,  number  of  stages  or  ef- 
fects, means  of  supplying  energy,  and  material 
selection.  Through  examination  of  technical  fac- 
tors affecting  the  cost  of  desalting  water  it  was 
shown  that  conventional  multieffect  system  can 
produce  desalted  water  with  lower  cost  than  mul- 
tistage flash  systems  when  both  are  supplied  with 
steam  after  its  expansion  in  steam  turbines.  Me- 
chanical or  thermal  vapor  compression  desalting 
systems  are  more  cost  effective  when  compared 
with  directly  operated  multistage  flash  systems. 
(Mertz-PTT) 
W90-06574 


PROCESS  ARRANGEMENTS  FOR  HYBRTO 
SEA  WATER  DESALINATION  PLANTS. 

I.  Kamal,  W.  Schneider,  and  G.  F.  Tusel. 
Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  323- 
335,  November  1989.  6  fig,  2  tab,  2  ref. 

Descriptors:  'Desalination,  'Desalination  plants, 
•Electrical  power  production,  'Multistage  flash 
distillation,  'Reverse  osmosis,  *Scaling,  Cost  anal- 
ysis, Seawater,  Vapor  compression  distillation, 
Water  treatment,  Water  treatment  facilities. 

In  thermal  seawater  desalination  the  usual  process 
arrangement,  with  a  few  exceptions,  consists  of  the 
multistage  flash  process  based  on  the  brine  recycle 
principle.  This  principle  has  held  its  ground  for  the 
last  30  years  because  of  the  lack  of  a  suitable  cost- 
effective  additive  for  the  prevention  of  scale.  With 
the  development  of  anti-sealants  requiring  low 
dosing  rates  for  the  once-through  multistage  flash 
process,  the  incentive  for  the  brine  recycle  scheme 
has  disappeared,  and  there  is  no  longer  any  justifi- 
cation for  its  continued  usage.  The  once-through 
process  can  produce  water  more  economically 
than  the  brine  recycle  process,  especially  in  the 
Gulf  and  Red  Sea  areas  where  seawater  concentra- 
tions are  high.  In  other  areas  it  may  be  possible  to 
use  the  blowdown  from  a  once-through  multistage 
flash  plant  as  feed  for  a  reverse  osmosis  unit,  and  to 
use  the  reject  from  the  reverse  osmosis  unit  after 
power  recovery  as  feed  for  a  vapor  compression 
evaporator-concentrator,    greatly    increasing    the 


process  efficiency  and  overall  product  recovery. 

(Mertz-PTT) 

W90-06575 


PRODUCTION  AND  COST  FUNCTIONS  OF 
WATER  LOW-TEMPERATURE  SOLAR  DE- 
SALINATION. 

Patras  Univ.  (Greece).  Dept.  of  Mechanical  Engi- 
neering. 

N.  G.  Zagouras,  Y.  G.  Caouris,  and  E.  T.  Kantsos. 
Applied  Economics  APPEBP,  Vol.  21,  No.  9,  p 
1177-1189,  September   1989.  5  fig,  3  tab,   10  ref. 

Descriptors:  *Water  treatment,  *Cost  analysis, 
'Solar  distillation,  'Desalination,  Engineering, 
Water  temperature,  Economic  aspects. 

A  case  study  of  operation  of  desalination  plants 
illustrates  the  possibility  of  obtaining  appropriate 
economic  production  function  and  cost  function 
from  a  computational  engineering  model  by  vary- 
ing a  determining  parameter  and  observing  the 
values  of  all  technical  parameters  and  the  associat- 
ed costs.  The  model  was  developed  in  order  to 
investigate  the  technical  and  cost  parameters  of 
low-temperature  solar  desalination  plants.  The  un- 
derlying economic  production  functions  are  of  the 
Cobb-Douglas  form.  In  the  first  approach,  the 
desalination  plant  was  considered  to  operate  under 
maximum  load  continuously  through  the  year, 
except  for  necessary  maintenance  periods.  In  the 
second  approach,  the  desalination  plant  was  con- 
sidered to  operate  under  different  partial  load  over 
the  year.  It  is  important  to  note  that  the  marginal 
cost  of  the  desalination  was  much  lower  than  the 
average  total  cost.  In  other  words,  if  the  duration 
of  operation  of  a  desalination  plant  devoted  to 
cover  peak  demands  is  somewhat  extended  for 
other  uses,  then  the  additional  cost  per  additional 
desalted  water  unit  is  much  lower  than  the  mini- 
mum average  total  cost.  It  would  be  very  interest- 
ing to  examine  the  opportunity  of  using  this  addi- 
tional water  in  some  agricultural  activities,  particu- 
larly those  producing  high-valued  products.  The 
question  arises  whether  it  is  advantageous  to 
extend  the  operation  of  the  'peak-summer'  plants  in 
order  to  cover  irrigation  needs  in  autumn  and 
spring,  for  some  early  or  late  cultivations  in  arid 
but  fertile  and  wind-protected  zones.  The  answer 
must  be  given  on  the  basis  of  the  marginal  cost 
only.  (Author's  abstract) 
W90-06654 


INCREASING  DEMAND  FOR  DESALINA- 
TION. 

Kuwait  Fund  for  Arab  Economic  Development, 

Safat. 

T.  A.  Dabbagh,  and  A.  Al-Saqabi. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  3-26, 

November  1989.  3  fig,  3  tab,  22  ref. 

Descriptors:  'Arid  zone,  'Desalination,  'Semiarid 
lands,  'Water  demand,  Costs,  Economic  aspects, 
Research  priorities,  Wastewater  renovation,  Water 
conservation,  Water  reuse,  Water  supply. 

In  reviewing  the  alternative  water  resources  avail- 
able in  arid  and  semi-arid  zone  countries  when 
appraising  water  sectors  for  providing  aid  for  de- 
velopment, it  becomes  increasingly  evident  that 
there  will  be  a  greater  demand  for  desalination  by 
the  turn  of  the  century.  The  cost  of  producing 
water  in  developing  countries  it  is  noted  that  when 
it  comes  to  providing  water  the  price  will  be  paid, 
however  high  it  may  be.  Reducing  the  cost  of 
desalinated  water,  however,  is  not  only  dependent 
on  improving  desalination  technology,  but  also  on 
improving  the  management  of  the  conservation 
and  utilization  of  desalinated  water.  It  is  empha- 
sized that  when  desalination  is  proposed  it  is  im- 
portant that  it  should  be  carried  out  in  conjunction 
with  improving  the  efficiency  of  the  water  supply 
system,  reusing  sewage  effluent  and  substantially 
increasing  storage  capacity.  Areas  where  further 
research  is  required  include  construction  materials, 
process  chemicals,  alternative  energy,  and  the  use 
and/or  extraction  of  minerals  from  brine.  There  is 
a  need  for  collaborative  action  by  arid  zone  oil- 
producing  countries  in  setting  up  an  institutional 
framework  that  would  enable  their  extensive  expe- 
rience with  desalination  to  be  shared,  and  permit 


the  establishment  of  a  body  of  expertise  that  could 
work  toward  reducing  the  present,  often  prohibi- 
tive, cost  of  desalination.  (Author's  abstract) 
W90-07431 


MANAGEMENT  AND  FEASIBILITY  OF  RE- 
VERSE OSMOSIS  SCHEMES  FOR  RURAL 
WATER  SUPPLY  EN  INDIA. 

Bhabba  Atomic  Research  Centre,  Bombay  (India). 

Desalination  Div. 

S.  Prabhakar,  R.  N.  Patra,  B.  M.  Misra,  and  M.  P. 

Ramani. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  37-46, 

November  1989.  1  fig,  1  tab,  2  ref. 

Descriptors:  'Desalination,  'Developing  countries, 
•India,  'Reverse  osmosis,  'Rural  areas,  'Water 
management,  'Water  supply,  Economic  aspects, 
Personnel,  Saline  water,  Site  selection,  Social  as- 
pects, Total  dissolved  solids,  Water  resources  de- 
velopment. 

The  adoption  of  the  reverse  osmosis  process  as  a 
desalination  system  for  meeting  the  demand  for 
fresh  water  in  rural  India  has  been  critically  exam- 
ined with  respect  to  the  technical,  economic,  social 
and  logistic  aspects.  The  introduction  of  new  tech- 
nology in  the  country  poses  many  problems,  spe- 
cifically those  related  to  the  capability  of  manufac- 
turing and  operating  personnel.  The  performance 
of  two  10  cu  m/8  hr  demonstration  reverse  osmo- 
sis (RO)  plants  installed  and  maintained  in  remote 
villages,  has  provided,  beside  data,  experience  for 
the  analysis  of  such  problems.  Optimum  capacities 
and  specifications  for  the  reverse  osmosis  systems 
have  been  developed  taking  into  account  competi- 
tiveness with  conventional  water  supply  systems. 
Based  on  the  experience  of  operating  these  RO 
plants  in  remote  villages,  the  salient  features  of 
such  plants  are:  (1)  the  selection  of  sites,  for  instal- 
lation of  RO  plants  in  the  villages  was  based  pri- 
marily on  the  availability  of  power;  (2)  the  low 
yield  of  raw  water  is  a  major  constraint  in  achiev- 
ing a  desired  plant  capacity;  (3)  due  to  the  scat- 
tered location  of  villages,  their  relatively  small 
population  and  uncertainty  in  adequate  yield  of 
brackish  water,  large  capacity  RO  plants  could  not 
be  considered  even  though  there  are  definite  cost 
advantages;  (4)  from  the  viewpoint  of  employment 
of  local  people  in  the  RO  plants,  utilizing  semi- 
skilled persons  from  the  same  village  seems  to  be 
the  obvious  choice;  and  (5)  the  acceptance  of  prod- 
uct water  from  RO  plants  as  a  drinking  water 
source  for  the  village  requires  educating  the  inhab- 
itants. The  role  of  voluntary  agencies  in  this  matter 
is  significant.  The  typical  cost  figures  for  the  RO 
plants  containing  up  to  10,000  parts  per  million 
(ppm)  total  dissolved  solids  ranges  from  $50,000 
for  10  cu  m/day  to  about  $200,000  for  100  cu  m/ 
day  capacity  plants.  (Lantz-PTT) 
W90-07433 


WATER  SUPPLY  AND  DESALINATION  ES 
NORTHWESTERN  EGYPT. 

CH2M  Hill  International  Corp.,  Gainesville,  FL. 
O.  K.  Buros,  and  S.  Yacoub. 
Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  47-59, 
November  1989.  1  fig,  3  tab,  1  ref. 

Descriptors:  'Desalination,  'Egypt,  'Rural  areas, 
•Water  supply,  Brackish  water,  Developing  coun- 
tries, El  Nasr  Canal,  Filtration,  Marsa  Matrouch, 
Water  demand,  Water  treatment. 

The  Matrouh  Governorate  located  in  northwest- 
ern Egypt  has  experienced  considerable  growth 
over  the  past  decade  as  more  people  use  the  fine 
beach  areas  along  the  Mediterranean  coast.  The 
area  is  one  of  low  rainfall  and  this  growth  has 
strained  the  existing  sources  of  water.  Traditional- 
ly, water  has  been  supplied  to  the  Governorate  by 
low-yield  wells,  rain  water  collection,  seawater 
desalination,  and  Nile  water  delivered  by  train, 
truck,  and  pipeline.  For  many  years  there  has  been 
interest  in  expanding  the  existing  seawater  desali- 
nation facility  in  Marsa  Matrouh  to  provide  a 
reliable  supply  of  water  for  the  city.  In  1987-88, 
the  US  Agency  for  International  Development 
(USAID)  helped  to  provide  a  number  of  small 
brackish  water  desalting  plants  to  be  used  in  the 
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Field  3— WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 


Group  3A — Saline  Water  Conversion 

rural  areas.  In  1988,  USAID  selected  a  private  firm 
to  collect  cliMii  on  water  usage,  land  use,  and  popu- 
lation in  the  Governorate.  The  study  indicated  that 
the  overall  potable  water  consumption  in  the  City 
of  Marsa  Matrouh  can  be  estimated  as  about  42  L/ 
capita/day  in  the  winter  and  36  L/capita/day  in 
the  summer.  These  rather  low  consumption  rates 
reflect  the  shortage  of  readily  available  water,  high 
water  cost,  and  the  low  incidence  of  water  con- 
suming appliances.  During  February  1988,  only 
13%  of  the  water  pumped  to  El  Alamein  reached 
the  City  of  Marsa  Matrouh,  indicating  that  the 
pipeline  is  leaking  and  other  losses  of  water  are 
occurring.  The  area  west  of  Marsa  Matrouh  also 
has  water  problems.  During  1987-88  USAID,  in- 
stalled brackish  water  desalination  units  in  six  loca- 
tions in  this  area  in  an  effort  to  ease  the  persistent 
potable  water  shortages.  The  capacity  is  nominal 
only,  since  the  units  generally  run  about  4  hr/day 
in  the  winter  and  10  hr/day  in  the  summer.  Fol- 
lowing a  review  of  several  alternatives,  the  alterna- 
tive recommended  for  Marsa  Matrouh  was  the 
construction  of  a  new  coagulation  filtration  water 
treatment  plant  on  the  El  Nasr  Canal.  This  plant 
would  be  dedicated  solely  to  the  water  needs  of 
the  Matrouh  Govemorate.  The  water  from  this 
plant  would  be  transferred  by  pipeline  to  the  exist- 
ing 700  mm  pipeline  at  a  point  near  El  Hammam. 
From  there,  the  water  would  be  pumped  westward 
to  serve  the  demand  along  the  coast  and  end  at  the 
City  of  Marsa  Matrouh  once  the  700  mm  pipeline 
is  completed.  (Lantz-PTT) 
W90-07434 


FEASIBILITY  OF  SEAWATER  DESALINA- 
TION TO  SOLVE  WATER  SHORTAGE  PROB- 
LEMS OF  THE  SALDMA  CRUZ  (PEMEX)  RE- 
FINERY. 

C.  A.  Fernandez,  B.  H.  Huerta,  and  F.  E.  Latapi. 
Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  61-77, 
November  1989.  4  fig,  3  tab. 

Descriptors:  *Desalination,  'Industrial  water, 
♦Mexico,  *Oil  industry,  •Seawater,  'Water  supply, 
Distillation,  Saline  water. 

As  a  part  of  Mexico's  Pacific  Coastline  Project,  the 
Salina  Cruz  Refinery  with  an  actual  capacity  of 
165,000  billion  barrels/day  (bbd)  is  being  expanded 
to  330,000  bbd  (crude  oil).  The  local  water  short- 
age problem  has  led  to  the  consideration  of  sea- 
water  desalination  as  a  source  of  fresh  water  for 
the  refinery  and  other  community  and  industrial 
uses.  Through  the  use  of  desalination,  the  refinery 
will  become  independent  from  its  present  fresh 
water  source.  This  will  in  turn,  help  to  mitigate 
some  regional  political  and  social  demands  being 
placed  on  the  refinery  and  its  excessive  use  of  the 
local  fresh  water  supply.  Based  on  capacity  re- 
quirements, process  reliability  and  national  integra- 
tion, the  desalination  process  selected  is  multi-stage 
flash  distillation.  (Lantz-PTT) 
W90-O7435 


DELBUOY:  OCEAN  WAVE-POWERED  SEA- 
WATER  REVERSE  OSMOSIS  DESALINATION 
SYSTEM. 

ISTI  Delaware,  Inc.,  Lewes. 

D.  C.  Hicks,  C.  M.  Pleass,  G.  R.  Mitcheson,  and  J. 

F.  Salevan. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  81-94, 

November  1989.  6  fig,  1  tab,  17  ref. 

Descriptors:  •Desalination  plants,  »Ocean  waves, 
•Reverse  osmosis,  Economic  aspects,  Potable 
water,  Saline  water,  Seawater,  Tropical  areas, 
Water  supply.  Water  treatment. 

Most  ocean  wave  energy  conversion  systems  have 
been  designed  as  large-scale  electricity  producers. 
Such  devices  require  the  solution  of  serious  stor- 
age, phasing,  and  distribution  problems,  and  usual- 
ly must  be  on  a  large  sale  for  satisfactory  economic 
results.  Alternatively,  an  ocean  wave  energy 
system,  under  development  since  1976,  directly 
links  ocean  wave  power  with  the  production  of 
fresh  water  from  seawater  using  reverse  osmosis 
(RO)  technology.  The  device,  referred  to  as  DEL- 
BUOY,  utilizes  no  motors,  generators  or  electron- 
ics and  makes  extensive  use  of  engineering  poly- 
mers for  constructing  major  system  components. 


The  DELBUOY  combines  a  wave  driven  buoy, 
linear  pump  and  an  anchor  system  with  well- 
proven  single-pass  seawater  RO  membranes  to 
produce  potable  water.  The  systems  are  modular  in 
nature,  allowing  arrays  to  be  sized  to  suit  specific 
site  requirements,  from  as  little  as  6  cu  m/day. 
Unlike  many  of  the  other  wave  energy  devices 
currently  under  development,  the  DELBUOY  is 
an  economic  alternative  to  conventional  desalina- 
tion systems  in  wave  fields  as  small  as  one  meter. 
The  DELBUOY  system  is  especially  useful  in 
areas  that  are  remote,  have  insufficient  or  unreli- 
able power  supplies  or  have  high  power  costs.  It 
was  specifically  designed  for  service  in  tropical 
areas  within  the  steady  Trade  Wind  wave  field. 
The  research  and  development  of  the  device  en- 
compassed wave  tank  testing,  mathematical  model- 
ing, materials  testing  and  system  sea  trials.  Com- 
mercial production  of  the  DELBUOY  was  started 
in  1985.  Since  that  time,  the  system  has  undergone 
production  engineering,  supported  by  five  full- 
scale  sea  trials  and  commercial  installations.  Oper- 
ating experience  obtained  to  date  indicate  that  with 
only  a  five  year  amortization  period,  the  DEL- 
BUOY system  is  an  economic  alternative  to  con- 
ventionally powered  desalination  system  in  areas 
where  power  costs  are  high.  (Author's  abstract) 
W90-07436 


DEVELOPMENT,  TESTING  AND  THE  ECO- 
NOMICS OF  A  COMPOSITE/PLASTIC  SEA- 
WATER REVERSE  OSMOSIS  PUMP. 

ISTI  Delaware,  Inc.,  Lewes. 

D.  C.  Hicks,  C.  M.  Pleass,  W.  A.  Fearn,  and  D. 

Staples. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  95-109, 

November  1989.  6  fig,  16  ref. 

Descriptors:  'Desalination,  'Economic  aspects, 
•Polymers,  *Pumps,  'Reverse  osmosis,  'Seawater, 
Hydraulic  equipment,  Maintenance,  Performance 
evaluation,  Saline  water. 

Plastics,  polymers  and  composites  are  increasingly 
found  to  be  cost  effective  alternatives  to  metallic 
components  in  a  wide  range  of  applications.  The 
reverse  osmosis  (RO)  desalination  industry  is  an 
example  where  plastics,  because  of  their  inertness 
in  saline  waters  and  the  ease  with  which  they  can 
be  fabricated,  have  received  wide  acceptance  for 
use  in  low  pressure  applications.  However,  poly- 
meric materials  have  not  been  used  extensively  in 
high  pressure  RO  components  other  than  in  the 
membrane  housing.  Responding  to  the  demand  for 
a  noncorrodable,  low  maintenance  seawater  RO 
pump,  a  line  of  seawater  lubricated,  axial  piston 
pumps  constructed  almost  entirely  from  polymers 
and  composites  has  been  designed  and  tested.  The 
pump,  referred  to  as  the  DELPUMP,  utilizes  the 
seawater  being  pumped  to  cool  and  lubricate  all 
bearings  and  to  refill  the  cylinders.  As  a  result, 
maintenance  requirements  and  risks  of  contamina- 
tion have  been  eliminated.  A  further  benefit  of 
constructing  the  pump  from  predominantly  non- 
metallic  materials  and  by  having  no  two  metallic 
components  in  electrical  contact  is  that  the  prob- 
lem of  electrolysis  has  been  eliminated.  Endurance 
tests  verify  that  DELPUMP  units  will  operate  for 
8000  hours  between  maintenance  intervals.  Mainte- 
nance will  require  only  common  tools  and  easily 
learned  techniques  to  replace  a  few  inexpensive 
component  parts.  (Lantz-PTT) 
W9O-07437 


DEVELOPMENT  AND  APPLICATION  OF  A 
ROOF  TYPE  SOLAR  STILL. 

Nagoya  Univ.  (Japan).  Dept.  of  Chemical  Engi- 
neering. 

K.  Murase,  S.  Kobayashi,  M.  Nakamura,  and  S. 
Toyama. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  Hi- 
ll 8,  November  1989.  5  fig,  5  ref. 

Descriptors:  'Desalination,  'Distillation,  'Solar 
energy,  'Solar  stills,  Performance  evaluation, 
Stills. 

An  improvement  to  the  feeding  system  of  a  roof 
type  solar  still  was  tested.  The  still  is  composed  of 
bent  heat  penetrating  plates  with  a  channel  at  the 
center  for  liquid  flow  below  the  bending  crease.  A 


laboratory  test  apparatus  was  constructed  having  a 
500  x  500  mm  heat  penetrating  area  designed  and 
made  mainly  from  polyethylene  film.  The  upper 
surface  was  illuminated  by  infrared  lamps  with  an 
intensity  range  between  240  and  650  Watts/cu  m. 
The  test  apparatus  did  produce  fresh  water  from 
salt  water.  A  panel  of  photoelectric  cells  was  sub- 
stituted for  the  heat  receiving  plate  of  the  solar 
still.  This  hybrid  system  of  the  roof  type  solar  still, 
combined  with  photo  cell  power  generation  was 
simulated,  and  the  computed  result  revealed  that 
the  water  to  power  ratio  is  on  the  order  of  5  cu  m/ 
kWh,  several  hundred  times  that  of  conventional 
dual  purpose  systems.  It  can  be  concluded  that  the 
tested  roof  type  solar  still  and  the  proposed  hybrid 
system  is  quite  promising  and  worthy  of  further 
development.  (Lantz-PTT) 
W90-07438 


CARRIER-GAS  PROCESS -A  NEW  DESALINA- 
TION AND  CONCENTRATION  TECHNOLO- 
GY. 

EvCon  Corp.,  Minneapolis,  MN. 

R.  Larson,  W.  Albers,  J.  Beckman,  and  S. 

Freeman. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  119- 

137,  November  1989.  6  fig,  2  tab,  5  ref. 

Descriptors:  'Carrier  gas  process,  'Desalination, 
•Wastewater  treatment,  'Water  treatment,  Brack- 
ish water,  Economic  aspects,  Equipment,  Evapora- 
tion, Seawater,  Water  treatment  facilities. 

The  Carrier-Gas  Process  (CGP)  has  demonstrated 
excellent  potential  for  desalination  of  seawater  and 
brackish  water  and  for  concentration  of  various 
process  streams  and  industrial  wastewaters.  The 
CGP  uses  air  at  atmospheric  pressure  as  a  carrier 
gas  to  evaporate  water  upon  heating  and  then  to 
condense  pure  water  upon  cooling  in  such  a 
manner  as  to  reuse  the  energy  of  evaporation  many 
times.  Owing  to  use  of  below  boiling  temperatures 
and  ambient  pressure,  the  process  device  is  of 
simple  construction  and  may  be  made  entirely  of 
inexpensive  plastics.  Large-scale  CGP  plants  are 
projected  to  have  significant  capital  cost  and  oper- 
ating cost  advantages  over  reverse  osmosis  and 
conventional  distillation  systems.  (Author's  ab- 
stract) 
W90-07439 


PROSPECTIVE  OF  TWO  SMALL  WATER 
PRODUCING  UNITS. 

King   Abdulaziz   Univ.,   Jeddah   (Saudi   Arabia). 

Coll.  of  Engineering. 

A.  A.  Madani,  and  G.  M.  Zaki. 

Desalination  DSLNAH,  Vol.  3,  No.   1/3,  p  167- 

180,  November  1989.  6  fig,  2  tab,  6  ref. 

Descriptors:  'Condensation,  'Desalination  plants, 
•Developing  countries,  •Distillation,  'Rural  areas, 
•Solar  stills,  Brines,  Costs,  Humidity,  Water  vapor. 

The  potential  of  two  methods,  air  dehumidification 
and  solar  distillation  for  water  desalination  of  small 
capacities,  50  cu  m/day,  was  investigated.  A  test 
rig  for  the  first  method  has  been  operated  for 
dehumidifying  saturated  air  at  flow  rates  up  to 
0.555  kg/sec.  An  average  enthalpy  based  overall 
heat  transfer  coefficient  of  172  W/sq  m-kJAg  was 
measured  in  the  dehumidifier  condenser.  The  yield 
of  the  unit  varies  between  630  ml/h  to  1250  ml/h. 
Prototype  solar  stills  have  been  operated  to  give  an 
average  yield  within  2.8  to  3.42  1/sq  m/day.  The 
symmetrical  still  orientation  and  the  brine  level 
variation  (5-7  cm)  did  not  significantly  effect  the 
yield.  For  actual  units  of  50  cu  m/day,  the  produc- 
tion cost  varies  from  $3.1  to  $7.2  /cu  m.  (Author's 
abstract) 
W90-07441 


EVALUATION    OF    SOLAR    POWERED    DE- 
SALINATION PROCESSES. 

King   Abdulaziz   Univ.,   Jeddah   (Saudi    Arabia). 
Dept.  of  Chemical  Engineering. 
I.  S.  Al-Mutaz,  and  M.  I.  Al-Ahmed. 
Desalination  DSLNAH,  Vol.  3,  No.   1/3,  p  181- 
190,  November  1989.  1  fig,  6  tab,  6  ref. 
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WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION— Field  3 

Saline  Water  Conversion — Group  3A 


Descriptors:  *Arid  zone,  'Desalination,  'Perform- 
ance evaluation,  'Reverse  osmosis,  'Solar  energy, 
Electrodialysis,  Evaporation,  Multistage  flash 
evaporation,  Persian  Gulf,  Solar  stills. 

Beside  conventional  thermal  distillation  processes, 
other  desalination  processes  have  been  made  possi- 
ble through  the  application  of  the  active  utilization 
of  solar  energy.  These  processes  include  electro- 
dialysis,  reverse  osmosis,  and  freezing.  Solar  desali- 
nation is  considered  the  best  alternative  to  provide 
fresh  water  in  remote  arid  areas.  Solar  desalination 
process(es)  (solar  stills,  reverse  osmosis  plants  op- 
erated by  electricity  produced  by  photovoltaic 
cells,  electrodialysis  operated  by  electricity  pro- 
duced by  photovoltaic  cells,  multiple  effect  evapo- 
ration plants  operated  by  steam  of  high  tempera- 
ture produced  by  focused  collectors,  and/or  mul- 
tistage flash  plant  operated  by  steam  of  high  tem- 
perature produced  by  focused  collectors)  were 
evaluated  for  use  in  the  Arabian  Gulf  region.  The 
point  evaluation  method  showed  that  the  solar 
powered  reverse  osmosis  process  is  the  best  alter- 
native for  water  desalination  in  arid  regions.  Re- 
verse osmosis  meets  technical  and  operational 
specifications  that  make  it  more  appropriate  than 
any  other  processe  for  small  capacity  desalination 
plants.  Solar  stills  rely  for  complete  dependability 
on  solar  energy.  They  are  the  least  flexible  method 
of  solar  desalination,  and  their  costs  are  still  high. 
(Lantz-PTT) 
W90-07442 


PERFORMANCE  RATIO,  AREA  ECONOMY 
AND  ECONOMIC  RETURN  FOR  AN  INTE- 
GRATED SOLAR  ENERGY/MULTI-STAGE 
FLASH  DESALINATION  PLANT. 

Panjab  Univ.,  Chandigarh  (India).  Dept.  of  Chemi- 
cal Engineering. 
D.  Singh,  and  S.  K.  Sharma. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  191- 
195,  November  1989.  3  fig,  5  ref. 

Descriptors:  'Desalination  plants,  'Economic  as- 
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Solar  energy  for  desalination  may  be  used  in  a 
variety  of  ways— the  commonest  technique  being 
solar  stills.  An  alternative  approach  involves  the 
integration  of  a  solar  energy  collection  system  with 
a  conventional  multistage  flash  (MSF)  evaporation 
unit.  The  performance  ratio  and  area  economy  of 
such  a  unit  was  investigated  for  a  variety  of  proc- 
ess conditions.  Based  on  conservation  assumptions 
with  respect  to  collection  efficiency  and  average 
insolation,  the  area  economy  (the  output/unit  col- 
lector area)  varied  between  7-20  for  various  levels 
of  recovery  compared  to  only  2. 1  for  a  solar  still. 
For  the  same  conditions  the  performance  ratio  of 
an  integrated  unit  is  3-10  times  higher  than  that  of 
a  solar  still.  (Lantz-PTT) 
W90-07443 


SOLAR  DESALINATION  WITH  A  HIGH  EFFI- 

CDENCY  MULTI  EFFECT  PROCESS  OFFERS 

NEW  FACILITDES. 

AQUASOLAR  G.m.b.H.  and  Co.  KG.,  Laatzen 

(Germany,  F.R.). 

A.  Bohner. 
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A  new  solar  powered  desalination  process  named 
SMCE  cycle  (solar  multiple  condensation  evapora- 
tion cycle)  belongs  to  the  category  of  humid  air 
distillation  processes.  The  'multi  effect'  refers  to 
the  number  of  condensation-evaporation  effects 
which  are  achieved  through  a  certain  energy  input. 
The  process  works  with  ambient  pressure  in  con- 
trast to  multi-stage  flash  plants.  The  solar  desalina- 
tion plant  consists  of  the  following  parts:  the  evap- 
oration tower,  condenser,  flat-plate  collector  field 
and  heat  storage.  The  evaporation  tower  produces 
the  water  vapor  rich  air,  which  flows  by  natural 


convection  to  the  condenser.  The  condenser  is 
cooled  by  sea  water  or  brackish  water  and  reduces 
the  temperature  of  the  humid  air.  This  results  in  a 
condensation  of  water  vapor,  and  the  cold  water, 
which  flows  through  the  condenser,  absorbs  the 
condensation  heat.  This  process  of  heat  recovery 
reduces  the  thermal  energy  consumption  up  to  2  or 
3  times.  The  overlapped  temperature  ranges  of  the 
evaporation  process  are  75  C  to  35  C,  and  of  the 
condensation  process  25  C  to  55  C.  The  salt  water 
in  the  condenser  is  heated  to  about  55  C  and  then 
reheated  in  the  solar  panel  to  a  temperature  of 
approximately  75  C.  This  warm  salt  water  can  be 
used  repeatedly  for  the  evaporation  process  in  the 
evaporation  chamber.  Two  types  of  systems  are 
possible,  one  with  a  closed  air  cycle  and  one  with  a 
closed  water  cycle.  The  100%  solar  powered  plant 
operates  decentrally  in  a  water  capacity  range  of  2 
to  20  cu  m/day.  The  high  quality  distillate  water 
can  be  used  as  potable  water  or  for  agricultural 
applications.  The  plant  operates  within  a  solar 
energy  efficient  low  temperature  range  of  65  to  75 
C.  Except  for  a  feed  water  pump,  the  plant  uses  no 
high  tech  parts  making  this  desalination  concept 
very  adaptable.  (Lantz-PTT) 
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STUDY  OF  THE  OPERATING  CONDITIONS 
FOR  THREE  LARGE  MSF  DESALINATION 
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Operating  conditions  of  three  multistage  flash 
(MSF)  desalination  units  with  a  water  production 
capacity  of  7.2/8.6  million  gallons  per  day  (MGD) 
each  were  studied.  These  units  form  an  integral 
part  of  a  dual  system  combined  cycle  electric 
power  and  desalination  plant.  The  plant  comprises 
two  gas  turbines,  two  exhaust  heat  recovery  boil- 
ers with  two  auxiliary  boilers,  and  three  desalina- 
tion units  of  7.2/8.6  MGD  each  with  low/high 
temperature  additives  respectively.  The  design  pa- 
rameters, commissioning  results  and  plant  operat- 
ing conditions  were  examined  after  one  and  two 
years  of  continuous  operation.  The  distillate  pro- 
duction of  the  plant  is  still  higher  than  the  design 
feature  by  2.3%  after  running  hours  and  3%  after 
15,000  running  hours,  despite  the  fact  that  the  flash 
range  is  smaller  than  the  design  range.  The  steam 
usage  is  less  than  the  design  figure  by  1.96%  after 
running  hours  and  higher  by  1.96%  for  distillate 
production  of  3%  higher  than  the  design  figures 
after  15,000  running  hours.  The  performance  ratio 
is  higher  than  the  design  figure  by  3.8%  after  7,000 
running  and  by  0.65%  after  15,000  running  hours. 
Thorough  specification  during  tender  stage  and 
proper  follow  up  and  analogy  to  similar  plants 
during  final  design  stages  are  the  main  goal  to 
ensure  a  successful  plant  both  during  commission- 
ing and  long  period  operation,  without  losses  in 
production  and  efficiency  and  with  maximum  reli- 
ability. (Lantz-PTT) 
W90-07445 


METHOD  FOR  EXTENDING  HEAT  EX- 
CHANGER AND  CONDENSER  LIFE. 
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More  than  85%  of  copper  alloy  heat  exchanger 
and  condenser  tube  problems  are  caused  by  ero- 
sion/corrosion which  occurs  within  6  inches  of  the 
tube  inlets.  An  accelerated  worldwide  search  has 
now  resulted  in  a  positive  guaranteed  technique  for 


the  restoration  of  these  damaged  tubes  suffering 
inlet  and  erosion/corrosion  without  resorting  to 
high  cost  full  retubing.  With  the  development  of 
alloys  extremely  resistant  to  erosion/corrosion  it 
has  become  possible  to  use  super  thin-walled  in- 
serts which,  when  properly  manufactured  and  in- 
stalled, will  fully  protect  tube  inlets  for  as  long  as 
fifteen  years.  In  addition  they  will:  (1)  restore  tube 
to  tube  hole  integrity;  (2)  restore  already  plugged 
leaking  tubes  to  active  circulation;  (3)  permit  me- 
chanical tube  cleaning;  and  (4)  cost  20-25%  of  full 
retubing.  Following  precise  measurements  and  fab- 
rication, each  insert  is  expanded  hydraulically 
through  its  full  length  into  the  tube  inlet  to  pre-set 
tightness.  As  a  result  the  sleeve  and  the  tube 
become  monolithic.  The  tube  inlets  are  thereby 
restored  to  their  original  leak-free  design  strength 
at  a  fraction  of  the  cost  of  full  retubing.  This 
restoration  technique  has  proven  successful  in 
more  than  3,000,000  tubes  in  condenser  and  heat 
exchangers  in  electric  utilities,  refineries  and 
marine  plants  throughout  the  world.  (Author's  ab- 
stract) 
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The  American  Hemisphere  is  generally  considered 
to  be  rich  in  fresh  water  resources  in  most  areas. 
However,  since  the  late  1950's,  almost  100  desali- 
nation plants  were  installed  in  the  Americas,  oper- 
ating on  sea  water  and  producing  >  2,000  cu  m/ 
day.  This  number  does  not  include  installations 
using  multiples  of  smaller  sized  plants  but  produc- 
ing a  total  volume  of  water  exceeding  this  figure. 
Of  the  almost  100  plants  installed  in  this  hemi- 
sphere over  the  last  three  decades,  only  about  1/ 
3rd  are  presently  in  service.  Of  the  approximately 
30  major  desalination  systems  operating  in  the 
Americas,  the  majority  are  <  10  years  old.  only  5 
of  the  plants  presently  in  service  are  more  than  10 
years  old  and  only  two  of  these  have  been  operat- 
ing for  >  20  years.  A  reivew  of  background 
information,  and  discussion  with  individuals  in- 
volved with  shut-down  plants  revealed  at  least  two 
consistent  and  significant  factors.  First  is  that 
chemical  control  of  the  plants  was  generally  ac- 
knowledged to  be  difficult  and/or  inconsistent. 
Review  of  some  of  the  operating  records  and  in- 
spection reports  relevant  to  these  plants  seems  to 
indicate  that  the  pH  of  the  recirculating  brine 
frequently  varied  across  ranges  from  4  to  9  making 
it  almost  impossible  to  form  and  maintain  any 
protective  oxide  film  on  either  ferrous  or  copper 
alloy  material  surfaces.  Second  by  the  plants  were 
frequently  out  of  service  for  internal  adjustments 
or  repairs.  Frequent  cycling  of  desalination  equip- 
ment and  exposure  of  shell  steel  to  atmospheric 
oxygen  were  devastating  to  corrosion  resistance. 
Times  of  over  acidification  or  low  pH  usually 
resulted  in  extreme  thinning  of  copper  alloy  tubes 
and  excessive  oxygen  resulted  in  deterioration  of 
shell  steel.  (Lantz-PTT) 
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Field  3— WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 
Group  3A — Saline  Water  Conversion 


Experiences  from  the  installation  of  highly  alloyed 
stainless  steel  UNS  S3 1254  in  desalination  plants, 
multistage  flash  (MSF)  evaporation  and  reverse 
osmosis  (RO),  and  other  industrial  plants  in  the 
Arabian  Gulf  countries  are  reported.  More  than 
seven  years  of  successful  operation  has  shown  that 
this  material  resists  corrosion  in  seawater  handling 
systems  such  as  high  pressure  piping  in  RO-plants, 
ejector  condensers  in  MSF-plants,  and  cooling 
water  piping  in  other  industrial  plants.  The  higher 
strength  of  UNS  S3 1254  in  comparison  to  AISI 
316L  enables  a  considerable  reduction  in  wall 
thickness  of  high  pressure  piping  in  RO-plants. 
(Author's  abstract) 
W90-07448 


REHABILITATION  OF  DESALINATION 
PLANTS  AT  SITRA  POWER  STATION,  BAH- 
RAIN. 

Ministry   of   Public   Works,    Power   and    Water, 

Manama  (Bahrain).  Electricity  Directorate. 
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The  first  two  multistage  flash  (MSF)  plants  (1 1,500 
cu  m/day  each)  at  Sitra  Power  Station,  Bahrain 
have  been  in  commercial  operation  since  1976.  The 
units  have  had  a  history  of  severe  corrosion  prob- 
lems in  the  vapor  spaces  since  the  early  years  of 
commissioning.  Extensive  studies  followed  by  vari- 
ous trial  modifications  were  made  on  one  unit  in 
1984  and  1985,  with  the  objective  of  finding  the 
most  cost  effective  measures  for  rehabilitation  to 
ensure  an  operational  capability  to  the  end  of  the 
designed  commercial  life  or  beyond.  A  rehabilita- 
tion program  was  established  in  1986  and  the  me- 
chanical rehabilitation  works  were  successfully 
completed  on  both  units  by  July  1987,  and  the 
warranty  condition  confirmed.  Internal  painting 
and  a  stainless  steel  lining  have  been  shown  to  be 
practical  and  effective  methods  to  stop  corrosion 
of  the  old  carbon  steel  evaporators,  provided  that 
there  is  sufficient  access  to  the  corroded  area  to 
carry  out  the  repair  work.  With  the  implementa- 
tion of  the  rehabilitation  works  on  units  1A  and 
IB,  the  following  achievements  were  made:  (1) 
stable  operation  with  good  performance;  (2)  annual 
maintenance  in  the  future  is  expected  to  be  limited 
to  small  touch-up  work  for  internal  paint  and 
hence  shorten  outage  period;  and  (3)  plant  useful 
life  can  be  extended  for  5  to  6  years.  (Lantz-PTT) 
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RECARBONATION  PROCESS  FOR  TREAT- 
MENT OF  DISTILLED  WATER  PRODUCED 
BY  MSF  PLANTS  IN  KUWAIT. 

Ministry  of  Electricity  and  Water,  Safat  (Kuwait). 
For  primary  bibliographic  entry  see  Field  5F. 
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Desalination  is  becoming  a  vital  source  of  domestic 
water  for  the  Arabian  Peninsula.  Reliance  on  de- 
salination is  particularly  pronounced  along  the  east 
coast,  i.e.  Gulf  Coast  of  Saudi  Arabia  and  other 
Gulf  Cooperation  Council  (GCC)  States.  To  date 
the  primary  process  deployed  along  the  Gulf  is 
multistage  flash  (MSF)  evaporation.  MSF  perform- 
ance relies  primarily  on  heat  transfer  between 
vapor  and  brine  solution  along  a  temperature  range 
of  25-121  C.  Almost  all  MSF  evaporators  in  this 
region  are  operated  by  brine  recirculation  to  im- 
prove efficiency  and  reduce  cost.  Yet  recirculation 
mandates  heat  transfer  within  a  concentrated  sea- 


water  solution.  Due  to  the  concentrated  nature  of 
the  heat  transfer  medium,  scaling  is  the  most  criti- 
cal factor  controlling  MSF  productivity,  especially 
at  the  upper  half  of  the  temperature  range.  Scale 
formation  cannot  be  eliminated,  but  it  can  be  com- 
bated. It  is  particularly  essential  to  minimize  scale 
formation  on  heat  transfer  surfaces,  i.e.  tube  inner 
surfaces.  Minimum  scale  presence  in  tubes  is 
achieved  by  either  formation  prevention  or  remov- 
al. Five  case  histories  are  included:  Case  A  pertains 
to  a  medium  capacity  evaporator  of  2-3  million 
gallons  per  day  (MGD)  distillate  production.  Case 
B  is  a  special  trial  on  ball  cleaning  at  an  optimized 
low  antiscalant  dose  rate.  This  trial  was  on  one  of 
the  larger  capacity  MSF  evaporators.  Trial  B  was 
performed  on  a  6-7  MGD  evaporator,  while  cases 
C  through  E  are  on  a  third  group  of  evaporators  of 
5-6  MGD  production  capacity.  In  this  last  group, 
the  three  cases  are:  C-an  antiscalant  optimization 
trial;  D~general  observations  on  the  day-to-day 
optimized  operation  of  this  group  of  evaporators; 
and  E~anotner  antiscalant  optimization  trial.  (Au- 
thor's abstract)8888888 
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OPERATIONAL  EXPERIENCE  OF  ONCE 
THROUGH  MSF  DESALINATION  UNITS. 
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The  operational  experience  of  three  six-stage,  once 
through  flash-type  desalination  units  is  described. 
The  desalination  units  have  been  installed  to  cater 
to  the  need  for  desalinated  water,  which  is  subse- 
quently demineralized  for  two  steam  turbine  units 
in  the  Emirate  of  Ras-Al-Khaimah,  U.A.E.  The 
study  concentrates  mainly  on  the  problems  faced 
regarding  the  materials  of  construction,  the  design 
philosophy,  and  modifications/augmentation  car- 
ried out  at  site.  One  of  the  main  problems  faced  in 
the  evaporators,  has  been  the  continued  corrosion 
of  distillate  trays  which  could  not  be  attended 
because  of  the  integral  tube  bundle  design  of  con- 
densers. This  continued  corrosion  is  attributed  to 
low  product  pH  due  to  the  partial  presence  of 
carbon  dioxide  evolved  during  the  breakup  of  bi- 
carbonates.  It  was  decided  to  change  the  design  of 
condenser  tube  bundles  so  that  access  to  distillate 
collection  trays  became  possible,  allowing  for  peri- 
odic attention.  After  modification  of  the  condenser 
tube  bundles,  the  evaporators  have  been  giving  a 
very  satisfactory  performance.  It  was  also  ob- 
served that  the  impellers  of  the  raw  water  pumps 
for  the  seawater  feed,  operating  at  2900  rpm,  suf- 
fered more  erosion/corrosion  when  compared  to 
the  impellers  of  the  raw  water  pumps  operating  at 
1450  rpm.  It  is  suggested  that  while  designing 
pumps  for  handling  seawater  for  the  desalination 
plants,  optimization  should  be  kept  in  mind  when 
considering  operational  problems,  breakdowns  and 
larger  operating  costs  due  to  high  speed  pumps. 
Sharp  bends  and  nozzles  immediately  after  the 
pumps  should  be  avoided  since  the  excessive  turbu- 
lence created  because  of  these  nozzles  erodes  the 
welded  joint  of  the  nozzles.  (Lantz-PTT) 
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Since  its  introduction  in  1973,  BELGARD  has 
almost  become  synonymous  with  scale  control  ad- 


ditives for  multistage  flash  evaporation  plants  and 
other  processes  involving  the  distillation  of  sea- 
water. The  initial  impetus  has  been  maintained 
over  the  last  fifteen  years  by  continued  research 
and  development.  On-site  trials  and  evaluation 
with  the  cooperation  and  assistance  of  plant  manu- 
facturers and  end  users,  has  resulted  in  improved 
plant  performance  and  chemical  dosing  and  better 
monitoring  techniques.  The  early  history  of  BEL- 
GARD EV  and  subsequent  work  leading  to  the 
introduction  of  BELGARD  EV2000  is  reviewed. 
The  experience  gained  has  shown  that  fouling  can 
be  effectively  controlled  in  high  temperature  plants 
without  recourse  to  acid  dosing.  The  performance 
of  high  temperature  additives,  suggests  that  BEL- 
GARD EV  can  be  complemented  by  sponge  ball 
cleaning  devices.  In  low  temperature  plant  oper- 
ation, the  modern  polymers  have  superior  perform- 
ance to  polyphosphate  based  additives.  All  plants 
are  individual  and  require  optimization  to  find  the 
correct  compromise  between  dose  rate  and  the  use 
of  sponge  ball  cleaning  to  give  the  best  cost  per- 
formance. (Lantz-PTT) 
W90-07453 


STUDIES  ON  MSF  DESALINATION-PROC- 
ESS DESIGN,  CONSTRUCTION  AND  START- 
UP OF  A  PROTOTYPE  MSF  PLANT  IN  INDIA. 

Bhabba  Atomic  Research  Centre,  Bombay  (India). 

Desalination  Div. 

P.  K.  Tewari,  M.  S.  Hanra,  R.  K.  Verma,  and  M. 

P.  Ramani. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  359- 

370,  November  1989.  2  fig,  3  tab,  2  ref. 

Descriptors:  'Desalination  plants,  'Design  stand- 
ards, 'India,  'Multistage  flash  evaporation,  Equip- 
ment, Performance  evaluation,  Pilot  plants,  Water 
treatment  facilities. 

A  desalination  experimental  facility  (DEF)  made 
up  of  a  multistage  flash  (MSF)  unit  with  a  15  cu 
m/day  capacity  and  three  stages,  had  been  com- 
missioned and  operated  for  about  two  years  to 
study  the  basic  parameters  of  the  MSF  process.  On 
the  basis  of  operational  experience,  the  data  col- 
lected from  experiments,  and  the  information  avail- 
able from  the  literature,  a  33  stage  425  cu  m/day 
MSF  plant  was  designed,  fabricated,  installed,  and 
commissioned.  This  prototype  plant  is  the  first 
such  unit  in  India.  The  design  considerations  for 
this  425  cu  m/day  prototype  MSF  plant  and  the 
factors  to  be  considered  for  scale-up  to  commercial 
size  plants  are  discussed.  One  of  the  factors  to  be 
considered  during  scale-up  is  the  width  of  the 
MSF  modules.  As  the  capacity  increases,  the  width 
of  the  module  will  increase  linearly.  For  commer- 
cial plants,  the  width/height  ratio  of  condenser 
tube  bundles  for  flash  stage  is  likely  to  be  different 
from  the  ratio  fixed  in  the  prototype  MSF.  Care 
must  also  be  taken  during  the  design  of  commercial 
MSF  plants  to  avoid  an  excessive  pressure  drop  for 
the  flow  of  vapor  in  the  condenser  tube  bundles, 
because  an  increase  in  pressure  drop  reduces  the 
heat  transfer  driving  force.  The  long-term  oper- 
ational experience  that  will  be  gained  from  the 
prototype  plant  should  be  adequate  for  the  design, 
fabrication  and  operation  of  MSF  plants  in  the 
capacity  range  of  5,000-10,000  cu  m/day.  Also,  the 
prototype  MSF  will  serve  the  purpose  of  training 
the  operational  staff  to  handle  the  operation  of 
commercial  desalination  plants  in  the  future. 
(Lantz-PTT) 
W90-07454 


PREVENTION  OF  THE  SCALE  TROUBLE  OF 
MULTI-EFFECTS  STACKED  DESALINATION 
PLANT. 

Mitsubishi  Heavy  Industries  Ltd.,  Tokyo  (Japan). 
Y.  Fujioka,  M.  Soda,  M.  Zama.  and  I.  Shimizu. 
Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  371- 
383,  November  1989.  11  fig,  8  tab,  5  ref. 

Descriptors:  'Desalination  plants,  'Maintenance, 
•Scaling,  Corrosion,  Hydrogen  ion  concentration, 
Seawater,  Titanium,  Water  temperature. 

A  new  scale  prevention  method  was  studied  in 
order  to  adapt  the  top  seawater  temperature  of  > 
100  C  in  a  multiple  effect  distillation  process.  The 
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experimental  apparatus  was  designed  so  that  the 
seawater  flows  down  on  the  surface  of  an  evapora- 
tion plate  of  10  mm  width  and  220  mm  length  with 
falling  film.  It  became  clear  through  the  test  that 
the  surface  was  prevented  from  scale  precipitation 
by  keeping  the  pH  value  of  the  seawater  at  5.3,  and 
keeping  surface  vaporization  of  the  seawater,  with- 
out nuclear  boiling,  at  a  temperature  of  130  C. 
Even  when  scale  precipitation  was  seen  on  the 
evaporation  plate  surface  in  poor  operation,  the 
scale  was  easily  removed  from  the  surface  by 
reducing  the  pH  value  of  the  sea  water  to  1  or  2, 
for  several  minutes.  It  was  certified  through  auto- 
clave tests  that  titanium  is  a  suitable  plate  material 
against  crevice  corrosion  and  general  corrosion  in 
the  seawater  of  pH  5.3  and  top  sea  water  tempera- 
ture of  130  C.  As  a  result,  top  seawater  tempera- 
tures of  130  C  can  be  applied  to  the  actual  multiple 
effect  distillation  process.  (Author's  abstract) 
W90-07455 


EXPERIENCE  WITH  DESALINATION 

PLANTS  IN  LIBYA. 

Department  of  Chemical  Engineering,  Tripoli 
GSPLAG,  Libya. 

A.  I.  El-Twaty,  and  S.  A.  Karshman. 
Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  385- 
396,  November  1989.  2  fig,  5  tab,  8  ref. 

Descriptors:  'Desalination  plants,  'Developing 
countries,  'Libya,  'Maintenance,  'Water  treat- 
ment facilities,  Corrosion,  Multistage  flash  evapo- 
ration, Personnel,  Stainless  steel. 

Multistage  flash  (MSF)  plants  have  been  intro- 
duced into  Libya  since  1976.  Up  to  1988,  the 
installed  capacity  had  grown  to  approximately 
300,000  cu  m/day.  Only  2/3  of  the  plants  are 
currently  operable.  The  availability  of  the  plants  is 
also  low,  representing  <  66  days/year.  The  most 
important  problems  are  maintenance  and  the  un- 
availability of  skilled  personnel.  Corrosion  is  an- 
other important  factor  which  controls  the  design 
and  operation  of  the  MSF  plants.  Most  of  the  early 
plants  were  constructed  from  carbon  steel  for  the 
evaporator  shell  with  epoxy  and  Cu-Ni  90/10  for 
the  heat  exchanger.  When  problems  from  corro- 
sion became  severe,  many  solutions  were  adapted 
to  improve  the  availability  of  the  plant.  For  exam- 
ple: (1)  for  newly  designed  and  constructed  plants, 
better  quality  materials  are  chosen.  The  evapora- 
tors are  constructed  either  completely  in  stainless 
steel  or  partially  up  to  the  demister,  with  stainless 
steel.  The  heating  surface  is  constructed  from 
either  Cu-Ni  70/30  in  recovery  stages  and  titanium 
alloy  in  rejection  stages,  or  totally  in  Cu-Ni  70/30; 
and  (2)  for  existing  plants  the  following  changes 
are  being  carried  out-acid  dosed  plants  are  switch- 
ing to  high  temperature  additives  (Belgard),  stain- 
less steel  cladding  is  being  provided  for  the  evapo- 
rator body,  and  vacuum  system  capacity  is  being 
increased  to  reduce  the  amount  of  non-condensable 
gases.  These  measures  have  increased  the  availabil- 
ity of  the  units.  (Lantz-PTT) 
W90-07456 


LOCALIZED  CORROSION  AT  WELDS  IN 
STRUCTURAL  STEEL  UNDER  DESALINA- 
TION PLANT  CONDITIONS.  PART  I:  EFFECT 
OF  SURFACE  ROUGHNESS  AND  TYPE  OF 
WELDING  ELECTRODE. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Petroleum  and  Gas  Technology 
Div. 

N.  M.  A.  Eid. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  397- 
406,  November  1989.  4  fig,  2  tab,  6  ref. 

Descriptors:  'Corrosion,  'Desalination  plants, 
•Materials  testing,  'Stainless  steel,  Chromium, 
Maintenance,  Nickel,  Welding. 

Research  was  conducted  into  the  causes  of  and 
remedies  for  seawater  corrosion  in  desalination 
plants.  An  experimental  program  was  undertaken 
to  identify  the  pertinent  factors  which  determine 
the  corrosion  behavior  of  structural  steels  and 
welds  under  desalination  plant  conditions  and  to 
optimize  the  welding  process  variables.  The  work 
involved:  (1)  the  correlation  of  such  variables  as 
type  of  welding  process  and  procedure  (number  of 


passes,  welding  rate,  etc.),  electrode  composition, 
heat  treatment  processes,  with  the  corrosion  prop- 
erties of  weld  metal  and  welded  test  pieces  in  high 
temperature  seawater;  (2)  the  determination  of  any 
galvanic  effects;  and  (3)  the  comparison  of  separate 
corrosion  rates  of  weld  metal,  HAZ  and  parent 
metal  and  then  correlation  with  the  microscopical 
structure  of  the  various  regions.  Surface  finish  was 
one  of  the  major  factors  regulating  corrosion. 
Under  particularly  severe  conditions  (stagnant  sea- 
water, marine  organisms)  a  rough  surface  is  better 
than  a  polished  finish.  More  pits  form  on  rough 
surfaces,  but  they  are  shallower,  while  lime  salts 
are  deposited  more  easily  and  may  exert  a  protec- 
tive effect.  All  specimens  were  periodically  exam- 
ined at  very  low  magnification,  sometimes  by  the 
unaided  eye;  irrespective  of  surface  roughness  and 
test  temperature,  specimens  in  all  materials  had 
suffered  pitting  and  perforation.  In  stainless  steel/ 
stainless  steel  specimens  (welding  process  STAIN- 
ARC  MN),  very  small  pits  were  observed  on  the 
surface  of  the  specimens,  which  seemed  to  be 
associated  with  the  zone  affected  by  welding.  In 
stainless  steel/mild  steel  specimens  corrosion  pits 
appeared  in  the  mild  steel  part  of  the  specimen;  no 
evidence  of  corrosion  was  seen  at  the  weld  metal 
or  in  the  stainless  steel  part  of  the  specimen.  How- 
ever, concerning  the  severity  of  corrosion  in  the 
mild  steel  part  of  the  specimen,  it  seemed  that  the 
corrosion  in  the  HAZ  is  less  than  that  in  the  parent 
metal,  which  is  attributable  to  the  diffusion  of  Cr 
and  Ni  in  the  HAZ.  (See  also  W90-07458)  (Lantz- 
PTT) 
W90-07457 


LOCALIZED  CORROSION  AT  WELDS  IN 
STRUCTURAL  STEEL  UNDER  DESALINA- 
TION PLANT  CONDITIONS.  PART  II:  EFFECT 
OF  HEAT  TREATMENT,  TEST  TEMPERA- 
TURE AND  TEST  MEDIA. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Petroleum  and  Gas  Technology 
Div. 

N.  M.  A.  Eid. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  407- 
415,  November  1989.  2  fig,  2  tab,  16  ref. 

Descriptors:  'Corrosion,  'Desalination  plants, 
'Materials  testing,  'Stainless  steel,  Flow  velocity, 
Maintenance,  Seawater,  Temperature,  Welding. 

Research  was  conducted  into  the  causes  of  and 
remedies  for  seawater  corrosion  in  desalination 
plants.  An  experimental  program  was  undertaken 
to  identify  the  pertinent  factors  which  determine 
the  corrosion  behavior  of  structural  steels  and 
welds  under  desalination  plant  conditions  and  to 
optimize  the  welding  process  variables.  Between 
the  weld  metal,  which  reaches  its  melting  point 
and  above,  and  the  cold  parent  metal,  there  are 
zones  within  which  all  intermediate  temperatures 
are  reached  promoting  localized  changes  in  the 
microstructure.  Heat  treatment  is  an  operation  in- 
volving the  heating  of  the  solid  metal  to  definite 
temperatures,  followed  by  cooling  at  suitable  rates 
in  order  to  obtain  certain  changes  in  the  nature, 
form,  size  and  distribution  of  the  microconsti- 
tuents.  Studies  show  an  accelerated  effect  on  the 
corrosion  rate  due  to  elevated  temperature.  Gener- 
ally, when  corrosion  is  controlled  by  the  diffusion 
of  oxygen,  the  corrosion  rate  at  a  given  oxygen 
concentration  approximately  doubles  for  every  30 
C  rise  in  temperature.  When  corrosion  is  attended 
by  hydrogen  evolution,  the  rate  of  increase  will 
increase-more  than  double  for  every  30  C  rise  in 
temperature.  Comparison  studies  were  conducted 
in  synthetic  and  natural  seawaters.  Inspection  of 
the  results  reveal  an  appreciable  difference  in  the 
effects  of  these  two  corrosive  media.  Stainless  steel 
gave  very  good  results  in  synthetic  seawater,  but  in 
natural  seawater,  pitting  corrosion  occurred-pit- 
ting  is  essentially  the  only  form  of  attack.  The 
relative  velocity  of  the  seawater  has  a  major  influ- 
ence on  the  corrosion  behavior  of  stainless  steels; 
the  various  deposits  that  constitute  so  great  a 
danger  cannot  form  so  readily  when  the  water  is  in 
motion;  compared  with  stagnant  water  the  oxygen 
supply  that  maintains  passivity  remains  more  con- 
stant. Water  pumped  at  a  velocity  of  1.5  m/sec  is 
much  less  corrosive  than  stagnant  water.  (See  also 
W90-07457)  (Lantz-PTT) 
W90-07458 


OPERATING  EXPERIENCE  OF  MSF  DESALI- 
NATION PLANT  AT  THE  ABU  KAMMASH 
CHEMICAL  COMPLEX. 

Alfatch  Univ.,  Tripoli  (Libya).  Dept.  of  Civil  En- 
gineering. 

N.  K.  Pareek,  A.  Aboudher,  H.  M.  H.  Beck,  and 
M.  M.  Elgarni. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  417- 
428,  November  1989.  2  fig  5  tab. 

Descriptors:  'Desalination,  'Industrial  water, 
'Water  treatment  facilities,  Heat  transfer,  Libya, 
Maintenance,  Multistage  flash  evaporation,  Per- 
formance evaluation,  Potable  water,  Scaling. 

A  multistage  flash  (MSF)  plant  was  provided  as  an 
auxiliary  unit  at  Abu-Kammash  Chemical  Complex 
to  meet  the  demand  of  process  water,  and  domestic 
water  for  the  town.  The  plant,  with  a  nominal 
capacity  of  100  cu  m/hr,  has  29  stages  (24  heat 
recovery  stages,  4  heat  rejection  stages  and  1  de- 
gassing stage)  and  has  been  in  operation  since  1981. 
Though  working  at  slightly  under  capacity,  the 
overall  performance  of  the  plant  is  quite  satisfac- 
tory. Throughout  the  period  of  operation,  the 
actual  thermal  performance  of  the  plant  has  fairly 
matched  the  design  conditions.  Incrustation  of  the 
heat  transfer  surfaces  is  kept  under  control  by 
using  an  antiscalant  along  with  an  antifoam  agent. 
It  is  observed  that  except  for  the  brine  heaters,  the 
scale  problems  are  insignificant  and  the  require- 
ments for  acid  cleaning  are  infrequent.  However, 
variations  in  the  performance  ratios  clearly  indi- 
cate the  effect  of  aging  on  the  plant.  (Author's 
abstract) 
W90-07459 


LIGHT  GAUGE  WELDED  TITANIUM  TUBES 
FOR  SEAWATER  DESALINATION  PLANTS. 

For  primary  bibliographic  entry   see   Field   8G. 
W90-07460 


SOME  ASPECTS  OF  THE  DEVELOPMENT 
AND  OPERATION  OF  THE  DESALINATION 
INSTALLATIONS  WITH  HORLZONTAL-TUBE 
THIN-FILM  EVAPORATORS. 

Akademiya  Nauk  SSSR,  Sverdlovsk.  Inst,  of  Phys- 
ical Chemistry. 

V.  I,  Podbereznyi,  J.  K.  Smirnov,  and  J.  V. 
Putalin. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  447- 
455,  November  1989.  6  fig. 

Descriptors:  'Construction  materials,  'Desalina- 
tion plants,  'Evaporators,  'Hydraulic  equipment, 
'Water  treatment  facilities,  Aluminum,  Design 
standards,  Distillation,  Scaling,  Stainless  steel, 
Temperature. 

Development  work  carried  out  in  the  USSR  has 
allowed  the  creation  of  a  head  prototype  for  distil- 
lation desalting  installations  equipped  with  hori- 
zontal tube  thin-film  evaporators  (HTTFE)  of  dif- 
ferent dimensions.  Their  specifications  as  well  as 
the  description  of  their  flow  diagrams,  HTTFE 
construction  and  operating  experiences  are  given. 
Several  statements  can  be  made  concerning  the 
creation  of  these  evaporators:  (1)  the  heat  engi- 
neering flow  sheet  is  concurrent  with  a  partially 
concurrent  seawater  feeding;  (2)  there  is  a  unit- 
type  arrangement-each  unit  consists  of  3-6  evapo- 
ration stages;  (3)  structural  accomplishment  of  the 
HTTFE  is  an  aggregative  multistage  construction 
for  low  capacity  installations  or,  a  completely  sep- 
arate factory-made  stage,  corresponding  to  the  rail- 
way dimensions  adopted  in  the  USSR;  (4)  shell- 
and-tube  condensers  are  heated  with  steam  from 
the  HTTFE  being  blown  through  to  preheat  the 
initial  seawater.  This  set-up  allows  for  good  venti- 
lation of  the  HTTFE  tube  bundles  and  an  even 
distribution  of  the  heating  steam;  (5)  scale  preven- 
tion is  accomplished  by  microdosing  with  a  polye- 
lectrolyte  developed  in  the  USSR;  and  (6)  con- 
struction materials  include  aluminum  brass  tubes 
operating  at  temperatures  >  65  C  stabilized  with 
arsenic.  At  temperatures  <  65  C,  an  Al-alloy 
containing  approximately  2%  magnesium  is  used. 
For  body  components  coming  into  contact  with 
steam,  a  mild  steel  is  used.  For  those  components 
coming  into  contact  with  seawater,  a  low  alloy 
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MC-l  or  corrosion  resistant  steel  is  used.  (Lantz- 

PTT) 

W9O-07461 


CORROSION  BEHAVIOUR  OF  ALUMINUM- 
BASE  ALLOYS  IN  DESALINATION  PLANTS. 

Akademiya  Nauk  SSSR,  Sverdlovsk.  Inst,  of  Phys- 
ical Chemistry. 

For   primary   bibliographic   entry   see   Field   8G. 
W9O-07462 


3B.  Water  Yield  Improvement 


NETWORK    DESIGN    FOR    WATER   SUPPLY 
FORECASTING  IN  THE  WEST. 

Hydex,  Inc.,  Vienna,  VA. 

For  primary  bibliographic  entry  see  Field  7A. 

W90-06826 


RISK   ASSESSMENT  AND  DROUGHT   MAN- 
AGEMENT IN  THE  THAMES  BASIN. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W9O-07026 


HUMIDITY  WATER  VAPOUR  COLLECTION 
BY  ABSORPTION  COOLING  MACHINES. 

King   Abdulaziz    Univ.,    Jeddah    (Saudi    Arabia). 

Dept.  of  Mechanical  Engineering. 

S.  E.  Aly. 

Desalination  DSLNAH,  Vol.  3,  No.   1/3,  p  139- 

165,  November  1989.  6  fig,  14  ref. 

Descriptors:  'Absorption,  *Air  conditioning, 
♦Condensation,  'Desalination,  'Potable  water, 
'Water  cooling,  'Water  supply,  'Water  vapor, 
Equipment,  Humidity,  Water  temperature. 

A  method  has  been  developed  to  produce  fresh 
water  by  collecting  the  humidity  water  vapor  in 
humid  hot  climates  as  a  by-product  of  an  air- 
conditioning  system.  This  is  achieved  by  employ- 
ing a  LiBr-H20  absorption  cooling  machine  with 
an  open  absorber  where  the  outside  ventilation  air 
is  brought  in  direct  contact  with  the  absorbent 
concentrated  solution.  Consequently,  the  air  is  de- 
humidified and  the  diluted  solution  is  regenerated 
in  the  generator  at  a  moderate  temperature  level. 
The  concentrated  solution  repeats  the  dehumidifi- 
cation  process  while  the  vapor  released  (humidity) 
is  used  to  fire  two  generators  at  lower  pressures  to 
promote  the  required  cooling  effect  in  the  evapora- 
tor and  the  condensed  vapor  represents  the  fresh 
water  by-product  of  the  system.  The  system  was 
thermodynamically  analyzed  and  compared  with 
an  absorption  machine  with  a  closed  absorber. 
Whenever  the  system  was  supplied  by  hot  water  at 
140  C,  it  exhibit  an  overall  coefficient  of  perform- 
ance of  1.63,  which  is  54%  more  than  the  closed 
absorber  machine  and  30.5%  more  than  an  existing 
double  effect  absorption  machine.  As  a  case  study, 
the  system  is  powered  by  solar  energy  for  a  day 
school  air  conditioning.  Results  showed  that  beside 
air  conditioning,  the  system  can  provide  about 
38%  of  the  daily  water  requirement  for  the  school 
students  at  a  daily  production  slightly  higher  than 
solar  still  basins.  (Author's  abstract) 
W90-07440 


3C.  Use  Of  Water  Of  Impaired 
Quality 


WASTEWATER  EFFLUENT  VS.  SAFETY  IN 
ITS  REUSE:  STATE-OF-THE-ART. 

Jordan  Univ.  of  Science  and  Technology,  Irbid. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-06708 


DETERMINATION  OF  A  RATIONAL  REDUC- 
TION OF  WATER  WITHDRAWAL  FOR  IRRI- 
GATION WITH  CONSIDERATION  OF  WATER 
EXCHANGE  AND  WATER  QUALITY. 

For  primary  bibliographic  entry  see  Field  3F. 
W90-07044 


IRON  IN  TUBEWELL  WATER  AND  LINEAR 
GROWTH  IN  RURAL  BANGLADESH. 

Office  de  la  Recherche  Scientifique  et  Technique 

Outre-Mer,  Montpellier  (France).  Lab.  d'Hydrolo- 

gie. 

A.  Hi  h  mi  I.  B.  A.  Hoque,  and  K.  M.  A.  Aziz. 

Archives   of   Disease   in   Childhood    ADCHAK, 

Vol.  65,  No.  2,  p  224-237,  February  1990.  2  tab,  6 

ref. 

Descriptors:  'Bangladesh,  'Drinking  water,  'Iron, 
•Public  health,  Child  health,  Growth,  Health  ef- 
fects, Nutrition,  Water  quality,  Well  water. 

Most  underweight  children  in  developing  coun- 
tries are  short  compared  with  international  growth 
standards.  In  Bangladesh,  most  drinking  water 
comes  from  shallow  tubewells.  In  some  places, 
water  coming  out  of  these  tubewells  is  heavily 
loaded  in  iron  which  gives  a  bad  taste  and  appear- 
ance to  water  and  makes  it  less  suitable  for  cook- 
ing. This  study  examined  the  nutritional  impact  of 
water  loaded  with  iron  and  assumed  it  would  be 
associated  with  increased  frequency  of  diarrhoea 
and  malnutrition.  However,  the  findings  support 
the  role  of  minerals  to  promote  growth.  The 
growth  of  694  children  from  rural  Bangladesh  was 
studied.  Children  drinking  water  containing  >  1 
mg  iron/L  (n  =  628)  were  significantly  taller  than 
those  drinking  <  1  mg  iron/L  (n  =  66):  their  mean 
height  for  age  Z  score  (representing  the  difference 
of  an  anthropometric  measure  with  the  reference 
standard  from  the  National  Center  for  Health  Sta- 
tistics expressed  in  standard  deviation  units)  was  - 
2.10,  compared  with  -2.45.  This  suggests  that  iron 
deficiency  may  contribute  to  growth  retardation  in 
poor  communities.  (Mertz-PTT) 
W90-07135 


PHOSPHORUS  ENHANCEMENT  OF  SALT 
TOLERANCE  OF  TOMATO. 

New  South  Wales  Dept.  of  Agriculture,  Rydal- 
mere  (Australia).  Biological  and  Chemical  Re- 
search Inst. 

A.  S.  Awad,  D.  G.  Edwards,  and  L.  C.  Campbell. 
Crop  Science  CRPSAY,  Vol.  30,  No.  1,  p  123-128, 
January /February  1990.  2  fig,  1  tab,  30  ref. 

Descriptors:  'Fertilizers,  'Phosphorus,  'Salt  toler- 
ance, 'Tomatoes,  Chlorides,  Foliage,  Potassium, 
Salinity,  Sodium. 

Increasing  plant  P  supply  has  been  shown  to  either 
increase  or  decrease  the  salt  tolerance  of  many 
plants.  Tomato  plants  (Lycopersicon  esculentum) 
were  grown  in  a  greenhouse  in  a  continuously 
flowing  solution  culture  system  to  investigate 
whether  P  fertilization  modified  the  detrimental 
effects  of  NaCl  at  low  constant  P  concentrations 
similar  to  those  in  soil  solutions.  Increasing  P  fertil- 
ization enhanced  the  tolerance  of  tomato  plants  to 
NaCl.  At  0.1,  1.0,  and  10  mM  P,  the  NaCl  concen- 
trations that  reduced  yields  of  fruit  by  50%  were 
58,  72,  and  130  mM,  respectively.  Salinity  reduced 
foliar  P  concentrations.  This  may  have  been  medi- 
ated partly  through  ionic  strength  effects,  which 
decreased  the  activity  of  orthophosphate  ion  by 
about  40%.  Plants  grown  under  saline  conditions 
had  higher  internal  P  requirements.  When  the 
NaCl  concentration  was  increased  from  10  to  50 
and  100  mM,  the  corresponding  concentrations  of 
P  in  the  youngest  mature  leaf  required  to  obtain 
50%  yield  were  increased  from  1.8  to  2.4  and  3.0 
g/kg.  The  change  in  internal  P  requirement  was 
also  evident  by  the  relative  severity  of  foliar  symp- 
toms of  P  deficiency  in  plants  growing  in  the  saline 
treatments  at  any  given  foliar  P  concentration. 
Adequate  P  nutrition  was  essential  for  effective 
ionic  compartmentation.  Under  saline  conditions, 
increasing  the  solution  P  concentration  from  1 .0  to 
10  micromol  decreased  Na  and  increased  K  con- 
centrations in  immature  leaves  but  increased  Na 
and  decreased  K  in  the  mature  leaves.  Accumula- 
tion of  ions  for  osmotic  adjustment  and  restriction 
of  Na  and  CI  accumulation  in  immature  leaves 
appear  to  be  involved  in  P  enhancement  of  salt 
tolerance  of  tomato  plants.  (Author's  abstract) 
W90-07407 


TREATED  WASTEWATERS  AS  A  GROWING 
WATER  RESOURCE  FOR  AGRICULTURE 
USE. 


King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 

Chemical  Engineering. 

I.  S.  Al-Mutaz. 

Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  27-36, 

November  1989.  3  fig,  5  tab,  4  ref. 

Descriptors:  'Agricultural  water,  'Municipal 
wastewater,  'Saudi  Arabia,  'Wastewater  irriga- 
tion, 'Wastewater  treatment,  'Water  reuse,  Arid 
zone,  Irrigation,  Public  health,  Water  demand, 
Water  quality. 

About  72%  of  the  1985  Saudi  Arabia  water  con- 
sumption was  for  agriculture.  Wastewater  treat- 
ment supplies  only  5%  of  the  Saudi  water  balance. 
By  the  year  2000,  wastewater  could  account  for  > 
20%  of  the  total  water  supply.  The  reuse  of  munic- 
ipal wastewaters  for  irrigation  is  the  oldest  and 
largest  reuse.  Health  considerations  are  minimal 
for  irrigation  of  non-food  crops.  Advance  treat- 
ment of  wastewaters  is  not  strictly  required.  The 
advantages  of  using  treated  wastewater  for  irriga- 
tion are:  low-cost  source  of  water;  an  economical 
way  to  dispose  of  wastewater  to  prevent  pollution 
and  sanitary  problems;  an  effective  use  of  plant 
nutrients  contained  in  wastewater;  and,  providing 
additional  treatment  before  being  recharged  to  the 
groundwater  reservoir.  The  growing  agriculture 
water  demand  in  Saudi  Arabia  is  due  to  the  recent 
attention  the  government  has  paid  toward  agricul- 
ture activities.  Saudi  Arabia  now  attains  self-suffi- 
ciency of  national  wheat  production;  surplus  wheat 
being  exported  to  Europe  and  nearby  countries. 
The  annual  wheat  production  was  141,732  tons  in 
1980.  It  was  increased  to  2,048,000  tons  in  1985, 
about  1350%  increase.  This  vast  agriculture  water 
requirement  can  be  obtained  from  the  treated 
wastewater  specially  for  non-food  products.  The 
Riyadh  wastewater  treatment  plant  is  the  first 
large  plant  in  operation  in  the  country,  with  a 
maximum  plant  capacity  of  370,000  cu  m/day.  This 
rapid  expansion  is  due  to  the  fast  growth  of  the 
city.  Generally,  the  physical  and  chemical  charac- 
teristics of  Riyadh  treated  wastewater  are  within 
the  standards  required  for  unrestricted  irrigation. 
From  a  sanitary  viewpoint,  no  crops  which  come 
in  contact  with  sewage  should  be  irrigated  with 
treated  wastewater.  Also,  no  crops  that  are  eaten 
raw  or  that  do  not  have  skin  to  be  removed  before 
eating,  are  allowed  to  be  cultivated  on  a  sewage 
farm.  (Lantz-PTT) 
W90-07432 


3D.  Conservation  In  Domestic  and 
Municipal  Use 


PROBLEMS     OF     THE     ARAL     SEA     AND 
REGION. 

For   primary   bibliographic   entry   see   Field   6G. 
W90-07167 


DETERMINANTS  OF  HOUSEHOLD  WATER 
CONSERVATION  RETROFIT  ACTTVTrY:  A 
DISCRETE  CHOICE  MODEL  USING  SURVEY 
DATA. 

California  Univ.,  Los  Angeles.  Dept.  of  Econom- 
ics. 

For  primary  bibliographic  entry  see  Field  6D. 
W90-07348 


3E.  Conservation  In  Industry 


IMPROVED  ALGORITHM  FOR  HYDROPOW- 
ER  OPTIMIZATION. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

K.  K.  Reznicek,  and  S.  P.  Simonovic. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  2,  p  189-198,  February  1990.  7  fig,  6  tab,  34 
ref. 

Descriptors:  'Hydroelectric  power,  'Linear  pro- 
gramming, 'Optimization,  Algorithms,  Data  proc- 
essing, Energy  management,  Management  plan- 
ning, Manitoba,  Model  studies. 
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WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION— Field  3 

Conservation  In  Agriculture — Group  3F 


A  new  algorithm  named  'energy  management  by 
successive  linear  programming'  (EMSLP)  was  de- 
veloped to  solve  the  optimization  problem  of  hy- 
dropower  system  operation.  The  EMSLP  algo- 
rithm has  two  iteration  levels:  (1)  at  the  first  level  a 
stable  solution  is  sought  and  (2)  at  the  second  level 
the  interior  of  the  feasible  region  is  searched  to 
improve  the  objective  function  whenever  its  value 
decreases.  The  EMSLP  algorithm  was  tested  using 
the  Manitoba  Hydro  system  data  applied  to  a 
single  reservoir  system.  To  evaluate  the  perform- 
ance of  the  algorithm,  the  comparison  was  made 
with  the  results  obtained  by  the  energy  manage- 
ment and  maintenance  analysis  (EMMA)  program 
used  in  Manitoba  Hydro  practice.  The  newly  for- 
mulated algorithm  achieved  better  results  than  the 
EMMA  algorithm,  thus  indicating  that  Manitoba 
Hydro  operations  could  be  improved  by  applica- 
tion of  EMSLP.  (Author's  abstract) 
W90-07349 


3F.  Conservation  In  Agriculture 


LAND  DRAINAGE:  AGRICULTURAL  BENE- 
FITS AND  ENVIRONMENTAL  IMPACTS. 

J.  Morris. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  551-557,  De- 
cember 1989.  3  fig,  4  tab,  50  ref. 

Descriptors:  *Agriculture,  'Drainage,  •Environ- 
mental policy,  'Farming,  Economic  aspects,  Eng- 
land. 

Agricultural  drainage  has  made  a  major  contribu- 
tion to  UK  farming.  The  efficient  operation  and 
maintenance  of  land-drainage  systems  will  increase 
in  importance  for  many  commercial  farmers  facing 
diminishing  profit  margins.  Given  changing  agri- 
cultural and  environmental  priorities,  environmen- 
tal criteria  will  play  a  major  part  in  future  land- 
drainage  improvement  and  maintenance  activities. 
Initiatives  by  environmental  groups,  farmers,  and 
government  are  helping  to  reconcile  different  in- 
terests, especially  in  areas  where  many  valued  en- 
vironmental qualities  are  sustained  by  a  managed, 
although  traditional,  farming  system.  The  recent 
policy  initiatives  on  farm  diversification  and  exten- 
sification  should  provide  further  scope  for  match- 
ing economic  and  environmental  criteria.  In  this 
context,  a  greater  understanding  of  the  interrela- 
tionship between  water  regime  requirements  for 
agriculture  and  environmental  management  can 
only  be  beneficial.  It  is  an  opportunity  for  environ- 
mental and  agricultural  specialists  to  work  togeth- 
er. (Author's  abstract) 
W90-06713 


USE  OF  A  THERMAL  SCANNER  IMAGE  OF  A 
WATER  STRESSED  CROP  TO  STUDY  SOIL 
SPATIAL  VARIABnJTY. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Griffith  (Australia). 

For  primary  bibliographic  entry  see  Field   2G. 

W90-O6737 


POLICY  IMPACTS  ON  AGRICULTURAL  HtRI- 
GATION  ELECTRICITY  DEMAND  IN  THE 
COLUMBIA  BASEN. 

Oregon  State  Univ.,  Corvallis. 

For  primary  bibliographic  entry  see  Field  6A. 

W90-O6820 


FARM  PROGRAM  IMPACTS  ON  AN  EX- 
HAUSTIBLE GROUNDWATER  SUPPLY:  AN 
ANALYSIS  OF  THE  TEXAS  SOUTHERN  HIGH 
PLAINS. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Ag- 
ricultural Economics  and  Agribusiness. 
For  primary  bibliographic   entry   see  Field   6D. 
W90-06845 


STUDY   OF   SOIL   WATER   CHANGES   IN   A 
PEANUT  FIELD  (IN  CHINESE). 

National  Taiwan  Univ.,  Taipei.  Dept.  of  Agricul- 
tural Engineering. 
For  primary  bibliographic  entry  see  Field   2G. 


W90-06905 


DETERMINATION  OF  A  RATIONAL  REDUC- 
TION OF  WATER  WITHDRAWAL  FOR  IRRI- 
GATION WITH  CONSIDERATION  OF  WATER 
EXCHANGE  AND  WATER  QUALITY. 

S.  A.  Sokolov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  4,  p  194-199,  1990.  4  fig,  1  tab,  6  ref.  Translat- 
ed from  Gidroteknicheskoe  Stroitel'stvo,  No.  4,  p 
25-28,  April,  1989. 

Descriptors:  'Impaired  water  use,  'Irrigation  re- 
quirements, 'Irrigation-return  flow,  'Mathematical 
analysis,  'Reservoir  operation,  'Water  conserva- 
tion, 'Water  quality  control,  'Water  reuse,  Drain- 
age water,  Irrigation  water,  Water  use. 

Mathematical  analysis  has  been  made  of  the  reduc- 
tion of  irrigation  water  used  by  reuse  of  the  return 
runoff  of  collector-drain  waters,  taking  the  factors 
of  water  exchange  and  water  quality  into  consider- 
ation. The  case  when  a  reservoir  is  used  as  the 
source  for  irrigation  was  studied,  where  the  dimen- 
sionless  coefficients  of  water  exchange  and  water 
renewal  are  often  used  as  a  generalized  hydrologi- 
cal-ecological  characterization  of  water  bodies. 
The  relation  between  the  coefficients  of  water 
exchange  and  water  renewal  of  reservoirs  was 
determined  by  a  transcendental  equation,  which  is 
expressed  by  a  family  of  curves  on  a  graph.  The 
hypothesis  that  the  average  concentration  of  ad- 
mixtures in  a  valley  reservoir  with  a  slow  external 
water  exchange  is  equal  to  the  concentration  at  its 
outlet  was  tested  by  comparison  with  on-site  data, 
showing  a  satisfactory  convergence  of  the  results. 
Average  errors  for  the  majority  of  factors  checked 
(including  ionic  species)  were  about  5  to  10%. 
Analytic  equations  were  obtained  for  calculating 
the  quality  of  collector-drain  waters  and  a  graphic 
method  of  calculation  is  given.  A  scheme  is  pre- 
sented for  calculating  the  rational  volume  of  water 
withdrawal  for  irrigation.  (VerNooy-PTT) 
W90-07044 


MODELING  WATER  UTILISATION  IN 
LARGE-SCALE  IRRIGATION  SYSTEMS:  A 
QUALITATIVE  RESPONSE  APPROACH. 

Hawaii  Univ.,  Honolulu.  Dept.  of  Agricultural  and 

Resource  Economics. 

C.  A.  Ferguson. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p  1199-1204,  December  1989.  2  fig,  2  tab,  18  ref. 

Descriptors:  'Irrigation,  'Mathematical  models, 
'Water  management,  'Water  use,  Model  testing, 
Philippines,  Regression  analysis,  Social  aspects. 

Given  limited  available  data  and  the  present  state 
of  knowledge  on  the  social  aspects  of  irrigation, 
there  is  a  need  to  develop  new  quantitative  meth- 
ods to  measure  water  management  performance  in 
large-scale  systems.  A  qualitative  response  frame- 
work is  adapted  to  formulate  a  dynamic  logit 
model  of  weekly  field  water  adequacy  and  quanti- 
fy indirectly  farmer  water  utilization.  Model  pa- 
rameters are  estimated  in  a  weighted  least-squares 
regression  using  four  seasons  of  data  from  a  Philip- 
pine canal  system.  Estimated  coefficients  and  inde- 
pendent model  forecasts  indicate  greater  effective 
use  of  rainfall  than  irrigation  in  sustaining  high 
levels  of  water  adequacy  during  the  rainy  season. 
Irrigation  utilization  is  two  times  higher  in  the  dry 
season,  while  system  location  has  a  much  smaller 
but  still  significant  impact.  Utilization  rates  for 
both  rain  and  irrigation  showed  considerable  re- 
sponsiveness to  the  prevailing  scarcity  of  water. 
The  qualitative  response  approach  is  well  suited  to 
the  aggregated  data  available  for  large-scale  sys- 
tems, and  allows  advances  in  modeling  dynamic 
water  management  behavior.  Formal  evaluation  of 
the  model  will  require  further  empirical  applica- 
tions. (Author's  abstract) 
W90-07209 


EFFECT  OF  ELODEA  DENSA  ON  AQUACUL- 
TURE  WATER  QUALITY. 

National  Univ.  of  Singapore.  Dept.  of  Civil  Engi- 
neering. 
For  primary  bibliographic  entry   see   Field   5D. 


W90-07225 


TRANSIENT  HYDRAULIC  MODEL  FOR  SIM- 
ULATING CANAL-NETWORK  OPERATION. 

Nairobi  Univ.  (Kenya).  Dept.  of  Agricultural  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-07320 


SHOOTING  METHOD  FOR  SAINT  VENANT 
EQUATIONS  OF  FURROW  IRRIGATION. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-07324 


GENETIC  VARIANCES  FOR  FORAGE  YIELD 
IN  CRESTED  WHEATGRASS  AT  SIX  LEVELS 
OF  IRRIGATION. 

Agricultural     Research     Service,     Logan,     UT. 

Forage  and  Range  Research  Lab. 

K.  H.  Asay,  and  D.  A.  Johnson. 

Crop  Science  CRPSAY,  Vol.  30,  No.  1,  p  79-82, 

January/February  1990.  1  fig,  4  tab,  19  ref. 

Descriptors:  'Drought  effects,  'Genetics, 
'Grasses,  'Irrigation,  'Range  grasses,  Clones, 
Heritability,  Seasonal  variation,  Soil  moisture, 
Wheatgrasses. 

Rangelands  in  the  western  USA  are  characterized 
by  extreme  seasonal  and  site  variations  in  soil 
moisture  and  extended  periods  of  severe  water 
deficit.  Development  of  improved  germplasm  that 
is  productive  over  a  wide  range  of  soil  moisture 
conditions  is  a  major  objective  of  forage  breeding 
programs  in  this  region.  Ample  levels  of  heritable 
genetic  variation  are  prerequisites  for  genetic 
progress  in  any  breeding  program.  Although  ex- 
pression of  genetic  variability  among  breeding 
lines  is  known  to  decrease  in  some  species  as  water 
becomes  limited,  neither  this  relationship  nor  the 
stability  of  genetic  responses  at  different  water 
levels  have  been  studied  in  crested  wheatgrass, 
Agropyron  desertorum.  A  line-source  sprinkler 
system  was  used  under  a  field  rainout  shelter  to 
evaluate  the  dry  matter  yield  of  29  clonal  lines  of 
crested  wheatgrass  at  six  levels  of  water  applica- 
tion. Forage  yield  declined  linearly  from  optimum 
water  levels  to  levels  representative  of  severe 
drought.  Broad-sense  heritability  values  along  with 
the  range  and  genetic  variance  among  clonal  lines 
also  declined  markedly  as  water  application  de- 
creased. Experimental  error,  as  reflected  by  the 
coefficient  of  variation,  was  substantially  larger 
under  drought  than  at  higher  water  applications. 
Although  the  clone  x  water  level  interaction  was 
significant  (P  <  0.01),  positive  and  significant  (P 
<  0.01)  Spearman  correlation  coefficients  indicat- 
ed a  relatively  high  degree  of  consistency  among 
clones  at  different  water  application  levels.  Results 
indicate  that  this  tetraploid  population  of  crested 
wheatgrass  has  sufficient  genetic  stability  to  permit 
selection  for  forage  dry  matter  yield  at  water 
levels  substantially  above  the  target  level.  (Au- 
thor's abstract) 
W90-07404 


LEAF  WATER  CONTENT  AND  GAS-EX- 
CHANGE PARAMETERS  OF  TWO  WHEAT 
GENOTYPES  DIFFERING  IN  DROUGHT  RE- 
SISTANCE. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Botany  and 

Plant  Pathology. 

For  primary  bibliographic  entry  see  Field  21. 

W90-07405 


FIELD  DROUGHT  TOLERANCE  OF  A  SOY- 
BEAN PLANT  INTRODUCTION. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Crop  Science. 

For  primary  bibliographic  entry  see  Field  21. 

W90-07406 


WATER-USE   EFFICIENCY   AND   YIELD   OF 
SAINFOIN  AND  ALFALFA. 
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Field  3— WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 


Group  3F — Conservation  In  Agriculture 


Texas  Tech  Univ.,  Lubbock.  Dept.  of  Agronomy, 

Horticulture,  and  Entomology. 

For  primary  bibliographic  entry  see  Field  21. 

W9O-074O8 


EFFECT  OF  LUCERNE  ON  RECHARGE  TO 
CLEARED  MALLEE  LANDS:  RESULTS  OF  A 
DRILLING  PROGRAM  AT  BURONGA, 
EUSTON  AND  BALRANALD. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For   primary   bibliographic  entry   see   Field   2G. 

W90-07484 

4.  WATER  QUANTITY 
MANAGEMENT  AND 
CONTROL 

4A.  Control  Of  Water  On  The 
Surface 


ECONOMIC  FRAMEWORK  FOR  FLOOD  AND 
SEDIMENT  CONTROL  WITH  DETENTION 
BASINS. 

Maryland  Univ.,  College  Park.  Dept.  of  Civil  En- 
gineering. 

G.  E.  Moglen,  and  R.  H.  McCuen. 
Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 
1,  p  145-156,  February  1990.  7  fig,  2  tab,  24  ref. 

Descriptors:  'Detention  reservoirs,  *Flood  con- 
trol, 'Sediment  control,  Economic  aspects,  Water 
quality. 

A  framework  for  combining  economic  factors  and 
the  hydrology  of  detention  basins  is  provided.  The 
general  development  of  economic  production  func- 
tions for  water  quality  (sediment)  and  flood  con- 
trol is  examined.  Example  production  functions  are 
generated  to  compare  water  quality  (sediment  con- 
trol only)  and  flood  control.  For  the  given  exam- 
ple, the  design  of  a  detention  basin  for  downstream 
sediment  control  is  economically  unwarranted. 
When  compared  to  onsite  detention  facilities,  re- 
gional detention  structures  appear  to  be  more  prac- 
tical from  an  economic  standpoint  for  water  qual- 
ity control.  Since  sediment  was  the  only  water 
quality  parameter  assessed,  it  is  entirely  possible 
that  the  design  of  a  detention  basin  for  water 
quality  control  would  be  justified  if  the  effects  of 
all  pollutants  of  concern  could  be  quantified.  The 
benefits  that  result  from  trapping  pollutants,  in- 
cluding sediment,  are  one  of  the  most  difficult 
elements  of  the  water  quality  production  function 
to  assess.  The  estimation  of  benefits  of  instream 
flow  is  a  relatively  new  area  of  investigation. 
Public  goods,  or  non-marketed  resources,  are  diffi- 
cult to  assess,  in  part,  because  of  the  many  benefici- 
aries involved  and  because  many  of  the  benefits  are 
value-based.  The  benefits  are  also  a  function  of  the 
flow  level,  with  greater  water  quality  benefits  ac- 
cruing during  low  flows,  which  compounds  the 
problem  of  estimation.  (Author's  abstract) 
W90-O6831 


SAMPLING  STOCHASTIC  DYNAMIC  PRO- 
GRAMMING APPLIED  TO  RESERVOIR  OP- 
ERATION. 

Centro  de  Pesquisas  de  Energia  Eletrica,  Rio  de 

Janeiro  (Brazil). 

J.  Kelman,  J.  R.  Stedinger,  L.  A.  Cooper,  E.  Hsu, 

and  S.-Q.  Yuan. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  3,  p  447^54,  March  1990.  3  fig,  5  tab,  21  ref. 

Descriptors:  ^Dynamic  programming,  •Feather 
River,  *Model  studies,  *Reservoir  operation,  •Sto- 
chastic models,  Sampling,  Streamflow. 

Most  models  for  reservoir  operation  optimization 
have  employed  either  deterministic  optimization  or 
stochastic  dynamic  programming  algorithms.  This 
paper  develops  sampling  stochastic  dynamic  pro- 
gramming (SSDP),  a  technique  that  captures  the 
complex  temporal  and  spatial  structure  of  the 
streamflow  process  by  using  a  large  number  of 


sample  streamflow  sequences.  The  best  inflow 
forecast  can  be  included  as  a  hydrologic  state 
variable  to  improve  the  reservoir  operating  policy. 
Sampling  stochastic  dynamic  programming  as  de- 
veloped here  employs  the  empirical  multivariate 
temporal  and  spatial  streamflow  distribution  for  a 
basin,  allowing  the  detailed  simulation  within  the 
optimization  model  of  the  complex  Feather  River 
hydroelectric  system.  In  this  regard,  sampling  SDP 
has  significant  advantages  over  the  traditional  SDP 
approach.  Because  sampling  SDP  employs  selected 
historical  or  synthetic  streamflow  trances,  the 
actual  multimonth  persistence  of  streamflows  can 
be  captured  in  the  calculation  of  the  expected 
benefits.  (Author's  abstract) 
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DETERMINATION  OF  A  RATIONAL  REDUC- 
TION OF  WATER  WITHDRAWAL  FOR  IRRI- 
GATION WITH  CONSIDERATION  OF  WATER 
EXCHANGE  AND  WATER  QUALITY. 

For  primary  bibliographic  entry  see  Field  3F. 
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EFFECT  OF  PH  ON  COPPER  TOXICITY  TO 
BLUE-GREEN  ALGAE. 

Humboldt-Univ.  zu  Berlin  (German  D.R.).  Sektion 

Biologic 

V.  Luederitz,  and  A.  Nicklisch. 

Internationale  Revue  der  Gesamten  Hydrobiologie 

IGHYAZ,  Vol.  74,  No.  3,  p  283-291,  1989.  5  fig,  2 

tab,  22  ref. 

Descriptors:   'Copper,   *Cyanophyta,   •Hydrogen 
ion  concentration,  *Plant  growth,  'Toxicity. 

Mobility,  bioavailability  and  the  toxicity  of  metals 
in  natural  water  bodies  are  dependent  on  their 
physicochemical  form.  The  acidification  of  a  large 
number  of  natural  waters  due  to  deposition  of 
atmospheric  pollution  may  significantly  alter  the 
metal  status,  and  induce  metal  stress  in  aquatic 
ecosystems  with  subsequent  changes  in  the  species 
composition.  The  effect  of  hydrogen  ion  concen- 
tration on  copper  toxicity  to  two  planktonic  blue- 
green  algae,  Aphanizomenon  gracile  and  Oscilla- 
toria  redekei,  was  investigated.  Growth  rates  of 
the  algae  without  copper  treatment  decrease  with 
hydrogen  ion  concentration,  Aphanizomenon  af- 
fected earlier  than  Oscillatoria.  The  lowering  of 
the  hydrogen  ion  concentration  leads  to  a  toxicity 
enhancement  sooner  in  Oscillatoria.  In  the  acid 
range,  toxicity  retardation  occurs  in  Aphanizo- 
menon. At  pH  concentration  of  5.1,  shortening  of 
the  interval  between  copper  toxicity  and  copper 
stimulus  is  characteristic  for  both  species.  These 
results  show  that  simultaneous  copper  treatment 
and  hydrogen  ion  concentration  shock  could  con- 
trol nuisance  algae  blooms  in  lakes  and  reservoirs. 
(Brunone-PTT) 
W90-07098 


INSTANTANEOUS  PEAK  FLOW  ESTIMATION 
PROCEDURES  FOR  NEWFOUNDLAND 
STREAMS. 

Lakehead  Univ.,  Thunder  Bay  (Ontario).  Dept.  of 

Civil  Engineering. 

U.  S.  Panu,  and  D.  A.  Smith. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p  1151-1162,  December  1989.  1  fig,  5  tab,  18  ref. 

Descriptors:  »Flood  forecasting,  'Flood  peak, 
•Newfoundland,  'Streamflow  forecasting,  Canada, 
Estimating  equations,  Flood  flow,  Flood  frequen- 
cy, Regression  analysis,  Streams. 

A  procedure  for  estimating  instantaneous  flood 
flows  for  various  return  periods  on  the  Island  of 
Newfoundland  is  presented.  It  is  based  on  annual 
maximum  instantaneous  flows  rather  than  annual 
maximum  daily-mean  flows,  as  the  latter  requires 
the  conversion  of  estimated  daily-mean  flows  into 
instantaneous  flows.  Regression  equations  were  de- 
veloped for  each  of  three  homogeneous  regions  for 
the  desired  return  periods.  The  flood  flow  estima- 
tion capability  of  the  presented  procedure  is  better 
than  any  other  currently  available  procedure  on 
the  Island.  (Author's  abstract) 
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RESERVOIR  RELEASES  TO  USES  WITH  DIF- 
FERENT RELIABILITY  REQUIREMENTS. 

University  of  New  England,  Armidale  (Australia). 

Dept.  of  Econometrics. 

C.  M.  Alaouze. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p  1163-1168,  December  1989.  4  fig,  1  tab,  13  ref. 

Descriptors:  'Reservoir  operation,  'Reservoir  re- 
leases, 'Water  allocation,  'Water  management, 
•Water  use,  Reliability,  Stochastic  dynamic  pro- 
gramming. 

Releases  from  a  reservoir  may  be  allocated  to  a 
number  of  uses,  each  of  which  may  require  a  given 
volume  of  water  at  a  different  reliability.  A 
method  is  described  that  can  be  used  to  estimate 
the  volume  of  water  associated  with  a  given  reli- 
ability for  each  use  of  water  when  the  proportion 
of  releases  allocated  to  each  use  is  known.  A 
functional  relationship  among  desired  release,  reli- 
ability, and  the  proportion  of  releases  allocated  to 
each  use  was  derived.  This  functional  relationship 
can  also  be  used  to  determine  the  proportion  of 
releases  that  must  be  allocated  to  each  use  to 
deliver  the  required  release  at  the  specified  reliabil- 
ity. These  results  can  be  used  to  evaluate  the 
meeting  of  specified  objectives  under  a  published 
release  policy  derived  by  stationary  stochastic  dy- 
namic programming.  The  results  can  also  be  used 
to  solve  water  allocation  problems  when  the  prob- 
ability distribution  of  available  water  is  known  (or 
can  be  estimated)  and  water  has  multiple  uses,  each 
of  which  has  different  volume  and  reliability  re- 
quirements. (Author's  abstract) 
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PROPOSED  MODIFICATION  TO  REGULA- 
TION OF  LAKE  OKEECHOBEE. 

South  Florida  Water  Management  District,  West 

Palm  Beach.  Water  Resources  Div. 

P.  J.  Trimble,  and  J.  A.  Marban. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p  1249-1257,  December  1989.  6  fig,  1  tab,  12  ref. 

Descriptors:  'Aquatic  habitats,  'Florida,  'Lake 
Okeechobee,  'Lake  management,  'Lake  storage, 
•Regulated  flow,  'Water  supply,  Consumptive 
use,  Drought,  Estuaries,  Flood  protection,  Littoral 
zone,  Scheduling. 

The  current  Lake  Okeechobee  regulation  schedule 
is  two  feet  higher  than  previous  schedules  that 
were  in  operation  during  the  early  1970's.  Its  im- 
plementation was  in  response  to  prolonged  periods 
of  drought  that  occurred  during  the  1960's  and 
early  1970's  and  the  large  increases  in  consumptive 
uses  that  were  projected,  and  are  presently  occur- 
ring in  south  Florida.  The  additional  storage  pro- 
vided by  the  schedule  undoubtedly  helped  prevent 
more  severe  water  shortages  during  the  record 
setting  1980-1982  drought.  However,  two  environ- 
mental concerns  associated  with  the  present  sched- 
ule resurfaced  in  recent  years  with  the  return  to 
more  normal  rainfall  conditions.  First,  the  present 
schedule  allows  frequent  high  water  conditions  to 
exist  in  the  lake  that  appear  to  be  stressful  to  the 
unique  littoral  zone  habitat  of  the  lake.  Second,  the 
allowable  buildup  of  storage  prior  to  the  dry 
season,  combined  with  the  large  required  decrease 
in  storage  prior  to  the  hurricane  (wet)  season, 
contribute  to  the  need  for  large  regulation  releases 
to  tidewater.  These  large  discharges  have  undesir- 
able impacts  on  ecosystems  of  the  downstream 
estuaries.  An  alternative  schedule  is  presented  that 
better  meets  the  needs  of  the  estuarine  habitats 
without  negatively  impacting  the  other  objectives 
of  managing  the  lake.  (Author's  abstract) 
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GUIDELINES     FOR     REHABIXITATION    OF 
DRATNLINES  CROSSED  BY  PIPELINES. 

American  Society  of  Civil  Engineers,  New  York. 

Irrigation  and  Drainage  Div. 

For  primary  bibliographic  entry  see  Field  8A. 
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WATER  MANAGEMENT  AND  ECOLOGICAL 
PERSPECTIVES  OF  THE  UPPER  RHINE'S 
FLOODPLAINS. 

Institute  for  Floodplains  Ecology,  Rastatt  (Germa- 
ny, F.R.). 

For  primary  bibliographic  entry  see  Field  6F. 
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IMPACT  OF  CHANNELIZATION  ON  THE  HY- 
DROLOGY OF  THE  UPPER  RTVER  MAIN, 
COUNTY  ANTRIM,  NORTHERN  IRELAND:  A 
LONG-TERM  CASE  STUDY. 

Ulster  Univ.  at  Jordanstown,  Newtownabbey 
(Northern  Ireland).  Dept.  of  Computing  Science. 
C.  J.  Essery,  and  D.  N.  Wilcock. 
Regulated  Rivers  Research  &  Management 
RRRMEP,  Vol.  5,  No.  1,  p  17-34,  January/Febru- 
ary 1990.  10  fig,  2  tab,  25  ref. 

Descriptors:  'Channeling,  *Main  River,  'Northern 
Ireland,  'Surface-groundwater  relations,  Aquifers, 
Case  studies,  Drainage,  Flood  plains,  Long-term 
studies,  Monitoring,  Water  table. 

The  impact  of  an  arterial  drainage  scheme  on  the 
water  balance  in  the  200-sq  km  River  Main  catch- 
ment was  quantified.  Monitored  changes  in 
groundwater  storage  act  as  an  independent  check 
on  conclusions  about  storage  change  derived  from 
measurements  of  surface  hydrology.  Three  sub- 
catchments  of  the  study  area  and  one  other  inde- 
pendent experimental  catchment  constitute  con- 
trols against  which  the  impact  of  arterial  damage 
can  be  assessed.  Five  years'  predrainage  data  and 
three  years'  post-drainage  data  were  examined. 
Stream  flow  from  the  floodplain  area  of  the  catch- 
ment has  increased,  especially  low  flows.  Catch- 
ment water  tables,  however,  as  monitored  in  flood- 
plain  transects  and  disused  farm  wells  have  not 
been  drawn  down.  Any  immediate  drainage  bene- 
fits deriving  directly  from  arterial  drainage  are 
difficult  to  detect.  Groundwater  evidence  indicates 
that  the  likely  source  of  the  excess  discharge  is  an 
underlying  gravel  aquifer  that  has  been  punctured 
by  the  deeper  arterial  channel.  (Author's  abstract) 
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RTVER  ENGINEERING  IN  NATIONAL  PARKS: 
THE  CASE  OF  THE  RIVER  WHARFE,  U.K. 

University  of  East  Anglia,   Norwich  (England). 
School  of  Environmental  Sciences. 
R.  D.  Hey,  and  A.  N.  Winterbottom. 
Regulated     Rivers     Research     &     Management 
RRRMEP,  Vol.  5,  No.  1,  p  35-44,  January /Febru- 
ary 1990.  5  fig,  3  tab,  20  ref. 

Descriptors:  'England,  'Flood  control,  'Wharfe 
River,  Bed  load,  Case  studies,  Dredged  material, 
Erosion,  Flood  plains,  National  parks,  Perform- 
ance evaluation,  River  sediments,  Sediment  yield, 
Trap  efficiency. 

River  engineering  works  recently  have  been  car- 
ried out  in  the  upper  River  Wharfe  (England)  to 
reduce  the  flood  risk  and  restore  land  drainage 
between  Hubberholme  and  Kettlewell.  As  the 
river  is  located  in  a  National  Park,  great  care  had 
to  be  exercised  to  limit  the  degree  of  interference 
and  to  ensure  that  an  environmentally  acceptable 
solution  was  adopted.  The  increased  flood  risk  can 
be  attributed  partially  to  afforestation  in  the  head- 
waters of  the  Wharfe.  Improved  drainage  prior  to 
planting  led  to  an  apparent  increase  in  the  magni- 
tude and  frequency  of  flooding  and  an  increase  in 
sediment  yield.  The  works  were  aimed  to  remedy 
both  problems  and  were  designed  in  consultation 
with  a  range  of  conservation  and  amenity  organi- 
zations. First,  a  bed  load  trap  was  constructed  on 
the  Wharfe  to  curtail  the  sediment  supply  to  the 
flood-prone  reach  and  prevent  further  aggradation. 
Second,  limited  dredging  was  carried  out  near 
tributary  junctions  to  improve  land  drainage  on  the 
floodplain.  Third,  the  dredged  material  was  used 
to  form  the  core  of  the  raised  banks.  The  engineer- 
ing works  were  carried  out  between  1985  and 
1987.  Since  completion  in  August  1987  the  flood 
banks  have  been  overtopped  only  twice,  compared 
to  a  previous  record  of  32  times  per  year.  No 
significant  erosion  or  deposition  has  occurred  and 
the  gravel  trap  is  performing  as  expected  (half  full 
after   2.5   yr  of  operation).   Although   stocks  of 


mature   trout   were  displaced  by  bed   workings, 
there  are  now  signs  of  a  recovery.  (Author's  ab- 
stract) 
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RESTORATION  AND  ENHANCEMENT  OF 
ENGINEERED  RIVER  CHANNELS:  SOME  EU- 
ROPEAN EXPERIENCES. 

Thames    Water    Authority,    Reading    (England). 
Rivers  Div. 
A.  Brookes. 

Regulated  Rivers  Research  &  Management 
RRRMEP,  Vol.  5,  No.  1,  p  45-56,  January /Febru- 
ary 1990.  5  fig,  2  tab,  23  ref. 

Descriptors:  'Denmark,  'England,  'Management 
planning,  'River  restoration,  Elbaek  River,  Ero- 
sion, Hydrology,  Lambourn  River,  Performance 
evaluation,  River  sediments. 

As  governments  and  organizations  responsible  for 
river  management  throughout  the  world  become 
increasingly  aware  of  the  need  to  reconcile  engi- 
neering objectives  with  nature  conservation,  alter- 
native strategies  for  river  management,  such  as 
restoration,  are  likely  to  continued  to  be  developed 
and  applied.  Based  on  the  experiences  of  15  resto- 
ration projects  in  Denmark  and  Britain,  the  criteria 
that  determine  the  success  of  such  projects  are 
outlined.  The  essential  precursor  to  a  successful 
restoration  project  is  a  thorough  feasibility  and 
planning  study.  The  type  of  restoration  work  in- 
cluded in  a  project  is  constrained  by  a  number  of 
factors,  including  the  physical  environment  and 
the  project  objectives.  The  detailed  design  needs  to 
be  tailored  to  the  individual  river  reaches  under 
consideration.  Project  planning  should  consider 
the  timing  and  supervision  of  construction  and 
make  recommendations  on  the  nature  of  mainte- 
nance. A  management  plan  is  desirable  and  post- 
project  appraisal  is  essential  to  evaluate  the  long- 
term  hydraulic  and  environmental  performances. 
These  criteria  were  applied  to  two  projects  carried 
out  recently:  River  Lambourn  in  Berkshire,  Eng- 
land, and  the  Elbaek  in  central  Jutland,  Denmark. 
Both  projects  appear  to  have  been  successful  be- 
cause they  have  stream  powers  in  the  middle  range 
of  values,  neither  too  high  to  cause  significant 
erosion,  nor  too  low  to  be  inundated  with  sedi- 
ment. Existing  methods  of  assessing  the  feasibility 
of  restoration  projects  are  crude,  but  provide  some 
guidance  in  avoiding  severe  problems.  Most  of  the 
available  techniques  are  not  applicable  to  high- 
energy,  braided  river  channels.  (Rochester-PTT) 
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TIME  SCALES  FOR  THE  RECOVERY  POTEN- 
TIAL OF  RIVER  COMMUNITIES  AFTER  RES- 
TORATION: LESSONS  TO  BE  LEARNED 
FROM  SMALLER  STREAMS. 

Karlsruhe  Univ.   (Germany,   F.R.).   Zoologisches 

Inst. 

For  primary  bibliographic  entry  see  Field  2H. 
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ENGINEERING  OPERATIONS  AND  INVER- 
TEBRATES: LINKING  HYDROLOGY  WITH 
ECOLOGY. 

Leicester  Univ.  (England). 

For   primary  bibliographic   entry  see   Field   6G. 
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IMPROVED  ALGORITHM  FOR  HYDROPOW- 
ER  OPTIMIZATION. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  3E. 
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FARM  PROGRAM  IMPACTS  ON  AN  EX- 
HAUSTIBLE GROUNDWATER  SUPPLY:  AN 
ANALYSIS  OF  THE  TEXAS  SOUTHERN  HIGH 
PLAINS. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Ag- 
ricultural Economics  and  Agribusiness. 


For  primary  bibliographic   entry   see   Field   6D. 
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SOME  GENERAL  RESULTS  ON  THE  SEEP- 
AGE EXCLUSION  PROBLEM. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Envi- 
ronmental Mechanics. 

For  primary  bibliographic  entry  see  Field  2G. 
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OPTIMIZATION  MODEL  FOR  UNCONFTNED 
STRATIFIED  AQUIFER  SYSTEMS. 

Utah  Water  Research  Lab.,  Logan. 

For  primary  bibliographic  entry  see  Field  2F. 
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OPTIMAL  PUMPING  POLICY  AND  GROUND- 
WATER BALANCE  FOR  THE  BLUE  LAKE  AQ- 
UIFER, CALIFORNIA,  INVOLVING  NONLIN- 
EAR GROUNDWATER  HYDRAULICS. 

Indian  Inst,   of  Tech.,   Bombay.   Dept.   of  Civil 

Engineering. 

A.  K.  Rastogi. 

Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 

p  177-194,  November  1989.  10  fig,  1  tab,  31  ref, 

append. 

Descriptors:  'California,  'Drawdown,  'Ground- 
water management,  'Hydrologic  budget,  'Water 
yield,  Blue  Lake  aquifer,  Hydrologic  models,  Man- 
agement planning,  Mathematical  equations,  Mathe- 
matical models,  Optimization,  Pumping,  Ruth  Res- 


The  Blue  Lake  aquifer  (BLA)  is  an  unconfined 
sloping  aquifer  in  Northern  California  traversed  by 
the  Mad  River,  which  is  regulated  by  Ruth  Reser- 
voir. High  pumpage  from  the  existing  six  wells 
operated  by  Humboldt  Bay  Municipal  Water  Dis- 
trict (HBMWD)  of  the  order  of  a  few  million 
gallons  per  day  (MGD)  caused  appreciable  draw- 
down compared  to  the  saturated  thickness  of  the 
aquifer.  Additionally,  HBMWD  also  proposed  an- 
other set  of  10  wells  for  meeting  and  anticipated 
water  demand  of  23  MGD  of  Humboldt  County. 
Consequently,  reduction  of  the  governing  nonlin- 
ear groundwater  flow  equation  into  a  linear  equa- 
tion was  not  considered  appropriate.  An  existing 
explicit  scheme  coded  by  previous  workers  for  this 
project  was  found  most  suitable  for  the  solution  of 
inherent  nonlinear  equations.  However,  many 
modifications  in  the  existing  algorithm  were  re- 
quired before  a  groundwater  balance  was  obtained 
for  the  BLA.  HBMWD  wanted  to  minimize  pump- 
ing cost  for  lifting  the  proposed  23  MGD  from  the 
10  wells.  This  required  the  simulation  of  a  ground- 
water management  model  of  the  aquifer  involving 
the  principles  of  nonlinear  optimization.  A  recent 
Modified  Embedded  Approach  was  used  to  solve 
the  problem  incorporating  the  appropriate  con- 
straints based  on  the  real  system  and  on  the  optimi- 
zation requirements.  It  was  estimated  that 
HBMWD  could  have  an  annual  saving  of  $20,000 
by  implementing  an  annual  optimal  pumping 
policy  with  monthly  planning  periods  compared  to 
a  suboptimal  pumping  policy  (i.e.,  equal  pumping 
of  2.3  MGD  from  10  wells).  (Author's  abstract) 
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INTEGRATION  OF  SURFACE  AND  GROUND- 
WATER RESOURCES  FOR  THE  DEVELOP- 
MENT OF  HAMAD  BASIN  PROJECT. 

Arab  Center  for  the  Studies  of  Arid  Zones  and 

Dry  Lands,  Damascus  (Syria). 

N.  Rofail,  and  S.  I.  Asaad. 

Environmental     Geology    and    Water    Sciences 

EGWSEI,  Vol.  14,  No.  3,  p  173-181,  November/ 

December  1989.  4  fig,  2  tab,  8  ref. 

Descriptors:  'Aquifer  systems,  'Conjunctive  use, 
•Groundwater  resources,  'Hamad  Basin,  'Water 
conservation,  'Water  resources  development,  Ge- 
ography, Geohydrology,  Iraq,  Jordan,  Remote 
sensing,  Saudi  Arabia,  Social  needs,  Surface  runoff, 
Syria. 
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Group  4B — Groundwater  Management 


Hamad  Basin  (166,000  square  kilometers)  is  an 
extensive  basin,  inhabited  by  219,000  people.  It  is 
located  in  the  arid  region  within  the  border  of  four 
Arab  States:  Syria,  Jordan,  Iraq,  and  Saudi  Arabia. 
Average  annual  precipitation  is  78  mm,  falling 
mostly  during  winter.  Integrated  studies  of  the 
natural  resources  (water,  soil,  range,  and  animals) 
were  carried  out  with  other  complementary  studies 
to  formulate  a  socioeconomic  development  plan 
for  the  promising  areas  within  the  basin.  Modern 
technologies  were  applied  such  as  remote  sensing, 
isotope  analysis,  processing,  and  documenting  of 
basic  hydrogeological  data  within  the  data  bank 
system  using  computer  facilities.  Results  revealed 
that  the  output  of  the  natural  dry  plant  production 
amounts  to  two  million  tons.  The  animal  wealth 
population  comprises  2  million  head,  mainly  sheep. 
Average  annual  surface  runoff  is  146  million  cubic 
meters,  which  could  be  appropriately  exploited  in 
water  spreading  schemes  to  improve  its  range. 
Water  lost  presently  through  evaporation  from 
vast  flat  depressions  could  be  conserved  through 
deepening  these  depressions  and  recharging  shal- 
low perched  aquifers  by  surface  runoff  which 
could  be  mined  later.  Results  of  regional  geology, 
partial  geophysical  studies,  and  hydroelectrical, 
hydrochemical  interpretations  have  concluded  the 
existence  of  two  main  aquifer  systems.  The  first  lies 
within  the  tertiary  and  quaternary  formations, 
while  the  second  extends  to  the  mesozoic  and 
paleozoic.  Their  yield  varies  quantitatively  and 
qualitatively.  Up  to  100  million  cubic  meters  could 
be  safely  drawn  annually.  One  compound  pilot 
project  was  selected  within  the  sector  of  each  of 
the  four  Arab  States  to  test  the  feasibility  of  the 
proposed  development  program  for  the  promising 
areas  of  the  basin.  (Author's  abstract) 
W9O-O6960 

4C.  Effects  On  Water  Of 
Man's  Non- Water 
Activities 


EFFECTS  OF  POWER-LINE  CONSTRUCTION 
ON  WETLAND  VEGETATION  DM  MASSACHU- 
SETTS, USA 

Tufts  Univ.,  Medford,  MA.  Dept.  of  Biology. 

N.  H.  Nickerson,  R.  A.  Dobberteen,  and  N.  M. 

Jarman. 

Environmental  Management  EMNGDC,  Vol.  13, 

No.  4,  p  477-483,  July/August  1989.  4  fig,  24  ref. 

Descriptors:  *Aquatic  plants,  'Electrical  equip- 
ment, 'Environmental  effects,  •Massachusetts, 
'Revegetation,  *Wetlands,  Bogs,  Cattails,  Ecosys- 
tems, Swamps,  Utilities,  Vegetation. 

Utility  rights-of-way  corridors  through  wetland 
areas  generate  long-term  impacts  from  construc- 
tion activities  to  these  valuable  ecosystems. 
Changes  to  and  recovery  of  the  vegetation  com- 
munities of  a  cattail  marsh,  wooded  swamp,  and 
shrub/bog  wetland  were  documented  through 
measurements  made  each  growing  season  for  two 
years  prior,  five  years  following,  and  again  on  the 
tenth  year  after  construction  of  a  345-kilovolt 
transmission  line.  While  both  the  cattail  marsh  and 
wooded  swamp  recovered  within  a  few  years, 
measures  of  plant  community  composition  in  the 
shrub/bog  wetland  were  still  lower,  compared  to 
controls.  After  ten  years,  the  wooded  swamp  has 
apparently  recovered  from  impacts  caused  by  con- 
struction activities.  As  a  consequence  of  construc- 
tion activities  and  periodic  right-of-way  mainte- 
nance, a  fairly  stable  and  highly  diverse  shrub 
community  developed  under  the  power  lines  built 
in  1978.  The  dense  shrub  cover  inhibits  further 
growth  of  tree  seedlings,  resulting  in  less  demand 
for  right-of-way  maintenance.  In  contrast  to  results 
for  the  wooded  wetland,  data  for  the  shrub/bog 
wetland  reveal  that  even  after  ten  years,  the  area 
under  the  new  right-of-way  does  not  fully  resem- 
ble either  the  old  right-of-way  or  control  areas 
with  respect  to  the  vegetation  parameters  meas- 
ured in  this  study.  The  shrub/bog  wetland  had 
significantly  lower  average  numbers  of  individuals 
and  species  after  ten  years  of  recovery.  It  appears 
that  bogs,  at  least  in  Massachusetts,  are  sensitive 
wetland  ecotypes,  such  that  damage  to  vegetation 
communities  caused  by  construction  activities  is 
clearly  detectable  ten  years  later.  The  cattail  marsh 


recovered  within  essentially  one  year  after  con- 
struction of  the  transmission  lines,  as  revealed  by 
previous  work  and  the  present  study.  Cattails  are 
known  to  be  aggressive  emergent  wetland  species, 
primarily  deriving  from  their  capacity  for  high 
biomass  production,  vigorous  vegetation  reproduc- 
tion, and  rapid  spring  regrowth  from  carbohydrate 
storage  reserves  in  rhizomes.  Long-term  investiga- 
tions such  as  the  one  reported  here  help  decrease 
uncertainty  and  provide  valuable  information  for 
future  decision  making  regarding  construction  of 
power  utility  lines  through  valuable  and  dwindling 
wetland  resources.  (Brunone-PTT) 
W90-06611 


ADDITIONS  TO  THE  DIATOMS  OF  VIRGIN- 
IA'S INLAND  FRESH  WATERS:  LAKE  BAR- 
CROFT,  FAIRFAX  COUNTY,  VIRGINIA. 

George    Washington    Univ.,    Washington,    DC. 

Dept.  of  Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06653 


IMPACT  OF  TIMBER  HARVESTING  AND 
PRODUCTION  ON  STREAMS:  A  REVIEW. 

Chisholm  Inst,  of  Tech.,  Melbourne  (Australia). 
Center  for  Stream  Ecology. 
I.  C.  Campbell,  and  T.  J.  Doeg. 
Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  40,  No.  5,  p  519-539,  1989.  2 
fig,  162  ref. 

Descriptors:  *Forest  hydrology,  *Forest  manage- 
ment, *Literature  review,  •Logging,  'Streams, 
Australia,  Ecosystems,  Flood  peak,  Forest  water- 
sheds, Riparian  vegetation,  Sediment  transport, 
Sedimentation,  Sediments,  Stream  biota,  Water 
quality. 

Timber  harvesting  operations  have  significant  ef- 
fects on  both  water  quantity  and  quality.  The 
effects  on  water  quantity  have  been  well  docu- 
mented both  in  Australia  and  elsewhere.  The  ef- 
fects on  water  quality  are  less  widely  appreciated, 
and  include  elevated  concentrations  of  dissolved 
salts,  suspended  solids  and  nutrients,  especially 
during  peak  flow  periods.  Several  Australian  stud- 
ies have  failed  to  measure  peak  flow  transport  of 
suspended  solids,  or  have  measured  it  inadequately, 
thus  severely  underestimating  transport.  The  major 
short-term  effects  of  timber  harvesting  on  the 
aquatic  biota  result  from  increased  sediment  input 
into  streams  or  increased  light  through  damage  to, 
or  removal  of,  the  riparian  vegetation.  Sediment 
which  settles  on,  or  penetrates  into,  the  stream  bed 
is  of  more  concern  than  suspended  sediment,  and 
can  lead  to  long-term  deleterious  changes  to  fish 
and  invertebrate  populations.  Increased  light 
causes  an  increase  in  stream  primary  production 
which  may  increase  invertebrate  densities,  and 
alter  community  composition.  These  biological 
consequences  have  not  yet  been  adequately  investi- 
gated in  Australia.  Longer-term  effects,  as  yet  not 
investigated  in  Australia,  include  changes  to  stream 
structure  as  the  regrowth  forest  has  fewer  large 
logs  to  fall  into  the  stream.  These  large  logs  play  a 
major  role  as  habitat  and  retention  structures  in 
streams.  There  has  been  no  attempt  to  evaluate  the 
effects  of  timber  production  activities,  including 
pesticide  use  and  fuel  reduction  burning,  on  the 
Australian  stream  biota.  Likewise,  although  buffer 
zones  are  widely  advocated  as  a  protection  meas- 
ure for  streams  in  Australia,  there  have  been  no 
studies  to  evaluate  their  effectiveness.  (Author's 
abstract) 
W90-06659 


APPLICATION  OF  REMOTE  SENSING  TO  ES- 
TIMATE LAND  COVER  FOR  URBAN  DRAIN- 
AGE CATCHMENT  MODELLING. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-06714 


EVALUATION  OF  BEST  MANAGEMENT 
PRACTICES  FOR  CONTROLLING  NONPOINT 
POLLUTION  FROM  SDLVICULTURAL  OPER- 
ATIONS. 

Pennsylvania  State  Univ.,  University  Park.  School 
of  Forest  Resources. 


For   primary   bibliographic  entry  see   Field   5G. 
W90-06821 


NUTRIENT  DISTRIBUTION  AND  VARIABILI- 
TY IN  THE  CHARLOTTE  HARBOR  ESTUA- 
RINE  SYSTEM,  FLORIDA. 

Geological  Survey,  Tampa,  FL. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06824 


INTEGRATED      USE     OF      NATURAL     RE- 
SOURCES AND  GEOENVIRONMENT. 

Stavebni  Geologie,  Prague  (Czechoslovakia).  Hy- 

drogeology  Dept. 

For   primary  bibliographic  entry  see   Field   6G. 

W90-06958 


INDUCED    CHANNEL    ENLARGEMENT    IN 

SMALL  URBAN  CATCHMENTS,  ARMIDALE, 

NEW  SOUTH  WALES. 

Chinese  Univ.  of  Hong  Kong,  Shatin.  Dept.  of 

Geography. 

R.  J.  Neller. 

Environmental    Geology    and     Water    Sciences 

EGWSEI,  Vol.  14,  No.  3,  p  167-171,  November/ 

December  1989.  5  fig,  1  tab,  11  ref. 

Descriptors:  'Catchment  areas,  'Channel  mor- 
phology, 'Erosion,  'Gully  erosion,  'Stream  ero- 
sion, 'Unstable  channels,  'Urban  hydrology,  Aus- 
tralia, New  South  Wales,  Urban  runoff. 

Surveys  of  stream  channels  in  14  small  catchments 
within  and  adjacent  to  Armidale,  northern  New 
South  Wales,  revealed  that  urban  affected  streams 
were,  on  average,  four  times  larger  than  adjacent 
rural  streams.  The  enlargement  of  such  channels  is 
frequently  attributed  to  increased  urban  storm 
runoff.  In  this  case,  however,  there  is  no  apparent 
linkage  between  the  degree  of  urban  development 
and  magnitude  of  channel  enlargement.  Rather,  it 
appears  that  gullying  is  initiated  by  more  direct 
disturbances  to  these  channel  boundaries,  such  as 
realignment  and  the  building  of  road  crossings. 
Once  gullying  has  been  initiated  the  degree  of 
channel  enlargement  seems  to  be  a  function  of 
slope;  the  enlargement  of  channels  in  the  steeper 
headwater  urban  catchments  being  significantly 
greater  than  that  in  the  lower  reaches.  For  incip- 
iently  unstable  channels  such  as  these,  the  more 
conventional  erosion  control  measures  may  be  in- 
adequate. (Author's  abstract) 
W90-06959 


ASSESSMENT  OF  THE  EFFECT  OF  URBAN 
DEVELOPMENT  ON  GROUNDWATER 
LEVELS  IN  A  CHALK  AQUIFER. 

University  Coll.,  Cardiff  (Wales).  School  of  Engi- 
neering. 

J.  C.  Miles,  J.  W.  Lloyd,  and  J.  A.  J.  Witt. 
Environmental    Geology    and    Water    Sciences 
EGWSEI,  Vol.  14,  No.  3,  p  187-194,  November/ 
December  1989.  10  fig,  2  tab,  15  ref. 

Descriptors:  'Groundwater  level,  'Mathematical 
models,  'Storm  water  management,  'Urban  drain- 
age, 'Urban  hydrology,  'Urban  planning,  Aquifer 
characteristics,  Groundwater  recharge.  Storm 
runoff. 

Groundwater  levels  can  be  appreciably  affected  by 
urban  development.  Underlying  the  site  of  a  pro- 
posed development  is  a  chalk  aquifer.  Groundwat- 
er levels  are  close  to  the  surface.  The  storm  water 
from  the  development  is  to  be  drained  into  a  lake 
in  the  center  of  the  development.  Because  of  the 
high  groundwater  levels,  the  effect  of  this  lake  has 
been  studied  by  means  of  a  simple  localized  mathe- 
matical model.  The  results  of  the  model  calibration 
are  encouraging  and  show  that  acceptable  results 
can  be  obtained  from  relatively  simple  groundwat- 
er flow  models  for  situations  where  the  available 
data  are  limited  in  quality  and/or  quantity  and  the 
use  of  complex  models  cannot  be  justified  unless  a 
large  amount  of  time  and  money  are  available  to 
invest  in  data  collection.  It  is  possible  to  use  time 
variant,  distributed  parameter,  numerical  models 
that  are  simple  and  easy  to  formulate  and  obtain 
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acceptable  results.  Such  models  should  not  be  used 
where  accuracy  is  important  but  only  where  an 
approximate  assessment  of  the  aquifer  behavior  is 
required.  (Author's  abstract) 
W90-06962 


SIMULATED  EFFECTS  OF  QUARRY  DEWA- 
TERING  NEAR  A  MUNICIPAL  WELL  FIELD. 

Geological  Survey,  Columbus,  OH. 

For  primary  bibliographic  entry  see  Field  2F. 

W9O-O7013 


MODELING  COASTAL  LANDSCAPE  DYNAM- 
ICS. 

Maryland  Univ.,  Solomons.  Chesapeake  Biological 

Lab. 

R.  Costanza,  F.  H.  Sklar,  and  M.  L.  White. 

Bioscience  BISNAS,  Vol.  40,  No.   2,  p  91-107, 

February  1990.  13  fig,  2  tab,  41  ref. 

Descriptors:  *Coastal  environment,  "Coastal  zone 
management,  'Computer  models,  *Costs,  •Envi- 
ronmental impact,  *Geomorphology,  "Louisiana, 
Coastal  waters,  Erosion,  Organic  matter,  Simula- 
tion analysis,  Subsidence,  Suspended  sediments. 

Protecting  and  preserving  coastal  ecosystems  re- 
quires the  ability  to  predict  the  direct  and  indirect, 
temporal,  and  spatial  effects  of  proposed  human 
activities,  the  ability  to  separate  these  effects  from 
natural  changes,  and  the  ability  to  appropriately 
modify  the  short-term  incentive  structures  that 
guide  local  decision-making  to  better  reflect  these 
impacts.  To  study  this,  a  process-based  spatial  sim- 
ulation model  was  developed  for  the  Atchafalaya- 
Terrebonne  marsh-estuarine  complex  in  south  Lou- 
isiana called  the  coastal  ecological  landscape  spa- 
tial simulation  (CELSS)  model.  The  model  consists 
of  2479  interconnected  square  cells,  each  repre- 
senting 1  square  kilometer.  Each  cell  contains  a 
dynamic  ecosystem  simulation  model,  and  each 
cell  is  connected  to  its  four  nearest  neighbors  by 
the  exchange  of  water  and  suspended  materials. 
The  buildup  of  land  or  the  development  of  open 
water  in  a  cell  depends  on  the  balance  between  net 
inputs  of  sediments  and  local  organic  peat  deposi- 
tion on  the  one  hand  and  outputs  due  to  erosion 
and  subsidence  on  the  other  hand.  This  balance  is 
critical  for  predicting  how  marsh  succession  and 
productivity  is  affected  by  natural  and  human  ac- 
tivities. The  results  of  the  model  indicate  complex 
and  often  counterintuitive  behavior  that,  like  the 
real  system,  is  difficult  to  summarize.  A  few  gener- 
al conclusions  can  be  made,  however.  Past  and 
future  climate  variations  are  important,  especially 
severe  deviations  from  average  conditions.  Ecolog- 
ical variables,  such  as  primary  production,  have 
significant  feedback  to  physical  and  chemical  proc- 
esses. Coastal  marshes  can  adapt  to  future  project- 
ed higher  rates  of  sea  level  rise  and  serve  as  a 
buffer  against  future  global  sea  level  rise  if  the 
rates  are  moderate  and  the  marshes  are  healthy. 
Past  activities  in  the  area  that  modified  the  hydro- 
logic  and  sediment  flow  patterns  have  had  signifi- 
cant influence  on  the  evolution  of  the  region.  And 
finally,  management  options  in  the  area  can  be 
effective  at  mitigating  the  effects  of  proposed 
human  alterations,  but  cumulative  effects  make 
analysis  of  individual  options  in  isolation  risky. 
(Mertz-PTT) 
W90-07136 


IMPACT  OF  CATTLE  ON  TWO  ISOLATED 
FISH  POPULATIONS  IN  PAHRANAGAT 
VALLEY,  NEVADA. 

Nevada  Univ.,   Las  Vegas.   Dept.   of  Biological 

Sciences. 

F.  R.  Taylor,  L.  A.  Gillman,  and  J.  W.  Pedretti. 

Great  Basin  Naturalist  GRBNAR,  Vol.  49,  No.  4, 

p  491-495,  October  1989.  2  fig,  1  tab,  9  ref. 

Descriptors:  "Ammonia,  "Cattle,  "Fish  popula- 
tions, "Nevada,  "Nitrates,  "Water  pollution  effects, 
•Water  pollution  sources,  Bacteria,  Bacterial  anal- 
ysis, Dace,  Fish  management,  Pathogenic  bacteria, 
Springfish. 

As  spring  systems  diminish  and  human  use  of  land 
and  water  increases,  endemic  fish  populations  in- 
creasingly  live  precariously   between   threatened 


and  extinct  status.  In  Pahranagat  Valley  and  else- 
where in  the  West,  a  prominent  cause  of  this 
situation  involves  the  management  of  water  for  use 
by  cattle  with  unrestricted  access.  The  presence  of 
cattle  at  Brownie  Spring  and  Ash  Springs  in  Pah- 
ranagat Valley,  Nevada,  impacted  fish  populations 
by  causing  an  increase  in  ammonia  and  nitrate 
levels,  an  increase  in  Pseudomonas  aeruginosa  and 
Aeromonas  hydrophila,  and  increased  mortality 
and  morbidity.  One  of  the  affected  fishes,  the 
White  River  springfish,  is  listed  as  endangered  by 
the  Department  of  the  Interior.  After  removal  of 
the  cattle  from  Ash  Springs,  ammonium  and  nitrite 
levels  decreased  and  fish  populations  increased.  At 
Brownie  Spring,  the  ammonium  and  nitrite  levels 
are  chronically  elevated,  cattle  are  still  present, 
and  the  speckled  dace  population  has  not  recov- 
ered. (Mertz-PTT) 
W90-07139 


EFFECTS  OF  HOPPER  DREDGING  AND 
SEDIMENT  DISPERSION,  CHESAPEAKE 
BAY. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
M.  Nichols,  R.  J.  Diaz,  and  L.  C.  Schaffner. 
Environmental  Geology  and  Water  Sciences 
EGWSEI,  Vol.  15,  No.  1,  p  31-43,  January/Febru- 
ary 1990.  9  fig,  5  tab,  37  ref.  Baltimore  District, 
Corps  of  Engineers  contract  DACW-31-87-C- 
0024. 

Descriptors:  "Chesapeake  Bay,  "Dredging,  "Envi- 
ronmental effects,  "Sediment  distribution,  *Sus- 
pended  sediments,  "Turbidity,  Benthic  fauna, 
Plumes,  Water  quality. 

Hopper  dredging  operations  release  suspended 
sediment  into  the  environment  by  agitation  of  the 
bed  and  by  discharge  of  overflow  slurries.  Moni- 
toring of  turbidity  and  suspended  sediment  concen- 
trations in  central  Chesapeake  Bay  revealed  two 
plumes:  (1)  an  upper  plume  produced  by  overflow 
discharge  and  (2)  a  near-bottom  plume  produced 
by  draghead  agitation  and  rapid  settling  from  the 
upper  plume.  The  upper  plume  dispersed  over  5.7 
sq  km  extending  5200  meters  form  the  discharge 
point.  Redeposited  sediment  accumulated  on  chan- 
nel flanks  covering  an  area  of  6.4  sq  km  and 
reached  a  thickness  of  19  cm.  Altogether  dredging 
redistributed  into  the  environment  an  estimated 
100,000  tons  of  sediment  or  12%  of  the  total  mate- 
rial removed.  Near-field  concentrations  of  sus- 
pended sediment,  less  than  300  m  from  the  dredge, 
reach  840-7200  mg/L  or  50-400  times  the  normal 
background  level.  Far-field  concentrations  (>300 
m)  are  enriched  5-8  times  background  concentra- 
tions and  persist  34-50%  of  the  time  during  a 
dredging  cycle  (1.5-2.0  h).  The  overflow  discharge 
plume  evolves  through  three  dispersion  phases:  (1) 
convective  descent,  (2)  dynamic  collapse,  and  (3) 
long-term  passive  diffusion.  The  bulk  of  the  materi- 
al descends  rapidly  to  the  bottom  during  the  con- 
vective descent  phase,  whereas  the  cloud  that  re- 
mains in  suspension  is  dispersed  partly  by  internal 
waves.  Although  suspended  sediment  concentra- 
tions in  the  water  column  exceed  certain  water 
quality  standards,  benthic  communities  survived 
the  perturbation  with  little  effect.  (Author's  ab- 
stract) 
W90-07189 


HYDROLOGIC      EFFECTS      OF      CLIMATE 
CHANGE  IN  THE  DELAWARE  RIVER  BASIN. 

Geological  Survey,  West  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  2A. 

W90-07212 


ESTIMATION  OF  POTENTIAL  REDUCTIONS 
IN  RECREATIONAL  BENEFITS  DUE  TO 
SEDIMENTATION. 

Salisbury  State  Coll.,  MD.  Perdue  School  of  Busi- 
ness. 

5.  N.  Ralston,  and  W.  M.  Park. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p   1259-1265,   December    1989.    1    fig,    15   ref. 

Descriptors:  "Economic  prediction,  "Lakes, 
"Model  studies,  "Recreation,  "Sedimentation, 
"Soil  conservation,  "Water  use,  Cost  analysis,  Esti- 
mating, Reelfoot  Lake,  Tennessee,  Traveltime. 


A  travel  cost  model  was  developed  to  estimate  the 
potential  reductions  in  recreational  benefits  from 
sedimentation  in  Reelfoot  Lake  in  northwestern 
Tennessee.  In  addition  to  the  consumer  surplus 
estimates  generated  by  the  model,  three  other  as- 
pects of  the  study  were  significant.  First,  the  study 
applied  a  relatively  untested  methodology  for  de- 
riving the  opportunity  cost  of  travel  time.  The 
study  resulted  in  a  value  that  is  less  than  one-half 
of  the  Water  Resource  Council's  'one-third  of  the 
wage  rate'  rule-of-thumb.  Second,  water  quality 
perceptions  were  unsuccessfully  incorporated  into 
the  model  as  a  demand  shifter.  This  raised  the 
question  as  to  the  appropriate  manner  in  which 
perceptions  could  be  included  in  a  travel  cost 
model.  Finally,  a  simple  methodology  was  outlined 
by  which  estimates  of  the  recreational  value  of 
Reelfoot  Lake  could  be  used  to  suggest  how  much 
cost  could  be  justified  for  soil  erosion  control  on 
agricultural  land  surrounding  the  lake.  (Author's 
abstract) 
W90-07215 


CHEMICAL  CHARACTERISTICS  OF  A  MEDI- 
TERRANEAN RTVER  AS  INFLUENCED  BY 
LAND  USES  IN  THE  WATERSHED. 

Barcelona  Univ.  (Spain).  Dept.  de  Ecologia. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07415 


KANSAS  CLEAN  LAKES  PROGRAM,  LAKE 
OLATHE,  CITY  OF  OLATHE,  KANSAS. 

Kansas  Dept.  of  Health  and  Environment,  Topeka. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-209951. 
Price  codes:  A14  in  paper  copy,  A01  in  microfiche. 
Report  prepared  for  U.S.  Environmental  Protec- 
tion Agency,  Kansas  City,  MO,  June  1986.  355p, 
21  fig,  24  tab,  18  append. 

Descriptors:  "Environmental  effects,  "Eutrophica- 
tion,  "Kansas,  "Lake  Olathe,  "Limnology,  "Urban- 
ization, "Water  pollution  control,  "Water  quality, 
"Water  quality  trends,  Algae,  Chlorophyll,  En- 
richment, Eutrophic  lakes,  Industrialization,  Lake 
fisheries,  Monitoring,  Nutrients,  Oxygen  depletion, 
Phosphorus,  Septic  tanks,  Septic  wastewater, 
Urban  watersheds. 

Under  the  auspices  of  the  Clean  Water  Act  of 
1972,  a  study  was  conducted  of  Lake  Olathe  for 
the  purpose  of  determining  the  nutrient  loads  eu- 
trophication  response  relationships  for  this  lake.  Of 
particular  concern  in  this  study  was  the  assessment 
of  the  impact  of  urbanization  and  industrialization 
of  the  Lake  Olathe  watershed  on  the  lake's  water 
quality.  A  thirteen-month  (August  1982  to  Septem- 
ber 1983)  monitoring  program  was  conducted  on 
Lake  Olathe  and  its  two  principal  tributaries.  It 
was  found  that  Lake  Olathe  is  a  eutrophic  lake 
with  concentrations  of  planktonic  algal  chloro- 
phyll during  late  summer  of  1983  in  excess  of 
approximately  25  micrograms/L.  The  normalized 
P  load  for  this  lake,  based  on  the  waterbody's 
mean,  depth,  area  and  hydraulic  residence  time, 
was  such  that  it  is  possible  to  predict  the  plank- 
tonic algal  chlorophyll,  algal-related  Secchi  depth, 
and  hypolimnetic  oxygen  depletion  rates.  Good 
agreement  was  found  between  predicted  and  meas- 
ured algal  chlorophyll.  The  hypolimnetic  oxygen 
depletion  rates  were  such  that  the  hypolimnion  of 
this  lake  became  completely  deoxygenated  by  mid- 
summer thereby  impairing  the  development  of 
cold  and  warm  water  fisheries.  It  was  found  that 
the  small  impoundments  located  in  the  Lake 
Olathe  watershed  significantly  removed  trapped  P 
derived  from  land  runoff,  causing  Lake  Olathe  to 
have  a  much  higher  water  quality  than  would  be 
expected  based  on  the  lake'  morphological  and 
hydrological  characteristics  and  land  use  within 
the  lake's  watershed.  If  it  were  not  for  the  trapping 
of  P  by  these  impoundments,  the  lake  would  have 
much  poorer  water  quality.  One  of  the  areas  of 
primary  concern  is  that  of  the  failure  of  septic  tank 
wastewater  disposal  systems  to  function  properly 
in  the  relatively  impervious  soils  of  the  watershed. 
It  is  that  further  development  within  the  Lake 
Olathe  watershed  be  done  in  such  a  way  as  to 
minimize  the  number  of  septic  tank  wastewater 
disposal  system  failures.  If  this  is  done,  then  the 
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Group  4C— Effects  On  Water  Of  Man's  Non-Water  Activities 


* 
1 


projected  urbanization  of  the  Lake  Olathe  water- 
shed over  the  next  1 5  years  or  so  will  have  limited 
adverse  impact  on  the  lake's  eutrophication  related 
water  quality.  (Lantz-PTT) 
W90-07492 


4D.  Watershed  Protection 


FARM  INCOME  AND  GROUND  WATER 
QUALITY  IMPLICATIONS  FROM  REDUCING 
SURFACE  WATER  SEDIMENT  DELIVERIES. 

Bureau  of  Reclamation,  Denver,  CO. 

5.  Piper,  W.  Y.  Huang,  and  M.  Ribaudo. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p  1217-1230,  December  1989.  6  fig,  5  tab,  18  ref. 

Descriptors:  'Erosion  control,  'Farm  income, 
•Groundwater  quality,  'Nonpoint  pollution 
sources,  'Path  of  pollutants,  'Soil  erosion,  *Sur- 
face-groundwater  relations,  Crop  rotation,  Leach- 
ing, Linear  programming,  Model  studies,  Pesti- 
cides, Tillage,  Water  pollution,  Water  quality. 

The  potential  surface  water  and  groundwater  qual- 
ity tradeoff  implications  from  the  nonpoint  source 
provisions  of  the  1987  Water  Quality  Act  are  in- 
vestigated using  a  national  linear  programming 
model  developed  at  Iowa  State  University  and 
modified  by  the  Economic  Research  Service  and 
the  Leaching  Evaluation  of  Agricultural  Chemi- 
cals (LEACH)  Handbook  developed  by  the  U.S. 
Environmental  Protection  Agency.  The  linear  pro- 
gramming model  is  used  to  maximize  net  farm 
revenue  using  optimal  combinations  of  crop  rota- 
tions and  tillage  practices  for  each  region  of  the 
U.S.  given  natural  resource  constraints.  The 
LEACH  handbook  is  used  to  determine  the  rela- 
tive potential  for  pesticides  to  leach  below  the  root 
zone  for  different  soil  types,  hydrologic  conditions, 
pesticides  used,  and  tillage  practices.  The  results 
indicate  that  imposing  a  surface  water  quality  ero- 
sion constraint  aimed  at  reducing  sediment  concen- 
trations results  in  a  larger  decrease  in  farm  income 
than  imposing  a  uniform  5  ton  per  acre  per  year 
erosion  constraint.  Both  constraints  could  result  in 
regional  improvement  in  groundwater  quality  in 
some  regions  of  the  country  while  decreasing 
groundwater  quality  in  other  regions.  (Author's 
abstract) 
W90-07211 


RESULTS  OF  BIOLOGICAL  INVESTIGA- 
TIONS FROM  THE  LOWER  VIRGIN  RIVER 
VEGETATION  MANAGEMENT  STUDY. 

Bureau  of  Reclamation,  Boulder  City,  NV.  Lower 

Colorado  Region. 

M.  J.  Kasprzyk,  and  G.  L.  Bryant. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  PB90- 190521. 

Price  codes:  A05  in  paper  copy,  A01  in  microfiche. 

Report  No.  REC-ERC-89-2,  March  1989.  75p,  25 

fig,  17  tab,  90  ref. 

Descriptors:  *Biological  studies,  'Ecosystems, 
•Phreatophytes,  *Riparian  vegetation,  'Tamarisk 
trees,  'Virgin  River,  'Wildlife  management,  Birds, 
Nevada,  Revegetation,  Rodents,  Seasonal  varia- 
tion, Water  birds,  Wildlife  habitats. 

The  exotic  salt  cedar  (Tamarix  chinensis)  has  been 
identified  as  a  widespread,  dominant  phreatophyte 
along  many  riparian  flood  plains  in  the  Western 
States.  Many  problems  have  been  documented  as  a 
result  of  the  invasion  by  salt  cedar  including  ex- 
tremely high  water  consumption,  tendency  to  con- 
centrate salts,  acting  as  a  flood  stream  impediment, 
and  providing  poor  wildlife  habitat.  In  1982,  the 
Lower  Virgin  River  (Nevada)  Vegetation  Manage- 
ment Study  was  initiated  to  determine  if  clearing 
phreatophyte  vegetation  and  planting  less  water 
consumptive  species  would  result  in  measurable 
water  savings.  From  June  1982  to  December  1983, 
the  value  of  salt  cedar  habitat  for  wildlife  was 
assessed  on  a  600-acre  study  site  along  the  Lower 
Virgin  River  in  Nevada.  Vegetation  characteristics 
in  the  salt  cedar  study  area  are  best  described  as  a 
monotypic  growth  of  bushy,  multistemmed  trees 
possessing  little  foliage  volume  above  10  ft  and 
with  moderately  dense  foliage  volume  at  the  6-inch 
to  2-foot  level.   Permanent   resident  bird  species 


such  as  the  Song  Sparrow,  Bewick's  Wren,  and 
Aberts'  Towhee  occurred  at  higher  densities 
throughout  all  months  of  the  year  than  the  mi- 
grant, summer  breeding,  or  wintering  species.  Bird 
densities  in  salt  cedar  were  substantially  lower 
when  compared  to  densities  found  in  similar  stud- 
ies of  native  riparian  habitat.  An  increase  in  marsh 
vegetation  within  the  salt  cedar  habitat  in  1983 
enhanced  wetland  bird  species  densities.  Of  the 
seven  species  of  rodents  trapped  in  salt  cedar, 
House  Mouse  and  Western  Harvest  Mouse  oc- 
curred at  the  highest  densities.  Detailed  recom- 
mendations for  maximizing  successful  revegetation 
plans  were  based  on  prior  studies  of  native  plants 
and  agricultural  crops.  (Author's  abstract) 
W90-07481 


CAPITAL  LAKE  FINAL  REPORT. 

South  Dakota  Dept.  of  Water  and  Natural  Re- 
sources, Pierre. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-209167. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  prepared  for  U.S.  Environmental  Protec- 
tion Agency,  Denver,  CO,  October  1985.  34p,  1 
fig,  5  tab,  14  ref,  2  append.  EPA  Grant  S008307- 
01. 

Descriptors:  'Bank  protection,  'Capitol  Lake, 
'Erosion  control,  'Riprap,  'Water  quality,  Aquat- 
ic plants,  Dredging,  Nitrogen,  Nutrients,  Phospho- 
rus, Pierre,  South  Dakota,  Suspended  solids,  Wild- 
life habitats. 

Capitol  Lake  is  a  shallow  prairie  lake  located  on 
the  State  Capitol  grounds  in  Pierre,  South  Dakota. 
The  lake  is  a  major  tourist  attraction  in  the  area 
because  of  the  warm  water  artesian  well  flowing 
into  the  lake,  which  contains  natural  gas  ignited  in 
a  perpetual  flame.  Because  of  warm  water  associat- 
ed with  the  well  (34  C),  the  lake  remains  open  in 
the  winter  attracting  large  concentrations  of  water- 
fowl. In  1980  and  1981,  the  shoreline  was  ri- 
prapped  to  reduce  erosion  and  water  level  control 
structures  were  built  to  control  aquatic  macro- 
phytes.  In  1982,  the  lake  was  dredged  increasing 
the  lake's  depth  from  three  feet  to  ten  feet.  A 
monitoring  program  was  initiated  before  the 
project  began,  and  continued  during  and  after  the 
project  was  completed.  Because  of  the  nutrients 
contributed  to  the  lake  from  the  well  and  from 
waterfowl  scats,  a  reduction  in  nutrients  (i.e.,  phos- 
phorus and  nitrogen)  was  not  observed  in  the  lake. 
A  reduction  in  suspended  solids  was  observed  in 
both  the  lake  and  in  the  tributary  to  the  lake  from 
Hilger's  Gulch.  This  positive  impact  should  serve 
to  extend  the  life  of  the  lake.  (Author's  abstract) 
W90-07493 


5.  WATER  QUALITY 
MANAGEMENT  AND 
PROTECTION 

5A.  Identification  Of  Pollutants 


ASPECTS  OF  THE  PHOSPHORUS  CYCLE  IN 

HARTBEESPOORT   DAM   (SOUTH    AFRICA), 

PHOSPHORUS    LOADING    AND    SEASONAL 

DISTRIBUTION   OF  PHOSPHORUS  IN  THE 

RESERVOHi. 

National  Inst,  for  Water  Research,  Pretoria  (South 

Africa). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06585 


SEQUENTIAL  DECISION  PLANS,  BENTHIC 
MACROINVERTEBRATES,  AND  BIOLOGI- 
CAL MONITORING  PROGRAMS. 

California  Univ.,  Berkeley.  Dept.  of  Entomologi- 
cal Sciences. 

J.  K.  Jackson,  and  V.  H.  Resh. 
Environmental  Management  EMNGDC,  Vol.  13, 
No.  4,  p  455-468,  July/August  1989.  2  fig,  9  tab,  43 
ref.  Univ.  of  California  Water  Resources  Project 
UCAL-WRC-W-646. 

Descriptors:  'Bioindicators,  'Data  interpretation, 
•Macroin  vertebrates,       'Mathematical       models, 


•Monitoring,  'Species  diversity,  'Water  quality 
management,  Benthic  fauna,  Mathematical  analy- 
sis, Sequential  decision  plan,  Water  quality  control. 

A  common  obstacle  to  the  inclusion  of  benthic 
macroinvertebrates  in  water  quality  monitoring 
programs  is  that  numerous  sample  units  must  be 
examined  in  order  to  distinguish  between  impacted 
and  unimpacted  conditions,  which  can  add  signifi- 
cantly to  the  total  cost  of  a  monitoring  program. 
Sequential  decision  plans  can  be  used  to  reduce 
this  cost  because  the  number  of  sample  units 
needed  to  classify  a  site  as  impacted  or  unimpacted 
is  reduced  by  an  average  of  50%.  A  plan  is  created 
using  definitions  of  unimpacted  and  impacted  con- 
ditions, a  description  of  the  mathematical  distribu- 
tion of  the  data,  and  definitions  of  acceptable  risks 
and  type  I  and  type  II  errors.  The  applicability  of 
using  sequential  decision  plans  and  benthic  ma- 
croinvertebrates in  water  quality  monitoring  pro- 
grams is  illustrated  with  several  examples  (e.g., 
identifying  moderate  and  extreme  changes  in  spe- 
cies richness  in  response  to  acid  mine  drainage; 
assessing  the  impact  of  a  crude  oil  contamination 
on  the  density  of  two  benthic  populations;  moni- 
toring the  effect  of  geothermal  effluents  on  species 
diversity).  These  examples  use  data  conforming  to 
the  negative  binomial,  Poisson,  and  normal  distri- 
butions and  define  impact  as  changes  in  population 
density,  species  richness,  or  species  diversity  based 
on  empirical  data  or  the  economic  feasibility  of  the 
sequential  decision  plan.  All  mathematical  formu- 
lae and  intermediate  values  are  provided  for  the 
step-by-step  calculation  of  each  sequential  decision 
plan.  (Author's  abstract) 
W90-06609 


HEAVY  METAL  DETECTION  IN  THE  SEDI- 
MENT-WATER COMPONENTS  OF  THE  SADO 
ESTUARY  BY  MULTIELEMENTAL  ANALY- 
SIS. 

Laboratorio  Nacional  de  Engenharia  e  Tecnologia 

Industrial,  Lisbon  (Portugal). 

M.  M.  Bordalo  Costa,  and  M.  C.  Peneda. 

Environmental    Technology    Letters    ETLEDB, 

Vol.  10,  No.  7,  p  697-705,  July  1989.  4  fig,  2  tab,  8 

ref. 

Descriptors:  'Heavy  metals,  'Path  of  pollutants, 
•Pollutant  identification,  'Sado  Estuary,  'Sedi- 
ment-water interfaces,  Chemical  analysis,  Environ- 
mental impact,  Estuaries,  Estuarine  sediments, 
Sediment  contamination. 

The  complex  dynamic  process  that  controls  trace 
metals  distribution  in  estuarine  sediments  is  linked 
to  the  physical  and  geochemical  characteristics  of 
each  estuary.  When  the  polluted  areas  impact  upon 
human  activities,  these  trace  metals  and  other  pol- 
lutants must  be  monitored  carefully.  Heavy  metals 
were  analyzed  in  the  sediments  and  waters  of  Sado 
Estuary  to  estimate  the  potential  environmental 
impact  of  industrial  and  urban  discharge  into  the 
north  channel  of  the  estuary.  Chromium,  iron, 
nickel,  copper,  zinc,  molybdenum,  arsenic,  gallium, 
mercury,  and  lead  were  determined  in  bottom 
waters  and  in  surface  sediments  of  the  estuary  by 
the  PIXE  method.  A  proton  beam  induced  by  a 
two  megavolt  Van  de  Graaff  accelerator  and  sub- 
sequent X-ray  emission  was  used.  Sediment  con- 
centration factors  were  evaluated  and  geographical 
distribution  of  some  elements  in  the  estuary  was 
shown.  These  factors  reflect  the  biological  avail- 
ability of  each  of  these  elements,  and  the  potential 
silt/clay  sediment  enrichment.  The  PIXE  method 
is  sensitive,  rapid  and  reliable  for  trace  metals 
evaluation  of  environmental  samples.  A  continuous 
monitoring  program  to  assess  the  degree  of  metal 
pollution  in  the  estuary  would  allow  for  the  pro- 
posal of  remedial  measures  to  minimize  damaging 
effects.  (Brunone-PTT) 
W90-O6620 


MONITORING  OF  WATER  QUALITY:  SEA- 
SONAL VARIATIONS  OF  HEAVY  METALS  IN 
SEDIMENT,  SUSPENDED  PARTICULATE 
MATTER  AND  TUBIFICIDS  OF  THE  ELBE 
RIVER. 

Hamburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Hy- 
drobiologie  und  Fischereiwissenschaft. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Identification  Of  Pollutants — Group  5A 


For  primary  bibliographic  entry  see  Field  5B. 
W90-06626 


MULTIPHASE  AND  MULTICOMPOUND 
MEASUREMENTS  OF  BATCH  EQUILIBRIUM 
DISTRIBUTION  COEFFICIENTS  FOR  SIX 
VOLATTLE  ORGANIC  COMPOUNDS. 

Wisconsin  Univ. -Madison.  Dept.  of  Civil  and  En- 
vironmental Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06628 


FDLTRATION  OF  GROUND  WATER  SAMPLES 
FOR  METALS  ANALYSIS. 

Robert   S.    Kerr   Environmental   Research   Lab., 

Ada,  OK. 

R.  W.  Puis,  and  M.  J.  Barcelona. 

Hazardous     Waste     and     Hazardous     Materials 

HWHME2,  Vol.  6,  No.  4,  p  385-393,  Fall  1989.  2 

fig,  5  tab,  28  ref. 

Descriptors:  'Filtration,  *Groundwater  pollution, 
•Heavy  metals,  'Pollutant  identification,  'Sam- 
pling, 'Water  analysis,  Aquifers,  Iron,  Path  of 
pollutants. 

The  attachment  or  incorporation  of  contaminants 
to  suspended  particulates  has  been  proposed  as  a 
possible  transport  mechanism  in  groundwater.  The 
filtration  of  groundwater  samples  with  0.45  mi- 
crometer filters  for  the  determination  of  dissolved 
metals  is  not  only  inaccurate  for  distinguishing 
between  dissolved  and  particulate  phases,  but  if 
used  for  estimates  of  mobile  contaminant  loading  in 
a  given  aquifer,  may  result  in  significant  underesti- 
mation. Assumptions  concerning  assessments  of 
colloidal  mobility  are  that  the  bladder  pump,  with 
its  low  flow  rate,  permits  only  naturally  suspended 
particulates  to  be  pumped  to  the  surface.  While 
concentration  differences  due  to  different  filter 
pore  sizes  were  generally  not  striking,  differences 
between  those  samples  collected  in  air  and  under 
nitrogen  were  significant  in  wells  high  in  iron  and 
with  low  pH.  These  inaccuracies  make  determina- 
tion of  potential  heavy  metal  pollution  difficult. 
(Brunone-PTT) 
W90-06629 


INDUCTION  OF  MICRONUCLEI  IN  GDLL 
TISSUE  OF  MYITLUS  GALLOPROVTNCIALIS 
EXPOSED  TO  POLLUTED  MARINE  WATERS. 

Pisa  Univ.  (Italy).  Dipt,  di  Scienze  dell'Ambiente  e 

del  Territorio. 

R.  Scarpato,  L.  Migliore,  G.  Alfinito-Cognetti,  and 

R.  Barale. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

2,  p  74-80,  February   1990.  6  fig,  3  tab,  37  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Marine 
environment,  'Mussels,  'Mutagenicity,  'Pollutant 
identification,  Bioaccumulation. 

Aquatic  pollution  results  from  different  sources  of 
contamination,  principally  due  to  human  techno- 
logical activities.  Large  quantities  of  chemicals  are 
discharged  daily  into  marine  environments  by  in- 
dustrial and  domestic  effluents.  The  micronucleus 
assay  in  gill  tissue  of  the  mussel  Mytilus  gallopro- 
vincialis  has  been  developed  in  our  laboratory  to 
assess  the  mutagenic  activity  of  compounds  present 
in  marine  environments.  These  mussels  are  easily 
able  to  accumulate  and  concentrate  chemical  pol- 
lutants in  their  tissues.  The  sensitivity  of  the  test 
was  assessed  by  performing  mutagenic  treatment 
for  48  hours  with  the  two  standard  compounds 
vincristine  (VCR)  (0.005,  0.01,  0.02  mg/L),  and 
benzo(a)pyrene  (BaP)(0.25,  0.075,0.225,  0.675  mg/ 
L).  Since  both  tested  chemicals  produced  signifi- 
cant increases  in  the  number  of  micronucleated 
cells,  animals  were  directly  exposed  to  marine 
waters:  mussels  grown  in  clean  water  (control 
sample)  were  transferred  to  polluted  areas  and  then 
collected  weekly.  Micronuclei  frequencies  of  sam- 
pled mussels  were  significantly  higher  than  the 
value  of  the  control  group.  In  situ  assays,  using 
mussels  from  a  different  location,  would  allow  for 
the  monitoring  of  marine  sites  in  which  mussels 
may  not  grow  spontaneously  and  for  a  comparison 
of  mutagenic  activity  in  many  different  environ- 
ments. (Author's  abstract) 


W90-06643 

FACTORS  INFLUENCING  THE  UPTAKE  OF 
TECHNETIUM  BY  THE  BROWN  ALGA 
FUCUS  SERRATUS. 

Institut  Royal  des  Sciences  Naturelles  de  Belgique, 

Brussels. 

D.  van  der  Ben,  M.  Cogneau,  V.  Robbrecht,  G. 

Nuyts,  and  A.  Bossus. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

2,  p  84-86,  February   1990.  4  fig,   10  ref.  CEC 

Contract  Nr.  B16-0049-B. 

Descriptors:  'Algal  growth,  'Bioaccumulation, 
•Bioindicators,  'Fucus,  'Radioactive  wastes, 
•Technetium  radioisotopes,  Chromatography, 
Temperature. 

The  brown  alga  Fucus  serratus  and  other  Fucales 
are  considered  good  bioindicators  of  radioactive 
contamination  by  technetium.  However,  little  in- 
formation exists  on  the  main  factors  which  affect 
uptake  of  this  radionuclide  by  marine  macroalgae. 
Various  experiments  on  F.  serratus,  under  light,  in 
darkness,  at  two  different  temperatures  (4  and  20 
C)  and  after  heat-inactivation,  suggest  that  the 
accumulation  of  technetium  is  a  physiologically 
controlled  process.  This  hypothesis  is  supported  by 
chromatographic  analyses  of  algal  extracts,  in 
which  the  proportion  of  technetium  bound  to  or- 
ganic molecules  was  found  to  be  higher  under  light 
than  in  darkness  or  at  4  C.  (Author's  abstract) 
W90-06645 


PESTICIDES  AND  PCBS  IN  SOUTH  CAROLI- 
NA ESTUARIES. 
Fluor  Daniel,  Greenville,  SC. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06648 


IDENTIFYING  TOXICANTS:  NETAC'S  TOXIC- 
rTY-BASED  APPROACH. 

National  Effluent  Toxicity  Assessment  Center, 
Duluth,  MN. 

L.  P.  Burkhard  and,  and  G.  T.  Ankley. 
Environmental        Science        and        Technology 
ESTHAG,  Vol  23,  No.  12,  p  1438-1443,  December 
1989.  3  fig,  1  tab,  22  ref. 

Descriptors:  'Pollutant  identificaiton,  'Water  qual- 
ity standards,  'Administrative  agencies,  'Toxicol- 
ogy, 'Water  pollution  control,  'Toxicity,  Ef- 
fluents, Water  law,  Permits. 

Title  IV  of  the  Federal  Water  Pollution  Control 
Act  of  1972  describes  the  National  Pollutant  Dis- 
charge Elimination  System  (NPDES),  which  en- 
ables chemical  and  toxicity  limits  to  be  set  for 
effluents  from  point-source  dischargers.  This  is 
done  through  permit  programs  administered  either 
by  the  EPA  or  authorized  state  agencies.  In  1984 
the  EPA  recommended  an  integrated  approach  to 
NPDES  permit  policy  featuring  the  use  of  whole- 
effluent  toxicity  tests  combined  with  chemical-spe- 
cific analyses.  This  is  currently  the  best  approach 
for  requiring  and  ensuring  compliance  with  the 
Clean  Water  Act,  but  an  integral  part  of  the  Toxic- 
ity Reduction  Evaluations  (TREs)  is  the  Toxicity 
Identification  Evaluation  (TIE).  The  goal  of  any 
TIE  method  is  to  identify  quickly  and  cheaply 
those  chemicals  causing  toxicity.  For  a  TIE 
method  to  be  successful,  it  must  be  able  to  resolve 
all  of  the  analytical  and  toxicological  problems 
posed  by  effluents.  The  concentration-response 
curve  for  the  toxicants  must  be  understood,  includ- 
ing the  influences  of  the  effluents  matrix  on  the 
toxicants  and  synergistic  and  antagonistic  interac- 
tions among  toxicants.  The  chemical-specific  ap- 
proach expands  the  priority  pollutant  monitoring 
method,  but  appears  to  be  somewhat  impractical 
for  performing  cost-effective  TIEs.  The  toxicity- 
based  approach  separates  the  toxicants  from  the 
nontoxic  components  in  the  effluent  prior  to  per- 
forming instrumental  analyses.  One  shortcoming  of 
the  conventional  TIE  approach  is  that  no  direct 
relationship  exists  between  the  toxicants  and  the 
results  of  the  analytical  methods.  The  EPA's  Na- 
tional Effluent  Toxicity  Assessment  Center 
(NET AC)  has  recently  developed  TIE  approaches 
which   avoid   some   of  the   analytical   problems. 


These  procedures  were  developed  over  the  past 
three  years  for  performing  TIEs  on  acutely  toxic 
chemicals.  NETAC's  TIE  approach  consists  of 
three  phases-toxicant  characterization,  toxicant 
identification,  and  toxicant  confirmation.  These 
TIE  methods  can  be  applied  to  river  and  lake 
waters,  sediment  interstitial  waters,  and  leachates 
from  solid-waste  sites,  but  are  not  useful  for  identi- 
fying chronically  toxic  compounds.  (Male-PTT) 
W90-06662 


LOW-COST,  PORTABLE  FLOW  CYTOMETER 
SPECIFICALLY  DESIGNED  FOR  PHYTO- 
PLANKTON  ANALYSIS. 

University   of  Strathclyde,    Glasgow   (Scotland). 

Dept.  of  Applied  Physics. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-06676 


DEVELOPMENT  OF  THE  REVISED  DRINK- 
ING WATER  STANDARD  FOR  CHROMIUM. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Drinking  Water. 

For  primary   bibliographic   entry   see   Field   5G 

W90-06698 


ELIMINATION  OF  PENTACHLOROPHENOL 
POLLUTION  FROM  THE  FORTH  CATCH- 
MENT. 

D.  Campbell,  and  I.  M.  Ridgway. 
Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  599-603,  De- 
cember 1989.  4  fig,  1  tab,  13  ref. 

Descriptors:  'Fungicides,  'Pentachlorophenol, 
♦Phenols,  'Water  pollution  control,  'Water  pollu- 
tion sources,  Forth  River,  Pulp  and  paper  industry, 
Scotland. 

Following  adoption  of  the  European  Communities 
Directive  86/280/EEC,  three  major  point  sources 
of  pentachlorophenol  (PCP)  were  identified  in  the 
Forth  River  catchment.  At  least  one  of  these  was 
known  to  be  causing  serious  water  pollution. 
While  methods  to  determine  low  concentrations  of 
PCP  in  the  environment  were  being  developed, 
discussions  were  held  with  the  dischargers  on 
ways  to  eliminate  PCP  from  their  effluent.  Despite 
the  additional  costs  involved,  agreement  was 
reached  on  the  substitution  of  alternative,  biode- 
gradable fungicides.  Although  these  major  pollut- 
ing discharges  of  PCP  have  now  been  eliminated, 
background  levels  of  PCP  found  in  rivers  in  the 
Forth  River  Purification  Board's  area  show  that 
other  minor  sources  of  PCP  remain,  indicative  of 
the  widespread  use  of  this  powerful  and  persistent 
fungicide.  (Author's  abstract) 
W90-06720 


TRACE-LEVEL  ANALYSIS  OF  PHTHALATE 
ESTERS  IN  SURFACE  WATER  AND  SUS- 
PENDED PARTICULATE  MATTER  BY 
MEANS  OF  CAPILLARY  GAS  CHROMATOG- 
RAPHY WITH  ELECTRON-CAPTURE  AND 
MASS-SELECTIVE  DETECTION. 
Rijkswaterstaat,  Haren  (Netherlands).  Tidal 
Waters  Div. 

R.  Ritsema,  W.  P.  Cofino,  P.  C.  M.  Frintrop,  and 
U.  A.  T.  Brinkman. 

Chemosphere  CMSHAF,  Vol.  18,  No.  11/12,  p 
2161-2175,  1989.  7  fig,  4  tab,  28  ref. 

Descriptors:  'Esters,  'Gas  chromatography, 
'Phthalates,  'Pollutant  identification,  'Sample 
preservation,  'Suspended  solids,  Biodegradation, 
Particulate  matter. 

A  procedure  for  the  determination  of  six  phthalate 
esters  (PEs)  in  water  and  suspended  particulate 
matter  involves  a  liquid-solid  extraction  followed 
by  gas  chromatography-mass  selective  detection 
for  dissolved  PEs,  and  an  acetone/hexane  extrac- 
tion followed  by  gas  chromatography-mass  selec- 
tive detection  for  PEs  in  suspended  particulate 
matter.  The  time  needed  to  isolate  PEs  from  the 
matrix  is  1  hr  for  the  water  samples  and  0.5  hr  for 
the  suspended  particulate  matter  samples.  Using  a 
solid-phase  extraction,  method  detection  limits  of 
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0.01  to  0.1  microgm/L  could  be  achieved,  while 
method  detection  limits  in  suspended  particulate 
matter,  using  a  simple  extraction,  were  0.01  to  1 
mg/kg.  The  biodegradation  of  PEs  in  water  was 
investigated  during  10  days  at  4  and  20  C.  PEs 
were  measured  in  extracts  from  river  Rhine  and 
Lake  Yssel  water  and  suspended  particulate  matter 
samples  by  means  of  gas  chromatography  with 
electron-capture  and  mass-selective  detection.  Be- 
cause of  its  superior  selectivity,  the  mass-selective 
detection  is  recommended  for  the  determination  of 
PEs  in  environmental  samples.  A  continuous  cen- 
trifuge is  needed  for  sampling  to  prevent  contami- 
nation from  PEs  originating  from  the  filters.  Water 
samples  should  be  stored  at  4  C,  in  order  to  pre- 
vent rapid  biodegradation  of  the  PEs,  and  analysis 
should  take  place  within  1  week.  Suspended  partic- 
ulate matter  samples  should  be  stored  at  -18  C,  and 
can  then  be  kept  for  at  least  1  week,  but  probably 
much  longer  because  biodegradation  occurs 
mainly  in  the  water  phase.  (Geiger-PTT) 
W90-06747 


CHEMICAL  STABILITY  OF  THE  MUTAGENS 

3-CHLORO-4-(DICHLOROMETHYL)-5- 

HYDROXY-2(5H)-FURANONE  (MX)  AND  E-2- 

CHLORO-3-(DICHLOROMETHYL)-4-OXO- 

BUTENOIC  ACID  (E-MX). 

Abo  Akademi,  Turku  (Finland). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06748 


DISTRIBUTION  AND  FATE  OF  HALOGENAT- 
ED  ORGANIC  SUBSTANCES  IN  AN  ANOXIC 
MARINE  ENVIRONMENT. 

Chalmers  Univ.  of  Technology,  Goeteborg 
(Sweden).  Dept.  of  Analytical  and  Marine  Chemis- 
try. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06749 


METHOD   FOR   THE   DETERMINATION   OF 
2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN 
IN     PROCESSED    WASTEWATER     AT    THE 
PARTS  PER  QUADRILLION  LEVEL. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 
Sciences  Research  Lab. 

N.  H.  Mahle,  L.  L.  Lamparski,  and  T.  J.  Nestrick. 
Chemosphere  CMSHAF,  Vol.   18,  No.   11/12,  p 
2257-2261,  1989.  2  tab,  13  ref. 

Descriptors:  'Chemical  analysis,  'Dioxins,  'Gas 
chromatography,  'Industrial  wastewater,  'Pollut- 
ant identification,  'Wastewater  analysis,  Mass 
spectrometry. 

The  isomer  specific  determination  of  low  level, 
parts  per  quadrillion  (PPQ),  2,3,7,8-tetrachlorodi- 
benzo-p-dioxin  (2,3,7,8-TCDD)  in  processed  indus- 
trial wastewater  is  accomplished  by  filtration, 
Soxhlet-Dean-Stark  extraction,  and  a  two  step  ad- 
sorbent cleanup  (silica/sulfuric  acid  and  alumina). 
Identification  and  quantitation  are  via  a  smectic 
liquid  crystal  gas  chromatography  capillary 
column  and  low  resolution  mass  spectrometry.  The 
limit  of  detection  is  approximately  1  to  2  PPQ  with 
an  average  C13-labelled-2,3,7,8-TCDD  recovery 
of  77%  beginning  with  an  approximate  4  kg 
wastewater  sample.  The  use  of  a  high  surface  area, 
basic  alumina  adsorbent  cleanup  step  allows 
2,3,7,8-TCDD  to  elute  after  all  the  other  TCDD 
isomers.  The  smectic  liquid  crystal  gas  chromatog- 
raphy column  further  ensures  that  2,3,7,8-TCDD 
will  not  be  interfered  with  by  other  TCDD  iso- 
mers. (Geiger-PTT) 
W90-06750 


PRELIMINARY  REPORT  ON  THE  ATRAZINE 
AND  MOLINATE  WATER  SUPPLY  CONTAMI- 
NATED IN  ITALY. 

Istituto  Superiore  di  Sanita,  Rome  (Italy).  Lab.  di 

Igiene  Ambientale. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06751 


STREAM     LEVELS     OF     AGRICHEMICALS 
DURING  A  SPRING  DISCHARGE  EVENT. 

Nebraska     Univ.,     Lincoln.     Conservation     and 


Survey  Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06752 


ACUTE  TOXICITY  OF  DISPERSED  FRESH 
AND  WEATHERED  CRUDE  OIL  AND  DIS- 
PERSANTS  TO  DAPHNIA  MAGNA. 

Toronto  Univ.  (Ontario).  Inst,  for  Environmental 

Studies. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06753 


POTENTIAL  UNDERESTIMATION  OF 
CHLORINATED  HYDROCARBON  CONCEN- 
TRATIONS IN  FRESH  WATER. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
R.  J.  Maguire,  and  R.  J.  Tkacz. 
Chemosphere  CMSHAF,  Vol.  19,  No.  8/9,  p  1277- 
1287,  1989.  3  tab,  25  ref. 

Descriptors:  'Aldrin,  'Chlorinated  hydrocarbons, 
•DDT,  'Pollutant  identification,  'Polychlorinated 
biphenyls,  'Water  analysis,  Hydrogen  ion  concen- 
tration, Niagara  River,  Suspended  solids. 

Significant  concentrations  of  polychlorinated  bi- 
phenyls (PCBs)  and  other  chlorinated  hydrocar- 
bons have  been  found  in  dichloromethane  extracts 
of  filtered  Canadian  Niagara  River  water  at  pH  12 
after  the  water  had  been  thoroughly  extracted  at 
pH  1.  In  samples  from  43  dates  in  1985/86,  the 
contribution  of  the  basic  extract  to  the  total  con- 
centration derived  from  acidic,  basic  and  suspend- 
ed solids  extracts  ranged  from  0%  for  3 1  of  these 
chemicals  to  100%  for  PCBs  15,  114,  and  201, 
aldrin  and  p,p'-DDT.  When  the  sums  of  concentra- 
tions of  each  chemical  found  in  Niagara  River 
water  in  the  acidic,  basic  and  suspended  solids 
extracts  over  the  43  sampling  dates  were  them- 
selves summed,  the  basic  fraction  contributed  40% 
to  the  total  concentrations  of  all  chemicals,  and 
48%  if  only  PCBs  were  considered.  Experiments 
with  water  from  another  source  showed  that  some 
PCBs  were  recovered  in  dichloromethane  extracts 
of  basic  filtered  water  which  had  previously  been 
thoroughly  extracted  under  either  acidic  or  neutral 
conditions.  These  results  indicate  that  concentra- 
tions of  chlorinated  hydrocarbons  in  Niagara  River 
water  determined  by  extraction  solely  at  neutral 
pH,  the  usual  technique,  may  be  underestimated. 
This  finding,  which  may  have  general  applicability 
to  fresh  waters,  may  be  the  result  of  a  strong 
association  between  a  fraction  of  the  dissolved 
lipophilic  chemicals  and  dissolved  organic  matter 
in  fresh  water,  an  association  that  is  resistant  to 
organic  solvent  extraction  at  acidic  or  neutral  pH, 
but  which  is  at  least  partially  disrupted  by  extrac- 
tion at  high  pH.  (Author's  abstract) 
W90-06755 


FUGACTTY  AND  PHASE  DISTRIBUTION  OF 
MIREX  IN  OSWEGO  RIVER  AND  LAKE  ON- 
TARIO WATERS. 

State  Univ.  of  New  York  at  Syracuse.  Coll.  of 

Environmental  Science  and  Forestry. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06756 


DISTRIBUTION  OF  ALIPHATIC,  AROMATIC 
AND  CHLORINATED  HYDROCARBONS  IN 
MUSSELS  FROM  THE  SPANISH  ATLANTIC 
COAST  (GALICIA):  AN  ASSESSMENT  OF  POL- 
LUTION PARAMETERS. 

Institute    de    Quimica    Bio-Organica,    Barcelona 
(Spain).  Dept.  of  Environmental  Chemistry. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06762 


USE  OF  COMPOSITED  SAMPLES  TO  OPTI- 
MIZE THE  MONITORING  OF  ENVIRONMEN- 
TAL TOXINS. 

Jyvaeskylae  Univ.  (Finland).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06764 


PREPARATION  OF  AQUEOUS  MEDIA  FOR 
AQUATIC  TOXICITY  TESTING  OF  OILS  AND 


OIL-BASED  PRODUCTS:  A  REVIEW  OF  THE 
PUBLISHED  LITERATURE. 

Shell  Research  Ltd.,  Sittingbourne  (England).  Sit- 

tingbourne  Research  Centre. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06766 


BENTHIC  INVERTEBRATE  BIOASSAYS 
WITH  TOXIC  SEDIMENT  AND  PORE  WATER. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 

J.  P.  Giesy,  C.  J.  Rosiu,  R.  L.  Graney,  and  M.  G. 
Henry. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  233-248,  1990.  7  fig,  7 
tab,  69  ref.  EPA  Contract  DL85-002-06. 

Descriptors:  'Bioassay,  'Bioindicators,  'Daphnia, 
•Interstitial  water,  'Mayflies,  'Midges,  'River 
sediments,  'Toxicity,  Benthic  fauna,  Benthos,  Bio- 
logical studies,  Invertebrates,  Lethal  limit,  Water 
pollution  effects. 

The  relative  sensitivities  of  bioassays  to  determine 
the  toxicity  of  sediments  were  investigated  and 
three  methods  of  making  the  sample  dilutions  re- 
quired to  generate  dose-response  relationships 
were  compared.  The  assays  studied  were:  (l)Mi- 
crotox,  a  1  -min  assay  of  Photobacterium  phosphor- 
eum  bioluminescence  inhibition  by  pore  water;  (2) 
48-hr  Daphnia  magna  lethality  test  in  pore  water; 

(3)  10-day  subchronic  assay  of  lethality  to  and 
reduction  of  weight  gain  by  Chironomus  tentans 
performed  in  either  whole  sediment  or  pore  water; 

(4)  168-hr  acute  lethality  assay  of  Hexagenia  lim- 
bata in  either  whole  sediment  or  pore  water.  The 
three  methods  of  diluting  sediments  were:  (1)  ex- 
tracting pore  water  from  the  toxic  location  and 
dilution  with  pore  water  from  the  control  station; 
(2)  diluting  whole  sediment  from  the  toxic  location 
with  control  whole  sediment  from  a  reference  lo- 
cation, then  extracting  pore  water;  and  (3)  diluting 
toxic,  whole  sediment  with  whole  sediment  from  a 
reference  location,  then  using  the  whole  sediment 
in  bioassays.  Based  on  lethality,  H.  limbata  was  the 
most  sensitive  organism  to  the  toxicity  of  Detroit 
River  sediment.  Lethality  of  D.  magna  in  pore 
water  was  similar  to  that  of  H.  limbata  in  whole 
sediment  and  can  be  used  to  predict  effects  of 
whole  sediment  toxicity  to  H.  limbata.  The  con- 
centration required  to  cause  a  50%  reduction  in  C. 
tentans  growth  (10-day  EC50)  was  approximately 
that  which  caused  50%  lethality  of  D.  magna  (48- 
hr  LC50)  and  was  similar  to  the  toxicity  that 
restricts  benthic  invertebrate  colonization  of  con- 
taminated sediments.  While  the  three  dilution  tech- 
niques gave  similar  results  with  some  assays,  they 
gave  very  different  results  in  other  assays.  The 
dose-response  relationships  determined  by  the 
three  dilution  techniques  would  be  expected  to 
vary  with  sediment,  toxicant  and  bioassay  type, 
and  the  dose-response  relationship  derived  from 
each  technique  needs  to  be  interpreted  according- 
ly. (Author's  abstract) 

W90-06783 


ASSESSMENT  OF  INDUSTRIAL  SEWAGE  IM- 
PACTS BY  ADENYLATE  ENERGY  CHARGE 
MEASUREMENTS  IN  THE  BTVALVE  CERAS- 
TODERMA  EDULE. 

Laboratorio  Nacional  de  Engenharia  e  Tecnologia 

Industrial,  Lisbon  (Portugal).  Dept.  de  Estudos  de 

Impacte  Industrial. 

A.  M.  Picado,  and  Y.  LeGal. 

Ecotoxicology       and       Environmental       Safety 

EESADV,  Vol.  19,  No.  1,  p  1-7,  February  1990.  5 

fig,  1  tab,  15  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Industrial 
wastes,  'Pulp  and  paper  industry,  'Water  pollution 
effects,  Adenylate,  Adenylate  energy  charge,  Mol- 
lusks,  Sado  River. 

Laboratory  toxicity  tests  performed  on  the  bivalve 
Cerastoderma  edule  submitted  to  sublethal  concen- 
trations of  paper  mill  effluent  revealed  significant 
decreases  of  adenylate  energy  charge  (AEC),  and 
changes  in  the  total  adenylate  pool  were  observed 
in  a  24-hr  period  even  for  the  lowest  concentration 
of  pollutant  tested.  Field  transfer  experiments  of  C. 
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edule  from  a  safe  zone  to  polluted  areas  of  the 
Sado  estuary  were  carried  out  at  two  different 
times  of  the  year.  Close  proximity  to  sewage  out- 
fall was  shown  to  result  in  significant  decreases  in 
AEC  values  within  24  hr.  One  week  after  transfer, 
either  normal  AEC  values  were  found  or  the  orga- 
nisms died,  depending  on  the  location  of  the  sam- 
pling station.  (Author's  abstract) 
W9O-06785 


PERFUSED  FISH  GILL  PREPARATION  IN 
STUDIES  OF  THE  BIOAVAnABILITY  OF 
CHEMICALS. 

Uppsala  Univ.  (Sweden).  Dept.  of  Zoophysiology. 
P.  Part. 

Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  19,  No.  1,  p  106-115,  February 
1990.  5  fig,  25  ref. 

Descriptors:  'Bioassay,  'Bioavailability,  •Cadmi- 
um, 'Fish  physiology,  *Toxicology,  'Water  pollu- 
tion effects,  Gills,  Halogenated  phenols,  Hydrogen 
ion  concentration,  Path  of  pollutants,  Trout. 

The  bioavailability  of  chemicals  has  received  con- 
siderable attention  in  aquatic  toxicology,  and  it  is 
generally  agreed  that  information  about  bioavaila- 
bility is  lacking  in  many  situations.  Here  an  experi- 
mental approach  that  can  be  used  to  assess  the 
bioavailability  of  chemicals  to  fish  is  presented. 
The  gills  are  the  primary  uptake  site  of  dissolved 
chemicals  in  fish.  A  perfused  gill  preparation  from 
rainbow  trout  is  described.  The  preparation  allows 
direct  measurements  of  the  absorption  rates  of 
chemicals  across  the  gill  epithelium.  The  use  of  the 
preparation  in  bioavailability  studies  is  exemplified 
by  a  study  of  cadmium  availability  in  different 
water  qualities,  by  the  pH-dependent  absorption  of 
hexavalent  chromium  and  by  a  study  on  the  pH- 
dependent  absorption  of  halogenated  phenols 
across  the  gills.  (Author's  abstract) 
W90-06795 


AQUATIC    SURFACE    MICROLAYER    CON- 
TAMINATION IN  CHESAPEAKE  BAY. 

Battelle  Pacific  Northwest  Labs.,  Sequim,  WA. 

Marine  Research  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
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SURFACE  GEOELECTRICS  FOR  THE  STUDY 
OF  GROUNDWATER  POLLUTION:  SURVEY 
DESIGN. 

Geofyzika  N.E.,  Geologicka,  Barrandov  (Czecho- 
slovakia). 

For  primary  bibliographic  entry  see  Field  7A. 
W90-06892 


GC/MS  IDENITFICATION  OF  MUTAGENS  IN 

AQUEOUS     CHLORINATED     HUMIC    ACTD 

AND     DRINKING     WATERS     FOLLOWING 

HPLC  FRACTIONATION  OF  STRONG  ACID 

EXTRACTS. 

Environmental    Protection    Agency,    Cincinnati, 

OH. 

W.  E.  Coleman,  J.  W.  Munch,  P.  A.  Hodakievic, 

F.  C.  Kopfler,  and  J.  R.  Meier. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  107- 

121,  6  fig,  3  tab,  18  ref. 

Descriptors:  *Chlorination,  'Drinking  water, 
'Humic  acids,  'Mutagenicity,  'Pollutant  identifi- 
cation, 'Water  treatment,  Chemical  analysis,  Dis- 
infection, Dissolved  organic  carbon,  Gas  chroma- 
tography, Mass  spectrometry. 

Many  by-products  from  the  chlorination  of  humic 
acid,  as  a  model  substrate  for  dissolved  organic 
carbon  in  drinking  waters,  have  shown  mutagenic 
activity.  Most  of  the  mutagenic  activity  of  chlorin- 
ated humic  acid  (CHA)  solutions  can  be  traced  to 
the  strong  acid  fraction.  Diethyl  ether  extracts  of 
these  strong  acid  fractions  of  CHA  were  further 
fractionated  using  high-pressure  liquid  chromatog- 
raphy (HPLC)  separation.  Gas  chromatography/ 
mass  spectrometry  (GC/MS)  analyses  using  fused 
silica  capillary  GC  columns  were  performed  on  the 
mutagenic   high-pressure   liquid   chromatography 


(HPLC)  subfractions  of  CHA  and  drinking  water 
samples  of  three  U.S.  cities.  Isolation,  fractiona- 
tion, and  derivatization  techniques  in  conjunction 
with  high  resolution  capillary  column  GC/MS 
analysis  have  proven  to  be  valuable  tools  in  char- 
acterizing mutagenic  activity  in  CHA  solutions 
and  in  drinking  waters.  In  spite  of  improvements  in 
these  chemical  techniques,  it  will  become  neces- 
sary in  future  work  to  use  more  advanced  MS 
techniques  in  order  to  analyze  these  highly  polar 
and  labile  constituents  directly  and  quantitatively. 
The  identification  of  disinfection  by-products  that 
are  important  contributors  to  the  mutagenic  activi- 
ty of  drinking  water  should  provide  a  way  of 
ranking  chemicals  for  further  testing  in  the  more 
expensive  animal  carcinogenesis  bioassays  that  are 
currently  used  to  develop  regulatory  standards  for 
carcinogens.  Results  indicate  that  source  waters 
containing  significant  humic  materials  produce, 
when  chlorinated  under  drinking  water  treatment 
conditions,  many  of  the  same  types  of  mutagenic 
compounds  that  are  found  in  CHA  solutions.  (See 
also  W90-06906)  (Fish-PTT) 
W90-06915 


APPLICATION  OF  CLOSED  LOOP  STRIP- 
PING AND  XAD  RESIN  ADSORPTION  FOR 
THE  DETERMINATION  OF  OZONE  BY- 
PRODUCTS FROM  NATURAL  WATER. 

California  Univ.,  Los  Angeles. 

For  primary  bibliographic  entry  see  Field  5F. 
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MICROBIOLOGY  OF  GRANULAR  ACTIVAT- 
ED CARBON  USED  IN  THE  TREATMENT  OF 
DRINKING  WATER. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Microbi- 
ology. 

G  A.  McFeters,  A.  K.  Camper,  D.  G.  Davies,  S. 
C.  Broadaway,  and  M.  W.  LeChevallier. 
IN:  Biohazards  of  Drinking  Water  Treatment. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  243- 
254,  2  fig,  2  tab,  36  ref.  U.S.  Environmental  Pro- 
tection Agency,  Drinking  Water  Research  Divi- 
sion Grant  No.  CR  810015. 

Descriptors:  'Activated  carbon,  'Bacterial  analy- 
sis, 'Drinking  water,  'Granular  activated  carbon, 
'Microbiological  studies,  'Water  treatment,  Ad- 
sorption, Bacterial  toxins,  Carbon  filters,  Chemical 
wastes,  Chlorine,  Coliforms,  Colonization,  Disin- 
fection, Enteric  bacteria,  Flow  rates,  Heterotro- 
phic bacteria,  Pathogenic  bacteria,  Plankton, 
Water  quality. 

The  increasing  use  of  drinking  water  treatment 
practices  utilizing  activated  carbon  has  prompted 
interest  in  the  microbiology  of  this  material,  since 
the  same  properties  that  make  it  an  ideal  medium 
for  the  adsorption  of  a  wide  range  of  chemicals 
from  drinking  water  also  promote  the  colonization 
and  growth  of  many  types  of  bacteria  on  granular 
activated  carbon  (GAC)  and  powdered  activated 
carbon  (PAC).  A  four-year  study  of  the  microbi- 
ology of  GAC  in  drinking  water  was  performed,  in 
which  treated  water  was  sampled  from  nine  oper- 
ating drinking  water  systems  to  test  for  colonized 
GAC  particles  following  carbon  filtration.  Oper- 
ational variables  were  examined  to  determine  if 
they  could  be  manipulated  to  minimize  bacterial 
breakthrough  or  the  colonization  of  GAC  filters, 
and  the  colonization,  growth,  and  persistence  of 
enteric  pathogenic  bacteria  on  GAC  were  meas- 
ured. It  was  found  that  conventional  enumeration 
procedures  underestimate  GAC-attached  bacterial 
populations.  Heterotrophic  plate  count  (HPC)  and 
coliform  bacteria  colonize  operational  GAC  filters, 
and  populated  particles  are  released  even  from 
properly  maintained  filters.  Penetration  of  populat- 
ed carbon  fines  through  the  treatment  barriers  was 
related  to  increased  flow  rate,  bed  depth  of  GAC 
filters,  and  decreased  applied  water  quality.  GAC- 
attached  bacteria  were  not  susceptible  to  chlorine 
levels  commonly  used  to  disinfect  potable  water. 
Enteric  pathogens  can  colonize  GAC  and  persist 
for  a  varied  amount  of  time  depending  upon  the 
indigenous  HPC  population  present.  GAC-associ- 
ated  coliform  bacteria  exhibit  a  greater  growth  rate 
and  other  physiological  indices  than  their  plank- 
tonic  counterparts.  (See  also  W90-06906)  (Fish- 
PTT) 


W90-06925 

APPLICATION  OF  GENE  PROBES  TO  THE 
DETECTION  OF  ENTEROVIRUSES  IN 
GROUNDWATER. 

Arizona  Univ.,  Tucson.  Dept.  of  Microbiology  and 

Immunology. 

A.  B.  Margolin,  K.  J.  Richardson,  R.  DeLeon,  and 

C.  P.  Gerba. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  265- 

270,  4  tab,  9  ref. 

Descriptors:  'Enteroviruses,  'Genetic  engineering, 
♦Groundwater  pollution,  'Pollutant  identification, 
Assay,  Culturing  techniques,  DNA,  Drinking 
water,  Economic  aspects,  Heat  treatment,  Incuba- 
tion. 

Rapid  and  low-cost  methods  for  the  detection  of 
enteric  viruses  in  water  have  been  sought  by  water 
virologists  for  many  years.  The  currently-used 
assay  system  has  several  drawbacks:  long  incuba- 
tion periods,  the  lack  of  one  cell  line  that  will 
permit  the  replication  of  all  enteric  viruses,  the  fact 
that  some  enteric  viruses  such  as  hepatitus  A  virus 
do  not  exhibit  cytopathogenic  effects  in  cell  cul- 
ture, and  the  high  expense  of  cell  culture.  Current 
advances  in  DNA  technology  using  gene  probes 
now  provide  a  method  for  identifying  the  genes  of 
any  organism,  such  as  enteric  viruses.  Poliovirus 
type  1  and  hepatitus  A  virus  strains  were  grown 
and  assayed.  Two  different  cDNA  probes  were 
used  for  enterovirus  detection.  Prehybridizations 
and  hybridizations  were  carried  out,  then  samples 
were  centrifuged  and  extracted.  Results  showed 
that  poliovirus  and  hepatitis  A  virus  were  detected 
in  seeded  tap  water  with  sensitivities  equal  to  the 
plaque-forming  unit  (PFU)  and  radioimmuno  focus 
assay  (RIFA)  methods.  Beef  extract,  which  was 
used  to  elute  viruses  from  filters,  did  not  seem  to 
interfere  with  the  sensitivity  of  the  assay  nor  did  it 
create  false  positive  results.  Heat  treatment  of  the 
samples  seemed  to  increase  the  sensitivity  of  the 
assay.  The  gene  probe  assay  does  not  first  require 
virus  growth  in  cell  culture,  decreasing  the  assay 
time.  It  also  allows  for  the  detection  of  viruses  that 
may  not  be  infectious,  but  still  retains  their 
genome.  This  test  is  ideal  for  untreated  groundwat- 
er used  for  drinking  water,  because  it  can  screen 
many  samples  in  a  short  time  to  determine  if  virus 
is  present.  The  gene  probe  assay  is  more  rapid  and 
sensitive  than  cell  culture,  and  will  reduce  the  cost 
of  testing  water.  (See  also  W90-06906)  (Fish-PTT) 
W90-06927 


ENVIRONMENTAL  CHEMISTRY  AND  TOXI- 
COLOGY OF  ALUMINUM. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06929 

COORDINATION  CHEMISTRY  AND  SPECIA- 
TION  OF  AL(IID  IN  AQUEOUS  SOLUTION. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Chemistry. 

For  primary  bibliographic  entry  see  Field  7B. 
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SPECIATION  METHOD  FOR  PARTITIONING 
MONONUCLEAR  AND  POLYNUCLEAR  ALU- 
MINUM USING  FERRON. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

P.  M.  Jardine,  and  L.  W.  Zelazny. 
IN:  Environmental  Chemistry  and  Toxicology  of 
Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 
1989.  p  19-40,  11  fig,  5  tab,  53  ref. 

Descriptors:  'Aluminum,  'Chemical  speciation, 
'Geochemistry,  'Nucleation,  'Pollutant  identifica- 
tion, 'Separation  techniques,  'Water  analysis, 
•Water  chemistry,  Chemical  analysis,  Fulvic  acids, 
Kinetics,  Organic  acids,  Organic  compounds,  Sto- 
chastic models. 

Determination  of  the  relative  phytotoxicity  of  the 
various  aluminum  (Al)  forms  to  plants  and  aquatic 
life  requires  accurate  speciation  methods  for  chem- 
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ical  partitioning  of  aqueous  Al  into  its  inorganic 
and  organic,  mononuclear  and  polynuclear  forms. 
A  method  is  introduced  that  eliminates  the  arbi- 
trary separation  of  mononuclear  and  polynuclear 
Al  by  modeling  the  differential  kinetic  reactions  of 
ferron  with  partially  neutralized  inorganic  and  or- 
ganic Al  solutions.  Stock  solutions  were  prepared 
and  preacidified.  Diluted  A1C13  solutions  were  also 
mixed  with  various  quantities  of  NaF  and  known 
quantities  of  various  organic  acids.  Ten-milliliter 
aliquots  of  the  Al  anion  solutions  were  then  partial- 
ly neutralized.  The  slow  rate  of  base  addition  re- 
sulted in  metastable  mixtures  of  mononuclear  and 
polynuclear  Al  with  no  precipitated  Al  or  small 
quantities  of  precipitated  Al.  The  interaction  of 
ferron  with  the  unneutralized  and  partially  neutral- 
ized Al  inorganic  and  organic  solutions,  the  inter- 
action of  Al  with  fulvic  acid,  and  the  fraction  of  Al 
complexed  by  the  various  organic  and  inorganic 
anions  were  investigated.  It  was  concluded  that 
distinction  of  mononuclear  and  polynuclear  Al  in 
solutions  containing  the  various  anions  is  possible 
using  ferron  if  the  ligand  composition  of  the  solu- 
tions is  known.  Arbitrary  separation  of  mononucle- 
ar and  polynuclear  Al  was  avoided  using  a  binary 
species  rate  function  that  accurately  separates  the 
two  forms  of  Al  based  on  differential  kinetic  reac- 
tions with  ferron.  Mononuclear  Al  solutions  were 
modeled  best  with  a  single  second-order  function, 
while  mixed  mononuclear  and  polynuclear  Al  solu- 
tions were  described  with  two  simultaneous 
second-order  reactions.  (See  also  W90-06929) 
(Fish-PTT) 
W90-06931 


STABILITY  OF  ALUMINUM  SPECIES  IN  A 
NATURAL  AUDIT  SAMPLE:  POSSIBLE  AP- 
PLICATION AS  A  QUALITY  CONTROL  SOLU- 
TION. 

Lockheed  Engineering  and  Sciences  Co.,  Inc.,  Las 

Vegas,  NV. 

For  primary  bibliographic  entry  see  Field  5B. 
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CHARACTERIZATION  AND  TREATMENT  OF 
BY-PRODUCT  WATERS  FROM  SELECTED 
Ott  SHALE  RETORTING  TESTS. 

University  of  Wyoming  Research  Corp.,  Laramie. 

Western  Research  Inst. 

For   primary   bibliographic   entry   see   Field    5D. 
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ENVIRONMENTAL  INFLUENCE  OF  A  VOL- 
CANIC PLUME,  A  NEW  TECHNIQUE  OF 
STUDY,  MOUNT  ETNA,  SICILY. 

Luton  Coll.  of  Higher  Education  (England).  Dept. 

of  Science. 

G.  Notcutt ,  and  F.  B.  M.  Davies. 

Environmental     Geology     and    Water    Sciences 

EGWSEI,  Vol.  14,  No.  3,  p  209-212,  November/ 

December  1989.  2  fig,  10  ref. 

Descriptors:  'Bioindicators,  'Heavy  metals,  'Li- 
chens, *Mt  Etna,  'Plumes,  'Trace  elements,  'Vol- 
canoes, Acid  rain,  Rainfall,  Sampling. 

Detailed  study  of  the  chemistry  of  volcanic  plume 
has  previously  been  hindered  by  the  difficulties  of 
sampling,  particularly  if  data  of  trace  elements  are 
required.  In  an  attempt  to  overcome  this  problem 
and  to  learn  about  the  regional  effects  of  the  plume 
of  Mt.  Etna,  it  was  decided  to  investigate  whether 
lichens,  which  are  used  as  indicators  of  aerial  pol- 
lution, would  be  suitable  for  this  type  of  study. 
Samples  collected  from  the  slopes  of  Etna  were 
assayed,  mainly  for  heavy  metals.  The  results  show 
that  this  technique  has  great  potential,  that  lichens 
can  be  used  to  determine  semiquantitative^  the 
minor  and  trace  element  composition  of  the  plume, 
and  that  they  can  detect  the  influence  of  the  plume 
on  the  chemistry  of  local  rainfall.  (Author's  ab- 
stract) 
W90-06965 


DILUTION  MIXING  ESTIMATES  OF  TRACE 
METAL  CONCENTRATIONS  IN  SUSPENDED 
SEDIMENTS. 

Maryland  Univ.,  College  Park.  Dept.  of  Geogra- 
phy. 


W.  A.  Marcus. 

Environmental  Geology  and  Water  Sciences 
EGWSEI,  Vol.  14,  No.  3,  p  213-219,  February 
1989.  5  fig,  2  tab,  20  ref. 

Descriptors:  'Estimating  equations,  'Monitoring, 
•Path  of  pollutants,  'Pollution  load,  'Sediment 
discharge,  'Suspended  sediments,  'Trace  metals, 
Channels,  Model  studies. 

Dilution  mixing  equations,  at  first  glance,  appear  to 
provide  an  easy  and  useful  approach  for  estimating 
pollutant  loads  in  sediments  of  unmonitored  stream 
channels.  Results  from  Left  Hand  Creek,  Colora- 
do, however,  indicate  that  only  under  proper  cir- 
cumstances can  dilution  mixing  models  be  used  to 
estimate  suspended  metal  concentrations  in  unmon- 
itored channels  with  any  accuracy.  The  utility  of 
this  technique  is  severely  limited  by  errors  at  moni- 
tored sites  in  measuring  metal  concentrations 
within  sediments  and  sediment  discharge.  Specifi- 
cally, three  general  constraints  must  be  met  before 
making  dilution  mixing  estimates  of  unmonitored 
concentrations:  (1)  estimated  sediment  discharges 
in  an  unmonitored  tributary  should  be  at  least  30 
percent  of  that  in  the  main  channel  below  the 
confluence;  (2)  there  must  be  a  significant  differ- 
ence between  the  estimated  or  monitored  metal 
load  in  the  channel  below  the  confluence  and  the 
metal  loads  of  the  upstream  channels;  and  (3) 
travel  times  between  the  monitoring  sites  must  be 
incorporated  within  the  calculations.  (Author's  ab- 
stract) 
W90-06966 


DETERMINATION    OF   TRACE   LEVELS   OF 
HERBICIDES    AND    THEIR    DEGRADATION 
PRODUCTS    IN    SURFACE    AND    GROUND 
WATERS  BY  GAS  CHROMATOGRAPHY/ION- 
TRAP  MASS  SPECTROMETRY. 
Geological  Survey,  Denver,  CO. 
W.  E.  Pereira,  C.  E.  Rostad,  and  T.  J.  Leiker. 
Analytica  Chimica  Acta  ACACAM,  Vol.  228,  No. 
1,  p  69-75,  January  1,  1990.  2  fig,  2  tab,  23  ref. 

Descriptors:  'Gas  chromatography,  'Herbicides, 
•Mass  spectrometry,  'Pollutant  identification, 
'Water  analysis,  Gas  chromatography/ion-trap 
mass  spectro,  Mississippi  River,  Trace  levels. 

A  rapid,  specific  and  highly  sensitive  method  is 
described  for  the  determination  of  several  com- 
monly used  herbicides  and  their  degradation  prod- 
ucts in  the  surface  and  ground  waters  by  using  gas 
chromatography/ion  trap  mass  spectrometry.  The 
compounds  included  atrazine,  and  its  degradation 
products,  desethylatrazine  and  deisopropylatra- 
zine;  simazine;  cyanazine;  metolachlor;  and  alach- 
lor  and  its  degradation  products,  2-chloro-2',6'- 
diethylacetanilide,  2-hydroxy-2',6'-diethylacetani- 
lide  and  2,6-diethylaniline.  The  method  was  ap- 
plied to  surface-water  samples  collected  from  16 
different  stations  along  the  Mississippi  River  and 
its  major  tributaries,  and  ground  water  samples 
beneath  a  cornfield  in  central  Nebraska.  Average 
recovery  of  a  surrogate  herbicide,  terbuthylazine, 
was  greater  than  99%.  Recoveries  of  the  com- 
pounds of  interest  from  river  water  spiked  at  envi- 
ronmental levels  are  also  presented.  Full-scan  mass 
spectra  of  these  compounds  were  obtained  on  1  ng 
or  less  of  analyte.  Data  were  collected  in  the  full- 
scan  acquisition  mode.  Quantitation  was  based  on  a 
signal-to-noise  ratio  of  greater  than  10:1.  (Author's 
abstract) 
W90-O6987 


DETERMINATION  OF  HYPOCHLORITE  IN 
WATERS  BY  STOPPED-FLOW  CHEMILU- 
MINESCENCE  SPECTROMETRY. 

Cordoba  Univ.  (Spain).  Dept.  of  Analytical  Chem- 
istry. 

D.  Gonzalez-Robledo,  M.  Silva,  and  D.  Perez- 
Bendito. 

Analytica  Chimica  Acta  ACACAM,  Vol.  228,  No. 
1,  p  123-128,  January  1,  1990.  3  fig,  2  tab,  9  ref. 
CICYT  Grant  PB-87-0821. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, 'Hypochlorites,  'Luminescence,  'Pollutant 
identification,  'Spectrometry,  'Water  analysis, 
Bleaching  wastes,  Chemiluminescence,  Disinfec- 
tion, Stopped-flow  technique. 


Hypochlorite  is  used  on  a  large  scale  in  the  chlor- 
ination  of  water  supplies  to  destroy  or  deactivate 
disease-producing  microorganisms,  a  bleach  in 
laundering  and  in  the  pulp  and  textile  industries. 
The  reaction  of  hypochlorite  with  luminol  was 
investigated  by  stopped-flow  chemiluminescence 
spectrometry.  The  emission  was  observed  by  using 
a  conventional  fluorescence  detector  with  its  shut- 
ter off  and  set  at  42Snm.  Methods  based  on  direct 
rate  measurements  on  the  formation  and  decay 
steps  of  the  chemiluminescence  process  were  used 
in  addition  to  those  involving  conventional  peak- 
height  or  peak-area  measurements,  which  were 
evaluated  comparatively.  The  methods  yield  linear 
responses  over  three  orders  of  magnitudes  with  an 
relative  standard  deviation  of  about  1%.  The  pro- 
posed method,  which  is  highly  selective  and  rapid 
(80  samples  /  h),  was  applied  to  the  routine  deter- 
mination of  hypochlorite  in  waters.  The  results 
were  in  good  agreement  with  those  obtained  by 
the  classical  N,N-diethyl-p-phenylenediamine  spec- 
trophotometric  method.  (Author's  abstract) 
W90-06988 


FLOW-INJECTION  ULTRAVIOLET  SPECTRO- 
PHOTOMETRIC  DETERMINATION  OF  SUL- 
PHATE IN  NATURAL  WATERS. 

Warsaw  Univ.  (Poland).  Dept.  of  Chemistry. 
A.  Kojlo,  J.  Michalowski,  and  M.  Trojanowicz. 
Analytica  Chimica  Acta  ACACAM,  Vol.  228,  No. 
2,  p  287-292,  January  15,  1990.  4  fig,  2  tab,  17  ref. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, 'Pollutant  identification,  'Spectrophoto- 
metry, 'Sulfates,  'Water  analysis,  Natural  waters, 
Poland,  Rivers,  Ultraviolet  spectrophotometry. 

The  widespread  industrial  use  of  sulfuric  acid 
makes  the  determination  of  sulfate  important  for 
environmental  protection.  A  sulfate-detection 
method,  based  on  measurement  of  the  absorbance 
of  the  FeS04(  +  )  complex  cation  at  355  nm,  is 
proposed.  In  a  single-line  manifold  with  100-micro- 
liter  sample  injections  and  the  carrier  solution  at 
0.5  ml/min,  the  peak  height  vs  concentration  rela- 
tionship was  linear  for  25-100  ml/L  sulfate,  but  the 
peaks  corresponding  to  FeS04(-|-)  were  preceded 
by  negative  peaks.  This  behavior  was  not  observed 
when  a  two-line  manifold  was  used;  the  iron(III) 
complexing  reagent  was  injected  into  a  carrier 
stream  (perchloric  acid  at  the  same  concentration 
as  in  the  complexing  reagent)  that  was  merged 
with  the  sulfate-containing  sample  stream.  Calibra- 
tion graphs  were  linear  in  the  ranges  25-600  and 
10-150  mg/L  sulfate,  respectively.  These  optimized 
conditions,  with  sample  injection  and  reagent  in- 
jection, were  applied  for  the  determination  of  sul- 
fate in  samples  collected  from  different  rivers  in 
the  Bialystok  district  in  north-east  Poland.  The 
main  interference  was  from  ultraviolet-absorbing 
organic  compounds  in  the  sample  waters.  Such 
compounds  are  most  effectively  removed  by  using 
a  charcoal  column;  the  results  thus  obtained  were 
consistent  with  those  from  the  standard  gravime- 
tric method  for  both  types  of  flow-injection  proce- 
dure. The  pretreatment  is  time-consuming,  and  the 
real  sample-throughput  rate  was  about  10/hr.  Sat- 
isfactory results,  only  slightly  worse  than  those 
obtained  with  the  charcoal  column,  were  obtained 
with  a  subtractive  procedure  in  which  each  sample 
was  injected  twice  and  reagent  solutions  with  and 
without  iron(III)  ions  were  used.  Sample  through- 
put was  then  about  30/hr.  (Author's  abstract) 
W90-06989 


INVESTIGATION  AND  REMEDIATION  OF 
VOCS  IN  SOIL  AND  GROUNDWATER. 

Delta  Environmental  Consultants,  Inc.,  Fort  Col- 
lins, CO. 
J.  M.  Kerr. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  2,  p  172-173,  February 
1990. 

Descriptors:  'Cleanup,  'Groundwater  pollution, 
•Pollutant  identification,  'Site  remediation,  'Soil 
gases,  'Volatile  organic  compounds,  'Water  pollu- 
tion treatment,  Data  interpretation,  Data  require- 
ments. Groundwater,  Soil  treatment. 


70 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Identification  Of  Pollutant*— Group  5A 


Background  data  are  the  key  to  determining  the 
response  when  volatile  organic  compounds 
(VOCs)  are  released  to  the  environment.  Typical- 
ly, three  levels  of  data  are  evaluated:  site-specific, 
local  and  regional.  Information  obtained  during  the 
background  data  search  should  be  sufficient  to 
determine  the  preliminary  objectives,  indicate 
techniques  to  be  used  during  the  investigative 
phase,  provide  insight  into  fate  and  transport 
mechanisms,  delineate  possible  risks  to  human 
health  and  the  environment,  and  provide  a  basic 
understanding  of  remedial  goals  based  on  local  and 
regional  land  use.  Limited  resources  can  be  used 
best  when  the  investigation  and  remediation  of 
VOC  contamination  are  based  on  sound  data  and 
realistic  objectives.  (Agostine-PTT) 
W90-06991 


SEDIMENTARY  COPROSTANOL  AS  AN 
INDEX  OF  SEWAGE  ADDITION  IN  SANTA 
MONICA  BASIN,  SOUTHERN  CALIFORNIA. 

California  Univ.,  Los  Angeles.  Inst,  of  Geophysics 
and  Planetary  Physics. 
M.  I.  Venkatesan,  and  I.  R.  Kaplan. 
Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  2,  p  208-214,  February 
1990  5  fig,  4  tab,  37  ref.  DOE,  OHER,  Ecological 
research  Division  Grant  DE-FG03-85-ER60338. 

Descriptors:  'Marine  pollution,  'Pollutant  identifi- 
cation, 'Pollution  index,  Biogenic  sterols,  Califor- 
nia, Coprostanols,  Fate  of  pollutants,  Fecal  sterols, 
Santa  Monica  Basin,  Sediment  analysis, 
Wastewater  disposal,  Water  pollution  sources. 

Sediment  cores  from  Santa  Monica  Basin  and  efflu- 
ent from  two  major  municipal  wastewater  dis- 
chargers in  Southern  California  were  analyzed  for 
sterols.  Specifically,  fecal  sterols,  coprostanols  (co- 
prostanol  and  epicoprostanol),  were  measured  to 
determine  the  degree  of  sewage  addition  to  the 
sediment.  Although  coprostanols  are  distributed 
throughout  the  Santa  Monica  Basin  sediments  in 
association  with  fine  particles,  some  stations  con- 
tain elevated  levels,  either  due  to  their  proximity  to 
the  outfalls  or  because  of  preferential  advection  of 
fine-grained  sediments  into  their  location  where 
anoxicity  aids  in  better  preservation.  The  progres- 
sive seaward  decline  of  coprostanols  relative  to 
total  sterols  from  the  outfalls  represents  dilution  of 
sewage  by  biogenic  sterols.  The  ratio  of  coprostan- 
ols to  dinosterol  appears  to  be  a  better  indicator  of 
sewage  addition.  A  rapid  increase  in  content  of 
coprostanols  from  1935  coincides  with  the  start  of 
offshore  wastewater  discharge  by  the  Los  Angeles 
County  and  City  Sanitation  Districts  on  Palos 
Verdes  Shelf.  It  is  estimated  that  wastewater  treat- 
ment plants  release  into  southern  California  Bight 
260  metric  tons/yr  of  fecal  sterols  and  50,000 
metric  tons/yr  of  sewage  carbon.  (Author's  ab- 
stract) 
W90-06992 

CONTINUOUS  DETERMINATION  OF  RESID- 
UAL CHLORITE  IN  WATER. 

Compagnie  Intercommunale  Bruxelloise  des  Eaux 

(Belgium). 

For  primary  bibliographic  entry  see  Field  5F. 

W90-06999 


WELL-PURGING  CRITERIA  FOR  SAMPLING 
PURGEABLE  ORGANIC  COMPOUNDS. 

Geological  Survey,  Trenton,  NJ. 

J.  Gibs,  and  T.  E.  Imbrigiotta. 

Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  68-78, 

January /February  1990.  4  fig,  5  tab,  23  ref. 

Descriptors:  'Groundwater  pollution,  'Ground- 
water quality,  'Organic  compounds,  'Organic  pol- 
lutants, 'Pollutant  identification,  'Sampling,  'Test 
wells,  'Water  sampling,  'Well  purging,  Chlorides, 
Flushing,  Pump  wells,  Unconsolidated  aquifers, 
Well  casings. 

Groundwater  sampling  protocols  generally  recom- 
mend that  a  well  be  purged  prior  to  sampling.  This 
recommendation  is  based  on  the  assumption  that 
the  water  quality  of  the  water  standing  in  the 
casing  is  not  the  same  as  that  in  the  aquifer.  Three 
criteria  that  have  been  used  to  determine  when  a 


well  has  been  purged  sufficiently  to  yield  'repre- 
sentative' water  quality  samples  are  (1)  flushing  an 
arbitrary  number  of  casing  volumes,  usually  a  mini- 
mum of  three,  (2)  flushing  the  well  until  field  water 
quality  characteristics-temperature,  pH,  specific 
conductance,  and  dissolved  oxygen--in  the  purge 
water  are  stable,  and  (3)  flushing  until  hydraulic 
equilibrium  between  casing  water  and  aquifer 
water  is  achieved.  The  effectiveness  of  these  crite- 
ria in  sampling  for  purgeable  organic  compounds 
were  evaluated.  Wells,  screened  in  unconsolidated 
sand  and  gravel  aquifers  at  six  sites,  were  sampled 
during  a  total  of  10  purgings.  The  discharge  from 
each  well  and  the  field  characteristics  were  moni- 
tored as  a  function  of  time  and  number  of  casing 
volumes  flushed.  Grab  samples  for  purgeable  or- 
ganic compounds,  chloride,  and  ultraviolet  absor- 
bance  at  254  nanometers  wavelength  were  taken 
each  time  a  set  of  field  measurements  was  taken. 
The  variation  of  field  characteristics,  purgeable 
organic  compounds,  chloride,  and  ultraviolet  ab- 
sorbance  at  254  nanometers  was  compared  with 
time  and  number  of  casing  volumes  flushed.  (Au- 
thor's abstract) 
W9O-O7016 

IMPORTANCE  OF  BIOASSAY  VOLUME  IN 
TOXICITY  TESTS  USING  ALGAE  AND 
AQUATIC  INVERTEBRATES. 

Nova  Scotia  Agricultural  Coll.,  Truro.  Environ- 
mental Microbiology  Lab. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07029 


CALMODULIN  CONCENTRATION  IN  MUCUS 
OF  RAINBOW  TROUT,  SALMO  GAIRDNERI, 
EXPOSED  TO  COMBINATIONS  OF  ACID, 
ALUMINUM,  AND  CALCIUM. 

Lockheed  Engineering  and  Sciences  Co.,  Inc.,  Las 

Vegas,  NV. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07033 

SPONGES  AS  POLLUTION-BIOMONITORS 
AT  ARRAIAL  DO  CABO,  SOUTHEASTERN 
BRAZIL.  m      _ 

Universidade  Federal  do  Rio  de  Janeiro  (Brazil). 

Inst,  de  Biologia. 

G.  Muricy. 

Revista  Brasileira  de  Biologia  RBBIAL,  Vol.  49, 

No.  2,  p  347-354,  May  1989.  4  fig,  3  tab,  21  ref. 

Descriptors:  'Bays,  'Bioindicators,  'Brazil, 
•Marine  pollution,  'Pollutant  identification, 
'Sponges,  Domestic  wastes,  Oil  pollution,  Species 
diversity,  Wastes,  Water  quality. 

The  relation  between  numerical  parameters  of  the 
structure  of  sponge  community  and  water  quality 
at  three  sites  at  Arraial  do  Cabo,  Brazil  were 
analyzed.  Water  quality  analysis  included  tempera- 
ture, salinity,  pH,  water  transparency,  coliform  and 
oil  quantification.  Quantitative  samples  were  taken 
by  SCUBA  diving  along  transects,  which  were 
subdivided  into  10  quadrants,  one  square  meter 
each.  The  following  community  parameters  were 
calculated:  number  of  species,  species  abundance 
and  dominance,  area  percentile  covered  by  the 
community,  density  of  individuals,  Diversity  of 
species  and  Evenness  indexes.  With  the  exception 
of  Evenness  index,  all  community  indexes  showed 
decreased  values  at  the  polluted  site.  The  most 
common  species  in  the  area  were  Mycale  microsig- 
matosa,  Amphimedon  viridis,  Tendana  ignis,  Aply- 
sina  fistularis,  Ulosa  ruetzleri  and  Chondrilla 
nucula,  all  suitable  for  utilization  in  environmental 
monitoring.  Analysis  of  species  distribution  and  of 
specific  similarity  between  stations  reinforces  the 
hypothesis  that  domestic  wastes  and  oil  wastes 
create  quantifiable  alterations  on  the  structure  of 
sponge  communities  at  the  polluted  site,  even  with 
low  pollutant  levels.  The  analysis  of  numerical 
indexes  of  community  structure  and  of  the  local 
distribution  of  sponge  species  on  polluted  areas 
may  be  used  as  a  good  model  for  environmental 
monitoring.  (Author's  abstract) 
W90-07059 


APPLICATION  OF  THE  SO-CALLED  MODI- 
FIED DRAGENDORFF  REAGENT  TO  THE  DE- 


TERMINATION OF  CATION-ACTIVE  SUR- 
FACTANTS IN  THE  AQUATIC  ENVIRON- 
MENT (ZUR  ANWENDUNG  DES  SOG.  MODI- 
FIZIERTEN  DRAGENDORFF-REAGENSES 
BEI  DER  BESTIMMUNG  VON  KATIONTENSI- 
DEN  IM  AQUATISCHEN  MILIEU). 
Bundesanstalt  fuer  Gewaesserkunde,  Koblenz 
(Germany,  F.R.). 
H.  Hellmann. 

Fresenius  Zeitschrift  fuer  Analytische  Chemie 
ZACFAU,  Vol.  335,  No.  3,  p  265-271,  October 
1989.  10  fig,  4  tab,  1 1  ref.  English  summary. 

Descriptors:  'Chemical  analysis,  'Detection  limits, 
•Detergents,  'Pollutant  identification,  'Surfac- 
tants, 'Water  analysis,  Cations,  Dispersants,  Rea- 
gents, Sediment  contamination. 

Cation  active  surfactants  of  the  distearyl-dimethyl- 
ammonium  chloride  type  are  precipitated,  just  as 
the  anionic  surfactants  used  in  detergents,  by  the 
so-called  modified  Dragendorff  reagent.  However, 
only  the  cation-active  surfactants  dissolve  in 
CHC13  and  CC14  to  form  a  colored  compound. 
Thus,  they  can  be  determined  in  spectrophotome- 
trically.  The  reagent  was  tested  under  different 
conditions  for  its  suitability  and  was  then  modified 
for  the  cation-active  surfactants  in  a  problem-ori- 
ented manner.  At  the  same  time,  the  determination 
limit  could  be  improved  by  the  factor  of  5  to  10  by 
using  both  derivative  spectroscopy  and  back-cor- 
rection. Cation-active  surfactants  can  be  quantita- 
tively determined  in  wastewater,  lightly  contami- 
nated sediments,  as  well  as  in  heavily  contaminated 
sewage  sludges.  (Author's  abstract) 
W90-07083 


FAB  MASS  SPECTROMETRY  OF  SULPHON- 
ATED  DYES.  APPLICATION  TO  WATER 
ANALYSIS. 

Aigues  de  Barcelona  (Spain). 

F.  Ventura,  A.  Figueras,  J.  Caixach,  D.  Fraisse, 

and  J.  Rivera. 

Fresenius    Zeitschrift    fuer    Analytische    Chemie 

ZACFAU,  Vol.  335,  No.  3,  p  272-278,  October 

1989.  6  fig,  2  tab,  17  ref. 

Descriptors:  *Azo  dyes,  'Chemical  analysis,  'De- 
tection limits,  'Dyes,  'Mass  spectrometry,  'Pollut- 
ant identification,  'Water  analysis,  Nitrates,  Or- 
ganic compounds,  Trace  elements. 

Several  commercial  dyes  (nitro,  azo,  disazo,  tri- 
sazo,  oxazine  and  anthraquinone),  ranging  from 
mono  to  trisulfonated  compounds,  were  analyzed 
by  fast  atom  bombardment  (FAB)  mass  spectrome- 
try. Glycerol  and  dithiothreitol  +  dithioerythritol 
(5:1)  gave  the  best  results  for  the  analysis  of  these 
dyes  and  their  additives,  respectively.  (M  + 
Na)(  +  )  ions,  cleavage  of  azo  groups,  loss  of  sul- 
fonate from  (M  +  H)(+)  or  (M  +  Na)(  +  )  ions 
were  the  fragments  most  commonly  observed.  De- 
tection limits  of  some  dyes  spiked  to  real  water 
extracts  were  determined  to  evaluate  their  poten- 
tial application  to  the  identification  of  organic  pol- 
lutants in  water.  The  study  showed  the  potential 
application  of  FAB  mass  spectrometry  to  analyze 
organic  micropollutants  in  water  not  amenable  to 
GC/MS,  although  the  obtained  results  with  dyes 
are  less  informative  than  those  for  the  characteriza- 
tion of  surfactants.  The  behavior  of  the  studied 
dyes  varies  widely.  Some  of  them  failed  to  give 
interpretable  spectra,  whereas  others  gave  excel- 
lent response.  Cationized  molecular  ions,  cleavage 
of  azo  groups  and  loss  of  sulfonate  from  protonat- 
ed  or  cationized  molecular  ions  are  the  major 
common  features,  although  it  seems  that  no  gener- 
al statement  can  be  inferred  a  priori.  In  general, 
some  of  the  studied  dyes  could  be  identified  in 
water  in  the  range  of  several  nanograms  or  low 
micrograms,  both  depending  on  their  chemical 
structure  and  potentially  interfering  compounds 
present  in  samples.  (Author's  abstract) 
W90-07084 


PHOSPHATASE  ACTIVITY  OF  WATER  AS  A 
PARAMETER  OF  THE  RIVER  TISA  WATER 
MONITORING. 

Novi  Sad  Univ.  (Yugoslavia).  Inst,  of  Biology. 
M.  Matavulj,  S.  Gajin,  M.  Erbeznik,  M.  Bokorov, 
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and  O.  Petrovic. 

Tiscia  TSCAB8,  Vol.  23,  p  29-36,  1989.  5  fig,  1  tab, 

17  ref. 

Descriptors:  'Bacterial  physiology,  'Bioassay, 
•Enzymes,  *Eutrophication,  'Phosphatases,  'Pol- 
lution index,  'Surface  water,  'Tisza  River,  'Water 
pollution,  Heterotrophic  bacteria,  Planktonic  bac- 
teria, Statistical  analysis. 

Investigation  of  metabolic  activity  has  been  in- 
creasingly used  to  assess  both  trophic  level  and  the 
degree  of  pollution  of  aquatic  ecosystems.  The 
results  of  microbiological  and  enzymological  ex- 
amination of  five  localities  in  the  Yugoslav  part  of 
the  Tisa  River  are  presented  for  the  years  1983- 
1986.  Classical  microbiological  parameters,  such  as 
total  number  of  planktonic  bacteria,  number  of 
heterotrophic  bacteria  and  T/H  index  of  saprobity 
(the  ratio  between  the  total  number  of  planktonic 
bacteria  and  the  number  of  heterotrophic  bacteria) 
which  are  conventionally  used  as  indicators  of  the 
pollution  level  of  surface  freshwaters,  were  com- 
pared with  the  index  of  phosphatase  activity,  a 
new  indicator  of  the  degree  of  eutrophication.  A 
statistically  significant  correlation  between  classi- 
cal microbiological  and  the  new  biochemical  indi- 
cator of  organic  load  of  the  Tisa  River  confirms 
that  the  phosphatase  activity  index  is  a  reliable  and 
valid  parameter  for  quick  preliminary  estimation  of 
the  degree  of  pollution  in  surface  freshwaters.  (Au- 
thor's abstract) 
W90-07112 


DOMINANT  BACTERIOFLORA  IN  THE 
WATER  OF  THE  RIVER  TISA  AND  THE 
MRTVA  TISA  (YUGOSLAVIA). 

Novi  Sad  Univ.  (Yugoslavia).  Inst,  of  Biology. 
S.  Gajin,  M.  Gantar,  M.  Matavulj,  Z.  Obrecht,  and 
M.  Erbeznik. 

Tiscia  TSCAB8,  Vol.  23,  p  37-42,  1989.  3  fig,  1  tab, 
9  ref. 

Descriptors:  'Aquatic  bacteria,  'Bioassay,  'Bioin- 
dicators,  'Species  composition,  'Water  quality, 
Culture  media,  Culturing  techniques,  Microflora, 
Nutrient  availability,  Tisza  River. 

During  1987,  the  dominant  microflora  of  the  river 
Tisa  and  the  Mrtva  Tisa  was  investigated.  The 
bacterioplankton  more  abundant  on  diluted  agar 
nutrient  media.  The  use  of  microbiological  param- 
eters of  surface  water  quality  should  include  the 
determination  of  the  dominant  (i.e.  oligotrophic) 
microflora  of  surface  waters.  This  component  of 
bacterioplankton  both  per  se  and  in  relation  to 
viable  count  gives  important  information  about 
surface  water  quality.  It  is  suggested  that  when 
determining  microbiological  indicators  of  water 
quality  using  laboratory  methods,  diluted  nutrient 
agar  media  should  be  used  which  maintain  the 
oligotrophic  microflora.  (Brunone-PTT) 
W90-07113 


SNOWFALL   CHEMISTRY    COLLECTOR    IN- 
TERCOMPARISON  TEST  (SCCID. 

Argonne  National  Lab.,  IL.  Environmental  Re- 
search Div. 
For  primary  bibliographic  entry  see  Field  7B. 

W90-07133 


ASSESSMENT  OF  STABLE  NITROGEN  ISO- 
TOPES IN  FINGERPRINTING  SURFACE 
WATER  INORGANIC  NITROGEN  SOURCES. 

Louisiana  State  Univ.,  Baton  Rouge.  Nuclear  Sci- 
ence Center. 

C.  W.  Lindau,  R.  D.  Delaune,  W.  H.  Patrick,  and 
E.  N.  Lambremont. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 
No.  3/4,  p  489-496,  November  1989.  2  fig,  2  tab,  18 
ref. 

Descriptors:  'Isotope  studies,  'Louisiana,  'Nitro- 
gen compounds,  'Pollutant  identification,  'Surface 
water,  'Water  pollution  sources,  Flow  velocity. 
Industrial  wastewater,  Municipal  wastewater, 
Wastewater  pollution. 

In  many  coastal  areas  of  Louisiana,  surface  water 
quality   is  deteriorating  due   to  elevated   nutrient 


input  from  agricultural,  domestic,  and  industrial 
sources.  A  study  investigated  the  potential  use  of 
natural  abundance  variations  in  nitrogen- 15/nitro- 
gen-14  ratios  for  identifying  and  tracing  surface 
water  inorganic  nitrogen  sources.  Surface  water 
samples  were  collected  from  streams  and  point 
sources  in  Louisiana  and  analyzed  for  ammonium, 
nitrate  nitrogen  and  associated  nitrogen- 15/nitro- 
gen-14  concentrations.  Ammonium-nitrogen  from 
domestic  sewage  and  industrial  discharge  point 
sources  was  found  to  have  distinct  nitrogen- 15 
ranges.  Domestic  sewage  discharge  in  a  slow  flow- 
ing stream  was  traced  for  about  30  kilometers 
downstream  using  nitrogen-  15/nitrogen- 14  ratios. 
In  a  larger  stream  with  a  greater  flow  velocity  the 
ammonium/nitrogen- 15  surface  water  signature  of 
an  industrial  discharge  source  was  identifiable  for 
approximately  one  kilometer  from  the  point 
source.  The  discrete  ammonium/nitrogen- 15  signa- 
tures of  domestic  sewage  and  industrial  point 
sources  compared  to  downstream  surface  water 
ammonium/nitrogen- 15  values  suggest  that  nitro- 
gen isotopic  ratios  have  the  potential  to  be  used  as 
tracers  in  surface  waters  contaminated  with  inor- 
ganic nitrogen.  (Author's  abstract) 
W90-07134 


TOXICITY  AND  ISOLATION  OF  THE  CYANO- 
BACTERIUM  NODULARIA  SPUMIGENA 
FROM  THE  SOUTHERN  BALTIC  SEA  IN  1986. 

Helsinki  Univ.  (Finland).  Dept.  of  Microbiology. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07144 


TOXICITY  OF  CADMIUM  TO  DIFFERENT 
LARVAL  INSTARS  OF  THE  TRICHOPTERAN 
LARAVE  AGAPETUS  FUSCIPES  CURTIS  AND 
THE  IMPORTANCE  OF  LIFE  CYCLE  INFOR- 
MATION TO  THE  DESIGN  OF  TOXICITY 
TESTS. 

University  of  Wales  Inst,  of  Science  and  Technolo- 
gy, Cardiff.  Dept.  of  Applied  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07155 


RECOVERY  OF  VIRUSES  AND  BACTERIA  IN 
WATERS  OFF  BONDI  BEACH:  A  PDLOT 
STUDY. 

Metropolitan     Water,    Sewerage    and    Drainage 

Board,  Sydney  (Australia). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07177 


ZIRCONIUM  TOXICITY  ASSESSMENT  USING 
BACTERIA,  ALGAE  AND  FISH  ASSAYS. 

Institut   National   de   la   Recherche   Scientifique, 

Sainte-Foy  (Quebec). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07221 


GAS-CHROMATOGRAPHIC  DETERMINA- 
TION OF  TRACE  AMOUNTS  OF  VINYL 
CHLORTOE  IN  WATER  AND  A»  AFTER  DER- 
rVATIZATION  TO  1,2-DIBROMOCHLOR- 
OETHANE. 

Ruhr  Univ.,  Bochum  (Germany,  F.R.).  Inst,  fuer 
Hygiene. 

J.  Wittsiepe,  F.  Selenka,  and  E.  Jackwerth. 
Fresenius    Zeitschrift    fuer    Analytische    Chemie 
ZACFAU,  Vol.  336,  No.  4,  p  322-327,  February 
1990.  5  fig,  34  ref. 

Descriptors:  'Dibromochloroethane,  'Gas  chro- 
matography, 'Pollutant  identification,  'Vinyl  chlo- 
ride, Air  pollution.  Chemical  analysis,  Laboratory 
methods,  Water  analysis. 

A  quantitative  method  for  the  determination  of 
trace  amounts  of  vinyl  chloride  in  water  and  air  is 
performed  by  stripping  with  250  ml/min  helium 
from  a  1-L  sample  at  20  C  for  30  min  to  transfer 
the  vinyl  chloride  into  the  gas  phase.  The  vinyl 
chloride  is  concentrated  on  an  ice-cooled  adsorp- 
tion tube,  which  is  filled  with  550  mg  of  silica  gel 
and  300  mg  of  activated  charcoal.  Air  samples  are 
taken  by  drawing  a  known  volume  directly 
through  the  ice-cooled  adsorption  tube.  The  tubes 
are  eluted   with  carbon   disulfide  and   the   vinyl 


chloride  is  derivatized  with  bromine  water  to  form 
1,2-dibromochloroethane.  The  derivative  is  deter- 
mined by  capillary  gas  chromatography  with  an 
electron  capture  detector.  The  method  was  tested 
using  water  samples  over  a  range  from  0.4  nano- 
grams/L  to  1.25  micrograms/L.  The  detection 
limits  are  0.4  nanograms/L  for  1-L  water  samples 
or  50  nanograms/cu  m  for  7.5  L  air.  (Author's 
abstract) 
W90-07242 


SCIENTIFIC  BASIS  OF  BIOASSAY. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.   Center  for  Environmental  and  Hazardous 
Material  Studies. 
J.  Cairns,  and  J.  R.  Pratt. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  5-20,  De- 
cember 1989.  2  fig,  4  tab,  49  ref.  Army  Medical 
Research  and  Development  Command  Contract 
DAMD17-88-C-8068. 

Descriptors:  'Bioassay,  'Pollutant  identification, 
•Project  planning,  'Quality  control,  'Risk  assess- 
ment, 'Toxicity,  'Toxicology,  'Water  pollution 
effects,  Ecotoxicology,  Scientific  validity,  Testing 
procedures. 

The  ultimate  goal  of  ecotoxicological  testing  is  to 
predict  ecological  effects  of  chemicals  and  other 
stressors.  Since  damage  should  be  avoided  rather 
than  corrected  after  it  occurs,  the  predictive  value 
of  such  tests  is  crucial.  A  modest  base  of  evidence 
shows  that,  in  some  cases,  extrapolations  from 
bioassays  on  one  species  to  another  species  are 
reasonably  accurate  and,  in  other  cases,  misleading. 
Extrapolations  from  laboratory  bioassays  to  re- 
sponse in  natural  systems  at  the  population  level 
are  effective  if  the  environmental  realism  of  the 
bioassay  is  sufficiently  high.  When  laboratory  sys- 
tems are  poor  simulations  of  natural  systems,  gross 
extrapolation  errors  may  result.  The  problem  of 
extrapolation  among  levels  of  biological  organiza- 
tion has  not  been  given  the  serious  attention  it 
deserves,  and  currently  used  methodologies  have 
been  chosen  for  reasons  other  than  scientific  validi- 
ty. As  the  level  of  biological  organization  in- 
creases, new  properties  are  added  (e.g.,  nutrient 
cycling,  energy  transfer)  that  are  not  readily  appar- 
ent at  the  lower  levels.  The  measured  responses  (or 
end  points)  will  not  be  the  same  at  all  levels  of 
biological  organization,  making  the  validation  of 
predictions  difficult.  Evidence  indicates  that  re- 
sponses of  ecologically  complex  laboratory  sys- 
tems correspond  to  predicted  and  documented  pat- 
terns in  stressed  ecosystems.  The  difficulties  of 
improving  the  ecological  evidence  used  to  predict 
adverse  effects  are  not  insurmountable  since  the 
essence  of  predictive  capability  is  the  determina- 
tion of  effects  thresholds  at  all  levels  of  organiza- 
tion. The  dilemma  between  basing  predictive 
schemes  on  either  traditional  or  holistic  methods 
can  only  be  solved  by  facing  scientific  and  ethical 
questions  regarding  the  adequacy  of  evidence  used 
to  make  decisions  of  environmental  protection. 
(Author's  abstract) 
W90-07250 


RECENT  DEVELOPMENTS  IN  AND  INTER- 
COMPARISONS  OF  ACUTE  AND  CHRONIC 
BIOASSAYS  AND  BIOINDICATORS. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 
J.  P.  Giesy,  and  R.  L.  Graney. 
Hydrobiologia  HYDRB8,  Vol.   188/89,  p  21-60, 
December  1989.  8  fig,  1  tab,  238  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Risk  as- 
sessment, 'Toxicity,  'Water  pollution  effects, 
Acute  bioassay,  Chronic  bioassay,  Growth,  RNA/ 
DNA  ratio  technique,  Reproduction,  Sublethal  ef- 
fects, Survival. 

The  ultimate  goal  of  toxicity  testing  is  to  monitor 
or  predict  the  effects  of  single  compounds,  ele- 
ments or  mixtures  on  the  long-term  health  of  indi- 
vidual organisms,  populations,  communities  and 
ecosystems.  All  the  information  required  to  deter- 
mine the  long-term  or  'chronic'  effects  of  toxicants 
on  the  survival,  growth  or  reproduction  of  aquatic 
organisms  is  not  always  available.  For  this  reason, 
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the  chronic  effects  of  toxicants  are  often  inferred 
or  estimated  from  observations  made  during  short- 
term  or  'acute'  field  or  laboratory  studies,  which 
may  be  conducted  at  greater  concentrations  of 
toxicant.  Trie  observations  made  in  the  short-term 
studies  are  then  related  to  the  chronic  effects  by 
some  statistical  relationship.  There  are  basically 
two  approaches:  (1)  The  long-term  effects  on  a 
parameter,  such  as  survival  (lethality)  are  predict- 
ed from  observations  on  the  same  parameter, 
during  short-term  exposures;  (2)  Alternatively,  the 
response  of  one  parameter  to  long-term  exposures 
of  a  toxicant  can  be  predicted  from  the  short-term 
responses  of  a  different  parameter.  Several  differ- 
ent examples  of  both  types  of  methods  for  estimat- 
ing chronic  responses  from  information  on  more 
short-term  responses  are  reported,  and  the  ration- 
ale, advantages,  and  disadvantages  of  each  are 
evaluated.  In  addition,  two  biochemical  indicators; 
energetic  substrates  and  RNA/DNA  ratio  are  pre- 
sented. These  indicators  both  act  as  sensitive,  inte- 
grative measures  of  sublethal  effects  of  contami- 
nants during  both  acute  and  chronic  exposures. 
(Author's  abstract) 
W9O-07251 


CHOICE  AND  IMPLEMENTATION  OF  ENVI- 
RONMENTAL BIOASSAYS. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 

Plant  Sciences. 

P.  Calow. 

Hydrobiologia  HYDRB8,  Vol.   188/89,  p  61-64, 

December  1989.  12  ref. 

Descriptors:  *Bioassay,  *Bioindicators,  *Risk  as- 
sessment, 'Toxicity,  'Water  pollution  effects,  En- 
vironmental impact,  Quality  control,  Testing  pro- 
cedures. 

Bioassays  play  a  crucial  role  in  assessing  the  actual 
or  potential  impacts  of  anthropogenic  agents  on 
the  natural  environment.  They  can  be  used  to 
probe  the  extent  to  which  an  ecosystem  is  being  or 
has  been  polluted,  and  to  predict  the  ecological 
impact  of  agents  before  release.  Problems  of  imple- 
menting bioassays  are  largely  concerned  with  the 
effective  design  of  experimental  and  sampling  pro- 
grams, such  that  they  give  decisive  and  statistical- 
ly-reliable conclusions  about  the  potential  or  actual 
impact  of  substances.  It  is  concluded  that  the  re- 
sults of  monitoring  bioassays  that  derive  from  sur- 
veys of  'natural'  systems,  have  to  be  treated  with 
some  caution  because  of  the  difficulties  of  ascribing 
causation  and  of  pseudoreplication.  The  use  of 
planted  monitors  lessens  these  problems,  but  ques- 
tions about  the  relevance  of  responses  can  be  legiti- 
mately raised.  From  the  point  of  view  of  exploring 
and  understanding  the  ecological  relevance  of  re- 
sults from  bioassays,  the  experimental  method  (in- 
volving the  testing  of  properly  framed  models) 
ought  to  play  a  prominent  role.  There  is  likely  to 
be  considerable  overlap  here  between  what  is  gen- 
erally regarded  as  classical  ecology  and  ecotoxico- 
logy.  Pragmatism  also  has  to  play  an  important 
part  in  the  choice  and  implementation  of  bioassays. 
Therefore,  there  must  be  effective  dialogue  be- 
tween those  who  use  bioassays,  the  research  com- 
munity and  the  regulators.  (White-Reimer-PTT) 
W90-07252 


APPLICATION  OF  BIOASSAYS  IN  THE  RESO- 
LUTION OF  ENVIRONMENTAL  PROBLEMS; 
PAST,  PRESENT,  AND  FUTURE. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 

Plant  Sciences. 

L.  Maltby,  and  P.  Calow. 

Hydrobiologia  HYDRB8,  Vol.    188/89,  p  65-76, 

December  1989.  3  fig,  4  tab,  108  ref. 

Descriptors:  'Bioassay,  'Laboratory  methods, 
♦Model  studies,  'Risk  assessment,  'Toxicity, 
♦Water  pollution  effects,  Data  acquisition,  Envi- 
ronmental impact,  Project  planning,  Quality  con- 
trol, Testing  procedures. 

Literature  on  bioassays  for  freshwater  systems  has 
been  reviewed  (between  1979  and  1987)  and  classi- 
fied into  studies  concerned  with  prediction  and 
assessment  and,  within  these  categories,  into  stud- 
ies concerned  with  single-species  and  multi-species 
bioassays.  Changing  trends  in  the  response  criteria 


and  types  of  organisms  used  in  the  predictive  tests 
were  judged  against  results  from  a  similar  review 
carried  out  in  1979.  This  led  to  the  conclusion  that 
though  there  may  have  been  changes  in  detail, 
bioassays  have  remained  surprisingly  unchanged  in 
general  features  over  this  time.  Problems  of  gener- 
alization and  extrapolation  have  long  been  recog- 
nized in  these  approaches.  It  is  suggested  that  the 
only  dependable  way  forward  is  to  move  away 
from  the  inductive  approach  to  one  that  seeks 
understanding  of  how  perturbations  impact  biolog- 
ical systems  at  various  levels  and  how  the  impact 
at  one  level  influences  systems  at  higher  levels. 
The  ultimate  aim  will  be  to  develop  complex  gen- 
eral models  that  represent  the  mechanism  of  toxi- 
cological  effects  and  which,  by  suitable  modifica- 
tions of  parameter  values,  can  identify  impacts  and 
make  predictions  about  them.  (White-Reimer- 
PTT) 
W90-07253 


APPLICATION  OF  BIOASSAY  TECHNIQUES 
TO  WATER  POLLUTION  PROBLEMS-THE 
UNITED  KINGDOM  EXPERIENCE. 

Clyde   River   Purification    Board,    East   Kilbride 

(Scotland). 

D.  W.  Mackay,  P.  J.  Holmes,  and  C.  J.  Redshaw. 

Hydrobiologia  HYDRB8,  Vol.    188/89,  p  77-86, 

December  1989.  1  tab,  28  ref. 

Descriptors:  'Bioassay,  'England,  'Risk  assess- 
ment, 'Testing  procedures,  'Toxicity,  'Water  pol- 
lution effects,  Ambient  toxicity,  Laboratory  meth- 
ods, Monitoring,  Multi-species  tests,  Sediments, 
Sublethal  bioassays. 

Laboratory  tests  on  single  species  have  been  used 
widely  to  evaluate  the  acute  effects  of  potential 
pollutants.  However,  the  value  of  such  tests,  often 
conducted  on  exotic  species,  is  receiving  increasing 
criticism.  Measurements  of  more  subtle  chronic 
sub-lethal  effects  are  now  showing  increasing 
promise  as  regulatory  tools  in  environmental  as- 
sessment and  pollution  control.  The  techniques 
being  used,  and  those  currently  under  development 
for  the  water  pollution  control  authorities  in  the 
United  Kingdom  are  reviewed.  Although  there  has 
been  a  general  reluctance  in  the  United  Kingdom 
water  industry  to  utilize  bioassay  techniques  fully, 
a  few  authorities  have  found  such  tests  to  be  a 
useful  addition  to  their  control  and  monitoring 
procedures.  Four  areas  of  interest  appear  to  be  of 
special  promise:  (1)  increased  use  of  sub-lethal 
bioassays  and  ambient  toxicity  tests;  (2)  increased 
use  of  sediment  toxicity  tests;  (3)  the  development 
of  ecotoxicological  methods  for  assessing  the 
impact  of  episodic  pollution;  and  (4)  increased  use 
of  multi-species  toxicity  tests.  Toxicity  tests  can 
never  fully  replace  chemical  analyses  or  biological 
surveys,  but  used  wisely  can  increase  the  cost 
efficiency  of  other  monitoring  tools.  (Author's  ab- 
stract) 
W90-07254 


USE    OF    ENVIRONMENTAL    ASSAYS    FOR 

IMPACT  ASSESSMENT. 

Pacific  Northwest  Research  Foundation,  Seattle, 

WA. 

D.  C.  Malins. 

Hydrobiologia  HYDRB8,  Vol.    188/89,  p  87-91, 

December  1989.  16  ref. 

Descriptors:  'Bioassay,  'Pollutant  identification, 
'Risk  assessment,  'Toxicity,  'Water  pollution  ef- 
fects, Chronic  effects,  Physiological  ecology,  Sedi- 
ment chemistry. 

The  assessment  of  impacts  of  chemically  contami- 
nated aquatic  environments  on  animal  systems  has 
a  number  of  shortcomings.  These  include  problems 
with  analyses  for  toxic  chemicals  and  the  relevance 
of  bioassays  for  predicting  risk  to  ecosystems.  It  is 
not  possible  to  analyze  for  all  the  chemicals  that 
are  contained  in  sediments  from  polluted  environ- 
ments, compounds  that  are  below  normal  detection 
thresholds  can  still  be  a  problem  for  exposed  orga- 
nisms because  they  are  extensively  bioconcentrat- 
ed.  Chemical  analytical  data  tells  very  little,  in 
specific  terms,  about  toxicity-the  particularly  cru- 
cial issue  in  the  assessment  of  risk.  The  ability  to 
predict   the  occurrence  of  significant  biological 


change  is  a  vital  ingredient  in  the  diagnosis  of 
potential  environmental  impacts.  One  of  the  best 
hopes  for  solving  this  problem  is  the  development 
of  predictive  tests  focusing  on  alterations  at  the 
sub-cellular  level.  An  increased  effort  directed 
toward  understanding  the  underlying  mechanisms 
and  processes  that  govern  the  effects  of  pollution 
on  marine  ecosystems  is  needed.  A  sounder  basis  is 
needed  for  measuring  and  understanding  toxicity 
and  its  implications  for  the  health  of  organisms  and 
the  survival  of  ecosystems.  (White-Reimer-PTT) 
W90-07255 


PROBING  ECOSYSTEM  HEALTH:  A  MULTI- 
DISCIPLINARY  AND  MULTI-TROPHIC 
ASSAY  STRATEGY. 

Department  of  Fisheries  and  Oceans,  Burlington 
(Ontario).  Great  Lakes  Lab.  for  Fisheries  and 
Aquatic  Sciences. 

M.  Munawar,  I.  F.  Munawar,  C.  I.  Mayfield,  and 
L.  H.  McCarthy. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  93-116, 
December  1989.  12  fig,  1  tab. 

Descriptors:  'Bioassay,  'Risk  assessment,  ♦Testing 
procedures,  ♦Toxicity,  ♦Water  pollution  effects, 
Ecosystem  management,  Field  tests,  Field-to-labo- 
ratory approach,  Great  Lakes,  Laboratory  meth- 
ods, Primary  productivity,  Trophic  level. 

The  ecosystem  health  of  stressed  environments  in 
the  Great  Lakes  has  been  evaluated  simultaneously 
by  means  of  a  battery  of  structural  and  functional 
tests  based  on  current  technology  and  involving 
various  trophic  levels.  These  tests  attempt  to  assess 
ecosystem  health  at  the  organism  level  and  simulta- 
neously focus  on  water-borne  and  sediment-bound 
toxicities.  Similarly,  functional  tests  were  selective- 
ly chosen  across  various  trophic  levels  and  includ- 
ed size-fractionated  primary  productivity  (filtered 
versus  unfiltered  assays),  and  Colpidium,  Daphnia, 
Hyalella,  and  Pontoporeia  assays.  Some  of  the 
emerging  techniques  such  as  in  situ  plankton  cages 
(I.P.C.),  microcomputer-based  chlorophyll  fluores- 
cence (Video  Analysis  System),  and  other  assays 
are  evaluated.  The  multi-trophic  and  multi-discipli- 
nary battery  of  tests  followed  in  this  laboratory 
adopts  a  field-to  -laboratory  approach.  The  avail- 
ability of  diverse  bioassays  have  placed  toxicolo- 
gists  and  environmentalists  in  a  position  where 
they  are  now  better  equipped  to  probe  the  com- 
plexities of  ecosystem  health  and  its  management. 
(Author's  abstract) 
W90-07256 


FUNCTIONAL  BIOASSAYS  UTILIZING  ZOO- 
PLANKTON:  A  COMPARISON. 

Minnesota  Univ.,  Minneapolis.  Dept.  of  Ecology 

and  Behavioral  Biology. 

D.  C.  McNaught. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  117-121, 

December  1989.  6  tab,  17  ref.  E.P.A.  CR  810775. 

Descriptors:  ♦Bioassay,  ♦Pollutant  identification, 
♦Testing  procedures,  ♦Toxicity,  ♦Water  pollution 
effects,  ♦Zooplankton,  Comparison  studies,  Heavy 
metals,  Hormesis,  Ingestion,  Nutrients,  Pesticides, 
Polychlorinated  biphenyls,  Reproduction,  Respira- 
tion, Temperature. 

Functional  zooplankton  bioassays  based  on  inges- 
tion, reproduction,  and  respiration  were  conduct- 
ed. A  new  ingestion  bioassay  included.  The  inges- 
tion bioassay  had  a  medium  level  of  variability,  but 
illustrated  the  greatest  range  of  response.  It  detect- 
ed effects  of  toxic  organics,  heavy  metals  and 
pesticides.  Observation  of  a  hormesis  response  was 
common,  and  it  was  very  sensitive  to  temperature. 
The  reproduction  bioassay  was  less  variable,  was 
less  sensitive,  and  detected  heavy  metals  and  nutri- 
ents. The  zooplankton  respiration  bioassay  was 
characterized  by  low  variability  and  detected  stim- 
ulation by  PCB's  in  one  case.  (Author's  abstract) 
W90-07257 


HOLISTIC  APPROACH  TO  ECOSYSTEM 
HEALTH  ASSESSMENT  USENG  FISH  POPU- 
LATION CHARACTERISTICS. 

Guelph  Univ.  (Ontario).  Dept.  of  Zoology. 
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K  R.  Munkittrick,  and  D.  G.  Dixon. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  123-135, 
December  1989.  6  tab,  58  ref.  Natural  Sciences  and 
Engineering  Research  Council  of  Canada  A8155; 
Ontario  Ministry  of  the  Environment  Grants  193 
RR  and  331  RR. 

Descriptors:  *Bioassay,  'Bioindicators,  'Environ- 
mental effects,  'Environmental  quality,  'Fish  pop- 
ulations, 'Water  pollution  effects,  Acidification, 
Condition  factor,  Eutrophication,  Growth,  Mine 
wastes,  Predation,  Reproduction,  Reservoirs, 
Stress. 

The  status  of  a  fish  population  is  a  refection  of  the 
overall  condition  of  the  aquatic  environment  in 
which  that  population  resides.  As  such,  fish  popu- 
lation characteristics  can  be  used  as  indicators  of 
environmental  health.  Simple  and  inexpensive 
methods  to  follow  fish  population  responses  to 
environmental  degradation  are  lacking.  A  protocol 
is  outlined  whereby  environmental  impacts  on  fish 
populations  are  classified  by  five  patterns  based  on 
characteristics  such  as  mean  age,  fecundity  and 
condition  factor.  The  patterns  summarize  popula- 
tion changes  and  describe  responses  to  exploita- 
tion, recruitment  failure,  the  presence  of  multiple 
stressors,  food  limitation  and  niche  shifts.  Classifi- 
cation is  best  based  on  the  selection,  and  appropri- 
ate sampling,  of  a  comparable  reference  popula- 
tion. Population  characteristics  can  be  used  to  ex- 
amine ecosystems  exposed  to  stressors  for  evidence 
of  long-term  damage,  and  when  used  with  bio- 
chemical indicators,  can  be  a  powerful  tool  for 
ecosystem  health  assessment.  The  five  responses 
are  illustrated  using  published  data  on  a  number  of 
species  challenged  by  increased  predation  pressure, 
acidification,  eutrophication,  mine  waste  and  reser- 
voir impoundment.  Application  of  this  scheme  will 
aid  in  directing  and  focusing  research  efforts  on 
crucial  aspects  impacted  by  changing  conditions. 
(Author's  abstract) 
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ROLE  OF  MICROBIAL  METAL  RESISTANCE 
AND  DETOXIFICATION  MECHANISMS  IN 
ENVIRONMENTAL  BIOASSAY  RESEARCH. 

Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 

J.  T.  Trevors. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  143-147, 

December  1989.  1  fig,  30  ref. 

Descriptors:  'Bacterial  physiology,  'Bioassay, 
•Detoxification,  'Microorganisms,  'Pollutant  iden- 
tification, 'Toxicity,  'Water  pollution  effects, 
Aquatic  environment,  Metals,  Sediments,  Sublethal 
effects. 

In  the  aquatic/sediment  environment,  bacteria  are 
responsible  for  a  wide  range  of  metal  detoxifica- 
tion/resistance mechanisms.  In  addition,  they  also 
act  as  surfaces  or  biofilms  that  can  readily  complex 
metal  ions.  Since  most  environmental  bioassay  re- 
search deals  with  aquatic  and  sediment  samples,  it 
is  necessary  to  understand  the  mechanisms  that 
microorganisms  have  evolved  to  protect  selected 
strains  from  a  lethal  effect.  It  is  noteworthy,  that  at 
extremely  high  levels  of  free  metal  ions,  resistance/ 
detoxification  mechanisms  provide  no  protection 
and  a  lethal  toxic  effect  can  be  produced.  Howev- 
er, in  many  environmental  samples  sublethal  effects 
are  present,  or  only  a  percentage  of  the  total 
microbial  population  is  influenced.  Under  these 
conditions,  resistance/detoxification  mechanisms 
are  probably  very  useful.  It  is  also  very  probable 
that  during  many  bioassays  with  higher  organisms, 
numerous  microbial  processes  are  occurring  simul- 
taneously to  bind  or  detoxify  metal  ions.  This  may 
in  fact  have  an  effect  on  the  final  outcome  of  the 
environmental  bioassay.  (Author's  abstract) 
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PERFORMANCES    OF    THREE    BACTERIAL 
ASSAYS  IN  TOXICITY  ASSESSMENT. 

Centre    des    Sciences    de    l'Environment,    Metz 

(France). 

C.  Reteuna,  P.  Vasseur,  and  R.  Cabridenc. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  149-153, 

December  1989.  1  fig,  15  ref. 


Descriptors:  'Bacterial  physiology,  'Bioassay, 
•Pollutant  identification,  'Toxicity,  'Water  pollu- 
tion effects,  Activated  sludge,  Bioavailability,  Bio- 
logical wastewater  treatment,  Comparison  studies, 
Glucose  mineralization  assay,  Microtox  assay, 
Oxygen  consumption  assay. 

Three  differing  bacterial  toxicity  assays  were  com- 
pared: the  'Microtox'  test,  (Photobacterium  phos- 
phoreum  luminescence  inhibition  assay),  the 
'oxygen  consumption  of  activated  sludge'  assay 
(ISO  8192),  and  the  'Glucose  U-14C  mineralization 
assay  (the  rate  of  release  of  14C02  by  'Escherichia 
coli').  Metals,  amines,  halogenated  alcans,  chloro- 
phenols,  aromatic  hydrocarbons,  surfactants,  and 
pesticides  were  screened  for  their  toxic  activity. 
Results  showed  satisfactory  repeatability  of  the 
three  bacterial  assays  with  variation  coefficients 
between  5  and  32%.  The  'Microtox'  issay  was  the 
most  sensitive  test  evaluated  undei  these  condi- 
tions. The  lower  sensitivity  of  the  'oxygen  con- 
sumption' assay  may  have  been  due  to  high  con- 
centrations of  substrates  which  modify  toxicant 
bioavailability,  and  also  to  a  high  biomass/toxic 
substances  ratio.  The  'Glucose  U-14C  mineraliza- 
tion' assay  was  selective,  and  low  in  sensitivity;  but 
the  specific  species  used  in  this  test  (Escherichia 
coli)  may  have  been  responsible  for  this  selectivity. 
The  'Microtox'  test  appears  to  be  well  adapted  to 
the  detection  of  aquatic  environmental  pollution, 
and  to  the  toxicity  screening  of  complex  solid 
waste  effluents  and/or  leachates.  The  'oxygen  con- 
sumption' assay  can  be  advantageously  used  to 
measure  the  impact  of  sewage  on  activated  sludge 
in  biological  treatment  plants.  The  'Glucose  U-14C 
mineralization'  assay,  which  does  not  require  high 
biomass,  can  be  useful  for  in  situ  studies  using  field 
microorganisms.  (Author's  abstract) 
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IS  THE  'MICROBIAL  LOOP'  AN  EARLY 
WARNING  INDICATOR  OF  ANTHROPOGEN- 
IC STRESS. 

Department  of  Fisheries  and  Oceans,  Burlington 

(Ontario).    Great   Lakes   Lab.    for   Fisheries   and 

Aquatic  Sciences. 

M.  Munawar,  and  T.  Weisse. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  163-174, 

December  1989.  6  fig,  3  tab,  31  ref.  Volkswagen 

Foundation  Grant  1/63  699. 

Descriptors:  'Aquatic  bacteria,  'Bioindicators, 
'Eutrophication,  'Great  Lakes,  'Plankton,  'Water 
pollution  effects,  Community  structure,  Contami- 
nants, Lake  Erie,  Lake  Huron,  Lake  Michigan, 
Lake  Ontario,  Microbial  loop,  Nutrients,  Pico- 
plankton,  Ultraplankton. 

Various  components  of  the  'microbial  loop'  such  as 
bacteria,  heterotrophic  nanoflagellates  and  autotro- 
phic picoplankton  were  analyzed,  for  the  first  time 
across  the  Great  Lakes,  during  a  cruise  in  the 
summer  of  1988.  In  addition,  the  size  fractionated 
primary  productivity  using  carbon-14  techniques 
was  also  determined.  The  statistical  analysis  indi- 
cated that  bacteria,  autotrophic  picoplankton  and 
ultraplankton/picoplankton  productivity  were  sig- 
nificantly higher  in  Lakes  Ontario  and  Erie  than 
Lakes  Huron  and  Michigan.  The  autotrophic  pico- 
plankton and  ultraplankton/picoplankton  produc- 
tivity was  higher  in  Lake  Erie  compared  to  Lake 
Ontario.  The  autotrophic  picoplankton  showed 
sensitivity  to  nutrients  and  contaminants  in  various 
types  of  environments.  A  dramatic  decrease  of 
autotrophic  picoplankton  in  eutrophic-contaminat- 
ed  areas,  such  as  Ashbridges  Bay,  Hamilton  Har- 
bour and  western  Lake  Erie  was  observed.  Con- 
versely, in  Saginaw  Bay,  another  eutrophic  envi- 
ronment, the  autotrophic  picoplankton  were  sig- 
nificantly higher  than  in  Lake  Huron.  The  sensitiv- 
ity of  autotrophic  picoplankton  to  nutrients/con- 
taminants might  have  implications  to  trophic  inter- 
actions. The  results  suggest  that  structural  and 
functional  characteristics  of  the  'microbial  loop' 
may  be  operating  differently  in  stressed  versus 
unstressed  ecosystems.  The  possibility  of  using  au- 
totrophic picoplankton  as  an  early  warning  indica- 
tor of  environmental  perturbation  is  proposed. 
(Author's  abstract) 
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ACCURACY  AND  INTERPRETATION  OF 
GROWTH  CURVES  OF  PLANKTONIC  ALGAE. 

Technische  Hogeschool  Delft  (Netherlands).  Dept. 

of  Civil  Engineering. 

G.  Bolier,  and  M.  Donze. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  175-179, 
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•Phytoplankton,  'Population  dynamics,  Biomass, 
Culture  techniques,  Scenedesmus. 

Approximately  100  growth  curves  of  Scenedesmus 
quadricauda  in  batch  cultures  on  different  growth 
media  were  analyzed.  In  many  cases  after  a  retar- 
dation phase,  a  second  exponential  growth  phase 
appears.  In  may  be  that  cell  number  remains  con- 
stant during  this  phase  while  average  cell  volume 
increases.  This  increase  would  be  recorded  by  the 
measurement  technique.  The  definition  of  'biomass' 
in  the  stationary  phase  depends  on  the  kind  of 
measurement  taken.  Especially  during  the  retarda- 
tion phase  and  following  phases,  different  proper- 
ties of  the  cells  begin  to  vary  in  different  ways;  e.g. 
different  properties  of  a  culture  are  no  longer 
closely  coupled  by  constant  conversion  factors. 
Knowledge  about  the  duration  of  this  stationary 
phase  and  about  the  shape  of  the  decline  phase  is 
virtually  nonexistent.  Observations  indicate  that 
these  phases  vary  between  different  species  and 
depend  on  the  particular  limiting  factor.  In  models 
of  plankton  dynamics  the  unspecified  'loss  rate'  of 
phytoplankton  often  is  much  higher  than  can  be 
accounted  for  by  grazing  and  sedimentation. 
(White-Reimer-PTT) 
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BIOASSAY  USING  THE  MEASUREMENT  OF 
THE  GROWTH  INHIBITION  OF  A  CILIATE 
PROTOZOAN:  COLPIDIUM  CAMPYLUM 
STOKES. 

Institut  National  de  la  Sante  et  de  la  Recherche 

Medicale,   Villeneuve  d'Ascq  (France).   Microbe 

Ecotoxicology  Unit  146. 

D.  Dive,  S.  Robert,  E.  Angrand,  C.  Bel,  and  H. 

Bonnemain. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  181-188, 

December  1989.  2  fig,  3  tab,  20  ref. 

Descriptors:  'Bioassay,  'Protozoa,  'Quality  con- 
trol, 'Testing  procedures,  'Toxicity,  'Water  pollu- 
tion effects,  Laboratory  methods,  Potassium  di- 
chromate,  Standardization. 

A  bioassay  method  using  the  ciliate  protozoan 
Colpidium  campylum  was  conducted  in  a  stand- 
ardized form  to  determine  the  influence  of  the 
initial  cell  concentration  on  potassium  dichromate 
EC50  values.  Two  intercalibration  experiments  be- 
tween two  laboratories  were  performed  on  ten 
toxicants  in  two  different  conditions.  The  potassi- 
um dichromate  EC50  determinations  were  per- 
formed by  eight  different  people.  The  results 
showed  that  some  technical  aspects  such  as  weigh- 
ing and  dilutions,  are  more  important  sources  of 
variation  than  is  generally  supposed.  The  fluctua- 
tions due  to  the  biological  material  were  estimated 
and,  taking  into  account  the  intra-experiment  error, 
a  coefficient  of  variation  of  15%  in  EC50  appears 
to  be  optimal.  This  test  can  be  performed  in  differ- 
ent laboratories  with  high  coherence  in  the  re- 
sponse integrated  over  nine  products  (with  a  slope 
close  to  1).  The  comparison  of  the  EC50's  based  on 
several  products,  permits  the  determination  of  a 
response  ratio  between  the  laboratories.  This 
method  can  be  applied  to  the  study  of  pure  com- 
pounds, mixtures  of  toxicants  and  interactions, 
complexation  of  metals,  industrial  waters  and 
leachate  products.  The  limitation  of  the  method  is 
the  possible  occurrence  of  insoluble  particles  in  the 
sample,  which  can  interfere  with  electronic  count- 
ing. (White-Reimer-PTT) 
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APPLICATION  OF  ALGAL  GROWTH  POTEN- 
TIAL TESTS  (AGP)  TO  THE  CANALS  AND 
LAKES  OF  WESTERN  NETHERLANDS. 

Hoogheemraadschap  van  Rijnland,  Leiden  (Neth- 
erlands). 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Identification  Of  Pollutants— Group  5A 


S.  P.  Klapwijk,  G.  Bolier,  and  J.  van  der  Does. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  189-199, 
December  1989.  3  fig,  6  tab,  34  ref. 

Descriptors:  *Algal  growth,  'Bioassay,  'Eutroph- 
ication,  'Netherlands,  'Sample  preparation,  'Scen- 
edesmus,  Hydrogen  ion  concentration,  Lake  resto- 
ration, Limiting  nutrients,  Nitrates,  Nitrogen, 
Phosphorus. 

Four  hundred  and  forty  bioassays  with  Scenedes- 
mus  quadricauda  (Turp.)  Breb.  as  a  test  organism 
were  carried  out  with  samples  from  canals  and 
lakes  in  the  western  part  of  the  Netherlands.  The 
results  were  used  to  assess  the  algal  growth  poten- 
tial (AGP)  and  to  determine  the  limiting  nutrient(s) 
for  maximum  biomass  production.  Special  atten- 
tion was  paid  to  the  effects  of  deep-freezing  and 
autoclaving  as  pretreatment  of  water  samples  on 
pH  and  nutrient  concentrations.  The  AGP  ranged 
from  very  low  in  the  relatively  isolated  polder 
lakes  to  very  high  in  canals  and  lakes,  which  form 
part  of  the  basin  system  of  Rijnland.  The  lowest 
yields  were  observed  in  nitrogen  and  phosphorus 
co-limited  waters,  while  the  highest  were  found  in 
waters  limited  by  nitrogen  alone.  AGP  proved  to 
be  primarily  determined  by  the  amount  of  nitro- 
gen, especially  nitrate,  in  the  samples  and  only 
secondarily  by  the  amount  of  phosphorus.  The 
observed  ranges  indicating  phosphorus  limitation, 
>50  for  inorganic  and  >30  for  total  N/P  ratios, 
lie  considerably  higher  than  reported  so  far.  It  is 
concluded  that,  once  the  relations  between  AGP 
and  nutrients  are  established,  AGP  tests  do  not 
have  to  be  carried  out  routinely,  but  still  can  be 
very  useful  in  special  studies,  e.g.  in  lake  restora- 
tion projects.  (Author's  abstract) 
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STUDY  OF  PHOSPHATE  LIMITATION  IN 
LAKE  MAARSSEVEEN:  PHOSPHATE 

UPTAKE  KINETICS  VERSUS  BIOASSAYS. 

Water  Board  of  Utrecht  (Netherlands). 
E.  Van  Donk,  L.  R.  Mur,  and  J.  Ringelberg. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  201-209, 
December  1989.  1  fig,  4  tab,  34  ref. 

Descriptors:  *Bioassay,  'Lake  Maarsseveen,  •Lim- 
iting nutrients,  'Phosphates,  'Phytoplankton,  'The 
Netherlands,  'Water  pollution  effects,  Diatoms, 
Growth,  Nutrient  uptake,  Seasonal  variation. 

In  order  to  assess  possible  phosphate  limitation  for 
the  phytoplankton  community  of  Lake  Maarsse- 
veen, two  techniques  (phosphate  uptake  experi- 
ments and  bioassays)  were  employed  simultaneous- 
ly in  February-March  1982.  In  that  period  the 
ambient  phosphate  concentration  of  the  lake  water 
was  less  than  0.03  microM  P  and  the  diatom  Aster- 
ionella  formosa  constituted  more  than  90%  of  the 
phytoplankton  population.  The  phosphate  uptake 
experiments  showed  relatively  high  uptake  capac- 
ities and  low  cell  phosphorus  contents  for  the 
natural  phytoplankton  community.  This  suggested 
phosphate  limitation  throughout  the  test  period. 
The  growth  stimulation  of  the  phytoplankton  after 
enrichment  with  phosphate,  however,  only  re- 
vealed phosphate  limitation  from  the  beginning  of 
March  and  bioassays  may  therefore  be  regarded  as 
a  less  sensitive  method.  (Author's  abstract) 
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lakes,  to  assess  their  potential  fertility  and  to  identi- 
fy possible  limiting  nutrients.  The  relative  growth 
responses  (log2  increments)  per  week,  were  meas- 
ured after  additions  of  P,  Fe,  Se,  N,  and  K  singly 
and  in  combinations  in  comparison  with  unen- 
riched  (control)  samples.  Phosphate  appeared  to  be 
the  major  limiting  element  for  both  species 
throughout  the  year,  except  during  the  spring 
diatom  maxima  when  silicon  usually  becomes  limit- 
ing. On  most  occasions  chelated  iron  increased  the 
growth  increments,  particularly  in  combination 
with  phosphate.  In  general,  the  bioassay  results 
showed  correspondence  with  the  nutrient  concen- 
trations in  the  test  waters,  which  showed  low  (<1 
microg/L)  levels  of  soluble  reactive  phosphate 
during  all  or  most  of  the  year  and  depleted  silicon 
levels  in  late  spring.  The  results  were  obtained  by 
the  use  of  relative  (incremental)  growth  measure- 
ments based  on  the  ratio  of  cell  numbers  at  the 
beginning  and  end  of  the  incubation  period,  unlike 
the  more  commonly  used  absolute  (cell  concentra- 
tion) values  in  which  growth  is  expressed  as  a 
concentration  yield  (usually  given  in  terms  of  dry 
or  wet  weight,  optical  density,  or  packed  cell 
volume)  after  a  period  of  time.  (Author's  abstract) 
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Descriptors:  'Bioassay,  'Great  Lakes,  'Phyto- 
plankton, 'Pollutant  identification,  'Toxicity, 
Bioindicators,  Microbial  loop,  Testing  procedures. 

The  use  of  phytoplankton  as  test  organisms  in 
bioassays  has  recently  gained  momentum  due  to 
their  simplicity,  availability,  sensitivity,  rapidity  of 
analysis,  and  cost-effectiveness.  Increasing  empha- 
sis is  currently  being  given  to  field  and  in  situ 
experiments  using  indigenous  populations,  particu- 
larly ultraplankton/picoplankton  (2-20  microm) 
which  play  a  key  role  in  the  'microbial  loop'  and 
food  chain  dynamics.  Impact  evaluation  can  be 
determined  at  the  structural,  ultra-structural,  and 
functional  level.  An  array  of  techniques  is  available 
for  toxicity  testing  including  the  use  of  either  algal 
cultures  or  natural  assemblages  in  laboratory  or  in 
situ  experiments,  the  selection  of  which  depends  on 
the  objectives,  precision  required,  and  project 
budget  of  the  particular  study.  An  overview  is 
presented  of  the  various  procedures  using  algae  in 
toxicity  testing  with  a  focus  on  the  Great  Lakes 
and  an  emphasis  on  field  techniques.  Topics  cov- 
ered include  the  use  of:  structural  indicators,  ultra- 
structural  indicators,  and  functional  indicators. 
The  use  of  natural  assemblages  is  favored  over 
laboratory-grown  cultures  because  extrapolation  of 
laboratory  data  to  natural  conditions  is  often  diffi- 
cult and  misleading.  The  effective  use  and  applica- 
tion of  such  sensitive  technology  has  tremendous 
potential  for  early  warning  detection  of  ecosystem 
perturbations  in  concert  with  a  multi-trophic  bat- 
tery of  tests.  (Author's  abstract) 
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EVIDENCE  FROM  ALGAL  BIOASSAYS  OF 
SEASONAL  NUTRIENT  LIMITATIONS  IN 
TWO  ENGLISH  LAKES. 

Freshwater    Biological     Association,    Ambleside 
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Comparative  laboratory  bioassays  using  Asterion- 
ella  formosa  and  Rhodomonas  lacustris  as  test  or- 
ganisms were  performed  from  March  to  November 
1987  on  filtered  water  samples  from  two  English 


sponses  such  as  enhancement,  inhibition,  adapta- 
tion (or  development  of  resistance)  or  rebound, 
depending  on  the  direction  of  changes  in  the  intra- 
cellular toxicant  concentration  and  the  duration  of 
exposure.  However,  steady-state  cells  in  a  two- 
stage  chemostat  system  exhibited  an  increased  tol- 
erance to  toxicants  and  subtle  physiological  effects 
such  as  photosynthetic  enhancement  which  was 
accompanied  by  a  considerable  leakage  of  photo- 
synthesates.  It  is  important  to  understand  such 
steady-state  responses  for  the  prediction  and  assess- 
ment of  ecological  impact  by  organic  pollution  on 
phytoplankton,  since  the  time  scale  of  changes  in 
the  toxicant/biomass  ratio  in  most  natural  waters  is 
long  enough  to  approximate  an  equilibrium  state. 
(Author's  abstract) 
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ROUND  ROBIN  TESTING  WITH  THE  SELEN- 
ASTRUM  CAPRICORNUTUM  MICROPLATE 
TOXICITY  ASSAY. 

Department    of    the    Environment,     Sainte-Foy 

(Quebec). 
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Growth,  Microplate  bioassay,  Phenols. 

Three  Quebec-based  ecotoxicological  laboratories 
participated  in  an  intercalibration  exercise  to  assess 
the  performance  of  a  recently-published  cost-effi- 
cient algal  microplate  toxicity  assay.  Three  test 
series  were  carried  out  with  six  operators  (2  from 
each  laboratory)  and  two  reference  toxicants  (Cd 
as  CdC12  and  phenol).  Variables  included  algal 
cultivation  technique  (series  1),  presence  or  ab- 
sence of  Na2EDTA  in  the  growth  medium  (series 
2),  and  passive  or  active  gas  exchange  during  incu- 
bation (series  3).  Control  growth  variability  con- 
ferred an  overall  test  precision  of  8.7%  (coefficient 
of  variation  obtained  for  204  microplate  tests). 
Cadmium  (96  h  EC50  =  56  microg/L)  and  phenol 
(96  h  EC50  =  69.7  mg/L)  toxicity  test  reproduc- 
ibility was  reflected  by  coefficients  of  variation  of 
24.3%  and  34.9%,  respectively.  Algal  cultivation 
technique,  whether  standardized  or  'in  house',  had 
no  effect  on  toxicity  results.  Na2EDTA,  as  part  of 
the  growth  medium,  significantly  ameliorated  algal 
growth  and  toxicity.  While  active  gas  exchange 
during  microplate  incubation  significantly  im- 
proved growth,  toxicity  results  were  unaffected. 
This  effect  can  be  offset,  however,  by  providing 
appropriate  modifications  to  better  seal  individual 
wells  and  to  improve  experimental  design.  (Au- 
thor's abstract) 
W90-07272 


CONTINUOUS  CULTURE  ALGAL  BIOASSAYS 
FOR  ORGANIC  POLLUTANTS  IN  AQUATIC 
ECOSYSTEMS. 

New  York  State  Dept.  of  Health,  Albany.  Wads- 
worth  Center  for  Labs,  and  Research. 
G.  Y.  Rhee. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  247-257, 
December  1989.  5  fig,  26  ref. 

Descriptors:  'Bioassay,  'Culture  techniques,  'Or- 
ganic pollutants,  'Phytoplankton,  'Pollutant  iden- 
tification, Algal  physiology,  Biomass,  Continuous 
culture,  Productivity. 

Short-term  responses  of  phytoplankton  to  organic 
pollutants  are  highly  transitory.  Time-course  stud- 
ies of  non-steady  state  cells  in  continuous  culture 
showed    varying   growth    or   photosynthetic    re- 


PHYTOPLANKTON  RECOVERY  RESPONSES 
AT  THE  POPULATION  AND  COMMUNITY 
LEVELS  IN  A  HAZARD  AND  RISK  ASSESS- 
MENT STUDY. 

Institut   National   de   la   Recherche    Scientifique, 

Sainte-Foy  (Quebec). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07273 


COMPARISON  OF  FTVE  BIOASSAY  TECH- 
NIQUES FOR  ASSESSING  SEDIMENT- 
BOUND  CONTAMINANTS. 

Technische   Univ.   Hamburg-Harburg   (Germany, 

W.  Ahlf,  W.  Calmano,  J.  Erhard,  and  U.  Forstner. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  285-289, 
December  1989.  4  fig,  1  tab,  16  ref. 

Descriptors:  'Algal  growth,  'Bioassay,  'Sediment 
contamination,  'Toxicity,  'Water  pollution  effects, 
Biomass,  Comparison  studies,  Elutriates,  Microor- 
ganisms, Neubauer  phytoassay. 

An  algal  assay  was  compared  with  four  sediment 
bioassays  using  bacteria,  algae,  and  higher  plants  as 
indicators.  Three  different  sediments  from  the 
Hamburg,  Germany  area  were  used  for  the  investi- 
gation and  the  following  assays  were  used:  (1) 
elutriate  bioassays  designed  for  monitoring  dredg- 
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ing  projects;  (2)  an  elutriate  test  that  simulates  the 
immediate  impact  of  resuspended  sediments  on  the 
water  column  with  a  recirculating  system  to  deter- 
mine to  what  extent  the  contaminants  are  available 
within  a  certain  period  of  time  and  how  they  affect 
the  test  organism;  (3)  DNA  content  to  describe  the 
reactions  of  microbial  biomass;  (4)  bioactivity  of 
microorganisms;  and  (5)  the  Neubauer  phytoassay 
to  evaluate  seed  germination  and  initial  plant 
growth.  The  results  indicated  that  Neubauer  phy- 
toassay was  the  most  sensitive.  The  microbial  bio- 
mass and  algal  growth  tests  indicated  a  response  to 
the  availability  of  contaminants  and  nutrients.  It  is 
suggested  that  a  diversity  of  bioassays  is  useful  in 
toxicity  testing  of  sediment  contamination.  (White- 
Reimer-PTT) 
W9O-07275 


ASSESSING  TOXICITY  OF  LAKE  DIEFEN- 
BAKER  (SASKATCHEWAN,  CANADA)  SEDI- 
MENTS USING  ALGAL  AND  NEMATODE 
BIOASSAYS. 

Environmental   Protection   Service,   Regina  (Sas- 
katchewan). Water  Quality  Branch. 
D.  J.  Gregor,  and  M.  Munawar. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  291-300, 
December  1989.  3  fig,  3  tab,  19  ref. 

Descriptors:  'Algal  growth,  *Bioassay,  'Lake  Die- 
fenbaker,  'Pollutant  identification,  'Saskatchewan, 
'Sediment  contamination,  'Toxicity,  Algal  Frac- 
tionation Bioassays,  Chemical  fractionation,  Nema- 
todes, Phytoplankton. 

Lake  Diefenbaker,  on  the  South  Saskatchewan 
River,  Saskatchewan,  Canada,  receives,  on  aver- 
age, 90%  of  its  inflow  from  snowmelt  and  rainfall 
in  the  Rocky  Mountains.  The  inflowing  rivers  also 
receive  irrigation  return  flows  and  municipal  and 
industrial  effluents  which  may  result  in  the  con- 
tamination of  lake  sediments.  The  sediments  were 
assessed  by  nematode  and  algal  bioassays.  The 
toxicity  of  five  chemical  fractions  of  the  sediment 
was  determined  using  the  nematode  Panagrellus 
redivivus  as  the  test  organism.  The  results  suggest 
that  the  sediment  chemical  fractions  frequently 
inhibit  growth  and  maturation,  while  lethality  was 
observed  at  4  of  12  sites.  Samples  from  3  of  these 
sites  were  further  evaluated  using  conventional 
elutriate  Algal  Fractionation  Bioassays  (AFB)  with 
both  natural  Lake  Diefenbaker  phytoplankton  and 
a  mixed  laboratory  grown  algal  culture.  The  natu- 
ral phytoplankton  showed  inhibition  at 
sediment:water  ratios  of  10:1;  whereas  the  algal 
cultures  showed  both  enhancement  and  inhibition. 
Evidently,  the  sediments  are  frequently  toxic  to  the 
species  tested  except  for  the  algal  culture.  The 
AFB  assesses  the  mitigative  and  synergistic  effects 
of  contaminants  and  nutrients  and  being  a  conven- 
tional elutriate,  is  more  realistic  and  potentially 
more  acceptable  than  the  chemical  fractionation/ 
nematode  bioassay  technique  which  essentially 
considers  potential  trace  organic  contaminant  ef- 
fects. (Author's  abstract) 
W90-07276 


FRASER  RTVER  SEDIMENTS  AND  WATERS 
EVALUATED  BY  THE  BATTERY  OF  SCREEN- 
ING TESTS  TECHNIQUE. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
B.  J.  Dutka,  T.  Tuominen,  L.  Churchland,  and  K. 
K.  Kwan. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  301-315, 
December  1989.  1  fig,  4  tab,  17  ref. 

Descriptors:  'Bioassay,  'Fraser  River,  'Pollutant 
identification,  'Sediment  contamination,  'Testing 
procedures,  'Toxicity,  Biochemical  tests,  British 
Columbia,  Comparison  studies,  Daphnia,  Micro- 
biological studies. 

The  suitability  of  a  variety  of  microbiological, 
biochemical  and  toxicant  screening  tests  to  become 
part  of  a  battery  of  test  procedures  to  identify 
degraded  or  degrading  water  bodies  was  evaluat- 
ed. Data  were  collected  from  40  sampling  sites 
within  the  Fraser  River  Basin  in  British  Columbia. 
These  data  re-emphasize  that  individual  toxicant, 
biochemical  or  microbiological  screening  tests  do 
not   provide  a  sufficient   data  base   upon   which 


realistic  management  decisions  can  be  made.  The 
results  also  confirm  that  the  fecal  sterol  tests  do 
not  seem  amenable  to  a  'battery  of  tests'  approach, 
and  that  the  Daphnia  magna  test  continues  to  be 
the  most  sensitive  procedure  for  indicating  the 
presence  of  contaminants  with  toxicant  activity. 
(Author's  abstract) 
W90-07277 


BIOASSAY  RESPONSES  OF  MICRO-ORGA- 
NISMS TO  SEDIMENT  ELUTRIATES  FROM 
THE  ST.  LAWRENCE  RIVER  (LAKE  ST. 
LOUIS). 

Environment  Canada,  Montreal  (Quebec). 

H.  Sloterdijk,  L.  Champoux,  V.  Jarry,  Y. 

Couillard,  and  P.  Ross. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  317-335, 

December    1989.   5   fig,    13   tab,   47   ref.    Natural 

Sciences   and   Engineering   Research   Council   of 

Canada  NSERC-G 1571. 

Descriptors:  'Bioassay,  'Canada,  'Chlorinated  hy- 
drocarbons, 'Hazard  assessment,  'Heavy  metals, 
•Pollutant  identification,  'Sediment  contamination, 
•St  Lawrence  River,  'Toxicity,  Carbon  radioiso- 
topes, Cladocera,  Microtox  assay,  Nematodes,  Ro- 
tifers. 

A  sediment  study,  involving  both  chemical  and 
biological  analyses,  was  carried  out  in  the  St.  Law- 
rence River  near  Montreal  (Lake  St.  Louis).  About 
60  stations  were  sampled  during  1984-85,  and  the 
sediments  were  analyzed  for  support  variables, 
heavy  metals,  and  organochlorinated  compounds. 
Subsamples  were  elutriated  using  a  1  to  4  sedi- 
ment/water ratio.  The  resulting  elutriates  were 
analyzed  for  several  chemical  variables,  while  tox- 
icity was  measured  using  the  Microtox  test,  algal 
14C  assimilation,  and  lethality/developmental  inhi- 
bition in  cladocerans,  rotifers,  and  nematodes.  The 
results  showed  a  great  variety  of  responses  and 
sensitivity,  and  correlations  between  the  tests  were 
non-significant.  In  terms  of  toxic  responses,  the 
alga]  and  Microtox  tests  were  the  most  sensitive. 
Toxic  responses  could  not  be  explained  in  simple 
terms  of  contaminant  concentrations.  Therefore, 
the  chemistry  of  elutriates  is  not  predictive  of  the 
toxic  potential  of  contaminated  sediments.  Biotests 
can  give  an  insight  into  the  hazard  assessment  of 
sediments,  but  no  single  test  will  be  sufficient;  the 
use  of  a  battery  of  standardized  biotests,  represent- 
ing different  levels  of  organization/food  chain,  in- 
cluding representative  natural  species,  is  highly 
recommended.  (Author's  abstract) 
W90-07278 


METAL  CONTAMINATION  IN  SEDIMENTS 
AND  BIOTA  OF  THE  BAY  OF  QUTNTE,  LAKE 
ONTARIO,  CANADA. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Biol- 
ogy 

A.  Crowder,  W.  T.  Dushenko,  J.  Greig,  and  J.  S. 
Poland. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  337-343, 
December  1989.  1  fig,  3  tab,  27  ref. 

Descriptors:  'Bay  of  Quinte,  'Bioaccumulation, 
•Bioassay,  'Canada,  'Heavy  metals,  'Pollutant 
identification,  'Sediment  contamination,  'Water 
pollution  effects,  Atomic  absorption  spectrophoto- 
metry, Chemical  analysis,  Metals,  Mine  wastes, 
Moira  River,  Neutron  activation  analysis. 

The  Bay  of  Quinte  receives  drainage  from  several 
large  river  systems,  including  the  Moira  River 
which  carried  sediment  from  mines  into  the  Bay 
from  the  1880s  to  the  1960s.  The  possible  metal 
contamination  of  submerged  weed  beds  and  marsh 
biota  which  may  contribute  to  the  low  diversity 
and  biomass  of  macrophyte  beds  and  Typha 
marshes  in  the  Bay  was  investigated.  In  1987, 
sediment,  macrophytes,  and  snails  were  sampled  in 
wetlands  close  to  the  Moira  River  and  at  Hay  Bay 
(part  of  the  Bay  of  Quinte  presumably  unaffected 
by  mine  effluents)  located  20  km  from  the  Moira. 
Some  element  concentrations  in  sediment  and  biota 
were  determined  by  neutron  activation  analysis 
(NAA)  including  Al,  As,  Br,  Ca,  Co,  CI,  Cr,  Cs, 
Fe,  Hf,  K,  La,  Na,  Mg,  Sb,  Sc,  Rb,  Ta,  Th,  Ti,  U, 
V,  and  Zn.  Other  elements  were  analyzed  by  acid 
dissolution  and  atomic  absorption  spectrophoto- 


metry (AAS)  including  Ag,  As,  Cu,  Hg,  Ni,  Pb, 
and  Zn.  Levels  of  As  in  sediments  and  plants  were 
higher  close  to  the  Moira  River,  whereas  Cu  and 
Ni  showed  the  opposite  pattern  in  sediments.  The 
usefulness  of  species  as  bioassays  differed:  Stagni- 
cola  elodes  Say  accumulated  significantly  higher 
levels  of  Cu  (35  vs  18  ppm)  and  V  (1.1  vs  0.5  ppm) 
than  Planorbella  trivolvis  Say  collected  from  the 
same  sites.  The  macrophyte,  Myriophyllum  spica- 
tum  L.  acted  as  an  accumulator  of  Pb  (up  to  9.6 
ppm),  whereas  Pb  in  Vallisneria  americana  Michx. 
at  the  same  sites  was  undetectable.  (Author's  ab- 
stract) 
W90-07279 


USE  OF  AQUATIC  MACROPHYTES  AS  A  BIO- 
ASSAY METHOD  TO  ASSESS  RELATIVE  TOX- 
ICITY, UPTAKE  KINETICS  AND  ACCUMU- 
LATED FORMS  OF  TRACE  METALS. 

King's  Coll.,  London  (England).  Div.  of  Biosphere 

Sciences. 

S.  Smith,  and  M.  K.  H.  Kwan. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  345-351, 

December  1989.  3  fig,  1  tab,  3  ref. 

Descriptors:  'Aquatic  plants,  'Bioaccumulation, 
•Bioassay,  •Cadmium,  'Duckweed,  'Thallium, 
•Toxicity,  'Water  pollution  effects,  Hydrogen  ion 
concentration,  Organic  ligands,  Plant  physiology, 
Uptake  kinetics. 

The  macrophyte  Lemna  minor  exposed  to  thallium 
and  cadmium  was  used  to  demonstrate  the  rela- 
tionship between  exposure,  tissue  concentration 
and  toxicity.  Flowthrough,  continuous  exposure 
systems  were  developed  to  study  metal  uptake 
kinetics  as  a  function  of  time  and  concentration 
and  metal  efflux.  Short-term  24  hr  metal  exposures 
were  used  to  examine  factors  influencing  uptake 
and  the  accumulated  forms  of  the  metals.  The 
results  indicated  that  thallium  is  near  to  one  order 
of  magnitude  more  toxic  than  cadmium  but  at 
equimolar  exposures  Lemna  accumulates  consider- 
ably more  cadmium  than  thallium.  It  is  thought 
that  these  differences  may  be  explained  in  terms  of 
the  physicochemical  properties  of  the  two  ele- 
ments and  hence  in  the  dynamics  of  the  metals  in 
the  plant  tissues.  Thus,  thallium  is  a  'mobile'  ele- 
ment with  little  affinity  for  organic  ligands  and  its 
ion  activity  is  relatively  unaffected  by  changes  in 
pH.  Thallium  in  the  cell  behaves  in  an  analogous 
fashion  to  potassium,  even  to  the  point  that  the  cell 
vacuole  is  a  likely  site  of  accumulation.  Cadmium, 
or.  the  other  hand,  has  a  strong  affinity  for  organic 
ligands  and  a  major  proportion  of  the  element  in 
Lemna  tissues  is  complexed  with  the  pectins  of  the 
cell  wall  and  even  in  the  soluble  phase  much  of  the 
Cd  is  bound  to  protein  fractions.  An  understanding 
of  the  uptake  mechanisms,  the  distribution  and 
accumulated  forms  of  trace  metals  in  plants  are 
integral  components  of  bioassay  procedures  for 
metal  toxicity  assessment  and  biological  monitor- 
ing. (White-Reimer-PTT) 
W90-07280 


BIOASSAYS  WITH  A  FLOATING  AQUATIC 
PLANT  (LEMNA  MINOR)  FOR  EFFECTS  OF 
SPRAYED  AND  DISSOLVED  GLYPHOSATE. 

Department  of  Fisheries  and  Oceans,   Winnipeg 

(Manitoba).  Freshwater  Inst. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07281 


PHYTOMONrrORTNG  OF  PULVERIZED 
FUEL  ASH  LEACHATES  BY  THE  DUCKWEED 
LEMNA  MINOR. 

Keuring  van  Electrotechnische  Materialen  N.V., 
Arnhem  (Netherlands).  Environmental  Dept. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07282 


ROOT  AND  SHOOT  ELONGATION  AS  AN  AS- 
SESSMENT OF  HEAVY  METAL  TOXICITY 
AND  'ZN  EQUIVALENT  VALUE'  OF  EDIBLE 
CROPS. 

Hong  Kong  Baptist  Coll.,  Kowloon.  Dept.  of  Biol- 
ogy- 
For  primary  bibliographic  entry  see  Field  5E. 
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W90-07283 


EFFECTS  OF  ACIDITY  ON  ACUTE  TOXICITY 
OF  ALUMINIUM-WASTE  AND  ALUMINIUM- 
CONTAMINATED  SOIL. 

Hong  Kong  Polytechnic,  Kowloon.  Dept.  of  Ap- 
plied Biology  and  Chemical  Technology. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07284 


DO  BIOASSAYS  ADEQUATELY  PREDICT  EC- 
OLOGICAL EFFECTS  OF  POLLUTANTS. 

Oslo  Univ.  (Norway).  Dept.  of  Marine  Zoology 

and  Chemistry. 

J.  S.  Gray. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  397-402, 

December  1989.  3  fig,  1  tab,  11  ref. 

Descriptors:  *Bioassay,  *Hazard  assessment,  *Mol- 
lusks,  'Water  pollution  effects,  Ecological  sensitiv- 
ity, Growth  bands,  Oil  pollution,  Variability. 

With  some  notable  exceptions,  such  as  the  echino- 
derm  and  oyster  larvae  tests,  the  species  tradition- 
ally used  in  bioassays  are  not  sufficiently  sensitive 
to  detect  subtle  ecological  effects  of  pollutants.  It 
is  suggested  that  by  using  ecological  criteria,  spe- 
cies can  be  identified  from  any  pollution  gradient 
that  are  sensitive  to  subtle  effects  of  pollution. 
Examples  are  given  using  gradients  of  oil,  sewage 
and  titanium  dioxide  pollution,  showing  how  eco- 
logically sensitive  species  for  use  in  laboratory 
bioassays  can  be  selected  objectively.  Many  marine 
mollusks  show  microgrowth  bands,  which  can  be 
used  as  in  situ  field  bioassays.  Using  the  bivalve 
Cerastoderma  edule  a  sequential  series  of  photo- 
graphs showing  microgrowth  bands  over  many 
months  were  obtained.  The  data  was  subjected  to 
time  series  analyses  to  ascertain  the  dominant  peri- 
ods shown  in  the  microgrowth  pattern.  The  analy- 
ses showed  that  it  was  tides  and  not  diurnal  pat- 
terns that  initiated  the  microgrowth  bands.  From 
such  an  analysis  C.  edule  can  be  used  to  monitor 
retrospectively  the  spatial  and  temporal  effects  of  a 
pollutant  event  such  as  an  oil  spill.  The  results 
show  that  variation  between  individuals  from  the 
same  locality  is  fairly  low  and  that  a  sample  of  5 
individuals  of  the  same  approximate  size  gives  a 
measure  of  the  natural  variability.  (Author's  ab- 
stract) 
W90-O7285 


DAPHNIA  BIO  ASSAY:  A  CRITIQUE. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 

Plant  Sciences. 

D.  J.  Baird,  I.  Barber,  M.  Bradley,  P.  Calow,  and 

A.  M.  V.  M.  Soares. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  403-406, 

December  1989.  4  fig,  1  tab,  8  ref.  NERC  grant 

TSF/8a6/Ae/4,  EC  contracts  CCAM/87/319  and 

B/86OO016O  and  NATO  grant  3/A/87/PO. 

Descriptors:  *Bioassay,  'Daphnia,  'Hazard  assess- 
ment, *Model  studies,  'Quality  control,  'Testing 
procedures,  'Toxicity,  'Water  pollution  effects, 
Culture  techniques,  Guidelines,  Interactive  effects, 
Quantitative  genetic  models. 

Daphnia  magna  is  used  widely  as  a  standard  eco- 
toxicological  indicator  organism,  and  protocols 
exist  for  its  use  in  assessing  the  toxicity  of  sub- 
stances under  acute  and  chronic  experimental  con- 
ditions. However,  problems  exist  in  the  repeatabi- 
lity of  such  bioassays  between  laboratories. 
Sources  of  variation  were  identified  using  a  simple 
quantitative  genetics  model.  It  was  concluded  that 
the  following  factors  should  be  considered  in  con- 
ducting these  bioassays:  (1)  To  improve  consisten- 
cy in  the  D.  magna  bioassay  among  testing  labs, 
both  genotype  and  culture  conditions  must  be 
specified.  Test  protocols  must  be  unambiguous;  if 
tests  are  carried  out  under  conditions  that  deviate 
from  the  protocol  the  results  must  be  discarded;  (2) 
Further  research  into  each  of  the  components  of 
the  model  should  identify  which  clone(s)  is  suitable 
for  testing  purposes,  and  should  lead  to  the  formu- 
lation of  'good  laboratory  practice'  guidelines;  and 
(3)  While  in  principle  it  should  be  straightforward 
to  minimize  variability  due  to  genetic  heterogene- 
ity and  environmental  heterogeneity,  the  interac- 


tive  effects  arising   from   the   variability   due   to 
genotype  by  environmental  interaction  are  likely 
to  be  subtle  and  merit  more  detailed  investigation. 
(Author's  abstract) 
W90-07286 


LIFE-TABLES  OF  DAPHNIA  OBTUSA  (KURZ) 
SURVrvTNG  EXPOSURE  TO  TOXIC  CONCEN- 
TRATIONS OF  CHROMIUM. 

Istituto  Italiano  di  Idrobiologia,  Pallanza  (Italy). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07287 


TOXICITY  OF  THE  NEW  PYRETHROID  IN- 
SECTICIDE, DELTAMETHRIN,  TO  DAPHNIA 
MAGNA. 

Institute  of  Environmental  Health  and  Engineer- 
ing, Beijing  (China). 
R.  Xiu,  Y.  Xu,  and  S.  Gao. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  411-413, 
December  1989.  2  tab,  8  ref. 

Descriptors:  'Bioassay,  'Daphnia,  'Deltamethrin, 
'Insecticides,  'Pollutant  identification,  'Toxicity, 
Juveniles,  Neonates,  Pyrethroid  pesticides,  Resi- 
dues, Sediment  contamination. 

The  toxicity  of  deltamethrin,  a  synthetic  pyreth- 
roid insecticide,  was  determined  under  standard- 
ized conditions  in  neonates  and  juveniles  of  Daph- 
nia magna.  Neonates  (6  to  24  h  old)  were  more 
sensitive  than  juveniles  (48  to  72  h  old).  The  24-h 
and  48-h  EC50s  (immobilization)  in  neonates  were 
0.113  and  0.031  microg/L,  respectively.  The  delta- 
methrin was  highly  toxic.  The  96-h  EC50  was  in 
the  ppt  (microg/L)  range.  Toxicity  tests  with 
Daphnia  may  be  used  to  detect  toxic  residues  in 
water  and  sediment  in  areas  treated  with  delta- 
methrin and  other  highly  toxic  pyrethroid  pesti- 
cides. (Author's  abstract) 
W90-07288 


HERBICIDE  EFFECTS  ON  PLANKTONIC  SYS- 
TEMS OF  DIFFERENT  COMPLEXITY. 

Max-Planck-Inst.  fuer  Limnologie  zu  Ploen  (Ger- 
many, F.R.). 

W.  Lampert,  W.  Fleckner,  E.  Pott,  U.  Schober, 
and  K.  U.  Storkel. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  415-424, 
December  1989.  9  fig,  1  tab,  23  ref. 

Descriptors:  'Atrazine,  'Bioassay,  'Daphnia, 
•Herbicides,  'Plankton,  'Pollutant  identification, 
'Toxicity,  Direct  effects,  Growth,  Indirect  effects, 
Recovery,  Stress,  Sublethal  tests. 

Bioassays  of  different  complexity  were  compared 
with  respect  to  their  capability  to  predict  the  envi- 
ronmental impact  of  the  herbicide  atrazine  in 
aquatic  systems.  Acute  toxicity  tests  with  Daphnia 
did  not  yield  meaningful  results.  Sublethal  tests 
with  Daphnia  (feeding  inhibition,  reduction  of 
growth  and  reproduction)  were  more  sensitive,  but 
effective  concentrations  of  atrazine  were  still 
rather  high  (2  mg/L).  A  relatively  complicated 
'artificial  food  chain'  system  that  incorporated 
direct  and  indirect  effects  on  Daphnia  yielded  sig- 
nificant reduction  of  daphnid  population  growth  at 
0.1  mg/L.  Enclosure  experiments  with  natural 
communities  were  by  far  the  most  sensitive  tools. 
Community  responses  could  be  measured  at  con- 
centrations as  low  as  1  microg/L  and  0.1  microg 
atrazine/L.  At  the  lowest  concentration,  however, 
communities  recovered  after  three  weeks.  It  was 
concluded  that  in  complex  systems  indirect  effects 
can  be  more  important  than  direct  effects,  so  that, 
contrary  to  the  conditions  in  simple  tests,  non- 
target  organisms  may  by  the  better  indicators  of 
herbicide  stress  to  natural  communities.  (Author's 
abstract) 
W90-07289 


NEW  STANDARDIZED  SEDIMENT  BIOASSAY 

PROTOCOL  USING  THE  AMPHIPOD  HYA- 

LELLA  AZTECA  (SAUSSURE). 

Department  of  Fisheries  and  Oceans,  Burlington 

(Ontario).    Great   Lakes   Lab.    for   Fisheries   and 

Aquatic  Sciences. 

U.  Borgmann,  and  M.  Munawar. 


Hydrobiologia  HYDRB8,  Vol.  188/89,  p  425-431, 
December  1989.  3  fig,  1  tab,  27  ref. 

Descriptors:  'Amphipods,  'Bioassay,  'Great 
Lakes,  'Pollutant  identification,  'Sediment  con- 
tamination, 'Toxicity,  Chronic  toxicity  bioassay, 
Hamilton  Harbor,  Hyalella,  Lake  Ontario,  Testing 
procedures,  Toronto  Harbor. 

A  new  standardized  bioassay  procedure  for  testing 
the  chronic  toxicity  of  sediments  to  Hyalella  azteca 
was  developed.  Tests  were  initiated  with  0-1  wk 
old  amphipods  exposed  to  sediments  from  Hamil- 
ton Harbour,  Toronto  Harbour,  and  Lake  Ontario 
for  4  to  8  weeks.  Both  survival  and  growth  were 
significantly  reduced  in  the  Hamilton  Harbour 
sediments  relative  to  those  from  the  lake  after  4 
weeks.  Exposures  of  8  weeks  resulted  in  greater 
variability;  survival  of  amphipods  in  sediments 
from  one  of  the  harbor  stations,  and  growth  in 
sediments  from  both  harbor  stations  with  surviving 
young  were  not  statistically  different  from  survival 
and  growth  in  lake  sediments.  Growth  and  surviv- 
al in  lake  sediments  were  comparable  to  cultures 
grown  with  cotton  gauze  and  no  sediment  after  4 
weeks,  but  survival  was  poorer  by  week  8.  Repli- 
cation was  good  in  12  out  of  13  tests  done  in 
duplicate;  the  difference  in  survival  between  repli- 
cates averaged  2.2  animals  (20  amphipods/repli- 
cate,  4  week  exposure).  It  is  proposed  that  4  week 
exposures  of  young  (0-1  wk  old)  Hyalella  would 
provide  a  suitable  standardized  chronic  toxicity 
test  for  sediments.  (Author's  abstract) 
W90-07290 


VALVE  MOVEMENT  RESPONSE  OF  MUS- 
SELS: A  TOOL  IN  BIOLOGICAL  MONITOR- 
ING. 

Koninklijk    Inst,    voor   de   Marine,    Den    Helder 

(Netherlands). 

K.  J.  M.  Kramer,  H.  A.  Jenner,  and  D.  de  Zwart. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  433-443, 

December  1989.  5  fig,  3  tab,  45  ref. 

Descriptors:  'Bioindicators,  'Mollusks,  'Monitor- 
ing, 'Mussels,  'Toxicity,  Biological  sensors,  Early 
warning  systems,  Valve  movement  response. 

Biological  sensors  are  becoming  more  important 
for  monitoring  the  quality  of  the  aquatic  environ- 
ment. A  method  using  the  valve  movement  re- 
sponse of  freshwater  (Dreissena  polymorpha)  and 
marine  (Mytilus  edulis)  mussels  as  a  tool  in  moni- 
toring studies  was  developed.  Possible  applications 
of  the  technique  include:  (1)  effluent  monitoring; 
(2)  general  water  quality  monitoring;  (3)  monitor- 
ing of  water  inlets  (drinking  water,  aquaculture); 
(4)  early  warning  system  (alarm  function,  trigger- 
ing a  water  sampler  for  chemical  proof);  (5)  toxici- 
ty testing;  and  (6)  physiological  and  behavioral 
studies.  The  electronic  induction  system  developed 
for  measuring  valve  movement  has  several  advan- 
tages: (1)  The  electronic  interface  facilitates  auto- 
mated data  collection  and  data  interpretation;  (2) 
Since  transmitting  and  receiving  coils  attached  to 
the  mussel  are  quite  small,  and  the  connecting 
wires  are  thin  and  supple,  burrowing  bivalves  are 
free  to  move  to  some  extent;  and  (3)  The  small  size 
and  rigidity  of  the  system  allows  its  use  both  under 
laboratory  and  (semi)  field  conditions,  the  latter 
being  essential  for  the  application  in  an  Early 
Warning  system.  (Author's  abstract) 
W90-07291 


PHYSIOLOGICAL  BACKGROUND  FOR 
USING  FRESHWATER  MUSSELS  IN  MONI- 
TORING COPPER  AND  LEAD  POLLUTION. 

Balatoni    Limnologiai    Kutato    Intezete,    Tihany 

(Hungary). 

J.  Salanki,  and  K.  V.-Balogh. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  445-454, 

December  1989.  4  fig,  2  tab,  19  ref. 

Descriptors:  'Bioaccumulation,  'Bioassay, 
•Copper,  'Heavy  metals,  'Lead,  'Mollusks,  'Mus- 
sels, 'Water  pollution  effects,  Depuration,  Gills, 
Kidneys,  Muscle,  Tissues. 

In  studying  the  effect  of  copper  (10  +/-0.57 
microg  Cu/L  and  100  +/-3.01  microg  Cu/L)  and 
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lead  (50  +  /-1.12  microg  Pb/L  and  500  +/-12.5 
microg  Pb/L)  on  the  filtration  activity  of  Ano- 
donta  cygnea  L.,  it  was  found  that  both  heavy 
metals  resulted  in  significant  shortening  of  the 
active  periods,  but  little  change  occurred  in  the 
length  of  the  rest  periods.  The  concentrations  of 
copper  and  lead  were  measured  in  the  gill,  foot, 
mantle,  adductor  muscle  and  kidney  for  840  hours 
of  exposure  to  10.9  +/-5  microg  Cu/L  and  57.0 
+  /-19  microg  Pb/L  as  well  as  during  subsequent 
depuration.  Uptake  was  observed  after  72  hours  of 
exposure.  The  highest  copper  concentration  (59.1 
+  /-16.2  microg  Cu/g)  was  measured  at  672  hr  in 
the  mantle,  and  the  highest  lead  value  (143  +  /- 
26.1  microg  Pb/g)  was  obtained  in  the  kidney. 
Depuration  of  copper  was  fastest  from  the  foot, 
and  from  the  adductor  muscle  for  lead.  The  gill 
had  the  longest  half-depuration  time  (>840  hr  for 
copper  and  >672  hr  for  lead).  (Author's  abstract) 
W90-07292 


APPLICATION  OF  COMBINED  TISSUE  RESI- 
DUE   CHEMISTRY    AND    PHYSIOLOGICAL 
MEASUREMENTS   OF   MUSSELS   (MYTILUS 
EDULIS)  FOR  THE  ASSESSMENT  OF  ENVI- 
RONMENTAL POLLUTION. 
Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
J.  Widdows,  and  P.  Donkin. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  455-461, 
December  1989.  3  fig,  16  ref. 

Descriptors:  *Bioaccumulation,  'Bioassay,  •Mol- 
lusks,  'Monitoring,  'Mussels,  'Structure-activity 
relationships,  'Toxicity,  'Water  pollution  effects, 
Feeding,  Growth,  Respiration,  Tissues. 

The  rationale  for  the  use  of  combined  tissue  resi- 
due chemistry  and  physiological  energetics  meas- 
urements of  Mytilus  edulis  in  the  assessment  and 
monitoring  of  environmental  pollution  is  outlined. 
Laboratory  derived  relationships  between  the  con- 
centration of  toxicants  in  tissues  and  sublethal  re- 
sponses (e.g.  feeding,  respiration,  and  growth  rate) 
provide  a  toxicological  database  for  the  interpreta- 
tion of  physiological  responses  measured  in  the 
field.  The  role  of  quantitative  structure-activity 
relationships  (QSAR)  in  establishing  tissue  concen- 
tration-effect relationships  for  organic  contami- 
nants was  illustrated  using  two  field  studies;  a 
monitoring  program  in  the  Shetlands,  and  a  practi- 
cal biological  effects  workshop  in  Oslo.  Once  es- 
tablished, a  QSAR  line  enables  the  toxicity  of 
related  compounds  and  mixtures  to  be  predicted. 
Furthermore,  QSARs  can  be  used  to  compare  the 
sensitivity  of  different  organisms  to  classes  of  toxi- 
cants, so  extrapolation  from  biological  effects  on 
mussels  to  effects  on  other  species  becomes  feasi- 
ble. (Author's  abstract) 
W9O-07293 


BIOLOGICAL  ASSESSMENT  OF  CONTAMI- 
NATED SEDIMENT-THE  DETROIT  RIVER 
EXAMPLE. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

T.  B.  Reynoldson,  and  M.  A.  Zarull. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  463-476, 
December  1989.  5  fig,  4  tab,  30  ref. 

Descriptors:  'Benthos,  'Bioassay,  'Monitoring, 
•Pollutant  identification,  'Sediment  contamination, 
•Toxicity,  'Water  pollution  effects,  Data  acquisi- 
tion, Data  interpretation,  Detroit  River,  Environ- 
mental assessment. 

Contaminated  sediments  have  been  found  in  almost 
all  water  bodies  which  have  at  some  time  received, 
or  are  presently  receiving,  waste  inputs  from  urban 
and  industrial  sources.  In  the  Laurentian  Great 
Lakes,  sediments  are  classified  as  contaminated 
from  bulk  chemical  analysis.  The  chemical  criteria 
used  to  evaluate  these  results  are  somewhat  arbi- 
trary and  only  partially  consider  biological  im- 
pacts. The  absence  of  adequate  linkage  among 
sediment  contamination,  bioavailability,  effects  on 
organisms,  populations,  and  ultimately  ecosystem 
health,  represents  a  major  barrier  to  the  restoration 
and  protection  of  aquatic  ecosystems.  An  integrat- 
ed strategy  for  the  assessment  and  delineation  of 
contaminated  sediments  is  proposed  which  pro- 


vides a  comprehensive  evaluation  of  impact,  as 
well  as  a  cost-effective  sampling  and  testing  pro- 
gram. The  strategy  incorporates  the  triad  approach 
and  is  to  be  executed  in  two  stages.  Both  stages  use 
physical,  chemical  and  biological  information; 
however,  the  second  stage  requires  more  sampling 
and  analyses  to  specify  the  severity  and  extent  of 
the  associated  problems.  To  illustrate  the  type  of 
output  anticipated  if  the  strategy  is  used,  data 
assembled  from  the  Detroit  River  are  presented. 
They  demonstrate  that  combined  analysis  of  physi- 
cal, chemical  and  biological  data  can  be  used  to 
link  cause  and  effect  between  sediment  contami- 
nants and  benthic  communities.  (Author's  abstract) 
W90-07294 


METHOD  FOR  STUDYING  THE  IMPACT  OF 
POLLUTED  MARINE  SEDIMENTS  ON  IN- 
TERTIDAL  COLONISING  ORGANISMS; 
TESTS  WITH  DIESEL-BASED  DRILLING 
MUD  AND  TRIBUTYLTTN  ANTIFOULING 
PAINT. 

Ministry  of  Agriculture,  Fisheries  and  Food,  Burn- 
ham  on  Crouch  (England).  Fisheries  Lab. 
P.  Matthiessen,  and  J.  E.  Thain. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  477-485, 
December  1989.  4  fig,  2  tab,  20  ref. 

Descriptors:  'Benthic  fauna,  'Bioassay,  'Organo- 
tin  compounds,  'Sediment  contamination,  'Toxici- 
ty, 'Tributyltin,  Amphipods,  Colonization,  Field 
tests,  Fuel,  Intertidal  areas,  Polychaetes. 

A  novel  sediment  bioassay  which  can  be  used  in 
intertidal  mud  or  sand,  thereby  exposing  a  con- 
taminated sediment  to  a  large  range  of  naturally 
colonizing  fauna  was  developed.  Natural  sediment, 
in  which  invertebrates  had  been  killed  by  freezing, 
was  mixed  with  diesel-based  drilling  mud  (nomi- 
nally 1000  mg/kg  dry  wt  as  diesel-based-mud 
equivalents)  or  particulate  tributyltin  (TBT)  copol- 
ymer antifouling  paint  (nominally  0.1,  1.0,  and  10 
mg  TBTAg  dry  wt).  The  contaminated  sediments 
were  then  re-laid  intertidally  in  trenches  lined  with 
polythene  mesh.  All  treatments  except  0.1  mg 
TBTAg  impaired  the  casting  activity  of  the  poly- 
chaete,  Arenicola  marina.  Populations  of  the  poly- 
chaete,  Scoloplos  armiger,  and  the  amphipod, 
Urothoe  poseidonis,  were  reduced  in  all  contami- 
nated treatments,  and  a  dose-response  effect  of 
TBT  was  demonstrated.  No  clear  effects  on  other 
groups  (e.g.  molluscs)  were  seen.  The  results 
showed  that  this  is  a  useful  technique,  although 
further  development  is  required  before  it  can  be 
used  routinely.  (Author's  abstract) 
W90-07295 


SCOPE  FOR  GROWTH  IN  GAMMARUS 
PULEX,  A  FRESHWATER  BENTHIC  DETRIT1- 
VORE. 

Sheffield  Univ.  (England).   Dept.  of  Animal  and 

Plant  Sciences. 

C.  Naylor,  L.  Maltby,  and  P.  Calow. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  517-523, 

December  1989.  4  fig,  1  tab,  15  ref.  Commission  of 

the  European  Community  Contract  STP-0086-1- 

UK(CD). 

Descriptors:  'Amphipods,  'Animal  growth,  'Bio- 
assay, 'Energy,  'Pollutant  identification,  'Toxici- 
ty, 'Zinc,  Foods,  Gammarus,  Growth,  Metabo- 
lism. 

Although  toxic  substances  affect  the  physiological 
processes  of  individual  organisms,  their  ecological 
impacts  occur  at  the  population  and  community 
levels.  However,  physiological  processes  can  often 
be  assessed  more  easily  and  precisely  than  popula- 
tion and  community  ones.  It  is  argued  that  'scope 
for  growth'  (SfG),  the  difference  between  the 
energy  input  to  an  organism  from  its  food  and  the 
output  from  respiratory  metabolism,  can  give  a 
good  physiological  measure  of  stress  that,  at  least 
in  principle,  is  directly  related  to  population  and 
community  processes.  The  scope  for  growth  tech- 
nique involves  monitoring  the  energy  budget  of 
individuals  and  testing  how  the  various  compo- 
nents are  affected  by  stress.  When  SfG  is  used  to 
measure  the  impact  of  a  stress,  the  observed 
changes  in  the  energy  budget  are  assumed  to  be 
closely   related   to   actual   changes   in   individual 


growth  rate  and  fecundity;  i.e.  they  can  be  readily 
interpreted  in  terms  of  the  response  of  whole  indi- 
viduals and  the  dynamics  of  populations  to  which 
they  belong.  Experiments  with  Gammarus  pulex 
exposed  to  zinc  indicate  that  the  most  sensitive 
component  of  SfG  to  stress  was  the  amount  of 
energy  absorbed  rather  than  the  amount  of  energy 
absorbed  rather  than  the  amount  of  energy  metab- 
olized. The  results  further  indicated  that  both  zinc 
and  low  pH  can  significantly  reduce  scope  for 
growth  of  individuals  and  that  the  most  sensitive 
component  of  the  energy  budget  is  food  absorp- 
tion. Therefore,  the  SfG  test  can  provide  a  rela- 
tively rapid  assay,  that  is  at  least  as  sensitive  as 
more  long-term  chronic  tests.  (White-Reimer- 
PTT) 
W90-07298 


FEEDING   AND   NUTRITIONAL   CONSIDER- 
ATIONS IN  AQUATIC  TOXICOLOGY. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07299 


HYPOTHESIS  FORMULATION  AND  TEST- 
ING IN  AQUATIC  BIOASSAYS:  A  DETERMI- 
NISTIC MODEL  APPROACH. 

Lakehead  Univ.,  Thunder  Bay  (Ontario).  Dept.  of 

Biology. 

L.  S.  McCarty,  G.  W.  Ozburn,  A.  D.  Smith,  A. 

Bharath,  and  D.  Orr. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  533-542, 

December  1989.  5  fig,  41  ref. 

Descriptors:  'Benzenes,  'Bioaccumulation,  'Bioas- 
say, 'Data  interpretation,  'Model  studies,  'Toxici- 
ty, Chlorinated  aromatic  compounds,  Kinetics 
models,  Narcotic  organics. 

The  significance  of  toxicant  kinetics  information 
obtained  from  aquatic  toxicity  bioassays  and  bio- 
concentration  tests  was  examined.  The  data,  bio- 
concentration  kinetics  and  acute  mortality  versus 
exposure-duration  information  for  juvenile  Ameri- 
can flagfish  (Jordanella  floridae)  exposed  to  1,4- 
dichlorobenzene,  were  interpreted  in  terms  of  a 
one-compartment,  first-order  kinetics  model.  The 
output  of  the  model  was  used  to  formulate  a  testa- 
ble hypothesis  regarding  the  comparison  of  toxi- 
cant kinetics  derived  from  both  bioconcentration 
test  exposures  and  toxicity  bioassays.  The  model's 
estimates  of  the  toxicant  body  burden  attained  at 
mortality  were  compared  with  theoretical  and  ob- 
served body  burdens  from  literature  sources.  The 
use  of  a  simple,  deterministic  residue-based,  one- 
compartment,  first-order  kinetics  model  to  evalu- 
ate existing  data,  as  well  as  to  formulate  hypoth- 
eses to  direct  experimental  designs,  was  examined. 
Advantages  of  this  technique  are:  (1)  explicit  hy- 
pothesis formulation  and  testing  can  be  exploited; 
(2)  interpretation  of  the  toxicological  significance 
of  the  contaminant  body  burdens  present  in  tissues 
of  fish  sampled  from  natural  populations  is  possi- 
ble; and  (3)  possible  interpretation  of  the  impacts  of 
pulse  toxicant  exposure.  (White-Reimer-PTT) 
W9O-O73O0 


ANALYSIS  OF  FISH  BILE  WITH  HPLC-FLU- 
ORESCENCE  TO  DETERMINE  ENVIRON- 
MENTAL EXPOSURE  TO  BENZO(A)PYRENE. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Zoology. 
E.  P.  Johnston,  and  P.  C.  Baumann. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  561-566, 
December  1989.  2  fig,  2  tab,  13  ref. 

Descriptors:  *Benz(a)pyrene,  'Bioassay,  'Black 
River,  'Fish  physiology,  'Hydrocarbons,  'Liquid 
chromatography,  'Pollutant  identification,  'Sedi- 
ment contamination,  Bile,  Bullhead,  Carp,  Sedi- 
ments. 

Brown  bullhead  from  the  Black  River,  Ohio,  have 
a  high  incidence  of  liver  neoplasia  which  is  associ- 
ated with  elevated  concentrations  of  polynuclear 
aromatic  hydrocarbons  (PAHs)  in  the  sediment. 
The  use  of  biliary  concentrations  of 
benzo(a)pyrene  (B(a)P)  equivalents  as  a  means  for 
determining  PAH  exposure  was  evaluated.  Bile 
was  collected   from    16  brown   bullheads  and   8 
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common  carp  taken  from  each  of  two  Lake  Erie 
tributaries  in  Ohio,  the  industrialized  Black  River 
and  the  non-industrialized  Old  Woman  Creek. 
Hatchery  bullhead  (n  =  8)  were  used  to  determine 
base  levels  of  PAHs.  A  high  performance  liquid 
chromatography  (HPLC)-fluorescence  technique 
was  used  to  determine  the  concentration  of  B(a)P 
equivalents  in  the  bile  samples.  The  area  of  all 
peaks  fluorescing  at  380/430  nm  was  summed  to 
give  a  single  value  for  B(a)P  equivalents  in  each 
sample.  Concentrations  of  B(a)P  equivalents  gener- 
ally reflected  concentrations  of  PAH  in  sediment 
where  fish  were  collected.  Bile  taken  from  Black 
River  carp  contained  the  highest  concentration  of 
B(a)P  equivalents  and  was  significantly  different 
from  all  other  groups.  The  value  obtained  for 
Black  River  bullhead  was  also  high  and  was  found 
to  be  significantly  different  from  hatchery  bull- 
head. B(a)P  equivalents  varied  between  carp  and 
bullhead  from  the  same  habitat  possibly  because  of 
differing  food  habits  or  metabolic  pathways.  How- 
ever, the  results  indicate  that  relative  levels  of 
B(a)P  equivalents  in  the  bile  of  fish  correspond 
well  to  B(a)P  levels  in  sediment  and  may  offer  a 
means  of  determining  environmental  exposure  of 
fish  to  the  parent  compound.  (Author's  abstract) 
W9O-O7302 


USE  OF  SHEEPSHEAD  MINNOW  (CYPRINO- 
DON  VARIEGATUS)  AND  A  BENTHIC  COPE- 
POD  (TISBE  BATTAGLIAI)  IN  SHORT-TERM 
TESTS    FOR    ESTIMATING    THE    CHRONIC 
TOXICITY  OF  INDUSTRIAL  EFFLUENTS. 
Imperial  Chemical  Industries  Ltd.,  Brixham  (Eng- 
land). Brixham  Lab. 
T.  H.  Hutchinson,  and  T.  D.  Williams. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  567-572, 
December  1989.  4  tab,  12  ref. 

Descriptors:  *Bioassay,  'Copepods,  *Fish  physiol- 
ogy, 'Industrial  wastewater,  *Minnow,  'Toxicity, 
•Wastewater  pollution,  *Water  pollution  effects, 
Chronic  toxicity,  Dilution,  Monitoring,  North  Sea. 

Summary  results  of  laboratory  investigations  into 
potential  chronic  effects  of  industrial  effluent  dis- 
charges are  presented.  The  sheepshead  minnow 
(Cyprinodon  variegatus)  and  the  benthic  copepod 
(Tisbe  battagliai)  were  selected  as  test  species. 
Toxicity  tests  were  conducted  on  newly  hatched 
(approximately  24  hours  old)  sheepshead  minnow 
larvae.  Survival  and  growth  (as  dry  weight)  effects 
were  measured  over  7  days.  Two  different  stages 
of  the  copepod  life  cycle  were  tested:  effects  on 
adult  female  survival  and  reproduction  were  meas- 
ured over  9  days,  and  naupliar  survival  over  7 
days.  The  results  were  incorporated  into  an  exist- 
ing monitoring  program  of  the  effluent  disposal 
area  in  the  North  Sea.  Predicted  effluent  dilutions 
in  the  disposal  area  would  exceed  one  million  times 
within  8  hours.  This  dilution  is  18  and  100  times 
greater  than  the  7  day  lowest  no  observed  effect 
concentration  (NOEC)  for  copepod  and  sheeps- 
head minnow  respectively.  (Author's  abstract) 
W90-07303 


IDENTIFICATION  OF  DEVELOPMENTAL 
TOXICANTS  USING  THE  FROG  EMBRYO 
TERATOGENESIS  ASSAY-XENOPUS  (FETAX). 

Oklahoma  State  Univ.,  Stillwater.  Dept.  of  Zoolo- 
gy- 

J.  A.  Bantle,  D.  J.  Fort,  and  B.  L.  James. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  577-585, 
December  1989.  4  fig,  3  tab,  1 1  ref. 

Descriptors:  'Bioassay,  *Frogs,  'Groundwater 
pollution,  'Teratogenic  effects,  'Toxicity,  'Water 
pollution  effects,  Chronic  effects,  FETAX, 
Growth,  Malformation,  Mortality. 

Because  growth  and  development  are  processes 
sensitive  to  the  action  of  many  chemicals,  bioassays 
that  screen  for  developmental  toxicants  may  be 
more  indicative  of  chronic  effects  than  acute  toxic- 
ity assays.  FETAX  is  a  96  h  whole  embryo  static 
renewal  test  employing  the  embryos  of  the  frog 
Xenopus  laevis.  Endpoints  are  mortality,  malfor- 
mation and  growth.  Because  of  the  frog's  fecundi- 
ty, its  extensive  use  in  basic  research  and  the  ability 
to  obtain  embryos  year-round,  it  is  an  ideal  orga- 
nism to  use  in  screening  for  developmental  toxi- 


cants. By  validating  using  known  mammalian  tera- 
togens and  the  use  of  rat  liver  microsomes  to 
stimulate  mammalian  metabolism,  the  use  of  the 
system  was  extended  for  the  prescreening  of 
human  developmental  toxicants.  In  past  validation 
work,  the  teratogenicity  of  15  to  17  compounds 
used  in  validation  for  a  predictive  accuracy  of 
approximately  88%  were  identified.  In  the  present 
study,  the  ability  of  FETAX  to  detect  develop- 
mental toxicants  in  groundwater  samples  taken 
from  an  industrial  waste  dump  was  evaluated. 
FETAX  showed  that  it  was  sensitive  enough  to 
detect  developmental  toxicants  in  samples  without 
prior  concentration.  In  some  samples,  less  than  half 
the  LC50  concentration  was  required  to  cause 
significant  malformation.  In  some  cases,  a  dose- 
response  curve  was  not  obtainable  but  the  test 
results  nonetheless  indicated  some  developmental 
toxicity.  These  results  indicate  that  it  is  necessary 
to  routinely  screen  for  developmental  toxicants 
when  establishing  water  quality  criteria  for  the 
preservation  of  species  and  for  human  health.  (Au- 
thor's abstract) 
W90-07305 


CELLULAR  AND  BIOCHEMICAL  INDICA- 
TORS ASSESSING  THE  QUALITY  OF  A 
MARINE  ENVIRONMENT. 

Quebec  Univ.,  Rimouski. 

J.  Pellerin-Massicotte,  E.  Pelletier,  and  M.  Paquet. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  587-594, 
December   1989.  7  fig,    14  ref.  Text  in  French; 
English  summary. 

Descriptors:  'Bioaccumulation,  'Bioassay,  'Bioin- 
dicators,  'Mercury,  'Methylmercury,  'Mollusks, 
'Mussels,  'Selenium,  'Toxicity,  'Water  pollution 
effects,  Enzymes,  Lysosomal  membrane  fragility, 
Malate  dehydrogenase  activity,  Sublethal  effects. 

Sublethal  effects  of  pollutants  were  studied  in  the 
blue  mussel  Mytilus  edulis  L.,  a  good  bioaccumula- 
tor  of  contaminants.  Mussels  were  placed  in  experi- 
mental tanks,  fed,  supplemented  with  mineral  salts 
and  continuous  sea  water  flow  and  kept  72  hr 
before  the  exposure  to  0.01  microg/L  and  0.3 
microg/L  methylmercury  hydroxide  in  the  pres- 
ence or  absence  of  selenium,  at  a  concentration  of 
125  microg/L,  a  possible  antagonist  of  methylmer- 
cury. The  contamination  protocol  was  performed 
during  45  days  and  a  14  day  period  of  recuperation 
was  allowed.  The  stress  caused  by  the  transplanta- 
tion of  mussels  in  the  laboratory  tanks  and/or  by 
the  presence  of  pollutants  was  evaluated  by  a 
general  indicator  of  stress  developed  in  the  labora- 
tory, the  measure  of  the  lysosomal  membrane  fra- 
gility (LMF)  of  the  digestive  gland.  The  effects  of 
contamination  on  metabolism  were  measured  by 
the  study  of  the  variations  of  the  malate  dehydro- 
genase activity  (MDH),  a  key  enzyme  of  the  aero- 
bic metabolism.  The  first  days  of  the  contamination 
period  led  to  an  increased  metabolism  in  the  mantle 
and  to  a  detoxifying  mechanism  in  the  hepatopan- 
creas.  At  days  22  and  29  of  the  experiment,  the 
affinity  of  the  MDH  was  greatly  decreased  with 
both  concentrations  of  methylmercury  and  seleni- 
um, suggesting  a  competitive  inhibition  of  the  en- 
zymatic activity  by  the  pollutants.  LMF  increased 
as  the  mussels  were  kept  longer  in  the  tanks.  Meth- 
ylmercury increased  the  stress  undergone  by  the 
mussels.  LMF  gives  information  about  the  degree 
of  stress  of  the  organism  while  the  biochemical 
indicator  informs  about  the  metabolic  effects  of 
sublethal  concentrations  of  pollutants.  (Author's 
abstract) 
W90-07306 


ROLE    AND    APPLICATION    OF    ENVIRON- 
MENTAL BIOASSAY  TECHNIQUES  IN  SUP- 
PORT OF  THE  IMPACT  ASSESSMENT  AND 
DECISION-MAKING    UNDER    THE    OCEAN 
DUMPING  CONTROL  ACT  IN  CANADA. 
Environmental    Protection    Service,    Dartmouth 
(Nova  Scotia).  Marine  Environmental  Branch. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-07307 


IN  SITU  BIOASSESSMENT  OF  DREDGING 
AND  DISPOSAL  ACTTvTriES  IN  A  CONTAMI- 
NATED ECOSYSTEM:  TORONTO  HARBOR. 


Department  of  Fisheries  and  Oceans,  Burlington 

(Ontario).    Great   Lakes   Lab.   for   Fisheries   and 

Aquatic  Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07308 


IMPROVED  ELUTRIATION  TECHNIQUE 
FOR  THE  BIOASSESSMENT  OF  SEDIMENT 
CONTAMINANTS. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
S.  A.  Daniels,  M.  Munawar,  and  C.  I.  Mayfield. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  619-631, 
December  1989.  2  fig,  7  tab,  19  ref. 

Descriptors:  'Bioassay,  'Bioavailability,  'Sedi- 
ment analysis,  'Sediment  contamination,  'Toxici- 
ty, Compressed  air,  Reciprocal  shaker,  Rotary 
tumbling,  Wrist-action  shaker. 

An  improved  method  is  proposed  for  the  prepara- 
tion of  sediment  elutriates  which  permits  relatively 
realistic  determination  of  bioavailable  contami- 
nants. It  suggests  the  use  of  rotary  tumbling  in  a 
cycle  of  3-4  rpm  to  achieve  sediment-water  mixing. 
Experiments  were  undertaken  to  evaluate  the 
mixing  efficiency  of  the  rotary  tumbler  as  com- 
pared to  that  of  the  compressed  air,  wrist-action 
shaker,  and  reciprocal  shaker  methods.  Sediment 
to  water  ratios  of  0:1,  1:20,  1:10,  and  1:4  were 
tested  over  0.5,  1.0,  24,  and  48  hr  elution  periods. 
Elutriate  evaluations  were  based  on  chemical,  phy- 
sico-chemical and  gravimetric  determinations;  and 
also  on  14C-phytoplankton  bioassays  using  Chlo- 
rella  vulgaris  (Beyerinck).  Results  indicated  that 
rotary  tumbling  produced  the  most  consistent  bio- 
assay-supportable  data.  It  was  also  the  most  effi- 
cient procedure  when  used  for  1  hr  with  1:4  sedi- 
ment-water mixtures.  (Author's  abstract) 
W90-07309 


ACUTE  TOXICITY  OF  INDUSTRIAL  AND  MU- 
NICIPAL EFFLUENTS  IN  THE  STATE  OF 
MARYLAND,  USA:  RESULTS  FROM  ONE 
YEAR  OF  TOXICTTY  TESTING. 

Johns  Hopkins  Univ.,  Laurel,  MD.  Applied  Phys- 
ics Lab. 

D.  J.  Fisher,  C.  M.  Hersh,  R.  L.  Paulson,  D.  T. 
Burton,  and  L.  W.  Hall. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  641-648, 
December  1989.  3  fig,  1  tab,  4  ref. 

Descriptors:  'Bioassay,  'Industrial  wastewater, 
•Maryland,  'Monitoring,  'Municipal  wastes,  'Pol- 
lutant identification,  'Regulations,  'Toxicity, 
Acute  toxicity,  Chesapeake  Bay,  Estuaries. 

In  July,  1986  the  Johns  Hopkins  University  Ap- 
plied Physics  Laboratory's  Ecology  Section  estab- 
lished a  bioassay  facility  for  conducting  an  effluent 
biomonitoring  program  for  the  State  of  Maryland. 
Acute  toxicity  test  procedures  were  developed  and 
implemented  for  testing  freshwater  (Pimephales 
promelas,  Daphnia  magna,  and  Ceriodaphnia  sp.) 
and  estuarine  (Cyprinodon  variegatus  and  Mysi- 
dopsis  bahia)  invertebrates  and  fish.  Procedures 
and  test  species  are  similar  to  those  used  by  the 
U.S.  Environmental  Protection  Agency  except 
that  low  salinity  testing  (</=  15  ppt)  is  conduct- 
ed with  the  sheepshead  minnow  and  an  estuarine 
mysid  found  in  the  Chesapeake  Bay.  Results  from 
the  first  year  of  the  program  involving  acute 
screening  bioassays  of  major  industrial  and  munici- 
pal dischargers  are  presented.  Over  90  dischargers 
were  tested  during  the  first  full  year  of  operation. 
The  frequency  of  toxicity  was  36%  and  14%  for 
industrial  and  municipal  dischargers,  respectively. 
Reference  toxicity  test  results  are  also  summarized. 
Results  from  these  tests  are  presented  by  outfall 
type.  A  number  of  examples  are  presented  con- 
cerning the  use  of  these  data  for  regulating  toxic 
discharges  by  the  State  of  Maryland's  Department 
of  the  Environment.  These  results  indicate  the 
importance  of  implementing  a  biomonitoring  pro- 
gram with  proven,  easily  managed  methods  that 
can  be  readily  understood  by  both  regulators  and 
permit  holders.  (Author's  abstract) 
W90-07311 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5A — Identification  Of  Pollutants 


NITRIFICATION  RATES  IN  THE  LOWER 
RIVER  RHINE  AS  A  MONITOR  FOR  ECO- 
LOGICAL RECOVERY. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
W9O-07312 


LABORATORY  STUDY  OF  CADMIUM  EXPO- 
SURE IN  LTTTORINA  LITTOREA  IN  RELA- 
TION THE  ENVIRONMENTAL  CADMIUM 
AND  EXPOSURE  TIME. 

Universidad  del  Pais  V'asco,  Bilbao  (Spain).  Lab. 

Citologia-Histologia. 

J.  A.  Marigomez,  and  M.  P.  Ireland. 

Science  of  the  Total  Environment  STENDL,  Vol. 

90,  p  75-87,  January   1990.  5  fig,   1   tab,  48  ref. 

Spanish   Education   Ministry   Grant   F.P.I. ,   A18, 

Environmental  Technology,  1985. 

Descriptors:  *Bioaccumulation,  'Bioindicators, 
•Cadmium,  'Heavy  metals,  'Mollusks,  'Pollutant 
identification,  Performance  evaluation,  Tissue  anal- 
ysis. 

The  shell  weight  of  winkles  (Littorina  littorea)  can 
be  used  as  reference  parameter  for  the  estimation 
of  organism  metal  concentration  values.  Metal  bio- 
concentration  in  indicator  organisms  not  only 
varies  as  a  result  of  size,  age,  sex,  and  geographical 
variation,  but  as  a  direct  consequence  of  metal- 
pollutant  damage,  the  response  being  a  function  of 
metal  content.  Thus,  metal  concentration  in  soft 
tissues  might  be  overestimated  to  a  different  degree 
depending  on  the  health  of  the  indicator  popula- 
tions. Shell  metal  content  is  a  good  indicator  of 
average  environmental  conditions  for  cadmium, 
based  on  shell  formation  characteristics  and  the 
particular  properties  of  the  winkle  shell.  An  ex- 
pression to  calculate  the  exposure  time  to  an  aver- 
age external  concentration  of  cadmium  was  devel- 
oped based  on  laboratory  data.  Further  field  re- 
search and  more  complex  experimental  design  are 
recommended  to  evaluate  the  usefulness  and  sig- 
nificance of  soft  body  metal  index  and  metal  con- 
centrations in  shells  as  a  comparative  index  of 
metal  pollution.  (Author's  abstract) 
W90-07341 


SAMPLING  BIAS  CAUSED  BY  MATERIALS 
USED  TO  MONITOR  HALOCARBONS  IN 
GROUNDWATER. 

Waterloo  Univ.  (Ontario).  Dept.  of  Earth  Sciences. 
G.  W.  Reynolds,  J.  T.  Hoff,  and  R.  W.  Gillham. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.   24,  No.    1,  p   135-142,  January 
1990.  4  fig,  3  tab,  41  ref. 

Descriptors:  'Error  analysis,  'Groundwater  pollu- 
tion, 'Halogenated  hydrocarbons,  'Pollutant  iden- 
tification, 'Sample  preservation,  'Sampling, 
•Water  analysis,  Absorption,  Leaching,  Model 
studies,  Monitoring,  Polymers,  Sorption. 

Laboratory  experiments  were  conducted  to  evalu- 
ate materials  used  in  the  construction  of  ground- 
water monitors  for  their  potential  to  cause  sam- 
pling bias.  Ten  materials  were  exposed  to  low 
concentrations  of  five  halogenated  hydrocarbons 
in  water  for  periods  up  to  5  weeks.  Borosilicate 
glass  was  the  only  material  that  did  not  diminish 
the  halocarbon  concentrations.  Three  metals,  in- 
cluding stainless  steel,  apparently  transformed  the 
compounds.  Six  synthetic  polymers,  including 
poly(tetrafluoroethylene)  and  rigid  poly(vinyl 
chloride),  absorbed  the  compounds.  The  sorption 
rates  were  dependent  on  flexibility  of  the  polymer, 
water  solubility  of  the  compound  solution  volume 
to  polymer  surface  area  ratio,  and  temperature.  A 
diffusion  model  explained  the  concentration  histo- 
ries of  solutions  exposed  to  polymers,  and  the 
diffusion  mechanism  was  confirmed  by  direct 
measurement  of  halocarbon  distributions  in  several 
of  the  polymers.  The  experimentally  determined 
diffusivities  and  polymer-water  partition  coeffi- 
cients for  polyethylene  were  consistent  with  litera- 
ture data.  (Author's  abstract) 
W90-07368 


STRUCTURAL  STUDIES  OF  MARINE  AND  RI- 
VERINE HUMIC  MATTER  BY  CHEMICAL 
DEGRADATION. 

Hamburg  Univ.  (Germany,  F.R.).  Geologisch-Pa- 

laeontologisches  Inst,  und  Museum. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-07369 


PY-GC-MS  ANALYSIS  OF  ORGANIC  MATTER 
IN  SUSPENDED  MATERIAL  AND  DEPOSITS 
OF  THE  SUB-MARINE  DELTA  OF  THE 
RHONE  RIVER  (FRANCE). 

Instituto   Quimico  de   Sarria,   Barcelona  (Spain). 

Dept.  Quimica  Analitica. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-07370 


MAJOR  AND  TRACE  ELEMENTS  IN  STAND- 
ARD AND  REFERENCE  SAMPLES  OF 
AQUATIC  HUMIC  SUBSTANCES  DETER- 
MINED BY  INSTRUMENTAL  NEUTRON  AC- 
TIVATION ANALYSIS  (INAA). 
National  Inst,  of  Public  Health,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  7B. 
W90-07371 


SPECTROSCOPIC     AND     COMPOSITIONAL 

COMPARATIVE     CHARACTERIZATION     OF 

I.H.S.S.       REFERENCE      AND      STANDARD 

FULVIC  AND  HUMIC  ACIDS  OF  VARIOUS 

ORIGIN. 

Bari  Univ.  (Italy).  1st.  di  Chimica  Agraria. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-07372 


TRACE  ANALYSIS  OF  VOLATILE  CHLORIN- 
ATION  BYPRODUCTS  OF  AQUATIC  HUMIC 
SUBSTANCES:  THMS  IN  TREATED  WATER. 

National  Centre  for  Scientific  Research,  Havana 

(Cuba).  Chemistry  Div. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-07377 


ANALYSIS  OF  HUMIC  AND  LIGNTN  COM- 
POUNDS IN  THE  NORTHERN  BALTIC  SEA. 

National  Board  of  Waters,  Helsinki  (Finland). 
For  primary  bibliographic  entry  see  Field  7B. 
W90-07383 


FREEZE-CORING  TECHNIQUE  APPLIED  TO 
POLLUTION  BY  FINE  SEDIMENTS  IN 
GRAVEL-BED  RIVERS. 

Loughborough  Univ.   of  Technology  (England). 

Dept.  of  Geography. 

G.  E.  Petts,  M.  C.  Thorns,  K.  Brittan,  and  B. 

Atkin. 

Science  of  the  Total  Environment  STENDL,  Vol. 

84,  p  259-272,  August  1989.  6  fig,  2  tab,  33  ref. 

Descriptors:  'Bottom  sampling,  'Core  drilling, 
•Cores,  'Gravel,  'Pollutant  identification,  'Sam- 
pling, 'Sediment  contamination,  England,  Freez- 
ing, Heavy  metals,  Path  of  pollutants,  River  beds, 
River  sediments,  Scotland,  Sedimentation,  Silt. 

The  substrate  of  gravel-bed  rivers  provides  a  po- 
tential sink  for  fine  sediments  which  may  be  associ- 
ated with  potentially  toxic  metals.  However,  prob- 
lems of  sampling  submerged  substrates  has  con- 
strained investigations  of  channel  substrate  pollu- 
tion. A  freeze-sampling  technique  for  gravel-bed 
rivers  allows  quantitative  determinations  of  fine 
sediments.  The  technique  consists  of  a  copper 
standpipe  with  an  inner  steel  tube  used  to  inject  the 
cryogenic  medium  (liquid  carbon  dioxide)  through 
fine  nozzles  into  the  standpipe.  Vaporization  of  the 
C02  causes  rapid  cooling,  freezing  intragravel 
water  and  gravel  particles  to  form  a  columnar 
frozen  core  of  substrate  around  the  outside  of  the 
standpipe.  The  technique  was  applied  to  two  case 
studies  dealing  with  pollution  surveys.  A  case  of 
negative  pollution  is  exemplified  by  the  regulated 
River  Daer  in  the  upper  Clyde  catchment  (Scot- 
land) and  the  effect  of  positive  pollution  is  exam- 
ined for  the  River  Tame  which  drains  the  Birming- 
ham conurbation  (England).  In  the  River  Daer 
flood  control  led  to  the  sedimentation  and  compac- 


tion of  gravel  substrates.  In  the  River  Tame,  high 
metal  concentrations  existed  within  gravel  sub- 
strates of  urban  rivers.  The  case  studies  demon- 
strated that  the  method  can  be  used  to  establish 
fine  sediment  and  contaminant  profiles  for  the 
upper  30  cm  of  gravel  substrates,  the  critical  zone 
for  biota.  (Geiger-PTT) 
W90-07399 


COLUMN  LEACHING  OF  UNRETORTED  AND 
RETORTED  OIL  SHALES  AND  CLAYSTONES 
FROM  THE  RUNDLE  DEPOSIT:  WATER 
LEACHING. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,    North    Ryde   (Australia).    Div.    of 

Coal  Technology. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07414 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  3:  APPENDIX  A  (CONTD). 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-017132. 
Price  codes:  A22  in  paper  copy,  A01  in  microfiche. 
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Descriptors:  'Data  collections,  'Groundwater 
movement,  'Groundwater  quality,  'Hanford  Site, 
•Monitoring,  'Washington,  'Wells,  Inspection, 
Logging(Recording),  Well  construction,  Well  logs. 

This  appendix  is  one  of  nine  volumes,  and  presents 
data  describing  wells  completed  at  the  Hanford 
Site  during  the  fourth  quarter  of  calendar  year 
1987  (October  through  December).  The  data  in 
this  volume  of  Appendix  A  cover  the  following 
wells:  299-E32-2,  299-E32-3,  299-E32-4,  299-E33- 
28,  and  299-E33-29.  The  data  are  presented  in  the 
following  order:  well  completion  report/title  II 
inspection  list,  inspection  plan,  as-built  diagram, 
logging  charts,  and  drill  logs.  (See  also  W90-0747) 
(Lantz-PTT) 
W90-07476 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  2:  APPENDLX  A. 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-017373. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
Report  No.  PNL-6581-Vol.  2,  May  1988.  622p. 
DOE  Contract  DE-AC06-76RLO-1830. 

Descriptors:  'Data  collections,  'Groundwater 
movement,  'Groundwater  quality,  'Hanford  Site, 
•Monitoring,  'Washington,  'Wells,  Inspection, 
Logging(Recording),  Well  construction,  Well  logs. 

This  appendix  is  one  of  nine  volumes,  and  presents 
data  describing  wells  completed  at  the  Hanford 
Site  during  the  fourth  quarter  of  calendar  year 
1987  (October  through  December).  The  data  in 
this  volume  of  Appendix  A  cover  the  following 
wells:  299-E27-8,  299-E27-9,  299-E27-10,  299-E28- 
26,  and  299-E28-27.  The  data  are  presented  in  the 
following  order:  well  completion  report/title  II 
inspection  list,  inspection  plan,  as-built  diagram, 
logging  charts,  and  drill  logs.  (See  also  W90-07476) 
(Lantz-PTT) 
W90-07477 


EXTRACTION  OF  WATER  FROM  POROUS 
MEDIA,  ESPECIALLY  GYPSEOUS  MEDIA, 
FOR  ISOTOPIC  ANALYSIS. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-07479 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


USE  OF  ELECTROMAGNETIC  METHODS  IN 
GROUND-WATER  CONTAMINATION  STUD- 
IES: AN  APPLICATION  AT  THE  SANITARY 
LANDFILL,  FARMINGTON,  CONNECTICUT. 

Geological  Survey,  Hartford,  CT.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-07488 


BIOLOGICAL  TESTING  OF  SEDIMENT  FOR 
THE  OLYMPIA  HARBOR  NAVIGATION  IM- 
PROVEMENT PROJECT,  1988:  GEODUCK, 
AMPHD?OD,  AND  ECHINODERM  BIOAS- 
SAYS. 

Battelle  Pacific  Northwest  Labs.,  Sequim,  WA. 
Marine  Research  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-07500 


SHORT-TERM  METHODS  FOR  ESTIMATING 
THE  CHRONIC  TOXICITY  OF  EFFLUENTS 
AND  RECEIVING  WATERS  TO  MARINE  AND 
ESTUARINE  ORGANISMS. 

Environmental    Protection    Agency,    Cincinnati, 
OH.  Office  of  Research  and  Development. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07505 


5B.  Sources  Of  Pollution 


EROSION,  PHOSPHORUS  AND  PHYTO- 
PLANKTON  RESPONSE  IN  RIVERS  OF 
SOUTH-EASTERN  NORWAY. 

Norges  Landbrukshoegskole,  Aas.  Dept.  of  Soil 

Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06582 


ASPECTS  OF  THE  PHOSPHORUS  CYCLE  IN 
HARTBEESPOORT  DAM  (SOUTH  AFRICA), 
PHOSPHORUS  KINETICS. 

National  Inst,  for  Water  Research,  Pretoria  (South 

Africa). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06586 


TOXICITY  TEST  WITH  FISHES  (TESTE  DE 
TOXICTOADE  COM  PEIXES  MANTIDOS  EM 
GAIOLA  FLUTUANTE). 

Universidade  Federal  de  Alagoas,  Maceio  (Brazil). 
R.  L.  Teixeira,  and  E.  S.  Ferreira. 
Revista  Brasileira  de  Biologia  RBBIAL,  Vol.  49, 
No.  1,  p  193-201,  February  1989.  6  fig,  4  tab,  17 
ref.  English  summary. 

Descriptors:  *Chronic  toxicity,  *Fish,  *Oil  indus- 
try, *Path  of  pollutants,  'Ponds,  'Water  pollution 
effects,  Aequidens,  Carp,  Fish  diseases,  Hyphesso- 
brycon,  Phalloceros,  Pirrhulina,  Rineloricaria. 

This  study  observed  the  chronic  effects  in  several 
species  of  fishes  and  evaluated  the  quality  of  water 
in  a  stabilization  pond  of  the  petrochemical  indus- 
tries. Juveniles  of  eight  species  were  collected  in  a 
clean  river  and  maintained  in  a  floating  cage  im- 
mersed in  the  stabilization  pond  for  about  101  days. 
The  species  were:  Hyphessobrycon  meridionalis, 
H.  reticulatus,  H.  bifasciatus,  Aequidens  pertale- 
grensis,  Cyprinus  carpio,  Phalloceros  caudimacula- 
tus,  Rineloricaria  cadeae,  and  Pirrhulina  australis. 
Only  the  species  which  its  feeding  habits  is  mainly 
on  sediment  showed  deformed  bones,  such  as  C. 
carpio  and  R.  cadeae.  It  is  concluded  that  the 
chemical  products  stay  detained  in  the  bottom  of 
the  pond,  while  the  water  can  be  considered  of 
good  quality.  (Author's  abstract) 
W90-O66O2 


RESERVOIRS  AND  VEHICLES   OF  SALMO- 
NELLA INFECTION  ON  GUAM. 

Guam  Dept.  of  Public  Health  and  Social  Services, 

Agana. 

R.  L.  Haddock,  F.  A.  Nocon,  E.  A.  Santos,  and  T. 

G.  Taylor. 

Environment  International  ENVIDV,  Vol.  16,  No. 

1,  p  11-16,  1990.  2  tab,  14  ref. 


Descriptors:  'Epidemiology,  *Epizootiology, 
•Guam,  'Human  diseases,  'Salmonella,  'Soil  con- 
tamination, Dogs,  Effect  of  pollutants,  Lizards, 
Vacuum  cleaners,  Water  pollution  effects. 

A  review  of  salmonellosis  surveillance  activities 
was  conducted  to  evaluate  the  possible  role  that 
various  reservoirs  and  vehicles  of  Salmonella 
might  play  in  the  contamination  of  Guam's  envi- 
ronment and  the  spread  of  salmonellosis  on  the 
island.  A  review  of  laboratory  records  covering  a 
17-year  period  suggested  that  stray  dogs  and  wild 
lizards  are  the  animals  most  likely  to  be  responsible 
for  the  high  prevalence  of  Salmonella  contamina- 
tion of  soil  previously  reported  on  Guam.  The 
observation  that  home  vacuum  cleaners  also  fre- 
quently contained  Salmonella  bacteria  has  led  to 
development  of  the  hypothesis  that  the  high  inci- 
dence of  infant  salmonellosis  on  Guam  may  be  the 
result  of  this  contaminated  soil  being  tracked  into 
homes  on  footwear.  Ocean  waters  are  not  likely  to 
account  for  many  cases  of  infant  salmonellosis,  but 
their  testing  may  be  a  useful  tool  for  monitoring 
Salmonella  in  the  community,  and  may  help  in  the 
development  of  effective  measures  to  reduce  the 
incidence  of  infant  salmonellosis  on  Guam.  (Brun- 
one-PTT) 
W90-06605 


TRACE  METALS  IN  BIVALVES  AND  SEDI- 
MENTS FROM  TOLO  HARBOUR,  HONG 
KONG. 

Chinese  Univ.  of  Hong  Kong,  Shatin.  Dept.  of 

Biology. 

K.  H.  Chu,  W.  M.  Cheung,  and  S.  K.  Lau. 

Environment  International  ENVIDV,  Vol.  16,  No. 

1,  p  31-36,  1990.  2  fig,  1  tab,  19  ref. 

Descriptors:  'Mollusks,  'Path  of  pollutants,  'Sedi- 
ment contamination,  'Tolo  Harbor,  'Trace  metals, 
Bioaccumulation,  Cadmium,  Heavy  metals,  Hong 
Kong,  Iron,  Lead,  Mussels,  Oysters,  Seasonal  vari- 
eties, Standards,  Zinc. 

Concentrations  of  iron,  copper,  zinc,  cadmium,  and 
lead  were  determined  in  samples  of  sediment, 
mussel  (Perna  viridis),  and  rock  oyster  (Saccostrea 
cucullata)  from  nine  locations  in  Tolo  Harbor, 
Hong  Kong.  The  concentrations  of  metals  in  bi- 
valves did  not  vary  greatly  from  one  location  to 
another  and  showed  no  correlation  with  the  con- 
centration in  sediments.  The  metal  concentrations 
in  bivalves  are  similar  to  published  results  in  the 
same  area,  and  concentrations  of  cadmium  and 
lead  are  within  the  local  legislative  limits  for  sea- 
food. Comparison  of  metal  concentrations  in  bi- 
valves in  March  and  May  1986  shows  that  lower 
concentrations  of  iron,  copper,  and  cadmium  in 
Perna  viridis  occurred  in  May,  suggesting  seasonal 
variation  of  trace  metal  concentrations  in  mussels. 
This  reduction  was  not  evident  in  Saccostrea  cu- 
cullata. Testing  of  trace  metals,  as  a  pollution 
monitoring  program,  is  necessary  as  fish  and  shell- 
fish in  Tolo  Harbor  are  harvested  for  human  con- 
sumption. Recent  land  reclamation  in  the  harbor 
area  may  have  reduced  the  biological  availability 
of  the  trace  metals,  keeping  the  levels  of  these 
pollutants  within  legal  limitations  for  shellfish  and 
fish.  (Brunone-PTT) 
W90-06606 


METHOD  FOR  PREDICTION  OF  EXTENT  OF 
MICROBIAL  POLLUTION  OF  SEAWATER 
AND  CARRYING  CAPACITY  OF  BEACHES. 

Bogazici  Univ.,  Istanbul  (Turkey).  Dept.  of  Chemi- 
cal Engineering. 
G.  Kocasoy. 

Environmental  Management  EMNGDC,  Vol.  13, 
No.  4,  p  469-475,  July/ August  1989.  4  tab,  25  ref. 

Descriptors:  'Beaches,  'Carrying  capacity, 
'Coastal  waters,  'Recreation,  'Water  pollution 
sources,  Biological  studies,  Data  interpretation, 
Fecal  coliforms,  Land  development,  Mathematical 
equations,  Tourism,  Wastewater  disposal. 

An  increase  in  the  number  of  tourists  visiting  a 
coast  is  desired  by  most  countries  for  economic 
reasons.  However,  this  increase  in  tourism  may 
cause  pollution  of  the  sea  which  can  only  be  avoid- 
ed  through  proper  planning  and  predicting  the 


carrying  capacity  of  the  coast,  in  terms  of  sea 
pollution.  Prediction  is  especially  important  in  de- 
veloping countries  where  wastewater  is  dis- 
charged, without  any  treatment,  directly  into  the 
sea.  In  the  present  study,  beaches  were  classified 
according  to  their  use,  into  four  groups:  coasts  that 
were  used  only  for  swimming  and  recreational 
purposes;  coasts  used  simultaneously  for  dwelling, 
swimming,  and  recreational  uses;  coasts  along 
which  only  dwellings  exist;  and  natural  and  man- 
made  harbors  (i.e.,  coasts  used  as  shelters).  During 
the  survey,  40,320  observations  were  made  be- 
tween December  1985  and  February  1988  to  deter- 
mine the  effect  of  the  number  of  tourists  on  sea- 
water  quality.  The  results  obtained  were  analyzed 
with  a  multilinear  regression  program  to  obtain  an 
empirical  equation  giving  the  extent  of  the  sea 
pollution  in  terms  of  coliform  concentration  as  a 
function  of  population  density  and  other  environ- 
mental factors.  The  derived  equations  enable  the 
determination  of  the  carrying  capacity  of  a  beach 
in  terms  of  pollution  as  well  as  the  expected  degree 
of  pollution  corresponding  to  a  given  population 
density.  It  also  allows  the  prediction  of  the  extra 
carrying  capacity  that  can  be  obtained  by  improv- 
ing the  waste  disposal  conditions.  (Author's  ab- 
stract) 
W90-06610 


NONPOINT  SOURCE  POLLUTION  RISK  AS- 
SESSMENT IN  A  WATERSHED  CONTEXT. 

East  Carolina  Univ.,   Greenville,   NC.   Dept.   of 

Geography  and  Planning. 

J.  D.  Phillips. 

Environmental  Management  EMNGDC,  Vol.  13, 

No.  4,  p  493-502,  July/ August  1989.  1  fig,  3  tab,  42 

ref. 

Descriptors:  'Data  interpretation,  'Nonpoint  pol- 
lution sources,  'Risk  assessment,  'Watershed  man- 
agement, Fate  of  pollutants,  Mathematical  models, 
Path  of  pollutants,  Sediment  transport,  South 
Platte  River,  Urban  runoff,  Water  quality. 

Nonpoint  source  pollution  (NPS)  control  requires 
assessment  of  the  influence  of  dispersed  runoff- 
contributing  areas  on  downstream  water  quality. 
This  evaluation  must  consider  two  separate  phases: 
site-to-stream  loading  and  downstream  fluvial 
transport.  The  steps  used  in  this  probabilistic  NPS 
risk  assessment  model  are:  (1)  Obtain  an  index  of 
the  relative  contribution  at  basin  mouth  attributa- 
ble to  inputs  from  a  given  area  (i);  (2)  Convert  the 
index  derived  to  a  proportion;  (3)  determine  the 
flow  and  concentration  coming  from  upstream;  (4) 
Obtain  the  probability  distribution  associated  with 
exceedences  of  particular  standards;  and  (5)  Deter- 
mine the  probability  that  a  given  concentration 
will  be  exceeded  as  a  result  of  inputs  from  i,  by 
multiplying  the  exceedance  probability  obtained  in 
step  4  by  the  spatial  probability  obtained  in  step  2. 
This  spatial  model  has  a  probabilistic  interpretation 
and  can  be  used  in  conjunction  with  a  standard 
dilution  model  to  give  a  probabilistic  estimate  of 
the  impacts,  at  the  basin  mouth,  of  runoff  from  a 
specific  upstream  contributing  area.  This  is  illus- 
trated by  applying  it  to  an  assessment  of  the  proba- 
bility that  various  copper  concentrations  at  the 
mouth  of  the  urbanized  South  Platte  River  basin  in 
Denver,  Colorado,  will  be  exceeded  as  a  result  of 
runoff  from  a  subbasin  within  the  city.  The  spatial 
framework  is  useful  for  evaluating  management 
and  control  options,  since  actions  within  the  basin 
can  be  directly  linked  to  water  quality  at  a  down- 
stream point.  (Brunone-PTT) 
W90-06612 


HEAVY  METAL  CONCENTRATIONS  AND 
AVAIiABILITY  IN  THE  BOTTOM  SEDI- 
MENTS OF  THE  PARAD3A  DO  SUL-GUANDU 
RIVER  SYSTEM,  RJ,  BRAZIL. 

Universidade  Federal  do  Rio  de  Janeiro  (Brazil). 

Inst,  de  Biofisica. 

O.  Malm,  W.  C.  Pfeiffer,  M.  Fiszman,  and  J.  M.  P. 

Azcue. 

Environmental    Technology    Letters    ETLEDB, 

Vol.  10,  No.  7,  p  675-680,  July  1989.  2  fig,  3  tab,  14 

ref. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Source*  Of  Pollution 


Descriptors:  'Brazil,  'Heavy  metals,  'Path  of  pol- 
lutants, 'Sediment  contamination,  Copper,  Lead, 
Paraiba  do  Sul-Guandu  River,  Public  health,  River 
sediments,  Zinc. 

The  Paraiba  do  Sul-Guandu  River  is  a  highly 
industrialized  and  anthropogenically  influenced 
system.  Toxic  metals  originating  from  large  and 
small  metallurgic,  steel,  chemical  and  fertilizer  in- 
dustries are  mixed  with  organics  released  from  dye 
plastics  and  food  industries,  as  well  as  with  urban 
wastes.  These  industrial  and  domestic  wastes  dis- 
charge, with  few  exceptions,  directly  into  the  river 
water.  Metal  concentrations  were  determined  in 
bottom  sediments  from  the  River  Paraiba  do  Sul- 
Guandu  to  evaluate  the  degree  of  pollution  impact 
in  comparison  with  other  contaminated  water 
bodies,  and  to  provide  a  better  understanding  of 
the  biological  availability  of  the  metals  and  any 
health  effects  on  the  regional  human  population. 
Three  metals  (zinc,  copper,  and  lead)  were  consid- 
ered the  most  critical  in  the  area.  The  calculated 
distribution  coefficients  of  the  three  metals  indicate 
that  lead,  followed  by  copper  and  zinc,  represent  a 
potential  risk  to  the  local  human  population,  since 
the  river  water  is  used  as  a  source  of  drinking 
water.  (Brunone-PTT) 
W90-06618 


HEAVY  METAL  DETECTION  IN  THE  SEDI- 
MENT-WATER COMPONENTS  OF  THE  SADO 
ESTUARY  BY  MULTIELEMENTAL  ANALY- 
SIS. 

Laboratorio  Nacional  de  Engenharia  e  Tecnologia 

Industrial,  Lisbon  (Portugal). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-O6620 


IN-SrrU  EXPERIMENTS  ON  CHANGES  OF 
SOLID  HEAVY  METAL  PHASES  IN  AEROBIC 
AND  ANAEROBIC  GROUNDWATER 

AQUD7ERS. 

Technische   Univ.    Hamburg-Harburg   (Germany, 

F.R.).  Arbeitsbereich  Umweltschutztechnik. 

U.  Forstner,  and  A.  Carstens. 

Environmental    Technology    Letters    ETLEDB, 

Vol.  10,  No.  9,  p  823-832,  September  1989.  8  fig,  2 

tab,  35  ref. 

Descriptors:  'Chemical  interactions,  'Groundwat- 
er pollution,  'Heavy  metals,  'Path  of  pollutants, 
•Water  chemistry,  Aerobic  conditions,  Anaerobic 
conditions,  Aquifers,  Cadmium,  Copper,  Geo- 
chemistry, Lead,  Manganese,  Quartz. 

A  dialysis  method,  based  on  solid  speciation  of 
natural  and  artificial  substrates,  has  been  developed 
for  the  in-situ  monitoring  and  long-term  prognosis 
of  critical  pollutants  in  groundwater  and  landfill 
leachates.  Experiments  were  performed  with  vari- 
able metal  dosages  on  different  solid  substrates, 
both  natural  sediments  from  groundwater  aquifers 
and  surface  waters  and  artificial  mixtures  of  organ- 
ic (cell  walls)  and  inorganic  substrates,  which  are 
inserted  into  anaerobic  and  aerobic  aquifers.  Initial 
experiments  with  low  metal  dosages  in  both  types 
of  aquifers  have  indicated  that,  for  example, 
copper  is  mobilized  from  fine-grained  sediments 
under  oxic  conditions  mostly  from  sulfidic/organic 
fractions.  In  anaerobic  groundwater  lead  is  mobi- 
lized from  easily  reducible  fractions  of  a  mixture  of 
defined  solid  phases,  whereas  copper  is  additional- 
ly fixed  onto  these  substrates.  Experiments  using 
fresh  harbor  sludge  indicate  that  manganese,  which 
has  not  been  added  artifically  to  the  substrate,  is 
typically  enriched  under  anaerobic  conditions  in 
the  non-residual  fractions,  and  mainly  in  the  ex- 
changeable, particularly  labile  forms;  no  changes 
were  observed  in  the  aerobic  groundwater  aquifer. 
Similar  results  have  been  found  for  mixed  sub- 
strates, consisting  of  quartz,  FeOOH  and  cell 
walls.  These  data  suggest  that  new  mineral  phases 
are  formed  predominantly  under  slightly  anaerobic 
conditions,  which  in  turn  could  provide  additional 
adsorption  sites  for  dissolved  metals.  In  this  case,  it 
is  demonstrated  that  the  behavior  of  the  added 
trace  element  is  independent  from  variations  of 
substrate  composition.  Typical  examples  on  the 
behavior  of  elements  at  higher  dosages  on  the 
subtrate  mixture  of  quartz,  FeOOH,  and  cell  walls 
show  that  for  copper  and  cadmium,  under  aerobic 


conditions,  variations  in  species  distribution  of 
both  copper  and  cadmium  are  small.  These  exam- 
ples demonstrate  the  significance  of  the  factor 
'time'  in  such  studies;  in  addition,  it  can  be  argued 
that  these  findings  are  mainly  due  to  the  applica- 
tion of  a  stabilized  system  of  hydrological  and 
chemical  factors,  including  biochemical  interac- 
tions. (Brunone-PTT) 
W90-06624 


MONITORING  OF  WATER  QUALrTY:  SEA- 
SONAL VARIATIONS  OF  HEAVY  METALS  IN 
SEDIMENT,  SUSPENDED  PARTICULATE 
MATTER  AND  TUBIFICIDS  OF  THE  ELBE 
RIVER. 

Hamburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Hy- 
drobiologie  und  Fischereiwissenschaft. 
M.  Kaiser,  U.  Irmer,  and  K.  Weiler. 
Environmental    Technology    Letters    ETLEDB, 
Vol.  10,  No.  9,  p  845-854,  September  1989.  6  fig,  6 
tab,  32  ref. 

Descriptors:  'Bioindicators,  'Elbe  River,  'Heavy 
metals,  'Monitoring,  'Seasonal  variation,  'Sedi- 
ment contamination,  'Suspended  load,  'Tubificids, 
•Water  pollution  effects,  'Water  quality  trends, 
Biological  studies,  Blooms,  Cadmium,  Lead,  Mer- 
cury, Phytoplankton. 

Seasonal  variations  of  the  concentrations  of  toxic 
heavy  metals,  such  as  mercury,  cadmium,  and  lead, 
in  suspended  particulate  matter  (SPM)  and  sedi- 
ment in  a  shallow  inlet  of  the  Elbe  River,  were 
caused  by  phytoplankton  dynamics.  In  summer, 
the  phytoplankton  bloom  caused  an  increase  in 
SPM  content  and  a  higher  sedimentation  rate.  Di- 
lution of  the  highly  polluted  SPM  coming  down- 
stream by  authochthonous  phytoplankton  led  to  a 
decrease  in  heavy  metal  concentration  in  SPM  and 
sediment.  After  the  breakdown  of  the  phytoplank- 
ton bloom  the  heavy  metal  concentration  in  SPM 
increased  again.  No  seasonal  variations  of  heavy 
metal  concentrations  were  found  in  the  tissues  of 
tubificids.  They  are  not,  therefore,  reliable  indica- 
tors of  heavy  metal  pollution.  (Brunone-PTT) 
W90-O6626 


MULTIPHASE  AND  MULTICOMPOUND 
MEASUREMENTS  OF  BATCH  EQUILIBRIUM 
DISTRIBUTION  COEFFICIENTS  FOR  SIX 
VOLATILE  ORGANIC  COMPOUNDS. 

Wisconsin  Univ.-Madison.  Dept.  of  Civil  and  En- 
vironmental Engineering. 
D.  R.  Gan,  and  R.  R.  Dupont. 
Hazardous     Waste     and     Hazardous     Materials 
HWHME2,  Vol.  6,  No.  4,  p  363-383,  Fall  1989.  4 
fig,  12  tab,  36  ref.  USGS  Grant  1 4-08-000 1-G 1279. 

Descriptors:  'Batch  equilibrium  system,  'Path  of 
pollutants,  'Pollutant  identification,  'Volatile  or- 
ganic compounds,  Benzenes,  Dichlorobenzene, 
Soil  contamination,  Toluene,  Trichloroethane. 

The  purpose  of  this  study  was  to  evaluate  the 
feasibility  of  using  a  multiphase  batch  equilibrium 
system  with  a  mixture  of  compounds  to  determine 
environmental  distribution  coefficients.  Six  volatile 
organic  compounds  were  used  in  this  study:  1,1,- 
trichlorethane,  benzene,  toluene,  1,1,2-trichloreth- 
ane,  p-xylene,  and  m-dichlorobenzene.  The  distri- 
bution coefficients  among  soil  system  compart- 
ments (air,  water,  soil,  and  non-aqueous  phase 
liquid)  using  individual  compounds  and  their  mix- 
tures in  two-phase  and  multiphase  analyses  are 
presented.  No  statistically  significant  differences 
were  observed  between  mixture  and  single  com- 
pound results  in  two-phase  batch  equilibrium  stud- 
ies. However,  representative  distribution  coeffi- 
cients among  air,  water,  soil  and  non-aqueous 
phase  liquid  compartments  in  a  simulated  soil 
system  could  only  be  determined  from  multiphase 
batch  equilibrium  experiments.  Air/soil  partition- 
ing determinations  showed  that  the  mechanisms  of 
compound  vapor  sorption  by  soils,  and  the  effect 
of  soil  organic  matter,  clay  content  and  soil  mois- 
ture on  this  partitioning  requires  further  evalua- 
tion. (Author's  abstract) 
W90-06628 


STRUCTURE-ACnvnY  RELATIONSHIP 

(SAR)  APPROACH  TOWARDS  METABOLISM 


OF  PCBS  IN  MARINE  ANIMALS  FROM  DIF- 
FERENT TROPHIC  LEVELS. 

Nederlands  Inst,  voor  Onderzoek  der  Zee,  Texel. 
J.  P.  Boon,  F.  Eijgenraam,  and  J.  M.  Everaarts. 
Marine  Environmental  Research  MERSDW,  Vol. 
27,  No.  3/4,  p  159-176,  1989.  4  fig,  1  tab,  41  ref. 

Descriptors:  'Bioaccumulation,  'Biotransforma- 
tion, 'Fate  of  pollutants,  'Metabolism,  'Mollusks, 
♦Polychlorinated  biphenyls,  'Structure-activity  re- 
lationships, 'Wadden  Sea,  Macoma,  Nereids, 
Water  birds. 

A  qualitative  structure-activity  relationship  (SAR) 
to  estimate  the  influence  of  biotransformation  on 
the  degree  of  bioaccumulation  of  chlorinated  bi- 
phenyl  (CB)  congeners  under  field  conditions  is 
presented.  The  CB  patterns  of  different  animal 
species  from  the  western  part  of  the  Dutch 
Wadden  Sea  are  used  to  illustrate  the  SAR.  The 
CB  pattern  in  a  particular  species  was  compared 
with  that  of  the  bivalve  mollusc  Macoma  balthica. 
It  is  assumed  that  no  biotransformation  occurs  in 
this  species,  the  CB  pattern  being  determined  only 
by  equilibrium  partitioning  between  tissues  and  the 
ambient  water.  When  no  significant  differences  in 
the  pattern  of  a  group  of  persistent  congeners 
existed  between  a  given  species  and  Macoma  balth- 
ica, significantly  lower  relative  concentrations  of 
congeners  with  vicinal  hydrogen  atoms  in  the 
meta-positions  and  para-positions  in  that  species 
were  attributed  to  biotransformation.  The  contri- 
bution of  metabolizable  congeners  decreased  in  the 
order  Macoma  balthica  >  Nereis  versicolor  > 
Pleuronectes  platessa,  Haematopus  ostralegis  (male 
juvenile)  >  H.  ostralegis  (male  (sub-)adult),  Phoca 
vitulina.  No  significant  differences  in  the  patterns 
of  persistent  congeners  were  observed  between  the 
latter  four  species.  Phoca  vitulina  was  the  only 
species  with  a  lowered  relative  concentration  of 
CB-118.  Biotransformation  of  congeners  with  a 
configuration  possessing  vicinal  hydrogen  atoms 
only  in  the  o,  m  position  and  (at  maximum)  one 
ortho-chlorine  may  be  significant  from  a  toxicolog- 
ical  standpoint,  as  a  number  of  toxic  congeners 
belong  to  this  group.  Since  most  of  the  data  in  this 
study  are  derived  from  wild  organisms,  the  results 
are  highly  field  relevant.  (Author's  abstract) 
W90-06636 


HYDROCARBON  WEATHERING  AND  BIO- 
DEGRADATION  IN  A  TROPICAL  ESTUARINE 
ECOSYSTEM. 

Museume    National    d'Histoire    Naturelle,    Paris 

(France).  Lab.  de  Cryptogamie. 

J.  Oudet. 

Marine  Environmental  Research  MERSDW,  Vol. 

27,  No.  3/4,  p  195-213,  1989.  8  fig,  4  tab,  22  ref. 

Descriptors:  'Biodegradation,  'Depuration,  'Estu- 
arine  environment,  'Fate  of  pollutants,  'Littoral 
zone,  'Microbial  degradation,  'Oil,  'Weathering, 
Indonesia,  Mangrove  swamps. 

The  weathering  of  a  crude  oil  has  been  studied  for 
a  12-month  period  in  the  intertidal  zone  of  estua- 
rine  mangrove  sediments  of  the  Mahakam  delta 
(East  Kalimantan,  Indonesia).  Experimental  par- 
cels were  polluted  with  an  Indonesian  crude  oil, 
and  the  depuration  of  the  sediments  under  the 
action  of  physical  processes  and  microbial  biode- 
gradation was  monitored  over  a  12-month  period. 
The  relative  roles  of  physical  removal  and  micro- 
bial biodegradation  in  the  depuration  of  the  experi- 
mental field  have  been  determined.  Physical  proc- 
esses were  at  first  predominant,  but  only  displaced 
the  contaminant  in  the  ecosystem  and  modification 
of  the  molecular  structures  and  mineralization  of 
oil  compounds  was  essentially  achieved  through 
the  microbial  degradation  activity  in  the  site.  Some 
of  the  active  microorganisms  involved  were  isolat- 
ed from  sediment  samples  and  identified.  The  dom- 
inant bacterial  strains  represented  the  genera  Rho- 
dococcus,  Micrococcus,  Bacillus,  Pseudomonas 
and  Acinetobacter,  and  the  fungal  strains  repre- 
sented Aspergillus  and  Trichoderma.  The  classical 
order  in  the  biodegradability  of  the  petroleum 
components  was  observed  (i.e.  n-alkanes>iso- 
alkanes>  medium  molecular  weight  polycyclic  al- 
kanes  and  aromatics)  and  the  expected  resistant  or 
refractory  compounds  were  also  found  (i.e.  heavy 
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polycyclic  alkanes  and  aromatics,  steranes-ter- 
panes,  resins  and  asphaltenes).  Biodegradation 
extent  and  rates  were  remarkably  similar  to  those 
observed  in  analogous  temperate  ecosystems.  Ni- 
trogen deficiency  was  the  main  critical  factor  in 
the  limitation  of  the  biodegradation  rate.  The  dig- 
ging of  the  surface  layer  of  the  sediments,  which 
did  not  increase  biodegradation,  should  be  avoided 
in  such  ecosystems.  (Brunone-PTT) 
W90-06638 


DISTRIBUTION  OF  TRACE  METALS  IN 
SOME  REPRESENTATIVE  FAUNA  OF  THE 
SOUTHERN  BALTIC. 

Akademia  Medyczna,  Gdansk  (Poland).  Dept.  of 

Analytical  Chemistry. 

P.  Szefer,  K.  Szefer,  and  B.  Skwarzec. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

2,  p  60-62,  February  1990.  2  tab,  13  ref. 

Descriptors:  *Bioaccumulation,  'Path  of  pollut- 
ants, *Trace  metals,  Baltic  Sea,  Crustaceans,  Fish, 
Heavy  metals,  Marine  pollution,  Mollusks,  Poland. 

Knowledge  of  the  distribution  of  metals  in  isolated 
tissues  of  marine  organisms  is  useful  in  the  identifi- 
cation of  specific  organs  that  might  be  particularly 
sensitive  accumulators  of  heavy  metals.  Tissues  of 
the  clam  mollusk  Mya  arenaria,  crustacean  Mesi- 
dothea  entomon,  and  the  cod  Gadus  morhua,  taken 
from  Gdansk  Bay  in  the  southern  Baltic  Sea,  were 
analyzed  for  levels  of  iron,  zinc,  manganese, 
copper,  lead,  cadmium,  cobalt,  and  nickel.  The 
mantle  and  syphon  of  Mya  arenaria,  representing 
approximately  25  and  28  ppt  of  the  total  body 
weight,  respectively,  accounted  for  96  ppt  of  the 
total  Fe  and  Mn.  The  hepatopancreas  of  Mesi- 
dothea  entomon,  representing  only  2.4  ppt  of  the 
total  body,  contained  56  ppt  of  the  total  Cu;  hence 
it  is  the  principal  gland  responsible  for  accumula- 
tion of  Cu  in  this  crustacean  tissues.  In  the  fish 
Gadus  morhua,  high  levels  of  Cd  were  observed  in 
kidney  and  the  pyloric  caeca.  Gills  contained  the 
highest  concentrations  of  Pb,  Co,  Ni,  and  Cd;  this 
may  be  attributed  to  the  presence  of  adsorbed 
particulate  matter  on  the  gills  rather  than  to  active 
biological  uptake  of  the  metals.  (Brunone-PTT) 
W90-06641 


CHROMIUM  FLUXES  THROUGH  MEX  BAY 
INSHORE  WATERS. 

Alexandria  Univ.  (Egypt).  Dept.  of  Oceanography. 
O.  Aboul  Dahab,  A.  N.  Khalil,  and  Y.  Halim. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 
2,  p  68-73,  February   1990.  4  fig,  5  tab,   14  ref. 

Descriptors:  *Bioaccumulation,  'Chromium, 
•Egypt,  *Estuarine  environment,  *Path  of  pollut- 
ants, Algae,  Bays,  Fish,  Food  chains,  Mex  Bay. 

Chromium,  a  toxic  and  potentially  carcinogenic 
pollutant,  is  discharged  into  Mex  Bay,  Egypt  from 
an  agricultural  drain  (456  kg/day),  a  chlor-alkali 
plant  (7  kg/day),  and  the  flowing  water  from  Alex- 
andria harbor  (41  kg/day).  Elevated  chromium 
concentrations  in  the  bay  waters  have  been  meas- 
ured. Superficial  sediments  and  edible  organisms 
from  different  trophic  levels  were  collected  and 
analyzed  by  graphite  furnace  atomic  absorption 
spectrometry  for  their  chromium  content.  No  sig- 
nificant correlation  was  found  between  chromium 
concentrations  and  organic  carbon  in  sediments.  Cr 
concentrations  in  the  bay  sediments  ranged  from 
42  microgram/g  dry  wt  and  752  microgram/g  dry 
wt  with  an  average  of  243  +/-213  microgram/g 
dry  wt.  No  dignificant  correlation  was  found  be- 
tween chromium  concentration  and  organic 
carbon  (r=+0.25)  in  sediments.  Chromium  con- 
centration in  marine  organisms  increased  in  the 
following  order:  Boops  boops  >  mixed  plankton 
>  Mullus  barbatus  >  Sardina  pilchardus  >  Rhin- 
obatus  halavia  >  Ulva  rigida  >  Enteromorpha 
intestinalis.  Chromium  did  not  undergo  biomagnifi- 
cation  in  the  marine  food  webs  of  the  bay  and  may 
actually  experience  biodepletion  from  algae  and 
crabs  to  fish.  From  the  daily  total  mass  emission  of 
chromium  to  the  bay  (504  kg/day),  flushing  of  the 
bay  to  the  open  sea  is  responsible  for  the  removal 
of  about  60%  and  sedimentation  within  the  bay 
26%.  The  remaining  14%  is  assumed  to  be  accu- 
mulated in  the  bay  organisms.  This  energy  budget 


provides  an  approximation  of  the  inputs,  outputs, 
and  of  the  standing  stock  of  chromium  in  the  water 
and  biota  of  Mex  Bay.  (Author's  abstract) 
W90-06642 


ACCUMULATION  POWER  OF  SOME  BI- 
VALVE MOLLUSCS. 

Istituto  Superiore  di  Sanita,  Rome  (Italy).  Lab.  di 

Igiene  Ambientale. 

L.  Bonadonna,  L.  Volterra,  F.  A.  Aulicino,  and  L. 

Mancini. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

2,  p  81-84,  February   1990.   1  fig,  5  tab,   10  ref. 

Descriptors:  *Bioaccumulation,  *Fecal  coliforms, 
•Microbiological  studies,  *Mollusks,  *Path  of  pol- 
lutants, *Sewage  bacteria,  'Wastewater  pollution, 
Aquaculture,  Coastal  waters,  Microorganisms. 

Several  surveys  were  performed  along  the  Italian 
coasts  in  marine  areas  in  which  molluscs  grow,  to 
evaluate  the  hygienic  quality  of  shellfish,  shellfish 
rearing  water,  and  sand  beds.  The  samples  were 
analyzed  by  the  Most  Probable  Number  (MPN) 
technique  for  fecal  coliforms.  The  results  of  the 
analyses  confirmed  that  different  species  of  mol- 
luscs show  differential  capacity  to  accumulate 
microorganisms  and  that  microbiological  water 
analysis  does  not  always  reflect  the  microbiologi- 
cal quality  of  the  molluscs.  Donax  trunculus  and 
Ensis  siliqua  have  a  high  capacity  to  concentrate 
microorganisms;  Mytilus  galloprovincialis  reflects 
the  variability  of  the  environment  where  it  feeds; 
Chamelea  gallina  has  a  poor  accumulative  capicity, 
at  least,  with  regard  to  microbial  enteric  flora. 
Therefore,  different  species  of  molluscs  may  repre- 
sent a  different  risk  as  vectors  of  microbial  dis- 
eases. (Author's  abstract) 
W90-06644 


FACTORS  INFLUENCING  THE  UPTAKE  OF 
TECHNETIUM  BY  THE  BROWN  ALGA 
FUCUS  SERRATUS. 

Institut  Royal  des  Sciences  Naturelles  de  Belgique, 

Brussels. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06645 


DEGRADATION  OF  DIGESTED  SEWAGE 
SLUDGE  IN  MARINE  SEDIMENT-WATER 
MODEL  SYSTEMS,  AND  FATE  OF  METALS. 

Essex  Univ.,  Colchester  (England).  Dept.  of  Biol- 
ogy. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-06646 


METALS  IN  COASTAL  WATERS  OF  SANTA 
CRUZ  DE  TENERIFE,  CANARY  ISLANDS. 

La   Laguna   Univ.   (Spain).   Dept.   of  Analytical 

Chemistry. 

C.  Diaz,  L.  Galindo,  F.  G.  Montelongo,  M.  S. 

Larrechi,  and  F.  X.  Rius. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

2,  p  91-95,  February   1990.  2  fig,  6  tab,   15  ref. 

Descriptors:  'Canary  Islands,  'Coastal  waters, 
'Heavy  metals,  'Path  of  pollutants,  'Wastewater 
pollution,  'Water  pollution  sources,  Atomic  ab- 
sorption spectrophotometry,  Sewer  systems. 

In  order  to  ascertain  the  concentration  of  heavy 
metals  in  the  sea  around  the  Canary  Islands,  a 
study  was  carried  out  in  the  coastal  waters  along 
Santa  Cruz  de  Tenerife  city.  The  coast  was  divided 
into  three  areas:  one  including  the  district  of  San 
Andres  whose  sewage  outfalls  directly  into  tidal 
waters  through  a  discharge  pipe;  one  including  the 
city  and  docks  with  two  storm  drains  discharging 
directly  into  the  harbor,  some  industries  and  facto- 
ries; and,  a  third  containing  areas  of  heavy  industri- 
alization with  four  main  outfalls.  Samples  were 
taken  between  1984  and  1986  at  15  sampling  sta- 
tions and  analyzed  for  heavy  metals  (lead,  cadmi- 
um, iron,  nickel,  copper,  zinc,  and  mercury)  and 
trace  metals.  Determinations  were  carried  out  by 
atomic  absorption  spectrometry.  Variations  in 
heavy  metal  concentrations  were  statistically  ana- 
lyzed with  regard  to  sampling  date,  sampling  depth 
and    season;    no    significant    results    were    found 


except  for  some  samples  taken  near  the  main  out- 
falls. In  order  to  attempt  the  assignation  of  the 
main  sources  of  seawater  pollution,  a  factor  analy- 
sis was  carried  out.  In  all  cases,  the  results  are  not 
conclusive  enough  to  assign  the  different  origins  to 
the  heavy  metal  concentrations  found.  (Brunone- 
PTT) 
W90-06647 


PESTICIDES  AND  PCBS  IN  SOUTH  CAROLI- 
NA ESTUARIES. 
Fluor  Daniel,  Greenville,  SC. 
J.  M.  Marcus,  and  R.  T.  Renfrow. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 
2,  p  96-99,  February   1990.   1  fig,  4  tab,   17  ref. 

Descriptors:  'Agricultural  runoff,  'Bioindicators, 
•DDT,  'Estuaries,  'Halogenated  pesticides,  *Pol- 
ychlorinated  biphenyls,  'Sediment  contamination, 
•South  Carolina,  'Water  pollution  sources,  Base- 
line studies,  Crabs,  Oysters. 

South  Carolina  is  experiencing  rapid  growth  in  the 
coastal  zone  due  to  demands  for  industrial,  urban 
and  residential  development.  As  these  intense 
changes  accelerate,  the  potential  for  input  of  pol- 
lutants to  tidal  creeks,  rivers,  and  estuaries  be- 
comes greater.  The  broad-spectrum  development  is 
important  to  consider,  since  pesticides  are  trans- 
ported to  coastal  waters  not  only  by  surface  runoff 
from  agricultural  areas,  but  also  by  runoff  from 
municipal,  urban  and  resort  areas  and  by  dis- 
charges from  wastewater  treatment  facilities.  Base- 
line monitoring  was  performed  for  selected  pesti- 
cides and  polychlorinated  biphenyls  (PCBs)  in  oys- 
ters, crabs,  and  sediments  from  16  locations  within 
all  major  estuarine  systems  in  South  Carolina.  The 
American  oyster  (Crassostrea  virginica)  and  the 
blue  crab  (Callinectes  sapidus)  were  chosen  as  bio- 
monitors  because  of  their  abundance  in  estuaries, 
their  ecological,  recreational,  and  commercial  im- 
portance, their  different  lifestyle  (sedentary  vs. 
mobile)  and  feeding  (filter  vs.  active  processing) 
characteristics  and  their  different  positions  in  the 
aquatic  food  web.  Oysters  were  collected  in  March 
to  coincide  with  annually  high  lipid  and  glycogen 
levels  prior  to  spring  spawn.  Crabs  were  collected 
in  July  to  coincide  with  elevated  feeding  and  rang- 
ing activity.  Sediments  were  collected  at  the  same 
time  as  were  the  oysters.  PCBs  were  found  in 
oysters  (50.8  microgramsAg),  crabs  (90.6  micro- 
grams/kg)  and  sediments  (48.2  microgramsAg). 
DDT  was  found  in  crabs  (29.8  microgramsAg) 
and  oysters  (5.44  microgramsAg).  DDE  and 
alpha-BHC  were  found  only  in  oysters  (5.07  and 
5.04  microgramsAg  respectively).  The  results  indi- 
cate that  South  Carolina  estuaries  are  not  signifi- 
cantly contaminated  with  pesticides  or  PCBs 
within  the  scope  of  the  parameters  studied.  This 
result  will  be  important  to  environmental  regula- 
tors and  resource/policy  administrators  since  the 
opportunity  still  exists  in  South  Carolina  to 
manage  coastal  development  to  preclude  signifi- 
cant pesticide/PCB  input  and  contamination  rather 
than  be  forced  to  mitigate  such  occurrences  after 
the  fact.  (Brunone-PTT) 
W90-06648 


PLUTONIUM,  LEAD-210,  AND  CARBON  ISO- 
TOPES EN  THE  SAVANNAH  ESTUARY:  RI- 
VERBORNE  VERSUS  MARINE  SOURCES. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  2J. 
W90-06663 


IMPORTANCE  OF  MICROALGAE  IN  THE 
BIODEGRADATION  OF  TRIBUTYLTIN  IN  ES- 
TUARINE WATERS. 

Skidaway  Inst,  of  Oceanography,  Savannah,  GA. 
R.  F.  Lee,  A.  O.  Valkirs,  and  P.  F.  Seligman. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  23,  No.  12,  p  1515-1518,  Decem- 
ber 1989.  2  fig,  3  tab,  38  ref. 

Descriptors:  'Algae,  'Antifoulants,  'Biodegrada- 
tion, 'Estuaries,  'Fate  of  pollutants,  'Organotin 
compounds,    'Pesticides,    Algal    growth,    Coastal 
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waters,  Georgia,  Organic  compounds,  Phytoplank- 
ton,  Rivers,  Water  pollution  control. 

Low  concentrations  of  tributyltin  (TBT)  (less  than 
S  nanograms  per  liter)  were  found  in  an  estuarine 
river  along  the  Georgia  coast.  Half-lives  of  TBT 
(both  radiolabeled  and  unlabeled)  added  to  these 
waters  ranged  from  3  to  13  days.  Evidence  sug- 
gesting that  microalgae  play  an  important  role  in 
TBT  degradation  in  sunlit  coastal  waters  included 
the  following:  (1)  TBT  degradation  rates  were 
high  in  light  compared  to  dark  degradation  and 
there  was  no  evidence  of  TBT  photolysis;  (2) 
(hydroxybutyl)tins  and  dibutyltin  were  the  major 
degradation  products  in  the  light  and  by  cultures 
of  diatoms  and  dinoflagellates,  while  only  dibutyl- 
tin was  observed  in  the  dark;  (3)  TBT  degradation 
increased  in  sunlight  when  nitrate  was  added. 
Stimulation  of  algal  growth  may  be  of  use  in 
enclosed  aquatic  areas  with  organotins,  since  dense 
algal  cultures  can  rapidly  degrade  these  organome- 
tallic  compounds.  (Author's  abstract) 
W90-06664 


POLYCYCLIC  AROMATIC  HYDROCARBONS 
IN  MARINE  ORGANISMS  FROM  ITALIAN 
CENTRAL  MEDITERRANEAN  COASTS. 

Naples  Univ.  (Italy).  Dipt,  di  Farmacologia  Speri- 

mentale. 

R.A.  Cocchieri,  A.  Arnese,  and  A.M.  Minicucci. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

1,  p   15-18,  January   1990.    1   fig,   2  tab,    18  ref. 

Descriptors:  'Bioaccumulation,  'Italy,  'Marine 
animals,  'Path  of  pollutants,  'Polycyclic  aromatic 
hydrocarbons,  Carcinogens,  Coastal  waters,  Hy- 
drocarbons, Marine  biology,  Marine  environment, 
Mediterranean  Sea,  Pollutants,  Toxicity. 

The  level  of  16  polycyclic  aromatic  hydrocarbons 
(PAHs)  was  investigated  in  5  shellfish  and  14  fish 
along  the  coast  of  the  Gulf  of  Naples.  High-per- 
formance liquid  chromatography  analyses  were 
carried  out  using  a  chromatograph  equipped  with  a 
variable-wavelength  untraviolet  detector  at  254 
nm,  a  calculator/integrator,  and  a  25  x  4.6  mm 
column.  The  average  total  amount  of  PAHs  in 
shellfish  was  217  microgAg  wet  wt,  with  a  range 
185-295  microg/kg  and  in  fish  species  94-1930 
microgAg  wet  wt.  The  total  PAH  levels  found 
correspond  to  those  of  polluted  areas.  (Male-PTT) 
W90-06679 


TRANSPORT  OF  INCINERATED  ORGAN- 
OCHLORINE  COMPOUNDS  TO  AIR,  WATER, 
MICROLAYER,  AND  ORGANISMS. 

Lund  Univ.  (Sweden).  Dept.  of  Ecology. 

A.  Sodergren,  P.  Larsson,  J.  Knulst,  and  C. 

Bergqvist. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

1,  p   18-24,  January   1990.   7   fig,    1   tab,   33  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  'Inciner- 
ation, 'Path  of  pollutants,  'Water  pollution 
sources,  Air  pollution,  Industrial  wastes,  Marine 
environment,  Marine  organisms,  Municipal  wastes, 
Organic  compounds,  Polychlorinated  biphenyls, 
Water  pollution. 

In  a  laboratory  system  designed  to  study  the  distri- 
bution of  airborne  emissions  originating  from 
sources  such  as  incineration,  the  fates  of  PICs 
(products  of  incomplete  combustion)  of  trichlor- 
oethylene  and  PCBs  were  followed.  The  airborne 
substances  introduced  over  a  body  of  water  were 
depositied  onto  the  surface  of  the  water  and 
became  enriched  in  the  surface  microlayer.  They 
were  taken  up  by  organisms  in  the  subsurface 
water,  resulting  in  an  accumulation  of  PICs  and 
polychlorinated  biphenyls  by  fish  in  amounts  up  to 
1000  to  1,000,000  times  those  measured  in  the 
water.  A  relationship  existed  between  the  concen- 
trations of  the  organochlorine  residues  in  the  air 
and  those  in  the  microlayer  and  water.  (Author's 
abstract) 
W90-06680 


RELATIONSHIP  BETWEEN  METALS  IN  SEA- 
WATER  AND  METAL  ACCUMULATION  IN 
SHRIMPS. 


Nantes  Univ.  (France).  Lab.  de  Physiologie. 

A.  Alliot,  and  M.  Frenet-Piron. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

1,   p   30-33,  Jauaryn    1990.   3   fig,    1   tab,    18   ref. 

Descriptors:  'Bioaccumulation,  'Heavy  metals, 
•Path  of  pollutants,  'Shrimp,  Cadmium,  Copper, 
Lead,  Marinas,  Seawater,  Water  pollution  effects, 
Zinc. 

Cadmium,  copper,  lead  and  zinc  were  analyzed 
both  in  sea  water  and  in  a  shrimp  Palaemon  serra- 
tus,  over  a  three  year  period.  Samples  were  taken 
every  month  from  the  pleasure  boat  harbor  of  La 
Trinite  sur-Mer  in  south  Brittany,  France.  The 
results  show  a  seasonal  pollution  in  the  sea-water 
during  spring  and  summer,  which  has  repercus- 
sions on  the  shrimps.  Winter  conditions  lead  to 
decontamination  and  a  return  of  metal  levels  to 
normal  after  a  long  period.  (Author's  abstract) 
W90-06682 


DISTRIBUTION  OF  OIL-DEGRADING  BACTE- 
RIA IN  THE  NORTHWEST  ARABIAN  GULF. 

Basrah  Univ.  (Iraq).  Marine  Science  Centre. 
E.I.  Hamilton. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 
1,  p   38-40,  January    1990.    1   fig,   1   tab,    13   ref. 

Descriptors:  'Bacteria,  'Biodegradation,  'Fate  of 
pollutants,  'Oil  pollution,  'Persian  Gulf,  Baseline 
studies,  Cleanup  operations,  Hydrocarbons,  Marine 
environment,  Oil  spills. 

In  this  study,  the  density  and  identity  of  oil  degrad- 
ing bacteria  in  water  and  sediment  of  the  north- 
western Arabian  Gulf  were  evaluated  in  order  to 
establish  baseline  information  for  this  part  of  the 
Arabian  Gulf.  The  population  of  oil-degrading 
bacteria  (ODB)  were  monitored  over  a  period  of 
13  months  in  a  water  body  known  as  Khor  Al- 
Zubair.  This  estuarine  lagoon  is  to  the  south-west 
of  the  port  city  of  Basrah,  Iraq  with  a  length  of 
about  40  kilometers,  a  width  between  1  and  2 
kilometers  at  high  tide,  with  a  navigational  channel 
=  10-20  meters  deep  and  a  3.2  meter  tidal  range. 
From  May  1987  to  May  1988,  234  samples  of  water 
and  sediment  were  collected  from  three  sampling 
stations  7  kilometers  apart  along  the  navigational 
channel  of  the  lagoon.  Surface  water  samples  (10 
centimeters  deep)  were  collected  and  analyzed  for 
water  temperature,  pH,  and  salinity.  Oil-degrading 
bacteria  were  isolated  on  agar  medium  with  1 
milliliter  (liter  to  the  negative  1)  of  Rumella  crude 
oil  added  as  a  carbon  source.  No  significant  corre- 
lation was  observed  between  water  temperature, 
pH,  salinity  and  the  density  of  oil-degrading  bacte- 
ria. Data  from  this  study  represent  an  environment 
with  a  low  level  and  short  history  of  oil  pollution, 
indicated  by  the  low  level  of  hydrocarbons  con- 
centration in  the  region  and  complemented  by  the 
reduced  densities  of  oil  degrading  bacteria  recov- 
ered. (Author's  abstract) 
W90-06684 


METAL  LEVELS  IN  A  LEATHERBACK 
TURTLE. 

University  Coll.  of  North  Wales,  Menai  Bridge. 

School  of  Ocean  Sciences. 

J.  Davenport,  and  J.  Wrench. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

1,  p  40-41,  Jan  1990.  1  tab,  11  ref. 

Descriptors:  'Bioaccumulation,  'Heavy  metals, 
'Marine  animals,  'Path  of  pollutants,  'Turtles, 
Aquatic  animals,  Arsenic,  Cadmium,  Jelly  fish, 
Lead,  Mercury,  Nickel,  Selenium,  Zinc. 

The  leatherback  turtle  (Dermochelys  coriacea)  is 
the  largest  and  most  pelagic  of  living  turtles.  Since 
the  species  is  so  long-lived,  has  an  impermeable 
integument  and  water-conserving  renal  system,  the 
species  appears  to  be  an  ideal  indicator  of  the 
degree  of  contamination  of  the  oceanic  food  web 
by  accumulating  materials  such  as  heavy  metals. 
Tissue  samples  were  taken  from  turtles  that  suffo- 
cated in  fishing  nets  and  were  analyzed  for  mercu- 
ry and  selenium  by  cold  vapor  atomic  absorption 
spectrometry.  All  other  metals  except  zinc  were 
analysed  by  graphite  furnace  atomic  absorption 
spectrometry  using  a  L'vov  platform.  Zinc  was 


measured  by  flame  atomic  absorption  spectrome- 
try. Analytical  quality  control  was  achieved  using 
TORT-1  Lobster  Hepatopancreas  from  the  Na- 
tional Research  Council  of  Canada.  For  most 
heavy  metals  (mercury,  cadmium,  lead,  zinc  and 
nickel),  the  liver  appeared  to  contain  the  highest 
levels;  similar  to  other  marine  vertebrates.  Most 
levels  appeared  to  be  below  values  reported  in 
other  literature,  particularly  cadmium  where  the 
concentration  of  the  metal  in  the  liver  or  hepato- 
pancreas of  marine  animals  is  usually  two  orders  of 
magnitude  above  that  reported  here.  In  most  cases 
the  subcutaneous  blubber  contained  low  levels  of 
metals  (particularly  in  the  case  of  selenium  and 
cadmium).  However,  arsenic  was  more  concentrat- 
ed in  the  blubber  than  in  the  liver  or  muscle.  This 
observation  is  consistent  with  previous  reports  that 
arsenic  may  associate  with  polar  lipids  in  orga- 
nisms at  lower  trophic  levels,  and  that  this  may 
subsequently  be  transferred  to  organisms  at  higher 
trophic  levels  as  'arsenolipid'  complexes.  (Author's 
abstract) 
W90-06685 


POLLUTION  OF  HARBOUR  SEDIMENTS  BY 
HEAVY  METALS. 

Antwerpse  Waterwerken  (Belgium). 

For   primary  bibliographic  entry  see  Field   5G. 

W90-06687 


HYDROCHEMISTRY  AND  POLLUTION 
STATUS  OF  SOME  KASHMIR  HIMALAYAN 
LAKES. 

Kashmir  Univ.,  Srinagar  (India).  Centre  of  Re- 
search for  Development. 
K.  Koul,  P.  Zutshi,  and  K.  P.  Dubey. 
Polskie  Archiwum  Hydrobiologii  PAHYA2,  Vol. 
36,  No.  1,  P  21-28,  1989.  4  tab,  33  ref. 

Descriptors:  'Enrichment,  'India,  'Mountain 
lakes,  'Water  chemistry,  'Water  pollution  sources, 
Agricultural  runoff,  Aquatic  environment,  Chemi- 
cal composition,  Domestic  wastes,  Effluents, 
Lakes,  Trace  elements,  Water  analysis. 

Three  Kashmir  Himalayan  lakes,  Khanpur,  Trigan, 
and  Tilwan,  situated  in  the  northeast  of  Srinagar, 
India  were  investigated  for  major  ion  and  trace 
element  content  of  their  waters.  The  average 
chemical  composition  indicated  a  certain  degree  of 
enrichment  which  was  related  to  effluent  discharge 
from  domestic  sewage  and  agricultural  runoff. 
Trace  elements  Mn  and  Pb  were  above  the  accept- 
able limits.  The  three  aquatic  environments  exhibit- 
ed different  degrees  of  pollution.  (Author's  ab- 
stract) 
W90-06690 


FATE  OF  SOME  CRUDE  OIL  RESIDUES  IN 
SEDIMENTS. 

Jyvaeskylae  Univ.  (Finland).  Dept.  of  Chemistry. 
S.  Sinkkonen. 

Chemosphere  CMSHAF,  Vol.  18,  No.  11/12,  p 
2093-2100,  1989.  1  fig,  3  tab,  19  ref. 

Descriptors:  'Aromatic  compounds,  'Degrada- 
tion, 'Fate  of  pollutants,  'Marine  sediments,  'Oil 
pollution,  'Path  of  pollutants,  Anthracene,  Ben- 
zenes, Dibenzothiophere,  Leaching,  Oil  spills, 
Phenanthrene,  Soil  contamination. 

The  natural  degradation  of  crude  oil  was  followed 
in  Finnish  Archipelago  shore  sediments  treated 
with  fresh  Russian  crude  oil  at  a  rate  of  10  kilo- 
grams of  oil/sq  m  in  October  1978.  Degradation  of 
oil  residue  compounds  was  analyzed  in  sediment 
samples  taken  from  the  0-4  cm  layer  in  1979,  1980, 
1981  and  1988.  The  non-polar  aromatic  fraction 
was  analyzed  by  gas  chromatography/mass  spec- 
trometry. The  small  amounts  of  residue  in  1979 
showed  that  only  a  small  part  of  the  oil  contamina- 
tion had  leached  to  sediment  layer  0.5-4  cm  during 
the  first  year.  Small  aromatic  compounds  such  as 
naphthalene,  biphenyl  and  fluorene  were  not 
found.  Anthracene  and  phenanthrene  were  found 
in  small  amounts.  The  concentrations  of  alkyl  sub- 
stituted phenanthrenes  were  remarkable.  In  the 
samples  from  the  year  1988,  detectable  amounts  of 
alkyltrimethylbenzenes,    anthracene   and    phenan- 


84 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


threne  and  alkyl  substituted  phenanthrenes  were  W90-06746 
no  longer  present.  Most  aromatic  crude  oil  compo- 
nents were  biodegradable  in  sediment  in  a  few 
years  to  undetectable  levels.  Dibenzothiophenes 
were  significantly  more  persistent  than  the  other 
components  studied.  The  present  results  strongly 
support  the  suggestions  that  aromatic  compounds 
such  as  trimethylbenzene,  anthracene,  methylphen- 
anthrene,  dimethylphenanthrene,  trimethylphen- 
anthrene,  dibenzothiophene,  methyldibenzothio- 
phene,  dimethyldibenzothiophene  and  trimethyldi- 
benzothiophene  in  sediment  are  from  crude  oil 
pollution.  Age  of  the  pollution  incident  can  be 
deduced  from  the  ratios  of  the  residues  due  to  their 
different  persistence  in  sediment.  (Geiger-PTT) 
W90-06744 


TRACE-LEVEL  ANALYSIS  OF  PHTHALATE 
ESTERS  IN  SURFACE  WATER  AND  SUS- 
PENDED PARTICULATE  MATTER  BY 
MEANS  OF  CAPILLARY  GAS  CHROMATOG- 
RAPHY WITH  ELECTRON-CAPTURE  AND 
MASS-SELECTTVE  DETECTION. 
Rijkswaterstaat,  Haren  (Netherlands).  Tidal 
Waters  Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06747 


ORGANOCHLORINE  COMPOUNDS  AND 
BROMODIPHENYLETHERS  IN  LIVERS  OF 
ATLANTIC  COD  (GADUS  MORHUA)  FROM 
THE  NORTH  SEA,  1977-1987. 

Rijksinstituut    voor    Visserijonderzoek,    Ijmuiden 

(Netherlands). 

J.  de  Boer. 

Chemosphere  CMSHAF,  Vol.   18,  No.   11/12,  p 

2131-2140,  1989.  2  fig,  5  tab,  18  ref. 

Descriptors:  *Bioaccumulation,  'Chlorinated  hy- 
drocarbons, *Cod,  *Ethers,  'North  Sea,  *Path  of 
pollutants,  Chlordane,  DDT,  Dieldrin,  Liver,  Pes- 
ticide residues,  Spatial  distribution,  Temporal  dis- 
tribution. 

Concentrations  of  organochlorine  compounds  and 
bromodiphenylethers  have  been  measured  in  cod 
liver  from  the  southern,  central  and  northern 
North  Sea  since  1977.  All  analyses  were  performed 
using  capillary  column  gas  chromatography.  For 
hexachlorobenzene,  octachlorostyrene,  dieldrin 
and  bromodiphenylethers  spatial  trends  were  iden- 
tified, with  decreasing  levels  from  the  southern  to 
the  northern  North  Sea.  Concentrations  of  DDT 
compounds,  hexachlorocyclohexanes  and  chlor- 
danes  were  found  to  be  more  uniformly  distributed 
over  the  three  areas.  For  all  organochlorine  com- 
pounds with  the  exception  of  total  DDT,  decreas- 
ing time  trends  could  be  assessed.  The  German 
oxychlordane  tolerance  level  is  equaled  or  exceed- 
ed by  the  cod  liver  samples  from  all  three  areas  in 
the  North  Sea  of  1982/1983.  Results  for  the  other 
organochlorine  compounds,  with  the  exception  of 
bromodiphenylethers  for  which  tolerance  levels 
are  unknown,  do  not  exceed  these  tolerance  levels. 
(Geiger-PTT) 
W90-O6745 


DISTRD3UTION  OF  POLYCHLORINATED  BI- 
PHENYLS  IN  WATER,  SEDIMENT  AND 
BIOTA  OF  TWO  HARBOURS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
A.  Mudroch,  F.  I.  Onuska,  and  L.  Kalas. 
Chemosphere  CMSHAF,  Vol.   18,  No.   11/12,  p 
2141-2154,  1989.  6  fig,  6  tab,  24  ref. 

Descriptors:  *Benthos,  *Bioaccumulation,  *Heavy 
metals,  *Lake  Erie,  *Lake  Ontario,  'Marine  sedi- 
ments, *Path  of  pollutants,  *Polychlorinated  bi- 
phenyls,  Chlorinated  hydrocarbons,  Chromium, 
Copper,  Fish,  Isopods,  Lead,  Oligochaetes,  Snails, 
Zinc. 

The  concentrations  of  individual  polychlorinated 
biphenyl  (PCB)  homologues  were  determined  by 
open  tabular  column  gas  chromatography  in  the 
water,  sediments  and  biota  collected  from  Hamil- 
ton Harbor,  Lake  Ontario,  and  Wheatley  Harbor, 
Lake  Erie,  Canada.  Concentrations  of  total  PCBs 
ranged  from  166  to  14,185  microgm/kgr  (dry 
weight)  in  harbor  sediments,  and  from  58.7  to 
262.7  microgm/kgr  (wet  weight)  in  biota.  Concen- 
trations of  lower  chlorinated  PCBs  were  greater  in 
the  water  than  in  the  sediments  in  both  harbors. 
The  concentration  patterns  of  the  homologues  in 
the  biota  (oligochaetes,  snails,  isopods  and  fish) 
were  more  similar  to  those  in  the  sediment  than  in 
the  water  in  both  harbors.  The  sediment,  consid- 
ered the  biotic  habitat,  was  more  similar  physically 
(i.e.,  particle  size  distribution)  than  chemically  in 
the  two  harbors.  Concentrations  of  metals  (Zn,  Pb, 
Cu,  and  Cr)  were  greater  in  Hamilton  Harbor  than 
in  Wheatley  Harbor  sediments.  (Author's  abstract) 


CHEMICAL  STABILITY  OF  THE  MUTAGENS 

3-CHLORO-4-(DICHLOROMETHYL)-5- 

HYDROXY-2(5H)-FURANONE  (MX)  AND  E-2- 

CHLORO-3-(DICHLOROMETHYL)-4-OXO- 

BUTENOIC  ACID  (E-MX). 

Abo  Akademi,  Turku  (Finland). 

B.  Holmbom,  L.  Kronberg,  and  A.  Smeds. 

Chemosphere  CMSHAF,  Vol.   18,  No.   11/12,  p 

2237-2245,  1989.  3  fig,  3  tab,  18  ref. 

Descriptors:  'Degradation,  *Fate  of  pollutants, 
•Mutagens,  *Pulp  wastes,  Chlorination,  Hydrogen 
ion  concentration,  Sulfites. 

The  isomerization  and  degradation  in  water  of  the 
mutagenic  compound  3-chloro-4-(dichloromethyl)- 
5-hydroxy-2(5H)-furanone  (MX)  and  its  geometric 
isomer,  E-2-chloro-3-(dichloromethyl)-4-oxo-bu- 
tenoic  acid  (E-MX)  were  studied  at  different  pHs 
and  temperatures  in  water  containing  added  sulfite 
and  sulfide  ions.  Both  MX  and  E-MX  occur  in 
wood  pulp  chlorination  liquors  and  chlorinated 
drinking  water.  The  UV  spectra  of  MX  at  various 
pH  values  revealed  that  MX  undergoes  a  transfor- 
mation, i.e.  from  ring  to  dissociated  open  chain 
form  and  vice  versa,  in  the  pH  range  4.5-6.  In  the 
pH  range  of  5-9,  the  range  of  natural  waters  and 
drinking  waters,  MX  disappeared  most  rapidly  at 
Ph  6  and  slowest  at  pH  8  both  at  23  C  and  4  C. 
The  half  life  time  of  MX  at  23  C  was  about  2.5 
days  at  pH  6  but  close  to  6  days  at  pH  8.  Isomeri- 
zation to  E-MX  took  place  in  the  whole  range  5-9. 
The  isomerization  was  fastest  at  pH  6  and  pH  5. 
The  amount  of  E-MX  exceeded  the  amount  of  MX 
after  6  days  of  storage  at  pH  6  and  after  13  days  at 
pH  5.  At  pH  8-9  the  isomerization  to  E-MX 
became  less  significant  and  other  reactions  leading 
to  loss  of  MX  dominated.  E-MX  isomerized  to  MX 
completely  and  without  losses  at  pH  2  in  12-13 
days  at  40  C.  In  the  presence  of  sulfite  gradual 
disappearance  of  MX  was  observed.  The  disap- 
pearance rate  was  slightly  higher  at  pH  7  than  at 
pH  5.  The  sulfide  ions  caused  an  even  faster  disap- 
pearance of  MX  than  the  sulfites.  (Geiger-PTT) 
W90-06748 


DISTRIBUTION  AND  FATE  OF  HALOGENAT- 
ED  ORGANIC  SUBSTANCES  IN  AN  ANOXIC 
MARINE  ENVIRONMENT. 

Chalmers  Univ.  of  Technology,  Goeteborg 
(Sweden).  Dept.  of  Analytical  and  Marine  chemis- 
try- 

K.  Abrahamsson,  and  S.  Klick. 

Chemosphere  CMSHAF,  Vol.   18,  No.   11/12,  p 

2247-2256,  1989.  7  fig,  1  tab,  30  ref. 

Descriptors:  *Chlorinated  hydrocarbons,  *Fate  of 
pollutants,  *Fjords,  'Path  of  pollutants,  *Pulp 
wastes,  Degradation,  Marine  sediments,  Organic 
compounds,   Spatial  distribution,   Water  analysis. 

The  fate  of  chlorophenolics  and  halocarbons  re- 
leased from  a  pulp  and  paper  mill  into  the  Idefjor- 
den,  an  anoxic  fjord  on  the  border  of  Norway  and 
Sweden,  was  studied  in  water  and  sediment  sam- 
ples taken  in  June  of  1988.  The  fate  of  low  molecu- 
lar halocarbons  is  mainly  controlled  by  dilution 
and  volatilization,  whereas  chlorophenolics  are  in 
addition  exposed  to  dehalogenation,  and  in  general 
have  more  complicated  transportation  mecha- 
nisms, including  particle  adsorption  and  sedimenta- 
tion. The  overall  concentrations  of  chlorophenols 
and  chlorguaiacols  in  the  water  samples  were  low. 
Dichlorophenols  could  not  be  detected  and  the 
guaiacols  were  only  present  at  the  two  sampling 
stations  close  to  the  outlet.  Outside  the  fjord  the 
concentrations  of  chlorophenols  did  not  decrease 


to  the  same  extent  as  the  halocarbons.  High  back- 
ground levels  of  tetrachlorophenols  from  other 
pulp  mills  in  the  area  are  suspected.  Chlorinated 
phenols  and  guaiacols  could  not  be  detected  in  the 
sediment  samples.  Sedimentation  of  chlorinated 
phenolics  associated  with  solid  organics  seems 
likely,  while  dehalogenation  of  chlorophenols  by 
anoxic  marine  sediments  is  also  suspected.  (Geiger- 
PTT) 
W90-06749 


PRELIMINARY  REPORT  ON  THE  ATRAZINE 
AND  MOLINATE  WATER  SUPPLY  CONTAMI- 
NATED IN  ITALY. 

Istituto  Superiore  di  Sanita,  Rome  (Italy).  Lab.  di 

Igiene  Ambientale. 

E.  Funari,  G.  Acquafresca,  F.  Area,  M.  Baldi,  and 

J.  Bastianetti. 

Chemosphere  CMSHAF,  Vol.   18,  No.   11/12,  p 

2339-2343,  1989.  3  fig,  2  tab,  15  ref. 

Descriptors:  *Atrazine,  'Groundwater  pollution, 
•Herbicides,  *Italy,  *Molinate,  *Path  of  pollutants, 
•Water  pollution  sources,  Agricultural  chemicals, 
Drinking  water,  Leaching,  Monitoring,  Seasonal 
variation. 

A  monitoring  program  was  proposed  by  the  Italian 
National  Institute  of  Health  and  carried  out  by 
local  laboratories  to  check  the  extent  and  intensity 
of  the  contamination  by  atrazine  and  molinate  of 
water  supplies  of  several  Italian  farming  districts. 
The  highest  values  of  atrazine  contamination  were 
reported  in  Alessandria,  Bergamo,  Pavia  and  Ver- 
celli.  In  the  Lombardia  region  a  clear  correlation 
existed  between  the  extent  of  corn  cultivation  and 
atrazine  groundwater  contamination  of  public 
wells.  Permeable  soils  and  the  presence  of  high 
water  table  also  coincided  with  groundwater  con- 
tamination with  atrazine.  In  the  Piemonte  region 
the  atrazine  contamination  of  well  water  was 
strongly  season-dependent  being  higher  in  June 
than  in  August.  Molinate  contamination  of  well 
water  was  limited  to  the  districts  where  its  use  was 
considerable.  Vercelli  and  Pavia  Districts,  the 
highest  producers  of  rice  in  Italy,  showed  the 
highest  extent  and  intensity  of  molinate  pollution 
of  well  water.  (Geiger-PTT) 
W90-06751 


STREAM  LEVELS  OF  AGRICHEMICALS 
DURING  A  SPRING  DISCHARGE  EVENT. 

Nebraska     Univ.,     Lincoln.     Conservation     and 

Survey  Div. 

R.  F.  Spalding,  and  D.  D.  Snow. 

Chemosphere  CMSHAF,  Vol.  19,  No.  8/9,  p  1129- 

1140,  1989.  7  fig,  1  tab,  19  ref. 

Descriptors:  *Agricultural  chemicals,  'Agricultur- 
al runoff,  'Nonpoint  pollution  sources,  'Pesticides, 
♦Stream  pollution,  Alachlor,  Atrazine,  Cyanazine, 
Insecticides,  Nitrates,  Path  of  pollutants,  Suspend- 
ed sediments,  Triazine  herbicides. 

Levels  of  agrichemicals  were  monitored  during  a 
spring  runoff  event  in  Shell  Creek,  an  eastern 
tributary  of  the  Platte  River,  which  drains  a  700  sq 
km  watershed  of  predominantly  row-cropped 
corn.  Discharge  during  the  runoff  event  ranged 
from  19  to  781  cu  ft/sec.  Maximum  levels  of 
atrazine,  cyanazine,  and  alachlor  of  89,  76,  and  46 
microgm/L,  respectively,  occurred  prior  to  the 
peak  in  stream  discharge.  Other  residues  detected 
at  low  concentrations  during  the  peak  in  stream 
discharge  include  the  herbicides  butylate,  EPTC, 
metolachlor,  metribuzin,  propachlor,  and  triflura- 
lin,  and  one  insecticide,  disulfoton.  Suspended  sedi- 
ment levels  (maximum  =  19.7  gm/L)  correlated 
with  pesticide  levels,  while  nitrate-N  concentra- 
tions (maximum  =  6.3  mg/L)  did  not.  (Author's 
abstract) 
W90-06752 


EFFECT  OF  NATURAL  LIGANDS  ON  TRACE 
METAL  PARTITIONING. 

Water  Research  Centre,  Medmenham  (England). 
M.  Gardner,  and  A.  Gunn. 

Chemosphere  CMSHAF,  Vol.  19,  No.  8/9,  p  1251- 
1259,  1989.  3  fig,  20  ref. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


Descriptors:  'Copper,  'Mathematical  models, 
•Model  studies,  'Path  of  pollutants,  'Trace  metals, 
Dissolved  solids,  Fate  of  pollutants,  Heavy  metals, 
Natural  waters,  Organic  matter,  Particulate  matter, 
Seawater,  Sludge  disposal,  Suspended  solids. 

The  partitioning  of  environmental  contaminants 
was  modeled  mathematically  to  study  the  fate  and 
speciation  of  trace  metals,  and  in  particular  copper, 
contained  in  sewage  sludge  which  is  disposed  of  at 
sea.  The  ligands  for  copper  can  be  derived  from 
the  sludge  itself  or  can  be  present  naturally  in 
seawater.  The  model  allows  each  of  these  sources 
to  be  varied  independently  although  the  same  sta- 
bility constant  is  used  for  ligand-metal  complexes 
regardless  of  source.  Model  parameters  such  as 
true  partition  coefficient,  ligand  concentration  in 
the  dissolved  phase  (seawater),  ligand  concentra- 
tion in  sludge,  metal-ligand  complex  stability  con- 
stant, metal  concentration  in  sewage  sludge,  sludge 
suspended  solids,  and  dilution  ratio  were  chosen  on 
the  basis  of  what  is  known  concerning  copper 
complexation  in  seawater  and  the  composition  of 
what  might  be  regarded  as  the  component  of 
sewage  sludge  which  remains  suspended  in  sea- 
water. Two  separate  competing  effects  were  ap- 
parent from  the  model.  The  first  was  the  increase 
in  observed/measured  partition  coefficient  as  dilu- 
tion was  increased.  In  the  case  of  sewage  sludge 
the  variation  of  observed  partition  coefficient  with 
dilution  was  explicable  as  a  product  of  complexa- 
tion. The  value  for  the  partition  coefficient  at 
highest  dilution  is  nearest  to  the  true  value.  At 
lower  dilutions,  the  effect  of  ligands  in  the  dis- 
solved phase  is  to  increase  the  proportion  of  metal 
in  solution  and  hence  to  depress  the  partition  coef- 
ficient. The  second  effect  amounted  to  a  titration 
of  metal  derived  from  the  added  solid  phase  with 
ligands  naturally  present  in  solution.  For  the  most 
strongly  complexing  ligands,  the  consequence  of 
this  was  to  reduce  the  observed  value  of  the  parti- 
tion coefficient  at  higher  dilutions  to  a  value  very 
much  less  than  its  theoretical  level.  In  combina- 
tion, these  two  effects  tended  to  lead  to  the  under- 
estimation of  the  value  of  the  partition  coefficient. 
(Geiger-PTT) 
W90-06754 


FUGACITY  AND  PHASE  DISTRIBUTION  OF 
MIREX  IN  OSWEGO  RIVER  AND  LAKE  ON- 
TARIO WATERS. 

State  Univ.  of  New  York  at  Syracuse.  Coll.  of 

Environmental  Science  and  Forestry. 

C.  Yin,  and  J.  P.  Hassett. 

Chemosphere  CMSHAF,  Vol.  19,  No.  8/9,  p  1289- 

1296,  1989.  6  fig,  2  tab  18  ref.  NOAA  Office  of  Sea 

Grant  NA84AADSG021. 

Descriptors:  'Adsorption,  'Lake  Ontario,  'Mirex, 
'Oswego  River,  'Path  of  pollutants,  Dissolved 
organic  carbon,  Dissolved  solids,  Organic  matter, 
Particulate  matter,  Temperature  effects. 

The  phase  distribution  of  mirex,  a  hydrophobic 
toxicant,  was  examined  in  Oswego  River  and  Lake 
Ontario  waters.  A  dynamic  headspace  method  was 
applied  to  determine  the  fugacity  and  free  dis- 
solved concentration  of  mirex  in  water.  Solvent 
extraction  was  used  to  determine  the  total  and 
particulate  adsorbed  concentration.  In  the  water 
phase,  8%  to  22%  was  free  dissolved  with  the 
remainder  bound  to  dissolved  organic  matter.  In 
most  cases,  the  particulate  fractiAwas  small. 
Mirex  fugacity  increased  with  waterTtmperature. 
The  partition  coefficients  of  mirex  with  natural 
dissolved  organic  carbon  (DOC)  were  900,000  to 
1,500,000,  and  decreased  with  increasing  DOC 
concentration.  A  consideration  of  binding  is  sug- 
gested in  the  environmental  modeling  of  hydro- 
phobic compounds.  (Author's  abstract) 
W90-06756 


DISTRIBUTION  OF  POLYCHLORINATED  BI- 
PHENYL  CONGENERS  AND  HEXACHLORO- 
BENZENE  IN  DIFFERENT  TISSUES  OF  DAB 
(LIMANDA  LIMANDA)  FROM  THE  NORTH 

SEA. 

Hamburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Bio- 

chemie  und  Lebensmittelschemie. 

R.  Knickmeyer,  and  H.  Steinhart. 

Chemosphere  CMSHAF,  Vol.  19,  No.  8/9,  p  1309- 


1320,  1989.  5  fig,  3  tab,  22  ref. 

Descriptors:  'Bioaccumulation,  'Chlorinated  aro- 
matic compounds,  'Fish,  'North  Sea,  'Path  of 
pollutants,  'Polychlorinated  biphenyls,  Aromatic 
compounds,  Chlorinated  hydrocarbons,  Lipids, 
Liver. 

The  analysis  of  polychlorinated  biphenyl  (PCB) 
patterns  in  livers  of  immature  dabs,  livers  of 
mature  male  as  well  as  livers  and  ovaries  of  mature 
female  specimens,  revealed  significant  differences 
in  the  accumulation  of  single  PCB  congeners. 
Each  of  the  examined  tissues  exhibited  a  specific 
PCB  pattern.  Lipid  content  or  geographic  origin 
did  not  decisively  influence  the  qualitative  compo- 
sition of  PCB-compounds  but  only  their  concentra- 
tion. Pentachlor-to  decachlorbiphenyls  with  4,4'- 
chlorine  substitution  or  with  three  ortho-chlorines 
are  accumulated  in  the  liver  of  adult  dabs.  Deple- 
tion of  lipids  from  the  female  liver  during  ovary 
maturation  is  an  important  excretory  pathway  of 
PCBs  and  hexachlorobenzenes  during  spawning. 
The  2,3,4-chlorine  substitution  on  an  aromatic  ring 
is  responsible  for  the  phenomenon  of  preferential 
transfer  of  hexachlorinated  aromatic  chemicals 
from  female  livers  to  ovaries.  (Author's  abstract) 
W90-06757 


DISTRIBUTION  OF  PCB  CONGENERS  IN 
SEDIMENTS  OF  THE  OTONABEE  RIVER- 
RICE  LAKE  SYSTEM,  PETERBOROUGH, 
CANADA. 

Trent  Univ.,  Peterborough  (Ontario).  Environmen- 
tal and  Resource  Studies  Program. 
M.  L.  Ferguson,  and  C.  D.  Metcalfe. 
Chemosphere  CMSHAF,  Vol.  19,  No.  8/9,  p  1321- 
1328,  1989.  4  fig,  16  ref. 

Descriptors:  'Path  of  pollutants,  'Polychlorinated 
biphenyls,  'Sediment  contamination,  Canada,  Flu- 
vial sediments,  Lake  sediments,  Little  Lake,  Otana- 
bee  River,  Rice  lake,  Spatial  distribution,  Suspend- 
ed sediments,  Water  pollution  sources. 

Samples  of  sediment  from  a  river-lake  system  near 
Peterborough,  Canada  were  analyzed  for  poly- 
chlorinated biphenyl  (PCB)  congeners  by  both 
packed  column  and  capillary  column  gas  chroma- 
tography. Sediments  were  collected  in  the  deposi- 
tional  zone  of  Little  Lake,  at  3  sites  along  the 
Otonabee  River,  and  at  4  sites  in  Rice  Lake  be- 
tween October  1985  and  February  1986  using  a 
Kajak-Brinkhurst  corer.  Samples  were  prepared  by 
soxhlet  extraction  for  Little  Lake  sediments  and  by 
sonication  extraction  for  Otonabee  River  and  Rice 
Lake  sediments.  Results  showed  that  sediment  in 
Little  Lake,  within  the  city  of  Peterborough,  is 
acting  as  a  source  of  contamination  for  down- 
stream regions.  The  deposition  zone  in  Little  Lake 
had  the  highest  level  of  PCB  contamination  (ap- 
proximately 5  ppm),  and  areas  of  deposition  down- 
stream of  Little  Lake  (Wallace  Point  and  Otonabee 
River  mouth)  had  reduced  but  significant  levels  (> 
1  ppm)  of  PCBs.  Analysis  of  a  core  sample  from 
Little  Lake  indicated  that  PCB  contamination  in 
the  deposition  zone  extended  from  the  surface  to  at 
least  30  cm  below  the  sediment-water  interface. 
Surface  sediments  did  not  contain  lower  concen- 
trations of  PCBs  than  deeper  sediments.  PCB 
levels  were  below  packed  column  detection  limits 
in  the  rich  organic  sediments  cored  at  the  mouth  of 
the  Indian  River  in  the  northeast  area  of  Rice  Lake 
suggesting  that  this  drainage  system  is  not  a  source 
of  PCBs.  Comparisons  of  concentrations  of  differ- 
ent PCB  congeners  showed  that  higher  propor- 
tions of  more  chlorinated  congeners  occur  as  dis- 
tance downstream  increases.  The  homogeneity  of 
PCB  congener  patterns  throughout  the  river 
system  suggests  that  microbial  degradation  is  not  a 
major  fate  process  in  this  system.  (Geiger-PTT) 
W90-06758 


HALOGENATED  ORGANIC  COMPOUNDS 
FOUND  IN  SHRIMP  FROM  THE  CALCASIEU 
ESTUARY. 

McNeese  State  Univ.,  Lake  Charles,  LA. 

H.  E.  Murray,  and  J.  N.  Beck. 

Chemosphere  CMSHAF,  Vol.  19,  No.  8/9,  p  1367- 

1374,  1989.  3  fig,  1  tab,  16  ref.  U.S.  Department  of 

Energy  Grant  DE-FG01-83EP31  111 


Descriptors:  'Bioaccumulation,  'Calcasieu  Estu- 
ary, 'Halogenated  hydrocarbons,  'Louisiana, 
•Path  of  pollutants,  'Shrimp,  Chlorinated  aromatic 
compounds,  Estuaries,  Hexachlorobutadiene,  Or- 
ganic compounds. 

The  Calcasieu  Estuarine  System  serves  as  an  im- 
portant source  of  shrimping  for  southwest  Louisi- 
ana. Because  of  the  economic  importance  of  this 
estuarine  system,  shrimp  (Penaeus  setiferus  and 
Penaeus  aztecus)  were  collected  throughout  the 
Calcasieu  River/Lake  Complex  and  analyzed  for 
synthetic  halogenated  compounds  by  gas  chroma- 
tography/mass  spectrometry.  Results  of  pooled 
samples  collected  at  six  stations  showed  that  con- 
centrations of  halogenated  compounds  varied 
widely  throughout  the  estuarine  system.  Concen- 
trations of  total  halogenated  compounds  in  shrimp 
tissue  were  highest  in  the  upper  portion  of  the 
estuarine  system.  Hexachlorobutadiene  was  found 
in  shrimp  tissue  at  station  D  (Bayou  d'Inde)  at 
18.59  nanograms/gm;  at  station  I  (Ship  Channel)  at 
1.33  and  19.95  nanogram/gm;  at  station  N  (north 
end  of  Calcasieu  Lake)  at  2.09  and  61.11  nano- 
grams/gm; and  at  station  S  (south  end  of  Calcasieu 
Lake)  at  1.13  nanogram/gm.  The  concentration  of 
hexachlorobutadiene  measured  in  shrimp  collected 
at  station  N  during  August  1988  exceeded  the 
Department  of  Health  and  Human  Resources 
emergency  guidelines.  Hexachlorobenzene  was 
found  in  shrimp  tissue  at  station  D  at  15.74  nano- 
grams/gm; at  station  I  at  6.84  nanograms/gm;  at 
station  N  at  2.36  and  20.94  nanograms/gm;  and  at 
station  S  at  0.44  nanograms/gm.  The  hexachloro- 
benzene concentrations  detected  in  shrimp  tissue  in 
this  study  did  not  exceed  the  Louisiana  Depart- 
ment of  Health  and  Human  Resources  emergency 
guidelines.  (Geiger-PTT) 
W90-06759 


3H-THYMIDINE  INCORPORATION:  PRELIM- 
INARY INVESTIGATIONS  OF  A  METHOD  TO 
FORECAST  THE  TOXICITY  OF  CHEMICALS 
IN  BIODEGRADABILITY  TESTS. 

Vandkvalitetsinstitutet,  Hoersholm  (Denmark). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06760 


MODELLING  THE  ENVIRONMENTAL  DIS- 
TRIBUTION OF  NONPOLAR  ORGANIC  COM- 
POUNDS: THE  INFLUENCE  OF  DISSOLVED 
ORGANIC  CARBON  IN  OVERLYING  AND  IN- 
TERSTITIAL WATER. 

Drexel   Univ.,   Philadelphia,   PA.   Environmental 
Studies  Inst. 
G.  Caron. 

Chemosphere  CMSHAF,  Vol.  19,  No.  10/11,  p 
1437-1482,  1989.  2  tab,  23  ref. 

Descriptors:  'Lindane,  'Model  studies,  'Path  of 
pollutants,  'Polychlorinated  biphenyls,  'Spatial 
distribution,  Adsorption,  Dissolved  organic 
carbon,  Interstitial  water,  Organic  matter,  Particu- 
late matter,  Sediments. 

The  partitioning  of  nonpolar  compounds  among 
sediment  solids,  interstitial  water,  and  dissolved 
organic  carbon  in  overlying  and  interstitial  waters 
of  an  aquatic  system  was  studied  using  column 
equilibration  techniques.  The  equilibrium  distribu- 
tion relationships  for  these  environmental  compart- 
ments were  incorporated  into  the  equilibrium  parti- 
tioning model,  CEPAC,  developed  in  1983.  The 
CEPAC  model  was  modified  to  include  interstitial 
waters  as  environmental  compartments.  The  envi- 
ronmental behavior  of  two  test  compounds, 
2,2',4,4'-tetrachlorobiphenyl  (TeCBP)  and  lindane 
was  predicted  using  the  standard  CEPAC  pond 
model  and  the  model  revised  to  include  dissolved 
organic  carbon  (DOC),  interstitial  water  DOC, 
and  interstitial  water  as  environmental  compart- 
ments. Default  values  for  all  standard  CEPAC 
parameters  were  used.  The  default  value  for  sedi- 
ment organic  carbon  content  in  the  standard  model 
is  4%.  Overlying  water  DOC  concentration  was 
input  as  3  mg/L  while  30  mg/L  was  used  for 
interstitial  water  DOC  concentration.  The  stand- 
ard CEPAC  model  predicted  that  94%  of  the 
TeCBP  would  be  bound  to  the  organic  carbon  of 
the  sediment  and  most  of  the  remaining  6%  would 
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be  in  the  water  column.  When  binding  of  the 
compound  to  DOC  in  overlying  and  interstitial 
water  is  considered,  only  64%  of  the  compound 
would  be  predicted  to  partition  to  the  sediment, 
while  22%  would  be  bound  to  DOC  in  the  pore 
water.  This  prediction  suggests  that  a  considerable 
amount  of  the  compound  may  be  available  for 
transport  via  diffusion  in  the  interstitial  water.  The 
standard  model  predicts  that  this  fraction  of  the 
chemical  would  be  partitioned  to  sediment  particu- 
late matter.  The  inclusion  of  the  three  new  com- 
partments in  the  model  had  little  effect  on  the 
predicted  distribution  of  lindane.  Less  than  1  %  of 
the  compound  is  predicted  to  be  associated  with 
DOC  in  the  water  column  in  both  scenarios.  Using 
the  revised  model,  only  1.3%  of  the  lindane  was 
predicted  to  associate  with  interstitial  water  DOC. 
(Geiger-PTT) 
W90-06761 


DISTRIBUTION  OF  ALIPHATIC,  AROMATIC 
AND  CHLORINATED  HYDROCARBONS  IN 
MUSSELS  FROM  THE  SPANISH  ATLANTIC 
COAST  (GALICIA):  AN  ASSESSMENT  OF  POL- 
LUTION PARAMETERS. 

Institute    de    Quimica    Bio-Organica,    Barcelona 
(Spain).  Dept.  of  Environmental  Chemistry. 
M.  Soler,  J.  O  Grimalt,  J.  AJbaiges,  J.  Mendez, 
and  M.  Marino. 

Chemosphere  CMSHAF,  Vol.  19,  No.  10/11,  p 
1489-1498,  1989.  4  fig,  2  tab,  12  ref. 

Descriptors:  'Aromatic  compounds,  'Bioaccumu- 
lation,  'Chlorinated  hydrocarbons,  'Mussels, 
•Path  of  pollutants,  'Pollutant  identification, 
Chemical  analysis,  Coastal  waters,  Estuaries,  Poly- 
chlorinated  biphenyls,  Spain,  Spatial  distribution. 

Mussel  populations  collected  in  a  suite  of  heavily 
polluted  to  non-polluted  estuarine  systems  of  the 
northwest  Spanish  Atlantic  Coast  (Galicia)  were 
analyzed  for  alkanes  +  alkenes  (I),  monocyclic 
aromatics  and  polychlorinated  biphenyls  (IT),  and 
polycyclic  aromatics  (III).  Using  gas  chromatogra- 
phy-flame  ionic  detection,  gas  chromatography- 
electron  capture  detection,  gas  chromatography- 
mass  spectrometry,  and  ultraviolet  fluorescence, 
molecular  marker  identifications  and  correlation 
trends  of  chemical  composition  parameters  were 
determined  for  the  assessment  of  pollution.  The 
results  showed  that  both  the  resolved  and  unre- 
solved components  of  fractions  I  and  II  are  pre- 
dominated by  petrogenic  hydrocarbons.  Ultravio- 
let-fluorescence is  also  useful  for  the  measurement 
of  petroleum  contributions  in  fraction  II,  although 
a  standard  better  than  chrysene  should  be  devel- 
oped for  quantitation.  The  unresolved  hydrocar- 
bons of  fraction  III  correspond  to  a  mixture  of 
petrogenic  and  pyrolytic  sources.  Finally,  the  po- 
lychlorobiphenyls  do  not  show  any  correlation 
with  petrogenic  or  pyrolytic  pollutant  sources. 
(Author's  abstract) 
W90-06762 


SCREENING  OF  CHEMICALS  FOR  ANAERO- 
BIC BIODEGRADABDLrrY. 

European  Chemical  Industry  Ecology  and  Toxi- 
cology Centre,  Brussels  (Belgium). 
R.  R.  Birch,  C.  Biver,  R.  Campagna,  W.  E. 
Gledhill,  and  U.  Pagga. 

Chemosphere  CMSHAF,  Vol.  19,  No.  10/11,  p 
1527-1550,  1989.  2  fig,  7  tab,  11  ref,  append. 

Descriptors:  'Anaerobic  digestion,  'Biodegrada- 
tion,  'Fate  of  pollutants,  'Microbial  degradation, 
Anaerobic  conditions,  Carbon,  Performance  eval- 
uation, Simulation  analysis,  Sludge. 

A  test  method  for  the  assessment  of  anaerobic 
biodegradability  was  developed  by  screening  a 
number  of  methods  and  key  parameters  involved 
in  the  biodegradation  process  such  as  concentra- 
tion of  test  compound,  inoculum  concentration  and 
pretreatment,  digester  design  and  media  composi- 
tion. The  recommended  technique  requires  only  a 
knowledge  of  the  carbon  content  of  the  chemical 
being  tested,  and  is  applicable  to  poorly  soluble 
compounds.  Digestion  takes  place  in  pressure-con- 
trolled vials  at  35  +/-2  C  with  a  pH  of  7  +/-0.2. 
The  test  material  may  be  dosed  in  the  form  of  a 
solution,  suspension,  emulsion  or  solid  so  that  the 


volume  added  is  a  maximum  of  5%  of  the  total 
liquid  volume.  The  final  concentration  of  the  test 
substance  should  be  in  the  range  of  20-50  mg  C/L. 
In  the  absence  of  inhibition  to  digesting  microbes, 
higher  concentrations  can  be  used.  Gas  pressure, 
and  pH  should  be  monitored  throughout  the  diges- 
tion period.  Equations  for  final  determination  of 
carbon  content  and  biodegradation  are  provided. 
A  separate  determination  of  the  dissolved  inorgan- 
ic carbon  in  the  digested  liquor  eliminates  the  need 
for  any  correction  for  the  solubility  of  carbon 
dioxide.  Washing  the  sludge  used  to  inoculate  the 
tests  improves  the  precision  of  the  method  by 
reducing  the  background  gas  and  dissolved  inor- 
ganic carbon  production.  Inter-laboratory  investi- 
gations showed  that  compounds  exhibiting  positive 
degradation  results  (>  60%  degradation)  have  a 
precision  of  approximately  15%  with  respect  to  the 
95%  confidence  range  of  the  mean  biodegradation 
rate.  (Geiger-PTT) 
W90-06763 


USE  OF  COMPOSITED  SAMPLES  TO  OPTI- 
MIZE THE  MONrrORING  OF  ENVIRON- 
MENTAL TOXINS. 

Jyvaeskylae  Univ.  (Finland).  Dept.  of  Chemistry. 
J.  Paasivirta,  and  R.  Paukku. 
Chemosphere  CMSHAF,  Vol.   19,  No.   10/11,  p 
1551-1562,  1989.  1  fig,  5  tab,  7  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  'Her- 
ring, 'Monitoring,  'Path  of  pollutants,  'Phenols, 
•Pollutant  identification,  'Toxicology,  Benzenes, 
Chlordane,  Cost  analysis,  DDD,  DDE,  DDT,  Lin- 
dane, Optimization,  Pesticides,  Polychlorinated  bi- 
phenyls, Spatial  distribution,  Tissue  analysis. 

A  procedure  of  analyzing  composited  samples 
based  on  predicted  laboratory  variance  to  perform 
an  environmental  toxin  monitoring  program  with 
optimal  costs  is  experimentally  tested.  A  single 
population  (one  catch)  of  herring  from  the  Eastern 
Gulf  of  Finland  was  analyzed  for  organochlorines 
as  homogenates  of  individuals  and  composites  of 
three,  five  and  eight  specimens.  Altogether  54  sam- 
ples (homogenates)  were  analyzed.  Twelve  of  the 
samples  were  analyzed  twice  to  get  duplicate 
values  for  calculation  of  the  laboratory  variance. 
The  results  to  test  the  optimizing  theory  were 
obtained  for  2,4,6-trichlorophenol,  2,3,4,6-tetrach- 
lorophenol,  pentachlorophenol,  alpha-hexachloro- 
cyclohexane,  lindane,  hexachlorobenzene,  DDE, 
DDD,  DDT,  alpha-chlordane,  trans-nonachlor 
and  PCB.  Distribution  of  the  contents  was  found 
to  be  lognormal  except  the  fat  contents  which 
were  normally  distributed.  Laboratory  variance 
increased  nearly  exponentially  with  decreasing 
mean.  Optimization  procedure  gave  satisfactory 
results  for  nearly  all  residues  measured.  Calculated 
saving  of  costs  in  case  of  chlorohydrocarbon  moni- 
toring from  the  studied  herrings  was  53.5%  when 
optimized  composite  sampling  was  used  instead  of 
analyzing  individual  specimens.  (Author's  abstract) 
W90-06764 


BIOMAGNIFICATION  BY  AQUATIC  ORGA- 
NISMS: A  PROPOSAL. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
D.  W.  Connell. 

Chemosphere  CMSHAF,  Vol.  19,  No.  10/11,  p 
1573-1584,  1989.  2  fig,  3  tab,  16  ref. 

Descriptors:  'Bioaccumulation,  'Biological  magni- 
fication, 'Model  studies,  'Path  of  pollutants, 
Aquatic  animals,  Food  chains,  Lipids,  Salmon, 
Theoretical  analysis,  Trout. 

The  transfer  of  persistent  lipophilic  compounds 
from  food  to  aquatic  biota  (the  biomagnification 
process)  was  interpreted  on  the  basis  of  partition- 
ing between  food  in  the  gastrointestinal  tract  and 
the  circulatory  fluid,  body  lipids.  A  theoretical 
derivation,  based  on  equilibrium  conditions,  sug- 
gests that  the  Biomagnification  Factor  (body  con- 
centration/food concentration)  is  independent  of, 
or  weakly  dependent,  on  the  octanol  to  water 
partition  coefficient,  and  becomes  unity  for  all 
compounds  when  expressed  on  a  lipid  weight  basis. 
The  available  experimental  data  are  generally  in 
accord  with  this  interpretation.  The  theory  is  cor- 
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roborated  with  biological  magnification  data  from 
salmon  and  trout.  (Author's  abstract) 
W90-06765 


INTERACTION  BETWEEN  POLYCHLORI- 
NATED BIPHENYLS  AND  MARINE  HUMIC 
SUBSTANCES.  DETERMINATION  OF  ASSO- 
CIATION COEFFICIENTS. 

Alfred-Wegener-Inst.    fuer    Polarforschung,    Bre- 

merhaven  (Germany,  F.R.). 

R.  Lara,  and  W.  Ernst. 

Chemosphere  CMSHAF,  Vol.   19,  No.   10/11,  p 

1655-1664,  1989.  4  fig,  2  tab,  29  ref. 

Descriptors:  'Chemical  interactions,  'Fate  of  pol- 
lutants, 'Humic  substances,  'Path  of  pollutants, 
'Polychlorinated  biphenyls,  Adsorption,  Bioavai- 
lability, Chemical  analysis,  Chemical  properties, 
Dissolved  solids,  Organic  carbon,  Solubility. 

The  association  coefficients  (Kh)  for  26  polychlori- 
nated biphenyl  (PCB)  congeners  and  marine  humic 
substances  were  determined  at  different  humic  sub- 
stances concentrations  (5,  10,  20  and  40  mg  of 
dissolved  organic  carbon/L).  The  humic  sub- 
stances used  in  the  experiments  were  isolated  from 
waters  of  the  German  Bight.  The  experimental 
approach  was  based  on  the  fact  that,  in  the  pres- 
ence of  dissolved  humic  substances,  the  extent  of 
adsorption  of  lipophilic  compounds  to  glass  is  sig- 
nificantly diminished.  Kh  was  determined  by  meas- 
uring the  fraction  of  added  PCBs  adsorbed  to  glass 
in  a  reference  solution  without  humic  substances, 
and  the  same  in  the  presence  of  known  concentra- 
tions of  humic  substances.  The  results  for  Kh  were 
correlated  with  different  properties  and  structural 
characteristics  of  the  individual  PCB  congeners. 
Kh  values  correlated  significantly  with  solubility, 
octanol-water  partition  coefficients,  and  the  molec- 
ular total  surface  area  of  PCBs.  Overall,  Kh  in- 
creased with  the  degree  of  chlorination  of  the 
PCBs.  Within  groups  of  isomers,  Kh  decreased  in 
general  with  increasing  number  of  ortho-chlorines. 
Meta-substitution  proximate  to  ortho-chlorines 
tended  to  produce  a  decrease  in  Kh.  Kh  also 
decreased  at  increasing  humic  substances  concen- 
trations. (See  also  W90-06768)  (Geiger-PTT) 
W90-06767 


MODELLING  ASSOCIATION  OF  HIGHLY 
CHLORINATED  BIPHENYLS  WITH  MARINE 
HUMIC  SUBSTANCES. 

Kernforschungszentrum  Karlsruhe  G.m.b.H.  (Ger- 
many, F.R.).  Inst,  fuer  Meteorologie  und  Klima- 
forschung. 

A.  Sabljic,  R.  Lara,  and  W.  Ernst. 
Chemosphere  CMSHAF,  Vol.   19,  No.   10/11,  p 
1665-1676,  1989.  1  fig,  2  tab,  43  ref. 

Descriptors:  'Fate  of  pollutants,  'Humic  sub- 
stances, 'Model  studies,  'Molecular  structure, 
'Path  of  pollutants,  'Polychlorinated  biphenyls, 
Adsorption,  Chemical  analysis,  Chemical  proper- 
ties, Chlorinated  hydrocarbons,  Organic  carbon, 
Quantitative  analysis. 

Molecular  connectivity  indices  and  other  topologi- 
cal properties  of  organic  molecules  were  tested 
and  compared  with  existing  models,  regarding 
their  ability  to  describe  the  association  between 
PCBs  and  dissolved  marine  humic  substances.  A 
model  is  derived  which  accounts  for  almost  99% 
of  the  variation  in  the  association  coefficients  de- 
termined in  a  previous  study.  From  the  QSAR 
analysis,  the  size  of  PCB  molecules  accounts  for 
the  majority  of  quantitative  differences  in  their 
association  with  humic  substances.  This  relation- 
ship is  quadratic  and  increases  until  the  maximum 
is  reached.  The  structural  feature  of  secondary 
importance  is  the  degree  of  ortho  substitution.  The 
created  model,  when  compared  with  existing 
QSAR  models  for  PCBs  association  with  humic 
substances,  shows  superior  performance  in  accura- 
cy and  future  applications.  (See  also  W90-06767) 
(Geiger-PTT) 
W90-06768 
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BIOTRANSFORMATION  OF  HEXACHLORO- 

BENZENE  IN  THE  BLUE  MUSSEL  (MYTILUS 

EDULIS). 

Alfred-'Vegener-Inst.    fuer    Polarforschung,    Bre- 

merhaven  (Germany,  F.R.). 

I.  Bauer,  S.  Weigelt,  and  W.  Ernst. 

Chemosphere  CMSHAF,  Vol.   19,  No.   10/11,  p 

1701-1707,  1989.  3  fig.  1  tab,  11  ref. 

Descriptors:  'Biotransformation,  'Chlorinated  aro- 
matic compounds,  'Fate  of  pollutants,  'Mussels, 
•Mytilus,  'Pesticide  residues,  Benzenes,  Bioaccu- 
mulation,  Metabolites,  Mollusks. 

Metabolic  products  were  isolated  from  blue  mus- 
sels, Mytilus  edulis,  after  exposure  to  C14-labeled 
and  nonradioactive  hexachlorobenzene  (HCB)  for 
periods  up  to  20  days.  Mussels  exposed  to  HCB  in 
semi-static  experiments  in  seawater  at  concentra- 
tions of  0.5  micrograms/L  showed  the  formation 
of  HCB-metabolites  after  10  hr.  Pentachloroth- 
ioanisole,  S-(penta-chlorophenyl)thioglycolate  and 
l,4-bis(methylthio)-2,3,5,6-tetrachlorobenzene 
could  be  identified  by  gas  chromatography-mass 
spectrometry.  From  S- 

(pentachlorophenyl)thioglycolate,  no  significant 
amounts  of  pentachlorothioanisole  were  formed 
within  a  16  day-exposure  period  so  that  this  meta- 
bolite was  not  considered  to  be  of  importance  in 
the  biodegradation  pathway  of  HCB.  (Geiger- 
PTT) 
W90-06769 


HEAVY  METALS  IN  WATER,  SEDIMENT 
AND  INVERTEBRATES  FROM  RIVERS  IN 
EASTERN  ENGLAND. 

Essex  Univ.,  Colchester  (England).  Dept.  of  Biol- 
ogy- 

N.  A.-E.  Barak,  and  C.  F.  Mason. 
Chemosphere  CMSHAF,  Vol.   19,  No.   10/11,  p 
1709-1714,  1989.  1  fig,  2  tab,  17  ref. 

Descriptors:  'Bioaccumulation,  'Cadmium, 
•Heavy  metals,  'Lead,  'Mercury,  'Sediment  con- 
tamination, England,  Invertebrates,  Path  of  pollut- 
ants, River  sediments,  Seasonal  variation. 

Concentrations  of  Hg,  Cd,  and  Pb  were  measured 
in  water,  sediment  and  invertebrate  samples  from 
sites  upstream  and  downstream  of  towns  on  two 
rivers  in  eastern  England.  Metal  levels  in  water 
and  sediment  were  higher  in  downstream  sites,  but 
there  were  no  clear  trends  in  metals  in  inverte- 
brates between  the  sites.  Seasonal  changes  in 
metals  concentrations  in  Asellus,  Sigara  and  Lim- 
naea  were  investigated.  There  were  no  seasonal 
trends  in  levels  of  Hg.  At  all  sites  there  was  an 
increase  in  levels  of  Cd  in  Sigara  during  summer, 
peaks  ranging  between  0.26  mg/kg  and  0.35  mg/ 
kg.  Levels  of  Pb  increased  at  all  sites  during  the 
summer  in  Sigara,  peaks  ranging  from  0.28  mg/kg 
to  0.76  mg/kg.  Pb  concentrations  were  greatest  in 
autumn  in  Limnaea  at  all  sites,  peaks  ranging  from 
1.11  mg/kg  to  3.49  mg/kg.  (Geiger-PTT) 
W90-06770 


EFFECT  OF  SLUDGE  TREATMENT  ON  THE 
ORGANIC  CONTAMINANT  CONTENT  OF 
SEWAGE  SLUDGES. 

Lancaster  Univ.  (England).  Inst,  of  Environmental 

and  Biological  Sciences. 

For  primary  bibliographic   entry   see   Field   5D. 
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TOXICOKINETICS  OF  SELECTED  POLYCY- 
CLIC AROMATIC  HYDROCARBONS  IN  RAIN- 
BOW TROUT  FOLLOWING  DIFFERENT 
ROUTES  OF  EXPOSURE. 

Simon  Fraser  Univ.,  Bumaby  (British  Columbia). 
Environmental  Toxicology  Program. 
C.  J.  Kennedy,  and  F.  C.  P.  Law. 
Environmental      Toxicology       and       Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  133-139,  1990.  3  fig,  5 
tab,  21  ref. 

Descriptors:  'Bioaccumulation,  'Metabolism, 
•Path  of  pollutants,  'Polycyclic  aromatic  hydro- 
carbons, 'Toxicity,  'Trout,  Adsorption,  Biological 
studies,  Excretion,  Fluorene,  Model  studies, 
Naphthalenes,  Pyrene,  Tissue  analysis. 


The  toxicokinetics  and  bioavailabilities  of  2-meth- 
ylnaphthalene  (2-MN),  fluorene  and  pyrene  were 
studied  in  rainbow  trout  (Salmo  gairdneri)  implant- 
ed with  an  indwelling  cannula  in  the  dorsal  aorta. 
After  intraarterial  injection  of  one  of  the  polycy- 
clic aromatic  hydrocarbons  (PAHs)  (10  mg/kg)  to 
trout,  chemical  concentration  in  the  blood  was 
found  to  decline  triphasically  with  time.  The  termi- 
nal half-lives  of  elimination  from  the  blood  for  2- 
MN,  fluorene  and  pyrene  were  9.6,  10.5  and  12.8 
hr,  respectively.  The  toxicokinetics  of  the  PAHs  in 
trout  were  best  described  by  a  three-compartment 
open  model  with  the  central  compartment  and  the 
deep  peripheral  compartment  representing  the 
blood  and  fatty  tissues  of  trout,  respectively.  The 
PAHs  were  metabolized  by  trout  mainly  to  water- 
soluble  metabolites  which  were  excreted  into  the 
urine  and  bile.  When  trout  were  exposed  to  water 
containing  2-MN,  fluorene  or  pyrene  (0.5  mg/L), 
the  chemical  was  detected  almost  immediately  in 
the  blood.  The  apparent  bioavailabilities  of  2-MN, 
fluorene  and  pyrene  in  trout  were  20,  36  and  35%, 
respectively.  In  contrast,  little  or  no  unchanged 
chemical  was  detected  in  the  blood  of  trout  follow- 
ing intragastric  administration  of  2-MN,  fluorene 
or  pyrene  (50  mg/kg).  These  results  indicate  that 
the  PAHs  are  absorbed  systemically  by  trout  via 
the  branchial  route  at  rates  much  faster  than  that  of 
the  oral  route.  (Author's  abstract) 
W90-06772 


PREDICTION  OF  CONTAMINANT  ACCUMU- 
LATION BY  FREE-LIVING  ORGANISMS:  AP- 
PLICATIONS OF  A  SIGMOIDAL  MODEL. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 

I.  L.  Brisbin,  M.  C.  Newman,  S.  G.  McDowell, 

and  E.  L.  Peters. 

Environmental       Toxicology      and       Chemistry 

ETOCDK,  Vol.  9,  No.  2,  p  141-149,  1990.  2  fig,  1 

tab,  39  ref.   DOE  Contract  DE-AC09-76SROO- 

819. 

Descriptors:  'Bioaccumulation,  'Fish,  'Model 
studies,  'Path  of  pollutants,  'Turtles,  'Waterfowl, 
Cesium  radioisotopes,  Depuration,  Kinetics,  Mer- 
cury. 

The  accumulation  of  contaminants  by  free-living 
organisms  has  traditionally  been  determined  with 
permutations  of  the  classic  deterministic  model 
which  relates  rate  of  change  of  contaminant  con- 
centration over  time  to  contaminant  concentration 
in  the  organism  at  equilibrium  and  elimination  or 
depuration  constants.  However,  studies  utilizing  a 
variety  of  species  and  exposure  scenarios  now  sug- 
gest that  significant  deviations  may  occur  from  this 
classic  form.  In  many  cases  noted  to  date,  these 
deviations  have  involved  a  sigmoidal  pattern  of 
accumulation.  While  there  may  be  no  one  single 
causal  mechanism  responsible  for  the  expression  of 
such  a  pattern  in  all  cases  studied,  the  application 
of  a  flexibly  shaped  Richards  sigmoidal  model  can 
improve  goodness  of  fit  to  the  data  relative  to  the 
classic  model  form.  The  Richards  model  was  used 
to  model  the  accumulation  of  Cs-137  by  free-living 
American  coots  (Fulica  americana)  and  yellow- 
bellied  turtles  (Pseudemys  scripta),  and  Hg  accu- 
mulation by  mosquitofish  (Gambusia  affinis).  While 
the  classic  model  tended  to  overestimate  Cs-137 
levels  in  turtles  and  coots  initially  (up  to  approxi- 
mately 25  days)  after  release  to  uncontaminated 
environments  and  then  underestimate  Cs-137  levels 
thereafter,  both  models  agreed  closely  with  respect 
to  their  estimates  of  asymptotic  live-weight  body 
burden  of  the  radioisotope.  The  Richards  model 
can  describe  quantitatively  contaminant  accumula- 
tion in  those  cases  that  cannot  be  adequately  de- 
scribed by  the  classic  equations.  Although  the 
Richards  model  can  adequately  describe  accumula- 
tion data  in  an  empirical  sense,  it  does  not  provide 
information  concerning  the  mechanisms  responsi- 
ble for  the  particular  accumulation  pattern  ob- 
served, as  would  be  the  case  with  a  more  determi- 
nistic model.  Regardless  of  the  mechanisms  respon- 
sible for  sigmoidal  patterns  of  contaminant  accu- 
mulation, the  empirical  demonstration  and  quantifi- 
cation of  such  phenomena  may  have  great  practi- 
cal importance  in  toxicological  risk  assessment  and 
the  environmental  decision-making  processes.  (Au- 
thor's abstract) 
W90-06773 


RATE-LIMITING  BARRIERS  TO  XENOBIO- 
TIC  UPTAKE  BY  THE  GILL. 

Washington  State  Univ.,  Pullman.  Coll.  of  Phar- 
macy. 

W.  L.  Hayton,  and  M.  G.  Barron. 
Environmental      Toxicology       and      Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  151-157,  1990.  3  fig,  1 
tab,  28  ref.   National  Institutes  of  Health  Grant 
ES01995.  U.S.  EPA  Grant  R812818. 

Descriptors:  'Adsorption,  'Bioaccumulation, 
•Fish,  'Gills,  'Path  of  pollutants,  'Pollutants,  Bio- 
chemistry, Fishphysiology,  Model  studies,  Molec- 
ular structure,  Theoretical  analysis. 

Waterbome  xenobiotics  enter  fish  and  other  aquat- 
ic species  primarily  by  transfer  across  the  gill 
epithelium.  Potential  barriers  to  uptake  include 
water  flow  across  the  gill,  diffusion  across  the  gill 
epithelium  and  the  overlying  aqueous  stagnant 
layer  and  blood  flow  through  the  gill  (cardiac 
output).  In  general,  for  any  particular  chemical, 
only  one  of  the  barriers  is  operative  with  the 
resistance  offered  by  the  others  being  negligible. 
The  rate-limiting  barrier  is  determined  by  the 
physical  and  biochemical  properties  of  the  sub- 
stance: molecular  size,  lipophilicity,  binding  to 
blood  proteins  and  formed  elements.  The  resist- 
ance of  each  barrier  is  affected  differently  by  varia- 
bles such  as  temperature,  molecular  size,  lipophili- 
city and  body  size  of  the  animal.  When  the  resist- 
ance offered  by  the  gill  barriers  is  low,  uptake  may 
be  controlled  by  transfer  to  storage  tissues,  e.g.,  by 
blood  flow  to  adipose  tissue.  (Author's  abstract) 
W90-06774 


SIMPLE  FLOW-LIMITED  MODEL  FOR  EX- 
CHANGE OF  ORGANIC  CHEMICALS  AT  FISH 
GILLS. 

Environmental  Research  Lab.,  Duluth,  MN. 
R.  J.  Erickson,  and  J.  M.  McKim. 
Environmental       Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  159-165,  1990.  2  fig,  25 
ref. 

Descriptors:  'Bioaccumulation,  'Gills,  'Mathe- 
matical models,  'Model  studies,  'Organic  com- 
pounds, 'Path  of  pollutants,  'Trout,  Adsorption, 
Blood,  Fish  physiology.  Kinetics,  Toxicity. 

A  mathematical  model  for  the  exchange  of  organic 
chemicals  by  fish  gills  was  formulated  based  solely 
on  the  limitations  imposed  by  flows  of  water  and 
blood  into  the  gills.  For  large  rainbow  trout,  this 
model  was  found  to  closely  follow  the  magnitude 
and  trends  of  observed  gill  uptake  rates  over  a 
range  of  octanol/water  partition  coefficient  from  1 
to  1,000,000.  Observations  averaged  only  about 
30%  less  than  model  predictions.  This  modest  lack- 
of-fit  is  presumably  due  to  the  effects  of  diffusional 
barriers  and  ionization  which  would  further  limit 
uptake,  although  uncertainties  in  model  parameters 
and  data  are  likely  also  to  be  partly  responsible. 
This  analysis  suggests  that  these  basic  physiologi- 
cal parameters  are  of  major  importance  in  the 
regulation  of  exchange  at  fish  gills  and  should  be 
accounted  for  in  more  detailed  toxicokinetic 
models.  This  model  could  by  itself  be  useful  for 
approximate  assessments  of  accumulation  of  organ- 
ic chemicals  by  fish.  (Author's  abstract) 
W90-06775 


TOXICOKINETICS  OF  PAHS  IN  HEXAGENIA. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Ann  Arbor,  MI.  Great  Lakes  Environmental 
Research  Lab. 

G.  R.  Stehly,  P.  F.  Landrum,  M.  G.  Henry,  and  C 
Klemm. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  167-174,  1990.  2  fig,  3 
tab,  22  ref. 

Descriptors:  'Bioaccumulation,  'Mayflies,  'Path 
of  pollutants,  'Polycyclic  aromatic  hydrocarbons, 
•Toxicity,  'Toxicology,  Benzopyrene,  Biological 
magnification.  Kinetics,  Model  studies,  Phenan- 
threne. 

The  accumulation  kinetics  of  two  waterbome  po- 
lycyclic       aromatic        hydrocarbons       (PAHs), 
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benzo(a)pyrene  (BAP)  and  phenanthrene  (PHE), 
were  studied  in  the  mayfly  nymph  (Hexagenia 
limbata).  The  uptake  clearance  decreased  while  the 
bioconcentration  of  BAP  increased  with  an  in- 
crease in  weight  of  the  H.  limbata  nymph.  The 
relationship  between  uptake  clearance  and  biocon- 
centration for  PHE  was  variable,  and  bioconcen- 
tration was  greater  for  the  heavier  animals.  Two 
kinetic  models  were  used  to  evaluate  the  effect  of 
nymph  weight  on  disposition  of  PAHs:  (1)  the 
amount-uptake  clearance  model  (AUPCM),  similar 
to  models  most  frequently  used  in  environmental 
toxicology;  and  (2)  a  clearance-volume  model 
(CLVM),  similar  to  models  used  in  clinical  phar- 
macology. The  two  models  gave  similar  predictive 
results  but  were  different  in  a  few  cases.  These 
differences  in  common  parameter  estimation,  prob- 
ably resulted  from  methodologies  used  and  high 
data  variability  rather  than  the  models  themselves, 
since  they  are  mathematically  equal.  Some  of  the 
parameters  are  unique  to  each  of  the  models;  con- 
centration of  compound  in  the  organism  for 
AUPCM  is  the  amount  of  compound  per  weight  of 
animal,  which  is  considered  a  weight-normalized 
amount  per  apparent  volume  of  distribution  in  the 
CLVM.  The  clearance  of  oxygen  from  water  is 
inversely  and  linearly  related  to  the  weight  of  the 
mayfly  nymphs,  but  oxygen  clearances  were 
always  much  less  than  the  uptake  clearances  of  the 
PAHs.  The  high  PAH  uptake  clearance  compared 
to  oxygen  clearances  implies  a  greater  surface  area 
or  efficiency  for  PAH  accumulation  from  water. 
(Author's  abstract) 
W90-06776 


BIOACCUMULATION  AND  BIOTRANSFOR- 
MATION OF  POLYCHLORINATED  DI- 
BENZO-P-DIOXINS  AND  DIBENZOFURANS 
IN  FISH. 

Utrecht  Rijksuniversiteit  (Netherlands).  Environ- 
mental Toxicology  Section. 
A.  Opperhuizen,  and  D.  T.  H.  M.  Sijm. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  175-186,  1990.  5  fig,  1 
tab,  40  ref. 

Descriptors:  *Bioaccumulation,  'Biotransforma- 
tion, 'Dibenzofurans,  *Dioxins,  *Fate  of  pollut- 
ants, *Fish,  *Path  of  pollutants,  Aromatic  com- 
pounds, Biochemistry,  Biological  magnification, 
Excretion,  Kinetics. 

In  spite  of  their  hydrophobicity,  not  all  polychlori- 
nated  dibenzo-p-dioxin  (PCDD)  and  dibenzofuran 
(PCDF)  congeners  accumulate  significantly  in  fish 
or  other  aquatic  organisms.  This  is  found  both  in 
laboratory  experiments  and  in  organisms  that  are 
sampled  in  the  natural  environment.  Previous  stud- 
ies could  not  adequately  predict  or  explain  this 
congener-specific  accumulation.  Many  PCDDs 
and  PCDFs  with  four  or  more  chlorine  atoms, 
such  as  octachlorodibenzo-p-dioxin,  are  taken  up 
very  slowly,  if  at  all,  during  aqueous  exposure. 
Furthermore,  the  uptake  rates  after  dietary  expo- 
sure to  these  congeners  are  significantly  less  than 
those  of  other  chlorinated  aromatic  hydrocarbons 
with  comparable  hydrophobicity,  such  as  poly- 
chlorinated  benzenes  and  biphenyls.  A  lack  or  a 
low  rate  of  membrane  permeation  may  help  to 
explain  this  phenomenon.  For  several  higher  chlor- 
inated congeners,  and  for  most  of  the  lower  chlor- 
inated dioxins  and  furans,  the  rates  of  uptake  after 
dietary  and  aqueous  exposure  are  comparable  to 
those  of  other  hydrophobic  aromatic  hydrocar- 
bons. The  relatively  low  bioconcentration  and  bio- 
magnification  factors  of  these  lower  chlorinated 
PCDDs  and  PCDFs  should,  therefore,  be  ex- 
plained by  high  rates  of  excretion,  probably  by 
biotransformation.  In  several  studies,  polar  meta- 
bolites have  been  identified,  and,  in  fish  in  which 
the  cytochrome  P-450  system  was  inhibited  with 
piperonyl  butoxide,  the  bioconcentration  factor  of 
2,8-dichlorodibenzo-p-dioxin  was  significantly 
higher  than  that  in  fish  which  were  not  pretreated 
with  the  blocking  agent.  These  results  support  the 
hypothesis  that  biotransformation  is  of  paramount 
importance  for  the  bioaccumulation  of  several 
PCDDs  and  PCDFs.  (Author's  abstract) 
W90-06777 


ACID  NEUTRALIZATION  IN  LABORATORY 
SEDIMENT-WATER  MICROCOSMS  FROM  A 


ROCKY      MOUNTAIN      SUBALPINE      LAKE 

(USA). 

Idaho  National  Engineering  Lab.,  Idaho  Falls. 
Center  for  Environmental  Monitoring  and  Assess- 
ment. 

D.  A.  Bruns,  T.  P.  O'Rourke,  and  G.  B.  Wiersma. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  197-203,  1990.  3  fig,  3 
tab,  21  ref.  DOE  Contract  DE-ACO7-76ID01570. 

Descriptors:  *Acid  rain,  *Denitrification,  *Fate  of 
pollutants,  'Lake  sediments,  *Neutralization, 
•Nitric  acid,  *Sediment-water  interfaces,  'Sulfuric 
acid,  Acidic  water,  Hydrogen  ion  concentration, 
Ion  exchange. 

A  laboratory  sediment-water  microcosm  experi- 
ment for  a  Rocky  Mountain  subalpine  lake  was 
conducted  over  a  35-day  incubation  period.  Three 
sets  of  treatments  were  acidified  to  a  pH  of  4.3  and 
compared  with  a  set  of  control  microcosms.  Treat- 
ments included  additions  of  nitric  acid,  sulfuric 
acid  and  both  acids  combined.  All  treatment  mi- 
crocosms demonstrated  rapid  pH  recovery  to  near 
that  of  the  controls  (e.g.,  6.2)  and  changes  in  ion 
concentration  suggested  that  over  80%  of  this  re- 
covery could  be  accounted  for  by  cation  exchange 
and  microbial  reduction  of  sulfates  and  nitrates. 
Denitrification  appeared  to  predominate  in  both 
sets  of  treatments  that  involved  nitric  acid  while 
cation  exchange  (mostly  calcium)  was  more  impor- 
tant in  the  sulfuric  acid  treatment.  pH  recovery 
was  most  rapid  in  the  nitric  acid  treatments,  inter- 
mediate in  the  treatment  with  both  acids  and  slow- 
est in  the  sulfuric  acid  treatment.  These  results  are 
consistent  with  published  findings  for  both  labora- 
tory and  field  studies  and  demonstrate  the  potential 
importance  of  sediments  for  acid  neutralization  in  a 
Rocky  Mountain  lake.  (Author's  abstract) 
W90-06778 


5-METHYL  DEOXYCYTIDINE  CONTENT  OF 
DNA  FROM  BLUEGILL  SUNFISH  (LEPOMIS 
MACROCHIRUS)  EXPOSED  TO 

BENZO(A)PYRENE. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 
L.  R.  Shugart. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  205-208,  1990.  2  tab,  15 
ref.  Oak  Ridge  National  Laboratory  Contract  DE- 
AC05-84OR21400. 

Descriptors:  *Benz(a)pyrene,  *Bioaccumulation, 
'Bluegills,  *DNA,  *Path  of  pollutants,  Carcino- 
gens, Ecological  effects,  Sunfish,  Water  pollution 
effects. 

The  5-methyl  deoxycytidine  (m5-dCyd)  content  of 
DNA  from  bluegill  sunfish  chronically  exposed  to 
benzo(a)pyrene  at  a  concentration  of  1  microgram/ 
L  in  their  water  for  a  period  of  40  days  was 
quantified  by  cation  exchange  chromatography. 
Hypomethylation,  as  measured  by  the  loss  of  m5- 
dCyd  from  the  DNA,  occurred  shortly  after 
benzo(a)pyrene  (BaP)  exposure  and  continued 
even  upon  termination  of  exposure  conditions.  The 
onset  and  persistence  of  hypomethylation  was 
found  to  be  correlated  with  other  types  of  DNA- 
damaging  events  such  as  strand  breaks  and  DNA 
adduct  formation.  These  observations  suggest  that 
changes  in  DNA  integrity,  including  hypomethyla- 
tion, are  indicative  of  a  biological  response  to 
genotoxic  agents.  (Author's  abstract) 
W90-06779 


DETERMINATION  OF  THE  VENTILATION 
RATES  OF  INTERSTITIAL  AND  OVERLYING 
WATER  BY  THE  CLAM  MACOMA  NASUTA. 

Environmental  Research  Lab.-Narragansett,  New- 
port, OR.  Mark  O.  Hatfield  Marine  Science 
Center. 

M.  H.  Winsor,  B.  L.  Boese,  H.  Lee,  R.  C.  Randall, 
and  D.  T.  Specht. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  209-213,  1990.  2  fig,  1 
tab,  11  ref.  EPA  Contract  CR8 13091. 

Descriptors:  *Adsorption,  *Clams,  'Interstitial 
water,  *Path  of  pollutants,  Chlorinated  aromatic 
compounds,  Dyes,  Gills,  Sediment-water  inter- 
faces. 


The  ventilation  rates  of  interstitial  and  overlying 
water  for  the  deposit-feeding,  tellinid  clam 
Macoma  nasuta  (Conrad)  were  determined  using 
two  water-soluble  dyes  to  differentiate  between  the 
two  water  sources.  A  unique  exposure  chamber, 
the  clambox,  was  used  to  separate  the  inhalant  and 
exhalant  siphons  of  the  clam,  allowing  measure- 
ments of  dye  fluxes  and  total  water  ventilated.  The 
results  suggested  that  interstitial  water  constituted 
very  little  (4%)  of  the  total  amount  of  water  venti- 
lated by  this  clam.  The  accuracy  of  estimates  of 
interstitial  water  ventilation  rate  is  dependent  on 
the  validity  of  assumptions  used  to  convert  the  dye 
fluxes  to  water  fluxes.  Although  interstitial  water 
constitutes  a  minor  amount  of  the  water  ventilated 
by  M.  nasuta,  the  extent  of  exposure  to  ventilated 
interstitial  water  will  vary  among  infaunal  orga- 
nisms. In  organisms  with  parchment-type  tubes 
(e.g.,  Mesochaetopterus  spp.),  little  interstitial 
water  should  pass  through  the  tube  and  nearly  all 
the  ventilated  water  should  be  overlying  water.  In 
organisms  with  porous  tubes  or  burrows  made  of 
loosely  consolidated  sediment  (e.g.,  Callianassa  ca- 
liforniensis),  a  greater  portion  of  the  ventilated 
water  may  be  interstitial  water  pulled  through  the 
tube  or  burrow  wall.  (Author's  abstract) 
W90-06780 


METHOD  FOR  DETERMINING  GUT  UPTAKE 
EFFICIENCIES  OF  HYDROPHOBIC  POLLUT- 
ANTS IN  A  DEPOSIT-FEEDING  CLAM. 

Environmental  Research  Lab.-Narragansett,  New- 
port, OR.  Mark  O.  Hatfield  Marine  Science 
Center. 

H.  Lee,  B.  L.  Boese,  R.  C.  Randall,  and  J. 
Pelletier. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  215-219,  1990.  2  tab,  21 
ref.  EPA  Contract  CR8 13091. 

Descriptors:  'Adsorption,  'Chlorinated  aromatic 
compounds,  'Clams,  'Fate  of  pollutants,  'Path  of 
pollutants,  Interstitial  water,  Marine  sediments,  Or- 
ganic carbon,  Sorption. 

Deposit-feeding  invertebrates  select  particles  for 
ingestion  that  are  richer  in  organic  carbon,  and 
thus  higher  in  pollutant  concentration,  then  the 
mean  values  of  bedded  sediment.  To  estimate  the 
ingested  pollutant  dose,  a  method  was  developed 
that  uses  the  enrichment  of  the  total  organic 
carbon  concentration  (TOC)  of  the  feces  compared 
to  the  TOC  of  the  bedded  sediment  as  a  measure  of 
pollutant  enrichment  in  the  ingested  particles.  The 
deposit-feeding  clam  Macoma  nasuta  (Conrad)  was 
exposed  for  7  days  in  clamboxes  to  either  bulk  or 
fine  sediment  fractions  that  varied  in  TOC.  Feces 
were  collected  and  the  TOC  of  sediment  and  feces 
estimated.  The  TOC  of  the  feces  was  corrected  for 
the  carbon  lost  during  digestion.  The  selectivity 
index  (SI),  the  ratio  between  the  corrected  TOC  of 
the  feces  and  TOC  of  the  bedded  sediment,  was 
determined  to  be  4.36  and  1.72  for  the  bulk  and 
fine  sediment  fractions.  The  SI  was  then  applied  to 
data  from  a  companion  study  in  which  M.  nasuta 
was  exposed  to  hexachlorobenzene  (HCB)  dosed 
sediment.  The  efficiency  of  gut  uptake  of  HCB 
sorbed  on  ingested  sediment  ranged  from  38  to 
56%,  with  the  lower  value  the  more  reliable.  The 
effects  of  selection  by  deposit  feeders  for  organi- 
cally rich,  high  pollutant  particles  needs  to  be 
considered  in  experiments  measuring  the  bioavaila- 
bility of  sediment-sorbed  pollutants  or  in  experi- 
ments attempting  to  determine  the  routes  of  pollut- 
ant uptake.  (Author's  abstract) 
W90-06781 


COMPARISON  OF  AQUEOUS  AND  SOLID- 
PHASE  UPTAKE  FOR  HEXACHLOROBEN- 
ZENE IN  THE  TELLINID  CLAM  MACOMA 
NASUTA  (CONRAD):  A  MASS  BALANCE  AP- 
PROACH. 

Environmental  Research  Lab.-Narragansett,  New- 
port, OR.  Mark  O.  Hatfield  Marine  Science 
Center. 

B.  L.  Boese,  H.  Lee,  D.  T.  Specht,  R.  C.  Randall, 
and  M.  H.  Winsor. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  2,  p  221-231,  1990.  1  fig,  4 
tab,  33  ref.  EPA  Contract  CR8 13091. 
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Descriptors:  *Bioaccumulation,  'Chlorinated  aro- 
matic compounds,  *Clams,  'Fate  of  pollutants, 
•Marine  sediments,  'Path  of  pollutants,  Adsorp- 
tion, Gills,  Interstitial  water,  Model  studies,  Sedi- 
ment contamination,  Suspended  solids,  Tissue  anal- 
ysis. 

The  uptake  of  sediment-associated  hexachloroben- 
zene  (HCB)  by  the  deposit-feeding  clam  Macoma 
nasuta  (Conrad)  was  determined  using  a  clam  ven- 
tilation chamber.  Clams  were  exposed  to  C14- 
HCB-dosed  sediment,  and  the  C14  amounts  were 
measured  in  inhalant  and  exhalant  waters,  fecal 
pellets  and  soft  tissues.  The  volume  of  water  the 
clam  ventilated  and  the  amount  of  fecal  pellets 
produced  were  measured.  The  contributions  of  10 
possible  uptake  routes  to  HCB  tissue  residues  were 
estimated  using  a  bioenergetic-based  bioaccumula- 
tion  model.  Mass  balance  results  indicate  that 
uptake  of  HCB  by  the  gut  from  ingested  solids  was 
the  single  most  important  route,  accounting  for  63 
to  84%  of  HCB  tissue  residues.  The  next  largest 
route  was  uptake  from  interstitial  water  ventilated 
across  the  gills,  which  accounted  for  11  to  12%  of 
tissue  residues.  Uptake  of  HCB  from  overlying 
water  was  minimal.  These  results  indicate  that 
sediment-bound  HCB  is  bioavailable  to  benthic 
deposit  feeders  such  as  Macoma  and  supports  the 
contention  that  ingested  sediment  is  an  important 
uptake  route  for  highly  lipophilic  pollutants.  (Au- 
thor's abstract) 
W90-06782 


MERCURY  BINDING  PROTEINS  IN  LIVER 
AND  MUSCLE  OF  FLAT  FISH  FROM  THE 
NORTHERN  TYRRHENIAN  SEA. 

Istituto  di  Biofisica,  Pisa  (Italy). 
C.  Barghigiani,  D.  Pellegrini,  and  E.  Carpene. 
Comparative    Biochemistry   and    Physiology    (C) 
CBPCEE,  Vol.  94,  No.  1,  p  309-312,  1989.  2  fig,  1 
tab,  29  ref. 

Descriptors:  *Bioaccumulation,  *Fish  physiology, 
•Italy,  'Mercury,  *Path  of  pollutants,  'Tyrrhenian 
Sea,  Flat  fish,  Liver,  Muscle,  Tissues. 

The  subcellular  distribution  of  mercury  and  possi- 
ble presence  of  Hg  binding  proteins  of  low  molec- 
ular weight  were  investigated  by  ultracentrifuga- 
tion  and  gel  filtration  in  liver  and  muscle  of  the  flat 
fish  Citharus  linguatula  and  Lepidorhombus  boscii 
from  the  northern  tyrrhenian  sea,  heavily  contami- 
nated by  the  metal.  For  both  tissues,  Hg  contents 
were  higher  in  the  pellet  than  in  the  supernatant. 
In  the  eluate  of  supernatant  from  Sephadex  G-75  of 
both  tissues,  Hg  was  mainly  bound  to  high  molecu- 
lar weight  ligands.  In  contrast  with  the  muscle 
eluate,  that  from  liver  also  contained  a  consistent 
amount  of  Hg  bound  to  low  molecular  weight 
ligands.  (Author's  abstract) 
W9O-06784 


PHOTOCHEMICAL  TRANSFORMATION  IN 
AQUEOUS  SOLUTION  AND  POSSIBLE  ENVI- 
RONMENTAL FATE  OF  ETHYLENEDIAMIN- 
ETETRAACETIC  ACID  (EDTA). 

Hohenheim  Univ.,  Stuttgart  (Germany,  F.R.).  Inst. 

fuer  Chemie. 

R.  Frank,  and  H.  Rau. 

Ecotoxicology       and       Environmental        Safety 

EESADV,  Vol.  19,  No.  1,  p  55-63,  February  1990. 

5  fig,  2  tab,  27  ref. 

Descriptors:  'EDTA,  'Fate  of  pollutants,  'Indus- 
trial wastes,  'Path  of  pollutants,  'Wastewater  pol- 
lution. Degradation,  Iron  complexes,  Photochemi- 
cal reactions,  Seasonal  variation. 

Ethylenediaminetetraacetic  acid  (EDTA)  is  used  in 
a  large  variety  of  products,  e.g.,  laundry  deter- 
gents, cosmetics,  photochemicals,  and  pharmaceu- 
ticals, and  in  industries,  e.g.,  textiles  and  galvanic 
and  paper  manufacturing.  The  content  of  EDTA 
in  laundry  detergents  varies  between  0.1  and  0.5%. 
When  EDTA  is  released  with  wastewater  streams, 
removal  will  not  occur  in  the  wastewater  treat- 
ment plants.  In  natural  waters,  EDTA  in  the  form 
of  its  differently  protonated  Fe(III)  complexes  can 
be  transformed  by  photochemical  reactions.  In 
central  Europe,  these  reactions  can  be  relatively 
effective  in  summer  but  during  winter  most  of  the 


EDTA  will  reach  the  sea.  Other  abiotic  processes 
are  not  likely  to  contribute  to  the  degradation  of 
EDTA.  (Author's  abstract) 
W9O-O6790 


ESTIMATION  OF  RELEASES  INTO  RIVERS 
WITH  THE  STEADY-STATE  SURFACE 
WATER  MODEL  EXWAT  USING  DICHLORO- 
METHANE. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 
m.b.H.  Muenchen,  Neuherberg  (Germany,  F.R.). 
Projektgruppe  Umweltgefaehrdungsponteniale 
von  Chemikalien. 

S.  Trapp,  R.  Bruggemann,  and  B.  Munzer. 
Ecotoxicology       and       Environmental       Safety 
EESADV,  Vol.  19,  No.  1,  p  72-80,  February  1990. 
4  fig,  2  tab,  Href. 

Descriptors:  'Dichloromethane,  'Fate  of  pollut- 
ants, 'Hazardous  wastes,  'Model  studies,  'Moni- 
toring, 'Path  of  pollutants,  Rhine  River. 

The  surface  water  model  EXWAT  is  applied  to 
monitoring  studies  of  hazardous  substances  to  esti- 
mate site-specific  emissions  from  measured  concen- 
trations. The  model  includes  the  main  processes 
which  govern  the  fate  of  chemicals  in  rivers, 
namely,  advection,  volatility,  degradation  process- 
es, sedimentation,  resuspension,  and  protonic  equi- 
libria. The  steady-state  solution  of  the  linear  mass 
balance  equations  leads  to  proportionality  between 
input  and  concentration  of  a  chemical,  which  is 
used  to  assess  input  rates  from  measured  concen- 
trations. Subsequently,  the  model  can  be  used  for 
pollution  control  and  identification  of  unknown 
releases.  With  measured  concentrations  in  the 
Rhine  near  Koblenz  (95  km  downstream  from  the 
mouth  of  the  river  Main)  the  load  of  dichlorometh- 
ane from  the  tributary  Main  was  estimated.  The 
comparison  with  measured  concentrations  in  the 
tributary  mouth  has  a  good  agreement  in  this  case. 
(Author's  abstract) 
W90-06791 


ALUMINUM  ACCUMULATION  IN  A  LOTIC 
MAYFLY  AT  LOW  PH--A  LABORATORY 
STUDY. 

Lund  Univ.  (Sweden).  Dept.  of  Animal  Ecology. 
K.  G.  Frick,  and  J.  Herrmann. 
Ecotoxicology       and       Environmental       Safety 
EESADV,  Vol.  19,  No.  1,  p  81-88,  February  1990. 
1  fig,  2  tab,  15  ref. 

Descriptors:  'Acid  rain  effects,  'Aluminum, 
•Aquatic  insects,  'Bioaccumulation,  'Bioassay, 
•Mayflies,  'Path  of  pollutants,  Life  stages, 
Nymphs. 

The  occurrence  of  aluminum  (Al)  accumulation  in 
nymphs  of  the  mayfly  Heptagenia  sulphurea  at  low 
pH  (4.5)  was  studied  experimentally.  Nymphs  were 
exposed  to  two  Al  concentrations  (0.2  and  2  mg 
inorganic  Al/L),  and  two  exposure  times  (2  and  4 
weeks),  the  longer  time  period  also  including  a 
molting  phase.  The  major  part  of  the  Al  was 
deposited  on/in  the  exuviae  of  the  nymphs,  as  Al 
determination  in  nymphs  showed  a  70%  decrease 
in  Al  content  after  molting.  When  nymphs  were 
exposed  for  two  instar  periods,  with  a  molt  in 
between,  Al  content  almost  doubled  (2.34  mg  Al/g 
dry  wt)  compared  with  that  of  a  one-instar  treat- 
ment (1.24  mg  Al/g  dry  wt).  This  indicated  that  Al 
also  accumulated  within  the  mayfly  nymphs.  De- 
termination of  Al  in  emerged  adults  confirmed  that 
most  of  the  metal  was  deposited  externally  on  the 
nymphs.  No  clear  indications  of  Al  accumulation 
were  found  in  this  short-term  experiment.  The 
implications  for  food-web  accumulation  of  Al  are 
that  internally  accumulated  Al  may  be  transferred 
to  terrestrial  predators  by  mayflies  and  other 
aquatic  insects  that  leave  their  final  exuvium  in  the 
water.  However,  aquatic  insects  that  make  their 
final  molt  in  the  terrestrial  environment,  and  there- 
by bring  adsorbed  Al  out  of  the  water  are  more 
likely  vectors.  (Author's  abstract) 
W90-06792 


PERFUSED  FISH  GULL  PREPARATION  IN 
STUDIES  OF  THE  BIOAVAILABILITY  OF 
CHEMICALS. 


Uppsala  Univ.  (Sweden).  Dept.  of  Zoophysiology. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-06795 


AQUATIC  SURFACE  MICROLAYER  CON- 
TAMINATION IN  CHESAPEAKE  BAY. 

Battelle  Pacific  Northwest   Labs.,   Sequim,   WA. 

Marine  Research  Lab. 

J.  T.  Hardy,  E.  A.  Crecelius,  L.  D.  Antrim,  S.  L. 

Kiesser,  and  V.  L.  Broadhurst. 

Marine  Chemistry  MRCHBD,  Vol.  28,  No.  4,  p 

333-352,  January  1990.  2  fig,  5  tab,  53  ref. 

Descriptors:  'Chesapeake  Bay,  'Estuaries,  'Heavy 
metals,  'Hydrocarbons,  'Microlayer  contamina- 
tion, 'Path  of  pollutants,  'Pollutant  identification, 
Coal  combustion,  Fuel,  Oil  pollution. 

The  aquatic  surface  microlayer  (SMIC),  approxi- 
mately 50  microns  thick,  serves  as  a  concentration 
point  for  metal  and  organic  contaminants  that  have 
low  water  solubility  or  are  associated  with  float- 
able particles.  Also,  the  eggs  and  larvae  of  many 
fish  and  shellfish  species  float  on,  or  come  in 
contact  with,  the  water  surface  throughout  their 
early  development.  The  objectives  of  this  study 
were:  (1)  to  determine  the  present  degree  of  aquat- 
ic surface  microlayer  pollution  at  selected  sites  in 
Chesapeake  Bay;  and  (2)  to  provide  a  preliminary 
evaluation  of  sources  contributing  to  any  observed 
contamination.  Twelve  stations  located  in  urban 
bays,  major  rivers,  and  the  north  central  bay  were 
sampled  three  times,  each  at  approximately  5-day 
intervals  during  May  1986.  Samples  of  1.4-4  L  each 
were  collected  from  the  upper  30-60-microns 
water  surface  (surface  microlayer,  SMIC)  using  a 
Teflon-coated  rotating  drum  microlayer  sampler. 
At  all  stations,  concentrations  of  metals,  alkanes, 
and  aromatic  hydrocarbons  in  the  SMIC  were 
compared  with  one  bulk-water  sample  and  with 
typical  concentrations  in  water  of  Chesapeake  Bay 
and  elsewhere.  SMIC  contamination  varied  greatly 
among  the  three  sampling  times,  but  high  mean 
contaminant  levels  (total  polycyclic  aromatic  hy- 
drocarbons, 1.9-6.2  micrograms/L;  Pb,  4.9-24  mi- 
crograms/L;  Cu,  4-16  micrograms/L;  and  Zn,  34- 
59  micrograms/L)  were  found  at  the  upper  Poto- 
mac and  northern  bay  sites.  Three  separate  areas 
were  identified  on  the  basis  of  relative  concentra- 
tions of  different  aromatic  hydrocarbons  in  SMIC 
samples-the  northern  bay,  the  Potomac  River,  and 
the  cleaner  southern  and  eastern  portions  of  the 
sampling  area.  Suspected  sources  of  surface  con- 
tamination include  gasoline  and  diesel  fuel  combus- 
tion, coal  combustion,  and  petroleum  product  re- 
leases. Concentrations  of  metals  and  hydrocarbons, 
at  approximately  half  the  stations  sampled,  are 
sufficient  to  pose  a  threat  to  the  reproductive 
stages  of  some  fish  and  shellfish.  (Author's  ab- 
stract) 
W9O-O6803 


CHEMICAL  PROPERTIES  OF  A  LOW- 
OXYGEN  WATER  COLUMN  IN  PORT  HACK- 
ING (AUSTRALIA):  ARSENIC,  IODINE  AND 
NUTRDINTS. 

Melbourne    Univ.,    Parkville    (Australia).    Marine 

Chemistry  Lab. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06804 


PROBLEMS  AND  METHODS  INVOLVED  IN 
RELATING  LAND  USE  TO  GROUND-WATER 
QUALITY. 

Geological  Survey,  Trenton,  NJ. 

T.  Barringer,  D.  Dunn,  W.  Battaglin,  and  E. 

Vowinkel. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 

1,  p  1-9,  February  1990.  5  fig,  4  tab,  12  ref. 

Descriptors:  'Data  interpretation,  'Groundwater 
quality,  'Land  use,  'Nonpoint  pollution  sources, 
•Statistical  methods,  'Water  pollution  sources, 
Data  closure,  Data  requirements,  Misclassification, 
Shallow  aquifers,  Skewing,  Spatial  autocorrelation. 

Efforts  to  relate  shallow  groundwater  quality  to 
the  land  use  near  a  well  lead  to  several  statistical 
difficulties.  These  include  potential  uncertainty  in 
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land-use  categorical  data  due  to  misclassification, 
data  closure,  distributional  skewing,  and  spatial 
autocorrelation.  Methods  of  addressing  these  prob- 
lems are,  respectively,  the  establishment  of  limits 
on  minimum  buffer  radius,  the  estimation  of  con- 
trasts, rank-based  tests  of  association,  and  sub-sam- 
pling to  prevent  buffer  overlap.  Relations  between 
the  presence  of  purgeable  organic  compounds  in 
ground  water  and  land  use  are  used  to  illustrate 
these  problems  and  methods.  (Author's  abstract) 
W9O-06817 


ORGANOCHLORINE  PESTICIDE  RESIDUES 
IN  BED  SEDIMENTS  OF  THE  SAN  JOAQUIN 
RIVER,  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA. 

R.  J.  Gillion,  and  D.  G.  Clifton. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 

1,  p  11-24,  February   1990.  4  fig,  6  tab,  31  ref. 

Descriptors:  'California,  'DDD,  *DDE,  'DDT, 
•Dieldrin,  *Pesticides,  *San  Joaquin  River,  'Sedi- 
ment contamination,  Areal  distribution,  Correla- 
tion analysis,  Fate  of  pollutants,  Suspended  sedi- 
ments, Tributaries. 

Bed  sediments  of  the  San  Joaquin  River  and  its 
tributaries  were  sampled  during  October  7-11, 
1985,  and  analyzed  for  organochlorine  pesticide 
residues  in  order  to  determine  their  areal  distribu- 
tion and  to  evaluate  and  prioritize  needs  for  further 
study.  Residues  of  DDD,  DDE,  DDT,  and  diel- 
drin are  widespread  in  the  fine-grained  bed  sedi- 
ments of  the  San  Joaquin  River  and  its  tributaries 
despite  little  or  no  use  of  these  pesticides  for  more 
than  15  years.  The  San  Joaquin  River  has  among 
the  highest  bed-sediment  concentrations  of  DDD, 
DDE,  DDT,  and  dieldrin  residues  of  major  rivers 
in  the  United  States.  Concentrations  of  all  four 
pesticides  were  correlated  with  each  other  and 
with  the  amount  of  organic  carbon  and  fine 
grained  particles  in  the  bed  sediments.  The  highest 
concentrations  occurred  in  bed  sediments  of  west- 
side  tributary  streams.  Potential  tributary  loads  of 
DDD,  DDE,  DDT,  and  dieldrin  to  the  San  Joa- 
quin River  were  computed  from  bed-sediment  con- 
centrations and  data  on  streamflow  and  suspended- 
sediment  concentration  in  order  to  identify  the 
general  magnitude  of  differences  between  streams 
and  to  determine  study  priorities.  The  estimated 
loads  indicate  that  the  most  important  sources  of 
residues  during  the  study  period  were  Salt  Slough 
because  of  a  high  load  of  fine  sediment,  and 
Newman  Wasteway,  Orestimba  Creek,  and  Hospi- 
tal Creek  because  of  high  bed-sediment  concentra- 
tions. Generally  the  highest  estimated  loads  of 
DDD,  DDE,  DDT,  and  dieldrin  were  in  Ores- 
timba and  Hospital  Creeks.  (Author's  abstract) 
W90-06818 


NUTRTENT  DISTRIBUTION  AND  VARIABILI- 
TY IN  THE  CHARLOTTE  HARBOR  ESTUA- 
RINE  SYSTEM,  FLORIDA. 

Geological  Survey,  Tampa,  FL. 

B.  F.  McPherson,  and  R.  L.  Miller. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 

1,  p  67-80,  February  1990.   11  fig,  4  tab,  36  ref. 

Descriptors:  *Eutrophication,  'Florida,  *Nitrogen, 
♦Nutrients,  'Phosphorus,  *Phytoplankton,  'Silica, 
•Urbanization,  Ammonia,  Dilution  curves,  Distri- 
bution patterns,  Light,  Limiting  nutrients,  Model 
studies,  Nitrates,  Nitrites. 

The  sources  and  distribution  of  nutrients  in  the 
Charlotte  Harbor  (Florida)  estuarine  system  were 
evaluated  using  nutrient  dilution  curve  models. 
Except  for  ammonia,  nutrient  concentrations  were 
highest  and  most  variable  in  the  rivers,  and  gener- 
ally decreased  with  increasing  salinity.  Observed 
and  theoretical  dilution  curves  for  phosphorus 
were  generally  in  close  agreement,  which  suggests 
conservative  behavior.  Phosphorus  concentrations 
sagged  below  a  straight  line  because  phosphorus- 
rich  water  from  the  upper  Peace  River  basin  was 
diluted  by  tributaries  in  the  lower  basin.  The  con- 
centrations of  dissolved  silica  appeared  to  be  con- 
servative on  some  occasions.  On  other  occasions, 
dissolved  silica  appeared  to  be  removed  at  low 
salinities  or  released  at  higher  salinities.  Concentra- 
tions of  ammonia  were  highly  variable  along  the 


salinity  gradient,  presumably  because  of  variations 
in  ammonia  regeneration  and  uptake.  Concentra- 
tions of  nitrite  plus  nitrate  were  well  below  con- 
servative dilution  curves,  probably  due  to  phyto- 
plankton  uptake.  At  salinities  greater  than  20  ppt 
nitrite  plus  nitrate  concentrations  were  usually  at 
or  below  the  detection  limit  and  may  limit  phyto- 
plankton  productivity.  Projected  increased  nitro- 
gen loadings  from  urban  development  in  the  basin 
would  favor  undesirable  increases  in  phytoplank- 
ton  and  benthic  algal  growth  in  waters  where 
sufficient  light  is  available.  (Author's  abstract) 
W90-06824 


KINETICS  OF  CHLORINATED  HYDROCAR- 
BON DEGRADATION  BY  SUSPENDED  CUL- 
TURES OF  METHANE-OXIDIZING  BACTE- 
RIA. 

Washington  Univ.,  Seattle.  Coll.  of  Forest  Re- 
sources. 

For  primary  bibliographic  entry  see  Field  5G. 
W90-06835 


ADVECTTVE-DISPERSIVE  TRANSPORT  OF 
DENSE  ORGANIC  VAPORS  IN  THE  UNSATU- 
RATED ZONE.   1.  MODEL  DEVELOPMENT. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

C.  A.  Mendoza,  and  E.  O.  Frind. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  3,  p  379-387,  March  1990.  5  fig,  3  tab,  26  ref. 

Descriptors:  *Advection,  'Aeration  zone,  'Chlor- 
inated hydrocarbons,  'Dispersion,  'Mathematical 
models,  'Model  studies,  'Path  of  pollutants,  'Soil 
water,  'Solute  transport,  'Unsaturated  flow, 
Groundwater,  Trichloroethane. 

Vapors  from  organic  liquids  that  are  suspended  as 
residual  in  the  unsaturated  zone  can  migrate  con- 
siderable distances  through  the  aerated  pore  space 
and  thus  cause  extensive  contamination  of  the 
groundwater.  In  order  to  investigate  the  various 
transport  mechanisms  that  play  a  role  in  the  migra- 
tion of  these  vapors,  a  numerical  model  was  devel- 
oped. The  model  includes  and  distinguishes  be- 
tween the  processes  of  diffusion,  advection  due  to 
density  gradients,  and  advection  due  to  the  vapor 
mass  released  by  vaporization  at  the  source.  Phase 
partitioning  to  the  soil  moisture  is  represented  as 
an  equilibrium  retardation  process  that  both  slows 
plume  development  and  makes  contaminants  avail- 
able for  transport  by  infiltrating  water.  The  formu- 
lation is  analogous  to  that  for  density-dependent 
transport  in  the  saturated  zone.  Axisymmetric  co- 
ordinates are  used  in  order  to  represent  localized 
residual-saturation  solvent  sources.  Application  to 
a  three-dimensional  laboratory  experiment  showed 
that  inclusion  of  density-driven  advection  provides 
a  better  match  with  the  observations.  A  simulation 
of  the  migration  of  1,1,1 -trichloroethane  vapors  in 
a  highly  permeable  coarse  sand  demonstrated  that 
advection  may  be  a  very  effective  transport  mech- 
anism. (See  also  W90-06848)  (Author's  abstract) 
W90-06847 


ADVECTTVE-DISPERSIVE  TRANSPORT  OF 
DENSE  ORGANIC  VAPORS  IN  THE  UNSATU- 
RATED ZONE.  2.  SENSITIVITY  ANALYSIS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

C.  A.  Mendoza,  and  E.  O.  Frind. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  3,  p  388-398,  March  1990.  13  fig,  3  tab,  11  ref. 

Descriptors:  'Advection,  'Aeration  zone,  'Disper- 
sion, 'Mathematical  models,  'Model  studies,  'Path 
of  pollutants,  'Soil  water,  'Solute  transport,  'Un- 
saturated flow,  Groundwater. 

In  the  migration  of  dense  organic  vapors  in  the 
unsaturated  zone,  advection  due  to  density  gradi- 
ents can  play  an  important  or  even  dominant  role 
under  certain  conditions.  Advective  transport  can 
distribute  contaminants  over  a  wide  area  within  the 
unsaturated  zone,  thus  increasing  the  potential  for 
groundwater  contamination.  The  controls  on  gas 
phase  advective-dispersive  transport  from  a  residu- 
al source  of  a  generic  organic  compound  were 
investigated  using  a  numerical  model.  A  sensitivity 


analysis  revealed  that,  for  compounds  with  high 
vapor  pressures  and  molecular  weights,  in  high 
permeability  environments  (coarse  sands  or  grav- 
els), the  mass  transported  by  density-dependent 
advection  may  greatly  exceed  that  transported  by 
diffusion  alone.  If  density-dependent  advection  is 
the  dominant  transport  mechanism,  the  extent  of 
the  contaminated  area  is  increased  if  the  ground 
surface  is  open  to  the  atmosphere,  rather  than 
covered.  The  opposite  is  true  for  a  diffusion-con- 
trolled system.  For  either  case  an  open  ground 
surface  contributes  to  a  more  rapid  depletion  of  the 
residual  liquid  source.  The  advective  mass  flux 
caused  by  the  release  of  vapor  due  to  vaporization 
at  the  source  is  seen  to  be  of  minor  importance. 
(See  also  W90-06847)  (Author's  abstract) 
W90-06848 


EXACT  INTEGRAL  SOLUTIONS  FOR  TWO- 
PHASE  FLOW. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri- 
cultural and  Chemical  Engineering. 
D.  B.  McWhorter,  and  D.  K.  Sunada. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  3,  p  399-413,  March  1990.  15  fig,  1  tab,  32  ref. 
Colorado  Agricultural  Experiment  Station  Project 
1-53491. 

Descriptors:  'Flow  equations,  'Multiphase  flow, 
'Path  of  pollutants,  'Soil  water,  'Unsaturated 
flow,  Groundwater  movement. 

Exact  integral  solutions  for  the  horizontal,  un- 
steady flow  of  two  viscous,  incompressible  fluids 
are  derived.  Both  one-dimensional  and  radial  dis- 
placements are  calculated  with  full  consideration 
of  capillary  drive  and  for  arbitrary  capillary-hy- 
draulic properties.  One-dimensional,  unidirectional 
displacement  of  a  nonwetting  phase  is  shown  to 
occur  increasingly  like  a  shock  front  as  the  pore- 
size  distribution  becomes  wider.  This  is  in  contrast 
to  the  situation  when  an  inviscid  nonwetting  phase 
is  displaced.  The  penetration  of  a  nonwetting  phase 
into  porous  media  otherwise  saturated  by  a  wetting 
phase  occurs  in  narrow,  elongate  distributions. 
Such  distributions  result  in  rapid  and  extensive 
penetration  by  the  nonwetting  phase.  The  process 
is  remarkably  sensitive  to  capillary-hydraulic  prop- 
erties at  large  wetting  phase  saturations,  a  region  in 
which  laboratory  measurements  provide  the  least 
resolution.  The  penetration  of  a  nonwetting  phase 
can  be  expected  to  be  dramatically  affected  by  the 
presence  of  fissures,  worm  holes,  or  other  macro- 
pores.  Calculations  for  radial  displacement  of  a 
nonwetting  phase  resident  at  a  small  initial  satura- 
tion show  the  displacement  to  be  inefficient.  The 
fractional  flow  of  the  nonwetting  phase  falls  rapid- 
ly and,  for  a  specific  example,  becomes  1  ppt  by 
the  time  one  pore  volume  of  water  has  been  inject- 
ed. (Author's  abstract) 
W90-06849 


ANALYSIS  OF  ONE-DIMENSIONAL  SOLUTE 
TRANSPORT  THROUGH  POROUS  MEDIA 
WITH  SPATIALLY  VARIABLE  RETARDA- 
TION FACTOR. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 

C.  V.  Chrysikopoulos,  P.  K.  Kitanidis,  and  P.  V. 

Roberts. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  3,  p  437-446,  March  1990.  5  fig,  43  ref.  EPA 

Grant  No.  815738. 

Descriptors:  'Advection,  'Dispersion,  'Ground- 
water movement,  'Model  studies,  'Path  of  pollut- 
ants, 'Solute  transport,  Mathematical  models. 

A  closed-form  analytical  small-perturbation  (or 
first-order)  solution  to  the  one-dimensional  advec- 
tion-dispersion  equation  with  spatially  variable  re- 
tardation factor  was  derived  to  investigate  the 
transport  of  sorbing  but  otherwise  nonreacting  so- 
lutes in  hydraulically  homogeneous  but  geochemi- 
cally  heterogeneous  porous  formations.  The  solu- 
tion was  developed  for  a  third-,  or  flux-type  inlet 
boundary  condition,  which  is  applicable  when  con- 
sidering resident  (volume-averaged)  solute  concen- 
trations, and  a  semi-infinite  porous  medium.  For 
mathematical  simplicity  is  was  hypothesized  that 
the  sorption  processes  are  based  on  linear  equilibri- 
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um  isotherms  and  that  the  local  chemical  equilibri- 
um assumption  is  valid.  The  results  from  several 
simulations,  compared  with  predictions  based  on 
the  classical  advection-dispersion  equation  with 
constant  coefficients,  indicated  that  at  early  times, 
spatially  variable  retardation  affects  the  transport 
behavior  of  sorbing  solutes.  The  zeroth  moments 
corresponding  to  constant  and  variable  retardation 
are  not  necessarily  equal.  The  impact  of  spatially 
variable  retardation  increases  with  increasing 
Peclet  number.  The  center  of  mass  appears  to 
move  more  slowly,  and  solute  spreading  is  en- 
hanced in  the  variable  retardation  case.  At  late 
times,  when  the  travel  distance  is  much  larger  than 
the  correlation  scale  of  the  retardation  factor,  the 
zeroth  moment  for  the  variable  retardation  case 
was  identical  to  the  case  of  invariant  retardation. 
The  small-perturbation  solution  agreed  closely 
with  a  finite  difference  numerical  approximation. 
(Author's  abstract) 
W90-06852 


EFFECTS  OF  PARAMETER  UNCERTAINTY 
ON  LONG-TERM  SIMULATIONS  OF  LAKE 
ALKALINITY. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 

S.  Lee,  K.  P.  Georgakakos,  and  J.  L.  Schnoor. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  3,  p  459-467,  March  1990.  7  fig,  6  tab,  17  ref. 

Descriptors:  *Acid  rain  effects,  'Alkalinity,  'Error 
analysis,  'Hydrologic  models,  Adirondack  Park, 
•Lakes,  *Model  studies,  'New  York,  *Water 
chemistry,  Lake  Panther,  Lake  Woods. 

A  first-order  second-moment  uncertainty  analysis 
has  been  applied  to  two  lakes  in  the  Adirondack 
Park,  New  York,  to  assess  the  long-term  response 
of  lakes  to  acid  deposition.  Uncertainty  due  to 
parameter  error  and  initial  condition  error  was 
considered.  Because  the  enhanced  trickle-down 
(ETD)  model  is  calibrated  with  only  3  years  of 
field  data  and  is  used  to  simulate  a  50-year  period, 
the  uncertainty  in  the  lake  alkalinity  prediction  is 
relatively  large.  When  a  best  estimate  of  parameter 
uncertainty  is  used,  the  annual  average  alkalinity  is 
predicted  to  be  -39  to  +17  microeq/L  for  Lake 
Woods  and  3  to  281  microeq/L  for  Lake  Panther 
after  50  years.  Hydrologic  parameters  and  chemi- 
cal weathering  rate  constants  contributed  most  to 
the  uncertainty  of  the  simulations.  Results  indicate 
that  the  uncertainty  in  long-range  predictions  of 
lake  alkalinity  increased  significantly  over  a  5  to 
10-year  period  and  then  reached  a  steady  state. 
(Author's  abstract) 
W90-06855 


MODELING  TRANSIENT  STORAGE  AND  NI- 
TRATE UPTAKE  KINETICS  IN  A  FLUME 
CONTAINING  A  NATURAL  PERIPHYTON 
COMMUNITY. 

California  Univ.,  Davis.  Dept.  of  Chemical  Engi- 
neering. 

B.  K.  Kim,  A.  P.  Jackman,  and  F.  J.  Triska. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  3,  p  505-515,  March  1990.  6  fig,  4  tab,  40  ref. 

Descriptors:  *  Artificial  watercourses,  'Biodegra- 
dation,  'Cycling  nutrients,  'Flumes,  'Hydraulics, 
'Model  studies,  'Nitrates,  'Nutrient  transport, 
•Nutrients,  Fate  of  pollutants,  Kinetics. 

An  existing  transport  model  including  storage 
zones  was  combined  with  a  submodel  describing 
biotic  retention  of  nutrient  based  on  Michaelis- 
Menten  kinetics.  This  transport/retention  model 
was  used  to  simulate  the  results  of  an  experiment  in 
which  the  inflows  to  flumes  containing  nitrate- 
limited  natural  stream  periphyton  on  artificial  sub- 
strates were  amended  with  chloride  and  nitrate. 
Hydrodynamic  parameters  were  determined  by  fit- 
ting the  model  to  the  chloride  data.  The  Michaelis- 
Menten  maximum  uptake  rate  parameter  was  de- 
termined by  fitting  the  model  to  the  nitrate  data. 
The  transport/retention  model  accurately  simulat- 
ed the  responses  of  the  flumes  to  the  amendments. 
Independent  batch  experiments  to  determine  Mi- 
chaelis-Menten  parameters  were  performed  on  per- 
iphyton from  a  control  flume.  The  maximum 
uptake  rate  parameters  from  the  two  experiments 


are  in  good  agreement.  Both  experiments  indicate 
possible  inadequacies  of  the  Michaelis-Menten  ki- 
netic model  for  describing  nutrient  uptake  in  a 
complex  field  community.  (Author's  abstract) 
W90-06860 


DIFFUSION  AND  CONSUMPTION  OF  METH- 
ANE    IN     AN     UNSATURATED     ZONE     IN 
NORTH-CENTRAL  ILLINOIS,  U.S.A. 
Geological  Survey,  Denver,  CO. 
R.  G.  Striegl,  and  A.  L.  Ishii. 
Journal  of  Hydrology  JHYDA7,  Vol.  HI,  No.  1-4, 
p  133-143,  November  1989.   1   fig,  4  tab,  33  ref. 

Descriptors:  'Aeration  zone,  'Illinois,  'Methane, 
'Model  studies,  'Path  of  pollutants,  'Radioactive 
wastes,  'Soil  gases,  Mathematical  models,  Micro- 
organisms, Numerical  analysis,  Simulation. 

The  distribution  of  CH4  in  unsaturated  glacial  and 
eolian  deposits  adjacent  to  buried  low-level  radio- 
active waste  was  measured,  and  movement  of  the 
gas  from  the  waste  source  was  simulated  using  a 
two-dimensional  finite-difference  model  for  gas  dif- 
fusion in  the  unsaturated  zone.  Mean  PCH4  was 
greatest  (1.56  Pa)  in  a  pebbly-sand  deposit  11.6  m 
below  the  land  surface  and  12  m  from  the  waste, 
and  generally  decreased  with  increased  horizontal 
distance  from  the  waste.  Mean  PCH4  was  at  least 
(0.07  Pa)  at  a  depth  of  1.8  m  below  land  surface, 
regardless  of  the  distance  from  the  waste.  PCH4  at 
the  land  surface  averaged  0.17  Pa.  Depth  versus 
PCH4  profiles  suggest  consumption  of  both  waste- 
produced  and  atmospheric  CH4  in  the  upper  un- 
saturated zone,  presumably  by  methanotrophic 
microorganisms.  Numerical  simulations  of  methane 
movement  support  the  consumption  observation; 
inclusion  of  a  term  in  the  model  for  consumption 
of  CH4  in  the  upper  2  m  of  the  unsaturated  zone 
resulted  in  simulated  PCH4  within  30%  of  mean 
PCH4  at  11/13  sample  locations.  A  similar  fit  of 
data  was  obtained  for  only  four  locations  where 
consumption  was  not  considered.  (Author's  ab- 
stract) 
W90-06890 


ABIOTIC  TRANSFORMATION  OF  HALOGE- 
NATED  ORGANIC  COMPOUNDS:  H.  CONSID- 
ERATIONS DURING  WATER  TREATMENT. 

Florida     International     Univ.,     Miami.     Drinking 

Water  Research  Center. 

W.  J.  Cooper,  R.  A.  Slifker,  J.  A.  Joens,  and  O.  A. 

El-Shazly. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  37- 

46,  2  fig,  3  tab,  28  ref.  EPA  Grant  R-8 11473-01-0. 

Descriptors:  'Chemical  degradation,  'Chemical 
reactions,  'Groundwater  pollution,  'Halogenated 
compounds,  'Path  of  pollutants,  'Water  treatment, 
Chlorinated  hydrocarbons,  Degradation  products, 
Fate  of  pollutants,  Hydrogen  ion  concentration, 
Lime,  Pentachloroethane,  Temperature,  Tetrach- 
loroethane,  Water  softening. 

Many  groundwater  and  surface  water  contami- 
nants reported  are  halogenated  organic  com- 
pounds, causing  increasing  concern  about  contami- 
nation of  drinking  water  when  these  source  waters 
are  used.  Another  area  of  concern  is  the  possibility 
of  changes  occurring  in  these  compounds  as  a 
result  of  chemical  reactions  during  water  treat- 
ment. Two  of  the  abiological  reactions  of  haloge- 
nated ethanes,  elimination  and  substitution,  acceler- 
ated by  the  high  pH  encountered  in  the  lime  soft- 
ening process  or  in  the  water  distribution  system, 
were  examined.  The  extent  to  which  either  reac- 
tion occurs  depends  upon  the  halogenated  ethane 
and  the  reaction  conditions.  It  appears  that  the 
compounds  1,1,1,2-tetrachloroethane,  1,1,2,2-te- 
trachJoroethane  and  pentachloroethane  may  be  af- 
fected during  water  treatment,  but  it  is  unknown  to 
what  extent  and  under  what  conditions  these  reac- 
tions occur.  Tap  water  from  two  locations  in 
Miami,  Florida  and  water  from  two  treatment 
plants  were  sampled  after  lime  softening  and  prior 
to  recarbonation.  It  was  found  that  the  normal 
practice  of  lime  softening  and  water  distribution  at 
pH  9  promotes  a  significant  abiotic  transformation 
of  chlorinated  ethanes.  Elimination  is  the  only 
important  reaction  pathway  for  1,1,1,2-tetrachlor- 


oethane, 1,1,2,2-tetrachloroethane  and  pentachlor- 
oethane at  room  temperature  and  neutral  or  basic 
pH.  The  elimination  reactions  in  all  cases  are  first 
order  in  halogenated  ethane  and  first  order  in 
hydroxide  ion.  The  disappearance  of  1,1,1-trichlor- 
oethane  is  independent  of  pH  over  the  limited 
range  of  pH  examined.  Heavy  metals  in  solution  do 
not  affect  the  rate  of  the  elimination  reaction  of 
1,1,2,2-tetrachloroethane  at  neutral  pH.  (See  also 
W90-06906)  (Fish-PTT) 
W90-06909 


TRANSFORMATION  KINETICS  OF  1,1,1- 
TRICHLOROETHANE  TO  THE  STABLE 
PRODUCT  1,1-DICHLOROETHANE. 

Florida  Univ.,  Gainesville. 

P.  V.  Cline,  and  J.  J.  Delfino. 

IN:    Biohazards   of  Drinking    Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  47- 

56,  3  fig,  3  tab,  14  ref. 

Descriptors:  'Chemical  analysis,  'Chemical  degra- 
dation, *Chemical  reactions,  'Degradation  prod- 
ucts, 'Groundwater  pollution,  'Water  pollution 
sources,  Chlorinated  hydrocarbons,  Gas  chroma- 
tography, Groundwater,  Mass  spectrometry,  Sea- 
water,  Temperature  effects. 

The  common  occurrence  of  1,1-dichloroethene 
(1,1-DCE)  as  a  groundwater  contaminant  cannot 
be  entirely  explained  by  its  production  and  usage 
patterns.  One  source  of  1,1-DCE  occurs  during  the 
abiotic  degradation  of  1,1,1-trichloroethane 
(TCA).  Conflicting  information  about  the  rate  and 
transformation  processes  of  TCA  makes  extrapola- 
tion of  rates  to  field  sites  or  treatment  processes 
difficult.  The  measurement  of  the  overall  rate  of 
degradation  of  TCA  and  the  proportion  of  prod- 
ucts formed,  as  well  as  the  definition  of  parameters 
that  influence  these  factors,  were  evaluated  in  a 
laboratory.  Buffers  and  stock  standard  solutions 
were  prepared.  Seawater  samples  were  obtained 
from  the  coastal  Atlantic  Ocean  near  Florida. 
Groundwater  samples  were  collected  from  two 
monitoring  wells  located  at  a  site  in  Florida  which 
had  been  contaminated  by  chlorinated  solvents. 
Samples  were  analyzed  using  a  purge  and  trap 
device  interfaced  with  a  GC  (gas  chromatography 
with  flame  ionization  detector.  Selected  analyses 
were  performed  by  GC/MS  (mass  spectroscopy) 
to  confirm  the  formation  of  1,1-DCE.  The  abiotic 
degradation  of  TCA  in  water  occurs  relatively 
rapidly.  The  rate-determining  step  in  the  degrada- 
tion of  TCA  showed  minor  increases  as  ionic 
strength  increased  from  distilled  deionized  water 
to  seawater  matrices,  supporting  the  hypothesis  for 
the  formation  of  an  ionic  intermediate.  The  trans- 
formation of  TCA  to  1,1-DCE  and  the  stability  of 
the  ethene  under  typical  environmental  conditions 
contribute  to  the  frequency  at  which  the  elimina- 
tion product  is  observed  in  water  supplies.  1,1- 
DCE  is  frequently  the  dominant  degradation  prod- 
uct where  TCA  is  present.  The  major  factor  affect- 
ing the  rate  of  abiotic  transformation  appears  to  be 
temperature.  (See  also  W90-06906)  (Fish-PTT) 
W90-06910 


PATHWAYS  FOR  THE  PRODUCTION  OF  OR- 
GANOCHLORINE  COMPOUNDS  IN  THE 
CHLORTNATION  OF  HUMIC  MATERIALS. 

Technische  Hogeschool  Delft  (Netherlands).  Lab. 

for  Analytical  Chemistry. 

E.  W.  B.  de  Leer,  and  C.  Erkelens. 

IN:    Biohazards   of  Drinking    Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  97- 

106,  5  fig,  3  tab,  20  ref. 

Descriptors:  'Chemical  treatment,  'Chlorinated 
hydrocarbons,  'Chlorination,  'Humic  acids,  'Oxi- 
dation, 'Path  of  pollutants,  'Water  pollution 
sources,  'Water  treatment,  Amino  acids,  Chemical 
precipitation,  Chemical  reactions,  Chloroform,  Fil- 
tration, Organic  matter,  Proteins,  Resorcinol. 

It  is  generally  accepted  that  the  reaction  between 
chlorine  and  aqueous  humic  material  is  responsible 
for  the  production  of  organochlorine  compounds 
in  the  chlorination  process  of  drinking  water.  An 
investigation  was  made  into  different  pathways  for 
the  production  of  organochlorine  compounds  by 
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using  KMn04  preoxidation  of  humic  acid  to  de- 
stroy resorcinol  precursor  structures.  A  series  of 
oxidations  was  performed  by  adding  various 
amounts  of  KMn04  solution  to  a  mixture  of  humic 
acid  standard  solution  and  carbonate  buffer.  After 
a  reaction  time,  the  solutions  were  acidified.  Any 
residual  of  KMnCW  was  reduced,  and  the  pH  of 
the  resulting  solution  was  increased  to  precipitate 
the  Mn02,  which  was  removed  by  filtration.  Car- 
bonate was  then  removed  and  the  pH  adjusted. 
After  analyzing  for  the  total  organic  content,  the 
solutions  were  used  for  chlorination  experiments. 
The  presence  of  resorcinol-type  structures  in 
humic  material  is  uncertain  because  direct  instru- 
mental or  chemical  evidence  for  these  structures  is 
missing.  KMn04  oxidation  of  the  humic  acids  de- 
creased the  production  of  chloroform  and  trichlor- 
oethane.  However,  other  precursor  structures  must 
be  present  for  complete  oxidation  of  resorcinol 
structures.  Resorcinol  structures  in  humic  material 
may  therefore  explain  part  of  the  organochlorine 
production,  but  other  precursor  structures  are  also 
important.  When  the  reactivity  of  proteins  and 
amino  acids  under  normal  chlorination  conditions 
can  be  demonstrated,  they  may  explain  several  of 
the  chlorination  products  that  cannot  be  under- 
stood on  the  basis  of  resorcinol  structures.  (See 
also  W90-06906)  (Fish-PTT) 
W90-06914 


SOME  LIPOPHILIC  COMPOUNDS  FORMED 
IN  THE  CHLORINATION  OF  PULP  LIGNIN 
AND  HUMIC  ACH)S. 

Svenska  Traeforskningsinstitutet,  Stockholm. 
A.  B.  McKague,  and  K.  P.  Kringstad. 
IN:    Biohazards   of  Drinking   Water   Treatment. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  123- 
131,  5  fig,  2  tab,  23  ref. 

Descriptors:  *Bleaching  wastes,  'Chlorination, 
•Humic  acids,  'Pulp  wastes,  *Wastewater  treat- 
ment, Chemical  analysis,  Drinking  water,  Environ- 
mental impact,  Gas  chromatography,  Lipids,  Mass 
spectrometry,  Organic  wastes,  Pollutant  identifica- 
tion, Pulp  and  paper  industry,  Synthesis,  Toxic 
wastes,  Toxicity. 

A  number  of  chlorinated  lipophilic  compounds 
have  entered  our  environment  and  have  been 
found  to  persist  for  many  years  and  to  accumulate 
in  aquatic  organisms  and  sediments.  During  the 
conventional  bleaching  of  chemical  pulps,  organic 
material  is  dissolved  in  the  bleaching  liquors.  Much 
of  the  dissolved  material  is  chlorinated  and  organi- 
cally bound  chlorine  is  produced.  It  is  known  that 
bleaching  liquors  exert  weak  acute  toxic  and  geno- 
toxic  effects,  and  several  compounds  that  are  re- 
sponsible for  such  effects  have  been  identified.  A 
scheme  was  developed  for  concentration  and  iden- 
tification of  lipophilic  compounds  in  spent  bleach 
liquors.  The  liquor  was  first  extracted  with  hexane. 
Lipophilic  material  was  then  concentrated  and 
analyzed  by  gas  chromatography  and  mass  spec- 
trometry detection.  Finally,  synthesis  was  em- 
ployed to  aid  identification  and  to  provide  material 
for  biological  and  chemical  tests.  The  chlorinated 
furanones  1,  2a,  2b,  and  3  are  formed  only  in  trace 
amounts  during  the  chlorination  of  softwood  kraft 
pulp  and  humic  acid.  The  kappa  number  of  un- 
bleached pulp  is  reduced  by  oxygen  prebleaching 
prior  to  bleaching  with  chlorine.  In  the  case  of 
humic  acid,  the  furanones  were  only  detected  read- 
ily when  chlorinations  were  performed  under  fa- 
vorable conditions.  Chemical  stability  tests  also 
indicate  these  compounds  are  unstable  at  neutral 
pH.  Although  it  is  unlikely  that  these  furanones 
constitute  an  environmental  hazard  in  receiving 
waters,  their  significance  with  respect  to  drinking 
water  is  unknown.  (See  also  W90-06906)  (Fish- 
PTT) 
W90-06916 


TOXICOLOGICAL  SIGNIFICANCE  OF  THE 
CHEMICAL  REACTIONS  OF  AQUEOUS 
CHLORINE  AND  CHLORAMINES. 

Old    Dominion    Univ.,    Norfolk,    VA.    Dept.    of 

Chemical  Sciences. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-06918 


FORMATION  OF  AROMATIC  POLYMERS 
DURING  THE  OZONATION  OF  ENZYMATIC 
OXIDATION  OF  WATERS  CONTAINING  PHE- 
NOLIC COMPOUNDS. 

Centre  de  Recherche  Lyonnaise  des  Eaux  -  Degre- 

mont,  Le  Pecq  (France). 

For  primary  bibliographic  entry  see  Field  5F. 

W90-06920 


BY-PRODUCTS  FROM  OZONATION  AND 
PHOTOLYTIC  OZONATION  OF  ORGANIC 
POLLUTANTS  IN  WATER:  PRELIMINARY 
OBSERVATIONS. 

Illinois  State  Water  Survey  Div.,  Champaign. 
For  primary  bibliographic  entry  see  Field  5F. 
W90-06921 


ENVIRONMENTAL  CHEMISTRY  AND  TOXI- 
COLOGY OF  ALUMINUM. 

Proceedings  of  a  Symposium  held  during  the  194th 
Annual  Meeting  of  the  American  Chemical  Socie- 
ty in  New  Orleans,  La.  on  August  30  through 
September  4,  1987.  Lewis  Publishers,  Chelsea, 
Michigan.  1989.  344p. 

Descriptors:  *Acid  rain,  'Aluminum,  *Fate  of  pol- 
lutants, *Path  of  pollutants,  'Symposium,  'Toxi- 
cology, 'Water  pollution  sources,  Chemical  analy- 
sis, Chemical  reactions,  Environmental  effects,  En- 
vironmental quality,  Pollutant  identification,  Re- 
search priorities,  Scientific  personnel,  Speciation, 
Toxicity. 

Aluminum  is  the  most  abundant  metal  and  the 
third  most  abundant  element,  composing  8%  of  the 
earth's  crust.  A  broad  overview  is  offered  of  the 
sources,  transport,  and  fate  of  aluminum  in  the 
environment.  Each  chapter  represents  a  detailed 
summary  of  discussions  presented  at  a  three-day 
symposium  entitled  'The  Environmental  Chemis- 
try of  Aluminum,'  held  during  the  194th  Annual 
Meeting  of  the  American  Chemical  Society  in 
1987.  Some  chapters  present  results  of  original 
research,  while  others  offer  a  review  of  the  scien- 
tific literature.  Topics  include  aluminum  mobiliza- 
tion by  acidic  deposition,  speciation,  environmen- 
tal chemistry,  toxicity,  analytical  techniques  and 
methodology.  Effects  of  aluminum  in  the  environ- 
ment are  highly  dependent  upon  the  form  in  which 
the  element  enters  the  system.  The  forms  in  which 
aluminum  occurs  are  as  numerous  as  the  scientific 
disciplines  studying  this  element.  The  necessity  for 
interaction  between  scientists  working  in  all  facets 
of  aluminum  chemistry  and  toxicology  is  essential 
for  setting  wise  future  research  goals  and  making 
sound  regulatory  decisions.  (See  W90-06929  thru 
W90-06941)  (Fish-PTT) 
W90-06929 


STABILITY  OF  ALUMINUM  SPECIES  IN  A 
NATURAL  AUDrr  SAMPLE:  POSSIBLE  AP- 
PLICATION AS  A  QUALITY  CONTROL  SOLU- 
TION. 

Lockheed  Engineering  and  Sciences  Co.,  Inc.,  Las 

Vegas,  NV. 

L.  J.  Arent,  and  T.  E.  Lewis. 

IN:  Environmental  Chemistry  and  Toxicology  of 

Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 

1989.  p  41-57,  5  fig,  3  tab,  37  ref. 

Descriptors:  'Acid  rain,  'Aluminum,  'Chemical 
analysis,  'Environmental  effects,  'Lakes,  'Path  of 
pollutants,  'Quality  control,  'Water  analysis, 
'Water  chemistry,  Analytical  techniques,  Cation 
exchange,  Colorimetry,  Hydrogen  ion  concentra- 
tion, Natural  waters,  Organic  compounds,  Preci- 
sion, Surface  water  data,  Surveys,  Temperature, 
Water  sampling. 

Mobilization  of  toxic  elements  from  soils  and  sedi- 
ments has  been  of  growing  concern  as  a  result  of 
acidic  deposition.  Aluminum  is  subject  to  increased 
mobility  at  lower  pH  levels  in  soil  and  surface 
waters,  and  is  known  to  be  highly  phytotoxic. 
Toxicity  is  correlated  with  inorganic  monomelic 
Al.  Obtaining  reliable  precision  and  accuracy  esti- 
mates for  a  given  Al  analytical  scheme  is  difficult. 
A  survey  was  conducted  by  the  EPA  in  1986  to 
characterize  the  chemical  status  of  surface  waters 
in  the  northeastern  U.S.  An  important  component 


of  the  quality  control  (QC)  regimen  was  the  use  of 
natural  waters  as  audit  samples.  One  of  the  natural 
audit  samples  was  used  as  a  QC  sample  for  the 
determination  of  total  monomelic  Al  and  nonex- 
changeable  monomeric  Al,  examined  in  a  single 
natural  audit  sample  over  the  38-day  synoptic  lake 
study.  A  short-term  (16-day)  experiment  was  also 
run  to  examine  the  stability  of  the  natural  audit 
sample.  A  colorimetric  method  involving  the  com- 
plexation  of  monomeric  Al  by  pyrocatechol  violet 
(PCV)  was  used  on  a  two-channel  flow  injection 
system.  The  natural  audit  sample  was  used  as  a 
daily  QC  sample  for  the  determination  of  mono- 
meric Al  species.  It  was  found  that  the  natural 
audit  sample  contained  stable  concentrations  of 
organically-bound  Al,  and  was  successfully  used  to 
determine  removal  efficiency  of  exchangeable  (in- 
organic monomeric)  Al  by  the  cation  exchange 
column.  It  provides  both  inorganic  and  organic  Al 
fractions,  provided  precautions  are  taken  to  mini- 
mize change  in  sample  temperature  and  pH.  Natu- 
ral samples  with  similar  matrices  may  also  serve  as 
viable  QC  samples  for  the  determination  of  Al 
species.  (See  also  W90-06929)  (Fish-PTT) 
W90-06932 


MODELING  THE  INTERACTIONS  OF  AL 
SPECIES,  PROTONS  AND  CA(2  +  )  WITH 
HUMIC  SUBSTANCES  IN  ACID  WATERS  AND 
SOILS. 

Freshwater    Biological    Association,    Ambleside 

(England). 

E.  Tipping,  C.  A.  Backes,  and  M.  A.  Hurley. 

IN:  Environmental  Chemistry  and  Toxicology  of 

Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 

1989.  p  59-82,  10  fig,  8  tab,  33  ref. 

Descriptors:  'Acid  rain,  'Aluminum,  'Humic  sub- 
stances, 'Metal  complexes,  'Model  studies,  'Path 
of  pollutants,  'Water  chemistry,  Acidic  soils, 
Acidic  water,  Binders,  Buffering,  Calcium  com- 
pounds, Environmental  effects,  Equilibrium,  Hy- 
drogen ion  concentration,  Model  testing,  Specia- 
tion. 

High  concentrations  of  dissolved  aluminum  are  a 
major  feature  of  acid  environments.  The  soluble 
metal  exists  as  a  variety  of  species  among  which 
are  complexes  of  Al(  +  3)  and  A10H(  +  2)  with 
humic  substances  (HS).  It  is  necessary  to  model  the 
metal-humic  interactions  so  that  extents  of  binding 
in  acid  waters  and  soils  can  be  calculated,  given 
appropriate  input  data.  This  would  be  helpful  in 
predicting  the  effects  of  changes  in  environmental 
conditions  on  Al  speciation  and  can  be  used  to 
calculate  proton  buffering  by  the  Al-HS  complex- 
es, and  thereby  to  predict  solution  pH  in  cases 
where  such  complexes  dominate.  The  general  ap- 
proach to  determining  parameter  values  is  the  anal- 
ysis of  acid-base  titration  data.  Direct  measure- 
ments of  Al  binding  were  made,  and  these  were 
compared  with  predicted  values  in  order  to  test  the 
model.  The  model  developed  appears  to  describe 
the  equilibria  involving  HS,  Al  species,  Ca(  +  2), 
and  H(+)  under  acid  conditions  to  at  least  a  good 
first  approximation.  Further  developments  could 
be  made  to  improve  upon  the  highly  simplified 
formulation  of  bulk  solution/diffuse  layer  concen- 
tration relationships  and  to  increase  the  number  of 
permitted  types  of  metal-binding  site  in  order  to 
improve  data-fitting.  The  model  should  be  useful  in 
predicting  approximately  how  the  chemistry  of 
acid  environments  responds  to  changing  condi- 
tions. (See  also  W90-06929)  (Fish-PTT) 
W90-06933 


CHEMISTRY  AND  TRANSFER  OF  ALUMI- 
NUM IN  A  FORESTED  WATERSHED  IN  THE 
ADIRONDACK  REGION  OF  NEW  YORK,  USA. 

Institute  for  Ecosystem  Studies,  Millbrook,  NY. 
C.  T.  Driscoll,  B.  J.  Wyskowski,  P.  DeStaffan,  and 
R.  M.  Newton. 

IN:  Environmental  Chemistry  and  Toxicology  of 
Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 
1989.  p  83-105,  6  fig,  7  tab,  38  ref. 

Descriptors:  'Acid  rain,  'Aluminum,  'Path  of  pol- 
lutants, 'Soil  genesis,  'Water  chemistry,  'Weath- 
ering, Acidic  soils,  Acidic  water,  Cations,  Deposi- 
tion, Dissolved  solids,  Drainage  water,  Ground- 
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water  movement,  Lysimeters,  Mass  transport, 
Monitoring,  New  York,  Nutrient  transport,  Organ- 
ic compounds,  Soil  analysis,  Soil  gases,  Soil  hori- 
zons, Soil  organic  matter,  Stream  classification, 
Water  quality,  Watersheds. 

The  transport  of  aluminum  (Al)  is  an  important 
aspect  of  the  development  of  soils  in  northern 
temperate  regions.  Variations  in  soil  water  and 
stream  composition  were  monitored,  as  well  as 
selected  stream  sediment  parameters  in  a  small 
acid-sensitive  forested  watershed  located  within 
the  west-central  Adirondack  region  of  New  York 
during  the  fall  of  1985.  The  watershed  was  instru- 
mented for  hydrologic  and  water  quality  monitor- 
ing. Lysimeters  and  soil  gas  collectors  were  placed 
in  two  soil  pits.  Aliquots  of  soil  were  collected  for 
analysis  of  free  (non-silicate  bound)  Al  fractions.  It 
was  found  that  drainage  waters  from  the  water- 
shed were  highly  acidic  due  to  elevated  inputs  of 
H2SD4  and  HN03  relative  to  the  limited  release  of 
basic  cations.  These  conditions  facilitated  the  mo- 
bilization of  soil  Al.  Alumino-organic  solutes  were 
largely  derived  from  the  soil  organic  horizon, 
while  inorganic  monomelic  Al  was  released  from 
the  mineral  soil  and  to  a  lesser  extent  from  the 
organic  horizon.  Drainage  water  Al  was  largely  in 
an  inorganic  monomelic  form,  with  aquo 
Al((Al  +  3))  predominating.  Mass  transport  calcula- 
tions suggest  that  the  near-stream/in-stream  envi- 
ronment is  a  zone  of  Al  retention.  Organic  mono- 
melic Al  deposition  coincided  with  dissolved  or- 
ganic carbon  retention,  while  NO(3-)  retention  ap- 
peared to  facilitate  the  deposition  of  inorganic 
monomelic  Al.  Hydrolysis/deposition  of  Al  along 
the  terrestrial/aquatic  interface  may  influence  nu- 
trient cycling  and  could  serve  as  an  important 
source  of  mobile  Al  during  episodic  acidification. 
(See  also  W90-06929)  (Fish-PTT) 
W90-06934 


HOW  ALUMINUM  LEVELS  IN  SUBSURFACE 
DRINKING  WATER  SUPPLIES  IN  CANADA 
CAN  BE  USED  TO  PREDICT  POSSIBLE 
IMPACT  BY  ACIDIC  DEPOSITION. 

Health  and  Welfare  Canada,  Ottawa  (Ontario).  En- 
vironmental Health  Centre. 
J.  C.  Meranger. 

IN:  Environmental  Chemistry  and  Toxicology  of 
Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 
1989.  p  107-116,  5  fig,  Href. 

Descriptors:  'Acid  rain,  'Aluminum,  'Canada, 
•Environmental  impact,  'Groundwater  pollution, 
•Indicators,  'Water  chemistry,  'Water  quality, 
•Water  sampling,  Alkaline  water,  Drinking  water, 
Field  tests,  Hydrogen  ion  concentration,  Infiltra- 
tion rate,  Model  studies,  Nova  Scotia,  Ontario, 
Path  of  pollutants,  Porosity,  Subsurface  water, 
Test  wells. 

Very  little  information  is  available  on  the  impact  of 
acid  rain  on  groundwater  supplies  in  Canada.  Re- 
cently, some  500  surface  and  groundwater  samples 
selected  from  three  areas  of  Canada  were  analyzed 
for  major  and  trace  elements.  The  sampling  areas 
were  chosen  to  represent  a  range  of  acidic  deposi- 
tion and  a  model  was  proposed  to  study  the  impact 
of  this  acidic  deposition  on  the  quality  of  surface 
and  groundwater  supplies  in  these  areas.  A  field 
study  on  extractable  aluminum  was  also  conducted 
in  Ontario  and  Nova  Scotia.  Preliminary  results 
indicate  that  monomelic  aluminum  accounts  for  a 
significant  portion  of  the  total  aluminum  present  in 
shallow  overburden  wells  whose  pH  values  fall 
below  6.0,  while  greater  amounts  of  insoluble  alu- 
minum are  present  in  more  alkaline  waters.  The 
higher  levels  of  aluminum  in  low  pH,  shallow 
groundwater  most  probably  reflect  more  rapid  in- 
filtration of  acid  surface  water  and  acidic  precipita- 
tion through  porous  overburden.  There  is  increas- 
ing evidence  linking  acidic  deposition  to  changes 
in  the  water  quality  of  subsurface  water  supplies  in 
Canada.  Aluminum  may  be  used  in  the  future  as  an 
index  to  predict  changes  in  the  overall  drinking 
water  quality  of  areas  affected  by  acidic  deposi- 
tion. (See  also  W90-06929)  (Fish-PTT) 
W90-06935 


EPISODIC  VARIATIONS  IN  STREAMWATER 
ALUMINUM  CHEMISTRY  AT  BIRKENES, 
SOUTHERNMOST  NORWAY. 


Senter  for  Industriforskning,  Oslo  (Norway). 
H.  M.  Seip,  N.  Christophersen,  and  T.  J.  Sullivan. 
IN:  Environmental  Chemistry  and  Toxicology  of 
Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 
1989.  p  159-169,  5  fig,  26  ref. 

Descriptors:  *Acid  rain,  'Aluminum,  'Model  stud- 
ies, 'Norway,  'Path  of  pollutants,  'Seasonal  varia- 
tion, 'Surface  water,  'Water  chemistry,  Acidic 
soils,  Acidic  water,  Base  flow,  Biological  studies, 
Equilibrium,  Flow  discharge,  Model  testing,  Or- 
ganic matter,  Saturation,  Snowmelt,  Soil  chemis- 
try, Soil  horizons,  Storm  water. 

The  detailed  mechanisms  controlling  aluminum 
concentrations  in  acidic  surface  water  and  soils  are 
far  from  understood.  Models  for  water  acidifica- 
tion usually  assume  simple  equilibrium  with  solid 
aluminum  hydroxide  (gibbsite).  Improved  knowl- 
edge of  aluminum  chemistry  is  of  great  importance 
for  predicting  surface  water  chemistry  and  related 
biological  effects  under  various  scenarios  of  acid 
deposition.  Detailed  studies  of  stream  and  soil 
water  chemistry  were  carried  out  at  Birkenes, 
southernmost  Norway.  The  observed  large  in- 
crease in  inorganic  Al  when  discharge  increases 
after  long  base  flow  periods  may  cause  greater 
biological  stress  than  during  later  episodes  when 
peak  concentrations  of  inorganic  Al  are  similar, 
but  the  fluctuations  less.  Early  snowmelt  is  likely 
to  be  particularly  toxic  to  fish  since  it  is  the  only 
period  when  high  concentrations  of  inorganic  alu- 
minum occur  in  a  solution  close  to  saturation.  The 
variations  in  Al  concentrations  in  the  Birkenes 
stream  corroborate  earlier  observations,  where  the 
highest  Al  values  found  were  early  in  the  snow- 
melt followed  by  a  dilution.  However,  increased 
concentrations  were  observed  after  the  snowmelt. 
Streamwater  was  highly  undersaturated  with  re- 
spect to  synthetic  gibbsite  at  low  pH.  Model  vali- 
dation using  detailed  short-term  observations  is 
necessary.  An  improved  model  for  stream  and  soil 
water  chemistry  must  take  into  account  that  dis- 
charge is  pre-event  water,  soil  water  ion  stability, 
and  interception  of  organic  horizons.  A  model 
emphasizing  dynamic  interchange  of  water  be- 
tween upper  acidic  soils  and  the  mineral  soils 
during  stormflow  may  lead  to  a  more  realistic 
description  of  water  pathways.  (See  also  W90- 
06929)  (Fish-PTT) 
W90-06936 


ALUMINUM  CHEMISTRY  OF  ACIDIC  SANDY 
SOILS  WITH  VARIOUS  INPUTS  OF  ACTDIC 
DEPOSITION  IN  THE  NETHERLANDS  AND 
IN  DENMARK. 

Agricultural  Univ.,  Wageningen  (Netherlands). 

J.  Mulder,  N.  Van  Breemen,  L.  Rasmussen,  and  C. 

T.  Driscoll. 

IN:  Environmental  Chemistry  and  Toxicology  of 

Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 

1989.  p  171-194,  4  fig,  10  tab,  33  ref.  EEC  Contract 

ENV-650-NL. 

Descriptors:  'Acid  rain,  'Acidic  soils,  'Aluminum, 
•Chemical  analysis,  'Denmark,  'Path  of  pollut- 
ants, 'Soil  chemistry,  'The  Netherlands,  Cations, 
Equilibrium,  Leaching,  Model  testing,  Monitoring, 
Nutrient  removal,  Roots,  Sand,  Saturation  zone, 
Silicates,  Solubility,  Throughfall,  Vegetation, 
Water  quality,  Water  transport. 

Increased  inorganic  monomelic  aluminum  (Al) 
concentrations  have  been  observed  in  drainage 
water  from  acidic,  sandy  soils  in  parts  of  North 
America  and  Northwestern  Europe,  indicating  that 
the  Al  chemistry  of  these  soils  has  changed.  In 
order  to  test  the  hypothesis  (in  situ)  that  acidic 
deposition  is  the  main  cause  for  the  observed  in- 
crease in  Al  mobilization,  six  sandy,  acidic  soils  in 
the  Netherlands  and  in  Denmark  were  selected. 
The  monitoring  program  included  (1)  the  determi- 
nation of  the  quantity  and  chemical  composition  of 
throughfall  water,  (2)  chemical  analysis  of  soil 
solutions,  (3)  estimation  of  waterfluxes  in  the  soil 
using  a  water  transport  model,  and  (4)  estimation 
of  the  annual  nutrient  uptake  by  vegetation.  It  was 
concluded  that  atmospheric  acid  has  a  strong 
impact  on  the  Al  chemistry  of  acidic,  sandy  soils, 
which  are  highly  vulnerable  to  acidic  deposition. 
Their  base  saturation  is  low  and  the  rate  of  basic 
cation  weathering  does  not  increase  with  the  rate 


of  acid  input.  Any  additional  strong  acid  deposi- 
tion in  these  soils  is  almost  exclusively  neutralized 
by  Al  solubilization.  Al  concentrations  in  the  sur- 
face soils  are  relatively  low  and  may  be  in  equilib- 
rium with  free  (organically-bound)  soil  Al,  which 
is  probably  least  soluble  in  the  surface  horizons, 
where  most  of  the  Al  leaching  has  occurred.  The 
source  of  mobilized  Al  is  mostly  free,  non-silicate 
bound  Al,  which  will  be  exhausted  rapidly  at  the 
present  high  Al  leaching  rate.  The  strong  impact  of 
atmospheric  acid  input  on  the  Al  chemistry  of  the 
soil  may  not  only  result  in  negative  effects  on 
nutrient  solutions  in  the  rooting  environment,  and 
on  ground  and  surface  water  quality,  but  may  also 
dramatically  change  pedogenetic  processes.  (See 
also  W90-06929)  (Fish-PTT) 
W90-06937 


ALUMINUM  SPECIATION  AND  ORGANIC 
CARBON  IN  WATERS  OF  CENTRAL  ONTAR- 
IO. 

Ontario  Ministry  of  the  Environment,  Toronto. 
B.  D  LaZerte. 

IN:  Environmental  Chemistry  and  Toxicology  of 
Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 
1989.  p  195-207,  7  fig,  3  tab,  19  ref. 

Descriptors:  'Acid  rain,  'Aluminum,  'Canada, 
•Chemical  speciation,  'Dissolved  organic  carbon, 
'Path  of  pollutants,  'Water  chemistry,  Catchment 
areas,  Environmental  effects,  Lakes,  Lysimeters, 
Minerals,  Model  testing,  Monitoring,  Ontario,  Or- 
ganic compounds,  Sinks,  Soil  horizons,  Soil  pro- 
files, Streams,  Surface  water,  Water  pollution 
sources,  Wetlands. 

The  Muskoka-Haliburton  region  of  Central  Ontar- 
io contains  acidified  lakes  and  streams,  with  rela- 
tively high  levels  of  aluminum  (Al)  in  the  acidified 
streams.  Over  the  two-year  period  of  1987-1988,  a 
series  of  26  different  steams  in  two  catchments,  and 
60  lysimeters  at  different  locations  in  the  catch- 
ments and  soil  profiles,  have  been  monitored  in  an 
attempt  to  determine  sources,  sinks,  and  forms  of 
aqueous  Al.  It  was  found  that  soils  and  surface 
waters  in  this  region  of  Central  Ontario  exhibit 
well-defined  regional  sources  and  sinks  of  inorgan- 
ic and  organic  monomelic  Al.  For  inorganic 
monomelic  Al,  the  source  is  the  Bh  soil  horizon 
and  the  sink  is  all  downstream  locations.  Organic 
monomelic  Al  and  dissolved  organic  carbon 
(DOC)  is  obtained  from  two  widely  separated 
sources:  the  soil  LFH  horizon  and  wetlands.  The 
mineralogical  source  and  sink  of  inorganic  mono- 
melic Al  appears  to  be  some  aluminum  trihydrox- 
ide  solid  phase,  and  it  can  be  effectively  predicted 
in  low  DOC  waters  by  assuming  equilibrium  with 
this  phase.  In  waters  higher  in  DOC,  mineralogical 
control  does  not  always  occur.  Nonetheless,  the 
separation  between  free  and  organic  Al  can  be 
effectively  predicted  in  high  DOC  waters  using  a 
Backes  and  Tipping  type  of  chemical  equilibrium 
model.  There  does  not  appear  to  be  a  universal  set 
of  coefficients  that  apply  to  all  environments.  (See 
also  W90-06929)  (Fish-PTT) 
W90-06938 


ALUMINUM  SPECIATION  AND  TOXICITY  IN 
UPLAND  WATERS. 

Water  Research  Centre,  Medmenham  (England). 
A.  J.  Dobbs,  P.  French,  A.  M.  Gunn,  D.  T.  E. 
Hunt,  and  D.  A.  Winnard. 

IN:  Environmental  Chemistry  and  Toxicology  of 
Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 
1989.  p  209-228,  11  fig,  3  tab,  18  ref. 

Descriptors:  'Acid  rain  effects,  'Aluminum,  'Bac- 
terial analysis,  'Environmental  effects,  'Microtox 
assay,  'Natural  waters,  'Speciation,  'Toxicity, 
•Toxicology,  'Water  chemistry,  Bioluminescence, 
Equilibrium,  Fate  of  pollutants,  Field  tests,  Fish 
toxins,  Fluorides,  Hydrogen  ion  concentration. 
Metal  complexes,  Organic  compounds,  Solubility, 
Thermodynamics. 

Since  the  main  objective  of  speciation  studies  in 
natural  waters  is  to  determine  the  effects  on  biota  it 
is  essential  that  experimental  analytical  speciation 
studies  are  conducted  in  concert  with  toxicity  or 
bioavailability  studies.  The  Microtox  system,  based 


94 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


on  the  bioluminescent  response  of  reconstituted 
freeze-dried  bacteria,  was  selected  for  use  with  an 
on-line  field  system  to  monitor  aluminum  (Al)  spe- 
ciation  and  pH  in  conjunction  with  fish-stress 
measurements.  Thermodynamic  calculations  were 
used  both  to  aid  interpretation  of  the  speciation/ 
toxicity  experiments  and  to  model  Al  speciation 
and  solubility  in  typical  natural  waters.  Calcula- 
tions indicate  that  equilibrium  constants  for  reac- 
tion of  Al  with  natural  organics  are  important  in 
natural  waters.  The  toxicity  studies  with  lumines- 
cent bacteria  showed  clearly  the  strong  depend- 
ence of  Al  toxicity  on  speciation.  Al  complexes 
with  citric  acid,  fluoride,  and  organics  in  natural 
water  samples  were  shown  to  be  less  toxic  than 
uncomplexed  Al.  In  the  case  of  fluoride,  however, 
the  results  may  imply  some  toxicity  from  the  Al 
complexes.  A  consistent  picture  was  produced  of 
Al  toxicity  in  the  presence  of  natural  organics.  It  is 
now  clear  that  there  is  a  strong  relationship  be- 
tween Al  speciation  and  toxicity.  Total  Al  determi- 
nations alone  are  therefore  of  limited  use  for  moni- 
toring or  assessing  environmental  effects.  The 
combination  of  on-line  Al  speciation  instrument 
with  a  fish-stress  monitor  provides  a  powerful  tool 
for  further  study  of  the  role  of  Al  in  acid  episodes 
which  are  of  critical  importance  in  upland  waters. 
(See  also  W90-06929)  (Fish-PTT) 
W90-06939 


COMPOSITION  AND  CONSEQUENCES  OF 
ALUMINUM  IN  WATER,  BEVERAGES  AND 
OTHER  INGESTTBLES. 

Bjorksten  Research  Foundation,  Madison,  WI. 
R.  U.  Schenk,  J.  Bjorksten,  and  L.  Yeager. 
IN:  Environmental  Chemistry  and  Toxicology  of 
Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 
1989.  p  247-269,  7  tab,  17  ref. 

Descriptors:  'Aluminum,  *Animal  metabolism, 
•Drinking  water,  *Foods,  *  Population  exposure, 
Atomic  absorption  spectrophotometry,  Bioaccu- 
mulation,  Blood,  Chemical  analysis,  Toxicology, 
Water  pollution  sources,  Water  quality,  Water 
sampling. 

Aluminum  (Al)  is  one  of  the  most  common  metals 
in  the  environment,  but  is  not  a  part  of  any  known 
animal  metabolic  process.  This  raises  questions  as 
to  the  potential  harmful  effects  of  this  element.  A 
substantial  number  of  beverages,  foods,  and  water 
sources  have  been  analyzed  for  Al  content  over 
the  years.  However,  it  was  desirable  to  obtain  data 
on  a  wide  range  of  water  sources,  beverages, 
foods,  and  other  substances  that  may  be  ingested, 
utilizing  current  methodology.  Water  samples 
from  several  sources  in  over  20  states  and  3  foreign 
countries  were  analyzed  on  an  atomic  absorption 
spectrophotometer,  along  with  many  common  bev- 
erages and  a  moderate  number  of  foods,  primarily 
dry  solids.  Most  drinking  water  was  found  to  have 
less  than  100  parts  per  billion  of  Al,  suggesting  that 
water  is  not  normally  a  major  source  for  Al  inges- 
tion. Beverages,  with  the  exception  of  fruit  juices, 
tend  to  have  a  substantially  higher  Al  content  than 
does  water.  All  carbonated  beverages  have  sub- 
stantially higher  but  quite  variable  Al  contents. 
Teas,  which  are  reported  to  accumulate  Al  in  the 
plant's  tissues,  were  indeed  found  to  produce  bev- 
erages with  a  high  Al  content.  Herbal  teas  tended 
to  be  substantially  lower  in  Al  than  were  the 
regular  teas.  Wines  generally  had  higher  Al  con- 
centrations than  did  distilled  liquors.  Food  prod- 
ucts show  extremely  wide  variations  in  Al  content. 
Analyses  of  other  substances  which  are  ingestible 
showed  that  many  of  these  products,  e.g.,  antacids, 
had  very  high  Al  contents.  In  future  studies,  it  is 
particularly  important  to  establish  whether  all 
sources  of  Al  are  harmful;  Al  which  is  not  ab- 
sorbed from  the  intestinal  system  into  the  blood  is 
presumably  of  little  concern  from  a  health  stand- 
point. (See  also  W90-06929)  (Fish-PTT) 
W90-06941 


HANDBOOK  OF  ENVIRONMENTAL  FATE 
AND  EXPOSURE  DATA  FOR  ORGANIC 
CHEMICALS.  VOLUME  II:  SOLVENTS. 

Lewis  Publishers,  Inc.,  Chelsea,  Michigan.  1990. 
546  p.  Edited  by  Philip  H.  Howard,  Gloria  W. 
Sage,  William  F.  Jarvis,  and  D.  Anthony  Gray. 


Descriptors:  'Fate  of  pollutants,  *Handbooks,  'Or- 
ganic compounds,  *Path  of  pollutants,  'Population 
exposure,  'Solvents,  Adsorption,  Biodegradation, 
Chemical  properties,  Databases,  Degradation,  Hy- 
drolysis, Information  retrieval,  Photolysis,  Physi- 
cal properties,  Volatilization. 

This  book  outlines  in  detail  how  individual  sol- 
vents are  released,  transported,  and  degraded  in 
the  environment  and  how  they  are  exposed  to 
humans  and  environmental  organisms.  The  chemi- 
cals are  listed  in  alphabetical  order  by  the  name 
considered  to  be  the  most  easily  recognized.  For 
each  chemical,  the  physical  properties  as  well  as 
the  environmental  fate  and  monitoring  data  were 
identified  by  conducting  searches  of  the  Environ- 
mental Fate  Data  Bases  of  Syracuse  Research  Cor- 
poration (SRC).  Each  substance  is  identified  with 
synonyms,  structure,  CAS  Registry  number,  mo- 
lecular formula,  and  the  Wiswesser  line  notation. 
Data  for  the  environmental  fate/exposure  potential 
were  identified  with  SRC's  Environmental  Fate 
Data  Bases.  Biodegradation  data  were  selected 
from  the  DATALOG,  BIOLOG,  and  BIODEG 
files.  Abiotic  degradation  data  were  identified  in 
the  hydrolysis,  photolysis,  and  oxidation  fields  in 
DATALOG  and  CHEMFATE.  Transport  proc- 
esses such  as  bioconcentration,  soil  adsorption/ 
mobility,  and  volatilization  as  well  as  the  monitor- 
ing data  were  also  identified  in  the  DATALOG 
and  CHEMFATE  files.  (Lantz-PTT) 
W90-06944 


TOXIC  TRACE  ELEMENTS  AND  CHLORIN- 
ATED HYDROCARBONS:  SOURCES,  ATMOS- 
PHERIC TRANSPORT  AND  DEPOSITION. 

Norsk  Inst,  for  Luftforskning,  Lillestroem. 

A.  Semb,  and  J.  M.  Pacyna. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  DE88-756607. 

Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 

January  1988.  96p,  11  fig,  19  tab,  220  ref.  Norsk 

Inst,  for  Luftforskning  Project  0-8546. 

Descriptors:  'Air  pollution,  'Chemistry  of  precipi- 
tation, 'Chlorinated  hydrocarbons,  'Path  of  pol- 
lutants, 'Toxic  wastes,  'Trace  elements,  'Water 
pollution  sources,  Deposition,  Mercury,  Pesticides, 
Polychlorinated  biphenyls,  Water  pollution. 

Toxic  trace  elements  and  chlorinated  hydrocar- 
bons represent  a  special  class  of  environmental 
contaminants,  because  of  their  strong  bioaccumula- 
tion  and  persistence.  Atmospheric  transport  and 
deposition  by  precipitation  scavenging  and  dry 
deposition  is  an  important  source  of  these  sub- 
stances in  terrestrial  and  aquatic  ecosystems.  The 
processing  of  mineral  resources  at  high  tempera- 
tures results  in  releases  of  volatile  elements  to  the 
atmosphere.  Some  of  these  elements,  e.g.,  As,  Cd, 
and  Pb,  have  been  widely  studied  due  to  the  seri- 
ous health  concern  associated  with  them,  and 
quantitative  emission  data  are  becoming  available 
for  many  European  countries.  Once  emitted  to  the 
atmosphere,  trace  elements  can  be  transported 
within  air  masses  and  deposited  in  remote  areas, 
and  source-receptor  models  have  been  formulated 
which  can  be  used  to  relate  measured  concentra- 
tions in  air  to  estimated  emissions.  Large  quantities 
of  elemental  mercury  and  gaseous  mercury  com- 
pounds are  released  by  combustion  processes,  and 
the  deposition  of  other  air  pollutants.  The  chlorin- 
ated hydrocarbons  of  concern  are  pesticides,  indus- 
trial chemicals  or  additives,  and  compounds 
formed  as  undesirable  byproducts  in  industrial  and 
combustion  processes.  Deposition  from  atmos- 
phere is  the  most  important  source  for  the  occur- 
rence of  chlorinated  hydrocarbons  in  terrestrial 
and  aquatic  food  chains.  Restrictions  on  the  use  of 
polychlorinated  biphenyls  in  the  1970's  have  not 
been  effective  in  reducing  concentrations  in  ambi- 
ent air  and  precipitation.  (Lantz-PTT) 
W90-06948 


ORGANIC    CARBON    IN    WATERS    OF   THE 
WHITE  SEA  DURING  THE  SUMMER  OF  1984. 

Ail-Union  Research  Inst,  of  Marine  Fisheries  and 
Oceanography,  Moscow  (USSR). 
M.  P.  Maksimova,  and  S.  S.  Vladimirskiy. 
Oceanology  ONLGAE,  Vol.  28,  No.  5,  p  585-589, 
April  1988.  2  fig,  8  ref. 


Descriptors:  'Annual  runoff,  'Organic  carbon, 
•Seasonal  distribution,  'White  Sea,  Anthropogenic 
impact. 

The  first  information  on  the  concentration  and 
distribution  of  organic  carbon  in  the  White  Sea  for 
the  period  of  intense  anthropogenic  impact  have 
obtained;  previous  data  were  obtained  during  the 
background  period,  i.e.  the  late  1950s.  The  lateral 
distribution  of  organic  carbon  in  the  White  Sea, 
which  is  strongly  affected  by  river  runoff,  is  highly 
variable  (from  2.5  to  8  mg  of  carbon/L  in  estuarine 
areas)  and  is  governed  by  the  dynamic  interaction 
of  water  masses  of  different  origins.  The  maximum 
organic  carbon  content  of  the  surface  water  mass 
(mean  4.68  mg/L,  plus  or  minus  0.13  mg)  is  consid- 
erably lower  in  water  masses  of  Barents  Sea  origin, 
i.e.,  the  intermediate  water  mass  (average  3.85  mg/ 
L,  plus  or  minus  0. 14  mg/L)  and  deep  water  mass 
(3.32  mg/L,  plus  or  minus  0.14  mg/L).  The  cur- 
rent weighted  mean  concentration  of  organic 
carbon  in  the  waters  of  the  White  Sea  is  estimated 
to  be  3.5  mg  of  carbon  per  liter.  (Author's  abstract) 
W90-06957 


RADIONUCLIDE  PARTrnONTNG  ACROSS 
GREAT  LAKES  NATURAL  INTERFACES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
R.  F.  Platford,  and  S.  R.  Joshi. 
Environmental     Geology    and    Water    Sciences 
EGWSEI,  Vol.  14,  No.  3,  p  183-186,  November/ 
December  1989.  1  fig,  2  tab,  20  ref. 

Descriptors:  'Lake  Ontario,  'Limnology,  'Niaga- 
ra River,  'Path  of  pollutants,  *Radioisotopes, 
•Surface  microlayer,  Cesium  radioisotopes,  Lead 
radioisotopes,  Pollutant  identification,  Radium  ra- 
dioisotopes, Sediment  contamination,  Suspended 
solids,  Thorium  radioisotopes. 

Several  water  and  surface  microlayer  samples  from 
Lake  St.  Clair,  the  Niagara  River,  and  the  North 
Shore  of  Lake  Ontario  collected  during  1983-1986 
have  been  assayed  for  a  variety  of  radionuclides.  In 
addition,  the  foam  accumulating  in  the  pool  just 
below  Niagara  Falls  was  also  analyzed  and  found 
to  be  the  most  efficient  aqueous  phase  collector  of 
137Cs,  210Pb,  and  226Ra.  The  order  of  radioiso- 
tope specific  activities  from  highest  to  lowest  is: 
Lake  Ontario  sediment,  Niagara  River  suspended 
solids,  Niagara  River  foam,  surface  microlayer 
water,  and  subsurface  water.  Radiological  dose 
rates  to  the  sediments  from  137Cs,  226Ra,  and 
228Th  total  only  about  5  mGy/y.  None  of  the 
radionuclides  in  the  Lake  Ontario  region  occurs  at 
unusually  high  activities;  the  dose  rate  to  the  sedi- 
ments at  the  mouth  of  the  Niagara  River  is  2-3 
times  that  due  to  normal  background  radiation. 
(Author's  abstract) 
W90-06961 


ENVIRONMENTAL  INFLUENCE  OF  A  VOL- 
CANIC PLUME,  A  NEW  TECHNIQUE  OF 
STUDY,  MOUNT  ETNA,  SICILY. 

Luton  Coll.  of  Higher  Education  (England).  Dept. 

of  Science. 

For  primary  bibliographic  entry  see  Field  5A. 
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DILUTION  MIXING  ESTIMATES  OF  TRACE 
METAL  CONCENTRATIONS  IN  SUSPENDED 
SEDIMENTS. 

Maryland  Univ.,  College  Park.  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-O6966 


EPHEMERAL  FOREST  DRAINAGE  DITCH  AS 
A  SOURCE  OF  ALUMINIUM  TO  SURFACE 
WATERS. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 

Bangor  Research  Station. 

B.  Reynolds,  and  S.  Hughes. 

Science  of  the  Total  Environment  STENDL,  Vol. 

80,  No.  2/3,  p  185-193,  May  1989.  3  fig,  2  tab,  18 

ref. 
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Group  5B — Sources  Of  Pollution 


Descriptors:  'Acid  rain  effects,  'Aluminum, 
•Drainage  ditches,  'Forest  watersheds,  'Water 
pollution  sources,  Catchment  areas,  Drainage  ef- 
fects. Organic  carbon,  Stream  pollution,  Surface 
water  data.  Weathering. 

Chemical  data  was  collected  for  water  flowing  in 
an  emphemeral  forest  drainage  ditch.  The  water 
was  acidic  (pH  3.96-4.16),  aluminum  bearing,  and 
with  a  high  concentration  of  dissolved  organic 
carbon  (300-500  micromol  C/L.  Aluminum  was 
present  mainly  in  the  labile  monomelic  form,  the 
concentration  of  which  increased  downstream  in 
the  ditch.  This  was  accompanied  by  a  decrease  in 
hydrogen  ion  and  dissolved  organic  carbon  con- 
centrations. Concentrations  of  base  cations  and 
inorganic  anions  remained  approximately  constant 
along  the  length  of  the  ditch.  Readily  soluble 
phases,  such  as  poorly  crystalline  to  amorphous 
aluminum  hydroxides,  iron-aluminum  hydroxides 
and  aluminum  hydroxysilicates  in  the  soil  compris- 
ing the  ditch  walls  and  base,  provide  a  source  of 
aluminum  to  solution  via  weathering.  (Author's 
abstract) 
W90-06976 


INORGANIC  ALUMINIUM-HYDROGEN  ION 
RELATIONSHIPS  FOR  ACIDIFIED  STREAMS; 
THE  ROLE  OF  WATER  MIXING  PROCESSES. 

Institute  of  Hydrology,  Wallingford  (England). 

C.  Neal,  and  N.  Christopherson. 

Science  of  the  Total  Environment  STENDL,  Vol. 

80,  No.  2/3,  p  195-203,  May  1989.  2  fig,  1  tab,  24 

ref. 

Descriptors:  *Acid  rain  effects,  'Acid  streams, 
'Acidification,  'Aluminum,  'Hydrogen  ion  con- 
centration, 'Model  studies,  'Path  of  pollutants, 
•Storm  runoff,  'Water  chemistry,  Base  flow, 
Catchment  areas.  Control  systems,  Soil  water. 

Streamwaters  draining  acidified  catchments  usual- 
ly exhibit  large  fluctuations  in  aluminum  and  hy- 
drogen ion  concentrations  which  are  positively 
correlated  with  flow.  Stormflow  waters  are  mainly 
derived  from  waters  passing  through  the  upper 
acidic  and  aluminum  bearing  soil  zones.  Baseflow 
waters  are  derived  from  the  lower  soil/groudwater 
zones  where  inorganic  reactions  prevail  and  hy- 
drogen ions  generated  in  the  upper  soil  are  con- 
sumed. In  several  cases  these  variations  in  stream- 
water  chemistry  cannot  be  explained  by  solubility 
control  of  a  single  mineral  phase  such  as  micro- 
crystalline  or  natural  gibbsite.  In  three  such  catch- 
ments, the  controlling  mechanisms  are  explored  in 
terms  of  both  conservative  and  non-conservative 
two-component  mixing  of  upper  soil  and  ground 
waters.  It  was  concluded  for  this  exercise,  linear 
concentration  plots  are  the  best  tools.  The  com- 
monly used  log-log  plots  lead  to  a  confounded 
picture  masking  important  insights.  (Author's  ab- 
stract) 
W90-O6977 


PREDICTING  THE  LONG-TERM  VARI- 
ATIONS IN  STREAM  AND  LAKE  INORGANIC 
ALUMINIUM  CONCENTRATIONS  FOR 
ACIDIC  AND  ACTO  SENSITIVE  CATCH- 
MENTS. 

Institute  of  Hydrology,  Wallingford  (England). 
C.  Neal,  T.  Musgrove,  and  P.  G.  Whitehead. 
Science  of  the  Total  Environment  STENDL,  Vol. 
80,  No.  2/3,  p  205-211,  May  1989.  2  fig,  25  ref. 

Descriptors:  'Acid  lakes,  'Acid  rain  effects,  'Acid 
streams,  'Acidification,  'Aluminum,  'Catchment 
areas,  'Model  studies,  'Water  quality,  Data  inter- 
pretation. Hydrogen  ion  concentration,  Scotland, 
Wales. 

A  modification  to  the  one-box  version  of  the 
Model  of  Acidification  of  Groundwater  in  Catch- 
ments (MAGIC)  for  stream  and  lake  acidification 
is  given.  This  model  presents  a  new  hypothesis  for 
describing  inorganic  aluminium  controls  in  streams 
draining  acidic  catchments.  This  modification  en- 
tails the  removal  of  any  assumption  of  Al(OH)3 
solubility  control  in  the  stream.  Success  of  this 
modification  is  demonstrated  for  data  collected 
from  a  regional  survey  of  Welsh  streams  and  lakes. 
The  modified  model  is  used  with  data  from  the 


acidic  and  acid  impacted  of  Dargall  Lane  catch- 
ment of  the  Galloway  region  of  South  West  Scot- 
land to  provide  an  example  of  the  long-term 
changes  in  stream  acidity  and  inorganic  aluminum 
concentration.  (Author's  abstract) 
W90-06978 


FLUORINE       VARIATIONS        IN       WELSH 
STREAMS  AND  SOIL  WATERS. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06979 


SOURCES  AND  STORM  LOADING  VARI- 
ATIONS OF  METAL  SPECIES  IN  A  GULLY- 
POT  CATCHMENT. 

Middlesex  Polytechnic,  Enfield  (England).  Urban 

Pollution  Research  Center. 

G.  M.  Morrison,  D.  M.  Revitt,  and  J.  B.  Ellis. 

Science  of  the  Total  Environment  STENDL,  Vol. 

80,  No.  2/3,  p  267-278,  May  1989.  5  fig,  2  tab,  22 

ref. 

Descriptors:  'Catchment  basins,  'Heavy  metals, 
•Highway  runoff,  'Pollution  load,  'Storm  runoff, 
'Storm  water,  'Urban  runoff,  'Water  pollution 
sources,  Cadmium,  Copper,  Flow  discharge,  Lead, 
Outfall,  Sediment-water  interfaces,  Water  quality 
control,  Zinc. 

The  temporal  variations  of  metal  species  in  the 
outflow  from  a  gullypot  catchment  are  discussed 
for  two  storms  with  differing  hydrological  charac- 
teristics. The  major  contributing  sources  within  the 
systems  are  identified  from  an  analysis  of  six  dis- 
crete storm  events.  Under  low  flow  conditions  the 
dissolved  metals  are  complexed  by  organics 
present  in  the  gullypot  liquor  and  interstitial  sedi- 
ment waters,  and  the  strongly  bound  fraction  pre- 
dominates in  the  gullypot  outflow.  As  the  flow 
increases  the  Chelex  removable  fraction  becomes 
important  due  to  acid  washing  initially  of  road- 
surface  sediments  and  subsequently  of  the  mobi- 
lized gullypot  sediments.  The  particulate-associat- 
ed  metals  exhibit  distinct  temporal  similarities  to 
the  storm  hydrograph  and  chemograph  for  sus- 
pended solids  with  the  exchangeable  fraction  being 
dominant.  Hydrodynamic  sorting  mechanisms  on 
the  road  surface  produce  the  earlier  contributions 
for  this  fraction,  with  later  inputs,  particularly  for 
cadmium  and  lead,  from  chemical  exchange  proc- 
esses within  overturned  gullypot  sediment.  This 
basal  sediment  also  provides  important  inputs  of 
the  carbonate  and  hydrous  oxide  fraction  for 
copper  and  zinc  as  the  gullypot  contents  become 
oxygenated  later  in  the  storm.  The  consequences 
of  these  findings  are  discussed  in  terms  of  gullypot 
maintenance  and  the  water  quality  of  stormwater 
outfalls.  (Author's  abstract) 
W90-O6980 


AQUATIC  TOXICOLOGY. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 
J.  Cairns,  and  D.  I.  Mount. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  2,  p  154-161,  February 
1990.  3  fig,  18  ref. 

Descriptors:  'Bioassay,  'Fate  of  pollutants,  'Path 
of  pollutants,  'Toxicology,  'Water  pollution  ef- 
fects, Data  interpretation,  Environmental  protec- 
tion, Experimental  design.  Laboratory  methods, 
Microorganisms,  Uncertainty,  Water  properties, 
Water  quality  control. 

Ecotoxicology  is  the  study  of  the  fate  and  effect  of 
toxic  agents  in  ecosystems,  with  the  goal  of  pro- 
tecting natural  systems  and  their  inherent  orga- 
nisms. Water  hardness,  pH,  suspended  solids,  total 
organic  carbon,  and  temperature  (to  mention  just  a 
few  characteristics)  may  markedly  affect  the  ex- 
pression of  toxicity  for  a  particular  chemical  com- 
pound. A  standardized  or  'artificial'  water  can  be 
made  by  adding  appropriate  constituents  to  dis- 
tilled water,  or  natural  waters  can  be  used  from 
above  the  source  of  contamination.  Use  of  natural 
water  increases  the  difficulty  of  replication  because 
natural  waters  vary  considerably.   The  goals  of 


aquatic  testing  are  to  determine  which  types  of 
toxicity  tests  will  reduce  uncertainly  most  cost 
effectively  and  to  determine  at  what  point  the 
uncertainty  has  been  sufficiently  reduced  to  allow 
an  informed  professional  judgement.  For  sub- 
stances such  as  chlorine  or  some  detergents  that 
are  quickly  transformed  to  something  less  hazard- 
ous or  are  eliminated  from  the  aquatic  ecosystem,  a 
short-term  toxicity  test  will  probably  suffice  except 
when  the  material  is  continuously  discharged  and 
concentrations  persist  near  the  outfall.  However, 
many  chemicals  are  persistent  and  their  exposure 
time  in  natural  systems  is  likely  to  be  much  longer 
than  is  normally  used  in  routine  tests.  A  partial 
solution  to  this  problem  may  be  to  extrapolate 
from  a  species  with  a  short  life  cycle  to  one  with 
an  intermediate  life  cycle,  for  example,  from  Cerio- 
daphnia  to  fathead  minnows.  For  regulatory  pur- 
poses, it  is  unquestionably  sound  to  use  test  orga- 
nisms that  have  been  widely  used  for  toxicity 
testing  and  whose  strengths  and  weaknesses  for 
this  purposes  are  well  known.  At  the  same  time, 
the  information  base  on  relative  responses  must  be 
continually  expanded.  Aquatic  toxicity  testing 
using  microorganisms  may  become  more  common 
due  to  concerns  about  the  ethics  of  animal  testing. 
There  is  persuasive  evidence  that  there  is  a  high 
correspondence  between  the  responses  of  microbi- 
al species  and  those  of  the  more  commonly-used 
test  species.  (Agostine-PTT) 
W90-06990 


MOBILITY  OF  PLUTONIUM  AND  AMERICI- 
UM  THROUGH  A  SHALLOW  AQUIFER  IN  A 
SEMIARID  REGION. 

Transducer  Research,  Inc.,  Naperville,  IL. 
W.  R.  Penrose,  W.  L.  Polzer,  E.  H.  Essington,  D. 
M.  Nelson,  and  K.  A.  Orlandini. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  24,  No.  2,  p  228-234,  February 
1990.  4  fig,  6  tab,  33  ref.  US  DOE  OHES  Subsur- 
face Science  Program  Contract  W-31-109-ENG- 
38. 

Descriptors:  'Groundwater  pollution,  'Path  of 
pollutants,  'Radioactive  wastes,  'Semiarid  lands, 
Actinide  radioisotopes,  Aquifers,  Fate  of  pollut- 
ants, New  Mexico. 

Treated  liquid  wastes  containing  plutonium  and 
americium  are  released  into  Mortandad  Canyon, 
within  the  site  of  Los  Alamos  National  Laborato- 
ry, NM.  The  wastes  infiltrate  a  small  aquifer  within 
the  canyon.  Although  laboratory  studies  have  pre- 
dicted that  the  movement  of  actinides  in  subsurface 
environments  will  be  limited  to  less  than  a  few 
meters,  both  plutonium  and  americium  are  detecta- 
ble in  monitoring  wells  as  far  as  3390  m  downgra- 
dient  from  the  discharge.  Between  the  first  and  last 
monitoring  wells  (1.8  and  3.4  km  from  the  dis- 
charge), plutonium  concentrations  decreased  ex- 
ponentially from  1400  to  0.55  mBq/L.  Americium 
concentrations  ranged  between  94  and  1240  mBq/ 
L,  but  did  not  appear  to  vary  in  a  systematic  way 
with  distance.  Investigation  of  the  properties  of  the 
mobile  actinides  indicates  that  the  plutonium  and 
part  of  the  americium  are  tightly  or  irreversibly 
associated  with  colloidal  material  between  25  and 
450  nm  in  size.  The  colloidally  bound  actinides  are 
removed  only  gradually  from  the  groundwater. 
The  fraction  of  the  americium  not  associated  with 
colloids  exists  in  a  low  molecular  weight  form 
(diameter,  less  than  or  equal  to  2  nm)  and  appears 
to  be  a  stable,  anionic  complex  of  unknown  com- 
position. The  mobile  forms  of  these  actinides 
defeat  the  forces  that  normally  act  to  retard  their 
movement  through  groundwater  systems.  (Au- 
thor's abstract) 
W90-06993 


CONCEPTUAL  MODEL  OF  ORGANIC  CHEM- 
ICAL VOLATILIZATION  AT  WATERFALLS. 

Toronto  Univ.  (Ontario).  Inst,  for  Environmental 

Studies. 

M.  McLachlan,  D.  Mackay,  and  P.  H.  Jones. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.  24,  No.  2,  p  252-257,  February 

1990.  3  fig,  1  tab,  32  ref. 
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Descriptors:  'Mathematical  models,  'Path  of  pol- 
lutants, "Volatilization,  *Waterfalls,  Air  pollution 
sources,  Model  testing,  Niagara  Falls,  Organic 
compounds. 

It  is  possible  that  waterfalls  significantly  affect  the 
fate  of  many  organic  compounds  in  rivers  and  act 
as  'point  sources'  of  atmospheric  contaminants. 
The  extent  of  volatilization  of  organic  chemicals  at 
waterfalls  may  be  controlled  by  diffusion  limita- 
tions (as  is  the  case  with  oxygen  and  chemicals 
with  large  air/water  partition  coefficients),  by  the 
flow  rate  of  air  into  the  plunge  pool  (for  chemicals 
with  low  air/ water  partition  coefficients),  or  both. 
A  model  is  applied  to  11  organic  contaminants 
present  in  the  water  of  Niagara  Falls.  The  results 
suggest  that  volatilization  is  significant  for  chloro- 
form, chlorinated  benzenes,  and  polychlorinated 
biphenyls,  but  negligible  for  2,3,7,8-tetrachlorodi- 
benzo-p-dioxin,  lindane,  and  polychlorinated  aro- 
matic hydrocarbons.  The  model  can  generate  only 
order-of-magnitude  estimates.  Model  validation  is 
required  for  more  exact  predictions.  (Author's  ab- 
stract) 
W90-06994 


DISSOLVED  ARSENIC  SPECIES  IN  THE 
SCHELDE  ESTUARY  AND  WATERSHED, 
BELGIUM. 

Antwerp  Univ.,  Wilrijk  (Belgium).  Dept.  of  Chem- 
istry. 

M.  O.  Andreae,  and  T.  W.  Andreae. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  29,  No.  5,  p  421-433,  November  1989.  6  fig,  1 
tab,  38  ref. 

Descriptors:  'Arsenic,  'Belgium,  'Estuaries,  'Path 
of  pollutants,  Industrial  wastes,  Model  studies,  Oxi- 
dation-reduction potential,  Oxygen  depletion, 
Tributaries,  Watersheds. 

The  Schelde  watershed  drains  a  densely  populated 
and  industrialized  region  in  central  Europe.  The 
Zenne  River,  a  tributary  which  flows  through  the 
center  of  Brussels  industrial  region,  contributes 
most  of  the  arsenic  to  the  river-estuary  system. 
Inputs  of  industrial  and  domestic  effluents  create  a 
region  of  anoxic  conditions  in  the  water  column  of 
the  upper  estuary.  A  study  of  arsenic  concentra- 
tions and  speciation  in  the  rivers  of  the  Schelde 
watershed  shows  that  the  ratio  of  As(III)  to  As(V) 
is  elevated  in  the  anoxic  part  of  the  estuary  and 
those  tributaries  that  are  depleted  in  oxygen.  The 
combination  of  a  near-constant  anthropogenic  ar- 
senic emission  and  seasonally  fluctuating  water 
discharge  creates  a  variable  arsenic  concentration 
in  the  river  endmember.  This  variability  can  ex- 
plain the  non-linearity  in  the  arsenic-salinity  rela- 
tionship in  the  estuary,  where  a  pronounced  ar- 
senic maximum  is  seen  in  a  region  without  local 
arsenic  sources.  The  As(III)/As(V)  ratio  in  the 
estuary  has  typical  marine  values  in  the  lower 
estuary  and  increases  sharply  at  the  oxic/anoxic 
interface  near  the  head  of  the  estuary.  A  numerical 
model,  incorporating  fluctuating  river  composition 
and  discharge  tidal  mixing,  zero-order  reduction  of 
arsenate,  and  first-order  oxidation  of  arsenite  was 
tested  to  model  the  distribution  and  redox  specia- 
tion of  arsenic  in  the  estuary  under  non-steady- 
state  conditions.  It  is  concluded  that  the  limited 
data  set  available  does  not  make  it  possible  to 
rigorously  verify  the  applicability  of  the  model  or 
the  uniqueness  of  the  solutions  obtained.  Further 
profiles  measured  under  different  flow  conditions 
will  be  required  before  it  can  be  considered  that 
the  major  features  of  the  biogeochemical  arsenic 
cycle  in  the  Schelde  estuary  have  been  conclusive- 
ly established.  However,  the  proposed  model  can 
serve  as  a  useful  tool  in  the  interpretation  of  the 
distribution  and  speciation  behavior  of  an  element 
in  the  estuarine  environment,  when  both  the  com- 
position of  the  river  endmember  and  the  river 
discharge  are  allowed  to  fluctuate  in  a  non-analyti- 
cal fashion.  (Friedmann-PTT) 
W90-O70O1 


OCCURRENCE  AND  DISTRIBUTION  OF  PO- 
LYCYCLIC  AROMATIC  HYDROCARBONS  IN 
SURFACE  SEDIMENTS  AND  WATER  FROM 
THE  BRISBANE  RIVER  ESTUARY,  AUSTRA- 
LIA. 


Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
S.  I.  Kayal,  and  D.  W.  Connell. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  29,  No.  5,  p  473-487,  November  1989.  2  fig,  5 
tab,  42  ref. 

Descriptors:  'Australia,  'Brisbane  River  Estuary, 
'Estuarine  sediments,  'Path  of  pollutants,  'Poly- 
cyclic  aromatic  hydrocarbons,  Bottom  sediments, 
Distribution  patterns,  Estuaries,  Gas  chromatogra- 
phy, Hydrocarbons,  Mass  spectrometry,  Organic 
compounds,  Particulate  matter,  Pollutant  identifi- 
cation, Sediment  contamination,  Suspended  load. 

Twenty-three  composite  sediment  and  eight  water 
particulate  and  water  filtrate  samples  were  collect- 
ed along  with  Brisbane  River  estuary  from  the 
mouth  to  40  km  upstream.  The  polycyclic  aromat- 
ic hydrocarbons  in  the  samples  were  isolated  by 
solvent  extraction  and  column  chromatography 
then  identified  and  quantified  by  gas  chromatogra- 
phy and  gas  chromatography  coupled  with  mass 
spectrometry.  A  total  of  72  polycyclic  aromatic 
hydrocarbons  were  identified  in  the  samples  with 
fluoranthene  and  pyrene  occurring  in  the  highest 
concentrations,  up  to  2.34  +/-1.73  and  2.26  +/- 
1.72  micrograms/g,  respectively,  in  sediments. 
Total  polycyclic  aromatic  hydrocarbon  distribu- 
tion patterns  showed  that  the  most  urbanized  zone 
of  the  study  area  had  the  highest  total  polycyclic 
aromatic  hydrocarbon  concentration  (16.1  micro- 
grams/g). Concentrations  were  relatively  lower 
both  upstream  and  downstream  from  this  area. 
Upstream  there  were  no  significant  inputs  but 
downstream  various  industries  constituted  major 
point  sources;  however,  the  concentrations  were 
comparatively  low,  probably  due  to  flushing  by 
tides  and  currents.  Distribution  of  polycyclic  aro- 
matic hydrocarbons  were  not  significantly  influ- 
enced by  the  organic  carbon  content  and  particle 
size  composition  of  sediments.  Polycyclic  aromatic 
hydrocarbon  assemblages  observed  in  the  samples 
were  relatively  rich  in  hydrocarbons  having  pyro- 
lytic  origins.  However,  the  presence  of  petroleum 
derived  components  was  also  indicated  by  several 
characteristic  component  composition  ratios.  (Au- 
thor's abstract) 
W90-070O5 


TRANSPORT  OF  CARBON,  NITROGEN  AND 
PHOSPHORUS  IN  A  BRITTANY  RIVER, 
FRANCE. 

Universite       de       Bretagne-Occidentale,       Brest 
(France).  Station  Biologique. 
M.  V.  M.  Wafar,  P.  le  Corre,  and  J.  L.  Birrien. 
Estuarine,   Coastal   and   Shelf  Science  ECSSD3, 
Vol.  29,  No.  5,  p  489-500,  November  1989.  6  fig,  1 
tab,  32  ref. 

Descriptors:  'Carbon,  'France,  'Nitrogen,  'Nutri- 
ent transport,  'Path  of  pollutants,  'Phosphorus, 
'Stream  pollution,  Ammonium,  Cycling  nutrients, 
Estuaries,  Fate  of  pollutants,  Fertilizers,  Flushing, 
Nitrates,  Nutrients,  Organic  compounds,  Phos- 
phates, Rivers. 

Concentrations  of  N03(-),  N02(-),  NH4(+), 
P04(3-),  Si(OH)4(-),  dissolved  and  particulate  or- 
ganic carbon,  nitrogen  and  phosphorus,  chloro- 
phyll a,  phaeopigments,  carbohydrates  and  pro- 
teins were  measured  for  one  year  in  the  Morlaix 
River  waters  (Brittany  coast,  France).  By  compari- 
son with  the  averages  known  for  the  unpolluted 
rivers  of  the  world,  concentrations  of  N03(-), 
NH4(  +  ),  P04(3-),  N02(-)  and  dissolved  organic 
nitrogen  are  found  to  be  much  higher,  and  those  of 
nitrate  and  ammonium  exceed  even  those  known 
for  highly  polluted  rivers.  The  selective  pollution 
by  N  compounds  is  caused  by  an  excessive  use  of 
fertilizers  in  the  hinterland  although  with  NH4(  +  ), 
urban  pollution  can  also  be  an  important  factor. 
Allochthonous  sources  supply  a  major  fraction  of 
particulate  organic  compounds  to  the  river  waters. 
Dissolved  fractions  of  N  and  P  in  river  waters  are 
very  large  compared  to  the  particulate  fractions, 
whereas  carbon  is  more  or  less  equally  distributed 
between  dissolved  and  particulate  organic  carbon. 
Transport  of  these  nutrients  to  the  estuary  show 
three  different  patterns  in  relation  to  river  dis- 
charge changes.  Areal  loading  of  the  estuary  with 
N03(-)  and  NH4(  +  )  is  greater  than  that  known  for 


other  temperate  estuaries.  The  deleterious  effects 
of  N  pollution  are,  however,  offset  by  the  low 
freshwater  flow,  high  tidal  prism  volume,  estuarine 
basin  geomorphology  and  uptake  by  benthic  mi- 
croalgae.  (Author's  abstract) 
W90-07006 


LABORATORY  AND  NUMERICAL  INVESTI- 
GATION OF  SOLUTE  TRANSPORT  IN  DIS- 
CONTINUOUS FRACTURE  SYSTEMS. 

Newfoundland  Dept.  of  Environment  and  Lands, 

St.  John's. 

J.  W.  Robinson,  and  J.  E.  Gale. 

Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  25-36, 

January /February  1990.  19  fig,  3  tab,  17  ref. 

Descriptors:  'Fracture  permeability,  'Groundwat- 
er movement,  'Hydrologic  models,  'Model  stud- 
ies, 'Path  of  pollutants,  'Solute  transport,  Geohy- 
drology,  Geologic  fractures,  Hydrologic  proper- 
ties, Mathematical  models,  Mixing,  Physical 
models,  Simulation,  Vertical  flow. 

Mixing  of  fluids  at  fracture  intersections  was  exam- 
ined using  both  a  series  of  plexiglas  models  and  a 
two-dimensional,  finite-element,  discrete  fracture 
model.  The  physical  laboratory  models  included  12 
models  having  two  continuous,  fully  intersecting 
fractures  with  different  intersection  angles  and  ap- 
ertures, a  single  model  consisting  of  a  single  con- 
tinuous fracture  offsetting  a  second  fracture,  and  a 
fracture  system  model  consisting  of  parallel  frac- 
tures in  two  intersecting  sets.  The  plexiglass  model 
results  indicated  essentially  no  mixing  occurred  in 
the  fully  intersecting  fracture  models  when  the 
apertures  were  equal.  Mixing  was  found  to  be 
dependent  only  upon  the  relative  size  of  the  inlet 
and  outlet  fractures  even  with  multiple  intersec- 
tions. For  transport  of  a  conservative  solute  in  a 
discontinuous,  random,  discrete  fracture  system, 
the  numerical  model  used  the  mixing  algorithm  for 
fracture  intersections,  developed  from  the  physical 
model  study.  At  each  four-way  intersection,  a 
novel  approach  was  used  to  uncouple  and  recouple 
the  nodal  points  to  ensure  the  proper  assignment  of 
concentrations  to  each  fracture  element.  Using  the 
laboratory-determined  mixing  algorithm,  the  nu- 
merical model  demonstrated  that  more  longitudi- 
nal and  less  lateral  dispersion  takes  place  than 
when  complete  mixing  at  fracture  intersections  is 
assumed.  In  addition,  more  longitudinal  transport 
takes  place  in  discontinuous  than  in  continuous 
fracture  systems.  These  findings  indicate  that  con- 
taminants migrating  through  fractured  media, 
where  the  fracture  walls  are  not  in  contact,  will 
not  be  dispersed  and  diluted  to  the  extent  that 
previous  numerical  models  have  predicted;  hence, 
the  contaminant  will  be  discharged  to  the  bio- 
sphere in  much  greater  concentration  than  expect- 
ed. (Author's  abstract) 
W90-07012 


SIMULATED  EFFECTS  OF  QUARRY  DEWA- 
TERING  NEAR  A  MUNICIPAL  WELL  FIELD. 

Geological  Survey,  Columbus,  OH. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-07013 


VOLUME  ESTIMATION  OF  LIGHT  NONA- 
QUEOUS PHASE  LIQUIDS  IN  POROUS 
MEDIA. 

Kennedy/Jenks/Chilton,  Inc.,  San  Francisco,  CA. 

A.  M.  Farr,  R.  J.  Houghtalen,  and  D.  B. 

McWhorter. 

Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  48-56, 

January/February  1990.  8  fig,  4  tab,  10  ref. 

Descriptors:  'Groundwater  pollution,  'Hydrolog- 
ic models,  'Interstitial  water,  'Light  nonaqueous 
phase  liquids,  'Path  of  pollutants,  'Porous  media, 
'Soil  contamination,  'Vadose  water,  'Volumetric 
analysis,  'Water  level,  'Water  table,  Capillary 
water,  Estimating,  Hydrologic  properties,  Moni- 
toring. 

An  analytic  method  is  presented  for  estimating  the 
volume  of  mobile  Light  Nonaqueous  Phase  Liq- 
uids (LNAPL)  in  porous  media  from  observed 
LNAPL  thicknesses  in  monitoring  wells.   Static 
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(mechanical)  equilibrium  of  fluids  in  a  homogene- 
ous porous  medium  is  the  key  condition  on  which 
the  method  is  based.  Both  the  Brooks-Corey  and 
van  Genuchten  equations,  with  parameters  derived 
from  laboratory  column  experiments  reported  in 
the  literature,  arc  used  to  relate  fluid  contents  to 
capillary  pressures.  The  calculations  show  that 
LNAPL  in  the  vadose  zone  does  not  distribute 
itself  as  a  distinct  layer  floating  on  the  top  of  a 
capillary  fringe.  Rather,  the  traditional  concept  of 
a  capillary  fringe  is  not  applicable  when  LNAPL  is 
present.  Further,  neither  the  LNAPL  level  nor  the 
water  level  in  monitoring  wells  is  equal  to  the 
water-table  elevation.  The  water  table,  being  the 
surface  on  which  the  water  pressure  is  zero  gage, 
is  located  above  the  LNAPL-water  interfaced  in 
the  well,  and  LNAPL  in  the  porous  media  will 
reside  below  the  water  table.  It  is  shown  that  finite 
volumes  of  LNAPL  theoretically  can  exist  in  ma- 
terials with  positive  entry  pressures  (e.g.,  Brooks- 
Corey  porous  media)  without  revealing  their  pres- 
ence in  the  form  of  an  LNAPL  layer  in  monitoring 
wells.  However,  LNAPL  in  porous  media  with 
zero  entry  pressure  will  always  appear  in  monitor- 
ing wells,  regardless  of  the  volume  of  LNAPL  in 
the  porous  medium.  Only  in  porous  media  with 
very  uniform  pore  sizes  is  the  volume  of  LNAPL 
in  the  vadose  zone  approximately  proportional  to 
the  thickness  of  LNAPL  in  monitoring  wells.  (Au- 
thor's abstract) 
W90-07014 


ESTIMATION  OF  FREE  HYDROCARBON 
VOLUME  FROM  FLUID  LEVELS  IN  MONI- 
TORING WELLS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 
R.  J.  Lenhard,  and  J.  C.  Parker. 
Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  57-67, 
January /February  1990.  4  fig,  2  tab,  18  ref, 
append.  American  Petroleum  Institute  Contract 
WM-5-324-7,  EPA  Agreement  CR-8 14320. 

Descriptors:  'Groundwater  pollution,  'Hydrocar- 
bons, 'Monitoring  wells,  'Oil  pollution,  'Porous 
media,  'Water  table,  Capillary  water,  Estimating, 
Fluid  mechanics,  Groundwater  level,  Hydraulic 
properties,  Interstitial  water,  Light  nonaqueous 
phase  liquids,  Pressure  distribution,  Water  pres- 
sure, Water  table  wells.  Wells. 

Under  the  assumption  of  local  vertical  equilibrium, 
fluid  pressure  distributions  specified  from  well 
fluid  levels  in  monitoring  wells  may  be  used  to 
predict  water  and  hydrocarbon  saturation  profiles 
given  expressions  for  air-water-hydrocarbon  satu- 
ration-pressure relations.  Vertical  integration  of 
the  oil-saturation  profile  yields  the  actual  oil 
volume  in  porous  media  per  unit  area  adjacent  to 
the  well.  Three-phase  fluid  distributions  are  pre- 
dicted using  a  scaling  procedure  which  requires 
knowledge  of  two  phase  air-water  saturation-pres- 
sure relations,  hydrocarbon  density,  and  hydrocar- 
bon surface  tension.  Air-water  saturation-pressure 
relations  are  parameterized  by  either  the  Brooks- 
Corey  or  van  Genuchten  expressions.  Parameters 
in  the  models  are  estimated  from  grain-size  distri- 
bution data  for  two  hypothetical  soils.  Results  re- 
vealed that,  whereas  the  distance  above  an  oil- 
water  table  at  which  oil  saturations  become  zero 
may  be  independent  of  soil  type,  estimated  light 
nonaqueous  phase  liquid  (LNAPL)  volumes  per 
unit  area  may  differ  substantially.  Hence,  estimates 
of  LNAPL  volume  cannot  be  inferred  directly 
from  soil  LNAPL  thickness  or  well  LNAPL 
thickness  data  without  consideration  of  effects  of 
soil  properties.  Furthermore,  it  is  demonstrated 
that  no  simple  linear  conversion  scheme  can  be 
employed  to  relate  the  height  of  LNAPL  in  a 
monitoring  well  to  the  LNAPL  volume  in  porous 
media.  It  is  also  demonstrated  that,  whereas  the 
distance  above  the  oil-water  table  at  which  oil 
saturations  become  zero  may  be  independent  of 
soil  type,  estimated  LNAPL  volumes  in  different 
soils  will  vary  substantially.  Estimates  of  LNAPL 
volume  cannot  be  inferred  directly  from  soil 
LNAPL  thickness  or  well  LNAPL  thickness  data 
without  consideration  of  effects  of  soil  properties. 
(Author's  abstract) 
W9O-07015 


COMPATIBLE  SINGLE-PHASE/TWO-PHASE 
NUMERICAL  MODEL:  1.  MODELING  THE 
TRANSIENT  SALT-WATER/FRESHWATER 
INTERFACE  MOTION. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau     (France).     Centre     d'Information 

Geologique. 

E.  Ledoux,  S.  Sauvagnac,  and  A.  Rivera. 

Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  79-87, 

January/February  1990.  10  fig,  16  ref. 

Descriptors:  'Coastal  aquifers,  'Geohydrology, 
'Groundwater  movement,  'Hydrologic  models, 
'Mathematical  models,  'Multiphase  flow,  'Path  of 
pollutants,  'Saline  water  intrusion,  'Saline-fresh- 
water interfaces,  Finite  difference  methods, 
Groundwater,  Mathematical  studies,  Model  stud- 
ies, Model  testing. 

A  numerical  model  (NEWVAR)  to  simulate  the 
transient  movement  of  a  discrete  interface  between 
salt  water  and  freshwater  is  presented.  NEWVAR 
is  designed  to  allow  the  analysis  of  a  regional  two- 
dimensional  groundwater  flow  in  coastal  aquifers. 
The  numerical  solution  permits  the  prediction  of 
both  regional  freshwater  levels  and  two-dimen- 
sional freshwater/salt-water  interface  by  using 
nested  square  meshes.  The  numerical  solution  is 
based  on  the  finite-difference  method;  the  Gauss- 
Jordan  direct  method  is  used  for  solving  steady- 
state  and  unsteady-state  linear  equations.  Different 
procedures  are  used  to  avoid  numerical  difficulties 
in  the  transient  position  of  the  interface  tow  for 
two-dimensional  areal  flow.  The  numerical  solu- 
tion was  tested  against  the  analytical  ones  for  the 
cases  of  an  advancing  interface  and  of  a  floating 
freshwater  lens  over  sea  water.  These  tests  showed 
good  agreement,  thus  verifying  the  finite-differ- 
ence approximation.  (Author's  abstract) 
W90-07017 


CHEMISTRY  OF  STREAMS  DRAINING 
GRASSLAND  AND  FOREST  CATCHMENTS  AT 
PLYNLEVION,  MID- WALES. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 

Bangor  Research  Station. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-07024 


CONTAMINATION  OF  RURAL  PONDS  WITH 
PESTICIDE,  1971-85,  ONTARIO,  CANADA. 

Ontario     Ministry     of    Agriculture    and     Food, 

Guelph.  Pesticide  Residue  Lab. 

R.  Frank,  H.  E.  Braun,  B.  D.  Ripley,  and  B.  S. 

Clegg. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  3,  p  401-409, 

March  1990.  4  tab,  18  ref. 

Descriptors:  'Canada,  'Farm  ponds,  'Herbicides, 
'Pesticides,  'Triazine  pesticides,  'Water  pollution 
sources,  Agricultural  chemicals,  Data  collections, 
Path  of  pollutants,  Ponds,  Rural  areas,  Sediment 
analysis,  Spills. 

When  applying  pesticides  to  their  crops  Ontario 
fanners  use  water  as  the  major  diluent  and  carrier. 
Owners  of  rural  ponds  contacted  the  Ministries  of 
Agriculture  and  Food  or  Environment  when  water 
supplies  were  suspected  of  being  contaminated  and 
requested  pesticide  analysis.  Between  1971  and 
1985,  water  samples  from  211  rural  ponds  were 
analyzed  for  pesticides.  Contamination  was  found 
in  132  or  63%  of  the  ponds.  The  greatest  number 
of  contaminations  were  associated  with  treated 
corn  fields  or  rotational  crops  including  corn  (76 
contaminated  ponds);  adjacency  to  sprayed  crops 
was  also  a  major  factor  (102  out  of  168  ponds 
contaminated).  Ninety-three  or  70%  of  the  132 
contaminated  ponds  contained  a  single  pesticide, 
and  in  84  ponds  herbicides  were  found.  Triazine 
herbicides  were  suspected  in  124  ponds  and  identi- 
fied in  82  (66%).  The  highest  concentrations  were 
the  results  of  accidental  spills  (16  ponds).  Seven 
ponds  had  combined  residues  of  herbicides  over 
200  micrograms/L  and  13  ponds  had  residues  of  20 
to  200  micrograms/L.  Twenty-two  different  herbi- 
cides, one  fungicide  and  six  different  insecticides 
were  identified  in  pond  water.  In  several  of  the 
ponds,  the  sediment  was  analyzed  and  found  to 
contain  residues  many  times  higher  in  concentra- 


tion than  the  water.  Three  ponds  had  atrazine 
residues  of  between  0.7  and  8.9  micrograms/L. 
Residues  of  chlorophenoxy,  chlorobenzoic  and 
chloropicolinic  acid  herbicides  injuriously  affected 
seedling  crop  plants  raised  in  greenhouses  when 
water  was  used  from  these  contaminated  ponds. 
(VerNooy-PTT) 
W9O-O7027 


SURVEY  OF  FARM  WELLS  FOR  PESTICIDES, 
ONTARIO,  CANADA,  1986  AND  1987. 

Ontario  Ministry  of  Agriculture  and  Food,  Guelph 
(Ontario).  Agricultural  Lab.  Services  Branch. 
R.  Frank,  H.  E.  Braun,  B.  S.  Clegg,  B.  D.  Ripley, 
and  R.  Johnson. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  44,  No.  3,  p  410-419, 
March  1990.  5  tab,  16  ref. 

Descriptors:  'Canada,  'Groundwater  pollution, 
•Herbicides,  'Pesticides,  'Water  pollution  sources, 
•Wells,  Agricultural  chemicals,  Atrazine,  Data 
collections,  Farms,  Leaching,  Metolachlor,  Path  of 
pollutants,  Spills,  Surface  runoff. 

A  study  was  conducted  in  1984  on  wells  of  cash- 
crop  farms  located  on  mineral  soils  across  South- 
ern Ontario;  the  present  study  of  179  wells  is  an 
extension  of  the  1981-84  study.  In  1986  and  1987, 
103  and  76  wells,  respectively,  were  sampled  by 
cooperators  across  Ontario.  Results  of  water  analy- 
ses revealed  that  in  1986  10  wells  contained  resi- 
dues of  pesticides  and  in  1987  that  number  was 
four.  These  4  wells  contained  43,  0.9,  0.8  micro- 
grams/L, and  no  detectable  metolachlor,  and  52, 
1.4,  0.8  and  0.7  micrograms/L  atrazine.  Levels  of 
atrazine  and  its  metabolite  desethyl  atrazine  ap- 
peared in  9  of  the  10  wells  in  1986.  Of  the  10  wells 
found  to  contain  atrazine  and  one  well  with  meto- 
lachlor, the  only  known  means  of  entry  was 
through  leaching  down  the  profile  or  from  surface 
runoff  water  entering  directly  into  the  well.  The 
most  probable  leading  causes  of  well  contamina- 
tion were  due  to  either  back-siphoning,  overfilling 
the  pesticide  spray  tank,  spilling  of  concentrate,  or 
washing  equipment  too  close  to  the  well.  The 
incidences  of  contamination  appear  to  have  de- 
clined, but  the  levels  of  contamination  do  not 
appear  to  have  changed.  (VerNooy-PTT) 
W90-07028 


LEVELS  OF  HEAVY  METALS  AND  ORGAN- 
OCHLORINE  PESTICIDES  OF  CYPRINID 
FISH  REARED  FOUR  YEARS  IN  A 
WASTEWATER  TREATMENT  POND. 

'Adour-Garonne'  Water  Authority,  90  rue  du  Fer- 

etra,  31078  Toulouse,  France. 

F.  Guerrin,  V.  Burgat-Sacaze,  and  P.  de  Saqui- 

Sannes. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  3,  p  461-467, 

March  1990.  1  fig,  5  tab,  22  ref 

Descriptors:  'Aquaculture,  'Bioaccumulation, 
•Carp,  'Chlorinated  hydrocarbons,  'Heavy 
metals,  'Pesticides,  'Wastewater  lagoons,  Animal 
tissues,  Bioassay,  Cadmium,  Lead,  Mercury,  Path 
of  pollutants,  Population  exposure,  Sediment  anal- 
ysis, Tissue  analysis,  Water  pollution  effects. 

A  study  was  made  on  a  sample  of  14  tench  (Tinea 
tinea)  and  4  rudd  (Scardinius  erythrophthalmus), 
introduced  4  years  before  in  a  wastewater  treat- 
ment pond  of  the  town  of  Realmont,  France.  Both 
species  may  be  considered  as  good  subjects  for 
pesticide  contamination,  since  tench  is  a  bottom 
feeder,  and  rudd  feeds  mainly  on  plankton  and 
benthos.  Cadmium  (Cd),  lead  (Pb)  and  mercury 
(Hg)  levels  in  the  sediments  varied  from  less  than  1 
to  4.0,  46.0  to  248.0,  and  less  than  0.05  to  1.35 
micrograms/g  dry  weight,  respectively.  Only  Pb 
(0.2  to  0.3  micrograms/L)  was  detected  in  the 
water.  Cadmium  levels  in  rudd  liver,  kidney  and 
muscle  tissues  were  0.056,  0.157,  and  <  0.01  mi- 
crograms/g, respectively.  Similar  values  for  tench 
were  0.058,  0.149,  and  <  0.01  micrograms/g.  Pb 
(<  0.10  micrograms/g)  and  Hg  (<  0.01  micro- 
grams/g) were  not  detected  in  liver  or  kidney 
tissues  of  either  species.  Upon  analysis  for  organ- 
ochlorine  pesticides,  total  levels  of  HCH  (hexach- 
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lorocyclohexane)  and  HCB  (hexachlorobenzene) 
in  the  liver  of  tench  were  0.110  and  0.014  micro- 
grams/g,  respectively.  Fish  with  these  levels  of 
Cd,  Pb,  Hg,  and  organochlorine  pesticides  are  still 
fit  for  human  consumption.  However,  careful 
thought  should  be  given  to  the  use  of  wastewater 
ponds  for  aquaculture,  since  concentrations  of 
micro-pollutants  in  sewage  varies  greatly.  (Ver- 
Nooy-PTT) 
W9O-07035 


UPTAKE  OF  LEAD,  CHROMIUM,  CADMIUM 
AND  COBALT  BY  CLADOPHORA  GLOMER- 
ATA. 

Vyzkumny     Ustav     Vodohospodarsky,     Prague 

(Czechoslovakia). 

J.  Vymazal. 

Bulletin    of   Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  3,  p  468-472, 

March  1990.  1  tab,  16  ref. 

Descriptors:  *Algae,  *Bioaccumulation,  'Cadmi- 
um, 'Chromium,  'Cladophora,  'Cobalt,  'Lead, 
•Path  of  pollutants,  Bioassay,  Heavy  metals,  Plant 
tissues,  Tissue  analysis,  Trace  metals. 

The  time-course  of  uptake  of  lead  (Pb),  chromium 
(Cr),  cadmium  (Cd),  and  cobalt  (Co)  by  clado- 
phora  glomerata  (L.)  Kutz,  a  common  filamentous 
green  alga  in  freshwater,  was  studied.  Uptake  ex- 
periments (15  replicates  for  each  metal)  were  con- 
ducted by  placing  the  alga  into  400  ml  of  test 
medium  (200  micrograms/L  metal  in  solution)  for 
6  hours,  with  sampling  after  0.25,  0.5,  1,  2,  4,  and  6 
hours.  Short  term  uptake  of  the  trace  metals  dif- 
fered in  both  rate  of  uptake  and  maximum  concen- 
tration obtained.  The  metal  concentrations  in  Cla- 
dophora  after  6  hours  were  168  micrograms/L  Cr, 
159.1  Pb,  119.1  Cd,  and  86.9  micrograms/g  Co. 
The  most  rapid  uptake  appeared  with  Cr  (120.7 
micrograms/g)  after  15  minutes  of  exposure,  i.e, 
71.8%  of  Cr  available).  Initial  rate  of  lead  uptake 
was  also  rapid  (60.5  micrograms/g  after  15  min- 
utes), but  substantial  uptake  continued  to  occur  for 
2  hours.  The  uptake  rate  of  Cd  was  initially  slower 
than  that  of  Cr  or  Pb  (16.8  micrograms/g  after  15 
minutes),  but  cell  concentrations  continued  to  in- 
crease during  the  first  4  hours  of  exposure.  (Ver- 
Nooy-PTT) 
W9O-O7036 


HEAVY  METAL  CONCENTRATIONS  IN  THE 
BANANA  PRAWN,  PENAEUS  MERGUIENSIS, 
AND  LEADER  PRAWN,  P.  MONODON,  IN 
THE  TOWNSVTLLE  REGION  OF  AUSTRALIA. 

James  Cook  Univ.  of  North  Queensland,  Towns- 
ville  (Australia).  Graduate  School  of  Tropical  Vet- 
erinary Science. 

D.  Darmono,  and  G.  R.  W.  Denton. 
Bulletin    of   Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  44,  No.  3,  p  479-486, 
March  1990.  2  tab,  15  ref. 

Descriptors:  'Bioaccumulation,  'Heavy  metals, 
•Path  of  pollutants,  'Shellfish  farming,  'Shrimp, 
•Stream  pollution,  'Trace  metals,  Animal  tissues, 
Australia,  Hepatopancreas,  Muscle,  Population  ex- 
posure, Tissue  analysis,  Water  pollution  effects. 

A  baseline  survey  was  undertaken  to  establish  the 
range  of  metal  levels  in  field  populations  of  juve- 
nile banana  prawns  (Penaeus  merguiensis)  and 
farmed  stocks  of  juvenile  leader  prawn,  P.  mono- 
don.  Concentrations  of  trace  elements,  i.e.,  copper 
(Cu),  zinc  (Zn),  iron  (Fe),  manganese  (Mn),  cadmi- 
um (Cd),  silver  (Ag),  magnesium  (Mg),  lead  (Pb), 
nickel  (Ni),  cobalt  (Co)  and  mercury  (Hg),  were 
determined  in  wild  and  farmed  prawn  stocks  and  a 
preliminary  assessment  of  inter-element  relation- 
ships within  tissues  was  also  made.  Wild  juvenile 
banana  prawns  were  collected  in  1986  from  the 
estuaries  of  Three  Mile  Creek  near  Townsville, 
Australia.  Compared  with  the  other  tissues  exam- 
ined, muscle  of  both  species  of  prawns  contained 
the  lowest  levels  of  Zn,  Cu,  Fe,  and  Mn.  Zinc  was 
always  the  most  abundant  element  (12.60  in  muscle 
(wild)  to  58.16  micrograms/g  in  hepatopancreas 
(aquaculture))  closely  followed  by  copper  (7.23  in 
muscle  (aquaculture)  to  199.10  in  hepatopancreas 
(wild)).  Manganese  preceded  Fe  in  order  of  abun- 
dance in  P.   merguiensis  while  the  reverse  was 


shown  for  cultured  P.  monodon.  In  both  species 
Hg  was  the  least  abundant  element  detected,  while 
concentrations  of  Ag,  Ni,  Pb,  Cd,  and  Co  were 
consistently  below  the  limits  of  analytical  detection 
(<  0.5  to  0.7  micrograms/g).  Metal  concentration 
data  from  the  two  collection  sites  were  compared 
with  data  from  other  crustacean  studies.  In  this 
study,  consistent  correlations  between  metal  pairs 
were  only  evident  for  Mn:Cu  and  Mn:Ag.  Both 
relationships  were  negative,  suggesting  competi- 
tion between  these  elements  for  ligands.  Concen- 
trations of  selected  heavy  metals  in  prawns  from 
three  different  locations  were  indicative  of  a  rela- 
tively clean  coastal  environment  when  compared 
with  reported  values  for  locations  where  pollution 
was  suspected.  Levels  of  Zn,  Cu,  Hg,  and  Cd  in 
the  muscle  were  below  the  maximum  levels  set  by 
the  Council  for  Human  Consumption.  (VerNooy- 
PTT) 
W90-07038 


METABOLITES  OF  THREE  STRUCTURAL 
ISOMERS  OF  BUTYLBENZENE  IN  THE  BILE 
OF  RAINBOW  TROUT. 

Department  of  Fisheries  and  Oceans,  St.  John's 

(Newfoundland).  Science  Branch. 

H.  Hellou,  A.  Ryan,  and  H.  J.  Hodder. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  3,  p  487-493, 

March  1990.  1  tab,  14  ref. 

Descriptors:  *Benzenes,  *Bile,  'Butylbenzene, 
•Fate  of  pollutants,  *Metabolites,  'Molecular 
structure,  'Trout,  Bioassay,  Fish,  Gall  bladder, 
Hydrocarbons,  Metabolism,  Path  of  pollutants. 

In  an  ongoing  study  of  the  fate  of  petroleum 
hydrocarbons  in  fish,  petroleum  derived  metabo- 
lites which  concentrate  in  the  gall  bladder  bile  of 
rainbow  trout  (Salmo  gairdneri)  have  been  exam- 
ined. The  metabolism  of  three  structural  isomers  of 
butylbenzene,  n-butylbenzene,  sec-butylbenzene 
and  tert-butylbenzene,  in  rainbow  trout  is  reported. 
These  compounds  were  chosen  because  several 
isomers  of  C-4  benzene  were  detected  in  analysis 
of  No.  2  fuel  oil.  Groups  of  10  to  12  trout  were 
intubed  through  the  mouth  with  0.5  ml  of  a  5% 
solution  of  one  of  the  butylbenzenes  in  olive  oil; 
0.5%  and  0.1%  sec-butylbenzene  solutions  were 
also  utilized.  After  120  hours  the  fish  were  killed 
and  their  gall  bladder  bile  analyzed  for  the  type  of 
glucuronides  formed.  Three  alcohols  were  identi- 
fied. The  major  sec-butylbenzene  and  n-butyl  me- 
tabolites were  identified  as  the  tertiary  alcohol,  2- 
phenyl-2-butanol  and  1 -phenyl- 1-butanol,  respec- 
tively. When  the  concentration  of  the  solution  of 
sec-butylbenzene  in  olive  oil  was  reduced  from  5 
to  0.5%  (by  a  factor  of  ten),  the  concentration  of 
the  metabolites  was  reduced  by  about  a  factor  of 
four.  When  trout  were  exposed  to  tert-butyl  ben- 
zene, five  new  peaks  were  detected  by  gas-liquid 
chromatography.  The  major  metabolite  was  a 
monohydroxylated  derivative  of  tert-butyl  ben- 
zene. Results  indicate  that  upon  exposure  of  trout 
to  three  aromatic  hydrocarbons  of  the  same  molec- 
ular weight,  ring  structure,  and  with  a  single  side 
chain,  oxidation  of  the  side  chain  will  take  place 
preferentially  to  that  of  the  ring.  (VerNooy-PTT) 
W90-07039 


EFFECT  OF  HYDROMETEOROLOGICAL 
FACTORS  ON  SPREADING  OF  OIL  PROD- 
UCTS EN  RESERVOIRS. 

A.  I.  Al'khimenko. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  4,  p  199-204,  1990.  2  fig,  2  tab,  6  ref.  Translat- 
ed from  Gidroteknicheskoe  Stroitel'stvo,  No.  4,  p 
28-32,  April,  1989. 

Descriptors:  'Hydrometeorology,  'Oil  pollution, 
'Oil  slicks,  'Path  of  pollutants,  'Reservoirs, 
'Water  pollution,  Gasoline,  Mathematical  models, 
Model  studies,  Oil  spills,  Oil-water  interfaces,  On- 
site  data  collections,  Vertical  distribution,  Water 
currents,  Wave  action,  Wind. 

To  provide  adequate  reservoir  water  quality  it  is 
necessary  to  design  the  reservoir  with  consider- 
ation of  background  pollution  and  anthropogenic 
loads,  and  to  routinely  monitor  and  evaluate  the 
degree  of  pollution  by  oil  products  and  minimize 


the  consequences  of  oil  spills  in  reservoir  waters. 
Serious  problems  arise  arise  when  solving  these 
problems  due  to  neglect  of  hydrometerological 
factors  on  the  spreading  of  oil  products  in  water 
areas.  A  model  was  developed  for  the  effect  of 
wind,  waves,  and  currents  with  the  Fay  model, 
using  data  from  wind  and  water  conditions  in 
marine  environments.  The  formation  and  develop- 
ment of  Langmuir  circulations,  an  important  factor 
in  the  spread  of  oil  in  water,  is  described  by  a 
system  of  equations.  On  site  data  collected  in  the 
Gulf  of  Finland  in  the  Baltic  Sea  was  used,  as  well 
as  laboratory  investigations.  Experiments  were 
conducted  to  determine  the  effect  of  waves  on  a 
film  of  motor  oil,  diesel  fuel,  and  gasoline.  Results 
made  it  possible  to  obtain  the  dependence  of  verti- 
cal distribution  of  the  size  of  droplets  on  thickness 
of  the  initial  film,  type  of  oil  product,  and  wave 
steepness.  Programs  were  developed  to  enable 
computer  calculation  of  the  spread  of  oil  products 
in  reservoirs  under  the  effect  of  wind,  waves,  and 
currents.  The  effect  of  an  ice  cover  was  calculated 
by  means  of  nomograms  based  on  7  years  of  on-site 
investigation  in  the  Gulf  of  Finland,  the  Shelon 
River,  and  in  Neva  Bay.  Tables  are  included  in  the 
paper  for  estimating  the  degree  of  pollution  of  a 
water  area  both  by  means  of  remote-sensing  meth- 
ods and  visual  observations.  (VerNooy-PTT) 
W90-07045 


DETERMINATION  OF  IN  SITU  METAL  PAR- 
TITIONrNG  BETWEEN  PARTICULATE 
MATTER  AND  GROUNDWATER. 

Weizmann   Inst,    of  Science,    Rehovoth   (Israel). 

Dept.  of  Isotope  Research. 

M.  C.  Wells,  M.  Magaritz,  A.  J.  Amiel,  B.  Rophe, 

and  D.  Ronen. 

Naturwissenschaften  NATWAY,  Vol.  76,  No.  12, 

p  568-570,  December  1989.  5  fig,  16  ref. 

Descriptors:  'Chemical  analysis,  'Groundwater 
pollution,  'Metals,  'Particulate  matter,  'Path  of 
pollutants,  Adsorption,  Aluminum,  Aquifers,  Cad- 
mium, Copper,  Effluents,  Fate  of  pollutants, 
Groundwater  chemistry,  Iron,  Israel,  Lead,  Spatial 
distribution,  Water  sampling,  Zinc. 

Mobile  particulate  matter  in  groundwater  is  the 
main  carrier  of  transition  metals  in  aquifers.  A 
multi-layer  sampler  was  used  to  collect  ground- 
water and  particulate  matter  from  an  aquifer  con- 
taminated by  industrial  effluents.  Samples  were 
collected  from  an  observation  well  drilled  into  the 
Eocene  chalk  aquifer  of  southern  Israel.  Particu- 
lates were  treated  sequentially  with  three  chemical 
extractants;  the  extracts  operationally  represent 
metals  in  the  carbonate,  oxide  and  organic  frac- 
tions. Particulate  matter  from  the  uppermost  sam- 
pling interval  was  distinctly  enriched  in  many 
metals:  the  trend  is  demonstrated  by  Cu,  Pb  and 
Zn  in  all  fractions,  and  Ag  in  the  oxide  fraction. 
Aluminum  noticeably  increases  with  depth  for  the 
oxide  fraction.  Profiles  of  dissolved  metals  in 
groundwater  show  that  metals  are  distributed  ho- 
mogeneously downwell  for  Ag,  Cu  and  Fe,  but 
surface-enriched  for  Al,  Cd,  and  Zn.  Results  imply 
that  Cu  and  Pb  are  transported  through  the  unsatu- 
rated zone  adsorbed  on  particulate  matter,  and 
upon  arrival  at  the  water  table  are  subsequently 
released  into  groundwater.  In  the  studied  samples, 
carbonate  averaged  15%  of  the  bulk  solid,  oxides 
and  organics  both  amounted  to  <  1.5%,  and  most 
of  the  remainder  was  fine  crystalline  quartz.  This 
indicates  that  l.-rge  amounts  of  potentially  labile 
and  toxic  metals  in  the  environment  are  partitioned 
into  a  very  small  part  of  the  particulate  phase. 
(VerNooy-PTT) 
W90-07051 


TRIBUTYLTIN  AND  TOTAL  TIN  IN  MARINE 
SEDIMENTS:  PROFILES  AND  THE  APPAR- 
ENT RATE  OF  TBT  DEGRADATION. 

Auckland  Univ.  (New  Zealand).  Dept.  of  Zoolo- 
gy- 

S.  J.  de  Mora,  N.  G.  King,  and  M.  C.  Miller. 
Environmental    Technology    Letters    ETLEDB, 
Vol.  10,  No.  10,  p  901-908,  October  1989.  2  fig,  2 
tab,  26  ref. 
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Group  5B — Sources  Of  Pollution 

Descriptors:  'Antifoulants,  'Degradation,  'Estua- 
rine  sediments,  'Fate  of  pollutants,  'Organotin 
compounds,  'Path  of  pollutants,  'Pesticides,  'Tin, 
Marine  pollution,  New  Zealand,  Storm  runoff. 

Total  tin  and  tributyltin  (TBT)  were  measured  in 
sediment  cores  collected  from  the  Tamaki  Estuary 
in  Auckland,  New  Zealand.  The  total  tin  concen- 
tration ranged  up  to  6.2  micrograms/gram  and  the 
TBT  concentration  ranged  up  to  0.759  micrograms 
TBT-Sn/gram.  While  the  maximum  total  tin  values 
were  observed  adjacent  to  a  storm  water  outfall, 
the  highest  surficial  TBT  levels  were  observed  in 
the  vicinity  of  boat  washdown  and  painting  yards. 
TBT  concentrations  decreased  with  depth  in  the 
sediments.  The  degradation  rate  for  TBT  in  sedi- 
ments exhibited  first  order  kinetics,  with  a  rate 
constant  of  0.375/y.  TBT  had  a  half-life  of  1.85 
years  in  the  sediment.  (Author's  abstract) 
W9O-O7054 


SPARTINA  ALTERNIFLORA  AS  A  POTEN- 
TIAL SOURCE  OF  HEAVY  METALS  TO  THE 
FOOD  CHAIN  OF  THE  SEPETIBA  BAY,  RIO 
DE  JANIERO,  BRAZIL. 

Universidade  Federal  de  Sao  Carlos  (Brazil).  Dept. 
de  Ciencias  Biologicas. 

N.  R.  W.  Lima,  W.  C.  Pfeiffer,  and  M.  Fiszman. 
Environmental    Technology    Letters    ETLEDB, 
Vol.  10,  No.  10,  p  909-920,  October  1989.  1  fig,  6 
tab,  43  ref. 

Descriptors:  'Bays,  'Brazil,  'Food  chains,  'Heavy 
metals,  'Path  of  pollutants,  'Salt  marshes,  'Spar- 
tina,  Aquatic  plants,  Aquatic  productivity,  Bioa- 
vailability, Biomass,  Industrial  wastes,  Litter, 
Marsh  plants,  Plant  tissues,  Rio  de  Janeiro,  Sepe- 
tiba  Bay. 

Spartina  alterniflora  growing  in  Sepetiba  Bay  were 
investigated  for  their  ability  to  take  up  Zn,  Cd,  Cr, 
Mn,  and  Fe  from  sediments  and  their  subsequent 
potential  availability  to  the  food  chains  of  the  bay 
through  litter.  Zn,  Cd.and  Cr  in  sediments  were 
highest  in  Coroa  Grande  and  confirm  that  this  is  an 
area  highly  influenced  by  anthropogenic  releases. 
When  comparing  the  two  marshes,  the  mean  metal 
mass  per  square  meter  in  grass  tissues  found  in 
Pedra  de  Guaratiba  were  higher  than  Coroa 
Grande.  In  the  litter  these  values  were  quite  similar 
and  were  potentially  available,  mainly  in  summer 
and  fall  when  the  grass  reaches  its  peak  of  produc- 
tivity. (Author's  abstract) 
W90-07055 


SEASONAL  VARIATION  OF  CERTAIN  OXI- 
DATION-REDUCTION CHARACTERISTICS 
OF  THE  RIVER  BHAGIRATHI  (INDIA). 

Garhwal  Univ.,  Srinagar  (India).  Dept.  of  Zoolo- 
gy- 

A.  Gautam,  H.  R.  Singh,  and  O.  P.  Sati. 
Proceedings  of  the  Indian  National  Science  Acade- 
my NSBGAM,  Vol.  55B,  No.  2,  p  111-114,  April 
1989.  2  fig,  1  tab,  11  ref. 

Descriptors:  'Biochemical  oxygen  demand,  'India, 
•Oxidation-reduction  potential,  'Rivers,  'Water 
pollution  effects,  'Water  quality,  Bhagirathi  River, 
Hydrogen  ion  concentration,  Oxidation-reduction 
index,  Seasonal  variation. 

The  Bhagirathi  River  was  examined  for  oxidation- 
reduction  potential  (Eh),  oxidation-reduction 
index,  pH,  and  biochemical  oxygen  demand 
(BOD).  Three  stretches  were  sampled.  A  continu- 
ous decrease  in  the  Eh  and  oxidation-reduction 
index  was  observed  from  the  upper  to  the  lower 
stretch,  indicating  a  continuous  addition  of  biode- 
gradable material  throughout  the  year.  The  in- 
creasing pH  and  BOD  values  from  the  upper  to 
lower  stretch  also  support  this  indication.  Higher 
amounts  of  organic  material  in  the  river  during 
winter  were  shown  by  the  low  Eh  and  oxidation- 
reduction  index  and  high  pH  and  BOD  values. 
(Miller-PTT) 
W90-07058 


ETHYLENE  DIBROMIDE:  PERSISTENCE  IN 
SOIL  AND  UPTAKE  BY  PLANTS. 

Connecticut     Agricultural     Experiment     Station, 


New  Haven.  Dept.  of  Soil  and  Water. 

C.  R.  Frink,  and  G.  J.  Bugbee. 

Soil  Science  SOSCAK,  Vol.  148,  No.  4,  p  303-307, 

October  1989.  2  fig,  14  ref. 

Descriptors:  'Absorption,  'Ethylene  dibromide, 
'Fumigants,  'Halogenated  pesticides,  'Path  of  pol- 
lutants, 'Soil  contamination,  'Soil-water-plant  re- 
lationships, Dose-response  relationships,  Organic 
compounds,  Pesticides. 

Ethylene  dibromide  (EDB,  or  1,2-dibromoethane) 
was  used  in  the  United  States  as  a  soil  fumigant 
from  1948  until  1983,  when  its  discovery  in  stored 
grain  and  in  wells  prompted  the  EPA  to  ban 
further  agricultural  uses.  Traces  of  EDB  have  also 
been  found  in  some  Connecticut  soils  up  to  25  yr 
after  their  last  known  fumigation.  This  persistence 
in  soil  and  water  raised  concern  over  possible 
contamination  of  vegetables  or  lawn  grasses  plant- 
ed in  soil  previously  treated  with  EDB.  To  simu- 
late a  worst  case,  radishes  (Raphanus  sativas  L.  cv. 
Champion)  and  perennial  rye  grass  (Lolium  per- 
enne  cv.  Pennfine)  were  planted  within  7  d  after 
fumigation,  rather  than  waiting  the  usual  4  to  6  wk 
for  the  EDB  to  dissipate.  Successive  harvests 
during  the  first  growing  season  showed  that  the 
concentrations  of  EDB  in  the  tissue  decreased 
relative  to  the  concentrations  in  the  soil.  No  EDB 
was  taken  up  by  radishes  or  grass  in  the  second 
growing  season  after  fumigation,  although  residues 
of  EDB  that  were  resistant  to  extraction  with 
hexane  persisted  in  the  soil  and  could  be  removed 
only  with  hot  methanol.  These  experiments  show 
that  the  traces  of  EDB  found  to  persist  in  soil  for 
many  years  after  fumigation  are  not  taken  up  by 
plants.  Also,  the  linearity  of  the  dose-response 
curves  for  uptake  of  organic  compounds  by  plants 
assumed  by  EPA  in  its  proposed  regulations  for 
land  application  of  sewage  sludge  should  be  reex- 
amined. (Author's  abstract) 
W90-07082 


TRANSPORT  OF  NONSORBED  CHEMICALS 
IN  THE  SUBSURFACE  ENVIRONMENT:  PRO- 
POSED MODEL  WITH  EXPERIMENTAL  VER- 
IFICATION. 

Southern  Univ.,  Baton  Rouge,  LA.  Dept.  of  Civil 

Engineering. 

F.  M.  A.  Saleh,  D.  J.  Bishop,  S.  F.  Dietrich,  J.  P. 

Knezovich,  and  F.  L.  Harrison. 

Soil  Science  SOSCAK,  Vol.  149,  No.  1,  p  23-34, 

January  1990.  13  fig,  1  tab,  33  ref,  append.  DOE 

Contract  No  W-7405-Eng-48. 

Descriptors:  'Groundwater  movement,  'Solute 
transport,  Convection,  Diffusion,  Dispersion,  Hy- 
drogen isotopes,  Model  studies,  Path  of  pollutants, 
Radioactive  tracers. 

The  objective  of  this  research  was  to  improve 
upon  current  models  used  to  predict  the  transport 
of  nonsorptive  solutes  in  the  subsurface  environ- 
ment, since  increased  concern  about  soil  and 
groundwater  contamination  has  led  to  efforts  to 
develop  a  better  understanding  and  prediction  of 
contaminant  transport  in  soil  systems.  After  sur- 
veying previous  modeling  efforts,  including  the 
convection  and  dispersion  equations,  the  micro- 
pore-macropore  model,  and  the  mobile-immobile 
zone  model,  a  model  incorporating  a  modified 
mobile-immobile  zone  model  is  outlined.  Some  re- 
lationships are  verified  through  experimental  stud- 
ies using  tritiated  water  as  a  tracer  in  columns 
packed  with  selected  sorbents.  In  addition,  the 
model  was  used  to  successfully  predict  the  results 
of  other  experiments  in  which  the  flow  rate  and 
column  height  were  changed.  According  to  the 
model,  molecules  of  nonsorptive  chemicals  are 
transported  by  convective  and  dispersive  mecha- 
nisms in  the  mobile  zones  and  by  random  molecu- 
lar diffusion  in  the  immobile  zones,  where  mole- 
cules in  general  are  considered  to  move  either 
toward  the  soil  surface  or  towards  the  mobile 
zones.  The  flow  in  these  forward  and  backward 
directions  is  a  first-order  process  with  two  differ- 
ent rate  constants.  Also,  partitioning  of  fluids  be- 
tween mobile  and  immobile  zones  is  dependent  on 
several  variables,  such  as  flow  velocity,  fluid  vis- 
cosity, and  soil-specific  surface  area.  Although  fit- 
ting individual  breakthrough  curves  can  be  accom- 
plished with  other  models,  the  outlined  model  can 


be  used  to  predict  the  transport  of  nonsorptive 
solutes  under  a  variety  of  experimental  conditions. 
(Author's  abstract) 
W90-07108 


MACROZOOBENTHOS  IN  THE  RIVER  TISZA 
AND  ITS  INFLUENTS. 

Fisheries  Research  Inst.,  Szarvas  (Hungary). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07116 


HEAVY  METAL  CONTENT  IN  THE  BRAN- 
CHIAE OF  SOME  TISZA  RIVER  FISH. 

Mid-Tisza  Region  Water  Conservancy  Director- 
ate, Szeged  (Hungary).  Water  Chemistry  Lab. 
F.  Csepai,  and  J.  Waijandt. 

Tiscia  TSCAB8,  Vol.  23,  p  97-105,  1989.  2  fig,  2 
tab. 

Descriptors:  'Cadmium,  'Fish,  'Heavy  metals, 
•Lead,  'Mercury,  'Path  of  pollutants,  'Zinc,  Fish 
food,  Hungary,  Tisza  River. 

The  zinc,  copper,  lead  and  mercury  content  in  the 
branchiae  of  132  fish  from  18  species  in  the  Tisza 
River,  Hungary,  was  examined  using  atomic  ab- 
sorption and  microscopic  histology  method.  Ran- 
domly caught  fish  were  divided  into  five  groups 
according  to  their  trophic  habits.  The  zinc,  copper, 
lead,  cadmium,  and  mercury  concentrations  in  the 
branchiae  exhibited  a  decreasing  order  from  zinc 
to  mercury.  The  examined  metals,  were  not 
present  in  the  branchiae  at  harmful  levels.  The 
metal  concentration  of  the  Tisza  river  is  relatively 
low;  it  reaches  neither  the  Hungarian,  nor  the 
international  limits.  Knowing  the  metal  content  in 
the  branchiae  and  on  the  basis  of  data  in  literature, 
assumptions  could  be  made  on  the  quality  of  fish 
based  on  the  requirements  of  metabolic  hygiene 
and  the  metal  ion  concentration.  (Author's  ab- 
stract) 
W90-07117 


INFLUENCE  OF  THE  WASTE-WATER  OF 
SZOLNOK  ON  THE  WATER  QUALITY  OF 
THE  TISZA  RIVER. 

Central  Tisza  Region  Environmental  and  Water 
Conservancy  Directorate,  Szolnok  (Hungary). 
J.  Waijandt. 

Tiscia  TSCAB8,  Vol.  24,  p  23-34,  1989.  4  fig,  3  tab, 
10  ref. 

Descriptors:  'Food-processing  wastes,  'Hungary, 
'Path  of  pollutants,  'Tisza  River,  'Wastewater 
pollution,  'Water  pollution  effects,  'Water  pollu- 
tion sources,  'Water  quality,  Dissolved  oxygen. 
Industrial  wastewater,  Municipal  wastewater,  Or- 
ganic matter,  Phosphates,  Pollution  load. 

The  reach  of  the  river  Tisza  River  between  the 
mouth  of  the  river  Sajo  and  the  town  of  Szolnok  in 
Hungary  can  be  characterized  by  an  improvement 
of  the  water  quality.  In  the  middle  reach  of  the 
Tisza  a  significant  pollution  load  occurs  only  at 
Szolnok.  In  the  vicinity  of  Szolnok  the  Tisza  is 
being  significantly  loaded  by  the  pollution  coming 
from  five  industrial  and  four  residential  areas, 
which  show  considerable  quantitative  and  quanti- 
tative variations  in  their  wastewaters.  Both  the 
output  of  the  wastewater  released  and  the  load  of 
certain  polluting  components  showed  a  slight  in- 
crease in  the  period  between  1977  and  1987. 
Nearly  half  of  the  organic  matter  is  being  released 
into  the  Tisza  by  the  Szolnok  Sugar  Works  during 
sugar  processing.  The  major  part  of  the  residential 
wastewater  comes  from  detergents,  fats,  and  oils. 
The  deterioration  in  water  quality  is  significant 
only  during  the  sugar  processing  season  from  Sep- 
tember to  December,  and  has  been  studied  in  detail 
only  for  those  periods.  The  deterioration  of  the 
water  quality  was  clearly  visible  in  comparative 
studies  of  the  water  in  the  reaches  above  and 
below  Szolnok  (Tiszaug)  based  on  measurements 
of  organic  matter,  dissolved  oxygen  and  phos- 
phate-ion concentration.  The  actual  deterioration 
of  water  quality  was  less  than  would  be  expected 
from  calculations  due  to  the  self-purification  of  the 
river.  For  conservation  of  the  water  quality  of  the 
Tisza    River,    an    adequate    purification    of   the 
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wastewater  of  the  Szolnok  Sugar  Works  is  a  neces- 
sary first  step.  (Author's  abstract) 
W90-07119 


ACIDIC  DEPOSITION:  EXTENT  AND  IMPACT 
ON  FOREST  SOILS,  NUTRITION,  GROWTH 
AND  DISEASE  PHENOMENA  IN  CENTRAL 
EUROPE:  A  REVIEW. 

Munich  Univ.  (Germany,  F.R.).  Dept.  of  Soil  Sci- 
ence. 

K.  E.  Rehfuess. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 
No.  1/2,  p  1-20,  October  1989.  4  fig,  2  tab,  79  ref. 

Descriptors:  *Acid  rain  effects,  'Forest  soils, 
•Groundwater  pollution,  *Soil  properties,  *West 
Germany,  Aluminum,  Forest  ecosystems,  Heavy 
metals,  Leaching,  Nitrates,  Weather. 

Present  knowledge  about  the  extent  of  acidic  depo- 
sition in  Central  Europe  is  reviewed  with  special 
emphasis  on  the  situation  in  West  Germany,  the 
relationships  between  soils  and  soil-mediated  ef- 
fects of  acidic  deposition  on  the  one  hand  and 
forest  diseases  on  the  other,  and  the  temporal 
changes  of  relevant  soil  properties  during  the  past 
decades.  Infertile  soils  are  more  likely  to  act  as 
regional  or  local  than  as  widespread  general  stres- 
sors in  forest  ecosystems  of  West  Germany.  The 
more  or  less  simultaneous  outbreak  of  natural  and 
of  pollutant-determined  diseases  during  the  early 
eighties  is  postulated  to  be  triggered  by  largescale 
weather  stress,  such  as  dry  periods  or  frost  phe- 
nomena. These  weather  stresses  trigger  natural  dis- 
eases as  well  as  regional  tree  decline  determined  by 
pollution  and  deposition.  Infertile  soils,  inadequate 
nutrition,  pollution  and  atmospheric  deposition  or 
pathogens  are  not  general,  but  local/regional  or 
disease  type-specific  stress  factors  wherever  they 
act  with  intensity.  Although  these  disease  phenom- 
ena cannot  be  conclusively  linked  to  atmospheric 
deposition,  the  high  levels  of  hydrogen,  nitrogen, 
and  sulfur  deposition  can  alter  the  chemical  proc- 
esses and  functions  of  the  soil  over  a  long  period  of 
time.  With  high  inputs  of  nitrogen  and  sulfur,  the 
leaching  of  nitrates,  alkaline  metals,  aluminum,  and 
heavy  metals  is  accelerated  in  a  variety  of  soil 
types.  The  hydrosphere  may  be  contaminated  if 
these  substances  are  passing  the  subsoil  and  parent 
rock,  reaching  the  groundwater,  the  wells  and  the 
water  courses.  It  is  the  prevention  of  these  long 
term  changes  of  soils  and  water  bodies  which 
urgently  requires  the  control  of  the  input  of  hydro- 
gen, nitrogen,  sulfur,  and  heavy  metals  to  forest 
ecosystems  and  to  cut  down  the  emission  of  these 
compounds.  (Brunone-PTT) 
W90-07123 


EFFECTS     OF     ACID     IRRIGATION     AND 
LIMING    IN    A    NORWAY    SPRUCE    STAND 
(PICEA  ABDZS  (L.)  KARST). 
Munich  Univ.  (Germany,  F.R.).  Dept.  of  Soil  Sci- 
ence. 

K.  Kreutzer,  H.  Reiter,  R.  Schierl,  and  A. 
Gottlein. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 
No.  1/2,  p  111-125,  October  1989.  10  fig,  28  ref. 

Descriptors:  *Acid  rain  effects,  *Forest  soils, 
•Liming,  'Soil  contamination,  'Spruce  trees, 
•Water  pollution  sources,  Aluminum,  Calcium, 
Cation  exchange,  Hydrogen  ion  concentration,  Ion 
mobilization,  Magnesium,  Nitrification. 

Acid  irrigation  (pH  2.7-2.8)  has  caused  significant 
changes  in  the  chemistry  of  the  soil  of  a  mature 
Norway  spruce  (Picea  abies)  stand  after  4  yr  of 
treatment.  In  the  surface  humus  layer,  20%  of  the 
exchangeable  calcium,  magnesium,  potassium,  and 
manganese  ions  were  leached.  This  was  connected 
with  a  decrease  of  pH  and  cation  exchange  capac- 
ity. In  the  mineral  soil,  no  changes  of  pH  and 
cation  adsorption  were  observed.  However,  there 
was  a  significant  increase  of  aluminum  ions  in  the 
soil  solution,  exceeding  20  mg/L,  mainly  caused  by 
dissolution  of  aluminum-hydroxides  and  aluminum- 
hydroxo-sulfates.  The  concentrations  of  ionic 
copper,  zinc,  and  cadmium  were  nearly  doubled. 
Manganese  concentrations  fluctuated  according  to 
periods  with  and  without  acid  irrigation,  showing 
reduction   and   oxidation   phases.    In   contrast   to 


microorganisms,  certain  moss  species  and  Oxalis 
acetosella,  the  mature  spruce  stand  has  not  been 
severely  damaged.  Liming  led  to  a  significant  in- 
crease of  dissolved  organic  carbon,  which  is  associ- 
ated with  mobilization  of  metals  such  as  lead, 
copper,  and  aluminum  in  organic  complexation. 
Also  nitrification  increased  in  the  surface  humus 
layer.  As  a  consequence  the  nitrate  concentrations 
in  the  seepage  water  exceeded  250  mg/L.  These 
findings  suggest  that  good  nutrient  supply  is  of 
great  importance  for  the  trees  to  tolerate  acidic 
impacts  and  increased  aluminum  concentration  in 
the  soil  solution.  The  use  of  liming  could  be  haz- 
ardous for  water  quality  especially  when  lime  is 
applied  on  lead  or  copper  contaminated  sites  in  the 
vicinity  of  streams.  (Brunone-PTT) 
W90-07124 


ALUMINUM  TOXICITY  IN  FORESTS  EX- 
POSED TO  ACIDIC  DEPOSITION:  THE 
ALBIOS  RESULTS. 

Maine  Univ.,  Orono.  Dept.  of  Botany. 

C.  S.  Cronan,  R.  April,  R.  J.  Bartlett,  P.  R.  Bloom, 

and  C.  T.  Driscoll. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 

No.  1/2,  p  181-192,  October  1989.  3  fig,  2  tab,  37 

ref. 

Descriptors:  *Acid  rain  effects,  'Aluminum,  •For- 
ests, *Ion  transport,  'Sulfur  deposition,  'Toxicity, 
Europe,  Forest  watersheds,  North  America,  Pine 
forests,  Plant  growth,  Soil  solution,  Watershed 
management. 

The  ALBIOS  project  was  conducted  to  examine 
the  influence  of  acidic  deposition  on  aluminum 
transport  and  toxicity  in  forested  ecosystems  of 
eastern  North  America  and  northern  Europe.  Pat- 
terns of  aluminum  chemistry  were  evaluated  in  14 
representative  watersheds  exposed  to  different 
levels  of  sulfur  deposition.  Controlled  studies  with 
solution  and  culture  methods  were  used  to  test 
interspecific  differences  in  aluminum  sensitivity  for 
one  indicator  species  (honeylocust,  Gleditsia  tria- 
canthos  L.)  and  six  commercial  tree  species  (red 
spruce,  Picea  rubens  Sarg.;  red  oak,  Quercus  rubra; 
sugar  maple,  Acer  saccharum;  American  beech, 
Fagus  grandifolia;  European  beech,  Fagus  sylva- 
tica;  loblolly  pine,  Pinus  taeda).  Overall,  red  spruce 
was  the  tree  species  whose  growth  was  most  sensi- 
tive to  soluble  aluminum,  with  significant  biomass 
reductions  occurring  at  aluminum  concentrations 
of  approximately  200-250  micromoles  per  liter. 
American  beech  and  loblolly  pine  appear  to  be  the 
least  likely  of  the  species  examined  to  be  affected 
by  known  concentrations  of  soluble  aluminum  in 
natural  forest  stands.  Analyses  of  soil  solutions 
from  the  field  sites  indicated  that  the  conditions  for 
aluminum  toxicity  for  some  species  exist  at  some  of 
the  study  areas.  At  these  watersheds,  aluminum 
toxicity  could  act  as  a  contributing  stress  factor 
affecting  forest  growth.  (Author's  abstract)  (Brun- 
one-PTT) 
W90-07125 


MEASUREMENTS  OF  WET  AND  DRY  DEPO- 
SITION IN  A  NORTHERN  HARDWOOD 
FOREST. 

State  Univ.  of  New  York  at  Syracuse.  Coll.  of 

Environmental  Science  and  Forestry. 

J.  P.  Shepard,  M.  J.  Mitchell,  T.  J.  Scott,  Y.  M. 

Zhang,  and  D.  J.  Raynal. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 

No.  1/2,  p  225-238,  October  1989.  2  fig,  4  tab,  60 

ref. 

Descriptors:  »Acid  rain,  'Atmospheric  pollution, 
•Chemistry  of  precipitation,  *Dry  deposition, 
'Forest  ecosystems,  'Ion  transport,  Mathematical 
models,  Nutrient  transport,  Sulfates. 

Inputs  of  wet  and  dry  deposition  were  monitored 
at  the  Huntington  Forest  in  the  Adirondack  Moun- 
tains of  New  York  for  two  years  in  the  open  and 
beneath  the  canopy  of  a  northern  hardwood  forest. 
In  the  open,  ion  flux  estimates  were  similar  using 
wet-only  weekly  (NADP  protocol)  and  event  col- 
lections, but  bulk  collections  were  higher  for  all 
ions  except  hydrogen  ion,  which  was  much  lower. 
These  differences  were  due  to  the  contribution  of 
dry  deposition  and  possible  biotic  alterations  in 


bulk  collectors.  Dry  deposition  was  estimated 
using  air  concentrations  and  ion-specific  deposi- 
tional  velocities  modeled  with  meteorological  data, 
and  contributed  substantially  to  the  input  of  all 
ions.  Dry  input  of  base  cations  was  dominated  by 
coarse  particles,  whereas  gaseous  inputs  were  more 
important  for  sulfur  and  nitrate  ions.  Atmospheric 
concentrations  of  sulfur  dioxide  and  inputs  of  sul- 
fate ions  and  hydrogen  ions  were  lower  at  this  site 
than  sites  closer  to  point  sources  of  sulfur  gas 
emission.  The  importance  of  estimating  atmospher- 
ic inputs  was  examined  using  examples  of  elemen- 
tal budgets.  For  example,  different  estimates  of  the 
contribution  of  dry  deposition  of  sulfate  ions  re- 
sulted in  conclusions  ranging  from  no  net  retention 
to  a  net  loss  of  this  element.  Such  differences  have 
important  implications  in  assessing  the  current  and 
future  role  of  atmospheric  inputs  in  affecting  ele- 
mental cycling.  (Author's  abstract) 
W90-07126 


ION  LEACHING  FROM  A  SUGAR  MAPLE 
FOREST  IN  RESPONSE  TO  ACIDIC  DEPOSI- 
TION AND  NITRIFICATION. 

Great    Lakes    Forestry    Research    Centre,    Sault 

Sainte  Marie  (Ontario). 

N.  W.  Foster,  P.  W.  Hazlett,  J.  A.  Nicolson,  and  I. 

K.  Morrison. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 

No.  1/2,  p  251-261,  October  1989.  8  fig,  2  tab,  21 

ref. 

Descriptors:  'Acid  rain  effects,  'Forest  ecosys- 
tems, 'Forest  soils,  'Forest  watersheds,  'Ion 
leaching,  'Leaching,  'Maple  trees,  •Nitrification, 
•Soil  solution,  *Throughfall,  Adirondack  Moun- 
tains, Calcium,  Magnesium,  Mass  balance,  New 
York,  Nitrates,  Sulfates,  Turkey  Lakes  Watershed. 

Year-to-year  variation  in  acidic  deposition  within  a 
mature  sugar  maple-dominated  forest  and  in  leach- 
ing of  ions  from  the  associated  podzolic  soil  were 
examined  at  the  Turkey  Lakes  Watershed  between 
1981  and  1986.  The  contribution  of  atmospheric 
deposition  to  sulfate,  nitrate  and  calcium  ion  leach- 
ing decreased  over  the  years.  During  the  study 
period,  the  mean  annual  volume-weighted  nitrate 
concentration  decreased  in  throughfall  and  forest- 
floor  percolate  and  increased  in  the  mineral  soil 
solution  collected  below  the  effective  rooting 
zone.  A  substantial  shift  in  the  balance  between 
sulfate  and  nitrate  ion  leaching  from  the  mineral 
soil  was  observed;  leaching  of  sulfate  ions  de- 
creased and  nitrate  ions  increased  with  time. 
Leaching  of  calcium  and  magnesium  ions  from  the 
soil  was  increased  as  a  result  of  excess  nitrate  ion 
production  in  the  soil.  The  calculated  output  of 
nitrate  ions  from  the  soil  considerably  exceeded 
the  atmospheric  deposition  of  nitrate  ions,  whereas 
sulfate  ion  outputs  were  only  moderately  greater 
than  inputs.  The  overall  effect  of  the  year-to-year 
changes  in  solution  chemistry  is  to  accelerate  the 
acidification  process,  but  the  long-term  conse- 
quences of  the  calcium  losses  are  still  largely  un- 
known. Forest  ecosystems  can  be  expected  to  ex- 
hibit short-term  adjustments  to  perturbations  that 
disrupt  their  normal  condition  of  a  steady  state 
(equilibrium)  between  inputs  and  outputs  in  any 
compartment  of  the  ecosystem.  (Author's  abstract) 
W90-07127 


CYCLING  OF  MERCURY  BETWEEN  WATER, 
AIR,  AND  SOIL  COMPARTMENTS  OF  THE 
ENVIRONMENT. 

Atmospheric   Environment   Service,   Downsview 

(Ontario). 

W.  H.  Schroeder,  J.  Munthe,  and  O.  Lindqvist. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 

No.  3/4,  p  337-347,  November  1989.  4  fig,  2  tab,  62 

ref. 

Descriptors:  *Fate  of  pollutants,  *Geochemical 
cycles,  *Mass  balance,  'Mercury,  'Path  of  pollut- 
ants, 'Volatilization,  'Water  pollution  sources, 
Vapor  pressure,  Water  solubility. 

The  behavior  and  ultimate  fate  of  mercury  intro- 
duced into  the  biosphere  both  from  natural  and 
from  anthropogenic  sources  is  of  interest  to  many 
researchers.   The   propensity   to   resist   chemical, 
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photo-chemical  or  biological  degradation  process- 
es, coupled  with  a  high  degree  of  mobility  (due  to 
favorable  physicochemical  properties  such  as  rela- 
tively high  vapor  pressure  and  low  solubility  in 
water)  bestows  upon  some  chemical  substances  the 
necessary  prerequisites  for  extensive  recycling 
among  environmental  compartments.  Certain  inor- 
ganic and  organometallic  species  of  mercury  exhib- 
it these  characteristics.  Field  measurement  data, 
collected  in  Canada  and  Sweden,  provide  informa- 
tion concerning  the  direction  and  magnitude  of  the 
material  fluxes  associated  with  transfer  processes 
of  mercury  in  the  natural  environment.  The  results 
of  the  field  measurements  point  to  the  importance 
of  the  natural  phenomena  of  emission  or  re-emis- 
sion involving  the  release  of  volatile  mercury  spe- 
cies from  lake  and  soil  surfaces  into  the  overlying 
air,  at  least  under  warm  weather  conditions.  Con- 
sequently, volatilization  fluxes  of  mercury  from 
natural  surfaces  should  be  taken  into  account  when 
constructing  biogeochemical  cycles  for  this  ele- 
ment and  when  calculating  mass  balances  or  budg- 
ets for  mercury  on  local,  regional,  and  global 
scales.  (Author's  abstract) 
W9O-07129 


SIMULATION  OF  THE  LONG-TERM  SOIL 
RESPONSE  TO  ACID  DEPOSITION  IN  VARI- 
OUS BUFFER  RANGES. 

Winard  Staring  Centre  for  Integrated  Land,  Soil 
and  Water  Research,  Wageningen  (Netherlands). 
W.  DeVries,  M.  Posch,  and  J.  Kamari. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 
No.  3/4,  p  349-390,  November  1989.  15  fig,  7  tab, 
71  ref,  append. 

Descriptors:  'Acid  rain  effects,  'Atmospheric 
chemistry,  *  Buffer  capacity,  *  Buffering,  *Geo- 
chemical  cycles,  'Mathematical  models,  'Soil 
chemistry,  'Soil  water,  Aluminum,  Hydrogen  ion 
concentration,  Weathering. 

A  soil  acidification  model  has  been  developed  to 
estimate  long-term  chemical  changes  in  soil  and 
soil  water  in  response  to  changes  in  atmospheric 
deposition.  Its  major  outputs  include  base  satura- 
tion, hydrogen  ion  concentration,  and  the  molar 
aluminum/divalent  base  cation  ratio  (Al/BC). 
Apart  from  net  uptake  and  net  immobilization  of 
nitrogen,  the  processes  accounted  for  are  restricted 
to  geochemical  interactions,  including  weathering 
of  carbonates,  silicates,  and  aluminum  oxides  and 
hydroxides,  cation  exchange  and  carbon  dioxide 
equilibriums.  The  behavior  of  the  model  was  eval- 
uated by  analyzing  the  response  of  an  initially 
calcareous  soil  of  50  cm  depth  to  a  constant  high 
acid  load  over  a  period  of  500  years.  Results  indi- 
cate a  time  lag  of  about  100  year  for  each  percent 
calcium  carbonate  before  the  hydrogen  ion  con- 
centration begins  to  drop.  In  non-calcareous  soils, 
the  response  mainly  depends  upon  the  initial 
amount  of  exchangeable  base  cations.  The  impact 
of  various  deposition  scenarios  on  non-calcareous 
soils  was  analyzed  for  a  time  period  of  100  years. 
The  results  indicate  that  the  time  lag  between 
reductions  in  deposition  and  a  decrease  in  the  Al/ 
BC  ratio  is  short.  (Author's  abstract) 
W90-07130 


ACCUMULATION  OF  COPPER  IN  CLARIAS 
ANGUILLARIS  L.  AND  OREOCHROMIS  NI- 
LOTICUS  L. 

Ahmadu   Bello  Univ.,   Zaria  (Nigeria).   Dept.   of 

Biological  Sciences. 

J.  A.  Daramola.  and  A.  A.  Oladimeji. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 

No.  3/4,  p  457-461,  November  1989.  2  tab,  13  ref. 

Descriptors:  'Bioaccumulation,  'Bioassay, 
•Copper  sulfate,  *Fish  physiology,  'Path  of  pollut- 
ants, 'Trace  metals,  Fish  diets,  Industrial 
wastewater,  Laboratory  methods,  Tissue  analysis, 
Wastewater  pollution. 

Copper  wastes  from  industrial  discharge  may  be 
made  available  to  aquatic  organisms,  particularly 
fish,  and  may  be  concentrated  to  harmful  levels. 
Clarias  anguillaris  and  Oreochromis  niloticus  were 
each  exposed  to  solutions  of  Analar  grade  copper 
sulfate  in  static  bioassays  at  a  temperature  range  of 
20  to  23.5  C  and  calcium  carbonate  hardness  of  30- 


44  mg/L.  Copper  accumulation  was  determined  by 
atomic  absorption  spectroscopy.  The  copper  resi- 
dues in  Clarias  anguillaris  exposed  to  0.027,  0.055 
and  0. 1 1  mg  copper/L  for  8  weeks  were  15.7,  21.8, 
and  31.17  mg/g  dry  weight,  respectively.  Oreoch- 
romis niloticus  exposed  to  0.05,  0.1,  and  0.2  mg 
copper/L  accumulated  34.69,  36.90,  and  81.03  mg/ 
g  dry  weight,  respectively,  over  the  8  week  period 
of  exposure.  The  lowest  and  highest  bioconcentra- 
tion  factors  were  117  and  581  for  Clarias  anguil- 
laris and  176  and  694  for  Oreochromis  niloticus. 
Copper  concentrations  in  tissues  of  both  species 
were  directly  related  to  the  exposure  concentra- 
tions and  the  duration  of  exposure.  Increased  accu- 
mulation towards  the  last  2  weeks  of  exposure  may 
be  due  to  impaired  capacity  of  elimination  or  poor 
nutritional  status.  (Author's  abstract) 
W90-07132 


ASSESSMENT  OF  STABLE  NrTROGEN  ISO- 
TOPES IN  FINGERPRINTING  SURFACE 
WATER  INORGANIC  NITROGEN  SOURCES. 

Louisiana  State  Univ.,  Baton  Rouge.  Nuclear  Sci- 
ence Center. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07134 


60CO  RETENTION  BY  A  FRESHWATER 
PLANKTONIC  ALGA  SCENCEDESMUS  OBLI- 
QUUS. 

CEA  Centre  d'Etudes  Nucleaires  de  Cadarache, 
Saint-Paul-les-Durance  (France).  Inst,  de  Protec- 
tion et  de  Surete  Nucleaire. 
R.  Nucho,  and  J.  P.  Baudin. 

Environmental  Pollution  ENPOEK,  Vol.  62,  No. 
4,  p  265-279,  1989.  4  fig,  47  ref. 

Descriptors:  'Algae,  'Bioaccumulation,  'Cobalt 
radioisotopes,  'Path  of  pollutants,  'Phytoplankton, 
•Radioactive  wastes,  'Scenedesmus,  Chelating 
agents,  Decontamination,  Sodium  chloride,  Water 
pollution. 

A  recent  literature  review  showed  that  a  great  deal 
of  research  has  been  carried  out  on  the  accumula- 
tion of  metals  by  phytoplankton.  Little  data,  how- 
ever, is  available  regarding  radionuclides,  especial- 
ly 60Co.  An  experimental  research  program  exam- 
ined the  ways  in  which  60Co  was  transferred  to 
freshwater  ecosystems.  The  first  results  showed 
that  60Co  fixation  was  massive  and  extremely 
rapid  in  Scenedesmus  obliquus.  The  results  of  sev- 
eral decontamination  experiments,  whose  purpose 
was  to  evaluate  60Co  retention  by  Scenedesmus 
obliquus  under  various  experimental  conditions 
corresponding  to  situations  encountered  in  situ,  or 
to  different  phases  in  the  development  cycle  of  an 
algal  population  are  presented.  The  physiological 
condition  of  cells  was  not  involved  in  radiocolbalt 
desorption,  which  seemed  to  indicate  that  the  phe- 
nomenon was  of  a  passive  nature.  When  the  pre- 
contamination  time  was  extended,  the  proportion 
of  adsorbed  60Co  decreased,  and  the  final  percent- 
age of  radionuclide  retained  increased.  These  re- 
sults were  confirmed  by  bringing  cells  into  contact 
with  a  strong  chelating  agent.  The  limitation  of 
60Co  in  the  presence  of  EDTA  underwent  a  sharp 
decrease  which  was  correlated  with  the  increase  in 
the  duration  of  the  precontamination  phase.  The 
use  of  a  weaker  complexing  agent,  such  as  NaCl, 
led  to  the  hypothesis  of  there  being  2  types  of 
60Co  receptor  on  cell  membranes.  (Mertz-PTT) 
W90-07137 


IMPACT  OF  ARTIFICIAL  AMMONIUM-EN- 
RICHED RAINWATER  ON  SOILS  AND 
YOUNG  CONIFEROUS  TREES  IN  A  GREEN- 
HOUSE. PART  I-EFFECTS  ON  THE  SOILS. 

Katholieke  Univ.  Nijmegen  (Netherlands).  Dept. 

of  Aquatic  Ecology  and  Biogeology 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07138 


FATE  OF  MONOCROTOPHOS  IN  THE  ENVI- 
RONMENT. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Wilmington, 

DE.  Agricultural  Products  Dept. 

P.  W.  Lee,  J.  M.  Fukuto,  H.  Hernandez,  and  S.  M. 

Stearns 


Journal  of  Agricultural  and  Food  Chemistry 
JAFCAU,  Vol.  38,  No.  2,  p  567-573,  February 
1990.  3  fig,  8  tab,  8  ref. 

Descriptors:  'Agricultural  chemicals,  'Fate  of  pol- 
lutants, 'Insecticides,  'Path  of  pollutants,  Agricul- 
tural hydrology,  Azodrin,  Cotton,  Degradation 
products,  Monocrotophos,  Thin  layer  chromatog- 
raphy. 

Monocrotophos,  the  active  ingredient  for  Azodrin 
insecticide,  is  effective  against  a  wide  spectrum  of 
phytophagous  insects  and  mites.  In  addition  to  its 
high  contact  toxicity,  monocrotophos  also  possess- 
es systemic  and  residual  activity  when  applied 
directly  to  the  stems  of  cotton  plants.  The  fate  of 
monocrotophos  in  the  aqueous  and  soil  environ- 
ment was  examined.  Hydrolysis  rates  for  monocro- 
tophos are  pH-dependent  and  follow  first-order 
kinetics.  The  half-live  of  monocrotophos  in  pH  3 
buffer  solution  at  25  C  is  131  days,  while  in  pH  9 
buffer  it's  26  days.  N-Methylacetoacetamide  and 
O-desmethylmonocrotophos  were  the  major  hy- 
drolytic  degradation  products  detected.  There  was 
no  observable  qualitative  or  quantitative  difference 
when  the  aqueous  and  soil  experiments  were  con- 
ducted in  the  dark  or  with  exposure  to  sunlight. 
Soil  metabolism  studies  showed  rapid  and  exten- 
sive decomposition  of  monocrotophos  and  it  soil 
metabolites  to  14C02  and  unextractable  residues. 
N-Methylacetoacetamide,  N- 

(hydroxymethyl)monocrotophos,  and  3-hydroxy- 
N-methylbutyramide  were  detected  as  soil  degra- 
dation products.  Soil  thin  layer  chromotography 
data  indicated  that  monocrotophos  was  mobile 
under  test  conditions.  Rotational  crops  planted  at 
various  time  intervals  after  soil  treatment  con- 
tained low,  if  any,  significant  residue  levels  of 
monocrotophos  or  its  metabolites.  (Mertz-PTT) 
W90-07175 


PERSISTENCE,  LEACHABIXITY,  AND  LAT- 
ERAL MOVEMENT  OF  TRICLOPYR 
(GARLON)  IN  SELECTED  CANADIAN  FOR- 
ESTRY SOrLS. 

Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 

G.  R.  Stephenson,  K.  R.  Solomon,  C.  S.  Bowhey, 

and  K.  Liber. 

Journal    of    Agricultural    and    Food    Chemistry 

JAFCAU,  Vol.  38,  No.  2,  p  584-588,  February 

1990.  3  fig,  4  tab,  9  ref. 

Descriptors:  'Fate  of  pollutants,  'Herbicides, 
•Path  of  pollutants,  *Pesticides,  'Triclopyr, 
•Water  pollution  sources,  Canada,  Clay  soils,  En- 
vironmental effects,  Leaching,  Sandy  soils,  Soil 
contamination. 

Triclopyr,  a  pyridine  herbicide,  is  highly  active  for 
the  control  of  broad-leaved  weeds  and  brush  but 
has  little  activity  on  grasses.  Although  triclopyr 
has  been  used  for  several  years  to  control  brush  in 
rangelands  of  the  U.S.,  it  is  just  now  being  consid- 
ered for  use  on  rights-of-way  and  for  conifer  re- 
lease in  Canada.  A  number  of  possible  sites  were 
investigated  in  the  Matheson  area  of  Northern 
Ontario.  Triclopyr,  ((3,5,6-trichloro-2- 

pyridyl)oxy)acetic  acid,  Garlon  4E,)  was  moder- 
ately persistent  in  sandy  and  clay  soils  at  the 
Northern  Ontario  site.  Time  to  50%  disappearance 
was  2  weeks  and  90%  for  4  weeks,  regardless  of 
soil  type.  Evidence  of  triclopyr  leaching  in  re- 
sponse to  heavy  rainfall  was  observed  7  days  after 
application  in  both  soils,  but  residues  of  triclopyr 
at  a  depth  of  25-30  cm  never  exceeded  6  micrc- 
gram/kg,  when  present.  In  a  study  of  lateral  move- 
ment of  triclopyr  with  runoff  water,  residues  (in 
the  range  0.01-0.96  microgram/L)  were  recovered 
in  a  collection  ditch  12-13  m  downslope;  however, 
there  was  no  evidence  of  mass  movement  of  tyri- 
clopyr  at  quantifiable  levels  (0.54  microgram/kg) 
downslope  in  the  soil.  Field  studies  of  persistence 
and  mobility  confirmed  earlier  laboratory  results 
and  indicate  that  environmental  problems  are  un- 
likely to  occur  as  a  result  of  excessive  triclopyr 
persistence  and/or  mobility  in  soils  typical  of 
Northern  Ontario  forestry  areas.  (Mertz-PTT) 
W90-07176 
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RECOVERY  OF  VIRUSES  AND  BACTERIA  IN 
WATERS  OFF  BONDI  BEACH:  A  PILOT 
STUDY.  „    . 

Metropolitan    Water,    Sewerage    and    Drainage 

Board,  Sydney  (Australia). 

C.  S.  W.  Kueh,  and  G.  S.  Grohmann. 

Medical  Journal  of  Australia  MJAUAJ,  Vol.  151, 

No.  11/12,  p  632-638,  December  1989.  2  fig,  1  tab, 

30  ref. 

Descriptors:  'Australia,  'Beaches,  *Coxsackie 
virus,  'Enteroviruses,  'Pathogenic  bacteria,  'Pol- 
lutant identification,  'Sewage  bacteria,  'Viruses, 
•Water  pollution  sources,  Bacterial  analysis, 
Marine  pollution,  Water  quality. 

A  pilot  study  was  conducted  between  February 
and  April,  1989,  on  the  occurrence  of  sewage- 
derived  viruses  and  bacteria  in  the  beach  and  near- 
shore  waters  off  Bondi,  Sydney,  Australia.  Entero- 
viruses were  isolated  from  41%  of  a  total  of  66 
sewage,  seawater,  grease  and  sediment  samples. 
Poliovirus  vaccine  strains  accounted  for  78%  of 
the  isolates.  Adenoviruses  were  isolated  four  times 
and  coxsackievirus  B  was  isolated  twice  in  samples 
that  were  collected  away  from  the  bathing  area. 
Rotavirus  and  hepatitis  A  virus  were  not  detected. 
The  number  of  fecal  coliforms,  fecal  streptococci, 
Aeromonas  hydrophila  and  Clostridium  perfringen 
in  the  sewage  ranged  from  10,000  to  10,000,000 
colony-forming  units  (cfu)/100  mL.  An  initial  re- 
duction of  100-1000  in  bacterial  counts  was  ob- 
served in  the  plume  (the  effluent's  initial  dilution 
zone)  and  further  reduction  of  100-10,000  in  counts 
in  samples  that  were  collected  away  from  the 
plume.  Salmonella  were  detected  in  one-third  of 
the  samples  and  low  numbers  of  Campylobacter 
jejuni  were  found  in  the  sewage  and  plume.  Salmo- 
nella serotypes  that  were  associated  with  the 
sewage  and  plume  were  distinct  from  those  in  the 
stormwater  and  beachwater,  indicating  that  storm- 
water  may  be  an  important  source  of  pollution  on 
Bondi  beach.  (Author's  abstract) 
W90-07177 

BIOACCUMULATION  OF  CADMIUM  BY  THE 
FRESHWATER  ISOPOD  ASELLUS  AQUATI- 
CUS  (L.)  FROM  AQUEOUS  AND  DDTTARY 
SOURCES.  ,  ,   „.  ,     •     , 

Vrije  Univ.,  Amsterdam  (Netherlands).  Biological 
Lab.  „      . 

B.  Van  Hattum,  P.  De  Voogt,  L.  Van  den  Bosch, 
N.  M.  Van  Straalen,  and  E.  N.  G.  Joosse. 
Environmental  Pollution  ENPOEK,  Vol.  62,  No. 
2/3,  p  129-151,   1989.  2  fig,  8  tab,  64  ref.  Free 
University  of  Amsterdam  (USF  grant  86-5 1-e). 

Descriptors:  'Bioaccumulation,  'Cadmium,  *Iso- 
pods,  'Path  of  pollutants,  Elodea,  Fate  of  pollut- 
ants, Hydrogen  ion  concentration,  Water  pollution. 

Experiments  were  conducted  to  determine  the  ki- 
netics and  relative  importance  of  aqueous  and  die- 
tary uptake  of  cadmium  by  the  freshwater  isopod 
Asellus  aquaticus.  Test  animals  were  exposed 
during  30  days  to  aqueous  Cd  in  a  continuous  flow 
system  (exposure  levels:  0.2-10  microgram/L)  and 
kept  on  a  diet  of  previously  contaminated  Elodea 
sp.  (range  of  Cd  concentrations:  2-350  microgram/ 
g,  dry  weight).  Preceding  semi-static  experiments 
on  dosage-control  of  the  dietary  factor  revealed  a 
rapid  uptake  of  Cd  by  Elodea,  with  relatively  high 
concentration  factors  (CF),  which  ranged  from 
4.8-5.5  (dry  weight  log  (CF)  after  16  days).  For 
Asellus  uptake  from  water  appeared  to  be  the 
predominant  route.  Highly  significant  bioconcen- 
tration  of  Cd  from  water  was  observed  in  the 
animals,  even  at  exposure  levels  below  1.0  micro- 
gram/L. In  the  various  treatments,  direct  uptake 
from  water  accounted  for  50-98%  of  the  body 
burdens  after  30  days  exposure.  The  experimental 
results  were  described  with  a  first-order  one-com- 
partment bioaccumulation  model.  Model  parame- 
ter estimates  (mean  -(-/-standard  error)  were  ob- 
tained for  rate  constant  of  uptake  (56  +/-1 10/day), 
rate  constant  of  elimination  (0.032  +/-0.017/day) 
and  assimilation  efficiency  of  Cd  uptake  from  food 
(1.1  +/-0.7%).  The  (dry  weight)  bioconcentration 
factor  (BCF)  and  bioaccumulation  factor  (BAF) 
for  extrapolated  steady-state  conditions  were  esti- 
mated at  18,000  (BCF)  and  0.08  (BAF).  Experi- 
ments conducted  at  two  different  pH  levels  (5.9  vs. 


7.6)  revealed  no  significant  effects  of  pH  on  the 
uptake  of  aqueous  Cd  by  the  isopods.  It  is  probable 
that  the  bioavailability  of  Cd  in  natural  freshwater 
systems  will  be  substantially  less  than  in  the 
present  experiments  as  a  result  of  the  presence  of 
humic  acids  and  some  ligand  binding  substances. 
(Author's  abstract) 
W90-07192 

FORMALDEHYDE  LEVELS  IN  AD*  AND  WET 
PRECD7ITATION  AT  MEXICO  CITY, 
MEXICO. 

Universidad  Nacional  Autonoma  de  Mexico, 
Mexico  City.  Centro  de  Ciencias  de  la  Atmosfera. 
A.  P.  Baez,  R.  D.  Belmont,  O.  G.  Gonzalez,  and  I. 
P.  Rosas. 

Environmental  Pollution  ENPOEK,  Vol.  62,  No. 
2/3,  p  153-169,  1989.  4  fig,  6  tab,  29  ref. 

Descriptors:  'Atmospheric  chemistry,  'Chemistry 
of  precipitation,  'Formaldehyde,  'Mexico,  'Path 
of  pollutants,  Air  pollution,  Mexico  City,  Rain. 

Formaldehyde  concentrations  in  ambient  air  and  in 
rain  water  were  measured  at  the  University  of 
Mexico,  Mexico  City.  Air  samples  were  taken 
twice  a  day,  from  9:00  to  13:00  h  and  from  13:00  to 
16:00  h  local  time  from  July  to  December  1985. 
Rain  water  was  collected  on  a  daily  basis  from 
July  to  October,  i.e.  during  the  rainy  season.  The 
ambient  air  mean  value  was  0.0244  ppmv  for  morn- 
ing hours,  while  the  afternoon  mean  value  was 
0.0185  ppmv.  The  formaldehyde  concentration  in 
wet  precipitation  ranged  from  0.10-0.80  mg/L  (3.3- 
26.6  micromol/L),  with  a  mean  value  of  0.41  mg/ 
L  (13.7  micromol/L).  A  comparison  of  the  results 
with  some  measurements  made  at  remote  maritime 
sites,  rural  and  suburban  areas,  indicated  that  the 
formaldehyde  levels  in  the  atmosphere  and  rain 
water  of  Mexico  City  are  among  the  highest  re- 
ported in  the  literature,  including  data  reported  for 
Los  Angeles,  California,  during  severe  photochem- 
ical pollution  conditions.  (Author's  abstract) 
W90-07193 

PHTHALATE  ESTER  SPECIATION  IN  ESTUA- 
RINE  WATER,  SUSPENDED  PARTICULATES 
AND  SEDIMENTS. 

Liverpool  Univ.  (England).  Oceanography  Lab. 
M.  R.  Preston,  and  L.  A.  Al-Omran. 
Environmental  Pollution  ENPOEK,  Vol.  62,  No. 
2/3,  p  183-193,  1989.  3  fig,  5  tab,  8  ref. 

Descriptors:  'Estuaries,  'Particulate  matter,  'Path 
of  pollutants,  'Phthalates,  'Sediment  chemistry, 
•Suspended  sediments,  'Water  chemistry,  'Water 
pollution,  England,  Lipids,  Liverpool,  Organic 
carbon,  River  Mersey  Estuary. 

Following  earlier  work  in  which  phthalate  ester 
speciation  was  examined  in  laboratory  studies,  this 
paper  describes  the  results  of  an  attempt  to  validate 
the  results  by  field  measurements  in  the  River 
Mersey  Estuary,  Liverpool,  UK.  Samples  of  water, 
suspended  solids  and  sediments  were  analyzed  for 
their  phthalate  ester  content.  Solid  samples  were 
also  analyzed  for  their  carbon,  organic  carbon,  and 
lipid  content.  A  comparison  of  the  field  and  labora- 
tory results  confirms  the  association  between  dieth- 
ylhexyl  phthalate  and  small  particles  and  shows 
that  other  phthalates  tend  to  be  associated  with 
relatively  coarse,  lipid-rich  particles.  Partition  co- 
efficients between  dissolved  phthalate  esters  and 
suspended  particles  are  calculated  and  compared 
with  other  laboratory  studies.  (Author's  abstract) 
W90-07195 

POLYCHLORINATED  BWHENYLS  (PCBS)  IN 
SEDIMENTS  IN  HONG  KONG:  A  CONGENER- 
SPECD7IC  APPROACH  TO  THE  STUDY  OF 
COPLANAR  PCBS  IN  AQUATIC  ECOSYS- 
TEMS. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 

N.  Kannan,  S.  Tanabe,  T.  Okamoto,  R.  Tatsukawa, 
and  D.  J.  H.  Phillips. 

Environmental  Pollution  ENPOEK,  Vol.  62,  No. 
2/3,  p  223-235,  1989.  4  fig,  4  tab,  17  ref.  Ministry  of 
Education,  Science  and  Culture  of  Japan  project 
no.  60030060. 


Descriptors:  'Hong  Kong,  'Marine  environment, 
•Path  of  pollutants,  'Polychlorinated  biphenyls, 
•Sediment  contamination,  Coastal  waters,  Sedi- 
ment chemistry,  Sediments,  Water  pollution. 

Patterns  of  contamination  by  polychlorinated  bi- 
phenyls (PCBs)  were  investigated  in  14  samples  of 
coastal  sediments  from  Hong  Kong.  Congener- 
specific  analyses  revealed  9  sediment  samples  from 
Junk  Bay  to  contain  PCBs  at  concentrations  rang- 
ing from  31-2200  ng/g  dry  weight,  concentrations 
generally  increasing  with  distance  north  in  the 
Bay.  By  contrast,  5  sediments  from  the  Tolo  area 
to  the  northeast  of  Hong  Kong  exhibited  total  PCB 
levels  of  only  6.6-45  ng/g  dry  weight.  The  patterns 
of  relative  abundance  of  PCB  congeners  in  the 
northern  Junk  Bay  sediments  suggested  the  exist- 
ence of  ongoing  sources  of  PCBs  in  this  area; 
biphenyls  of  lower  chlorination  were  present  at 
high  concentration  in  these  samples.  Three  copla- 
nar  PCBs  (3',4,4'-tetrachlorobiphenyl;  3,3',4,4',5- 
pentachlorobiphenyl,  and  3,3',4,4',5,5'-hexachloro- 
biphenyl)  were  found  to  be  present  in  Junk  Bay 
sediments;  these  are  highly  toxic  and  are  cause  for 
concern  in  aquatic  environments.  The  abundance 
of  the  3  coplanar  PCBs  in  the  sediments  studied 
was  similar  to  that  in  commercial  PCB  mixtures, 
suggesting  that  these  congeners  are  not  enriched 
over  other  PCBs  by  the  sediments  of  coastal  eco- 
systems. It  is  concluded  that  the  preferential  en- 
richment of  coplanar  PCBs  occurs  in  the  biosphere 
rather  than  in  sediments.  (Author's  abstract) 
W90-07197 


TEMPORAL  TRENDS  OF  ORGANOCHLOR- 
INE  RESIDUES  IN  LIZARD  GOBY  RHINOGO- 
BIUS  FLUMINEUS  FROM  THE  RIVER  NA- 
GARAGAWA,  JAPAN. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 

B.  G.  Loganathan,  S.  Tanabe,  M.  Goto,  and  R. 
Tatsukawa. 

Environmental  Pollution  ENPOEK,  Vol.  62,  No. 
2/3,  p  237-251,  1989.  9  fig,  1  tab,  30  ref. 

Descriptors:  *Bioaccumulation,  *Fish,  *Japan, 
•Organochlorine  compounds,  *Path  of  pollutants, 
•Rivers,  *Water  quality  trends,  Chlordane,  DDT, 
Insecticides,  Polychlorinated  biphenyls,  River  Na- 
garagawa,  Water  pollution. 

PCBs,  DDTs,  HCHs  (BHCs)  and  chlordane  com- 
pounds were  analyzed  in  lizard  goby,  Rhinogobius 
flumineus,  collected  from  the  River  Nagaragawa, 
Japan  during  the  period  from  1968-86.  High  resi- 
due levels  of  PCBs,  DDTs  and  HCHs  were  found 
during  the  late  1960s  and  early  1970s.  From  the 
early  1970s,  the  residual  levels  started  declining 
and  the  lowest  levels  were  reached  during  the 
1980s.  In  1986,  the  residual  concentrations  of 
PCBs,  DDTs  and  HCHs  were  150,  6.2  and  2.2  ng/ 
g  which  were  100,  100  and  210  times  less  than  the 
highest  values  recorded  during  the  years  1969, 
1968  and  1970  respectively.  Unlike  these  pollut- 
ants, residual  concentrations  of  chlordane  com- 
pounds have  showed  about  a  5-fold  increase  from 
5.4  ng/g  in  1970  and  reached  the  level  of  25  ng/g 
in  1986.  (Author's  abstract) 
W90-07198 


PERMEABILITY  OF  AIR  AND  IMMISCIBLE 
ORGANIC  LIQUIDS  IN  POROUS  MEDIA. 

Battelle-Northwest,  Richland,  WA. 
J.  W.  Cary,  C.  S.  Simmons,  and  J.  F.  McBride. 
Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
6,  p  1205-1216,  December  1989.  6  fig,  4  tab,  18  ref. 
U.S.  Department  of  Energy  Contract  DE-AC06- 
76RLO  1830. 

Descriptors:  *Oil,  *Path  of  pollutants,  •Permeabil- 
ity, *Porous  media,  *Soil  contamination,  *Soil 
gases,  Conductivity,  Groundwater  pollution,  Haz- 
ardous wastes,  Immiscibility,  Loam,  Organic  com- 
pounds, Sand,  Silt,  Soil  porosity,  Soil  types,  Soil 
water. 

The  conductivity  of  air,  mineral  oil  (relative  vis- 
cosity 77),  and  a  light  nontoxic  oil  (relative  viscosi- 
ty 4.7)  was  measured  in  three  porous  media:  a  sand, 
loamy  sand,  and  a  silt  loam.  The  measurements 
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were  made  over  a  range  of  water  contents  for  each 
porous  medium.  Small  volumes  of  air  were  present 
as  well  as  significant  amounts  of  water  during  most 
of  the  oil  conductivity  measurements.  The  results 
were  compared  to  two  methods  for  calculating 
conductivities  of  immiscible  fluids  in  water-wet 
porous  media.  A  new  equation  that  accounts  for 
swelling  and  for  the  gas  slippage  effect  in  very 
small  pores  was  formulated  for  use  with  these 
methods.  The  observed  conductivities,  spanning 
seven  orders  of  magnitude,  agree  reasonable  well 
with  calculated  values.  Only  three  soil  parameters 
are  required  to  calculate  the  conductivities:  (1)  the 
saturated  conductivity  of  water,  (2)  the  saturated 
conductivity  of  the  immiscible  fluid  of  interest,  and 
(3)  a  pore  size  index  value  that  is  obtained  from  an 
estimate  from  the  water  release  curve  of  the 
porous  material.  Remediation  of  organic  liquid 
spills  is  briefly  discussed  to  illustrate  the  practical 
applications  of  gas  phase  conductivities,  as  well  as 
those  for  immiscible  organic  liquid  phases.  In  light 
of  spatial  variation  under  field  conditions,  the 
method  presented  for  calculating  values  of  three- 
phase  conductivities  will  be  useful  in  the  manage- 
ment of  immiscible  organic  liquid  spills  and  leaks. 
(Author's  abstract) 
W90-07210 


LEAD  AND  CADMIUM  ASSOCIATED  WITH 
SALTWATER  INTRUSION  IN  A  NEW  JERSEY 
AQUIFER  SYSTEM. 

Geological  Survey,  West  Trenton,  NJ. 

A.  A.  Pucci,  D.  A.  Harriman,  E.  M.  Ervin,  J. 

Bratton,  and  A.  Gordon. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p  1267-1272,  December  1989.  2  fig,  2  tab,  22  ref. 

Descriptors:  'Aquifer  systems,  'Cadmium, 
•Groundwater  pollution,  *Lead,  'New  Jersey, 
•Saline  water  intrusion,  'Water  pollution  sources, 
Chlorides,  Path  of  pollutants,  Potomac-Raritan- 
Magothy  Aquifer  System,  Wells. 

The  U.S.  Geological  Survey  collected  groundwat- 
er samples  from  the  upper  and  middle  aquifers  of 
the  Potomac-Raritan-Magothy  aquifer  system  in  a 
400-square-mile  area  of  New  Jersey  from  1984- 
1986.  Concentrations  of  lead  were  greater  than  the 
U.S.  Environmental  Protection  Agency  maximum 
contaminant  level  (MCL)  of  50  micrograms/L  in 
water  from  16  of  239  wells.  The  concentrations  of 
cadmium  were  greater  than  the  MCL  of  10  micro- 
grams/L in  water  from  10  of  241  wells.  One-half  of 
the  wells  that  exceeded  the  lead  MCL  were  in 
known  areas  of  saltwater  intrusion,  as  were  all  10 
wells  that  exceeded  the  cadmium  MCL.  The  asso- 
ciation of  elevated  concentrations  of  these  metals 
with  elevated  concentrations  of  chloride  indicates 
a  mechanism  related  to  saltwater  intrusion.  (Au- 
thor's abstract) 
W90-07216 


LEACHATE  QUALITY  FROM  GYPSUM  NEU- 
TRALIZED RED  MUD  APPUED  TO  SANDY 
SODLS. 

Murdoch  Univ.  (Western  Australia).  School  of  En- 
vironmental and  Life  Science. 
For  primary  bibliographic   entry  see   Field   2G. 
W90-07217 


INTERSPECIFIC  DD7FERENCES  IN  MANGA- 
NESE LEVELS  ES  FRESHWATER  BIVALVES. 

Cleveland  State  Univ.,  OH.  Dept.  of  Geological 

Sciences. 

M.  J.  S.  Tevesz,  G.  Matisoff,  S.  A.  Frank,  and  P. 

L.  McCall. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 

No.  1-2,  p  65-70,  September  1989.  1  fig,  4  tab,  9  ref. 

Descriptors:  'Bioaccumulation,  'Clams.  'Manga- 
nese, 'Path  of  pollutants,  Bioindicators,  Mollusks, 
Neutron  activation  analysis,  Ohio,  Water  pollution. 

Vital  effects  may  be  important  in  determining 
metal  levels  in  bivalves  and  must  be  taken  into 
account  before  the  environmental  'meaning'  of  the 
data  may  be  interpreted.  Manganese  concentra- 
tions in  shells  and  soft  tissues  of  several  species  of 
freshwater  bivalves  from  three  recent  environ- 
ments in  northern  Ohio  and  one  archeological  site 


from  southern  Ohio  were  determined  by  neutron 
activation  analysis.  A  species  effect  is  shown 
where  Fusconaia  flava  Mn  levels  >  Anodonta 
grandis  grandis  levels  >  or  =  all  Lampsilis  species 
levels.  Mn  is  concentrated  by  a  factor  of  2-25  in 
soft  tissues  compared  to  shells.  In  addition,  within- 
taxon  variability  of  Mn  concentration  is  high.  The 
high  intra-species  variability  points  to  the  necessity 
of  processing  many  individuals  before  reliable 
numbers  may  be  obtained.  (Author's  abstract) 
W90-07219 


VOLATILIZATION  OF  ORGANIC  CHEMI- 
CALS FROM  WATER. 

Bogazici  Univ.,  Istanbul  (Turkey).  Inst,  of  Envi- 
ronmental Sciences. 
N.  Ince,  and  Y.  Inel. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 
No.  1-2,  p  71-79,  September  1989.  3  fig,  4  tab,  22 
ref. 

Descriptors:  'Mass  transfer,  'Path  of  pollutants, 
•Volatile  organic  compounds,  'Water  pollution, 
Benzenes,  Chlorinated  hydrocarbons,  Naphtha- 
lenes, Oxygen,  Phenols,  Toluene,  Water  chemistry, 
Xylenes. 

Liquid-phase  transfer  coefficients  of  10  selected 
organic  pollutants  were  measured  simultaneously 
with  the  oxygen  reaeration  coefficient  in  a  2  L 
reactor.  The  contents  of  the  reactor  were  stirred  in 
the  laboratory  by  a  0.15  m  diameter  propeller 
attached  to  a  constant  speed  motor.  The  ratio  of 
the  mass  transfer  coefficient  of  the  chemical  to  that 
of  oxygen  is  found  to  vary  between  0.43  and  0.60 
for  8  of  the  chemicals  tested  (toluene,  o-xylene, 
naphthalene,  biphenyl,  tetrachloroethylene,  chlor- 
obenzene,  ethylbenzene,  trichloroethylene).  This 
result  is  in  good  agreement  with  the  literature 
concerning  high  volatility  chemicals.  The  value  of 
this  ratio  was  0.10  for  nitrobenzene  and  0.01  for 
phenol,  confirming  the  predominance  of  gas  phase 
resistances  in  the  transport  process  for  these  two 
compounds.  (Author's  abstract) 
W90-07220 


BEHAVIOR  OF  RUNOFF-DERIVED  METALS 
IN  A  DETENTION  POND  SYSTEM. 

Oregon  Graduate  Center,  Beaverton.  Dept.  of  En- 
vironmental Science  and  Engineering. 
K.  Mesuere,  and  W.  Fish. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 
No.  1-2,  p  125-138,  September  1989.  4  fig,  3  tab,  38 
ref. 

Descriptors:  'Fate  of  pollutants,  'Heavy  metals, 
•Path  of  pollutants,  'Surface  detention,  'Urban 
runoff,  Cadmium,  Copper,  Lead,  Parking  lots. 
Storm  runoff. 

The  removal  and  fate  of  runoff-derived  heavy 
metals  in  a  1-yr  old  detention  pond  system  were 
investigated  during  climatic  conditions  typical  of 
the  U.S.  maritime  Northwest.  The  catchment  was 
a  medium-sized,  suburban  parking  lot  near  Port- 
land, Oregon.  Water  samples  from  runoff,  the  de- 
tention pond  system,  and  pond  effluent  were  col- 
lected and  analyzed  for  dissolved  and  particulate 
Cu.  Cu  was  the  dominant  toxic  metal  for  the  study 
site,  while  analysis  of  selected  samples  for  Pb  and 
Cd  showed  these  metals  to  be  minor  pollutants. 
Total  Cu  in  runoff  varied  among  different  storm 
events  over  a  wide  range  of  concentrations  ( <  2  to 
33  microgram/L),  while  total  Cu  levels  in  pond 
effluent  remained  within  a  fairly  narrow  range  (5 
to  12  microgram/L).  Sediment  samples  collected 
from  the  detention  pond  system  were  analyzed  for 
Cu  in  two  size  fractions  (<63  micron  and  <  125 
micron).  Cu  was  found  to  be  deposited  in  the  pond 
sediments  in  a  small  but  highly  concentrated  plume 
(up  to  130  mg/kg),  extending  axial  ly  from  the 
runoff  inlet  pipe.  Overall,  results  showed  that  low- 
cost,  small-scale  detention  ponds  can  be  a  useful 
management  practice  for  runoff  from  parking  lot 
areas  and  can  be  of  value  in  preserving  the  integri- 
ty of  receiving  waters.  (Author's  abstract) 
W90-07222 


MERCURY  LEVELS  IN  THE  SEDIMENT, 
WATER,  AND  SELECTED  FINFISHES  OF 
LAGUNA  LAKE,  THE  PHDLD7PINES. 


Southeast   Asian   Fisheries   Development   Center, 

Iloilo  (Philippines).  Aquaculture  Dept. 

L.  A.  Cuvin-Aralar. 

Aquaculture  AQCLAL,  Vol.  84,  No.  3/4,  p  277- 

288,  February  1990.  2  fig,  3  tab,  24  ref. 

Descriptors:  'Fish,  'Lake  sediments,  'Lakes, 
•Mercury,  'Path  of  pollutants,  'Philippines, 
Atomic  absorption  spectrophotometry,  Conductiv- 
ity, Dissolved  oxygen,  Turbidity,  Water  analysis. 

Monthly  samples  of  sediment,  water  and  commer- 
cially important  species  of  fish,  primarily  Oreoch- 
romis  niloticus  and  Chanos  chanos,  plus  a  few 
other  species,  were  collected  from  the  West  Bay 
area  of  Laguna  Lake,  The  Philippines  from  Janu- 
ary to  December  1987.  Mercury  levels  were  deter- 
mined in  all  samples  by  cold  vapor  atomic  absorp- 
tion spectrophotometry.  Results  showed  that  sedi- 
ment samples  contained  mercury  levels  ranging 
from  26.7  to  117  ppb.  Mercury  levels  in  the  water 
were  negatively  correlated  with  conductivity  and 
dissolved  oxygen  and  positively  correlated  with 
turbidity.  The  mercury  burden  of  the  fish  species 
samples  was  below  the  maximum  permissible  level 
set  by  the  UN  World  Health  Organization  and  US 
Federal  Drug  Administration  of  0.05  ppm.  No 
direct  correlation  was  observed  between  mercury 
levels  in  sediment  and  water,  water  and  fish  and 
sediment  and  fish.  (Author's  abstract) 
W90-07226 


FIELD  STUDIES  OF  THE  S02/AQUEOUS 
SOV)  EQUILIBRIUM  IN  CLOUDS. 

Victoria  Univ.  of  Manchester  (England).  Inst,  of 

Science  and  Technology. 

M.  Radojevic,  B.  J.  Tyler,  A.  J.  Wicks,  M.  J.  Gay, 

and  T.  W.  Choularton. 

Atmospheric  Environment  ATENBP,  Vol.  24A, 

No.  2,  p  323-328,  1990.  1  fig,  2  tab,  22  ref. 

Descriptors:  'Acid  rain,  'Air  pollution,  'Bisulfites, 
•Cloud  chemistry,  •Sulfites,  'Sulfur  dioxide, 
Cloud  liquid  water,  Formaldehyde,  Hydrogen  per- 
oxide, Oxidation. 

The  total  concentration  of  physically  dissolved 
sulfur  dioxide  and  the  bisulfite  and  sulfite  ions  is 
designated  by  S(I V).  Concentrations  of  S(IV)  were 
measured  in  cloudwater  at  Great  Dun  Fell  and 
compared  with  theoretical  bisulfite  (assuming  equi- 
librium between  aqueous  and  gaseous  phases)  in 
clouds.  Detectable  concentrations  of  S(IV)  in  the 
range  of  1  to  17.2  micromol/cu  dm  were  observed 
only  in  samples  which  contained  low  hydrogen 
peroxide  concentrations,  generally  <  1  micromol/ 
cu  dm.  Concentrations  of  S(IV)  were  below  the 
detection  limit  of  1  micromol/cu  dm  in  samples 
which  contained  high  hydrogen  peroxide  levels  (1 
to  80  micromol/cu  dm)  confirming  that  either 
sulfur  dioxide  or  hydrogen  peroxide  acts  as  the 
limiting  reagent  in  the  oxidation  of  sulfur  dioxide 
in  cloudwater.  Equilibrium  bisulfite  concentrations 
were  estimated  from  the  measured  cloudwater  pH, 
the  gas  phase  sulfur  dioxide  concentration  and  the 
ambient  temperature  and  found  to  be  on  average 
about  5  times  lower  than  the  measured  S(IV)  con- 
centrations. The  possible  role  of  formaldehyde  in 
stabilizing  S(IV)  in  cloudwater  is  discussed.  The 
kinetic  data  available  in  the  literature  suggest  that 
the  complexation  reaction  between  S(IV)  and 
formaldehyde  is  too  slow  to  account  for  the  ob- 
served difference  between  measured  and  calculat- 
ed S(IV)  concentrations  over  the  typical  lifetime  of 
clouds  in  our  study.  S(IV)  accounted  for  up  to 
10%  of  the  sulfate  measured  in  stored  cloudwater 
samples.  (Author's  abstract) 
W90-07228 


ATMOSPHERIC  H202  FDXLD  MEASURE- 
MENTS IN  A  TROPICAL  ENVIRONMENT: 
RAW  A,  BRAZIL. 

Institut     fuer    Spektrochemie    und    Angewandte 
Spektroskopie,  Dortmund  (Germany,  F.R.). 
P.  Jacob,  T.  M.  Tavares,  V.  C.  Rocha,  and  D. 
Klockow. 

Atmospheric  Environment  ATENBP,  Vol.  24A, 
No.  2,  p  377-382,  1990.  5  fig,  2  tab,  36  ref. 
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Descriptors:  *Acid  rain,  'Atmospheric  chemistry, 
•Brazil,  'Hydrogen  peroxide,  'Tropical  regions, 
Air  pollution,  Chemistry  of  precipitation,  Model 
studies,  Oxidation. 

The  knowledge  of  atmospheric  hydrogen  peroxide 
levels  in  different  parts  of  the  globe  is  of  great 
interest  because  gaseous  H202  is  involved  with  the 
gas  phase  radicals,  which  are  the  most  important 
oxidizing  species  for  the  transformation  of  atmos- 
pheric pollutants.  In  addition,  in  acidic  liquid 
phase,  H202  is  the  major  oxidizing  agent  for  trans- 
forming sulfite  into  sulfate,  and  also  for  nitrite. 
Model  calculations  used  for  estimations  and  predic- 
tions of  conversion  rates  of  airborne  matter  call  for 
cognizance  of  H202  levels  in  distinct  environ- 
ments. Concentrations  of  hydrogen  peroxide  in 
atmospheric  gas  and  liquid  phases  were  determined 
for  the  first  time  in  the  tropical  Southern  Hemi- 
sphere. Measurements  were  carried  out  in  the  Sal- 
vador area,  Bahia,  both  at  the  seaside  and  500  m 
away  from  it  as  well  as  at  270  km  inland,  in  a  rural 
area,  during  March-April  1988.  Gaseous  hydrogen 
peroxide  was  collected  by  cryogenic  and  rain  by 
wet-only  sampling.  Analyses  were  performed  with 
the  peroxyoxalate  chemiluminescence  method,  em- 
ploying a  compact  field  apparatus.  The  measured 
gas  phase  concentrations  ranged  from  0.2  to  3.9 
ppb  by  volume  compared  to  0.01-0.6  ppb  by 
volume  obtained  from  measurements  with  similar 
methodology  in  Dortmund,  West  Germany,  during 
summer.  The  corresponding  concentration  ranges 
in  rainwater  are  0.9-6.8  ppm  by  weight  (Bahia)  and 
0.1-2.2  ppm  by  weight  (Dortmund,  summertime). 
Gas/liquid  hydrogen  peroxide  equilibrium  during 
rain  events  is  only  attained  at  precipitation  rates 
below  1  mm/hr.  (Author's  abstract) 
W90-O7230 


EFFECT  OF  FREEZING  ON  THE  COMPOSI- 
TION OF  SUPERCOOLED  DROPLETS -I.  RE- 
TENTION OF  HCL,  HN03,  NH3  AND  H202. 

Toronto    Univ.    (Ontario).    McLennan    Physical 

Labs. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-07231 


EFFECT  OF  FREEZING  ON  THE  COMPOSI- 
TION OF  SUPERCOOLED  DROPLETS-n.  RE- 
TENTION OF  S(TV).  . 

Toronto    Univ.    (Ontario).    McLennan    Physical 

Labs. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-07232 


INFLUENCE  OF  BEDROCK  GEOCHEMISTRY 

ON    THE    HEAVY    METAL    CONTENT    OF 

STREAM  WATER,  MARINE  WATER,  MARINE 

SEDIMENTS  AND  ORGANISMS  IN  ST.  JOHN, 

USVI. 

Center  for  Energy  and   Environment  Research, 

San  Juan,  PR. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-07238 

MERCURY  LEVELS  IN  THE  PLUMAGE  OF 
RED-BJXLED  GULLS  LARUS  NOVAEHOL- 
LANDIAE  SCOPULENUS  OF  KNOWN  SEX 
AND  AGE. 

Glasgow  Univ.  (Scotland).  Dept.  of  Zoology. 
R  W.  Furness,  S.  A.  Lewis,  and  J.  A.  Mills. 
Environmental  Pollution  ENPOEK,  Vol.  63,  No. 
1,  p  33-39,  1990.  1  fig,  1  tab,  19  ref. 

Descriptors:  *Bioaccumulation,  *Gulls,  'Mercury, 
•Path  of  pollutants,  Birds,  Feathers,  Heavy  metals, 
New  Zealand,  Waterfowl. 

Samples  of  4-8  small  body  feathers  were  taken 
from  27  chicks  and  35  adult  red-billed  gulls  caught 
at  their  nests  on  the  Kaikoura  Peninsula,  New 
Zealand,  in  December  1988.  The  adults  had  been 
banded  as  chicks  and  were  of  known  ages  from  2 
to  15  years  old.  Analysis  of  total  mercury  in  the 
feather  samples  showed  that  levels  were  independ- 
ent of  sex  and  age  in  adults.  Mean  fresh  weight 
concentration  in  adult  body  feathers  was  2.4  mi- 
crograms/gram.  The  lack  of  age  accumulation  of 
mercury  in  gull  feathers  contrasts  with  the  well 


known  age  related  accumulation  of  mercury  in 
tissues  of  fish  and  marine  mammals,  but  agrees 
with  predictions  of  recent  studies  on  mercury  dy- 
namics in  birds.  Mercury  levels  in  chick  feathers 
were  about  80%  of  levels  in  adult  feathers.  (Au- 
thor's abstract) 
W90-07240 

OBSERVATIONS  OF  THE  OCEANIC  ENVI- 
RONMENT AND  WARM-WATER  OUTFALL 
NEAR  THE  KOEBERG  NUCLEAR  POWER 
STATION,  SOUTH  AFRICA. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Ocean- 
ography. 

For  primary  bibliographic  entry  see  Field  2L. 
W90-07244 

ORGANOCHLORINES  IN  BOTTLENOSE 
DOLPHINS  TURSIOPS  TRUNCATUS  FROM 
THE  EAST  COAST  OF  SOUTH  AFRICA. 

Port     Elizabeth     Museum,     Humewood     (South 

Africa).  . 

V.  G.  Cockcroft,  A.  C.  De  Kock,  D.  A.  Lord,  and 

G.  J.  B.  ROSS.  .,cni 

South  African  Journal  of  Marine  Science  SJMSE7, 
Vol.  8,  p  207-217,  1989.  7  fig,  4  tab,  41  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  *Coastal 
waters,  'Marine  mammals,  'Path  of  pollutants, 
Animal  physiology,  Biological  studies,  DDE, 
DDT,  Dieldrin,  Polychlorinated  biphenyls. 

Concentrations  of  polychlorinated  biphenyls 
(PCBs),  t-DDT  (DDT  +  DDE  +  DDD)  and 
dieldrin  were  determined  in  blubber  samples  of  105 
bottlenose  dolphins  inhabiting  the  coastal  waters 
off  the  east  coast  of  South  Africa.  Residue  concen- 
trations increased  with  age  and,  in  males,  reached 
levels  that  may  impair  testosterone  production.  In 
females,  however,  there  was  a  decline  in  concen- 
tration of  all  three  residues  in  animals  with  be- 
tween 8  and  10  dentinal  growth  layer  groups.  A 
significant  difference  was  found  between  residue 
levels  in  females  before  and  subsequent  to  their 
first  or  second  ovulation,  suggesting  that  first-born 
calves  receive  the  majority  of  the  mother's  load 
through  lactation.  The  evidence  indicates  that  pri- 
miparous  females  impart  the  majority  of  their  load 
within  seven  weeks  post-partum.  Levels  of  PCBs, 
t-DDT  and  dieldrin  differed  significantly  in  differ- 
ent geographical  areas,  suggesting  a  degree  of  iso- 
lation of  sections  of  the  population.  (Author's  ab- 
stract) 
W90-07246 

ROLE  OF  MICROBIAL  METAL  RESISTANCE 
AND  DETOXIFICATION  MECHANISMS  IN 
ENVERONMENTAL  BIOASSAY  RESEARCH. 

Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07260 

LUMINESCENT  BACTERIA  TOXICITY  ASSAY 
IN  THE  STUDY  OF  MERCURY  SPECIATION. 

Saskatchewan  Univ.,  Saskatoon.  Toxicology  Re- 
search Centre.  . 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07262 

USE  OF  AQUATIC  MACROPHYTES  AS  A  BIO- 
ASSAY METHOD  TO  ASSESS  RELATIVE  TOX- 
ICITY, UPTAKE  KINETICS  AND  ACCUMU- 
LATED FORMS  OF  TRACE  METALS. 

King's  Coll.,  London  (England).  Div.  of  Biosphere 

Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07280 

PHYTOMONITORING  OF  PULVERIZED 
FUEL  ASH  LEACHATES  BY  THE  DUCKWEED 
LEMNA  MINOR. 

Keuring  van  Electrotechnische  Matenalen  N.V., 
Arnhem  (Netherlands).  Environmental  Dept. 
H  A.  Jenner,  and  J.  P.  M.  Janssen-Mommen. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  361-366, 
December  1989.  1  fig,  5  tab,  26  ref. 


Descriptors:  'Aquatic  plants,  'Bioaccumulation, 
•Bioassay,  'Duckweed,  'Fuel  ash  leachates,  *Lea- 
chates,  'Metals,  'Monitoring,  'Water  pollution 
sources,  Acetic  acid,  Image  processing  techniques, 
Phytomonitoring,  Toxicity. 

The  duckweed  Lemna  minor  is  one  of  the  smallest 
vascular  plants  with  a  known  strong  capacity  for 
metal  accumulation.  L.  minor  is  proposed  as  a 
phytomonitor  for  coal  ash  drainage  systems  for 
bioassay  studies  directed  to  complexation  and  spe- 
ciation.  The  duration  of  the  experiment  can  be 
restricted  to  fourteen  days;  it  is  then  possible  to 
determine  accurately  differences  in  growth  of  the 
clone  forming  plant  by  using  image  processing 
techniques.  Leaching  of  pulverized  fuel  ash  (PFA) 
with  acetic  acid  according  to  EPA  instruction 
resulted  in  effects  attributed  to  the  acetic  acid  itself 
rather  than  to  the  metals  in  solution.  Toxic  effects 
of  both  leachates,  'natural'  and  'artificial'  were 
determined.  The  order  of  toxicity  of  metals  studied 
so  far  in  separate  metal  experiments  is  Cd  >  Cu  > 
Zn  >  As  (Arsenite)  >  Se  (Selenite)  >  Ge  >  B  > 
Mo.  (Author's  abstract) 
W90-07282 


EFFECTS  OF  ACIDITY  ON  ACUTE  TOXICITY 
OF  ALUMINIUM-WASTE  AND  ALUMINIUM- 
CONTAMTNATED  SOEL. 

Hong  Kong  Polytechnic,  Kowloon.  Dept.  of  Ap- 
plied Biology  and  Chemical  Technology. 
N  F  Y  Tam,  Y.  S.  Wong,  and  M.  H.  Wong. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  385-395, 
December  1989.  2  fig,  4  tab,  16  ref. 

Descriptors:  'Acid  rain  effects,  'Aluminum,  'Bio- 
assay, 'Soil  contamination,  'Toxicity,  Acidic  soils, 
Aluminum  waste,  Hydrogen  ion  concentration, 
Photosynthesis,  Phototoxicity,  Root  growth,  Seed 
germination. 

The  total  heavy  metal  concentrations  of  Al-waste 
and  Al-contaminated  soil  were  many  times  higher 
than  that  found  in  the  control  soil,  which  might 
pose  toxic  effects  on  nearby  ecosystems  under 
acidic  conditions.  This  study  was  designed  to 
detect  the  amount  of  Al,  Cu,  Zn,  Mn,  Pb,  Ni  and 
Cd  extracted  by  distilled  water  and  ammonium 
acetate  at  pH  3.8,  4.8,  5.8,  6.8,  and  7.8.  Acute 
toxicities  of  water  extracts  were  assessed  using  two 
bioassays.  Results  showed  that  concentrations  of 
heavy  metals,  especially  Al,  were  the  highest  in 
extracts  from  Al-contaminated  soil  extracted  with 
NH40Ac,  followed  by  Al-waste.  The  control  dis- 
played relatively  low  levels  of  metals.  More  heavy 
metals  were  extracted  at  acidic  pH  than  at  neutral 
pH.  Distilled  water  extracts  exhibited  lower  levels 
of  metals  than  those  extracted  with  NH40Ac.  The 
first  bioassay,  in  terms  of  seed  germination  and 
root  elongation  of  B.  parachinensis,  indicated  that 
the  germination  rates  were  seriously  retarded  by 
Al-waste  even  at  neutral  pH.  Less  than  25%  of  the 
seeds  were  germinated  in  Al-waste  and  the  toxic 
effect  was  more  obvious  at  pH  3.8.  Root  growth  in 
Al-waste  and  Al-soil  was  slower  than  in  the  con- 
trol and  no  seedling  in  Al-waste  had  roots  longer 
than  2  cm  at  the  end  of  the  study.  In  the  second 
bioassay,  the  photosynthetic  rate  of  Chlorella  pyr- 
enoidosa  was  significantly  inhibited  by  Al-waste 
when  compared  with  the  control,  although  the  pH 
effect  was  not  clear.  This  study  revealed  that  the 
metal  availability  was  pH  dependent  and  their  tox- 
icity could  be  rapidly  assessed  by  two  simple  bioas- 
says. (Author's  abstract) 
W90-07284 


PHYSIOLOGICAL  BACKGROUND  FOR 
USING  FRESHWATER  MUSSELS  IN  MONI- 
TORING COPPER  AND  LEAD  POLLUTION. 

Balatoni    Limnologiai    Kutato    Intezete,    Tihany 

(Hungary). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07292 


EFFECT  OF  HEAVY  METAL  SPECIATION  IN 
SEDIMENT  ON  BIOAVAILABILITY  TO  TUBI- 
FICID  WORMS. 

Water  Research  Centre,  Medmenham  (England). 
Medmenham  Lab. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


A.  M.  Gunn,  D.  T.  E.  Hunt,  and  D.  A.  Winnard. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  487-496, 
December  1989.  4  fig,  1  tab,  20  ref. 

Descriptors:  'Benthic  fauna,  'Bioassay,  'Bioavai- 
lability, 'Heavy  metals,  'Path  of  pollutants,  'Sedi- 
ment contamination,  'Speciation,  'Toxicity,  Ad- 
sorption, Cadmium,  Carbonates,  Clays,  Copper, 
Hydrous  ferric  oxide,  Lead,  Nickel,  Sewage 
sludge,  Tubificids,  Zinc. 

The  bioavailability  of  heavy  metals  in  sediment  to 
freshwater  tubificid  worms  was  compared  with 
measures  of  chemical  extractability  using  a  sequen- 
tial extraction  procedure.  In  order  to  provide  a 
range  of  test  sediments  of  different  quality,  various 
mineral  phases  were  prepared,  in  which  the  metals 
were  spiked  by  absorption  or  coprecipitation  and 
these  were  then  mixed  with  a  bulk  base  sediment  in 
known  proportions.  Results  indicated  good  corre- 
lation between  worm  metal  burden  and  metal  mo- 
bilized from  the  sediments  in  the  first  ('exchange- 
able') sequential  extraction  step  for  copper,  cadmi- 
um, and  lead.  Of  the  other  metals  tested,  zinc 
levels  in  the  worms  were  constant,  suggesting  reg- 
ulation, and  nickel  uptake  was  too  small  for  accu- 
rate measurement.  In  general,  metals  spiked  to  the 
sediment  directly,  or  adsorbed  on  the  clay  mineral 
phase  were  much  more  available  than  those  bound 
to  sewage  sludge,  carbonate  or  hydrous  ferric 
oxide  phases.  (Author's  abstract) 
W90-07296 


METAL  ACCUMULATION  BY  CHIRONOMID 
LARVAE:  THE  EFFECTS  OF  AGE  AND  BODY 
WEIGHT  ON  METAL  BODY  BURDENS. 

Ontario  Ministry  of  the  Environment,  Toronto. 

Water  Resources  Branch. 

G.  Krantzberg. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  497-506, 

December  1989.  2  fig,  3  tab,  39  ref. 

Descriptors:  'Aquatic  insects,  'Bioaccumulation, 
•Bioassay,  'Calcium,  'Heavy  metals,  'Midges, 
•Monitoring,  'Path  of  pollutants,  Age,  Bioavailabi- 
lity, Cadmium,  Copper,  Growth,  Iron,  Larvae, 
Manganese,  Nickel,  Size. 

Age  and  body  weight  affected  the  extent  of  metal 
retention  in  larval  chironomids.  Elements  differed 
with  respect  to  age-dependent  and  size-dependent 
metal  uptake.  The  slopes  of  the  regressions  of 
metal  burdens  against  age  and  size  varied  depend- 
ing on  the  range  in  body  size  considered.  Among 
fourth  instar  larvae,  younger  chironomids  had 
higher  concentrations  of  Cd,  Mn,  Ca,  Ni,  Fe,  and 
Cu  than  older  instars.  When  all  instars  were  includ- 
ed, only  concentrations  of  Cd  and  Ni  were  greater 
in  young  as  compared  to  older  larvae.  Concentra- 
tions of  Fe,  Mn,  Ca,  and  Ni  were  greater  in  larger 
chironomids  than  smaller  larvae  of  similar  age,  but 
the  effect  of  body  weight  on  metal  content  was 
significant  only  when  a  wide  range  in  biomass  was 
considered.  For  the  design  of  biological  monitor- 
ing programs  that  use  information  on  tissue  resi- 
dues of  contaminants  to  assess  contaminant  bioa- 
vailability, individuals  of  different  ages  and  sizes 
should  be  collected  from  each  site  in  order  to 
validate  intersite  comparisons.  (Author's  abstract) 
W90-07297 


PRELIMrNARY  INVESTIGATIONS  ON  THE 
INFLUENCE  OF  SUSPENDED  SEDIMENTS 
ON  THE  BIOACCUMULATION  OF  TWO 
CHLOROBENZENES  BY  THE  GUPPY  (POECI- 
LIA  RETICULATA). 

Amsterdam  Univ.  (Netherlands).  Lab.  of  Environ- 
mental and  Toxicological  Chemistry. 
S.  M.  Schrap,  and  A.  Opperhuizen. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  573-576, 
December  1989.  4  fig,  7  ref. 

Descriptors:  'Benzenes,  'Bioaccumulation, 
•Chlorinated  hydrocarbons,  'Fish  physiology, 
•Path  of  pollutants,  'Suspended  sediments,  Gup- 
pies,  Hexachlorobenzene,  Trichlorobenzene. 

The  uptake  by  guppies  (Poecilia  reticulata)  of 
1,2,3-trichlorobenzene  (TCB)  and  hexachloroben- 
zene (HCB)  from  sediment-free  water  was  com- 
pared with  uptake  in  the  presence  of  suspended 


sediment.  The  results  show  that  the  influence  of 
suspended  sediment  on  the  uptake  of  chloroben- 
zenes  varies  with  test  compound.  TCB  uptake  was 
not  influenced  by  the  presence  of  suspended  sedi- 
ment. This  finding  is  probably  due  to  the  large 
amount  of  the  chemical  which  is  dissolved  relative 
to  the  amount  which  is  present  in  the  sorbed  state. 
For  the  more  hydrophobic  HCB,  the  concentra- 
tion found  in  the  fish  from  the  system  with  sus- 
pended sediment  was  significantly  higher  than  in 
fish  from  the  control  experiment.  (Author's  ab- 
stract) 
W90-07304 


NITRIFICATION  RATES  IN  THE  LOWER 
RIVER  RHINE  AS  A  MONITOR  FOR  ECO- 
LOGICAL RECOVERY. 

Rijksinstituut  voor  de  Volksgezon'1  »id  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
Y.  J.  H.  Botermans,  and  W.  Admiraal. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  649-658, 
December  1989.  9  fig,  27  ref. 

Descriptors:  'Fate  of  pollutants,  'Monitoring,  'Ni- 
trification, 'Rhine  River,  'Toxicity,  'Water  qual- 
ity, Data  interpretation,  Dissolved  oxygen,  Rivers, 
Seasonal  variation,  Temperature. 

The  rate  of  in  situ  nitrification  was  tested  as  an 
indicator  of  the  toxicological  quality  of  the  river 
Rhine.  Concentration  changes  of  ammonium  ions 
over  85  to  133  km  long  reaches  of  three  river 
branches  downstream  of  the  densely  populated 
Ruhr-area  (F.R.G.)  were  calculated  from  a  data 
base  for  the  period  1972  to  1986.  Concentrations  of 
ammonium  in  the  river  exceeded  values  of  1  mg 
N/L  in  winter.  Because  of  the  very  high  input  of 
ammonium,  bacterial  nitrification  dominated  over 
other  nitrogen  processes.  Relative  rates  of  nitrifica- 
tion in  the  three  river  branches  were  proportional 
to  the  water  temperature  for  the  individual  years. 
Nitrification  rates  in  the  river  increased  by  a  factor 
of  4  during  the  period  of  1972  to  1986.  Toxic 
substances,  whose  concentrations  decreased  in  the 
same  period  of  time,  were  proposed  as  inhibitors  of 
in  situ  nitrification  rather  than  e.g.  a  low  oxygen 
saturation  of  the  water.  The  improvement  of  the 
conditions  in  the  river,  indicated  by  the  in  situ  rate 
of  nitrification,  was  also  documented  by  data  on 
macrofauna  and  fish  populations.  (Author's  ab- 
stract) 
W90-07312 


CONDITIONAL  STABILITY  CONSTANTS  AND 
BINDING  CAPACITIES  FOR  COPPER  (II)  BY 
ULTRAFILTERABLE  MATERIAL  ISOLATED 
FROM  SIX  SURFACE  WATERS  OF  WYO- 
MING, USA. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 
J.  P.  Giesy,  and  J.  J.  Alberts. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  659-679, 
December  1989.  7  fig,  12  tab,  40  ref.  DOE  contract 
EX-76-C-O9-0819. 

Descriptors:  'Copper,  'Heavy  metals,  'Model 
studies,  'Path  of  pollutants,  'Statistical  analysis, 
•Water  analysis,  'Wyoming,  Alkalinity,  Binding 
capacity,  Geochemistry,  Hardness,  Ligands,  Speci- 
ation, Stability  constants. 

Ultrafilterable  material  <0. 15  microm  was  collect- 
ed from  six  Wyoming  surface  waters,  for  which 
the  chemical  limnology  had  also  been  determined. 
The  material  was  separated  into  four  nominal  size- 
fractions  and  the  binding  capacity  of  each  for 
copper  was  determined  by  a  hyperbolic,  site-satu- 
ration model.  The  conditional,  overall,  thermody- 
namic stability  constants  for  binding  of  copper 
were  determined  by  two  discrete  models:  (1)  The 
one-component  and  two-component  Scatchard 
functions,  and  two  continuous  multiligand  models; 
and  (2)  the  one-component  and  three-component 
Gaussian  Scatchard  functions.  The  accuracy  of  the 
stability  constants  to  predict  the  speciation  of 
Cu(II)  in  the  titration  of  the  isolated  fractions  and 
of  whole  waters  was  evaluated  by  comparing  the 
predictions  of  the  thermodynamic,  geochemical 
simulation  model,  GEOCHEM  to  those  measured 
by  selective  ion  electrode.  The  Cu-binding  capac- 
ity of  material  retained  by  ultrafilters  was  positive- 


ly correlated  with  the  hardness  and  alkalinity  of 
the  surface  waters,  from  which  they  were  isolated 
as  well  as  the  percent  ash  content  of  the  ultrafilter- 
retained  material.  The  magnitude  of  the  condition- 
al stability  constant  (K'sub  i)  decreased  as  the  ratio 
of  the  total  Cu  concentration  to  total  concentration 
of  Cu-binding  sites  increased.  The  cumulative  fre- 
quency distribution  of  K'sub  i  was  log-normally 
distributed.  All  four  of  the  models  used  to  estimate 
the  conditional  stability  constants  gave  reasonable 
prediction  of  the  speciation  of  Cu  for  both  frac- 
tionated and  whole  waters  but,  depending  on  the 
situation,  the  one-component  or  two-component 
Scatchard  estimate  generally  gave  the  best  predic- 
tions of  the  proportion  of  copper,  which  would  be 
expected  to  be  bound.  (Author's  abstract) 
W90-07313 


SORPTION  AND  TRANSPORT  OF  PESTI- 
CIDES IN  GROUND  WATER:  CRITICAL 
REVIEW. 

Oklahoma  Univ.,  Norman.  School  of  Civil  Engi- 
neering and  Environmental  Science. 
D.  A.  Sabatini,  and  T.  A.  Austin. 
Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.  116,  No.  1,  p  3-15,  Janu- 
ary/February 1990.  6  fig,  1  tab,  30  ref. 

Descriptors:  'Groundwater  pollution,  'Path  of 
pollutants,  'Pesticides,  'Reviews,  'Solute  trans- 
port, 'Sorption,  Computer  models,  Desorption, 
Mathematical  equations,  Mathematical  models, 
Prediction,  Soil  contamination. 

The  appearance  of  pesticides  in  ground  water  ne- 
cessitates the  accurate  prediction  of  pesticide  trans- 
port in  ground  water.  Adsorption  and  desorption 
are  major  mechanisms  affecting  the  movement  of 
pesticides  in  ground  water.  Several  modeling  tech- 
niques are  applicable  to  the  prediction  of  pesticide 
transport  in  ground  water.  Both  equilibrium  and 
nonequilibrium  adsorption  expressions  have  been 
developed.  Physical  nonequilibrium  (mass  transfer 
and  diffusion  limitation)  models  appear  to  describe 
and  predict  most  accurately  the  pesticide  transport 
observed  experimentally.  However,  the  governing 
equations  are  the  most  complex  and  costly  to  solve 
in  terms  of  computer  time  and  memory.  Equilibri- 
um expressions  are  solved  more  easily  using  analyt- 
ical solutions  available  for  simple  conditions.  The 
modeler  must  decide  what  level  of  sophistication 
of  the  adsorption/desorption  processes  is  needed 
appropriate  to  the  level  of  uncertainty  of  other  soil 
parameters.  (Rochester-PTT) 
W90-07315 


ATRAZINE  AND  METOLACHLOR  IN  SUB- 
SURFACE DRAIN  WATER  IN  LOUISIANA. 

Agricultural  Research  Service,  Baton  Rouge,  LA. 
L.  M.  Southwick,  G.  H.  Willis,  R.  L.  Bengtson, 
and  T.  J.  Lormand. 

Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.  116,  No.  1,  p  16-23,  Janu- 
ary/February 1990.  2  fig,  2  tab,  23  ref. 

Descriptors:  'Fate  of  pollutants,  'Herbicides, 
'Louisiana,  'Path  of  pollutants,  'Soil  contamina- 
tion, Atrazine,  Leaching,  Maize,  Mathematical 
analysis,  Metolachlor,  Soil  profiles,  Soil  water. 

Atrazine  and  metolachlor  were  applied  preemer- 
gent  to  corn  in  plots  that  were  either  drained  (10- 
cm  plastic  tubes,  1  cm  deep)  or  undrained.  Herbi- 
cide concentrations  in  the  soil  profile  down  to  30 
cm  and  in  the  drain  water  were  measured  for  243 
days.  The  pesticides  showed  a  steady  disappear- 
ance from  the  soil  with  pseudo-first-order  half-lives 
(no  difference  between  drained  and  undrained 
plots)  in  the  top  2.5  cm  of  soil  of  35-36  days  for 
atrazine  and  20-23  days  for  metolachlor.  Total  loss 
of  atrazine  through  soil  leaching  amounted  to 
0.038%  of  the  application  rate;  97%  of  this  loss 
occurred  within  78  days  after  application  during  a 
period  of  530  mm  of  rain.  All  (0.13%  of  that 
applied)  of  the  metolachlor  in  the  drain  was  ob- 
served within  59  days  after  application.  The  results 
of  the  present  study  illustrate  the  strong  correla- 
tion between  pesticide  soil  persistence,  water  solu- 
bility, rainfall  timing,  and  pesticide  leaching 
through  soil.  (Author's  abstract) 
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W90-07316 

VALIDATING  GLEAMS  WITH  FIELD  DATA 
FOR  FENAMIPHOS  AND  ITS  METABOLITES. 

Agricultural  Research  Service,  Tifton,  GA.  South- 
east Watershed  Research  Lab. 
R.  A.  Leonard,  W.  G.  Knisel,  F.  M.  Davis,  and  A. 
W.  Johnson. 

Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.  116,  No.  1,  p  24-35,  Janu- 
ary/February 1990.  3  fig,  24  ref. 

Descriptors:  'Biodegradation,  *Fate  of  pollutants, 
•GLEAMS  Model,  'Mathematical  models, 
•Model  studies,  •Pesticides,  'Simulation  analysis, 
Coastal  plains,  Fenamiphos,  Georgia,  Groundwat- 
er pollution,  Metabolism,  Organophosphorus  pesti- 
cides, Performance  evaluation. 

The  GLEAMS  (ground  water  loading  effects  of 
agricultural  management  systems)  model  was 
modified  to  simulate  the  generation  and  degrada- 
tion of  pesticide  metabolites.  Translocation  of  the 
metabolites  within  and  through  the  root  zone  was 
considered.  The  modifications  were  verified  and 
preliminary  validation  was  made  using  field  data. 
Results  of  model  simulations  for  fenamiphos  meta- 
bolite concentrations  in  the  root  zone  were  com- 
pared with  observed  concentrations  at  a  research 
site  in  the  Georgia  coastal  plain.  GLEAMS-simu- 
lated  mass  of  fenamiphos,  fenamiphos  sulfoxide, 
and  fenamiphos  sulfone  in  the  root  zone  compared 
favorably  with  field  data  within  the  variability  of 
the  data.  Soil  samples  were  taken  periodically 
during  the  cropping  season  at  depths  correspond- 
ing to  the  GLEAMS  model  computational  layers. 
The  samples  were  analyzed  for  fenamiphos  and  its 
metabolites  for  comparison  with  model  simula- 
tions. Simulated  and  observed  concentrations  with 
depth  in  the  soil  at  selected  dates  corresponded 
closely.  Results  of  the  this  limited  validation  give 
confidence  that  the  model  component  is  perform- 
ing as  conceptualized.  The  present  additions  to 
GLEAMS  will  be  helpful  to  model  users  working 
with  those  nonvolatile  pesticides  that  have  toxic 
metabolites  with  mobility  and  persistence  charac- 
teristics differing  from  those  of  their  parent  com- 
pounds. (Rochester-PTT) 
W90-07317 

ALDICARB  IN  VADOSE  ZONE:  REVIEW. 

Bureau  of  Reclamation,  Denver,  CO.   Resource 
Suitability  Branch. 
J.  A.  Stover,  and  J.  C.  Guitjens. 
Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.  116,  No.  1,  p  36-49,  Janu- 
ary/February 1990.  5  fig,  2  tab,  42  ref. 

Descriptors:  'Fate  of  pollutants,  *  Insecticides, 
•Path  of  pollutants,  *Reviews,  *Solute  transport, 
•Vadose  zone,  Aldicarb,  Carbamate  pesticides, 
Leaching,  Sorption. 

Literature  was  reviewed  concerning  the  sorption 
and  transport  of  aldicarb,  a  carbamate  insecticide 
that  is  extremely  toxic  and  relatively  water  soluble 
and  has  been  found  in  ground  water  across  the 
United  States.  Leaching  of  such  organic  com- 
pounds poses  a  serious  threat  to  ground  water. 
Sorption  is  a  critical  factor  determining  how  rapid- 
ly a  pesticide  will  leach  through  the  vadose  zone. 
Aldicarb  is  adsorbed  primarily  by  soil  organic 
matter  and  to  a  lesser  extent  by  clay  minerals.  The 
assumption  of  a  local  equilibrium  between  the  soil 
particles  and  the  pore  fluid  is  not  always  correct. 
Aldicarb  transport  may  be  controlled  by  nonequili- 
brium  effects.  Certain  agricultural  management 
practices  may  reduce  the  threat  to  ground  water 
from  aldicarb  residues;  among  these  best  manage- 
ment practices  are:  variation  in  the  amount  and 
timing  of  pesticide  application,  avoiding  excessive 
use  of  irrigation  water,  limiting  aldicarb  use  to 
alternate  years,  and  prior  delineation  of  areas  sensi- 
tive to  aldicarb  use  so  that  alternatives  to  aldicarb 
can  be  considered.  (Rochester-PTT) 
W90-07318 


New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering.  . 
T.  S.  Steenhuis,  W.  Staubitz,  M.  S.  Andreini,  J. 
Surface,  and  T.  L.  Richard. 

Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.  116,  No.  1,  p  50-66,  Janu- 
ary/February 1990.  5  fig,  4  tab,  28  ref. 

Descriptors:  *Path  of  pollutants,  'Pesticides, 
•Solute  transport,  Agriculture,  Alachlor,  Atrazine, 
Bromides,  Carbamate  pesticides,  Carbofuran, 
Maize,  Nitrates,  Soil  water,  Tillage,  Tracer  studies, 
Triazine  herbicides. 

Carbofuran,  alachlor,  atrazine,  potassium  bromide 
(a  tracer),  and  nitrate  were  applied  to  two  tile- 
drained  plots  of  corn,  one  of  which  is  convention- 
ally tilled  and  another  that  is  no-till.  Soil  water 
samples  were  collected  from  the  plots  with  suction 
lysimeters  and  ground-water  samples  were  collect- 
ed from  wells  and  tile  drains.  The  no-till  plot  first 
showed  low  concentrations  of  atrazine  and  alach- 
lor ranging  from  0.1  to  0.4  microgram/L  below  the 
root  zone  one  month  after  application,  but  the 
conventionally-tilled  plot  showed  no  pesticides 
below  the  root  zone  until  late  fall,  when  atrazine 
was  detected  at  0.4  microgram/L.  Dye  studies 
indicated  that  in  the  no-till  plots  some  of  the  pesti- 
cide bypasses  the  root  zone  through  surface-con- 
nected macropores,  whereas  in  the  conventionally- 
tilled  plot  most  of  the  pesticide  is  adsorbed  within 
the  root  zone  as  a  result  of  greater  contact  with  the 
soil.  Concentrations  of  bromide  (which  is  not  ad- 
sorbed) in  samples  collected  from  wells  and  suc- 
tion lysimeters  did  not  differ  between  the  two 
plots.  Nitrate  was  found  only  in  the  part  of  the 
profile  that  remained  unsaturated  throughout  the 
experiment.  (Author's  abstract) 
W90-07319 

MODELLING  INTERCOMPARTMENT 

TRANSFER  OF  POLLUTANTS:  THE  CASE  OF 
LEAD. 

Rijksinstituut  voor  de  Volksgezondheid  en  MUieu- 

hygiene,  Bilthoven  (Netherlands). 

D.  Van  de  Meent. 

Science  of  the  Total  Environment  STENDL,  Vol. 

90,  p  41-54,  January   1990.  6  fig,  3  tab,   12  ref. 

Descriptors:  *Heavy  metals,  *Hydrologic  models, 
•Lead,  *Model  studies,  *Path  of  pollutants,  *The 
Netherlands,  Interactions,  Legislation,  Manage- 
ment planning,  Mass  transfer,  Solute  transport. 

The  concentrations  of  pollutants  in  different  envi- 
ronmental compartments  (air,  water,  sediment, 
soil)  are  related  to  each  other  through  the  action  of 
intercompartment  mass  transfer  processes.  The  in- 
fluence of  such  intercompartment  mass  transfer 
processes  (air-soil  and  air-water  exchange,  soil- 
groundwater  transfer,  water-sediment  exchange, 
etc.)  on  the  fate  of  pollutants  in  the  environment 
generally  is  very  considerable,  not  only  for  organic 
substances,  but  perhaps  even  more  for  heavy 
metals.  The  extent  of  mutual  influence  of  concen- 
trations in  specific  environmental  situations  can  be 
evaluated  successfully  by  means  of  multimedia  box 
models  of  the  type  originally  proposed  by  Mackay 
and  coworkers,  provided  that  the  rates  of  inter- 
compartment mass  transfer  processes  are  adequate- 
ly described.  The  use  of  steady-state  and  quasi- 
dynamic  multimedia  box  models  as  diagnostic  tools 
in  evaluating  the  intercompartment  dependence  of 
the  concentrations  of  lead  is  illustrated  here  by  two 
hypothetical  environmental  situations  using  data 
from  The  Netherlands.  It  is  suggested  that  future 
legislation  to  control  pollution  in  one  compartment 
should  consider  its  effect  on  the  other  environmen- 
tal compartments  and  that  attempts  should  be 
made  to  incorporate  multimedia  modeling  in  pro- 
cedures to  derive  environmental  quality  standards. 
(Author's  abstract) 
W90-07339 


For  primary  bibliographic  entry  see  Field  5C. 
W90-07340 

LABORATORY  STUDY  OF  CADMIUM  EXPO- 
SURE IN  LITTORINA  LITTOREA  IN  RELA- 
TION THE  ENVIRONMENTAL  CADMIUM 
AND  EXPOSURE  TIME. 

Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Lab. 

Citologia-Histologia. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07341 

HEAVY  METAL  CONTENTS  OF  PADDY 
FIELDS  OF  ALCACER  DO  SAL,  PORTUGAL. 

Universidade  Nova  de  Lisboa  (Portugal).  Facul- 

dade  de  Ciencias  e  Tecnologia. 

J.  C.  Fernandes,  and  F.  S.  Henriques. 

Science  of  the  Total  Environment  STENDL,  Vol. 

90,  p  89-97,  January   1990.   1  fig,  4  tab,  37  ref. 

Descriptors:  *Bioaccumulation,  *Heavy  metals, 
•Mine  wastes,  *Path  of  pollutants,  'Portugal, 
Copper,  Iron,  Lead,  Manganese,  Monitoring,  Rice, 
Sado  River,  Tissue  analysis,  Zinc. 

Recent  claims  of  metal  contamination  in  the  lower 
reaches  of  Sado  River,  in  the  Alcacer  do  Sal 
region,  Portugal,  were  investigated  by  carrying 
out  metal  surveys  in  the  area.  Fe,  Mn,  Zn,  Cu,  and 
Pb  were  measured  in  the  soil  and  in  rice  plant  parts 
(roots,  shoots,  and  grain)  and  some  weeds  growing 
on  the  Sado  banks  near  the  paddy  fields.  The  metal 
contents  were  similar  to  background  concentra- 
tions, except  for  Zn  and  Cu,  which  were  above 
those  concentrations  and  reached  their  highest 
levels  at  Vale  de  Guizo,  the  monitored  station 
located  furthest  upstream  in  the  Sado  River.  At 
some  sites,  plant  roots  accumulated  relatively  large 
amounts  of  Fe,  Mn,  Zn,  and  Cu,  but  the  shoot 
levels  of  these  metals  were  within  the  normal 
range  for  rice  plants.  It  is  possible  that  varying,  but 
significant,  amounts  of  Fe  associated  with  the  roots 
were  in  the  form  of  ferric  hydroxide  plaque  cover- 
ing their  surfaces.  Copper  levels  in  the  shoots  of 
rice  were  below  the  normal  contents  cited  for  this 
plant  in  the  literature,  metal  levels  of  river  sedi- 
ments collected  near  Vale  de  Guizo  seem  to  sup- 
port the  possibility  of  some  metal  contamination  of 
the  Sado  River,  most  probably  derived  from  pyrite 
mining  activity  in  the  upper  Sado  basin.  (Author's 
abstract) 
W90-07342 


PREFERENTIAL     MOVEMENT     OF     PESTI- 
CIDES  AND  TRACERS   IN   AGRICULTURAL 

sons. 


CADMIUM  EXPOSURE  AND  HEALTH  EF- 
FECTS AMONG  RESIDENTS  IN  AN  IRRIGA- 
TION AREA  WITH  ORE  DRESSING 
WASTEWATER. 

Institute  of  Environmental  Health  and  Engineer- 
ing, Beijing  (China). 


SPECIATION  OF  ALUMINIUM  IN  SURFACE 
WATER. 

Ghent  Rijksuniversiteit  (Belgium).  Inst,  voor  Nuk- 

leaire  Wetenschappen. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-07344 

ENVIRONMENTAL  ASPECTS  OF  PHOS- 
PHATE FERTILIZER  PRODUCTION  IN  THE 
NETHERLANDS  WITH  PARTICULAR  REFER- 
ENCE TO  THE  DISPOSAL  OF  PHOSPHOGYP- 
SUM. 

Gezondheidsraad,  The  Hague  (Netherlands). 
H.  B.  Van  der  Heijde,  P.-J.  Klijn,  K.  Duursma,  D. 
Eisma,  and  A.  J.  De  Groot. 

Science  of  the  Total  Environment  STENDL,  Vol. 
90,  p  203-225,  January  1990.  1  tab,  60  ref,  6  append. 

Descriptors:  *Agricultural  chemicals,  *Heavy 
metals,  *Phosphogypsum,  *The  Netherlands, 
•Waste  disposal,  Cadmium,  Lead  radioisotopes, 
Management  planning,  Nonpoint  pollution  sources, 
Polonium  radioisotopes,  Public  health,  Radioiso- 
topes, Radium  radioisotopes,  Uranium  radioiso- 
topes. 

Committee  173/1  of  the  Health  Council  of  The 
Netherlands  advised  the  Dutch  government  on  the 
problem  of  an  acceptable  destination  of  2  million 
tons  of  waste  gypsum  from  the  Dutch  fertilizer 
industry.  Recommendations  are  presented  here. 
Primary  emphasis  should  be  placed  on  developing 
processing  alternatives  to  free  the  bulk  of  the  waste 
gypsum  from  potentially  deleterious  components 
(i.e.,  cadmium,  phosphates,  238U  progeny,  particu- 
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larly  236Ra,  210Pb,  and  210Po).  Discharge  of  suffi- 
ciently 'clean'  phosphogypsum  into  the  Rhine  delta 
would  provide  only  a  trivial  increase  in  the  marine 
calcium  sulfate  inventory.  Another  problem  is  that 
the  objectionable  elements  also  leave  the  plant  in 
the  finished  fertilizer  and  are  spread  over  agricul- 
tural land.  Land  surface  storage  of  the  gypsum 
waste  could  be  considered  an  environmentally  ac- 
ceptable alternative  only  if  the  complete  shielding 
of  the  ground  water  from  leachate  can  be  guaran- 
teed indefinitely.  The  contribution  of  the  fertilizer 
industry  to  the  cadmium  burden  of  the  environ- 
ment (both  land  and  sea)  could  be  reduced  to  some 
extent  in  the  short  term  by  the  use  of  low-cadmium 
ores.  (Rochester-PTT) 
W90-07345 


LEACHING  OF  MUTAGENS  INTO  MINERAL 
WATER  FROM  POLYETHYLENETEREPHTH- 
ALATE  BOTTLES. 

Naples  Univ.  (Italy).  Dipt,  di  Farmacologia  Speri- 

mentale. 

R.  de  Fusco,  S.  Monarca,  D.  Biscardi,  R.  Pasquini, 

and  C.  Fatigoni. 

Science  of  the  Total  Environment  STENDL,  Vol. 

90,  p  241-248,  January  1990.  1  fig,  1  tab,  15  ref. 

Descriptors:  'Food  processing  industry,  'Leach- 
ing, 'Mineral  water,  'Mutagens,  Beverage  contain- 
ers, Organic  compounds,  Polyethyleneterephtha- 
late  bottles. 

Polyethyleneterephthalate  (PET)  was  tested  as  a 
source  of  mutagen  contamination  from  bottles  used 
for  beverage  packaging.  PET  bottles  were  filled 
with  mineral  water  and  stored  in  daylight  and  dark 
for  different  periods  of  time.  The  water  samples 
were  concentrated  and  the  concentrates  (non-vola- 
tile compounds)  tested  for  mutagenicity  using  the 
Ames  test  (static  tests).  Total  organic  carbon  leach- 
ing was  determined  concurrently,  leaching  of  mu- 
tagens was  studied  using  dynamic  tests:  shaking 
distilled  water  in  PET  bottles.  New  methods  were 
used  to  test  the  leaching  potential  of  both  volatile 
and  non-volatile  compounds:  directly  testing  the 
mutagenicity  in  unconcentrated  water  stored  in 
PET  bottles  and  growing  Salmonella  strains  direct- 
ly in  the  plastic  bottles.  The  results  were  positive 
only  for  the  static  test,  which  identified  leaching  of 
mutagens  after  1  mo  of  storage  in  PET  bottles. 
This  activity  was  higher  after  storage  in  daylight. 
(Author's  abstract) 
W90-07346 


SIMULATION  OF  BIODEGRADABLE  ORGAN- 
IC CONTAMINANTS  IN  GROUNDWATER:  1. 
NUMERICAL  FORMULATION  OF  PRINCI- 
PAL DIRECTIONS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

K.  T.  B.  MacQuarrie,  E.  A.  Sudicky,  and  E.  O. 

Frind. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  2,  p  207-222,  February  1990.  12  fig,  2  tab,  45 

ref.  University  Research  Fellowship  Grant  U0508. 

Descriptors:  'Fate  of  pollutants,  'Groundwater 
pollution,  'Model  studies,  'Organic  compounds, 
•Path  of  pollutants,  Bacteria,  Biodegradation,  Dis- 
solved organic  carbon,  Groundwater  movement, 
Hydrologic  models,  Mathematical  models,  Numer- 
ical analysis,  Simulation  analysis. 

Groundwater  contamination  by  organic  chemicals 
is  of  concern  because  of  the  widespread  use  of 
these  compounds  and  because  even  low  concentra- 
tions may  be  very  harmful.  Dissolved  organic  con- 
taminants are  affected  by  advection,  dispersion, 
sorption,  and  biological  transformations  in  ground- 
water systems;  however,  biological  degradation  by 
indigenous  bacterial  populations  is  the  only  mecha- 
nism whereby  contaminant  mass  can  be  removed 
naturally  from  an  aquifer.  This  study  developed  a 
physically  and  biochemically-based  numerical  so- 
lution for  the  transport  of  biodegradable  organic 
solutes,  with  emphasis  on  an  efficient  numerical 
approach.  A  dual-Monod  relationship,  combined 
with  the  advection-dispersion  equation,  was  used 
to  represent  the  biological  and  physical  processes 
affecting  the  organic  solute,  electron  acceptor,  and 
microbial  population.  The  three  resulting  differen- 


tial equations  are  nonlinearly  coupled  through  the 
Monod  decay  terms.  By  employing  an  iterative 
principal  direction  finite-element  technique,  effi- 
ciency is  achieved  by  decoupling  each  of  the  two- 
dimensional  transport  equations  into  a  series  of 
one-dimensional  equations.  This  decoupling  should 
easily  allow  for  extension  of  the  model  to  three 
dimensions.  An  iterative  solution  was  adopted  be- 
cause a  purely  sequential  technique  had  been  ob- 
served to  greatly  underestimate  the  dissolved  mass 
of  an  organic  plume.  Comparison  of  numerical 
results  with  the  results  of  a  laboratory  column 
experiment  showed  that  the  model  equations  ade- 
quately describe  the  behavior  of  toluene,  dissolved 
oxygen,  and  the  bacterial  population,  without  con- 
sidering solute  diffusion  through  stagnant  fluid 
layers  or  biofilms.  In  a  two-dimensional  shallow 
aquifer  setting  an  organic  plume  experiences  mass 
loss,  spreading  controlled  by  the  availability  of 
dissolved  oxygen,  and  skewing  in  the  direction  of 
groundwater  flow.  These  features  would  be  lost  if 
the  interactions  between  the  organic  contaminant, 
electron  acceptor,  and  microbial  population  were 
ignored  in  the  mathematical  formulation  of  the 
problem.  (See  also  W90-07352)  (Author's  abstract) 
W90-07351 


SIMULATION  OF  BIODEGRADABLE  ORGAN- 
IC CONTAMINANTS  IN  GROUNDWATER:  2. 
PLUME  BEHAVIOR  IN  UNIFORM  AND 
RANDOM  FLOW  FIELDS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

K.  T.  B.  MacQuarrie,  and  E.  A.  Sudicky. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  2,  p  223-239,  February  1990.  25  fig,  24  ref. 

University  Research  Fellowship  Grant  U0508. 

Descriptors:  'Fate  of  pollutants,  'Groundwater 
pollution,  'Model  studies,  'Organic  compounds, 
•Path  of  pollutants,  'Plumes,  Biodegradation,  Dis- 
solved organic  carbon,  Dissolved  oxygen,  Ground- 
water movement,  Hydrologic  models,  Mathemati- 
cal models,  Microorganisms,  Numerical  analysis, 
Simulation  analysis,  Sorption. 

The  behavior  of  dissolved  organic  contaminants  in 
groundwater  is  often  difficult  to  interpret  in  field 
settings.  The  organic  solute  transport  model  of 
MacQuarrie  and  coworkers  was  used  to  examine 
plume  migration  in  a  shallow  aquifer  where  dis- 
solved oxygen  was  the  sole  electron  acceptor.  In 
uniform  groundwater  flow  a  plume  originating 
from  a  high-concentration  source  will  experience 
more  spreading  and  lower  normalized  mass  loss 
than  a  plume  from  a  lower  initial  concentration 
source  because  dissolved  oxygen  is  depleted  more 
quickly.  Low  background  dissolved  oxygen  con- 
centrations also  cause  organic  mass  loss  to  de- 
crease, whereas  the  initial  size  of  the  microbial 
population  has  little  effect.  Large  groundwater  ve- 
locities produce  increases  in  the  rate  of  organic 
solute  mass  loss  because  of  increased  mechanical 
mixing  of  the  organic  plume  with  oxygenated 
groundwater.  Because  sorbed  organic  mass  is  un- 
available for  biodegradation,  increasing  the  retar- 
dation factor  of  an  organic  solute  causes  slower 
mass  loss.  For  easily  biodegraded  organics  the 
mass  loss  depends  only  weakly  on  the  kinetic  bio- 
degradation parameters  because  the  amount  of 
mixing  of  the  organic  and  the  dissolved  oxygen 
controls  the  biodegradation  process.  This  implies 
that,  for  these  types  of  compounds,  the  kinetic 
parameters  do  not  need  to  be  known  with  preci- 
sion. For  all  simulations  the  rate  of  mass  loss  for 
the  organic  plumes  decreased  with  time  because 
the  concentrations  of  organic  and  dissolved  organ- 
ic and  dissolved  oxygen  decreased  with  time.  In 
complex-structured  flow  fields  caused  by  heteroge- 
neity, the  bulk  velocity,  position,  and  rate  of 
spreading  of  an  organic  plume  depends  strongly  on 
local-scale  transport  parameters  such  as  the 
groundwater  velocity  in  individual  beds.  Because 
an  organic  plume  emanating  from  a  small  to  mod- 
erate sized  source  does  not  evolve  in  a  manager 
similar  to  a  conservative  plume  in  heterogeneous 
materials  due  to  a  decrease  in  the  size  of  the  plume, 
it  is  suggested  that  average  transport  parameters 
such  as  macrodispersivity  may  not  apply  to  such 
organic  plume  transport.  (See  also  W90-07351) 
(Author's  abstract) 
W90-07352 


CONTINUOUS-TIME  INVERSE  OPERATOR 
FOR  GROUNDWATER  AND  CONTAMINANT 
TRANSPORT  MODELING:  DETERMINISTIC 
CASE. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

T.  R.  Ginn,  J.  H.  Cushman,  and  M.  H.  Houck. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  2,  p  241-252,  February   1990.  4  fig,  34  ref. 

Descriptors:  'Dispersion,  'Groundwater  pollution, 
•Model  studies,  'Path  of  pollutants,  'Solute  trans- 
port, Groundwater  movement,  Laplace  equation, 
Mathematical  studies,  Numerical  models,  Reviews. 

The  value  of  time-dependent  data  in  the  calibration 
of  numerical  models  of  groundwater  flow  has  been 
highlighted  in  recent  literature.  Here  the  back- 
ground for  a  new  development  in  the  inverse  prob- 
lem is  established,  and  a  new  operator  for  inversion 
of  the  spatially  discretized  diffusion  equation  is 
introduced.  The  motivation  for  the  development  of 
an  inverse  problem  solution  procedure  that  uses 
information  in  transient  data  is  illustrated  with  a 
focused  review  of  recent  literature.  An  approach 
that  implicitly  incorporates  the  continuous  time 
dependency  of  the  flow  model  is  presented.  This 
approach  is  based  on  the  new  concept  of  inverting 
the  model  after  the  (for  example)  spatial  discretiza- 
tion, but  before  the  (typically)  finite  difference 
temporal  discretization  of  the  model  rather  than 
afterward  as  has  been  done  in  the  past.  The  La- 
place transform  is  used  to  replace  discretization  in 
time  of  the  system  of  ordinary  differential  equa- 
tions to  discretization  in  the  Laplace  variable  of 
the  algebraic  system  in  Laplace  space.  The  exist- 
ence of  the  deterministic  solution  in  the  Laplace 
transform  space  does  not  require  knowledge  of  the 
eigenvalues  of  the  diffusion  matrix  but  only  the 
specification  of  the  Laplace  variables  near  zero.  A 
simple  numerical  example  from  the  literature  is 
used  to  generate  a  set  of  three  simplified  test  cases 
upon  which  the  proposed  method  is  tested.  It  is 
concluded  that  a  new  method  exists  for  the  direct 
inversion  of  numerical  groundwater  models  and 
other  diffusion  models  (e.g.,  the  convection-disper- 
sion model)  that  is  designed  specifically  to  incorpo- 
rate transient  head  data.  (Author's  abstract) 
W90-07353 


ANALYSIS  OF  SOLUTE  REDISTRIBUTION  IN 
A  HETEROGENEOUS  FIELD. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Soil  Science  and  Plant  Nutrition. 

S.  E.  A.  T.  M.  van  der  Zee. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  2,  p  273-278,  February  1990.  4  fig,  26  ref,  2 

append. 

Descriptors:  'Path  of  pollutants,  'Soil  contamina- 
tion, 'Soil  water,  'Solute  transport,  Isotherms, 
Mathematical  analysis,  Porous  media,  Sensitivity 
analysis,  Simulation. 

The  redistribution  of  a  solute  present  in  the  topsoil 
is  simulated  assuming  adsorption  according  to  the 
Langmuir  isotherm.  A  parameter  sensitivity  analy- 
sis showed  that  the  effect  of  the  thickness  of  the 
initial  solute-containing  layer  on  the  concentration 
distribution  can  be  accounted  for  by  transforming 
time.  Both  this  thickness  and  adsorption  param- 
eters control  how  rapidly  the  concentration  de- 
creases in  the  topsoil,  when  the  feed  concentration 
does  not  contain  solute.  At  large  times  the  concen- 
tration increases  gradually  to  the  penetration 
depth,  which  is  the  mean  downstream  front  posi- 
tion. There  the  concentration  decreases  rapidly  to 
the  initial  value  in  the  subsoil.  When  randomness 
of  the  thickness  and  adsorption  parameters  is  con- 
sidered, no  such  well-defined  subsoil  front  is  seen. 
With  a  simple  approximation  valid  for  a  constant 
feed  concentration  larger  than  zero  and  for  linear 
adsorption,  it  is  shown  when  pore  scale  dispersion 
may  be  discarded.  (Author's  abstract) 
W90-07356 


COLLOID  MOBILIZATION  IN  TWO  ATLAN- 
TIC COASTAL  PLAIN  AQUIFERS:  HELD 
STUDIES. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Ralph  M. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


Parsons  Lab. 

[.  N.  Ryan,  and  P.  M.  Gschwend. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

Mo   2,  p  307-322,  February  1990.  7  fig,  4  tab,  84 

:ef.  DOE  Contract  DE-FG02-86ER60413. 

Descriptors:  'Aquifers,  'Coastal  plains,  'Colloids, 
'Geochemistry,  'Path  of  pollutants,  Aluminum, 
Clays,  Delaware,  Dissolved  oxygen,  Electron  mi- 
;roscopy,  Electrophoresis,  Iron,  New  Jersey,  Or- 
ganic carbon,  Photometry,  Pine  Barrens,  Silicon, 
X-ray  analysis. 

The  geochemical  mechanisms  leading  to  the  mobi- 
lization of  colloids  in  groundwater  were  investigat- 
ed in  the  Pine  Barrens  of  New  Jersey  and  in  rural 
central  Delaware  by  sampling  pairs  of  wells 
screened  in  oxic  and  anoxic  groundwaters  in  the 
same  geologic  formations.  Samples  were  taken 
carefully  at  very  low  flow  rates  (about  100  ml/ 
min)  to  avoid  suspending  immobilized  particles. 
The  colloidal  matter  was  characterized  by  light- 
scattering  photometry,  scanning  electron  micros- 
copy, energy-dispersive  X-ray  analysis,  microelec- 
trophoresis, and  Fe,  Al,  Si,  and  organic  carbon 
analyses.  The  colloids,  composed  primarily  of 
clays,  were  observed  at  high  concentrations  (up  to 
60  mg/L  colloids)  in  the  anoxic  groundwaters, 
whereas  the  oxic  groundwaters  exhibited  1  mg/L 
colloids  or  less.  Colloidal  organic  carbon  was 
present  in  all  groundwaters,  but  under  anoxic  con- 
ditions one-third  to  one-half  of  the  total  organic 
carbon  was  associated  with  inorganic  colloids.  The 
field  evidence  indicates  that  anoxic  conditions 
cause  mobilization  of  soil  colloids  by  dissolving  the 
ferric  oxyhydroxide  coatings  cementing  the  clay 
particles  to  the  aquifer  solids.  The  depletion  of 
oxidized  iron  on  the  surfaces  of  immobile  particles 
and  the  addition  of  organic  carbon  coatings  on  the 
soil  particles  and  colloids  apparently  stabilizes  the 
colloidal  suspension  in  the  anoxic  groundwaters. 
(Author's  abstract) 
W90-07359 

FIRST-  AND  THIRD-TYPE  BOUNDARY  CON- 
DITIONS IN  TWO-DIMENSIONAL  SOLUTE 
TRANSPORT  MODELING. 

International  Technology  Corp.,  Monroeville,  PA. 

V.  Batu,  and  M.  T.  van  Genuchten. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  2,  p  339-350,  February  1990.  8  fig,  23  ref,  2 

append. 

Descriptors:  'Groundwater  movement,  'Mathe- 
matical studies,  'Model  studies,  'Solute  transport, 
Boundary  conditions,  Errors,  Numerical  analysis, 
Porous  media. 

A  general  analytical  solution  is  presented  for  con- 
vective-dispersive  solute  transport  in  a  two-dimen- 
sional, semiinfinite  porous  medium.  The  solute  is 
assumed  to  be  subject  to  linear  equilibrium  sorp- 
tion and  first-order  decay.  Solutions  are  derived 
for  several  third-type  (Cauchy)  or  flux-type  bound- 
ary conditions  at  the  input  surface.  Both  a  general- 
ly applicable  solution  and  a  special  solution  for  a 
strip-type  solute  source  were  developed.  The 
third-type  boundary  condition  correctly  conserves 
mass  in  the  two-dimensional  system  and  the  first- 
order  (Drichlet)  or  concentration-type  boundary 
condition  corresponds  to  a  situation  in  which  the 
solute  flux  at  the  source  decreases  with  time  and  at 
large  time  approaches  the  solute  flux  of  the  third- 
type  boundary  condition.  This  can  lead  to  signifi- 
cant discrepancies  in  the  calculated  concentrations, 
especially  near  the  source  boundaries.  (Author's 
abstract) 
W90-07362 


BANNING       TRICHLOROETHYLENE:       RE- 
SPONSIBLE REACTION  OR  OVERKILL. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Civil  Engi- 
neering. 

For  primary   bibliographic  entry   see   Field   5G. 
W90-07364 


Tokyo    Metropolitan    Univ.    (Japan).    Dept.    of 

Chemistry. 

H.  Takada,  and  R.  Ishiwatari. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.  24,  No.  1,  p  86-91,  January  1990.  4 

fig,  3  tab,  16  ref.  Ministry  of  Education,  Science 

and  Culture,  Japan  Grants  58030062,   59030064, 

and  61030005.  Tokyu  Foundation  for  the  Better 

Environment  Grant  5724. 

Descriptors:  'Benzenes,  'Biodegradation,  'Fate  of 
pollutants,  'Microbial  degradation,  Domestic 
wastes,  Isomers,  Marine  sediments,  Surfactants, 
Tracers. 

Laboratory  incubations  of  linear  alkylbenzenes 
(LABs),  potential  molecular  tracers  of  domestic 
surfactant  wastes,  were  conducted  to  obtain  exper- 
imental evidence  of  systematic  microbial  alteration 
of  their  isomeric  composition.  Untreated 
wastewater  samples  from  a  representative  treat- 
ment plant  in  Tokyo  were  incubated  under  aerobic 
conditions  with  constant  mixing  in  sample  bottles 
for  periods  lasting  up  to  32  days  at  13-28  C.  An 
anaerobic  incubation  was  also  conducted  for  6 
days.  LABs  were  analyzed  in  periodic  samples  of 
the  incubations  by  gas  chromatography.  The  re- 
sults showed  that  external  LAB  isomers  (E)  are 
more  rapidly  biodegraded  than  internal  LAB  iso- 
mers (I).  The  degree  of  LAB  degradation  was 
found  to  be  quantitatively  related  to  the  change  in 
their  isomeric  composition.  The  isomeric  composi- 
tion, represented  by  I/E  ratio,  is  proposed  as  an 
indicator  of  LAB  degradation.  The  I/E  ratio  was 
applied  to  estimate  the  persistence  of  LABs  around 
Tokyo.  The  results  indicate  that  the  degree  of 
LAB  degradation  in  estuarine  and  bay  sediments  is 
approximately  45%.  (Geiger-PTT) 
W90-07365 

TRANSFORMATIONS  OF  SELENIUM  AS  AF- 
FECTED BY  SEDIMENT  OXIDATION-REDUC- 
TION POTENTIAL  AND  PH. 

Louisiana  State  Univ.,  Baton  Rouge.  Lab.  for  Wet- 
land Soils  and  Sediments. 
P.  H.  Masscheleyn,  R.  D.  Delaune,  and  W.  H. 
Patrick. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  1,  p  91-96,  January  1990.  4 
fig,  3  tab,  28  ref. 

Descriptors:  'Hydrogen  ion  concentration,  *Kes- 
terson  Reservoir,  'Oxidation-reduction  potential, 
•Path  of  pollutants,  'Selenium,  'Solubility,  Dis- 
solved solids,  Fate  of  pollutants,  Iron,  Oxidation, 
Speciation,  Volatility. 

The  influence  of  redox  potential  (Eh)  and  pH  on 
selenium  solubility,  speciation,  and  volatilization 
was  studied.  Kesterson  Reservoir  sediments  con- 
taminated with  selenium  were  incubated  under 
controlled  redox  (-200,  0,  200,  and  450  millivolts) 
and  pH  (6.5,  natural,  8.5,  and  9)  conditions.  Under 
reduced  conditions  selenium  solubility  was  low 
and  controlled  by  an  iron  selenide  phase.  Se(-II,0) 
comprised  80-100%  of  the  total  soluble  selenium. 
Upon  oxidation  dissolved  selenium  concentrations 
increased.  The  oxidation  of  Se(-II,0)  to  selenite 
was  rapid  and  occurred  immediately  after  the  oxi- 
dation of  iron.  Above  200  millivolts  selenite  slowly 
oxidized  to  selenate.  Under  oxidized  conditions 
(450  millivolts)  selenium  solubility  reached  a  maxi- 
mum. Selenate  was  the  predominant  dissolved  spe- 
cies present,  constituting  95%  at  higher  pH's  (8.9, 
9)  to  75%  at  lower  pH's  (7.5,  6.5)  of  the  total 
soluble  selenium  at  450  millivolts.  Biomethylation 
of  selenium  occurred  only  under  oxidized  condi- 
tions. Redox  potential  and  pH  are  key  factors  in 
the  biogeochemistry  of  selenium.  (Author's  ab- 
stract) 
W90-07366 


Descriptors:  'Antimony,  'Arsenic,  'Fluvial  sedi- 
ments, 'Idaho,  'Mine  drainage,  'Path  of  pollut- 
ants, Hydrogen  ion  concentration,  Leaching,  Sedi- 
ment transport,  Spatial  distribution. 

Sediments  from  the  Main  Stem  and  the  South  Fork 
of  the  Coeur  d'Alene  River  are  contaminated  with 
arsenic  (As),  antimony  (Sb),  and  other  heavy 
metals  from  the  local  mining  operations.  Water 
samples  from  the  South  Fork  and  the  Main  Stem 
showed  high  levels  of  As  (0.11-1.64  micrograms/ 
L)  and  Sb  (0.23-8.25  micrograms/L)  relative  to 
those  from  the  North  Fork  (0.26  micrograms/L  As 
and  0.17  micrograms/L  Sb).  Arsenic(III)  was  the 
predominant  form  in  the  waters  of  the  South  Fork 
and  Main  Stem  of  the  Coeur  d'Alene  River, 
whereas  the  North  Fork  generally  had  higher 
As(V)  concentrations.  The  major  inorganic  Sb  spe- 
cies was  Sb(V)  in  all  three  branches  of  the  river. 
Leaching  of  As  and  Sb  species  from  the  contami- 
nated Main  Stem  sediments  depends  on  the  pH 
values  of  the  water  as  well  as  on  the  free  iron 
oxides  and  manganese  oxides  present  in  the  sedi- 
ments. Mobilization  of  As  and  Sb  was  more  likely 
to  occur  in  sediments  low  in  iron  oxides  and  man- 
ganese oxides.  As  and  Sb  solubility  was  enhanced 
at  both  a  low  and  a  high  pH.  Since  lime  treatment 
is  a  common  method  used  to  deal  with  acid  mine 
drainage  and  wastewaters  related  to  mine  tailings, 
the  discharge  of  lime-treated  wastewater  with  high 
pH  might  result  in  a  higher  As  and  Sb  release  from 
the  sediment  in  contact.  A  near-neutral  pH  condi- 
tion would  favor  the  long-term  stability  of  mine 
wastes  with  respect  to  As  and  Sb.  The  leaching  of 
As  and  Sb  from  river  sediments  into  the  water  is 
more  pronounced  at  low  flow.  Acid  precipitation 
is  also  an  important  factor  affecting  As  and  Sb 
mobility  in  surface  water.  (Geiger-PTT) 
W90-07367 


BIODEGRADATION  EXPERIMENTS  OF 
LINEAR  ALKYLBENZENES  (LABS):  ISOMER- 
IC COMPOSITION  OF  C12  LABS  AS  AN  INDI- 
CATOR OF  THE  DEGREE  OF  LAB  DEGRADA- 
TION IN  THE  AQUATIC  ENVIRONMENT. 


DISTRIBUTION  AND  MOBILIZATION  OF  AR- 
SENIC AND  ANTIMONY  SPECIES  IN  THE 
COEUR  D'ALENE  RTVER,  IDAHO. 

Idaho  Univ.,  Moscow.  Dept.  of  Chemistry. 

W.  M.  Mok,  and  C.  M.  Wai. 

Environmental        Science        and       Technology 

ESTHAG,  Vol.   24,  No.    1,  p   102-108,  January 

1990.  5  fig,  8  tab,  21  ref. 


CHEMISTRY     OF    MUTAGENIC     BY-PROD- 
UCTS OF  WATER  CHLORINATION. 

North  Carolina  Univ.  at  Chapel  Hill.  Dept.   of 
Environmental  Sciences  and  Engineering. 
For  primary  bibliographic  entry  see  Field  5F. 
W90-07373 


FORMATION  OF  CHLORINATED  PAH:  A 
POSSIBLE  HEALTH  HAZARD  FROM  WATER 
CHLORINATION. 

Institutt   for   Kontinentalsokkelundersoekelser   og 
Petroleumsteknologi  A/S,  Trondheim  (Norway). 
For  primary  bibliographic  entry  see  Field  5F. 
W90-07374 

NATURALLY  PRODUCED  ADSORBABLE  OR- 
GANIC HALOGENS  (AOX)  IN  HUMIC  SUB- 
STANCES FROM  SOIL  AND  WATER. 

Linkoeping  Univ.  (Sweden).  Dept.  of  Water  and 

Environmental  Research. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-07375 

HUMIC-LIKE  SUBSTANCES  FROM  LAND- 
FILL LEACHATES:  CHARACTERIZATION 
AND  COMPARISON  WITH  TERRESTRIAL 
AND  AQUATIC  HUMIC  SUBSTANCES. 

Karlsruhe  Univ.  (Germany,  F.R.).  Engler-Bunte 
Inst. 

M.  Weis,  G.  Abbt-Braun,  and  F.  H.  Frimmel. 
Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  343-352,  June  1989.  3  fig,  4  tab,  21  ref. 
'  Deutsche      Forschungsgemeinschaft      Bonn-Bad 
Godesberg  Grant  FR536/6  and  FR  536/9. 

Descriptors:  'Chemical  properties,  'Humic  sub- 
stances, 'Landfills,  'Leachates,  'Organic  acids, 
Bogs,  Copper,  Hydrogen,  Lakes,  Organic  carbon, 
Phenols,  Pollutant  identification,  Soil  water, 
Sulfur,  Water  analysis. 

Terrestrial  and  aquatic  humic  substances  were 
compared  with  humic  like  substances  in  seepage 
water  from  landfills  by  spectroscopy,  elemental 
analysis,  acid  base  titration,  polarography  and  gel 
chromatography.  XAD-isolated  fractions  of  organ- 
ic acids  from  landfill  leachates  and  those  from  soil 
and  bog  lake  water  showed  similarities:  yellow- 
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brown  color,  acidic  functionality  of  several  micro- 
moles/mg  dissolved  organic  carbon  and  high  mo- 
lecular weight.  The  humic-like  substances  isolated 
from  the  seepage  water  of  the  dumping  areas, 
however,  had  higher  carbon-,  hydrogen-,  and 
sulfur-content,  lower  quantities  of  phenolic  groups, 
lower  complexation  capacities  for  copper  and 
lower  molecular  weight.  Organic  acids  from  anaer- 
obic seepage  water  seemed  to  represent  an  early 
stage  in  the  genesis  of  humic  substances.  (Geiger- 
PTT) 
W90-07385 


EFFECT  OF  THE  APPLICATION  OF  A  MU- 
NICIPAL REFUSE  COMPOST  ON  THE  PHYSI- 
CAL AND  CHEMICAL  PROPERTIES  OF  A 
SOIL. 

Instituto  de  Edafologia  y  Biologia  Vegetal,  Madrid 

(Spain). 

For  primary  bibliographic  entry  see  Field  5E. 

W90-07388 


ROLE  OF  FOREST  CANOPIES  IN  THE  COL- 
LECTION AND  NEUTRALIZATION  OF  AIR- 
BORNE ACID  SUBSTANCES. 

Tokyo  Inst,  of  Tech.  (Japan).  Dept.  of  Environ- 
mental Chemistry  and  Engineering. 
S.  Yoshida,  and  M.  Ichikuni. 
Science  of  the  Total  Environment  STENDL,  Vol. 
84,  p  35-43,  August   1989.   2  fig,  4  tab,  23  ref. 

Descriptors:  'Acid  rain,  *Air  pollution,  'Canopy, 
•Forests,  *Interception,  'Path  of  pollutants,  Alu- 
minum, Anions,  Cation  exchange,  Cations,  Leach- 
ing, Leaves,  Neutralization,  Throughfall. 

The  role  of  the  canopy  in  the  collection  of  air- 
borne acid  substances  and  in  the  neutralization  of 
the  acids  by  cation  exchange  processes  were  stud- 
ied in  three  different  types  of  forests  in  the  subur- 
ban area  of  Yokohama.  Bulk  throughfall  collected 
in  the  forest  and  bulk  precipitation  collected  in  the 
open  field  outside  of  the  forest  were  analyzed  for 
Ca(++),  Mg(++),  K(+),  Na(  +  ),  NH4(  +  ), 
H(  +  ),  Cl(-),  N03(-),  S04(-),  and  Al.  For  almost 
all  components,  bulk  throughfall  exceeded  bulk 
precipitation  in  elemental  flux,  owing  to  intercep- 
tion deposition  and  canopy  leaching.  Only  the 
H(-l-)  flux  decreased  during  passage  of  precipita- 
tion through  the  canopy.  Canopy  leaching  of 
Ca(+  +),  Mg(+  +),  and  K(  +  )  was  determined  by 
assuming  that  Ca(+-l-)/Al,  Mg(++)/Al,  or 
K(  +  )/Al  ratios  in  interception  deposition  are 
equal  to  the  corresponding  ratios  in  bulk  precipita- 
tion. Total  acid  deposition  to  the  forest,  assumed  to 
be  equal  to  the  throughfall  fluxes  of  S04(~)  and 
N03(-),  exceeded  the  flux  of  acid  substances  (H  + 
NH4(  +  ))  in  bulk  precipitation  by  factors  of  1.7, 
2.0,  and  2.5  for  Japanese  deciduous  oak  forest, 
Japanese  evergreen  oak  forest,  and  Japanese  cedar 
forest,  respectively,  indicating  the  importance  of 
interception  deposition  of  acid  substances  to  the 
canopy.  From  49  to  74%  of  total  acid  deposition 
was  neutralized  at  the  canopy.  A  major  part  of  the 
neutralization  was  attributable  to  the  cation  ex- 
change processes  at  the  canopy  surface.  Evidently 
the  processes  depend  on  the  nature  and  form  of  the 
leaf  surface.  (Author's  abstract) 
W90-07389 


RATIONAL  APPROACH  TO  THE  ASSESS- 
MENT OF  ALUMINIUM  SOLUBIXITY  CON- 
TROLS IN  FRESHWATERS. 

Senter  for  Industriforskning,  Oslo  (Norway). 
N.  Christophersen,  and  C.  Neal. 
Science  of  the  Total  Environment  STENDL,  Vol. 
84,  p  91-100,  August   1989.   1  fig,  3  tab,   16  ref. 

Descriptors:  *Acid  rain,  "Aluminum,  'Aquatic  en- 
vironment, *Path  of  pollutants,  'Statistical  analy- 
sis, •Thermodynamics,  'Water  chemistry,  Data  in- 
terpretation, Freshwater,  Regression  analysis,  Soil 
water,  Solubility,  Temperature  effects. 

The  problem  of  assessing  aluminum  equilibrium 
solubility  controls  in  freshwaters  using  thermody- 
namic techniques  is  placed  in  a  statistical  hypothe- 
sis testing  framework.  As  an  aid  in  interpreting 
field  information,  artificial  data  are  generated 
which  correspond  to  ideal  equilibrium  conditions, 


but  which  incorporate  realistic  analytical  and  tem- 
perature related  uncertainties.  These  artificial  data 
are  then  subjected  to  thermodynamic  interpreta- 
tions. The  technique  is  useful  in  answering  hypo- 
thetical questions  by  showing  the  scatter  to  be 
expected  in  real  data  under  true  equilibrium  condi- 
tions. Aluminum  hydroxide  is  used  as  the  example 
in  this  report.  Reasons  for  discarding  the  conven- 
tional dependent  axis  plot  (pAl(  +  3)  vs  pH)  in 
favor  of  a  plot  with  independent  or  nearly  inde- 
pendent axes  are  emphasized.  An  improved 
method  is  suggested  allowing  for  temperature  vari- 
ations in  the  equilibrium  constants  when  construct- 
ing stability  diagrams.  Also,  there  is  need  for  cau- 
tion when  regressing  variables  which  both  contain 
errors.  (Author's  abstract) 
W90-07391 


HEAVY  METAL  POLLUTION  INDUCED  BY  A 
FERRO-NICKEL  SMELTING  PLANT  IN 
GREECE. 

Athens    Univ.    (Greece).    Zoological    Lab.    and 

Museum. 

A.  Nicolaidou,  and  J.  A.  Nott. 

Science  of  the  Total  Environment  STENDL,  Vol. 

84,  p   113-117,  August   1989.  2  tab,  8  ref.   EEC 

Twinning  Grant  STJ-0046-01/2-UK/GR. 

Descriptors:  'Greece,  'Heavy  metals,  'Industrial 
wastes,  'Invertebrates,  'Marine  plants,  'Marine 
pollution,  'Marine  sediments,  'Path  of  pollutants. 
Chromium,  Cobalt,  Copper,  Iron,  Manganese, 
Nickel,  Zinc. 

Seven  heavy  metals,  Co,  Cr,  Cu,  Fe,  Mn,  Ni  and 
Zn,  were  measured  in  marine  sediments,  plants  and 
invertebrates  in  the  vicinity  of  a  ferro-nickel  smelt- 
ing plant  in  Greece.  The  concentrations  of  metals 
in  the  sediment  were  higher  than  those  found  in 
the  average  unpolluted  Greek  coastal  sediment. 
The  concentrations  of  metals  varied  in  the  differ- 
ent species  of  invertebrates.  The  gastropod  mol- 
lusks  tended  to  concentrate  the  metals  more  than 
the  bivalve  mollusks.  Cerithium  vulgatum  showed 
particularly  high  concentrations  of  Co,  Mn,  Ni  and 
Zn.  The  cone  shell  Conus  mediterraneus  had  the 
highest  concentration  of  Cu  together  with  the  win- 
kles Monodonta  spp.,  which  also  showed  high 
concentrations  of  Cr.  The  relatively  low  concen- 
trations of  metals  in  the  filter  feeders  and  the  high 
concentrations  in  the  herbivores  and  detritus  feed- 
ers suggest  that  one  pathway  for  the  metals  may  be 
through  the  plants,  some  of  which  also  show  high 
concentrations.  (Geiger-PTT) 
W90-07392 


MERCURY  LEVELS  IN  TOTAL  SUSPENDED 
MATTER  AND  IN  PLANKTON  OF  THE  MEDI- 
TERRANEAN BASIN. 

Istituto  di  Biofisica,  Pisa  (Italy). 
R.  Ferrara,  B.  E.  Maserti,  and  C.  Zanaboni. 
Science  of  the  Total  Environment  STENDL,  Vol. 
84,  p  129-134,  August  1989.  3  fig,   1  tab,  18  ref. 

Descriptors:  'Mediterranean  Sea,  'Mercury,  'Par- 
ticulate matter,  'Path  of  pollutants,  'Plankton, 
•Suspended  solids,  Adsorption,  Bioaccumulation, 
Turbidity. 

Mercury  levels  in  total  suspended  matter  (TSM) 
and  in  plankton  of  sea  water  from  some  Mediterra- 
nean areas  were  determined  by  atomic  fluores- 
cence spectrometry.  The  mercury  concentration  in 
TSM  collected  with  a  filter  of  0.45  micron  pore 
size  ranged  from  0. 1  to  2.4  nanograms/L  and  from 
0.1  to  4.7  nanograms/milligram  dry  weight.  These 
levels  were  3-10  times  higher  than  those  observed 
in  plankton  (0.08-0.29  nanograms/milligTam  dry 
weight)  collected  with  a  200  micron  net  mesh  size. 
No  variation  of  mercury  concentration  with  depth 
was  noted,  with  the  exception  of  the  upper  layer, 
where  an  increase  in  metal  concentration  was  ob- 
served at  depths  of  0-100  m.  The  highest  mercury 
concentrations  in  1  milligram  TSM  (dry  weight) 
were  observed  in  the  Alboran  and  Balearic  Seas, 
where  the  waters  were  particularly  clear,  as  shown 
by  low  turbidity  values.  The  highest  TSM  values 
were  observed  in  the  Tuscan  Archipelago,  an  area 
close  to  the  coast.  The  higher  mercury  concentra- 
tions in  TSM  than  in  plankton  were  attributed  to 
the  retention  on  the  filter  of  small-sized  particles 


and  the  possible  presence  of  cinnabar  particles  as  a 
consequence  of  the  geological  nature  of  the  Medi- 
terranean Basin.  (Geiger-PTT) 
W90-07393 


TRACE  METALS  IN  SEDIMENTS  FROM  THE 
ADRIATIC  SEA. 

Institut    Rudjer    Boskovic,    Zagreb   (Yugoslavia). 

Center  for  Marine  Research. 

D.  Martincic,  Z.  Kwokal,  M.  Stoeppler,  and  M. 

Branica. 

Science  of  the  Total  Environment  STENDL,  Vol. 

84,  p  135-147,  August  1989.  3  fig,  1  tab,  39  ref. 

Descriptors:  'Adriatic  Sea,  'Lead,  'Marine  pollu- 
tion, 'Marine  sediments,  'Path  of  pollutants, 
•Trace  metals,  Cadmium,  Copper,  Heavy  metals, 
Mercury,  Water  pollution  sources,  Zinc. 

Concentrations  of  trace  metals  were  determined  in 
sediments  (grain-size  fraction  <  75  microns)  from 
different  parts  of  the  Adriatic  Sea.  The  results 
were  compared  with  data  obtained  in  sediments  of 
similar  granular  composition  by  other  authors  con- 
cerned with  pollution  problems  in  the  Adriatic 
Sea.  Sediments  were  collected  from  unpolluted 
marine  and  estuarine  areas,  and  from  areas  under 
direct  anthropogenic  influence  and  were  analyzed 
for  Cd,  Pb  and  Cu  by  electrothermal  atomic  ab- 
sorption spectrophotometry,  for  Zn  by  flame  tech- 
nique, and  for  Hg  by  a  cold-vapor  method  accu- 
mulating the  metal  on  a  gold  wire.  The  concentra- 
tions of  Zn,  Cd,  Hg,  and  Cu  were  comparable  to 
the  lowest  values  so  far  reported  for  sediments 
from  the  Adriatic  Sea,  showing  that  solid  phases  of 
the  Adriatic  Sea,  with  the  exception  of  those  in 
restricted  localities  under  direct  anthropogenic  in- 
fluence, had  concentrations  similar  to  those  in  un- 
polluted marine  and  estuarine  sediments.  Lead  con- 
centrations in  sediments  from  the  north  Adriatic 
and  along  the  coast  of  the  central  and  south  Adri- 
atic Sea  were  a  factor  of  two  higher  than  those 
obtained  from  the  same  locations  in  1976.  Such  an 
enrichment  of  the  bottom  deposits  with  Pb  was 
attributed  to  the  high  frequency  of  ships  passing 
along  the  coast  using  leaded  gasoline.  The  distribu- 
tion of  all  metals  studied  was  strongly  dependent 
upon  the  grain-size  fraction  ( <  20  microns)  of  the 
whole  sediment.  (Geiger-PTT) 
W90-07394 


RADIONUCLIDES  IN  SHORELINE  WATERS 

OF  THE  NORTHEAST  IRISH  SEA. 

UKAEA  Atomic  Energy  Research  Establishment, 

Harwell  (England).   Environmental   and   Medical 

Sciences  Div. 

W.  A.  McKay,  and  N.  J.  Pattenden. 

Science  of  the  Total  Environment  STENDL,  Vol. 

84,  p  159-167,  August  1989.  1  fig,  6  tab,  19  ref. 

Descriptors:  'Aluminum,  'Americium  radioiso- 
topes, 'Cesium  radioisotopes,  'Coastal  waters, 
•Irish  Sea,  *Marine  pollution,  'Path  of  pollutants, 
•Plutonium  radioisotopes,  •Radioactive  wastes, 
•Water  pollution  sources,  Mollusks,  Seawater,  Sus- 
pended solids. 

The  shoreline  waters  of  the  Irish  Sea  along  the 
Cumbrian  coast  near  the  British  Nuclear  Fuels  pic 
works  at  Sellafield  were  sampled  at  three  locations 
over  a  3.5  yr  period  from  December  1980.  The 
particulate  content  was  analyzed  for  Pu238, 
Pu239  +  240,  Am241,  Csl37  and  stable  Al.  In  some 
cases  the  radionuclide  concentrations  in  filtered 
seawater  were  also  determined.  The  results 
showed  that  the  suspended  particulate  loads  were 
high  (typically  about  100  milligrams/L)  and  vari- 
able, and  that  they  contained  about  65  milligrams/ 
gm  of  Al.  The  isotopic  ratio  Pu238/Pu239  +  240, 
which  can  indicate  the  chronology  of  the  dis- 
charge, was  about  0.26,  which  suggested  that  the 
Sellafield  discharges  over  at  least  5  yr  contributed 
to  the  observed  concentrations.  The  Pu239  +  240 
and  Am241  annual  average  concentrations  in  the 
particulate  material  were  in  the  ranges  3.0-5.1  and 
3.3-5.2  Bq/gm,  respectively.  The  individual  values 
were  very  variable  in  time,  but  highly  correlated 
with  each  other.  No  significant  downward  trends 
in  the  concentrations  could  be  identified  over  this 
period.  This  is  consistent  with  the  behavior  of  a 
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reservoir  (the  northeast  Irish  Sea)  where  Pu  and 
Am,  which  are  available  for  suspension  in  particu- 
late material,  are  fed  by  the  Sellafield  discharges 
and  are  subject  to  a  mean  removal  time  of  several 
yr.  Thus  the  effects  of  the  large  reduction  in  the 
Sellafield  discharges  which  occurred  over  this 
period  should  only  be  observable  over  a  longer 
time  interval.  The  concentrations  in  the  dissolved 
fractions  in  seawater  were  negligible  compared 
with  the  particulate  fraction  concentrations,  in 
sharp  contrast  with  the  situation  in  offshore  sea- 
water.  For  Csl37,  the  annual  average  concentra- 
tion in  filtered  seawater  was  in  the  range  7.6-12.0 
Bq/L,  which  was  87-90%  of  the  total  concentra- 
tion in  seawater,  proportions  rather  lower  than 
some  results  reported  in  the  1970s,  possibly  reflect- 
ing a  residual  effect  of  the  higher  discharges.  In 
general,  the  work  showed  that  measurements  of 
shoreline  seawater  are  necessary  in  order  to  inter- 
pret littoral  effects  such  as  the  sea-to-land  transfer 
of  radionuclides  and  the  uptake  of  radionuclides  by 
mollusks,  in  the  environment  of  the  Irish  Sea. 
(Author's  abstract) 
W90-07395 

GROUNDWATER  POLLUTION  BY  MANGA- 
NESE: MANGANESE  SPECIATION-APPLICA- 
TION  TO  THE  SELECTION  AND  DISCUSSION 
OF  AN  IN  SITU  GROUNDWATER  TREAT- 
MENT. 

Aix-Marseille-1  Univ.  (France).  Lab.  Chimie  et 
Environnement. 

P.  Jaudon,  C.  Massiani,  J.  Galean,  and  J.  Rey. 
Science  of  the  Total  Environment  STENDL,  Vol. 
84,  p  169-183,  August  1989.  4  fig,  6  tab,  24  ref. 

Descriptors:  *Groundwater  pollution,  ♦Manga- 
nese, 'Water  pollution  sources,  *Water  pollution 
treatment,  Anaerobic  bacteria,  Aquifers,  Biodegra- 
dation,  Chemical  speciation,  Dissolved  oxygen, 
Drinking  water,  Iron,  Model  studies,  Oxidation- 
reduction  potential,  Oxygenation. 

Drinking  water  pumped  into  an  alluvial  water 
table  frequently  becomes  progressively  polluted  by 
dissolved  manganese  and  iron,  causing  problems 
for  regulatory  authorities.  Manganese  speciation 
and  bacteriological  experiments  are  essential  to 
determine  the  origin  of  the  manganese  and  the 
processes  of  water  pollution  in  order  to  select  the 
most  appropriate  treatment.  In  an  aquifer  which 
was  an  alluvial  water  table  of  the  River  Rhone 
supplying  drinking  water  for  the  city  of  Beaucaire, 
speciation  and  mineralogical  results  showed  that 
manganese  originates  from  within  the  aquifer  itself, 
mainly  in  the  form  of  oxides  (Z-disordered  manga- 
nate  type,  10  angstroms  manganate,  todorokite, 
birnessite)  which  settle  on  components  of  the 
pebble  bed  forming  the  aquifer.  Manganese  release 
is  due  to  a  decrease  of  dissolved  oxygen  in  the 
groundwater.  Under  these  conditions,  Mn(IV)  is 
reduced  both  chemically  and  bacterially  into  the 
Mn(II)  soluble  form.  In  such  situations  an  in  situ 
water  treatment  consisting  of  the  oxygenation  of 
the  aquifer  has  proved  to  be  both  suitable  and 
inexpensive  in  controlling  Mn  pollution.  The  risks 
of  aquifer  contamination  by  Mn  were  greater  when 
bacterial  cultures  were  reduced  and  when  dis- 
solved oxygen  concentrations  were  low,  suggest- 
ing the  importance  of  oxidizing  bacteria  in  the 
control  of  Mn  levels.  The  facultative  anaerobic 
bacteria  of  the  aquifer  use  the  metallic  oxides  as 
final  acceptors  of  electrons,  leading  to  the  dissolu- 
tion of  iron  and  manganese.  The  oxygen  supplied 
by  the  Vyredox  process  stops  the  release  of  Mn, 
both  by  a  redox  increase  and  through  a  modifica- 
tion of  bacterial  respiration:  the  bacteria  readily 
use  the  dissolved  oxygen  molecules.  When  the 
metallic  oxides  remain  on  the  pebble  beds  in  the 
aquifer,  the  risk  of  pores  becoming  filled  is  reduced 
in  the  oxidizing  zone.  (Geiger-PTT) 
W90-O7396 


SPECIATION  OF  IONIC  ALKYLLEAD  IN  PO- 
TABLE WATER  AND  SOIL. 
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D.  Chakraborti,  W.  Dirkx,  R.  Van  Cleuvenbergen, 
and  F.  Adams. 

Science  of  the  Total  Environment  STENDL,  Vol. 
84,  p  249-257,  August  1989.  3  fig,  3  tab,  20  ref. 


Descriptors:  *Lead,  *Path  of  pollutants,  'Potable 
water,  *Soil  contamination,  'Water  pollution 
sources,  Chemical  speciation,  Degradation, 
Groundwater  pollution,  Highway  effects,  Trace 
elements. 

Various  potable  water  and  soil  samples  were  ana- 
lyzed for  tri-alkyllead  and  dialkyllead  compounds 
using  a  sensitive  speciation  procedure  based  on 
diethyldithiocarbamate  extraction,  Grignard  deri- 
vatization  and  gas  chromatography-atomic  absorp- 
tion spectrometry.  The  species  are  generally 
present  as  ultra-trace  contaminants  ranging  in  con- 
centration from  0.35  to  9.27  nanograms/L  for  total 
ionic  alkyllead  in  the  potable  water  samples  and 
from  0.33  to  1.07  nanograms/gm  for  total  ionic 
alkyllead  in  the  soil  samples  studied.  A  preliminary 
degradation  study  was  performed  by  regular  ex- 
traction and  gas  chromatography-atomic  absorp- 
tion spectrometry  analysis  of  stored  samples  of 
road  runoff  water,  soil  and  road  dust.  In  general, 
the  concentration  of  the  most  abundant  species,  an 
ethyllead  compound,  decreased  most  rapidly. 
Methyllead  products,  particularly  trimethyllead, 
appeared  to  be  the  most  stable:  this  species  re- 
mained almost  unchanged  for  2  months  under  the 
conditions  of  the  experiment.  There  was  no  evi- 
dence that  lead-containing  products  other  than  in- 
organic lead  were  formed  during  long-term  stor- 
age. In  road  runoff  water,  the  diethyllead  profile 
initially  did  not  demonstrate  the  pronounced  de- 
crease as  in  the  other  samples  suggesting  a  contri- 
bution from  triethyllead  decomposition.  (Geiger- 
PTT) 
W90-07398 


MUTAGENIC  ACTD/ITY  AND  PRESENCE  OF 
THE  STRONG  MUTAGEN  3-CHLORO-4- 
(DICHLOROMETHYL)-5-HYDROXY-2-(5H)- 
FURANONE  (MX)  IN  CHLORINATED  RAW 
AND  DRINKING  WATERS  IN  THE  NETHER- 
LANDS. 

Abo  Akademi,  Turku  (Finland).  Dept.  of  Organic 
Chemistry. 

For  primary  bibliographic  entry  see  Field  5C. 
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MODELING  SOLUTE  TRANSPORT  IN  SOILS 
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Descriptors:  *Humic  substances,  'Model  studies, 
'Path  of  pollutants,  'Soil  chemistry,  'Soil  con- 
tamination, 'Solute  transport,  'Sorption,  Dis- 
solved solids,  Finite  difference  methods,  Kinetics, 
Organic  matter,  Sensitivity  analysis,  Simulation 
analysis,  Soil  water. 

Several  studies  concerning  the  effects  of  humic 
materials  on  the  aqueous  behavior  of  some  hydro- 
phobic contaminants  have  demonstrated  that  natu- 
ral organic  matter  found  in  ground  and  surface 
waters  can  bind  these  contaminants  and  possibly 
affect  their  transport  in  the  environment.  The  mo- 
bility of  trace  organic  contaminants  in  soil,  origi- 
nating from  non-point  source  pollution,  may  thus 
be  affected  by  the  presence  of  dissolved  organic 
matter,  either  in  the  unsaturated  or  in  the  saturated 
zone  of  the  soil.  In  order  to  predict  the  possible 
importance  of  such  interactions,  simulations  were 
made  using  a  three-site  sorption  model  to  describe 
contaminant  retention  in  soil.  Two  kinetic  rate 
equations  and  an  equilibrium  Freundlich  equation 
were  used  to  describe  adsorption-desorption  of 
two  species  of  the  contaminant  (free  or  bound  with 
dissolved  organic  matter)  in  a  soil-water  system. 
The  equations  governing  the  contaminant  adsorp- 
tion and  the  transport  are  simultaneously  solved 
using  an  explicit-implicit  finite  difference  tech- 
nique, under  steady-state  water  flow  conditions. 
This  conceptual  mode  describes  the  effluent  con- 
centrations of  a  contaminant  from  a  saturated  soil 
column,  assuming  complexation  of  a  fraction  of  the 
contaminant  and  possible  adsorption  of  this  com- 


plex on  the  soil  matrix.  A  sensitivity  analysis  of  the 
model  to  variations  in  the  constant  of  complexation 
and  in  the  sorption  rate  constants  showed  the 
relative  importance  of  these  processes  and  their 
effects  on  the  vertical  movement  of  the  contami- 
nant in  the  soil.  These  effects  are  predicted  to  be 
significant  under  conditions  that  can  occur  in  a 
soil-water  system.  (Author's  abstract) 
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INFLUENCE  OF  VENICE  LAGOON  MACRO- 
FAUNA  ON  NUTRIENT  EXCHANGE  AT  THE 
SEDIMENT- WATER  INTERFACE. 

Venice  Univ.  (Italy).  Dept.  of  Environmental  Sci- 
ence. 
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ORGANOCHLORINE  COMPOUNDS  AND  PCB 
CONGENERS  IN  CONTAMINATED  SEDI- 
MENTS. 
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Descriptors:  'Chlorinated  hydrocarbons,  'Fluvial 
sediments,  'Marine  sediments,  'Polychlorinated  bi- 
phenyls,  'Sediment  contamination,  'Water  pollu- 
tion sources,  Benzenes,  Greece,  Halogenated  pesti- 
cides, Marine  pollution,  Path  of  pollutants. 

Residue  levels  of  organochlorine  compounds  and 
polychlorinated  biphenyls  (PCB)  congeners  in  sur- 
face sediments  of  two  rivers  and  the  Thermaikos 
Gulf  of  northern  Greece  were  determined  by  gas 
chromatography  with  electron  capture  detection. 
Considerable  variations  between  PCB  congeners 
were  observed  for  most  of  the  samples;  various 
chlorobenzenes  showed  the  same  patterns  as  the 
PCBs,  indicating  a  common  pollution  source.  The 
concentrations  of  organochlorine  pesticides  and 
PCBs  were  compared  with  those  reported  in  the 
literature  and  were  similar  to  those  found  for 
slightly  polluted  areas.  The  highest  levels  of  these 
compounds  were  found  in  the  Thermaikos  Gulf, 
where  the  untreated  municipal  sewage  of  the  city 
of  Thessaloniki  is  discharged.  (Author's  abstract) 
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COLUMN  LEACHING  OF  UNRETORTED  AND 
RETORTED  OIL  SHALES  AND  CLAYSTONES 
FROM  THE  RUNDLE  DEPOSIT:  WATER 
LEACHING. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  North  Ryde  (Australia).  Div.  of 
Coal  Technology. 

D.  R.  Jones,  B.  M.  Chapman,  and  R.  F.  Jung. 
Water  Research  WATRAG,  Vol.  24,  No.  2,  p  131- 
141,  February  1990.  6  fig,  7  tab,  30  ref 

Descriptors:  'Australia,  'Claystones,  'Leachates, 
•Oil  shale,  'Solid  wastes,  'Water  pollution 
sources,  'Waste  dumps,  Rundle  oil  shale  deposit, 
Chemical  composition,  Manganese,  Nitrate,  Mo- 
lybdenum, Arsenic,  Selenium,  Boron,  Thiosulfate, 
Copper,  Nickel. 

The  chemical  compositions  were  determined  for 
leachates  from  both  small  and  large  columns  con- 
taining a  number  of  solid  wastes  components  likely 
to  be  present  in  the  dumps  of  a  future  shale  oil 
industry  on  the  site  of  the  Rundle  oil  shale  deposit 
which  is  located  on  the  central  Queensland  coast 
of  Australia.  Samples  of  unretorted  and  retorted 
shales  and  interburden  claystone  from  two  of  the 
major  seams  (called  the  Kerosene  Ck  and  lower 
Ramsay  Crossing  seams)  were  used  for  this  study. 
These  materials  were  leached  both  individually 
and  in  admixture  under  unsaturated  flow  condi- 
tions with  distilled  water.  Long  term  trends  in 
leachate  composition  were  obtained  by  maintaining 
each  of  the  columns  for  at  least  one  year.  A 
number  of  components  in  the  first  pore  volume  of 
leachate  from  some  of  the  columns  were  found  to 
exceed  Australian  drinking  water  and  irrigation 
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water  criteria.  These  were  Mn,  N03,  Mo,  As,  Se 
and  B.  Thiosulfate  was  present  in  high  concentra- 
tions in  the  leachate  from  retorted  shale.  Almost 
50%  of  the  Cu  and  Ni  leached  from  the  Kerosene 
Ck  shale  was  present  in  the  form  of  metallo-organ- 
ic  complexes.  The  composition  of  leachates  in  the 
first  pore  volume  from  both  the  small  and  large 
columns  was  found  to  be  the  same,  indicating  that 
the  results  of  small  scale  column  test  may  provide 
a  good  model  for  the  leaching  of  the  actual  waste 
dumps  to  be  constructed  at  Rundle.  (Author's  ab- 
stract) 
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CHEMICAL  CHARACTERISTICS  OF  A  MEDI- 
TERRANEAN RIVER  AS  INFLUENCED  BY 
LAND  USES  IN  THE  WATERSHED. 

Barcelona  Univ.  (Spain).  Dept.  de  Ecologia. 

F.  Sabater,  S.  Sabater,  and  J.  Armengol. 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  143- 

155,  February  1990.  5  fig,  3  tab,  24  ref. 

Descriptors:  'Geochemistry,  'Land  use,  *River 
systems,  'Ter  River,  *Water  chemistry,  Alkalinity, 
Calcium,  Chemical  properties.  Chlorides,  Hydro- 
geology,  Lithology,  Magnesium,  Potassium,  Salini- 
ty, Sodium,  Sulfates,  Watersheds. 

The  influence  of  watershed  characteristics  on  the 
inorganic  chemical  composition  in  the  water  of  a 
Mediterranean  river  (the  Ter),  was  studied.  The 
main  physiographical  features  (topographic  char- 
acteristics, lithology  and  soils,  climate  and  vegeta- 
tion, land  use,  human  activities)  were  defined  in 
every  subbasin.  All  the  physiographical  informa- 
tion for  the  whole  river  catchment  was  computer- 
ized by  means  of  digitalized  areas  of  0.25  sq  km. 
Several  principal  components  analysis  were  car- 
ried out  in  order  to  characterize  the  basin  physiog- 
raphy. Moreover,  this  same  tool  was  used  to  estab- 
lish the  relationships  between  watershed  character- 
istics and  physico-chemical  composition  of  the  Ter 
river  wastes.  The  ordination  of  physiographical 
features  may  be  interpreted  as  revealing  the  struc- 
ture of  the  river.  The  changes  produced  in  the 
conservative  parameters  (alkalinity,  sulfates,  calci- 
um, sodium,  magnesium,  potassium,  chloride)  are 
related  to  the  chemical  inertia  of  the  water,  defined 
as  the  increasing  resistance  of  the  water  chemistry 
downstream  to  sudden  changes.  Therefore,  an 
identical  disturbance  will  not  have  the  same  effect 
when  produced  in  upstream  or  downstream 
stretches.  Finally,  there  is  a  very  high  correlation 
between  several  land  use  variables  (climate,  vege- 
tation and  human  activities)  and  nutrient  content. 
However,  the  lithology  is  not  correlated  with  the 
river  Ter  water  salinity.  (Author's  abstract) 
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DRUM  CENTRIFUGATION  MODELLING  OF 
LONG  TERM  POLLUTANT  MIGRATION 
THROUGH  A  SOIL  LAYER. 

Cambridge  Univ.  (England).  Dept.  of  Engineering. 
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Descriptors:  *Centrifugation,  'Groundwater  pollu- 
tion, 'Model  studies,  'Path  of  pollutants,  'Soil 
contamination.  Computer  programs,  Leaching, 
Waste  disposal. 

With  the  advent  of  the  awareness  of  potential 
problems  associated  with  land  based  waste  reposi- 
tory configurations,  studies  have  been  conducted 
to  examine  some  of  the  site  processes  involved. 
These  include  the  processes  by  which  leaching 
pollutants  migrate  away  from  these  sites,  with  the 
subsequent  contamination  of  the  groundwater 
system.  Three  drum  centrifuge  models  were  con- 
structed, and  tested,  supplemented  with  laboratory 
experiments  at  1  g  which  determined  parameters 
required  in  the  numerical  analysis  of  transport 
processes.  These  included  sorption,  diffusion  and 
dispersion  coefficients  for  the  pollutants  and 
porous  medium  employed  in  the  model.  The  model 
simulated  a  large  flooded  landfill  site,  overlying  a 
relatively    impermeable    clay    layer.    Within    this 


layer  a  differential  hydraulic  gradient  induced  an 
overall  advective  flow  down  towards  an  underly- 
ing aquifer  in  which  a  horizontal  flow  existed.  A 
relatively  coarse  grade  of  kaolin  was  used  as  the 
porous  medium  because  of  its  relatively  low  cation 
exchange  capacity.  A  0.5m  NaCl  solution  was  used 
to  represent  the  landfill  leachate.  The  centrifuge 
was  run  continuously  at  400g  for  56  hour,  produc- 
ing data  representing  1023  years  prototype  time. 
Core  samples  of  the  clay  where  then  taken  for 
analyses.  Based  on  calculated  Peclet  number  for 
chloride  dispersion  of  less  than  0.04  for  duration  of 
the  centrifuge  run  and  the  chloride  dispersion  coef- 
ficient of  0.0000029  from  previously  laboratory 
diffusion  data,  the  observed  test  parameters  were 
used  to  forecast  arrival  times  of  the  maximum 
concentration  level  with  depth  using  POLLUTE, 
a  one-dimensional  computer  program  designed  to 
simulate  pollutant  migration  through  a  non-ho- 
mogenous soil  deposit.  The  discrepancy  between 
the  results  generated  from  POLLUTE  and  the  test 
results  observed  indicated  that  the  test  conditions 
experienced  were  possibly  not  of  a  one-dimension- 
al nature.  The  chloride  concentration  data  in  the 
contaminated  underdrain  was  run  with  POLLUTE 
to  provide  an  indication  of  the  upward  chloride 
diffusion  from  the  drain.  However,  the  upward 
migration  of  chloride  by  molecular  diffusion  in  the 
test  duration  had  a  negligible  effect  on  migration  of 
chloride  from  the  clay  surface.  (Lantz-PTT) 
W90-07465 


KINETICS  AND  MECHANISMS  OF  THE  RE- 
LEASE OF  TRACE  INORGANIC  CONTAMI- 
NANTS TO  GROUND  WATER  FROM  COAL 
ASH  BASINS  ON  THE  SAVANNAH  RIVER 
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Descriptors:  'Coal  wastes,  'Groundwater  pollu- 
tion, 'Path  of  pollutants,  'Savannah  River  Plant, 
Arsenic,  Ash,  Cadmium,  Chemical  interactions, 
Chromium,  Hydrogen  ion  concentration,  Iron,  Ki- 
netics, Manganese,  Nickel,  Pore  water,  Trace 
metals. 

Undisturbed  cores  of  ashes  from  the  sites,  random- 
ly selected  in  the  Old  and  New  ash  disposal  basins, 
located  in  D-area  on  the  Savannah  River  Plant 
(SRP)  were  removed  and  sequentially  extracted 
for  the  quantitative  estimation  of  dissolved  (pore 
water),  exchangeable,  Fe/Mn  oxide  associated  and 
organic  matter  associated  trace  inorganic  contami- 
nants (i.e.,  As,  Cd,  Cr  and  Ni).  Undisturbed  cores 
of  ashes  were  leached  with  deionized  water,  nitric 
acid  (pH3)  and  calcium  hydroxide  (pH8)  solution 
to  evaluate  the  kinetics  of  release  of  trace  metals. 
Sluiced  water  samples,  at  four  locations  in  the  new 
ash  basins,  and  groundwater  samples  from  wells, 
installed  at  the  ash  sampling  sites  were  tested  for 
Ca,  Mg,  Na,  K,  P,  Al,  Fe,  Mn,  Ti,  Cu,  Zn,  Ni,  Mo, 
Cd,  Si,  Cr,  Sr,  B,  Ba,  Pb,  V,  As  and  Se.  A  very 
small  fraction  of  the  total  elemental  concentration, 
except  Cd,  were  found  in  the  dissolved  phase. 
Most  of  the  easily  releasable  elements  in  the  ashes 
were  found  associated  with  Fe/Mn  oxides  and 
organic  matter.  Analysis  of  the  data  clearly  indi- 
cates the  release  and  mobilization  of  trace  contami- 
nants to  the  lower  horizons  of  the  impounded 
ashes.  Elemental  translocation  was  found  to  be 
more  serious  in  the  old  ash  basin.  Several  mecha- 
nisms appeared  operating  in  these  systems,  leading 
to  the  release  and  transport  of  trace  inorganic 
contaminants.  The  decomposing  organic  matter, 
especially  in  the  old  ash  basin,  was  considered 
responsible  for  lowering  the  pH  of  surface  hori- 
zons. The  activity  appeared  especially  intense  in 
the  subsurface  horizons  (7.5-15  cm).  Low  pH  is 
responsible  for  solubilizing  the  trace  elements 
which  are  complexed  by  active  organic  com- 
pounds. The  leached  components  remain  in  solu- 
tion until  the  percolating  water  reaches  a  zone  of 
higher  pH.  In  this  zone,  the  acidity  is  neutralized 
and  subsequent  redox  reactions  lead  to  coagulation 
and  precipitation  of  the  dissolved  element.  Trace 


elemental  groundwater  contamination  may  result 
when  the  deeper  layers  of  the  ash  column  become 
acidified.  Deionized  water,  nitric  acids  (pH3)  and 
calcium  hydroxide  (pH8)  failed  to  release  signifi- 
cant amounts  of  trace  metals  from  the  ash  columns. 
Leachates  pH;  even  for  the  second  leaching  with 
nitric  acids,  were  found  neutral  to  slightly  alkaline 
which  in  general  are  not  conducive  for  the  mobili- 
zation of  metals.  (Lantz-PTT) 
W90-07467 


MERCURY:  OCCURRENCE  AND  TURNOVER 
OF  MERCURY  IN  THE  ENVIRONMENT. 
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Descriptors:  'Mercury,  'Path  of  pollutants, 
•Sweden,  Bioaccumulation,  Fish,  Forest  water- 
sheds, Lakes,  Research  priorities. 

This  is  a  progress  report  on  a  coordinated  research 
project  on  the  occurrence  and  turnover  of  mercu- 
ry in  the  Swedish  environment.  The  purpose  is  to 
describe  and  quantify  those  mercury  fluxes  in  the 
air,  ground  and  water  that  are  most  significant  to 
the  enrichment  of  mercury  in  the  food  chains.  The 
project  focuses  on  the  question  of  why  the  mercu- 
ry content  is  high  compared  with  background 
levels  even  for  fish  from  waters  not  directly  affect- 
ed by  local  emissions.  The  project  attempts  to: 
explain  why  the  mercury  content  in  fish  in  Swed- 
ish forest  lakes  is  high  now  compared  with  estimat- 
ed levels  in  the  19th  century,  and  propose  counter- 
measures  that  can  be  taken  to  reduce  the  mercury 
content  in  fish.  (Lantz-PTT) 
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STEEL  CREEK  WATER  QUALITY:  L  LAKE/ 
STEEL  CREEK  BIOLOGICAL  MONITORING 
PROGRAM,  NOVEMBER  1985-DECEMBER 
1987. 
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Descriptors:  'Dam  effects,  'Environmental  effects, 
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ents, Phosphorus,  Potassium,  Sodium,  Sulfates, 
Temperature. 

The  objective  of  this  portion  of  the  L-Lake/Steel 
Creek  Biological  Monitoring  Program  is  to  docu- 
ment the  current  status  of  water  quality  in  the 
Steel  Creek  system,  assess  the  overall  impact  of  L- 
Reactor  operation  and  L-Lake  on  Steel  Creek 
water  quality,  determine  whether  ecologically  im- 
portant alterations  in  the  water  quality  of  Steel 
Creek  have  occurred,  and  compare  Steel  Creek 
water  quality  with  other  southeastern  lotic  sys- 
tems. This  report  covers  the  period  November 
1985  through  December  1987.  The  impoundment 
and  discharge  from  L-Lake  has  had  an  impact  on 
the  water  quality  of  Steel  Creek  through  the  intro- 
duction of  Savannah  River  water  into  Steel  Creek. 
Downstream  gradients  were  sometimes  observed 
at  creek  corridor  Stations  275  to  290  (either  for 
yearly  means  or  individual  values)  in  temperature, 
dissolved  oxygen,  pH,  total  inorganic  carbon, 
ortho-,  and  total  phosphorus,  nitrate-nitrogen,  and 
ammonia-nitrogen,  total  inorganic  nitrogen,  total 
and  dissolved  iron,  total  and  dissolved  sodium, 
chloride,  total  and  dissolved  magnesium,  total  dis- 
solved manganese,  total  and  dissolved  potassium, 
and  total  and  dissolved  calcium.  These  differences 
can  be  attributed  to  the  effects  of  cooling,  outgass- 
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ing,  and  metabolic  activity  of  stream  organisms. 
The  occurrence  of  gradients  was  not  consistent 
among  variables.  Open  vs.  closed  canopy  swamp/ 
delta  station  differences  were  sometimes  observed 
for  temperature,  ortho-,  and  total  phosphorus,  ni- 
trate-nitrogen, total  inorganic  nitrogen,  total  and 
dissolved  sodium,  and  sulfate.  Inspection  of  pre-, 
and  post-impoundment  data  from  the  entire  study 
indicated  that  substantive  increases  in  temperature, 
conductivity,  alkalinity,  total  phosphorus,  nitrate- 
nitrogen,  ammonia-nitrogen,  total  sodium,  dis- 
solved sodium,  and  chloride,  and  decreases  in  pH 
have  occurred  over  pre-impoundment  levels. 
These  changes  were  not  thought  to  be  limiting  to 
the  establishment  and/or  maintenance  of  a  bal- 
anced biological  community.  Steel  Creek  water 
quality  during  this  study  was  similar  to  the  range 
of  values  observed  in  other  representative  lotic 
systems  and  judged  to  be  typical  of  southeastern 
surface  systems.  (Lantz-PTT) 
W9O-O7470 


SUPERFUND  RECORD  OF  DECISION:  HEN- 
DERSON ROAD,  PA. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W9O-07471 


SUPERFUND  RECORD  OF  DECISION: 
GURLEY  Pn\  AR. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-07474 


COMPARATIVE  STUDY  OF  PRECIPITATION 
CHEMISTRY  AT  INLAND,  COASTAL  AND 
ISLAND  SITES  IN  THE  BOTHNIAN  BAY 
AREA. 

Stockholm  Univ.  (Sweden).  Meteorologiska  Insti- 

tutionen. 

L.  Granat. 

Available  from  the  National  Technical  Information 

Service,   Springfield,   VA.   22161,   as  N89-12135. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  CM-73,  May  1988.  23p,  5  fig,  4  tab,  2 

ref. 

Descriptors:  "Baltic  Sea,  "Chemistry  of  precipita- 
tion, 'Coasts,  *Gulf  of  Bothnia,  *Path  of  pollut- 
ants, *Water  pollution  sources,  Calcium,  Compari- 
son studies,  Hydrogen  ion  concentration,  Nitrites, 
Potassium,  Sulfates. 

Rain  chemistry  measurements  were  made  in  the 
northern  part  of  the  Baltic  Sea,  in  the  Gulf  of 
Bothnia  (Kvarken),  on  both  a  small  island  and  on  a 
light-house,  and  compared  with  data  from  nine 
coastal  and  inland  sites  on  both  sides  of  the  water. 
The  distance  from  coast  to  coast  in  the  area  is  120 
km.  The  concentration  of  S04,  N03  and  H(+)  at 
the  island  site  was  about  equal  and  NH4  about 
10%  less  than  the  value  obtained  by  linear  interpo- 
lation between  coastal  sites.  The  amount  of  pre- 
cipitation was  about  30%  less  on  the  island-possi- 
bly representing  conditions  over  the  open  water. 
The  deposition  was  estimated  to  be  30  to  40% 
lower  than  the  values  measured  at  coastal  sites. 
The  concentration  of  seasalt  components  was 
higher  at  the  island  site,  but  the  level  may  depend 
on  the  sampling  site.  The  concentration  of  Ca  and 
K  was  a  few  microequivalents/L  higher  at  the 
island  site.  This  study  together  with  information 
from  the  national  Swedish  air  and  precipitation 
chemistry  network  suggests  that  estimates  of  wet 
deposition  of  several  components  of  anthropogenic 
origin  to  a  large  water  body,  should  be  made  from 
a  combination  of  concentration  data  obtained  from 
many  measurements  around  the  water  body  with 
particular  reference  to  coastal  sites  and  estimated 
amount  of  precipitation  over  the  water.  A  direct 
estimate  based  on  deposition  at  coastal  sites  will 
give  too  high  values.  The  measurements  at  the 
light  house  were  probably  affected  by  the  very 
exposed  location  and  the  results  were  considered 
to  be  less  reliable  than  those  from  the  much  less 
exposed  site  on  the  island.  (Author's  abstract) 
W90-07478 


MOBILITY  OF  COLLOIDAL  PARTICLES  IN 
THE  SUBSURFACE:  CHEMISTRY  AND  HY- 
DROLOGY OF  COLLOID-AQUIFER  INTER- 
ACTIONS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

J.  F.  McCarthy,  and  F.  J.  Wobber. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE90000724. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
A  meeting  Held  on  October  4-6,  1989,  Manteo, 
North  Carolina.  Report  No.  DOE/ER-0425,  Octo- 
ber 1988.  lip,  2  append. 

Descriptors:  "Aquifers,  "Colloids,  "Conferences, 
"Geochemistry,  "Geohydrology,  "Groundwater 
movement,  "Mass  transport,  "Path  of  pollutants, 
Decontamination,  Inorganic  compounds,  Organic 
compounds,  Research  priorities,  Sampling,  Solute 
transport. 

A  meeting,  titled  the  same  as  this  report,  was  held 
on  October  4-6,  1989,  in  Manteo,  North  Carolina. 
The  purpose  of  the  meeting  was  to  examine  the 
chemical  and  hydrologic  factors  controlling  the 
transport  and  deposition  of  organic  and  inorganic 
colloidal  particles  in  subsurface  environments.  Ses- 
sions dealt  with  technical  difficulties  in  sampling 
and  characterizing  colloidal  particles  in  ground- 
water, and  with  observations  of  colloid  movement 
in  laboratory  and  field  systems,  with  an  emphasis 
on  the  chemical  and  hydrological  factors  control- 
ling transport.  Discussion  sessions  summarize  the 
concensus  of  the  group  on  two  important  issues: 
(1)  identifying  natural  conditions  that  promote 
either  the  transport  or  the  deposition  of  colloids, 
with  the  intent  of  focusing  attention  on  those  sub- 
surface environments  with  the  greatest  probability 
for  the  occurrence  of  mobile  colloids,  and  (2) 
exploring  strategies  to  manipulate  colloid  mobiliza- 
tion and  deposition  within  subsurface  systems  to 
aid  in  remediation  or  mitigation  of  contamination 
at  hazardous  waste  sites.  Based  on  the  presenta- 
tions and  discussions,  participants  attempted  to 
reach  a  concensus  on  the  priorities  for  research  on 
groundwater  colloids.  Highest  priority  was  given 
to  colloid  sampling  methods,  understanding  of  the 
hydrogeochemistry  of  colloid  formation  and  depo- 
sition, and  application  of  this  understanding  to 
waste  management.  Important  and  critical  labora- 
tory studies  must  be  tied  to  experimental  questions 
driven  by  field  studies,  including  comparative  stud- 
ies at  a  network  of  field  sites  that  bound  the  range 
of  conditions  where  colloids  may  occur.  This  doc- 
ument summarizing  the  meeting  includes:  abstracts 
of  technical  presentations,  summaries  of  discussion 
topics,  and  a  description  of  research  priorities. 
(Lantz-PTT) 
W90-07482 


SUBSURFACE  SCIENCE  PROGRAM.  PRO- 
GRAM OVERVIEW  AND  SCOPE:  OVERVIEW 
OF  THE  SCIENTIFIC  SCOPE,  GOALS  AND 
RELEVANCE  OF  FUNDAMENTAL  RE- 
SEARCH IN  SUBSOILS,  GROUNDWATER 
AND  CHEMICAL  CONTAMINATION  SPON- 
SORED BY  THE  U.S.  DEPARTMENT  OF 
ENERGY. 

Department  of  Energy,  Washington,  DC.  Office  of 
Energy  Research. 

Report  No.  DOE/ER-0444,  February  1990.  34p, 
31  ref. 

Descriptors:  "Groundwater,  "Groundwater  move- 
ment, "Groundwater  pollution,  "Path  of  pollut- 
ants, "Research  priorities,  "Soil  contamination, 
"Subsoil,  BiodegTadation,  Cleanup  operations, 
Geochemistry,  Geohydrology,  Hydraulic  proper- 
ties, Microbiological  studies,  Model  studies,  Site 
remediation,  Soil  water,  Solute  transport. 

Long-term  basic  research  of  the  Subsurface  Sci- 
ence Program  focuses  on:  (1)  the  fundamental 
physical,  chemical,  and  biological  mechanisms  that 
control  the  reactivity,  mobilization,  stability,  and 
transport  of  chemical  mixtures  in  subsoils  and 
groundwater;  (2)  geohydrology,  including  hydrau- 
lic and  geochemical  properties  that  affect  transport 
and  numerical  (predictive)  modeling  of  coupled 
hydraulic-geochemical-microbial  processes;  and  (3) 
the  microbiology  of  deep  sediments  and  ground- 
water. Emphasis  is  given  to  inter-disciplinary  and 


Sources  Of  Pollution — Group  5B 

multi-disciplinary,  rather  than  single-discipline  or 
narrowly-focused  research.  The  general  goals  of 
the  program  are  to:  develop  a  mechanistic  under- 
standing of  subsurface  (subsoil/groundwater)  proc- 
esses and  properties,  including  contaminant  inter- 
actions; identify  innovative  in  situ  remediation  con- 
cepts, with  emphasis  on  environmental  manipula- 
tion; improve  predictions  of  contaminant  mobiliza- 
tion, stabilization,  and  transport,  with  emphasis  on 
complex  mixtures;  develop  new  and  more  effective 
in  situ  physical,  chemical,  and  microbiological 
sampling,  characterization,  and  monitoring  meth- 
ods, with  emphasis  on  field  methods;  evaluate  the 
long-term  effects  of  contaminants  and  remedial 
action  on  natural  subsurface  systems,  with  empha- 
sis on  microbial  ecosystems;  and,  facilitate  technol- 
ogy and  scientific  information  transfer  to  DOE 
sites.  The  program  is  organized  into  interdiscipli- 
nary subprograms  with  research  conducted  by  na- 
tional lab-university  consortia,  which  are  guided 
by  five-year  research  plans:  co-contaminant  chem- 
istry subprogram;  geochemical  transport  process- 
es/colloids subprogram;  multicomponent  predic- 
tive models/expert  systems  subprogram;  multi- 
phase fluid  flow  subprogram;  deep  microbiology 
subprogram;  biodegradation/microbial  physiology 
subprogram;  coupled  processes  subprogram;  field 
scale  subprogram;  and  environmental  science  re- 
search center.  (Lantz-PTT) 
W90-07485 


USE  OF  ELECTROMAGNETIC  METHODS  IN 
GROUND-WATER  CONTAMINATION  STUD- 
IES: AN  APPLICATION  AT  THE  SANITARY 
LANDFILL,  FARMINGTON,  CONNECTICUT. 

Geological  Survey,  Hartford,  CT.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-07488 


ACID  RAIN  IN  THE  UNITED  KINGDOM:  SPA- 
TIAL DISTRIBUTIONS  AND  SEASONAL 
VARIATIONS  IN  1986. 

Warren  Spring  Lab.,  Stevenage  (England). 

G.  W.  Campbell,  J.  L.  Cocksedge,  S.  M.  Coster, 

A.  L.  Dennis,  and  M.  Devenish. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  PB89-197966. 

Price  codes:  E06  in  paper  copy,  E06  in  microfiche. 

Report  No.  LR-691(AP)M,  1988.  72p,  38  fig,  7  tab, 

47  ref,  append. 

Descriptors:  "Acid  rain,  "England,  "Northern  Ire- 
land, "Path  of  pollutants,  "Scotland,  "Seasonal 
variation,  "Spatial  distribution,  "Wales,  Ammonia, 
Chlorides,  Mapping,  Nitrates,  Rain,  Sulfates. 

Maps  of  the  concentration  and  deposition  of  acidi- 
ty and  other  ions  over  all  of  the  United  Kingdom 
during  1986  are  compared  with  the  limited  data 
available  for  earlier  periods.  Seasonal  variations 
are  presented  and  box  plots  used  to  summarize 
information  on  frequency  distributions.  Non- 
marine  sulfate  and  nitrate  have  broadly  similar 
spatial  patterns.  The  smallest  concentrations  are 
found  in  the  north  and  west  with  those  in  the  East 
Midlands  and  East  Anglia  greater  by  up  to  a  factor 
of  10.  Although  the  source  distribution  of  ammonia 
is  different  from  those  of  sulfur  dioxide  or  oxides 
of  nitrogen,  the  pattern  of  ammonium  concentra- 
tion in  precipitation  is  broadly  similar  to  those  of 
non-marine  sulfate  and  nitrate.  Over  most  of  the 
country  non-marine  chloride  comprises  <  10%  of 
total  chloride.  Sulfate,  in  contrast,  is  mainly  man- 
made  the  marine  component  being  <  20%  over 
most  of  England  and  only  exceeding  50%  in  coast- 
al areas.  In  most  areas  1986  was  wetter  than  aver- 
age, typically  by  about  20%.  Combining  the  con- 
centration fields  with  the  1986  rainfall  field  has 
allowed  deposition  of  the  major  ions  to  be  estimat- 
ed. In  general  deposition  is  greatest  in  mountainous 
areas  of  Scotland,  northern  England  and  Wales. 
Comparatively  large  deposition  can  also  occur  in 
lower  rainfall  areas  which  experience  high  concen- 
trations including  the  East  Midlands,  East  Anglia 
and  central  southern  England.  In  the  cases  of  non- 
marine  sulfate  and  acidity,  comparison  with  the 
limited  data  for  the  period  1978-1985  shows  a 
contraction  of  the  areas  receiving  >  1.0  g  S/sq  m 
and  >  0.05  g  H(-f  )/sq  m,  despite  the  fact  that  in 
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many  such  areas   1986  rainfall   was  higher  than 
average.  For  nitrate  this  is  less  evident.  The  four 
major  non-marine  ions  all  exhibited  seasonal  varia- 
tion during  1986.  (Lantz-PTT) 
W90-07489 


TRENDS  IN  OIL  DISCHARGED  WITH  AQUE- 
OUS EFFLUENTS  FROM  OIL  REFINERIES  IN 
WESTERN  EUROPE,  1987  SURVEY. 
CONCAWE,  The  Hague  (Netherlands). 
Available  from  the  National  Technical  Information 
Service,  Springfield,  V A.  22161,  as  PB89-206064. 
Price  codes:  E03  in  paper  copy  E03  in  microfiche. 
CONCAWE  Report  No.  3/89,  December  1988. 
lip,  1  fig,  6  tab,  7  ref. 

Descriptors:  'Europe,  'Industrial  wastes,  'Oil  pol- 
lution, 'Oil  refineries,  'Surveys,  'Water  pollution 
control,  'Water  pollution  sources,  'Water  quality 
trends,  Biological  wastewater  treatment,  Oil  indus- 
try. Wastewater  disposal,  Wastewater  treatment. 

This  report  summarizes  information  on  Western 
European  oil  refineries'  effluent  water  quantity,  oil 
content  and  treatment  processes  for  1987.  Refiner- 
ies responding  to  the  CONCAWE  (the  oil  compa- 
nies' European  Organization  for  Environmental 
and  Health  Protection)  questionnaire  represent 
82%  of  the  oil  refining  capacity  in  Western 
Europe.  The  data  have  been  compared  with  those 
obtained  in  previous  CONCAWE  surveys.  It  is 
shown  that:  further  limited  refinery  capacity  clo- 
sures have  occurred  since  1984  but  overall  the 
number  of  refineries  reporting  has  increased.  This 
is  the  result  of  new  CONCAWE  membership  and 
the  participation  of  refineries  which  had  not  previ- 
ously supplied  data;  about  75%  of  the  refineries 
surveyed  are  equipped  for  biological  treatment  of 
their  aqueous  effluents;  the  total  amount  of  aque- 
ous effluents  discharged  has  fallen,  even  though 
the  number  of  refineries  reporting  has  increased; 
there  has  been  a  slight  reduction  in  the  ratio  of  oil 
discharged  to  oil  processes.  This  fell  from  12  tons/ 
million  tons  of  soil  processed  in  1984  to  10.3  tons/ 
million  tons  in  1987;  4640  tons  of  oil  were  dis- 
charged with  the  aqueous  effluents  from  89  refiner- 
ies in  1987  compared  with  5100  tons  from  85 
refineries  in  1984;  there  has  been  a  90%  reduction 
in  oil  in  effluent  from  refineries  since  the  44,000 
tons  reported  in  the  initial  survey  conducted  in 
1969.  (Author's  abstract) 
W90-07491 


SURVEY  AND  CLASSIFICATION  OF  DELA- 
WARE'S PUBLIC  LAKES. 

Delaware  State  Dept.  of  Natural  Resources  and 

Environmental  Control,  Dover. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-07495 


SUMMARY  OF  SELECTED  DATA  ON  CHEMI- 
CAL CONTAMINANTS  IN  SEDIMENTS  COL- 
LECTED DURING  1984,  1985,  1986,  AND  1987. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Rockville,  MD. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-206809. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
NOAA  Technical  Memorandum  NOS  OMA44, 
November   1988.   88p,   3   tab,    12   ref,  4  append. 

Descriptors:  'Data  collections,  'Organic  com- 
pounds, 'Path  of  pollutants,  'Sediment  contamina- 
tion, Boston,  Chlorinated  hydrocarbons,  Los  An- 
geles, New  York,  Pesticides,  Polychlorinated  bi- 
phenyls,  Polycyclic  aromatic  hydrocarbons,  San 
Diego,  Seattle,  Trace  elements. 

Since  1984,  the  National  Oceanic  and  Atmospheric 
Administration's  (NOAA)  National  Status  and 
Trends  (NS  and  T)  Program  has  analyzed  samples 
of  surface  sediment  collected  at  about  200  coastal 
and  estuarine  sites  throughout  the  United  States. 
The  chemical  contaminants  measured  are  chlorin- 
ated pesticides,  polychlorinated  biphenyls  (PCBs), 
polyaromatic  hydrocarbons  (PAHs),  and  12  trace 
elements.  Sediment  characteristics  such  as  grain 
size,  which  affect  contaminant  concentrations, 
have  also  been  quantified.  With  few  exceptions,  the 
higher  levels  of  contamination  have  been  found 


among  the  175  sites  where  the  sediment  is  muddy 
rather  than  sandy.  Most  of  the  highest  concentra- 
tions for  any  particular  contaminant  have  been  at 
the  20  sites  near  Boston,  New  York,  San  Diego, 
Los  Angeles,  or  Seattle.  Despite  being  sandy,  sedi- 
ments at  two  Long  Island  Sound  sites  showed  high 
levels  of  PAHs.  Except  for  some  sites  near  the 
Florida  cities  of  Jacksonville,  Tampa,  Panama 
City,  and  Ft.  Walton  Beach,  levels  of  contamina- 
tion at  sites  in  the  Gulf  of  Mexico  and  in  the 
southeastern  United  States  were  relatively  low. 
(Author's  abstract) 
W90-07502 


KINEMATIC  MODELING  OF  MULTIPHASE 
SOLUTE  TRANSPORT  IN  THE  VADOSE 
ZONE. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 
R.  J.  Charbeneau,  J.  W.  Weaver,  and  V.  J.  Smith. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-207948. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/2-89/035,  June  1989.  158p, 
40  fig,  7  tab,  62  ref,  2  append.  EPA  Contract  CR- 
813080. 

Descriptors:  'Groundwater  pollution,  'Kinematic 
flow  theory,  'Model  studies,  'Path  of  pollutants, 
•Soil  water,  'Solute  transport,  'Vadose  zone, 
Groundwater  movement,  Hazardous  wastes,  Infil- 
tration, Leachates,  Mathematical  models,  Organic 
compounds,  Simulation  analysis. 

The  development  of  a  computationally  efficient 
simulation  model  for  multiphase  flow  of  organic 
hazardous  waste  constituents  in  the  shallow  soil 
environment  was  investigated.  Such  a  model  is 
appropriate  for  investigation  of  fate  and  transport 
of  organic  chemicals  introduced  to  the  soil  through 
spills  on  the  ground  surface,  leakage  from  surface 
impoundments  or  underground  storage  tanks,  or 
land  treatment  of  hazardous  wastes.  During  the 
initial  phases  of  a  site  investigation  there  usually 
does  not  exist  sufficient  data  to  support  the  applica- 
tion of  comprehensive,  computationally  expensive 
numerical  models.  Simplified  physically  based 
models  which  can  address  the  transport  of  an 
organic  constituent  experiencing  volatilization, 
multiphase  partitioning,  biodegradation,  and  migra- 
tion may  be  preferred.  Two  models  based  on  the 
kinematic  theory  of  multiphase  flow  were  devel- 
oped. The  Kinematic  Oily  Pollutant  Transport 
(KOPT)  model  assumes  steady  infiltration  of  water 
based  on  the  expected  annual  infiltration  rate;  the 
Kinematic  Rainfall  and  Oily  Pollutant  Transport 
(KROPT)  model  includes  transient  hydrologic 
phenomena  (evaporation  and  infiltration)  along 
with  a  model  for  stochastic  generation  of  rainfall. 
The  examples  presented  (oil  spill  in  a  fine  sand  and 
in  a  coarse  sand,  gasoline  leak,  and  land  treatment) 
suggest  that  the  KOPT  model  may  be  preferred 
for  most  applications.  (Author's  abstract) 
W90-07503 


COEUR    D'ALENE    BASIN    -    EPA    WATER 
QUALITY  MONITORING,  1972-1986. 

Environmental  Protection  Agency,  Seattle,  WA. 

Region  X. 

For  primary   bibliographic  entry   see   Field   5G 

W90-07504 

5C.  Effects  Of  Pollution 


ECOLOGICAL  EFFECTS  OF  COOLING 
WATER  DISCHARGE  ON  HYDROLITTORAL 
EPILITHIC  DIATOM  COMMUNITIES  IN  THE 
NORTHERN  BALTIC  SEA. 

Uppsala    Univ.    (Sweden).    Inst,    of    Ecological 

Botany. 

P.  J.  M.  Snoeijs. 

Diatom  Research,  Vol.  4,  No.  2,  p  373-398,  1989. 

16  fig,  2  tab,  71  ref,  append. 

Descriptors:  'Baltic  Sea,  'Cooling  water,  'Dia- 
toms, 'Ecological  effects,  'Environmental  effects, 
•Periphyton,  'Sweden,  'Temperature  effects, 
•Thermal  pollution,  'Water  pollution  effects, 
Algal  blooms,  Biomass,  Brackish  water,  Cyano- 
phyta.  Littoral  environment,  Mathematical  studies, 


Melosira,  Nitzschia,  Nuclear  powerplants,  Plant 
morphology,  Seasonal  variation,  Species  composi- 
tion, Water  temperature. 

The  discharge  of  brackish  cooling  water  from  a 
nuclear  power  plant  on  the  Swedish  Baltic  coast 
has  major  effects  on  the  species  composition,  bio- 
mass and  seasonal  variation  of  epilithic  diatom 
communities  in  the  hydrolittoral  zone.  Greatest 
effects  occur  in  winter  and  early  spring,  when 
enormous  diatom  blooms  are  caused  by  the  higher 
water  temperatures  and  by  the  absence  of  an  ice 
cover,  which  implies  high  light  availability  early  in 
the  season.  A  low  light  regime  in  mid-winter  inhib- 
its growth  for  a  short  period  only.  Canonical  cor- 
respondence analysis  which  was  used  to  display 
the  relationship  of  community  composition  to  sam- 
pling site  and  date  reproduced  the  seasonal  cycle, 
and  placed  each  site  in  its  correct  relative  position 
in  terms  of  annual-mean  temperature  anomaly  and 
flow  rate.  Individual  species  were  placed  accord- 
ing to  their  ecological  optima  with  respect  to  the 
seasonal  cycles  of  light,  temperature  and  water 
level,  and  the  site-dependent  anomalies  in  tempera- 
ture and  flow  rate.  Seasonal  variation  exceeded 
variation  between  sites,  and  within-site  variation 
was  smaller  than  variation  between  sites.  Seasonal 
variation  can  be  attributed  to  the  seasonal  cycles  of 
light,  temperature  and  water  level;  variation  be- 
tween sites  to  temperature  and  flow  rate  anomalies, 
and  the  presence  or  absence  of  winter  ice.  Parallel 
studies  of  macroalgae,  including  macroscopic  colo- 
nies of  blue-greens  and  diatoms,  and  macrofauna 
show  weaker  seasonal  cycles,  but  all  groups  show 
some  seasonal  pattern  and  the  patterns  of  variation 
between  sites  are  similar  for  all  three  groups.  The 
cooling  water  discharge  has  no  effect  on  diversity. 
The  seasonal  and  spatial  occurrences  of  the  species 
can  be  related  to  growth  forms  and  life-form  strat- 
egies. Melosira  spp.  and  Nitzschia  filiformis  are 
especially  favored  by  the  cooling  water  discharge 
in  winter.  They  respond  opportunistically  by 
growing  fast  in  large  upright  colonies  and  do  not 
need  macroalgae  as  substrata  to  reach  into  the 
water  column.  Different  morphologies  and  life  his- 
tories affect  the  competitive  balance  among  eur- 
ythermic  species  in  different  environments.  (Au- 
thor's abstract) 
W90-06579 


ECOLOGICAL  STUDIES  ON  THE  PLANK- 
TONIC  PROTOZO  OF  A  EUTROPHIC  RESER- 
VOIR (RIO  GRANDE  RESERVOIR-BRAZIL). 

Universidade  Federal  de  Sao  Carlos  (Brazil).  Dept. 

de  Ciencias  Biologicas. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06580 


CILIATED  PROTOZOAN  COMMUNITIES  IN 
A  FLUVIAL  ECOSYSTEM. 

Barcelona  Univ.  (Spain).  Facultat  de  Biologia. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-06581 


MACROINVERTEBRATE  COMMUNITIES  IN 
WHEELER  RESERVOIR  (ALABAMA)  TRIBU- 
TARIES AFTER  PROLONGED  EXPOSURE  TO 
DDT  CONTAMINATION. 

Auburn  Univ.,  AL.  Dept.  of  Fisheries  and  Allied 

Aquacultures. 

E.  C.  Webber,  D.  R.  Bayne,  and  W.  C  Seesock. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  2,  p  141- 

155,  Octover  9,  1989.  6  fig,  12  tab,  26  ref. 

Descriptors:  'Alabama,  'Benthic  fauna,  'Bottom 
sampling,  'DDE,  'DDT,  'Macroinvertebrates, 
'Streams,  'Water  pollution  effects,  Caddisflies, 
Ephemoptera,  Halogenated  pesticides,  Midges, 
Nematodes,  Oligochaetes,  Plecopter,  Population 
density. 

Quarterly  measurements  were  conducted  of  the 
structure,  abundance,  and  diversity  of  macroinver- 
tebrates comprising  two  distinct,  but  overlapping 
zoobenthic  communities  in  backwaters  to  Wheeler 
Reservoir,  Alabama.  The  study  area  included  por- 
tions of  Huntsville  Spring  Branch  and  Indian 
Creek  which  contain  massive  quantities  of  DDT 
residues  (DDT  residues  =  DDT,  DDD,  DDE). 
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Additionally  effluents  entering  Huntsville  Spring 
Branch  just  upstream  from  the  study  area  have 
resulted  in  nutrient  enrichment.  Herpobenthos 
(burrowed  in  bottom  sediments)  and  haptobenthos 
(attached  to  substrates)  were  collected  at  seven 
stations  along  an  east-west  gradient.  Fifty  taxa 
were  collected  from  dredge  samples  of  the  herpo- 
benthos; tubificid  oligochaetes  and  chironomid 
larvae  comprised  97%  of  the  herpobenthos.  At  the 
control  site  and  the  site  with  the  highest  sediment 
DDT  residues,  oligochaete  density  averaged  twice 
that  of  chironomids.  Downstream,  densities  of 
both  groups  were  similar.  Herpobenthos  was  domi- 
nated by  detrital-algal  feeders  in  Huntsville  Spring 
Branch,  while  in  Indian  Creek,  predaceous  chiron- 
omids were  more  numerous.  Taxa  diversity  was 
lowest  at  the  two  upper  sites.  Forty-five  taxa  were 
collected  from  artificial  substrate  samples  of  the 
haptobenthos.  Naidid  oligochaetes  and  chirono- 
mids dominated  the  haptobenthos,  although  nema- 
todes were  occasionally  abundant.  Chironomids 
were  more  abundant  than  oligochaetes  at  all  sites, 
except  the  control  station,  which  received  the 
greatest  nutrient  enrichment  from  sewage  ef- 
fluents. Nutrient  enrichment  from  sewage  effluents 
apparently  had  greater  impact  on  zoobenthic  com- 
munities in  the  Huntsville  Spring  Branch-Indian 
Creek  system  than  did  DDT  contamination.  How- 
ever, the  presence  of  DDT  undoubtedly  contribut- 
ed, in  part,  to  the  few  Ephemeroptera,  Plecoptera, 
and  Trichoptera  collected  at  contaminated  stations. 
Based  on  the  density  of  oligochaetes  and  chirono- 
mid larvae  at  the  highest  DDT  residue  station, 
macroinvertebrates  in  this  system  are  resistant  to 
DDT  residues.  (Mertz-PTT) 
W90-06588 

ACCUMULATION  OF  A  PEPTIDE  TOXIN 
FROM  THE  CYANOBACTERIUM  OSCILLA- 
TORIA  AGARDHH  IN  THE  FRESHWATER 
MUSSEL  ANADONTA  CYGNEA. 

Abo  Akademi,  Turku  (Finland).  Dept.  of  Biology. 

J.  E.  Eriksson,  J.  A.  O.  Meriluoto,  and  T. 

Lindholm. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  3,  p  211- 

216,  October  15,  1989.  4  fig,  31  ref. 

Descriptors:  *Algal  toxins,  'Cyanophyta,  'Eutro- 
phic  lakes,  *Mussels,  *Toxins,  Microcystis,  Oscilla- 
toria. 

The  cyanobacterium  (Blue-green  alga)  Oscillatoria 
agardhii  is  common  in  eutrophic  lakes  and  reser- 
voirs and  like  many  other  cyanobacteria,  it  has 
been  frequently  associated  with  various  kinds  of 
water  management  problems.  There  are  several 
reported  on  toxic  strains  of  this  species.  The  toxic 
principle  of  this  cyanobacterium  has  been  charac- 
terized as  extremely  poisonous  to  the  liver  with 
properties  closely  resembling  those  of  peptide 
toxins  isolated  from  the  cyanobacterium  Microcys- 
tis aeruginosa.  Swan  mussels  (Anodonta  cygnea) 
were  exposed  to  a  toxic  strain  of  the  cyanobacter- 
ium Oscillatoria  agardhii.  Mussels  accumulated 
large  amounts  of  the  peptide  Oscillatoria  toxin 
which  was  present  in  low  concentrations  within 
the  cyanobacterial  cells  in  the  test  aquaria  (40-60 
microgram  Oscillatoria  toxin/L).  The  toxin  con- 
centration in  the  mussels  increased  during  the  ex- 
periment and  after  15  days  of  exposure  the  concen- 
tration was  70  +/-2  microgram/g  freeze  dried 
tissue.  The  highest  concentration  of  the  toxin  (130 
microgram/g  of  freeze  dried  tissue)  was  found  in 
the  hepatopancreatic  tissue.  The  toxin  did  not  seem 
to  be  metabolized  in  the  mussels  and  they  were  not 
killed  by  the  high  toxin  concentrations  within 
them.  After  two  months  in  clean  water  detectable 
amounts  of  toxin  were  still  present  in  the  mussels. 
(Mertz-PTT) 
W90-06594 


EFFECT  OF  PHENOLIC  ACIDS  ON  GROWTH 
OF  CHLORELLA  PYRENOIDOSA. 

Wisconsin  Univ.-Superior.  Center  for  Lake  Superi- 
or Environmental  Studies. 
L.  J.  Larson. 

Hydrobiologia  HYDRB8,  Vol.  183,  No.  3,  p  217- 
222,  October  15,  1989.  1  fig,  1  tab,  27  ref. 

Descriptors:  'Algal  control,  'Chlorophyta,  *Ma- 
crophytes,  'Phenols,  'Water  pollution  effects,  Al- 


gicides,  Chlorella,  Degradation,  Hydroxybenzoic 
acid,  Syringic  acid,  Vanillic  acid. 

Three  phenolic  acids,  vanillic,  syringic  and  4-hy- 
droxybenzoic  acid,  accumulated  in  laboratory  cul- 
tures of  a  macrophyte,  Ceratophyllum  demersum 
L.  Qualitative  bioassay  with  the  green  alga  Chlo- 
rella pyrenoidosa  demonstrated  an  algicidic  poten- 
tial for  these  compounds.  It  was  suggested  that 
these  compounds  were  responsible  for  reported 
observations  of  algal  inhibition  in  macrophyte  cul- 
ture. Accumulation  in  water  of  these  phenolics  can 
possibly  be  explained  by  the  latent  degradation  of 
lignified  tissues  of  the  macrophytes  as  they  are 
major  lignin  degradation  products.  Static  bioassays 
were  conducted  on  Chlorella  pyrenoidosa  using 
vanillic  acid,  syringic  acid,  and  4-hydroxybenzoic 
acid.  At  0.1  millimoles,  vanillic  and  4-hydroxyben- 
zoic acid  stimulated  cultural  growth  compared  to 
the  control.  For  both  compounds,  concentrations 
of  0.3  millimoles  and  0.4  millimoles  were  initially 
inhibitory,  then  after  3-5  days  became  stimulatory 
compared  to  control.  Bioassays  with  syringic  acid 
resulted  in  100%  mortality  in  C.  pyrenoidosa.  Bac- 
teria-free cultures  of  C  pyrenoidosa  were  stimulat- 
ed by  vanillic  acid  at  0. 1  millimoles  and  inhibited  at 
0.4  millimoles  with  no  shift  in  response  observed. 
It  was  suggested  that  degradation  of  test  material  is 
responsible  for  the  shift  from  inhibition  to  stimula- 
tion. All  three  compounds  are  reported  to  change 
from  enzyme  synergists  to  antagonists  as  concen- 
trations are  reduced.  Because  these  compounds  are 
major  components  of  humic  material,  it  is  suggest- 
ed that  they  have  the  potential  to  confound  studies 
involving  interaction  of  toxins  and  humics.  (Mertz- 
PTT) 
W90-06595 


TOXICITY  TEST  WITH  FISHES  (TESTE  DE 
TOXICIDADE  COM  PEIXES  MANTTDOS  EM 
GAIOLA  FLUTUANTE). 

Universidade  Federal  de  Alagoas,  Maceio  (Brazil). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06602 


OXYGEN  DEFICIT  IN  LAKE  DOM  HELVECIO 
(PARQUE  FLORESTAL  DO  RIO  DOCE, 
MINAS  GERAIS),  (O  DEFICIT  DE  OXIGENIO 
NO  LAGO  DOM  HELVECIO  (PARQUE  FLOR- 
ESTAL DO  RIO  DOCE,  MINAS  GERAIS)). 
Universidade  Estadual  Paulista,  Botucatu  (Brazil). 
Dept.  of  Zoology. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06603 


PRIMARY  PRODUCTION  OF  PHYTOPLANK- 
TON  OF  CHASCOMUS  POND.  (PROV.  BS.AS., 
ARGENTINA).  CRITICAL  EVALUATION  OF 
PHOTOSYNTHESIS  VALUES  OBTAINED  BY 
02  AND  14C  METHODS,  (PRODUCCION  PRI- 
MARIA  DEL  FTTOPLANCTON  DE  LA  LA- 
GUANA  DE  CHASCOMUS  (PROV.  DE 
BUENOS  AIRES,  ARGENTINA).  EVALUACION 
CRITICA  DE  LOS  VALORES  DE  FOTOSINTE- 
SIS  OBTENTDOS  POR  LOS  METODOS  DEL 
02  Y  140. 

Universidad  Nacional  de  La  Plata  (Argentina). 
Inst,  de  Limnologia. 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06604 


ACTION  OF  TEMPERATURE  AND  WATER 
HARDNESS  ON  THE  TOXICITY  OF  HEXAVA- 
LENT  CHROMIUM  IN  GAMMARUS  ITALI- 
CUS  GOEDM.  (CRUSTACEA,  AMPHIPODA). 

Aquila  Univ.  (Italy).  Dipt,  di  Scienze  Ambtentah. 
C.  Pantani,  P.  F.  Ghetti,  and  A.  Cavacini. 
Environmental    Technology    Letters    ETLEDB, 
Vol.  10,  No.  7,  p  661-668,  July  1989.  4  fig.l  tab,  19 
ref. 

Descriptors:  'Chromium,  'Gammarus,  'Toxicity, 
'Water  pollution  effects,  'Water  temperature,  Am- 
phipods,  Ecological  effects,  Ecotoxicology,  Hard- 
ness. 

Toxicity  in  aquatic  environments  can  be  increased 
or  masked  by  changing  natural  physical  and  chem- 
ical factors.  Since  a  process  of  water  pollution  can 


rarely  be  attributed  to  a  single  cause,  these  poten- 
tially synergistic  factors  must  be  taken  into  account 
when  forecasts  are  made  of  the  environmental  risk 
created  by  potential  pollutants.  The  action  of  tem- 
perature (8  and  18  C)  and  water  hardness  (35,  70, 
140,  280,  and  560  mg/liter  of  calcium  carbonate) 
on  the  toxicity  of  hexavalent  chromium  on  popula- 
tions of  Gammarus  italicus  Goedm.  (male,  female, 
and  juveniles)  was  studied  using  both  renewal  and 
continuous  flow  conditions.  Low  hardness  associ- 
ated with  high  temperatures  produced  the  highest 
mortality  rates  in  the  amphipod  species,  while  high 
hardness  and  low  temperature  values  seemed  to 
provide  protection  against  chromium  toxicity.  This 
experiment  showed  an  appropriate  method  of 
adopting  ecotoxicological  protocols,  without  ne- 
glecting the  synergistic  and  antagonistic  effects 
between  polluting  substances  and  physical  and 
chemical  environmental  factors.  (Brunone-PTT) 
W90-06617 


ACID  DEPOSITION,  SUMMER  DROUGHT 
AND  ENHANCED  PRODUCTION  OF  NI- 
TRATE IN  FOREST  SOILS;  RISK  COFACTORS 
RELATIVE  TO  FOREST  DECLINE.  AN  ADDI- 
TIONAL HYPOTHESIS  CONCERNING  THE 
SYNERGISTICAL  EFFECTS:  THE  NITROUS 
ACID  CYCLE. 

Association   pour  la  Prevention  de  la  Pollution 
Atmospherique,  Bordeaux  (France). 
For  primary  bibliographic  entry  see  Field  2B. 
W90-06619 

EFFECT  OF  HYDROCARBONS  AND  DECON- 
TAMINATING SUBSTANCES  ON  BACTERIAL 
FLORA  OF  COASTAL  SEDIMENTS. 

Istituto     Sperimentale     Talassografico,     Messina 

(Italy). 

E.  Crisafi,  R.  Zaccone,  L.  Genovese,  R.  LaFerla, 

and  TL.  Maugeri. 

Marine   Ecology   (PSZNI)   MAECDR,  Vol.    10, 

No.  4,  p  365-375,  1989.  5  fig,  1  tab,  21  ref. 

Descriptors:  'Biodegradation,  'Decontamination, 
'Hydrocarbons,  'Marine  sediments,  'Microbial 
degradation,  'Oil  dispersants,  'Oil  pollution, 
•Water  pollution  effects,  'Water  pollution  treat- 
ment, Aerobic  bacteria,  Bacterial  physiology,  Fate 
of  pollutants,  Heterotrophic  bacteria,  Oil  degrada- 
tion. 

In  March  1985,  collision  between  two  oil  vessels  in 
the  Straits  of  Messina  resulted  in  an  oil  spill  of 
more  than  one  thousand  tons.  Following  the  colli- 
sion the  local  authorities  carried  out  'clean-up' 
operations  using  dispersant  substances:  Fina-Sol 
OSR/2,  Prodesolv  128/D,  Albisol  BPD,  and  TC 
66.  During  1986,  sediments  from  these  areas  were 
examined  in  order  to  estimate  the  effect  of  both  the 
oil  spill  and  the  decontaminating  substances.  Coast- 
al sediments  were  examined  in  their  function  as  an 
important  link  in  the  chain  of  the  pollutants  in  the 
sea.  These  substances  accumulate  on  reaching  the 
sea-bed  and  can  remain  there  for  long  periods 
before  being  transformed  by  benthic  organisms. 
Two  surveys  for  the  collection  of  coastal  sedi- 
ments were  carried  our  with  the  aim  of  quantifying 
the  heterotrophic  aerobic  bacteria  and  the  percent- 
age of  those  inhibited  by  dispersants.  In  addition, 
the  generic  composition  of  the  oil  degrading  frac- 
tion was  quantified.  The  investigation  has  shown 
no  marked  quantitative  or  qualitative  alterations  in 
the  microbial  component.  In  vitro  experiments 
using  three  of  the  five  dispersants  plus  a  mixture  of 
solvents  at  various  concentrations  were  performed 
to  gain  information  on  the  'clean-up'  effects  on  the 
growth  and  oil  degrading  capacity  of  the  bacterial 
genera.  The  results  show  that  the  inhibition  of 
growth  differs  for  the  various  substances  tested 
and  depends  on  the  concentration  used.  All  sub- 
stances tested  appreciably  reduced  the  capacity  of 
the  bacteria  to  utilize  hydrocarbons.  (Author's  ab- 
stract) 
W90-06630 


SURVIVAL  AND  GROWTH  TO  REPRODUC- 
TIVE MATURITY  OF  COHO  SALMON  FOL- 
LOWING EMBRYONIC  EXPOSURE  TO  A 
MODEL  TOXICANT. 
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Washington   Univ.,   Seattle.   School  of  Fisheries. 

R.  M.  Ki K  an.  and  M.  L.  Landolt. 

Marine  Environmental  Research  MERSDW,  Vol. 

27,  No.  3/4,  p  177-193,  1989.  3  fig,  6  tab,  31  ref. 

EPA  Grant  No.  R8I1348  and  NIEHS  Grant  No. 

ES04696. 

Descriptors:  'Carcinogens,  'Growth,  'Salmon, 
•Survival,  'Toxicology,  'Water  pollution  effects, 
Acute  toxicity,  Cancer,  Fish  diseases,  Migration, 
N-methyl-N'-nitrosoguanidine,  Neurofibromas. 

In  an  attempt  to  determine  if  fish  that  survive 
toxicant  exposure  are  competitively  disadvantaged 
relative  to  unexposed  cohorts,  coho  salmon  em- 
bryos (27  days  old)  were  subjected  to  a  single, 
short  term  (3  hours)  dose  of  waterborne  N-methyl- 
N'-nitrosoguanidine  (MNNG)  (1  microgram/milli- 
liter). They  were  allowed  to  hatch,  and  the  surviv- 
ing fish  were  reared  in  freshwater  hatchery  facili- 
ties for  six  months.  At  smoltification,  most  of  the 
fish  (>  20,000)  were  released  from  the  hatchery 
and  allowed  to  migrate  to  their  natural  saltwater 
feeding  grounds;  however,  a  small  number  (200) 
were  placed  in  saltwater  net  pens  for  one  year.  In  a 
parallel  experiment,  27-day-old  embryos  were  simi- 
larly exposed  to  MNNG  ranging  from  1-25  micro- 
grams/milliliter, but  250  of  these  fish  were  retained 
in  freshwater  for  ten  months  and  never  exposed  to 
saltwater.  From  the  groups  that  were  allowed  to 
migrate,  the  return  rate,  sex  ratio,  length,  weight 
and  pathological  condition  of  treated  fish  were  not 
statistically  different  from  untreated  fish.  Similarly, 
no  difference  between  treated  and  control  groups 
was  noted  when  the  mortality  rate,  growth  rate, 
and  pathological  condition  of  fish  in  saltwater  net 
pens  was  compared.  By  contrast,  fish  retained  in 
saltwater  pens  showed  a  dose-dependent  decrease 
in  size.  In  addition,  10-65%  of  the  treated  fish 
(versus  0%  of  the  control  fish)  developed  peripher- 
al nerve  neoplasms  (neurofibromas).  Tumor-bear- 
ing fish  were  the  same  size  as  control  fish,  but 
tumor-free  fish  were  significantly  smaller  than  the 
control  fish.  The  results  of  the  complete  life  cycle 
study  revealed  no  competitive  disadvantages  aris- 
ing from  toxicant  exposure;  however,  the  results  of 
the  interrupted  life  cycle  study  revealed  measura- 
ble adverse  effects.  Physiological  changes  associat- 
ed with  smoltification,  parr  reversion,  and  dietary 
differences  are  possible  explanations  for  the  ob- 
served differences  in  body  size  and  tumor  preva- 
lence. (Author's  abstract) 
W90-06637 


FACTORS  INFLUENCING  THE  UPTAKE  OF 
TECHNETIUM  BY  THE  BROWN  ALGA 
FUCUS  SERRATUS. 

Institut  Royal  des  Sciences  Naturelles  de  Belgique, 

Brussels. 

For  primary  bibliographic  entry  see  Field  5A. 
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EFFECT  OF  PHYSICAL  FACTORS  ON  THE 
VERTICAL  DISTRIBUTION  OF  PHYTO- 
PLANKTON  IN  EUTROPHIC  COASTAL 
WATERS. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  2L. 
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PALEOLIMNOLOGICAL  EVIDENCE  FOR 
THE  RECENT  ACIDIFICATION  OF  LYN  HIR, 
DYFED,  WALES. 

Minnesota  Univ.,  Minneapolis.  Limnological  Re- 
search Center. 

S.C.  Fritz,  AC.  Stevenson,  ST.  Patrick,  P.G. 
Appleby,  and  F.  Oldfield. 

Journal  of  Paleolimnology,  Vol.  2,  No.  4,  p  245- 
262,  1989.  2  tab,  9  fig,  53  ref. 

Descriptors:  'Acid  rain  effects,  'Acidification, 
•Lake  acidification,  'Land  use,  'Limnology,  'Pa- 
leolimnology, Acid  rain.  Acidity,  Carbon,  Dia- 
toms, Fisheries,  Lakes,  Magnetic  studies,  Palynolo- 
gy.  Sediments.  Stratigraphy,  Trace  metals,  Vegeta- 
tion. 

A  variety  of  paleolimnological  techniques,  coupled 
with  historical  data  on  land-use  and  fisheries,  are 


used  to  evaluate  the  magnitude,  timing,  and  causes 
of  acidification  of  Lyn  Hir,  a  moorland  lake  in 
central  Wales.  Reconstruction  of  pH  based  on 
diatom  analysis  suggests  a  gradual  decline  in 
lakewater  pH  beginning  circa  1870  and  intensifying 
in  the  mid-1930's,  with  a  total  decline  of  1.1  pH 
units  between  1870  and  1984.  This  pH  decline 
correlates  with  increased  sedimentary  concentra- 
tions of  carbonaceous  particles,  trace  metals,  and 
magnetic  minerals,  which  indicate  the  local  deposi- 
tion of  atmospherically  transported  products  of 
fossil-fuel  combustion.  Pollen  data  and  the  histori- 
cal record  show  no  significant  alterations  in  land- 
use  or  catchment  vegetation,  indicating  that  acidi- 
fication of  Lyn  Hir  is  a  result  of  the  increased 
deposition  of  atmospheric  pollutants,  not  of  land- 
use  and  vegetation  change.  (Author's  abstract) 
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PALEOLIMNOLOGICAL  RECONSTRUCTION 
OF  RECENT  ACIDITY  CHANGES  IN  FOUR 
SIERRA  NEVADA  LAKES. 

Indiana  Univ.  at  Bloomington.  Dept.  of  Biology. 
M.C.  Whiting,  DR.  Whitehead,  R.W.  Holmes,  and 
S.A.  Norton. 

Jounal  of  Paleolimnology,  Vol.  2,  No.  4,  p  285-304, 
1989,  10  fig,  2  tab,  64  ref.  NSF  grant  BSR- 
860K 17622. 

Descriptors:  'Acid  rain  effects,  'Lake  acidifica- 
tion, 'Limnology,  'Mountain  lakes,  'Nevada,  'Pa- 
leolimnology, Acidification,  Acidity,  Diatoms, 
Lakes,  Rain,  Stratigraphy. 

We  have  completed  a  paleolimnological  analysis  of 
sediment  cores  from  four  lakes  in  the  Sierra 
Nevada  Range  of  California.  The  diatom-inferred 
pH  profile  from  Harriet  Lake  in  Yosemite  Ma- 
tional  Park  (present  pH  =  6.52)  indicates  no  signif- 
icant trends  over  the  last  250  years.  Inferred  pH 
from  Emerald  Lake  in  Sequoia  National  Park 
(present  pH  =  6. 10)  indicates  a  very  small  increase 
(less  than  0.1  pH  unit)  over  the  past  60  years  and 
perhaps  another  small  increase  (ca.  0.15  pH  unit) 
since  1976.  Eastern  Brook  Lake  in  Inyo  National 
Forest  (present  pH  =  7.06)  shows  evidence  of 
both  long-term  alkali nification  (circa  0.3  pH  unit 
over  the  last  200  years)  and  pH  fluctuations  since 
1970.  Lake  45  in  King's  Canyon  National  Park 
(present  pH  =  5.16)  appears  to  have  acidified 
slightly  (ca.  0.2  pH  unit)  over  the  last  60  years. 
Factors  causing  the  observed  trends  are  uncertain, 
but  a  role  for  acidic  deposition  cannot  be  ruled  out. 
(Author's  abstract) 
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NITROGEN  BUDGET  IN  THE  EUPHOTIC 
ZONE  OF  LAKE  BIWA  FROM  SPRING  TO 
SUMMER,  1986. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
For  primary  bibliographic  entry  see  Field  2H. 
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COMPOSITION  OF  PHOTOSYNTHETIC 
PRODUCTS  IN  LAKE  BIWA  JAPAN;  VERTI- 
CAL AND  SEASONAL  CHANGES  AND  THEIR 
RELATION  TO  ENVIRONMENTAL  FACTORS. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
For  primary  bibliographic  entry  see  Field  2H. 
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EFFECT  OF  DETRJTAL  ADDITION  ON  THE 
DEVELOPMENT  OF  NANOFLAGELLATES 
AND  BACTERIA  IN  LAKE  KINNERET. 

Kinneret  Limnological  Lab.,  Tiberias  (Israel). 
For  primary  bibliographic  entry  see  Field  2H. 
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SEA  OTTERS  AND  OIL  POLLUTION. 

Department  of  Fisheries  and  Oceans,  Vancouver 

(British  Columbia). 

M.  Waldichuk. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

1,  p  10-15,  January  1990.  10  ref. 

Descriptors:  'Oil  pollution,  'Oil  spills,  'Otters, 
•Water  pollution  effects,  Cleanup  operations, 
Marine  animals,  Marine  mammals,  Oily  water. 


Sea  otters  and  how  they  are  affected  by  oil  pollu- 
tion, a  brief  history  of  the  sea  otter  in  the  North 
Pacific,  the  behavior  of  the  sea  otter,  including 
how  sea  otters  tend  to  drape  themselves  in  kelp, 
are  described.  The  maintenance  and  reproduction 
of  sea  otters  in  captivity  is  discussed,  with  empha- 
sis on  how  oil  spills  affect  their  lives.  Several 
efforts  to  recolonize  sea  otters  in  natural  habitats, 
such  as  on  the  coast  of  British  Columbia,  Vancou- 
ver Island  and  Southern  California,  have  been 
made.  The  effects  of  the  Nestucca  and  Exxon 
Valdez  oil  spills  are  described,  as  are  methods  of 
de-oiling  the  sea  otters.  So  far,  the  most  effective 
method  of  cleaning  sea  otters  of  oil  pollution  is  to 
use  'Dawn'  dishwashing  detergent.  Because  sea 
otters  live  in  colonies,  the  effects  to  a  total  colony 
following  an  oil  spill  can  be  endangering.  Introduc- 
tions to  new  colonies  can  be  made  without  too 
much  difficulty  in  areas  previously  inhabited  by 
sea  otters.  (Male-PTT) 
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TRANSPORT  OF  INCINERATED  ORGAN- 
OCHLORINE  COMPOUNDS  TO  AIR,  WATER, 
MICROLAYER,  AND  ORGANISMS. 

Lund  Univ.  (Sweden).  Dept.  of  Ecology. 
For  primary  bibliographic  entry  see  Field  5B. 
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MEDIATORS  OF  MICROBIOLOGICAL 
ORIGIN  AND  EUTROPHICATION  PHENOM- 
ENA. 

Centre  d'Etudes  et  de  Recherches  de  Biologie  et 
d'Oceanographie  Medicale,  Nice  (France). 
M.  Aubert. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 
1,  p  24-29,  January   1990.  4  fig,  4  tab,  20  ref. 

Descriptors:  *Aquatic  productivity,  'Dystrophy, 
•Eutrophication,  'Pesticides,  'Water  pollution  ef- 
fects, Algal  growth,  Detergents,  Heavy  metals, 
Marine  environment,  Marine  organisms,  Pollut- 
ants, Red  tide. 

Phenomena  of  eutrophication  spread  out  and  ad- 
vance to  phenomena  of  dystrophy  with  'red  tides' 
which  can  be  toxic  to  marine  organisms.  In  this 
paper  the  role  of  different  factors  such  as  elevated 
nutrients  or  temperature  in  eutrophication  are  dis- 
cussed. Many  experiments  have  shown  that  there 
are  inducing  and  inhibiting  mediators  of  productiv- 
ity, which  can  be  modified  by  certain  pollutants 
(pesticides,  detergents,  heavy  metals).  The  biologi- 
cal stability  of  the  marine  environment  is  then 
broken  and  phenomena  of  dystrophy  can  appear. 
(Author's  abstract) 
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EFFECT  OF  CHLOR-ALKALI  INDUSTRY  EF- 
FLUENT ON  THE  GROWTH  AND  BIOCHEMI- 
CAL COMPOSITION  OF  TWO  MARINE  MA- 
CROALGAE. 

Central  Salt  and  Marine  Chemicals  Research  Inst., 

Bhavnagar  (India). 

A.  Tewari,  S.  Thampan,  and  H.V.  Joshi. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

1,  p  33-38,  January   1990.   6  fig,   2  tab,   28  ref. 

Descriptors:  'Algal  growth,  'Chemical 
wastewater,  'Marine  algae,  'Water  pollution  ef- 
fects, Algae,  Biochemistry,  Chlorophyll  a,  Mercu- 
ry- 

The  growth  of  Ulva  fasciata  and  Codium  dwar- 
kense  was  least  near  the  chlor-alkali  industry  out- 
fall. Maximum  growth  of  Ulva  was  furthest  away 
from  the  outfall  and  of  Codium  at  intermediate 
distances.  Ash  and  Hg  contents  of  these  species 
were  maximum  while  Fe  was  low  or  least  near 
discharge  point.  The  quantity  of  protein,  carbohy- 
drate, chlorophyll  a,  carotenoids  in  Ulva  and  pro- 
tein, lipid  and  carotenoids  in  Codium  were  least 
near  outfall.  It  seems  the  metabolism  of  carbon  and 
nitrogen  of  these  species  are  inhibited  by  the  dis- 
charge. These  species  can  be  used  as  food,  as 
nutritively  important  constituents  are  in  required 
quantity  and  mercury  content  is  much  below  the 
maximum  permissible  limit  for  human  consump- 
tion. A  direct  method  of  measurement  of  growth 
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and  productivity  of  seaweeds  rather  than  indirect 
method  (chlorophyll  a,  etc.)  is  advisable  under  the 
conditions  of  such  pollution.  (Author's  abstract) 
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HETEROTROPHIC  NANNO-  AND  MICRO- 
PLANKTON  NEAR  LARGE  SEAPORT  CITIES. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Okeanolo- 

gii. 

A.  I.  Kopylov,  and  A.  F.  Sazhin. 

Oceanology  ONLGAE,  Vol.  28,  No.  3,  p  366-370, 

Dec  1988.  3  tab,  17  ref. 

Descriptors:  *Harbors,  'Plankton,  •Self-purifica- 
tion, 'Water  pollution  effects,  Biomass,  Coastal 
waters,  Population  dynamics,  Species  composition. 

The  degree  of  development  of  heterotrophic  nano- 
plankton  and  microplankton  in  various  ocean  har- 
bors is  subject  to  considerable  anthropogenic  ef- 
fects. High  abundances  and  biomasses  of  bacterio- 
plankton  were  found  in  all  harbors,  explaining  the 
presence  of  considerable  concentrations  of  hetero- 
trophic nanoplankton  in  these  waters,  most  of 
which  consists  of  bacteria-consuming  protozoans. 
The  doubling  time  of  the  population  of  heterotro- 
phic flagellates  measuring  less  than  10  micrometers 
ranged  from  8.4  to  26.2  h  and  the  hourly  produc- 
tion ranged  from  0.4  to  15.0  mg/cu  m  live  weight. 
In  addition  to  protozoans,  the  nanoheterotrophs 
also  include  microscopic  fungi.  The  total  biomass 
of  nanoheterotrophs  which  measure  less  than  10 
micrometers  and  which  feed  predominantly  on 
bacterioplankton  ranged  from  16.6  to  358.3  mg/cu 
m  live  weight,  equivalent  to  2.0-31.2%  of  the  bio- 
mass of  bacterioplankton.  Small  protozoan  orga- 
nisms consumed  between  14.2  and  44.4%  of  hourly 
bacterial  production.  The  abundance  and  biomass 
of  multicellular  microzooplankton,  which,  in  the 
harbors  studied,  consisted  primarily  of  crustacean 
nauplii  and  rotifers,  ranged  from  50  to  1000  indi- 
viduals/L  or  39  to  942  mg/cu  m  live  weight.  By 
drawing  considerable  amounts  of  bacteria  into  the 
trophic  chain  and  simultaneously  stimulating  bacte- 
rial growth,  heterotrophic  nanoplankton  organisms 
are  an  extremely  important  agent  of  self-purifica- 
tion in  inshore  marine  waters.  A  clear  conception 
of  the  composition  of  the  heterotrophic  nanoplank- 
ton and  microplankton  and  the  role  of  members  of 
these  groups  in  the  functioning  of  planktonic  eco- 
systems should  help  solve  problems  in  biological 
self-purification  of  inshore  marine  waters.  (Male- 
PTT) 
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TRANSFORMATIONS  OF  NITROGEN  FORMS 
IN  EPHTMNION  OF  EUTROPHIC  GLEBOKIE 
LAKE  (MASURIAN  LAKE  DISTRICT, 
POLAND). 

Polish  Academy  of  Sciences,  Lomianki.  Inst.  Eko- 

logii. 

For  primary  bibliographic  entry  see  Field  2H. 
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DETERMINATION  OF  THE  METABOLIC  AC- 
TD/ITY  OF  HETEROTROPHIC  BACTERIA 
ISOLATED  FROM  ESTUARTNE  GARDNO 
LAKE. 

Wyzsza  Szkola  Nauczycielska  w  Slupsku  (Poland). 
Dept.  of  Ecology  and  Protection  of  Environment. 
For  primary  bibliographic  entry  see  Field  2H. 
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LABORATORY  STUDLES  OF  THE  EFFECT  OF 
AN  ANIONIC  DETERGENT  AND  FUEL  OH 
ON  THE  LEVELS  OF  CHLOROPHYLL, 
OXYGEN  AND  TOTAL  SUSPENDED  PARTIC- 
ULATE MATTER  IN  WATER  OF  THE  BRDA 
RD/ER. 

Akademia  Medyczna,  Bydgoszcz  (Poland).  Dept. 
of  Biology. 

G.  Drewa,  Z.  Zbytniewski,  D.  Andruszczak,  B. 
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Descriptors:  •Anions,  *Oil  pollution,  *Rivers, 
♦Water  pollution  effects,  Biomass,  Chlorophyll, 
Detergents,  Oil,  Oxygen,  Plankton,  Sulfates. 


The  effect  of  anionic  detergent,  sodium  laurylpo- 
lyethylene  sulfate,  and  of  fuel  oil  on  the  levels  of 
chlorophyll  a,  oxygen  and  total  suspended  particu- 
late matter  (including  also  the  biomass  of  the  phy- 
toplankton  and  zooplankton)  in  water  of  the  Brda 
River  was  investigated  under  laboratory  conditions 
in  a  4-week  experiment.  After  24-h  exposure,  both 
the  detergent  and  fuel  oil  increased  the  levels  of 
chlorophyll  a  and  of  the  total  suspended  particu- 
late matter.  After  further  exposure,  the  detergent 
induced  an  increase  in  the  levels  of  chlorophyll  a 
and  of  the  total  suspended  particulate  matter  only 
at  a  concentration  of  0.005  kg/cu  m.  On  the  other 
hand,  fuel  oil  increased  the  levels  of  chlorophyll  a 
and  of  the  total  suspended  particulate  matter  at  all 
concentrations  used.  Upon  steady  aeration  there 
were  no  substantial  differences  between  the  experi- 
mental and  control  groups  in  the  water  oxygen 
content.  Oxygen  level  decreased  (despite  aeration) 
only  in  the  aquaria  containing  the  highest  concen- 
trations of  pollutants.  (Author's  abstract) 
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SPATIO-TEMPORAL  DISTRIBUTION  OF  PO- 
LYCHAETES  IN  AN  ITALIAN  COASTAL 
LAGOON  (LAGO  FUSARO,  NAPLES). 

Bioservice  Soc.  Coop.,  vico  S.  Domenico  Maggio- 
re  9,  80134  Napoli  (Italy). 
P.  Sordino,  M.  C.  Gambi,  and  G.  C.  Carrada. 
Cahiers  de  Biologie  Marine  CBIMA5,  Vol.  30,  No. 
3,  p  375-391,  1989.  4  fig,  2  tab,  37  ref. 

Descriptors:  'Coastal  lagoons, 

*Polychaetes,*Coastal  lagoons,  *Spatial  distribu- 
tion, 'Temporal  distribution,  'Water  pollution  ef- 
fects, Correspondence  analysis,  Ecosystems,  Estua- 
rine  sediments,  Italy,  Lagoons,  Lake  Fusaro,  Popu- 
lation dynamics,  Seasonal  variation. 

The  spatio-temporal  distribution  of  polychaete 
populations  in  an  euhaline  and  polluted  lagoon 
(Lago  Fusaro)  is  discussed.  Samples  were  taken 
from  June  1985  to  May  1986  along  an  inner-outer 
transect  along  the  lagoon  at  four  stations:  two 
stations  were  located  on  hard-bottoms  and  two  on 
soft-bottoms.  A  total  of  136,962  individuals  of  po- 
lychaetes  belonging  to  35  species  were  collected. 
Data  were  analyzed  using  correspondence  analysis. 
The  dominant  taxon  was  Hydroides  elegans. 
Brackish  water  species,  typically  representative  of 
reduced  and  variable  salinity  environments  are 
absent.  The  main  environmental  feature  of  the 
Fusaro  is  the  high  level  of  anthropogenic  eutroph- 
ication  distributed  according  to  the  inner-outer 
gradient.  Both  soft-bottom  and  hard  substrate  com- 
munities show  a  variation  in  species  dominances 
along  an  inner-outer  gradient  which,  in  turn,  is 
modulated  by  a  seasonal  trend.  In  particular,  the 
polychaete  populations  of  the  inner  area  were 
strongly  reduced  in  species  number  during  summer 
periods,  particularly  in  soft-bottoms.  In  the  outer 
part  of  the  lagoon,  the  communities  were  better 
structured,  due  to  a  more  intense  water  exchange 
with  the  sea.  As  a  whole,  the  composition  and 
dynamics  of  the  polychaete  populations  in  the 
Fusaro  lagoon  reflect  the  environmental  character- 
istics of  an  euhaline  and  polluted  lagoon  and  can 
therefore  be  considered  as  good  indicators  for  the 
interpretation  of  its  ecological  conditions.  (Au- 
thor's abstract) 
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ACUTE  TOXICITY  OF  DISPERSED  FRESH 
AND  WEATHERED  CRUDE  OIL  AND  DIS- 
PERSANTS  TO  DAPHNIA  MAGNA. 

Toronto  Univ.  (Ontario).  Inst,  for  Environmental 

Studies. 
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Chemosphere  CMSHAF,  Vol.  19,  No.  8/9,  p  1199- 
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Descriptors:  'Daphnia,  'Dispersants,  'Oil  pollu- 
tion, 'Surfactants,  'Toxicity,  'Water  pollution  ef- 
fects, Bioassay,  Biological  studies,  Mathematical 
models. 

The  toxicity  of  fresh  and  weathered  crude  oils  and 
chemical  dispersants  to  Daphnia  magna  was  stud- 
ied using  a  novel  system  which  eliminates  evapora- 
tive losses  and  maintains  oil  in  emulsified  form  at  5 


Effects  Of  Pollution — Group  5C 

and  20  C.  Bioassays  were  conducted  for  disper- 
sants alone,  for  water  soluble  fractions  of  crude 
oils  obtained  at  various  water/oil  ratios,  for  physi- 
cal dispersions  of  crude  oils  and  for  chemical  dis- 
persions of  crude  oils.  The  results  suggest  that 
generally  the  dispersed  oil  particles  are  the  pri- 
mary sources  of  toxicity,  with  the  dissolved  oil  and 
dispersants  contributing  relatively  little  toxicity. 
The  toxicity  of  the  oil  particles  appears  to  be 
influenced  by  particle  size  and  temperature.  A 
mathematical  model  was  prepared  and  calibrated 
using  these  data,  and  gives  a  satisfactory  represen- 
tation of  the  observed  toxicity  of  chemically  dis- 
persed oil.  (Author's  abstract) 
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3H-THYMIDINE  INCORPORATION:  PRELIM- 
INARY INVESTIGATIONS  OF  A  METHOD  TO 
FORECAST  THE  TOXICITY  OF  CHEMICALS 
IN  BIODEGRADABILITY  TESTS. 
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Descriptors:  'Aquatic  bacteria,  'Biodegradation, 
'Fate  of  pollutants,  'Microbial  degradation,  'Path 
of  pollutants,  'Thymidine,  'Toxicity,  'Wastewater 
treatment,  Activated  sludge,  Freshwater,  Isotopic 
tracers,  Nucleic  acids,  Phenols,  Seawater,  Sensitiv- 
ity analysis,  Water  pollution  effects. 

In  biodegradability  tests  it  is  essential  that  true 
non-biodegradability  can  be  distinguished  from  in- 
hibited biodegradability.  To  this  end  toxicity  tests 
were  performed  with  3,5-dichlorophenol  and  po- 
tassium dichromate  using  the  H3-thymidine  incor- 
poration methods  and  three  standardized  test  meth- 
ods on  natural  bacterial  assemblages  from  activated 
sludge,  freshwater  and  seawater.  Results  showed 
that  eutrophic  bacteria  were  less  sensitive  than 
oligotrophic  bacteria  towards  both  test  chemicals 
in  the  H3-thymidine  incorporation  methods.  Previ- 
ous observations  of  biodegradability  of  dichloro- 
phenols  at  the  10-20  mg/L  level  showing  degrada- 
bility  in  activated  sludge  and  nonbiodegradability 
in  seawater  might  be  explained  by  this  difference  in 
sensitivity.  Compared  to  available  test  methods, 
the  H3-thymidine  incorporation  method  proved 
similar  or  better  in  sensitivity,  depending  on  the 
origin  of  the  bacteria  in  the  test  system.  The 
method  is  inexpensive  and  easy  to  perform,  shows 
good  reproducibility  and  can  be  performed  under 
test  conditions  that  more  truly  reflect  those  used  in 
the  biodegradability  tests.  (Geiger-PTT) 
W90-06760 


PREPARATION  OF  AQUEOUS  MEDIA  FOR 
AQUATIC  TOXICITY  TESTING  OF  OILS  AND 
OIL-BASED  PRODUCTS:  A  REVIEW  OF  THE 
PUBLISHED  LITERATURE. 

Shell  Research  Ltd.,  Sittingbourne  (England).  Sit- 

tingbourne  Research  Centre. 

A.  E.  Girling. 

Chemosphere  CMSHAF,  Vol.   19,  No.   10/11,  p 

1635-1641,  1989.  1  fig,  1  tab,  40  ref. 

Descriptors:  'Culture  media,  'Literature  review, 
•Oil  pollution,  'Sample  preparation,  'Toxicity, 
♦Toxicology,  Aquatic  life,  Chemical  analysis. 

Published  literature  has  been  reviewed  with  re- 
spect to  the  methods  used  to  prepare  aqueous 
media  for  use  in  tests  to  determine  the  toxicity  of 
aquatic  organisms  to  oils  and  formulated  oil-based 
products  (OBP).  Different  methods  have  been 
identified  which  reflect  two  fundamentally  differ- 
ent approaches:  the  whole  media  approach  and  the 
fractional  media  approach.  In  the  whole  media 
approach  media  containing  a  quantity  of  the  OBP 
is  distributed  uniformly  throughout  the  water. 
Whole  media  methods  can  be  divided  into  low  and 
high  energy  media  (depending  upon  the  intensity 
of  mixing)  and  chemically  dispersed  media.  Frac- 
tional media  is  media  containing  only  that  fraction 
of  the  OBP  retained  in  the  aqueous  phase  after 
mixing  and  settlement  and  can  be  divided  into 
water-soluble  fractions  (containing  only  dissolved 
OBP  components  and  water-accommodated  frac- 
tions (containing  dissolved  and  emulsified  compo- 
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nents).  Superimposed  upon  the  different  approach- 
es to  preparing  the  test  media  are  inherent  differ- 
ences in  the  physical  and  chemical  properties  of 
OBPs  such  as  bulk  properties,  properties  of  addi- 
tives, microbial  biodegradability,  and  OBP/water 
ratio.  These  properties  will  also  have  some  bearing 
on  the  nature  of  the  final  test  medium  and  the 
methods  that  can  be  applied.  When  determining 
the  toxicity  of  OBPs  to  aquatic  organisms,  consid- 
erable attention  must  be  given  to  the  preparation, 
characterization  and  description  of  the  test 
medium.  Failure  to  do  this  will  not  allow  an  accu- 
rate assessment  of  the  toxicity  to  be  determined  or 
meaningful  comparisons  to  be  drawn.  (Geiger- 
PTT) 
W9O-06766 


TOXICOKINETICS  OF  SELECTED  POLYCY- 
CLIC  AROMATIC  HYDROCARBONS  IN  RAIN- 
BOW TROUT  FOLLOWING  DIFFERENT 
ROUTES  OF  EXPOSURE. 

Simon  Fraser  Univ.,  Burnaby  (British  Columbia). 

Environmental  Toxicology  Program. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06772 


5-METHYL  DEOXYCYTIDINE  CONTENT  OF 
DNA  FROM  BLUEGILL  SUNFISH  (LEPOMIS 
MACROCHIRUS)  EXPOSED  TO 

BENZO(A)PYRENE. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06779 


BENTHIC       INVERTEBRATE        BIOASSAYS 
WITH  TOXIC  SEDIMENT  AND  PORE  WATER. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06783 


ASSESSMENT  OF  INDUSTRIAL  SEWAGE  IM- 
PACTS BY  ADENYLATE  ENERGY  CHARGE 
MEASUREMENTS  IN  THE  BWALVE  CERAS- 
TODERMA  EDULE. 

Laboratorio  Nacional  de  Engenharia  e  Tecnologia 

Industrial,  Lisbon  (Portugal).  Dept.  de  Estudos  de 

Impacte  Industrial. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06785 


EFFECTS  OF  PETROLEUM  OILS  AND  THEIR 
PARAFFINIC,  ASPHALTIC,  AND  AROMATIC 
FRACTIONS  ON  PHOTOSYNTHESIS  AND 
RESPIRATION  OF  MICROALGAE. 

North-Eastern  Hill  Univ.,  Shillong  (India).  Dept. 

of  Botany. 

A.  K.  Singh,  and  J.  P.  Gaur. 

Ecotoxicology       and       Environmental        Safety 

EESADV,  Vol.  19,  No.  1,  p  8-16,  February  1990. 

2  fig,  3  tab,  31  ref. 

Descriptors:  'Algal  physiology,  'Bioassay,  *Oil 
pollution,  'Toxicity,  'Water  pollution  effects, 
Chlorophyta,  Cyanophyta,  Oil  fractions,  Photo- 
synthesis, Respiration. 

Inhibition  of  photosynthesis  was  more  severe  than 
that  of  respiration  in  Anabaena  doliolum  exposed 
to  Assam  crude  oil,  furnace  oil,  petrol,  diesel,  and 
kerosene.  Variabilities  in  toxicity  of  these  oils, 
which  seem  to  be  related  to  their  aromatic  and 
asphaltic  contents,  were  observed.  Diesel  and  fur- 
nace oil,  due  to  greater  concentrations  of  aromat- 
ics,  were  more  toxic  than  other  oils.  The  toxic 
effects  of  asphaltic  fractions  were  similar  to  those 
of  aromatics.  The  study  showed  that  the  effects  of 
a  particular  fraction  vary  from  oil  to  oil.  There- 
fore, toxicity  of  an  oil  cannot  be  correctly  predict- 
ed by  mere  estimation  of  its  various  fractions. 
Lower  concentrations  of  Assam  crude  stimulated 
photosynthesis  and  respiration  of  blue-green  algae 
(cyanobacteria);  however,  green  algae  did  not 
show  such  a  response.  Stimulation  was  exerted 
only  by  paraffinic  fractions  of  the  test  oils.  (Au- 
thor's abstract) 
W90-O6786 


EFFECTS  OF  SALINITY  AND  TEMPERATURE 
ON  THE  TOXICITY  OF  COPPER  TO  1-DAY 
AND  7-DAY-OLD  LARVAE  OF  III  DISH 
(NEREIS)  DIVERSICOLOR  (O.  F.  MULLER). 

Hull  Univ.  (England).  Inst,  of  Estuarine  and  Coast- 
al Studies. 

P.  T.  E.  Ozoh,  and  N.  V.  Jones. 
Ecotoxicology       and       Environmental       Safety 
EESADV,  Vol.  19,  No.  1,  p  24-32,  February  1990. 
3  tab,  21  ref. 

Descriptors:  'Annelids,  'Bioassay,  'Copper,  'Syn- 
ergistic effects,  'Water  pollution  effects,  Life 
stages,  Predation,  Salinity,  Temperature. 

The  effects  of  salinity  and  temperature  on  the 
toxicity  of  copper  to  1-day  and  7-day-old  larvae  of 
Hediste  diversicolor  were  tested  using  factorial 
analysis.  Mortality  of  larvae  was  influenced  by 
salinity,  temperature,  and  copper,  but  1 -day-old 
larvae  were  more  susceptible  than  the  7-day-old 
larvae.  Resistance  to  copper  increased  with  age. 
Low  concentrations  of  5  and  20  microg/L  copper 
were  more  inhibitory  to  1-day  and  7-day  old 
larvae,  respectively,  than  were  higher  copper 
levels.  The  responses  of  1 -day-old  larvae  to  copper 
levels  from  0  to  20  microg/L  and  of  7-day-old  to 
copper  levels  from  0  to  100  microg/L  were  com- 
plex. Increasing  salinity  7.6  to  30.5%  reduced  both 
copper  toxicity  and  protozoa/bacteria  attacks. 
(Author's  abstract) 
W90-06787 


PHYSIOLOGICAL  EFFECTS  IN  FISH  EX- 
POSED TO  EFFLUENTS  FROM  MDLLS  WITH 
SIX  DIFFERENT  BLEACHING  PROCESSES. 

Finnish  Environmental  Research  Group,  Damm- 
vagen  6,  SF-01600  Vanda,  Finland. 
K.-J.  Lehtinen,  A.  Kierkegaard,  E.  Jakobsson,  and 
A.  Wandell. 

Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  19,  No.  1,  p  33-46,  February  1990. 
2  fig,  5  tab,  39  ref.  Environmental  Research  Foun- 
dation of  the  Swedish  Pulp  and  Paper  Association, 
Project  SSVL-85. 

Descriptors:  'Bioassay,  'Bleaching  wastes,  'Pulp 
and  paper  industry,  'Toxicity,  'Water  pollution 
effects,  Aerated  lagoons,  Hematology,  Osmoregu- 
lation, Rainbow  trout,  Synergistic  effects. 

Immature  rainbow  trout  (Salmo  gairdneri)  were 
continuously  exposed  in  a  flow-through  system  to 
a  total  of  six  different  bleached  kraft  mill  effluents 
at  two  exposure  concentrations  (400  and  2000 
times  dilution)  for  7  weeks,  during  three  consecu- 
tive years  (1982-1984).  The  fish  were  exposed  in 
outdoor  tanks  connected  to  the  outgoing  water 
from  a  parallel  mesocosms  study  simulating  the 
Baltic  littoral  (Fucus  vesiculosus)  zone.  After  ex- 
posure, hematological,  osmoregulational  and  mixed 
function  oxidase  (MFO)  parameters  were  studied. 
The  results  showed  that  conventional  chlorine 
bleaching,  with  and  without  treatment  in  aerated 
lagoons,  had  the  strongest  effects  on  the  fish  ex- 
posed. Oxygen  prebleaching  followed  by  high 
(50%)  substitution  of  the  active  chlorine  as  chlo- 
rine dioxide,  as  well  as  oxygen  prebleaching  and 
normal  (85%)  chlorine  levels  in  the  chlorine/chlo- 
rine dioxide  step  and  treatment  in  aerated  lagoons, 
had  the  fewest  effects  on  the  fish.  The  results 
imply  a  complex  pattern  of  effects  where  the  rela- 
tive prevalence  of  MFO-stimulating  and  -inhibiting 
substances  may  give  different  biological  results  in 
fish  exposed  to  these  kinds  of  effluents.  (Author's 
abstract) 
W90-06788 


EFFECTS  OF  SUBLETHAL  CONCENTRA- 
TIONS OF  PHOSPHAMIDON,  METHYL  PAR- 
ATHION,  DDT,  AND  LINDANE  ON  TISSUE 
NITROGEN  METABOLISM  IN  THE  PENAEn) 
PRAWN,  METAPENAEUS  MONOCEROS  (FA- 
BRICIUS). 

Sri  Venkateswara  Univ.,  Kavali  (India).  Div.  of 
Toxicology. 

M.  S.  Reddy,  and  K.  V.  R.  Rao. 
Ecotoxicology       and       Environmental       Safety 
EESADV,  Vol.  19,  No.  1,  p  47-54,  February  1990. 
4  tab,  32  ref. 


Descriptors:  'Bioassay,  'Bioindicators,  'Crusta- 
ceans, 'Pesticides,  'Shrimp,  'Toxicity,  'Water 
pollution  effects,  Ammonia,  DDT,  Lindane, 
Methyl  parathion,  Nitrogen,  Phosphamidon,  Phys- 
iology, Stress,  Tissues. 

Changes  in  midgut  gland,  muscle,  and  gill  tissue 
nitrogen  metabolic  profiles  were  studied  in  a  pen- 
acid  prawn,  Metapenaeus  monoceros,  following  its 
exposure  to  sublethal  concentrations  of  phosphami- 
don, methyl  parathion,  DDT,  and  lindane.  In  all 
the  pesticide-exposed  prawn  tissues,  ammonia 
levels  were  significantly  increased  and  a  shift  in  the 
nitrogen  metabolism  toward  the  synthesis  of  urea 
and  glutamine  was  observed.  Inhibition  of  gluta- 
mate  oxidation  to  ammonia  and  alpha-ketoglutarate 
by  glutamate  dehydrogenase  suggests  a  mechanism 
whereby  hyperammonemia  is  reduced  by  minimiz- 
ing the  addition  of  further  ammonia  to  the  existing 
elevated  ammonia.  Aspartate  and  alanine  amino- 
transferases demonstrated  an  increase  in  their  ac- 
tivity levels,  suggesting  gluconeogenesis.  Pesticide- 
induced  stress  also  seems  to  induce  ammoniagene- 
sis,  which  is  due  to  increased  deamination  of  pur- 
ines. Mechanisms  to  detoxify  the  ammonia  by  en- 
hancing the  synthesis  of  urea  and  glutamine  were 
observed  in  the  tissues.  (Author's  abstract) 
W90-06789 


IN  VIVO  EFFECT  OF  THE  ORGANOPHOS- 
PHORUS  INSECTICIDE  TRICHLORPHON  ON 
THE  IMMUNE  RESPONSE  OF  CARP  (CY- 
PRINUS  CARPIO).  I.  EFFECT  OF  CONTAMI- 
NATION ON  ANTIBODY  PRODUCTION  IN 
RELATION  TO  RESIDUE  LEVEL  IN  ORGANS. 
Ecole  Nationale  Veterinaire  de  Lyon  (France). 
Lab.  d'Ecotoxicologie. 
M.  Cossarini-Dunier,  A.  Demael,  and  A.  K. 
Siwicki. 

Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  19,  No.  1,  p  93-98,  February  1990. 
3  fig,  1  tab,  1 1  ref.  CNRS  Grant  ATP  PIREN  950 
170. 

Descriptors:  'Carp,  'Fish  physiology,  'Insecti- 
cides, 'Toxicology,  'Trichlorfon,  'Water  pollu- 
tion effects,  Acetylcholinesterase,  Antibodies, 
Organs,  Yersinia  ruckeri  vaccine. 

The  organophosphorus  insecticide  trichlorphon 
was  tested  at  medium  (10  and  20  ppm)  and  high 
concentrations  (20,000  ppm)  on  antibody  produc- 
tion against  Yersinia  ruckeri  vaccine.  No  statisti- 
cally significant  effect  was  observed  on  humoral 
response  or  on  hematocrit.  Contamination  of 
organs  was  analyzed  by  acetycholinesterase  activi- 
ty. At  20,000  ppm  only  liver  and  brain  were  highly 
contaminated;  spleen  and  lymphocytes  were  not 
significantly  contaminated.  At  20  ppm  no  residue 
was  found  in  organs.  (See  also  W90-06794)  (Au- 
thor's abstract) 
W90-06793 


IN  VTVO  EFFECT  OF  THE  ORGANOPHOS- 
PHORUS INSECTICIDE  TRICHLORPHON  ON 
IMMUNE  RESPONSE  OF  CARP  (CYPRINUS 
CARPIO).  n.  EFFECT  OF  HIGH  DOSES  OF 
TRICHLORPHON  ON  NONSPECIFIC 

IMMUNE  RESPONSE. 

Instytut     Rybactwa     Srodladowego,     Piaseczno 
(Poland).  Zabieniec  Centre. 
A.  K.  Siwicki,  M.  Cossarini-Dunier,  M.  Studnicka, 
and  A.  Demael. 

Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  19,  No.  1,  p  99-105,  February 
1990.  6  fig,  1  tab,  17  ref. 

Descriptors:  'Carp,  'Fish  physiology,  'Insecti- 
cides, 'Trichlorfon,  'Water  pollution  effects, 
Immune  response,  Leukopenia,  Lysozymes. 

The  effect  of  trichlorphon,  one  of  the  most  widely 
used  organophosphorus  insecticides,  on  the  non- 
specific immune  response  in  carp  (Cyprinus  carpio) 
was  studied.  The  effect  of  20,000  ppm  trichlorphon 
on  the  immune  response  was  followed  for  3  and  56 
days  after  intoxication.  The  effect  of  10,000  ppm 
trichlorphon  on  the  nonspecific  immune  response 
of  carp  experimentally  infected  by  Pseudomonas 
alcaligenes  and  Aeromonas  punctata  was  also  ex- 
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amined.  Leucocyte  number,  phagocytic  ability  of 
neutrophils,  percentage  nitroblue  tetrazolium-posi- 
tive  polymorphonuclear  cells,  phagocytic  index, 
lysozyme  level  in  serum,  and  ceruloplasmin  activi- 
ty in  plasma  were  examined  on  Days  2,  4,  6,  8,  10, 
14,  18,  22,  and  26  after  carp  were  exposed.  After 
intoxication  leukopenia  was  observed  as  decreases 
in  phagocytic  ability  of  neutrophils  and  in  phago- 
cytic index.  Lysozyme  level  in  serum  was  also 
decreased  compared  to  that  of  control.  The  per- 
centage of  nitroblue  tetrazolium-positive  polymor- 
phonuclear cells  decreased  when  the  ceruloplasmin 
activity  in  plasma  increased  in  intoxicated  fish. 
(See  also  W90-06793)  (Author's  abstract) 
W90-06794 


TOXICITY  OF  THE  PRETHROID  INSECTI- 
CIDE FENVALERATE  TO  A  FRESH  WATER 
FISH,  TJXAPIA  MOSSAMBICA  (PETERS): 
CHANGES  IN  GLYCOGEN  METABOLISM  OF 
MUSCLE. 

Sri  Venkateswara  Coll.,  New  Delhi  (India).  Dept. 
of  Zoology. 

V.  Radhaiah,  and  K.  J.  Rao. 

Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  19,  No.  1,  p  116-121,  February 
1990.  4  fig,  2  tab,  25  ref. 

Descriptors:  *Bioassay,  *Fenvalerate,  *Fish  physi- 
ology, 'Insecticides,  *Tilapia,  *Toxicity,  'Water 
pollution  effects,  Enzymes,  Glycogen,  Metabolism, 
Muscle. 

Toxic  effects  of  a  pyrethroid  insecticide,  fenvaler- 
ate,  on  fish  muscle  glycogen  metabolism  were  in- 
vestigated. Estimations  were  made  after  10  and  20 
days  of  exposure,  and  altered  muscle  glycogen 
metabolism  was  observed.  The  changes  included  a 
significant  (P<0.001)  decrease  in  the  levels  of  gly- 
cogen, pyruvate,  maleate  dehydrogenase  (MDH), 
succinate  dehydrogenase  (SDH),  and  phosphoryl- 
ase  a,  b,  and  ab  activities,  while  elevated  levels  of 
lactic  acid,  aldolase,  and  lactate  dehydrogenase 
(LDH)  activity  were  observed  under  fenvalerate 
intoxication.  There  was  a  decrease  in  opercular 
movement  and  oxygen  consumption  with  an  in- 
crease in  concentration  of  fenvalerate.  (Author's 
abstract) 
W90-06796 


EFFECTS    OF    WATER    REUSE    ON    LAKE 
TROUT. 

Fish  and  Wildlife  Service,   Bozeman,  MT.   Fish 

Technology  Center. 

E.  MacConnell. 

Progressive  Fish  Culturist  PFCUAY,  Vol.  51,  No. 

1,  p  33-37,  January   1989.   2  fig.    1   tab,    16  ref. 

Descriptors:    *Fish    hatcheries,    *Trout,    *Water 
reuse,  Ammonia,  Dissolved  oxygen,  Growth. 

Lake  trout  (Salvelinus  namaycush)  were  reared  in 
water  reused  through  a  series  of  seven  tanks  for  a 
period  of  150  days.  Fish  loading  per  tank  was 
based  on  a  flow  index  of  0.71,  giving  a  cumulative 
index  of  4.97  after  the  seventh  water  use.  Dis- 
solved oxygen  and  total  ammonia  were  measured 
as  indicators  of  water  quality.  Average  dissolved 
oxygen  concentration  decreased  from  7.6  ppm 
after  the  first  water  use  to  3.1  ppm  after  the 
seventh  use,  and  average  ammonia  concentration 
increased  from  0.09  ppm  after  the  first  use  to  0.94 
ppm  after  the  seventh  use.  Lake  trout  growth  rate 
began  to  decline  at  the  fifth  water  use  when  dis- 
solved oxygen  averaged  3.5  ppm  and  ammonia 
0.75  ppm.  (Author's  abstract) 
W90-06808 


CHANGES  IN  T-LYMPHOCYTE  DISTRIBU- 
TION ASSOCIATED  WITH  INGESTION  OF 
ALDICARB-CONTAMINATED  DRINKING 

WATER:  A  FOLLOW-UP  STUDY. 

Centers  for  Disease  Control,  Atlanta,  GA.  Epide- 
miology Program  Office. 
I.  R.  Mirkin,  H.  A.  Anderson,  L.  Hanrahan,  R. 
Hong,  and  R.  Golubjatnikov. 
Environmental  Research  ENVRAL,  Vol.  51,  No. 
1,  p  35-50,  February   1990.  4  fig,  7  tab,  23  ref. 

Descriptors:  *Aldicarb,  'Groundwater  pollution, 
'Pesticides,  'Public  health,  'Toxicology,  'Water 


pollution  effects,  Drinking  water  contamination, 
Lymphocytes,  T-cells,  Wisconsin. 

The  carbamate  pesticide,  aldicarb,  is  the  most  com- 
monly found  man-made  groundwater  contaminant 
in  Wisconsin.  A  1985  study  linked  ingestion  of 
aldicarb-contaminated  drinking  water  with  altered 
T-cell  distributions,  specifically  an  increase  in  the 
mean  number  of  CD8  +  (T8)  T  cells.  To  further 
evaluate  this  finding,  a  follow-up  study  was  done 
in  1987.  Of  the  50  Portage  County,  Wisconsin, 
women  who  participated  in  the  first  study,  45 
participated  in  the  follow-up:  18  formerly  exposed 
and  27  formerly  unexposed.  In  our  follow-up,  only 
5  women  were  found  to  be  currently  exposed  to 
aldicarb.  This  group  of  5  women,  compared  to  39 
unexposed  women  who  had  peripheral  blood 
specimens  taken,  had  an  increased  percentage  of 
lymphocytes  and  an  increased  number  of  CD2+T 
cells,  due  to  an  increased  number  of  total  CD8+T 
cells.  Although  the  number  of  exposed  persons  was 
small,  the  increases  in  percentage  lymphocytes  and 
absolute  numbers  of  CD2+  and  CD8+  T  cells 
were  consistent  with  a  dose-response  relationship. 
No  identified  drinking  water  contaminant  other 
than  aldicarb  could  explain  these  findings.  These 
results  support  earlier  evidence  linking  aldicarb 
exposure  and  lymphocyte  distribution  changes.  Al- 
though adverse  clinical  effects  have  not  been  docu- 
mented, the  widespread  use  of  this  chemical  and 
consequent  potential  for  widespread  exposure  indi- 
cate a  clear  need  for  further  research  on  this  issue. 
(Author's  abstract) 
W90-06809 


UNDERSTANDING  THE  RESPONSE  TO  ENVI- 
RONMENTAL RISK  INFORMATION. 

Illinois  Univ.  at  Urbana-Champaign.  Inst,  for  Envi- 
ronmental Studies. 

For  primary  bibliographic  entry  see  Field  6B. 
W90-06908 


ENVIRONMENTAL  CHEMISTRY  AND  TOXI- 
COLOGY OF  ALUMINUM. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06929 


CHRONIC  NO-OBSERVED-EFFECT  CONCEN- 
TRATIONS OF  ALUMINUM  FOR  BROOK 
TROUT  EXPOSED  IN  LOW-CALCIUM, 
DILUTE  ACIDIC  WATER. 

National  Fisheries  Contaminant  Research  Center, 

Columbia,  MO. 

L.  Cleveland,  E.  E.  Little,  R.  H.  Wiedmeyer,  and 

D.  R.  Buckler. 

IN:  Environmental  Chemistry  and  Toxicology  of 

Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 

1989.  p  229-246,  1  fig,  8  tab,  29  ref. 

Descriptors:  'Acid  rain,  'Acidic  water,  'Alumi- 
num, 'Chronic  toxicity,  'Toxicology,  'Trout, 
'Water  chemistry,  Absorption,  Aquatic  life,  Calci- 
um, Chemical  analysis,  Chemical  interactions,  En- 
vironmental effects,  Filtration,  Hydrogen  ion  con- 
centration, Metal  complexes,  Resources  manage- 
ment, Speciation,  Water  quality. 

Although  the  chemistry  of  aluminum  (Al)  in  dilute 
acidic  waters  is  reasonably  well  understood,  fur- 
ther research  is  needed  on  the  various  forms  of  Al 
that  exist  under  certain  conditions  and  the  interac- 
tive effects  of  acidity  and  Al  on  aquatic  organisms. 
A  study  was  conducted  to  determine  the  chronic 
no-observed-effect  concentrations  of  Al  for  brook 
trout  exposed  in  low-calcium,  dilute  acidic  water 
and  to  examine  the  speciation  of  Al  during  the 
exposures.  Analyses  of  water  samples  from  each 
treatment  showed  that  the  concentrations  of  total 
dissolved  Al  and  total  dissolved  monomelic  Al 
remained  nearly  constant  over  the  entire  range  of 
Al  treatments.  The  measurement  of  total  dissolved 
(filtered),  and  readily  reactive  (extractable)  mono- 
melic and  polymeric  species  of  Al  would  yield  a 
good  estimate  of  the  amount  of  toxic  Al  present  in 
natural  waters.  The  results  of  whole-body  Al  resi- 
due analyses  imply  that  as  brook  trout  advanced 
from  larvae  to  juveniles  they  began  either  to  de- 
crease their  rate  of  Al  uptake  or  to  eliminate  Al  at 
a  rate  that  exceeded  uptake.  Acidity,  length  of 
exposure,  and  the  biological  endpoint  measured  are 


critical  factors  in  determining  chronic  no-effect 
concentrations  of  Al  for  fish  inhabiting  dilute 
acidic  waters.  The  ability  of  brook  trout  to  hatch 
was  the  earliest  and  most  sensitive  index  of  Al 
toxicity  in  both  exposures  of  pH  5.6-5.7  and  pH 
6.5-6.6.  Because  Al  is  a  ubiquitous,  naturally-occur- 
ring element,  resource  managers  should  be  aware 
of  environmental  variables  (e.g.,  pH)  that  mobilize 
or  exacerbate  the  toxic  effects  of  Al.  Assessments 
of  site-specific  problems  of  Al  contamination  must 
consider  that  water  quality  can  greatly  influence 
Al  toxicity.  (See  also  W90-06929)  (Fish-PTT) 
W90-06940 


COMPOSITION  AND  CONSEQUENCES  OF 
ALUMINUM  IN  WATER,  BEVERAGES  AND 
OTHER  INGESTIBLES. 

Bjorksten  Research  Foundation,  Madison,  WI. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06941 


EFFECT  OF  APPLICATIONS  OF  SEWAGE 
SLUDGE  ON  N,  P,  K,  CA,  MG  AND  TRACE 
ELEMENTS  CONTENTS  OF  PLANT  TISSUES. 

Institut   National   de   la   Recherche   Scientifique, 

Sainte-Foy  (Quebec). 

For  primary  bibliographic  entry  see  Field  5E. 

W90-06974 


MACROALGAE  AND  PHYTOPLANKTON 
STANDING  CROPS  IN  THE  CENTRAL 
VENICE  LAGOON:  PRIMARY  PRODUCTION 
AND  NUTRIENT  BALANCE. 

Venice  Univ.  (My)-  Dept.  of  Environmental  Sci- 
ence. 

A.  Sfriso,  B.  Pavoni,  and  A.  Macromini. 
Science  of  the  Total  Environment  STENDL,  Vol. 
80,  No.  2/3,  p  139-159,  May  1989.  7  fig,  6  tab,  44 
ref.   Italian  Council  for  Research  (CNR)  Grant 
86.01727.03. 

Descriptors:  'Algal  growth,  'Biomass,  'Eutroph- 
ication,  'Macrophytes,  'Marine  algae,  'Nutrient 
concentrations,  'Phytoplankton,  'Primary  produc- 
tivity, 'Standing  crops,  Chlorophyll  a,  Italy,  Ni- 
trogen, Phosphorus,  Venice  Lagoon. 

Biomass  measurements  carried  out  in  the  central 
part  of  the  Venice  lagoon  during  the  season  of  the 
highest  macroalgal  production,  at  the  beginning  of 
June  1987,  showed  that  85  square  kilometers,  cor- 
responding to  65  percent  of  the  examined  area, 
were  covered  by  remarkable  amounts  of  nitrophile 
macroalgae.  Total  macroalgae  biomass  was 
546,900  tons,  accounting  for  17,679  tons  of  carbon, 
1911  tons  of  nitrogen,  and  170  tons  of  phosphorus. 
The  annual  net  primary  production,  calculated 
from  the  maximum  production/biomass  (P/B) 
ratio  determined  in  a  hypertrophic  area  of  the 
central  lagoon,  was  estimated  to  be  between 
866,160  and  1,154,880  tons.  Therefore,  in  Spring- 
Summer,  macroalgae  recycled  78  to  104  percent 
and  38  to  51  percent  of  the  total  annual  nitrogen 
and  phosphorus  which  entered  the  central  lagoon. 
Phytoplankton  standing  crop  appeared  negligible 
in  most  of  the  studied  area.  High  chlorophyll-a 
concentrations  were  only  measured  near  the  Porto 
Marghera  industrial  zone  where  macroalgae  were 
almost  absent;  in  the  area  between  the  islands  of 
South  Angelo  and  Gidecca,  where  the  water  depth 
was  greater  than  one  meter,  and  in  the  area  facing 
the  island  of  Lido  used  by  the  Municipality  of 
Venice  as  a  test  area  for  algal  removal  experiments. 
Based  on  both  space  and  time  measurements,  nano- 
plankton  accounted  for  about  80  percent  of  the 
total  phytoplankton.  (Author's  abstract) 
W90-06975 


FLUORINE       VARIATIONS       IN       WELSH 
STREAMS  AND  SODL  WATERS. 

Institute  of  Hydrology,  Wallingford  (England). 

C.  Neal. 

Science  of  the  Total  Environment  STENDL,  Vol. 

80,  No.  2/3,  p  213-223,  May  1989.  5  fig,  4  tab,  28 

ref. 

Descriptors:    'Acid   rain   effects,    'Acid   streams, 
'Acidification,  'Aluminum,  'Chemical  speciation, 
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•Fluorine,  'Model  studies,  'Soil  water,  *Streams, 
•Wales,  Catchment  areas. 

Stream  and  soil  water  fluoride  concentrations,  for 
acidic  acidifying  Welsh  catchments  subject  to  vari- 
ous forms  of  land  u^e,  vary  between  0.02  and  0.22 
mg/L  Highest  concentrations  occur  within  the 
lower  soil  zone  waters,  although  stream  water 
concentrations  are  also  high  under  the  condition 
where  atmospheric  fluorine  inputs  are  high.  Speci- 
ation  studies  show  that  aluminum  fluoride  com- 
plexes make  up  a  significant  proportion  of  the  total 
aluminum  and  fluorine  concentrations  in  solution. 
For  both  toxicological  and  solubility  studies,  fluo- 
rine measurements  need  to  be  made  to  assess  the 
degree  of  fluorine  complexation  in  waters  associat- 
ed with  acid-imparted  Welsh  catchments.  (Au- 
thor's abstract) 
W90-06979 


AQUATIC  TOXICOLOGY. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

For  primary  bibliographic  entry  see  Field  5B. 
W9O-O6990 


IMPACT  OF  THE  GREENHOUSE  EFFECT  ON 
SEWERAGE  SYSTEMS:  LUND  CASE  STUDY. 

Lund  Univ.  (Sweden).  Dept.  of  Water  Resources 

Engineering. 

J.  Niemczynowicz. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  34, 

No.  6,  p  651-666,  December  1989.  6  fig,  3  tab,  21 

ref. 

Descriptors:  'Flood  damage,  'Global  warming, 
•Greenhouse  effect,  'Rainfall-runoff  relationships, 
•Runoff  forecasting,  *Sewer  systems,  *Storm 
runoff,  •Storm-overflow  sewers,  'Sweden,  •Urban 
hydrology,  'Urban  runoff,  Conduits,  Construction 
costs,  Flood  prevention,  Flooding,  Floods,  Over- 
land flow,  Rainfall,  Storm  water,  Surface  water, 
Urban  drainage,  Water  conveyance. 

The  possible  impacts  of  modifications  in  rainfall 
patterns  due  to  the  greenhouse  effect  on  the  func- 
tion of  a  sewerage  system  were  studied  based  on  a 
case  study  of  the  city  of  Lund,  Sweden.  The  Storm 
Water  Management  Model  is  used  to  simulate 
changes  in  the  runoff  pattern.  The  stormwater 
system  in  Lund  is  designed  for  further  develop- 
ment of  the  city,  and  thus  some  parts  of  the  system 
are  overdesigned.  Increases  of  rainfall  intensity  by 
20  and  30%  bring  significant  flooding  problems  to 
the  city's  sewerage  network.  More  than  50%  of 
the  city  center  areas  and  6,820  m  of  conduits  are 
flooded  when  the  yearly  rainfall  is  increased  by 
30%.  However,  in  reality,  the  total  volume  capac- 
ity of  the  system  was  not  used  in  the  simulations. 
Surplus  water  volumes  that  reach  the  receiving 
waters  by  surface  runoff  amount  to  20%  of  the 
rainfall  volume  during  such  an  event,  i.e.,  about 
120,000,000  cu  m  of  water  are  disposed  of  by 
surface  flow.  This  can  increase  pollution  problems 
due  to  the  washoff  of  pollutants  from  the  permea- 
ble surface  and  create  erosion.  To  avoid  flooding, 
about  3,000  m  of  new  conduits  must  be  construct- 
ed. The  costs  of  constructing  new  conduits  in 
Lund,  assuming  as  average  cost  of  2,600  SKR/m 
conduit,  would  be  about  20  million  SKr.  Expand- 
ing these  costs  to  apply  to  the  total  country  yields 
a  figure  of  3.5  billion  SKr.  Also,  flooding  of  base- 
ments and  streets  would  lead  to  costs  involved 
with  losses  of  and  the  damage  to  private  and  public 
property.  One  of  the  possible  technical  measures 
that  can  be  taken  is  to  increase  the  use  of  alterna- 
tive designs  of  new  stormwater  and  sewerage  sys- 
tems, involving,  for  example,  detention  facilities 
and  infiltration  basins  located  high  upstream  of  the 
urban  catchments.  (Friedmann-PTT) 
W90-O7023 


IMPORTANCE  OF  BIOASSAY  VOLUME  IN 
TOXICITY  TESTS  USING  ALGAE  AND 
AQUATIC  INVERTEBRATES. 

Nova  Scotia  Agricultural  Coll.,  Truro.  Environ- 
mental Microbiology  Lab. 
G  W.  Stratton,  and  J.  Giles. 
Bulletin    of    Environmental    Contamination    and 


Toxicology  BECTA6,  Vol.  44,  No.  3,  p  420-427, 
March  1990.  4  fig,  15  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Chlorella, 
'Daphnia,  'Experimental  design,  'Testing  proce- 
dures, 'Toxicity,  'Water  pollution  effects,  Atra- 
zine,  Chlorophyta,  Herbicides,  Permethrins,  Pesti- 
cide toxicity.  Photosynthesis,  Sublethal  effects. 

Lack  of  uniformity  between  aquatic  toxicity  bioas- 
say results  obtained  from  different  laboratories 
may  be  due,  in  part  to  differences  in  total  test 
volume.  The  unicellular  green  alga  Chlorella  pyr- 
eniodosa  and  the  freshwater  cladoceran  Daphnia 
magna  were  used  as  test  organisms.  The  effects  of 
varying  the  bioassay  volume  and  total  cell  numbers 
on  the  toxicity  of  atrazine  towards  photosynthesis 
in  C.  pyreniodosa  were  determined.  A  logarithmic 
relationship  between  exposure  values  and  percent 
inhibition  was  seen,  and  50%  inhibition  of  photo- 
synthesis (EE50)  was  calculated  as  12.5  micro- 
grams of  atrazine  per  1,000,000  cells.  Calculated 
EE50  values  ranged  from  6.1  to  23.1  micrograms 
atrazine  per  1,000,000  cells.  In  analyzing  the  effect 
of  bioassay  volume  on  the  toxicity  of  permethrin 
towards  juvenile  D.  magna,  a  logarithmic  relation- 
ship was  again  obtained.  The  LE50  (exposure  caus- 
ing 50%  immobilization)  was  calculated  as  6.4  ng 
of  permethrin  per  Daphnia  (range  of  2.9  to  8.0).  48- 
hour  LC50s  (concentrations  letal  to  50%)  for 
bioassays  in  150  and  300  mL  volumes  were  1.06 
ppb  and  0.43  ppb,  respectively,  while  their  respec- 
tive LE50s  were  15.9  ng/Daphnia  and  12.9  ng/ 
Daphnia.  In  studying  the  effects  of  bioassay 
volume  on  the  toxicity  of  DDT  towards  juvenile 
D.  magna,  the  possible  influence  of  total  glass 
surface  area  (a  factor  in  pesticide  binding  to  glass) 
was  also  investigated.  Although  the  LC50  values 
did  not  differ  significantly,  the  LE50  values  did. 
These  data  indicate  that  surface  area,  as  well  as 
total  volume  should  be  standardized  in  aquatic 
bioassays.  Exposure  has  been  shown  to  be  the 
important  criterion  in  bioassays  and  is  dependent 
upon  both  the  bioassay  volume  and  the  number  of 
test  organisms.  (VerNooy-PTT) 
W90-07029 


PHYSIOLOGICAL  RESPONSES  OF  JUVE- 
NDLE  WHITE  MULLET,  MUGJX  CUREMA,  EX- 
POSED TO  BENZENE. 

Instituto   Venezolano   Tecnologico  del   Petroleo, 

Caracas.  Dept.  of  General  Engineering. 

M.  Correa,  and  H.  I.  Garcia. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  3,  p  428-434, 

March  1990.  4  fig,  17  ref. 

Descriptors:  'Benzenes,  'Fish  physiology, 
'Mullet,  'Respiration,  'Toxicity,  'Water  pollution 
effects,  Bioassay,  Fish  toxins,  Hydrocarbons, 
Lethal  limit,  Median  tolerance  limit,  Metabolism, 
Morbidity,  Mortality,  Oil  spills,  Sublethal  effects, 
Tropical  regions. 

The  potential  effects  on  aquatic  organisms  of 
water-soluble  aromatic  hydrocarbons  contained  in 
refined  and  crude  oil  have  increased  in  recent 
years,  however  most  of  the  studies  have  focused 
on  the  impact  of  aromatic  hydrocarbons  in  temper- 
ate marine  and  freshwater  species.  An  investigation 
was  designed  to  determine  some  physiological  re- 
sponses of  the  tropical  white  mullet  (Mugil 
curema),  to  benzene  stress.  Juvenile  specimens 
were  collected  by  seining  from  beaches  in  eastern 
Venezuela  (Cumana).  Oxygen  consumption  rates 
of  individual  fish  were  monitored  for  24  hours 
during  exposure  to  0,  1.00,  5.00,  and  10.00  mg/L 
benzene  in  a  flow  through  system.  The  48-hour 
LC50  was  22  mg/L.  Highly  significant  differences 
in  respiration  rates  (p  <  0.01)  were  found  between 
control  and  sublethal  benzene  concentrations  in 
Mugil  curema.  Ammonia  excretion  rates  in  M. 
curema  decreased  with  increased  benzene  concen- 
tration (p  <  0.01);  a  40%  reduction  in  excretion 
was  observed  in  fish  exposed  to  10  mg/L  benzene. 
(VerNooy-PTT) 
W90-07030 


SUBLETHAL  EFFECTS  OF  MALATHION  ON 
CHANNEL  CATFISH,  ICTALURUS  PUNCTA- 
TUS. 


Auburn  Univ.,  AL.  Dept.  of  Fisheries  and  Allied 

Aquacultures. 

N.  Areechon,  and  J.  A.  Plumb. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  3,  p  435-442, 

March  1990.  2  tab,  3  fig,  17  ref. 

Descriptors:  'Blood,  'Catfish,  'Malathion,  'Pesti- 
cide toxicity,  'Sublethal  effects,  'Toxicity,  'Water 
pollution  effects,  Animal  tissues,  Bioassay,  Fish 
pathology,  Gills,  Morbidity,  Tissue  analysis. 

The  widely  used  pesticide  malathion  is  an  organo- 
phosphate  which  has  been  shown  to  affect  the 
hematology  of  fish.  Groups  of  100  Channel  catfish 
fingerlings  (averaging  16.5  cm  and  26.8  g)  were 
exposed  either  to  0  (control)  or  4.5  mg/L  malathi- 
on (as  active  ingredient)  for  96  hours.  Blood  was 
collected  from  20  fish  at  12,  24,  48,  72,  and  96 
hours  after  exposure.  Exposed  fish  appeared  to  lose 
equilibrium  and  direction  of  movement,  and  about 
80%  developed  vertebral  deformities.  Exposed  fish 
had  significantly  (p  <  0.05)  increased  numbers  of 
erythrocytes  and  decreased  numbers  of  leukocytes 
at  48,  72,  and  96  hours  after  exposure.  Plasma 
glucose  of  the  exposed  fish  was  significantly  higher 
than  that  of  the  controls  throughout  the  sampling 
period.  Epithelium  of  the  gill  lamellae  of  treated 
fish  became  necrotic  and  began  to  slough  from  the 
supporting  structures.  The  liver  also  appeared  ne- 
crotic, but  no  other  significant  histopathology  was 
observed.  Results  indicate  that  malathion  does 
affect  blood  components  especially  by  increasing 
the  hematological  component  of  channel  catfish 
erythrocytes  and  decreasing  leukocytes.  (Ver- 
Nooy-PTT) 
W90-07031 


EFFECT  OF  ENDOSULFAN  ON  ACID  AND 
ALKALINE  PHOSPHATASE  ACnviTY  IN 
LIVER,  KIDNEY,  AND  MUSCLES  OF 
CHANNA  GACHUA. 

Jiwaji  Univ.,  Gwalior  (India).  School  of  Studies  in 

Botany. 

R.  M.  Sharma. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  3,  p  443-448, 

March  1990.  3  tab,  13  ref. 

Descriptors:  'Biochemical  analysis,  'Endosulfan, 
•Fish  physiology,  *Pesticide  toxicity,  'Pesticides, 
•Phosphatases,  •Water  pollution  effects,  Animal 
tissues,  Bioassay,  Channa,  Chlorinated  hydrocar- 
bons, Enzymes,  Kidneys,  Liver,  Muscle,  Sublethal 
effects,  Toxicity. 

The  effect  of  endosulfan,  a  moderately  hazardous 
organochlorine  insecticide,  on  the  activity  of  acid 
and  alkaline  phosphatase  in  liver,  kidney  and  mus- 
cles of  a  freshwater  teleost  was  studied.  Groups  of 
20  Channa  gachua  were  exposed  to  0.0022,  0.0037, 
and  0.0056  mg  endosulfan/L  for  15  or  30  days. 
Fish  showed  a  slight  increase  in  acid  phosphatase 
activity  in  liver  and  kidney  after  15  days  at  0.0022 
mg/L  of  endosulfan.  The  enzyme  activity  was 
significantly  inhibited  at  0.0056  mg/L  of  endosul- 
fan after  15  days  exposure  in  liver  (maximum  inhi- 
bition of  55.2%),  kidney  (60.3%)  and  muscles 
(62.1%).  After  30  days,  enzyme  activity  was  fur- 
ther reduced  by  69.9%,  79.6%  and  65.5%,  respec- 
tively. The  enzyme  activity  of  alkaline  phosphatase 
was  activated  at  0.0022  mg/L  after  15  days  by 
5.8%  in  liver.  However,  at  0.0056  mg/L,  liver 
enzyme  activity  decreased  significantly  (p  <  0.01) 
after  the  same  15-day  exposure  period.  A  gradual 
reduction  in  enzyme  activity  with  increasing  con- 
centration and  exposure  time  was  observed.  A 
significant  inhibition  (p  <  0.01)  was  seen  in  all  the 
three  tissues  at  both  concentrations  (0.0022  and 
0.0037  mg/L)  of  endosulfan  after  30  days  of  expo- 
sure. (VerNooy-PTT) 
W90-07032 


CALMODULIN  CONCENTRATION  IN  MUCUS 
OF  RAINBOW  TROUT,  SALMO  GAIRDNERI, 
EXPOSED  TO  COMBINATIONS  OF  ACID, 
ALUMINUM,  AND  CALCIUM. 

Lockheed  Engineering  and  Sciences  Co.,  Inc.,  Las 

Vegas,  NV. 

T.  E.  Lewis,  S.  Yuan,  and  A.  Haug. 


120 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  44,  No.  3,  p  449-455, 
March  1990.  2  tab,  25  ref. 

Descriptors:  'Acid  rain  effects,  'Acidic  water, 
•Aluminum,  'Biochemical  tests,  *Bioindicators, 
•Calcium,  *Mucus,  'Proteins,  *Trout,  *Water  pol- 
lution effects,  Bioassay,  Calmodulin,  Fish,  Hydro- 
gen ion  concentration,  Iodine  radioisotopes,  Suble- 
thal effects,  Toxicity. 

The  presence  of  calmodulin  (CaM),  a  calcium- 
regulating  protein  which  selectively  binds  inorgan- 
ic monomelic  aluminum,  has  been  reported  in  fish 
gills  and  mucus.  Groups  of  2.5  year  old  rainbow 
trout  (Salmo  gairdneri)  were  exposed  to  one  of 
seven  combinations  of  pH  (4.80  to  6.50),  calcium  (1 
to  4  mg/L)  and  aluminum  (Al,  1.8  to  97.3  micro- 
grams/L)  for  147  days.  A  CaM  1125  radioimmun- 
oassay was  run  on  mucus  collected  from  the  fish  at 
the  end  of  the  exposure  period.  The  CaM  content 
in  mucus  collected  from  fish  exposed  to  Al  was 
generally  greater  than  that  from  those  not  exposed 
to  Al.  In  mucus  derived  from  Al-exposed  fish,  the 
total  protein  concentration  was  less  than  in  mucus 
from  non-exposed  fish,  although  the  micrograms 
CaM  per  mg  total  protein  was  greater  in  exposed 
fish.  Slightly  less  CaM  was  present  in  the  mucus  of 
fish  held  at  low  Ca  levels  (1  mg/L),  however,  only 
2  fish  were  tested.  The  one  specimen  available  for 
CaM  determination  at  the  100  micrograms/L  Al 
level  had  the  greatest  Al  exposure,  however,  no  Al 
(  <  10  micrograms/L)  was  detected  in  the  CaM 
fraction.  Changes  in  protein  content  in  Al  stressed 
fish  suggests  that  the  enhanced  presence  of  calmo- 
dulin in  mucus  may  be  a  response  to  Al  stress  for 
the  purpose  of  maintaining  membrane  integrity  and 
regulatory  processes  in  epithelial  cells.  These  pre- 
liminary data  suggest  that  the  presence  of  calmo- 
dulin in  fish  mucus  may  serve  as  an  indicator  of 
stress  induced  by  biologically  active  Al  in  surface 
waters.  Further  study  is  in  progress  to  verify  these 
findings.  (VerNooy-PTT) 
W90-07033 


IN  VITRO  CYTOTOXICITIES  OF  INORGANIC 
LEAD  AND  DI  AND  TRIALKYL  LEAD  COM- 
POUNDS TO  FISH  CELLS. 

Rockefeller  Univ.,  New  York.  Lab.  Animal  Re- 
search Center. 

H.  Babich,  and  E.  Borenfreund. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  44,  No.  3,  p  456-460, 
March    1990.    1   fig,   2  tab,    11   ref.   EPA  Grant 
813760. 

Descriptors:  'Animal  tissues,  'Fins,  *In  vitro  tests, 
•Lead,  *Organometals,  *Sunfish,  'Toxicity, 
•Water  pollution  effects,  Bioassay,  Fish,  Heavy 
metals,  Laboratory  methods,  Morbidity,  Sublethal 
effects,  Tissue  analysis. 

Although  there  has  been  much  research  on  the 
effects  of  inorganic  lead  (Pb(+  +))  on  the  aquatic 
biota,  less  is  known  on  the  environmental  impact  of 
organolead  compounds.  Epithelioid  cells  (BG/F 
cell  line)  from  fin  tissue  of  bluegill  sunfish  (Lepo- 
mis  macrochirus)  fingerlings  were  exposed  to  or- 
ganolead compounds  in  the  24  hour  neutral  red 
assay.  This  assay  quantitates  the  number  of  viable, 
uninjured  cells  after  their  exposure  to  toxicant  and 
is  based  on  the  uptake  and  accumulation  in  lyso- 
somes  of  the  supravital  dye,  neutral  red.  Cell  num- 
bers are  determined  by  correlation  with  spectro- 
photometric  values.  The  sequence  of  cytotoxicity 
was  triethyl  lead  cation  >  trimethyl  lead  cation  > 
dimethyl  lead  cation  >  diethyl  lead  cation  >  lead 
(Pb(++)).  The  NR-50  (concentration  at  which 
only  50%  of  cells  are  able  to  uptake  red  dye)  was 
62.2  micrograms  lead/L  for  diethyl  lead,  6.2  for 
dimethyl  lead,  2.3  for  trimethyl  lead,  and  0.9  for 
triethyl  lead.  This  correlates  well  with  in  vivo  fish 
toxicity  data.  24  hour  NR-50  values  were  also 
determined  for  lead  nitrate  (400  micromoles), 
diethyl  lead  chloride  (300  micromoles),  dimethyl 
lead  chloride  (30  micromoles),  trimethyl  lead  ace- 
tate (11  micromoles),  triethyl  lead  acetate  (4.4  mi- 
cromoles). (VerNooy-PTT) 
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GROWTH,  PHOTOSYNTHESIS  AND  NITRO- 
GEN FIXATION  OF  ANABAENA  DOLIOLUM 
EXPOSED  TO  ASSAM  CRUDE  EXTRACT. 

North-Eastern  Hill  Univ.,  Shillong  (India).  Dept. 

of  Botany. 

J.  P.  Gaur,  and  A.  K.  Singh. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  3,  p  494-500, 

March  1990.  6  tab,  18  ref. 

Descriptors:  *Algal  growth,  'Anabaena,  •Cyano- 
phyta,  *Oil  pollution,  'Toxicity,  *Water  pollution 
effects,  Bioassay,  Hydrocarbons,  Morbidity,  Nitro- 
gen fixation,  Photosynthesis,  Sublethal  effects. 

Few  studies  have  addressed  the  effect  of  petroleum 
contaminants  on  heterocystous  blue-green  algae 
(cyanobacteria),  which  can  fix  N2  and  are  impor- 
tant in  aquatic  ecosystems.  The  influence  of  Assam 
crude  oil  on  growth,  photosynthesis  (C14  incorpo- 
ration), nitrogen  fixation  (nitrogenase  activity)  and 
heterocyst  differentiation  in  Anabaena  doliolum 
was  examined.  Cultures  of  A.  doliolum  were  ex- 
posed to  media  containing  0,  20,  40,  60,  80%  and 
100%  (12.7  mg/L  oil)  aqueous  crude  oil  extracts 
(ACOEs)  of  sterilized  Assam  crude  from  Gauhati 
Refinery,  India.  The  test  oil  inhibited  the  growth 
of  algae  in  a  concentration-dependent  manner.  Oil 
stimulated  C14  uptake  at  20%  saturation  level 
during  30  minutes  of  incubation,  but  prolonged 
incubation  was  inhibitory.  After  inhibition  of  C14 
uptake  for  up  to  9  days  in  20,  40,  and  60%  ACOE, 
gradual  improvement  in  C14  uptake  occurred; 
whereas  declining  trends  were  maintained  in  80 
and  100%  ACOE.  Inhibition  of  nitrogenase  activi- 
ty occurred  in  long-term  (up  to  15  days)  experi- 
ments. ACOE  inhibited  heterocyst  differentiation 
in  A.  doliolum  and  this  could  be  one  of  the  reasons 
for  inhibition  of  nitrogenase  activity.  It  is  difficult 
to  pinpoint  the  toxic  constituents  of  ACOE,  but 
paraffinic  and  aromatic  hydrocarbons  are  the 
major  water-soluble  toxic  components  of  some 
other  oils.  Other  heterocystous  cyanobacteria  may 
also  be  deleteriously  affected  by  Assam  crude  and 
similar  type  of  oils.  (VerNooy-PTT) 
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ASSESSING  MICROBIAL  TOXICITY  OF  2- 
ETHOXYETHANOL  AND  BIS(2-CHLOR- 
OETHYL)  ETHER  BY  A  MODIFIED  SPREAD 
PLATE  METHOD. 

Texas  Univ.  Health  Science  Center  at  Houston. 

School  of  Public  Health. 

For  primary  bibliographic  entry  see  Field   5D. 
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ALTERED         BRAIN  CATECHOLAMINE 

LEVELS     IN     RAINBOW     TROUT     (SALMO 

GAIRDNERI    RICHARDSON)    EXPOSED    TO 

DIETHYLDITHIOCARBAMATE  AND  AMYLX- 

ANTHATE. 

Uppsala  Univ.  (Sweden).  Dept.  of  Zoophysiology. 

M.  Block,  and  G.  E.  Nilsson. 

Aquatic  Toxicology  AQTODG,  Vol.  16,  No.  1,  p 

1-8,  January  1990.  3  fig,  1  tab,  23  ref. 

Descriptors:  *Dithiocarbamates,  'Fish  physiology, 
•Toxicity,  *Trout,  *Water  pollution  effects, 
•Xanthates,  Amylxanthate,  Catecholamines,  Dieth- 
yldithiocarbamate,  Enzymes,  Metal  complexes, 
Norepinephrine,  Teratogenic  effects. 

Complexing  agents  are  extensively  used  in  industri- 
al processes.  Xanthates  and  dithiocarbamates  form 
hydrophobic  complexes  with  heavy  metals,  and 
increase  bioavailability  of  these  heavy  metals,  caus- 
ing potential  risks  to  reproduction,  growth  and 
survival.  Rainbow  trout  were  exposed  to  0.5  or  5.0 
micromoles  of  diethyldithiocarbamate  (DDC)  or 
amylxanthate  (AX)  for  24  hours.  Both  concentra- 
tions of  DDC  were  found  to  decrease  the  brain- 
level  of  norepinephrine  and  increase  the  brain-level 
of  dopamine.  This  suggests  an  inhibition  of  dopa- 
mine-beta-hydroxylase,  the  enzyme  synthesizing 
norepinephrine  from  dopamine.  Also  5  micromoles 
AX  was  found  to  decrease  the  level  of  norepineph- 
rine. Neither  DDC  or  AX  had  any  significant 
effect  on  the  brain-level  of  serotonin.  (Author's 
abstract) 
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Effects  Of  Pollution— Group  5C 

PITUITARY  RESPONSE  TO  CADMIUM 
DURING  THE  EARLY  DEVELOPMENT  OF  TI- 
LAPIA  (OREOCHROMIS  MOSSAMBICUS). 

Katholieke  Univ.  Nijmegen  (Netherlands).  Dept. 

of  Animal  Physiology. 

H.  Fu,  and  R.  A.  C.  Lock. 

Aquatic  Toxicology  AQTODG,  Vol.  16,  No.  1,  p 

9-18,  January  1990.  4  fig,  1  tab,  39  ref. 

Descriptors:  *Cadmium,  *Fish  physiology,  •Hor- 
mones, •Immunochemistry,  *Tilapia,  *Toxicity, 
•Water  pollution  effects,  Adrenocorticotropin, 
Embryonic  growth  stage,  Heavy  metals,  Ion  bal- 
ance, Pituitary,  Prolactin. 

The  pituitary  hormones  prolactin  and  adrenocorti- 
cotropin regulate  water  and  ion  balance  in  fish. 
Exposure  to  cadmium  may  often  disrupt  this  ion 
balance  by  inhibiting  branchial  calcium  uptake. 
Immunocytochemical  and  morphometric  methods 
were  applied  to  study  the  response  of  the  pituitary 
to  cadmium  during  the  early  development  of  tila- 
pia  (Oreochromis  mossambicus).  The  affinity  of 
prolaction  (PRL)  cells  and  adrenocorticotropic 
hormone  (ACTH)  cells  for  immunocytochemical 
staining  and  percentage  of  the  pituitary  volume 
occupied  by  these  cells  (fractional  volume)  were 
used  as  criteria  for  their  activity  and  related  to 
survival  and  to  tissue  sodium,  potassium,  calcium, 
and  water  content.  Exposure  of  embryos  to  cadmi- 
um led,  between  144  hours  and  288  hours  after 
fertilization,  to  a  higher  staining  density  and  a 
significant  (P<0.01)  increase  in  fractional  volume 
of  PRL  cells,  indicating  a  higher  synthesizing  ca- 
pacity. No  such  changes  were  observed  for  ACTH 
cells  during  the  experimental  period.  Immediately 
after  hatching  a  significant  drop  in  survival 
(P<0.05)  and  tissue  calcium  content  (P<0.01)  was 
observed  in  cadmium-exposed  larvae,  followed  by 
complete  recovery  around  216  hours  and  288 
hours  respectively.  This  recovery  was  concomitant 
with  an  apparent  increase  in  the  synthesizing  ca- 
pacity of  PRL  cells,  suggesting  a  decisive  role  of 
PRL  at  a  very  early  stage  of  development  to 
counteract  adverse  effects  of  cadmium.  (Author's 
abstract) 
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PHARMACOKINETICS  AND  METABOLISM 
OF  TRICLOPYR  BUTOXYETHYL  ESTER  IN 
COHO  SALMON. 

Dow  Chemical  U.S.A.,  Midland,  MI.  Mammalian 
and  Environmental  Toxicology  Research  Lab. 
M.  G.  Barron,  M.  A.  Mayes,  P.  G.  Murphy,  and  R. 
J.  Nolan. 

Aquatic  Toxicology  AQTODG,  Vol.  16,  No.  1,  p 
19-32,  January  1990.  5  fig,  3  tab,  27  ref. 

Descriptors:  •Biotransformation,  *Fish  physiolo- 
gy, *Herbicides,  *Metabolism,  *  Pharmacokinetics, 
•Salmon,  'Toxicity,  'Toxicology,  'Water  pollu- 
tion effects,  Elimination,  Enzymes,  Mathematical 
models,  Mortality,  Pollutant  effects,  Storage,  Tri- 
clopyr. 

The  pharmacokinetics  and  metabolism  of  triclopyr 
butoxyethyl  ester  (BEE),  a  toxic  element  of  the 
herbicide  Garlon,  were  studied  in  yolk-sac  fry  of 
the  coho  salmon  (Oncorhynchus  kisutch).  Triclo- 
pyr BEE  was  rapidly  absorbed  from  water,  then 
rapidly  de-esterified  by  the  fish,  which  limited 
triclopyr  BEE  accumulation.  Triclopyr  acid  was 
the  principal  metabolite  observed  in  fish  and  expo- 
sure water,  and  was  the  principal  residue  in  fish.  A 
compartmental  model  describing  the  dynamics  of 
triclopyr  BEE  and  acid  in  fish  and  water  allowed 
prediction  of  ester  accumulation  under  various  ex- 
posure regimes.  The  model  indicated  that  a  small 
fraction  of  ester  escaping  metabolism  was  trans- 
ferred to  a  peripheral  storage  compartment.  The 
slower  terminal  elimination  of  triclopyr  BEE  was 
due  to  transfer  of  ester  back  into  the  metabolic 
compartment,  rather  than  slow  metabolism.  Expo- 
sure to  triclopyr  BEE  in  the  presence  of  a  carboxy- 
lesterase  inhibitor  had  no  effect  on  toxicity  or  total 
residue  levels  in  the  fish,  but  ester  concentrations 
in  the  fish  increased  by  seven  times.  The  observed 
lack  of  change  in  triclopyr  acid  levels  during  ester- 
ase inhibition  was  predicted  by  the  pharmacokine- 
tic model,  and  indicated  that  mortality  resulted 
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from  lethal  tissue  concentrations  of  triclopyr  acid 
or  total  residues.  (Author's  abstract) 
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CADMIUM  RESISTANCE  IN  DAPHNIA 
MAGNA. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 
Group  for  Aquatic  Toxicology. 
C.  W.  M.  Bodar,  I.  van  der  Sluis,  J.  C.  P.  van 
Montfort,  P.  A.  Voogt,  and  D.  I.  Zandee. 
Aquatic  Toxicology  AQTODG,  Vol.  16,  No.  1,  p 
33-40,  January  1990.  1  fig,  2  tab,  17  ref. 

Descriptors:  'Acute  toxicity,  'Cadmium,  *Daph- 
nia,  'Heavy  metals,  'Toxicology,  'Water  pollution 
effects,  Metallothioneins,  Neonate,  Proteins,  Re- 
sistance. 

Adaptation  of  organisms  to  contaminated  environ- 
ments is  an  area  of  current  concern  in  ecotoxico- 
logy.  Resistant  organisms  may  have  potential  dele- 
terious effects  on  the  total  environment  through 
their  potential  for  increased  bioconcentration  of 
the  toxic  agent.  The  potential  of  water-flea  Daph- 
nia  magna  to  develop  resistance  to  cadmium  was 
investigated.  Three  successive  generations  of  daph- 
nids  were  exposed  to  sublethal  cadmium  concen- 
trations, and  thereafter  the  cadmium  resistance  was 
assessed  in  acute  LC50  tests.  Resistance  to  cadmi- 
um was  acquired  in  a  single  generation.  The  ac- 
quired resistance  was  lost  within  21  days  if  neo- 
nates of  cadmium  exposed  daphnids  were  placed  in 
cadmium-free  test  solution.  Cadmium  resistance 
thus  proved  not  to  be  a  genetic  phenomenon. 
During  a  cadmium  challenge  absorption  of  cadmi- 
um was  more  rapid  in  cadmium  pre-exposed  ani- 
mals than  in  control  animals.  The  increased  resist- 
ance might  be  attributed  to  the  synthesis  of  metal- 
lothionein-like  proteins.  (Author's  abstract) 
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EFFECTS  OF  THE  CAROTENOID-INHIBIT- 
ING  HERBICIDE,  FLURIDONE,  ON  OSCILLA- 
TORIA  AGARDHII  GOMONT  (CYANOBAC- 
TERIA). 

Agricultural  Research  Service,  New  Orleans,  LA. 
Southern  Regional  Research  Center. 
D.  F.  Millie,  D.  A.  Greene,  and  P.  B.  Johnsen. 
Aquatic  Toxicology  AQTODG,  Vol.  16,  No.  1,  p 
41-52,  January  1990.  1  fig,  4  tab,  37  ref. 

Descriptors:  'Carotenoids,  'Cyanophyta,  'Fluri- 
done,  'Herbicides,  'Plant  physiology,  'Water  pol- 
lution effects,  Light  intensity,  Photosynthesis, 
Plant  growth,  Plant  pigments. 

The  effects  of  the  pyridinone  herbicide,  fluridone, 
on  the  growth,  pigment  content  and  composition, 
and  photosynthetic  capability  of  Oscillatoria 
agardhii  Gomont  were  investigated.  Batch-culture 
flasks  were  inoculated  with  equal  amounts  of  cul- 
ture volume  from  an  exponentially-growing  cul- 
ture and  subjected  to  varying  fluridone  concentra- 
tions ranging  from  0  to  100  microgram/L.  Culture 
populations  were  allowed  to  grow  without  inter- 
ruption for  96  hours  after  which  populations  were 
analyzed.  Biomass,  chlorophyll  a  and  total  carote- 
noid  contents  decreased  with  increasing  concentra- 
tions. No  change  was  observed  in  C-phycocyanin 
content.  Within  the  lipophilic  pigment  fraction, 
decreases  in  the  relative  abundances  of  myxoxanth- 
ophyll,  zeaxanthin,  beta-carotene,  and  an  unidenti- 
fied, minor  carotenoid  caused  corresponding  in- 
creases in  the  relative  abundance  of  chlorophyll  a. 
The  light-limited  slope,  the  maximum  light-saturat- 
ed rate  of  photosynthetic  oxygen  evolution,  and 
the  irradiance  value  at  onset  of  light  saturation 
decreased  with  increasing  fluridone  concentration. 
Inhibition  of  growth  and  chlorophyll  content  was 
considered  a  secondary  response  attributable  to  the 
photo-oxidation  of  chlorophyll  molecules.  Inhibi- 
tion of  the  photosynthetic  efficiency  and  maximum 
were  attributed  to  reduced  carotenoid  content.  In- 
creased knowledge  concerning  the  effects  of  fluri- 
done on  bloom-forming  cyanobacteria,  such  as  Os- 
cillatoria, may  elucidate  its  possible  algastatic  utili- 
zation in  aquaculture  systems.  (Author's  abstract) 
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TOXICITY    OF    BIS(TRI-N-BUTYLTINX)XIDE 
(TBTO)    AND    DI-N-BUTYLTTNDICHLORIDE 


(DBTC)  IN  THE  SMALL  FISH  SPECIES  ORY- 
ZIAS  LATIPES  (MEDAKA)  AND  POECILIA 
RETICULATA  (GUPPY). 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands).  Lab.  for  Pathol- 
ogy- 

P.  W.  Chester,  J.  H.  Canton,  A.  A.  J.  Van  Iersel, 
E.  I.  Krajnc,  and  H.  A.  M.  G.  Vaessen. 
Aquatic  Toxicology  AQTODG,  Vol.  16,  No.  1,  p 
53-72,  January  1990.  6  fig,  6  tab,  38  ref. 

Descriptors:  'Antifoulants,  'Guppies,  'Histology, 
•Medaka,  'Organotin  compounds,  'Pesticides, 
•Toxicity,  'Water  pollution  effects,  Absorption 
spectrometry,  Gas  chromatography,  Metabolism, 
Molluscicides,  Tributyltin. 

Toxicity  studies  were  carried  out  on  the  Japanese 
medaka  (Oryzias  latipes)  with  bis(tri-n- 
butyltin)oxide  (TBTO),  a  biocidal  organotin  used 
as  an  antifouling  agent  in  paints  and  as  a  mollusci- 
cide  in  the  tropics,  and  di-n-butyltindichloride 
(DBTC),  with  emphasis  on  histopathological  ef- 
fects. Freshly  fertilized  eggs  were  exposed  for  1 
and  3  months  to  a  concentration  range  of  0.1-32 
micrograms  TBTO  per  liter  in  tank  water.  The 
range  for  DBTC  was  320-3200  micrograms/L  (1 
month  only).  The  histopathological  effects  includ- 
ed vacuolation  of  hepatocytes,  tubulonephrosis  and 
glomerulopathy,  vacuolation  of  the  retinal  pigment 
epithelium,  keratitis,  hyperplasia  and  inflammation 
of  oral  and  skin  epithelium,  hyperplasia  and  swell- 
ing of  the  gas  gland  epithelium  and  thyroid  activa- 
tion. No  atrophy  of  the  thymus  was  found.  Except 
for  the  retinal  and  liver  lesions,  the  changes  oc- 
curred predominantly  in  the  highest  concentration 
with  no  essential  differences  in  the  lesions  between 
1  and  3  months,  or  between  TBTO  and  DBTC 
exposure.  Liver  cell  vacuolation  was  apparently 
caused  by  glycogen  accumulation,  as  was  con- 
firmed in  an  additional  experiment  with  guppies,  a 
more  expedient  species.  TBTO  and  DBTC  have 
effects  on  the  liver  and  gas  gland,  probably  as  a 
result  of  the  impaired  glycogen  breakdown.  Ef- 
fects on  superficial  epithelial  are  attributed  to  the 
irritative  properties  of  these  compounds.  In  addi- 
tion, these  compounds  were  toxic  to  kidney  and 
retina.  Total  tin  and  butyltin  were  determined  by 
molecular  absorption  spectrometry,  and  gas  chro- 
matography with  flame  photometry,  respectively, 
in  guppies  exposed  to  TBTO  and  DBTC.  Consid- 
erable amounts  of  TBT  were  measured  in  DBTC- 
exposed  fish,  and  chemical  analysis  indicated  that 
DBTC  contained  TBT  at  a  level  that  may  account 
for  the  observed  toxicity  of  DBTC.  (Author's  ab- 
stract) 
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SHORT-TERM  SUBLETHAL  EFFECTS  OF 
CADMIUM  ON  THE  FILTER  FEEDING  CHIR- 
ONOMID  LARVAE  GLYPTOTENDD?ES  PAL- 
LENS  (MEIGENXDIPTERA). 

Amsterdam  Univ.  (Netherlands). 
F.  Heinis,  K.  R.  Timmermans,  and  W.  R.  Swain. 
Aquatic  Toxicology  AQTODG,  Vol.  16,  No.  1,  p 
73-90,  January  1990.  7  fig,  1  tab,  32  ref. 

Descriptors:  'Bioaccumulation,  'Cadmium, 
•Heavy  metals,  'Insect  behavior,  'Midges,  'Tox- 
icity, 'Water  pollution  effects,  Feeding,  Larval 
growth  stage. 

Macroinvertebrates  are  receiving  increasing  atten- 
tion as  potential  indicator  organisms  for  monitor- 
ing the  effects  of  water  pollution.  The  effects  of 
the  trace  metal  cadmium  on  the  behavior,  biomass, 
bioaccumulation  and  survival  of  individual  fourth 
instar  larvae  of  the  midge  Glyptotendipes  pallens 
(Diptera)  were  investigated  in  a  series  of  laborato- 
ry experiments.  Behavioral  responses  were  quanti- 
fied by  means  of  the  impedance  conversion  tech- 
nique. A  96  hour  exposure  to  cadmium  gave  rise  to 
two  different  concentration-dependent  response 
mechanisms.  At  concentrations  of  0. 1  to  1 .0  mg/L 
of  cadmium,  slight  deviations  from  the  normal 
feeding  pattern  of  unexposed  larvae  were  ob- 
served. In  this  concentration  range,  larval  uptake 
of  cadmium  increased  slowly  with  no  demonstra- 
ble effects  on  the  survival  of  the  larvae.  However, 
development  was  retarded  as  indicated  by  the 
lower  biomass  values  observed.  The  second  mech- 
anism became  operative  at  concentrations  between 


approximately  2.5  and  10  mg/L  cadmium.  At  a 
concentration  of  2.5  mg/L,  a  large  variability  in 
behavioral  responses  to  cadmium  exposure  was 
observed.  Some  exposed  larvae  exhibited  only 
slight  deviations  from  the  normal  activity  patterns, 
while  others  developed  totally  aberrant  behavioral 
patterns.  All  larvae  that  were  exposed  to  cadmium 
concentrations  of  5.0  and  10.0  mg/L  demonstrated 
totally  aberrant  behaviors,  characterized  by  long 
periods  of  inactivity.  Further,  food  uptake  ceased 
completely  at  these  concentrations.  Although  the 
ultimate  of  survival  of  larvae  exposed  to  the  high- 
est concentrations  tested  was  strongly  affected,  the 
exposure  values  were  still  substantially  below  the 
144  hour  LC50  level  for  cadmium.  Behavioral 
effects  resulting  from  a  96-hour  exposure  to  cadmi- 
um were  detectable  at  concentrations  as  low  as  0.5 
mg/L  cadmium,  a  level  that  is  100  times  lower 
than  the  144  hour  LC50  value.  This  fact  indicates 
that  sublethal,  ecologically  relevant  effects  can  be 
demonstrated  in  time  spans  normally  utilized  for 
acute  toxicity  testing.  The  use  of  the  impedance 
conversion  technique  for  the  assessment  of  behav- 
ioral responses  to  contaminant  exposures  appears 
to  hold  particular  relevance  for  the  monitoring  of 
freshwater  pollution.  (Author's  abstract) 
W90-07091 


PATHOLOGICAL  EUTROPHICATION: 

POINTS  OF  VIEW  OF  A  BASIC  ECOLOGIST, 
(L'EUTROFIZZAZIONE:  REFLASSIONI  D'UN 
ECOLOGO  DI  BASE). 

Pavia  Univ.  (Italy) 
C.  F.  Sacchi. 

Atti  del  Museo  Civico  di  Storia  Naturale  di  Tri- 
este, Vol.  40,  No.  1,  p  13-23,  December  15,  1987.  1 
fig,  14  ref.  English  summary. 

Descriptors:  'Environmental  effects,  'Eutrophica- 
tion,  'Limiting  nutrients,  'Nutrient  concentrations, 
•Plant  growth,  •Water  pollution  effects,  Biomass, 
Decomposition,  Food  chains,  Marine  pollution, 
Mesotrophy,  Mineralization,  Oligotrophy,  Phos- 
phorus compounds,  Stagnation. 

Eutrophication  of  water  bodies  results  from  an 
overabundance  of  nutrients,  such  as  phosphorus, 
calcium,  sulfur,  iron,  silica,  nitrogen,  and  potassi- 
um. The  resulting  overgrowth  of  aquatic  vegeta- 
tion can  clog  navigation  channels,  decrease  overall 
species  diversity,  and  block  water  circulation.  It  is 
also  a  normal  condition,  another  successional  stage 
in  the  evolution  of  the  lake  ecosystem.  The  biogeo- 
chemical  cycle  in  the  water  and  in  the  underlying 
sediments  can  create  sources  of  nutrients  from  the 
metabolism  of  denitrifying  bacteria  and  biotic  and 
abiotic  mineralization  of  plant  nutrients.  Phospho- 
rus is  usually  the  limiting  nutrient  in  a  conditioned 
aquatic  system,  since  few  sources  of  phosphorus 
exist.  The  eutrophication  of  a  lake  can  be  a  chronic 
process,  taking  thousands  of  years  of  slowly  in- 
creasing vegetative  growth,  which  impedes  water 
circulation  resulting  in  accumulation  of  catabolic 
products.  Eutrophication  can  also  be  a  acute  result 
of  the  addition  of  large  amounts  of  phosphorus,  as 
in  a  sewage  outfall  or  agrarian  runoff,  to  an  aquatic 
system.  The  species  present  in  the  ecosystem  can 
be  unable  to  metabolize  the  incoming  nutrients, 
and  may  be  replaced  by  ruderal  species,  such  as 
cyanophytes,  chlorophytes,  and  flagellates.  These 
organisms  outcompete  the  established  vegetation, 
increase  their  population  size  rapidly,  and  change 
the  lake  ecosystem.  Filter  feeders  and  suspension 
feeders,  such  as  bivalves,  may  have  their  feeding 
structures  clogged  by  the  planktonic  algae,  and, 
when  the  population  begins  to  die,  the  sediment- 
dwelling  bacteria  may  be  unable  to  decompose  the 
remains  quickly  enough  to  avoid  anaerobic  condi- 
tions. The  immediate  therapy  for  eutrophication  is 
the  removal  of  the  excessive  vegetative  biomass, 
thereby  increasing  water  circulation,  and  to  add 
grazing  organisms  to  further  reduce  the  algal  pop- 
ulation. The  solution  must  also  include  ways  to 
ameliorate  the  symptoms,  to  allow  the  aquatic 
system  to  return  to  equilibrium.  This  solution  must 
involve  political  backing  on  a  local  and  regional 
level,  for  the  removal  of  phosphate  detergents 
from  the  waterways,  the  elimination  of  illegal 
wastes,  and  the  control  of  agrarian  runoff.  (Brun- 
one-PTT) 
W90-07092 
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TRONIC  EFFECTS  OF  LOW  PH  ON 
.ENGTH  AND  WEIGHT  OF  ATLANTIC 
SALMON  SALMO  SALAR. 

vlame  Cooperative   Fish  and  Wildlife  Research 

Jnit,  Orono. 

:.  M.  Perry. 

Environmental  Biology  of  Fishes  EBFID3,  Vol. 

»7,  No.  2,  p  153-155,  February  1990.  1  tab,  5  ref. 

Descriptors:  *Acid  rain  effects,  'Acidic  water, 
'Acidification,  *Hydrogen  ion  concentration, 
■New  England,  'Salmon,  'Water  pollution  effects, 
?ish  physiology. 

["he  acidification  of  lakes,  rivers,  and  streams  in 
;astern  North  America  is  a  major  concern  to 
lquatic  ecologists  and  fisheries  managers.  Acid 
itress  seems  to  cause  post-embryonic  mortality, 
joor  growth  and  deficient  reproductive  param- 
;ters  such  as  egg  production  in  Atlantic  salmon. 
To  test  the  effects  of  acid  stress,  measurements 
were  made  on  Atlantic  salmon  from  five  sources  in 
^ew  England.  Fish  were  reared  at  pH  7.0  and  5.2 
Torn  hatch  to  199,  270  or  440  days.  Length  and 
weight  were  smaller  in  Atlantic  salmon,  Salmo 
salar,  that  were  continuously  exposed  to  low  pH  in 
the  laboratory.  Length  and  weight  in  neutral  pH 
water  varied  among  fish  from  the  different  sources. 
Fish  from  the  Green  Lake,  Craig  Brook,  and  Tuni- 
son  sources  were  not  significantly  different  in  their 
lengths  over  time.  Cortland  and  landlocked  Atlan- 
tic salmon  were  not  significantly  different  from 
sne  another  but  were  significantly  different  from 
the  other  three  sources.  At  pH  5.2,  there  were  no 
significant  differences  in  length  between  fish  from 
iny  of  the  five  sources.  The  Cortland  salmon  were 
significantly  different  from  the  other  four  sources 
in  respect  to  their  weight  over  time  at  neutral  pH. 
At  pH  5.2,  there  were  no  significant  differences 
between  any  of  the  five  sources.  (Brunone-PTT) 
W90-07094 


DAPHNIA  AND  TOXIC  BLOOMS  OF  MICRO- 
CYSTIS AERUGINOSA  DM  BAUTZEN  RESER- 
VOIR (GDR). 

Technische  Univ.,  Dresden  (German  D.R.).  Sek- 

tion  Wasserwesen. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-07096 


EFFECT  OF  PH  ON  COPPER  TOXICITY  TO 
BLUE-GREEN  ALGAE. 

Humboldt-Univ.  zu  Berlin  (German  D.R.).  Sektion 

Biologie. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-07098 


PHOSPHORUS  LOAD-CONCENTRATION  RE- 
LATIONSHIP IN  LAKE  DAL,  A  HIGH  ALTI- 
TUDE MARL  LAKE  TN  THE  KASHMIR  HIMA- 
LAYAS. 

Kashmir  Univ.,  Srinagar  (India).  Dept.  of  Botany. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07100 


CENOLOGICAL  RELATIONS  OF  MUD  VEGE- 
TATION OF  A  HYPERTROPHIC  LAKE  IN  TIS- 
ZAALPAR  BASIN. 

Jozsef  Attila  Univ.,  Szeged  (Hungary).  Dept.  of 

Botany. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-07110 


EUTROPHICATION  OF  THE  DEAD  THEISS 
INDICATED  BY  OLIGOCHEATE. 

Novi  Sad  Univ.   (Yugoslavia).   Inst,   of  Biology. 

N.  Djukic. 

Tiscia  TSCAB8,  Vol.  23,  p  61-64,  1988.  2  fig,  5  ref. 

Descriptors:  'Eutrophication,  'Oligochaetes, 
•Species  composition,  'Stagnant  water,  'Tisza 
River,  'Water  pollution  effects,  Agricultural 
runoff,  Biomass,  Nonpoint  pollution  sources,  Pop- 
ulation density,  Population  dynamics. 

A  good  estimation  of  the  degree  of  eutrophication 
present  in  stagnant  waters  can  be  made  analyzing 
the   presence   of  oligochaete    communities.    The 


study  of  oligochaete  communities  in  the  dead  Tisza 
River  (Theiss)  in  the  years  1983-1987  shows  very 
rapid  eutrophication  in  this  stagnant  tributary  (the 
former  riverbed  of  the  Tisza)  The  area  studied  is 
situated  in  a  region  of  arable  land  with  an  intensive 
agricultural  activity  which,  due  to  the  inflow  of 
nutritive  elements,  has  a  great  influence  on  the 
increase  in  primary  and  secondary  production.  On 
the  basis  of  average  percentage  of  oligochaetes 
present,  the  dominant  organisms  are  eutrophic  spe- 
cies, such  as  Limnodrilus  sp.,  Limnodrilus  hoff- 
meisteri,  Limnodrilus  claparedeanus,  Limnodrilus 
udekemianus,  and  Potamothrix  hammoniensis.  The 
number  of  individuals  and  their  biomass  show 
rapid  population  growth,  another  characteristic  of 
eutrophic  waters.  (Brunone-PTT) 
W90-07115 


MACROZOOBENTHOS  IN  THE  RIVER  TISZA 
AND  ITS  INFLUENTS. 

Fisheries  Research  Inst.,  Szarvas  (Hungary). 
A.  Szito,  and  M.  Botos. 

Tiscia  TSCAB8,  Vol.  23,  p  65-75,  1989.  3  fig,  3  tab, 
28  ref. 

Descriptors:  'Benthic  fauna,  'Chironomids,  'Oli- 
gochaetes, 'Plankton,  'Population  density,  'Tisza 
River,  'Water  pollution  effects,  'Water  pollution 
sources,  Domestic  wastes,  Hungary,  Industrial 
wastewater,  Species  composition,  Wastewater  pol- 
lution. 

Samples  were  collected  from  various  sediments  of 
the  Tisza  River  from  Tokaj  to  Szeged  in  Hungary 
between  September  16-24,  1985.  The  oligochaetes 
and  the  chironomids  were  the  dominant  species  of 
the  macrozoobenthos,  and  the  population  density 
of  oligochaetes  was  higher  than  that  of  chironomid 
larvae.  Of  the  fourteen  oligochaete  species,  Tubi- 
fex  nowaensis  was  found  in  the  channel  line  of  the 
Tisa,  and  Limnodrilus  species  and  the  Branchiura 
sowerbyi  in  the  river  bank  zone.  Of  the  21  chirono- 
mid species,  Chironomus  fluviatilis,  Harnischia  fus- 
cimanus  and  Polypedilum  intermedius  were  domi- 
nant. Seven  new  chironomid  species  were  found  in 
the  Hungarian  fauna.  The  numbers  of  species  in  the 
oligochaete  communities  have  decreased  in  recent 
years,  but  chironomid  communities  have  become 
richer,  mainly  because  of  the  occurrence  of  limno- 
phyl  species.  In  the  influents  loaded  with  sewage 
(Sajo,  Zagyva),  only  the  oligochaete  species 
remain  vital.  The  influence  of  industrial  and  com- 
munal sewage  results  in  a  decrease  of  the  inverte- 
brate fauna  of  the  Tisa  River.  (Author's  abstract) 
W90-07116 


CHANGES  IN  THE  QUALITY  OF  WATER  IN 
LASKO  STREAM  AND  THE  STORAGE  LAKE 
BUILT  ON  IT  AT  EGERSZALOK. 

Heves  County  Service  of  Public  Health  and  Epide- 
miology, Eger  (Hungary). 
B.  Estok,  and  E.  Milinki. 

Tiscia  TSCAB8,  Vol.  24,  p  1 1-22,  1989.  5  fig,  2  tab, 
3  ref. 

Descriptors:  'Dam  effects,  'Phytoplankton,  'Spe- 
cies composition,  'Water  pollution  effects,  'Water 
quality,  'Zooplankton,  Cladocera,  Cyanophyta, 
Eutrophication,  Hungary,  Rotifers,  Seasonal  varia- 
tion, Species  diversity,  Storage  reservoirs. 

Egerszalok  storage  lake  was  built  by  damming 
Lasko  stream  in  1981  for  flood  control  and  irriga- 
tion, and  is  of  considerable  importance  for  fishing 
as  well.  Lasko  stream  was  investigated  in  the 
period  1984-1987  at  Egerszalok  and  Ujlorincfalva; 
at  the  same  time  a  detailed  hydrobiological  assess- 
ment was  performed  of  Egerszolak  storage  lake. 
The  water  of  Egerszolak  storage  lake  is  eutrophic. 
The  compositional  and  seasonal  changes  of  the 
phytoplankton  and  zooplankton  were  followed 
while  the  lake  became  stagnant.  The  dominant 
plankton  species  belonged  to  group  of  organisms 
characteristic  stagnant  eutrophic  waters.  The  spe- 
cies richness  in  the  storage  lake  increased  towards 
summer  and  decreased  towards  winter.  From  the 
beginning  of  summer  through  early  autumn,  blue- 
green  algae  were  the  dominant  organisms.  Two 
characteristic  species  diversity  minima  exist,  one  in 
winter  and  the  other  in  summer.  Copepoda  prevail 
in  the  zooplankton  composition  the  whole  year 
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round,  followed  by  rotifers  and  cladocerans.  The 
effects  of  the  storage  lake  can  be  detected  at  Egers- 
zalok. At  Ujlorincfalva  the  unfavorable  factors  are 
less  noticeable.  This  is  important  since  Lasko 
stream  is  a  feed  water  of  Kiskore  storage  lake. 
(Author's  abstract) 
W90-07118 


INFLUENCE  OF  THE  WASTE-WATER  OF 
SZOLNOK  ON  THE  WATER  QUALITY  OF 
THE  TISZA  RIVER. 

Central  Tisza  Region  Environmental  and  Water 
Conservancy  Directorate,  Szolnok  (Hungary). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07119 


CHANGES  IN  THE  FISH  POPULATION  OF 
THE  INTERMITTENTLY  CLOSED  TTSZA- 
DEAD-ARM. 

Miksa  Deri  Machine  Industrial  Secondary  School 
Szeged,  Hungary. 

Tiscia  TSCAB8,  Vol.  24,  p  69-77,  1989.  1  fig,  4  tab, 
9  ref. 

Descriptors:  'Fish  populations,  'Ice  cover,  'Spe- 
cies composition,  'Tisza  River,  'Water  pollution 
effects,  Fishing,  Flooding,  Hungary,  Oxygen  de- 
pletion, Population  dynamics,  Seasonal  variation, 
Wastewater  pollution. 

The  fish  population  of  the  Tisza  River  and  the 
dead  Tisza  at  Lakitelek,  in  Hungary  has  been  stud- 
ied and  its  seasonal  changes  followed  since  1982. 
The  effects  of  both  ecological  and  anthropogenic 
factors  on  the  fish  stock  were  examined.  Annual 
changes  in  the  fish  species  of  the  dead-arm  have 
been  followed.  A  species  list  was  compiled,  indi- 
cating species  occurrence  and  disappearance  from 
the  dead  arm.  The  number  of  individuals  and  the 
species  composition  of  the  fish  population  in  the 
dead  arm  is  determined  by  the  following  factors: 
(1)  periodic  floods;  (2)  oxygen  depletion  in  the 
summer;  and  (3)  fish  introduction  into  the  dead 
arm.  Icing  over  of  the  dead  arm  in  winter  also 
cause  fish  destruction.  The  fish  population  in  the 
River  is  affected  by  the  following  factors:  (1)  sea- 
sonal changes  such  as  migration  and  spawning;  (2) 
occasional  pollution;  (3)  spawning  and  withdrawal 
of  the  hatched  progeny  from  the  flood  plain;  and 
(4)  fishing  intensity.  A  decrease  in  several  fish 
species  is  probably  the  result  of  increased 
wastewater  pollution  from  the  town  of  Szolnok. 
(Brunone-PTT) 
W90-07121 


ALUMINUM  TOXICITY  IN  FORESTS  EX- 
POSED TO  ACTDIC  DEPOSITION:  THE 
ALBIOS  RESULTS. 

Maine  Univ.,  Orono.  Dept.  of  Botany. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07125 


RESPONSE  OF  FRESHWATER  ALGA  SCEN- 
EDESMUS  TO  TRIAZINE  HERBICIDES. 

National  Research  Centre,  Cairo  (Egypt).  Water 

Pollution  Control  Lab. 

M.  A.  El-Dib,  S.  A.  Shehata,  and  H.  F.  Abou 

Waly. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 

No.  3/4,  p  307-316,  November  1989.  2  fig,  6  tab,  21 

ref. 

Descriptors:  'Chlorophyta,  'Herbicides,  'Tria- 
zines,  'Water  pollution  effects,  Agricultural  chemi- 
cals, Bioassay,  Chlorophyll,  Culturing  techniques, 
Hydrogen  ion  concentration,  Laboratory  methods, 
Plant  morphology,  Plant  physiology,  Statistical 
analysis,  Structure-activity  relationships,  Water 
pollution  sources. 

The  effect  of  three  triazine  herbicides  widely  used 
for  the  control  of  herbs  and  aquatic  weeds,  namely 
Gardoprim,  Gesapax,  and  Igran  on  the  freshwater 
alga,  Scenedesmus  sp.,  was  studied.  These  herbi- 
cides may  reach  surface  waters  by  leaching  from 
treated  lands  or  by  discharge  by  agriculture  drains. 
Growth  rate,  chlorophyll  (a)  content,  and  ratio  of 
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chlorophylls  (a/b)  tend  to  decrease  as  the  concen- 
tration of  herbicides  in  the  bioassay  media  was 
increased.  The  inhibitory  effect  of  the  herbicides 
was  in  the  following  order:  Igran  >  Gesapax  > 
Gardoprim.  Results  reflect  the  relation  between 
chemical  structure  and  toxicity  even  within  a 
chemically  related  group  of  herbicides.  Uptake  of 
the  studied  compounds  by  Scenedesmus  algal  cells 
decreased  as  the  concentration  of  herbicides  in  the 
media  was  increased.  The  hydrogen  ion  concentra- 
tion of  the  bioassay  media  showed  gradual  increase 
as  algal  growth  proceeded,  whereas  in  media  con- 
taining inhibitory  levels  of  the  triazines,  the  hydro- 
gen ion  concentration  was  unaffected.  Microscopi- 
cal examinations  of  Scenedesmus  in  all  tested  cul- 
tures showed  marked  morphological  changes.  In 
the  case  of  inhibitory  concentrations,  the  unicellu- 
lar forms  increased  in  numbers  compared  to  Scen- 
edesmus in  the  normal  four-cell  state.  Statistical 
analysis  revealed  that  a  significant  relation  existed 
between  herbicide  concentrations  and  chlorophyll 
content.  (Author's  abstract) 
W90-07128 


IMPACT  OF  ARTIFICIAL  AMMONIUM-EN- 
RICHED RAINWATER  ON  SOILS  AND 
YOUNG  CONIFEROUS  TREES  IN  A  GREEN- 
HOUSE. PART  I-EFFECTS  ON  THE  SOILS. 

Katholieke  Univ.  Nijmegen  (Netherlands).  Dept. 

of  Aquatic  Ecology  and  Biogeology. 

H.  F.  G.  Van  Dijk,  R.  C.  M.  Creemers,  J.  P.  L.  W. 

M.  Rijniers,  and  J.  G.  M.  Roelofs. 

Environmental  Pollution  ENPOEK,  Vol.  62,  No. 

4,  p  317-336,  1989.  1  fig,  11  tab,  26  ref. 

Descriptors:  *Acid  rain  effects,  *Acidification, 
•Coniferous  forests,  'Fertilizers,  'Forests,  'Nitro- 
gen, 'The  Netherlands,  Aluminum,  Ammonium 
compounds,  Cations,  Manganese,  Plant  growth, 
Zinc. 

Air  pollutants  are  generally  accepted  to  be  a  major 
cause  of  forest  decline  in  Europe  and  North  Amer- 
ica. Toxic  and  acidifying  substances  like  ozone, 
sulfur  dioxide  and  nitrogen  oxides  are  often  men- 
tioned in  this  context  and  their  effects  on  plants  are 
being  studied  intensively.  However,  during  the  last 
few  years  several  investigators  have  pointed  out 
that  overloading  of  the  forest  stands  with  nitrogen 
may  also  play  an  important  role.  A  pot  experiment 
was  used  to  investigate  whether  ammonium  sul- 
fate, when  applied  in  amounts  comparable  to  those 
deposited  in  the  Dutch  forests,  is  detrimental  to 
trees.  Young  coniferous  trees  were  planted  in  pots 
in  a  greenhouseand  treated  with  artificial  ammoni- 
um-enriched rainwater.  The  deposition  of  ammoni- 
um resulted  in  a  strong  acidification  of  the  soil 
solution,  leaching  of  base  cations  and  an  increased 
solubility  of  aluminum,  manganese  and  zinc.  Am- 
monium accumulated  in  the  soil  solution,  causing 
severe  imbalances  between  plant  nutrients.  (Mertz- 
PTT) 
W9O-07138 


IMPACT  OF  CATTLE  ON  TWO  ISOLATED 
FISH  POPULATIONS  IN  PAHRANAGAT 
VALLEY,  NEVADA. 

Nevada  Univ.,   Las  Vegas.   Dept.   of  Biological 

Sciences. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-07139 


TOXICITY  AND  ISOLATION  OF  THE  CYANO- 
BACTERIUM  NODULARIA  SPUMIGENA 
FROM  THE  SOUTHERN  BALTIC  SEA  IN  1986. 

Helsinki  Univ.  (Finland).  Dept.  of  Microbiology. 

K.  Sivonen,  K.  Kononen,  A.  L.  Esala,  and  S.  I. 

Niemela. 

Hydrobiologia  HYDRB8,  Vol.  185,  No.  1,  p  3-8, 

November  1989.  2  fig,  2  tab,  19  ref. 

Descriptors:  'Algal  blooms,  'Algal  toxins,  'Baltic 
Sea,  'Cyanophyta,  'Domestic  animals,  'Eutroph- 
ication,  'Toxicity,  Acute  toxicity,  Bioassay,  Ger- 
many, Nodularia,  Sweden,  The  Netherlands, 
Toxins. 

Mortality  of  domestic  animals  in  connection  with 
Nodularia-dominated  blooms  have  been  reported 
on  the  Swedish,  Danish,  and  German  coasts  in  the 


southern  Baltic  Seas  as  well  as  on  coastal  areas  of 
the  northern  Baltic  Sea.  Toxicity  has  been  attrib- 
uted to  either  the  fact  that  the  poisoned  animals 
were  in  contact  with  the  algal  accumulates  and  in  a 
few  cases  the  toxicity  of  the  algal  bloom  material 
was  shown.  Three  water  bloom  samples  were  col- 
lected in  August  1986  from  the  southern  Baltic 
Sea.  Acute  toxicity  of  the  samples  was  determined 
by  mouse  bioassay  and  the  toxins  were  further 
studied  by  high  performance  liquid  chromatogra- 
phy. The  bloom  samples  contained  equal  amounts 
of  cyanobacteria  Nodularia  spumigena  and  Aphan- 
izomenon  flos-aquae  and  were  hepatotoxic.  Two 
hepatotoxic  Nodularia  spumigena  strains  were  iso- 
lated from  the  samples.  The  isolates  produced  a 
toxic  peak  indistinguishable  from  the  bloom  mate- 
rial in  the  high  performance  liquid  chromatogra- 
phy analysis.  The  toxicity  of  the  fractions  was 
verified  by  mouse  bioassay.  Thus,  the  toxicity  of 
the  bloom  samples  was  in  all  likelihood  caused  by 
Nodularia  spumigena.  (Mertz-PTT) 
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TOXICITY  OF  CADMIUM  TO  DIFFERENT 
LARVAL  INSTARS  OF  THE  TRICHOPTERAN 
LARAVE  AGAPETUS  FUSCIPES  CURTIS  AND 
THE  IMPORTANCE  OF  LIFE  CYCLE  INFOR- 
MATION TO  THE  DESIGN  OF  TOXICITY 
TESTS. 

University  of  Wales  Inst,  of  Science  and  Technolo- 
gy, Cardiff.  Dept.  of  Applied  Biology. 
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Hydrobiologia  HYDRB8,  Vol.  185,  No.  2,  p  153- 
162,  November  1989.  1  fig,  3  tab,  46  ref. 

Descriptors:  'Bioassay,  'Caddisflies,  'Cadmium, 
'Toxicity,  'Water  pollution  effects,  Agapetus,  Life 
cycles,  Sublethal  effects,  Tricoptera,  Water  pollu- 
tion. 

To  obtain  a  realistic  assessment  of  overall  pollutant 
impact  and  also  to  expand  the  toxicity  data  base  it 
is  important  that  species  other  than  those  tradition- 
ally considered  sensitive  be  employed  in  toxicity 
studies.  The  Trichoptera,  being  relatively  tolerant 
have  been  neglected  when  selecting  test  species. 
They  are  a  key  order  in  the  trophic  structure  of 
streams,  the  group  displaying  a  great  ecological 
diversity,  with  species  from  a  wide  range  of  habi- 
tats and  representatives  from  all  major  feeding 
strategies.  The  acute  toxicity  of  cadmium  to  three 
larval  instars  (1st,  3rd,  and  4th)  of  the  cased  tri- 
chopteran  Agapetus  fuscipes  Curtis  was  deter- 
mined for  animals  both  in  the  cased  and  uncased 
state.  First  instar  larvae  were  significantly  more 
sensitive  than  3rd  or  4th  instars  and  for  all  ages 
cased  animals  were  more  resistant  than  uncased. 
Sub-lethal  toxicity  was  demonstrated  by  a  reduc- 
tion in  case  building  activity  and  aggregation  re- 
sponse. It  is  important  to  consider  life  cycle  infor- 
mation when  designing  toxicity  tests  and  to  incor- 
porate sub-lethal  responses  into  a  study.  (Mertz- 
PTT) 
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EFFECT  OF  HEATED  WATERS  OF  THE  TRI- 
POL'E  THERMAL  POWER  STATION  ON  THE 
SANITARY  AND  HYDROBIOLOGICAL  CHAR- 
ACTERISTICS OF  THE  KANEV  RESERVOIR. 

V.  I.  Shcherbak,  N.  V.  Omel'chenko,  and  G.  A. 

Goshovskaya. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 

No.  6,  p  340-344,  1990.  3  fig,  9  ref.  Translated  from 

Gidrotekhnicheskoe  Stroitel'stvo,  No.  6,  p.  31-34, 

June,  1989. 

Descriptors:  'Aquatic  productivity,  'Heated 
water,  'Phytoplankton,  'Soviet  Union,  'Tempera- 
ture effects,  'Thermal  pollution,  'Thermal  power- 
plants,  Kanev  Reservoir,  Organic  matter,  Primary 
production,  Thermal  power. 

The  effect  of  the  heated  discharge  waters  of  the 
Tripol'e  thermal  power  station  (USSR)  on  the 
structural  (species  composition,  numbers,  biomass) 
and  functional  (magnitude  of  primary  production, 
destruction,  and  their  ratio)  characteristics  of  phy- 
toplankton of  the  Kanev  reservoir  were  investigat- 
ed. Parameters  were  evaluated  during  a  steady 
hydrobiological  regime  and  while  bringing  the  sta- 
tion to  the  design  capacity.  The  ratio  of  primary 


production  to  destruction  of  organic  matter 
showed  the  direction  of  the  production-destruction 
processes  and  characterized  the  process  of  self- 
purification.  The  values  of  primary 
production  destruction  of  organic  matter  varied 
widely,  from  0.4  to  6.3.  A  comparison  of  the 
average  values  showed  that  in  heated  water  the 
ratio  was  somewhat  less  (1.1-1.9),  compared  to  the 
ratio  in  natural  water  not  subjected  to  heating  (1.9- 
2.6).  This  indicates  that  the  process  of  self-purifica- 
tion occurred  more  intensely  in  the  stretch  of  the 
reservoir  subjected  to  the  influence  of  the  dis- 
charge waters  of  the  Tripol's  thermal  power  sta- 
tion. It  is  concluded  that  the  thermal  power  plant 
did  not  have  a  substantial  negative  effect  on  the 
phytoplankton  of  the  Kanev  reservoir.  An  increase 
of  the  flow  and  rate  of  destruction  of  organic 
matter  related  to  minimum  heating  of  the  water  as 
well  as  to  the  more  uniform  vertical  distribution  of 
production-destruction  processes  and  oxygen  con- 
tent in  the  water  flow,  can  be  considered  a  positive 
factor  affecting  the  ecosystem  of  the  Kanev  reser- 
voir. (Mertz-PTT) 
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CATASTROPHIC  BIFURCATIONS  IN  A 
SECOND-ORDER  DYNAMICAL  SYSTEM 
WITH  APPLICATION  TO  ACID  RAIN  AND 
FOREST  COLLAPSE. 
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16  ref. 

Descriptors:  'Acid  rain  effects,  'Ecosystems, 
•Forests,  'Insects,  'Mathematical  models,  Catas- 
trophes, Infestations. 

A  second-order  nonlinear  dynamical  system  mod- 
elling the  interactions  of  trees  and  damaging  in- 
sects in  a  forest  is  used  to  analyze  the  influence  of 
acidic  deposition,  an  increase  of  which  can  cause 
sudden  insect  infestations  and  the  collapse  of  the 
forest  ecosystem.  The  analysis  is  carried  out  by 
finding  the  bifurcations  of  the  system  and  by  prov- 
ing that  under  suitable  conditions,  such  bifurca- 
tions can  be  catastrophic.  In  particular,  the  model 
explains  the  case  in  which  the  damaging  insects  are 
present  only  at  an  endemic  level  as  well  as  the  case 
in  which  the  forest  is  periodically  infested  by  in- 
sects. In  the  case  in  which  predisposition  of  forest 
trees  to  insect  infestation  is  enhanced  by  acidic 
deposition,  it  is  shown  that  the  point  at  which  the 
first  impacts  on  tree  biomass  are  detectable  can  be 
easily  quantified  by  a  simple  formula  which  says 
that  the  forests  that  should  be  affected  first  are 
those  that  have  a  large  carrying  capacity  of  the 
trees,  a  large  maximum  birth  rate  and  a  low  death 
rate  of  the  insects,  and  a  low  pressure  of  the 
predators  on  the  insects.  The  analysis  can  also 
distinguish  between  smooth  impacts  (decline  of 
tree  biomass)  and  dramatic  impacts  (collapse  of  the 
forest).  (Sand-PTT) 
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EFFECTS  OF  COMPLEX  WASTE  MIXTURES 
ON  HEPATIC  MONOOXYGENASE  ACTIVI- 
TIES IN  BROWN  BULLHEADS  (ICTALURUS 
NEBULOSUS). 

Duke  Univ.,  Durham,  NC.  School  of  Forestry  and 
Environmental  Studies. 
E.  P.  Gallagher,  and  R.  T.  Di  Giulio. 
Environmental  Pollution  ENPOEK,  Vol.  62,  No. 
2/3,  p  113-128,  1989.  3  tab,  45  ref. 

Descriptors:  'Bioindicators,  'Bullhead,  'Enzymes, 
•Water  pollution  effects,  Liver,  Organic  com- 
pounds, Stream  pollution,  Trace  metals. 

Hepatic  mixed  function  oxidase  (MFO)  compo- 
nents (cytochrome  P-450,  cytochrome  b5,  and  eth- 
oxyresorufin  O-deethylase,  EROD)  were  measured 
in  brown  bullheads  (Ictalurus  nebulosus)  inhabiting 
a  creek  receiving  a  complex  mixture  of  organics 
and  trace  metals.  The  activities  of  these  enzymes 
were  also  measured  in  bullheads  from  an  unconta- 
minated  reference  site  to  assess  the  relative  ability 
of  MFO  parameters  to  serve  as  a  biomarker  of 
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aquatic  pollution.  Bullheads  analyzed  from  the  pol- 
luted site  had  lower  hepatic  microsomal  P-450 
(p<0.01)  concentrations  and  similar  EROD  activi- 
ties per  mg  protein  compared  to  bullheads  from 
the  reference  site.  However,  analysis  of  enzyme 
turnover  ratios  revealed  greater  EROD  activity 
per  mg  cytochrome  P-450  (p<0.05)  in  the  fish 
from  the  polluted  site.  No  differences  in  cytoch- 
rome b5  activities  were  observed  between  the  two 
groups.  Compared  to  the  reference  site,  bullheads 
collected  from  the  polluted  creek  had  an  increased 
occurrence  of  lip  and  lower  jaw  lesions  and  liver 
damage,  including  elevated  liver/body  weight 
ratios.  Accordingly,  the  monooxygenase  activities 
measured  in  this  study  were  not  reliable  indicators 
of  chemical  pollution  or  contaminant  stress  in  bull- 
heads in  the  polluted  creek.  Further  research  is 
needed  concerning  contaminant  interactions,  par- 
ticularly among  organic  pollutants  and  metals  and 
their  effects  on  monooxygenase  activities.  (Au- 
thor's abstract) 
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LONG-TERM  CHANGE  IN  THE  SUITABILITY 
OF  WELSH  STREAMS  FOR  DIPPERS  CIN- 
CLUS  CINCLUS  AS  A  RESULT  OF  ACIDIFICA- 
TION AND  RECOVERY:  A  MODELLING 
STUDY. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 
S.  J.  Ormerod,  and  S.  J.  Tyler. 
Environmental  Pollution  ENPOEK,  Vol.  62,  No. 
2/3,  p  171-182,  1989.  3  fig,  1  tab,  27  ref. 

Descriptors:  *Acid  rain  effects,  *Acid  streams, 
•Acidic  water,  'Coniferous  forests,  'Model  stud- 
ies, 'Wales,  'Water  birds,  'Water  chemistry, 
•Water  pollution,  Aluminum,  Hydrogen  ion  con- 
centration, Simulation,  Sulfates. 

Using  a  recognized  and  widely  used  hydrochemi- 
cal  model,  MAGIC,  long-term  changes  in  acidity 
were  simulated  at  104  sites  in  the  acid  sensitive 
region  of  upland  Wales.  Conditions  were  modeled 
in  the  future  (2010)  under  different  reductions  in 
sulfate  deposition  from  0-90%  of  1984  values. 
Chemical  output  from  the  model  was  used  to  simu- 
late change  in  the  chemical  suitability  of  streams 
for  a  species  of  river  bird,  the  dipper  Cinclus 
cinclus,  known  to  be  affected  by  acidification. 
General  patterns  of  chemical  change  for  individual 
streams  in  MAGIC  depend  on  catchment  sensitivi- 
ty to  acidification,  but  the  typical  response  in  sensi- 
tive cases  was  a  progressive  decrease  in  pH  and 
increase  in  Al  concentration  from  the  early  20th 
century  onwards.  These  changes  were  most  pro- 
nounced under  simulated  forest,  particularly  for 
Al,  where  they  persisted  even  with  a  50%  reduc- 
tion in  sulfate  deposition  from  1984  onwards.  On  a 
regional  scale,  the  forecasts  indicated  that  reduc- 
tions in  sulfate  deposition  of  at  least  50%  were 
required  to  arrest  further  acidification,  while  con- 
tinued deposition  at  1984  levels  led  to  an  increase 
in  the  percentage  of  sites  which  were  highly 
acidic.  The  two  models  of  suitability  for  dippers 
gave  results  which  were  qualitatively  identical  and 
quantitatively  similar.  In  1984,  pH  and  Al  concen- 
trations indicated  that  37-44%  of  sites  in  the  Welsh 
acid-sensitive  region  were  chemically  suitable  for 
dippers.  These  values  are  likely  to  indicate  the 
maximum  possible  occurrence  of  birds,  however, 
since  only  half  of  the  sites  where  occurrence  was 
predicted  in  1984  actually  contained  dippers.  Ac- 
cording to  the  future  simulations,  a  reduction  in 
sulfate  deposition  over  50%  of  1984  values  was 
required  to  increase  the  number  of  sites  where  pH 
and  Al  concentrations  were  suitable  for  dippers. 
Deposition  reductions  which  were  less  than  50  led 
to  continued  loss  of  suitable  sites,  whereas  reduc- 
tions of  90%  brought  pH  and  Al  concentrations  at 
nearly  all  sites  to  a  level  suitable  for  dippers  to 
occur.  (Sand-PTT) 
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ACTD  AND  ALUMINUM  EFFECTS  ON  FRESH- 
WATER ZOOPLANKTON:  AN  IN  SITU  MESO- 
COSM  STUDY. 

Kent  State  Univ.,  OH.  Dept.  of  Biological  Sci- 
ences. 

K.  E.  Havens,  and  R.  T.  Heath. 
Environmental  Pollution  ENPOEK,  Vol.  62,  No. 


2/3,  p  195-211,  1989.  7  fig,  1  tab,  19  ref. 

Descriptors:  'Acid  rain  effects,  'Aluminum,  'Lake 
acidification,  'Mesocosms,  'Water  pollution  ef- 
fects, 'Zooplankton,  Acid  lakes,  Acidic  water, 
Crustaceans,  East  Twin  Lake,  Ohio,  Toxicity,  Wa- 
terfleas. 

An  in  situ  mesocosm  experiment  was  performed  to 
evaluate  the  role  of  aluminum  toxicity  in  determin- 
ing zooplankton  community  responses  to  lake 
acidification.  Large  plastic  enclosures  were  sus- 
pended in  East  Twin  Lake,  Ohio,  and  duplicates 
were  either  untreated  controls  (pH  8.8),  acidified 
to  pH  4.5  over  a  23  day  period,  or  acidified  and 
also  spiked  with  incremental  additions  of  Al,  to 
produce  a  final  inorganic  monomelic  Al  level  of 
180  microgram/1  at  pH  4.5.  Zooplankton  abun- 
dance and  species  richness  declined  in  both  acid 
treatments,  relative  to  the  control,  as  numerous 
acid-sensitive  species  were  eliminated.  All  of  the 
acid-sensitive  species  were  also  Al-sensitiye,  de- 
clining in  abundance  more  rapidly  in  the  acid  plus 
Al  treatment  than  in  the  acid-alone  treatment. 
Only  two  small  cladocerans  (Bosmina  longirostris 
and  Chydorus  sphaericus)  were  acid  tolerant.  Both 
were  also  tolerant  of  elevated  Al  levels.  (Author's 
abstract) 
W90-07196 


ASSESSMENT  OF  NUTRIENT  EFFECTS  AND 
NUTRDZNT  LIMITATION  IN  LAKE  OKEE- 
CHOBEE. 

Florida  Univ.,  Gainesville.  Dept.  of  Fisheries  and 

Aquaculture. 

C  L.  Schelske. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p  1119-1130,  December  1989.  10  fig,  1  tab,  36 

ref. 

Descriptors:  'Lake  Okeechobee,  'Limiting  nutri- 
ents, 'Limnology,  'Model  studies,  'Nutrients, 
•Phytoplankton,  'Trophic  level,  Algae,  Aquatic 
plants,  Chlorophyll,  Eutrophication,  Florida, 
Lakes,  Phosphorus,  Nitrogen,  Seasonal  variation. 

Lake  Okeechobee,  the  third  largest  lake  in  the 
United  States,  is  a  shallow,  mixing  basin  with 
annual  total  phosphorus  concentrations  ranging 
from  50-100  microgram  P/L.  Data,  mainly  from 
unpublished  agency  reports,  are  analyzed  to  deter- 
mine if  nutrients  limit  phytoplankton,  to  describe 
spatial  and  temporal  variability  in  trophic  state 
parameters,  and  to  evaluate  conclusions  obtained 
from  empirical  trophic  state  models.  Algal  bioassay 
experiments  that  have  been  used  to  assess  nutrient 
limitation  have  produced  equivocal  results.  How- 
ever, seasonal  minima  in  orthophosphorus  and  in- 
organic nitrogen  indicate  that  both  may  be  limiting 
seasonally.  Strong,  but  reverse  north-south  gradi- 
ents and  large  seasonal  changes  in  phosphorus  and 
nitrogen  concentrations,  show  that  empirical 
models  based  on  annual  phosphorus  loadings  or 
concentrations  are  not  adequate  to  predict  chloro- 
phyll concentrations  or  other  trophic  state  varia- 
bles. Spatially-segmented,  multi-class  phytoplank- 
ton-nutrient  models  of  seasonal  phytoplankton  re- 
sponses that  are  coupled  with  hydrodynamic 
models  may  provide  predictability  in  assessing  ef- 
fects of  changing  nutrient  loads  on  phytoplankton 
composition  and  standing  crop.  Successful  model- 
ing efforts  of  responses  to  nutrients  also  must  deal 
with  resuspended  and  benthic  algae,  periphyton, 
and  emergent  and  submergent  aquatic  plants  that 
must  play  important  trophic  roles  in  some  of  the 
lake  basin.  (Author's  abstract) 
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INCIDENCE  OF  FIN  EROSION  AND  ANOMA- 
LOUS FISHES  IN  A  POLLUTED  STREAM 
AND  A  NEARBY  CLEAN  STREAM. 

Ohio  State  Univ.,  Columbus.  Environmental  Biol- 
ogy Program. 

R.  J.  Reash,  and  T.  M.  Berra. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 
No.  1-2,  p  47-63,  September  1989.  5  fig,  2  tab,  39 
ref.  U.S.  Army  Corps  of  Engineers  contract  DAC- 
W69-83-M-0698. 

Descriptors:  'Animal  pathology,  'Fish  diseases, 
'Stream  pollution,  'Water  pollution  effects,  Bioin- 


dicators,  Clear  Fork  stream,  Ohio,  Rocky  Fork 
stream,  Water  temperature. 

This  study  documents  the  incidence  of  fin  erosion 
and  deformed  (anomalous)  fishes  in  two  adjacent 
midwestern  streams,  north-central  Ohio.  Clear 
Fork  stream  flows  through  agricultural  and  forest- 
ed areas,  whereas  Rocky  Fork  stream  flows 
through  industrialized  Mansfield,  Ohio,  where  it 
receives  industrial  and  municipal  effluents.  Four 
sites  on  each  stream  were  sampled  monthly  for 
fishes  during  July  1982  through  August  1983.  Inci- 
dence of  fin  erosion  was  significantly  greater 
(P<0.01)  at  polluted  sites  compared  to  unpolluted 
sites;  incidence  did  not  differ  among  unpolluted 
sites  (P>0.05).  Incidence  of  fin  erosion  in  fish  from 
polluted  sites  was  inversely  correlated  with  water 
temperature  (P<  0.002).  Severity  of  fin  erosion  was 
greater  in  fishes  collected  from  polluted  sites.  In- 
terspecific differences  in  the  location  of  fin  erosion 
were  observed.  Creek  chubs,  white  suckers,  and 
stonerollers  had  the  highest  incidence  of  external 
deformities.  Statistical  differences  in  the  incidence 
of  deformed  fish  between  combined  polluted  sites 
and  combined  unpolluted  sites  were  not  evident 
(P>0.05).  Nevertheless,  total  incidence  of  de- 
formed fishes  at  polluted  sites  (0.53%)  seemed  to 
be  elevated  compared  to  total  incidence  of  de- 
formed fishes  at  unpolluted  sites  (0.28%).  Compar- 
ative studies  between  fish  from  streams  suspected 
of  being  polluted  and  fish  from  nearby  unpolluted, 
reference  streams  should  be  used  to  define  effects 
of  chronic  pollution.  (Author's  abstract) 
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ZIRCONIUM  TOXICITY  ASSESSMENT  USING 
BACTERIA,  ALGAE  AND  FISH  ASSAYS. 
Institut   National   de   la   Recherche   Scientifique, 
Sainte-Foy  (Quebec). 

P.  Couture,  C.  Blaise,  D.  Cluis,  and  C.  Bastien. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 
No.  1-2,  p  87-100,  September  1989.  3  fig,  3  tab,  41 
ref. 

Descriptors:  'Bioassay,  'Toxicity,  'Water  pollu- 
tion effects,  'Zirconium,  Algae,  Bacteria,  Fish, 
Mutagenicity. 

Bioassays  using  bacteria,  microscopic  algae,  and 
fish  confirms  the  hypothesis  that  Zr  has  low  toxici- 
ty. Toxic  effects  revealed  with  the  Microtox  test 
(Photobacterium  phosphoreun  bioluminescent  test) 
may  be  attributed  to  pH  rather  than  specifically  to 
Zr  (5-min  EC50  >4.3  mg/L).  Fish  assays  (Salmo 
gairdneri)  also  confirmed  the  low  toxicity  of  Zr 
(96-hr  LC50  >20  mg/L;  96-hr  minimal  stress  con- 
centration >20  mg/L).  Mutagenicity  (Fluctua- 
tion test  using  Salmonella  typhimurium)  and  gen- 
otoxicty  (S.O.S.  Chromotest  using  Escherichia 
coli)  assays  failed  to  show  any  DNA-related  effects 
linked  to  Zr.  Only  the  algal  assays  (ATP  energy 
stress  test  using  Selenastrum  capricornutum)  dem- 
onstrated genuine  toxicity  at  Zr  concentrations 
between  1.3  and  2.5  mg/L.  (Author's  abstract) 
W90-07221 


CLOUD  CHEMISTRY  MEASUREMENTS  AND 
ESTIMATES  OF  ACIDIC  DEPOSITION  ON  AN 
ABOVE  CLOUDBASE  CONIFEROUS  FOREST. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Marine,  Earth  and  Atmospheric  Sciences. 

V.  K.  Saxena,  and  N.-H.  Lin. 

Atmospheric  Environment  ATENBP,  Vol.  24A, 

No.  2,  p  329-352,  1990.  8  fig,  11  tab,  58  ref.  EPA 

Agreement  No.  ESRL-CA-01. 

Descriptors:  'Acid  rain,  'Cloud  chemistry,  'Co- 
niferous forests,  Dry  deposition,  Hydrogen  ion 
concentration,  Nitrogen,  Sulfur,  Wet  deposition. 

The  wet,  dry  and  cloud  water  deposition  of  acidic 
substances  on  the  forest  canopy  are  considered  as 
major  mechanisms  for  pollutant-induced  forest  de- 
cline at  high  elevations.  Direct  cloud  capture  plays 
a  predominant  role  of  intercepting  acidic  sub- 
stances in  above-cloudbase  forests.  We  conducted 
a  field  study  at  Mt.  Mitchell,  North  Carolina  (2038 
m  above  mean  sea  level)-the  highest  peak  in  the 
eastern  U.S. -during  May-September  1986  and 
1987  in  order  to  analyze  the  chemistry  of  clouds  in 


125 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C — Effects  Of  Pollution 


t 

I 

X 

« 


which  the  red  spruce  and  Fraser  flr  stands  stay 
immersed.  It  was  found  that  Mt.  Mitchell  was 
exposed  to  cloud  episodes  71%  of  summer  days, 
the  cloud  immersion  time  being  28%  for  1986  (a 
record  drought  summer  in  southeastern  U.S.)  and 
41%  for  1987.  Sulfate,  nitrate,  ammonium  and  hy- 
drogen ions  were  found  to  be  the  major  constitu- 
ents of  the  cloud  water,  which  was  collected  atop 
a  16.5  m  tall  meteorological  tower  situated  among 
6-7  m  tall  Fraser  fir  trees.  The  initiation  of  precipi- 
tation in  clouds  invariably  diluted  the  cloud  water 
acidity.  The  cloud  water  pH  during  short  episodes 
(8  h  duration  or  less),  which  resulted  from  the 
orographic  lifting  mechanisms,  was  substantially 
lower  than  that  during  long  episodes,  which  were 
associated  with  meso-scale  and  synoptic-scale  dis- 
turbances. Sulfate  accounted  for  65%  acidity  in 
cloud  water,  in  the  average,  and  contributed  2-3 
times  more  than  the  nitrate.  Inferential  microme- 
teorological  models  were  used  to  determine  depo- 
sition of  sulfate  and  nitrate  on  the  forest  canopy 
and  the  hydrological  input  due  to  direct  cloud 
capture  mechanism.  The  cloud  water  deposition 
ranged  between  32  and  55  cm/yr  in  contrast  to  the 
bulk  precipitation  which  was  about  130  cm/yr  as 
measured  by  an  on-site  National  Atmospheric 
Deposition  Program  collector.  For  S  compounds, 
wet,  dry  and  cloud  water  deposition  accounted  for 
19%,  11%  and  70%,  respectively  for  1986,  and 
16%,  8%  and  76%,  respectively  for  1987.  For 
nitrogen  compounds,  dry  deposition  contributed 
35%  and  23%  for  1986  and  1987,  respectively, 
whereas,  cloud  water  deposition  contributed  50% 
and  65%  for  1986  and  1987,  respectively.  Our 
estimates  are  compared  with  the  reported  literature 
values  for  the  other  sites.  (Author's  abstract) 
W9O-07229 


IMPACT  OF  A  MASSIVE  CRUDE  OIL  SPILL 
ON  THE  INVERTEBRATE  FAUNA  OF  A  MIS- 
SOURI OZARK  STREAM. 

Missouri  Dept.  of  Conservation,  Columbia. 
R.  L.  Crunkilton,  and  R.  M.  Duchrow. 
Environmental  Pollution  ENPOEK,  Vol.  63,  No. 
1,  p  13-31,  1990.  3  fig,  5  tab,  41  ref. 

Descriptors:  *Asher  Creek,  'Macroinvertebrates, 
•Missouri,  'Oil  pollution,  'Oil  spills,  'Water  pollu- 
tion effects,  Benthic  environment,  Caddisflies, 
Midges,  Mayflies,  Species  diversity,  Worms. 

The  benthic  macroinvertebrate  fauna  of  Asher 
Creek,  a  4th  order  stream  with  a  base  flow  of  0.03 
cu  m/s,  was  monitored  on  1 1  occasions  for  532 
days  following  a  1.5  million  liter  domestic  crude 
oil  spill.  Aquatic  insects,  crustaceans,  segmented 
worms,  roundworms,  flatworms,  snails,  freshwater 
mussels  and  other  benthic  organisms  in  the  oil 
impacted  area  were  reduced  to  less  than  0.1%  of 
expected  numbers  at  the  first  sampling  period  25 
days  after  the  spill.  Species  diversity  indices  and 
the  number  of  mayfly  and  stonefly  taxa  were  less 
than  the  minimum  values  established  for  unpollut- 
ed Missouri  streams  for  1 1  months.  The  initial  post- 
spill  community  was  dominated  by  Chironomidae 
(midges),  Simuliidae  (blackflies)  and  Oligochaeta 
(segmented  worms).  Some  species  of  Plecoptera 
(stoneflies),  Ephemeroptera  (mayflies)  and  Tri- 
choptera  (caddisflies)  were  absent  from  the  fauna 
for  as  long  as  9  months.  The  functional  feeding 
groups  of  scrapers,  filterers,  gatherers,  and  preda- 
tors initially  decreased  in  relative  abundance.  Pred- 
ators later  increased  in  response  to  a  rapidly  ex- 
panding prey  base.  Shredders  did  not  change  in 
relative  abundance  throughout  the  recovery 
period.  Oil  was  visually  present  in  the  stream  riffle 
substrate  for  453  days  following  the  spill.  Dis- 
solved oxygen,  pH  and  conductivity  were  not  af- 
fected. The  visible  appearance  of  oil  in  the  stream 
substrate  was  a  simple  predictor  of  the  status  of  the 
benthic  invertebrate  community.  Areas  protected 
with  surface  skimming  siphon  dams  were  less  se- 
verely impacted  and  recovered  more  rapidly  than 
areas  where  the  stream  substrate  was  inundated 
with  oil.  The  most  apparent  factors  controlling  the 
recovery  were  the  total  volume  of  water  passing 
through  the  contaminated  area  and  the  occurrence 
of  scouring  floods.  (Author's  abstract) 
W90-07239 


IMPACT   OF   ARTIFICIAL,   AMMONIUM-EN- 
RICHED     RAINWATER      ON      SOILS      AND 


YOUNG  CONIFEROUS  TREES  IN  A  GREEN- 
HOUSE. PART  II-EFFECTS  ON  THE  TREES. 

Katholieke  Univ.  Nijmegen  (Netherlands).  Lab.  of 

Aquatic  Ecology. 

H.  F.  van  Dijk,  M.  H.  de  Louw,  J.  G.  Roelofs,  and 

J.  J.  Verburgh. 

Environmental  Pollution  ENPOEK,  Vol.  63,  No. 

1,  p  41-59,  1990.  12  tab,  35  ref.  Dutch  Ministry  of 

Housing,    Physical    Planning    and    Environment 

Project  621.046-01. 

Descriptors:  *Acid  rain,  'Ammonium,  'Conifers, 
•Nitrogen,  'Rain,  'Water  pollution  effects,  Biolog- 
ical studies,  Biomass,  Calcium,  Magnesium,  Nutri- 
ents, Potassium,  Trees. 

To  obtain  an  insight  into  the  effects  of  a  high 
ammonium  deposition  on  trees,  young,  coniferous 
trees  were  planted  in  pots  in  a  greenhouse  and 
treated  with  artificial  ammonium-enriched  rain- 
water. Application  of  480  kg  ammonium-N/ha/yr 
resulted  in  an  increase  of  the  shoot/root  ratio.  The 
biomass  of  fine  roots  strongly  declined,  as  did  the 
numbers  of  mycorrhizae.  The  fructification  of  the 
mycorrhizal  fungi  was  totally  inhibited.  The  nitro- 
gen content  of  the  needles  was  enhanced,  but  the 
levels  of  potassium,  magnesium  and  calcium  de- 
creased sharply.  The  phosphorus  content  remained 
almost  unaffected.  Much  of  the  nitrogen  was 
stored  as  arginine.  The  levels  of  leaf  pigments  also 
increased.  Within  one  year  of  treatment  many  of 
the  trees  died.  The  trees  that  were  treated  with  48 
kg  ammonium-N/ha/yr  did  not  show  any  signs  of 
deterioration.  (Author's  abstract) 
W90-07241 


INHIBITION  OF  FERTILIZATION  IN  THE 
SEA  URCHIN  PARECHINUS  ANGULOSUS  BY 
ORGANIC  POLLUTANTS:  CORRELATION 
WITH  MOLECULAR  VALENCE  CONNECTI- 
VITY INDICES. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Zoolo- 
gy- 

R.  P.  Wynberg,  A.  C  Brown,  and  L.  Hole. 
South  African  Journal  of  Marine  Science  SJMSE7, 
Vol.  8,  p  313-317,  1989.  2  fig,  1  tab,  39  ref. 

Descriptors:  *Echinoderms,  'Fertility,  'Organic 
pollutants,  'Structure-activity  relationships, 
•Water  pollution  effects,  Fertilization,  Mathemati- 
cal studies,  Molecular  structure,  Organic  com- 
pounds. 

The  percentage  fertilization  of  eggs  of  the  urchin 
Parechinus  angulosus,  following  exposure  of  the 
sperm  to  a  variety  of  organic  pollutants,  was  used 
to  test  the  possibility  of  predicting  toxicities  from 
the  consideration  of  molecular  structure.  A  corre- 
lation is  demonstrated  between  concentrations  re- 
sulting in  50%  inhibition  of  fertilization  and  the 
zero,  first-order  and  second-order  molecular-va- 
lence connectivity  indices  of  the  substances  con- 
cerned. This  correlation  is  more  marked  when  a 
series  of  alcohols  rather  than  a  variety  of  non- 
alcoholic substances  is  used.  A  log  or  power  ex- 
pression best  describes  the  relationship.  (Author's 
abstract) 
W90-07248 


SCIENTIFIC  BASIS  OF  BIOASSAY. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07250 


RECENT  DEVELOPMENTS  IN  AND  INTER- 
COMPARISONS  OF  ACUTE  AND  CHRONIC 
BIOASSAYS  AND  BIOINDICATORS. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07251 


CHOICE  AND  IMPLEMENTATION  OF  ENVI- 
RONMENTAL BIOASSAYS. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 

Plant  Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 


W90-07252 


APPLICATION  OF  BIOASSAYS  IN  THE  RESO- 
LUTION OF  ENVIRONMENTAL  PROBLEMS; 
PAST,  PRESENT,  AND  FUTURE. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 

Plant  Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07253 


APPLICATION  OF  BIOASSAY  TECHNIQUES 
TO  WATER  POLLUTION  PROBLEMS-THE 
UNITED  KINGDOM  EXPERIENCE. 

Clyde    River    Purification    Board,    East    Kilbride 

(Scotland). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07254 


USE    OF    ENVIRONMENTAL    ASSAYS    FOR 
IMPACT  ASSESSMENT. 

Pacific  Northwest  Research  Foundation,  Seattle, 

WA. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07255 


PROBING  ECOSYSTEM  HEALTH:  A  MULTI- 
DISCIPLINARY  AND  MULTI-TROPHIC 
ASSAY  STRATEGY. 

Department  of  Fisheries  and  Oceans,  Burlington 
(Ontario).  Great  Lakes  Lab.  for  Fisheries  and 
Aquatic  Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07256 


FUNCTIONAL  BIOASSAYS  UTILIZING  ZOO- 
PLANKTON:  A  COMPARISON. 

Minnesota  Univ.,  Minneapolis.  Dept.  of  Ecology 

and  Behavioral  Biology. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07257 


HOLISTIC  APPROACH  TO  ECOSYSTEM 
HEALTH  ASSESSMENT  USING  FISH  POPU- 
LATION CHARACTERISTICS. 

Guelph  Univ.  (Ontario).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07258 


ENVIRONMENTAL  IMPACT  ASSESSMENT: 
THE  GROWING  IMPORTANCE  OF  SCIENCE 
IN  GOVERNMENT  DECISION  MAKING. 

Environmental   Assessment  Review  Office,  Hull 

(Quebec). 

For  primary  bibliographic  entry  see  Field  6A. 

W90-07259 


ROLE  OF  MICROBIAL  METAL  RESISTANCE 
AND  DETOXIFICATION  MECHANISMS  IN 
ENVIRONMENTAL  BIOASSAY  RESEARCH. 

Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-0726O 


PERFORMANCES    OF    THREE    BACTERIAL 
ASSAYS  IN  TOXICITY  ASSESSMENT. 

Centre    des    Sciences    de    PEnvironment,    Metz 

(France). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07261 


LUMINESCENT  BACTERIA  TOXICITY  ASSAY 
IN  THE  STUDY  OF  MERCURY  SPECIATION. 

Saskatchewan  Univ.,  Saskatoon.  Toxicology  Re- 
search Centre. 

J.  M.  Ribo.  J.  E.  Yang,  and  P.  M.  Huang. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  155-162, 
December  1989.  4  tab,  29  ref.  Natural  Sciences  and 
Engineering  Research  Council  of  Canada,  Strate- 
gic Grant  G1994-Huang.  SIP  Publication  No. 
R602. 
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Descriptors:  *Bioassay,  'Chemical  speciation, 
•Mercury,  *Microtox  assay,  *Speciation,  ♦Toxici- 
ty, *Water  chemistry,  Cysteine,  Hydrogen  ion  con- 
centration, Mercuric  nitrate. 

The  toxicities  of  solutions  of  10  mercury  com- 
pounds to  luminescent  bacteria  were  measured 
using  the  Microtox  Toxicity  Bioassay  in  order  to 
assess  the  influence  that  the  counter-ions  have  on 
the  aquatic  toxicity  of  mercury  salts.  The  toxicities 
of  these  mercury  compounds  were  very  similar, 
except  for  mercurous  tannate  and  mercuric  salicy- 
late. This  can  be  attributed  to  differences  in  the 
ionization  and  speciation  patterns  of  these  com- 
pounds relative  to  the  other  compounds  tested.  In 
general,  the  toxicity  of  the  solutions  at  pH  5  was 
not  significantly  different  from  the  toxicity  of  these 
solutions  at  pH  6,  but  a  clear  reduction  in  toxicity 
was  observed  when  the  pH  of  the  solution  was 
adjusted  to  pH  9.  Significant  differences  were 
found  between  the  toxicity  of  Hg(I)  and  Hg(II) 
salts  of  the  same  anion  at  pH  9.  When  cysteine  was 
added  to  a  mercuric  nitrate  solution  (at  pH  6),  a 
reduction  in  the  toxicity  was  observed.  This  can  be 
explained  in  terms  of  the  strong  binding  of  mercu- 
ry to  cysteine,  thus  reducing  the  concentration  of 
mercury  species  available  to  cause  an  observable 
toxic  effect  to  the  bioluminescent  bacteria.  (Au- 
thor's abstract) 
W90-O7262 


IS  THE  ^MICROBIAL  LOOP'  AN  EARLY 
WARNING  INDICATOR  OF  ANTHROPOGEN- 
IC STRESS. 

Department  of  Fisheries  and  Oceans,  Burlington 

(Ontario).   Great   Lakes   Lab.   for   Fisheries   and 

Aquatic  Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07263 


BIOASSAY  USING  THE  MEASUREMENT  OF 
THE  GROWTH  INHIBITION  OF  A  CILIATE 
PROTOZOAN:  COLPIDIUM  CAMPYLUM 
STOKES. 

Institut  National  de  la  Sante  et  de  la  Recherche 

Medicale,  Villeneuve  d'Ascq  (France).   Microbe 

Ecotoxicology  Unit  146. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07265 


APPLICATION  OF  ALGAL  GROWTH  POTEN- 
TIAL TESTS  (AGP)  TO  THE  CANALS  AND 
LAKES  OF  WESTERN  NETHERLANDS. 

Hoogheemraadschap  van  Rijnland,  Leiden  (Neth- 
erlands). 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07266 


STUDY    OF    PHOSPHATE    LIMITATION    IN 
LAKE  MAARSSEVEEN:  PHOSPHATE 

UPTAKE  KINETICS  VERSUS  BIOASSAYS. 

Water  Board  of  Utrecht  (Netherlands). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07267 


EVIDENCE  FROM  ALGAL  BIOASSAYS  OF 
SEASONAL  NUTRIENT  LIMITATIONS  IN 
TWO  ENGLISH  LAKES. 

Freshwater    Biological     Association,    Ambleside 

(England). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07268 


EXAMINATION      OF      THE      EFFECT      OF 

WASTEWATER  ON  THE  PRODUCTIVITY  OF 

LAKE  ZURICH  WATER  USING  INDIGENOUS 

PHYTOPLANKTON         BATCH         CULTURE 

BIOASSAYS. 

Zurich  Univ.,  Kilchberg  (Swizerland).  Hydrobio- 

logical-Limnological  Station. 

C.  Lehmacher,  and  F.  Schanz. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  229-235, 

December  1989.  2  fig,  2  tab,  26  ref. 

Descriptors:   *Bioassay,  *Eutrophic  lakes,   *Lake 
Zurich,  *Phytoplankton,  *  Switzerland, 

•Wastewater    pollution,    ^Wastewater    treatment, 


•Water  pollution  effects,  Biomass,  Microbial  pro- 
duction, Phosphates,  Phosphorus,  Tertiary  treat- 
ment. 

Phytoplankton  batch  cultures  were  used  to  study 
the  effect  of  biologically  and  chemically  treated 
wastewater  on  algal  growth  in  water  from  Lake 
Zurich.  The  question  of  whether  the  influence  of 
sewage  on  the  biomass  production  corresponds 
solely  to  the  nutrient  content  of  the  sewage  was 
also  considered.  The  relationship  between  net  mi- 
crobial production  (y,  in  0.1  N  KMn04  consump- 
tion) and  total  phosphorus  concentration  (x,  in 
microg  P/L)  was  found  to  be  characterized  by  the 
equation  y  =  2.12  In  x-4.12.  The  fact  that  net 
microbial  production  is  strongly  dependent  on 
total  phosphorus  concentration  emphasizes  the  sig- 
nificance of  the  latter  for  the  trophic  state  of  Lake 
Zurich.  It  is  assumed  that  the  planned  introduction 
of  the  quaternary  purification  stage  with  a  high 
phosphorus  removal  in  the  sewage  plants  will  ac- 
celerate the  oligotrophication  of  the  Lake  Zurich. 
(Author's  abstract) 
W90-07269 

PHYTOPLANKTON  RECOVERY  RESPONSES 
AT  THE  POPULATION  AND  COMMUNITY 
LEVELS  IN  A  HAZARD  AND  RISK  ASSESS- 
MENT STUDY. 

Institut  National  de  la  Recherche  Scientifique, 
Sainte-Foy  (Quebec). 

P.  Couture,  C.  Thellen,  and  P.  A.  Thompson. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  269-276, 
December  1989.  3  fig,  1  tab,  20  ref.  Environment 
Canada  and  the  Ministry  of  Supplies  and  Services 
UP-1ST83-00313;  Natural  Sciences  and  Engineer- 
ing Research  Council  of  Canada  Grant  A8123. 

Descriptors:  *Bioassay,  *Phytoplankton,  •Pollut- 
ant identification,  'Risk  assessment,  *Toxicity, 
•Water  pollution  effects,  Adenylates,  Algal  physi- 
ology, Chlor-alkali  effluent,  Recovery,  Selenas- 
trum. 

Both  structural  and  functional  relationships  were 
investigated  in  experiments  using  Selenastrum  ca- 
pricomutum  populations  and  an  indigenous  micro- 
bial community.  The  purpose  was  to  diagnose  cel- 
lular stress  and  to  predict  recovery  during  expo- 
sures to  a  chlor-alkali  effluent.  Laboratory  experi- 
ments demonstrated  that  the  effluent  was  toxic  at 
concentrations  greater  or  equal  to  4  vol%.  It  ap- 
pears that  during  the  exposure  period,  the  func- 
tional parameters,  particularly  the  intracellular 
adenylates  ratios  were  reliable  in  predicting  algal 
population  recovery.  In  contrast,  the  river  gradient 
experiments  failed  to  demonstrate  a  toxic  effect  on 
community  structure  over  the  time  scale  studied. 
Functional  parameters  revealed  a  significant  effect 
on  photosynthetic  activity  while  adenylate  energy 
charge  was  an  insensitive  indicator.  The  results 
tend  to  demonstrate  that  function  responses,  par- 
ticularly intracellular  adenylates  ratios  (ATP/cell; 
ATP/ AMP)  are  appropriate  to  predict  recovery 
responses  to  a  toxicant  at  the  population  and  com- 
munity levels.  This  would  prove  useful  in  enhanc- 
ing the  ecological  significance  of  toxicity  tests  in 
hazard  assessment.  (Author's  abstract) 
W90-07273 

FUNCTIONAL  RESPONSE  OF  FUCUS  VESI- 
CULOSA COMMUNITIES  TO  TRIBUTYLTIN 
MEASURED  IN  AN  IN  SITU  CONTINUOUS 
FLOW-THROUGH  SYSTEM. 

Stockholm  Univ.  (Sweden).  Dept.  of  Zoology. 
C.  Lindblad,  U.  Kautsky,  C.  Andre,  N.  Kautsky, 
and  M.  Tedengren. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  277-283, 
December  1989.  3  fig,  1  tab,  25  ref. 

Descriptors:  *Algae,  *Antifoulants,  *Bioassay, 
•Organotin  compounds,  *Risk  assessment,  *Water 
pollution  effects,  Flow,  Light,  Metabolism,  Nutri- 
ents, Oxygen,  Photosynthesis,  Pollution  index,  Sa- 
linity, Temperature. 

The  effects  of  antifouling  paint  leachate  containing 
tributyltin  on  community  metabolism  and  nutrient 
dynamics  were  measured  in  situ  on  natural  com- 
munities dominated  by  Fucus  vesiculosus.  The 
measurements  were  made  in  two  areas  with  differ- 


ent salinities  and  at  various  tributyltin  concentra- 
tions up  to  about  5  microg/L.  A  portable  continu- 
ous flow-through  system  was  used  in  which  the 
communities  were  incubated  for  a  week.  Continual 
measurements  of  oxygen,  temperature,  light  and 
flow  rate  of  water  were  made.  A  Perturbation 
Index  (PI)  and  an  Absolute  Disturbance  Index 
(ADI)  were  used  to  describe  the  changes  due  to 
treatment  relative  to  the  control,  and  to  obtain  a 
total  picture  of  disturbance  using  all  measured 
parameters.  Photosynthesis  was  particularly 
strongly  affected  and  changes  were  obvious  in 
oxygen  production  and  nutrient  uptake  at  tribulty- 
tin  levels  as  low  as  0.6  microg/L.  (Author's  ab- 
stract) 
W90-07274 


ASSESSING  TOXICITY  OF  LAKE  DIEFEN- 
BAKER  (SASKATCHEWAN,  CANADA)  SEDI- 
MENTS USING  ALGAL  AND  NEMATODE 
BIOASSAYS. 

Environmental  Protection  Service,  Regina  (Sas- 
katchewan). Water  Quality  Branch. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07276 


METAL  CONTAMINATION  IN  SEDIMENTS 
AND  BIOTA  OF  THE  BAY  OF  QUINTE,  LAKE 
ONTARIO,  CANADA. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Biol- 
ogy. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07279 

USE  OF  AQUATIC  MACROPHYTES  AS  A  BIO- 
ASSAY METHOD  TO  ASSESS  RELATIVE  TOX- 
ICITY, UPTAKE  KINETICS  AND  ACCUMU- 
LATED FORMS  OF  TRACE  METALS. 

King's  Coll.,  London  (England).  Div.  of  Biosphere 

Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07280 

BIOASSAYS  WITH  A  FLOATING  AQUATIC 
PLANT  (LEMNA  MINOR)  FOR  EFFECTS  OF 
SPRAYED  AND  DISSOLVED  GLYPHOSATE. 

Department  of  Fisheries  and  Oceans,  Winnipeg 
(Manitoba).  Freshwater  Inst. 
W.  L.  Lockhart,  B.  N.  Billeck,  and  C.  L.  Baron. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  353-359, 
December  1989.  1  fig,  3  tab,  24  ref. 

Descriptors:  'Agricultural  runoff,  *Aquatic  plants, 
•Bioassay,  'Duckweed,  *Glyphosate,  *Herbicides, 
•Toxicity,  *Water  pollution  effects,  Agricultural 
chemicals,  Canada,  Prairie  wetlands. 

Macrophytes  in  forested  areas  and  in  prairie  wet- 
lands furnish  critical  habitat  for  aquatic  communi- 
ties and  for  several  species  of  birds  and  mammals. 
North  American  agriculture  relies  heavily  on  her- 
bicides and  these  compounds  are  detected  routine- 
ly in  surface  waters  of  Western  Canada.  Common 
duckweed  has  been  used  previously  in  efforts  to 
detect  effects  of  herbicides  and  other  chemicals. 
Duckweed  clones  were  developed  from  local  col- 
lections and  grown  axenically.  The  plants  were 
exposed  to  glyphosate  herbicide  either  by  dissolv- 
ing formulated  Roundup  (Monsanto  Canada  Inc.) 
in  the  culture  media  or  by  spraying  of  the  cultures 
in  a  laboratory  spray  chamber.  Plant  growth  was 
monitored  by  counting  the  fronds  present  on  sever- 
al occasions  over  a  2-week  period.  Plant  growth, 
as  measured  by  increased  numbers  of  fronds  or 
increased  wet  or  dry  weights  was  relatively  insen- 
sitive to  glyphosate  dissolved  in  the  culture 
medium.  However,  the  plants  were  killed  by  appli- 
cation of  glyphosate  as  a  spray.  (Author's  abstract) 
W90-07281 


DO  BIOASSAYS  ADEQUATELY  PREDICT  EC- 
OLOGICAL EFFECTS  OF  POLLUTANTS. 

Oslo  Univ.  (Norway).  Dept.  of  Marine  Zoology 

and  Chemistry. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07285 
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LIFE-TABLES  OF  DAPHNIA  OBTUSA  (KURZ) 
SURVIVING  EXPOSURE  TO  TOXIC  CONCEN- 
TRATIONS OF  CHROMIUM. 

Istituto  Italiano  di  Idrobiologia,  Pallanza  (Italy). 
L.  Coniglio,  and  R.  Baudo. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  407-410, 
December  1989.  1  fig,  1  tab,  24  ref. 

Descriptors:  'Bioassay,  •Chromium,  •Daphnia, 
•Toxicity,  Growth,  Life  tables,  Mortality,  Repro- 
duction, Statistical  analysis. 

The  life-tables  of  Daphnia  obtusa  surviving  a  48  hr 
exposure  to  various  hexavalent  chromium  concen- 
trations have  been  used  to  assess  whether  or  not 
the  toxicant  had  affected  demographic  parameters. 
D.  obtusa  cohorts  were  exposed  to  seven  different 
concentrations  (20  to  140  microg  Cr/L);  the  sur- 
viving animals  were  then  transferred  into  clean 
water  to  grow  in  optimal  conditions  until  the  death 
of  the  last  individual.  The  resulting  life-tables  were 
then  used  to  assess  if  the  toxicant  might  in  some 
way  affect  demographic  parameters  such  as  survi- 
vorship curves,  age  specific  mortality,  age  specific 
fertility  and  fecundity,  survivorship-weighted  fer- 
tility and  fecundity,  generation  length,  mean  mor- 
tality rate,  mean  expectation  of  life  of  cohort  at 
birth,  intrinsic  rate  of  natural  increase  and  finite 
rate  of  increase,  net  reproduction  rate.  The  statisti- 
cal comparison  led  to  the  conclusion  that  even 
such  a  short  exposure  to  a  relatively  low  level  of 
chromium  reduces  the  life-span,  delays  the  time  of 
first  reproduction,  shortens  the  reproduction 
period,  and  decreases  the  brood  size.  (White- 
Reimer-PTT) 
W90-07287 


TOXICITY  OF  THE  NEW  PYRETHROID  IN- 
SECTICIDE, DELTAMETHRIN,  TO  DAPHNIA 
MAGNA. 

Institute  of  Environmental  Health  and  Engineer- 
ing, Beijing  (China). 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07288 


HERBICIDE  EFFECTS  ON  PLANKTONIC  SYS- 
TEMS OF  DIFFERENT  COMPLEXITY. 

Max-Planck-Inst.  fuer  Limnologie  zu  Ploen  (Ger- 
many, F.R.). 

For  primary  bibliographic  entry  see  Field  5A. 
W90-O7289 


PHYSIOLOGICAL  BACKGROUND  FOR 
USING  FRESHWATER  MUSSELS  IN  MONI- 
TORING COPPER  AND  LEAD  POLLUTION. 

Balatoni    Limnologiai    Kutato    Intezete,    Tihany 

(Hungary). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07292 


W9O-07295 


SCOPE  FOR  GROWTH  IN  GAMMARUS 
PULEX,  A  FRESHWATER  BENTHIC  DETRITI- 
VORE. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 

Plant  Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07298 


FEEDING  AND  NUTRITIONAL  CONSIDER- 
ATIONS IN  AQUATIC  TOXICOLOGY. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
R.  P.  Lanno,  B.  E.  Hickie,  and  D.  G.  Dixon. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  525-531, 
December  1989.  1  fig,  1  tab,  36  ref.  Natural  Sci- 
ences   and    Engineering    Research    Council    of 
Canada  Operating  Grant  A8155. 

Descriptors:  'Aquatic  fauna,  'Bioassay,  'Labora- 
tory methods,  'Nutrition,  'Toxicity,  'Toxicology, 
Acute  effects,  Chronic  effects,  Feeding  regime, 
Foods,  Monitoring. 

The  nutritional  status  of  an  aquatic  organism,  both 
prior  to  and  during  testing,  can  significantly 
modify  the  apparent  toxicity  of  a  chemical.  In 
order  to  decrease  the  variability  of  toxicity  test 
results,  both  within  and  between  laboratories,  feed- 
ing regimes,  feed  types  and  proximate  composition 
of  diets  should  be  routinely  reported.  The  advan- 
tages and  metabolic  effects  of  various  feeding  prac- 
tices currently  used  in  toxicity  testing  (fasting, 
starvation,  feeding  as  a  percentage  of  body  weight, 
feeding  ad  libitum  and  pair  feeding)  were  evaluat- 
ed. The  disadvantages  of  monitoring  nutritional 
status  of  test  organisms  were  also  reviewed  and 
methods  suggested  as  to  how  to  monitor  nutrition- 
al status.  The  feeding  regime  selected  will  vary 
depending  on  whether  the  test  is  acute  or  chronic 
and  on  whether  it  is  conducted  in  a  static  or  a 
flow-through  system.  One  must  also  consider  the 
species  tested  and  the  life  stage  of  the  organism. 
The  toxicological  endpoints  being  monitored  are 
also  a  factor  since  feeding  may  not  be  as  important 
if  lethality  is  being  monitored  over  a  short  period 
of  time  with  relatively  large  organisms.  However, 
it  may  be  very  important  if  the  physiological  pa- 
rameters of  interest  are  affected  by  fasting.  (White- 
Reimer-PTT) 
W90-07299 


HYPOTHESIS  FORMULATION  AND  TEST- 
ING IN  AQUATIC  BIOASSAYS:  A  DETERMI- 
NISTIC MODEL  APPROACH. 

Lakehead  Univ.,  Thunder  Bay  (Ontario).  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07300 


cantly.  Surface  waters  receiving  effluent  from  an- 
other pulp  mill  were  lethal  to  juvenile  salmon 
within  350  m,  and  a  significant  vertical  avoidance 
response  occurred  within  350-950  m  of  the  outfalls. 
The  behavioral  response  was  significantly  correlat- 
ed with  in  situ  temperature,  pH  and  color  (efflu- 
ent). As  a  complement  to  field  experiments  a  water 
column  simulator  to  examine  salmon  behavior  in 
the  laboratory  was  developed.  The  surface  water 
orientation  behavior  of  juvenile  salmon  in  relation 
to  variations  in  salinity  and  dissolved  oxygen  was 
investigated.  Under  simulated  vertically  stratified 
estuarine  conditions,  the  fish  moved  freely  between 
overlying  fresh  water  and  salt  water.  Induction  of 
hypoxic  conditions  in  fresh  water  elicited  a  down- 
ward distribution  shift  towards  the  halocline  and 
oxygenated,  but  more  saline,  waters.  Avoidance 
reactions  (50%  level)  occurred  consistently  up  to 
7-8  mg/L  dissolved  oxygen.  Salmon  continued  to 
examine  the  hypoxic  freshwater  zone  despite  sub- 
optimal  conditions.  (Author's  abstract) 
W90-07301 


USE  OF  SHEEPSHEAD  MINNOW  (CYPRINO- 
DON  VARIEGATUS)  AND  A  BENTHIC  COPE- 
POD  CnSBE  BATTAGLIAI)  IN  SHORT-TERM 
TESTS  FOR  ESTIMATING  THE  CHRONIC 
TOXICITY  OF  INDUSTRIAL  EFFLUENTS. 
Imperial  Chemical  Industries  Ltd.,  Brixham  (Eng- 
land). Brixham  Lab. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07303 


IDENTIFICATION  OF  DEVELOPMENTAL 
TOXICANTS  USING  THE  FROG  EMBRYO 
TERATOGENESIS  ASSAY-XENOPUS  (FETAX). 
Oklahoma  State  Univ.,  Stillwater.  Dept.  of  Zoolo- 
gy- 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07305 


CELLULAR  AND  BIOCHEMICAL  INDICA- 
TORS ASSESSING  THE  QUALITY  OF  A 
MARINE  ENVIRONMENT. 

Quebec  Univ.,  Rimouski. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07306 


ROLE    AND    APPLICATION    OF    ENVIRON- 
MENTAL BIOASSAY  TECHNIQUES  IN  SUP- 
PORT OF  THE  IMPACT  ASSESSMENT  AND 
DECISION-MAKING    UNDER    THE    OCEAN 
DUMPING  CONTROL  ACT  IN  CANADA. 
Environmental    Protection    Service,    Dartmouth 
(Nova  Scotia).  Marine  Environmental  Branch. 
For  primary  bibliographic  entry  see  Field  5E. 
W90-07307 


APPLICATION  OF  COMBINED  TISSUE  RESI- 
DUE   CHEMISTRY    AND    PHYSIOLOGICAL 
MEASUREMENTS   OF   MUSSELS   (MYTTLUS 
EDULIS)  FOR  THE  ASSESSMENT  OF  ENVI- 
RONMENTAL POLLUTION. 
Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07293 


BIOLOGICAL  ASSESSMENT  OF  CONTAMI- 
NATED SEDIMENT-THE  DETROIT  RIVER 
EXAMPLE. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07294 


METHOD  FOR  STUDYING  THE  IMPACT  OF 
POLLUTED  MARINE  SEDIMENTS  ON  IN- 
TERTIDAL  COLONISING  ORGANISMS; 
TESTS  WITH  DDZSEL-BASED  DRILLING 
MUD  AND  TRD3UTYLITN  ANTDTOULING 
PAINT. 

Ministry  of  Agriculture,  Fisheries  and  Food,  Burn- 
ham  on  Crouch  (England).  Fisheries  Lab. 
For  primary  bibliographic  entry  see  Field  5A. 


IN  SITU  AND  LABORATORY  STUDLES  ON 
THE  BEHAVIOR  AND  SURVIVAL  OF  PACIF- 
IC SALMON  (GENUS  ONCORHYNCHUS). 

Department  of  Fisheries  and  Oceans,  Vancouver 
(British  Columbia).  West  Vancouver  Lab. 
I.  K.  Birtwell,  and  G.  M.  Kruzynski. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  543-560, 
December  1989.  5  fig,  5  tab,  38  ref. 

Descriptors:  'British  Columbia,  'Estuaries,  'Fish 
behavior,  'Pulp  wastes,  'Salmon,  'Wastewater 
pollution,  'Water  pollution  effects,  Dissolved 
oxygen,  Hydrogen  ion  concentration,  Hypoxic 
conditions,  In  situ  tests,  Industrial  wastewater,  Sa- 
linity, Stratification,  Water  temperature. 

Many  estuaries  in  British  Columbia  are  vertically 
stratified  with  a  shallow,  well-defined  halocline 
which  can  restrict  the  dispersion  of  wastes  dis- 
charged into  less  saline  surface  waters  and  impose 
constraints  upon  aquatic  organisms.  In  situ  experi- 
ments in  an  estuary  receiving  a  surface  discharge 
of  treated  pulp  mill  wastes,  revealed  conditions 
which  were  lethal  to  underyearling  salmon  at,  and 
below  the  halocline  (4.0-6.5  m  depth).  Behavioral 
bioassays  determined  that  juvenile  chinook  salmon 
were  biased  towards  the  water  surface  and  avoided 
waters  at  depth.  Dissolved  oxygen  was  the  vari- 
able which  affected  this  distribution  most  signifi- 


IN  SITU  BIOASSESSMENT  OF  DREDGING 
AND  DISPOSAL  ACTIVITIES  IN  A  CONTAMI- 
NATED ECOSYSTEM:  TORONTO  HARBOR. 

Department  of  Fisheries  and  Oceans,  Burlington 

(Ontario).    Great   Lakes   Lab.   for   Fisheries   and 

Aquatic  Sciences. 

M.  Munawar,  W.  P.  Norwood,  L.  H.  McCarthy, 

and  C.  I.  Mayfield. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  601-618, 

December  1989.  6  fig,  5  tab,  19  ref. 

Descriptors:  'Bioassay,  'Dredging  wastes,  'Plank- 
ton, 'Sediment  contamination,  'Toronto  Harbor, 
'Toxicity,  'Water  pollution  effects,  Don  River, 
Impact  assessment,  In  situ  tests,  Industrial 
wastewater,  Productivity,  Size,  Wastewater  pollu- 
tion. 

The  contamination  of  Toronto  Harbor  is  a  very 
serious  problem.  The  major  sources  of  pollution 
are  the  Don  River  and  sewer  outflows,  as  well  as 
industrial,  and  municipal  effluents.  The  problem  is 
further  compounded  by  perturbations  of  the  toxic 
sediment  caused  by  dredging,  dredge-disposal, 
navigation,  and  recreational  activities.  The  impact 
of  contamination  and  nutrient  enrichment  was  re- 
flected in  the  size-fractionated  primary  productivi- 
ty experiments.  Generally,  microplankton/net- 
plankton    (>20    microm)    productivity    was    en- 
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hanced  whereas  ultraplankton  (<20  microm)  pro- 
ductivity was  inhibited.  These  observations  are 
attributable  to  interactions  between  ameliorating 
nutrients  and  toxic  contaminants  as  well  as  to  the 
differential  sensitivity  of  natural  phytoplankton 
size  assemblages  to  the  bioavailable  chemical 
regime.  In  situ  environmental  techniques  applied  in 
Toronto  Harbor  were  effective,  sensitive,  and 
rapid,  and  provided  a  better  understanding  of  the 
impact  of  dredging/disposal  activities  under  natu- 
ral conditions.  These  techniques  have  great  poten- 
tial in  the  assessment  of  the  ecotoxicology  of  har- 
bors and  other  stresses  environments.  (Author's 
abstract) 
W90-07308 


ASSESSING  THE  IMPACT  OF  EPISODIC  POL- 
LUTION. t        ^     ,     .. 
Water  Research  Centre,  Medmenham  (England). 
Medmenham  Lab. 
J  Seager,  and  L.  Maltby. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  633-640, 
December  1989.  3  fig,  18  ref. 

Descriptors:  'Bioassay,  *  Environmental  impact, 
•Episodic  pollution,  'Toxicity,  'Water  pollution 
effects,  Model  studies,  Prediction,  Rainfall,  Time 
series  analysis,  Water  quality. 

Episodic  pollution,  particularly  from  farm  wastes 
and  combined  sewer  overflows  continues  to  pose  a 
major  problem,  and  is  one  of  the  main  causes  of 
poor  quality  rivers.  However,  the  majority  of  eco- 
toxicological  studies  to  date  have  been  concerned 
with  the  effects  of  continuous  exposure.  Although 
such  studies  may  provide  a  means  of  predicting  the 
impact  of  episodic  pollution  events,  a  more  appro- 
priate test  design  would  be  to  assess  toxicity  under 
pulsed  and  fluctuating  exposure.  A  review  of  the 
results  of  reported  studies  relevant  to  the  investiga- 
tion of  episodic  pollution  paying  particular  atten- 
tion to  the  effects  of  magnitude,  duration  and  fre- 
quency of  exposure  is  presented.  The  prediction  of 
responses  of  aquatic  organisms  to  pulses  of  pollut- 
ants involves  one  of  two  approaches;  either  direct 
experimentation  under  controlled  conditions,  or 
the  application  of  dynamic  models  to  data  from 
more  conventional  continuous  exposure  bioassays. 
Water  quality  models  based  on  rainfall  time  series 
data  are  being  developed  that  will  allow  the  pre- 
diction of  impacts  of  intermittent  discharges  on 
receiving  water  quality  in  terms  of  magnitude, 
duration,  and  frequency  of  events.  (White-Reimer- 
PTT) 
W90-07310 

ACUTE  TOXICITY  OF  INDUSTRIAL  AND  MU- 
NICIPAL EFFLUENTS  IN  THE  STATE  OF 
MARYLAND,  USA:  RESULTS  FROM  ONE 
YEAR  OF  TOXICITY  TESTING. 

Johns  Hopkins  Univ.,  Laurel,  MD.  Applied  Phys- 
ics Lab. 

For  primary  bibliographic  entry  see  Field  5A. 
W9O-07311 

RESTORATION  OF  FISH  COMMUNITIES  OF 
THE  RHINE  RIVER  TWO  YEARS  AFTER  A 
HEAVY  POLLUTION  WAVE. 

Forschungsinstitut   und   Natur-Museum   Sencken- 
berg,  Frankfurt  am  Main  (Germany,  F.R.). 
A.  Lelek,  and  C.  Kohler. 

Regulated  Rivers  Research  &  Management 
RRRMEP,  Vol.  5,  No.  1,  p  57-66,  January/Febru- 
ary 1990.  4  fig,  2  tab,  12  ref. 

Descriptors:  'Rhine  River,  *River  fisheries,  'Self- 
purification,  'Species  composition,  'Water  pollu- 
tion effects,  'West  Germany,  Biotic  communities, 
History,  Long-term  changes,  Pesticides,  Spills, 
Succession. 

The  Rhine  River,  a  former  salmonid  river,  has 
been  transformed  into  a  ship  canal.  Pollution  in- 
creased steadily  into  the  1960s  and  1970s.  Im- 
proved water  quality  in  the  1980s  was  followed  by 
an  increase  in  abundance  of  several  species  and  in 
faunal  diversity.  Originally  47  spp.  of  fish  inhabited 
the  Rhine;  now  40  indigenous  and  15  introduced 
species  live  in  the  river.  In  November  1986,  a 
heavy  pollution  wave  resulted  from  the  Sandoz 


Accident  in  which  a  fire  in  a  storehouse  containing 
fungicides  and  insecticides  led  to  the  introduction 
into  the  river  of  pesticides  and  fire-fighting  wastes. 
Two  determine  what  lasting  effect  this  incident 
had,  if  any,  fish  were  sampled  by  electrofishing  at 
200  stations  between  Basel,  Switzerland,  and  Em- 
merich, near  the  Dutch  border,  a  stretch  of  almost 
700  km.  More  than  19,000  individuals  were  ob- 
tained. Despite  early  concerns  to  the  contrary  the 
Rhine  fish  fauna  was  not  severely  damaged  by  the 
Sandoz  Accident.  Most  of  the  changes  in  the  fauna 
occurred  much  earlier,  between  1890  and  1950,  so 
that  the  post-accident  fish  fauna  is  not  substantially 
different  from  the  pre-accident  fauna,  which  was 
already  considerably  altered  from  the  natural  fauna 
of  the  Rhine.  (Rochester-PTT) 
W9O-07335 


CADMIUM  EXPOSURE  AND  HEALTH  EF- 
FECTS AMONG  RESIDENTS  IN  AN  IRRIGA- 
TION AREA  WITH  ORE  DRESSING 
WASTEWATER. 

Institute  of  Environmental  Health  and  Engineer- 
ing, Beijing  (China). 

S.  Cai,  L.  Yue,  Z.  Hu,  X.  Zhong,  and  Z.  Ye. 
Science  of  the  Total  Environment  STENDL,  Vol. 
90,  p  67-73,  January  1990.  3  tab,  10  ref. 

Descriptors:  'Cadmium,  'China,  'Mine  wastes, 
'Public  health,  'Wastewater  irrigation,  Human 
diseases,  Path  of  pollutants,  Pathology,  Tissue 
analysis,  Toxicity,  Tungsten  ore. 

About  0.05  mg/L  Cd  was  found  in  irrigation  water 
contaminated  by  wastewater  discharged  from 
tungsten  ore  dressing  plants,  and  about  1  mg/kg 
Cd  was  found  in  irrigated  acid  soils.  The  main 
sources  of  Cd  intake  by  residents  of  the  polluted 
areas  (Dayu  County,  China)  are  agricultural  prod- 
ucts. The  average  intake  of  Cd  was  367-382  micro- 
gram/day  and  for  smokers  417  microgram/day. 
Among  the  residents  who  have  been  exposed  to 
Cd  for  more  than  25  yr,  cadmium  adsorption  (uri- 
nary Cd  >  or  =  10  microgram/g  creatinine)  was 
60%  and  an  early  effect  on  the  target  organ  (uri- 
nary Cd  >  or  =  15  microgram/g  creatinine  and 
urinary  beta2-microglobulin  >  or  =  500  micro- 
gram/g creatinine)  was  detected  in  17%  of  a 
sample  of  433  persons.  Levels  of  urinary  Cd  and 
blood  Cd  exceeded  the  critical  value  in  the  ex- 
posed group.  The  concentrations  of  urinary  calci- 
um, beta2-microglobulin  and  N-acetyl-beta-D-glu- 
cosaminidase  were  significantly  high  in  residents  of 
contaminated  areas  than  in  those  of  control  areas. 
Case-control  studies  of  residents  show  that  many 
have  suffered  from  a  nephropathy  with  tubulo- 
interstitial  abnormalities.  Owing  to  the  combined 
Cd  effect,  the  cases  with  fractional  beta2-microglo- 
bulin  excretion  >  0. 10  were  46.6%  in  the  exposed 
population,  and  were  much  higher  than  in  the 
control  group  (20.3%).  (Author's  abstract) 
W90-07340 


BANNING  TRICHLOROETHYLENE:  RE- 
SPONSIBLE REACTION  OR  OVERKILL. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Civil  Engi- 
neering. ._ 
For  primary  bibliographic  entry  see  Field  5(_r. 
W90-07364 


GEOTOXICOLOGY  OF  MULTIPLE  SCLERO- 
SIS: THE  HENRIBOURG,  SASKATCHEWAN, 
CLUSTER  FOCUS:  I.  THE  WATER. 

Saskatchewan  Univ.,  Saskatoon.  Toxicology  Re- 
search Centre. 

D.  G.  Irvine,  H.  B.  Schiefer,  and  W.  J.  Hader. 
Science  of  the  Total  Environment  STENDL,  Vol. 
84,  p  45-59,  August   1989.    1   fig,  3  tab,   34  ref. 

Descriptors:  'Epidemiology,  'Human  diseases, 
'Saskatchewan,  'Trace  elements,  'Water  chemis- 
try, 'Water  pollution  effects,  Barium,  Calcium, 
Chlorides,  Chromium,  Geochemistry,  Magnesium, 
Manganese,  Molybdenum,  Nitrates,  Nitrites,  Sele- 
nium, Strontium,  Zinc. 

Some  childhood-related,  geographically-linked 
factor  predisposes  towards  (or  protects  against) 
multiple  sclerosis  (MS).  To  test  this  hypothesis,  the 
chemical  characteristics  of  the  water  used  by  Hen- 


ribourg,  Saskatchewan,  a  representative  geographi- 
cal cluster-foci  for  MS,  is  compared  and  contrasted 
with  appropriate  norms  from  North  America,  and 
with  the  chemistry  of  an  area  of  Saskatchewan 
where  both  the  incidence  of  MS  and  the  frequency 
of  childhood  homes  of  MS  cases,  are  very  low. 
Water  samples  in  Henribourg  were  taken  from  two 
wells,  one  of  which  was  known  to  have  been  the 
water  supply  for  at  least  two  persons  who  subse- 
quently developed  MS,  and  the  other  provided 
water  for  the  school  and  all  but  two  of  the  dwell- 
ings involved.  Another  sample  was  drawn  from 
the  nearby  river  where  the  MS  victims  had  played 
as  children.  The  samples  were  taken  according  to 
standard  methods  and  analyzed  by  a  single  analyti- 
cal laboratory  using  standard  methods,  with  the 
exception  of  selenium,  which  was  analyzed  in  a 
laboratory  specializing  in  the  environmental  be- 
havior of  this  element.  Overall,  the  results  suggest 
that  an  environment  predisposing  to  MS  may  have 
a  number  of  water  chemistry  characteristics  such 
as:  relative  deficiency  of  selenium  and  sulfate,  but 
relative  abundance  of  barium,  calcium,  chloride, 
chromium,  magnesium,  manganese,  molybdenum, 
nitrate  plus  nitrite,  strontium  and  zinc.   Possible 
explanations  for  the  apparent  link  between  the 
excess  rate  of  MS  and  the  water  geochemistry 
findings  at  Henribourg  include:  predisposition  to 
the  disease  from  the  presence  of  or  lack  of  a 
certain  element,  a  direct  toxic  effect  of  an  element, 
a  passive  role  of  an  element  in  increasing  disease 
risk,  a  modulating  role  of  an  element  in  increasing 
the  functional  effectiveness  of  infective  or  parasitic 
organisms  or  of  their  alternate  hosts  or  vectors, 
and  other  more  insidious  etiologies.  (Author's  ab- 
stract) 
W90-O7390 

MUTAGENIC  ACTIVITY  IN  GROUNDWATER 
IN  RELATION  TO  MOBJXIZATION  OF  OR- 
GANIC MUTAGENS  IN  SOIL. 

Stichting    Waterlaboratorium    Oost,    Doetinchem 

(Netherlands). 

H.  J.  Kool,  C.  F.  Van  Kreyl,  and  S.  Persad. 

Science  of  the  Total  Environment  STENDL,  Vol. 

84,  p  185-199,  August  1989.  8  fig,  1  tab,  13  ref. 

Descriptors:  'Groundwater  pollution,  'Leaching, 
•Mutagenicity,  'Mutagens,  'Soil  chemistry, 
'Water  pollution  sources,  Drinking  water, 
Groundwater,  Organic  matter,  Percolation,  Rain, 
Soil  water,  The  Netherlands. 

The  presence  of  mutagenic  activity  (Ames  Salmo- 
nella-microsome  assay)  in  different  types  of  uncon- 
taminated  Dutch  soils  was  demonstrated  in  soil 
samples  taken  at  four  locations  in  The  Netherlands. 
The  samples  were  prepared  for  column  elution 
with  different  organic  solvents  or  with  water.  Sol- 
vents were  removed  by  rotary  evaporation  and  dry 
residues  were  dissolved  in  dimethylsulfoxide. 
Eluates  were  tested  for  mutagenicity  by  the  Ames 
Salmonella-microsome  assay  with  rat  liver  S-9,  in- 
duced by  Aroclor  1254.  The  mutagenic  activity  of 
the  soil  was  mobilized  by  eluting  the  soils  with 
organic  solvents.  The  highest  mutagenic  activity 
was  obtained  using  dimethylsulfoxide  as  solvent. 
The  organic  mutagens  could  also  be  mobilized  by 
percolating  the  soils  with  rain  water,  although  this 
phenomenon  was  not  always  observed.  These  find- 
ings suggest  that  the  organic  mutagens  found  in 
groundwater  may,  at  least  in  part,  arise  from  mobi- 
lization of  organic  mutagens  in  soil  by  rain  water. 
(Geiger-PTT) 
W90-07397 


MUTAGENIC  ACTIVITY  AND  PRESENCE  OF 
THE  STRONG  MUTAGEN  3-CHLORO-4- 
(DICHLOROMETHYL)-5-HYDROXY-2-(5H)- 
FURANONE  (MX)  IN  CHLORINATED  RAW 
AND  DRINKING  WATERS  IN  THE  NETHER- 
LANDS. 

Abo  Akademi,  Turku  (Finland).  Dept.  of  Organic 
Chemistry. 

P.  Backlund,  E.  Wondergem,  K.  Voogd,  and  A.  de 
Jong. 

Science  of  the  Total  Environment  STENDL,  Vol. 
84,  p  273-282,  August  1989.  2  fig,  2  tab,  33  ref. 
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Group  5C— Effects  Of  Pollution 

Descriptors:  •Chlorination,  'Drinking  water,  •Mu- 
tagenicity, 'Mutagens,  'Raw  water,  'The  Nether- 
lands, 'Water  pollution  effects,  'Water  pollution 
sources,  'Water  treatment,  Activated  carbon, 
Chlorine,  Coagulation,  Filtration,  Ozonation,  Sur- 
face water. 

Chlorinated  surface  and  drinking  waters  in  The 
Netherlands  were  analyzed  for  mutagenic  activity 
(Ames  test)  and  the  strong  mutagen  3-chloro-4- 
(dichloromethyl)-5-hydroxy-2(5H)-furanone  (MX). 
Mutagenic  activity  and  MX  were  formed  during 
chlorine  treatment  of  raw  surface  waters  and  puri- 
fied surface  water.  Mutagenicity  was  also  present 
in  finished  drinking  waters  which  had  been  sub- 
jected to  post-chlorination,  but  no  MX  could  be 
detected.  It  is  proposed  that  the  mutagens  responsi- 
ble for  most  of  the  activity  are  acidic  compounds 
as  they  were  mainly  extractable  under  acidic  con- 
ditions. The  precursors  to  the  mutagenic  com- 
pounds formed  during  post-chlorination  of  drink- 
ing water  were  efficiently  removed  by  use  of  ozon- 
ation/activated  carbon  filtration.  On  the  other 
hand,  coagulation  (Fe(III))  in  the  presence  of  acti- 
vated carbon  powder  seemed  to  have  hardly  any 
effect  on  the  mutagen  precursors.  The  calculated 
mutagenicity  contribution  from  MX  to  the  ob- 
served Salmonella  typhimurium  strain  TA100  ac- 
tivity in  the  waters  studied  was  <20%.  (Author's 
abstract) 
W90-07400 


EFFECTS  OF  WATERING  AND  SIMULATED 
ACID  RAIN  ON  QUANTITY  OF  PHYLLOS- 
PHERE  FUNGI  OR  BIRCH  LEAVES. 

Turku  Univ.  (Finland).  Dept.  of  Biology. 
M.  L.  Helander,  and  A.  Rantio-Lehtimaki. 
Microbial  Ecology  MCBEBU,  Vol.  19,  No.  1,  p 
119-125,  January/February  1990.  2  fig,  2  tab,  19 
ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Birch 
trees,  'Fungi,  'Trees,  Hydrogen  ion  concentration, 
Microflora,  Nitric  acid,  Phyllosphere  fungi,  Simu- 
lated rainfall,  Sulfuric  acid. 

The  effects  of  simulated  acid  rain  on  the  popula- 
tion of  birch  phyllosphere  fungi  and  species/ 
genera/group  composition  of  fungi  on  birch  leaves 
were  investigated  in  a  field  study  in  the  subarctic 
region  of  northern  Finland.  The  acid  rain  treat- 
ments consisted  of  a  mixture  of  sulfuric  acid  and 
nitric  acid  with  a  mass  ratio  of  2.86:1  (S:N)  with 
acidities  of  pH  4  and  pH  3.  Dry  control  plots 
received  only  natural  precipitation;  irrigated  con- 
trol plots  received  spring  water  (pH  6)  in  a  volume 
equal  to  the  acid  treatment  plots.  Treatments  began 
in  1985.  Culturing  of  the  fungi  inhabiting  the  birch 
leaves  was  performed  five  times  during  the 
summer  of  1988.  The  number  of  fungal  colonies 
was  significantly  decreased  on  one  of  five  sampling 
dates  in  the  pH  4  treatment  and  on  three  of  five 
sampling  dates  in  the  pH  3  treatment.  Irrigation 
with  spring  water  did  not  have  a  significant  effect. 
The  acid  rain  treatments  affected  the  microflora  of 
the  upper  branches  (at  a  height  of  2m)  and  of  the 
lower  branches  (at  a  height  of  0.5  cm)  equally.  The 
lower  branches  had  significantly  more  fungi  than 
the  upper  ones  on  three  of  five  sampling  dates.  The 
number  of  phyllosphere  fungi  isolated  from  birch 
leaves  was  greater  in  late  summer  than  in  early 
summer.  The  most  abundant  taxon  (ca.  80%)  was 
Aureobasidium  pullulans,  followed  by  Hormonema 
sp.  and  zygomycetes.  (Author's  abstract) 
W90-07413 


CYANOBACTERIA  (BLUE-GREEN  ALGAE)  IN 
WISCONSIN  WATERS:  ACUTE  AND  CHRON- 
IC TOXICITY. 

Wisconsin  Univ.-Madison.  Lab.  of  Hygiene. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07425 


DEVELOPMENT  OF  CRITICAL  LIFE  STAGE 

ASSAYS:  TERATOGENIC  EFFECTS  OF  ASH 

BASIN       EFFLUENT      COMPONENTS      ON 

FRESHWATER    FISH,    GAMBUSIA    AFFINIS 

ANDDAPHNIA. 

Voorhees  Coll.,  Denmark,  SC. 

M.  S.  Guram,  and  B.  Boatwright. 


Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE88-O11510. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  DOE/SR/1 8001-1,  April  6,  1988.  29p, 
37  fig.  DOE  Contract  DOE/SR/1 8001-1. 

Descriptors:  'Daphnia,  'Fish,  'Fisheries,  'Gambu- 
sia,  'Life  history  studies,  'Savannah  River  Plant, 
•Teratogenic  effects,  'Water  pollution  effects, 
Ash,  Toxicity. 

The  Voorhees  College  research  project  directed 
toward  describing  and  evaluating  the  reproductive 
activity  of  a  representative  fish  species  (Gambusia) 
in  several  ponds  on  the  Savannah  River  Project 
(SRP)  property  has  established  several  important 
points  during  the  first  phase  (year  1)  of  its  oper- 
ation. It  has  been  demonstrated  that  significant 
numbers  of  the  selected  fish  can  be  obtained  from 
each  of  the  test  ponds,  and  can  be  returned  to  the 
Voorhees  College  laboratories  in  good  physiologi- 
cal condition.  Forty  individual  fry  rearing  tanks 
are  now  functioning  with  capture  of  fry  being 
carried  out  as  they  are  delivered  by  each  female 
fish.  Preservation  of  fry  is  made  in  Bouins  solution 
for  detailed  analysis  of  any  abnormalities.  The  goal 
of  the  first  phase  is  to  establish  a  year  long  (several 
seasons)  profile  of  the  number  of  fry  delivered  per 
female  fish,  presence  or  absence  of  abnormal  fry  at 
birth,  variation  in  fry  between  successive  deliveries 
of  fry,  variations  throughout  the  year,  and  vari- 
ations of  fry  characteristics  between  the  several 
ponds  from  which  the  adult  female  fish  were  ob- 
tained. Several  additional  objectives  have  been 
added  to  the  overall  plan  of  research.  These  have 
arisen  due  to  experience  in  conducting  the  initial 
phase  of  the  experimental  protocol,  and  include: 
(1)  additional  ponds  on  the  SRP  will  be  visited  and 
pregnant  (gravid)  Gambusia  collected  from  each. 
Approximately  20  females  will  be  collected,  placed 
in  individual  tanks,  and  fry  recovered  as  they  are 
bom;  (2)  additional  rearup  tanks  and  pumps  will  be 
necessary  to  handle  the  increased  population  of 
gravid  female  Gambusia  to  be  collected;  and  (3)  it 
is  proposed  to  run  parallel  studies  of  fish  and  their 
fry  from  each  pond.  One  series  would  allow  the 
fry  to  develop  for  further  observation  and  meas- 
urements over  a  period  of  several  weeks  or 
months.  (Lantz-PTT) 
W90-07463 


BIOLOGICAL  TESTING  OF  SEDIMENT  FOR 
THE  OLYMPIA  HARBOR  NAVIGATION  IM- 
PROVEMENT PROJECT,  1988:  GEODUCK, 
AMPHIPOD,  AND  ECHINODERM  BIOAS- 
SAYS. 

Battelle  Pacific  Northwest  Labs.,  Sequim,  WA. 
Marine  Research  Lab. 
J.  A.  Ward,  J.  Q.  Word,  and  L.  D.  Antrim. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE89-011355. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  PNL-6883,  May  1989.  DOE  Contract 
DE-AC06-76RL0- 1 830. 

Descriptors:  'Bioassay,  'Dredging  wastes,  'Puget 
Sound,  'Sediment  analysis,  'Waste  disposal, 
'Water  pollution  effects,  'Water  pollution  preven- 
tion, Amphipods,  Clams,  Echinoderms,  Laborato- 
ry methods,  Lethal  limit,  Mortality,  Olympia 
Harbor,  Oysters,  Toxicity,  Washington. 

The  Olympia  Harbor  Navigation  Improvement 
Project  requires  the  dredging  of  about  330,000  cu 
yd  of  sediment  from  the  harbor  entrance  channel 
and  205,185  cu  yd  from  the  turning  basin.  Puget 
Sound  Dredged  Disposal  Analysis  (PSDDA)  par- 
tial characterization  studies  were  used  to  plan  a  full 
sediment  characterization  in  which  chemical  analy- 
ses and  biological  testing  of  sediments  evaluated 
the  suitability  of  the  dredged  material  for  uncon- 
fined,  open-water  disposal.  The  Army  Corps  of 
Engineers,  Seattle  District  contracted  with  other 
government  facilities  to  perform  flow-through 
solid  phase  bioassays  utilizing  juvenile  geoduck 
clams,  and  static  solid  phase  bioassays  using  the 
phoxocephalid  amphipod,  Rhepoxynius  abronius, 
developing  embryos  and  gametes  of  the  purple  sea 
urchin,  Strongylocentrotus  purpuratus,  and  the 
larvae  of  the  Pacific  oyster  Crassostrea  gigas.  The 
results  of  the  geoduck  protocol  development  test 
showed  that  juvenile  geoducks  are  capable  of  sur- 


viving in  both  coarse  and  fine-grained  substrates 
for  a  period  exceeding  10  days,  with  an  optimum 
sediment  depth  in  the  test  containers  of  2  cm.  The 
definitive  test  results  indicated  no  significant  differ- 
ence between  Olympia  Harbor  (test)  and  reference 
sediment  treatment.  Amphipod  tests  indicated  that 
none  of  the  test  treatments  were  statistically  differ- 
ent from  reference  sediment  treatments.  In  com- 
parison to  control  sediment  treatments,  four  of  the 
test  treatments  had  statistically  significant  re- 
sponses which  ranged  from  22  to  31%  below  con- 
trol treatment  response.  The  sea  urchin  larval  de- 
velopment tests  showed  that  none  of  the  test  treat- 
ments were  statistically  different  from  the  refer- 
ence sediment  treatment.  However,  all  of  the  test 
treatments  had  at  least  a  40%  greater  mortality  in 
comparison  to  control  treatments.  The  oyster 
larvae  tests  were  not  valid  due  to  unacceptably 
high  control  mortality.  When  the  results  of  these 
biological  tests  were  evaluated  under  PSDDA 
guidelines,  it  was  found  that  all  the  tested  sediment 
treatments  from  Olympia  Harbor  are  suitable  for 
unconfined  open-water  disposal.  (Author's  ab- 
stract) 
W9O-O750O 


SHORT-TERM  METHODS  FOR  ESTIMATING 
THE  CHRONIC  TOXICITY  OF  EFFLUENTS 
AND  RECEIVING  WATERS  TO  MARINE  AND 
ESTUARTNE  ORGANISMS. 

Environmental  Protection  Agency,  Cincinnati, 
OH.  Office  of  Research  and  Development. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-220503. 
Price  codes:  A18  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA-600/4-87/028,  May  1988.  427p,  2 
fig,  1  tab,  285  ref,  7  append.  Edited  by  Cornelius  I. 
Weber,  William  B.  Horning,  Donald  J.  Klemm, 
Timothy  W.  Neiheisel,  Philip  A.  Lewis,  and 
Ernest  L.  Robinson. 

Descriptors:  'Chronic  toxicity,  'Data  interpreta- 
tion, 'Estuarine  environment,  'Marine  environ- 
ment, 'Toxicity,  'Toxicology,  'Water  pollution 
effects,  Algae,  Bioassay,  Biological  studies,  Echin- 
oderms, Handbooks,  Laboratory  methods, 
Minnow,  Mysids,  Silverside. 

Six  short-term  (one-hour  to  nine-day)  methods  are 
described  for  estimating  the  chronic  toxicity  of 
effluents  and  receiving  waters  to  five  species:  the 
sheepshead  minnow,  Cyprinodon  variegatus;  the 
inland  silverside,  Menidia  berylhna;  the  mysid, 
Mysidopsis  bahia;  the  sea  urchin,  Arbacia  punctu- 
lata,  and  the  red,  macroalgae,  Champia  parvula. 
Also  included  are  guidelines  on  laboratory  safety, 
quality  assurance,  facilities  and  equipment,  dilution 
water,  effluent  sampling  and  holding,  data  analysis, 
report  preparation,  and  organism  culturing  and 
handling.  Listings  of  computer  programs  for  Dun- 
nett's  Procedure  and  Probit  Analysis  are  provided 
in  the  Appendix.  (Author's  abstract) 
W90-07505 


5D.  Waste  Treatment  Processes 


DESAL-5  MEMBRANE  FOR  WATER  SOFTEN- 
ING. 

Desalination  Systems,  Inc.,  Escondido,  CA. 
For  primary  bibliographic  entry  see  Field  5F. 
W90-06562 


OPTIMIZATION  OF  SLUDGE  ANAEROBIC 
DIGESTION  BY  SEPARATION  OF  HYDROLY- 
SIS-ACIDDTICATION  AND  METHANOGENE- 
SIS. 

Lyonnaise  des  Eaux,  Le  Pecq  (France).  Lab.  Cen- 
tral. 

C.  Perot,  and  D.  Amar. 

Environmental  Technology  Letters  ETLEDB, 
Vol.  10,  No.  7,  p  633-644,  July  1989.  5  fig,  4  tab,  15 
ref. 

Descriptors:  'Hydrolysis,  'Methanogenesis, 
•Sludge  digestion,  'Wastewater  treatment,  Anaer- 
obic digestion,  Sludge  treatment. 

In  order  to  provide  better  environmental  protec- 
tion, wastewater  treatment  methods  have  become 
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increasingly  effective.  However,  for  a  given 
volume  of  effluent,  sludge  production  is  gradually 
increasing.  Consequently,  sludge  treatment  costs 
are  also  rising.  As  a  result,  improvement  of  organic 
matter  degradation  efficiency  has  become  neces- 
sary. In  this  study,  a  two-phase  anaerobic  digestor 
with  an  optimized  hydrolysis-acidification  reactor 
was  compared  with  a  single-step  digestor  for  mu- 
nicipal mixed  sludge.  Results  from  the  two  proc- 
esses were  compared  using  the  statistical  test  of 
Behrens-Fisher.  Advantages  of  the  two-phase  di- 
gestor are:  steady-state  conditions  are  reached  after 
45  days  instead  of  75  days  for  the  single-stage 
process;  volatile  suspended  solids  are  60%  degrad- 
ed instead  of  40%  degraded;  and  retention  time  is 
decreased  from  25  days  to  11.6  days.  This  study 
demonstrates  the  advantages  of  optimizing  the  lim- 
iting step  in  anaerobic  sludge  digestion  in  order  to 
increase  the  degradation  efficiency.  (Brunone- 
PTT) 
W9O-06614 


PERFORMANCE  AND  KINETICS  OF  AN  AC- 
TIVATED SLUDGE  SYSTEM  TREATING 
WASTEWATER  CONTAINING  BRANCHED 
ALKYLBENZENE  SULPHONATES. 

Malaya  Univ.,  Kuala  Lumpur  (Malaysia).  Dept.  of 

Chemical  Engineering. 

M.  A.  Hashim,  J.  Kulandai,  and  R.  S.  Hassan. 

Environmental    Technology    Letters    ETLEDB, 

Vol.  10,  No.  7,  p  645-652,  July  1989.  4  fig,  3  tab,  15 

ref. 

Descriptors:  *Activated  sludge,  *Alkylbenzene 
sulfonates,  *Detergents,  'Wastewater  treatment, 
Biodegradation,  Biological  oxygen  demand,  Chem- 
ical oxygen  demand,  Enzymes,  Solids  retention 
time,  Water  pollution  effects. 

The  presence  of  recalcitrant  detergents  in 
wastewaters  are  known  to  cause  problems  in  rivers 
as  well  as  in  sewage  treatment  plants.  These  prob- 
lems include  toxicity  to  microorganisms  and  fish, 
reduction  of  oxygen  transfer  into  water,  eutroph- 
ication,  and  foaming  which  results  in  the  transmis- 
sion of  pathogenic  microorganisms  and  the  remov- 
al of  active  biomass  into  the  foam  layer.  Treatment 
of  a  wastewater  containing  high  concentrations  of 
branched  alkylbenzene  sulphonates,  123  to  250 
mg/liter  methylene  blue  active  substances 
(MBAS),  was  achieved  through  an  activated 
sludge  system  with  recycling.  The  biological 
oxygen  demand,  chemical  oxygen  demand,  and 
MBAS  levels  of  the  recalcitrant  wastewater  were 
reduced  by  87%,  68%,  and  69%,  respectively.  The 
high  value  of  the  substrate  saturation  constant  (111 
mg/liter)  found  for  this  recalcitrant  wastewater 
indicates  a  lack  of  affinity  by  the  enzymes  to  the 
substrate  present.  The  use  of  such  an  activated 
sludge  system  with  recycle  is  an  effective  method 
in  the  treatment  of  a  wastewater  containing  high 
levels  of  branched  ABS.  Given  an  adequate  accli- 
matization period,  together  with  the  proper  choice 
of  solids  retention  time,  the  recalcitrant 
wastewater  can  be  successfully  treated.  (Brunone- 
PTT) 
W90-06615 


seed  for  crystallization  in  batch  experiments.  The 
crystallization  reaction  follows  a  second-order  ki- 
netic law.  The  reaction  constant  is  dependent  upon 
initial  pH,  saturation  index  (SI),  and  ambient  tem- 
perature. The  reaction  constants  were  proportional 
to  both  the  -1.7  power  of  initial  SI  and  the  4.8 
power  of  the  initial  pH.  Free  activated  energy  was 
10.13  kilojoules/mol  for  fluoride.  (Author's  ab- 
stract) 
W90-06616 


and  1.2  L/mg  for  propionate.  Retardation  was 
more  pronounced  in  a  mixed  Ac/Pr  run  than  in 
pure  Ac  and  Pr  runs.  These  retardation  coefficients 
will  have  practical  implications  for  process  control 
as  traditionally,  methanogenesis  form  acetate  is  the 
main  control/monitoring  parameter.  (Author's  ab- 
stract) 
W90-06623 


SIMULTANEOUS  REMOVAL  OF  FLUORIDE 
AND  PHOSPHATE  BY  FLUOROAPATTTE 
CRYSTALLIZATION  WITH  SINTERING  PEL- 
LETS OF  ACITVATED  SLUDGE  ASH. 

Kumamoto  Univ.  (Japan).  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
S.  Nakajima,  H.  Harada,  and  K.  Tanaka. 
Environmental    Technology    Letters    ETLEDB, 
Vol.  10,  No.  7,  p  653-660,  July  1989.  10  fig,  1  tab, 
Href. 

Descriptors:  'Activated  sludge,  'Crystallization, 
•Fluorides,  'Phosphates,  'Wastewater  treatment, 
Ash,  Hydrogen  ion  concentration,  Kinetics,  Satu- 
ration index,  Temperature. 

The  effluent  from  integrated  circuit  production  is  a 
major  source  of  contamination  by  fluoride  in 
wastewater.  A  method  of  fluoride  treatment  by 
fluoroapatite  crystallization  is  described  which  can 
simultaneously  remove  fluoride  and  phosphate. 
For  the  purpose  of  recycling  waste  activated 
sludge,  sintering  pellets  of  sludge  were  used  as  a 


OPTIMIZATION  OF  A  TWO-PHASE  ANAERO- 
BIC DIGESTION  SYSTEM  TREATING  A  COM- 
PLEX WASTEWATER. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England).  Public  Health  Engineering  Lab. 
G.  Dinopoulou,  and  J.  N.  Lester. 
Environmental    Technology    Letters    ETLEDB, 
Vol.  10,  No.  9,  p  799-814,  September  1989.  3  fig,  7 
tab,  31  ref. 

Descriptors:  'Acidogenic  bacteria,  'Anaerobic  di- 
gestion, 'Biological  wastewater  treatment,  'Meth- 
ane bacteria,  'Wastewater  treatment,  Biomass, 
Chemical  oxygen  demand,  Efficiency,  Fluidized 
bed  process,  Pollution  load. 

Physical  separation  of  acidogenic  and  methano- 
genic  bacteria  allows  for  maximization  of  the  rates 
of  acidification  and  methanogenesis  by  application 
of  optimal  operational  conditions.  This  results  in 
better  process  control  and  increased  stability  of  the 
anaerobic  digestion  system.  The  performance  of 
such  a  system,  consisting  of  a  continuous-flow 
stirred  tank  acidogenic  reactor  and  a  methanogenic 
fluidised  bed  reactor  was  assessed  for  different 
ratios  of  the  hydraulic  retention  times  of  the  two 
reactors.  Different  influent  substrate  concentra- 
tions and  organic  loading  rates  were  also  applied. 
The  results  show  that  this  two-phase  system  is 
capable  of  chemical  oxygen  demand  removals  su- 
perior or  similar  to  a  single-stage  system,  when  the 
volume  of  the  methanogenic  reactor  is  reduced  by 
up  to  25%  and  an  equal  volume  of  acidogenic 
reactor  is  introduced.  The  optimum  volume  of 
acidogenic  reactor  was  found  to  be  in  the  range  of 
12  to  25  ppt  of  the  overall  active  volume,  which 
during  the  present  study  allowed  for  a  hydraulic 
retention  time  in  the  range  of  1.7  to  6.8  h.  The 
reduction  of  the  methanogenic  reactor  by  as  much 
as  25  ppt  in  a  two-phase  system  results  in  consider- 
able reduction  of  the  investment  cost  of  the  most 
expensive  pieces  of  equipment  (the  fluidized  bed 
reactor  and  the  recycle  pumps)  and  decreased  op- 
erating costs.  Further  savings  are  also  achieved 
due  to  the  improved  quality  of  the  biogas  evolved. 
(Brunone-PTT) 
W90-06622 

EFFECT  OF  PH  ON  SULFIDE  TOXICITY  TO 
ANAEROBIC  PROCESSES. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

J.  A.  Oleszklewicz,  T.  Marstaller,  and  D.  M. 
McCartney. 

Environmental  Technology  Letters  ETLEDB, 
Vol.  10,  No.  9,  p  815-822,  September  1989.  6  fig,  2 
tab,  1 1  ref. 

Descriptors:  'Anaerobic  digestion,  'Hydrogen  ion 
concentration,  'Sulfides,  'Toxicity,  'Wastewater 
treatment,  Acetates,  Biodegradation,  Biological 
wastewater  treatment,  Butyrates,  Lactate,  Propio- 
nate. 

Anaerobic  treatment  processes  applied  to  sludge 
and  industrial  wastewater  often  suffer  from  toxici- 
ty of  sulfide  generated  by  sulfate  reducing  bacteria. 
Effects  of  sulfide  on  anaerobic  degradation  of  lac- 
tate, butyrate,  propionate  (Pr)  and  acetate  (Ac) 
were  studied  in  batch  serum  bottles.  Maintenance 
of  a  higher  pH  =  7.7-7.9  allowed  for  the  tolerance 
of  a  much  higher  concentration  of  sulfide,  pointing 
to  un-ionized  hydrogen  sulfide  as  the  inhibitory 
sulfide  species.  Concentration  thresholds  of  50% 
inhibition  by  total  and  un-ionized  sulfide  were  de- 
termined. Lactate  utilization  was  the  least  affected 
while  propionate  degradation  was  the  most  affect- 
ed by  sulfide.  Data  analysis  using  semi-log  graphs 
of  substrate  utilization  rates  vs.  sulfide,  produced 
retardation  coefficients  (k)  of  0.6  L/mg  for  acetate 


SIMULTANEOUS    REMOVAL   OF   OIL   AND 

HEAVY       METALS       FROM       INDUSTRIAL 

WASTEWATERS     USING     HYDROXIDE     OR 

SULFIDE  PRECIPITATION  COUPLED  WITH 

AIR  FLOTATION. 

Argonne  National  Lab.,  IL.  Energy  Systems  Div. 

R.  W.  Peters,  and  G.  F.  Bennett. 

Hazardous     Waste     and     Hazardous     Materials 

HWHME2,  Vol.  6,  No.  4,  p  327-345,  Fall  1989.  8 

fig,  2  tab,  30  ref. 

Descriptors:  'Air  flotation,  'Bases,  'Chemical  pre- 
cipitation, 'Heavy  metals,  'Industrial  wastewater, 
•Oil,  'Sulfides,  'Wastewater  treatment,  Chemical 
treatment,  Copper,  Lead,  Zinc. 

A  combined  chemical-precipitation/air-flotation 
system  was  studied  to  simultaneously  remove 
heavy  metals  and  oil  from  a  synthetic  wastewater 
typically  containing  25  mg/liter  each  of  copper, 
lead,  and  zinc,  plus  1000  mg/liter  of  oil.  The 
wastewaters  were  subjected  to  hydroxide  or  sul- 
fide treatment  and  collectors  simultaneously  with 
air  flotation.  The  precipitants  were  mixed  rapidly 
into  solution  for  2  minutes,  followed  by  a  flotation 
time  of  4  minute.  The  effects  of  various  collectors 
and  their  dosages,  as  well  as  the  type  of  precipi- 
tant, were  examined  in  terms  of  removals  of  oils 
and  heavy  metals.  Five  different  chemical  collec- 
tors were  investigated:  sodium  lauryl  sulfate 
(NaLS),  Atlasep  2A2,  Nalco-7182,  Nalco-7734, 
and  TFL  365.  Applied  collector  dosages  ranged 
from  0-1442  mg/liter.  Removals  of  heavy  metals 
and  oils  of  at  least  93.85%  can  be  attained  using 
this  innovative  technology.  The  residual  concen- 
trations are  sensitive  functions  of  pH,  collector 
type  and  dosage,  precipitant  type,  and  air-injection 
rate.  The  presence  of  oil  had  little,  if  any,  effect  on 
the  removal  of  copper  and  lead  by  sulfide  precipi- 
tation, while  the  removal  of  zinc  decreased  by 
about  38%  due  to  the  presence  of  oil.  No  single 
chemical  collector  or  precipitant  type  provided  the 
optimal  removal  of  all  constituents  studied 
(copper,  lead,  zinc,  and  oil).  By  proper  choice  of 
precipitant  type  and  collector  dosage,  reduced 
metal  concentrations  lower  than  0.2  mg/liter  can 
easily  be  obtained  using  the  combined  chemical- 
precipitation/air-flotation  technology.  (Author's 
abstract) 
W90-06627 


DEGRADATION  OF  DIGESTED  SEWAGE 
SLUDGE  IN  MARINE  SEDIMENT-WATER 
MODEL  SYSTEMS,  AND  FATE  OF  METALS. 

Essex  Univ.,  Colchester  (England).  Dept.  of  Biol- 
ogy- 

D.  B.  Nedwell,  and  P.  A.  Lawson. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 
2,  p  87-91,  February   1990.  2  fig,  3  tab,   16  ref. 

Descriptors:  'Biodegradation,  'Digested  sludge, 
•Fate  of  pollutants,  'Marine  sediments,  'Mineral- 
ization, *Pzrh  of  pollutants,  'Sludge  disposal, 
•Wastewater  disposal,  Load  distribution,  Model 
studies. 

Cores  of  marine  sediment  were  used  in  model 
systems  to  examine  degradation  of  digested  sewage 
sludge  in  the  marine  environment  at  the  sediment- 
water  interface.  Models  of  both  accumulative  and 
dispersive  sites  were  used,  at  sludge  loadings  great- 
er than  those  applied  at  sea  disposal  sites.  Mineral- 
ization to  carbon  dioxide  was  measured  using  an 
infra-red  gas  analyzer,  and  the  proportionate  min- 
eralization of  the  added  organics  increased  as  load- 
ing rate  decreased.  About  60%  of  the  added  organ- 
ic carbon  was  mineralized  at  the  lowest  rate  ap- 
plied 0.01  kg  solids/sq  m/day  over  the  133  days  of 
the  experiment.  Metals  added  to  the  systems  in  the 
sludge  (zinc,  lead)  were  immobilized  by  the  sedi- 
ment and  not  exported  from  the  model.  These 
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results  indicate  that  the  organic  component  of  di- 
gested sewage  sludge  discharged  into  a  shallow 
water  marine  environment,  such  as  the  North  Sea, 
is  likely  to  be  rapidly  mineralized  at  the  sediment- 
water  interface.  This  is  particularly  so  where  the 
hydrography  of  the  site  tends  to  disperse  the 
sludge,  and  reduce  the  relative  load  upon  the  envi- 
ronment. In  contrast,  metals  associated  with  the 
sludge  are  immobilized  and  accumulate  in  the  sedi- 
ments when  the  organic  fraction  is  mineralized  by 
microbial  activity.  (Author's  abstract) 
W90-06646 


WASTEWATER  EFFLUENT  VS.  SAFETY  IN 
ITS  REUSE:  STATE-OF-THE-ART. 

Jordan  Univ.  of  Science  and  Technology,  Irbid. 
A.  B.  M.  Shahalam. 

Journal  of  Environmental  Sciences  JEVSAG,  Vol. 
32,  No.  5,  p  35-42,  September/October  1989.  12 
tab,  67  ref. 

Descriptors:  'Agriculture,  'Disinfection,  'Public 
health,  'Reviews,  'Wastewater  irrigation, 
•Wastewater  treatment,  'Water  quality,  'Water 
reuse. 

The  subject  of  wastewater  reuse  has  been  a  contro- 
versial subject  during  the  last  few  decades  due  to 
the  fear  of  harmful  effects  on  human  health  and  the 
environment.  Recent  technology  relating  to 
wastewater  treatment  methods  has  changed  the 
outlook  significantly.  This  article  presents  a  state- 
of-the-art  review  of  the  available  data  on 
wastewater  treatment  performance,  particularly  re- 
lating to  the  removal  of  pathogenic  agents.  The 
areas  specifically  covered  are:  wastewater  quality 
from  various  wastewater  systems  with  respect  to 
pathogens;  available  conventional  and  nonconven- 
tional  wastewater  treatment  technologies;  available 
laboratory  methodologies  for  enumerating  the 
pathogenic  state  of  wastewater  and  their  reliabili- 
ties; various  methodologies  of  preuse  disinfection 
of  wastewater  and  their  feasibility  for  practical  use; 
and  the  pathogen  survival  rates  in  liquid  water  and 
various  other  media.  The  human  health  risks  asso- 
ciated with  wastewater  reuse  in  agriculture  are 
assessed  at  the  present  level  of  understanding,  and 
areas  that  need  further  investigations  are  delineat- 
ed. (Author's  abstract) 
W90-06708 


SCREENING  AT  MARINE  OUTFALL  HEAD- 
WORKS. 

D.  K.  Thomas,  S.  J.  Brown,  and  D.  W. 
Harrington. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  533-547,  De- 
cember 1989.  12  fig,  3  tab,  23  ref. 

Descriptors:  'Municipal  wastewater,  'Outfall 
sewers,  'Screens,  'Tidewater,  'Wastewater  dis- 
posal, 'Water  pollution  control,  'Water  quality, 
Recreation. 

The  UK  approach  to  pollution  control  in  tidal 
waters  places  considerable  emphasis  on  balancing 
the  contrasting  needs  of  utilization  of  the  waters 
for  the  assimilation  of  effluents  with  the  protection 
of  all  identified  uses,  i.e.,  the  Environmental  Qual- 
ity Objective/Environmental  Quality  Standard 
(EQO/EQS)  approach.  In  order  to  protect  uses  of 
the  waters  for  bathing  and  general  amenity,  this 
approach  in  the  design  of  improvement  schemes 
necessary  for  marine  sewage  discharges  is  exam- 
ined. However,  recent  guidelines  for  consent  appli- 
cations dealing  with  schemes  designed  to  protect 
bathing  use  suggest  a  departure  from  the  EQO/ 
EQS  approach  towards  an  emission  standard  when 
dealing  with  the  solid  phase  of  the  sewage  effluent. 
The  implications  of  these  approaches  are  discusses 
from  the  design  (scientific  and  engineering)  view- 
points. A  summary  of  headworks  processes  and  the 
current  practice  for  preliminary  treatment  at 
marine  outfall  sites  in  the  UK  is  reviewed,  together 
with  comments  on  their  effectiveness.  The  terms  of 
reference  and  work  of  a  joint  working  group  to 
examine  the  efficiency  of  screening  equipment  at 
marine  outfall  headworks  is  described,  together 
with  a  technical  summary  of  results  collected  at  a 
range  of  sites  and  with  various  types  of  equipment. 
Recommendations  for  future  research  are  given, 


and  a  strategy  for  screening  is  developed.  (Au- 
thor's abstract) 
W90-06711 


SEDIMENTS  IN  SEWERS. 

Water  Research  Centre,  Swindon  (England).  Pol- 
lution Management  Group. 
R.  W.  Crabtree. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  569-578,  De- 
cember 1989.  4  fig,  5  tab,  22  ref. 

Descriptors:  'Combined  sewer  overflows,  'Sedi- 
ment transport,  'Sediments,  'Silt,  England,  Storm 
wastewater,  Water  pollution  sources. 

A  recent  survey  has  suggested  that  up  to  25,000 
km  of  UK  sewage  networks  may  be  affected  by  in- 
pipe  sediment  deposits.  Field  evidence  indicates 
that,  typically,  up  to  90%  of  the  pollution  load 
discharges  from  the  storm  sewage  overflows  may 
be  derived  from  the  erosion  of  accumulated  in- 
system  sediment,  commonly  referred  to  as  silt.  A 
sewer  flow  quality  simulation  model  is  being  de- 
veloped under  the  aegis  of  the  WRc/Water  Indus- 
try Collaborative  River  Basin  Management  re- 
search program.  Such  a  model  will  enable  sewer- 
age engineers  and  water  quality  planners  to 
produce  more  effective  designs  for  sewerage  reha- 
bilitation schemes  to  control  river  pollution.  In 
order  to  produce  this  model  it  is  necessary  to 
understand  the  nature,  characteristics  and  control- 
ling mechanisms  of  in-pipe  sediment  deposits.  Field 
observations,  coupled  with  sampling  and  analysis 
of  combined  sewer  sediment  deposits,  have  pro- 
duced a  five  category  classification  for  such  sedi- 
ments. Each  category  has  distinctive  characteris- 
tics in  terms  of  appearance,  composition  and  pollu- 
tion potential.  (Author's  abstract) 
W90-06716 


OPERATIONAL  EXPERIENCES  WITH  PACK- 
AGE FILTER  SEWAGE-TREATMENT  PLANTS. 

A.  E.  Stoodley. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  583-587,  De- 
cember 1989.  4  fig,  5  tab. 

Descriptors:  'Biological  wastewater  treatment, 
'Operating  costs,  'Wastewater  facilities, 
•Wastewater  treatment,  Package  plants. 

'Package  filter  plants',  in  which  biological  filtration 
and  secondary  settlement  occur  in  a  single  en- 
closed unit,  are  mechanically  simple,  relatively 
cheap  to  install,  have  low  odor,  minimal  site  re- 
quirements, and  in  theory  require  little  mainte- 
nance. However,  experience  so  far  has  shown  that 
there  are  several  problem  areas:  (a)  effluent  quality 
has  been  too  variable  to  be  considered  satisfactory; 
(b)  secondary  sludge  return  pumps  may  be  over- 
sized on  smaller  units;  (c)  the  overall  standard  of 
construction  could  be  improved,  probably  with 
minimal  additional  cost;  (d)  certain  problems  are 
not  easy  to  diagnose,  due  to  poor  access  to  con- 
trols and  enclosed  design;  (e)  early  information  on 
operating  costs  shown  that  smaller  package  filter 
plants  are  inferior  to  rotating  biological  contactor 
of  similar  size;  however,  larger  units  should  com- 
pare more  favorably.  This  type  of  package  plant  is 
becoming  more  common,  many  being  privately 
owned  and  maintained.  Performance  data  for  most 
plants  will  be  scant,  but  there  is  no  doubt  that  some 
will  not  be  performing  satisfactorily.  Before  there 
is  more  widespread  adoption  by  water  authorities, 
it  may  be  necessary  to  undertake  full-scale  evalua- 
tions of  the  process.  This  would  require  the  modifi- 
cation of  an  existing  site  to  allow  comprehensive 
sampling,  monitoring  and  flow  measurement,  or 
construction  of  a  site  with  these  in  mind.  In  con- 
junction with  such  an  appraisal,  there  should  be 
cooperation  with  the  manufacturers,  not  only  to 
confirm  the  optimum  design  criteria,  but  to  im- 
prove construction  standards.  (Author's  abstract) 
W90-06718 


LAND-TREATMENT  SYSTEMS:  DESIGN  AND 
PERFORMANCE  WITH  SPECIAL  REFER- 
ENCE TO  REED  BEDS. 

C.  D.  Bayes,  D.  H.  Bache,  and  R.  A.  Dickson. 


Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  588-598,  De- 
cember 1989.  5  fig,  8  tab,  14  ref. 

Descriptors:  'Artificial  wetland  treatment,  'Land 
disposal,  'Wastewater  treatment,  Biological 
oxygen  demand,  Hydraulic  conductivity,  Pilot 
plants. 

The  principles  of  design  of  a  land  treatment  system 
are  explained  on  the  basis  of  determining  the  land 
area  requirements  of  particular  constituents  in 
terms  of  the  supply  rate  and  assimilative  capacity. 
Illustrative  data  are  provided  for  the  design  and 
performance  of  slow-rate  and  overland  flow  sys- 
tems. A  comprehensive  report  on  the  design  and 
performance  of  pilot  studies  carried  out  on  a  reed- 
bed  treatment  system  at  Valleyfield,  Fife,  Scotland, 
provides  valuable  insight  into  the  choice  of  the  bed 
substrate  and  the  problems  of  reed  establishment. 
Of  the  media  tested,  coarse  pulverized  fuel  ash 
appeared  to  be  promising  in  terms  of  its  hydraulic 
conductivity  and  reduction  in  biochemical  oxygen 
demand  (BOD).  For  a  domestic  sewage  of  typical 
strength,  a  bed  area  of  5  sq  m  per  population 
equivalent  yielded  an  effluent  having  a  BOD  of 
less  than  20  mg/L,  but  did  not  provide  conditions 
which  were  conducive  to  significant  nitrogen  re- 
moval. (Author's  abstract) 
W90-06719 


COMPARISON  OF  DISINFECTION  TECH- 
NIQUES FOR  SEWAGE  AND  SEWAGE  EF- 
FLUENTS. 

Consultants     in     Environmental     Sciences    Ltd., 
London  (England). 
T.  Rudd,  and  L.  M.  Hopkinson. 
Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  612-618,  De- 
cember 1989.  1  fig,  3  tab,  21  ref. 

Descriptors:  'Disinfection,  'Reviews, 

•Wastewater  treatment,  Bromine  chloride,  Chlora- 
mines,  Chlorination,  Chlorine,  Chlorine  dioxide, 
Gamma  radiation,  Hypochlorite,  Lime,  Peracetic 
acid,  Toxicity,  Ultraviolet  radiation. 

This  paper  reviews  operational  and  experimental 
disinfection  techniques  for  the  removal  of  patho- 
gens from  sewage  and  secondary  effluent  prior  to 
marine  discharge,  and  their  environmental  impact. 
Disinfection  options  considered  include  chlorine 
(hypochlorite,  chloramines,  on-site  electrolytic 
chlorination),  UV  light,  ozone,  chlorine  dioxide, 
bromine  chloride,  peracetic  acid  (PAA),  gamma 
irradiation,  and  lime  treatment  in  the  form  of  the 
Clariflow  process.  Important  considerations  in  the 
choice  of  a  disinfectant  include  the  size  of  the 
installation,  the  nature  of  the  effluent,  and  the 
effluent  discharge  requirement.  If  economic  con- 
siderations prevail,  chlorine  compounds  (especially 
hypochlorite)  are  attractive.  Seasonal  application 
and  dechlorination  to  preclude  residual  toxicity 
could  be  used  to  reduce  environmental  impact. 
Ozone  and  UV  require  effluent  of  at  least  second- 
ary quality  to  be  feasible  both  economically  and 
technically.  However,  these  appear  to  have  a  mini- 
mal environmental  impact.  If  economic  aspects  are 
not  overriding  and  minimal  environmental  impact 
is  important,  the  Clariflow  process  could  have 
application.  Of  the  experimental  disinfectants, 
chlorine  dioxide  merits  further  investigation  as  a 
wastewater  disinfectant.  Although  about  three 
times  more  expensive  than  gaseous  chlorine,  it  is 
associated  with  a  lower  degree  of  by-product  for- 
mation. PAA  is  a  flexible  alternative  for  all  sewage 
types,  suitable  for  emergency  use.  However,  it  is 
less  effective  for  more  resistant  microorganisms 
and  has  high  operating  costs.  Bromine  chloride 
produces  a  lower  residual  toxicity  than  chlorine 
although  brominated  by-products  may  be  equally 
as  toxic  as  the  analogous  chlorine  products.  Ioniz- 
ing radiation  is  an  effective  disinfection  process  for 
a  range  of  microorganisms,  but  its  high  cost  and 
the  perceived  hazards  associated  with  it  are  likely 
to  mitigate  against  its  adoption.  (Sand-PTT) 
W90-06722 


REPORT  FROM  MALAWI,  AFRICA 

For  primary  bibliographic  entry  see  Field  5F. 
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W90-06723 

3H-THYMIDINE  INCORPORATION:  PRELIM- 
INARY INVESTIGATIONS  OF  A  METHOD  TO 
FORECAST  THE  TOXICITY  OF  CHEMICALS 
IN  BIODEGRADABHJTY  TESTS. 

Vandkvalitetsinstitutet,  Hoersholm  (Denmark). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06760 

EFFECT  OF  SLUDGE  TREATMENT  ON  THE 
ORGANIC  CONTAMINANT  CONTENT  OF 
SEWAGE  SLUDGES. 

Lancaster  Univ.  (England).  Inst,  of  Environmental 

and  Biological  Sciences. 

S.  R.  Wild,  and  K.  C.  Jones. 

Ctaemosphere  CMSHAF,  Vol.   19,  No.   10/11,  p 

1765-1777,  1989.  4  fig,  28  ref. 

Descriptors:  'Organic  pollutants,  *Path  of  pollut- 
ants, 'Sludge  disposal,  'Sludge  thickening, 
•Sludge  treatment,  Adsorption,  Aromatic  com- 
pounds, Benzenes,  Chlorinated  hydrocarbons, 
Dewatering,  Organic  compounds,  Organic  wastes, 
Polychlorinated  biphenyls,  Volatile  organic  com- 
pounds. 

During  the  treatment  of  sewage  sludge  before  dis- 
posal, there  is  the  potential  for  some  organic  pol- 
lutants present  in  the  sludge  to  be  lost  through 
volatilization,  biological  degradation,  abiotic/ 
chemical  degradation  and  extraction  with  excess 
liquors.  These  losses  would  seem  to  be  important 
for  the  more  volatile  organics  rather  than  the 
hydrophobic,  lipophilic  non-volatiles.  However, 
there  is  lack  of  evidence  that  the  volatile  aromatics 
(benzene,  toluene,  xylene,  dichlorobenzene)  are 
lost  during  sludge  treatment  processes.  One  possi- 
ble explanation  for  this  is  stabilization  of  volatile 
organics  by  adsorption  onto  sludge  particles. 
During  sludge  thickening,  priority  pollutants  may 
accumulate  in  liquors  or  be  lost  through  volatiliza- 
tion. Disinfection  by  heating  at  high  temperatures 
may  also  cause  volatilization  of  organic  pollutants. 
Stabilization  by  anaerobic  or  aerobic  digestion  can 
increase  the  concentrations  of  some  organic  pollut- 
ants while  reducing  the  concentrations  of  others. 
Losses  of  organics  by  degradation  is  the  most 
desirable  method  of  reduction  making  the  sludge 
more  amenable  to  land  disposal  as  long  as  teachabi- 
lity is  not  increased.  During  incineration,  if  high 
enough  temperatures  are  not  reached,  organic 
chemicals  may  be  converted  rather  than  destroyed 
and  can  therefore  escape  to  the  atmosphere  via  fly 
ash  or  volatilization.  Methods  of  organic  pollutant 
destruction  and  removal  in  sewage  sludges  require 
more  research  and  quantification.  (Geiger-PTT) 
W90-06771 


CAPHXARY  SUCTION  THEORY  FOR  REC- 
TANGULAR CELLS. 

Houston  Univ.,  TX.  Dept.  of  Chemical  Engineer- 
ing. 

F.  M.  Tiller,  Y.  L.  Shen,  and  A.  Adin. 
Research  Journal  of  the  Water  Pollution  Control 
Federation  JWPFA5,  Vol.  62,  No.  2,  p  130-136, 
March/ April  1990.  8  fig,  12  ref.  DOE  Grant  No. 
DE-FG05-87ER13786. 

Descriptors:  •Capillarity,  'Mathematical  models, 
•Sludge  drying,  'Wastewater  treatment,  Darcys 
law. 

A  new  model  of  the  capillary  suction  apparatus 
with  a  rectangular  reservoir  is  presented.  Parallel 
flow  paths  emanating  from  the  reservoir  lead  to 
one-dimensional  Cartesian  coordinate  geometry. 
The  filter  paper  is  cut  in  rectangular  sheets  parallel 
to  the  grain  to  avoid  the  anisotropic  effects  inher- 
ently present  in  capillary  suction  procedures  which 
depend  on  radial  flow.  Development  of  a  mathe- 
matical model  relating  distance  travelled  by  the 
liquid  front  to  time  permits  calculation  of  the  aver- 
age specific  resistance.  The  conventional  filtration 
formula  for  the  cake  formed  in  the  reservoir  com- 
bined with  the  Darcy  equation  as  applied  to  the 
paper  yields  a  differential  equation  involving  the 
rate  of  advance  (dx/dt)  of  the  front  and  the  dis- 
tance (x)  travelled  by  the  front.  Integration  leads 
to  a  parabolic  relation  between  x  and  t.  Linear 


plots  are  used  to  obtain  the  average  specific  resist- 
ance. (Author's  abstract) 
W90-06836 


CHARACTERISTICS  OF  NOSTOCOIDA  LIMI- 
COLA  AND  ITS  ACTIVITY  IN  ACTIVATED 
SLUDGE  SUSPENSION. 

Environmental  Services,  Edmonton  (Alberta). 
G.  Nowak,  and  G.  D.  Brown. 
Research  Journal  of  the  Water  Pollution  Control 
Federation  JWPFA5,  Vol.  62,  No.  2,  p  137-142, 
March/ April  1990.  5  fig,  2  tab,  18  ref. 

Descriptors:  *Activated  sludge,  *Anoxic  condi- 
tions, 'Filamentous  bacteria,  'Wastewater  treat- 
ment, Microorganisms,  Nostocoida. 

The  filamentous  microorganism,  Nostocoida  limi- 
cola,  was  investigated  in  pure  culture  and  full-scale 
studies  to  determine  nutritional  requirements  and 
growth  factors.  In  pure  culture,  N.  limicola  repro- 
duced very  well  in  aerobic  and  anaerobic  condi- 
tions on  a  variety  of  carbohydrates  if  peptone  was 
present  in  the  media.  In  activated  sludge  its  occur- 
rence was  associated  with  the  conditions  of  low 
organic  loading  and  extended  mean  cell  residence 
time.  Growth  of  N.  limicola  can  be  controlled 
successfully  in  activated  sludge  systems  by  means 
of  an  anoxic  selector  or  reduced  sludge  age.  (Au- 
thor's abstract) 
W90-06837 


CAUSES  AND  CONTROL  OF  NOCARDIA  IN 
ACTIVATED  SLUDGE. 

California  Univ.,  Berkeley.  Dept.  of  Civil  Engi- 
neering. 

P.  Pitt,  and  D.  Jenkins. 

Research  Journal  of  the  Water  Pollution  Control 
Federation  JWPFA5,  Vol.  62,  No.  2,  p  143-150, 
March/ April  1990.  6  fig,  7  tab,  20  ref. 

Descriptors:  'Activated  sludge,  'Anoxic  condi- 
tions, 'Filamentous  bacteria,  'Wastewater  treat- 
ment, Foaming,  Microorganisms,  Nocardia,  Proc- 
ess control,  San  Francisco. 

Nocardia  foaming  is  a  serious  problem  in  activated 
sludge  affecting  66  ppt  of  surveyed  U.S.  activated 
sludge  plants.  The  main  strategy  for  Nocardia  con- 
trol was  mean  cell  residence  time  (MCRT)  reduc- 
tion to  under  6  days.  A  counting  technique  to 
assess  Nocardia  levels  in  activated  sludge  was  de- 
veloped. Bench-scale  experiments  showed  that  No- 
cardia amarae  growth  was  both  MCRT  and  tem- 
perature dependent.  Bench-scale  anaerobic  selector 
experiments  were  successful  in  reducing  Nocardia 
levels  in  one  of  four  tests.  Full-scale  anaerobic 
selector  experiments  at  the  city  and  county  of  San 
Francisco  Southeast  plant  showed  reduced  Nocar- 
dia levels  in  an  anaerobic  selector  system  com- 
pared to  a  control  system.  (Author's  abstract) 
W90-06838 


PERFORMANCE  AND  DESIGN  OF  A  SELEC- 
TOR FOR  BULKING  CONTROL. 

Vanderbilt  Univ.,  Nashville,  TN.  Dept.  of  Envi- 
ronmental and  Water  Resources  Engineering. 
J.  Patoczka,  and  W.  W.  Eckenfelder. 
Research  Journal  of  the  Water  Pollution  Control 
Federation  JWPFA5,  Vol.  62,  No.  2,  p  151-159, 
March/ April  1990.  1 1  fig,  3  tab,  22  ref. 

Descriptors:  'Bulking  sludge,  'Continuous  flow 
reactors,  'Filamentous  bacteria,  'Wastewater 
treatment,  Flocculation,  Microorganisms,  Recy- 
cling. 

Experimental  data  was  obtained  from  continuous- 
flow  reactors  over  a  wide  range  of  selector  organic 
loadings,  contact  times,  and  floe  loadings.  These 
were  correlated  using  a  semiempirical  equation 
with  the  selector's  organic  loading  as  the  inde- 
pendent variable.  Data  previously  quoted  in  the 
literature  were  also  correlated  using  this  relation- 
ship. Based  on  the  proposed  model  for  the  reaction 
rate  in  the  selector  a  model  for  optimizing  a  selec- 
tor's performance  for  bulking  control  is  proposed. 
The  model  balances  two  conflicting  requirements 
for  successful  floc-former  selection:  high  substrate 
concentration  in  the  selector  and  high  substrate 


removal  efficiency  in  the  selector.  Experimental 
data  on  seven  continuous-flow  reactors  supports 
the  model  assumptions.  Where  the  selector's 
volume  is  set  by  physical  and/or  economical  con- 
straints, the  optimum  sludge  recycle  rate  for  bulk- 
ing control  was  a  function  of  a  single  system 
constant.  The  optimum  sludge  recycle  rate  is 
always  less  than  100  ppt.  (Author's  abstract) 
W90-06839 


COMPARISON  OF  ACTIVATED  SLUDGE  STA- 
BILIZATION UNDER  AEROBIC  OR  ANOXIC 
CONDITIONS. 

Maryland  Univ.,  College  Park.  Dept.  of  Civil  En- 
gineering. 

M.  H.  Kim,  and  O.  J.  Hao. 

Research  Journal  of  the  Water  Pollution  Control 
Federation  JWPFA5,  Vol.  62,  No.  2,  p  160-168, 
March/ April  1990.  15  fig,  5  tab,  22  ref. 

Descriptors:  'Activated  sludge,  'Aerobic  condi- 
tions, 'Anoxic  conditions,  'Sludge  stabilization, 
•Wastewater  treatment,  Ammonium,  Nitrates. 

The  feasibility  of  anoxic  sludge  digestion,  along 
with  controlled  aerobic  digestion  is  evaluated  in 
this  study.  In  the  endogenous  nitrate  respiration 
system,  nitrate  instead  of  oxygen  is  utilized  as  the 
terminal  electron  acceptor  for  the  microorganisms 
involved  in  biomass  destruction  under  anoxic  con- 
ditions. The  results  indicated  that  the  anoxic  cell 
decay  rate  was  a  first-order  reaction  with  respect 
to  volatile  suspended  solids  (VSS),  but  with  a 
decreasing  rate.  The  nitrate  requirement  was  ap- 
proximately 0.54  mg  nitrate-nitrogen/mg  VSS  de- 
struction. The  digester  pH  was  almost  three  units 
higher  than  that  of  the  aerobic  digester  (pH  8.5 
versus  5.5).  After  10  days  of  anoxic  digestion,  the 
VSS  destruction,  alkalinity  production,  and  ammo- 
nium generation  was  2000  mg/L,  1.8  mg  calcium 
carbonate/mg  VSS  destroyed,  and  0.12  mg  ammo- 
nia-nitrogen/mg  VSS  destroyed,  respectively.  The 
digester  supernatant  contains  a  large  quantity  of 
colloidal  particles  (between  0.45  and  1.2  microns) 
which  cause  poor  sludge  dewaterability.  These  fine 
particles  also  contain  high  concentrations  of  organ- 
ic nitrogen  resulting  in  a  high  amount  of  organic 
matter  recycling  back  to  the  plant.  The  practical 
application  of  the  use  of  the  anoxic  sludge  is  dis- 
cussed. (Author's  abstract) 
W90-06840 


NITRIFICATION  AND  PHOSPHORUS  PRE- 
CIPITATION WITH  BIOLOGICAL  AERATED 
FILTERS. 

Anjou  Recherche,  Maisons-Laffitte  (France). 
R.  Rogalla,  M.  Payraudeau,  G  Bacquet,  M.-M. 
Bourbigot,  and  J.  Sibony. 

Research  Journal  of  the  Water  Pollution  Control 
Federation  JWPFA5,  Vol.  62,  No.  2,  p  169-176, 
March/ April  1990.  13  fig,  8  tab,  30  ref. 

Descriptors:  *  Activated  sludge,  *Biofilm  reactors, 
•Nitrification,  'Phosphorus  removal,  'Sludge  sta- 
bilization, 'Wastewater  treatment,  Biological  fil- 
ters. 

The  biological  aerated  filter  is  an  innovative  tech- 
nology that  combines  aerobic  degradation  of  pol- 
lutants and  physical  retention  of  suspended  matter 
in  one  reactor.  A  high  concentration  of  active 
biomass  can  be  achieved  in  the  packed  bed  reactor, 
and  nitrifying  bacteria  can  be  retained  on  the  filter 
media,  allowing  ammonia  oxidation  independently 
of  sludge  age.  The  options  of  phosphorus  and 
nitrogen  removal  with  biological  aerated  filters 
were  explored  with  semi-industrial  pilot  plants. 
Phosphorus  was  precipitated  with  iron  salts  in 
lamella  settlers  before  aerated  biofilter  treatment. 
The  efficiency  of  settling  and  biological  treatment 
was  related  to  hydraulic  and  operational  param- 
eters. Nitrification  can  be  achieved  by  reducing  the 
carbonaceous  load  on  the  biofilter.  The  limits  of 
loading  were  verified  to  obtain  a  final  effluent 
quality  of  around  1  mg/L  each  of  phosphate-P  and 
ammonia-N,  and  10  mg/L  each  of  biological 
oxygen  demand  and  suspended  solids.  The  results 
of  a  full-scale  nitrifying  biofilter  and  of  a  highly 
loaded  aerated  biofilter  plant  with  seasonal  pollu- 
tion variations  are  present.  Since  the  first  demon- 
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stration  plant  was  built  10  years  ago,  about  15  full- 
scale  BAF  plants  have  been  taken  into  service  or 
are  under  construction  in  France,  ranging  in  popu- 
lation equivalents  from  20,000  to  200,000.  About  30 
smaller  plants  are  operating  in  Japan  for  private 
use  such  as  industry  or  building  recycle.  A  demon- 
stration study  is  under  way  to  confirm  the  applica- 
bility of  the  process  for  Japanese  public  sewage 
systems.  (Author's  abstract) 
W90-06841 


REDUCTION  IN  BACTERIAL  DENSITIES  OF 
WASTEWATER  SOLIDS  BY  THREE  SECOND- 
ARY TREATMENT  PROCESSES. 

Environmental    Protection    Agency,    Cincinnati, 
OH.  Risk  Reduction  Engineering  Lab. 
J.  B.  Farrell,  B.  V.  Salotto,  and  A.  D.  Venosa. 
Research  Journal  of  the  Water  Pollution  Control 
Federation  JWPFA5,  Vol.  62,  No.  2,  p  177-184, 
March/April  1990.  5  fig,  7  tab,  10  ref. 

Descriptors:  'Activated  sludge,  *Fecal  coliforms, 
•Wastewater  treatment,  Bioindicators,  Recircula- 
tion, Salmonella. 

Some  wastewater  treatment  plants  have  no  pri- 
mary clarifiers  but  recirculate  the  sludge  within 
the  system  for  long  periods.  Reduction  of  Salmo- 
nella sp.  and  fecal  indicator  bacteria  densities  in  the 
sludge  particles  was  investigated  and  compared 
with  reduction  of  these  densities  in  conventional 
primary  settling  and  activated  sludge  treatment. 
Bacterial  densities  in  the  suspended  solids  in  the 
entering  wastewater  were  compared  with  densities 
in  the  waste  sludge.  Reductions  in  Salmonella  sp. 
densities  (number/gram)  in  the  sludge  were  about 
0.5  log  greater  for  the  five  no-primary  long-sludge- 
age  plants  than  for  the  conventional  plant.  Similar 
differences  were  found  for  fecal  indicator  densities. 
Fecal  indicator  densities  based  on  suspended  solids 
content  of  the  wastewater  were  nearly  the  same 
for  all  six  plants.  Since  reductions  were  consistent 
for  all  plants,  it  appears  possible  to  estimate  per- 
formance of  a  treatment  plant  for  reducing  bacte- 
rial densities  in  sludge  solids  only  by  examining  the 
final  raw  sludge  product.  (Author's  abstract) 
W90-06842 


SIMPLIFIED  DESIGN  OF  BIOFILM  PROC- 
ESSES USING  NORMALIZED  LOADING 
CURVES. 

Montgomery  (James  M.)  Consulting  Engineers, 
Inc.,  Pasadena,  CA. 

M.  S.  Heath,  S.  A.  Wirtel,  and  B.  E.  Rittmann. 
Research  Journal  of  the  Water  Pollution  Control 
Federation  JWPFA5,  Vol.  62,  No.  2,  p  185-192, 
March/ April  1990.  8  fig,  3  tab,  15  ref. 

Descriptors:  *Biofilm  reactors,  'Design  criteria, 
•Wastewater  treatment,  Sludge  treatment,  Steady 
flow. 

A  simple,  yet  fundamentally  based  design  proce- 
dure was  developed  for  steady-state  biofilm  proc- 
esses. Based  on  families  of  normalized  loading 
curves,  the  design  method  maintains  the  rigor  of 
mechanistic  biofilm  models,  but  it  allows  simple 
and  rapid  computation  of  required  design  volume 
for  biofilm  reactors.  The  use  of  the  normalized 
loading  curves  also  allows  the  engineer  to  obtain 
an  intuitive  understanding  of  the  response  of  the 
process  to  changes  in  loading.  For  example,  low 
loaded  processes  can  withstand  large  changes  in 
surface  loading  with  only  small  changes  in  steady- 
state  effluent  concentration,  while  the  effluent  con- 
centration from  highly  loaded  processes  exhibits 
high  sensitivity  to  changes  in  surface  loading.  (Au- 
thor's abstract) 
W90-06843 


BIOLOGICALLY  ENHANCED  OXYGEN 
TRANSFER  IN  THE  ACTIVATED  SLUDGE 
PROCESS. 

Manhattan  Coll.,  Bronx,  NY.  Dept.  of  Environ- 
mental Engineering  and  Science. 
J  S  Mueller,  and  H.  D.  Stense). 
Research  Journal  of  the  Water  Pollution  Control 
Federation  JWPFA5,  Vol.  62,  No.  2,  p  193-203, 
March/ April  1990.  14  fig,  3  tab,  29  ref. 


Descriptors:  'Activated  sludge,  'Oxygen  transfer, 
•Wastewater  treatment,  Aeration,  Biological 
oxygen  demand. 

Biologically  enhanced  oxygen  transfer  has  been  a 
hypothesis  to  explain  observed  oxygen  transfer 
rates  in  activated  sludge  systems  that  were  well 
above  that  predicted  from  aerator  clean-water  test- 
ing. The  enhanced  oxygen  transfer  rates  were 
based  on  tests  using  BOD  bottle  oxygen  uptake 
rates  (OURs)  on  samples  removed  from  the  acti- 
vated sludge  system.  Bench-scale  and  full-scale 
plant  studies  were  performed  to  compare  results  of 
in  situ  OUR  measurement  techniques  to  BOD 
bottle  OUR  measurements.  The  studies  showed 
that  the  condition  of  low  dissolved  oxygen  (DO) 
and  high  OUR  for  which  the  greatest  enhanced 
oxygen  transfer  was  reported  resulted  in  OURs  in 
the  BOD  bottle  tests  well  above  the  actual  in  situ 
OURs.  For  high  DO  and  high  OUR  activated 
sludge  operating  conditions,  the  BOD  bottle  OURs 
were  below  the  actual  in  situ  OURs.  The  BOD 
bottle  OUR  values  accurately  described  in  situ 
OURs  for  endogenous  respiration  conditions  with 
nonlimiting  DO  concentrations.  These  results  sug- 
gest that  previously  observed  biologically  en- 
hanced oxygen  transfer  was  not  actually  occurring 
but  was  the  result  of  the  BOD  bottle  test  method 
and  activated  sludge  operating  condition.  (Au- 
thor's abstract) 
W90-06844 


SOME  LIPOPHILIC  COMPOUNDS  FORMED 
IN  THE  CHLORINATION  OF  PULP  LIGNIN 
AND  HUMIC  ACIDS. 

Svenska  Traeforskningsinstitutet,  Stockholm. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06916 


SUPERFUND  RECORD  OF  DECISION: 
LUDLOW  SAND  AND  GRAVEL,  NY. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-06953 


CHARACTERIZATION  AND  TREATMENT  OF 
BY-PRODUCT  WATERS  FROM  SELECTED 
OIL  SHALE  RETORTING  TESTS. 

University  of  Wyoming  Research  Corp.,  Laramie. 
Western  Research  Inst. 

J.  S.  Nordin,  R.  Poulson,  N.  Niss,  and  C.  Laya. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE89-O00914. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Topical  Report  No.  DOE/MC/11076--2638,  De- 
cember 1987.  78p,  4  fig,  12  tab,  10  ref,  2  append. 
DOE  Contract  DE-FC21-86MC 11076. 

Descriptors:  *Oil  industry,  'Oil  shale,  'Oil  wastes, 
•Pollutant  identification,  'Wastewater  treatment, 
Bicarbonates,  Dissolved  solids,  Organic  carbon, 
Organic  compounds,  Oxidation,  Phenols,  Pyri- 
dines. 

Oil  shale  retorting  by-product  waters  from  four 
surface  retorting  pilot  tests  and  three  simulated 
modified  in  situ  retorting  pilot  tests  were  charac- 
terized for  inorganic  and  organic  chemical  con- 
stituents. Eastern  and  western  United  States  shales 
were  retorted  for  the  tests.  Ammonium  bicarbon- 
ate, ammonium  thiosulfate,  various  pyridines,  and 
phenolic  species  were  among  the  principal  con- 
taminants in  the  retort  by-product  water.  The 
water  also  contains  total  dissolved  solids  up  to 
7,000  parts  per  million  (ppm).  When  steam  was 
used  as  a  source  of  heat  for  oil  shale  retorting,  the 
condensate  that  formed  diluted  the  concentrations 
of  contaminants,  especially  mineral  dissolved 
solids,  in  the  by-product  water.  The  combined 
water  treatment  steps  of  hot-gas  stripping  followed 
by  wet  air  oxidation  at  600  F  and  2,000  pounds  per 
square  inch  (psi)  for  30  minutes  removed  99%  of 
the  total  organic  carbon  in  the  retort  by-product 
water,  producing  a  colorless  and  almost  odor-free 
water.  In  one  treatment  test,  the  total  organic 
carbon  (TOC)  was  reduced  from  3,400  mg/L  to  < 
20  mg/L,  with  the  20  mg/L  TOC  remaining  con- 
sisting of  low  molecular  weight  carboxylic  acids. 
Only  a  partial  TOC  reduction  occurred,  with  vari- 


ous alkylpyridines  remaining  as  residuals  when  the 
retort  waters  were  subjected  to  wet  air  oxidation 
as  the  only  treatment  step.  Electrocoagulation  as 
an  initial  water  treatment  step  removed  <  30%  of 
the  TOC.  (Lantz-PTT) 
W90-O6956 


SECONDARY  TREATMENT:  VARIATIONS  EX- 
AMINED. 

M.  Choudhury. 

Water  Engineering  and  Management  WENMD2, 

Vol.   137,  No.  2,  p  18-20,  February   1990.  4  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Secondary  wastewater  treatment,  'Wastewater 
treatment,  Activated  sludge  process,  Aerobic  di- 
gestion, Anaerobic  digestion,  Oxidation  ponds, 
Trickling  filters. 

The  secondary  biological  wastewater  treatment 
process  varies  from  plant  to  plant  and  with  differ- 
ent effluent  standards.  More  than  90%  of  the  con- 
taminants are  removed  at  this  stage.  Aerobic,  an- 
aerobic, and  combinations  of  the  two  may  be  se- 
lected for  this  main  process.  The  size  and  type  of 
treatment  units  considered  are  based  on  such  pa- 
rameters as  amount  and  condition  of  influent,  avail- 
able acreage,  desired  effluent  characteristics,  and 
budget.  The  trickling  filter,  activated  sludge,  oxi- 
dation pond,  and  variations  of  these  are  the  more 
commonly  used  systems  in  which  organic  matter  is 
broken  down  by  the  metabolic  activity  of  naturally 
occurring  microorganisms.  Trickling  filters  are  a 
form  of  fixed  or  attached  growth  biological  proc- 
ess. Variations  of  this  method  include  the  rotating 
biological  contactor,  submerged  biological  contac- 
tor, and  the  fluidized  bed  reactor.  In  activated 
sludge  treatment,  wastewater  from  the  primary 
settling  tank  is  vigorously  aerated  so  inherent  bac- 
teria can  work  on  the  organic  mass.  Modifications 
of  this  method  include  the  Anaerobic/Oxic  or 
system,  and  multistage  biological  reactors.  Oxida- 
tion ponds  are  an  example  of  the  anaerobic  process 
which  depends  on  the  oxygen  present  in  and  gen- 
erated by  the  reactions  in  the  wastewater  to  grow 
microorganisms  that  feed  on  organic  matter. 
(Agostine-PTT) 
W90-06995 


SIMPLE  APPROACH  TO  DECHLORINATION. 

Flood  Engineers,  Jacksonville,  FL. 

J.  A.  Hefty. 

Water  Engineering  and  Management  WENMD2, 

Vol.  137,  No.  2,  p  25-27  February  1990.  1  fig,  2  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Dechlorination,  'Florida,  'Secondary  wastewater 
treatment,  'Wastewater  treatment,  Dehalogena- 
tion,  Effluents,  Water  quality  standards. 

The  city  of  Fort  Myers,  Florida  operates  two 
biological  nutrient-removal  wastewater  treatment 
facilities.  After  the  plants  were  constructed  in 
1985,  the  effluent  contained  chlorine  residual  con- 
centrations of  approximately  0.5  mg/L  total  chlo- 
rine. In  1986  the  Environmental  Protection 
Agency  placed  the  city  under  an  administrative 
order  to  reduce  its  wastewater-treatment-plant-ef- 
fluent  concentration  to  no  greater  than  0.01  mg/L 
total  chlorine  residual.  The  cost  for  modifications 
and  tankage  for  both  plants  was  estimated  at  S3.2 
million.  The  city  decided  that  a  less  costly  alterna- 
tive was  needed.  The  solution  was  to  incorporate  a 
new  process  within  the  confines  of  existing  facili- 
ties. Instead  of  traditional  chlorine  contact  tanks, 
sulfur-dioxide-mix  tanks,  and  post-aeration  equip- 
ment, the  system  uses  the  plant  outfall  pipelines  as 
the  chlorine-contact  chambers.  The  sulfur-dioxide 
solution  is  injected  through  diffusers  into  plant 
effluent  conveyed  through  the  outfall.  The  sulfur- 
dioxide  dosage  is  adjusted  in  response  to  flow  and 
the  chlorine  residual  signal.  The  system  was  placed 
into  operation  in  July  1988.  In  July  1989  the  city 
certified  the  successful  operation  of  these  unique 
facilities.  (Agostine-PTT) 
W90-O6997 
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Jefferson  Parish  Dept.  of  Sewerage,  Harahan,  LA. 
D.  P.  Butler,  J.  H.  Beall,  and  J.  G.  Dipre. 
Water  Engineering  and  Management  WENMD2, 
Vol.   137,  No.  2,  p  30-32,  February  1990.  3  fig. 

Descriptors:  •Automation,  'Control  systems, 
•Process  control,  'Wastewater  facilities, 
•Wastewater  treatment,  Louisiana,  Mississippi 
River,  Secondary  wastewater  treatment,  Suspend- 
ed solids. 

The  East  Bank  Wastewater  Treatment  Plant  of 
Jefferson  Parish  in  Harahan,  LA,  combines  tradi- 
tional secondary  wastewater  treatment  with  ad- 
vanced distributed  process  control.  Instrumenta- 
tion for  the  distributed  data  acquisition  and  process 
control  system  is  based  on  multiple  microproces- 
sors. The  distributed  controls  system  consists  of 
three  major  components:  multiprocessor  controller 
files  with  input/output  modules  (field  mounted), 
operator  stations  with  color-remote-terminal  moni- 
tors and  keyboards,  and  a  fiber-optic  cable  commu- 
nication system.  The  new  East  Bank  plant  consoli- 
dates waste  from  seven  old  wastewater  treatment 
plants  on  four  sites,  managing  the  treatment  needs 
of  275,000  people.  Designed  for  secondary  treat- 
ment, the  wastewater  plant  must  reduce  both  bio- 
chemical oxygen  demand  and  total  suspended 
solids  in  the  discharge  to  30  ppm  on  a  monthly 
average.  The  plant  discharges  into  the  Mississippi 
River.  (Agostine-PTT) 
W90-06998 


IMPACT  OF  THE  GREENHOUSE  EFFECT  ON 
SEWERAGE  SYSTEMS:  LUND  CASE  STUDY. 

Lund  Univ.  (Sweden).  Dept.  of  Water  Resources 

Engineering. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07023 


W90-07037 


LEVELS  OF  HEAVY  METALS  AND  ORGAN- 
OCHLORINE  PESTICIDES  OF  CYPRINTO 
FISH  REARED  FOUR  YEARS  IN  A 
WASTEWATER  TREATMENT  POND. 

'Adour-Garonne'  Water  Authority,  90  rue  du  Fer- 

etra,  31078  Toulouse,  France. 

For  primary  bibliographic  entry  see  Field  5B. 

W9O-O7035 

TOXICITY  AND  ACCUMULATION  OF  CHRO- 
MIUM IN  CERATOPHYLLUM  DEMERSUM  L. 

National     Botanical     Research    Inst.,     Lucknow 

(India).  Aquatic  Botany  Lab. 

P.  Garg,  and  P.  Chandra. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  44,  No.  3,  p  473-478, 

March  1990.  1  fig,  4  tab,  16  ref. 

Descriptors:  *Bioaccumulation,  *Biological  treat- 
ment, *Chromium,  'Submerged  plants,  'Toxicity, 
•Wastewater  treatment,  'Water  pollution  treat- 
ment, Biomass,  Chlorophyll,  Heavy  metals,  Plant 
growth. 

Several  aquatic  plants  have  been  seen  to  be  effec- 
tive in  biological  water  treatment  systems  to  im- 
prove water  quality,  but  not  much  information  is 
available  on  chromium  (Cr)  uptake  by  aquatic  vas- 
cular plants.  Ceratophyllum  demersum,  a  sub- 
merged aquatic  plant,  was  used  because  of  its 
common  occurrence  and  luxuriant  growth  in  a 
polluted  water  body  which  contained  0.05  to  0.22 
ppm  Cr.  Young  shoots  of  C.  Demersum  were 
cultured  for  8  weeks,  before  being  exposed  to 
0.005,  0.05,  0.1,  1  and  2  ppm  Cr  for  up  to  168  hours 
(7  days).  No  significant  change  in  biomass  was 
observed  in  the  lower  concentrations  of  Cr.  How- 
ever, decrease  in  biomass  was  observed  at  1  and  2 
ppm  after  48  hours.  Cr  uptake  at  each  concentra- 
tion was  high  within  48  hours  with  75.22,  117.70, 
160.87,  216.32,  and  576.98  micrograms/g  dry 
weight  at  0.005,  0.05,  0.1,  1,  and  2  ppm  Cr,  respec- 
tively. However,  the  uptake  rate  was  comparative- 
ly low  during  the  next  120  hours  in  all  concentra- 
tions. Both  chlorophyll  content  and  carotenoids 
decreased  at  all  Cr  concentrations.  It  is  concluded 
that  0.1  ppm  Cr  is  the  safe  limit  for  C.  demersum 
and  that  the  plant  could  be  an  effective  material  for 
the  abatement  of  Cr  pollution  in  the  aquatic  envi- 
ronment. (VerNooy-PTT) 


REMOVAL  OF  SOME  HEAVY  METALS  BY 
MORDENITE. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2K. 
W90-07052 

ASSESSING  MICROBIAL  TOXICITY  OF  2- 
ETHOXYETHANOL  AND  BIS(2-CHLOR- 
OETHYL)  ETHER  BY  A  MODIFIED  SPREAD 
PLATE  METHOD. 

Texas  Univ.  Health  Science  Center  at  Houston. 
School  of  Public  Health. 
Y.  H.  Cho,  E.  M.  Davis,  and  G.  D.  Ramey. 
Environmental    Technology    Letters    ETLEDB, 
Vol.  10,  No.  10,  p  875-886,  October  1989.  5  fig,  4 
tab,  22  ref. 

Descriptors:  'Alcohols,  'Bacterial  analysis, 
•Ethers,  'Toxicity,  'Wastewater  analysis, 
'Wastewater  treatment,  Antagonistic  effects,  Bio- 
logical wastewater  treatment,  Culturing  tech- 
niques, Industrial  wastewater,  Laboratory  meth- 
ods, Model  studies,  Performance  evaluation,  Stabi- 
lization ponds,  Synergistic  effects. 

Spread  plate  count  techniques  were  used  to  assess 
individual  and  combined  toxicity  of  bis(2-chlor- 
oethyl)  ether  and  2-ethoxyethanol  to  heterotrophic 
bacterial  populations.  Samples  of  industrial 
wastewater  influent  to  a  series  of  three  stabilization 
ponds  were  used  on  plates  where  the  chemicals 
were  added  to  the  agar.  The  counts  of  the  colonies 
formed  after  incubation  at  35  C  for  48  hours 
showed  increased  growth  inhibition  with  increased 
chemical  concentrations.  Bis(2-chloroethyl)  ether 
was  the  more  toxic  chemical,  although  neither  was 
extremely  toxic.  A  multiplicative  survival  model 
was  used  to  show  that  the  two  compounds  acted 
without  synergism  or  antagonism.  Wastewater 
treatment  facilities  based  on  bacterial  degradation 
could  use  this  technique  to  evaluate  spill  level 
tolerance  of  treatment  systems.  (Miller-PTT) 
W90-07053 

BEHAVIOUR  OF  NTTRILOTRIACETIC  ACID 
DURING  UPFLOW  SLUDGE  BLANKET  CLAR- 
IFICATION. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England).  Public  Health  Engineering  Lab. 

M.  Hunter,  T.  Stephenson,  R.  Perry,  and  J.  N. 

Lester. 

Environmental    Technology    Letters    ETLEDB, 

Vol.  10,  No.  12,  p  1027-1040,  December  1989.  5 

fig,  4  tab,  38  ref. 

Descriptors:  'Chelating  agents,  'Nitrilotriacetic 
acid,  *Sludge,  *Wastewater  treatment,  Detergents, 
Heavy  metals,  Pilot  plants,  Wastewater. 

The  removal  of  nitrilotriacetic  acid  (NT A),  a  syn- 
thetic detergent  builder,  was  investigated  in  a 
pilot-scale  upflow  sludge  blanket  clarification 
process.  Initial  studies  involved  dosing  influent 
water  with  1  mg/L  and  2.5  mg/L  NT  A  for  32  and 
34  d  respectively  at  a  surface  load  of  0.55  m/h. 
NTA  removals  during  these  periods  were  62.6  % 
and  41.9%  respectively.  At  a  surface  loading  of 
1.82  m/h  when  the  influent  NTA  was  2.5  mg/L, 
NTA  removal  decreased  to  26.4%.  A  transient 
increase  in  influent  NTA  concentrations  from  2.5 
to  5.0  mg/L  resulted  in  significant  reduction  in 
NTA  removal.  A  combined  transient  increase  in 
NTA  concentration  and  surface  loading  caused  a 
substantial  decrease  in  NTA  removal.  The  heavy 
metals  chromium,  iron,  manganese,  and  nickel 
were  unaffected  by  the  presence  of  NTA  during 
steady  state  operation.  However,  during  the  tran- 
sient increase  in  influent  NTA,  a  significant  de- 
crease in  nickel  removal  occurred.  (Author's  ab- 
stract) 
W90-07056 


British  Columbia  Univ.,  Vancouver.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic   entry  see   Field   5G. 

W90-07057 


EFFECTS  OF  SLUDGE  RECYCLE  RATIO  ON 
NTTRIFICATION-DENrrRIFICATION  PER- 
FORMANCE IN  BIOLOGICAL  TREATMENT 
OF  LEACHATE. 


INNOVATIVE  CONTRACT  OPERATIONS 
AGREEMENTS. 

Professional  Services  Group,  Inc.,  Houston,  TX. 
H.  Hopkins. 

Water  Engineering  and  Management  WENMD2, 
Vol.  137,  No.  1,  p  26-27,  January  1990. 

Descriptors:  *Contracts,  'Facilities  management, 
•Wastewater  facilities,  •  Water  treatment  facilities, 
Costs,  Financing,  Maintenance,  Privatization. 

Funding  for  capital  improvements  to  existing  sys- 
tems obtained  through  innovative  contract  oper- 
ations and  maintenance  agreements  can  provide  a 
cost-effective  alternative  to  public  financing.  Pri- 
vately operated  and  maintained  municipal  water 
and  wastewater  facilities  have  increased  by  over 
300  percent  in  the  past  5  years.  The  private  firm 
provides  the  municipality  with  the  funding  needed 
to  expand  plant  capacity,  improve  treatment  effi- 
ciency, lower  costs,  and  improve  safety  conditions. 
Some  firms  operate  many  plants  and  purchase  sup- 
plies for  less  through  national  contracts.  Prepay- 
ment of  future  savings  allows  the  municipality  to 
expand  or  upgrade  the  facility.  Long-term  contract 
operator  may  benefit  by  investing  their  own 
money  in  capital  improvements.  When  determining 
if  contract  operations  is  viable,  the  primary  objec- 
tive should  be  improved  plant  efficiency,  compli- 
ance with  regulatory  standards,  long-term  preven- 
tive maintenance,  and  lower  costs.  (Miller-PTT) 
W90-07061 


NEW  TREATMENT  SCHEMES  CONTROL 
ODORS. 

Mcllvaine  Co.,  Northbrook,  IL. 

B.  Mcllvaine. 

Water  Engineering  and  Management  WENMD2, 

Vol.  137,  No.  1,  p  28-31,  January  1990. 

Descriptors:  *Air  pollution  control,  *Biological 
wastewater  treatment,  'Chemical  treatment, 
'Odor  control,  'Organoleptic  properties,  Filtra- 
tion, Incineration,  Public  relations,  Scrubbing. 

Treatment  of  odors  involves  the  processes  of 
chemical  treatment,  fume  incineration,  wet  scrub- 
bing, adsorption,  and  biofiltration.  Addition  of 
chemicals  can  be  effective  for  odors  at  the  head- 
works,  trickling  filters,  sludge  dewatering,  and 
sludge  storage.  Odorous  molecules  can  be  inciner- 
ated by  either  catalytic  or  high  temperature  incin- 
eration. The  most  effective  and  economical 
method  of  odor  control  to  date  is  wet  scrubbing. 
The  packed  tower  is  the  most  commonly  used 
scrubber  design.  Scrubbers  that  recirculate  the 
scrubbing  liquid  optimize  use  of  the  oxidizing 
chemical.  Liquid-phase  catalytic  oxidation  fol- 
lowed by  adsorption  is  a  new  method  of  odor 
control.  Chemical  adsorption  uses  activated 
carbon,  or  other  media,  treated  to  be  chemically 
reactive  with  the  vapors.  Odor  control  technology 
today  faces  the  critical  issues  of  standardization 
and  accurate  odor  measurement.  In  the  new 
method  of  biological  scrubbing,  odors  are  trans- 
ferred to  a  liquid  which  undergoes  microbial  treat- 
ment. Biofilters  and  bioscrubbers  avoid  the  draw- 
back of  transferring  the  problem  to  another  phase 
of  the  treatment.  Municipalities  are  finding  a  need 
for  substantial  investment  in  odor  control  technol- 
ogy to  avoid  citizen  complaints  and  law  suits. 
(Miller-PTT) 
W90-07062 


1990  GUIDE  FOR  TREATING  HYDROGEN 
SULFIDE  IN  CEWERS. 

HDR  Engineering,  Inc.,  Denver,  CO. 

J.  D.  Chwirka,  and  T.  T.  Satchell. 

Water  Engineering  and  Management  WENMD2, 

Vol.    137,  No.    1,  p  32-35,  January   1990.  2  fig. 

Descriptors:  'Hydrogen  sulfide,  'Odor  control, 
'Sewer  gas,  'Sewer  systems,  Absorption,  Activat- 
ed carbon,  Adsorption,  Chlorine,  Ventilation. 
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Hydrogen  sulfide  is  generally  treated  by  adsorp- 
tion, holding  the  hydrogen  sulfide  onto  a  porous 
material,  or  absorption,  mass  transfer  into  a  scrub- 
bing solution.  These  systems  can  be  separate  or 
combined.  Activated  carbon  for  adsorption  must 
eventually  be  replaced  or  regenerated  through  a 
caustic  wash.  Regeneration  is  limited  to  three  or 
four  times  and  can  take  5  to  IS  days  to  complete. 
Prediction  of  hydrogen  sulfide  generation  is  impor- 
tant to  scrubber  design.  The  two  basic  types  of 
absorption  systems  are  packed  towers  and  mist 
systems.  The  chemistry  of  scrubbing  solutions 
varies  with  the  type  of  scrubber.  Chlorine  solution 
combined  with  caustic  soda  will  oxidize  the  dis- 
solved sulfide  to  sulfates  and  control  pH.  Chlorine 
solution  by  itself  is  acidic  and  causes  undesirable 
chlorine  gas  to  be  released.  Sodium  hypochlorite 
or  hydrogen  peroxide  in  solution  with  caustic  soda 
is  also  used.  A  fan  pulling  foul  air  from  the  sewer 
will  create  a  negative  pressure  condition  which 
will  draw  fresh  air  into  the  sewer.  The  natural 
ventilation  rate  is  used  as  a  basis  for  designing 
forced  ventilation  systems.  Air  discharged  from  a 
treatment  system  must  be  sufficiently  dispersed  to 
prevent  detection.  Dilution  by  adding  a  second  fan 
and  increased  stack  height  can  accomplish  this. 
(MUler-PTT) 
W90-07063 


NEW  TECHNOLOGIES  HELP  HOUSTON  IN- 
SPECT ITS  SEWERS. 

Houston  Dept.  of  Public  Works,  TX. 

H.  N.  Gregory,  and  C.  A.  Hansen. 

Public  Works  PUWOAH,  Vol.  121,  No.  2,  p  58-60, 

February  1990.  2  fig. 

Descriptors:  'Computers,  'Data  collections, 
•Houston,  'Inspection,  'Sewer  systems, 
•Wastewater  treatment,  Compliance,  Measuring 
instruments,  Texas. 

In  order  to  comply  with  a  Texas  Water  Commis- 
sion and  Environmental  Agency  Region  VI  admin- 
istrative order  to  inspect  its  wastewater  system 
over  the  next  two  years,  Houston  is  adapting  a 
variety  of  new  technologies  to  help  streamline 
field-to-office  data  collection  and  meet  mandated 
reporting  milestones.  The  Wasteload  Control 
Branch  (WCB)  of  the  Houston  Department  of 
Public  Works  established  goals  for  the  manage- 
ment of  the  inspection:  to  provide  an  efficient 
means  to  issue  cleaning  and  inspection  work  to 
outside  contractors;  to  establish  city-wide  field  in- 
spection, cleaning  rating,  defect,  and  street  ad- 
dressing standards;  to  maintain  data  integrity  and 
accuracy  of  all  field  inspection  data;  to  provide  a 
system  that  multiple  users  could  access;  to  ensure 
timely  review  of  physical  inspection  data;  to  com- 
pare actual  versus  planned  compliance  targets;  and 
to  identify,  sort  by  priority,  and  recommend 
needed  repair,  rehabilitation,  and  replacement 
projects.  The  city  uses  handheld  computers  to 
collect  data,  laptop  computers  with  pop-up  win- 
dows to  the  city's  defect  standards,  picture  capture 
management  systems,  and  a  rules-based  expert 
system  to  assimilate  the  inspection  results  and  to 
determine  repair  strategies.  This  combination  of 
new  technologies  has  allowed  Houston  to  manage 
its  physical  inspection  project  and  to  develop  an 
early  warning  system  for  the  wastewater  system. 
(Brunone-PTT) 
W90-07105 


CHARACTERIZATION  OF  THE  ORGANIC 
COMPONENT  OF  A  SLUDGE. 

Universita  degli  Studi  'La  Sapienza',  Rome  (Italy). 

Dipt,  di  Chemica. 

B.  M.  Petronio,  T.  Ferri,  C  Papalini,  and  A. 

Piccolo. 

Talanta  TLNTA2,  Vol.  36,  No.  12,  p  1177-1182, 

December  1989.  4  fig,  3  tab,  37  ref. 

Descriptors:  'Chemical  analysis,  'Differential 
thermal  analysis,  'Sludge,  'Sludge  analysis,  'Spec- 
trometry, 'Wastewater  treatment,  Fractionation, 
Industrial  sludge,  Italy,  Municipal  sludge,  Organic 
matter. 

Two  sludges  of  different  origin  were  characterized 
by  fractionating  the  organic  content  into  five  parts 
(by  using  acids  and  bases),  followed  by  multiple- 


technique  examination  of  each  fraction.  The  sludge 
samples  were  obtained  from  an  urban  wastewater 
treatment  plant  in  East  Rome  (Italy)  and  from  the 
production  waste  treatment  process  of  a  brewery 
near  Messina  Sicily.  The  techniques  used  included 
chemical  analysis,  thermal  analysis,  infrared  spec- 
trometry and  13C-NMR  spectrometry.  The  con- 
venient fractionation  and  the  combined  use  of 
chemical  and  physical  methods  seemed  to  provide 
the  only  way  of  showing  both  structural  and  com- 
positional differences  in  such  complex  matrices. 
The  fractionation  lad  to  a  simplification  of  the 
matrix  that  was  indispensable  for  revealing  the 
presence  of  components  that  otherwise  could  not 
easily  be  identified.  The  results  emphasize  that  it  is 
not  possible  to  disprove  the  presence  of  certain 
functional  groups  by  means  of  spectroscopic  data 
alone,  nor  in  all  cases  to  interpret  signals  quantita- 
tively. Besides  the  characterization  of  the  sample 
and  the  differentiation  of  samples  from  different 
origins,  the  method  suggested  is  extremely  useful 
for  studying  the  changes  that  the  organic  sub- 
stances in  the  sludge  undergo  with  time.  (Mertz- 
PTT) 
W90-07184 


REVIEW  OF  THE  ROLE  OF  THE  PHYSICO- 
CHEMICAL  ENVIRONMENT  IN  THE  PRO- 
DUCTION OF  CERTAIN  FLOC  PROPERTIES. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Chemical 

Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-07224 


EFFECT  OF  ELODEA  DENSA  ON  AQUACUL- 
TURE  WATER  QUALITY. 

National  Univ.  of  Singapore.  Dept.  of  Civil  Engi- 
neering. 

W.  J.  Ng,  T.  S.  Sim,  S.  L.  Ong,  K.  Kho,  and  L.  M. 
Ho. 

Aquaculture  AQCLAL,  Vol.  84,  No.  3/4,  p  267- 
276,  February  1990.  5  fig,  2  tab,  9  ref. 

Descriptors:  'Aquiculture,  'Elodea,  'Land  treat- 
ment, 'Vegetation  effects,  'Wastewater  treatment, 
'Water  quality  control,  'Water  reuse,  Ammonium, 
Aquatic  plants,  Nitrates,  Nitrites,  Nitrogen  remov- 
al, Turbidity. 

The  effect  of  Elodea  densa  on  aquaculture  water 
quality  in  a  1 1.40  cu  m  tank  was  examined.  A  total 
of  1 5  water  quality  parameters  was  monitored  over 
a  period  of  4  months.  Hourly  samples  were  collect- 
ed and  analyzed  to  determine  the  variation  in 
water  quality  within  an  8-h  working  day.  The 
aquatic  plant  tank  removed  61.36  mg  nitrate  nitro- 
gen/sq  m/day,  2.27  mg  nitrite  nitrogen/sq  m/day 
and  9.09  mg  ammonia  nitrogen/sq  m/day.  Overall 
nitrogen  removal  was  25%  of  influent  nitrogen 
concentration.  The  plant  tank  also  reduced  turbidi- 
ty effectively.  Harvesting  the  plants  for  sale  did 
not  severely  affect  the  tank's  performance  except 
for  the  3-4  days  following  a  harvest.  The  results 
suggested  that  E.  densa  was  an  efficient  plant  for 
nitrogen  removal,  and  fish  and  plant  production 
might  be  combined  to  allow  for  water  renovation 
and  reuse  on  an  aquaculture  farm.  (Author's  ab- 
stract) 
W90-07225 


PILOT-SCALE  EVALUATION  OF  AEROBIC- 
ANOXIC  SLUDGE  DIGESTION. 

Vancouver  (British  Columbia). 

C.  C.  Peddie,  and  D.  S.  Mavinic. 

Canadian  Journal  of  Civil  Engineering  CJCEB8, 

Vol.  17,  No.  1,  p  68-78,  February  1990.  12  fig,  3 

tab,  1 1  ref. 

Descriptors:  'Aerobic  digestion,  'Pilot  plants, 
•Sludge  digestion,  'Wastewater  treatment,  Acti- 
vated sludge  process,  Aerobic  treatment,  Liming, 
Oxidation-reduction  potential,  Settleable  solids, 
Volatile  solids. 

A  pilot-scale  (300  L)  evaluation  of  waste  activated 
sludge  digestion  by  a  cyclical  aerobic-anoxic  mode 
of  operation  was  undertaken  at  ambient  liquid  tem- 
peratures (14-17  C).  Three  experimental  runs  were 
conducted  over  a  2-year  period.  The  first  run 
compared  the  aerobic-anoxic  process  to  a  conven- 


tional, continuously  aerated,  digestion  process. 
During  the  second  run,  the  aerobic-anoxic  digester 
was  compared  to  a  lime-supplemented  convention- 
al aerobic  process.  The  third  run  compared  two 
aerobic-anoxic  digester  units,  operating  at  reduced 
(50  and  25%  of  normal)  aeration  rates  during  the 
aerobic  period.  Results  from  the  various  experi- 
mental runs  indicated  numerous  potential  advan- 
tages for  the  aerobic-anoxic  mode  of  digester  oper- 
ation. The  main  advantage  was  that  turning  the  air 
on  and  off  resulted  in  volatile  solids  reduction 
efficiencies  similar  to  that  in  the  continuously  aer- 
ated systems.  The  aerobic-anoxic  operating  mode 
was  capable  of  conserving  most  of  the  influent 
alkalinity  and  maintaining  near-neutral  pH  condi- 
tions over  prolonged  periods  of  operation.  Similar 
results  were  achieved  using  a  range  of  aeration 
rates  during  the  aerobic  phase.  These  results  indi- 
cate that  a  significant  savings  in  aeration  costs 
might  be  realized  without  a  loss  in  solids  destruc- 
tion efficiency.  However,  it  should  be  noted  that 
air  diffusers  are  more  susceptible  to  clogging 
during  the  anoxic  period  owing  to  settlement  of 
solids.  In  addition  to  the  potential  for  significant 
savings  in  aeration  costs,  another  benefit  of  the 
intermittent  aeration  mode  of  operation  involved 
improved  supernatant  quality  of  the  final,  settled 
effluent.  The  lime-supplemented  operation  also  re- 
sulted in  improved  supernatant  quality,  with  100% 
nitrification  efficiency,  and  lower  phosphorus 
levels  owing  to  chemical  precipitation.  Oxidation- 
reduction  potential  is  a  useful  and  promising  pa- 
rameter for  the  monitoring  and  possible  control  of 
aerobic-anoxic  systems.  (Author's  abstract) 
W90-07236 


EXAMINATION      OF      THE      EFFECT      OF 

WASTEWATER  ON  THE  PRODUCTTVrrY  OF 

LAKE  ZURICH  WATER  USING  INDIGENOUS 

PHYTOPLANKTON         BATCH         CULTURE 

BIOASSAYS. 

Zurich  Univ.,  Kilchberg  (Swizerland).  Hydrobio- 

logical-Limnological  Station. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07269 


EXTRACTING  HEAVY  METALS  FROM  MU- 
NICIPAL AND  INDUSTRIAL  SLUDGES. 

National  Taiwan  Univ.,  Taipei.  Inst,  of  Environ- 
mental Engieering. 
K.  S.  L.  Lo,  and  Y.  H.  Chen. 
Science  of  the  Total  Environment  STENDL,  Vol. 
90,  p  99-116,  January  1990.  12  fig,  10  tab,  17  ref. 
National  Science  Council  (Republic  of  China) 
Contract  NSC  73-0410-E002-06. 

Descriptors:  'Heavy  metals,  'Sludge  treatment, 
•Wastewater  treatment,  Acids,  Cadmium,  Chelat- 
ing agents,  Chromium,  Cost  analysis,  Industrial 
wastes,  Lead,  Metal  removal,  Municipal  wastes, 
Nickel,  Performance  evaluation,  Zinc. 

Acid  (H2S04),  ethylenediaminetetraacetatic  acid 
(EDTA),  and  nitrilotriacetatic  acid  (NTA)  treat- 
ment were  used  to  explore  the  removal  efficiencies 
of  heavy  metals  from  municipal  and  industrial 
sludges.  The  results  indicate  that  the  optimum 
treatment  efficiencies  of  heavy  metal  extraction 
from  sludge  are  related  to  the  species  of  heavy 
metals  in  sludge,  the  dosage  of  extractants,  and  the 
reaction  time.  The  removal  efficiency  of  a  three- 
stage  countercurrent  process  was  higher  than  those 
of  single-stage  processes.  When  the  heavy  metals 
in  the  sludge  contact  and  react  with  the  extracting 
agent,  the  removal  ratio  increases  with  increasing 
time.  Thus,  the  removal  rate  is  proportional  to  the 
concentration  of  the  remaining  metal.  The  cost  of 
the  acid  treatment  process  per  unit  weight  of 
heavy  metal  extracted  was  lowest  when  heavy 
metal  concentrations  were  high,  but  the  EDTA 
process  was  least  expensive  with  low  heavy  metal 
concentrations.  For  municipal  sludges,  the  NTA 
treatment  appropriate  for  removing  Cd  and  Ni,  the 
acid  process  was  best  for  removing  Zn  and  Cr,  and 
the  EDTA  method  provided  the  highest  removal 
of  Pb.  For  industrial  sludges,  the  acidity  process 
gave  the  highest  removal  of  Cd,  Cr,  Ni,  and  Zn, 
and  the  EDTA  treatment  was  best  for  Pb.  (Roch- 
ester-PTT) 
W90-07343 
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STABILITY  OF  ACTIVATED  SLUDGE  REAC- 
TORS WITH  SUBSTRATE  INHIBITION  KI- 
NETICS AND  SOLIDS  RECYCLE. 

Padua  Univ.  (Italy).  1st.  di  Impianti  Chimici. 

A.  Bertucco,  P.  Volpe,  H.  E.  KJei,  T.  F.  Anderson, 

and  D.  W.  Sundstrom. 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  169- 

176,  February  1990.  10  Fig,  21  ref. 

Descriptors:  *Activated  sludge  process,  'Sludge 
solids,  'Wastewater  treatment,  Hysteresis,  Kinet- 
ics, Mixing,  Simulation  analysis,  Stirred  tank  reac- 
tors. 

The  steady-state  simulation  of  activated  sludge  re- 
actors with  settler  and  recycle  of  the  concentrated 
biomass  was  considered  for  the  case  of  substrate 
inhibition  kinetics.  Analytical  relationships  were 
developed  for  the  continuous  stirred  tank  reactor; 
numerical  simulation  was  performed  for  other  re- 
actors. Occurrence  of  multiple  solutions  and  hys- 
teresis behavior  were  examined  as  a  function  of 
fresh  feed  residence,  recycle  ration,  recycle  solids 
concentrations,  and  sludge  age.  Four  main  conclu- 
sions can  be  derived.  The  first  one  is  that  special 
care  should  be  taken  about  the  possibility  of  kinetic 
effects  due  to  substrate  inhibition  and  to  the  health 
term,  since  the  calculated  steady-states  of  the 
system  may  deviate  considerably  from  the 
common  Monod-like  ones.  As  a  second  point,  the 
occurrence  of  washout  has  to  be  considered  as  an 
actual  danger.  A  third  conclusion  is  related  to  the 
hysteresis  effects:  the  dramatic  changes  of  the 
overall  substrate  conversion  occurring  upon  small 
perturbations  of  the  system  variables  around  their 
steady-state  values  are  not  reversible.  Finally,  de- 
pending on  mixing  is  the  fact  that  the  situation  in 
any  point  within  the  reactor  can  be  changed  from  a 
low  to  a  high  conversion  one.  Therefore,  both  the 
design  and  the  operation  of  activated  sludge  reac- 
tors for  toxic  waste  could  take  advantage  of  the 
capability  of  simulating  their  performances  as  a 
function  of  the  inlet  substrate  and  biomass  concen- 
tration and  the  process  variables,  that  is:  space 
time,  recycle  ratio,  biomass  recycle  concentration 
(or,  preferably,  sludge  age),  kind  of  reactor  config- 
uration and  degree  of  internal  mixing.  (Author's 
abstract) 
W90-07417 

AZOLLA  PINNATA  R.BR.  AND  LEMNA 
MINOR  L.  FOR  REMOVAL  OF  LEAD  AND 
ZINC  FROM  POLLUTED  WATER. 

Indian  Inst,  of  Tech.,  New  Delhi.  Centre  for  Rural 
Development  and  Appropriate  Technology. 
For  primary  bibliographic  entry  see  Field   5G. 
W90-07418 

METHANOGENIC  DEGRADATION  OF  OZON- 
ATION PRODUCTS  OF  BIOREFRACTORY  OR 
TOXIC  AROMATIC  COMPOUNDS. 

Kentucky  Univ.,  Lexington.  Dept.  of  Civil  Engi- 
neering. 
Y.-T.  Wang. 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  185- 
190,  February  1990.  7  fig,  5  tab,  13  ref. 

Descriptors:  'Anaerobic  digestion,  'Aromatic 
compounds,  'Ozonation,  'Toxicity,  'Wastewater 
treatment,  Hydrogen  ion  concentration,  Ozonation 
products. 

The  anaerobic  biodegradability  and  inhibition  po- 
tential of  ozonation  products  of  four  biorefractory 
aromatic  compounds  (o-cresol,  benzenesulfonic 
acid,  2,5-dichlorophenol  and  2,4-dinitrophenol) 
were  evaluated  in  this  study.  The  ozonation  prod- 
ucts of  all  four  compounds  tested  were  biodegrada- 
ble to  methane  and  the  biodegradability  improved 
with  increasing  dose  of  ozone.  Early  ozonation 
products  of  o-cresol  and  benzenesulfonic  acid  were 
more  inhibitory  than  the  initial  compounds  while 
ozonation  reduced  the  toxicity  of  2,5-dichloro- 
phenol and  2,4-dinitrophenol.  Ozonation  products 
formed  in  the  basic  pH  range  were  more  biode- 
gradable and  were  less  inhibitory  than  those 
formed  in  the  acid  pH  range  under  the  same  dose 
of  ozone.  (Author's  abstract) 
W90-07419 


STIMULATION  OF  PSYCHROPHILIC  METH- 
ANATION  WITH  A  SEPTIC  TANK  BIOLOGI- 
CAL ACTIVATOR  (STIMULATION  DE  LA 
METHANISATION  PSYCHROPHILE  PAR  UN 
BIOACTTVATEUR  POUR  FOSSE  SEPTIQUE). 
Montpellier-1  Univ.  (France).  Lab.  d'Hydrologie 
et  d'Hygiene. 

S.  Maunoir,  H.  Philip,  and  A.  Rambaud. 
Water  Research  WATRAG,  Vol.  24,  No.  2,  p  195- 
205,  February  1990.  4  fig,  7  tab,  35  ref.  English 
summary. 

Descriptors:  'Anaerobic  digestion,  'Domestic 
wastes,  'Methanogenesis,  'Septic  tanks, 
•Wastewater  treatment,  Acetate  methanation, 
Biogas,  Chemical  oxygen  demand,  Hydrogen  ion 
concentration,  Microparticles,  Volatile  acids. 

Septic  tanks  ensure  the  pretreatment  of  domestic 
wastewater  by  fulfilling  two  functions:  settling  of 
solid  matter  and  liquefaction  of  the  sludges  by 
anaerobic  digestion.  Various  commercial  products 
are    known   to   improve   anaerobic   digestion   of 
sludges.  The  effects  of  an  industrial  product  com- 
posed only  of  argillaceous  microparticles  (kaolin- 
ite,  at  a  concentration  of  4  g/L)  on  the  methana- 
tion of  acetic  acid  (2  g/L)  were  studied.  The  first 
preliminary  assay  of  acetate  methanation  was  run 
at  35  C.  It  showed  the  typical  evolution  of  batch 
volatile-acids    degradation-decrease    in    chemical 
oxygen  demand  (COD),  increase  in  pH,  and  biogas 
production;  in  addition,  it  showed  the  influence  of 
the  microparticles  since  in  11  days  the  maximum 
biodegradation  rate  was  about  87%,  versus  about 
26%  in  the  control.  The  second  preliminary  assay, 
at  20  C,  showed  that  the  endogenic  digestion  of  the 
inoculum  does  not  interfere  with  results  and  con- 
firmed the  stimulating  effect  of  microparticles;  bio- 
degradation rate  was  3  times  higher  for  microparti- 
cles than  for  controls.  Gas  production  showed  also 
that  the  microparticles  reduce  the  time  of  latency. 
In  a  third  test,  three  bioassays  with  three  different 
inocula  were  conducted  simultaneously  to  evaluate 
the  reproducibilty  of  the  methanogenesis  and  its 
stimulation  in  these  experimental   conditions.   A 
fourth  test  was  run  in  order  to  have  a  statistical 
validation  of  the  stimulation;  it  was  shown  that  the 
variability  in  results  is  mainly  due  to  septic  tank 
sludge  sampling  variability  and  that  the  methana- 
tion measurements  are  reliable.  It  is  concluded  that 
argillaceous   microparticles   stimulate   batch   bio- 
methanation  of  acetic  acid  at  20  C.  This  effect  is  on 
the  reduced  time  of  latency  and  on  the  degradation 
rates.  (Shidler-PTT) 
W90-07421 


FTXED-BIOFTLM  REACTORS  IN  AQUACUL- 
TURAL  WATER  RECYCLE  SYSTEMS:  EFFECT 
OF  ORGANIC  MATTER  ELIMINATION  ON 
NITRIFICATION  KINETICS. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Water  Pollution  Control. 
J.  Bovendeur,  A.  B.  Zwaga,  B.  G.  J.  Lobee,  and  J. 
H.  Blom.  „      „„„ 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  207- 
213,  February  1990.  6  fig,  1  tab,  14  ref. 

Descriptors:  'Aquaculture,  'Biofilms,  'Nitrifica- 
tion, 'Organic  wastes,  'Wastewater  treatment, 
'Water  reuse,  Chemical  oxygen  demand,  Oxida- 
tion. 

A  special  biofilm  adaptation  system  and  a  biofilm 
monitoring  system  were  developed  for  use  in  recy- 
cling water  for  aquaculture.  The  good  agreement 
of  biofilm  performance  between  artificial  aquacul- 
ture samples  and  samples  taken  from  an  operative 
trickling  filter  showed  that  the  methods  used  are 
suitable  tools  for  research  on  fixed-biofilm  process- 
es. Research  focused  on  the  effect  of  simultaneous 
removal  of  organic  matter  on  the  zero-order  bio- 
film nitrification  rate  in  relation  to  the  production 
of  fecal  organic  matter.  The  biofilm  removed  or- 
ganic matter  at  rates  directly  proportional  to  the 
COD  (chemical  oxygen  demand)  loading  rate, 
showing  efficiencies  around  85%.  Biofilm  respira- 
tion experiments  showed  that  only  a  small  fraction 
(about  10%)  of  the  COD  removed  has  actually 
been  oxidized  simultaneously.  The  oxygen  con- 
sumption was  only  0.065  g  oxygen/g  COD.  The 
corresponding  reduction  factor  for  the  simultane- 
ous nitrification  process  was  -0.015  g/sq  m/d  am- 


monia nitrogen  nitrified  per  g/sq  m/d  COD  re- 
moved. The  reduction  of  the  nitrification  rate  by 
simultaneous  COD  oxidation  indicates  that  under 
the  applied  conditions  the  nitrification  process  has 
been  limited  by  the  transfer  of  oxygen  into  the 
biofilm  layer.  (Author's  abstract) 
W90-07422 


SUSPENDED  SOLIDS  IN  BIOLOGICAL 
FILTER  EFFLUENTS. 

Toronto  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

W.  M.  Zahid,  and  J.  J.  Ganczarczyk. 
Water  Research  WATRAG,  Vol.  24,  No.  2,  p  215- 
220,  February  1990.8  fig,  2  tab,  13  ref. 

Descriptors:  'Biological  filters,  'Suspended  solids, 
'Trickling  filters,  'Wastewater  treatment,  Multiex- 
posure  photographic  technique,  Particle  size,  Set- 
tling velocity. 

Some  physical  properties  of  suspended  solids  in 
two  trickling  filter  effluents  were  measured.  Sever- 
al size  indices  and  shape  factors  of  these  particles 
were  determined  with  the  use  of  an  image  analysis 
system.  The  applicability  of  the  sample  preserva- 
tion technique  limited  the  studied  particles  to  those 
with  the  longest  dimension  greater  than  10 
microm.  The  majority  of  the  particles  studied  had 
diameters  of  less  than  100  microm.  The  settling 
velocities  and  the  sizes  of  the  particles  studied 
were  measured  in  a  quiescent  water  column  by  a 
multiexposure  photographic  technique.  Results 
showed  that  particle  settling  velocity  increased  as 
a  fractional  power  of  size.  Based  on  these  direct 
measurements,  the  particle  density  was  calculated, 
and  found  to  decrease  with  an  increase  of  the 
particle  size.  (Author's  abstract) 
W90-07423 


BIOTECHNOLOGICAL  SULPHIDE  REMOV- 
AL IN  THREE  POLYURETHANE  CARRIER 
REACTORS:  STIRRED  REACTOR,  BIOROTOR 
REACTOR  AND  UPFLOW  REACTOR. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Water  Pollution  Control. 

C.  J.  Buisman,  B.  Wit,  and  G.  Lettinga. 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  245- 

251,  February  1990.  9  fig,  2  tab,  15  ref. 

Descriptors:  'Sulfide  removal,  'Sulfur, 
'Wastewater  reactors,  'Wastewater  treatment, 
Biorotor  reactor,  Dissolved  oxygen,  Mixed  tank 
reactor,  Sludge,  Sulfate  production,  Upflow  reac- 
tor. 

Three  reactor  systems  were  compared  in  order  to 
assess  their  suitability  for  a  new  biotechnological 
sulfide  removal  process.  This  process  is  based  on 
the  conversion  of  sulfide  to  sulfur.  The  sulfide 
removal  rates  under  conditions  where  the  sulfide 
effluent  concentration  did  not  exceed  2  mg/L  was 
for  the  CSTR  (completely  mixed  tank  reactor), 
biorotor  and  upflow  reactors  2.4,  10,  11  kg  S/cu 
m/day,  respectively.  The  differences  in  volumetric 
sulfide  load  in  these  cases  mainly  depend  on  the 
different  sludge  concentrations.  When  using  Rass- 
chig  rings  (rings  with  a  cylindrical  shape,  diameter 
of  5  cm,  height  of  3  cm  and  total  surface  of  180  sq 
cm)  instead  of  PUR  (recticulated  polyurethane) 
particles  the  capacity  for  the  biorotor  system  de- 
creased to  5.0  kg  S/cu  m/day.  The  applicable 
hydraulic  retention  times  at  a  sulfide  influent  con- 
centration of  100  mg/L  for  sulfide  effluent  concen- 
trations below  2  mg/L  were  for  the  CSTR,  bioro- 
tor and  upflow  reactors  35,  10  and  13  min,  respec- 
tively. Under  identical  operational  conditions  the 
sulfate  production  in  the  biorotor  and  upstream 
reactors  remains  lower  than  in  the  CSTR.  The 
sulfate  production  rate  in  the  biorotor  can  be  con- 
trolled by  changing  the  oxygen  concentration  in 
the  gasphase  and  in  the  other  two  reactor  systems 
by  changing  the  dissolved  oxygen  concentration. 
(Author's  abstract) 
W90-07428 


BIOREMEDIATION  OF  CHLOROPHENOL 
CONTAINING  SIMULATED  GROUND  WATER 
BY  IMMOBILIZED  BACTERIA. 
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Alko  Ltd.,  Helsinki  (Finland). 

For  primary  bibliographic   entry   see   Field   5G. 

W90-07429 


GAS  EXCHANGE  THROUGH  THE  SOIL-AT- 
MOSPHERE INTERPHASE  AND  THROUGH 
DEAD  CULMS  OF  PHRAGMITES  AUSTRALIS 
IN  A  CONSTRUCTED  REED  BED  RECEIVING 
DOMESTIC  SEWAGE. 
Aarhus  Univ.  (Denmark).  Botanical  Inst. 
H.  Brut. 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  259- 
266,  February  1990.  5  fig,  2  tab,  25  ref. 

Descriptors:  'Aerobic  digestion,  'Anaerobic  diges- 
tion, 'Artificial  wetland  treatment,  'Decomposing 
organic  matter,  'Land  treatment,  'Reeds, 
•Wastewater  treatment,  'Wetlands,  Gas  exchange, 
Hydraulic  conductivity,  Nitrogen,  Phosphorus, 
Root  respiration. 

The  decomposition  processes  of  organic  matter 
during  winter  in  a  3-year  old  soil-based  construct- 
ed reed  bed  with  lateral  sub-surface  water  flow 
were  evaluated  by  quantifying  the  influx  and  efflux 
of  metabolic  gases  and  by  considering  input-output 
budgets  and  relating  these  to  storages  within  the 
bed.  The  total  flux  of  gaseous  oxygen  into  the  bed 
was  5.86  g/sq  m/day  of  which  2.08  g/sq  m/day 
was  through  the  cavities  of  dead,  still  standing 
culms  of  Phragmites  australis.  The  respiratory 
oxygen  consumption  of  the  roots  and  rhizomes 
almost  perfectly  balanced  the  oxygen  influx 
through  the  culms  leaving  only  0.02  g  oxygen/sq 
m/day  to  be  released  to  the  surrounding  soil.  The 
macrophyte-induced  rhizosphere  oxygenation  was 
therefore  of  no  quantitative  importance  for  aerobic 
BOD  degradation  and  microbial  nitrification.  Or- 
ganic matter  was  degraded  aerobically  by  means  of 
oxygen  delivered  directly  from  the  atmosphere  and 
anaerobically  by  methanogenic  bacteria  in  the 
upper  layers  of  the  soil.  Some  nitrogen  and  phos- 
phorus was  retained  with  sludge  deposition  on  the 
surface  of  the  bed  and  in  the  inlet  trench.  The 
constructed  reed  bed  under  study  did  not  function 
according  to  the  theory  of  the  root-zone  process. 
The  majority  of  the  wastewater  moved  along  pre- 
ferred pathways  on  the  surface  of  the  bed  because 
of  low  soil  hydraulic  conductivity.  Changes  in  the 
physical  design  and  the  operational  practice  of 
constructed  reed  beds  are  needed  to  improve  and 
optimize  performance  efficiency  for  nutrients.  (Au- 
thor's abstract) 
W90-07430 


TREATED  WASTEWATERS  AS  A  GROWING 
WATER  RESOURCE  FOR  AGRICULTURE 
USE. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 

Chemical  Engineering. 

For  primary  bibliographic  entry  see  Field  3C. 

W9O-07432 


CARRIER-GAS  PROCESS-A  NEW  DESALINA- 
TION AND  CONCENTRATION  TECHNOLO- 
GY. 

EvCon  Corp.,  Minneapolis,  MN. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-O7439 


BEST  DEMONSTRATED  AVADLABLE  TECH- 
NOLOGY (BDAT)  FOR  POLLUTION  CON- 
TROL AND  WASTE  TREATMENT  (APR  75  - 

JAN  90). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB9O-857202. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
Report  NZ  8770,  January  1990.  104p. 

Descriptors:  'Bibliographies,  'Waste  treatment, 
•Water  pollution  control,  'Water  pollution  treat- 
ment, Best  demonstrated  available  technology, 
Technology. 

This  bibliography  contains  citations  concerning  the 
most  current  equipment  and  processes  for  pollution 
control  and  waste  treatment  that  attempt  to  meet 


the  guidelines  set  by  the  Environmental  Protection 
Agency  (EPA).  Technology  for  pollution  control 
and  waste  treatment  used  by  the  EPA  to  develop 
current  effluent  standards,  and  pollution  control 
methods  used  by  industry  to  meet  those  standards 
are  considered.  Standards  for  gaseous,  liquid,  and 
solid  pollution  are  discussed.  BDAT  (best  demon- 
strated available  technology)  is  an  acronym  for 
best  currently  available  technology  as  defined  by 
the  EPA.  This  updated  bibliography  contains  221 
citations  from  the  NTIS  bibliographic  database,  22 
of  which  are  new  entries  to  the  previous  edition. 
(Authors  abstract) 
W90-07472 


WASTEWATER  TREATMENT  (DEC  87  -  JUL 
89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-868046. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
Report  NZ6205,  August  1989.  38p. 

Descriptors:  'Bibliographies,  'Wastewater  treat- 
ment, Heavy  metals,  Hydrocarbons,  Industrial 
wastewater,  Oil   wastes,   Wastewater  renovation. 

This  bibliography  contains  citations  concerning 
techniques  and  equipment  for  the  treatment  of 
industrial  (except  mining)  effluent  streams.  Consid- 
eration is  given  to  the  removal,  reclamation,  and 
recycling  of  various  trace  metals,  heavy-metals, 
hydrocarbons,  and  oily  wastewaters  to  meet  regu- 
latory agency  discharge  or  inplant  reuse  standards. 
This  updated  bibliography  contains  85  citations, 
from  the  COMPENDEX  database,  all  of  which 
are  new  entries  to  the  previous  edition.  (Author's 
abstract) 
W90-07473 


5E.  Ultimate  Disposal  Of  Wastes 


DETERMINATION  OF  THE  IGNITION  TEM- 
PERATURES OF  SEWAGE  SLUDGE. 

Clemson  Univ.,  SC.  Dept.  of  Environmental  Sys- 
tems Engineering. 

S.  Schwarz,  T.  J.  Overcamp,  and  T.  M.  Keinath. 
Environmental    Technology    Letters    ETLEDB, 
Vol.  10,  No.  7,  p  621-632,  July  1989.  1  fig,  1  tab,  7 
ref.  Argonne  National  Lab.  Contract  41182401  and 
DOE  Contract  W-31-109-Erg-38. 

Descriptors:  'Incineration,  'Sludge  disposal, 
'Sludge  drying,  'Sludge  treatment,  'Waste  dispos- 
al, 'Wastewater  treatment,  Temperature. 

Drying  sludges  before  incineration  renders  the 
process  more  energy-efficient,  but  may  also  in- 
crease the  potential  for  self-ignition  and  combus- 
tion of  dried  sludge  in  the  dryer,  in  the  sludge 
handling  equipment,  and/or  during  sludge  storage. 
At  present,  no  recognized  method  exists  to  deter- 
mine the  ignitability  of  sludges.  In  this  paper,  a 
method  to  determine  the  flash-ignition  and  self- 
ignition  temperatures  of  dried  sewage  sludge  is 
described.  A  hot-air  furnace,  similar  to  that  used  in 
ASTM  Standard  D  1929,  was  used  to  test  two 
municipal  and  two  industrial  sludges.  The  flash- 
ignition  temperatures  ranged  from  344  C  to  432  C, 
and  the  self-ignition  temperatures  ranged  from  439 
C  to  481  C.  These  ignition  temperatures  may  be 
useful  in  assessing  the  potential  of  sludge  combus- 
tion in  dryers  or  in  storage.  (Brunone-PTT) 
W90-06613 


POLLUTION  OF  HARBOUR  SEDIMENTS  BY 
HEAVY  METALS. 

Antwerpse  Waterwerken  (Belgium). 

For   primary   bibliographic   entry   see   Field    5G. 

W90-06687 


SCREENING  AT  MARINE  OUTFALL  HEAD- 
WORKS. 

For   primary   bibliographic   entry   see   Field    5D. 
W90-06711 


EFFECT  OF  NATURAL  LIGANDS  ON  TRACE 
METAL  PARTITIONING. 

Water  Research  Centre,  Medmenham  (England). 
For  primary  bibliographic  entry  see  Field  5B. 

W90-06754 


MODELING  FRACTURE  FLOW  WITH  A  STO- 
CHASTIC DISCRETE  FRACTURE  NETWORK: 
CALIBRATION  AND  VALIDATION:  1.  THE 
FLOW  MODEL. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau  (France). 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06857 


MODELING  FRACTURE  FLOW  WITH  A  STO- 
CHASTIC DISCRETE  FRACTURE  NETWORK: 
CALIBRATION  AND  VALIDATION:  2.  THE 
TRANSPORT  MODEL. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau  (France). 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06858 


SUPERFUND  RECORD  OF  DECISION:  NA- 
TIONAL STARCH,  NC. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-06954 


EFFECT  OF  APPLICATIONS  OF  SEWAGE 
SLUDGE  ON  N,  P,  K,  CA,  MG  AND  TRACE 
ELEMENTS  CONTENTS  OF  PLANT  TISSUES. 

Institut   National   de   la   Recherche   Scientifique, 

Sainte-Foy  (Quebec). 

D.  Couillard,  and  Y.  Grenier. 

Science  of  the  Total  Environment  STENDL,  Vol. 

80,  No.  2/3,  p  113-125,  May  1989.  6  tab,  31  ref. 

NSERC  Grant  A-37 11. 

Descriptors:  'Digested  sludge,  'Fertilizers,  'Plant 
growth,  'Plant  tissues,  'Sludge  utilization,  'Trace 
elements,  Cations,  Tamarack. 

A  four-month  study  was  conducted  in  a  green- 
house with  Larix  laricina  (Tamarack)  grown  in 
sand  and  nursery  soil.  This  culture  was  fertilized 
with  anaerobically  digested  sludge  at  various  rates 
and  doses.  No  direct  relationship  could  be  estab- 
lished between  the  growth  of  seedlings  and  the 
quantities  of  sludge  applied.  Relationships  were, 
however,  established  between  the  quantities  of 
sludge  applied  and  the  elemental  composition  of 
the  tissues.  There  was  a  significant,  positive  corre- 
lation between  the  growth  of  seedlings  and  the 
phosphorus  and  nitrogen  content  of  their  tissues. 
Furthermore,  there  was  a  significant  positive  cor- 
relation between  the  concentrations  of  these  ele- 
ments in  the  different  parts  of  the  seedlings  studied 
and  the  quantities  of  sludge  added.  However,  the 
sludge  did  not  provide  sufficient  K  to  improve  the 
nutrient  status  of  the  sand.  This  anomaly  could 
have  been  corrected  by  adding  mineral  K  in  the 
form  of  a  chemical  fertilizer.  In  the  case  of  Ca,  Mg 
and  the  trace  elements,  their  elevated  concentra- 
tions in  the  sludge  resulted  in  adequate  or  excessive 
concentrations  in  the  seedlings.  Finally,  since  the 
differences  between  treatments  were  not  sufficient- 
ly important,  it  was  not  possible  to  determine  if 
burying  the  sludge  was  better  than  surface  fertiliza- 
tion. This  question  could  have  been  answered  if  a 
longer  experiment  had  been  carried  out.  (Chonka- 
PTT) 
W90-06974 


TALL  FESCUE  GROWTH  IN  GREENHOUSE, 
GROWTH  CHAMBER,  AND  FIELD  PLOTS 
AMENDED  WITH  SEWAGE  SLUDGE  COM- 
POST AND  FERTILIZER. 

Agricultural    Research    Service,    Beltsville,    MD. 

Soil-Microbial  System  Lab. 

C.  F.  Tester. 

Soil  Science  SOSCAK,  Vol.  148,  No.  6,  p  452-458, 

December  1989.  2  fig,  6  tab,  10  ref. 
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Descriptors:  'Composting,  •Fertilization,  'Fes- 
cues, 'Field  tests,  'Greenhouses,  'Growth  cham- 
bers, 'Regression  analysis,  'Sludge  utilization,  Ni- 
trogen, Yield. 

Recommendations  for  using  sewage  sludge  com- 
post to  satisfy  the  nitrogen  requirements  of  crops, 
which  resulted  from  greenhouse  and  controlled 
environmental  growth  chambers  studies,  have  not 
been  sufficiently  validated  with  field  trials.  Studies 
were  conducted  to  evaluate  the  effects  of  sewage 
sludge  compost  and   complete   fertilizer   amend- 
ments on  yields  and  nitrogen  content  of  'Kentucky 
31'    tall    fescue    (Festuca    arundinacea    Schreb.) 
grown  on  Evesboro  loamy  sand  (mesic,  coated 
Typic    Quartzipsamments)    in    different    environ- 
ments. Compost  was  applied  at  rates  of  either  0,  45, 
90  or  135  Mg/ha  in  greenhouse  and  growth  cham- 
ber pot  studies  and  0,  60  120,  and  240  Mg/ha  in 
field  trials.  Fertilizer  (N,  P,  K)  was  applied  at  0 
and  200  kg/ha  where  indicated.  Compost  amend- 
ment increased  the  yields  of  fescue  linearly  in  all 
three  growth  environments.  For  the  second  crop, 
yields  were  50%  of  those  for  the  first  crop  in  the 
growth  chamber  and  60%  of  those  for  the  first 
crop  in  the  field.  A  conservative  estimate  for  com- 
post N  utilization  by  the  fescue  crop  was  8%  for 
the  initial  cropping  season  and  5%  for  the  second 
season  (determined  from  the  entire  plant  uptake  in 
the  greenhouse  and  growth  chamber).  These  esti- 
mates may  be  low  because  the  average  utilization 
of  compost  N  by  the  tall  fescue  in  the  field  plots 
was  7%  for  the  first  year  clippings  alone  (roots  and 
stubble  not  analyzed).  Equivalent  dry  matter  yields 
were  obtained  for  the  135  Mg/ha  compost  amend- 
ment and  complete  fertilizer  for  greenhouse  grown 
fescue;  however,  equivalent  yields  for  the  field- 
grown  fescue  were  realized  by  the  60  Mg/ha  com- 
post amendment.  Model  equations  were  derived 
for  estimating  fescue  yield  from  compost-amended 
soil.  (Author's  abstract) 
W90-06986 

MUTAGENIC  POTENTIAL  OF  MUNICIPAL 
SEWAGE  SLUDGE  AMENDED  SOILS. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Soil  and  Crop  Sciences. 

K.  C.  Donnelly,  K.  W.  Brown,  and  J.  C.  Thomas. 

Water  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 

No.  3/4,  p  435-449,  November  1989.  4  fig,  3  tab,  24 

ref. 

Descriptors:  'Bacterial  physiology,  'Land  dispos- 
al, 'Mutagenicity,  'Mutagens,  'Sludge  disposal, 
•Soil  amendments,  Bioassay,  Municipal  wastes, 
Soil  physical  properties,  Solvent  extraction. 


This  study  was  conducted  to  measure  the  mutagen- 
ic potential  of  municipal  sewage  sludge  amended 
soil.  Two  separate  sludge  samples  were  collected 
from  one  municipal  wastewater  treatment  plant 
and  applied  to  undisturbed  soil  lysimeters  over  a 
nine  month  interval.  Soil  and  sludge  samples  were 
collected  for  approximately  two  years  following 
sludge  application.  Samples  were  extracted  using 
methylene  chloride  and  methanol,  and  the  bacterial 
mutagenicity  of  the  resulting  residue  determined 
using  the  Salmonella/microsome  assay.  The  maxi- 
mum specific  activity  in  net  revertants  per  10  mg 
of  residue  induced  by  the  methanol  fraction  ex- 
tracted from  the  soil  collected  154  days  following 
the  first  sludge  application  was  416  for  the  sludge 
amended  soil,  as  compared  to  320  for  the  Padina 
sand.  The  specific  activity  of  the  sludge  amended 
soil  decreased  slowly  with  time.   For  both  the 
Padina  and  the  Weswood  soils,  mutagenic  organic 
chemicals  were  detected  in  soil  samples  collected 
510  days  following  the  second  sludge  application. 
For  the  Weswood  soil,  the  mutagenic  activity  per 
unit  weight  of  soil  with  metabolic  activation  of  the 
samples  collected  510  days  after  the  final  sludge 
application  was  decreased  by  15  and  76%  for  the 
methylene  chloride  and  methanol  fractions,  respec- 
tively when  compared  to  the  maximum  weighted 
activity  observed  56  days  after  the  final  sludge 
application.   The   results   indicate   that   municipal 
sewage   sludges   may   contain   organic   mutagens 
which  are  persistent  in  the  soil.  (Author's  abstract) 
W9O-07131 


EXCAVATION  OF  AN  INSTRUMENTED 
EARTHEN  LINER:  INSPECTION  OF  DYED 
FLOW  PATHS  AND  MORPHOLOGY. 

Illinois  State  Geological  Survey  Div.,  Champaign. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-07227 

CONSTRUCTION  OF  THE  IONA  OUTFALL 
SUBMARINE  SECTION. 

Dillingham  Construction  Ltd.,  North  Vancouver 

(British  Columbia). 

For  primary  bibliographic  entry  see  Field  8A. 

W90-07237 

ROOT  AND  SHOOT  ELONGATION  AS  AN  AS- 
SESSMENT OF  HEAVY  METAL  TOXICITY 
AND  'ZN  EQUrVALENT  VALUE'  OF  EDIBLE 
CROPS. 

Hong  Kong  Baptist  Coll.,  Kowloon.  Dept.  of  Biol- 
ogy. 

Y  H  Cheung,  M.  H.  Wong,  and  N.  F.  Y.  Tarn. 
Hydrobiologia  HYDRB8,  Vol.  188/89,  p  377-383, 
December  1989.  1  fig,  1  tab,  17  ref. 

Descriptors:  'Bioassay,  'Crops,  'Heavy  metals, 
•Land  disposal,  'Phytotoxicity,  'Plant  growth, 
'Pollutant  identification,  'Sludge  disposal,  'Toxic- 
ity, Aluminum,  Cabbage,  Cadmium,  Copper,  Hong 
Kong,  Iron,  Lead,  Manganese,  Nickel,  Root 
growth,  Shoot  growth,  Silver,  Soil  amendments, 
Zinc. 

Seeds  of  thirteen  edible  plant  species  were  tested 
for  their  response  to  heavy  metals  during  their 
early  development.  It  was  found  that  a  short-term 
root  elongation  test  of  six  days  could  be  used  to 
evaluate  the  degree  of  toxicity  of  aqueous  samples 
containing  heavy  metals.  Shoot  elongation  was  less 
sensitive  to  metals  than  root  elongation.  The  seeds 
were  sown  in  pots  containing  freshwater  sand  to 
which  known  concentrations  of  metal  solutions 
were  added.  The  relative  toxicity  of  the  three 
metals,  copper,  nickel,  and  zinc,  followed  the  pat- 
tern of  Ni  >  Cu  >  Zn.  Results  on  the  relative 
toxicity  of  Zn:Cu:Ni  to  various  plant  species  indi- 
cated that  the  ratios  were  species-specific.  The  Zn 
equivalent  concept  of  Zn:Cu:Ni:  =  1:2:8  could  not 
be  applied  to  all  the  plant  species  tested.  The  root 
growth  of  seeds  of  Brassica  parachinensis  (flower- 
ing Chinese  cabbage)  placed  on  filter  papers  in 
petri  dishes  to  which  metal  solutions  were  added 
was  tested.  The  sensitivity  ranking  of  the  metals 
tested  was  found  to  be  as  follows:  Ni  >  Cd  >  Cu 
>  Al  >  Fe  >  Zn  >  Pb  >  Mn  >  Ag.  There  was 
no  significant  difference  (p  >  0.05)  in  percentage 
reduction  in  root  elongation  among  the  four  differ- 
ent repeated  trials.  It  is  expected  that  parts  of  the 
sewage  sludge  generated  by  the  existmg  as  well  as 
future  sewage  treatment  plants  in  Hong  Kong  will 
be  used  for  agricultural  application.  The  root  elon- 
gation method  will  be  useful  as  a  convenient  tool 
to  evaluate  the  phytotoxicity  of  heavy  metals  con- 
tained in  the  sludge.  (White-Reimer-PTT) 
W90-07283 


ROLE  AND  APPLICATION  OF  ENVIRON- 
MENTAL BIOASSAY  TECHNIQUES  IN  SUP- 
PORT OF  THE  IMPACT  ASSESSMENT  AND 
DECISION-MAKING  UNDER  THE  OCEAN 
DUMPING  CONTROL  ACT  IN  CANADA. 
Environmental  Protection  Service,  Dartmouth 
(Nova  Scotia).  Marine  Environmental  Branch. 

Hydrobtologia  HYDRB8,  Vol.  188/89,  p  595-600, 
December  1989.  1  fig,  2  tab,  14  ref. 

Descriptors:  'Bioassay,  *Canada,  *Ocean  dump- 
ing, •Sediment  contamination,  'Toxicity,  'Water 
pollution  effects,  Benthic  organisms,  Impact  assess- 
ment, Microbiological  studies,  Single-species  tests. 

A  brief  description  of  the  Canadian  Ocean  Dump- 
ing Control  Act  (ODCA)  and  the  current  ocean 
dumping  permit  process  in  Canada  is  given.  Using 
case  studies  the  role  of  various  experimental  bioas- 
say techniques  and  in  situ  bioaccumulation  studies 
in  the  permit  assessment  and  evaluation  process  are 
reviewed.  A  single-species  test,  such  as  the 
Macoma  or  Amphipod  test,  might  be  useful  in 
detecting  the  toxicity  of  a  few  selected  pollutants. 


However,  when  the  assessment  of  more  complex 
environmental  impacts  caused  by  the  dumping  of 
multiple  contaminated  substances  is  required,  a  bat- 
tery approach  using  single  species  lethal  and  suble- 
thal bioassays  supplemented  with  bulk  sediment 
chemical  analysis  and  benthic  community  studies  is 
more  applicable.  The  test  organisms  in  existing 
sediment  bioassay  tests  are  usually  species  that  are 
alien  to  the  benthic  community  at  the  dump  site. 
The  new  microbial  tests  have  adopted  a  different 
approach  by  directly  measuring  the  metabolic  dis- 
turbance in  a  natural  benthic  community  caused  by 
the  impacts  of  ocean  dumping  at  the  dump  site. 
The  use  of  organisms  obtained  from  the  dump  site 
will  increase  the  accuracy  in  predicting  the  'true 
impact  of  dumping  wastes  at  sea.  Results  of  bioas- 
says will  provide  useful  feedback  for  the  establish- 
ment of  better  criteria  for  the  ODCA  Permit  re- 
viewing system.  (White-Reimer-PTT) 
W90-07307 

ENVIRONMENTAL  ASPECTS  OF  PHOS- 
PHATE FERTILIZER  PRODUCTION  IN  THE 
NETHERLANDS  WITH  PARTICULAR  REFER- 
ENCE TO  THE  DISPOSAL  OF  PHOSPHOGYP- 
SUM.  ,     J  . 

Gezondheidsraad,  The  Hague  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07345 

EFFECT  OF  THE  APPLICATION  OF  A  MU- 
NICIPAL REFUSE  COMPOST  ON  THE  PHYSI- 
CAL  AND   CHEMICAL   PROPERTDZS   OF  A 

Institiito  de  Edafologia  y  Biologia  Vegetal,  Madrid 

(Spain). 

S  Hernando,  M.  C.  Lobo,  and  A.  Polo. 

Science  of  the  Total  Environment  STENDL,  Vol. 

81/82,  p  589-596,  June  1989.  2  fig,  6  tab,  9  ref. 

Descriptors:  'Heavy  metals,  'Land  application, 
'Municipal  wastes,  'Soil  amendments,  'Solid 
waste  disposal,  'Waste  disposal,  Cadmium,  Chro- 
mium, Compost,  Copper,  Lead,  Nickel,  Soil  chem- 
istry, Soil  properties,  Soil  structure,  Zinc. 

Three  doses  of  a  municipal  refuse  compost  were 
applied  to  a  soil  (Typic  Haploxeralf)  from  Toledo, 
Spain.  Subsequent  changes  in  soil  physical  and 
chemical  properties,  and  in  the  solubility  of  toxic 
metals  in  water  and  diethylentriaminpentaacetic 
acid  (DTP A)  were  studied.  Soil  structure  was  un- 
proved and  water  holding  capacity  and  alkali- 
soluble  substances  increased.  Analyzing  the  toxic 
metals  dynamics,  a  different  behavior  was  ob- 
served in  each  element  in  both  aqueous  and  DTPA 
extracts.  Chromium  was  not  extractable  in  either 
extracting  agents.  The  hydrosoluble  zinc  was  im- 
mobilized during  the  incubation  while  it  became 
concentrated  in  the  DTPA  extracts.  Copper  pre- 
sented an  opposite  behavior  with  an  immobiliza- 
tion in  the  DTPA  fraction  and  a  release  in  the 
aqueous  extract.  A  significant  correlation  at  95% 
was  found  between  the  amount  of  soluble  copper 
and  that  of  compost  added.  Nickel  mobilized  both 
in  water  and  in  DTPA.  There  was  a  significant 
correlation  between  the  contents  of  the  available 
extracts  in  the  various  doses  and  the  aggregate 
stability,  presenting  possible  contamination  risks 
directly  proportional  to  dose.  (Geiger-PTT) 
W90-07388 

EVALUATION  OF  MID-TO-LONG  TERM 
BASIC  RESEARCH  FOR  ENVIRONMENTAL 
RESTORATION:  PRELIMINARY  ANALYSIS 
TO  CHARACTERIZE  DOE  WASTE  PROB- 
LEMS IN  A  5-  TO  20-YEAR  TIMEFRAME  AND 
TO  IDENTIFY  RESEARCH  NEEDS. 
Department  of  Energy,  Washington,  DC.  Office  of 
Energy  Research. 

For  primary  bibliographic   entry   see   Held   3U. 
W90-07486 


CALIFORNIA  DIVISION  OF  OIL  AND  GAS 
UNDERGROUND  INJECTION  CONTROL 
PROGRAM:  A  PEER  REVIEW. 

Underground  Injection  Practices  Council,  Oklaho- 
ma City,  OK. 
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Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE89-012489. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  DOE/BC/14304--T1,  1989.  115p. 

Descriptors:  'California,  'Injection  wells,  'Regu- 
lations, 'Wastewater  disposal,  Compliance,  Hand- 
books, Natural  gas,  Oil  industry,  Peer  review. 

The  peer  review  of  the  California  Division  of  Oil 
and  Gas  Class  II  Underground  Injection  Control 
(VIC)  program  was  conducted  in  Sacramento, 
California,  in  March,  1988,  to  assess  the  overall 
effectiveness  of  State  oil  and  gas  environmental 
programs.  The  review  was  conducted  using  a  com- 
prehensive questionnaire  completed  by  state  UIC 
personnel,  direct  questioning  of  these  personnel  by 
Review  Team  members  and  review  of  actual  docu- 
ments and  procedures  used.  The  programs  exam- 
ined cover  wells  which  are  used  for  the  injection 
of  fluids  into  oil  reservoirs  for  the  purpose  of 
stimulating  or  furthering  their  production  when 
natural  production  mechanisms  decline  or  cease 
(enhanced  recovery  well)  and  for  the  disposal  of 
waters  produced  in  conjunction  with  the  produc- 
tion of  oil  and  gas  (disposal  wells).  If  improperly 
constructed,  operated,  maintained,  or  abandoned, 
such  wells  may  allow  contaminants  to  enter  under- 
ground sources  of  drinking  water  (USDW)  poten- 
tially depriving  the  public  of  needed  sources  of 
current  or  future  water  supplies.  A  review  ques- 
tionnaire workbook  was  prepared  containing  nu- 
merous questions  about  the  important  aspects  of  a 
state's  Class  II  UIC  program  including:  (1)  permit- 
ting and  file  review;  (2)  inspections;  (3)  mechanical 
integrity  testing;  (4)  compliance  and  enforcement; 
(5)  plugging  and  abandonment;  and  (6)  inventory 
and  data  management.  (Lantz-PTT) 
W90-07499 


BIOLOGICAL  TESTING  OF  SEDIMENT  FOR 
THE  OLYMPIA  HARBOR  NAVIGATION  IM- 
PROVEMENT PROJECT,  1988:  GEODUCK, 
AMPHIPOD,     AND    ECHINODERM    BIOAS- 

SAYS. 

Battelle  Pacific   Northwest  Labs.,  Sequim,  WA. 

Marine  Research  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 

W9O-O750O 


DREDGFNG:  BIOLOGICAL  EFFECTS  (JAN  79  - 
JUL  1989). 

National  Technical   Information  Service,   Spring- 
field, VA. 

For   primary   bibliographic   entry   see   Field   6G. 
W90-07501 

5F.  Water  Treatment  and 
Quality  Alteration 


OPERATING  EXPERIENCE  OF  AN  R.  O. 
PLANT  AS  PRETREATMENT  OF  THE  DEMIN- 
ERALIZER  SYSTEM  IN  A  COGENERATION 
PLANT. 

Power  Resources,  Inc.,  Big  Spring,  TX. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06557 


GRAPHIC     EVOLUTION     OF     THE     24,000 

HOURS  (3  YEARS),  OPERATING  DATA  OF  A 

RO     BRACKISH     WATER     DESALINATION 

PLANT,  IN  LAS  PALMAS,  CANARY  ISLANDS, 

SPAIN. 

Universidad  Politecnica  de  Canarias,  Las  Palmas 

de  Gran  Canaria  (Spain).  Escuela  Tecnica  Superior 

de  Ingenieros  Industriales  de  Las  Palmas. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06558 


REVERSE  OSMOSIS  AND  ION  EXCHANGE 
DEMINERALIZER  SYSTEM  FOR  BASRAH 
PETROCHEMICAL  COMPLEX  NO.  1. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-O6559 


THM  PRECURSOR  REMOVAL  AND  SOFTEN- 

ING--FT.   MYERS   12  MGD  RO   MEMBRANE 

PLANT,  FLORIDA  USA. 

Hydranautics,  San  Diego,  CA. 

P.  H.  Lang,  P.  E.  Laverty,  E.  D.  Edwards,  and  I. 

Watson. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  39-52, 

November  1989.  10  fig,  1  tab. 

Descriptors:  'Florida,  'Membrane  processes,  'Re- 
verse osmosis,  'Trihalomethanes,  'Water  soften- 
ing, 'Water  treatment,  'Water  treatment  facilities, 
Performance  evaluation,  Pilot  plants,  Separation 
techniques,  Water  quality  standards. 

The  city  of  Ft.  Myers,  Florida  currently  lime 
softens  up  to  10  million  gallons/day  (1600  cubic 
m/hr)  of  raw  water  from  a  well  field  in  a  process 
including  aeration,  lime  softening,  clarification,  re- 
carbonation,  chlorination,  and  media  filtration.  The 
water,  as  presently  treated,  exceeds  the  regulatory 
limit  for  trihalomethane  by  a  factor  of  four  (400 
microgram/L  vs.  regulatory  limit  of  100  micro- 
gram/L).  Due  to  a  need  to  expand  capacity  and 
comply  with  trihalomethane  regulations,  the  city 
investigated  process  alternatives,  and  found  that 
membrane  separation  of  organics  (trihalomethane 
precursor)  and  hardness  more  reliably  meets  exist- 
ing requirements  and  proposed  future  trihalometh- 
ane limits,  at  no  additional  cost  compared  to  more 
conventional  chemical  processes.  Subsequent  to 
the  treatment  study,  membrane  pilot  testing  was 
conducted,  a  membrane  supplier  was  selected,  and 
proof  testing  was  successfully  completed  during 
the  summer  of  1988.  The  Hydranautics  membrane 
type  selected  for  the  Ft.  Myers  production  system 
and  used  in  the  proof  test  was  treating  a  similar 
surficial  feed  source  for  another  large  South  Flori- 
da utility.  Operation  of  the  production  plant  during 
1988  and  1989  has  confirmed  long-term  perform- 
ance stability  of  the  Hydranautics  ultralow  pres- 
sure membrane.  (Mertz-PTT) 
W90-06560 


'DESIGN  OF  COMPACT,  CONTAINERIZED 
DESALINATION  PLANTS'  EXECUTED  FOR 
MINISTRY  OF  ELECTRICITY  AND  WATER, 
KUWAIT. 

Hydrotechnik,  Salzburg  (Austria). 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06561 


DESAL-5  MEMBRANE  FOR  WATER  SOFTEN- 
ING. 

Desalination  Systems,  Inc.,  Escondido,  CA. 

D.  L.  Constock. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  61-72, 

November  1989.  4  fig,  2  tab,  2  ref. 

Descriptors:  'Membranes,  'Reverse  osmosis,  'Ul- 
trafiltration, 'Wastewater  treatment,  'Water  soft- 
ening, 'Water  treatment,  Computer  programs,  De- 
salination apparatus,  Ions,  Membrane  processes, 
Separation  techniques,  Sulfates. 

Desal-5  is  a  thin-film  membrane  developed  by  De- 
salination Systems,  Inc.  It  falls  into  the  overlap 
region  between  reverse  osmosis  and  ultra-filtration 
with  an  approximate  molecular  weight  cut-off  of 
150  to  200  for  uncharged  molecules.  Multivalent 
anions  are  highly  rejected  by  the  membrane.  De- 
pending upon  the  ionic  makeup  of  the  water,  diva- 
lent cations  may  also  be  highly  rejected  while 
monovalent  ions  are  allowed  to  pass.  These  unique 
properties  make  the  Desal-5  membrane  ideal  for  a 
number  of  industrial  separation  and  purification 
applications  and  for  hardness  and  sulfate  removal 
from  natural  water  and  wastewaters.  In  addition  to 
softening,  Desal-5  is  capable  of  removing  a  variety 
of  organic  constituents  from  natural  waters, 
wastewaters,  and  process  streams.  A  calculation 
procedure  was  developed  that  predicts  ion  rejec- 
tion with  a  reasonable  accuracy.  The  calculation 
procedure  is  amenable  to  computerization,  and  a 
computer  projection  program  is  presently  being 
prepared.  (Mertz-PTT) 
W90-06562 


JEDDAH  1  RO  PLANT-PHASE  I  15  MGD  RE- 
VERSE OSMOSIS  PLANT. 


Saline   Water  Conversion   Corp.,   Jeddah   (Saudi 

Arabia). 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06563 


INTEGRATED  PRODUCTION  OF  POWER 
AND  WATER. 

Saline  Water  Conversion  Corp.,  Al-Khobar  (Saudi 

Arabia). 

M.  A.-K.  Al-Sofi. 

Desalination  DSLNAH,  Vol.  76,  No.  1-3,  p  89-105, 

November  1989.  5  fig,  3  tab,  16  ref. 

Descriptors:  'Arabian  Peninsula,  'Electric  power 
demand,  'Electric  power  production,  'Water 
demand,  'Water  supply,  Developing  countries, 
Spinning  reserve,  Water  distribution,  Water  supply 
development. 

In  the  Arabian  Peninsula,  both  water  and  power 
are  becoming  more  and  more  vital  commodities. 
This  is  mainly  due  to  the  improving  quality  of  life 
and  to  industrialization.  Furthermore,  due  to  limit- 
ed natural  resources  that  its  industrial  production  is 
growing  very  rapidly.  The  production  growth  rate 
of  water  is  twice  of  that  for  power.  This  is  largely 
attributable  to  the  rapid  quantitative  and  qualita- 
tive deterioration  of  underground  water,  which  in 
turn  is  related  to  escalating  demands.  Unlike  water, 
electricity  is  a  product  which  is  difficult  to  store. 
This  characteristic  nature  of  the  two  may  be  uti- 
lized to  partially  alleviate  the  uneven  demand 
growth  rates.  Likewise,  deployment  of  water  pro- 
duction processes  of  a  different  nature  and  energy 
requirements  would  also  assist  in  meeting  the 
higher  demands.  Spinning  reserve  or  available  gen- 
eration capacity  is  the  major  network  protection 
concept  in  the  region,  where  both  water  and 
power  are  industrially  produced.  It  would  there- 
fore be  worthwhile  to  investigate  ways  and  means 
of  utilizing  the  spinning  reserve.  Particular  atten- 
tion should  be  given  to  the  close  relationship  exist- 
ing between  power  and  water  production.  (Au- 
thor's abstract) 
W90-06564 


CONCENTRATION  OF  RO-BRINES  BY 
SEEDED  HORIZONTAL  TUBE  FALLING 
FILM  EVAPORATION  (HTFE). 

Technische  Hochschule  Aachen  (Germany,  F.R.). 

Lehrstuhl  fuer  Verfahrenstechnik  1  und  Inst,  fuer 

Verfahrenstechnik. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06565 


TECHNOECONOMICS  OF  POWER/DESALT- 
ING COGENERATION  PLANTS  IN  KUWAIT-- 
A  PRELIMINARY  STUDY. 

Kuwait   Water   Resources   Development   Centre, 

Safat. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06566 


OPTIMIZATION  OF  DUAL-PURPOSE  STEAM 
POWER  AND  MSF  DESALINATION  PLANT. 

Consulting  Engineers,  P.O.  Box  223,  Heliopolis, 

Cairo,  Egypt. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06567 


OPTIMUM  DESIGN  FOR  A  HYBRID  DESALT- 
ING PLANT. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Coll.  of 

Engineering. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06568 


HYBRID  DESALTING  SYSTEMS. 

Bechtel  Group,  Inc.,  San  Francisco,  CA. 
For  primary  bibliographic  entry  see  Field  3A. 
W90-06569 


COSTS  OF  SEAWATER  DESALINATION  IN 
REAL  TERMS,  1979  THROUGH  1989,  AND 
PROJECTIONS  FOR  1999. 
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Leitner  and  Associates,  Inc.,  Elm  Grove,  WI. 
For  primary  bibliographic  entry  see  Field  3A. 
W90-06570 


COMPREHENSIVE  STUDY  ON  CAPITAL  AND 
OPERATIONAL  EXPENDITURES  FOR  DIF- 
FERENT TYPES  OF  SEAWATER  DESALTING 
PLANTS  (RO,  MVC,  ME,  ME-TVC,  MSF) 
RATED  BETWEEN  200  CUBIC  M/D  AND  3000 
CUBIC  M/D. 

TRACTEBEL  S.A.,  Brussels  (Belgium). 
For  primary  bibliographic  entry  see  Field  3A. 
W90-06571 


PARAMETRIC  COST  ANALYSIS  STUDY  OF 
SEAWATER  REVERSE  OSMOSIS  SYSTEMS 
DESIGN  IN  KUWAIT. 

Kuwait   Water   Resources   Development   Centre, 

Safat. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06572 


TECHNICAL  AND  ECONOMICAL  COMPARI- 
SON BETWEEN  LARGE  CAPACITY  MSF  AND 
RO  DESALTING  PLANTS. 

Kuwait  Univ.,  Safat.  Dept.  of  Mechanical  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-06573 


TECHNICAL  ASPECTS  OF  REDUCING  DE- 
SALTING WATER  COST  BY  DISTILLATION 
METHODS. 

Kuwait  Univ.,  Safat.  Dept.  of  Mechanical  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-06574 


PROCESS    ARRANGEMENTS    FOR    HYBRID 
SEA  WATER  DESALINATION  PLANTS. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-06575 


ADSORPTION  METHODS  FOR  TREATING 
ORGANICALLY  COLOURED  UPLAND 
WATERS. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England).  Dept.  of  Civil  Engineering. 
S.  D.  Lambert,  and  N.  J.  D.  Graham. 
Environmental    Technology    Letters    ETLEDB, 
Vol.  10,  No.  9,  p  785-798,  September  1989.  64  ref. 

Descriptors:  'Adsorption,  *Chemical  treatment, 
•Color  removal,  *Water  treatment,  Activated  alu- 
mina, Activated  carbon,  Bone  char,  Coagulation, 
Costs,  Filtration,  Sedimentation. 

Conventional  color  removal  treatment  is  per- 
formed by  a  process  of  coagulation  with  a  hydro- 
lyzing  salt,  such  as  aluminum  sulfate,  followed  by 
either  sedimentation  (or  flotation)  and  filtration,  or 
direct  filtration,  prior  to  disinfection.  These  con- 
ventional methods,  when  treating  highly  colored 
upland  raw  waters  for  potable  water  supply,  are 
relatively  inefficient.  Adsorption  of  organic  color 
either  by  activated  carbon,  by  activated  alumina, 
or  by  bone  char,  particularly  after  preozonation  of 
the  raw  water,  is  a  possible  alternative  method  that 
may  be  more  cost-effective.  The  principal  proper- 
ties relating  to  the  viable  application  of  an  adsorb- 
ent are:  its  adsorption  characteristics,  physical 
characteristics,  and  regeneration  capability.  Of 
these,  an  adsorbent's  adsorption  capacity  describes 
the  key  economic  factor  in  the  adsorption  process 
as  it  determines  the  direct  cost  in  terms  of  both  the 
rate  of  adsorbent  exhaustion,  and  the  sizing  of  the 
necessary  equipment.  It  may  be  possible  for  acti- 
vated carbon  to  be  regenerated  with  solvents,  but 
as  both  solvents  and  adsorbates  vary  in  their  de- 
sorptive  characteristics,  no  solvents  are  universally 
applicable,  and  there  are  several  disadvantages 
with  the  employment  of  some  organic  solvents  on 
an  industrial  scale.  They  are  often  expensive  and 
must  be  recovered,  and  there  may  be  health  haz- 
ards. The  chemical  regeneration  of  activated 
carbon  is  also  not  always  very  effective,  with 
efficiencies  of  only  13.0-72.2  ppt  with  10  ppt  hy- 


drochloric acid,  and  8.0-44.0  ppt  with  6M  sodium 
hydroxide  solutions.  Alumina  however,  permits  a 
rapid,  insitu  recovery  of  a  high  proportion  of  the 
adsorptive  capacity,  it  causes  no  attrition,  it  avoids 
adsorbent  handling  and  make  up  requirements,  and 
it  also  avoids  pollution  problems  and  the  genera- 
tion of  high  temperatures.  The  reuse  of  regenerant 
solutions  is  a  further  economic  benefit.  The  disso- 
lution of  material  during  alumina  regeneration 
however  may  hinder  its  application.  A  particular 
advantage  of  bone  char  is  its  low  cost  in  compari- 
son to  the  other  adsorbents  and  this  may  compen- 
sate for  some  of  its  deficiencies.  Similarly,  activat- 
ed bauxite  may  be  an  attractive  alternative  adsorb- 
ent. Although  less  effective  than  activated  alumina, 
activated  bauxite  is  still  an  excellent  adsorbent  of 
fluoride  from  waters  of  varying  composition,  and 
is  much  less  expensive.  (Brunone-PTT) 
W90-06621 


PRODUCTION  AND  COST  FUNCTIONS  OF 
WATER  LOW-TEMPERATURE  SOLAR  DE- 
SALINATION. 

Patras  Univ.  (Greece).  Dept.  of  Mechanical  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-06654 


IMPROVING  RURAL  SUPPLIES  IN  NORTH- 
UMBERLAND. 

Newcastle  and  Gateshead  Water  Co.,  Newcastle 
upon  Tyne  (England). 
D.  B.  James,  and  B.  E.  Drage. 
Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  564-568,  De- 
cember 1989.  4  fig,  2  tab. 

Descriptors:  'Drinking  water,  'Rural  areas, 
'Water  distribution,  'Water  quality,  'Water 
supply  development,  'Water  treatment  facilities, 
England,  Northumberland. 

A  strategy  is  described  which  was  adopted  to 
ensure  compliance  with  the  EC  Directive  on 
Drinking  Water  at  six  rural  locations  in  Northum- 
berland, UK.  These  areas,  plus  a  more  widespread 
community  in  the  Tyne  Valley,  are  served  by 
Catcleugh  reservoir,  a  typical  upland  colored 
source.  Treatment  of  the  smaller  locations  was 
carried  out  by  single-stage  pressure-filter  plants, 
and  for  the  larger  area  by  a  two-stage  treatment 
works.  Three  of  the  small  pressure-filtration  plants 
have  been  closed,  and  the  supply  has  been  replaced 
from  the  two-stage  plant.  In  the  other  three  cases, 
two  improvements  are  complete:  one  a  dissolved- 
air  flotation  scheme,  the  other  low-rate  single-stage 
pressure  filtration.  Improvements  to  the  third  sta- 
tion are  in  the  planning  stage.  (Author's  abstract) 
W90-06715 


PROBLEMS  ENCOUNTERED  IN  THE 
HOTWELLS  DISTRICT  SMALL-SCALE  ME- 
TERING TRIAL. 

Bristol  Waterworks  Co.  (England). 
S.  G.  Bessey. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  579-582,  De- 
cember 1989.  2  ref. 

Descriptors:  'User  charges,  'Water  costs,  'Water 
metering,  Apportionment,  Bristol,  Electrical  earth- 
ing, England. 

As  the  debate  on  the  fairness  of  water  metering 
continues,  the  Hotwells,  Bristol,  UK  metering  trial 
has  revealed  two  new  contentious  issues  which 
could  add  credibility  to  the  arguments  of  those 
opposed  to  a  universal  system:  apportionment  and 
electrical  earthing.  While  one  of  the  original  objec- 
tives of  the  trial  has  been  to  meter  externally,  it  has 
always  been  recognized  that  not  all  properties  lend 
themselves  to  siting  of  meters  in  the  footpaths. 
Likewise,  it  has  not  even  been  possible  to  meter 
individual  properties  internally,  and  therefore  it 
has  been  necessary  to  accept  some  premises'  shar- 
ing a  meter.  This  has  resulted  in  the  apportionment 
of  measured  volumes  between  those  sharing,  and 
billing  customers  for  those  parts  of  the  bill  which 
are  due  to  them.  The  water  industry  is  presented 
with  three  options  to  deal  with  shared  supplies:  (1) 


to  develop  an  acceptable  method  of  apportionment 
which  will  be  viewed  as  fair  by  the  customer, 
while  being  sufficiently  simple  to  manage  and 
maintain;  (2)  to  set  aside  funds  for  the  separation  of 
supplies  as  metering  becomes  necessary;  (3)  to  seek 
an  alternative  method  of  charging  for  shared  serv- 
ices and  totally  dispense  with  metering.  With  re- 
spect to  electrical  earthing,  two  major  problems 
have  emerged  during  the  trial.  Firstly,  installing  a 
water  meter  breaks  the  conductivity  of  metallic 
pipework  and,  secondly,  the  customer  does  not 
realize  or  indeed  accept  responsibility  for  electrical 
earthing.  These  problems,  while  they  have  always 
existed  below  the  surface,  have  recently  come  to  a 
head  because  metering  is  compulsory,  expensive,  is 
often  unpopular  and  if  it  involves  the  customer  in 
additional  expense  or  danger,  it  is  potentially  a 
political  issue.  (Sand-PTT) 
W90-06717 


LABORATORY  SIMULATION  OF  DISINFEC- 
TION REGIMES  FOR  TRIHALOMETHANE 
CONTROL. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England).  Dept.  of  Civil  Engineering. 
N.  J.  D.  Graham,  G.  Reynolds,  D.  Buckley,  R. 
Perry,  and  B.  Croll. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  604-611,  De- 
cember 1989.  2  fig,  8  tab,  8  ref. 

Descriptors:  'Chlorination,  'Chlorine  dioxide, 
•Disinfection,  'Drinking  water  treatment,  'Ozona- 
tion, 'Ozone,  'Trihalomethanes,  'Water  treat- 
ment, Chlorine,  Permanganate. 

A  collaborative  project  between  Anglian  Water 
and  Imperial  College  was  undertaken  to  investi- 
gate alternative  disinfection  regimes  for  the  control 
of  trihalomethane  (THM)  formation  in  lowland 
surface  water  treatment.  A  laboratory  experimen- 
tal protocol  was  developed  to  measure  THM  for- 
mation as  a  consequence  of  both  pre-disinfection 
and  post-disinfection  stages  with  chlorine  dioxide, 
ozone  and  potassium  permanganate,  evaluated  as 
alternative  pre-disinfectants  in  direct  comparison 
with  breakpoint  and  sub-breakpoint  pre-chlorina- 
tion.  The  protocol  was  applied  to  raw  water  sam- 
ples from  eight  locations  within  the  Anglian  Water 
region  under  winter  and  summer  conditions.  The 
results  have  shown  that  THM  formation  can  be 
reduced  substantially,  either  by  the  application  of 
chlorine  dioxide  and  ozone  as  substitutes  to  break- 
point pre-chlorination  or  by  reducing  the  pre- 
chlorination dose.  The  application  of  potassium 
permanganate  as  a  pre-disinfectant  had  little  effect 
on  diminishing  the  formation  of  THM  compounds. 
A  further  substantial  reduction  in  THM  formation 
can  be  achieved  by  diminishing  the  contact  period 
following  post-chlorination  between  free-chlorine 
and  the  treated  water  (e.g.,  by  conversion  of  free- 
chlorine  to  combined-chlorine  through  reaction 
with  ammonium  sulfate).  (Author's  abstract) 
W90-06721 


REPORT  FROM  MALAWI,  AFRICA. 

N.  A.  MacDougall. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  619-620,  De- 
cember 1989. 

Descriptors:  'Developing  countries,  'Malawi, 
•Sanitation,  'Water  supply  development,  Ground- 
water, Institutions. 

Malawi,  in  South  Eastern  Africa,  has  substantial 
water  resources,  with  about  one-quarter  of  the 
country  being  covered  by  lakes.  Malawi  has  dis- 
tinct wet  and  dry  seasons,  the  wet  season  lasting 
from  November  to  May,  with  slight  regional  vari- 
ations. Groundwater  is  also  widely  available  from 
dug  wells  and  boreholes.  The  country's  water  re- 
sources are  managed  by  the  Water  Resources 
Board.  The  city  councils  are  responsible  for  sanita- 
tion in  the  cities,  with  overall  responsibility  resting 
with  the  Ministry  of  local  government.  There  are 
three  major  institutions  dealing  with  water  supply. 
The  Department  of  Water  is  responsible  for  the 
following  water  supplies:  urb<*n  water  supplies; 
gravity-fed  water  systems;  borehole  water  supplies; 
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the  Water  Resources  Board,  which  is  responsible 
for  granting  water-abstraction  rights  and  consent 
to  discharge  effluents  into  water  courses  and/or  in 
the  ground,  and  for  controlling  water  pollution; 
the  Mpira/Balaka  water  supply,  which  will  supply 
drinking  water  by  a  gravity  piped  system  from 
Mpira  Dam.  The  Blantyre  Water  Board,  estab- 
lished in  1929  to  provide  the  first  piped  water 
supply  in  Blantyre,  Malawi's  commercial  center 
and  largest  city,  has  undertaken  a  development 
strategy  to  increase  the  peak  yield  from  Walker's 
Ferry  treatment  works  and  raising  the  spillway  of 
the  Mudi  Dam.  The  Lilongwe  Water  Board  ob- 
tains its  raw  water  from  the  Lilongwe  River.  Reg- 
ulation of  river  flows  to  provide  storage  during  the 
dry  season  is  achieved  by  the  Kamuzu  Dam  and  a 
newly-completed  earthfill  embankment  dam. 
About  15%  of  the  urban  population  is  connected 
to  community  wastewater  systems,  the  remainder 
generally  using  septic  tanks  and  pit  latrines.  In 
order  to  improve  and  expand  alternative  low-cost 
sanitation  techniques,  a  demonstration  project  has 
been  carried  out  under  the  Lilongwe  Water 
Supply  Engineering  Project.  (Sand-PTT) 
W90-06723 


PRETREATMENT  ALTERNATIVES  FOR 
CATSKILL  WATER. 

Hazen  and  Sawyer,  New  York. 
D.  Nickols. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  103,  No.  4,  p  175-187, 
December  1989.  8  fig,  4  tab,  7  ref. 

Descriptors:  •Drinking  water,  •Pretreatment  of 
water,  'Water  treatment  facilities,  Catskill  Moun- 
tains, Dissolved  oxygen,  Filtration,  New  York, 
Pilot  plants,  Sedimentation  basins,  Turbidity. 

The  Catskill  system  provides  40%  of  the  water  for 
New  York  City.  Two  unusual  features  of  the  Cats- 
kill  reservoirs  need  to  be  taken  into  account  in  the 
design  of  treatment  facilities.  (1)  turbidity,  which 
can  rise  dramatically  in  the  spring  run-off  season; 
and  (2)  a  function  of  the  profile  along  the  aque- 
duct, which  is  provided  with  inverted  siphons 
along  its  length,  usually  at  river  and  stream  cross- 
ings. While  fully  submerged  at  normal  flow,  under 
reduced  flow  conditions  the  siphons  are  no  longer 
fully  submerged.  Many  have  a  free  fall  of  several 
feet  at  the  upstream  end,  which  causes  supersatur- 
ated concentrations  of  dissolved  oxygen  in  the 
siphon  and  for  some  distance  downstream.  As  the 
turbidity  of  the  Catskill  water  can  exceed  100 
NTU,  pretreatment  prior  to  filtration  is  necessary. 
Preliminary  screening  of  alternatives  was  carried 
out  prior  to  pilot  testing.  The  alternatives  consid- 
ered were:  conventional  horizontal  sedimentation 
basins;  plate  settlers;  sludge  blankets  and  solids 
contact  clarifiers;  and  roughing  filters.  In  pilot 
plant  testing,  although  the  plate  settlers  could  meet 
the  clarified  water  objectives  under  normal  condi- 
tions, the  presence  of  supersaturated  dissolved 
oxygen  caused  significant  floe  carryover  into  the 
clarified  water.  The  plate  settlers  could  not  meet 
the  clarified  water  objectives  under  this  condition. 
The  dissolved  air  flotation  cell  results  were  initial- 
ly disappointing,  although  still  acceptable  accord- 
ing to  the  test  objectives.  When  an  inclined  baffle 
was  added  to  make  the  rented  unit  more  similar  to 
European  drinking  water  designs,  the  results  im- 
proved dramatically.  Supersaturated  dissolved 
oxygen  was  not  found  to  cause  any  deterioration  in 
clarified  water  quality.  The  roughing  filter  results 
also  met  the  test  objectives,  although  the  roughing 
filter  was  not  operated  during  periods  of  supersa- 
turated dissolved  oxygen.  A  report  from  the  State 
Department  of  Health  compared  treatment  plants 
using  roughing  filters  at  10  gpm/sq  ft  with  dis- 
solved air  flotation  cells  at  2.4  gpm/sq  ft.  The  cost 
difference  between  the  two  processes  was  negligi- 
ble, and  the  town  has  decided  to  proceed  with 
dissolved  air  flotation  cells  rather  than  roughing 
filters.  (Sand-PTT) 
W90-06727 


RAW  WATER  QUALITY  CONTROL:  AN 
OVERVIEW  OF  RESERVOIR  MANAGEMENT 
TECHNIQUES. 

Ecosystem  Consulting  Service,  Inc.,  Coventry, 
CT 


For   primary  bibliographic   entry   see   Field   5G. 
W90-06728 


CONTEMPORARY    TELEMETERING    METH- 
ODS FOR  WATER  WORKS  FACILITIES. 

Consulting  Engineer,  Inc.,  Westwood,  MA. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-06729 


GRANULATED  ACTIVATED  CARBON  WATER 
TREATMENT  AND  POTENTIAL  RADIATION 
HAZARDS. 

Environmental  Protection  Agency,  Boston,  MA. 
Water  Supply  Branch. 
S.  Rydell,  B.  Keene,  and  J.  Lowry. 
Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,   Vol.    103,   No.   4,   p  234-248, 
December  1989.  8  fig,  1  tab,  12  ref. 

Descriptors:  'Activated  carbon,  'Granular  activat- 
ed carbon,  'Hazardous  materials,  'Radon,  'Water 
treatment,  Costs,  Domestic  water,  Gamma  radi- 
ation, Model  studies,  Radioactivity. 

Early  enthusiasm  for  granular  activated  carbon 
(GAC)  as  the  radon  treatment  medium  of  choice 
for  very  small  systems  has  diminished  in  consider- 
ation of  the  secondary  radiation  problems  it  pre- 
sents. GAC  remains  a  viable  treatment  method  for 
radon  only  at  the  low  end  of  the  radon  concentra- 
tion range.  In  domestic  water  supplies  this  is  5000 
pCi/1  or  less.  The  initial  cost  advantages  of  the 
GAC  system  may  be  overridden  by  the  potential 
costs  of  dealing  with  problems  of  gamma  radiation 
shielding  or  the  need  to  regenerate  or  dispose  of 
radioactive  spent  carbon  should  the  system  become 
plugged  or  otherwise  fail.  Model  calculations  of 
gamma  dose  allow  design  estimates  for  domestic 
systems  to  be  made  with  reasonable  accuracy. 
Using  the  model's  point  source  dose  feature  should 
enable  water  system  designers  to  estimate  radiation 
exposures  for  larger  units,  since  the  point  source 
calculation  is  independent  of  the  shape  or  size  of 
the  source,  and  does  not  consider  self-absorption 
within  the  source.  On-site  verification  of  gamma 
dose  by  a  recently  calibrated  survey  meter,  after 
several  weeks  of  filter  operation  is  good  engineer- 
ing practice  and  should  be  done  to  check  the 
accuracy  of  the  model  calculation.  (Author's  ab- 
stract) 
W90-06730 


acute  effects  were  all  judged  to  be  acceptable  by 
the  South  Coast  Air  Quality  Management  District. 
(Author's  abstract) 
W90-06834 


BIOHAZARDS  OF  DRINKING  WATER 
TREATMENT. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  293p. 
Edited  by  Richard  A.  Larson. 

Descriptors:  'Biohazards,  'Drinking  water,  'Haz- 
ardous materials,  'Symposium,  'Water  quality 
control,  'Water  treatment,  Amino  acids,  Biological 
studies,  Chemical  reactions,  Chlorinated  hydrocar- 
bons, Chlorine,  Disinfection,  Granular  activated 
carbon,  Humic  substances,  Mutagens,  Ozonation, 
Pathogens,  Public  health. 

The  Environmental  Chemistry  Division  of  the 
American  Chemical  Society  held  its  194th  meeting 
in  New  Orleans,  Louisiana,  in  September  1987. 
The  papers  presented  at  the  symposium  called 
attention  to  the  many  problems  that  remain  in 
trying  to  provide  drinking  water  of  good  quality  to 
the  people  of  industrialized  societies.  These  papers 
have  been  compiled  into  a  book  having  seven 
sections  (22  chapters).  The  opening  section  is  de- 
voted to  an  overview  of  public  health  risks  related 
to  drinking  water  treatment  practices  and  the  per- 
ception of  these  risks  by  users.  The  second  section 
consists  of  chapters  about  chlorinated  ethanes.  In 
the  third  section,  the  question  of  pathogenic  orga- 
nisms in  treated  drinking  water  is  examined.  The 
fourth  section  of  the  book  examines  some  of  the 
chemical  reactions  between  aqueous  chlorine  and 
common  constituents  of  natural  waters  such  as 
amino  acids  and  humic  materials,  and  delineates 
some  of  the  efforts  that  have  gone  into  identifying 
particularly  active  mutagens  found  in  drinking 
water  concentrates.  The  fifth  section  addresses  the 
use  of  ozonation  as  an  alternative  disinfection  proc- 
ess, including  studies  of  ozonation  products  and 
their  biological  effects.  Granular  activated  carbon 
is  the  subject  of  the  sixth  section.  The  last  section 
of  the  book  includes  several  chapters  on  a  variety 
of  topics  that  represent  advanced  thinking  about 
fundamental  aspects  of  water  treatment.  This  book 
attempts  to  stimulate  thought  about  basic  attitudes 
toward  drinking  water,  helping  to  bring  about  the 
ideal  of  the  safest  drinking  water  for  the  greatest 
number  of  people.  (See  W9O-O6907  thru  W90- 
06928)  (Fish-PTT) 
W90-06906 


RISK  ANALYSIS  ON  AH*  EMISSIONS  FROM 
GROUNDWATER  AERATION. 

Midwest  Research  Inst.,  Cary,  NC. 

R.  V.  Crume,  W.  M.  Ryan,  T.  A.  Peters,  and  R.  J. 

Bryan. 

Research  Journal  of  the  Water  Pollution  Control 

Federation  JWPFA5,  Vol.  62,  No.  2,  p  119-123, 

March/ April  1990.  1  fig,  5  tab,  9  ref. 

Descriptors:  'Air  stripping,  'Benzenes,  'Cancer, 
•Chlorinated  hydrocarbons,  'Risk  assessment, 
•Water  treatment,  Carcinogens,  Chloroform, 
Groundwater  pollution,  Methylene  chloride, 
Perchloroethylene,  Trichloroethylene. 

An  air  quality  analysis  and  health  risk  assessment 
was  performed  to  determine  the  potential  inhala- 
tion risk  associated  with  a  proposed  groundwater 
aeration  tower  located  in  the  Los  Angeles  Basin. 
The  tower  was  to  be  used  to  'strip'  contaminants 
from  polluted  groundwater,  resulting  in  the  dis- 
charge of  the  contaminants  to  the  ambient  air. 
Emissions  of  trichloroethylene,  perchloroethylene, 
benzene,  chloroform,  and  methylene  chloride  were 
included  in  the  study,  based  on  the  potential  for 
these  compounds  to  cause  cancer  in  humans.  A 
health  risk  assessment  for  each  compound  was 
conducted  such  that  the  potential  impact  of  these 
compounds  on  the  surrounding  community  could 
be  evaluated.  Both  carcinogenic  and  noncarcino- 
genic  effects  were  examined.  The  analysis  indicat- 
ed that  the  total  excess  burden  in  the  area  affected 
by  air  stripping  tower  would  be  0.032  excess  cases 
of  cancer  over  a  70-year  period.  The  maximum 
individual  cancer  risk  within  the  impacted  area 
was  found  to  be  one-millionth.  The  maximum  indi- 
vidual risk  of  cancer,  population  excess  cancer 
burden,    and    concentration    levels    for    assessing 


HEALTH  RISK  IN  RELATION  TO  DRINKING 
WATER  TREATMENT. 

Stichting    Waterlaboratorium    Oost,    Doetinchem 

(Netherlands). 

H.  J.  Kool. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  3-19, 

1  fig,  12  tab,  65  ref. 

Descriptors:  'Drinking  water,  'Water  pollution 
effects,  'Water  treatment,  Aeromonas,  Carcino- 
gens, Chlorination,  Denitrification,  Enteric  bacte- 
ria, Groundwater  pollution.  Nitrates,  Organic 
compounds,  Oxidation,  Ozone,  Surface  water,  The 
Netherlands. 

In  the  Netherlands  about  30%  of  drinking  water  is 
produced  from  surface  waters,  mainly  from  the 
rivers  Rhine  and  Meuse.  These  rivers  are  polluted 
with  inorganics  and  pathogenic  microorganisms.  In 
order  to  be  certain  that  the  waterworks  produce 
safe  drinking  water,  treatment  processes  have  to  be 
applied.  The  use  of  a  chlorination  step,  or  other 
oxidation  steps  like  ozone  and  chlorine  dioxide,  is 
applied  to  drinking  water  derived  from  surface 
water.  Chlorine  dioxide  and  ozone  are  preferred 
over  chlorine  with  respect  to  formation  of  muta- 
genic activity  and  organohalides  in  drinking  water 
treatment.  Evidence  of  carcinogenic  effects  caused 
by  chlorinated  drinking  water  is  rather  weak.  Re- 
cently, 'new'  problems  that  have  shown  up  in 
drinking  water  supplies  in  The  Netherlands  include 
a  finding  of  relatively  high  numbers  of  Aeromonas 
bacteria  (an  enteric  pathogen)  in  drinking  water 
prepared  from  surface  water  and  groundwater,  and 
a  drastic  increase  in  nitrate  levels  in  groundwater 
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and  drinking  water.  Nitrate  removal  by  two  deni- 
trification  processes  is  now  under  investigation  in  a 
pilot  plant  study.  (See  also  W90-06906)  (Fish-PTT) 
W90-06907 


ABIOTIC  TRANSFORMATION  OF  HALOGE- 
NATED  ORGANIC  COMPOUNDS:  II.  CONSID- 
ERATIONS DURING  WATER  TREATMENT. 

Florida    International    Univ.,    Miami.    Drinking 

Water  Research  Center. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06909 


ELIMINATION  OF  VIRUSES  AND  BACTERIA 
DURING  DRINKING  WATER  TREATMENT: 
REVTEW  OF  10  YEARS  OF  DATA  FROM  THE 
MONTREAL  METROPOLITAN  AREA. 

Institut  Armand-Frappier,  Laval  (Quebec).  Centre 

de  Recherche  en  Virologie. 

P.  Payment. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  59- 

65,  2  fig,  6  tab,  1  ref. 

Descriptors:  'Enteroviruses,  'Montreal,  'Patho- 
gens, 'Water  quality,  'Water  treatment,  'Water 
treatment  facilities,  Canada,  Drinking  water,  Fil- 
tration, Public  health,  Water  quality  control. 

Pathogenic  microorganisms  found  in  water  to  be 
utilized  for  the  preparation  of  drinking  water 
should  ideally  be  completely  removed  or  inactivat- 
ed by  the  treatment  processes  applied  at  the  water 
filtration  plant.  However,  many  bacteria,  viruses, 
and  parasites  have  been  found  to  be  resistant  to  one 
or  more  of  these  treatments.  Interest  in  the  dissemi- 
nation and  survival  of  human  and  animal  enteric 
viruses  in  water  has  led  to  a  study  of  not  only  their 
presence  in  surface  water,  but  also  of  their  survival 
during  drinking  water  treatment  as  well  as  the 
health  risk  they  may  constitute.  The  water  to  be 
tested  was  obtained  from  seven  drinking  water 
treatment  plants  in  Quebec,  Canada,  and  condi- 
tioned to  enhance  virus  adsorption  to  the  electron- 
egative cartridge  filters.  After  filtration,  the  filters 
were  eluted  using  an  alkaline  beef  extract  solution 
that  was  then  flocculated  to  obtain  a  final  volume 
of  concentrate  easily  assayable  in  cell  culture.  As 
expected,  the  theories  elaborated  from  laboratory 
scale  experiments  do  not  always  correlate  with  the 
experimental  data.  Viruses  were  detected  after 
treatments  that  should  have  eliminated  more  than 
12-log  of  viruses.  The  data  obtained  at  several 
water  treatment  plants  indicate  that,  except  under 
optimal  conditions,  most  filtration  plants  will  not 
remove  all  human  enteric  viruses.  The  low-level 
viral  contamination  observed  may  not  be  a  health 
problem,  but  only  further  studies  will  establish  if 
such  problems  exist.  Until  then,  because  these  vi- 
ruses are  so  resistant  to  actual  water  treatment, 
they  can  be  used  as  indicators  of  appropriate  water 
treatment  to  detect  deficiencies.  (See  also  W90- 
06906)  (Fish-PTT) 
W90-O6911 


FACTORS  AFFECTING  THE  OCCURRENCE 
OF  THE  LEGIONNAIRES'  DISEASE  BACTERI- 
UM IN  PUBLIC  DRINKING  WATER  SUP- 
PLDZS. 

Pittsburgh  City  Water  Dept.  PA. 
S.  J.  States,  J.  M.  Kuchta,  L.  F.  Conley,  R.  S. 
Wolford,  and  R.  M.  Wadowsky. 
IN:    Biohazards    of  Drinking    Water   Treatment. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  67- 
83,  7  fig,  2  tab,  37  ref.  Environmental  Epidemiolo- 
gy Center  of  the  Graduate  School  of  Public  Health 
of  the  University  of  Pittsburgh  Cooperative  Agree- 
ment CR80681-01-2  with  the  U.S.  Environmental 
Protection  Agency. 

Descriptors:  'Chlorine,  'Drinking  water,  'Legion- 
ella, 'Water  conveyance,  'Water  quality  control, 
'Water  supply,  'Water  treatment,  Bacterial  analy- 
sis, Chlorination,  Coliforms,  Cooling  towers, 
Metals,  Municipal  water,  Plumbing,  Water  quality, 
Water  tanks. 

It  has  become  apparent  that  the  causative  agent  of 
legionnaires'  disease,  Legionella  pneumophila,  is  a 
common  inhabitant  of  internal  plumbing  systems  of 


hospitals,  homes,  and  other  buildings,  and  in  bacte- 
rial amplifiers  such  as  hot  water  heaters  and  cool- 
ing towers.  The  discovery  of  legionellae  in  these 
locations  and  its  demonstrated  ability  to  multiply 
in  tap  water  raise  questions  concerning  the  poten- 
tial role  of  public  water  supplies  in  contaminating 
internal  plumbing  systems,  and  of  environmental 
factors  within  drinking  water  systems  that  influ- 
ence the  survival  and  growth  of  the  organism.  The 
susceptibility  of  L.  pneumophila  to  chlorine  was 
examined  by  inoculating  tap  water  with  known 
quantities  of  legionellae  and  treating  these  aquatic 
test  systems  with  free  chlorine.  The  results  of  this 
study  indicate  that  Legionella  is  more  resistant  to 
chlorine  than  are  coliform  bacteria,  and  that  Le- 
gionella could  potentially  survive  conventional 
chlorine  levels  typically  found  within  portions  of 
municipal  drinking  water  systems.  Analysis  of 
water  samples  from  institutional  hot  water  tanks 
indicated  that  the  chemical  environment  within 
these  tanks  varies  extensively;  the  concentrations 
of  certain  metals  reach  high  levels  as  a  result  of 
corrosion  and  leaching.  It  was  indicated  that  while 
higher  levels  of  most  metals  are  toxic  to  Legion- 
ella, lower  concentrations  of  key  metals  (e.g.,  iron, 
zinc,  and  potassium)  may  enhance  growth.  Preven- 
tion of  legionellae  growth  is  aided  by  diligent 
application  of  conventional  water  treatment  prac- 
tices. Operating  cooling  towers  outside  of  the  opti- 
mal environmental  tolerance  range  for  Legionella 
multiplication  may  be  a  useful  approach  to  control- 
ling growth  in  this  habitat.  (See  also  W90-06906) 
(Fish-PTT) 
W90-06912 


PRESENCE  OF  FUNGI  IN  DRINKING  WATER. 

West  Chester  Univ.  of  Pennsylvania.  Dept.  of  Biol- 
ogy. 

W.  D.  Rosenzweig,  and  W.  O.  Pipes. 
IN:  Biohazards  of  Drinking  Water  Treatment. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  85- 
93,  3  tab,  35  ref.  National  Science  Foundation, 
Division  for  Fundamental  Research  in  Emerging 
and  Critical  Engineering  Systems  (ECE-8515710). 

Descriptors:  'Aquatic  fungi,  'Drinking  water, 
'Fungi,  'Water  conveyance,  'Water  quality, 
'Water  treatment,  Aquatic  habitats,  Chlorine,  Mi- 
crobiological studies,  Monitoring,  Storage  tanks, 
Water  supply,  Water  temperature. 

Fungi  are  active  in  degrading  organic  substrates  in 
most  habitats,  including  those  of  aquatic  environ- 
ments, and  it  is  apparent  that  they  are  active  in 
water  distribution  systems.  The  occurrence  of 
fungi  in  five  small  water  distribution  systems  in  the 
Philadelphia,  Pennsylvania,  area  was  studied.  Resi- 
dential taps,  elevated  storage  tanks,  fire  hydrants, 
chlorinated  water  in  clear  wells,  aerated  water, 
and  raw  water  sources  were  sampled  at  various 
times  between  November  1980  and  July  1987. 
Temperature  and  residual  chlorine  concentrations 
were  measured  at  the  time  of  sampling,  then  the 
fungi  were  colonized  and  identified.  The  counts 
per  unit  volume  were  relatively  high  in  the  raw 
water  samples.  The  lowest  occurrence  and  densi- 
ties of  fungi  were  found  in  the  sample  from  resi- 
dential taps  in  the  groundwater  systems.  The 
lowest  in  the  surface  water  samples  were  in  the 
treated  water  (clearwell).  The  average  fungal 
count  per  positive  sample  was  highest  in  the  stor- 
age tanks  for  groundwater  systems  and  in  fire 
hydrant  samples  for  surface  water  samples.  There 
is  no  evidence  of  differences  in  fungi  present  be- 
tween groundwater  and  surface  water  systems. 
Apparently  some  fungi  survive  water  treatment 
processes  in  small  numbers,  although  the  majority 
are  eliminated.  Relatively  large  numbers  of  fungi 
can  be  isolated  from  various  parts  of  distribution 
systems,  including  various  human  pathogens.  The 
exact  role  fungi  might  play  in  relation  to  human 
health  and  interference  with  the  operation  of  the 
distribution  system  will  require  additional  studies. 
(See  also  W90-06906)  (Fish-PTT) 
W90-06913 


PATHWAYS  FOR  THE  PRODUCTION  OF  OR- 
GANOCHLORINE  COMPOUNDS  IN  THE 
CHLORESATION  OF  HUMIC  MATERIALS. 

Technische  Hogeschool  Delft  (Netherlands).  Lab. 
for  Analytical  Chemistry. 


For  primary  bibliographic  entry  see  Field  5B. 
W90-06914 


GC/MS  IDENTIFICATION  OF  MUTAGENS  IN 

AQUEOUS     CHLORINATED     HUMIC     ACID 

AND     DRINKING     WATERS     FOLLOWING 

HPLC  FRACTIONATION  OF  STRONG  ACID 

EXTRACTS. 

Environmental    Protection    Agency,    Cincinnati, 

OH. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06915 


AMINO  ACIDS  AS  MODEL  COMPOUNDS 
FOR  HALOGENATED  BY-PRODUCTS 
FORMED  ON  CHLORINATION  OF  NATURAL 
WATERS. 

Monsanto  Co.,  St.  Louis,  MO. 

M.  L.  Trehy,  R.  A.  Yost,  and  C.  J.  Miles. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  133- 

140,  3  fig,  33  ref. 

Descriptors:  'Amino  acids,  'Chlorination,  'Halo- 
genated  hydrocarbons,  'Water  treatment,  Byprod- 
ucts, Chemical  analysis,  Chlorinated  hydrocar- 
bons, Chloroform,  Drinking  water,  Environmental 
quality,  Florida,  Nitrogen  compounds,  Pollutant 
identification,  Trihalomethanes,  Wastewater  analy- 


It  is  known  that  drinking  water  disinfected  with 
chlorine  contains  trihalomethanes,  which  could  be 
explained  by  the  reaction  of  humic  and  fulvic 
substances  with  chlorine.  Resorcinol-type  moeities 
cannot  account  for  the  formation  of  dichloroace- 
tonitrile  in  chlorinated  natural  waters.  The  forma- 
tion of  dihaloacetonitriles  (DHAN)  by  the  reaction 
of  aqueous  chlorine  with  amino  acids  or  other 
nitrogenous  compounds  with  amino  acid  moeities 
has  been  proposed.  Certain  amino  acids  such  as 
aspartic  acid,  tyrosine,  and  tryptophan  yield 
DHAN  and  chloral  hydrate  when  exposed  to 
aqueous  chlorine  under  conditions  similar  to  that 
used  in  water  treatment.  These  amino  acids  react 
with  aqueous  chlorine  to  yield  dichloroacetonitrile, 
chloral  hydrate,  and  trichloromethane.  Lake  water 
samples  from  Florida  were  chlorinated  in  order  to 
demonstrate  the  formation  of  both  dichloroaceton- 
itrile and  chloral  hydrate,  in  comparison  to  chlor- 
inated wastewater  from  an  extended  aeration 
wastewater  treatment  plant.  Although  the  relative 
concentrations  of  dichloroacetonitrile  and  chloral 
hydrate  were  similar,  the  chloroform  concentra- 
tion was  substantially  different,  possibly  reflecting 
different  precursors  for  these  byproducts.  The  en- 
vironmental concentration  of  amino  acids  appears 
to  be  sufficient  to  account  for  the  dichloroacetoni- 
trile and  chloral  hydrate  formed  on  chlorination  of 
natural  waters.  The  chlorination  byproducts  of 
amino  acids  are  of  concern,  because  amino  acids 
are  likely  to  be  present  in  the  environment  and  a 
portion  of  the  byproducts  formed  on  chlorination 
may  be  mutagenic.  (See  also  W90-06906)  (Fish- 
PTT) 
W90-06917 


TOXICOLOGICAL  SIGNIFICANCE  OF  THE 
CHEMICAL  REACTIONS  OF  AQUEOUS 
CHLORINE  AND  CHLORAMINES. 

Old    Dominion    Univ.,    Norfolk,    VA.    Dept.    of 

Chemical  Sciences. 

F.  E.  Scully,  K.  Mazina,  D.  E.  Sonenshine,  and  H. 

P.  Ringhand. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  141- 

150,  28  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  'Chlorin- 
ation, 'Disinfection,  'Drinking  water,  'Toxicol- 
ogy, 'Water  pollution  sources,  'Water  treatment, 
Amino  acids,  Biological  studies,  Chemical  reac- 
tions, Chlorine,  Chloroform,  Halogenated  hydro- 
carbons, Organic  compounds,  Oxidation  process, 
Pollutant  identification,  Proteins,  Toxicity. 

When  a  strong  oxidizing  agent,  e.g.,  a  drinking 
water  disinfectant,  is  ingested,  it  can  be  expected  to 
react   with   organic   biomolecules   present.    Since 
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aqueous  chlorine  and  organic  monochloramine  are 
widely  used  disinfectants,  it  is  important  to  deter- 
mine what  reactions  these  oxidants  can  undergo  in 
the  body  and  whether  their  products  exhibit  ad- 
verse health  effects  or  can  be  detoxified.  The  prod- 
ucts of  the  reactions  of  organic  nitrogen  com- 
pounds, major  organic  components  of  gastric  fluid 
and  important  dietary  constituents,  with  aqueous 
chlorine  and  monochloramine  deserve  attention. 
The  reactions  of  aqueous  chlorine  and  monochlor- 
amine with  organic  components  of  biological  fluids 
from  the  stomachs  of  fasted  laboratory  rats  were 
measured  in  many  different  ways,  using  oxidant 
concentrations  high  enough  so  that  products  could 
be  recognized,  isolated,  and  identified  in  the  highly 
complex  organic  mixtures.  It  was  found  that  vari- 
ous N-chlorinated  amino  acids,  proteins,  free  chlo- 
rine, and  chloroform  were  formed  with  various 
concentrations  of  the  mixtures.  The  effects  of  these 
reactions  may  be  extrapolated  to  oxidant  concen- 
trations used  in  toxicological  studies  and  ultimately 
to  oxidant  concentrations  ingested  daily  by 
humans.  Operationally,  it  has  been  convenient  to 
identify  the  halogenated  products  of  the  reactions 
of  chlorine  disinfectants  with  organics,  because  the 
presence  of  a  chlorine  atom  is  a  specific  indicator 
that  a  chlorination  reaction  has  taken  place.  How- 
ever, oxidation  products  that  do  not  contain  halo- 
gen atoms  are  also  possible  and  may  exhibit  toxico- 
logical effects  of  their  own,  but  will  be  more 
difficult  to  identify.  (See  also  W90-06906)  (Fish- 
PTT) 
W90-06918 


OZONE  OXIDATION  PRODUCTS-IMPLICA- 
TIONS FOR  DRINKING  WATER  TREAT- 
MENT. 

Rice  International  Consulting  Enterprises,  Ashton, 

MD. 

R.  G.  Rice. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  153- 

170,  1  fig  1  tab,  41  ref. 

Descriptors:  *  Disinfection,  'Drinking  water,  *Oxi- 
dation  process,  'Ozonation,  'Water  treatment,  Ali- 
phatic hydrocarbons,  Biological  treatment,  Bro- 
mides, Carbon  dioxide,  Chlorine,  Filtration,  Floc- 
culation,  Halogenated  compounds,  Insecticides, 
Mutagenicity,  Ozone,  Pesticides,  Potassium  com- 
pounds, Sand  filters,  Toxicity. 

U.S.  water  utilities  are  being  encouraged  to  consid- 
er the  incorporation  of  ozone  into  drinking  water 
treatment  processing,  primarily  for  disinfection, 
but  also  for  oxidation.  Oxidation  products  pro- 
duced in  water  by  ozone,  chlorine,  chlorine  diox- 
ide, chloramine,  and  potassium  permanganate  were 
surveyed.  Each  of  these  disinfectants/oxidants  can 
be  applied  at  various  points  in  a  conventional 
water  treatment  process.  It  was  found  that  ozone 
produces  organic  oxidation  products,  largely  ali- 
phatic aldehydes,  which  are  nonhalogenated  and 
which  generally  are  biodegradable.  Although  the 
aldehydes  formed  upon  ozonation  are  not  readily 
removed  from  solution  by  flocculation/filtration, 
they  are  readily  decomposed  biologically  to 
carbon  dioxide  and  water  in  sand  filters.  If  bromide 
ion  is  present  in  the  water  being  ozonized,  bromin- 
ated  organic  materials  can  be  produced;  once  pro- 
duced, halogenated  organics  are  difficult  to 
remove.  Some  pesticidal  and  insecticidal  com- 
pounds produce  intermediate  oxidation  products 
upon  ozonation  which  are  more  toxic  than  the 
original  compound.  Low-level  ozonation  can 
produce  low  levels  of  mutagenicity.  Higher  ap- 
plied ozone  dosages  produce  waters  containing  no 
mutagenicity.  Ozone  should  be  added  to  water  in 
the  absence  of  these  chlorinous  reagents  to  avoid 
mutual  destruction  of  both  ozone  and  the  chlorine- 
containing  material.  Combining  prefiltration  ozone 
oxidation  with  primary  disinfection  in  the  same 
treatment  step  will  eliminate  the  need  for  postfil- 
tration  primary  disinfection  with  ozone,  chlorine, 
or  chlorine  dioxide.  (See  also  W90-O6906)  (Fish- 
PTT) 
W90-O6919 


FORMATION  OF  AROMATIC  POLYMERS 
DURING  THE  OZONATION  OF  ENZYMATIC 
OXIDATION  OF  WATERS  CONTAINING  PHE- 
NOLIC COMPOUNDS. 


Centre  de  Recherche  Lyonnaise  des  Eaux  -  Degre- 

mont,  Le  Pecq  (France). 

J.-P.  Duguet,  A.  Bruchet,  B.  Dussert,  and  J. 

Mallevialle. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  171- 

184,  10  fig,  2  tab,  12  ref. 

Descriptors:  'Aromatic  compounds,  'Oxidation 
process,  'Ozonation,  'Phenols,  'Polymers,  'Water 
pollution  sources,  'Water  treatment,  Byproducts, 
Chlorinated  hydrocarbons,  Coagulation,  Enzymes, 
Molecular  structure,  Organic  compounds,  Raw 
water,  Toxicity,  Ultraviolet  radiation. 

Natural  or  synthetic  organic  compounds  that  are 
usually  present  in  raw  waters  may  cause  taste  and 
odor  problems  or  represent  a  health  risk,  even  at 
low  concentrations.  One  means  of  increasing  the 
removal  efficiency  is  to  use  new  processes  based 
on  the  polymerization  of  aromatic  compounds. 
The  polymerization  effects  obtained  by  ozonation 
were  compared  to  enzymatic  reaction  on  a  chlorin- 
ated phenol,  the  2,4-dichlorophenol  (2,4-DCP).  It 
was  found  that  whatever  the  initial  concentrations 
of  2,4-DCP,  the  elimination  is  better  than  95%  for 
low-ozone  doses  or  enzymatic  activities  corre- 
sponding to  small  quantities  of  enzyme.  If  polym- 
erization occurs  by  ozonation  or  enzymatic  reac- 
tion, some  differences  are  noted:  (1)  enzymatic 
reaction  produces  a  higher  quantity  of  polymers 
that  have  molecular  weights  below  1000  daltons; 
(2)  ultraviolet  adsorption  byproducts  obtained  by 
ozonation  are  generally  more  polar  than  those 
obtained  by  enzymatic  reaction;  and  (3)  dechlorin- 
ation is  more  important  in  the  case  of  ozonation. 
These  oxidative  techniques  produced  many  identi- 
cal compounds  even  at  low  initial  concentrations 
of  2,4-DCP.  Polymerization  techniques  may  be 
useful  water  treatment  methods,  but  many  ques- 
tions must  be  resolved  concerning  the  influence  of 
the  organic  matrix  on  the  removal  efficiency,  the 
nature  of  byproducts,  the  evolution  of  short-term 
and  long-term  toxicity  levels,  the  detection  of 
newly  formed  compounds,  and  the  optimization 
for  the  removal  of  the  polymerization  byproducts 
by  subsequent  treatment  such  as  coagulation.  (See 
also  W90-06906)  (Fish-PTT) 
W90-06920 


BY-PRODUCTS  FROM  OZONATION  AND 
PHOTOLYTIC  OZONATION  OF  ORGANIC 
POLLUTANTS  IN  WATER:  PRELIMINARY 
OBSERVATIONS. 

Illinois  State  Water  Survey  Div.,  Champaign. 
G.  R.  Peyton,  C.  S.  Gee,  M.  A.  Smith,  J.  Bandy, 
and  S.  W.  Maloney. 

IN:  Biohazards  of  Drinking  Water  Treatment. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  185- 
200,  7  fig,  22  ref. 

Descriptors:  'Organic  compounds,  'Ozonation, 
'Photolysis,  'Pollutant  identification,  'Water  pol- 
lution sources,  'Water  treatment,  Byproducts,  Car- 
boxylation,  Chemical  analysis,  Chemical  degrada- 
tion, Hydrogen  ion  concentration,  Hydrogen  per- 
oxide, Model  studies,  Organic  acids,  Oxidation 
process,  Ozone,  Toxicity,  Toxins. 

Treatment  situations  sometimes  arise  in  which  it 
would  be  desirable  to  destroy  some  highly  toxic 
parent  compound  but  impractical  to  eliminate  all 
organic  material  from  solution.  It  is  therefore  of 
interest  to  identify  byproducts  from  a  given  parent 
compound  in  order  to  assess  the  potential  toxicity 
of  the  mixture  which  results  from  partial  treat- 
ment. Identification  of  oxidation  byproducts  is  im- 
portant in  order  to  develop  a  predictive  model  of 
the  treatment  processes.  Aqueous  solutions  of 
model  compounds  were  treated  by  photolytic 
ozonation  in  a  stirred-tank  photochemical  reactor. 
Samples  were  withdrawn  as  a  function  of  time 
during  treatment,  and  carbonyl  compounds  deriva- 
tized.  Samples  were  also  withdrawn  and  analyzed 
for  organic  acids,  ozone,  hydrogen  peroxide,  and 
the  pH  measured.  It  was  found  that  carbonyl  com- 
pounds formed  as  products  of  oxidation  reactions 
can  react  with  hydrogen  peroxide,  which  is  fre- 
quently present  in  such  systems,  to  establish  an 
equilibrium  between  parent  compounds  and  perox- 
idic  products.  There  may  be  health  implications, 
particularly  in  cases  where  drinking  wate  ■  would 


be  consumed  immediately  following  treatment. 
Phenylhydrazine  derivatives  of  carbonyl  com- 
pounds are  oxygen-sensitive.  Preliminary  data  on 
two  model  compounds  whose  peroxy  radicals  do 
not  easily  eliminate  superoxide  indicate  that  the 
postulated  tetroxide  intermediate  is  useful  in  ex- 
plaining the  stable  byproducts  which  are  formed  in 
photolytic  ozonation  experiments.  Results  of  this 
type  provide  useful  input  into  the  mass  balance 
model  photolytic  ozonation.  (See  also  W90-06906) 
(Fish-PTT) 
W90-06921 


APPLICATION  OF  CLOSED  LOOP  STRIP- 
PING AND  XAD  RESIN  ADSORPTION  FOR 
THE  DETERMINATION  OF  OZONE  BY- 
PRODUCTS FROM  NATURAL  WATER. 

California  Univ.,  Los  Angeles. 

W.  H.  Glaze,  M.  Koga,  E.  C.  Ruth,  and  D. 

Cancilla. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  201- 

210,  6  fig,  2  tab,  9  ref.  Los  Angeles  Department  of 

Water  and  Power  Cooperative  Agreement  CR- 

813188  with  the  U.S.  Environmental  Protection 

Agency. 

Descriptors:  'Chemical  analysis,  'Ozonation,  'Pol- 
lutant identification,  'Water  analysis,  'Water 
chemistry,  'Water  treatment.  Adsorption,  Aliphat- 
ic hydrocarbons,  Aqueducts,  Byproducts,  Califor- 
nia, Chemical  treatment,  Chlorination,  Fatty  acids, 
Filtration,  Ozone,  Polarity,  Raw  water,  Resins, 
Sampling,  Volatile  organic  compounds,  Water 
treatment  facilities. 

Much  remains  to  be  learned  about  the  chemistry 
and  potential  health  risks  of  ozone-produced  by- 
products in  drinking  water.  Closed  Loop  Stripping 
Analysis  (CLSA)  and  XAD-4/8  resin  adsorption 
methods  can  be  used  for  the  isolation  of  these 
byproducts.  Three  types  of  water  samples  were 
collected  from  the  new  Los  Angeles  (California) 
Aqueduct  Filtration  Plant:  raw  aqueduct  water, 
post-ozone-treated  water,  and  finished  water.  Fin- 
ished water  had  passed  through  ozone,  chemical 
treatment,  filtration,  and  chlorination.  Laboratory 
ozonations  were  carried  out  in  a  stainless  steel 
continuous  stirred  tank  reactor  (CSTR)  equipped 
with  a  sparging  disk  at  the  base  for  introduction  of 
ozone-containing  gases.  Water  samples  were  ana- 
lyzed by  the  CLSA  method.  One  of  two  samples 
of  raw  aqueduct  water  was  ozonated  and  both 
were  passed  through  XAD-4/8  resin  columns.  In 
raw  aqueduct  water  straight-chain  aldehydes  were 
commonly  observed.  After  ozonation  the  concen- 
tration of  strippable  aldehydes  increased,  the  major 
byproduct  being  heptanal.  Analysis  of  finished 
water  showed  a  lower  concentration  of  strippable 
compounds.  It  can  be  concluded  that  these  waters 
contain  several  compounds  which  can  be  analyzed 
conveniently  by  the  CLSA  procedure,  best  suited 
for  the  isolation  and  detection  of  semivolatile  and 
semipolar  compounds  from  water.  Identified  com- 
pounds after  XAD-4/8  resin  accumulation  include 
fatty  acid  methyl  esters  and  aliphatic  aldehydes.  It 
is  predicted  that  heptanal,  a  major  product  found 
in  ozonated  field  and  laboratory  samples,  will  be 
produced  as  a  byproduct  of  the  ozone-induced 
decomposition  of  9-hexadececenoic  acid.  Further 
studies  of  this  model  compound  are  in  progress. 
(See  also  W90-06906)  (Fish-PTT) 
W90-06922 


ROLE  OF  GRANULAR  ACTIVATED  CARBON 
IN  THE  REDUCTION  OF  BIOHAZARDS  IN 
DRINKING  WATER. 

Cincinnati  Univ.  Medical  Center,  OH. 
M.  W.  Tabor. 

IN:  Biohazards  of  Drinking  Water  Treatment. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  213- 
233,  9  fig,  3  tab,  50  ref.  USPS-NIEHS  Grant  No. 
ES00159,  USEPA  Grant  No.  CR808603,  and  the 
National  Science  Foundation  Grant  No.  PCM-82 
19912. 

Descriptors:  'Activated  carbon,  'Adsorption, 
•Bioassay,  'Drinking  water,  'Granular  activated 
carbon,  'Water  treatment,  Alachlor,  Ames  test, 
Chemical  analysis,  Gas  chromatography.  High  per- 
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formance  liquid  chromatography,  Mass  spectrome- 
try, Mutagenicity,  Ohio,  Pollutant  identification, 
Salmonella. 

The  vulnerability  of  surface  water  to  industrial 
accidents  and  spills,  as  well  as  the  presence  of  trace 
levels  of  biohazardous  compounds  in  finished 
drinking  water  prepared  by  conventional  methods, 
has  led  to  the  proposed  use  of  granular  activated 
carbon  (GAC)  in  the  preparation  of  safe  drinking 
water.  Both  virgin  (control  samples)  and  spent 
GAC  were  obtained  from  the  Cincinnati  (Ohio) 
Water  Works.  Bioassays  were  performed  using  the 
Salmonella  microsome  mutagenicity  assay  of 
Ames.  Experiments  to  inactivate  direct-acting  mu- 
tagens via  reaction  with  the  nucleophile,  4-nitroth- 
iophenol  (NTP),  were  conducted.  Gas  chromato- 
graphic and  mass  spectrometry  analyses  of  high 
performance  liquid  chromatography  (HPLC)  sub- 
fractions  and  SEP-PAK  concentrates  were  per- 
formed on  the  appropriated  hexane/acetone,  aceto- 
nitrile/water,  or  methylene  chloride  solution.  The 
most  significant  result  was  the  isolation  of  two 
distinct  fractions  of  direct-acting  mutagens  from 
this  complex  mixture  via  HPLC,  one  of  which  was 
labile  in  terms  of  loss  of  bioactivity  whereas  the 
other  was  stable.  This  led  to  the  stabilization  of  the 
labile  mutagens  as  NTP-adducts,  and  one  was  ten- 
tatively identified,  indicating  the  presence  of  a 
derivative  related  to  the  herbicide  Alachlor.  This 
approach  can  be  used  for  the  identification  of  labile 
mutagens  isolated  from  complex  mixtures  of  resid- 
ual organics  in  environmental  samples.  The  success 
in  the  isolation  of  mutagens  from  the  GAC  further 
supports  that  GAC  effluent  drinking  water  was 
mutagen-free,  whereas  the  influent  waters  con- 
tained measurable  levels  of  mutagenic  residual  or- 
ganics. Therefore,  these  results  support  the  recom- 
mendation that  GAC  is  a  viable  method  for  remov- 
ing biohazardous  organics  from  water.  (See  also 
W90-06906)  (Fish-PTT) 
W90-06923 


OXIDATION  OF  PHENOL  ON  GRANULAR 
ACTIVATED  CARBON. 

Illinois  Univ.  at  Urbana-Champaign.  Inst,  for  Envi- 
ronmental Studies. 

L.  S.  Chin,  R.  A.  Larson,  and  V.  L.  Snoeyink. 
IN:   Biohazards   of  Drinking   Water   Treatment. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  235- 
242,  7  fig,  Href. 

Descriptors:  'Activated  carbon,  *Granular  activat- 
ed carbon,  'Oxidation  process,  'Phenols,  'Water 
treatment,  Adsorption,  Catalysts,  Disinfection, 
Fulvic  acids,  Hydrogen  ion  concentration,  Pollut- 
ant identification,  Polymers. 

In  drinking  water  treatment,  granular  activated 
carbon  (GAC)  is  widely  used.  However,  many 
inorganic  and  organic  adsorbates  in  aqueous  solu- 
tion are  catalytically  oxidized  by  activated  carbon. 
It  has  been  suggested  that  oxygen-containing  sur- 
face groups  take  part  in  these  reactions.  Phenolic 
compounds,  common  contaminants  in  water,  are 
quite  sensitive  to  one-electron  oxidants  to  form 
phenoxy  radicals.  However,  the  final  products  of 
phenol  oxidation  are  significantly  dependent  on  the 
substituents  of  phenol,  the  type  of  catalyst,  and  the 
reaction  conditions  employed.  GAC,  when  treated 
with  disinfectants,  becomes  active  in  promoting 
such  coupling  reactions.  All  GAC  experiments 
were  conducted  in  a  fixed  bed,  dynamic  adsorption 
system  at  room  temperature.  The  phenol  adsorp- 
tion was  determined  by  measuring  the  phenol  con- 
centration in  the  GAC  column  effluent  and  mass 
balance  on  the  whole  column.  It  was  found  that 
GAC  was  able  to  promote  the  oxidation  of  phenol 
adsorbed  from  aqueous  solution.  The  product  yield 
was  significantly  dependent  on  the  reaction  pH 
and  the  phenol  adsorption.  The  presence  of  fulvic 
acid  inhibited  the  formation  of  phenolic  dimers  and 
favored  C-O  dimer  production.  (See  also  W90- 
06906)  (Fish-PTT) 
W90-O6924 


MICROBIOLOGY  OF  GRANULAR  ACTIVAT- 
ED CARBON  USED  IN  THE  TREATMENT  OF 
DRINKING  WATER. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Microbi- 
ology. 


For  primary  bibliographic  entry  see  Field  5A. 
W90-06925 


BIODEGRADATION  PROCESSES  TO  MAKE 
DRINKING  WATER  BIOLOGICALLY  STABLE. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

B.  E.  Rittmann. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  257- 

263,  28  ref. 

Descriptors:  'Biodegradation,  'Biological  treat- 
ment, 'Drinking  water,  'Water  distribution, 
•Water  treatment,  Aerobic  conditions,  Chlorina- 
tion,  Costs,  Odors,  Stability,  Substrates,  Taste,  Tri- 
halomethanes,  Water  quality. 

The  presence  of  biodegradable  materials  in  a  drink- 
ing water  can  bring  about  significant  problems 
during  treatment  and  distribution  of  the  water.  The 
presence  of  biodegradable  materials  in  a  drinking 
water  and  the  common  means  to  forestall  its  effects 
(chlorination)  have  water  quality,  aesthetic,  oper- 
ational, and  economic  costs.  A  drinking  water 
from  which  nearly  all  of  the  biodegradable  materi- 
al has  been  removed  is  called  biologically  stable. 
The  most  logical  and  economical  approach  to 
making  a  water  biologically  stable  is  to  include  a 
biological  treatment  process  as  part  of  the  overall 
treatment  scheme.  All  biological  processes  used  to 
make  biologically  stable  drinking  water  share  cer- 
tain characteristics.  Those  characteristics  are  low 
concentrations  of  biodegradable  material,  mixed 
substrates,  predominance  of  attached  biological 
mass,  and  aerobic  conditions.  Biological  treatment 
can  and  should  play  an  important  role  in  the  pro- 
duction of  a  water  that  is  free  from  biohazards. 
When  a  water  is  biologically  stable,  it  is  free  from 
organic  and  inorganic  constituents  which  can  bio- 
degrade  in  the  distribution  system.  This  stability 
means  that  excessive  chlorination  need  not  be  prac- 
ticed, thereby  abating  the  formation  of  trihalo- 
methanes,  TOX,  tastes,  and  odors  which  are  asso- 
ciated with  chlorination.  (See  also  W90-06906) 
(Fish-PTT) 
W90-06926 


NEW  HALAMESE  WATER  DISINFECTANTS. 

Auburn  Univ.,  AL.  Dept.  of  Chemistry. 

S.  D.  Worley,  D.  E.  Williams,  S.  B.  Barnela,  and 

L.  J.  Swango. 

IN:    Biohazards   of  Drinking   Water   Treatment. 

Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  271- 

287,   10  fig,  4  tab,   17  ref.   U.S.   Army  Medical 

Research  and  Development  Command  and  U.S. 

Air    Force    Engineering    and    Services    Center 

through  contract  DAMD  17-82-C-2257. 

Descriptors:  'Chlorinated  hydrocarbons,  'Disin- 
fection, 'Organic  compounds,  'Water  treatment, 
Air  conditioning,  Bromine,  Chlorine,  Cooling 
towers,  Hydrogen  ion  concentration,  Swimming 
pools,  Temperature  effects,  Toxicity,  Trihalometh- 
anes,  Water  quality. 

There  is  a  definite  need  for  a  new  water  disinfect- 
ant which  exhibits  long-term  stability  and  does  not 
react  appreciably  with  organic  impurities  in  water 
to  form  toxic  trihalomethanes.  Two  classes  of  com- 
pounds, N-halooxazolidinones  and  N,  N'-dihaloi- 
midazolidinones,  which  are  organic  chloramines, 
were  prepared  and  tested  for  stability  and  disinfec- 
tion efficacy  under  a  variety  of  conditions  of  pH, 
temperature,  and  water  quality.  It  was  concluded 
that  N-halooxazolidinones  and  N,N'-dihaloimida- 
zolidinones  represent  useful  new  classes  of  disin- 
fectants for  water  applications.  The  great  stability 
of  these  compounds  renders  them  particularly 
useful  for  disinfection  applications  for  which  con- 
tact time  is  not  of  primary  importance.  Such  appli- 
cations include,  but  are  not  limited  to,  cooling 
towers,  air  conditioning  systems,  swimming  pools 
(particularly  winterization),  and  hot  tubs.  The 
compound  ABC  (l-bromo-3-chloro-4,4,5,5-tetra- 
methyl-2-imidazolidinone)  is  recommended  as  the 
best  for  most  applications  because  of  its  rapid 
initial  disinfection  from  the  bromine  moiety  and 
slower,  long-term  disinfection  from  the  chlorine 
moiety.  Much  toxicity  testing  employing  laborato- 
ry animals  remains  to  be  performed,  but  the  results 


of  initial  testing  on  poultry  were  favorable.  (See 

also  W90-06906)  (Fish-PTT) 

W90-06928 


HYDROGEOCHEMICAL  ASSESSMENT  OF 
GROUNDWATER  QUALITY  IN  PARTS  OF 
THE  NIGER  DELTA,  NIGERIA. 

Port  Harcourt  Univ.  (Nigeria). 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06963 


OZONE  EQUIPMENT:  PROFIT  FROM  EXPE- 
RIENCE. 

Camp,  Dresser  and  McKee,   Inc.,  Chicago,   IL. 
E.  G.  Fujikawa,  B.  T.  Farver,  and  C.  M.  Robson. 
Water  Engineering  and  Management  WENMD2, 
Vol.   137,  No.  2,  p  21-24,  February  1990.   1  tab. 

Descriptors:  'Disinfection,  'Ozonation,  'Water 
analysis,  'Water  treatment,  Dewpoint,  Drinking 
water,  Giardia,  Viruses. 

Ozonation  is  widely  used  throughout  the  world  as 
an  effective  water  treatment  strategy.  A  nation- 
wide survey  of  40  water  treatment  plants  using 
ozonation  explores  the  types  of  equipment  and 
overall  system  design  that  have  been  used  and 
compares  actual  operating  experiences  among  the 
facilities.  Ambient  air  is  the  raw  feed  for  virtually 
all  U.S.  ozonation  facilities.  There  is  no  clear  trend 
to  high-purity  oxygen  for  moderately-sized  facili- 
ties in  the  range  of  25  to  100  mgd.  Newer  trends  in 
feed-gas  dew  points  range  to  -60  C  and  below, 
although  early  U.S.  installations  had  dew  points  of 
-40  C  or  higher.  The  capacity  of  individual  ozone- 
generation  units  in  the  plants  studied  ranges  from  2 
lb/day  to  1975  lb/day.  Half  the  ozone  contactors 
were  of  the  single-chamber  type.  A  clear  trend  is 
toward  multiple  stages  with  longer  contact  times  in 
facilities  being  designed  for  Giardia  and  virus  inac- 
tivation.  In  plants  surveyed,  determination  of 
ozone  gas  phase  and  liquid  phase  concentration 
included  13  with  gas  phase  analyzers,  10  with 
liquid  phase  analyzers,  and  seven  facilities  with 
both  types.  Ten  plants  use  dissolved-ozone  probes, 
and  the  other  eight  use  colorimetric  and/or  analyt- 
ical equipment.  (Agostine-PTT) 
W90-06996 


CONTESUOUS  DETERMINATION  OF  RESID- 
UAL CHLORITE  EN  WATER. 

Compagnie  Intercommunale  Bruxelloise  des  Eaux 

(Belgium). 

M.  Denis,  G.  Minon,  and  W.  J.  Masschelein. 

Analytica  Chimica  Acta  ACACAM,  Vol.  226,  No. 

1,  p   121-128,  November   1,   1989.  9  fig,   12  ref. 

Descriptors:  'Chemical  treatment,  'Disinfection, 
'Laboratory  methods,  'Water  analysis,  'Water 
treatment,  Chlorine,  Chlorites,  Detection  limits, 
Electrodes,  Interference,  Oxidation. 

Questions  relating  to  the  formation  and  persistence 
of  chlorinated  organic  compounds  in  public  water 
distribution  systems  have  encouraged  research  into 
alternative  techniques  to  the  use  of  chlorine  for 
disinfection.  Chlorine  dioxide  is  a  utilizable  chemi- 
cal which  does  not  form  trihalomethanes.  Its  use 
does,  however,  generate  residual  chlorite,  which 
has  been  reported  potentially  to  cause  methemog- 
lobinemia when  it  exceeds  admissible  concentra- 
tions. An  analyzer  for  the  continuous  monitoring 
of  traces  of  chlorite  ion  in  water  has  been  devel- 
oped. The  system  is  based  on  anodic  oxidation  in 
acetate-buffered  medium  of  pH  4.5  and  the  use  of  a 
gold  electrode  that  is  conditioned  with  bromide. 
For  the  buffer  solutions,  acetic  acid  and  sodium 
acetate  were  used.  Potassium  bromide  was  em- 
ployed for  conditioning  of  the  electrodes.  Results 
showed  that  the  chlorite  ion  gave  a  well-defined 
wave  for  the  anodic  oxidation  on  several  gold, 
platinum,  or  vitreous  carbon  electrodes  tested,  but 
the  sensitivity  of  the  platinum  electrode  was  lower. 
Drifting,  which  occurred  during  measurements  of 
chlorite  with  gold  electrodes,  was  controlled  by 
the  bromide  conditioning.  No  interference  was  ob- 
served from  ions  such  as  Ca(2  +  ),  Mg(2  +  ),  Na(  +  ), 
K(  +  ),  Zn(2  +  ),  N03(-),  and  CIO(-).  The  detection 
limit  is  0.05  mg/L  and  the  accuracy  is  0.02  mg/L. 
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It  is  concluded  that  the  apparatus  permits  the  use 
of  chlorine  dioxide  in  water  treatment  to  be  con- 
trolled  accurately  and   to  be  optimized.   (Fried- 
mann-PTT) 
W90-06999 


INNOVATIVE  CONTRACT  OPERATIONS 
AGREEMENTS. 

Professional  Services  Group,  Inc.,  Houston,  TX. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-07061 


PRIVATE  OPERATION  OF  WATER  PLANT 
PAYS  DIVIDENDS. 

Brockton,  MA. 

R.  D.  Smith,  S.  J.  Kruger,  and  J.  C.  Muylle. 
Public  Works  PUWOAH,  Vol.  121,  No.  2,  p  52-53, 
February  1990.  2  fig. 

Descriptors:  'Brockton,  'Chemical  treatment, 
•Cost  analysis,  ^Massachusetts,  'Privatization, 
•Safe  Drinking  Water  Act,  'Sedimentation  basins, 
•Water  treatment,  Algal  growth,  Alum,  Chlorina- 
tion,  Corrosion,  Hydrogen  ion  concentration, 
Sludge  lagoons. 

The  increasing  costs  and  complexity  of  water 
supply  and  treatment  have  led  city  officials  to 
strengthen  their  efforts  to  obtain  and/or  maintain 
compliance,  improve  effectiveness,  and  reduce  op- 
erations and  maintenance  costs  for  municipal  water 
treatment  facilities.  To  lower  costs  and  maintain 
compliance  with  more  stringent  Safe  Drinking 
Water  Act  regulations,  Brockton,  Massachusetts 
contracted  out  the  operations,  maintenance  and 
management  of  its  water  filtration  plant  to  a  pri- 
vate firm.  Raw  water  received  at  the  plant  flows 
into  rapid  mix  basins  where  chemicals  are  added: 
alum  for  coagulation,  caustic  soda  for  pH  adjust- 
ment, and  potassium  permanganate  for  iron  and 
manganese  oxidation.  From  these  rapid  mix  basins, 
the  water  flows  into  flocculating  basins  where  non- 
ionic  polymers  are  introduced.  The  water  then 
flows  into  sedimentation  basins  from  which  sludge 
is  pumped  to  one  of  two  large  sludge  settling 
lagoons.  Clear  water  flows  into  filtering  basins 
containing  activated  carbon,  percolates  through 
filters  into  reservoirs  where  chlorine  is  added.  The 
activated  carbon  helps  control  taste  and  odor  con- 
cerns, and  controls  algal  growth.  Zinc  orthophos- 
phate  controls  corrosion  of  the  water  system. 
Brockton's  water  treatment  facility  is  now  operat- 
ing in  a  cost-effective  and  efficient  manner  for  a 
fixed  annual  fee.  (Brunone-PTT) 
W9O-07104 


DION  IN  TUBEWELL  WATER  AND  LINEAR 
GROWTH  IN  RURAL  BANGLADESH. 

Office  de  la  Recherche  Scientifique  et  Technique 
Outre-Mer,  Montpellier  (France).  Lab.  d'Hydrolo- 

For  primary  bibliographic  entry  see  Field  3C. 
W90-O7135 

GENOTOXIC  EFFECTS  OF  VARIOUS  CHLOR- 
INATED BUTENOIC  ACIDS  IDENTIFIED  IN 
CHLORINATED  DRINKING  WATER. 

Valtion  Teknillinen  Tutkimuskeskus,  Espoo  (Fin- 
land). Elintarvikelaboratorio. 
L.  Tikkanen,  and  L.  Kronberg. 
Mutation  Research  MUREAV,  Vol.  240,  No.  2,  p 
109-116,  February  1990.  5  tab,  14  ref. 

Descriptors:  *Chlorination,  •Drinking  water,  •Mu- 
tagenicity, 'Mutagens,  *Water  treatment,  Bioas- 
say,  Chlorine,  Chromotest,  Salmonella  microsome 
test,  Water  pollution. 

The  mutagenic  activities  of  the  chlorinated  buten- 
oic  acids  recently  identified  in  chlorinated  drinking 
waters  were  determined  by  the  Salmonella  micro- 
some assay  and  by  the  SOS  chromotest.  The  Sal- 
monella typhimurium  tester  strains  TA97,  TA98 
and  TA100  were  used  without  and  with  S9  mix.  In 
the  SOS  chromotest  Escherichia  coli  PQ37  was 
used  as  an  indicator  organism  with  and  without 
metabolic  activation.  In  addition,  the  extremely 
potent  Ames  test  mutagen  (Z)-2-chloro-3-(dichlor- 
omethyl)-4-oxobutenoic  acid,  was  studied  by  the 


micronucleus  test  with  mice  using  intraperitoneal 
treatment.  The  results  of  the  Salmonella  assay  and 
the  SOS  chromotest  showed  that  the  Ames  test 
mutagen  was  by  far  the  most  potent  mutagen  of 
the  compounds  tested.  Mutations  were  also  in- 
duced by  the  reduced  form  of  the  Ames  test  muta- 
gen, (Z)-2-chloro-3-(dichloromethyl)-4-hydroxy- 
but-2-enoic  acid,  and  by  the  geometric  isomer  of 
the  Ames  test  mutagen,  (E)-2-chloro-3-(dichloro- 
methyl)-4-oxobutenoic  acid.  However,  since  the 
solution  of  (E)-2-chloro-3-(dichloromethyl)-4-oxo- 
butenoic  acid  contained  approximately  5%  (Z)-2- 
chloro-3-(dichloromethyl)-4-oxobutenoic  acid, 

most  of  its  activity  might  be  attributable  to  this 
Ames  test  mutagen.  The  oxidized  form  of  (E)-2- 
chloro-3-(dichloromethyl)-4-oxobutenoic  acid,  (E)- 
2-chloro-3-(dichloromethyl)-butenedioic  acid,  was 
marginally  active  in  the  SOS  chromotest  only.  All 
these  compounds  were  directly  acting  mutagens 
and  in  the  presence  of  metabolic  activation  (S9 
mix)  they  did  not  generate  mutagenicity.  The  oxi- 
dized form  of  the  Ames  test  mutagen,  (Z)-2- 
chloro-3-(dichloromethyl)-butenedioic  acid,  was 
not  mutagenic  at  the  dose  levels  tested.  The  Ames 
test  mutagen  did  not  induce  micronuclei  in  the 
bone  marrow  of  mice.  (Author's  abstract) 
W90-O7178 


REVIEW  OF  THE  ROLE  OF  THE  PHYSICO- 
CHEMICAL  ENVIRONMENT  IN  THE  PRO- 
DUCTION OF  CERTAIN  FLOC  PROPERTIES. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Chemical 

Engineering. 

L.  A.  Glasgow,  and  Y.  H.  Kim. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 

No.  1-2,  p  153-174,  September  1989.  10  fig,  51  ref. 

NSF  grant  CPE-841 191. 

Descriptors:  *Flocculation,  *Literature  review, 
•Wastewater  treatment,  *Water  treatment,  Coagu- 
lation, Hydrodynamics,  Hydrogen  ion  concentra- 
tion, Physicochemical  properties. 

The  aggregation  of  suspended  particles  in  water 
and  wastewater  treatment  processes  is  one  of  the 
oldest  practices  in  solid-liquid  separation.  Howev- 
er, most  treatment  operation  at  least  occasionally 
experience  poorly  settling  floes  or  extensive  dea- 
gregation.  The  present  state  of  knowledge  regard- 
ing the  effects  of  the  process  environment  on  floe 
characteristics  is  reviewed.  Fluid  motion  has  little 
impact  on  the  size-density  relationship.  In  contrast, 
floe  density  is  profoundly  affected  by  pH  and  ionic 
strength.  The  influence  of  hydrodynamics  upon 
floe  strength  is  uncertain,  but  probably  weighs 
upon  the  functioning  of  some  coagulating  agents 
depending  upon  the  characteristic  time  of  coagu- 
lant-particle interaction.  It  is  possible  that  the  ener- 
getics of  the  collision  process  also  affect  the  extent 
of  interparticle  binding  or  affiliation,  with  low- 
energy  events  producing  limited  ties  between  the 
participants.  The  impact  of  hydrodynamics  upon 
size  is  profound,  with  constraints  imposed  by  the 
distribution  of  turbulent  energy  with  respect  to 
eddy  scale  and  the  nature  of  structures  formed  at 
lower  levels  of  aggregation.  The  impact  of  process 
chemistry  upon  permeability  is  enormous  for 
kaolin-anionic  polymer  floes  due  to  changes  in 
macromolecular  conformation.  This  is  particularly 
evident  for  pH  9.5.  Light  transmission/obscuration 
can  be  used  to  gauge  growth  rate,  floe  size,  and 
floe  density  by  transient  experiments;  the  effects  of 
changes  in  process  chemistry  are  readily  detected 
by  such  monitoring.  The  effect  of  the  process 
environment  upon  fractal  dimensions  may  be  sig- 
nificant but  insufficient  data  exist  at  this  time  to 
establish  any  generally  applicable  criterion.  The 
optimization  of  coagulation  processes  would  entail 
the  production  of  aggregates  specifically  tailored 
for  process  objectives  and  constraints.  This  is  im- 
possible given  the  present  level  of  understanding  of 
how  floe  characteristics  are  determined  by  the 
interactions  of  hydrodynamics,  process  chemistry, 
and  collisional  mechanisms.  (Sand-PTT) 
W90-07224 


COMPLYING  WITH  THE  NEW  DRINKING 
WATER  QUALITY  REGULATIONS. 

American  Water  Works  Association,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-07326 


MCL  NONCOMPLIANCE:  IS  THE  LABORA- 
TORY AT  FAULT. 

Hunton  and  Williams,  Richmond,  VA. 

S.  J.  Koorse. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  2,  p  53-58,  February  1990. 

3  tab,  29  ref. 

Descriptors:  'Compliance,  •Laboratories,  *Safe 
Drinking  Water  Act,  'Water  analysis,  Administra- 
tive regulations,  Comparison  studies,  Environmen- 
tal Protection  Agency,  Performance  evaluation, 
Practical  quantitation  level,  Statistics. 

The  role  of  the  laboratory  in  the  Safe  Drinking 
Water  Act  (SDWA)  regulatory  process  has  been 
grossly  underestimated.  Under  the  SDWA,  the 
laboratory  must  develop  maximum  contaminant 
levels  (MCLs)  and  determine  compliance.  The 
1986  amendments  to  SDWA  require  the  EPA  to 
promulgate  MCLs  for  83  contaminants  by  19  June 
1989  and  for  at  least  25  additional  contaminants  by 
1  January  1991.  The  EPA  develops  MCLs  based 
on  three  considerations:  (1)  removal  capabilities  of 
available  technologies,  (2)  cost  of  available  tech- 
nology, and  (3)  analytical  methods  available  for 
measuring  the  constituents  it  seeks  to  regulate.  The 
laboratory  is  central  to  the  last  of  these  three 
elements.  The  performance  of  available  analytical 
methods  for  a  given  contaminant  is  described  by 
the  practical  quantitation  level  (PQL),  which  is  the 
lowest  concentration  that  can  be  reliably  measured 
with  specified  limits  of  precision  and  accuracy 
during  routine  laboratory  operating  conditions.  If 
the  PQL  is  higher  than  the  MCL  goal  for  a  given 
contaminant,  the  PQL  becomes  the  limiting  factor 
in  setting  the  MCL.  EPA  derives  PQLs  by  calcula- 
tion for  interlaboratory  performance  evaluation 
data  or,  if  such  data  are  not  available,  from  estima- 
tion by  a  rule-of-thumb  technique.  The  way  the 
EPA  is  implementing  SDWA  has  elevated  radical- 
ly the  laboratory's  influence  over  the  ability  of  a 
water  system  to  comply  with  EPA's  drinking 
water  regulations.  Statistically,  when  a  contami- 
nant is  known  to  be  present  at  the  MCL,  the 
laboratory  is  expected  to  produce  results  above  the 
MCL  half  of  the  time.  Although  EPA  recognizes 
the  existence  of  this  margin  of  error,  it  is  not 
considered  in  setting  the  requirements  for  compli- 
ance, which  are  at  or  below  MCL  100%  of  the 
time.  This  means  that  a  water  system  will  experi- 
ence MCL  violations  entirely  as  a  result  of  labora- 
tory errors  even  if  its  water  is  within  acceptable 
limits.  Several  techniques  of  analysis,  data  presen- 
tation, and  laboratory  management  are  available  to 
help  cope  with  this  problem.  (Rochester-Pi  1) 
W90-07327 


STANDARDS  OF  MINERAL  CONTENT  IN 
DRINKING  WATER. 

California    Univ.,    Berkeley.    School    of    Public 

Health. 

W.  H.  Bruvold,  and  J.  I.  Daniels. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  2,  p  59-65,  February  1990. 

1  fig,  8  tab,  29  ref. 

Descriptors:  'Cost  analysis,  'Dissolved  solids, 
•Drinking  water,  *Organoleptic  properties, 
•Standards,  *Taste,  American  Water  Works  Asso- 
ciation, Attitudes,  California  Mineral  Taste  Study, 
Comparison  studies,  Environmental  Protection 
Agency,  Mineral  water. 

The  American  Water  Works  Association  State- 
ment of  Policy  on  Drinking  Water  Quality  and  the 
Environmental  Protection  Agency  (EPA)  standard 
for  total  dissolved  solids  (TDS)  in  drinking  water 
are  reviewed.  Data  from  the  California  Mineral 
Taste  Study  (CMTS)  indicate  that  for  mineral  con- 
tent a  TDS  of  450  mg/L  will  result  in  good  quality 
water  and  a  TDS  of  80  mg/L  will  result  in  excel- 
lent quality  water.  A  cost  comparison  between 
systemwide  demoralization  and  the  purchase  of 
bottled  water  by  individual  consumers  shows  that 
systemwide  demoralization  may  be  less  costly  to 
the  residential  consumer.  Such  cost  information, 
when  developed  for  a  particular  utility,  can  be 
presented  to  the  community  and  used  in  making  an 
informed  decision  on  systemwide  water  treatment 
to  reduce  TDS.  This  type  of  study  and  presenta- 
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tion  should  be  done  by  any  utility  having  more 
than  500  mg/L  TDS.  (Rochester-PTT) 
W90-07328 


REMOVING  RADIUM  BY  ADDING  PRE- 
FORMED HYDROUS  MANGANESE  OXTOES. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 

R.  L.  Valentine,  K.  M.  Spangler,  and  J.  Meyer. 
Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.  2,  p  66-71,  February  1990. 
9  fig,  1  tab,  37  ref. 

Descriptors:  *Chemical  treatment,  •Decontamina- 
tion, *Radium  radioisotopes,  'Water  treatment, 
Cost  analysis,  Hydrogen  ion  concentration,  Isoth- 
erms, Manganese  oxides,  Performance  evaluation, 
Pilot  plants. 

Batch  and  field  pilot-scale  studies  were  conducted 
of  a  radium  removal  process  involving  the  addition 
of  relatively  small  amounts  of  preformed  hydrous 
manganese  oxides  (HMOs).  Several  different 
chemical  systems  were  used  to  preform  the  HMOs, 
which  were  applied  either  continuously  or  periodi- 
cally. Only  226Ra  removal  was  evaluated  in  all  the 
experiments  because  the  chemical  behavior  of 
228Ra  is  identical.  Batch  experiments  were  used  to 
quantify  radium  sorption  as  a  function  of  several 
parameters,  including  pH  and  HMO  dosage,  and  to 
develop  a  radium  removal  isotherm.  The  field 
pilot-scale  studies  evaluated  removals  under  con- 
trolled conditions  intended  to  mimic  realistically 
an  actual  water  treatment  plant.  The  addition  of 
preformed  HMOs  appears  to  be  technically  feasi- 
ble as  demonstrated  by  both  types  of  experiments. 
Major  advantages  of  the  process  include  reliance 
on  existing  treatment  facilities  and  simplicity  of 
operation.  In  addition,  no  irreversible  effects  are 
expected  if  the  HMOs  are  underdosed  or  over- 
dosed, with  the  possible  exception  of  inadequate 
radium  removal  or  shortened  filter  runs  resulting 
from  the  breakthrough  of  solids.  Both  the  capital 
and  operating  costs  associated  with  this  technology 
are  expected  to  be  relatively  low.  (Rochester-PTT) 
W90-07329 


ADSORPTION  CAPACITY  OF  GAC  FOR  SYN- 
THETIC ORGANICS. 

Environmental    Protection    Agency,    Cincinnati, 

OH. 

T.  F.  Speth,  and  R.  J.  Miltner. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  2,  p  72-75,  February  1990. 

3  fig,  1  tab,  10  ref. 

Descriptors:  'Activated  carbon,  'Adsorption  ki- 
netics, 'Granular  activated  carbon,  'Herbicides, 
'Organic  compounds,  'Pesticides,  'Raw  water, 
•Water  treatment,  Environmental  Protection 
Agency,  Great  Miami  Aquifer,  Groundwater, 
Isotherms,  Ohio,  Ohio  River,  Safe  Drinking  Water 
Act,  Surface  water. 

Isotherms  play  a  major  role  in  the  design  of  carbon 
adsorption  systems.  Models  of  carbon  adsorption 
all  require  as  inputs  equilibrium  data  obtained  from 
isotherm  experiments.  Since  1981  the  Environmen- 
tal Protection  Agency  has  been  conducting  iso- 
therm experiments  for  many  of  the  compounds 
cited  in  the  1986  amendments  to  the  Safe  Drinking 
Water  Act.  Isotherms  determined  in  these  studies 
are  listed  here  for  58  compounds  in  distilled-deion- 
ized  (DD)  water,  filtered  Ohio  River  water,  and 
filtered  groundwater  (Great  Miami  Aquifer,  Ohio). 
These  compounds  include,  both  chlorinated  and 
non-chlorinated  aromatics,  chlorinated  and  bro- 
minated  aliphatics,  chlorinated  insecticide,  carba- 
mates, as  well  as  triazine  herbicides.  Data  present- 
ed include  the  number  of  data  points  in  the  deter- 
mination, range  of  liquid-phase  concentration  at 
equilibrium  (microgram/L),  Freundlich  constants 
(K,  1/n),  and  95%  confidence  intervals  for  the  two 
Freundlich  constants.  The  natural  water  isotherms 
generally  had  reduced  capacity  compared  to  the 
DD  water  isotherms.  For  a  few  natural  water 
isotherms,  individual  isotherm  points  showed  a 
higher  capacity  than  that  of  the  DD  water  isoth- 
erms. In  these  cases,  the  confidence  intervals 
around  the  individual  isotherm  points  for  both 
isotherms  overlapped  one  another.  (Rochester- 
PTT) 


W90-07330 


CHEMISTRY  OF  MUTAGENIC  BY-PROD- 
UCTS OF  WATER  CHLORINATION. 

North  Carolina  Univ.   at  Chapel  Hill.   Dept.  of 

Environmental  Sciences  and  Engineering. 

L.  Kronberg,  and  R.  F.  Christman. 

Science  of  the  Total  Environment  STENDL,  Vol. 

81/82,  p  219-230,  June  1989.  5  fig,  1  tab,  27  ref. 

Descriptors:  'Chlorination,  'Disinfection,  'Muta- 
gens, 'Water  treatment,  Byproducts,  Chlorine, 
Degradation,  Drinking  water,  Mutagenicity. 

The  strong  Ames  mutagen  3-chloro-4-(dichloro- 
methyl)-5-hydroxy-2(5H)-furanone  (MX)  and  its 
geometric  isomer  E-2-chloro-3-(dichloromethyl)-4- 
oxobutenoic  acid  (E-MX)  have  been  shown  to  be 
present  in  chlorinated  drinking  waters.  MX  ac- 
counts for  approximately  30%  and  E-MX  for  a  few 
percent  of  the  overall  mutagenicity.  MX  and  E- 
MX  are  unstable  in  water  and  undergo  both  pH 
dependent  isomerization  and  hydrolytic  degrada- 
tion. Alternative  methods  of  disinfection  have  been 
found  to  produce  mutagenicity,  and  MX  and  E- 
MX  but  to  a  lesser  extent  than  disinfection  with 
chlorine.  The  MX  analogues  3-chloro-4-(dichloro- 
methyl)-2(5H)-furanone  (red-MX)  and  2-chloro-3- 
(dichloromethyl)-2-butenedioic  acid  (ox-MX)  have 
also  been  identified  in  chlorinated  water.  However, 
the  relatively  low  mutagenicity  of  these  com- 
pounds suggests  that  their  contribution  to  the  over- 
all mutagenicity  of  chlorinated  water  is  of  only 
moderate  significance.  (Author's  abstract) 
W90-07373 


FORMATION  OF  CHLORINATED  PAH:  A 
POSSIBLE  HEALTH  HAZARD  FROM  WATER 
CHLORINATION. 

Institutt   for   Kontinentalsokkelundersoekelser   og 
Petroleumsteknologi  A/S,  Trondheim  (Norway). 
S.  Johnsen,  I.  S.  Gribbestad,  and  S.  Johansen. 
Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  231-238,  June  1989.  1  fig,  2  tab,  16  ref. 

Descriptors:  'Aromatic  compounds,  'Chlorinated 
hydrocarbons,  'Chlorination,  'Mutagenicity, 
•Water  treatment,  Byproducts,  Chlorine,  Disinfec- 
tion, Mutagens,  Organic  matter. 

Four  polycyclic  aromatic  hydrocarbon  (PAH) 
compounds,  fluorene,  anthracene,  fluoranthene  and 
benzo(a)pyrene  were  dissolved  in  humus  poor 
(lake)  and  humus  rich  water.  The  samples  were 
chlorinated,  stored  for  three  days,  and  extracted 
with  cyclohexane.  Chlorinated  derivatives  of  the 
four  compounds  were  synthesized  and  used  as 
calibration  standards  for  quantitative  analysis  of 
the  corresponding  chlorinated  PAH  formed  during 
the  experiment.  The  synthesized  chlorinated  PAH 
were  tested  for  mutagenic  activity  by  the  Ames 
test,  and  their  octanol/water  partition  coefficient 
(Pow)  were  determined  by  thin  layer  chromatog- 
raphy. Chlorinated  fluorene,  fluoranthene  and 
benzo(a)pyrene  were  formed  during  chlorination 
of  PAH  polluted  lake  water,  but  not  during  chlor- 
ination of  the  humus  rich  water  samples.  All  chlor- 
inated PAH  except  9,10-dichloroanthracene  acted 
as  strong  mutagens  both  in  the  presence  and  in  the 
absence  of  metabolic  activation,  while 
benzo(a)pyrene  was  the  only  mutagen  active 
parent  PAH.  The  determined  Pow  showed  high 
lipophilicity  for  all  chlorinated  PAH.  Theoretical- 
ly determined  bioconcentration  factors  (BCF) 
were  found  to  be  extremely  high,  and  increased 
with  increasing  ring  number  and  increasing 
number  of  chlorine  atoms  attached  to  the  ring. 
(Author's  abstract) 
W90-07374 


ANION  EXCHANGE  AS  A  POTENTIAL 
METHOD  FOR  REMOVAL  OF  HUMUS  IN 
DRINKING  WATER  TREATMENT. 

National  Inst,  of  Public  Health,  Oslo  (Norway). 
D.  Hongve. 

Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  249-256,  June  1989.  2  fig,  2  tab,  13  ref. 

Descriptors:  *Anion  exchange,  *Humic  substances, 
•Organic    matter,    'Water    treatment,    Dissolved 


solids,  Norway,  Organic  carbon,  Separation  tech- 
niques. 

Removal  of  humus  by  anionic  exchange  is  a  poten- 
tial process  for  small  waterworks  in  Norway.  The 
interaction  between  humic  substances  and  a  strong 
base  anion  exchange  resin  was  studied  and  the 
results  are  used  for  characterization  of  the  humic 
substances.  Thirty  percent  of  the  organic  matter  as 
removed  from  the  water  during  the  first  six  sec- 
onds of  contact  with  the  resin.  This  fraction  had  a 
higher  negative  charge  and  lower  molecular 
weight  than  the  average  for  the  water  sample. 
With  increasing  contact  time,  fractions  with  a  de- 
creasing charge  density  and  increasing  color  and 
molecular  weight  were  removed.  The  unobserved 
dissolved  organic  carbon  fraction  had  a  net  posi- 
tive charge.  The  anion  exchange  process  results  in 
a  reduction  in  pH,  and  dissolved  iron  and  alumi- 
num are  transformed  from  organic  complexes  to 
inorganic  species.  This  may  represent  an  obstacle 
for  the  practical  use  of  the  process.  (Author's 
abstract) 
W90-07376 


TRACE  ANALYSIS  OF  VOLATDLE  CHLORIN- 
ATION BYPRODUCTS  OF  AQUATIC  HUMIC 
SUBSTANCES:  THMS  IN  TREATED  WATER. 

National  Centre  for  Scientific  Research,  Havana 

(Cuba).  Chemistry  Div. 

L.  Gonzalez,  M.  Lorenzo,  and  L.  Valdes. 

Science  of  the  Total  Environment  STENDL,  Vol. 

81/82,  p  257-270,  June  1989.  9  fig,  3  tab,  15  ref. 

Descriptors:  'Chlorination,  'Humic  substances, 
'Pollutant  identification,  'Trihalomethanes, 
'Water  treatment,  Byproducts,  Disinfection,  Or- 
ganic acids,  Separation  techniques. 

A  purge  and  trap  technique  was  tested  for  the 
isolation/concentration  of  trihalomethanes 
(THMs)  in  treated  water.  The  new  method  was 
employed  during  one  year  of  operation  in  a  filtra- 
tion plant  where  prechlorination  is  applied  to  con- 
trol the  occurrence  of  iron  and  manganese  com- 
pounds in  finishing  water  and  reduce  algal  growth. 
The  method  detection  limit  using  direct  thermal 
desorption/cryofocussing  condition/capillary/ 
mass  spectrometry  system  (DTDC/GC/MS)  was 
0.74  micrograms/L  for  chloroform  and  0.48  micro- 
grams/L  for  bromoform.  The  values  of  the  method 
detection  limit  using  GC/DTDC  with  flame  ionic 
detection  (at  attenuation  8.10),  were  0.47  micro- 
grams/L (chloroform)  and  20  micrograms/L  (bro- 
moform). Preliminary  mass  spectrometric  evalua- 
tions showed  that  the  treated  water  contained  the 
main  haloforms,  from  chloroform  to  bromoform, 
at  decreasing  concentrations.  The  terminal  THM 
concentrations  were,  in  general,  at  similar  levels 
after  chlorination,  after  sedimentation,  in  potable 
water  supplies  and  in  tap  water.  Higher  terminal 
chloroform  concentration  found  during  March, 
October  and  November  could  be  explained  by 
dissolved  precursors  in  raw  water.  Since  the  evolu- 
tion of  THMs  during  water  treatment  is  rather 
complex,  characteristics  such  as  total  organic 
carbon,  dissolved  organic  carbon,  and  other  oxida- 
tion alternatives  to  chlorine  should  be  examined. 
(Geiger-PTT) 
W90-07377 


HUMIC  SUBSTANCE  REMOVAL  THROUGH 
SURFACE  WATER  POTABILIZATION  PROC- 
ESSES. 

National  Centre  for  Scientific  Research,  Havana 
(Cuba).  Chemistry  Div. 
L.  A.  Fernandez,  M.  Bataller,  R.  Perez,  L. 
Gonzalez,  and  J.  Molerio. 

Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  271-278,  June  1989.  2  fig,  2  tab,  13  ref. 

Descriptors:  'Chlorination,  'Humic  substances, 
'Trihalomethanes,  'Water  treatment,  Activated 
carbon,  Coagulation,  Filtration,  Flocculation,  Or- 
ganic compounds,  Ozonation,  Sedimentation,  Sep- 
aration techniques. 

Chlorination  of  natural  waters  during  water  treat- 
ment processes  produces  trihalomethanes  (THM) 
as  well  as  other  higher  molecular  weight  haloge- 
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nated  organic  compounds,  presumably  through  re- 
actions with  humic  substances  present  in  natural 
waters  (THM  precursors).  The  removal  of  humic 
substances  was  achieved  by  using  a  laboratory- 
scale  surface  water  ozonation  pretreatment  proc- 
ess. Monitoring  of  precursors  removal  was 
achieved  by  adding  excess  amounts  of  chlorine  to 
water  samples  taken  through  the  process,  and  then 
measuring  THM  formation  via  a  purge-and-trap  of 
volatiles,  concentration,  and  gas-liquid  chromato- 
graphic analysis.  It  was  demonstrated  that  both 
preozonation  followed  by  coagulation-floccula- 
tion-sedimentation,  and  activated  carbon  filtration, 
remove  important  amounts  of  THM  precursors. 
On  the  other  hand,  filtration  through  inert  media 
(sand,  anthracite)  do  not  exert  a  significant  influ- 
ence on  THM  precursors  content  of  water.  These 
results  support  the  idea  of  the  humic  nature  of 
THM  precursors.  (Author's  abstract) 
W9O-07378 


MUTAGENIC  ACTIVITY  AND  PRESENCE  OF 
THE  STRONG  MUTAGEN  3-CHLORO-4- 
(DICHLOROMETHYL)-5-HYDROXY-2-(5H)- 
FURANONE  (MX)  IN  CHLORINATED  RAW 
AND  DRINKING  WATERS  IN  THE  NETHER- 
LANDS. 

Abo  Akademi,  Turku  (Finland).  Dept.  of  Organic 
Chemistry. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-07400 

USE  OF  U.V.  RADIATION  IN  WATER  TREAT- 
MENT: MEASUREMENT  OF  PHOTONIC 
FLUX  BY  HYDROGEN  PEROXIDE  ACTLNO- 
METRY  (UTILISATION  DU  RAYONNEMENT 
ULTRAVIOLET  DANS  LE  TRAITEMENT  DES 
EAUX:  MESURE  DU  FLUX  PHOTONIQUE 
PAR  ACTLNOMETRIE  CHIMIQUE  AU  PER- 
OXYDE  D'HYDROGENE). 
Poitiers  Univ.  (France).  Lab.  de  Chimie  de  l'Eau  et 
des  Nuisances. 

I.  Nicole,  J.  De  Laat,  M.  Dore,  J.  P.  Duguet,  and 
C.  Bonnel. 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  157- 
168,  February  1990.  14  fig,  7  tab,  22  ref.  English 
summary. 

Descriptors:  'Organic  pollutants,  'Oxidation,  •Ul- 
traviolet radiation,  'Water  treatment,  Hydrogen 
peroxide  actinometry,  Kinetic  equations,  Optical 
density,  Photochemical  reactors. 

Advanced  oxidation  processes  involving  the  gen- 
eration of  hydroxyl  radicals  or  other  reactive  enti- 
ties by  the  combination  of  ultraviolet  (UV)  radi- 
ation and  a  chemical  oxidant  (ozone  or  hydrogen 
peroxide)  have  been  shown  to  be  effective  for  the 
degradation  of  organic  micropollutants  resistant  to 
classical  oxidants.  However,  comparison  of  results 
of  photochemical/oxidative  degradation-rate  stud- 
ies is  difficult  because  of  the  great  diversity  of 
photochemical  reactors  used  and  the  lack  of  data 
about  the  characteristics  of  UV  light  sources  (pho- 
tonic fluxes).  Experiments  were  carried  out  in  vari- 
ous photochemical  reactors  equipped  with  a  low- 
pressure  mercury-vapor  lamp.  In  such  reactors,  the 
degradation  of  hydrogen  peroxide  arises  essentially 
from  the  absorption  of  incident  radiation  at  253.7 
nm.  If  no  reflection  occurs  (reactors  made  of  non- 
reflecting  walls  or  high  values  of  internal  optical 
density),  results  obtained  in  this  study  showed  that 
the  photolysis  rate  of  hydrogen  peroxide  obeys  the 
general  kinetic  equation.  For  high  values  of  optical 
density  of  the  hydrogen  peroxide  solution  (concen- 
trated medium),  the  photonic  fluxes  of  the  lamps 
agreed  with  those  obtained  by  potassium  ferrioxa- 
late  or  uranyl  oxalate  actinometry  and  confirm  that 
the  incident  photonic  flux  at  253.7  nm  of  the  two 
UV  lamps  used  is  about  70-80%  of  the  total  pho- 
tonic flux.  Compared  with  potassium  ferrioxalate 
or  uranyl  oxalate  actinometry,  the  utilization  of 
hydrogen  peroxide  as  an  actinometer  is  an  attrac- 
tive method  for  the  determination  of  incident  pho- 
tonic flux  and  for  the  evaluation  of  the  reflecting 
power  of  the  internal  wall  of  photochemical  reac- 
tors. These  reflecting  properties  must  be  taken  into 
account  in  the  kinetic  equations  of  photochemical 
reactions  and  for  the  optimization  of  photochemi- 
cal reactors.  (Shidler-PTT) 
W90-07416 


FIXED-BIOFILM  REACTORS  IN  AQUACUL- 
TURAL  WATER  RECYCLE  SYSTEMS:  EFFECT 
OF  ORGANIC  MATTER  ELIMINATION  ON 
NITRIFICATION  KINETICS. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Water  Pollution  Control. 

For   primary   bibliographic   entry  see   Field   5D. 

W90-07422 


KINETICS  OF  INACTIVATION  OF  GIARDIA 
LAMBLIA  BY  FREE  CHLORINE. 

Illinois  Inst,  of  Tech.,  Chicago.  Pritzker  Dept.  of 

Environmental  Engineering. 

C.  N.  Haas,  and  B.  Heller. 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  233- 

238,  February  1990.  6  tab,  19  ref. 

Descriptors:  *Chlorination,  'Disinfection,  'Giar- 
dia,  'Water  treatment,  Free  chlorine,  Horn  model, 
Hydrogen  ion  concentration,  Model  studies,  Tem- 
perature. 

Experimental  data  on  the  inactivation  of  Giardia 
cysts  by  free  chlorine  was  analyzed  by  the  method 
of  maximum  likelihood.  It  was  found  that  the  Horn 
model  with  a  model  constant  (m)  value  less  than  1 
(indicative  of  'tailing  off)  more  precisely  charac- 
terized the  inactivation  than  the  Chick-Watson 
model.  The  Horn  model  was  found  to  fit  the  data 
using  a  Monte  Carlo  procedure  to  obtain  the  sam- 
pling distribution  of  the  log  likelihood  statistic. 
The  jackknife  procedure  was  used  to  produce  in- 
terval estimates  for  inactivation  rate  parameters 
and  ct  values  at  various  concentrations,  tempera- 
tures, pH  values  and  degrees  of  inactivation.  The 
ct  values  increase  as  concentration  increases  due  to 
coefficients  of  dilution  less  than  one.  The  comput- 
ed ct  values  are  generally  lower,  and  particularly 
at  2-3  logs  inactivation  substantially  lower,  than 
those  previously  estimated  from  the  same  data. 
The  difference  is  attributed  to  the  manner  in  which 
results  from  1  to  4  (of  5)  animals  were  lumped  and 
interpreted  as  arising  from  4  logs  inactivation.  At 
both  2.5  and  5  degrees  C,  there  is  a  consistent 
increase  in  the  required  ct  value  with  pH.  Howev- 
er at  0.5  degrees  C,  the  ct  values  at  pH  8  are  less 
than  those  required  at  pH  7,  contrary  to  anticipat- 
ed. At  pH  6,  there  is  a  consistent  decrease  in 
required  ct  values  as  temperature  increases.  How- 
ever at  pH  7  and  pH  8,  the  effect  of  temperature  is 
more  irregular.  Due  to  the  apparent  anomalies  in 
the  pH  and  temperature  dependence  of  the  ct 
values  no  procedure  for  extrapolation  of  the  inacti- 
vation results  outside  the  range  of  conditions  used 
can  be  recommended.  (Author's  abstract) 
W90-07426 


BIOFILM  DEVELOPMENT  ON  STAINLESS 
STEEL  AND  PVC  SURFACES  IN  DRINKING 
WATER. 

Goeteborg    Univ.    (Sweden).    Dept.    of    Marine 

Microbiology. 

K.  Pedersen. 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  239- 

243,  February  1990.  2  fig,  2  tab,  25  ref. 

Descriptors:  'Artificial  substrates,  'Biofilms, 
•Drinking  water,  'Microorganisms,  Growth,  Hy- 
drophilic  surface,  Hydrophobic  surface,  Lead,  Pol- 
yvinyl chloride,  Protozoa,  Stainless  steel. 

Surfaces  of  electro-polished,  bright  annealed  and 
matt  stainless  steel  and  of  lead  stabilized  PVC 
(polyvinyl  chloride)  were  exposed  to  running  mu- 
nicipal drinking  water  (10  cm/s)  for  167  days.  The 
total  number  of  micro-organisms  growing  on  the 
surfaces  was  examined  with  an  acridine  orange 
direct  count  technique  at  7  sampling  times.  The 
growth  was  exponential  with  a  doubling  time  of  1 1 
days  between  0-122  days  which  increased  to  47 
days  between  123-167  days.  The  mean  number  of 
micro-organisms  on  the  surfaces  after  167  days  was 
4,900,000  cells/sq  cm.  There  was  no  difference  in 
the  amount  of  cells  on  the  hydrophilic  glossy  steel 
surfaces  and  the  hydrophobic  PVC  surface.  The 
biofilm  processes  of  growth,  product  formation 
and  debris  entrapment  seemed  to  dominate  over 
the  initial  surface  energy  dependent  attachment 
processes.  The  matt  steel  surface  is  rougher  than 
the  other  surfaces  and  had  an  average  of  4,070,000 
bacteria/sq  cm  during  the  last  45  days,  which  is 


1 .44  times  more  micro-organisms  than  the  electro- 
polished  steel  had.  Two  reasons  support  this  obser- 
vation. Detachment  due  to  shear  forces  from  the 
flow  will  be  reduced  on  the  rougher  surface  since 
the  cells  can  be  shielded  from  the  bulk  flow  and 
more  substratum  surface  area  may  be  available  for 
the  biofilm.  Micro-flagellates  were  grazing  the  bac- 
teria on  the  test  surfaces  after  122  days.  This  might 
explain  why  the  doubling  time  decreased  to  47 
days  between  123-167  days.  It  suggests  that  micro- 
bial biofilms  in  drinking  waters  are  grazed  and 
thereby  partly  controlled  by  protozoa.  (Author's 
abstract) 
W90-07427 


HUMIDITY  WATER  VAPOUR  COLLECTION 
BY  ABSORPTION  COOLING  MACHINES. 

King   Abdulaziz   Univ.,   Jeddah   (Saudi   Arabia). 

Dept.  of  Mechanical  Engineering. 

For  primary  bibliographic  entry  see  Field  3B. 

W90-07440 


RECARBONATION  PROCESS  FOR  TREAT- 
MENT OF  DISTILLED  WATER  PRODUCED 
BY  MSF  PLANTS  IN  KUWAIT. 

Ministry  of  Electricity  and  Water,  Safat  (Kuwait). 
H.  E.  Al-Rqobah,  and  A.  Al-Munayyis. 
Desalination  DSLNAH,  Vol.  3,  No.  1/3,  p  295- 
312,  November  1989.  9  fig,  3  tab,  4  ref. 

Descriptors:  'Desalination,  'Distilled  water, 
•Kuwait,  'Multistage  flash  evaporation,  'Recar- 
bonation,  'Taste,  'Water  treatment,  Acidification, 
Carbon  dioxide,  Carbonation,  Drinking  water,  Hy- 
drogen ion  concentration,  Limestone. 

Distilled  water  produced  from  multistage  flash 
(MSF)  plants  is  a  very  soft  water  that  has  a  low 
buffer  capacity.  As  such,  it  is  considered  quite 
aggressive  to  the  materials  encountered  in  the 
water  distribution  system.  Furthermore,  this  un- 
treated water  is  not  acceptable  from  a  palatability 
point  of  view.  Different  remedial  treatment  proc- 
esses are  therefore  being  adopted  by  MSF  plants. 
In  Kuwait,  a  recarbonation  process  has  been  in 
operation  for  18  months  at  Shuwaikh  Desalination 
Plant  treating  18  million  gallons  per  day  (MGD)  of 
distilled  water  as  the  first  step  in  a  major  scheme 
aimed  at  treating  water  produced  by  all  MSF 
plants  in  Kuwait.  The  major  steps  in  the  adopted 
recarbonation  process  include:  (1)  the  extraction  of 
carbon  dioxide  from  the  vent  gas  system  of  the 
MSF  plant;  (2)  compression  and  purification  of  the 
C02-air  gas  stream;  (3)  acidification  of  a  pre-calcu- 
lated  distilled  water  stream  in  a  gas  absorption 
tower;  (4)  limestone  dissolution  to  augment  the 
water  with  Ca(2  +  )  and  HC03(-)  necessary  for 
water  to  be  self-inhibiting;  (5)  degasification  of  the 
excess  C02;  (6)  blending  with  by-passed  distilled 
water;  and  (7)  pH  adjustment.  The  operating  data, 
over  a  period  of  12  months,  indicated  that  the 
Shuwaikh  Recarbonation  Plant,  built  for  the  treat- 
ment of  18  MGD  of  distilled  water,  has  fulfilled  its 
objectives.  The  plant  has  smooth  and  stable  operat- 
ing characteristics.  Based  on  the  experience  gained 
and  the  overall  outcome  of  this  process,  Ministry 
of  Electricity  has  decided  to  build  two  recarbona- 
tion plants.  The  first  one  at  Doha,  with  a  capacity 
of  90  MGD  and  the  second  one  at  Az-Zour  with  a 
capacity  of  40  MGD.  After  implementing  this 
scheme,  all  distilled  water  produced  in  Kuwait  will 
be  recarbonated  in  an  attempt  to  overcome  the 
problem  of  'red  water'.  (Lantz-PTT) 
W90-07450 

5G.  Water  Quality  Control 

ESTIMATING  THE  NUMBER  OF  SPECIES 
AND  RELATIVE  ABUNDANCE  OF  FISH  IN 
OLIGOTROPHIC  SWEDISH  LAKES  USING 
MULTI-MESH  GILLNETS. 

Institute  of  Freshwater  Research,  Drottningholm 

(Sweden). 

E.  Degerman,  P.  Nyberg,  and  M.  Appelberg. 

Nordic  Journal  of  Freshwater  Research,  No.  64,  p 

91-100,  1988.  8  fig,  2  tab,  39  ref. 

Descriptors:  'Acid  rain  effects,  'Fish  management, 
•Gill     nets,     •Monitoring,     'Species     diversity, 
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•Sweden,  'Water  pollution  treatment,  Acid  lakes, 
Aquatic  populations,  Fish,  Lakes,  Oligotrophic 
lakes,  Perch. 

In  1983  a  monitoring  program  was  initiated  to 
study  the  long-term  effects  of  freshwater  liming  on 
fish  populations  in  Sweden.  The  program's  main 
objectives  were  to  assess  the  population  changes 
on  a  whole-lake  basis,  give  estimates  of  the  number 
of  species  present,  sample  length  frequencies  and 
also  to  estimate  the  relative  abundance  and  growth 
of  the  dominating  species.  Data  from  133  test- 
fished  oligotrophic,  acidified  and  limed  Swedish 
lakes  have  been  used  to  estimate  the  number  of  gill 
nets  needed  to  catch  all  catchable  fish  species  and 
to  estimate  the  relative  abundance  of  dominating 
species.  The  test-fishing  was  depth  stratified  using 
benthic  and  pelagic,  multi-mesh  gill  nets.  The 
number  of  randomly  set  benthic  gillnets  required 
to  catch  all  catchable  fish  species  increased  with 
lake  area,  for  example,  5  randomly  set  benthic  gill 
net  were  needed  to  catch  all  fish  species  in  lakes 
with  an  area  of  100  ha.  The  catch  per  unit  effort 
was  transformed  using  Log  (CPUE  effort  +  1)  to 
dissociate  the  variances  and  the  means.  The 
number  of  nets  required  to  attain  a  certain  preci- 
sion in  the  estimate  of  the  catch  per  unit  effort  for 
dominating  fish  species  was  calculated.  The 
number  of  nets  required  increased  with  lake  area 
for  perch,  but  not  for  other  dominating  species. 
Depth  stratified  sampling  considerably  increased 
the  precision  of  the  whole-lake  catch  per  unit 
effort  of  dominating  species.  (Mertz-PTT) 
W90-06601 


SEQUENTIAL  DECISION  PLANS,  BENTHIC 
MACROINVEHTEBRATES,  AND  BIOLOGI- 
CAL MONITORING  PROGRAMS. 

California  Univ.,  Berkeley.  Dept.  of  Entomologi- 
cal Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06609 


METHOD  FOR  PREDICTION  OF  EXTENT  OF 
MICROBIAL  POLLUTION  OF  SEAWATER 
AND  CARRYING  CAPACITY  OF  BEACHES. 

Bogazici  Univ.,  Istanbul  (Turkey).  Dept.  of  Chemi- 
cal Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06610 


EFFECT  OF  HYDROCARBONS  AND  DECON- 
TAMINATING SUBSTANCES  ON  BACTERIAL 
FLORA  OF  COASTAL  SEDIMENTS. 

Istituto     Sperimentale     Talassografico,     Messina 

(Italy). 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06630 


H)ENTTFYING  TOXICANTS:  NETACS  TOXIC- 
ITY-BASED  APPROACH. 

National    Effluent   Toxicity    Assessment    Center, 

Duluth,  MN. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06662 


POLLUTION  OF  HARBOUR  SEDIMENTS  BY 
HEAVY  METALS. 

Antwerpse  Waterwerken  (Belgium). 

JR.  Senten. 

Ocean  and  Shoreline  Management  OSMAE6,  Vol. 

12,  No.  5/6,  p  463-*75,  1989.  3  tab,  2  fig,  29  ref. 

Descriptors:  'Cleanup  operations,  'Dredging, 
•Harbors,  'Heavy  metals,  'Sediment  contamina- 
tion, 'Waste  disposal,  'Water  pollution  control, 
Sediments,  Soil  amendments,  Water  pollution. 

Dredging  is  normally  the  best  solution  to  counter- 
act sedimentation  in  harbors.  Planning  dredging 
operations  requires  a  study  of  the  distribution, 
thickness,  type  and  origin  of  the  sediments.  Sam- 
pling and  analysis  of  the  deposits,  especially  with 
regard  to  heavy  metal  contents,  is  necessary  to 
decide  about  their  use  in  agriculture  or  about  other 
methods  of  disposal.  A  follow-up  study  of  the  soils 
enriched  with  sediments  and  of  the  sediments  in 
situ  is  always  necessary.  (Author's  abstract) 


W90-06687 


DEVELOPMENT  OF  THE  REVISED  DRINK- 
ING WATER  STANDARD  FOR  CHROMIUM. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Drinking  Water. 

S.  Goldhaber,  and  C.  Vogt. 

Science  of  the  Total  Environment  STENDL,  Vol. 

86,  No.   1/2,  p  43-51,  Oct  1   1989.  2  tab,  5  ref. 

Descriptors:  'Administrative  regulations,  'Chro- 
mium, 'Public  health,  'Water  quality  standards, 
Administrative  agencies,  Drinking  water,  Legisla- 
tion, Water  quality. 

The  United  States  Environmental  Protection 
Agency  (EPA),  under  the  authority  of  the  Safe 
Drinking  Water  Act,  is  developing  comprehensive 
regulations  to  limit  human  exposure  to  contamina- 
tion in  drinking  water.  These  regulations  are  being 
developed  in  several  phases  and  deal  with  synthet- 
ic organic  chemicals,  inorganic  chemicals,  micro- 
biological contaminants,  and  radionuclides.  The 
agency  is  to  establish  maximum  contaminant  level 
goals  (MCGLs)  and  maximum  contaminant  levels 
(MCLs)  as  close  to  the  MCLGs  as  feasible. 
MCLGs  are  non-enforceable  health  goals;  MCLs 
are  the  enforceable  standards.  The  current  MCL 
for  chromium,  under  the  National  Interim  Primary 
Drinking  Water  Regulations,  is  50  micrograms/L 
for  total  chromium.  The  EPA  is  proposing  to  set 
an  MCLG  for  total  chromium  based  on  the  toxi- 
cology of  Cr(VI).  Chromium  has  been  classified  as 
a  probable  human  carcinogen,  based  upon  evi- 
dence that  Cr(VI)  causes  lung  cancer  in  humans 
and  animals  through  inhalation  exposure.  The 
EPA  is  proposing  to  set  the  MCL  for  chromium 
equal  to  the  MCLG  (100  micrograms/L)  since  this 
level  has  been  determined  to  be  feasible  based  upon 
the  following  analysis:  (1)  there  are  currently- 
available  technologies  for  chromium  removal  (re- 
verse osmosis,  ion  exchange,  coagulation,  and  lime 
softening)  and  they  have  been  installed  in  public 
water  supplies  and  are  compatible  with  other 
water-treatment  processes  in  different  regions  of 
the  US;  (2)  analytical  methods  (the  atomic-absorp- 
tion furnace  and  inductively-coupled  plasma  tech- 
niques) are  available  for  the  analysis  of  chromium 
in  drinking  water;  (3)  The  practical  quantitation 
level,  the  lowest  concentration  that  can  be  reliably 
measured  during  routine  laboratory  operating  con- 
ditions, is  below  the  proposed  MCL  of  100  micro- 
grams/L-thus,  it  is  feasible  to  routinely  analyze 
for  chromium  in  drinking  water;  (4)  the  MCLG  of 
100  micrograms/L  for  chromium  is  greater  than 
the  maximum  occurrence  level  for  the  compound; 
and  (5)  the  national  costs  of  complying  with  the 
proposed  MCL  approach  zero.  (Male-PTT) 
W90-06698 


SCREENING  AT  MARINE  OUTFALL  HEAD- 
WORKS. 

For  primary  bibliographic   entry   see   Field   5D. 
W90-06711 


WATER  SOURCE  PROTECTION  AND  PRO- 
TECTION ZONES. 

M.  B.  M.  Harryman. 

Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  548-550,  De- 
cember 1989. 

Descriptors:  'Nitrates,  'Water  policy,  'Water  pol- 
lution prevention,  'Water  zoning,  England. 

This  paper  discusses  government  policy  to  August 
1989  on  the  use  of  protection  zones  to  protect  UK 
water  sources  from  pollution  by  nitrate.  It  outlines 
the  use  of  the  powers  in  the  Water  Act  1989  to 
declare  Nitrate  Sensitive  Areas,  and  the  proce- 
dures that  would  be  followed  in  declaring  such 
zones.  The  circumstances  are  outlined  in  which 
compensation  would  be  paid  in  Nitrate  Sensitive 
Areas  and  the  reasons  for  departing  from  the  'pol- 
luter pays'  principle.  There  are  similarities  of  ap- 
proach between  the  UK's  policy  for  control  of 
nitrate  and  the  controls  being  proposed  by  the 
European  Community.  Community  policy  will 
also  rely  upon  protection  at  source  through  restric- 
tions. In  general  the  UK  favors  a  pragmatic  ap- 


proach to  nitrate  control.  The  UK  policy  places 
more  emphasis  than  that  proposed  by  the  Europe- 
an Commission  on  adopting  solutions  that  are  ap- 
propriate in  different  areas.  Further  details  of  the 
UK  policy  on  nitrate  control  will  be  announced 
soon  and  the  government  expects  to  introduce 
measures  in  advance  of  the  EC  Directive  coming 
into  effect.  (Sand-PTT) 
W90-06712 


ELIMINATION  OF  PENTACHLOROPHENOL 
POLLUTION  FROM  THE  FORTH  CATCH- 
MENT. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06720 


RAW  WATER  QUALITY  CONTROL:  AN 
OVERVIEW  OF  RESERVOIR  MANAGEMENT 
TECHNIQUES. 

Ecosystem  Consulting  Service,  Inc.,  Coventry, 
CT. 

R.  W.  Kortmann. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  103,  No.  4,  p  197-220, 
December  1989.  14  fig,  23  ref. 

Descriptors:  'Reservoir  operation,  'Reviews, 
'Water  quality  control,  'Watershed  management, 
Aeration,  Algicides,  Costs,  Erosion  control,  Pre- 
treatment  of  water,  Water  treatment. 

The  quality  of  water  which  enters  a  treatment 
plant  has  a  direct  effect  on  dosage  rate  for  floccu- 
lation,  filtration  run  time,  granular  activated 
carbon  bed  longevity,  Trihalomethane  formation 
potential,  and  finished  water  quality.  Reservoir 
management  can  reduce  chemical  and  operations 
cost  and  the  need  for  chemical  algicide  application, 
which  has  both  economic  and  environmental  ad- 
vantages. Surface  water  supply  systems  are  often  a 
complex  array  of  watershed  subbasins,  diversions, 
storage  reservoirs,  and  delivery  reservoirs.  A  com- 
prehensive evaluation  of  individual  system  compo- 
nents and  the  relationships  to  water  quality  param- 
eters in  the  treatment  sequence  often  leads  to  iden- 
tification of  a  'best  management  approach'  for  an 
individual  supply  system.  The  applicability  of  the 
following  approaches  is  discussed:  Agricultural 
'BMPs';  Wetland  Renovation;  Stormwater  Man- 
agement Techniques;  Sediment  and  Erosion  Con- 
trol; Regulatory  Methods;  Flowstage  Selection, 
Enhanced  Interflow;  Pretreatments;  Destratifica- 
tion-Circulation;  Hypolimnetic  Aeration;  Layer 
Aeration;  Depth-Selective  Releases;  Reservoir 
Blending  and  Sequencing;  Nutrient  Inactivation; 
Thermal  Partitioning;  Depth-Selective  Withdraw- 
al; Destratification  (full/partial);  Hypolimnetic  and 
Layer  Aeration;  Nutrient  Inactivation;  Algicide 
Focusing;  and  'Front  End  Treatment  Scheme  Ad- 
ditions'. (Author's  abstract) 
W90-06728 


MANAGEMENT  AND  POLICY  EFFECTS  ON 
POTENTIAL  GROUNDWATER  CONTAMINA- 
TION FROM  DAIRY  WASTE. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Agricultural  Engineering. 
C.  D.  Heatwole,  P.  L.  Diebel,  and  J.  M.  Halstead. 
Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 
1,  p  25-34,  February  1990.  3  fig,  4  tab,  16  ref.  US 
Geological  Survey,  Department  of  the  Interior 
under  Award  No.  14-08-001-1301. 

Descriptors:  'Dairy  wastes,  'Farm  wastes, 
•Groundwater  pollution,  'Nitrates,  'Water  pollu- 
tion control,  Economic  aspects,  Model  studies, 
Virginia. 

A  combined  economic  and  water  quality  modeling 
framework  was  used  to  evaluate  impacts  of  alter- 
native policies  and  management  practices  on  re- 
ducing nitrate  movement  to  groundwater  for  dairy 
farms  in  Rockingham  County,  Virginia.  The  analy- 
sis considers  three  on-farm  manure  storage  options, 
cost-sharing  programs  for  purchasing  manure  stor- 
age facilities,  restrictions  on  nitrogen  application 
rates,  and  a  tax  on  commercial  fertilizer.  The 
CREAMS  model  was  used  to  estimate  nitrate 
leaching  from  the  crop  root  zone  for  various  nutri- 
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ent  (and  manure)  management  practices,  based  on 
timing  and  rate  of  manure  and  fertilizer  applica- 
tions. The  mixed-integer  programming  economic 
model  considers  water  quality,  policy,  and  eco- 
nomic constraints  in  comparing  the  profitability  of 
alternative  cropping  and  nutrient  management  sys- 
tems that  reduce  groundwater  contamination  po- 
tential. The  study  provides  both  the  environmental 
and  economic  effects  of  better  management  of 
dairy  waste.  (Author's  abstract) 
W90-06819 


EVALUATION  OF  BEST  MANAGEMENT 
PRACTICES  FOR  CONTROLLING  NONPOINT 
POLLUTION  FROM  SILVICULTURAL  OPER- 
ATIONS. 

Pennsylvania  State  Univ.,  University  Park.  School 

of  Forest  Resources. 

J.  A.  Lynch,  and  E.  S.  Corbett. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 

1,  p  41-52,  February  1990.  4  fig,  4  tab,  1 1  ref.  PA 

Department  of  Environmental  Resources,  Bureau 

of  Forestry  under  Cooperative  Agreement  ME- 

78378. 

Descriptors:  'Clear-cutting,  'Forestry,  'Nonpoint 
pollution  sources,  'Pennsylvania,  'Runoff,  'Water 
pollution  control,  Nitrates,  Potassium,  Tempera- 
ture, Turbidity,  Water  yield. 

Fifteen  years  of  streamflow  and  water  quality  data 
were  evaluated  to  determine  the  effectiveness  of 
Best  Management  Practices  (BMP's)  in  controlling 
nonpoint  source  pollution  from  an  110-acre  com- 
mercial clearcut  located  in  the  Ridge  and  Valley 
Province  of  central  Pennsylvania.  The  analyses 
addressed  both  short-term  and  long-term  changes 
in  the  physical  and  chemical  properties  and  the 
hydrologic  regime  of  the  stream  draining  this  257- 
acre  watershed.  Overall,  the  BMP's  employed  on 
this  commercial  clearcut  were  very  effective  in 
preventing  serious  deterioration  of  stream  quality 
as  a  result  of  forest  harvesting.  Although  statisti- 
cally significant  increases  in  nitrate  and  potassium 
concentrations  and  temperature  and  turbidity 
levels  were  measured  the  first  two  years  following 
harvesting,  the  increases  were  relatively  small  and, 
with  the  exception  of  turbidity,  within  drinking 
water  standards.  Nevertheless,  such  increases  may 
violate  EPA's  anti-degradation  policy.  Nitrate  and 
potassium  concentrations  and  turbidity  levels  re- 
mained above  pre-harvesting  levels  for  as  long  as 
nine  years  following  harvesting.  Clearcutting  also 
significantly  increased  water  yield,  which  in  turn 
initially  lowered  the  concentrations  of  most  solutes 
because  of  dilution.  Increased  water  yields  re- 
turned to  pre-harvesting  levels  within  four  years  as 
a  result  of  rapid  regrowth.  The  export  of  some  ions 
increased;  however,  the  increased  export  appeared 
to  be  insufficient  to  affect  site  fertility.  Implemen- 
tation of  periodic  post-harvest  inspections  of  har- 
vested areas,  increasing  the  width  of  the  buffer 
zone,  and  utilizing  buffer  zones  on  all  perennial 
and  intermittent  channels  would  reduce  further 
impacts  of  silvicultural  activities  on  water  quality. 
(Author's  abstract) 
W90-06821 


CHARGES  FOR  URBAN  RUNOFF:  ISSUES  IN 
IMPLEMENTATION. 

Johns  Hopkins  Univ.,  Baltimore,  MD.  Dept.  of 
Geography  and  Environmental  Engineering. 
G.  Lindsey. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 
1,  p  1 17-125,  February  1990.  4  tab,  16  ref. 

Descriptors:  'Chesapeake  Bay,  'Maryland,  'Storm 
runoff,  'Urban  runoff,  'Utilities,  'Water  pollution 
control,  Economic  aspects,  Nutrients,  Taxes, 
Wastewater  treatment. 

Maryland  officials  have  identified  stormwater  utili- 
ties as  a  potential  method  of  financing  programs  to 
control  nutrients  in  urban  stormwater  runoff  that 
are  proposed  in  Maryland's  Chesapeake  Bay  Nutri- 
ent Reduction  Plan.  A  number  of  issues  related  to 
the  equity,  efficiency,  and  acceptability  of  user 
charge  schemes  are  reviewed.  Overall,  charges  are 
found  to  be  preferable  to  property  taxes  from  both 
equity  and  efficiency  perspectives.  In  addition,  evi- 
dence suggests  that  elected  officials  will  support 


creation  of  utilities.  Obstacles  to  the  implementa- 
tion of  utilities  include:  adequacy  of  utility  reve- 
nues and   acceptability   to   the   public.   (Author's 
abstract) 
W90-06828 

KINETICS  OF  CHLORINATED  HYDROCAR- 
BON DEGRADATION  BY  SUSPENDED  CUL- 
TURES OF  METHANE-OXIDIZING  BACTE- 
RIA. 

Washington  Univ.,  Seattle.  Coll.  of  Forest  Re- 
sources. 

S.  E.  Strand,  M.  D.  Bjelland,  and  H.  D.  Stensel. 
Research  Journal  of  the  Water  Pollution  Control 
Federation  JWPFA5,  Vol.  62,  No.  2,  p  124-129, 
March/April  1990.  10  fig,  3  tab,  19  ref. 

Descriptors:  'Biodegradation,  'Chlorinated  hydro- 
carbons, 'Fate  of  pollutants,  'Groundwater  pollu- 
tion, 'Microbial  degradation,  'Water  pollution 
treatment,  Trichloroethane,  Trichloroethylene. 

The  kinetics  of  methane  utilization  and  the  biode- 
gradation of  trichloroethylene  (TCE)  and  1,1,1- 
trichloroethane  (TCA)  by  a  mixed,  methanotro- 
phic  bacterial  culture  were  studied  in  a  closed- 
system  reactor.  Methane  oxidation  followed  Mi- 
chaelis-Menten  kinetics,  TCE  and  TCA  degrada- 
tion followed  first-order  kinetics  for  concentrations 
less  than  3000  microg/L.  Oxidative  activity  of  the 
methanotrophic  culture  ceased  at  a  dissolved  TCE 
concentration  of  7770  microg/L.  TCA,  but  not 
TCE,  biodegradation  was  inhibited  by  dissolved 
methane  concentrations  in  excess  of  0.25  mg/L.  In 
the  absence  of  methane,  the  culture  continued  to 
degrade  TCE  and  TCA,  but  degradation  ceased 
after  104  hours.  Lower  biodegradation  rates  were 
observed  when  treating  a  mixture  of  TCE  and 
TCA.  (Author's  abstract) 
W90-06835 


SUPERFUND  RECORD  OF  DECISION:  HAST- 
INGS   GROUND    WATER/COLORADO    AVE., 

NE. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  V A.  22161,  as  PB89- 182471. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R07-88/018,  September 
1988.  16p,  3  fig,  5  tab. 

Descriptors:  'Cleanup  operations,  'Decontamina- 
tion, 'Groundwater  pollution,  'Hastings,  'Nebras- 
ka, 'Site  remediation,  'Superfund,  In  situ  treat- 
ment, Monitoring,  Soil  contamination,  Tetrachlor- 
oethane,  Trichloroethene,  Volatile  organic  com- 
pounds, Water  quality  control. 

The  Colorado  Avenue  subsite  of  the  Hastings 
Ground  Water  Contamination  site  is  located  in  the 
City  of  Hastings,  Adams  County,  Nebraska.  From 
1967  to  May  1982  the  site  was  used  by  Dravo 
Corporation  for  manufacturing  of  heating  and  air 
conditioning  equipment.  Metals  were  cleaned  prior 
to  finishing  with  a  vapor-degreasing  process,  and 
the  waste  solvents  were  discharged  directly  into 
the  sanitary  sewer  and  the  storm  sewer.  The  site 
has  since  been  acquired  by  Marshalltown  Instru- 
ments Co.,  who  claims  to  have  no  involvement 
with  disposal  of  the  chemical  contaminants. 
Groundwater  contamination  was  discovered  when 
an  out-of-service  drinking  water  well  was  put  back 
in  service,  resulting  in  complaints  about  the  water 
quality.  Subsequently,  the  Nebraska  Dept.  of 
Health  and  the  Nebraska  Dept.  of  Environmental 
Control  began  investigating  widespread  ground- 
water contamination  in  the  Hastings  area.  The 
highest  levels  of  contamination  of  soil  and  soil-gas 
occur  along  the  sanitary  and  storm  sewers  at  the 
site,  with  localized  areas  which  correspond  to 
joints  in  the  sewers.  The  volume  of  contaminated 
soil  is  estimated  to  be  42,700  cu  yd  and  is  the  focus 
of  this  record  of  decision.  High  levels  of  the  con- 
taminants are  also  found  in  the  groundwater  be- 
neath the  site.  The  primary  contaminants  of  con- 
cern affecting  soil  and  groundwater  are  volatile 
organic  compounds  including  trichloroethene  and 
tetrachloroethane.  The  selected  remedial  action  for 
this  site  includes:  in  situ  soil  vapor  extraction; 
treatment   of  extracted   vapor   with   an   activated 


carbon  system,  if  necessary;  and  implementation  of 
an  operation  and  maintenance  program  which  in- 
cludes   soil,    air    and    groundwater    monitoring. 
(Lantz-PTT) 
W90-06950 


SUPERFUND  RECORD  OF  DECISION:  AR- 
KANSAS CITY  DUMP,  KS. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-182455. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R07-88/014,  September 
1988.  68p,  7  fig,  8  tab. 

Descriptors:  'Arkansas  City,  'Cleanup  operations, 
•Groundwater  pollution,  'Kansas,  'Landfills, 
•Site  remediation,  'Superfund,  Capping,  Hydro- 
carbons, Monitoring,  Oil  wastes,  Polychlorinated 
aromatic  hydrocarbons,  Polycyclic  aromatic  hy- 
drocarbons, Soil  contamination,  Sulfuric  acid. 

The  200-acre  Arkansas  City  Dump  site  is  located 
in  the  southwest  section  of  Arkansas  City,  Cowley 
County,  Kansas,  and  is  bounded  on  the  west  and 
south  by  a  levee  that  separates  it  from  the  Arkan- 
sas River.  The  site  was  used  as  an  oil  refinery 
between  1916  and  the  mid-1920s.  Residual  acid 
sludge  from  the  distillation  process  was  disposed  of 
in  pits  or  on  the  ground  predominantly  in  the  north 
waste  area.  Subsequently,  160  acres  were  used  as  a 
municipal  landfill,  referred  to  as  the  Arkansas  City 
Landfill.  Investigations  conducted  since  1980  by 
the  Kansas  Department  of  Health  and  Environ- 
ment have  determined  that  all  media  are  contami- 
nated with  various  organics  and  inorganics  primar- 
ily from  refining  wastes.  The  principal  contributor 
of  organic  contaminants  to  the  groundwater,  par- 
ticularly polynuclear  aromatic  hydrocarbons 
(PAHs),  appears  to  be  the  soil  contaminated  sedi- 
ments in  the  subsurface.  However,  contaminants 
are  not  migrating  offsite.  The  primary  contami- 
nants of  concern  in  the  acid  sludge  are  organics 
including  PAHs,  and  sulfuric  acid.  The  selected 
remedial  action  for  the  north  waste  area  operable 
unit  includes:  in  situ  neutralization  of  the  acid 
sludge  followed  by  the  installation  of  a  soil  cover; 
completion  of  a  supplemental  feasibility  study  ad- 
dressing remedial  alternatives  for  the  subsequent 
operable  unit;  institutional  controls  including  deed 
restrictions;  and  groundwater  monitoring.  (Lantz- 
PTT) 
W90-06951 


SUPERFUND  RECORD  OF  DECISION:  OAK 
GROVE  LANDFIXL,  MN. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-183883. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R06-88/074,  September 
1988.  61p,  11  fig,  8  tab. 

Descriptors:  'Cleanup  operations,  'Groundwater 
pollution,  'Landfills,  'Minnesota,  'Site  remedi- 
ation, 'Superfund,  Anoka  County,  Benzenes,  Cap- 
ping, Landfill  covers,  Monitoring,  Organic  com- 
pounds, Toluene,  Volatile  organic  compounds, 
Waste  disposal,  Xylenes. 

The  Oak  Grove  Sanitary  Landfill  covers  45  to  50 
acres  in  Oak  Grove  Township,  Anoka  County, 
Minnesota,  approximately  38  miles  northwest  of 
St.  Paul.  The  landfill  received  200,000  to  300,000 
cu  yd  of  waste  per  year  from  1976  until  it  reached 
its  permitted  capacity  in  late  1983.  Most  of  this 
waste  consists  of  household  trash  and  garbage.  In 
addition,  waste  consisting  of  oil  sludge  from  an  oil 
recycling  process,  paint  and  solvent  wastes,  found- 
ry wastes,  metal  sludges,  organic  compounds  from 
pesticide  manufacturing,  cutting  oils  and  lubri- 
cants, cleaning  solvents,  and  inks  are  reported  to 
have  been  buried  near  the  center  of  the  landfill  but 
their  exact  location  is  unknown.  Minnesota  Pollu- 
tion Control  Agency  (MPCA)  and  Anoka  County 
records  indicate  a  number  of  volatilization  and 
operational  problems  throughout  the  active  history 
of  the  site.  MPCA  discovered  a  groundwater  con- 
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tamination  problem  from  monitoring  well  samples 
obtained  at  the  site  in  1984.  The  primary  contami- 
nants of  concern  affecting  groundwater  and  sur- 
face water  are  volatile  organic  compounds  (VOCs) 
including  ethyl  benzene,  toluene  and  xylenes.  The 
selected  remedial  action  for  this  site  includes:  in- 
stallation of  a  security  fence;  capping  with  a  final 
cover  system  consisting  of  a  gas  control  layer,  a 
barrier  layer  of  low  permeable  material  or  a  flexi- 
ble membrane  and  a  drainage  layer;  topsoil  cover 
and  vegetation;  deed  restrictions;  and  air  and 
groundwater  monitoring.  The  second  remedial 
action  will  address  the  groundwater  contamination 
and  possible  remediation  of  the  downgradient 
plume.  (Lantz-PTT) 
W90-06952 


SUPERFUND  RECORD  OF  DECISION: 
LUDLOW  SAND  AND  GRAVEL,  NY. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89- 182521. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA-ROD-R02-88/067,  September 
1988.  71p,  3  fig,  6  tab. 

Descriptors:  'Cleanup  operations,  'Groundwater 
pollution,  'Landfills,  'New  York,  'Site  remedi- 
ation, 'Superfund,  Landfill  covers,  Monitoring, 
Paris,  Phenols,  Polychlorinated  biphenyls,  Soil 
contamination,  Volatile  organic  compounds,  Waste 
disposal. 

The  Ludlow  Sand  and  Gravel  site  is  located  ap- 
proximately six  miles  south  of  Utica,  in  the  town  of 
Paris,  Oneida  County,  New  York.  The  site  consists 
of  a  gravel  pit  and  landfill  on  a  130-acre  tract  of 
land,  owned  and  operated  by  Mr.  James  Ludlow. 
The  landfill,  which  is  the  focus  of  this  record  of 
decision  (ROD),  is  in  a  groundwater  recharge  zone 
to  the  principal  aquifer  along  Sauquoit  Creek.  Var- 
ious organizations  and  individuals  have  disposed  of 
waste  at  the  site  since  1966.  This  waste  included 
domestic  wastes,  septic  tank  effluent,  industrial 
wastes  such  as  dyes,  waste  oils  and  metallurgical 
cooling  oils,  and  animal  parts  from  a  meat  process- 
ing plant.  In  late  1982,  sampling  revealed  traces  of 
PCB  contamination  in  the  leachate  pools  on  the 
southern  portion  of  the  property.  In  July  1987,  the 
District  Court  of  Birmingham  ordered  Mr. 
Ludlow  to  cease  operations  at  the  site.  Mr. 
Ludlow  complied  with  the  court  order  and  closed 
the  landfill  by  February  15,  1988.  The  primary 
contaminants  of  concern  affecting  soil,  sediments 
and  groundwater  are  volatile  organic  compounds 
(VOCs)  including  benzene  and  toluene  and  organ- 
ics  including  polychlorinated  biphenyls  (PCBs) 
and  phenols.  The  selected  remedial  action  for  this 
site  includes:  consolidation  and  onsite  disposal  into 
the  landfill  of  approximately  10,000  cu  yd  of  con- 
taminated soil  and  sediment  adjacent  to  the  landfill, 
and  installation  of  an  impermeable  cover  over  the 
landfill;  collection  of  leachate  from  seepage  areas 
formed  from  the  landfill  and  dewatering  of  the 
landfill;  implementation  of  upgradient  groundwat- 
er controls  to  lower  and  prevent  the  groundwater 
table  from  coming  in  contact  with  the  waste  mate- 
rial; access  restrictions;  and  implementation  of  a 
long-term  water  quality  monitoring  program  in- 
cluding both  onsite  and  offsite  groundwater,  sur- 
face water  and  potable  water  supply  wells.  (Lantz- 
PTT) 
W90-06953 


SUPERFUND  RECORD  OF  DECISION:  NA- 
TIONAL STARCH,  NC. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-182497. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R04-88/039,  September 
1988.  32p,  7  fig,  6  tab. 

Descriptors:  'Chemical  wastes,  'Cleanup  oper- 
ations, 'Groundwater  pollution,  'North  Carolina, 
'Site  remediation,  'Superfund,  'Waste  disposal, 
Air  stripping,  Chemical  treatment,  Groundwater 
protection,  Heavy  metals,  Monitoring,  Pretreat- 
ment  of  wastewater,  Rowan  County,  Volatile  or- 
ganic compounds. 


The  National  Starch  and  Chemical  Corporation 
(NSCC)  site  is  located  in  Rowan  County,  North 
Carolina,  approximately  five  miles  south  of  the  city 
of  Salisbury.  The  site  consists  of  500  acres  is  occu- 
pied by  the  NCSS-owned  Cedar  Springs  Road 
Plant  which  currently  manufactures  textile  finish- 
ing and  custom  specialty  chemicals.  From  1971  to 
1978,  NSCC  disposed  of  approximately  350,000 
gallons  of  reaction  vessel  wash  waters  classified  as 
D002  waste  (corrosive  waste  with  pH  <  or  =  2.0) 
in  trenches  constructed  in  a  5-acre  tract  of  land 
located  behind  the  plant.  The  waste  consisted  pre- 
dominantly of  salt  brines,  sulfuric  acid  solutions, 
sulfonating  fats  and  oils,  and  solvents.  Site  moni- 
toring in  1976  and  1977  revealed  shallow  ground- 
water contamination  adjacent  to  or  within  the 
trench  area.  Consequently,  the  North  Carolina  De- 
partment of  Natural  and  Economic  Resources  re- 
quested that  NSCC  cease  onsite  waste  disposal 
activities.  Since  1978,  production  plant  process 
waters  have  been  pretreated  in  a  facility  adjacent 
to  and  south  of  the  production  area  and  discharged 
to  the  Salisbury  publicly  owned  treatment  works 
(POTW).  The  primary  contaminants  of  concern 
affecting  the  groundwater,  and  sediments  are  vola- 
tile organic  compounds  including  benzene,  trich- 
loroethene,  toluene  and  xylenes,  and  metals  includ- 
ing arsenic  and  chromium.  The  selected  remedial 
action  for  this  site  includes:  installation  of  a 
groundwater  interception  and  extraction  system 
downgradient  of  the  source  area(s)  with  pretreat- 
ment  prior  to  discharge  to  the  POTW  (such  as  air 
stripping,  filtration,  and/or  metal  removal);  and 
surface  water  and  sediment  monitoring.  (Lantz- 
PTT) 
W90-06954 


AQUATIC  TOXICOLOGY. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06990 


INVESTIGATION    AND    REMEDIATION    OF 
VOCS  IN  SOU.  AND  GROUNDWATER. 

Delta  Environmental  Consultants,  Inc.,  Fort  Col- 
lins, CO. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06991 


EXTRACTION  OF  TCE-CONTAMINATED 
GROUND  WATER  BY  SUBSURFACE  DRAINS 
AND  A  PUMPING  WELL. 

EBASCO  Services,  Inc.,  Chicago,  IL. 

D.  Meiri,  M.  Ghiasi,  R.  J.  Patterson,  N. 

Ramanujam,  and  M.  P.  Tyson. 

Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  17-24, 

January /February  1990.  13  fig,  1  tab,  9  ref. 

Descriptors:  'Cleanup  operations,  'Decontamina- 
tion, 'Groundwater  pollution,  'Pump  wells,  'Sub- 
surface drains,  'Trichloroethylene,  'Water  pollu- 
tion control,  Aquifer  characteristics,  Aquifers, 
Chemical  wastes,  Geohydrology,  Groundwater, 
Model  studies,  Ohio,  Subsurface  drainage. 

Groundwater  in  a  shallow  glacial  till  aquifer  and  a 
deeper  weathered  shale  aquifer  at  a  site  near  Rock 
Creek,  Ohio  has  been  contaminated  with  trichlor- 
oethylene (TCE).  Evaluation  of  remedial  alterna- 
tives indicated  that  a  system  of  subsurface  drains 
would  be  most  effective  for  decontaminating  the 
shallow  groundwater.  The  performance  of  the  pro- 
posed subsurface  drainage  system  for  the  shallow 
aquifer  was  simulated  using  finite-element  flow  and 
transport  models.  Model  results  indicate  that  the 
drains  should  reduce  TCE  concentration  in  the 
shallow  aquifer  to  about  8  ppb  in  approximately  24 
years.  A  single  extraction  well  was  the  selected 
alternative  to  remediate  trichloroethylene  concen- 
trations in  the  deeper  weathered  shale  aquifer.  The 
performance  of  the  proposed  well  was  analyzed  by 
an  analytical  model.  Results  of  the  analysis  indicat- 
ed that  the  extraction  well  should  reduce  contami- 
nation in  less  time  than  required  for  the  shallow 
glacial  till  aquifer.  A  single  extraction  well  in- 
stalled in  the  lower  weathered  shale  aquifer  should 
produce  a  steady-state  capture  zone  with  a  down- 
gradient  extent  of  approximately  225  ft  from  the 


well.  If  it  is  assumed  that  the  contaminant  plume  in 
the  weathered  shale  has  the  same  area!  extent  as 
the  plume  in  the  glacial  till,  one  well  should  pro- 
vide containment.  Since  the  porosity  of  the  shale  is 
lower  than  the  shallow  till  but  the  extraction  rate  is 
about  the  same  as  from  the  trenches,  the  proposed 
extraction  system  should  capture  contaminated 
groundwater  in  the  shale  and  reduce  concentra- 
tions to  low  levels  in  less  time  than  is  required  for 
the  shallow  aquifer.  (Author's  abstract) 
W90-07011 


WATER  QUALITY  MODEL  FOR  THE  TIGRIS 
RIVER  DOWNSTREAM  OF  SADAM  DAM, 
IRAQ. 

Mosul    Univ.    (Iraq).    Saddam    Dam    Research 

Centre. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-07025 


TOXICITY  AND  ACCUMULATION  OF  CHRO- 
MIUM IN  CERATOPHYLLUM  DEMERSUM  L. 

National     Botanical     Research     Inst.,     Lucknow 

(India).  Aquatic  Botany  Lab. 

For  primary  bibliographic  entry  see   Field   5D. 

W90-07037 


REMOVAL  OF  SOME  HEAVY  METALS  BY 
MORDENTTE. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2K. 
W90-07052 


EFFECTS  OF  SLUDGE  RECYCLE  RATIO  ON 
NITRIFICATION-DENITRIFICATION  PER- 
FORMANCE IN  BIOLOGICAL  TREATMENT 
OF  LEACHATE. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Civil 

Engineering. 

P.  Elefsiniotis,  R.  Manoharan,  and  D.  S.  Mavinic. 

Environmental    Technology    Letters    ETLEDB, 

Vol.  10,  No.  12,  p  1041-1050,  December  1989.  7 

fig,  2  tab,  15  ref. 

Descriptors:  'Biological  wastewater  treatment, 
'Denitrification,  'Landfills,  'Leachates,  'Nitrifica- 
tion, 'Sludge,  'Wastewater  treatment,  'Water  pol- 
lution control,  'Water  pollution  treatment,  Aero- 
bic conditions,  Ammonia,  Anoxic  conditions,  Brit- 
ish Columbia,  Canada,  Nitrates,  Nitrites,  Sludge 
recycle,  Suspended  solids,  Water  quality  control. 

Ammonia  removal  from  leachate  through  a  biolog- 
ical nitrification-denitrification  process  and  the 
effect  of  sludge  recycle  ratio  on  effluent  levels  of 
nitrates  and  nitrites  were  studied.  Leachate  from 
an  older  landfill  in  British  Columbia,  Canada  was 
used  in  a  system  with  anoxic  and  aerobic  reactors. 
Settled  sludge  was  recycled  to  improve  system 
performance.  Effluent  ammonia  was  consistently 
low  and  was  not  significantly  affected  by  sludge 
recycle  ratios.  The  system  performance  was  opti- 
mum at  ratios  of  5:1  and  6:1.  Higher  ratios  caused 
the  system  to  destabilize.  A  6:1  ratio  also  produced 
minimum  effluent  nitrates,  nitrites,  and  suspended 
solids.  (Miller-PTT) 
W90-07057 


DAPHNIA  AND  TOXIC  BLOOMS  OF  MICRO- 
CYSTIS AERUGINOSA  IN  BAUTZEN  RESER- 
VOIR (GDR). 

Technische  Univ.,  Dresden  (German  D.R.).  Sek- 

tion  Wasserwesen. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-07096 


COMPREHENSIVE  EVALUATION  OF  THE 
RESULTS  OF  THE  DAPHNIA  TEST  CARRIED 
OUT  AT  THE  TISZA-SECTION  AND  MAJOR 
DISTRICT  WATERS  IN  SZOLNOK  COUNTY 

(1977-87). 

Szolnok  County  Service  of  Public  Health  and  Epi- 
demiology (Hungary).  Water  Microbiological  Lab. 
F.  Csepai. 
Tiscia  TSCAB8,  Vol.  24,  p  35-41,  1989.  2  fig,  2  tab, 
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Group  5G — Water  Quality  Control 

6ref. 

Descriptors:  'Bioassay,  'Daphnia,  'Hungary, 
•Tisza  River,  •Toxicity,  'Water  pollution,  'Water 
pollution  prevention.  Temperature  effects. 

Since  1974  the  Water  Microbiological  Laboratory 
of  the  Service  of  Public  Health  and  Epidemiology 
of  Szolnok  County,  Hungary  has  performed  regu- 
lar chemical,  bacteriological,  biological  and  toxico- 
logical  studies  of  the  Tisza  River.  Between  1977 
and  1987  acute  toxicological  studies  were  carried 
out  with  Daphnia  magna  at  eight  points  on  the 
section  of  the  Tisza  in  Szolnok  county  and  at  the 
major  district  waters  of  the  region.  During  the 
period  studied  19.4%  of  the  Tisza  water  samples 
and  4.8%  of  the  samples  originating  from  the  dis- 
trict waters  were  toxic  to  Daphnia.  The  Tisza 
River  water  was  toxic  for  Daphnia  primarily  in 
autumn,  winter,  and  early  spring,  indicating  the 
role  of  temperature  on  the  effects  of  the  microcon- 
taminants.  From  1975  on,  the  toxicity  of  the  Tisza 
water  samples  taken  frequently  above  the  area  of 
the  Surface  Water  Works  in  Szolnok  showed  a 
strong  decreased,  falling  from  74%  to  1%.  The 
observed  phenomenon  can  be  explained  most  prob- 
ably by  the  beneficial  effect  of  the  Kiskore  storage 
lake,  since  the  drastic  decrease  of  the  high  rate  of 
toxicity  observed  previously  coincided  with  the 
filling  up  of  the  lake  between  1979-1983.  (Author's 
abstract) 
W90-07120 


FARM  INCOME  AND  GROUND  WATER 
QUALITY  IMPLICATIONS  FROM  REDUCING 
SURFACE  WATER  SEDIMENT  DELIVERS. 

Bureau  of  Reclamation,  Denver,  CO. 

For  primary  bibliographic  entry  see   Field   4D. 

W90-07211 


IMPROVED  GROWTH  IN  STUNTED  BROWN 
TROUT  (SALMO  TRUTTA  L.)  AFTER  RELIM- 
ING  OF  LAKE  HOWATN,  SOUTHERN 
NORWAY. 

Bergen  Univ.  (Norway).  Zoological  Museum. 

B.  T.  Barlaup,  A.  Atland,  G.  G.  Raddum,  and  E. 

KJeiven. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  47, 

No.  1-2,  p  139-151,  September  1989.  5  fig,  5  tab,  34 

ref. 

Descriptors:  *Acid  lakes,  'Acid  rain,  *Fish 
growth,  'Growth,  'Lake  restoration,  'Liming, 
•Norway,  *Trout,  *Water  quality  control,  Acidic 
water,  Lake  Hovvatn,  Lake  Pollen. 

The  chronically  acidic  Lake  Hovvatn  and  the  ad- 
joining pond  Pollen  in  southernmost  Norway  were 
limed  in  March  1981.  The  two  locations  were 
stocked  with  brown  trout  (Salmo  trutta)  at  low 
and  high  densities  in  Hovvatn  and  Pollen,  respec- 
tively. After  6  yr  of  reacidification,  the  locations 
were  relimed  in  July  1987.  Growth  depression 
during  the  reacidification  process  in  spite  of  low 
fish  densities  and  superabundance  of  food  was  ob- 
served in  Lake  Store  Hovvatn.  Three  months  after 
reliming,  a  substantial  growth  response  was  found 
in  trout  from  Lake  Store  Hovvatn.  Mean  annual 
length  increment  was  68%  higher  than  that  of  the 
preceding  year.  In  Pollen,  reliming  had  no  appar- 
ent effect  on  growth.  In  both  populations  reliming 
caused  increased  swimming  activity  measured  as 
an  increase  in  CPUE  (Catch  per  Unit  Effort) 
values.  These  results  show  that  the  growth  re- 
sponse to  liming  depends  on  population  density 
and  food  availability.  The  results  also  indicate  that 
the  food  conversion  rate  of  the  trout  is  negatively 
affected  in  acid  waters.  (Author's  abstract) 
W90-07223 


EXCAVATION  OF  AN  DOSTRUMENTED 
EARTHEN  LINER:  INSPECTION  OF  DYED 
FLOW  PATHS  AND  MORPHOLOGY. 

Illinois  State  Geological  Survey  Div.,  Champaign 
K  A.  Albrecht,  B.  L.  Herzog,  L.  R.  Follmer,  I.  G. 
Krapac,  and  R.  A.  Griffin. 

Hazardous  Waste  and  Hazardous  Materials 
HWHME2,  Vol.  6,  No.  3,  p  269-279,  Summer 
1989.  6  fig,  1  tab,  8  ref.  EPA  Cooperative  Agree- 
ment EPA-CR-821650-O1 


Descriptors:  *Hydraulic  conductivity,  'Landfills, 
•Liners,  *Water  pollution  prevention,  Civil  engi- 
neering, Dyes,  Lifts,  Measuring  instruments,  Per- 
formance evaluation,  Tracer  studies. 

The  effective  life  of  a  compacted  earthen  liner 
used  in  a  land  disposal  facility  depends  on  its 
ability  to  limit  movement  of  contaminants  into  the 
underlying  goundwater  flow  system.  A  small,  3x9 
x  0.9  m,  experimental  earthen  liner  was  construct- 
ed using  full-size  compaction  equipment.  The  liner 
was  build  using  six  15-cm-thick  lifts.  Water  con- 
taining fluorescein  and  rhodamine  WT  dyes  was 
allowed  to  infiltrate  under  ponded  conditions  for 
46  days.  Dye  patterns  observed  during  excavation 
of  the  liner  indicated  that  lateral  flow  occurred 
between  lifts.  Although  the  US  EPA  hydraulic 
conductivity  criterion  for  liners  (<  0.0000001  cm/ 
sec)  was  met,  the  dye  experiment  showed  a  need 
for  better  bonding  between  lifts  to  prevent  prefer- 
ential flow  at  lift  interfaces.  Morphological  study 
of  two  profiles  in  the  liner  revealed  variation  in  the 
degree  of  compaction  within  lifts.  Vertical  and 
horizontal  installation  techniques  for  moisture  and 
solute  monitoring  devices  (tensiometers,  gypsum 
blocks,  and  soil-water  suction  lysimeters)  were 
compared.  Instruments  functioned  in  either  orien- 
tation. However,  the  horizontal  instruments,  which 
were  installed  during  liner  construction,  were  nec- 
essarily installed  at  lift  interfaces,  which  may  be 
preferential  flow  paths.  In  addition,  horizontal  in- 
struments may  be  destroyed  if  the  lift  thickness  is 
decreased  and/or  longer  compactor  feet  are  used. 
No  evidence  of  channeling  was  observed  along 
vertically-installed  instruments,  which  were 
deemed  more  satisfactory  than  horizontally-in- 
stalled instruments.  (Author's  abstract) 
W90-07227 


ACUTE  TOXICITY  OF  INDUSTRIAL  AND  MU- 
NICIPAL EFFLUENTS  IN  THE  STATE  OF 
MARYLAND,  USA:  RESULTS  FROM  ONE 
YEAR  OF  TOXICITY  TESTING. 

Johns  Hopkins  Univ.,  Laurel,  MD.  Applied  Phys- 
ics Lab. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-07311 


COMPLYING  WITH  THE  NEW  DRINKING 
WATER  QUALITY  REGULATIONS. 

American  Water  Works  Association,  Denver,  CO. 
F.  W.  Pontius. 

Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.  2,  p  32-52,  February  1990. 
1  fig,  23  tab,  45  ref. 

Descriptors:  "Drinking  water,  'Regulations,  *Safe 
Drinking  Water  Act,  *Water  quality  standards, 
Coliforms,  Copper,  Environmental  Protection 
Agency,  Fluorides,  Heavy  metals,  Lead,  Organic 
compounds,  Radioisotopes,  Tap  water,  Utilities, 
Water  treatment. 

The  1986  amendments  to  the  Safe  Drinking  Water 
Act  mandate  the  establishment  of  new  drinking 
water  quality  and  treatment  regulations.  In  fulfill- 
ing this  mandate,  the  Environmental  Protection 
Agency  (EPA)  is  in  the  process  of  developing, 
proposing,  and  promulgating  drinking  water  qual- 
ity regulations  that  will  change  significantly  water 
treatment  practice  and  water  utility  operations. 
New  regulations  for  volatile  organic  chemicals, 
fluoride,  surface  water  treatment,  and  total  coli- 
form  bacteria  have  been  promulgated.  Regulations 
for  synthetic  organic  and  inorganic  chemicals  and 
lead  and  copper  have  been  proposed.  Regulations 
for  radionuclides,  additional  synthetic  organic  and 
inorganic  chemicals,  and  disinfectants  and  disinfec- 
tion by-products  are  under  development.  The  1986 
amendments  require  the  EPA  to  change  and  accel- 
erate the  regulation  development  process  it  had 
been  following  since  1974.  For  each  of  the  regulat- 
ed substances  or  groups  of  substances,  there  are 
specific  compliance  issues  that  must  be  addressed. 
For  example,  for  lead  and  copper,  compliance 
issues  include  the  location  at  which  monitoring 
should  be  required  (tap  or  plant),  the  level  at 
which  the  maximum  contaminant  level  should  be 
set,  and  whether  the  rule  should  include  mandato- 
ry lead-service-line  replacement.  The  new  drinking 
water  quality  regulations  and  those  to  appear  later 


will  have  significant  effects  on  utility  operations.  A 
variety  of  resources  are  being  developed  to  help 
utilities  in  complying  with  the  new  regulations. 
The  new  regulations  will  place  a  particularly 
heavy  burden  on  state  drinking  water  programs, 
which  have  the  major  responsibility  for  implemen- 
tation and  enforcement.  Drinking  water  suppliers 
will  need  to  carefully  evaluate,  optimize,  and  per- 
haps change  their  current  water  treatment  prac- 
tices. (Rochester-PTT) 
W90-07326 


MCL  NONCOMPLIANCE:  IS  THE  LABORA- 
TORY AT  FAULT. 

Hunton  and  Williams,  Richmond,  VA. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-07327 


STANDARDS  OF  MINERAL  CONTENT  IN 
DRINKING  WATER. 

California    Univ.,    Berkeley.    School    of    Public 

Health. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-07328 

COMPARISON  OF  EROSION  AND  WATER 
POLLUTION  CONTROL  STRATEGIES  FOR 
AN  AGRICULTURAL  WATERSHED. 

Missouri   Univ.-Columbia.   Dept.   of  Agricultural 

Economics. 

T.  Prato,  and  H.  Shi. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  2,  p  199-205,  February   1990.  6  tab,  27  ref. 

Descriptors:  'Agricultural  watersheds,  'Erosion 
control,  'Idaho,  'Nonpoint  pollution  sources, 
•Water  pollution  control,  Agriculture,  Comparison 
studies,  Economic  aspects,  Vegetation. 

The  effectiveness  and  efficiency  of  two  erosion 
control  strategies  and  one  water  pollution  control 
(riparian)  strategy  are  compared  for  Idaho's  Tom 
Beall  watershed.  Erosion  control  strategies  maxi- 
mize annualized  net  returns  per  hectare  on  each 
field  and  restrict  field  erosion  rates  to  no  more  than 
11.2  to  16.8  tons  per  hectare.  The  riparian  strategy 
uses  good  vegetative  cover  on  all  fields  adjacent  to 
the  creek  and  in  noncropland  areas  and  a  resource 
management  system  that  maximizes  annualized  net 
returns  per  hectare  on  remaining  fields.  The  Agri- 
cultural Nonpoint  Source  Pollution  model  was 
used  to  simulate  the  levels  and  concentrations  of 
sediment,  nitrogen,  phosphorus,  and  chemical 
oxygen  demand  at  the  outlet  of  the  watershed. 
Erosion  control  strategies  generate  less  total  ero- 
sion and  water  pollution  but  are  less  efficient  than 
the  riparian  strategy.  The  riparian  strategy  is  less 
equitable  for  fanners  than  the  erosion  control  strat- 
egies. Both  erosion  control  and  riparian  strategies 
reduce  net  farm  income  below  the  baseline  level. 
(Author's  abstract) 
W90-07350 


BANNING  TRICHLOROETHYLENE:  RE- 
SPONSIBLE REACTION  OR  OVERKILL. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Civil  Engi- 
neering. 

F.  D.  Schaumburg. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  1,  p  17-22,  January  1990.  7 
fig,  22  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  'Fate  of 
pollutants,  'Groundwater  pollution,  'Hazardous 
waste  disposal,  'Hazardous  wastes,  'Organic  sol- 
vents. Carcinogens,  Water  pollution  effects. 

Background  information  is  provided  for  the  use, 
disposal,  fate,  and  impact  of  trichloroethylene 
(TCE)  from  the  1940s  to  the  present.  TCE  is  a 
synthetic,  chlorinated  organic  chemical  that  fulfills 
all  requirements  for  the  ideal  degreasing  solvent. 
Although  no  direct  evidence  existed  in  the  past,  or 
even  now,  that  the  ingestion  of  small  amounts  of 
TCE  elicits  a  carcinogenic  response  in  humans,  the 
scientific  community  and  environmental  regulatory 
agencies  concluded  in  1976  that  TCE  was  a  sus- 
pected carcinogen  and  should  be  banned.  Over  the 
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years,  TCE  has  been  discharged  to  the  nation's 
surface  waters  and  groundwaters  by  industry, 
commerce,  and  individual  consumers.  TCE  was 
discovered  in  the  fall  of  1979  in  a  groundwater 
aquifer  in  the  vicinity  of  Sacramento,  California. 
Prior  to  the  1980s,  the  paucity  of  technical  litera- 
ture suggests  that  there  was  little  concern  about 
chlorinated  solvents  in  university  research  pro- 
grams, regulatory  agencies,  industry,  or  the  gener- 
al public.  Recently  however,  considerably  more 
interest  in  these  chemicals  has  been  generated,  as 
many  have  now  been  identified  as  hazardous  sub- 
stances. Prior  to  the  mid-1970s,  there  were  no 
analytical  methods  available  to  environmental  ana- 
lysts to  measure,  or  even  detect,  specific  chlorinat- 
ed solvents  such  as  TCE  in  water.  In  1974,  Bell  a  r 
and  Lichtenberg  described  a  gas  chromatographic 
method  that  could  separate  and  detect  chlorinated 
solvents  in  water  in  the  parts-per-billion  range. 
TCE  was  disposed  of  directly  onto  the  land  at 
military  installations  through  the  1970s.  Court  liti- 
gations and  environmental  cleanup  efforts  involv- 
ing TCE  are  now  costing  billions  of  dollars. 
(Geiger-PTT) 
W90-07364 


AZOLLA  PESNATA  R.BR.  AND  LEMNA 
MINOR  L.  FOR  REMOVAL  OF  LEAD  AND 
ZINC  FROM  POLLUTED  WATER. 

Indian  Inst,  of  Tech.,  New  Delhi.  Centre  for  Rural 

Development  and  Appropriate  Technology. 

S.  K.  Jain,  P.  Vasudevan,  and  N.  K.  Jha. 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  177- 

183,  February  1990.  4  fig,  8  tab,  30  ref. 

Descriptors:  *Aquatic  plants,  'Duckweed,  *Lead, 
•Wastewater  treatment,  'Water  pollution  control, 
Heavy  metals,  Metal  uptake,  Water  velvet,  Zinc. 

The  uptake  of  lead  and  zinc  by  Azolla  pinnata 
(water  velvet)  and  Lemna  minor  (duckweed)  was 
investigated  in  solutions,  enriched  with  1.0,  2.0,  4.0 
and  8.0  mg/L  of  these  two  metal  ions,  which  were 
renewed  on  alternate  days  over  a  14  day  test 
period.  The  uptake  rate  of  both  metal  ions  was 
highest  when  the  initial  concentration  in  the  test 
solution  was  1 .0  mg/L.  The  concentration  of  lead 
or  zinc  remaining  in  the  residual  solutions  after 
treatment  with  duckweed  or  water  velvet  at  1.0 
and  1.0  mg/L  levels,  increased  with  the  passage  of 
time.  At  4.0  and  8.0  mg/L  levels,  the  concentration 
of  lead  or  zinc  remaining  in  the  residual  solutions 
either  continuously  increased  with  the  passage  of 
time  or,  first  sharply  increased  (8-10  days)  and  then 
remained  almost  constant.  The  presence  of  one 
metal  ion  in  solution  decreased  the  uptake  rate  of 
the  other;  e.g.  when  water  velvet  was  kept  in  a 
solution  containing  lead  alone  at  8.0  mg/L  level, 
the  value  of  the  concentration  factor  was  54.5. 
However,  in  the  presence  of  equal  concentrations 
of  zinc  (mixed  metal  group),  the  value  of  the 
concentration  factor  for  lead  decreased  to  35.44, 
indicating  the  influence  caused  by  the  presence  of 
the  zinc  ion.  The  effect  of  these  metal  ions  on 
biomass  growth  rate  was  also  studied.  (Author's 
abstract) 
W90-07418 


BIOREMEDIATION  OF  CHLOROPHENOL 
CONTAINING  SIMULATED  GROUND  WATER 
BY  IMMOBDLLZED  BACTERIA. 

Alko  Ltd.,  Helsinki  (Finland). 

R.  J.  Valo,  M.  M.  Haggblom,  and  M.  S.  Salkinoja- 

Salonen. 

Water  Research  WATRAG,  Vol.  24,  No.  2,  p  253- 

258,  February  1990.  5  fig,  1  tab,  25  ref. 

Descriptors:  'Biodegradation,  'Chlorinated  aro- 
matic compounds,  'Groundwater  pollution, 
'Wastewater  treatment,  'Water  pollution  treat- 
ment, 'Water  treatment,  Carbon  dioxide,  Inorgan- 
ic chloride,  Polymers,  Temperature. 

Chlorophenol-mineralizing  rhodococci  were  im- 
mobilized on  a  polyurethane  carrier.  A  column 
with  polyurethane  immobilized  biomass  was  fed 
with  technical  chlorophenol  (3-130  mg/L)  con- 
taminated water.  The  chlorophenol  concentration 
of  the  column  effluent  was  1/1000-1/10,000  of  the 
influent  concentration.  Inorganic  chloride  in  efflu- 
ent water  and  carbon  dioxide  in  exhaust  gas  were 


found  as  products.  The  polymer  immobilized  bio- 
mass adsorbed  chlorophenols  effectively  both  at 
room  temperature  and  at  the  local  groundwater 
temperature  (+4  degrees  C).  The  temperature  was 
intermittently  increased  to  25  degrees  C  to  allow 
the  immobilized  bacteria  to  biodegrade  the  ad- 
sorbed chlorophenols.  Life-time  of  the  immobilized 
rhodococci  was  several  months.  The  degradation 
of  chlorophenols  by  the  immobilized  cells  proceed- 
ed in  the  absence  of  an  additional  carbon  source. 
The  method  described  can  be  applied  to  remove 
chlorophenols  from  groundwater.  (Author's  ab- 
stract) 
W90-07429 


GAS  EXCHANGE  THROUGH  THE  SOIL-AT- 
MOSPHERE INTERPHASE  AND  THROUGH 
DEAD  CULMS  OF  PHRAGMITES  AUSTRALIS 
IN  A  CONSTRUCTED  REED  BED  RECED7ING 
DOMESTIC  SEWAGE. 
Aarhus  Univ.  (Denmark).  Botanical  Inst. 
For  primary  bibliographic  entry  see  Field  5D. 
W90-07430 


ENVIRONMENTAL  EVALUATION  AND  RES- 
TORATION PLAN  OF  THE  HOE  CREEK  UN- 
DERGROUND COAL  GASIFICATION  SITE, 
WYOMING. 

University  of  Wyoming  Research  Corp.,  Laramie. 
Western  Research  Inst. 

W.  L.  Barteaux,  G.  L.  Berdan,  and  J.  Lawrence. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  DE89-O0O917. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  DOE/MC/ 11076-2641,  September 
1986.  98p,  46  fig,  13  tab,  41  ref,  append.  DOE 
Contract  DE-FC21-86MC11076. 

Descriptors:  'Cleanup  operations,  'Coal  gasifica- 
tion, 'Hoe  Creek,  'Site  remediation,  'Wyoming, 
Activated  carbon,  Adsorption,  Environmental 
impact  statement,  Phenols,  Water  pollution  treat- 
ment. 

Three  underground  coal  gasification  (UCG)  ex- 
periments were  conducted  by  at  the  Hoe  Creek 
Site,  Wyoming;  the  Hoe  Creek  I  experiment  was 
conducted  in  1976,  the  Hoe  Creek  II  experiment  in 
1977,  and  the  Hoe  Creek  III  experiment  in  1979. 
These  experiments  have  had  an  impact  on  the  land 
and  groundwater  quality  at  the  site,  and  the  De- 
partment of  Energy  (DOE)  has  requested  that  a 
site  restoration  plan  be  developed  and  implement- 
ed. The  purpose  of  the  plan  is  to  restore  the  site  to 
conditions  being  negotiated  with  the  Wyoming 
Department  of  Environmental  Quality  (WDEQ). 
Surface  restoration  activities  were  scheduled  in 
four  phases:  Phase  1— this  phase  of  surface  restora- 
tion began  in  late  October  and  ran  through  No- 
vember 1979.  Restoration  included  the  replace- 
ment and  contouring  of  topsoil.  The  soil  was 
disked  to  a  depth  of  6  to  8  inches;  the  areas  were 
then  seeded  using  a  rangeland  drill  equipped  with 
depth  bands  set  to  1/2  to  3/4  inches.  Four  grass 
species  were  planted,  and  revegetation  of  the  site 
has  been  successful.  Phase  2~this  phase  of  restora- 
tion took  place  during  the  spring  and  summer  of 
1980.  Three  and  2/5  acres  of  disturbed  land  were 
reclaimed  as  described  above.  Phase  3~took  place 
during  the  spring  of  1981.  All  equipment  and  struc- 
tures were  removed  from  the  site,  and  the  equip- 
ment storage  and  office  areas  were  reclaimed.  The 
sediment  pond  area,  along  with  all  berms  and 
trenches,  was  also  restored.  Phase  4—all  ground- 
water monitoring  wells  will  be  cut,  sealed,  and 
capped.  Any  surface  disturbances  associated  with 
well  removal  will  be  reclaimed.  Phenols  are  the 
only  compounds  in  recent  Hoe  Creek  groundwater 
samples  which  exceed  the  target  levels  proposed 
by  the  DOE.  Phenol  levels  at  the  site  were  as  high 
as  1400  parts  per  billion  in  May  1986.  Several 
groundwater  restoration  alternatives  were  consid- 
ered, but  because  the  phenols  in  the  Hoe  Creek 
groundwater  are  soluble  and  of  intermediate 
strength,  carbon  adsorption  was  selected  as  the 
most  efficient  and  effective  means  of  removing 
phenols  from  the  groundwater.  (Lantz-PTT) 
W90-07464 


AMBIENT  WATER  QUALITY  CRITERIA  FOR 
2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN. 


Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-169825. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
Report  EPA/440/5-84/007,  Feb  1984.  288p,  32 
tab,  1 12  ref. 

Descriptors:  'Clean  Water  Act,  'Dioxins,  'Stand- 
ards, 'Water  quality  standards,  Organic  com- 
pounds, Water  quality. 

Pursuant  to  section  304(a)(1)  of  the  Clean  Water 
Act,  this  document  was  developed  to  publish  crite- 
ria for  water  quality  accurately  reflecting  the  latest 
scientific  knowledge.  A  summary  of  the  criteria  for 
2,3,7,8-tetrachlorodibenzo-p-dioxin  (TCDD)  is  as 
follows.  Not  enough  data  are  available  concerning 
the  effects  of  2,3,7,8-TCDD  on  aquatic  life  and  its 
uses  to  allow  derivation  of  national  criteria.  For 
the  maximum  protection  of  human  health  from  the 
potential  carcinogenic  effects  due  to  exposure  to 
2,3,7,8-TCDD  through  ingestion  of  contaminated 
water  and  contaminated  aquatic  organisms,  the 
ambient  water  concentration  should  be  zero  based 
on  the  non-threshold  assumption  for  this  chemical. 
However,  zero  level  may  not  be  attainable  at  the 
present  time.  Recommended  criteria  are  130,  13, 
and  1,3  fg/L  respectively.  If  the  above  estimates 
are  made  for  consumption  of  aquatic  organisms 
only,  excluding  consumption  of  water,  the  levels 
are  140,  14,  and  1,4  fg/L  respectively.  Other  con- 
centrations representing  different  risk  levels  may 
be  calculated.  The  risk  estimate  range  is  presented 
for  information  purposes  and  does  not  represent  an 
Agency  judgement  on  an  'acceptable'  risk  level. 
(Author's  abstract) 
W90-07466 


SUPERFUND  RECORD  OF  DECISION:  HEN- 
DERSON ROAD,  PA. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-183891. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R03-88/049,  June  1988. 
125p,  17  exhibits. 

Descriptors:  'Cleanup  operations,  'Path  of  pollut- 
ants, 'Pennsylvania,  'Site  remediation,  'Super- 
fund,  Air  stripping,  Excavation,  Groundwater  pol- 
lution, Monitoring,  Organic  compounds,  Upper 
Merion,  Volatile  organic  compounds,  Water  pollu- 
tion sources. 

The  Henderson  Road  site  is  an  active  waste  facility 
situated  on  7.6  acres  of  land  in  Upper  Merion 
Township,  Pennsylvania.  The  land  in  the  vicinity 
of  the  site  is  zoned  for  light  industrial,  heavy 
industrial  and  residential  use.  The  O'Hara  Sanita- 
tion Company  (OSL)  presently  occupies  the  site 
with  several  automobile  repair  shops  and  a  drilling 
contractor.  The  OSL  presently  conducts  onsite 
waste  storage  and  waste  recycling  operations.  An 
anonymous  phone  call  to  the  Pennsylvania  Depart- 
ment of  Environmental  Resources  (PADER)  in 
1977  stated  that  ABM  Disposal  Service  Company 
transported  and  then  injected  industrial  waste  into 
a  well  located  inside  the  OSL  maintenance  garage. 
Results  of  PADER  and  EPA  sampling  conducted 
between  1977  and  1981,  and  groundwater  monitor- 
ing conducted  in  1986  revealed  the  presence  of 
organic  and  volatile  organic  compound  (VOC) 
contamination  both  on  and  offsite.  Of  the  35 
chemicals  of  concern  identified  at  the  site,  fifteen 
were  found  in  the  Upper  Merion  Reservoir  (UMR) 
in  1986.  The  site  is  located  in  an  area  of  regional 
groundwater  contamination.  Studies  also  indicate 
that  the  central  plume  of  contamination  from  the 
site  has  not  yet  reached  the  UMR,  based  on  an 
estimated  travel  time  for  groundwater  from  the  site 
to  reach  UMR.  The  selected  remedial  action  for 
this  site  includes:  installation  of  onsite  and  down- 
gradient  (if  necessary)  groundwater  recovery  wells 
and  treatment  using  air  stripping  with  probable 
discharge  to  an  adjacent  stream,  and  possible  dis- 
charge of  a  portion  of  the  treated  groundwater 
onto  an  area  near  the  injection  well  as  part  of  the 
unsaturated  zone  treatment  (soil  flushing);  closure 
of  the  injection  well;  excavation  of  contaminated 
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oil  pit  sediment  and  removal  of  significant  waste; 
deed    restrictions    affecting    groundwater    usage; 
groundwater  monitoring;  and  periodic  reevalua- 
tion  of  cleanup  goals.  (Lantz-PTT) 
W90-07471 


BEST  DEMONSTRATED  AVAILABLE  TECH- 
NOLOGY (BDAT)  FOR  POLLUTION  CON- 
TROL AND  WASTE  TREATMENT  (APR  75  - 

JAN  90). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5D. 
W90-07472 


SUPERFUND  RECORD  OF  DECISION: 
GURLEY  PIT,  AR. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-182448. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R06-88/046,  September 
1988.  16p,  3  fig,  4  append. 

Descriptors:  'Arkansas,  'Cleanup  operations,  *Site 
remediation,  *Superfund,  Acids,  Edmondson, 
Groundwater  pollution,  Inorganic  compounds,  Oil 
wastes,  Polychlorinated  biphenyls,  Waste  disposal, 
Water  pollution  sources. 

The  Gurley  Pit  site  consists  of  a  3.25-acre  pit 
located  approximately  one  mile  north  of  Edmond- 
son, Crittendon  County,  Arkansas.  The  site  lies 
within  the  100-year  flood  plain  of  Fifteen  Mile 
Bayou,  which  discharges  to  the  Mississippi  River. 
The  primary  land  use  is  agricultural.  Gurley  Refin- 
ing Company  (GRC)  leased  the  site  from  R.  A. 
Caldwell  between  1970  and  1980.  During  this  time 
the  pit  was  divided  by  levees  into  three  cells  and 
used  between  19770  and  1975  as  a  state  permitted 
disposal  site  for  secondary  oil  refining  wastes  in- 
cluding acids,  oil  sludges,  polychlorinated  biphen- 
yls (PCBs),  inorganics  and  spent  diatomaceous 
wastes.  In  May  1978,  EPA  and  the  Arkansas  De- 
partment of  Pollution  Control  and  Ecology 
(ADPCE)  received  complaints  of  chronic  over- 
flows from  storm  runoff.  These  overflows  had  an 
adverse  affect  on  fish  and  waterfowl  in  the  Fifteen 
Mile  Bayou.  EPA  completed  an  Enforcement  De- 
cision Document  (EDD)  in  October  1986,  which 
addressed  the  source  control  operable  unit  consist- 
ing of  the  waste  in  the  pits  and  the  surface  con- 
tamination. The  selected  source  control  remedy 
included  treatment  and  discharge  of  onsite  surface 
water,  offsite  incineration  of  PCB-contaminated 
oil,  groundwater  monitoring,  and  stabilization  and 
onsite  disposal  of  contaminated  sludge,  sediment, 
and  soil.  This  record  of  decision  addresses  the 
groundwater  operable  unit.  Investigations  have  de- 
termined that  contaminants  from  the  pit  have  not 
migrated  through  the  subsurface  into  the  ground- 
water. Elevated  levels  of  inorganics  (specifically 
arsenic  and  manganese)  were  detected  but  were 
consistent  with  background  levels.  No  site-related 
contaminants  were  identified  in  the  groundwater. 
The  selected  remedial  action  for  this  site  is  no 
further  action  beyond  that  already  specified  in  the 
source  control  operable  unit  EDD.  (Lantz-PTT) 
W90-07474 


SUPERFUND  RECORD  OF  DECISION: 
NORTHSIDE  SANITARY  LANDFILL/ENVI- 
RONMENTAL CONSERVATION  AND  CHEMI- 
CAL, IN. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-184071. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R05-87/049,  September 
1987.  lOOp,  3  fig. 

Descriptors:  'Cleanup  operations,  'Indiana,  'Site 
remediation,  'Superfund,  Benzenes,  Boone 
County,  Capping,  Dewatering,  Excavation, 
Groundwater  pollution.  Inorganic  compounds, 
Landfills,  Organic  compounds,  Pesticides,  Volatile 
organic  compounds,  Water  pollution  sources. 


The  Enviro-Chem  Corporation  (also  referred  to  as 
Environmental  Conservation  and  Chemical  Corpo- 
ration, or  ECC)  and  Northside  Sanitary  Landfill 
(NSL)  are  both  on  the  Superfund  National  Prior- 
ities List,  and  are  adjacent  to  each  other.  These 
sites  are  located  in  a  rural  area  of  Boone  County, 
about  five  miles  north  of  Zionsville  and  ten  miles 
northwest  of  Indianapolis.  ECC  began  operations 
in  1977  and  was  engaged  in  the  recovery/reclama- 
tion/brokering of  primary  solvents,  oils,  and  other 
wastes  received  from  industrial  clients.  Waste 
products  were  received  in  drums  and  bulk  tankers 
and  prepared  for  subsequent  reclamation  or  dispos- 
al. Sometime  between  1955  and  1962,  NSL  began 
landfill  operations.  From  1972  to  1973,  numerous 
operational  deficiencies,  including  failure  to  cover 
refuse,  surface  burning,  underground  fires,  leachate 
and  vermin  problems  resulted  in  three  Indiana 
State  Board  of  Health  (ISBH)  orders  to  cease 
operations.  Operations  were  permitted  at  the  site 
by  February  1975.  By  November  1982,  NSL  had 
accepted  at  least  16  million  gallons  of  hazardous 
substances.  Groundwater,  surface  water,  soil  and 
sediments  are  contaminated  with  inorganics,  or- 
ganics,  pesticides,  acids,  base-neutral  compounds, 
oils  and  volatile  organic  compounds  (VOCs),  in- 
cluding benzene.  The  recommended  alternative  for 
the  two  sites  combined  includes:  implementing 
deed  and  access  restrictions  to  prevent  future  site 
development;  excavation  and  dewatering  of  4,200 
cu  yd  of  leachate  soils  and  sediments  with  onsite 
disposal  under  a  Resource  and  Conservation  Re- 
covery Act  (RCRA)  multi-layer  cap;  soil  capping 
on  non-RCRA  capped  areas;  site  grading;  demoli- 
tion of  former  ECC  process  building  followed  by 
capping;  rerouting  of  surface  waters;  leachate  col- 
lection and  treatment  at  NSL;  and  groundwater 
collection  and  onsite  treatment  for  both  sites.  The 
estimated  present  worth  cost  for  this  remedial 
action  is  $33,900,000.  (Lantz-PTT) 
W90-07475 


MOBILITY  OF  COLLOIDAL  PARTICLES  IN 
THE  SUBSURFACE:  CHEMISTRY  AND  HY- 
DROLOGY OF  COLLOID-AQUIFER  INTER- 
ACTIONS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07482 


EVALUATION  OF  MID-TO-LONG  TERM 
BASIC  RESEARCH  FOR  ENVIRONMENTAL 
RESTORATION:  PRELIMINARY  ANALYSIS 
TO  CHARACTERIZE  DOE  WASTE  PROB- 
LEMS IN  A  5-  TO  20- YEAR  TIMEFRAME  AND 
TO  IDENTIFY  RESEARCH  NEEDS. 
Department  of  Energy,  Washington,  DC.  Office  of 
Energy  Research. 

Report  no.  DOE/ER-0419,  September  1989.  149p, 
5  fig,  9  tab,  41  ref,  8  append. 

Descriptors:  'Cleanup  operations,  'Research  pri- 
orities, 'Site  remediation,  'Waste  disposal,  'Waste 
management,  'Water  pollution  treatment,  Environ- 
mental restoration,  Technology,  Waste  load, 
Waste-assimilative  capacity. 

Department  of  Energy  (DOE)  problems  in  the 
long  term  are  being  analyzed  scientifically  and 
research  needs  are  being  identified.  When  complet- 
ed, the  Office  of  Energy  Research's  basic  research 
plan  will  describe  potential  scientific  research 
needs  for  universities,  national  laboratories,  and 
others  as  a  basis  for  research  proposals  to  DOE. 
Extensive  interaction  with  the  scientific  communi- 
ty is  planned  to  further  refine  and  prioritize  re- 
search needs.  The  objectives  of  this  document  are 
to  define  and  categorize  DOE's  environmental  res- 
toration problems,  as  a  basis  for  identifying  the 
research  needs,  which  will  be  more  fully  defined 
and  prioritized  from  workshops  held  over  the  next 
year  or  more.  The  objectives  of  DOE's  environ- 
mental restoration  and  waste  management  program 
are  to:  reduce  environmental  and  health  and  safety 
risks  that  result  from  past  waste  disposal  and  man- 
agement practices;  develop  new  methods  and  tech- 
nologies that  will  more  effectively  and  economi- 
cally solve  waste  management  and  environmental 
restoration  problems;  limit  further  environmental 
contamination  by  developing  new  ways  to  stabilize 


wastes  for  future  remediation,  or  by  altering  or 
destroying  those  wastes  that  can  be  treated;  and 
reduce  the  quantities  of  wastes  generated  through 
process  changes  and  facility  modernization. 
(Lantz-PTT) 
W90-07486 


SUPERFUND  RECORD  OF  DECISION:  MARA- 
THON BATTERY,  NY. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-188783. 
Price  codes:  A17  in  paper  copy,  A01  in  microfiche. 
EPA  Report  No.  EPA/ROD/R02-88/064,  Sep- 
tember 1988.  23  lp,  5  fig,  7  tab,  3  append. 

Descriptors:  'Cleanup  operations,  'Hudson  River, 
•New  York,  'Site  remediation,  'Superfund,  Cad- 
mium, Dredging,  Industrial  wastewater,  Nickel, 
Spoil  disposal,  Waste  disposal. 

The  Marathon  Battery  Company  (MBC)  site,  a 
former  battery  manufacturing  plant,  is  located  in 
the  Village  of  Cold  Spring  in  Putnam  County, 
New  York,  approximately  40  miles  north  of  New 
York  City.  The  site  operated  from  1952  to  1979 
producing  military  and  commercial  batteries. 
During  this  time  the  site  changed  ownership  sever- 
al times,  finally  operating  as  the  MBC  from  1969  to 
1979.  Before  1965,  the  plant's  wastewater  treat- 
ment system  discharged  into  the  Hudson  River  at 
the  Cold  Spring  pier  via  the  Cold  Spring  sewer 
system,  except  during  periods  of  overload  or 
system  shutdown  during  which  time  the  process 
effluent  was  discharged  directly  into  East  Foundry 
Cove  Marsh  (EFCM)  to  the  southeast.  Between 
November  1972  and  July  1973,  a  limited  cleanup 
was  conducted  by  MBC  and  other  responsible 
parties,  to  remove  sediment  from  parts  of  Foundry 
Cove  and  surrounding  areas  contaminated  with 
cadmium  and  nickel  in  excess  of  900  mg/kg.  Ap- 
proximately 5,000  cu  yd  of  Cd-contaminated  sedi- 
ments were  dredged  and  subsequently  placed  in  a 
clay-lined  underground  vault  on  the  plant  proper- 
ty. However,  studies  conducted  in  Foundry  Cove 
between  1976  to  1980  continued  to  detect  Cd  and 
Ni  concentrations  in  excess  of  900  mg/kg.  To 
expedite  remediation,  the  site  has  been  divided  into 
three  separate  geographic  areas  as  follows:  Area  I, 
EFCM  and  Constitution  Marsh  southeast  of  the 
plant;  Area  II,  the  11 -acre  former  battery  plant 
grounds,  including  the  former  battery  manufactur- 
ing facility  (presently  used  as  a  book  respository),  a 
production  well,  a  500,000  gallon  water  tower, 
building  debris,  a  dredge  spoils  vault,  a  parking  lot, 
and  nearby  residential  yards;  and  Area  III,  EFCM 
and  the  portion  of  the  Hudson  River  in  the  vicinity 
of  the  wastewater  discharge  pipe  on  Cold  Spring 
pier.  A  Record  of  Decision  (ROD)  was  signed  for 
Area  I  in  September  1986  with  cleanup  activities  to 
include  dredging  the  EFCM  and  replacing  the 
sediments  with  clay  and  clean  fill.  This  ROD  ad- 
dresses Area  II  including  localized  soil  contamina- 
tion primarily  in  the  area  around  the  building, 
under  debris,  and  around  the  parking  lot;  dust 
inside  the  building;  and  the  sludge  spoils  vault.  A 
subsequent  ROD  will  address  Area  III.  The  pri- 
mary contaminants  of  concern  affecting  the 
groundwater,  soil,  debris,  and  inside  surfaces  of  a 
building  in  Area  II  are  volatile  organic  com- 
pounds. (Lantz-PTT) 
W90-07487 


TRENDS  IN  OIL  DISCHARGED  WITH  AQUE- 
OUS EFFLUENTS  FROM  OIL  REFINERIES  IN 
WESTERN  EUROPE,  1987  SURVEY. 

CONCAWE,  The  Hague  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07491 


KANSAS   CLEAN    LAKES   PROGRAM,    LAKE 
OLATHE,  CITY  OF  OLATHE,  KANSAS. 
Kansas  Dept.  of  Health  and  Environment,  Topeka. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-07492 


CAPITAL  LAKE  FINAL  REPORT. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Water  Quality  Control — Group  5G 


South  Dakota  Dept.  of  Water  and  Natural  Re- 
sources, Pierre. 

For  primary  bibliographic   entry  see  Field   4D. 
W90-07493 


LIBERTY  LAKE  RESTORATION  PROJECT. 
COMPLETION  REPORT. 

Kennedy  (Michael)  Consulting  Engineers,  Spo- 
kane, WA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-209050. 
Price  codes:  A13  in  paper  copy,  A01  in  microfiche. 
Final  Report  prepared  for  Liberty  Lake  Sewer 
District,  Liberty  Lake,  WA,  March  1985.  244p,  92 
fig,  31  tab,  63  ref,  2  append. 

Descriptors:  'Eutrophic  lakes,  'Lake  restoration, 
•Liberty  Lake,  'Washington,  'Water  quality  con- 
trol, Algae,  Algal  blooms,  Alum,  Dredging,  Eu- 
trophication,  Marshes,  Monitoring,  Nutrients, 
Phosphorus,  Phytoplankton. 

In  the  mid-1960's  Liberty  Lake,  located  in  east 
central  Spokane  County,  Washington,  exhibited 
symptoms  of  eutrophication—decrease  in  water 
clarity,  massive  blue-green  algal  blooms  and  exces- 
sive aquatic  plant  growth.  By  1968  large  masses  of 
decaying  algae  and  plant  fragments  were  being 
deposited  on  the  lake's  beaches.  That  year  mem- 
bers of  the  Liberty  Lake  Property  Owner's  Asso- 
ciation, took  a  first  step  in  restoring  water  quality. 
For  Liberty  Lake,  a  wide  range  of  studies  were 
performed  over  many  years  before  possible  resto- 
ration procedures  were  recommended.  These  stud- 
ies pointed  to  high  levels  of  phosphorus  (a  prime 
algal  and  plant  nutrient)  in  certain  inflows  to  the 
lake  and  within  the  lake  sediments,  as  the  cause  of 
the  observed  eutrophic  conditions.  The  first  struc- 
tural effort  was  the  sewering  of  the  developed 
areas  of  the  lake  basin.  While  this  would  eventually 
eliminate  the  largest  source  of  phosphorus,  investi- 
gators noted  that  due  to  other  inputs  and  substan- 
tially amounts  of  phosphorus  held  in  the  sediments 
and  aquatic  plants,  further  measures  were  needed. 
These  included  diversion  of  flood  flows  around  the 
marsh  at  the  south  end  of  the  lake,  an  alum  treat- 
ment of  the  entire  lake,  dredging  of  50  acres  of  the 
most  enriched  sediments,  a  water  quality  monitor- 
ing effort  during  and  after  the  in-lake  work,  and  a 
study  of  stormwater  runoff.  These  measures  are 
collectively  called  the  Liberty  Lake  Restoration 
Project.  The  water  clarity  in  Liberty  Lake  during 
the  summer  and  fall  of  1984  was  better  than  it  had 
been  for  almost  ten  years.  By  this  visual  measure 
the  lake  residents  and  users  consider  the  restora- 
tion a  success.  After  4  years  of  water  quality 
monitoring,  nutrient  levels  in  the  lake  and  inflow- 
ing waters  have  been  reduced  and  the  trophic  state 
has  declined  toward  a  more  mesotrophic  condi- 
tion. Comparison  of  pre-restoration  and  post-resto- 
ration nutrient  budgets  indicates  that  a  reduction  in 
phosphorus  loading  of  34%  was  achieved.  This 
percentage  is  just  under  the  40%  predicted  during 
the  planning  stage  of  the  project.  It  appears  that 
the  sewering  was  primarily  responsible  for  this 
reduction.  Even  though  the  desired  change  in  the 
phytoplankton  community  (from  primarily  blue- 
green  to  primarily  green  algae)  was  not  seen,  indi- 
cations are  that  long-term  productivity  and  inci- 
dence of  blue-green  blooms  has  been  significantly 
reduced.  (Lantz-PTT) 
W9O-07494 


SURVEY  AND  CLASSIFICATION  OF  DELA- 
WARE'S PUBLIC  LAKES. 

Delaware  State  Dept.  of  Natural  Resources  and 

Environmental  Control,  Dover. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-O7495 


DELAWARE  PARK  LAKE  REVITALIZATION 
PROJECT. 

New  York  State  Dept.  of  Environmental  Conser- 
vation, Albany. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-209035. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Summary  Report,  October  1985.  35p,  33  photo- 
graphs. 


Descriptors:  'Cleanup  operations,  'Delaware  Park 
Lake,  'Lake  restoration,  'New  York,  Black  Rock 
Canal,  Detritus,  Erosion,  Flood  routing,  Manage- 
ment planning,  Public  health,  Recreation,  Scaja- 
quada  Creek,  Wastewater  disposal. 

Delaware  Park  Lake  in  Buffalo,  New  York  was 
originally  conceived  >  100  years  ago  to  enhance 
the  esthetic  appeal  of  a  500  acre  tract  of  land  set 
aside  for  a  park  in  a  rapidly  developing  urban 
community.  Unfortunately,  the  Lake  was  original- 
ly incorporated  into  Scajaquada  Creek,  which  has 
its  source  east  of  Buffalo  in  the  Town  of  Lancaster 
and  flows  westward  through  the  Town  of 
Cheektowaga  and  the  City  of  Buffalo  into  the 
Black  Rock  Canal  and  ultimately  into  the  Niagara 
River.  The  unified  Lake  and  Creek  arrangement 
must  have  seemed  like  a  very  attractive  engineer- 
ing design  in  1870.  It  allowed  for  the  birth  of  a 
man-made  lake  with  freshwater  continually  flow- 
ing through  it  in  a  verdant  park  area.  From  its  very 
beginning,  the  Lake  area  became  a  city-wide  at- 
traction for  individual  and  group  recreation.  The 
same  problems  that  plagued  the  Lake  in  recent 
times  have  been  associated  with  it  since  the  1870's, 
e.g.  sewage  entering  the  Lake  from  upstream,  the 
tidal  effects  of  Black  Rock  Canal,  floating  debris 
and  erosion  of  the  banks.  These  conditions  culmi- 
nated in  the  closing  of  the  Lake  in  1958  when  the 
Erie  County  Health  Department  declared  it  a 
health  hazard.  This  report  briefly  summarizes  the 
Delaware  Park  Lake  Revitalization  Project  which 
began  in  1973,  with  the  initial  study  and  was 
completed  in  1984  with  the  final  phase  of  construc- 
tion. Restoration  efforts  involved  a  re-routing  of 
sewers,  slope  protection,  dredging,  investigation  of 
alternate  make-up  water  sources,  dam  modifica- 
tions, and  the  use  of  by-pass  conduits  to  pass  the 
Creek  around  the  lake.  The  construction  of  these 
features  reduced  the  number  of  overflow  events  in 
1981-1984  from  the  expected  15  events  to  8,  3  of 
which  were  significant.  The  various  reports  pre- 
pared during  the  project  and  the  planning,  design 
and  construction  phases  are  briefly  described. 
(Lantz-PTT) 
W90-07498 


CALIFORNIA  DIVISION  OF  OIL  AND  GAS 
UNDERGROUND  INJECTION  CONTROL 
PROGRAM:  A  PEER  REVIEW. 

Underground  Injection  Practices  Council,  Oklaho- 
ma City,  OK. 

For  primary  bibliographic  entry  see  Field  5E. 
W90-07499 


BIOLOGICAL  TESTING  OF  SEDIMENT  FOR 
THE  OLYMPIA  HARBOR  NAVIGATION  IM- 
PROVEMENT PROJECT,  1988:  GEODUCK, 
AMPHIPOD,  AND  ECHINODERM  BIOAS- 
SAYS. 

Battelle  Pacific  Northwest  Labs.,  Sequim,  WA. 
Marine  Research  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 
W90-07500 


COEUR  D'ALENE  BASIN  -  EPA  WATER 
QUALITY  MONITORING,  1972-1986. 

Environmental  Protection  Agency,  Seattle,  WA. 
Region  X. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-217962. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA  910/9-88-216,  September  1988. 
32p,  16  fig,  1 1  tab,  2  maps,  27  ref. 

Descriptors:  'Coeur  d'Alene  River,  'Idaho,  'Mine 
wastes,  'Monitoring,  'Path  of  pollutants,  'Water 
pollution  control,  'Water  pollution  sources,  Bioac- 
cumulation,  Cadmium,  Fish,  Heavy  metals,  Lead, 
Low  flow,  Sediment  contamination,  Streamflow, 
Tissue  analysis,  Zinc. 

Chemical  and  biological  monitoring  during  low- 
flow  conditions  from  1972  to  1986  along  the  South 
Fork  Coeur  d'Alene  River  in  northern  Idaho,  a 
stream  with  a  long  history  of  severe  metals  pollu- 
tion from  mining  activities.  During  1986,  metals 
analysis  of  sediments  and  tissues  from  the  lower 
Coeur  d'Alene  River  and  Coeur  d'Alene  Lake  was 
also  conducted.  Due  chiefly  to  effluent  controls  at 


the  Bunker  Hill  Complex,  low-flow  season  South 
Fork  concentrations  of  zinc,  cadmium,  and  lead 
downstream  of  Kellogg  were  reduced  during  the 
1970's  from  13.6  mg/L,  0.24  mg/L,  and  0.75  mg/L 
to  levels  of  5.0  mg/L,  0.03  mg/L,  and  0.03  mg/L, 
respectively.  During  the  1986  low-flow  survey, 
metal  loadings  were  primarily  a  result  of  nonper- 
mitted  inputs  to  the  stream,  chiefly  from  the  vicini- 
ty of  the  Bunker  Hill  Central  Impoundment  Area 
and  from  Canyon  Creek,  a  tributary  near  Wallace. 
Although  levels  of  zinc  and  cadmium  remain  well 
above  national  criteria  for  protection  of  cold  water 
biota  in  both  the  South  Fork  and  lower  mainstem 
of  the  Coeur  d'Alene,  recovery  of  aquatic  life  has 
been  substantial,  with  the  lower  mainstem  now 
supporting  a  successful  sports  fishery.  Sediments  in 
the  lower  Coeur  d'Alene  system  remain  heavily 
contaminated  with  toxic  metals,  although  high 
levels  in  edible  fish  tissue  were  not  found.  In  terms 
of  immediate  benefits  to  the  mainstem  biota,  the 
cessation  or  treatment  of  the  major  discrete  CIA 
seep  at  the  Bunker  Hill  Superfund  Site  is  estimated 
to  reduce  mainstem  summer  low-flow  zinc  concen- 
trations by  >  150  micrograms/L.  Allowable 
permit  limits  (as  of  1986)  for  metals  (primarily 
cadmium)  have  the  potential  of  increasing  m- 
stream  metals  concentrations  substantially  above 
the  levels  resulting  from  nonpermitted  sources. 
Water  quality  based  permits  are  particularly  im- 
portant for  aquatic  life  protection  of  the  South 
Fork  upstream  of  Mullan  and  the  mainstem  down- 
stream of  the  South  Fork  confluence.  Water  qual- 
ity management  should  take  a  basin-wide,  integrat- 
ed approach  that  considers  effects  on  downstream 
reaches  from  upstream  sources,  cost  of  rehabilita- 
tion of  mine  tailings  and  control  of  seeps,  further 
control  of  point  and  nonpoint  sources,  and  habitat 
recovery.  (Author's  abstract) 
W90-07504 


HORIZONTAL  WELLS  FOR  IN-SITU  REME- 
DIATION OF  GROUNDWATER  AND  SOILS. 

Savannah  River  Lab.,  Aiken,  SC. 

D.  S.  Kaback,  B.  B.  Looney,  J.  C.  Corey,  L.  M. 

Wright,  and  J.  L.  Steele. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  DE89-010456. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  DP-MS-88-230,  1989.  15p,  6  fig,  1  ref. 

DOE  Contract  DE-AC09-76SR00001. 

Descriptors:  'Cleanup  operations,  'Groundwater 
pollution,  'Horizontal  wells,  'In  situ  treatment, 
•Soil  contamination,  'Water  pollution  treatment, 
Injection  wells,  Vadose  zone,  Volatile  organic 
compounds. 

Two  horizontal  wells  were  installed  adjacent  to  an 
abandoned  process  sewer  line  at  the  Savannah 
River  Plant.  Documented  leaks  from  the  process 
sewer  have  contaminated  the  underlying  vadose 
zone  and  groundwater  with  volatile  organic  com- 
pounds. The  wells  were  installed  to  test  new  meth- 
ods of  in-situ  remediation  of  soils  and  groundwat- 
er. A  deep  horizontal  well,  installed  below  the 
water  table,  is  to  be  used  as  an  air-injection  well  to 
strip  volatile  organics  from  the  contaminated 
groundwater.  The  shallow  horizontal  well,  in- 
stalled in  the  vadose  zone,  is  to  be  used  to  remove 
vapor-phase  volatile  organic  compounds  (VOCs) 
from  the  vadose  zone  and  to  recover  the  organics 
purged  from  the  groundwater.  Horizontal  wells 
were  selected  for  injection  and  extraction  because 
this  geometry  should  maximize  the  surface  area 
available  for  in-situ  remediation  reactions  to  occur. 
Target  zones  for  the  lateral  well  screens  were 
selected  on  the  basis  of:  (1)  concentrations  of 
VOCs  in  groundwater  from  nearby  monitoring 
wells;  and  (2)  porosity  and  permeability  of  the 
sediments  as  determined  by  core  analysis,  geo- 
physical logs,  and  sieve  analyses.  Short-radius  di- 
rectional drilling  tools  and  a  mud  rotary  drilling 
system  were  used  to  install  the  wells.  Important 
factors  when  drilling  in  shallow  unconsolidated 
sediments  are:  (1)  minimization  of  the  number  of 
trips  in  and  out  of  the  borehole;  (2)  maximization 
of  drilling  fluid  performance  by  using  a  fluid  of 
low  solids,  low  weight,  moderate  viscosity,  and 
high  lubricity;  (3)  selection  of  well  materials  with 
adequate  flexibility  and  strength;  and  (4)  selection 
of  drilling  targets  in  zones  with  a  minor  component 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
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Group  5G — Water  Quality  Control 

of  clay  to  improve  formation  cohesiveness  and 
thus  improve  drilling  performance.  (Author's  ab- 
stract) 
W9O-07506 

6.  WATER  RESOURCES 
PLANNING 

6A.  Techniques  Of  Planning 


POLICY  IMPACTS  ON  AGRICULTURAL  IRRI- 
GATION ELECTRICITY  DEMAND  IN  THE 
COLUMBIA  BASIN. 

Oregon  State  Univ.,  Corvallis. 
M.  Martin,  L.  Cox,  S.  Nakamoto,  and  J.  Halloran. 
Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 
1,  p  35-39,  February  1990.  1  fig,  10  ref. 

Descriptors:  *Elasticity  of  demand,  'Electrical  de- 
mands, *Energy  costs,  'Irrigation,  Columbia  River 
Basin,  Costs,  Operating  policies. 

Accurately  estimating  the  price  elasticity  of 
demand  for  irrigation  electricity  is  important  to 
major  electricity  suppliers  such  as  the  Bonneville 
Power  Administration  (BPA)  of  the  Pacific  North- 
west. The  BPA  has  a  revenue  maximization  objec- 
tive, and  the  elasticity  of  demand  is  central  to  its 
rate  setting  process.  Several  studies  have  attempted 
to  estimate  demand  for  irrigation  electricity,  but 
none  has  explicitly  included  federal  agricultural 
policy  and  program  variables.  Agricultural  pro- 
grams may  influence  farmers'  irrigation  decisions 
and  thus  their  demand  for  irrigation  electricity. 
Existing  programs  serve  to  make  farmers  more 
responsive  to  electricity  rate  increases  than  would 
otherwise  be  the  case.  Thus,  studies  that  fail  to 
include  them  may  underestimate  the  responsive- 
ness of  farmers  to  electricity  rate  increases.  (Au- 
thor's abstract) 
W90-06820 


LARGE  DAMS:  IMPLICATIONS  OF  IMMOR- 
TALITY. 

Leyland  Consultants  Ltd.,  Auckland  (New  Zea- 
land). 

For  primary  bibliographic  entry  see  Field  8A. 
W90-06875 


NEED  FOR  COMPUTER-ASSISTED  HYDROG- 
RAPHY. 

E  and  S  Computer  Systems,  Inc.,  Sparta,  NJ. 
For  primary  bibliographic  entry  see  Field  7C. 
W90-07103 


ESTIMATION  OF  POTENTIAL  REDUCTIONS 
IN  RECREATIONAL  BENEFITS  DUE  TO 
SEDIMENTATION. 

Salisbury  State  Coll.,  MD.  Perdue  School  of  Busi- 
ness. 

For  primary  bibliographic  entry  see  Field  4C. 
W90-07215 


ENVIRONMENTAL  IMPACT  ASSESSMENT: 
THE  GROWING  IMPORTANCE  OF  SCIENCE 
IN  GOVERNMENT  DECISION  MAKING. 

Environmental   Assessment   Review   Office,   Hull 

(Quebec). 

R.  M.  Robinson. 

Hydrobiologia  HYDRB8,  Vol.  188/89,  p  137-142, 

December  1989.  8  ref. 

Descriptors:  'Canada,  'Environmental  impact, 
•Environmental  policy,  'Environmental  protec- 
tion, 'Multiobjective  planning,  'Planning,  Bioas- 
say,  Brundtland  Report,  Public  participation. 

The  broad  acceptance  of  the  conclusions  and  rec- 
ommendations contained  in  the  Brundtland  Report 
with  its  emphasis  on  environmentally  sustainable 
development  is  a  good  indication  that  this  concept 
is  gaining  world-wide  recognition.  Science  and  the 
ensuing  technology  must  be  credited  for  creating 
and  sustaining  modern  society  and  expertise  must 
now  be  applied  to  minimize  the  adverse  impacts  of 
industrial  growth  and  preserve  the  environment. 


Real  progress  towards  the  reconciliation  of  eco- 
nomic and  environmental  goals  will  require  effec- 
tive incorporation  of  environmental  impact  assess- 
ment (EIA)  into  the  planning  process.  In  1973, 
Canada  established  the  Environmental  Assessment 
and  Review  Process  (EARP)  to  ensure  that  the 
environmental  consequences  of  federal  govern- 
mental activities  are  assessed  early  in  the  planning 
stage  before  any  commitments  or  irrevocable  deci- 
sions are  made.  The  EARP  can  involve  up  to  three 
sequential  review  stages;  screening,  initial  assess- 
ment, and  public  review.  Public  trust  and  partici- 
pation in  the  process  are  key  ingredients  for  the 
success  of  meeting  environmental  goals  as  well  as 
good  science  and  meaningful  dialogue  between  the 
scientists,  the  public  and  the  decision  makers.  The 
availability  of  standard  and  reliable  bioassessment 
techniques  should  be  helpful  in  strengthening  the 
scientific  basis  for  biophysical  aspects  of  EIA.  (Au- 
thor's abstract) 
W90-07259 


6B.  Evaluation  Process 


BRAZIL'S  BALBINA  DAM:  ENVIRONMENT 
VERSUS  THE  LEGACY  OF  THE  PHARAOHS 
IN  AMAZONIA. 

Instituto    Nacional    de    Pesquisas    da    Amazonia, 

Manaus  (Brazil).  Dept.  of  Ecology. 

For  primary   bibliographic   entry  see  Field   6G. 

W90-06607 


HYDROPOWER  IN  NEW  ENGLAND:  AN  IN- 
TRODUCTION. 

JR.  Ehrenfeld. 

Vermont  Law  Review,  Vol.  5,  No.  2,  p  189-199, 

Fall  1980.  3  tab. 

Descriptors:  'Hydroelectric  power,  'New  Eng- 
land, 'Regional  planning,  'Water  resources  devel- 
opment, Dam  effects,  Economic  aspects,  Environ- 
mental effects,  Social  aspects. 

The  basic  low-head  hydropower  system  has  poten- 
tial as  an  energy  source  in  New  England.  Nearly 
11,000  dams  currently  exist  there.  Three  hundred 
sixty-three  of  them  are  currently  used  to  generate 
electricity,  53  dams  were  built  by  the  Corps  of 
Engineers  exclusively  for  flood  control,  and  1445 
of  the  dams  are  wholly  or  partially  breached. 
Hydropower  at  existing  dams  will  not  be  a  panacea 
for  New  England's  energy  problems.  Development 
of  the  200  most-favorable  existing  dam  sites  would 
only  provide  savings  of  about  2.7  million  barrels  of 
oil  per  year.  This  saving  is  minimal  when  com- 
pared with  the  75  million  barrels  of  oil  consumed 
in  1978  to  produce  electricity  in  New  England. 
Even  the  most  optimistic  estimates  indicate  that 
development  of  New.  England's  maximum  hydro- 
power  potential  would  provide  only  about  1000 
MW  of  capacity  or  seven  percent  of  the  region's 
1978  winter  peak  load.  If  hydropower  is  to  be 
developed  in  New  England,  sites  with  economic 
potential  must  be  identified  and  willing  buyers 
found.  As  development  occurs,  water  management 
problems,  river  use  conflicts,  and  environmental 
impacts  associated  with  hydropower  will  appear 
with  greater  frequency.  These  impacts  on  a  river 
system  will  create  social  consequences  which  must 
be  considered  in  the  development  of  hydro  facili- 
ties. The  following  policies  should  be  developed  to 
balance  the  various  uses  of  the  rivers:  (1)  A  frame- 
work for  negotiating  instream  flow  requirements. 
(2)  A  process  for  identifying  which  recreational 
and  pristine  river  segments  should  be  included  in 
the  federal  or  state  Wild,  Scenic  and  Recreational 
Rivers  Systems.  (3)  An  examination  of  anadromous 
fish  restoration  plans  to  evaluate  the  costs  and 
restraints  placed  on  overall  hydro  development; 
this  evaluation  should  include  consideration  of  hy- 
dropower benefits  in  addition  to  fishery  benefits  in 
developing  the  list  of  rivers  to  be  restored.  (4)  A 
study  of  existing  flood-control  structures  to  deter- 
mine the  tradeoffs  between  protection,  flooding, 
and  hydro  generation  that  are  feasible  and  accepta- 
ble. (Author's  abstract) 
W90-06699 


RENEWAL  THEORY  CRITERIA  OF  EVALUA- 
TION OF  WATER-RESOURCE  SYSTEMS:  RE- 
LIABILITY AND  RESILIENCE. 

Polish   Academy  of  Sciences,   Warsaw.   Inst,   of 

Geophysics. 

Z.  W.  Kundzewicz. 

Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  4/5,  p 

215-230,  1989.  3  fig,  18  ref. 

Descriptors:  'Poland,  'Water  resources  develop- 
ment, 'Water  resources  management,  'Water 
supply  development,  Planning,  Population  dynam- 
ics, Simulation  studies,  System  design,  Water 
demand. 

Water-resource  systems  serve  increasingly  de- 
manding and  risk  averse  societies.  Therefore,  in 
addition  to  the  traditional  measures  of  quality  of 
performance  of  water-resource  systems  like  mean 
or  variance  of  benefits  or  some  operational  vari- 
able, other  criteria  are  also  needed,  that  quantify 
various  aspects  of  reliability  and  risk-recurrence, 
duration,  severity  and  consequences  of  nonsatisfac- 
tory  system  performance.  A  resilient  system  should 
be  able  to  accommodate  a  surprise  (similar  no- 
tions-insensitivity,  robustness).  Ordering  the  many 
different  measures  of  reliability  and  resilience  can 
be  attained  basing  on  the  level  excursion  (crossing) 
theory  or  the  renewal  theory.  In  the  present  stage 
of  research  two  case  studies  are  being  analyzed, 
pertaining  to  water  supply  systems  in  Poland.  Hy- 
drological  records  (flows  in  rivers)  and  projections 
of  water  demands  are  used  to  generate  resistance 
and  load  variables.  The  indicator  variables  are 
analyzed  for  several  conditions  on  resistance  (with- 
out reservoir,  with  reservoir~in  several  variants) 
and  on  demand  (several  scenarios  of  demand 
growth,  resulting  from  different  forecasts  of  popu- 
lation growth,  regional  development  and  water 
consumption  standards).  Studies  of  reliability  and 
resilience  are  being  performed,  using  renewal 
theory  (Markovian  methodology  in  stationary  and 
nonstationary  cases)  and  level  crossings  (excur- 
sions) theory.  It  should  be  stressed,  however,  that 
reliability  and  resilience  measures  do  not  exhaust 
the  set  of  important  performance  indices  of  water- 
resource  systems.  In  fact,  indices  of  vulnerability 
(measuring  amplitude,  i.e.,  severity  of  system  entry 
into  the  nonsatisfactory  state)  and  robustness 
(measuring  system  sensitivity  to  the  location  of  the 
border  between  the  nonsatisfactory  and  the  satis- 
factory system  performance)  are  of  great  impor- 
tance. Therefore  the  complete  problem  formula- 
tion requires  a  multi-objective  framework.  (Au- 
thor's abstract) 
W90-06811 


ECONOMIC  EFFECTS  OF  RD/ER  RECREA- 
TION ON  LOCAL  ECONOMD15. 

H.  K.  Cordell,  J.  C.  Bergstrom,  G.  A.  Ashley,  and 
J.  Karish. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 
1,  p  53-60,  February  1990.  7  tab,  9  ref,  append. 

Descriptors:  'Economic  aspects,  'Recreation, 
•Rivers,  'Tourism,  Input-output  analysis,  Model 
studies,  Rate  of  return,  Water  resources  develop- 
ment. 

Outdoor  recreation  is  a  major,  growing  use  of 
water  resources  in  the  United  States.  The  econom- 
ic effects  of  expenditures  by  visitors  to  three  recre- 
ational river  sites  on  local  economies  surrounding 
the  sites  were  estimated  using  an  input-output 
model.  Expenditure  data  were  from  the  Public 
Area  Recreation  Visitors  Study.  Results  indicate 
that  visitor  spending  stimulates  a  considerable 
amount  of  economic  activity  and  growth  in  local 
economies.  Economic  effects  include  increases  in 
total  gross  output  ranging  from  $2.6  million  to 
$13.4  million,  increases  in  total  income  ranging 
from  $1.2  million  to  $5.6  million,  and  increases  in 
employment  ranging  from  60  to  292  jobs.  (Au- 
thor's abstract) 
W90-06822 

NETWORK  DESIGN  FOR  WATER  SUPPLY 
FORECASTING  IN  THE  WEST. 

Hydex,  Inc.,  Vienna,  VA. 

For  primary  bibliographic  entry  see  Field  7A. 
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W90-06826 


CHARGES  FOR  URBAN  RUNOFF:  ISSUES  IN 
IMPLEMENTATION. 

Johns  Hopkins  Univ.,  Baltimore,  MD.  Dept.  of 
Geography  and  Environmental  Engineering. 
For   primary  bibliographic   entry  see  Field   5G. 
W90-06828 


ECONOMIC  FRAMEWORK  FOR  FLOOD  AND 
SEDIMENT  CONTROL  WITH  DETENTION 
BASINS. 

Maryland  Univ.,  College  Park.  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  4A. 
W90-06831 


SAMPLING  STOCHASTIC  DYNAMIC  PRO- 
GRAMMING APPLIED  TO  RESERVOIR  OP- 
ERATION. 

Centro  de  Pesquisas  de  Energia  Eletrica,  Rio  de 

Janeiro  (Brazil). 

For  primary  bibliographic  entry  see  Field  4A. 

W90-06853 


UNDERSTANDING  THE  RESPONSE  TO  ENVI- 
RONMENTAL RISK  INFORMATION. 

Illinois  Univ.  at  Urbana-Champaign.  Inst,  for  Envi- 
ronmental Studies. 
J.  Vining. 

IN:  Biohazards  of  Drinking  Water  Treatment. 
Lewis  Publishers,  Chelsea,  Michigan.  1989.  p  21- 
33,  28  ref. 

Descriptors:  *Communication,  *Decision  making, 
•Public  policy,  *Risk  assessment,  *Water  pollu- 
tion, Drinking  water,  Environmental  impact,  In- 
formation exchange,  Risks,  Water  quality. 

As  the  list  of  toxic  and  hazardous  substances  in 
drinking  water  has  lengthened,  the  problem  of 
communicating  the  risks  attributable  to  those  sub- 
stances to  the  public  has  become  critical.  When  the 
public  is  presented  with  information  about  the  risks 
of  environmental  hazards,  the  variety  of  responses 
is  often  bewildering.  However,  there  are  consisten- 
cies in  people's  responses  to  risk.  In  general,  people 
consistently  use  a  variety  of  strategies  to  simplify 
gathering  and  processing  information  to  make  a 
decision;  it  is  important  to  recognize  the  functional 
value  of  these  strategies.  Two  basic  psychological 
principles,  derived  from  the  learning  theory  of 
Skinner  and  psychoanalytic  theory  of  Freud,  pro- 
vide some  insight  into  the  way  people  may  respond 
to  risk  information.  In  evaluating  risk  information 
and  arriving  at  a  decision  as  to  the  proper  course 
of  action  people  often  use  a  variety  of  cognitive  or 
intellectual  strategies  to  ease  the  stress  burden.  The 
emotional  and  intuitive  properties  of  the  response 
to  risk  are  increasingly  being  examined.  Some  rec- 
ommendations can  be  made  concerning  the  com- 
munication of  environmental  risk  information  to 
the  public.  It  is  important  to  allow  the  complexity 
of  risk  information  to  enter  into  the  judgment 
process.  While  preserving  complexity,  information 
should  be  provided  in  a  format  that  people  can 
understand  and  manage.  It  is  probably  best  to  be 
the  first  to  make  a  balanced  and  comprehensible 
presentation  of  the  risks  people  are  asked  to  accept. 
It  is  important  to  recognize  the  influence  of  emo- 
tion and  intuitive  factors  and  individual  differences 
in  preferences  and  judgmental  styles.  (See  also 
W90-06906)  (Fish-PTT) 
W90-06908 


INTEGRATED      USE      OF     NATURAL      RE- 
SOURCES AND  GEOENVIRONMENT. 

Stavebni  Geologie,  Prague  (Czechoslovakia).  Hy- 

drogeology  Dept. 

For  primary  bibliographic  entry  see   Field   6G. 

W90-06958 


MANAGEMENT  AND  FEASIBILITY  OF  RE- 
VERSE OSMOSIS  SCHEMES  FOR  RURAL 
WATER  SUPPLY  IN  INDIA. 

Bhabba  Atomic  Research  Centre,  Bombay  (India). 
Desalination  Div. 


For  primary  bibliographic  entry  see  Field  3A. 
W90-07433 


DEVELOPMENT  AND  APPLICATION   OF  A 
ROOF  TYPE  SOLAR  STILL. 

Nagoya  Univ.  (Japan).  Dept.  of  Chemical  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  3A. 
W9O-07438 


PERFORMANCE  RATIO,  AREA  ECONOMY 
AND  ECONOMIC  RETURN  FOR  AN  INTE- 
GRATED SOLAR  ENERGY/MULTI-STAGE 
FLASH  DESALINATION  PLANT. 

Panjab  Univ.,  Chandigarh  (India).  Dept.  of  Chemi- 
cal Engineering. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-07443 


STUDY  OF  THE  OPERATING  CONDITIONS 
FOR  THREE  LARGE  MSF  DESALINATION 
UNITS  EACH  OF  CAPACITY  7.2/8.6  MGD 
(27360/32832  TON/DAY)  IN  ABU  DHABI,  UAE. 

El  Saie  (M.H.A.),  Cairo  (Egypt). 

For  primary  bibliographic  entry  see  Field  3A. 

W90-07445 


BELGARD   EV-15   YEARS'  EXPERIENCE  IN 
SCALE  CONTROL. 

CIBA-GEIGY  Plastics  and  Additives  Co.,  Man- 
chester (England).  Industrial  Chemicals  Div. 
For  primary  bibliographic  entry  see  Field  3A. 
W90-07453 


OPERATING  EXPERIENCE  OF  MSF  DESALI- 
NATION PLANT  AT  THE  ABU  KAMMASH 
CHEMICAL  COMPLEX. 

Alfatch  Univ.,  Tripoli  (Libya).  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-07459 


6C.  Cost  Allocation,  Cost  Sharing, 
Pricing/Repayment 


TECHNOECONOMICS  OF  POWER/DESALT- 
ING COGENERATION  PLANTS  IN  KUWAIT-- 
A  PRELIMINARY  STUDY. 

Kuwait   Water   Resources   Development   Centre, 

Safat. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06566 


OPTIMIZATION  OF  DUAL-PURPOSE  STEAM 
POWER  AND  MSF  DESALINATION  PLANT. 

Consulting  Engineers,  P.O.  Box  223,  Heliopolis, 

Cairo,  Egypt. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06567 


OPTIMUM  DESIGN  FOR  A  HYBRID  DESALT- 
ING PLANT. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Coll.  of 

Engineering. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06568 


COSTS  OF  SEAWATER  DESALINATION  IN 
REAL  TERMS,  1979  THROUGH  1989,  AND 
PROJECTIONS  FOR  1999. 

Leitner  and  Associates,  Inc.,  Elm  Grove,  WI. 
For  primary  bibliographic  entry  see  Field  3A. 
W90-06570 


COMPREHENSIVE  STUDY  ON  CAPITAL  AND 
OPERATIONAL  EXPENDITURES  FOR  DIF- 
FERENT TYPES  OF  SEAWATER  DESALTING 
PLANTS  (RO,  MVC,  ME,  ME-TVC,  MSF) 
RATED  BETWEEN  200  CUBIC  M/D  AND  3000 
CUBIC  M/D. 

TRACTEBEL  S.A.,  Brussels  (Belgium). 
For  primary  bibliographic  entry  see  Field  3A. 


W90-06571 

PARAMETRIC  COST  ANALYSIS  STUDY  OF 
SEAWATER  REVERSE  OSMOSIS  SYSTEMS 
DESIGN  IN  KUWAIT. 

Kuwait   Water   Resources   Development   Centre, 

Safat. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-06572 


TECHNICAL  AND  ECONOMICAL  COMPARI- 
SON BETWEEN  LARGE  CAPACITY  MSF  AND 
RO  DESALTING  PLANTS. 

Kuwait  Univ.,  Safat.  Dept.  of  Mechanical  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-06573 


TECHNICAL  ASPECTS  OF  REDUCING  DE- 
SALTING WATER  COST  BY  DISTILLATION 
METHODS. 

Kuwait  Univ.,  Safat.  Dept.  of  Mechanical  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-06574 


PROBLEMS  ENCOUNTERED  IN  THE 
HOTWELLS  DISTRICT  SMALL-SCALE  ME- 
TERING TRIAL. 

Bristol  Waterworks  Co.  (England). 

For  primary  bibliographic  entry  see  Field  5F. 

W90-06717 


ECONOMIC   EFFECTS  OF  RIVER   RECREA- 
TION ON  LOCAL  ECONOMIES. 

For  primary  bibliographic  entry  see  Field  6B. 
W90-06822 


DESIGN  AND  COST  ESTIMATES  FOR  A  CON- 
NECTING CHANNEL  BETWEEN  EAST 
DEVILS  LAKE  AND  WEST  STUMP  LAKE, 
DEVILS  LAKE  BASIN,  NORTH  DAKOTA. 

Barr  Engineering  Co.,  Minneapolis,  MN. 
For  primary  bibliographic  entry  see  Field  8A. 
W90-07468 


6D.  Water  Demand 


TRADE-OFF  ANALYSIS  OF  ALTERNATTVE 
WATER  USES. 

Idaho  Univ.,  Moscow.  Dept.  of  Agricultural  Eco- 
nomics. 
R.  B.  Long. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 
1,  p  157-166,  February  1990.  9  fig,  8  ref. 

Descriptors:  'Economic  aspects,  'Hydroelectric 
power,  *Idaho,  'Irrigation  requirements,  'Water 
use,  Costs,  Flow  variation,  Snake  River. 

In  the  western  United  States,  hydropower  and 
agriculture  often  compete  for  surface  waters.  Since 
water  markets  are  imperfect,  allocations  are  often 
made  through  institutional  arrangements  and 
policy.  The  purpose  of  this  paper  is  to  compare  the 
gross  water  returns  from  agriculture  with  hydro- 
power  in  terms  of  water  use  in  Idaho.  For  the  year 
1986,  returns  from  agriculture  averaged  $200  per 
acre-foot,  and  returns  from  hydropower  averaged 
$8.00  per  acre-foot.  Water  used  by  irrigated  agri- 
culture out  produces  hydropower  by  a  ratio  of  10 
to  1  even  when  producer  prices  are  used  for  agri- 
culture and  consumer  prices  for  hydropower.  In 
addition,  river  flow  variations  on  the  lower  end  of 
the  Snake  River  at  Weiser  are  unrelated  to  Upper 
Snake  irrigation  diversions.  While  an  average  of 
8.5  million  acre-feet  are  diverted,  as  little  as  2.3 
million  acre-feet  of  water  may  be  consumed  by 
irrigation  on  the  Upper  Snake.  It  is  apparent  that 
reallocation  of  water  from  agriculture  to  hydro- 
power  would  not  increase  either  income  or  em- 
ployment in  southern  Idaho.  (Author's  abstract) 
W90-06832 
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Group  6D — Water  Demand 

FARM  PROGRAM  IMPACTS  ON  AN  EX- 
HAUSTIBLE GROUNDWATER  SUPPLY:  AN 
ANALYSIS  OF  THE  TEXAS  SOUTHERN  HIGH 
PLAINS. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Ag- 
ricultural Economics  and  Agribusiness. 
J.  G.  Lee,  and  R.  D.  Lacewell. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  3,  p  361-368,  March  1990.  7  fig,  24  ref. 

Descriptors:  'Cost  analysis,  *Crop  yield,  •Ground- 
water management,  'Irrigation  requirements, 
•Model  studies,  *Stochastic  models,  'Water 
demand,  Texas. 

Stochastically  simulated  crop  yields  were  com- 
bined with  random  correlated  crop  prices  to  pro- 
vide input  into  a  recursive  quadratic  programming 
model  to  evaluate  optimal  irrigated  crop  selection 
and  associated  rates  of  groundwater  withdrawals. 
Three  farm  program  scenarios  were  evaluated  in 
two  areas  of  the  Southern  High  Plains.  Participa- 
tion in  the  current  farm  program  increased  net 
returns  and  groundwater  extraction  rates  above 
nonparticipation.  Discounted  net  returns  were  pro- 
jected to  decline  across  all  farm  program  scenarios. 
Risk  averse  preferences  in  crop  mix  decisions  de- 
creased cumulative  groundwater  extraction  rates 
through  reduced  irrigated  acres  but  had  higher  per 
acre  application  rates  compared  with  the  risk  neu- 
tral case.  (Author's  abstract) 
W90-06845 


INTEGRATION  OF  SURFACE  AND  GROUND- 
WATER RESOURCES  FOR  THE  DEVELOP- 
MENT OF  HAMAD  BASIN  PROJECT. 

Arab  Center  for  the  Studies  of  Arid  Zones  and 

Dry  Lands,  Damascus  (Syria). 

For  primary  bibliographic  entry  see  Field  4B. 

W90-06960 


CLASS  OF  TIME  SERIES  URBAN  WATER 
DEMAND  MODELS  WITH  NONLINEAR  CLI- 
MATIC EFFECTS. 

Tennessee  Univ.,  Knoxville.  Energy,  Environment 

and  Resources  Center. 

S.-P.  Miaou. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  2,  p  169-178,  February  1990.  4  fig,  4  tab,  17 

ref. 

Descriptors:  'Model  studies,  *Time  series  analysis, 
•Urban  water  demand,  'Water  demand,  Climates, 
Comparison  studies,  Hysteresis,  Mathematical 
models,  Precipitation,  Seasonal  variation,  Temper- 
ature, Texas,  Urbanized  areas. 

A  new  class  of  monthly  time  series  urban  water 
demand  model  is  proposed.  The  model  postulates 
that  water  use  is  made  up  of  base  use  and  seasonal 
use;  and  the  latter  consists  of  three  components:  a 
potential  use  that  is  dependent  on  temperature  in 
the  absence  of  rainfall,  a  water  use  reduction  due 
to  rainfall  occurrences,  and  a  random  component. 
The  proposed  model  utilizes  three  observations 
that  were  established  in  daily  water  use  studies:  (1) 
'hysteresis'  temperature  effect:  under  the  same  tem- 
perature, water  use  has  different  levels  and  re- 
sponse rates  (to  a  unit  change  of  temperature)  in 
different  seasons;  (2)  'dynamic'  rainfall  effect:  a 
rainfall  causes  temporary  reduction  in  seasonal  use 
that  diminishes  over  time,  and  (3)  'state-dependent' 
rainfall  effect:  the  higher  the  seasonal  use  level 
prior  to  the  occurrence  of  a  rainfall,  the  more 
significant  the  effect  is  expected  to  be.  Monthly 
rainfall  effects  are  derived  through  the  time  aggre- 
gating and  averaging  a  daily  response  model.  The 
model  so  obtained  is  nonlinear  in  structure.  The 
performance  of  the  model  was  compared  with 
conventional  linear  models  using  data  from  Austin, 
Texas,  from  1975  to  1984.  The  proposed  nonlinear 
models  outperform  the  linear  models  in  describing 
seasonal  water  use  variations  in  terms  of  adjusted 
R  squared,  Akaike  information  criterion  value,  and 
ability  to  estimate  the  high  summer  use  in  dry  and 
wet  years.  (Author's  abstract) 
W90-07347 


DETERMINANTS   OF   HOUSEHOLD   WATER 
CONSERVATION     RETROFIT    ACnVTTY:    A 


DISCRETE  CHOICE  MODEL  USING  SURVEY 
DATA. 

California  Univ.,  Los  Angeles.  Dept.  of  Econom- 
ics. 

T.  A.  Cameron,  and  M.  B.  Wright. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  2,  p   179-188,  February   1990.  5  tab,  27  ref. 
Water  Resources  of  the  University  of  California 
Project  W-708. 

Descriptors:  'Economic  aspects,  'Urban  water 
demand,  'Water  conservation,  'Water  demand, 
Attitudes,  California,  Cost  analysis,  Household 
plumbing,  Los  Angeles,  Retrofits,  Surveys. 

Economic  analyses  of  residential  water  demand 
typically  have  concentrated  on  price  and  income 
elasticities.  In  the  short  run  a  substantial  change  in 
water  prices  might  induce  only  small  changes  in 
consumption  levels.  As  time  passes,  however, 
households  will  have  the  opportunity  to  'retrofit' 
existing  water-using  equipment  to  make  it  less 
water-intensive.  This  produces  medium-run  to 
long-run  demand  elasticities  that  are  higher  than 
short-run  studies  suggest.  Responses  to  water  con- 
servation questions  appearing  on  the  Los  Angeles 
Department  of  Water  and  Power's  1983  residential 
energy  survey  were  examined.  It  was  found  that 
households'  decisions  to  install  shower  retrofit  de- 
vices are  influenced  by  the  potential  to  save  money 
on  water  heating  bills.  Toilet  retrofit  decisions  are 
attributed  more  to  non-economic  factors,  which 
might  be  characterized  as  a  'general  conservation 
mindedness.'  The  endogeneity  of  these  retrofit  de- 
cisions casts  some  doubt  on  the  results  of  studies  of 
individual  households  that  treat  voluntary  retrofits 
as  exogenous.  (Author's  abstract) 
W90-07348 


6E.  Water  Law  and  Institutions 


LOCAL  GOVERNMENT  POLICIES  TOWARDS 
ENVIRONMENTALLY  SENSITIVE  AREAS  IN 
BRITISH  COLUMBIA,  CANADA;  WASHING- 
TON AND  OREGON,  USA. 

Washington  State  Univ.,  Pullman.  Program  in  En- 
vironmental Science  and  Regional  Planning. 
M.  D.  Jennings,  and  J.  P.  Reganold. 
Environmental  Management  EMNGDC,  Vol.  13, 
No.  4,  p  443-453,  July/August  1989.  2  fig,  7  tab,  62 
ref. 

Descriptors:  'Environmental  policy,  'Land  use, 
•Local  governments,  'Policy  making,  'Regula- 
tions, Canada,  Long-term  planning,  Oregon,  Public 
policy,  Species  diversity,  State  jurisdiction,  Wash- 
ington. 

While  there  has  been  sustained  debate  on  the  issue 
of  provincial  and  state  versus  local  government 
environmental  planning,  maintaining  privately 
owned  natural  resources  in  the  public  interest  is 
increasingly  viewed  as  beyond  the  scope  of  local 
governments  alone.  This  paper  describes  and  com- 
pares province-level  and  state-level  mandates  and 
options  for  local  governments  (i.e.,  city,  county,  or 
district)  to  regulate  land  uses  of  environmentally 
sensitive  areas  (ESAs)  in  British  Columbia  in 
Canada  and  in  Washington  and  Oregon  in  the 
United  States.  ESAs  are  defined  as  landscape  ele- 
ments or  places  that  are  vital  to  the  long-term 
maintenance  of  biological  diversity,  soil,  water, 
and  other  natural  resources,  especially  as  they 
relate  to  human  health,  safety,  and  welfare,  both 
on-site  and  in  a  regional  context.  Underlying  simi- 
larities are  that  all  three  jurisdictions  legally  ex- 
press the  need  for  land-use  planning  by  local  gov- 
ernments in  managing  ESAs.  Although  all  three 
jurisdictions  exhibit  similar  problems  in  their  at- 
tempt to  accomplish  this,  ESA  planning  by  local 
governments  is  an  optional  process  in  British  Co- 
lumbia and  Washington  but  mandatory  in  Oregon. 
Furthermore,  actual  processes  prescribed  by  each 
of  the  three  jurisdictions  are  quite  different.  The 
information  base  upon  which  local  regulation  of 
privately  held  ESAs  depends  is  variable,  both 
within  and  between  the  province-level  and  state- 
level  jurisdictions.  Other  than  for  some  specific 
water-related  resources,  standard  definitions  and 
inventory  methods  for  ESAs  are  lacking,  as  is 
coordination  among  local  governments  or  among 


the  province-level  and  state-level  governments. 
This  study  concludes  that  there  is  a  need  for  a 
regional  environmental  information  system  in  the 
Pacific  Northwest  based  upon  an  integrated  and 
scientific  approach  toward  ESA  structures  and 
functions.  (Author's  abstract) 
W9O-06608 


IDENTIFYING  TOXICANTS:  NETACS  TOXIC- 
ITY-BASED  APPROACH. 

National    Effluent    Toxicity    Assessment    Center, 

Duluth,  MN. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06662 


HYDROPOWER  IN  NEW  ENGLAND:  AN  IN- 
TRODUCTION. 

For  primary  bibliographic  entry  see  Field  6B. 
W90-06699 


COMMON  LAW  OF  WATERPOWER  IN  NEW 
ENGLAND. 

Washington  and  Lee  Univ.,  Lexington,  VA. 
D.J.  Brion. 

Vermont  Law  Review,  Vol.  5,  No.  2,  p  201-249, 
Fall  1980.  207  ref. 

Descriptors:  'Common  law,  'History,  'New  Eng- 
land, 'Water  law,  Competing  use,  Energy  sources, 
Riparian  rights,  Riparian  waters. 

Due  to  the  geography  and  hydrology  of  the  New 
England  area  an  abundance  of  sites  existed  along 
its  many  watercourses  which  were  useable  for 
waterpower.  Much  of  this  potential  was  intensive- 
ly developed  and  there  were  frequent  conflicts 
among  waterpower  users.  Under  these  circum- 
stances, the  New  England  courts  generated  a  sub- 
stantial proportion  of  the  judicial  decisions  dealing 
with  the  right  of  a  riparian  owner  to  develop  the 
waterpower  of  a  stream.  The  common  law  doc- 
trines of  riparian  law  which  govern  the  develop- 
ment by  a  private  individual  of  the  power  potential 
of  a  natural  watercourse  evolved  during  the  nine- 
teenth century  heyday  of  waterpower  before  the 
growth  of  the  administrative  state  in  this  century. 
On  the  whole,  the  pattern  of  private  rights  which 
has  evolved  is  favorable  to  the  waterpower  devel- 
oper. The  rights  of  competing  waterpower  devel- 
opers have  also  been  extensively  litigated.  Federal 
and  state  statutes  and  regulations  now  define  a 
relationship  between  the  waterpower  developer 
and  government.  Riparian  law,  however,  continues 
to  define  the  relationship  between  the  waterpower 
developer  and  other  holders  of  water-use  rights. 
Although  the  common  law  of  waterpower  is  pri- 
marily a  product  of  nineteenth-century  adjudica- 
tion, it  would  be  incorrect  to  conclude  that  this 
law  is  obsolete.  On  the  contrary,  these  nineteenth- 
century  doctrines  should  continue  to  work  today. 
Riparian  law  is  still  relevant  to  the  limitations 
imposed  on  the  exercise  of  private  water  rights  by 
the  public's  interest  in  and  prerogatives  over  natu- 
ral waters.  (Male-PTT) 
W90-06700 


SMALL      HYDROPOWER       DEVELOPMENT 

AND  THE  ENVIRONMENT:   A  SURVEY  OF 

STATE  AND  FEDERAL  LAW. 

B.D.  Scotch. 

Vermont  Law  Review,  Vol.  5,  No.  2,  p  251-278, 

Fall  1980.  135  ref. 

Descriptors:  'Environmental  policy,  'Hydroelec- 
tric power,  'Interagency  cooperation,  'Water  law, 
Environmental  protection,  Federal  jurisdiction, 
State  jurisdiction,  Vermont. 

• 
In  1946,  the  US  Supreme  Court  squarely  settled 
the  preemptive  authority  of  the  Federal  Power 
Act  over  construction  of  essentially  all  hydroelec- 
tric generating  facilities.  Yet  state  regulation  has 
not  faded  in  the  face  of  undoubted  federal  suprem- 
acy, and  in  the  1980s  not  even  the  Federal  Energy 
Regulatory  Commission  (FERC)  denies  that  dual 
federal  and  state  authority  is  well-established  and 
may  even  grow.  The  balance  between  state  and 
federal  authority  in  the  regulation  of  hydroelectric 
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power  project  licensing  continues  to  be  uncertain. 
In  Vermont  the  Public  Service  Board  considers,  by 
statute,  all  proposed  electric  generating  facilities, 
including  hydropower  facilities.  The  Vermont 
Agency  of  Environmental  Conservation  (AEC)  is 
responsible  for  the  administration  of  almost  all 
elements  involving  air  and  water  purity  and  the 
natural  environment.  Except  in  pollutant  discharge 
cases  the  AEC  and  other  state  and  local  agencies 
are,  however,  limited  to  an  advisory  and  technical 
role.  Nonetheless,  with  renewed  emphasis  on  small 
hydropower  development  and  broader  expressions 
of  support  for  a  greater  state  presence  in  federal/ 
state  cooperative  programs  generally,  it  appears 
unlikely  that  the  FERC  will  seek  to  eliminate  state 
review  altogether,  at  least  where  there  is  no  at- 
tempt to  encroach  on  federal  authority.  Although 
numerous  federal  environmental  statutes  affect  hy- 
dropower development  generally,  early  consulta- 
tion with  agency  officials  will  minimize  possible 
conflicts  and  administrative  delays.  A  comprehen- 
sive, cooperative  state  and  federal  effort  to  devel- 
op waterpower  will  prove  to  be  the  best  approach 
to  a  dependable  and  environmentally-acceptable 
hydroelectric  system.  (Author's  abstract) 
W9O-O6701 


ROLE  OF  THE  FEDERAL  ENERGY  REGULA- 
TORY COMMISSION  IN  LICENSING  SMALL 
HYDROELECTRIC  PROJECTS. 

Vermont  Law  School,  South  Royalton. 

T.M.  Debevoise. 

Vermont  Law  Review,  Vol.  5,  No.  2,  p  279-292, 

Fall  1980.  70  ref. 

Descriptors:  *Administrative  agencies,  'Federal 
jurisdiction,  *Hydroelectric  power,  'Licensing, 
Administrative  regulations,  Energy  sources,  Legal 
aspects,  Water  law. 

The  Public  Utility  Regulatory  Policies  Act  of  1978 
(PURPA),  contains  provisions  designed  to  encour- 
age the  development  of  electricity  by  waterpower, 
a  renewable  resource.  Since  the  general  rule  is  that 
hydroelectric  projects  require  a  license  for  con- 
struction and  operation  from  the  Federal  Energy 
Regulatory  Commission  (FERC),  interest  in  the 
jurisdiction  and  procedures  of  that  agency  has 
recently  increased.  FERC's  jurisdiction  over  hy- 
droelectric projects  originated  in  the  Federal 
Water  Power  Act  of  1920,  now  part  I  of  the 
Federal  Power  Act.  It  is  perhaps  easiest  to  remem- 
ber the  reach  of  the  FERC  jurisdiction  if  one  starts 
with  the  proposition  that,  subject  to  a  few  excep- 
tions in  arid  areas,  the  water  in  all  streams  in  the 
country  originates  in  watersheds  of  navigable 
rivers.  The  United  States  has  jurisdiction  over 
streams  in  such  watersheds  to  protect  its  interests 
in  navigable  waterways  under  the  commerce 
clause.  A  developer  who  believes  that  a  proposed 
project  does  ont  require  a  FERC  license  must 
nevertheless  file  with  FERC  a  'Declaration  of 
Intention'.  Once  it  has  been  determined  that  a 
FERC  license  is  required,  it  is  necessary  to  ascer- 
tain under  which  set  of  regulations  application 
should  be  made.  There  are  separate  regulations  for 
each  of  the  following  categories:  (1)  projects  under 
2000  hp  (1500  kW),  proposed  and  existing  but 
never  licensed;  (2)  projects  larger  than  2000  hp, 
proposed  and  existing  but  never  licensed;  (3) 
projects  larger  than  2000  hp  at  existing  but  unli- 
censed dams  where  there  will  be  'no  significant 
environmental  impact';  and  (4)  projects  of  no  more 
than  15,000  kW  which  make  use  of  a  water  conduit 
operated  primarily  for  nonpower  purposes.  (Au- 
thor's abstract) 
W9O-O6702 


IMPACT   OF   ECONOMIC   AND   FINANCIAL 

POLICIES     ON    THE    DEVELOPMENT    OF 

SMALL-SCALE     HYDROELECTRIC     FACILI- 

TDZS  IN  NEW  ENGLAND. 

Thayer  School  of  Engineering,  Hanover,  NH. 

D.R.  Lynch,  and  P.H.  Kirshen. 

Vermont  Law  Review,  Vol.  5,  No.  2,  p  295-312, 

Fall  1980.  3  fig,  51  ref. 

Descriptors:  'Computer  models,  'Economic  pre- 
diction, 'Hydroelectric  power,  'Regional  develop- 
ment, Dynamic  programming,  Economic  impact, 
Financial  feasibility,  Hydroelectric  plants. 


In  1978  a  study  of  the  factors  influencing  small- 
scale  hydro  (SSH)  development  in  the  nineteen 
northeastern  states  was  undertaken.  Two  computer 
models  were  developed  to  assist  in  this  quantitative 
study;  both  use  the  system  dynamics  approach  to 
simulate  the  time-dependent  effects  of  the  many 
factors  which  influence  development.  The  first 
model-HYDRO-I-uses  a  supply  curve  along  with 
financial  parameters.  The  simulation  results  indi- 
cate a  decrease  in  installed  capacity  from  approxi- 
mately 670  MW  in  1960  to  620  MW  in  1975,  which 
approximates  historical  data.  According  to 
HYDRO-I,  SSH  redevelopment  begins  in  1977.  By 
the  year  2000  project  initiation  has  dropped  sub- 
stantially, and  installed  capacity  has  begun  to  level 
off  in  the  neighborhood  of  1000  MW.  Using  this 
projection  as  a  point  of  reference,  HYDRO-I  was 
used  to  assist  in  preparation  of  testimony  for  the 
US  Senate  Finance  Committee.  Although  qualita- 
tively ranking  the  effect  of  policy  changes  on 
installed  capacity  tends  to  be  insensitive  to  changes 
in  model  parameters,  the  details  of  HYDRO-I  pre- 
dictions do  in  fact  depend  heavily  on  several  as- 
sumptions. For  this  reason,  an  improved  estimate 
for  the  supply  curve  for  existing  dams  has  been 
incorporated  into  a  refined  model,  HYDRO-II.  As 
a  point  of  reference,  it  was  assumed  that  beginning 
in  1980,  the  price  paid  for  SSH  would  be  set  by 
state  public  utility  commissions  at  65  mills/kWh 
for  firm  power  and  60  mills/kWh  for  nonfirm 
power,  in  accord  with  the  Public  Utility  Regula- 
tory Policies  Act  of  1978.  The  model  results  are 
quite  indifferent  to  reasonable  changes  in  the  state 
property  tax  rate  because  of  the  small  percentage 
of  annual  costs  required  to  cover  this  tax.  (Au- 
thor's abstract) 
W90-06703 


WATER   SOURCE   PROTECTION   AND  PRO- 
TECTION ZONES. 

For  primary  bibliographic   entry  see  Field   5G. 
W90-06712 


LAND   DRAINAGE:   AGRICULTURAL   BENE- 
FITS AND  ENVIRONMENTAL  IMPACTS. 

For  primary  bibliographic  entry  see  Field  3F. 
W90-06713 


REGULATORY  REQUIREMENTS  AFFECTING 
AQUIFER  THERMAL  ENERGY  STORAGE. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
P.  L.  Hendrickson. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 
1,  p  81-85,  February  1990.  18  ref.  DOE  Contract 
DE-AC06-76RLO  1830. 

Descriptors:  'Regulations,  'Thermal  energy,  'Un- 
derground storage,  Aquifers,  Groundwater  with- 
drawal,  Permits,  Thermal  pollution,   Water  use. 

Thermal  energy  storage  involves  the  capture  and 
storage  of  thermal  energy  (either  heat  or  chill) 
during  one  time  period  for  use  at  a  later  period. 
Storage  of  thermal  energy  in  aquifers  on  a  seasonal 
basis  is  one  promising  application  of  the  technolo- 
gy that  has  been  implemented  in  several  foreign 
countries  and  is  currently  undergoing  field  testing 
in  the  U.S.  Potential  developers  of  aquifer  thermal 
energy  storage  projects  will  face  a  number  of 
regulatory  requirements  at  the  federal,  state,  and 
local  level  of  government.  These  can  include  meet- 
ing: (1)  surface  land  and  groundwater  use  restric- 
tions, (2)  regulations  relating  to  withdrawal  of 
groundwater,  and  (3)  requirements  for  reinjecting 
thermally  altered  groundwaters.  Separate  permits 
for  groundwater  withdrawal  and  reinjection  may 
be  required.  The  permit  process  is  likely  to  involve 
opportunities  for  public  comment  and  may  involve 
contested  proceedings.  (Author's  abstract) 
W90-06825 


ROLE  OF  ADVISORY  BOARDS  IN  A  WATER 
MANAGEMENT  AGENCY. 

Saskatchewan  Univ.,  Saskatoon.  Dept.  of  Agricul- 
tural Engineering. 
J.  A.  Gillies. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 
6,  p  1243-1248,  December  1989.  1  fig,  1  tab,  4  ref. 


Descriptors:  'Administrative  agencies,  'Water 
policy,  'Water  resources  management,  Advisory 
boards,  Canada,  Interagency  cooperation,  Public 
participation,  Saskatchewan,  Water  law. 

Since  Saskatchewan  assumed  the  responsibility  for 
managing  the  Province's  water  resources  in  1930, 
the  importance  of  the  Province's  water  resources 
has  been  recognized  by  assigning  the  responsibility 
for  managing  the  resources  to  higher  levels  in  the 
government  structure.  With  such  recognition, 
there  tended  to  be  an  overlapping  of  responsibil- 
ities that  resulted  in  undefined  areas  of  jurisdiction 
and  duplication  of  services.  Also,  there  was  no 
opportunity  for  direct  public  participation  in  the 
management  structure.  These  deficiencies  were 
recognized,  and  following  a  series  of  public  hear- 
ings a  Cabinet  Committee  on  Water  Concerns  in 
1983  concluded  that  the  most  appropriate  govern- 
ment structure  for  managing  the  water  resources  of 
Saskatchewan  would  be  a  Crown  corporation.  As 
a  result,  in  1984  the  Saskatchewan  Water  Corpora- 
tion was  formed  and  given  the  responsibility  to 
manage,  administer,  develop,  control,  and  protect 
the  water  and  related  land  resources  in  Saskatche- 
wan. An  important  aspect  of  this  responsibility  was 
that  the  corporation  should  initiate  a  process  of 
public  involvement.  Thus,  six  Regional  Watershed 
Advisory  Boards  were  established.  The  Advisory 
Boards  provide  the  Corporation  with  a  linkage  to 
the  general  public  by  providing  advice,  participat- 
ing in  policy  revision  and  development,  and  assist- 
ing Corporation  staff  in  other  related  water  man- 
agement activities.  (Author's  abstract) 
W90-07213 


AMBIENT  WATER  QUALITY  CRITERIA  FOR 
2,3,7,8-TETRACHLORODIBENZO-P-DIOXTN. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Water  Regulations  and  Standards. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-07466 
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COASTAL  ZONE:  OCCUPANCE,  MANAGE- 
MENT AND  ECONOMIC  COMPETnTVENESS. 

HAECON  N.V.,  Ghent  (Belgium). 

R.  H.  Charlier. 

Ocean  and  Shoreline  Management  OSMAE6,  Vol. 

12,  No.  5/6,  p  383-402,  1989.  36  ref. 

Descriptors:  'Coastal  zone  management,  'Eco- 
nomic aspects,  'Legislation,  'Planning,  Coastal 
waters,  Competing  use,  Environmental  quality, 
Shores. 

The  main  characteristics  of  the  coastal  zone  are 
reviewed,  especially  in  relation  to  the  problems  it 
is  subject  to  from  the  point  of  view  of  both  natural 
and  human-induced  processes.  Strategies  for  adap- 
tation and  management  are  discussed.  The  different 
types  of  activities  in  coastal  areas  and  the  conflicts 
between  them  are  commented  upon;  possible  lines 
of  action  to  solve  the  conflict  between  develop- 
ment and  maintenance  of  environmental  quality  are 
proposed.  Planning,  in  order  to  adapt  human  ac- 
tions to  natural  processes  is  considered  essential,  as 
well  as  stricter  legislation  and  control.  (Male-PTT) 
W90-06686 


WATER  MANAGEMENT  AND  ECOLOGICAL 
PERSPECITVES  OF  THE  UPPER  RHINE'S 
FLOODPLAINS. 

Institute  for  Floodplains  Ecology,  Rastatt  (Germa- 
ny, F.R.). 

E.  Dister,  D.  Gomer,  P.  Obrdlik,  P.  Petermann, 
and  E.  Schneider. 

Regulated  Rivers  Research  &  Management 
RRRMEP,  Vol.  5,  No.  1,  p  1-15,  January/Febru- 
ary 1990.  6  fig,  2  tab,  47  ref. 

Descriptors:  'Ecosystems,  'Flood  control,  'Flood 
plain  management,  'Flood  plains,  'Rhine  River, 
Biological  communities,  Dikes,  Europe,  History, 
Hydroelectric  power,  Rehabilitation,  Water  re- 
sources development. 
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The  Upper  Rhine  floodplains  have  a  diverse  geo- 
morphology,  hydrology,  vegetation,  and  fauna. 
They  have  undergone  far-reaching  changes  over 
the  last  170  yr,  particularly  in  the  period  1955- 
1977,  as  a  result  of  water  engineering  measures. 
The  consequences  of  the  various  water  engineering 
measures,  including  flood  control  measures  (dikes), 
navigational  improvements,  and  hydropower  de- 
velopment are  summarized  here  with  examples. 
Biotic  communities  in  the  Upper  Rhine  floodplains 
have  been  changed  in  terms  of  their  plant  commu- 
nities, invertebrate  fauna,  ichthyofauna,  and  avi- 
fauna. Flood  control  measures  have  had  several 
negative  effects  on  the  floodplains  themselves:  (1) 
flooding  occurs  too  rarely  to  permit  the  develop- 
ment of  floodwater-tolerant  vegetation;  (2)  the 
water  in  polders  stagnates;  (3)  the  water  depth  in 
polders  is  higher  than  it  would  be  under  a  natural 
flooding  regime;  and  (4)  flood  waves  are  retarded 
by  the  flood  plain  only  in  the  case  of  catastrophic 
floods.  Deliberate  reflooding  of  formerly  inundat- 
ed areas  is  recommended  wherever  possible  as  a 
means  of  restoring  'renaturalizing'  the  floodplain 
by  restoring  quasi-natural  dynamics.  (Rochester- 
PTT) 
W90-07331 


6G.  Ecologic  Impact  Of 
Water  Development 


BRAZIL'S  BALBINA  DAM:  ENVIRONMENT 
VERSUS  THE  LEGACY  OF  THE  PHARAOHS 
IN  AMAZONIA. 

Instituto    Nacional    de    Pesquisas    da    Amazonia, 

Manaus  (Brazil).  Dept.  of  Ecology. 

P.  M.  Fearnside. 

Environmental  Management  EMNGDC,  Vol.  13, 

No.  4,  p  401-423,  July/August  1989.  5  fig,  99  ref. 

Descriptors:  *Balbina  Dam,  *Brazil,  *Dam  effects, 
•Environmental  effects,  'Hydroelectric  plants, 
•Project  planning,  'Water  resources  development, 
Decision  making,  Electrical  power  production, 
Environmental  impact  statement,  Forest  water- 
sheds. 

The  Balbina  Dam  in  Brazil's  state  of  Amazonas 
floods  2360  sq  km  of  tropical  forest  to  generate  an 
average  of  only  1 12.2  mega  Watts  (MW)  of  elec- 
tricity. The  flat  topography  and  small  size  of  the 
drainage  basin  make  output  small.  Vegetation  has 
been  left  to  decompose  in  the  reservoir,  resulting  in 
acidic,  anoxic  water  that  will  corrode  the  turbines. 
The  shallow  reservoir  contains  1500  islands  and 
innumerable  stagnant  bays  where  the  water  resi- 
dence time  will  be  even  longer  than  the  average 
time  of  over  one  year.  Among  Balbina's  impacts 
are  loss  of  potential  use  of  the  forest  and  displace- 
ment of  about  one-third  of  the  surviving  members 
of  a  Amerindian  tribe,  the  Waimiri-Atroari.  The 
dam  was  closed  on  1  October  1987  and  the  first  of 
five  generators  began  operation  in  February  1989. 
The  example  of  Balbina  points  to  important  ways 
that  the  decision-making  process  could  be  im- 
proved in  Brazil  and  in  the  international  funding 
agencies  that  have  directly  and  indirectly  contrib- 
uted to  the  project.  Environmental  impact  analyses 
must  be  completed  prior  to  decisions  on  overall 
project  implementation  and  must  be  free  of  influ- 
ence from  project  proponents.  The  current  envi- 
ronmental impact  assessment  system  in  Brazil,  as  in 
many  other  countries,  has  an  undesirable  science 
policy,  in  addition  to  failing  to  address  the  underly- 
ing causes  of  environmentally  destructive  develop- 
ment processes  and  inability  to  halt  projects  like 
Balbina.  (Author's  abstract) 
W90-06607 


LOCAL  GOVERNMENT  POLICIES  TOWARDS 
ENVIRONMENTALLY  SENSITIVE  AREAS  IN 
BRITISH  COLUMBIA,  CANADA;  WASHING- 
TON AND  OREGON,  USA. 

Washington  State  Univ.,  Pullman.  Program  in  En- 
vironmental Science  and  Regional  Planning. 
For  primary  bibliographic  entry  see  Field  6E. 
W90-06608 


EFFECTS  OF  POWER-LINE  CONSTRUCTION 
ON  WETLAND  VEGETATION  IN  MASSACHU- 
SETTS, USA. 

Tufts  Univ.,  Medford,  MA.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  4C. 
W90-06611 


EXPECTED  EFFECTS  OF  THE  USE  OF  THE 
OOSTERSCHELDE  STORM  SURGE  BARRIER 
ON  THE  SURVIVAL  OF  THE  INTERTIDAL 
FAUNA:  PART  1.  THE  EFFECTS  OF  PRO- 
LONGED EMERSION. 

Delta  Inst,  for  Hydrobiological  Research,  Yerseke 
(Netherlands). 

A.  W.  Fortuin,  H.  Hummel,  A.  Meijboom,  and  L. 
de  Wolf. 

Marine  Environmental  Research  MERSDW,  Vol. 
27,  No.  3/4,  p  215-227,  1989.  4  fig,  2  tab,  32  ref. 

Descriptors:  'Ecosystems,  'Emersion,  'Environ- 
mental impact,  'Scheldt  Estuary,  'Survival,  'The 
Netherlands,  Anemones,  Intertidal  areas,  Mortali- 
ty, Polychaetes,  Reproductive  cycle,  Seasonal 
effect,  Storm  surge  barrier. 

In  order  to  assess  limits  for  the  use  of  the  Oosters- 
chelde  storm  surge  barrier  (SW  Netherlands) 
within  which  damage  to  the  environment  will  be 
minimal,  effects  of  prolonged  emersion  from  2  to  8 
days  on  survival  of  the  intertidal  fauna  were  inves- 
tigated in  semi-field  and  laboratory  experiments. 
During  most  of  the  year,  a  period  of  prolonged 
emersion  of  2  days  will  only  cause  mortality  in  a 
few  species,  providing  extremely  low  or  high  tem- 
peratures do  not  occur.  Longer  periods  of  emer- 
sion, however,  will  cause  a  high  mortality  among 
many  species,  especially  small  polychaetes  and  an- 
emones, in  most  seasons  except  winter  and  early 
spring.  The  differences  in  sensitivity  between  spe- 
cies may  be  due  to  differences  in  size/volume 
ratios  or  possession  of  a  shell,  protecting  the 
animal  from  desiccation.  The  higher  sensitivity  in 
summer  may,  in  some  species,  coincide  with  the 
reproductive  cycle.  (See  also  W90-06640)  (Au- 
thor's abstract) 
W90-06639 


EXPECTED  EFFECTS  OF  THE  USE  OF  THE 
OOSTERSCHELDE  STORM  SURGE  BARRIER 
ON  THE  SURVIVAL  OF  THE  INTERTIDAL 
FAUNA:  PART  2.  THE  EFFECTS  OF  PRO- 
TRACTED TIDAL  CYCLES. 
Delta  Inst,  for  Hydrobiological  Research,  Yerseke 
(Netherlands). 

A.  W.  Fortuin,  H.  Hummel,  A.  Meijboom,  and  L. 
de  Wolf. 

Marine  Environmental  Research  MERSDW,  Vol. 
27,  No.  3/4,  p  229-239,  1989.  1  fig,  6  tab,  8  ref. 

Descriptors:  'Ecosystems,  'Intertidal  areas, 
•Scheldt  Estuary,  'Survival,  'The  Netherlands, 
'Tides,  Emersion,  Mortality,  Storm  surge  barrier, 
Temperature  effects. 

In  order  to  ascertain  limits  for  the  use  of  the 
Oosterschelde  storm  surge  barrier  (SW  Nether- 
lands) effects  of  protracted  tidal  cycles  with  low 
water  periods  of  18  and  30  hours,  instead  of  the 
usual  6,  on  the  survival  of  the  intertidal  fauna  were 
investigated  in  semi-field  and  laboratory  experi- 
ments. Protracted  low  water  periods  of  18  hours 
during  several  weeks  did  not  cause  much  damage 
among  the  intertidal  animals,  provided  extremely 
high  or  low  temperatures  did  not  occur.  Protract- 
ed periods  of  30  hours  (followed  by  2  or  3  days  of 
emersion),  however,  caused  a  high  mortality 
among  the  intertidal  animals.  (See  also  W90-06639) 
(Author's  abstract) 
W90-06640 


ADDITIONS  TO  THE  DIATOMS  OF  VD3GIN- 
DVS  INLAND  FRESH  WATERS:  LAKE  BAR- 
CROFT,  FAIRFAX  COUNTY,  VIRGINIA. 

George    Washington    Univ.,    Washington,    DC. 

Dept.  of  Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06653 


COASTAL    ZONE:    OCCUPANCE,    MANAGE- 
MENT AND  ECONOMIC  COMPETITIVENESS. 


HAECON  N.V.,  Ghent  (Belgium). 

For  primary  bibliographic  entry  see  Field  6F. 

W90-06686 


SMALL  HYDROPOWER  DEVELOPMENT 
AND  THE  ENVIRONMENT:  A  SURVEY  OF 
STATE  AND  FEDERAL  LAW. 

For  primary  bibliographic  entry  see  Field  6E. 
W90-06701 


LESSONS  FROM  THE  TUCURUI  EXPERI- 
ENCE. 

Monosowski  Associate  Consultants,  SIC  Ltd,  Sao 
Paulo,  Brazil. 
E.  Monosowski. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  42,  No.  2,  p  29-34,  February  1990. 
3  ref. 

Descriptors:  'Brazil,  'Dam  effects,  'Environmen- 
tal impact,  'Tucurui  Dam,  Amazon  region,  Dam 
construction,  Economic  aspects,  Management 
planning,  Political  aspects,  Regional  studies,  Tropi- 
cal regions,  Water  resources  development. 

The  environmental  impacts  of  the  Tucurui  dam 
(Brazil)  have  been  widely  debated  and  often  criti- 
cized. Tucurui  was  the  first  scheme  in  the  Amazon 
region  where  environmental  impact  assessment 
(EIA)  was  used  as  a  tool,  so  experience  was  limit- 
ed. Several  scientific,  managerial,  and  political 
shortcomings  have  been  identified  in  the  economic 
and  environmental  appraisals  for  the  Tucurui 
project  in  relation  to  the  actual  occurrences  after 
the  project  was  finished.  Based  on  the  experience 
with  EIA  at  Tucurui  (summarized  herein),  the 
following  basic  strategic  approaches  are  recom- 
mended: (1)  clearly  stating  national  and  regional 
environmental/development  policies  and  goals;  (2) 
adjustment  of  projects  to  multiple  objectives  and 
priorities;  (3)  comprehensive  review  of  govern- 
mental energy  strategy  in  relation  to  national/ 
regional  goals;  (4)  distribution  of  some  energy  pro- 
duction revenue  to  regional  and  local  communities; 
(5)  project  implementation  should  contribute  to 
overall  regional  development;  (6)  a  continuous, 
interactive,  and  adaptive  planning  process  should 
be  employed  throughout  the  project  cycle;  (7) 
project  implementation  should  be  ensured  by  a 
strong  financial  base;  (8)  decision  making  should  be 
subject  to  external  review  and  public  participation; 
(9)  basic  scientific  knowledge  should  be  developed 
concerning  tropical  ecosystems,  particularly  rain 
forests;  (10)  Brazilian  self-reliance  in  the  environ- 
mental studies  field  should  be  increased;  and  (11)  a 
horizontal  authority  (formal  or  informal)  should  be 
developed  to  coordinate  the  interests  of  different 
sectors  and  to  liaise  with  government  agencies  and 
other  organizations.  The  Tucurui  experience  has 
made  a  positive  contribution  to  the  rapid  evolution 
of  environmental  management  techniques  recently 
adopted  by  Brazil's  electrical  sector.  (Rochester- 
PTT) 
W90-06874 


INTEGRATED  USE  OF  NATURAL  RE- 
SOURCES AND  GEOENVTRONMENT. 

Stavebni  Geologie,  Prague  (Czechoslovakia).  Hy- 

drogeology  Dept. 

J.  Vrba,  and  B.  Moldan. 

Environmental     Geology    and    Water    Sciences 

EGWSEI,  Vol.  14,  No.  3,  p  159-165,  November/ 

December  1989.  4  ref. 

Descriptors:  'Czechoslovakia,  'Environmental  ef- 
fects, 'Natural  resources,  'Resources  develop- 
ment, 'Resources  management,  'Water  resources 
development,  Groundwater  use,  Soil  management. 

Natural  resources  and  the  geoenvironment  have 
been  an  interest  and  need  of  mankind  throughout 
history.  Exploitation  of  natural  resources  occurred 
near  Prague,  Czechoslovakia  prior  to  the  industrial 
revolution  of  the  18th  century.  Since  that  time, 
spectacular  technological  and  economic  develop- 
ment has  led  to  a  large  increase  in  the  consumption 
of  renewable  and  nonrenewable  resources.  The 
material  flow  presently  connected  with  man's  ac- 
tivities, 30  billion  tons  every  year,  is  comparable 
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with  the  annual  flow  of  matter  within  the  global 
sedimentary  cycle.  However,  the  use  of  natural 
resources  is  not  uniformly  distributed,  and  a  less 
than  optimal  use  of  the  geoenvironment  is  occur- 
ring. A  modern  approach  emphasizing  the  integrat- 
ed use  of  natural  resources  and  the  geoenviron- 
ment is  desirable.  A  given  region  should  be  treated 
as  a  single  multicomponent  space,  like  a  complex 
web  formed  by,  and  held  together  with,  many 
threads.  The  integrated  approach  is  not  static,  but, 
rather,  is  a  dynamic  system  which  evolves  and 
changes  over  time.  To  create  such  a  system,  the 
development  of  new  methods  of  geological  re- 
search, more  effective  methods  and  technologies  of 
natural  resources  exploitation  and  the  protection 
and  restoration  of  the  geoenvironment  is  required. 
(Author's  abstract) 
W90-06958 

CENOLOGICAL  RELATIONS  OF  MUD  VEGE- 
TATION OF  A  HYPERTROPHIC  LAKE  IN  TIS- 
ZAALPAR  BASIN. 

Jozsef  Attila  Univ.,  Szeged  (Hungary).  Dept.  of 

Botany. 

For  primary  bibliographic  entry  see  Field  2H. 

W9O-O7110 

CHANGES  OF  SOME  PHYSICO-CHEMICAL 
AND  SAPROBIOLOGIC  CHARACTERISTICS 
IN  THE  LOWER  COURSE  OF  THEISS  DM  THE 
PERIOD  1980-1986. 

Novi  Sad  Univ.   (Yugoslavia).   Inst,   of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07111 

DEVELOPMENTS  IN  THE  COMPOSITION  OF 
BIOCENOSIS  IN  THE  LOWER  TISA  RIVER 
(YUGOSLAVIA)  CAUSED  BY  HYDROLOGI- 
CAL  CHANGES. 

Novi  Sad  Univ.   (Yugoslavia).   Inst,   of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07114 


CHANGES  IN  THE  QUALITY  OF  WATER  IN 
LASKO  STREAM  AND  THE  STORAGE  LAKE 
BUILT  ON  IT  AT  EGERSZALOK. 

Heves  County  Service  of  Public  Health  and  Epide- 
miology, Eger  (Hungary). 
For  primary  bibliographic  entry  see  Field  5C. 
W9O-07118 

COMPREHENSIVE  EVALUATION  OF  THE 
RESULTS  OF  THE  DAPHNIA  TEST  CARRIED 
OUT  AT  THE  TISZA-SECTION  AND  MAJOR 
DISTRICT  WATERS  IN  SZOLNOK  COUNTY 

(1977-87). 

Szolnok  County  Service  of  Public  Health  and  Epi- 
demiology (Hungary).  Water  Microbiological  Lab. 
For  primary  bibliographic  entry  see  Field  5G. 
W90-07120 

ORIENTATION  OF  ZOOPLANKTON  TO  THE 
OXYCUNE  IN  BIG  SODA  LAKE,  NEVADA. 

Nevada  Univ.,   Las  Vegas.   Dept.   of  Biological 

Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-07140 


COEXISTENCE      OF     TWO      SPECIES      OF 

SUCKER,      CATOSTOMUS,      IN      SAGEHEN 

CREEK,     CALDJORNIA,     AND     NOTES     ON 

THEIR  STATUS  IN  THE  WESTERN  LAHON- 

TAN  BASIN. 

California  Univ.,  Berkeley.  Dept.  of  Forestry  and 

Resources  Management. 

For  primary  bibliographic  entry  see  Field  2E. 

W9O-07141 


RESPONSE  OF  NESTING  WATERFOWL  TO 
FLOODING  IN  GREAT  SALT  LAKE  WET- 
LANDS. 

Utah  State  Univ.,  Logan.  Dept.  of  Fisheries  and 

Wildlife. 

A.  L.  Foote. 

Great  Basin  Naturalist  GRBNAR,  Vol.  49,  No.  4, 


p  614-617,  October  1989.  2  fig,  15  ref. 

Descriptors:  'Birds,  *Saline  lakes,  "Utah,  ♦Water- 
fowl, 'Wildlife  habitats,  Anas,  Animal  populations, 
Aythya,  Ducks,  Gadwalls,  Mallards,  Marshes, 
Population  dynamics,  Redheads,  Teals,  Water 
birds. 

Trie  marshes  along  the  north  and  east  shores  of 
Great  Salt  Lake  have  been  extremely  important 
breeding  grounds  for  redheads  (Aythya  americana) 
and  cinnamon  teal  (Anas  cyanoptera).  Gadwalls 
(Anas  strepera)  and  mallards  (Anas  platrygynchos) 
were  also  locally  common  breeders.  Continental 
subpopulations  such  as  these  operate  under  a  mi- 
gratory tradition;  after  maturing,  females  return  to 
the  marsh  near  the  area  in  which  they  were  raised. 
During  1983-1986  the  Great  Salt  Lake  experienced 
consecutive  record-breaking  lake  level  rises,  inun- 
dating approximately  175,000  hectares  of  wetlands. 
The  inundation  of  1983  displaced  approximately 
20,000  nesting  waterfowl.  Ten  protected  marshes 
in  the  Great  Basin  were  surveyed  for  changes  in 
numbers  of  breeding  pairs  of  waterfowl  during 
each  of  four  years  preceding  Great  Salt  lake  flood- 
ing and  four  years  following  flooding.  The  hypoth- 
esized increase  in  numbers  of  breeding  birds  did 
not  occur,  indicating  that  flood-displaced  water- 
fowl did  not  move  into  nearby  suitable  habitat  to 
nest.  It  is  speculated  that  most  nesting  ducks 
moved  out  of  the  Great  Salt  Lake  region  to  find 
suitable  nesting  habitat  elsewhere.  (Mertz-PTT) 
W90-07142 


MOURNING  DOVE  USE  OF  MAN-MADE 
PONDS  IN  A  COLD-DESERT  ECOSYSTEM  IN 
IDAHO. 

South  Dakota  State  Univ.,  Brookings.  Dept.  of 

Wildlife  and  Fisheries. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-07143 


ARAL  SEA  AND  THE  ECOLOGICAL  SITUA- 
TION IN  CENTRAL  ASIA  AND  KAZAKHSTAN. 

A.  A.  Tursunov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  319-325,  1990.  2  fig,  2  tab,  3  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  6, 
p.  15-19,  June,  1989. 

Descriptors:  *Aral  Sea,  *Dam  effects,  'Irrigation 
effects,  'Saline  lakes,  'Soviet  Union,  'Water  qual- 
ity, Ecological  effects,  Environmental  effects, 
Health  effects,  Lake  fisheries. 

The  Aral  Sea,  in  Kazakhastan,  USSR,  is  the 
second  largest  endorheic  water  body.  It  fluctuated 
within  it  natural  limits  up  to  1965,  with  an  average 
long-term  elevation  level  of  53  m.  The  sea  had  a 
water  surface  area  of  64,000  sq  km  and  water 
volume  of  1020  cu  km  with  an  average  depth  of 
20-25  m.  The  sea  was  freshwater:  mineralization  of 
the  water  did  not  exceed  7-9  g/L  and  valuable 
commercial  fish  species  were  found  in  it.  Starting 
in  1965,  after  the  mass  development  of  cotton 
growing  in  the  Central  Asian  republics  and  con- 
struction of  large  reservoirs  on  the  Syr  Darya  and 
Amu  Darya  rivers,  the  level  of  the  sea  began  to 
drop  intensely  from  an  elevation  of  51.7  m  in  1970, 
reaching  an  elevation  of  about  40  m  in  1987.  Min- 
eralization of  the  water  accordingly  reached  22  g/ 
L  and  by  1983  it  completely  lost  any  fishery  sig- 
nificance. At  present,  the  sea  level  is  close  to  40  m, 
its  area  is  40,000  square  km,  and  volume  in  400 
cubic  km.  Up  to  75  million  tons  of  sand  and  dust 
can  rise  annually  into  the  atmosphere  from  the 
surface  of  the  desert  surrounding  the  sea.  The  salts 
being  removed  from  the  bottom  of  the  Aral  for  the 
greater  part  (60-80%)  represent  sulfates.  Thenar- 
dite  forms  a  light  white  powder  (puff)  during  the 
summer  when  soil  temperatures  reach  60C.  Enter- 
ing human  and  animal  respiratory  organs,  thenar- 
dite  is  instantaneously  enveloped  by  water  mole- 
cules, forming  microscopic  ulcers  and  gradually 
covering  the  internal  cavities  with  a  solid  salt-dust 
crust,  which  is  the  cause  of  such  diseases  in  the 
Aral  region  as  brucellosis,  tuberculosis,  bronchial 
asthma,  and  other  respiratory  diseases.  Intensified 
melting  of  the  marginal  glacier  of  the  Zailiiskii 
Alatau  has  been  noted  since  1970,  which  is  a 
reliable  indicator  of  a  change  in  the  region's  cli- 


mate. In  the  immediate  years,  it  will  be  possible  to 
stably  deliver  about  30  cubic  km  of  water  to  the 
Aral  Sea.  In  the  future,  the  annual  releases  to  the 
Aral  Sea  can  be  increased  to  40-50  cubic  km.  It  is 
necessary  to  remove  the  severely  salinized  and 
low-productive  lands  from  cotton  and  rice  grow- 
ing along  rivers  feeding  the  Aral.  (Mertz-PTT) 
W90-07166 


PROBLEMS  OF  THE  ARAL  SEA  AND 
REGION. 

A.  K.  Kiyatkin. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  325-328,  1990.  1  fig.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  6,  p.  20-22, 
June,  1989. 

Descriptors:  'Aral  Sea,  'Irrigation  water,  'Soviet 
Union,  'Water  distribution,  'Water  pollution, 
•Water  quality,  'Water  quality  management, 
•Water  reuse,  Amu  Darya  River,  Drinking  water, 
Irrigation  practices,  Saline  water,  Syr  Darya 
River,  Water  conservation,  Water  resources  devel- 
opment, Water  resources  management,  Water  scar- 
city, Water  supply  development. 

The  undesirable  ecological  consequences  in  the 
Aral  region  of  the  USSR  is  the  natural  result  of 
rapid  economic  development  of  the  region  caused 
by  rapid  growth  of  the  size  of  the  population. 
Before  1917  about  7  million  people  lived  in  the 
Central  Asian  region,  at  present  about  37  million, 
by  the  year  2000  there  will  be  50  million,  and  in 
the  first  quarter  of  the  21st  century  there  will  be  up 
to   70   million   people.    By    1987   irrigated   lands 
reached   7.3   million  hectares  versus   3.5   million 
hectares  before  1917.  With  complete  exhaustion  of 
local  water  resources,  even  with  their  conserva- 
tion, irrigated  land  can  be  expanded  only  to  8.3 
million  hectares.  Consequently,  during  the  period 
under  consideration  land  areas  increased  by  2.4 
times  and  the  population  size  by  5  times.  With  such 
an  acute  situation,  the  water-management  balance 
is  reckoned  only  because  of  the  multiple  use  of 
return    waters    from    the    irrigated    lands    and 
wastewaters  of  industrial  enterprises  and  municipal 
services.  Multiple  recycling  of  water  by  no  means 
promotes  an  improvement  of  its  quality  in  rivers. 
The  quality  of  the  river  waters  in  the  lower  course 
of  the  Amu  Darya  and  Syr  Darya  deteriorated 
catastrophically;  they  became  unfit  as  the  drinking 
water  supply  of  the  population.  The  ecosystems  in 
the  Aral  region  are  degrading.  Local  species  of 
animals  and  plants  are  disappearing,  soil  fertility, 
the  efficiency  of  the  economy,  and  consequently, 
the  standard  of  living  of  the  inhabitants  in  the  Aral 
region  are  decreasing.  Serious  shortcomings  are 
occurring  in  the  use  of  water  resources  in  irrigated 
agriculture.  Means  are  being  directed  at  the  large- 
scale  reconstruction  of  lands,  reconstruction  of  the 
collector-drain  network,  and  construction  of  un- 
derground water  pipelines,  as  well  as  several  large 
main  water-diversion  channels  with  their  outlet  in 
the  Aral  sea.  Studies  have  determined  that  the 
fulfillment  of  all  planned  works  will  enable  the 
permit  the  regioin  to  live  on  its  own  water  re- 
sources up  to  2005-2010.  Further  development  of 
the  Central  Asian  republics  and  Kazakhstan  will  be 
extremely  complicated  without  drawing  additional 
water  here.  (Mertz-PTT) 
W90-07167 


INFLUENCE  OF  CONSTRUCTION  ON  HY- 
DROGEOLOGICAL  AND  ENVIRONMENTAL 
CONDITIONS  EM  THE  KARST  REGION,  EAST- 
ERN HERZEGOVTNA,  YUGOSLAVIA. 

Karst  Water  Research  Inst.,  Trebinje  (Yugoslavia). 
P.  Milanovic. 

Environmental  Geology  and  Water  Sciences 
EGWSEI,  Vol.  15,  No.  1,  p  5-11,  January/Febru- 
ary 1990.  2  fig,  4  ref. 

Descriptors:  'Aquifers,  'Catchment  areas,  'Dam 
effects,  'Geohydrology,  'Groundwater,  'Karst 
hydrology,  'Springs,  'Water  resources  develop- 
ment, 'Yugoslavia,  Dam  construction,  Poljes,  Res- 
ervoir construction,  Seismic  properties,  Tunnel 
construction,  Water  pollution. 
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The  region  of  eastern  Herzegovina  and  Dubrovnik 
coastal  belt  is  one  of  the  hydrogeologically  and 
hydrologically  most  interesting  regions  of  Yugo- 
slavia karst.  The  main  water  course  in  the  region  is 
the  Trebisnjica  river,  the  largest  sinking  river  in 
Europe.  All  the  poljes  in  the  catchment  area  are 
temporarily  flooded,  hydrologically  separated,  and 
closed  karst  entities.  Enormous  quantities  of  avail- 
able water  are  not  evenly  distributed  either  in  time 
or  in  space.  The  Trebisnjica  Hydrosystem  project 
uses  the  basic  concept  of  total  water  regime  orga- 
nization and  its  multipurpose  utilization.  With  the 
construction  of  seven  dams,  six  artificial  reservoirs, 
six  tunnels  (total  length  57  km),  and  four  canals 
(total  length  74  km),  the  natural  regime  of  surface 
and  underground  waters  has  been  completely 
changed.  As  a  consequence  of  water  regime  dis- 
turbance, many  changes  that  have  been  observed 
in  the  catchment  area:  changes  in  the  karst 
aquifers;  local  changes  of  climate  conditions;  eolic 
erosion  effect;  influence  on  the  karst  underground 
and  littoral  belt;  influence  on  the  spring  yield; 
influence  on  adjacent  catchment  area  include:  pol- 
lution of  karst  aquifers  and  influence  of  storage 
reservoirs  on  seismicity.  (Author's  abstract) 
W90-07187 


LOW-HEAD  HYDROPOWER  IMPACTS  ON 
STREAM  DISSOLVED  OXYGEN. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 

Hydraulic  Lab. 

J.  R.  Thene,  H.  G.  Stefan,  and  E.  I.  Daniil. 

Water  Resources  Bulletin  WARBAQ,  Vol.  25,  No. 

6,  p  1189-1198,  December  1989.  6  fig,  1  tab,  18  ref. 

Descriptors:  *Dam  effects,  'Dissolved  oxygen, 
•Hydroelectric  plants,  *Low-head  hydroelectric 
plants,  *Oxygen  transfer,  *Water  quality,  Aeration, 
Dams,  Mathematical  models. 

A  method  to  evaluate  the  effect  of  hydropower 
development  on  downstream  dissolved  oxygen 
(DO)  is  presented  for  a  low  head  dam.  Water, 
previously  aerated  during  release  over  spillways 
and  under  gates,  is  diverted  through  the  hydro- 
power  facility  without  further  aeration.  The 
oxygen  transfer  that  occurs  as  a  result  of  air  en- 
trainment  at  the  various  release  points  of  a  dam  is 
measured.  Oxygen  transfer  efficiencies  are  calcu- 
lated and  incorporated  into  an  oxygen  transfer 
model  to  predict  average  release  DO  concentra- 
tions. This  model  is  used  to  systematically  deter- 
mine the  effect  of  hydropower  operation  on  down- 
stream DO.  Operational  alternatives  are  investigat- 
ed and  a  simple  operational  guide  is  developed  to 
mitigate  the  effects  of  hydropower  operation. 
Combinations  of  reduced  generation  and  optimal 
releases  from  the  dam  allow  the  hydropower  facili- 
ty to  operate  within  DO  standards.  (Author's  ab- 
stract) 
W9O-O7208 


HOLISTIC  APPROACH  TO  ECOSYSTEM 
HEALTH  ASSESSMENT  USING  FISH  POPU- 
LATION CHARACTERISTICS. 

Guelph  Univ.  (Ontario).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07258 


IMPACT  OF  CHANNELIZATION  ON  THE  HY- 
DROLOGY OF  THE  UPPER  RIVER  MAIN, 
COUNTY  ANTRIM,  NORTHERN  IRELAND:  A 
LONG-TERM  CASE  STUDY. 

Ulster    Univ.    at    Jordanstown,    Newtownabbey 
(Northern  Ireland).  Dept.  of  Computing  Science. 
For  primary  bibliographic  entry  see  Field  4A. 
W90-07332 


RIVER  ENGINEERING  IN  NATIONAL  PARKS: 
THE  CASE  OF  THE  RIVER  WHARFE,  U.K. 

University  of  East   Anglia,   Norwich  (England). 

School  of  Environmental  Sciences. 

For  primary  bibliographic  entry  see  Field  4A. 

W90-07333 


CHANGES  IN  PLANKTON  COMMUNITIES  IN 
REGULATED  REACHES  OF  THE  LOWER 
RHINE  RIVER. 


Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
E.  D.  de  Ruyter  van  Steveninck,  W.  Admiraal,  and 
B.  Van  Zanten. 

Regulated  Rivers  Research  &  Management 
RRRMEP,  Vol.  5,  No.  1,  p  67-75,  January /Febru- 
ary 1990.  5  fig,  1  tab,  30  ref. 

Descriptors:  •Plankton,  *Rhine  River  Delta,  •Suc- 
cession, *The  Netherlands,  Bacteria,  Chlorophyll 
a,  Crustaceans,  Deltas,  Diatoms,  Estuaries,  Mol- 
lusks,  Phytoplankton,  Rotifers,  Zooplankton. 

The  Dutch  section  of  the  Lower  Rhine  is  highly 
modified  by  regulating  measures,  such  as  the  con- 
struction of  weirs  and  the  closure  of  estuarine  river 
mouths,  which  seriously  affect  sedimentation  of 
suspended  material.  During  the  1987  the  fate  of  the 
plankton  communities  in  Rhine  in  The  Netherlands 
was  studied.  Water  samples  were  taken  fortnightly 
at  the  German-Dutch  border  and  in  the  main 
branch  of  the  Rhine,  just  before  it  debouches  into 
the  North  Sea.  Dry  weights  of  suspended  matter, 
bacterial  numbers,  phytoplankton  biomass  (as  chlo- 
rophyll a),  and  zooplankton  composition  and  bio- 
volume  were  determined.  On  two  occasions  phyto- 
plankton composition  and  biovolume  also  were 
determined.  Suspended  matter  and  bacteria  disap- 
peared during  transport  in  the  Rhine  Delta.  Phyto- 
plankton biomass  (primarily  diatoms)  showed  typi- 
cal spring  and  summer  peaks  and  also  decreased  in 
the  investigated  river  reach.  In  contrast,  zooplank- 
ton developed  a  higher  biomass  due  to  an  increase 
in  the  numbers  of  rotifers,  crustaceans,  and  mollus- 
can  larvae,  whereas  arcellas  and  ciliates  decreased 
in  numbers.  It  is  concluded  that  the  Rhine,  after 
flowing  more  than  800  km,  meets  in  its  delta  the 
proper  conditions  for  development  of  a  true  plank- 
ton community;  settling  and  trophic  interactions 
become  of  increasing  importance  in  determining 
the  structure  of  plankton  communities.  (Author's 
abstract) 
W90-07336 


ENGINEERING  OPERATIONS  AND  INVER- 
TEBRATES: LINKING  HYDROLOGY  WITH 
ECOLOGY. 

Leicester  Univ.  (England). 
C.  D.  Smith,  D.  M.  Harper,  and  P.  J.  Barham. 
Regulated     Rivers     Research     &     Management 
RRRMEP,  Vol.  5,  No.  1,  p  89-96,  January/Febru- 
ary 1990.  5  fig,  4  tab,  30  ref. 

Descriptors:  'Aquatic  habitats,  'Benthic  fauna, 
•England,  'Welland  River,  Design  criteria,  Man- 
agement planning,  Pools,  Riffles,  River  training. 

The  River  Welland,  East  Midlands,  England,  has 
been  regulated  in  the  past  for  land  drainage. 
Benthic  invertebrate  family  richness  and  total  bio- 
mass were  measured  in  riffles,  pools,  and  runs  of 
the  River  Welland  and  then  related  to  the  frequen- 
cy of  these  physical  parameters.  Changes  occur- 
ring as  a  result  of  (1)  loss  of  channel  length 
through  meander  cutoffs  and  (2)  alteration  of  sub- 
strate characteristics  through  dredging  and  lower- 
ing of  the  river  bed  were  quantified.  Riffles  com- 
prised 20-30%  of  the  channel  in  reaches  not  altered 
seriously  by  engineering;  elsewhere  dredging  has 
reduced  or  eliminated  riffles  and  pools,  leaving 
uniform  sandy  runs  as  the  dominant  channel  fea- 
ture. Riffles,  pools,  and  runs  all  contribute  to  over- 
all ecological  value,  but  the  riffle  and  pool  biotopes 
supported  higher  macroinvertebrate  biomass  and 
family  richness.  Proposals  for  river  management 
that  address  the  ecological  needs  of  invertebrate 
communities  can  be  expressed  as  numerical  recom- 
mendations for  maintaining  or  enhancing  the  key 
physical  features  of  a  river.  Consequently,  conser- 
vation recommendations  can  be  simplified  and  con- 
sidered in  the  same  forms  as  the  engineering  re- 
quirements of  land  drainage.  (Author's  abstract) 
W90-O7338 


STEEL  CREEK  WATER  QUALITY:  L  LAKE/ 
STEEL  CREEK  BIOLOGICAL  MONITORING 
PROGRAM,  NOVEMBER  1985-DECEMBER 
1987. 

Environmental     and     Chemical     Sciences,     Inc., 

Aiken,  SC. 

For  primary  bibliographic  entry  see  Field  5B. 


W90-07470 


HISTORICAL  ARCHAEOLOGY  OF  DAM  CON- 
STRUCTION CAMPS  IN  CENTRAL  ARIZONA. 
VOLUME  3:  LABORATORY  METHODS  AND 
DATABASE  COMPUTERIZATION. 

Bureau  of  Reclamation,  Phoenix,  AZ. 

D.  A.  Hull-Walski,  J.  E.  Ayres,  L.  J.  Franklin,  and 

P.  Patterson. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  PB90- 193046. 

Price  codes:  A 12  in  paper  copy,  A02  in  microfiche. 

Report  No.  DI-BR-APO-CCRS  89-13,  December 

1989.  254p,  2  fig,  5  tab,  104  ref,  7  append. 

Descriptors:  'Archaeology,  'Arizona,  'Dam  con- 
struction, 'Databases,  'Laboratory  methods, 
•Water  resources  development,  Computers,  Data 
storage  and  retrieval,  History,  Social  aspects. 

In  June  1986,  the  Bureau  of  Reclamation  awarded 
a  contract  for  historical  archaeological  studies  as 
part  of  the  mitigation  program  for  the  Regulatory 
Storage  Division  (Plan  6)  of  the  Central  Arizona 
Project.  This  study  focused  on  reconstructing  the 
social  history  of  the  workers  and  their  families 
who  lived  in  several  temporary  dam  construction 
camps  dating  from  the  1890s  to  the  1940s.  This  is 
the  third  (of  three)  volume  of  the  final  technical 
report.  This  volume  summarizes  the  general  char- 
acteristics of  the  artifact  assemblage  and  describes 
laboratory  processing  and  analytical  procedures.  It 
also  describes  the  strategy  developed  for  building  a 
computerized  database.  The  code  book  for  com- 
puterizing the  artifactual  information  is  presented 
along  with  directories  of  the  various  types  of 
marker's  marks,  glass  finishes,  methods  of  opening 
cans,  and  animal  skeletal  parts  encountered  in  the 
collection.  (Author's  abstract) 
W90-O7480 


HORSE  MESA  DAM,  MARICOPA  COUNTY, 
ARIZONA:  PHOTOGRAPHS,  WRITTEN  HIS- 
TORICAL AND  DESCRIPTIVE  DATA  RE- 
DUCED COPD2S  OF  DRAWINGS. 

Salt  River  Project,  Phoenix,  AZ. 
D.  M.  Introcaso. 

Report  No.  HAER  AZ-15,  1989.  73p.  Report  pre- 
pared for  U.S.  National  Park  Service,  San  Francis- 
co, CA. 

Descriptors:  *History,  'Horse  Mesa  Dam,  'Water 
resources  development,  Arizona,  Salt  River,  Social 
aspects. 

This  report  contains  a  photographic  record  and 
drawings  of  Horse  Mesa  Dam,  built  between  1925 
and  1937  on  the  Salt  River  in  Central  Arizona.  The 
narrative  history  of  the  dam  is  contained  in  another 
report  (HAER  AZ-14),  which  documents  Mormon 
Flat  Dam  downstream  of  Horseshoe  Dam.  (See 
also  W90-07497)  (Author's  abstract) 
W90-07496 


MORMON  FLAT  DAM,  MARICOPA  COUNTY, 
ARIZONA:  PHOTOGRAPHS,  WRITTEN  HIS- 
TORICAL AND  DESCMPTIVE  DATA,  RE- 
DUCED COPDZS  OF  DRAWINGS. 

Salt  River  Project,  Phoenix,  AZ. 

D.  M.  Introcaso. 

Report  No.   HAER  AZ-14,    1989.    123p.   Report 

prepared    for    U.S.    National    Park    Service,    San 

Fransico,  CA. 

Descriptors:  'History,  'Mormon  Flat  Dam, 
•Water  resources  development,  Arizona,  Econom- 
ic aspects,  Salt  River,  Social  aspects. 

This  report  provides  a  narrative  history  of  the 
political  and  economic  factors  leading  to  the  con- 
struction of  Mormon  Flat  Dam,  constructed  be- 
tween 1923  and  1926  on  the  Salt  River,  Arizona. 
The  report  also  contains  photographs  and  draw- 
ings of  the  construction  of  the  dam,  and  how  it 
looks  today  (1989).  (See  also  W90-07496)  (Author's 
abstract) 
W90-07497 
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DREDGING:  BIOLOGICAL  EFFECTS  (JAN  79  - 
JUL  1989). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-868368. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
Report  NZ  6120,  August  1989.  136p. 

Descriptors:  *  Bibliographies,  *Biological  studies, 
•Dredging,  'Waste  disposal,  'Water  pollution  ef- 
fects, Aquatic  environment,  Bioaccumulation, 
Chronic  toxicity,   Degradation,  Ocean  dumping. 

The  bibliography  contains  315  citations,  44  of 
which  are  new  entries  to  the  previous  edition, 
concerning  habitat  degradation  and  development 
due  to  dredging  operations  and  disposal.  Topics 
include  environmental  impact  studies,  long-term 
effects,  aquatic  ecosystem  response  studies,  and 
bioaccumulation  of  materials  contained  in  dredge 
spoils.  Ocean  disposal  operations,  and  studies  per- 
formed in  specific  areas  are  also  discussed.  (Au- 
thor's abstract) 
W90-07501 


7.  RESOURCES  DATA 
7A.  Network  Design 


FORMALISM  FOR  COMPARING  RAIN  ESTI- 
MATION DESIGNS. 

Texas  A  and  M  Univ.,  College  Station.  Coll.  of 

Geosciences. 

For  primary  bibliographic  entry  see  Field  7C. 

W90-06666 


NETWORK  DESIGN  FOR  WATER  SUPPLY 
FORECASTING  IN  THE  WEST. 

Hydex,  Inc.,  Vienna,  VA. 

E.  L.  Peck,  and  J.  C.  Schaake. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 

1,  p  87-99,  February  1990.  10  fig,  14  ref. 

Descriptors:  *Data  acquisition,  'Forecasting, 
•Model  studies,  *Network  design,  *Potential  water 
supply,  *Water  resources  data,  'Water  supply, 
DATANET,  Rainfall,  Runoff,  Seasonal  variation. 

The  objective  is  to  develop  techniques  to  evaluate 
how  changes  in  basic  data  networks  can  improve 
accuracy  of  water  supply  forecasts  for  mountain- 
ous areas.  The  approach  used  was  to  first  quantify 
how  additional  data  would  improve  knowledge  of 
winter  precipitation,  and  second  to  estimate  how 
this  knowledge  translates,  quantitatively,  into  im- 
provement in  forecast  accuracy.  A  software 
system  called  DATANET  was  developed  to  ana- 
lyze each  specific  gage  network  alternative.  This 
system  sets  up  a  fine  mesh  of  grid  points  over  the 
basin.  The  long-term  winter  mean  precipitation  at 
each  grid  point  is  estimated  using  a  simple  atmos- 
pheric model  of  the  orographic  precipitation  proc- 
ess. The  mean  runoff  at  each  grid  point  is  comput- 
ed from  the  long-term  mean  precipitation  estimate. 
The  basic  runoff  model  is  calibrated  to  produce  the 
observed  long-term  runoff.  The  error  analysis  is 
accomplished  by  comparing  the  error  in  forecasts 
based  on  the  best  possible  estimate  of  precipitation 
using  all  available  data  with  the  error  in  the  fore- 
casts based  on  the  best  possible  estimate  of  winter 
precipitation  using  only  the  gaged  data.  Different 
data  network  configurations  of  gage  sites  can  be 
compared  in  terms  of  forecast  errors.  (Author's 
abstract) 
W90-06826 


SURFACE  GEOELECTRICS  FOR  THE  STUDY 
OF  GROUNDWATER  POLLUTION:  SURVEY 
DESIGN. 

Geofyzika  N.E.,  Geologicka,  Barrandov  (Czecho- 
slovakia). 

O.  Mazac,  I.  Landa,  and  W.  E.  Kelly. 
Journal  of  Hydrology  JHYDA7,  Vol.  Ill,  No.  1-4, 
p  163-176,  November  1989.  9  fig,  3  tab,   17  ref. 
USGS    Awards     1 4-08-000 1-G 1503     and     14-08- 
OOOFG1133. 


Descriptors:  'Electrical  studies,  'Geophysical  ex- 
ploration, 'Geophysics,  'Groundwater  pollution, 
'Network  design,  'USSR,  Czechoslovakia,  Geoe- 
lectrics,  Labe  River,  Oil  pollution,  Pollutant  identi- 
fication, Rhode  Island,  River  Volga. 

The  basic  principles  and  possibilities  for  applying 
geoelectric  methods  to  groundwater  protection 
and  pollution  detection  problems  were  described  in 
an  earlier  paper.  Several  case  histories  are  present- 
ed to  illustrate  considerations  in  the  design  of  field 
measurements:  choice  of  primary  and  supplemental 
methods,  minimum  number  of  parametric  measure- 
ments, and  optimum  measurement  network. 
Choice  of  primary  and  supplemental  methods  is 
discussed  in  relation  to  data  from  four  sites  in  the 
Soviet  Union;  determining  the  minimum  number  of 
parametric  measurements  is  discussed  in  relation  to 
data  from  the  River  Volga  (Soviet  Union),  and 
optimum  density  of  the  measurement  network  is 
considered  in  relation  to  data  from  the  Chuj  Valley 
(Soviet  Union).  Two  additional  case  histories  are 
presented  to  illustrate  problems  encountered  in 
applying  electrical  methods  to  groundwater  pollu- 
tion due  to  immiscible  and  miscible  pollutants:  oil 
pollution  on  the  Labe  River,  Czechoslovakia; 
liquid  wastes  from  a  uranium-bearing  cold  scrap 
recovery  plant  at  Wood  River  Junction,  Rhode 
Island.  The  case  histories  discussed  here  confirm 
that  pollution  problems  are  varied  and  that  each 
must  be  handled  individually.  They  also  indicate 
the  important  role  of  geophysical  methods  in  solv- 
ing pollution  problems.  (Rochester-PTT) 
W90-06892 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILnTES:  PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  3:  APPENDIX  A  (CONTD). 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07476 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CULTIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  2:  APPENDIX  A. 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07477 
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MEASUREMENT  OF  BACTERIAL  SULFATE 
REDUCTION  IN  SEDIMENTS:  EVALUATION 
OF  A  SINGLE-STEP  CHROMIUM  REDUC- 
TION METHOD. 

Aarhus  Univ.  (Denmark).   Inst,  of  Ecology  and 

Genetics. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06555 

QUANTITATIVE  ESTIMATION  OF  DIATOM 
ALGAE  USING  THE  SCANNING  AND  TRANS- 
MISSION ELECTRON  MICROSCOPES. 

Akademiya    Nauk    SSSR,    Borok.    Inst.    Biologii 

Vnutrennykh  Vod. 

S.  Genkal. 

Diatom  Research,  Vol.  4,  No.  2,  p  249-254,  1989.  6 

tab,  23  ref. 

Descriptors:  'Algae,  'Diatoms,  'Electron  micros- 
copy, 'Microscopic  analysis,  'Microscopy,  *Phy- 
toplankton,  'Scanning  electron  microscopy,  Com- 
parison studies,  Counting  techniques,  Estimating, 
Quantitative  analysis,  USSR. 

In  quantitative  studies  of  phytoplankton  a  method 
of  counting  the  algal  cells  under  the  light  micro- 
scope using  counting  chambers  is  widely  used.  For 
identification  of  the  diatoms,  workers  also  prepare 
permanent  slides.  The  main  disadvantage  of  this 
method  lies  in  the  nature  of  light  microscopes:  the 
wavelength  of  the  light  limits  resolution  and  hence 
also  the  useful  magnification,  which  makes  it  either 
difficult  or  impossible  to  identify  algae  2-10  mi- 
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crometers  in  size.  Electron  microscopy  has  been 
widely  used  in  diatom  taxonomy  during  the  last 
decade.  The  advantages  of  the  transmission  and 
scanning  electron  microscopes  in  comparison  with 
light  microscopy,  in  relation  to  resolution,  magnifi- 
cation range  and  focussing  depth,  are  well  know. 
A  method  is  proposed  for  the  quantitative  assess- 
ment of  phytoplankton  using  electron  microscopy. 
Algae  from  Lake  Siverskoe,  U.S.S.R.  were  pre- 
pared for  electron  microscopy  using  one  of  the 
usual  cleaning  methods.  A  Czech  300  mesh  grid 
with  window  dimensions  of  65  x  65  micrometers 
and  total  transparency  52%  was  used.  The  sup- 
porting film  was  nitrocellulose  strengthened  by 
carbon.  The  prepared  sample  was  mixed  thorough- 
ly and  1  microliter  of  suspension  transferred  to  the 
center  of  a  grid.  After  drying,  the  subsamples  were 
ready  without  further  treatment  for  examination 
under  transmission  electron  microscopes.  Coating 
with  carbon  followed  by  silver  or  gold  was  re- 
quired for  scanning  electron  microscopes.  The 
method  has  been  tested  on  phytoplankton  samples 
containing  diatom  populations  from  thousands  to 
millions  of  cells  per  liter.  The  results  of  diatom 
counts  using  electron  microscopy  appear  to  be 
quite  comparable  with  data  obtained  using  the 
light  microscope.  This  method  may  be  used  for 
studies  of  the  nanoplankton  fraction  (Bacillario- 
phyta)  of  the  phytoplankton.  (Mertz-PTT) 
W90-06578 


INFLUENCE  OF  DIFFERENT  LITTER  BAG 
DESIGNS  ON  THE  BREAKDOWN  OF  LEAF 
MATERIAL  IN  A  SMALL  MOUNTAIN 
STREAM. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Water 
Resources  and  Public  Health  Engineering. 
B.  A.  Stewart,  and  B.  R.  Davies. 
Hydrobiologia  HYDRB8,  Vol.  183,  No.  2,  p  173- 
177,  October  9,  1989.  1  fig,  1  tab,  24  ref. 

Descriptors:  'Biodegradation,  'Data  acquisition, 
'Leaves,  'Limnology,  'Streams,  Cunonia,  Decom- 
position, Ilex,  South  Africa. 

Leaf  breakdown  of  two  riparian  tree  species,  Cun- 
onia capensis  L.  and  Ilex  mitis  (L.)  was  investigat- 
ed in  vitro  at  Window  Stream,  Table  Mountain, 
South  Africa,  using  three  different  designs  of  litter 
bag.  Breakdown  of  Cunonia  and  Ilex  in  coarse- 
mesh  (5mm)  litter  bags  was  very  rapid  (14.79%/ 
day  for  Cunonia  and  13.93%/day  for  Ilex)  and  was 
significantly  greater  than  the  loss  of  leaf  material  of 
1%/day  for  both  species  from  fine-mesh  bags  (180 
micrometer).  Differences  recorded  between  fine- 
mesh  and  composite-mesh  bags  (180  micrometer 
mesh  with  5  mm  mesh  top)  represented  macro- 
invertebrate  ingestion,  and  at  28  days  amounted  to 
67.57%  material  loss  in  Cunonia  and  62.58%  in 
Ilex.  The  losses  due  to  microbial  activity  and 
leaching,  31.28%  in  Cunonia  and  29.17%  in  Ilex 
were  not  significantly  different.  Weight  loss  of 
Cunonia  in  coarse-mesh  bags  (14.79%  loss/day) 
and  in  composite-mesh  bags  (13.93%  loss/day)  did 
not  differ,  but  this  was  not  the  case  for  Ilex,  where 
a  significantly  higher  rate  of  loss  in  coarse-mesh 
bags  (13.93%  loss/day)  than  in  composite-mesh 
bags  (7.69%  loss/day)  was  observed.  This  differ- 
ence was  used  to  quantify  fragmentation  losses.  It 
was  concluded  that  future  leaf  breakdown  experi- 
ments in  mountain  streams  must  take  cognizance  of 
differentia;  fragmentation  losses  before  inferences 
can  be  made  as  to  both  invertebrate  feeding  prefer- 
ences and  biological  decomposition  of  leaves.  (Au- 
thor's abstract) 
W90-06590 


SEQUENTIAL  DECISION  PLANS,  BENTHIC 
MACROINVERTEBRATES,  AND  BIOLOGI- 
CAL MONITORING  PROGRAMS. 

California  Univ.,  Berkeley.  Dept.  of  Entomologi- 
cal Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06609 


SEMIQUANTITATTVE  X-RAY  DIFFRACTION 
METHOD  TO  DETERMINE  MINERAL  COM- 
POSITION IN  STREAM  SEDIMENTS  WITH 
SIMILAR  MINERALOGY. 
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Geological  Survey,  Reston,  VA. 

D.  M.  Webster. 

Environmental    Technology    Letters    ETLEDB, 

Vol.  10,  No.  9,  p  833-844,  September  1989.  2  fig,  4 

tab,  5  ref. 

Descriptors:  'Data  interpretation,  'Mineralogy, 
•Minerals,  'Sedimentology,  'X-ray  diffraction, 
Chemical  analysis.  Clays,  Feldspar,  Geochemistry, 
Quartz. 

A  semiquantitative  X-ray  diffraction  procedure  has 
been  developed  that  can  be  used  to  acquire  repro- 
ducible mineralogic  data  from  geographically  un- 
related stream-sediment  samples  having  similar 
mineralogy.  Weight  percentages  for  quartz,  total- 
feldspar,  and  total-clay  can  be  determined  by 
direct  comparison  of  intensities  with  standard  min- 
eral mixtures  of  known  weight  percent.  Many 
problems  arise  when  performing  this  type  of  semi- 
quantitative analysis.  Determination  of  bulk  miner- 
alogy can  be  difficult  when  X-ray  peaks  are  genrat- 
ed  in  unknown  samples  containing  a  wide  range  of 
minerals.  Principle  peak  intensities  are  affected  by 
differences  in  crystallite  size,  compositon,  mass 
absorption,  and  crystallinity.  Unreliable  quantifica- 
tion may  result  from  differences  between  samples 
and  standards.  Variation  in  clay  mineralogy  of 
samples  to  be  analyzed  makes  the  choice  of  clay 
standards  difficult.  Once  standards  are  selected, 
sample-mounting  techniques  may  produce  orienta- 
tion artifacts  that  influence  results.  Chemical  tech- 
niques for  carbonates  and  other  soluble  phases  can 
be  used  to  reduce  the  number  of  mineral  compo- 
nents, as  well  as  provide  multiple  analyses  for 
comparing  results  between  natural  and  treated 
samples.  If  the  number  of  mineral  components  is 
too  large,  a  quantification  scheme  must  be  tailored 
to  each  individual  sample.  The  accuracy  of  mineral 
composition  generally  fell  within  the  desired  10- 
percent  limit  in  the  17  unrelated  stream-sediment 
samples  that  were  analyzed,  with  the  exception  of 
those  sediment  samples  having  a  relative  propor- 
tion of  albite  and  K-feldspar  that  deviates  consider- 
ably from  a  1:1  mixture.  Fortunately,  the  bulk 
mineralogy  was  relatively  homogeneous,  with  the 
exception  of  trace  amounts  of  pyrite,  hornblende, 
and  appreciable  amounts  of  halite  and  carbonate  in 
a  few  samples.  Even  under  these  conditions,  quan- 
tification curves  required  about  250  X-ray  scans 
and  the  calculation  of  approximately  450 
quartz :other-mineral  ratios.  (Brunone-PTT) 
W90-06625 


STEADY-STATE  ANALYSIS  OF  THE  'MICRO- 
BIAL LOOP'  IN  STRATIFIED  SYSTEMS. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
For  primary  bibliographic  entry  see  Field  2L. 
W90-06631 


POLARIZATION  RADAR  ESTIMATES  OF 
RAINDROP  SIZE  SPECTRA  AND  RAINFALL 
RATES. 

University   of  Manchester   Inst,   of  Science   and 

Technology  (England).  Dept.  of  Pure  and  Applied 

Physics. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-06665 


COMPARISON  OF  SEVERAL  RADIOMETRIC 
METHODS  OF  DEDUCING  PATH-INTEGRAT- 
ED CLOUD  LIQUID  WATER. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Mete- 
orology. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-06667 


FIELD  AND  LABORATORY  COMPARISONS 
OF  TWO  CLOUD  CONDENSATION  NUCLEI 
COUNTERS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Epping  (Australia).  Div.  of  Atmos- 
pheric Physics. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-06668 


REMOTE  SENSING  OF  CLOUDS  AND  FOG 
WITH  A  1.4-MM  RADAR. 


Massachusetts  Univ.,  Amherst.  Dept.  of  Electrical 

and  Computer  Engineering. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-06669 


NEW  TRIGGER  MECHANISM  FOR  SEDI- 
MENT SAMPLERS. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Geog- 
raphy. 
J.  R.  Glew. 

Journal  of  Paleolimnology,  Vol.  2,  No.  4,  p  241- 
243,  1989.  4  fig,  1  ref. 

Descriptors:  'Bottom  sampling,  'Samplers,  'Sedi- 
ment sampler,  'Sedimentology,  'Sediments,  Core 
drilling,  Sampling,  Water  currents,  Wind. 

Many  messenger-triggered  devices  used  for  bottom 
sampling  are  unreliable  or  completely  inoperative 
when  the  attached  line  is  not  maintained  in  a  near- 
vertical  position.  This  occurs  when  wind  and  sur- 
face currents  make  station  keeping  over  the  sample 
point  difficult  which  often  results  in  poor  sample 
recovery.  A  mechanism  is  described  which  enables 
equipment  on  the  bottom  to  be  triggered  reliably 
without  precise  station  keeping,  and  has  been  in- 
corporated into  a  number  of  gravity  corers.  This 
mechanism  consists  of  a  sliding  sleeve  mounted  co- 
axially  with  the  operating  line  which  transmits  the 
motion  to  the  release  mechanism.  The  key  element 
in  this  design  is  the  sleeve  that  is  free  to  slide  on  its 
mounting  collar.  The  operating  line  passes  through 
this  assembly.  In  this  configuration  the  line  angle, 
and  hence  the  striking  angle  of  the  messenger,  is 
not  critical  because  the  motion  transferred  by  the 
sleeve  is  uniformly  aligned  with  respect  to  the 
release  mechanism.  The  free  operation  of  the 
sleeve  is  improved  by  reducing  the  sleeve/collar 
contact  surface  and  by  ensuring  a  free  flow  of 
water  around  and  through  the  assembly.  The  entire 
assembly,  sleeve,  collar,  and  release  mechanism,  is 
compact  and  suitable  for  adaptation  for  other  types 
of  lightweight  instruments.  (Male-PTT) 
W90-06670 


LOW-COST,  PORTABLE  FLOW  CYTOMETER 
SPECIFICALLY  DESIGNED  FOR  PHYTO- 
PLANKTON  ANALYSIS. 

University   of  Strathclyde,   Glasgow   (Scotland). 

Dept.  of  Applied  Physics. 

A.  Cunningham. 

Journal  of  Plankton  Research  JPLRD9,  Vol.  12, 

No.    1,   p   149-160,  January    1990.   9  fig,   29  ref. 

Descriptors:  'Algae,  'Biological  samples,  'Cyto- 
meters,  'Instrumentation,  'Measuring  instruments, 
•Phytoplankton,  Cores,  Lasers,  Microorganisms, 
Performance  evaluation. 

This  paper  describes  the  construction  and  testing 
of  a  flow  cytometer  illuminated  by  a  low-power 
(40  mW),  air-cooled  argon  laser  and  incorporating 
a  novel  flow  cell  with  a  wide  (0.3  mm)  nozzle  for 
hydrodynamic  focusing.  The  resolution  of  the  in- 
strument is  comparable  to  that  of  commercial 
equipment  operating  at  much  higher  laser  powers, 
and  it  is  sensitive  enough  to  detect  autoflorescence 
from  single  picoplankton  cells.  By  using  recent 
innovations  in  laser  technology  and  electronics,  the 
design  allows  a  research-quality  flow  cytometer  to 
be  constructed  at  relatively  low  cost  (approximate- 
ly 15,000  English  pounds  at  current  prices).  The 
instrument  does  not  require  cooling  water,  three- 
phase  power  or  compressed  gas  supplies,  and  is 
easily  portable  from  one  operating  site  to  another. 
The  large  focusing  nozzle  is  very  resistant  to  clog- 
ging by  detritus,  cell  clumps  or  filaments,  but  is 
still  capable  of  producing  cores  down  to  5  microm- 
eter diameter.  These  characteristics  are  particular- 
ly suitable  for  the  analysis  of  microalgal  cultures 
and  phytoplankton  samples.  The  discriminatory 
power  of  the  instrument  has  been  tested  using  a 
range  of  marine  and  freshwater  algae.  (Author's 
abstract) 
W90-06676 


APPLICATION  OF  REMOTE  SENSING  TO  ES- 
TIMATE LAND  COVER  FOR  URBAN  DRAIN- 
AGE CATCHMENT  MODELLING. 

J.  Finch,  A.  Reid,  and  G.  Roberts. 


Journal  of  the  Institution  of  Water  Engineers  and 
Scientists  JIWSDI,  Vol.  3,  No.  6,  p  558-563,  De- 
cember 1989.  3  fig,  2  tab,  13  ref. 

Descriptors:  'Aerial  photography,  'Catchment 
areas,  'Mapping,  'Remote  sensing,  'Surface 
runoff,  'Urban  drainage,  'Urban  hydrology,  Com- 
puter programs,  Model  studies,  Satellite  technolo- 
gy- 

This  paper  compares  the  estimates  of  percentage 
land  cover  derived  from  airborne  thematic  mapper 
data  with  those  from  a  traditional  survey  method. 
The  latter  include  existing  Ordnance  Survey  maps 
and  an  on-the-ground  survey  supplemented  by 
aerial  photographs.  The  thematic  mapper  data  are 
segmented  using  two  methods:  thresholding  and 
classification.  Nine  catchments  are  surveyed  using 
the  three  methods.  The  results  show  that  the  esti- 
mated pervious  area,  derived  by  thresholding  and 
classification  methods,  agrees  with  that  obtained 
by  the  traditional  method  with  a  mean  error  of  2% 
and  8%,  respectively.  These  errors  are  acceptable 
for  design  work  using  the  Wallingford  storm- 
sewage  package  (WASSP)  model.  The  use  of  air- 
borne thematic  mapper  imagery  is  cost-effective, 
provided  that  it  is  acquired  as  part  of  an  organized 
mapping  program.  Satellite  data  provide  an  accept- 
able means  of  estimating  percentages  of  pervious 
area  for  strategic  planning.  (Sand-PTT) 
W90-06714 


RADIATP/E  TRANSFER  TO  SPACE 
THROUGH  A  PRECIPITATING  CLOUD  AT 
MULTIPLE  MICROWAVE  FREQUENCIES. 
PART  III.  INFLUENCE  OF  LARGE  ICE  PARTI- 
CLES. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Meteor- 
ology. 

E.  A.  Smith,  and  A.  Mugnai. 
Journal  of  the  Meteorological  Society  of  Japan 
JMSJAU,  Vol.  67,  No.  5,  p  739-755,  October  1989. 
10  fig,  2  tab,  20  ref.  NASA  Grant  NAGW-991, 
NATO  Grants  Program  for  Collaboration  in  Re- 
search (0217/87),  DOE  Contract  DE-FC05- 
85ER25OOO0. 

Descriptors:  'Cloud  liquid  water,  'Data  acquisi- 
tion, 'Meteorology,  'Microwaves,  'Radiation, 
'Radiometry,  'Remote  sensing,  Cloud  physics, 
Data  interpretation,  Ice,  Precipitation,  Simulation 
analysis. 

Using  a  vertically  and  angularly  detailed,  plane- 
parallel  microwave  radiative  transfer  model,  a 
series  of  numerical  experiments  was  conducted  in 
conjunction  with  a  cloud  model  simulation  to  in- 
vestigate the  impact  of  time-dependent  cloud  mi- 
crophysical  structure  on  the  transfer  to  space  of 
passive  microwave  radiation  at  several  frequencies 
across  the  EHF-SHF  spectrum.  The  impact  of 
large  ice  particles  on  passive  brightness  tempera- 
tures over  an  evolving  model  rain  cloud  were 
examined  at  10  frequencies.  Three  cloud  model 
designs  were  considered  for  both  hard  ice  and  low 
density  ice  freezing  modes.  The  results  emphasize 
how  the  range  of  frequencies  between  10.7  and  231 
GHz  differentially  respond  to  the  various  ice 
models  and  freezing  modes.  Frequency-dependent, 
vertically  distributed  generalized  emission/scatter- 
ing weighting  functions,  introduced  to  vertically 
resolve  the  contributions  by  individual  cloud  and 
precipitation  layers  to  the  brightness  temperatures, 
can  be  used  to  identify  the  specific  layers  responsi- 
ble for  regulating  the  magnitude  of  top-of-atmos- 
phere  brightness  temperatures.  The  weighting 
function  is  also  coupled  to  a  fractional  contribution 
by  scattering  function  which  will  exhibit  the  rela- 
tive magnitude  of  the  scattering  source  within  the 
generalized  weighting  function  itself.  This  enables 
a  thorough  understanding  of  how  brightness  tem- 
peratures are  modulated  by  hydrometeors  in  indi- 
vidual layers.  Additional  results  are  the  identifica- 
tion of  the  importance  of  incorporating  a  mixed 
layer  at  intermediate  and  higher  frequencies  (37 
GHz  and  higher),  and  quantifying  the  influence  of 
freezing  mode  at  85  GHz.  The  vertical  scale  of  the 
cloud  column,  for  a  fixed  equivalent  liquid  water 
path,  is  a  major  determining  factor  in  generating 
brightness  temperatures  consistent  with  actual  ob- 
servations. This  result  is  based  on  a  case  study  of  a 
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severe  thunderstorm  monitored  with  a  2-channel 
airborne  microwave  radiometer  during  the  1986 
COHMEX  experiment  in  northern  Alaska.  (Au- 
thor's abstract) 
W90-06724 

CONTEMPORARY  TELEMETERING  METH- 
ODS FOR  WATER  WORKS  FACILITIES. 

Consulting  Engineer,  Inc.,  Westwood,  MA. 
R  H  Babcock. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  103,  No.  4,  p  221-233, 
December  1989.  5  fig. 

Descriptors:  'Remote  control,  'Telemetry,  'Water 
treatment  facilities,  Automation,  Electrical  trans- 
mission, Radio  waves,  Remote  sensing. 

The  available  forms  of  telemetry  for  application  to 
water  utilities  have  multiplied  since  the  earliest 
systems  were  installed.  The  type  of  telemetry  most 
water  works  personnel  are  familiar  with  is  known 
as  pulse  duration  telemetry.  This  type  of  telemetry 
has  two  serious  limitations:  (1)  the  circuit  between 
the  transmitter  and  receiver  is  usually  powered  by 
DC;  (2)  since  conversion  from  measurement  to 
telemeter  signal  is  slow,  i.e.  12  seconds  minimum,  it 
can  only  be  effectively  used  where  measurement 
change  is  slow.  This  imposes  severe  limitations  on 
its  use  in  contemporary  water  works  control  sys- 
tems. With  the  advent  of  so-called  frequency  trans- 
mitters, the  transmitter  transmitted  a  frequency 
tone   which   was  predictably   specific;   this  tone 
could  only  be  received  by  a  receiver  tuned  to  the 
frequency  of  the  transmitter.  With  this  system  it  is 
possible  to  have  23  separate  channels  over  each 
telephone  circuit.  In  addition,  bidirectional  trans- 
mission is  easily  accomplished.  If  it  is  necessary  to 
transmit  flow  on  a  real  time  basis,  i.e.,  the  recorder 
tracks  the  transmitter  with  no  discernible  delay, 
then  a  different  approach  must  be  applied.  With  a 
method  known  as  variable  rate  frequency  shift 
analog   telemetry,   all   common   analog   measure- 
ments can  be  'instantaneously'   transmitted  over 
telephone  lines  and  all  types  of  radios.   Digital 
telemetry  or  coded  pulse  telemetry  is  another  tech- 
nique rapidly  being  incorporated  into  every  facet 
of  cmmerical  activities,  along  with  radio  communi- 
cation in  the  form  of  microwave  and  FM  systems. 
In  addition  to  the  cheaper  cost  of  radio  transmis- 
sion, wireless  transmission  has  the  advantage  of 
being  largely  immune  from  the  direct  impact  of 
structural  damage  from  storms  and  high  winds, 
and  solid  state  electronics  has  elevated  the  general 
reliability  of  radio  communications  to  a  level  not 
achievable  with  telephone  systems.  (Sand-PTT) 
W90-06729 

USE  OF  A  THERMAL  SCANNER  IMAGE  OF  A 
WATER  STRESSED  CROP  TO  STUDY  SOIL 
SPATIAL  VARIABILITY. 

Commonwealth  Scientific  and  Industnal  Research 

Organization,  Griffith  (Australia). 

For  primary  bibliographic  entry   see   Field  2G. 

W90-06737 

ESTIMATING  TOTAL  DAILY  EVAPOTRAN- 
SPHIATION  FROM  REMOTE  SURFACE  TEM- 
PERATURE MEASUREMENTS. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Meteorology. 

For  primary  bibliographic   entry   see   Held   zu. 

W90-06738 

PERFUSED  FISH  GILL  PREPARATION  IN 
STUDIES  OF  THE  BIOAVAILABILITY  OF 
CHEMICALS. 

Uppsala  Univ.  (Sweden).  Dept.  of  Zoophysiology. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-06795 


STRONTIUM:CALCIUM  CONCENTRATION 
RATIOS  IN  OTOLITHS  OF  HERRING 
LARVAE  AS  INDICATORS  OF  ENVIRONMEN- 
TAL HISTORIES.  n 

Hawaii  Inst,  of  Geophysics,   Honolulu.   Oceanic 

Biology  Div. 

R.  L.  Radtke,  D.  W.  Townsend,  S.  D.  Folsom,  and 


M.  A.  Morrison.  „™r»»    ■>/  i 

Environmental  Biology  of  Fishes  EBFID3,  Vol. 
27,  No.  1,  p  51-61,  January  1990.  4  fig,  2  tab,  45  ref. 

Descriptors:  'Bioindicators,  'Calcium,  'Herring, 
'Marine  environment,  'Strontium,  'Temperature, 
Bioassay,  Environmental  history,  Otoliths. 

Elemental  analyses,  using  wave-length  dispersive 
electron  microprobe  techniques  on  otoliths  from 
reared  Atlantic  herring  larvae,  Clupea  harengus, 
showed  trace  quantities  of  strontium  relative  to 
that  of  calcium,  and  an  inverse  relationship  be- 
tween Sr/Ca  concentration  ratios  and  rearing  tem- 
perature. These  data  are  consistent  with  those  for 
coral  aragonite,  in  that  there  appears  to  be  an 
inverse  temperature  effect  on  physiological  incor- 
poration of  strontium  in  the  otolith  aragonite.  The 
determinations  of  Sr/Ca  concentration  ratios  of 
lab-reared  herring  larvae  showed  that  the  deposi- 
tion of  strontium  relative  to  calcium  and  the  rear- 
ing temperature  were  related,  where:  temperature 
(Celsius)  =  -2.955  (Sr/Ca)  x  1000  +  19.172.  This 
principle  makes  it  possible  to  use  Sr/Ca  concentra- 
tion ratios  in  fish  otoliths  to  delineate  past  tempera- 
tures experienced  by  an  individual.  Further,  com- 
bining electron  microprobe  analyses  with  scanning 
electron  microscope  examinations  of  daily  incre- 
ments in  the  same  otolith  makes  it  possible  to 
reconstruct  the  temperature  history  for  an  individ- 
ual fish  on  a  time  scale  of  days.  (Author's  abstract) 
W90-06797 

INFILTRATION  EVALUATION  OF  FOUR  ME- 
CHANICAL RAINFALL  SIMULATION  TECH- 
NIQUES IN  SIERRA  NEVADA  WATERSHEDS. 

Nevada  Univ.,  Reno.  Dept.  of  Range,  Wildlife  and 

Forestry 

D.  G.  Guerrant,  W.  W.  Miller,  C.  N.  Mahannah, 

and  R.  Narayanan. 

Water  Resources  Bulletin  WARBAQ,  Vol.  26,  No. 

1,  p  127-134,  February  1990.  6  fig,  3  tab,  27  ref. 

Descriptors:  'Infiltration,  'Model  studies,  'Rain- 
fall infiltration,  'Rainfall  simulators,  'Sierra 
Nevada,  'Simulated  rainfall,  Slopes,  Soil  types, 
Storms,  Tahoe  Basin. 

Little  quantitative  site-specific  infiltration,  runoff 
and  sediment  transport  data  for  Tahoe  Basin  soils 
under  varying  storm  events  or  stage  of  develop- 
ment are  available.  Modular  (Ml),  F-type  (M2) 
Impact  nozzle  (M3),  and  Impact-Fan  nozzle  (M4) 
rainfall  simulators  were  evaluated  as  to  their  prac- 
ticality and  ability  to  characterize  infiltration  for 
the  Cagwin  Soil  Series  within  the  Tahoe  Basin. 
Three  slope  (0-15,  15-30,  >30  ppt)  and  four  plot 
conditions  (natural  with  duff,  natural  without  dutt, 
disturbed  without  duff,  and  disturbed  with  dutt) 
were  studied.  The  measured  data  were  incorporat- 
ed into  a  modified  Philip's  infiltration  model  and 
multiple  non-linear  regression  analyses  were  used 
to  examine  relationships  between  method,  slope, 
plot    conditions,    and    infiltration    characteristics. 
Simulation  methods  Ml  and  M4  produced  statisti- 
cally similar  (P=0.01)  infiltration  data,  as  did  M2 
and  M3  which  produced  lower  infiltration  rates. 
All  were  found  suitable  for  use  in  Sierra  Nevada 
watersheds.   Ml   was  considered  most  practical. 
Slope  had  negligible  effect  on  infiltration.  The  plot 
condition  was  found  to  significantly  influence  infil- 
tration, and  the  effect  of  each  plot  condition  was 
significantly     different.     Final     infiltration     rates 
ranged  from  4.7  to  6.2  cm/hr.  Thus,  the  Cagwin 
soil   demonstrated   moderate   to   high   infiltration 
rates  even  when  exposed  to  extreme  storm  condi- 
tions (8-10  cm/hr).  (Author's  abstract) 
W90-06829 

DEUTERIUM  VARIATIONS  IN  STORM  RAIN- 
FALL: IMPLICATIONS  FOR  STREAM  HY- 
DROGRAPH  SEPARATION. 

Universities  Space  Research  Association,  Hunts- 

ville,  AL. 

For  primary  bibliographic  entry  see  Held  zo. 

W90-06854 


Data  Acquisition — Group  7B 

Konstanz  Univ.   (Germany,   F.R.).   Limnological 

Inst. 

E  Meyer 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   117, 

No.  3,  p  309-318,  January  1990.  3  fig,  1  tab,  29  ref. 

Descriptors:  'Bottom  sampling,  'Macroinverte- 
brates,  'Samplers,  'Stream  biota,  Benthos,  Biologi- 
cal samples,  Sample  preparation,  Streams,  Zoo- 
plankton. 

A  simple  and  inexpensive  device  was  developed  to 
subdivide  benthos  samples  without  the  necessityof 
separating  the  animals  from  the  substrate.  The 
tubular  subsampler  is  a  compartment-type  splitter 
with  two  chambers  of  equal  size.  Prior  to  subsam- 
pling,  the  initial  benthos  sample  must  be  separated 
into  a  coarse  and  a  fine  fraction,  with  the  coarse 
fraction  being  sorted  out  completely.  Only  the  fine 
fraction  is  repeatedly  subjected  to  the  splitting 
procedure  until  the  desired  level  of  subsamphng  is 
reached.  The  subsampler  works  with  live  stream 
invertebrates,  but  also  is  recommended  for  pre- 
served material  and  zooplankton.  (Author's  ab- 
stract) 
W90-06878 


SIMPLE  SUBSAMPLING  DEVICE  FOR  MA- 
CROINVERTEBRATES  WITH  GENERAL  RE- 
MARKS ON  THE  PROCESSING  OF  STREAM 
BENTHOS  SAMPLES. 


DIRECT  AND  BOUNDARY-ONLY  SOLU- 
TIONS OF  MULTILAYER  AQUIFER  SYS- 
TEMS:   PART    B.    UNSTEADY-STATE    SOLU- 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  hield  if. 

W90-06887 

OPTIMIZATION  MODEL  FOR  UNCONFINED 
STRATIFIED  AQUIFER  SYSTEMS. 

Utah  Water  Research  Lab.,  Logan. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06891 

SPATIAL  VARIABILITY  OF  GROUNDWATER 
RECHARGE  IN  A  SEMIARID  REGION. 

Commonwealth  Scientific  and  Industnal  Research 

Organization,  Glen  Osmond  (Australia).  Div.  of 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  2h. 

W90-06894 

POTENTIAL  USE  OF  DEEP  AQUIFERS  IN 
THE  NEGEV  DESERT,  ISRAEL:  A  MATHE- 
MATICAL MODEL  AND  ITS  NUMERICAL  SO- 
LUTION. „     „ 

Hebrew    Univ.    of   Jerusalem    (Israel).    Seagram 

Centre  for  Soil  and  Water  Sciences. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06900 

APPROXIMATE  ANALYSIS  OF  SURFACE 
RUNOFF  MODEL  UNCERTAINTY. 

Williamson  and  Schmid,  Irvine,  CA. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-06901 

COORDINATION  CHEMISTRY  AND  SPECIA- 
TION  OF  ALflID  IN  AQUEOUS  SOLUTION. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Chemistry. 

A.  E.  Martell,  and  R.  J.  Motekaitis. 

IN-  Environmental  Chemistry  and  Toxicology  of 

Aluminum.  Lewis  Publishers,  Chelsea,  Michigan. 

1989.  p  3-17,  4  fig,  4  tab,  29  ref. 

Descriptors:  'Aluminum,  'Chemical  speciation, 
'Geochemistry,  'Metal  complexes,  'Water  analy- 
sis, 'Water  chemistry,  Amino  acids,  Carboxyla- 
tion,  Distribution  graphs,  Equilibrium,  Hydrogen 
ion  concentration,  Hydrolysis,  Ions,  Oxidation,  Po- 
tentiometers, Solute  transport,  Spectrophotometry. 

An  important  consideration  in  the  design  of  effec- 
tive ligands  for  hard  metal  ions  such  as  that  of 
Al(III)  is  competition  with  hydrogen  ions  in  aque- 
ous solution.  The  reliable  quantitative  data  current- 
ly available  on  the  Al(III)  complexes  formed  in 
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solution  were  examined  with  respect  to  the  nature 
of  the  complex  species  probably  formed.  The 
scope  was  limited  to  the  catechols  and  hydroxy 
carboxylates,  which  are  the  most  effective  ligands, 
and  the  aminocarboxylates,  which  are  expected  to 
be  somewhat  less  effective.  Most  of  the  equilibrium 
constants  presented  were  measured  potentiometri- 
cally,  except  for  a  few  dissociation  constants  of  the 
catechols,  which  were  measured  spectrophotome- 
trically.  The  Al(III)  aquo  ion  is  the  "hardest"  of  the 
trivalent  ions  commonly  found  in  the  environment 
and  in  biological  systems.  Because  of  its  small  ionic 
radius,  Al(III)  polarizes  solvated  water  molecules 
very  strongly,  giving  rise  to  several  hydrolytic 
species.  The  highest  stability  constants  for  Al(III) 
complexes  are  those  of  catechol  and  its  analogs. 
The  aminopolycarboxylate  ligands  contain  less 
strongly  coordinating  carboxylate  groups.  By  anal- 
ogy with  other  hydroxy  acids  it  is  clear  that  the 
malate  ion  forms  one  or  more  stable  complexes 
involving  dissociation  of  the  alpha-hydroxyl 
group.  Since  aluminum  is  such  an  important  ele- 
ment, and  since  it  has  only  one  oxidation  state,  its 
activity,  reactivity,  and  transport  are  related 
mainly  to  its  coordination  chemistry.  Ligand- 
ligand  competition  distribution  diagrams  provide 
examples  of  the  use  of  accurate  stability  constant 
data  to  describe  the  nature  of  the  complexes 
formed  as  a  function  of  pH  and  other  solution 
conditions.  (See  also  W90-06929)  (Fish-PTT) 
W90-06930 


SPECIATION  METHOD  FOR  PARTITIONING 
MONONUCLEAR  AND  POLYNUCLEAR  ALU- 
MINUM USING  FERRON. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06931 


FIELD  HYDROGEOLOGY. 

North  West  Water  Authority,  Warrington  (Eng- 
land). Planning  Dept. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-06942 


QUALITY  ASSURANCE  AUDITS  OF  THE  EPA 
STATE-OPERATED  PRECIPITATION  COL- 
LECTION NETWORK:  1987. 

Research  Triangle  Inst.,  Research  Triangle  Park, 

NC. 

W.  C.  Eaton,  C.  E.  Moore,  R.  W.  Murdoch,  and 

D.  A.  Ward. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  PB89-161954. 

Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 

Report  No.  EPA/600/3-89/024,  March  1989.  5p,  6 

fig,  15  tab,  8  ref,  2  append.  EPA  Contracts  68-02- 

4125  and  68-D8-O001. 

Descriptors:  *Data  acquisition,  'Data  quality  con- 
trol, 'Measuring  instruments,  'Meteorological 
data,  'Precipitation,  'Quality  assurance,  'Rain 
gages,  Acid  rain,  Conductivity,  Field  tests,  Hydro- 
gen ion  concentration,  Networks. 

The  collection  of  precipitation  and  the  measure- 
ment of  its  constituents  are  important  steps  in 
attaining  a  better  understanding  of  the  distribution 
and  effects  of  acid  rain  in  the  United  States.  This 
document  is  a  report  of  the  findings  from  quality 
assurance  and  technical  assistance  visits  made  in 
1987  to  the  29  sites  in  1 1  states  that  comprise  the 
State  Operated  Precipitation  Network.  The  net- 
work is  staffed  mainly  by  personnel  from  state 
environmental  agencies  and  forestry  commissions. 
It  is  under  the  overall  sponsorship  of  regional  and 
national  offices  of  the  US  EPA.  A  number  of  the 
sites  still  need  to  be  improved  upon  in  terms  of 
siting  and  maintenance  of  sample  collection  and 
analysis  equipment.  Emphasis  should  be  placed  on 
proper  placement  and  operation  of  precipitation 
collectors,  installation  and  proper  operation  of  rain 
gages,  and  standardization  of  field  laboratory  tech- 
niques. Compared  to  results  of  the  1986  site  visits, 
the  1987  data  show  significant  improvements  have 
been  made  in  the  accuracy  of  site  pH  and  conduc- 
tivity measurements;  in  the  cleanliness  of  the  col- 
lection bucket  lid  and  the  goodness  of  its  seal 
against  the  collection  bucket;  and  in  satisfying  the 


criteria  for  collector  height  above  ground  and  in 
relation  to  the  rain  gage.  (Lantz-PTT) 
W90-06949 


COMMON    ANALYTICAL   ERRORS   IN   THE 
RADIODATING  OF  RECENT  SEDIMENTS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Lakes  Research  Branch. 
For  primary  bibliographic  entry  see  Field  2J. 
W90-06964 


DILUTION  MIXING  ESTIMATES  OF  TRACE 
METAL  CONCENTRATIONS  IN  SUSPENDED 
SEDIMENTS. 

Maryland  Univ.,  College  Park.  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  5A. 
W90-06966 


THEORETICAL  ANALYSIS  AND  METEORO- 
LOGICAL INTERPRETATION  OF  THE  ROLE 
OF  RAINDROP  SHAPE  ON  MICROWAVE  AT- 
TENUATION AND  PROPAGATION  PHASE 
SHIFTS:  IMPLICATION  FOR  THE  RADAR 
MEASUREMENT  OF  RAIN. 
Applied  Research  Corp.,  Landover,  MD. 
A.  R.  Jameson. 

Journal  of  Atmospheric  and  Oceanic  Technology 
JAOTES,  Vol.  6,  No.  1,  p  76-88,  February  1989. 
12  fig,  34  ref. 

Descriptors:  'Meteorological  data  collection,  'Po- 
larization, 'Radar,  'Rain,  'Rainfall  distribution, 
'Remote  sensing,  Microwave  attenuation,  Propa- 
gation phase  shift. 

In  rain,  radar  can  measure  various  powers  of  the 
drop  diameter  averaged  over  the  drop  size  distri- 
bution. These  averages  can  then  be  used  to  infer 
water  content  or  the  rainfall  rate  in  still  air.  Radar 
parameters  are  also  functions  of  the  shapes  of 
raindrops.  In  particular,  raindrop  shape  is  known 
to  affect  both  attenuation  and  propagation  phase 
shift  at  vertical  and  horizontal  linear  polarizations. 
While  the  effect  of  raindrop  shape  on  these  quanti- 
ties is  understood  qualitatively,  its  role  has  not 
previously  been  investigated  analytically.  In  this 
work,  raindrops  are  assumed  to  be  oblate  spheroids 
with  shapes  specified  by  an  axis  ratio  of  the  small- 
est to  largest  dimension.  The  impact  of  raindrop 
shape  is  evident  in  analytic  expressions  derived 
from  detailed  numerical  scattering  computations 
for  drops  from  0.01  to  0.6  cm  diameter  and  over  a 
range  of  axis  ratios.  These  experiments  reveal  how 
the  axis  ratio  can  produce  significant  differences  in 
attenuation  and  phase  shift  between  measurements 
at  horizontal  and  vertical  polarization  while  simul- 
taneously inducing  only  minor  perturbations  in 
these  qualities  at  each  polarization  separately. 
These  also  suggest  that  the  effect  of  raindrop 
shapes  on  attenuation  and  propagation  phase  shift 
can  be  removed  by  summing  the  rates  at  both 
vertical  and  horizontal  linear  polarizations.  For 
wavelength  greater  than  a  few  cm,  radars  do  not 
directly  measure  rain  water  content  or  rainfall  rate 
in  still  air.  Instead  these  quantities  can  only  be 
inferred  after  invoking  assumptions  about  the 
shapes  and  size  distribution  of  the  raindrops.  This 
study,  showed  the  rate  of  change  with  distance  of 
sum  of  propagation  phase  shifts  at  vertical  and 
horizontal  linear  polarization  to  be  directly  propor- 
tional to  the  liquid  water  content  for  radar  wave- 
lengths greater  than  2.2  cm.  Unfortunately,  while 
the  relation  between  the  rate  of  change  and  the 
rain  water  content  is  independent  of  the  drop  size 
distribution  and  raindrop  shapes,  the  rate  of  change 
cannot  be  measured.  For  wavelengths  greater  than 
two  cm,  radar  can  not  directly  measure  rainfall. 
Hence,  rain  water  content  and  the  rainfall  rate  in 
still  air  must  be  inferred  from  interpolations  among 
radar  observables.  The  best  estimates  of  rainfall  are 
most  likely  to  be  derived  using  a  combination  of 
many  different  polarization  and  attenuation  tech- 
niques. (Author's  abstract) 
W90-06967 


STEREORADAR  METEOROLOGY:  A  PROM- 
ISING TECHNIQUE  FOR  OBSERVATION  OF 
PRECIPITATION  FROM  A  MOBILE  PLAT- 
FORM. 


Centre  de  Recherches  en  Physique  de  PEnvironne- 

ment,  Issy-les-Moulineaux  (France). 

For  primary  bibliographic  entry  see  Field  2B. 

W90-06968 


MINISODAR  MEASUREMENTS  OF  RAIN. 

Centre   for   Environmental   Research,   Biological, 
Environmental,  and  Medical   Research  Division, 
Argonne  National  Laboratory,  Argonne,  Illinois. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-06969 


EVALUATION  OF  LIQUID  WATER  MEASUR- 
ING INSTRUMENTS  IN  COLD  CLOUDS  SAM- 
PLED DURING  FIRE. 

National  Center  for  Atmospheric  Research,  Boul- 
der, CO. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-06970 


COMPARISON  OF  SIMULATED  RAIN  RATES 
FROM  DISDROMETER  DATA  EMPLOYING 
POLARIMETRIC  RADAR  ALGORITHMS. 

National  Severe  Storms  Lab.,  Norman,  OK. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-06971 


DETERMINATION  OF  RAIN  INTENSITY 
FROM  DOPPLER  SPECTRA  OF  VERTICALLY 
SCANNING  RADAR. 

Telecommunications  Systems  Group,  Delft,  The 

Netherlands. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-06972 


EXPERIMENTAL  TESTS  OF  METHODS  FOR 
THE  MEASUREMENT  OF  RAINFALL  RATE 
USING  AN  AIRBORNE  DUAL-WAVELENGTH 
RADAR. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,   MD.   Goddard   Space  Flight  Center. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-06973 


SOIL  THERMAL  EMISSIVTTY  AS  AFFECTED 
BY  ITS  WATER  CONTENT  AND  SURFACE 
TREATMENT. 

Academia  Sinica,  Beijing  (China).  Inst,  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2G. 
W90-06984 


TALL  FESCUE  GROWTH  IN  GREENHOUSE, 
GROWTH  CHAMBER,  AND  FIELD  PLOTS 
AMENDED  WITH  SEWAGE  SLUDGE  COM- 
POST AND  FERTELIZER. 

Agricultural    Research    Service,    Beltsville,    MD. 

Soil-Microbial  System  Lab. 

For  primary  bibliographic  entry  see  Field  5E. 

W90-O6986 


EVALUATION  OF  METHODS  FOR  DETER- 
MINING THE  VERTICAL  DISTRIBUTION  OF 
HYDRAULIC  CONDUCTIVITY. 

Nevada  Univ.  System,  Reno.  Desert  Research  Inst. 
K.  Taylor,  S.  Wheatcraft,  J.  Hess,  J.  Hayworth, 
and  F.  Molz. 

Ground  Water  GRWAAP,  Vol.  28,  No.  1,  p  88-98, 
January /February  1990.  9  fig,  36  ref. 

Descriptors:  'Boreholes,  'Data  acquisition,  'Frac- 
ture permeability,  'Geologic  fractures,  'Ground- 
water movement,  'Hydraulic  conductivity,  'Pack- 
ers, 'Tracers,  Electrical  studies,  Fluid  mechanics, 
Geohydrology,  Geologic  formations,  Hydraulic 
properties,  Injection  wells,  Interstitial  water,  Per- 
formance evaluation,  Well  screens. 

Six  borehole  methods  for  determining  the  vertical 
distribution  of  hydraulic  conductivity  in  unconsoli- 
dated geologic  formations  were  evaluated.  Strad- 
dle packer  tests  are  inappropriate  if  there  is  a 
hydraulic  path  around  the  packer  on  the  outside  of 
the  well  screen.  Methods  based  on  grain-size  analy- 
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sis  fail  to  incorporate  the  influence  of  small-scale 
structure  and  packing.  Methods  based  on  relation- 
ships between  electrical  and  hydraulic  conductivi- 
ty require  special  conditions  and  are  site-specific 
and  formation-specific.  Borehole  effects  invalidate 
methods  based  on  the  natural  flow  of  fluid  through 
a  well  bore.  Stoneley  wave  attenuation  methods 
are  not  effective  in  unconsolidated  formations.  A 
single-well  electrical  tracer  test  is  effective,  but 
requires  the  injection  of  significant  volumes  of 
fluid.  (Author's  abstract) 
W9O-07018 

DEVELOPMENT  OF  A  SYSTEM  TO  ESTI- 
MATE EVAPOTRANSPIRATION  OVER  COM- 
PLEX TERRAIN  USING  LANDSAT  MSS,  ELE- 
VATION AND  METEOROLOGICAL  DATA. 

Tsukuba  Univ.  (Japan).  Science  Information  Proc- 
essing Center. 

For  primary  bibliographic  entry  see  Field  2D. 
W9O-07022 

IMPORTANCE  OF  BIOASSAY  VOLUME  IN 
TOXICITY  TESTS  USING  ALGAE  AND 
AQUATIC  INVERTEBRATES. 

Nova  Scotia  Agricultural  Coll.,  Truro.  Environ- 
mental Microbiology  Lab. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07029 

IN  VITRO  CYTOTOXICnTES  OF  INORGANIC 
LEAD  AND  DI  AND  TRIALKYL  LEAD  COM- 
POUNDS TO  FISH  CELLS. 

Rockefeller  Univ.,  New  York.  Lab.  Animal  Re- 
search Center. 

For  primary  bibliographic  entry  see  Field  3C 
W9O-O7034 

ESTIMATING  CLIMATIC-SCALE  PRECIPITA- 
TION FROM  SPACE:  A  REVIEW. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Washington,  DC.  Climate  Analysis  Center. 
P.  A.  Arkin,  and  P.  E.  Ardanuy. 
Journal  of  Climate  JLCLEL,  Vol.  2,  No.   11,  p 
1229-1238,  November  1989.  3  fig,  68  ref. 

Descriptors:  *Atmospheric  water,  'Climates, 
•Cloud  liquid  water,  *Precipitation,  'Rainfall, 
•Remote  sensing,  'Reviews,  'Satellite  technology, 
Climatology,  Clouds,  Weather. 


rainfall  analysis  system  is  proposed,  which  might 
incorporate  visible,   IR,  and  microwave  satellite 
data  together  with  conventional  observations  in  an 
algorithm.  (Author's  abstract) 
W90-07073 

HERBIVORES  AND  THE  SPATIAL  DISTRIBU- 
TION OF  THE  PHYTOPLANKTON:  II.  ESTI- 
MATING GRAZING  IN  PLANKTONIC  ENVI- 
RONMENTS. t  xru.  _ 
Brookhaven  National  Lab.,  Upton,  NY.  Oceano- 
graphic  Sciences  Div. 

For  primary  bibliographic  entry  see  Field  2L. 
W90-07097 


Measurement  of  climatic-scale  precipitation  (de- 
fined as  averages  over  ares  of  >  10,000  sq  km  and 
periods  fo  five  days  or  longer)  is  impractical  for 
many  areas  of  the  earth  without  the  use  of  space- 
based  observations.  The  history  of  satellite  rainfall 
estimation  schemes  is  reviewed,  as  well  as  the 
schemes'  application  to  climate  studies.  Two  ap- 
proaches,   direct    and    indirect,    have   dominated 
work  until  very  recently,  when  attempts  to  use 
more     integrated     techniques     began.     Indirect 
schemes,  primarily  based  on  visible  and  infrared 
(IR)  observations  of  the  characteristics  of  clouds, 
have  been  used  in  the  majority  of  such  studies. 
Direct  schemes,  such  as  those  that  use  microwave 
observations  of  raindrop-sized  hydrometeors,  have 
been  limited  by  a  relative  lack  of  the  required 
measurements.   A  large  number  of  studies  have 
used  datasets  not  originally  intended  as  precipita- 
tion estimates  at  all,  such  as  the  NOAA  outgoing 
longwave  radiation  data,  to  produce  estimates  of 
very  large  scale  rainfall.  Current  and  prospective 
attempts  to  overcome  some  of  the  difficulties  af- 
fecting climatic-scale  precipitation  estimation  are 
reviewed.  The  Global  Precipitation  Climatology 
Project  will  integrate  data  from  surface  observa- 
tions, geostationary  IR  sensors,  and  polar-orbiting 
microwave  and  IR  sensors  to  product  near-global 
analyses  of  monthly  rainfall.  The  proposed  Tropi- 
cal Rainfall  Measuring  Mission  will  use  a  single 
satellite  with  an  instrument  package  that  will  make 
visible,  IR,  and  microwave  radiometric  observa- 
tions. The  package  will  also  include  a  precipitation 
radar  Other  proposed  satellite  missions  and  inter- 
national   programs,    such   as   the   new   series   of 
NOAA  polar  orbiters  containing  Advanced  Micro- 
wave Sounding  Units,  and  their  contributions  to 
the  production  of  climatic-scale  precipitation  esti- 
mates, are  reviewed.  The  development  of  a  global 


NEW  TECHNOLOGIES  HELP  HOUSTON  IN- 
SPECT ITS  SEWERS. 

Houston  Dept.  of  Public  Works,  TX. 

For  primary  bibliographic  entry  see  Field   5D. 

W90-07105 

INFILTRATION  IN  SATURATED  SWELLING 
SODLS  AND  SLURRIES:  EXACT  SOLUTIONS 
FOR  CONSTANT  SUPPLY  RATE. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Envi- 
ronmental Mechanics. 

For  primary  bibliographic  entry  see  Field  2G. 
W90-07107 

RESPONSE  OF  FRESHWATER  ALGA  SCEN- 
EDESMUS  TO  TRIAZINE  HERBICIDES. 

National  Research  Centre,  Cairo  (Egypt).  Water 

Pollution  Control  Lab. 

For  primary  bibliographic  entry  see  Field  3l_. 

W90-07128 

ACCUMULATION  OF  COPPER  IN  CLARIAS 
ANGUILLARIS  L.  AND  OREOCHROMIS  NI- 
L.OTICUS  L. 

Ahmadu  Be'llo  Univ.,  Zaria  (Nigeria).  Dept.  of 

Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  5b. 

W90-07132 

SNOWFALL  CHEMISTRY  COLLECTOR  IN- 
TERCOMPARISON  TEST  (SCCTD. 

Argonne  National  Lab.,  IL.  Environmental  Re- 
search Div. 

D.  L.  Sisterson,  J.  D.  Shannon,  P.  H.  Daum,  P.  J. 
Klotz,  and  D.  J.  Luecken. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  48, 
No.  3/4,  p  477-488,  November  1989.  3  tab,  19  ref, 
append. 
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Ghent  Rijksuniversiteit  (Belgium).  Inst,  of  Animal 

Ecology. 

L.  Brendonck,  O.  M.  Ali,  D.  Claeys,  A.  El 

Moghraby,  and  H.  J.  Dumont. 

Hydrobiologia  HYDRB8,  Vol.  185,  No.  2,  p  145- 

151,  November  1989.  5  fig,  4  ref. 

Descriptors:  'Instrumentation,  'Lake  morphology, 
•Lakes,  'Lasers,  'Mapping,  'Rangefinders, 
'Remote  sensing,  Bathymetry,  Mountain  lakes, 
Springs,  Wells,  West  Sudan. 

The  LRF  104  is  a  lightweight,  yet  rugged  range- 
finder,  approximately  the  size  of  7  x  35  binoculars, 
weighing  less  than  1  kg.  It  is  an  Nd-Yag  laser 
system  with  a  range  capability  of  9995  m.  The 
instrument  uses  the  time  from  a  transmitted  laser 
pulse  to  receipt  of  reflected  light  from  a  target  to 
determine  a  distance,  which  is  read  directly  from  a 
digital  display.  The  instrument  has  a  constant  accu- 
racy of  maximum  +3  m/sigma,  across  its  entire 
range.  As  an  example  of  lake  mapping,  the  Malha 
crater  in  Darfur,  West  Sudan,  containing  a  lake, 
springs,  wells,  and  vegetation,  was  mapped.  The 
LRF  104  was  found  to  be  extremely  useful  in 
mapping  both  the  crater  and  lake  of  Malha.  The 
instrument  was  as  easy  to  operate  as  to  carry. 
Furthermore,  a  type  provided  with  a  built-in  goni- 
ometer and  north-seeker  also  exists.  In  principle, 
this  should  make  measuring  even  less  time-consum- 
ing, but  the  fact  that  it  is  heavier,  bigger  in  size, 
and  more  expensive,  makes  the  LRF  104  more 
attractive  as  field  equipment,  especially  in  moun- 
tains, semi-isolated  regions,  and  special  environ- 
ments such  as  caves,  archeological  sites,  and  nature 
parks  of  moderate  dimensions.  (Mertz-PTT) 
W90-07154 


Descriptors:  'Acid  rain,  'Instrumentation,  'Pre- 
cipitation samplers,  'Sampling,  'Snow  samplers, 
•Snow  sampling,  'Water  chemistry,  'Water  depth, 
Chemical  composition,  Chemistry  of  precipitation, 
Comparison  studies,  Hydrogen  ion  concentration, 
New  York,  Sulfates. 

The  Snowfall  Chemistry  Collector  Intercompari- 
son  Test  (SCCIT)  took  place  as  part  of  a  field 
experiment  of  the  Processing  of  Emissions  by 
Clouds  and  Precipitation  (PRECP)  program 
during  January  and  February  1986  in  western  New 
York  SCCIT  compared  the  chemical  composition 
and  equivalent  water  depth  of  snow  collected  with 
a  large  bag-lined  can  (used  by  the  PRECP  commu- 
nity for  a  concurrent  surface  snowfall  network); 
the  most  widely  used  wet/dry  collector;  an  aero- 
dynamically  designed,  heated,  funnel  and  bottle 
system;  and  a  large  plastic  sheet.  The  aerodynami- 
cally  designed  system  had  significantly  higher  con- 
centrations of  analytes  than  the  other  systems,  par- 
ticularly hydrogen  ions  and  sulfate  ions,  apparently 
because  of  evaporative  losses.  Samples  from  the 
bag-lined  can  were  more  acidic  than  those  from 
the  automatic  wet/dry  collector.  The  aerodynami- 
cally  designed  system  and  the  bag-lined  can  indi- 
cated greater  snow  amounts  than  the  other  meth- 
ods. (Author's  abstract) 
W90-07133 


RAPID  LAKE  MAPPING  USING  A  PORTABLE 
LASER  RANGEFTNDER. 


SIDE-SCAN  SONAR  MAPPING  OF  LAKE 
TROUT  SPAWNING  HABITAT  IN  NORTHERN 
LAKE  MICHIGAN. 

National  Fisheries  Research  Center-Great  Lakes, 

Ann  Arbor,  MI. 

T.  A.  Edsall,  T.  P.  Poe,  R.  T.  Nester,  and  C.  L. 

Brown. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,  Vol.  9,  No.  3,  p  269-279,  Summer  1989. 

10  fig,  30  ref. 

Descriptors:  'Aquatic  habitats,  'Great  Lakes, 
'Mapping,  'Sonar,  'Subsurface  mapping,  'Trout, 
Fish  establishment,  Fish  management,  Fish  stock- 
ing, Lakes,  Substrates. 

Native  stocks  of  lake  trout  Salvelinum  namaycush 
were  virtually  or  completely  extirpated  from  the 
lower  four  Great  Lakes  by  the  early  1960s.  The 
failure  of  early  attempts  to  reestablish  self-sustain- 
ing populations  of  lake  trout  was  attributed  partly 
to  the  practice  of  stocking  hatchery-reared  juve- 
niles at  locations  and  over  substrates  that  had  not 
been  used  in  the  past  for  spawning  by  native  fish. 
Subsequent  attempts  to  improve  the  selection  ot 
stocking  locations  were  impeded  by  the  lack  ot 
reliable   information  on   the   distribution   of  sub- 
strates on  historical  spawning  grounds.  A  study 
was  conducted  to  demonstrate  the  potential  ot 
side-scan  sonar  to  substantially  expand  the  data 
base  needed  to  pinpoint  the  location  of  substrates 
where  lake  trout  eggs,  fry,  or  juveniles  could  be 
stocked  to  maximize  survival  and  help  ensure  that 
survivors   returning   to   spawn   would   encounter 
suitable  substrates.  Side-scan  sonar  mapping  was 
conducted  in  1984  with  an  EG  &  G  model  SMS 
960  microprocessor,  a  model  272  100-kHz  towfish, 
and  a  model  9000  magnetic  tape  deck.  In  1985,  the 
more  advanced  EG  &  G  model  260  microproces- 
sor, a  model  272-T  100-kHz  towfish  equipped  with 
time-varied  gain,  and  a  model  360  digital  tape  deck 
was  used.  Both  systems  directed  an  acoustic  beam 
from  the  towfish  to  the  lake  bed;  the  acoustic 
signal  returning  from  the  lake  bed  was  receivedand 
amplified  by  the  towfish  and  transmitted  to  the 
microprocessor,  where  it  was  converted  into  a 
continuous  strip-chart   record  on  which  surficial 
lake-bed  features  were  shown  in  the  planar  view. 
The  substrates  and  bathymetry  of  large  areas  on 
historical  lake  trout  spawning  grounds  in  the  Fox 
Island   Lake  Trout  Sanctuary  in   northern  Lake 
Michigan  were  evaluated.  It  was  found  that  these 
areas  could  be  used  to  support  a  contemporary 
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self-sustaining  lake  trout  population  in  the  sanctu- 
ary and  perhaps  also  in  adjacent  waters.  (Mertz- 
PTT) 

W9O-07179 


EFFECTS  OF  WATER  TEMPERATURE  ON 
THE  MORTALITY  OF  FIELD-COLLECTED 
FISH  MARKED  WITH  FLUORESCENT  PIG- 
MENT. 

National   Fisheries  Research  Center,   La  Crosse, 

WI. 

L.  E.  Holland-Bartels,  M.  R.  Dewey,  and  S.  J. 

Zigler. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,  Vol.  9,  No.  3,  p  341-344,  Summer  1989. 

2  tab,  10  ref. 

Descriptors:  *Data  collections,  *Field  tests,  •Fish- 
kill,  *Minnow,  *On-site  investigations,  •Tempera- 
ture effects,  •Water  temperature,  Centrarchids, 
Fluorescent  pigments,  Percids,  Rivers. 

The  cumulative  effects  of  collection,  handling,  and 
marking  with  fluorescent  pigment  on  the  mortality 
of  adult  minnows,  young-of-the-year  centrarchids, 
and  large  contrarchids  and  percids  was  determined 
at  five  water  temperatures  (10-20.6  C)  in  field 
trials.  There  have  been  few  field  trials  of  this  type. 
The  mortality  of  centrarchids  and  percids  was 
directly  related  to  temperature  and  decreased  no- 
ticeably when  the  temperature  was  below  19.5  C. 
The  mortality  of  minnows  decreased  somewhat  as 
river  temperatures  cooled  but  was  always  at  least 
50%.  Variation  was  high  in  the  temperature-relat- 
ed patterns  of  mortality  in  different  taxa  and  sizes 
of  fish.  This  variation  complicates  the  accuracy 
and  usefulness  of  pigment  in  marking  field-collect- 
ed fish  for  mark-recapture  studies  in  warmwater 
systems.  (Author's  abstract) 
W90-07183 


SPLIT-STEP    FOURTER    ALGORITHM    FOR 
WATER  WAVES. 

Delaware  Univ.,  Newark.  Ocean  Engineering  Pro- 
gram. 

For  primary  bibliographic  entry  see  Field  8B. 
W9O-072O0 


APPLICATION  OF  BIOASSAY  TECHNIQUES 
TO  WATER  POLLUTION  PROBLEMS--THE 
UNITED  KINGDOM  EXPERTENCE. 

Clyde    River    Purification   Board,    East   Kilbride 

(Scotland). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07254 


FUNCTIONAL  BIOASSAYS  UnLIZTNG  ZOO- 
PLANKTON:  A  COMPARISON. 

Minnesota  Univ.,  Minneapolis.  Dept.  of  Ecology 

and  Behavioral  Biology. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07257 


ROUND  ROBIN  TESTING  WITH  THE  SELEN- 
ASTRUM  CAPRICORNUTUM  MICROPLATE 
TOXICITY  ASSAY. 

Department    of    the    Environment,     Sainte-Foy 

(Quebec). 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07272 


METHOD  FOR  STUDYING  THE  IMPACT  OF 
POLLUTED  MARINE  SEDIMENTS  ON  IN- 
TERTTDAL  COLONISING  ORGANISMS; 
TESTS  WITH  DIESEL-BASED  DRILLING 
MUD  AND  TRTBUTYLTTN  ANTIFOULING 
PAINT. 

Ministry  of  Agriculture,  Fisheries  and  Food,  Burn- 
ham  on  Crouch  (England).  Fisheries  Lab. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07295 


SCOPE  FOR  GROWTH  IN  GAMMARUS 
PULEX,  A  FRESHWATER  BENTHIC  DETRITI- 
VORE. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 


Plant  Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07298 


FEEDING    AND   NUTRITIONAL   CONSIDER- 
ATIONS IN  AQUATIC  TOXICOLOGY. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07299 


IMPROVED  ELUTRIATION  TECHNIQUE 
FOR  THE  BIOASSESSMENT  OF  SEDIMENT 
CONTAMINANTS. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07309 


SORPTION  AND  TRANSPORT  OF  PESTI- 
CIDES IN  GROUND  WATER:  CRITICAL 
REVIEW. 

Oklahoma  Univ.,  Norman.  School  of  Civil  Engi- 
neering and  Environmental  Science. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07315 


VALIDATING  GLEAMS  WITH  FIELD  DATA 
FOR  FENAMIPHOS  AND  ITS  METABOLITES. 

Agricultural  Research  Service,  Tifton,  GA.  South- 
east Watershed  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W9O-07317 


SYSTEMATIC  PROCEDURE  FOR  EVALUAT- 
ING PARTIAL  AREAS  OF  WATERSHED 
RUNOFF. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-07321 


VARIABLE-RATE  PUMPING  TESTS  FOR  RA- 
DIALLY SYMMETRIC  NONUNIFORM 
AQUIFERS. 

Kansas  State  Geological  Survey,  Lawrence. 

J.  J.  Butler,  and  C.  D  McElwee. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  2,  p  291-306,  February  1990.  16  fig,  4  tab,  13 

ref,  2  append. 

Descriptors:  'Aquifers,  *Data  acquisition, 
•Groundwater  movement,  'Pumping  tests,  Predic- 
tion, Sensitivity  analysis,  Spatial  distribution,  Vari- 
ability. 

Conventional  pumping  test  methodology  is  of  lim- 
ited effectiveness  in  defining  the  spatial  distribution 
of  aquifer  properties  because  of  the  nonuniqueness 
of  the  parameter  estimates.  Sensitivity  analysis  can 
be  used  to  develop  a  pumping  test  procedure  that 
significantly  decreases  the  uncertainty  associated 
with  the  estimated  parameters.  This  approach  em- 
ploys systematic  variations  in  pumpage  rates  to 
achieve  reductions  in  parameter  uncertainty.  These 
reductions  are  obtained  by  increasing  the  sensitivi- 
ty of  drawdown  to  flow  properties  while  simulta- 
neously constraining  the  growth  in  the  correlation 
between  the  effects  of  different  flow  properties  on 
observation  well  drawdown.  Numerical  experi- 
ments demonstrated  the  importance  of  the  magni- 
tude and  frequency  of  rate  variations,  the  spatial 
and  temporal  pattern  of  data  collection,  and  the 
dependence  of  the  technique  on  the  total  duration 
of  the  pumping  test.  Significant  decreases  in  pa- 
rameter uncertainty  can  be  expected  in  any  flow 
system  in  which  the  primary  component  of  flow  is 
in  the  radial  direction.  The  present  study  demon- 
strates that  sensitivity  analysis  can  be  an  important 
tool  in  the  development  of  methodology  for  the 
characterization  of  subsurface  properties.  (Au- 
thor's abstract) 
W90-O7358 


COLD    WATER    INJECTION    INTO    SINGLE- 
AND    TWO-PHASE    GEOTHERMAL    RESER- 

vonts. 

S-Cubed.  La  Jolla,  CA. 


For  primary  bibliographic  entry  see  Field  2F. 
W90-07361 


SAMPLING  BIAS  CAUSED  BY  MATERIALS 
USED  TO  MONITOR  HALOCARBONS  IN 
GROUNDWATER. 

Waterloo  Univ.  (Ontario).  Dept.  of  Earth  Sciences. 
For  primary  bibliographic  entry  see  Field  5A. 

W90-07368 


STRUCTURAL  STUDIES  OF  MARINE  AND  RI- 
VERINE HUMIC  MATTER  BY  CHEMICAL 
DEGRADATION. 

Hamburg  Univ.  (Germany,  F.R.).  Geologisch-Pa- 
laeontologisches  Inst,  und  Museum. 
W.  Michaelis,  H.  H.  Richnow,  and  A.  Jenisch. 
Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  41-50,  June   1989.  6  fig,   1   tab,  23  ref. 

Descriptors:  *Chemical  analysis,  *Chemical  degra- 
dation, 'Humic  substances,  "Organic  carbon, 
•Water  analysis,  Deuterium,  Hydrocarbons,  Or- 
ganic compounds,  Polymers,  Separation  tech- 
niques. 

Selective  chemical  degradations  of  humic  sub- 
stances from  riverine  and  marine  waters  with  non- 
oxidative  reagents  have  revealed  high  amounts  of 
low-molecular  weight  soluble  material.  Low  tem- 
perature, low  pressure  catalytic  hydrogenation  re- 
leases considerable  amounts  of  soluble  products 
from  high  molecular  weight  material  of  geological 
origin  while  leaving  carbon-carbon  bonds  un- 
cleaved  providing  structurally  unaltered  moieties. 
A  second  reaction  sequence  cleaves  ether  and  ester 
bonds  by  iodotrimethylsilane.  Integral  parts  of  bio- 
polymers  can  be  traced  as  building  blocks  of  humic 
substances.  Degradations  performed  with  deuteri- 
um instead  of  hydrogen  demonstrate  characteristic 
deuterium  incorporation  into  the  degradation 
products.  When  deuterium  tracers  are  used,  bond- 
ing sites  by  which  the  biological  precursor  com- 
pounds are  attached  to  the  humic  substance  matrix 
can  be  determined.  The  amount  of  phenols  re- 
leased from  terrestrial  and  riverine  humic  sub- 
stances are  10  to  15  times  higher  than  from  the 
open  ocean  environment.  The  marine  humic  matter 
released  mainly  methylphenols  indicating  a  signifi- 
cant phenol  contribution  from  sources  other  than 
lignin.  The  hydrocarbons  obtained  from  hydrogen- 
olysis  of  humic  acids  from  a  Tertiary  lignite,  the 
River  Elbe  and  the  Northern  Arabian  Sea  show 
different  alkane  distributions.  (Geiger-PTT) 
W90-07369 


PY-GC-MS  ANALYSIS  OF  ORGANIC  MATTER 
IN  SUSPENDED  MATERIAL  AND  DEPOSITS 
OF  THE  SUB-MARINE  DELTA  OF  THE 
RHONE  RIVER  (FRANCE). 

Instituto  Quimico  de   Sarria,   Barcelona  (Spain). 

Dept.  Quimica  Analitica. 

A.  Puigbo,  F.  Gadel,  J.  M.  Alcaniz,  and  L. 

Cornelias. 

Science  of  the  Total  Environment  STENDL,  Vol. 

81/82,  p  71-80,  June   1989.   5  fig,  2  tab,  9  ref. 

Descriptors:  *Chemical  analysis,  *Gas  chromatog- 
raphy, 'Mass  spectrometry,  •Organic  matter,  *Py- 
rolysis,  'Suspended  solids,  *Water  analysis,  Aro- 
matic compounds,  Deltas,  France,  Fulvic  acids, 
Humic  acids,  Marine  sediments,  Phenols,  Poly- 
mers, Rhone  River,  Runoff. 

A  pyrolysis-gas  chromatography-mass  spectrome- 
try technique  was  applied  to  the  study  of  suspend- 
ed material,  trap  sediment  material,  deposits  and 
humic  compounds  in  the  northwest  Mediterranean 
Sea  (Gulf  of  Lions-Ecomarge  Program).  In  the 
Rhone  delta  the  nature  of  suspended  material  de- 
pends on  depth  and  river  regime.  Off  the  river 
mouth,  an  increase  in  nitrogenous  compounds  and 
aromatic  hydrocarbons  is  observed  in  the  pyro- 
grams  of  suspended  materia]  and  deposits.  The 
decrease  of  phenolics  can  be  related  to  diminishing 
terrestrial  runoff.  Fulvic  acids  are  enriched  in  ni- 
trogenous compounds  and  carbohydrates.  Humic 
acids  concentrate  phenolic  and  aromatic  hydrocar- 
bons. On  the  Catalonian  coast  the  higher  rate  of 
nitrogenous  substances  in  offshore  sediments  is  ex- 
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plained  by  outer  sampling  location.  Aromatic  hy- 
drocarbons are  less  abundant  indicating   fresher 
organic  matter  than  the  more  evolved  material  of 
the  Rhone  river.  (Author's  abstract) 
W9O-07370 


TIES  BETWEEN  THE  IHSS  NORDIC  FULVIC 
ACID  AND  WHOLE  WATER  HUMIC  SUB- 
STANCES. „,  .,  , 
National  Inst,  of  Public  Health,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  2K. 
W90-07382 


MAJOR  AND  TRACE  ELEMENTS  IN  STAND- 
ARD AND  REFERENCE  SAMPLES  OF 
AQUATIC  HUMIC  SUBSTANCES  DETER- 
MINED BY  INSTRUMENTAL  NEUTRON  AC- 
TIVATION ANALYSIS  (INAA). 
National  Inst,  of  Public  Health,  Oslo  (Norway). 
G.  Riise,  and  B.  Salbu.  «_».««    ,,  , 

Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  137-142,  June  1989.  3  fig,  1  tab,  6  ref. 

Descriptors:  'Fulvic  acids,  'Humic  acids,  *Humic 
substances,  'Neutron  activation  analysis,  Dissolved 
solids,  Mercury,  Organic  carbon,  Silver,  Trace  ele- 
ments. 

Major  and  trace  elements  in  four  standard  and 
reference  samples  of  aquatic  humic  substances  (Su- 
wannee River  fulvic  acid,  Suwannee  River  humic 
acid,  Nordic  Reference  fulvic  acid  and  the  NIVA- 
Concentrate)  have  been  determined  using  instru- 
mental neutron  activation  analysis  (INAA).  The 
NTVA-Concentrate  is  isolated  by  low  pressure  and 
low  temperature  evaporation  and  includes  all  dis- 
solved non-volatile  carbon  present  in  the  water. 
The  other  three  humic  samples  are  isolated  accord- 
ing to  the  IHSS  standard  methods  and  include 
approximately  50%  of  the  dissolved  organic 
carbon  present  in  the  water.  Due  to  the  isolation 
method  the  NIVA-Concentrate  contains  both  the 
highest  concentrations  and  the  highest  number  of 
elements.  Except  for  high  levels  of  Ag  and  Hg  in 
Suwannee  River  humic  acid,  there  seems  to  be 
only  minor  differences  between  the  different  sam- 
ples of  aquatic  humic  substances  isolated  according 
to  the  IHSS  standard  method.  (Author's  abstract) 
W90-O7371 

SPECTROSCOPIC     AND     COMPOSITIONAL 

COMPARATD/E     CHARACTERIZATION     OF 

ULSJS.      REFERENCE      AND      STANDARD 

FULVIC  AND  HUMIC  ACIDS  OF  VARIOUS 

ORIGIN. 

Bari  Univ.  (Italy)-  Ist  di  Chimica  Agrana. 

N.  Senesi,  T.  M.  Miano,  M.  R.  Provenzano,  and  G. 

Brunetti.  „^t-vitm    ,,  i 

Science  of  the  Total  Environment  STENDL,  vol. 
81/82,  p  143-156,  June  1989.  8  fig,  1  tab,  20  ref. 

Descriptors:  'Chemical  analysis,  'Fulvic  acids, 
•Humic  acids,  'Organic  acids,  'Spectroscopy, 
•Water  analysis,  Aromatic  compounds,  Organic 
carbon,  Organic  compounds,  Oxygen,  Pollutant 
identification. 

Eleven  standard  and  reference  fulvic  acids  and 
humic  acids  of  aquatic  and  terrestrial  origin  from 
the  collection  of  the  International  Humic  Sub- 
stances Society  have  been  studied  by  chemical  and 
spectroscopic  methods.  Aquatic  humic  acids 
appear  richer  in  oxygen  and  lower  in  carbon  than 
terrestrial  humic  acids,  while  the  opposite  is  gener- 
ally true  for  the  corresponding  fulvic  acids.  The 
nitrogen  content  of  aquatic  samples  is  always  much 
lower,  and  C/N  ratio  and  ratios  of  absorbance  at 
465  and  665  nanometers  much  higher  than  those  of 
terrestrial  samples.  The  infrared  spectra  of  all  sam- 
ples but  soil  humic  acids  are  qualitatively  similar 
one  to  another,  but  they  differ  mainly  in  the  rela- 
tive intensity  of  carboxyl,  aromatic  and  aliphatic 
group  bands.  Fluorescence  of  terrestrial  humic 
acids  occurs  at  higher  wavelengths  than  terrestrial 
fulvic  acids  and  aquatic  humic  acids  and  fulvic 
acids  in  both  emission  and  excitation  modes,  while 
synchronous-scan  spectra  appear  more  resolved 
and  informative.  Electron  spin  resonance  spectra 
are  featured  by  resonances  consistent  with  conju- 
gated semiquinone  free  radicals  and  Fe(IH)  ions, 
the  latter  resonance  being  generally  more  intense 
for  terrestrial  than  for  aquatic  samples.  (Author  s 
abstract) 
W90-07372 

COMPARISON    OF    MOLECULAR    WEIGHT 
DISTRIBUTION   AND   ACID/BASE  PROPER- 


ANALYSIS  OF  HUMIC  AND  LIGNIN  COM- 
POUNDS IN  THE  NORTHERN  BALTIC  SEA. 

National  Board  of  Waters,  Helsinki  (Finland). 
I.  Maekinen,  and  E.  L.  Poutanen. 
Science  of  the  Total  Environment  STENDL,  Vol. 
81/82,  p  329-334,  June  1989.  2  fig,  2  tab,  5  ref. 

Descriptors:  'Baltic  Sea,  'Chemical  analysis,  'Flu- 
orescence, 'Humic  substances,  'Lignin,  'Pollutant 
identification,  'Pulp  wastes,  'Water  analysis, 
Brackish  water,  Calcium,  Magnesium,  Organic 
matter. 

The  use  of  synchronous  fluorescence  spectra  for 
distinguishing  natural  fluorescence  from  the  fluo- 
rescence caused  by  the  organic  discharges  of  lignin 
compounds  in  brackish  water  was  investigated  in 
water  samples  from  the  northern  Baltic  Sea.  Water 
samples  were  collected  from  areas  with  a  load  of 
natural  organic  matter,  as  well  as  water  from  areas 
affected  by  waste  discharge  from  pulp  mills.  An 
offset  of  80  nanometers  between  the  excitation  and 
emission  wavelengths  was  the  most  suitable  for 
producing  spectra  with  intensity  maxima  for  lignin 
and  humic  compounds.  The  concentrations  of  Ca 
and  Mg  ions  in  brackish  waters  had  only  a  slight 
effect  on  the  natural  fluorescence.  The  intensity 
values  at  286  and  341  nanometers  were  recorded, 
respectively,  for  estimating  the  amounts  of  lignin 
and  humic  compounds.  The  amounts  of  lignin  and 
humic  compounds  were  calculated  by  a  dual  wave- 
length procedure.  Spectra  with  intensity  maxima 
for  lignin  and  fulvic  acid  were  in  the  excitation 
region  260-450  nanometers.  The  concentration  of 
lignin  compounds  in  the  Gulf  of  Bothnia  ranged 
from  1.1  to  2.3  mg/L.  However,  in  the  coastal 
areas  close  to  pulp  and  paper  mills  very  high 
values  (5.0  mg/L)  were  occasionally  obtained.  The 
concentration  of  lignin  compounds  in  the  Gulf  of 
Finland  was  higher  than  in  the  Gulf  of  Bothnia, 
ranging  from  1.5  to  3.1  mg/L.  (Geiger-PTT) 
W90-07383 

MODELING  SOLUTE  TRANSPORT  IN  SOILS 
IN  THE  PRESENCE  OF  DISSOLVED  HUMIC 
SUBSTANCES. 

Institut   National   de   la   Recherche   Scientifique, 

Sainte-Foy  (Quebec). 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07401 

BACTERIAL  PRODUCTION  IN  FRESHWATER 
SEDIMENTS:  CELL  SPECIFIC  VERSUS 
SYSTEM  MEASURES. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Wilmington, 
DE.   Central   Research  and  Development  Dept. 
For  primary  bibliographic  entry  see  Field  2H. 
W90-07410 

NITROGEN  ANALYSES  IN  EUTROPHIC  AL- 
KALINE AND  PEATY  WATERS:  A  COMPARI- 
SON OF  DIFFERENT  METHODS  TO  ANA- 
LYSE AMMONIA-NITROGEN. 

Limnologisch  Inst.,  Oosterzee  (Netherlands).  Tjeu- 
kemeer  Lab. 

H  A.  Kramer,  J.  R.  Moed,  and  H.  de  Haan. 
Water  Research  WATRAG,  Vol.  24,  No.  2,  p  221- 
224,  February  1990.  3  fig,  1  tab,  17  ref. 

Descriptors:  'Ammonia,  'Eutrophic  lakes,  'Lim- 
nology, 'Peat,  'Water  analysis,  Aluminum  oxide, 
Ammonia  oxidation,  Comparison  studies,  Gluta- 
mate  dehydrogenase,  Organic  nitrogen,  Salicylate, 
The  Netherlands. 


Data  Acquisition — Group  7B 

tion  or  ammonia  oxidation  to  nitrite,  the  peaty 
samples-filtered  and  buffered  at  pH  6.5  to  avoid 
ammonia  losses-were  led  through  an  aluminum 
oxide-column  of  the  same  pH  to  remove  interfer- 
ing substances.  In  this  way  the  results  of  the  salicy- 
late method  fitted  best  with  those  of  the  specific 
enzymatic  method.  The  aluminum  oxide  treatment 
also  makes  the  salicylate  method  applicable  to  eu- 
trophic and  humic  water  containing  high  concen- 
trations of  organic  nitrogen.  (Author's  abstract) 
W90-07424 


Because  of  problems  of  ammonia  determination  in 
eutrophic  and  peaty  Lake  Tjeukemeer,  The  Neth- 
erlands, different  methods  of  analysis-(a)  the  salic- 
ylate method;  (b)  the  classic  distillation  procedure 
at  alkaline  pH;  (c)  the  method  of  oxidizing  ammo- 
nia to  nitrite;  and  (d)  the  glutamate  dehydrogenase 
method-were  compared.  Prior  to  salicylate  addi- 


DRUM  CENTRIFUGATION  MODELLING  OF 
LONG  TERM  POLLUTANT  MIGRATION 
THROUGH  A  SOIL  LAYER. 

Cambridge  Univ.  (England).  Dept.  of  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07465 

EXTRACTION  OF  WATER  FROM  POROUS 
MEDIA,  ESPECIALLY  GYPSEOUS  MEDIA, 
FOR  ISOTOPIC  ANALYSIS. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

P.  H.  Woods. 

Technical  Memorandum  90/1,  January  1990.  48p, 

5  fig,  10  tab,  47  ref. 

Descriptors:  'Chemical  analysis,  'Distillation, 
•Isotope  studies,  'Laboratory  methods,  'Pore 
water,  'Porous  media,  'Separation  techniques, 
•Soil  water,  'Water  analysis,  Adsorption, 
Gypsum,  Hexane,  Kerosene. 

Azeotropic  distillation  is  a  robust  technique  for 
extracting  pore  water  from  porous  media  for  iso- 
topic  analysis.  Extensive  trials  show  that  the  use  of 
toluene  gives  best  results  for  water,  and  kerosene 
for  non-gypseous  porous  media,  with  accuracies  of 
about  1.5  and  0.2  per  million  for  delta-D  and  delta- 
18-0.  Errors  increase  at  low  soil  water  contents 
(high  matric  suction).  Kerosene  also  gives  repro- 
ducible results  for  the  extraction  of  the  water  of 
crystallization  from  dry  gypsum.  The  use  of 
hexane,  with  boiling  time  restricted  to  two  to  three 
hours,  provides  pore  water  from  gypseous  samples. 
The  distillate  is  biased  by  about  -3  and  -1.1  per 
million  with  an  accuracy  of  about  2  and  0.3  per 
million,  for  delta-D  and  delta- 18-0.  Other  methods 
used  to  extract  water  from  gypseous  samples  for 
analysis  of  the  isotopic  composition  of  pore  water 
gave  poor  results;  these  were  a  mass  balance  ap- 
proach, vacuum  distillation  at  room  temperature, 
and  adsorption  of  equilibrated  water  vapor  by  de- 
siccants  (molecular  sieve  3A,  alumina  and  silica 
gel).  (Author's  abstract) 
W90-07479 

USE  OF  ELECTROMAGNETIC  METHODS  IN 
GROUND-WATER  CONTAMINATION  STUD- 
IES: AN  APPLICATION  AT  THE  SANITARY 
LANDFILL,  FARMINGTON,  CONNECTICUT. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 
S.  J.  Grady. 

Connecticut  Water  Resources  Bulletin  No.  41, 
1989.  58p,  30  fig,  6  tab,  28  ref. 

Descriptors:  'Connecticut,  'Geophysical  methods, 
'Groundwater  pollution,  'Path  of  pollutants, 
'Sanitary  landfills,  'Waste  disposal,  Aquifers,  Con- 
ductivity, Electromagnetic  waves,  Groundwater 
quality,  Resistivity. 

Electromagnetic  methods  were  used  to  determine 
the  distribution  and  extent  of  groundwater  con- 
tamination at  a  sanitary  landfill  in  Farmington, 
Connecticut.  Very  low  frequency  terrain-resistivi- 
ty  and  inductive  terrain-conductivity  instruments 
defined  an  electrical  anomaly  in  the  principal 
stratified  drift  aquifer  at  the  landfill.  Water  quality 
data  confirmed  that  the  anomaly  represents  a 
plume  of  leachate  contaminated  groundwater.  Ap- 
parent terrain  conductivity  ranged  from  0.7  to  8 
millimhos/m  in  background  areas  to  33  millimhos/ 
m  in  the  plume.  Apparent  terrain  resisitivity 
ranged  from  300  to  950  ohm-meters  in  uncontamin- 
ated  areas  to  16  ohm-meters  in  the  plume.  Specific 
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conductance  of  groundwater  samples  from  23 
wells  ranged  from  115  to  1,820  microsiemens/cm. 
High  apparent  terrain-conductivity  zones  coincide 
with  areas  of  leachate-enriched  groundwater  with 
specific  conductance  >  1,000  microsiemens/cm. 
Fifteen  electromagnetic  surveys,  utilizing  the 
EM16R  terrain-resistivity  meter  and  the  EM  31  and 
EM34-3  terrain-conductivity  meters,  produced 
similar  results,  were  reproducible,  and  were  each 
completed  with  1  to  2  man  days  of  effort.  A  total 
of  44  man  days  were  expanded  for  preparation, 
completion,  and  interpretation  of  the  electromag- 
netic surveys.  This  time  compares  favorably  to 
methods  traditionally  employed  in  groundwater 
contamination  studies.  Apparent  terrain-conductiv- 
ity measurements  correlate  well  with  specific  con- 
ductance measurements.  The  66-ft,  vertical-dipole 
measurements  had  the  highest  correlation  and  indi- 
cated, for  that  particular  instrumental  configura- 
tion, that  a  1.0  millimhos/m  increase  in  the  appar- 
ent terrain  conductivity  corresponds  to  a  90-micro- 
siemens/cm  increase  in  the  specific  conductance  of 
groundwater.  Electromagnetic  techniques  used  in 
this  study  were  capable  of  detecting  the  plume 
when  the  apparent  terrain  conductivity  increased 
by  a  factor  of  2.0  over  average  background  levels 
and,  under  optimum  conditions,  by  a  factor  of  1.5 
over  average  background  levels.  This  detection 
limit  corresponds  to  an  increase  in  specific  con- 
ductance of  the  groundwater  by  about  135  micro- 
siemens/cm over  background  levels.  (Author's  ab- 
stract) 
W90-07488 


DETERMINATION  OF  HYDROGEN  CARBON- 
ATE IN  RAINWATER. 

Warren  Spring  Lab.,  Stevenage  (England). 
For  primary  bibliographic  entry  see  Field  2B. 
W90-07490 
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FACTORS  CONTROLLING  THROUGHFALL 
CHEMISTRY  IN  A  BALSAM  FTO  CANOPY:  A 
MODELING  APPROACH. 

New  York  Botanical  Garden,  Bronx,  NY.  Inst,  of 

Ecosystem  Studies. 

For  primary  bibliographic  entry  see  Field  2K. 

W90-06556 


METHOD  FOR  PREDICTION  OF  EXTENT  OF 
MICROBIAL  POLLUTION  OF  SEAWATER 
AND  CARRYING  CAPACITY  OF  BEACHES. 

Bogazici  Univ.,  Istanbul  (Turkey).  Dept.  of  Chemi- 
cal Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-06610 


NONPOINT  SOURCE  POLLUTION  RISK  AS- 
SESSMENT IN  A  WATERSHED  CONTEXT. 

East   Carolina   Univ.,   Greenville,   NC.    Dept.   of 

Geography  and  Planning. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06612 


SEMIQUANTITATIVE  X-RAY  DIFFRACTION 
METHOD  TO  DETERMINE  MINERAL  COM- 
POSITION IN  STREAM  SEDIMENTS  WITH 
SIMILAR  MINERALOGY. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-06625 


OBJECTIVE  ANALYSIS  OF  DAILY  RAINFALL 
BY  DISTANCE  WEIGHTING  SCHEMES  ON  A 
MESOSCALE  GRH). 

Atmospheric    Environment    Service,    Downsview 

(Ontario). 

For  primary  bibliographic  entry  see  Field  2B. 

W90-06655 


REFINEMENT   AND   TESTING   OF   A   LAKE 
WIND  WAVE  MODEL  ON  SEASONAL  DATA. 

Atmospheric    Environment    Service,    Downsview 


(Ontario). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06656 


EFFECT  OF  PHYSICAL  FACTORS  ON  THE 
VERTICAL  DISTRIBUTION  OF  PHYTO- 
PLANKTON  IN  EUTROPHIC  COASTAL 
WATERS. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  2L. 
W90-06660 


CONVERSION  OF  THE  DIGITAL  LAND  IN- 
FORMATION FILES  FOR  THE  PURPOSE  OF 
DRAWING  RIVER  BED  PROFILES. 

Tokyo  Univ.  (Japan). 

T.  Sugitani. 

Chigaku       Zasshi       (Journal       of      Geography) 

CGZAAL,  Vol.  98,  No.  4,  p  93-101,  1989.  5  fig,  2 

tab,  9  ref. 

Descriptors:  'Channel  morphology,  'Digital  map 
data,  'Geomorphology,  'Japan,  'Mapping,  'River 
beds,  'Stream  profiles,  Data  collections,  Geo- 
graphic information  systems,  Rivers. 

Among  the  Digital  Land  Information  files  orga- 
nized by  Geographical  Survey  Institute,  the  data 
of  river  systems  in  Japan  is  supplied  in  three  vol- 
umes of  relational  data  files.  A  concise  and  practi- 
cal data  set  was  made  from  those  files  for  the 
purpose  of  drawing  the  river  bed  profiles.  This 
data  set  is  self-defined,  and  has  the  control  infor- 
mation as  to  upstream/downstream  linkage,  the 
identifier  of  individual  river  system  and  the  value 
of  the  pseudo-'stream  order'.  The  generating  proc- 
ess was  performed  by  the  'reformer'  and  the 
'linker'.  The  reformer,  first  reconstructed  linkage 
data  of  the  file  through  the  selection  of  the  river- 
mouth  of  the  trunk.  The  linker  framed  the  logical 
river  systems  by  writing  the  pointers  on  each 
record,  and  masked  the  channels  which  should  be 
ignored.  Through  the  following  passes  of  the 
linker  operation,  the  individual  river  systems  were 
identified  and  the  'stream  orders'  were  calculated 
to  recognize  partial  river  systems.  A  sample  print- 
out utilizing  this  data  set  is  shown.  (Author's  ab- 
stract) 
W90-06661 


FORMALISM  FOR  COMPARING  RAIN  ESTI- 
MATION DESIGNS. 

Texas  A  and  M  Univ.,  College  Station.  Coll.  of 

Geosciences. 

G.  R.  North,  and  S.  Nakamoto. 

Journal  of  Atmospheric  and  Oceanic  Technology 

JAOTES,  Vol.   6,  No.   6,   p  985-992,   December 

1989.  7  fig,  19  ref. 

Descriptors:  'Data  interpretation,  'Estimating 
equations,  'Experimental  design,  'Rain,  'Rainfall 
rate,  Estimating,  Mathematical  equations,  Rain 
gages,  Satellite  technology,  Statistical  analysis. 

Space-time  averages  of  rain  rates  are  needed  in 
several  applications.  Nevertheless,  they  are  diffi- 
cult to  estimate  because  the  methods  invariably 
leave  gaps  in  the  measurements  in  space  or  time.  A 
formalism  is  developed  which  makes  use  of  the 
frequency-wavenumber  spectrum  of  the  rain  field. 
The  mean  square  error  of  the  estimate  is  expressed 
as  an  integral  over  frequency  and  two-dimensional 
wavenumber  of  an  integrand  consisting  of  two 
factors,  a  design-dependent-filter  multiplied  by  the 
space-time  spectrum  of  the  rain  rate  field.  Such  a 
formalism  helps  to  separate  the  design  issues  from 
the  peculiarities  of  rain  rate  random  fields.  Two 
cases  are  worked  out  in  detail:  a  low  orbiting 
satellite  which  takes  cell-wide  snapshots  at  discrete 
intervals  and  a  network  of  raingages  which  are 
gappy  in  space  but  continuous  in  time.  (Author's 
abstract) 
W90-06666 


COMPARISON  OF  SEVERAL  RADIOMETRIC 
METHODS  OF  DEDUCING  PATH-INTEGRAT- 
ED CLOUD  LIQUID  WATER. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Mete- 


orology. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-06667 


ESTIMATION  OF  RELEASES  INTO  RIVERS 
WITH  THE  STEADY-STATE  SURFACE 
WATER  MODEL  EXWAT  USING  DICHLORO- 
METHANE. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 

m.b.H.  Muenchen,  Neuherberg  (Germany,  F.R.). 

Projektgruppe         Umweltgefaehrdungsponteniale 

von  Chemikalien. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06791 


GENERATION  AND  PROPAGATION  OF  A 
NOCTURNAL  SQUALL  LINE.  PART  II:  NU- 
MERICAL SIMULATIONS. 

National  Center  for  Atmospheric  Research,  Boul- 
der, CO. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-06806 


REGIONAL  EXCEEDANCE  PROBABILITIES. 

Oslo  Univ.  (Norway).  Inst,  of  Geophysics. 

L.  Gottschalk. 

Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  4/5,  p 

201-241,  1989.  4  fig,  3  tab,  9  ref. 

Descriptors:  'Data  interpretation,  'Flood  frequen- 
cy,    'Flood     hydrographs,     Flood     forecasting, 

Norway. 

Construction  of  a  regional  flood  frequency  curve  is 
based,  as  a  rule,  on  fitting  this  curve  to  representa- 
tive quantiles.  In  a  regional  sample  of  floods  the 
probability  of  extreme  values  corresponding  to 
return  periods,  that  exceed  the  record  lengths,  is 
much  larger  than  that  of  individual  series,  used  to 
determine  the  representative  quantiles.  The  prob- 
abilities of  exceedance  of  regional  extremes  can  be 
calculated  straightforward  in  case  of  independent 
data,  applying  the  theory  of  order  statistics.  For 
regionally  dependent  data  one  can  define  an  equiv- 
alent number  of  independent  regional  series  and 
then  utilize  the  theory  for  independent  data.  This 
approach  is  exemplified  with  flood  data  from 
Norway.  (Author's  abstract) 
W90-06810 


UNCERTAINTY  IN  DAM  BREAK  FLOW  SIM- 
ULATION. 

Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 

of  Water  Resources  Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-06813 


ECONOMIC   EFFECTS   OF  RIVER   RECREA- 
TION ON  LOCAL  ECONOMIES. 

For  primary  bibliographic  entry  see  Field  6B. 
W90-O6822 


SOME  GENERAL  RESULTS  ON  THE  SEEP- 
AGE EXCLUSION  PROBLEM. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Envi- 
ronmental Mechanics. 

For  primary  bibliographic  entry  see  Field  2G. 
W90-06846 


ADVECnVE-DISPERSrVE  TRANSPORT  OF 
DENSE  ORGANIC  VAPORS  IN  THE  UNSATU- 
RATED ZONE.   1.  MODEL  DEVELOPMENT. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-06847 


ADVECTIVE-DISPERSrVE  TRANSPORT  OF 
DENSE  ORGANIC  VAPORS  IN  THE  UNSATU- 
RATED ZONE.  2.  SENSrnvrTY  ANALYSIS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 
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W90-06848 

COMPARISON  OF  REGIONAL  FLOOD  FRE- 
QUENCY ESTIMATION  METHODS  USING  A 
RESAMPLING  METHOD. 

Wisconsin  Univ.,  Madison.  Dept.  of  Civil  and  En- 
vironmental Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W9O-06850 

EFFECTS  OF  PARAMETER  UNCERTAINTY 
ON  LONG-TERM  SIMULATIONS  OF  LAKE 
ALKALINITY. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-O6855 

STOCHASTIC  INTERPOLATION  OF  RAIN- 
FALL DATA  FROM  RAIN  GAGES  AND 
RADAR  USING  COKRIGING:  1.  DESIGN  OF 
EXPERIMENTS. 

Utah  Water  Research  Lab.,  Logan. 

For  primary  bibliographic  entry  see  Field  2B. 

W9O-06856 

DDRECT  AND  BOUNDARY-ONLY  SOLU- 
TIONS OF  MULITLAYER  AQUD7ER  SYS- 
TEMS: PART  A.  STEADY  STATE-SOLUTION. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2K 

W90-06886 

STREAMFLOW  MODEL  USING  PHYSICAL- 
LY-BASED INSTANTANEOUS  UNIT  HYDRO- 
GRAPHS.  B  .  ,  ..... 
Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 
Engineering. 

For  primary  bibliographic  entry  see  Field  2fc. 
W90-06889 

INTEGRAL  METHOD  SOLUTION  FOR  DD7- 
FUSION  IN  A  SPHERICAL  BLOCK. 

Lawrence  Berkeley  Lab.,  CA.  Earth  Sciences  Div. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-06895 

USE  OF  TIME  SERIES  ANALYSIS  TO  DETECT 
CLIMATIC  CHANGE. 

National    Hydrology    Research    Inst.,    Saskatoon 

(Saskatchewan).    Hydrometeorological    Research 

Div. 

For  primary  bibliographic  entry  see  Field  2B. 

W9O-06898 

OPERATIONAL  GLS  MODEL  FOR  HYDRO- 
LOGIC  REGRESSION. 

Geological  Survey,  Reston,  VA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-O6902 

COMPUTER  AIDED  SPDLLWAY  DESIGN 
USING  THE  BOUNDARY  ELEMENT 
METHOD    AND    NON-LENEAR    PROGRAM- 

Technische  Hogeschool  Delft  (Netherlands). 
For  primary  bibliographic  entry  see  Field  8B. 
W90-06955 

ASSESSMENT  OF  THE  EFFECT  OF  URBAN 
DEVELOPMENT  ON  GROUNDWATER 
LEVELS  IN  A  CHALK  AQUTFER.  . 

University  Coll.,  Cardiff  (Wales).  School  of  Engi- 
neering. ..„ 
For  primary  bibliographic  entry  see  Field  4C. 
W9O-06962 

HYDROGEOCHEMICAL  ASSESSMENT  OF 
GROUNDWATER  QUALITY  IN  PARTS  OF 
THE  NIGER  DELTA,  NIGERIA. 


Port  Harcourt  Univ.  (Nigeria). 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06963 

ENVIRONMENTAL  INFLUENCE  OF  A  VOL- 
CANIC PLUME,  A  NEW  TECHNIQUE  OF 
STUDY,  MOUNT  ETNA,  SICILY. 

Luton  Coll.  of  Higher  Education  (England).  Dept. 

of  Science. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-06965 

THEORETICAL  ANALYSIS  AND  METEORO- 
LOGICAL INTERPRETATION  OF  THE  ROLE 
OF  RAINDROP  SHAPE  ON  MICROWAVE  AT- 
TENUATION   AND    PROPAGATION    PHASE 
SHIFTS:    IMPLICATION    FOR    THE    RADAR 
MEASUREMENT  OF  RAIN. 
Applied  Research  Corp.,  Landover,  MD. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-06967 

EVALUATION  OF  LIQUID  WATER  MEASUR- 
ING INSTRUMENTS  IN  COLD  CLOUDS  SAM- 
PLED DURING  FIRE. 

National  Center  for  Atmospheric  Research,  Boul- 
der, CO. 

For  primary  bibliographic  entry  see  Field  2B. 
W90-06970 

COMPARISON  OF  SIMULATED  RAIN  RATES 
FROM  DISDROMETER  DATA  EMPLOYING 
POLARIMETRIC  RADAR  ALGORITHMS. 

National  Severe  Storms  Lab.,  Norman,  OK. 
For  primary  bibliographic  entry  see  Field  2B. 
W90-06971 

DETERMINATION  OF  RAIN  INTENSITY 
FROM  DOPPLER  SPECTRA  OF  VERTICALLY 
SCANNING  RADAR. 

Telecommunications  Systems  Group,  Delft,  The 

Netherlands. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-06972 

INORGANIC  ALUMINIUM-HYDROGEN  ION 
RELATIONSHIPS  FOR  ACIDIFIED  STREAMS; 
THE  ROLE  OF  WATER  MIXING  PROCESSES. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06977 

NUMERICAL  STUDY  OF  THE  WARM  RAIN 
PROCESS  IN  OROGRAPHIC  CLOUDS. 

Wyoming  Univ.,  Laramie. 

For  primary  bibliographic  entry  see  Field  2B. 

W90-06981 

ESTIMATING  THE  SOIL  MOISTURE  RETEN- 
TION CHARACTERISTIC  FROM  TEXTURE, 
BULK  DENSITY,  AND  CARBON  CONTENT. 

Katholieke  Univ.  Leuven  (Belgium).  Lab.  of  Land 

Management. 

For  primary  bibliographic   entry   see   Field   2<j. 

W90-O6982 

EVALUATION  OF  SPATIAL  DISTRIBUTION 
OF  HYDRAULIC  CONDUCnVITY  USING  EF- 
FECTIVE POROSITY  DATA. 

Agricultural     Research     Service,     Durant,     OK. 
Water  Quality  and  Watershed  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-06983 


SUPERCOMPUTER  SIMULATION  OF  LIQUID 
DROP  FORMATION,  FALL,  AND  COLLISION. 

Texas  Univ.  at  Arlington.  Dept.  of  Mathematics. 
For  primary  bibliographic  entry  see  Field  1A. 
W90-07000 

LABORATORY  AND  NUMERICAL  INVESTI- 
GATION OF  SOLUTE  TRANSPORT  IN  DIS- 
CONTINUOUS FRACTURE  SYSTEMS. 

Newfoundland  Dept.  of  Environment  and  Lands, 

St.  John's. 

For  primary  bibliographic  entry  see  Field  3B. 

W90-07012 

VOLUME  ESTIMATION  OF  LIGHT  NONA- 
QUEOUS PHASE  LIQUIDS  IN  POROUS 
MEDIA. 

Kennedy/Jenks/Chilton,  Inc.,  San  Francisco,  CA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07014 

COMPATIBLE  SINGLE-PHASE/TWO-PHASE 
NUMERICAL  MODEL:  1.  MODELING  THE 
TRANSIENT  SALT-WATER/FRESHWATER 
INTERFACE  MOTION. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau     (France).     Centre     d'lnformation 

Geologique. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07017 

ANALYSIS  OF  AQUIFER  TESTS  CONDUCTED 
IN  FRACTURED  ROCK:  A  REVIEW  OF  THE 
PHYSICAL  BACKGROUND  AND  THE  DESIGN 
OF  A  COMPUTER  PROGRAM  FOR  GENER- 
ATING TYPE  CURVES. 
National  Water  Research  Inst.,  Burlington  (Ontar- 

For  primary  bibliographic  entry  see  Field  2F. 
W90-07019 

AUTOMATED  ANALYSIS  OF  PUMPING 
TESTS  IN  UNCONFINED  AQUD7ERS  OF 
SEMI-INFINITE  THICKNESS. 

Kuwait  Inst,  for  Scientific  Research,  Safat.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-07020 

PROBLEMS  OF  SNOWMELT  RUNOFF  MOD- 
ELLING FOR  A  VARIETY  OF  PHYSIOGRA- 
PHIC AND  CLIMATIC  CONDITIONS. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-07021 


CORRELATION   OF  SPATIALLY   VARIABLE 

SOIL  WATER  RETENTION  FOR  A  SURFACE 

SOIL.  _,  . 

Louisiana   State   Univ.,   Baton   Rouge.   Dept.   ot 

Agronomy. 

For  primary  bibliographic   entry   see  Field   20. 

W90-06985 


WATER  QUALITY  MODEL  FOR  THE  TIGRIS 
RTVER    DOWNSTREAM    OF    SADAM    DAM, 

Mosul    Univ.    (Iraq).    Saddam    Dam    Research 

Centre. 

M.  A.  Al-Layla,  and  H.  M.  Al-Rizzo 

Hydrological  Sciences  Journal  HSJODN,  Vol.  34, 

No.  6,  p  687-704,  December  1989.  14  fig,  1  tab,  19 

ref,  2  append. 

Descriptors:  *Dam  effects,  *Hydrologic  models, 
♦Iraq,  'Stream  pollution,  'Tigris  River,  'Water 
quality,  'Water  quality  standards,  Biological 
oxygen  demand,  Calibrations,  Coliforms,  Dis- 
solved oxygen,  Mathematical  studies,  Model  test- 
ing, Nitrification,  Phosphates,  Pollutants. 

A  mathematical  model  was  developed  and  calibrat- 
ed for  the  Tigris  River  downstream  of  Sadam 
Dam.  The  river  stretch  studied  is  75  km  long, 
extending  from  the  Sadam  Dam  to  Mosul  City. 
The  field  work  was  conducted  during  the  period 
from  July  to  September  1986.  Water  samples  were 
collected  bimonthly  from  specified  sampling 
points.  The  model  simulates  river  assimilation  ca- 
pacity for  a  variety  of  water  quality  parameters  by 
performing  the  numerical  solution  of  a  set  of  differ- 
ential equations  representing  the  aquatic  system 
under  steady  state  conditions.  The  model  contains 
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submodels  covering  the  quality  parameters,  deter- 
mination of  coefficients,  temperature  calibration 
and  a  hydraulic  submodel.  In  the  coefficient  sub- 
model, the  coefficients  of  BOD,  DO,  nitrification, 
phosphate  and  coliform  bacteria  are  calculated  and 
calibrated  according  the  stream  temperature  by  a 
formula  that  accounts  for  chemical  reaction  coeffi- 
cient and  a  given  temperature,  at  20  C,  and  a 
temperature  correction  factor.  These  submodels 
interact  together  with  the  main  model  to  simulate 
the  water  quality  parameters  of  the  river  Tigris.  To 
establish  the  validity  of  the  model  for  use  in  the 
stretch  of  the  Tigris  downstream  from  Sadam 
Dam,  coefficients  were  computed,  data  sets  were 
entered  and  model  output  was  obtained.  The  cali- 
bration process  was  based  on  the  field  data  ob- 
tained from  the  survey  work  done  in  the  study 
area.  Generally,  a  noticeable  increase  in  the  con- 
centrations of  water  quality  parameters  arising 
from  water  impoundment  were  observed.  A  good 
agreement  was  found  between  measured  and  simu- 
lated concentrations  of  water  quality  parameters 
such  as  phosphate,  coliform  bacteria,  BOD,  DO, 
and  nitrification.  However,  discrepancies  noticed 
during  model  calibration  were  attributed  to  the 
assumptions  adopted  in  the  model  formulation,  to 
lack  of  field  data,  and  to  exclusion  of  some  varia- 
bles in  the  model  building.  (Friedmann-PTT) 
W9O-O7025 


EFFECT  OF  HYDROMETEOROLOGICAL 
FACTORS  ON  SPREADING  OF  OIL  PROD- 
UCTS IN  RESERVOIRS. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07045 


MATHEMATICAL  MODEL  OF  THE  'DAM- 
FOUNDATION'  STATIC  SYSTEM  OF  THE 
KHUDONI  HYDROELECTRIC  STATION. 

For  primary  bibliographic  entry  see  Field  8E. 
W90-07046 


TURBULENCE  MEASUREMENTS  IN  MODEL 
SETTLING  TANK. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Hy- 

dromechanik. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-07064 


FIELD   PREDICTABILITY   OF   FLUME   AND 
WEIR  OPERATING  CONDITIONS. 

Agricultural    Research    Service,    Phoenix,    AZ. 

Water  Conservation  Lab. 

For  primary  bibliographic  entry  see  Field  8B. 

W90-07070 


TRANSMISSION  LOSSES  IN  ARID  REGION. 

Dames  and  Moore,  Sarasota,  FL. 

For  primary  bibliographic  entry  see  Field  2E. 

W9O-O7072 


EFFICIENT  HORIZONTAL  TWO-DIMEN- 
SIONAL HYDRODYNAMIC  MODEL. 

William  and  Mary  Coll.,  Gloucester  Point,  VA. 

Inst,  of  Marine  Science. 

J.  P.-Y.  Maa. 

Coastal  Engineering  COENDE,  Vol.  14,  No.  1,  p 

1-18,  February  1990.  9  fig,  1  tab,  25  ref. 

Descriptors:  *Estuaries,  'Hydrodynamics,  *James 
River,  'Mathematical  models,  'Model  studies, 
•Tidal  currents,  Accelerated  flow,  Atmospheric 
pressure,  Coriolis  force,  Friction,  Tidal  force, 
Wind  stress. 

An  efficient  numerical  model  is  applied  to  estimate 
the  detailed  tidal-current  fields  in  the  middle  reach 
of  the  James  River  near  Hog  Point,  Virginia.  This 
model  uses  an  economic  full  implicit  finite-differ- 
ence scheme  and  variable  grid  size  to  solve  the 
depth-averaged  equations  of  motion  and  the  conti- 
nuity equation.  Terms  of  atmospheric  pressure  gra- 
dient, wind  stresses,  tidal  force,  bottom  and  lateral 
friction,  Coriolis  force  and  convective  acceleration 
are  all  included.  Thus  this  model  can  be  used  to 
simulate  tidal  circulation,  storm  surge,  and  shear 
induced  flow.  A  variable  grid  system  was  used  to 


give  better  resolution  at  specified  subareas.  The 
governing  equations  and  numerical  scheme  are  rel- 
atively simple,  and  it  can  be  easily  maintained  and 
adopted  for  other  applications.  The  computing 
time  of  this  model  is  approximately  linear  propor- 
tional to  the  number  of  fluid  cells.  This  model  can 
be  run  on  a  personal  computer  with  sufficient 
efficiency.  (Author's  abstract) 
W90-07093 


NEED  FOR  COMPUTER-ASSISTED  HYDROG- 
RAPHY. 

E  and  S  Computer  Systems,  Inc.,  Sparta,  NJ. 
D.  Dykstra. 

Public  Works  PUWOAH,  Vol.  121,  No.  2,  p  43-44, 
February  1990.  1  fig. 

Descriptors:  'Computer  programs,  'Computer- 
aided  design,  'Hydrography,  'Land  development, 
•Runoff  forecasting,  'Stream  discharge,  Water 
law,  Water  resources  development. 

The  use  of  computers  and  software  geared  towards 
hydrography  has  only  become  common  during  the 
last  five  years.  Computer-assisted  hydrography  is 
becoming  a  necessity  because  of  the  ever-increas- 
ing emphasis  placed  by  local,  county,  state  and 
national  governments  on  improved  water  resource 
development.  Computer  assistance  is  useful  in  four 
types  of  hydrographical  analysis:  performing 
runoff  calculations  for  the  1-year,  2-year,  5-year, 
10-year,  50-year,  and  100-year  storms;  designing 
systems  for  the  retention  and  detention  of  water 
runoff  destined  to  leave  a  development  site;  creat- 
ing documentation  support,  using  water  profiling, 
for  obtaining  stream  encroachment  permits;  and 
compiling  an  equal  conveyance  chart  for  land  fill 
in  a  property's  100-year  storm  floodline.  The  soft- 
ware's ability  to  perform  complicated  computa- 
tions and  to  eliminate  errors  makes  computer-as- 
sisted hydrography  an  essential  part  of  hydrogra- 
phical engineering.  (Brunone-PTT) 
W90-07103 


ESTIMATING  UNSATURATED  HYDRAULIC 
CONDUCTIVITY  FROM  EASILY  MEASURED 
SOIL  PROPERTIES. 

Katholieke    Univ.    Leuven    (Belgium).    Lab.    for 

Land  Management. 

For  primary   bibliographic  entry  see   Field   2G 

W90-07106 


TRANSPORT  OF  NONSORBED  CHEMICALS 
IN  THE  SUBSURFACE  ENVIRONMENT:  PRO- 
POSED MODEL  WITH  EXPERIMENTAL  VER- 
IFICATION. 

Southern  Univ.,  Baton  Rouge,  LA.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07108 


MODELING  COASTAL  LANDSCAPE  DYNAM- 
ICS. 

Maryland  Univ.,  Solomons.  Chesapeake  Biological 

Lab. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-07136 


MODELLING  ECOLOGICAL  IMPACTS  OF 
THE  ACIDIFICATION  OF  WELSH  STREAMS: 
TEMPORAL  CHANGES  IN  THE  OCCUR- 
RENCE OF  MACROFLORA  AND  MACROIN- 
VERTEBRATES. 

University  Coll.,  Cardiff  (Wales).  Dept.  of  Applied 
Biology. 

N.  S.  Weatherley,  and  S.  J.  Ormerod. 
Hydrobiologia  HYDRB8,  Vol.  185,  No.  2,  p  163- 
174,  November  1989.  7  fig,  2  tab,  33  ref. 

Descriptors:  'Acid  rain  effects,  'Acid  streams, 
'Acidification,  'Computer  models,  'Forecasting, 
'Macroinvertebrates,  'Macrophytes,  'Model  stud- 
ies, 'Streams,  Acid  deposition,  Acid  water,  Conif- 
erous forests,  Ecological  effects,  Flora,  Hardness, 
Hydrochemical  models,  Hydrogen  ion  concentra- 
tion, Moorland,  Population  dynamics. 

Models  are  developed  which  predict  changes  in 
macrofloral  and  macroinvertebrate  assemblages  in 


response  to  surface  water  acidification.  Empirical 
relationships  between  assemblage  type  and  water 
chemistry  are  used  to  predict  the  probabilities  of 
species  occurrences  during  acidification,  as  re- 
created by  the  hydrochemical  model,  MAGIC. 
The  water  chemistry  of  two  streams  is  simulated 
between  1844  and  2124.  From  1958,  alternative 
scenarios  involved  either  moorland  or  conifer 
forest.  From  1984,  sulfate  deposition  was  either 
constant  or  reduced  by  50%.  Alternative  ecologi- 
cal models  driven  by  pH  or  total  hardness  are 
compared.  The  floral  model  showed  minor  differ- 
ences between  scenarios,  probabilities  of  species 
occurrence  changing  gradually  and  reaching  stable 
values  by  around  1964.  For  certain  invertebrate 
species  the  occurrence  probabilities  changed  rapid- 
ly over  relatively  short  periods,  for  example  in  the 
late  20th  century  under  moorland  with  constant 
deposition.  Reduced  sulfate  deposition  prevented 
decrease  of  acid  sensitive  species  in  moorland  sce- 
narios but  not  under  forest,  which  greatly  acceler- 
ated faunal  changes  irrespective  of  deposition  pat- 
tern. Differences  between  the  pH  and  hardness 
models  indicated  that  the  effects  of  these  param- 
eters should  be  separated  in  future  studies.  Where 
an  earlier  model  showed  only  step  changes  in 
invertebrate  assemblage  type,  this  new  approach 
can  model  more  precise  taxonomic  shifts  occurring 
with  acidification.  Such  changes  could  be  impor- 
tant to  conservation,  or  as  early  indicators  of  re- 
sponse to  pollution.  The  tentative  simulations  here 
suggest  that  large  taxonomic  changes  may  occur 
over  relatively  short  periods  during  acidification. 
(Author's  abstract) 
W90-07156 


ORGANIZATIONAL  AND  TECHNOLOGICAL 
MODELING  OF  WORKS  AT  CONSTRUCTION 
SITES  WITH  THE  USE  OF  PERSONAL  COM- 
PUTERS. 

V.  B.  Zadorov,  and  A.  M.  Nikol'skii. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  309-311,  1990.  Translated  from  Gidrotekh- 
nicheskoe  Stroitel'stvo,  No.  6,  p.  8-10,  June,  1989. 

Descriptors:  'Computer-aided  design,  'Comput- 
ers, 'Construction  methods,  'Management  plan- 
ning, 'Soviet  Union,  Computer  models,  Construc- 
tion. 

The  conversion  of  the  construction  industry  to 
operation  under  new  management  conditions,  the 
realization  of  planning  the  activities  of  construc- 
tion organizations  with  consideration  of  standard 
construction  times  and  determination  of  completed 
technological  stages  and  complexes  of  works  are 
imposing  increased  requirements  on  the  organiza- 
tional and  technical  preparation  of  construction 
works.  With  the  appearance  of  computer  centers 
and  automated  management  services,  many  of  the 
functions  of  organizational  and  technological  prep- 
aration have  been  transferred  to  them.  It  was 
hoped  that  with  computers  the  problems  of  organi- 
zational and  technical  modeling  underlying  calen- 
dar planning  would  become  central  in  automated 
management  systems.  However,  the  transfer  of  nu- 
merous functions  characteristic  only  of  construc- 
tion organizations  to  computer  centers  led  to  a 
break  in  the  technological  chain  of  the  develop- 
ment of  organizational  and  technical  models  of 
constructing  objects.  The  engineer  lost  the  possi- 
bility of  tracing  the  entire  path  of  model  develop- 
ment and  intervened  in  the  process  of  modeling  at 
each  of  its  steps,  which  led  to  the  creation  of 
unrealistic  and  ineffective  models.  Development  of 
universal  software  in  a  convenient  form  is  essential. 
At  present,  a  broadened  variant  of  computer-based 
systems  is  being  developed,  in  which  there  are 
additional  possibilities  with  respect  to  a  more  con- 
venient formation  of  an  alternative  network  model 
in  a  conversational  mode,  and  provision  of  an 
automatic  regime  of  aggregation  and  disaggrega- 
tion of  models.  (Mertz-PTT) 
W90-07164 


EVALUATION  OF  THE  EFFECT  OF  BANK 
STORAGE  ON  THE  HYDROPOWER  INDICES 
OF  A  HYDROELECTRIC  STATION. 

For  primary  bibliographic  entry  see  Field  2E. 
W90-07168 
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NEW  METHOD  OF  QUANTITATIVELY  DE- 
SCRIBING DRAINAGE  AREAS. 

Uppsala  Univ.  (Sweden).  Dept.  of  Hydrology. 
L.  Hakanson,  T.  Andersson,  and  A.  Nilsson. 
Environmental    Geology    and    Water    Sciences 
EGWSEI,  Vol.  15,  No.  1,  p  61-69,  January /Febru- 
ary 1990.  10  fig,  6  tab,  19  ref. 

Descriptors:  'Drainage  area,  'Geomorphology, 
•Lakes,  'Mapping,  Bedrock,  Mercury,  Quantita- 
tive analysis,  Soil  types. 

A  new  method  was  introduced,  the  DAZ  (drain- 
age area  zonation)  method,  to  quantify  environ- 
mental parameters,  such  as  bedrocks,  soil  type,  and 
land  drainage  areas.  The  work  was  carried  out 
within  the  framework  of  the  Swedish  project 
'Liming-mercury.'  Two  important  points  in  the 
project  are  that  there  are  quantifiable  relationships 
between  the  character  of  the  drainage  area  and  the 
lake  and  that  several  limnological  and  morphome- 
try parameters  may  have  an  impact  on  the  mercu- 
ry content  in  fish.  The  DAZ  method  accounts  for 
the  fact  that,  for  example,  a  certain  soil  type  does 
not  have  an  even  distribution  in  the  whole  drain- 
age area.  To  get  a  simple  yet  relevant  measure  of 
the  influence  of,  for  example,  soil  type  on  the  lake 
character,  the  drainage  areas  were  divided  into 
zones  using  a  special  transparent  paper  placed  on 
the  map.  The  method  gives  normalized  values  de- 
pending on:  (1)  the  distance  between  the  object 
and  given  lake,  (2)  the  main  direction  of  water 
flow  in  the  drainage  area,  and  (3)  the  area  of  the 
environmental  parameter  (e.g.,  area  of  bedrock).  In 
the  DAZ  method,  dot  counting  is  used  for  deter- 
mination of  area.  The  dot-counting  method  was 
compared  with  other  methods  for  area  determina- 
tion (planimeter  and  square  counting).  Dot  count- 
ing is  the  fastest  and  square  counting  the  most  time 
consuming.  The  statistical  reliabilities  of  the  dot 
method  and  the  planimeter  were  compared.  The 
planimeter  is  best  for  large  homogeneous  objects. 
Dot  counting  is  very  well  suited  for  heterogeneous 
objects.  The  statistical  certainty  of  area  determina- 
tion depends  on  size,  heterogeneity,  and  form  of 
the  objects,  as  well  as  the  time  dedicated  to  the 
determination.  A  nomogram  is  also  given,  which 
illustrates  the  relationships  between  the  number  of 
counts,  i.e.,  the  number  of  times  the  transparent 
dotted  paper  is  put  on  the  map  and  the  dots 
counted,  the  error  in  the  area  determination,  and 
the  statistical  reliability.  (Author's  abstract) 
W90-07190 


ASSESSMENT  OF  NUnUENT  EFFECTS  AND 
NUTPJENT  LIMITATION  IN  LAKE  OKEE- 
CHOBEE. 

Florida  Univ.,  Gainesville.  Dept.  of  Fisheries  and 

Aquaculture. 

For  primary  bibliographic  entry  see  Field  5C. 

W9O-07202 


MODELING  WATER  UTILIZATION  IN 
LARGE-SCALE  IRRIGATION  SYSTEMS:  A 
QUALITATIVE  RESPONSE  APPROACH. 

Hawaii  Univ.,  Honolulu.  Dept.  of  Agricultural  and 

Resource  Economics. 

For  primary  bibliographic  entry  see  Field  3F. 

W90-07209 


APPLICATION  OF  BIOASSAYS  IN  THE  RESO- 
LUTION OF  ENVIRONMENTAL  PROBLEMS; 
PAST,  PRESENT,  AND  FUTURE. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 

Plant  Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07253 


ACCURACY     AND     INTERPRETATION     OF 
GROWTH  CURVES  OF  PLANKTONIC  ALGAE. 

Technische  Hogeschool  Delft  (Netherlands).  Dept. 

of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07264 


HYPOTHESIS  FORMULATION  AND  TEST- 
ING IN  AQUATIC  BIOASSAYS:  A  DETERMI- 
NISTIC MODEL  APPROACH. 


Lakehead  Univ.,  Thunder  Bay  (Ontario).  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  5A. 

W90-07300 


ASSESSING  THE  IMPACT  OF  EPISODIC  POL- 
LUTION. 

Water  Research  Centre,  Medmenham  (England). 

Medmenham  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 

W9O-O7310 


CONDITIONAL  STABILITY  CONSTANTS  AND 
BINDING  CAPACITIES  FOR  COPPER  (II)  BY 
ULTRAFILTERABLE  MATERIAL  ISOLATED 
FROM  SIX  SURFACE  WATERS  OF  WYO- 
MING, USA. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07313 


PUMP  TEST  ANALYSIS  OF  CONFINED  AQUI- 
FER. 

Roorkee  Univ.  (India).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2F. 
W90-07322 


FINITE  DD7FERENCE  SOLUTION  OF  BOUS- 
SINESQ  UNSTEADY-STATE  EQUATION  FOR 
HIGHLY  SLOPING  LANDS. 

Govind  Ballabh  Pant  Univ.  of  Agriculture  and 

Technology,  Pantnagar  (India).  Dept.  of  Irrigation 

and  Drainage  Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-07323 


MODELLING  INTERCOMPARTMENT 

TRANSFER  OF  POLLUTANTS:  THE  CASE  OF 
LEAD. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07339 


CLASS  OF  TIME  SERIES  URBAN  WATER 
DEMAND  MODELS  WITH  NONLINEAR  CLI- 
MATIC EFFECTS. 

Tennessee  Univ.,  Knoxville.  Energy,  Environment 

and  Resources  Center. 

For  primary  bibliographic  entry   see   Field   6D. 

W90-07347 


SIMULATION  OF  BIODEGRADABLE  ORGAN- 
IC CONTAMINANTS  IN  GROUNDWATER:  1. 
NUMERICAL  FORMULATION  OF  PRINCI- 
PAL DIRECTIONS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07351 


SIMULATION  OF  BIODEGRADABLE  ORGAN- 
IC CONTAMINANTS  IN  GROUNDWATER:  2. 
PLUME  BEHAVIOR  IN  UNIFORM  AND 
RANDOM  FLOW  FIELDS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07352 


CONTINUOUS-TIME  INVERSE  OPERATOR 
FOR  GROUNDWATER  AND  CONTAMINANT 
TRANSPORT  MODELING:  DETERMINISTIC 
CASE. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07353 


ANALYTICAL  SOLUTION  TO  RICHARDS' 
EQUATION  FOR  A  DRAINING  SOIL  PRO- 
FILE. 


Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

For   primary   bibliographic   entry  see   Field   2G. 

W90-07354 


LABORATORY  VERIFICATION  OF  THE  RE- 
SIDUAL FLOW  PROCEDURE  FOR  THREE-DI- 
MENSIONAL FREE  SURFACE  FLOW. 

Fluor  Daniel,  Inc.,  Irvine,  CA. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-07355 


ANALYSIS  OF  SOLUTE  REDISTRIBUTION  IN 
A  HETEROGENEOUS  FIELD. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Soil  Science  and  Plant  Nutrition. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07356 


EFFICIENT  NUMERICAL  METHODS  FOR  IN- 
FILTRATION USING  RICHARDS'  EQUATION. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Townsville  (Australia).  Div.  of  Soils. 
For  primary  bibliographic  entry  see  Field  2G. 
W90-07357 


HYDRAULIC  CONDUCTIVITY  AND  UNFRO- 
ZEN WATER  CONTENT  OF  AIR-FREE 
FROZEN  SILT. 

Cold   Regions   Research   and   Engineering   Lab., 

Hanover,  NH. 

For  primary  bibliographic  entry  see  Field  2C. 

W90-07360 


COLD  WATER  INJECTION  INTO  SINGLE- 
AND  TWO-PHASE  GEOTHERMAL  RESER- 
VOIRS. 

S-Cubed,  La  Jolla,  CA. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-07361 


FIRST-  AND  THIRD-TYPE  BOUNDARY  CON- 
DITIONS IN  TWO-DIMENSIONAL  SOLUTE 
TRANSPORT  MODELING. 

International  Technology  Corp.,  Monroeville,  PA. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-07362 


NEW  COUPLING  TERM  FOR  DUAL-POROSI- 
TY MODELS. 

Sandia  National  Labs.,  Albuquerque,  NM.  Fluid 

and  Thermal  Sciences  Dept. 

For  primary  bibliographic  entry  see  Field  2F. 

W90-07363 


NITROGEN  ANALYSES  IN  EUTROPHIC  AL- 
KALINE AND  PEATY  WATERS:  A  COMPARI- 
SON OF  DIFFERENT  METHODS  TO  ANA- 
LYSE AMMONIA-NITROGEN. 

Limnologisch  Inst.,  Oosterzee  (Netherlands).  Tjeu- 

kemeer  Lab. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-07424 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  3:  APPENDIX  A  (CONTD). 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07476 


GROUND-WATER  MONITORING  COMPLI- 
ANCE PROJECTS  FOR  HANFORD  SITE  FA- 
CILITIES: PROGRESS  REPORT  FOR  THE 
PERIOD  JANUARY  1  TO  MARCH  31,  1988. 
VOLUME  2:  APPENDIX  A. 
Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5A. 
W90-07477 
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HISTORICAL  ARCHAEOLOGY  OF  DAM  CON- 
STRUCTION CAMPS  IN  CENTRAL  ARIZONA. 
VOLUME  3:  LABORATORY  METHODS  AND 
DATABASE  COMPUTERIZATION. 

Bureau  of  Reclamation,  Phoenix,  AZ. 

For   primary   bibliographic   entry  see   Field   6G. 

W90-07480 


SHORT-TERM  METHODS  FOR  ESTIMATING 
THE  CHRONIC  TOXICITY  OF  EFFLUENTS 
AND  RECEIVING  WATERS  TO  MARINE  AND 
ESTUARINE  ORGANISMS. 

Environmental    Protection    Agency,    Cincinnati, 
OH.  Office  of  Research  and  Development. 
For  primary  bibliographic  entry  see  Field  5C. 
W9O-07505 

8.  ENGINEERING  WORKS 


8A.  Structures 


BRAZIL'S  BALBINA  DAM:  ENVIRONMENT 
VERSUS  THE  LEGACY  OF  THE  PHARAOHS 
IN  AMAZONIA. 

Instituto    Nacional    de    Pesquisas    da    Amazonia, 

Manaus  (Brazil).  Dept.  of  Ecology. 

For  primary  bibliographic  entry  see   Field   6G. 

W9O-06607 


RELIABILITY  CONCEPTS  IN  RESERVOIR 
DESIGN. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Hy- 

drologie  und  Wasserwirtschaft. 

E.  J.  Plate. 

Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  4/5,  p 

231-248,  1989.  6  fig,  15  ref. 

Descriptors:  'Dam  failure,  'Reservoir  design, 
•Reservoirs,  Dam  design,  Dam  stability,  Irrigation 
reservoirs,  Model  studies,  Operational  failure, 
Overtopping. 

The  case  of  a  dam  for  an  irrigation  reservoir  is 
used  as  an  example  to  illustrate  the  different  modes 
of  failure  of  a  water  resources  system.  The  types  of 
failure  to  which  a  dam  can  be  subjected  are  de- 
scribed in  terms  of  a  framework  of  general  reliabil- 
ity analysis.  Two  applications  are  considered:  the 
case  of  operational  failure,  illustrated  by  means  of 
an  irrigation  reservoir  for  arid  countries,  and  the 
case  of  dam  failure  due  to  overtopping.  Conceptual 
models  are  given  which  permit  the  inclusion  of 
reliability  and  other  figures  of  merit  into  both 
operation  and  safety  analysis.  (Author's  abstract) 
W90-06812 


HYDROLOGICAL  AND  HYDRAULIC  INVES- 
TIGATIONS OF  CLOSURE  OF  THE  ANGARA 
RIVER  AT  THE  SITE  OF  THE  BOGUCHANY 
HYDROELECTRIC  STATION. 

V.  S.  Pantaleev,  and  A.  V.  Shlychkov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  5,  p  241-247,  1990.  5  fig,  6  tab.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  pp.  11-16, 
May,  1989. 

Descriptors:  "Dam  construction,  'Hydraulic  engi- 
neering, 'USSR,  Angara  River,  Boguchany  Hy- 
droelectric Station,  Cofferdams,  Dams,  Hydrolo- 
gy, Ice. 

Closure  of  the  Angara  River  at  the  site  of  the 
Boguchany  hydroelectric  station  on  25  October 
1987  was  the  largest  such  closure  accomplished 
using  the  two-embankment  scheme.  Final  closing 
of  the  14-m  upstream  gap  damming  the  Angara 
took  1  hr  10  min.  With  a  total  discharge  of  2440  cu 
m/sec,  a  discharge  of  360  cu  m/sec  passed  through 
the  gap  by  the  start  of  the  period.  The  final  fall 
was  2.7  m.  By  the  end  of  the  closing,  the  embank- 
ments had  advanced  into  the  channel  to  a  consider- 
able distance  from  the  longitudinal  cofferdams  and 
the  flow  passed  as  a  narrow  band  between  the 
gaps.  Damming  of  the  Angara  at  this  site  occurred 
under  complex  hydrometeorological  conditions 
(frosts  and  a  shuga  and  ice  run).  These  conditions 
made  stream  gaging  complicated.  In  particular,  it 
was  impossible  to  measure  the  discharges  and  ob- 


servations of  the  water  level  also  were  difficult. 
The  results  obtained  here  were  sufficient,  however, 
to  be  generalized  as  to  possible  use  of  the  same 
materials  for  the  closing  of  other  river  channels. 
(Rochester-PTT) 
W90-06862 


SELECTION  OF  THE  LAYOUT  OF  THE  POW- 
ERHOUSE OF  A  PUMPED-STORAGE  STA- 
TION IN  A  DROP  SHAFT. 

For  primary  bibliographic  entry  see  Field  8C. 
W90-06863 


PROPERTIES  OF  ASPHALTIC  CONCRETE  OF 
DIAPHRAGMS  AND  FACINGS  OF  ROCKFILL 
DAMS. 

For  primary  bibliographic  entry  see  Field  8F. 
W90-06865 


EXPERIENCE  IN  USING  DETRITAL  DOLO- 
MITES FOR  CONSTRUCTING  EARTH  DAMS. 

N.  F.  Aripov,  G.  N.  Petrov,  and  A.  N.  Skibin. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  5,  p  268-272,  1990.  4  fig,  1  tab.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  pp.  30-33, 
May,  1989. 

Descriptors:  'Dam  construction,  'Dolomite, 
•Earth  dams,  'Euphrates  River,  *Iraq,  'Rock 
properties,  Al-Hadithah  Hydro  Development, 
Economic  aspects,  Engineering  geology,  Paraffini- 
zation,  Particle  size. 

The  dam  of  the  Al-Hadithah  (Al-Qadisiyah)  hydro 
development  is  being  constructed  on  the  Euphrates 
River.  In  the  area  there  is  an  unlimited  supply  of 
intensely  leached,  partially  ferruginate  coarse  and 
fine  detrital  farinaceous  dolomites.  Almost  no  ex- 
amples exist  of  using  dolomites  for  dam  construc- 
tion. In  construction  of  the  Al-Hadithah  dam,  the 
following  requirements  are  being  imposed  on  the 
dolomite  material  in  the  dam:  average  density  not 
less  than  1770  kg/cu  m,  strength  indices  (tan  =  0.6 
for  C  =  0),  and  permeability  coefficient  1  micron/ 
sec.  Because  of  the  uniqueness  of  this  dam,  the 
volume  of  dolomite  fill  to  be  used  (15  million  cu 
m),  and  the  limited  information  on  dolomite  as  a 
dam  material,  extensive  laboratory  and  field  inves- 
tigations were  conducted  during  design  and  con- 
struction. The  aggregate  structure  is  the  most  im- 
portant feature  of  dolomite  affecting  all  its  proper- 
ties. Particle-size  distribution  depends  more  on  the 
technology  of  the  works  preparing  it  than  it  does 
on  dolomite's  geologic  properties.  Minor  changes 
in  processing  procedures  can  change  the  composi- 
tion and  properties  of  dolomite.  The  farinaceous 
dolomites  used  in  the  Al-Hadithah  dam  are  hard 
rock  not  excavatable  mechanically,  but  after  loos- 
ening by  blasting  and  wetting  they  become  a 
rubbly  material  having  both  internal  friction  and 
cohesion.  The  material  can  be  rolled  only  at  an 
optimal  moisture  content.  Under  construction  con- 
ditions the  most  effective  means  for  destroying  the 
aggregate  structure  of  dolomites  are  additional  ex- 
cavation in  the  quarry  and  rolling  by  vibrating 
sheepsfoot  rollers.  Subsequent  compaction  is  best 
achieved  by  powerful  vibrating  rollers  with 
smooth  rolls.  Temperature  has  a  considerable 
effect  on  the  compaction  characteristics  of  dolo- 
mite and  the  labor  required  for  this  task.  At  air 
temperatures  of  45-55  C,  the  expenditures  of  labor 
on  compacting  dolomite  increase  1.5-2.0  times.  The 
paraffinization  method  is  best  for  checking  the 
density  of  soils  similar  to  weathered  dolomites. 
(Rochester-PTT) 
W90-06866 


DESIGNING  SAFETY  INTO  DAMS. 

Gibb  (Alexander)  and  Partners,  London  (Eng- 
land). 

P.  A.  A.  Back. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  42,  No.  2,  p  11-12,  February  1990. 

Descriptors:  'Civil  engineering,  'Dam  stability, 
•Dams,  Design  criteria,  Management  planning, 
Safety,  Sri  Lanka. 

The  criteria  governing  the  design  of  dams  fre- 
quently   can    be    very    imprecise.    For   example, 


design  flood  estimates  may  be  inaccurate  by  factors 
as  high  as  4  or  5,  and  foundation  conditions  may 
not  be  well  known  despite  extensive  geologic  stud- 
ies. Dam  safety  must  be  the  dominant  consider- 
ation in  dam  design,  and  must  take  into  account  all 
factors  that  can  be  reasonably  identified.  The 
safety  of  dams  depends  on  three  main  factors: 
design,  quality  of  construction,  and  operation  and 
maintenance.  Design  approaches  are  often  too 
narrow,  putting  undue  reliance  on  numbers  gener- 
ated by  computers  based  on  assumptions  that  were 
quite  crude.  It  seems  better  to  adopt  a  broad  ap- 
proach, to  accept  the  fact  that  many  assumptions, 
such  a  foundation  modulus,  may  be  inaccurate  or 
completely  wrong.  The  analysis  should  look  at  a 
spectrum  of  moduli,  not  just  one  value.  Wherever 
possible,  there  should  be  at  least  two  lines  of 
defense.  Redundancy  should  be  designed  into  the 
structure.  This  often  can  be  achieved  at  very  little 
extra  cost.  In  foundation  design  it  is  important  to 
differentiate  between  stabilizing  conditions  that  act 
in  parallel  or  in  series.  For  example,  passive  resist- 
ance due  to  downstream  mass  and  shear  resistance 
at  the  concrete-rock  interface  both  act  to  hold  a 
dam  block  in  place,  but  the  passive  resistance  only 
takes  effect  after  shear  resistance  has  been  over- 
come. Thus,  these  factors  do  not  act  in  parallel  to 
restrain  the  dam  block.  Too  much  dependence 
should  not  be  placed  on  highly  elaborate  mechani- 
cal devices  (e.g.,  gates)  or  on  computerized  control 
equipment,  for  the  safety  of  a  dam.  This  is  particu- 
larly relevant  in  developing  countries.  A  gate  has 
been  designed  that  opens  without  fail  at  the  right 
time,  by  the  right  amount,  and  without  operator 
intervention  or  electric  power  to  the  gate.  This 
gate  is  currently  installed  in  two  places:  Victoria 
and  Samanalewewa  dams,  Sri  Lanka.  There  are 
three  areas  of  management  activity  that  relate  to 
safety  as  well:  design  review,  construction  supervi- 
sion, and  maintenance  and  operation,  including 
continued  inspection  and  consultation  by  the 
project  consultants  after  the  dam  is  operational. 
(Rochester-PTT) 
W90-06871 


REDUCING  UPLIFT  PRESSURES  IN  CON- 
CRETE GRAVITY  DAMS. 

Colorado  Univ.,  Boulder.  Dept.  of  Civil  Engineer- 
ing. 

B.  Amadei,  T.  Illangasekare,  C.  Chinnaswamy,  and 
D.  I.  Morris. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  42,  No.  2,  p  13-17,  February  1990. 
7  fig,  3  ref.  Electric  Power  Research  Institute 
Contract  RP29 17-07. 

Descriptors:  'Concrete  dams,  'Dam  stability,  'Hy- 
draulic design,  'Maximum  probable  floods,  'Uplift 
pressure,  Computer  models,  Cracks,  Design  crite- 
ria, Drains,  Mathematical  models. 

Recent  action  by  the  U.S.  Congress  mandated  that 
dams  be  required  to  withstand  the  probable  maxi- 
mum flood  without  failure.  Almost  100%  of  the 
dams  built  before  1975  could  not  remain  stable  at 
this  increased  flood  load  and,  theoretically,  would 
fail.  Research  studies  are  being  conducted  in  re- 
sponse to  the  new  regulations  with  the  aim  of 
modeling  the  uplift  pressure  distribution  in  actual 
and  postulated  cracks  in  dam  concrete,  including 
the  effects  of  drains  when  present.  Both  analytical 
and  numerical  approaches  as  well  as  laboratory 
and  field  testing  are  included  in  these  Electric 
Power  Research  Institute-sponsored  studies.  The 
stability  analysis  of  an  existing  concrete  gravity 
dam  with  cracks  in  it  requires  that  uplift  forces  and 
resulting  moments  caused  by  water  pressures  in  the 
cracks  be  quantified.  No  previous  studies  have 
been  able  to  quantify  drain  effectiveness  and  pre- 
dict pressure  distributions  in  cracks  in  concrete. 
Computer  models  developed  as  part  of  the  present 
studies  now  accomplish  this  task.  Analytical  and 
numerical  models  can  be  used  to  conduct  paramet- 
ric studies  of  factors  that  affect  crack  pressure 
distribution  and  drain  effectiveness.  These  are  of 
two  types:  (1)  crack  properties  (e.g.,  roughness, 
aperture,  tapering,  and  geometry)  and  (2)  drain 
properties  (e.g.,  diameter,  position,  and  surface 
properties).  The  computational  models  can  handle 
a  variety  of  crack  flow  conditions  that  are  most 
likely  to  occur  in  the  field,  including  steady-state 
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flow  under  norma]  dam  operation  and  transient 
conditions  during  floods  and  unusually  high  water 
conditions.  Although  most  of  the  flow  is  laminar 
(in  cracks  of  <  1  mm  aperture),  turbulent  flow  is 
possible  around  the  drains  where  high-head  gradi- 
ents exist.  The  accuracy  of  the  computational 
models  in  predicting  crack  uplift  pressure  and 
drain  effectiveness  has  been  demonstrated  using  a 
large  physical  model  of  a  crack  in  concrete  in  the 
laboratory.  Verification  studies  for  the  steady-state 
part  of  the  flow  are  completed  and  are  in  progress 
for  transient  flow  conditions.  (Rochester-PTT) 
W90-06872 


SOME  CONSIDERATIONS  OF  THE  DURABIL- 
ITY OF  DAMS. 

COBA  S.A.,  Lisbon  (Portugal). 

A.  da  Silveira. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  42,  No.  2,  p  .9-28,  February  1990. 

8  fig,  10  tab,  8  ref. 

Descriptors:  *Dam  failure,  *Dam  stability,  •Dete- 
rioration, Comparison  studies,  Concrete  dams, 
Earth  dams,  Embankments,  International  Commis- 
sion on  Large  Dams,  Statistics. 

A  statistical  analysis  prepared  by  the  International 
Commission  on  Large  Dams  (ICOLD)'s  Commit- 
tee on  Deterioration  of  Dams  and  Reservoirs  has 
been  conducted  to  investigate  types  of  deteriora- 
tion, including  failures,  and  their  relationship  to  the 
most  significant  parameters  and  causes.  The  results 
of  this  analysis  are  presented  here,  including  and 
overview  of  the  risks  of  deterioration  of  various 
types  of  dam  and  appurtenant  structures.  Of  all  the 
cases  of  deteriorated  dams,  the  percentage  of  con- 
crete and  masonry  dams  (40%)  is  higher  than  that 
of  existing  dams  of  this  type  (32.5%),  whereas  the 
opposite  is  true  for  embankment  dams  (60%  vs 
67.5%,  respectively),  demonstrating  that  concrete 
and  masonry  dams  are  more  deterioration-prone. 
Nevertheless,  the  consequences  of  deterioration  of 
concrete  and  masonry  dams  has  been  less  serious, 
as  shown  by  their  respective  percentages  of  fail- 
ures (23%  vs  77%).  The  largest  percentage  of 
deteriorated  concrete  dams  corresponds  to  dams 
completed  between  1920  and  1939  (14.3%),  where- 
as the  largest  percentage  of  deteriorated  embank- 
ment dams  corresponds  to  those  concluded  be- 
tween 1960  and  1975  (25.4%).  However,  most 
concrete  and  masonry  dams  were  completed  in  the 
period  1940-1959,  whereas  most  embankment  dams 
were  completed  in  1960-1975.  The  percentage  of 
failures  in  concrete  and  masonry  dams  completed 
between  1960  and  1975  is  very  low;  for  embank- 
ment dams  the  percentage  is  low  compared  to  the 
number  of  dams  constructed.  Failures  have  tended 
to  occur  at  first  filling  for  concrete  and  masonry 
dams  and  after  5  yr  of  operation  for  embankment 
dams.  The  situation  regarding  detection  methods  is 
not  satisfactory.  Direct  observation  sometimes 
only  enables  deterioration  to  be  detected  when  it 
has  reached  a  stage  when  failure  is  already  un- 
avoidable. Remedial  measures  include:  improving 
facing  techniques  for  concrete  and  masonry  dams, 
improving  drainage,  better  management  of  the  res- 
ervoir and  downstream  zones,  and  repair  of  sur- 
faces in  contact  with  the  flow.  (Rochester-PTT) 
W90-06873 


LESSONS    FROM    THE    TUCURUI    EXPERI- 
ENCE. 

Monosowski  Associate  Consultants,  SIC  Ltd,  Sao 

Paulo,  Brazil. 

For   primary   bibliographic   entry   see   Field   6G. 

W90-06874 


LARGE  DAMS:  IMPLICATIONS  OF  IMMOR- 
TALrTY. 

Leyland  Consultants  Ltd.,  Auckland  (New  Zea- 
land). 

B.  Leyland. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  42,  No.  2,  p  34-37,  February  1990. 

Descriptors:  *Dams,  *Management  planning,  De- 
commissioning, Economic  aspects,  Large  dams, 
Long-term  analysis. 


Large  dams  are  built  to  extremely  high  standards 
of  safety  to  withstand  most  natural  disasters.  They 
typically  have  a  design  economic  life  span  of  50  or 
more  years,  but  may  remain  in  service  long  after 
their  investment  costs  have  been  recovered.  A 
question  rarely  considered,  however,  is  the  possi- 
ble need  to  decommission  large  dams  long  after 
their  economic  life  has  passed.  Many  possible  alter- 
natives, such  as  continuously  maintaining  and  oc- 
casionally rehabilitating  the  dam  and  appurtenant 
structures,  draining  the  reservoir,  or  destroying  the 
dam  with  explosives,  are  either  not  possible  at  all 
or  entail  tremendous  expense  that  was  not  provid- 
ed for  in  the  original  economic  analysis.  Several 
serious  problems  are  associated  with  dam  removal, 
for  example,  what  is  to  be  done  about  the  silt 
released,  whether  the  low-level  outlet  (if  present) 
is  adequate  and  can  in  fact  be  used  to  dewater  the 
reservoir  and  pass  flood  flows  into  the  future,  and 
what  will  happen  if  spillways  are  used  continuous- 
ly (after  hydrostation  abandonment)  rather  than 
only  during  flood  periods.  Other  problems  concern 
how  to  remove  turbines  and  other  equipment  per- 
manently embedded  in  concrete  and  how  long 
concrete  and  geomembranes  can  be  expected  to 
last  in  terms  of  very  long  periods  (e.g.,  500-1000 
yr).  Large  dams  should  either  be  designed  for  an 
indefinite  life  span  or  decommissioning  and  dis- 
mantling needs  should  be  considered  in  the  initial 
design.  (Rochester-PTT) 
W90-06875 


FIELD  GUIDE  TO  WATER  WELLS  AND  BOR- 
EHOLES. 

Water  Research  Centre,  Medmenham  (England). 
L.  Clark. 

Geological  Society  of  London  Professional  Hand- 
book. Halsted  Press,  New  York,  New  York.  1988. 
155  p.  45  ref. 

Descriptors:  'Boreholes,  *Drilling,  'Sampling, 
•Well  construction,  *Wells,  Construction  methods, 
Design  standards,  Geohydrology,  Groundwater 
mining,  Pumping  tests,  Well  pumping. 

This  book  is  a  practical  guide  to  the  work  involved 
in  drilling  boreholes  and  wells.  The  book  is  not  a 
driller's  manual;  it  is  intended  for  people  who 
design  and  supervise  the  drilling  activities.  The 
correct  design  of  boreholes  and  wells  in  relation  to 
their  geohydrological  setting  is  considered  funda- 
mental to  any  groundwater  investigation  and 
therefore  well  design  and  construction  are  dealt 
with  in  some  detail.  The  emphasis  in  groundwater 
projects  has  changed  to  some  extent  from  re- 
sources to  pollution  studies,  and  so  attention  is  also 
given  to  the  sampling  techniques  used  with  drill- 
ing. Pumping  test  analysis  is  covered  in  detail  in 
other  texts,  so  that  only  the  basis  of  pump  testing 
of  wells  is  considered  here.  A  full  reference  list 
gives  the  reader  guidance  to  those  texts  useful  in 
the  field,  for  design  specifications  and  for  general 
background  reading.  (Lantz-PTT) 
W90-06943 


FLEXIBLE  STRUCTURES:  REFERENCE 
MANUAL  ON  DESIGN. 

Bureau  of  Reclamation,  Denver,  CO. 

B.  I.  Sergeev,  and  L.  O.  Timblin. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161,  as  PB89-169916. 

Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 

109p,  33  fig,  5  tab,  38  ref. 

Descriptors:  *Dam  design,  'Flexibility,  'Flexible 
structures,  'Materials  engineering,  'Membranes, 
'Plastics,  Baffles,  Cofferdams,  Dams,  Diversion 
dams,  Hydraulic  structures,  Soil  stabilization. 

This  report  covers  one  of  several  joint  studies 
carried  out  as  part  of  a  U.S./Joint  Working  Group 
on  Plastic  Films  and  Soil  Stabilizers  in  the  Field  of 
Plastics  in  Hydrotechnical  Construction.  The  joint 
studies  were  done  in  the  period  1975-1982.  This 
report  covers  the  design  concepts  for  the  use  of 
flexible  membranes  for  flexible  and  inflatable  struc- 
tures such  as  cofferdams,  diversion  dams,  baffle 
walls,  and  drop  structures.  A  Russian-English  glos- 
sary for  this  subject  is  included  as  an  appendix. 
(Lantz-PTT) 
W90-06947 


COMPUTER  AIDED  SPILLWAY  DESIGN 
USING  THE  BOUNDARY  ELEMENT 
METHOD  AND  NON-LINEAR  PROGRAM- 
MING. 

Technische  Hogeschool  Delft  (Netherlands). 
For  primary  bibliographic  entry  see  Field  8B. 
W90-06955 


DETERMINATION  OF  THE  PARAMETERS 
OF  A  FOUNDATION  MODEL  FROM  ENGI- 
NEERING-GEOLOGICAL SURVEY  DATA. 

For  primary  bibliographic  entry  see  Field  8E. 
W90-07042 


MATHEMATICAL  MODEL  OF  THE  'DAM- 
FOUNDATION'  STATIC  SYSTEM  OF  THE 
KHUDONI  HYDROELECTRIC  STATION. 

For  primary  bibliographic  entry  see  Field  8E. 
W90-07046 


EFFICIENCY  OF  CONSTRUCTING  HYDRO- 
ELECTRIC STATIONS  AND  EXPERIENCE  OF 
OPERATING  THE  SAYANO-SHUSHENSKOE 
HYDROPOWER  COMPLEX. 

For  primary  bibliographic  entry  see  Field  8C. 
W90-07162 


USE  OF  THE  ENERGY  OF  SMALL  RD/ERS 
AND  IRRIGATION  SYSTEMS  IN  THE  KIRGIZ 
SSR. 

Y.  P.  Belyakov,  A.  G.  Zyryanov,  and  M.  S. 
Sulaimanov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  304-308,  1990.  2  fig,  3  tab,  6  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  6, 
p.  4-7,  June,  1989. 

Descriptors:  'Electric  potential,  'Energy  sources, 
'Hydroelectric  power,  'River  basin  development, 
•River  basins,  'USSR,  Canals,  Electric  power, 
Energy,  Linear  calculation  method,  Reservoirs, 
Rivers. 

The  drainage  system  in  the  Kirgiz  SSR,  when 
estimating  energy  resources  possible  for  use  at 
small  hydrostations,  can  be  divided  into  small 
rivers,  reservoirs,  and  irrigation  canals.  The  richest 
in  energy  resources  are  the  small  rivers  of  moun- 
tain regions,  which  are  characterized  by  steep 
drops  and  rapid  currents.  The  main  indices  charac- 
terizing the  energy  value  of  mountain  rivers  are 
the  normal  annual  discharge,  coefficient  of  varia- 
tion, type  of  feeding,  longitudinal  slope,  and  unit 
power.  134  rivers  with  average  annual  discharges 
from  0.3  to  50  cu  m/sec  and  a  length  of  more  than 
10  km  were  selected  for  calculating  the  potential 
energy  resources  of  small  streams.  The  potential 
energy  resources  of  the  selected  rivers  were  calcu- 
lated by  the  linear  calculation  method.  In  a  territo- 
rial aspect  all  small  rivers  were  grouped  into  eight 
isolated  basins  of  the  rivers  Ak-Sai,  Naryn,  Sary- 
Dzhaz,  Kara  Darya,  Syr  Darya,  Chu,  Talas,  and 
lake  Issyk-Kul.  The  total  potential  energy  re- 
sources of  the  small  rivers  concentrated  in  these 
basins  were  determined  to  be  8,214,820  kilowatts 
with  respect  to  power  and  71,934  kilowatt  hours 
with  respect  to  energy  production.  It  is  concluded 
that  Kirgizia  has  a  dense  network  of  small  rivers, 
reservoirs  and  irrigation  canals,  providing  enough 
natural  resource,  and  economic  factors  to  make  it 
possible  to  launch  the  construction  of  small  hy- 
drostations on  a  wide  scale.  These  small  hydrosta- 
tions should  prove  cost  effective.  A  determination 
of  the  economic  potential  of  the  entire  drainage 
system  and  development  of  schemes  of  using  the 
energy  of  the  area's  water  resources  merit  further 
investigation.  (Mertz-PTT) 
W90-07163 


ORGANIZATIONAL  AND  TECHNOLOGICAL 
MODELING  OF  WORKS  AT  CONSTRUCTION 
SITES  WITH  THE  USE  OF  PERSONAL  COM- 
PUTERS. 

For  primary  bibliographic  entry  see  Field  7C. 
W90-07164 
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STATE  OF  THE  CONTACT  OF  CONCRETE 
WITH  ROCK  UNDER  THE  UPSTREAM  FACES 
OF  DAMS. 

For  primary  bibliographic  entry  see  Field  8F. 
W90-07169 


SUBSTANTIATION  OF  LAND  PROTECTION 
IN  THE  LOWER  POOLS  OF  HYDROELEC- 
TRIC STATIONS. 

For  primary  bibliographic  entry  see  Field  8C. 
W90-07171 


CONDITIONS  OF  CONVERTING  A  HYDRO- 
ELECTRIC STATION  WITH  HORIZONTAL 
BULB  UNITS  TO  A  HYDROELECTRIC  STA- 
TION-PUMPED-STORAGE  STATION 

REGIME. 

For  primary  bibliographic  entry  see  Field  8C. 
W9O-07172 


MODERNIZATION  OF  THE  HYDROME- 
CHANICAL  EQUIPMENT  OF  THE  CHIRKEY 
HYDROELECTRIC  STATION. 

For  primary  bibliographic  entry  see  Field  8C. 
W90-07173 


KINEMATIC  CHARACTERISTICS  OF  FLOWS 
IN  TRANSITION  SECTIONS  OF  UNLINED 
CANALS. 

For  primary  bibliographic  entry  see  Field  8B. 
W9O-07174 


ARCH  DAM  RESPONSE  TO  NONUNIFORM 
SEISMIC  INPUT. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

P.  S.  Nowak,  and  J.  F.  Hall. 

Journal     of     Engineering     Mechanics     (ASCE) 

JENMDT,  Vol.  116,  No.  1,  p  125-139,  1990.  6  fig, 

2  tab,  25  ref.  NSF  grant  CES-86 19908. 

Descriptors:  'Arch  dams,  *Dam  stability,  •Earth- 
quake engineering,  *  Engineering  geology,  'Seis- 
mic properties,  Dam  foundations,  Earthquakes, 
Finite  element  method,  Frequency-domain  analy- 


A  frequency-domain  investigation  into  the  effects 
of  nonuniform  earthquake  excitation  on  the  re- 
sponse of  a  three-dimensional  arch  dam-water- 
foundation  system  was  performed.  First,  the  free- 
field  motions  of  the  canyon  walls  were  obtained  by 
the  boundary  element  method  after  making  some 
simplifying  assumptions  about  the  canyon  geome- 
try and  the  earthquake  mechanism.  In  the  second 
part  of  the  analysis,  the  frequency-domain  response 
of  the  dam-water-foundation  system  was  computed 
by  the  finite  element  method  using  the  previously 
determined  free-field  excitations.  To  more  concise- 
ly quantify  the  effect  of  uniform  seismic  input,  the 
frequency-domain  responses  were  converted  into 
the  time  domain  in  the  form  of  standard  deviations 
of  the  response  to  a  random  input  with  an  earth- 
quake-like frequency  content.  As  shown  by  an 
analysis  of  Pacoima  Dam,  inclusion  of  nonunifor- 
mity  in  the  stream  component  of  the  excitation 
reduces  the  dam  response,  and  the  effect  of  nonuni- 
formity  in  the  cross-stream  and  vertical  compo- 
nents varied,  with  the  potential  for  a  significant 
increase.  (Author's  abstract) 
W90-07199 


CASE  STUDY  OF  A  LABYRINTH  WELR  SPLLL- 
WAY. 

Alberta   Environment,    Edmonton.    Development 

and  Operations  Div. 

F.  G.  Tacail,  B.  Evans,  and  A.  Babb. 

Canadian  Journal  of  Civil  Engineering  CJCEB8, 

Vol.  17,  No.  1,  p  1-7,  February  1990.  6  fig,  2  tab,  7 

ref. 

Descriptors:  ^Hydraulic  design,  •Labyrinth  weirs, 
•Spillways,  *Weirs,  Alberta,  Case  studies,  Flow 
discharge.  Hydraulic  models,  Performance  evalua- 
tion, South  Heart  Dam. 

A  labyrinth  weir  is  an  effective  and  economical 
means  of  providing  increased  spillway  capacity 


under  some  restricted  operating  conditions.  This 
type  of  weir  is  particularly  suited  to  reservoir  sites 
where  a  low  head  to  high  discharge  relation  is 
required;  the  topography  restricts  the  spillway 
width,  and  a  self-operating  structure  is  highly  de- 
sirable for  emergency  operation.  Definitive  guide- 
lines and  theoretical  procedures  pertaining  to  hy- 
draulic design  of  this  type  of  weir  are  not  com- 
pletely established.  This  paper  describes  the  design 
and  hydraulic  model  study  conducted  for  a  laby- 
rinth weir  arrangement  proposed  for  the  South 
Heart  Dam  in  northern  Alberta.  The  elevation- 
discharge  relationships  obtained  from  the  hydrau- 
lic model  studies  showed  that,  for  the  same  spill- 
way width,  the  two-cycle  weir  is  superior  to  the 
three-cycle  labyrinth  weir  that  was  considered  ini- 
tially. Infinite  variations  of  the  weir  geometry  are 
possible  and  the  difference  in  discharge  relation- 
ship between  generalized  curves  and  the  site-spe- 
cific scale  model  proved  the  importance  of  hydrau- 
lic model  studies.  In  the  case  of  the  South  Heart 
Dam  labyrinth  spillway,  the  cost  of  the  model 
studies  to  verify  the  hydraulics  was  minor  com- 
pared to  the  estimated  construction  costs.  (Au- 
thor's abstract) 
W90-07233 


CONSTRUCTION  OF  THE  IONA  OUTFALL 
SUBMARINE  SECTION. 

Dillingham  Construction  Ltd.,  North  Vancouver 
(British  Columbia). 

T.  W.  Lively,  C.  D.  Gowe,  and  H.  R.  Woodhead. 
Canadian  Journal  of  Civil  Engineering  CJCEB8, 
Vol.  17,  No.  1,  p  113-118,  February  1990.  9  fig. 

Descriptors:  •Construction,  'Construction  meth- 
ods, *Outfall,  'Outfall  sewers,  Construction  mate- 
rials, Equipment,  Hydraulic  structures. 

In  February  1987,  the  Greater  Vancouver  Sewer- 
age and  Drainage  District  awarded  an  $8.5  million 
contract  for  the  construction  of  the  Iona  Outfall 
submarine  section.  The  contract  awarded  involved 
the  installation  of  approximately  3200  m  of  twin 
2.3  m  diameter  steel  outfall,  of  which  500  m  was 
twin  2.1,  1.8,  and  1.4  m  diameter  steel  diffuser 
sections.  The  outfall  extended  from  the  end  of  the 
Iona  Jetty  into  the  Strait  of  Georgia  near  the 
mouth  of  the  Fraser  River  and  was  107  m  deep  at 
the  end  of  the  diffuser.  The  tender  documents 
suggested  a  method  of  installation  such  that  the 
entire  twin  outfall  pipe  was  fabricated  on  an  exist- 
ing jetty  complete  with  flotation  pipe  and  pulled 
into  the  water.  The  contractor  submitted  an  alter- 
native method  with  the  tender  and  was  the  suc- 
cessful low  bidder.  The  proposed  installation 
method  was  to  assemble  the  pipe  into  nominal  300 
m  lengths,  launch  them,  tow  them  to  the  site,  and 
sink  and  bolt  them  together  underwater.  The 
project  was  substantially  completed  by  November 
1987,  about  8  months  after  the  contract  was  award- 
ed. The  contractor  used  several  innovative  con- 
struction methods  during  its  execution.  Five  signif- 
icant innovations  were:  (1)  A  material  handling 
system  was  developed  composed  of  pipe  cradles 
and  beds  to  effectively  move  and  protect  the  easily 
damaged  pipe  sections  during  the  cladding  and 
welding  operations;  (2)  A  clamshell  dredging  pro- 
gram was  used  where  conditions  suggested  a  hy- 
draulic dredging  program  was  the  logical  choice; 
(3)  A  high  production  welding  system  was  devel- 
oped using  an  internal  line  up  clamp  with  copper 
backup  ring;  (4)  The  contractor  used  a  unique 
method  of  transporting  and  lowering  the  pipe 
strings  on  site  which  has  not  been  used  before;  and 
(5)  The  contractor  developed  the  'big  bolting  tool', 
a  purpose-built,  sophisticated  tool  incorporating 
advanced  robotic  systems.  With  better  visibility, 
this  tool  would  be  able  to  connect  pipes  under 
water  without  diver  assistance.  (Author's  abstract) 
W90-07237 


GUIDELINES     FOR     REHABILITATION     OF 
DRAINLINES  CROSSED  BY  PIPELINES. 

American  Society  of  Civil  Engineers,  New  York. 
Irrigation  and  Drainage  Div. 
Journal  of  Irrigation  and   Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.   116,  No.   1,  p   123-131, 
January  /February  1990.  4  fig. 


Descriptors:  'Design  criteria,  'Drainage  engineer- 
ing, 'Pipelines,  'Standards,  Construction  methods, 
Regulations,  Subsoil  drainage. 

Guidelines  are  presented  that  are  designed  to  aid  in 
the  correct  and  successful  crossing  of  drainline 
systems  intersected  by  pipeline  construction.  Al- 
though specific  procedures  to  maintain  required 
drainage  service  and  to  rehabilitate  disturbed 
drainage  systems  have  been  used  in  specific  pipe- 
line construction  situations,  no  general  guidelines 
or  criteria  have  been  developed  to  integrate  the 
expertise  of  the  pipeline  and  drainage  disciplines 
for  the  design,  construction,  maintenance,  and  op- 
eration of  trie  two  systems.  The  present  guidelines 
attempt  to  address  the  concerns  of  the  drain  system 
owner  and  pipeline  contractors  and  accommodate 
pipeline  construction  while  maintaining  the  integri- 
ty of  the  drainage  system.  Several  aspects  of  the 
problem  must  be  addressed  whenever  drainlines 
are  to  be  crossed:  specifications  required  under 
Federal  safety  regulations,  temporary  repairs  to 
interrupted  drainlines,  identifying  drainline  loca- 
tion, maintaining  drain  flows  during  construction, 
drain  rehabilitation  alternatives  (realignment  along 
original  position  or  construction  of  a  new  align- 
ment), drain  rehabilitation  procedures  (grade  and 
alignment  requirements,  construction  techniques), 
sequencing  of  work,  and  construction  inspection. 
Successful  rehabilitation  of  drainlines  will  provide 
drains  that  function  in  a  manner  at  least  equal  to 
the  drains  prior  to  pipeline  construction.  (Roches- 
ter-PTT) 
W90-07325 


STUDIES  ON  MSF  DESALINATION-PROC- 
ESS DESIGN,  CONSTRUCTION  AND  START- 
UP OF  A  PROTOTYPE  MSF  PLANT  IN  INDIA. 

Bhabba  Atomic  Research  Centre,  Bombay  (India). 

Desalination  Div. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-07454 


DESIGN  AND  COST  ESTIMATES  FOR  A  CON- 
NECTING CHANNEL  BETWEEN  EAST 
DEVILS  LAKE  AND  WEST  STUMP  LAKE, 
DEVILS  LAKE  BASIN,  NORTH  DAKOTA. 

Barr  Engineering  Co.,  Minneapolis,  MN. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  AD-A205-638. 
Price  codes:  A10  in  paper  copy,  A01  in  microfiche. 
Report  prepared  for  U.S.  Army  Corps  of  Engi- 
neer, St  Paul  Dist.,  MN,  March  1896.  265p,  3  tab, 
1 1  plates,  12  ref,  4  append. 

Descriptors:  'Channels,  'Construction  costs,  'Cost 
analysis,  'Design  standards,  'East  Devils  Lake, 
•West  Stump  Lake,  Canal  construction. 

The  water  surface  elevations  of  the  Devils  Lake 
chain  of  lakes  have  been  rising  over  the  past  sever- 
al decades.  Several  alternatives  are  being  consid- 
ered to  alleviate  the  rising  lake  levels  which  are 
approaching  levels  where  potential  for  significant 
damage  to  adjacent  property  exists.  A  connecting 
channel  approximately  10  miles  long  from  East 
Devils  Lake  to  West  Stump  Lake,  which  is  an 
important  segment  of  several  different  alternatives 
for  an  outlet  channel  for  the  Devils  Lake  chain  of 
lakes,  is  the  subject  of  this  report.  Preliminary 
designs  for  thirteen  alternative  connecting  channel 
cases  have  been  developed.  Cases  1A,  IB,  1C,  and 
2G  are  gravity  flow  from  East  Devils  Lake  to 
West  Stump  Lake.  Cases  2P,  3A,  3C,  4L,  4H,  5A, 
5B  and  5C  require  a  pump  station  to  lift  the  water 
from  East  Devils  Lake  to  the  upstream  end  of  the 
channel  where  flow  will  be  gravity  to  West  Stump 
Lake.  Seven  of  the  cases  have  a  design  discharge 
capacity  of  200  cu  ft/sec,  three  have  a  design 
capacity  of  600  cu  ft/sec,  and  three  have  a  design 
capacity  of  1,000  cu  ft/sec.  These  preliminary  de- 
signs are  the  basis  for  the  generation  of  cost  esti- 
mates for  each  of  the  thirteen  cases.  The  cost 
estimates  include  all  capital  costs  for  construction 
of  the  connecting  channel,  except  that  easement 
and  right-of-way  acquisition  costs  are  not  included. 
The  estimated  capital  costs  range  from  $3,920,000 
for  2G  to  $14,500,000  for  3C.  (Lantz-PTT) 
W90-07468 
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UNCERTAINTY  IN  DAM  BREAK  FLOW  SIM- 
ULATION. 

Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 

of  Water  Resources  Engineering. 

C.  S.  Kung. 

Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  4/5,  p 

249-256,  1989.  5  fig,  8  ref. 

Descriptors:  'Dam  failure,  *Dam  stability,  'Flow 
characteristics,  *Flow  models,  Discharge,  Hydro- 
graphs,  Mannings  coefficient,  Roughness  coeffi- 
cient, Simulation  analysis,  St  Venant  equation. 

The  flow  caused  by  a  dam  breaking  across  its 
entire  length  can  be  approximated  by  a  one-dimen- 
sional, unsteady  flow  model  in  the  form  of  the  St. 
Venant  equations.  In  this  model,  the  flow  is  gov- 
erned by  the  river  geometry  and  the  river  rough- 
ness, which  is  quantified  by  Manning's  coefficient. 
The  roughness  characteristics  are  generally  diffi- 
cult to  estimate  under  natural  conditions.  Thus,  the 
estimates  of  the  Manning's  coefficient  will  in  gen- 
eral be  subject  to  uncertainty.  The  uncertainty  in 
the  discharge  and  depth  hydrographs  due  to  the 
uncertainty  in  estimating  the  roughness  character- 
istics of  a  river  was  investigated.  A  specific  case  of 
the  Noppikoski  Dam  in  Sweden  that  failed  in  1985 
was  used  to  illustrate  the  sensitivity  of  the  flow 
simulation  on  the  roughness  coefficient.  The  analy- 
sis shows  that  the  uncertainty  in  the  dam  break 
flow  simulation  due  to  the  uncertainty  in  estimat- 
ing Manning's  coefficient,  is  significant.  The  uncer- 
tainty is  larger  at  greater  distances  from  the  dam, 
and  is  greater  for  the  discharge  hydrograph  than 
for  the  depth  hydrograph.  (Author's  abstract) 
W90-06813 


PROPOSED  SWEDISH  SPILLWAY  DESIGN 
FOODS  IN  RELATION  TO  OBSERVATIONS 
AND  FREQUENCY  ANALYSIS. 

Sveriges  Meteorologiska  och  Hydrologiska  Inst., 

Norrkoeping. 

S.  Bergstrom,  G.  Lindstrom,  and  H.  Sanner. 

Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  4/5,  p 

277-292,  1989.  10  fig,  4  tab,  1 1  ref. 

Descriptors:  *Design  floods,  *Flood  flow,  'Flood 
forecasting,  *Flood  profiles,  'Sweden,  Flood  fre- 
quency, Rainfall,  Seasonal  variation,  Snowmelt, 
Standards. 

Proposed  guidelines  for  the  computation  of  spill- 
way design  floods  in  Sweden  are  described.  The 
guidelines  are  based  on  the  transformation  of  ex- 
treme hydrological  conditions  to  floods  by  use  of 
conceptual  hydrological  models.  Floods  computed 
according  to  the  guidelines  are  compared  to  obser- 
vations for  both  autumn  conditions  when  rainfall 
dominates  and  for  snowmelt  conditions  in  spring. 
The  highest  floods  are  in  the  order  of  60%  of  the 
proposed  guidelines.  Comparisons  with  frequency 
analysis  show  that  the  computed  floods  are  well 
beyond  the  10,000  year  flood  according  to  the 
Gumbel  and  Lognormal  2  distribution  functions, 
while  the  results  according  to  Lognormal  3  are 
more  uncertain.  (Author's  abstract) 
W90-06815 


PROPOSED  SWEDISH  SPILLWAY  DESIGN 
GUIDELINES  COMPARED  WITH  HISTORI- 
CAL FLOOD  MARKS  AT  LAKE  SDUAN. 

Sveriges  Meteorologiska  och  Hydrologiska  Inst., 

Norrkoeping. 

J.  Harlin. 

Nordic  Hydrology  NOHYBB,  Vol.  20,  No.  4/5,  p 

293-304,  1989.  8  fig,  19  ref. 

Descriptors:  'Design  floods,  'Flood  flow,  'Flood 
forecasting,  'Flood  frequency,  'Flood  profiles, 
'Sweden,  Comparison  studies,  Flood  hazard,  His- 
torical floods,  Lake  Siljan,  Model  studies,  Stand- 
ards. 

A  comparison  between  the  proposed  Swedish  spill- 
way design  floods  and  historic  flood  marks  made 
at  lake  Siljan  in  central  Sweden,  is  shown.  Fre- 
quency analysis  is  performed  incorporating  pre- 
gage  information  on  water  levels  together  with  a 


sensitivity  analysis  of  modeling  assumptions.  A 
water  level  of  0.42  to  0.75  meters  above  the  highest 
historic  flood  mark  (166.10  meters  in  the  year 
1659)  was  obtained  when  routing  the  design  spring 
flood  through  lake  Siljan.  The  design  autumn  flood 
lifted  the  lake  to  1.56  to  1.52  meters  below  the 
highest  flood  mark.  Return  period  for  the  design 
spring  and  autumn  flood  was  estimated  to  about 
1,000  years.  The  uncertainty  in  frequency  analysis 
proved  to  have  larger  impact  than  modeling  as- 
sumptions on  estimating  the  risk  of  the  design 
flood.  (Author's  abstract) 
W90-06816 


EXACT  INTEGRAL  SOLUTIONS  FOR  TWO- 
PHASE  FLOW. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri- 
cultural and  Chemical  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-06849 


ANALYSIS  OF  ONE-DIMENSIONAL  SOLUTE 
TRANSPORT  THROUGH  POROUS  MEDIA 
WITH  SPATIALLY  VARIABLE  RETARDA- 
TION FACTOR. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W90-O6852 


MODELING  FRACTURE  FLOW  WITH  A  STO- 
CHASTIC DISCRETE  FRACTURE  NETWORK: 
CALIBRATION  AND  VALIDATION:  1.  THE 
FLOW  MODEL. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau  (France). 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06857 


MODELING  FRACTURE  FLOW  WITH  A  STO- 
CHASTIC DISCRETE  FRACTURE  NETWORK: 
CALIBRATION  AND  VALIDATION:  2.  THE 
TRANSPORT  MODEL. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau  (France). 

For  primary  bibliographic  entry  see  Field  2F. 

W90-06858 


DETERMINING  THE  MEAN  DEPTH  OF 
OVERLAND  FLOW  IN  FIELD  STUDIES  OF 
FLOW  HYDRAULICS. 

State  Univ.  of  New  York  at  Buffalo.   Dept.  of 

Geography. 

For  primary  bibliographic  entry  see  Field  2E. 

W90-06859 


HYDROLOGICAL  AND  HYDRAULIC  INVES- 
TIGATIONS OF  CLOSURE  OF  THE  ANGARA 
RIVER  AT  THE  SITE  OF  THE  BOGUCHANY 
HYDROELECTRIC  STATION. 

For  primary  bibliographic  entry  see  Field  8A. 
W90-06862 


LOCATION  OF  TRASH  RACKS  ON  UNDER- 
GROUND PRESSURE  CONDUITS  OF  HYDRO- 
ELECTRIC STATIONS. 

For  primary  bibliographic  entry  see  Field  8C. 
W90-06868 


ANALYSIS  OF  THE  RELATIONSHIP  FOR  DE- 
TERMINING THE  BED  LOAD  IN  SAND 
CHANNELS. 

For  primary  bibliographic  entry  see  Field  2J. 
W90-06869 


EFFECT  OF  A  FREE  SURFACE  ON  THE  FOR- 
MATION OF  A  WAVE  BED  OF  A  CHANNEL 
FLOW. 

For  primary  bibliographic  entry  see  Field  2J. 
W90-06870 


ONE-DIMENSIONAL  FLOW  OVER  A  PLANE: 
CRITERIA  FOR  KINEMATIC  WAVE  MODEL- 
LING. 


ENGINEERING  WORKS— Field  8 
Hydraulics — Group  8B 

Department  of  Scientific  and  Industrial  Research, 
Christchurch  (New  Zealand).  Hydrology  Centre. 
For  primary  bibliographic  entry  see  Field  2E. 
W90-06885 


OPTIMAL  PUMPING  POLICY  AND  GROUND- 
WATER BALANCE  FOR  THE  BLUE  LAKE  AQ- 
UIFER, CALIFORNIA,  INVOLVING  NONLIN- 
EAR GROUNDWATER  HYDRAULICS. 

Indian   Inst,   of  Tech.,   Bombay.   Dept.   of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  4B. 

W90-06893 


COMPUTER  AIDED  SPILLWAY  DESIGN 
USING  THE  BOUNDARY  ELEMENT 
METHOD  AND  NON-LINEAR  PROGRAM- 
MING. 

Technische  Hogeschool  Delft  (Netherlands). 
H.  C.  Hendtrson,  M.  Kok,  and  W.  L.  DeKoning. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89- 170948. 
Price  codes:  E03  in  paper  copy,  A01  in  microfiche. 
Report  No.  88-59,  1988.  36p,  9  fig,  2  tab,  28  ref, 
append. 

Descriptors:  'Computer  models,  'Computer-aided 
design,  'Model  studies,  'Nonlinear  programming, 
•SpUlways,  Computer  programs,  Dam  design, 
Design  standards. 

A  two-dimensional  model  is  formulated  for  deter- 
mining the  free  surface  and  the  discharge  for  a 
stationary  incompressible,  homogeneous,  non-vis- 
cous and  irrotational  flow  over  a  fixed  spillway. 
The  flow  satisfies  the  LaPlace  equation  and  the 
Bernoulli  equation  (potential  flow).  An  important 
feature  of  the  model  is  that  it  can  be  extended  to 
design  the  spillway  structure  when  the  spillway  is 
not  fixed  but  the  pressure  on  the  spillway  is  de- 
scribed by  a  cavitation  criterion.  The  continuous 
model  is  discretized  by  the  boundary  element 
method  (BEM).  A  non-linear  programming  algo- 
rithm is  used  to  calculate  the  pressures  and  the 
shape  of  the  spillway.  A  computer-aided  design 
package  is  developed  on  a  PC,  using  the  equations 
describing  the  free  surface,  the  BEM,  and  standard 
optimization  techniques.  The  input  and  output  of 
the  model  are  realized  using  graphical  routines. 
Additionally  the  convergence  and  the  computation 
time  of  the  algorithms  are  discussed.  (Author's 
abstract) 
W90-06955 


EVALUATION  OF  METHODS  FOR  DETER- 
MINING THE  VERTICAL  DISTRIBUTION  OF 
HYDRAULIC  CONDUCTIVITY. 

Nevada  Univ.  System,  Reno.  Desert  Research  Inst. 
For  primary  bibliographic  entry  see  Field  7B. 
W90-07018 


ANALYTIC  METHOD  OF  HYDRAULIC  CAL- 
CULATION OF  EDDY  SHAFT  SPUXWAYS. 

V.  V.  Volshanik,  A.  L.  Zuikov,  and  A.  P. 
Mordasov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  4,  p  214-220,  1990.  3  fig,  2  tab,  18  ref.  Translat- 
ed from  Gidroteknicheskoe  Stroitel'stvo,  No.  4,  p 
38-43,  April,  1989. 

Descriptors:  'Analytical  methods,  'Flow  equa- 
tions, 'Hydraulic  design,  'Mathematical  analysis, 
•Spillways,  Eddies,  Hydraulic  engineering,  Hy- 
draulic geometry,  Hydraulic  structures. 

Several  methods  of  hydraulic  calculation  of  eddy 
shaft  spillways  have  been  developed.  A  proposed 
analytic  method  has  been  developed  and  compared 
with  known  ones  and  with  the  results  of  experi- 
mental investigations.  The  analytic  methods  inves- 
tigated are  based  on  laws  of  conservation  and, 
unlike  earlier  known  methods,  take  into  account 
not  only  the  size  and  shape  of  the  water  passage- 
way but  also  contraction  of  the  flow  upon  entering 
the  spiral  chamber  from  the  inlet  channel  or  con- 
duit, hydraulic  losses  of  energy  at  the  entry  to  the 
vertical  shaft,  and  the  presence  here  of  a  zone  of 
equalization  of  flow.  In  calculating  the  characteris- 
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tics  of  swirled  flow  over  the  vertical  shaft  height, 
its  potential  energy  related  to  the  effect  of  centrifu- 
gal body  forces  is  taken  into  account.  The  investi- 
gated methods  make  it  possible  to  obtain  calculated 
values  of  hydraulic  characteristics  of  eddy  shaft 
spillways  and  functions  of  the  variation  of  swirled 
flows  in  vertical  shafts  most  closely  coinciding 
with  experimental  data.  Deviations  between  exper- 
iment and  calculation  lie  within  measurement  accu- 
racy. This  permits  recommending  the  given  meth- 
ods for  practical  use  when  designing  eddy  shaft 
spillways  and  for  predicting  and  analyzing  their 
operation.  (VerNooy-PTT) 
W90-07047 


HYDRAULIC  RESISTANCES  OF  DEFORMA- 
BLE  CHANNELS  AND  THEIR  STABILITY 
CRITERIA. 

N.  Bekimbetov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  4,  p  220-224,  1990.  2  fig,  6  ref.  Translated  from 
Gidroteknicheskoe  Stroitel'stvo,  No.  4,  p  43-45, 
April,  1989. 

Descriptors:  'Channel  erosion,  'Channel  morphol- 
ogy, 'Channel  stability,  'Erosion,  'Flow  friction, 
•Hydraulic  roughness,  'Stability  analysis,  Channel 
flow,  Channels,  Deposition,  Flow  velocity,  Mathe- 
matical models.  Sediment-water  interfaces,  Turbu- 
lent flow,  Vertical  distribution. 

The  resistance  of  a  channel,  in  addition  to  granular 
roughness  of  the  channel  surface  and  channel 
forms  (waves  and  ripples),  is  determined  by  the 
intensity  of  flow  turbulence  and  expenditure  of 
part  of  the  turbulent  energy  on  suspension  and 
transport  of  sediments.  In  the  case  when  more 
sediments  enter  the  canal  than  it  can  transport, 
deposition  of  the  excess  load  occurs  and  all  asperi- 
ties of  channel  roughness  are  equalized  by  sedi- 
ment deposition.  Since  a  change  in  the  velocity 
field  of  flow  is  accompanied  by  a  change  in  rough- 
ness of  the  channel,  i.e.,  in  the  size  and  shape  of  the 
waves  or  migrating  bottom  relief,  parameters  for 
the  distribution  of  velocities  measured  in  large 
canals  in  the  lower  reaches  of  the  Amu  Darya 
(Soviet  Union)  were  used.  Distribution  of  the  mean 
vertical  velocities  of  flow  was  studied  at  selected 
stretches  of  canal.  Formulas  of  the  velocity  distri- 
bution and  mean  velocity  deficits  on  the  vertical 
velocity  deficit  were  used  for  obtaining  the  theo- 
retically substantiated  formula  of  channel  resist- 
ance. Mathematical  equations  were  developed  to 
determine  stability  criteria  for  deformable  chan- 
nels. Using  morphometric  relations  developed  for 
large  canals,  parameters  of  stable  channels  can  be 
determined,  using  the  established  flow  turbulence 
and  friction  velocity  corresponding  to  the  start  of 
movement  of  soil  particles  composing  the  channel 
bed.  (VerNooy-PTT) 
W90-07048 


ESSENCE  OF  THE  COEFFICIENT  OF  EFFEC- 
TIVE UPLIFT  AREA. 

V.  V.  Tetel'min,  and  V.  A.  Ulyashinskii. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  4,  p  234-240,  1990.  3  fig,  3  tab,  6  ref.  Translat- 
ed from  Gidroteknicheskoe  Stroitel'stvo,  No.  4,  p 
53-58,  April,  1989. 

Descriptors:  'Building  codes,  'Dam  foundations, 
•Design  criteria,  'Structural  settlement,  'Uplift 
pressure,  Dam  design,  Mathematical  analysis,  Per- 
meability, Rock  properties,  Sayano-Shushenskoe 
Dam,  Seepage,  Water  pressure. 

According  to  the  Soviet  building  code  SNiP  II-54- 
77,  in  calculations  of  the  foundations  of  dams,  the 
water  pressure  on  the  foundation  in  the  upper  and 
lower  pools  should  be  taken  with  a  factor  incorpo- 
rating the  coefficient  of  effective  uplift  area.  An 
examination  was  made  of  the  coefficient  of  effec- 
tive uplift  area,  as  it  relates  to  dam  foundations. 
Calculations  on  the  foundation  of  the  Sayano-Shu- 
shenskoe dam  were  used  as  an  example.  It  was 
necessary  to  distinguish  the  coefficient  of  effective 
area  of  action  of  the  seeping  water  and  coefficient 
of  spatial  work  of  the  permeable  foundation,  be- 
cause one  is  a  unique  geometric  characteristic  and 
the  other  is  an  energy  characteristic  of  the  flow 
region  of  the  rock  mass.  When  determining  the 


settlements  of  the  foundation  and  structure  during 
their  monitoring,  absolute  settlements  for  the  fun- 
damental bench  marks  of  the  geodetic  network  had 
to  be  considered.  Values  of  the  coefficient  of  spa- 
tial work  of  the  permeable  rock  mass  of  the  foun- 
dation and  bank  can  be  determined  by  measuring 
the  relative  settlements  of  the  territory  adjacent  to 
the  dam,  the  outer  monitored  boundary  of  which  is 
2  to  3  kilometers  from  the  Sayano-Shushenskoe 
dam.  Values  of  the  coefficient  of  spatial  work  of 
the  foundation,  determined  from  observations  of 
settlements  of  territory  adjacent  to  the  dam,  agree 
with  official  recommendations.  However,  in  con- 
sideration of  the  great  importance  of  the  accuracy 
of  determining  surface  and  seepage  forces  for  en- 
suring the  reliability  of  a  planned  structure,  it  is 
advisable  to  supplement  the  relevant  article  of  the 
SNiP  building  code  with  a  more  distinct  regulation 
with  respect  to  determination  and  assignment  of 
the  coefficient  of  spatial  work  of  the  permeable 
foundation.  (VerNooy-PTT) 
W90-07050 


TURBULENCE  MEASUREMENTS  IN  MODEL 
SETTLING  TANK. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Hy- 

dromechanik. 

D.  A.  Lyn,  and  W.  Rodi. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  116,  No.  1,  p  3-21,  January  1990. 

12  fig,  2  tab,  16  ref. 

Descriptors:  'Flow  characteristics,  'Flow  pattern, 
•Fluid  mechanics,  'Hydraulic  models,  'Hydrau- 
lics, 'Settling  tanks,  'Turbulent  flow,  Eddies, 
Flow  system,  Hydraulic  properties,  Inflow,  Inlets. 

Turbulence  measurements  were  made  in  the  inlet 
region  of  a  rectangular  laboratory  settling  tank 
with  a  two-component  laser-Doppler  system.  The 
flow  fields  from  a  plane  jet  impinging  on  two  types 
of  deflector,  at  constant  depth  and  discharge,  were 
studied.  Effect  due  to  density  differences  or  the 
presence  of  sediment  were  not  considered.  Al- 
though the  two  flow  fields  exhibited  marked  differ- 
ence in  terms  of  the  extent  of  their  recirculation 
regions  and  the  extent  of  regions  of  high  turbulent 
transport,  flow-through  curves  from  tracer  tests 
indicated  little  difference.  A  comparison  to  the 
case  without  deflector  showed  improved  hydraulic 
efficiency,  attributable  to  the  inhibition  of  short- 
circuiting  effects  or  to  increased  initial  mixing. 
Strong  and  complex  three-dimensional  effects  were 
found.  Of  the  three  cases,  the  use  of  the  two-sided 
deflector  produced  the  shortest  inlet  region,  ap- 
proximately half  as  large  as  in  the  other  two  cases, 
and  therefore  achieved  the  fastest  approach  to  the 
ideal  of  plug  flow.  The  inlet  zone  of  the  one-sided 
deflector  was  somewhat  shorter,  about  80-90%, 
than  that  without  deflector.  The  flow-through 
curves  for  the  cases  with  deflector  showed  signifi- 
cant improvement  in  hydraulic  efficiency  over  that 
without  deflector.  Three-dimensional  effects  were, 
surprisingly,  stronger  than  would  be  expected  from 
simple  sidewall  effects,  and  exhibited  a  complex 
vertical  as  well  as  complex  plan  structure.  If  the 
three-dimensional  flow  patterns  observed  were  due 
less  to  the  sidewalls  and  more  to  the  separation 
phenomenon,  then,  it  is  concluded,  such  patterns 
could  also  arise  in  circular  tanks.  A  good  predic- 
tion of  the  flow-through  curves  does  not  necessari- 
ly imply,  or  even  require,  a  good  prediction  of  the 
flow  field,  as  the  curves  may  be  quite  insensitive  to 
flow  details.  However,  it  seems  unlikely  that  a 
generally  applicable  predictor  of  the  curves,  which 
can  be  used  without  special  calibration,  can  be 
developed  without  also  being  a  good  predictor  of 
the  flow  field.  (Fried mann-Pl  I) 
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VELOCITY  OF  PARTICLES  FALLING  IN  VER- 
TICALLY OSCILLATING  FLOW. 

Delaware  Univ.,  Lewes.  Air-Sea  Interaction  Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
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HYPERCONCENTRATED  SAND-WATER  MLX- 
TURE  FLOWS  OVER  FLAT  BED. 

Waterloopkundig  Lab.  te  Delft  (Netherlands). 
For  primary  bibliographic  entry  see  Field  2J. 
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FLOW    NEAR   SLOPED    BANK    IN   CURVED 
CHANNEL. 

Alberta  Univ.,   Edmonton.   Dept.  of  Civil   Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
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2-D  DEPTH-AVERAGED  FLOW  COMPUTA- 
TION NEAR  GROYNE. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 

Water  Resources  Engineering. 

T.  Tingsanchali,  and  S.  Maheswaran. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  116,  No.  1,  p  71-86,  January  1990. 
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Descriptors:  'Channel  flow,  'Flow  around  ob- 
jects, 'Flow  velocity,  'Groins,  'Hydraulic  models, 
•Shear  drag,  'Shear  stress,  'Streamflow,  'Turbu- 
lent flow,  Mathematical  studies,  Model  studies, 
Numerical  analysis. 

The  depth-averaged  velocity  and  bottom  shear 
stress  distributions  in  a  rectangular  channel  near  a 
groyne  (groin)  were  computed  by  using  a  2-D 
depth  averaged  model.  The  model  uses  a  hybrid 
finite  difference  scheme  and  an  iterative  method  to 
solve  the  governing  equations  of  flow  and  turbu- 
lence transport.  Due  to  streamline  curvature  ef- 
fects in  the  region  near  the  groyne  tip,  a  correction 
factor  was  incorporated  into  the  turbulence  model 
that  significantly  improved  the  agreement  between 
the  computed  and  experimental  data  of  the  veloci- 
ties and  of  the  streamline  pattern  compared  to 
previous  numerical  methods.  In  this  region,  the 
bottom  shear  stress  was  found  to  be  largely  influ- 
enced by  the  3-D  effects.  A  3-D  correction  factor 
was  introduced  which  considerably  improved  the 
computed  bottom  shear  stresses.  Sensitivity  analy- 
sis was  made  on  the  model  coefficients  and  on  the 
correction  factors  of  the  streamline  curvature  and 
the  3-D  effects.  A  comparison  between  computed 
results  and  experimental  data  is  presented  for 
streamline  pattern,  velocity  profiles,  shear  stress 
distribution,  and  influence  of  constriction  ratio  on 
recirculation.  Agreements  were  found  to  be  satis- 
factory for  all  of  these  factors.  (Friedmann-PTT) 
W90-07068 


HYDRAULIC  DESIGN  OF  ERODIBLE-BED 
CHANNELS. 

San  Diego  State  Univ.,  CA.  Dept.  of  Civil  Engi- 
neering. 
H.  H.  Chang. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  116,  No.  1,  p  87-101,  January  1990. 
12  fig,  1  tab,  8  ref. 

Descriptors:  'Bank  protection,  'Channel  erosion, 
'Channelization,  'Flood  channels,  'Flood  control, 
•Hydraulic  design,  'Hydraulic  properties.  Bank 
erosion,  Fluvial  sediments,  Sediment  discharge. 
Sediment  transport,  Sediment  yield. 

Bank  protection  is  often  employed  to  stabilize  and 
alluvial  channel  and  to  reclaim  land  from  a  flood 
plain.  For  the  sake  of  channel-bed  stability,  the 
hydraulic  geometry  of  the  channel  must  be  de- 
signed so  that  its  sediment-transport  capacity 
matches  the  supply  from  the  upstream  natural 
reach.  Construction  of  a  flood-control  channel  in  a 
flood  plain  usually  increases  the  flow  velocity  and 
sediment  transport.  To  maintain  an  approximate 
sediment  equilibrium,  the  slope  of  the  channelized 
reach  is  reduced  using  drop  structures.  The  chan- 
nelized reach  and  the  natural  reach  have  dissimilar 
geometries;  their  sediment-transport  rates  are  usu- 
ally different  under  the  changing  discharge,  and 
the  channel  as  designed  will  undergo  scour  and  fill 
during  the  design-flood  event.  To  account  for  the 
time-dependent  processes  and  general  channel  ge- 
ometry, a  mathematical  model  for  water  and  sedi- 
ment routing  is  used  to  determine  the  hydraulic 
geometry  of  erodible-bed  channels.  The  simulated 
sediment  yield  and  its  spatial  variation  are  em- 
ployed to  arrive  at  the  equilibrium  (nonscouring 
and  nonsilting)  geometry  at  the  peak  discharge. 
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Sediment  transport  and  fluvial  processes  were  also 
modeled  to  determine  the  depth  of  toe  entrench- 
ment. The  toe  profile  showed  a  toe-down  depth  of 
5  ft  just  above  a  drop  structure,  which  gradually 
increases  upstream  to  10  ft  just  below  the  next 
drop  structure.  The  toe  elevations  extend  below 
the  corresponding  design-bed  elevations  by  the 
toe-down  depths.  The  toe-down  depth  includes  the 
scour  induced  by  any  longitudinal  sediment  imbal- 
ance, scour  associated  with  the  channel  curvature 
in  a  bend,  and  one-half  of  the  antidune  height.  The 
toe  entrenchment  for  erodible-bed  channels  is  an 
important  factor  in  the  project  cost.  The  design  for 
channel  stability  generally  reduces  the  toe-down 
requirement.  Drop  structures  limit  channel-bed 
fluctuation,  thereby  reducing  the  toe-down  depth. 
(Friedmann-PTT) 
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FIELD   PREDICTABILITY   OF   FLUME   AND 
WEDl  OPERATING  CONDITIONS. 

Agricultural    Research    Service,    Phoenix,    AZ. 

Water  Conservation  Lab. 

For  primary  bibliographic  entry  see  Field  8B. 
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FIELD  PREDICTABILITY  OF  FLUME  AND 
WED*  OPERATING  CONDITIONS. 

Agricultural    Research    Service,    Phoenix,    AZ. 
Water  Conservation  Lab. 
A.  J.  Clemmens,  J.  A.  Replogle,  and  Y.  Reinink. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.   116,  No.    1,  p   102-118,  January 
1990.  16  fig,  1  tab,  8  ref. 

Descriptors:  *Dam  design,  *Head  flumes,  *Head 
loss,  *Hydraulic  design,  'Hydraulic  models,  'Hy- 
draulic properties,  *Model  studies,  *Weirs,  Dis- 
charge capacity,  Flumes,  Hydraulic  structures, 
Laboratories,  Mathematical  studies. 

Laboratory  studies  were  conducted  on  a  rectangu- 
lar broad-crested  weir  to  determine  the  effects  of 
entrance  and  exit  conditions  on  the  discharge  and 
required  energy  loss.  In  doing  so,  a  method  for 
visually  determining  whether  downstream  condi- 
tions affect  the  flume  calibration  was  developed. 
The  current  mathematical  model  of  these  flumes 
satisfactorily  predicts  both  discharge  and  required 
head  losses.  Approach-ramp  slopes  of  3:1  and  2:1 
are  shown  to  be  acceptable  for  accurate  discharge 
prediction,  although  a  slight  rounding  of  the  ap- 
proach ramp  corners  will  improve  predictions.  At 
high  ratios  of  energy,  head  to  throat  length  and 
with  a  sudden  downstream  transition,  the  model 
slightly  underpredicted  the  required  energy  loss. 
As  long  as  the  water  surface  profile  is  dropping 
continuously  from  the  approach  ramp  to  the  end  of 
the  throat,  the  downstream  water  level  is  not  influ- 
encing discharge  prediction.  Field  observations 
and  measurements  supported  these  laboratory  re- 
sults, which  should  apply  to  most  long-throated 
flumes,  since  a  rectangular  broad-crested  weir  rep- 
resents the  worst-case  conditions  for  head  losses. 
(Author's  abstract) 
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DEVELOPMENT  AND  INTRODUCTION  OF 
THE  OHTPI-2  OPTIMAL  HYDRAULIC 
TRANSPORT  PERFORMANCE  INDICATOR. 

N.  N.  Kozhevnikov,  V.  I.  Kiselev,  G.  Y. 
Speranskiy  and  G.  D.  Temnikov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  312-318,  1990.  5  fig,  9  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  6,  p.  10-15, 
June,  1989. 

Descriptors:  'Energy,  'Hydraulic  transportation, 
•Pipelines,  'Slurries,  'Soil  properties,  'Soils, 
•Soviet  Union,  Dredging,  Hydraulics,  Monitoring, 
Soil  texture. 

Among  the  main  factors  influencing  the  cost  effec- 
tiveness of  pipeline  transport  of  soil  are  the  selec- 
tion and  maintenance  of  the  optimal  parameters  of 
hydraulic  transport-the  consistency  of  the  slurry 
and  its  speed  corresponding  to  minimum  energy 
expenditures.  Experimental  investigations  being 
carried  out  since  the  early  1950s  established  that  a 
partially  silted  regime,  when  the  transport  speed  is 


close  to  the  critical,  corresponds  to  the  minimum 
specific  expenditures  of  energy  on  hydraulic  trans- 
port of  soil.  These  completely  objective  recom- 
mendations are  not  used  in  practice  owing  to  the 
absence  of  monitoring  means  enabling  a  determina- 
tion under  field  conditions  of  the  sediment  layer  in 
the  pipeline  and  the  consistency  of  the  slurry.  A 
device  for  monitoring  the  sediment  layer  in  a  pipe- 
line has  been  devised  and  an  optimal  hydraulic 
transport  performance  indicator  based  on  the  con- 
ductometric  method  has  been  developed.  The  in- 
stallation of  the  monitoring  device  on  a  dredge 
makes  it  possible  for  the  operator  to  maintain  opti- 
mal saturation  of  the  mixture  with  soil  for  given 
conditions.  An  increase  of  productivity  and  re- 
duced energy  expenditures  of  18%  were  achieved 
during  the  test.  By  means  of  the  indicator  it  is 
possible  to  check  the  existing  parameters  of  hy- 
draulic transport-head,  flow  rate,  and  diameter  of 
the  pipeline  and  their  correspondence  to  the  par- 
ticular soil  conditions.  The  indicator  can  also  be 
used  for  monitoring  soil  level  and  liquid  phase  in  a 
vessel.  (Mertz-PTT) 
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KINEMATIC  CHARACTERISTICS  OF  FLOWS 
IN  TRANSITION  SECTIONS  OF  UNLINED 
CANALS. 

V.  I.  Elimov,  and  E.  K.  Rabkova. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  356-359,  1990.  5  fig,  2  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  6,  p.  43-45, 
June,  1989. 

Descriptors:  'Canal  design,  'Canals,  'Hydraulics, 
•Soviet  Union,  Channel  flow,  Flow,  Flow  control, 
Flow  measurement,  Hydraulic  design,  Kinematic 
waves. 

To  join  two  different  cross  sections  of  an  unlined 
canal  running  lengthwise  in  soils  differing  in  parti- 
cle-size distribution,  it  is  necessary  to  provide  a 
transition  section  of  variable  cross  section  (narrow- 
ing or  expanding  in  plan).  To  study  the  character 
of  flow  in  nonprismatic  channels  and  to  develop 
practical  recommendations  on  the  design  of  canals 
with  transitions,  a  detailed  study  of  the  kinematic 
structure  of  the  flow  on  transitions  under  laborato- 
ry conditions  was  undertaken.  The  laboratory  in- 
vestigations were  conducted  in  a  25  by  1.4  by  0.5- 
m  channel  flume  with  a  circulating  water  supply. 
In  the  case  of  a  nonprismatic  cross  section  of  a 
canal  the  form  of  the  free  surface  is  determined  by 
the  slope  of  the  bottom  of  the  transition,  and  the 
rate  of  contraction  or  expansion  of  channel  affects 
mainly  the  steepness  of  the  particular  type  of  curve 
of  the  free  surface  of  the  flow,  as  well  as  its 
dimensions  along  the  length  of  the  canal.  In  the 
case  of  a  canal  transition  from  narrow  and  shallow 
to  wider  and  deeper  there  are  extremely  unfavor- 
able hydraulic  conditions  of  the  flow  on  the  transi- 
tion and  in  the  downstream  stretch  of  the  canal. 
On  transitions  with  an  adverse  slope  of  the  bottom, 
the  length  of  the  transition  is  determined  by  the 
angle  of  expansion  of  its  sides.  On  transitions  with 
a  sustaining  slope  of  the  bottom,  their  length  is 
determined  by  the  slope  of  the  bottom.  In  the  case 
of  joining  canals  with  a  transition  gradually  ex- 
panding in  plan  and  an  adverse  slope  of  the 
bottom,  an  angle  of  expansion  of  the  sides  of  4-6 
degrees  is  recommended.  In  the  case  of  joining 
canals  with  a  transition  gradually  narrowing  in 
plan  and  a  sustaining  slope  of  the  bottom,  the 
necessary  length  of  the  transition  is  determined  by 
the  ratio  of  the  widths  of  the  upstream  and  down- 
stream stretches  of  the  canal,  as  well  as  by  the 
difference  in  the  maximum  depths  of  these  sec- 
tions. It  is  recommended  to  design  transitions 
within  stronger  soils.  (Mertz-PTT) 
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SPLIT-STEP    FOURIER    ALGORITHM    FOR 
WATER  WAVES. 

Delaware  Univ.,  Newark.  Ocean  Engineering  Pro- 
gram. 

L.  C.  Munasinghe,  and  R.  A.  Dalrymple. 
Journal     of     Engineering     Mechanics     (ASCE) 
JENMDT,  Vol.  116,  No.  2,  p  251-267,  1990.  5  fig, 
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Descriptors:  'Algorithms,  'Fourier  analysis, 
•Model  studies,  *Wave  propagation,  *Waves,  Dif- 
fraction, Ocean  waves,  Shoals,  Wave  refraction. 

A  parabolic  model  for  propagation  of  water 
waves,  implemented  with  an  efficient  split-step 
Fourier  transform  algorithm,  is  presented.  The  al- 
gorithm, widely  used  in  acoustics  to  solve  the 
parabolic  form  of  the  Helmholtz  equation  and 
modified  to  approximately  account  for  wave 
number  dependency  in  the  direction  of  propaga- 
tion, was  successfully  applied  to  model  refraction 
and  diffraction  of  water  waves.  The  solution  algo- 
rithm is  exact  for  a  constant  depth  ocean  and  gives 
a  good  approximation  for  a  wave  spectrum  on  a 
uniform  slope.  The  results  of  the  model  for  an 
elliptical  shoal  on  a  uniform  slope  are  presented  for 
both  linear  and  nonlinear  wave  dispersion  relation- 
ships and  show  good  agreement  with  experimental 
results.  The  wide-angle  capabilities  of  the  model 
are  also  examined  for  a  circular  shoal  of  elliptical 
cross  section  on  a  flat  bottom.  The  algorithm  is 
very  efficient  and  stable,  permitting  large  computa- 
tional step  sizes  in  the  direction  of  propagation. 
(Author's  abstract) 
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FLOW  IN  SPIXLWAYS  WITH  GRADUALLY 
VARIED  CURVATURE. 

Institute  of  Water  Conservancy  and  Hydroelectric 

Power  Research,  Beijing  (China). 

X.  Q.  Xu,  and  X.  X.  Sun. 

Journal     of     Engineering     Mechanics     (ASCE) 

JENMDT,  Vol.  116,  No.  2,  p  390-398,  1990.  3  fig, 

17  ref. 

Descriptors:  *Flow  characteristics,  •Gradually- 
varied  flow,  *Hydraulic  geometry,  'Spillways, 
Cavitation,  Finite  element  method,  Hydraulic  engi- 
neering, Pressure  distribution. 

In  the  conventional  design  of  a  spillway  invert  and 
flow  bucket,  circular,  elliptic,  and  parabolic  curves 
are  generally  used  to  connect  straight  boundaries. 
Because  of  the  abrupt  change  in  curvature  at  tan- 
gency  points,  considerable  drop  of  pressure  may 
occur,  which  sometimes  causes  cavitation  damage. 
Two  kinds  of  curves  with  gradually  varied  curva- 
ture, CGVC  1  and  CGVC  2,  are  suggested  in 
spillway  design  to  connect  two  given  points.  The 
slope  and  the  curvature  at  both  ends  are  specified 
for  a  CGVC  1  curve.  For  a  CGVC  2  curve,  with 
other  conditions  the  same  as  CGVC  1,  the  curva- 
ture at  the  downstream  end  is  not  prescribed.  A 
variable  domain  finite  element  scheme,  in  which 
the  location  of  the  free  surfaces  of  the  jet  is  deter- 
mined simultaneously  with  the  stream  function,  is 
described.  The  proposed  curves  with  gradually 
varied  curvature  are  used  in  four  sample  designs. 
Computational  results  with  the  finite  element 
scheme  indicate  that  the  new  designs  give  better 
pressure  distribution  than  the  conventional  one. 
(Author's  abstract) 
W90-07201 


CASE  STUDY  OF  A  LABYRINTH  WEUt  SPILL- 
WAY. 

Alberta   Environment,    Edmonton.    Development 

and  Operations  Div. 

For  primary  bibliographic  entry  see  Field  8A. 

W90-07233 


TRANSIENT  HYDRAULIC  MODEL  FOR  SIM- 
ULATING CANAL-NETWORK  OPERATION. 

Nairobi  Univ.  (Kenya).  Dept.  of  Agricultural  En- 
gineering. 

F.  N.  Gichuki,  W.  R.  Walker,  and  G.  P.  Merkley. 
Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.  116,  No.  1,  p  67-82,  Janu- 
ary/February 1990.  8  fig,  21  ref.  US  Agency  for 
International  Development  Contract  AID/DAN- 
4127-C-00-2086-00. 

Descriptors:  'Hydraulic  design,  'Hydraulic  engi- 
neering, 'Irrigation  canals,  'Network  design, 
Computers,  Gates,  Hydraulic  models,  Performance 
evaluation,  Simulation,  Weirs. 
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Renewed  interest  in  the  role  of  delivery  networks 
in  farm-level  water  use  efficiency  has  prompted  the 
development  of  a  transient  hydraulic  simulation 
model  for  improving  the  design  and  operation  of 
irrigation  canal  networks.  Numerical  solutions  de- 
rived from  surface  irrigation  analyses  of  the  past 
decade  provide  rapid  and  accurate  applications  in  a 
microcomputer  environment.  Surface  irrigation 
hydraulic  modeling  theory  was  adapted  for  use  in 
branching  canal  networks  and  the  results  of  the 
model  verified.  The  model  can  simulate  the  filling 
and  operation  of  canals  and  can  handle  bulk  lateral 
outflow  from  turnouts  and  wastewater  weirs.  Gate 
settings  can  be  computed  by  the  model  with  the 
objective  of  maintaining  stable  flow  depths  at  the 
downstream  end  of  each  canal  reach,  thus  provid- 
ing a  basis  for  improved  canal  operation  and  more 
efficient  water  management.  The  model  can  pre- 
dict the  overall  hydraulic  response  in  multiple 
canal  reaches  with  reasonable  accuracy.  Use  of  the 
model  to  investigate  hydraulic  responses  of  canal 
systems  now  can  be  made  with  a  higher  degree  of 
confidence.  Model  development  and  refinement 
are  continuing.  (Rochester-PTT) 
W90-07320 


SHOOTING  METHOD  FOR  SAINT  VENANT 
EQUATIONS  OF  FURROW  IRRIGATION. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 

Water  Resources. 

W.  W.  Wallender,  and  M.  Rayej. 

Journal  of  Irrigation  and   Drainage  Engineering 

(ASCE)  JIDEDH,  Vol.    116,  No.    1,  p   114-122, 

January /February  1990.  2  fig,  1  tab,  15  ref. 

Descriptors:  'Furrow  irrigation,  'Hydrodynamics, 
•St  Venant  equation,  Mathematical  equations, 
Mathematical  models,  Performance  evaluation, 
Prediction,  Shooting  method. 

Flow  in  surface  irrigation  is  subcritical  and  down- 
stream conditions  can  propagate  upstream.  The 
Saint  Venant  equations  for  advance  and  runoff 
phases  of  furrow  irrigation  were  solved  using  a 
shooting  or  initial-value  method,  rather  than  using 
the  two-point  boundary  method  used  previously. 
The  shooting  or  initial-value  method  started  from 
the  downstream  end  and  proceeded  upstream 
against  the  flow.  Saint  Venant  hydrodynamic 
equations  were  solved  cell  by  cell  for  the  flow  area 
and  flow  rate  in  the  upstream  direction,  given  the 
advance  increment  of  the  wave  front  and  an  esti- 
mate of  the  time  required  to  achieve  that  advance. 
In  contrast,  with  the  two-point  boundary-value 
solution  for  the  full  hydrodynamic  model,  the 
process  started  at  the  upstream  end  and  swept 
downstream  and  then  upstream  during  each  iter- 
ation. Flow  area  and  discharge  were  solved  simul- 
taneously for  all  nodes  and  advance  distance  was 
calculated  for  the  given  time  step.  The  shooting 
model  was  tested  and  its  accuracy  compared  with 
that  of  the  implicit  model.  Advance  times  predict- 
ed with  both  models  were  very  close  to  field 
values  initially  (10  or  20  m),  but  tended  to  be 
overpredicted  as  the  simulation  continued.  At  100 
m  distance  (the  maximum  used),  the  field-measured 
advance  time  was  18  min,  the  implicit  model  pre- 
diction was  19  min,  and  the  shooting  model  predic- 
tion was  20  min.  (Rochester-PTT) 
W90-07324 


8C.  Hydraulic  Machinery 


INTEGRATED     PRODUCTION     OF     POWER 
AND  WATER. 

Saline  Water  Conversion  Corp.,  Al-Khobar  (Saudi 

Arabia). 

For  primary  bibliographic  entry  see  Field  5F. 

W90-06564 


HYDROPOWER  IN  NEW  ENGLAND:  AN  IN- 
TRODUCTION. 

For  primary  bibliographic  entry  see  Field  6B. 
W90-06699 


SMALL  HYDROPOWER  DEVELOPMENT 
AND  THE  ENVIRONMENT:  A  SURVEY  OF 
STATE  AND  FEDERAL  LAW. 


For  primary  bibliographic  entry  see  Field  6E. 
W90-06701 


ROLE  OF  THE  FEDERAL  ENERGY  REGULA- 
TORY COMMISSION  IN  LICENSING  SMALL 
HYDROELECTRIC  PROJECTS. 

Vermont  Law  School,  South  Royalton. 

For  primary  bibliographic  entry  see  Field  6E. 

W90-06702 


IMPACT  OF  ECONOMIC  AND  FINANCIAL 
POLICIES  ON  THE  DEVELOPMENT  OF 
SMALL-SCALE  HYDROELECTRIC  FACILI- 
TIES IN  NEW  ENGLAND. 

Thayer  School  of  Engineering,  Hanover,  NH. 
For  primary  bibliographic  entry  see  Field  6E. 
W90-06703 


SELECTION  OF  THE  LAYOUT  OF  THE  POW- 
ERHOUSE OF  A  PUMPED-STORAGE  STA- 
TION IN  A  DROP  SHAFT. 

S.  G.  Ageev,  I.  I.  Ivanov,  M.  F.  Sarkisova,  E.  N. 
Shestopal,  and  A.  K.  Shishkin. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  5,  p  248-254,  1990.  5  fig,  6  tab.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  pp.  16-20, 
May,  1989. 

Descriptors:  'Hydroelectric  plants,  *Pump  tur- 
bines, 'Pumped  storage,  'USSR,  Design  criteria, 
Draft  tubes,  Kanev  Pumped  Storage  Station,  Peak- 
ing power,  Penstocks,  Powerhouses. 

The  Kanev  pumped-storage  station  (PSS),  which  is 
equipped  with  large  mixed-flow  reversible  units  for 
heads  up  to  112  m,  serves  as  the  source  of  peak- 
load  energy  and  as  a  load  regulator  in  the  southern 
power  system,  with  daily  and  weekly  cycles  of 
regulation  and  operating  time  up  to  9  hr  in  a 
turbine  regime  and  7  hr  in  a  pump  regime.  The 
PSS  is  being  constructed  near  the  Kanev  hydro- 
electric station,  using  the  station's  reservoir  as  the 
downstream  storage  reservoir.  The  upper  storage 
reservoir  and  powerhouse  of  the  PSS  are  being 
constructed  under  complex  geologic  conditions  on 
soft  ground.  The  operating  qualities  of  the  new 
waterway  with  the  reversible  pump-turbine  unit  in 
a  drop  shaft  were  evaluated  by  direct  comparison 
of  the  hydraulic,  energy,  and  dynamic  characteris- 
tics of  the  pump-turbine  in  a  standardized  PSS 
powerhouse  with  those  of  a  nonstandard  one.  The 
complete  performance  of  the  model  ORO-812-11 
pump-turbine  unit  was  recorded  for  five  variants  of 
the  powerhouse  layout  (2  penstock  schemes  and  3 
types  of  draft  tube).  The  structure  of  the  flow  in 
the  penstock  was  investigated  to  assess  the  effect 
of  curvilinear  delivery  on  the  operating  conditions 
of  the  pump-turbine.  In  pump  regimes  the  struc- 
ture of  the  flow  for  all  types  of  draft  tubes  is 
identical.  Before  the  runner  the  distribution  of  axial 
velocities  is  uniform  with  a  maximum  in  the  center 
of  the  core.  The  circumferential  and  radial  compo- 
nents of  the  velocity  are  small.  The  angles  of  swirl 
of  the  flow  do  not  exceed  3.5  deg.  The  coefficient 
of  nonuniformity  of  the  distribution  of  velocities  is 
1.2.  The  intensity  of  pressure  fluctuations  in  the 
waterway  of  a  reversible  pump-turbine  unit  in  the 
main  pump  regimes  is  low.  The  layout  of  the 
powerhouse  of  the  PSS  in  drop  shafts  with  a 
nonstandard  waterway  of  the  pump-turbine  with  a 
specific  speed  of  220  for  heads  of  up  to  100  m  are 
comparable  in  their  hydraulic,  energy,  and  dynam- 
ic characteristics  to  a  standardized  waterway.  The 
use  of  drop  shafts  when  constructing  a  PSS  on  soft 
ground  provides  substantial  technical  and  econom- 
ic advantages.  (Rochester-PTT) 
V/90-06863 


EQUIPMENT  AND  STANDS  FOR  MANUFAC- 
TURING METAL  PRODUCTS  OF  HYDRO- 
ELECTRIC STATIONS. 

V.  E.  Danilenko,  and  G.  A.  Polonskii. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.   5,  p  273-278,    1990.   3  fig.  Translated   from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  pp.  34-38, 
May,  1989. 

Descriptors:  'Hydraulic  equipment,  'Hydroelec- 
tric plants,   Automation,   Economic  aspects,   Ma- 


chine   tools,    Manufacturing,    Metal    fabrication, 
USSR. 

More  efficient  use  of  plants  manufacturing  me- 
chanical equipment  and  metal  products  has  several 
aims:  reducing  labor  intensiveness,  shortening  the 
manufacturing  cycle,  reducing  usage  of  materials 
and  costs  of  production,  introduction  of  new  orga- 
nizational methods,  increasing  product  quality,  im- 
proving working  conditions,  and  increasing  safety. 
Marking  off  metal  is  complex  and  labor  intensive 
because  it  involves  mathematical  calculations  and 
geometric  constructions.  To  automate  this  oper- 
ation and  improve  quality,  stationary  automatic 
gas-cutting  machines  with  photoelectric  control 
(operating  from  scaled  master  drawings)  or  nu- 
merically controlled  machines  are  used.  A  mecha- 
nized line  for  cutout  of  steel  rolled  products  is 
currently  operating  at  the  Chekhov  Hydraulic 
Steelworks  plant.  Installation  and  delivery  of 
sheets  to  the  gas-cutting  machines  are  accom- 
plished by  sheet  placers  equipped  with  electromag- 
netic grips  and  mechanized  roller  tables.  The  PPD- 
1-65  machine  employs  a  plasma-arc  to  cut  sheet 
steel  with  a  thickness  of  5-80  mm.  This  semi- 
automatic machine  consists  of  a  plasma-arc  cutter, 
a  carriage  with  support,  and  operating  and  control 
panel.  Various  bending  machines  have  been  in- 
stalled, including  sheet-bending  rolls,  edge-bending 
presses,  and  sheet-bending  machines.  Small  porta- 
ble drilling  machines  (SK-10,  STs-20,  SKA-20,  and 
SK-25)  are  being  used  in  shipbuilding.  The  can 
adjust  the  cutting  regime  depending  on  the 
strength  of  the  material  being  worked.  The  RN-24 
thread-cutting  machine  provides  a  high-quality  of 
thread  in  all  materials,  automatic  incision  of  the  tap 
along  the  axis  of  the  holes,  and  prevention  of  the 
tool  from  breaking.  To  save  stainless  steel,  a  device 
is  used  for  surfacing  square  carbon  steel  of  the 
main  (working)  track  of  embedded  parts  with  a 
stainless  layer.  The  device  consists  of  a  stand  with 
mechanical  clamps  and  12  m  in  length;  a  suspended 
head  moves  along  guides  in  the  stand.  A  promising 
technology  is  the  assembly  of  pieces  using  electro- 
magnets and  permanent  magnets;  these  devices 
offer  rapid  action  and  no  moving  parts.  At  the 
Kama  Hydraulic  Steelworks  plant  automatic  sub- 
merged-arc welding  of  large  pipelines  with  a  diam- 
eter up  to  3000  mm  and  length  of  links  to  6000  mm 
is  carried  out  on  a  mechanized  rotating  stand. 
(Rochester-PTT) 
W90-06867 


LOCATION  OF  TRASH  RACKS  ON  UNDER- 
GROUND PRESSURE  CONDUITS  OF  HYDRO- 
ELECTRIC STATIONS. 

V.  F.  Ilyushin,  and  S.  N.  Krylova. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  5,  p  278-287,  1990.  6  fig,  1  tab,  11  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  5, 
pp.  38-46,  May,  1989. 

Descriptors:  'Hydraulic  design,  'Hydroelectric 
plants,  'Pressure  conduits,  'Trash  racks,  'Under- 
ground powerplants,  Comparison  studies,  Design 
criteria,  Performance  evaluation,  USSR,  Water 
level. 

Pressure  intakes  usually  are  used  under  conditions 
of  substantial  variation  of  water  level  in  the  upper 
pool  between  the  normal  pool  level  (NPL)  to  the 
dead  storage  level  (DSL).  Many  examples  exist  in 
which  pressure  intakes  are  located  50-80  m  or  even 
more  than  100  m  below  NPL.  With  deep  regulat- 
ing reservoirs,  pressure  intakes  usually  are  used  in 
combination  with  underground  pressure  conduits 
of  the  hydroelectric  station  (power  tunnels  or  pen- 
stocks). Pressure  intakes  supplying  the  under- 
ground conduits  can  be  divided  into  two  types: 
tower  and  bank  (with  a  shaft  or  special  under- 
ground room  for  gates).  Experience  in  the  design, 
construction,  and  operation  of  deep  intakes  of  hy- 
drostations  shows  that  cleaning  of  their  racks  is  a 
serious  problem,  and  the  construction  of  the  in- 
takes themselves  is  associated  with  large  expendi- 
tures of  time  and  expense,  particularly  in  seismical- 
ly  active  regions.  The  advantages  and  disadvan- 
tages of  various  layouts  for  trash  racks  on  the 
water-supply  conduits  of  hydroelectric  stations  can 
be  shown  by  examining  several  examples  of  unsub- 
merged  tower  intakes,  submerged  tower  intakes, 
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temporary  intake  (Rogun  Hydrostation),  intakes 
with  removable  conical  or  cylindrical  racks,  and 
bank  intakes.  Examples  exist  of  various  locations 
for  the  trash  racks,  including:  in  a  special  shaft  in 
the  initial  section  of  the  conduit  (Lake  Fannish, 
England),  in  tunnels  above  the  inlet  to  the  pen- 
stocks (France),  and  at  the  end  of  intake  works  in  a 
surge  shaft  (Arnstein  hydrostation,  Austria).  Un- 
submerged  tower  intakes  with  large  height  are 
complex  in  design,  especially  in  seismic  regions, 
and  are  labor-intensive  to  construct  and  operate. 
Submerged  tower  intakes  are  less  labor-intensive 
and  are  sufficiently  reliable  when  rubbish  content 
is  low  in  the  reservoir.  Bank  intakes  with  their 
large  depths  are  insufficiently  reliable  owing  to  the 
impossibility  of  using  known  trash  cleaning  de- 
vices, and  because  rubbish  striking  the  inclined 
rack  cannot  slide  down  or  be  thrown  off  by  the 
opposite  pressure  occurring  when  loading  of  the 
turbine  unit  is  changed.  Underground  trash  racks 
with  hydraulic  flushing  is  the  most  promising  ap- 
proach for  the  a  deep  headwater  tunnel.  (Roches- 
ter-PTT) 
W90-06868 


PUMP-STATION  INTAKE-SHOALING  CON- 
TROL WITH  SUBMERGED  VANES. 

Iowa  Univ.,  Iowa  City.  Inst,  of  Hydraulic  Re- 
search. 

T.  Nakato,  J.  F.  Kennedy,  and  D.  Bauerly. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.    116,  No.   1,  p   119-128,  January 
1990.  13  fig,  3  ref. 

Descriptors:  'Hydraulic  design,  'Hydraulic  engi- 
neering, 'Hydraulic  models,  'Hydraulic  structures, 
•Model  studies,  'Pumping  plants,  'Shoals,  Hydro- 
electric plants,  Hydroelectric  power,  Intakes, 
Iowa. 

The  water  intake  at  Iowa  Power's  Council  Bluffs 
Power  Station  Unit  3,  located  along  the  left  con- 
cave bank  of  the  Missouri  River  near  Council 
Bluffs,  Iowa,  has  suffered  from  chronic  fine-sand 
shoaling  problems  both  within  the  intake  bays  and 
just  outside  the  intake  structure.  In  order  to  main- 
tain the  pump-intake  bays  sediment-free,  an  inno- 
vative scheme  of  promoting  a  deep  scour  trench  in 
front  of  the  intake  was  developed  using  a  1:36  scale 
movable-bed  model.  On  the  basis  of  the  model 
testing  results,  an  array  of  submerged  vanes,  com- 
prising two  rows  of  13,  9-ft.  (2.7  m)  wide  sheet  pile 
vanes,  were  installed  in  the  prototype  in  August 
1985.  The  prototype  performance  of  these  vanes 
has  been  found  to  be  excellent  during  the  past  3.5 
yr,  and  no  dredging  has  been  required.  The  posi- 
tive riverbed-scouring  approach  developed  in  this 
study  may  be  a  viable  solution  to  resolve  persistent 
sedimentndeposition  problems  at  numerous  river- 
side water  intakes.  (Author's  abstract) 
W90-07071 


EFFICIENCY  OF  CONSTRUCTING  HYDRO- 
ELECTRIC STATIONS  AND  EXPERIENCE  OF 
OPERATING  THE  SAYANO-SHUSHENSKOE 
HYDROPOWER  COMPLEX. 

V.  I.  Bryzgalov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  301-304,  1990.  1  fig.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  6,  p.  1-4, 
June,  1989. 

Descriptors:  'Economic  aspects,  'Hydroelectric 
plants,  'Powerplants,  'Soviet  Union,  Capital  costs, 
Economic  justification,  Government  finance,  Hy- 
draulic turbines,  Investment,  Turbines. 

As  an  alternative  solution  to  the  problem  of  accel- 
erating the  introduction  of  fixed  capital  and  its 
productivity,  it  is  suggested  that  an  initial  (tempo- 
rary or  permanent)  hydroelectric  station  be  con- 
structed at  the  first  stage  of  construction  of  the 
hydro  development.  Such  a  station,  for  example, 
could  be  accommodated  in  the  powerhouse  of  the 
future  large  hydrostation  at  the  place  specified  for 
installation  of  the  reserve  turbine-generator  units. 
The  initial  hydrostation  could  also  be  used  to  solve 
future  problems,  such  as  counterdevelopment  of 
the  lower  pool.  The  establishment  in  the  design  of 
reserve  places  for  future  units  calculated  for  the 
development  of  power  systems  is  routine  and  nec- 


essary. Future  expenditures  could  be  reduced  since 
it  would  not  be  necessary  to  add  new  powerhouses 
to  the  existing  dams.  Similar  solutions  were  used  at 
the  Nurek  and  Sayano-Shushenskoe  hydrostations, 
when  temporary  turbine  runners  were  installed  in 
order  to  use  the  energy  resources  at  partial  heads. 
More  money  might  be  saved  if  the  places  of  re- 
serve units  of  a  large  hydrostation  were  used  for 
accommodating  the  units  of  the  initial  hydrosta- 
tion. Another  important  aspect  is  the  preparation 
of  the  reservoir  bed,  particularly  its  deforestation. 
Absence  of  access  roads  and  steepness  of  the  bed 
relief  often  impede  deforestation.  Construction  of 
the  initial  hydrostation  with  a  small  head  makes  it 
possible  to  create  at  least  a  small  reservoir,  but  one 
sufficient  for  organizing  on  its  surface  floating 
facilities  for  felling  timber  in  the  bed  of  the  future 
large  reservoir,  and  for  its  processing  and  trans- 
porting. Finally,  it  would  help  to  involve  in  the 
design  and  construction  of  hydro  developments  all 
those  government  departments  that  ultimately 
become  either  direct  water  users  or  are  closely 
related.  (Mertz-PTT) 
W90-07162 


USE  OF  THE  ENERGY  OF  SMALL  RIVERS 
AND  IRRIGATION  SYSTEMS  IN  THE  KIRGIZ 
SSR. 

For  primary  bibliographic  entry  see  Field  8A. 
W90-07163 


SUBSTANTIATION  OF  LAND  PROTECTION 
IN  THE  LOWER  POOLS  OF  HYDROELEC- 
TRIC STATIONS. 

N.  I.  Khrisanov,  and  M.  A.  Mereminskii. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  345-347,  1990.  1  fig,  4  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  6,  p.  34-36, 
June,  1989. 

Descriptors:  'Computer-aided  design,  'Hydroelec- 
tric plants,  'Hydroelectric  power,  'Levees, 
'Model  studies,  'Soviet  Union,  Agricultural  water, 
Computer  programs,  Economic  aspects,  Polders, 
Water  management,  Water  resources  management. 

The  operating  regime  of  a  hydroelectric  station  in 
many  respects  is  determined  by  the  requirements 
of  the  nonenergy  participants  of  the  water-manage- 
ment complex  located  in  the  lower  pool.  Effective 
functioning  of  the  complex  as  a  whole  is  often 
related  to  restrictions  on  releases  of  a  hydro  devel- 
opment with  a  hydroelectric  station  due  to  the 
requirements  of  agriculture  in  the  downstream 
zone.  This  entails  a  decrease  of  the  efficiency  of 
the  hydroelectric  station:  worsening  of  its  power 
indices  and,  as  a  consequence,  limitation  of  the 
participation  of  the  hydroelectric  station  in  cover- 
ing the  load  curve  of  the  power  system,  which 
causes  additional  consumption  of  fuel  at  thermal 
power  stations.  Levee  systems  in  the  lower  pool  of 
a  hydrostation  should  be  regarded  as  a  measure 
aimed  at  increasing  the  efficiency  of  using  the 
power  and  land  resources  as  part  of  the  water 
management  complex.  These  systems  make  it  pos- 
sible, on  the  one  hand,  to  remove  the  restrictions 
from  the  regimes  of  the  hydrostation  and  to  im- 
prove its  power  and  economic  indices  and,  on  the 
other,  to  effectively  use  the  protected  lands  in 
agriculture  by  creating  polders.  For  computer- 
aided  design  of  levee  systems  with  consideration  of 
their  effect  on  the  water  management  complex  a 
mathematical  economic  model  was  developed  in 
which  optimal  designing  of  the  levee  systems  is 
carried  out  using  minimum  calculated  discounted 
costs  as  the  criterion.  The  parameters  being  opti- 
mized are:  the  plan  configuration  (area  of  the  lands 
being  protected),  and  type  and  height  of  levees. 
The  method,  algorithms,  and  computer  programs 
were  used  for  optimal  formation  of  levee  systems 
in  the  lower  pool  of  the  Dal'nerechensk  hydrosta- 
tion on  the  B.  Ussurka  River.  This  made  it  possible 
to  substantiate  the  protection  of  60,000  hectares  of 
lands  during  operation  of  the  hydrostation  in  a 
normal  regime  and  75,000  hectares  in  the  case  of 
putting  the  hydrostation  on  an  emergency  standby 
in  the  power  system.  (Mertz-PTT) 
W90-07171 


CONDITIONS  OF  CONVERTING  A  HYDRO- 
ELECTRIC   STATION    WITH    HORIZONTAL 


Hydraulic  Machinery — Group  8C 

BULB  UNITS  TO  A  HYDROELECTRIC  STA- 
TION-PUMPED-STORAGE  STATION 

REGIME. 

S.  I.  Potashnik,  I.  I.  Ivanov,  V.  A.  Osadchuk,  and 
Y.  A.  Yukhnov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  348-352,  1990.  6  fig.  Translated  from 
Gidtekhnichoeskoe  Stroitel'stvo,  No.  6,  p.  36-39, 
June,  1989. 

Descriptors:  'Electrical  equipment,  'Hydroelec- 
tric plants,  'Pumped  storage,  'Soviet  Union,  Hy- 
droelectric power,  Nuclear  powerplants,  Thermal 
powerplants. 

Trends  of  development  in  the  power  industry  and 
the  further  increase  of  generating  capacities  at 
thermal  and  nuclear  power  stations  with  large  self- 
contained  units  require  the  accelerated  introduc- 
tion of  mobile  facilities  for  increasing  the  quality  of 
energy  supply  and  providing  reliability  of  oper- 
ation. Problems  of  covering  the  sharp  peak  loads 
and  filling  the  off-peak  periods  of  the  load  curves 
are  being  solved  successfully  by  pumped-storage 
stations,  which  simultaneously  perform  the  func- 
tions of  an  emergency  standby,  frequency  regula- 
tion, and  regulator-consumer  of  electric  energy. 
Problems  of  providing  reliability  of  operation  of 
equipment  arise  in  the  Southern  Interconnected 
Power  System.  On-site  investigation  of  the  equip- 
ment of  the  Kiev  hydroelectric  station  confirmed 
the  possibility  in  principle  of  converting  the  hori- 
zontal bulb  units  to  a  hydroelectric  station-pumped 
storage  station  regime  in  the  presence  of  a  cascade 
of  reservoirs  with  impounded  pools.  The  most 
acceptable  and  reliable  method  of  starting  horizon- 
tal units  with  a  submerged  waterway  is  frequency 
starting  from  adjacent  machines  with  power  con- 
sumption with  the  runner  blades  slightly  turned. 
Constant  operation  of  standard  horizontal  bulb 
units  in  pump  regimes  is  difficult  owing  to  the  high 
level  of  hydrodynamic  loads  on  their  operating 
components.  With  consideration  of  the  acute  need 
for  mobile  regulating  facilities,  it  is  necessary  to 
recommend  the  accelerated  reconstruction  of  oper- 
ating bulb  units  for  operation  in  the  reverse  regime 
at  a  head  of  7-12  m  and  their  experimental  oper- 
ation. Pump  regimes  at  hydrostations  also  have  a 
sanitizing  effect  on  biological  processes  in  the  res- 
ervoir. (Mertz-PTT) 
W90-07172 


MODERNIZATION  OF  THE  HYDROME- 
CHANICAL  EQUIPMENT  OF  THE  CHIRKEY 
HYDROELECTRIC  STATION. 

Z.  L.  Zelenevskii. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  353-355,  1990.  5  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  6,  p.  39-42, 
June,  1989. 

Descriptors:  'Gates,  'Hydraulic  turbines,  'Hydro- 
electric plants,  'Pumps,  'Soviet  Union,  Dams, 
Reservoirs,  Seals,  Turbines. 

The  Chirkey  hydrostation  on  the  Sulak  River  in 
Dagestan,  USSR,  has  mixed-flow  turbines,  each 
with  a  capacity  of  250  megawatts,  rapidly  falling 
vertical  gates  of  the  turbines  controlled  by  hydrau- 
lic hoists,  vertical  guard  gates  of  the  upstream  and 
downstream  pools  and  racks  of  the  intakes  of  the 
turbines  operated  by  gantry  cranes,  and  radial  gate 
of  the  outlet  operated  by  block-and-tackle  winches. 
The  main  hydraulic  structure  is  a  concrete  arch 
dam  with  a  height  of  232.5  m  and  crest  length  of 
333  m.  The  first  unit  was  put  into  operation  in 
December  1974  and  the  last  in  June  1976.  The 
reservoir  reached  the  design  elevation  for  the  first 
time  in  October  1978.  Modernization  began  in  the 
fall  of  1976  with  reconstruction  of  the  lobe  seals  of 
the  turbine  shafts.  The  cooling  system  of  the  unit 
was  modernized,  due  to  entry  of  water  into  the  oil 
baths  of  the  bearings  and  cessation  of  cooling  of 
the  unit  owing  to  failure  of  the  electric  motors  of 
the  cooling  pumps  and  their  automatic  devices.  In 
1977  cracks  were  noted  on  the  turbine  runners  in 
the  zone  of  welding  the  blade  to  the  hub.  Measures 
to  prevent  the  formation  of  cracks  were  taken  on 
all  turbines  in  1980-1981.  Elastic  metal-plastic  seg- 
ments in  the  thrust  bearings  and  guide  bearings 
were  introduced  in  1982  and  anticavitation  meas- 
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ures  were  implemented  in  1985.  In  1979  half  of  the 
guard  gates  of  the  draft  tubes  had  to  be  modern- 
ized. According  to  a  calculation  of  the  arch  dam 
and  its  state,  a  rise  of  the  reservoir  level  by  1  m  is 
possible.  In  connection  with  this,  in  April  1988  the 
radial  gate  of  the  outlet  was  built  up  for  the 
possibility  of  such  a  rise.  (Mertz-PTT) 
W90-07173 


IMPROVED  ALGORITHM  FOR  HYDROPOW- 
ER  OPTIMIZATION. 

Manitoba  Univ.,  Winnipeg.   Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  3E. 
W90-07349 


DEVELOPMENT,  TESTING  AND  THE  ECO- 
NOMICS OF  A  COMPOSITE/PLASTIC  SEA- 
WATER  REVERSE  OSMOSIS  PUMP. 

ISTI  Delaware,  Inc.,  Lewes. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-07437 


PRACTICAL  EXPERIENCE  IN  SCALE  CON- 
TROL. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-07451 


OPERATIONAL     EXPERIENCE     OF     ONCE 
THROUGH  MSF  DESALINATION  UNITS. 

Ministry  of  Electricity  and  Water,  Safat  (Kuwait). 
For  primary  bibliographic  entry  see  Field  3A. 
W90-07452 


SOME  ASPECTS  OF  THE  DEVELOPMENT 
AND  OPERATION  OF  THE  DESALINATION 
INSTALLATIONS  WITH  HORIZONTAL-TUBE 
THIN-FILM  EVAPORATORS. 

Akademiya  Nauk  SSSR,  Sverdlovsk.  Inst,  of  Phys- 
ical Chemistry. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-07461 


8D.  Soil  Mechanics 


CALCULATION  OF  THE  BEARING  CAPACITY 
OF  SODL  FOUNDATIONS  OF  HYDRAULIC 
STRUCTURES  WHICH  ARE  ANISOTROPIC 
WITH  RESPECT  TO  SHEAR  STRENGTH. 

A.  V.  Shkola. 

Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  4,  p  190-193,  1990.  2  fig,  6  ref.  Translated  from 
Gidroteknicheskoe  Stroitel'stvo,  No.  4,  p  22-24, 
April,  1989. 

Descriptors:  'Anisotropy,  'Foundations,  'Hydrau- 
lic structures,  'Soil  strength,  'Stress-strain  curves, 
Foreign  design  practices,  Mathematical  analysis, 
Shear,  Soil  physical  properties,  Soviet  Union. 

When  solving  problems  of  the  stress-strain  state  of 
anisotropic  soils,  the  main  attention  has  been  de- 
voted to  consideration  of  the  anisotropy  of  defor- 
mation and  seepage  properties.  Of  practical  interest 
for  hydraulic  structures  are  problems  of  the  bear- 
ing capacity  when  regions  of  the  limit  stress  state 
have  global  development.  Here  the  need  arises  to 
take  into  account  the  anisotropy  of  mechanical 
properties.  Using  hodographs,  mathematical  equa- 
tions were  developed  to  calculate  the  bearing  ca- 
pacity of  soil  foundations  which  are  anisotropic 
with  respect  to  shear  strength.  Solution  of  the 
problem  was  reduced  to  three  main  component 
parts,  identification,  kinematic  and  static,  which 
are  completely  determined  and  capable  of  realiza- 
tion in  particular  calculations.  When  the  angle  of 
internal  friction  and  cohesion  are  constant,  the 
solution  obtained  degenerates  into  the  known  one 
for  isotropic  soil.  No  constraints  are  imposed  on 
the  form  of  hodographs  of  the  angle  of  internal 
friction  and  cohesion,  and  their  approximation  by 
analytic  expressions  is  not  required.  The  solution 
does  not  require  additional  special  characteristics 
of  the  soils  and  is  based  on  standard  shear  tests 
with  various  orientations  of  the  shear  plane.  (Ver- 
Nooy-PTT) 


W90-07043 


DEVELOPMENT  AND  INTRODUCTION  OF 
THE  OHTPI-2  OPTIMAL  HYDRAULIC 
TRANSPORT  PERFORMANCE  INDICATOR. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-07165 


8E.  Rock  Mechanics  and 
Geology 


STUDIES  OF  THE  SEISMIC  CONDITIONS  OF 
HYDROPOWER  CONSTRUCTION  SITES. 

A.  I.  Savich,  A.  V.  Suvilova,  M.  I.  Kruglyakov,  V. 
G.  Vladimirov,  and  A.  D.  Mikhailov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  4,  p  179-184,  1990.  16  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p  14-19, 
April,  1989. 

Descriptors:  'Damsites,  'Engineering  geology, 
'Geophysical  surveys,  'Hydroelectric  plants, 
•Seismic  properties,  'Site  selection,  'Soviet  Union, 
Dams,  Earthquake  engineering,  On-site  investiga- 
tions, Seismology. 

A  considerable  number  of  power  facilities  being 
designed,  under  construction,  and  being  operated 
by  organizations  of  the  USSR  Ministry  of  Power 
and  Electrification  (Minenergo)  are  located  in  re- 
gions of  increased  and  high  seismicity  (from  6  to 
9).  The  composition,  extent,  and  cost  of  special 
seismic  assessment  measures  depend  on  the  class  of 
structure  being  designed  and  on  the  natural  condi- 
tions at  the  construction  sites.  A  specialized  seis- 
mological  division  was  created  about  20  years  ago 
which  carries  out  its  own  work  in  close  contact 
with  the  survey  services  of  the  head  institute,  its 
branches,  and  affiliates.  Site  analysis  includes  esti- 
mates of  the  parameters  of  seismicity  (localization 
and  extent  of  earthquake  zones),  and  of  the  param- 
eters of  ground  oscillations  at  the  site  caused  by 
earthquakes.  The  methods  of  evaluating  seismic 
hazard  used  at  Minenergo  when  selecting  sites  for 
large  hydraulic  structures  are  based  on  a  combina- 
tion of  genetic  (determined)  and  probabilistic  ap- 
proaches. One  of  the  most  complex  problems  when 
evaluating  seismic  conditions  is  the  problem  of 
determining  the  maximum  possible  magnitudes  of 
earthquakes  (M  sub  max)  within  the  detected  PEF 
zones  (zones  of  possible  occurrence  of  earthquake). 
Various  methods  of  determining  M  sub  max  are 
mentioned,  including  a  complex  one  based  on  a 
comprehensive  study  of  the  geological,  geomor- 
phological,  geophysical,  and  seismological  charac- 
teristics of  the  region.  The  current  practice  of 
designing  and  constructing  power  objects  in  seis- 
mically  active  regions  requires  advancement  in  the 
completeness  and  reliability  of  information  about 
the  seismic  conditions  in  the  territories  where  hy- 
draulic structures  are  to  be  sited.  (VerNooy-PTT) 
W90-07041 


DETERMINATION  OF  THE  PARAMETERS 
OF  A  FOUNDATION  MODEL  FROM  ENGI- 
NEERING-GEOLOGICAL SURVEY  DATA. 

K.  V.  Ruppeneit,  and  V.  P.  Kustov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  4,  p  185-189,  1990.  3  fig,  1  tab,  7  ref.  Translat- 
ed from  Gidroteknicheskoe  Stroitel'stvo,  No.  4,  p 
19-21,  April,  1989. 

Descriptors:  'Clays,  'Engineering  geology, 
'Foundations,  'Model  studies,  'Permeability  coef- 
ficient, 'Seepage,  'Structural  settlement,  Data  in- 
terpretation, Foreign  research,  Laboratory  meth- 
ods, Mathematical  models,  Nuclear  powerplants, 
Soil  physical  properties,  Soviet  Union. 

In  calculating  the  settlement  of  structures  on  clay 
soils,  there  is  a  need  to  include  seepage  characteris- 
tics and  initial  gradients  of  the  soils.  To  determine 
the  permeability  coefficients  and  initial  gradients  of 
clay  soils,  an  instrument  has  been  designed  which 
is  distinguished  by  the  fact  that  only  one-dimen- 
sional seepage  flow  is  realized  in  it.  This  makes  it 
possible  to  conduct  investigations  at  large  gradi- 
ents of  the  head  considerably  exceeding  those  usu- 
ally  used.   Pressurized   water  was   fed  to  a  soil 


specimen  located  in  a  sealed  chamber  through  a 
perforated  plate,  and  the  seepage  discharge  was 
determined  from  a  water-gauge  capillary  tube  in  a 
regime  of  steady  seepage  flow  for  each  step  of  the 
gradient  of  the  head.  Completely  analogous  results 
confirming  the  existence  of  initial  gradients  and 
order  of  the  values  obtained  are  detailed.  It  was 
noted  that  a  decrease  of  the  permeability  coeffi- 
cients is  observed  for  heads  i  <  100  (i  =  the  axis 
or  gradient),  which  leads  to  an  increase  of  the 
initial  gradients  in  comparison  with  those  deter- 
mined by  the  method,  and  the  initial  gradients 
increase  with  decreasing  temperature.  To  estimate 
the  order  of  deformation  modulus  values  of  'in- 
compressible' clays,  a  chamber  was  made  for  de- 
termining the  modulus  of  volume  change,  and  un- 
drained  tests  were  conducted  for  determining  the 
modulus  of  volume  change  of  various  clay  soils. 
From  test  data,  calculations  were  made  to  deter- 
mine expected  settlements  of  a  nuclear  power  sta- 
tion reactor  room  and  compared  with  measured 
settlements.  The  separation  of  the  foundation  bed 
into  compressible  and  incompressible  layers  does 
not  reflect  the  physical  processes  of  foundation  bed 
deformation  occurring  in  the  prototype.  It  would 
be  more  correct  to  single  out  a  layer  in  which  the 
dominant  process  is  consolidation  of  the  soil  under 
drainage  conditions,  and  an  underlying  layer  in 
which  drainage  and  consolidation  do  not  occur. 
(VerNooy-PTT) 
W90-07042 


MATHEMATICAL  MODEL  OF  THE  'DAM- 
FOUNDATION'  STATIC  SYSTEM  OF  THE 
KHUDONI  HYDROELECTRIC  STATION. 

B.  V.  Fradkin,  and  N.  A.  Militeeva. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  4,  p  205-213,  1990.  7  fig,  8  ref.  Translated  from 
Gidroteknicheskoe  Stroitel'stvo,  No.  4,  p  32-38, 
April,  1989. 

Descriptors:  'Arch  dams,  'Dam  design,  'Dam 
foundations,  'Finite  element  method,  'Mathemati- 
cal models,  'Soviet  Union,  Design  criteria,  Elastic 
properties,  Engineering  geology,  Hydroelectric 
plants,  Model  studies,  Reservoir  design,  Stress- 
strain  curves,  Three-dimensional  model. 

The  arch  dam  of  the  Khudoni  hydroelectric  station 
is  one  of  the  most  technically  complex  and  critical 
hydraulic  structures  presently  being  constructed  in 
the  Soviet  Union.  The  200  meter  high  dam  is  being 
constructed  at  a  site  having  in  the  upper  part  of  the 
left-bank  abutment  a  50  meter  stratum  of  Quater- 
nary deposits  and  a  zone  of  tectonic  disturbance 
with  a  width  of  10  to  15  meters  in  the  middle  part 
of  the  same  slope.  The  arch  dam  is  in  the  form  of  a 
symmetric  shell  of  double  curvature  joining  the 
foundation  by  means  of  a  saddle  and  gravity  abut- 
ments. A  mathematical  model  of  the  dam-founda- 
tion static  system  has  been  developed  using  de- 
tailed finite-element  grid  data.  Examination  is  made 
of  the  three-dimensional  problem  of  elasticity 
theory  for  an  inhomogeneous  region  modeling  the 
dam,  saddle,  abutments,  and  a  part  of  the  rock 
mass  surrounding  the  structure.  A  three-dimen- 
sional grid  of  the  region  modeling  the  saddle, 
abutments,  and  foundation  was  constructed  by 
using  the  coordinates  of  the  dam-foundation  con- 
tact points  obtained  when  constructing  the  finite- 
element  grid  for  the  dam,  cross  sections,  and  plane 
sections  along  the  dam  and  foundation  pit,  geologi- 
cal sections,  and  topographic  maps  of  the  construc- 
tion region.  Stress-strain  is  described  for  the  upper 
face  and  downstream  face  of  the  shell,  and  left 
bank  abutment  above  580  meters  elevation.  The 
most  stressed  parts  of  the  support  contour  and  dam 
as  a  whole  are  sections  of  the  saddle  on  the  left 
bank  between  elevations  540  to  580  meters  and  on 
the  right  bank  between  elevations  540  to  580 
meters.  This  model  makes  it  possible  to  solve 
promptly  numerous  problems  arising  at  stages  of 
the  design,  construction,  and  operation  of  the 
structure;  to  analyze  the  effect  of  variability  of 
diverse  natural,  design,  and  technological  factors 
on  the  stress-strain  state  of  the  structure;  to  test 
simpler  calculation  schemes  not  reproducing  in 
detail  the  interaction  of  the  thin  shell  with  the 
gravity  abutments  of  the  complex  form  and  foun- 
dation and  to  evaluate  the  effect  of  the  reservoir  on 
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the  stress-strain  state  of  the  structure.  (VerNooy- 

PTT) 

W90-07046 


ARCH  DAM  RESPONSE  TO  NONUNIFORM 
SEISMIC  INPUT. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  8A. 

W90-07199 


8F.  Concrete 


INCREASE  OF  THE  RELIABILITY  OF  POLY- 
MER COATINGS  OF  CONCRETE. 

E.  A.  Krivoi,  and  V.  K.  Shardakov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  5,  p  254-257,  1990.  4  fig,  1  tab.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  pp.  20-22, 
May,  1989. 

Descriptors:  'Coatings,  "Concrete  additives, 
•Concrete  technology,  'Polymers,  Comparison 
studies,  Concretes,  Performance  evaluation,  Wa- 
terproofing. 

Polymer  materials  used  for  improving  a  number  of 
properties  of  ordinary  cement  concretes  (eg,  resist- 
ance to  corrosive  effects,  impermeability  to  fluids 
under  pressure,  crack  resistance,  resistance  to  abra- 
sion and  cavitation,  and  decorative  and  artistic 
suitability)  recently  have  become  widespread  in 
construction  practice.  The  existing  methods  of 
combining  polymers  with  concretes  are  still  rather 
complex  and  do  not  always  provide  reliability  and 
longevity.  More  promising  are  concrete  articles 
with  a  polymer  coating  formed  during  molding, 
which  can  be  made  without  substantial  restructur- 
ing of  the  established  methods  of  production  at 
construction  industry  supply  factories.  A  compara- 
tive evaluation  of  the  reliability  of  cohesion  of  the 
face  layer  with  the  hardened  concrete  was  carried 
out  by  measuring  the  stresses  under  normal  pulling 
on  cube  specimens  of  the  same  compressive 
strength  with  a  polymer  coating  obtained  by  two 
methods:  (1)  application  of  the  polymer  compound 
to  the  hardened  concrete  and  (2)  application  on  the 
formwork  during  molding.  A  concrete  mix  of  com- 
pressive strength  of  V20  was  used  for  making  the 
specimens.  Saw  cuts  of  various  depths  were  made 
into  some  of  the  specimens  on  both  sides  of  metal 
'mushrooms'  that  were  used  to  apply  force  to  the 
polymer  surface.  The  experiments  showed  that  the 
cohesive  strength  of  the  concrete  with  the  polymer 
coating,  when  formed  during  molding,  was  ap- 
proximately 4  times  greater  than  when  the  polymer 
was  applied  to  hardened  concrete.  The  plane  of 
detachment  passes  through  the  transition  layer  be- 
tween the  polymer  facing  and  the  concrete.  It  also 
was  demonstrated  that  to  reduce  the  cost  of  the 
coatings,  filler  could  be  introduced  into  the  poly- 
mer at  up  to  200%  of  the  mass  of  the  binder. 
Further  addition  of  filler  makes  application  to  the 
formwork  difficult  because  of  increased  polymer 
viscosity.  (Rochester-PTT) 
W90-06864 


PROPERTIES  OF  ASPHALTIC  CONCRETE  OF 
DIAPHRAGMS  AND  FACINGS  OF  ROCKFTLL 
DAMS. 

L.  N.  Rasskazov,  and  K.  S.  Sherimbetov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  5,  p  262-268,  1990.  5  fig,  1  tab,  6  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  5, 
pp.  26-30,  May,  1989. 

Descriptors:  *Asphaltic  concrete,  'Coatings, 
♦Concrete  technology,  *Dams,  *Rockfill  dams, 
Comparison  studies,  Concretes,  Diaphragms,  Earth 
dams,  Performance  evaluation,  Temperature  ef- 
fects, USSR,  Waterproofing. 

Asphaltic  concrete  diaphragms  have  gained  wide 
use  in  construction  of  dams  in  Europe,  Asia,  and 
Central  America.  At  least  five  dams  90  m  or  more 
in  height  have  been  build  with  this  method.  Spe- 
cialists of  the  laboratory  of  waterproofing  of  the 
B.E.  Vedeneev  All-Union  Scientific-Research  In- 
stitute  of  Hydraulic   Engineering   (VNIIG)   and 


earth  dams  of  the  V.V.  Kuibyshev  Moscow  Insti- 
tute of  Civil  Engineering  (MISI)  are  engaged  in 
studies  of  asphaltic  concrete  and  the  design  of 
watertight  elements.  The  mathematical  theory  of 
experimental  design  was  used  in  conducting  studies 
of  various  compositions  of  asphaltic  concrete  as 
the  diaphragm  material  for  rockfill  dams  in  a  com- 
bined stress  state  and  at  various  temperatures.  Four 
factors  were  considered  in  preparing  the  asphaltic 
concrete:  quantity  of  coarse  aggregate,  quantity  of 
BND-60/90  bitumen,  initial  hydrostatic  compres- 
sion, and  temperature.  The  present  study  concerns 
fine-grained  asphaltic  concrete.  A  triaxial  compres- 
sion instrument  was  used  for  determining  the 
strength  and  deformation  characteristics.  The  ex- 
periments showed  that  the  angle  of  internal  friction 
for  7%  bitumen  in  excess  of  100%  of  the  mineral 
part  is  practically  independent  of  temperature.  The 
strength  of  the  material  increases  due  to  cohesion, 
which  increases  about  five-fold  upon  a  drop  in 
temperature  from  200  C  to  10  C.  Investigation  of 
deformation  properties  of  asphaltic  concrete 
showed  that  the  modulus  of  volume  change  for 
compression  of  0.1  MPa  varied  by  4-7  times  de- 
pending on  the  temperature.  (Rochester-PTT) 
W90-06865 


EVALUATION  OF  THE  MARGIN  OF 
STRENGTH  OF  CONCRETE  OF  THE 
SAYANO-SHUSHENSKOE  DAM. 

V.  M.  Vlasov,  V.  I.  Veretyushkin,  A.  P.  Nikolaev, 
A.  S.  Moiseenko,  and  L.  M.  Deryugin. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  4,  p  225-233,  1990.  5  fig,  3  tab,  11  ref.  Translat- 
ed from  Gidroteknicheskoe  Stroitel'stvo,  No.  4,  p 
48-53,  April,  1989. 

Descriptors:  'Compressive  strength,  'Concrete 
dams,  'Concrete  testing,  'Construction  materials, 
'Dam  construction,  'Materials  testing,  Concrete 
properties,  Construction  joints,  Dam  stability, 
Mathematical  analysis,  On-site  measurements, 
Sayano-Shushenskoe  Dam,  Soviet  Union, 
Strength,  Stress  analysis. 

In  the  Soviet  Union  the  margin  of  strength  of  a 
massive  hydraulic  structure  is  determined  by  the 
strength  condition  according  to  an  equation  incor- 
porating the  prism  strength  of  concrete,  the  coeffi- 
cient of  reliability  of  concrete  in  compression,  and 
the  probability  index.  The  margin  of  strength  of 
concrete  in  the  Sayano-Shushenskoe  Dam  was  cal- 
culated. One  parameter,  the  coefficient  of  reliabil- 
ity for  the  dam  (equal  to  1.25)  compensates  for  the 
increase  of  stress  in  the  structure  from  defective 
concrete  not  participating  in  work.  Laboratory 
core  tests  were  used  for  evaluating  the  strength  of 
the  concrete  of  the  dam  in  uniaxial  compression 
and  triaxial  compression.  Results  of  experimental 
investigations  and  calculations  to  evaluate  the 
strength  of  joints  of  concrete  elements  were  used 
for  evaluating  the  strength  of  concrete  in  the  im- 
mediate vicinity  of  the  grouting  joints.  The  most 
stressed  region  in  the  dam  is  the  downstream 
shoulder;  check  calculations  showed  that  principal 
compressive  stresses  in  the  downstream  shoulder 
are  11.5  MPa.  In  conclusion,  the  concrete  of  the 
Sayano-Shushenskoe  dam  has  a  sufficient  margin 
of  strength.  The  method  developed  for  evaluating 
the  margin  of  strength  is  needed  to  refine  the 
strength,  stress  state,  and  margin  of  strength  deter- 
mined by  calculations  and  data  from  on-site  meas- 
urements. An  analysis  of  the  margin  of  strength  of 
the  Sayano-Shushenskoe  hydroelectric  station  will 
help  to  design  and  construct  more  economical 
concrete  structures.  (VerNooy-PTT) 
W90-07049 


STATE  OF  THE  CONTACT  OF  CONCRETE 
WITH  ROCK  UNDER  THE  UPSTREAM  FACES 
OF  DAMS. 

A.  N.  Marchuk,  and  M.  A.  Marchuk. 
Hydrotechnical  Construction  HYCOAR,  Vol.  23, 
No.  6,  p  334-340,  1990.  3  fig,  2  tab,  6  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  6, 
p.  26-31,  June,  1989. 

Descriptors:  'Concrete  dams,  'Foundation  rocks, 
•Limiting  factors,  'Rock  properties,  Dam  design, 
Dam  foundations,  Dam  stability,  Shear  stress, 
Shear  tests. 


The  contact  of  the  upstream  faces  of  concrete 
dams  with  the  rock  foundation  arouses  particular 
interest  as  the  most  probable  place  for  occurrence 
of  the  limit  state.  Accumulation  of  on-site  observa- 
tions at  several  dams  and  theoretical  investigations 
reveal  a  number  of  important  regularities.  The 
state  of  the  rock-concrete  contact  under  the  up- 
stream faces  of  dams  can  serve  as  a  criterion  of 
their  safety.  Its  disruption  with  opening  of  a  frac- 
ture should  be  considered  a  defect  of  the  structure, 
the  initial  state  of  the  second  limit  state.  When 
designing  concrete  dams  on  high-modulus  rock 
foundations  it  is  necessary  to  perform  a  check 
calculation  of  the  shear  stability  in  the  presence  of 
an  open  contact  with  consideration  of  an  increase 
of  uplift  and  to  provide  special  design  measures 
and  appropriate  methods  of  performing  works. 
The  problem  requires  further  thorough  study  and 
is  the  key  problem  in  the  theory  of  the  limit  state 
of  concrete  dams  working  in  accordance  with  the 
scheme  of  the  two-dimensional  problem.  (Mertz- 
PTT) 
W90-07169 


INFLUENCE  OF  STRUCTURAL  PARAM- 
ETERS ON  ABRASION-EROSION  RESIST- 
ANCE OF  VARIOUS  REPAnUNG  MORTARS. 

Institut  de  Recherche  de  l'Hydro-Quebec,  Var- 

ennes. 

J.  Mirza,  S.  Turenne,  and  J.  Masounave. 

Canadian  Journal  of  Civil  Engineering  CJCEB8, 

Vol.  17,  No.  1,  p  12-18,  February  1990.  7  fig,  3  tab, 

16  ref. 

Descriptors:  'Abrasion,  'Materials  testing, 
•Mortar,  Cements,  Durability,  Epoxy,  Grouting, 
Maintenance,  Polymers. 

Slurry  erosion  tests  were  performed  on  various 
types  of  repairing  mortars  in  order  to  determine 
the  factors  influencing  the  abrasion-erosion  resist- 
ance of  some  mortars.  An  in-house  built  apparatus 
was  used,  which  produced  a  slurry  jet  that  im- 
pinged the  surface  of  mortar  specimens  with  an 
incidence  angle  of  45  degrees  and  a  velocity  of 
18.5  m/s.  The  results  showed  that  the  epoxy  mor- 
tars were  the  most  erosion  resistant  compared  with 
cementitious  grouts  and  polymer-modified  cement- 
based  mortars.  The  erosion  of  mortars  is  controlled 
by  the  war  of  the  binder  (epoxy  or  cement  paste), 
and  a  strong  relation  exists  between  the  erosion 
resistance  of  the  mortar  and  the  absence  of  micro- 
porosity  in  the  binder.  The  results  also  suggest  that 
to  minimize  the  exposed  areas  of  the  binder,  well- 
graded,  i.e.,  small-size  and  large-size,  sand  particles 
should  be  used.  (Author's  abstract) 
W90-07234 


8G.  Materials 


INCREASE  OF  THE  RELIABILITY  OF  POLY- 
MER COATENGS  OF  CONCRETE. 

For  primary  bibliographic  entry  see  Field  8F. 
W90-06864 


EXPERIENCE  IN  USING  DETRITAL  DOLO- 
MITES FOR  CONSTRUCTING  EARTH  DAMS. 

For  primary  bibliographic  entry  see  Field  8A. 
W90-06866 


DESIGNTNG  SAFETY  INTO  DAMS. 

Gibb   (Alexander)   and   Partners,   London   (Eng- 
land). 

For  primary  bibliographic  entry  see  Field  8A. 
W90-06871 


SOME  CONSIDERATIONS  OF  THE  DURABIL- 
ITY OF  DAMS. 

COBA  S.A.,  Lisbon  (Portugal). 

For  primary  bibliographic  entry  see  Field  8A. 

W90-06873 


CORROSION     MANAGEMENT     EM     WATER 
SUPPLY  SYSTEMS. 

For  primary  bibliographic  entry  see  Field  2F. 
W90-06945 
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REFERENCE 


FLEXIBLE        STRUCTURES 
MANUAL  ON  DESIGN. 

Bureau  of  Reclamation,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  8A 

W90-06947 


STUDIES  OF  THE  SEISMIC  CONDITIONS  OF 
HYDROPOWER  CONSTRUCTION  SITES. 

For  primary  bibliographic  entry  see  Field  8E. 
W90-07041 


EVALUATION  OF  THE  MARGIN  OF 
STRENGTH  OF  CONCRETE  OF  THE 
SAYANO-SHUSHENSKOE  DAM. 

For  primary  bibliographic  entry  see  Field  8F. 
W90-07049 


ESSENCE  OF  THE  COEFFICIENT  OF  EFFEC- 
TIVE UPLIFT  AREA. 

For  primary  bibliographic  entry  see  Field  8B. 
W90-07050 


EXPERIENCES  WITH  A  HIGHLY  ALLOYED 
STAINLESS  STEEL  IN  DESALINATION 
PLANTS  AND  OTHER  ARABIAN  GULF  IN- 
DUSTRIAL PLANTS. 

Avesta  Jernverk  A.B.  (Sweden). 

For  primary  bibliographic  entry  see  Field  3A. 

W90-07448 


EXPERIENCE  WITH  DESALINATION 

PLANTS  IN  LD3YA. 

Department    of   Chemical    Engineering,    Tripoli 

GSPLAG,  Libya. 

For  primary  bibliographic  entry  see  Field  3A. 

W90-07456 


LOCALIZED  CORROSION  AT  WELDS  IN 
STRUCTURAL  STEEL  UNDER  DESALINA- 
TION PLANT  CONDITIONS.  PART  I:  EFFECT 
OF  SURFACE  ROUGHNESS  AND  TYPE  OF 
WELDING  ELECTRODE. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Petroleum  and  Gas  Technology 
Div. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-07457 


LOCALIZED  CORROSION  AT  WELDS  IN 
STRUCTURAL  STEEL  UNDER  DESALINA- 
TION PLANT  CONDITIONS.  PART  H:  EFFECT 
OF  HEAT  TREATMENT,  TEST  TEMPERA- 
TURE AND  TEST  MEDIA. 
University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Petroleum  and  Gas  Technology 
Div. 

For  primary  bibliographic  entry  see  Field  3A. 
W90-07458 


LIGHT  GAUGE  WELDED  TITANIUM  TUBES 
FOR  SEAWATER  DESALINATION  PLANTS. 

K.  Kohsaka,  K.  Kitaoka,  Y.  Masuyama,  M. 
Oshiyama,  and  M.  Yamamoto. 
Desalination  DSLNAH,  Vol.  3,  No.   1/3,  p  429- 
446,  November  1989.  18  fig,  4  tab,  10  ref. 

Descriptors:  'Desalination  plants,  'Materials  test- 
ing, 'Titanium,  'Tubes,  Copper,  Corrosion  con- 
trol, Equipment,  Performance  evaluation,  Water 
treatment  facilities,  Welding. 

Light  gauge  welded  titanium  tubes  have  been 
widely  used  for  condenser  tubes  at  nuclear  and 
fossil  power  stations,  and  for  seawater  desalination 
plants.  More  than  several  thousand  metric  tons  of 
titanium  tubes  have  been  used  already.  Factors  that 
influence  the  corrosivity  of  this  titanium  include: 
NaCl  concentration  and  temperature;  pH  of  brine; 
dissimilar  metal  contact;  the  usage  of  sealant  to  fill 
clearances  between  titanium  surfaces;  and  the  sur- 
face conditions  of  the  titanium  surfaces.  Three 
common  methods  for  preventing  crevice  corrosion 
of  titanium  tubes  are:  (1)  seal  welding  the  titanium 
tube  to  the  tube  sheet;  (2)  using  Ti-Pd  alloy  tubes; 
and  (3)  surface  treatment  with  pallidium.  The  seal 


welding  method  was  the  most  certain  and  cost- 
effective  method.  The  corrosion  potential  of  titani- 
um, copper  alloys,  and  other  materials  measured  in 
aerated  seawater  at  25  C  and  deaerated  6%  NaCl 
solution  at  100  C,  were  examined.  Since  most 
copper  alloys  have  lower  corrosion  potentials  than 
titanium,  their  contact  with  titanium  in  seawater 
may  cause  galvanic  corrosion  on  the  side  of  copper 
alloys.  Cathodic  protection  is  applied  to  prevent 
the  tubes  from  galvanic  corrosion.  The  cathodic 
potential  required  to  do  this  is  -0.5  to  -0.75  v  (SCE) 
in  relatively  low  temperature  zones,  and  -0.5  to  - 
0.65  v  (SCE)  in  high  temperature  zones,  to  prevent 
both  galvanic  corrosion  of  copper  alloys  and  hy- 
drogen absorption.  (Lantz-PTT) 
W90-07460 


CORROSION  BEHAVIOUR  OF  ALUMINUM- 
BASE  ALLOYS  IN  DESALINATION  PLANTS. 

Akademiya  Nauk  SSSR,  Sverdlovsk.  Inst,  of  Phys- 
ical Chemistry. 

O.  M.  Lebedeva,  A.  H.  Lebedev,  M.  N.  Fokin,  S. 
V.  Lomakina,  and  T.  A.  Severorova. 
Desalination  DSLNAH,  Vol.  3,  No.   1/3,  p  457- 
458,  November  1989. 

Descriptors:  'Aluminum,  'Corrosion,  'Desalina- 
tion plants,  'Materials  testing,  Alloys,  Chromium, 
Hydraulic  equipment,  Magnesium,  Strontium, 
Tubes,  Water  temperature,  Zinc. 

High-temperature  corrosion  of  construction  mate- 
rials in  seawater  is  one  of  the  reasons  for  capacity 
loss  and  failure  of  desalination  plants.  Corrosion  of 
heat  exchange  tubes,  the  cost  of  which  is  about 
40%  of  plant  cumulative  cost,  is  especially  hazard- 
ous because  of  high  maintenance  expenses.  Alumi- 
num-base alloys  are  being  considered  for  heat  ex- 
change tubes  because  they  allow  substantial  reduc- 
tion of  the  capital  costs  for  desalination  plant  man- 
ufacturing. The  main  obstacle  for  wide  use  of 
aluminum-base  alloys  is  their  susceptibility  to  pit 
corrosion  in  hot  seawater.  The  experiments  were 
run  on  aluminum-base  alloys  with  Mg,  Cr,  Mn,  Zn 
and  Sn  as  alloying  elements.  Tests  were  carried  out 
in  simulated  Caspian  Sea  water  at  70  C.  In  the 
alloy  with  a  magnesium  mass  fraction  of  1.5%,  the 
pitting  appeared  after  a  long  incubation  period  and 
then  deepened  quickly.  The  pitting  in  the  alloy 
with  Mg  mass  fraction  of  2%  growth  was  slow  and 
stopped  after  an  exposure  of  2,000  hr.  Increasing 
the  Mg  concentration  in  the  alloy  up  to  3%  of 
mass  fraction  reduces  its  resistance  to  pit  corro- 
sion. Long-term  exposure  (4,000  hr)  caused  inter- 
crystalline  corrosion  in  the  alloy.  Layer  corrosion 
tests  show  that  susceptibility  of  this  Mg  alloy  to 
layer  corrosion  increases  with  Mg  concentrations 
>  1.5%  of  mass  fraction.  Al-Mg  alloys  with 
chrome  as  the  alloying  element  are  less  susceptible 
to  pitting  and  general  corrosion.  Addition  of  zinc 
and  tin  enhances  general  corrosion  and  simulta- 
neously increases  resistance  to  pit  corrosion. 
(Lantz-PTT) 
W90-07462 


81.  Fisheries  Engineering 


CRUSTACEAN  PLANKTON  AND  FISH 
DURING  THE  FIRST  DECADE  OF  A  SUBAL- 
PINE,  MAN-MADE  RESERVOIR. 

Trondheim  Univ.  (Norway).  Museum. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06599 


PHYSICAL  HABITAT  SELECTION  BY 
BROWN  TROUT  (SALMO  TRUTTA)  IN  RIVER- 
INE SYSTEMS. 

Norges  Landbrukshoegskole,  Aas.  Dept.  of  Nature 

Conservation. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06600 


ESTIMATING  THE  NUMBER  OF  SPECIES 
AND  RELATIVE  ABUNDANCE  OF  FISH  IN 
OLIGOTROPHIC  SWEDISH  LAKES  USING 
MULTI-MESH  GILLNETS. 

Institute  of  Freshwater  Research,  Drottningholm 
(Sweden). 


For   primary   bibliographic   entry   see   Field   5G. 
W90-06601 


SURVIVAL  AND  GROWTH  TO  REPRODUC- 
TIVE MATURITY  OF  COHO  SALMON  FOL- 
LOWING EMBRYONIC  EXPOSURE  TO  A 
MODEL  TOXICANT. 

Washington   Univ.,   Seattle.   School  of  Fisheries. 
For  primary  bibliographic  entry  see  Field  5C. 
W90-06637 


OCEANIC  AND  RIVERINE  INFLUENCES  ON 
VARIATIONS  IN  YIELD  AMONG  ICELANDIC 
STOCKS  OF  ATLANTIC  SALMON. 

Iowa  State  Univ.,  Ames.  Dept.  of  Animal  Ecolo- 
gy- 

For  primary  bibliographic  entry  see  Field  2H. 
W90-06740 


SPAWNING  HABITAT  AND  REDD  CHARAC- 
TERISTICS OF  SOCKEYE  SALMON  IN  THE 
GLACIAL  TAKU  RIVER,  BRITISH  COLUMBIA 
AND  ALASKA. 

National  Marine  Fisheries  Service,  Auke  Bay,  AK. 

Auke  Bay  Lab. 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06741 


FACTORS  AFFECTING  FISH  SPECIES  RICH- 
NESS IN  ONTARIO  LAKES. 

Bayfield  Inst.,  Burlington  (Ontario). 

For  primary  bibliographic  entry  see  Field  2H. 

W90-06743 


STRONTIUM:CALCIUM  CONCENTRATION 
RATIOS  IN  OTOLITHS  OF  HERRING 
LARVAE  AS  INDICATORS  OF  ENVIRONMEN- 
TAL HISTORIES. 

Hawaii   Inst,  of  Geophysics,   Honolulu.  Oceanic 

Biology  Div. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-O6797 


PHYSIOLOGICAL  RESPONSES  OF  JUVE- 
NDLE  WHITE  MULLET,  MUGn.  CUREMA,  EX- 
POSED TO  BENZENE. 

Instituto   Venezolano   Tecnologico  del   Petroleo, 

Caracas.  Dept.  of  General  Engineering. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07030 


SUBLETHAL  EFFECTS  OF  MALATHION  ON 
CHANNEL  CATFISH,  ICTALURUS  PUNCTA- 
TUS. 

Auburn  Univ.,  AL.  Dept.  of  Fisheries  and  Allied 

Aquacultures. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07031 


EFFECT  OF  ENDOSULFAN  ON  ACTD  AND 
ALKALINE  PHOSPHATASE  ACTIVITY  IN 
LIVER,  KIDNEY,  AND  MUSCLES  OF 
CHANNA  GACHUA. 

Jiwaji  Univ.,  Gwalior  (India).  School  of  Studies  in 

Botany. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07032 


CALMODULIN  CONCENTRATION  IN  MUCUS 
OF  RAINBOW  TROUT,  SALMO  GAIRDNERI, 
EXPOSED  TO  COMBINATIONS  OF  ACID, 
ALUMINUM,  AND  CALCIUM. 

Lockheed  Engineering  and  Sciences  Co.,  Inc.,  Las 

Vegas,  NV. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07033 


LEVELS  OF  HEAVY  METALS  AND  ORGAN- 
OCHLOREVE  PESTICIDES  OF  CYPRINID 
FISH  REARED  FOUR  YEARS  IN  A 
WASTEWATER  TREATMENT  POND. 

'Adour-Garonne'  Water  Authority,  90  rue  du  Fer- 
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etra,  31078  Toulouse,  France. 

For  primary  bibliographic  entry  see  Field  5B. 

W9O-07035 


HEAVY  METAL  CONCENTRATIONS  IN  THE 
BANANA  PRAWN,  PENAEUS  MERGUIENSIS, 
AND  LEADER  PRAWN,  P.  MONODON,  IN 
THE  TOWNSVILLE  REGION  OF  AUSTRALIA. 

James  Cook  Univ.  of  North  Queensland,  Towns- 
ville  (Australia).  Graduate  School  of  Tropical  Vet- 
erinary Science. 

For  primary  bibliographic  entry  see  Field  5B. 
W90-07038 


METABOLITES  OF  THREE  STRUCTURAL 
ISOMERS  OF  BUTYLBENZENE  IN  THE  BILE 
OF  RAINBOW  TROUT. 

Department  of  Fisheries  and  Oceans,  St.  John's 

(Newfoundland).  Science  Branch. 

For  primary  bibliographic  entry  see  Field  5B. 

W90-07039 


CHRONIC  EFFECTS  OF  LOW  PH  ON 
LENGTH  AND  WEIGHT  OF  ATLANTIC 
SALMON  SALMO  SALAR. 

Maine  Cooperative   Fish   and  Wildlife   Research 

Unit,  Orono. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07094 


TEMPORAL  AND  SPATIAL  PATTERNS  IN 
LITTORAL-ZONE  FISH  ASSEMBLAGES  OF  A 
RESERVOIR  (LAKE  TEXOMA,  OKLAHOMA- 
TEXAS,  USA). 

Oklahoma  Univ.,  Kingston.  Biological  Station. 
For  primary  bibliographic  entry  see  Field  2H. 
W9O-07095 


CHANGES  IN  THE  FISH  POPULATION  OF 
THE  INTERMITTENTLY  CLOSED  TISZA- 
DEAD-ARM. 

Miksa  Deri  Machine  Industrial  Secondary  School 

Szeged,  Hungary. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07121 


GROWTH  OF  CARP  (CYPRiNUS  CARPIO  L.) 
IN  THE  KISKORE  STORAGE  LAKE. 

Lajos  Kossuth  Univ.,  Debrecen  (Hungary). 

A.  Harka. 

Tiscia  TSCAB8,  Vol.  24,  p  79-86,  1989.  3  fig,  3  tab, 

16  ref. 

Descriptors:  *Carp,  *Fish  growth,  *Fish  physiolo- 
gy, 'Kiskore  Storage  Lake,  'Nutrient  concentra- 
tions, 'Population  dynamics,  *Tisza  River,  Bio- 
mass,  Czechoslovakia,  Danube  River,  Yugoslavia. 

The  growth  of  wild  carp  in  the  Kiskore  storage 
lake  established  in  1978  at  the  Tisza  river  has  been 
studied,  and  compared  with  data  obtained  in  the 
Orava  storage  lake  (Czechoslovakia),  Danube 
(Yugoslavia)  and  Koros  Backwater  reservoir.  The 
most  significant  differences  were  found  in  compari- 
son with  carp  from  the  Koros  backwater  reservoir. 
Initially  the  body  mass  of  carp  from  the  Tisza 
storage  lake  is  smaller  but  the  growth  rate  is 
higher,  similar  tendency  is  observed  in  the  longitu- 
dinal growth.  Carp  from  the  storage  lake  at  the  age 
of  five  years  reach  the  same  length  as  7-year-old 
specimens  from  the  Koros  backwater  reservoir, 
and  except  for  the  first  year,  their  condition  is  also 
better.  Most  probably  the  rich  nutrient  supply  of 
the  storage  lake  is  of  decisive  importance  for  the 
faster  growth  and  better  condition.  Positive  and 
negative  deviations  were  observed  as  compared  to 
the  Czech  and  Yugoslavian  data  as  well  but  those 
were  less  significant.  Growth  of  carp  in  the  Kis- 
kore storage  lake,  though  essentially  more  favor- 
able than  that  in  the  Koros  backwater  reservoir, 
cannot  be  qualified  as  outstanding,  but  only  as 
satisfactory  for  the  circumstances.  (Author's  ab- 
stract) 
W90-07122 


SIDE-SCAN  SONAR  MAPPING  OF  LAKE 
TROUT  SPAWNING  HABITAT  IN  NORTHERN 
LAKE  MICHIGAN. 

National  Fisheries  Research  Center-Great  Lakes, 

Ann  Arbor,  MI. 

For  primary  bibliographic  entry  see  Field  7B. 

W90-07179 


WALLEYE  SPAWNING  HABITAT  IN  POOL  13 
OF  THE  UPPER  MISSISSIPPI  RTVER. 

Iowa  Dept.  of  Natural  Resources,  Bellevue.  Belle- 

vue  Research  Station. 

J.  Pitlo. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,  Vol.  9,  No.  3,  p  303-308,  Summer  1989. 

3  fig,  2  tab,  21  ref.  Federal  Aid  in  Fish  Restoration 

Project  F-96-R. 

Descriptors:  *Fish  behavior,  'Mississippi  River, 
'Rivers,  'Spawning,  'Walleyes,  Aquatic  habitats, 
Fish  eggs,  Fish  management,  Fish  populations,  Ra- 
diometry,  Radiotelemetry,  Stizostedion,  Sub- 
strates. 

Continued  development  in  the  upper  Mississippi 
River  may  pose  a  threat  to  critical  fish  habitats. 
This  study  identified  spawning  habitat  for  walleyes 
Stizostedion  vitreum  so  those  areas  could  be  af- 
forded protection  from  future  alterations.  Radiote- 
lemetry, egg  collections,  and  the  presence  of  sexu- 
ally mature  fish  were  used  to  identify  walleye 
spawning  sites  in  Pool  13  of  the  upper  Mississippi 
River.  Over  2000  walleye  eggs  were  collected  in 
drift  nets  at  two  sites  from  1983  through  1986. 
Substrates  at  spawning  sites  comprised  sand, 
gravel,  and  cobble  and  included  a  freshwater 
mussel  bed  at  one  location.  Water  depths  at  spawn- 
ing sites  ranged  from  0.6  to  6.1  m,  and  the  current 
velocity  ranged  from  42.7  to  115.8  cm/second 
during  1986.  Most  walleye  eggs  were  collected  in 
April  within  2  weeks  of  peak  discharges  when 
water  temperatures  were  8.3-12.2  C.  Both  spawn- 
ing sites  were  adjacent  to  the  navigation  channel. 
(Author's  abstract) 
W90-07180 


DOWNSTREAM  MIGRATION  OF  RECENTLY 
METAMORPHOSED  SEA  LAMPREYS  IN  THE 
OCQUEOC  RTVER,  MICHIGAN,  BEFORE  AND 
AFTER  TREATMENT  WITH  LAMPRICIDES. 

Fish  and  Wildlife  Service,  Millersburg,  MI.  Ham- 
mond Bay  Biological  Station. 
L.  H.  Hanson,  and  W.  D.  Swink. 
North  American  Journal  of  Fisheries  Management 
NAJMDP,  Vol.  9,  No.  3,  p  327-331,  Summer  1989. 
1  fig,  2  tab,  14  ref. 

Descriptors:  'Chemical  treatment,  'Eel,  'Fish 
management,  'Lakes,  'Lamprey,  'Lampricides, 
•Michigan,  Lake  Huron. 

The  effectiveness  of  chemical  treatments  of  the 
Ocqueoc  River,  Michigan,  in  reducing  the  number 
of  recently  metamorphosed  sea  lampreys  Petromy- 
zon  marinus  migrating  to  Lake  Huron  and  the  total 
numbers  of  migrants  produced  before  and  after 
treatment  was  determined.  Sea  lampreys  were  cap- 
tured during  their  downstream  migration  in  a 
single  fyke  net  fished  in  the  same  location  from 
September  1963  through  August  1975.  The  catch, 
which  averaged  3474  sea  lampreys  (range:  3248- 
3913)  during  four  migration  periods  (September- 
June)  before  treatment  in  1968,  declined  to  4 
during  the  1974-1975  migration  period.  Mark-re- 
capture studies  were  conducted  to  determine  the 
capture  efficiency  of  the  net  for  recently  metamor- 
phosed sea  lampreys  and  to  estimate  the  total 
downstream  migration  for  each  migration  period- 
Estimated  downstream  migrations  before  treatment 
averaged  62,036  sea  lampreys  (range:  58,000- 
69,875)  for  four  migration  periods  and  declined  to 
71  during  the  1974-1975  migration  period.  Catches 
were  usually  greater  in  fall  than  in  spring.  The  fall 
peak  in  migratory  activity  was  in  November  or 
December,  and  the  spring  peak  was  in  April;  both 
peaks  occurred  while  water  levels  were  high  and 
water  temperatures  were  near  5  C.  (Author's  ab- 
stract) 
W90-07181 


RELATIONS  OF  PHYSICAL  HABITAT  TO 
ABUNDANCE  OF  FOUR  NONGAME  FISHES 
IN  HIGH-PLAINS  STREAMS:  A  TEST  OF 
HABITAT  SUITABDLrrY  INDEX  MODELS. 

Wyoming  Cooperative  Fishery  and  Wildlife  Re- 
search Unit,  Laramie. 
W.  A.  Hubert,  and  F.  J.  Rahel. 
North  American  Journal  of  Fisheries  Management 
NAJMDP,  Vol.  9,  No.  3,  p  332-340,  Summer  1989. 
4  tab,  50  ref. 

Descriptors:  'Chubs,  'Fish  behavior,  'Fish  popu- 
lations, 'Habitats,  'Stream  fisheries,  'Sucker, 
•Wyoming,  Biomass,  Dace,  Fish,  Shiner,  Streams, 
Wildlife  habitats. 

The  relations  between  habitat  variables  and  bio- 
masses  of  white  sucker  Catostomus  commersoni, 
creek  chub  Semotilus  atromaculatus,  longnose 
dace  Rhinichthys  cataractae,  and  common  shiner 
Notropis  cornutus  from  data  collected  at  29  sites  in 
the  Horse  Creek  drainage  of  eastern  Wyoming 
were  examined.  Few  of  the  habitat  variables  that 
have  been  used  in  habitat  suitability  index  models 
were  correlated  with  the  biomass  of  the  four  spe- 
cies. Also,  composite  habitat  suitability  index 
scores  were  not  correlated  with  the  biomass  of  the 
four  species.  However,  abundances  of  these  species 
were  related  to  other  habitat  features  that  were 
measured  and  analyzed  by  correlation  and  multi- 
ple-regression analysis.  White  sucker  biomass  was 
correlated  with  main-channel  run  habitat,  shade, 
turbidity,  water  temperature  in  August,  and  large 
woody  debris.  Creek  chub  biomass  was  related  to 
the  coefficient  of  variation  (Standard  deviation/ 
mean)  in  current  velocity  and  to  submerged  aquat- 
ic vegetation,  average  current  velocity,  and  main- 
channel  pool  habitat.  Longnose  dace  biomass  was 
primarily  related  to  submerged  aquatic  vegetation, 
main-channel  run  habitat,  and  overhead  cover  fea- 
tures, and  the  common  shiner,  which  occurred 
over  only  a  limited  range  of  stream  conditions,  was 
associated  with  submerged  aquatic  vegetation, 
backwater  pool  habitat,  and  the  amount  of  silt 
substrate.  (Author's  abstract) 
W90-07182 


EFFECTS  OF  WATER  TEMPERATURE  ON 
THE  MORTALITY  OF  FIELD-COLLECTED 
FISH  MARKED  WITH  FLUORESCENT  PIG- 
MENT. 

National  Fisheries  Research  Center,  La  Crosse, 
WI. 

For  primary  bibliographic  entry  see  Field  7B. 
W90-07183 


RESTORATION  OF  FISH  COMMUNITIES  OF 
THE  RHINE  RD/ER  TWO  YEARS  AFTER  A 
HEAVY  POLLUTION  WAVE. 

Forschungsinstitut   und   Natur-Museum   Sencken- 
berg,  Frankfurt  am  Main  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5C. 
W90-07335 


DEVELOPMENT  OF  CRITICAL  LIFE  STAGE 

ASSAYS:  TERATOGENIC  EFFECTS  OF  ASH 

BASIN       EFFLUENT      COMPONENTS       ON 

FRESHWATER    FISH,    GAMBUSIA    AFFINIS 

ANDDAPHNIA. 

Voorhees  Coll.,  Denmark,  SC. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-07463 
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10C.  Secondary  Publication 
And  Distribution 


BEST  DEMONSTRATED  AVAILABLE  TECH- 
NOLOGY (BDAT)  FOR  POLLUTION  CON- 
TROL AND  WASTE  TREATMENT  (APR  75  - 
JAN  90). 

National  Technical  Information  Service,  Spring- 
field, VA. 
For  primary  bibliographic   entry   see  Field   5D. 
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W9O-07472  W90-07497 


WASTEWATER  TREATMENT  (DEC  87  -  JUL 
89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For   primary   bibliographic   entry   see   Field   5D. 
W90-07473 


HORSE  MESA  DAM,  MARICOPA  COUNTY, 
ARIZONA:  PHOTOGRAPHS,  WRITTEN  HIS- 
TORICAL AND  DESCRIPTIVE  DATA,  RE- 
DUCED COPIES  OF  DRAWINGS. 

Salt  River  Project,  Phoenix,  AZ. 

For  primary   bibliographic   entry   see   Field   6G. 

W90-07496 


MORMON  FLAT  DAM,  MARICOPA  COUNTY, 
ARIZONA:  PHOTOGRAPHS,  WRITTEN  HIS- 
TORICAL AND  DESCRD7TCVE  DATA,  RE- 
DUCED COPIES  OF  DRAWINGS. 

Salt  River  Project,  Phoenix,  AZ. 

For  primary  bibliographic  entry   see   Field   6G. 


DREDGING:  BIOLOGICAL  EFFECTS  (JAN  79  - 
JUL  1989). 

National  Technical   Information   Service,   Spring- 
field, VA. 

For  primary   bibliographic   entry   see   Field   6G. 
W90-07501 


10F.  Preparation  Of  Reviews 


IMPACT    OF    TIMBER    HARVESTING    AND 
PRODUCTION  ON  STREAMS:  A  REVIEW. 

Chisholm  Inst,  of  Tech.,  Melbourne  (Australia). 

Center  for  Stream  Ecology. 

For  primary  bibliographic  entry  see  Field  4C. 

W90-06659 


RAW  WATER  QUALITY  CONTROL:  AN 
OVERVIEW  OF  RESERVOIR  MANAGEMENT 
TECHNIQUES. 

Ecosystem   Consulting   Service,    Inc.,    Coventry, 


CT. 

For  primary   bibliographic   entry   see   Field   5G. 
W90-06728 


PREPARATION  OF  AQUEOUS  MEDIA  FOR 
AQUATIC  TOXICITY  TESTING  OF  OILS  AND 
OIL-BASED  PRODUCTS:  A  REVIEW  OF  THE 
PUBLISHED  LITERATURE. 

Shell  Research  Ltd.,  Sittingbourne  (England).  Sit- 

tingbourne  Research  Centre. 

For  primary  bibliographic  entry  see  Field  5C. 

W90-06766 


REVIEW  OF  THE  ROLE  OF  THE  PHYSICO- 
CHEMICAL  ENVIRONMENT  IN  THE  PRO- 
DUCTION OF  CERTAIN  FLOC  PROPERTIES. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Chemical 

Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W90-07224 
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ABRASION 

Influence  of  Structural  Parameters  on  Abrasion- 
Erosion  Resistance  of  Various  Repairing  Mor- 
tars. 
W90-07234  8F 

ABSORPTION 

Ethylene   Dibromide:   Persistence   in   Soil   and 

Uptake  by  Plants. 

W90-07082  5B 

Humidity  Water  Vapour  Collection  by  Absorp- 
tion Cooling  Machines. 
W90-07440  3B 

ACID  LAKES 

Variation  in  Adirondack,  New  York,  Lakewater 
Chemistry  as  Function  of  Surface  Area. 
W90-06833  2K 

Predicting  the  Long-Term  Variations  in  Stream 
and  Lake  Inorganic  Aluminium  Concentrations 
for  Acidic  and  Acid  Sensitive  Catchments. 
W90-06978  5B 

Improved    Growth    in    Stunted    Brown   Trout 
(Salmo  trutta  L.)  after  Reliming  of  Lake  Hov- 
vatn,  Southern  Norway. 
W90-07223  5G 

ACID  NEUTRALIZING  CAPACITY 

Variation  in  Adirondack,  New  York,  Lakewater 
Chemistry  as  Function  of  Surface  Area. 
W90-06833  2K 

ACTDRAIN 

Acid  Deposition,  Summer  Drought  and  En- 
hanced Production  of  Nitrate  in  Forest  Soils; 
Risk  Cofactors  Relative  to  Forest  Decline.  An 
Additional  Hypothesis  Concerning  the  Synergis- 
tical  Effects:  The  Nitrous  Acid  Cycle. 
W90-06619  2B 

Acid   Neutralization   in   Laboratory   Sediment- 
Water  Microcosms  From   a  Rocky   Mountain 
Subalpine  Lake  (USA). 
W90-O6778  5B 

Environmental   Chemistry   and   Toxicology   of 

Aluminum. 

W90-O6929  5B 

Stability   of  Aluminum   Species   in   a   Natural 
Audit  Sample:  Possible  Application  as  a  Quality 
Control  Solution. 
W90-06932  5B 

Modeling  the  Interactions  of  Al  Species,  Protons 
and  Ca(2  +  )  with  Humic  Substances  in  Acid 
Waters  and  Soils. 
W90-06933  5B 

Chemistry  and  Transfer  of  Aluminum  in  a  For- 
ested Watershed  in  the  Adirondack  Region  of 
New  York,  USA. 
W90-06934  5B 

How  Aluminum  Levels  in  Subsurface  Drinking 
Water  Supplies  in  Canada  Can  Be  Used  to  Pre- 
dict Possible  Impact  by  Acidic  Deposition. 
W90-06935  5B 

Episodic  Variations  in  Streamwater  Aluminum 
Chemistry  at  Birkenes,  Southernmost  Norway. 
W9O-06936  5B 

Aluminum   Chemistry   of  Acidic   Sandy   Soils 
with  Various  Inputs  of  Acidic  Deposition  in  the 
Netherlands  and  in  Denmark. 
W90-06937  5B 

Aluminum  Speciation  and  Organic  Carbon  in 

Waters  of  Central  Ontario. 

W90-06938  5B 

Chronic  No-Observed-Effect  Concentrations  of 
Aluminum  for  Brook  Trout  Exposed  in  Low- 
Calcium,  Dilute  Acidic  Water. 
W90-06940  5C 


Global  Water  Cycle:  Geochemistry  and  Envi- 
ronment. 
W90-06946  2A 

Measurements  of  Wet  and  Dry  Deposition  in  a 

Northern  Hardwood  Forest. 

W90-07126  5B 

Snowfall  Chemistry  Collector  Intercomparison 

Test  (SCCIT). 

W90-07133  7B 

Improved    Growth   in    Stunted    Brown   Trout 
(Salmo  trutta  L.)  after  Reliming  of  Lake  Hov- 
vatn,  Southern  Norway. 
W90-07223  5G 

Field  Studies  of  the  S02/ Aqueous  S(IV)  Equi- 
librium in  Clouds. 
W90-07228  5B 

Cloud  Chemistry  Measurements  and  Estimates 
of  Acidic  Deposition  on  an  Above  Cloudbase 
Coniferous  Forest. 
W90-07229  5C 

Atmospheric   H202   Field  Measurements  in  a 
Tropical  Environment:  Bahia,  Brazil. 
W90-07230  5B 

Effect  of  Freezing  on  the  Composition  of  Super- 
cooled Droplets-I.  Retention  of  HC1,  HN03, 
NH3  and  H202. 
W90-07231  2B 

Effect  of  Freezing  on  the  Composition  of  Super- 
cooled Droplets-II.  Retention  of  S(IV). 
W90-07232  2B 

Impact  of  Artificial,  Ammonium-enriched  Rain- 
water on  Soils  and  Young  Coniferous  Trees  in  a 
Greenhouse.  Part  II-Effects  on  the  Trees. 
W90-07241  5C 

Role  of  Forest  Canopies  in  the  Collection  and 
Neutralization  of  Airborne  Acid  Substances. 
W90-07389  5B 

Rational  Approach  to  the  Assessment  of  Alu- 
minium Solubility  Controls  in  Freshwaters. 
W90-07391  5B 

Effects  of  Watering  and  Simulated  Acid  Rain  on 

Quantity    of    Phyllosphere    Fungi    or    Birch 

Leaves. 

W90-07413  5C 

Acid  Rain  in  the  United  Kingdom:  Spatial  Dis- 
tributions and  Seasonal  Variations  in  1986. 
W90-07489  5B 

Determination  of  Hydrogen  Carbonate  in  Rain- 
water. 
W90-07490  2B 

ACID  RAIN  EFFECTS 

Estimating  the  Number  of  Species  and  Relative 
Abundance   of  Fish   in   Oligotrophic   Swedish 
Lakes  Using  Multi-Mesh  Gillnets. 
W90-06601  5G 

Paleolimnological    Evidence    for    the    Recent 
Acidification  of  Lyn  Hir,  Dyfed,  Wales. 
W90-06671  5C 

Paleolimnological  Reconstruction  of  Recent 
Acidity  Changes  in  Four  Sierra  Nevada  Lakes. 
W90-06672  5C 

Aluminum  Accumulation  in  a  Lotic  Mayfly  at 

Low  pH~A  Laboratory  Study. 

W90-06792  5B 

Variation  in  Adirondack,  New  York,  Lakewater 
Chemistry  as  Function  of  Surface  Area. 
W90-06833  2K 


Effects  of  Parameter  Uncertainty  on  Long-Term 

Simulations  of  Lake  Alkalinity. 

W90-06855  5B 

Aluminum  Speciation  and  Toxicity  in  Upland 

Waters. 

W90-06939  5B 

Ephemeral  Forest  Drainage  Ditch  as  a  Source 

of  Aluminium  to  Surface  Waters. 

W90-06976  5B 

Inorganic  Aluminium-Hydrogen   Ion  Relation- 
ships for  Acidified  Streams;  The  Role  of  Water 
Mixing  Processes. 
W90-06977  5B 

Predicting  the  Long-Term  Variations  in  Stream 
and  Lake  Inorganic  Aluminium  Concentrations 
for  Acidic  and  Acid  Sensitive  Catchments. 
W90-06978  5B 

Fluorine  Variations  in  Welsh  Streams  and  Soil 

Waters. 

W90-06979  5C 

Calmodulin  Concentration  in  Mucus  of  Rainbow 
Trout,  Salmo  gairdneri,  Exposed  to  Combina- 
tions of  Acid,  Aluminum,  and  Calcium. 
W90-07033  5C 

Chronic   Effects  of  Low  pH  on   Length  and 
Weight  of  Atlantic  Salmon  Salmo  salar. 
W90-07094  5C 

Acidic  Deposition:  Extent  and  Impact  on  Forest 
Soils,  Nutrition,  Growth  and  Disease  Phenom- 
ena in  Central  Europe:  A  Review. 
W90-07123  5B 

Effects  of  Acid  Irrigation  and  Liming  in  a 
Norway  Spruce  Stand  (Picea  abies  (L.)  Karst). 
W90-07124  5B 

Aluminum    Toxicity    in    Forests    Exposed    to 
Acidic  Deposition:  The  ALBIOS  Results. 
W90-07125  5B 

Ion  Leaching  From  a  Sugar  Maple  Forest  in 
Response  to  Acidic  Deposition  and  Nitrification. 
W90-07127  5B 

Simulation  of  the  Long-Term  Soil  Response  to 
Acid  Deposition  in  Various  Buffer  Ranges. 
W90-07130  5B 

Impact  of  Artificial  Ammonium-enriched  Rain- 
water on  Soils  and  Young  Coniferous  Trees  in  a 
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a  Semiarid  Region. 

W90-06894  2F 

Simultaneous    Water    and    Solute    Movement 
Through  an  Unsaturated  Soil  Following  an  In- 
crease in  Recharge. 
W90-06904  2G 

COMMONWEALTH  SCIENTIFIC  AND 
ENDUSTRIAL  RESEARCH  ORGANIZATION, 
GRIFFITH  (AUSTRALIA). 

Use  of  a  Thermal  Scanner  Image  of  a  Water 
Stressed  Crop  to  Study  Soil  Spatial  Variability. 
W90-06737  2G 

COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
NORTH  RYDE  (AUSTRALIA).  DD7.  OF  COAL 
TECHNOLOGY. 

Column  Leaching  of  Unretorted  and  Retorted 
Oil  Shales  and  Claystones  from  the  Rundle  De- 
posit: Water  Leaching. 
W90-07414  5B 


COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
TOWNSVILLE  (AUSTRALIA).  DIV.  OF  SOILS. 

Efficient    Numerical    Methods    for    Infiltration 

Using  Richards'  Equation. 

W90-07357  2G 

COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
WEMBLEY  (AUSTRALIA).  DIV.  OF  WATER 
RESOURCES. 

Extraction  of  Water  from  Porous  Media,  Espe- 
cially Gypseous  Media,  for  Isotopic  Analysis. 
W90-07479  7B 

Recharge  Studies  in  the  Western  Murray  Basin: 
4.  Results  of  a  Drilling  Program  at  Kulkami. 
W90-07483  2F 

Effect   of  Lucerne   on    Recharge   to   Cleared 
Mallee  Lands:  Results  of  a  Drilling  Program  at 
Buronga,  Euston  and  Balranald. 
W90-07484  2G 

COMPAGNIE  ENTERCOMMUNALE 
BRUXELLOISE  DES  EAUX  (BELGIUM). 

Continuous  Determination  of  Residual  Chlorite 

in  Water. 

W90-06999  5F 

CONCAWE,  THE  HAGUE  (NETHERLANDS). 

Trends  in  Oil   Discharged   with  Aqueous  Ef- 
fluents from  Oil  Refineries  in  Western  Europe, 
1987  Survey. 
W90-07491  5B 

CONNECTICUT  AGRICULTURAL 
EXPERIMENT  STATION,  NEW  HAVEN. 
DEFT.  OF  SOIL  AND  WATER. 

Ethylene   Dibromide:   Persistence   in   Soil   and 

Uptake  by  Plants. 

W90-07082  5B 

CONSEJO  SUPERIOR  DE 
INVESTIGACIONES  CIENTIFICAS,  GERONA 
(SPAIN).  CENTRO  DE  ESTUDIOS 
AVANZADOS  DE  BLANES. 

Chlorophyll  a  and  Respiratory  Electron  Trans- 
port System  Activity  in  Microplankton  From 
the  Surface  Waters  of  the  Western  Mediterrane- 


an. 
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CONSIGLIO  NAZIONALE  DELLE 
RICERCHE,  MILAN  (ITALY).  CENTRO  DI 
TEORIA  DEI  SISTEMI. 

Catastrophic    Bifurcations    in    a    Second-Order 
Dynamical   System  with   Application   to  Acid 
Rain  and  Forest  Collapse. 
W90-07185  5C 

CONSULTANTS  IN  ENVIRONMENTAL 
SCIENCES  LTD.,  LONDON  (ENGLAND). 

Comparison    of    Disinfection    Techniques    for 

Sewage  and  Sewage  Effluents. 

W90-06722  5D 

CONSULTING  ENGINEER,  2530  ETNA 
STREET,  BERKELEY,  CALIFORNIA  94704. 

Trends  in  Freshwater  Inflow  to  San  Francisco 
Bay  from  the  Sacramento-San  Joaquin  Delta. 
W90-06827  2E 

CONSULTING  ENGINEER,  INC., 
WESTWOOD,  MA. 

Contemporary  Telemetering  Methods  for  Water 

Works  Facilities. 

W90-06729  7B 

CONSULTING  ENGINEERS,  P.O.  BOX  223, 
HELIOPOLIS,  CAIRO,  EGYPT. 

Optimization  of  Dual-Purpose  Steam  Power  and 

MSF  Desalination  Plant. 

W90-06567  3A 


COPENHAGEN  UNIV.,  HILLEROED 
(DENMARK).  DET  FERSKVANDS- 
BIOLOGISKE  LAB. 

Some    Observations    on    the    Irradiance    and 

Carbon  Fixation  in  Grane  Langso. 

W90-07099  2H 

CORDOBA  UNIV.  (SPAIN).  DEPT.  OF 
ANALYTICAL  CHEMISTRY. 

Determination  of  Hypochlorite  in  Waters  by 
Stopped-Flow   Chemiluminescence   Spectrome- 
try. 
W90-06988  5A 

CTI  INTERNATIONAL,  SOUTHPORT,  CT. 

Method    for   Extending    Heat   Exchanger   and 

Condenser  Life. 

W90-07446  3A 

DALHOUSIE  UNIV.,  HALIFAX  (NOVA 
SCOTIA).  DEPT.  OF  BIOLOGY. 

Microbiology  of  a  High  Energy  Beach  Sedi- 
ment:  Evidence   for  an  Active  and   Growing 
Community. 
W90-06733  2L 

DAMES  AND  MOORE,  SARASOTA,  FL. 

Transmission  Losses  in  Arid  Region. 
W90-07072  2E 

DELAWARE  STATE  DEPT.  OF  NATURAL 
RESOURCES  AND  ENVIRONMENTAL 
CONTROL,  DOVER. 

Survey  and  Classification  of  Delaware's  Public 

Lakes. 

W90-07495  2H 

DELAWARE  UNIV.,  LEWES.  AIR-SEA 
INTERACTION  LAB. 

Velocity  of  Particles  Falling  in  Vertically  Oscil- 
lating Flow. 
W90-07065  2J 

DELAWARE  UNIV.,  NEWARK.  DEPT.  OF 
CIVIL  ENGINEERING. 

Removal  of  Some  Heavy  Metals  by  Mordenite. 
W90-07052  2K 

DELAWARE  UNIV.,  NEWARK.  OCEAN 
ENGINEERING  PROGRAM. 

Split-Step  Fourier  Algorithm  for  Water  Waves. 
W90-07200  8B 

DELTA  ENVIRONMENTAL  CONSULTANTS, 
INC.,  FORT  COLLINS,  CO. 

Investigation  and  Remediation  of  VOCs  in  Soil 

and  Groundwater. 

W90-06991  5A 

DELTA  INST.  FOR  HYDROBIOLOGICAL 
RESEARCH,  YERSEKE  (NETHERLANDS). 

Expected  Effects  of  the  Use  of  the  Oosters- 
chelde  Storm  Surge  Barrier  on  the  Survival  of 
the   Intertidal   Fauna:   Part    1.   The   Effects  of 
Prolonged  Emersion. 
W90-06639  6G 

Expected  Effects  of  the  Use  of  the  Oosters- 
chelde  Storm  Surge  Barrier  on  the  Survival  of 
the   Intertidal   Fauna:   Part   2.   The  Effects  of 
Protracted  Tidal  Cycles. 
W90-06640  6G 

DENVER  UNIV.,  CO.  DEPT.  OF  GEOLOGY 
AND  GEOGRAPHY. 

Synoptic  Climatology  of  the  Bimodal  Precipita- 
tion Distribution  in  the  Upper  Midwest. 
W90-07075  2B 

DEPARTMENT  OF  CHEMICAL 
ENGINEERING,  TRIPOLI  GSPLAG,  LIBYA. 

Experience  with  Desalination  Plants  in  Libya. 
W90-07456  3A 
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DEPARTMENT  OF  ENERGY,  WASHINGTON, 
DC.  OFFICE  OF  ENERGY  RESEARCH. 

Subsurface  Science  Program.  Program  Over- 
view and  Scope:  Overview  of  the  Scientific 
Scope,  Goals  and  Relevance  of  Fundamental 
Research  in  Subsoils,  Groundwater  and  Chemi- 
cal Contamination  Sponsored  by  the  U.S.  De- 
partment of  Energy. 
W90-07485  5B 

Evaluation  of  Mid-to-Long  Term  Basic  Re- 
search for  Environmental  Restoration:  Prelimi- 
nary Analysis  to  Characterize  DOE  Waste  Prob- 
lems in  a  5-  to  20-year  Timeframe  and  to  Identi- 
fy Research  Needs. 
W90-07486  5G 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  BURLINGTON  (ONTARIO).  GREAT 
LAKES  LAB.  FOR  FISHERIES  AND 
AQUATIC  SCIENCES. 

Probing   Ecosystem   Health:   A   Multi-Discipli- 
nary and  Multi-Trophic  Assay  Strategy. 
W90-07256  5A 

Is  the  'Microbial  Loop'  an  Early  Warning  Indi- 
cator of  Anthropogenic  Stress. 
W90-07263  5A 

Early  Warning  Assays:  An  Overview  of  Toxici- 
ty  Testing  with   Phytoplankton   in  the   North 
American  Great  Lakes. 
W90-07270  5A 

New  Standardized  Sediment  Bioassay  Protocol 
Using  the  Amphipod  Hyalella  azteca  (Saussure). 
W90-07290  5A 

In  Situ  Bioassessment  of  Dredging  and  Disposal 
Activities  in  a  Contaminated  Ecosystem:  Toron- 
to Harbor. 
W90-07308  5C 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  ST.  JOHN'S  (NEWFOUNDLAND). 
SCIENCE  BRANCH. 

Metabolites  of  Three  Structural  Isomers  of  Bu- 
tylbenzene  in  the  Bile  of  Rainbow  Trout. 
W90-07039  5B 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  VANCOUVER  (BRITISH 
COLUMBIA). 

Sea  Otters  and  Oil  Pollution. 

W90-06678  5C 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  VANCOUVER  (BRITISH 
COLUMBIA).  WEST  VANCOUVER  LAB. 

In  Situ  and  Laboratory  Studies  on  the  Behavior 

and  Survival  of  Pacific  Salmon  (genus  Oncor- 

hynchus). 

W9O-O7301  5C 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  WINNIPEG  (MANITOBA). 
FRESHWATER  INST. 

Bioassays  with  a  Floating  Aquatic  Plant  (Lemna 

minor)  for  Effects  of  Sprayed  and  Dissolved 

Glyphosate. 

W90-07281  5C 

DEPARTMENT  OF  SCIENTTFIC  AND 
INDUSTRIAL  RESEARCH,  CHRISTCHURCH 
(NEW  ZEALAND).  HYDROLOGY  CENTRE. 

One-Dimensional   Flow  over  a  Plane:   Criteria 

for  Kinematic  Wave  Modelling. 

W90-06885  2E 

DEPARTMENT  OF  THE  ENVIRONMENT, 
SAINTE-FOY  (QUEBEC). 

Round  Robin  Testing  with  the  Selenastrum  ca- 
pricornutum  Microplate  Toxicity  Assay. 
W90-07272  5A 


DESALINATION  SYSTEMS,  INC., 
ESCONDIDO,  CA. 

Desal-5  Membrane  for  Water  Softening. 
W90-06562 
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DILLINGHAM  CONSTRUCTION  LTD., 
NORTH  VANCOUVER  (BRITISH 
COLUMBIA). 

Construction  of  the  Iona  Outfall  Submarine  Sec- 
tion. 
W90-07237  8A 

DOW  CHEMICAL  CO.,  MIDLAND,  MI. 
ENVIRONMENTAL  SCIENCES  RESEARCH 
LAB. 

Method  for  the  Determination  of  2,3,7,8-Te- 
trachlorodibenzo-p-Dioxin  in  Processed 
Wastewater  at  the  Parts  per  Quadrillion  Level. 
W90-06750  5A 

DOW  CHEMICAL  U.S.A.,  MIDLAND,  MI. 
MAMMALIAN  AND  ENVIRONMENTAL 
TOXICOLOGY  RESEARCH  LAB. 

Pharmacokinetics  and  Metabolism  of  Triclopyr 

Butoxyethyl  Ester  in  Coho  Salmon. 

W90-07087  5C 

DREXEL  UNIV.,  PHILADELPHIA,  PA. 
ENVIRONMENTAL  STUDIES  INST. 

Modelling   the   Environmental    Distribution   of 
Nonpolar  Organic  Compounds:  The  Influence  of 
Dissolved  Organic  Carbon  in  Overlying  and  In- 
terstitial Water. 
W90-06761  5B 

DU  PONT  DE  NEMOURS  (E.I.)  AND  CO., 
WILMINGTON,  DE.  AGRICULTURAL 
PRODUCTS  DEPT. 

Fate  of  Monocrotophos  in  the  Environment. 
W90-07175  5B 

DU  PONT  DE  NEMOURS  (E.I.)  AND  CO., 
WILMINGTON,  DE.  CENTRAL  RESEARCH 
AND  DEVELOPMENT  DEPT. 

Bacterial  Production  in  Freshwater  Sediments: 
Cell  Specific  Versus  System  Measures. 
W90-07410  2H 

DUKE  UNIV.,  DURHAM,  NC.  SCHOOL  OF 
FORESTRY  AND  ENVIRONMENTAL 
STUDIES. 

Effects  of  Complex  Waste  Mixtures  on  Hepatic 
Monooxygenase  Activities  in  Brown  Bullheads 
(Ictalurus  nebulosus). 
W90-07191  5C 

E  AND  S  COMPUTER  SYSTEMS,  INC., 
SPARTA,  NJ. 

Need  for  Computer-Assisted  Hydrography. 
W9O-071O3  7C 

E  AND  S  ENVIRONMENTAL  CHEMISTRY, 
INC.,  CORVALLIS,  OR. 

Variation  in  Adirondack,  New  York,  Lakewater 
Chemistry  as  Function  of  Surface  Area. 
W90-06833  2K 

EAST  CAROLINA  UNIV.,  GREENVILLE,  NC. 
DEPT.  OF  GEOGRAPHY  AND  PLANNING. 

Nonpoint  Source  Pollution  Risk  Assessment  in  a 

Watershed  Context. 

W90-06612  5B 

EBASCO  SERVICES,  INC.,  CHICAGO,  IL. 

Extraction     of     TCE-Contaminated      Ground 

Water  by   Subsurface   Drains  and   a  Pumping 

Well. 

W90-O7011  5G 

ECOLE  NATIONALE  SUPERIEURE  DES 
MINES  DE  PARIS,  FONTAINEBLEAU 

(FRANCE). 

Modeling  Fracture  Flow  with  a  Stochastic  Dis- 
crete Fracture  Network:  Calibration  and  Valida- 
tion: 1.  The  Flow  Model. 
W90-06857  2F 


Modeling  Fracture  Flow  with  a  Stochastic  Dis- 
crete Fracture  Network:  Calibration  and  Valida- 
tion: 2.  The  Transport  Model. 
W90-06858  2F 

ECOLE  NATIONALE  SUPERIEURE  DES 
MINES  DE  PARIS,  FONTAINEBLEAU 
(FRANCE).  CENTRE  ^INFORMATION 
GEOLOGIQUE. 

Compatible  Single-Phase/Two-Phase  Numerical 
Model:  1.  Modeling  the  Transient  Salt- Water/ 
Freshwater  Interface  Motion. 
W90-07017  5B 

ECOLE  NATIONALE  VETERINAIRE  DE 
LYON  (FRANCE).  LAB. 
D'ECOTOXICOLOGIE. 

In  Vivo  Effect  of  the  Organophosphorus  Insecti- 
cide Trichlorphon  on  the  Immune  Response  of 
Carp  (Cyprinus  carpio).  I.  Effect  of  Contamina- 
tion on  Antibody  Production  in  Relation  to  Res- 
idue Level  in  Organs. 
W90-06793  5C 

ECOSYSTEM  CONSULTING  SERVICE,  INC, 
COVENTRY,  CT. 

Raw  Water  Quality  Control:  An  Overview  of 
Reservoir  Management  Techniques. 
W90-O6728  5G 

EHIMK  UNIV.,  MATSUYAMA  (JAPAN). 
DEPT.  OF  ENVIRONMENT  CONSERVATION. 

Contribution  of  Dissolved  Calcium  and  Magne- 
sium to  Phytoplanktonic  Particulate  Phosphorus 
Concentration  at  the  Heads  of  Two  River  Reser- 
voirs. 
W9O-06592  2H 

Polychlorinated  Biphenyls  (PCBs)  in  Sediments 
in  Hong  Kong:  A  Congener-Specific  Approach 
to  the  Study  of  Coplanar  PCBs  in  Aquatic  Eco- 
systems. 
W90-O7197  5B 

Temporal  Trends  of  Organochlorine  Residues  in 
Lizard  Goby  Rhinogobius  flumineus  from  the 
River  Nagaragawa,  Japan. 
W90-07198  5B 

EL  SAIE  (M.H.A.),  CAIRO  (EGYPT). 

Study  of  the  Operating  Conditions  for  Three 
Large  MSF  Desalination  Units  Each  of  Capacity 
7.2/8.6  MGD  (27360/32832  Ton/Day)  in  Abu 
Dhabi,  UAE. 
W90-07445  3A 

ENVIRONMENT  CANADA,  MONTREAL 
(QUEBEC). 

Bioassay  Responses  of  Micro-Organisms  to  Sedi- 
ment Elutriates  from  the  St.  Lawrence  River 
(Lake  St.  Louis). 
W90-07278  5A 

ENVIRONMENTAL  AND  CHEMICAL 
SCDZNCES,  INC.,  AIKEN,  SC. 

Steel  Creek  Water  Quality:  L  Lake/Steel  Creek 
Biological     Monitoring     Program,     November 
1985-December  1987. 
W9O-O7470  5B 

ENVIRONMENTAL  ASSESSMENT  REVIEW 
OFFICE,  HULL  (QUEBEC). 

Environmental  Impact  Assessment:  The  Grow- 
ing Importance  of  Science  in  Government  Deci- 
sion Making. 
W90-07259  6A 

ENVIRONMENTAL  PROTECTION  AGENCY, 
BOSTON,  MA.  WATER  SUPPLY  BRANCH. 

Granulated  Activated  Carbon  Water  Treatment 

and  Potential  Radiation  Hazards. 

W90-06730  5F 
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ENVIRONMENTAL  PROTECTION  AGENCY, 
CINCINNATI,  OH. 

GC/MS  Identification  of  Mutagens  in  Aqueous 

Chlorinated  Humic  Acid  and  Drinking  Waters 

Following  HPLC  Fractionation  of  Strong  Acid 

Extracts. 

W9O-06915  5A 


Adsorption  Capacity  of  GAC  for  Synthetic  Or- 
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games. 
W9O-07330 


ENVIRONMENTAL  PROTECTION  AGENCY, 
CINCINNATI,  OH.  OFFICE  OF  RESEARCH 
AND  DEVELOPMENT. 

Short-Term  Methods  for  Estimating  the  Chronic 
Toxicity  of  Effluents  and  Receiving  Waters  to 
Marine  and  Estuarine  Organisms. 
W90-07505  5C 

ENVIRONMENTAL  PROTECTION  AGENCY, 
CINCINNATI,  OH.  RISK  REDUCTION 
ENGINEERING  LAB. 

Reduction  in  Bacterial  Densities  of  Wastewater 
Solids  by  Three  Secondary  Treatment  Process- 

W90-O6842  5D 

ENVntONMENTAL  PROTECTION  AGENCY, 
SEATTLE,  WA.  REGION  X. 

Coeur  d'Alene   Basin   -   EPA   Water  Quality 

Monitoring,  1972-1986. 

W90-07504  5G 

ENVmONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF  DRINKING 

WATER. 

Development  of  the  Revised  Drinking  Water 

Standard  for  Chromium. 

W90-06698  5G 

ENVmONMENTAL  PROTECTION  AGENCY, 
WASfflNGTON,  DC.  OFFICE  OF 
EMERGENCY  AND  REMEDIAL  RESPONSE. 

Superfund     Record     of     Decision:     Hastings 
Ground  Water/Colorado  Ave.,  NE. 
W90-06950  5G 
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Superfund  Record  of  Decision:  Arkansas  City 

Dump,  KS. 

W90-06951 

Superfund    Record    of   Decision:    Oak    Grove 

Landfill,  MN. 

W90-06952  5G 

Superfund  Record  of  Decision:  Ludlow  Sand 

and  Gravel,  NY. 

W90-06953  5G 

Superfund  Record  of  Decision:  National  Starch, 

NC. 

W90-06954  5G 

Superfund    Record    of    Decision:    Henderson 

Road,  PA. 

W90-07471  5G 

Superfund  Record  of  Decision:  Gurley  Pit,  AR. 
W90-07474  5G 

Superfund  Record  of  Decision:  Northside  Sani- 
tary Landfill/Environmental  Conservation  and 
Chemical,  IN. 
W90-07475  5G 


Superfund  Record  of  Decision:  Marathon  Bat- 
tery, NY. 
W90-07487 
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ENVWONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF  WATER 
REGULATIONS  AND  STANDARDS. 

Ambient  Water  Quality  Criteria  for  2,3,7,8-Te- 

trachlorodibenzo-p-dioxin. 

W90-07466  5G 


ENVIRONMENTAL  PROTECTION  SERVICE, 
DARTMOUTH  (NOVA  SCOTIA).  MARINE 
ENVIRONMENTAL  BRANCH. 

Role  and  Application  of  Environmental  Bioas- 
say  Techniques  in  Support  of  the  Impact  Assess- 
ment  and   Decision-making  Under  the  Ocean 
Dumping  Control  Act  in  Canada. 
W90-07307  5E 

ENVIRONMENTAL  PROTECTION  SERVICE, 
REGINA  (SASKATCHEWAN).  WATER 
QUALITY  BRANCH. 

Assessing  Toxicity  of  Lake  Diefenbaker  (Sas- 
katchewan, Canada)  Sediments  Using  Algal  and 
Nematode  Bioassays. 
W90-07276  5A 

ENVIRONMENTAL  RESEARCH  LAB., 
DULUTH,  MN. 

Simple  Flow-Limited  Model  for  Exchange  of 

Organic  Chemicals  at  Fish  Gills. 

W90-06775  5B 

ENVmONMENTAL  RESEARCH  LAB.- 
NARRAGANSETT,  NEWPORT,  OR.  MARK  O. 
HATFIELD  MARINE  SCIENCE  CENTER. 

Determination  of  the  Ventilation  Rates  of  Inter- 
stitial   and    Overlying    Water    by    the    Clam 
Macoma  nasuta. 
W90-06780  5B 

Method  for  Determining  Gut  Uptake  Efficien- 
cies of  Hydrophobic  Pollutants  in  a  Deposit- 
Feeding  Clam. 
W90-06781  5B 

Comparison  of  Aqueous  and  Solid-Phase  Uptake 
for   Hexachlorobenzene   in   the   Tellinid   Clam 
Macoma  nasuta  (Conrad):  A  Mass  Balance  Ap- 
proach. 
W90-06782  5B 

ENVIRONMENTAL  SERVICES,  EDMONTON 
(ALBERTA). 

Characteristics  of  Nostocoida  limicola  and  Its 
Activity  in  Activated  Sludge  Suspension. 
W90-06837  5D 

ESSEX  UNIV.,  COLCHESTER  (ENGLAND). 
DEFT.  OF  BIOLOGY. 

Degradation    of   Digested    Sewage    Sludge    in 
Marine   Sediment-Water   Model    Systems,   and 
Fate  of  Metals. 
W90-06646  5D 

Heavy  Metals  in  Water,  Sediment  and  Inverte- 
brates From  Rivers  in  Eastern  England. 
W90-06770  5B 

EUROPEAN  CHEMICAL  INDUSTRY 
ECOLOGY  AND  TOXICOLOGY  CENTRE, 
BRUSSELS  (BELGIUM). 

Screening  of  Chemicals  for  Anaerobic  Biodegra- 

dability. 

W90-06763  5B 

EVCON  CORP.,  MINNEAPOLIS,  MN. 

Carrier-Gas  Process~A  New  Desalination  and 

Concentration  Technology. 

W90-07439  3A 

FINNISH  ENVIRONMENTAL  RESEARCH 
GROUP,  DAMMVAGEN  6,  SF-0T600  VANDA, 
FINLAND. 

Physiological  Effects  in  Fish  Exposed  to  Ef- 
fluents from  Mills  with  Six  Different  Bleaching 
Processes. 
W90-06788  5C 

FISH  AND  WILDLIFE  SERVICE,  BOZEMAN, 
MT.  FISH  TECHNOLOGY  CENTER. 

Effects  of  Water  Reuse  on  Lake  Trout. 
W90-06808  5C 


FISH  AND  WILDLIFE  SERVICE, 
MILLERSBURG,  MI.  HAMMOND  BAY 
BIOLOGICAL  STATION. 

Downstream  Migration  of  Recently  Metamor- 
phosed Sea  Lampreys  In  the  Ocqueoc  River, 
Michigan,    Before   and   After   Treatment   with 
Lampricides. 
W90-07181  8I 

FISHERIES  RESEARCH  INST.,  SZARVAS 
(HUNGARY). 

Macrozoobenthos  in   the  River  Tisza  and   Its 

Influents. 

W90-07116  5C 

FLOOD  ENGINEERS,  JACKSONVDLLE,  FL. 

Simple  Approach  to  Dechlorination. 
W90-06997  5D 

FLORIDA  INTERNATIONAL  UNIV.,  MIAMI. 
DRINKING  WATER  RESEARCH  CENTER. 

Abiotic  Transformation  of  Halogenated  Organic 

Compounds:  II.  Considerations  During  Water 

Treatment. 

W90-06909  5B 

FLORIDA  STATE  UND7.,  TALLAHASSEE. 

Relationship   Between   California   Rainfall   and 

ENSO  Events. 

W90-07074  2B 

FLORIDA  STATE  UNIV.,  TALLAHASSEE. 
DEFT.  OF  METEOROLOGY. 

Radiative  Transfer  to  Space  Through  a  Precipi- 
tating Cloud  at  Multiple  Microwave  Frequen- 
cies. Part  III.  Influence  of  Large  Ice  Particles. 
W90-06724  7B 

FLORIDA  UNIV.,  GAINESVILLE. 

Transformation  Kinetics  of  1,1,1-Trichloroeth- 
ane  to  the  Stable  Product  1,1-Dichloroethane. 
W90-06910  5B 

FLORIDA  UND7.,  GAINESVILLE.  DEPT.  OF 
FISHERIES  AND  AQUACULTURE. 

Assessment  of  Nutrient   Effects   and   Nutrient 

Limitation  in  Lake  Okeechobee. 

W90-07202  5C 

FLUOR  DANIEL,  GREENVILLE,  SC. 

Pesticides  and  PCBs  in  South  Carolina  Estu- 
aries. 
W90-06648  5B 

FLUOR  DANIEL,  INC.,  IRVINE,  CA. 

Laboratory  Verification  of  the  Residual  Flow 

Procedure  for  Three-Dimensional  Free  Surface 

Row. 

W90-07355  2F 

FORSCHUNGSINSTTTUT  UND  NATUR- 
MUSEUM  SENCKENBERG,  FRANKFURT  AM 
MAIN  (GERMANY,  F.R.). 

Restoration  of  Fish  Communities  of  the  Rhine 
River  Two  Years  after  a  Heavy  Pollution  Wave. 
W90-07335  5C 

FRESHWATER  BIOLOGICAL  ASSOCIATION, 
AMBLESIDE  (ENGLAND). 

Modeling  the  Interactions  of  Al  Species,  Protons 
and  Ca(2  +  )  with  Humic  Substances  in  Acid 
Waters  and  Soils. 
W90-06933  5B 

Evidence  from  Algal  Bioassays  of  Seasonal  Nu- 
trient Limitations  in  Two  English  Lakes. 
W90-07268  5A 
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GARHWAL  UNIV.,  SRINAGAR  (INDIA). 
DEPT.  OF  ZOOLOGY. 

Seasonal  Variation  of  Certain  Oxidation-Reduc- 
tion   Characteristics    of   the    River    Bhagirathi 
(India). 
W90-07058  5B 

GEOFYZIKA  N.E.,  GEOLOGICKA, 
BARRANDOV  (CZECHOSLOVAKIA). 

Surface  Geoelectrics  for  the  Study  of  Ground- 
water Pollution:  Survey  Design. 
W90-06892  7A 

GEOLOGICAL  SURVEY,  COLUMBUS,  OH. 

Simulated  Effects  of  Quarry  Dewatering  Near  a 

Municipal  Well  Field. 

W9O-07013  2F 

GEOLOGICAL  SURVEY,  DENVER,  CO. 

Sediment    Concentration    Versus    Water    Dis- 
charge  During   Single    Hydrologic    Events   in 
Rivers. 
W90-06888  2J 

Diffusion  and  Consumption  of  Methane  in  an 

Unsaturated    Zone    in    North-Central    Illinois, 

U.S.A. 

W90-06890  5B 

Determination  of  Trace  Levels  of  Herbicides 
and  Their  Degradation  Products  in  Surface  and 
Ground  Waters  by  Gas  Chromatography/Ion- 
Trap  Mass  Spectrometry. 
W90-06987  5A 

Problems  of  Snowmelt  Runoff  Modelling  for  a 
Variety  of  Physiographic  and  Climatic  Condi- 
tions. 
W9O-O7021  2E 

GEOLOGICAL  SURVEY,  HARTFORD,  CT. 
WATER  RESOURCES  DIV. 

Use  of  Electromagnetic  Methods  in  Ground- 
Water  Contamination  Studies:  An  Application  at 
the  Sanitary  Landfill,  Farmington,  Connecticut. 
W90-07488  7B 

GEOLOGICAL  SURVEY,  MENLO  PARK,  CA. 
WATER  RESOURCES  DIV. 

Retention  and  Transport  of  Nutrients  in  a  Third- 
Order  Stream:  Channel  Processes. 
W90-06705  2H 

Retention  and  Transport  of  Nutrients  in  a  Third- 
Order  Stream  in  Northwestern  California:  Hy- 
porheic  Processes. 
W90-06706  2H 

GEOLOGICAL  SURVEY,  NASHVILLE,  TN. 
WATER  RESOURCES  DIV. 

Discharge  of  Sediment  in  Channelized  Alluvial 

Streams. 

W90-07207  2J 

GEOLOGICAL  SURVEY,  RESTON,  VA. 

Semiquantitative  X-Ray  Diffraction  Method  to 
Determine  Mineral  Composition  in  Stream  Sedi- 
ments with  Similar  Mineralogy. 
W90-06625  7B 

GEOLOGICAL  SURVEY,  RESTON,  VA. 
WATER  RESOURCES  DIV. 

Operational  GLS  Model  for  Hydrologic  Regres- 
sion. 
W90-06902  2E 

GEOLOGICAL  SURVEY,  SACRAMENTO,  CA. 

Organochlorine  Pesticide  Residues  in  Bed  Sedi- 
ments of  the  San  Joaquin  River,  California. 
W90-06818  5B 

GEOLOGICAL  SURVEY,  TAMPA,  FL. 

Nutrient    Distribution    and    Variability    in    the 
Charlotte  Harbor  Estuarine  System,  Florida. 
W90-06824  5B 
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GEOLOGICAL  SURVEY,  TRENTON,  NJ. 

Problems  and   Methods   Involved   in    Relating 
Land  Use  to  Ground-Water  Quality. 
W90-06817  5B 

Well-Purging  Criteria   for  Sampling   Purgeable 

Organic  Compounds. 

W90-07016  5  A 

GEOLOGICAL  SURVEY,  WEST  TRENTON, 
NJ. 

Hydrologic  Effects  of  Climate  Change  in  (he 

Delaware  River  Basin. 

W90-07212  2  A 

Lead  and  Cadmium  Associated  with  Saltwater 
Intrusion  in  a  New  Jersey  Aquifer  System. 
W90-07216  5B 

GEORGE  WASHINGTON  UNIV., 
WASHINGTON,  DC.  DEPT.  OF  BIOLOGICAL 
SCIENCES. 

Additions  to  the  Diatoms  of  Virginia's  Inland 

Fresh  Waters:  Lake  Barcroft,  Fairfax  County, 

Virginia. 

W90-06653  2H 

GEORGIA  INST.  OF  TECH.,  ATLANTA. 
SCHOOL  OF  CIVIL  ENGINEERING. 

Direct  and  Boundary-Only  Solutions  of  Multi- 
layer Aquifer  Systems:  Part  A.   Steady  State- 
Solution. 
W90-06886  2F 

Direct  and  Boundary-Only  Solutions  of  Multi- 
layer Aquifer  Systems:  Part  B.  Unsteady-State 
Solution. 
W90-06887  2F 

Streamflow  Model  Using  Physically-Based  In- 
stantaneous Unit  Hydrographs. 
W90-06889  2E 

GEORGIA  UNIV.,  ATHENS.  INST.  OF 
ECOLOGY. 

Metabolic  Activity  of  Size-Fractionated  Micro- 
bial Plankton  in  Estuarine,  Nearshore,  and  Con- 
tinental Shelf  Waters  of  Georgia. 
W90-06634  2L 

Fluctuations  In  the  Community  Composition  of 
Water-Column  Protozoa  In  Two  Southeastern 
Blackwater  Rivers  (Georgia,  USA). 
W90-07149  2H 

GEORGIA  UNIV.,  SAPELO  ISLAND.  MARINE 
INST. 

Sources    and    Characteristics    of    Fulvic    and 
Humic  Acids  From  a  Salt  Marsh  Estuary. 
W90-07386  2K 

GESELLSCHAFT  FUER  STRAHLEN-  UND 
UMWELTFORSCHUNG  M.B.H.  MUENCHEN, 
NEUHERBERG  (GERMANY,  F.R.). 
PROJEKTGRUPPE 

UMWELTGEFAEHRDUNGSPONTENIALE 
VON  CHEMIKALIEN. 

Estimation   of  Releases   into   Rivers   with   the 

Steady-State    Surface    Water    Model    EXWAT 

Using  Dichloromethane. 

W90-06791  5B 

GEZONDHEIDSRAAD,  THE  HAGUE 
(NETHERLANDS). 

Environmental  Aspects  of  Phosphate  Fertilizer 
Production  in  the  Netherlands  with  Particular 
Reference  to  the  Disposal  of  Phosphogypsum. 
W90-07345  5B 

GHENT  RIJKSUNIVERSITEIT  (BELGIUM). 
INST.  OF  ANIMAL  ECOLOGY. 

Rapid  Lake  Mapping  Using  a  Portable  Laser 

Rangefinder. 

W90-07154  7B 


GHENT  RIJKSUNIVERSITEIT  (BELGIUM). 
INST.  VOOR  NUKLEAIRE 
WETENSCHAPPEN. 

Speciation  of  Aluminium  in  Surface  Water. 
W90-07344  2K 

GIBB  (ALEXANDER)  AND  PARTNERS, 
LONDON  (ENGLAND). 

Designing  Safety  into  Dams. 

W90-06871  8A 

GLASGOW  UNIV.  (SCOTLAND).  DEPT.  OF 
ZOOLOGY. 

Mercury  Levels  in  the  Plumage  of  Red-Billed 
Gulls     Lams     novaehollandiae     scopulinus    of 
Known  Sex  and  Age. 
W90-07240  5B 

GOETEBORG  UNTV.  (SWEDEN).  DEPT.  OF 
MARINE  BOTANY. 

Impact  of  Accumulating  Drifting  Macroalgae  on 
a  Shallow-Water  Sediment  System:  An  Experi- 
mental Study. 
W90-06736  2L 

GOETEBORG  UNIV.  (SWEDEN).  DEPT.  OF 
MARINE  MICROBIOLOGY. 

Biofilm    Development   on    Stainless   Steel    and 

PVC  Surfaces  in  Drinking  Water. 

W90-07427  5F 

GOVIND  BALLABH  PANT  UNIV.  OF 

AGRICULTURE  AND  TECHNOLOGY, 

PANTNAGAR  (INDIA).  DEPT.  OF 

IRRIGATION  AND  DRAINAGE 

ENGINEERING. 
Finite  Difference  Solution  of  Boussinesq   Un- 
steady-State Equation  for  Highly  Sloping  Lands. 
W90-07323  2F 

GREAT  LAKES  FORESTRY  RESEARCH 
CENTRE,  SAULT  SAINTE  MARIE 
(ONTARIO). 

Ion  Leaching  From  a  Sugar  Maple  Forest  in 
Response  to  Acidic  Deposition  and  Nitrification. 
W90-07127  5B 

GRIFFITH  UNIV.,  NATHAN  (AUSTRALIA). 
SCHOOL  OF  AUSTRALIAN 
ENVIRONMENTAL  STUDIES. 

Effect  of  Physical  Factors  on  the  Vertical  Dis- 
tribution of  Phytoplankton  in  Eutrophic  Coastal 
Waters. 
W90-06660  2L 

Biomagnification  by  Aquatic  Organisms:  A  Pro- 
posal. 
W90-06765  5B 

Occurrence  and  Distribution  of  Polycyclic  Aro- 
matic Hydrocarbons  in  Surface  Sediments  and 
Water  from  the  Brisbane  River  Estuary,  Austra- 
lia. 
W90-07005  5B 

Systematic    Procedure    for    Evaluating    Partial 

Areas  of  Watershed  Runoff. 

W90-07321  2E 

GUAM  DEPT.  OF  PUBLIC  HEALTH  AND 
SOCIAL  SERVICES,  AGANA. 

Reservoirs  and  Vehicles  of  Salmonella  Infection 

on  Guam. 

W90-06605  5B 

GUELPH  UNIV.  (ONTARIO).  DEPT.  OF 
ENVIRONMENTAL  BIOLOGY. 

Persistence,    Leachability,   and    Lateral    Move- 
ment of  Triclopyr  (Garlon)  in  Selected  Canadian 
Forestry  Soils. 
W90-07176  5B 
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Role  of  Microbial  Metal  Resistance  and  Detoxi- 
fication Mechanisms  in  Environmental  Bioassay 
Research. 
W90-07260  5A 

GUELPH  UNIV.  (ONTARIO).  DEPT.  OF 
ZOOLOGY. 

Holistic  Approach  to  Ecosystem  Health  Assess- 
ment Using  Fish  Population  Characteristics. 
W90-07258  5A 

HAECON  N.V.,  GHENT  (BELGIUM). 

Coastal    Zone:    Occupance,    Management    and 

Economic  Competitiveness. 

W9O-06686  6F 

HAMBURG  UNTV.  (GERMANY,  F.R.). 
GEOLOGISCH-PALAEONTOLOGISCHES 

INST.  UND  MUSEUM. 

Structural    Studies    of    Marine    and    Riverine 
Humic  Matter  by  Chemical  Degradation. 
W90-07369  7B 

Humic  Substances  in  Holocene  Sediments  of  the 
Skagerrak  (NE  North  Sea)  and  the  Elbe  River. 
W90-07384  2K 

HAMBURG  UNIV.  (GERMANY,  F.R.).  INST. 
FUER  BIOCHEMIE  UND 
LEBENSMTTTELSCHEMIE. 

Distribution  of  Polychlorinated  Biphenyl  Con- 
geners and  Hexachlorobenzene  in  Different  Tis- 
sues of  DAB  (Limanda  limanda)  from  the  North 

Sea  SB 

W90-06757  5B 

HAMBURG  UNIV.  (GERMANY,  F.R.).  INST. 
FUER  HYDROBIOLOGIE  UND 
FTSCHEREIWISSENSCHAFT. 

Monitoring  of  Water  Quality:   Seasonal  Vari- 
ations of  Heavy  Metals  in  Sediment,  Suspended 
Particulate  Matter  and  Tubificids  of  the  Elbe 
River. 
W9O-06626  5B 

HAWAH  ESST.  OF  GEOPHYSICS, 
HONOLULU.  OCEANIC  BIOLOGY  DIV. 

Strontium:Calcium  Concentration  Ratios  m  Oto- 
liths  of  Herring  Larvae  as  Indicators  of  Environ- 
mental Histories. 
W90-06797  7B 

HAWAH  UNIV.,  HONOLULU.  DEPT.  OF 
AGRICULTURAL  AND  RESOURCE 
ECONOMICS. 

Modeling  Water  Utilization  in  Large-Scale  Irri- 
gation  Systems:   A   Qualitative   Response   Ap- 
proach. 
W9O-07209  ^ 

HAZEN  AND  SAWYER,  NEW  YORK. 

Pretreatment  Alternatives  for  Catskill  Water. 
W9O-06727  5F 

HDR  ENGINEERING,  INC.,  DENVER,  CO. 

1990  Guide  for  Treating  Hydrogen  Sulfide  in 

Sewers. 

W90-07063  5U 


HEALTH  AND  WELFARE  CANADA, 
OTTAWA  (ONTARIO).  ENVIRONMENTAL 
HEALTH  CENTRE. 

How  Aluminum  Levels  in  Subsurface  Drinking 
Water  Supplies  in  Canada  Can  Be  Used  to  Pre- 
dict Possible  Impact  by  Acidic  Deposition. 
W90-06935  5B 

HEBREW  UNIV.  OF  JERUSALEM  (ISRAEL). 
DIV.  OF  MICROBIAL  AND  MOLECULAR 
ECOLOGY. 

Thymidine  Incorporation  in  Saltern  Ponds  ot 
Different    Salinities:     Estimation    of    In    Situ 
Growth   Rates  of  Halophilic   Archaeobactena 
and  Eubacteria. 
W90-07409  2H 


HEBREW  UNIV.  OF  JERUSALEM  (ISRAEL). 
SEAGRAM  CENTRE  FOR  SOIL  AND  WATER 
SCIENCES 

Potential  Use  of  Deep  Aquifers  in  the  Negev 
Desert,  Israel:  A  Mathematical  Model  and  Its 
Numerical  Solution. 
W9O-O690O  2F 

HELSINKI  UND/.  (FINLAND).  DEPT.  OF 
MICROBIOLOGY. 

Toxicity  and  Isolation  of  the  Cyanobactenum 
Nodularia  spumigena  from  the  Southern  Baltic 
Sea  in  1986. 
W90-07144  5C 

HEVES  COUNTY  SERVICE  OF  PUBLIC 
HEALTH  AND  EPIDEMIOLOGY,  EGER 
(HUNGARY).  .   ¥  , 

Changes   in   the   Quality   of  Water   in    Lasko 

Stream  and  the  Storage  Lake  Built  on  It  at 

Egerszalok. 

W90-07118  5C 

HOHENHEEM  UND/.,  STUTTGART 
(GERMANY,  F.R.).  INST.  FUER  CHEMIE. 

Photochemical  Transformation  in  Aqueous  So- 
lution and  Possible  Environmental  Fate  of  Ethy- 
lenediaminetetraacetic  Acid  (EDTA). 
W90-06790  5B 

HOKKAIDO  UND/.,  SAPPORO  (JAPAN). 
DEPT.  OF  CHEMISTRY. 

Residence  Times  for  Cd  and  P04  in  Funka  Bay, 

Japan. 

W90-06802  ZR- 

HOKKAIDO  UNIV.,  SAPPORO  (JAPAN). 
INST.  OF  LOW  TEMPERATURE  SCTENCE. 

Structure  of  a  Land  Breeze  and  Snowfall  En- 
hancement at  the  Leading  Edge. 
W90-06725  2B 

HONG  KONG  BAPTIST  COLL.,  KOWLOON. 
DEPT.  OF  BIOLOGY. 

Root  and  Shoot  Elongation  as  an  Assessment  of 
Heavy    Metal    Toxicity    and    'Zn    Equivalent 
Value*  of  Edible  Crops. 
W90-07283  5E 

HONG  KONG  POLYTECHNIC,  KOWLOON. 
DEPT.  OF  APPLIED  BIOLOGY  AND 
CHEMICAL  TECHNOLOGY. 

Effects  of  Acidity  on  Acute  Toxicity  of  Alumin- 
ium-Waste and  Aluminium-Contaminated  Soil. 
W90-07284  5B 

HOOGHEEMRAADSCHAP  VAN  RIJNLAND, 
LEIDEN  (NETHERLANDS). 

Application  of  Algal  Growth  Potential  Tests 

(AGP)  to  the  Canals  and   Lakes  of  Western 

Netherlands. 

W90-07266  5A 

HOUSTON  DEPT.  OF  PUBLIC  WORKS,  TX. 

New  Technologies  Help  Houston   Inspect  Its 

Sewers. 

W90-07105  5U 

HOUSTON  UNIV.,  TX.  DEPT.  OF  CHEMICAL 
ENGINEERING. 

Capillary  Suction  Theory  for  Rectangular  Cells. 
W90-06836  5D 


HUNTON  AND  WILLIAMS,  RICHMOND,  VA. 

MCL    Noncompliance:    Is   the    Laboratory    at 

Fault. 

W90-07327  3r 

HYDEX,  INC.,  VIENNA,  VA. 

Network  Design  for  Water  Supply  Forecasting 

in  the  West. 

W90-06826  7A 

HYDRANAUTICS,  SAN  DIEGO,  CA. 

THM    Precursor   Removal   and    Softening-Ft. 

Myers  12  MGD  RO  Membrane  Plant,  Florida 

USA. 

W90-06560  5t 

HYDROTECHNIK,  SALZBURG  (AUSTRIA). 

'Design  of  Compact,  Containerized  Desalination 
Plants'  Executed  for  Ministry  of  Electricity  and 
Water,  Kuwait. 
W90-06561  3A 

IDAHO  NATIONAL  ENGINEERING  LAB., 
IDAHO  FALLS.  CENTER  FOR 
ENVIRONMENTAL  MONITORING  AND 
ASSESSMENT. 

Acid   Neutralization   in   Laboratory   Sediment- 
Water  Microcosms  From  a  Rocky  Mountain 
Subalpine  Lake  (USA). 
W90-06778  5B 

IDAHO  STATE  UNTV.,  POCATELLO.  DEPT. 
OF  BIOLOGY. 

Diatom  Species  Composition  Along  a  Thermal 
Gradient  In  the  Portneuf  River,  Idaho,  USA. 
W90-07148  2H 

IDAHO  UNIV.,  MOSCOW.  DEPT.  OF 
AGRICULTURAL  ECONOMICS. 

Trade-Off  Analysis  of  Alternative  Water  Uses. 
W90-06832  6D 

IDAHO  UNIV.,  MOSCOW.  DEPT.  OF 
CHEMISTRY. 

Distribution  and  Mobilization  of  Arsenic  and 

Antimony  Species  in  the  Coeur  D'Alene  River, 

Idaho. 

W90-07367  5B 

ILLINOIS  INST.  OF  TECH.,  CHICAGO. 
PRTTZKER  DEPT.  OF  ENVIRONMENTAL 
ENGINEERING. 

Kinetics  of  Inactivation  of  Giardia  lamblia  by 

Free  Chlorine. 

W90-07426  5F 

ILLINOIS  STATE  GEOLOGICAL  SURVEY 
DIV.,  CHAMPAIGN. 

Excavation  of  an  Instrumented  Earthen  Liner: 
Inspection  of  Dyed  Flow  Paths  and  Morpholo- 
gy. 
W90-07227  5G 


HULL  UNTV.  (ENGLAND).  INST.  OF 
ESTUARINE  AND  COASTAL  STUDIES. 

Effects  of  Salinity  and  Temperature  on  the  Tox- 
icity of  Copper  to  1-Day  and  7-Day-Old  Larvae 
of  Hediste  (Nereis)  diversicolor  (O.  F.  Muller). 
W90-06787  5C 

HUMBOLDT-UND/.  ZU  BERLIN  (GERMAN 
D.R.).  SEKTION  BIOLOGIE. 

Effect  of  pH  on  Copper  Toxicity  to  Blue-Green 

Algae. 

W90-07098  4A 


ILLINOIS  STATE  WATER  SURVEY  DIV., 
CHAMPAIGN. 

By-products    from    Ozonation    and    Photolytic 
Ozonation  of  Organic  Pollutants  in  Water:  Pre- 
liminary Observations. 
W90-06921  5F 

ILLINOIS  UNIV.  AT  URBANA-CHAMPAIGN. 
DEPT.  OF  CIVIL  ENGINEERING. 

Biodegradation    Processes    to    Make    Drinking 

Water  Biologically  Stable. 

W90-06926  5F 

ILLINOIS  UNTV.  AT  URBANA-CHAMPAIGN. 
INST.  FOR  ENVIRONMENTAL  STUDIES. 

Understanding  the  Response  to  Environmental 

Risk  Information. 

W90-06908  6B 
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Oxidation   of   Phenol    on    Granular    Activated 

Carbon. 

W90-06924  5p 

ILORIN  UNIV.  (NIGERIA).  DEPT.  OF 
BIOLOGICAL  SCIENCES. 

Fluctuations  in  Some  Hydrologic  Factors  and 
the  Condition  Index  of  Aspatharia  sinuata  (Bi- 
valvia,  Unionacea)  in  a  Small  Nigerian  Reser- 
voir. 
W9O-06880  2H 

IMPERIAL  CHEMICAL  INDUSTRIES  LTD., 
BRIXHAM  (ENGLAND).  BRIXHAM  LAB. 

Use  of  Sheepshead  Minnow  (Cyprinodon  varie- 
gatus)  and  a  Benthic  Copepod  (Tisbe  battagliai) 
in  Short-Term  Tests  for  Estimating  the  Chronic 
Toxicity  of  Industrial  Effluents. 
W9O-O7303  5A 

IMPERIAL  COLL.  OF  SCIENCE  AND 
TECHNOLOGY,  LONDON  (ENGLAND). 
DEPT.  OF  CIVIL  ENGINEERING. 

Adsorption  Methods  for  Treating  Organically 

Coloured  Upland  Waters. 

W90-06621  5F 

Laboratory  Simulation  of  Disinfection  Regimes 

for  Trihalomethane  Control. 

W90-06721  5F 

IMPERIAL  COLL.  OF  SCIENCE  AND 
TECHNOLOGY,  LONDON  (ENGLAND). 
PUBLIC  HEALTH  ENGINEERING  LAB. 

Optimization  of  a  Two-Phase  Anaerobic  Diges- 
tion System  Treating  a  Complex  Wastewater. 
W90-06622  5D 

Behaviour    of    Nitrilotriacetic     Acid     During 
Upflow  Sludge  Blanket  Clarification. 
W9O-O7056  5D 

INDIAN  INST.  OF  TECH.,  BOMBAY.  DEPT. 
OF  CIVIL  ENGINEERING. 

Optimal  Pumping  Policy  and  Groundwater  Bal- 
ance for  the  Blue  Lake  Aquifer,  California,  In- 
volving Nonlinear  Groundwater  Hydraulics. 
W90-06893  4B 

INDIAN  INST.  OF  TECH.,  NEW  DELHI. 
CENTRE  FOR  RURAL  DEVELOPMENT  AND 
APPROPRIATE  TECHNOLOGY. 

Azolla  pinnata  R.Br,  and  Lemna  minor  L.  for 

Removal    of   Lead    and    Zinc    from    Polluted 

Water. 

W90-07418  5G 

INDIANA  UNIV.  AT  BLOOMINGTON.  DEPT. 
OF  BIOLOGY. 

Paleolimnological  Reconstruction  of  Recent 
Acidity  Changes  in  Four  Sierra  Nevada  Lakes. 
W90-O6672  sc 

INSTTTUT  ARMAND-FRAPPIER,  LAVAL 
(QUEBEC).  CENTRE  DE  RECHERCHE  EN 
VmOLOGIE. 

Elimination  of  Viruses  and  Bacteria  During 
Drinking  Water  Treatment:  Review  of  10  Years 
of  Data  from  the  Montreal  Metropolitan  Area. 
W90-06911  5F 

INSTTTUT  D'ECOLOGIA  AQUATICA, 

GERONA  (SPAIN). 
New  Bathymetric  Map  Based  On  Echo-Sound- 
ing and  Morphometrical  Characterization  of  the 
Lake  of  Banyoles  (NE-Spain). 
W90-07152  2H 

INSnTUT  DE  GEOLOGIE  DU  BASSIN 
D'AQUTTAINE,  TALENCE  (FRANCE). 
Continental  Fluxes  to  the  Bay  of  Biscay:  Proc- 
esses and  Behaviour. 
W90-06688  2K 


INSTITUT  DE  RECHERCHE  DE  L'HYDRO- 
QUEBEC,  VARENNES. 

Influence  of  Structural  Parameters  on  Abrasion- 
Erosion  Resistance  of  Various  Repairing  Mor- 
tars. 
W90-07234  8F 

INSTITUT  FUER  SPEKTROCHEMIE  UND 
ANGEWANDTE  SPEKTROSKOPIE, 
DORTMUND  (GERMANY,  F.R.). 

Atmospheric   H202   Field   Measurements  in  a 
Tropical  Environment:  Bahia,  Brazil. 
W90-07230  5B 

INSTITUT  NATIONAL  DE  LA  RECHERCHE 
SCIENTIFIQUE,  SAINTE-FOY  (QUEBEC). 

Effect  of  Applications  of  Sewage  Sludge  on  N, 
P,  K,  Ca,  Mg  and  Trace  Elements  Contents  of 
Plant  Tissues. 
W90-06974  5E 

Zirconium  Toxicity  Assessment  Using  Bacteria, 

Algae  and  Fish  Assays. 

W90-07221  5C 

Phytoplankton  Recovery  Responses  at  the  Pop- 
ulation and  Community  Levels  in  a  Hazard  and 
Risk  Assessment  Study. 
W90-07273  5C 

Modeling  Solute  Transport  in  Soils  in  the  Pres- 
ence of  Dissolved  Humic  Substances. 
W90-07401  5B 

INSTTTUT  NATIONAL  DE  LA  SANTE  ET  DE 
LA  RECHERCHE  MEDICALE,  VILLENEUVE 
D'ASCQ  (FRANCE).  MICROBE 
ECOTOXICOLOGY  UNIT  146. 

Bioassay  Using  the  Measurement  of  the  Growth 
Inhibition   of  a   Ciliate   Protozoan:   Colpidium 
campylum  Stokes. 
W90-07265  5A 

INSTITUT  ROYAL  DES  SCIENCES 
NATURELLES  DE  BELGIQUE,  BRUSSELS. 

Factors  Influencing  the  Uptake  of  Technetium 

by  the  Brown  Alga  Fucus  serratus. 

W90-06645  5A 

INSTTTUT  RUDJER  BOSKOVIC,  ZAGREB 
(YUGOSLAVIA).  CENTER  FOR  MARINE 
RESEARCH. 

Trace  Metals  in  Sediments  From  the  Adriatic 

W90-07394  5B 

INSTTTUT  ZA  NUKLEARNE  NAUKE  BORIS 
KIDRIC,  BELGRADE  (YUGOSLAVIA). 

Study  of  Groundwaters  Using  the  Environmen- 
tal Tritium  and  Hydrochemical  Data  in  the  Bel- 
grade Region. 
W90-07188  2F 

INSTITUTE  FOR  ECOSYSTEM  STUDIES, 
MILLBROOK,  NY. 

Chemistry  and  Transfer  of  Aluminum  in  a  For- 
ested Watershed  in  the  Adirondack  Region  of 
New  York,  USA. 
W9O-06934  5B 

INSTITUTE  FOR  FLOODPLAINS  ECOLOGY, 
RASTATT  (GERMANY,  F.R.). 

Water  Management  and  Ecological  Perspectives 

of  the  Upper  Rhine's  Floodplains. 

W90-07331  6F 

INSTITUTE  OF  ENVIRONMENTAL  HEALTH 
AND  ENGINEERING,  BEIJING  (CHINA). 

Toxicity   of  the   New   Pyrethroid    Insecticide, 

Deltamethrin,  to  Daphnia  magna. 

W90-07288  5A 

Cadmium  Exposure  and  Health  Effects  Among 
Residents  in  an  Irrigation  Area  with  Ore  Dress- 
ing Wastewater. 
W9O-0734O  5C 


INSTITUTE  OF  FRESHWATER  RESEARCH, 
DROTTNINGHOLM  (SWEDEN). 

Estimating  the  Number  of  Species  and  Relative 
Abundance   of  Fish   in   Oligotrophic   Swedish 
Lakes  Using  Multi-Mesh  Gillnets. 
W90-06601  jg 

INSTITUTE  OF  HYDROLOGY, 
WALLINGFORD  (ENGLAND). 

Inorganic  Aluminium-Hydrogen   Ion   Relation- 
ships for  Acidified  Streams;  The  Role  of  Water 
Mixing  Processes. 
W90-O6977  5B 

Predicting  the  Long-Term  Variations  in  Stream 
and  Lake  Inorganic  Aluminium  Concentrations 
for  Acidic  and  Acid  Sensitive  Catchments. 
W90-O6978  5B 

/ 

Fluorine  Variations  in  Welsh  Streams  and  Soil 

Waters. 

W90-O6979  5C 

Risk  Assessment  and  Drought  Management  in 

the  Thames  Basin. 

W9O-07026  2E 

INSTITUTE  OF  OCEAN  SCIENCES,  SIDNEY 
(BRITISH  COLUMBIA). 

Water  Mass  Structure  and   Boundaries  in  the 

Mackenzie  Shelf  Estuary. 

W90-06709  2L 

Composition  and  Modification  of  Water  Masses 

in  the  Mackenzie  Shelf  Estuary. 

W90-O6710  2L 

INSTITUTE  OF  TERRESTRIAL  ECOLOGY, 
BANGOR  (WALES).  BANGOR  RESEARCH 
STATION. 

Ephemeral  Forest  Drainage  Ditch  as  a  Source 

of  Aluminium  to  Surface  Waters. 

W90-06976  5B 

Chemistry  of  Streams  Draining  Grassland  and 
Forest  Catchments  at  Plynlimon,  Mid-Wales. 
W90-07024  2K 

INSTITUTE  OF  TERRESTRIAL  ECOLOGY, 
EDINBURGH  (SCOTLAND). 

Dynamics  of  Silica  in  a  Shallow,  Diatom-Rich 

Scottish  Loch:  I.  Stream  Inputs  of  the  Dissolved 

Nutrient. 

W90-06576  2H 

Dynamics  of  Silica  in  a  Shallow  Diatom-Rich 
Scottish  Loch:  II.  The  Influence  of  Diatoms  on 
an  Annual  Budget. 
W90-06577  2H 

INSTITUTE  OF  WATER  CONSERVANCY 
AND  HYDROELECTRIC  POWER  RESEARCH, 
BEIJING  (CHINA). 
Flow  in  Spillways  with  Gradually  Varied  Cur- 
vature. 
W9O-O7201  8B 

INSTTTUTO  DE  EDAFOLOGIA  Y  BIOLOGIA 
VEGETAL,  MADRID  (SPAIN). 

Effect  of  the  Application  of  a  Municipal  Refuse 
Compost  on  the  Physical  and  Chemical  Proper- 
ties of  a  Soil. 
W90-07388  5E 

INSTTTUTO  DE  INVESTIGACIONES 
AGROBIOLOGICAS  DE  GALICIA,  SANTIAGO 

(SPAIN). 
Humic  Substances  in  a  Catena  of  Estuarine  Soils: 
Distribution  of  Organic  Nitrogen  and  Carbon. 
W9O-07387  2K 
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KARLSRUHE  UNIV.  (GERMANY,  F.R.).  ZOOIOGISCHES  INST. 


INSTCTUTO  DE  MICROBIOLOGIC 
BIOQUTMICA,  SALAMANCA  (SPAIN). 

Biogeochemical  Cycles  in  Forests  of  the  Sierra 

de  Bejar  (Salamanca,  Spain):  Return  of  Bioele- 

ments  in  Rainfall. 

W9O-06861  2K 

INSTTTUTO  DE  QUTMICA  BIO-ORGANICA, 
BARCELONA  (SPAIN).  DEPT.  OF 
ENVIRONMENTAL  CHEMISTRY. 

Distribution  of  Aliphatic,  Aromatic  and  Chlorin- 
ated Hydrocarbons  in  Mussels  From  the  Spanish 
Atlantic  Coast  (Galicia):  An  Assessment  of  Pol- 
lution Parameters. 
W90-06762  5B 

INSTTTUTO  NACIONAL  DE  LTMNOLOGIA, 
SANTO  TOME  (ARGENTINA). 

Icthyological  Studies  in  La  Cuarentena  Lagoon 
(Carabajal  Island),  Parana  River:  Density  of 
Prochilodus  platensis  Holmberg  (Curimatidae). 
W90-06583  2H 

rNSTTTUTO  NACIONAL  DE  PESQUISAS  DA 
AMAZONIA,  MANAUS  (BRAZIL).  DEPT.  OF 
ECOLOGY. 

Brazil's  Balbina  Dam:  Environment  versus  the 
Legacy  of  the  Pharaohs  in  Amazonia. 
W90-06607  6G 

rNSTTTUTO  QUTMICO  DE  SARRIA, 
BARCELONA  (SPATN).  DEPT.  QUTMICA 
ANALinCA.  . 

PY-GC-MS  Analysis  of  Organic  Matter  m  Sus- 
pended Material  and  Deposits  of  the  Sub-Marine 
Delta  of  the  Rhone  River  (France). 
W90-07370  7B 

rNSTTTUTO  VENEZOLANO  TECNOLOGICO 
DEL  PETROLEO,  CARACAS.  DEPT.  OF 
GENERAL  ENGINEERING. 

Physiological    Responses    of    Juvenile    White 
Mullet,  Mugil  curema,  Exposed  to  Benzene. 
W9O-O7030  5C 

rNSTTTUTT  FOR 
KONTTNENTALSOKKELUNDERSOEKELSER 

OG  PETROLEUMSTEKNOLOGI  A/S, 

TRONDHETM  (NORWAY). 

Formation    of  Chlorinated    PAH:    A   Possible 
Health  Hazard  From  Water  Chlorination. 
W90-07374  5F 

INSTYTUT  RYBACTWA  SRODLADOWEGO, 
PIASECZNO  (POLAND).  ZABTENTEC 
CENTRE. 

In  Vivo  Effect  of  the  Organophosphorus  Insecti- 
cide Trichlorphon  on  Immune  Response  of  Carp 
(Cyprinus  carpio).  II.  Effect  of  High  Doses  of 
Trichlorphon  on  Nonspecific  Immune  Response. 
W90-06794  5C 

INTERNATIONAL  TECHNOLOGY  CORP., 
MONROEVTLLE,  PA. 

First-  and  Third-Type  Boundary  Conditions  in 
Two-Dimensional  Solute  Transport  Modeling. 
W90-07362  5B 

IOWA  DEPT.  OF  NATURAL  RESOURCES, 
BELLEVUE.  BELLEVUE  RESEARCH 
STATION. 

Walleye  Spawning  Habitat  In  Pool   13  of  the 

Upper  Mississippi  River. 

W9O-O7180  8I 

IOWA  STATE  UNTV.,  AMES.  DEPT.  OF 
ANIMAL  ECOLOGY. 

Oceanic  and  Riverine  Influences  on  Variations 

in  Yield  among  Icelandic   Stocks  of  Atlantic 

Salmon. 

W90-06740  2H 

IOWA  UNTV.,  IOWA  CITY.  DEPT.  OF  CIVIL 
AND  ENVTRONMENTAL  ENGINEERING. 

Effects  of  Parameter  Uncertainty  on  Long-Term 

Simulations  of  Lake  Alkalinity. 

W90-06855  5B 


Removing  Radium  by  Adding  Preformed  Hy- 
drous Manganese  Oxides. 
W90-07329  5F 

IOWA  UNTV.,  IOWA  CITY.  INST.  OF 
HYDRAULIC  RESEARCH. 

Pump-Station     Intake-Shoaling     Control     with 

Submerged  Vanes. 

W90-07071  8C 

ISTI  DELAWARE,  INC.,  LEWES. 

DELBUOY:   Ocean   Wave-Powered    Seawater 
Reverse  Osmosis  Desalination  System. 
W90-07436  3A 

Development,  Testing  and  the  Economics  of  a 

Composite/Plastic    Seawater   Reverse   Osmosis 

Pump. 

W90-07437  3A 

ISTTTUTO  DI  BIOFISICA,  PISA  (ITALY). 

Mercury  Binding  Proteins  in  Liver  and  Muscle 
of  Flat  Fish  from  the  Northern  Tyrrhenian  Sea. 
W9O-06784  5B 

Mercury  Levels  in  Total  Suspended  Matter  and 
in  Plankton  of  the  Mediterranean  Basin. 
W90-07393  5B 

ISTTTUTO  ITALIANO  DI  IDROBIOLOGIA, 
PALLANZA  (ITALY). 

Life-Tables  of  Daphnia  obtusa  (Kurz)  Surviving 
Exposure  to  Toxic  Concentrations  of  Chromi- 
um. 
W90-07287  5C 

ISTTTUTO  SPERTMENTALE 
TALASSOGRAFTCO,  MESSINA  (ITALY). 

Effect  of  Hydrocarbons  and  Decontaminating 
Substances  on  Bacterial  Flora  of  Coastal  Sedi- 
ments. 
W90-06630  5C 

ISTTTUTO  SUPERIORE  DI  SANTTA,  ROME 
(ITALY).  LAB.  DI  IGIENE  AMBIENTALE. 

Accumulation  Power  of  Some  Bivalve  Molluscs. 
W90-06644  5B 

Preliminary  Report  on  the  Atrazine  and  Molin- 
ate  Water  Supply  Contaminated  in  Italy. 
W90-06751  5B 

J.L.B.  SMITH  INST.  OF  ICHTHYOLOGY, 
GRAHAMSTOWN  (SOUTH  AFRICA). 

Composition,  Species  Richness  and  Similarity  of 
Ichthyofaunas  in  Eelgrass  Zostera  capensis  Beds 
of  Southern  Africa. 
W90-07247  2L 

JAMES  COOK  UNTV.  OF  NORTH 
QUEENSLAND,  TOWNSVILLE  (AUSTRALIA). 
GRADUATE  SCHOOL  OF  TROPICAL 
VETERINARY  SCIENCE. 

Heavy    Metal    Concentrations    in    the    Banana 
Prawn,  Penaeus  merguiensis,  and  Leader  Prawn, 
P.  monodon,  in  the  Townsville  Region  of  Aus- 
tralia. 
W90-07038  5B 

JEFFERSON  PARISH  DEPT.  OF  SEWERAGE, 
HARAHAN,  LA. 

Progressive  Process  Control  Scheme. 
W90-06998  5D 

JIWAJI  UNIV.,  GWALIOR  (INDIA).  SCHOOL 
OF  STUDIES  IN  BOTANY. 

Effect   of  Endosulfan   on   Acid    and   Alkaline 
Phosphatase   Activity    in   Liver,    Kidney,    and 
Muscles  of  Channa  gachua. 
W90-07032  5C 

JOHNS  HOPKINS  UNTV.,  BALTIMORE,  MD. 
DEPT.  OF  EARTH  AND  PLANETARY 
SCIENCES. 

Organic  Geochemistry  and  Brine  Composition 
in  Great  Salt,  Mono,  and  Walker  Lakes. 
W90-07009  y 


JOHNS  HOPKINS  UNIV.,  BALTIMORE,  MD. 
DEPT.  OF  GEOGRAPHY  AND 
ENVIRONMENTAL  ENGINEERING. 

Charges  for  Urban  Runoff:  Issues  in  Implemen- 
tation. 
W90-06828  5G 

JOHNS  HOPKINS  UNIV.,  LAUREL,  MD. 
APPLIED  PHYSICS  LAB. 

Acute  Toxicity  of  Industrial  and  Municipal  Ef- 
fluents in  the  State  of  Maryland,  USA:  Results 
from  One  Year  of  Toxicity  Testing. 
W90-07311  5A 

JORDAN  UNIV.  OF  SCIENCE  AND 
TECHNOLOGY,  IRBID. 

Wastewater  Effluent   vs.   Safety  in  its  Reuse: 

State-of-the-Art. 

W90-06708  5D 

JOZSEF  ATTILA  UNTV.,  SZEGED 
(HUNGARY).  DEPT.  OF  BOTANY. 

Cenological  Relations  of  Mud  Vegetation  of  a 
Hypertrophic  Lake  in  Tiszaalpar  Basin. 
W90-07110  2H 

JYVAESKYLAE  UNTV.  (FINLAND).  DEPT.  OF 
CHEMISTRY. 

Fate  of  Some  Crude  Oil  Residues  in  Sediments. 
W90-06744  5B 

Use  of  Composited  Samples  to  Optimize  the 
Monitoring  of  Environmental  Toxins. 
W90-06764  5B 

KANSAS  DEPT.  OF  HEALTH  AND 
ENVIRONMENT,  TOPEKA. 

Kansas  Clean  Lakes  Program,  Lake  Olathe,  City 

ofOlathe,  Kansas. 

W90-07492  4° 

KANSAS  STATE  GEOLOGICAL  SURVEY, 
LAWRENCE. 

Variable-Rate  Pumping  Tests  for  Radially  Sym- 
metric Nonuniform  Aquifers. 
W90-07358  7B 

KANSAS  STATE  UNIV.,  MANHATTAN.  DEPT. 
OF  CHEMICAL  ENGINEERING. 

Review  of  the  Role  of  the  Physicochemical  En- 
vironment in  the  Production  of  Certain  Floe 
Properties. 
W90-07224  5F 

KARLSRUHE  UNTV.  (GERMANY,  F.R.). 
ENGLER-BUNTE  INST. 

Humic-Like    Substances    From    Landfill    Lea- 
chates:  Characterization  and  Comparison  With 
Terrestrial  and  Aquatic  Humic  Substances. 
W90-07385  5B 

KARLSRUHE  UNTV.  (GERMANY,  F.R.).  INST. 
FUER  HYDROLOGIE  UND 
WASSERWIRTSCHAFT. 

Reliability  Concepts  in  Reservoir  Design. 
W90-06812  8A 

KARLSRUHE  UNIV.  (GERMANY,  F.R.).  INST. 
FUER  HYDROMECHANIK. 

Turbulence    Measurements    in    Model    Settling 

Tank. 

W90-07064  8B 

KARLSRUHE  UNIV.  (GERMANY,  F.R.). 
ZOOLOGISCHES  INST. 

Time  Scales  for  the  Recovery  Potential  of  River 
Communities  after  Restoration:  Lessons  to  be 
Learned  from  Smaller  Streams. 
W90-07337  2H 
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KARST  WATER  RESEARCH  INST.,  TREBINJE  (YUGOSLAVIA). 


KARST  WATER  RESEARCH  INST., 
TREBINJE  (YUGOSLAVIA). 

Influence  of  Construction  on  Hydrogeological 
and    Environmental    Conditions    in    the    Karst 
Region,  Eastern  Herzegovina,  Yugoslavia. 
W90-07187  6G 

KASHMIR  UNIV.,  SRINAGAR  (INDIA). 
CENTRE  OF  RESEARCH  FOR 
DEVELOPMENT. 

Hydrochemistry  and  Pollution  Status  of  Some 

Kashmir  Himalayan  Lakes. 

W90-06690  5B 

KASHMIR  UNIV.,  SRINAGAR  (INDIA).  DEPT. 
OF  BOTANY. 

Phosphorus  Load-Concentration  Relationship  in 
Lake  Dal,  a  High  Altitude  Marl  Lake  in  the 
Kashmir  Himalayas. 
W90-07100  2H 

KATHOLIEKE  UNIV.  LEUVEN  (BELGIUM). 
LAB.  FOR  LAND  MANAGEMENT. 

Estimating  Unsaturated  Hydraulic  Conductivity 
from  Easily  Measured  Soil  Properties. 
W90-07106  2G 

KATHOLIEKE  UNIV.  LEUVEN  (BELGIUM). 
LAB.  OF  LAND  MANAGEMENT. 

Estimating  the  Soil  Moisture  Retention  Charac- 
teristic from  Texture,  Bulk  Density,  and  Carbon 
Content. 
W90-06982  2G 

KATHOLIEKE  UNTV.  NIJMEGEN 
(NETHERLANDS).  DEPT.  OF  ANIMAL 
PHYSIOLOGY. 

Pituitary    Response    to   Cadmium    During    the 

Early    Development   of  Tilapia   (Oreochromis 

mossambicus). 

W90-07086  5C 

KATHOLIEKE  UNTV.  NIJMEGEN 
(NETHERLANDS).  DEPT.  OF  AQUATIC 
ECOLOGY  AND  BIOGEOLOGY. 

Impact  of  Artificial  Ammonium-enriched  Rain- 
water on  Soils  and  Young  Coniferous  Trees  in  a 
Greenhouse.  Part  I-Effects  on  the  Soils. 
W90-07138  5C 

KATHOLIEKE  UNTV.  NIJMEGEN 
(NETHERLANDS).  LAB.  OF  AQUATIC 
ECOLOGY. 

Impact  of  Artificial,  Ammonium-enriched  Rain- 
water on  Soils  and  Young  Coniferous  Trees  in  a 
Greenhouse.  Part  II~Effects  on  the  Trees. 
W90-07241  5C 

KENNEDY/JENKS/CHILTON,  INC.,  SAN 
FRANCISCO,  CA. 

Volume  Estimation  of  Light  Nonaqueous  Phase 

Liquids  in  Porous  Media. 

W90-07014  5B 

KENNEDY  (MICHAEL)  CONSULTING 
ENGINEERS,  SPOKANE,  WA. 

Liberty  Lake  Restoration  Project.  Completion 

Report. 

W90-07494  5G 

KENT  STATE  UNTV.,  OH.  DEPT.  OF 
BIOLOGICAL  SCIENCES. 

Acid    and    Aluminum    Effects   on    Freshwater 
Zooplankton:  An  in  situ  Mesocosm  Study. 
W90-07196  5C 

KENTUCKY  UNTV.,  LEXINGTON.  DEPT.  OF 
CIVIL  ENGINEERING. 

Methanogenic  Degradation  of  Ozonation  Prod- 
ucts of  Biorefractory  or  Toxic  Aromatic  Com- 
pounds. 
W90-07419  5D 

KERNFORSCHUNGSZENTRUM  KARLSRUHE 
GJvI.B.H.  (GERMANY,  F.R.).  INST.  FUER 
METEOROLOGIE  UND  KLTMAFORSCHUNG. 

Modelling   Association   of  Highly   Chlorinated 
Biphenyls  With  Marine  Humic  Substances. 
W90-06768  5B 


KEURING  VAN  ELECTROTECHNISCHE 
MATERIALEN  N.V.,  ARNHEM 
(NETHERLANDS).  ENVIRONMENTAL  DEPT. 

Phytomonitoring  of  Pulverized  Fuel  Ash  Lea- 
chates  by  the  Duckweed  Lemna  minor. 
W90-07282  5B 

KIEL  UNIV.  (GERMANY,  F.R.).  INST.  FUER 
MEERESKUNDE. 

Vertical    Distribution    of   Microbiological    and 
Hydrographic-Chemical  Parameters  in  Different 
Areas  of  the  Baltic  Sea. 
W90-06732  2L 

KING  ABDULAZIZ  UNIV.,  JEDDAH  (SAUDI 
ARABIA).  COLL.  OF  ENGINEERING. 

Prospective   of  Two   Small   Water   Producing 

Units. 

W90-07441  3  a 

KING  ABDULAZIZ  UNIV.,  JEDDAH  (SAUDI 
ARABIA).  DEPT.  OF  CHEMICAL 
ENGINEERING. 

Evaluation  of  Solar  Powered  Desalination  Proc- 


esses. 
W90-07442 


3A 


KING  ABDULAZIZ  UNIV.,  JEDDAH  (SAUDI 
ARABIA).  DEPT.  OF  MECHANICAL 
ENGINEERING. 

Humidity  Water  Vapour  Collection  by  Absorp- 
tion Cooling  Machines. 
W90-07440  3B 

KING'S  COLL.,  LONDON  (ENGLAND).  DEPT. 
OF  GEOGRAPHY. 

Rainfall  Interception  by  Bracken  Litter:  Rela- 
tionship Between  Biomass,  Storage,  and  Drain- 
age Rate. 
W90-06899  21 

KING'S  COLL.,  LONDON  (ENGLAND).  DTV. 
OF  BIOSPHERE  SCIENCES. 

Use  of  Aquatic  Macrophytes  as  a  Bioassay 
Method  to  Assess  Relative  Toxicity,  Uptake  Ki- 
netics and  Accumulated  Forms  of  Trace  Metals. 
W90-07280  5A 

KING  SAUD  UNTV.,  RIYADH  (SAUDI 
ARABIA).  COLL.  OF  ENGINEERING. 

Optimum  Design  for  a  Hybrid  Desalting  Plant. 
W90-06568  3A 

KING  SAUD  UNTV.,  RIYADH  (SAUDI 
ARABIA).  DEPT.  OF  CHEMICAL 
ENGINEERING. 

Treated  Wastewaters  as  a  Growing  Water  Re- 
source for  Agriculture  Use. 
W90-07432  3C 

KINNERET  LIMNOLOGICAL  LAB., 
TIBERIAS  (ISRAEL). 

Effect  of  Detrital  Addition  on  the  Development 

of  Nanoflagellates  and   Bacteria  in  Lake  Kin- 

neret. 

W90-06677  2H 

KONTNKLIJK  INST.  VOOR  DE  MARINE, 
DEN  HELDER  (NETHERLANDS). 

Valve  Movement  Response  of  Mussels:  A  Tool 

in  Biological  Monitoring. 

W90-07291  5  A 

KONSTANZ  UNTV.  (GERMANY,  F.R.). 
LIMNOLOGICAL  INST. 

Simple  Subsampling  Device  for  Macroinverte- 
brates  with  General  Remarks  on  the  Processing 
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LUCKNOW  (INDIA).  AQUATIC  BOTANY 
LAB. 

Toxicity   and   Accumulation   of  Chromium   in 

Ceratophyllum  demersum  L. 

W9O-07037  5D 

NATIONAL  CENTER  FOR  ATMOSPHERIC 
RESEARCH,  BOULDER,  CO. 

Generation   and    Propagation   of  a   Nocturnal 
Squall  Line.  Part  I:  Observations  and  Implica- 
tions for  Mesoscale  Predictability. 
W90-06805  2B 

Generation    and    Propagation   of  a   Nocturnal 
Squall  Line.  Part  II:  Numerical  Simulations. 
W90-06806  2B 

Evaluation  of  Liquid  Water  Measuring  Instru- 
ments in  Cold  Clouds  Sampled  during  FIRE. 
W9O-O6970  2B 

NATIONAL  CENTRE  FOR  SCTENTTFIC 
RESEARCH,  HAVANA  (CUBA).  CHEMISTRY 
DIV. 

Trace  Analysis  of  Volatile  Chlonnation  Byprod- 
ucts of  Aquatic  Humic  Substances:  THMs  in 
Treated  Water. 
W90-07377  5F 

Humic   Substance   Removal   Through   Surface 

Water  Potabilization  Processes. 

W90-07378  5F 

NATIONAL  EFFLUENT  TOXICITY 
ASSESSMENT  CENTER,  DULUTH,  MN. 

Identifying  Toxicants:  NETAC's  Toxicity-Based 

Approach. 

W90-O6662  5A 

NATIONAL  FISHERDXS  CONTAMINANT 
RESEARCH  CENTER,  COLUMBIA,  MO. 

Chronic  No-Observed-Effect  Concentrations  of 
Aluminum  for  Brook  Trout  Exposed  in  Low- 
Calcium,  Dilute  Acidic  Water. 
W90-06940  5C 

NATIONAL  FISHERIES  RESEARCH 
CENTER-GREAT  LAKES,  ANN  ARBOR,  MI. 

Side-Scan  Sonar  Mapping  of  Lake  Trout 
Spawning  Habitat  In  Northern  Lake  Michigan. 
W90-07179  7B 

NATIONAL  FISHERIES  RESEARCH 
CENTER,  LA  CROSSE,  WI. 

Effects  of  Water  Temperature  On  the  Mortality 
of  Field-Collected  Fish  Marked  with  Fluores- 
cent Pigment. 
W90-07183  7B 


NATIONAL  HYDROLOGY  RESEARCH  INST., 
SASKATOON  (SASKATCHEWAN). 

Modelling  Water  Temperature  Beneath  River 

Ice  Covers. 

W90-07235  2H 

NATIONAL  HYDROLOGY  RESEARCH  INST., 
SASKATOON  (SASKATCHEWAN). 
HYDROMETEOROLOGICAL  RESEARCH 

Drv. 

Use  of  Time  Series  Analysis  to  Detect  Climatic 

Change. 

W90-06898  2B 

NATIONAL  INST.  FOR  ENVIRONMENTAL 

STUDIES,  IBARAKI  (JAPAN). 

Significance  of  a  Low  Oxygen  Layer  for  a 
Daphnia  Population  In  Lake  Yunoko,  Japan. 
W90-07146  2H 

NATIONAL  INST.  FOR  WATER  RESEARCH, 
CONGELLA  (SOUTH  AFRICA).  NATAL 
REGIONAL  LAB. 

Fairweather    Versus    Flood    Sedimentation    in 
Mhlanga  Lagoon,  Natal:  Implications  for  Envi- 
ronmental Management. 
W90-07080  2J 

NATIONAL  INST.  FOR  WATER  RESEARCH, 
PRETORIA  (SOUTH  AFRICA). 

Aspects  of  the  Phosphorus  Cycle  in  Hartbee- 
spoort  Dam  (South  Africa),  Phosphorus  Load- 
ing and  Seasonal  Distribution  of  Phosphorus  in 
the  Reservoir. 
W90-06585  2H 

Aspects  of  the  Phosphorus  Cycle  in  Hartbee- 
spoort  Dam  (South  Africa),  Phosphorus  Kinet- 
ics. 
W90-06586  2H 

NATIONAL  INST.  OF  PUBLIC  HEALTH, 
OSLO  (NORWAY). 

Major  and  Trace  Elements  in  Standard  and  Ref- 
erence Samples  of  Aquatic  Humic  Substances 
Determined  by  Instrumental  Neutron  Activation 
Analysis  (INAA). 
W90-07371  7B 

Anion  Exchange  as  a  Potential  Method  for  Re- 
moval of  Humus  in  Drinking  Water  Treatment. 
W90-07376  5F 

Volatile  Compounds  Associated  With  Aquatic 

Humic  Substances. 

W90-07379  2H 

Comparison  of  Molecular  Weight  Distribution 

and  Acid/Base  Properties  Between  the  IHSS 

Nordic  Fulvic  Acid  and  Whole  Water  Humic 

Substances. 

W90-07382  2K 

NATIONAL  MARINE  FISHERIES  SERVICE, 
AUKE  BAY,  AK.  AUKE  BAY  LAB. 

Spawning  Habitat  and  Redd  Characteristics  of 
Sockeye  Salmon  in  the  Glacial  Taku  River,  Brit- 
ish Columbia  and  Alaska. 
W90-06741  2H 

NATIONAL  MARINE  FISHERIES  SERVICE, 
BEAUFORT,  NC.  BEAUFORT  LAB. 

Sediment  Stabilization  by  Halophila  decipiens  in 

Comparison  to  Other  Seagrasses. 

W90-07007  2J 

NATIONAL  OCEANIC  AND  ATMOSPHERIC 
ADMINISTRATION,  ANN  ARBOR,  MI. 
GREAT  LAKES  ENVIRONMENTAL 
RESEARCH  LAB. 

Toxicokinetics  of  PAHs  in  Hexagenia. 
W90-06776  5B 


NATIONAL  OCEANIC  AND  ATMOSPHERIC 
ADMINISTRATION,  ROCKVILLE,  MD. 

Summary  of  Selected  Data  on  Chemical  Con- 
taminants in  Sediments  Collected  During  1984, 
1985,  1986,  and  1987. 
W90-07502  5B 

NATIONAL  OCEANIC  AND  ATMOSPHERIC 
ADMINISTRATION,  WASHINGTON,  DC. 
CLIMATE  ANALYSIS  CENTER. 

Estimating    Climatic-Scale    Precipitation    from 

Space:  A  Review. 

W90-07073  7B 

NATIONAL  RESEARCH  CENTRE,  CAIRO 
(EGYPT).  WATER  POLLUTION  CONTROL 
LAB. 

Response  of  Freshwater  Alga  Scenedesmus  to 

Triazine  Herbicides. 

W90-07128  5C 

NATIONAL  SEVERE  STORMS  LAB., 
NORMAN,  OK. 

Comparison  of  Simulated  Rain  Rates  from  Dis- 

drometer  Data  Employing  Polarimetric  Radar 

Algorithms. 

W90-06971  2B 

NATIONAL  SWEDISH  ENVIRONMENT 
PROTECTION  BOARD,  SOLNA.  RESEARCH 
DEPT. 

Mercury:  Occurrence  and  Turnover  of  Mercury 

in  the  Environment. 

W90-07469  5B 

NATIONAL  TAIWAN  UNTV.,  TAIPEI.  DEPT. 
OF  AGRICULTURAL  ENGINEERING. 

Study  of  Soil  Water  Changes  in  a  Peanut  Field 

(in  Chinese). 

W90-06905  2G 

NATIONAL  TAIWAN  UNTV.,  TAD7EI.  INST. 
OF  ENVIRONMENTAL  ENGHCERING. 

Extracting  Heavy  Metals  from  Municipal  and 

Industrial  Sludges. 

W90-07343  5D 

NATIONAL  TECHNICAL  INFORMATION 
SERVICE,  SPRINGFIELD,  VA. 

Best     Demonstrated     Available     Technology 
(BDAT)  for  Pollution  Control  and  Waste  Treat- 
ment (Apr  75  -  Jan  90). 
W90-07472  5D 

Wastewater  Treatment  (Dec  87  -  Jul  89). 
W90-07473  5D 

Dredging:  Biological  Effects  (Jan  79  -  Jul  1989). 
W90-07501  6G 

NATIONAL  UNTV.  OF  SINGAPORE.  DEPT. 
OF  CTVTL  ENGINEERING. 

Effect  of  Elodea  densa  on  Aquaculture  Water 

Quality. 

W90-07225  5D 

NATIONAL  WATER  RESEARCH  INST., 
BURLINGTON  (ONTARIO). 

Analysis  of  Aquifer  Tests  Conducted  in  Frac- 
tured Rock:  A  Review  of  the  Physical  Back- 
ground and  the  Design  of  a  Computer  Program 
for  Generating  Type  Curves. 
W90-07019  2F 

Biological   Assessment   of  Contaminated   Sedi- 

ment-The  Detroit  River  Example. 

W90-07294  5A 
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NATIONAL  WATER  RESEARCH  INST.,  BURLINGTON  (ONTARIO).  LAKES  RESEARCH 


NATIONAL  WATER  RESEARCH  INST., 
BURLINGTON  (ONTARIO).  LAKES 
RESEARCH  BRANCH. 

Distribution  of  Polychlorinated  Biphenyls  in 
Water,  Sediment  and  Biota  of  Two  Harbours. 
W9O-06746  5B 

Radionuclide   Partitioning   across  Great   Lakes 

Natural  Interfaces. 

W90-06961  5B 

Common  Analytical  Errors  in  the  Radiodating 

of  Recent  Sediments. 

W90-06964  2J 

NATIONAL  WATER  RESEARCH  INST., 
BURLINGTON  (ONTARIO).  RIVERS 
RESEARCH  BRANCH. 

Potential   Underestimation  of  Chlorinated  Hy- 
drocarbon Concentrations  in  Fresh  Water. 
W90-06755  5A 

Fraser  River  Sediments  and  Waters  Evaluated 
by  the  Battery  of  Screening  Tests  Technique. 
W90-07277  5A 

NEBRASKA  UNIV.,  LINCOLN. 
CONSERVATION  AND  SURVEY  DIV. 

Stream    Levels    of    Agrichemicals    During    a 

Spring  Discharge  Event. 

W90-06752  5B 

NEDERLANDS  INST.  VOOR  ONDERZOEK 
DER  ZEE,  TEXEL. 

Seasonal  Patterns  of  Bacteria]  Production  and 
Biomass  in  Intertidal  Sediments  of  the  Western 
Dutch  Wadden  Sea. 
W90-O6633  2L 

Structure-Activity     Relationship     (SAR)     Ap- 
proach Towards  Metabolism  of  PCBs  in  Marine 
Animals  from  Different  Trophic  Levels. 
W90-06636  5B 

NEVADA  UNIV.,  LAS  VEGAS.  DEPT.  OF 
BIOLOGICAL  SCIENCES. 

Impact  of  Cattle  on  Two  Isolated  Fish  Popula- 
tions In  Pahranagat  Valley,  Nevada. 
W90-07139  4C 

Orientation  of  Zooplankton  to  the  Oxycline  in 

Big  Soda  Lake,  Nevada. 

W90-07140  2H 

NEVADA  UNTV.,  RENO.  DEPT.  OF  RANGE, 
WILDLIFE  AND  FORESTRY. 

Infiltration    Evaluation    of    Four    Mechanical 

Rainfall  Simulation  Techniques  in  Sierra  Nevada 

Watersheds. 

W9O-06829  7B 

NEVADA  UNTV.  SYSTEM,  RENO.  DESERT 
RESEARCH  INST. 

Evaluation  of  Methods  for  Determining  the  Ver- 
tical Distribution  of  Hydraulic  Conductivity. 
W90-07018  7B 

NEW  SOUTH  WALES  DEPT.  OF 
AGRICULTURE,  RYDALMERE  (AUSTRALIA). 
BIOLOGICAL  AND  CHEMICAL  RESEARCH 
INST. 

Phosphorus  Enhancement  of  Salt  Tolerance  of 

Tomato. 

W9O-074O7  3C 

NEW  YORK  BOTANICAL  GARDEN,  BRONX, 
NY.  INST.  OF  ECOSYSTEM  STUDIES. 

Factors  Controlling  Throughfall  Chemistry  in  a 
Balsam  Fir  Canopy:  A  Modeling  Approach. 
W90-06556  2K 

NEW  YORK  STATE  COLL.  OF 
AGRICULTURE  AND  LIFE  SCIENCES, 
ITHACA.  DEPT.  OF  AGRICULTURAL  AND 
BIOLOGICAL  ENGINEERING. 

Preferential  Movement  of  Pesticides  and  Tracers 

in  Agricultural  Soils. 

W90-07319  5B 


NEW  YORK  STATE  DEPT.  OF 
ENVIRONMENTAL  CONSERVATION, 
ALBANY. 

Delaware  Park  Lake  Revitalization  Project. 
W90-07498  5G 

NEW  YORK  STATE  DEPT.  OF  HEALTH, 
ALBANY.  WADSWORTH  CENTER  FOR 
LABS.  AND  RESEARCH. 

Continuous  Culture  Algal  Bioassays  for  Organic 

Pollutants  in  Aquatic  Ecosystems. 

W90-07271  5A 

NEWCASTLE  AND  GATESHEAD  WATER 
CO.,  NEWCASTLE  UPON  TYNE  (ENGLAND). 

Improving  Rural  Supplies  in  Northumberland. 
W90-06715  5F 

NEWFOUNDLAND  DEPT.  OF 
ENVIRONMENT  AND  LANDS,  ST.  JOHN'S. 

Laboratory    and    Numerical    Investigation    of 
Solute  Transport  in  Discontinuous  Fracture  Sys- 
tems. 
W90-07012  5B 

NORGES  LANDBRUKSHOEGSKOLE,  AAS. 
DEPT.  OF  NATURE  CONSERVATION. 

Physical    Habitat    Selection    by    Brown   Trout 

(Salmo  trutta)  in  Riverine  Systems. 

W90-06600  2H 

NORGES  LANDBRUKSHOEGSKOLE,  AAS. 
DEPT.  OF  SOIL  SCIENCES. 

Erosion,    Phosphorus   and    Phytoplankton    Re- 
sponse in  Rivers  of  South-Eastern  Norway. 
W90-06582  2H 

NORSK  INST.  FOR  LUFTFORSKNING, 
LDLLESTROEM. 

Toxic  Trace  Elements  and  Chlorinated  Hydro- 
carbons:  Sources,  Atmospheric  Transport  and 
Deposition. 
W90-06948  5B 

NORSK  INST.  FOR  VANNFORSKNING, 
OSLO. 

Ecological  Studies  on  the  Phytoplankton  of 
Boknafjorden,  Western  Norway.  1:  The  Effect 
of  Water  Exchange  Processes  and  Environmen- 
tal Factors  on  Temporal  and  Vertical  Variability 
of  Biomass. 
W90-06651  2L 

NORSKE  METEOROLOGISKE  INST.,  OSLO. 

Estimation  of  Extreme  Precipitation  in  Norway. 
W90-06814  2B 

NORTH  CAROLINA  STATE  UNTV.  AT 
RALEIGH.  DEPT.  OF  CROP  SCIENCE. 

Field  Drought  Tolerance  of  a  Soybean  Plant 

Introduction. 

W90-07406  21 

NORTH  CAROLINA  STATE  UNTV.  AT 
RALEIGH.  DEPT.  OF  MARINE,  EARTH  AND 
ATMOSPHERIC  SCIENCES. 

Cloud  Chemistry  Measurements  and  Estimates 
of  Acidic  Deposition  on  an  Above  Cloudbase 
Coniferous  Forest. 
W90-07229  5C 

NORTH  CAROLINA  UNTV.  AT  CHAPEL 
HILL.  DEPT.  OF  ENVHIONMENTAL 
SCIENCES  AND  ENGINEERING. 

Chemistry  of  Mutagenic  By-Products  of  Water 

Chlorination. 

W9O-07373  5F 

NORTH-EASTERN  HTLL  UNIV.,  SHILLONG 
(INDIA).  DEPT.  OF  BOTANY. 

Effects  of  Petroleum  Oils  and  Their  Paraffinic, 
Asphaltic,  and  Aromatic  Fractions  on  Photosyn- 
thesis and  Respiration  of  Microalgae. 
W90-O6786  5C 


Growth,  Photosynthesis  and  Nitrogen  Fixation 
of  Anabaena  doliolum  Exposed  to  Assam  Crude 
Extract. 


W90-07040 


5C 


NORTH  WEST  WATER  AUTHORITY, 
WARRINGTON  (ENGLAND).  PLANNING 
DEPT. 

Field  Hydrogeology. 

W90-06942  2F 

NOVA  SCOTIA  AGRICULTURAL  COLL., 
TRURO.  ENVIRONMENTAL 
MICROBIOLOGY  LAB. 

Importance  of  Bioassay  Volume  in  Toxicity 
Tests  Using  Algae  and  Aquatic  Invertebrates. 
W90-07029  5C 

NOVI  SAD  UNIV.  (YUGOSLAVIA).  INST.  OF 
BIOLOGY. 

Changes  of  Some  Physico-Chemical  and  Sapro- 
biologic  Characteristics  in  the  Lower  Course  of 
Theiss  in  the  Period  1980-1986. 
W90-07111  2H 

Phosphatase  Activity  of  Water  as  a  Parameter  of 

the  River  Tisa  Water  Monitoring. 

W9O-07112  5  A 

Dominant  Bacterioflora  in  the  Water  of  the 
River  Tisa  and  the  Mrtva  Tisa  (Yugoslavia). 
W90-07113  5  A 

Developments  in  the  Composition  of  Biocenosis 
in  the  Lower  Tisa  River  (Yugoslavia)  Caused  by 
Hydrological  Changes. 
W90-07114  2H 

Eutrophication  of  the  Dead  Theiss  Indicated  by 

Oligocheate. 

W90-07115  5C 

OAK  RIDGE  NATIONAL  LAB.,  TN. 
ENVIRONMENTAL  SCIENCES  DD7. 

Plutonium,  Lead-210,  and  Carbon  Isotopes  in 
the     Savannah     Estuary:     Riverborne     versus 
Marine  Sources. 
W90-06663  2J 

5-Methyl  Deoxycytidine  Content  of  DNA  from 
Bluegill  Sunfish  (Lepomis  macrochirus)  Exposed 
to  Benzo(a)Pyrene. 
W90-06779  5B 

Speciation  Method  for  Partitioning  Mononucle- 
ar and  Polynuclear  Aluminum  Using  Ferron. 
W90-06931  5A 

Mobility  of  Colloidal  Particles  in  the  Subsurface: 

Chemistry  and   Hydrology  of  Colloid-Aquifer 

Interactions. 

W90-07482  5B 

OFFICE  DE  LA  RECHERCHE  SCTENTIFIQUE 
ET  TECHNIQUE  OUTRE-MER, 
MONTPELUER  (FRANCE).  LAB. 
D'HYDROLOGIE. 

Iron  in  Tubewell  Water  and  Linear  Growth  in 

Rural  Bangladesh. 

W90-07135  3C 

OHIO  STATE  UNTV.,  COLUMBUS.  DEPT.  OF 
ZOOLOGY. 

Analysis  of  Fish  Bile  with  HPLC—Fluorescence 

to     Determine     Environmental     Exposure     to 

Benzo(a)pyrene. 

W90-07302  5A 
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QUEBEC  UNIV.,  RIMOUSKI. 


OHIO  STATE  UNIV.,  COLUMBUS. 
ENVIRONMENTAL  BIOLOGY  PROGRAM. 

Incidence  of  Fin  Erosion  and  Anomalous  Fishes 

in    a    Polluted    Stream    and    a    Nearby    Clean 

Stream. 

W90-07218  5C 

OKLAHOMA  STATE  UNIV.,  STILLWATER. 
DEPT.  OF  ZOOLOGY. 

Identification  of  Developmental  Toxicants  Using 

the  Frog  Embryo  Teratogenesis  Assay-Xenopus 

(FETAX). 

W90-07305  5A 

OKLAHOMA  UNIV.,  KINGSTON. 
BIOLOGICAL  STATION. 

Temporal  and  Spatial  Patterns  in  Littoral-Zone 
Fish  Assemblages  of  a  Reservoir  (Lake  Texoma, 
Oklahoma-Texas,  USA). 
W9O-O7095  2H 

OKLAHOMA  UNIV.,  NORMAN.  SCHOOL  OF 
CIVIL  ENGINEERING  AND 
ENVntONMENTAL  SCIENCE. 

Sorption  and  Transport  of  Pesticides  in  Ground 

Water:  Critical  Review. 

W9O-07315  5B 

OLD  DOMINION  UNIV.,  NORFOLK,  VA. 
DEPT.  OF  BIOLOGICAL  SCIENCES. 

Plankton  in  the  James  River  Estuary,  Virginia. 
V.  Phytoplankton  Composition  of  the  Nanse- 
mond  River. 
W9O-06652  2L 

OLD  DOMINION  UNIV.,  NORFOLK,  VA. 
DEPT.  OF  CHEMICAL  SCIENCES. 

Toxicological  Significance  of  the  Chemical  Re- 
actions of  Aqueous  Chlorine  and  Chloramines. 
W90-06918  5F 

ONTARIO  MINISTRY  OF  AGRICULTURE 
AND  FOOD,  GUELPH  (ONTARIO). 
AGRICULTURAL  LAB.  SERVICES  BRANCH. 

Survey  of  Farm  Wells  for  Pesticides,  Ontario, 

Canada,  1986  and  1987. 

W90-07028  5B 

ONTARIO  MINISTRY  OF  AGRICULTURE 
AND  FOOD,  GUELPH.  PESTICIDE  RESIDUE 
LAB. 

Contamination  of  Rural  Ponds  with  Pesticide, 

1971-85,  Ontario,  Canada. 

W9O-O7027  SB 

ONTARIO  MINISTRY  OF  THE 
ENVIRONMENT,  TORONTO. 

Aluminum  Speciation  and  Organic  Carbon  in 

Waters  of  Central  Ontario. 

W90-06938  5B 

ONTARIO  MINISTRY  OF  THE 
ENVIRONMENT,  TORONTO.  WATER 
RESOURCES  BRANCH. 

Metal   Accumulation   by   Chironomid   Larvae: 
The  Effects  of  Age  and  Body  Weight  on  Metal 
Body  Burdens. 
W90-07297  5B 

OREGON  GRADUATE  CENTER, 
BEAVERTON.  DEPT.  OF  ENVIRONMENTAL 
SCIENCE  AND  ENGINEERING. 

Behavior  of  Runoff-Derived  Metals  in  a  Deten- 
tion Pond  System. 
W90-07222  5B 

OREGON  STATE  UNIV.,  CORVALLIS. 

Policy  Impacts  on  Agricultural  Irrigation  Elec- 
tricity Demand  in  the  Columbia  Basin. 
W90-06820  6A 

OREGON  STATE  UNIV.,  CORVALLIS.  DEPT. 
OF  CTVTL  ENGINEERING. 

Banning  Trichloroethylene:  Responsible  Reac- 
tion or  Overkill. 
W90-07364  5G 


OREGON  STATE  UNIV.,  CORVALLIS.  DEPT. 
OF  FISHERIES  AND  WILDLIFE. 

Productive  Capacity  of  Periphyton  as  a  Deter- 
minant    of    Plant-Herbivore     Interactions     in 
Streams. 
W90-06704  2H 

OSLO  UNIV.  (NORWAY).  DEPT.  OF  MARINE 
ZOOLOGY  AND  CHEMISTRY. 

Do  Bioassays  Adequately  Predict  Ecological  Ef- 
fects of  Pollutants. 
W90-07285  5A 


OSLO  UNTV.  (NORWAY).  INST.  OF 
GEOPHYSICS. 

Regional  Exceedance  Probabilities. 
W90-06810 
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PACIFIC  NORTHWEST  RESEARCH 
FOUNDATION,  SEATTLE,  WA. 

Use  of  Environmental  Assays  for  Impact  Assess- 
ment. 
W90-07255  5A 

PADUA  UNIV.  (ITALY).  1ST.  DI  IMPIANTI 
CHIMICI. 

Stability  of  Activated  Sludge  Reactors  with 
Substrate  Inhibition  Kinetics  and  Solids  Recycle. 
W90-07417  5D 

PANJAB  UND7.,  CHANDIGARH  (INDIA). 
DEPT.  OF  CHEMICAL  ENGINEERING. 

Performance  Ratio,  Area  Economy  and  Eco- 
nomic Return  for  an  Integrated  Solar  Energy/ 
Multi-Stage  Flash  Desalination  Plant. 
W90-07443  3A 

PATRAS  UNIV.  (GREECE).  DEPT.  OF 
MECHANICAL  ENGINEERING. 

Production  and  Cost  Functions  of  Water  Low- 
Temperature  Solar  Desalination. 
W90-06654  3A 

PA  VIA  UNIV.  (ITALY) 

Pathological  Eutrophication:  Points  of  View  of 
a  Basic  Ecologist,  (L'eutrofizzazione:  Reflassioni 
d'un  Ecologo  di  Base). 
W90-07092  5C 

PENNSYLVANIA  STATE  UNIV.,  UNIVERSITY 
PARK.  DEPT.  OF  METEOROLOGY. 

Estimating  Total  Daily  Evapotranspiration  from 
Remote  Surface  Temperature  Measurements. 
W90-06738  2D 

PENNSYLVANIA  STATE  UNIV.,  UNIVERSITY 
PARK.  SCHOOL  OF  FOREST  RESOURCES. 

Evaluation  of  Best  Management  Practices  for 
Controlling  Nonpoint  Pollution  from  Silvicul- 
tural  Operations. 
W90-06821  5G 

PISA  UNIV.  (ITALY).  DIPT.  DI  SCDZNZE 
DELL'AMBIENTE  E  DEL  TERRITORIO. 

Induction  of  Micronuclei  in  Gill  Tissue  of  Myti- 

lus  galloprovincialis  Exposed  to  Polluted  Marine 

Waters. 

W90-06643  5A 

PITTSBURGH  CITY  WATER  DEFT.  PA. 

Factors  Affecting  the  Occurrence  of  the  Legion- 
naires' Disease  Bacterium  in  Public  Drinking 
Water  Supplies. 
W90-06912  5F 

PITTSBURGH  UNIV.,  PA.  DEPT.  OF 
BIOLOGICAL  SCIENCES. 

Assessment  of  Short-Term  Depletion  of  Stream 
Macroinvertebrate  Benthos  by  Drift. 
W90-07147  2H 


POITIERS  UNIV.  (FRANCE).  LAB.  DE 
CHIMIE  DE  L'EAU  ET  DES  NUISANCES. 

Use  of  U.V.  Radiation  in  Water  Treatment: 
Measurement  of  Photonic  Flux  by  Hydrogen 
Peroxide  Actinometry  (Utilisation  du  Rayonne- 
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Supercomputer  Simulation  of  Liquid  Drop  For- 
mation, Fall,  and  Collision. 
W9O-O7000  1A 

TEXAS  UNTV.  AT  AUSTIN.  DEPT.  OF  CTVIL 
ENGINEERING. 

Kinematic     Modeling     of    Multiphase     Solute 

Transport  in  the  Vadose  Zone. 

W90-07503  5B 

TEXAS  UNIV.  HEALTH  SCIENCE  CENTER 
AT  HOUSTON.  SCHOOL  OF  PUBLIC 
HEALTH. 

Assessing   Microbial  Toxicity  of  2-Ethoxyeth- 
anol  and  Bis(2-Chloroethyl)  Ether  by  a  Modified 
Spread  Plate  Method. 
W9O-O7053  5D 

THAMES  WATER  AUTHORITY,  READING 
(ENGLAND).  RIVERS  DTV. 

Restoration  and  Enhancement  of  Engineered 
River  Channels:  Some  European  Experiences. 
W90-07334  4A 

THAYER  SCHOOL  OF  ENGINEERING, 
HANOVER,  NH. 

Impact  of  Economic  and  Financial  Policies  on 
the  Development  of  Small-Scale  Hydroelectric 
Facilities  in  New  England. 
W9O-O6703  6E 

TOKYO  INST.  OF  TECH.  (JAPAN).  DEPT.  OF 
ENVIRONMENTAL  CHEMISTRY  AND 
ENGINEERING. 

Role  of  Forest  Canopies  in  the  Collection  and 
Neutralization  of  Airborne  Acid  Substances. 
W90-07389  5B 

TOKYO  METROPOLITAN  UNTV.  (JAPAN). 
DEPT.  OF  CHEMISTRY. 

Biodegradation    Experiments   of  Linear   Alkyl- 
benzenes  (LABs):  Isomeric  Composition  of  C12 
LABs  as  an  Indicator  of  the  Degree  of  LAB 
Degradation  in  the  Aquatic  Environment. 
W9O-07365  5B 

TOKYO  UNIV.  (JAPAN). 

Conversion    of   the    Digital    Land    Information 

Files  for  the  Purpose  of  Drawing  River  Bed 

Profiles. 

W90-06661  7C 


TOKYO  UNIV.  (JAPAN).  DEPT.  OF 
GEOGRAPHY. 

Annual  Rainfall  Variability  and  its  Interhemis- 
pheric  Coherence  in  the  Semi-Arid  Region  of 
Tropical  Africa. 
W90-07078  2B 

TOKYO  UNIV.  (JAPAN).  OCEAN  RESEARCH 
INST. 

Phytoplankton  Distribution  in  a  Frontal  Region 
of  Tokyo  Bay,  Japan  in  November  1985. 
W90-07102  2L 

TORONTO  UNIV.  (ONTARIO).  DEPT.  OF 
CIVIL  ENGINEERING. 

Suspended  Solids  in  Biological  Filter  Effluents. 
W90-07423  5D 

TORONTO  UNIV.  (ONTARIO).  DEPT.  OF 
ZOOLOGY. 

Factors  Affecting  the  Variation  in  the  Average 
Molecular  Weight  of  Dissolved  Organic  Carbon 
in  Freshwaters. 
W90-07381  2K 

TORONTO  UNTV.  (ONTARIO).  INST.  FOR 
ENVIRONMENTAL  STUDIES. 

Acute  Toxicity  of  Dispersed  Fresh  and  Weath- 
ered  Crude   Oil   and   Dispersants   to   Daphnia 
magna. 
W90-06753  5C 

Conceptual  Model  of  Organic  Chemical  Volatil- 
ization at  Waterfalls. 
W90-06994  5B 

TORONTO  UNTV.  (ONTARIO).  MCLENNAN 
PHYSICAL  LABS. 

Effect  of  Freezing  on  the  Composition  of  Super- 
cooled Droplets-I.   Retention  of  HC1,  HN03, 
NH3  and  H202. 
W90-07231  2B 

Effect  of  Freezing  on  the  Composition  of  Super- 
cooled Droplets-II.  Retention  of  S(IV). 
W90-07232  2B 

TRACTEBEL  S.A.,  BRUSSELS  (BELGIUM). 

Comprehensive  Study  on  Capital  and  Operation- 
al Expenditures  for  Different  Types  of  Seawater 
Desalting  Plants  (RO,  MVC,  ME,  ME-TVC, 
MSF)  Rated  Between  200  cubic  m/d  and  3000 
cubic  m/d. 
W90-06571  3A 

TRANSDUCER  RESEARCH,  INC., 
NAPERVILLE,  DL. 

Mobility  of  Plutonium  and  Americium  Through 
a  Shallow  Aquifer  in  a  Semiarid  Region. 
W90-06993  5B 

TRENT  UNIV.,  PETERBOROUGH 
(ONTARIO).  ENVIRONMENTAL  AND 
RESOURCE  STUDIES  PROGRAM. 

Distribution  of  PCB  Congeners  in  Sediments  of 
the  Otonabee  River-Rice  Lake  System,  Peter- 
borough, Canada. 
W90-06758  5B 

TRONDHETM  UNIV.  (NORWAY).  MUSEUM. 

Crustacean  Plankton  and  Fish  During  the  First 
Decade  of  a  Subalpine,  Man-Made  Reservoir. 
W90-06599  2H 

TSTTSIKAMMA  COASTAL  NATIONAL  PARK, 
P.O.  STORMS  RIVER  6308,  SOUTH  AFRICA. 

Sea  Temperature  Variations  in  the  Tsitsikamma 

Coastal  National  Park,  South  Africa,  With  Notes 

on  the  Effect  of  Cold  Conditions  on  Some  Fish 

Populations. 

W90-07245  2L 


TSUKUBA  UNIV.  (JAPAN).  INST.  OF 
BIOLOGICAL  SCIENCES. 

Daily  Changes  of  Uptake  of  Inorganic  Carbon 
and   Nitrogen,   and   Their   Relation   to   Phyto- 
plankton Blooms  In  Late  Spring-Early  Summer 
In  Lake  Nakanuma,  Japan. 
W90-07159  2H 

TSUKUBA  UNIV.  (JAPAN).  SCIENCE 
INFORMATION  PROCESSING  CENTER. 

Development  of  a  System  to  Estimate  Evapo- 
transpiration  over  Complex  Terrain  Using  Land- 
sat  MSS,  Elevation  and  Meteorological  Data. 
W90-07022  2D 

TUFTS  UNIV.,  MEDFORD,  MA.  DEPT.  OF 
BIOLOGY. 

Effects  of  Power-Line  Construction  on  Wetland 

Vegetation  in  Massachusetts,  USA. 

W90-06611  4C 

TURKU  UNIV.  (FINLAND).  DEPT.  OF 
BIOLOGY. 

Effects  of  Watering  and  Simulated  Acid  Rain  on 
Quantity  of  Phyllosphere  Fungi  or  Birch 
Leaves. 

W90-07413  5C 

UKAEA  ATOMIC  ENERGY  RESEARCH 
ESTABLISHMENT,  HARWELL  (ENGLAND). 
ENVIRONMENTAL  AND  MEDICAL 
SCIENCES  DIV. 

Radionuclides  in  Shoreline  Waters  of  the  North- 
east Irish  Sea. 
W90-07395  5B 

ULSTER  UNIV.  AT  JORDANSTOWN, 
NEWTOWNABBEY  (NORTHERN  IRELAND). 
DEPT.  OF  COMPUTING  SCIENCE. 

Impact  of  Channelization  on  the  Hydrology  of 
the  Upper  River  Main,  County  Antrim,  North- 
ern Ireland:  A  Long-Term  Case  Study. 
W90-07332  4A 

UNDERGROUND  INJECTION  PRACTICES 
COUNCIL,  OKLAHOMA  CITY,  OK. 

California  Division  of  Oil  and  Gas  Underground 
Injection  Control  Program:  A  Peer  Review. 
W90-07499  5E 

UNIVERSIDAD  DEL  PAIS  VASCO,  BILBAO 
(SPAIN).  LAB.  CTTOLOGIA-HISTOLOGIA. 

Laboratory  Study  of  Cadmium  Exposure  in  Lit- 
torina   littorea   in   Relation   the   Environmental 
Cadmium  and  Exposure  Time. 
W90-07341  5A 

UNIVERSIDAD  NACIONAL  AUTONOMA  DE 
MEXICO,  MEXICO  CITY.  CENTRO  DE 
CIENCIAS  DE  LA  ATMOSFERA. 

Formaldehyde  Levels  in  Air  and  Wet  Precipita- 
tion at  Mexico  City,  Mexico. 
W90-O7193  5B 

UNIVERSIDAD  NACIONAL  DE  LA  PLATA 
(ARGENTINA).  INST.  DE  LTMNOLOGIA. 

Primary  Production  of  Phytoplankton  of  Chas- 
comus  Pond.  (Prov.  BS.As.,  Argentina).  Critical 
Evaluation  of  Photosynthesis  Values  Obtained 
by  02  and  14C  Methods,  (Produccion  Primaria 
del  Fitoplancton  de  la  Laguana  de  Chascomus 
(Prov.  de  Buenos  Aires,  Argentina).  Evaluacion 
Critica  de  los  Valores  de  Fotosintesis  Obtenidos 
por  los  Metodos  del  02  y  14C). 
W90-06604  2H 
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UTRECHT  RIJKSUNIVERSITEIT  (NETHERLANDS).  ENVIRONMENTAL  TOXICOLOGY 


UNTVERSIDAD  POLITECNICA  DE 
CANARLAS,  LAS  PALMAS  DE  GRAN 
CANARIA  (SPADO.  ESCUELA  TECNICA 
SUPERIOR  DE  ENGENIEROS 
INDUSTRIALES  DE  LAS  PALMAS. 
Graphic    Evolution    of   the    24,000    Hours    (3 
Years),  Operating  Data  of  a  RO  Brackish  Water 
Desalination  Plant,  in  Las  Palmas,  Canary  Is- 
lands, Spain. 
W90-06558  3A 

UNTVERSIDADE  ESTADUAL  PAULISTA, 
BOTUCATU  (BRAZIL).  DEPT.  OF  ZOOLOGY. 

Oxygen  Deficit  in  Lake  Dom  Helvecio  (Parque 
Florestal  do  Rio  Doce,  Minas  Gerais),  (O  Defi- 
cit de  Oxigenio  no  Lago  Dom  Helvecio  (Parque 
Florestal  do  Rio  Doce,  Minas  Gerais)). 
W90-06603  2H 

UNTVERSIDADE  FEDERAL  DE  ALAGOAS, 
MACEIO  (BRAZIL). 

Toxicity  Test  with  Fishes  (Teste  de  Toxicidade 
com  Peixes  Mantidos  em  Gaiola  Flutuante). 
W9O-06602  5B 

UNTVERSIDADE  FEDERAL  DE  SAO  CARLOS 
(BRAZIL).  DEPT.  DE  CIENCIAS 
BIOLOGICAS. 

Ecological  Studies  on  the  Planktonic  Protozo  of 
a  Eutrophic  Reservoir  (Rio  Grande  Reservoir- 
Brazil). 
W90-06580  2H 

Spartina  alterniflora  as  a  Potential  Source  of 
Heavy  Metals  to  the  Food  Chain  of  the  Sepetiba 
Bay,  Rio  de  Janiero,  Brazil. 
W90-07055  5B 

UNTVERSIDADE  FEDERAL  DO  MARANHAO, 
SAO  LUIS  (BRAZIL).  LAB.  DE 
HTDROBIOLOGIA. 

Plankton,  Primary  Production  and  Some  Phy- 
sico-Chemical  Factors  of  Two  Lakes  from  Baix- 
ada  Maranhense  (Plancton,  Producao  Primaria  e 
Alguns  Fatores  Fisico-Quimicos  de  Dois  Lagos 
da  Baixada  Maranhense). 
W90-07060  2H 

UNTVERSIDADE  FEDERAL  DO  RIO  DE 
JANEIRO  (BRAZIL).  INST.  DE  BIOFISICA. 

Heavy  Metal  Concentrations  and  Availability  in 
the  Bottom  Sediments  of  the  Paraiba  do  Sul- 
Guandu  River  System,  RJ,  Brazil. 
W90-06618  5B 

UNTVERSIDADE  FEDERAL  DO  RIO  DE 
JANEIRO  (BRAZIL).  INST.  DE  BIOLOGIA. 

Sponges  as  Pollution-Biomonitors  at  Arraial  Do 

Cabo,  Southeastern  Brazil. 

W90-07059  5A 

UNTVERSIDADE  NOVA  DE  LISBOA 
(PORTUGAL).  FACULDADE  DE  CTENCIAS  E 
TECNOLOGIA. 

Heavy  Metal  Contents  of  Paddy  Fields  of  Al- 

cacer  do  Sal,  Portugal. 

W90-07342  5B 

UNTVERSrTA  DEGLI  STUDI  'LA  SAPIENZA', 
ROME  (ITALY).  DIPT.  DI  CHEMICA. 

Characterization  of  the  Organic  Component  of  a 

Sludge. 

W90-07184  5D 

UNTVERSrrE  DE  BRETAGNE- 
OCCTDENTALE,  BREST  (FRANCE).  STATION 
BIOLOGIQUE. 

Transport  of  Carbon,  Nitrogen  and  Phosphorus 

in  a  Brittany  River,  France. 

W90-07006  5B 

UNIVERSITIES  SPACE  RESEARCH 
ASSOCIATION,  HUNTSVILLE,  AL. 

Deuterium  Variations  in  Storm  Rainfall:  Impli- 
cations for  Stream  Hydrograph  Separation. 
W90-06854  2B 


UNTVERSnY  COLL.,  CARDIFF  (WALES). 
DEPT.  OF  APPLIED  BIOLOGY. 

Modelling  Ecological  Impacts  of  the  Acidifica- 
tion of  Welsh  Streams:  Temporal  Changes  In  the 
Occurrence  of  Macroflora  and   Macroinverte- 
brates. 
W90-07156  7C 

UNIVERSITY  COLL.,  CARDIFF  (WALES). 
SCHOOL  OF  ENGINEERING. 

Assessment  of  the  Effect  of  Urban  Development 
on  Groundwater  Levels  in  a  Chalk  Aquifer. 
W90-06962  *C 

UNIVERSITY  COLL.,  CARDIFF  (WALES). 
SCHOOL  OF  PURE  AND  APPLIED 
BIOLOGY. 

Long-Term  Change  in  the  Suitability  of  Welsh 

Streams  for  Dippers  Cinclus  cinclus  as  a  Result 

of  Acidification   and   Recovery:   A   Modelling 

Study. 

W90-07194  5C 

UNIVERSITY  COLL.,  GALWAY  (IRELAND). 
DEPT.  OF  ENGINEERING  HYDROLOGY. 

Potential  Evaporation  and  the  'Complementary 

Relationship'. 

W90-06881  2D 

Unit  Hydrograph  Stability  and  Linear  Algebra. 
W90-06903  2E 

UNIVERSITY  COLL.  OF  NORTH  WALES, 
MENAI  BRIDGE.  SCHOOL  OF  OCEAN 
SCIENCES. 

Metal  Levels  in  a  Leatherback  Turtle. 
W90-06685  5B 

UNTVERSITY  OF  EAST  ANGLIA,  NORWICH 
(ENGLAND).  SCHOOL  OF 
ENVIRONMENTAL  SCIENCES. 

Predation,  Sediment  Stability  and  Food  Avail- 
ability as  Determinants  of  the  Benthic  Inverte- 
brate Fauna  In  Two  Shallow  Lakes. 
W90-0716O  2H 

River  Engineering  in  National  Parks:  The  Case 

of  the  River  Wharfe,  U.K. 

W9O-07333  4A 

UNTVERSnY  OF  MANCHESTER  INST.  OF 
SCIENCE  AND  TECHNOLOGY  (ENGLAND). 
DEPT.  OF  PURE  AND  APPLIED  PHYSICS. 

Polarization  Radar  Estimates  of  Raindrop  Size 

Spectra  and  Rainfall  Rates. 

W90-06665  2B 

UNTVERSITY  OF  NEW  ENGLAND, 
ARMIDALE  (AUSTRALIA).  DEPT.  OF 
ECONOMETRICS. 

Reservoir  Releases  to  Uses  with  Different  Reli- 
ability Requirements. 
W90-07205  4A 

UNTVERSITY  OF  NEW  ENGLAND, 
ARMIDALE  (AUSTRALIA).  DEPT.  OF 
RESOURCE  ENGINEERING. 

Limnology  of  the  Dumaresq  Reservoir:  A  Small 
Monomictic   Upland   Lake   in   Northern    New 
South  Wales,  Australia. 
W90-06879  2H 

UNTVERSITY  OF  PETROLEUM  AND 
MINERALS,  DHAHRAN  (SAUDI  ARABIA). 
PETROLEUM  AND  GAS  TECHNOLOGY  DIV. 

Localized  Corrosion  at  Welds  in  Structural  Steel 
Under   Desalination   Plant   Conditions.   Part   I: 
Effect  of  Surface  Roughness  and  Type  of  Weld- 
ing Electrode. 
W90-07457  3A 

Localized  Corrosion  at  Welds  in  Structural  Steel 
Under  Desalination  Plant  Conditions.  Part  II: 
Effect  of  Heat  Treatment,  Test  Temperature  and 
Test  Media. 
W90-07458  3A 


UNTVERSITY  OF  STRATHCLYDE,  GLASGOW 
(SCOTLAND).  DEPT.  OF  APPLIED  PHYSICS. 

Low-cost,  Portable  Flow  Cytometer  Specifical- 
ly Designed  for  Phytoplankton  Analysis. 
W90-06676  ?B 

UNIVERSITY  OF  WALES  INST.  OF  SCIENCE 
AND  TECHNOLOGY,  CARDIFF.  DEPT.  OF 
APPLIED  BIOLOGY. 

Toxicity  of  Cadmium  to  Different  Larval  Instars 
of  the  Trichopteran  Larave  Agapetus  fuscipes 
Curtis  and  the  Importance  of  Life  Cycle  Infor- 
mation to  the  Design  of  Toxicity  Tests. 
W90-07155  5C 

UNTVERSnY  OF  WYOMING  RESEARCH 
CORP.,  LARAMIE.  WESTERN  RESEARCH 
INST. 

Characterization  and  Treatment  of  By-Product 
Waters  from  Selected  Oil  Shale  Retorting  Tests. 
W90-06956  5D 

Environmental  Evaluation  and  Restoration  Plan 
of  the  Hoe  Creek  Underground  Coal  Gasifica- 
tion Site,  Wyoming. 
W90-07464  5G 

UPPSALA  UNTV.  (SWEDEN).  DEPT.  OF 
HYDROLOGY. 

New    Method    of    Quantitatively    Describing 

Drainage  Areas. 

W90-07190  7C 

UPPSALA  UNIV.  (SWEDEN).  DEPT.  OF 
ZOOPHYSIOLOGY. 

Perfused  Fish  Gill  Preparation  in  Studies  of  the 

Bioavailability  of  Chemicals. 

W90-06795  5A 

Altered  Brain  Catecholamine  Levels  in  Rainbow 
Trout  (Salmo  gairdneri  Richardson)  Exposed  to 
Diethyldithiocarbamate  and  Amylxanthate. 
W90-07085  5C 

UPPSALA  UNTV.  (SWEDEN).  INST.  OF 
ECOLOGICAL  BOTANY. 

Ecological  Effects  of  Cooling  Water  Discharge 
on  Hydrolittoral  Epilithic  Diatom  Communities 
in  the  Northern  Baltic  Sea. 
W90-06579  5C 

UPPSALA  UNTV.  (SWEDEN). 
LIMNOLOGISKA  INSTITUTIONEN. 

Rotifer  Occurrence  in  Relation  to  Oxygen  Con- 
tent. 
W90-06589  2H 

Limnic  Micro-Crustaceans  and  Trophic  Degree. 
W90-07153  2H 

UTAH  STATE  UNTV.,  LOGAN.  DEPT.  OF 
FISHERIES  AND  WILDLIFE. 

Response  of  Nesting  Waterfowl  to  Flooding  In 

Great  Salt  Lake  Wetlands. 

W90-07142  6G 

UTAH  WATER  RESEARCH  LAB.,  LOGAN. 

Stochastic  Interpolation  of  Rainfall  Data  from 
Rain   Gages   and   Radar   Using   Cokriging:    1. 
Design  of  Experiments. 
W90-06856  2B 

Optimization  Model  for  Unconfined  Stratified 

Aquifer  Systems. 

W90-06891  2F 

UTRECHT  RIJKSUNTVERSrTErT 
(NETHERLANDS).  ENVIRONMENTAL 
TOXICOLOGY  SECTION. 

Bioaccumulation  and  Biotransformation  of  Poly- 
chlorinated  Dibenzo-p-Dioxins  and  Dibenzofur- 
ans  in  Fish. 
W90-06777  5B 
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UTRECHT  RIJKSUNIVERSITEIT 
(NETHERLANDS).  RESEARCH  GROUP  FOR 
AQUATIC  TOXICOLOGY. 

Cadmium  Resistance  in  Daphnia  magna. 
W90-07088  5C 

VALTION  TEKNILUNEN 
TUTKIMUSKESKUS,  ESPOO  (FINLAND). 
EUNTARVIKELABORATORIO. 

Genotoxic  Effects  of  Various  Chlorinated  Bu- 

tenoic  Acids  Identified  In  Chlorinated  Drinking 

Water. 

W9O-07178  5F 

VANCOUVER  (BRITISH  COLUMBIA). 

Pilot-Scale      Evaluation     of     Aerobic-Anoxic 

Sludge  Digestion. 

W90-07236  5D 

VANDERBILT  UNIV.,  NASHVILLE,  TN. 
DEPT.  OF  ENVIRONMENTAL  AND  WATER 
RESOURCES  ENGINEERING. 

Performance  and  Design  of  a  Selector  for  Bulk- 
ing Control. 
W90-06839  5D 

VANDKVAUTETSINSTrTUTET, 
HOERSHOLM  (DENMARK). 

3H-Thymidine    Incorporation:    Preliminary    In- 
vestigations of  a  Method  to  Forecast  the  Toxici- 
ty of  Chemicals  in  Biodegradability  Tests. 
W90-06760  5C 

VENICE  UNTV.  (ITALY).  DEPT.  OF 
ENVTRONMENTAL  SCIENCE. 

Macroalgae  and  Phytoplankton  Standing  Crops 
in  the  Central  Venice  Lagoon:  Primary  Produc- 
tion and  Nutrient  Balance. 
W90-06975  5C 

Influence  of  Venice  Lagoon  Macrofauna  on  Nu- 
trient Exchange  at  the  Sediment-Water  Inter- 
face. 
W90-07402  2L 

VERMONT  LAW  SCHOOL,  SOUTH 
ROYALTON. 

Role  of  the  Federal  Energy  Regulatory  Com- 
mission    in     Licensing     Small     Hydroelectric 
Projects. 
W9O-O6702  6E 

VICTORIA  UNIV.  OF  MANCHESTER 
(ENGLAND).  INST.  OF  SCIENCE  AND 
TECHNOLOGY. 

Field  Studies  of  the  S02/ Aqueous  S(IV)  Equi- 
librium in  Clouds. 
W90-07228  5B 

VIRGINIA  INST.  OF  MARINE  SCTENCE, 
GLOUCESTER  POINT. 

Effects  of  Hopper  Dredging  and  Sediment  Dis- 
persion, Chesapeake  Bay. 
W90-07189  4C 

VIRGINIA  POLYTECHNIC  INST.  AND  STATE 
UNTV.,  BLACKSBURG.  CENTER  FOR 
ENVIRONMENTAL  AND  HAZARDOUS 
MATERIAL  STUDTES. 

Aquatic  Toxicology. 

W90-06990  5B 

Estimation  of  Free  Hydrocarbon  Volume  from 

Fluid  Levels  in  Monitoring  Wells. 

W9O-O7015  5B 


Scientific  Basis  of  Bioassay. 
W90-07250 
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VIRGINIA  POLYTECHNIC  INST.  AND  STATE 
UNTV.,  BLACKSBURG.  DEPT.  OF 
AGRICULTURAL  ENGINEERING. 

Management  and   Policy   Effects  on   Potential 

Groundwater     Contamination      From      Dairy 

Waste. 

W9O-06819  5G 


VOORHEES  COLL.,  DENMARK,  SC. 

Development  of  Critical  Life  Stage  Assays:  Ter- 
atogenic Effects  of  Ash  Basin  Effluent  Compo- 
nents on  Freshwater  Fish,  Gambusia  affinis  and 
Daphnia. 
W90-07463  5C 

VRIJE  UNIV.,  AMSTERDAM 
(NETHERLANDS).  BIOLOGICAL  LAB. 

Bioaccumulation  of  Cadmium  by  the  Freshwater 
Isopod  Asellus  aquaticus  (L.)  from  Aqueous  and 
Dietary  Sources. 
W90-07192  5B 

VRIJE  UNTV.,  BRUSSELS  (BELGIUM). 

Tight  Coupling   Between  Enrichment  of  Iron 
and  Manganese  in  North  Sea  Suspended  Matter 
and  Sedimentary  Redox  Processes:  Evidence  for 
Seasonal  Variability. 
W90-07004  2K 

VYZKUMNY  USTAV  VODOHOSPODARSKY, 
PRAGUE  (CZECHOSLOVAKIA). 

Uptake    of    Lead,    Chromium,    Cadmium    and 

Cobalt  by  Cladophora  glomerata. 

W90-07036  5B 

WARREN  SPRING  LAB.,  STEVENAGE 
(ENGLAND). 

Acid  Rain  in  the  United  Kingdom:  Spatial  Dis- 
tributions and  Seasonal  Variations  in  1986. 
W90-07489  5B 

Determination  of  Hydrogen  Carbonate  in  Rain- 
water. 
W90-07490  2B 

WARSAW  UNTV.  (POLAND).  DEPT.  OF 
CHEMISTRY. 

Flow-Injection  Ultraviolet  Spectrophotometric 
Determination  of  Sulphate  in  Natural  Waters. 
W90-06989  5A 

WASHINGTON  AND  LEE  UNTV., 
LEXrNGTON,  VA. 

Common  Law  of  Waterpower  In  New  England. 
W90-06700  6E 

WASHINGTON  STATE  UNTV.,  PULLMAN. 
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W90-07078  2B 
W90-07079  2L 
W90-07080  2J 
W90-07081  2G 
W90-07082  5B 
W90-07083  5A 
W90-07084  5A 
W90-07085  5C 
W90-07086  5C 
W90-07087  5C 
W90-07088     5C 

W90-07089  5C 

W90-07090  5C 

W90-07091  5C 

W90-07092  5C 

W90-07093  1C 

W90-07094  5C 

W90-07095  2H 

W90-07096  2H 

W90-07097  2L 

W90-07098  4A 

W90-07099  2H 

W9O-O710O  2H 

W90-07101  2H 

W90-07102  2L 

W90-07103  7C 

W90-07104  5F 

W90-07105  5D 

W90-07106  2G 

W90-07107  2G 

W90-07108  5B 

W90-07109  2G 

W90-07110  2H 

W90-07111  2H 

W90-07112  5A 

W90-07113  5  A 

W90-07114  2H 

W90-07115  5C 

W90-07116  5C 

W90-07U7  5B 

W90-07118  5C 

W90-07119  5B 

W90-07120  5G 

W9O-07121  5C 

W90-07122  81 

W90-07123  5B 

W9(M)7124  5B 

W90-07125  5B 

W90-07126  5B 

W90-07127  5B 

W90-07128  5C 

W90-07129  5B 

W90-07130  5B 

W90-07131  5E 

W90-O7132  5B 

W90-07133  7B 

W90-O7134  5  A 

W90-07135  3C 

W90-07136  4C 

W90-07137  5B 

W90-07138  5C 

W90-07139  4C 

W90-07140  2H 

W90-07141  2E 


W90-07142  6G 
W90-07143  2H 
W90-07144  5C 
W90-07145  2H 
W90-07146  2H 
W90-07147  2H 
W90-07148  2H 
W90-07149  2H 
W90-07150  2H 
W90-07151  2H 
W90-07152  2H 
W90-07153  2H 
W90-07154  7B 
W90-07155  5C 
W90-07156  7C 
W90-07157  2H 
W90-07158  2H 
W90-07159  2H 
W90-07160  2H 
W90-07161  2H 
W90-07162  8C 
W90-07163  8  A 
W90-07164  7C 
W90-07165  8B 
W90-07166  6G 
W90-07167  6G 
W90-07168  2E 
W90-07169  8F 
W90-07170  5C 
W90-07171  8C 
W90-07172  8C 
W90-07173  8C 
W90-07174  8B 
W90-07175  5B 
W90-07176     5B 

W9O-07177  5B 
W90-07178     5F 

W90-07179  7B 

W90-07180  81 

W90-07181  81 

W90-07182  81 

W90-07183  7B 

W90-07184  5D 

W90-07185  5C 

W90-07186  2G 

W90-07187  6G 

W90-07188  2F 

W90-07189  4C 

W9(M)7190  7C 

W90-07191  5C 

W90-07192  5B 

W90-07193  5B 

W90-07194  5C 

W90-07195  5B 

W90-07196  5C 

W90-07197  5B 

W90-07198  5B 

W90-07199  8  A 

W9O-07200  8B 

W90-07201  8B 

W90-07202  5C 

W90-07203  2E 

W90-07204  4A 

W9O-O7205  4A 

W90-07206  2H 

W90-07207  2J 

W90-07208  6G 

W90-07209  3F 

W90-07210  5B 

W90-07211  4D 

W9O-07212  2  A 

W90-07213  6E 

W90-07214  4A 

W90-07215  4C 

W90-07216  5B 

W90-07217  2G 

W9O-07218  5C 

W90-07219  5B 

W9O-O7220  5B 

W90-07221  5C 

W90-07222  5B 

W90-07223  5G 

W90-07224  5F 


A-2 


ACCESSION  NUMBER  INDEX 


W90-07506 


W90-07225     5D 
W90-07226     5B 
W90-07227     5G 
W90-07228     5B 
W90-07229     5C 
W90-07230     5B 
W90-07231     2B 
W9O-07232     2B 
W90-07233     8A 
W90-07234     8F 
W90-07235     2H 
W90-07236     5D 
W9O-07237     8A 
W90-07238     2K 
W90-07239     5C 
W90-07240     5B 
W90-07241     5C 
W90-07242     5A 
W90-07243     2L 
W90-07244     2L 
W90-07245     2L 
W90-07246     5B 
W90-07247     2L 
W90-07248     5C 
W90-07249     2L 
W90-07250     5A 
W90-07251     5  A 
W90-07252     5A 
W90-07253     5A 
W90-07254     5A 
W90-07255     5A 
W90-07256     5A 
W90-07257     5A 
W9O-07258     5A 
W90-O7259     6A 
W90-0726O     5A 
W90-O7261     5A 
W90-07262     5C 
W90-07263     5A 
W90-07264     5A 
W90-07265     5A 
W90-07266     5A 
W90-07267     5A 
W90-07268     5A 
W90-07269     5C 
W90-07270     5A 
W90-O7271     5  A 
W90-07272     5A 
W90-07273     5C 
W90-07274     5C 
W90-07275     5A 
W90-O7276     5A 
W90-07277     5A 
W90-07278     5A 
W90-07279     5A 
W90-O7280     5A 
W90-07281     5C 
W90-O7282     5B 
W90-07283     5E 
W90-07284     5B 
W90-07285     5A 
W90-07286     5A 
W90-07287     5C 
W90-07288     5A 
W90-07289     5A 
W90-07290     5A 
W90-07291     5  A 
W90-07292     5A 
W90-07293     5A 
W90-07294     5A 
W90-07295     5A 


W90-07296     5B 
W90-07297     5B 
W90-07298     5A 
W90-07299     5C 
W90-07300     5A 
W90-07301     5C 
W90-07302     5A 
W90-07303     5A 
W90-07304     5B 
W90-07305     5A 
W90-07306     5A 
W90-O7307     5E 
W90-07308     5C 
W90-07309     5A 
W90-07310     5C 
W90-07311     5A 
W90-07312     5B 
W90-07313     5B 
W90-07314     2H 
W90-07315     5B 
W90-07316     5B 
W90-07317     5B 
W90-07318     5B 
W90-07319     5B 
W90-07320     8B 
W90-07321     2E 
W90-07322     2F 
W90-07323     2F 
W90-07324     8B 
W90-07325     8A 
W90-07326     5G 
W90-07327     5F 
W90-07328     5F 
W90-07329     5F 
W90-07330     5F 
W90-07331     6F 
W90-07332     4A 
W90-07333     4A 
W90-07334     4A 
W90-07335     5C 
W90-07336     6G 
W90-07337     2H 
W90-07338     6G 
W90-07339     5B 
W90-07340     5C 
W90-O7341     5A 
W90-07342     5B 
W90-07343     5D 
W90-07344     2K 
W90-07345     5B 
W90-07346     5B 
W90-07347     6D 
W90-07348     6D 
W90-07349     3E 
W90-O735O     5G 
W90-07351     5B 
W90-07352     5B 
W90-O7353     5B 
W90-07354     2G 
W90-07355     2F 
W90-07356     5B 
W90-07357     2G 
W90-07358     7B 
W90-07359     5B 
W90-07360     2C 
W90-07361     2F 
W90-07362     5B 
W90-07363     2F 
W90-07364     5G 
W90-07365     5B 
W90-07366     5B 


W90-07367     5B 
W90-07368     5A 
W90-07369     7B 
W90-07370     7B 
W90-07371     7B 
W90-07372     7B 
W90-07373     5F 
W90-07374     5F 
W90-07375     2K 
W90-07376     5F 
W90-07377     5F 
W90-07378     5F 
W90-07379     2H 
W90-07380     2F 
W90-07381     2K 
W90-07382     2K 
W90-07383     7B 
W90-07384     2K 
W90-07385     5B 
W90-07386     2K 
W90-07387     2K 
W90-07388     5E 
W90-07389     5B 
W90-07390     5C 
W90-07391     5B 
W90-07392     5B 
W90-07393     5B 
W90-07394     5B 
W90-07395     5B 
W90-07396     5B 
W90-07397     5C 
W90-07398     5B 
W90-07399     5A 
W90-07400     5C 
W90-07401     5B 
W90-07402     2L 
W90-07403     5B 
W90-07404     3F 
W90-07405     21 
W90-07406     21 
W90-07407     3C 
W90-07408     21 
W90-07409     2H 
W90-07410     2H 
W90-07411     2H 
W90-07412     2H 
W90-07413     5C 
W90-07414     5B 
W90-07415     5B 
W90-07416     5F 
W90-07417     5D 
W90-07418     5G 
W90-07419     5D 
W90-07420     2K 
W90-07421     5D 
W90-07422     5D 
W90-07423     5D 
W90-07424     7B 
W90-07425     2H 
W90-07426     5F 
W90-07427     5F 
W90-07428     5D 
W90-07429     5G 
W90-07430     5D 
W90-07431     3  A 
W90-07432     3C 
W90-07433     3A 
W90-07434     3A 
W90-07435     3A 
W90-07436     3A 
W90-07437     3A 


W90-07438     3A 
W90-07439     3A 
W90-07440     3B 
W90-07441     3  A 
W90-07442     3A 
W90-07443     3A 
W90-07444     3A 
W90-07445     3A 
W90-07446     3A 
W90-07447     3A 
W90-07448     3A 
W90-07449     3A 
W90-07450     5F 
W90-07451     3  A 
W90-07452     3A 
W90-07453     3A 
W90-07454     3A 
W90-07455     3  A 
W90-07456     3A 
W90-07457     3A 
W90-07458     3A 
W90-07459     3A 
W90-07460     8G 
W90-07461     3  A 
W90-07462     8G 
W90-07463     5C 
W90-07464     5G 
W90-07465     5B 
W90-07466     5G 
W90-07467     5B 
W90-07468     8A 
W90-07469     5B 
W90-07470     5B 
W90-07471     5G 
W90-07472     5D 
W90-07473     5D 
W90-07474     5G 
W90-07475     5G 
W90-07476     5A 
W90-07477     5A 
W90-07478     5B 
W90-07479     7B 
W90-07480     6G 
W90-07481     4D 
W90-07482     5B 
W90-07483     2F 
W90-07484     2G 
W90-07485     5B 
W90-07486     5G 
W90-07487     5G 
W90-07488     7B 
W90-07489     5B 
W90-07490     2B 
W90-07491     5B 
W90-07492     4C 
W90-07493     4D 
W90-07494     5G 
W90-07495     2H 
W90-07496     6G 
W90-07497     6G 
W90-07498     5G 
W90-07499     5E 
W90-07500     5C 
W90-07501     6G 
W90-07502     5B 
W90-07503     5B 
W90-07504     5G 
W90-07505     5C 
W90-07506     5G 
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A-3 


Subject  Fields 


NATURE  OF  WATER 


WATER  CYCLE 


WATER  SUPPLY  AUGMENTATION 
AND  CONSERVATION 

WATER  QUANTITY  MANAGEMENT 
AND  CONTROL 

WATER  QUALITY  MANAGEMENT 
AND  PROTECTION 


WATER  RESOURCES  PLANNING 


RESOURCES  DATA 


ENGINEERING  WORKS 


1990  Price  Schedules  for  the  United  States,  Canada,  and  Mexico 
These  prices  are  lor  customers  in  the  United  States.  Canada,  and  Mexico- 
other  customers,  write  for  price  list  PR-360-4. 

Microfiche  &  Paper  Copy  Reports      Computer  Products 

Standard  Prices  Exception  Prices         Diskettes 


A01 $8.00 

A02 11.00 

A03 15.00 

A04-A05 17  00 

A06-A09 23.00 

A10-A13 31.00 

A14-A17 39.00 

A18-A21 45.00 

A22-A25 53.00 

A99.. 


"AT  Codes 

N01 $60.00 

N02 59.00 

N03 20.00 


E01 $1000  D01. 

E02 1200  D02. 

E03 14.00  D03. 

E04 16  50  D04. 

E05 18.50  D05. 

E06 21.50  006. 

E07 24.00  007. 

E08 27  00  D08.. 

E09 29.50  D09.. 

E10 32.50  D10.. 

E11 35.00  D11.. 

E12 38.50  D12.. 

E13 41.00  D13 .. 

E14 45.00  D14.. 

E15 48.50  015.. 

E16 53.00  D16.. 

E17 57.50  D17.. 

E18 62.00  018.. 

E19 69.00  D19.. 

E20 80.00  D99.. 

E99 • 


•  Contact  NTIS  for  price 

Prices  effective  January  1, 1990 


..$50 
...80 
.130 
.180 
.230 
.280 
.330 
.380 
.430 
.480 
.530 
.580 
.630 
.680 
.730 
780 
.830 
.880 
.930 


Magnetic  Tapes 

T01 

T02 

T03 

T04 


T05. 
T06. 
T07. 
T08. 
T09. 
T10. 
T11. 
T12. 
T13. 
T14.. 
T15.. 
T16.. 
T17.. 
T18.. 
T19  . 


$165 
220 
.340 
.450 


560 

670 

780 

890 

.1,000 
.1,110 
.1,220 
.1,330 
.1,440 
.1,550 

1,660 
.1,770 
.1,880 
.1,990 
.2,100 


. 


MANPOWER,  GRANTS,  AND 
FACILITIES 

SCIENTIFIC  AND  TECHNICAL 
INFORMATION 


INDEXES 

SUBJECT  INDEX 
AUTHOR  INDEX 

ORGANIZATIONAL  INDEX 
ACCESSSION  NUMBER  INDEX 
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